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Ha OCHOBSHKI axcnepHM9HT81IbHbiX LI8HHb!X 1 001IY'l9HHbiX 
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na<5opaTopHH .BbiCOXKX ::~HeprHit , cnenaHa oueHKa sepxHero 
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nony'!eHHbie K H8CTOHU!eMy BpeMeHH 3KCIIepHMeHT81lbHbie 118 HH bie C BH lle Te.Tib ·~ 

cTEiyiOT B rronbay Toro, 'ITO crrHH K
0

-Me3QH8 p8BeH HYJIIO, 0 n H8KO, K8K 6bi110 38-

/1/ 0 
Me'leHO 36epX8pllOM H ryn oM , BOIIpOC 0 CITHHe K -M e30H8 Henb3SI C'!HT8Tb OKOH-

'18T e nbHO peU!ei!HbiM, IT OCKOnbKY rrpH 8H8nH3e HMeiOli.(HXCSI 3KC IIepHMeHT81lb HbiX pe -

3 YJibT8TOB HCITOnb3UB8nHCb 6one e HnH MeHee rrpOH3BOnbHbie npe n nonO )KeHHSI 11HH8 M H-

- X I 
'!eCKOT'O X8p8KTep8 

BnonHe orrpeneneHHbiH BbiBOll MO)KeT 6b!Tb c n en8H TOnbK O H8 OCHOB8HHH cy-

. mecTBOB8HHSI p8Crr8h8 K 0 
... 277° 

1 
crrHH K

0 
-Me30H8 qeTHhili, 

O'!eBHllHO, 'ITO o6n81l8IOU!Hli HeHyneBbiM cnHHOM K
0 

-Me3oH n on )K eH 6bi 

\ 
HMeTb T8K)Ke H M8T'HHTHbili MOMeHT. B 3TOI! CBSI3H rrpencT8BnHeT HHTepec ou e HHTb 

0 
rrpenenbl BenH'IHHbl B03MO)KH0T'O M8T'HHTHOT'O MOMeHT8 K -Me30H8 118 OCHOB8HHH 

pe3ynbT8TOB OITb!T8, OCy U!eCTBn8HHOT'O Hell 8 BHO H 8 CHHXpO<jl830TpOHe 0 6 oellHHeH

/3/ 
HOT'O HHCTHTYT8 SlllepHbiX HccnenoB8HHli • H ecKOnbKO neT 1183811 M. r y 11 0M 6bi-

o . 
no ITOK838HO, 'ITO, ecJIH K -Me30H o6n81l 8eT M8T'HHTHbiM MOMeHTOM, TO IIpH npo-

K O 6 XO)KUeHHH 
2 

-qecTHU qepe3 M8T'HHTHOe none yneT HMeTb MeCTO pereHepaUHSI 

0 
KOpOTKOH<naymelt K 

1 
-KoMrroHeHThi, corrpoBO * ll8IOLU8HcH p8CIT81lO M H8 2 77 - Me3o-

/4 / 0 
Ha • LieiicTBHTenhHO, K 

2 
-'18CTHU8 rrpencT8BJISieT co6oii cyneprro3HUHIO nayx 

COCTOSIHHI! : K 0 
H v 8HTH - K 0 

-Me30H8, B KOTOpbiX / a COOTBeTCTB H H C Tpe60B8HH

eM CPT - HH'B8pHaHTHOCTH / rrpH onpeneneHHOH opHeHT8UHH cnHH8 K
0

2 
-'18CTHU hi 

M8T'HHTHbie MOMeHTbl llOn)KHbl 6b!Tb H8llp8BneHbl OTHOCHTenbHO CUHH8 npOTHBOn O-

noH<HbiM o6p830M. B norrepe'IHOM M8T'HHTHOM none H Me,K ny aTHMH cocToHHHH

xx/ 
MH B03HHK8eT p83HOCTb 3HeprHH /1£ = 2 mpH , KOTOp851 CO BpeMeHeM npHBO-

K O H -o 0 
llHT K cnB~!'Y <jl83 MeH<ny K , B peaynhT8Te qero '!8CTh K 

2 
- Me30HOB rr e -

pexonHT B K 0 

1
, H TYT H<e p8Cll81l8eTcH H8 277 xxx/ 

0 
B aToM cny'!8e noaeneHHe K 

1 
H K o 6 

2 
yneT OITHC b iB8TbCSI yp8 BH 8 HHSIMH: 

x/ 
Y'!HTbiB8H aTo o6cToHTeJihCTBo1 8BT Opbi rrpenn8r8IOT aKcnepHMeHT rr o onpe-

neneHHIO CITHH8 K 0 
-Me30H8, B KOTOpOM H e HCllO Ji b~ Y IOTCSI HHK8KHe ll pyrHe npenno-

no H<eHHSI, KpOMe 38KOHOB KB8HTOBOll MeX8HHKH H COXp8HeHHSI HMUYJibCOB. 

xx/ 
3nech m 

KB8HTOBOe '!HCJIO / ; 

-npoeKUHSI CITHH8 H8 H8IIp 8BneHHe M8T'HHTHOT'O llOJI SI f M8T'HHTHOe 

eCJIH CITHH K -M e 30H8 ·2, TO m = 0 _:J _: 2. 

xxx/ 
3TOT a<jl<jleKT Mbl 6yneM B 1l8nhHell weM H83b!B8T b ll nH Kp8TKO CTH "a<jl-

<jleKTOM ry 118 "• 
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M2 , >.. 2 -MacChi H rrocTOHHH hie pacrrana 
0 K o H K 

1 2 
-M e 30HOB COOT-

BeTCTBeHHO. npH pewe HI-11'1 3THX ypaBHeHI'Ili orpaHH'-IHMCH I T aK >Ke , K a K 3TO 6b!n0 

151 
cnenaHo B I rr ep B biM qneHOM n a3no x <e HHH, rr ocKonbKY Ko -+ Ko 

2 1 
0 

aenHKO rro cpa aH eHHIO c apeMeHeM )K H3HH K 
1 

-M e 3oHa ( . 

BJ?eMH rrepexon a 

mp.H 
- tr-- />.. <<1 ) • 

1 / Ecn11 rrpe H e6 p e'-!b T aK >K e CHnbH O 3 a Ty x aiOwe li aKcrroHeHToli rr o pH a Ka 

0 
TO nnH '-111Cna ~ 

2 
- M e 30HOB B MOMeHT BpeMeHH rrony'-la e M: 

N Ko ( t) = N 0 exp f - ~ t - . fr 
2 y ~ 

2 
-~il..l!J.JL.!LJ __ 
4(M- M )2 + >,.2 

I 2 I 

t I . 

- exp(- ~ t ) , 

Ill 

0 
K aK BH LlHO 113 a T o ro Bbipax<e HH\ .' o6nanaiOwRe MarHHTHbiM MOMeHTOM K 

2 
-Me30Hbi 

B Maf'HHTHO M 110n e pacrranaiOTC H 6 w cTpee, IlpH'-!eM BTOpoli '-lneH B 3KCilOHeHTe OllH-

0 0 
CbiBaeT y6 biBaHH e K 2 3a C'-leT npeapaweHHH B K 1. npH 3TOM OTHOWeHHe '-IHCna 

0 0 
pacrranoB K . 

1 
-q acTHU IB03HHKaiOwHX B p e3yn b TaTe "pereHepauHH" I K '-!Hcny K 

2
-

pacrranoa 6y neT: 

nKo 
-~

n 
K o 

2 

y2 

~ 
~ 

>..2 

2 
(2mp.H) 

4 (M - M p + >..2 
I 2 I 

121 

n ~/ . 
pH aHaTIH3e Ll8HHb!X Ollb!Ta r.nenyeT IlpHHHTb BO BHHMaHHe t '-ITO B paCCMa-

0 
TPHBaeMOM sKcrr e pHM eHTe K 

2 
- Me30Hbl rrpe >Kne '-!eM rrorracTb a KaMepy rrpoxonHT 

. 1 4 xl 
CBhiwe 100 eM B MarHHTHOM rrone ycKOpHTenH I H - 10 rayccl • B aTOM cnyqae, 

. 0 ' 
KBK HeTpyLlHO BHLleTb, Y K 

2 
-Me30HOB, o6nana!Oll.(HX MarHHTHblM MOMeHTOMt non-

>K Ha B03H HKHYT b 110nHpH3aUHH B H811paBneHHH Maf'HHTHOI'O IlOnH. 

0 
DelicTBHTenbHO , K 

2 
-Me3oHw a cocToHHHHX c MarHHTHWM KBaHTOBWM '-!HcnoM 

m ~ ~ o rron nelicTBH eM "a¢¢eKTa r yna" rrocT e rreHHO rrpeapawa!OTCH a MarHHT

o 
HOM 110ne B K l -M e30Hhl H TyT >Ke pacrrana!OTCH 1 H e ycrr e B IlOilaCTb B KaMepy. 

lfTO >Ke Kaca e TCH COCTOHHHI!: t1l = 0, T O OHH He non >K H bl HCilb!Tb!BaTb I10Ll06HOI'O 

neliCTBHH MarHHTH Or O IlOnH HH B Maf'H H T e y CK OpHTenH, HH B a HanH3HpyJOwe¥ Mar-

H H T e KaM e phlt IlOCKOnbKY HanpaBneHHH 3THX MarHHTHhlX rronel!: COBrranaiOT. 

XI n eli CTBH eM Ll Oil OnH HT
6

enbHOI'O "0'-!H ll.(a!Owero" MaT'HI'!Ta, HCDOnb30BaHHOT'O 
B 3TO M Oil biTe \ MO )l< HO rrpeH e p e '-lb. 

1 

' 
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0 
Ey.aeM C'IHTaTb TaK)!{e, 'ITO rrpH po)!{.aeHHH K -qacTHu rrpoToHaMH 

IE - 9 Ega / Ha Sl .ape CBHHua oTcyTCTByeT cKonbKO-HH6y.ab 3Ha'IHTenbHaSI rro
p 

nSipH3aUHSI OTHOCHTenbHO rrnocKOCTH o6paayeMoA HMrrynbCaMH HaneTaJOwero IIpOTOHa 
0 . 

H po)!{.aeHHoro K -MeaoHa. 3To rrpe.arrono )!{ eHHe srronHe ecTecTBeHHO, ecnH yqecTb, 

'ITO paccMaTpHBaeMaSI rrnOCKOCTb He SIBnSieTCSI 1 B006we rOBOpS11 IInOCKOCTb!O pO)!{.Qe-

B orr biT ax no po )j{.ae HHIO "cTpaHH biX.. qac-

THU H8 Sl,apax He 6b!OO 06Hapy )!{eHO 3aMeTHOA"rrorrepe'!HOA.. IIOnS1pH3aUHH rHrrepo

/ 6 / 
HOB /eM ., HarrpHMep, I . B aTHX ycnoBHSIX yqeT .. rronS1pH3yJOwero" .aeAcTBHSI Mar-

HHTHOrO IIOnSI YCKOpHTenSI .aaeT cne.ayJOWee Bblpa )!{eHHe .anSI OTHOCHTenbHOrO 'IHCna 

·K
0 

- Me30HOB1 B03HHKWHX H pacrraBWHXCSI B M arHHTHOM none KaMepbi: 
1 

'AI(2mf.LH) 
2 

AI (2m f.L H' / e /3/ 
nKo I l jtJ2 exp (- y 
~ m 4(M, -M,)2+ >..2, fi2 4(Mz -M212+>3z v 

nKo I >..
2 

__ exp ( y ~1_(2_ m f.L HI~ _e_ ) 
.2 m 1i2 4(M -JI 'P+>..2 v 

I . 2 I 

0 
-.anHHa rryTH K 

2 
-qacTHu B Mar-

IO 
3.aecb1 KpoMe H3BeCTHbiX y M e 0603Ha'leHHA, 

HHTHOM none YCKOpHTenSI, V -HX CKOpOCTb / 1,7.10 cM/ceK - .an SI cpe.aHeA 

aHeprHH K
0

2 
-MeaoHa 100 Maa/, a m = 0 + 1,:!:_ , 2. B paccMaTpHBaeMOM orrbi-

o 
Te cpe.aH 600 K 

2 
-pacrra.aos, Ha6mo.a aswHXCSI B KaMepe / H = 15000 raycc/1 He 

. 0 + 
6binO o6Hapy>KeHO HH o.aHoro pacrra.aa K .. ,- + rr ·• 3TOT peaynbTaT .aaeT soa-

MO )!{ HOCTb, HCIIOnb3YSI ¢opMyny /3/ 0 OUeHHTb BepXHHA rrpe.aen 

<;.p, 04 f.Lo Ta K
0 

-Me30Ha, KOTOpbiA OKa3anCSI paBHbiM f.L 
x/ 

"K-Me30HHbiA MarHeToH" I • KaK BH.aHo H3 ¢opMynbi /3/, rrpH 

MarHHTHOrO MOMeH-

f.L = ~- ( _ =._J._) 
0 

2tr MK 
6onbWOM MarHHTHOM 

o nKo 
MOMeHTe K -MeaoHa ---1- cTaHOBHTCSI Man biM, rrocKonbKY B KaMepy rrorra.aa10T s 

nKo 
l 

OCHOBHOM m-= ·0 . 

f.L > 20 f.Lo Hellb3SI O)!{H.aaTb 6onee TaK, rrpH 
0 

o.aHoro K 
1 

B ycnOBHSIX 3KCli e pHMeHTa 

0 
-pacrra.aa cpe.aH 600 pacrra.aos K 2 -Me3 0HOB. npH 8TOM, O'leBH.QHO,. 

0 
rry'loK K 

2 
-qacTHU, rrorra.aaJOwHx .B KaMepy, 6y.aeT ocna6neH B peaynbTaTe "s¢¢eK-

Ta ry.aa" IIpHMepHO B 5 pa3. 

x/ 
n pH pac'!eTe Mbl rronaranH O.QHHaKOBbiMH OTHOCHTe llbHbie .OOnH HeArpanbHblX 

pacrra.aos K 0
1 

H K 0 

2 
-Me30HOB, 'ITO He rrpoTHBope'IHT HMeJO w MCSI akcriepHM eHTe:nb

HbiM .aaHHbiM 17,8 I • M bi C'IHTanH TaK)!{e, 'ITO I M 
1
-M 

2
1 = 0.84 11 >..

1 
/ 9 / . 
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0 
O ueHHM nH<P•! >epeHuH a1lbHOe ce '-! e HH e pO)I<.QeHHSI K 

2
- Me30HOB non yrnoM 

0 
- 100 H8 S! .Qpe CBliHU8 flpO T OHaMH C E - 9 Ea a , soc rr onb3 0Ba B W HC b .Q1I SI aToro 

p / I 0 / 
pe3y1lbT 8 T 8MH p 860T bl • 8 flp8.Qfl01l0 )!{ 8 HHH , 'IT O BC8 YCKOp8HHbl8 rrpOTOHbl 

B3aH MO.Q8HC TByJO T C MHW8Hb !O, f!01ly '-188M 

(_:!_!!____ ) K 0 "'- 17-2 M61c T epan . 
dO 

+ I ll I 
8 TO )1{8 Bp8MSI COOTB8TCTBY !Olll88 C8'-!8HH8 .Q1ISI K - Me30HOB / B ll 8p8C'-18T8 H8 

SI .Q po CBIIHU8 II CO OT B8TCTBY!O lllHH yrnOBOH IIHTe pBan I OK83 b!B 8 8TCSI paBH b!M 

( ~ ) + - 1.5 7 2 M61cTepanxl 
d 0 K 

. 0 
E Cllll 6b! llOTOK K 2 - q a cTIIU · ocna 6nSincSI 113-aa 6onbmoro 1L, TO 

( _!!.5!_ ) 0 10 M61cTepan 

+ dO K xxl · 
, 'ITO y )!{ e CYlll8CTB8HHO p8CXO.QIITCSI C !l8HHb! MII .Q1I SI 

K -M e aOHOB 

TaKIIM o6pa30M, rrpen rrono )!{ eHIIe o 6oni:.lllOM MarHIITHOM MOMeHTe Ka )!{ eTcSI 

Ma1IOB8pOS!THbiM H8 T01lbKO 113 06lll11X C006pa )!{8 HHJ:i, HO II llOTOMy, 'lTO OHO flpiiBO-
. 0 ... 0 

.QHT K aHOMallbHO 601lblllOMY C8'-!8 HH IO pO)!{.Q8HHSI K /K I -Me30HOB. 

B 3aKnJ0'-18HIIe Bbipa )!{ aJO 6naronapHOCTb O.A. XpycTaneay 3a rroMOlllb B pac--. 
'-18TaX H 06Cy )!{ .Q8HIISI, 
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