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BBE,nEHHE 

B KpHTepHRX cornacHR, OCHOBaHHbiX Ha CpaBHeHHH <f>yHK~HH pacnpe

,ll;eneHHR F , npeACK83&maeMoH: rHnoTe:Joii H
0

, c 3MnHpH'IIec Koii <f>yu~eH: 

pacnpeAeneuHR Fn , Hcnon&3yJOTCR B Ka'llecTBe npoaepo'IIHhiX CTaTHCTHK pa3-

nH'IIH&Ie Mepbl "pacCTORHHR" Me:>K,D;y 3KCnepHMeHT811hHOH H r~tnOTeTH'IJeCKOH 

<f>yn~MH pacnpeAeneHHR. XapaKTepuoH: oco6eHHOCThJO HenapaMeTpH'IIe

CKHX KpHTepHeB RBnReTCR BbiOOp B Ka'IJeCTae YK83aHHOH Me(•hl <f>yH~HOHa
noB OT F H F0 , pacnpeAeneHHJI KoTop&Ix oT F ue 3aBHCRT. 3rH <f>yn~Hona
nhl YA06Ho CTpoHTh Ha OCHOBe TaK Ha3hmaeMOrO paBHOMepHO ro. 3MnHpH'IIe-

CKOrO npo~ecca111 : 

0::; t ::; 1. (1) 

B OCHOBe HCfiOn&30BaHHR <f>yn~OHBIIOB OT 3MnHpH'III!CKOrO npo~ec

ca nexarr cna6aR CXO.AHMOCTh pacnpe,o;eneuHii 3THX <f>yH~OHBIIOB K npe

AenhHhiM pacnpe,o;eneHHJIM'/1, 2/, RBnRIOI.I.UlRCR cne,o;CTBHeM CXOAHMOCTH 

no pacnpeAeneHHJO npouecca v { t ) K npo~eccy v( t ) , Ha3&IaaeMoMY 6poy-
n 

HOBCKHM MOCTOM_(CM., HanpHMep,/8/ ) . . 

K WHpoKOH3BecTHhiM CTaTHCTHKaM TaKOrO THna OTHOCRfCR, HanpHMep, 

craTHCTHKa KonMoropoaa 0
0 

141 , npeACTaBnRJOI.I.UlR co6oH: cynpeMyM ·oT Mo

AynR 3MnHpH'IIecKoro npo~ecca 

o. = ..;-n sup 1 r< t > - t 1. 

O~t::;1 

CTilTHCTHKa CMHpuoaa- KpaMepa- Mweca (CKM) ( CM., ttanpHMep/ 61 ), 

npe.ACTaBHMaR a BH.Ae HHTerpana oT KBa.u;paTa 3MnHpH'IIec Koro npo~ecca 

1 1 •:= f [v
8
{t))2 dt = D f [F0 {t)- t]

2
dt, 

0 0 

a TaiOKe HX MO,o;a<f>HKaUHH, HanpHMep CTaTHCTHKH 0; H 0:, npe,AnO>KeHHble 
CMHpHOBhiM/S, ?/ , H CTaTHCTHI<a Au,o;epcona - ,l1;apnHHra/Sl, CBR3aHHafl 

C BhiOOpoM BecoBOH <f>yn~ no,o; 3Hai<OM HHTerpana B E hipa>KeHHH AnR w;. 3TH CTaTHCTHKH XOpoWO H3y'IJeHhi, Ha HX OCHOBe fiOCTptleHhi KpHTepHH 

lhtilide'Uiikoitl R'H~ I 
ll~~!iWX !.il.C .'!;~JlO.IllUBI 

= 6}!SJlf,JOTEKA _ 
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corJiaCHH (c~., HanpHMep/9 • 101 ) . K 3'fOMY )l<e KJiaccy MO)l(}IO OTHeCTH 
CTaTHCTHKy, npe)::VIO:>KeHHYIO B pa6oTe /ll/ * : 

l n 
1 F = f F ( t ) dt = 1 - - I. t 1 , n n ni=l 

0 

llOCKOJlbKY OHa TaK:>Ke MO:>KeT 6biTb npe,u;CTaBJieHa qepe3 HHTerpan OT 3MllH
puqeCKOrO npouecca: 

1 1l 

w1 = f v ( t) dt = yn f [ F ( t) - t) dt = Yn [ F n - ; ). 
n o n o n 

Ha npaKTnKe npnMeHeHHe Taro HJIH HHoro HenapaMeTpuqecKoro KpH
TepHH 38BHCHT OT HCCJie,u;yeMOH 3a,u;aqu, OT OC06eHHOCTeH KOHKpeTHOH CTa
THCTHKH. COOTHOWeHHe Me~y <PyHKUHHMH MOIUfiOCTH ,IJ;JIJI KpHTepHeB, 
OC!fOBaHHbiX Ha pa3JIH~biX <PYHKUHOHaJiax OT V n ( t ) , CHJlbHO 38BHCHT OT 
napaMeTpOB aJibTepHaTHBHOH rHnOTe3bl H yCTaHOBJleHHOrO ypoBH.R 3Haqu
MOCTH (CM,, HanpnMep, 1121). 3TO o6yCJIOBJIHBaeT UeJiecoo6pa3HOCTb 
Bbi6opa KpHTepHH cornacHH1 Han6onee no,u;xo.u;Hmero ,IJ;JIJI uccne,u;yeMo:H 
3a,u;aqn, CTHMYJIHpyeT DOHCK H H3yqeHHe HOBbiX KpHTepHeB. 

B HaCTO.RIUeH pa6oTe npe,IJ;JIO:>KeHa CTaTHCTHKa, KOTOpa.a. MO:>KeT 6biTb 
npe,u;cTaaJieHa B au,u;e HHTerpana oT TpeTbe:H cTeneHH 3MnHpuqecKoro npo-

3 1 3 
uecca w n = f [ vn ( t ) ) dt , H nccne,u;oBaHbi ee ocHOBHble xapaKTepHCTHKH. 

0 

1. OIIPE,UEJIEHI1E 11 AJirEBP.AWIECKHA BH,n CTAT11CTI1K11 w~ 

PaccMoTpHM HHTerpan 

w3 = n312 f
00

[S (x) - P(x)) 3 dP(x), 
n n (2) 

-O<> 

r,u;e P ( x )- HenpepbmHa.a <PyHKUHH pacnpe,u;eneHHH cnyqaiiHo:H BeJIHqUHbi x , 
n - 06'beM Bbi60pKH, a Sn ( n) - 3MDHpnqeCKa.R <PYHKUHH pacnpe,u;eJieHHH 

aennquHbi x: 

S (x) 
n 

S (x) 
n 

0 npH X < x. 1, 

k 

n 
npn xk s. x < xk+ 1 

(k= 1,2, ... ,n-1), (3) 

* /12/ - n 
B 6ollee paHHeii pa6ore yno.MuHaeTCR CTQTUCTUKa un = ..1.. I. t1' npeiJ-

n 1=1 
IIOJICeHHQJl Mo3eco.M. 

2 

~ 

.. 
I 
j 

Sn(x) = 1 npu x ~ Xn• 

3,u;ecb x 1 < x 2 < x 3 < ... < Xn - aapnaunoHHbrn p.a,u;, n - o6'beM Bbi-
6opKH. 

lJOJIO:>KHM t = p (X ) ( t i = p (X 1 ) , i = 1 ,2, ... , n) . JlerKO BH,IJ;eTb, 
qyo BeJIHquHbl t 1 , t 2 , ••• , t n npe,u;CTaBJI.RIOT COOOH BapnauHOHHbiH p.a,u; 
no Bbi6opKe H3 paaHoMepHoro Ha [ 0,1) pacnpe,u;eneHHH. 06o3Ha'IHM qepe3 
F n ( t ) 3MnHpnqecKyiO <PYHKUHIO pacnpe,u;eneHHH, Bbi'IHCJieHHYIO OT 
~ , t 2 , ••• , t n . Qqeau,u;Ho, 'ITO 3Ha'leHHH 3MnnpnqecKHX <PYHKUH:H Fn ( t ) H 
sn (x ) COBlla,lJ;aiOT npu t = p (X ) . Tor,u;a Bbipa:>KeHHe ( 2) MO)l(}IO npe,u;CTaBHTb 
BBH,IJ;e 

1 
3 3/2 3 

w n = n f { F n ( t ) - t ) dt 
0 

HJIH 
1 

w3 = f { v ( t) ) 3 
dt, 

n n 
0 

r,u;e vn(t) = yn(Fn(t) -t) -3MnnpuqecKH:Hnpouecc (1). 
TaKHM o6pa3oM, cTaTHCTHKa w: Mo:>KeT 6biTb npe.u;craBJieHa B au,u;e 

HHTerpana oT TpeTbe:H creneHH 3MnnpuqecKoro npouecca, qyo o6'b.RCH.ReT 
Bbi60p K03<P<l>HUHeHTa n812 B <PopMyJie (2). 113 B03MO)l(}IOCTH npe,u;CTaB
JieHH.R craTHCTHKH ~ qepe3 aennquHbi, He 3aancamue oT P(x ), cne,u;yeT He-
3aBHCHMOCTb pacnpe.zieneHHH 3TOH CTaTHCTHKH OT p (X) . 

.rtn.a npaKTnqecKnx ueneu y,u;o6Ho ucnonL3oBaTL anre6panqecKoe npe,u;
cTaaneHne w3, Bbmo,u; KOToporo .u;aH B npHJio:>KeHHH: 

B 

3 .r.:- n 21-1 21-1 2 1 w =-lUi. I. [2P(x)- --11[2P(x)- ----1 + -1. 
n 8 1=1 1 n 1 n n2 

113 HHTerpanLHoro Bbipa:>KeHHH (2) ,u;n.a w: nerKo BH.u;eTb, qyo ,IJ;JI.R Bbi-
3 

6opKH o6'beMa n o6nacTL H3MeHeHHH aennquHbi wn onpe,u;en.aeTc.a HHTepaa-
'noM ( -.!n312 ,!..n312 ) 4 4 . 

2. MOMEHTbl P ACIIPE,UEJIEHI1H: 
CPE.UHEE 3HA qEHI1E 11 ,n11CIIEPCI1H 

Cpe,u;Hee 3Ha'leHHe w3 onpe,u;en.aeTC.R H3 COOTHOWeHHH 
n 

M(w~) =Min312 f(Sn(x) -P(x)] 3 dP(x)l=n
812

jMI[Sn(x) -P(x)l
3

ldP(x). 
-"" -0<> 
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,[(n.R Bbi'IUICJieHHR: noCJieAHero HHTerpana sse,neM HHAHKaTop 

{ 

1 np~t 

ei = 0 np~t 
Xi< X, 

x 1 > x, 

r,ne X I - 31IeMeHT CJIY'IaHHOH BbiOOpKH X 1• X2, • • • • X n • QqesH,nHO, 'ITO se-

1IH'IUIHbi(1,(. He3aBHCHMbillpH i ¢ j (i,j = 1,2, ... ,n),((1)
5 =((j)

2 = ( 1, 
J n 

a M (
1 

= P ( X ) H 8 (X ) = 
1
n . !. ~ i . Tor,na MO)IQ{O 3anHCaTh: 

n 1 = 1 

3 1 n n n 
M{[S (x)-P(x)] 1=-!. !. !. M{(( -M(.)(eJ-M(j)((k-M{k)}. 

n n3 1 1 i=l j=lk=1 

TaK KaK M((1 - M.f1 ) = 0, TO s noCJie,nHeH cyMMe He pasHbiMH HYJIJO 

OKIDicyTC.fl TOJibKO tiJieHbi, co,nep)Kai.QHe M (( i - Me i )
3 ' ll03TOMY 

MI[S (x) -P(x)]31=l- I M((.-Me )S=..!.[P(x) +2P
3
(x) -3P

2
(x)1. 

n n3 1 =• 1 1 n2 

3 
lloCJie 3aMeHhi P = P (x) ,nn.R M ( Wn) nonyqaeM 

3 1 1 
3 2 M(w) =- f (P+2P -3P )dP =0. 

n Vn o 

3 
llepeH,neM Tenepb K BhNHCJieHHJO D(wn ): 

3 3 2 3 2 
D(wn) = M[(wn) ] - [M(wn )] • 

(4) 

3 g. 3 2 
CornacHo (4) M(wn) = 0, no3TOMY D(wn )=M[(wn) ] . TaKHM o6pa30M, 

,D;JI.fl onpe,neneHHR: AHCnepcHH H006XOAHMO Bhi'IUICJIHTb HHTerpan: 

3 2 3 oo I I 3 II II S I II 
M[(wn) ] =n Ml Jf[Sn(x) -P(x )] [Sn(x ) -P(x )] dP(x ) dP(x ) I= 

-oo 

=2n3 Mtfi1S (xi) -P(xi)] 3[S (xll) -P(xii)] 3dP(xi)dP(xii)I= 
n n 

.}1>.} 

=2n3 ff M{(S (xi) -P(xi)]3[Sn(xii) -P(xii)]iJldP(xl)dP(x11 ). 
II I n 

x >x 
Bse,neM: HHAHKaTophi 

4 

(5) 

4. 

~ 

I { 1 np.H x 1 < xi , 
(. = 

1 
0 npH X. > X l, 

1 

g~I = { 1 np 11 x j < xll , 

0 np~t X. > XII, 
J 

(6) 

r,ne Xi, Xj - 3JieMeHThl CJIYllaHHOH Bhi60pKH Xt, X2 , ••• , Xn ; i, j = 1,2, ... ,n. 

llO,D;hiHTerpaJibHOe BblpR)KeHHe B ( 5) MO)IQ{O 3anHCRTb B BH,ne 

I I 3 II II 3 1 I I I I 
M{[Sn(x) -P(x )] [Sn(x ) -P(x )] l=s !. M[((1 ...;.M(1 )((j-Mgj )x 

n i,j,k,£,s, t 

I I II JI II JI II II 
x(~\ -M,;k)(ge -M?;e )((s -M?;s )(.ft -Met )], 

r,ne CYMMHpOBaHHe Be,neTC.fl llO IlleCTH HH,D;eKCaM. JlerKO npoBepHTb, liTO B 

nOCJIE!AHeH CYMMe He paBHhl HyJIJO TOJibKO tiJieHhl CJie,D;yJOmero BH,na (,D;JJH 

y.no6cTBa OHH o6o3HatieHhi qepe3 I , m = 1,2, ... ,8): 
m 

I I3 II liS 
11 = M[((i -M(i) ]M[((j -Mfj)], i I j; 

12 = M[(.f/ - M.fl )3 <.f!I- M.fil )3]; 

I I 2 I I II II II JI 2 
13 =M[(.f. -M(.) ]M[({. -Mf. )((. -M.f. )]M[({n -M~n)], i#j,i;ie,j#£; 

1 1 J J J J t t 

I I 2 II II 2 1 1 II II . . 
Ia =M[(t'! -M~~) (t'; -Mt; ) ]M[((t -Me;H(j -M.fj )], 1# J: 

I I II ...II I I II II 
I 5 =M[((1 -M{ 1 H.f 1 -Ms 1 )]M[(.;J -M( J H.f j -M.fJ)] x (7) 

xM[((~-~~ )(.fi~- Mf: )1, i# j, i ;i k, j # k; 

I I 2 I I II II 3 
16 = M[(( 1 - M(1 ) }M[(( j - M( j ) (g j - M( j ) }, i "j; 

II II 2 II II I I 3 
I 7 =M[(( 1 -M( 1 ) }M[(gj -M.fj )((j -Mej)], i " j ; 

I I21I II I I II II2 .. 
1

8 
=M[(.f

1 
-M(

1
) (( 1 -M,; 1 )]M[(.fj -Mfj )(g j -M(j ) ], 1 I J. 

B pe3yJILTaTe nonyqaeM 

M{[S (xi) -P(x 1)f[Sn(xll}-P(xll )} 3 }=!. (!.!.It+!. l2 +9!. !. !. ls-+-
n n6 i ,J. j i !#j,l ;i£,j #£ 

+9!.!.1
4

+6!. !. !.I
5

+3!.!.I6 +3!.II 7 ... 9III8 ) =
1
6 [n(n-1)1 1 + 

i;ij i,J.j,i#r,Jr<f tfj i#j i,J.j n 

+nl
2
+9n(n-1)(n-2)1

3
+9n(n-1)I4 ... 6n(n-1)(n-2)I5 + 

(8) 

5 



+3n(n -1)16 + 3n(n -1)17 + 9n(n -1)18 1. 

Jf3 BblpiDKeHHH AJIR HH,l1;HKaTOpOB e' Ii H e' \ ( CM. ~ ( 6) ) CJie,n;~eT, lfi'O 

M{II=P(il),Me'I =P(xi),(e'hS=(d)2 = !i , ({r)s=<e'}l) =~ll 
H AJIR xll > X 1 If} • e~I = e' l· J1cnOJib3YR 3TH CBOHCTBa, BbipiDKeHHR 

(7) MO:>KHO npe,n;CTaBHTb B BH,n;e 

_a 2 3 2 
11 = ( P1 + 2 Pi - 3 P1 ) ( P2 + 2 P2 - 3 P2 ) ; 

s 3 3 2 ...a s 3 2 2 2 
1
2 

= P
1 

+ 3 p1 P: -3 P1 p2 - p1 P2 + 3 P1+ 12P1 P2-10f1P2 - 5P1P2-3Pt -9P1P2 + 

2 2 3 
+ 9P1P2 + SP1P2; 

1
3

= P~(1 -P2 )!P2(1-P1); 

I 
_p2-3P2P -2P3+7P3P +3P2P2-3pSp2-5pSp2_p2p3+ Sp13p23; (9) 

.- 1 1 2 1 1 2 1 2 1 2 1 2 1 2 
3 3 

I~ = p 1 ( 1 - p 2) ; 

2 23 2 22 3 33 s 32 
I 6 = P1 -3P1 P2 - 4P1 P2+ 6P1P 2-P1 + 3 P1P2+ 4P1 P2- 6P1 P2 ; 

3 2 2 3 2 2 2 s s s 2 s. 
I 7= P1P 2+ 3P1P2-3P1P2-2P1P2- 6P1 P2+ 6P1P2 + r1P2+ SP1P2- 3P1 P2. 

2 ~ i . 
Is = ( p 1 - 2P1 - p 1 p 2 + 2 P1 P 2)( p 1 - 3P1 p 2 + 2 p 1 p 2) • 

I II 
r.n;e P1 = P ( x ) , a P 2 = P ( x ) . 

J1cnoJib3yR ( 8) , BbipiDKeHHe ,!1;JIR .n;HcnepcHH ( 5) MO:>KHO 3anHCaTb 

B BH.n;e 
p 

3 1 2 1 
D(wn) =2n3fdP

2 
f dP1 IQ6(n(n-1)1 1+nl 2 +9n(n-1)(n-2)13 + 

0 0 

+ 9 n ( n -1) 1
4 

+ 6 n ( n -1) ( n -2) 1
5 

+ 3n ( n - 1) 16 + 3 n ( n - 1 )1 7 + 

+ 9n(n -1) 18)\, 

r.n;e Im (m = 1,2, ... ,8) npe.n;craanenbi $opMYJiaMH (9). 
llocne npeo6pa3oBaHHH nonyqaeM 

D(w!) 

.6 

40 - 9·6n + 79n
2 

1680n2 

\ 
J. 

\ 
I 

0TcJO,n;a cne.I(yeT, \ITO a acHMnTOTHtleCKOMnpe.n;ene n .... oo D(w 3 ) = 79/1680. 
3Ta aenHtiHHa npe.n;cTaanaeT co6oii ,n;HcnepcHIO acHMnTOTHtlecKoro pacnpe

.n;eneHHR CTaTHCTHKH W
3 

, ,!1;0Ka3aTeJibCTBO cyi.QeCTBOBaHHR KOTOporo nOJI

HOCTbiO aHaJIOrH"IJHO ,!1;0Ka3aTeJibCTBy cyi.QeCTBOBaHHR aCHMnTOTHtleCKOrO 

pacnpe,n;eJieHHR CTaTHCTHKH w2, npe,n;CTaBJieHHOMY B 
191 

3. llPOQEHTHhiE TOqKJ1 PACllPE,ll;EllEHHH wn
3 

,Ull.H MAllhiX BhiBOPOK 

Pa3Mep o6naCTH H3MeueuHR BeJIHtiHHbi ~ CHJlbHo 3aBHCHT OT o&beMa 

Bbi6opKH n • TaK, uanpHMep, .nna n = 1 ona onpe.n;enaeTCR HHTepaanoM 

(-0,25, 0,25), a AJIR n = g - HHTepBaJIOM (-6,75, 6,75) (CM. pa3,!1;eJI 1), 
HO tiHCJieHHbie pactleTbl AJIR D = 1,2, ... ,9 noKa3bffiaiOT, lfi'O aepoRTHOCTb 

CJIYtlaHHOH BeJIH\IHHe w! BbiHTH 3a npe,n;eJibl (-1,65, 1,65) He npeBbilliaeT 

0,1%. ll03TOMY 0Tpe30K ( -1,65, 1,65] 6bm Bbi6pan ,!1;JIR BbltiHCJieHHR $yHK

UHH pacnpe.n;eneuHR ·clln( Z) .nna acex paccMotpeHHbiX n .. 1,2, ... ,9. Bhlt~Hc-
3 • . 

JieHHR clln (Z) = pI Wn < z I npoBO,l1;HJIHCb B TO\IKaX z1, 1 = 1 ,2, ... ,101, 
pa36HBaJOI.QHX yKa3aHHbiH oTpe3oK ua 100 paaHbiX no,n;biHTepaanoa. ,Una pac

t~eToB, TaK )l(e KaK a 1141 , HcnoJib30Banca reoMeTpHtleCKHH MeTo,n; MonTe

Kapno. B KIDK,l1;0M HCnbiTaHHH reuepHpoBaJIHCb n paauoMepuo pacnpe.n;eneu

HbiX na i G,l j CJIYtlaHHblX tiHCeJI, KO"l"OPbie pacuumuwJ.ncb .tS .tSH,IJ,t: Hllpl'liU4ri

onuoro pR.n;a X 1 < X 
2 

< , , , < X n H HCnOJib30BaJIHCb AJIR BbltiHCJieHHR Be

JlH\IHHbl e = w3 no $opMyJie n 

.r:- n 21-1 21-1 2 1 
e' = .J =-~ I (2x - )[(2x 1- ---) + 2]. (10) 

n 8 1= 1 1 n n n 

3naqeuHe $yHKUHH pacnpe.n;eneuHR oueuHBanoc& KaK clln ( Z J ) = ( N z/N ) , 
r,n;e N - o6I.Qee KOJIHtleCTBO HCnbiTaHHH, a NzJ - KOJIHtleCTBO HCnbiTaHHH, 

y.n;OBJleTBOPRIOI.QHX ycJIOBHIO e < z j. N Bbi6HpaJIOCb TaKHM o6pa30M, tiT06bi 

o6ecnetiHTb TO"IJHOCTb BbltiHCJieHHH clln(Z J) , paBHYIO e,n;HHHUe TpeTbero 3Ha

Ka nocne 3anRTOH. . .. 

3aTeM AJIR KIDK,l1;0rO n Ha OCHOBe noJiytleHHbiX Ta6JIHtiHbiX 3aBHCHMO

CTeH AJIR $lHKUHH pacnpe,n;eneHHR 'clln(Z) nyTeM Ky6HtlecKOH CnJiaHH-HHTep

nOJIRUHH 11 1 6bmH BbitiHCJieHbi npouenTHbie TOtiKH pacnpe.neneuHii w!. 
AHaJIH3 Ta6JIHU npoueHTHbiX TOtleK nOKa3aJI, \ITO B npe,n;enax TO"IJHOCTH 

BbltiHCJieHHH AJIR BCeX paCCMOTpeHHbiX Z cnpaBe,nJIHBO paaeuCTBO 

cll(Z)=1-¢(-Z), 
n n (11) 

7 



llpou;eHTHbie TO'IKH Zp CJIY'IaHHOH BeJIH'IHHhl W~ • 
s 

<l>n(Z p) = p lwn < zp I 

Ta6.11U1.4a 

--------------------------~~~~:~~~~=-~~~~~-:e _______________________ _ 
•n'" 
.50 
.51 
"'"' ....... 

.53 

.54 

.55 

.56 

.57 

.58 

.59 

.60 

.61 

.62 

.63 

.64 

.65 

.66 

.67 

.68 

.69 

.70 
• 71 
.72 
.73 
.74 
.75 
.76 
.77 
.78 
.79 
.80 
.81 
.82 
.83 
.84 
.85 
.86 
.87 
.88 
.89 
.90 
.91 
.92 
.93 
.94 
.95 
.96 
.97 
.98 
.99 

8 

.000 

.003 

.005 

.008 

.010 

.013 

.015 

.018 

.021 

.023 

.026 

.029 

.032 

.035 

.038 

.041 

.044 

.047 

.051 

.054 

.058 

.062 

.066 

.070 

.074 

.078 

.083 

.087 

.092 

.097 

.102 

.107 

.113 

.119 

.124 

.131 

.137 

.143 

.150 

.157 

.164 

.171 

.179 

.19 

.20 

.20 

.21 

.22 

.23 

.24 

2 

.ooo 

.002 

.003 

.004 

.006 

.007 

.009 

.011 

.012 

.014 

.015 

.017 

.019 

.021 

.023 

.025 

.027 

.029 

.031 

.033 

.036 

.038 

.041 

.044 

.047 

.051 

.054 

.059 

.063 

.068 

.074 

.080 

.086 

.093 

.101 

.110 

.119 

.129 

.141 

.153 

.167 

.183 

.201 

.22 

.25 

.27 

.31 

.35 

.40 

.48 

3 

.ooo 

.001 

.003 

.004 

.005 

.007 

.008 

.00'3 

.011 

.013 

.014 

.016 

.018 

.020 
0 . .,,., . .. .. 

.024 

.026 

.028 

.031 

.034 

.036 

.n::!q 

.043 

.046 

.050 

.053 

.058 

.062 

.067 

.071 

.077 

.082 

.088 

.095 

.102 

.110 

.118 

.127 

.137 

.148 

.161 

.175 

.191 

.21 

.23 

.26 

.30 

.35 

.43 

.55 

4 

.000 

.001 

.003 

.004 

.005 

.007 

.008 

.010 

.011 

.013 

.014 

.016 

.018 

.020 

.022 

.024 

.026 

.028 

.031 

.033 

.036 

.nC!Cf 

.042. 

.045 

.049 

.052 

.056 

.060 

.065 

.069 

.074 

.080 

.086 

.092 

.099 

.107 

.115 

.124 

.135 

.147 

.161 

.176 

.193 

.21 

.24 

.27 

.31. 

.36 

.43 

.57 

5 

.ooo 

.001 

.003 

.004 

.005 

.007 

.008 

.010 

.011 

.013 

.014 

.016 

.018 

.020 

.021 

.024 

.026 

.028 

.030 

.033 

.035 
.n'<s:l 

.041 

.044 

.048 

.051 

.055 

.059 

.064 

.068 

.074 

.079 

.085 

.092 

.099 

.107 

.115 

.125 

.135 

.147 

.161 

.176 

.193 

.21 

.24 

.27 

.31 

.36 

.44 

.58 

6 

.000 

.001 

.003 

.004 

.005 

.006 

.008 

.009 

.011 

.012 

.014 

.016 

.017 

.019 

.021 

.023 

.025 

.027 

.030 

.032 

.03!:.1 .-.. ~~ 

.041 

.044 

.047 

.051 

.055 

.059 

.063 

.068 

.073 

.079 

.085 

.091 

.0"39 

.106 

.115 
1 ~~.,. . .. .... 

.135 

.147 

.160 

.175 

.193 

.21 

.24 

.27 

.31 

.36 

.45 

.59 

7 

.000 

.001 

.003 

.004 

.005 

.006 

.008 

.009 

.011 

.012 

.014 

.016 

.017 

.019 

.021 

.023 

.025 

.027 

.030 

.032 

.035 
n?o 

.041 

.044 

.047 

.051 

.055 

.059 

.063 

.068 

.073 

.079 

.085 

.091 

.098 

.106 

.114 

.124 

.135 

.147 

.160 

.175 

.193 

.21 

.24 

.27 

.31 

.37 

.45 

.59 

8 

.000 

.001 

.003 

.004 

.005 

.006 

.008 

.009 

.011 

.012 

.014 

.015 

.017 

.019 

.021 

.023 

.025 

.027 

.030 

.032 

.035 ..... .,.., 

.040 

.044 

.047 

.051 

.054 

.059 

.063 

.068 

.073 

.078 

.084 

.091 

.098 

.106 

.114 

.124 

.134 

.146 
/160 
.175 
.193 
.21 
.24 
.27 
.31 
.37 
.45 
.61 

9 

.000 

.001 

.003 

.004 

.005 

.006 

.008 

.009 

.011 

.012 

.014 

.015 

.017 

.019 

.021 

.023 

.025 

.027 

.029 

.032 

.035 

.':!27 

.040 

.043 

.047 

.050 

.054 

.058 

.063 

.068 

.073 

.078 

.084 

.091 

.098 

.106 

.114 

.124 

.134 

.146 

.160 

.175 

.193 

.21 

.24 

.27 

.31 

.37 
• 45 
.61 

KOTOpoe .RBJIHeTCH CBOHCTBOM CHMMeTpH'IHbiX OTHOCHTeJihHO HYJIH pacnpe

,neneHHH. CHMMeTpH'IHOCTb pacnpeneneHHH w! nonTaep)K,IJ;aeTCH H pe3yJihTa

TaMH ero MonenHpoBaHHH (eM. pa3nen 4) *. B Ta6nHu;e npHaeneHhi 50 
npou;eHTHhiX TO'IeK AJIH Z > 0, 3Ha'leHHH OCTaJihHbiX npou;eHTHhiX TOIJeK 

MO)I(HO UOJIY'IHTb, HCUOJ1b3YH (11). TO'IHOCTb npHBe,neHHhiX B Ta6JIHIJ;e 

3Ha'leHHii c yqeToM B03MO)I(HhiX owH6oK Bhi'IHCJieHHii: pasHa enHHHIJ;e nocnen

Hero 3HaKa. 

4.MO~EnHPOBAHMEPACllPE~EnEHHH 
CnYqAAHO:A BEnHqHHbl w3 

n 

MonenHpoBaHHe pacnpeneneHHH w! npoaonHJiocb c IJ;eJihiO H3BJie'leHWI 

nonoJIHHTeJibHOH HH<PopMau;HH H3 aHaJIH3a ero <PopMhl. ~H :noro TaK )J(e, 

KaK H B cnyqae Bhi'IHCJleHHH <PYHKIJ;HH '<l>n(Z) , reHepHpoBaJIHCb n paBHOMep

HO pacnpe,neneHHbiX Ha [ 0,1] CJiy'laHHhiX 'IHCeJI X i• i = 1,2, ... ,n, KOTOpbie 

paCnOJiaraJIHCb B BH,ne BapHaiJ;HOHHOrO pH,na H HCUOJlb30BaJIHCb AJIH Bbi'IHC-

6cp,(Z) 

6Z 6.31 I I I 

::~· . ~ .... I 
3.6 

2.7 

1.8 

0.9 

~ ;;d' ,~~ ~ / N(O,U d 
Q I I I I t 

0363 0.8113 1.058 1.353 1.850 -1.850 -1.353 -1.056 -0.8113 -0363 0 

Pacnpeoe.rzeuue C/lyllfli.iHblX ae.rzw1uH w3 
o11R abz6opoK n = 1, 2 u 9. n 

z 

* Crpozoe oo~ea3aTe.rzbCTao cUMMeTpu•mocru pacnpeae.rzeHWI w! He Bbl3blaaer 

npuHllunuatlbHblX 3arpyoueuuii, ooua~eo U3·3a ezo zpoMo3oKoCTu aaropbl ozpaHUIIU/IUCb 

6bl600a.MU, COe.!lQHHbiMU Ha OCHOBQHUU 'IUC/IeHHblX paC'IeT06 . 
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neHHR w; no cpopMyne (10). llonylleHHbie TaKHM o6pll30M aennllHHbi w: rn
cTorpaMMnpoaanncb. rncTorpaMMbi HOpMHpoBaJIHCb Ha o6~ee 'IIHCJIO C06bi

THH c y11eToM wara rncTorpaMMHpOBaHHR. 

Ha pncyHKe npeACTaBJieHbi 3MnHpH11eCKHe nnoTHOCTH pacnpeAeneunu 

w3 AJIR n = 1,2 n 9, H3o6piDKeHHbie B BHAe KPHBbiX, annpoKCHMHpyro~nx 
n 
COOTBeTCTBYIO~He rHCTOrpaMMbi; 3Aecb )Ke npHBeAeHa llJIOTHOCTb HOpMaJib-

HOrO pacnpeAeneunR N(0,1). Cpasueune yqacTKOB KpHBbiX, cooTBeTcTayro

~Hx llOJIO)KHTeJibHbiM H OTpHL~aTeJibHbiM 3Ha1leHHRM W:, llOATBep)I(AaeT 

npeAllOJlO)KeHHe 0 CHMMeTpHllHOCTH cpOpMbi pacnpeAeJieHHR w;. 113 pHCYHKa 

TaK)Ke BHAHO, liTO llHK pacnpeAeJieHHR w: HaxOAHTCR BbiWe llHKa KpHBOH 

N (0,1), no3TOMy 3KCQecc pacnpeAeneHHR w~ nOJIO)KHTeneu ( ( > 0). 

3AKJIIOqEHI1E 

B pa6oTe npeAJIO)KeHa HOBaR CTaTHCTHKa, KOTOpaR MO)KeT 6biTb npeA

CTaBJieHa B BHAe HHTerpana oT TpeTbeu cTeneun 3MnHpH11ecKoro npoQec-
3 1 3 

ca w n = J [ v n ( t ) 1 d t . Bbi'IIHCJieHbi cpeAHee 3Ha1leune H AHCnepcHR pacnpe-
o 

AeJieHHR 3TOH CTaTHCTHKH, OOpeAeJieHbl npeAeJibi H3MeHeHHR BeJIH'IIHHbi w:, 
nony11eu anre6panqecKHn BHA cTaTHCTHKH, yAo6HbxH AJIR npaKTH'IlecKHx 

npnMeueunu. B pe3yJILTaTe llHCJieuuoro 3KcnepnMeHTa ycrauoaneuo, liTO 

3KCQecc pacnpeAeneHHR w: noJIO)KHTeJieH, a cpopMa pacnpeAeneHHR HMeeT 

CHMMeTpH11HbiH BHA. Bbi'IIHCJieHbl Ta6JIHQbi npoQeHTiibiX TO'IleK pacnpeAeJieHHR 

CJIYllaHHOH BeJIH'IIHHbl w: AJIR MaJibiX o6'beMOB Bbi60pKH: n = 1,2, ... ,9. llpH

BeAeH BHA 3MllHpH11eCKOH llJIOTHOCTH pacnpeAeJieHHR w: .D.JIR BbiOOpoK 

n = 1,2n9. 
AaTOpbi CllHTaiDT CBOHM npHRTHbiM AOJirOM no6JiaroAapHTb npocpec

copa E.llJKHAKOBa 3a none3Hbie o6cy)I(AeHHR H noMep)KKy, a TaK)Ke 

H.H.qepuoaa 3a KoucrpyKTHBHYID KpHTHKY H QeHHbie 3aMe1lauHR. 

llpWIOJtCeHue 
AJirEBP AJ1qECKI1A BH.IJ; CT AT11CT11KI1 w3 

n 
00 3 

Pa36HBaR o6naCTb HHTerpHpoBaHHR B wS = n512 r [S (s) -P(x) 1 X 
n -·oo h 

xdP(x) Ha HHTepBaJibi, KaK 3TO CAeJiaHO a 1131 npHMeHHTeJibHO K CTaTHCTH-

Ke wn2,(-oo, x
1

) , (x
1
, x2), ••• , (xn_ 1 , sn) ,(sn, oo), MO)KHO 3anHcaTb 

Xl n _ 1 xi+ 1 oo 
w; =-n312 f P3(x)dP(x) + rf2 l J ( ..L -P(x)f dP(x) +rf2 f (1-P(x)]

3
dP(x) · 

-- i = 1 xi n xn 

10 

Y11HTbiBaR, liTO lim P(x) = 0, lim P(x) = 1, nony11aeM 

X1 
3/2 J 

-n -oo 

00 

X-t -eo · X-+ oo 

nS/2 4 
p'3 (x) dP(x) =- -

4
- P (x1), 

n3/ 2 f ( 1 - p ( X ) ]3 d p (X ) 
S/2 4 

_n_ ( 1 - P(xn)] • 
4 

xn 

n-1 
n3/2 l 

1=1 

xi+l 

f 
xi 

. 3 S/2 n . 1 4 
[.!_ -P{x)1.dP(x) =--n- ll [..!..=- -P(x 1)]-n 4 1 = 1 n 

(1) 

(2) 

n i 4 4 4 
-l [- -P(x

1
)] +[1-P(xn)] -P(xJI. 

1= 1 n 

HeTPYAHO y6eAHTbCR, liTO 

( 
i ..4 i-1 4 1 2i-1 l ( 2i-112 1 I 
-- P(x

1
)J. -[--P(x )] = -[ -- - 2P(s 1) t 2P(x 1) --J + :;r, 

n n 1 2n n n n 
ll03TOMY 

n-1 
nS/2 I 

- • 1 3/2 1 ~ 
-t·- ..L )]sdP( ) .!!.--1--- ~ f [ - P(x x =- '1: 2n i=l 

[ 2P ( X ) - !U.::.!] x 
i n 

n i = 1 Xi 

2i-1 2 1 )] 4 
x {[2 P ( x 1) - --] . + -

2 
I + [ 1 - P (X n 

n n 

. 4 
P (xl)l. (3) 

CyMMHPYR npaBbie 11acrn paseucm (1), (2) H (3), nony11aeM OKOH'IlaTeJib

Hoe BbipiDKeHHe AJIR w3: 
n 

n 

w3 =-iA I [2P(x)- 2 i-.!_1l[2P(x
1
) 

n 8 1 n 
i=l 

llHTEPATYPA 

2i- 1 ]2 
---- + n 

1 -I. 
n2 
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12 MaR 1988 ro.n;a. 

3penos ll.B., Hs&Hos B.B. "" s P10-88-321 
llposepo'IH&R CTaTHCTHKa 'II!- n"':I[Sn(s) -P(s)] dP(s) 
s reopHH HenapaMeTpH11eci<HX xpHTepHes cornacHR 

. llpe,ttJI&raeTC.R HOB&R CTaTHCTHKa W~ KOTOpaR MOX<e'f 6b1Th 
Dpe.llCT&BneHa B BH,D;e HHTerpana OT TpeTheH CTeOeHH 3MIIHpH11ecKoro 
npoQecca. BbNHcneHbi Cpe.llHee 3Ha11eHHe H .lUICnepcH.R pacnpeAene
HHR w!, nonyqeH anre6paH11ecKHA BH.D; CTaTHCTHKH, yAo6HbiA WIR 
npaKTH11ecKHX npHMeHeHHii. Ha ocHos~ 11HcneHH~>IX pacqeTos 
yCT&HosneHo, 11TO 3KCQecc pacnpe.lleneHHR wn nono>KHTeneH, a 4>op
Ma pacnpe.lleneHHR HMeeT CHMMeTpH11HbiH: BHA- Bbi11HcneHhi Ta6nH
Qbl npoQeHTHbiX Toqex pacnpe.11eneHH.R cnyqaAHoA senH11HHhi w: ,ttJIR 

M&nbiX o6J.eMOB BbiOOpKH: n = 1,2, ... ,9. llpHBe,tteH BH.D; 3MDHpH-
11ecKOH DnOTHOCTH pacnpeAeneHHR w: ,ttJIR D = 1, 2 H 9. 

Pa6oTa BbiDOnHeHa . B na6opaTOpHH Bb111HcnHTenhHOH TeXHH
KH H aBTOMaTH3&QHH OH.RH. 

Coo6~ 061.e.1umeaaoro IIIICTIITJft Qep&WZ accnQO&aiiiiA. ,llyfiaa 1988 

llepesoA O.C.BHHorp&Aosoii 

Zrelov P.V., Ivanov V.V.00 

Tes~Statistic W: ... nSI2_L(Bn(x)- P(s)] 9dP(z) 
in the Nonparametric Goodness-of-Fit Criteria Theory· 

P10-88-321 

The new wS-statistic presented as an integral of the third de
gree of the emp~cal process is proposed. The mean value and de
viation of the w: -distribution are calculated. The algebraic form 
of the W: -statistic to be convenient for practical use is obtained. 
By numerical calculations it was found out that the excess of the 
W: -distribution is positive and the distribution has a symmetrical 
form. The percentage points of the ~-distribution for small sample 
sizes n = 1,2, ... ,9 are presented in tabulated form. The form of the 
empirical density of the w8-distribution for n = 1, 2 and 9 is given. 

The investigation has n been performed at the Laboratory of 
Computing Techniques and Automation, JINR. 
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