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Duh-, 19~1 

BBeneHile 

!1 aBeCTHD, qTo µ + - Me30llbl He BXO/lSIT B C0CTaB BemeCTBa. 3TH 

qacTHUbI rronyqaroT "ncKyccTBem10" Ha ycKopnTenHx. BMecTe c TeM nx 

llCIT0IIb30BaHile /lIISI nayqe!IIISI CBOHCTB BemecTBa cynnT 6onhwne rrpeIIMy

mecTBa. TTpnqnHa aaKnroqaeTCH B TOM, qTo rronyqaromnecH Ha ycKopIITene 

rronHpH3QBaHHbie µ+ - Me3□Hbl HBnHI0TCSI 'MeqeHblMH" qacTI1UaMI1, aa rro

m1pnaauneii II HarrpaBneHileM CIIHHa K0T0pb!X B BemecTBe M0lKH0 cne/lHTb, 

Ha6nronaH acnMMeTpIIID yrnoBoro pacnpeneneanSI sneKTp□HoB µ ➔ e pacnana. 

. + 
BoaMO>KHOCTb cnenUTb 38 HanpaBneHHeM CITil!Ia µ - Me3□1Ia Il03BOIIHeT 

SKcnepIIMeHTanhH0 Il3yqaTb pa3nilqHbie scpcpeKTbl sneKTp□Maf'HllTHbIX B3aHM0-

lleiicTBilii ST0ii qacTllUbl B BemecTBe. TaKHM o6pa3oM, MOlKH0 onpenenSITb 

CKOP0CTH XIIMnqecKIIX peaKUHii B0/l0p0/llI0f'0 aToMa MID0IIHSI ( µ+ - Me30H II 

sneKTpoH), noKanhHhie MarHHTHbie nonH B BemecTBe, napaMeTpbI MoneKyn, 

B cocTaB K0T0pb!X BX0/lHT MIDOHHH H np. 

B ST0M coo6meHHH Mb! OCTaH0BHMCH Ha llBYX B□npocax IICIT0nb30B8HHSI 

µ + - Me30H0B /lnSI Il3yqeHHSI CB0iiCTB BemecTBa: I/ onpeneneane qaCT0Tbl 

CBepXT0HK0f'0 pacmenneHHSI OCH0BH0f'0 COCT0HHHSI aT□Ma MID0HIISI B BemecTBe 

MeT0/l0M /lByxqacTOTHOii npeueCCIIH n 2/ orrpeneneHne KOScpqlllUileHTa /lil!p

cpyann µ + - MeaoHa B BemecTBe. 
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1. lJacToTlf caepxToHKoro pacmerrnemrn MIOOHlrn 

B BelUeCTBe 

B pa6oTe'onpenengnach '!acToTa 

t!v 
16 µ•µfl 

3rrfia 3 

/}/ 
CBepXTOHKOI'O pacmennemrn OCHOBHOI'O COCTOHHUH aToMa MIOOHUH B 

( 1) 

BemecTBe, 3nech µ 
0 

U µ µ - MaI'HUTHb!e MOMeHTbl aneKTpoaa U µ + - Me30-

Ha, a - 6opoBCKllii pannyc aneKTPOHa MIOOHUH, llnH aTOMa MIOOHHH B BaKyy

Me t!v = 4463 Mru; B BemecTBe ll3-3a ne<jiopMaunn BOnHOBOii qiyHKUllll MIOO

HllH qacToTa 1',. V ll3MeHHeTCl1, 3KcnepnMeHTanhHOe onpeneneane '!aCTOTbl 1',. V 

noaaomteT HaiiTII Olll!H 113 napaMeTpOB BOIIHOBOii <fiyHKUIIII MIOOHIIH, a l!Melrno, 

3Ha'!eHne aneKTpoaaoii nnoTHocT11°/l/ 

2 
I ,;, (OJ I .1.. 

16 

t t!v ( 2) 
µ µ 

• µ 

aToMa MIOOHIIH B aaqane KoopnnaaT ( T,e, B TO'!Ke, rne aaxonnTCH µ + - Me-

3oH). B IWHHOii pa6oTe '!aCTOTa t!v onpenemmacb M8TOllOM llBYX'!aCTOTHOii 

npeueccnn µ + - Me3oHa MIOOHl!H B nonepe'!HOM MaI'HIITHOM none 121• HnJKe 

onl!CbIBaeTCH 9TOT MeTon. 

§ 1. Orrpeneneane t!v MeTonoM llBYX'!aCTOTHOii 

IIpeuecCl!II MIOOHl!Si 

Cao6onHblll aTOM' MIOOHIISI o6h!'IHO aa6n10naeTCSI no 

ueccnn B nonepe'!HOM M8I'HUTHOM none ff ·c '!aCTOTOll 

napMopOBCKOii npe
eH 

w =- , rne 
2m C . 

m - Macca aneKTpoaa. OnaaKo TaKaH·onrio'!aCTOTHBH BpeMeHHall 38B!!Cll
• 

MOCTh nonsipn3amm P ( t} µ + ·- Me3oHa HBnHeTc·H nnwb npn6nnJKeaneM, 

cnpaaennl!Bb!M npn nocTaTO'!HO Manb!X BpeMeHax ~~on10neairn: J3 iieiicTBII-. 

TenbHOCTU 38BllCIIMOCTb P(t} orrpenensieTCH HeCKOnbKIIMII qacToTaMI! 

w = w - w , rne w ( i = J-,.4)- '!eTbxpe co6cTBSHHhxe aaeprnn cTau110-
1k I k I 

aapHblX COCTOHHllii MIOOHllH B MaI'flllTHOM none, OTHOCSIIUll8CH K paanl!'!HbIM 
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3Ha'!eHIHIM cmrna I = O; 1 MIOOHlfH lf ero rrpoeKUlflf m Ha HaIIpaBneHne 

Mal'HHTHOl'O rronH, 3aBlfClfMOCTb '!aCTOT w I OT Ma!'HHTHOl'O IIOnH B 6.QlfHlfUaX 

x = H!H
0 

cxeMaTn'lecKn nao6pa)KeHa ua pnc, 1, Benn'lnHa H =~=!!._Av= 
0 2,,. 11. 

1594 s rrpe.QCTaBmieT co6oll Maf'HlfTHoe none, CO3.QaBaeMoe M8f'HlfTHblM 

MoMeHTOM /1 + - MeaoHa Ha sneKTpoue, 11a pnc, 1 cne.11yeT, 'ITO BpeMeHHaH 

38BlfClfMOCTh n106011 cpll3H'!eCKOll Benlf'llfHbI, OTHOCHJUellcH K MIOOHlflO, orrpe.11em1-

eTCH, Boo6me f'OBOPH, wecThlO '!aCTOTaMlf w lk, TTonHpnaaunH P(t) ,,+ - Me-

3oHa MIOOHHH orrpe.11enHeTCH '!eTb!pbMH '!aCTOTaMH C A m = + 1 • B cny'!ae, 

KOf'.Qa /1 + - Me3oH 6brn BWl'!ane IIOl!HOCTbIO iIOnHpll3OB8H ( P(t = OJ ), 

.QnH 38BHCHMOCTH p (t) ,,+ - M63OH8 B lIOJJHX H <<HO rronyqaeTCH cne.11y10-

1Uee Bhrpa:>l<eHHe I 21: 

1 
P(t) =-[cosw t+ cosw t+ cosw

14
t+cosw

34
t]; 

- 4 12 23 
H << H . 

0 

BbrpaJKeJrne (3) .QnH P(t) yrrpomaeTCH, ecnn B OlibJTe (KaK 6binO B STOM 

SKCIIepnMeHTe) He perHCTpHpyIOTCH 6onhWIIe '18CTOTb! w 14 II w 34 , TTpn 

STOM 6b!CTPO ocu1Inn1IpyI01U1Ie qneHbl cos w 14 t II cos w 34 ycpe.QHHIOTCH II 

He .Q8IOT BKna.11a B 11a6nm.11aeMy10 38BIICIIMOCTb, 

P ( t J = .l. [ cos w t + cos w t l 
Ha6n. 4 12 23 

.1. cos w , • cos n , . 
2 

(3) 

(4) 

1 
3.11ech w = -( w + w ) = eH /2m c -napMopoBcKaH qacToTa rrpeueccm1 MIOOHMH 

2 12 23 • 

1 2 2 
0_= 2 (w23- w 12 )=w !w

0 
= w !211Av B none H '!aCTOTa "61IeH1Ill". 

J13 (4) BII.QHO, 'ITO p 6 ( t) B rrom1x H << H orrpe.11enHeTCH .QBYMH '!aCTO-
Ha n. 

TaMlf II MO)K6T 6b!Th l!a3BaHa .QBYX'!aCTOTHOH rrpeuecc1Iell, 1In1I 6HeHIIHMII cmrna 

,,+ - Meaoua MIOOHIIH, 3KCIIeplIMeHTanhHOe orrpe.11eneH1Ie '!aCTOT W lf 0 

IIO3BOnHeT uallTlf qacToTy 

Av n 
2 

H ( 5) 

CBepxTOHKOf'O pacmerrneHlfH OCHOBHOf'O COCTOHHlfH aTOMa ~IOOHlfH B BelUeCTBe, 
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I 

I 

'II Ta6m1ga I 

IlapaueTp~ ~ByxqacTOTHOH npeuecCHH .)'+-Meaotta B rep

uaHHH, Rn~e H KBapue 

J2. ' 
. 

A~, H, t.l, 

a Mru Mru Mru 

]e~ H20, T = 77°K 

98 858 24,5 ± 1,5 4791 ± 300 

repuaHHH, T = 77°K 

98 868 48,l ± I,l 2494 ± 60 

96 848 42,7 ± I,3 2682 ± 80 

IIRaIJReHidt Kllapu, T = 300°K 

47 417 6,1 ± 0,9 4534 ± 680 

68 597 II,6 ± 0,7 4879 ± 300 

78 686 16,8 ± 0,8 4469 ± 200 

89 783 21,3 ± 0,7 4575 ± 150 

95 837 25,7 ± 0,4 4335 ± 70 

ll8 1043 41,6 ± 2,0 4160 + 200 
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§ 2, 3rrnnepnMeHTanhHbie peaynhTaThI 

ilayx'IaCTOTHal! npeueCClll! µ + - Me3oHa MIOOHlll! Ha6n10aanacb B repMa

Hllll, nhae, KBapue - BeIUeCTBaX, rae CB060llHblH aToM MIOOHlll! lKJIBeT llOCTa

TO'IHO aonro. PeaynhTaTbl AaHbl B Ta6n. 1. Ha pile, 2 ll 3 npnBeaeHbl 8KCne

pnMeHTanhHbJe Kpl!Bbl9 llBYX'IaCTOTHOH npeueccnn µ + - M930Ha MIOOHl!ll B 

nnaaneHoM KBapue .II repMaHllll, Ha pnc. 4 - 8KCITepl!MeHTanhHaH aaBHCl!MOCTh 

n ( H) • KOTopaS! cornaCHO / 51 aonlKHa llM9Th Bllll n = H 2 • 'ITO n 

Ha6n10aaeTCS! Ha OilbITe, 

§3, BbIBOllbl 

B Ta6n. 2 npl!B9jl9Hbl Ha OCHOBaHlll! aaHHb!X Ta6n, 1 cpeaHne 3Ha'IeHllll 

'IaCTOT 6. V a nccneaoBaHHbIX BeIUecTBax. 

Ta6n11ua 2 

BemeCTBO .A~, Mru 

Jie71. 4791 .± 300 

repMaHL1w 2580 .± 50 

KBapu 4404 .± 70 

J13 Ta6n. 2 cneayeT, 'ITO 'IaCTOTbl 6.v B KBapue n nhae a npeaenax 

own6oK coanaaa!OT C BaKyyMHbIM 3Ha'IeHneM 6.v BaK = 4463 Mru, T,e. "paa

M9pb!' MIOOHllll B 8TllX aemecTBax TaKne lKe, KaK B BaKyyMe, 11acToTa 6.v 

B repMaHl!ll cymecTBeHHO MeHhIUe 6.v BaK, 3TO oanaqaeT, 'ITO 6opoBCKlll! 

paanyc a To Ma MIOOHllll ( CM, / 1/) 

( 6) 

7 



B repMaa1111 oonhwe, 'leM B BaKyyMe: 

"' 1 

a /a =(nv Inv Ji" 
Ge BaK ,BaK Ge 

1, 2. ( 7) 

Coon1oweam1 ( 6) n ( 7) crrpaBe.onnBhI, pasyMeeTcH, TonhKo B rrpe.orronolKeann, 

'ITO aTOM MIOOHIIH B repMaHllll BO.OOponorro.oooeH. B .oefiCTBnTenbHOCTll B3an

MO.OeficTBlle co cpe.oofi .oecjiopM11pyeT BOnHOBYIO <pyHKUlllO aneKTpoHa MIOOHllH, 

HMeHHO C STllM CBH38HO OTnll'llle n v B BeIUeCTBe OT n v BaK' IToaTOMy, 

cTporo roBopH, n v orrpe.oenHeT nnwh 3Ha'leane / ,µ(0) / 2 aneKTpoHHofi rrnoT-

HOCTII B Ha'lane KOop.onHaT (cM. (2)): 

2 2 /rf, (OJI 11¢(0) I= nv /nv = 1,7. 
B8K Ge BaK Ge 

Hafi.oeHHbie 3H8'1eHnH nv MIOOHllH MOlKHO CpaBHllTb C '18CTOTOfi µu 

nv H cBepxTOJIKoro pacmerrneHIIH rrpnMecaoro aToMa Bo.oopo.oa. Benn'IHHbI 

nv H BO nb,lle n rrnaBneHHOM KBapue Obinll ll3MepeHbl MeTO.llOM 3ITP /3,4/ n 

rrpnBe.oeHbl B Taon. 3, r.oe .om1 cpaBHeHllH YK838Hbl T8KlKe 'laCTOTbl 

aToMa MIOOHllH B Tex lKe BeIUeCTBax. 

Ta6n11ua 3 

Bell.\8CTTIO ( A¼~a~)M~ ( A~ . 
¼~tlAK H 

Jic~ I,07 .± 0,07 I,00 3 

I1JI c:um e H Hil 0 0'-'5 lj-1rnap1J, 0,987 ± 0,016 , _.... u 

8 
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2. ilmpqiy3n.11 µ + - Me3oHa B aemecTBe 

nut<liY3ll!O µ + - Me3OHa MOlK!IO ll3Y'I8Th rrpn Ha6nro)leHnn "Me)lneHHOlt" 

)lerron.11pn3aunn µ + - Me3oHa B aemecTae. 3Ta "Me/lnemra.11" )lerron.11pn3aun.11 

XllMll'IecKn CB.H3a!IHOI'O B aemeCTBe µ + - Me3o!Ia BO3llllKaeT 113-38 /ll!ITonh

HbIX B38llMO/leltCTBlllt M8I'HllTHbIX MOMe!ITOB µ + -Me3oHa ll .H/lep cpe/lbl, 

PacqeT rroKa3bIBaeT, 'ITO apeM.11 )lllrronhHOti )lerron.11pn3aunn µ + - Me3OHa 

COCTaBn.l!eT HeCKOnhKO MllKpoceKyHll, T,e. MOlKe'I' 6b!Th o6napylKe!IO 38 BpeM.11 

lKR3Hn µ+ - Me3ona ( r
0 

= 2,2 MceK). "Me/lnenna.11" 1lerron.11pn3aun.11 µ+

Me3oHa 6brna )leticTBnTenhHO aa6nro~eHa B /l8HHolt pa6oTe rrpn Hll3Kllx TeMrrepa

Typax B Me/ln n TeqinoHe. 

iln¢qiy3ll.1! µ+ - Me3OHa rrpnBO/lllT K yMeHhllleHll!O. CKOPOCTll /lllITOnhHOlf 

penaKcaunn crrnna µ + - Me3oHa B aemecTBe. 3To cE.113aHo c TeM, 'ITO rrpn 

/lBlllKeHnll µ + - Me3oHa .l!/lOpHbJe MaI'!IllTHbie rron.11 Ha HeM CT8HOB.l!TC.I! 

rrepeMeHHb!Mll BO BpeMeHn, 6naro)lap.11 'IeMy CflllH µ + - Me3OH8 penaKCllpyeT 

Me)lnennee, .K TaKoMy lKe sqiqieKTY npnao/lnT, oqeBll/lHo, n Terrnoaa.11 /lenon.11-

pll3aun.11 .H/lep cpe/lbl. TeMrrepaTypHbie ll3MeHeHn.l! CKOpOCTll /lllfIOnhHOlf penaK 

caullll crrnna µ + - Me3oHa B aemecTae 3aanc.11T,. TaKnM o6pa3oM, OT o6onx 

sTnx rrpoueccoa. B TOM cnyqae, ecnn Terrnosa.11 1lenon.11pn3aun.11 .H/lep cpe/lbI 

necymecTBeHHa (KaK 3TO ObinO B /l8H!IOM onbITe) nnn MOlKeT 6b!Th orrpe)lene

Ha He3aBllCllMO, ll3 SKCrrepnMeHTa OK83bIBaeTC.I! BO3MOlKHbIM naltTn K03qlqJll

uneHT /lllqlcpy3nn µ + - Me3OHa B /l8HHOM aemeCTBe. 

MeTO/lll'IeCKll /lllnOnhH8.1! penaKcaun.H crrnna µ+ - Me3OHa B /l8HHOH pa-

6oTe n3yqanach no 3aTyxannro npeueccnll crrHHa µ + - Me3oHa B nonepe'IHOM 

M8I'HllTHOM rrone, 3TO 3STyxaHne npollCXO/lllT ll3-38 TOI'O, 'ITO .H/lepHbie Mal"

HllTHbie non.I! pa3nll'IHbIM o6pa30M ll3MeH.HIOT BHOlllHee MaI'HllTHoe none Ha 

OT.ttenhllb!X µ + - Me30Hax. nosTOMY' OT.ttenh!Ible µ + - Me3O!Ibl npeueccnpyroT 

c pa3nn'IJI~iMn qacToTaMn n Jia6nroaaeMa.H npeueccn.H rrpe.ttcTaBn.HeT co6olt 

pe3ynhT8T HanolKOHll.1! CllHYCOll/l pa3nll'I!IbIX nepno.ttoB. 3KcrrepnMeHTanhHO 

ga6nro.ttaeMa.H B 3TOM OflbITe CKOpOCTh "3aTyxaHll.1!' 

n rrpe.ttcTaan.11eT co6ofi CKopocTh penaKcaunn crrnJia 

npeueccnn µ + - Me3oHa . , ' 

µ+- Me3OHa ll3-38 

.ttnrronhlibIX ll .ttpyrnx nexorepeJIT!IbIX B38llMO.ttefiCTBlllf C aemeCTBOM, 
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§ 1. 3KcrrepHMeHTanbllb18 pe3ynbTaTbl 

"' 
3aTyxa10ma11 Tipeuecc1rn µ. + -Me3011a B Menu rrpu TeMrrepaType 

• T = -196°c rrpnBene11a Ha PHC, 5. lfa pllc, 5 Bll/lHD, 'ITO BpeMeHl!aH 3aBH-

CIIMOCTb p (t} penaKCaUllll cmrna µ. + - Me3011a B 3TO'.\I cnyqae xopDllIO 

2 2 
Olil!CbIBaeTCH rayCC03CKOi1: Kpl!BOi1: P( t} "' exp (-a f } 1 I"')lH 

a (-196°c) = (0,219 :!:. 0,008) 106 ceK-1, npn lIOBbillleHl!lf TeMrrepaTypbl 

3KCrrepnMeHTY nyqme COOTBeTCTByeT 3KCITOHeHunanbl!aH ¢opMa 

P (t} "' exp (->.t} • TaKoil xapaKTep 1!3Meae1rn11 p ( t} c TeMrrepaTypoil 

cne)lyeT If 113 pacqeTa ( cM. § 2), I'/le rroKa3aHo, 'ITO rayccoucKa11 3tlBIICl!

MDCTh P( t} B Me)lll rrpn OTCyTCTBl!I! J:ll!<lqly3111! CTaHOBl!TCH 3KCITOH8HUl!anh

HOi1: )lnH /llffft;JYH/ll!py101uHx µ.+ - Me30HOB, Ha pl!C, 6 rroKa3aHa 3aBl!Cl!MOCTb 

senl!'Ilfllbl A OT TeMrrepaTypbI T B rrpe:u10noll<elll1H 3KCITOHe!!UllanhHOI'O Bl!)la 

P ( t} "' exp (->. t} • Benl!'Il!HbI 11axonnnHcb 113 sKcrrep11MeHTanh1IbIX rrpeuecc11oa

HbIX Kpl!BbIX (cM, pHC, 5) MeTonoM !IO)l5opa Ha 3BM. noKa3aHHOe Ha pllc, 6 

yMeHbllleH11e A rrpH lIOBbillleHl!II TeMrrepaTypb! o6bHCHHeTCH 6onee l!HTel!CIIB-

11oi1: /lllqiqiy3neii µ. + - Me30f!a, lfaMe1rnH11e >.( T) 1!3-3a TerrnoBoil )lerron11-

pu3auun HlleP cpe/lbI B )lal!HOM cnyqae OTCyTcTayeT, KaK aTo cne/lyeT 1!3 

pa6oThI /5/, I'/le rroKa3aHo, 'ITO rrpu T = :m - 290°K cKopocTh penaKcaunu 

CITH!Ia Hllep Me)ll! ocTaeTCH rrpaKTl!'If~CKI! ITOCTOH!Il!Oi1: ( >. = 0,014 106ceK-l). 

!fa pllC, 6 Bll/lHD TaKJKe, 'ITO rrpn TeMrrepaTypax, 6nU3KllX K T = -200DC, 

CKOpOCTh 1!3MeHel!UH A c TeMrrepaTypoii ITa)laeT. 3To OObHC!!HeTCH yMeHb-

llle11ueM BnllHllllH )lllqicj:,y3!1H rrpu ll:13KllX TeMrrepaTypax. MolKHO rrpe)lITOnDJKllTb, 

'ITO ITpll T = -200°C lll!¢q:iy31111 µ. + - Me3oHa rrpaKTJ!qecK11 11e nn1111eT Ha 

BenJl'IIIHY A • TaKDH Bb!BD!l cne)lyeT l{3 COBITa)lel!l!H rronyqeJ!IIDf'O 3KCITe

p11MeHTam,110 3Ha'Iel!IIH a 3KCIT (-196) = (0,219 :!:. 0,008) 106 ceK -1 K/ ll 

pacqeTnoi1: Bem1q1111b1 a p·ac'I = 0,233 106 ceK-1, Bbi'IIIC.!leHIIOH B rrpe)l-

rrono,xe111111, 'ITO TermOllbl8 scj:,qJeKTbl OTCyTCTDYIOT ( CM, §3). OTcyTCTBl!e Bmrn-

HHH J:1HN1y3m1 µ. + - Me3oHDB rrpH T = -200°c 031la'IaeT, 'ITO rrpl! 

xi Benl!'Il!Ha a 3KCIT ( -1960) HeCKO/lbKO OTJ!WrneTCH ( 5%) OT 

A 3KCIT (-J96D)' T.K. xapaI(Tep113yeT rayccoBCKYIO qiopMy P( t} ' a A 
3KCITOHe11u11anhlIYIO, 
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nanbHefiweM noa11JKea1111 TeMnepaTypbI cKopocTh penaKcaunn 

fl+ - Me30H8 B Me)ll! )l01llKH8 OCT8B8TbCSI ITOCTOSIHHofi. 

§ 2, llmpqiy3lrn fl+ - Meaoaa B Men11 

CITl!Ha 

llnqiq>y311lI fl+ - Me30H8 npl!BO/ll!T K yMeHbW0HIIIO CKOpOCTII penaKC8UIIII 

ero cnnaa. CooTBeTCTBy10wee 1!3M0H0Hlle 38Bl!Cl!MOCTI! p ( t} BbI'Il!ClleHo 

B /6/: 

P(t,ot} exp l -2 a 2 ( o t} 2 [ exp ( - _t_ } - .1 + _t_] I. ( 8) 
at o, 

3,:iech a = 0,219.106 ceK-1 - cKopocTb penaKcaunn fl+ - Meaoua npn 

Hll3KIIX TeMnepaTypax, Korna llllq>q>y311SI OTCYTCTByeT, Beml'Il!Ha 8 t xapaK-

Tep11ayeT pacnpenenea11e g ( t J BpeMeH t , KOTOpb1e fl+ - Meaoa "npoBonnT"' 

B onaofi aneMeHTapaofi 11qefiKe: 

g ( t J = exp ( - tlo t J • ( 9) 

TaKofi Bllll pacnpenenea1111 g(t} obm npna11T B paooTe /6/ nm1 ynoocTBa 

Bb1q11cnea1111 P ( t, 0 t J II B neficTBnTenhHOCTII nocTaToqao xopowo armpoKc11-

M11pyeT l!CTllHHOe pacrrpenenealle g ( t} /ll!SI llllq>q>yH/lllpyIOIIlllX SI)lep npnMe-
+ 

Cll ( B /l8HHOM cnyqae fl - Me30IIOB ) /7 /. 

ConoCTUBllenne TeopeTnqecKofi 38BIICIIMOCTII ( 8) p T80P ( t, 8 t} C 

9KCilepnMeHT81IbHOfi q>yHKUl!efi p 3KCIT ( t} IT03BOl!SieT HafiTII onpenen1110mee 
+ 

Allq>q>yan10 fl -Meaona BpeMH o t rrpn paamIqHbIX TeMrrepaTypax ( xapaKTep11ay10-

m11e 9KCilepnMeHT81lb.'.H,Je 38BIICIIMOCTII p 3KCII ( t, T} CKOpOCTII penaKC8UHII 

A ( T} npnBeneHbI aa pnc, 6). Bb1qncnenna11 TaKIIM o6pa3oM 3Kcnep11MeH-
J J 

T8l!bH8SI 381:'IICIIMOCTb l'n Bf= f( 7 } XOpOWO IIHTepITOJil!pyeTCSI IlpS!MOfi IIHHl!efi, 

1 1 
3Ta np11Ma11 noKaaana na pnc. 7. "HaKnoa" np11Moll: l'n (-} = f(-) onpenen11eT 

8~ T 

aaepr1110 E fl+ - Meaona B peweTKe Menn, T,K, 

Bf D = D O exp ( - EI k T} . 
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3necb D - Koc1cp1jm:uneHT nncpcpyann µ. + - M930HOB B Menn, b =3, 6. 10-8 CM-

paaMep c1neMeHTapnoi'I 5I'Iei'IKn KpncTanna Menn, k - nocToSIHHaSI BonhuMa-

Ha, Ma pnc. 7 cnenyeT, ~To c1nepr1rn aKTl!Baunn E µ. + - MeaoHa B Menn 

E = 540K, T,e, oTBe'!aeT 540°K, 
• 

§3, Bbl'll!Cneane CKopOCTl! nnnonhHOfi penaKcaunn 

cnnna µ. + - Meaoaa B Menn 

raMII1IbTOHl!aH nnnonhHOT'O B3al!MoneikTBl!SI Ma!'Hl!THbIX MOMeHTOB nBYX 

'!aCTl!U, O'!eBnnao, paBeH: 

t J{ ysy 1-tsi 
,y3 

3 (s;,o;, 1. ( 10) 

y 2 

3necb S I y II '· Y, - cnl!Hbl l! rnpoMaT'HII'~'Hbl9 OTHOlIISHIISI B3al!MoneficTBy-s • . 
JOllllIX '!aCTJIU, r - pannyc-BeKTop, coenl!HSI!Ollll!fi '!aCTl!Ubl, nonHblfi raMll1IbTO-

HllaH annonhHOT'O B3a11Monei'IcTBIISI npeacTaB1ISI9T co6oli cyMMY '1119HCB Bnna 

( 10) no BCSM napaM qacTIIU ( B naHHOM cny'!ae µ. + - M930H II SIJ:tpa Men11). 

BpeMeHHaSI aaBIICIIMOCTb non1Ip11aau1111 p (t) µ. + - MeaoHa. B Menn HaXOlll!TCst 

113 nony'!SHHOT'O nonHOT'O raMll1IbTOHllaHa B peaynhTaTe noB01IbHO rpoMoanKIIX 

Bbl'IIIC119Hllli: 

I 
1 . n " sinl(l+"'Z'")<,J/ ti 

P(tJ = <-J n ----"---- = n cos (,J 

21+1 /=1 sln-1.(,) t /=1 I 
2 I . 

1 t. cos-(,) 
2 I 

t . ( I l) 

. * 2 ) 3nech (,J 1 = -
3 

y y ( 1 - 3 cos 0 ; 
r

1 
µ. I I yµ. 3 

I= -
2 

y I r11poMarHHTHb1e 

OTHOlIISHIISI µ. + - MEl30Ha II Hnpa !1,!Snlli - cnllH Hnpa Men11; r I II 

01 - pannyc-BeKTOp II nonSipHhrfi yron, onpenenSIJOllllle nonolKeH11e 

Hnpa Men11 OTHOCIITenbHO µ.+ - Meaona l! HanpaBneHnst BHelIIHST'O Ma!'HIITHOT'O 

nonSI, CyMMa B ( 11) 6epeTCSI. no BCeM SinpaM, ·xoTst npaKTl!'!SCKl! 6bIBaeT 

nocTaT0'!HO orpaHl!'!l!TbCSI T01IbK0 SinpaMII, 6nnlKalilIIIIMII. K µ. + - Me30Hy. Bbl-: 

palKSHl!e ( 11) nnH P( t) cnpaB9ll1IIIBO npll Bb!IT01IH9Hl!II nByx ycnoBlliJ:/6,8/: 
•. 

1, Bnelllnee MarnnTnoe none H nonJKHO 0hITh ·6onhllle n11n6n~HhIX Mar-

HIITHhIX nonei'I ff d Ha µ.+ - M930H9 II Hnpax: ff >> ff d · 3TO ycnoBIIS B nan-

HOH pa6oTe YllOB119TBOpSieTcSI: H = 60 c1pcTea, H d:::. 6 c1pcTen, 
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2, f11poMarmIT11oe DTHDUJe1rne ll/UI µ + - Me3oHa y nomirno rrpeBocxo-
1' 

lll!Tb r11p0Mar1111T11oe oTHoUJe1111e y I nm1 51/lep. B naHHDM cny'!ae y I y = 11, 7, 
/l I 

Bb!'ll!C/le1rna51 no qiopMyne ( 11) 3aBl!CIIMOCTb p ( t} rrpliBeaeHa Ha p!iC, 5. 
Teop 

ITp!i BbI'llfcneHlfH 1:;..eof t} ll/151 µ + - Me3oHa B Men11 npenrronaranocb, '!TD 

µ + - Me3oH 11axo/llfTCS1 B ue11Tpe 51-qeifK11, npeacTaBnmomeif co6oif rpaIrnue11T

p!iposa11Hhii1 Ky6 CD CTDpDHDll b = 3,6 10-8 CM, 113 pnc, 5 BH/lHD, 'ITO Teope

TH'leCK851 3aBIIClfMOCTb p Teop ( t} ,rrony'leHHaSI 6e3 y'leTa TerrnOBblX :,¢cj)eKTDB 

(amjxpy3lfll µ + -Me3oHa), 611113Ka K rayccoBcKofr lf xopolllo omIcbmaeT aKcnep11Me11-

TanbHo na6monaeMym penaKcau11m cmrna I'+ - Me3011a B Men11 11p11 T = -196°C, 

BbI'lllC/leHHaSI TaKl!M o6pa3DM CKDpOCTb pe11aKcau1111 a - 1/ T ( 0) -Teop- Teop -

= 0,233 , 106 ceK- I (rae r Teop(O)) - BpeMSI yMeHbUJeH!fSI ~eoJtJ B e pa3) 

6nH3Ka K SKCIIepnMeHTa/lbl!DMY 3118'leHl!IO a SKCII (-I96°C) = (0,219 + 

t_ 0,008) I 06 ceK-I, xapaKTep113ymmeMy rayccoBCKYID cpopMy P ( t} , CoB-

nanemie a II 
Teop 

a SKCII ( -196DC) 110K83bIBaeT, 'ITO Hp!! T =-196DC J:lll<p-

dJy31IH I'+ - Me30l!a 110 KpllcTanny Mean rrpaKTl!'leCKII ne 113MeJHleT 38BIICII-

MOCTII p ( t} 11 Hailnennoe 311a-qemie a SKCII (-I96°C) onpeae11S1eTCH B 

OCHOBHDM /l.llllO/lbH!,IMI! B38IIMO/lellCTBl151MII Mar11IITl!bIX MOMeHTOB /l + -Me3ol!a 

11 51/lep Menu, 

I, MeTD/lOM "3aTyxamruerr rrpeueccnn" D rrorrepe'!HDM Mar111IT110M none 

na611mna11ach penaKcau11H cmrna I' + - 1vie3011a B MO/lll, l13Mepe11a 3aBIICH

MoCTb CKOpOCTH penaKcaunn QT TCMrrepaTyphl, 06napylKeHa penaKCUUIIH crru-

11a µ t - Meoo11a D Te~,none npn TeMnepaType - l96°C c xapaKTepHhIM Bpe

Me11eM 2,6 :t_ 0,3 MKCeK, 

2, Ha6monaeM1111 "Meane1111a11" penaKcau1111 crr1111a I'+ - Me3ona 06'bS1CHS1-

eTCH lllll10/lbflb!Mll B3111!MO/le!!CTBll51MII MarHIITllbIX MOMeHTOB µ + - Me3oHa II 

11nep cpenu, 

3, 113 aKcnep11Mel!TllllbHOl1 38BIICIIMOCTI! 1101111p113au1rn + µ - Me3oHa OT 

npeMenn npn pa,3/lll'IHbix TeMnepaTypax onpenene11a a11eprirn aKTl!Bamrn µ + -

Me3oHa B KpHCTanne Meau, COOTBeTCTBy!DUl851 540°K •• 
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fl 

J2 = W~3 - W,2. 
2 

Puc. 1. 3aeprHH CTaUHOHapHbIX COCTOlIHHli MIOOHHlI B MarHHTHOM none. 

CTpenKaMH . yKa3aHbl '18CTOTbl W 12 * If W 23 , onpen~nlIIOIUHe AByX'laCTOT-

HYIO npeuecCHIO npu ManbIX nonRx. w 
O 

- aaeprHlI cBepxToHKoro pacmen-

neHHlI OCHOBHoro ypoBHlI MIOOHHlI; 0 - '18CTOTa 6ueaun • ... 
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Pnc. 2. ilByx•IBCTOTHBH npeueccm1 µ + - Me3oHa MIOOHllH. B rrnaBneHOM KBapue. 
nnaBHBH KpllBBH rrpeacTaBnHeT co6ofi TeopeTnqecKyIO 38BHCHMOCTb (4) N(t) 
c napaMeTpaMn, noao6paHHh1Mn no MeToay HanMeHblIIHX KBaapaToB. Teope
TnqecKne n sKcnepnMeHTanbHbie anaqenm1 N ( t) "ncnpaBneHbI" Ha sKcIIoHeH-
Ty pacnaaa exp(-t/r

0
) ( r0 = 2200 HCeK). lllnp1rna KaHana BpeMen-

Horo anannaaTopa l nceK, MarHHTHoe none H = 95 spcTea. 
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Puc. 3. ilByxqacToTHaH npeueccnH cnnaa µ + - MeaoHa M10oanH B repMaHm. 
lllnpnHa KaHana BpeMeHaoro aHannaaTopa 1 HCeK. MarHnTHoe none 

H = 98 spcTeA. 
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P11c'. 4. 3Kcnepl!M0HTanbH8ll 38BIICIIMOCTb 'ISCTOTbl 611en11tt n B KBapue OT 

KBanpaTa H8Ilpl!lKeHJiOCTII MSI'HIITHOI'O iionl! ff • ITpS!MSSI nllHIISI npencTaBnll-

eT co6ott TeopeT11'Iecky"ro aaa11c11!i.iocTb ( 5). 
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Pnc. 5. 3aTyxa10mall rrpeueccnll µ+-MeaoHa B Mean npn T = -196°C a 
rronepe'IHOM MSI'HHTHOM none ff = 60 apcTea. nyHKTHpHall KpHBall rrpea-
CTSBlllleT co6ott nono6paHHy10 Hanny'IWHM o6pa30M rayCCOBCKYIO 3SBHCHMOCTb 

p (t} "' exp ( -u 
2 

t 
2
) , lllTpnxnyHKTHpHall KpHBag - TeopeTH'IeCKall 3SBHCH-

MOCTb (II). 
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p HC. 6. TeMnepaTypHaSI 38BHCHMOCTb CKOpOCTH 38TyxaHHSI >. CilHHS' 

/L + - Me30H8 B MeJIH. "° 
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Puc, 7, 3aBHCHMOCTb £n(-
1
-)'=f(.l) , BbI'IHCneaaan H3 3KCil0pHM0HTanbHb!X 

ot T + 
KPHBb!X p 3KCil ( t, T] , OilHCbIBa10mn:x penaxcaun:10 CilHHa µ - M030Ha 
B M0,!:lH, of - B MKC0K, 
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