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OnuCLIBAETCS HOBBIT SKCMEPUMEHT C UCKYCCTBEHHBIM UCTOYHUKOM HeliTpuHo *SCo Ha rannvesoit muwenn TTHT
(SAGE). Llenbto akcnepumeHTa siBASIeTCS WCCNeAO0BaHUE ranjneBoli aHOMannn. JKCNEPUMEHT AAeT BO3MOX-
HOCTb HaliTW napameTpbl OCLMNSILNOHHBLIX MEPEXOAOB 3JIEKTPOHHbLIX HEWTPUHO B CTEPUJIbHbIE COCTOSIHUS B
LIMPOKOM fMana3oHe napameTpos. B Tom uncne BosmoxHo HaiiTn napamerp Am?, skcnepumenTansHoe onpe-
[e/leHne KOTOPOro ObbIYHO BbI3bIBAET 3HA4MTENbHbIE TPYAHOCTU. Ba)kHOl 0cobeHHOCTbLIO aKCnepuMeHTa siBJis-
€TCS BO3MOXXHOCTb BbISIBAIEHUSI 3aBUCUMOCTW FajINeBOi aHOMan OT SHEPTun HelTPUHO.

DOI: 10.31857,/S0044451025030058

1. BBEAEHUE

HeoObranbie pe3yabTaThl psijia HEATPUHHBIX SKCITE-
punmento — LSND  [1], MiniBooNE [2-4], peakTop-
HBIX 9KCIIEPUMEHTOB Ha KOPOTKOi 6ase [5-7], rajurme-
BBIX 3KCIIEPUMEHTOB ¢ NCKYCCTBEHHBIMEA HEATPAHHBIMA
ncrounnkamu [8-11] — B mocsefHAIE TOJBI BITAINCH
O00DbSACHUTH KaK OCOOECHHOCTSAMM OTJIECIBHBIX IKCIIEPU-
MEHTOB, B KOTOPBIX HEJIOCTATOYHO M3y9eHa CHCTEMa-
THKa, TaK W OONUMH NMPUIAHAMU, CBA3AHHBIMU C (u-
SUYECKUMUN ¢ABJICHUAMMU, KOTOpre BJINAIOT Ha I/ISl\lepe-
HIsI CPa3y BCEX CTOJIb Pa3HbIX JeTeKTopos [12]. Oaanm
U3 TIPUBJIEKATEILHBIX OObACHEHWIT SABISETCS TUIIOTE3a
CTEePUILHLIX HEHTPUHO, B KOTOPOI MPEJIIOIaraeTcs Cy-
IIeCTBOBAHIE YeTBEPTOrO apoMaTa HEHTPUHO, He nMe-
IONIEr0 3aps’KEHHOTO TapTHEPa B JIEITOHHOM CEKTOPE
U HE B3aMMO/IEHCTBYIOIIErO C BEIIECTBOM CJIA0BIM 00pa-
oM [13]. Takue HefiTpmHO 0GPA3YIOTCST TOJBKO B OC-
[UJISIIASX HEHTPUHO OOBIYHBIX apOMAaTOB U IIPOSIBJIs-
fOTCs JIMOO Yepe3 ToIaBJIeHNe B3aUMOACHCTBUN O0OBIU-
HBIX HEHTPUHO, KaK B IIpUMepax PeaKTOPHON U IaJliv-
€BOI aHOMaJ N, JTUOO Tepe3 MOosIBICHUEe HEHTPUHO IPY-
UX apOMATOB B YCJIOBHAX, KOTJA OHU 3AIPEIIEHbI OC-
NUUISIUSIMA TPpeXHeHTpuHHOM Mozen, Kak B LSND u

MiniBooNE.

* E-mail: vvgor_ gfbl@mail.ru
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11 IPOBEPKY THUIIOTE3bl CTEPUJIbHBIX HEHTPUHO B
[OCJIETHIE TOJIBI OBLIO MTPOBEIEHO HECKOIBKO IKCIIEPHU-
MEHTOB, B KOTODPBIX TOJIYY€HBbI MPOTUBOPEUUBLIE De-
3yabTaThl. Hanmpumep, B 3KCIEpUMEHTaX C PeakTop-
upivMu anrudeiitpuno STEREO [14,15], PROSPECT
[16], DANSS [17], NEOS [18], B aKcmepuMmeHTe IO
n3MepeHnio Macchl mekTponnoro weiirpuano KATRIN
[19] pesyabTaTBI XODOIIO OIMCHIBAIOTCS B paAMKaX 3-
apoOMAaTHOM cxeMbl HeHTpuHO. OTCYTCTBYIOT yKa3aHUs
HA CTEPUJIbHBbIE HETPUHO TaKKe B IKCIIEPUMEHTaX IO
noucky Gesnefirpunaoro Gera-pacuaga [20].

Hamnuble oT yckopuresabHOro skcrepumenta 12K
[21] mckIFOYATOT YACTB TIPOCTPAHCTBA MAPAMETPOB OC-
NUIIANANR U OJIHOBPEMEHHO BBIJIEJISIIOT 00JIaCTh JIOIY-
CTUMBIX [TAPAMETPOB OCIMWJIIAINAN B THUIIOTE3€ OJIHOTO
CTEPUJIbHOI'O HEHTPUHO.

B peakropHoM skcnepumente Hefirpuno-4 [22] He
TOJIBKO MOJIYI€HO 3HATUTEIHLHOE TIOJABJIEHNE CKOPOCTH
cuyeTa aHTUHEATPUHO OTHOCUTEJILHO OXKUAAEeMOH, HO U
HAIEHBI TAPpAMETPBI OCIUJUIANUN B TUIIOTE3€ CTEPUITh-
HBIX HEHTPUHO.

Takzke B HemaBHeil pabore Kosnabopanuu IceCube
[IPUBEJICHO YKA3aHUWe Ha CYMECTBOBAHUE CTEPUIBHBIX
HEATPUHO ¥ HANJIEHBI MapaMeTpbl OCIHUJLIAIUOHHBIX
[IEPEXOJI0B MEXKJIY CTEePUIHHBIMU HEHTPUHO U MIOOHHbI-
ME U Tay-Hefitpuno |[23].

B skcnepumente BEST [24,25] ¢ rajuiesoii murie-
HBIO COJTHEYHOr0 HeWTpuHHOrO 3Kcrepumenta SAGE,
00Ty IaBIeiics HeHTPUHO OT UCKYCCTBEHHOTO UCTOTHHU-
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ka °!Cr, 6BUIO TIOJIY9eHO TOATBEPYKIeHHe TaJlIneBoit
AHOMAJINH Ha YPOBHE YEeTHIPEX CTAHJIAPTHBIX OTKJIOHE-
Huit (40), a IPM HEKOTOPBIX JIOMOJIHUTEIbHBIX [PEJIIO-
noxeHusx — bo [26].

Takum obpa3om, B HACTOAIIEE BPEMs THIIOTE3a CTe-
PUWIBHBIX HEWTPUHO OCTAeTCs akTyasabHOil. Teoperu-
YeCcKhe OTPAHUYEHUs] Ha CYNIeCTBOBAHUE CTEPUIbHBIX
HEWTPUHO CBA3aHBI B OCHOBHOM C OTDAHUYIEHUSIMHU HA
MacCy 4eTBepTOro MaccoBoro cocroguus [27], B To Bpe-
MsI KaK IpAMble 9KCIEPUMEHTHI YBEPEHHOTO MOATBED-
2KJIeHHSI NN OIIPOBEPIKEHUSI 9TOM I'UIIOTE3kI CIeIaTh He
MOTYT.

B nammoit pabore mpesjaraercss IKCIEPUMEHT
BEST-2, B KoTOpOoM peajin3yercsi cXema PEerucTpariun
UMEHHO OCHWUISIIIMOHHOIO XapaKTepa U3MeHEeHUs
CKOPOCTH CYeTa HEeNTPUHHBIX B3aUMOJCUCTBUNA B
JETEKTOPE B 3aBUCUMOCTH OT PACCTOSHUA JJIs HEKO-
TOPOI'0 MHTEpBaJia 3HAYCHUI IapaMeTpa OCHUJIIAINAN
Am?. Eciin BepHA THIIOTE33 CT€PHJIBLHBIX HEHTDPHHO 1
rmapaMerpbl OCHWLISII HAXOAdaTCd B 00JIACTH TyB-
CTBUTENLHOCTU JIETEKTOPA, B IKCIIEPUMEHTE OY/IyT He
TOJIBKO HAMJICHBI TAKUE OCIUJIISIINN, HO U OIIPEJICJICHBI
X TTapaMeTPhI.

B skcmepumenTe OymayT mcciieI0BAHBI 3aBUCHMOCTH
raJuINeBOil aHOMAJINU He TOJIBKO OT PACCTOSHHS OT HC-
TOYHUKA JI0 TOYKU B3aUMOJIEHCTBUSA, HO U OT SHEPIUN
HEUTPUHO.

2. TAJIJIMEBA A AHOMAJINA

B xanmubpoBOYHBIX 9KCIEPUMEHTAX C MHTEHCUBHDI-
MH HCKyccTBeHHBIMI ncroanukamu °'Cr u 37 Ar 6bumm
poBepeHbl AIPOEKTUBHOCTU PAOOTHI COTHEIHBIX Heil-
TpuHHBbIX 3KcnepuMenTos SAGE u GALLEX  [8-11].
Tlomygennbie B 9eThIpeX SKCIEPUMEHTAX CKOPOCTH pe-
TUCTPAITIA MOHOXPOMATHUYIECKUX HEUTPUHO OT UCTOY-
HUKOB OKAa3aJIUCh MeHbIlle OXKHUIaeMbIX Ha 2.60 [12]:

R = Ymeasured _ () 974 (.05,

Upredicted

[Togpobuoe wucciaemoBanme KaxKAONH IIPOIEILYPBI
HE3aBUCUMO B KarKJIOM SKCIIEPUMEHTE I10Ka3aJj0, UTO
OMMOKN CUCTEMATUKNA HE MOIYT OObACHUTH HUBKYIO
U3MEPEHHYIO CKOPOCTb CYETA.

Haiimenusrit pe3yibrarT HA3BaJM TaJIHEBOI aHOMA~
smeit, 00bsICHEHNE KOTOPO# CTAJIN CBA3BIBATE C «HOBOI
Gus3nKoity, T. €. MPUINHLI HEOOXOINMO NCKATDH B HEU3-
BECTHBIX CBOMCTBaX HEHTPUHO.

st nccitetoBanus raameBoit anomaaun B 2019 ro-
gy Ha 6ase sxcnepumenta SAGE 6bu1 mpoBesien sKc-
nepument BEST ¢ ucrounmkom °'Cr akTHBHOCTBIO
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Puc. 1. 3aBucnmoctn oxugaembix CKOPOCTER cHeTa B ABYX

30Hax rannunesoit muwenn B skcnepumente BEST u ux otHo-

wenusi ot napametpa Am? ansi bMKCUPOBAHHOTO 3HaueHWs
napametpa sin?20= 0.30

3.4 MKu, npumepno B 7 pa3 6oJjibliie, 9eM B IIPEIbIITY-
mux sKcrepuMenTax [25]. B skcnepumMenTe rasuinesast
MHUIIEHb (48 T MeTaJUIMYecKOro rajuiis) Oblaa pasje-
JIeHa Ha JIBe YaCTHU, HAXOJMBIIHNECS Ha PA3HBIX PACCTO-
SHUSX OT UCTOYHUKA. VICTOYHNK MOMENaJIcs B IIEHTPe
00enx 30H MUIIEHH, PACIIOJIOKEHHBIX OJIHA B JIPYTOil —
3oHa B (opme IIapa BHYTPHU IHJINHIPHUIECKON 30HBI.
IIpu paBHBIX CpeHUX TOJIIUHAX TAJUIHS B 0DEUX 30-
HaX 02KMJIaeMble CKOPOCTH CUeTa OT UCTOYHUKA B OTCYT-
crBrE 9PPEKTOB «HOBOI (PU3MKU» OBLIN TaK¥Ke OIH-
HaKOBBL. Pas/iesleHnne MuIenn co3/1aBaJjio 1y BCTBUTEb-
HOCTB 9KCIIEDIMEHTA K 3aBUCHMOCTU CKOPOCTH CUETA OT
PACCTOSIHUST, TIPOXO/UMOI0 HEHTPUHO.

B skcnepumente BEST rtakake Oblia mosydeHa
MEHBINasi CKOPOCTb CYeTa, YeM OKHUJIAJIOCh, HUTO
IIOJITBEP/INJIO TAJJINEBYIO AHOMAJIMIO Ha YpOBHe 40:
R = 0.80+0.05. Ha puc. 1 [28] mokasaHbl 3aBUCHMOCTH
CKOPOCTEH cUeTa B JIBYX 30HAX MUIIEHU OT IIapaMeTpa
Am?. DKCIepUMEHT MMeJT 9yBCTBUTEJBHOCTh K JBYM
3HAYEHHUIM ITOI'O lIapaMerpa, IPH KOTOPHIX Pa3HUIlA B
CKOPOCTSIX CYeTa B JIBYX 30HAX OblIa MaKCHMAaJbHOM
— Am? = 0.9 u 1.85B2. HaiijeHHbBle B U3MEPEHUSX
CKOPOCTHU CYeTa OKA3aJIMCh OJIMHAKOBBIME B IIpEJIesIax
omunbOK, MOITOMY HANTH WIM OI'DAHHYATH 3HAUEHHUE
mapamerpa Am? B sxcnepumente BEST ne ynasocs.

3. IEJIb SKCIIEPVMMEHTA BEST-2

Oxkcrepument BEST-2 ¢ ucrounmkom HEATPHHO
58Co mpejHa3HAYEH IS JIETAJBHOTO HCCIICI0BAHMIA
raJuimeBoil aHomaJinu. B 3kcnepumenTe OyyT IOJIy-
YeHbI JAHHBIE O 3aBUCUMOCTHU IAJLIMEBON aHOMAJIUUA OT
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SHepruu HelTpuHo F U OT paccrosHus L MexKy Tod-
KaMU POXKJICHUS HEHTPUHO U ero 3axBara.

OcHOBHast THUIIOTE3a, OOBSICHSIONAs] TAJJINEBYIO
AHOMAJIMIO CErOJiHsI, COCTOUT B TOM, 9TO HEHTPUHO OC-
UJIIPYIOT Ha KOPOTKHUX paccrodausx (Am? ~ 13B2).
Ocnmuisiniuu  JIEKTPOHHBIX HEATpUHO ¢ 3Heprueii F
Ha paccTosiHUU L OT UCTOYHUKA OIIPEJIE/ISIIOTCST Yepes3

BEPOATHOCTDH BBIZKUBaHUA SJICKTPOHHBIX HefITpPIHOZ

. . o L.27TAm?L
P.. =1 — sin? 20sin” — (1)
rie Am? — pasHOCTb KBaJpaTOB MacC COOCTBEHHBIX

MaCCOBBIX COCTOSIHUII HEUTPHUHO, § — yroj cmemuBa-
HUA HEUTPUHHBIX COCTOSAHUIN, 3aJal0IUil aMILIATY/LY
ocrmnsanmit. [lyTem ocrmuidimii 9/1eKTpOHHBIE Heli-
TPHUHO II€PEXOJIAT B CTEPUIbHBIE COCTOSHUS.

I/t HOBOT'O SKCIIEPHMEHTa COCTOUT B TIO/[TBEPIK1e-
HUM TUNOTE3bl OCHUJUIAIUN U OUpE/IeJeHIH apaMeT-
pos (Am?, sin?26) sTux ocruisimii.

Ecau runioresa ocrimuisiiinii Ha KOpOTKOi 6a3e Bep-
Ha, TO B YCJIOBUIX, KOTJIa peajibHble ITapaMeTPhbl OCIIIII-
JIATAN HAXOMATCHA B OOJIACTH IyBCTBUTEIBHOCTH HOBO-
ro raJuIMeBoro sKciepuMenta (cMm. pasn. 12), sTu na-
paMeTpbl OyJIyT OIpEJIeJIEHbI ¢ OIMMUOKONW B HECKOJIHKO
JIECATKOB IPOTIEHTOB HA YPOBHE 3HAYUMOCTHU 30, B TOM
ypcsie napaMerp Am?, onpejeseHne KOTOPOro HeIo-
CTYIIHO B OOJIBINUHCTBE SKCIEPUMEHTOB.

B HOBOM 3KcrnIepuMenTe 06/1aCTh 1yBCTBUTETLHOCTH
OTIpeJIesIeHUsI TTAPAMETPOB OCIUJLIAIUI HelpepbiBHa B
muanaszore Am? or 0.5 10 5.5 sB2. IlosToMmy, ecan mo-
JIy9eHHBIE CKOPOCTHU 3aXBaTa HEATPHUHO OT MCTOYHUKA
B Pa3HBIX 30HAX HE OyJIyT CTATHUCTHYECCKH PA3JIAIATH-
cs, TO 9TO Oy/IeT 03HAYATH JUOO OMMOOIHOCTD TUIIOTE-
3bl OCIUJIIATIAN, JIMOO GOJIBIIYI0 PA3HOCTH KBAJIPATOB
mace (Am? > 5.5 3B?).

WNarepecuoit 0cOOEHHOCTHIO IKCIEPUMEHTA SIBJISAET-
Csl TO, 9TO IIPU TPEX Wiin 60Jiee HE3ABUCHMBIX 30HAX MU-
menu BEST-2 6yjier nepBbiM 9KCIIEpUMEHTOM, B KOTO-
POM MOXKEeT HaOJIIOJIATHCsT OCIUJIISIITHOHHAS KPUBAsT 3a-
BUCHMOCTH CKOPOCTH CUETa OT PACCTOAHUSA JJIs HEHTpU-
HO ¢ PUKCUPOBAHHOII sHeprueii. /1o HacTOsIIIIEr0 BpeMe-
HU BO BCEX IKCIIEPUMEHTaX 10 HEWTPUHHBIM OCIIUJLIsI-
UsiM HADJIIOMAJIOCh TOJIBKO M3MEHEHINE CKOPOCTEil cue-
Ta B AETEKTOPAX OTHOCUTEIHHO OXKUIAEMBIX, HO HUKA-
KO TIePUOUIHOCTHA HU B OJTHOM SKCIIEPUMEHTE HaDJTIO-
JaTh OBLIO HEBO3MOXKHO. B Harmrem cirydae MOXKeT Ha-
OJIIOIATHCS IEPUOAUIECKOE NU3MEHEHNE KOJIMIeCTBA 3a-
XBaTOB OT PACCTOSHUS THUIIA «MaJIO-MHOT'O—~MAaJIO» UJII
«MHOTO—MAJIO—MHOT'0». 31€Ch «MAaJIO» U «MHOTO» O3Ha-
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JaeT OTHOCUTEJIbHOE KOJIMYEeCTBO 3aXBaTOB I1OCJIe/I0Ba-
TEJIbHO B TpeX 30HaX MHUIIICHH.

Jlpyroit TeJIbI0 9KCHEPUMEHTa SBJISETCS UCCIIeI0-
BaHUe 3aBUCHUMOCTHU TaJITHEBONl AHOMAJIUH OT SHEPIHUH
HelTpuHO. B rumorese cTepuIbHBIX OCIAIISITAN TaKOM
3aBUCUMOCTH OBITH HE JIOJIZKHO. DTOIi 11eJ11 ClIOCOOCTBY-
€T MCIIOJIb30BaHUEe UCTOYHUKA C HEprueil HeUTpuHo B
2 pa3sa BbIlle, YeM B MPEABIIYIINAX TaJIHEBBIX KCIIe-
puMeHTax. B mpespaymux raJuIneBbiX IKCIIePUMEeHTaX
HEHTPUHO OT UCTOYHUKOB MMEJIU IPUMEDPHO OJIMHAKO-
By1o sueprmo (750 k3B B ncrounmkax *'Cr n 814 xaB
B ncTounmke >’ Ar). PesyIbTaThl BeeX Ta/THeBBIX KC-
[IEPUMEHTOB C MCTOYHUKAMU COIVIACYIOTCS HA YPOBHE
ayuamte 1.40 [25]. Ykasanuem Ha cylecTBOBAHUE 3aBU-
CUMOCTH TaJITUEBON AHOMAJMH OT SHEPIUU HEHTPUHO
MOXKeT OBITh, HAIPUMED, OTJIMYNE TOJYIeHHONH CKOPO-
CTH 3aXBaTa HEHTPUHO B HOBOM IKCIIEDUMEHTE Ha Be-
JIUIuHy, OOJIBIIYIO 20, OT CpeJiHeil CKOPOCTH 3axBaTa,
[OJIYYEHHOHW B TPEIBIIYIIUX [aJIHEeBbIX IKCIEPUMEH-
Tax ¢ ucrouHnkamu. B paborax [29,30] npesmarascs
SKCIEPHMEHT C UCTOYHUKOM 9°7Zn, sHeprud HeiTpuHO
B KOTOPOM ObLjIa BBIIIE, 9€M B XPOMOBOM HCTOYHUKE B
1.8 paza. Ho uzrorosienne u ucrob30BaHme ITUHKOBO-
IO UCTOYHUKA, TI0 HAIIUM OT[EHKAM, OKa3bIBAIOTCS OoJtee
TPYJOEMKUMUI U 3aTPATHBIMUI, 9€M B CJIy9Iae ¢ HCTOUHU-
koM “8Co. IIpu 9TOM YyBCTBUTEILHOCTH IKCIIEPUMEHTA,
K OIPEJIEJCHIIO TIAPAMETPOB OCIMJIISINIL, a TaKXKe K
U3MEHEHUIO SHEPIUU HEHTPUHO, ¢ KOOAIBTOBBIM UCTOY-
HUKOM OKa3bIBAETCS HECKOJIHKO BBIIIIE.

4. OCOBEHHOCTN HOBOTI'O
SKCIIEPUMEHTA

HoBplit 9KcIIepuMeHT SIBJISIETCSI €CTECTBEHHBIM ITPO-
noskerneM skcrepumenta BEST  [25], moarsepus-
IIEr0 TaJUINEBYIO0 aHOMAJINIO. Bee mporieryphl sKcepu-
menTa BEST-2 moBTopsitfor mpotie/1ypbl SKCIIEpUMEHTa,
BEST. KoMmmakTHbIN HCTOYHUK HEHTPUHO OyJIeT moMe-
IMATHCA B [EHTP TAJLUIMEBON MUIIEHH, PA3/IeJICHHON Ha
30HBI, ©3MEPEHNE CKOPOCTeN 3aXxBaTa HEHTPUHO B KOTO-
PBIX OyJeT MPOXOIUTH HE3aBUCUMO. ByieT mpoBouTh-
Csl HECKOJIBKO OOJIy9Y€HUil MUIIIEHU HEHTPUHO OT UCTOY-
HUKA OJUHAKOBOU JJTIUTEIbHOCTH, U [TOCJIE KAXKJI0r0 Oy-
JIET TPOBOJINTHCS U3BJIEUEHUE OOPA3YIOIIMKCS ATOMOB
"lGe u moCIELYIOMMIT CYET WX PACIAJIOB B OTIEILHBIX
CUETYNKAX JJIS KAXKIOW 30HBI MUIIEHN.

Hoseiit  skciepument BEST-2  orimuaercss  or
MIPEJIBIIYINEr0 TeM, 9TO B HEM OyJIeT
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1) 3a C4YeT BBCEJICHUA TpeTbeﬁ 30HbI MHUIIIEHU YyBeE-
JIM9eHa YIYBCTBUTE/ILHOCTL K PaCCTOAHUAM L MEXKIy
TOYKaMM U3JIYyIeHHA U 3aXBaTa HeI‘/'ITpI/IHO7

2) IpUMeHEeH HCTOYHUK HEHTPHHO Gojiee BBICOKOI,
geM B sKcrrepumente BEST, sueprumn.

Takoe paszimame macCT BO3MOYXKHOCTBH OIPEIE/IUTH
napaMeTp ocrmunIanmit Am? B IIHPOKOM HHTepBa-
Jie 3HaveHuil. Bropoit mapamMerp OCIUJLISINI, sin? 26,
OmpeiesisieT TOJABICHIEe CKOPOCTH 3aXBATA B MUIICHHU
B IIEJIOM, U CETOJIHS U3BECTEH C YJIOBJETBOPUTE/IHLHO
tounoctnio [25] (sin? 20 ~ 0.4+ 0.2 na 95% CL). B no-
BOM 9KCIIEPUMEHTE MOXKHO OXKHUIATH YIIydIIE€HUS TOY-
HoCcTH ero oupezesenus 1o 1.4 pasa (yaBoenue craru-
CTUKU JIACT YJIYUIIEHUE CTATUCTUICCKON OMMOKN ITPH-
GIM3BUTETLHO B /2 pa3s).

VHUKaIBbHOIT 0COOEHHOCTRIO 9KcitepuMenTa BEST-2
SABJISIETCS] BO3MOYKHOCTD U3y YeHUST 3aBUCUMOCTH TAJIIN-
€BOil aHoMaJIMu OT dHeprun HeiTpuHo. Ecau ckopocTh
3axBara, U3MepeHHast B 3kcrepumerTe BEST-2, Oyer
OTJINYATHCS OT TOH, KOTOPast ObLIa MOy IeHa B TTPEIbI-
JYIIIX TAJUINEBBIX SKCIIEPUMEHTAX C NCTOUYHUKAME, TO
9T0 OyZIeT 03HAYATDH, YTO €CTh 3aBUCUMOCTH TAJLINEBOMN
AHOMAJIMH OT SHEPTUU HEHTPUHO, UTO, B CBOIO OYEPE/Ih,
O3HATaeT HEOOXOANMOCThH HOBOM (DPUBUKM, HO TIPU 9TOM
CTepUJIbHBIE OCIIULISIINN He sIBJIAIOTCA OCHOBHOM TIpU-
YUHOU I'aJlIMeBOIl aHOMAJIUU.

5. ICTOYHHUK JdJIsd HOBOTO
SKCIIEPUMEHTA

B skcmepumente BEST-2, xorTopsiii n3HavabHO
npestarancsa ¢ ucrognukom %°Zn 29, 30], Gymer wuc-
[0JIb30BATHLCA UCTOYHUK MOHOXPOMATHYECKUX HEeATpH-
1o %8Co.

IIpemosaraercs, uro ucrounuk *SCo Gyjer usro-
TOBJIEH OOJIyYeHHEM HUKENsl B PEAKTOpE Ha OBICTPHIX
Helirponax no peakiuu 53Ni(n,p)33Co, T.e. ocHoBHAS
MAacca AKTUBHOM 9aCTH MCTOYHHKA OYJET COCTOATDH W3
Hukesst (eM. pasg. 10).

Cxema pacmaga nzoTora °° Co IpuBegeHa Ha puc. 2.

Ucrounnk °8Co wuzmyuaer MOHOXpOMaTHYECKHE
HefiTpuHo ¢ sHeprueit 1497 k5B (98.8%) ¢ HeGoubIOl
nobaskoit mHefirpuHo 633 k3B (1.2%). Ceuenne 3axsara
Taknx HeifrpuHo Ha 'Ga o = 253 - 1076 cMm?, B
4.4 pasza Gosbme, uem g meirrpuno or °1Cr  [31].
Ommbka cewenns (1.0707) Baara us onenok /Ix. Ba-
KaJa Jyig 9Hepruii meiirpuno pep-nmunun or Cosia
(1442 x5B) [32].

HanomHuM, 9T0 UCTOUHUK 9°7Zn m3jydaer HefiTpu-
HO ¢ srepruedi 1350 (47.8%) u 235 (50.7%) k3B [29,30].
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Puc. 2. Cxema pacnaga **Co

N3-3a MenbIIeii SHeprur 1 MEHBIIEr0 BBIXOAA HEHTPIHO
JJISI CPABHUMOM CTATUCTUKUA aKTUBHOCTH TaAKOI'O UCTOY-
HUKA JIOJ2KHA OBITh 3aMETHO BHIIIIE.

6. PASAOEJIEHUVE TAJIJIMEBOM MUIIIEHU HA
30HBI

B HOBOM 9KCIIEpUMEHTE [1JTsT OIIPE/IEICHUS TapaMeT-
pa ocrmuisimii Am? HeobX0IMMO H3MEPHTh CKOPOCTH
3axBaTa Ha PA3HBIX JJINHAX TPOOera HeTPUHO, MOITO-
MY BayKHO YBEJUUINTH TPOCTPAHCTBEHHOE Pa3peITenne
JIETEKTOPA. DTOTO MOXKHO JIOCTUYb YBEJIMIEHUEM KOJIH-
“eCcTBa 30H TAJJINEBONW MUIIEHU, KOTOPbIE OYIyT HAXO-
JUTHCS Ha PAa3HBIX PACCTOSHUAX OT UCTOYHUKA. [Ipo-
OsieMa pasjesieHusl MUIIEHW Ha 30HbBI B TOM, UTO 3TO
CIJIbHO yI0poKkaeT KcriepuMeHT. COOTBETCTBEHHO YNC-
JIy 30H YBEJIUIUBAETCS YUCJIO CIETINKOB, CIETHBIX Ka-
HAJIOB U CHCTEM IIepeKadKyU raJjljius U3 30H MUIIEHU B
XUMHYECKHE PEaKTOPHI /Il IIPOBEeJIeHNs IIPOIElyD U3-
BiIeueHns obpasytomerocs | Ge. IIpu 3TOM, HOCKOIBKY
Macca TaJulisd B MUIIEHN (PUKCHPOBAHA, U3-32 yMEHbBb-
MEeHnsT CPeJHEro mpodera B 30HE MEHDIEH TOJIUHB
YMEHBINTAETCH CTATUCTUKA B KOHKPETHBIX 30HaX. /13-3a
9TOro Tpedyercsi UCIOJIb30BaHNe 00JIee MHTEHCHBHOTO
ncrounnka. CaMplii IPOCTON BapUAHT YBeJIMYEHUs] KO-
JITYECTBa 30H MUINEHW — Pa3JieJIeHHe B CYIIECTBYIO-
meil ABYX30HHON MUIIEHN, KOTOPad UCIIOJIb30BaIach B
BEST, BHemHell nu/InHIpUYIECKONl 30HBI IIUJINHIPpUYIE-
CKO#l 000JIOUKOI Ha JIBE YaCTH, UMEIONNe MTPUMEPHO
paBHyIO ToJmuHy Tasuins. CpemHss TOIMUHA TaJlIns
B TpexX 30HAX MHUIIEHW COCTABUT MPUMEPHO 52, 27 u
27 cm. CraTucTuka 11epBoii 30HBI B 9TOM Cjydae Oy-
JIeT BIBOE 0OJIbINle, YeM BO BTOPOIl U B TPEThEll 30HaX.
Ty 2Ke cTaTHCTUKY MOYKHO MOJTYIUTH JeJIeHUEM Ha JIBE
paBHbBIE 10 TOJIIAHE YaCTU BHYTPEHHEl, mapoBoil, 30-
ubl. OJIHAKO B 3TOM CJIyUae Macca MaJTus B 30HAX OKa-
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Puc. 3. Cxema rannuesoii Mmuwenun B skcnepnmeHte BEST-2.
Wctounuk *8Co (S) nomeuaeTtcs B obimii LeHTp BCex Tpex
30H MULIEHN Yepe3 BepTuKasbHyto Tpyby. BHewHne rpannupi
BTopoli u TpeTbeii 304 muwenn (Ga Il n Ga lll) caenanbl B
hopmMe BEPTUKANLHO PACMONIOXKEHHbIX LUJINHAPOB

3BIBAETCS CJIUIIKOM MAJIEHBKOH [1Jisi PAOOTHI CHCTEMBI
u3BJIedeHus aToMoB '+ Ge U3 rajums.

SaMeTuM, YTO eCjiu pa3/e/IuTh FAJLUIMEBYI0 MUIIEHb
Ha 4 30HBI C PABHON TOJIIWHON TaJIINAs, TO CTATUCTUKA,
B JIBYX BHENTHUX 30HAX HE M3MEHUTCS, & B JIBYX BHYT-
PEHHHUX OyJeT paBHA CTATHUCTUKE B JBYX BHEITHUX 30-
nax. [Tocko/IbKy B IByX BHYTPEHHUX 30HAX KOJUTIECTBO
raJuinsl MEHBIIE, 9eM B JIBYX BHEITHUX 30HAX, (POH OT
COJTHEYHBIX HEUTPUHO B HUX Oyser meHbire. [losromy
Jenarh 4 30HbI KarxKeTcsi 00Jiee BBITOIHBIM, YeM JIeJIaTh
3 3onbl. OIHAKO, KAK MOKA3aJI HAI AHAJIN3, UCIIOJIb30-
BaHUE B 9KCIIEPUMEHTE YeThIPEX 30H npu (PUKCUPOBAH-
HOi1 00111ell Macce MUIIIEHN ¥ aKTUBHOCTH UCTOYHUKA, HE
[IPUBOJUT K 3aMEeTHOMY U3MEHEHNIO TyBCTBUTEILHOCTHI
KCIIEPUMEHTA K OIPeIeJeHUIO MapaMeTPOB OCITUJIIIS-
nuii. [Tosromy B sxcriepumente BEST-2 nipenosaraer-
sl UCHOJTB30BATH 3 30HBI TMAJIJIMEBOl Murern (puc. 3).

[TpumepHbIe pasMepbl 30H MUIIEHH, TaKuM 00pa-
30M, OyIyT Cjeayolue: BHYTPEHHWII pPauyC MIapo-
Boit mwmierHu 67 €M; BHYTPEHHUI PajdyC W BBICOTA
CcpeHel MUINHAPUIECKOH 000JIOUKA MUIIEHN 83 ¢M 1
83-2 = 166 cM; BHYTPEHHUIT PAJINYC U BHICOTA BHEIITHETO
OWINH/PaA, OIPAHMIUBAIONIEr0 TPeThIo 30HY, — 109 cM
u 234 cm.

Ha puc. 4 npuBejieHbI pacipe/iesieHus BepOsiTHOCTEMN
3axBaTa HEHTPUHO B FaJIJIUN B 3aBUCUMOCTH OT PACCTO-
SHHUS MEKJy TOUKAMHU H3JIydUeHUs B HUCTOTHUKE W 3a-
XBaTa B TPEX 30HAX MUIIEHU, a TAKXKe CyMMapHOe pac-
pejiesIeHue TI0 BceM 30HaM. Pacrpe/iesienust oy aeHb
metogoMm Monte-Kapio misg mcrounmka ¢ paBHOMED-
HO M3JIydalomieil 4acThio B (hOpMe IMUJINH/IPA THAMET-
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Puc. 4. Pacnpegenerusi BeposiTHOCTeli 3axBaTa HeliTPUHO ras-

JINeM B 3aBUCMMOCTU OT PACCTOSIHWS MEXAY TOHKaMun n3ny-

YeHUsi N 3axBaTa L B TPex 30HaX MULLEHV B OTHOCUTENbHbIX
efnHnLax

pom 14 e u BeicoToit 26 M (06beM 4 J1), pasMenienHo-
ro B 00IeM TIEHTpe 30H MUIenn. B Takoit 06beM Mo-
JKET MMOMECTUThCS JI0 36 KI' HUKeJIsl, U3 KOTOPOT'O IIPO-
U3BOAUTCS KOOAILTOBBINA UCTOYHUK. KOIm4ecTBO HIKe-
JIst, HeOOXOIMMOE Il N3rOTOBJIEHNS UCTOYHUKA, OYIeT,
CKOpee BCEro, MEHbBIIE, TI09TOMY OIEHKHU IyBCTBUTE Ib-
HOCTHU SKCIIEDUMEHTa, IIPUBEJIEHHbIE HUYKE, SIBJISIIOTCSI
KOHCEPBATUBHBIMU.

7. BIUAHUE IIAPAMETPOB OCIIVJLJISIITVIA
HA CKOPOCTU CYETA

B mammom skcmepmnMenTe OyIeT MCCIeI0BATHCST TH-
OTe3a OCUWLIANUN 3JICKTPOHHLIX HEHTPUHO B CTe-
pUJIbHBIE COCTOSIHUSI C OOJIBIIIMMU 3HAYEHUSIMU I1apa-
merpa Am? (~ 1 sB?). 3amernm, 9TO 37€CH MOTYT
OBITH MCCIEOBAHDBI IEPEXO/IbI B JIIOObIE COCTOSHUS, B
TOM YHCJIE B aHTHHEHTPHUHO, TOCKOJIBKY Ha raJlinie-
BOU MUIIEHN PErUCTPUPYIOTCH TOJIBKO JIEKTPOHHBIE
HEUTPUHO.

OcimuIsinuy yMEHbBIIAT CKOPOCTH 3axBaTa Heli-
TPUHO B TAJLINEBOIl MUIIEHU. Y MEHBIIEHNE CKOPOCTEN
3aXBaTa 3aBHCHT OT IAPAMETPOB OCHIILIANIH Am? u
sin?20 B COOTBETCTBUH C BEPOSTHOCTBHIO BBIKHBAHIS
(1). ot MOHOXpOMATHYECKUX HEHTPUHO Besnauna P,
UMeeT CHUHYCOWIAJbHYIO 3aBUCHMOCTb OT DPACCTOSHUS
L mMexkjty TOYKAMU POKJIEHUsI U IOTJIONIEHUs HefiTpu-
Ho. B rajmmeBoit Murienn HeT BO3MOXKHOCTHU BBIJIEJISITH
[0 PACCTOAHUAM KaXKJi0e COObITHE, W KOJUIECTBO 3a-
XBaTOB HEATPUHO CYMMHPYETCSI [0 BCEM PaCCTOSHU-
sIM BHYTPH KarKJ0if 30HBI. [109TOMY BEPOSITHOCTHU BbI-
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Puc. 5. CkopocTn 3axBaTa HeliTpUHO B TPeX 30HAX MMULLEHU
BEST-2 & 3asucumocTtu ot napamertpa Am? gns dukcupo-
BaHHOro 3Ha4eHus napametpa sin’ 26 = 0.30

JKUBAHUS YCPEITHSIOTCS TaKXKe 110 BCEM PaCCTOSTHUIM
BHYTPHU 30H.

1t Tpex 30H 3aBUCUMOCTHU OZKUIAEMBIX CKOPOCTEN
3axBaTa B PA3HBIX 30HAX MOIIEHH OT mapameTpa Am?
HOKa3aHbI Ha, puc. 5 i1 3Hauenns sin?26 = 0.30.

Ckopoctu 3axBaTa B PA3HBIX 30HAX MUIIEHU I10-
Pa3HOMY MEHSIIOTCSI C H3MEeHeHumeM mapamerpa Am?2.
OrHorenns CKOpOCTeil 3axBaTa HEHTPUHO B PA3HBIX
30HAX MUIIEHN IpUBe/IeHbI HA puc. 6. BugaHo, aro B 00-
gactu Am? or npubmausurensao 0.5 10 6 3B2 orHO-
MeHnsT CKOPOCTeHl 3aXBaTa CYIIECTBEHHO Pa3/JINIalOT-
s, UTO TO3BOJIAET OIpeIe/uTh mapaMeTp Am?, ecim
oH OyJIeT HAXOJINThCS B YKA3aHHOM HHTEPBAJIe 3HAtE-
auit. g 3ajaHHOrO 3HAYEHUsT aMILTATY/IBI OCITUJIIIs-
it sin®20 Ha pUCYHKe IIPUBEICHBI OIPAHNYCHNS Ha, OT-
HOITIEHUsI CKOPOCTEH 3aXBaTa B PA3HBIX 30HAX MUIIECHU
+10 u +20, M0 KOTOPBIM CTPOUTCs 00JIACTH TYBCTBU-
TEJTLHOCTH IKCIIEPUMEHTA K OIPeeIeHUIO TapaMeTPOB
ocsAnmit (eM. pasf. 12).

Ompenenenne mapamerpa Am? Bo3MOXKHO B 0671a-
crax Am?, B KOTOPBIX Pa3HUIA CKOPOCTeil cueTa B pas-
HBIX 30HAX MUIIEHU OKAYXKETCs OOJIbIE OIMTUOOK H3Me-
penus 3Tux ckopocreil. OTHOIIEHHE CKOPOCTEl cuera
B PA3HBIX 30HAX CTAHOBUTCS OJIM3KUM K €IUHUIIE I
srauenuit Am? > 10 5B2. Ha puc. 6 BUJIHbI TaKKe Clle-
IIbI€ 30HBI, B KOTOPBIX OTHOIIEHUS BCEX CKOPOCTEIl cue-
Ta PaBHBI eIUHNIE — OKOJO 3Havenmit Am? — 6 u
85B2. B Takux o6/1acTsxX onpeesenne napamerpa Am?
B 9TOM 3KCIIEpUMEHTE OY/IeT HEBO3MOYKHBIM.
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Puc. 6. lMonapHble OTHOLLEHNSI CKOPOCTEN 3axBaTa HEATpuU-

HO B Tpex 30Hax muweHu BEST-2 B 3aBucumoctn ot na-

pametpa Am? ans bUKCUPOBAHHOTO 3HadYeHUs napameTpa
sin? 20 = 0.30

8. BPEMA OBJIVUEHN A

Oxcnepument BEST-2 6yer nabuparth coObITHS IO
CcXeMe JIPYTuX raJiIneBbIX 9KCIepuMeHToB. [uki n3me-
peHuii COCTOUT U3 HECKOJLKHUX Hporeayp: 1) obiyde-
HUE TaJUIMeBON MUIIEHH HEHTPUHO OT UCTOYHUKA; 2)
u3BJjiedeHre 00pPA30BABIINXCsS B HEHTPUHHBIX B3aHMO-
neiicTBuax aromos 'L Ge; 3) IepeBo 1 U3BICYEHHOTO Tep-
MaHust B ra3 (Monorepman, GeHy) u nomemenue ero
B Ta30BbIfl IPONOPIMOHAJIBHBIN cUeTInK; 4) CIeT pac-
na o8 ''Ge B IPONOPIMOHATILHOM cueTdnke. Js yBe-
JINYEHUsI CTATUCTUKA COOBITUI ITPOBOIUTCH HECKOJIHKO
nuka0B u3Mmepenuii m. O6srano m = 10. Bpemena 06-
JIyYEHUI ¥ U3BJIEYEHUIl BO BCEX U3MEPEHUSIX OCTAIOTCS
onmHAKOBBIME. Kpome yBesmmaenusi CTaTUCTUKHA MHOTO-
KpaTHOEe IIPOBEeHIe M3MEPEHUIT IPUBOIUT K YMEHbIIIe-
HUIO HEKOTOPBIX CHCTEMATHIECKUX OmuboK [25].

Ha puc. 7 mpuBeieHO KOJMYIECTBO COOLITH B IIApO-
BOil 30HE MUIIIEHH IIpH OO/IyUeHIH ee HCTOYHHKOM 6 Co
akTuBHOCTBIO 0.40 MKu B 3aBHCHMOCTU OT JJINTE/Ib-
HOCTHU OJ[HOT'O OOJIydeHusi t1, KOTOPOE OJUHAKOBO JIJIsi
BCeX 00JIydIeHnil.

Ha sToMm pucyHke mmokasaHa 3aBUCHMOCTD YUCJIA CO-
OBITUIl OT BPEMeHU OJIHOTO ObJIydueHUsT {1 :

_r
A1 — o

N(ty) = (e=ott — g= Aty
1 _ 7)\1(t1+t2)m
x ——¢ e, (2)
Baecs A\g = In2/11.43cyr u Ay = In2/70.86 cyr — 110-

crosHuble pactaga 'Ge u mzoroma ucrounuxa °°Co;

1 — e~ Ai(tatt2)

P — CKOPOCTDb 3aXBaTa HEUTPUHO OT UCTOUHUKA B Ha-
gaJie [epBOro OOJIyUeHWs; M — 9HCIO OOJIydeHHil;
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Puc. 7. Yucno cobbituii ot pacnaga “$Co B 3aBMCUMOCTH OT
OSIMTENBHOCTU OfHOro obsyyeHns 1 ONs HaYafbHON aKTUB-
HocTu 400 kKn

e = 0.5 — cymmapnas 3pHEKTUBHOCTb BCEX IPOIIe-
JIyP dKCIIEPUMEHTa WJIN OTHOIIEHHE KOJUYECTBa 3ape-
I'UCTPUPOBAHHBIX PACIAJIOB H YHCIa aTOMOB ' Ge B Mu-
[IEHN B MOMEHT w3BJjedenus. [yt OreHoK Mbl (bUKCH-
pyem uncio obusryuenuit m = 10. Bpemsa to = lcyr —
IepephIB B OOJIyUEHUSX JI U3BJICUCHUS U U3MEPEHUST
AKTUBHOCTH.

MaxkcuMasbHast CTATUCTUKA B 9KCIIEPUMEHTE TOCTHU-
raeTcsd B TOUKe IKCTPEMyMa, TP 3HadeHun t1=16 cyT.
st aktusnocTn ucrtounnka 400 kKu cymmapnoe unc-
JIO 3apPErUCTPUPOBAHHBIX HMILYJIBCOB OXKHJIAETCS PaB-

meiM N —=891.

9. AKTUBHOCTDb NCTOYHUKA

J171s1 O1IEHOK IyBCTBUTEILHOCTH IKCIIEPUMEHTA, C M-
rounukoM “8Co 6bLIA HCIOIH30BAHA CTATHCTHKA IKC-
nepumenta BEST [25]. B skcnepumenre BEST cra-
TUCTUKA COOBITUI B OmHOI 30He OblLaa mpumepro 700
cobbrTuii. [losTOMy M B HOBOM SKCIIEpUMEHTE AKTUB-
HOCTH MCTOYHWKA JOJYKHA OBITH TAKOW, ITOOBI YHCJIO
coOBITHIT B TIEPBOIii 30He MutteHn ObLT0 Topsiaka 700, a
B ABYX Apyrux — 1o 350.

CropoCTh 3axBaTa HEHTPUHO OT MOHOXPOMATUYE-
CKOT0 MCTOYHWKA BhrauciseM 1o dpopmyie (8]

p=AD <L> g, (3)
e D = 2.1-10*2ar. *Ga/cm® — mioTHOCTL aToO-
vMoB "'Ga B mmmennm; A — aKTHBHOCTH MCTOYHUKA,

(LY = 53 cm — cpeannii npober ueiitpuno B Ga B 011~
Hoit 30ne Mumtern BEST; o = 253-10746 cm? — ceuenue
3axBara HefiTpuHo or ncrounuxa *>Co sapamu ' Ga.

Puc. 8. 3aBucmumocTtb 4ncna cobbituii N oT Konm4ecTsa 3KC-
NoO3NLMIA M ANS SKCNEPUMEHTA C NCTOYHMKOM 2o Co

KommgecTso mssiekaemoro ''Ge onpesensercs 1o
dopmyse (2) mias 3HAUEHUH BpeMeHH OJJHOrO 00JIyde-
oug t1 = 16 cyT u BpeMeHHOrO MHTepBaJa MeXKJIy CO-
CeHUMU dKCro3unusamu to = 1 cyT.

C ydeTroMm TOro, 9TO OCIMLIAIIAU TIOJABJISIOT CKO-
pocthb cuera Ha 20%, KomuecTBO COOBLITHII B IIEepBOil
30HE MuUlleHu JI0JKHO O6bith N ~ 700/0.8 = 875.

Ha puc. 8 npusesiena 3aBUCHMOCTD IUCTIA PETUCTPH-
pyembix atomos ' Ge N oT umcia sxcrnosummit m (op-
Mmyna (2) B pasz. 8). Ilpu HagaIbHON CKOPOCTH 3aXBaTa
HeffiTpuHO p = 36 cyT ! Moo 3a m = 10 o6y tenmit
JOCTUYIb HeOOXOINMOTO KOJTMIECTBa COOBITUIT B IEPBOit
(maposoit) 3oune, N = 891.

J1J1st TIOJTyYeHUsI TAKOI CTaTUCTUKU HEOOXOIMMA aK-
tuBHOCTE HcTouHmKa “SCo A = 400 kKn.

SamMernM, 9TO UPU AKTUBHOCTU WMCTOYHUKA II0-
9TH Ha IOPSIIOK MEHbINeil, YeM B 3JKCIEepUMeHTe
BEST (3.4 MKwu), uucsio cobbiTuii B HOBOM 3KCIIEPU-
MeHTe OXxmjaeTcs TakuM ke, kKak B BEST. Ilpuunna
9TOro B ciejyromeM: 1) upu GoJiblueil sHepruu Heii-
TPUHO CEeYEHUe 3aXBaTa B HOBOM SKCIIEDUMEHTE BBIIIE
B 4.4 pa3sa; 2) GoJibliiee BpeMs KU3HU HCTOYHHUKA B
nosoM skcnepumente (1,5 = 71 cyr nporus 27.7 cyr
B BEST), usz-3a gero Gosbmmii BkJaJ BHOCAT GoJiee
no3iare obsiyueHusi. [losTomy yBemaImBaeTcss JJId-
TesbHOCTb 00styuenuii (t1 = 16 cyr, 8 BEST — 9cyr).

10. TBTOTOBJIEHVE NCTOYHUKA

Ncrounmk °8Co MozKeT O6BITH HapaboTal B PeaKTope
Ha GBICTPBIX HEHTPOHAX II0 PEAKIIIN

53Ni(n, p)33Co. (4)
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Puc. 9. Hapabotka akTtusroctu **Co B notoke BbICTpbIX Heili-
TpoHos & = 2.10' cm~2.c™! u3 15 kr npupogHoro Hukens

st meifirpoHoB ¢ sueprueit 14-15 MsB cegenne pe-
akiuu  (4) MOKHO OIEHUTH 10 CXEME, NPE/JIOZKEHHO
B pabore [33], u oHO paBHO O 0.346. C yuerom
IIMPOKOI'O CIIEKTPa HeHTPOHOB B peaKTopax Ha ObICT-
PBIX HefITpOHAX CedeHUe TaKoil peakiuu OyJeT, BUIH-
Mo, MeHbIne: 0 = 0.14396 [34]. B nanpHe#Rmux oreHKax

OyIeT UCIOIb30BATLCS NMEHHO 3TO 3HATEHHE CeTeHNs.
O6pazosanne m3orona "*Co B HOCTOSHHOM IIOTOKE
GBICTPBIX HEIITPOHOB OIUCHIBAETCs (POPMYIIOLL

(e

Breck Nyi(0) — HauabHOE KOJIMYECTBO aToMoB “SNi B

o NNi(O)q)O'
Do — A\

SV

Nco(t) eicbgt) .

(5)

IIOTOKE HEUTPOHOB P; 0 — cevyeHme 3axBaTa HEHTPOHOB
msoTomoM °8Ni; A — mocroamnmas pacmaga *°Co. Coor-
BETCTBEHHO, aKTUBHOCTHL KOOAJbTA COCTABUT

A(t) = ANo(1).

Ilorok 6bicTPBIX HeiiTpoHOB B peakTope BOPG0
(HUUAP) npocruraer 3.7-10%cem™2-c¢7! [35], a B
peaxrope BH600 — 2.3-10'° cm—2-¢ 1.

JIIst  OIEHOK  pacCMOTPUM — HapaboOTKy — aK-
tupmoctn  °8Co B IOTOKe OBICTPLIX HEHTPOHOB
® = 2. 10%cem2-¢c7!. Ha pmec. 9 moxasama Kpu-

Basi HapabOTKM aKTUBHOCTH JJjisi 15 KI' IPUPOIHOTO
HUKeIs B yCJIOBHSX, Korma obpasytomuiics °SCo He
BBITOpAET, T.€. HE B3aUMOJEUCTBYeT C HEHTpPOHAMH B
peaxTope.

Heobxomumast i1t 9KCIIepUMeHTa  aKTHBHOCTH
58Co 0.4 MKu mapabaTnBaeTca mpuMepHO 3a 70 cyT
00JTy IeHUS.

Mzoronr °®Ni B mpupomHOM
er 68.27%, u B 15 Kr npupomHOro HuKens Oyjer

HUKeJIe COCTaBJIA-
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Nni(0) 1.1 - 10%% aromos °®Ni. BaxsarTbl Heii-
TPOHOB APYTUMH M30TOINAMN HHUKEIA HE IIPHUBOSAT
K 00pa30BaHMIO PaJMOAKTUBHBIX H30TOIOB, KpPOME
peaxuu

$7Ni(n, p)35Co.

Ceuenne 3T0it peakum cocTasmsteT ogy ~ 0.040 6 [33].
C y4eroM IPUPOJHOTO COJIEPIKAHUSI 60Ni(26.1%) CKO-
poctb obpaszosanus ©°Co (vpreq < fo) MenbIIe cKOpPO-
ctu obpazosanust ocaosHoro nzoromna (*®Co) mpumepno
B 9.4 pa3za. CoOTBETCTBEHHO, CKOPOCTHU PACIA/A U30TO-
OB B HCTOUHUKE (Vdecay X Mprodt) PA3IHIAIOTCS IPH-
MepHO B 250 pas.

st oboraimneHHOTro 1o U30TOoIy 68 HUKEJIs MOXKHO
O0XKMJIATh HAPAOOTKHU TOW K€ aKTUBHOCTH B PEAKTODE
npu mMacce Hukens Ha 30% menbmre, T.e. okoso 10 Kr.
O06beM U3y daonieil YacTu B 3TOM CJIydae MOXKET ObITh
ropsika 1.2 j1, Bcero B 2 pasza 60JbI11e, 4eM 00beM H3JTy-
JaroIeil YJaCTH XPOMOBOTO UCTOYHUKA B 9KCIIEPUMEHTE
BEST.

Ob6orarmenne HAKEIsT 19 UCTOYHUKA MOYKET IPH-
BECTU TaKzXKe K JIOIIOJIHI/ITQJTI)HOFI O4YUCTKE MaTepuaJia
OT 3JIEMEHTOB, 00Pa3YIOIINUX PAIMOAKTUBHbBIE IIPUMECH,
KOTOpBIE YBEJUYINUBAIOT OMIMOKY W3MEPEHHs aKTHUBHO-
CTH UCTOYHUKA KAJIOPUMETPUIEeCKUM MeTomoM. Hampu-
Mep, B 3kcuepumernTe BEST B mnporecce oboraieHust
XpoMma OblLjTa JOCTUTHYTA YUCTOTA MATEPUAJIA, TIPU KO-
TOPOIT OMMOKA M3MEPEHUsT TEILIOBOI MOITHOCTH UCTOY-
HUAKA OT Pa/IMOAKTUBHBIX IIPUMeceill OKa3ajach IpeHe-
6pexxumo Masoit (~ 5:107°) [36].

11. CTATUCTUYECKUE OIIIUBKU
U3MEPEHUN

OneHuM CTATUCTUYECKUE OIIHMOKU TaJlINEBBIX W3-
MEpEeHWiI ¢ UCTOYHUKOM. ByaeMm camrarb, 9TO UHCJIO
U3BJIEKAeMBIX aTOMOB ' 'Ge MMeer IyacCOHOBCKOE Pac-
rpejieieHre, B KOTOPOM CTAaTUCTUYECKasl OITUOKa paB-
Ha KBAJPATHOMY KODHIO I3 9HC/Ia COObITHil, 0 = v/N.
YnCI0 ITOCYUTAHHBIX PAciaioB ' Ge ToKe IMeeT myac-
COHOBCKOe pacupejienenne. Ho mn3-3a Toro, 9to 37eCh
pUCYTCTBYET (hOH CIETIMKOB, OMIHOKa Oy1eT OOJIbIIe:
J:a\/ﬁ, rome a > 1.

Paccemorpum omubky m1st omoit 3oub! Mmutienun. [1o-
cite m obstyuenuit noaydaem wabop {N;} m aucen 3a-
PEruCcTPUPOBAHHBIX PacaioB ' 'Ge B IPOHOPIMOHAb-
HbIX cuerTunkax. CyMMapHOe YhCjI0 COOBITHUH U ero
OIMOKa PABHBI
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Pacmnagaonuiica 'Ge obpasyeTcss OT HCTOUHHKA U
OT COJTHETHBIX HEHTPUHO, KOTOPBIE COCTABJIAIOT €IIH-
CTBEHHBI (DOH B IKCIEPUMEHTEe. ByjieM cuuTarTh, 9TO
or CoJiHIIA B KaXKJO0M OOJIyYE€HUU JJINTEJIbHOCTHIO f1
o6pa3yercs ONMHAKOBOE IHCI0 aTOMOB ''Ge — Ngun.
Torma cymmMapHOe 9UC/IO COOBITHI OT ICTOYHUKA PABHO

Ng = iNl _mNSun;

i=1

a omubKa ITOro YUCjIa PaBHA

c=a iNi +mMNgun.

i=1

OTrHocurenbHast OMNIOKa COCTABUAT

vV Ng + 2mNgyn

Ns

g

6:N—S:Oé

Mg o = 1 oneHuM omuOKU I TPEX30HHON MU-
menn. B TpeX30HHOI MUIIEHN BO BHY TPEHHEH MAapoBOit
30HE YHUCJI0 COOBITHI B HOBOM 9KCIIEPUMEHTE PABHO TUC-
Jty cobbiTuii B 310i1 2ke 30He B BEST, T.e. Ng = 700, a
B [IBYX APYyIuUX — B 2 pa3a MeHsbIie, T.e. o 350. 31ech
yKe yITeHO, 9T0 3(PpHEKTUBHOCTH CIETA N3BJIEKAEMBIX
aromoB ''Ge pasHa € = 0.5 [25]. Yucsio peructpupye-
MbIX cobbiTuit ot Cosara pasro [12]

VSun

Nun:
s )

(1-— €.

e—/\t)
31echb A — HOCTOsIHHAS pacia/ia 00pa3yeMoro B MHUIIe-
m 'Ge, t — AIMTEILHOCTD OOJIYYEHHS MUIIEHH COJI-
HEYHBIMU HEHTPUHO JI0 OYepeHOro u3BjedeHus . st
raJimeBoi MureHn Maccoit 50 T CKopocTh 3axBaTa Hefl-
rpuHo ot CosHna pasHa [12]

Vsun = leyr* (66.1 4 3.1 SNU).

B rabma. 1 npuseneHsr Macchl 30H muineneit M (B
TOHHAX), YUCJIO OXKUIAEMBIX COOBITHUI OT UCTOUHUKA
Ng W OT COMHEUHBIX HEUTPUHO NGy, ST JITUTEIHHO-
CTHU OJIHOTO O0JIyueHus ¢t = t1, a TaK¥Ke OTHOCUTETLHBIE
CTaTUCTUIECKUE OMIMOKH 0.

Craructuaeckue ommOKN B 30HAX 2 U 3 HECKOJIBKO
Pa3/IMIa0TCs U3-32 PA3HO MACChl Tajljius B 30HAX MU-
[IIEHU, U3-3a Yer0 BKJIAJIbl COJIHEUHBIX HEMTPUHO B ITUX
30HAX PA3JIMIHBL.

ITo ombiTy m3MepeHWIT COTHEYHBIX HEHTPUHO I
YKC/Ia 3aPEruCTPUPOBAHHEIX paciaioB '+ Ge 6osbIe 10
B L- mnu K-nukax 3uadenue « e npepbimaer 1.1. Or-
MeTHM, 9TO COGBITHS OT pactagos 'Ge B IPOIOpPIH-
OHAJIBHBIX CYETYUKAX (DOPMUPYIOT B CIIEKTPE UMILYJIb-
coB gpa mmka (L- u K-nuku) B obsiactu sHepruit 1.2
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Tabnuuya 1
Ne 3ompt | M,1 | Ng | Noun | 6(a=1)
7.7 1700 | 0.9 0.038
14.7 1 350 | 1.7 0.056
26.8 | 350 | 3.1 0.058
u 10.4x3B [9]. s ucrounnxa 58Co axTuBHOCTBIO

400 kKu Bo Bcex 00/ryueHnsIX, BKJIOYAS IOCTIEIHEE, /16
csiToe, KOJIM4ecTBO cobbITuil B L- 1 K -timkax pacirajioB
"LGe Gymer 3aBeOMO GOJIbIIE: B JAECATOM OBJIyYEHII
OXKMTAEMOE YUCJIO0 MMILYJIbCOB B KarXKIOM IHKE OyIeT
paBHO

—A1ty

p —Xot
N — _ ot1
L(K) M (e € )%

X 6_/\0(751+t2)(m_1)EPGAP2,3 = 8.

3aecs p = 36 cyr~! — cropocTb 3axBara HelTpH-

HO BO BHYTDEHHEHl 30HE MHUIIEHH B HAYaJe MePBOIO
obayuenus; \g W A\ — IOCTOAHHLIEe pacmaga *°Co u
Ge; m = 10 — uwmcsno obsydenwmit; £ u ty — Bpe-
M1 OJIHOTO OBJIyUeHHsI ¥ MHTEPBAJ MEKIy 00Ty ueHMsI-

vu; € = 0.5 — 3 HEeKTUBHOCTD PETUCTPAIINNA UMILYJTh-
ca OT pacHaja U3BJICUCHHOTO U3 MuIeHn aroMa ' Ge;
Pga = 0.8 — oxnjaemoe ojaBjeHe KOJIMIeCTBa 00-
pasyronuxca aroMos | Ge U3-3a TaINeBON aHOMAJIH;
P 3 = 0.5 — yMeHbIIeHIE CKOPDOCTH CYeTa BO BHEITHIX
30HAX MUINEHHU U3-32 MEHBIIEH UX TOJIIUHBI 110 CPaB-
HEHUIO C TOJIIIMHON BHYTPEHHEN! (mapOBofx’I) 30HBI.

[TosToMy MOXKHO OXKHUIATH, ITO JJIsI CYMMAapHOTO
quc/ia cOObITUI BenInHa o =2 1.

B Tabi1. 2 npuBeeHa oxujgaeMasl CTaTUCTHKA, IUC-
JIO 3aPErUCTPUPOBAHHBIX COOBITHUIT 1; (T. €. CyMMapHOe
qucs0 cobbituil B L- u K-1ukax) B 60JIbII0#, MIAPOBOIi,
30HE MUIIEHU B KaXKJIOM OOJIy9YeHUM Ia/I/IneBOl MuIle-
mu ucrouannkoM " Co akrusrOoCTHI0 400 kK. Oxumae-
MbI€ KOJITIEeCTBA COOBITHIT B ABYX JAPYTUX 30HAX MHUIIIE-
HU PaBHbI TIOJIOBUHE OT IIPUBEIEHHBIX, COOTBETCTBEHHO
CpeJIHUM JIIMHAM 11poberoB HeilTpuHo B Ga 3TUX 30H.
O06srydyennst TPOBOJAATCS CO 3HAaYeHusAMU t1 = 16 cyT u
to = 1 cyT; 3axXBaThl COJTHEYHBIX HEWTPUHO HE paccMar-
puBaroTcs. s ONEeHOK MOXKeT TakKe OBITh OJIe3HOM
nadOpMaIng O JIOMOJHUTEIbHBIX O0JIyUIEHUSX, CBEPX
IpuHATOr0 KomdectBa m = 10.

B nepsoit KosoHKe TabJI. 2 CTOUT HOMEDP 00Ty YeHHA.
Bo BTOpOIl KO/IOHKE JTaHBI 3HAYCHIS BPDEMEH OKOHIAHUS
00JTyIeHUIT OTHOCUTEIHHO HAYAJIA [IE€PBOrO OOy I€HUS.
B nocienneit kosonke — cymMmMapHasi CTaATUCTHKA JIJIsT
m = 10 u 14 obiydennii.
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Tabnuuya 2
Ne | TS eyr | ng | Y. (ng)
1 16 169
2 33 143
3 50 121
4 67 102
5 84 87
6 101 73
7 118 62
8 135 53
9 152 45
10 169 38 891
11 186 32
12 203 27
13 220 23
14 237 19 993

12. YYBCTBUTEJIbLHOCTb
K OIIPEJEJIEHUIO IIAPAMETPOB
OCIIUJLIISALINIA

Ha puc. 10 npuBeeHbl 06/IaCTH TyBCTBUTEILHOCTH
sxcepmMenta BEST-2 ¢ ucrounmkom *2Co axTmBHO-
crpio 400 KKy Jy1st TPeX30HHOM TaJIMeBON MUIIEHH K
onpe/ieIeHNIo napameTpa Am?.

Ob61acTH TyBCTBUTEILHOCTH K OIPeIeIeHII0 Mapa-
METPOB OCIHJUISIHI HAXO/IIHCh 110 COOTHOIIEHMSIM
MEXKIY CKOPOCTSIMHI 3aXBaTa B PA3HBIX 30HAX TajLIH-
€BOI MUIIEHN IPH PA3IHTIHEIX 3HAMEHIAX TapaMeTPOB
OCIUJLJIATIAT.

B oTcyTcTBHE OCHMILIATHII OKHEIAEMAs CKOPOCTH
3axBaTa HEfTPUHO B 30HE MUIIEHNU | PABHA

voi =AY gi(Ln).

3mech A — MHOXKATENH, BKIIOYAIONNN AKTUBHOCTD UC-
TOYHUKA, CEYCHNE 3aXBaTa HEHTPUHO B TajlJIMNA U ILJIOT-
HOCTH aTOMOB Tajuiig B Mumenn. CyMMupoBaHue Ipo-
BOJINTCS 110 BCEM JTMHAM L 1O 3HAYEHUSAM (DYHKIAN
gi(L) — pacupe/iesieHusiM BEPOSTHOCTEl 3axBaTa Heii-
TPUHO B TaJIJIMNA B 30HE MUIIEHHU § 110 PACCTOSHUIM, 10~
Ka3aHHBIM Ha puc. 4.

B ycioBusgx oCHuIAnmi 0XKngaeMble CKOPOCTH 3a-
XBaTa OYIyT pPABHBI

Vilk = AZ gi(Ln)Pee,n,lk-

31ecn
Pee,n,lk = Pee,n(Ale, Sin2 29k)

347

20—

1 1 " 1 " 1 L 1 L 1 2 1 "
PRQASPECT-CLs Exclusion, 95% C.L.[16]
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Puc. 10. Obnact 4yBCTBUTENBHOCTN K OMpefeseHmnio napa-

mMeTpa Am? Ha TPex3oHHOW MULLEHN C BHyTpeHHel ccepoil.

MpuBefeHsbl Takke 061aCTU NapaMeTpoB, KOTOPbIE NCKIIIOYeE-

Hbl No aHanusy skcnepumertos PROSPECT [16], KATRIN

[19] u T2K [21] (cnpaBa OT orpaHM4MBalOLMX KPUBbLIX), A

Tak>ke NnokasaHa ob1acTb AOMYCTUMbIX NapaMeETPOB, MOJyHeH-
Hast B akcnepumenTe T2K [21]

— BEPOATHOCTH BB2KMBAHUS JIEKTPOHHBIX HEUTPUHO
Ha paccTogHnn L,, OT TOYKHU POKICHUS B YCJIOBUAX OC-

IS ¢ mapaMerpamn b

(Am?,sin? 20) = (Am?,sin® 20},).

B amasmze Mbl HCTOIB30BAIN OTHOCUTEIHLHBIE CKOPO-
CTU 3aXBaTa HEHTPUHO B 30HE MUIIEHHU ¢ B YCJOBHUSAX
OCIUJLJIATIAT:

Vilk
Ry = :

Vo5

Jluist KaxK10# TOYKH napaMeTpos ocumnsmit (1, k)
HAXOMM Pa3HOCTH

R
R

D(l,k) = max 1-

i,j=1,2,3;i<j

Taxum o6paszom, 3uauenue D(l, k) oupenessiercs Max-
CUMAJIbHOIl PA3HOCTBHIO MEXKJy OXKHJIAEeMBbIMU CKOPO-
CTIMH 3aXBaTa B Pa3HBIX 30HAX MHUINEHU JJI JTAHHBIX
3HadeHuil mapamMerpon ocrmdanuit. [Ipumep ckopo-
cTeft 3axXBaTa I PA3HBIX 3HAYeHHi mapamerpa Am?

1 st mCTOYHUKA C ABYMSI JIUHUSIMU HEATPUHO, KaAKUM SIBJIsI-
eTCd UCTOYHUK 58(3‘0, BEPOATHOCTDH BbI?KUBAHUS BBIYUCIIAECTCA I10
1+aP2/P1 - f20'2

1+« 101
SATHOCTU BbIXKMBAHUs HEHTPUHO ¢ suepruamu K1 u Fo, a f; u o; —
BBIXO/IbI HETPUHO TaKHX 9HEPIuil B pacnajax U30TOoNa UCTOYHU-

dopmyse Pee = P1 ; P1 m Po — Bepo-

)

Ka ¥ ceueHns 3axsara ux B raumu. Ius 8Co Ep = 1497 kaB,
f1 = 0.988, 01 = 253 .10~ cm? u Fy = 633k9B, fo = 0.012,
o9 =46.5-10"%0 cm?2, u o = 0.00255.
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Puc. 11. Mpumep obnactein jonycTnmbix napameTpos oCLu-
NAUNNA, KOTOPbIE HAXOAATCS BHYTPU 0BNacTh 4yBCTBUTENLHO-
cTn skcnepumenTa: (Am?, sin?20) = (3.3 3B?, 0.42) npn nz-
MepeHHbIX ckopocTsix cHeTa (R1, Rz, Rs) = (0.70, 0.78, 0.94)

npu (BUKCHPOBAHHOM 3HAUCHHH Sin’20 IpHBe/eH Ha
puc. 5.
'panunpr  objiacreil  4yBCTBUTEJIBHOCTUH — CTPOU-
Jch 10 asieMeHTaM JaByMmepHoii marpunst D(I, k),
KoTopas ompefesanach Aad 3Hadennit Am? ¢ marom
0.055B2 u maa sin?20 ¢ marom 0.002, 110 3HAYEHHAM
D(l,k) = 1lo, 20, 30, Tje CTaHIAPTHOE OTKJIOHEHHE
7%. 3navenme 7% UPUMEPHO COOTBETCTBYET
CTATUCTUIECKON OIMMOKe OXKHUIAEMOTO Pe3yIbTaTa

nU3MepeHusda CKOPOCTU cYeTa B O;LHOfI 13 BHEHIIHUX 30H

g

(BTOpO#i MM Tperbeil) B OTCYTCTBUE OCIHUJLISAIMIL.
Takum 06pa3oM, Jjis MOCTPOEHUs 00JIACTel TyBCTBU-
TEJbHOCTUA Mbl HMCIOJIb30BAJMU YIIPOLICHHYIO CXeMy C
(UKCHPOBAHHON CTATUCTUIECKOI ormmbKoit. Takoe
YIPOIEHNEe TMPAKTUIECKA HE BJIMAET Ha OIPEIeICHUe
rpanui; obJracTeit IyBCTBUTEIHLHOCTH, TaK KaK OITHOKA
3aMETHO MEHSIETCS TOJIbKO IIPU OOJIBIINX aMILIATYIAX
OCIIMLIATINI, T.e. B oOOJacTH OOJBINMUX 3HAUCHUN
sin?24.

ITocTpoennbie TakuM 0Opa30M KpPUBBIE OTPAHIIN-
BatoT 00JIaCTH, BHYTPHU KOTOPBIX 3HAYEHMS IapaMer-
pos ocnmsmuit (Am?, sin?26) MoryT 6bITH ompe/ie-
JIEHBI OJTHO3HAYHO JJIsI YPOBHEN 3HAYUMOCTU 20 U BbI-
me. B sToM ciiyuae 00J1aCTH JIOIYCTUMbBIX IIapAMETPOB
OCIIMJIIAINAI 00Pa3yoT eIMHYI0 KOMIAKTHYIO 00J1aCTh
C HEOTIPE/IEIEHHOCTSAMI MTOPSIKA HECKOJIBKUX JIECATKOB
MIPOTIEHTOB. BHE 30HBI UyBCTBUTEIHLHOCTH OOJIACTHU [0~
IyCTHMBIX 3HAUeHHI napaMerpa Am? pacnagaioTcs Ha
MHOKECTBO PA3JIeJIEHHBIX 00JIacTell ¢ PA3HBIMU 3HAYTE-
auavu Am?, a Ipm MaIbIX aMIUIHTYIax sin®20 moury-
JaeMble 06JIACTH JOMYCTHMBIX 3HaueHui Am? pacipe-

JEeJIAI0TCA HEeIIpePbIBHO OT HEKOTOPOI'o MaJIoro 3Ha4de-
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Puc. 12. Mpumep obnactein jonycTnmbix napameTpos ocuu-

NSy, KOTOpble He NMoNajaloT B 0bNacTb HyBCTBUTENBHOCTY

skcnepumenTa: (Am?, sin®20) = (6.0 3B?, 0.3) npn nsmepen-
HbIX ckopocTsix cHeta (R1, Ra, Rs) = (0.84, 0.82, 0.85)

HUsl JI0 OECKOHEYHOCTH. B Takmx ciiydasix CUMTaercs,
4T0 mapamerp Am? omnpenesauTs Hesb3s. IIpuMeps 06-
JacTell JOIyCTHUMBIX HapaMeTPOB OCHUJIIAIWN, KOTO-
Pblé MOT'YT IIOJIy YU ThCsI [I0 Pe3y/IbTaTaM SKCIIEPUMEHTa,
npuBeJieHsl Ha puc. 11 m 12.

Ha puc. 10 Tak:ke mpuBejieHa KpuUBas, NCKJIIOIAIO-
mast 00JIACTh TAPAMETPOB OCIIMJLIATINN 10 JAHHBIM 9KC-
nepumenta PROSPECT  [16]. Buxso, uto sTn naH-
HBIE TPAKTUIECKN ITOJTHOCTHIO UCK/IIOYAIOT 00/IaCTh Ta-
pPaMeTpOB OCIMJLIANNAN, B KOTOPOH TyBCTBUTEJEH HO-
BBIif raJIJIneBbIN IKCIIEPUMeHT. JacTh 06s1acTi 9yBCTBU-
TeJIbHOCTU K OIIpeJIeJIEHUIO JIOIyCTUMbIX IIapaMeTpOB
skcrepumenta BEST-2 uckimogaercs Takke TaHHBIMEI
sxrenepumenta T2K  [21]. TIpu sTom obmracts gomycru-
MBIX IapaMETPOB OCHMJLIAININ, [TOJyYeHHAS B TOM JKe
skcrepumente T2K  [21], moxker ObiTh IpoBepeHa B
srcrepumente BEST-2. Kpome Toro, B patore [23]
110 JIaHHBIM 3KcnepuMenTa IceCube mosrydensl obJiactu
JIOMYCTUMBIX MTAPaAMETPOB OCIUJIISINI B CTEPUIbHBIE
COCTOSTHUS HADJTIOIAEMbIX MIOOHHBIX HEATPUHO, BKJIIO-
Jajomue 3Havenns mapaMerpa 2.4 3B? < Am? < 9.6
5B? na yposue snaunmoctu 90%. Ha puc. 10 orpamn-
gennsi lceCube He mpuBeIEHDI, TOCKOIBKY aMILIATYIbI
ocnmLIsiiyit B pabore [23]| 3a1aHbI B IpYTUX € IMHUIIAX
(Upal? 1 |[Uraf?).

Ha pwuc.1l mnokasan mpumep peaim3alriuy, KOTIa
CUNTAETCH, 9TO MAPAMETPBI OCIUJIIAINIA OMa AI0T
BHYTPb 00JIaCTH 4yBCTBHUTEbHOCTH. Ha pucynke o6-
JIACTD JIOIYCTUMBIX IIAPAMETPOB OKA3bIBAECTCH JIOKAJIU-
30BAHHOI B OI'DAHUYIEHHON 00JIACTH APAMETPOB.

[Tpumep TOro, KOraa CIuTaAeTCsl, 9TO IapaMeTPhl OC-
MUJLISIUNA HAXOJSTCS BHE 00JIACTU UyBCTBUTEIbHOCTH
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K OIIPEJIEJIEHUIO ITapaMeTPOB OCIMJIJIAINI, TIOKa3aH Ha
puc. 12. 3necy mapamerp Am? HOYTH PaBHOBEPOATHO
MOZKeT IPHHEMATD JTI00bIe 3HaYeHns oT ~6 5B2 110 6ec-
KOHEYHOCTH.

13. OBJIACTU YYBCTBUTEJIbHOCTU
K OIIPEJIEJIEHUIO IIAPAMETPOB
OCHMJLJISILINN

Ob6jiacT JIOIYCTUMBIX 3HAYEHUN HAapaMeTpOB OC-
MWL ONPEIeJIIoTCs 10 3HaderusaM dyHKumu [24]

2 (Am?,sin? 26) =
= (R7neas - Rcalc)Tvil(Rmeas - Rcalc)7

rae Rieas 1 Reale BEKTOPDLI OTHOIIEHUH W3Me-
PEHHBIX W BBIYHCIEHHBIX CKOPOCTEl cuera B HUCCIIe-
JlyeMbIX Habopax JaHHBIX IPU IIapaMeTpax OCIUJLIA-
mmit (Am?, sin? 20) Kk OKEIZAEMBIM CKODOCTSM CHe-
Ta B OTCYTCTBHE OCHWLIATMN; V — KOBApHAHTHAS
MaTpHIla, BKIIOUYAIONIAS CTATUCTUYECKHE U CHCTEeMa-
THYECKHe, B TOM YHCJIe HEKOpPPeJIUpOBaHHBIC, ONIMO-
KU 9KCIEepUMeHTa. B 06JIacTH MCCIeIyeMbIX TapamMer-
pos HaxoauM HauseposiTHelee (BF, best fit) snauenne
(Am?, sin® 20) g, upu KoTOpoM byHKIHs Y = Xin
NPUHAMAET MHUHUMAaIbHOE 3Hadenue. Obmactu mommy-
CTUMBIX ITApAMETPOB MOKa3aHbl Ha puc. 11 u 12 u ompe-
JIETISIOTCS 110 3HAYCHUAM IapaMeTpoB, KOTOpble HaXo-
JIATCS U3 HEPABEHCTBA

X2 < X72nin + AX25

rae Ay? 2.30,6.18,11.83 nma ypoBHe#l 3HAUYMMO-
cru 1o (68.27%), 20 (95.45%), 30 (99.73%) nuist pactpe-

ﬂeJIeHI/Iﬁ C JABYMs CTEIICHAMMN CBO60,ILBI.

Ha puc. 10 nokaszano, aro oba BF-3nadenus:, moiry-
gennbie B dkcrepumenTte BEST, — mo mammbiv sKcrre-
pumenta BEST u 110 jfaHHBIM BCeX rajilneBbIX 9KCIIePU-
MEHTOB C UCTOYHUKAMU — BXOJST B 00JIaCTh 3HAYEHMUI
[mapaMerpoB, Ijie TapaMeTPbl MOT'YT OBITH OIIPE/IE/IEHbI
C YPOBHEM 3HAUYUMOCTH 30

(Am?, sin?26) = (3.3, 0.42) u (1.25, 0.34).

BF-3nadenus mapamMeTpoB OCIUJLISIINN, TOJTYYIEH-
wble B 9xcniepumenTe Heitrpuno-4,

(Am?, sin? 260) = (7.2, 0.36),

HAXOJATCA Ha TPAHHIE OOJACTH TyBCTBUTEILHOCTH
sxcniepumenta BEST-2 ¢ ucrounukom 58Co (na rpamm-
1e 06J1aCTH yPOBHSA 3HaUNMOCTH 20). B sKcrepumente
¢ mcTounnKoM %°Zn ¢ MeHbIIelt sHeprueil W3IyIaeMbIX
Heiitpuao (1350 k5B BMecro 1497 k3B) sra obsacrsb
OKa3bIBAJIACh HEIyBCTBUTEIHHOM K IEHTPATLHOMY 3Ha-
YEeHUIO pe3ysbTara dKcrepumenTa Hefirpumo-4.
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14. BOSMO2>KHBIE PE3VYJIBTATHI
SKCIIEPMMEHTA BEST-2

Paccmorpum, kKakue pusnydeckue pesysibTaTbl MOXK-
"o Oxuparh OT 3dKcuepumenTta BEST-2. lxa srtoro
3aJIJTUMCsT JIByMsI [TapaMeTpamu: 1) cyMMapHasi CKO-
pOCTh CUeTa MO BCeM 30HAM MUINeHH Ry, 2) makcu-
MaJibHas PA3HUIA MEXKy CKOPOCTSMH CUeTa B PA3HBIX
zonax mutern A R. CymmapHast CKOpocThb caera Ry Oy-
JIeT CpaBHUBATBHCS cO cKopocThio cuera R = 0.80+0.05,
[TOJTY I€HHOII 110 Pe3yJIbTaTaM BCEeX IPEIbIILY X MaJLI1-
€BBIX IKCIIEPUMEHTOB C UCTOTHUKAMUT.

B 3aBucuMocTn oT 9THX ABYX MapaMeTpPOB PE3yiib-
TaT IKCIHEPUMEHTa MOYKET OBITh OTHECEH K OJIHOMY U3
TpexX BapUaHTOB.

1. Ecm Ry ~ R u AR > 20, T.e. moJiydyeHHast
CKOPOCTH CU€Ta IIPUMEPHO COBIIAAAET CO CKOPOCTHIO
MPEIBIIYIIIX TAINEBBIX SKCIIEPUMEHTOB ¢ NCTOTHIKA-
MU 1 HaOJIIOAAeTCs 3HAUNTEIbHAS PA3HAIIA B CKOPOCTIX
CueTa B Pa3HBIX 30HAX MUIIEHH, TO 3TO OyIeT 03Ha4YaTh,
9TO TaJ/INeBasg aHOMAJUs CBA3aHA C OCIUJIISIINSIMEA B
CTepUJIbHbIE COCTOSIHUSI M TapaMeTPbl STUX OCIIUJLIs-
1uii OyyT OIpesesieHbl B 9TOM K€ SKCIIEPUMEHTE, T. €.
mapaMeTphbl OCIMLIANIN HAXOMATCS BHYTpH O0OJIACTH
4yBCTBUTEJILHOCTH K OIIPEJIEJIEHUIO [1aPaMeTPOB.

2. Ecmu Ry R u AR < 20, T.e. pa3auna B
CKOPOCTSIX CYeTa B Pa3HbIX 30HaX MUIIEHH OKa3bIBa-

~
~

eTcsi HeDOJIBINOH, TO CTEPUIIbHBIE OCITUJIIAIIA OCTAIOT-
¢l BOBMOXKHBIM DEIeHUeM ITPO0JIeEMbI TaJLINEBOI aHO-
MaJIuH, TajiIneBas aHOMAaJIMs OYyJeT IOTBEPXKIeHa Ha
6oJiee BBICOKOM CTATHCTHYECKOM YPOBHE 3HAYMMOCTH,
HO TIApaMETPbI OCIIILIANINAN OIPEIeJIeHbI He OYIyT, T. €.
rapamMeTpbl OCIUJIIAINI HAXOAATCS BHE 00JIACTH TyB-
CTBUTEJIBHOCTHU K OIIPE/IeJIEHUIO IIapaMeTPOB.

3. Ecom Ry # R, T.e. u3aMepeHHasi CKOPOCTb CUe-
Ta OyJIeT 3aMETHO OTJIUYATHCS OT CKOPOCTEil cueTa B
MPEBIAYINAX TAJINEBBIX SKCIIEPUMEHTAX, TO IPH JIIO-
00l pasHUIE B CKOPOCTHAX CUYETA MEXKJYy PA3HBIMH 30-
HaMU MUIIEHU OyJIeT OlpejesieHa 3aBUCUMOCTD IaJL/Ii-
€BOIl aHOMAJIMA OT SHEPIWU HEUTPHHO. B sTOM City-
Jae OCHMJLISIUUA B CTEPUJIbHBIE COCTOSIHUSI HE MOIYT
6bITb IIpI/IqI/IHOfI raJIJIneBoii aHOMaJINN, XOTHA IIpI/I 9TOM
CTepUJIbHBIE OCIULISIUU MOTYT JIaBATh HEOCHOBHOM
BKJIa/T B TaJuneByto anomaymio. Ul it o0bsicaenust oc-
HOBHOT'O BKJIa/Ia B Ta/JINEBYIO0 AHOMAJIHIO TPUJIETCS UC-
KATb JIPYyTHe TUIOTE3bI.

15. QKCIIVIVATAIIN A NCTOYHUKA

Heitrpunneii ucrounnk °°Co, IpesaraeMblii JIs
skcriepumenTa BEST-2, Gymer mmerb XapaKTepUCTH-
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KM, KOTOpBIe HEOOXOJMMO YUHTHIBATH IIPH paboTe ¢
HrM. [JIaBHBIE U3 HOX — 9TO TEILIOBBLIEJICHHE U PaIi-
AIMOHHAS AKTUBHOCTL. OHU OKA3BIBAIOTCS 3HAMUTEb-
HO BBIIIIE COOTBETCTBYIONNX 3HAUCHUI XapaKTePUCTHK
ucrounukos °!Cr u 37Ar, KOTOpBIE HCIOIL30BAIICH B
HpeIBIIYIIIX TaIHeBhIX SKCIIePIMeHTax.

15.1. TenuioBbIJIe/IEHE UCTOYHUKA

Temio, BeljiesisieMOe B HCTOYHUKE, OyjeT BO3JIeii-
CTBOBATH Ha MaTepHaJjbl JIEPHOIO PEAKTOpA W KOH-
CTPYKITMOHHBIE MATEPUAJIBI 3AIUTHI U 0D0JIOYEK 30H
MMUIIIEHU, KOTOPbIe MOTYT JIehOPMUPOBATHCSI IIPH Tell-
JIOBBIX IT€PErPY3KaX.

JI7ist OIEHOK TEIJIOBBIJIEICHUs] UCTOYHUKA OyIeM
CYUTaThb, 9TO B TEIJIO YXOJIUT BCdA IHEPIUsd, BbIJICJIA-
IOIASICS TIPU PacHa/ie sijiep U30TOoIa, 38 UCKJIIOUCHIEeM
SHEPI'UU, KOTOPAasi YHOCUTCHA HEHTPUHO. 3aIuTHbIE 000~
JIOUKU WCTOYHUKA HOIJIOMAIOT BCE M3JIydaeMble 3apsi-
JKeHHbIE YaCTHUIIBl U BCe raMMa-u3JjIydeHne. B orneHkax
IpeHeOPEraioch BBIXOJIOM (DOTOHOB OOJIBIINX IHEPIHUil
3a MPEJIE/Ibl 3AIMUTHl UICTOYHUKA, & TAKYKE TEILIOBBIJIe-
JIEHHEeM TpHUMeceil, KOTOpble, CKOpee BCero, OyIyT ja-
BaTh BKJaJ MeHbIe 1%.

B Ta6:1. 3 mpuseiensl sueprun (hOTOHOB U X BBIXO,
npu pacmaze *°Co [37].

Tabnuua 3
E., 3B | Boxon y-mmunu f,%
511 29.88
810.76 99.44
864 0.70
1674.7 0.528

TennoBbieenne CTOYHUKA OyIeT PABHO

P=>Eifi+E..

~
~

Snecy . 40 x»B/pacnaz, — SHeprusi Oxe-
3JIEKTPOHOB. Bbljie/ieHne TenjIoBoil SHEPIUu COCTABUT
okosio 1 MsB/pacua/ u TemioBasi MOIHOCTb UCTOYHU-
ka akTuBHOCTHIO 400 kKu 6yner okoso 2.4 kBr.

lJist cpaBHEHWSI, TEIJIOBbI/Ie/IEHIE HETPUHHOTO HMC-
rounmnka °!Cr akTueHOCTBIO 3.4 MKn B sKcmepmMenTe
BEST cocrasasio 740 Br [25].

Bricokoe TenioBbljie/ieHre, BO3MOXKHO, HOTPedyer
CHENUAIHLHOrO OXJIaYKJIEHUs] UCTOYHIKA BO BpPEMsl €ro
HAXOYXKJIEHUsI BHYTPU TaJlIMEBBIX MUINEHEH, a TakyKe
B YCTPOWCTBAX, B KOTOPBIX OyIeT WH3MepsIThCs €ro
AKTUBHOCTb.
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15.2. PagunanuonHasgs aKTUBHOCTb MCTOYHUKA

Ornernm yesoBust 6€301acHON PAbOTHI € MCTOYTHH-
KOM C TOYKHU 3PEHUs PAJUAIMOHHOTO OOJIYUICHUsT TIep-
coHaJIa J1A0OpATOPHUH.

MormHoCTH /103bI OO/IyUIeHHUS MEPCOHAIA UCTOTHU-
koM *8Co GymeM omeHHBATE IO POPMYIIe

dr = Ae,E D f/m.

3aecb A — aKTUBHOCTH UCTOYHUKA; €4 — IEOMETPU-
Jeckasi 9pHEKTUBHOCTD, T. €. BEPOITHOCTH IO IAHUSI
dOTOHA, BBIIIEIIEr0 C MOBEPXHOCTH 3aIlUThl HCTOY-
HUKa, B TeJO JejoBeKa; [, — sueprua dorona; D —
daKTOp MPOXOKICHUS U3JIyUeHUs depe3 3ammury; f —
BBIXOJ] U3JIyICHUsI B PACIIAJIE N30TOIA; 11 — MacCa CPe/I-
HEro JIejIOBeKa.

CunraeM, 9TO B HEIIOCPEJACTBEHHON OJIM30CTH OT MC-
TOYHUKA, B 10 CM OT €ro meHTpa, reoMerpudeckas 3h-
dexTnBHOCTE €4 = 0.2 W Macca CPEJHETO YeTOBEKa
m = 70xr. ITo mepe ymajeHuss OT UCTOYHUKA HA Pac-
crostHre L MOIIHOCTB JIO3bl YMEHBIIAETCs ITPOITOPIHO-
naspHo 1/L2.

JIJ1st OIEHOK IIPEIIoJIarajgoch, IYTO JUAMETD U3JIy-
Jaroleil YacTu UCTOYHUKA cocTaBuT okojo 10 cm. To-
IJIa, MMOCKOJIbKY TpyDa, 10 KOTOPOl MCTOYHUK OILyCKa-
erTcs B IEHTP raJIMeBoil Muinenu (puc. 3), UMeeT Iua-
MeTp 22 cM, OHOJIOTHIeCKas 3aIMUTa HCTOTHAKA MOXKET
uMeTh TOJIUHY j10 4 cM. Buojornyeckast 3ammra —
HecHIMaeMasi 000/I0UKa AKTUBHON JaCTH UCTOTHUKA, —
MOXKeT OBITh M3TOTOBJIEHA U3 BOJIb(MDpaMA.

Tabnuua 4. KoadbcpuuneHT nogaeneHnsi (pOTOHHOrO M3ny4de-
HUSI ONS1 HECKOJIBKUX JINMHWN Pa3HbIX NCTOYHUKOB MOC/E Mpo-
XOXAEHNS BOAb(OPaMOBON 3aLUnTbl TONLLMHON 4 CM

E,,x3B | D, 4 cum
511 (58Co) | 3.2-107°
811 (58Co) | 0.0022
864 (°Co) | 0.0029
1115 (%Zn) | 0.0083
1173 (°°Co) | 0.0096
1332 (°°Co) | 0.014
1675 (58Co) | 0.025

B Taba. 4 npuBonsaTcs 3navenus kodddurmenta D
[IPOXOK/IEHUsI TAKOW 3allUThl JJIsl Y-JIMHUI Pas3HBIX
9JIEMEHTOB, MTOCYUTAHHBIE IO CIPABOTHLIM TaOIHIIAM
3 [38].

Hns ucrounnka °°Co akrusHOCcThiO 400 KKn
MOIIHOCTD JIO3bI HEITOCPEJICTBEHHO 3a OMOJIOTUYIeCKO
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JkcnepumenT BEST-2 ¢ nctounukom Heiitpuro *8Co

3aIUTON U3 BOJIb(paMa TOJIMHON 4 CM COCTABHUT
5.9M38/c. 31ech yureno Takxke mzaydenne ot 9VCo,
AKTUBHOCTb KOTOPOro Oyuer okoyo 1% or HadaabHOM
axtusnoctu 8 Co.

IIpu momycrumoit mo3e OOIydeHUsi JJIsi [T€PCOHA-
Jga kareropuum A B Teuenme 1 roma Dy 20 M3B
[39] BOM3M MCTOUHMKA MOXKHO HAXOJUTHCS He GoJiee
t=Dy/MI=34c.

Jlnst cpaBHeHMsI, OKOJIO MCTOUHMKaA °°7Zn Taxoil e
axrusHoctu (400 kKu) npu Toii 2ke 6rosioruueckoii 3a-

MUTe MOYKHO HaXOomuThea He 6osee 0.65 c.

[Tostomy misi paboOTBI ¢ MCTOYHUKOM HYKHA J10-
MOJTHUTETbHAs 3amuTa. Vcmoab3oBanne B Ka4ecTse J10-
TIOJTHATETHLHOM 3aITUTHI, HATPUMED, CBUHIIOBBIX KIPIIH-
qeif TommuHON 10 cM yBeJMUImBaeT JOMYCTUMOE BPEMST
paborwl Ha paccrogHun 1 M oT ucTtouHmka j0 10 wa-
COB, T.€. CTAHOBUTCS BIOJIHE PEAJHLHBIM JIJIsT TTPOBE]IE-
HUsT OTHOCUTEJIFHO CJIOKHBIX pabot. [Ipu rakoit 3ammmre
(4cMm W + 10 M Pb) sons usimyuenus ot %9Co u ot -
Hun 1675 k3B B MOIIHOCTH J103bI MOBBINIAETCSI TOYTH
1o 10%.

HomoHuTe IbHAST CBUHITOBAS 3aIuTa Oy/IeT 3a1eii-
CTBOBaHa TOJILKO BO BPEMsl HAXOXKJICHUS HCTOUHUKA
BHE TPEX30HHON MUIIEHN, BO BPEMs IePEMEIIEHUS ero
MEXK/Iy yCTPOMCTBAMH, B KOTOPBIX OYyIIE€T U3MEPATHCS
€ro aKTUBHOCTD.

16. SAKJIFOYEHUNE

B HoBOM rajuimeBoMm skcuepumernte BEST-2 Gyuer
HCCJIE/IOBAHA TAJLUINEBas AHOMAJIMS, KOTOpPAs MOXKET
OBITH yKa3aHWeM Ha MPOsBJeHne HOBOH dusnkn. Pas-
nestenne rasneBoit mumtenn BEST-2 wa Tpu nHezaBucu-
MBIX 30HBI ¥ HCIIOJIb30BAaHIE MOHOXPOMATUIECKOTO UC-
rounnka ueirpuno *SCo akrusnocTsio 400 KKu nesa-
IOT 9KCIIEPUMEHT IyBCTBUTEIbHBIM K THIIOTE3€ OCIIUJI-
JISIIUI B CT€PUJIbHBIE COCTOSHUS B IIIMPOKOM JIUAITA30HE
rnmapaMerpoB ocumwuisanuii. Ilpu nomnajganum mapamer-
POB OCHMJLIATIAN B OOJIACTH IYBCTBUTEILHOCTU IKCITE-
pUMeHTa 3HadYeHHs ODOUX IapaMeTPOB — AMILIATY/IbI
sin260 u wacrorel Am? — GyIyT OIpeIeIeHE! B JKCIIe-
pumente. B 06/1acTh 9yBCTBUTEIBHOCTU IKCIIEPUMEH-
Ta TONAAI0T HAMBEPOSITHENIIINE 3HATEHNU ST TIAPAMETPOB
OCIUJIJISATINIA, TOJIyYEHHBIX B IPEAbIIYIINX IaJlJINEBBIX
9KCIIEPUMEHTAX C UCKYCCTBEHHBIMU MCTOYHUKAMU Hel-
TPHUHO, & TakKe B dxcrepumenTe Heiirpuno-4.

B skcnepumente Oymer mposejseno 10 obydenmit
raJUIMeBO MUIIIEHU 38 BpeMst 0K0JjI0 mosryroga. Craru-
CTHKA SKCIEPUMEHTA OyJeT CPABHUMA CO CTATUCTUKON
skcrepumenTa BEST, u omubku 060ux 9KCIIepuMeHTOB
Oy/1lyT CpaBHUMBI.
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OHeprus HeWTPUHO, POKIAIONIUXCSA OT HCTOTHH-
ka °8Co, mpuMmepno B 2 pasa BBIIe, UeM B HCTOTHI-
kax °1Cr u 37Ar, MCIOJIB30BABIINIXCS B HPEIbIIYIIIX
raJINeBbIX SKCIlepuMeHTax. [lo3TOMy B 3KCIIEpUMEHTE
BEST-2 6ymer Takke mccaemoBana 3aBUCAMOCTE TaJl-
JINEBOI aHOMAJINU OT dHeprun Hefirpuno. Habsromenue
3aMETHOT'O OTJINYHsI TIOJIHO CKOPOCTH 3axBaTa HEfTpu-
HO B 9KCIEPUMEHTAaX ¢ HEHTPUHO pas3HbIX dHepruii Oy-
JeT O3HAaYaTh, YTO CTEPUJIbHBIC OCIULISIUNA HE sIB-
JIATOTCS OCHOBHOM MPUYUHON rajiineBoit anomasnu. B
9TOM CJIydae HeOOXO/IMMO UCKATh JAPYTUe IIPUIHHBI raJ-
JINEBOI aHOMAaJIAN.

Ucrounuk °2Co mia sxcrepumenta BEST-2 moxker
OBITH M3TOTOBJIEH U3 15 KI' IPUPOJHONO HUKEJIS WU
m3 10 Kr HEKess, oboTameHHoro mo m3oTomy °SNi, B
(n, p)-peakiusix B peakTopax Ha OBICTDPBIX HEATPOHAX
¢ IWIOTHOCTBIO oToKa, ® =~ 2 - 10 em~2- ¢ 1.

Oxcrepument BEST-2 mpescraBisger yHUKAIbHYIO
BO3MOXKHOCTD JIJIs OOHADPY2KEHUS U WCCJICIOBAHUA STB-
JIGHW#, CBSI3BAHHBIX C «HOBOH (DUBUKOIL».

dunaHcupoBaHue. PaboTa BBITIOIHEHA TP O
JepKke MuHuCTepCcTBa HAYKN U BBICIITENO 00PA30BAHUST
Poccniickoit @egeparuu B paMKax MpOrpaMMbl (DUHAH-
CUPOBAHMS KPYITHBIX HAYYHBIX IIPOEKTOB HAIMOHAJIb-
noro npoekTta «Haykay, rpant Ne 075-15-2024-541.
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