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11HKJII03HBHhle 6blCTpoTHhle KOppCJJSUJ.HH :re- -Me30HOB 
8 pp-eJaHMOAdiCTBHSIX 

P2-92-585 

OpHBeACHa npocTaSI OAHOnapaMeTpH'ICCKaSI annpoKCHMaU.HSI OAHO
llaCTH'IHblX noJJyHHKJII03HBHblX 6blCTpoTHblX pacnpeAeJJCHHH OTPHU.aTeJJhHblX 

llaCTHU. (:re- -MC30HOB) B PJJ-B3aHMOACHCTBHSIX npH paJHblX Mff0.)l(CCTBCHHOCTSIX 

e HCCJleAoeauttou o6JJacTH nepeH'IHblX HMnyJJhCoe 6,6+400 f38/c. B npeAnoJJo
)KCHHH o6 OTCYTCTBHH KaKHX-JJHOO Koppe.nsiu.uu e noJ1yHHKJ1I03HBHhlx co6bl
THsix noJJy'leHo xopowee onucaHHe 3KCnCpHMeHTaJJbHblX AaHHblX no ABYX
llaCTH'IHblM HHKJII03HBHblM 6blCTpoTHblM KOppeJJSIU.HSIM (nceBAOKOppCJJSIU.HSIM) 

:re-, npo11cxoAS1UJ.HM HJ HenpaeHJJbHOH HOPMHpoBKH ¢YHKU.HH nJJOTHOCTH eepo
SITHOCTH " JaBHCHMOCTH KHHeMaTH'ICCKHX cneKTpoe OT MHO.)l(CCTBeHHOCTH. 
Ll,aHHhle no KOPPCJISIU.HSIM encpeA-H,l3aA, enpaeO-BJICBO H pacnpeAeJJeHHSIM no 
MHO.)l(eCTBCHHOCTH 8 6hlCTpoTHhlX HHTCpeaJJax H HHtepeaJJax, OTAeJJeHHblX nyc-

TblMH npoMC)KYTKaMH, TaK)Ke He npoTHBOpe4aT HC3aBHCHMOMY po.)l(ACHHIO:rc -
Me30HOR. 

Pa6oTa BblflOJIHCHa 8 Jla6opaTOpHH BblCOKHX 3HeprHH 0115111. 
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Inclusive Rapidity Correlations of :re- Mesons in pp Interactions 
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The simple single-parameter approximation of one-particle semi-inclusive 

rapidity distributions of negative particles (:re- mesons) in pp interactions at 
various multiplicities over the investigated range of primary momenta 
6.6+400 GeV /c is presented. Assuming the absence of any correlations in 
semi-inclusive events, a good description of experimental data on two-particle 
inclusive rapidity correlations (pscudocorrclations), which are due to wrong 
normalization of the probability density functions and the multiplicity depen
dence of kinematic spectra, is obtained. Data on forward-backward, right-left 
correlations and multiplicity distributions in rapidity intervals and intervals 

separated by empty gaps do not contradict independent :re- production either. 
The investigation has been performed at the Laboratory of High Energies, 

JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna, 1992 



1. BBE,[J;EHHE. lfonecTHo, 'ITO no Kpaimeii Mepe cymecTneHHan 'laCTh 

µ;nyx'laCTlI'IHOH IIHKITIOOIIBHOH fo,1cTpoTHOH Kopperurn;1rn .lIBll.lieTCJI ncenµ;oKop

perum;ueii, CB.lIOaHHOH C HenpaBIIllbHhlMII HOpMIIpOBKaMII <l>YIIK~H IIllOTHOCTII 

nepO.lITH_OCTII II OaBIICIIMOCTbIO KIIHeMaTII'leCKIIX cneKTpOB OT MHCDKeCTBeHHO

CTII [1]. lIMe.lI annpOKCIIMaIJ;IIII norryIIHKITIOOIIBIIhlX (npn q>IIKCIIpOBaHIIOll MHO

)I(eCTDeIIHOCTII) oµ;IIo'laCTII'lHhlX 6blcTpOTIIhlX cneKTpon nccrreµ;yeMhlX 'laCTIID; 

II IIX pacnpep;erremrii: IlO MII02KeCTBeIIIIOCTII, M02KHO, B npeµ;norro2Kemm 06 OTCYT

CTBIIII KaKIIX-llII60 Koppell.lln;IIII, norry'lIITI, µ;nyx- II MHoroqacTII'lHhle 6hlCTpOT

HI,le cneKTphl II IIOCMOTpeTb, KaKYIO 'laCTI, II3 ony6rrIIKOBaHHl,IX OKcnepIIMeII

TallbHO IICCllep;onaHHhlX IIIIKllIOOIIBIIhlX Koppell.lln;Im- COCTaBJI.lIIOT ncenµ;oKoppe

ll.llD;IIll. Mm1rno TaK2Ke cpanIIIITI, OKCIIepIIMeHTallbIII,Ie pacnpeµ;erreIDI.lI no MIImKe

CTDCIIIIOCTII n 6hlCTpOTHbIX lIHTepnarrax II IIHTepnarrax, OTp;erreIIHhlX nycTbIMII 

npoMe,KyTKaMn, a TauKe Kopperr.lin;lIII nnepeµ;-IIarmµ;, nrrpano-n~eno II T.µ;;, c 

Bhl'IHClleIIHhlMII B npeµ;rrorro2Kemm: 06 OTCYTCTBHII norryIIHKllIOOHBHI,lX KOppell.lI- . 

n;nii. 

KoHe'lIIO, oToT cnoco6 conrraµ;ae'r (npII xopomnx anrrpoKCIIM~.llX) c 

o6bl'1HO IICIIOllb:JyeMOH npon;eµ;ypoii noyqenrur IIIITepcpepeHn;IDI T02K/];CCTBeHHl>IX 

qaCTlln; (HanpIIMCp [2]), Korµ;a peallhIIl,Ie co6bITII.lI cpaBHIIBaIOTC.lI c IICKJCCTBCH

HhlMII, COCToJimIIMII IIO CllY'laHHhlX KOM6IIHaD;llll IIccrreµ;yeMbDC 'IaCTIID;, BOJITI,IX 

Im paOIII,IX co6LITIIH (Ho TO'IHO C TOH )I(e MH02I(eCTBeHHOCTI,IO OTIIX 'lacTrrn;). 

KcTaTII, D OTIIX npen;IIOIIOHHbIX ll3MepeHII.lIX o6bl'IHO He 3a.'1CTHO "rrIIIIIHHX" 

Koppell.lln;IIH. 

liccrreµ;oBaIIIIe OTpIID;aTeJibHI,IX 'laCTIID;, IIO cpaBHeHllIO co BCeMH 3ap.lDKeH

HbIMII, B pp-D3alIMO/];CIICTBII.lIX cymecTBCHHO •mme B OTHOlllCHITII "/~lIHlU.flI'ICC

KIIX" 6hlCTpOTHbIX KoppeJIJID;llH. 3µ;ecb ropanµ;o MCHblllC mmaµ; TpIIBIIallbllhIX, 

HO Tpy/];IIO Y'lllThlBaeMI,IX KOppell.lID;IIH II cpoua OT: pacnaµ;oB pe30IIaHCOB II µ;orr

rm1mnymux qacTIIn;, nap )];arrnn;a II KOHBepcIIi 'Y-KBaHTOB, :JaKonon coxpanenIIJI 

IIMIIyrr1,ca ( cro MoryT KOMIIeHCllpOBaTb KaK IIeHTpallbHl,.Ie, TaK II IIOJI02KIITem.,

Hbie 'laCTlID;bI) II oapJIµ;a (n co6bITIIII M02KeT 6blTI, IIC TOJibKO 'IeTHOe 'lITCJIO 'la

CTI-In;), nepBII'lHhlX qacTIID; ( rruµ;IIpyromIIe 'laCTIID;hl ncerµ;a IIMeIOT pa3Hhl.IT OHaK 

6bICTpOThl) ll IIX nenpaBIIllbHOli IIp;eHTmpIIKaIJ;IIII no Macce (µ;a:iKe npII Ena6 = 400 
roB COOTHOlllenue 7r+-Me30HOB ll IIpOTOHOB npmrnpno 3:1). 

B 'laCTII IICIIOllb30BaHHhlX 3µ;ecb pa6oT [3-10] IIpIIBO/];.lITC.lI cneKTphl OTpII

n;aTellbHhlX 'laCTIID; IIpll q>IIKCIIponaHIIOM 'llIClle OTpIIn;aTellbHhIX 'laC·TIID;. B µ;py

rIIx - cneKTphl 7r- -Me30HOD ( CTaTIICTII'leCKll DJ,I'llITarrac1, IIpIIMeCb J{- -Me::30-

HOB) npII qllIKCIIpODaHHOM 'llIClle OTpIIn;aTCllbHhlX "'IaCTlID;. B TpeTblIX - CIICKTphl 

7r- npn q>lIKCllpOBaHHOM 'lIICJie 7r-. Oµ;naKO -nocrre HOpMllpOBKII cneKTpOD 0TH 

µ;aHHhle _B npeµ;errax omu6oK He OTllll"'!aIOTCJI - npnMeCI, I{- Marra II IIX CIICKTpbl 

IlOXO:iKlI Ha cneKTphl 7r--;- 0TO T02Ke "IICTIIHHO po:iKp;eHHbie" 'laCTIID;hl. IIooToMy 

He 6yp;eM oµ;ecb µ;erraTb pa3JilI'UI.lI Me2Kµ;y OTpIID;aTeJibHbIMII 'IaCTlID;aMll II 7r-. 

0~\.tl:..t<:"'.aii..tl 11SCTITJT 1· 

U~i,HWl liCC.llt.1011611 
~i,;sn~tOTEKA --



• 2. AIIIIPOKCMMAD;M.ff IIOJIYMHKJII03MBHbIX CIIEK-
TPOB. Ha pnc.1 nprme;a;em.r HOpMnpomunn.re Ha e;a;nmnzy o;a;Ho'IaCTirIHLie 
norryIIHKmoonnIILie pacnpeAerremI.ll no 6LICTpoTe oTpnn;aTelil,HLIX qacTnn; ( 1r--

MeOOHOB) n pp-noa.nirn;a;eiicTBWIX pa.oHLIX imeprnii n co6LITIIJIX c q>IIl{CIIpOBaH
HOH MHO:JKeCTBeHHOCThIO OTpnn;aTelihHLIX ~aCTIIII; n IIO pa6oT [4,6,9] 

1 dun Pn(Y) . 
P~(y) = nun dy = -n- ' 

00 

j p~(y)dy = 1 . 
-oo 

(1) 

BeITII'JlIHa rln(y)dy - 3TO nepo.llTHOCTh O/'J;HOM}' 71'-, crry-c.ra:iim1M o6paooM BLI-
6paHHoMy IIO co6LITlI.ll c n 71'--MeOOHaMil (Ha.rrpIIMep, c IIOMO~hIO crry'IaIIHOro 
qncrra, BLI6IIpa.ro~ero HOMep 1r-), IIMeTh 6LicTpoTy y±dy/2. 

Pacnpe;a;erreHII.ll, KOHe'IHO, pacump.llIOTC.ll c yneITII'IeHIIeM nepBil'IHOH 0Hep
rIIII VS (pacTeT cpe;a;H.l[.l[ 3HeprII.ll qacTnn;) Il cy:JKaIOTC.l[ C ynelIIl'JeHileM MHO-· 
)Ke~TBeHHOCTII (yMeHhUiaeTC.ll 3Hepr:rm, npnxop;.ll~aJIC.l[ Ha Op;Hy qacTnn;y). Pac
npe;a;erremlll c pa.oHhlMII ,Is n n, Ho o;a;1rnaxono:ii UIIlpIIHo:i.i: Morrrn 6LI nMeTh 
pa.oeyro qiopMy, Op;HaKO OHa norryqaeTC.ll o;a;1rnaKOBOH - cxe:iimrnr IIOlIYIIHKlIIO
OIIBHLIX cneKTpon [11]. IIoaToMy ;a;nyx1rapaMeTplI'Iecxnii: Ha6op pacnpe;a;erremrn 
p;lI.lI paOHLIX vs II n MO:JKHo, n np1mn;nne, ormcaTh op;HonapaMeTpnqecxoll <f>YH
xn;neii:, napaMeTp KOTOpoi'r y.1Ke 6y;a;eT OaBilCeTh OT 3Hepnm Il MHmKeCTBeHHO
CTII. 

CnexTphr Ha pnc.l annpoKcIIMnponaa1,1 q>yHKn;ne:ii: 

( 0 5 ( -(y - Y) 2 -(y + Y) 2
) p1, y) = -'- exp~~~-+ exp~~~~ 

n ✓21rY 2Y 2Y (~) 

- ;a;na o;a;nHaKOBLIX rayccnaaa c p;IIcnepcneii: Y, cp;BIIHYTLIX Ha ±Y oT c.n;.M. 
3Ha'IeHII.ll napaMeTpa Y II x2, norry'IeHHLie npII q>IlTHpOBaHIIIl 3TIIX 12 cnex
Tpon, nplIBep;eHLI Ha pncyHKe. ,[(lI.lI ncex 48 cnexTpon npII 10 aaepril.lIX [3-10] 
Ex2/En.d.f. = 654/547. IlpII BLl'IIICJieHilII x2 IlCIIOJII,OOBaITilCI, TOJihKO CTaTII
CTII'Iecure OUIII6Kil 3KCnepIIMeHTaJII,HLIX TO'IeK. Ben TO'IeK 12 raB/c, IIMeIO~IIX 
O'JeHI, MarreHhKile CTaTilCTII'Jecxne oum6KII (175000 co6LITilll, pnc.1 ), 3TO OT
HOUieHHe paBHO 486/463. 

Ha pnc.2 crrena noxaoaHLI napaMeTpLI Y, norryqeaaLie npn q>nTnponaamr 
crreKTpon, B oanncIIMOCTlI OT ln(vs/..fn). Bn;a;ao, 'ITO rpynnLI TO'JeK, COOT
BeTCTBYIO~e pa.oHLIM MHO:JKeCTBeHHOCT.llM, )];JI.JI ncex 3Heprnii: rre2KaT Ha o;a;aoii 
lIIIHlilI, TO eCTh qiopMa 6hICTpOTHOro cneKTpa OaBlICilT TOlII,KO OT OTHOUieHirn 
vs/ ../n [11]. 8ToT aKcnepnMeHTMhHbiii: peoyrr1,TaT oxaoarrc.ll np0Me.1KYTO'-IHLIM 
Me)Kp;y ;a;nyM.ll KpaIIHIIMil BOOMmKHhIMil: 

a) MHmKeCTBeHHOCTh 71'- IlpOIIOpD;IIOHaJII,Ha K03q>qJIIIJ;IIeHTY HeynpyrOCTII 
p;lI.lI 1r- (EE1r-/VS), Tor;a;a Y oanncerr 6LI TOlihKO OT vs, T.e. cnexTp He oanncerr 
61:,1 OT MHO:JKecTBeHHOCTII; 
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PHc.1. p'n(Y) = (1/nun)(dun/dy). I-fop}.filpOBaHHble Ha 1 OAHO'-IaCTII'IHhle _ 

IIOlIYHHKlII03IIBHhle 6bICTpOTHhle crreKTphl 71- -MeOOifOB B pp-noarrMOAeIICTBifJIX 

12, 69 n 300 I'0B/c rrpH MHO)I(eCTBeHHOCTlI 71',-: 1, 2, 3 II 4. Kprmhle - p1IT (2) 
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PHc.2. 3anncrrMocTH rrapaMeTpa Y, orrpeAelI.Hromero <J>opMy 6bicTpoT

HOro c1reKTpa (2}, cpeAHe1'i: 0Hepr1I1I H cpeAHero rrorrepe<rHoro HMrrym,ca 1r-

MeooHOB B IIOlIYHHKlII03IfBHLIX co6bITHIIX OT vs/..fn. KpirBa.H - <PIIT (3) • 
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p~ ii 

10-1 

10-2 

1 rr-
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3 rr-
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Y=.71 
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3 

Puc;3. p'n(Y) = (l/nan)(dan/dy). HopMFiponaHHbie Ha 1 Ol{HO'IaCTII'IHbIC 

lIOJIYIIHKJIKXJfIBHbie 6bICTpOTHbie ClICKTpbI 7f- -MCOOHOB B pp-BOaUMO!{CHCTBIIJIX 

24 .I'rJB/c rrp1r MHO)KCCTBeHHocTFI 1r-: 1, 2, 3 1r 4. KpIIBbre - (2), (3) 

p~ • 200 P3B/c o 205 P3B/c _ 
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PHc.4. p'n(Y) = (l/nan)(dan/dy). HopMIIponaHHbie Ha 1 Ol{HO.'IacTI-I'!Hbie 

ITOJIYIIHKJIIOOlIBHbie 6bICTpOTHbie CITCKTpbI 7r- -MCOOHOB n pp-BOaIIMO!{CHCTBIIJIX 

20!] II 205 I'rJB/c IIpII MHO)I(CCTBCHHOCTII 1r-: 1, 2, ... 9. KplIBbie - (2), (3) 
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6) MHO)KCCTDCHHOCTh HC ::JaDIICIIT OT K03q>qnu~IICHTa HeyrrpyrocTn, Torp;a 
y 3am1cerr 6hl ;OJihKO OT ,/s/n. ' 

KpIIDal.l _Ha pucynKe: 

Y=z-zD,67 +0,34, rp;e l=ln(,/s/fo,). (3) 

Ha puc.3, 4 IIOKa3aHhl CIICKTphI /l;lI.lI 11;pyrnx :rneprnii [4,8,9] B rrorapnq>MII'ICCKIIX 
Koopp;1maTax. Kp1rnhle rrorry<JeHhl no q>opMyrrru.1 (2) rr (3). · 

· Ha prrc.2 crrpana DIIAH~, 'ITO cpell;HIDI 3Heprmr n cpep;IIHii rr~nepe'IHhIII 
IIMIIYJII>C 7f--Me3.0HOD [3,6,8,10,12,13] TO)KC 3aBlIC.lIT TOJihKO OTOTHOIIICHll.lI s/n. 
8To p;aeT ocHonaHIIe rrpe11;rrorrmKHTI>, 'ITO 1i p;na:;Kp;hlp;II<pq>epem~nam,Hhl:U: 011;Ho
'JaCTII'IHhIII CITCKTp 7r- Il IIOJIYIIHKJII03HBHhIX pp~D3aIIMO/];CHCTBII.lIX 3aBIICIIT TO
JihKO OT s/n. TaKOC ITODC/J;CHIIC .CITCKTpOD Y)KC yKa3hIDaeT Ha HeKopperruponaH
HhIII, CTaTIICTIPICCKIIII xapaKTCp pmK/J;CHII.lI 7r- rrpH 3TIIX,3Hepr1rnx. 

3. AililPOKCMMAIJ;.11.f.l P ACilPE,IJ;EJIEH.11:H no MHO)KE-
' CTBEHHOCT.11. Pacnpe11;erreH1rn no MHmKecTDeHHOCTH oTpm~aTeJII>HhIX <Ja
cTnn; D pp-B3a1IMop;er1cTDII.lIX ( Pn), Ha'IlIHaJI OT rroporonoi'r 3Heprnu (P J1a6 ~ 1,2 
raB/c) n no Kpa11Hei'r Mepe p;o 3Heprnf1 ISR (2000 raB/c), rrop;'IIIH.lIIOTC.lI KNO 
cKeiimrnry [14], TO'IHcc, ero aKKypaTHOII peammau;nn [15,16], KOTOpal.l, D oTrrn
•me OT opIIrIIHaJihHhIX acIIMIITOTil'-IeCKIIX q>opMyrr [14], corrracyeTC.lI c ycrronneM 

E;;"=0 Pn = 1: -

n+l l oo . 

Pn = j P(m)drn, r11;e P(m) = ---W (_!!!:__), r11;e <m>=c: jrnP(rn)dr'n. (4) 
<rn> <m> 

n 0 

W ( Z) - He 3aDIIC.llmaJI OT GHeprIIII ymrnepcaJII>Hal.l q>yHKI.J;II.lI, HOpMHpOBaHHaJI 
ycrri:rnmn.ur, BhITeKaIOmnMII rm ( 4): 

00 00 

jw(z)dz= j zW(z)dz=l. (5) 
0 0 

B Ka'IeCTDe ymmepcaJihHOII q>yHKI.J;llll w HCIIOJih30BaJiaCh [15,16] 

w(z) = a(z + 0, l4)exp (-b(z + 0, 14)2) , (6) 

rp;e a lI b rrorry'IaIOTC.lI H3 HOpMIIpODO'-IHhIX ycrrODIIII (5) II paDHhl 1,251 H 0,618 
C0OTBCTCTDCHHO. 

3amICHMOCTh OT rrepDII'-IHOII 3Heprun napaMeTpa < m >, .lIBJI.lIIOmeroCJI 
Maclll'1:a6Hof1 (rr11HerrHoi1) xapaKTepncTIIKOII KOJIII'ICCTDa pmKp;a10muxc.lI ·7f_, na
'IIIHal.l OT nopora pmK/J;CHII.lI 1r- II no Kpafme11 Mepe p;o 400 raB/c, xopoIIIo 
OilHChIDaCTC.lI 0/J;HOIIapaMeTpIPICCKoii q>OJ)MJJIOII [16] 

<m>= 0,81( vs - 2M1Jl/4( ,Js)-1/4 , 

5 

(7) 



r;a;e Mp (Macca rrpoToHa) rr vs Bbrpa2KeHhl B I'aB. B TepMo;a;1maMrPICCKQII Mo

;a;emr <PepMII 0TOMY BhlpruKCHIIIO l];OlI,KHa 6hlTI, rrporrop:QIIOHalII,Ha MHO.iKCCTDCH

HOCTI, 1r-MenoHoB n pp-BoanMo;a;errcTnlll[X 10 + 1000 I'aB/c [17]. 

II prr onncaurrrr aKcrrepnMeHTaJibHhlX ;a;aHHbrx, DKlIIO'IaIOII.IIIX TOllbKO · "Hep;II

¢paKn;IIoHHhln:" (NSD) aucaM6rr1, co6hlTrrii, rrcrrorr1,n0Barroc1, OTpun;aTerr1,Hoe 
6Imoimarr1,Hoe pacrrpe;a;erreHrre 

_ (n+k-1)!( fi )n( k )k 
Pn- n!(k-1)! n+k n+k (8) 

C rrapaMeTpaMII fi, II k, npIIBe;a;eHHhlMII aBTopal\m. 

4. KOPPEKTHOE BBE,[J;EHHE IlOJIYHHKJU03HBHOM 
KOPPEJI.fflt;HOHHOM <l>YHKII;HH. Bepo.lITHOCTI, (rrrroTHOCTI, nepo.HT

HOCTn), 'ITO 1 1r--MenoH, crry'IaHHhlM o6panoM BbI6paHHhln: rrn co6hlTirn c n 
1r--MCOOHaMn, HMCCT 6hlCTpoTy YI, paBHa 

1 dan . 
p~(YI) = nan dyI ' 

00 

j P~(YI)dyI = 1 
-00 

(9) 

Bepo.HTHOCTI,, 'ITO 2 crry'IaHHhlX 1r-, nocrreµ;oBaTClII,HO ,BbI6paHHhle II:3 co6hlTII.lI 

C n 1r- ( n ~ 2), IIMCIOT COOTBCTCTBCHHO YI II Y2 ( DTOpOII 1r--MeOOH Mhl DI,I6upaeM 
rm n -1 ocTamueroc.H) [l]: 

j P~(Y1,Y2)dyidY2 = 1 . 
Y1,Y2 

, ( ) 1 d2an 
Pn YI,Y2 = n(n - l)an dyidy2 (10) 

BepO.lITHOCTI,, 'ITO i crry'Ia:[IHI,IX 1r-, rrocrreµ;onaTClII,HO Bhl6paHHhle rm C06hlTll.lI 

c n 1r- (n ~ i), IIMeIOT cooTneTCTBeHHO yi, y2, ... yi (KmKp;1,rn crreµ;yroII.1mr 1r-

MenoH nhl6npaeTc.H Im MeH1,wero Korrn~recTna ocTaBwuxc.H): 

( ")' di 
, ( ) - n - z • an · j ' ( )d d d -1 (11) Pn Y1,Y2,••·Yi = 1 . d d d , Pn Y1,Y2,•-·Yi YI Y2··· Yi- : n. an YI Y2 ·. · Yi y 

Ecmr naphl 1f--MC30HOD HeKopperrnpoBaHhl, TO CCTI, ecrru CIICKTp rln(Y2) 
ocTarrbHhlX 1r- B noµ;aHcaM6rre co61,1Tun, rµ;e ecT1, 1r- c YI, TaKon J>Ke, KaK n norr

HOM aHcaM6rre, TO ClIO.iKHaJI BCpO.lITHOCTI, panHa rrpOIIOBep;eHIIIO arreMCHTapHI,IX 
[18]: 

P~(Y1,Y2) = p~(YI)P~(Y2). (12) 

To'IHO TaK )KC q>aKToprmyeTC.lI l\IHoro'IaCTil'IHaJI BepO.lITHOCTI,: ecrru Bee 1r- po

)K)];aIOTC.lI HeOaBlIClIMO, TO CJIO)KHaJI Bepo.HTHOCTI, paBHa rrponnBep;eHHIO 0lICMCH
TapHhlX: 

P~(YI,Y2, ···Yi)= p~(yI)P~(Y2)- · -P~(y;) · 

6 

{13) 

l, 

;r 

~ 

') 

KoppelI.lin;rroHHaJI ¢YHKD;lll[ aTo oTrrII'IIIe crro2KHOH nepo.lITHOCTII OT ,rrpo

uone;a;eHlll[ 0lICMCHTapHhlX. ,I(nyx'IaCTII'IHaJI KoppelI.lID;IlOHHaJI !l>YHKD;lll[: 

C~ = p~(YI,Y2)- rfn(yi)p~(Y2) ; j C~dyidy2 = 0 (14) 
Y1,!/2 

IIlIII R~ = fin(Y1,Y2) - l 
· p'n(YI)p'n(Y2) 

(15) 

(rrocTapaeMC.lI ynoTpe6lI.lITb Han6orree 06II.1enpIIH.lIThle o6onHa'IeHH.lI). Ecrrn 1r--

MC30Hhl HCOaBIICIIMhl, Koppell.lID;HOHHaJI il>YHKD;ll.lI panHa HYlIIO rrpn ncex YI, Y2· 
Ee MO.iKHO ycpep;HHTI, non (Pn - Bepo.lITHOCTB co6hlTH.lI c n 1r-): 

00 00 

c;h = L PnC~ = L Pn(P~(Y1,Y2)- p~(YI)P~(Y2)) · (16) 
n=2 n=2 

Mmr ycpep;HlITI, non c KaKm.1-m160 BecoM, rry'Iwe Bcero: n(n -1)/ <n(n -1)>, 

- nponopn;110HalII,HO CTaTlICTIIKC ('IlIClIY nap r.-) IIplI p;aHHOM n. KcTaTII, IIplI 

0TOM, HmKHHH upeµ;err cyMMilpOBaHII.lI aBTOMaTil'ICCKil ycTaHOBIITC.lI panHhlM 2. 
MHO.iKCCTBCHHOCTI, n B 0TlIX ¢opMyrrax OTHOCIITC.lI lIMCHHO K TCM 'laCTil

n;aM, KOpperui:n;rm KOTOpbIX IICCllep;yIOTC.lI. EcrrlI aHCaM6rr1, co6hlTIIH Bhl6paH rm 

IIOlIHOro no KaKOMy-To nprmHaKy ( Ha.JIII'IIIe CTpaHHOH 'IaCTIID;hl, OTCYTCTBrre· )];II

q>paKn;rnr), IIlIIl q>a:30Bhlll 06'.beM )];lI.lI 1r- KaK-TO orpaHII'IeH·, Torµ;a Bee BCJIII'IIIHI,I: 

n, Pn, an, ffn(YI), ffn(Y1,Y2) OTHOC.lITC.lI K 0TOMY aucaM6lIIO II_06'.beMy. 

8TH q>opMyllhl COOTBCTCTBYIOT upon;eµ;ype IIOY'ICHII.lI KoppelI.lID;IIH, Korµ;a 

l];BYX'laCTII'IHI,IH cneKTp cpanHIIBaeTC.lI co cncKTpOM rrap 'IaCTIID;, rµ;e Ka:2K)];aJI 

'IaCTIID;a n1,r6paHa ClIY'IaHHO II:3 paOHhlX co6hlTIIH (Hoc TOII )KC MHO)KCCTDCHHO

CTI,IO 0TIIX 'IaCTIID;). 

5. KOPPEKTHOE BBE,[J;EHHE HHKJII03HBHOif KOPPE
JI.fflt;HOHHOM <l>YHKII;HH. Mn nepo.HTHOCTHhlX coo6pa2KeHrri'r MO.iKHo 

IIOCTp~IITI, ew;e O)];HY, "6orree IIHKlIIOOIIBHYIO" KOppelI.lID;IIOHHYIO q>yHKIJ;IIIO, )];lI.lI 

'Iero, oµ;HaKo, upnµ;eTC.lI BOCnOJII,OOBaTI,C.lI TCMII )KC norryIIHKlIIOOIIBHLIMII CC'Ie

HII.lIMII. Bepo.lITHOCTb, 'ITO 11r-, crry'IanHo Bhl6panHhln no cJiy'IaHHoro co6hlTII.lI 

( HO c n ~ 2), IIMCCT YI, panHa (ycpep;H.lICM no n): 

p(yI) = ~ f: Pnp~(YI) , . rµ;e P = 1 - Po - Pi ; j P(YI)dyI = 1 . (17) 
n=2 Yi 

Bepo.HTHOCTb, 'ITO 2 crry'Iai'rnhlx 1r-, nocrrep;oBaTerr1,Ho Bhl6paHHhle rm cJiy'IaII

Horo co6hlTII.lI, IIMCIOT COOTBCTCTBCHHO YI II Y2= 

P(YI,Y2) = ~ 1: Pnp~(YI,Y2) ; 
n=2 

j p(yi, Y2)dy1 dy2 = 1 . 
Y1,Y2 

(18) 
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Kopperum;IIOIIHM q>JHKIUIJI. - pa3H0CTI, CJI0)KHOII BepOJITH0CTII II irporrnnegemm 
~ . - . .. 
:meMeHTapHhlX: 

6 = P(Y1,Y2)- p(y1)P(Y2) = ~ f2 Pn (p~(Y1,Y2)- p~(Y1) ~ f2Pn~n(Y2)) .. (19) 

cha q>yHKn;IllI cooTBeTCTByeT cnoco6y IIccrregoBaHIIlI KoppeJI.Hn;nII, Korga gnyx

-qacTII'llioe pacrrpegerreHIIe cpaBHIIBaeTCJI c pacrrpegerreHIIeM nap •mcTnn, Ka-

2Kga.a nn K0Top1,1x Bhl6npaeTcJI crry'IaIIHo nn panHhlX co6hlTIIII 6en panmJ'-ICHIIlI 

MHmKeCTBeHHOCTII ( crry'IaIIHO panhlrphlBaeTcJI IioMep co6hlTirn; c MHmKeCTDeH~ 

HOCTI,JO 6orr1,me 1,·II_HOMep TpeKa). . 

Ecmr 6hl p'n (y) He nanncerra OT n, To aTa q>JHKIJ;IIJI, c T0'ilIOCTbJO go MHO-

. 2K~ITerrJI P, coBrrarra 6u c_C~h- Ho rrrroTHOCTb nepoJITHOCTH p~(y) nanncnT OT 

n, II B03HIIKaeT .rrceB)J;OKoppClI.HI(II.lI, T.K. pacrrpegerreHIIe no MH02I(eCTDeHIIOCTII 

n nop;anca.M6rre co6hlTHII c 1r~ n y1 OTJI:H'IaeTCJI OT norrnoro, a nna'IIIT, oTmrra

eTcJI n cncKTp [1] •. BepoJI'.f'HOCTb BcTpeTHTb n 3TOM nop;ancaM6rre co6hlTHc c 

MHO)I(eCTBeIIH0CTI,JO n rrponopn;nonarrbHa Pnp'n(Y1) j L.n Pnp'n(Y1), D 0TlIII'IIIe OT 

Pn )];ll.H norrHoro aHcaM6JI.H. HanpnMep, npn 6orrbillOM y1 D nop;aHca11.16rrc ocTa

JOTCJI TOllbKO MarreHbKHe MH02KeCTBeHIIOCTil ( CM. pIIc.l, 3, 4),· 3Ha'IrrT; cneKTp 

BT0pOII 'JaCTIIw,I mrrpe Il HIDKe cpegHero. Ilo3TOMY )];lIJI 60llbillIIX v2: C > c~h, 

a )];ll.H MallhlX y2: C < C~h· . 
KoHe'IHo, aHcaM:6rr:r, co6I,iTnu c q>nKcnpoBaHHoii MnmKecTBeHIIOCTbJO To

:ace MmKeT COCTOJITI, H3. B3aIIMO)];eI1CTDHII panHoro copTa,_ IIMeJOll(IIX pa3H!,IC 

CileKTPl>!, If Torga K0pperumII0HHM q>JHKI(IIlI C~h TO)Ke 6ygeT BKlIJO'IaTb ncc

B)];OK0ppelIJII(IlJO (xoT.H II MCHl>myro, 'IeM C). C gpyroi'1 cToponhl, MmKno, Hao-

6opoT, npegnorrmKIITb, 'ITO caMa naBIICIIMOCTI, cneKTpa OT MH02KeCTBeHH~CTII 

- 3TO. J2~C Clle)J;CTBIIC HaCT0.Hll(HX KOppelI.HI(IIH, K0T0phle, KOHe'IH0, )];0ll2KIII,I na

BIICeTb OT 'IIICJia 'laCTHI( Il. )J;Oll)KHI,I BlIIIJITI, Ha cneKTp. 

Op;HaKo :s rr1060M ·crry'Iae, p;llil norry'leHII.H KoppeKTHOH IIHKrrronnBHOII Kop

pelI.Hn;IIoHHorr q>JHKI(IIII 6 IICII0lIE3JJOTC.H Te 2Ke rrorrynHKlIJ03IIl3HbIC crreKTpbr, 

'ITO II )];ll.H c;h. HeJII,3.H K0ppeKTHO nocTp0IITI, IIHKJIIO:.JIIBHYIO Kopperr.HI~IIOH

HYJO q>YHKI(IIJO T0llbKO II3 lfHKJIIO:.JIIBHbIX 0)J;H0'laCTII'IHbIX II MH0ro'laCTII'IHhlX 

cneKTp0B TaK, ~To61,r OHa ne BKlIJO'larra 'IIICT0_ MaTeMaTII'leCKIIe, CD.H3UHHbie C 

MH02KeCTBCHH0CTbJO, KOMfoIHaTopHbie nceBp;0KOppelI.HI(IIII ( CM. panp;err 6). 
KoppelI.HI(IIOHHaJI q>y~KIJ;II.H 6 06I>1'IHO He IICil0llb3JeTC.H. 

6. HEKOPPEKTHhIE KOPPEJlffQMOHHhIE <I>YHKQMM 
"9:aCTO HCIT0JI:h3JIOTC.H µ;pyrIIe KOppClI.HUII0HHbie q>YHKI(IIII, no q>OpMe. Ii0X02Klle 

Ha npep;hlp;yll(He, HO nocTp0CHHI,Ie II3 HeHOpMHp0BaHHhlX q>JHKI(Illl IIlI0TH0CTII 

nepo.!ITH0CTII II UC HMeJOll(HC BCp0JITH0CTH0ro (urru KaKoro-rrn6o IIHoro) 060~ 

CH0BaHIIlI: 

8 

-~ 

-~ 

•. 

•I 

~ 

I' 

{ 

1. IlorrynHKlIJ0311BHaJI KoppClI.HI(II0HHaJI q>yHKI(II.H 

Cn.= Pn(Y1,Y2)- Pn(Y1)Pn(Y2) i j Cndy1dY2 = -n. (20) 
Y1,Y2 

3p;ech Pn(Y1) II Pn(Y1,Y2) - 0)];H0- II p;nyx•raCTII'IHaJI IIlIOTH0CTII MH0)KeCTBeHHO

CTII D co6bITII.!IX C MH02KCCTBCHH0CTbJO n: 

( ) · 1 dun 1 ( ) 
Pn YI = Un dyI = npn YI i j Pn(Y1)dy1 = n ; 

YI 

(21) 

Pn(Y1,Y2)=.l/
2
~n =n(n-l)p:,(Y1,Y2); j Pn(Y1,Y2)dy1,dY2=n(n-l). 

Un YI Y2 Y1,Y2 

<DyHKI~rm Cn HII npn KaKnx ycrromrnx He Mo:arnT paBH.!ITbC.!I O )];ll.!I Bcex YJ II Y2, 
T.K. IIHTerpaJI OT Hee HC pa~eH o. IlepBhllI n BTopoi'r 'llleHhl n (20) H0pMIIpo

DaHbI Ha panHoc •rncrro nap 1r-. Ilpormnegemre op;HwracTII'IHhlX pacnpep;errem1ii 

D Koppell.HI(IIOHHOII q>JHKI(HII - 3T0 "Mop;errh" /];BJX'laCTII'JHOro pacnpep;erreHII.!I 

C "nbIKlIJO'ICHHbU,rn" K0pperr.!IUII.!IMII, HO p;aHHaJI MO)];Cllh He J'IIITbIDaeT, 'ITO B 

pearri,HoM co6MTIIII DTopa.a '!acTnna n1,16npaeTCJI J2I<C nn n - l 'IaCTIIn;, a He 

rm n, KaK nepBaJI. KoHC'IHO, Korp;a no 0C.!IM YI II Y2 OTKllap;hlBaJOTC.!I 'IaCTIII(I,I 

panHoro copTa, TaKoro Hep;opanyMeHH.!I HC B03HHKaCT {BhlHHMaJI rm co6bITil.!I 

IIOIT02KIITellbHJJO 'IaCTIIn;y, MbI He MCH.!IeM l\IHO)I(eCTDCHH0CTI, OTpIII~aTCllhHhIX). 

Ycpep;HCHHaJI no n q>yHKUII.!I Cn: 

Csh = I: PnCn = I: nPn((n-l)p~(Y1,Y2)-np~(yi)tfn(Y2)); j Cshdy1dy2 =-<n> 
n=I n=I y 

(22) 
( npn cyMMnponanuu, Ha•mHa.a c n = 2, IIHTcrparr 6yp;eT paneH P1 - <n>). 

2. IlpHMCpHo TO )Ke M02KH0 CKatlaTb II 06 IIHKlII03HBHOII KOppClI.!IUJIOHHOll 

q>yHKI(H:I 

C = P(Y1,Y2) - p(y1)P(Y2) ; j Cdy1dY2 =<n(n- l)> - <n>2
, (23) 

Y1,Y2 

rp;c ycpep;HeHHhle no nceM co6bITH.!IM 0)];H0- n p;nyx'laCTH"'IHaJI IllIOTH0CTII MHO

)KCCTDCHH0CTII: 

l du 00 

P(Y1) = --d = L nPn1/,,(y1) ; 
Uin YI n=I 

00 

j P(Y1)dY1 =<n> ; 
. -

-00 

{24) 

1 d2u 00 

P(Y1,Y2) = -dd = L n(n- l)Pnp~(Y1,Y2); 
Uin YI Y2 n=2 

j P(Y1,Y2)dy1dY2 =<n(n-1)>, 
y 

CClIII HC IICII0llb30BaTb co6hlTII.!I C n = l, IIHTerparr D (24) 6ygeT paneH <n> -Pi' 
a IIHTerparr n (23): <n(n - 1)> -( <n> -P1)2. 
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3;a;ecb To:a<:e ;a;B~X'IaCTU'IHOe pacnpe;a;erre~rre u rrpomme;a;emre o;a;Ho'!acTu•r- · .. 
HbIX IlMeioT pa3Hbie H0pMIIp0BKII. Op;HaKO, rrpn HeKoppemrpoDaHHOM pmK;a;emm 
'IaCTilU: II He:JaBIICIIMOCTII rln(Y) II rln(Y1,Y2) OT n, q:>yHKU:IIJI C' (B OTlIII'IIIC OT 
Cn) Morna 6@ 6@Tb paBHoii 0, B crry'Iae pacrrpe;a;erreHIIJI no MHmKecTBeHH0CTII 
c D2 =<n> (HarrpIIMep, IIyaccoHoBcKoro). lfo6@TOK nap 1r- B npouoBe;a;emm 
op;H0'IaCTII'IHbIX cneKTpoiJ (no cpaBHeHIIIO c p;Byx'IaCTII'IHhlM npu Torr .iKe MH0-
:a<eCTBCHIIOCTII) B 3TOM ClIJ'Iae T0'IH0 ''KOMneHc:i1pyeTCJI" p;pyroll HCK0ppeKTHO
CTbIO - pa3HbIM ycpep;HeHHCM 3TIIX cneKTp0B no anca116rrro .co6bITIIll. ,[(ByX'Ia
CTII'IHblll cneKTp C cop;ep:amT 66rrbUIIIii "rrpon;eHT" co6@TIIH c 6orrbUieii MHOJKC
CTBCHHOCTi.IO. Bee co6bITIIII c MHmKeCTBCHHOCTbIO n B HeM nporropn:nonarreu 
n(n-1)/ <n(n-1)>, a B rrpoIIOBep;~HIIIl O)J;IIO'IaCTII'IHbIX cneKTpOB: n2 I <n>2. 
Harrpmrnp, rrepBhlll Boo6rn:e He co;a;epJKIIT co6bITIIII c n = l. 

KcTaTII, pacrrpOCTpaHCHHOC MHCHHe, 'ITO npu HeKoppemrponaHHOM po
)K;IJ;CHIIll 'IacTnn: pacrrpe;a;errem1e no IIX MHO:Jf<eCTDCHHOCTII ;a;orr:arno 6bITb rryacco
H0DCKIIM, npoucxop;HT IIMeHHO II3 HC060CHOBaHHOI'O YTBepJK;IJ;CHIIJI O paneHCTDC. 
Hyrrro KopperrJin;noHHOH <f>YHKU:HII C II ee :1.rnor.9'IacTII'IHbIX o6o6rn;ennii n crry~ 
'Iae HeoanIICHMoro po:a<;a;eHIUi. ,[(eiicTnIITelibHO, Im paneHCTna P(Y1, Y2, ... , Yi) = 
P(Y1)P(Y2) ... p(y;) IIpJIMO crre;a;yeT paBeHcTno <n( n-1) ... ( n-i+ 1 )>=<n>i ( TaK 
2Ke1 KaK n {23), {24)), To ecTb pacrrpe;a;erreHIIc IIya-::cona [19]. O;a;HaKo rrepnoe 
paneHcTno nonce He crre;a;yeT II3 HeKopperrIIpoBaHHOro J)O.iKp;emm 'IaCTHn;. 

3. <PyHKU:IIJI, IIOCTpOCHHaJI: Im HOpMIIpOBaHHbIX (n cpe;a;ueM) IIlIOTHOCTeII 
MHO.iKCCTBCHHOCTil: 

C' = p'(Y1,Y2)- p'(Y1)p'(Y2) ; j C'dy1dY2 = 0, (25) 
Y1,Y2 

r;a;e p'(Yi)= 1 da.=_1_ oo , • 
· <n> ain dy1 <n> L nPnPn (yi) , 

n=l 
j p'(Y1)dy1 == 1 ; {26) 

YI 

_ 1 d2a _ <n(n-l)p~(Y1,Y2)>. j , . _ : 
p'(y1,y2) = <n(n-l)>a;n dy1dy2 - <n(n-1)> ' y p (Y1,Y2)dy1dY2-l, 

Morna ~bl 6bITb panHOH O npII BCCX YI II . Y2 n ClIJ'Iae HeKopperrIIp0BaHH0ro 
p0.iK)J;CHIIJI 'IaCTIIn;, ecrr:q 6@ q:>JHKU:IIII IIlIOTH0CTII nep0JITHOCTII He oam1cerru OT 
MHO)KeCTBeHH0CTII. Ilpu CIICKTpax, oamrc.si:rn:nx OT n, 3Ta q:>yHKD;IIJI He conrra;a;aeT 
C 6 II, ~CCMOTPJI Ha H0pMIIp0BaHH0CTb B cpe;a;HeM, co;a;ep)KJJT TY 2Ke KOM6Irna
T0pHyIO rrcen;a;oKoppelIJIU:IIIO, 'ITO II npep;hl;a;yrn;aa. 

3Ta KoppeITJin;IIOHHaJI: q:>yHKU:IIJI CO0TnCTCTByeT rrpon:e;a;ype cpanHCHIIJI pe
alibHOro ;a;nyx'IaCTII'IHOro crreKTpa co CIICKTpOM nap 'IaCTIIU:, Ka2K;a;aa II3 KOTO
pbIX n@6pana ClIJ'IaHHO II3 IIOITHOro CIIIICKa 7r-' 6eo p03blrpbIUia HOMepa co6bl
TIIJI. IlpII 3TOM nepOJITH0CTb BbI6paTb 7r- II3 co6b!TIIJI C MHO.iKecTnCHHOCTbIO n 
nponopn:rrouarrhHa n . . 
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7 .. ,IJ;BYX'CJACTM~IHhIE KOPPEJIJIQI1I1. Ha p:ric.5 nprrne;a;eu@ 
:)TH q:>JHKU:IIII (TO'IHee, IIX cpem,r IIpII Yr= 0) ;a;rur 250 raB/c (20]. ,[(aHlfble C II· 
C' IIOlI)"IeHbl Im pp-noamrn;a;en:CTBIIII. To'IKII c.h II c~h - Im -;r+p II I{+p, HO, CJµ 
no )J;aHHbIM [20], 0HII )J;OlI2KHbl 6bITb IIOXO.iKII Ha pp. Kprrm,Ie Ha prrcymmx rrorry
'ICHhl D rrpe;a;norrmKCHIIII 06 OTCYTCTBIIII Kopperurn;nii (12) no arrnpoKcm.mn:IDIM 
;a;rrJI rln(Y) (2), (3) II ;a;mr Pn (4), (6), (7). B pa6oTe [20] rrpII norrrreHIIII 3TIIX 
IWppelIJIU:IIOHHbIX q:>YHKU:Illi IICIIOlib0OnalIIICb II co6bITIIJI C 1 7r-. IloaTOMY npII 
cyMMIIponaHilrr, Ha'IIIHalI_C 1, Il3 (12) II (16), {22)-(26) )J;ll!I KpIIBbIX rrorry'IaCTCJI: 

C= n~tPnp~(Y2) ((n-l)p~(O)-finPnp~(o)) ; (27) 

1 00 1 00 00 

C'= ( l) L n(n- l)Pnp~(0)p~(Y2)- <n>2 L nPnp~(0) L nPnp~(Y2); 
<n n - > n=l n=l n=l 

(28) 
00 

c.h = - L nPnp'n(0)p~(Y2) j (29) 
n=I 

c;h = -P1p'i(0)pt(y2) . {30) 

IIepnbIII 'IlICH n c;h (16) nprr n = 1 n [20] C'IIITalICJI paBHhlM 0. IIcen;a;o
KOppeITJin;rrz (KpIIBaJI) ;I!;lIJI c;h IIOlIJ'IaeTC5! TOlibKO II3-3a HII'IeM He KOMIIeHCII
poBaHH0ro BTOporo 'IlieHa npn n = l. ,[(M IlOJIO)KIITeITI,HbIX 'IaCTIID; ee HeT; 
TaK KaK IDC MH0)Il'.eCTBeHHOCTb B pp-, J(+p- II 7r+p- B:JanMo;a;eiicTBIIJIX Bcer;a;a 
60ITbIIIe 1. Cyrn;ecTBeHHOe OTmI'IIIe KpIIDOII OT l)KCnepIIMeHTallbHbIX TO'IeK na 
pnc.5 Ha6rrrop;aeTC.:I TOllbKO )J;lI5! c;h. Bo3M02KHO, 3TO. HaCTOJIIn;aJ! KoppeITJIU:lllI 
(narrpIIMep, IIHTepcpepeHn;IDI -;r-), XOTJI p;lIJI IlOlIO)KIITelibHbIX 'IaCTIID; ne nrrµ;Ho 
nee. 

IIcen;a;oKoppeITJin;nJI B c.,. IIOlIJ'IaeTCJI no-oa paOIIOII nopMIIpo:aKII o;a;no
TJacTII'IHhlX rr p;ByX'IcLCTII'IHOro crreKTpOB: nepBhlll 'Irren n (22) ncer;a;a MeHblllC 
n'roporo. 

B C' ncen;a;oKopperrzn;IIJI nponcxoµ;nT II:J-:Ja paonoro ycpe;a;ueHrur 3TIIX 
cneKTpon no aHcaM6rrro co6@TIIii: n rrepnoM 'IrreHe C' (25) 6orrbUie nee co6LI
THH c 6orr1,IIIcn: MHo:a<ecTneHHOCT!>IO (ex n(n -1)/ <n(n-1)> ), 'ICM no nTopoM 
( ex n2 / <n>2). A TaK KaK UIIlpIIna 6hlcTpOTHoro cneKTpa yMeHhUiaeTCJI c po
CT0M MH02KecTneHHocTn, TO rrepnhln·'I:ren n C'' - aTo 6orree yoKaa II nMCOKaJI 
cpyHKU:IIJI, TJeM BTOpoII, II pa0HOCTb IIX nrrµ;Ha Ha pIIcym:e. 

<PyHKD;IIJI C co'IeTaeT B ce.6e o6e npe;a;i;r;a;yrn:rre ncen;a;oKoppelllID;IIII. 
Ha pIIc.6 rrpIIBep;eHa KoppelIJin;IloHHaJI <pyHKU:HJI R (npu v1=0): 

R=ain d2a/dy1dY2 -l= E~1n(n--l)Pnp'n(Y1,Y2) . -l (3l) 
· ( da / dyi) ( da / dy2) L~=l nPnp'n (y1) E:;o=l nPnp'n (Y2) 

(nopMilpOBaHHaJI Ha O)J;H0'IaCTII'IHhle IIlIOTHOCTII q:>yHKD;IUI C) }J;lIJI pa3HhlX rrep
nII'IHbIX aHeprmi: [5,21-28]. IIcen;a;oKopperurn;nII n R, KoHe'IHo, Te :am, 'ITO u B C. 

11 



pp ➔ Il7T 

C 
0.2 
0.1 
0.0 

250 f3B/c Y1=0 
I 
I 
I 

C' 

A
:f. 10.02 

10 01 
I 

-- ---10.00 
I 

-0.1 :=:=:=:=:=:=:=:=:=:=:=:~ ~=:=~=:=~=:=~=:=~=:=:=:~-0.01 . 
csh ~ I I : I I i l ' I I : I I ~ C'sh 

0.0 --~----~----~-- --~~·-~~-~~-.!.--·~--- 0.000 
O IO•• 

QO I O _,{,O 1 -0.005 
0 

-0.1 'O 

·o -0.2 ·• ++ 
0 

-0.010 
-0.3 ~~~~~~~~~~ ~~~~~~~~~~-0.015 

-6 -4. -2 · 0 2 4 y 
2 

-4 -2 0 2 4 , 6 

Puc.5. ,Ifnyx'IaCTII'IHbie 6bicTpOTHbie KoppeJI.Hnmr 'lf--MeOOHOB I.f:J {20} 
(Y1 = 0) rrpr-r paOHbIX orrpe,qeneHH;X KOppen.HnHOHHOlf cf>YHKnrrrr: (16), (22), (23), 
(25). KpHBbie ((27)-(30)) COOTBeTCTBYIOT HeOaBHCHMOMY HCIIYCKaHHIO 7r- (12) 

pp ➔ ll7f 

0.4 28.5 [, 100 ir-41 400 
f3Bic 102 f3B/c 

0.2 

0.0 ~1f\:------
-0.2. th 

j -0.4 

R 

°"~lli 69 1~ 200 
f3B/c f3B/c 205 

0.2 f 
0.0 - -'f'...- - - - - - - - -1 r - - - - - """\t-- - - - --t t- - - - - - - -

-0.2 

-0.4 

-0.6 
• 0 1 2 0 1 2 0 1 

Y2 
2 ·3 4 

Puc.6. R = CJinP(Y1,Y2)/ p(Y1)P(Y2) -1 - ,qnyx'IaCTH'IHbie 6bicTpoTHbie 

Koppe1I.Hn1rn 'lf- -MeOOHOB (31) IIpH Yl = 0 B pp-BOa1IMO,l{eircTB1I.HX 21 -·400 I'eB/c 

{5,21-28}. KpI!Bbie (32) COOTBeTCTBYIOT HeOaBIICIIMOMY IIcrrycKaHIIIO 'lf- (12) 
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Kpnm,re TaK,K~ norrrrcHhI B npc;n;norro2KeHITII () HenaBIICIIMOCTII po2K;n;aIOII.\IlXC.H 
7r- (12): 

R = i":~-1 n(n - l)Pnp'n(0)p~(Y2) - l . 
L~l nPnp'n(0) L~=I nPnp'n(Y2) · (32) 

8. P ACIIPEAEJIEHMJI no MHO)KECTBEHHOCTM B BhI
CTPOTHhIX MHTEPBAJIAX. Bepo.HTIIOCTh, '!To 1 'lf-; crry'fai'rnuM 06-
panoM -nbr6pm1HhIII rm co6orT1rn c N 'lf-, nona;n;eT n na;n;aHHurr IIHTepnarr y, 
pantta (9): 

Ymax 

p = j P1v.(y)dy (33) 
Ymin 

(p 3aBIICIIT OT N). Ecmr DCC 'lf- HenaDIICIIMhI (13), TO DepO.HTHOCTh Ka2Kp;OMJ 
crre;n;yIOlJ.\CMY 7r-' nu6paHHOMY II3 3Toro )Ke co6UTII.H, nonaCTh B 3TOT IIHTCpBarr 
TaKa.H )KC. 3Ha'IIIT, nepo.HTHOCTh, 'ITO pODHO n 'lf- II3 co6bITII.H C N 'lf- nona;n;yT 
D 3TOT IIHTepnarr [18]: 

p =(N)p"(l-p)N-11=. N! pn(l-p)N-:-n 11IN n n!(N - n)! (34) 

- 6IIHOMIIaJihHOC pacnpe;n;erremre. Bepo.HTHOCTh, 'ITO pOBHO n 7r- rm CIIy<rairHoro 
co6orTillI nona;n;yT D 3TOT IIHTepnarr (ycpe;n;rureM no N): 

. · OO 1V! fl N -11 

P,,='£PNPnlN= L, PN l(N )Ip (1-p) , 
N N=O n. . -n. (35) 

r;n;c P,,v - DCpO.lITHOCTh, 'ITO norrHa.rr MH02KCCTDCHHOCTh 7r- D C06hITIIII - N. 
Ha pnc. 7 nprme;n;etto cpanttcnne pacnpe;n;errettni'1 no MHmKecTneHHOCTII 7r

DHYTPH pa3HbIX 6bICTpOTHhlX IIHTepBaJIOB II3 pa6oT [29,30] C TO'IKaMII, DhI'III
ClICHHbIMH no 3TOH q>OpMyrre ( TO'IKII coe;n;nHCHhl npHMbil\UI) .. 8KcnepIIMCHTaJih~ 
Hhre ;n;aiiHore D3.HThr rm 7r+p-nnamrn;n;errcTBIIII, HO D GTIIX 6ucTpOTHbIX IIHTCp
narrax omr, no yTnep)K;IJ;CHIIIO anTopon, coBna;n;aroT c pp-BnauMo;n;ei'rcTDH.HMII. B 
GTIIX pa6oTax ncnorrhnonamrc1, TOJihKo "ttc;n;nq>paKIIIIOHHhre" (NSD) co6hlTII.H, 
OTo6paHHhle Im norruux aHcaM6rrerr no HCKOTOphIM KpHTepII.HM, yMeHhIIIaIOlJ.\IIl\I 
'frrcrro co6hITmr c MarreHhKOII l\IHmKccTncmrncThIO. H nprrno;n;HTCH TOJihKO p<'-
3JllhTaTu qJIITa norrnoro pacnpc;n;errcHII.H no MHO)KeCTDeHHOCTII 7r- OTJ>IIIIaTeJib
HhlM 6rrnm.marrhHbIM pacnpc;n;erreHneM (8). cho pacnpe;n;erremre u 6urro ucnorrh
noBatto ;n;rr.H norry'IeHH.H PN n (35) c napaMeTpaMII ii.= 3,47 n 1/k ~ 0,013, 
nprme;n;emn.rMn n [30]. Ilpc;n;norrararrocb TaK.,Ke, 'ITO cncKTp 7r- n cooorTII.HX 
c MHO)KCCTDCHHOCThIO 1 u 2, nocrrc OT6paKODKII ~ra_cTu rm HUX no KpIITepII.Hl\I 
NSD, npo;n;omrrneT omrcunaThC.H annpoKCIIMarrnei'r (2), (3): 

Ha prrc.8 np1me;n;cttu cpc;n;nrre ntta•renn.H n ;n;ucnepcrrn pacnpe;n;crrcmnr no 
MJIO)KCCTBCHHOCTII 7r- n pp-nnarrMo;n;ciicTDII.HX 200 n 250 r:)B/c (30,31] DHYTPII 
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PD pp ➔ IlTT NSD 250 f3B/c 

10-1 

10-2 

10-3 

10-4 

10-
5 

0 2· 4 6 8 . - 6 8 10 

Puc. 7. PacITpe,I{enemra ITO MHO:>KeCTBeHHOCTII 1r- -MeOOHOB BHyTp1r pao

HbIX 6bicTpOTHbIX IIHTepBaJIOB IIO {29,30). 0TpeoKII ITp.HMbIX coe~IIH.HIOT TO'IKII 

(<J,opMyJia (35)), COOTBeTCTBYIOU{IIe HeOaBHCIIMOMY po:>K~eHIIIO 7r- (13) 

2.0 ~-~~---~-~ r--~--------4 

1.5 

1.0 

0.5 

pp ➔ nrr- NSD 

200 f3B/c 

<n> 

D 

0 < Y < Ycut 

PP ➔ U-71'- NSD 

250 f3Bf c 

<n> 
3 

.,,_ • • 12 

D 

-ycut < Y < Ycut 

0.0 '-----'----'-~--'------'----'-~---' L--~---'----'--'--~---'----'-~ 0 
3 0 2 3 0 

Ycut 
2 

Puc.8. Cpe~mre oHa'!eHILH II ~ucITepcmr pacITpe~e1IeH1III ITO MHO:>KeCTBeH

HOCTII 1r- BHYTPll paoHbIX 6bicTpOTHbIX IIHTepnanoB B pp-noanMo~e.rrcTBH.HX 200 
n 250 I'aB/c {30,31}. Kprrnhle (<J,opM. (38)) - HeoaBIICllMOe poxc~emre 1r- (13) 
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□a;a;aUHhIX IIHTepnarron 6bICTp0ThI, uecHMMeTpII'IHhIX II CIIMMeTpll'IHhIX OTHO

CIITCllhHO C.I(.M. 3;a;ecb TmKe ucnollb□OBalIIICh TOllhKO NSD-co6hlTII.H, II pe□yllh

TaTbI npIIBC)];CHhI TOllhKO B nu;a;c napaMCTpOB <pIITa pacnpe;a;erremm OTpIII(aTellb

HhI11 6IIHOMIIaiihHhIM pacnpe;a;erreuneM. To'!KII Ha puc.8 norryqeubI II□ 3TIIX q>II

TOB no <popMyrraM, cnpane;a;rrIIBhIM n crryqae TO'Inoro onucamur p;auHhIX 3TIIM 
pacnpe;a;erreuneM [30,31]: 

<n>= LnPn =n; D = J<n2> - <n>2 = ✓n+n2/k. (36) 
n 

KpIIBhIC Ha puc.8 MOMHO norry'IIITh np.lIMO II□ (35), HO MOMHO II HCCKOllhKO 

coKpaTIITh DhI'IucrrenIUI. Cpep;H.lI.lI MHoMecTneuuocTh II cpc;a;mu1 Kna;a;paT Mno-

2KecTneuuocTII 7r- D na;a;annoM IIHTepnarre 6bICTpOThI p;rr.lI co 6bITIIll C N 7r-' T .e. 

cpep;uee u cpe;a;uu:ii rrna;a;paT 6IInoMrrarrhnoro pacnpe;a;erremrn (34) paBHhI [18]: 

<n> N= L nPnlN =Np ;. 
" 

<n2>N= Ln2PnlN = Np(l -p+Np). 
n 

(37) 

8nr nemI'IIIHhI M02KHO :ycpep;HIITh no N, DDIIp;y ux lIIIHCllHOCTII no PnlN: 

<n>= LnPn = Ln LPNPnlN = LPN LnPnlN = LPN <n>N= LPN Np; 
n nN N n N N 

<n
2
>-= Ln2Pn = LLn2PNPnlN = LPN <n2>N= LPNNp(l-p+Np) (38) 

n n N N· N 
(D norryqaeTC.lI II□ 3TIIX paneHCTB corrraCHO (36)). 

9. P ACTIPE,[(EJIEHME no MHO)KECTBEHHOCTM B MH
TEPBAJIE, OT,[(EJIEHHOM IIYCTbIMJ1 IIPOME)KYTKAMM 
Ha puc.9 npIIDep;eHbI xapaKTCpIICTIIKII pacnpep;erremm no MHO)KCCTBennocTII 

1r+p -> n1r- 250 I'aB/c n 6bicTpoTnoM IIHTepna.'le IYI < Ye npn ycrromrn, 'ITO 

n coce;a;nIIe c HIIM 6bICTpoTHhre IIHTepnarrhI Ye< IYI < YE ne nonarro nu o;a;Horo 

7r- [32]. 3;a;ecb TO'IKil T02Ke DhI'IIICJICHhI II□ napaMeTpOD qnITa comacuo (36). 11 
OHil TmKe Henrroxo onHCbIDaIOTC.lI KpIIDhIMII - ne□aDIICIIMhIM IIcnycKaHneM 7r-' 

npanp;a, pacqeT npoII3DO/J;IllIC.lI no TCM )Ke annpoKCIIMaI(I1.lIM /J;lI.lI pp -> n1r-. 
Bepo.lITHOCTb, 'ITO 1 1r-, crryqan:no DhI6pannhin: nn co6hITil.lI c N 1r-, no

nap;eT n rrnTepnarr IYI < Ye (Ye< IYI < YE): 

Ye 

Pc= 2 j P't.(y)dy; 
0 

YE 

PE= 2 / P't.(y)dy . 
Ye 

(39) 

Bepo.lITHOCTb co61>1Tll.lI c N 1r-, II□ KOTophIX HII o;a;nu ue nonarr n narrpern;enmre 

IIHTepnarrhI, panua PN(l - PE)N. 
PaccMOTpIIM TOJII,KO 3TOT nop;aucaM6rrh co6hITII:u, rp;e un o;a;nn 1r- ue 

nonarr n IIHTepnarr Ye< IYI < YE· Pacnpe;a;erremre no norruoii: MHmKecTnenuocTn 
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<n> 

20! 
1.5 

1.0 

0.5 

0.0 

Multipl. distr. for lyl<Yc 

Empty gaps Yc<lyl<Ys 

yE=l.5/rr, 

0.0 0.5 

·rr, I '+ , 
TT p ➔ nrr- NSD I D 

250 r3B/c 

/ ' yE=l.5 · /" 
., 1.5 

yE= 1.0 

,/5 LO· 

0.5 

'--~~~__,_---~-'-~~~o.o 
1.0 0.0 

Ye/YE 
0.5 1.0 

· Pnc.9. Cpel{IIIIe OHa!IeHIIH II l{IIcrrepcrm pacrrpel{eJremnr rro MHmKecTneH

HOCTH n- n HHTepnaJie IYI < Ye, rrpH yCJioBim, TITO n HHTepnaJI Ye< IYI < YE ne 
rrorraJIO III! Ol{HOI'O 71'- {32}. Kpirnbie (42) - HeoaBIICIIMOe po.H(l{eHIIe 7r- (13) 

<n6 >=a+b nF <nL>=a+b nR 
a 

1.6 

1.2 

0.8 

0.4 

PP➔ IlTT-

250 l'3B/c' 
NSD 

b o.o ;:_::~';:-:.~'::.:.~=-::.~-::=-~::-=,'::.:.'='..=.:=. 
lyl < Ycut lyl > Ycnt 0.15 

0.10 

0.05 

0.00 

-0.05 

4 4
+Hrt 

-0.10 '---'---'~-'-~-'-~----~J..._....:....I~-'-~--' 
3 0 1 2 3 4 0 1 2 

Ycut 

0 

0 

ly-yol < 1 

-3 0 3 

Yo 

a 
0.8 

0.6 

0.4 

0.2 

0.0 

b 
0.1 

0.0 

· -0.1 

-0.2 

-0.3 

Pnc.10. 3Ha'IeH1I.H rrapaMeTpOB a II b l{lI.H 'KoppelI.HIJ;IIH MHO.HrnCTBemw

CTeH nrrepel{-Haoa,[{ OTHOCIITe,'IbHo c.~.M.: <ns>= a+ bnF B ~eHTpalibHOII II 

rreprixpepII'IeCKOII O 6JiaCTII 6bICTpOTbI ( CJiena). If BIIpanO-BlieDO OTHOCIITelibHO 

110: <nL>= a+bnR (crrpana). KpIInbie ((44), (49)) -HeoanucrrMoe JJO:,Kl{emre n-

16, 

7r--!IIC:JOHOil 1V n 0TOM IIO):\aHcaM6ne co6MTnfr: 

P' - PN(l -pE)N . 
N - 'L,PN(l-pE)N ' 

N 

LPN= 1. 
N 

{40) 

BepO.lITHOCTb rrorra):\aHIUI n Il;CHTpaJibHhlll IIHTepnan KruK):\OI'O 7r- II:J C06bITlliI c, 

N 7r-, IlXO):\.lIIu;ero n Haw IlO):\aHCa:M6nb: 

Pc 
p= 1-pE ( 41) 

(p namrcnT OT N). Cpe):\Hee .. mcno II cpe):\Hnii KBa):\J>aT 'Incna n- B :JTOM IIHTep

nane II:J co6bITII.lI c JV 7r-, IlXO):\Hiu;ero n Haw IIO):\aHcaM6Jih, BhPIIICJI.lIIOTC.lI TaK 

)Ke, Ka:K n (37). H ycpe):\H.ll.ll nx no N, KaK n (38), rrony'IaeM 

<n>= L, P':vNp ; 
N 

<n2>=L,PNNp(l-p+Np). 
N 

{42) 

10. KOPPEJIHIJ;l1l1 BITEPE,[(-HA3A,[( 11 BITP ABO-BJIEBO. 
3aBIICIIMOCTh cpc)J;Heii MHO)KCCTilPHHOCTII 7r--MC:JOHOil <l(r)> n HCKOTopou 6bI

CTpOTHOM IIHTepnane L ( JICill,IiI) OT 1IHmKCCTileHHOCTII r Il HerrepeKphlBaroru;eMC.lI 

C HUM IIHTepnane R (rrpa:nb1{1), KpOMC "HaCTO.lIIu;HX" KoppeJI.lII(IIll II nannciIMO

CTII CIICKTpon OT MHO.lKCCTilCHHOCTII, orrpe):\CJI.lICTC.lI cru;e ):\IlJM.lI TJ)IIBIIaJibHl,IMII 

rrpII'IIIHaMII. 0T6IIpa:H co6bITII.lI C 60JihWIIMH r, Mhl OT6upaeM C06hITII.lI C 6onb

woii rronHorr MHmKccTneHHOCThIO NII, mmTJ:HT, ynenwnrnae111 <l(r)>. C ,I:\pyroii 

CTO})OHhl, OT6npaH 60JihWHe r npu q>IIKCII})OBaHHOM N; MI,I yMeHhWcLCM <l(r)>. 
B cnyTJ:a:e rryaccoHODCKOI'O pacnpe):\CJICHII.ll no MHO)KCCTDCHHOCTII 0TH rrpoTIIDO

IIOJIO)KHl,IC TCH):\eHu;nn TO'IHO KOMIICHCHp}'IOTC.lI, TaK )Ke, KaK II ):\JI.ll xoppeJI.lIU:II

OHHOII q>JHKU:Irn C, KOTopM KaK pan II .lIDJI.lICTC.lI xapaxTepucTuxoii Koppen.llu;mr 

MHO)KCCTDeHHOCTCII, a He nepO.lITHOCTei'r. 

Ha puc.10 np1rne):\CHhI napaMcTphI a II b mmei'moi'r anIIpoKcn1mu;1rn 

<l(r)>=a+br (43) 

n namrcu111ocTn OT rpamru; HHTepnarron ~JI.ll pp-nnaII.Mo1i;e1"rcTmur 250 I'0B / c NSD 
[33]. Cnena:·- ):\JI.ll O):\IIHaKODl,IX II CII.MMCTpIPIHhlX OTHOCIITCJihHO c.u;.M. IIHTep

nanon (Koppen.lIIJ;II.lI nIIepe}:\-Hana):\, n8 = l; nF = r), orpaHII'ICHHhIX cnepxy: 

0 < IYI < Ycut II cmmy: Ycut < IYI < oo, D :JaDIICIIMOCTII OT Ycut• Cnpana: - KOr):\a: 

rreBhIU IIHTepna:n: Yo - 1 · < y < Yo, a rrpanh1ir: Yo < y < y0 + 1, · B naBIICIIMOCTII OT 

Yo (Koppen.lIU:II.lI nrrpa:no-nneno, nL = l; nR = r). 
Ecmr 3TII KoppeJI.lII(HII TO'IHO OllIIChIIlaIOTC.lI JIIIHCUHhIM q>IITOM ( 43), TO 

er~ IIapa:MeTphI pa:nHhl [33]: 

b- <lr> - <l><r> . 
- <r2> - <r>2 ' 
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a =<l> -b <r> , ( 44) 



TaK KaK (Pr - BepoHTilocTI>, 'ITO poBHO r 1r- rrorra;a;eT B R): 

<l>= I:P,- <l(r)>= I:Pr(a+ br) =a+ b <r>; 
r r 

<lr>= I:rPr <l(r)>= I:rPr(a + br) = a <r> +b <r2> 
r r 

(45) 

. {46) 

l:_IncrrnTellb KOppell.HIJ;IIOHHOrO rrapa~1eTpa b B ( 44) - 3TO IIIITerparr OT KoppelIH
D;IIOHHOII q>yHKD;IIII. C no y1' II y2 B rrp.HMoyrorr:&HIIKe L x R. 

Bepo.HTHOCTI>, 'ITO 1 1r-, crry'IallHQ nI>r6paHHbIII mJ co6LITII.H c N 1r-, no-

rra;a;eT B IIHTepBarr R (L): 

PR= IP1v(y)dy ; 
. R 

PL= j'P1v(y)dy 
L 

(47) 

(aTII BepO.HTHOCTII naBIIC.HT OT N). EcmI 7r--MC30Hbl HCKOppemrpoBaHbI, TO 
nepo.HTHOCTb, '-ITO n co6hlTIIII c N 1r- poBHO r 1r- rrorra;a;yT n R II poBHO l n L, 
panHa ( TpIIHOMJialII>Hoe pacrrpe;a;erreHIIe [18)): 

N' 
Pr,IIN = r! l! (N ~ r _ l)! PRlL (l ~ PR -pL)N-r-l . ( 48) 

Cpep;Hrre nua'IeHIIH nepBoro II nToporo MOMeHTOB 3Toro· pacrrpe;a;erremm [18): 

<r>N= NPRi . <r2>N= NpR(l -PR+NpR)i <rl>N=PRPLN(N -1). 

Mx M<:nKHO ycpe;a;mrT~ no N, KaK n (38), nmr;a;y IIX lIIIHeiinocTn no Pr,IIN: 

<r>= LPNNPn; 
N 

<l>= LPNNPL; 
N 

'<r2>=1:PNNPR(1-pR+NpR); <rl>="'£PNPRPLN(N-l). (49) 
N N 

KpIIBbIC, COOTBeTCTBYIOIIJlIC HenaBIICIIMOMY ucrrycKaHIIIO 7r-, Ha puc.10 
rrorry'IeHhl no qiop~yrraM ( 44), ( 49), T .e. B rrpe;a;rrorro2Kemm TO'-rnoii: mrneii:Hoii: 
naBIICIIMOCTII ( 43). IIpe;a;rrorraralIOCb TaK)Ke, 'ITO PN omrcbrnaeTC.H OTpnn;aTelib
HhlM 6IIHOMIIalII,HI,IM pacrrpe;a;erreHIIeM {8) c rrapaMeTpaMu,· rrorry'IeITHhlMII rm 
nemI'IIIH a II b p;lIH HeorpaHII'IeHHhlX cIIMMeTpII'IHLIX IIHTepBarroB O < IYI < oo 

(33): 
2ajull = 3,63 j 

ii= l - b1u11 
l/k = bfull = 0,011 , 

a full . 
(50) 

nTopoe paneHCTBO crrpanep;lIHBO TOllbKO D crry'Iae OTCYTCTBIIH Koppell.Hn;uii: . 
.il:lIH Kopperr.Hn;IIii nrrepe;a;-Hana;a; npu neorpaHII'IeHHhlX IIHTepBarrax <pop

MYlibI cyIIJeCTBeHHO yrrpoIIJaIOTCH, nepo.HTHOCTII p R = PL = 0, 5 He nanIICHT OT 
MHmKeCTBCHHOCTII ( IIC'IenaeT HeO 6xo;a;IIMOCTI, B arrrrpoKCIIMan;1rnx crreKTpon)' II 

II3 (44), (49) rrorry'IaeTc.H [34): · 

<N>2 
a= D2+<N> 
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D2- <N> 
b= D2+ <N> 

(51) 

< N > II D - cpe;a;Hee n ;a;ncrrepcrrn norrHoro pacnpe;a;erreHII.H no MH02KecTneH
HOCTII. B pa6oTe [34] IIOKatlaHo, 'ITO 3TH KOppell.Hn;IIn )J;ll.H pa::3HhlX peaxn;nn:. 
corrracyroTC.H C npe;a;rrolIO:lKCHIICl\I O HC,3aBHCIIMOM po2K;a;eHilH 'JaCTIIn; ( CM. TaK)Ke 
[35]) . 

HcHO, 'ITO nprr HC3aBIICIIMO!\I ncrrycKaHIIII 7r- Il pp-B3aIIMo;a;eiicTBlllIX, Kop
pcll.Hn;IIII nx nnepe;a;-Hana;a; ;a;mr norrHblX IIHTepBarron TaKne 2Ke, KaK II Kopperr.Hn;nn 
nnepx-BHII3 (neprreH;a;nKyrrHpHo ocn peaKn;nn) nrrn B mo6oM ;a;pyroM Hanpanrre
mm n c.n;.M . .il:rr.H ncex nap.H)KeHHblX '-IaCTIIn; 3TO, KOHe'IHO, He TaK: o6a lIII)J;IIpy
IOIIJIIX npoTOHa MoryT IIMeTb norrepe'IHblll IIMII}'llbC Bnepx, HO npaKTII'-IeCKII He 
MoryT o6a BhllleTaTb nrrcpe;a; B c.n;.111. 

11. 3AKJIIO'tJEHHE.· OcHonHI>1e •rnpThl MH02KeCTBeHHoro pmK;a;emrn 
1r--111en0Hon n pp-Bnam,rn;a;eiicTDII.HX rrpn Ena6 no Kpairneii Mepe ;a;o 400 I'aB He
nrroxo om1c1,rna10Tc.H n paMKax HC3anncm,roro ncnycKaHIIH 1r- 6en KaKnx-m160 
AOIIOlIHIITellbHblX rrpe;a;rrorrmKCHIIII O Kopperr.Hn;II.HX, KrracTepa.x, CTpy.HX II T.II. 
.il:lIH OIIIICaHIIH paccMoTpeHHbIX 3)J;CCb 6blCTpOTHhlX ;a;Byx- lI MHOro'IaCTII'IHhlX 
Koppell.Hn;n:ii ;a;ocTaTO'IHO 3HaTb pacnpe;a;erreHIIH no l\IHO:lKeCTBeHHOCTII OTpnn;a
TCllbHblX '-IaCTHn; (npaKTU'IeCKII 7r--Me:J0Hon) II HX o;a;Ho'IaCTII'IHble cneKTpbI 
npn Ka)K)J;Oil MHO)KecTneHHOCTII. NlHoro'-IHClICHHble Mo;a;errn, KOTOphle IIJIOXO OIIII
CbIBaIOT Koppell.Hn;m1 (ncen;a;0Kopperr.Hn;1m) n IJIITIIpyeMI>IX n;a;ecb pa6oTax, nn
;a;m,10, npoCTO nrroxo onIIcblnaIOT ;a;mKe pacnpe;a;erremrn no MHO)KCCTBeHHOCTII II 
O)J;HO'IaCTII'-IHhlC CIIeKTpbI. 

IlpocToTa _norry'IeHHOro 3)J;CCI, onncamrn, KOHe'IHO, Cil.H3aHa C 'IIICTOTOII 
11crrorr1,3onaHnoro MaTcpuarra: pmr-:;a;eHHc 1r- n pp-nnaIIMo;a;e:iicTBII.HX. TaK )Ke 
rrpocTo OHIICaTb CMeCb ncex nap.H)KCHHhlX 'laCTIIn;, KOHe'IHO, Heno:JMO)KHO, XOT.H 
6bl un-na MHmKeCTBa TJ)IIBIIaJibHhlX KoppeJI.HIJIIII, rrepC'llIClICHHhlX no nnc;a;emm. 

Mccrrc;a;onaTerrn KoppcrrHn;ni1 rro•1eMy-To pe;a;Ko 11cnorr1,nyIOT rrpocTOII II Ha
;a;e:,KHhlH cIIoco6, rronBoll.HIOIIJIIII nponepnTI>, cyIIJCCTnyeT rrn ;a;an~an Kopperr.H
n;rrn, TO eCTb OTlIIl'-IaeTC.H JIII ;a;nyx- Illlll MHOrO'IaCTII'IHaH nepo.HTHOCTb OT rrpo-
1mne;a;emrn O)J;HO'IaCTil'-IHblX . .il:PYrIIMH ClIODaMH, OTlIII'IaIOTC.H lIH 3TII Kopperr.H
n;rm n peallbHOM co 6blTIIII II n IICKJCCTBCHHOM, IIOCTpOeHHOM 113 nccrre.a;yel\IblX 
'-IaCTIIIJ;, Bb16paHHblX crry'IaIIHblM o6pa30M 113 pa3Hb1X co6blTIIii, HO C TOI! )Ke 
MHmKeCTDeHHOCTbIO 3TIIX '-IaCTIIIJ;. 

KoHC'IHO, · Koppell.Hn;IUI, o6.H3aHHblC npon;eccal\I C 0'-IeHI, MaJICHbKIIMII ce
'leHII.HMII, HanpnMcp IIHTepqiepeHIJIIII 1r-, He naMCTHhl B rrpe;a;errax owu6oK ua 
qione paccMoTpeHnoii n;a;ccb 06IIJei1 KapTHHbl. Ho, B03M02KHO, neK0Top0e npe'.. 
DbIWCHIIe IIOlIO)KeHirn TO'leK Ha;a; KpIIDOII Ha pnc.6 npII Y2=0 n 60JibWIIHCTBe 
IIpnne;a;enm1x aKcuep1ll\1eHTon, a TaK)Kc na puc.5 ;a;mr c;h, nponcxo;a;.HT nn aToro 
.HBJICHIIH. EMy )Ke, MO)KeT 6b1Tb, ofomaHbl CDOHM IIpOIICXO)I,)];CHIICl\I n KoppelI.H
IJHII 7r- n nanIICHMOCTII OT pm:mocTII 6bICTpOT YI -v2 113 1>a60T [l] II [36] . 

19 
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