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06maR xapaKTBp11CTl1Ka pa60Thl 

AKTYanbHOCTb npo6neM1,1: npouecc1,1, Bhl3h!BaBMhlB OTP11UaTenbHl,IMl1 MK>

OHaM11 B CMBCl1 1130TOnOB eonopona, ffBflffKlTCff npenMeTOM 11HTBHCl1B

Horo 3Kcnepl1MBHTanbHOro 11 TeopeT11tteCKoro 113YttBHl1ff BO MHor11x 

na6opaTopl1RX Ml1pa. B HaCTORmee BpeMR oco6oe BHl1MaHl1e YllBflffBTCff 

11ccnenoeaH11K> npoueccoe pe3oHaHcHoro 06pa3oeaH11R MK>OHHhIX Mone

ddµ 11 dtµ. npo6neMhl I B03HHKm11e npH 06'bRCHBHl111 pB3YflbTaTOB 3KC

nepl1MBHTanbHOro 113YttBHHff MK>-KaTan113a B CMBCH D2+T2, ·no6yn11n11 

o6paTHTbCR K 113MepeHHRM, KOTOPhlB MoryT 6h!Tb 6onee npocTo 

11 HaneJKHo 11HTepnpeT11poeaTbCR. CaM11A RpK11A npHMep e 3TOM oTHome

H1111 - 113ytteH11e n~ouecca MK>OHHoro KaTan113a B ttl1CTOM neATep1111: 

.----- 3He + n + µ 

3 
dd1:1 ~ Heµ+ n 

t +p + µ 

tµ + p. 

+ 3,3 M3B 
( 1) 

+ 4, O M3B 

XapaKTepHo, ttTO Ha MelKllYHapon~oA KOHiliiliBPBHUl111 no MK>OHHOMY Ka

Tan113y e BeHe, 1990r, 61,mo npencTaeneHo cpa3y TPl1 3Kcnep11:... 

MBHTanbHhlB pa6on1 [1-3] no H3MBPBHl1Kl CKOPOCTl1 npouecca ( 1) -

rpynnaMH BeHa- PSI, IlHH~ 11 pHHH. 

CxeMa MK>-aToMHhIX 11 Mi>-MoneKynRpHhIX npoueccoe B neATep1111 no:-. 

Ka3aHa Ha p11c. 1.. H3MBPBHl1B TBMnepaTYPHOA 3aBl1Cl1MOCTl1 CKOpocni 
.;,,\,.I ' • < • 

o6pa3oBaH11R ddµ-MoneKyn pa3nenbHO ltnR Kall<noro cocTORHl1R ceepx-

TOHKOA CTPYKTYPhl dµ-i'j.TOMa n03BOnReT OCYIDBCTBl1Tb nonHYKl. npOBBPKY 

TeOPl111, BKnK>ttaR npBU113110HHOB onpeneneHHe 3Hepr_Hl1 c 1, l cna6oCBR-

3aHHoro · YPOBHR B Cl1CTBMB ddµ .C TOttHOCTbKl 1 M38. npyroA BaJK-. . '\. ' 

Hl1~ acneKT 3aKn1>ttaBTCR B TOM, ttTO TBOPl1R npencKa3hIBaeT cymecrno

BaHHB HBTpHBHanbHhlX 3iliiliBKTOB nnOTHOCTl1 B 3aBHCl1MOCTl1 _CKO

POCTl1 o6pa30BaHHR ddµ-MoneKyn 113 BepXHero cnHHOBoro COCTO-
. ' . 

RH11R dµ-aToMa 3a ctteT ynapHoro ym11peH11R pe3oHaHca. 

OcH.OBHaR uenb pa6on1: npoBBCTH 113MBPBH11R 3aBl111MOCTl1 ')..3/2( T) 

11 ')..1/2( T) np11 BhlCOKOA .,nnoTHOCTH. ne~TBpl1R { c/>~1) nnR HB3aBl1C11MOA 

npo~,BPKl1 TeOP,1111, B TOM ';ll1Cne H pactteTOB 3Heprn11 cna60CBR3aHHoro 

YP9BHR B ddµ. Pe_mBHO 61,mo COCPBllOTOtt11Tb oco6oe BH11MaH11e 11MBHHO 

e' TOA 06nacT11 TeMnepaTYP 11 nnoTHOCTBA ( T=S0-120 K, c/>;:.I), rne 

OlKl1l(aBTCR Hal160nbIDOB OTKflOHBHl1B OT M0l(Bnl1 BecMaHa 3tl:CttBT yl(ap

HOfO ym11peHl1R PB30HaHca. 

fi'i11"""",t,""'-~ ... .,, ..... ,..""'i:-.,l-!-i-, •. ~-'-"--·-
11 w '-'•·'lf<l, HJt» .. , ml'~!. 
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PHC. 1. CxeMa npoueccoB MDOHHOro KaTanH3a B qHCTOM llBATBpHH. 

HayqHaR HOBH3Ha H npaKTHqecKaR UBHHOCTb. C03llaHhl nporpaMMbl Mo

nenHpOBaHHR npoueccoa perncTpaum1 HeffrpoHoB cneKTpoMBTPOM non
aoro nor nomeHHR; pa3pa6oTaHa MBTOllHKa 'npeUH3HOHHblX BPBMBHHblX 

H3M~pBHHA co cneKTPOMBTPOM H cncico6LI . o6pa60TKH HX PB3YnbTaTOB; 

BnepsLm H3MepeHa TBMnepaTYPHaR 3aBHCHMOCTb 3~~BKTHBHOA CKO

pOCTH o6pa30BaHHR' ddµ-MoneKyn B neATBpHH BhlCOKOA nnOTHOCTH; 

anepBbIB H3MepeHa TBMnepaTypHaR 3aBHCHMOCTb ci(opOCTH 06pa3osa

HHR MOneicyn ddµ H3 BBpXHero CilHHOBOrO COCTORHHR dµ-aToMa B l!BA'_ 

TB PHH BLICoKoA nnoTHOCTH; enepBLIB H3MepeHa · TBMnepaTypHaR 3asw 

CHMOCTb CKOPOCTH nepexona'MBlKllY COCTORHHRMH CBBPXTOHKOA CTPYK

TYPhl dµ-aTOMa B · llBATBPHH BblCOKOA nnOTHOCTH; BnepBbl~ nonyqf:Hbl 

3KcnepHMBHTanbHLIB naHHLIB o apeMeHH TepManH3aUHH dµ--aToMos e 
llBATBPHH. 

Pe3ynbTaTLI itHCcepTaUHH npencrnemrnT npaKTHqecKYD ueHHOCTb nnR 
nnaHHPOBaHHR H npOBBllBHHR llPYrHX 3Kcne

0

pl1MBHTOB no Mkl-KaTam13y 

H nnR nanbHBAmero pa3BHTHR TBOPHH. 

Anpo6aUHR pa6on1. 0CHOBHbie pe3ynbTaTLI llHCCBpTaUHH npB?JCTaBJT.11-

nHCb Ha MelKllYHapollHOA KOH~BPBHUHH DO MDOHHOMY KaTanH3Y (BeHa, 

1990r), llOKnam,manHCb Ha' CBMHHapax. na6opaTOPHH RllB.J)HblX npo6neM. 
, - 'i; '1 •• 1' ,' ' .· 

ITy6nHKaUHH. Pe3YnbTan1 naHHofl n11ccepTaUHH ony6n11KosaHL1 B 5 

pa6oTax. 
... 
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06bBM llHCcepTaUHH. n11c_cepTaUHR COCTOHT H3 nRTH r naB, oHa conep

lKHT 88 CTpaHHU'MamHHOneqaTaHHOro TBKCTa, 30 pHCYHKOB, 7 Ta6nHU 

H 6116nHorpa~HqecKHA cnHCOK 113 108 Ha3BaHHA, 

ConeplKaHHB pa60Thl 

B nepsoA r nase paCCMOTpeHa HCTOPHR sonpoca, npOUBCCbl, BLl-

3bIBaBMhlB OTPHUaTBnbHhlMH MDOHaMH B llBATBpHH, H OCHOBHblB nonolKe

HHR TBOPHH pe30HaHCHOrO o6pa30B~HHR MDOHHhlX MoneKYn ddµ, 

Bo BTOpoA rnase npHBOllHTCR on11caHHB 3KCnepHMBHTanbHOro Me

Tona 113yqeHHR. npouecca MDOHHOrO KaTan113a C npHMBHBHHBM ra-

30BOA MHIDBHH · H HBATpOHHblX llBTBKTOpOB "nonHoro nor nomeHHR "; 

pe3YnbTaThl pac'IBTOB H H3MBPBHHA napaMeTpOB 3THX llBTBK,TOPOB. 

CxeMa 3KCnepHMBHTanbHOA ycTaHOBKH npellCTaBneHa Ha 'p11c.2. 

r naBHblB ee qacTH - KPH~reHHaR . llBATBPHBBaR MHIDBHb BhlCOKOro 

nasneHHR (1,5 K6ap) 11 CUHHTHnnRUHOHHblA cneKTpOMBTP HBATPOHOB 

nonHoro nor nomeHHR. MHmeHb noMemanacb B KpHocTaT C HB noKa3aH Ha 

p11c; 2), C noMODlbD KOTOporo TeMnepaTypa MHIDBHH Morna H3MBHRTbCR 

B n11ana30HB !=20-300 K H nonnep•HBaTbCR noCTORHHOA C TOt{-

HOCTbD ± 1,5 K. 

0 5 ,OCN , .... , "" NE213 

c~M 

~- -~,. 

111213 

PHC 2. CxeMa 3KcnepHMBHTanbHOA ycTaHOBKH. 

fiyqoK MDOHOB c HMnYnbCOM 130 M3B/c 11 HHTBHCHBHOCTbD 3x10
4 

c- 1,· npox oit11n qepe3 CUHHTHnnRUHOHHbIB C'IBTqHKH 1, 2, 3, 4, 
CJTYlKHBIDHB llJTR perHCTPRUHH MDOHOB nyqKa, TOPM03HOA ~HnbTP c~ H 

nonanan s MHIDBHb, fleTBKTOP 5 C nnacTHqecKHA CUHH"rnnm1Top u1-1-
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JJHHnPHtteCKOA ~OPMhl) CJJYlKHJJ KaK neTeKTOp,aHTHCOBnaneHHA nnR MD-
,. ,,,- : 

OHOB H onHospeMeHHO nnR perHCTPBUHH 3JJeKT~OHO~ OT pacnana MDO~ 

HOB, OCTaHOBHBmHXCR B MHmeHH. 

PerHCTpauHR HeATPOHOB H3 peaKUHH (1) ocymecTBJJRJJBCb C no

MOIUbD nBYX CUHHTHJIJJRUHOHHhIX neTeKTOPOB "nOJJHOrO nor JJOll{eHHR ", 

pacnOJJOl!<eHHl,IX CHMMeTpHttHO OTHOCHTeJJbHO MHilleHH. CUHHTHJJJJRUHOHHHA 

cneKTPOMeTp 6h!CTPhIX HeATpOHOB c lKHnKHM CUHHTHJJJJRTOPOM NE- 213 [ 4] 

OTJIHttaeTCR OT o6hjqHQ HCnOJJb3YeMhIX HeATpOHHhIX ,neTeKTOPOB npelKne 

scero CBOHMH' 6onbmHMH pa3MepaMH· (o6mHA o6beM CUHHTHJJJJRTOpa' 

V-=24, l JI)' a OT neTeKTOPOB C 6JJH3KHMH pa3MepaMH - BhlCOKHMH 

cneicTpoMeTpHttecKHMH H epeMeHHhIMH ceoAcTBaMH H peanH3BUHeA Ha

nelKHor6 HeATpoH-raMMa pa3neneHHR. 0CHOBHh!B napaMBTPhl nernK

TOpa 61,mH ohpezienelihl B H3MepeHHRX C panHOBKTHBHh!MH HCTO'IHHKBMH 

HBATPOHOB H r-KBaHTOB. Pa3neneHHe HeATPOHOB H raMMa-KBaHTOB 

( 3JJeKTpOHOB) ocymecTBJJRJJOCb no ~OpMe CUHHTHJJJJRUHOHHOro 

HMnYJJbca. ITopor 3~~eKTHBHOro n-r pa3neneHHR B enHHHUBX 3KBH

BaJJeHTHOA no CBeTOBhIXOnY 3HeprHH 3JJBKTPOHOB COCTaBJJRJJ Eee~l00K3B. 

3nei<TpOHHLIA TpHrrep 61,m opraHH3OBaH ,TaKHM o6pa3OM, , ttTo 

nnR nocnenYDIUeA o6pa60TKH Ha 3BM OT6HpaJJHCb "HeATpOHHhie co-

6hJTHR ", KPHTepHRMH KOTOPhIX RBJJRJJOCb HBJJHttHe . CHrHaJJOB pe

rHCTpauHH HeATPOHa onHHM H3 neTeKTOPOB NE-213 (cHrHaJJ 5', ND) 

H 3JJeKTPOHa neTeKTOPOM 5 B HHTepsane speMeHHh!X "sopoT II 

nnHTeJJbHOCTbD 10 MKC nocne CHrHaJJa (1-4,l) OCTBHOBKH MDOHa 

B MHilleHH ( 3aneplKBHHhJe µ-n-e COBnaneHHR ). ITpH OKOHttaTeJJhHOA 

o6pa60TKe 3KCnepHMeHTaJJbHhIX naHHl,IX OT6HpaJJHCb TOJJbKO Te 

. co6h!THR,. nnR KOTOphIX Bh!IlO~HRJJOCb YCJJOBHe te- t 0)0. ( te H t 0 -

speMeHa noRBJJeHHR 3JJeK,TpoHa OT pacnana MDOHa H HeATPOHa 

H3 peaKUHH dd-CHHTe3a). 
, ,, \., 

IT pH H3YtteHHH ,. cnHHQBl,IX 3~~eKTOB B pe3oHaHCHOM. o6pa30BaHHH 

MDOHHh!X MOJJeKYJJ ddµ,· BO3HHKaeT 3anatta perHCTpaUHH KOPOTKOlKH

BYIUHX (20-30 HC) KOMnoHeHT speMeHHOro cneKTpa He~TPOHOB. B 

CBR3H' C 3THM 6LIJJH TIU8TeJlb_HO HCCJJel:foBaHhl BpeMeHHhJe napaMeTphl 

CHCTeMl,J perHCTPBUHH HeATPOHOB: speMBHHOe · pa3pemeHHe H CTa-

6HJJbHOCTb HYJJR BpeMeHH. 

BpeMeHHOe pa3pemeHHe neTeKTopa onpenenReTCR, B OCHOBHOM, 

nBYMR ~aKTopaMH. ' Bo-nepBhIX' pa36pOCOM speMeHH cpa_6aT~IBBHHR 

~OPMHPOBaTeJJR norHtteCKHX HMnYJJbCOB, o6yCJJClBJJeHHOro pa36pocoM 

aMIJJIHTyn,; sxonHhIX CHrHaJJOB. CooTBeTCTBYDmaR ~YHKUHR pa3pemeHHR 

fd(t) 6hma nonyqeHa B IIPRMh!X H3MepeHHRX c r-HCTOl{HHKOM 
60co. 

4 

'.) 

l 

I 

f, 

Ee Ill!'1PHHa - 3, 1 HC. 

KoHel{HflR BeJJH'IHHa speMBHH nponeTa HeATpoHa OT MHilleHH no 
ne.TeKTopa H. pa36poc pacCTORHHA OT TQl{KH o6pa3088HHR HeATpOHa 

- no TOl{KH era nepsoro B38HMoneACTBHR B neTeKTope npHBOiIRT 

K CMeIU~HHD HYJJR speMeHH.H nononHHTeJJbHOMY BpeMeHHOMY pa36pocy. 

3m ~YHKUHR pa3pemeHHR f 
0
( t l HaAneHa s x one pactteTOB npoueccos 

B3BHMoneACTBHR HeATPOHOB s· CUHHTHJJJJRTOPe. OHa xapaKTepH3Y

eTCR. c nsHroM 8 HC H IllHpHHOA 5,6 HC. 

HaKOHeu, CHCTeMa H3MepeHHR speMeHH C HeCHHXPOHH3HPOBaHHOA ce

pHeA reHepaTopa c qacToToA 100 Mfu xapaKTepH3YeTcR annapaTyp

HoA JJHHHeA s BHne TpeyronhHHKa c IllHPHHOA Ha IIOJJYBhlCOTe 10 HC. 

CyMMapHaR ~YHKUHR epeMeHHOrO pa3pemeHHR 6hma nonyqeHa 

nyTeM cBePTKH scex Tpex ~YHKUHA. no csoeA ~OPMB OHa OKa3aJJaCb 

6JJH3KOA K rayc~OBY pacnpeneJJeHHD. nnR onpeneneHHR HYJJR BpeMeHH 

HCIIOJJb3OBaJJCR epeMeHHOA cneKTP Me3opeHTreHOBCKHX raMMa-KB8HTOB, 

o6ycnoeneHHhIX ocTaHOBKaMH MDO.HOB B cTeHKax MHme.HH. Pa36poc 

cpenHero 3HaqeHHR 3THX pacnpeneneHHA He npeBLllllaeT 0, 3.:0, 4 He. 
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3. AnnapaTYPHhIB pacnpeneneHHR HeATPOHOB c ·E n"'2,5 M3B. 
TIHHHR - pacqeT nnR: a) "ronhlA" neTBKTOP, b) y9eT neA
TepHR H scex npoMelKYTOl{Hhix cpen. rHcTorpaMMa-3Kcne-
pHMeHTanhHO H3MepeHHoe pacnpeneneHHe. · · 
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ITpoBBllBHbl BbNHCnBHHH 3~~BKTHBHOCTH perHCTpaUHH HBATPOHOB 

llBTBKTop'o~ "n~nHoro nornom~~.rn II MBTOllOM MoHTe-Kapno. ITpH 

npox oii<neHHH HBATpoHa t1epe3 cuHHTHnnHTop C C8H 10 ) y•rnnrnanHcb: 

ynpyrne . n-p B3aHM011BACTBHH; _ynpynie H Heynpyrne n-C B3aHM0-

11BACTBHH. Bcero nnR KallC11oro HeArpoHa yqHTbrnanocb 110 10 n6cheno

saT7nbHblX n- p B3aHM011BACTBHA: 3Hepr_HH npoTOHa OT11aqH Ep=En -E~ 

"npeo6pa30Bh1Banacb" B CBBTOBhlXOll ( L) C IlOMOlllbKl 3a11aeaeMblX ~YHK

UHA LC Ep); ,ceeTOBblXOll OT, BCBX coynapeHHA .nnR KallC11oro' HBATpOHa' 

CYMMHPOBancH. ' ' ' . ' 
• ' ' j.'. . ' ' ' • .. ' 

Ha PHC. ,3 npHeonHTCH annapaTYPHblB cneKTPbl nnR HBATPOHOB c· 

En,;,2, 5 M38 H3 peaKUHH CHHTB3a, nonyqeHH_bl~ nnR "ronoro''. llBTeK

Topa Cal H c yqeTOM neATBl)HH C p=1, 5 1<6ap l H FJCBX CTBHOK Cb). 

8 T~B~bBA rnaee· npencTaBneHhl pe3yri~;~Thl H3MBPBHHH TBMnipa: 
' ' ., •. ' '> .. ·. ' ., ,. r: .·· . 

TYPHOA 3aBHCHMOCTH CKOPOCTH o6pa':'rnBaH11H ddµ-MoneKyn. K Hae'" 

TOHlllBMY BP._~MBHH CKOPOCTb o6pa30~~·HHH ~oneKyn ddµ' (Addµ) H3Me

peHa pa3HblMH rpynnaMhl nnR pa3JJHqHhlX 3HaqeHHA nnoTHOCTH H TBM

nepaTYPbl neATBP~~- YcnoBHH npoeenettHi 3T·Hx 3KCilBPHMBHTOB [5, 6] 

YKa3aHbl Ha p1,fr:yHKe 4. 3HaqeHHH nnoTHOCTH . neATBPHH (ti>) npH

e_eneHbl OTHOCHTBnbHO nnoTHOCTH llCHllKOro eo110po11a "o=4, 25x 10
22 

H11ep/cM
3• rnaBHblM OTnHqHeM Hamero'3KcnepHMBHTa OT 11pyrHX pa6oT 

HBnHBTCH npoBBllBHHB H3MBPBHHA C llBATBPHBM 6onbmOA nnOTHOCTH, 

as MBTOllHqecKOM nnaHB - npHMBHBHHe HBATPOHHblX ·neTBKTOPOB 6onb
moA 3~~BKTHBHOCTH ( "nonHoro ncir n_OlllBHHH 11 

). 

llenbD HameA pa6on1 RBnRnocb H3MepeHHe 3aBHCHMOCTH BBnHqHHbl 

Addµ OT TBMnepaTYPhl llBATBPHH B 11Hana30He,T=20-300 K _Il,PH 6onbmOA 

nnoTHOCTH. PemeHO 61,mo B OllHOM H TOM llCB 3KCDBPHMBHTB npoBBCTH 

H3MBPBHHH c ·neATBP~BM pa3nHqHoA nnoTHOCTH: t/>=0,~83 H t/>=0,367 

- C uenbKl npoeepKH cymecTBOaHHB B03MOllCHblX, 3~~BKTOB nnoTHOCTH B 

06pa3oeaHHH MoneKyn ddµ nnR mHpoKoro TBMnepaTypHor·o 11Hana3oHa. 

Bcero 6btn0 BbmOnHBHO 9 OCHOBHblX 3KCil03HUHA C llBATBPHBM. 

KpoMe Toro, 6blJIH .npoe~neHbl 3Kcno3HUHH c r.enHBM - nnR onpenene

HHH ~OHa HBATPOHOB H C BaKYYMHPOBaHHOA MHWBHbD - nnR onpenene

HHH ~OHa 3nBK!POHOB. 

B ycnoBHHX HamHX OilbITOB nonR OCTaHOBOK MKlOHOB B llBATBPHH 

OCTaBnHna ecero nHmb HBCKOflbKO npoueHTOB. IT03TOMY npo6neMe 

YMBHbWBHHH ~oHa 6btn0 yneneHO caMoe cepbB3HOB BHHMaHHB. ~OH 

HeATpoHoe o6ycnoeneH, rnaBHbIM o6pa3oM, llBYMH npHqHHaMH. 011Ha 

ero KOMilOHBHTa CBH3aHa C OCTaHOBKaMH MKlOHOB B CTBHKaX MHIDBHH 

(cHrHan 3flBKTPOHa - cnyqaAHblA), a BTopaH - C ~OHOBOA 3arpy3KOA 

6 

i 

,,, 

l 

-~ 

HBATPOHHblX llBTBKTOPOB (3neKTPOH OT MD-pacnana B neATBDHH). 

KoMnaKTHaH reOMBTPHH llBTBKTOPOB c OllHOA CTOPOHb~ H o6ecneqeH~e 

xopomHX cneKTPOMBTpHqecKHX CBOACTB llBTBKTOpa 5 c 11pyroA, 

cnoco6cTBOBanH YMBHbWBHHKl ~oHa.Ero OTHOCHTBnbHblA BKnan HB npe-

Bhl~n 10~ 

10 

&-
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PHC 4. YcnOBHH npoeeneHHH pa3nHqHblX 3KCnepHMBHTOB no_H3MBPBHHD 
CKOPOCTH o6pa3oBaHHH ddµ.:.MoneKyn. CHMBOnbJ:•- HaCTOHlllaH 
pa6orn; A- H3MBPBHHH mm~ [5]; o- pa6on1 BeHa-PSI [6]. 

06pa6oTKa naHHblX 3aKnDqanacb e nocTpoeHHH H aHanH3B epe

MBHHb~ pacnpeneneHHA HBATpOHOB H 3neKTPOHOB. 

BpeMeHHblB ·cneKTPbl 3nBKTPOHOB ~HTHPOBanHCb Bbij)allCBHHBM BHlla 

Nit)= Fe(t)+ Be(t), 

rne Fe(t) COOTBBTCTBYBT 3neKTPOHOM OT pacnana MKlOHOB B llBATe

pHH, a Bit) ~OHOBblM co6bITHBM. ~OHOBblB 3neKTpOHHblB co6bITHH o6y

cnoeneHbl perHcTpauHeA 3nBKTPOHOB OT pacnana MDOHOB, OCTaHo

BHBWHXCH ·B CTBHKaX MHIDBHH, H cnyqaAHblMH coenaneHHHMH. IlonHblB 

qHcna 3nBKTPOHHblX co6bITHA HCil0flb30BanHCb B nocnBllYKllllBA o6-

pa6oTKB nnR HOPMHPOBKH, 
8 3KCUBPHMBHTB perHCTpHpoeanHCb nepBbIB, BTOPbIB H TPBTHB HeA-

TPOHbl, perHCTPHPYBMblB nocnenosaTenbHO B > onHH H Te .llCe spe

MBHHblB· BOPOTa, 3anycKaBMblB CHrHanoM OCTaHOBKH MKlOHa. OcHOBHaH 

HH~opMaUHH 6bma nonyqeHa 1:13 aHan1:13a epeMeHHblX pacnpeneneHHA 

nepBblX 3aperHCTPHPOBaHHblX HBATpOHOB. 3TH pacnpeneneHHH ~HTH-

posanHCb ~YHKUHBA BHlla: 
7 



Nn(t) = Fn(t) + Bn(t), 

r llB Fn( t)=cX°dd/1tf> exp(-;,.. t), ;>..=;>.. 0+( ct<,>d-cc.,d)Pt/>X"ddµ• a Bn=B1n+B2n -

BPBMB!fHaR ~YHKUHR, OTpal!CaIOmaR BKJiall llBYX pa3Jil1'fHl,IX ,._KOMno

HBHT ~oHa. linR KPHTBPHH te>tn Bi-exp(-;>..CTt), B2~exp(-;>..ot). (;>..CT 

- CKOPOCTb r116en11 MIOOHa B CTBHKax ( ;,..CT~ 5 MKC-l). 

BeJIH'IHHa X"ddµ onpenennnacb llJIR Kal!CllOA 3KCil0311Ul111, He-

x OllR 113 aHaJIH3a naHHblX O Bl,IX one ( 7)) 11 BPBMBHHOM pacnpe-

llBJIBHHH (dN/dt) nepBbIX 3aperncTp11p0B aHHblX HBATPOHHblX co61,rr11A: 

; 

1J=NnfNe=cPtf>1>.ddµ/;>..' 

dNnfdt=c1-ddµPt/> exp(-;>.. t), 

;,.. =;,.. o +(ct<,>d-cc.> d) Pt/>'>:. ddµ, 

r llB Nn 11 Ne - 'IHCJia 3aper11CTPHPOBaHHbIX HBATPOHOB 113 peaKUHH 

CHHTB3a H 3JIBKTPOHOB OT pacnana MIOOHOB, OCTaHOBHBIDHXCR B 

llBATep1111; /1 - .napu11aJibHaR BBPORTHOCTb peaKUHH CHHTB3a C HBA

TPOHOM; c.>d - K03~~11UHBHT rip1-mmiaHHR MIOOHa ~ · 3He, c - 3«i~BKTHB

HOCTb per11cTpau1111 HBATPOHOB · 

Ha itaHHOM 3Tane Mb), TaKllCB . KaK 11 aBTOPbl pa6on1 [2], 

orpaHH'IHJil1Cb aHaJIH_30M TOJibKO MBllJI~HHOA _KOMilOHBHT~I tn>O, 15 MKC ). 

l1o3TOMY HaAitBHHble HaMH (11 H3Mep_eHHMB B pa6orn [2]) 3Ha 'IBHHR 

]\ddµ onpeneJIRIOTCR, B OCHOBHOM, CKOPOCTblO o6pa30BaHHR ddµ-Mone

KYJI-113 COCTORHHR C Fdµ=1/2 C HBKOTOPOA no6aBKOA (B 3aBl1Cl1MOCTH 

OT YCJIOBl1A on1,rra llO 15%) 3a C'IBT BKnaita COCTORHHR- C F dµ=3/2. 

3Ha'feHHR BBJIH'll1Hl,I X"ddµ• 113MBPBHHl,IB HaM11 np11 llBYX 3Ha'IBHHRX 

IlJIOTHOCTl1 llBATBPHR, OTJIH'1a10m11xcR B 2,4 pa3a, cornacyIOTCR MBl!CllY 

co6oA B npenenax. norpemHOCTBA 113MBPBHl1A BO BCBM HCCJie-

llOBaHHOM TeMnepaTYPHOM n11ana30He. 

CpaBHBHHe IlOJIY'IBHHl,IX PB3YbTaTOB'" C naHHbIMH llPYrHX pa6oT 

HJIJIIOCTPHPYBT PHCYHOK 5. KaK MOllCHO BHllBTb, 11MBBT MBCTO.COBnone

HHB HaIDHX · pB3YJibTaTOB C IlOJIY'IBHHbIMl1 B 3KcnepHMBHTaX mUJffJ 
[5] 11 Vienna-PSI [6] C llBATBPl1BM Manofi IlJIOTHOCTH 11 c Bbl'll1C- .· 

JIBHl1RMl1 MeHbIDl1KOBa, IloHoMapeaa 11 llP- [7]. l13MepeHHOB HaMl1 

3Ha'IBHl1B X"ddµ B llCl1llKOM llBATBPl111 np11 T=20 K xopomo car na

CYBTCR C BBJil1'111HOA, HaAllBHHOA B pa6oTB rpynn1,1 Vienna-PSI; 11 

pe3YJibTaTaMl1 BbNl1CJIBHl1A IloHoMapeBa 11 fflaA~MaHa [8] (Hepe30HaHc-

-HblA MBX aH113M 06pa30BaH11R ddµ-MQJIBKYJI), 'ITO YCTpaHRBT cymeCTBO-

8 

) 

V 

f'. 

► 

sasmee paHee pacXOl!CllBHl1B MBl!CllY 3KCnepl1MBHTaJibHl,JMl1 11 TBOPBTl1'1BC

K11Ml1 3Ha'IBHl1RMl1 BBJil1'111Hbl xddµ llJIR llCl1llKOrO neATep11R·. 

P11c. 

r::; 
>, 
~ 
Q] 
r::; 
0 
:E 
I 

-a-
-c 
c:: 
:s: 
:r: 
ro 
ID 
0 
M 
ro 
C. 

'° 0 

.a ... 
u 
0 
C. 
0 
~ 
(.) 

_ Addf"166
~f 

"3 

2 

i 
200 

o, 

ur' 
0.0!! 1 -..s-µ 

-40 80 (tO 

300 -400 500 

TeMnepapypa [Kl 
5. Pe3YJibTaTlil 113MBPBHl1A CKOPOCT11 o6pa30BaHHR ddµ-MQJIBKYJI 

B,3aB11Cl1MOCTl1 OT TBMnepaTYPM neATBPl1R. C11MBQJil,J o603Ha
qaJOT pe3YJibTanI 3KCnepl1MBHTOB: ti - [9], 0 - [10], □ 
- [5], e - [6], .A - HaCTORmaR pa6oTa. fll1Hl1R - BbNl1C-:-

JIBHl1R [7, 11] .. 
' : ~. ' 

B qeTBBPTOA rnaae o6CYl!Cl(aJOTCR pe3YJibT·a·T1,J, CBR3aHHl,JB C onpe

llBJIBHl1BM pOJil1 cnHHOBlilX 3~~BKTOB B pe30HaHCHOM o6pa30BaHHH 
, 1 ·. . ~ ' . ; 

ddµ-MOJIBKYJI np11 BMCOK11X itaBJIBH11RX. PaHee 113MBPBH11R 3aBHCHMOCTH ' . ,. " 

A3;2<T) 6MJI11 _ BliinOJIHBHl,J JIHIDb rpynnoA Vienna-PSI npH'IBM npH 

MaJIOA nnoTHOCT11 .llBATBPHR t/>=0,02.11 0,04, r ne 3~~eKnl ynapHoro 

ym11peHHR p830HaHca HB llOJI_lKHbl npORBJIRTbCR'. 3Tl1 3HBKTbl 11rpa10T 

llOMHHl1PYIOmYJO pOJib B npouecce o6pa30BaHl1R MOJIBKYJI dtµ, a 

B llBATBPl111 OHl1 cKa3bIBaJOTCR JI11Illb B YCJIOBl1RX 60JibIDOfl IlJIOTHOCTl1 

c/>~I 11 TOJibKO nnR sen11q11HM ;,..
312

• Bcero 61,mo s1imonHBHO ·g 3Kc

no3HUHA OT T =20 K llO T =205 K. linR onpeneneHHR ~oHa 61,m11 61,JnQJI

HBHl,I 113MBpBHl1R C: ren11eM 11 nycTOfl MHIDBHblO. 

IloKa3aHHOA~XeMe· npouecCOB COOTBBTCTBYBT Cl1CTBMa ypa~HBHl1fl 

llJIR ~YHKUl1A 'r~l/
2
(t), 'N312 (t), 11 Nn( t). . 

dN3;/dt = -(:>.. ~+;>.. d+;>.. 3/2) N3;2+2/3,C 1-c.> );>.. 3/2N3/2+[2/3( 1-c.> );>..1;2+:>.. d]Nl/2 

dN1;/dt = - C;,.. o +:>.. d+;>.. 1/2) N1;2+1 / 3C 1- c., );>.. l/2N 1;2+[ 113 c 1- c., );>.. 3/2+:>.. d] N3/2 

dN/dt = (;,.. 3/2/13/2N3/2+:>.. 1/2/1 l/2Nl/2 )c/>' 
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r ne Ao=O, 455 MKC- 1 - CKOPOCTb pacnana MIOOHa; ~=P(,)d' P=P3;2= 

0,58, (,)d=0,12, (11/2•0,53; N3/ 2 11 N1/ 2 - •rncna dµ-aTOMOB B BBPXHBM 

H H11ll<HBM COCTORH11RX CIC; Nn - '111Cno HBATPOHOB OT BCBX U11Knoe 

KaranH3(J,Bhl3BaHHhlX OllHl1M MIOOHOM. PaCCMOTpBHl1B Cl1CT8Mhl ypaBHBHl1A 

npl1B0lll1T K 3aKnIO'IBHl110,'ITO BPBMBHHOA cneKTP (dNn/dt} npencraBnReT 

coOoA CYMMY neyx 3KcnoHeHT - 1101,1crpoA 11 11 11MenneHHoA· 11
: 

dNofdt = F(t} = Ao exp(-Aot} +·'\ exp(-AMt). 

Ilp110n11lKBHHhlB aHanl1T11'1BCKl1B pemeHl1R Cl1CTBMhl, T. e. eenl1'111Hhl Ao, 

Ao, AM' AM KaK ~YHKU1111 11CKOMl,IX napaMBTPOB A 3/2, A 1/2, Ad 01,m11 

nony'leHLI B paOore [7]. 

Ao ~:Ao+CAd+Aci'+I/3A3;2+2/ 3A1;2>"'· AM~ Ao+C(,)d+&-(,)i> Av2Pt1>, 

Ao~ 213(A3;2-Av2>AJ(A1;2> ' Am= As=k A_l/2 flt/>• 

Benl1'111Ha A s npencraBnRBT coOoA YCPBZlHBHHYIO no cnl1HOBhlM coc

TORHl1RM CKOPOCTb o0pa30BaHl1R ddµ-MoneKyn nnR t)(Ao)- 1• 

OOpaOoTKa 3aper11crp11poeaHHLIX co01,1r11A 3aKn1011anacb B pa3ne

neH1111 HeArpoHOB or -, r- KBaHTOB 11 3JieKrpoHOB, ·.nocrpoeH1111 11 

aHan113e pa3nenbHO nnR KaX<noro copra ttaci-11iF B.MIInl1TYllHhlX 

( 3HBPf"BTl1'1BCKl1X) 11 BPB.MBHHhlX pacnpeneneHl1A. Ilp~- ,;~OM OT011-

panl1Cb n11mb re co01,rr11R, nnR Korop1,ix e1,monHRnoch·nononH11renb

Hoe ycno_B11B MBlKllY BpeMeHaMH perncrpau1111 HBATPOHa 11 3neK-

rpoHa .=.te- t 0 =0,5~4,,,5,rMKC. _ . __ · 

BseneHJie 3TOro ~Kp~rep11R HBCKOnbKO YMBHbmano 3~~BKTl1BHOC.Tb 

perncrpau1111 co01,rr11A no_ cpasHeH1110 . c 11cnoni,3osaeuiiiMcR paHee 

ycnos11eM . te>tn, OllHB.KO n03B,on11no npffMBPHO B. nsa _pa3a.'. YMBHbWl1Tb 

~OH OT CTBHOK, cny11aAHO cosnana10oiHA C 3arpy3KOA n'ereK'ropa 5. 
,·; , - _,,, ,, ,. ' ' 

Ilp11Mep1,1 BpBMBHHl,IX pacnpeneneHl1A HBATpOHOB nnR llBYX "KpaA-

Hl1X 11 3Ha'leH11A reMnepa~·yp T=22 K ·11 T=205 K np11eeneH1,1 Ha p11_c. 6. 
MmKHO e11nerh, 'ITO pacnpeneneH11R npencraenRi>T coOoA cynepno-:-

311u1110,. 'neyx 3KCnOHBfiT ( 1101,1crpoA" ~ 11MenneHHOA"1. C 'cymecTBBHHO 
. . - . -

pa3nl1'1HLIMl1 noKa3arenRMl1. 

IlapaMeTphl 11ccnenyeMoro npouecca onpenenRn11cb 113_aHan113a 

BPBMBHHl,IX pacnpeneneHl1A HBATPOHOB. 3Tl1 . pacnpen,eneHl1R ~11r11-

poean11cb 3aBl1Cl1MOCTblO a11na 

dNn/dt = C F(t) + B(t}, 
11CBBPHYTOA 11 C ~YHKU11BA epeMBHHoro pa3pemeHl1R nereKropa. 3necb 

F( t)= Ao exp(-Aot} + '\ exp(-AMt}, BPBMBHHOA cneKTp HBATPOHOB 

OT peaKU1111 Cl1HTB3a, B(t) -epeMeHHaR 3aBl1Cl1MOCTb ~oHa. napaMeTp 

10 

',l 

) 

C - HOPMHPOBO'IHLIA MHOX<l1TBnb, Y'll1ThIBaIOntl1A 3aper11crp11poeaHHOB 

'111cno 3nBKTpOHOB OT MIO-pacnana 11 3~~BKTHBHOCTb per11crpau1111· 

HBATPOHOB. 8 xone aHan113a eapb11poean11cb C uenbIO HaXOlKllBHl1R 11X 

_ onT11ManbHhlX 3Ha'IBHl1A napaMerp1,1 Ao, AM' Ao, AM' a TaKlKB' no

nolKBHl1B t 0 HYnR speMeH11 B cneKrpe 11 een111111Ha epeMeHHoro pa3-

pemeH11R llBTBKTopa. 
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P11c 6. Ilp11Mep1,1 epeMeHHoro pacnpeneneHl1R nepe1,ix, 3aper11crp11po
BaHHLIX HBATPOHOB nnR 3KCn0311U1111 T=22 K 11 T=205 K •. 
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HaAneHHhie B pe3ynbTaTe aHam13a 3HatteHl1R sen11tt11H A 312 11 A 112 
npHBeneHbl Ha p11c. 7. KaK MO)KHO BHlleTb, nnR 3aBHCl1MOCTl1 Al/2(T) 

11Meer MecTo xopomee cornac11e Ham11x naHHh~ KaK c 113MepeHl1RMl1 

rpynnhl Vienna-PSI, [6] BhmOnHeHHhlMl1 c neF1Tep11eM ManoFI nnoTHOCTl1 ,,. 
( cp=0,02 H 0,04), TaK H c pactteTaMl1 MeHbIDl1KOBa, iPaFliliMaHa 11 np. [7, 

11, 12].qTO lKB KacaeTCR 3aB11Cl1MOCTl1 A3/2(T), TO Ha6nDnaeTCR HeKo

TOPOB pacXOlKlleH11e Ham11x pe3ynbTaTOB C 3Kcnep11MeHTanbHhlMl1 

naHHhlMH rpynnhl Vienna-PSI. llnR mecTl1 Ham11x TO'IBK np11 !=80-205 K 

OTKnOHBHHe OT ODT11ManbHOFI 3aB11Cl1MOCTl1 A3;2CT), HaFlneHHOFI 3TOFI 

rpynnoFI COOTBeTCTBYeT sen11tt11He x
2
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P11c 7. 3aBl1Cl1MOCTl1 A3/2( T) 11 Avi T_), 113MepeHHble HaMl1 11 B OilbITaX 

[6]. TottKl1: • - Ham11 naHHhie o - 113MepeH11R Be Ha- PSI. 
CnnomHaR n11H11R - pactten1 [11] Ha ocHoBe Monen11 BecMaHa, 
mTp11X osaR nl1Hl1R - Bhl'll1CneHl1R [11 ], Y'll1TbIBaDml1e ym11peH11e 
pe3oHaHca B 06pa3osaH1111 MoneKyn ddµ. 

12 

Pacx OlKlleH11e npoRBnReTcR 6onee tteTKO, ecn11 npencTaBl1Tb naHHhie 

113MepeH11Fl B s11ne OTHomeH11Fl a=A3;2/A 1;2 11 TeM caMhlM npaKT11'1eCKH 

11CKnDttl1Tb Cl1CTeMaT11ttecK11e norpemHOCTl1, CBR3aHHhle C HeTO'IHhlM 

3HaHl1eM senl1'111H t: n 11 4>, Olll1HaKOBbie nnR A 3/211 A 1/2· 

B TO lKe BP8MR Ham11 3Ha'leHl1R A3;{Tl Hennoxo cor nacYDTCR C 

pactteTaMl1, OCHOBaHHhIMl1 Ha cospeMeHHOFI TeOPl111 ( IleTpOB, iPaFl~MaH, 

MeHbIDl1KOB ) [ 14, 11-13], yq11nIBaDmeF1 ym11peH11e pe3oHaHca B coy na-
* ' peHHRX KOMnneKca [(ddµ),d,2e] c MOJlBKYnaMl1 D2. Ha p11c. 7 mTp11xo-

BOFI nl1H11eFI o6o3HatteHbl COTBeTCTBYDIU11B Bhl'll1CneHHR iPaFl~MaHa nnR 

4>=1, 2 [11]. Han11tt11e pa3pb1Ba B o6nacrn TeMnepanp, rne "ynpyraR" 

m11p11Ha np11MepHO paBHa PB3OHaHCHOFI 3Hepr1111, RBnRBTCR cs11neTenb-
) '. ~ ,_., 

CTBOM HBCOBepmeHCTBa pactteTOB, OCHOBaHHhlX Ha onpeneneHHhlX Mo-

nenRx, onHaKo xapaKTep 113MeHeHl1R CKOPOCTl1 A3/2 np11 ysenl1'1BH1111 

nn~THOCTl1 no 4>~1, npORBnRBTCR lIOCTaTO'IHO OTtteTnl1BO 11, no 

KpaFIHeFI Mepe-~Kjq~cTBeHHO, cornacyeTCR ~ 3KCnepl1MBHTOM. 

TaK11M 06pa30~: o6a,. Ha6.opa 3Kcnep11MeHTanbHh1x· .naHHhIX nnR 

A3;iTl -Ham11x,;'i:i:3;MepeHHh~ np11 BhlCOKOFI nnoTHOCTH ·neFITBPl1R 4>~1, 

11 nonytteHHhix:, e pa6oTax [6] rpynm1 PSI nnR ManoFI nnoTHOCT11 4>«1, 
. . :. :, ·r ., '·,. ' , . . . . . . 

YnaeTCR cor nacoBaTb MBlKlIY co6oFI B paMKaX TBOPl111, Y'IHThIBaDmeFI 
\ ' ' 

3_aBHCl1MOCTb A3/2 OT nnoTHOCTH 3a C'IBT ynapHoro ym11peHHR 

PB3OHaHca. 3To' no3BOnRBT cnenan;, 3aKnD'leHl1B O B03MOlKHOM cy

lU~CTBOBaHHl1 3~i,(je;I<Ta nnOTHOCTl1 B o6pa30BaH1111 MDOHHhIX MOnBKYn 

ddµ 113 sepx Hero Cill-1HOBOro COCTORHl1R dµ-aTOMa. 

nonytteHHbie B pe3ynbTBTB aHan113a 3KCnepHMBHTanbHh~ spe-

MBHHh~ p~cnpe'iieneH11Fl HeFITPOHOB 3HatteHl1R CKOPOCTH Ad nepe-

x onoB F=3/2 - 1/2 MelKlIY cn11HOBhIMl1 COCTORHHRMl1 dµ-aToMa np11-

Bel1eHhl Ha p11c: 8. OHl1 npenciasnRDT co6oFI 11 3~ilieKTHBHhlB II 3HatteHHR, 

o6ycnoBnBHHble 113MeHeHl1eM cn11Ha dµ-aTOMOB HB .TOnbKO B coy

napeHHRX dµ+d, HO TaKlKB 11 3a C'IBT o6paTHOfO pacnana KOMnneKca 

[(ddµ),d,2e].* 

Ham11 3Ha~eif1111 Ad, nony'IBHHhie np11 4>~1, xopomo corna.:yDTCR 

C pe3YnbTaTaMl1. 113MepeH11Fl PSI np11 4>=0, 02 11 0, 04 [6] 11 C .. 

ycpenHBHHOFI no TeMnepaType Benl1ttl1HOFI ~d= 37, 3±1, 5 MKC-~ H_aFlneH

HOfl. B flHfl_iP, np11 4>=0, 1_ [2,5]. B TO lKB BPBMR 3KCnepHMeHTanbHbie 

llflHHble no Ad nnoxo cornacYDTCR c pe3ynbTaTaMl1 Bbl'll1CJl8Hl1fl [15], 

ecn11 Y'l8CTb YB8nl1'1BHl1B CKOPOCTl1 nepexonoB 3/2-1/2 3a C'IBT ' . . * 
pacnana_ KoMnneKca [ (ddµ > ,d, 2e] . 3TOT eonpoc Tpe6yeT nononH11-

TenbHoro TBOPBTl1'1eCKOfO pacCMOTPBHl1R. 

13 



60 --I u 
• so 
i 

40 
~ 
= 30 
ll, 

a 20 

e g_ 10 
0 
lj 

00 

-----
-o~~<f- :+~ ~~-♦-i-
~ 

❖ + 

50 ,so 
TeMDepaTJP• . <K!, 

,;. 

t 

200 

P11c 8.3HaqeHl1R CKOPOCTl1 nepexona MelKnY.COCT,ORHl1RM11 csepXTOHKOA 
CTPYKTYPhl dµ-aTOMa B 3aB11Cl1MOCTH

0

OT TBMnepaTYPhl neATBPl1R. 
C11Msom,1: • - naHHblB HaCTORlllBA pa60Tbl,•_O - 113MepeHl1R [6]. 
illTp11xosaR n11H11R - pacqen1 (15] nnR cKopocTH nepexona 
3/2 __:_ l/2·s coynapeH11Rx dµ-aToMa· c aroMaM11· C MoneKynaM11) 
neATep11R, cnnomHaR n11Hl1R - TOlKB C yqeTOM 113MBHBH11R 3ace-

' .,neHHOCTl1 COCTORH11A c F=3/2 11 F=l/2 npH o6pa THOM. pacnane 
' KOMnneKca [( ddµ), d, 2e] (7, 12, 16]. · ' ' ' ·. · . 

XapaKTep 3aBHCHMOCTH senHqHHH ~ddµ OT 3~eprHH dµ-aTOMOB 

o6ycnaBnHBaeT yHHKanbHYkl B03MOlKHOCTb OUBHHTb BPBMR TBpMa

n113aUl111 dµ-aTOMa 113 BPBMBHH 3aneplKKl1 Haqana HBATPOHHOro: 

cneKTpa tno OTHOCHTenhHO MOMBHTa .ocTaHOBKH MklOHa. tµo· Cp~B

HBHHB H3MepeHHOA pa3HOCTl1 A=tno- tµO· C pacqeTH-b!M epeMeHeM 

nponeTa HBATPOHOB OT MHWBHH no neTeKTopa, npHBOnHT K 3aKnkl

qeHl1kl, · qTo speMR TepManH3aUHH dµ-aTOMOB B neATBPHl1 B Ha:: ' ~ ' 

m11x ycnoBl1RX He. npeBbimaeT 2 HC. 3TO HaX onHTCR B car nac1111 

c pacqeTaM11 ceqeHl1R pacceRH11R dµ+d. 
HaKOHBU, B IlRTOA r naee CYMMl1PYklTCR pe3ynbTaTbl nHccepTau1111, 

o6CYlKnaeTCR cospeMeHHOe COCTORH11e npo6neMbl MklOHHoro KaTa

n113a 11 OCHOBHble HanpasneHl1R nanhHBAW11X 11ccnenosaHHA. 

' OcHOBHble pe3ynbTaTbI 11 BbIBOnbI: 

1. Co3naHbl nporpaMMbl MonenHpOBaHl1R npoueccOB per11c~paUHl1 HeA

TPOHOB cneKTpOMBTPOM nonHoro nornomeH~R H 11X B3al1MoneACTB11A 

B neATep11esoA M11meH11 11 semecTBe cTeHoK nnR 3KCnep11MeHTOB c 

MenneHHblMl1 Ml()QHaMl1. OHH Hcnonb30BaHbl nnR onpeneneHl1R speMeH

HblX 11 aMnnl1TYllHblX X apaKTepHCTHK cneKTPOMe'i"pa H B pacqeTaX 

3~~eKTl1BHOCTl1 perHCTpau1111 HeATPOHOB H3 KaTanH3HPYBMOA Ml()-
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OHOM peaKUl111 CHHTe3a d+d B 3KCnepHMBHTax no 113yqeHHkl 

Ml()-KaTan113a d-d H p-d UHKnOB H nepexsaTa MKlOHOB OT neA

TepHR K renHkl. 

2. Pa3pa6oraHa MeTon11,Ka npeUl13HOHHblX speMeHHblX 113MepeHHA co 

cneKTpoMeTpoM HeATpoHoB nonHoro nor nomeH11R 11 cnoco6b1 o6-

pa6oTKH HX pe3ynbTaTOB. 

3. 8nepshle. 113MepeHa TeMnepaTYPHa~ 3aBl1CHMOCTb ,3~weKTHBHOA 

CKOPOCTH o6pa3o~aHHR ddµ-MoneKYn B neATep1111 BblCOKOA nnoT

HOCTl1 . np11 nsyx ee 3Hal!BHHA 4>=0,883 11 0,367 OT IlIIOTHOCTH 

>KHnKoro sonopona. Pe3ynbTan1 cosnana10T c naHHbIMl1 Z11:>YrHx 

aBTOPOB, nonyqeHHblMH np11 ManoA·nnoTHOCTH, a TaKlKe. C COB-

peMeHHbIM11 TeopeT11l!eC~l1Ml1 pacqeTaMl1. 

4. 8nepBbie 113t.'.JBPBHa TeM~epaTYPHaR 3aBl1Cl1MOCTh CKOPOCTl1 o6-

pa30BaHHR MoneKyn ddµ 113 sepXHero cn11HOB~I:O COCTORHHR 

dµ-aToMa B neArep1111 . BblC.OKOA . nnoTHOCTH. Pe3_YnhTaTbl 113Me

peHl1A ynaeTCR cor nacOBfiTb~ C naHHblM1:f, nonYl!BHHblMl1 npH ManoA 

nnoTHOCTl1, H C Teope-:r:11l!eCKHMl1 BbNl1~neHHRMl1, ecn11 nonyCTHTh 

CYlllBCTBOBaHHe npencKa3bIBaeMoro Teop11eA 3WWBKTa nnOTHOCTH 

B pe3oHaHCHOM o6pa3oBaHl111 ddµ-MoneKyn. Pe3ynbTaTbl O.OllT~ep

lKllalOT reopeTHl!BCKOe 3Hal!eHHB 3Hepr1111 cna6oCB;R3aHHOro .. YPOBHR 

B Cl1CTBMB ddµ C TOl!HOCThkl 1 M38. 

5. 8nepBble 113MepeHa TBMneparypHaR 3aBHCHMOCTh CKOPOCTl1 nepe-

x ona MBlKllY COCTORH11RMl1 csepXTOHKOA CTPYKTYPbl dµ-aToMa 

B ne'Arep11H BblCOKOA nnoTHOCTH ( 4>~1). nonyqeHHbie pe3YnhTaTbl 

X opomo ' car naCYIOTCR C ,\ naHHblMH llPYI" HX aBTOPOB npH ManoA 

nnoTHOCTH (4>~0,1), H6
1

~aCXOllRTC~ C pe3ynbTaTaMH BbNHCnBHHA; 

Yll11TbJBaJOlllHMl1 YBB.TIHl!BHHe 3WWBKTHBHOA CKOPOCTl1 nepexonos 
. . * 

3/2...:.. 1/2 3a cqer pacnana KoMnneKca· [C ddµ l, d; 2e] • 
' ' 

6. 8neps'b1e nonYl!BHbl 3KCnepHMBHTanhHbIB naHHblB O speMBHl1 rep-

ManH3aUHH dµ-aroM'os' B neArep1111; OHH cor nacy10rcR c pe3ynh

raraM11 cosp·eMeHHbIX BbNHcneHHA ceqeHHA ynpyroro jjacceRHHR 

dµ- a TO MOB Ha ne ATpoHaX. 

Pe3ynhTaTbI llHCceprau1111" o~y6JIHKOBaHbl B cneitYkllllHX pa6orax': 

1. 6b1crpHUKHA 8. M. , lb1<enenos 8. n., 311ttos 8. r., Hn11esa-C0Kon11-

Hosa H., KoHl1H A.n., Mapu11m n., MepKynoB n.M.; PyneHKOA.H., 

CoMOB n.H., CronynHH 8.A., WHnbqBHKOB 8.8., Xa.H noH Hp,. 

H3MBPBHHe TBMrieparypH6A iaBHCHMOCTH CKOPOCTH o6pa30BaHHR ddµ

MoneKyn s ra3oo6pa3HOM neArep1111 np11 nasneHHH 1,5 11 0,4 K6ap, 
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IlpenpHHT mum E1-9O-322; in Proc. Int. Conf. on Muon Catalyzed 

Fusion, Vienna, 1990, Muon Catalyzed Fusion, 1990/1991, V.5/6, P.141. 

2. ~HnbqeHKOB 8.8., Mapu11m n., 
803MO*HOCTl1 3KCnepHMBHTanbHOrO 11ccnenosaHHH cnHHriBba 391-

!liBKTOB B o6pa30BaHHl1 ddµ-MoneKyn npH nasneHHl-1 neflTBPHH 1,5 
K6ap. IlepBblB pe3ynbTaTbl, IlpenpHHT OHHH E1-90-321; in Proc: 
Int. Conf. on Muon Catalyzed Fusion, Vienna, 1990. Muon Catalyzed 

Fusion, 1990/1991, V.5/6, P.499. ' 

3. n*enenoB 8. Il. , , 3HHOB 8. L, HBaHOBCKHfl C. A.', Kapnos C. 6., 

KoHHH A. n. , Mapu11m n. , ManblillBB A.H., MepKynoB n. M. , PyneHKO 

A.H .• ~HnbqeHKOB 8.8., IDpHH O.A., 
3KcnepHMBHTanbHOe 11ccnenosaH11e cnHHOBbaX 3WWBKTOB B o6pa-

3OBaHHH MDOHHba MoneKyn neATepHH, IlpenpHHT OHHH El5-91-181; 

IlHcbMa B lK3T~, 1991, I. 53, C. 581. 

4. 8.8. ~HnbqeHKOB, n. Mapu11m, 
3illil1BKTl1BHOCTb 'per11cTpau1111 Hefl,TPOHOB cneKTPOMeTpa nonHoro 

nornomeHHH, Coo6meHHe OHHH E-13-88-566~ 
5. 3HHOB 8.f:, KOHHH A.n., ~HnbqeHKOB 8.8., PyneHKO A.H., Map

UHill fl., 
8peMBHHblB l13MepeHHH C HBflTPOHHblM cneKTPOMBTPOM nonHoro nor

nomeHHH, IlpenpHHT OHHH E-13-91-182; IlT3, B neqaTvt. 
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