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Tocsswaro moeti cynpyee Bepe [lasaoshe,
gepHomy Opyey, HAOeIHOMY Molay

HCTOPHUYECKAS CITPABKA

3 Bcex OTKPBITBIX 3J€MEHTapHBIX YaCTHI] (4-ME30HBl ¢ CaMOr0 Hadaja OblIH
HanboJsiee TOCTYIHBI /151 S9KCIIEPUMEHTAbHOTO U3yUeHHsl, TaK KaK OCHOBHAS 4acTh
KOCMHMYECKOr0 M3JydeHHs Ha YpOBHe MOpSl M Jlayke Ha TOPHBIX BBICOTaX COCTOMUT
U3 CHJIbHO MPOHHKAIOLIUX [i-MEe30HOB, KOTOpbIE NPOXOAMU/IM 3HAUUTeJbHBIE CJIOH
TSI’KEJIOTO BEIleCTBa, Tepsisi MPH STOM IHEPTHIO0 TOJNBKO Ha MOHM3ALMI0. DTa 4acTH-
na Obla oTKpbiTa B 1936 r. 1 BHauase Oblia Ha3BaHa Me30TPOHOM IO AHAJOTMU
C MO3UTPOHOM, OTKPBITHIM B 1933 1. OcHOBHbIEe CBOHCTBA [4-M€30HOB OblJIM U3yUeHbl
ele 10 3amnycka OosblIMX yckopuTesed. [locne OTKpBITHS 7-Me30HA U SIBJEHUS
pacmaga m — p Me30TPOH KakK BTOPMYHAs YacTHLA TOJNYUYHJ Ha3BaHHUE [i-ME3OH.
Ha nepBoM 3Tame uccienoBaHui, Hadyajo KOTOPOro oTHocutes K 1936-1937 rr.,
ObL710 0OHApPY2KEHO SIBJEHHE pacnajga m — (4 — €, YCTAHOBJIEHbl OCHOBHbIE CBOUCTBA
p-Me30HoB. C 1948-1949 rr. HaunMHaeTcs BTOPOH MepHON B 3KCIEPHUMEHTaJbHOM
UCCJ/IeIOBAHUH CBOHCTB [i-ME30HOB, CBSI3aHHBIH C HCMOJb30BaHHEM YCKOpPHUTeJeH.
CosnaHHble HA YCKOPUTEJSIX MYUKH [i-MEe30HOB TO3BOJIMJIH MTPOBEPUTH, HOMOJHHUTD
¥ 3HAUUTEJbHO YJAYYIIHTb OCHOBHbIE Pe3y/bTaThl, MOJNyUeHHble PaHee B MCCJENO-
BaHUAX KOCMHUUECKOTro u3syuyeHHs. HoBble MeTO/bl H3yueHHs MO3BOMU/IN MOJTYYUTh
CYLLeCTBEHHO HOBBblE pe3yJsbTaThl. Tak, B 3TOT NepHoA Obljla pa3BUTa CIIEKTPOCKO-
MHs Me30PEeHTreHOBCKOr0 HM3JyYeHHS [i-ME30HHBIX aTOMOB, AaBllasi TOIYOK MJIS
OOLIMPHBIX UCCIEI0OBAHHE ME30aTOMHBIX M Me30siIepPHBIX TPOLeCCOB, TaKke 0OHa-
PY’KEHO HHTepecHOe SIBJEeHHEe [i-Me30HHOTO KaTaln3a peaklHH CJAUSHHUS MPOTOHA
u neiitpoHa. C KoHua 1956 r. HauWHaeTcsl HOBBIH Mepuon B (DU3HKE [i-ME30HOB:
oOHapy»KeHbl HOBblE U COBEpIIEHHO HEOXHJaHHble CBOHCTBA — HasHuHe MPOLOJb-
HOU TOJIIPU3alMHY Y (-Me30Ha, YTO MO3BOJNU/IO H3MEPHTb €ro MAarHUTHBIH MOMEHT,
a nanee — JENOJSPU3ALHUM CIIHHA MIOOHA, UTO MO3BOJHUJIO TPOBECTH OTPOMHYIO
CepHI0 MCCJ/IeNOBAHMH SIIEPHBIX, aTOMHBIX U Ja)Ke XUMHYeCKHX CBOHCTB MaTepHH.
[Tpo6nema penossipusaluy TeCHO CBSI3aHa ¢ OOHapy»KeHHeM HOBOT'O BOAOPOJOINO-
JOGHOTO aTOMa, COCTOSIIIEro U3 1T -Me30Ha M 3JEeKTPOHA, HA3BAHHOTO MIOOHHEM.
B To e Bpemsi ¢ 6OJIbIION TOYHOCTBIO OBLIO TMOATBEPKIEHO, UTO [-ME30HBI U
3JIEKTPOHBl B3aUMONEHCTBYIOT C 3JEKTPOMAarHUTHBIM MoJeM oinMHakoBo [11] W,
TaKUM 00pa3oM, p-MEe30H CTaJi Ha3blBaTh «TSKEJbIM 3J€KTPOHOM». Mio-Me30H
He y4yacTBYeT B CHJIbHBIX B3aUMOLEHCTBUSAX, TONBKO B c/1abblX. [loaToMy npuHsiTO
MCIOIb30BATh HA3BAHUS «MIOOH», «TSKeJbld 3JEKTPOH», a 3HAUNUT, U «MIOOHHBIE
aTOMBI».

Bce BblllleHa3BaHHble NMPOOJEMBl X CBOHCTBA MIOOHOB LIMPOKO H BCECTOPOHHE
uccsenoBansl B Jlaboparopru simepHbix npobseM O6beAHEHHOTO UHCTUTYTA SIep-
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Hbix uccaenoanuit (JIAIT OMSAN) ¢ ucrnonb3oBaHWeM MIOOHHBIX W MMHOHHBIX Myd-
KOB (pazoTpoHa. MiooHHasi (hU3MKa HUMeeT CBOIO OCOOEHHOCTb U MPEUMYIIECTBO:
B MPOIIECCE WCCJAENOBAHUS 3KCIEPUMEHTATOpP HMeeT BO3MOXKHOCTb paboTaTh H
o61IaThCs ¢ OTAENbHO B3ATHIM MIooOHOM. [Ipennaraemelii 0630p MOCBsIIEH OQHOM
npobJsieMe — mpobJieMe 3aXBaTa MIOOHA SAPOM. PacCMOTpeHBl 3KCIepUMeHTaNbHbIE
pabotel, npoBenenHble B JIAI, u eme onHa, npoBeneHHas B boHHCKOM yHHBepcu-
tete ([epmanus) ¢ yyactuem corpynuuka JISII.

BBEJAEHHUE

MsyueHre B3aUMONEHCTBHSI ME30HOB CO CJIOXKHBIMH SIApaMH JaeT BaxKHble
pe3yJ/ibTaThbl, OTHOCSILIHECS K CBOMCTBAM siiep ¥ (yHAaMeHTaJbHBIM 3aKOHAM CHJIb-
HBIX, CJa0bIX M 3JEKTPOMAarHUTHBIX B3aUMOAEHCTBHH. DJIEKTPOMarHHUTHBIE CBOM-
CTBa MIOOHA (3apsii, MAarHUTHBIH MOMEHT U T. I.) OJHOCTBIO COBMAJAIOT C 3JIEKTPO-
MarHHTHBIMU CBOHCTBaMH OOGBIUHOTO 3JEKTPOHA, YTO CIOCOGCTBYET 00PA30BaHHIO
MIOOHHOTO aToMa.

[Ipouecc 06pa3oBaHHs Me30aTOMOB MOXHO pa3leJHUThb Ha UeTbipe YCJIOBHO
He3aBUCHMBIX 3Tana. Ha mepBoM MPOUCXOMUT 3aMe[JIeHHE DPeJIITHBHCTCKHX MIO-
OHOB 3a CYeT MOHHU3AaLHMU CPelbl N0 CKOPOCTEH, CPaBHUMBIX CO CKOPOCTBIO 3JIEK-
TPOHOB Ha BHeIlIHeH 0060JI0UKe aTOMOB Cpeflbl. BpeMsi 3amMen/ieHUsT MOXKHO OLEHUTh
M0 W3BECTHOH (opMmyse O/ HOHH3aLUHOHHBIX TOTepb. /i KOHAEHCHPOBaHHBIX
cpen 3Tta oueHka coctasager 71 ~ 1079—107'9 ¢ [1]. Bropoii sTan BK/IIOUaeT
B ce0st OKOHYATEe/JbHOE 3aMe/lJIeHHe MIOOHOB [0 CKOPOCTH, OTBeYalolled CKOPOCTH
B CBSI3aHHOM COCTOSIHMH, W aanabaTHYeCKHU 3aXBaT Ha BBICOKOJIEXKALMe YPOBHU
MIOOHHOTO aTOMa, T.€. Mepexol B COCTOSIHHE C OTPUIATENbHOH HeprHed. 31ech
xapakTepHoe BpeMsi 75 paBHo 10713—10~'* ¢ [2]. Tperuii sTan — Me30aTOMHBbI
KacKajfl, MpOoLecC Mepexofa MIOOHA C BBICOKMX OpPOMT B OCHOBHOE COCTOSIHHE.
XapakTepHoe BpeMsi Me30aTOMHOTO KacKafia 73 B JIEFKHX sIpax He MpeBbIIlIaeT
10712-10713 ¢, a B TsKesBIX emte MeHbLe [1].

YerBepThill 3Tan — mpeGbiBaHue MiOOHA Ha K -0pOHUTe MIOOHHOrO atoma, 3a-
Bepllaiollleecss €ro pacrnajoM WJM SiAePHbIM 3aXBaToM. BpeMmsi »KM3HH MIOOHA Ha
K-opbute 74 3aBUCHT OT 3apsijia siApa U MeHsIeTCsl B Mpejesiax OT BPEMEHH XKHU3HU
cBoGoxHoro mioona 2,2 -107% ¢ B Me30BOIOPOfie 10 ~ § - 1078 ¢ mast cambix
TSIXKEJBIX 3JIEMEHTOB. DTO CB3aHO C OYEHb CHJIbHOH 3aBUCUMOCTHIO BEPOSITHOCTH
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poMm ¢ ls-ypoBHSI MIOOHHOTO aToMa B 3a-
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[4-3axXBaTa OT 3apsina snpa. M3 nByX KOHKYPUPYIOUIUX MPOIECCOB B JIEFKUX fIPax
Gosiee BeposiTeH pacman, npu Z = 11 (Na) CKOpOCTH HX CPaBHHBAIOTCS, a C PO-
cToM Z mpeobganaet 3axsat [2,3] (puc. 1).

XapakTepHble BpeMeHa 7,7y U T3 00pa3oBaHHUs Me30aTOMOB HAMHOTO MEeHb-
le BpeMeHM XXHU3HU T4 MIOOHa Ha K-op6ute. Bce coOvITHA, mpoucxXoAsllye Ha
MepBBIX TPEX 3Tanax, MOXKHO CUWTAThb MTHOBEHHBIMH, a COOBITHS B YeTBEPTOH
CTalu — 3aJiepPXKaHHBIMH OTHOCHUTEJBHO OCTAHOBKH MIOOHA B MullleHH. M3BecTHO,
YTO MIOOHBI, 3aXBaueHHbIE IJEKTPHUECKHM TOJIEM fpa, MPU Mepexoie Ha GoJiee
HU3KHUH SHEpreTHUeCKWH YPOBEHb H3JyualoT KBAHTHl SHEPTHH — TaK Ha3blBaeMble
Me30peHTTeHOBCKUE JY4YH, aHAJOTMYHblE DEHTTeHOBCKHUM Jy4daM, HCIYyCKaeMbIM
MpHU Mepexoje 3JeKTPOHA HAa HU3KHH ypOBeHb B OOBIYHBIX aTOMaxX, HO TOpasio
6oJiee SHepPrUUHbIE, YTO CBSI3AHO € OOJIBILIOH MACCOHW MIOOHA.

1. BEBPAJMAIIMOHHBIE IMEPEXOAbI B TA2KEJIBIX ME3OATOMAX

Kak xopouio H3BecTHO, 3aXBaT [-Me30HA Ha aTOMHYIO OpPOUTY SIBJseTCS
KackagHbM mpouieccoM. KoHeuHo# cTained 3TOro mporecca siBJAsSieTCS Mepexof
2p — ls B p-me3oatome. B pesynbrare Takoro mepexona SHePrusi MoXKeT ObITh
nepefiaHa -y-KBaHTY WJIH (B TSXKeJIbIX 3Je€MeHTax) sapy.

J.A. Wheeler [4] npenckasbiBas [1Ba MeXaHH3Ma [eJIEHHS TSKENBIX siep
[l-Me30HAMHU: «BHYTpeHHee» NesieHHe, KOTa SHeprusi, HeoOXoaumas Ajs OeseHus,
ocBOGOXKaeTCsl TPU 3axBaTe SAPOM MIOOHA C HHXKHEro ypOBHS Me30aToMma, U
«BHEIlIHee» JleJieHHe, NIPH KOTOPOM MIOOH He HCue3aeT, a Heprusi, HeoOXoanMasi
IJs1 IeJIeHHsl, 0CBOOOX1aeTCsl B AUTIOJbHOM Ge3paJinaliOHHOM Tepexoae Me30aTo-
Ma Ha ypoBeHb ls.

BeposiTHOCTb Ge3pafiallMOHHON Mepefadu SHEPTHH APy AOJKHA OBbITh HEro-
CpelCTBEHHO cBsi3aHa ¢ ceueHUeM ¢oToadpdexkra Ha snpe. IlockoabKy Bpems
JKU3HU MIOOHA Ha K -opbute HaMmHOro GoJiblile, 4yeM BpeMsi »KH3HU COCTABHOTO
fpa, TO CJeNylOlled cTagued mpolecca mocje mnepexopa 2p — ls sABjseTcs
pacrman Bo30yXKAEHHOTO sapa. B uyacTHOCTH, BO3MOXKEH Mpolecc IeseHHs, ecsu
3Heprusi nepexona 6oJblle, 4yeM Oapbep AeseHHs. B Haubosee OjaronpusTHOM
clydae, Korga IIMPUHA JeJeHHs GoJiblle, 4eM BCe APYTHe siepHBle LIMPHHB,
KaTaJWTHUYeCKHH MpoLecC sifiepHOTO AeseHUs Bo3MoxKeH. CjiefyeT OTMETHTb, UTO
siIepHOe JleIeHHe MOXKET TIPOMCXOIUTb U B pe3yJ/ibTaTe 3axBaTa MIOOHA ¢ K -OpOHUTHI
SIPOM — 3TO <«BHyTpeHHee» JejleHHe. DTH [Ba MexaHH3Ma JeJIeHHS MOXKHO
pa3JUYMTh 3KCIEPUMEHTaJbHO MO TOMY, UTO B MEPBOM CJjyudae [ejeHHe He Co-
MPOBOXK/AETCS HCIYCKaHWEM <y-KBaHTa, COOTBETCTBYIOIIEro Mepexony 2p — ls.
J1. ®@. 3apeuxkum mpoBeneHa oOleHKA 3(PQeKTOB, CBA3aHHBIX C 3THM IPOLECCOM.
B xauecte npumepa paccmatpusaetcsi aapo 250U («JloKMambl COBETCKMX yue-
Heix Ha [l MexnyHaponHo# KOH(epPEHIMH M0 MUPHOMY HCIIOJNb30BAHHIO aTOMHOH
sHeprun», Kenea, 1958 r.) [5], Tak Kak 1/ Hero uMeeTcss HauOOJbIIEe YUCIO
HeOOXONMMBIX 3KCIEPUMEHTaNbHBIX NAHHBIX. TakMM 00pa3oM, MoJydyeHa OLEHKa
OTHOLIEHHsI BEPOSATHOCTH Oe3pagualudoHHOro Bo30yxkaeHus Wj K BepOSTHOCTH
BBICBEUMBAHHS ME30PEHTI€HOBCKOro 2p — ls usnmyuenus W:

— =~ 5—20.
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To ects mponecc Ge3pasnalliOHHOrO BO30YKAeHHS Oojiee BepOSITEH, UeM pajana-
LMOHHBIM MEPEXON.

BEINo/SIHEHO HECKOJIbKO 3KCIIEPUMEHTaNbHbIX PaboT MO MCCJAeI0BAHUIO MPOLEC-
ca JleJleHUs siiep MpU 3aXBaTe MIOOHA C MCIMOJb30BaHHEM (POTOMIACTHHOK [6-8]
¥ C TOMOLIbI0 3JEKTPOHHBIX METONOB peructpauud uactui [16]. B pabore
. E. BenoBuiikoro u ap. [6], BbIMOJHEHHOH C HCMOJb30BaHHEM (DOTOMIACTHHOK,
flesaeTcsl BBIBOL O TOM, 4TO OCTAHOBKM f~ -Me30HOB B 258U MpHBOAAT TOJ/Ib-
KO K «BHyTpeHHeMy» HeseHHI0 ¢ BepositHocThio 0,07, GespamuauuoHHOe pese-
HHe aBTOpaMH He HabJ/I0faJoCh W HMeeT BeposiTHOCTb MeHee ~ 1%. B paGore
M.T.Tletpawky u A.K.Muxyna [8] mnaercs olieHKa OTHOIIEHHS BePOSTHOCTEH
Oe3paaralHoHHOTr0 BO30YykaeHus sinpa (W) ¥ UCIyCKaHHUs y-KBaHTa MPH Mepexo-
ne 2p — 1s (W,) nns 3axBata MIOOHA SpOM 232Th;

Wy
— =0,14+0,07.
W 0, 0,0

~

JlenaeTcsi mpeAnoJioxKeHHe O TOM, UTO 0OpaTHasl Mepenada SHEPTUH BO3OYXKe-
HUS pa MIOOHY C MEPeXoNoM TocjaeHero u3 1s-coctosiHusl B 2p 6oJiee BeposTHA
B cjlydyae Topus, yeM ajsi ypaHa. B pabore J. A.Diaz u np. [9] Takxke nenaercs
BBIBOJL O TOM, UTO OGe3paaralioHHOe e IeHHe, eCIH OHO ¥ MIPOUCXOAHUT, TOJKHO CO-
CTaBJISITb TOJBKO MaJyH JI0JI0 uncyaa akToB aesenus. J[. . 3apeukuit [5] cBoumu
pacueTamu ToKasaJ, 4TO BEPOSITHOCTb Ge3pafuallHOHHbIX MEPEXOI0B B Me30aToMe
ypaHa, re MJOTHOCTb SiIePHBIX YPOBHEH BesHKa, NOJKHA ObITh 3HAUMTEbHOH. B
Me30aTOMe CBHHLA C MaJsoi MJOTHOCTbIO SIIEPHBIX YPOBHeH (Marudyeckoe siapo)
3Ta BEPOSITHOCTb MPAKTHUYECKH PaBHA HYJIIO.

OcHoBbiBasicb Ha 3To# pabore JI.d.3apeukoro, rpymnmna aBTOPOB BO TJa-
Be ¢ D.I[loHTeKopBO mNpoBesa 3KCMEPUMEHT MO H3MEpPEHWI0 Pa3HOCTH BHIXOIOB
COOTBETCTBYIOIIMX paIHallHOHHBIX peHTreHoBcKUX mepexomoB B U u Pb [10].
M3mepeHuss mpoBogu/inch Ha MIOOHHOM mydke cuHxpouuksaorpona JIAIT OUAU
¢ nomolibio y-nerekropa Ha ocHoBe Nal(Tl) nuamerpom 30 MM 1 BBICOTOH 35 MM.
Ha puc. 2 npencrapieHsl crieKTpbl (POTOHOB A/ Me30ypaHa M Me30CBHHIIA B 00-
JlacTH 3Hepruu ot 3 no 8§ M»B.

CrnexkTpel HOPMHPOBAHBI Ha ONMHAKOBOE KOJHUYECTBO [i -ME30HOB, OCTaHO-
BUBLIMXCA B MHLIeHH. DHeprus 2p — ls-mepexoma B cBuHUe F, = 6,02 M5B,
B ypane — Ha 200 k3B wmenbume. B mnpemenax paspemarmoiiedl CrnocoOHOCTH
Nal(Tl)-kpucranna mUKH Ha CHeKTpe AOBOJBHO O/MM3KH. PasHulla B MHTEHCHB-
HOCTH (POTOHOB C 3Hepruedl ~6 M3B B Me3oypaHe W Me30CBHHIE TPU ONHHA-
KOBOH TE€OMETPHM M OJNU3KUX IHEPTUsiX M3JyueHHsl yKasblBaeT Ha TO, YTO 3/1eCh
IEeUCTBUTENBbHO 0OHapyKeH 3¢ deKT 6e3paaualvoHHOroO Mepexoia (1~ -Me30HOB Ha
ypoBeHb ls Me3oypaHa. B mpenmnosoxeHuH, 4To BepOSITHOCTb Ge3paaualiOHHOTO
nepexona B cBUHLE W) mnpeHe6peXMMO MaJja MO CPAaBHEHHIO C BEPOSTHOCTHIO
McrycKaHusi ¢potoHa W, mosydeHsl CJeoyIOlUHe MpefeJbl:

0,1 < <%) 280 < 1.
W’Y
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1500 -
1000
500 -
Puc. 2. CriexTpbl (OTOHOB HJIsI Me-
30ypaHa u Me30cBUHLA: | — uHTEp-
NOJISILUST CIIEKTPOB YpaHa M CBUH-
na; II — ypoBenb ¢ona, o6ycnos-
JICHHBIH WHTeproJ/slueld CIeKTPOB E,, MsB
ypana u cBunua; III — rpy6as 3 4 5 6 7 ]
oueHka (OHA, MoJyueHHast B Mpei- 0 L L T L
TOJIOXKEHHH ONMHAKOBOCTH LIWPHH 10 20 30 40 50
[NUKOB ypaHa U CBUHLA Howmep kanana

[Ipy ycnoBuM, UTO MIMPUHBI YPAHOBOIO K CBHUHLIOBOTO IHKOB OIHWHAKOBHI,
noJiydyeHa oLeHKa, OM3Kasi K HUXKHEeH IpaHule HepaBeHCTBA:
Wy,
— ~0,2.
w,

3HayeHHe OTKPLITHS COCTOUT IpekJe BCero B 0OHAapyKeHHH HOBOTO 3JIEKTPO-
MarHUTHOTO Mpoliecca B Me30aTOMaX, B BO3MOXKHOCTH H3y4YeHHS MOBeJeHHs BO3-
Oy>KIeHHBIX fi1ep W OCYILLECTBJEHHUS sIepPHBIX peakLUH HOBOro tuma. MexaHusm
SIepHBIX peakUUd 3Toro Thma noapobHo obcyxpancs Ha IV MexnyHaponHo#
KOH(bepeHUUU MO (DU3MKE BBLICOKMX IHEPrUH U CTPYKType fApa, NPOXOAMBILIEN
B 1971 r. B [ly6He.

OtxpbiTue BHeceHo B ['ocynapcTBeHHbll peectp oTKpbiTHH CCCP mox Ne 100
¢ npruoputeToM oT 17 utoHs 1959 r. ¢ popMyIHpOBKOH: «YCTaHOBJIEHO HEU3BECTHOE
paHee CBOMCTBO Me30aTOMOB IepefaBaTb 6e3 M3JydeHHs BCIO IHEPTHIO Mepexosa
Me30Ha s/py, Korjga oHa 6J13Ka K Pa3HOCTH 3HEPrHi siIepPHbIX YPOBHEH».

Tat6auia 1. Pesyabrarsl uccaenoBanuii u3s pa6orsi [47]

DJIEMEeHT Y (2p = 15 Z) DJIeMeHT Y (2p = 15 Z)
Y (2p — ls; Pb) Y (2p — 1s; Pb)
W 140,08 235y 0,71 + 0,05
Pb 1 238y 0,77 + 0,04
Th 0,85 40,07 239py 0,59 + 0,06
Bi 140,06




Ony6suKoBaHBl JajbHEHILIHE HCCe0BaHUS Oe3pafliallMOHHBIX T1€PeX0I0B
B TsXKeJIbIX Me3oatoMmax [47], pe3ysbTaTbl KOTOPHIX MpeacTaB/eHbl B Ta0. 1.

2. CYAbBA MIOOHA ITOCJIE BESPAIHAIIMOHHOTO
JAEJEHHNA A0PA

WHTepecHo Temepb npocienuTb cynbOy p-Me3oHa Mocje AeseHUs sapa. Ecte
IBE BO3MOXKHOCTH:

1) u-Me30H ocraeTcs Ha TsXKeJOM (pparMeHTe W MorubaeT B pe3ysbTaTe suep-
HOT'0 3aXBara;

2) CpBIB [4-Me30HA B TpolLiecce JeJeHHs H ¢ BO30YKIEHHOTO 0CKOJKa.

OnHMUM K3 BO3MOXKHBIX pPe3ynbTaToB 2p — 1s (Mau 3p — 1s) Ge3pananalioHHO-
ro rnepexofa MIOOHA B TSI’KeJOM Me30aTOMe MOXKeT ObITb feJleHHe aTOMHOIO siipa
(Tak HasbiBaeMoe «MrHOBeHHOe» neseHue [5]). [lpy 3ToM Bo3HHKaeT BOMpOC: ueMy
paBHa BePOSTHOCTb OOHApyXKeHHUS MIOOHA Ha JIETKOM HJHM TSKeJOM OCKOJIKaX
nocsne neneHus? B pspe TeopeTndeckux paboT OaHa OLEHKA BEPOSTHOCTH
0OHApPY»KHUTb MIOOH Ha JIETKOM U TsiKeJoM ocKoaKax (coorBercTBeHHOo 10 1 90 %,
nonydyenusie B [11], u 50 u 50 %, nauubie B [12]). Pesysnbratol pa6ot [13, 14]
KayeCTBEHHO MEHSIOT NMepBOHAYaJsbHble OLIEHKH BEPOSTHOCTH OOHAPYXKHTb MIOOH
Ha JIETKOM HJIM TS2KeJOM OCKOJMKax. B MIOOHHBIX 3ajayax O0oJibllioe 3HaueHHe
UMeeT y4yeT KOHEeUHBIX pa3MepoB sjapa. Mcrmonb3oBaHHe BBIUKMCJIEHHOH B 3TOH
paboTe 3HEPrUM CBA3W MIOOHA B T0JIe SiIpa KOHEUHBIX Pa3MepOB MPUBOAUT K yBe-
JINUEHUIO BEPOSITHOCTH Tepexofia MIOOHA Ha OJIMKaHIINK BO30yXKIeHHBIH YPOBEHb
ockoJKa B 3—4 pasa. B pesysnbrare nosydyeHa cpenHsisi BEpOSTHOCTb 0OHAPYKeHHUs
MIOOHA Ha JIETKOM OCKOJIKe (BbIYMCJEHHAs C SKCIIePUMEHTA/bHBIM pacnpeejeHHeM
ockosikoB), paBHast 1 %, u, cootBeTcTBeHHO, 99 % N5 TSXKENOTO OCKOJKA.

Bbi6poc Me3oHa B mpolecce jejieHHs — COObITHE MaJslOBEpPOSITHOE, TaK Kak
pasJ/ieT 0CKOJIKOB IMPOUCXOAUT MeJJIEHHO M0 CPaBHEHHIO CO CKOPOCTBIO MIOOHA.

Jpyroii BO3MOXKHBIH MyTh BHIOpPOCA pi-Me30Ha CBSI3aH C MEXaHU3MOM BHYTpeH-
Hell KOHBEPCHH C BO30YKIEHHOro ocKoJjKa. TeopeTHyeckas oLeHKa Ko3(pHLHU-
eHTa BHyTpeHHe# KoHBepcud [l1, 15] mokaseiBaeT, 4To K03(P(PUIMEHT KOHBEPCHU
3JIEKTPUYECKOTO TUIOJS IJs CpeqHel SHepruu Bo3OyxaeHHs ockoaka ~ 10 MsB
MeHbIlle eMHHLbl. DTO 3HAUUT, UTO BBHIOPOC p-Me30HA He MOXKET KOHKYPHPOBATh
C M3Jy4yeHHeM [1epBOro HeHTPOHA U3 OCKOJIKA.

B PSI 6bl1a n3MepeHa BeposiTHOCTb MPUJIMIIAHUS MIOOHA K JIETKMM (DparmeH-
TaM. B 3TOM 3KcnepuMeHTe HCIO/b30Bajsach yCTAHOBKA, BKJIOYAloLlas IOBEpX-
HOCTHO-6apbepHble Si-IeTeKTOPBl /51 U3MePeHUs KUHETHUYeCKOH HEPrHM OCKOJI-
KOB B coueTaHMM ¢ MarHuTHbIM crektpomerpom SINDRUMA40, cocrosimum us
MSTH MHOTOMPOBOJNIOYHBIX MPOMOPLMOHANBHBIX KaMep W Tomockoma. B To Bpewms
KaK Si-IeTeKTOpbl PerHCTPUPOBAIM OCKOJKH JeJIeHHsl, BO3HHKAIOLIHE B Pe3yJb-
taTe Ge3pannanuoHHbix nepexonos, SINDRUMA40 peructprpoBas 3/7€KTPOHBI OT
MIOOHHOTO [3-pacrnana. ATo MO3BOJUJIO0 PEKOHCTPYHPOBATh TPAEKTOPUU JIEKTPOHOB
U, CJlef0BaTe/]bHO, JIOKAJH30BaTb 00/1aCTh, U3 KOTOPOH OblJ1 HCHYLIEH 3JeKTPOH
OT pacrnaja MIooHa. B pesysabTate MOKHO OBIJIO ONpenenuTb, Obl1 JH MIOOH
MPUCOEIMHEH K JIETKOMY WJH TsiKeJoMmy ¢dparmeHTy. Takum o6pa3om, MOMHMO
HabJ/II0aBIINXCS paHee MIOOHHBIX aTOMOB TSI?KeJIbiX (PparMeHTOB OblJIH 0OHApyXKe-
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Hbl TaKK€ MIOOHHBIE aTOMBI JIETKMX (DparMeHTOB, pacnaiaiollyecs CO BPeMeHeM
xu3Hu (182 £ 27) He [39,40]. M3 npenBapuTe/bHOTO aHaMM3a BBIXOL MIOOHHBIX
aTOMOB JIeTKHX (pparmMeHTOB Obln HalneH paBHbiM 0,057 £+ 0,007. Ecnu ydectsb
BEpPOSTHOCTb KOHBEPCHH MIOOHA B JleTKHe (DparMeHTbl, TO CYMMAapHBIH BBIXOX
MIOOHHBIX aTOMOB JIErKHX (parMeHTOB OKaxkeTcsi okoso 7 %. B To ke Bpems
3aMeTHBle BapHallMM BEPOSTHOCTH MPHUCOEAHHEHHS] MIOOHA HaOJIONAIOTCS BHYTPU
rpynnsl Jerkux ¢parmentos ot 0,015 + 0,15 no 0,090 £ 0,02 nist MaccoBbIX OKOH
77-87 n 107-117 cooTBeTCTBEHHO.

3. MESOPEHTTEHOBCKOE U3JIYYEHHE MIOOHOB
HA OCKOJIKAX MTHOBEHHOTIO JEJIEHHUA

[Tocne ncnapeHust HEHTPOHA B «HUI'Py» BKJIOYAIOTCH 3JEKTPOMarHUTHBIE TPO-
[IeCCBl, YCIEIIHO KOHKYPHPYIOIHMEe C HCIapeHHeM BTOpOro HelTpoHa. B mpu-
CYTCTBUH CBSI3aHHOTO MIOOHA CTAHOBSITCS BO3MOXKHBIMH, BO-NIEPBBIX, KOHBEPCHS
~-71y4ed Ha MwooHe [5, 11], Bo-BTOpBIX, pe30HAHCHBIH Mpoliecc 6e3paaualliOHHOTO
nopbpoca MiOOHa B BO30OYKIE€HHOe COCTOSIHHE C MOCJAEYIOUIMM Me30aTOMHBIM
pagMauMoHHBIM mepexonoM [9, 15]. TeopeTuyeckue MPOTHO3b MJs BEPOSTHOCTH
3aceJieHUs] YPOBHSI 2p MIOOHHOTO aToMa TsiXKeJoro (pparMeHTa BapbUpPylOTCs OT 1
no 10% Ha onHo nesenue. JlaHHble MPOLECCH BIOJHE BO3MOXKHbBI, TaK KaK dKCIie-
pPUMeHTAJIbHBIH CIEKTP y-JIydeil OCKOJKOB AeJieHHs mpocTupaercs 1o 9 MsB [4],
4TO CYLIECTBEHHO IPEBBIIAET SHEPTHIO CBf3M MIOOHA Ha TsxkesaoMm (5,8 M3B) u
nerkoM (3,3 M3B) ockonkax. [.®P.3apeuknit u . . Kaprnemun paccmoTpesu
pe30oHaHCHOe paccesiHue ~y-ydeill Ha mioone [11, 18].

Jlisi OLleHKH BepOSITHOCTH Me30pPEeHTIeHOBCKOTO H3JyYeHHs Ha ONHO MTHO-
BeHHoe gaeneHde (MJI) yuTeHbl cienymolide o6cTosiTenbcTBa. C BEpOSTHOCTHIO,
npesbiaoeid 90 %, npu neneHHH 06pasyloTCsl TsXKesble OCKOJKH C aTOMHBIMH
HoMepaMH B MHTepBase Z = 51—57 [17,19]. [las 3TUX 3/7€MeHTOB H3MeHeHHe Z
Ha eNWHHUIy, KaK MOKa3blBaeT pacyeT, CABHUraeT Me30PEHTIeHOBCKYIO JIMHHIO Ha
100 k3B, mostomy cymMmapHbIli Me30PEHTIe€HOBCKHUH CIIEKTP CEMH 3JIeMEHTOB 3ak-
Met uHTepBan ~ 700 k3B.

B cnekrtpe v-nyuyeiél ockonkoB MJ[ kaxxmpomy H30TOMy OyAyT OTBeuaThb [BE
JIMHUH, CBSI3aHHBIE C PE30HAHCHBIM paccesiHHeM 7y-KBaHTOB Ha MIOOHE C TTOAOPOCOM
ero B MPOMEXYTOUHbIE COCTOSIHUA 2p|so U 2p3/9, pasnenennoie Ha ~ 60 k3B.

[IpennosiaraeMbil crieKTp npencta/eH Ha puc. 3. [losokeHHe TUHUH Upe3BEIUaHHO

17 Z =54
2p3/0

Puc. 3. Paccunrannas ¢opma xecTkoi | ,
YacTH CNEKTPa y-U3JydeHHs] OCKOJIKOB 37 38 £ NGB
MTHOBEHHOTO [€JIeHHUS v




4yBCTBUTEJNBHO K pacrpeleseHnIo 3apsiaa 1no o0beMy OCKOJKA: MPH H3MEHEHHUH T(
or 1,20 no 1,25 ®m quuuu casuratorca Ha 100 k3B.

Hab6moneHre Me30peHTreHOBCKOIO HM3J1yUeHHs JIETKOTO OCKOJIKAa TpencTaBJsi-
eTcs elBa JIM BO3MOXKHBIM M3-3a MaJlOH BEPOSTHOCTH yBJIEYEHHS MIOOHA JIETKMM
OCKOJIKOM, KoTopasi coctaBjsieT okoso 1% [13]. Kak crnemyer u3 skcnepumen-
TaJbHBIX JaHHBIX [7], BecbMa BepOSITHBIM sIBJIsieTCs MOAOPOC MIOOHA B BBICIIHE
JIMCKPETHBbIE COCTOSTHUSI Ha TS2KEJIOM OCKOJIKE.

DKCreprMeHTabHOEe H3yueHHe Me30PeHTTeHOBCKHX JHMHHH OBIIO MPOBENEHO
B BoHnHckoMm yHuBepcurtete rpynmoi npod. [1. Jasuna [20].

DKcreprMeHTa/bHAsl YCTaHOBKA [23] cocTosiia M3 OBYX FepMaHHEBBHIX AETeK-
TOPOB JJISl E€TEKTHPOBAHUSI PEHTTEeHOBCKOTO HM3JY4YeHHs W JIaBUHHOTO CUETUHKA
C HECKOJIbKHMHU TapaJjielbHbIMU MJ1aCTHHAMH, 00epHYTBIMU MeTaJjlInuecKol (oJib-
roit 228U, koTopas cay:Kuna akTHBHOH MHIIeHbIO (puc. 4).

MIoOHHOE PEHTTeHOBCKOE M3JydeHHe OT MHIIeHH 238U GblIo 3aperucTprpoBa-
HO B COBMAJZeHHH C OCKOJKAaMH KaK MIHOBEHHOTO, TaK M 3aJep:KaHHOTO JeJIeHHS.
CrieKTp MIOOHHOT'O PEHTT'e€HOBCKOTO CreKTpa, coBnajarmiui ¢ MJI, no/KeH Takxe
ColepKaTb MIOOHHO€ PEHTTeHOBCKOE H3JyYeHHe OT OCKOJIKOB JeseHHs. JHep-
rid o0enx JMHUH KOoMIlJIeKca nepexosma 2p — ls HanGosiee BepoOsITHOTO H30TOMNA
140X e5, naxonarca Ha yposHe 3,7 u 3,8 M3B cooTBeTcTBeHHO. B cH/y 3apsamoBo-
ro pacnpeneseHusi 2p — ls-mepexonbl MIOOHHBIX TSXKEJbIX (PAarMeHTOB HOJKHEI
HaXOIMUTBbCS B Ipefle/iax dHepreTHyeckoro HHrtepBajna okoso 700 k3B [18]. Io-
TMIOJIHUTENIbHAS CJIOXKHOCTh BO3HHMKaeT M3-3a pacrnpefeseHus macc. Kpome toro,
IOTIIEPOBCKOE YLIMPeHHe pa3MblBaeT OThAesbHble auHuHM [21]. Ha puc. 5 mokaszan
CMIEKTp, MOJy4YeHHBIH B coBnageHnu ¢ MJI onHoro u3 cBepxuucTbix Ge-aMONOB.

[lupokass cTpykTypa MoxeT ObITb BU3yaJH3HUPOBaHA B dHepreTUUeckoi obJa-
CTH MeX1y MIOOHHBIMH repexofaMu 3d — 2p u 2p — 1s u3 238U u, no-Buaumonmy,
SIBJISIETCS TIOAXOMSIIMM KaHIUAATOM AJsi 2p — ls-nepexofoB MIOOHOB, 3aXBaueH-
HBIX TSKEJNBIMU (DparMeHTaMH M MpeoOpPa3oBaHHBIX B IUCKPETHbIE COCTOSHHUS.

Pb

PPAD

CsF

Puc. 4. OxcnepuMmeHTanbHas YCTaHOB-
ka: S1,S2 — countuaastopel; C —
kosnuMarop; PPAD — nerekrtop pac-
menenus; Ge — repMaHUeBBIH JeTeK-
top; CsF — CsF-perektop; BGO —
BisGe3Og-nerekrop; Pb — cBUHLIOBBIH
3alMTHBIA 9KpaH
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Puc. 5. CnekTp MIOOHHOTO X-H3JyueHHs,
3apEeTUCTPUPOBaHHBIN OfHUM (Ge-IeTeKTo-
ES%M B coBnazeHuu ¢ M ]I B axcnepuMmeHTe

U(p—,~vf) [23]. CnsowiHble JHHAK —
TMIOATOHKA K 9TOMY CIEKTpY, (JOH U raycco-
Ba KpHBasi. BepxHHUil creKTp (@) COmep:KUT
NOATOHKY C LIMPOKOH raycCcoBOH CTPYKTY-
poit mpu 3910 k3B, Huxuuit (6) — 0Ge3s

TaKOW CTPYKTYpPHI

102

10!

100

102

10!

100

1 a

|
LI L L L L O LI L R

i 6

2500 3500 4500 5500 6500
E, x3B

Takum o6pasom, Obl1a NPeANPUHATA MONbITKA NOAOTHATE ITOT CMEKTP C MOMOLIBIO
nporpamMmel FIT [22] B mHpokom 3HepreTHyeckoM [HanasoHe C YYeTOM BCeEX
MIOOHHBIX PEHTTeHOBCKHX JHMHHMH M (pOH, KaK onucaHo B pabote [23]. Has onu-
CaHUsl HabJsofaeMOH CyMMapHOH CTPYKTYpHI Oblla UCHOJb30BaHA rayccoBa (DyHK-
uus. PesynbraTbl (UTHpOBaHMA [1Ji CIIEKTPa OJHOrO JeTeKTOpa MpeacTaB/eHbl
Ha puc.d. KoHeuHble pesynbTaTbl OBLIM TOJYyueHBl Ha OCHOBE AAHHBIX, H3Me-
peHHbIX o6ouMmu Ge-merekTopaMu. [losoxeHne KoHrJoMepara ObLJIO ONpejesieHO
Kak (3910 £ 40) k3B ¢ wupunoit (640 £+ 110) k3B (FWHM). MurencusHocTs I
3TOr0 KOHIVIOMepaTa [0 OTHOIUEHHI0 K HMHTEHCHBHOCTH I,¢, HabsrofaeMoH IpH
M]I, 6eina onpenenena paBHo# I/l = (6,0 &+ 2,1) %. Xots sKcnepuMeHTanbHOE
3HayeHWe [/ BO3HMKHOBEHMs 3TOrO SIBJEHMs sABJseTcS cJaabblM, BCe XKe 3TO
nepBoe 3KCIepUMeHTa/lbHOe YKa3aHHe Ha ero CylleCcTBOBaHHe.

4. CACTEMATHUKA ABCOJIIOTHBIX BbIXOJ10B
JJIA TA2KEJIBIX ANEP IIOCJIE JEJEHHWSA ITPU ;-3AXBATE

3HaHHe WHTEHCUBHOCTH Me30PeHTIeHOBCKHX MEPeXOf0B UMeeT Ba)KHOe 3Haue-
HWe /i1 W3yUeHHs CBOHCTB MIOOHHBIX aToMoB. [ljisi Toro, uTo6el HOPMHPOBATH
BBIXOJ, PA3/JUYHBIX peaklHi, TAaKUX Kak JeJeHHe HJIM HCIyCKaHWe HeHTPOHOB
nocse rnpoliecca Bo30OYXKIEeHHs, JOJKHA OblTh H3BeCcTHa M0Js 0Ge3pagvalloH-
HBIX MIOOHHBIX T€PEXOJ0B, HEMOCPeACTBEHHO BO30yxKaAallUX sapo. B paborax

1
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B. [Toutekopso [10] u J. A.Diaz [30] maercst snuiib KayecTBEeHHasi Oll€HKA MOJH
0e3paqHalHOHHBIX MEPEXO0B B fApax aKTHHUIOB MO YMeHbIIEHHI) WHTEHCHBHO-
CTH TMepexonoB 2p — s B TOpPHH, ypaHe U MJIYTOHHU MO CPABHEHUIO C HHTEHCHBHO-
CTbIO 3TOTO Mepexoia B MarHueckoM siipe — cBUHIE. [Ipu 3ToM mpennosaranocs,
4YTO MHTEHCHBHOCTb 0O0Jiee BBICOKMX paJHAllMOHHBIX TEPeXoI0B B 3THX siipax
NOJIXKHA OBbITh OAMHAKOBOH. B MPOTHBHOM cilyuae HeJOCTAIOLIYI0 YAaCTb HHTEHCHB-
HOCTH ~y-Jlydell HeJib3si MPOCTO CBsi3aTh ¢ Oe3pagvalMOHHBIMU Mepexonamu. s
MPOBEPKU 3THX MpelrnosoKeHUH rpynmoit nox pykosoactBoM C. M. TlonmkaHoBa
MPOBENEHO CHCTEMAaTHUECKOe HCCJeN0BaHHE JeJIeHUs TSKeJbIX sifep MPH 3axBaTe
[4-M€E30HOB: 232Ty, 238y, 235y, 237Np, 242py y 239py [24-27]. Henenue smep
MpU 3axBaTe [-Me30HA OTJHYaeTcss OT OPYrHX BHIOB Hesenus [37,38], Tak
KaK OHO TPOTeKaeT C XapaKTepHbIM CPeIHHM BpeMeHeM XH3HU oKoJso 80 Hc,
a cpefHsisl dHeprusi Bo30YyXKIeHHs sapa oueHuBaercs B 15-20 MsB [28]. dtoro
JOCTAaTOUHO, YTOOBI OTKPBITb KaHaJs MAeJeHHs B pPeXUMax [IeBO30YXKIEeHUS $if-
pa. BosbyxneHue sinpa npu Ge3paaualliOHHOM Tepexolne MiooHa Ha K -opOuTy
MpOTeKaeT B UHTepBaJe BPEMEHHM, XapaKTePHOM JJIi MIOOHHOTO KacKaJIHpOBaHHS,
nampumep 10714-1071° ¢ or momenTa p-aromHoro saxpata [4]. Tloatomy ero
Ha3bIBAIOT MTHOBEHHBIM MPOLECCOM JesieHHsi. ECTb HeKoTopbie ero 0coGeHHOCTH,
KOTOpble MPEACTABJSIOTCS BeCbMa MHTEPECHBIMH C TOYKH 3PeHHs] UCCJel0BaHHUS

Fission
chamber

Counters No. 1 2 3
—
p-Beam
/ \
PM PM| PM

Deadtimeless
discriminator

-

amplifier amplifier

Monitor

p-Stop signal

| ADC
2048 chan,|

| ADC
2048 chan.

Puc. 6. Byiok-cxeMa 3/1€KTPOHHUKH, MCIOJNb3YeMOH COBMECTHO C KaMepPOH NeseHHs U CcyeT-
YMKaMH TeJlecKona
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Oapbepa nesnenusi. Ha puc.6 mpuBeneHa 3KCrepUMeHTasbHAsh YCTaHOBKA BMeCTe
¢ OJIOK-CXeMO# perucTpupyolleil 31eKTpOHUKH [36].

B skcneprmeHTe HCMOb30Banach ObICTpasi MHOTOMJIACTHHYATAsh WOHHU3ALHU-
OHHas KaMmepa, 3amojiHeHHas MeTaHOM. [Ipy KOHTPOJBHOM H3MEpeHHH OBICTPBIX
COBManeHUd f—+v BpeMsi paspelleHHs cocTaBisio 2,5 HC. OCKOJKH JesleHHs pe-
THCTPUPOBAIUCH ¢ 3(pdeKTUBHOCTHIO He Xyke 90 %. Bce naMepeHus: mpoBOAU/INCDH
OIHOBPEMEeHHO /ISl ABYX M30TONOB: Hccaeayemoro u 238U kak sTajoHHOro. Mu-
IIEHW 0CaXKAaJUCh METONOM CeIUMEHTAlluH Ha aJIOMHHHEBble (OJbIH TOJLIMHON
okosio 13 mr/cm?. Tlpuponnsiit ypan 238U u 235U (95%-#1 M30TOMHOH uUMCTOTHI)
ocaxnanca B Buge okeunos UsOg. Topuesas mumuenb (MoHousoron 232Th) 6Gblia
usrotoseHa B Bue okcupa ThOo. MuliieHH ObLIM BBINOJHEHBl B BHUIE IHCKOB
nvameTpoM 47 MM W ToJuMHOM 2,6, 0,7 u 3,1 mr/em? s 238U, 235U u 232Th
cooTBeTCTBeHHO. [Ipn M3MepeHusiX KaMepa cofepxana: 857 mr 238U, 237 mr 235U
u 1020 mr 232Th.

M3mepeHuss MPOBOAMJIMCH C TMOMOIIBIO CENapUpPOBaHHBIX MYYKOB p~ W 7
cunxpouukaorpora JIAIT OMSHU ¢ sueprueit 680 MaB. p~-nydox 98%-i uncToThl
co cpenHeil sneprueit 85 MsB u nucnepcueit AE =9 MsB 3amennsiics B 3amesn-
JWTese SKBMBaNeHTHOH ToimuHe 30 r/cm?. MaMepss BpeMeHHOe pacrpejeseHHe
MHIYLUHPOBAHHOTO JIeJIeHHSs, TIONYUHJIU COOTHOILIEHUSI MTHOBEHHOTO U 3aJlepKaHHO-
ro JieJeHHs U BBIXOAbl MHAYLMPOBAHHOro fesenus B 2>2Th u 23°U mo oTHomenwUio
K BbIXOAy AeseHus B 238U, Jlns KOHTPOMS CTaBUIBHOCTH CHCTEMBI CHHXPOHU3ALHH
¥ aHaJ/IM3a KPUBBIX OTKJ/MKA OBICTPBIX COBMAAEHHUH I/ KaXKIOTO LHKJa U3MepeHHUN
TIePHOINUECKH TIPOBOIUJINCE U3MePeHHUsl ¢ m -Me30HaMH (puc.7).

[TosyueHBl OTHOCHTENbHBIE BEPOSTHOCTH JeJI€HHS, HHAYLHUPOBAHHOTO 7 -Me-
sonamu amep 222Th, 23U u 28U: (43 +3)%, (120+5)% u 100% coorser-
cTBeHHO. Mcronb3ys onmyOJHKOBaHHbIE NaHHbIE MO U3MEPEHUI0 BEPOSITHOCTH Je-

4 i B8Y + 7 2857 4 7~ ] 4
2t Calibration: 0.58 ns/chan. Calibration: 0.57 ns/chan. {2
103 L 4103

8 E o= (3.55£0.20) chan. | o= (3.14 £0.35) chan. i8

61 Ao = (0.0 £ 0.5) chan. | Ao = (0.0 £ 0.5) chan. 16
= 4 i X2/v=1091 (v=21) X2/ =1.24 (v=15) : 4 =
g =
2 2 12 %
G 1021 H{10° G
S 16 &
z 4f 14 2
= Ll 1 1,
S 2F { 12 2
o 1 o

101 L } | J10

8 l l ] 38

Hih LI 1

4+ 19 = (34.8 + 14

i ] ] 7y = (123.4 + 0.2) chan. l H] +0.4) chan. b
2 & ) L 12
11[[ H 1 1 1 1 [“Il 1 “ |l 1 1 [l””l 1
100 110 120 130 140 150 10 20 30 40 50 60
Channels Channels

Puc. 7. Ilpumepnl BpeMeHHOT0 pacripefesieHus IeJeHHs], HHIYLHPOBAHHOTO 7~ -Me30HaMHU
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nenns 238U 7~ -mesonamu [28], B3siB 3a ocHOBY cpenHee 3Hadenue 0,45 + 0,10,
noayuyuan BesauunHel 0,22 4+ 0,05 nas 282Th p 0,54 4+ 0,12 past 23°U. BpemeHHEIe
pacrpenesneHusi COObITHE NeseHUs], MHAYUHUPOBAHHBIX (1~ -M€30HaMH B TPeX HCCJe-
NYEMBIX W30TOMAX, MPUBELEHbl HA pUC. 8.

2
103 232Th . 238U 23517 2 5

Ce r=@8T+£4)ns 7= (76.0 + 1.0) ns T=(85+6)ns 0

6r Calibration: Ha Calibration: Calibration: 16

4t 9.3 ns/chan. ", 5.9 ns/chan. + 5.9 ns/chan. 14

173 7

— 21 !ﬁi § p —
& ) *iii ' i’!;iin by 2 z
= 10 3 13 i ifl 4 102 8
= 8 it 331 { 18 <
5} E X! tt ] 5
o 6fd Py b g i 16 -
g af f t {{[ 14 &
S 3
S 10! b ”H[H ] . { H “ 1013

8E 8

6r “ 6

4 i 4

2+ 12

1 1 1 1 1 1 1 1 1 H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 10 20 30 5 15 25 35 45 55 5 15 25 35
Channels Channels Channels

Puc. 8. Bpemennde pacnpenenenue cobpituii aenenus B 232Th, 28U u 23U, ungyuupo-
BaHHBIX 4~ -Me30HaMH ((OH BHIYTEH)

BsBelieHHble K03(D(UIIMEHTHl BbIXOAA J€JIeHHS MCHOBEHHOTO 10 OTHOILEHHIO
K 3alepXKaHHOMY [1Jis TPeX H3MepPeHHbIX H30TOIMOB CPAaBHUBAIOTCS C OMYyOJIHKOBAH-
HbBIMH JaHHBIMH u3 pabotr [29-31]. MmetoTcs pacxoXaeHus IJs 232ThH u 235U,
M3 koMnuasiiuu BCeX MMEIIIMXCS NaHHBIX MO BBIXOAY JE€JeHHs Ha i~ -3aXBaT
(6, 8,29-31] mosyueHbl OKOHUATE/bHbIE KCIIEPUMEHTA/NbHbIE Pe3y/bTaThl AJs ab-
COJIIOTHBIX BEPOSITHOCTEH BBIXONOB MI'HOBEHHOTO W 3ajep:KaHHOro nesneHuid. OHU
npeacTaBJjeHbl B TabJ1. 2.

Ta6auna 2. BeIXogbl MTHOBEHHOTO U 3aJe€PXKAHHOTO deJIeHHs Ha p-3axBaT [24]

Tun BhbiXox JeneHus Ha ji-3aXBaT
JeJieHust 232Th 2381y 235y
Mrroserroe | (5,0 = 1,2)- 104 | (2,03 +0,45)- 102 | (5,1 = 1,2) - 10—
3anepxannoe | (3,8+0,9)-10~% | (2,904 0,65)- 102 | (3,24+0,8)- 102

OnycTHB Bce TeopeTHYeCKHe CNEKYJSLHH, MOXKHO IPUBECTH OCHOBHbIE BbIBOJbI
U3 pe3y/bTaTOB U3MEpPEeHHUH:

1) B 28U u 23U MJ] unayumpyercs B OCHOBHOM K,-0e3paivallMOHHEIMHU
nepexonaMu, B 232Th 3HauMTe/bHEIH BKJAJ MOTYT BHOCHTH JApYyTHE BhICLIHe 0e3-
pagualoHHbIe MePeXo/bl;
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2) HabnofaeTcst CUJIbHOE YMeHblIeHHe BepOSITHOCTH (POTOMENEHHUS Apa ¢ MIO-
OHOM Ha ls-op6uTe, T. €. BEPOITHOCTb (POTONEEHHS HCCAENYEMBIX SIep C MIOOHOM
Ha ls-opOute Py, 3HauMTe/]bHO HHXKe, YyeM Py (6e3 miooHa Ha ls-opbure);

3) Hab/roaeTcsl IOBOIBHO De3Koe HM3MeHeHHe oTHoueHus P, /Fy oT omHOro
fIpa K APYroMy, B TO BpeMsl KaK IJisi OTHOTO TOJNbKO Py OHO NpaKTHUECKH He
MeHsIeTcsl.

[IpencraBnisieTcsi HHTEPECHBIM PACLIMPUTH CHCTEMATHKY, BKIIOUMB B Hee TaKHe
anpa, kak 23?Pu, 4?Pu u 23"Np. INoatomy caenyoliee uceaeoBaHye GbIIO TOCBS-
I[eHO aOCOJIIOTHBIM BBIXOAAM JJISl 3THX TPeX AOMOJHUTEbHBIX H30TOINOB, Ba M3
koTopeix (23’Np u 242Pu) eme He usydenn [25]. DKcrepyMeHTaNbHAS YCTAHOBKA,
TOPSIIOK M3MEepPEeHHH U aHasn3 OblJIM WAEHTUYHBI IPUBEAEeHHBIM BhIillle. M3MepeHus
TIPOBOJIUJINCH C UCIIOJIb30BAHHEM CEMapUPOBAHHBIX MYYKOB (4~ U 7 CHHXPOLHMKJO-
tpona JIAIT OUSU c sneprueir 680 M3B. CobbiTusl neneHHUs PEernCTPHPOBATHUCH
B OBICTPOH MHOTOMJACTMHYATOH HOHHU3aLlMOHHOH Kamepe, 3allOJHEHHOH MeTaHOM.
CoObITHS (i-OCTAHOBOK PETHCTPHPOBAJIUCH TENECKOMOM-CUETUHKOM, COCTOSILIIUM 3
YeThIpeX MJACTHKOBBIX CLHHTHJ/ISATOPOB, PAabOTAIOIMX B CTAaHZAPTHOM peXHMe
cosnanenuit 1234. Kamepa conepskana (1114 6) mr 237Np, (7,70 +0,85) mr 242Pu
u 125 mr 239Pu. dpdextuBHOCTh eTeKTHpoBaHHS cocTaBuia (95—100)% B usme-
penusx ¢ 23’Np u 242Pu u (52 £5) % B ciyuae 239Pu. Bpemenntie pacnpegesnenus
COOBITUH [NeJIeHHUsI OTHOCHUTEJNbHO MOMEHTa OCTAHOBKH OBIIM M3MepeHBl OfHOBpe-
MEHHO [J151 CJIefyIOIHUX ap u3otonos: 23'Np u 238U, 239Pu u 235U, 242Pu u 23%Pu.
M3 oTHOCHTENbHBIX BBIXONOB JeJIEHUS MOXKHO TOJNYUHUTb a0COJIOTHBIE BBIXOIH,
MCToNb3yst 3HaueHust s 258U u 23°U, npuBeieHHble B paboTe [24].

V3MepeHHble CTEKTpPhl, CYMMHpPOBaHHble Mo 16 KaHanaM, NpeACTaBJEHbI
Ha puc.9. CpenHee BpeMss pacmajga OblJIO HaHIEeHO METONOM HAaWMeHbLIUX
KBaJpaToOB C JOBepUTebHOH BeposiTHocThbio 0,05.

[lepBruHble ceKTPHI ObIIN MOAOTHAHBI C MOMOLILI0O KPUBOH OTKJHMKA HA MTHO-
BEHHOE COBMAaJeHUe, ONpele/eHHOH B pe3y/ibTaTe H3MEpeHHWH ¢ MyYkoM 7 U
ee CBEPTKH, IKCIIOHEHIHAJbHOH KPUBOH pacrnaga W MOCTOSIHHBIM (oHOM. B pe-
3yJibTaTe 3TOH MPOLENYPBl OBIIM MOJyUeHbl OTHOCHTEJbHBIE BBIXOABI MJS JBYX
BUJIOB JIeJIeHHsI U COOTHOUIEHHS] BEPOSITHOCTEH NeJeHUs AJS UCCIeNYeMBIX slep.
AGcosoTHBIE BBIXOABI Ha [~ -3aXBaT ObIIM HalIeHbl C MCMOJb30BAHHEM 3HAUYEHHH
pna 238U u 23U, npuseneHHBIX B pabote [24]. PesynbTaThl nokasassl Ha puc. 10
BMeCTe C BepPOSITHOCTbIO (DOTONEJIeHUS [Jisl 3Heprud (POTOHA, COOTBETCTBYIOILLEH
SHEPTrUHM MIOOHHOTO Tepexona 2p — ls B 3THUX spax.

BriBozbl: a) Boixox MJl HaMHOrO MeHbIlle, YeM BEPOSITHOCTb (hOTONEJIEHUS, U
IeMOHCTPHUPYET BbIpaXKEHHOE U3MeHEHHe C POCTOM MapameTpa AeJHUMOCTH X;

0) BEpOSITHOCTb JleJIeHHs], WHAYLHUPOBAHHOTO 3aXBaueHHBIM MIOOHOM (3anep-
JKaHHOe JleJIeHHe), B HECKOJbKO pa3 HHKe, 4eM TpelcKa3aHHble M3 CHCTEMHOTO
oTHoweHus I',, /"¢, HACKOMIBKO 3TO M3BECTHO B HacTosllee BpeMs 1Js SIePHOro
Bo30Oyx)neHus 15-20 M»sB, xapakTepHoro ajsi p~ -3axBaTa.

Takum 06pa3om, U3Mepsisi OTHOCHTENbHbIE BHIXObl COOBITHH NeJIeHHsl, MOXKHO
ObIJIO TOJYYUTE a6COMIOTHBIE BBIXOMBI, HCIIOJB3YSl COOTBETCTBYIOIINE 3HAYEHUS IS
238U u 239U wus paborsr [24] (cm. puc. 10). Jlesenue, HHAYLIHPOBAHHOE 7, BOC-
MPOU3BOAUT TOJbKO MFHOBEHHBIE COOBITHS, U U3MEPEHHUS C MyYKOM 7T IO3BOJSIOT
KOHTPOJIMPOBATb XapaKTePUCTHUKH BpeMeHHOH CHCTeMbl CHHXPOHMU3ALUHU U MpoaHa-
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Puc. 9. Bpemenuée pacnpegesnenne cobuituii nenenus B 2>’ Np, *2Pu u 2%Pu, unayuu-

pOBaHHBIX 1~ -Me30HaMH ((oH BbYTeH). JIMHHH YKa3bIBAIOT HA COOTBETCTBHE IKCIIOHEH-

[MaJibHOH KPHUBOH pacnajga Toukam naHHbixX. Kamubposka: 6,84, 5,8 u 6,14 Hc/kanan s
237Np, 22Pu u ?*Pu cooTBeTCTBeHHO

JIM3UPOBATh KPHUBYIO OTKJHMKA MIHOBEHHOTO COBMAJEHUS JJIS KaXKAOTO U3MepeHHUs
He3aBUCHMO BMeCTe C BEepPOSITHOCTbIO BblJeseHHs (DOTOHA JJISl HEPrHH, COOTBET-
CTBYIOLIeH 9HEPTHU MIOOHHOTO nepexona 2p — ls B atux sapax (cm. puc. 10). Boi-
XOIBI ISl OBICTPOTO JeJieHHsl, HOPMHPOBAaHHbIE HA BEPOSTHOCTH 6€33MHUCCHOHHBIX
Tepexo/oB, B3sAThl U3 paboThl [24]. M3 aHanu3a aToil paboTkl Npeanoaaranoch, 4To
SHepreTHYecKHe CIeKTPhl OCKOJIKOB OJMHAKOBbI /Il MTHOBEHHOTI'O U 3a/lep2KaHHOT0
neneHusi. Boixog MJI 3HauyuTebHO MeHble BEPOSITHOCTH (DOTOHE/EHHs U 3aMeTHO
MeHsIeTCsl ¢ POCTOM MapaMeTpa aequMocTH x [41-43].

3HaHHe MHTEHCHBHOCTH Me30peHTI'eHOBCKHUX M1ePeX0J0B UMeeT BaXxKHOe 3Haye-
HHUe [JIs1 M3yueHHWs CBOWCTB MIOOHHBIX aToMoB. [lsifi Toro, 4yToGbl HOPMHPOBATH
BBIXOJl PA3JIMYHBIX peaklHi, TaKMX KaK [ejeHHe WM HCIyCKaHHe HeHTPOHOB
nocJsie npouecca Bo30OyXKIeHHUS, NOMKHA ObITb M3BeCTHa 1051 Oe3paauallHOHHBIX
MIOOHHBIX MepeXofl0B, HEMNOCPeICTBEHHO BO30YXIAMWIUX SApO. DTy AOMI0 IS
nepexonoB 2p — ls MOXHO ONpenesUTb KaK PasHUIy MexAy 3acesjeHHeM ypOB-
HS 2p ¥ HHTEHCUBHOCTBIO PafiHallMOHHBIX NepexoaoB 2p — 1s. JJ1s mpoBepKH 3THX
NpeanonoKeHHi OblJl NpPOBeileH 3KCIepPUMEHT MyTeM HM3MepeHHs HHTeHCHBHOCTH
OCHOBHBIX ME€30pPEHTTeHOBCKHMX JIMHHH B CBUHLE, TOPUHM U ypaHe [27]. Dkcmepu-
MeHT OblJI BHIIIOJIHEH HA CEMaprpoOBaHHOM MYy4Ke OTPULATENbHBIX MIOOHOB CHHXPO-
uukaorpona JIAIT OUSAMN (E, = 670 MsB). Me3opeHTreHOBCKOe M3/y4eHHe pe-
THCTPUPOBAJIOCH C TIOMOIbIO KoakcHasbpHoro Ge(Li)-neTekTopa ¢ 4yBCTBUTENBHBIM
o6bemMoM 45 cm3, BK/IOUEHHOro Ha COBMaJeHHs C CHTHAJOM OCTAHOBKH B MHIIe-
HU. BpemenHoe paspemienuie 27 cocraBasgao 10 He, sHepreTHyeckoe pasperieHHe
Ge(Li)-nerexkropa mocrturano 3 u 8 k3B nmas y-kBaHTOB ¢ 3Hepruein 1 u 8 MsB
COOTBETCTBEHHO. Bce MuUIlIeHH HMesH onvHAKOBBIe pa3Mepsl (60 x 77 MM), UX Bec
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Puc. 10. AGCOMIOTHBIA BBIXOA MJii MCHOBEHHOTO W 3aflePKAHHOTO JleJIeHHs], BBI3BAHHOTO
(1~ -3aXBaTOM, KaK (pYHKIHs Mapamerpa IeJuMocTd y [32]

6bL1 pUGAM3UTEabHO paBeH 50 T, abdeKTHBHASA TOMIMHA COCTaBsAMa ~ 2 r/cm?.
Bosbiioe 3HaueHHe [/151 HACTOSILLETO SKCIIEPUMEHTa UMeJIO HallexKHoe onpefiesieHue
3(()EeKTUBHOCTH PETrUCTPalUHU ~y-JAyded M uncja OCTaHOBOK u~ B MuleHu. C me-
JIBIO YMEHbIIeHHs OLIMOOK, CBSI3aHHBIX C BO3MOXKHOH HeCTAaOMJ/IBHOCTBIO NY4YKa,
OblJI0 MPOBENEHO AecsTh LUKJOB H3MepeHUH. B ka)knom nukJe OblIO MO IIeCTb
MU3MepeHHH C YeThIpbMs MHUIIEHsSIMH B cienyiomem mopsinke: Al, Pb, Al, Th,
Al, U. Takum o6pa3oM H0CTHUrasoch 3PPeKTHBHOE yCpefHeHHe PayKTyaluul myd-
ka. Kpusas appextrBHoctr Ge(Li)-nerexropa 6bl1a HOpMUPOBaHA K a0COMOTHBIM
eIMHUIIAM 110 U3BECTHOH HHTEHCHBHOCTH K, Me30peHTreHOBCKOM nuHuu B Al [33].
Wamepenns mpoBomuauch B nBa 3Tana. CHauaja omnpenensijiach WHTEHCHBHOCTb
nepexonoB 6h — 5g u bg — 4f B Pb, Th, U, notom B TeyeHHe INJIUTEJBHOTO
BpPeMEHH HM3MepsIUCh Me30PEHTTeHOBCKHE CIIEKTPBI BCEX MHUIIeHeH B JUarnasoHe
or 150 k3B no 7 M3B u Oblid onpeneseHbl OTHOCHTEJbHblE MHTEHCHBHOCTH
nepexonoB. OKOHUATe IbHbIE PEe3y/IbTAaThl 3THX W3MePEeHHH MpHUBeNeHbl B Ta0JI. 3.

KpuBas oTHocHTesnbHOH 2(DpeKTHBHOCTH perucTpanuu (poTONHUKOB ONpeselieHa
C TOMOIIBI0 M3BECTHBIX KAJHGPOBOUHBIX HCTOUHMKOB M peakuud S°Cl(n,~). Jas
(DYHKUHOHAIBHOTO MPEACTABJEHUS 3TOH KPUBOH C HCMOJIb30BAHHEM MOJHMHOMA
YeTBEPTOH CTeMeHW B JBaXKAbl Jorapudmuueckux koopauHatax (logew,log Ev)
OBl pacCYMTaH KOPUAOP OLIMOOK C OTHOCHTENbHOH wwnprHO# 0,5 %.

O6paboTKa 7y-CIeKTPOB MPOBOAMIACH C MOMOLIbI nporpammbel SAMPO [34].
3areM pe3yJbTaThl SKCTIEPUMEHTOB CPAaBHHUBAJNHUCh C TPEACKA3aHUSIMU KacKaaHbIX
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1.0 T T T T

Intensities of muonic X-rays

09 r .
o — Pb (nat)
a — 2827}, 32

081 0 oy ]

Intensity per muon capture
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Puc. 11. PesyabTaThl KacKajHOrO pacueTa WHTEHCHMBHOCTH MIOOHHBIX MEPEXO[0B HA OAMH

akT p-3axsata aasa Z = 82 u 92. [lpencraBsieHa 3aBUCUMOCTb HHTEHCHBHOCTH T1€PEXOMIOB

OT mapameTpa « HauajbHoro pacnpeneserus p ~ (20 + 1) exp(af). LITpUXoBBIMH JHHHAMH
NpUBEJIeHbl KCIIEPUMEHTabHblE NaHHbIE

pacuetoB mo nporpamMme XwodHepa (puc. 11) [35]. B pacuetax yuuTbiBajuCh paau-
auuoHHele F'1-nepexonsl u nepexonsl Oxe, BKIOUaMACh KOHBEPCHS 3JE€KTPOHOB Ha
K-, L-, M-o60J0uKax ¥ Mpeanoaranoch, YTo HauaJbHoe 3aceseHue anas n = 20
nMeet dopmy p ~ (20 + 1) exp(ad).

DKCreprMeHTa/bHble U TeOpeTHYecKHe 3HaYeHHs MHTEHCHBHOCTH IEPEXOI0B
6 —5 5—4u4— 3 nna ceuHua copnagat npu « = —0,14. Ho ansa takoro
3HaueHHs MapaMeTpa o pacyeTHble 3HAUEHHUS] UHTEHCHBHOCTH IMEPEXonoB 3 — 2 U
2 — | HamHoOro 6oJblile 3KCIepUMeHTaNbHBIX. Dosiee Toro, /s ypaHa W Topus
COTJIACHSI MEXIY pPacueTHBIMH M IKCIEPUMEHTAJbHBIMHM 3HAUEHUSMH He YIaeTcsl
INOCTUTHYTb HM TIPU KakKOM 3HaueHWM «. Ha ocHOBe 3THX H3MepeHHH MOXKHO
clesiaTb BBIBOA O TOM, UTO HHTEHCHBHOCTb COOTBETCTBYIOLIMX MEPEXOI0B MAJIsi
CBUMHIA M aKTHHHUIOB 3aMeTHO passndaercsi. Ce0BaTebHO, YMEHbIIEHHe HHTEH-
CUBHOCTH M€30PEHTTEeHOBCKHX JIyueHd HEBO3MOXKHO OTHECTH TOJIbKO K JoJie Oe3pa-
IMaLHOHHBIX TepexonoB. [lo-BUAMMOMY, 3TO yKa3blBaeT Ha TO, YTO YIOMSIHYTble
MPeNnoNoXKeHHst KaCKaJHbIX PACUeTOB OTHOCUTE/bHO HAauabHOT'O 3aceJieHHUs B MIO-
OHHBIX aTOMaX HemNpaBHJbHBL. Kpome TOro, He HCK/IOUEHO, YTO 3TH PacueThl He
BOCIPOM3BOAAT HabJ/I0IaeMyt0 HHTEHCHBHOCTb TIOTOMY, UTO B HUX He YYUThIBaeTCS
CBSI3b MEXY IIePHBIMH ¥ aTOMHBIMU IBHKeHHsIMH. [J1s1 HaleXKHOTO OTpefie/IeHHsI
nonu 6e3pafiualHOHHBIX MEPEeX0N0B HeOOXOANMO, BO-TIEPBLIX, YCOBEPIIEHCTBOBATh
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TEOPeTHUECKYI0 METONMKY pacyeTa Ipoliecca KacKaaupoBaHHUS MIOOHA, a BO-BTO-
pBIX, GOJlee TIIATeJbHO ONpeNesNUTb Pa3HUIy 3HAaYeHHH BepOSTHOCTEH 3aceseHHs
¥ paJHallMOHHOTO pacraja MIOOHHBIX COCTOSIHHH, UTO TpeGyeT CYIIeCTBEHHOro
TIOBBILIEHHS] UyBCTBUTEJNBHOCTH U3MepPeHHH.

5. AICITYCKAHUE HEVUTPOHOB ITPU AIEPHOM .~ -3AXBATE

B. [TontekopBo [44] (1950) mpenmosioxuJ, UTO B3aUMOAEHCTBHE j1~ -Me30HA
C SIIPOM MOXKeT ObITh OMHCAHO MO aHaJOrHM ¢ K -3aXBaTOM B SIIEPHOM [3-pacrnaje.
3axBaT ipPOM OpPOUTAJTBHOTO 3JEKTPOHA OMHUCHIBAETCS peaKlue

p+e —n+v.

AHaJlOTHYHO W p-Me30H, Haxomsiiuics Ha K-060/04Ke Me30aTOMa, MOXKET
ObITb 3aXBayeH siIepHbIM NMPOTOHOM. Kak W B BhILIENPUBEEHHON peakluH, MPOTOH
NpeBpaTUTCA B HEUTPOH U OyAeT WCMYILEeHO HEeHTPUHO:

p+u—>n+v.

Briepsoie (1962) peakuwus 3axBata 1~ -Me30Ha NMPOTOHOM HabJrofasach Hemo-
CPeNCTBEHHO B KHIKOBOJOPOAHOH My3bIpbKOBOH KaMepe Ha XOpOUIO Cernapupo-
BaHHOM Ty4YKe [ -Me30HOB YMKarckoro yckoputess (99 % p~-Me30HOB), MpUMeCh

[
t
[an)
T
Q

T +p—on+y

100

Uucsi0 HEUTPOHOB

50 5

40

30 potpondty

20

10 -

Uucno HeUTPOHOB

2 4 6 8 10 12 14
OHeprus HeUTpoHOB, M3B

Puc. 12. CnexkTp 3Heprud HeHUTPOHOB M3 peakuuit 7~ + p — n + -y (NOJy4eHHBIH [Js
KanubpoBku) (a) U pu~ +p — n + v (onsiT [Uabnedpanna [45]) (6)
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7T -Me30HOB cocTabJsiia okoso 0,5 %. BosHuKawline B 3ToH peaklUyd HEUTPOHbI
JIOJKHBl HMETb 3HEpruio, 6u3Ky0 K ~ 5,2 MaB [45,46]. [lanHble, nojyuyeHHble
NP W3MEPEHHH CMeKTPa HEHTPOHOB, BO3HHUKAIOUIMX MPH OCTAHOBKAX (4~ -ME30HOB
B Kamepe, MokasaHbl Ha pHc. 12 (hoH M3MepeHHH M3 3ITHX JAHHBIX BbIYTEH).
Takum 06pa3om, OblIM TIPUBENEHBl PE3yJabTaThl IKCIIEPUMEHTATbHOIO H3y4YeHHs
B3aMMOJIEHCTBHUS [~ -ME30HOB C MPOCTEHIIMMH SiApaMM U JAaHO MepBOHaYaJjbHOE
TeopeTHUecKoe 000CHOBaHHE MeXaHH3Ma s1IepPHOTO fi-3axBaTa. K3 paccMOTpeHHBIX
JaHHBIX CJIeyeT, UTO B3aUMONEHUCTBHE [ -Me30HA C SIAEPHBIM BeILeCTBOM MOXKET
ObITb 0OBSICHEHO peakluel
wo +p—=n+v,

B KOTOPOU MNpPOTOH, MOINJIOTUBLIMH 4~ -Me30H, NpeBpallaeTcs B HEUTPOH U IO-
4YTH BCS BBIJE/MBIIASACS B 3TOM IIpollecce 3Heprus, O/JM3Kasg K IHEPruH IMOKOs
{4 -Me30Ha, YHOCHUTCS HeHTpHHO. EciM ™ -Me30H 3axBaTblBaeTCsl MOKOSILIUMCS
TMPOTOHOM, 3Heprusi HeHTpoHa Gau3Ka K 5,2 MsB. U3-3a nBukeHHS HYKJOHOB
B Sipe Heprusl HeHTpOHA OKa3blBaeTCsl 3aMeTHO OOoJibllled M MOXKEeT JOCTUraTh
HEeCKOJIbKUX [eCITKOB Meras/eKTPOHBOJbT. DBHICTpbIM HEUTpOH sub0 MOKuAaaet
f1po, JuO0 BBIOMBaeT M3 sgJpa 4acTHLy B HeNOCPeACTBEHHOM B3aHMOAEHCTBUH,
Jub0 TepelaeT CBOIO 3HEPrUI0 BHYTPUSIEPHBIM HYKJOHAM, «Harpepas» SApO.
[Ipu «ucnapeHuu», caenymolieM 3a 3TUM Bo30yXKIeHHEM fi1pa, BbJIET NMPOTOHOB
U OPYTHUX 3apsKeHHbIX 4acTHLl OyIeT CHJbHO MOAABJEH HaJlU4HeM KYJOHOBCKOTO
6apeepa. [losaTomy «ucnapeHues Bo3OyKIEHHOTO sigpa MPOUCXOMUT, TJIABHBIM 00-
pasoM, 3a cyeT HUCNYCKAaHHWS HEHTPOHOB M <y-KBAHTOB. BTOpHUHBIMH YacTHULAMH,
BO3HUKAIOIIMMH B peakLHUH SAEePHOr0 3axBaTa MIOOHA, SIBJASIOTCS HEHTPHUHO U
HeliTpoH. [loryomenye (1~ -Me30Ha IPOTOHOM yMeHbIIaeT 3apsif slpa Ha eJUHULY:

w ZA— (Z—-1)A+v.

B nepBbIX 3KCIepUMeHTax [IJIsl perucTpalui HeHTPOHOB HCIOJb30BATUCh CUET-
YUKH HEHTPOHOB B BUIE NPONOPLUOHANBHBIX CUETUYMKOB, HAMOJHEHHBIX TPeX(To-
pucThHiM 6opom BF3, oforamennsm OB, s 6obiueit 3GeKTHBHOCTH B APYTUX
paboTax HCIONb30BaIHU KUAKHH CLUHUHTUJJIATOP C BBELEHHBIM B HEro KaaMHEM.
KoHeuHo# 1ie/1b10 U3MepeHUH Oblja PETUCTPALMs MHOXKECTBEHHOCTH BBIJIETAOLIHNX
HeUTpoHOB T (Tabu. 4).

Jloaroe BpeMsl cuMTa/OCh, YTO TOIVIOLIEHHE (1~ -Me30Ha SAPOM OCYLIECTBJsI-
eTcs 6/1arogapsl ero B3aMMOJEHCTBHIO C OAHHUM M3 MPOTOHOB s7pa, a BCe OCTaJb-
Hble HYKJIOHBl Siipa — MPOTOHBl M HEHTPOHBl — BBHICTYMAIOT JHIIb B KauecTBe
BHEIlIHEH cpellbl, B KOTOPOH TMPOUCXOAUT 3JEeMEHTAPHBIH aKT MpeBpalleHUs Mapbl
TNPOTOH-MIOOH B napy HeHTpoH-He#TpuHo [49,50]. B 1963 r. rpynna TeopeTrnkoB
HayuHo-uccenoBaTeibCKOro HHCTUTYTA sinepHod ¢usuku MIY u Jla6opatopuu
TeopeTHueckod (usukn OObeTHHEHHOTO MHCTHTYTA sSIEPHBIX HCCAEN0BAHUH, PY-
kKoBonumasi npogeccopom MIY B.B.DbanamoseiM, BelABHHY/IA MNPUHLUIIHAJBHO
MHYIO MOJEJb 3TOro MpoLecca, B OCHOBY KOTOPOH Oblia MoJioXKeHa HIes O TOM,
YTO TOIVIOLEHHEe SPOM HMeeT MHOTOYACTUUHBIH KOJIJIeKTUBHBIH XapaKkTep.

Paspab6oraHa maTeMaTH4yecKasi TeOpUs SIBJEHHs], U yKa3aHbl HalpaBJ/eHHs ero
SKCIIEePUMEHTAbHOTO H3yueHus [47].

B npo6seme ;1 -3axBaTa TeCHO INepersieTaloTcsl Be 3a/laud: NepBas CBsi3aHa
¢ (DM3UKOH 3JieMEeHTAapHBIX YacTHLl — 3TO TMOHUMAaHHEe NPUPOABl (PYyHAAMEHTAJ/b-
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Ta6auua 4. CpenHee YHMCJIO HEATPOHOB 7@ (MHOMXKECTBEHHOCTb) Ha OOWUH 3axBaT

1~ -Me30Ha aapom [46]

Hnpo | Z n Meron
Na 11 1,0+0,4 BopHble cueTurnKH Me[JIeHHBIX HEHTPOHOB,
MarHUTHbIH aHaJ13 3HaKa [-Me30HOB
Mg 12 | 0,6+0,2 | BopHble cyeTUHKU MeLJIEHHBIX HEHTPOHOB
Al 13 | 0,95+ 0,17 | BopHble CUeTYMKH MeMJIEHHbIX HEUTPOHOB
Ca 20 | 0,40 £ 0,40 | To xe
Ag 47 | 1,55+ 0,06 | Kuaku#t cuuntuaastop ¢ Cd ans cueta HeHTPOHOB
Sn 50 | 1,54 0,12 | BopHble CUeTYMKH MeMJIEHHBIX HEUTPOHOB
I 57 1,7+0,4 Pannoxumuyeckuii MEeTO.: MOUCKH HU30TOIOB
TeJINypHs
1,49 £0,06 | —
Pb 82 1 2,1440,13 | —
1,64 +£ 0,07 | DopHble CUETYUKH MeJJIEHHBIX HEUTPOHOB
1,50 0,40 | To xe
1,96 £ 0,72 | BopHble CueTYUKH MeJJIEHHBIX HEHTPOHOB
232+0,17 | —
Au 79 1 1,63+0,06 | —

HOrO B3aUMOJEHCTBHUS Ha OCHOBE MpeNJIOKEHHOW TeOpHUH YHUBEpCAJbHOIO B3au-
moneiictBuss Pepmu (YBP), Bropas — wnayueHHe CTPYKTYpPHl fApa C MOMOLIbIO
(1~ -Me30HOB. [Ipu aHasu3e 3KcrneprMeHTaJ/bHBIX HNAHHBIX [PEAIoJaranoch, 4To
PO BHOCUT He3HAUWTeJIbHble U3MEHEHUS B XapaKTEePUCTHKU 3JIeMEeHTapHOTO aKTa
3axBaTa, U 3TH U3MEHEHUS] MOXKHO Y4YecCTb, UCMOJb3Ysl MPOCTeHIIHe MOeU sIep.
OnHako Takasi KOHLEeMIHUs Heu30exKHO MpHBeJa K MPOTHBOPEUMIO C IKCIIEPUMEH-
TaJbHBIMU OaHHBIMU. OOU/IMe Pa3JHUHBIX IKCIEPHMEHTAJbHBIX JAHHBIX MPHUBEJO
K (hOpMYyJHpPOBKE HAeH O BO3OYKAEHHUH T'MIAaHTCKOrO pe3oHaHca B sfiapax INpH 3a-
xBaTe (1~ -Me30H0B. OCHOBHBIM KaHAJIOM TPH 3aXBaTe [-ME30HOB SIIPAMHU SIBJIsSETCS
KaHaJ ¢ BblJIeTOM HedTpoHa. Peluaiolyio posb B ONpefeseHHUH B3aUMOLEHCTBHUS
yJleTallero HedTpoHa € SAPOM-OCTATKOM IIPH 3HEPrusxX MOpsiiKa HeCKOJbKHX
MeTasJIeKTPOHBOJIBT WI'PaeT MPOTOHHAs AbIPKa, KOTOpash BO3HHKAeT HA ONHOW M3
silepHbIX 000JI04eK B pes3y/bTaTe MOIJIOLIEHHs 4~ -Me30HAa. B3aumoneiicTBue ya-
CTHIlAa—bIPKa MPUBOIAUT K M3MEHEHHUSIM COCTOSIHUS OCTATOUHOrO siipa M B KOHeU-
HOM HTOTe K KOrepeHTHOMY BO30YXKAEHHIO pas3/M4HbIX cTereHell CBOOGOABI sApa,
COOTBETCTBYIOLIMX OTAEJbHBIM YAaCTHUHO-ABIPOUHBIM KOH(pHUrypauusim. BosHukaer
KOJIJIEKTHBHOE BO30YK/IeHHOE COCTOsIHHE siipa — IMraHTCKUH pe3oHaHc [51]. Bos-
Oy>KJeHUue TUraHTCKOrO pe30HaHca sBAseTcs He chelU(UKON Mmpouecca 3axBaTa
[4-ME30HOB, a YHUBEpCaJbHbIM CBOUCTBOM sifipa. KoJJIeKTUBHBEIE COCTOSIHHS, BO3-
Oy Hallyecs B 3TOM Ipoliecce, pacnafasicb Ha pas3/jH4yHble YPOBHU OCTAaTOUYHOTO
snpa, (GOpMHUPYIOT HEHTPOHHBIH CHeKTp. TakuM 00pa3oM, OCHOBY COBPeMEHHBIX
npefacTaBjgeHnil 06 OOIIMX CBOHCTBaX MEPEXONOB flep B HEMNPEpPbIBHBINA CIEKTP
NpU p-3aXBaTe COCTaBJseT HAEs O PE30HAHCHOM, KOJIJIEKTHBHOM MeXaHH3Me I10-
TJIOIIeHUsT MIOOHa siipoM. B pabote [47] Takxke Oblja BbiCKazaHa THMIIOTE3a O
criocof6ax pacnaja KBasHCBSI3AHHBIX COCTOSIHUH MpoMexyTouyHoro sigpa. CoraacHo
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3TOU TUIOTe3e FHEPTHsl TAKHUX COCTOSTHHEU MoxkeT (Mo KpakHed Mepe, 1Js caydas
JIETKHX silep) CKOHLEHTPUPOBAThCS HA ONHOM HYKJIOHE, Yallle BCero Ha HeHTpOHe.
PaccuntanHble B paMKax Takoro MoAxola HEpreTHUecKHue CIEKTPbl HEHTPOHOB
UMeIOT XapaKTepHy JuHeHuatyio (opMmy, Tae Kaxpaash JUHHAS COOTBETCTBYeT
nepexony MexKIy ONHUM M3 KBA3UCBS3aHHBIX COCTOSIHUH NPOMEXKYTOUYHOro siapa
U OfIHAM M3 COCTOSIHHH KOHeYHOro sizpa, obpasyiollerocsi B pe3ysbTaTe BbljeTa
HeHTpoHa.

Jns mpoBepku TeopeTHuyecKUX mpeackasaHud B. B.banamosa u np. B JIAII
non pykoBoactBoM B.C.EBceeBa Oblna opraHH30BaHa CepHsi SKCIEPUMEHTOB IO
MU3MEPEHHIO BBIXOIOB HEHTPOHOB M3 PA3JIMUHBIX sIep MpU p-3aXBaTe, U3MepPEHHIO
UX 3HEepreTHUYeCKHX CIEKTPOB M IOWUCKY JHHEHUaToOl CTPYKTYypbl HeHTPOHHBIX
crekTpoB [52-54].

PaGora BhIMONIHEHA Ha YMCTOM MIOOHHOM Mydke ¢ uUMmyabcoMm 158 MsB/c,
MOJyYeHHOM C TIOMOLIbI0 ME30HHOTO KaHasja cuHxpouukaorpona JIAIT OUAU.
PacnonoxeHnune annapaTypsl ToKasaHo Ha puc. 13.

10 cm

NB
N

Puc. 13. PacnosioxkeHue amnnapaTypbl Ha Me30HHOM Mydke [55]

OCTaHOBKH MIOOHOB BBHIAEJAIOTCS MO CTaHAAapTHOH cxeme 1234 (cuuHTHANSA-
IIMOHHBlE cueTuuKU [—-4 Ha puc. 13). Mumenn (M) U3 AUCTHIIMPOBAHHOH BOIBI
B TOHKOM KOHTelHepe W3 MeHOIMOJUCTHPOJA, TJIaBJeHHOH Cepbl, MeTaJJHu4ecKoro
KaJbllMs U MeTaJJIMuecKoro cBuHUa uMeau miomanb 100 x 100 MM U TonIuHy
(B HaTpaB/JIEHHH HEHTPOHHOrO crieKTpoMeTpa 5) 2, 4, 4 1 6 r/cM? COOTBETCTBEHHO.

B kayecTBe HEHTPOHHOrO CMEKTPOMETPA H MPUMEHSJICS KPUCTAJ CTHUJIbOEeHA
nuamerpoM 30 MM U TosumHoE 20 MM ¢ (oroymHOXKHTeneM 56 AVP [55]. Hns
pasyiesieHds] HEHTPOHOB M Y-KBAHTOB HCIIOJb30BAJCS METON AUCKPUMHHALMH IO
dopme umnysbca [55,56]. CoBnameHus BO BpeMeHH MeXAY HUMIYJbCaMH Hel-
TPOHHOTO JETEKTOPa M HUMITYJbCAMH [ -OCTAHOBOK 3aMyCKajJd MHOTOKaHAJbHBIH
aMIIUTyaHbIH aHanuzatop (AU-4096), paboTatoluiuii B 1ByMEPHOM peXKHUMe, C MO-
MO0 KOTOPOTO OTHOBPEMEHHO H3MEPSIJIUCh CHEKTPhl MPOTOHOB OTHAYH M 3J€K-
TPOHOB OT y-KBAaHTOB. DHepreTHyeckasi KaJuOPOBKAa HEHTPOHHOTO CIEKTpPOMETpa
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OCYIIECTBJSANACH C TMOMOILBIO 7y-MCTOYHHUKOB, HCTOYHHMKA HeHTpoHOB (Po-Be) u
MOHOXPOMAaTHYeCKHUX HEHTPOHOB M3 peakuui d(t,n)a u 7~ +p — n + . Abco-
JIIOTHast TOYHOCTh IHEPTeTHUECKOH IKaJbl [ HeHTPpOoHOB + 5 %, HoJroBpeMeHHast
HeCTabUJIbHOCTh AMIIUTYAbl B CIEKTPOMETPUYECKOM KaHaje He Gosmee =+ 1%.
Ha puc. 14-17 nemoHCTpUpYIOTCS MOJyUYeHHbIE CIIEKTPbl HEUTPOHOB MOC/e 3aXBaTa
OTpULIATeNbHBIX MIOOHOB sIIPAMH Cepbl, KUCJA0POAa, Kasblusl U Hopa.

N,

n

1,0

0,5

0,1

0,05

12345678 9101112
E,,, MsB

Puc. 14. DHepreTHuecKnuil CrekTp HeHTpo-

HOB M3 peaklMH y~ -3axBarta B cepe

N7 1

1,0

0,5

0.1

0,05

0,0 bttt
1 3 5 7 9 11 13

E,, M>B

n»

Puc. 16.  DHepreTHuecKHid CHeKTp
HEHUTPOHOB M3 peakUud L~ -3axBaTa
B KaJsbLHH

24

E,, MsB

Puc. 15. DHepreTuyeckuil CnekTp HeUTPO-
HOB M3 peaklnH (1~ -3aXBaTa B KHCJOPO[Ie

10!

E,, MaB

n»

Puc. 17. DHepreTHuecKHil CrieKTp HeHTpO-
HOB U3 peaklWH [~ -3axBara B Hoae



B pesynbrate cepuu M3MepeHH MOJNYUEHO CJIELYIOLIee:

1) aGconOTHBIN BBIXOA HEHTPOHOB (Ha OAMH aKT p-3aXBaTa) MPH [i-3aXBaTe
B KHCJOpPONe B HWHTepBaje 3Hepruu oT 2,5 mo 7,5 MsB @ = 0,526 + 0,068;
B cepe — ot 1,5 no 10 MaB 7 = 0,414 + 0,035; B Kanbuuu — ot 2 no 10 MsB
n = 0,263 4+ 0,033; B cBuHLEe — oT 2 10 7 M3sB m = 0,536 + 0,031.

2) CieKTpel ~ HEUTPOHOB,  JNEMOHCTPUpYIOIIME  JIHHeHYaTBId  XapaKTep
(cm. puc. 14-17), KoTOpble coracyoTcs ¢ onyOJUKOBAaHHBIMH TAaHHBIMH H Teope-
THYECKUMH pacuetamu (IITPUXOBble JUHHUU) [57-59].

Taxkum o6pasom, B SKCMepUMeHTax, MPoBeleHHBIX Mof pykoBoacTBoM B. C. EB-
ceeBa, Oblia OOHapy»KeHa JUHeH4yaTas CTPYKTypa B CeKTpaxX HEHUTPOHOB, UCIYC-
KaeMblX TMPH HCCJAE0OBAHUN TOTJIOUIEHHUS] OTPULATEJNbHBIX MIOOHOB B JIETKHX U
CpelHUX IO Macce aTOMHBIX fiApax cepbl, HOma, Kajblusg U KHcjaopoaa. Jocro-
BEPHOCTb OTKPBITHS Oblla MOATBEPXKIeHa pe3yJbTaTaMu paboT aMepUKaHCKHX U
3anafHo-eBpPONeHCKUX (PU3HKOB.

OtxpbiTe BHeceHo B ['ocynapctBeHHblll peectp oTKpbiTHH CCCP mox Ne173
B cJenymoLled (popMynHpOBKe: «YCTAHOBJEHO HEH3BECTHOE paHee SIBJEHHE pe-
30HAHCHOTO TMOIJIOLIEHHUS OTPUIATENbHBIX MIOOHOB AaTOMHBIMH $IIPaMH, 3aKJIo-
gawlleecss B TOM, UTO MpPH MOTVIOUIEHUH OTPULATEJNbHBIX MIOOHOB TPOHUCXOAUT
KOJIJIEKTHBHOE BO30YKIEeHHEe aTOMHBIX SIIep».

[IpropUTeT OTKPBLITHSI YCTAHOBJEH MO ABYM nataMm: 22 okTsabps 1963 r. (Teo-
petryeckoe obGocHoBaHHE), 8 OKTsOpst 1968 r. (3KcHepUMeHTaNbHOE MOATBEPK-
JeHue).

6. HCCJIEJOBAHHE BbIJIETA 3APA2KEHHbBIX YACTHUIL
TP AAEPHOM p~-3AXBATE

Cpend pas3iuuHBbIX KaHaJOB paclleneHus siipa MPH MOMJIONEHHH MIOOHOB
0cof0e MeCcTO 3aHUMAIOT KaHaJbl C BBIJIETOM 3apsiKeHHbIX 4acTHl. Yepes KoJiek-
TUBHbIE COCTOSIHUSI THIA TUTAHTCKOTO PE30HAHCA UAET MPEUMYIIECTBEHHO TPOLEece
TMOTJIOLEHHs] MIOOHOB. Pacmam 3THX COCTOSIHHH B psiie CJydyaeB MPUBOAMT K HC-
MyCKAHUIO 3apsIKEHHBIX YaCTHII.

Hasnnuue Koppessiinit Mexx1y HYKJOHAMH B siipe H0JXKHO MPUBOAUTH K BBIIETY
3aps>KeHHBIX YacTHll. Be3yc/ioBHO, BO BCeX Caydasix AOMHHHPYIOLIUM OyieT ocTa-
BaTbCsl HEUTPOHHBIN KaHas. Ecin mouepHee siipo 06pa3oBaioch B BHICOKOBO30YXK-
JIEHHOM COCTOSIHHH, TO pacrhaj C UCIYCKaHHEM 3apsKeHHOH YaCTHIbl YKe BIIOJIHE
MOXKET KOHKYPHPOBAaTb C HEHTPOHHBIM. TakuMm 06pa3oM, COTIaCHO PEe30HAHCHOH
mMozesu [68] BbIXOH 3apsiKeHHOH udacTHLbl X TMPH p-3aXBaTe HYXKHO CBfI3bIBAaTh
He TOJbKO C KaHajoM (i, rX), HO U (BO3MOXHO, TJIaBHBIM 06pa3oM) C KaHaJoM
(4, vnx). CrekTp 3apsiKeHHBIX YaCTHIL Pe30HAHCHOTO MeXaHM3Ma 3axBaTa B OC-
HOBHOM [0JIKeH ObITb MATKHM. Ero JjuHefiuatas CTpyKTypa OyaeT MPOSiBJISTHCS
HECKOJIbKO MeHee OTYeT/JIHMBO, YeM B Cjyuae HeHUTPOHOB. XapaKTepUCTHKU 3apsi-
YKEHHBIX YaCTHI[ B Pe30HAHCHOH 00/1aCTH U3yUeHbl MJI0XO.

[lepBasi uH(poOpMalksi 0 HAOMIONEHHH 3apsiKEHHBIX YaCTHI[ MPH 3aXBaTe MKO-
HOB aTOMHBIMH SiIpaMH Oblja MOJydeHa NaBHO, €lle B OMbITAX C KOCMHYECKHMH
aydamu [60].

DKcrepyMeHTa bHble TaHHBIE M0 BBIIETY 3apsi2KEHHBIX YaCTHI, 0COOEHHO MpH
OOJIbIIIUX JHEPrusiX, BecbMa CKYAHble H HemoJHble [62-64]. [lepBbie uccaenosa-
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Husi BeimosHuaAM B 1975 . 0. A. BarycoB u np. [65], B 1953 r. H. Morinaga u
W.F.Fray [66] Ha Tskenbix sigpax (oTosmynbcud. OHH MOKasajH, YTO BbLIET
3aps’KeHHBIX YaCTHL[ Pe3KO MOAABJEH IO CPaBHEHHIO C BbIJIETOM HEHTPOHOB U
COCTaBJisieT BCero 3 % OT MOJHOH BepOSTHOCTH 3axBara. [losyueHHble aBTOpamMu
IaHHBIE TI0 BbLJIETY MPOTOHOB M (r-UaCTHILL HeJb3sl OBII0 OMHOBPEMEHHO COTJIacoBaTh
C TeOpeTHYeCKHMHM pacueTamH, BbinosHeHHbIMU C.Ishii [67] Ha ocHoBe cTatucTH-
YeCKOH MOZEJIH.

CucTemaTHyecKoe U3ydeHHe 3TOTO Tpollecca Hayasoch Mosxke. B nanbHedem
Oblla HaKOMJIeHa Orpefie/leHHAast SKCIIepUMEeHTalbHash U TeopeTHueckass HH(pOpMa-
uus [61], Ha ocHOBe KOTOPOH MOXKHO CHCTEMAaTH3MPOBATh UMEIOIIHECS Pe3yJ/IbTaThl
M PacCMOTPETb BO3MOXKHOCTH HUX TE€OPETHUECKOH WHTepIpeTaltH.

OnauM U3 3(p(PeKTUBHBIX METOLOB H3yUeHHs TOIJIOLIEHHS] MIOOHOB aTOMHBIMU
SIPaMHU C BbIJIETOM 3aps2KEHHBIX YaCTHIL SIBJISETCS METOJ SAEPHBIX (POTOIMYJIbCHH.
C ero HCMo/sb30BaHWEM YHAJNOCh OINPENEJNHUTb BEPOSTHOCTb COOBITHH C BBIJIETOM
3apsiKEHHBIX YaCTHIL U YCTAHOBHUTb HEKOTOpble 3aKOHOMEPHOCTH 3TOTO Tpollec-
ca [65, 68].

B JIAIT OMAN rpynno#t, pykoBogumoir B. M. CugopoBeiM, npoBefeHa cepus
M3MepeHHil BLIXONA 3apAKEeHHBIX YacTHIL NPH 3axBaTe j -Me30HOB snpamu 2C,
160, 20Ne, 40Ca, 80Br u 108Ag, BXOASIILIMMH B cocTaB (oToaMyabcuu [65]. MHTe-
rpasibHBIH BBIXON 3apsKeHHBIX uacTun u3 aaep 2C, 180 cocrasnser okono 10 %.

B anpax *°Ne, “°Ca Bknam atoro kamana ysenuumBaercs M gocturaer 15-20%.
[TouTn Ha TakOM »Ke YPOBHe COXPaHSIETCsl BBIXOM 3apsKEHHBIX UACTHI[ ¥ B cJydae

HeCKOJIbKO oJlee TSXKeIOro ueTHO-4eTHoro siapa “ONi. OfHAKo ysKe 1/ HeYeTHBIX
silep B JaHHOH 00JaCTH MacCCOBBIX YHCesN A 3TH 3HaYeHHs] PE3KO yMEHbILIAITCS.
B sinpax Br u Ag, BXoasiuux B coctaB (hOTOIMYJIbCHH, BBIXOM 3aps2KEHHBIX YaCTHIL
cocraasier 2,9 %, B simpax ¢ maccoBbiM yncaoM A > 100 on He npesbimaet 1-2 %.
MakcHMyM BBIXOJA TPUXONUTCA Ha Anpa B obmacTd 9Ca. CrekTp 3apszKeHHBIX
YaCTHUIl NMPEUMYIIeCTBEHHO MSTKHH. DTO, CKOpee BCEro, CBHIETENbCTBYET O TOM,
YTO MEeXaHH3M BblJIeTa 3apsKeHHBIX YAaCTHI[ CBSI3aH CO BTOPUUHBIMH MPOLIECCAMH,
MPOTEKAIUIMMH B BO30YKIE€HHOM MPOMEXKYTOYHOM sifipe.

Bricota KysnoHOBcKoro 6apbepa aJs siiep ¢ MaccoBbiM uncaioM A = 60 moctu-
raeT 8 M»sB, 4TO CHJIbHO MpPENSITCTBYeT BBIIETY MENJEHHBIX BTOPUUHBIX YaCTHII,
eCJId OHHM 3apsikeHbl. [103TOMY €CTECTBEHHO, UTO BBIXON 3apsKEHHbIX YaCTHIL
B pe3yJbTaTe fi-3aXBaTa B TSKEJBIX SIAPax MaJ.

Bk/an xKecTKOH KOMIOHEHTBI B MOJIHBIA CIEKTP 3apsiKeHHbIX UYacCTHIL MaJl
¥ He mpeBbiaeT 2—3 %. BbIXox BBICOKOIHEPTETUYECKHX YACTHI[ UMEET MaKCHMYM
B obsactu sigep ¢ Z = 20.

JLnst 6osiee HeTaNbHOTO U3yUeHHs MeXaHH3Ma MIOOHHOTO 3aXBaTa siipaMu U 60-
Jiee TOHKOTO H3yueHHs 3 peKTa HeoGXOIUMO YCOBEPIIEHCTBOBATh U3MEPUTEJbHYO
annaparypy, yBeJH4YUTb 3PPEKTUBHOCTb U YAYUILIUTh TOUHOCTb H3MEPEHHH.

ILnst aroro rpynna ¢usukos JIAIT OUSAHN, Bosrnasasiemas B.T. 3unosbiM, nmpo-
BeJla MCCJIeIOBaHHE PeaKIMi [i-3aXBaTa C BBIJIETOM 3apsiKeHHBIX yacTHll. Llesbio
3TO# paboThl OBIIO U3MepPeHHe IHEPreTHUECKUX CIIEKTPOB U BEPOSITHOCTEH BBIIETOB
TIPOTOHOB, IEHTPOHOB U silep TPUTHS ¢ dHeprueil Gosbiue 10 MaB npu p-3axsare
Ha HECKOJIbKHX siipax B nauanasoHe 3apsina siapa 10 < Z < 30. Jlsst [OCTHXKeHHSsI
MOCTABJIEHHON 1€/ T'pylna N0JKHA Obla PElIUThb CJAelyIollde 3aJaud 3a CYeT
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yBeJIMYEeHHUS] CBETOCHJIBl YCTAHOBKH B LI€JOM M paCLIMPeHHsi BO3MOXKXHOCTEH 3JeK-
TPOHHOH anmnapaTyphl:

a) paselieHHe 3apsKeHHBIX YaCTHI M0 Maccam;

0) U3MepeHHe aOCOJIOTHBIX SHEPTeTUUYECKUX CIIEKTPOB MPOTOHOB, NEHTPOHOB U
siIep TPUTHS, HAUKHAS C BO3MOXKHO HU3KHUX SHEPru;

B) MOJIyYeHHe 3aBUCHMOCTH BBIXOOB 3THX YaCTHILL OT 3apsiia siapa.

Vsmepenus Gbl1u mpoBemeHbl Ha sapax 20Si, 32S, 40Ca, %4Cu. Ha puc. 18
npuBeleHa GJOK-cXeMa ycTaHOBKH [71].

B nanHO#l paboTe HCMONB30BAJUCh OTPUIATENbHBIE MIOOHBl C HMIYJIbCOM
130 M3B/c Ha BBIXOE MIOOHHOTO TpakKTa. MIHTEHCHBHOCTB MOJIE3HOH YacTH BbI-
TSHYTOTO 10 BpeMeHM mydka cocTaBasna 18- 103 p-yactui/c. Dueprus Bouite-
TAIOLIMX 3apsKEHHBIX YaCTHIL H3Mepssach C TOMOIBIO CIIEKTPOMETpa Ha OCHOBe
kpucranna CsI(Tl) pasmepom 12 x 2,4 cm.
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Puc. 18. Byiok-cxema ycTaHOBKH

TaGauma 5. dHepreTHnyecKne CHEKTPHI MPOTOHOB (YMCIO YACTHI[/ AKT 3aXBaTa X

x 1 MaB) - 10*
. MsB Muienb
9 C 0 Mg S

9 484+1,0
12 16,74+4,0 | 14,74+2,3 | 21,14+20 23,1 +0,8
15 9,7+1,9 46+1,8 10,5+1,4 21,1 £0,5
18 444+1,3 6,0+1,4 74+1,0 10,3+0,3
21 3,2+0,9 3,2+1,0 45+0,8 6,5+0,2
24 25+0,7 3,3+0,7 3,5+0,5 40402
27 0,8+0,6 0,8+0,6 1,8+0,4 26+0,2
30 1,1+0,6 09+0,4 1,0+0,3 1,74+0,1
33 0,7+0,4 1,1+0,3 0,8+0,2 1,1+0,1
36 1,0+0,4 0,2+0,2 0,2+0,2 0,74 +£0,06
39 0,6+0,4 0,1+£0,1 0,4+0,1 0,55+0,05
42 0,3+0,3 0,1+0,1 | 0,13+0,12 | 0,314+0,03
45 0,1940,08 | 0,1740,02
48 0,104+0,08 | 0,07 40,02
51 0,10+0,05 | 0,0640,02
54 0,04 +0,04 | 0,05+0,01
57 0,02+0,01
60 0,01 +£0,01

27



OnHoBpeMeHHOE ¢ Hepruel n3MepeHHe HOHM3ALHOHHBIX MOTEPh YACTHLL C T10-
MOLIbI0 GJI0Ka TPOTOPLUOHAIbHBIX Kamep I, 2, 3 (cM. puc. 18) mo3Bossiio pasne-
JSTh X No MaccaMm. CBsi3b yCTAaHOBKM MHOTOMEPHOTO aHa/ju3a Ha JuHud ¢ OBM
obecrieunBaJ/a HaKOMJIeHHe NAaHHBIX, HX OMEPATHUBHBIH KOHTPOJb U MOCJELYIONLYI0

00paboTKy.

B rta6s.5-8 mpencraBieHbl KOHEUHble pe3y/abTaThl H3MEPEeHHH M 00paboTKH
SHepreTHYeCcKUX CreKTpoB [77].

Ha puc. 19 HEHBeneH OIMH W3 TMOJYYeHHBIX CIIEKTPOB MacC 3apsiKeHHBIX ua-
cTHIL 115 Aapa 2°Si. Ha crekTpe fCHO BEILAEJNAIOTCA TPH MHKA, COOTBETCTBYIOLIHE

Ta6auua 6. JHepreTudyecKkre CHeKTPhbI AEUTPOHOB (UMCIO YACTHLl/ aKT 3axBara X
x 1 MaB) - 10*
Muienp

E, M>sB C 0 Mg S

12 3,7+2,7 1| 91+£32 | 7619 | 7,8+0,6
15 64+1,8 | 44+24 | 76+1,3| 6,9+0,5
18 52+1,3| 76+£20 | 1,6£1,0 | 46+04
21 35+08 | 33+1,3 | 26+0,7 | 4,04+0,3
24 24+0,7| 1,8£09 | 0,8+0,6 1,6+£0,2
27 04+06 | 1,606 | 1,4+04 1,8+0,2
30 1,5+05| 06+0,4 | 0,7+0,3 | 0,7+0,1
33 0,3+04 | 0,3+0,3 | 0,6+0,2 | 0,8+0,1
36 04+03| 02+0,3 | 0,24+0,1 | 0,40+0,07
39 04+02|02+0,1, | 0,1 +£0,1 | 0,33+0,04
42 0,11£0,03
45 0,07 +£0,03
48 0,07 £0,02
51 0,05+£0,02
54 0,02 +£0,01

TaGauma 7. JHepreTMyecKHe CIEKTPbI TPUTOHOB (YMCIO YACTUL / aKT 3axBaTa X
x 1 MaB)-10*
Muens

E, M>B C 0 Mg S

12 34+16 | 40+28 | 42+1,5 1,4+0,3
15 1,8+1,2 | 53+1,7|29+10| 0,6+0,3
18 1,4+10 | 22+1,4| 1,54+0,6 1,2+0,2
21 22+081|15+0,8 | 0,5+0,4 | 0,52+0,15
24 1,0+06 | 1,0£0,5 | 0,2+0,4 | 0,48+0,10
27 0,3+04|0,1+04 | 0,24+0,3 | 0,19+0,07
30 04+03|0,1+03 | 04+0,2 | 0,14+0,05
33 04+0,3|03+0,3 | 0,0£0,1 | 0,06+0,04
36 0,05+ 0,04
39 0,01 £0,04
42 0,02 £0,04
45 0,01 £0,02
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Ta6auua 8. BepoaTHOCTH BbLIeTa OBICTPBIX MPOTOHOB, JEMTPOHOB M AAep TPUTHS
B MPOLIEHTAaX HAa aKT 3axBara B sapax [68]

HOpOI‘O- 28 Q- 39
Basi SHep- Sis Ste
rusi, MsB p d t p d t
15 0,88 + 0,06 — — 1,154+0,09 — —
18 0,64 +0,05|0,33 +£ 0,03 — 0,78 £0,07|0,34 0,04 —
24 0,33+0,03|0,15+0,02|0,02+0,01|0,42 +0,05|0,17 +£0,03] 0,04 £0,01
42 0,04+0,01]|0,02+0,01 - 0,06 +£0,01|0,01 0,01 -
IToporo- 40 64
Bast 9Hep- Cazo Cugg
rus, MaB p d ¢ p d t
15 1,30+0,11 - - 0,60 £ 0,07 - -
18 0,94 +0,08]0,26 + 0,04 - 0,46 +£0,06|0,10+0,03 -
24 0,48+0,06|0,194+0,03|0,02+0,010,27 +0,05|0,08 £+ 0,03 —
42 0,06+0,02 (0,02 + 0,01 — 0,04 +0,02|0,02 +0,01|0,005 + 0,005
N
80 -
(e, )
60 - p
/
40 -
20
d
{
V)
Puc. 19. CnexkTp Macc 3apsiKeHHBIX YacTHI IJIs 0 . . " . Lallern  ape

28Si. CTpesIKH yKa3biBAIOT TOJIOKEHUS THKOB Ede/dx, otH.en.

TpeM IOPOXKKaM MOHU3aLHOHHBIX MOTEPDb BhlIeTalOKX yacThll. Heckosnbko oTcye-
TOB Ha Kpal CIIeKTpa UHTEPNPETHPYIOTCH KaK SApa TPUTHA.

BkJ/an pe3oHaHCHOTO MexXaHM3Ma 3axBaTa f-Me30Ha TPU IHEPrUsX BblIETEB-
mero HeltpoHa Bbiie 10-15 M3B craHoBuTCcS yXKe He3HauuTesNbHBIM. B 3TOH
SHepreTH4ecKod 06J1aCTH IVIaBHYIO pPOJib MOTYT UrpaTh CJeAyIOLlHe ABa MeXaHH3-
Ma — MNPSIMOH OQHOHYKJIOHHBIH M KJACTEPHBIH.

B nepBom ciydyae 1~ -Me30H B3aUMOIEHCTBYeT C OOHUM M3 NPOTOHOB siApa U
TIePEBOJMT €ro HEeMoCpeaCcTBeHHO (MpsiMo) B HempepbiBHBIH cnekTp [48]. Bo BTOpOM
cayudae 3¢ ekT 00yCca0BIEH HAJTUYHUEM KOPOTKOAEUCTBYIOIUUX HYKJOH-HYKJOHHBIX
KoppeJssiuil B sape. BesencTBue Takux Koppessiiuid B sape o6pasyloTcsl MOICH-
CTeMBbl — KJIaCTephl, COCTOSILIME U3 ABYX (KBa3HWAEHTPOH), yeTblpeX (KBasuasbda-
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YacTHIlA) U T.J. HYKJOHOB. EcC/M (1-Me30H 3aXBaThiBaeTCsl MPOTOHOM M3 TaKOTO
KJacTepa, TO Mpollecc y»Ke He OYfeT OMHOHYKJIOHHBIM, TaK Kak o6pa3oBaBIIMHCS
HeHTPOH MIHOBEHHO IepepacCcerTCsl Ha OCTasbHBIX HYKJOHAaX KJjacrepa. Takum
obpasoM, B mpolecce GyneT ydacTBoBaTh Bcsi accouuanus. Hyk/aoHsl sizpa, He
BXOISILI[Me B accollMalvio, He OynyT NMPUHHUMATb MPU ITOM HEMOCPENCTBEHHOTO
ydacTus B mnpouecce. Kak cjenyer U3 aHaiausa (DOTOSIAEPHBIX peakLHH, posb
KJIACTEPHOT0 MeXaHM3Ma CTAHOBHTCS 3aMETHOH B 00/1aCTH 332 TMTAHTCKHUMH pe3o-
HaHcaMu. ONHHUM M3 BaKHBIX CJENCTBHH TaKOro MeXaHH3Ma Mpolecca sBJseTcs
BbLIEeT ObIcTphIX YacTull. OnHako faxe B (OTOSAEPHBIX PeaKLUUSIX STOT MeEXaHHU3M
MCC/IeN0BaH OueHb MI0X0. UTo Ke KacaeTcsl (-3axBaTa, TO COIJIACHO OLIEHKAaM,
chesnaHHbIM B paboTe [61], KBasHAeHTPOHHBIH MeXaHM3M MOXKeT naBaTh 10 15 %
BKJIaJla B MHTErpajbHYIO BEPOSATHOCTDb Ipoliecca.

ABTOpBI H€TasbHO MPOaHATU3UPOBATH BBICOKOIHEPreTHUECKYI0 UacTh CIEKTpa
3apsiKeHHBIX yacTHull aasi detbipex sigep (Si, S, Ca u Cu), ucnosb3ys cucremy
MOJIyIPOBOJHUKOBLIX JE€TEKTOPOB, YTO a0 UM BO3MOXKHOCTb Pa3[eUTh YaCTULIbI
1Mo 3apsily U Macce W MU3MEPHUTh UX Hepruio [78].

M3 3kcrepuMeHTaNbHBIX AaHHBIX, MPEACTaBJAEHHBIX B Tabs.9, cienyer, uTto
[0JIsT BBICOKOHEPreTHUECKUX 3apsKeHHbIX YacTHI[ JOBOJBHO BesauKka. B Ta6/1.9 u
Ha puc. 20 nmpUBeoeH HWHTETPaNbHBIH BBIXOH BBICOKOIHEPreTHYEeCKHX MPOTOHOB H
IEeHTPOHOB TIPU 3aXBaTe fi-Me30HOB HEKOTOPBIMHU JIETKMUMH sinpamu [78].

Takum o6pasoM, B pesysnbTaTe HCC/eI0BaHMH MesalOTCsl CJeLYIOLIMe BBIBO-
nbl [68]:

1) yem Gosiblile Macca 3apsiKEHHOHW UYaCTHIIBI, TEM MeHblIe BEPOSTHOCTh ee
BBLJIET;

2) B creKTpax MPUCYTCTBYIOT MPAKTHUECKHU TOJNBKO MPOTOHBI U AEHTPOHBI;

Ta6nauuma 9. JHepreTuueckne CHeKTPbI MPOTOHOB U AeiTpoHOB [78] (cM. Takke

puc. 20)
F, Kpemuu#i Cepa Kanbuuit Menb
M5B N, Ny N, Ny N, Ng N, Ng
11 94410 83+ 10 1134+12 2947

14 134+121214+£5|190+15| 7+4 | 1324113 |13+4|53+9|5+3
17 109+10(36+6|128+12|36+7| 95+11 |20+£5|30+7|7+£3
20 89+9 [47+7| 6564+9 [244+6| 68+9 6+4 |28+6|1+3
23 90+7 |33+6| 60+8 [35+7| 5H2+8 |124+5| 9+4 |2+3
26 A7+7 | 18+4| 447 |13x4| 377 |12+£4|17+5|5+£3
29 27+5 |10+£3| 3146 |[13+4| 27+6 |114+4|6+3 |3+2
32 21+£5 |11£3| 194£5 | 8+3 17+£5 3+2 | 9+3 |4+£2
35 15+4 (12+4| 16+4 | 73 14+4 4+4 | 5+£3 | 1+2
38 12+4 | 7+£3 8+3 7+3 11+4 73 |11+£3

41 12+4 | 5+2 8+3 7+£3 9+£3 1+4 | 2+£2
44 6+2 2+1 4+2 3+2 5+3 3+2 | 1+£1 |2+£1
47 1+1 2+1 6+3 2+1 2+1 4+2 | 1+£1
50 7+£3 442 1+1 4+2 1+1
53 1£1 442 3+2 1+1 | 1+£1
56 2+1 1+1 I1+1 | 1+£1 |1+£1
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Puc. 20. DHepretuyeckuil CnekTp MNPOTOHOB U I I ! $ag400 1 o0
JeATPOHOB TNIPH 3aXBaTe MIOOHOB AnpoM *2S [68] 0 10 20 30 40 50 E, MsB

3) ¢ yBesiMueHHeM 3apsiia Z sipa-MHIIEHH J0Jisl N1eHTPOHOB B OOIIEM BBIXOHE
3apsiKeHHBIX YacTHIL MaJaeT;

4) BBIXOZ MPOTOHOB UMeET MakCUMyM B 006/acTH Kanblus Z = 20,

D) SHepreTHUeCKHe CHEKTPbl  3apsKeHHBIX  YacTHI  MPOCTHPAKTCS M0
50-60 M»3B M xapaKTepu3ylTCsl TMJaBHOH 3KCIOHEHLHAJbHOH 3aBUCHMOCTbIO
(cM. puc. 20).

6) B mpelesax MOrpelIHOCTEH H3MepeHHs CIIeKTPbl MPOoTOHOB U3 saep S u Ca
COTJIACYIOTCSI CO CIIEKTPAMH HEHUTPOHOB, H3MEPEHHBIMU B paboTe [69], HO 1OBOJIBHO
CUJIbHO OTJIMUAIOTCS OT CIIEKTPOB, MPUBENEHHBIX B padotax [57,70].

7. TIONCK TPETBEI'O THUITA 3AXBATA MIOOHA 1a1POM

Bce paccMoTpeHHBIE BbIIIE MPOLECCH MPOUCXOAAT TPH XOPOIIO H3BECTHBIX
IByX THMax BO30YXKIeHHs siApa B MIOOHHBIX aTtoMax: 1) mpu BO3OYKIEHHH
B Mpoliecce KacKaJHbIX MePexof0B MIOOHA (Pe30HAHCHOM W/ Ge3paaraliOHHOM);
2) B pesysbTaTe j-3axBata siapoMm. Kak OblJIO cKasaHO BbIllle, MOKCK MEPBOro THIA
BO30YXKIEHHUS NIPUBEJI K TEOPETHYECKOMY MPEACKA3aHHI0, a 3aT€M U K SKCIIePUMEH-
TaJbHOMY OGHapy»KeHHIO Tpoliecca, 3a 4To Obll 3aHeceH BO BcecoiosHbiil peecTp
otkpbiTuit CCCP [10].

Tpetbe pelenre cyabObl MIOOHA, MOMABIIEr0 B cdepy BJHSHHUS siipa, OCTa-
JIOCb 0e3 BHHUMAaHMs BCEX <«MIOOHILHKOB», XOTSl KOCBEHHO, KaK Obl MHUMOXOIOM,
yIoOMUHaaCh BO3MOXKHOCTh pacraga MiooHa Ha K -opOuTe siipa, HO 6e3 Kakoro-
U060 PacCMOTPEHHs! NajbHEHIIEro mpolecca, MPOUCXOISIIEr0 MPH TOM B sipe.
DKCMepUMeHT MO MOMCKY 3TOro mpollecca HaspeBas HeoTBpaTuMo. Waest skcre-
pUMeHTa 3aKJjioyajach B TEOPETHUECKOM M SKCIEPHMEHTAJbHOM HCC/IeN0BaHUU
BO3MOXKHOCTH TPETbero THMa BO30OYXKIEHHs siipa MPH pacrajfe CBSI3aHHOTO MIO-
oHa. PusnKka Takoro BO30OYXKAEHHs, KaK OMHCAHO B MepBOM pasfese, MoA0OHA
XOpOIIO H3BECTHOH BCTPSICKE 3JIEKTPOHHBIX 000JI0YEK MPHU siIepHOM [3-pacraje,
KOTIa 3apsii siapa MeHsieTcsl Ha enuHuly. [Ipu u-pacmaie BblaessieTCss SHEepTrHs,
CYIIECTBEHHO MPEBOCXOMSIAsI IHEPTHIO HHU3KOMEXKAIIUX SIAEPHBIX BO30YXKAECHHH.
[ToreHuual, neficTBYOIIHE CO CTOPOHBI CBI3aHHOTO MIOOHA Ha PO, MPAKTHUECKU

31



MTHOBEHHO «BBIKJIIOUAETCSI», UTO M BbI3bIBAET KBAHTOBBIE TE€PEXOIBl B MOCJEIHEM.
[TockosbKy MIOOH ¢ op6uTa bHBIM MOMeHTOM ¢ = 0 co3maeT BOKpYT sapa cdeprde-
CKH-CHMMETPHUUHOE 3IeKTPOMAarHUTHOE T10JIe, TO MTHOBEHHOE CHSITHE €TI0 BbI3bIBaeT
3JIEKTPOMATHUTHYIO BCTPSICKY SiApa, W 3THM OOBSCHsETCS Tpolecc, B KOTOPOM
IOJIKHO TIPOMCXOIUTb MPEUMYIILeCTBEHHO MOHOMOJNBHOE BO30YXKAEHHE Spa.

HccnenoBanre Bo36yXKaeHHs siipa MPH pacraje CBI3aHHOIO MIOOHA, NPeACTaB-
JISIIOIee CaMOCTOSITeNIbHBIH HHTepec, — OOHapyKeHHe HOBOrO Mpoliecca U MpoBep-
Ka MPaBUJIbHOCTH MPEACTABIEHHUH O HEM, — B MEPCIEKTHBE MOMKET AaTh HOBBIH J10-
TIOJIHUTENbHBIE MEeTON U3yueHHsl SII€PHBIX MOHOMOJBbHBIX COCTOSSHUE [72]. MiooH,
MpoiifsA TpH 3Tama B Mpolecce 06pasoBaHhs MesoaToma 3a Bpems 10710-1014 ¢,
nocruraet K-opoutbl. Ero cynb6a 3aBepiuaeTcss MJH SIAEPHBIM 3aXBaTOM, HJH
pacmazom no cxeme p~ — e~ + 2v. Kak mokasano B pa6orax U.C. Batkuna [73],
HM3KOJIeKallle MOHOIIO/IbHbBIE COCTOSIHUS iIpa MOTYT BO30OY»KIAaThCs MPH pacraje
CBSI3aHHOTO [/~ -Me€30Ha B Me30aToMe. DTOT MpOLecc, MO-BUAHMOMY, SIBJSETCS
TaK)Ke€ YHHKaJbHBIM HHCTPYMEHTOM [Jisl HCCJEIOBAHMS MOHOMOJBHBIX COCTOSI-
HUH aTOMHBIX sfep. Ho ocHoBHasi 3amaya skcmeprMeHTa — 3TO OOHApyKeHHe
MOHOIOJIBHOTO BO30YXKJAEHHS s1pa, KOTopoe OYAeT CJAYKHUTb H0Ka3aTeJbCTBOM
CYIIeCTBOBAHHUS TPETHETO THUIA BO3OYKAEHHS siipa MpH p-3axsate. [lepBble oueH-
KA 3TOTO TIpollecca MOJy4YeHbl C MCMONb30BaHHEM KareJbHOH Monend JlaBbl-
nosa-Yabana ¢ BepossTHOCTBIO w ~ 1,6 - 1072 [73]. Cienyomas oueHKa, paccuu-
tanHass K. A. MUTPOMOJIbCKUM Ha OCHOBE MMKPOCKONHYECKOro MOAX0Aa, KOTO-
pBIH paccMaTpuBaeT BO30YXKIeHHe HeCKOJIbKHX 0T -COCTOSHMH, 1aeT 3HaYUTEbHO
MeHBIIYIO BePOATHOCTb BO36YyKaeHHs Huxkaiimero 0T -yposus: w < 3 - 1074 [74].
[Tpy niaHWpoBaHMH SKCIIEPUMEHTA CJeNyeT HMeTb B BUAY, YTO SIAEPHBIH Tepexon
MOKET ObITb KOHBepTHpoBaH. OCHOBHAs IleJib SKCIIEPUMEHTA 3aKJI0UaeTcs B pe-
TUCTPAlMM ~y-KBAHTOB B COBMAJE€HHH C 3JEKTPOHOM pacrana. ABTOPOM HaHHOTO
0630pa B 1976 r. 3TOT 3KCIePUMEHT OblJ NIPEAJOKEH NEPBOOTKPHIBATEIO Oe3paau-
alMOHHOro 3axBaTa MiooHa akazeMuky b.Ilontexkopso. Ilpensoxenue 6bl10 Ipu-
HATO M aKTHUBHO MoOAJepkKaHo. B kauecTBe o6bekTa HUCCaeN0BaHUS OBbLIO BBIOPAHO
anpo 152Sm (puc. 21).

n
02
E0 E2
n
2
E2
Puc. 21. Cxema B0o36y:KeHUsI U pacnaja sepHoro
7 0y 0*-ypoBus sanpa '52Sm
Ta6auua 10. BepossTHOCTM KOHBEPCHOHHOH U PaJUALIOHHOA paspsaK

0" -ypoBHe# B nepopmupoBaHHbIX aapax [74]

fdnpo | Eg+, MaB | Eo+, M3B X T.(E2)/T,(E2) | T.(E0)/T,(E2)

152§ m 0,685 0,122 0,07 0,01 0,02
22y 0,695 0,048 0,17 0,02 0,96

Mpumeuanue. X = B(E0; 0] —0f)/B(E2;0{ —27).
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B Ta6:s1. 10 npuBoasTCcs BepOSITHOCTH KOHBEPCHOHHOH M pafivalMOHHON paspsil-
xu 0F-yposHe#i B nedhopmMupoBanHbIX anpax. dapo 232U BxmoueHo 1715 cpaBHEeHHS,
y Kotoporo nepsbiii 0T -ypoBens ¢ 6an3KoH sHeprueit [74].

Vs ta6n. 10 Bummo, uTo mepseii 0F-yposenn B 192Sm Gymer paspskaThbes
MpeuMyIecTBeHHO Y-KBaHTamu, a 07 -yposens B 222U ¢ Takoii xe 3Heprueil Gyner
TMOYTH MOJHOCTBIO KOHBEPTHPOBATE.

B 1976 r. dasorpon JISAIl 6bl1 ocTaHOBMEeH Ha peKoHCTpyKuMio. [Ipuminoch
nepeopreHTHPOBaThcsl HA yckopuTenab JIMAD B Tatunne. Yduenwiii coBer JIMAD
NPUHSAJ TpelJoxkeHne 3KcnepuMeHTa. OTBETCTBEHHBIM 3KCIIEPUMEHTATOPOM OT
JINAD 6bin HasHauen [ E.Consikun. Ha mroonnom nyuke JIMAD cmonTHpO-
BaHa sKcrepuMeHTasnbHasi yctaHoBka MEGA (MEsonGAmma), cocrosiuiasi u3
CUCTEeMbl CUHUHTHJSIUOHHBIX c4eTUHKOB I, 2, 3, 4 nns obecrnedyeHUsi OCTAHOBKH
MiooHOoB B MumeHd, Ge(Li) 7-IeTeKTopa ¢ 4yBCTBUTEJBHBHIM 0OBEMOM b5 cM>
M UYePEeHKOBCKOIO CUETUHKA JEKTPOHOB Ha + Hb, M3TOTOBJEHHOIO M3 TSKeJ0ro
cBUHIOBOrO cTekna Td-1. MiooHHBI mydok obecmeunsan ~ 10* ¢~! ocranoBox
B MuLeHH Becom 117 r. MuieHb Oblia B BUIE MOPOLIKA TPHOKCHAA CaMapus
SmyO3, oboramenHoro 10 98 % !52Sm. Cxema 3KclepHMEHTANLHOH YCTaHOBKH
MEGA, co3paHHOH aisi u3yueHusi BO3OYKAEHHs siep MPH pacraje CBsI3aHHOTO
MIOOHa, NpUBeJieHa Ha puc. 22.

Peructpauusi y-kBaHTOB npoBoautcsi ¢ nomoibio Ge(Li)-merekTopa Gosibiiio-
ro oobema. Ocobble TpeGoBaHMS TPENbSBIASIOTCS K BPeMEHHEIM XapaKTePHUCTH-
KaM YCTaHOBKH, OTIPeNeNSIOINM 3((EeKTHBHOCTD BbIEJNEHUs TI0JE3HBIX CUTHAJIOB.
Ha puc.23 mnokazaH BpeMeHHOH CHeKTp, MoJydeHHbH Ha ycrtaHoBke MEGA.
Ludpamu 0603HaUEHBI BpeMeHHEIe OKHA, COOTBETCTBYIOLIHE OIMpeNeJeHHBIM MpPo-
eccam.

DC [ADC]
[ mini PC

Puc. 22. Bok-cxema sKcrepuMeHTanbHol ycranosku MEGA
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Puc. 23. BpemeHHOH CIEKTp y-H3/IyueHUs IPH OCTAHOBKE MIOOHOB B MHIeHH °2Sm (onuH

KaHasa paBeH 1 Hc): I — (OHOBOe H3JydeHHE B «OTPHLATEJSbHOE» BPEMs 10 OCTAHOBKH

MIOOHA; 2 — MIHOBEHHBIH CIIEKTD Me30PEeHTTeHOBCKOTrO H3JyueHHs; 3 — 3aJepKaHHBle
~-KBaHTHI U3 fiipa MOCJe 3aXBaTa WM pacnaja MiooHa; 4 — (OHOBBIH CIEKTp

Paboueii 06sacTbio siBAsieTCsl BpeMeHHOe OKHO 3, 3KCIMOHEeHIMaJbHbIH craj
MHTEHCHBHOCTH H3JyueHHs B KOTOPOM OTpelesisieTCsl BpeMeHeM »KHU3HH MIOOHA Ha
K-opbute me3zoatoma. CorsiacHo u3MepeHussM Ha ycraHoBke MEGA 310 Bpems
ans 192Sm paeHO ~ 85 He, a MPHUHA KPHBOEI rayccoBa pacrpeeseHHs Me30peHT-
T€HOBCKOTO M3JyueHHsi (OKHO 2) cocTaBJ/isieT MeHee D HC.

B xone mpenBapUTesNbHBIX 3KCIIEPUMEHTAJbHBIX CEaHCOB ObIIO 3aperHCTPHPO-
BaHo 1,5 - 10° ocTaHOBOK MIOOHOB B Mullenu [75, 76, 79].

Ha puc. 24 npuBeneH cnekTp 3alepKaHHBIX <y-KBaHTOB OT siIEPHBIX Mepexo-
I0B, 0OYCJIOBJIEHHBIX pacrnaaoM MIooHa Ha K -opOuTe Me30aToMa, B COBMNANEHHH
¢ ObICTPBIM 3JeKTpoHOM [76]. CTpesKoil yKa3aHO MeCTO, e JOJKEH ObITh MHK
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Puc. 24. CnekTp 3amep:KaHHBIX 7y-KBaHTOB C OTOOPOM IO TPHU3HAKY HaJW4Msi GBICTPOrO
3JIeKTPOHa OT pacnaga MiooHa. CTpesKH YyKas3blBalOT MOJOXKEHHS IHKOB; TeMHas o00-
JlacTh — LIMPHHA MMKA Ha TOJIYBbICOTE, 3alUTpUXxoBaHHass — Ha 0,1 BHICOTHI
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OT UCKOMOTO nepexosia. TemMHasi 06/1acTh Ha HEPTETHUECKOH 1IIKaJe COOTBETCTBYET
IIMPUHE THKa Ha TOJNyBBICOTE, 3alUTpuxoBaHHasi — Ha 0,1 BHICOTHI

[TonyueHHble 3KCIepUMeHTa/lbHble NaHHbBlE NAT BO3MOXKHOCTb YCTaHOBHTh
BepXHHMH Tpelles BEPOSITHOCTH BO03OyxjaeHus mepsoro O1-yposus 152Sm mpu
pacmaje CBS3aHHOTO MioOHa: w < 5 - 1073, D10 3HayeHHe He MO3BOJIAET MOA-
TBEPAUTh MPABUJIbHOCTb MPUBEIEHHbIX B JaHHOH pabOTe TeOPETHUECKHX Pe3yJib-
TaToB [74], HO 3KClEepPUMEHTAJbHO 3aKPBbIBAET DAHHIO OLEHKY BEpPOSTHOCTH
w ~ 1,6-1072 [73]. TlosyueHHble pe3ymbTaThl TMO3BOJSAIOT HAJEATHCS HA yCIell-
HOe pa3BHTHe HCCJeNOBaHHH B 3TOM HampasjeHu# [76]. OueBHAHO, UTO 3TOT
IKCIIEPUMEHT CJIelyeT MOBTOPUTb, 3HAYMTEJbHO YCOBEPIIEHCTBOBAB ammapartypy,
4TOOBI MOXKHO OBIJIO MPOBOAMTH BBICOKOCTATHCTHYECKHE HM3MEpeHHs B YCJIOBHUSIX
O4YeHb HU3KOro (hoHa.

3AKJIOYEHHUE

[logBonsi WTOrM, MOXKHO CKa3aTh, UTO NPHUBEIEHBI PE3Y/JIbTaThl COBEPIIEHHO
Pa3HBIX W HE3aBUCHMBIX 3KCIEPHMEHTAJbHBIX MOAXONOB K pelleHHI0 MpoOJeMbl
B3aUMOJIEHCTBUS MIOOHOB C SiIpaMU. DKCIIePUMeHTa/bHble JaHHble TPEeOYIOT yTOU-
HEeHUs, B YaCTHOCTH, B OTHOILEHHH CIEKTPOCKOMHHU (hparMeHTOB MeJIeHUs], CIeK-
TPOCKOMHUHU BTOPHUYHBIX YACTHLL, a TakKxKe CTATUCTUUECKOH ToYHOCTHU. Bce omucaH-
Hble 3KCTIepUMeHTabHBIE METO/bl OMTUPAIOTCS HA UHTEPIPETALINIO B pAMKaxX Teope-
THYECKHUX MOJeJsel. YnydlieHrne KaxKJA0H M3 ITHUX dacTed OylIeT, COOTBETCTBEHHO,
CTUMYJUPOBATh YTOYHEHUS WUJM HOBble MyTH B MOCJEAYIOIINX HUCCTeJOBAHUIX.

BaarogapHocTu. ABTOp Bhlpaxkaet ray6okyio 6sarogapHoctb B. B. [narosiey
3a TIPOSIBIEHHBIH HHTepec W CTUMYJMpYlollee MpeJoXKeHHe Hamucatb NaHHBIU
00630p, a Takxke cepaedHyio 6marogapHocTb M. A. MutpomnosibckoMy, B3siBLIEMY Ha
ce0s1 HeJIerKUH TPy NMPOYUTaTh 0630p U Clle/1aBlIeMy OueHb MOJe3Hble 3aMeuaHus
1 nonpasku. Pemaromieii crana nomoub . [IoHTeKopBo B penakLuu aHIJIMHCKOTO
BapHaHTa CTaTbM, 32 4TO eMy Oe3MmepHas OGjaronapHocTb. HeolleHHMYIO MOMOILb
okasaJsa E.BenuueBa mo koMmnbiloTepHOMY O(OPMJEHHIO TEKCTa, 3a UTO el BhIpa-
’KaeTcsl 60Jbllas PU3HATEbHOCTD.
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