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OBIJlAH XAPAKTEP~CTWtA PABO'ra 

AKTya~bHOCTh HCCRe,ItOBaHH0:. O~oa H3 cneUH$ITTeCKHX qepT 8KCnepHMeHTa
nhH08 (t)H3HKH BHCOKHX 8HeprH8 HBJIHeTCH rrocne,ItOBaTenhHaH perHCTpaUHH 
OT,ItenhHHX COOHTH:8., Kallt,ll;Oe H3 KOTOpHX HMeeT CBOID BHYTpeHHIDID 
CTPYKTYPY- C ~yroa CTOpoHH, CT~apTHH:8. HaOop CT8THCTmecKHX 
MeTO,ItOB B 3Ha'IBT9RhH08 CT9IT9HH opHeHTHpOBaH Ha aHaJIH3 npe,ItCT8BJIH9MHX 
B rHCTOrpaMMHpOBaHHOM B~e 8KcrrepHM9HTanhHHX pacnpe.zteneHHA:, 
BH3BaHHHX perHCTpaUHe:8. OO~hmoro KO~eCTBa C00HTH8. IlpH 8H8JIH3e me 
OT.ztenhHHX C00HTH8, o0Hqff0 npe.ztCT8BJIH9MHX ManHMH BHOOpKaMH, 
HCITOnh3yroTCH He Bcer.zta 8~8KTHBHHe nonysMIIHpmecKHe MeTO.n;H. Il08TOMY 
oqeHh BamHHM HarrpaBJieHHeM HBJIHeTCH BHe~eHHe B STY oOnaCTh CTporHX 
MeTO,ItOB MaTeMaTmeCK0:8. CT8THCTHKH. HaHOonee rro~O,ItH~ 3,IteCh 
BHr~H,ItHT MeTO.n;H, paspaOoTamrn:e .ztnH 8H8JIH38 Manux BHOOpoK H 
npe~a3HaqeHHHe .ztnH oOpaOOTKH HerHCTOrpaMMHpOBaHHHX ,ItaHHHX. C 8T08 
TOqKH 3pemm OO~hmH8 nepcrreKTHBH OTKpHBaIOTCH npH HCITOnh30BaHHH 
HerrapaMeTpmecKHX KpHTepHeB cornacHH, ITOCTpOeHHHX Ha BHOOpoqffoa 
iPYHKUHH pacnpe.ztenemm. 8TH KpHTepHHH OCHOBaHH Ha cpaBHeHHH iPYHKUHH 
pacnpe.zteneHHH Po, npe.ztCK83HBaeM08 rIDloTesoa Ho, C 9MIIHpM9CK08 
¢YHKUHe8 pacrrpe.ztenemm pn npH ITOMOm:H pa3.JIHtllillX Mep "pacCTOHHHH" 
Mem.zty STHMH iPYHKIUIBMH- CB0:8.CTBO HerrapaMeTpffqHOCTH .ztnH 8THX KpHTepHeB 
oOecrreqHB80TCH BHOOpoM TaKHX Mep OTKnOH0lflffi po OT Pn, pacnpe.ztenemm 
KOTOpHX OT po He 38BHCHT. TaKHe KpHT8pHH ymmepcanhHH H B 
OonbmHHCTB8 cnyqaeB IlpoCTH H Y.ztOOHH B.Hcrronb30B8HHH. 

BHcoKaH MOID;HOCTh KpHTepHeB 8Toro. TIDl~,. a_ TaKme B03MOlfflOCTh 
attaJIHsa Herrocpe,ItCTB0HHO HaO.n:IO,IJ;aeMHX B 8KCTI8pl1M0HT0 C00HTH8, 
oOycnoBHJIH PH.It TIOTIHTOK npHMeHBHHH o~oro H3 TaKHX KpwrepHeB, 
KpHTepHH OMera-KBa,ItpaT, .ztnH HeKOTOpHX 38,Itaq ~0HTH(t)HKSUHH 
qacTHQ B (t)H3HKe BHCOKHX SHeprH:8..· 

B H8CTOHmea paOoTe pa3BHB810TCH ~eH rrocne,ItOBaTenbHoro HCTIOnb30Ba
HHH HerrapaMeTpmecKHX KpHTepueB HHTerpanbHOrb THITa . .zt~ll rrocTpoeHHH 
CT8THCTHq9CKHX MeTO,ItOB ~eHTH(t)HKSUHH qacTHQ Ha OCHOBaHHH pesynbT8TOB 
H3MepeHH0: HX Bp8MeH rrponeTa HJIH HOHH38UHOHHHX rroTepb 8H8prHH 
0~0Bp9M8HHO H8CKO~bKHMH ,It8T8KTOpaMH (t)H3M0CK08 YCTaHOBKH, 8 TaKZe 
HCITOnb30B8Hlll TIOCTpD8HHHX MeTO,ItOB .ztnH pemeHHH pH,Ita 38,Itaq KOHKpeTHHX 
$H3mecKHX 8KCrrepHM0HTOB • 
Uenb paOOTH. ITOCTpoeHHe H HCCRe,ItOB8HH8 HOBHX HHTerpanbHHX 
HerrapaMeTpmecKHX KpHTepHeB cornacHH H cpaBHeHHe STHX KpHTepHeB rro 

,,,_~.-:.<--·.·.••,. 

I Otn.n.r;w /;;1c,:· ':l•;·,~, ,,,., · 
.. ,.,.L:•·1.:" ~J 1 ~,·'!:i"••v·t:,,,, t.Uiil .. tf'.!h,.-.A L-., .. . ,,,,."';i;;;-~ ... 1-s• ..... 

6Wsn.-10TEH;\ ,....._ ~ .... ,.. 



MOmHOCTH nJIH pa3JIWIHllX TillIOB 8JI1TepH8THBHHX rmIOT03. Pa3pa60TK8 Ha 
OCHOB9 9THX KpHT9pH9B CTaTHCTHtl0CKHX M0TO'AOB M0HTH~HKaWIB qaCTID.J., 

perncTpHpyeMIIX ¢H3Htl8CKHMH YCT8HOBK8MH B 9KcrrepHM8HTax ¢H311KH 

BHCOKHX 9Hepr:mt. 
HaYtJHaH HOBH3Ha paOOTH. Paspa00T8H M8TO'A HCCJI8'AOB8HHH HHT8rp8JlbHUX 
HenapaM9TpHt18CKHX CTaTHCTHK, BKJIIOq8IOIJ\IBl H3~8HH8 MOM8HTHUX H 

KOppeJIHW{OHHHX CB08CTB 9THX CTaTHCTHK, a TaKl!te qncJieHH~ M8TO'A 
BUqflCJI8HHH HX ¢~ pacrrpe'A8Jl9HUH 'AJIH Marux oO~eMOB 9MTIHpHtl8CK08 
BHOopKH. PaCCMOTpeH ~ace HHTerpaJihHHX CTaTHCTHK w(n,k), 
Tip9'ACTaBHMHX B BM8 HHTerp~a OT k - 8 CTeneHH 9MIIHpHtl8CKoro 

rrpouecca. C BHCOK08 TOqf!OCTbID BHqHCJI8HH ¢YHKWIB pacrrpe'A8JI8HHH PH'A8 
CTaTHCTHK 9Toro ~acca (rrpH n = 1(1)10 H k = 1(1)5). MccJI8~0B3HU 

KOppeJIHUHOHHH8 CBH3H H8KOTOpHX CT8THCTHK w(n,k) C ~yrHMH H3B8CTHHMH 

CTaTHCTHKaMH HHTer~hHOrO Tllla. IlOCTp08HH KpHT8pHH corJiacHH w(n,k) 
H B oomeM ~8 H3~8HH HX H8KOTOpH8 CB08CTB8. 

000CHOB8Ha U9JI8C000pa3HOCTh H B03MOl!tHOCTh HCnOJih30B8HHfl KpHT8pM8B 

corJiaCHH, OCHOB8HHHX Ha BU00pOqtt08 ¢YHKUHH pacrrp8'A8Jl8HHH, B 3Maqax 
CTaTHCTHqecKo8 M8HTH¢Jlli8WfH BTOpITTHHX qacTID.J., perncTpnpyeMUX 

9KCnepHM8HTaJihHHMH ycTaHOBKaMH. Ha KOHKp8THHX npHMepax KpHT8pH8B w2 
n 

H w3 nocTpoeHH M8TO~, no3BOJI~e rrpaKTHqecKH 0~03Haqtto n 
M8HTH¢ID.J.HpOB8Tb qacTID.J.H no HX Bp8M8HaM TipOJI8T8 H~ HOHH38UHOHHHM 
noTepHM 9Heprllli, H3M8pH8MIIM 0~0Bp8M8HHO H8CKOJibKHMH 'A8T9KTOpaMH 

YCTaHOBKH. IlOK83aHO rrp8HMYm8CTBO HOBHX M8TO~OB nepeA Tp~HOHHHMH 
M8TOAaMH, ncnOJib30B8Bl1111MHCH AJIH pemeHHH TaKHX 3Maq. 

IlpaKTITT8CKaH U8HHOCTb. IlocTpoeHHHe M8TO~ CT8THCTHtl8CK08 M8HTH¢HKa
wrn qaCTID.J. OH~ rrplfM8H8HH ~H 8HaRH3a 'AaHHHx, HaKOnJI9HHHX B p83YJih

TaTe M0~8nHpOB8HHH rrpo8KTHpY8M08 ycTaHOBKH C Tip8'AB8PHT8JlhHHM Ha3Ba
HH8M "0°Factltt!J', npe~a3HaqeHH08 ~Jlfl rrpoB8A8HHH 9KCnepHM8HT8 no 
H3~8HHID nO'ATIOporoooro polK,ll;eHHH K+- M830HOB B CTORKHOB8HHHX rrpoTOHOB 

C JierKHMH fl~aMH ( 2H, 12G) Ha YCKOpHT8JI8 G0SY(Juitch, Germany). B 
coqeTaHJlli C ~yrHMH M8TO'A8MH 9TO ITOMOPJIO 000CHOB8Tb rrpHHUHTIHaJihHYID 
B03MOl!tHOCTh BH~8JI8HHH H3~aeMIIX qacTID.J. Ha ITOA8BJIHIOm9M ¢QHe ~+_ 

M830HOB (NK+INX+ ~ 10-5). 

RpoMe Toro M8TO~ 6HRH orrpoOOBaHH Ha H8KOTOpHX ~8HHHX ¢H3Htl8CKHX 
9KCIT9pHM8HTOB, ITpoBOAHMUX Ha CHHXpo¢830TpoH8 OMID1: C ITOMOmhID ycTaHOB

KH MACTIMR (MarHHTHH8 CIT8KTpoM8TP C ITpoBOJIOqHHMH K8M8paMH)~ TIOK838H8 
BHCOKaH 9cIXlJ8KTHBHOCrh J)33A8JI8HHH BfOpITTHHX qaCTID.J. C pa3HHMH 9JI8KTpH
qecKHMH sapHnaMH H qacTID.J. C pa3HHMH MaCCaMH B 3Maqax ITOAOOHoro Tllla. 
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AilrrpoQaUHH :paOOTH H rryornawrn. PesyJihTaTH HCCJI0'AOB8H:mt, COCTaBHBIIIHe 
AHCC8PT8UHID, oOCYlK,l.1;8RHCh Ha Ha~x ceMHHapax JIBTA H J1HII OMIDl:. qaCTh 

p83YJihTaTOB 0HJI8 ~OJI0llt8Ha aBTOpoM Ha "0AHH~8T08 IlpalltCK08 

KOH¢epettwrn no T80pllli HH¢QpMawrn:, CT8THCTITT8CKHM pemruom:m,1 ¢YHKUHHM H 
cJI~a8HHM rrpoueccaM" (Ilpara, 1990 r..) H Ha "CoBemaHJlli no 
aH8RHTHqecKHM mqncJieHHHM Ha 8BM B ¢H3Htl9CKHX HCCJI9AOB8HHHX" ()J,YOHa, 
1991). 

9cHOBHH9 pesyJihT8TH AHCC9pTawrn H3JIOllt9HH B 12 neqaTHHX paOoTax, 

orryOrnOBaHHHX B ~e cooomett:mt OHID1:, lltypHaJibHHX CTaTe8, a T8Kl!t9 B 

TPY'AaX KOH¢epeHU:mt. CTIHCOK paOOT TipHB9A8H B KOHUS aBTOpe¢epaTa. 
,UHccepTaUHH COCTOHT H3 BB9'A9HHH, 'AByx qacTe8, KalK,ll;aH H3 KOTOpHx 

COA9JllKHT 'ABB rJiaBH, a T8Kl!t9 38K.JIIOqeHHH H TipHJIOllt9HHH. 

CO,llEPI.Affim PABOTU 

Bo BBeµeHJlli AaHO OOOCHOBaHHe aKTY~hHOCTH T9MII AHCC9PT8Ullli, orrpene

Jl8HH Tip9AM8T HCCJI9AOB8HHH H U8Jlh paOOTH. RpaTKO Tip8'ACTaBJI8HH THITH 
HerrapaM8TpHtl8CKHX KPHT8pH9B corJiacHH, OCHOBaHHHX Ha CTaTHCTJ1;KaX, 

Tip8'ACTaBJIH8MIIX H8KOTOpHMH ¢YHKUHOHaJiaMH 9MTIHpHqecKoro rrpouecca. 

0rrp9A8JI8H ~ace 3Maq ~JIH HX 9cIXlJ8KTHBHOrO HCnOJih30B8HHH. 000CHOB8H 

BHOop HHTerpaJihHHX KPHT8pH8B, noKa38Ha B03MOl!tHOCTh pacnrnpeHHH H 

oOoOmeHHH sToro ~acca. 

Ilp9'ACT8BJI8HH rrpHMepH HcnoJih30BaHHH o~oro H3 KPHT8pH8B 

HHTerpaJihHOro Tllla, KpHT8pHH OMera-KBanpaT, nJIH pemeHHH PHAa 3Maq 
aHaRH3a 9KCIT8pHM8HTaJihHHX AaHHHX B ¢H3HK9 BHCOKHX 9H8pritlt. 

iaeTCH KpaTK08 H3JIOllt8HH8 COA8pllt8HHH AMCC9pTawrn ITO rJiaBaM. 

qaCTh I 

B nepaoR rBaBe BHqncJIHIDTCH MOM8HTHH9 ¢YHKUHH pas~x rropH'AKOB 

SMTIHpITTecKoro rrpouecca 

Y (t) = ...rn (F (t) - t), 
n n 0~t~1, ( 1) 

P'A9 Fn(t) ·- 9MTIHpITT9CKaH ¢YHKUHH pacrrp9A9JI9HHH no BHOopKe t1,t2•···· 
tn oO~eMa n H3 paBHOMepHoro Ha [0,1] pacrrpeAeJieHHH. 

IlpHBOAHTCH ~ MOM9HTH08 ¢YHKUHH 9MTIHpITT9CKOro rrpouecca 

Tip0H3BOJihHOro no~ p = .k1 + .k2 + ••• + .k. 
q . 

,Itnfl A~hH98mero OKa3HB89TCH YAOOHHM BB8CTH ITOHHTH9 oOoOmeHHo8 

MOM9HTH08 ¢YHKUHH rrpouecca Yn(t): 
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(I) (II) (q) • _ Jq(t ,t , ... ,t ,n,cp1,cp2, ••• ,cpq) -

= E { cp1[tI,yn(tI)]cpitII,yn(tII)],- •• cpq[t(ql,yn(t(q))] }, (2) 

r,n;e cp1, cp2 ••• ■, cpq - H8KOTOpH8 q>yHKWm ( CM. HIDK8). IlpH 
,n;ono.mrn:TBJibHHX YCJIOBIDIX HHT8rpHpY8MOCTH q>~ID!: cpj no BC8M ti,t = 1, 
2, •••• n OKa3HBa8TCfl B03MOJKHHM smrncaTb Bllp8llt8HH8 ,IJ;Jlfl J: q 

J (tI,tII, ••• ,t(q); n,cp1,cp2••i••cpq 
q 

tI<tII< ... <t(q) 

n n-a 1 n-(a1+a2+ .. a ) q-1 a a a 
= I I•·· I a 1 a 2 

••• a q x 
a1=0 a2=0 aq=O n n-a1 n-(a1+a2+ ... aq-1) 

x (tI)a1(ttI - tI)a2 - (q) n-(a1+a2+ ... +a) ••• (1 t ) q X 

n-1 
x cp1[t1,n-112(s1 - ntI)J ••• cp [t<q>,n-112( I si - nt(q))J, 

q 1=1 

r,n;e 08 
- 0HHOMHaJibHH8 KOStPtl>Jfl.U:18HTH. 

n 

(3) 

,U.nfl HHTBrpa.llbHHX cTaTHCTHK onpe,n;eJieHHoro KJiacca OKa3HBa8TCfl 

B03MOJKHHM ITOCTpo8HH8 8,n;HHOro M8TO,n;a HCCJI8,IJ;OBaHHfl HX MOM8HTHHX H 

KOppeJIHI.UiOHHHX CB08CTB. YKa3aHHH0: KJiacc onpe,n;eJIH8TCfl CTaTHCTHKaMH, 

HMBIOillHMH cTpYKTYPY cJie,n;yrolllero tl>YHKI.UiOHaJia SMITHpHqecKoro nponecca 

Yn(t): 
1 

Wn(cp) = J cp [t, y (t)]dt, 
0 n 

( 4) 

r,n;e cp [t,x] - oC03HaqaeT H3M8PHMYIO OTHOCHT8JlbHO S: x '.t H orp~BHHYIO 
Ha MHOlK8CTB8 T x X q>y-HKIJ.HIO ( S: - (j-aJireCpa CopeJIBBCKHX MHOlK8CTB Ha 

0Tp83K8 T = [0, 1], '.t - a-aJireCpa CopeJIBBCKHX MHOJK8CTB B q>a30BOM 

npocTpaHCTBe X nponecca y (t)). . n 
IIo,n;qepKHBa8TCH, qTo ITOCKOJibKY HaHCOJibillYJO npaKTJfq8CKYJO qeHHOCTb 

HM8IOT CTaTHCTHKH, HM8~8 H8BHpoJK,n;8HH08 acHMITTOTmecK08 pacnpe,n;eJie
HH8, TO Ha q>y-HKIJ.HIO cp(t,yn(t)) MOJK8T CHTb HaJIOlK8HO ,n;ono.mrn:TeJibH08 

yCJIOBH8, oCecneqHBalOll\88 CYJil8CTBOBaHH8 TaKOro pacnpe,n;eJieHHH. 8THM 

ycJIOBH8M HBJlfl8TCfl HenpepHBHOCTb cp, onpe,n;eJI8HH08 Ha D[0,1]
1 

H paccMa-

1 D[ 
0

, 
1 

] - npocT,paHCTBO B8l!l8CTB8HHHX tP~ Ha [ 0, 1] 

HenpepHBHHX cnpaBa H HMS~ JI8BOCTOpoHHHe npe,n;eJIH. 
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TpHBa8M08 KaK tl>YHKI.Uifl y (t), B M8TpHKe CKopoxo,n;a d. 2 
n 

,UJIH H3M8pHM08 OTHOCHT8JlbHO s:q x '.tq H or~eHHOR Ha MHOlK8CTB8 ~ 

Xq m (tI t(q). I (q)) _ [tI _I] [t(q) x ~~HH B ••••• , X , ••• , X - cp1 , X- ••• cp , 
x<q)] B CHJIY TeopeMH 'l>yCHHH MOM8HTHH8 q>yHKWm (2) cymecT~YIOT H 

HM88T M8CTO paBeHCTBO 

{ 
1 1 I ( ) 

E J ... J dt ••• dt q 
0 0 

cp1[tI,xI]cp2[tII,xII] ••• cpq[t(q),x(q)]} = 

= f ... } dt1 •.. dt(q) E {cp1[t1,x1Jcp2[t11 ,x11] ••• cp [t(q),x(q)]}. 
0 0 q 

8TOT q>aKT 

CT8II8Hlf q 
HCIIOJlb3Y8TCfl ,IJ;Jlfl npe,n;cTaBJISHHfl HeqeHTpaJibHHX MOM8HTOB 

,IJ;Jlfl CTaTHCTHK, oc~e,n;HHH8MHX KJiaCCOM W (cp), B BH.n;8 n 

1 
Mq[wn(cp)] = J dt(q) 

0 

t(q) tII 
J dt(q- 1> ... J dt 1 J (t1<t11< ••• <t(q);n,cp, •• ,cp) + 
0 0 q 

1 t 1 t(q-1) 
J dt 1 J dt11 ••• J dt(q) J (t(q)<t(q-1>< ••• <t1;n,cp, ••• ,cp), 

q + ••• + 
0 0 0 (~) 

H ,n;JIH npe,n;cTaBJiemrn, ttanpHMep, cpe,n;Hero 3Haqemrn npoHsBe,n;eHHH wn(~1) 

H Wn(cp2). HeoCxo,n;HMoro ,IJ;JIH H3yq8HHH KOppeJIH~HOHHHX CB08CTB Wn(cp) B 

BH.n;8 

E [ Wn(cp1)Wn(cp2) 
1 tII 

= J dtII J dtI J2( tI< tII; n,cp1,cp2) + 
0 0 

1 t 1 

+ f dtI f dtII J2( tII< tI; n,cp1,cp2). 
0 0 (6) 

'l>opMYJIH ( 3) , . ( 5) H ( 6) onpe,neJIHIOT M8TO,n HCCJI8,IJ;OBaHHH MOM8HTHHX H 

KOppeJIHqHOHHHX CB08CTB CTaTHCTHK KJiacca Wn(cp). 
YKasaHHHR M8TO,n; HCITOJib30BaJICfl ,IJ;Jlfl HsyqeHHfl CB08CTB CTaTHCTHK 

1 1 
w(n,k) = f yk(t)dt H wA(n,k) = J IY (t)lkdt, 

0 n O n 

2d(x,y) = Inf,._[Supt Ix( t) - y( t..( t)) I + Supt It - A.( t) I J, r,n;e 

x(t), y(t) E D[0,1]' A. E A, A - COBOKyrrHOCTb HerrpepHBHHX 
MOHOTOHHO B03paCTaIOII\ID{ Ha [0,1] qHCJIOBHX tP~ TaKHX, qTo 

t..(0) = 0 H t..(1) = 1. 

5 



IIpHHa,nJI8lK81l\HX KJiaccy W ((j)) COOTB8TCTB8HHO IIpH (j) [t, y (t)J 
q> [t, y (t)] = ly (t)lk. MOM8HTH H KOBapHauHH CT8TH~THK 

n n 
WA(n,k) HCCJI8AOB8JIHCb ABYMH CIIOCOOaMH. 

= yk(t) H 
n 

w(n,k) H 

IlepBI:nt cnocoO 3aK.JII0qaJICH B 1HCJI8HHOM OIIp8A8JI8HHH STHX 
X8paKT8pHCTHK AJIH KOHKpeTHHX n H k C HCIIOJib30B8HH8M aJir80palfl!8CKHX 
tp0pMYJI THIIa 

1 n n-5 k 8 m1 m2 E [w(n,k)] = "7c72 L L L Gn Gn_8 Gk 
n 8=0 m1=o m2=0 

m1 +m2 m2 k-m2 (-1) n 8 

m
1 

+ m
2 

+ s + 1 

1 n n-81 82 n-51-52 k1 k2 81 
E [w(n,k1)w(n,k2)J = (k +k )/2 L L L L L L Gn x 

n 1 2 81=0 82=0 m1=o m2=o m3=0 m4=0 

82 m1 m2 m3 m4 m1+m2+m3+m4 m3+m4 
x G G G G G (-1) n --------

n-81 82 n-81-82 k1 k2 (s +s +m +m +m +2) 
1 2 2 3 4 . 

1 
x 

k -m k -m 
S 2 4 ( S + S ) 1 3 ] 

1 1 2 

s~+ m
1
+ m

4
+ 1 ' 

k -m k -m 

[ 

81 3 (8+8)2 4 
X 1 1 2 

8
1
+ m

1
+ m

3
+ 1 

+ 

rAe rroJiaraeTcH o0 = 1. 
BTOpo8 crrocoO COCTOHJI B peaJIH3a~HH BHqHcJie~ HHTerpaJIOB (5) H 

(6) AJIH KOHKpeTHHX n H k IIpH IIOMOIItH_CHCT8Mbl aHanttTHqecKHX BHqHcJie~ 
tmJ.MATH. IlOJiyqaeMHe BHp8lK8HHH B STOM CJiyqae HM8nH TOqHH8 EMA, qTQ 
II03BO~O IIOJiyqHTb nocpeACTBOM COCTarueHHH H pe!IlBHHH COOTB8TCTBYl(llllHX 
CHCTBM n:HHB~X ypaBH8~ aHanHTHqecKHe 3aBHCHMOCTH OT n ~JIH PHAa 
MOM8HTOB pacrrpe~~Jie~ w(n,k). 

IloKa3aHo, qTo CTaTHCTHKH WA(n,k) HM8IOT CHRbHYJO KOppeJIHI.{HOHHYJO 
CBH3b. To lK8 OTHOCHTCH HK CTaTHCTHKaM w(n,k1) H W(n,k2) npH qeTHOM 
lk

1 
- k2 1. . 

IloJiyqeH aJireOpa11qec~ B~ cTaTHCTHK w(n,k). H WA(n,k), YAM~ 
~JIH IIpaKTITT8CKHX rrpHMe~e~ ; ·. 

w(n,k) = - nk12i(k + 1) jJ[< t - 1)/n ~ t 1t+
1 

- [un - t 1t+
1
}, 

WA(n,k) = nkf.2/(k + 1) JJ[u~ -tit+18t0tk(Un - ti) -

- [<t - 1)/n - t 1t+
1stgnk(<t - 1)/n - t 1J}-· 

6 

~ 

,J 

OIIpe~eJieHH T8RJK8 rrpe~enu H3M8H8~ STHX CTaTHCTHK. 
BTOpaH rnasa nocBHmeHa TIOCTpoemno KpHT8pM8B corJiaCHH Ha OCHOB8 
CTaTHCTHK w(n,k), 113yqemm HX CB08CTB }I CpaBHeHIDO no MOmHOCTH. 

rro.cTpo8HHH8 KpHTepHH IIpOBepHIOT COOTB8TCTBH8 ~aHHHX . Ha0JIIOA8HHH 
HyJieooa rHIIoTe3e H0: F = F0 • 

B TaOJI.1 paccMaTpHB88TCH B8Cb cneKTP B03MOJKHHX KpMTepHeB w(n,k) B 
. 3aBHCHMOCTH OT THIIa aJibT8pHaTHBH08 rHIIOT83H H 1: F i F O ( ABYCTO

OHH88) HRH H1: P < Fo (F > Fo)(O,lIHOCTOpoHHe8). 
TaO~a 1 

KpHTepHH corJiaCHH Ha OCHOB8 CTaTHCTHR w(n,k)· 

THII KpHT8pHH JI8BOCTOpoHHH8 IIpaBOCTOpo~ ABYCTOpoHHHa 

iUJbT8pH8THB8 F > po F < F0 F # po 

KpHT. oOJiaCTb 
R HeqeTHOe w(n,k) > Za. w(n,k) < Za. lw(n,k) I> Za. 

k qeTH08 --- w(n,.k) > Za. 

Yp.-HHe AJIH Za. 
R HeqeTHOe <I> (Z ) = 1-a. k,n. CJ.. <lik,n(Za,) = CJ. ~ (Z) = 1-CJ./2 k,n CJ. 

k qeTHOB --- ll\ (Z ) = 1-a. k,n CJ.. 

IlOK838HO, qTo KpHTepHH w(n,k) ycT0:8qJfBH, a B CJiyqae O,lIHOCTOpoHHHX 
aJibT8pHaTHBHHX rHIIOT83 T8RJK8 H8CM8ill8HH H COCTOHTBJibHH, T.e. ypoB8Hb 
3HaqlfMOCTH KpHT8pHH He rrpeBOCXO~T COOTB8TCTB~ero 3HaqeHJ1H 
MOmHOCTH a. ¾ P, H HaABlKHOCTb pa3A8JI8HHH rHIIOT83 B03pacTa8T C 
YBeJIHqeHHeM qffCJia HaO.mo.n;e~ 

rtm Pr{ w(n,k)E Ba.lH1l = 1. 
n~ 

orrpe~eJieHH <PYHKUHH pacrrpeA8JI8HHH ~k (Z) CTaTHCTHK w(n,k) ~JIH ,n 
PMa 3Haqe~ n HR. 

Jl,JIH CTaTHCTHKH w(n,1) 8TO CA8JI8HO 8H8JIHTITT8CKH, a AJifi CJiyqaH 
IIpoH3BOJibHOro. R OHJI IIOCTpoeH oOoOmeHHHa qffCJieHHHa M8TOA OIIp8A8Jl8HHH 
xapaKT8pHCTITT8CK08 <PYHK!Ulli pacrrpe~eJieHHH w(n,k) H IIOJiyq8HHH Ha ee 
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OCHOBe ¢yma.u,nl ~k (Z). 3TliM M8TO~OM c BHCOKon TQqHOCTbID (OT OMOn -,n 
,IUJyx e,zunrn:u nHToro sHaKa ~o e,zunrn:uH qeTBepToro SHaKa noc~e sanHTon) 
Il0Jlytl9HH T80JIHUH npoueHTHHX ToqeK pacnpe~e~el-IHtt w(n.k) npH R = 
1,2, ••• ,5 H n = 1,2, ••• ,10. 
MOIWIOCTb KpHT9pHeB w(n,k) H HX cpaBH9HH9. B paOoTe IlOK838HO, qto B 

c~yqae IlpHH8,!{~9lKHOCTH 8MIIHpmecK08 BHOOpKH t1. t2•···· tn (tiE 
[0,1], t = 1.2 •••• n) OMOCTOpoHHen 8JibT9pH8THBH08 rIDIOT838 G (A~H 
onpeAe~eHHOCTH - npaBOCT£POHH8n G < Fo>• A~H OO~bll!HX 3HaqeHH8 n 
pacnpeAe~eHHe CT8THCTHK w(n,k) npH0JIIDl[9HHO OnHCHB88TCH rayccOBCKHM. 
pacnpeAe~eHHeM c napaMeTpaMH 

1 
a= nk12(-1)k Jg (U)du H o2 (k.n) = nk- 1k2 D(S), rAe 

0 k 

1 1 1 2 
D(S) = 2 J G(t2)gk_1(t2)dt2 

0 
J gk_1(t1)dt1 - [ J G(t)gk_1(t)dt) 
t2 0 

H gk(t) = (t - G(t))k. 

3TO Il03BO~H9T OU9HHB8Tb ypoB8Hb MOIWIOCTH KpHT8pHH w(n,k) npaKTmecKH 
A~H ~on ¢YHKUHH G < Fo 8JibT8pH8THBHOn rIDIOT83H H1 no ¢oPMY~8M 

k/2 1 

{ 

Za(R,n) - n J gk(U)du} 
P ~ 1 - ~ o A~H qeTHHX R, 

O(k,n) 

k/2 1 

{ 

Za(k,n) + n J gk(u)du} 
p ~ ~ O A~H HeqeTHHX R, 

O(k,n) 

r~e ~(X) - ¢YHKUHH ,pacnpeAe~eHHH n~OTHOCTH N(0,1). Za(R,n) 
KpHTm8CK08 3Haqemre COOTB8TCTBYIOill8rO KpHTepHH A~H BHOpaHHHX a H n. 

C ue~hID Il0Jlytl8HHH H8KOTOPHX 0011\HX pesy~bT8TOB B HCC~BAOB8HHHX 
MOIWIOCTH qsnMeH3 npeA~OlKH~ pacCM8TpHB8Th ~B8 TIDia 8~bT8pH8THBHHX 
rIDIOT83, Gmuo H GM• .OM8 H3 KOTOpHX MHHHMH3HpY8T, 8 ~yraH -
M8KCHMH3HpY8T MOIW!OCTb KpHT8pHH A~H OMOCTOpoHHHX rIDIOT83 C 
¢HKCHpoB8HHHM ti= Sup IG(X) - Fo(X) ,. 

-m<x<w 
)tJIH 8THX rHTIOT83 H8 npHMepe BHOOpoK n = 50, 200 H 1000 c IlOMO!qbID 

MOAe~oB8HJIB H atta~TmecKHX oueHOK OH~o npoHsBeAeHo CpaBHHT8~hHOe 

3Chapman D.G.// Ann. Math. Stat •• 1958, v.29, p.655. 
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Pnc.l. OaancnMOCTH MOl.llHOCTeii IpaTepuea w! (IpBBM 1), w! (2), w! (3), w! (4) n 

w! (5) OT ypoBHJI OHR'IBMOCTB o npu n = 50: a) )\IHI rHJIOTeohl G,,. •• npB ~ = 0.2, 

6) Ans ranoTeohl GM npu ~ = 0.05. 

HCC~9AOB8HH8 MOIW!OCTH KpHT8pH8B w(n,k) npH R = 1.2 ••.•• 5. H8KOTOpH8 

pesy~bT8TH np9ACT8M8HH H8 pHc. 1. 
)tJIH KpHT8pH8B w2 H·w3 MOIUHOCTH cpaBHHB8~HCh T8KlK8 H A~H Ma~HX n < 

n n 
10. Hy~8B8H H a~bT8pH8THBH8H rHnOT83H 38,!{8B8~Ch rayccOBCKHMH 
pacrrp8A8~8HHHMH C AHCIT8pCHHMH paBHHMH 1 H cp8MHMH 3HaqeHHHMH, 

• ~~ I •. rn ::::==-: ... :;.;:.--=--:21 

0.8 

o.~ 
O.J 
0.2 
QI 

& 

n:6 

oV: 1 a 
0.1 Q2 0.3 ().4 Q5 Q6Q1 0.8 Q9f.0 

• (01 •~'" _:__:::;:;;:.: ... --:2!!--"'A 
0,9 

0. 
0. 
0.6 
0, 

0.4 
0.3 
0.2 
0,1 

•=1 

O 0,1 OJ O.J 0.4 Q5 0.6 0,7 0.8 0,9 lO a 

Pnc.2. Cpa1menue MOl.llllO<'T('ii Kpl1Tf'pm1 t'Or.11l<'IUI ec•~ (ny11KTHpm,1e KJ)IIBh)(') II o;:u10-

CTopo1111ero xpnTeplUI w~ (c-nJJOIU}ll,I(' KplmbH.'): a) B r,'l)"'!ae OflHOCTOpOIIH('ii n.ai.

'l'('PIII\TIIBIIOH rnnoTeOhl nn npll~ll'I"' Hl,l60pK11 " = ll II d = 0.1. O.a II 1.0; ui H 

c.ayqae ;\nycTopoHnc1i a.J1LTep11aTnunoii runo-reou ua npnMepe Bhl6op~n u = 7 u 

J = 0.1, 0.5, J.0 11 J.fi. 
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pa3JIH\lruani,iMHCfl Ha Be.JllilrnHy d. 
KpoMe Toro, C ~BRbID rrpoBBpKH aqxpeKTHBHOCTH O)nIOCTOJ)OHHHX 

KpHTepH8B w(n,k) )J;Rfl sap;aq C )J;BYCTOJ)OHHHMH I'IDIOT83aMH OHRO 

ITpoH3B8)J;8HO BHqffCR8HH8 ~YHKltH8 MOmJiOCT~ )J;RR rIDIOT83 Ho: N(0,1), H,: 
N(d,4). Ha pHC. 2 IIpHB8)J;BHH TIDIHqHH8 pesyRhTaTH cpaBHBHHR KpHT8pHBB 
w2 H w3 B CRyqae Ma~x oO~BMOB 8MIIlipHqecK08 BHOOpKH n. n n 

OrMeqaeTCR, qTO CYlll8CTBY8T TIDI )J;BYCTOJ)OHH88 aRbTBpHaTHBH08 
I'ID10T83H, )J;Rfl KOTopon IIpHMBHBHHB KpHTBpHeB w(n,k) C HeqeTHHM R 
OIIpaB)J;aHO H 8qqJ8KTHBHO. 3TO COCTaBHHB I'ID10T83H )J;BYCTOpOHHero TIDI_8 

(pnc. 30). MomttOCTb )J;BYCTOpoHHero KpHTBpHa w(n,k) )J;Rfl TaKHX .rIDI0'.]:'93· 
orrpep;eRaeTca paBBHCTBOM P = G

1
P

1 
+ G

2
P

2
, rp;e · P1, P

2 
.: ::.. · MOil\HOCTH 

KpHTBpHBB ITO OTHOIDBHHID K COOTBBTCTBYJOOIHM O)nIOCTOpoHHHM rIDIOTB3aM. 

!(x) ~.s 1-(0,1) 

'·' a 
Ha:f:sFo 

1,7 

,.i 
N(4,3) 

0,9 
,-- .. , 

'.,/'i''•G 
' o I ,..I- \. ',,__ I 

_, -4 -2 0 2 ~ 6 B /0 (2 f~ _, 
X 

. . 
I 
I . 

I 
I 
I 

I , 
-7 

~.s f(x) 

• I I \>M·! \ 
,3,6 

• I 
I ' I I w I I 

I 1 
I 
I 
I 
1 if,B 
1 . . . 

jo,9 . . 
1 . 

0 
-5 5 7 -'x 

Pnc.3. ,I(na OCHOBHblX Tlllla a/lbTepHaTIIBllblX aeycTopoHHIIX runoTPG 111: F = G' 
no OTHOllleHHIO K nynenon rnnoTeoe Ho : F = F0 , oamumoii n;ioT110cT1,10 N(O, 1 ): 
a) rnrroTeoa H1 rrpe/J.CTaB..'IeHa pac11pe11.e11e1meM N(4, 3)i 6) co.cTaBHM rnm1Teaa Il1 

onpe)le.,eHa JlBYMH raycconcKllMD pacnpe.::te.1eHUHMH N(-:-5,l) ·n N(5, l ). 

llACTh II 

BTOpaH qacTb AHCCBpTa~ ITOCBRmeHa ITpH1.18HBHHID.:HHTerpaRbHHX KpHTBpHBB 
)!;RR ITOCTp08HHR CTaTHCTffqBCKHX M8TO)J;OB H,ll;8HTH~HK~ qacT~ H 

HCITORb30BaHHIO. 8THX MBTO)J;OB B pRp;e 3~aq KOHKp8THHX ~H3ffq8CKHX 
8KCIT8pHM8HTOB. 

PaccMaTpHBaeMHe M8TO,nH opH8HTHpoB8HH Ha ~ KRacca ~H3ffq8CKHX 

3~aq - HABHTH~HK~ qacT~ ITO CYMMapHHM CITBKTpaM Mace H 
HABHTH~HKa~ qacT~ Ha OCHOBB CITBKTpoB HOHH3~0HHHX ITOTBpb. 

IO 

,:~~· 
{_-1_ :1 

.• 

,1 
I~ 

H B TOM H B APyrOM CRyqaax HCITORh30BaHH8 M8TO~OB rrpe~oRaraeT 
ITapaRRBRbHHB H HB3aBHCHMHB H3MepeHHR T8KHX ~H3ffq8CKHX BBJIHtlHH, K8K 

BpeMeHa rrpoReTa qacT~ HRH HX HOHH3~0HHH8 ITOT8pH 8H8prHH, 

O)nl0Bp8M8HHO H8CKORbKHMH )J;8T8KTOpaMH ~H3ffq8CK08 YCTaHOBKH (B 
peaRbHHX 8KCIT8pHM8HTax, KaK ITpaBHJIO, IIp8AYCMOTp8HO AY0.!IHpoBaHH8 
H3MepeHH8 8THX BBJIHtlHH). 

H3M8pR8MH8 CITBKTpH flBRfl!OTCR CYMM8MH pacrrpep;eReHH8 OT qacT~ 

pa3HHX copTo_B. ( B TOM qHCRB H ~Ha) , H HX HABHTH~~ 03HaqaeT 

pa3~8R8HJ18 BKR~OB pacrrpep;eReHml: OT pa3HHX qacT~ B 8THX CITBKTpax. 
· · · ~H3ffqecirae H cTaTHCTHqecKHe ocHoBH MeTo.n;a. 

~H3J.ill8CK08 CO)J;8pl!taHH8.COCTOHT B TOM, qTo H3M8pH8M08 C00HTH8 (HaOop 

H3MepaeMHX ~H3ffq8CKHX BBmHH), rrpHH~Remamee qacT~e OIIp8)J;8R8HHOro 

copTa HMBBT TaKYJO CTPYKTYPY, qTo BCRH OTcqeT B IT8pBOM )J;BTBKTOpe 

(TO~a B CIT8KTpe 8TOro )J;8TBKTOpa) rrpHH~RBmHT KaKOMY-TO H3 
COCT8BRH~ CITBKTp pacrrpep;eReHHn, TO OTcqeTH BO BCBX ITOCRB.I{YIO[nlD{ 

)J;BTBKTOpax TaKJKB IIpHH~RemaT pacrrpep;eRBHHRM 8TOro TIDia. 

T. o. MOmHO roBOpHTb O HBKOTOpo8 "Kopp8.!IHpoBaHHOCTH'' H3MepaeMHX 

CITBKTpoB ITO OTHOIDBHHID K OT)J;BRbHOMY C00HTHID. 
CT8THCTffq8CK08 CO)J;Bpl!taHHB· COCTOHT B TOM, qTo BB~ oTcqeTOB B 

)J;BTBKTopax, IIpHH~Remamnx O)nIOMY COOHTHID, rrpeoOpaso:samme HBKOTOpHM 

oOpasoM, MOmHO paccMaTpHB8Tb KaK O,IJ;HOMBpHYJO BHOOpKy H ITO)J;BBpraTb ee 

ITpoBepKB Ha COOTBBTCTBHB KaKOMy-RHOO pacrrpep;eieHHID. 

Peam~ MBTO,IJ;OB (8)U1H8R CXBMa). 
a) B H3M8p8HHOM CITBKTpe Kam)J;Oro )J;BTBKTOpa BH)J;BRHBTCH 

pacrrpep;eRBHHB, OTB8q8l0Ill88 qacT~8M BHOpaHHoro copTa (OOHqHo 8TO 

)J;OMHHHpYJOOlBB pacrrpep;eReHHe). 

0) Bee CITBKTPH rrpeo0pa3YIOTC~ TaKHM o0pa30M, qToOH pacrrpep;eRBHHfl 
OT BHOpaHHoro copTa qacT~ MOmHO OHRO OITHCHB8Tb O)J;H08 H T08 me 
~~en ITROTHOCTH )J;Rfl BCBX )J;BTBKTOJ)OB. 

B) Jtrra ~oro coOHTHR, oosBaHHoro perHcT~ea OT)J;BRbH08 

qacT~, H3 BBJIHtlHH, O)nIOBpeMeHHO IIpHH8A,Jlemamnx rrpeo0pa30B8HHHM 

CIT8KTpaM, KOHCTPJHPYBTCfl BH00pK8. 3Ta BH00pK8 rrpH ITOMOmH KpHTBpHBB 
corRacna w(n,k) rrpoBBpRBTCR Ha COOTBBTCTBHB rIDIOT838, OIIpB)J;8RflBM08 

pacrrpep;eRBHHBM, KOTOJ)OB OHRO ITOROmBHO B OCHOBY rrpeoOpa30B8HHfl (0). 
· IlpH 8TOM, C00HTHR, OTBBqaIOO\HB 8T08 rIDIOT838, BH)J;BRHIOTCR B 

)J;OITYCTHM08 oO~aCTH, a COOHTHR, rrpHH~Remamne pacrrpep;eRBHHHM OT 

qacT~ APyrHX copTOB - B KpHTffq8CK08 00R8CTH KpHTBpHR. 
PeaRH3agHR B KOHKpBTHHX 38,I{aqax. 

II 



-1) C noMombID cneKTpoMeTpa MACIBIB4 npH OoM08p,nHpOBK9 ne8TpoH8MH C 
HMTIYJlbCOM 9 TuB/c MHIJJ9H98 H3 GD2, GH2 HG non yrJIOM 140 Mpa'A K OCH 
nepBWrnoro Jiytll(8 H3M9pHJICH HMTIYJibCHllR cneKTp BTOpwnrux qacTHU B 
HHTepBaJie OT 3,5 no 5,5 TuB/c. OcHomo8 ~M B cneKTP B sTo8 
oOJiaCTH nBIDT TipoTOHll, npHM9Cb ne8TpoHOB COCT8MH9T npHMepHO 1 %. 

H'AeHTH~HKBUHH 38pHZ9HHllX qacTHU (npoTOHOB ~ ne8TpoHOB) 
OCYmSCTMHJiaCh nyTeM H3MepeHHH HX HMTIYJibCOB H BP8M8H npoJieTa. 
lfMTIYJibCH qacTHU .~CJIH~Cb no yrJiaM HX OTKJIOHSHHH B ·noJie 
aH~3HPYJOlllero MarHHTa, a nJIH onpeneJieHHH BPeMeH npoJieTa 
HCnOJib30Ba~Cb CHrH~ OT nByx nap CQHHT~HUHOHHllX cqeTqHKOB, 
paccToSIHIDI MSll!'AY KOTOpHMH cocTaMHJIH cooTBeTCTBeHHo 16,7 H 21,9 M. 

,unH pasneJieHHH TipoTOHOB H ne8TpoHOB TipHMSHHJICH KpHTepH8 w~. B 
COOTBSTCTBHH C OTIHC8HH08 BHlll9 CX9M08 MeTona nJIH npeo0pa30B8HH~ 
cneKTpoB Mace qaCTJiU HCnOJib30Ba~Ch noMHHHpYJ(JII\H8 B HHX pacnpeneJI8HHH 
TipoTOHOB, xopomo annpoKCHMMpYJOIIIHSCH B naHHo8. 3Maqe rayccoBCKHMH 
KpHBHMH. Ha pHC. 4 npencTaMeH cneKTp Mace qacTHU, noJiyqeHHHR C 

PncA. CrreKTp Mace BTOpll'IHLIX 'IaCTHU, no
:1y'!eHHhlii C y'leTOM ):laHHblX OT nepnoii napbl 

C'!eT'!IIKOB: a) ,1,1n Mace, 60.'IblllUX 1,25 faB/c 
(nyIIKTUpII!U! :Kp!IBM); 6) ,l)Ifl co6blTIIIl cw~ > 
0.666 (cn.1011mrui Kpnnaa). 

yqeToM naHHllx OT nepB08 napH cqeTqHKOB. 
IlYHKTMpH08 KpHB08 OTMeqeH pesyJibTaT 093 
npHM9H8HHH KaK08-~0o CT8THCTmecK08 
npoUSnYPH, CnJIOIDH08 KpHB08 nOK838HO 
pacnpeneJieHHe Mace nJIH co0HTH8, 
BHn9JI9HHHX B KpHTmeCK08 oOJiaCTH w~ > 
0.666 KpHTepHH OMera-KBa'ApaT. 

2) B npyroM SKcnepHMeHT9 Ha cneKTpo-
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2. 3. 

mJ38/c2 

40micaHHe YCT8HOBKH H OCHOBHHX 33'Aaq SKcnepHMeHTa 'AaHO B paOoTaX 
L.S.Azhgtrey et all.//Nuclear Ph.ystcs A528 (1991) 621-646, 
AlKrMpe8 ~.c. H np.//H,I{epHaH ¢H3HK8, T.46, BHTI.4(10), 1987. 
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M9Tpe MACIDiK, T8KlK8 non yrJIOM 140 Mpa'A npH 00M08p'AMpOBK8 HnpaMH 4He 
C HMTIYJibCOM 4,5 I'sB/c/HYKJIOH TeX me MHIJJ8H98 H3M9pHJICH HMTIYJibCHllR 
cneKTP BTOpHqttHX qaCTJiU B HHT9pBaJI8 OT 5,0 no 15,0 TuB/c. 0CHOBH08 
BKJian B cneKTp B ST08 00JI8CTH naJOT "onttosapH'AHI,Ie" qacT~ (TipoTOHll -
p, ne8TpoHH - d H TpHTH8 ), npHM8Cb "nBysapH'AHI,IX" qaCTJiU (Hnep 3He H 
4He) He npeBmnaeT 0,1 %. 

KpoMe Bp8M8H npoJieTa Hn9HTH{flHKaUHH qacTHU npoBOnHJiaCb no 
HOHH3aUHOHHHM noTepHM B nHTH C~HJIJIHUHOHHllX cqeTqHKax. 

Ha pHC. 5 npencTaMeHO pacnpeneJI8HH8 aMTI~Tyn BHXO'AHI,IX HMTIYJibCOB 
nJIH Onttoro H3 CUHHUHJIJIHUHOHHHX cqeTqHKoB OCHOBHoro nJieqa 
CIT8KTpoM8Tpa. noMHHHpYJ011188 pacnpeneJieHHe B STOM cneKTpe BH3BaHO 
perHCTpauHe8 OnH038pH'AHI,IX qaCTJiU. Ha PHCYHK8 T8KlK8 OTMeqeHa OOJiaCTb 

N x 1<f 
181~-:::--,----~-~-~-~-~ 

15 

12 

9 

··-
32 52 72 92 112 132 

A(oTH.eA.) 

PHc.6. PacnpeAeneHHe CJiy'laim.a BeJID

'IHH w!, IIOll)"IeHHoe B peoym,TaTe 06pa-
60T1tH aMIIJIHTfA BLIXOAHl,IX HMIIYlILCOB 
OT JJJITH C~IUIOHHHX C'leT'IHJ:OB 
ocuoBuoro IIJle'!a cne1tTpOMeTpa MAG
IIHK. 

Pn,.:i. Pa,npe~e.1enne a~m.-mTy~ BbIXo

~HhIX 1nrny:11,,0B )IJIJI 0;1HOl'O 11'3 ,IIIIH

f.\ll~1~1JII{UOHHLIX C"'leTqHKOB OCHOBHOfO 

n:it"Ia rnenpmwrpa M.\C'ITIIK. 

N X let' 
35 
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0 
-2.7 -2.1 

)\ 
-1.5 - 0.9 -0.3 0 0.3 0.9 

hc50 
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• 
' 
~-] 

1.5 2.1 2.7 w5 

o~aeMoro TipoflMSHHH C00HTH8, BH3BaHHllX ,nBy3apH'AHI,IMH qaCTHUBMH. )\JJH 
npoBepKH SToro Tip9MOJIOmeHHH HCnOJib30B8JICH OnttOCTOpoHHH8 KpHTepH8 
w3• B K3qecTBe HYJI9B08 rHITOT83H OpaJIOCb pacnpeneJI8HH8 ]aH,nay. n 
CoOHTHfl, Bli3B8HHH9 nBY38PHnHHMH qacTHUaMH, BHneJIHJIHCb B KpHTHqecKOfi 
oOJiaCTH KpHTSPHH w; (pHc. 6). Bcero OUJIO BHneJieHO 7 C00HTH8 ( 3He H 

u 



N x 1<>2 
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Pnc.8. Pacnpe;:1e,1ettne cnyqanHblX i,e;:m

'ilIH w~, no.1yqenHoe B peoy;n,TaTe o6pa-

6oTxn cneKTpOB Mace O):IHOOapH/:IHblX 'Ja

CTHII, HOMepHeMblX C llOMOIIU,IO .:iuyx nap 

BpeM1111po.1eTHLIX cn:HHUHJ1Jl1IIIHOIIHblX 

C"IeT'iHKOB B OCHOBIIOl\l n;ieqe cneKTpOMe-

Tpa MACIIIIK. 

N(co61ffri) 

m, reB/c2 

Pne.7. Cnei.Tp ltacc u;i;Hoaap~,IIILIX ~a

CTIIU, oapen1cTp11pomumux OCIIOIJIILlll 

n.1e'imt cneKTpow·Tpa ~f.\C'IIIIK. 

N 120,~~-~-r---.-...,----.--~~-
600 

480 

360 

240 

120 

I: 10 

O I ti~~- ~11 w! 
-0.75 -0.60 -0.45 -D.30 -0.15 0 0.15 0,30 0.45 0.60 0.75 
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Puc.9. CnexTp Mace o)IHOOapH/\HLIX •ia

CTHU, OTBe"IaJO~m'i t·o6blTHHM c w! > 
0.66, - nyHK,HpHM rm.·TorpaMMa; CTIJlO

WHOll rncTorpaMMOH npe;i;C'raBJieH peoyJJL

TaT llOBTOpHoii o6pa6oTKII yxa.·rnHHLIX co-

6LITHII c noMOill,LIO KpHTepmr wl. 

4He). ,lLJI.H pas,neJIBHIDI BKJI8,n:OB O,n:H03ap.H,n:HHX llaCTH[( (p.d H t) CII8KTpH 
Mace BTOpHtIHllX ll8CTH[( (pHC. 7) TIO,D:BBpraJIHCb o0pa00TK8 IIpH IIOMO~ 

,n:ByCTOpoHHero KpHT8pIDI w~. Pacrrpe,neJI8HH8 B8J!Wlllli w~ TIOKa3aHO Ha 

pHC. 8. B KpHTHll8CKHX oOJiaCT.HX w~ < -0.66 H w~ > 0.66 BH,n:8JI8HH 
C00HTHH, OTB8l!aIOII\He IIpoTOHaM H TpHTIBO COOTB8TCTB8HHO. 0KOHl!8T8Jibmn1 

·CII8KTP Mace ll8CTH[(, rrpe,ncTaBJieHHHA Ha pHc.9, ,neMOHCTPHpY8T xopomee 
BH,n:8JI8HH8 qacTH[( TpHTIDI C TIOMOmbro IIpHM8H.H8Moro M8TO,na. 

CpaBH8HH8 M8TO)!l1K w1• w2 H w3 C Tpa)!HijHOHHHMH M8T0)!8.MH H M8TO)!OM 
n n n • 

OTHOill8HH.H ~~mi npaB,norro,noOIDI OHJIO rrpoBe,neHo Ha OCHOB8 

MO,D:8JIHPOE8HHH pacrrpe,neJieH:mi, rrpHBe,neHHHX B paOoTe TIO pas,neJieHHID 

IIpoTOHOB H sap.HE8HHHX IIHOHOB C 8HeprHe8 100 I'sB B IIOTOKaX 

KOCMHll8CKHX Jiyqea5• H3M8p8HHH HOHH3filU10HHHX IIOT8pb IIpOBO,n:HJIHCb 

N x 1<>2 
10-~---r----r----.-----.-----. 
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TI:P = 1:4 
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40 
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.6.E, uB 

Pac.10. Cyiwapnoe pa.cnpeAeJielllle 
Homm~oHHWt noTepb ~ 100 I'oB
HHX npOTOHOB H llHOHOB B OTp;em.

HOM p;eTe.1'.TOpe ( cmromnu rBCTOrpa.M-

11a): unap; OT npoTOHOB - nyJllTHJ)

HIIII rHcTOrpa.MMa, nmap; OT llBOIIOB 

- 08.WTpHXOBIIJfflM rBCTOrpaMMB.. 

0,n:HOBp8M8HHO H8CKOJI~KHMH ,D:8T8KTOpaMH 8KCII8pHM8HT8JlbH08 YCT8HOBKH (n 

= 6). CYMM8PH08 pacrrpe,neJieHHe HOHH3filU10HHllX IIOTepb ,D:JI.H O,n:Horo 

,neTeKTOpa TIOK838HO Ha pHC~ 10. 
HCTIOJib30B8JlliCb M8TO,n:H w!, w! H w!, M8TO,n OTHOill8HH.H q>YHKUlf8 rrpaB,no

rro,noOIDI, a TaKEe Tpa,nm.:tHOHHHe M8TO,n:H CT8THCTHll8CKOro 8Ha.JIH3a H3Mepe

H:mi C MHorocJioaHHx ,neTeKTOpoB - M8TO,n OTOopa TIO MHHHM8JlbHOR aMIIJIHTy

,ne. M8TO,n ycpe,n:Hemm HMIIYJibCOB co BC9X ,neTeKTOpoB C rrpe,n:BapHT8JlbHHM 

OTOpocoM OOJibmHX aMTIJIHTY.ll: H M8TO,n TIO,D:Cll8T8 l!HCJia ,D:8T8KTOpoB, 

HMizyJibCH c· KOTOpHX He rrpeBHmam 38paH88 BH0paHH08 B8Jllil!HHH. Ha 
pHo.11 a,O rrpe,ncTaBJieHH.pacrrpe,neJiemm c.nyqa8Hllx BeJ!Wlllli w~ H w!. 

5P.V.Ramaha Murty and G.D.Demeester//Nucl. Instr. and Meth., 
1967,56, p.93. 
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Pnc.11. Pac11pe;1enemrn c;1y'!attHbIX Be

.JIH'lllH w~ (a) ll w! (6), 11011y'!eHHhie B pe

oy.JihTaTe o6pa6oTXll Cl\10;\e,mpoBaHllhIX 

cneKTpOB IIOHl!OaIIIIOHHhlX noTepb (n = 
6): cyMMapHoe pacnpe;:ie11em1e - crn10-

1UHaJ1 rncTorpaMl\Iaj BKJH\;:\ npoTOHHhlX co-

6b1Tllll - nyHKTllpHM rncTorpaMMa; BK/IR;\ 

,nllOHllhlX co6hITIIH - oaunpl!XOBaHHM rn

CTorpaMMR. 

N x 1Cl2 

:~ 
4 

3 

2 
11 

0 

N X ta2 
121 

10 

8 

I 
6 

4 

a) 

Jl:P = J:4 

~- I 
TI 

- w2 
02 0.4 0.6 0.8 1.0 6 

~ ., 

n,e = 1,4 JI p 

:r , d,~1 .Jw3 

-0.75 -o.50 -025 0 025 0.50 0.75 1.0 6 
-1.0 

IlpoB8A8HHO8 cpaBH8HH8 TIOK8Bano, qTo B A8HHO8 BMaqe M8TOA w! 
Ilp8BOCXO,$1T KaK BHIJJ8TI8p8qJfCR8HHH8 Tp~OHHH8 M8TO.I(ll, TaK H M8TO.I(ll 

w~ H w~ H ycTynaeT B MOII\HOCTH, XOTH H oqeHb H83HaqHT8RbHO, M8TOAY 

OTHOill8HHfl ~YHKUIDI: npaBAOTIOAOOHH, oOnMaH TIO CpaBH8HHIO C HHM pHAOM 
B8l!CHHX IIp8liMYm8CTB. 
HCTIORb3OB8HH8 MeToga w3 gnH :BHA8R8HHH TIOAJIOporOBHX K+ M83OHOB. 

n 
YCT8HOBK8 C IIp8AB8PHT8RbHHM Ha3BaHH8M "0°Factltty"6 IIp8Atta3HaqeHa 
ARH IlpoB8'A8HHfl 9KCTI8pliM8HT8 TIO HByqeHHIO TIOMOporoBoro pollt,D;8HHH K+
M83OHOB B CTOJUQiOB8HHHX IlpoTOHOB C nerKJiMH HAP8MH ( 2H, 12c) TIYT8M 

IlpoB8A8HHH HHKJil03HBHHX H 9KCKJII03HBHHX HBMepe~ ,$1~8p8HUHaRbHllX 
ceqe~ Ha YCKOpHTene COSY (Jultch, Germary), TIO3BORHIOlll8M YCKOpHTb 

HAP8 (OT BOAOpoAa AO cepu) AO HMTIYRbCOB OT 2'10 AO 3300 MsB/c. 
3KCTI8pliM8HTanbHO HeOOXO'AJiMO pemHTb BMaqy npaKTffq8CKH OAHOBHaqtto8 

6W.Borgs et al. Proposal for K+ - Meson Spectroscopy wtth 
"0°FactHty" at TP2 tn COSY. 
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perHCTpauHH K+ - M83OHOB Ha TIOAaMHKJlll8M ~He x+ - M83OHOB. 

COOTHomeHHe BRJIMOB STHX qacT~ OlKl1,IJ;a8TCfl paBHHM NK+ /Nx+ ~ 10-5• 
PemeHHe 9TO8 BMaqH Ouno IlpoB8A8HO B ABa 9T8Ila. Ha TiepBOM 9T8TI8 

IlpoHCXO~ OTOOp COOUTH8 TIO H3MepeHHRM HOHHBaIUiOHHHX TIOTepb B AByx 
CUHHUHRRRUHOHHHX cqeTqHKax ycTaHOBKH C HCTIORb3OB8HH8M M8TOAa OTOopa 

TIO MHH1™anbHO8 8MTIRHTYAe, qTO TIOBBORHRO ITOA8BHT~ ~H B 2·103 pas. Ha 
BTOpoM STarre K crreKTpaM Mace OCTaBmHXCfl qacT~ Oun IIpliM8H8H KpHTepH8 

3 + • 
W. 0KoHqaTenbHH8 cneKTp Mace K -MeBOHOB npeACTaMeH Ha pHC. 12. n 
IlpliMeCb ITHOHOB cpe,$1 BUA8R8HHHX qacT~ COCTaMReT Mettee 15 %. 

]IJ I: ---------------
\' 9 ::. 

3 :· 
7 t . /\ ,\-+ 

,-_, I' J L ti ~ J l 
s =- l l 
4 =- r , 

f 
, I 

~ } ,- + ' " - - j rr l 
2 11- ~iriil _ r) , J.1Juill ·t 

: 1!" ,,. • ., (- ·.·/ \ l. .... :7 '] [__J.. .. L_J,....Li,..,t,=±ll: .. ,-L ... ,.-.l1I.s-!:.'1.,8;1L_,_J..::11o::1....L.-..L.J.....L.-
O .. ~ 0.4 0.5 , (JG tJ.7 G.8 

m. ~lnfl/,·2 

Pnc.12. CnexTp ~18('<' DTOpll'lllhlX 'lfiCTIIIL normn11111x B .1ony<'Tll~IYR• 06:Htl'TI, KpII

Tep1111 ""i C ypoBHl'M oua'-IIIMOCTII (l' = 0.04. 

B npHJiosemm IIpHBOAHTCfl TaO~ IIpOU8HTHHX ToqeK 
CTaTHCTHK w(n,k) npH k = 1,2, ... ,5 H n = 1,2, .•. ,10. 

pacnpeAene~ 

B 88RJlll~0HHH c~pMYnHpOBaHH OCHOBHHe BUBO.I(ll ,$1CC8pTaUHH: 
1) IlpeAROE8H MeTOA BHqHcneHHH MOM8HTOB H KOB8pHaUH8 ARR 

H8KOTOporo Knacca HHTerpanbHHX HerrapaMeTpHqecKHX CTaTHCTHK. MeTOA 

OCHOB8H Ha CB08CTB8X MOMeHTHHX ~YHKUIDI: SMITHpHqecKoro npouecca. 
2) C ITOMOmhID STOro MeTOAa HCCR8'AOB8HU MOM8HTHH8 H KoppenRUHOHHH8 

CB08CTB8 CTaTHCTHK w(n,k) H WA(n,k), IIp8ACTaBHMUX COOTB8TCTB8HHO B 
mme HHTerpana oT k-8 cTeTieHH SMITHpHqecKoro npouecca H HHTerpana OT 

Ii 



MO.uyJIR k-8 CT8TI8HH rrpouecca Yn(t). 
HccJie,D;OB8HH KOppeJISIUHOHHHe CBSI3H CT8THCTHK Moseca ( U) ,, BaTCOHa 

(U 2), OMera-KB8,lij)8.T (w2) H A}mepcoHa-~ap.mrnra (A2) co CTaTHCTHK8MH n n , n 
w(n,k). 

3) Ilpe.n:JIOE8H oooomeHHHfi M8TO,D; BHqHCJI8HHR ¢YHKI.Ufll pacnpe.n:eJieHHR 
CTaTHCTHK w(n,k). 3THM M8TO,D;OM C BHCOKOfi TQqHQCThID BHqHcJieHH Ta0Jllfl..Ul 

TipOI.{8HTHHX ToqeK pacnpe.n:eJieHH8 W( n, R) ,D;JIR pR.n:a 3HaqeHJf8 n H k. 
4) Ha OCHOB8 CTaTHCTHK w(n,k) ITOCTpoeHH O,D;HO- H ,D;BYCTOpoHHHe 

KpHTepIDi corJiaCJIB H H3yq8HH HX oomn:e CBOfiCTBa. 
C HCTIOJih30Bal:ill8M 'lliCJI8HHOro MO,D;8JIHpOB8HHR, a TaIOKe H8KOTOpHx 

aHaJIHTJfq8CKHX OU8HOK HCCJI8,D;OB8HH MOmHOCTH KpHT8pH8B w(n,R) TIO 

OTHOmeHIDO K pR.uy O,D;HOCTOpoHHHX aJibT8pHaTHBHHX rHTIOT83. 

5) KpHTepHH w2 H w3 HCTIOJih30BaJIHCh ,D;JIR ITOCTpD8HHR M8TO,D;OB 
n n 

H,D;8HTH¢HK8UHH qacTHU no H3M8p8HHRM HX Bp8M8H rrpoJieTa HJIH 

HOHH38UHOHHHX TIOT8pb 9HeprHH O,D;HOBp8M8HHO H8CKOJihKHMH ,D;8T8KTOpaMH 

9KCIT8pHM8HTaJibHOfi ycTaHOBKH. MeTO,D;H OHJlli orrpoOOBaHH Ha pR.n:e .n:aHHUX 

peaJibHHX ¢H3Jfq8CKHX 9KCIT8pHM8HTOB, rrpoBO,D;HMHX Ha ycTaHOBK8 MACIB1K. 
6) Ha OCHOB8 8HaJIH3a ,D;aHHHX, rroJiyqeHHHx MO,D;8JIHpOB8HH8M ¢H3Jfq8CKHX 

pacnpe.n:eJieHH8. orryOJIHKoBaHHHx B ,n;pyrHx paOoTax, rrpoHsBe.n:eHo 

cpaBHeHHe 9~8KTHBHOCTH TipHM8H8HHR ITOCTpoeHHHX M8TO,D;OB H 
Tpa,D;HUHOHHHX M8TO,D;OB, npe,D;Ha3HaqeHHHX ,D;JIR pemeHHR H8KOTOpux THTIOB 

no.n:oOHHx 38,D;aq. 

7) Ha OCHOBaHHH pesyJibTaTOB MO,D;8JIHPOB8HHR rrpoeKTHpY8MOfi ycTaHOBKH 

,D;JIR H3yq8HHR ITO,D;rroporoooro pOE,D;8HHR K+ - M830HOB, C TIOMOII\hID HOBOfi 

M8TO,D;HKH OHJia npe,D;JIOE8Ha rrpouema Ha,D;8lKHOro BH,D;8JI8HHR H3yqaeMb!X 

qacTHU Ha ¢QHe .IJ;OMHHHpYJOOtHX rrpoueccoB. 
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THKH wk= nk12J a> [S (X) - P(X)]kdP(X) H HX OCHOBHHe CBOfiCTBa. 

n -ai n 
AJireOpaHqecKHfi BH,D;, ¢YHKUHH pacnpe.n:eJieHHR H KpHTepHH corJiaCHR. 
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