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OBIUAH XAP AKTEPHCTHKA P ABOTbI 

AKTYaJihHOCTh npo6JieMbI. B OTJIII'IIIe OT ocTarrhHhlX n3auMop;d1-
cTnm1, r;a;e 3KcrrepuMeHT rrponep.HeT rrpep;cKa3aHirn n yTo'IH.HeT rrapaMeTpu 
Teopnii:, B o6rraCTII uccrre;a;onaHH.lI CllllhHhlX B3am,ro;a;en:CTBIIII, II oco6eHHO 
l\1.llrKIIX rrpo:u;eccoB, K KOTOpbIM OTHOCIITC.lI IIO'ITII IICKlIIO'IIITellbHO MHmKe
CTDeHHOe po2Kp;eHne 7f-Me30HOB, 3KCue:pnMeHT IIOKa OTHOCIITellbHO He3a
DHCHM OT TeopmI II pa3DIIBaeTC.lI no IIJTII HaKOIIJieHH.lI II CIICTeMaTII3a:a;nn 
3KCIIepnMeHTaJibHhIX ;a;aHHhlX B illlIJ)OKOM p;narra30He II3MeHCHII.lI ycrronuii: 

. II xapaKTepa llCCJie;a;yeMhlX DelIH'IIIH: TIIIIa CTaJIKIIBaIOI.l.l,IIXC.lI 'IaCTIIIJ;, rrep-
B~l'IHOll 3HeprIIII, copTa II MH02KeCTBeHHOCTII po2K;a;eHHbIX 'IaCTIIIJ;, IIX pa3-
lIII'IHhlX KIIHel\rnTII'ICCKIIX xapaKTepHCTHK, KoppelI.liu;n:u: MC)Kp;y HIIMII II T.;a;. 

Ba2KHYIO porrh B qieHOMeHorrorII'ICCKO.ff CHCTel\rnTimau;nII ;a;aHHhIX IIr
paeT BhI.llBJieHIIC 3aKOHOB rro;a;o 6II.lI ( CKCII1IHHrODhIX 3aKOHOB)' II03BOJI.llIO

mIIX CBeCTII K MCHbWCMy 'IIIClIY rrapaMeTpOB 3TII MHOrorrapaMeTpII'IeCKIIe 

3KCIIepnMeHTaJibHblC ;a;aHHhIC. Taxoe 3MIIIIpII'IeCKOe BhI.lIBJieHne o6mnx cno
IICTB rrpou;eccon, rrpoucxo;a;Hmnx B pa3HhIX ycrromrnx, 3arrorrHJieT rrpoMe)I..:y
TOK MC)I(;a;y 3KcrrepnMeHTaJibHblMII II TeopeTII'IeCKHMH MCTo;a;a1m uccrre;a;o
BaHIIII, II rrpe;a;cTaBJI.lieT co6oH rrorry'IeHne 3KCIIepIIMeHTallbHbIX q>aKTOB II3 

3KCIIepnMCHTaJibHblX ;a;aHHbIX, D 0TlIII'IHe OT rrorry'IeHH.lI cno6op;HhlX rrapa
MCTpOB KaKIIX-JIII6o Mo;a;erre:u: H3 3TIIX )Ke p;aHHhlX. 

II;eJih pa6oTbI. ,Il;IIccepTau;II.lI rroCB.lII.l.l,eHa nccrre;a;onam1IO cxe1rn1rnro
Bhrx CBOIICTB MH02KeCTBeHHoro po2K;a;eHII.lI IIIIOHOD B 3JieMCHTapHhlX B3a
HMo;a;en:CTBII.lIX, Ha OCHOBe MIIpOBbIX ;a;aHHhIX, a TaK)Ke IIOJIJ'ICHHIO 3KC
rrepHMCHTaJibHhlX ;a;aHHhIX II pacwupeHHIO 3TOM O 6rraCTII nccrre;a;onaHII.lI Ha 
a;a;po~Jip;epHue B3anMo;a;en:cTDII.lI (rrraBbI I-III). To'!Hee, B ;a;I1ccepTaIJ;IIII pa
ccMaTpunaIOTCJI TOITbKO 3aKOHOMepHOCTII MH02KeCTBeHHOro po2Kp;CHH.lI 7f
Me30HOB B IIOlIJIIHKJII03IIBHhIX rrpou;eccax, T.e. B co6hlTII.lIX C q>IIKCIIpO
BaHHOll MH02KeCTBeHHOCThIO 3TIIX IIIIOHOB. KaK IIOKa3hlnaeT aHamm KOp
pelI.lIIJ;Hll ( rrrana IV), IIHKITI03IIBHhre ;a;aHHhle HMCIOT O'IeHh orpaHff'IeHHYIO 

IIHq>OpMaTIIBHYIO u;eHHOCTh. 8xcrrepIIMeHTallhHhIII MaTepuarr ;a;IIccepTau;mr 
IIOJIJ'ICH Ha ycTaHOBKe CKM-200 B IIJ'IKaX .H;a;ep 4.5 r3B/c Ha HJKITOH. 

06'beM ;a;nccepTaD;HH. ,Il;nccepTaIJ;II.lI COCTOIIT I13 BBe;a;eHH.lI, 'ICThl
pex rrran II 3aKJIIO'leHII.lI. OHa cop;ep2KIIT 123 cTpamm;hl, BKJIIO'Iaa 54 pI1-
cyHxa, 2 Ta6JIHIJ;hl II CIIIICOK lIIITepaTyphI Il3 234 HaIIMeHoBaHIIll, 

IIyf>JIHKan;nn. OcHOBHhle pe3yrr1,TaThl orry6rrIIKoBaHhl B [1-13]. 

CO,IJ;EP)KAHHE P ABOTbI 

BBE,IJ;EHHE co;a;ep2KIIT o6rn.yIO xapaKTepIIcTIIKY ;a;IIccepTau;{u;. 
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rJIABA I. KNO-CKEHJIMHr [10]. 

1. Pacnpeµ;erremrn no MH0:>KecTBennocTH [6, 10]. O;a;m1Mn 
, 

113 nepBI,IX 3KCIIepIIMeHTallbHbIX p;aHHbIX, norry'IaeMbIX Ha Ka)Kl];0M H0B0M 

_vcK0pIITerre, .lIBll.lIIOTC.lI o6bI'IHO pacnpep;erremrn 110 MHmKeCTBeHH0CTII. "(_la
me Bcero n:Jy'IaIOTC.lI pacnpep;erreHII.lI no 'IIIcrry Bcex 3ap.H2KeHHbIX 'IaCTIIU. 

O)];HaKO npoue)];ypa cyMMIIpoBaHII.lI irncrra pop;IIBIIIIIXC.lI, HanpIIMep B pp

B::JaIIMOp;ei'rcTBHII, 3ap.lI2KeHHbIX Me30H0B C 'IIIClI0M yuerreBIIIIIX nocrre B3a

IIMOp;ei'ICTBII.lI np0T0H0B He Ka2KeTC.lI 0'IeHb ecTeCTBeHHOII. 

B 3TOH rrraBe 6y)];eM roBopIITb o pacnpe11:erremrnx no MHmKecTBeHHo

CTH 0TpnuaTellbHbIX 'IaCTIIU (npaKTII'IeCKH 7f--Me30HOB) B HeynpyrIIX pp 
II .lip;po-.Hp;epHbIX B3aIIMOp;eHCTBII.lIX II B e+e- -aHHIIrIIIT.lIUIIII. 

2. AcnMnTOTH'IecKHH KNO-cKeHJIHHr [6, 10]. Ko6a, HnrrbceH 

II OrreceH, ncxop;.lI II3 HeKoTophlx <pII3II'IeCKIIX coo6pa2KeHnrr, ccpopMym1-

poBam1 YTBep2Kp;eHIIe 0 He3aBIICIIM0CTII <pOpMbl pacnpe11:erreHII.lI no MH0)Ke

CTBeHH0CTII OT nepBII'IHOH 3HeprIIII - KNO-cKeHITIIHr. 

Puc. 1 IIlllIIOCTpIIpyeT CMblCll 3T0ro YTBep2Kp;eHII.lI, K0Topoe 6bmo ccpo

pMyrrnpoBaH0 p;ll.lI 0'IeHb 6ollblIIIIX 3HeprIIH, T.e. O'IeHb 6orrbIIIIIX MHmKe

CTBeHHOCTerr, K0rp;a pacnpep;erremrn no MHmKeCTBeHH0CTII Bbirll.lil];.lIT KaK 

HenpepbIBHbie <pyHKUIIII. Ha pnc. la n306pa2KeH B03MmKHbIH BIIp; 3TIIX 

<pyHKUIIH p;rr.H pa3HbIX nepBII'IHbIX 3Heprnrr. IIrroJ.Uap;b nop; Ka2K/J:OH KpIIBoi'r 

paBHa 1, TaK KaK 3T0 cyMMa BCex BepO.lITHOCTerr: J Pndn-::::'. L Pn=l. Cpe11:-

H.lI.lI MHmKeCTBeHH0CTb, (n)= L nPnc::: J nPndn, pacTeT C 3Heprnerr. 

Ka2Kp;yIO II3 KpIIBhlx M02KH0 ITIIHeHHO c2KaTb no ropn30HTarrn npo

nopunoHaITbH0, HanpIIMep, cpep;HeMy 3Ha'IeHIIIO (n), KaK Ha pile. 16, II 

paCT.lIHYTb BO CT0llbK0 2Ke pa3 no BepTIIKarrII, 'IT06bI nIT0IUap;II 0II.lITb CTa

lIII op;1rnaK0BbIMII (pIIc. lB). YTBep2Kp;eHIIe KNO-cKeHITIIHra :JaKrrIO'IaeTc.lI 

B TOM, 'ITO T0rp;a KpIIBble C0Bnap;yT B Ka2Kp;OH T0'IKe. To _eCTb 

(n)Pn=W(n/(n)), (1) 

rp;e \J! ( Z) - He 3aBIIC.lill(aJI OT 3Heprirn <pyHKUirn, H0pMIIp0BaHHaJI corrraCH0 

j \J!(z)dz=l II j z\J!(z)dz=l. IlepBoe BbITeKaeT II3 paBeHCTBa ep;umrue cyM

MbI Bcex BepO.lITHOCTerr, a BT0poe - II3 Toro, 'ITO Mbl C)KIIMamr <pyHKUHII 

Pn, no Ka cpep;Hee 3Ha'IeHIIe Ka2Kp;orr He cTarro paBHbIM 1. 
3. BnyTpennee npoTHBope11ne [1, 6, 10]. IlpII coBpeMeHHbIX 

ycKopIITellbHbIX 3HeprII.lIX <pyHKUIIIO Pn HeB03M02KH0 paccMaTpIIBaTb KaK 

HenpephlBHyIO. HanpIIMep, B pp-B3aIIMop;errCTBII.lIX npII -Js=60 I'3B, (n)~5; 
npII -Js=546 I'3B, (n)~l3. IlpII 3T0M cpopMyrra (1) CTaH0BIITC.lI BHyTpeHHe 

npoTIIBOpe'IIIBOH - He corrracyeTCJ{ C YCUQJl~~M Lo Pn =l [l]. . 
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Pnc. 1. OITpeµeJiem-re ITOHH

TIIH ITOµo 6IIH HeITpepbIBHbIX HO

pMIIpOBaHHbIX q,yHK.qmr (KNO

CKeirmrnr ). <PyHKL.{IIII Pn ( a) ITO
µo 6HbI, ecJIII ITOCJie JIIIHeIIHoro 

C)KaTIIH Ka)KµOII ITO ropIWOHTa

JIII ITPOITOp.qIWHaJibHO KarwMy

JIII6o ee ropIIt30HTaJibHOMY pa

t3Mepy, HaITpIIMep (n) (6), II JIII

HeIIHOI'O paCTH)KeHIIH ITO BepTII

KaJIH BO CTOJibKO )Ke paa (B), 

OHII COBITaµyT B Ka)I,µoii. TO'IKe: 

(n)Pn=W(n/(n)), rµe \J!(z) -
He aaBIICHII{aH OT 0HeprIIII q,yH

KL.{IIH, HOpMIIpoBaHHaJI corJiaCHO 

jw(z)dz=l II J z\J!(z)dz=l, 
TaK KaK L Pn=l If (z)=l. 
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a) COI'JiaCHO OpHI'HHaJibHOMY 

pe.qeITTy Pn=l/(n)\J!(n/(n)), 0-2 

Po 
Zo 

rµe BepOHTHOCTb paBHa IIJIO

Il{aµH ITpHMoyroJibHHKa C oc

HOBaHHeM zo-=-1/(n) H BbICO

TOH (n)Pn. · IlpH 0TOM cyM

Ma IIJIOII{aµeir ITPHMoyroJibHH-

o.o• I I I ,,~ 

KOB He paBHa ITJIOII{aµH ITOµ 

KpHBOH, T.e. L Pn'Fl; 
6) COI'JiaCHO KoppeKTHOMY pe

.qeITTY - BepOHTHOCTb Pn 
paBHa mromaµH IToµ KpHBoir B 

HHTepBaJie nzo+( n + l )zo. 
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8To rrpoTUBOpe-que O"'leBU)];HO Ha pIIC. 2a. CorrracHO qiopMyrre ( 1), )];ITJI 

Toro "9:T06hl IIOITY"'IIITh HeKOTopoe pacrrpep;erreHIIe no MHmKeCTBeHHOCTII C 
JJ;aHHhIM ( n) II3 HerrpephIBHOII ymrnepcarrhHOII qiyHKIIIIII \JI ( z) Ha pnc. 2a, Ha
JJ;O Bhl6paTh Ha OCH Z MaCUITa6 Zo = 1/(n), II TOrp;a BepOJITHOCTh Pn 6yp;eT 
paBHa IIITOIIIa;a;u rrpJIMoyrOIThHIIKa, KacaIOUieroc.a rreBhIM yrrroM KpHBOII \JI ( z) 
B TO"'!Ke z = nzo = n/ (n). Ero BhlCOTa paBHa (n)Pn, a ocHoBamre - 1/ (n). 

Ilpn z0 ---+ 0 ( (n) ---+ oo) cyMMa rrrroIIIa;a;eu Bcex rrpJIMoyrorrhHIIKOB (rrorr
HaJI BepoJITHOCTh) paBHa rrrroIIIap;u rro;a; KpIIBOII, T.e. panHa 1. O;a;HaKo c 
poCTOM Zo ( C yMeHbllleHIIeM 3Heprmr) 3Ta cyMMa He MmKeT OCTaDaThCll He
II3MeHHOII. --"l-hrcrreHHOe IIHTerpnpoBaHne" CTaHOBIITCJI ClIIIllIK0M rpy6hIM. 

4. KoppeKTHhIH KNO-cKeiimrnr [1, 6, 10]. Bo3MmKHhlII crroco6 
KoppeKTH0ro rrorry-qemrn pa3HhIX pacrrpe;a;erreHIIll no MHmKeCTBeHH0CTII II3 

o;a;Hou ymrnepcarrhHOH qiyHKIIIUI \JI ( z) rroKa3aH Ha pnc. 26, r;a;e BepollTHOCTh 
Pn paBHa rrpocTo rrrroIIIap;n rrop; Kprrnorr D IIHTepBarre z0 • Bn;a;Ho, "'ITO cyM

Ma BepoJITHOCTeu rrpn 3TOM Bcerp;a rrorry-qaeTcJI paBHOH 1, a rrpn zo ---+ 0, 

prrcyHKII a II 6 coBrrap;aIOT. 8To MmKHO 3amrcaTh B BIIp;e [l] 
Pn = r(n+l)zo \Jl(z)dz (2) 

lnzo 

IIITII C IIOMOUihIO HerrpepbIBHoro rrapaMeTpa m=.zj zo: 

ln+I l ( m) [00 

Pn = n P(m)dm; P(m) =- (m) \JI (m) ; (m)= lo mP(m)dm. (3) 

HerrpephIBHaJI KNO-IIHBapnaHTHaJI qiyHKIIIrn P( m) o6rra;a;aeT rrpoc

ThlMII CBOHCTBaMII, KOTOphle "9:aCTO rrpIIIlIIChIBaIOTCJI )];IICKpeTHOll q>yHKIIIIII 
Pn, "'ITO rrpnBop;nT K He;a;opa3yMemrnM. A6corrIOTHhie II IIeHTparrhHhre cTa

TIICTII"'ICCKIIe MOMeHThI qiyHKIIIIII P( m) rrponopIIIIOHaJihHhl ee cpep;HeMy 
3Ha"9:eHIIIO (m) B COOTBeTCTBYIOIIIeII CTerreHII (z =- m/(m)): (mq)/(m)q = 
j zq \Jl(z)dz = const; µq/(m)q = j(z - l)q w(z)dz = const. 

5. IlpH6mnKeHHhie cneµ;cTBHJI [2, 6, 10]. IlpII He crrIIrnKoM Marrwx 
(n) II3 (3) rrpn6rrmKeHHO rrorry-qaeTCJI (m)~(n)+0.5, "'ITO BIIp;Ho Ha pIIc. 26 
- IIeHTp TJI)KeCTII Ka)K;a;oro forna Pn HaXO)];IITCJI rrpn6mmnTeJihHO rrpn z = 

(n + 0.5)z0 , a He rrpn z = nz0 [2]. 
Ilpn6mnKeHHOe COOTHOllleHIIC Me)K;a;y IIeHTparrpHhIMII MOMeHTaMII He

rrpepbIBHOII n p;IIcKpeTHOH qiyHKIIIIH oKa3hIBaeTCJI eUie rrpoIIIe, TaK KaK 
;a;o6aBKa 0.5 B n II (n) coKpaUiaeTcJI: µq~Dg. Ilo3TOMY cTporaJI rrporro-· 
pIIIIOHarrhHOCTh µ!1qcx.(m) p;rrJI qiyHKIIIIII P(m) rrp1rno;a;nT K rrpn6mr)KeHHOH. 

qiopMyrre )];ITJI Pn [6] Dqcx.( (n)+0.5) (rrpJIMhle Bpy6rreBcKoro). ,Uo IIOJIBITCHIIJI 
KoppeKTHOII qiopMyIThI (2) C"'IHTaJIOCh, "'ITO 3TII npJIMhie CBIIp;eTellhCTDYIOT 
o Hapyrnemm KNO-cKeurrnHra, T.K. He rrpoxop;JIT -qepe3 Ha"'!arro Koopp;IIHaT: 

4 

6. BoaHMop;eHCTBHJI e+e- H pp [1, 6, 10]. Ha pnc. 3, 4 rrprrne;a;eHw 

OTHornemrn ((n)+0.5)/D2 II Dq/D2 ;a;rrJI e+c-aHHIIrIIITJIIIIUIIIpII vs=3-189 
f3B II ;a;rrJI pp-B3aIIMO)];eIICTDIIII rrpu vs=2.4-62 f3B (Prra6=2-2000 f3B/c), 
a TaK)Ke ;a;rrJI PP npu vs=546 f3B. 8Tn BeITII"'IIIHhI, B OTITII"'IIIe OT MOMeHTOB 
Cg ( CM. HII)Ke). p;OlI)KHhI 6wcTpo BhlXOp;IITh Ha rrrraTO C pOCTOM 3HeprIIII. 

KpIIBbie Ha pnc. 3, 4 IIOCTpoeHhl TIO qiopMyrre (2) C pa3HhIMII arrrrpo

KCIIMaIIIIJIMII \JI ( Z). HecMOTpJI Ha cyIIIeCTBeHHhie pa3lIII"'IIIJI B aHamITII"'le

CKOM BIIµ;e arrrrpoKCIIMaIIIIH, Bee TPII rpyrrrrhI KpIIBhlX Ha pnc. 3, 4 6JIII3KII. 
7. AaHHhie SppS [6, 10]. HopMIIpOBaHHhie MOMeHThI )];ITJI Bcex 

3apJI)KeHHhlX "9:aCTIIII B e+ e--B3aIIMOp;eHC'l'BIIJIX Ct =- (n~h) j (nch)q paBHhI 
cooTBeTcTBYIOIIIIIM MOMeHTaM ;a;rrJI oTpIIIIaTerrhHhIX -qacTIIII Cg=- (ng) / (n)q. 
B pp-B3aIIMop;eIICTBIIJIX TaKoe paBeHCTDO OTCYTCTByeT II3-3a C)];BIIra Ha 

p;Borhy B qiopMyrre nch=2n+2. Ha pnc. 5, 6 rrp1rne;a;eHhI 3TII MOMeHThI p;rrll 

pp-B3aIIMo;a;ei'rcTBIIH. KpIIBhie rrocTpoeHhl c rroMortihIO Tex )Ke qiyHKIIIIII 

\Jl(z), "'ITO Ha pIIC. 4. lfa cpaBHCHIIJI KpIIBhlX Ha pIIC. 5 H 6 BII/l:HO, "'ITO 

OHII eIIIe He BhlllIITII Ha rrrraTo ;a;a2Ke rrpII 3HeprIIII SppS - rrpII ;a;ocTaTO"'IHO 

BhICOKIIX 3HeprIIJIX MOMCHThI Cq )];OJI)KHhl COBIIaCTh C Ct. 
Ha pnc. 4, 5 II 6 3aMeTHO yKa3amre Ha Hapyrnemre KNO-cKeurrIIHra 

B 3KCIIepnMeHTe u A5 - p;aHHhie He JIC)KaT Ha KpIIBhIX. Brrpo"'IeM, Ha 3TIIX 
pIICYHKax BCTpe"'!aIOTCJI TO"'IKII, Bhmap;aIOIIIIIe C KpIIBhIX II 3a 6orr1,rnee "9:II

crro ornII6oK, "'ICM TO"'IKII UA5, HarrpIIMep ;a;aHHhie rrpII JJrra6=147 f3B/c 

( (n) ~ 2.5; (nch) ~ 7). Hepe;a;Ko Ha"'IIIHM IIMCHHO c 3TOII 3HeprIIII cTpo
llTCJI rpaq>IIKII, IIJIJIIOCTpnpyIOIIIIIe IIOCTOJIHCTBO MOMCHTOB C~h BIIJIOTh ;a;o 
3HeprniI ISR n nx pe3KIIH pocT rrpII 3Hepnrnx SppS (pIIc. 6). O;a;HaKo, 

Ha pIIc. 5 (qiaKTII"'leCKII 3KBIIBarreHTHOM pIIc. 6) TO"'IKII UA5 rre21rnT HmKe 
TO'IeK 14 7 f3B / c. B ;a;ei'rcTBIITeIThHOCTII, yKat3aHIIe Ha Hapyrnemre Kop
peKTHoro KNO-cKeumrnra ;a;rrJI oTpIIIIaTerrhHhIX -qacTIIII CBJI3aHo n;a;ec1, IIc

KITIO'IIITerrhHO C TCM qiaKTOM, "'ITO TO"'IKII He JIC)KaT Ha KpIIBhIX. 

8. Jlµ;po-JIµ;epHbie B:JaHMoµ;eiicTBHJI [3, 4, 10]. Ha pIIc. 7 [10] 
rrprrne;a;eHhI naBIICIIMOCTII Dq OT (n) ;a;rrJI B3aIIMo;a;er'icTBIIH 0:--qacTIIII c pa3-

HhIMII JIµ;paMII rrpn IIMrryrr1,ce 0:--qacTIIII 4.5 f3B/c Ha HYKITOH (KirneTn

"IeCKaJI 3Hepnrn 3. 7 f3B Ha HYKITOH) [3] BMCCTe C ;a;aHHhIMII no 0:0:-B3a
IIMOp;eucTBIIJIM IIpII 3HeprIIII B C.II.M. 26 II 31 f3B Ha HYKITOH, "'ITO CO
OTBCTCTByeT 3HeprIIII O)];HOH 0:-"9:aCTIIIIhI B CIICTCMe IIOKOJI DTOpOH 370 

n 520 f3B/HyKrroii. To"'IKII xoporno rro)KaTcJI Ha rrpJIMhie Bpy6rreBcKoro 

Dq ,x ( (n) + 0.5), "'ITO CBIIp;eTerrhcTnyeT o BhlIIOITHeHIIII KoppeKTHoro KNO

cKei'mrrnra ( CM. pa3p;. 5). Ilpn 3Hepnm 3. 7 f3B /HYKITOH MIIllleHII Ha"'!1rna
IOTCJI TOJihKO C Li6, op;HaKO Ha pIICYHKe BIIp;Ho, "'ITO Ha rrpJIMhIX JIC)KaT nee 
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<n> 

Pnc. 3. OTHOilleHIIH MOMeH

,TOB pacrrpe~eJieHrnr rro MHOJKe

CTBeHHOCTII OTpIIII,aTeJII,HbIX 

'IaCTIIIJ, B e+ e- -aHHlII'IIJIHIJ,IIII 

(Dq = [L(n - (n))q Pn)]1fq). Be
JIII'IIIHa D5/ D2 cMeIII,eHa BBepx 

Ha 1. KprrBhle rrony'IeHbI rro 

<j)opMyne xoppeKTHoro KNO
cxe:HJIIIHra (2) c pa3HbIMII arr
rrpoKCIIMaIJ,IIHMII i:r,ee ( z). II prr 

BbI'IIICJieHIIII KpIIBbIX Po IIOJia

raJIOCb paBHbIM 0, TaK KaK B 

!JKCIIepIIMeHTe He II3MepHJIOCb 

( ocTaJibHbie Pn rrepeHopMrrpo

BaJIIICb K 1). 

Pe:c. 4. OTHOilleHIIH MOMeH- 2-0 

TOB pacrrpe,u;eneHHII rro MHOJKe

CTBeHHOCTII OTpIIII,aTeJibHbIX 

qacTIIIJ, B pp-B3aIIMop;e:ircTBIIHX 

(Dq=[L( n-(n) )qPn)]l/q ). Kprr

Bbre rronyqeHbI IIO <j)opMyJie 

KoppeKTHoro KNO-cKewnrrnra 
(2) C pa3HbIMII arrrrpOKCIIMa

IJ,HHMII \{!PP ( z). XapaKTep IIO

Bep;eHHH KpHBbIX Ha pnc. 4 
Taxow JKe, KaK Ha pIIc. 3, 
OH orrpep;eJIHeTCH I'IICTorpaM

MIIpOBaHJieM (2), (3), II CJia6o 

3aBHCIIT OT KOHKpeTHOI'O BIIp;a 

qJ yHK IJ,IIII '¥ ( Z) . 

pp⇒X- vs=2.4-c-546 I':JB 
1~ 

1.8 

1~ 

1~ 

1~ 

1.4 

1~ 

1~ 

1.1 

1~ 

~g 

(<n>+¼)/D2 

.. .4t ;AJ{tf' 1-t-r-t · 
t 

H<IIB3 FNAL JSR UA5 

t 

0.8 '----'-----'-~L.L~'----'---'--L__--'--......J.--,' 

0 1 2 3 4 5 13 

<n> 

6 

10• 

8 
7 

pp ⇒X- vs=2.4-c-546 I':JB 

Pnc. 5. Hop1,,mpoBaHHbie MO
MeHTbI pacrrpe~eJieHIIII rro MHO

JKecTneHHOCTII OTpnu;aTeJih

HhIX 'IaCTIIIJ, B pp-B3aIIMOp;erk
TBJIHX Cq=(nq) / (n)q, r~e (nq) = 
L nq Pn. To'IKII UA5 - j5p-B3a

IIMo~eIICTBIIH, y'S=546 I'oB -
IIOJiy'IeHbI IIpII TaKOM )E:e rrepe
xo,u;e OT 3apHJKeHHbIX 'IaCTIIIJ, K 

OTpIIII,aTeJibHbIM, KaK ,/J;JIH pp

B3aIIMOp;eI1CTBIII1: nch = 2n + 2. 

KpIIBbie cooTBeTCTBYIOT Kop

peKTHOMY KNO-cKefrmrnry (2) 
C TeMII )Ke <j)yHKIJ,IIHMII \{!PP( z)' 

'ITO II Ha pIIC. 4 (3pIITeJibHO He 

pa3JIIf'IaIOTCH). 

H<IIB3 

F N A L JSR 

101 

C2 

100 0;--~---:-~~...L.._~- I 
2 3 4 5 

Pnc. 6. HopMIIpoBaHHbie 

1: t MOMeHTbI pacrrpep;eJieHIIlf IIO 

MHOJKeCTBeHHOCTII ::rnpJDKeH-
7 

HhlX 'IaCTIIIJ, B pp-B3aIIMOp;e-

JICTBIIHX ct=(n~h) I (nch)q' r,u;e 
• r 

(n~h)= L n~hPnc1. KpIIBbie rro- • 
I 

Jiy'IeHbI IIO <j)opMyJie KoppeKT-

Horo KNO-cKefrmrnra p;JIH pa-

crrpe~eJieHHlI OTpIIII,aTeJibHbIX a 

'IaCTIIIJ, (2) C IIOCJiep;yIOIIJ,IIM ... 
rrepexop;OM KO BCeM 3apHJKeH- l 

HbIM COI'JiaCHO nch = 2n+2. 2 

B (2) rrcrroJib30BaJIIICb Te JKe 

<j)yHKIJ,lfII \{!PP, 'ITO II Ha prrc.4, 
1.5 

5 (3pIITeJibHO IIO'ITII He pa3-

JIII'IaIOTCH). Pnc. 6 <j)aKTII'Ie- 1 

CKII 0KBIIBaJieHTeH pIIC. 5. 1 

UA5 

+ 

* 

., 

13 

<n> 

pp⇒Xch 

I.BL 

,-,ch ;' '+ 

1, 

3 5 

7 

FNAL JSR UA5 

t 

,-,ch t 

7 g 11 13' . 28 

<nch> 



npirne;o;eHHbie TO"'IKII, T.e. naBIICIIMOCTb q)OpMbI pacnpep;erreHIUI no MHmKe

CTBeHHOCTII OT 5Ip;pa MIIUieHII np;ecb p;ocTaTO"'IHO crra6aJI [3]. 
Ha puc. 8 [10] nprrnep;eHhI p;aHHhie no BnanMO)J,e:iicTBIIJIM JI)J,ep yrrrepo

;::i;a 3. I raB/HYKlIOH C pa3HbIMII 5Ip;paMII [4] BMeCTe C KIIClIOpop;-JI;a:epHhIMII 

JJ;aHHhIMII npn aHepnrnx 60 II 200 raB/HyKrroH. Bup;Ho, "'ITO Bee TO"'IKH rre

:ilrnT Ha op;Ho11 npJIMOII. Ha BpenKe B yBerrII"'!eHHOM MacrnTa6e noKanaHhI Te 

.iKe TO"'IKII npn 3.7 raB/HyKrroH BMecTe c Toi'r .iKe npJIMOII Bpy6rreBcKoro, 

KOTopaJI, KaK n Ha puc. 7, nepeceKaeT och a6cuucc B TO"'!Ke (n) = -0.5. 
9. MHTerpa.JihHOe rrpeµ;cTaBJ1em1e [1, 2, 6, 10]. <PopMyrry (3) 

MO.iKHO npeJJ;CTaBIITb B IIHTerparrbHOM BIIp;e 

~ Pn = l P(m)dm = l '11 c:)) d c:J = <I> C!J- (4) 
n-k k k/<m> 

B CTaTIICTIIKe qacTO IICnOITh3yeTCJI nop;o6HaJI HaKOITlI€HH8JI BepoJITHOCTb 

BMeCTO p;ncKpeTHbIX II HenpepbIBHbIX npoH3BO)J,HhlX OT Hee Pn II P(m). 

HHTerparrbHaJI BepOJITHOCTb <I>(k/(m)) CBJI3aHa C w(z) paBeHCTBOM 

<I>(z) = LX! w(z)dz IIlIH · w(z) = -d<I>(z)/dz (5) 

n y;o;oBrreTBopJieT ycrroBHJIM <I>(0)=l II j<I>(z)dz=l. BepoJITHOCTH Pn Bhl

'-IIICIT.lIIOTCJI H3 <I> ( z) npoUie, "'!eM rm w ( z) B ( 2): 

Pn = <I>(nzo) - <I>(nzo + zo)- (6) 

Bemrqrma "'£,'{' Pn B ( 4) JIBITJieTC.lI q>yHKIIIIeii TOIThKO O)J,HOH nepeMeHHOII 

k / (m) [2], "'ITO nonBorr.HeT HaHeCTII pacnpeP,erreHIIJI no MHO.iKeCTBeHHOCTII 

npn pa3HbIX BHeprHJIX Ha 0)1,HY KpIIBYIO ip ( Z). 
10. KBaHTOBaJI aHa.JIOl'lUI [10]. PeuenT (2) rrorry"'!eHHJI p;IICKpeT

HhlX pacnpe)J,erreHHM no MHO.iKeCTBeHHOCTH II3 HerrpepbIBHOlI BepoJITHOC

THOH q>yHKIIIIII MaTeMaTII"'!eCKII BKBIIBarreHTeH rrpouep;ype, IICIIOllh30BaH

HOII IIrraHKOM npII KBaHTOBaHIIII HerrpepbIBHOro MaKCBelIITOBCKoro BepoJIT

HOCTHoro pacnpeP,erreHII.lI w(z)=exp(-z) (z=E/kT; zo=hv/kT) B op;Ho11 

II3 qiopMyrrIIpOBOK KBaHTOBOH rIIIIOTe3hI. 8Ta rrpoue)J,ypa crre)J,yeT TaK.iKe 

nn npamrna KBaHTOBamrn BopHa-KpaMepca - peuerrTa norryqemrn p;IIc

KpeTHhIX KBaHTOBOMexaHII"'!eCKHX BelIII"'IIIH II3 COOTBeTCTBYIOlIIIIX II~ He

rrpepbIBHbIX Krraccn"'!eCKIIX. B HaUIIIX o6onHa"'!eHirnX BTOT rrpIIHIIIIII qiop

MymrpyeTC.lI crre)J,yIOUIIIM o6panoM: )J,IICKpeTHaJI BelIII"'!Irna Pi, CB.lI3aHHaJI C 

KBaHTOBbIMII COCTOJIHII.lIMII l II l+T, paBHa Pi = <I>(l)-<I>(l+T) (cM. (6)), 
rp;e <I>(z) rrorryqaeTC.lI m paBeHCTBa -T[o<I>(z)/oz]=TW(z)=P(m) (cM. (3), 
( 5)), rp;e P( m) - KrraccnqecKIIII aHarror KBaHTOBOM BeITII"'IIIHhI Pi. 
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7 
Dq 

6 a.A=-X-

5 D5 aa 370; 520 

Puc. 7. 3aBI:ICHMOCTII MOMeH

TOB Dq=(L(n-(n))q Pn)l/q OT (n) 

,[{lI.H pacITpeµeneHHII ITO MHO)Ke

CTBeHHOCTII OTpun;aTelibHbIX 'Ia

CTHD; B 0:0:-B!JaJIMO,[{eI:ICTBH.HX 

ITPJI ,/s=26 JI 31 I'rJB Ha Hy

KlIOH If B o:Li6, o:C, o:Ne, o:Cu 

ITPH Prra6=4.5 I'rJB/c Ha HYKlI0H. 

T-IeTHbie JI He'IeTHbie M0MeHTbI 

paaHeceHbI Ha 2. To'IIGf Hermo

xo lI0)KaTc.H Ha ITp.HMbie Bpy6-

neBcKoro: Dq ex: ((n) + 0.5), 'ITO 

CBJI,[{eTelibCTByeT O CITpaBe,[{lIH

B0CTH KoppeKTHoro KNO-cKer"i:

lIJIHra (cM. paaµ. 5). 

4 

3 

2 

0 

aLi; C; Ne; Al; Cu 

3. 7 fuBIHJ!G110H 

2 3 4 5 

Puc. 8. 3amrcHMOCTb D2 = 
(L(n-(n))2Pn) 112 OT (n) l{lI.H 

pacITpe,[{eJieHIIII ITO MH0)KeCT

BeHH0CTII 0TJJIID;aTelibHbIX 'Ia

CTIID; B ONe, OCu If OAu-Baa

IIMO,[{eircTBIIJIX ITJ)If Prra6=60 If 

200 I'rJB/c Ha HyrmoH II B CNe, 

CSi, CCu, CZr ITPH Pna6=4.5 
I'rJB/c Ha HYKlI0H. Ha ncTaBKe, 

B yBelIH'IeHH0M MacmTa6e, ITO

[{a!JaHa 'IRCTb JJHCYHKa, 6JIH3-

KaJI f( Ha'Iany IWOpl{HHRT. T.Je
pea T0'IKII ITJJ0Bel{eHa ITJJ.HMaJI 

Bpy6neBcrwro: D2 ex: ( (n)+0.5), 
'ITO yKaabrnaeT Ha cITpaneµmr

B0CTb rwppeKTHoro KNO-cKe

rrmrnra (cM. paaµ. 5). 

6 7 

<n> 

D2 
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r.JIABA II. KNO-CKEMJU1Hr B ll30CIU1HOBO 
CB.H3AHHhIX PEAKIJ;ll.HX [11]. 

11. Ilpo6JieMa [11]. C TO'IHOCThIO ~o 3KcnepnMeHTaJihHhlX ourn6oK 

pacnpeµ;erremur no MH02KeCTBeHHOCTII 7["- -Me30HOB B pp-B3am,rnµ;eHCTBH

JIX npH pa3HhIX 3HeprII.lIX, Ha'IIIHaJI C noporOBOH II, no KparrHeH Mepe, /J;O 

vs = 60 r3B, noµ;o6Hhl µ;pyr µ;pyry, T.e. noµ;'IIIHlIIOTC.lI KNO-cKerrmrnry, 

TO'IHee, ero KoppeKTHOH pearru3au;nu [10] (rrr. I), CM. pnc. 9a. 
Oµ;HaKO /J;ll.lI 7["+ -Me30HOB B 'pp-B3aIIMoµ;errCTBII.lIX 3TOT CKeHJIHHr He 

BhlnOJIH.lieTC.lI. MaTeMaTII'IeCKaJI npII'IIIHa 3Toro 3aKJIIO'IaeTC.lI B TOM, 'ITO 

nO'ITII He3aBIICIIMO OT 3HeprIIII (n,,+}~(n,..-}+0.7. Ilpanµ;a, M02KHO npeµ;no

JI02KIITh, 'ITO 3TOT CKeHJIIIHr pa6oTaeT TOJihKO "n o6rraCTII nIIOHII3aIJ;IIII"' 

a JIIII.lIHIIe ~0.7 7["+-Me30Ha .lIBJI.lIIOTC.lI q>parMeHTaIJ;IIOHHhIMII. 

12. Ilp:u6mnKeHHa.H MOAeJib [11]. Ilpeµ;norro2KIIM, 'ITO pacnpeµ;erre

HII.lI no MH02KeCTBeHHOCTII, HanpIIMep 7["--Me30HOB, B o6rraCTII nIIOHII3au;mI 

BO BCeX HJKJIOH-HYKJIOHHhIX B3aIIMO/J;eHCTBII.lIX 0/J;IIHaKOBhI. Ilepe3ap.lI));Ka 

)Ke nepBII'IHOro HeIITpOHa B npoTOH npIIBO/J;IIT K nO.lIBJieHIIIO µ;onoJIHIITeJih

HOro Jr"- B o6rracTII q>parMeHTau;1rn HerrTpoHa. 

IIycTh B np-B3aIIMoµ;eHCTBII.lIX C nepO.lITHOCThIO (1- 8) HerrTpOH OCTa

eTC.lI HeHTpOHOM, T.e. B 3TIIX co6hlTII.lIX pacnpeµ;erreHne 7["- -Me30HOB TaKoe 

)Ke, KaK B pp: Pn(np) = Pn(pp). C nepo.lITHOCThIO 8 HerrTpOH npenparu;aeT

C.lI B npOTOH, 3Ha'IIIT, B 3TIIX co6hI'.I'II.lIX MH02KeCTBeHHOCTh 7["- yneJIH'IIIBa

eTC.lI Ha 1: Pn+1(np) = Pn(pp). Torµ;a B np-B3aHMoµ;errCTBil.lIX norry'IaeTC.lI: 

Pn(np) = (1- 8)Pn(PP) + 8Pn-1(pp). (7) 
<PIIT µ;aHHhIX npII 100-400 I'3B/ c µ;aeT 8 =0.36±0.03. lfIICJIO Jr" n np

B3aIIMoµ;errcTBII.lIX norry'IaeTc.lI Ha 8 6orrhille, 11eM n pp. B nn - Ha 28: 

(n}nn=(n)nP+8=(n)PP+28. IIorry11nM 3Ha'Iem1e 8 B npeµ;norro2KeHnn, 'ITO 

OHO He 3aBHCIIT OT norrHoro 'IIlCJia nHOHOB. B Ta6rr. la npnneµ;eHhI MH02Ke

CTBeHHOCTII nIIOHOB n co6hITII.lIX c 'IIICJIOM Bcex nIIOHOB, paBHhIM 1. 
CyMMa cpeµ;HHX MH02KeCTBeHHOCTeH nIIOHOB B Ka2Kµ;orr peaKIJ;Illl pa

BHa eµ;1rnnu;e (npaBhlH cTorr6eu;). CyMMa no nceM peaKIJ;H.lIM panHa 4. Ifo 
u u 

II30CIIIIHOBOil IlHBapIIaHTHOCTil, crreµ;yeT, 'ITO npII B3aHMOµ;eIICTBillI Il30C-

nIIHOBO Henorr.Hpll30BaHHOfO ny11Ka (paBHaJI CMeCh npoTOHOB II HeIITpOHOB) 

C II30CnIIHOBO Henorr.HpH30BaHHOH MIII.lleHhIO po2Kµ;aeTC.lI II30CnIIHOBO Heno

ll.lipH30BaHHOe COCTO.lIHile - paBHaJI CMeCh 7["--, 7["0- II 7["+-Me30HOB. 3Ha'IHT, 

cyMMa B Ka2Kµ;oM cTorr6u;e Ta6rr. la panHa 4/3. PeI.lleHneM 3TOH Ta6rrIIIJ;hl 

JIBJI.lieTc.lI 8=1/3. Bepo.lITHOCTh 1/3 µ;rr.H nepe3ap.Hµ;Kn norry11aeTc.lI TaK2Ke 

B npocTorr KBapKonorr Moµ;errII, rµ;e HYKJIOH crry'IaHHhIM o6pa3oM Tep.HeT 
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P(m) 

0.3 

0.2 

0.1 

o.o 

i 
6 

I 
0.3 

0.2 
I / I 

P1 

::J .I~, 
0 1 

I P2 

.l~I .1~P3 

2 3 

e=O 

P3 

e=0.4 

4 
m 

Puc .. 9. 06o6memre rwp

peKTHoro KNO-cKeiimrnra Ha 
IW0CIIJIH0B0 CBJI:JaHHble peaK

~IIJI - II0.TIY'IeHIIe l{IICKpeT

H0I'0 pacrrpel{eJieHII.lI ITO MH0-

)KeCTBeHH0CTII 1-W HerrpepbI

BHOH KNO-rrnBaprraHTHoir 

<j>yHK~IIII P(m): 

a) - C0I'JiaCH0 pe~errTy (3);. 

6) - C0I'JiaCH0 60.rree 06-

mew popMyJie (10), 0T.TIJf'IaIO

meIIC.lI B0:JMO)KH0CTbIO Cl{BII

ra MacuITa6HoH ceTKII, pe)Ky

meii <j>yHK~IIIO P( m) Ha Be-

po.HTH0CTII Pn (KNO-c-CKeir

.TIIIHI'). Cl{BIII' l{0JI)KeH 6bITb 

!\ c2:0, 'IT06hl He II0.lIBIIJiaCb 

- P_1, II c<l, ecmr Pof0. 

Th6JI:un;a 1 
Cpel{H.HJI MH0)KeCTBeHH0CTb IIII0H0B pa0HbIX :JHaK0B B pa3HbIX HYK.TI0H

HYK.TI0HHbIX ( a) n aHTIIHYKJI0H-HYKJI0HHbIX HeaHHIII'If.TI.lI~II0HHbIX ( 6) pe

aK~IIJIX, cor.rraCH0 <j>parMeHTa~IIOHHOH M0l{eJIII, B co6blTII.lIX c II0.TIHbIM 'III

C.TI0M Bcex IIJI0H0B, paBHblM 1. B pp-BOaIIMOl{eHCTBH.lIX 7["--Me:J0H p0l{IITbC.lI 

He M0)KeT ( coxpaHeHrre oap.Hl{a), T.e. 'IIICJI0 7["- paBH0 0. 3Ha'IIIT, MH0)Ke

CTBeHH0CTb 7["+-Me:JOHOB paBHa 28. B np-BoaIIMOl{eIICTBII.HX MH0)KeCTBeH

H0CTH 7["+ - If 7["- -Me:J0H0B paBHbl 8. MHO)I(eCTBeHHOCTb 1r0-Me:J0H0B B Ka

)Kl{OH peaK~IIH l{0II0.TIHJieT IIOJIHYIO MH0)KeCTBeHH0CTb l{0 1. 3ap.Hl{OBaJI 

CIIMMeTplrn rrpIIB0l{HT K paBeHCTBY MHO)KeCTBeHHOCTeH B peaK~II.lIX pp, np, 

nn->K+ rr B nn, pn, pp->K-. PerueHrreM OTOH Ta6mr~hl .HB.TI.HeTc.H 8=1/3. 

(a) 7["- 7["0 7["+ 7[" (6) 7["- 7rO 7["+ 7r 

pp 0 1-28 28 1 npN (HeaHH.) 0 1/3 2/3 1 

np 8 1-28 8 1 ppN ( HeaHH.) 1/3 1/3 1/3 1 

pn 8 1-28 8 1 nnN (HeaHH.) 1/3 1/3 1/3 1 

nn 28 1-28 0 1 pnN (HeaHH.) 2/3 1/3 0 1 

4/3 4/3 4/3 4 4/3 4/3 4/3 4 
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O)];IIH II3 Tpex CBOIIX KBapKOB II rro;a;xBaTbIBaeT O)];IIH II3 p;Byx B03M02KHhlX. 
IloBTOpIIB 3TH paccy:,Kp;emrn )];ll.lI Hea.HHIIrmrnn;IIOHHhlX aHTIIHYKJIOH

HYKJIOHHhIX B3anMo;a;eiicTBHII M02KHO rrorry"'IIITh TO"'IHO TaKyIO 2Ke Ta6rr. 16. 
3aMeTHM, "'ITO ppN-B3aIIMop;eHCTBirn IIOJIJ"9:aIOTC1C aHarrorWIHhIMII np-, a He 

pp-B3aHMO)];eIICTBII.lIM. 
13. KNO-c-cKenrrnnr [7, 11]. Y"'IIIThIBaJI (3), Mo;a;err1,Hoe Bhlpa:,Ke

mre (7) MO.IKHO 3aIIIICaTb B BII;a;e 

ln [n+l 
Pn=D n-

1
P(m)dm+(l-o)ln P(m)dm. (8) 

Ha pnc. 10 (rnTpIIXOBhle KpIIBhle) np1rne;a;eHO cpaBHeHIIe C 3KCIIepnMeHTOM 

:r.10p;err1,Horo rrpe;a;cKa3amrn (8). B Ka"<JeCTBe \Ji(z) p;ll.lI HYKJIOH-HYKJIOHHhIX 

B3aIIMo;a;eiicTBIIH 3p;ec1, II ;a;arree IICIIOJih30Barrac1, o;a;Ha II3 <pyHKIJ;IIII rrr. I: 

\Ji(z) = a(z + 0.14) exp[-b(z + 0.14) 2], (9) 

r;a;e Ko3<pqinn;IIeHThI a=l.25 II b=0.62 norry"<JaIOTCJC II3 ycrroBnH HopMnpoBKII. 

C p;pyroi'1 cTopoHhI, B03MO)Irna 6orree o6w,M, "<JeM (3), qiopMymrpo

BKa YTBep1Kp;eHII1C O no;a;o6IIII pacnpe;a;erreHIIH, B KOTOpo:ii: pa3perneH C)];BIIr 

BJieBo MacrnTa6HoH ceTKII, pe:,Kyw,eiI HenpephlBHyIO KNO-IIHBapIIaHTHYIO 

qJYHKil;IIIO P( m) Ha )];IICKpeTHbie Bep01CTHOCTII Pn [7] (pIIC. 96): 

l
n+l-c 

Pn = n-E: P(m)dm. (10) 

Cp;mrr E 3aBIICIIT oT peaKTI;IIII. Ero 3Ha"<JeHne ;a;orr2KHO 61,1Tb E 2: 0, "<JT061,r He 

rroHBIIrrac1, BepoHTHOCTh OTpIIIJ;aTeJihHOII MHmKeCTBeHHOCTII P_1, II E < l, 
ecrrn Po =fa 0. Q-qem1;a;Ho, "'ITO npII 6orr1,rnIIx (m) (6orr1,wnx 3HeprIIJCx), 

r;a;e Mo;a;errhHaJI qiopMyrra (8) Herrrroxo OIIIIChlBaeT ;a;aHHhre, oHa coBrra;a;aeT 

C MaTeMaTII'IeCKII 6orree II31Clll,HhlM Bbipa2KeHIIeM (10) npII E = 0. 
Ha pnc. 10 ( CIIJIOlIIHbie KpIIBbie) rrpIIBep;eHO cpaBHeHIIe CKeIIJIIIHrOBOH 

qiopMyJihl (10) C 3KCIIepnMeHTaJibHbIMII ;a;aHHhIMII. 

lfo (10) npII He CJIIIWKOM MaJieHbKIIX (m) norry-qaeTCH (m)~(n)+0.5-E. 

cho npII6JIII2KeHIIe HeITJIOXO BhIIlOJIHHeTCJI y2Ke Ha"<JIIHaJI C (m)~0.7, "'ITO 

COOTBeTCTByeT PJia6~4 r3B/c B HYKJIOH-HYKJIOHHhIX B3aIIMo;a;eii:cTmrnx. 
14. 3aBHCHMOCTh OT :meprHH [2, 7, 11]. Ha pIIC. 11 rrpIIBep;eHbI 

3aBIICIIMOCTII cpe;a;mrx MH02KeCTBeHHOCTeII )];ITH pa3HbIX HYKJIOH-HJKlIOHHhlX 

n HeaHHIIrIIJIJCIJ;IIOHHhIX aHTIIHYKJIOH-HYKJIOHHhIX B3aIIMo;a;eiicTBIIH OT 

F = ( w _ 2)3/4w-l/4, r;a;e w = .,fs/Mpc
2

. (11) 

B TepMop;nHaMII"<JeCKOH Mo;a;errn <l>epMn 3TOH BeJIII"'IIIHe ;a;orr2KHa 6bITh npo

nopn;noHaJihHa MH02KeCTBeHHOCTh 7r-Me30HOB, II3lIY"<JaeMhlX B HYKJIOH-eyK

JIOHHhIX B3aIIMO)];e:UCTBIIHX B IIHTepBaJie PJia.6= 10-1000 r3B / C. 
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Pnc. 11. 

1.0 1.5 2.0 2.5 3.0 

<n> 

A1Ho)KeCTBeH-

HOCTb 7r+ - 1I 7r- -Me30HOB B 

pa3HbIX HYKJIOH-HYKJIOHHbIX 1f 

HeaHHIII'lflIH~IIOHHbIX aHTHHy-. 

KJIOH-HYKJIOHHbIX B3aIIMOf{e:H

CTBHHX B 3aBIICiiMOCTII OT Be

lIII'IIIHbI F= (w-2) 314 (w)- 114, 
r,qe w = vs/Mpc2 (Mp -

Macca HYKJIOHa). B TepMOl{II

HaMwrecrwii Mo,qenII <:PepMH 

BeJiwnme F rrporropw10HaJib

Ha MHOJI{eCTBeHHOCTb IIliOHOB 

B HYKlIOH-HYKJIOHHbIX B3alfMO

l{eIICTBlfHX IIpH PJia6 = 10-1000 
I';JB/c. llpHMbie cooTBeTCT

BYIOT (m) = 0.78F. C,qBIII'Ii 

E B3JITbI II3 Ta6JI. 1. 

3.5 4.0 

Pnc. 10. CpaBHeHIIe Mo,qe

JIH (8) rrpH D=l/3 (nITpnxo

Bbie KpirnMe) H KNO-E-cKeii

JIIIHra (10) IIpII E=l/3 (cIIJIO

IllHbie KpHBbie) C ;JKCIIepIIMeH

TOM. IIoxaaaHbI OTHOilleHIIJI MO

MeHTOB pacrrpe,qeJieHHif ITO MHO

)KeCTBeHHOCTII 7r- -Me30HOB B 

np-peax~HHX 1.25-400 I';JB/c 

( CBeTJibie TO'IKH) II B HeaHHII

I'lfJIH~IIOHHbIX pp-peaK~lIJIX 3.6-

12 I';JB/c (TeMHbie TO'IKII). 

Cpe,qHee 3Ha<remw: (n)= I: nPn; 

~eHTpalibHbie MoMeHTbI: Dq = 
[I:(n - (n))qPn]l/q_ BeJIH'IIIHa 

D5/ D2 cMeU{eHa BHIW Ha 1. 

4.0 f I I /'/ ~ 
<n> 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

• pp⇒rr- 1.7.,.405 fuB/c 

o np⇒rr- 1.3.,.400 

X pp⇒7r+ 1,0.,.69 

V ppN=>rr- 3,6.,.12 

• npN =>Tr- 6.1 

+ npN⇒7r+ 6,1 

'o~ 
<-.: 

\::)" 
// 

;,r,"' 
~ 

0.0 '-'_,;CL_J_~--'-~~-'---~--'--~---1-__J 
0 2 3 4 5 

F=(w-2)3/4 w-114 
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,UBa coMHOMIITerr.lI B F IIMeIOT pa::rnoe ITpoIIcxoM;a;emre. Ilepm,111 ITpo

ITopuuoHarreH cBo6o;a;Hon :meprnII B cTeITeHII 3/4. BTopoi'r - pa3Mepy rro
peHu;-cMaToro o6'beMa p;Byx HJKlIOHOB B IIX c.u;.M. B CTeITeHII 1/4 (w = 2,) 
( CM. TaKMe pa3;a;. 19). Iloµ;-c1epKHeM, 'ITO ITPII 3TIIX aHeprII.lIX BeJIII'IIrna F 
Be;a;eT ce6.H cyrn;ecTBeHHO IIHa'le, 'leM 'lacTo IICITOllh3JeMoe ITpII6mrMeHire 

s114 , r;a;e He J'ITeHa IToporoBa.H aHeprll.lI peaKUIIII vs= 2Mp c2. 

Ha'IIIHaJI C F~0.9 (Prra6~4 raB/c) TO'IKII pp-+K- II npN-+7['- HeITJIOXO 
rreMaT Ha ITp.lIMon (n)+0.5=0.78 F. To'IKII np-+K- II ppN -+K- - Ha ITp.lI

Moi'r, CMern;eHHOII OTHOCIITellhHO ITpe;a;hl;a;yrn;en BBepx Ha 1/3. To'IKII nn-+K

(pp-+K+) II npN-+K+ - Ha ITp.lIMon, cMern;eHHOll Ha 2/3, T.e. ITapaMeTphI 
E B (10) /J;ll.lI ITocrre;a;mrx peaKUIIll ;a;omKHhI 6hITh 6JIII3KII K 1/3 II 2/3 B 

corrrac1rn c Ta6rr. 1. lfo pIIc. 11 crre;a;yeT TaK2Ke, 'ITO ecrrII BhlITOJIH.lieT

C.lI KNO-c-CKellJIIIHr, TO ;a;rr.lI Bcex 3TIIX peaKUIIll, Ha'IIIHaJI c Prra6~4 II ;a;o 

400 faB / c, MacnITa6Hhill ITapaMeTp ( (m)=(n)+0.5-c) IIMeeT o;a;Hy II TY 
Me ( 0/J;HOITapaMeTpll'leCKyIO) 3aBIICIIMOCTh OT 3HeprIIII [7]: 

(m)=0.78F. (12) 

15. HopMnpoaKa rrpn Pnao <4 raB/c [7, 11]. Cpep;H.lI.lI MHoMe
CTBeHHOCTh 7['+-Me30HOB B pp-B3aIIMOp;ellCTBII.lIX Ha pIIC. 11 ITPII yMeHhllle

HIIH 3HeprIIII He CTpeMIITC.lI K HJJIIO, a BhIXO/J;IIT Ha MIIHIIMYM ITPII Prra6 ~l.5 
faB / c ITocrre 'lero ;a;aMe pacTeT. JJ:erro B TOM, 'ITO pacITpe;a;erreHII.lI ITO MHO
)KeCTBeHHOCTH ITpIIH.lITO HOpMHpOB_aTh Ha O"jn, a B HeyITpyroM pp-B3aIIMO

)],eIICTBIUI, ITO OITpe;a;erreHIIIO, ;a;omKeH po;a;IIThC.lI XOT.lI 6bI 0/J;IIH nIIOH. 

16. HyKJIOH-HYKJIOHHbie µ;aHHhie [7, 11]. HeaHHIIrIIJI.lIUIIOHHoe 
ce'leHIIe ;a;rr.H qJIIKCIIpoBaHHoro 'IIIcrra K- -Me30HOB B ppN -B3aIIMo;a;encTBII.lIX 

npII 7.3, 8.8 II 12 faB/c II B fipN-B3aIIMo;a;encTBll.lIX npII 6.1 faB/c norry'le

Ho II3 HeaHHIIrIIll.lIUIIOHHOro napu;narrhHOro Ce'leHll.lI /J;ll.lI OTpIIUaTellhHhIX 
'laCTIIU (BKlIIO'laIOrn;IIx p, HO He 6orree o;a;Horo ), II3 KOToporo BhI'ITeHo ce
'leHne BhIXo;a;a p npII ;a;aHHOll TOnorrorIIII II ;a;o6aBJieHO Ce'leHIIe Bhixo;a;a p 
npn 60JihWeM Ha ep;IIHIIUY 'IIICJie OTpnu;aTeJihHhlX 'laCTIIU. 

17. lilHTerpaJibHOe rrpeµ;cTaBJieHHe [7, 11]. <PopMyrry (10) MOM
HO npe;a;cTaBIITh B IIHTerparrhHOM BII;a;e [7] aHarrorII'IHO ( 4): 

L:'=kPn = 1:
0 
P(m)dm = <I> (~~n, (13) 

r;a;e <J>(z) = J:w(z)dz. <PyHKUIIII "iJ!(z) (9) COOTBeTCTBJeT qJJHKUII.lI 

<I>(z) = (a/2b) exp[-b(z + 0.14)2] = 1.01 exp[-0.62(z +0.14)2]. (14) 

lIHTerparrhHaJI BepO.lITHOCTh :z::::r Pn B (13) 3aBIICIIT TOllhKO OT nepeMeHHOll 
( k-E) / (m), 'ITO no3BOJI.lieT HaHeCTII pacnpe;a;erreHII.lI no MHOMeCTBeHHOCTII 
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grr.lI pa3HhIX aHeprnn n peaKUIIH Ha o;a;Hy Kp1rny10 <I>( z ). Ha pnc. 12 noKa3a
Hhl pacITpe;a;erremrn p;ll.lI peaKUIIII np-+K-. 8Tmr 2Ke KpIIBOll OITIIChIBaIOTC.lI 
ocTaJihHhle ( aHTII )ttyKrroH-HJKJIOHHhle B3an:rvrn;a;ci'rcTBII.lI c E II3 Ta6rr. 1 [11]. 

18. AHHHrHJIHD;HH [11]. lfo ITpe;a;h1;a;ymero .lICHo, 'ITO KNO-cKei'r
mIHr (3), r;a;e c=0, He M021(eT BhlITOlIH.lIThC.lI O)J;HOBpeMeHHO )J;ll.lI Bcex II30C
IIIIHOBO CB.lI3aHHhlX MeM;a;y co6on peaKUIIll. IIpoBep.lITh ero IIMeeT CMhICll 
TOllhKO )J;ll.lI Tex II3 HIIX, r;a;e MHOMeCTBeHHOCTh IICcrre;a;yeMhIX 'laCTIIU MII
HIIMallhHa. B 'laCTHOCTII, rrpII c=0 Hellh3.lI ornrcaTh peaKUIIIO aHHIIrIIJI.lIUIIII 
ppA, 'ITO crre;a;yeT II3 q>aKTa cymecTBOBaHII.lI peaKIJ;IIll pnA II npA, II30CITII

HOBO CB.lI3aHHhlX c nepBon. Ou;eHK·a 3Ha'lemrn E ;a;rr.H peaKunn aHHIIrIIJI.lIUim 
B ITpe;a;ITorroMeHmr, 'ITO B peaKUIIH npA-+K·- E=0, ITpIIBe;a;eHa n Ta6rr. 2. 

Ha pHc. 13 ITOKa3aHhl pacITpe;a;erreHII.lI ITO MHOMeCTBeHHOCTII B jipA 

BMecTe c HeCKOllhKIIMH amr_pOKCIIMaUII.lIMII w(z) B Koop;a;nHaTax (13) npn 
c=l/2. JJ:aHHhie npA-+7['- OilIIChIBaIOTC.lI TeMII Me KpIIBhIMH npu E=0 [11]. 

19. MHo:>KeCTBeHHOCTb npn aHHHrHJIHIJ;HH [11]. Ha pnc. 14 
ITpirne;a;eHhl 3aBIICIIMOCTII cpep;HIIX MHOMeCTBeHHOCTeII IlIIOHOB B peaKn;n
.lIX aHHIIrHJI.lIIJ;lIII ppA II pnA (fipA) OT BelIII'IIIHhI pA, B KOTOpon, no;a;o6HO 

F Ha pHc. 11, cBo6o;a;HaJI :meprirn oTJIII'laeTc.lI OT norrtton Ha noporoByro 

aHeprHIO peaKUIIII - Macey p;Byx nnotton (2m-ir/Mp ~ 0.3). KoHe'IHO, 3TOT 

nopor He;a;ocTIIMHM npII pearrhHOll aHHIIrIIJI.lIUIIII Ha Macconon nonepXHo

CTH, HO K HeMy MOMHO npH6JIII3IIThC.lI npII BIIpTyarrhHOll aHHIIrIIJI.lIIl;IIII, r;a;e 
aqiq>eKTIIBHaJI Macca po;a;nnWIIXC.lI nIIOHOB MOMeT 6hlTh ropa3;a;o MeHhWe. 

8TII ;a;aHHhle (KpecTIIKII) norry'leHhl B peaKUIIII IC-p -+ AX (X -
nIIOHhl) npII tte6orrhrnon nepe;a;a'le 4-IIMnyrrhca OT I(- K A. Ilpn 3TOM 
neprnIIHY J(-A c BeprnIIHOll pX coep;IIH.lieT aHTimpoTOHHhill nponaraTop. 

Pa3Hhie TO'IKII COOTBeTCTBJIOT pa3HhIM IIHTepnarraM aqiq>eKTIIBHOll MaCChI 
IlIIOHOB, KOTOpall 3p;ech nrpaeT porrh norrHOll 3Heprirn B nepBOM COMH021rn
Terre pA_ BTopon COMHOMIITellh /J;ll.lI BIIpTyarrhHhIX TO'leK paneH (2,)-1/ 4 

(a He w-1/4), r;a;e 1 - rropeHn;-q>aKTOp npOTOHa B.c.u;.M. nHOHOB. 
To'IKII_ npH pA OT 1.2 ;a;o 2.2 Ha pHC. 14 - peaJihHa.lI aHHIIrIIJI.lIIJ;II.lI. 

,Ull.lI Hee, KOHe'IHO, 2,=w. To'IKH pnA-+7['- MOMHO norry'IHTh CMern;eHIIeM 
TO'leK pnA-+K+ nnepx Ha 1. Ilpmrn:e Ha pIIcyttKe - (n)+0.5-c=l.23 pA, 

r;a;e 3Ha'leHll.lI E COOTBeTCTBJIOT Ta6rr. 2 npII o:=1/2. HaKJIOH np.lIMhIX Ha 
pnc. 14 B 1.58 pa3a 60JihWe, 'leM Ha pHc. 11, 'ITO 6JIII3KO K 3Ha'leHHIO 1.5, 
npe;a;CKa3hlnaeMoMy IIHor;a;a p;ll.lI no;a;o6Horo crry'la.H. 

TpeyrollhHIIKa:tvrn Ha pIIc. 14 o603Ha'leHhl ;a;aHHhle no aHHIITIIJI.lIUIIII 
npII BhICOKIIX 3HeprII.lIX ( 22 .4-100 faB / C), norry'leHHhle O 6hl'IHhlM ( HO He
CKOllhKO ynporn;eHHhlM) pa3HOCTHhIM MeTO)J;OM, KOTOphlll MOMHO c;a;erraTh 
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(k-e)l<m> 

Ta.6mni;a 2. 

Pnc. 12. JiHTerpalibHaJI Be

poJITH0CTb '£'{' Pn B oaBH

CHMOCTII OT (k-E)/(m) (cM. 

(13)) !{JIJI np-B3aifMO!{eJICT

BiflI rrpn pa3HbIX ::meprHJIX. 

HcrroJib30BaHa arrrrpoKCHMa

UHJI (m) = 0.78F (12). IIa

paMeTp E=l/3. · KpIIBaJI Ha 

pncyHKe - <PYHKUILJI (14). 

9TOII )Ke KpIIBoir 0IIIICbIBa

IOTCJI JIHTerpaJibHbie Bepo

JITH0CTII !{pyrnx HYKJI0H-Hy

KlI0HHbIX H HeaHHIII'JIJIJIUJI-

0HHbIX aHTJIHYKlI0H-HYKlI0H-

HbIX B3aIIM0!{eJICTBJIII C rra

paMeTpaMII E H3 Ta6JI. 1 {11]. 

3Ha'IeHIIJI rrapaMeTpa E !{JIJI pa3HbIX peaKumr aHTJIHYKJIOH-HYKlIOHHOH aH

HHI'JilIJIIJ;IIIf. IIapaMeTp E !{JIJI npA-+1f+ }!a 1 60JibUie, 'IeM !{lIJI npA-+1f- ( co

xpaHemre 3apJiga). 3Ha'Iemre E l{JIJI j5pA-+1r- o6qqHa'IeHo "0:". Ifa JID0CIIJI

HOBOH H C-CIIMMeTpIIII 3TO )Ke . □Ha'Iemre rronygaeTCJI eIL(e l{JIJI Tpex peaK

um'i. Ho II3ocmrnoBoir IIHBapJiaHTH0CTH rrony'IaeTcJI, 'ITO cyMMa □Ha'IeHJIH 

EB Ka)K!{0M CTOJI6ue paBHa 1+20:, a cyMMa BCex DHa'IeHJIH EB Ta6JIIIUe -

3(1+2o). EcJIII IIpII 6oJibUIOH 3HeprJIII cpegHJIJI MH0)KeCTBeHH0CTb Bcex 

IIIIOH0B B npA TaKaJI )Ke, KaK B ppA, TO cyMMa 3Ha'IeHJIH E B Ka)Kl{OH CTpo

Ke II0JIY'IJITCJI (3/4)(1+2o), JI BCe HeIIDBeCTHbie 3Ha'IeHIIJI E Bbipa)KaIOTCJI 

'Iepe3 a. Bo MH0I'JIX M0!{eJIJIX aHHJII'IIlIJIUIIII ppA cpel{HJie MH0)KeCTBeHH0-

CTH 1r0- JI 7f- -MeD0H0B IIPII 0'IeHb 60JibUIIIX 3HeprIIJIX paBHbI. Targa Bee 

HeIWBeCTHbie OHa'Iemrn E B Ta6JI. 2 rroJiy'IaIOTCJI 1/2. 

PeaKii;mr 7f- 7rO 7r+ CyMMa E; 

npA (aHH.) 0 30:/2 -1/4 1 3(1+20:)/4 
ppA (aHH.) a 3/4-a:/2 a 3(1+20:)/4 
nnA (aHH.) a 3/4- a:/2 a 3(1+20:)/4 
pnA (aHH.) 1 30:/2-1/4 0 3(1+20:)/4 

1+20: 1+20: 1+20: 3(1+20:) 
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Pnc. 13. HaKorrneHHaJI Be

poJITH0CTb '£'{' Pn B oaBII

CJIMOCTII OT CKeIIJIIIHI'OBOif 

rrepeMeHHOII (k-E)/(m) rrpn 

E=l/2 (cM. (13)) l{JIJI pe

aKUIIII aHHIIrIIJIJIUIIII ppA-,7r

( 1r+) 0-12 I'3B/c. Hcrronb3o

BaHa arrrrpoKcIIMaurrn (m) = 
(n) +0.5 -E. KpIIBbie - pao

Hhle arrrrpOKCIIllfaUlfH <I> ( z). 
,aaHHbie npA-,7r- 0IIHCbIBa

IOTCJI TeMlf )Ke I(plfBbIMII rrpn 

E=0 (cM. Ta6JI. 2) {11]. 

10-• ~~~~~~~~~~~~~~~~ 
0.0 0.5 1.0 . 1.5 2.0 2.5. 

(k-e)/<m> 

Pnc. 14. Cpe!{HJIJI MHoJKecT- <n> ~•--,-,-"f"T""T...-rir,-,-.,.,..,-r,-r-r-r~-ra-~~~ 

BeHH0CTb IIII0H0B B peaKUIIJIX 

aHHIII'JilIJIUIIJI B oaBHCI!M0CTJI 

OT Y 4=(w-0.3)3/4 (21 )-1/4. 

CBo6ol{HaJI 3HeprIIJI B FA OT

lIII'IaeTcJI OT II0JIH0lf Ha II0-

porOByIO 3HeprIIIO (2m1r / Mp ~ 
0 .3). BemI'IIIHa 1 - nopeHU

</)aKTop IIp0T0Ha B c.u.M. IIII-

0H0B. ,anJI BIIpTyaJibHOH aHHJI

I'IIJIJIUJIII ~,=J=w. llpJIMbie co-

0TBeTCTByIOT (m) = l.23FA. 

9TOT HaKJI0H (1.23) B 1.58 pa

!Ja 6oJibIIIe, 'IeM Ha puc. 11 
(0.78), 'ITO 6JIIIDKO K DHa'IeHIIIO 

1.5, rrpel{cKaDbIBaeM0My IIH0-

r,qa !{JIJI rrogo6Horo cny'IaJI. 

4.5 

4.0 

X ppA;;.7r+ BHpTyam,HaSI aHHHI"HflSII\HSI 

• ppA⇒7r+ 0 7 12 T'3B/c 

• ppA⇒7r+ 22.4.;.100 

o pnA⇒rr+ 0.;.9.2 

3.5 A pnA=nr+ 100 

3.0 

2.5 

2.0 t- .r / ~~ 
qi 

1.5 f- // 
V 

// 

e )!,"' 
1.Q L iS' 

0.5 

0.0 ft , , Ii , , • , I , ,f. , I , , , , I , , , , I , , , , I • , , , I , , , .1 
a.a 

17 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

pA=(w-0.3)3/4 (2-y)"l/4 



HeCKOJlhKO 6orree o60CHOBaHJihIM [11] B paMKaX Harneii: pa60ThI, T.e. IIC

xop;11 II3 Toro, 'ITO KNO-E-cKei'rmrnr, a 3Ha'IIIT rrpn 6orrhrnnx 3Hepr1rnx 

(>20-30 r3B/c, CM. pa3p;. 13) II qiparMeH'l::au;IIOHHM Mop;eJih, omIChIBaIOT 

po2Kp;em1e 3apJDKeHHhlX IIIIOHOB BO BCex HYKJIOH-HYKJIOHHhIX II HeaHHIIrII-
0 0 0 

JI11IJ;IIOHHhIX aHTIIHYKJIOH-HYKJIOHHhlX B3aIIMOp;eIICTBIUIX C O)l;HOII II TOII )Ke 

qJyHKIJ;IIelI W(z) II 3aBIICIIMOCThIO (m) OT 3HeprIIII. 

Ce'!em1e Bhlxop;a 3ap112KeHHhIX 'laCTIIn; B HeyrrpyrIIx aHTIIHYKJIOH-HYK

rroHHhIX peaKn;II11X CKJia)l;hIBaeTC11 II3 aHHIIrIIJI11IJ;IIOHHOro II HeaHHIIrIIJI11TI;II

OHH0ro: (nch)in (<TA +<TN )=(n~h) A <TA +(nch) N (TN· Y'IIIThIBM, 'ITO ce'!eHII11 

aHHIIrIIJI11TI;IIOHHhIX 0- II 2-rry'leBhlX jipA- II 1-rry'leBblX jinA-B3aIIMOp;eIICT

BIIH rrpn 6orrhrnnx 3Heprrrnx rrpeHe6pe2KIIMO MaJihI, rrorry'laeM 

_ )(>2) (( )(>2) )(>2)) (>2) / 
(nch)A - (nch in + nch in - (nch N <TN · <TA. (15) 

OTHornemre ce'!eHIIH rrorry'laeTc11 c rroMO~hIO arrrrpoKCHMan;ri <r A =60 p;;-~l
1 

II <TN=28+1.8 lgprra6· 

r JIABA III. CKEHJIMHr IIOJIYMHKJII03MBHbIX 
COBbITMH B jJp-B3AMMO,IJ;EHCTBM.ffX [12]. 

20. liiHBapuaHTHOCTb 6bICTpOTHblX cneKTPOB [5, 8, 12]. Ilo
rryIIHKJII03IIBHhlH crreKTp - 3TO. KIIHeMaTII'leCKIIH crreKTp 'laCTIITI; KaK0l'O~ 

JIII60 copTa B co6hlTIUIX, rp;e 'IIICJIO 3TIIX 'laCTIITI; qJIIKCIIpOBaHo. 

Ha pnc. 15 rrpIIBep;eHO HeCKOJihKO HOpMnpoBaHHhlX Ha ep;IIHIIn;y O)l;HO

'laCTII'IHhIX rrorryIIHKJII03IIBHhlX pacrrpep;erreHIIH ITO 6hICTpOTe OTpIIn;aTeJih

HhlX 'laCTIIn; y = ½ln[(E+p
11
)/(E-p

11
)] B pp-B3aIIMop;e:iicTmrnx rrpII Tpex 

rrepBII'IHhIX 3Heprrrnx II 'leThrpex MH02KeCTBeHHOCT11X 7r- -Me30HOB ( n): 

- ( ) 1 d<rn 
Pn Y = n<T n dy ; j Pn(y)dy = 1 (16) 

(3HaK - Hap; p o6o3Ha'laeT HOpMIIpOBaHHOCTh p Ha ep;IIHIIn;y). 

BerrII'IIIHa Pn(Y) - 3TO rrrroTHOCTh Bepo11THOCTII, 'ITO n--Me3oH, crry

'laIIHhIM o6pa3oM Bh16paHHhIII II3 co6hlTIUI c n n-, IIMeeT 6hICTpoTy y. 

Pacrrpep;erreHIUI Ha pIIc. 15 pacrnIIp1110Tc11 c yBeJIII'leHIIeM rrepBII'IHOII 

3HeprIIII VS (pacTeT cpep;ffj{j{ 3HeprIUI 'laCTIIn;) II cy2KaIOTC1£ C yBeJIII'leHIIeM 

MHO)KeCTBeHHOCTII (yMeHhrnaeTC_H 3Heprll1l, rrpIIXO)l;11IlJ;MC1[ Ha O)l;HY 'laCTII

n;y). Mo2KHO ITOlIJ'IIITh HeCKOJihKO pacrrpep;erreHIIH c O)l;IIHaKoBoii: llIIIpIIHoii:, 

BhI6IIpM Ka2Kp;oe crrep;y10rn;ee pacrrpep;erreHIIe rrpII 6orrhrneii: MH02KeCTBeHHO

CTH II COOTBeTCTBYIO~e:u:, 6oJihllie:u:, 3HeprIIII. <PopMa 3TIIX pacnpep;erreHII:U: 

C O)l;IIHaKOBO:U: llIIIpIIHO:U: He O 6113aHa 6hlTh O)l;IIHaKOBO:U:. 
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<yq>n 

ta3 

to' 

10' 

10° 

e HOCTb BepoJITHOCTII, 'ITO 7r- -
"' 
'"' Me3oH, cny11a1rHbIM o6pa3oM 

Bbr6paHHbIH 1m co 6bITIIJI c 

£ 
ro 

n 7r-, IIMeeT 6bICTpOTY y. 

CrreKTpbr pacmnpJIIOTCJI c po-

~ CTOM 8Hepr1III II cy)I{aIOTCJI 
0 
(<) C pocTOM MHO)I{eCTBeHHOCTII. 

KpIIBhle: TO'1e'1Ha.H - cf>IIT 

(19), IlITplIXOBa.H - (20). 

pp=>-7f 

<y8> ili.h+?t 
n ff l ,y.,, 

.f ~~$t 

. ~· ;' 
l .1 
+ / ,t-dl't 

: jj • .IJ" ~ 
~ .4'· 
♦ J 
+ ,t .. 
.t 

~. + ~ 

~· . ~ 
<y4>n 

I)]• :Cl ~ 

+ 6.6 

+ 12 

o 24 

- 28.5 

I 32 

♦ + 

•t 

.~ 
• 69 

V 102 

◊ 200 

X 205 

; 300 

□ 400 

Puc. 16. (yq)n= j YqPn(y)dy. 
aeHTpaJibHbie CTaTIICTII'IeC

KIIe MOMeHTbI 53 6ucTpOT

HbIX crreKTpOB ,QJIJI pa3HbIX 

MHO)I(eCTBeHHOCTeii- 7r- -Me3O

HOB rrpu 11 IIMITYJibcax rrep

BH'IHbIX rrpoTOHOB OT 6.6 µo 

400 I'aB/c. To'IKII c oµIIHa

KOBoii µHcrrepcIIeii (y2)n IIMe

IOT II O,QHHaKOBbie OCTaJibHble 

MOMeHTbI, i'.e. pacrrpeµeneHIIJI 

ITOJIHOCTbIO COBrraµaIOT. 3Ha-

11eHIIJI IIMITYJibCOB rrepBII'IHhlX 

rrpoTOHOB (B I'aB/c) rrpIIBeµe

HbI Ha 8TOM II CJieµyIOU{IIX prr

cyHKaX. 
~ I I f • I , f I I • I I , •• I , , I / I I , • / I I I ' • I .-. I • I I I I I ' 
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O)J;HaKO BKcrrepIIMeHTalihHhie )J;aHHhie CBil)J;eTelihCTBYIOT 0 C0BIIa)J;emm 

qiopMhI 6hICTpOTHhIX crreKTpon n BT0M ClI)":Iae. Ha pnc. 16 rrpIIBe)J;eHhI 

ueHTparrhHhie CTaTIICTII'Iec1rne MOMeHThI,53 6hICTpOTHhIX crreKTpon, rrorry

'IeHHhIX rrpn pa3HhIX MH0)KeCTBeHH0CTJIX n- II 11 rrepnII'IHhIX aHeprHJix: 

(yq)n = J YqPn(y)dy. (17) 

Bn)J;HO, 'ITO rpyrrrrhI T0'IeK, rrp1ma)J;rre1Ka1IIIIe pa3HhIM BHeprHJIM, C T0'I

H0CThlO )J;0 BKCIIepIIMeHTalihHhIX onm6oK HaKITa)J;hIBaIOTCJI )J;pyr Ha ;a;pyra, 

T.e. pacrrpe;a;erremrn c op;IIHaKOBOH ;a;ncrrepcIIeH (y2)n IIMeIOT n o;a;rrnaKonhie 

ocTalihHhie. M0MeHThI, 3Ha'IIIT, II0lIH0CThlO conrrap;aIOT [5]. 

TaKIIM o6pa3oM, ;a;nyMepHhlH Ha6op 6hICTpOTHhlX pacrrpe;a;erreHIIH ;a;rrJI 

pa3HhIX vs II n, IIOKa3aHHhIH Ha pIIC. 15, M0)KH0 0IIIICaTh qiyHKIJ,IIei'r, qiop

Ma KOTopoi'r 3aBIICIIT T0lihK0 OT op;Horo rrapaMeTpa, HarrpIIMep, OT (y2)n-

21. HHBapuaiITHOCTb IlOJIHblX cneKTpOB [5, 8, 12]. Ha pIIC. 17 
rrprrne;a;eHhI cpep;HIIe rrorrepe'IHhie IIMIIYlihChI 7["- - Me3 0H0B B co 6nITilJIX C 

qnrncnponaHHOH TOIIOlIOrIIeH n naBIICIIM0CTII OT TOH )Ke ;a;ncrrepcrm IIX 6w

CTp0TH0ro pacrrpe;a;erremur (y2)n-

Bnp;Ho, 'ITO B rrorryIIHKlII03IIBHhIX co6I,ITilJIX C 0/];IIHaK0BhIMil 6hICT-

poTHhlMII crreKTpaMII op;IIHaK0BhI II cpep;HIIe rrorrepe'IHble IIMIIYlihChI n--
Me30H0B. cho ;a;aeT 0CHonamre rrpe;a;rroJI0)KIITh, 'ITO B BTilX co6hITIUfX o;a;II

HaK0BhI II IIX II0lIHhle ;a;na1Kp;hI/];IIqJq>epeHIJ,IIalihHhie pacrrpe;a;erreHIIJI [5]: 

1 d
2

<Yn (vs ) 1 d
2

<Yn [f(vs )] 
n<Yn dydpy 8

' n = n<Yn dydpy s, n · (18) 

8To rrpe;a;norro1KeHIIe rro;a;Tnep2Kp;aeTcJI TaK2Ke paneHCTB0M cpep;HIIX BHep

rni'r n- -Me30H0B n TaKIIX co6wT1rnx. Cpep;HIIH rronepe'IHhIH IIMrryrr1,c II 

cpe;a;HJIJI BHepnrn 7["- -Me30H0B rrap;aIOT C pocT0M HX MH0)KeCTBeHH0CTII, 

'ITO aHarrorH'IH0 cy1KeHIIIO 6hICTpOTHOro crreKTpa Ha pnc. 15. 
22. HHBapuaHTHOCTh KOHD;eHTpan;HH HenTpaJibHhIX MenoHoB 

[12]. B1,mo 6hl ecTeCTBeHHhIM 01K.IIp;aTh, 'ITO B co6hlTilJIX C op;nHaK0BhIMII 

crreKTpaMII n--Me30H0B op;nHaKona II KaKaJI-lin6o xapaKTepIICTIIKa 0TH0Cil

TelihH0ro Bhixo;a;a ;a;pyrnx 'IaCTIIIJ,, He CBJI3aHHhIX rrpJIM0 C 7["--Me3oHaMII. 

8KcrrepnMeHTalihHhle ;a;aHHhie II0 BhIX0p;aM n°- II IC2-Me30HOB B rrorry

IIHKlII03IIBHhlX co6hITilJIX cnn;a;eTelihCTByIOT 06 nx o;a;nHaKOB0 IIHBapIIaH

TH0M rrone;a;eHIIII B 3aBIICIIM0CTil OT TOH )Ke, 'ITO II Ha pnc. 16, 17, ;a;ncrrep

CIIII 6hlCTpOTHOro crreKTpa n--Me30H0B. Ha pIIC. 18 npnnep;eHhI 0TH0Uie

HIIJI cpep;HIIX MHO)KeCTBeHHOCTeH n°-Me30HOB Ilpll q>IlKCIIpOBaHHOM 'IIIClie 

n-: (n°)n, K HOpMIIpOBaHHOH MH0)KeCTBeHH0CTII 7["- -Me30H0B z=n/ (n). 
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Pnc. 17. Cpeµmre rrorre-

pe'IHI,Ie IIMIIYJibCbI n- -Me3o

HOB B co6bITIIJIX c q>IIKCIIpo

BaHHOif TOIIOJIOI'IIeH (py)n B 

3aBIICIIMOCTII OT µrrcrrepCIIII 

IIX 6bICTpOTHOI'O pacrrpeµerre

HIIH (y2)n· BII!{HO, 'ITO B IIO

JIYIIHKJII03IIBHbIX co6bITIIHX C 

Ol{IIHaKOBbIMII 6bICTpOTHbIMII 

crreKTpaMII n- -Me30HOB oµII

HaKOBhl II IIX cpeµmre IIO

rrepe'IHhle IIMIIYJibCbI, 'ITO II0-

3BOlIHeT rrpeµIIOJIOJKIITb, 'ITO 

B OTIIX CO 6bITIIHX Ol{IIHaKOBhl 

II IIX IIOlIHbie µBaJK!{hll{IIq>q>e

peH~IIaJibHbie CIIeKTpbI. 

PHc. 18. 0THOUICHHC cprn- "'°'· t 
1! 

Heii MHOJKeCTBeHHOCTII n°-Me- z 9 
pp ⇒1to 

30HOB IIpII q>IfKCIIpOBaHHOM 

'IIIC.'Ie 7["- -Me30HOB (n°)n K .HO-
8 

pMIIpOBaHHOII MHOJKeCTBeHHO- 7 

CTif7f"--Afe30HOB z=n/(n). Bn-
t t ;{HO, 'ITO B IIOlIJ'IfHKlII03IIBHhlX 6 

COOhlTIIHX C oµnHaKOBbIMII Ohl-
5 

j lt,j 
f 

CTpOTHbIMII crreKTpaMII n--

Me30HOB Ol{lIHaKOBa II OTHOCII- 4 + 12 

TeJibHM KOH~eHTpa~IIH n°-Me- i Ii o 24 

30HOB. KoH~eHTpawrn n° rra-
3 

• 69 

µaeT C pOCTOM n, 'ITO aHa- 2 
V 100 

JIOI'1I'IHO rraµeHIIIO (y2) II (py). .f X 205 

• 300 

3Ha'IeHIIJI IIMIIYJibCOB rrepBII'I-
I (l) 

(l) ♦ a 400 
"+ 

HhlX IIpOTOHOB (B I'oB/c) rrpII- 0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

BeµeHhl Ha pIICYHKe. <y2>n 
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Ha pnc. 19 110Kanam,1 TaKIIe )Ke µ,aHHhle P,JI.ll (K~)n - cpeµ,Heii MH0-

:;-KeCTBeHH0CTII I(~ rrpII qllIKCIIpOBaHHOM "'IIICJie 7r-. KoHueHTpau1m 1r0 II 

I(~ rraµ,aIOT C pocT0M n, "'ITO aHarrorII"'IH0 rraµ,eHIIIO (y2) II (py). 
IIorry"<IaeTc.lI, "'ITO HopMIIpoBaHHhlII oµ,Ho"<IaCTII"'!Hhlll µ,Ba)KP,hlP,IIq>q>e

peHunam,HhIH crreKTp 7r--Me30H0B II K0HIJ;eHTpauHII 1r0- II K~-Me30HOB B 

II0JIJIIHKJII03IIDHhlX co 6bITII.lIX HenaBIICIIM0 OT rrepBII"'IHOH ;rneprIIII II MH0-

_)K€CTBeHH0CTII 7r--Me30H0B II0JIH0CThIO orrpeµ,eJI.lIIOTC.lI naµ,aHneM KaKOH

mr6o oµ,Hoii xapaKTepIICTIIKII 3Toro crreKTpa, HarrpnMep, (y2)n IIJIH (py)n-

23. AnnpoKCU:Man;u:.ll MacuITa6noro napaMeTpa [5, 8, 12]. 
IIoµ,"<IepKHeM, "'ITO YTBep)Kµ,eHIIe 06 yHIIBepcaJihH0CTII crreKTp0B II K0HUeH

Tpauu11 Me30H0B (pnc. 16-19) He naBHCIIT OT KaKIIX-JIII60 arrrrpoKCIIMaUIIH. 

HerrrroxaJI arrrrpoKCIIMaIJ;II.lI rrapaMeTpa, coBMeiua10iuero µ,aHHhle rrpII 

pa3HhIX 3HepI'II.lIX y'S II MH0)KeCTBeHH0CT.lIX n, 0Ka3hlBaeTC.lI P,0B0JihH0 rrpo

CTOH: ,/s / fa ( nm1 rr106aJI q>yHKUII.lI OT s / n) [5]. Ha pnc. 20 rroKanaaa naBH

cnM0CTh M0MeHT0B 6bICTpOTHhlX crreKTp0B OT ,/s/fa. Bnµ,Ho, "'ITO rpyrr

Ilhl T0"'!eK, C00TBeTCTBYIOIUIIe pa3HhlM 3IIepI'H.lIM, HaKrraµ,1,rnaIOTC.lI µ,pyr 

Ha µ,pyra, T.e. qiopMa 6bICTpOTHOI'O crreKTpa naBIICHT T0JihK0 OT 0TH0llie

mrn ,/sf fa. OTOT penyrrnTaT rrorry"<IIIJIC.ll rrpoMe2KJT0"'!HhIM Me)Kµ,y µ,ByM.lI 

KpaHHIIMII B03M02KHhlMII: 

a) MH0)KeCTBeHH0CTh 7r- rrporropuIIoHaJibHa K03qlqllIIIIIeHTY Heyrrpy

I'0CTII P,JI.ll 7r- B co6hlTIIII (Z:: E1r-l vs), Torµ,a crreKTp naBIICIIT T0JII,K0 OT 

,rs, T.e. He 3aBIICIIT OT MHO)KeCTBeHHOCTII, KaK, HarrpHMep, B crry"<Iae .lIP,

po-.lIµ,epHhIX CT0JIKH0BeHIIII C pa3HhIMII IIpIIIIeJihHhlMH rrapaMeTpaMII; 

6) MH0)KeCTBeHH0CTh He 3aBIICIIT OT K03qlqllIUHeHTa HeyrrpyrocTH, TO

rµ,a cneKTp 3aBHCIIT T0JihK0 OT ,/s/n, KaK Morrro 61,1 6bITh B aHHIITHJI.lIUII-

0HHhlX peaKUH.lIX, rµ,e K03qlqJHUHeHT HeyrrpyroCTll (µ,IT.ll Bcex p0)KP,eHHhlX 

"'!aCTHU) Bcerµ,a paBeH eµ,IIHIIIJ;e. 

24. AnnpoKCU:Man;u:u: 6bICTpOTHhIX cneKTpoB [8, 12]. To"<Ie"'!

HhlMH KpIIBhlMll Ha pIIC. 15 o6onHa"'!eHhl arrrrpoKCIIMaUHH 3KcrrepnMeHTaJII,

HhlX µ,aHHhlX q>yHKIIIIell [8]: 

Pn(Y) = 1 
[exp -(y- Ye)

2 + exp -(y + Ye)2], (19) 
2J21rYe 2Ye 2Ye 

cocTO.lIIUeH IIn µ,Byx oµ,IIHaK0BhlX rayccIIaHoB c a2=Ye, cMeIUeHHhlX Ha ±Ye 
OT C.IJ;.M. C p0CT0M Ye - C p0CT0M 3HeprIIH II yMeHbllieHIIeM MH0)KeCTBeH

H0CTII - rayccIIaHI,I pacxoµ,.lITC.lI II pacrrpeµ,erreHIIe CTaH0BIITC.lI µ,Byrop6bIM. 

IlpII 6orrnllIIIX Ye rrorryllIIIpIIHa 3TOH q>YHKIIIIll pacTeT rrpII6rrIInIITeJihHo KaK 

Ye+YJ12. TaKaa, µ,Byxq>a:0:ep6orrhHaJI KapTIIHa xapaKTepHa P,IT.ll qiparMeH-
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Pnc. 19. OTHOIIIemre cpeµ

Heir MHOJKeCTBeHHOCTII f{~

MeGOHOB rrpn <f,IIKCIIponaH

HOM TfIICJie 71"- -MeGOHOB (K~)n 

K HOpMIIponaHHOII MHO)IWCT

BeHHOCTII n--: z=n/(n). Bn
µHo, 'ITO B IIOJIYIIHKJIIOGIIB

HbIX co6bITFIHX c O,l{HHaKO

BbIMII 6bICTpOTHhlMFI crreKT

paMII 71"- -MeGOHOB o_qnHaKona 

II OTHOCIITeJibHaH KOH:aeHTpa

:aIIH K~-MeGOHOB. Kom~eHT

pa:anH I(~ rraµaeT c pocTOM 

n, 'ITO aHaJIOI'II'IHO rraµeHIIIO 

(y2) II (py). IiMIIYJibCbI rrep

Bif'IHbIX IIpOTOHOB (n I'aB/c) 

rrpnneµeHbI Ha pncyHKe. 

Pu:c. 20. CTaTIICTII"'rec- <ly%n 
<ly31>n 

KIIe MOMeHThl IIOJIYIIHKJIIOGII

BHhlX 6hlCTpOTHhlX CIIeKTpOB 

(IYql)n= jlYqlPn(y)dy B aanncn

MOCTII OT MaCIIITa6HOI'O rrapa

MeTpa ,/s / fa. BIIµHo, 'ITO 

rpyrrrrhl TOTfeK, COOTBeTCTBy

IOIL{IIe paGHbIM 3HeprIIHM, Ha

KJiaµbIBaIOTCH µpyr Ha µpy

ra, T.e. <J,opMa 6bICTpOTHO

ro crreKTpa· GaBIICIIT TOJII,KO 

OT ,/s/fa. 8TOT peayJib

TaT IIOJIY'IIIJICH rrpoMeJKyTO'f

HbIM MeJKµy ABYMH KpaiiHIIMII 

BOGMOJKHbIMII: ,/s II ,/s/n (cM. 

paaµ. 23). 
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TaIIIIOHHhIX Mop;errei'r. 

illTpIIXOBhIMII KpIIBhIMII Ha pnc. 15 IIOKa3aHhI arrrrpoKCIIMau;nn CIIM
MeTpII30BaHHhIM pacrrpep;erreHIIeM <PepM!I C 1];II(pq>y3HOCThIO 0.37 [12]: 

- _ y- F • Y+ 1 F 1 
[ ( 

Y, 
)

-1 ( ~-' )-1] 
Pn(Y) - 2YF exp 0.37 + 1 - exp 0.37 + 1 . (20) 

C pocToM YF 8Ta q>yHKIIIIH rrpeBparu;aeTCH B rrrrocKoe pacrrpep;erreHne c rro
rryump1rnoi'1 YF n pa3MhITIIeM Kpa.a ~1.6 ( OT 0.9 p;o 0.1 BhICOThI rrrraTo ). 
IIrroCKoe 6hICTpOTHOe pacrrpep;erreHne BTOpII'IHhIX 1IaCTIIII npep;cKa3hIBaeT
CH rnnoTenmr MacrnTa6Hoii IIHBapnaHTHOCTII, a TaK.1Ke MYllhTimepaq>epn
'IecKoii n napTOHHOII Mop;errm,rn. Ifo 6orree HOBhIX Mop;erreii K annpoKcnMa
IIIIII (19) np;e:u:Ho 6rrn)Ke Mop;errh Lund-Fritiof, a K (20) - Dual Parton. 

IIapaMeTphI YG n YF, norry'IeHHhie npn q>nTnpoBamrn 8KcnepnMeH
TallhHhIX 6bICTpOTHhIX cneKTpOB annpOKCIIMaIJ;IIHMII (19) n (20) onHChIBa
IOTCH 3aBHCHMOCTHII (Mp - Macca npoTOHa): 

Yc;=l-1° 64 +0.26 II YF=l+z0
-
19 -l.60, rp;e l=ln(~/Mpc2 ) (21) 

fJIABA IV. HE3ABMCMMOE PO)KAEHME 7I"--ME30HOB 
B pp-B3AliIMOAEHCTBM.ffX [13]. 

25. Pacrrpe;a;eneH1:1e Ilyaccona [9, 13]. B q>nnnKe MHO)KeCTBeHHhIX 
npou;eccoB BCTpe'IaeTCH YTBep.l!cp;eHne, 'ITO npn HenaBHCIIMOM pmKp;emrn: 

'-IaCTIIII pacnpep;erremre no IIX 'IIIClIY l];Oll2KHO 6hITh nyacCOHOBhIM. Ilpn 3TOM 
He3aBIICIIMOCTh CBH3hIBaeTCH C q>aKTop1mau;neii IIHKlII03IIBHhIX ce'J:eHmI: 

rp;e 

P(Y1, Y2 · · · Y;) = p(yi)p(y2). · · p(y;), 

l da. 
p(y) = ain dy' \ 

. . 1 dia 
p(y1, Y2 · · · Y;) = ain dy1dy2 ... dy; . 

HHTerparrhI OT 8TIIX BelIII'IIIH paBHhI COOTBeTCTBeHHO 

(22) 

(23) 

j p(y)dy=(n); j P(Y1,Y2•
0

••Yi)dy1dY2••·dy;=(n(n-l) ... (n-i+l)), (24) 

n08TOMY HHTerpnpoBaHIIe CIICTeMhI paBeHCTB (22) npHBOl];IIT K CHCTeMe 
ypaBHemrii, 8KBirnarreHTHOII pacnpep;erreHIIIO IlyaccoHa: 

(n(n -1) ... (n - i + 1)) = (nf (25) 

Ha caMOM )Ke p;erre, HenaBIICHMOCTh co6hITIIH B Teop1rn BepoHTHOCTeii 
CBH3aHa C q>aKTopnnyeMOCThIO He KaKIIX-lln6o rrpOII3BOllhHO BhI6paHHhIX 
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BelIII'IIIH, a IIMeHHO IIlIOTHOCTeH BepOHTHOCTII. IbroTHOCTb BepOHTHOCTil 

COBMeCTHOI'O co6bITHH paBHa IIpOIIDBel{eHIIIO IIJIOTHOCTelI BepOHTHOCTII co
CTRBJIHIOII{IfX era 'IRCTHbIX co6bITifII, eCJIIf OHlf He3aBIICifMbI. 

BemPIIIHhI (23) He HBlIHIOTCH nrroTHOCTHMII BepOHTHOCTII XOTH 6hI no
TOMY, 'ITO IIHTerparrhI OT HIIX He paBHhI 1. Ecrrn )Ke IIX OTHOpMnpoBaTh K 
1, T.e. nop;emITh Ha (24), a noTOM y.l!ce nop;cTaBIITh B (22), TO CIICTeMa ypa
BHeHIIII (25) cBep;eTcH K 1=1, II pacnpep;erreHne IlyaccoHa IIC'IenHeT. Borree 
Toro, paBeHCTBa (22) He cMoryT crryMIITh onpep;erreHIIeM HenaBIICIIMOCTII 
'IaCTIIII p;a.l!(e nocrre HOpMIIpOBKII - COMHO)KIITelIII B npaBOH 'IaCTII (22) He 

lIBlIHIOTCH npoeKIJ;IIHMII rreBOH 'IaCTII. IlpaBaJI n rreBaJI 'IaCTII (22) CTpOHTCH 

Ha pa3HhIX CTaTHCTII'IeCKIIX aHCaM6rr.ax. HanpIIMep, B rreByIO COBCeM He 
BXOl];HT B3aIIMO)l;eHCTBHH C 'IHClIOM 'IaCTHII n<i ( CM. TaK.tKe panp;. 316). 

TaKIIM o6pa30M, CIICTeMa paBeHCTB (22), a 3Ha'IHT, II pacnpep;erreHIIe 
IIyaccoHa HIIKaK He CBH3aHhI C He3aBIICIIMOCThIO 'IaCTHII [9, 13]. 

26. HenaBHCHMOe po)K;a;enHe [8, 13]. IIrroTHOCTh Bepo.aTHOCTII, 

'-ITO 'J:aCTIIIJ;a, crry'IaHHhIM o6pa30M BhI6paHHaJI II3 crry'Iai'rnoro co6hITIIH, 

cop;ep)Karu;ero n 'IaCTIIII 8Toro copTa, IIMeeT 6hICTpoTy y, paBHa (16). 
IIrroTHOCTh BepOHTHOCTII, 'ITO p;Be crry'IaHHhle "9:aCTIIIJ;hI, nocrrep;oBa

TellhHO BhI6paHHhie II3 crry-qaiiHoro co6hITIIH C n -qacTnu;aMII (n~2), IIMeIOT 

cooTBeTCTBeHHo Y1 II Y2, paBHa 

- ( ) 1 d2an 
Pn Yl,Y2 = n(n-l)andy1dY2; j Pn(Y1,Y2)dy1dY2 = l. (26) 

EcrrII 6hICTp6Tu 'IaCTIIII B co6hITIIII nonapHo HenaBHCIIMhI, To p;Byx'Ia

CTII'IHM nlIOTHOCTh BepOHTHOCTII paBHa npOII3Bep;eHIIIO Ol];HO'IaCTII'IHhIX: 

Pn(Y1,Y2) = Pn(yi)pn(Y2). (27) 

AHarrorII'IHO q>aKTOpimyeTCH MHOI'O'IaCTII"'IHaJI nrroTHOCTh BepOHTHOCTII. 
27. MHo)KeCTBeHHOCTb B HHTepnanax [8, 13]. Ha pnc. 21 noKa-

3aHhI cpep;HIIe 3Ha'IeHIIH II l];IICnepcnn pacnpep;erreHIIII no MHO)KeCTBeHHO
CTlI 1r--Me:30HOB B pp-BnanMop;eiicTmrnx 200 II 250 faB/c BHYTPH nap;aH
HhIX IIHTepBalIOB 6hICTpOThI. KpIIBhie norry'IeHhI B npep;norrmKeHHII Hena
BIICIIMOro po)Kp;emrn nIIOHOB. To'Ie'IHhie KpIIBhie np;ech II p;arree COOTBeT

CTBJIOT annpOKCIIMaIJ;IIHM (19) II (21), lIITpIIXOBhie - (20) II (21). 

BepoHTHOCTh,_ 'ITO 1 n---Me3oH, crry'IaHHhIM o6panoM BhI6paHHhIH nn 

co6hITHH c N n--, nonap;eT B nap;aHHhIH HHTepBarr y, paBHa (cM. (16)): 

p= fY2 PN(y)dy (28) 
}yl 
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(p 3aBIICIIT OT N). Ecrrn Bee 7r--Me30Hbl He3aBIICIIMbI, TO Bep01CTHOCTb Ka

)I()l;OMY crre)l;yIOI.l.J;eMy 7r- II3 3Toro co6bITII1C ITOITaCTb B 3TOT IIHTepBarr, Ta

KM Me. 3Ha'IIIT, Bepo1CTHOCTb, 'ITO poBHO n 7r- Im co6bITII1C c N 7r- ITOITa

JJ:YT B 3TOT IIHTepBarr: pnjN= un pn(l-p )l"-n ( 6IIHOMIIalihHOe pacITpe)l;erre

HIIe). Cpe)l;Hee n cpe)l;HIIH KBa)l;paT 3Toro pacITpe)J;erremrn paBHhI (n)N=Np 

n (n2)N=Np(l-p+Np). Mx MOMHO ycpe)l;HIITh ITO N BBIIAY mrnei°rnocTn 

ITO Pn!N: (n)='f:,NPNNP II (n2)='£,NPNNp(l-p+Np). D = J(n2)-(n)2 . 

28. H::JoJiupoBaHHble UHTepBaJihI [8, 13]. Ha pnc. 22 ITpnBe)l;eHbI 

xapaK-repIICTIIKII pacITpe)J;erreHnrr ITO MHmKeCTBeHHOCTII 1r--MenoHoB ITpn 

250 r0B / C B 6bICTpOTHOM IIHTepBarre IYI <Ye ITPII ycrroBIIII, 'ITO B COCe)l;HIIe 

c HIIM 6hlcTpOTHbie IIHTepBarrhl Yc<IYl<YE He ITOITarro HII op;Horo 1r-. 

Bepo1CTHOCTII, 'ITO 1 1r-, crry'IaHHo Bhl6paHHhIH nn co 6bITII1£ c N 1r--

MenoHaMII, ITOITa)l;eT B nHTepBarr IYl<Yc (Pc) II B Yc<IYl<YE (PE), BhI'IIICIT1C

IOTC1C TaK ;,r(e, KaK B (28) (Pc II PE naBIIC1CT OT N). Bepo1CTHOCTh co6hlTII1C 

C N 7r- -Me30HaMII, II3 KOTOphlX HII O)J;IIH He ITOITarr B 3aITpel.l.J;eHHbie IIHTep

Barrhl, paBHa PN(l-pE)N. PacITpep;erremre ITO ITOITHorr MHo;,rrncTBeHHOCTII 

1r--MenoHoB N B ITop;aHcaM6rre co6bITIIH, r)l;e HII op;IIH 1r- He ITOITarr B IIH

TepBarr Yc<IYl<YE: PN=PN(l-pE)N / LN PN(l-pE)N; LN PN=l. 

Bepo1CTHOCTh ITOITap;aHII1C B :u;eHTparrbHhIH IIHTepBarr Ka;,r(p;oro 1r--Me

nona nn co6hlTII1C c N 1r-, BX0)];1CI.l.J;ero B 3TOT ITop;aHcaM6rrh: p=pc/(l-PE) 

(p naBIICIIT OT N). Cpep;Hee 'IIICITo II cpep;HIIi°I KBap;paT '!Herra 1r- -Me30HOB B 

GTOM IIHTepBarre )l;IT1C co6hlTIIH c Ni- Bhl'IIICIT1CIOTC1C KaK B panp;. 27. Ilocrre 

ycpe)l;Hemrn IIXITO N ITorry'IaeM (n)='f:,N PNNp; (n2)='£,N PNNp(l-p+Np). 

29. Koppemn:i;uu BIIepep;-Ha::Jap; [8, 13]. 3aBIICIIMOCTb cpep;Herr 

MHmKeCTBeHHOCTII 7r- -Me30HOB (B) B HeKOTOpOM 6bICTpOTHOM lIHTepBarre 

b OT MHOMeCTBeHHOCTII F B IIHTepBarre f, KpOMe "HaCT01CI.l.J;IIX" Kopperr1C

IJ;IIII OITpep;err1CeTC1C TaKtKe er:u;e )];BYM1C 'I'pIIBIIalibHbIMII ITpII'IIIHaMII. OT6II

pa1C co6bITII1£ c 6orrhllIIIMII F MhI oT6IIpaeM co6bITII1£ c 6orrhllIOH ITOITHOII 

MHmKeCTBeHHOCTbIO N II, 3Ha'IIIT, yBelIII'IIIBaeM (B). C l];pyrorr CTOpOHbI, 

oT6IIpM 6orrhllIIIe F ITPII <pIIKCIIpOBaHHOM N MhI yMeHblliaeM (B). 
Ha pIIC. 23, CITpaBa BBepxy, ITpIIBe)l;eHbl 3KCITepIIMeHTalibHhle TO'IKII 

(B) B 3aBIICIIMOCTII OT F )l;IT1C ITOlIHhlX 6hlCTpOTHbIX IIHTepBalIOB BITepe)l;

Ha3a)l; B c.u;.M. pp-B3aIIMQ)l;eHCTBIIH ITPII 250 r0B/ c. ,Il;ByM1C OTpe3KaMII 

ITp1CMhlX ITOKa3aH <pIIT 3TIIX )l;aHHbIX mrneHHOH aITITpOKCIIMa:u;nerr 

(B(F)) =a+ (b ± ~b)F. (29) 

8KCITepIIMeHTalibHbie 3aBIICIIMOCTII (B( F)) )l;lI1C orpaHII'IeHHbIX IIHTep

BalIOB 6hlCTpOTbl OITy6rrIIKOBaHbl TOlibKO B BH)l;e ITapaMeTpOB <pIITa (29). Ha 
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<B>~~,...,.-.-,.......,~~ .---,-~,--,--.-,.......,~,....., Pnc. 23. 3aBIICIIMOCTb cpe

µHeH MHOJKeCTBeHHOCTif H- -

MeOOHOB B oaµHeII IIOJiyc<J}e

pe ((B)) OT MHO)KeCTBeHHO

CTII B rrepeµHeII IIOJiyc<J}epe 

(F) Bpp-noaIIMoµe1ICTBIIHX 250 
I'oB/c rrpII paoHbIX orpamr

'IeHIIHX Ha 6bICTpOTHbie lIH

TepBaJibI. 0TpeOKII IIpHMbIX -

<fJIIT OKCIIepIIMeHTaJibHbIX µaH

HbIX: (B(F))=a+(b±0.b)F. To

':Ie':IHbie II IIITpIIXOBbie JIIIHlfII, 

coeµIIHHIOT TO':IKII (rrpII ~eJibIX 

F), cooTBeTcTnyromIIe HeoaBII

CJIMOMY pmKµemrIO H-. Omr 

IIOJiy':IeHbI C IICIIOJibOOBaHIIeM 

arrrrpor(cm.rn~mr (19)-(21). 
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pnc. 23 CITeBa OTpe3KaMII npHMhIX noKa3aHhI 3TII ;a;aHHhie )];ITH u;eHTpaITh

HhIX IIHTepBaIToB: IYl<Ycut, cnpaBa - )];ITH nepmpepn'IeCKirx: IYl>Ycut· 
He3aBIICHMOMY II3ITY'IeHIIIO IllIOHOB Ha pnc. 23 COOTBeTCTBYIOT TO

'!e'!Hhle u IIITpIIXOBhie ITIIHIIII. BepoHTHOCTh cITy'IaHHOMy mroHy II3 co6b1-

THH c N nnoHaMII nonacTh B nepep;HIIH ( 3ap;HIIH) IIHTepBaIT 6hICTpOThI Pr 

(Pb) paBHa (28). 8TH BepOHTHOCTII 3aBIICHT OT N. BepoHTHOCTh, 'ITO po

BHO F nnoHoB II3 co 6hITIIH c N. nnoHaMII nonap;yT B nepe;a;HIIH IIHTepBaIT 

PFIN, paBHa PFIN= (~) pf(l-pr)N-F (61rnoMIIaIThHOe pacrrpe;a;eITeHIIe). 

Ycpe;a;HHH no N noITy'!aeM BepoHTHOCTh, 'ITO poBHO F IIIIOHOB II3 cITy

'mi'rnoro co6hITIIH nonap;yT B BTOT IIHTepBaIT: PF=f:,PFINPN. BepoHT

HOCTh, 'ITO B C06hITIIII, r;o;e poBHO F IIIIOHOB nonaITII B nepe;a;HIIII IIHTepBaIT. 

noITHaJI MHmKeCTBeHHOCTh OKa.,KeTCH N: PNw=PFINPN I PF. 

Cpe;a;HHH MHmKeCTBeHHOCTh H- -Me3OHOB, nonaBIIIIIX B 3ap;m1ir IIHTep

naIT, II3 co6hITIIH c N H-, rm KOTOphIX F uonaITo B nepep;HIIII IIHTepBaIT, 

paBHa (N-F)pb/(l-pr)- Ycpep;HHH ee no N c BecoM PNIF, noITy'!aeM 

(B(F)) = L PFINPN(N - F)pb / PF(l - Pr). (30) 

30. Koppem:n:~HOHHaJI <l>YHK~n11 [8, 13]. KoppenH~IWHHaJI <PYH

K~IIH - OTO OTJilf':IIIe IIJIOTHOCTII BepOHTHOCTII COBMeCTHOI'O co6bITIIH OT 

IIpOIIOBe,I{eHIIH IIJIOTHOCTeH BepoHTHQCTII COCTaBJIHIOmrrx ero 'iaCTHbIX co-

6bIT1IH . .Ii:BYX'!aCTII'IHaJI KoppeiIHIJ;IIOHHaJI <pyHKIJ;IIH BTO ( CM. (27) ): Cn = 
Pn(Y1,Y2) - Pn(YdPn(Y2); j Cndy1dY2 = 0. Ee MO)KHO ycpep;HIITh non: 

_ 00 _ 00 

Cs= L PnCn = L Pn [Pn(Y1,Y2) - Pn(Y1)Pn(Y2)] • (31) 
n=2 n=2 

EcITII cyMMIIpoBaHIIe B (31) Ha'IIIHaTb C 1, TO ;a;a2Ke rrpII He3aBIICIIMhIX 

'IaCTnu;ax (27), Cs He MmKeT 6hITh paBHOII 0, II3-3a HII'IeM He cKoMrreHCH

pOBaHHoro BToporo 'IITeHa npn n=l: Cs= -P1h(yr),01(Y2) (cM. pnc. 24 
BBepxy cITeBa). <l>yHKIJ;IIIO Cn MO)KHO TaK)Ke ycpep;HIITh no n c BecoM, npo

rropu;noHallhHhIM CTaTIICTIIKe ( CM. puc. 25 BBepxy crreBa): 

C{:, = L n(n - l)Pn [Pn(Yt, Y2) - Pn(Y1)Pn(Y2)] · (32) 
n 

31. Ilceaµ;0Koppen11~nn [8, 13]. "CfacTo IICIIOITh3YIOTCH ;o;pyrne 

''KoppeITHIJ;IIOHHhle" <pyHKIJ;IIII, q>OpMaIThHO IIOXO)Klle Ha npep;bI;IJ;YllVIe. 

a) IloITyIIHKITI03IIBHaJI HeHopMIIpoBaHHaJI <pyHKIJ;IIH Cn = Pn(Y1,Y2) -

Pn(Y1)Pn(Y2); j CndY1dY2 = -n, r;o;e noITy1rnKITI03IIBHhie nITOTHOCTH MHO)Ke

CTBeHHOCTII: Pn(Y)=npn(y); Pn(Y1,Y2)=n(n - l)pn(Y1,Y2). <l>yHKIJ;IIH Cn He 

MO)KeT paBHHThCH O p;iIH Bcex Y, TaK KaK lIHTerpaIT OT Hee He paBeH 0. Ilep

BhIII II BTopoi'r 'IITeHhI B C11 HOpMnpoBaHhI Ha pa3HOe 'IIICITO nap '!aCTIIIJ;. 
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Cs 69 f3B/c y1=0 n<!2 , P11c_. 25. J{ByxqacTW:IHbie 6bI-
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R(YI, Y2)=C(yI, Y2)/ P(YI)P(Y2) 
(37) B pp-B3aHMO,[{eIICTBHJIX 

21-400 I'aB/c (n2l). IIceB,qo

KoppeJIJI~IHI B R Te )Ke, 'ITO 

u B C: ourn6Ka B HopMrrpo

BKe II KOM6IIHaTOpHaJI IICeB,qo

KoppeJIJI~IIJI ( CM. pao,q. 31 a-B ). 

KpuBbie rrony'IeHbI B rrpe,qrro

JIOJKeHIIII O HeoaBIICIIM0CTII po

)K,[{aIOII.I;IIXCJI Jr- (27). To'Ie'I

Hbie KpIIBbie C00TBeTCTBYIOT 

arrrrpoKCIIMa~IIJIM (19), (21), 
IlITpIIX0Bble - (20), (21). 
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Ilpmmne;a;em1e o;a;Ho'IaCTII'IHbIX crreKTpon n;a;ecb - 0To Mo;a;errh ;a;nyx-qa

cTH'IHoro crreKTpa 6en KoppelI.lIIIHII, HO ;a;aHHaJI Mo;a;em, He J'IHTbIBaeT, 'ITO 

B peallbHOM co6hITHH BTOpaJI 'IaCTIIIIa BbI6IIpaeTC.lI y)Ke Im n-1 -qaCTIIIIbl, 

a He nn n, KaK rrepnaJI. Ycpe;a;HeHHaJI no n q>yHKIIII.lI Cn: 

Cs='i:.Pn [n(n-l)pn(YI,Y2)-n2p,,(yi)pn(Y2)]; j Csdy1dv2=-(n). (33) 
n 

II pn He3aBIICHMOM II3lIJ'ICHIIII ( 27) II3 ( 33) rrorry-qaeTC.lI ( CM. pnc. 24 lI 25): 

C's= - I:n nPn,Dn(YI)Pn(Y2)-
6} I1HKlII03IIBHaJI HOpMIIponaHHaJI q>yHKIIII.lI 

C = .o(y1,Y2)- P(YI)P(Y2); j CdyidY2 = 0, (34) 

r;a;e HOpMHpoBaHHbie IIHKlII03IIBHbie IIlIOTHOCTII cpe;a;HeII MHmKeCTBeHHOCTH 

p(y) = I;,,P,,pn(y)n/(n); P(YiiY2) = I:n PnPn(YI,Y2)n(n -1)/(n(n -1)). Be-
lIII'IHHY p(y) MO)KHO HHTeprrpeTIIponaTh KaK IIlIOTHOCTb nepo.lITHOCTH TO

ro, 'ITO -IaCTHIIa, crry'IaIIHblM o6pa30M BbI6paHHaJI II3 IIOlIHOro CIIIICKa 'Ia

CTIIII, pop;IIBlllIIXC.lI n co6bITII.lIX c panHI,IMlI n, HMeeT 6bICTpOTY y. A ne

lllI'IIIHY p(yi, Y2) - KaK IIlIOTHOCTb nepO.lITHOCTlI Toro, 'ITO rrapa 'IaCTIIII, 

Bb16paHHaJI II3 IIOlIHOro CIIIICKa nap, HMeeT 6bICTpOTbl YI II Y2· 
O;a;HaKo paneHCTBO p(yI,Y2)=p(y1)P(Y2), rroxo)Kee Ha (27), He MmKeT 

.lIBlI.lITbC.lI orrpe;a;erreHIICM He3aBIICIIMOCTlI 'IaCTIIII, TaK KaK op;HO'IaCTII'IHbie 

CIICKTpbI n;a;ecb He .lIBlI.lIIOTC.lI rrpoeKIIII.lIMII ;a;nyx'IaCTII'IHOro. 

IlepnuII n BTopoII 'IlleHbI B (34) rrorry'IeHhI Ha panHhIX aHcaM6rr.ax 

co6bITIIII. IIepBbIII co;a;ep)KIIT 6orrhlllHII rrpo11eHT co6bITIIII c 66rrblllIIM n, 
'ICM BTOpOII, TaK KaK 'IIIClIO nap IIIIOHOB n co6bITIIII rrporropIIIIOHallbHO 

n( n-1), a 'IIIClIO ITIIOHOB - TOllbKO n. illnprrna 6blCTpOTHOro crreKTpa 

rra;a;aeT C poCTOM MHO)KeCTBeHHOCTII (cM. pIIC. 15), II08TOMY rrepBblII -rneH 

C - 8TO 6orree ynKa.a II nucoKa.a q>yHKIIn.a, 'IeM BTopoII (rrpn panm,1x 

IIHTerparrax). I1 8Ta KOM6IIHaTOpHa.a rrcen;a;oKoppelI.lIIIII.lI BIIp;Ha Ha pnc. 24. 
Ilpn He3aBIICHMOM nnrry'IeHIIII II3 (27) II (34) rrorry-qaeTC.lI (pnc. 24): 

C=(n(n-1))-1 I:n n(n-l)Pn,Dn(YI)Pn(Y2)-(n)-2 I:n nPn,Dn(Y1) I:n nPn,Dn(Y2)
B) HeHopMIIponaHHaJI IIHKlII03IIBHaJI q>yHKIIII.lI ( CM. ( 22 )-( 25)): 

C = p(y1,Y2)- P(YI)P(Y2); j Cdy1dY2 = (n(n....: 1)) - (n)2, (35) 

r;a;e p(y)=I:n nPn,Dn(y); P(Y1,Y2)=I:n n(n-l)PnPn(Y1, Y2)- Ilpn HenaBIICII

MOM IInrry'IeHIIII II3 (27) II (35) rrorry-qaeTC.lI C = I:n n2 Pn,Dn(YI)Pn(Y2) -
I:n nPn,Dn(YI)Pn(Y2) - I:n nPnPn(YI) I:n nPn,bn(Y2) ( CM. pnc. 24, 25). <PyH

KIIII.lI C co'!eTaeT n ce6e o6e rrpep;b1p;y1IIne rrcen;a;oKoppell.lI11nn, - 01IIn6Ky 

B HOpMnponKe, KaK n Cs, n KOM6nHaTopHyIO rrcen;a;0Kopperr.a11n10, KaK n C. 
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r) <DyHKil;IIB, KOTOpaJI rrpn He3aBIICHMOM II3lIY'IeHim OTITII'IaeTC.H OT 

C OTCYTCTBIIeM cpe;o;Hero 'IrreHa (cM. pnc. 25): 
C' = C + Ln PnPn(yi)pn(Y2)/n = (l + Ln nPnf5n(yi)f5n(Y2)- (36) 

32. BbICTpOTHbie KoppeJIH~HH n--Me::JOHOB [8, 13]. ,I(aHHbie, 

ITp,rne;o;eHHhie Ha pnc. 24, ITorry'IeHbI rrpII 250 n,Bf c. Ilpn 3TOM ncrrorrh

::ionarrnch II co6bITII.H c O;D;HIIM 71"-. ,I(aHHble Ha pnc. 25 rrorry'IeHbI n pp

n::iauMo;o;eiICTBH.HX rrpu 69 f0B / c ( n 2 2). K pnBhie Ha pncyHKax cooTBeT

CTB.YIOT He3aBIICIIMOMY ncrrycKaHIIIO 7{"-~Me3OHOB (27). 

Ha pnc. 26 rrprrne;o;eHa Kopperr.HIJ;IIOHHaJI q>yHKIJ;II.H R (npn y1=0): 
R= . d

2
CJ/dy1dy2 -l= 'Z.nn(n-l)Pnf5n(Y1,Y2) _ 1 

- (Jm ( dCJ / dy1) ( dCJ / dy2) L.n nPnPn(Y1) L.n nPnPn (Y2) 
(37) 

( HopirnpoBaHHaJI Ha O;D;HO'IaCTII'IHble CITeKTpbI q>yHKIJ;II.H C) ;D;lIJI ITepBII'IHbIX 

::rneprni'r ITPOTOHOB 21--400 f0B / c. IIcen;o;oKopperr.Hr:i;nn B R Te 1Ke, 'ITO II B 

C. KpnBhie rrorry'IeHbI B rrpe;a;rrorrmKeHIIH He3aBHCIIMOCTII n- (27). 

Bee ;a;aHHbie Ha pIIc. 24-26 ITorry'IeHbI rrpII Y1~0. Ha pIIc. 27 rroKa3a

HO rrone;a;emre ql.YHKIJ;IIII C (35) B pp-B3aIIMo;o;enCTBII.HX 69 f0B/c rrpn ;a;py

rnx rrorrmKemrnx "TpnrrepHoro" n--Me3ona y1. KpnBhre - He3aBncnMoe 

pmK;o;emre n--Me3OHOB (27). C pocTOM y1 yMeHbll!aeTc.H Pn(yi) n MeH.H

eTC.H pacITpe;a;erreHIIe ITO MHO)KeCTBeHHOCTII B co6bITII.HX, y'IaCTB.YIOI.I.J;IIX n 

ITOCTpoemm C - yMeHhwaeTc.H BKrra;a; co6bITIIII c 6orrhll!OII MHmKeCTBeH

HOCThIO, IIMeIOil.\HX 6orree Y3KOe 6hICTpOTHOe pacrrpe;o;erreHIIe. 

33. Ilmiepe~Hbl:U HMIIYJibC [13]. Ha puc. 28 IlOKa3aHbI Kopperr.H

IJ;HH ITOITepe'IHbIX IIMTIYllbCOB 71"--Me3OHOB B pp-B3aIIMO)];eMCTBII.HX 69 f0B / C 

rrpn pa3HhIX 3Ha'IeHII.HX IIMTiyrrhca "TpIIrrepHoro" n- -Me3oHa Pn. PIIc. 28 
aHarrorn'IeH pnc. 27, a q>yHKIJ;Irn C(pr) - q>yHKIJ;HH C (35): 

1 d 2CJ 1 dCJ dCJ 
C(pr) = P(Pr1,Pr2)- P(Pr1)P(Pr2) = CJ· dp dp - -(J2 -;r--p dp , (38) 

m Tl T2 in Tl T2 
r;a;e ITITOTHOCTII MHO)KeCTBeHHOCTH 3aIIIICbIBaIOTC.H 'Iepe3 HlIOTHOCTH nepo-

.HTHOCTII: p(pr)='Z.nnPnPn(Pr); P(Pn,Pr2) ='Z.nn(n- l)PnPn(Pr1,Pr2). 

KpnBhie Ha pnc. 28 ITorry'IeHhI B ITpe;a;rrorro.1KeHIIII He3aBncnMoro po-

1K)];eHH.H IIIIOHOB: Pn(Pn,Pr2) = Pn(Pn)Pn(Pr2) - c ITOMOil.\hIO cTaH;a;apTHoii 

aITITpOKCHMaIJ;IIH O)l;HO'IaCTlI'IHOro pacITpe;o;erremrn no ITOITepe>IHbIM IIMIIYllb

caM B o6rracTH He6orrhll!HX PT, rrpnne;a;eHHOM K cKei'rnnHroBoMy nn;a;y: 

- ( ) 1 dCJn 10 (5 PT )
312 

( 5 PT ) ( 
Pn PT = nCJn dpr = 3-.fir(pr)n 2 (pr)n exp -2 (pr)n 39) 

( (pr )n - 3KcrrepIIMeHTarrhHbie). TaK )Ke, KaK Ha pnc. 27, 3;a;ecb rrpn ynerrn

'!eHirn Pn yMeHbll!aeTrn Pn(Pn) II yMeHbll!aeTc.H BKrra;a; co6bITIIM c 6orrh

ll!OII MHO)KeCTBeHHOCThIO, nMeIOil.\IIX 6orree Y3Koe pacITpe;o;erreHIIe ITO PT· 

32 

C 
pp ⇒1r- 69 fuB/c 

0.15 

0.10 

0.05 

0.00 

Y1=0.0: f 
1 1-.,. + i'f. \ 

I • \ 
I : \ 
I ' \ 

.J.{ : t, 
+-"f f . : ... ·,· . 

: +' 
-0.05 ~· ~~~~~~-

0.15 

0.10 

0.05 

0.00 

Y1=1.2 ; 

:+ 
... /fh,+ ~" t·:·'t',· .. · 

<P ' ,;<11' 

Y1=0.4; 

..ilt 
l+i \, 
/f • \ 
If : . \. iii · .. : . . +, 

ti ;t+-{,Jt~i 
~ ''f 

-0.05 t I , fl , j I I e I J I I I t I I I I I I 

-2 -1 0 1 2 -2 -1 0 1 2 

Y2 

PHc. 28. J{Byx'IaCTH'I-
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C(pr) (38) B pp-B3aHMoµeir

crmrnx 69 I'0B / c rrpII pa3-
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PHc. 27. J{ByX'IaCTII'IHbie 6u

cTpoTHbie KoppeJI.HIJ;IIII 1T- -Me-
3OHOB C (35) B pp-B3aIIMoµe

ircrmmx 69 I'aB/c rrprr pa3-
HbIX IIOJIO)KeHlf.HX "TpHrrepHO
ro" n--Me3oHa Yt· KpIIBbie -

He3aBIICHM0e lICIIYCKaHIIe n- -

Me3OHOB (27). To'Ie'IHbie Kpn

Bbie IIOJiy'IeHbI C arrrrpoKCIIMa
I{lI.HMH (19), (21), IIITpIIXOBbie 

- (20), (21). C pocTOM Y1 
yMeHbIIIaeTC.H {Jn (yi) 1r yMeHb

rrraeTC.H BKJiaµ co6bITIIH c 6oJib

rrroir MHO)KeCTBeHHOCTbIO, lfMe

IOII.(lfX 6onee Y3KOe 6bICTpOT

HOe pacrrpeµenemre. 

pp=>1r· 69 fuB/c n2:l 
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BK.'Iaµ co 6nrrmr c 6oJibIIIOII 

]).JHOEeCTBeHHOCTbIO, HMeIO
II.(lIX 6onee Y3Koe pacrrpeµe

JieHIIe ITO PT. 
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3AE:JU01:.JEHIIE. ABTOP 3AIIIJ1JIJ;AET CJIE,[I;YIOIIl;HE 
OCHOBHbIE PE3YJibTATbI. 

1. IloKa3aHo, 'ITO opur1rnam,Hoe oITp(;[J;errem1e ITOH.lITII.lI ITop;o6Irn p;nc

KpeTHhIX pacrrpep;erreHIIH ITO MH02KecTBeHHOCTII (n)Pn=W( n/ (n)) (KNO

CKeHJIIIHr) ITPII KOHe"'IHbIX ::meprII.llx ( cpep;HIIX MH02KeCTBeHHOCT.lIX) MaTe

MaTII"'IeCKlI ITPOTIIBope"'IIIT ycrrOBIIIO HOpMHpOBKII Lo Pn=l. ..... §§ 2, 3 

2. Ilpep;rroMeHo HeITpoTnBope"'IIIBOe oITpep;erreHIIe p;rr.ll p;ncKpeTHhIX 

J
n+l 

pacITpep;erreHIIH, coBITap;a10mee c o6bI"'IHbIM ITPII (n)-H,o: Pn= n P(m)dm, 

rp;e P(m) - HeITpepbIBHaJI KNO-IIHBapHaHTHaJI <pyHKUII.lI: (m)P(m) = 
w ( m/ (m)). cho oITpep;erreHIIe MaTeMaTII"'IeCKH BKBIIBarreHTHO ITpammy KBa

HToBaHirn BopHa-KpaMepca - peueITTy ITorry"'IeHH.lI )l;IICKpeTHbIX KBaHTo

BoMexamr"'IecKnx BeJIII"'IIIH II3 HeITpepbIBHbIX KJiaCCH"'IeCKIIX ... §§ 4, 9, 10 

3. IloKa3aHo, 'ITO ITPII TaKoM oITpep;erreHHII ITOH.lITII.lI ITop;o6Irn, pac

ITpep;erreHII.lI ITO MH02KeCTBeHHOCTII OTPIIUaTeJibHbIX "'IaCTIIU (ITpaKTII"'IeCKII 

7r- -Me30HOB) B HeyITpyrnx pp-B3aIIMO)l;eHCTBII.lIX ITO)l;O 6HbI BO BCCM 0KCITe

pnMeHTaJibHO IICCJiep;oBaHHOM IIHTepBarre 0HeprIIH, Ha"'IIIHaJI C ITOporoBOH. 

To Me ITorry"'IaeTC.lI )l;JI.ll e+e- -aHHIIrIIlI.lIUIIII ..•.•........•.••........... § 6 

4. 8KcITepIIMCHTaJibHO norry"'IeHbI pacnpep;erreHII.lI no MHO)KCCTBCHHO

CTII 7f- -MC30HOB B pa3HbIX .lI)l;pO-.lI)l;epHbIX B3aIIMO)];CHCTBII.lIX npII 0HeprIIII 

ITY"'IKa 3.7 r0B Ha HYKJIOH. 06HapyMeHo nx nop;o6ne pacITpep;erreHII.lIM npn 

6orrhwei1 0HeprIIII: o:A npII 3.7-A r0B II o:o: ITpu 370-A II 520-A r3B, a 

TaK2Ke CA ITPII 3.7-A r3B II OA ITpII 60-A II 200-A r3B .............. § 8 

5. Ilpep;JIO)KCHO o6o6JJ.J;eHIIC 3TOro CKCHlIIIHra )l;lI.lI II30CIIIIHOBO CB.lI-

J
n+l-E 

3aHHhIX peaKUIIH: Pn = P(m)dm, rp;e E )l;OJI2KHO 6bITb 0s;Es;l. § 13 
n-E 

6. IloKa3aHo, 'ITO ITPII 3TOM 0606I1IeHIIII ITO)l;06HblMII OKa3bIBaIOTC.lI 

pacITpep;erreHII.lI no MHO)KCCTBCHHOCTII 7r- (n 1r+) MC30HOB BO Bcex HyKJIOH

HyKJIOHHbIX II HeaHHIIrIIJI.lIUIIOHHbIX aHTIIHYKlIOH-HYKlIOHHbIX B3aIIMO)l;CH

CTBII.lIX. Bee OHII OITIICbIBaIOTC.lI O)l;HOH II TOH Me <pyHKUIICH w(z) II 3a

BIICIIMOCTbIO MaCWTa6Horo ITapaMeTpa (m) OT 3HeprIIII. IIapaMeTp E )l;lI.lI 

pa3HbIX peaKUIIH ITOJiy"'IaeTC.lI 0, 1/3 II 2/3. ···················· §§ 13-17 

7. IloKa3aHo, 'ITO 3TOT o6o6meHHhIH cKeHJIIIHr BhIITOJIH.lleTc.lI TaK2Ke 

)];JI.ll pacnpep;erreHIIH ITO MH02KCCTBCHHOCTII 7r- (II 7r+) MC30HOB BO Bcex IIC

crrep;oBaHHbIX aHTIIHYKJIOH-HJKlIOHHbIX peaKUII.lIX aHHIIrIIJI.lIUIIII. 0HII OITII-
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ChIBaIOTC.lI O)l;HOH II TOH )KC <pyHKUIICII w(z) II 3aBIICIIMOCTbIO MaCwTa6Horo 

ITapaMeTpa (m) OT 3HeprIIII (p;pyrIIMII, 'ICM )l;JI.ll HeaHHIIrIIJI.lIUIIOHHbIX peaK

un{1). IIapaMeTp E )l;lI.lI pa3HbIX peaKIJ;II{I ITOJiy"'IaeTC.lI 0, 1/2 II 1. §§ 18, 19 

8. IIpep;rrmKeH CKCHJIHHr ITOJIYIIHKJII03HBHbIX CITCKTpOB 7f- -MC30HOB B 

pp-B3aIIMO)l;CIICTBirnx: ITOKa3aHo, 'ITO p;ByxrrapaMeTpII"'ICCKaJI 3aBIICIIMOCTb 

cpopMbI 6hlcTpOTHbIX CITCKTpOB OT 3Hepr1rn II MHO)KCCTBeHHOCTII CBO)l;IITC.ll 

K O)l;HOITapaMeTplI"'ICCKOH 3aBIICHMOCTII OT HCKOTOpOH <pyHKUIIII 3TIIX Be

JIII"'IIIH. IIpn O)];IIHaKOBOM 6bICTpOTHOM pacITpep;erreHIIII COBITap;aIOT TaK)KC 

cpep;mrH IToITepe"'IHbIH HMITYJihc n cpep;H.ll.ll 3HeprII.lI 1r- -Me3oHoB, 'ITO p;aeT 

OCHOBaHIIe npep;ITOJIO)KlITb, 'ITO B 3TIIX co6bITII.lIX O)l;HHaKOBbI II IIX ITOJIHbIC 

p;Ba2Kp;bI)l;II<p<pepeHUIIaJibHbie CITCKTpbI .•....•......••........ §§ 20, 21, 23 

9. IloKa3aHo, 'ITO B 3TIIX norryIIHKJII03HBHbIX co6bITII.lIX ITpII pa3HbIX 

n II vs, HO c op;rrnaKOBhIMII pacITpep;erreHII.lIMII 1r- ITO 6bICTpoTe, 3Heprnn II 

ITOITepe"'IHOMY IIMITYJibCY COBITap;aIOT TaK2Ke OTHOCIITCJibHbie KOHUCHTpaumr 

1r0- II h]-Me30HOB: (1r0)n/ z II (K~)n/ z, rp;e z=n/ (n) )];lI.lI 7r- -MC30HOB. § 22 

10. IloKa3aHo, 'ITO II3 ITpep;ITOJIO)KeHII.lI O He3aBIICIIMOM po2Kp;eHIIII 

"'IaCTIIU IIJIII p;pyrnx o6'beKTOB MHO)KCCTBCHHOro p02K)l;CHII.ll (KrracTepoB, 

CTpyH) He crrep;yeT KaKIIX-JIII6o orpaHII"'ICHIIH Ha IIX pacITpep;erreHII.lI ITO MHO

)KCCTBCHHOCTII. lfoBeCTHoe YTBep2Kp;eHne o pacITpep;erremrn IIyaccoHa ITO

rry"'IaeTc.lI II3 npep;ITOJI02KeHII.lI o <paKTopII3aUIIII nrroTHOCTeH cpep;HeH MH0-

.1KCCTBeHHOCTII, a He Bepo.lITHOCTII ..........••••.....••.............. § 25 

11. IloKa3aHo, 'ITO IIMCIOIIIIICC.ll p;aHHhle ITO MHoro"'IaCTII"'IHbIM IIHKlII0-

3IIBHbIM 6bICTpOTHbIM KOppell.lIUII.lIM 7f- -MC30HOB B pp-B3aIIMO)l;CHCTBII.lIX: 

Kopperr.lIUII.lIM BITepep;-Ha3ap;, BITpaBO-BJICBO, pacITpep;erremrnM ITO MHO)KC

CTBeHHOCTII n 6blcTpOTHbIX IIHTepBarrax II B IIHTepBarrax, OT)l;ClleHHbIX ITy

CTbIMII ITpOMe)KYTKaMII, corrracyIOTC.lI C ITpep;ITOJIO)KCHIICM O He3aBIICIIMOM 

p02K)];CHIIII 7f--MC30HOB .......................................... §§ 27-29 

12. B npep;ITorro2KeHIIII 06 OTCYTCTBIIII KaKIIX-rrII6o KopperrJIUIIH B ITO

rryIIHKlII03IIBHbIX co6bITII.lIX, ITOlIY"'ICHO xopowee OITIICaHne OITy6rrIIKOBaH

HbIX p;aHHbIX no pa3JIII"'IHbIM )l;BYX"'IaCTII"'IHbIM IIHKlII03IIBHbIM 6bICTpOTHbIM 

KOppelI.lIUII.lIM (nceBp;OKoppelI.lIUII.lIM) 7!"- -MC30HOB B pp-B3aIIMO)l;CHCTBII.lIX, a 

TaUKe KOppeJI.lIUII.lIM no ITOnepe"'IHbIM IIMnyrrbcaM •.........••... §§ 30-33 
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