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Pa6oTa. Bt.m~eHa B Jla6opaTOpBH Jij:\epHLIX npo6neM O&beJ\BHeHHOro 

HHCTHTyTa Jij:\epHI,IX Jl~cieAOBa.HHi. 
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3auuiTa.· AJIC<:epTa!OD[ COCTOBTCI 

·. KHpBIIJIOB-YrpDMOB B .f'. 
MyXllHA.lI. ' 

IloHowapeB JI.~. 

'i992 r. 

· Ha. oa.ce,:\a.HllB CnellJlaJ11113JIPOB&HHoro coBeTa A -047.01.03 Jla6opa.TopBB 

JlJ\epHLIX npo6JJe11 OOLeAJllleHHOro JlHCTHTyTa JlJlepHLIX .BCClleJ:\OBa.HBi 0 

r ~ AY6ua, Moaonciu o6Ba.cTL. 

C J\BCCepTa.I{Bei MOJKHO OOHU~MJITl,CJI B 6~6JIBOTeJ:e 06'LeJ:\~8HHOro 

HHCTHTyTa JIA8pHlilX BCCJlel\OBa.H:ai. 

Y11eiiLli ce1peTapi.. CoBeTa, 

J\0IT0p cpBOHIO-Ma.TeMaTJACCJ:HX: Ha.yi:, 
npoct,eccop ,. .. . . JO .A. ,BaTycoB 
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OBID;A.fl: XAPAKTEPHCTHKA PABOTbI 

AKTyanLHOCTL TeMLI 

<t>ooma npon;eccoB, BLIOLIBaeMLIX OTpBD;aTem.HLIMl'I MIOOHaMB B BOJ);O

POAe, rrpCf\CTaBJI.lleT co6oi HHTepecHI,m paoAeJI coBpeMeHHoi uayxH. Pac

CMaTpBBaeMLie B HeM npon;eccLI o6yCJioBJieHLI CBoeo6paoHLIM CO'leTaHHeM 

aToMH1>1x, MIO-aToMHLIX H MIO-Mone-,yru1p~LIX .llBneHri, J1p;epHLIX peaxD;Hi 

H .llp;epuoro MIO-Oa.xBaTa. Hau6onee HHTepecHLIM · HO 8THX npon;eccoB DpCA
CTa.BllJleTC.ll Ml()-KaTanHO peax~ CHHTeoa JIJ\ep HOOTO~OB BOI\Opop;a. B iia

cTo~ee BpeM.ll ucCJiep;oBaHWl no eToi npo6neMe BXlllO'leHLI B_ nporpa.MMy 

MHOrHX Be)O'ID;HX HaY'{HLIX n;eHTpOB MHpa, excnepHMeHTLI npOBOJ);.llTC.ll Ha 

BCex MOOOHHLIX q>a6pmax. PeryupHO npoxop;.llT MeE.1\Yffapop;HLie. XOHq>e

peHD;HH u cBMnoouyMI>I, HOp;aeTC.ll cnen;:n:am,HI,m: xypHan "Muon Catalyzed 

Fusion". · · 

Cnep;yeT yi:anaTL, 'ITO ax·TyaJII,HOCTI, TeMaTHIH B OHa'IHTeJil,llOH CTeneHH 

o6ycnoBneHa HanmMB pa6oTaMB, cocTaBBBI.IIBMH cop;eplKaHHe p;uccepT~; 

B xop;e xoTopLIX 6Lino ycTaHOBneuo cyin;ecTBOBauHe HOBoro· nneHu - pe

ooHaucHoro o6paooBaHBJI MIOOHHLIX MO:Jiexyii AeiiTepu. PeoylILTaTLI 8TBX 

pa6oT CTHMy~oBann p~BBTHe TeopHH. Bonee Toro, B noCJiep;yIOID;HX·pa".' 

6oTax rpynn TeopeTuxoB H MaTeMaTHIOB OH.RH 6Lina npep;cxaoaHa.BLICO-

. xas: HHTeHCHBHOCTI> MIOOHHoro xaTanHOa B cMecH p;eiTepu.s:.11 TPHTWl. ::hH 

BLIBOAM, 'HaDICf\IDHe 0:ircnepHMeHTanLHoe nop;TBeplKp;eHHe B p;alILHeimHX. pa.-
6oTax Hamei rpy~1,1; a oaTeM - 11 B pa6oTax oapy6elKHLIX na6opaTopHi, 

nernH B OCHOBY paCCMOTpeHHJI BOrrpoca O BOOMOEHOCTH HCilOlILOOBaHBJI MlO

xaTannoa. B 'xa'leC~Be ~TepHaTBBHOro HCTO'IHllla OHeprHH H 6LICTPLIX Heii-, 

TpOHOB: BalKIILIM acneKTOM npo~eMLI JIBruieTC.ll BOOMOEHOCTL rrpoBepxH 

npen;HOHOHHLIX. pac'leTOB 8HeprHH cna60CWIOaHllOro ypoBHJI B CHCTeMe ddµ; 
AXTYanLHOCTL BOWep;mBX B J);HCCepTan;HlO peoylILTaTOB 8.KCilepHMeHTanL

HOro uccnep;OBa.HWl .9}\epuoro OaxBa.Ta' MJOOHOB IlpOTOHaMH (HO COCTO.III~rur 

pµ-aTOMa) crumaJia C p;oxaoaTeJII,CTBOM cnpaBCf\lIBBOCTB TeOpHH YHHBepcanL

Horo cna6oro BOa.HMO)\eii:cTBHJI. 

Ocuoeuas ~eni pa6oTLI 

D;em.10 ·pa6oTLI 6LJno: 

1) HOMepeHHe Il~p~e~pOB npon;ecca MIO-Xa.Tamma B JJ;eHTepHH, BKlIIO'laJI 

CllllHOBLie ecf><I>_eJ:TLI~ npH paonH'IHLIX OHa'leHBJIX IllIOTHOCTH )\eHTepH.ll H. B 
DIHpOXOM p;:e:a.nao·oHe TeMilepaTypj . 

2) onpe)\en:eHHe cxopocTH JIJ);epHoro omaTa oTpBD;aTem,HI,IX MIOOHOB npo

TOHaMH; 

3) panpa6oTxa. Heo6XO)\HMOi MeTOp;HXII,(BKlIIO'lall annapaTypy )\:JIJI npoBe

µ;eHWl yxaoa.HHLIX BLIWe excneplilMeHTOB, M&TeMaTB."Iecxoe :a: rrporpa.MMHoe 

o6ecne'!eHHe}. . .. -·----- ___ . -•· ·•~·••=•·- .. 

; !~'.-..~t?,lnf':\HHti !J~~~'tJi 
• -.~ ~.,.,,5,!i~r:1 tcr ~~~11nstufru 

- ' i •·· r! .. ""1-~r., J., t~itb,,~ .. ~~;, .$.r:'!!.. __ . 



Hay-qaas: BOBBOBa 
0xcnepHMeHTaJll,HO 06Hapy1K:eHO H HOy,IeHO HOBOe .llBJieHHe - peooHaHCHOe 

o6paooBaHHe MeooMonexyn )];eiiTepIDI, 'ITO o<I>HriHam,uo oaperncTpe:poBaHo 
xax oTKpfilTHe. Pa60T1,1 noJiy,IBJIH MHpOBoe rrpe:oHaHHe. 

BnepBl,Ie 0XCnepHMeHTaJll,HO Ha.Rp;eHa on;eHKa 0q>q>eKTa n:iJOTHOCTH B 06-
paoOBaHHH ddµ - MOJieKyn, o6ycnoBlleHHOro JRapH~ ywHpeHHCM peooHaHca. 
BnepBfile HOMepeHa CKOpOCTl, nepexO)];OB Me:lKRJ COCTO.llHBJIMH CBepxTOHKOB 
cTpyxTyphl dµ - aTOMOB B )];eBTepHH Bhlcoxoi nnoTHOCTH. liccn~oBaHHe MIO
xaTane:oa B raooo6paoHOM )];eiTepim Bl,ICOKOB nJIOTHOCTH. OCTa.IOTC.ll' ~HH· 
CTBeHHl,lM B MHpe. 

IlpaKTH"<Jecxas: ·u:eauocTL 
PeoyJILTaTl,l )];HCCepTan;HH no ycTaHOBJICHHIO .llBJICHBJI peooHaHCHoro 06-

paooBaHBJI MlOOHHLIX MOJieKyll )];eiiTepB.ll nocny1K:HJIU OCHOBOH )];JI.ll nocneHJIO· 
11\BX HHTeHCBBHLIX HCCJie)];OBaHmi rrpon;ecca MIO-KaTanHoa. PaoBHThIH B Ha
mHx pa6oTax MeTO)]; HCCll~OBaHHH, OCHOBaHHl,lH Ha HCnOJILOOBaHHH raoo
BOB MHilleHH H )];eTeKTOpOB HeHTpOHOB, nOJIY'lHJI HaH60JILmee pacnpocTpaHe
HHe B RPYnix na6opaTOPB.llX MHpa. Peoyn:1,TaThl )];HccepTan;HH 11eo6xop;HMfil 
)];JI.ll )];aJll,Heimero paoBHTB.ll TeopHH, )];JI.ll nllaHHpOBaHH.ll H BHTepnpeTan;HH 
)];pyrHX excnepHMenToB no MIO-KaTanHoy. Ha.i)];eHHLie HaMH xapaxTepncTHKH 
MlO-KRTaJIHOa B µ;eiTepHH BfilCOKOH nJIOTHOCTH 6YAJT HCnOJil,l,OOBaTLC.ll co
BMeCTHO C )];aHlll,IMH )];JI.ll dt H tt KaTaJIHOa rrpH orrpe)];eneHHH rrapaMeTpOB 
MeooxaTaJIHTH'lecxoro peaxTopa - BOOMOHrnoro HCTO'IHHKa 011eprHH. 

Aupo6an;HJ1 pa60TLI 
PeoylILTaTfil, Bom~mne B )];HCcepTan;HIO, )];OKJia)];LIBaJIHCl, Ha MelKRJHapo

)];Hl,lX KOHq>epeHD;H.llX: ' 

- no q>HOHKe 0JieMeHTapHLIX 'lacTnn; B CTPYKType .ll)];pa (IJ;10pHx, illBeiin;apBJI, 
1977 r.), 

- no MciJI0Hyxno11H1,1M ciicTeMaM (Ba.i1xyBep, KaHa)];a, 1989 r:), 
-,no Clla6l,IM H 0JieKTPOMarHHTHl,IM BOaHMop;eicTBB.llM B .ll)];pax,(,lzy6Ha, 
1992 r.); · 

na Mex)];Ynapo)];HOM CHMIIOOHJMe "BoaHMo)];eiicTBHe MIOOHOB n IJHOHOB c Be-
11\eCTBOM" (AY6Ha, 1977 r.); · 

Ha MeX)];YHapo)];HLIX CHMIIOOnyMax no MIOOHHoMy KaTan:noy ( <I>nopirna, CillA, 
1988 r., BeHa, ABcTpB.ll, 1990 r., Yrrncana, illBen;H.ll, 1992 r.); 
Ha ceccB.llX Y'leHoro coBeTa OII.HlI, HayqHLIX·ceMHHapax JI.HIT H JIB:3 OII.HII, 
MH<I>H. . 

Ily6Jiuxan;uu 
OciIOBHOe CO)];eplKaHBe )];HCCepTan;HH OTpalKeHO B 24 rry6JIHKan;H.l!X, KOTO

p1,1e IlpBB~eHLI B CIJHCKe lIHTepaTyp1,1. 
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CTpyxTypa H o6'LeM AHccepTan;:nH 
,ll.HccepTan;H.ll cocTOHT e:o BBep;enu, ceMH rnaB H oaKJilO'lCHB.ll. Oita· co

)];ep:iKHT 128 CTpaHHD; TeKCTa, 54 pHcyHKa H CIJHCOK JIHTepaTypLI HO 194 Ha
HMeHOBaIIHH. 

CO,[l;EP)KAHHE P ABOThI 

B nepuoii rnaee paccMoTpeHLI HC:OPIDI Bonpoca H ocHOBHLie rronoxe
HIDI TeopHH MIO-aTOMHLIX H MIO-MOJieKylI.llpHLIX rrpon;eccoB B CMeCH BO)];OpO)];a 
H )];eiTepIDI. Ilo)];'lepKHyTa ponL aBTopa B o6iiapy.>KeHHH (1] , a oaTeM H B 
IIp.llMOM )];OKaDaTenLCTBe [3] cyll\eCTBOBaHB.ll HOBoro .llBJieHH.ll -; peooHaHCHOro 
o6paooBaHH.ll MIOOHHLIX. MOJiexyn )];eBTepIDI H OHa'IeHHe 0Toro OTKpLITH.ll Ka.I 
MOII\HOro CTHMyna )];JI.ll paoBepTLIBaHBJI HHTeHCHBHOro HOy'IeHH.ll yxaoaHHLIX 
Hpon;eccoB BO MHOrHX na6opaTOpH.llx MHpa. Oco6oe BHHMaHHe B )];HCCep
TaD;HH :rneneHO BhIBOp;aM TeopHH peoommcHoro o6paoOBaHB.ll MOJieKyJI ddµ 
B CJia60CB.llt3aHHOM COCTO.llHHH J = V = 1 ( J, V - Bpam;aTenLHoe H . xone6a
TeJILHOe KBaHT~BLie 'lHClla' COCTO.llHBJI) , IlOCTpoeHHOH Ha OCHOBe MexaHHOMa 
BecMana (BecMaH 8.A;, IIucLMa » )K8T<I>, 1967, -x. 5, c. 113) Cornacno aToMy Me
xaHHOMY, aHeprBJI (ddµ, BLip;eJI.HeMall npu o6paooBaHHH ddµ-Monexyn, BMecTe 
c aneprue:ii )];BHlKeHH.ll fdµ dµ - a TOM a, nepeAaIOTC.ll Ha BOo6yx)];eHHe .MOlleKy
ll.llpnoro KOMillleKca {M), COCTO.llll\ero HO ddµ -MOJieKyJihl, )];eiiTpoHa n: aneK
TpOHOB 

. dµ + (D2)K, -+ [(ddµ)i,1,d,2e]i<
1

,.,, (1) 

rµ;e Ki,j, v - Bp~aTeJILHLie u xone6aTenbHOe KBaHTOBLie. 'lHClla. II pH pac
'leTe cxopocTH Add,. o6paooBaHIDI KoMrrnexca cne)];YeT.Y'lHTLIBaTL cBepxT011-
xy10 cTpyKTYPY ( CTC) ypoBHei dµ -aToMa, crrun KOToporo MoxeT rrpu
HHMaTL OH3.'leHH.ll F = 3/2, 1/2 (cM. puc.1) u ddµ - MOJieKyJILI (cnHH S = 
3/2, 1/2).. . . . 

Ilocne o6paooBaHB.ll xoMrrnexca M npoucxo)];HT nu6o ero pacna)]; ua dµ-aTOM 
u Monexyny D2, JIH6o peaxn;u.ll CHHTeoa B Monexyne ddµ . : 

ddµ -+ 3 He + n + µ 

ddµ-+ 3Heµ + n 

ddµ-+ t + p +µ 

(2) 

(3) 

(4) 

lfo-oa Toro, ".JTO cxopocTL Cl6paTHoro pacna)];a r6 = 1,5x109 c-1 6om,me cxo
pocTH CHHTeoa Aj" = 0,42x109 c 1; Ha6JIIO)];aeMall (no iipO)];YKTa.M pea.Kn;Hi 
CBHTeoa) cxopocTL o6paooBaHH.ll ddµ-Monexyn AdJµ = Add~·Af /(Aj" + r6) B. 
uecKOJlbKO Pal_) MeHLWe cxopocTH o6paooBaHB.ll KOMilJieKca. 
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Ho TeopBll cneizyeT, 'ITO c:s:opocTL o6paooBaJIRll ddµ -.Monexyn HO cocTo

JIHB.ll c F = 3/2 (A~!) J);Jll[ o6nacTH TeMnepaTyp T .= 20 - ·100 K xpairne 

'l}'BCTBHTeJILHa K _aHeprHH cna.6ocrumaJIHOrO ypOBHJI B CHCTeMe adµ. 0KaOI,I

BaeTC.S:, p;ocTaTO'IHO HOMepHTL (A;¼!) c norpeUIHOCTLIO < 10 ..:. 15%, qTo6LI 

onpep;emlTL y:s:aoaHHJIO 0HeprHIO c TO'IHOCTLJO 0,5MaB. 8To o6cT0.llTellL
CTBO npep;CTa.Blll[CTCJI O'IeHL BaJKHLIM, eCJIH J'lCCTL, 'ITO BKnap; B 0HeprBIO 
ypOBHJI, o6ycnoBJieHHLm noupHOa.I{lleii BaiyyMa, O.tK.BAaeTt.11 paBHLIM 8, 7 M0B. 

Ao 

Ao 
Bf®l 

PHc.1. Cxewa. npo:qecca. lOX>HHOro I8.TMllll8. B AeiTepHH;:• 

CoBpe.MeHHOe paoBHTHC TeopHH peooHaHCHoro o6paooBaJIB.ll MIOOHHLIX 

Monexyn CB.i~aHo c J'leTOM mnpm11,1 peooHaaca. · (Petrov Y.V;, Phys. ·· Leu., : 

1985, .v. 163B, p. 588; Menshilrov L.l.,Muon Catalyzed Fusion, 1988, v. 2, p. 273 H 

<!>Bona 01IAH, 1988, T: 19, c. 1349.) IloJIHrui: umpna c1map;LIBaeTt.11. HO Ba~ 

J:yyMHOH, onpep;eruleMoi. BpeMeHeM JKJIDHH KOMllJiexca, H CTOJIKHOBHTellLHOll 

(YRapHoi), o6ycnoBJieHHoii HOMeHeHHeM BHyTpCHHeroCocT0.llHB.ll · xcnmnexca 

B era COY):\apemmx C MOlleIYJia.MH D2. Yp;aplia.R mnpHHa nponop~oHa.m.Ha 

UJIOTHOCTH p;eiiTepu H pacTeT C TeMIIepa.Typoi. Y'IeT mHpHHLI peoOHa.Hca 

llpHBOJ];HT x HOMCHCHH10 c1:opoCTB o6paoOBa.HWl ddµ- MOJieJ:YJI no cpaBHCJ!HIO •. 

C Ha.BACHHOH Ha OCHOBe MOp;enH BeCMaHa H HeTpllBHaJILHOH OaBHCHMOCTH ee 

OT IIJIOTHOCTH p;eiTepu. CornacHO pac'IeTa.M, BeJil1'111Ha aqxpe1:Ta on;eHHBa

eTCll B 10-15%, 'ITO HaMHoro .Memme, 'ICM µ;u dtµ-11011e1:y11., rp;e aq,q>eJ:T.bI 

IlJIOTHOCTH p;OMBHBpYJOT,. Op;HaIO 'BllOJIHe p;oCTynHa p;Jll[ ~:i:cnepBHeHTaJILHOH 

npoBepi:u. 

BTOpU r.JJaBa JIOCBJIIn;CHa OCHOBa.M 0:s:cnepB:MeHTanLHOrO MCTOp;a, BC

llOlILOOBa.BHOrO p;Jll[ HOMepeHB.ll (7) CJ:OpOCTH q>yHp;a.MeHTanLHOH peax~ cna-
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6oro BOa.HMop;eicTBH.!l - oa.x:BaTa MIOOHa npoTOHOM 

µ- +p - n + 11µ (5) 

u npuMeHeHH~ro oaTeM (c Heo6xop;HMoi MOJJ;H4JHia.I{llei) p;n.a Hl3~e~H.B pao

llB~HLIX npon;eccOB MIOOHHOrO KaTamroa. Hccnep;OBaJIHe peaID;Bll (5) B ra

ooo6paoHOM ~op;opop;e CB.llOaJIO c 6om,mHMH axcnepHMeHTaJILHLIMH TPYJ:\HO

CT.RMH, o6ycnouneHHLIMB: 1)- MaJIOH BepO.RTHOCTLIO peaxn;n, COCTaBUIOin;ei 

ucero ~1/7.00 OT cxopocTH J 0 = 4,55x106 c-1 pacnap;a MIOOHa; 2)- HanH

q11eM Bcero op;uoi p;ocTynHoi p;n.a perHcTpan;HH , H npHTOM HeiTpanLHoi, 

'IaCTHD;LI B 1mHe'IHOM cocTo.RHBH; 3)- BCKllJO'IHTeJILHO 6om,WHM BlIHlllllleM 
' ' . ' " . . ' . ' . ' 

qioHa, CB.llOaHHoro ,C OCTaJIOBKaMH MIOOHOB B Bein;ecTBe CTeHOK MIDIIeHH, rp;e 

BepO.RTHOCTL MIO-oa.xBaTa Ha TPH nop.Rp;Ka 6om,me, 'IeM B Bop;opop;e, a 'IHcno 

caMHX OCTaJIOBOK B p;eCTKH pao 6om.me, 'ICM B raoe; 4)- Heo6xop;HMOCTLIO . . . 

o6ecne'IBTL 'IHCTOTY BOp;opop;a Ha ypoBHe 10-8 H coxpa.HHTL · ee B Te'IeHHe 

p;llHTeJIL~Lix ceaacoB HOMep·eHHH. . · . 
II pH panpa.60TKC. MeTOj.'\HIH 6LDiB. J'lTCHLI 0TH Tpyp;HOCTH. MLI. CTapa

llHCL o6ecrre'IHTL J);OCTaTO'IHO MaJIOe BllH.llHHe paollB'IHLIX qJOHOBLIX npon;ec
COB. B npBHn;une 'llOCTaJIOBKa OllLITOB CBOj.'\HllacL x cnep;JIOin;CMY (pe:c.2). 
M10011LI OCTaHa.BllHBaIOTt.11 B raooBoi Bop;opop;uoi MBmCHH. HeiTpoHLI ciT 
MIO-o.axuaTa. perHCTPHpYIO:rt.11 p;eTCKTOpaMH B TC'ICHHC BpeMCHHLIX. BOpOT 
T ~ 1/Jo· = HCCKOllLKO me, oanycKaeMLIX CHrHaJIOM OCTaHOBKH. MIOOHa. 
HB.2KC nepe'IHClleHLI OCHOBHLie oco6eHHOCTH MeTOJ];HIB. 

3}1_ 

....,.,,_:~~~~===~=~=~-===-==~---
Pac.2. . 81:cnepDleH'ram.naa' ycT&HOBJ:& WI.I[. BCCJieAOB8.HHJ[ ~08.XB&.T~ ~ r~oo6pa.-

0HOM BOAOPOAe (7) .. 1-5 - c:qHHTICUll[:qHOHHl>le AeTeJ:TOpH, 6 - oBMe}\llllTenL', .7 :_. n~e 

CBeTOBOAH, 8 -~ npoopa"IJIHe ylJJJOTHeHU. 

1. Ilpm~ani.Ho Ba.EH~ 6mo BCllOllLOOBaHHe MBIIICHH "6eo CTeHox" 

!];WI perBcTp~ ocTuo»o:a: MJOOHOB BHCHHO B BOp;opoµ;e, [4),(5). C aToi 
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i; 

:n;em.10 MM npHMeHHJIH µ;eTe:KTOpLI, CD;HHTHJIJlRTOpI,I :KOTOphlX pacnonaraJIHCI, 

BHYTPH MmneHH. 0To nooBoJIHJIO µ;HcxpHMHHHPOBaThll q>oH oT MIO-oaxBaTa 

B CTeuxax MmIIeHH H peoxo noµ;a.BHTL q>oH cny'lamn,1x coBnaµ;eHim oa _c'leT 

µ;ucxpHMHH~ 6oJIJ,moro 'IHCJia Jio:lKHLIX oa.nycxoB. B xa.'leCTBe "BHyTpeH

Hero" CD;HHTHlillllTOpa Hcnom,ooBaJica CsJ(Tl). BpeM.ll )KHOHH MIOOHOB B 

HeM COCTBlllleT 0,1. MXC, 'ITO IlOOBOJIHJIO J\HC:KPHMHHHPOBaTL (no BpeMeHH) 

q>OH OT OCTaHOBO:K MlOOHOB B caMOM CD;HHTHJIJlRTOpe. B TO )Ke BpeM.ll, ero 

ypoBeHI, raJKeHH.11 µ;onycTHMO Ma.JI c TO'l:KH opeHH.11 co6JIIOµ;eHH.II ueo6xoµ;HMOH 

BLICO:KOH CTeneHH 'IHCTOTLI Boµ;opoµ;a. 

2; ,IJ;Jl.ll y-MCHLIDCHH.11 "BHeIIIHero" q>oHa CJIY'la.mILIX COBnaµ;eHHH ycTaJIOB:Ka 

pacnonaranac1, B cneD;HaJIJ,Ho o6opyµ;oBaHHoii MaJioq>OHOBoi na6opaTopHH H 

oxpy}KaJiacI, µ;onoJIHHTeJII,HOB BOµ;JIHOH oa.m;HTOH. 

3. C D;eJil>IO JJ;HC:KpHMHHa:n;HH pelI.llTHBHCTC:KOB COCTa.BJl.llIOID;ei OCTaBmeica 

<I>oHOBOH oarpyoxu; a Ta:K}Ke JJ;lI.ll J\OilOJIHHTeJll,HOro yMeH1>1IIeH1Ul <J>oua enex

TpOHOB OT MIO-pacnaµ;a H OT <J>OTOHOB HX TOpMOOHoro HOJIY'leHH.11 6LIJIO_ pe

aJIHOOBaHO pa.oµ;eneime ueiTpoHOB H ra.MMa~:KBaHTOB · no q>OpMe ~BeToBoro 

HMnyJIJ,ca. B ·cneD;HaJIJ,HO BLI6paHHOM p;rul 0TOrO CD;HHTHJIJij[TOpe ( CTHJII,6eH) 

HeiTpoHHoro µ;eTe:KTopa. · 

4. <l>oH OT MIO-OaxBaTa .11µ;paMH coµ;ep}Ka.m;HXC.11 B Boµ;opoµ;e npHMecei 6LIJI 

CBeµ;eH npa..KTK'leC:KH :K HYJIIO npH HCilOJil,OOBaHHH CBepX'IHCToro ooµ;opoµ;a, 

IIOJIY'laeMoro C IlOMOID;I,IO ycTaHOB:KH C na.JIJiaµ;HeBLIM <l>HJII,TpOM. 

B IlOCJleµ;yIOID;eM pacCMOTpeHHaJl MeTOJ\Hia 6LIJia HCilOJIJ,OOBaHa JJ;lI.ll HOy

'leHH.11 :n;enoro p.11µ;a MIO-aTOMHLIX H MIO-MOJie:KyJI.llpHLIX npo:n;eccoB - Ha.MH 

6LIJIH HOMepeHLI C:KOpOCTH o6pa.oOBaJIH.II MOJiexyn ppµ H pdµ, BLIXOJ\ pea.x:n;HH 

CHHTeoa p + d B CHCTeMe pdµ, noJI.11pHOa:n;H.11 MJOOHOB B Boµ;opoµ;e, cxopocTi. 

nepexBaTa MJOOHOB OT Boµ;opoµ;a x reJIHIO u, rna.BHoe, - BnepBLie HOMepeHa 

TeMilepaTypHu oa.BHCHMOCTI, cxopocTH o6pa.ooBaJIH.II ddµ-Monexyn. B Ha-
. . 

IDHX nocneµ;yIOID;HX HCCJieµ;oBaHH.IIX npo:n;ecca MIO-:KaTaJIHOa OCHOBLI MeToµ;a -

perHCTpa:n;H.11 HeiTpOHOB H HCilOJIJ,OOBaJIHe ra.oOBOH MHIIICHH - 6I,IJIH coxpa

HeHLI, T.:K. OHH J\aIOT BOOMO}KHOCTI, npOBOJ\HTI, HOMepeHH.11 co BCeMH HOOTO

IlaMH BOµ;opoµ;a (B:KJIIO'la.H TpHTHH) npH 60JII,IIIHX µ;a:imeHHX ( CBLIIDe 1 x6ap) 

H npH JII06oi :KOHD;eHTpa:n;HH TpHTH.11 B IDHPO:KOM TeMilepaTypHOM HHTepBane 

(20-1000· K). 
0THOCHTeJll,Jla.ll- npoCTOTa H YHHBepcaJIJ,HOCTI, MeTOJ\H:KH; OCHOBaHHOH Ha 

perHcTpa:n;uu ueiTpoHoB, o6ecne'IHJIH ei uau6oJII,mee pacnpocTpaHeHHe. B 

HacTo.11ID;ee BpeM.11 oua HcnOJII,oyeTC.11 01:cnepBMeHTaJIJ,HLIMB rpynnaMH LAMPF, 

PSI, KEK, Bolognia. . . . . 

· B TpeTbeu rnane paccMaTp:e:BaeTC.11 excnepHMeHT (7] no HOMepeHHIO 

cxopocTB ,\~P MIO-OaxBaTa {5)-:e ra.ooo6pa.oHoM Boµ;opoµ;e. 'Ero a.xTyaJIJ,-
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HOCTI, ~npeµ;eJI.llllaCI, Heo6xoµ;HMOCTLIO npoBepxH OOIOBHLIX IlOJIO}KeHHH Teo

PHH CJia6oro BoaHMoµ;eicTBH.11: yuHBepcaIILHOCTH, V-A xapa.xTepa, coxpane

HB.ll Be:KTOpHoro Toxa, BllR.IIHH.11 HHµ;y:n;HpOBaHHLIX BOaHMoµ;eicTBHH, xoTopLie 

B MIO-OaxBaTe (B OTJIH'IHe OT 6eTa pacnaµ;a) J\Oll}KHLI oaMeTHO npO.IIBll.llTLC.11. 

K MOMeHTY Ha'laJia HaIDHX OilLITOB HOMepeHH.11 cxopoCTH npo:n;ecca {5) 6LIJIH 

BLIIlOJIHeHLI JIHIIII, B .}KHµ;:KOM BOJ\Opoµ;e. 0µ;Ha:KO, B OTOM CJIY'lae, :Ka:K 6LIJIO 
, • . , • • ~ V '. • 

noi:a.oaJio B xoµ;e npeµ;mecTByIOID;HX BcCJieµ;oBaHHH, MIO-OaxBaT peaJIHOyeTc.ll 

HO COCTO.IIHH.11 ppµ- MOJieiyJILI. B CB.IIOB C 0THM, BOOHH:KJIB npo6JieMLI onpe

µ;eneHH.11 CilBHOBOro COCTO.IIHH.11 CBCTeMLI npOTOH-MIOOH H BeJIB'IHHLI nepe

:KpLITH.11 BOJIHOBLIX <l>YHID;BH OTHX 'lacTBD;. 0TB oaµ;a'IH, Ia:K OTHOC.IIID;Bec.ll 

I npo6JieMe Tpex TeJI, MOrJIB 6LITI, pemeHLI JIBIDI, npH6JIH}KeHHO •. 0TcIOµ;a 

Bl>ITeiaJia Heo6xoµ;BMOCTI, HOMepeHHH BeJIB'IBHLI ,\~p B ra.ooo6pa.oHOM BO

µ;opoµ;e {rµ;e MIO-OaxBaT peaJiuoyeTC.11 HO CBHrJieTHOro CilBHOBoro COCTO.IIHH.11 

pµ- aTOMa), XOT.ll 0ICnepuMeHTaJIJ,HLie Tpyp;HOCTH MHoroipaTHO BOOpaCTaIOT 

no cpa.BHeHBIO C OilLITaMH C }KBJ\IBM Boµ;opoµ;oM. 

)];JI.II HCCJiej:\OBaHH.11 MIO-OaxBaT.:C"B Boµ;opoµ;e HaMB 6LIJia BCilOlll>OOBaHa Me

TOp;B:Ka, OilHcaHHa.H BO BTopoi maBe. B µ;HccepTa.J:J;BH pacCMOTpeHiil' BOJIJ)OCLI 

opraHBOaIJ;HB BOMepeHBH, MeTOJ\HI onpeµ;eneHH.11 pa.oJIB'IHLIX IOMilOHeHT q>OHa, 

cnoco6LI or6opa u aHaJIHOa oaperBCTPHPQBaHHLIX co6LITHH. Bcero B eicno

OHD;H.IIX c Boµ;opoµ;oM o6m:ei npoµ;oll}KBTeJII,HOCTB · 300-400 'lacoB 6LIJIO oape

rucTpupoBaHO N,. == 278 ± 33 co61>ITHH HCCJieµ;yeMoro npol{ecca. CiopocTL 

MIO-oaXBaTa onpeµ;elI.llJiaCI, C IlOMOID;I,JO BLipa}KeHH.11 ,\~p = Ao(Nnfe)/(Nefn), 
rµ;e BeJIB'IHHLI fn H fe - 0q>qlCITHBHOCTH perBCTpa:n;HH HeHTpOHOB H OJie_ITpo

HOB. 0HB 6LIJIB pac'IHTaHLI Ha 0B~ c HCilOlll>OOBaHBeM HOBeCTHLIX J\aHHl>IX ci 
Ce'ieHH.IIX BOaHMOp;eHCTBH.11 HeHTpOHOB B OlleITpOHOB C BeID;eCTBOM. Bemrnrna 

Ne OOHa'laeT HOpMBpOBa.HHOC 'IBCJIO OJieITpOHOB, oaperHCTpHpOBaHHOe Heii:-. 

TpOHHLIMB p;eTeITOpa.MH B TOM }Ke BpeMeHHOM BHTepa.n:e, 'ITO B Hen:TpOHH~e, 

co6LITH.II. ·Haiµ;eHHOe OHa'leHBe CIOpOCTH MIO-oa.xBaTa COCTa.BIDIO 

,\~P = (686 :1: 88)c1 (6) 

OHO ·corJiacyeTC.11 C TeopeTH'leCIHM OHa'JeHHeM A~p = 654 c-1, BLI'IBCJieH

HLIM C BCilOJil,OOBaHBeM napD;HaJII,HLIX :KOHC_TaHT YC- H g~, HaHµ;eHHLIX BC-. 

xoµ;.11 BO "BOMepeHHH BeJIB'IHH BeITOpHoro B aICHaJII,HOBeITOpHoro BOaBMOc 

µ;eiicTBHH riv H·i1Y1 B ,8-pacnaµ;~ H J\ll.ll OHa'1eH
1

H.II IOHCTaHTLI HHµ;yn;HpOBaH

Horo nceBµ;ociall.llpHoro BoaBMoµ;eiicTBrui: gf ~ -8, noJIY'leHHoro B paMiax 

rHnoTeoLI "'IaCTH'IHO coxpaH.1110m:eroe.11 axcua.n:1>;Horo Toxa" (PCAC). · · . 

Ho TeopHH Cllep;yeT, 'ITO (µ;JI.II CHHrJieTHOro COCTO.IIHH.11 pµ-aTOMa!) npH 

9v = 0 ,\~P ~ 200c-1, a npH gy = +gA - ,\~P =!! 400c-1• Cpa.BHeHue aTHX · 

OHa'leHHH c peoyJILTaToM (7) IlOOBOll.lleT cµ;enaTL BaJKHLie OaIJIIO'IeHH.11: 

- 0 6eoycrioBHOM HaJIB'IHH B_eITOpHoro BOaBMoµ;eiicTBH.11 B MIO-OaxBaTe,. 

7 



- o peamroa.rum a 0ToM npo~ecce V - A BapHa.HTa BOaHMOAeHCTBIDl. 
HoMepeHHoe HaMH oHa'IeHHe (6) xopomo comacyeTCR c peoylll,TaTaMH APY
roro excnepHMeHTa (A. Alberigi Quaranta et al., Phys. Rev., 1969, v.177, p. 2118) no 
HOMepemno cxopocTH MIO-oaxBaTa B raooo6paoHOM Boµ;opoµ;e 
..\g{'p = (651 ± 57)c-1, BhlnomieHHoro APYroi MeTOAHxoi. Ha puc.3 npuBe
AeHhl peoyJILTaThl Ha.nmx Bl,I'lHCJieHHi neJIH'lHHhl >.g{'P Ail.ll paoJIH'IHhlX oHa'Ie
HHH. oTHomeHHH XOHCTa.HT g1;_/ gt H gff / gt. Cnn011rna.11 nHHIDl Ha oToM pHcyHxe 
COOTBeTCTByeT ycpe,\HeHHOMY no ABYM HOMepeHIDlM excnepHMCHTalll,HOMY 
peoym,TaTy, a mTpHXOBhle - xopHAOPY omu6ox ycpeAHeHo:e: BellH'IHHLI. 

f2 

gP/<J,_ 

8 

', 
' ' ' '-;. 

1, 
1, 
1654c:e,f1 

' ' ' ' \ 
'~-

',,, I 
,, 

4j ~> \j 
0 --.i 20 -1,'I0 -\30 gA/gV 

Pa~~3. Ol!ClilAae!O,Je oua"IeHB.11 mucTaHT cna6oro somoAeicTBB.11 a MJO-oaxBaTe, BH

"IllCJJeHHHe Ha 0CH0BaHBB ycpeAHeHHoro BicnepBMeHTIIJIJ,H0r0 0Ha"IeJIBJl CI0p0CTB BT0ro 

npou;ecca. 

°CJ:eTBepTWI r.nasa rroc~eHa Bonpoca.M AeTe~THpoBa.HH.ll Heii:TpoHOB 

B HaJ.IIHX OilhlT3.X no IlCClle):\OBaHJIIO npo~eCCOB MJO-OaxBaTa H. MJO-I«LTaJIHOa. 

Bo BCex ~~~nepHM_ eH;ax 6~ ncnom.ooBaJU,I ~HHT~OHHhlC µ;eTeITOphl 
_,' ... ,. 

He:ihpoHOB, xax o6JiaAaIOID;HC 6om,moi Bqlq>CXTHBHOCTI,IO, <J>opMa annapa

TypHOH JIBIIHH µ;Jlj[ XOTOphlX IDHpoxo HOy'Ianac1,, H C nOMOID;MO XOTOphlX 

MO.lKHO ocym;ecTBHTL paoµ;en:eHHe ueiiTpoHOB (npoTOHOB) H raMMa-IBaHTOB 

(eneupoHoB) no <f>opMe c~THMS:I{HOHHoro cnruana~ _B JµIccepTa.rum pac-. 

CMOTpeHhl BOnpOChl Oilpe,\eJICHH.ll aMIIlIHTYAHhlX H BpeMeHHhlX xapaxTepH

CTHX µ;eTCXTOpOB·, HX KanH6po:su1, peamroa.rum n - 'Y PaGAeHCHH.ll. .. 

IlepB:hli ~ll Haumx 01:cnepHMeHTOB (µ;o 19_79 r.) 6hlll BhlilOllHCH c µ;e-. 
TCITOpa.MH Heii:TpoHOB Ha OCHOBC KpHCTaJTITa CTIDIL6eHa (<f,70 x 30 MM [6). 

MeT0µ;1,1 pa6oThl c µ;eTex-ropa.MH (:ianH6poua, xoHTPOlIL n - 'Y ~ paoµ;ene

HH.ll H oT6op HeiTpoHHhlX co6hlTHH, cnoco61,1 aHaJIHoa µ;aJIHhlX HOMepeHHi). 

coxpaHlDilI CBOe OHa'IeHHe H HCilOlILOyx>TCJI Ha.MB µ;o HacTo.llm;ero BpeMeHH. 

Ilpu nOBe,\eHHH excnepHMCHTa, B xoµ;e IOTOporo HaM BnepBMe mano6. 
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oaperHcTpupoBaTL npo~ecc MIO-xaTanHOa peax~HH cHHTeoa d + t H onpe

µ;eJIHTI, ~ro napaMeTphl, 61,1no pemeHo HcnoJILooBaTL AeTeKTOpM 6oJILmei 

eq><f>exTBBHOCTH ( c o6eMOM c~THJTITj[TOpa V = 1 l IaJKAhlH) Ha ocnoBe .lKH

Aioro c~HHTHllll.llTopa NE-213 [8]. ~llll 0THX µ;eTeXTopoB BnepBhle B_MHPOBOH 

npaxTHlte 6hllla npHMeHeua q>TopnnacTOBa.11 IIOBCTa, B ltOTOpoi <I>8Y Heno

cpeACTBCHHO rpa.JIH'IHT C C~HHTHllJIJ[TOpOM. Taxoe pemeHHe nOOBOlIHllO pa

AHiallbHO yny'IIDHTL 0uepreTH1Iecxoe paopemeHHe lWTCKTOpa no cpaBHCHHIO 

c o6hl'IUO HcnonLOyeMMMH CTCltllllHHhlMH ltlOBeTaMH H nony'IHTL BhlCOIHe 

napaMe'l'Phl n - 'Y paoAeneHIDl. Ho HaIIIHX AaJIHhlX cneµ;yeT, 'ITO paopemeHue 

COCTaBll.llllO u = 0,12/(Ee,MeB)112• 

~alll,H~ maroM B paoBHTHH MeTOAHl'.H perHCTpa.rum HCHTpOHOB 6hlllo ' 

cooµ;auHe HaMH ~HHTHllJIJ[qHoHHoro cnexTpoMeTpa nonuoro nornom;euu [10], 
[13), [11), [12] Ha o~oBe C~THllil.llTOpa NE-213. CneITpOMCTp COCTOHT 

HO µ;Byx uµ;eHTH'IHliIX µ;eTeITOpOB, pacnonaraeMhlX CHMMCTpH'IHO OTHOCH

TeHLHO MHmeHH (puc.4). K:roBeTa All.ll ~THllJIJ[TOpa HOrOTOBlleHa HO uep

lKaBeK>m;ei CTanH H BhllIO.lKCHa HOHYTPH OTpaJKaTeJICM: 4 MM TCq>lIOHa + 
anIOMHHHOupOBaHHhlH Ma.inap. BHyTpeHHHe paoMepLI XaJKµ;oi UOBeThl CO: 

CTaBIDIIOT <f,310 x 160 MM (ofi'LeM .12 n). Ilpa 0THX paoMepax µ;ocTnraeTCJ[ 

BhlCOlta.ll aq>q>eXTHBHOCTI, perHCTp~ 6hlCTphlX ueii:TpOHOB. Tax, All.ll He.i

TpOHOB c eueprHei En = 2,5MeB HO peax~ (2,3) "BHyTpeuw" eq>q>ex-

. TBBHOCTL µ;eTeXTopa cocTa.BJUieT ~ 80%, a µ;u HeiTpoHOB c En = ·5, 12 MeB 

HO peax~ MI<>-OaxBaTa (5) - 65%. IlpH CTOJIL 6olILmoi eqiq>eKTHBHOCTH 

qiopMa airnapaTypuoi JIHHHH paRlll'.anLHo HOMeWleTC!l (no cpaBHCHHD c Ae

TCITopaMH ManMX paoMepoB) - npoucxoµ;HT OHa'IHTellLHOe o6or~eHHe B 

o6naCTH 60lll,illHX aMIIHHTYA (UHX nomioro nornom;euu). 8To -npHBOµ;H'l' •X 

AOnOlIHHTeJILHOMY BOOpaCTaJIHD eq>q>CXTHBHOCTH oa C'IeT yYCHl,illeHH.ll qiax

TOpa nopora. 

CnenpoMeTp HeiTpouoB nomioro nornom;eHH.ll ( CHIIII) npHMeH.lllICJI Ha.MB: 

B oJILITax no HOy-qeu~ MIO-IaTanHOa peax~ CHHTeoa d + d npli Bhlcoxoi 

IDIOTJIOCTH µ;eiTepH.ll { cxeMa. YCTaJIOBIH - Jia pHC. 4). Ero npeHMym;eCTBa :

Bhlcoxa.ir· cxopOCTI, · Ha6opa co61,1THi, BOOMO:lKHOCTI, HCnOJILOOBaH~ .llBlleHH.ll 

MHWKCCTBeHHOCTlI npoqecca MJO-IaTanHOa, yYeHLIIICHHe HCOilpe,\CllCHHOCTH, 

CB.llOaJIHOB _c noporOBMM q>a:KTOpOM. . ) 
B .. AHCcepTa.I{HH pacCMoTpel{l,I BOilpOChl Bhl6opa onTllManLHhlX • paoM:e

poB, MeTOAHIH onpe,\eneuu: napa.Me-rpoB npu6opa u ero xanu6ponu. BaJK
uoe OHa'ICHHe 11MeeT ~nepBhle BliIIIOJDICHHOe HaMH xoppeITHOe Oilpe,\ClleHHe 
npoopa'DlocTH ~THJTITj[Topa NE-213 H oTpaJKaTeJILuoii: cnoco6HocTH Te
qmoua. ~Jlj[ euepreTH'ICCKOH xanu6pOBIH HOMep.llllllCL u aJlalIHOBJlOBallHCI, 
cnexTphl OT 1-HCTO'IHHIOB u ueiTpOHOB Oilpe,\ClleHHliIX eueprHi {BhlJ\ens:e
MLIX HO uenpepMBuoro cneupa J,>u-Be HCTO'IHHia n~ BpeMeH_H nponeTa). 
8HepreTB'If!?Oe paopemeHHe µ;eTexTopa oxaoanoc1, pa.BHhIH 
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uA = 0,09(1 + l/Ee(M0B))112, 'ITO He ycTynaeT peoym,TaTaM, p;ocTurHy

TLlX p;pyrHMH aBTOpa.MH p;rui: p;eTeKTOpOB MaJILlX paoMepoB. BLICOKHe na

paMep1,1 cBeToc6opa o6ecne'lHJIH nap;e2KHoe n - 'Y paop;eneHHe p;rul 0Hepruii 

Ee?:. 50i:aB. 

9 ... ~- .19CM I I 
NE213 

_J 
'-1 

·-
5 

u 
1· 

p 

2 

NE213 

PHc.4 •. Cxexa 01:cnepHMeHTMbHoi ycTaHOBJ:H WI.II HCClleJ\OB8HBJI MJ.0-J:&TMHOa B Aei

TepHH 6om,woi IDIOTHOCTH. 1-5 - c~~OHHJ,le AeTeJ:TOpLI, M - raooBaa 1:pHoreHHM 

MHUJeHJ,. 

Bpei.ieHHoe paopemenHe co6CTBCHHO CHilII 6LIJio Haimeno B cneI{Hanb

HhlX HOMCpCHH.IIX. Ouo onpep;eJI.HeTCll pao6pOCOM a.MillIHTYJ\ CHrHaJIOB Ha BXOp;e 

COOTBeTCTByxo~ero <f>opMHPOBaTellll H ODHCLIBaeTC.11 <l>YHXI{HCH paopemeHB.ll 

c IIIHpHHoii (FWHM) O't = 3,4uc. Koue'JHoe BpeMll npoJieTa Heihpoua OT 

MBIIICHH p;o p;eTeKTOpa n ero pao6poc npHBOi:µIT x cp;BHry nyrui: BpeMeHH H p;o-. 

IlOJIHHTCJll,HOMY ynmpeHBIO <l>YHK~ paopeIIICHH.11 Ha BeJIH'IHHY O'n = 5,6Hc. 

'I'axHM o6paooM, CJMMapHoe paopeIIIeH.He COCTaBJI.SICT !::! 7 He, 'ITO OKaoa

JIOCb BilOJIHC p;OCTaTO'lHhIM p;ll.SI Hap;e:lKHOro Onpep;eJICHH.11 napa.MeTpOB MIO

XaTaJIH03. peax~ CJOITeoa d + d npH Bhlcoxoi nJioTHOCTH p;eiiTepu (18), 

(19), (21). 
B WITOH r.nase paccMoTpeH1d ne1:0Top1,1e BonpocLI XHHCTHKH MIO -

:iaTaJIHOa, Hccncp;oBaHH1,1e aBTopoM B pa6oTax [14), (15], (16), [17]. CoBMCCTHO 

c·B.r: 3HHOBhIM 11 JI.H. COMOB1,JM 61,JJI BnepB1,1e Y'JTeH e<I><I>exT BJIH.llHH.ll 

BeJIK'IHHLI a<I><I>exTHBHOCTH perHcTpa.I{HH (t::) npop;yKTOB pea1:·~ -CHHTeoa 

MHoro~noBoro xaTa.mroa Ha xapaKTep -HX BpeMeHHLIX pacnpep;eneHuii. B 

'lacTHOCTH, p;u cny'la.R, xapaKTepuoyeMoro JIHIIIb cxopocThIO o6paooBaHHll 

WO: Monexyn ().~) H BepO.IITHOCTblO npmnmaHH.11 MIOOHa :K 'npop;yKTa.M peai:

~ c.HHTeoa (w) BpeM.eHHOC pacnpep;eneHHe nepBbIX oaperBCTpll})OBaHHLIX 
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co6LITnii peau:~nn HMeeT Bnp; 

00 

nr.cn(t) = t::E(l-f)k-1fA,(t) = CAm/().o + Am(t::+w-t::w)) 
k=l 

(7) 

rp;c /1,,(t) - BpeMe1rnoe pacrrpep;eneHne p;JU1 pea:KQHH k-ro QHKJia. <I>opMyJia (7) 

JIOJiy'leHa HCOaBHCllMO aBTOpOM p;HccepTa.QIIH II JI.H. COMOBbIM. Oua um

poKO BCJIOJiboyeTCll p;pyrnMH rpyurraMH npn o6pa60TKC 01:crrepHMeHTallbHLIX 

flaHHbIX, a BLipa:>KCJUIC ).l;JI.11 "CBCpTlrn" TIO O<pq>CKTHBHOCTH perHCTpa.QHH - B 

HCOaBHCHMhlX HCCJIC)\OBaHH.IIX BOUpOCOB KHHCTHKH MIO-XaTannoa. 

Kax BH)\HO no <f>opMyJibl (7), p;n.11 Haxo:>Kp;CHH.11 Bilp;a OaBHCHMOCTII tr:cn(t) 

neo6xop;nMo onaTb BLipa:>Ke11n.11 p;JI.11 fk(t), 'ITO B o6~eM cny'lae Tpe6yei

rpoMoOJ\KIIX BLI'lIICJieunii, cB.11oauH1>1x c pernenueM CIICTCMbl p;n<f><f>epem~n

an1>HLIX ypaBHeHHH p;n.11 'lHCCJI MIO-aTOMOB, COXpaH.HIOIQIIXCll K k-My QHKJiy. 

ABTop npep;JI02Irnn 6onee ITP.OCToii II 0<f>q>eKTHBHblii nyT1>. IIMCHHo - Bocnon1>-

00BaT1>Cll Bhlpa:>KeHneM p;JU1 BpeMenuoro pacnpep;eneHH.11 Bcex oaperucTpupo

BaHHblX co6blTHH F(t) = E~1 fk(t) (ouo He OaBHCIIT OT t::) H cp;eJiaTi. B JICM 

OaMeHy w --+ 1/ =r= f + w - fW: 

Jrr.cn(t) = t::F(w :_, 77;t) (8) 

3aMeTHM, 'ITO Bblpa:>Ke11ne )];JI.II" F( t) JIOJiy'laeTC.11 npn perneHHH OTHOCHTCJibHO 

npocToii {oa C'leT "oaMh!xanH.11" no perenepa.Qnn) cncTeMhl p;n<f><f>epenQnan:i,

HbIX YPaBHCHBii, n, X TOMY :>Ke, )\JUI MHornx KOHKpeTHLIX CJiy'laeB OHO cop;ep

)KHTC.11 B COTBeTCTBYIO~BX TeopeTH'lCCKHX pa6oTax. IlpoQep;ypa {8) 6LIJia 

BCilOJibOOBaHa HaMI[l B pa6oTe [16] P,ll.11 OilHCaHil.11 KBHCTHKB IlpOQecca MIO

KaTanHOa pea:s:nnn cnnTeoa d + t c y'leToM conyTcTny10~nx pea:s:nnii d + d. 

n t + t II nepexBaTa na npnMecn c Z > 1. 

C IlOMom:i,10 OToro :>Ke MeTop;a aBTOpOM IlOJIY'lCHO TO'lHOe perne1rne ):\JI.II 

<f>y111:ri;BB B·peMeHnoro pacnpep.enenH.11 neiiTpo110B no peaxQnii d+d KaTannoa 

B p;eiiTepirn c Y'JCTOM CflHHOBhIX Oq>q>e:KTOB [ 17]. II pn TeopeTB'lCCKOM pac:

CMOTJ)CHHH OTOH oap;a'lII (JI.If. Mem,wHJ:oB, JI.If. IIonoMapeB, T.A. CTpHJK
1 

M.11. · 

<l>aicf>Man, )K0T<I>, 1987, T. 92, c. 1173) 6LIJIO IlOJIY'lCHO JIBIIIb npn6JIH)KCHHOC Bbl

paJKeHne. ):\JI.II "npeMCHHoro pacnpep;eJieHH.11 lleHTpOHOB OT Bcex. QIIKilOB, B. TO 

BpeM.a: xax B onLITax paoJIH'lHhlX rpynn o6LI'lHo anannonpoBannc:i, cneKTphl 

/fr.cn(t). 3To o6CTO.llTCJlbCTBO OaTpyp;HllJIO xoppeKTHOe cpaBHeHne Teopnn H 

oxcnepnMeHTa. , 

lfo noniienHLIX aBTOpOM peoy~hTaTOB CJiep;yeT, 'ITO HCKOMOC pacnpep.e~ 

JICHBC BhlpaJKaeTCll, Kax H B Y:K~aHHoii pa6oT_e, B BHP,C cyMLI p;Byx 0KCilOHCHT 

ft"cn(t) = A6exp(-A6t) + A.,exp(-A.,t) (9) 
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H 'ITO Y'IeT e<p<fieKTHBHOCTB npHBOJJ.HT K ID3MeHeHmo a.MnllBTYJJ. OKCilOHeHT. 

Ha BeJ:UI'IHHY J\O 10%. HaiiP.eHHhle aBTOpoM BbipaJKeHWl J\lI.ll napa.MeTpoB 

. BpeMeHHOro pa.cnpej\eneHWl HeihpoHOB 6hIJlll npoBepeHhl c HCilOllWOBa.HBeM 

COOJ\a.HHoi aBTopoM YffHBepcanLHoi nporpa.MMhl Mop;enupona.mra npoqeccon 

MIO-KaTanIDJa H Hcnolll,OOBallBCI, B Ha.umx pa6oTax [18), [19J, [21) npH a.Ha.

llID3e axcnepHMeHTaJThHhlX p;a.HHhlX. 

IDecTall rnaea p;HccepTaqHH llBlI.lleTCJI KIDO'Ienoii: - B Hei coµ;ep:m.aTCJI 

peoym,TaTI,I BCCllej\OBa.HHH npon;ecca. peoOHa.HCHoro o6paooBaHBll MIOOHHI,IX 

MOnexyn µ;eiiTepH.11. B Ha'lane 60-x rop;OB B xoµ;e I\HKna BCCllej\OBaHHH MIO

aTOMHhlX H MIO-MonexyiapHhlX npon;ecCOB MeTOj\OM JJ.Hq>q>yoBOHHOB Ka.Mephl 

Mhl ID3MepHnH BLIXOJJ. peaK~ CHHTeoa (2-4) B µ;eii:TepHH Manoi IlllOTHOCTB 

(</> = 0,01-0,02) npB T = 240K H Ha ero OCHOBa.HHH HaIIIllB CKOpOCTh o6pa

OOBaHH.ll ddµ-Monexyn (2], (1) • Oxaoanoch, 'ITO IlOllY'IeHHwi Ha.MB peoyn1,TaT 

Ha nopaµ;ox BenB'IBHI,I npeBhllliaeT OHa'IeHBe, Haiip;eHHOe pa.Hee B OilI,ITa.x C 

nyohlpbKOBhIMll Ka.MepaMH (T = 20 K, </> = 1) (J.-Fetkovitch et al., Phys. Rev. 

Lett., v. 4, p. 570; J. Doede, Phys. Rev., 1963, v. 132, p. 1782) H npBMepHO B 20 pa.o -

TeopeTH'Iecxoe oHa'IeHHe, Bhl'DIClleHHOe B pa.MKa.x "cTa.Hp;apTHoro" o:m.e - Me

Xa.HIDJMa. B xoµ;e J\allhHeiimero BOY1IeHH.11 npo6neMLI Mhl, npoa.HanIDJHpOBaB 

pa.cnpej\eneHRll no "npo6era.M." dµ - aToMoB, Ha.IIJJill ce'leHRll HX ynpyroro 

pacceJIHHJl Ha. µ;eiTpOHax B YCTa.HOBJIJIJI, 'ITO B YCllOBBllX BCex pa.ccMaTpHBa

eMLIX OllJ,ITOB npoHCXOJ\HT 6hlCTpU ( << 1 me) TepMaJIBOa~ dµ - a.TOMOB. 

0TCD}\a. Cllej\OBano, 'ITO J\llll .lKBJ\KO}\eHTepBeBhlX K&Mep Cpej\Hllll OHeprWl dµ 

- a.TOMOB cocTrumana td,. = 0, 003 e V, a. J\llll Ha.IUHX OilhlTOB - td,. = 0, 03 e V. 

AHa.nBO CBTY~ npBBen Hae K OaKllIO'leHBIO O BOOMOlKHOM c~eCTBOB~ 

HeBOBecTHoro pa.Hee, peooHa.HcHoro no aueprim dµ - a.TOMOB Mexa.HBOMa. 06-

pa.ooBa.HBll ddµ - Monexyn. Bcxope 8. BecMa.HY yµ,anoCh Ha.HTB cxeMy TaKoro 

Mexa.mmMa, a oaTeM 61,mo Ha.}\elKHo ycTa.HoBneno (C.H. BBH~:ai, JUI. II0Ho-

11apes, H.B. Ilyoi:mBH z AP·, )K8T<I>, 1978, T; 78, c. 349) Heo6xop;HMoe ycnoBBe µ;ia 

8TOro. MexamroMa - cym;ecTBOBa.HBe B. CliICTeMe ddµ cna60CBllOa.HHoro ypo

BH.ll (J=V=l) . Ilocne 0TOro no6ne1m np.H:Moi nponepKB c~eCTBOBa.HH.ll 

peoOHa.HCHOrO Mexa.HBOMa. nyTeM BOMepeHH.ll .OaBBCBMOCTH Add!< (T) CTalla. 

OCTpo M:TYallhHOB. Ta.xue BOMepeHH.11 6LDJB BI,IIlOllHeHhl Ha.MB (3) Ha. OCHOBe 

MeTOWfXB (puc. 2), coop;aJIHOBJ\llll BOMepeHH.ll CKOpOCTliI MIO-OaxBa.Ta B BOJ\0-

poµ;e. PerBcTpHpOBanBCh HeiTpoHhl c OHeprueii En = 2, 5 MoB ID3 peax~ 

(2,3). YcTa.HOBKa MOJ\Bq>BI\HpOBanacb AU o6ecne'leHH.ll BOOM01KHOCTB ee BC

nonwoBaHBll B IIIHpOKOM TeMnepaTypHOM BHTepBa.ne (T ~ 100 - 400 K). B 

'lacTHOCTB, B o6na.cTB HBOIBX TeMnepa.Typ B Ka.'leCTBe "BffYTpeHHHX" ~

TB.IDI.llTOpOB Ha.M npmmIOCh npHMeHBTL opra.HB'leculi C~TH1IJJJITOP uo-oa 

peoxoro yYeHLmemu cBeTOBhlXoµ;a CsJ(Tl) npu ero oxnaJK}\eHBB. KpoM.e 
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Toro, B Tpurrepe He Tpe60Ba.n0Ch OTCYTCTBBe aneKTpoHa OT MIO-pa.cna.j\a.: 

Bhlllo npoBe}\eHo µ;Ba OilhlTa.: 1) c nna.cTB'ICCKBM CD;HHTBllll.H:TOpOM - npB 

T = 120 - 250 K H 2) c ~TBllll.H:TopoM GsJ(Tl) - npH T = 210 -

380 K. TeMnepa.TypHhle J\Ba.IlaDOHI,1 cne~aJThHO 6hllIH BOJITI,1 nepeKpLIBa.

IOID;BMBCJl J\llll nponepi:n BOOMOlKHhlX CBCTeMa.TH'IeCKHX norpeIIIHOCTeii, CBll

Oa.HHhIX C Bcnom,ooBa.HHeM nna.cTH'Iecxoro ~THlillllTOpB BHYTPB MBIIIeH:H. 

B Ka.lKJ\OM OllJ,JTe 6hlllO npOBej\eHO no nllTL oxcnoo~ c BOOTOilH'IeCKB 'IH

CTI,IM µ;eiiTepBeM c nnoTHOCTI,IO </> ~ 0;1. IlpBMephl }\ByYepHLlX pa.cnpe

µ:eneHHii "6hlCTpa.ll"KOMilOHeHTa. - nonHwi oapllJ\, xapa.KTepHOyiom;ue Ha.}\elK

HOCTh HHTepnpeTaqHB co6hlTHH BCClle}\YeMoro npon;ecca., IlpBBej\eHhl Ha pHC. 

5. 0HH J\a.Hhl J\llll OJ\HOro BO HeiiTpOHHLIX }\eTeKTOpOB B }\Byx "1tpaiiHHX" 

OHa'leHHH TeMnepaTyp B OilhlTe 1. 
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Pzc.5. lleiTPoH - r&IDla paclipl!AeJJeHJUI, HOMepeH111,1e B ~ oIC.Jioo~·oJtC

nepBKeHTB!1 [3]. 

Kax Bl B BOMepeHBllX cxopocTB MJO-oa.x:sa.Ta., HOpMHpoBKa. HeiTpoHHLlX 

6 -1 
co I,ITBB/OCyID;eCTBllllllacL Ha. COOTBeTCTByiom;ee 'IHClIO aneKTpOHOB OT pac-

na}\a HK>QHOB, OCTa.HOB1DllllllXc.ll B :ammeHJI, 'ITO IlOBLIIIIaeT Ha.J\excHOCTL Aa.H

m.IX J\U ~THOCBTeJILHOi Oa.BHCBMOCTliI >.dd,. (T). A6coJIIOTHLie OHa.'leJml[ Add,. 

6LIIIH nOJfY'leHhl c HCIIOll:LOOBa.HlleM pa.c'leTHoro OHa.'lemu aq>q>eKTBBHOCTH 

I 
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perHCTp~ HeiiTpoHoB H C Y'{eT0M Il0Tepb oa C'IeT Hcnom.oyeMbIX xpuTe

pueB OT6opa. 

Proym.TaTI,J BDMepeHui 13aBHCUM0CTH ).ddµ (T). IlpBBel\eHI,J Ha PHC. 6 ( C 

COOTBeTCTB)'IOW.eii nonpaBxoii Ha q>a:KTOp xanu6poBxu). Kax M02KH0 BUACTL, 

oHu xopomo cornacyioTC.11 c np~cxanaHrutMB . TeopHH, ocH0Ba1rnoi Ha pac-_ 

CMOTpemm pOOOHaHCHo:ro MCXaHUDMa o6panoBaHIDl ddµ - Monexyn u TeM 

Ca.MLIM IlOI\TBep2Kp;aroT ero CYII\CCTB0BaHue. OHH C0Bnap;aJOT Ta:K2Ke u c p;aH

HbIMH IlOClICAJR>II\HX MH0r0'IHClICHHbIX HDMepeHHH. 

-' u 
"' :E 

c; 
>, 

"' QJ 
c; 
0 
:E 
I 

-a 
-0 

0: 
:s: 
:r: 
Id 
10 
0 
M 
Id 
C. 

ID 
0 

.a ... 
u 
0 
C. 
0 

"' u 

- . 6 
l\ddf'"10 ::if 

:3' 

l 

200 

TeMneparypa [KJ 

_.o 80 Uo 

300 '4oo soo 

PHc.6: TeWiepaTypH8.ll Ba.BHCHMOCTL cxopocTH o6paoosamm ddµ - MOJieiyn. Haum pe

oylll,TBTLI np~CTa.BneHLI CHMBOllaMH: A.- HOMepeu.aa: (3] H x- OilLITLI (19] •. ,npyrHe A8JIHLle:o 

- CIHI.II<I>, • - ITCH, o- Jloc-AnaMoc. JlHHHa: - TeOpeTJr1ecI8.ll oaBHCHMOcTL. 

CnCAYI<>II\BH ~mn HCCll~OBaHHH npo~ecca peooHaHcHoro o6panoBaHH.ll 

ddµ - Monexyn 6bln BbIIlOlIHeH C HCil0llbl30BaHHeM xpuoreHHbIX MHilleHeii BbICO- ' 

xoro J);a.BJieHHJI (1,s·x6ap). AXTyaJILHocTL IDJMepeHuii c p;eiiTepueM Bblcoxoii 

IllIOTHOCTH (</>::: 1) onpel\eJI.11:llac1, Heo6xop;HMOCTI,R} npoBepxH cyn(eCTBOBa

HH.ll BOl3M02KHI,JX 0<p<pe:KTOB IllI0TH0CTH B proOHaJICH0M o6panoBaHHH M0Jiexyn 

ddµ. Kax oxananoci, yxanaHHble 0<pq>e:KTbl I\0MHHupyioT npu o6p_anoBaHHH 

dtµ. - MOJJeKyn, H All.II BX Ofu..RCHeHHJI npuBJie'IeHI,J TpH 0<pqlCXTa (mHpHHa 

peooHaHca, Bxnap; TpOHHbIX coµ;apeHui u HHTeHCHBHLIH nepexBaT MR>OHa 

Ha TPHTuii.BD 0006y2Kp;eHH1,IX COCTOJlHHH dµ -aToMa), <>I\Haxo cornaCHJI Te

opHH c OilhlTOM noxa He p;oCTHrffYTO. All.II p;eii:TepHJI 02KUAaeTC.11 BilllllHHe 

14 

num1, op;Horo <paxTopa - yp;apHoro ymHpeHH.ll prooHaHca, 'ITO cyw.ecTBeHHO 

y_npow.aeT HHTepnpeT~HIO. KpoMe Toro, p;ll.ll onpep;eneHH.ll aq>q>e:KTHBHOCTH 

M10oeeoro xaTamma peax~HH d+t B cMecu D2+T2 Bhlcoxoii nnoTHOCTH, T.e. 

B peMbHhlX YClIOBIDIX MeDOXaTaJIHTH'Iecxoro peaxTopa - B013M02KHOro HCTO'I

HHXa aeeprHH - Ba2KHO 6blll0 HaHTH H~nocp~CTBCHHO Bl3 OilblTa napaMeTpbl 

conyTCTByrow.ero npo~ecca d + d xaTanHDa. 

CxeMa ycTaHOBXH npej\CTaBneea Ha puc. 4. MJOOHhl perucTpuyroTC.11 p;e

TexTopaMH 1,2 TOpMOl3llTCll 13aM~llHTelleM Hl3 IlOlIH0THlICHa, DaTeM peru

CTPYIOTCll p;eTeXTopaMH 3,4 H nonap;aIOT B MHmeHL (M). AeTexTop 5 c nna

CTH'ICCXHM C~HTHlIJI.llTOPOM ~llHHp;pH'ICCl'.OH qiopMhl, oxpy2KaJOII\HM MH

weHL, npej\Haona'IeH p;ll.ll perucTp~u MJOOHOB (B :Ka.Hane perucTp~ ocTa

noBox) H OJ);ll0BpeMeHHO - J);JI.ll perHCTp~HH anexTpOHOB OT MIO-pacnaµ;a. Ero 

BbICOJ.:He cnexTpoMeTpH'ICCl'.He CBOHCTBa Il013B0JIHJlll - nyTeM BBep;ellH.ll no

pora B xaHane perHCTp~HH anexTpOHOB - p;HCXpHMHHHpoBaTL perucTp~JO 

HM HeiTpOHOB OT MR>-IaTaJIHl3a H proxo CHHl3HTb <pOH oa C'ICT yMeHLWeHHll 

Clly'Iaii:Hoi oarpyoxu p;eTexTopa. 

Nx1d'· 
16 

C!I 
0 
f, 
Qj 

II' 
u 
f, 8 
0 

5 6 
Ill 
:r 4 

0,1 

5 

0,2 (l3 04 0.5 o. 7 Eee,KeV 

,---
I \ 

I \ 

10 15 20 

K11Banbl 

Pac.7. AnnapaTypuoe pacnp~eneHae All.ll ueiTpouos c ouepr•ei E,. = 2, 5 MoB ao 

peal:~ CHHTeoa d+d, BOMepeHHOe B OJ:CfiOOB~ C lKHAIHM µ;eiTepBeM. CnnoWH8.ll lIHHBJI 

- 11awa pac"leTLI (17) AlIJl 1tOH1tpeTHLIX ycnosai OilLITOB (18], (19], WTpllXOBM ·lIHHB.11 -

BLl~ClleHB.11 (17] WJJl "ronoro" ACTeITopa (6eo Y"leTa µ;eiTepB.11 a CTeHOI MHWCHH). 

Oc~oBy p;eTeiiTupyiow.ei cuc.:reMhl cocTaBJlllJI cneupoMeTp HeiTpoHoB 

nonHoro nornow.eeHJI. Ha puc. 7 noxaoaH aMilJIHTyp;HhIH cnexTp 11eihpoHOB 

HD peaxqui (2,3), oaperHCTJ>BpOBaHHhlH cnexTp0MeTp0M HeiiTpOHOB ~ OJ\HO_B 
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- ID3 OKCIJOOHD;HH C µ;eiiTepueM BhlCOKOH IlllOTHOCTH. KoMIJaKTHa.ll reoMeTpH.ll 

OII.blTa ( TeJieCHhlH yron µ;eTeKTOpa n ~ 70%) BMena CBOBM rrpe11Myll\eCTBOM 

oTHOCHTeJILHO Man.LIB Bxnaµ; q>oHa, o6ycnoBneHHoro cnyqauHoi oarpyoxon 

Heii:TpOHHoro crreKTpoMeTpa. B xaqecTBe TpHrrepa HCIIOllbOOBallOCh ycno

BHe Hall~H.ll ClITHallOB OT HenTpOHH?rO (n) H onexTpOHHoro (e) µ;eTeKTO

pon B TeqeHHe BpeMeHHhlX BOPOT 10 MKC, oarrycxaeMhlX CHrHanoM OCTaH_O

BKH MIOoaa. IlapaMeTphl MIO-KaTanIDJa Haxoµ;mrncL IDJ aHanooa. BpeMeHHhlX 

crrexTpoB HenTpOHOB ID3 peMD;HH (2,3). _ 

~eJILIO rrepBOH cepHH OIJhlTOB 118], [19] 6LIJIO HOMepeHBe CKOpOCTH 06-

pa.ooBaHH.ll ddµ, - MOJiexyJI 110 Hmrrnero cocTOllHH.ll CTC dµ,-a.ToMa. - ,\}~!
.Il:Jlll OTOro µ;ocTa.ToqHo 61,1no perHCTpHpOBa.TL TOJILKO Meµ;neHHYIO ( ~ 1 MKC) 

KOMIIOHeHTY crreKTpa. (9), a.MIIJIHTyµ;a. KOTOpon orrpeµ;eJI.lleTCJl "steady state" 
cxopocTLIO o6pa.ooBa.HH.ll ddµ,-MonexyJI - ,\cldµ: 

dNn/dt = fn{Jef>,\cldµexp(-,\t), (10) 

rµ;e ,\ = Ao + Aif.dµ/3</>{fn + Wtf. - fnWtJ.). Ilepexoµ; OT HOMepeHHoro oHa.qeHH.ll 

Ad.tf.µ K BeJIHqBHe • ,\¼! OCJil\eCTB1lllJICJl Ha. OCHOBe aHanBoa., rrpoBeµ;emmro a.B

TOpOM B pa.6oTe 117] (ma.Ba. V µ;uccepTa.IJ;HH). lfoMepeHH.ll 6hlJIB BLIIIOJIHCHhl 

c .>KH)J;KHM µ;eiiTepHeM ( </> = 1, 2, T = 20 K) H c ra.ooo6pa.oHLIM µ;eii:TepBeM -

(</> = 0,367, 0,884) IIpB T = 49, 74, 120 B 300 K. To"IHOCTL HOMepeHBH co

CTa.BHJia. 5-7%. B OTHX rrpeµ;eJiax oHaqeHH.ll AtJ.tJ.µ(T), :ua.iiµ;eHHLie Ha.MIi rrpu 

p;Byx OHa'ieHH.llX IIJIOTHOCTH, OTJIHqaJOII\HXCJl n 2,4 pa.oa., corJiaCYJOTCll MClK)J;Y 

co6on BO BCeM 11ccneµ;onaHHOM HHTepBane TeMrrepaTyp. PeoyJILTaTLI rrpeµ;

CTa.BneHLI Ha pnc. 6 BMecTe c p;aHHLIMH PSI (</> = 0,02 H 0,04) H CIIlUl<I> 

( </> = 0, 1 ). MolKHo BHµ;eTL, qTo nee OHH xopomo cornacyIOTCJl MelKµ;y co- • 

60:i H C BLrIHCllCHHllMII, BhIIIOJIHeHHhlMH Ha 'ocHOBe Teopim peooHaHCHoro 

o6pa.oona.HIDI MOJiexyn ddµ. 
Cpeµ;u napa.MeTpon MIO-KaTannoa. B µ;eiTepim cxopocTL o6pa.ooBa.Hllll ddµ-

. · 3/2 
MOJiexyn ID3 cocTo.niIH.ll dµ-a.ToMa. co cnunoM F = 3/2(,\d.d.,.) rrpeµ;cTa.nIDieT 

OC06LIH HHTepec. lIMeHHO OHa Kpa.BHe qyBCTBHTeJILHa K OHaqeHllIO OHeprlIB 

ypon·H.!l B CHCTeMe ddµ, H BMeHHO p;ll.ll nee o.arnµ;aeTCJl npo.HBnenue yµ;apnoro 
ymupeHB.ll peooHa.Hca. IloaTOMY Ha.MB 6LillH npeµ;rrpHH.!lThl cneD;Ha.JIJ,HLie ycu-

JIIDI µ;JI.1I onpeµ;eJieHH.H ~a.BBCHMOCTH ,\;¾! (T). MeToµ;uqec:KB aTo oouaqano ~ ' 

Hap;e.lKHO perucTpHpOBaTL 6blCTpyio KOMilOHeHTY npeMCHHoro cnexTpa (9). 
IlyTeM onTHMaJILHoro rrpulieHeHH.ll xpuTep11en oT6opa cci6LITHH Ha.M yµ;aJiocL 
Bhl)J;eJIHTL yxa.oaHHYIO KOMilOHeHTY H c xopomeii ToqHQCTLIO (5% )J;JI.ll HBOXHX 
TeMnepa.Typ) orrpeµ;eJIHTL ee Haxnoii (20] y.HCe p;lI.ll p;a.HHLIX-uoMepeHri (18], 
119]. PeoyJILTaTOM nocneµ;yroll\ero a.HanHOa rrpo6JJ:eMLI 6w10 BHeceHHe He-

- 0 6XO]\HMhIX IDJMeHeHHH B IIOCTa.HOBKe' 0KCilepHMeHTa, C KOTOpLIMH B. 6LlllH 

rrpoBe;qeHLI cneD;Ham.HLie IDJMepeHB.ll' 121]. '0HH 6LillH. BLIIlOlIHCHLI IIpH TeM
nepaTypa.x T = 22 K ( </> = l, 18); T = 48, 80, 91, 105, 120, K ( </> = O, 88) B 
T = 162, 205K(</> = ·0,50). IlpHMep npeMeHHoro pacnpeµ;eneHH.11 HeiiTpo-
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HOB, HOMepeHHhlH n axcnooBD;HB c lKH)J;KHM µ;eiiTepHeM (T = 22 K), noxa~ 
OaH Ha pHC. 8. MolKHO BHµ;eTL QTqeTllHBO BLipa.lKeHHYJO )J;ByxKOMilOHeHTHYJO 

CTPYKTYPY OTOro cneITpa B COOTBeTCTBBH C ero O.>KHµ;aeMLIM xapaxTepoM 
COrllCHO q>OpMyne (9). . 

540 1 1
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Pxc.8. BpeMeHHOe pacnpCAeneHHe HeiTpoHoB BO pe~ CHHTeOa d + d, BOMepeHHOe 

B 0EUOO~H C lKBAl:IDI ACBTepBeM B Onl,ITIIJI: [21). JlimBa - O311.BCIDIOCTb BBA8 (9) C 

OUTHM8libHHMll napaMeTpaMH, HUACHHIDDI BO q>HT3. 
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Pac.9. Peoym.TaTH BDMepeH.Bi: BeJlll'IIIH .\~! H .\~ B Oa.BHCIDIOCTB OT Te10iepa-ryp1,1 

AeiTepu:. To'IJ:B: •- HBUJI[ A8HHHe [21), 0 - JIDMCpeHBII rpynm,i Beu.ncu:. . 

,I(aJIHLie o :semrnma.x ,\:¾! B "¼! 6LDIH nonyqeHI,I :m a.Ha.mm& Heii:TpOH-
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Hh1X BpeMeHHhlX cnexTpoB; npoB~eHHOro B COOTBeTCTBHH C Hamei pa.6oToi 
[17]. Peoym,TaTLI np~CTaBlleHI,I Ha pHc. 9 BMeCTe c J:\aHHLIMB BOMepeHBH 
rpynn1,1 BeHa-IICH, BLIIlOJIHeHHLIMH npu cy~eCTBeHHO MeHLWHX oHa':leHB.IIX 
IIlIOTHOCTB ]\eii:TepH.11 (<I>= 0,02 u </> = 0,04). Kax BB]\HO BO pHcymca; µ;nil 

oaBBCHMOCTH >-¼!{7-')_uMeT MecTo npe:1:pacHoe coBrraµ;eHue eTBX p;Byx tta.60-

poB p;aHHh1X xax MelK]\Y co6oii, Tax u Teopuei (Faifman M.P., Muon Catalyzed 
Fusion, 1988, v. 2, p. 247; Fa.ifma.n M.P., Menshikov L.I., Strizh T.A. Muon Catalyzed 
Fusion, 1989, v. 4, p. 1.). 

)J;JI.H OaBBCHMOCTH ).~~2{T) Ha6JIIOAaeTCll HeXOTOpoe pacXOlKAeHBe HanIBX a.a.µ • 
;qa.HHh1X c peoyHLTaTa.MB rpynnLI BeHa-IICH. 0Ho npo.llBJI.HeTc.s: 6ollee OT':le-

TJIBBo, eClIB np~CTaBBTL o6a Ha.6opa B BB;qe OTJIOIIIeJIBH ).3/ 2 / ,\ 1/ 2 B TeM ca-

. MLIM npaxTB'IeCXH IlOlIHOCTLJO BCXJIIO'IBTL CHCTeMaTH':lecxue norpelllHOCTH. 

0AHaxo, o6a Ha.6opa J\aHHh1X JIDMepeHBH - All.ll Manoi B 60lILIIIOii IIlIOTHOCTB 

YAaeTC.S: corJiacOBaTL MelK]\Y co6oi, ecnu nplIH.llTL BO BHBMaJIBe eq>q>eXTLI 

IllIOTHOCTB, o6ycnoBJieHHLie YJ\apHLIM y1IIHpeHHeM peooHanca. PeoyJILTaTLI 

COOTBeTCTByic>~ TeopeTH'IeCXBX on;eHOX (JI.H. MeHLIIIBXOB BM.II. <t>au

q>MaH) noxa.oaHLI Ha puc. 9 IIITpBXOBOH JIBHBeii. 

Ho J\pyrux peoyJILTaToB .a.Jianuoa OTMeTHM cneAytOmue ABa. 

1) Ho cpaBHeHB.11 excnepBMeHTaHLHh1X BpeMeHJih1X cnexTpoB c annpoxcBMB

pyro~eii q>yHxquei, B XOTOpoii BapLBPOBananacL c:xopoCTL peaxlUIH CBHTeoa 

d + d, cneAyeT, 'ITO BpeM.ll lKBOHB XOMIIJie:xca He npeBLIIIIaeT 1 nc. 

2) A6coJIJOTHa.ll :xanu6poB1m nyll.ll BpeMeHB HeiiTpOHHoro ACTe:xTopa nyTeM 

perBCTPalUIH MeoopenTreHOBC:Xoro BOJiyqeHB.ll BO CTeHO:X MBIIIeHH ]\aJia HaM 

BOOMOlKHOCTI, on;eHHTI, BpeM.ll TepManHOalUIH dµ-aTOMOB OT Ha':laHLHOH 0Hep

.rHH E
1

!:::!. l eVAo eHeprri E !:::!. 0,02-0,03eB. CornacHo HaIIIBM on;eH:&aM, eTo 

BpeM.ll He npeBLIIIIaeT 2 HC. , 

CeALMM rnana nocB.ll~eHa uoy11eHBJO CIIBHO.BLIX COCTO.llHHH MJOOHHLIX 

aTOMOB . II MOJie:xyJI; 06oCHOBaJIO npHMeHenue HeTpaAHIUIOJIHOro MeTOJ\a -

BOMepeHB.11 noll.llpHOalUIH OTpun;aTeJILHLIX MJOOHOB B BOAOpo;qe (Pµ). 'Ero 

npeHMy~ecTBO - BOOMO.:lKHOCTI> nony11eHB.ll HeoaBBCBMoii HHq>OpMalUIH o cnu

HOBh1X COCTO.llHB.llX MJO-aTOMOB. HoMepeHB.ll noll.llpHOalUIH MJOOHOB B CMeC.llX 

HOOTOnoB Boµ;opoµ;a B IlpHHD;HIIe nooBOJI.HeT onp~eJIHTI, cxopOCTI, nepexBaTa 

MJOOHa BO Boo6y.:lKp;eHHh1X COCTO.llHBH MIO-aTOMOB OT 6oJiee Jier:xoro BOOTOna. 

BOAOPOAa :x aTOMY 6onee T.IUKeHOro BOOTOna [23], 'ITO Ba.:lKHO p;ll.H pemeH:U 

npo6JieMLI oacelleHHOCTH OCHOBHh1X COCTO.llHBH 0TBX aTOMOB (T.H. npo6neMa 

q15 B MJO-xaTanuoe). Ho on;eHo:x aBTopa Cllej:\YeT, 'ITO B CMecu 0,2D2+0,8H2 

npH ;qaBneHHH cMecu 80 6ap oa c11eT yxaoaJIHoro npon;ecca nepexnaTa o.:lKB

µ;aeTc.s: TpexxpaTHOe YBelIH'IeHBe noll.HpBOalUIH no cpaBHeHBJO C ee "napqu

alILHLIM" oHa'IeHBeM 0,2Pµ(D2) {oAeCL Pµ(D2)- noll.llpHOan;iu B ;qeiTepHB). 
BeJIB1IHHa Pµ(D2) 6LIJia HOMepeHa HaMB B onLITax [22] Ha q>aooTpoHe 

OH.HH c raooBoi MHIIIeHMO,. OaIIOlIHJlBIIIeiic.s: ;qeiiTepueM npH p;aBlleHHB 10 
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6ap. MHIIIeHL noMe~anacL BHYTPB MarHBTa, cooµ;aro~eroe none BeJIH'IHHoii 
200 Oe, · HaIIpaBJieHHOe no HOpMaJIB x OCH nyqxa MJOOHOB. ,IJ;rui BLI;qelleH:U 
OCTaJIO.BOX MIOOHOB B ra.oe ucnoJILOOBaJiaCL cnexTpOMeTpu11ec:xa.ir: HHq>OpMa~ 
D;B.ll OT ABYX nonynpoBOJ\HlI:XOBLIX µ;eTeXTOPOB, pacnOlIO.:lKeHHh1X BHYTPB MH
IIIeHH (?.teTOA paopa6oTaH rpynnoii MH<t>H). AHanBOBpOBaJIBCL BpeMeHHLie 
cnexTpLI Olle:XTpOHOB, perHCTpHpyeMLie CD;BHTHllll.llqBOHHLIMH ;qeTeXTOpaMH, 
pacnoJiolKeHHLIMB Boxpyr MBIIIeHH. Kax 06LI1IH0 B MeToµ;e µSR, onp~e
ll.lllIBCL aMillIBTYJ\a (a) lI ':laCTOTa npen;eccuu (w) CIIBHa MJOOHa. Ha nep
BOM OTane aJiaJIBOa cxopOCTL µ;enoll.llpBOalUIH 'Yd oa C'IeT CIIBH06MeHHh1X 
COYJ\apeHHii dµ-aTOMOB · c ;qeiiTpOHaMB nollaranacL paBHoii HyJIIO. Peoym,
TaTLI "11aCTOTHOro aJiaJIBOa" IlO:XaDaJILI Ha puc. 10. MolKBO BB;qeTL, 'ITO 
BMeeTCll OT'ICTJIBBO BLipa.:lKeHHLIH IIH:X p;ll.ll BelIH'IBHLI eq>q>eXTB.BHOH aMIIlllI
TYJ\LI npen;ecCHH a npH O.:lKHAaeMOM (All.ll .BepXHero CilBHOBoro COCTO.llHB.ll 
dµ- aToMa) crna':leHBH w = 5, 1 paµJM:xc. Y11eT µ;enoll.llpuoan;HB npB.Bop;uT 
x OHa'IeHRIO a = (1,83 ± 0,53) %, <[TO COOT.BeTCTByeT BelIB'IBHe noll.llpuoa
D;HB Pµ( D 2) = (7, 2 ± 2, 1) %. 0Ha cornacyeTCll c TeopeTB':lecxHM 0Ha11eHueM 
Pµ(D2)Teop = 8 - 9%. 
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Pac.10. OnTHMBJ11>HL1eoHa'leHu ~eJ:TBBHoi aMJJJIBTYALI npen;eccaa (a) a cooTBeT
CTBYD~e 0Ha'leHHJl BelIB'IBHl,I X2 B 011.BBCBMOCTB OT '18CTOTH npen;ecCBH, . 

,D;ll.ll cxopocTu µ;enoll.llpuo~u nonyqeHa on;eHi:a 'Y~ = {4±2)-107 c-1• 0Ha 

HaxOABTCll B cornacHH C 1\aHHLIMH 1\ll.ll CXOpOCTB 'Yd, nepexop;OB MeE]\Y _COCTO

.llHB.llMB CTC dµ -aTOMOB, HaHJ\eHHLIMB BO aJianBOa· .BpeMeHHLIX pacnpeµ;eH~ 

HRi.Heii:TpOH~B OT peaxn;uii (2,3) ~BHT~a d+d. 8TB peoym,TaTLI IlpBB~eHLI 
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Ha puc. 11. llo pucyHia CJiejzyeT, 'ITO HaillH p;aHHhle p;ll.ll IlllOTHOCTH </> ~ 1 

xopomo cornacyioTCK c peoym,TaTa.MH HoMepeHHH rpyIIIJl,l BeHa-IICII, Bhl

nomieHhlMH npH Ma.JIOH IlllOTJI0CT:U: µ;eiiTepWI </> = o; 02 u o, 04. B TO lKe BpeMll 

excnepHMeHTa.Jil>Hhle p;aHHI,Je nnoxo cornacyIOTCK C Bhl'lHCJieHWIMH, Y'lHThlBa

IO~H )'BenH'leHHe cxopocTH nepexoµ;oB Fdµ. = 3/2,--c+ Fdµ = 1/2 oa. C'leT 

,pacnaµ;a. xoMnnexca [(ddµ),d,2e]. IlpH'IHHa eToro pa.cxo2Kp;eHWI noxa. ne no-

H.llTHa. 
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Pzc.11. 8H1~'leHu c1:opocT11 nepexoAa MeJK)O' cocTOJIHllJDOI c11epxToH1:o:ii: CTPYITYPbl 

dµ - llTOMOB B OaBIICllMOCTH OT TeMnepaTypLI Ae:ii:Tepu. CllMBOJlbl: * -HII.WH JIDMepe

HHJI (20], (21), O - peoym,TaTu rpynrru BeHa - ITCH. illTpHXOBWI mmRS - pac'leTbl WIJI
1 

CJ.OpOCTll YJ:1133.HHLIX nepexOj.\OB B CIIllJI-06MeHHblX cornapeHBJlX dµ + d, CIIllOWH81l JlllHBJl 

- TO JKe c y'IeTOM EDMeHCHlillI CmIHOBLIX COCTOJIHHi dµ- 11.TOMOB npH o6paTHOM pacJiaAe 

i:oMmrei:ca [(ddµ),d,2e]. 

B 0a.K_JIIO'leH.He rnaBl>I aBTOp npOBOp;HT pacCMOTpeHHe BOOM02KHOCTeii npe

IQIDHOHHoro onpeµ;eneHRll 1meprHH CBepXTOHKoro p~enneHIDl B MIOOHHhlX 

a.TOMax H MOJICiynax. llo Haweii pa60Tl>J [24] cnei\YeT, 'ITO BhlCOKaJI CKO

poCTI> CilHH06MeHHhlX coma.peHHH H µ;onnepOBCIOe ywupeHHe JIHHHH .llBJIJl-. 

IOTC.ll q>aKTOpa.MH, npHHI(HilHanl'>HO orpaHH'lHBa.IOII\HMH yxaoa.HHl>Ie BO0MOlK

HOCTH. Moll\HOCTI> Jiaoepa., Tpe6yeirn.!l J:\ll.ll oa.MeTH0ro HOMeHeHWI oa.ceneH

HOCTeii COCTO.llHmi CTC MIO-aTOMOB Oiaol'>IBaeTCK Ha ypOBHe npep;enl>HO. µ;o
nycTHMOH. ABTOp µ;ucepTaquu o6paTun BHHMaHHe Ha To, 'ITO f\JJ.ll MIO0HHhlX 

M0lleiyJI yxaoa.HHl>Ie orpaHH'ICHWI npaKTH'lCCKH OTCYTCTBYJOT - 'CilHHOBhle 

COCTO.llHH.ll MIOOHHhlX M0Jieiyll llll.llIOTCK MeTacT6Hlll>HhlMB, a. p;onnepOBCKaJl 

mupBHa yYCHI>maeTCI[ µ;o paoMepoB ecTeCTBeHHHOH illHpBHl>I B coyµ;apeHH.llX 
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MeooMone.1yru1pHhlX KOMJinexcoB c MOJiexyJia.MH Boµ;opoµ;a. IlpoBeµ;eHHe cooT

BCTCTBYI<>II\HX HOMepeHmi Ba.2KHO He TOJil>KO p;JI.ll cnexTpOCKOilHH ypOBHeH _Me-

0OMOlleKyJI, :uo H OTKpl>Ino 61>I HOBhle BOOM02KHOCTH µ;ru1 uoyqeHH.ll CDHHOBOH 

oaBHCHMOCTH peaxqHii µ- + p --+ n + Vµ. H p + d --+ n + 'Y. · 

PE3YJibTATbI H BhIBO)J;bI 

1. 8:s:cnepHMCHTaJil>HO 06Hapy.:llteHO H HOY'JCHO JlBJICHHe peoOHaHCHoro 06-
paoOBa.HH.ll MIOOHHhlX MOJieKyll p;eHTCpH.ll. 8TO. OTKpl>ITHe .l[BHHOCI> Ba.EHl>IM 
KlllO'leB.blM q>aKTOp0M - OHO BOOpop;HlIO BHOBI> 6om.moi BHTepec x excnepH
MCHTanl>H.blM H TeopeTH'leCIHM HCCllElp;OBa.HH.llM no MIOOHH0MY KaTanHOy. 
2. IloJiyqeH 0µ;HH uo ~Byx CYfi\CCTBYJOJqHX B MHpe peoynI>TaT0B no HO-' 
MepeHHIO CIOp0CTH q>yup;a.MeHTanl>HOH peaxqHH CJia6oro BOaHMOp;eicTBH.ll 
- MJO-0axBaTa npOTOHOM B raooo6pa13HOM BOp;opop;e. O6a peoym,TaTa, no
JiyqCHHl>Ie C Il0MOfi\1>10 paolIH'lHhlX MeToµ;n, corna.cyioTCK_ C TeopHei, 'ITO 
IIOOBOlIJICT cµ;enaTI> 0aKlllO'leHHe O Cilpa.BElp;lIHBOCTH OimcaHBJl npon;ecca MJO-

0axBaTa B pa.MKax V-A yuHBepcanI>Horo CJia6oro BOaHMop;eicTBH.ll c cooTBeT
CTBYJO~ yqeTOM HHµ;yqHp0BaHllliDC BOaHMop;eicTBmi - rrceBp;OCiall.llpHoro 
H CJia6oro MarHeTHOMa. · 
3. BnepBl>Ie HllMepe:Fia TeMIIepaTypHa.si: OaBHCHMOCTI> cxopocTei o6paooBa
HH.ll Monexyn ddµ . HO paoJIH'lHhlX cocTo.llHHH CBepxToHxoi cTpyxTypLI dµ
aToMaB µ;eiTepHH C OTHOCHTenl>HOH nnoT~0CTLJO </> !:!! 1. IlOJiyqeHHl>Ie pe
oym,TaTI,J cornacyioTCK C COBpeMeHHl>IMH pac'leTa.MH Ha OCHOBC peoOHaHCHOH 
Teop1m, yqHTl>IBa.IOfi\CH yµ;apHoe ymHpeHHe peoOHa.Hca, H rrop;TBeplKp;aJOT BLI
IIOJIHeHHl>I~ C yqeTOM PeJI.llTHBHCTCIHX nonpaBOK IlpeIQIDHOHHl>IC Bl'>I'lHClleHH.ll 
01Ieprim CJia6oc1uu~a:irnoro ypoBH.ll B CHCTeMe ddµ. . · . · · 
4. BnepBhle imMepeHa TeMnepaTypHa.K 0aBHCJWOCTI> CIOp0CTH nepexOJ\a 
MelKp;y COCTO.llHWIMH CBepXTOHKOH CTpyxTypl>I dµ-aTOMOB B µ;eiiTepHH BI,J
COKOH .nJI0THOCTH (</> !:!! l) .. Peoym,TaTl>I coBrrap;a.IOT c p;a.HHl>IMH HOMepeHmi 
0TOH BemrmJII,J B µ;eiTepHH Manoi mI0THOCTH H IlJIOXO cornacyioTC.ll C Teo
pHei, yqHTl>IBa.IOfi\CH H8MeHCHHe CilHHOBoro COCTOJIHR!l dµ-aTOM.a He TOJil'>KO 
B CDBH- o6M.eHHl>IX coyµ;apeHlllX, HO H npH o6paTHOM, pacnaµ;e MOO0MOJiexy
JJ.llpnoro KOMJillexca., coµ;eplK.afi\ero MOJICKYJIY ddµ. 
5. PaoBHT0 HOllOC HanpaBlleHHe HCCllej:\OBaHHH; crumami:oe c HOMepeHHeM. 
OCTaTO'lHOH IIOJJ.llpHOaquu OTpuqaTem.Hl'>IX MJOOH0B B raooo6paoHOM B0p;O
poµ;e, µ;eiTepHH H BX CMeCH, H yxaoauo Ha ero Ba.lKHO_CTI> p;mI' HOy<ICHHJl, MD-
0axBaTa H MIO- K&TaJIHOa. IlpoBep;CHl,I rrepBl>Ie JilllMepeHH.ll OCTa.TO'lHOH no
ll.llpHOaqHH MJOOH<>B B ranoo6paoHoM Bop;opoAe H AeiTepu· npu µ;a.mreHHH 40 
6ap. BnepBl>Ie oaperHCTpHpOBaHa HeHyneBa.si: IlOll.llpHIJan;Rll OTpuqai:rem.HhlX 
MDOHOB B raooo6paoH0M Aeii-epim npH p;a.BlleHHll 10 6ap •. ·. .· . 
6. Ilpeµ;JIOJKeH peoOHa.HCHl>IH MeT0A HOMepeHH.ll BeJ1H11HH1.I CBeJ)XTOHKoro 
Pacfi\CIIJieHH.ll B MIOOHHl>IX CHCTeM:ax ppµ H pdµ H noxaoaua ero npHHqH
IlHaJil>Ha.s[ peammyeM0CTI>, 'ITO OTipl>IBaeT H0BLle BOOM01KH0CTH · p;IDI npe
IQIDHOHHOro onpep;eneHH.ll pEµI.l[THBHCTKHX e4><l>eITOB. B CRllOaHHOH CHCTCMe 
Tpex Ten, a Ta.IlKe AD HOyqeuu CDHHOBoi 0a.BHCHM0CTH c1:opocTei peax-
quii Jr+ p--+ n + v11 Hp+ d-+ 3 He+ ,y. -. . ·.. ·. 
7. BnepBl>Ie peammoBa.H 01:cnepHM:eHTam.m.rii Me'l'OJ\ HCCJieAOBa.HllJlllpOI(eC: 
COB JoD?(>HHoro IaTamma,OCHOBaHBI,JH Ba perHC:Tpa.I(ml HeHTpOHOB C HCil0JIL-
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OOBaJIHeM raooBoi MHIIleHH H ~THllllllllHOHHLIX µ;eTe:1:TopoB. MeToµ; Ha
men illHpOXOe npHMeHeHHe B MllpOBOH npaxTHXe. 
8. BnepBLie peammoBaJI H HCilOlILOOBaJICJI B pllj:\e axcnepHMeHTOB CIUJHTHJI
~OHHLIR cnexTpoMeTp HeiiTpoHoB "rrrurnoro rrorn:oll\eHu" c pexopp;H.bIMH · 
a.MIIllHTYJµU,IMH xapaxTepHCTHKaMH H a<f,q>e.KTBBHLIM ue:iiTpoH-raMMa paoµ;e
lleHHeM. 
9. BrrepBLie npeµ;ooxeu u peammoBaJI acfxI>exTHBHLii crroco6 xoppexTHoro 
HOBn:e"<JeHHll rrapa.MeTpOB npou;ecca MH02K.eCTBeHHOfO MIOOHHOro xaTan:Hoa HO 
p;aHHLIX HOMepeHHi BLIXOµ;a H BpeMeHHLIX pacrrpej:\eJieHHi peaxI(Hi xaTamma, 
perHCTJ>HPY~ c xoHe"<IHoi aq><J>exTHBHOcTi.:ro. Peoym.TaT rron:y-qan MHJ>O
Boe npHOHaHHe H illHpO.KO HCilOlILOyeTCJI paon:H"<JH.bIMH rpynIIaMH. . . . ·. ·• . 
10. Bnep»Lie rionyqeHLI pemeHB.ll ypa1meHHi IHHeTHKH rrpou;ecca MIOOHHoro 
xaTanHOa B i:teiiTepHH C y-qeTOM CIIHHOBLIX acfxI>e.KTOB H. l'.OHe1rnoi acpcpe.KTB
BHOCTH perHCTpau;HH Ilp01{Yl'.TOB peaxI(Hi xaTamma. Peoym.TaTLI BCIIOlll,
OOBan:HCb npH HOy-qeHHH CilHHOBLIX aq><pe.KTOB B peooHaHCHOM o6paooBaJIHH 
ddµ- Mon:exyn: B IlOOBOllllIOT DJ>OBeCTB npeu;HOBOHHOe cpa.1meHBe axcnepHMeH
TanbHLIX j:\a.HHLIX C Teopuei. 
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