
..... ,. ·-c .. 
'f J I J ~~ 

e;h d lh 
OE"bEllVIHEHHb1J1 

VIHCTVITYT 
SlllEPHbJX 

VfCCnEllOBAHVIH 

lly6aa 

s 
! 

· :I • 

-
' - I "" 6 -' 

PI - 3594 

B.C.Bamrunm ' 3J.1 . MaJib~eB , r .,a.necTOBa, 
3.B . CoJio~oBHHKoBa , H .r.~a~eeB, ,a.H.Xy6ya 

H.B.lJyBHJIO, llJ.C .llloumali.IBHJIH 

HCC~E~OBAHHE B03MO*HOCTH 
3KCOEPMMEHTA~bHOrO PA3~E~EHMH 

OPOUECCOB OPHMOM 3MHCCHH 

M TOPM03HOrO H3~YlJEHMH y -KBAHTOB 
+ B PA,L(HAUHOHHhlX PACOA,aAX K-ME30HOB 

lt67, 

/ 



* 
** 

PI · 3594 

B.C.BaH.IIllll1H* ' 3.!tt .MaJib[.I8B, r .,ll.llecTOBa, 

3.8.CoJIO.QOBHI1KOBa, HT .<l>a.Qees, ,ll.!tt.Xy6ya** , 

lt1.8.llyBI1JIO, W .C .UloumaLUBI1J111** 

!ttCCnE,l\OBAH!ttE 803MO~HOCT!tt 

3KCllEPMMEHTAnbHOrO PA3,liEnEH!ttH 

llPOUECCOB llPHMOM 3MMCC!tt!tt 

Itt TOPM03HOrO M3nYl!EH!ttH y - KBAHTOB 
+ 

8 PA,l\MAUMOHHh!X PACllA,l\AX K -ME30HOB 

r;-::--r.-~ . -:;--:;:--1,_.~ Q ""' } : I 'I • ~·H- ~~ '"- ..... r.": .il, 6-

~: . . ::.( L ~ - -~ -X.~~~~M:-:-~ 
- .~~ , :· -,. f - .I ~\ 
,. __ ... 

llaenponeTpOBCKIIA rocy.aapCTB81lHbrtl YHHBepCHT8T. 

T6nnHccxHA rocy.aapCTBeHahrfi yHHBepcu TeT. 



Maoro•mcneaabJe aztcuepaMeHTbt, Bhmonseaabte B uocneaaee apeMsr no cna6oMy 

B3BIIMOA9IICTBHIO U9UTOHOB C KHOHHMH, HHXOAllTCH B XOpOW9M cornaCHH C V-A -Te

OpHe!l. B 'IHCTHOCTH, pe3ynhTBTbt KonaqecTaeaabtX accnenoaaaatl TpexqacTH'IHhiX 

nenTOHHbiX pRcnaaoa K 
0

- H K + -Ml30HOB auonae cooTBeTcTBYIOT oGUJHM 11 1130TO

uaqecKHM caotlcTBaM Teopaa. HecztonhKO cnoJKaee o6cToHT aeno c H&rte lJ TCHHbtMH 

p8CI18A8MH KBOHOB, H XOTH 3Jl9Cb H9T KBKHX-11H60 3H8'IHT911bRblX OTK110H9 1!Hi\ OT 

np9ACK838HH!I T 9 0p11H, BCe ll<9 HM99TCH pHA OTKpblTbiX BOI1pOCOB, TBKHX, HBUpiiMe p, 

KBK BHOMBUbHO 6onhWOe OTHOW9HH e 'IBCTOT p8CI18AOB 

B = r ( K + ... rr + rr 0 ) I r ( K 0 
... rr + rr -) "' 1/ 500 

I 

vbBeCTHO, qTo rrpouecc K + ... , + 1T 0 
38Uperueg l1p8BH110M tl. T = 1/2 H Mor 

6bt HJlTH 38 cq~T HapyWaiOruero STO npaBHnO 3119KTpOMHrHHTBOrO B38HMOJl9l!CTBIIH, 

H XOTH B paMztax 

Ko -+ rr + rr 
I 

- CHMMeTpHH HM99TCH B03MO)I(HOCTh UOABBI19HH51 paCUBAB 

BC9-T8KH UpHA9TCH, BHJlHMO, 11pHB119K8Th K p8CCMOTp9HHIO arreK-

TpOMarHHTHble UOUpBBKH A11ll 06'bHC B9HHll B911H'IH8bl BbiUHCBHHOro DbtU!e OTHOU!98HH, 

Boo6we roaopH, accneaonaaae upoueccoa, aaymax oaaospeMeaao qepea pa3-

11H'IHb19 THUbl B38HMOA9liCTBH!I, KBK 11p8BHUO, UpHBOAHT K 890li<HA8HH biM peayrrhTB-

TBM H MO>f<9T ABTb 38 '!8CTyiO 3HB'IHT911hHO 6onbWe caeaeaall o6 ax upapone, <JeM 

paanenhaoe H3yqeaue Ka)!(aoro nuna B38HMoaellcTBHtl. B aToM CMbtcne oqeab yao6-

Hb!M 0 6 'beKTOM SKCU9pHM9HT8 HBUlliOTCll TBK HB3b!B89Mbl9 pBAHBUHOH!Ible p8C118Abl 

KBOHOB, COUpOBO)!(ABIOWH9CH HCUYCK8HH9M cPOTOHa, H811pHMep, 

K+-+rr++ITo+y 

H apyrae. 
K+ ... /l++v+ y 
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B nocnenHee Bpe Mfl B C B5! 3 M c HOBbiMn MUC5IMH OTHO CHTe n b HO Ha p y m e HMSl CP-MH

sapMaRTHOCTM Kpyr BO!IpOCOB, CB5!3 8 HHbiX C !IOUp0 6 H biM MCCl!CllOBaRM C M p8llM 8 U MO RH b i X 

pacnanos, eme pacmHpHncSJ, qTo HecoMHC HHo no a n eqAT 3a co6oA yaenHqeHHe a K c n epH

MeHTanbRoro M a T e pHana B 6 l!MJKafllliCe BpCMSl. 

YlT B K, H CCl!CllOBaHHC panBaUHOHH biX pacnanOB CB5!3aRO B OCROBHOM C llBYMSl n p o-

6neMBMH. 3TO, BO-!ICpBbiX, HCCl!CllOBaHHe MCXaHH3 M8 BTHX !IpOHC CCOB, KOTOpb!C, B 

06lliCM, MOryT HMCTb HC TOl! b KO xapaK TCp BHyTpC HHC rO TOpM03 H O rO II3l!yqCHHSl, HO 

II !IpS!MOil BMHCCHH y -KBaHTB npH nepexon e OT HaqanbHO r O C OCTOSlHH Sl K+- M C -

3 0Ha B KOHCqHo e COCTOSlHHC H3 llBYX !IHOHOB. 8Topa 5!, H C MCHCC HHTepecHa Sl n p o6-

l!CMa, CBH3 aHHaH C pannaUHOHHbiMH pacnanaMH, !IOSIBHl!aCh COBC CM H CllaBHO, Korna 

/ 2 / 
13epHIIITCtiH, <f>atiH6epr H nM npenno >~H l!H rHHOTC3y 0 C Hl!b ROM Hapyme HHH C- HH-

B B pHaRTHOCTH B 3l!CKTpOM8 rHHTHb!X B3aHMOUC ilC TBHSIX, KOTOp a51 YllOBl! C TBOpHTCl!b HO 

0 
o 6 bHCH SI CT ManocTb BenMqHH bl H e coxpa H e HHH C P-MHBa pna HTHOC T H P. pa c n anax K 

2 
- Me -

30HOB. TaKoii a<jlcjJeKT HapyrneHHH C -HHBa pnaHTHOCTH MOJKHO n p oae p HTb c noMOI!.Ib JO 

p9cnana K + ... p. + 11 y .ll e ilc TBHTe n b H O , B OTIIII '1HC oT p.'lc n ana K+ ... p. + 11 " 0 , 

rn e a<jJ<jleKT bl, CBSI38HH blC C HCC OXpBHCH!iCM C -HHBBpHBHTHOCTH MOry T Dp05! Bl!51TbC51 

l!Hllib 3a cq A T Bl!C KTpOMarHHTHb!X !IOllpa BOK H a npHOpH llOl!}I{Hbl 6b1Tb M ·11I b!MII, B p a

+ + 
nHaUHOHHOM pac nane K -+ 1J. II y , HllylliC M qepe3 3 l!C KTpO MarHIITHO C D3a HM0 -

/ 3 / 
neflCTBHe, OHH MOryT llOC THraTb BCnHqHH b l OKOl!O JQ% , TO C CTb SIB1! 5IIO TCSI HaH-

60l!hlliHMH !10 cpaBHCHHIO C aHanornqH b!MH 3GlcPCKTaMH, KOTOp b l C MOry T 11p05I Bl!51TbCSl 

B nJ06btx n p ou e ccax. 

noll b!TOlKHBaH B biUIC C Ka3 aHHOC, MO l!< HO OTM !' THT b , qTo y JK <) B TH ll BC npOUl!CM bl 

H Bl!HJOTCSl noc TaToqHo nHTe pecH w MH, qTo6 w c TnM y nH p oaaT b a K c n e pH MC HT w no ne -

TBl!hHOMY H a yqCHHIO pauHaUHOHIIhlX p R C!IBllOB KaOHO D . 

npe n c TaBl!5ICT HHTC pCC Bb!51 C HMTb B0 3 MO lK HO C Tb BKCne pH MC HT8 l!bHOI'O H3y q e HH 51 

npoueccoB TaKoro pona; aoaMomHo c TH paane n e HHH npoueccoa np51MOA aMHCCHH 

y -KBaHTa H TOpMO~l iJOrO H3nyqCHH51, a TaK}I{ C npu 0 JIC Mbl OT)l l' l!CHHH QlOHa OT Upy

rHX pacnanoa. B aToll pa6oTe Mw pacc M o r p nM nH rn b B onpoc w, CBH3BHH w e c a w ne 

neHHeM a<jJ<jJCKTOB np5!MOH 3MHCCHH, a B03 M0 >1(: !0C TH OT,:\C l!C HH51 cjloHa 6yn y T 0 6Cy lK-

neHbi noaJKe. 

npeJKn<> qeM nepexonl! Tb !{ a H8l!H3y p a nH a UHOHHbiX p acnant>B K 
+ 

"+" 0 y 

H 
+ + 

K ... ll II y BBCllCM HCKOTOp b ! C 0 6 0 3 H8'1 0 HH51, KOTOIJblMH 6 ync M !101! ",.3 0 DI'ITbC51 

n a nee Beane : p , p , p , p , p , p , p V - qCTb!pCXHMHYl!hC bl KBOHB, 
1( 0 + - ll y 

11 ° '" + t fT 
1J. +_ M C30IIOB, Q•OTO!Ja H I!C ilTpiiHO, C O OT L>C T C TB C HHOi l - BCKTOp 
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nOllHpH38UHH ljlOTOH8; p I TpexMepHbie HMnynbCbi 'ISCTHU~ E 1 - nonHbJe :;mep-

f'HH, 8 Ill 
1

- M8CCbl '!8CTHU; a - yron MelKAY nonO>l<I'TellbiiO 38pHlKeHHOll BTOpH'!-

BOR 'I8CTHU91! H ljlOTOHOM, Vl cnorrb3yeTCH MeTpHK8 a. b = a O • b O- ; • b . 

+ 
1. P8AH8UHOHHbiA pacnan K y 

EcnH p8cn8n K + " + "
0 

COlipOBOlKA8eTCH H3llY'I9HHeM ljloTOH8, TO KpOMe 

npocToro ucnycK8!1HH y -KB811T8 cTapTyJOWHM "+ -Me3oHoM HnH ocTaaaanuaaJO

muMcH K+ -Me30HOM (puc. 1a H 1a) MOlKeT npOH30l1TH 'npHMBH' SMHCCHH ljlOTOH8 

npH nepexone H3 H8'!8llbHOT'O COCTOHHHH K+- M83 0H8 B KOHe'!HOe COCTOHHHe H3 ABYX 

nHO.HOB ( pHC.1C), 0oCll81lHIOJO B 03MOlK.HOCTb MOlKHO npenCTBBHTb ce6e KBK noHBneHHe 

OTni'I'!HOI! OT HYllH 8MnlliiTYAbl p8Cli8/l8, 38 KOTopy!O OTBeTCTBeHHO fl38H M Oil8HCTBHe 

C 6. T = 1/2, nOCKOllbKY H8llH'!H9 ljloTOH8 C BIIM88T 38npeT, X8p8KT9pHb!li AllH Hep8-

Ali8Ili!OHHOT'O pacn8A8 K+ -+ 1r + " 0 
• Opa aToM aenH'!HR8 sTol1 8Mnn H TYilbi MO)J{eT 

Ob!Tb H 6om,wel1, '19M TOllhKO nepBb!l1 nopHLlOK no • e·. COOTBeTCTByiOIUI!tl sneKTpo

MBT'HHTHbiM 8MITllHTYLl8M. To ecTb, ecna Mbi nocTynapyeM, 'ITO 38 ace aenenToH'ni'> 

p8CIT8Abl OTD8'!8JOT TO:J :,KO B38H MOA9l1CTBHH C np8BHllOM H 3MeHeRUH 1130TO!Il!'!8CKOT'O 

CnHHB HB 1/2, H 'ITO OTKllOH9HHe OT STOT'O li[l3BHll8 B03HHKA8T llHillb 38 C '! e T 3ll8KTpO-

M8f'HHTHOT'O 538HMOA9l1CTBHH, TO HMeeT MeCTO lliOOOIIbiTHBH CHTYBUHH: OTHOCHTerrb-

Hble qacTOTbi nnH p8cnanon no cxeM8M H MOT'JT 

/ 1/ 
ObiTb Ll8lKe o n uoro nopHAK8 3TO OOCTOHTenbCTBO HBllH8TCH penKHM l! CKlliO ' ! P. I!l!e M 

H3 o6bi'!Horo nono>KeHHH ( nnH '!HCToro auyTpeuHero TopM03 Horo H3 ny'!eHuH), n p u KOTO-

pOM '!8CTOT8 llllH p8Cli8A8 

A -+ B + C . 

A-+ B + C + y cocTaBnHeT 1 / 137 OT qacTOTioi pacnana 

0 6p8TIIMCH K SKC!IepHM9HT8llbHbiM llBHHbiM. H86lli0'18BW8HCH OTHO C HTe rrbH8H 

'!8CTOT8/
4

,S/ p8AH8UHOHHOT'O npOUP.CC8 K+-+ IT+ IT 0 y ( ., 3 X 10-4 ) MHOT'O M8HbWe 

OTHocuTenbHOl1 '!8CTOTbi pacn8A8 K + -+ "+ ~r 0 u H8XOAHTCH B npu6nli3HTe nbHOM 

• -4 161 
COT'll8CH H C p8C'!eTBMH AllH '!HCTOT'O BHyTpeHH8f'O TOpM03HOT'O H3ny'!8HHSl J, 6x JQ 

0 6paTHM BI!HMBHHe 118 OAHH npHMe'!BT8llbHbltl ljlBKT; BO BC9X npOB91l9HHbiX SKCnepH-

M81!T8X 8H8llH3Y UOABepr8ll8Cb llHWb '!8CTb KHH9M 8TH'!8CKOH 00ll8CTH H3M9H9HHH nepe-

MeHHhlX B STOM p8CII8Ae, H8 KOTOpyiO !IpHXOAHTCH MeHbW9 U OllOBI! Hhl BC 9X p8UH8 -

UHOHHbiX pacnanoa, o6ycnoaneHI!biX npHMOI! sMHccuell, u rae pe3KO npeo6rr8aaeT 

BHyTpe HHee H3lly'!eHHe. KaK 6yaeT BHAHO H 3 A8llbHeRrnero , 3TO HBrrHeTCH B8lKH~M 

ljlaKTOpOM a nH o6aapymeHHH !IpOUeCCOB, CBH38HHhlX C !IpHMOA 3M HC C ReA ljlOTOH8. 
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K-+ 

~+ 

K+ 
• 

it' 

Pnc. I. 

v+ 

Q., 

uo 

tt't 

1.,, 

tt-o 

c:.. 

BoCDOITb3Y6MCR ~6HOM6HOnornqeCKHM ITOUXOUOM K ODHC8HH~ DpRMOlt SMHCCHH 

y -KB8HT8 B pacrrane K + -+ fT + 1T D y , B KOTOpOM Bb!6Hp86TCH H8H6onee ITpOCT8H 

B03MOJKHOCTb - rrepeXOUbl OT RaqanbHOro K+ -cocTOHHHn B Koaeqaoe rr + rr 0-coc-

Tonaae, cooTBeTcTBy~mne H3nyqean~ aneKTpnqecKoro a MarHHTHoro nan one A. • 3neK

TpHqecxaA• nepexon, nocKonbKY ero npapona Ta JKe, qTo n npnpona H3nyqeann ~oTo-

HOM BRpTy8ITbHblM 38pRJKeBHblM DHOHOM B npouecce BHyTpeaaero TOpM03 HOrO R3ny

'16HRH, MOJKeT 6b!Tb KOrepeHTeB C rrocneUHHM H U8B8Tb HHTep~epeRUHOHHbl8 a<IJQJeK

Tbl. "'MarHHTHbllt"' Depexon HMeeT DpOTHBODOITOlKBy~ q~THOCTb H ae MOJKeT HHTep~e-

pHpOB8Tb C UBYMR OCT8ITbHblMH Dp0U6CC8MH, 

MaTpHqHble aneMeBTbl UnH TOpM03HOro H3nyqeHHR H DpSIMOlt SMHCCHR MOJKHO 

161 
38DHC8Tb cneny~mHM o6p830M: 

M = e g m ( 

p 
K 

p p 
K y 

M = A g e m -3 p IL p v F pv 
E + 0 

p + ) f 

p.j. py 

M = B g e m-3 p 1L p v IL va {3 a {3 
M + 0 t F • 
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( 1.1) 

( 1.2) 

( 1.3) 



3aecb F p.v = p IL £ v p v £ It ; g - 6e3p83M e pH biH napaMCT p CBSl3 11, OT BeT -
y y 

CTBC HHbll1 3 8 HepaaHBU HORHbii! pacnaa . c!J y HKUHH 

CHnbHbiX B38HMoaeilCTBH ii 11 aonmHbl 3BI:lHCe Tb OT n p OII3Beae H11H p p 11 
y + P P . B Ha 

Y o 
wnx pacqi:!Tax Mbi npeanonanoleM 3TY 313B II CHMOCTb cna6o ii 11 C'I 11TaeM A n B KOHe'!HbiMH 

npn p p 
y + p y P0 = 0. m-<jJeHOMe HOnOrH 'lCCKIIH ljlaKTOp, KOTOp bii! BBOaHTCSl 113 C006-

pamennl! pa3MepnocTH. Mcnonh3yn awnncaHHwe n w we MaTpnqnwe 3n e M e HT hl , npo

aeaeM Moaenlipoaa HH e MeToaoM MonTe-Kapno pacnaaa K +-+ IT+ IT o y B npon3nonh

HOM 6eCKOHe'IHOM ae TeKTOpe OTaenbHO ann c nyqan , KOraa HMee T MeCTO nHWb BHYT

pe HHee TOpM 03 HOe H3 ny'leHI!e H KOrJla HMeiQTCn npnMb!C nepe XOabi C HHTepljlepeH

UHOHHbiMII 3¢¢eKTaMII. Pe3ynhTaTbi Moaennponannn npeacTanne Hbi B nnae pa3nn'I

HbiX KOppenSJUII!! BTOpH'IHblX '!8CTHU H8 pHC. 2, rile ITOK838Hbl 3HepreTH'! eCKHe cneKTpbl 

+ 
IT - Me3 0HOB H y -KBaHTOB 11 pacnpenenenne Kocnnycon yrna pa3neTa panna-

UHOHHhiH 
+ y -KBaHT- IT - M93 0H. 

KaK BHJlHO, oT TopM03Horo H3 DY'IGHHSI x opomo oTaenstJOTCSl cny'!all npnMoli 

3MHCCHH npH npnMepHO paBH biX aMnnl!Tyaax aTHX npOUGCCOB BHe 3aBHCHMOCTH OT 

3 HaKa n nenwiRHbi HHTep~lepenunn Memay HHMH. OanaKo HYlKHO 3aMe TnTh , 'ITO aame n 
14 / 

B aToM cny'!ae nponeaeHHhii! B pa6oTe anann3 Mor HH'Iero ne naTb ( B CMbiCne 

o6napylKGHBn DpHMOll aMHCCHH), ITO CKODbKY HCCnGJlOBancn nHIIIb aHepreTH'IGCKHii 

cneKTp "+- Me3oHoB B HHTepnane aaeprnll nnoaa oT 200 Man no M a KCHManbH Oti 

aneprun. M3 pnc. 2 BHaHo, 'ITO B a Toll o6nacTn aneprnll na'IHHae T npeo6nanaTb 

TOpM03HOe H3nyqeHHe H yll<e npH OTHOWeHHH aMnnnTya TOpM03HOrO H3nyqeHHn H ITpSI

MOll 3MHCCHH 2:1 ITOCneaHIOIO 3aMeTHTb npaKTH'IeCKH HeB03MOlKHO. npn HCITOnb3 0 B8 HHII 

B aaann3e nonnoro HHTepnana H3Meaennn rrepeMeHHhiX, a TBKlKe npn npnnneqennn 

K paccMoTpeHHIO eme KaKoro-an6yah pacnpeneneaun, RanpnMep, ' yrnonoll Koppenn-

UHH ITHOH - p8JlH8UHOHHbii\ Y -KBBHT, nonolKeHne HeCKOnbKO ynyqruaeTCSl. npn HBnH'IHH 

KOHCTpyKTHBHOll HHTepljlepeHUHH aall<e ann COOTHOWeHHn 8MITDHTya TJ .. A I A E 1/ 3 
n T 

eme eCTb B03M0}1(HOCTb BbiaenHTb npnMyiO 3MHCCIIIO DpH CTBTIICTl!K e B 100-200 cnyqaeB 

pacnaaa. 0nHaKO Jlnn cnyqan aeCTpyKTHBHOll HHTep<jJepeHUHH T8K8Sl B03MOlKHOCTb HMe 

eTCn ITHWb ann '17 = 1. noBbiCHTb aTy B03 MOlKHOCTb BhiAeneHHn a<jlljleKTOB, CBSI38 HH biX 

C npHMOll aMI!CCI!ell, MOlKHO, ecnl! CfleUI!BnhHO Bhi6p8Tb o6naCTH 1!3MeHeHHn nepeMe H

HbiX n noTpe6 oaaTb onaonpeMe anoro n o naaannn ncex napaMe Tpoa a oTaenbHbie l!H-
+ 

Tepaanbi. Ha pnc. 3 noKa3aRbi KpHBhie Monenupoaannn pacnaaa K -+ IT +IT 0 y np,~ 

Bhmonneann TaKoro Tpe6oaaaun. DaHH bill Bhi6op rpaanu 113 Menennn aenl!'IIiH cos IT+ y, 

H E y npnaen K TOMy, 'ITO BnHnHI!e TOpM03HOrO H3 Dy'!e Hnn 6biiTO IT OJlBBneHO 

7 



npHM8pHO B IQ pa3, B TO Bp8M51 KBK KOflH'18CTBO Cf!Y'188B llpHMOl! :3MHCCHH YM8Hb

lllHfl0Cb scero B 2 pa3a. B epoHTHO<::Tb pa3nenesuH noBbiCHnacb, H Tenepb nalKe sa-

f!H'IH8 )l8CTpyKTHBHOll HHTep¢ep8HUHH npH T/ = 1/ 2 Re M8lll88T B blll8 fll!Tb a¢¢eKTbl 

npHMOl! aMBCCHH npH CT8THCTHK8 200 cnyqaes c nocToBepsocTbiD se xylKe 95%. 

PanuauuoHHbill pacnan K + -+ p. + v y 

Pacnanbr K+-+ p. +.., y H K+ .. e+vy SIBf!S!IDTCSI yHHKBflbBbiMH B TOM OT

+ 
HOW8BHH, 'ITO H3 BC9X B03MOlKBbiX paCIIB)lOB K - Me3oaos TOnhxo OHH rrpHBOilSIT 

K KOH8'1HOMY COCTOHBHIO H3 Tpex '18CTHU, He Y'IBCTBYIOIUHX B CHflbHOM B31lHMO

nellcTBHH. 3sepreTH'I9CKBe a yrnoBbre pacnpeneneaaH rrponyxTOB pacrrana B aTHX 

npoueccax 38BBCSIT oT cTpyKTYPhl TOflbKO onaoro anposa - pacnanaiDmerocg K"'.:. Me-

30Ba, 'ITO no3sonHeT, B rrpaauarre, rrony'IHTb cBeneaaR o rrocnenaeM B aaa6onee 

'IHCTOM BH)le, 

B HBCTOHWee BpeMH OTCYTCTBYIOT K8KHe-na6o axcnepHM9HT8f!bBb19 )l8BHbi9 06 

:3THx pacnanax ( aa6monanHCb nHWb asanorH'IH bie pacnanbr nHoHoB 11 +_.I'+ II y 
171 

+ + / B/) 
H 11 -+ e v y • 

PanuauHoHHbte nerrToaable pacnanbl xaoaos H " - Me3osos paccMaTpasanHCb B 

/3,9-111 
p83f!H'IHb!X 8CI!9KT8X B B9KOTOpbiX pa60T8X • 3necb Mbl fl0flbiT88MCSI OllHC8Tb 

sau6onee o6wan nonxon nnH 3anaca MaTpB'Iaoro aneMeaTa xaoHHb!X nenTOHHbiX pac-

Illlll OB, COI!pOBOJK.!IBIOIUHXCH HCnyCK8HH9M y -KBBBTB, H npoaaanH3HpyeM B03MOlKHO-

CTH HX aKcnepHM9BT8llbBOrO HCCne)lOBBBHH. 

3arrumeM •o6mee BbrpaJKeaae nnH MaTpB'Iaoro aneMeHTa pacrrana K +-+ (.., y 

< P ,P ,P ,cJZJP >a 
I' y y K 

G 
ie-=-f 

1 

(2,)
2 

8 
4 

(P -P -P -P ) X 
K 1J. y y v2 2y'EKEY 

.. p 
xu (m( K 

f • 

pI' ( 

PKP y 
p p 

" y 
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BKnan oT BHyTpeHHero TopMoaHoro HanyqeHHR (cnarae Moe a (2.1), nponop-

UHOHaflbHOe MaCce nenTOHa) 3aBHCHT OT CTpyKTypbt 

HaCKOflbKO 3a BHCHT OT Hee UBYX'!aCTH'IHbiH pacnan 

K - Me3oHa nHWb nacTonhKo, 

K+ ... f + y , TaK KaK KOHCTaHTa 

f K onpenenneT TaKll<e MaTpH'IHbttl aneMeHT HepanHaUHOHHOrO K + ' < 
2 

-pacnana: 

H npH Hcnonh3oaaHHH napaMeTpHaauHH c yrnoM Ka6H66o f K = f, sin 0 A 
/12/ 

¢opMcjlaKTOpbt fA H f V , S!BflSI TOU{HeCSI cjlyHKUHSIMH nepenaHHOrO nenTOHBM 

HMnynbca q 2 = (P f + PV ) 2 , onpenennroT 3aBHCRDlYIO OT CTflYKTypbt K- Meaoaa '!aCTb 

npouecca npnMyro aMHCCHIO y -KsaaTa. Opa aTOM fv npencTasnneT co6ol!l 

cjlopMcjlaKTOp npH BeKTOpHOM cnaGOM anpOHHOM TOKe C H3MeHeHHeM CTpaHHOCTB, a 

f A - npH aKCHanbHOM. 06a cjlopMcjlaKTOpa net!CTBHTenbllbt, ecnB HMeeT MeCTO _ 

T - HHBapHt!HTHOCTb. 0CHOBHOt! BKI18U B cj!OpMcjlaKTop f V BHOCSIT UBYXMe30HHble 

K-, -cocToRBHR c noporoM (m K + m ,) Mas H peaoHaac K * . 
B aKCHanbHbttl cjlopMcjlaKTOp fA OCHOBHOt! BKnan MoryT rraBaTb 6onee naneKRe 

npoMell<yTO'IHbte cocTonBHn: K ""· K p, K w, K * rr • EnH3KHX (no Macce ) peaoHaHcoa 

a aToM KaHane pacnana seT. noaToMy axcHanhHbttl ¢opMcjlaKTop, aoo6me roaopu, 

nomKell 6biTb Meahrne aeKTopaoro no a6conroTaot! aenH'lHBe. C npyroA cTopoabi, 

UOCKOilbKy KaK B TOM, TaK H B npyroM cny'lae npoMell<yTO'lHbie COCTORHBH RMeiOT 

MaCey 3Ba'!HTenbHO 60nhrnyro MaCChi K- Meaoaa, cnenyeT OlKHUaTb, 'ITO 38BBCH

MOCTb cjlopMjlaKTOpOB OT nepenaHHOrO nenTOHBM HMnynbCB ll.OilJKHa 6b!Tb B cj!B3H

qecKOt! o6nacTB sechMa nnaaaot! u, BBil.BMo, a nepsoM npu6nuJKeHBB e10 anonae 

MOlKBO ·npeae6pe'!h. 

OposeneM pac'!~Tbt oTnenhno nnn cny'laea v = 0 H , fA= 0. Ha puc. 4 R 

4a npencTasneabt peaynhTBTbi Monenapoaaauu MeToll.OM MoaTe-Kapno nponecca 

MoJKHO auneTb, 'ITO KaK u nnn pacnana K+ ... ,+, 0 y cymecT-

BOBaHHe 60nbWOt! KOBCTpyKTHBHOf!l HHTepcjlepeiiUHH ll03BOnHnO 6hl nerKO ycTBHOBBTb 

3KCUepRMeBTanbHO aanB'lBe npHMOf!l 3MHCCHH UBJKe llpB ~ - 1/2 H CTBTBCTHKe 

oKono 100 cny'laes. Tpynaee o6HapyJKBTh a!jxpeKTbl npnMol!: aMuccuu, ecnu H.BTep-

<jJepeBUHR necTpyKTHBHaH, a COOTHOWeaae aMllflHTYU npRMOi!: 3MBCCHB H TOpM03-

~ = 1/2. HecKOnbKO ny'lrne o6cTOHT neno npR MonenHposaaBB a 

cneuHanbiiO Bbt6paHHbtx o6nacTnx R3Meaeaun nepeMeBHbiX ( pac. 5), rne npu eTa-

g 



THCTHK9 B ., 200 cnyqaeB M0)1{1!0 B b!AeilHTb IlpS!MYIO 3 MRCCH IO C JlOCTOBepi!OCTbiO 

95% na)l{e npn ry = 1/ 2 H IlOili!OA necTpy KTHBIIOA HI! Tep~epeHUHH, 

38KlliO'lHTenbHbie 38Me'l8HHH 

KaK noKa3b!BaJOT npoBeAei!Hbte pac'!eTbi , rrpSIMaH aM HCCIHI y -KBai!Ta B pac-

+ + + + 
rranax K -+ " rr 0 y n K -+ p. v y xapaKTepn3yeTcSJ npenMymecTBei!HbiM 

BbineTOM <jlO TOI!a Ha3aA ITO OTI!Ollie i!HIO K 3 ap5l)l{e i!I!OI! "'aCTHUe. i-fHTep~e peHUHH B 

K8KOA - TO Mepe TaK)I{e npH CY IJ1H 3TH qepTbl, • B TO BpeM S! KaK TOpM03 1!09 H3 ily'lei!He 

nMeeT o 6paTHbii! xapaKTe p - rrpeHMymecTBeaaoe ucnycKai!He ManoaaeprH'lHbi X ~oTo

HOB BJlO/Ib l!anpaB/IeHHS! ABH:>I<eHHS! 3 ap5l)I{9HHOI! 'laCTHUbi, 3TO •yuo6Hoe• o6CTOS!Tenb 

CTBO I103BO/IS!9T rrpoBeCTH pa3ueneane 060HX MeXaHH3MOB B03HHKHOBeHHS! y - KBaHTa, 

ecnH npOBOAHTb 8H8ilH3 3KCnepHMeHTailbHb!X AB HHb!X B orrpeaenei!Hb!X HHTepBanax 

rrepeMeHHbiX cosy, ;( p.), E rr(p.) H E y- Tipn 3 TOM ecnM He KOI!KpeTH3 HpoBaTb 

BHA aeT eKTOpa, MO)I{HO yTBep)KJlaTb, 'ITO pacilaAbl C IlpS!MOI! 3MHC CHel! ~OTOHa llpH 

CTaTHCTH'leCKOM MaTepHa/Ie B 100-200 CIIY'IaeB MO)I{HO OTAe/IHTb OT TOp M03HOrO M3-

IIY'leHHSI n a)l{e B TOM cny qae, ecnu aMnnnTyna nocnenaero B 2-3 pa3a 6 onhwe aM-

IlilHTYAhl npS!MOA 3MHCCHH y -KBaHTa. 

B 3aKnroqeaue Mbi 6naronapHM B.f.fpurunaa H B.n.nl06ow aua 3a MHoro'lHcnea

Hhie o 6 cyJKneaHSJ pa6oTbi, a TaK)I{e E.M .nuxaq~By 38 6onhwyro noMOIUb B o~opMneHHH 

n pac'l ~Tax. 
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