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AKTYaJibHOCTb TeMhl 

ITpo6J1eMa BhPHICJiemrn pa,n,nau,noHHhIX nonpaaoK (PIT) K ce

qeHHRM npou,eccoa Ha KOJIJiaii,n,epax TaK :>Ke KaK n nx yqeT npn 

pacqeTe nrnpHH pacna,n,a Me30HOB B HaCTORID,ee BpeMR RBJIReTCR 

oqeHb Ba:>KHOH. Bospocnrne TQqHQCTll OilbITOB npe,n,'hRBJIRIOT 60-

Jiee :>KeCTKHe Tpe6oBaHHR K TeopeTnqecKOMY onncaHHIO 3THX npo

u,eccoB. YqeT HH3IIIHX nonpaaoK Teopnn B03MyID,eHnii (TB), no

CTpoeHHO:ii B paMKax CTaH,n,apTHoii Mo,n,eJin ( CM) oTaeqaeT no

npaaKaM nopR,n,Ka BeJinqHHbl IlOCTORHHOH TOHKOH CTPYKTYPbI O'. = 

e2 /he~ 1/137. B cJiyqae Kor,n,a B npou,ecce yqacTBYIOT qacTHU,hI, 

CllJibHO pasJinqaIOID,HeCR no Macce, HJIH npou,ecc npOHCXO,lJ,llT npn 

60JibIIIHX 3HeprHRX, COOTBeTCTBYIOID,He BKJia,lJ,bl MOryT co,n,ep:>KaTb 

JiorapmpMnqecKoe ycnJieHne, T.e. cJiaraeMbie Tnna (af'rr)L, L = 
ln(M2 /m2), r,n,e B KaqecTBe MaCIIITa6a M BhICTynaeT Macca TR

:>KeJioii qacTHU,bI HJIH cyMMapHaR 3HeprnR L = ln(s/m2), s = 4E2 

qaCTHU, B CllCTeMe u,eHTpa Mace HaqaJibHbIX qacTHU,. ,11.aJiee Mbl 

npe~noJiaraeM 3TH BeJinqHHbl MHOro 60JibIIIHMll HeHyJieBOH MaCCbl 

JierqaiiIII~ii qacTHU,bI: M, 2E >> m. TaKoro Tnna ycnJieHHbie (Jin

,n,npyro~ne) BKJia,lJ,bl He MaJibI ll COOTBeTCTBYIOID,He PIT MoryT co

CTaBJIRTb ,n,eCRTKll npou,eHTOB, TOr,n,a KaK HeJIH,lJ,HpyroID,He, T.e. He 

co,n,ep:>KaID,ne JiorapmpMnqecKoro ycnJieHHR (~ (a/'rr) ~ 0.0025), 

06'i>e,n;rmeim&I.i't Imcnnyr 
5I,Ll;epm1x accnegoBaH.vti1 

BH.BJ1HO'i1EHA 



KaK npamrno, COCTaBJI.HIOT )];OJIH npou;eHTa. ,Ll,JI.H H3BJieqeHH.H <pR-

3HqecKOH HH<pOpMau;nn H3 ,n;aHHbIX npeu;n3HOHHOro OnbITa OKa3bI

BaeTC.H tte,n;ocTaToqHhIM orpaHnqnTbC.H yqeTOM PIT ·Hn3mero no

p.H,n;Ka TB. PacqeT )Ke nonpaBoK BToporo nop.H,n;Ka no KOHCTaHTe 

TOHKOH CTPYKTypbI conp.H)KeH co. 3HaqnTeJibHbIMH BblqHCJIHTeJib.:. 

HblMH Tpy)];HOCT.HMH. 

,Ll,pyrHM acneKTOM, no,n;qepKHBaIOIII;HM He06XO)];HMOCTb npeu;n~ 

3HOHHhIX pacqeTOB B paMKax CM n, i' qacTHOCTH, KBaHTOBoii 

9JieKTpO)];HHaMHKH (K9,LI,)' .HBJI.HeTC.H TOT cpaKT, qT() ceqeHH.H H Be

pO.HTHOCTH npou;eccOB 9JieKTpO,ll;MHaMnqecKOH npnpO)];bl no BeJIH

qnHe KaK npaBHJIO npeBbIIIIaIOT TaKOBbie He9JieKTPOMarHHTHOro 

npOHCXO)K)];eHH.H n npe,n;cTaBJI.HIOT co6oii cy:m;eCTBeHHbIH <pOH npn 

HCCJie)];OBaHHH 9cpcpeKTOB <pH3HKH Me30HOB, npO.HBJieirnii CHJibHblX 

H CJia6bIX B3aHMO)];eHCTBHH. 

B CB.H3H C Heo6xo,n;HMOCTblO yqeTa BKJia)];OB BblCIIIHX nop.H,n;-

' 
KOB TB c ,n;ocTaToqHoii TOqHOCThIO noJie3HhIMH .HBJIHIOTC.H pa3~ 

Horo po,n;a npn6JIH)KeHHhie MeTO)];hI pacqeTa PIT. Cpe,n;n HHx Be

,n;y:m;ee MeCTO 3aHHMaIOT MeTO)];, OCHOBaHHbIH Ha HCnOJib30BaHHH 

rpynnhI nepeHopMHpOBOK. OH OCHOBaH Ha rnnoTe3e no,n;o6n.H H 

npe,n;cTaBJI.HeT co6oit 0606:m;eHne ypaBHeHnit feJIJI-MaHHa-Jloy n 

KaJiaHa-CnMaH3HKa, noJiyqeHHhIX B K9,LI, ,n;JI.H ,n;Byx- n TpexTo

qeqHhIX <pyHKD;HH fpnHa. 

rnnoTe3a <paKTOpH3aD;HH H napTOHHa.H MO)];eJih, o6oCHOBaHHa.H 
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B KBaHTOBOH xpOMO)];HHaMHKe (KX,LI,) H noJiyqnBIIIa.H TaM 60Jib

IIIOe KOJIHqecTBO npHJIO)KeHHH, OKa3aJiaCb qpe3BbiqaiiHO ITOJie3-

HOH H B KBaHTOBOH 9JieKTpO)];HHaMHKe. O606:m;nB MeTO)]; KBa3H

peaJihHbIX 9JieKTpOHOB H H3BeCTHbie TeopeMbI O cpaKTOpH3aD;HH 

HH<ppaKpaCHbIX paCXO)];HMOCTeit, B' K9,LI, 6bIJia nocTpOeHa KaqecT

BeHHO HOBa.H nporpaMMa yqeTa pa,n;nan;HOHHbIX nonpaBOK K ce

qeHH.HM npou;eccoB. B ee paMKax ceqeHne npe,n;cTaBJI.HeTC.H KaK 

CBepTKa HeKOTOpbIX YHHBepCaJibHbIX cpyHKD;Hii, KOTOpbie npe,n;

CTaBJI.HIOT co6oii nJIOTHOCTH Bepo.HTHOCTH HaiiTH B OKpy)KeHHH 

,n;aHHOH HaqaJibHOH IIJIII KOHeqHOH qacTIID;bl HeKyIO ,n;pyryro (nap

TOH), H )KeCTKOro ceqeHII.H B3aIIMO,n;eiiCTBII.H napTOHOB, paccqn

TaHHOro B paMKax 6opHOBCKOro npII6JIII)KeHH.H. Bee 9TO Ha3hIBa

eTC.H 0606:m;eHHOfi KapTIIHOfi ,Ll,peJia-5IHa: 

CD ~ Id / dyI dy2 na ( ) b ( ) aAB= L.J XIdx2 -- AxI,sDBx2,s 
a,b,c,d YI Y2 

(1.1) 

XO-ab➔cd(sxix2)Df ( Ye )Df (YD). 
YI Y2 

YHIIBepCaJibHbie cpyHKD;IIII (cpyHKD;IIH pac:m;enJieIIH.H ni II cpyHK-

U.HII cpparMeHTaIJ,HH D;l) onIIChIBaIOT nJIOTHOCTb BepO.HTHOCTII 06-

Hapy)KIIT1? B HaqaJihHoii qacTIIIJ,e A napToH a II B napTOHe d KO

HeqHyro . ~IaCTHIJ,y fl C COOTBeTCTBYIOIII;IIMII )];OJI.HMII 9HeprHII OT 

9HeprIIii qaCTIIIJ,bI-pO)];HTeJI.H II KBa,n;paTOM HMnyJibCa q2 ( CXO)];OM 

c MaccoBoii noBepxHOCTn), L = ln(lq2l/m2). 9TII yHnBepcaJib

Hhie cpyHKIJ,HII no,n;qIIH.HIOTC.H CIICTeMe IIHTerpo-,n;ncpcpepeHIJ,IIaJib-
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HbIX ypaBHemdt 3B0JIIOIJ,Hll, H3BeCTHblX B KX,II, KaK ypaBHemrn: 

,II,0Krn1111,ep-fpn60Ba-JimrnT0Ba-AJihTapeJIJIH-Ilap11311 n BIIepBbie 

HanncaHHhIX B K9,II, JI. H. JinnaTOBbIM. 

IlpHBe,n;eHHbIH BbIIIIe BepOHTHOCTHblli BH,LI; ceqeHHH 0TKpbrnaeT 

H0Bbie B03M0)KH0CTH ,Ll;JIH 0ilbIT0B. TaK, HanpHMep, HH<pOpMaII,HIO 

0 ceqeHHHX npo11,eCC0B, np0HCX0,Ll;HIIJ,HX B ,e K0JIJiaii:.n;epax M0)KH0 

npoBepHTb H H3 ,n;aHHbIX, Il0JiyqeHHbIX B 'Y'Y H ee K0JIJiall:.n;epax. 

"" 
CeqeHne 'Y'Y ➔ X M0)KH0 n3yqaTb B 'Y'Y nee K0JIJiaii:.n;epax (,n;Byx-

cpoTOHHbiii: MeXaHH3M pO)K,Ll;eHHH) H ,e± K0JIJiall:.n;epax. CJie.n;yeT 

o,n;HaK0 Il0MHHTb, qTo npn HCil0Jib30BaHHH "qy)KHX" KOJIJiaii:.n;e

poB np0HCX0,Ll;HT Il0TepH CTaTHCTHKH, Il0CK0JibKY ,Ll;JIH C0BpeMeH

HbIX ycTaH0B0K cpyHKII,HH pacIII,enJieHHH HJIH cpparMeHTaIJ,HH 

D!(x, L) ~ a/1r L ~ 0.1, a-/= b. (1.2) 

B qa,cTHOCTH, perneHHe ypaBHeHHH 3B0JIIOIJ,HH B Be.n;yIII,eM JI0ra

pH<pMHqecKOM npn6JIH)KeHHH ,n;JIH IlJI0TH0CTH Bep0HTH0CTH "Haii:

TH" 3JieKTp0H B 3JieKTp0He (D;= ,HeCHHrJieTHaH qaCTb D- cpyHK-

11,HH) HMeeT BH,n;: 

00 

1 ( a )n v;= (x, L) = 1 + ~ 1 -
2 

L p(n)(x), 
n=l n. 7r 

(1.3) 

1 

p(n)(x) = I dy p(I)(y)p(n-1)(~), 
. X y y 

p(I)(x) = lim[P_.;.1)c5(1- x) + PJ1)(x)8(l - x - ~)], 
A➔O 

4 

P.(I)(x) - 1 + x2 p(I)(x) - 2 ln ~ + ~ 
O - 1- X' A - 2" 

3.n;ecb BCil0M0raTeJibHblH napaMeTp ~ = ~c / c n BeJIHqHHa PA 

M0ryT acC0IJ,HHp0BaTbCH C ~c- MaKCHMaJibH0H 3Heprneii: MHrKHX 

,Ll;0il0JIHHTeJibHbIX <pOTOHOB H BKJia,n;OM B ceqeHHe OT H3JiyqeHHH 

BHPTYaJibHbIX H MHrKHX <pOTOHOB. Po(x) acco11,1111pyeTCH C Be.n;y

lII,HM BKJia,n;oM )KeCTKHX ( C 3Hepmeii: 60JibIIIe ~c )cpOTOHOB. 

OcHOBHOH 11,eJiblO .n;11ccepTaII,HH HBJIHeTCH npoBepKa cnpaBe,n;

JIHB0CTH npe,n;cTaBJieHirn ( 1. 1) ,Ll;JIH ceqeHHH pH,n;a npo11,ecc0B B 

K9,II,, KaK "KBa3Hynpyrnx", T.e. THna 2 ➔ 2, TaK n "pa.n;n

aII,HOHHbIX"' 2 ➔ 3 C H3JiyqeHHeM ,Ll;0il0JIHHTeJibH0r0 )KeCTK0ro 

<pOTOHa HJIH napbl JieITT0H0B. ,lI,JIH Il0CJie,n;Hero CJiyqaH TeopeMa 

cpaKTop113a11,n11 B KX,II, He 6b1Jia ,n;0Ka3aHa. KoHKpeTHhie pac

qeTbI, npoBe,n;eHHbie B 11,HTHpyeMbIX HH)Ke pa6oTax, Il03B0JIHJIH 

yJiyqrnHTb T0qH0CTb ceqeHHH (1.1), nyTeM yqeTa HeJIH,Ll;HpyIOIIJ,HX 

BKJia,n;oB a/ 1r (a/ 7r L) n B B11,n;e .n;onoJIHHTeJibHoro MH0)KHTeJIH T. H. 

K- cpaKTopa B Il0,Ll;bIHTerpaJibH0M Bbipa)KeHHH. KaK npaBHJI0, He 

y.n;aeTCH Il0JiyqHTb K0p0TK0ro aHaJIHTHqecKoro Bbipa)KeHHH ,Ll;JIH 

K- cpaKTOpa, Il03T0MY pe3yJihTaT ero Bb1q11cJieHHH npe,n;cTaBJieH 

,n;JIH KOiiKpeTHbIX 3a,n;aq B B11,n;e Ta6JIHIJ,h1. 

AHaJIOrHqHaH CHTya11,11H HMeeT MeCT0 B CJiyqae pacna.n;a TH)Ke

JIOH qacTHIJ,bl C Ma~coii: M B K0HeqHoe C0CT0HHHe, B K0T0p0M npH

cyTCTByeT o,n;Ha HJIH HeCK0JibK0 JierKHX qacTHIJ, MaCCbl m. Bo3HH-
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KaIOru;Hii B pe3yJibTaTe 3JieKTpOMarHHTHOro B3alIMO,n;eiiCTBll5I B KO

HeqHOM cocTOHHHH "6oJibmoii JiorapmpM" HMeeT BH,ZJ; ln M 2 
/ m2

, a 

,n;mpcpepem1,HaJibHaH nrnpHHa pacrra,n;a rrpe,n;cTaBJIHeTCH B cpopMe, 

orrpe,n;eJIHeMOii TeopeMOii cpaKTOpH3aII,Hll: 

dra(Y) = I:/dy1drB(Y1)Db(lL,L), 
b YI Y1 

(1.4) 

r,n;e Y1- ,ZJ;OJIH 3Heprllll rrapTOHa, BIIOCJie,ZJ;CTBllll pacrraBmerocH B 

~ 

ClICTeMy KOHeqHbIX qacTHII,, co,n;ep:>Karu;Hx qaCTlIII,y a. 

CorJiacHo TeopeMe Jfa-HayeH6epra-KHHOIBHTbI rroJIHaH mHpH-

Ha, rrpOHHTerpHpOBaHHaH no crreKTPY 3Heprllii KOHeqHbIX qacTHII,, 

CB06o,n;Ha OT MaCCOBbIX ClIHryJIHpHOCTeii, T.e. KOHeqHa B npe,n;eJie 

m -+ 0, H He co,n;ep:>KHT 6oJihmoro JiorapHq>Ma L, qTo o6ecneqH

BaeTrn CBOHCTBOM cpyHKII,llll cpparMeHTaII,llll 

fo1 

dzD(z, L) = l. (1.5) 

ll;eJlblO pa60Tbl 51:BJIHeTCH BblqlICJieHHe pa,n;HaII,HOHHbIX no

npaBOK K npon,eccaM Ha KOJIJiaii,n;epax H pacna,n;aM Me3OHOB c 

51:BHbIM BbI,ZJ;eJieHHeM Jlll,ZJ;Hpyroru;Hx lI HeJill,ZJ;Hpyroru;Hx nonpaBOK 

BO Bcex nopH,n;Kax TB B paMKax peHopM-rpynnhI, a TaK:>Ke no,n;

TBep:>K,n;eHHe rHITOTe3bI cpaKTOpH3aII,llll ,ZJ;JIH npon,eccOB Tllna 2 -+ 3 

BK9,LI;. 

HayqmUI HOBII3Ha II rrpaKTIIqecKruI u;eHHOCTb. 

IlpHMeHeHa ll,ZJ;eH lICITOJib3OBaHH5I rHITOTe3bI cpaKTOpH3aII,llll ,ZJ;JIH 

OillICaHHH npon,ecca IlOJiyJieIITOHHOro pacna,n;a K-Me30Ha. B ,n;aH-
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HOM no,n;xo,n;e IlOJiyqeH 51:BHbiii Bll,ZJ; illllplIHbI pacna,n;a C yqeTOM 

BCex Jlll,ZJ;Hpyroru;Hx lI HeJIH,ZJ;Hpyroru;Hx nonpaBOK, npHBe,n;eH cneKTp 

IlO3HTpOHa lI IllIOHa C yqeTOM Hll3illlIX nonpaBOK, BbiqllcJieHa no

npaBKa K IlOJIHOii illllplIHe pacna,n;a lI Ha ee OCHOBe onpe,n;eJieHO HO

Boe 3HaqeHHe 3JieMeHTa MaTplIII,bI Ka6H66o- Ka6aiiHmH- MacKaBbI 

(KKM) Vus, y,n;OBJieTBOpHroru;Hii COOTHOilleHHIO YHHTapHOCTll. 

PacCMOTpeHbI npon,eCCbI Tllna 2 -+ 3, ,ZJ;JIH KOTOpbIX 51:BHO no

Ka3aHo COOTBeTCTBlle rHITOTe3e cpaKTOpll3aII,Hll, qTo 51:BJIHeTCH He

TplIBllaJibHbIM cpaKTOM. ll3-3a HaJIHqll5{ ,ZJ;BYX TlIITOB "60JibilllIX" 

JIOrapllq>MOB. 5IBHOro ,ZJ;OKa3aTeJibCTBa TaKoro cpaKTa ,n;o ClIX nop 

B JIHTepaType npHBe,n;eHO He 6bIJIO. 

CeqeHHH 60JibilllIHCTBa npon,eccoB, paCCMOTpeHHbIX B ,ZJ;lICCep

TaII,Hll, paccqHTaHbI co CTeneHHOii TOqHOCTbIO, qTo IlO3BOJIHeT npll

HlIMaTb BO BHHMaHHe 3BOJIIOII,lll0 He TOJibKO Jlll,ZJ;Hpyroru;Hx CJiara

eMbIX, HO lI CJie,n;yroru;Hx 3a HeJIH,ZJ;Hpyroru;HMll CJiaraeMbIX. 

Bb1qHcJieH BKJia,n; OT ,n;ByxiieTJieBbIX ,ZJ;HarpaMM THna "box" co 

BCTaBKOii IlOJI5Ipll3aII,Hll BaKyyMa C yqeTOM pa3HbIX Mace qacTHII,, 

TO eCTb BblqllcJieHbl Bee JIOrapllq>MllqecKHe qJieHbI, BKJIIOqa51 JIO

rapllq>M OTHOilleHHH Mace. 

Pe3yJI1>TaTbI rJiaBbI 1 6bIJill npHMeHeHbI B o6pa60TKe pe3yJib

TaTOB 3KcnepHMeHTa NA48 (CERN) lI FNAL, a TaK:>Ke B 3KCne

pHMeHTax Ha YCKOpHTeJie B IlpOTBlIHO. 

<I>opMyJibI rJiaBbI 2,3 paccqHTaHbI ,ZJ;JIH lICITOJib3OBaHH5I B CHMy-
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Jrnu;1m II o6pa6oTKe Ha KOJIJiaii,n;epax FNAL, KEK II HoBOCII6IIp

CKe. 

fJiaBa 4 IIOCBHm;eHa B03MO)KHOCTII KaJIII6pOBKH H MOHIITOpII

poBaHIIH rry-'IK0B Ha q>OTOH-9JieKTpOHHOM KOJIJiaii,n;epe SEBAF B 

Jia6opaTOpIIH ,ll;)Keq>q>epCOHa. 

Pe3yJibTaTbl fJiaBbl 5 paCCtJIITaHbl Ha 6y,n;ym;IIe 9KCnepHMeH

TaJibHbie ycTaHOBKH. 

~ 

Arrpo6~H.H pa60Tbl. Pe3yJibTaTbI, npe,n;cTaBJieHHbie B ,ll;IIC-

cepTau;nn, ,ll;OKJia,ll;bIBaJIIICb n o6cy)K,ll;aJIIICb Ha HaytJHbIX ceMIIHa

pax J1a6opaTopHII TeopeTIItJecKoii q>H3IIKH HM. H.H. Boromo6oBa 

O6'be,n;nHeHHOro I1HCTHTyTa 51,n;epHbIX I1ccJie,n;oBaHHii, a TaK)Ke 

npe,n;cTaBJIHJIHCb II ,ll;OKJia,ll;bIBaJIIICb Ha Me)K,n;yHapo,n;Hoii 3IIMHeii 

IIIKOJie IlI15I<I> no q>II3IIKe a:,n;pa H qaCTIIIJ; (PenIIHO, 2003), Ha 

IIIKOJie M0JI0,ll;blX yqeHbIX II cneu;IIaJIIICTOB (,ll;y6Ha, 2004). 

Ily6JIHK~HH. Ilo MaTepIIaJiaM ,ll;IICCepTaD;HH ony6JIIIKOBaHO 

6 pa6oT B 0TetJeCTBeHHbIX II 3apy6e)KHbIX )KypHaJiax, a TaK)Ke 

ony6JIHKOBaH npenpIIHT OI15II1. 

06'beM H CTPYKTypa ,z:i;11ccepTan;1111. 

,ll;IIccepTau;na: COCTOIIT H3 IlHTII rJiaB H rneCTII npHJIO)KeHIIii, 

o6m;IIM o6'beMOM 113 CTpaHIIIJ;, BKJIIOtJaH 10 Ta6JIIIIJ;, 18 pHCYHKOB 

II CITIICOK IJ;IITHp0BaHHOii JIHTepaTypbl II3 95 HaIIMeHOBaHIIii. 
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Coaep:>1Cattue pa6om'bt 

Bo BBe,r:i;eHHH apryMeHTIIpyeTCH aKTYaJibHOCTb pernaeMbIX 3a

,n;aq, KpaTKO OIIHCbIBaIOTCH npIIMeHHeMbie MeT0,ll;bI, o6cy)K,n;aIOTCH 

B03MO)KHbie npIIJIO)KeHIIH II IICII?Jib30BaHIIe IIOJiytJeHHbIX pe3yJib

TaTOB. ,ll;aHO KpaTKOe co,n;ep)KaHIIe ,n;nccepTaIJ;IIII. 

B rrepBoii rJiaBe IICCJie,n;yeTCH pacna,n; 3apa:)KeHHoro K-Me3o

Ha Ha II03IITpOH, HeiiTpaJibHbl:U IIIIOH H HeiiTpIIHO (K e3). Iloc

Jie Tpa,n;HD;IIOHHOro aHaJIII3a pacnpe,n;eJieHIIii B 6opHOBCKOM npII-

6JIII)KeHHH paccMaTpHBaIOTCH Pll HII3rnero nopa:,n;Ka TB B HB

HOM BH,n;e, C ytJeT0M JIH,ll;IIpyIOm;IIx II HeJIII,ll;IIpy10m;IIx BKJia,n;oB, 

a TaK)Ke C H3JiytJeHHeM ,ll;OIIOJIHIITeJibHOro MHrKoro H )KeCTKOro 

q>OTOHOB. 

YJibTpaq>IIOJieTOBbie pacxo,n;IIMOCTII, B03HIIKaIOm;IIe npII BbltJIIC

JieHIIII BHPTYaJibHbIX nonpaBOK HII3rnero nopH,n;Ka, corJiaCHO 06-

m;enpIIHHTOMY npHHIJ;IIIIY q>aKTOpII3aIJ;IIII BKJia,n;oB MaJibIX paCCTO

HHIIii, npe,n;cTaBJIHIOTCH (nocJie MO,ll;IIq>IIKaIJ;IIII 3a CtJeT 9BOJIIOIJ;HII 

OT pa3HbIX MacrnTa6oB: p, c, b, t, W, Z) B BII,n;e o6m;ero MHO)KII

TeJIH, nepeHOpMHpy10m;ero KOHCTaHTY pacna,n;a nceB,n;OCKaJIHpHbIX 

Me30H08, fk• 

IloKa3hIBaeTca:, 'ITO nonpaBKH HH3rnero nopa:,n;Ka TB y,n;oBJieT

BOpHIOT TeopeMe q>aKTOpII3aIJ;IIII H II09T0MY MO)KH0 npHMeHIITb 

annapaT nepeHOpMIIpOBOK, II03BOJIHIOII.J;IIii yqecTb nonpaBKII BO 
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Bcex nopa,rr,Kax TB B JHl,LJ,IIpyrorn;eM II cJie,rr,yrorn;eM np1I6JI1I)Ke

H1I.HX. 

Bee pacqeTbI IIplIBe,rr,eHbI B aHaJIIITIIqecKOll q:>OpMe, BblqlICJieH 

3HepreTIIqeCKIIll cneKTP IIO31ITpOHa II IIIIOHa, nonpaBKa K IIOJI

HOMY pacna,rr,y K-Me30Ha II Ha ee OCHOBe ,rr,aHO HOBOe 3HaqeHIIe 

3JieMeHTa MaTplIIJ;hI KKM Vus· ToqHOCTh pacqeTOB ou;eHIIBaeTC.H 

Ha ypOBHe 0.1 % IIO OTHOIIIeHIIIO K nmpHHe pacna,rr,a K-Me30Ha B 

6opHOBCKOM IIp1I6JIH)KeHllll. 
'<'I 

B KOHu;e fJiaBbI np11Be,rr,eHbI q11cJieHHbie ou;eHKll BeJI11q11H IIO

npaBOK K IIIIOHHOMY II IIO311TpOHHOMY CIIeKTpaM II IIOJIHOH IIIII

p11He pacna,rr,a K-Me3oHa. 

Bo BTopo:ii rnaBe paccMOTpeH npou;ecc pa,rr,11au;1IoHHoro o6-

pa3OBaH11.H napbl MIOOHOB II IIIIOHOB IIpll 3JieKTpOH-IIO311TpOHHOll 

aHHllrlIJI.HIJ;llll IIpll BbICOKIIX 3Heprll.HX ,IT,JI.H cJiyqaa, KOr,rr,a BCe 5 

He3aBHCIIMbIX KlIHeMaT1IqecK1IX lIHBap11aHTOB .HBJI.HIOTC.H BeJI11q11-

HaM11 O,LJ,HOro IIOp.H,LJ,Ka II MHOro 60JihIIIe KBa,rr,paTa Mace yqacT

Byrorn;11x qacTHIJ;. IT p.HMhIM Bb1q11cJieHHeM 6bIJIO IIOKa3aHa cnpa

Be,LJ,JIIIBOCTb rHIIOTe3bI q:>aKTOp113au;1111 ,IT,JI.H ,rr,aHHOro THIIa npo

u;ecca, TO ecTh npe,rr,cTaBJieH11e ceqeHH.H cp11311qecKoro rrpou;ecca 

B Bll,LJ,e CBepTKll ceqeHH.H B 6opHOBCKOM np116JI1I)KeH1Ill co CTpyK

TYPHhIMll <PYHKIJ;ll.HMII HaqaJibHhIX (11 KOHeqHbIX) qacTHIJ;. BbI

q11cJieH1I.H B 3TOM CJiyqae OKa3hIBaIOTC.H BeCbMa rpOMO3,IT,KlIMll, B 

qacTHOCTll, OKa3bIBaeTC.H Heo6xo,rr,HMhIM paccMaTplIBaTb O,LJ,HOIIeT-
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JieBbie IIHTerpaJibI C II.HTblO BlIPTJaJibHhIMll qaCTIIIJ;aMH (T.H. neH

TaroH). HeJIH,LJ,llpyrorn;11e qJieHbI yqTeHbI B Bll,IT,e K-cpaKTOpa II IIX 

3HaqeHH.H nplIBe,rr,eHbI B BII,IT,e Ta6JIHIJ;bl. 

B TpeTbe:ii rJiaBe lICCJie,rr,yeTC.H pO)K,IT,eHHe MIOOHHOH II IIIIOH

HOH napbl C MaJIOll lIHBap11aHTHOH· Maccofi (no cpaBHeHHIO C 3Hep

r11efi B c.u;.II. HaqaJibHhIX qaCTIIIJ;) IIpll CTOJIKHOBeHllll 3JieKTpOH

IIO311TpOHHbIX nyqKOB. PacqeT npoBe,rr,eH B npe,rr,noJIO)KeHIIll 3a

p.H,LJ,OBO-qeTHOll IIOCTaHOBKII 3KCIIep11MeHTa. 

B npou;ecce Bblq1IcJieHllll lICIIOJih3OBaJIIICb pe3JJibTaTbI pa60Tbl 

9. A. KypaeBa II B. C. <I>a,rr,IIHa ,IT,JI.H KOMIITOHOBCKoro TeH3opa 

C T.H)KeJibIM q:>OTOHOM. I1oKa3aHo, qTO Bbipa)KeHHe ,LJ,JI.H ceqeHH.H 

o6pa30BaHll.H MIOOHHOH napbl y,rr,oBJieTBOp.HeT rHIIOTe3e q:>aKTOp11-

3au;1III npou;eccoB THna 2 ➔ 3. PacqeThI npoBe,rr,eHhI TaK)Ke 11 

,IT,JI.H CJiyqaa o6pa30BaHII.H napbl IIIIOHOB. ToqHOCTb pe3JJibTaTOB 

ou;eHHBaeTC.H Ha ypOBHe 0.1%. ,11,JI.H 3TOro CJiyqa.H y,rr,aJIOCb IIO

Jiyq11Th .HBHbie aHaJIIIT1IqecK11e Bbipa)KeHH.H ,IT,JI.H HeJIH,LJ,llpyrorn;11x 

BKJia,IT,OB. 

9TOT K1IHeMaT11qeCKIIll CJiyqafi II3BeCTeH KaK MexaHH3M "B03-

Bparn;eHH.H Ha pe30HaHc" II IIIIIPOKO lICIIOJib3JeTC.H ,LJ,JI.H II3yqeHII.H 

CBOHCTB. a,rr,pOHOB IIpll He CJIIIIIIKOM 60JibIIIIIX 3Heprll.HX (MHOro 

MeHbllllIX MaCCbI z 6030Ha) Ha e+e- KOJIJiafi,rr,epax. 

B 'lleTBepTOH rJiaBe paCCMOTpeH npou;ecc KOMIITOHOBCKoro 

pacce.HHII.H Ha 60JibIIIOll yroJI. 9TOT npou;ecc IICIIOJib3JeTC.H ,IT,JI.H 
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u;eJieH KaJIII6pOBKII II MOHIITOpHpOBaHIIH nyqKOB Ha q:>OTOH-3JieK

TpOHHOM KOJIJiafi,l],epe SEBAF B Jia6opaTopIIn ,LI,)Keq:>q:>epcoHa. 

Heo6XO,l],IIMOCTb B pacqeTe PIT c yqeTOM BKJia,l],OB BbICIIIIIX npII-

6JIH)KeHIIH BhI3BaHa B03MO)KH0CTbIO nOCTaHOBKII npeu;II3IIOHHhIX 

OnbITOB Ha ycTaHOBKe C BbICOKOti CBeTIIMOCTbIO. I1cnOJib3YH noJiy

qeHHbIH B II3BeCTHOH pa6oTe BpayHa II <I>efiHMaHa (1952) pe3yJih

TaT BblqIICJieHIIH BIIPTYaJibHhIX nonpaBOK II ,l],OnOJIHHH ero BKJia

,ll,OM OT II3JiyqeHIIH ,l],OnOJIHIITeJibHOro q3oTOHa, noJiyqeHO ,ll,IIq:>

q:>epeHn;IIaJibHOe no 3HeprIIII II yrJiy ceqeHIIe, yqIIThIBaIOru;ee PIT 

BhICIIIIIX nopH,l],KOB TB. OHO MO)KeT 6bITb TaK)Ke npe,l],CTaBJieHo c 

yqeTOM Bcex JIII,l],IIpyIOIIJ;IIX II HeJIII,l],IIpyIOIIJ;IIX nonpaBOK ( B BH,l],e 

CBepTKII D-q:>yHKIJ;IIH C ceqeHIIeM )KeCTKOro . no,l],npou;ecca). 

TaK)Ke KaK II B paCCMOTpeHHhIX BhIIIIe npou;eccax 3TO ceqeHIIe 

o6Hapy)KIIBaeT HBJieHIIe "B03Bparu;eHIIH Ha pe3oHaHc" II npOHB

JIHeT. pOCT, IIMIITIIPYIOIIJ;IIH 6- q:>yHKIJ;IIIO B CJiyqae, KOr,l],a 3HeprIIH 

II yroJI pacceHHIIH KOHeqHoro q:>OTOHa CBH3aHbI q:>yHKIJ;IIOHaJibHOH 

3aBHCIIMOCTbIO npou;ecca B 6opHOBCKOM npII6JIII)KeHIIII. ITpIIBe

,l],eHbI qIIcJieHHbie ou;eHKII ,l],JIH pa3HbIX nocTaHOBOK 3KCnepIIMeHTa, 

B TOM qIIcJie II C II3JiyqeHIIeM ,l],OnOJIHIITeJibHOro )KeCTKOro q:>0-

TOHa. 

B Il.SITOH rJiaBe npnBe,l],eHbI BblqIIcJieHIIH ,l],JIH ceqeHIIH KBa3II

ynpyroro pacce~mrn 3JieKTpoHa Ha MIOOHe. BhiqIIcJieHIIH npoBe

,l],eHhI B HII3IIIeM nopH,l],Ke TB, II noKa3aHo, qTo pe3yJihTaT Haxo-
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,l],IITCH B corJiac:irn C npe,ll,CKa3aHIIHMH Pr. B ,l],aHHOH qacTII pac

qeThI npoBe,l],eHhI co CTeneHHOH TOqHOCTbIO. TaK)Ke rrpoBe,l],eH pac

qeT BKJia,l],OB KBa,l],paTOB "box" - ,l],HarpaMM, BepIIIIIHHhIX qacTeti 

II "box" - ,l],IIarpaMM co BCTaBKOH noJIHpII3aIJ;IIII BaKyyMa ( CJie,l],y

IOIIJ;IIH nopH,ll,OK TB) c JiorapIIq:>MIIqecKoti ToqHOCThIO. BKJia,l],hI 

BhIIIIICaHhI B HBHOM BII,l],e II nOKa3aHO COOTBeTCTBIIe JIII,l],IIpyIOIIJ;HX 

qJieHOB npe,l],CKa3aHIIHM peHOpM-rpynrrhI. 

B IIp11Jio:>KeHll.SIX npIIBe,l],eHhI no,l],p06HOCTII BblqHCJieHIIH (pac

qeT KBa,l],paTa "box" - ,l],IIarpaMM, BKJia,l],hI OT nOJIHpII3aIJ;HII BaKy

yMa, II3JiyqeHIIH nap JieIITOHOB II nHOHOB II T.,l],.)' a TaK)Ke Heo6-

XO,l],IIMbie II3BeCTHbie pe3yJihTaThI II3 ,l],pyrIIX pa6oT. 

Ha 3aIIJ;IITY Bbl~BllraIOTC.SI CJie~10w:11e pe3yJibTaTbl. 

1. BnepBbie npIIMeHeHa II,l],eH IICnOJib30BaHIIH rnnoTe3bI q:>aKTO

pII3aIJ;IIII ,l],JIH onIICaHIIH npou;ecca noJiyJienTOHHOrO pana,l],a 

K-Me30Ha. B ,l],aHHOM IIO,l],XO,l],e noJiyqeH HBHbIH BII,l], IIIIIpIIHbI 

pacna,l],a C yqeTOM Bcex JIII,l],HpyIOIIJ;IIX II HeJIII,l],IIpyIOIIJ;IIX no

rrpaBOK, npIIBe,l],eH cneKTP n03IITpOHa H nIIOHa C yqeTOM HH3-

IIIIIX nonpaBOK, BblqIIcJieHa rronpaBKa K nOJIHOH IIIIIpIIHe pac

rra,l],a II Ha ee OCHOBe rrpIIBe,l],eHO HOBOe 3HaqeHIIe 3JieMeHTa 

MaTpIIIJ;hI KKM Vus• 9To 3HaqeHIIe Haxo,l],IITCH B corJiaCHII c 

ycJIOBIIeM yHIITapHOCTII MaTpIIIJ;hI KKM. 
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2. PaccMOTpeHhl rrpou,eCCbI Tima 2 ➔ 3, ,U,JI.H KOTOpbIX .HBHO 

IIOKa:3aHO COOTBeTCTBIIe r11n0Te3e cpaKTOp113au,1111, qTo .HBJI.H

eTC.H HeTplIBIIaJibHbIM <paKTOM II3-3a HaJIHqlI.H ,U,Byx TlinOB 

"60JiblIIIIX" JIOrapH<pMOB. .Hanoro ,U,OKa3aTeJibCTBa TaKoro 

cpaKTa ,rr,o CIIX nop a JIHTepaType npHBe,rr,eHO He 6bIJIO. 

3. CeqeHH.H 60JibIIIIIHCTBa rrpo~eCCOB, paCCMOTpeHHhIX B ,lJ,lIC

cepTau,1111, paccq11TaHbl CTeneHHOH ~qHOCTbIO no JIOrap11cp

M1IqecKOMY np116JIH)KeH1IIO, qTo n03BOJI.HeT yqeCTb 3B0JIIO

ll,IIIO He TOJibKO JIII,U,IIPYIOIIJ,IIX CJiaraeMbIX, HO II CJie,rr,yIOIIJ,lIX 

3a HeJIH,U,lIPYIOIIJ,lIMII CJiaraeMbIX no TeOplIII B03MyIIJ,eHHH .. 

4. BnepBbie Bb1q11cJieH BKJia,rr, OT ,rr,ayxneTJieBbIX ,rr,11arpaMM THna 

"box" co BCTaBKO:ii nOJI.HpH3aIJ,HlI BaKyyMa C yqeTOM pa3-

HbIX Mace qacTHIJ,, TO eCTb BbiqlicJieHbl BCe JIOrap11cpM11qec

Klie qJieHbI, BKJIIOqa.H JIOrapll<pM OTHOIIIeHH.H Mace. 
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