
OE1;>EDYfHEHHbl J/1 
YfHCTYfTYT 
51DEPHbiX 

YfCCJlEDOBAH Yf J/1 
I 

Dy6Ha 
PI - 3313 

A.M . Moucees, B.A. Hp6a 

HEKOTOPhiE METO,lJ;MqECKJ1E BOllPOChl 

MCCJIE,l];OBAHJ1H PEA~tmi1 K + p -+ K N 17 

llPM MMllYJlbCE 3,5 r3B/C 8 81 CM 
0 

~M,l];KOBO,lJ;OPO,l1;HOi1 llY3hiPbKOBOi1 KAMEPE 

UEPH'a 

lf67r 



.. ' . ' . '• 

PI • 3313 

A.M. Mmteeea, B.A. Hp6a 

HEKOTOPME METO~qECKHE BOllPOCM 

HCCJIE,ZJ.OBAHJ1H PEAKlU1t1: K + p .. K N fT 

llPH HMllYJibCE 3,5 r3B/C B 81 CM 
XH,ZJ.KOBO,lJ.OPO,ZJ.HOfi llY3bWbKOBOt1: KAMEPE 

UEPH,a 



B HaCTOSIIIlee BpeMSI 3Ha'Iei!He mo6oll pa6oTbi B o6naCTH tPH3HKH BbiCOKHX aHep­

I'Hil, Bbin9nHeHHOfi MeTOAHKOfi IIy3blpbKOBbiX KaMep, B 3H8'1H;enbHOli Mepe OIIpenenSI­

eTCS! TlllaTenbHOCTbro aHanHaa aKcnepHMeHTanbHoro MaTepHana. Heo6xoAHMOCTb Ta­

Koro aHanHaa Tpe6yeT coanai!HS! xopomo paapa6oTaHHOli CHCTeMbi o6pa6oTKII 11 xpa­

lleHHS! Hl!ljlOpMaUIIII C IIY3blpbKOBbiX KaMep, OCHOB8HHOfi. Ha IllllpOKOM l!CIIOnb30BaHl!ll 

Ha BCeX 8Tanax o6pa60TKII 6biCTponeli:C.TBYIDIIlHX 3BM, npiiMepOM ycnelllHOI'O pewe­

Hl!Sl 8TOli npo6neMbl MOlKeT cnylKI!Tb CHCTeMa o6pa60TKI! AaHHbiX C IIY3blpbKOBbiX 

KaMep, tPYHKUIIOHHpyroman B IIaCTOHIIlee' BpeMn B UEPH'e, 

Hl!JKe naeTCS! KpaTKoe onHCaHI!e uepHOBCKoll Cl!CTeMbi o6pa6oTKII, 11 aa rrpl!Me­
+ 

pe npoaeneHHoro aaTopaMI! aaan11aa nayxny'!eBbiX K p -aaaHMonelicTBHil np11 
x) 

3,5 raa/c 1!3nararoTCS! lleKOTOpb!e 113 l!CIIOnbayeMbiX B UEPH'e MeTOAOB aHanH3a 

AaHHbiX C IIY3blpbKOBbiX KaMep, 

}, npouenypa 06pa60TKI! Aai!Hb!X, 

+ 
H ccnenoaaHHe nayxny'leBbiX K p -aaaHMonellcTal!ll npoaeneHo Ha 40 000 c.Z.e-

peoljloTorpaljlHll C 81 CM lKIIAKOBOAOpOAHOli IIY3blpbKOBOli: KaMepbi, o6ny'leHHOli: B 
+ /3/ 

cenapHpOBa!fHOM K -MeaoHHOM ny'!Ke M 
2 

Cl!HxpoTpoHa UEPH' a. 

HneHKII 6binH npocMoTpeHbi .Ha rrpoeKTopax oTnena TpeKOBbiX KaMep UEPH' a, 

t.{acTb nneaoK npocMoT.peHa naaJKAhl. Bee co6biTHH, neJKamHe B orrpeneneHHoll a¢­

.~, 6 6 N ,/41 'f'eKTHBHOfi 0 naCTII, 0 Mept:lHbl Ha H3Mepl!TenbHbiX npoeKTOpax THIIa IF.P , 

HHijlopMaUI!S! c IEP 'oa nepljlopHpoaanacb Ha 6yMaJKHyro neHTy B BHAe nap 

'IHCen ( X , y -KOOpAHHaT TO'IeK) II AOIIOnHI!Tenbl!biX "COIIpOBOlK):{aiDIIlHX MeTOK', ,, 
aaHOCHMbiX c IIOMOIIlbiD noncoenl!HeHHbiX K IEP aM ne'!aTaromHx Mallll!IIOK, llaHHbie 

x) nonHoe l!anoJKel!l!e tPH3H'!eCKI!X peaynbTaTOB aToro aKcnepl!MeHTa naao 
B pa6oTax11 •21 . 
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c 6yMallinoli .neHThi nep~nncblaanncb na Bbl'InCl!nTel!bHOil Ma!llnHe IB!.~ -1401 Ha 

MarHHTHYIO l!eHTy, C KOTOpoli OHll BBOAllllllCb B IBM -7090 Ami o6c'!eTa llO nporpaM­

MaM "REAP - THRESH ". 

nporpaMMa "REAP " 
/5,6/ ocy!lleCTBl!Hlla ·pac!llntjlpoaKy n tjlopMal!bHYIO rrpo-

' . 
nntjlopMaunn, rrocTynaromeli c IEP oa n rroaroTOBl!Hl!a ee All51 

BBOAB B nporpaMMY 
"THRESH" 16 •11 • nporpaMMa "THRESH 'npon3BOAnlla reoMeTpn-

aepity npaBllllbHOCTll 

qecKyiO peKOHCTpyKUlliO TpeKOB B llpOCTpaHCTBe KBMepbl ll onpeaemma MeTOAOM na­

HMeHblllllX KB8Ap8TOB napaMeTpbl TpeKOB (KpllBll3Hbl II llpOCTpaHCTBeHHb!e yrl!b!) ll 

nx o!lln6tm. 

UnH sToro ace H3Mepenn51 cna'!ana nepeaoannncb a oany cncTeMy KoopnnnaT 

ll npoeunpoBaliHCb H8 llOBepXHOCTb CTeKl!O-BOAOpon. Ha STOll CT8Allll npOBOAllliBCb 

TaKllie rrpoaepKa rrpaanm,nocTn H3Mepennli perrepHbiX To'!eK, aaoannncb rrorrpaaKn 

na nncTopcnn, ycaAKY nnenKn n T.A. 

Ung BOCCT8HOBJieHll51 B llpOCTpBHCTBe KaMepbl OTAeJibHb!X TO'!eK qepe3 BXOAHb!e 

3p8'1Kll 06beKTllBOB ll npoeKUllll ll3MepeHHblX TO'!eK na llJIOCKOCTb BOAOPOA - CTeKJIO 

npoaonnnncb 'caeTOBbte" ny'ln 

X -=A Z +B 
1 Xl l xl 

\' 
l 

A Z + B , 
yl l yl 

(i) 

):11151 KOTOpbiX KOStjltjlnuneHTbl A l 
171 

Bt naxonnnncb o6bi'!HbiM o6pa30M B npn6Jinllte-

Hllll reoMeTpn'!eCKOll OllTHKll • 

npocTpaHCTBeHHbie K00pAHH8Tbl TO'!eK, KOTOpb!e HMellll 'COOTBeTCTB6HHbie" H3Me-

peHH51 na HeCKOIIbKllX CTepeOK8Ap8X( penepHb!e TO'IKH 1 aeplllHHbl B38llMO):IellCTBllll 

ll T.n.)
1
naXOAHIIllCb ll3 nepece'!eHll51 "CB6TOBbiX" ny'!eli. ( 1) MeTOAOM HBHMeHblllllX 

· KaanpaTOB. UnH TO'!eK, H3MepeHHbiX na OAHOM Kanpe anonb TpeKa ,"MeTOAOM xopa" 

HaXOAllllllCb nceBAOCOOTBeTCTBY!Oll!lle TO'!Kll Ha ApyrnX KaApaX. 

B npocTpancTBe KaMepbi TpeK arrnpoKcnMnpoaancg crrnpallbiO 

X 
l 

P < cos e 
1 
-1 ) (2) 

yl -=p sin el 

z 
1 

= P e 
1 

cos x 
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c aaqanoM Koopai!HaT a aepwi!HHoi! TO'lKe A , B 

3Ha'leHI!H p O , A O II 00 HaxoallnHCb llpH noarOHKe OKpylliHOCTII K npOeKUHHJ11 aoc-

CT8HOaneHHhiX a llpOCTpaHCTae K8Mephl TO'leK Ha nnOCKOCTb- X
1 

'i II npHMOi! lliiHIIII 

K !IX npoeKUIIHM Ha llllOCKOCTb X,Z. Cneayrowee np!!6llHllieHHe COCTOHno a orrpeae­

neHHH napaMeTpoa CUI! pan!! (2), -rrpoxoagwei! Ha H8HMeHbWeM paCCTOHHIIH OT caeTO­

ahiX ny'lei! ( 1). Pewea11e aaxoa11nocb a nl!Hei!HoM np!!6nl!llieHI!H MeToaoM l!Tepaul!il. 

B l!cnonb3oaaaaoM aapl!aHTe nporpaMMhi "THRESH" napaMeTphi cnl!panl! 

II HX OWH6Kl! H8XOal!nl!Cb a llp1!6nl!)!{eH1!111 He Y'll!ThiaaroweM _IIX 38al!CHMOCTII OT MaC­

Chi 'l8CTI!Uhl, OCT8aHawei! TpeK X) ( TOnbKO anH sneKTpOHOa 6p!1.'l8Cb caopa'll!allrowaH­

CH CllHpanb). 

llporpaMMa "TFRESH" '!!MeeT HeCKOllbKO aapl!aHTOa ahiaa'll! aaHHhiX Ha ne'laTb. 

06hi'lHO Ha Ue'laTb ahiaaaanl!Cb TOnbKO CTaTI!CTH'leCKl!e aaHHhle 0 _ KOnl!'leCTae o6C'lli­

TaHI!hiX C06h!TIIil, a pe3ynbTaThl 06C'leT!)a 38lll!Chla8nl!Cb Ha 6!!6nl!oTe'lHYID M8I'HIITHyro 

neHTy. 

3Ta !!HcpOpMaUIIH COaMeCTHO C aorrOnHI!TenbHO aaOal!MhiMII aaHHhiMII 0 M8I'HIIT­

HOM none KaMepbl, nepal!'lHOM llY'lKe, 3aal!CIIMOCTbiD npo6ei'-l!MnynbC II T.a. l!CrrOnb-

30aanaCb nporpaMMOi! "GRIND " anH Kl!HeMaTI!'leCKOI'O aaanl!3a co6biTIIil. 

llporpaMMa "GRIND ,/B,
10

• 
111 

<jlopM!!poaana ann Kalliaoro co6biT!!H ace a03MOlli­

Hhie I'llllOTe3bl 0 KaHanax peaKUllil, 'lepe3 KOTOpble MOllieT o6pa30aaTbCH C06biTHe 

aaHHOI'O a11aa, aaoa11na a.nH pa3nl!'lHbiX I'llllOTe3 nonpaaKl! Ha Macey 'laCTIIU II npoae­

pHna CTaTl!CT!!'leCKYID aepOHTHOCTb Kalliaoi! I'llllOTe3hi1 Ml!Hl!Ml!3!!pyH cpyHKUIIOHan all-

a a 

rae C[ C*] - aeKTop nonpaaoK K xopowo I nnoxol 
300H 

'lecTae nepeMeHHhiX 6binll a3HTbi K =-----, tg>. , 
p cos >. 

ow116oK xopowo /nnoxo/ !!3MepeiiHhiX nepeMeHHhix; .. 
a - aeKTOp MHOllil!Tenei! narpaHllia. 

(3) 

!!3MepeHHbiM nepeMeHHbiM (a Ka-

t/> ) ; G-
1
[ G*-1 ] .MaTpllua .. 

f - aeKTOp 3aKOHOa COXpaHeHl!H; 

x) B aaCTOHwee apeMH a UEPH'e sKcnnyaTI!pyeTCH aapl!aHT "THRESH", a Ko­

TopoM Y'll!ThiBaiDTCH llOTep!! SHepi'IIl! 'l8CTIIU/8/. llapaMeTpbl TpeKa onpeaenHIDTCH 

a STQM criy'lae rryTeM MIIHIIMII3aUl!ll KaaapaToa OTKnOHeHI!i! 113MepeHHbiX TO'leK OT 

npoeKUIIII TpeKa aa nnocKoCTb Kaapa, noao6ao TOMy, KaK sTo caenaao a nporpaM-
Me/91. -
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MaaaMyM Bh!palKeHaSI (3) OThiCKaBanCSI !iTepaTaBHhlM rryTeM TOnbKO J:WSI TeX ra-:-
; 

Il()Te3
1 

KBaJlpaT He)lOCTaiO!llell MaCChi KOTOph!X OTna'lanCSI O"f MaCChi COOTBeTCTBYIO-

!llefi aefiTpanbHOfi qacTaUhi He · 6onee,- '!eM Ha 5 cTaHJlapTHhiX OTKnOHeHafi. KpaTe­

paSIMa CXOJlaMOCTH 6hinH Bhi6paHhl ycnOBHSI \b£ 1 \ < Q,005 (faa), \6C 1 \.i::0,00}, 

BhiJlaBanacb aa rre'laTb (JlnSI comeJlmaxcSI ra-
Pe3ynbTaThi pac'leTOB "GRIND " 

IIOTe3) H 3aiiHChiBamicb Ha MarHHTHYIO neHTY•. 

ilocne o6c'leTa co6hiTnfi 'no 'uerrn "·-.rrporpaM,M "REAP "- "THRESH"- "GRIND " 

Bhl)la'la rrporpaMMhi "GRIND " aHan.l):3HpOBanacb (jla3aKaMa H JlnSI~Kal!<JlOrO co6hiTaSI 

.OT6npancSI OJlHH Han6onee BepoSITHhlfi KaHan·peaKUHH (ana JlBa KaHana, ecna co6hlTne 

He yJlaBanOCb HHTeprrpeTHpOBaTb O)lH03Ha'lHO), 

B orrachiBaeMOM aKcrrepnMeHTe aHana3apoBanacb JlByxny'leBhie K+ p -B3aaMo-

JleficTBHSI. Co6hiTaSI C JlBYMSI BTOpii'IHhiMa 3apSIJKeHHhiMII 'laCTHUaMa MOrna o6pa30-

+ BaTbCSI B K p -B3aaMoJleitcTBIISIX qepe3 cne)lyromae KaHanhi peaKU!\fi: 

+ + 
K p-+ Y. p 

+ 0 Y. p 17 

0 + 
... K p 11 

K.+ + .n11 

0 
(c K -Me3oHoM,- yxoJlSillliiM 113 KaMephi) (4) 

-+KK (!A) 
--+nBe 3apSIJKeHI!hie qacT. + e HeilTp. qacTIIU (rJle e > 2 ) • 

nocKonbKY o6pa3eu co6hiTnfi K + p ... K
0 

p 11+ 

0 -
c K -Me30l!OM, yxoJlSillliiM a3 Ka-

Me phi, rrpeJlCTaBnSin TOnbKO Bhi60pKy 113 BCOX C06hiTHll TaKOrO BHJla · ( IlpHMepHO 

0 1 /3 K -Me30HOB pacrraJlan~cb B a¢¢eKTIIBHOM o6'beMe KaMe phi), 8TH co6hiTHSI 

BKniO'lanHCb BO BCe pacrrpe)leneHIISI C BeCOM L.m 

rJle 

-rc;;-. 
W(L)=l/[1-y(l-C )], 

m - Macca K 
0 

-Me3ol!a; 

p - ero aMnynbc; 
0 

r - 2,97 /c BpeMSI JKH3HII K -Me3oHa; 

y - )lonSI .. pacrraJlOB K 0 
- Me30HOB aa ~apSIJKeHHhie qaCTHUhl; 

+ 
L - paCCTOSIHIIe. OT BeplllHHhl Y p B31:\IIMO)lellCTBaSI )lO 6naJKafi!llero KpaSI 

·"' - I 

a!jl!jleKTIIBHOro o6'beMa. 8ToT BeC pacC'lHThiBanc!SI JlnSI KaJKJloro K 
0 

p 11 + co6hiTIISI 

rrpa CT8THCTa'leCKOM aHana3e C06hiTIIll, 3aiinCaHHhiX Ha crreuaanbHYIO MarHHTHYIO 

neHTY DST , c noMOlllbiO HecTaHJlapTHOil noJlrrporpaMMhi 'CHARM 

6 
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Cneun<jJJ!'IecKoil: TpyaHOCTbiO nccneaoaaHII.H nayxny'leBhiX aaanMoneil:cTanil: npn 

J:lOCTaTO'IHOoBh!COKOM IIMrrynbce rrepBII'IHO.!i 'laCTIIUhl .I!Bn.HeTC.II Hanll'llle 6onbWOI'O rrpo­

U9HTa C~6h!TIIH C IICITYCKaHIIeM OllHOil: llnJf 6onee Heil:TpanbHh!X. 'laCTIIU, 

TIOCKOnbKy lln.H llt:19HT(I<jJIIKaUIIII C06h!TIIil: C OllHOil: Heil:TpanbHOil: '18CT11Ueil: B 

"GRIND" 
IIMeeTCH TOnbKO OllHO ypaBH9Hiie CBR311, a npn ncnycKai!IIII llBYX II 6onee 

Heil:TpanbHh!X 'laCTIIU C06h!TIIe KIIHeMaTII'19CKII B006We He onpenen~HO, TO nnn 0JlHQ-

3H8'1HOI'O OrrpeneneHII.II KaHana peaKUIIII C06b!TIIil:, KpOMe peaynbTaTOB paC'I9TOB 

"GRIND " 1 6hinO He06XOlliiMO IICITOnb30B8Tb llaHHhie 0 rrnOTHOCTII IIOHII3aUIIII TpeKOB, 

.llorronHnTenbHan TPYllHOCTb nay'leHnn aaanMoneil:CTBIIH .· K -MeaoHoB B nyahipb­

KOBhiX KaMepaX 3aKniO'!aeTCH B TOM, 'ITO I\ -Me30HHh!H TpeK MOJKHO OTnii'IIITb Ha 

OCHOBaHIIII ero nnoTHOCTII OT TpeKOB 17 
- M930HOB II rrpOTOHOB TOnbKO B CpaBHII-

TenbHO Y3KOM IIHTepaane IIMITyllbCOB ( CM, puc, 1), 

Ha rrneHKe C 81-CaHTIIMeTpOBOil: BOJlOpOllHOH KaMeph! BII3yanbHO MO.!KHO 6hinO 

HaJ:leJKHO pa3nii'IIITb Tp9KII C ITnOTHOCTHMII IIOHII38UIIH, OTnii'!Hh!MH B 1,5 pa3a, IT0-

3TOMy HOHH3aUHOHHhiX H3MepeHIIH B aaHHOM 3KCIT9pHM9HTe He nenanocb, a nHWb 

llpOH3BOJ:lllnOCb Bll3yanbHOe CpaBH9HIIe rrnOTHOCTII HOHH3aUIIH TpeKa, paCC'IHTaHHOfi 

"GRIND" nnn aaHHoro npearrncaHnn MaCChi, c peanbHOfi rrnoTHOCTbiO 113o6paJKe-

HHH TpeKa !Ia llpOCMOTpOBOM CTOne, 

Co6h!THH IIHTepnpeTHpOBanncb KaK OJ:lll0311a'I!IO OTHOCHWH ecg K OllHOMy 113 Tpex­

'laCTH'IIIh!X KOH9'1!1h!X COCTORIIIIH B TOM cnyqae, ecnn nnn JlaHHOil: rnnoTe3h! npouecc 

MIIIIIIMH38UHII <jly!IKUIIO!Iana (3) CXOJlHncn, ITpH'IeM BepORTIIOCTb W ()( 2 > )( 2 ) 
2 1 

I I x1 -"-12 -1
2/2 

= - f t e d t ( rae n - 'lllcno cTerre!leil: cao6onhl) 6hi-'J:'h r(n/2)o 
na lie Me!lee 0,005 ('ITO COOTB9TCTByeT YPOB!IIO 3Ha'IHMOCTH 0,5%) II 

a) rrnOTHOCTII TpeKOB 3apRJK9ll!lh!X 'laCTIIU ll03BOnnnn 0JlH03Ha'IHO YCTaHOBHTb 

MaCChi OCTaBHBWIIX IIX 'laCTHllj llnH 

6) ann OJ:li!Oil: H3 l'IIITOT93 BeponTHOCTb W ( )( 2 > )( 2 ) He MeHee '19M B 10 paa 
1 

npeBhiWana aeponTHOCTII acex apyrax rnnoTea (c TaKHM JKe '!acnoM cTeneHe·fi cao-

6oahi), 

Ecna MaCChi. 'laCTIIU MOrna 6h!Tb HafineHhl ITO ITnOTHOCTHM TpeKOB, HO COOT­

BeTCTBYIOWan l'IIITOTeaa nnn TpeX'!aCTH'IIIOro COCTORHIIH lie cownacb 11na \V ( )( 2 > )( 2 ) 
. I 

6hina < 0,005, C'IIITanOCb, 'ITO B 3TOM B3aiiMOJl9HCTBIIII IICITyWe!la 6onee '19M Ollila 

!leHTpanb!lan 'laCTHUa, 8 nanbH9HW9M K TaKIIM C06h!TIIHM 6h!ITII OT!IeCe!lhl H Te co-

6h!THH, KBallpaThl 119llOCTaiOWefi MaCChi ( M 
2 

) KOTOphlX OKa3anHCb Bile .[IOITyCTII-
H9Jl, 

MhiX HI!Tepaanoa, 
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Bo acex /lpyrnx cnyqagx co6hiTHe C'IHTanocb HHTepnpeT:~poaaHHhiM neoJlHo­

aHa'IHO n Anll nero ocTaanl!no'Cb JlBe ann 6onee B03MOlKHbie rnnoTe3hi, CpellH oTo6-

paHHhiX T8KHM o6pa30M C06hiTHH C OllHOl! Hel!TpanbHOll '18CTHUell npncyTCTBOBan 

onpeAeneHHhiii npouenT co6hlTnii c llBYMll nel!TpanbHhlMH qacTnuaMn, KonnqecTaea­

aall ouenKa TaKoll npnMecn 6hma npoAenaaa a pa6oTe no nayqeanro 
+ K p -B38HMO-

/12/ 
lleHCTBHH npH 3 faa/ C t B KOTOpOii llnl! l!eKOTOporo KOnn'leCTB8 'leTbipexnyqeBhiX 

co6hiTHii no nporpaMMe " GRIND " 6binH npocqnTaHbi rnnoTe3hi, cooTBeTcTayromne 

TpeX'I8CTH'IHbiM KOHe'lllbiM COCTOllHHllM, npn 9TOM 6binO li8HileHO, 'ITO llnll KOlle'lllbiX 
+ 0 0 + 

cocTOllHHii K p rr 0 n K p rr+ npnMeCb cocTOllHHii K + rr o p ( err 0) , e > 1 6ylleT 
+ + -

COCTaBnllTb He 6onee 3%, H )lnll KOHe'IHOrO COCTOllHHll K 1T D npnMeCb COCTOllHHll 
+. + /12/ 

K rr . n ( e rr 0 ) , e >_ 1 6yJleT cocTaanllTb ne 6onee 10%. nocKonbKY pa6oTa 

6hma Bbmonnena TaKJKe na nnenKax c 81 CM KaMepbi c ncnonbaoaanneM Toil lKe cnc­

TeMbi nporpaMM, MOlKHO C'IHT8Tb, 'ITO H_ B Jl8HHOM 9KCnepaMeHTe o6paaeu C06blTHll 

C OllHOll HeiiTpanbHOH 'laCTHUeii COJleplKan npHMepHO TaKy!O lKe npaMeCb C06hiTHll 

C JlByMll HellTpanbHblMH qaCTHUBMH, ,UanbHeiimee yMeHbiiieHae npHMeCa C06hiTall C 

llBYMll HellTp~nbHhiMa '18CTHU8Ma 6binO npoaaBelleHO 38 C'leT OT6opa C06biTali no 
2 

aenaqnne ( M Hell.). 

nocne paaAenenall acex co6hiTHll no KananaM peaKullli HOMepa Bbi6paHHhiX 
. /6/ 

r11noTea 6binll aaneceHhi Ha ynpaBnllromne nep!jloKapThi nporpaMMhl "SLICE~ 

KOTOpall Ha OCHOBe JlOnOnHaTenbHOH aH!jlOpMaUHa, aMeromeilCll Ha 9TaX nep!jlOK8pT8X1 

Bbi611pana c MarnHTHOll neHThi c pac'leTaMH nporpaMMhi "GRIND:' llBHHhie, OTHo-

ClliiiHeCll TOnhKO K oTo6paHHOil rnnoTeae \ana llBYM rnnoTe3aM), ,Ung aToll rnnoTe-

3bi '~SLICE" npOH3BOilHna paC'IeT BCeX KHiieMBTH'IeCKHX nepeMeHllbiX, npeACT8Bnll!O-

IIIIIX llHTepeC B BhlnOnl!lleMOM 9KCnepaMeHTe ( TBKIIX KaK yrnhl II aMnynbCbl Ann BCeX 

TpeKOB B C.:.!l,M,, a!jl!jleKTIIBllbie MaCChi Anll pa3nH'IllbiX KOMOaHauall '18CTHU KOHe'll!D­

rp COCTOlll!Hllr yrnhi 'IBCTaU 'pacnalla' TBKHX KOM611H8UHH B CIICTeMe HX nOKOllr 

KB8JlpaTbl nepeJlBiilihiX HMnynbCOB II T,Jl,), PeaynbT8Tbl 9TIIX pacqeTOB 6hlllll 3a­

nHC8Hbl B onpe)lenennoM nopl!llKe Ha cneunanbHOii MaranTHOil neHTe, Ha3biBaeMoll 

DST (Dots Summury Tape ) B BHile OTilenbHhiX aon Anl! KBlKJlOro co6hiTIIll. 
+ 

DST· , COileplKamall ace llBHHhie no llByxnyqeahiM K p -aaanMOileiicTBHl!M 
•. 

(nonnag CTaTHCTaKa cocTaangna OKono 5 000 ynpyr11x 11 Heynpyrnx aaanMolleii-

CTBHll )1 llBnlln8Cb B JlBnb neiiiiieM e)llll!CTBel!HbiM aCTO'IHIIKOM HH!jlOpMSUIIII llnll CT8TH­

CTII'IeCKOrO aHannaa peaynhTaTOB aKcnepnMeHTa, KOTOphiii 6bm ocymecTBneH c no-

"SU"X" /6,13/ MOIIIb!O nporpaMMbl m · 
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. nporpaMMa "SUMX" nansieTCSI YHHaepcanbHOti nporpaMMOti CTaTHCTH"!eCKOI'O 

aHanH3a .rtaHHblX, 3anucaHHblX Ha Mai'HHTHOf.l neHTe, C ee UOMO!Ilb!O MOll<HO npoae­

pS!Tb, y.rtoaneTaopSieT nu .rtaHHoe co6biTHe onpe.rteneHHbiM KpHTepHSIM oT6opa ("Tee­

TaM"), yKa3aHHblM Ha HllcpOpMaUHOHHblX nepcpOKapTaX no.rtnporpaMMbl "Select " ; CTpO­

,UTb I'HCTorpaMMbi H H.rteorpaMMbi mo6otl .¢n3H"!ecKotl aenH"!HHbi, aanucaHHotl Ha DST 

(Block 6 ") i llO!WHanbi!O CKna.rtbiBaTb, YMHOll<aTb, .rtenHTb (c aecaMH) 9TH pacnpe.rte­

neHHSI: OCyl!leCTBnSITb OTpaMeHHe H H!IBepCHIO !IOMepOB HX Kallal! OB H T • .rt. ("Block 4 ")~ . 

a TaKMe CTpOHTb ):{HarpaMMbl ( B TOM "'HCne LlanHTUa, "'y-noy H .rtp.) ("Block 7 ") 

H T.):{., llpH"!eM B KaM.rtOe TaKOe pacnpe.rteneHHe 3a!IOCSITCSI aenH"!HHbl TOnbKO H3 

C06b!THf.l, llpOXO.rtSllllHX TeCTbl, IIOMepa KOTOpblX yKa3a!lbl !Ia H!lcpOpMaUHOHHblX rrepcpo-

KapTaX .rtnSI STOI'O pacrrpe.rtene!!HSI, 

nporpaMMa "SUI!X " Bbi.rtaeT pe3ynbTaTbi Herrocpe.rtcTaeHHO a Bll.rte rpacpnKoa 

11 Ta6nuu, OTlle"!aTaH!!biX Ha mupoKoii 6yMaMHOii neHTe. Ha puc. 2 rrpuae.rtel! rrpuMep 

BbiJl8"1H rrporpaMMbi "SUMX ". 

npu pa6oTe C nporpaMMOti "SUMX " cpH3HK llpHI'OTOBns!eT .rtnSI KaMJlOI'O sKCllepu­

MeHTa CBOIO "Kono.rty" HHcpOpMaUHO!I!Ib!X KapT H PM HeCTaH.rtapTHblX IIO.rtllpOI'p8MM 

("Charms"). LlnSI nonaoro aaanu3a sKcnepHMeaTa Tpe6yeTCSI Heo.rtHoKpaTHoe ucnonb­

aoaaaue rrporpaMMbi "SUMX " , "'TO aaHHMaeT cymecTaeHHyro "!aCTb apeMeHH abmon-

HeHHSI SKCnepHMe!ITa, HanpHMep, aHanua ,llpOH3Be.rteH!Ib!tl B .rtaHHOM sKcrrepnMei!Te, 

rroTpe6oaan ucrronhaoaaHUSI rrporpaMMbi "SUMX" 6onee 10 pa3, 

2. A11anua Heo.rtHoaHa"!HO HHTerrpeTupoaaHHbiX co6biTHti 

l13y"!e!!He C06b!T uti, KOTOpbie He y.rtanOCb HHTepnpeTHpOB8Tb O):{H03Ha"'H0, IIOK8-

aano, "'TO K HHM OT!IOCSITCSI Te C06biTHSI, y KOTOpb!X lJnOTHOCTb UO!IH38UHH TpeKa' 

6biCTpOii 3apS!)!{eHHOf.l "!aCTI!Ubl He 1103BOnSieT ·O.rtH03Ha"'HO yCT81!0BHTb Macey "!8CTHUbl, 

OCT8BHB!Ilell 9TOT TpeK, a aepOS!THOCTH W (X 
2 >'x 2

) .rtnSI o6ei!X I'HIIOTe3 npeBbllll810T 
I 

0,005 H HMe!OT 6nH3KHe 3l!a"!eHHSI. Bee HeO.rtH03l!a"!HO HHTeprrpeTHpOBaHHble C06b!THSI 

paa.rtenSinucb Ha cne.rtyromue au.rtbi. 
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Bo3MOJ«Hbie IIHTepnpeTaUI!ll 

+ + 0 
K P"'o-"' pi< 

0 + + + 
K P"' -nK "' 

Y.+ n "'+- "'+nK+ 

K+ P "'o- p K +"' o 

I'+ p "'o -I(+"'+ n 

'II!CilO C06b!TI!H 

336 

152 

97 

11 

10 

/14/ 
TiocKOJlbKy, KBK 9TO noKa3aHO, HanpiiMOp, B pa6oTe A.A. TnnKI!llil , B cnyqae 

ilBYX KOHKyp!!pY!Ollli!X rHnOTe3 ( C Oili!HliKOBblM 'II!CJ!OM CTeUeHeti CB060Ubl) !!X OTIIO­

CI!T9ilbH851 sepoHTHOCTb nomKHa onpenennTbCH He no 3Ha'!eHI!HM VI (X 
2
> X 

2 
) , a 

I 2 

'!ep.e3 <jlyHKUllll npasnonono6HH 11 B paccMaTpusaeMOM cnyqae BbipaJ«aTbCH '!epe3 X 

KaK 

li! 
p (I, II) = ( - 1

- ) 
Rn 

2 2 
1 + exp [-1/2 <x 11 -x 1 ) 

1 + exp [-1/2 <x2-x 2 
I !I 

rne R 
1 

11 R
11 

- HeKOTOpbie anpuopHbie sepoHTHOCTll '!aCTOT paccMaTpusaeMhiX npo-

ueccos, nnn acex HeonH03Ha'IHO !!HTepnpeT!!pOBaHHbiX co6biT!Ill 6bma nononHuTenbHO 
Rl . • 

pacc'll!TaHa seponTHOCTb p (I, II) B npeJJnonolKeH!Ill, '!TO-R- = 10T.e. '!TO BKnaJJ B pa3-
!l 'II' 

ill!'!Hbl9 Bl!Jlbl H90J?.H03H8'!HO !!HTerrpeTllpOB8HHblX C06b!Tllll OT COOTBOTCTBY!Ollll!X KOH-

Kypllpy!Ollll!X K8H8Jl0B npl!M9pHO paBeH. Tip!! 9TOM 6hlil0 H8HJl9HO, '!TO Jlilfl 60ilbllll!H-

CTBa Heonno3Ha'!HO l!HTepnpeTI!pOBaHHbiX co6hiTHll p (I, II) .. 1 

'19CK851 BepOHTHOCTb o6e11X rnnOT93 nO'!Tll 0Jli!HaKOB8o 

, T,e, CT8Tl!CT!I-

3aMOTH09 YM9Hblll9Hll9 '!IICJ18 H90JlH03H8'!HO HHTepnpeT!!pOB8HHb!X C06biTHll rrpOH-

3omno nocne nononnuTeJlbHoro oT6opa co6hiTHll no KBaJJpaTy HeJJOCTaromell MaCChi: 

2 2 2 ... .... ..... 
(M ) =(E +F +vP +rr )-(p +p +P ). 

nen o P 3ap. o P 3ap, 
(5) 

2 
Or6op no (~.~ B 9TOM cnyqae T9CHO CBH38H C OT60p0M no X 

2 

, . OJlH8KO, JlQ-

HM910T BC9 C06biTIIH, papaMeTpbl KOTOpblX XOTH II Orrpe-Hell 
nycTHMbie aHa'leHIIH x 
neneHbl O'l9Hb H9TO'!HO, HO He OTKJ!OHHIOTCH OT IICTIIHHb!X 3H8'19HHll 6onee, '19M Ha 

BOilll'IIIHY nony'ISHHb!X OU9HOK CT8HJJapTHOrO OTKJ!OH9HliH; OT60p lK9 IIO HerrOCT810lll9fi 
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MaCCe ITOMOraeT BbiJle.liiiTb Te C06biTIIH1 O!leHKll napaMeTpOB KOTOpb!X JlOCTaTO'IHO 

6nl!3Kll K l!CTl!HHhlM 3Ha'leHl!HM, 

PacnpeaeneHIIH HeaocTaiOIIliiX Mace anH OllH03Ha'IHO HlleHTl!!jJHnl!poBaHHhiX co6bi-

Tllli ( o6pe3aHHhie B npeaenax 
2 2 2 -0,08 < m 0 < 0,09 (raa ) ; 0,125 < m 

0 
< 0,39; 

2 
0;60< m n < 

IT K 
1,18) Upl!Be)leHbl Ha pHC, 3, 

Ha pnc. 4, 5, 6 npnaeaeHhi pacnpeaeneHIIH no x 2 
KaR<Iloli 113 peaK!lllli ( 4) 

ll.liH C06h!Tllli 1 -y KOTOpb!X KBa)lpaTbl He)lOCTaiOIIlHX Mace nemaT B llOITyCTl!MbiX HHTep-

aanax 11 BHe nx. KaK BHilHO 113 pncyHKOB, pacnpeaeneHHH no X 2 
B nepBOM cny'!ae 

6nH3KH K TeOpeTII'IeCKl!M 1 a B,O BTOpOM CyllleCTBeHHO OT Hl!X . OT.1IH'I8IOTC!I, 

B pe3ynbTaTe aononHHTenbHoro OT6opa no HeaocTaromeli Macce ocTanocb cl}e­

llYIOIIlee KO.liH'IeCTBO C06b!Tl!li 1 y KOTOpb!X He yaanOCb OllH03Ha'IHO onpe)le.lll!Tb KaHan 

peaK!lHH 

Bo3M, KoHe'!Hhie cocT, 'lncno co6. 

+ 0 0 + 
K p" --K pIT 177 

0 + + 
K pIT+- n K " 58 

K + p" 0 -· K +" + n 6 

npH C.llellyiOIIleM 'IHC.lie OllH03Ha'IHO l!JleHTH!jlllllHpOBaHHblX C06b!Tl!li 

K+ + 
17 n 

653 

735 

687 

PacnpeaeneHHH HeOJlH03Ha'IHO l!lleHTH!jlnnn poaaHHhiX co6biTl!li ana a K+p "o - K 0 p 11 + 

Ha lll!arpaMMax .llannTna npeacTaaneHbi Ha p!!C, 7, 8. 113 pncyHKOB BHilHo; 'ITO ang 

o6eHX HHTepnpeTB!lHli 8Tll pacnpeaeneHHH BeCbMa HepaBROMepHbl 1 B 'llCTHOCTl!, C06bi­

Tl!H 3aMeTHO -rpynnl!pyiOTCH B o6naCTl! MaCe !<* -Me30Ha H U08TOMY !IX He.1Ib3H 
8 90 

ncKniO'Il!Tb 113 JlanbHellmero aHann3a, TaK KaK aTo Morno 6b1' cymecTBeHHO noanH-

S!Tb Ha !jJH3l!'lecKne pe3ynbTaTbi, 

.llnH y'leTa B.liHHHIIH HeO)lH03Ha'IHO HJleHTl!!jJH!lHpOBaHHbiX C06b!Tllli Ha !jll!3l!'leCKHe 

pe3ynbTaTbl HymHO 6binO XOTH 6hi npH6.1IH3HTe.1IbHO 3HaTb 1 B K8KOM OTHOIIleHl!H HX 

MOmHO pa3)le.1IHTb Memay •KOHKypllpyiOWIIMII" KaHa.naMl! peaKnHJ!, 

11 



/ 

PaccMoTpHM noapo6aee saBHCHMOCTb q11cna co6biTHll c aeoaaosaaqaoil IIHTep­

npeTa!lHell OT HMnynbCOB ( B Jl,C,) HenaeHTHif>!!pOBaHHOll sapSIJKeHHOll qaCTHUbl II 

HellTpanbHOll qaCTl!Ubl, 

LlnSI npnMepa aosbMeM uan6onee qacTo BCTpeqaromnilcn Knacc HeoauosHaquo 
+ 

l!HTepnpeTHpOBaHHbiX C06biTHll, KOraa KOHequoe COCTOS!HI!e f( p 11° HeJlbSS! OTJlHql!Tb 

OT cocTOSIHI!SI K 0 p "+ • Ha pnc. 9, npeacTaBnSIJOIIleM pacnpeaeneane qncna aeoaao-

sHaqHo pasaeneHHbiX co6biTHll sTore nnaa no D"" P uellTp. 
I p (rae p 

sap. 

- nMnynbc ueilTpanhijOll qacTl!Ilbi, "noaorHaHHbill" "GRIND" 

ll!'lll' l!MilYJlbC He·oaHOSHaquo Hll9HTHqlllllllpOBaHIIOrO TpeKa), 

nnpyroTCSI B o6nacTn D " 1 ( o6nacTb I ) n B o6nacTn 

p - "noaorHaH-
sap 

C06biTl!S! SaMGTHO rpyn-

D « 1 (o6naCTb II ) . 
nnoxoe KHHeMaTnqecKoe pasaeneune co6biTHll B o6nacTn CBS!SaHO C TeM, 

qTo ami co6biTHil c on noll nel!Tpanbnoil qacT!l!leii ennncTnennoe ypannenne · CBSISH -

ypanaenne 6ananca sneprnn B cnyqae paneacTBa (a npeaenax omn6oK) nMnynbcon 

p HeiiTp. ll p sap, llHBapHaHTHO OTHOCl!T9JlbHO nepeCTaHOBKll MaCC qaCTHil ll no-

STOMY nocne "GRIND " rnnoTesbi, oTnnqaromnecs( ·TOJlbKO nepecTaHOBKOll Mace 

llJlSI P ii n p , 6ynyT HMeTb 6nnsKne suaqeni!SI x2 

ue Tp. sap. 
Bc1JeacTnne sTore a o6nacTn I 6yayT neonnosnaquo nnTepnpeTnponaHbi 

noqTn nee co6biTHSI c 6biCTpoil sapHJKennoil qacTnueil, n nx MOlKHO pasnenHTb MeJKny 

KOHKypnpy!OIIlllMll KaHanaMH peaK!lllH nponOplli!OHaJlbHO ceqeHHSIM KaHaJlOB B STOll 06-

naCTH, 

Y co6biTHil, neJKamnx ;~a pnc. 9 ~ o6nacTn II , neiiTpanbHaSI qacTnua nMeeT 

Manbiil nMnynbc, a nenneuTn,PnunponauuaH sapHJKennaH qacTnua - 6biCTpaS! 

( p > w <x2 >x2) 
1 

2 rsa/c), HeoaHOSIIaqHQCTb l!HTepnpeTalll!ll Ha OCHOBe 
sap.-

CBS!SaHa B STOM cnyqae 

sapS!lKeHHOll qaCTHilbl, 

C 60JlbWHMll OniH6KaMH B HSMepeHl!ll HMnynbCa 6biCTpOll 

Cornacno npouenype, ncnonbsyeMoil n "GRIND " , aaqanhHOe snaqenne nMnynh-

ca neiiTpanhnon qaCTHilhl onpeaenHeTCSI ns saKona coxpaueHHSI nMnynbca, n nponepKa 

npaBHnbiiOCTII npnnncaHHSI TpeKaM COOTBeTCTBY!OIIlllX Mace qaCTllll CBOllllTCSI, ~aKTH­

qeCKll K nponepKe BbinonaeanH 6ananca sneprnn npn ycnonnn coxpaneiiHSI 6anau-

.ca nMnynhCOB •. 

npn STOM MOlKeT OKaSaTbCSI, qTO npll 60JlblllHX OWH6KaX B· onpeJleJleHHII I!Milynb-

Ca 6biCTpoil qacTHilbi JinH aeKDTOpbiX BIIJIOB co6biTHil nenpannnhnoe npnnncanne Mace 

qacTnu MOlKeT JiaTb CTOnh JKe Manbxil pas6ananc sueprnn, qTo n npaBHnbHOe, T,e, 
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OOnbWaSI 'iaCTb TaKHX COObiTHl! oyLteT HHTepnpeTHpOBaHa H80LlH03Ha'IHO. Jlpyrne :lKe 

coobiTnsi: MoryT ObiTb oonee. ycToli'IHBbiMH (c TO'IKH apeHHSI oananca snepran) no 

OTHOW8HHIO K HenpaannbHOl! HHTepnpeTaUHH, H CpeLtH TaKHX COObiTHli OYLl8T M8Hb­

WHli npoueHT H80LlH03Ha'IHO HHTepnpeTHpOBaHHhlX, 

PaCCMOTpHM C STOll TO'IKH apeHHSI BOnpoc, KaKOl! 113 KaHanOB MOr Ll.STb B 00-

naCTH D oonbWHll BKnaa B COObiTH.II, KOTOphle MO)KHO 

K+piT 0 -K 0 1T+p. 
HHTepnpeTnpoaaTb KaK 

+ + 
npoaepKH B03MO:lKHOCTH Toro, 'ITO co6biTHe Y p .. K p ITo 

I 

MO:lKeT obiTb JliiSI 

OWHOO'IHO HHTepnpeTnpoaaao KaK K+ p .. IT+p K 0 
, aannweM !jlyHKUHIO W , paanyro 

OTHOW8HHIO KBaLtpaToa· paaoanaHCOB SHeprnn ~E , BHOCHMbiX OWHOKOl! ~p a on-

peJienennn HMnynbca obiCTpol! qacTHUbi npn ownoo'IHOM n npaBHnbHOM npnnncannn 

Mace obiCTpofi n nel!Tpanbnofi ·qacTnuaM (a npeanono:lKennn, 'ITO HMnynbc npOToHa 

113B8CT8H TO'IHO) 

2 

J (6) 

,.0(2,3) (2) 
rae c. +· - aneprn.II ObiCTpofi aapSI)I{eHHOfi 'laCTHUbi , Hnll nefiTpanbHofi qac-

~I<O + + 
THUbl (§) LtnSI Mace (ITO K O ) , COOTBeTCTBYIOWaSI HCTHHHbiM 3Ha'ieHHSIM HMnynbCOB 

0 
p 

2 

Ell2,3l 
+ + 

IT 0 K 0 
- SHeprHSI '18CTHUhl 12) H 

0 
(3) npa OWHOO'IHOM 3Ha'ieHHH HMnynbCOB 

(p ap . ±~p), 
2, 3 2' 3 

PacqeTbi aToll QJYHKUan, nponaaeaeHHbie npa paana'IHbiX aaa'leHH.IIX a opnenTa­

UH.IIX HMnynbca Hel!TpanbHOl! 'iaCTHUbl H paana'IHbiX nonO:lKI!TenbHhlX 3H8'18HH.IIX ~p 

noKaaann (eM, pac. 10-a), 'ITO .Qn.II COObiTHll, y KOTOpb!X ITO -M830H neTHT B nepea­

HIOIO nonyc!jlepy (a n.c.) !jlyHKUH.II W aceraa »1 , T,e. AnSI coobiTHll K+p .. K+piTO 

TaKol! KOHQJHrypaUHH BepOSITHOCTb Ob!Tb HHTepnpeTHpOBaHHbiMH KaK COObiTHSI 
+ D + 0 

K p .. K pIT O'leHb Mana, OLtHaKo, An .II COObiTHll, y KOTOpbiX IT 

nonyc!jlepy npa ~ p > 0,1 fsa/c QJYHKUH.II W 

COObiTHSI B03MO)KHO HHTepnpeTI!pOB8Tb TaK:lKe 

neTHT B 38AHIOIO 

CTaHOBHTcsi onH3KOli K 1, T,e, TaKHe 

KaK K + p .. K 0 p IT+ • 

Pac'ieTbi noaoonol! :lKe ¢YHKUHH An .II co6hlTall y+ p .. IT+ p K 0 (pHc. 106) 

noKaaanH, 'ITO ecn11: K 
0 

-Mea on neTHT a nepeanroro nonycljlepy, TO W < 5 , e ecna 
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+ ' 0 + 
oa neTUT aaaaA; TO W << 1 , eneAoBaTenbHO, eoobiTH,ll K p ;+ K p 11 · e obieTpbiM / 

11 + -Me30!IOM, y KOTOpOI"O HM!lynbe onp_eAeneH e OWltOKOH top:::. 0,1 faB/ e, 

BeerJla MciryT obiTb aaTepnpeTupoBa!lbi KaK eoobiTHll K+ p .. K+p 11° , B enyqae OT­

puuaTenbHbiX 3Ha'leHHH j'j, p !jlyHKUHll W ( p O , p 3° , j'j, p ) Jlnll oooax Ta!IOB eOObl-
. 2 

THH npaMepHO paBHa • , +. O + 
floJlOOHbiH HeenoJKHbifi aaanna noKa3biBaeT, 'ITO KaHan K p .. K p 11 

npn aTnx 

yenOBHIIX 1>;10lKeT !IMeTb OOnbW!Ifi npoUeHT ne,OilH03Ha'IHO !IHTepnpeT!IpOB8Hilb!X e06bi­

+ + 0 Tali, 'leM Kaaan K p-> K p 11 , nosToMy eoobiTall, nMerowne ABe nHTepnpeTaunn 

K+.P 11o ana K 0 p rr + n neJKawne aa pne.9 B oonaeTl! II , Boo6we I"OBOpll, Henb3ll 

]lenl!Tb B OTHOWeHHll ee'leHHfi STHlt KaHanOB, TaKOfi JKe aaanll3 6bJn llpOJlenaH Jlnll 

HeOJlH03Ha'IHO l!HTepnpeTII,pOBaHHblX eo6biTII.fi llPYFHlt TllllOB, 

. PaecMoTpHM Tenepb noJlpOoHee paenpeAeneaae aeOJlH03Ha'IHO n:aTepnpeTapo-

BaHHbiX eoohiTHfi BHJla K.+ p 11 ° - K 0 
p 11 + aa AaarpaMM-aX LlanaTua, CoobiTnll na 

o6naeTa pae, 9 rpynnapyiOTell Ha Jlllai"paMMaX LlanHTUa B oonaeTH COS 0*= 0, 

, rAe 

... 
K* -aMnynbe (K11) 

() >!< = ( cos 

... 
K ), 

en eTeMbi B e.u.M., 
... 
K K -Meaoaa B eneTeMe noKOll ( K 17) - HM!lynbe 

(7) 

TaK KaK HanpaBneaae BbineTa (K 11) eaeTeMbl onH3KO K aanpaBneHH!O nepBH'IHOI"O 

ny'IKa, a B enyqae cos()* = 0 npa nepeltoJle B n,e, en:eTeMy K - a 11- -Me30Hbi 

oyJlyT aMeTb 6mx3Klle llMnynbebr. 

, aa JlUarpaMMe LlanaTua Anll 
CoobiTllll, neJKaWlle aa pne. 9 B oonaeTn II 

+ 0 cos()*> 0, T,e, npa Ma- '. KOHe'IHOI"O eoeTOl!Hllll K p 11 rpynnllpyiOTel! B o6naeTa 
- 0 

, a Ha Jlllai"paMMe Jlnll KOHe'IHOI"O eoeTOliHPill K p 11 + 
2 

nhiX aaa'leHnliX 
2 

M 

B oonaeTn 

p11 
cos()*< 0 , T.e. npn: oonbWHlt aHa'leHnliX M P 

11 
• flos.ToMY aeoAHo-

aaa'IHO nHTepnpeTaposaHHbie eoobiTilll na o6naeTH 6yJlyT eyweeTSeHHO Bnlll!Tb 

aa neeneJlOBaaae K * , a B ·o6naeTll 
890 /1/ 

·flpn KOIIPI'leeTBeHHOM aaanaae 

n - aa neeneAosaane aaooaphl N* 
1238 

nnoTaoeTa paenpeAeneaa~ aa JlltarpaMMe 

LlanaTUa eOOb!THfi, OTHOCl!Wllltel! K onpeJleneHHOMY KOHe'IHOMY eo<;TOl!HH!01 .B eTaTit­

eTllKY obtnH BKniO'leHhi KaK. see OJlH03Ha'IHO ·llJleHTn¢aunposaHHbie coobiTitll, TaK n 

see eoob!Tiill e JlSYMll !!HTepnpeTaUHl!Mll, ]lnl! KOTOpbllt ]laHHb!H Kaaan ' peKaUllll Obin 

OJlHOH ll3 B03MOlKHbiX I"llllOTe3, floeKOnbKY qaeTb ll3 BKniO'leHHbllt B CTaTHeTIIKY 
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neoAnosnaqao HHTenpeTnponannwx co6hiTHH ¢aKTnqecKn o6pasonanacb qepe3 Apyrne 

KaHal!bl 1 AliSI HCKll!oqeHHS! HX BliHS!HHSI H3 pacnpcACllcHHS! 6bll!H BblqTCHbl B HY)!{HblX 

rrpOrrOpUHS!X COOTBCTCTBY!Oilllie "!jJOHOBbte" C06biTHS!. 

"<PonOBbte" co6biTHSI 6bll!H norryqeHbi ns onnosnaqno nnenTHijmunponannhiX co6hi­

THH1 OTHOCS!IllHXCS! K TaM rnrrOT938M1 KOTOpb19 S!Bl!SiliHCb BTOpOH HHTepnpeTaunefl He­

OUH03Haqao UHTepnpeTnpOB8HflhlX C06b!THH1 BKll!Oqei!HbiX D CT8THCTHKY Ul!S! nannoro 

KOHeqaoro COCTOS!HHS!. 

+ o· 
PaccMoTpnM nnSI npHMepa Koaeqnoe cocToSinne K p rr • Eorrbmag qacTb ne-

OAH031!a<lflo HI!TepnpeTHj)OB8lll!biX C06b!THH1 KOTOpblc MOryT OTIIOCHTbCS! K 3TOMy KO­

neqHOMY COCTOS!HHI01 B KaqecTBe BTOpOH HHTepnpcT8UHH HM99T peaKUHIO K + p-+ rr+p !{ 0 

fl03TOMY OCHOBH8S! qaCTb "!jloHOBbiX" C06hiTHH1 BbiqTeHHb!X H3 pacnpenerreHHSI na 

nHarpaMMe llarrnTua nnSI co6btTnfl I<+ p-+ I(+ p rr 0 
1 6htrra norryqena ns onl!osnaqno 

nrienTn¢imaponannhiX co6biTafl l(+ p ... R 0 
p .,+ c nMnynbcoM rr + -Mesona >.1 rsn/c1 

·d,rrg KOTOj)biX 6bll!H paccqHTaHbl 

K+ -Meson 11 K 0 
-Mesona na rr 0 

2 2 + 
M + o 1 ll o nocne 3ar...ienhi rr -Mesona na 

K 17 pTT 

-Meson. ITocKol!bKY nng .neonnronaqao pasne-

liCHHbiX C06b!THH1 l!9)!{8!llHX B o6rraCTI! n ( pnc.9) 1 YCT8HOBI!Tb TOqflbiH BKli8U K8)!{-

noro Kanarra peaKUI!H saTpyniiHTerrbH01 6hinO npoaaneneno Bbiqi!Tanl!e necKorrbKnx 

paGrrl!qflbiX Bbi60pOK • !jJOHOBbiX • C06hiTIIH1 pa3Mcpbl KOTOpb!X orpaHIJq9llbl H9KOTOj)biM 

IIHT9pB8liOM. KaK OK838l!OCb, rrponeHTHOc CO.:Il9j))!{8HII9 pe30H8HCOB H HX napaMcTpbl 

np11 3TOM npaKTHqcCI{IJ IIC MCIIS!ITHCb. 

Ha pi!C. 11 noKa3aHO Bl!HS!HHC "!jlona" OT H90UH03!Iaquo HU9HTH!jJHUHpOB81IHbiX 

2 
co6biTHH na pacnpenerreniJe M K + "o 

ITonoflabiM )!{c o6pa30M nponanonnrrcg yqeT neonnosnaqno nnenTn¢nul!ponali­

HhiX co6biTnfl B pacnpeneiiennSix no npyrHM ¢nsnqecKI!M nenaqnnaM, KaK -TO! no 

KB8Up8T8M nepena!IHblX I!MnyrrbCOB, yrrraM qaCTHU OT pacnana pc30H8HCOB H T.n. 

3. Hsyqenne yrnonhiX pacnpeneneann pacnanon pesonancon 

/15/ 
Corrracno pa6oTe 1 yrrroBbic pacnpenerreHHSI qacT!IU OT pacnanon pesonan-

COB C !I3BCCTI!b1M Cn!IHOM II qeTI!OCTb!O' MO)!{HO OITHC8Tb· Bblj)8)!{9fi!IS!MH, BKl!IOqai0-

./16/ 
llli!MI! 3li9McHTbl MaTp!IUbl ITliOTHOCTH Cn!IHOBbiX COCTOS!HHH • HanpnMep, yrnonoe 

pacnpenerrciiHC qaCT!IU OT pacnana ,p9301181!Ca CO CITHHOM H qeTHOCTb!O 1 OnHChl-

B89TCS! Bhlj)8)!{9f!H9M! 

15 



w ( (J' ¢) 
3 2 2 I p cos £J _, 1/2 ( 1 - p ) sin £J 

0,0 0,0 "'4;; 
(8) 

2 
-r

1
, _

1 
sin 

2 -
£J cos ¢ - 2 y 2 Re p 

1 
sin £J cos ¢ l , 

,0 

rne £J - H ¢ - nongpiibili H a3HMyTanbiibili yrnbi oniioli 1'!3 'lBCTHU pacnana n cac-

TeMe noKOSI pe30II8HC8 (eM. pi'IC. 12). 

,llnSI onpeneneiiHSI sneMeHTOB MaTpHUbi cnnaonoli nnoTIIOCTH pe3oaancon K* 
890 

6btnO npon3neneno nccnenonanne pacnpeneneHIIli qaCTitU OT nx pacnana no 
H N* --···- ... ---
yrnaM ¢ n £J • Yrnonbie pacnpeneneaHSI nnSI pacnanon K* -Me3oiia Ha K

0 
rr + 

123$ 

890 

H K + TT O 6btnlt 113y'leHbl OT)lellbll0 1 TBK KBK B aHanorll'lHOM SKCnepnMeiiTe nplt 

/12/ 3 rsn/c n yrnonbiX pacnpeneneanSix nnSI sTnx nnyx nHnon pacnana na6monanocb 

cymecTneaaoe pa3nH'llle. 

Jlng npaB!WbHOrO onpeneneHHSI sneMeHTOB M8TpHUbl CnltiiOBOli nnOTHOCTH npll 

aHann3e yrnoBbiX pacnpeneneanli pe3oHaacon .Heo6xonnMo !ICKniO'li!Tb IICKalKeiiiiSI, KO­

TOpbie MOryT 6biTb Bbl3B8Hbi: 

a) BllllSIHHeM npyr~X pe30H8HCOB; 

6) <PonoM oT nenpannnbno IIHTepnpeTnponai!Hb!X co6biTIIli; 

B) Hepe30ll8l!Cilb!M tPOllOM • 

CSI B o6nacTII c • TiocKOnhKY s$¢eKTllBH8Si Macca M 
2 

• /17/ piT 

m!lleH!lb!M COOTIIOIIIeHI!eM 

K 

(eM. 

BbipaJKenne (7)) 

2 M =2yq({3E +P )cos£J* +m 2 +m 2 +2yE* (E +f3p ), 
piT P P K p 1T 11 p p (9) 

rne E KIT 

y= 
M 

p KIT 

{3= 
E 

KIT KIT 

E* , q - nonnaSI sneprllst n nMnynbc 11 
-Me30H8 B CHCTeMe nOKOSI (K11), 

11 
E , p

1 
.:. nonHast sneprHSI cncTeMbi qac'i'nu (1, j) H HMnynhC 'lBCTIIUbl I B c.u.M.; 

l,j 

TO nee co6biTHSI 113 o6nacTn C 6ynyT ne)KaTb B onpeneneHHOM !IHTepaane pacnpe-

neneHIISI no cos (J* 11, cnenonaTenbno, B cuny nepn$epll'lHOCTII polKneiinst K* 
K 890 

Me3ona, 6ynyT_ TBKlKe rpynnnponaTbCSI B onpeneneunoli o6nacTH pacnpenenennsr no 

cos (J k • TiosTOMY nKnro'leane n pacnpeneneH!Ie no cos £J k 

16 

nnst K* 
890 

acex 

_, 



+ "' coobiTI!ll, nelKaUII!X B oonacTn C , rne KpoMe coobiTI!ll K p ... K p nononHHTenb-
. . + 890 

110 HaXOJliiTCn 3Ha'IuTenbHOe KOni!'IeCTBO coobiTiifi K p ... N* K , npaBeJleT K 3aBb_I-
-I~B-

meHIIIO '!Hcna coobiTHii B OJlHOM H3 liHTepBanoB aToro pacrrpei:teneaun, 'ITO MOlKeT 

CyUleCTB9HIIO liCKa311Tb ero c!JopMy. C Jlpyrofi CTOpOHbl 1 liCKniO'!eHHe BCeft oonaCTII 

rrepeKpb!TIIn pe30!Il HCOB 1!3 paCCMOTp9111in TaKlKe llpi!B9Jl9T K liCKalKeHIIIO pacnpenene- _ 

1111n no cos() k • 

llnn YCTp8119Hiin Bnl!nHiin oonaCTii C rrp11 auan113e pacrranoB pe3oHaHCOB obi-

na npi!Meueua npouenypa ".rrepeceneuun", rrpennolKeHI!an 8oepxapnoM 11 TipllrrrnTeii-
/17 I . • 

HOM • B JlaHHOM aKcnepiiMeHTe- npouenypa "rrepeceneun:n obxna BbmonHeHa ue-
/17/ 

CKOnbKO no JlpyroMy, '19M 8TO peKOM9HJlOB8HO B paooTe , a HM9HHO, )lnn oona-

CT!! C(0,67<M
2 

<0,97 (faB
2
); 1,25<M 2 <1,69 (faB)

2 ) ua Jll!arpaMMe llanl!T-
. I< IT PIT 

ua 6bxna Hallneua oonaCTb, oTpalKel!Han OTHOCI!Tenb.HO_ nl!Hilll * cos () 
I< 

0 
(oonacTb D Ha p!!C; 12), B9pXHnn II Hl!lKHnn rpaH!Illbl KOTOpoii, K8K nerKO Bl!Jl9Tb, 

, 3a)la!OTCn Bb!palK9HlleM: 

)+ F (M2·)-M2 
1< 11 I, 2 

rae F +(-) - <jJyHKUIIn, Olll!Cb!BaiOUian BepXHHH (Hl!lKH!!H) KOHTyp a11arpaMMbl llann:TUa; 

M
2 

- BepxHnn ( HlllKJinn) rpaHI!Ua oonaCTll c 
I ( 2) 

Bo BpeMn cTaTI!CT!I'!ecKoro aHanu3a coobiTHH, 3anHCaHHbiX Ha DST 

BeaeJIHoro C llOMOUlb!O rrporpaMMbl "SUMX" , Jlnn KaX{aoro COOb!TI!n 113 oonaCTI! 

Mace K* -Me3oJia uaxoa11nacb "oTpalKeHHan" Macca 
890 

Me .2 "' F ( M 
2 

) + F ( M 2 

11pl + 1<11 -· 1<11 

2 - ~~ 
IT pI 

\ H9CTaHaapT!ian rroarrporpaMMa "Charm 2 " "SUMX " !! ann TeX COOb!Tllll, y KOTO-

pblX M' 
2 

norraaana B I!HTepBan OT M 
2 

ao M' 2 CTpounocb aorronHnTenbHOe 
11pl ITp I 11p 2 

"oTpalKeHHoe" coobiT!Ie, rrony'IeHHoe rrpn ooMeHe MeCTOM K- 11 11 -Me30HOB B Cl!C-

TeMe noKon ( 11K) , T,e. coobiT!!e, l!Meromee cos() ';,,_cos() 

rj)*"' ¢ ± 11 11 T ,Jl, ( "Charm 3" "SUMX "). 

Ha p!!c. 14 npnneaeHbi pacrrpeneneJI!In rro cos 0 K 

CODbiTIIH ann KOH9'IHOro COCTOnHHsi p ( K* -+ lC O 11 +) 
890 

n cos 0* 
I< 

"nepeceneHJibxx" 

Tioao6Hasr lKe rrpouenypa "rrepeceneansr" 6bxna npoaenaJia n nnsr co6bxTnll, nelKa-

Uli!X Ha anarpaMMe llannTua B o6naCT!! Mace 

N* 
1238 

17 

K* -Me3oJia, n: B o6nacTn ll306apbi 
uoo 



np~ aHanH3e yrnOBblX pacnpe)leneHHll I(* -Me30Ha O'leHb Ba}KHO npaBHnbHO 
89 0 

y'leCTb BKna)l HeOJlH03Ha'IHO l!)leHTllqlllUHpOBaHHbiX C06biTHll, noTOMY 'ITO, KaK STOll 

y}Ke OTMe'lanoCb Bb!We, TaKHe C06biTHSI 3aMeTHO rpynnHpyiOTCSI Ha JlH8I'p8MMe Lla-

nHTll8 a o6nacTH Mace K* -MeaoHa (eM. pHc. 7,8). 3To o6bHCHHeTCH TeM o6-
890 ~ 

CTOS!TenbCTBOM, 'ITO pacnpe)leneHHe 110 eK JlnH K * 
890 

-Me30H8 cne)lyeT 38BHCH-

2 
MOCT!I J ( £l K) "' 9 + b sin £l K , T.e. HMeeT MaKCHMYM npH cos e K~ o , a,cne-

Jl0B8TenhHO, Ha JlH8I'p8MMe Llanii:Tll8 C06b!THSI C 06pa30B8HHeM K* 
890 

6yJlyT rpyn-

nHpOBaTbCH B o6naCTH cos 0* ~ 0 
K 

T.e. B o6naCTH, I')le )lnR 60nbWHHCTB8 

THll Henb3SI, Jl8Tb 0JlH03H8'IHOll l!HTepnpeTallllH. 

co6bi-

HeonHoaaa'IHO nHTepnpeTHpoaaHHbie co6biTliR an.lla K+ rr 0 
p - K 

0
rr+ p, MKrr KO-

TOpblX nonaJlaeT B o6naCTb M8CC K * , nao6pa*eHbi 11a pHC. 9 aawTpnxoaaHHOif 
8 90 

o6nacTbiO. Bee 3TH co6biTHR, KaK l! cne)loaano O*l!JlaTb, neR(BT a o6nacTH 

HeoJlH03Ha'IHO nHTepnpeTnpoaaHHbie co6hiTHR llPYI'l!X BHJlOB, y KOTOpbiX M K rr nona-

)laeT a o6nacTb Mace K * , TaK*e ne*aT npenMywecTaeliHo a 3TOif o6nacTH. 
89 0 ' 

Y'leT aKnaJla HeOliH03H8'IHO liHTepnpeTHpoaaHHbiX co6biTHif a pacnpe)leneaae no 

COS £lK II <jJ qaCTHll OT pacna)la 

nl!'IHbiMH cnoco6aMl!. 

K* 
890 

6bm nponenaH Jlnn KOHTponn JlBYMR pas-

B OJlHOM cnyqae a Ka}K)lOe yrnoaoe pacnpeJleneaHe JlnR paami'IHbiX BHJlOB pac-

na.lla K* 
890 

6biniil BKniO'leHbl ace HeO)lH03H8'IHO HHTepnpeTHpOB8HIIble C06biTHR, 

HMeiOWHe B KB'leCTBe OJlHOll H3 I'!lnOTe3 )laHHblll KOHan peaKUHl!, C BeCOM, COOTBeT­

CTBYIOWHM aKnBJlY 3TOI'O KaHana B !leOJlH03H8'IHO HHT9pnpeTllpOB811Hble C06biTl!SI lpac-

npe)leneliHH (a) liB pl!C. 15, 16). 

Llpyroif cnoco6 COCTOS!n B TOM, 'ITO nOJl06Hbl9 HeO)lH03H8'IHO ll)leHTHqlHUl!pOBBH­

Hble C06biTHSI 6blnH BKniO'l9Hbl B yrnOBbl9 pacnpe)leneHllSI no COS £lK 11 <jJ C Be­

COM 1, HO H3 STl!X pacnpe)leneHHll 6hin Bbi'IT9H cpOH, C03)l8HHblll TeMH HeOJlH03H8'IHO 

HJl9HTH<jll!Ul!pOB8HHb!MH C06biTHSIMH, KOT0pbl9 ljlaKTll'leCKll o6pa30aanl!Cb 'l~pe3 llPY­

I'Oll Kanan. 3ToT ljlon onHTh 6bin ·crenepHpoaan· H3 OJlH03H8'IHO nnTepnpeTnpoaan­

HbiX C06b!Tl!ll, OTHOCS!Wl!XCSI K 'KOHKYPHPYIOWIIM' I'l!nOTe3aM, nyTeM COOTB9TCTByiO­

WHX a aMen Mace qacTHll ( nanpnMep, ¢on, coa)laaaeMblif a pacripe.llenenHH no cos e K 

)lnn pacna.llOB K* ... K+ rr 0 neOJlH03Ha'IHO l!HTepnpeTnpoaaHHbiMII co6hiTIIRMII Tnna 

+ 890 
K prr 0 - TT + p K 0 ' 6bin nony'leH 0Tp8}K9Hl!9M pacnpe)leneHIIH no cos e K )lnH 

pacna.llOB K* ... K0 rr+ 
8 90 

OTHOCl!Tenh!IO COS £l K ~ 0). 

18 



PacnpeAeneaHe no co&() K AJIH pacnaAOB K* ... K+ ITo II 

Hoe TaKHM lite nyTeM; npnneAeHo Ha pnc. 15, 16 (6). 

npn Y'IeTe !iCKa>KeHHil, BHOCI!Mb!X B 9/leMeHTbl MaTpi!Ubl C/IIIHOBOil /1/IOTHOCTII He­

peaoHai!CHblM ljloHoM, 6bl/IO CAenaHo npeAnono>KeHne, 'ITO yrnOBbie pacnpeAeneHII!I 

K -MeaoHOB no COl! () K A/1!1 HepeaoHaHCHbiX CO-

6b!TIIM He aaBIICSIT OT !:KIT H 'ITO aaa'IeHHSI 9/leMeHTOB p II · B 06JiaCTII peaOI!aH­

COB MO>KHO npeACTaBHTb B BRAe /IHHellHOH KOM6UHaUHII 

(p) =p (1-R)+p I<, 
11 nona. 11 pea. 11 ljlol!. 

rAe R 
'IIIC/10 poliOBblX C06biTHH 

nonaoe qncno co6biTnll 

K* -Meaoaa (0,84 < h1 * < 0,93), a p "' 
890 K . IJ 'I'Oll 

3na'Iei!H!I p 
1 

6bl/lll nony'IeHbi npu 
2 2 21 /10/111 

!:J. < 1 ran /C B 06JiaCTH 

allaJIHae acex co6biTHll c 

- npn 

aaannae TaKHX >Ke C06blTHll B npHMbiKaiOIDHX o6naCTSIX (0,71 < ~\IT < 0,80 H 

0,97 < M KIT < 1,06). npoueiiTIIOe coAep>KaiiHe 11epeao11a11C110r'o ljlo11a n ua·Tepnane Mace 

K * 6bmo llallAeno MeTOAOM MaKCI!MaJihiiOro npanAonoAo6H g npa annpoKCHMaUHII 
890 . 2 2 /1/ 

nnoTliOCTII co6biTitll aa AHarpaMMe .LlanHTUa Bblpa>KeiiHeM P ( ~· , M ) pa60Tbi , + K 1T piT 

'H paBli!I/IOCb 16,4% A/1!1 KOIIEl'IliOI'O COCTOSIIIHSI K p ITO II 5% A/lSI KOlle'IHOI'O COCTOSI-

0 + 
1111!1 K IT p. 

liHC/Iellllble 3li8'IeiiHSI 9/leMeliTOB MaTpHUbl /1/IOTliOCTH 

118HAellbl H3 CpeAHHX 3118'Iel1Hll cljlepi!'IeCKIIX ljlyHKUIIll vf 
cneAyxomaM o6paaoM: 

Po,o = 1/3 + vs < yo > . 3 2 

s < y2 
pI, -1 =-v- > 

' 24 2 

Rep 
I, 0 

vs vl . =---- < >. 
4/3 2 

H11>Ke. npi!BeAellbi aaa'Ielln!l 

AOB pacnaAa K* - Meaona. 
8 90 

19 

A/1!1 K* 6bi/IH 
890 

, KOTOpble CBSI38Hbl C p II 

H P 11 pea 
A/1!1 ABYX BH-



K* + <jloa <jloa K* 

K* .. K+ITO 

p o,215:o, 058 o,Jo.:o,og 0~198.! o, 086 o,o 

Pl,-1 o,i65:o, o24 O,l2!0,0Lf. 0,174:0,035 

Rep 
1,0 o, 03J:o, 016 . + + 4 -0,006-0,024 o, 041- o, 02 

p 0,0 O,l6il~O, 043 o,2r:o,o? 
- . + 

0,162-0,048 

K* .. K
0

17+ Pt',-1 0,1 72.:o, 02 o,oo6:o,040 o,nn .. :..o,o23 
+ ... 

-o,os:o,o3 o, 044!o, OI5 Re P1, 0 
o, 041}-0, 013 

KaK BIIAHO II3 Ta6iliiUbl, y'leT Hepe30H8HCHOI'O <j>OH8 cymeCTBeHHO CK83biB8eTCSI Ha 

3H8'!eHIISIX p AilSI KOHe'IHOI'O COCTOSIHIISI I\+ IT 0 p H MeHee - AilSI KOHe'l-
l,j 0 

HOI'O COCTOSIHHSI Jt IT +p, 

' TipoCT8SI MOAeilb OAHOMe30HHOI'O 06MeHa npeACK83biBaeT Po,o:'l n Pl,-1 

p cO AnSI cnyqag nceBAOCKanSipHoro o6MeHa 1:1 p = 1/2 , p --= p = 0 
1,0 1,-1 0,0 1,0 

IWSI BeKTOpHOI'O 06MeHa, TionyqeHHbie 3Ha'!eHHSI sneMeHTOB MaTpHUbl ITilOTHOCTII CBH-

AeTeilbCTBYIOT o6 yqacTnn B peaKunn K + p .. K* p o6onx BHAOB o6MeHHbiX 
ego 

'18CTHU, 

PacnpeAeneHHSI '!aCTHU oT pacnaAa n3o6apbt B cncTeMe ee noKOSI no yrnaM ·o 
II cp (eM, pnc, 12) T8KlKe MOI'YT 9hiTb BbipalKeHbl '!epe3 sneMeHTbl -M_BTpiiUbl cnn-, 

HOBOii ITilOTHOCTII p l,J (npn Bb!60pe 38 OCb KB8HTOB8HHSI HanpaaneHHSI nepBH'I:_ 

HOI'O ny'!Ka), 

LlnSI orrpeAeneHnSI MaTpii'IHbiX sneMeHTOB p 6binO npoBeAeno nccneAOBa-
t,J 

nne pacnpeAeneanii npo'roaoa OT pacnaAa H306apbt rro cos() N n ¢ . !lnSI ycTpa-

aeanSI annSIHHSI o6nacTn "C" AnSI n3o6apbt TaKlKe 6btna npoAenaaa npoueAypa 

'nepeceneHIISI', HeOAH03H8'1HO HHTeprrpeTIIpOB8HHble C06biTHSI 6binll BKiliO'!el!bl B CTa­

TllCTHKY T8KHM lKe o6pa30M, KBK 9TO 6binO CAeilaHO npn _ll3 y'leHIIll pe30H8HC8 K* , 

3neMeHTbl MaTpllUbl nnoTHOCTll p 
l,J 

AilS! II306apbl 

'lepe3 cpeAane 3Ha'lei!HSI c!jlepwrecimx <jlynKunii, KaK 

0 
p =1/4-v5/4<Y > 

. 3. 3 2 

20 

N* 
1238 

Bblp8lK810TCSI 
890 



Rep 
3, I 

Re p = -1/4 v j_ < \' 
2 

> , 
3. -I 2 2 

B pe3ynbTaTe npoaeaenaoro anann3a 6binl'l nonyqenhi cneayiOU!I'Ie 3Ha'lel!Hll ane-

MeHTOB MaTpHUbl 

= -0,004:!:,.0,016; 

CUHHOBOli nnOTHOCTH ang H306apbl: p 
3

, 3 "'0,31:!:,.0,033; Rep 3, 1 '" 

Rep· . = 0,097+0,016, KOTOpbie YAOBneTBOpHTenbl!O cornacyiOTCll 
31!1 -

c npeacKa3.a!IHllMH, nony'le!l!lhiMII na ocnoae Moaenn CToaonbciwro-CaKypan • 

.D.nll nonyqennll pacnpeaenei!Hll no cos 0 pe3onanca I<* , cao6oanoro OT 
K 1400 

nepe3onancnoro cjJona, 6bw ncnonh30Ban cneayiOIUHli MeToA. 113 pacnpeaeneiiHll no 

cosOK anll co6hiTllli, neJKamnx B nnTepaane Mace I<* {1,320<M K"< 1,48 raa), 
!400 

6binll Bhi'ITeiihr pacnpeaenennSI co6hiT!Ili, ne)!<amnx B coceanux o6nacTSIX 

{1,~4 < MK" < 1•,30 raa; 1,50 <M K" < I.l66 raa),oTIIOPMliPOB8HHble na 'll!Cno 

ljloHOBhiX co6hiTHli B naTepaane K * { nnll acex. Tpex o6nacTeli npeaaapl!TenhHO 
I 400 

6hinO npoaenano rnepeceneH!Ier), 

Ha pnc. 17 cnnomnoli nnnueli noKaaano pacnpenenenue no cosO!< acex co6hi-

Tali B o6nacTH K* , a mTpnxoaoii - pacnpeaenenne 'pe3onal!CHhiX' co6hiTHli, 
1400 

ocTaamnxcll nocne 'nepecenenng' n Bhl'IHTannll nepeaonancnoro ljloaa. 

l1ccnenoaaane yrnoabiX pacnpeaenenuli anSI pacnanoB K* , npouaBeaeaaoe 
/18/ < 1400 

B pa60Te , noKaaano, 'ITO anll aToro peaonanca na116onee npenno'ITHTenhHhiM 

ana'leHHeM cnuna 1'1 qeTI!OCTH ganSieTCll 2 +. 

PeaynhTaThi, nony'lei!Hhie npn annpoKCHMBUllll MeTOilOM ~auMeHbmnx KBaapa-

TOB pacnpeaenel!lill cos OK nnll !<'* aaannTH•IeCKHMH BhipalKeHHSIMH anll pacnaaoa 
1400 

'l8CT!IU CO Cnlii!8MH 1 ·II 21191 , He npOTHBOpe'IaT 3TOMY ·3aKniO'le!IH!O, XOTll- CT8Tl!-

CTHKa B pacnpeaeneH!IH cos() K He)lOCTaTO'IHa llnll OAH03H8'IHOrO OTBeTa, 

ABTOpbl npl!HS!nl! Y'IaCTHe B Olli'ICBI!HOM Bbl!Ue 3KCnepl!MeHTe BO BpeMll HX npe-

6hiBaHHll 13 oTnene · TpeKOBhiX KaMep UEPH' a. 06a aaTopa aeCbMa npHanaTenhHhi 

Ha'lanbHHKY OT)lena TpeKOBb!X KaMep npocpeccopy Ill. nepy 3a OKa3·al!l!Oe rocTe-

npH!!MCTBO li 6naroaapllT npoljleccopa <1;1. MIOnnepa H )lOKTopa 11. ronbll!UMHAT -

KnepMOHTa 3a nocTOSJHHOe BHHManae, a TaKJKe acex 

IlOMO!Ub B pa6oTe, 

21 

COTPYAHHKOB !IX I'PYilllbl 38 



n n T e p a T y p a 

I. W. De Baere et al, CERN/D. PH 11/Physics 67-5 

2. Y. Goldschmidt- Clermont eta!., Nuovo Cim., 46, 539 ( 1966) 

3. J, Goldberg, J.M. Perreau, CERN 63-12 (1963) 

4. Y. Goldschmidt- Clennont, "Proc. of the Intern. Confer: on High-F:nergy Accelr. and )nstrum." 

p: 523-32,CERN,I959. 

5. G.R. Macleod, CERN 60 -II ( 1960) 

6. CERN, TC Program library, v.l,2. 

7 . .W.G, Moorhead, CERN 60-33 ( 1960) 

8.J.M, Howie, W.G. Moorhead, CERN, DD/DP/65/9. 

9. J,W. Rurren, J, Sparrow, NIRL/R/14 (1963) 

10. R. Rock, CERN 60-30 (1960) 

II. E. Fett, "Ecole internationale de Ia physique des particles ,elementaires ", Herceg Novi ( 1965) 

12. P. Salistrom, G. Otter, G. Ekspong,.Nuovo Cim. (a neqaTn). 

13. E. Malamud, "SUMX, "Post GRIND Manual CERN, 1963 

14. A.A. THIIKHH. ITperrpnHT OH5Il1, E-2353, .lly6aa 1965, 

15. K. Gottfried, J.D. Jackson, Nuovo Cim., 33, 309 il964) 

16. W. Koch, CERN 64 -13 ( 1964) 

17. 
1
P. Eberhard , M. Prlpsteln, Phys. Rev. Lett., 10, 351 ( 1963) 

18. N. Haque et al, Phys. Lett., 14 , .338 (1967 l. 

19. J.D. Jackson, Nuovo Cim., 314, 1645 (1964). 

PyKOIIHCb IIOCTynnna B H3aaTenbCKHH OTaen 
5 MaH 1967 r. 

22 

. . :· l 

l 
··' 

' 
; ' l 

I 

.l 
'·1 

i 

- _.,' 

,-;' 



4 0 

0 

0 

0 

0 -

0 2. 

1.8 

t6 

t4 

12 

t.O 

r- -
-

~j 
- j 

fO 

1\ 1\ 
\ 

\ 
\ \ 

- - -- - "\, 
)1-

~ 

------ ·-

-- t--

l ..... 

--- --
-f-- --

1\ 
\ 
\ 

1\ 
r-- --~' 
-1( K-
\ \ 
\ 
\ 
\ 

\ \ 
\ 1\ 

' -...;;: I'-.. 
~ r;::~ 

tOO 

l\ 
1\ 

\ L 

,:1~ ~-
UJiteHeH e /'laccumat!a 

r:-- --'r- n T -ll 

\ ' i 
\ 1' ll 

I 

,\ \ I 
\\ \ I 
\\ 

1\ \l\ .\ 
: \ I~ f\ 
I ' ~~ u. .......... r-.l r-:::~ r--t-

if I i l 
1 \I I 

tOOO 

PHC. 1. rpa~HKH 38BHCHMOCTH nnOTHOCTH HOHH38UHH TpeKOB qaCTHU paanHqHofi 
M8CCbl OT HX HMnynbCOB, 

23 



e>c ... :;;~ ~~~M~~~N~~wwwww•••••~~ 
~-~&a~~GaQ~ao~~~-~~-~-~~w~ 

~t::::: 

IIi I 
. 

~g~E .. 

llil~m ~~~=::: 

~~!EE 
S§8S§§ES3:;:~~;~ ~m~ ~~~~ -· ~???:~~:>< 

~g~&E 0 
-::::~: .. 

§§s:r~· ~HIEE 
m~~ ~ :~~s~ §§§§!!~ .. 

:E~EE §EE~i--

~~~H ~ ~~~~= ~~= : 
:.~:::.:::. El~iE 

I liT E~EEE ::::::~:: 

=~::~~ ~i~~g 
.g~.~§.E g~·~i§ r §?g ~ :::EE ~:s:E 

~!~~~ 
... 

~~~g~ €S: ~ . 

mH 
r ~m~ ~ 

~!~~ 3§!5~ 
gi~i m~~ 
Ui~ . ~§gig 
i~~i ~i~~g ~ ·-:~=~ -
~j~~ ~~~~~ 

: -· 
;~~e ~ 

~~$ES ; 

f 

a 
·' 

·~!?··· 
+ ;it: 

.. 
.. 

• + ... ' .......... ··: : ..... : 
: + • • :: .. 

·:: 

:• 

:· 
... :· 

:· 

•: 

. : 

.. 

": ": 

ao&N~·-·~--: .. Nwa~·~··= .. NW6W·~--:o&Nw••·~--:o&NW·g·~--:-



N 

a) 

""' 

(()() 

SD 

I I 
Ill.,. 

N 

SJ 

4 

,ol• 

2 + + 0 Pn:c. 4, PacnpeJlenean:e no )( JliTSI co6biTHlf K p ... K p 11 

a) neJKamn:x a JlOnycTHMOM HHTepaane ( M )2; 
6) neJKanmx aae ero. Hell 

26 

N 

I ·~..._ ., - . . . . . ,. 

S) 

I u u '-' ...._,,,_..,,.........., , 
• .. ~ a 7 • 1 mJ. 

2 
Pn:c. 5. PacnpeJlenean:e no x 2 Jlrrlil co6hiTHii 

+ 0 + 
K p .. K P-j 

( M ) ; 
H9Jl a) neJKaiUHX B JlOrryCTHMOM HHTepaane 

·6) neJKamn:x aae ero. 

27 



N 

I<OL qJ 

so• • 

I I ~·~-. M S I 'JI I I 10 f.l. 

b) 

14 

,. 

I - - -~ ......,n o o oi'J , 
I 2 l .t G " ' .. .. 1 

Puc. 6. Pacnpe.neneane no x2 
All!l c06biTIIll 

a) ne*amux B .nonycTuMOM HHTepaane 
6) ne*amux BHe ero. 

28 

+ + + 
K p ... K ~IT 
( M ) ; 

He A 

I 

-

.. 

.!06~ M~z· 

I . ~· . .U61- .... 
:~ .. :: .. ....... .... ... . .. •... 

• 

·Kr :·:·::···. {"'· .::: 
2.67 

ll7 

1.15~L--_,L--::-'::----:-:!7--~---:'=:--:'=----::7--~=--~=----:.'7--:::r-_J 
. .J90 .660 .sso l24D t.5JO tl3 2.12 2.40 270 J.DD .J.J ,., ,.•i• 

Puc. 7 • .UnarpaMMa .UamtTna An!l KOHe'inoro cocTO!lHDll K+ pIT 
0 

DHTepnpeTnpoaaHHbiX cooblTHll BHAa K+p ITo- K 0 p IT+. 

HeOAH03H8'iHO 

4.26 

J~6 

2.67 

ll7 

... ...... :·: 
:: .;-:· .. . ' .... ·-. :-:••: .··; ... 

.. 

·•: .. 

1"t , , , • • • I I I I I I 
.J90 .660 .950 t2to tSJo t~J 212 z.to 110 .Jl/fl .J.J 1'1

1
K•x• 

~ 0 + 
Pnc. 8 • .UaarpaMMa .UanaTua All!l KOHe'lnoro cocTO!lHDll Y. pIT 

ueoAH03Ha'IRo HHTepnpeTnposaHHblX cooblTDll BHAa K+piT 0..:. KopiT+. 

:;!9 



()> 
0 

w 
so 

JO 

zo 

a) 

• 

t;p•.f xAp:.l5 

I 
I 
I 
I 
I 
I 
J 

I 
I 
I 
I 
I 
I 
I 

~ 
+ 

'0 
'I 

0 

~ .,. 
'0 
'I 

+ 
::I 
0 

0 

-~J C> (!) 
'0 ::00 
• >i 

l!.p:.20 

.I 
I 
I 

"0 
::. 

'() 

~ 

"0 ... C> 
() 
::I 
'0 
(!) 
J:l 
(!) 
tl 
(!) 
:I; ;, 
lSI 
(!) .. 
:I; 

io (!) 

0 
J:l 
:I; 
0 ~ 

(,) ' :I; 
~ C> .. 

..<: 
~ :I; 

0 
.. 

::. ';: 
:I: 
>i ~ (!) 
'0 
::I .. 
'0 

~ (!) 
>i 

~ IS: .. 
'0 
0 ~ 

Ill .. 
C> !'> :I; 
:I: 
!!: 
~ 

~ () 

0 l:o 
0\ ~ !!:-
>i ~ 
lSI "' =· {: 

-Jt- '1·0 
-·- 'J•:X/2 
-+- 'I•SC 
-o-:t•21< 

~., .. 

.to .20 • .Jo .40 .so PHtlirp. 

w 
s 

J 

4p=.t 

2 

+ + 0 
Pac. 10. fpacjJHKH W ( p 

0
, 6. p , </>) JlnSI a) coob!THll K P .. K · P" 

6) coob!Tnd K+ p ; K 0p "+ · 

..,._ S'•O 
-+- 1/•1C!z 
-+- :l•fl 
-+- 'I•Z1C 

4po.ts 

\ 



" so 

.JO 

l~r.J8,]' _L.,...L.--,.,----,,---,_:--, ---..,,_.ce--~,:o.----:,..,.----:,':", -~ ~1 I II 

2 
Puc. 11. Pacnpeaeneaue co6b!Tui! no M K+ ITo (aawTpuxoaaaaag o6nacT& 

0603H8'188T • <j>oa• OT H80AH03H8'1HO UHTepnpeTUpOB8HHb!X C06b!TUi!), 

-;: 

l • ff;,eD8 

' ' 

x 

J 

I 
I 

' I 
'.,J 

~ 
cosB = IR'· ifneo&.l 

Puc. 12. Onpeaeneaue yrnoa OK 

32 

y 

U ¢, 

{: 
fj 
\ 

1 •. 

l 

f'l1xp 

cr.~J1 

qs 

co.e~ ... o 

(5 

cos&.;=o 

2,0 . 2,5 1'11ulr>IJ' 

Puc. 13. CxeMa auarpaMMbl nanuTua anSI cnyqag ABYX nepeKpemuaatomUXCSI 
pe30H8HCOB. 

N 0 1co5blmu.e 
~ 

cosBM 

/{ 0 { cotfblmue 

* otl -1. -.8 ,6 c~ -.2 0 .~ .1( .6 .1 J 
cos e_• 

Puc, 14. PacnpeaeneY.ue •nepeceneHHblx• co6b!TI!Iil p K~90 
no COS 0 K 1!1 COB 0~. l 1( O IT 

33 



N' 

IS 

10 

-.1 ·.6 -.• '2 0 ·2 " .6 .8 

cosB (K'r.•) 

Puc. 15, Pacnpe/leneuue no cos() K Jln>I pacna/la 

N 

40 

l6 

<O 

15 

5 

n/a 

0~~~--~~~--~~~~~~ 4 ~ ~ ~ ~ 0 ~ ~ ~ A L 

C0$8 ( 1<"11') 

Puc, 16. Pacnpe/leneuu·e no cos() K Jln>I pacna/la 

34 

K* .. K+ ITO 
!90 

K* -+11"
0"+· 

890 

\ 

tl 

Pac. 17. Pacnpene.neaae no cos 0 K 

(eM •. TSKCT). 

35 

cosEJ.. 

n.nSI peaoaaaca K* 
1400 


