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TTpll coBpeMeHHOM ypciaHe pa3BIITUSI Teopuu ll TeXHIIKI! MHorue q>ll311'!eCKl!e 

11ccneAOB8Hl!S1( (B qacTHOCTll, 11ccneA0BaH11e CBOUCTB sneMeHTapHbIX qacT11u) Tpe-

6y10T nocTaHOBKU oqeHb cnoJKHbIX, AOPOI'OCTOSl!UllX II Ann:renbHbIX SKCnepnMeHTOB, 

KaK noKa3an l!MeIOIUIIHCSI onbIT, nnaH11poaaH11e noao6HbIX SKCnepuMeHTOB C nOMO!UbIO 

MeTOAOB MaTeMaT11qeCKOH CT8TIICTl!KII no3BOnHeT B 6onhWl!HCTBet cnyqaea B HeCKOnh

KO pa3, 6onee scj>cj>eKTl!BHo ucnonb30BaTb cpencTBa ( npeMH, neHeJKHbIEl 11n11 MaTe

p11anhHbie 3aTp8Tbi) no cpaBHeHl!IO C nacCHBHblM aKcnep11MeHTOM, B CBH31! C STIIM • 

CTBHOBl!TCSI Heo6XOJ:ll!Mb!M · WllpOKOe np_l!MeHeHl!e MeTOJ:10B MaTeMaT11qecKOI'O nnaH11po

B8Hl!H sKcnepnMeHTOB, 

B HBCTOHIIteM 063ope 1!3naraIOTCSI cymecTBYIOIUl!e MeTOJ:lbl nnaHl!poBaHl!H SKcne

pl!MeHTOB B q>opMe, nocTynHoil: Anll nmpoKoro Kpyra q>H3HKOB-3KCnepuMeHT8TOpoB. 

B 063ope paccMaTp11B8IOTCSI npHMepbl 113 o6nacTH SKcnepnMeHTOB no cpa30BOMY aHa

n113y_ yrrpyroro pacceHHIIH sneMeHTapHhIX qacT11u n rro 113MepeH1110 nncpcpepeHu11anhHo:o 

scp<peKTIIBHoro ceqeHl!H, .Unll rrpOCTOTbl H3IlOlKeHl!SI OHH Cl!IlbHO ynpomeHbl H cxeMaTii-

31ipOB8Hbl, TTpHMepbl BbI6paHbl 113 HnepHoil: (pll311KH He cnyqa_fiHO, TaK KaK HMeHHO 3AeCb 

3aTpaTbI Ha sKcnep11MeHThI ocp~jlHHo 6om,w11e. 

Tio cpaaHeHHIO c KHHroil: , KoTopaH coneplKIIT rnaay o nnaH11poaaH1111 cp11a11qec-

KHX SKcnepuMeHTOB, H8CTOHIU8H pa60T8 OXBaTbIBaeT 3HaqnTenbHO 6onee IllllpOKHtl 

Kpyr nonpocoa, 
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CnHCOK ClfMBOllOB 

EI orrepaTop ycpeuaeH11H, 

!DI - orrepaTop BbPmcneHHH 1111crrepc1111 cnyqalJ:aoii Ben11q11Hbl un11 

KOB8pH8UHOHHOii MaTpHUbl MHOl'OMepuoii cnyqaifaoii Bem1qHHbl, 

- Tp8HCIT03HUHH M8Tpl!Ubl 1 

-I 
o6pamemrn MaTpl!UbI, 

0 a - HeH3BeCTHblll napaMeTp, 

0 =< 0 I ' ••• ' 0 m) , - BeKTOp Bcex H81!3BeCTHb!X napaMeTpOB, 

X t - f - T8H KOHTponupyeMaH nepeMSHHaH, 

; - BeKTOp Bcex KOHTponnpyeMhIX nepeMeHHhIX (nonycTHMast T01iK8 

1!3MepeHHSI) 1 

•;(It) - BeKTOp OITTl!M8/lhHblX 3Haqeauii, KOl!Tpom1pyeMblX nepeMeHHblX 

k -TaSI TQqKa H3MepeHHSI) 1 

17 ( 0, ; ) - Teope:,,nqecKaSI 38Bl!CHMOCTb 113MepSieMoll Ben11q11:bl OT napaMeT-

poB 0 11 OT KOHTpOIJl!pyeMblX nepeMeHHbIX x 

y, y l peaynhT8Tbl ( HenocpeUCTBeHHOl'O) 1!3M8p8Hl!H Bem1qlfHbl '1 

t BpeMH 1!3MepeHl!H, 

(It) ➔(It) 
t - OITTHManhHOe BpeMj! H3MepeHl!H B TO'!Ke 1!3MepeHl!SI X 1 

T - o6mee KO/lll'!eCTBO BpeMSIII! ( 11/11! 38TpaT) 1 .oTBene1111oe 118 

3KCIT8pl!M8HT 1 

u
2
,u

2
}-i:mcrrepc11H Bem1qn11 

l 

(u2=!D{y )), 
l l 

w 
1

, , w - Beca 11aMepe1111a, 

A(;) - ~YHKUl!SI ·a~~eKTIIBHOCTII 

➔ ➔ 

(A(x)=l/u 2 (x)t), 

y, y l 

K03~~11Ull8HT nHHellaoro rrp116nl!)KeHl!H ~YHKUl!II 71 (0, ; ) 

F 

L ( }. 
➔ 

=f .(x➔ (l) 
M8Tp11ua Koa~~IIUIISHTOB (Fa l a ) ) , 

~yHKUIIH npaBnonono6nH , 
➔ 

0 OU8HK8 BeKTOpa 0 ' 
~(0) 
6 - npenBap11TenhHaH oue11Ka BeKTopa 

5 

➔ 
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D ( 11n11 D ( 0 ) , 11nn D ( T, x ) 
~ 

BeKTopa oueHoK 0 
- MaTpnua ourn6oK 

~ 
(D .. Sllol), 

M _ 11mjiopMau110HHasi MaTp11ua 

( M • D-1
), 

" ➔ ru - oueaKa BeKTopa 
➔ 

ru ' 
-➔ 

D ( ~ ) ( 11n11 D ( 0 ; i ) Hflll D ( T ,.x ; ru 

COOTBeTCTBYIOIIl8SI napaMeTpaM 

" ( D ( Z) ... Sl I ; I ) , 
A ➔• -+ ➔ 
1/ ( x ) - oueHKa cpyHKUIIH 1/ ( 8, x ) 

( ~'<;> .. 1/ (;' ; )) • 

" .. " ➔ u (x) - Kopnaop on11160K oueHKH 7/ ( x ) 
-"2 ➔ A ➔ 

( q ( X) ... S) l 7/ ( X) I ' 
➔ ➔ 

➔ 

ru 

MaTp11ua OllI1160K, 

S ( X , X * )- KOBap11au1mHH8SI ( KOppensiunoHH8SI) cpyHKUHSI, COOTBeTCTBy10mag 

cny,rni!Hoi! cpyHKUHH ~- ( ; ) , 

8 l l - aneMeHT ea11Hnqaoi! M8TpHUbl 

[j a 1, 
ll 

ecnn 

6 

i .. j , 8 
IJ 

0, ecnn i./j). 

\i 
.1I 
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I 
' 
1· 

:, 
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ii 
lj 

l ,, 
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§ 1. MeTo.a MSKCHMyMs IIpSB.QOIIO.a'OOHH 

B H8CTOSIIIleM naparpaqie 6yayT 113flOJKeHbl HeKOTOpbie BOITPOCbl o6pa6oTKII 

9KcnepnMeHTanbHbIX ll8HHhlX B pa3Mepax, He06XOJlHMblX ansi nocTpoeHHSI MaTeMaTH -

qeCKOI'O annapaTa nnaHHpOB8HHSI 9KCnepnMeHTOB, 
.. ➔ 

nycTb B TQqKe X H3MepsieTCSI HeKoTopasi qJH3H'leCK8SI aenH'IHHa y ( X ) , 
➔ ➔ 

npn'l~M 3BKOH pacnpeaeneH11S1 P [ ·y (x ) / 8 ] npeanonaraeTcsi 11saecTHh1M II 

➔ ➔ ➔ 
E( y(x) 1 .. 11(8, x), ( 1. 1) 

3aecb onepaTop E osHaqaeT onepa11n10 ycpeaHeHHSI no aceM aoaM(?lKHbIM Bb160~
-+ 

K8M y B ToqKe X 

( 01 ) .. 
() .. - He.1rnaeCTHbJe napaMeTphI, 

om 

. c· ) X= 

l[ - KOHTponHpyeMbJe nepe~eHHbJe . 
• 

( TeMnepaTypa, naaneHne, yron pacceHHHSI H T.a.). B aanbHel\weM aMecTo TepMH

Ha '3HaqeHHe KOHTponnpyeMblX nepeMeHHbIX" HSM 6yaeT HHOI'll8 yao6Hel\ nonb30-

B8TbCSI TepMHHOM "nonoJKeHne H3MepnTenbHOI'O npH6opaw. 

7 ... 



UenhlO 9Kcnepl!MeHT8 o6bI'IHO HBnHeTCSI onpeneneHHe Hell3BeCTHbIX napaMeTpOB .. ~ 
(J , To•rnee, H8XOJKll8Hlle !IX oueHOK (J • ITpennonOJKHM, '!TO ll3MepeHHSI npoBeneHbl 

.. I 1) ➔ In l 
B TO'IK8X X , • •. , X C peaynhT8T8Mlf YI , • • • , Y n • 

CocTBBIIM ~YHKUIIIO npaBnonono6HH 
11/ 

L(0/y , ... ,y )= 
I n 

( 1.2) 
➔ll) ➔, 

=p
1
[y

1
(x )/0] P n [ y ( ;1 n) 

n 

➔ 

)/ 0 ] 

➔ 
➔ 

3a oueHKH napaMeTpoB 8 npHHIIM8IOTCSI Te 3H8'!eHIISI 0 , ITpll K0TOpb!X ~YHKUIIH 

npaBnonono6!rn no,;THraeT a6comoTHoro MaKCHMyMa 

L(O/y , .•• ,y )= 
1 n 

max 
➔ 

6 

➔ 

L (8/ Y
1 

' ••• , y ) . 
n-

llnH aac oco6b1tt HHTepec 6yneT npencTaBmITh cny'latt.J Korna 

y - 7/ ( 6' :11) ' 2 

➔ 

pl(yl/(J) 
1 

_....!_ [ 1 l 
2 O' 1 

e 

v 2 rr u, 

( 1.3) 

( 1.4) 

" 111 
MoJKHO IT0K838Tb , '!TO npll BbIIT0nHeHHll ( 1.4) oueiiKH 8 ., nony'!eHHhJe 

!13 ( 1.3), 6ynyT COCTOHTenbHb!Mll, T.e. OHII CXOJlSITCSI no BepoHTHOCTll K llCTllHHblM 

napaMeTpaM npll 6earpaHll'IHOM yBen11'1eH1111 061>eMa BbI60pKII I Y 
1 

, • • , Y n I , ac11M-

ITTOTll'!eCKll 9~~eKTIIBHbIMll, T.e. onpenenl!Tenb M8Tp11Ubl ow1160K IICKOMbIX napaMeT

poB 6yneT H8llM8HbWHM 113 Bcex B03M0JKHbIX, ll 8CllMITTOTll'!8CKll H0pManbHO pacnpe

neneHHbIMll: 

P<o1·0>= 
e 

" 
--1-c; - ;, •0-1 1~- o, 

2 

(2rr)T ID 11/2 

rne WTpllX 03H8'!8eT TpaHCIT0HllpOBSHHe. 

11I 
O6mee Bb1paJKeH11e nnH MaTpHUbl ow1160K paBHO 

8 

( 1.5) 

• 

';I 
\ 

· \1 ,, 

·11 

I 
.l 

( 
l 
l 

i' 
I 
I 

1 

·11 

Ii 

! 
I 

2 
-1 a log L I ( a log L a Jog L I " J 

o =-EI -----1 .. " =· E . . ,t .. • 
af3 a o a 0 0 = -g •a 8 a 8 a t1 - () 

a f3 a ~ 
( 1.6) 

a,fJ•l, ... ,m 

OueHKll "b II MaTp11ua ow1160K D oco6eHHO npoCTO OTb!CKllBSIOTCH, ecn11 -113MepH-:

eMbie BenH'IIIHbl n11aettao 38Bl!CSIT OT HCK0MbIX napaMeTpOB: 

11< o, x > 
m 

I. o r <;> .. 1·c;·> o 
a a 

a• I 

rne 

-;-(;)!"(f
1 

(X), ... , fm(;')} II fa(;) 

ll3BeCTHbie ~YHKUllll. Ha ( 1.4), ( 1. 7) 11 ( 1.3) HeTpynao nony'll!Tb, '!TO 

rne 

" ➔ -1 .. 
0 •-M Y 

n 1 
y f3 -- :I 

1= I 

➔ 11) 
w 1 ff3(x )y

1
, w -I u! 

Ma f3 
n 
:I 

1•·1 

.. ➔ 11, 

w f (x111 ) f (x ). 
1 a f3 

( 1. 7) 

( 1.8) 

(1.9) 

(1.10) 

MaTpllUS M H83bIBaeTCSI "irn~pMSUllOHHOil M8Tp11uett <P11wepa ll o6paTHOil MST

p11ue OWH6oK: 

D • M -I ( 1. 11) 

Ecnll nponenaHO JlB8 9KCnep11MeHTa' C IIH~OpM8UIIOHHbIMII M8Tp11U8MII MI II 

M II 'TO 113 { 1.10) BbITeKaeT, '!TO !IX C0BOKYITHOCTb xapaKTep11ayeTCSI IIH~OpMa

UllOHHOil M8Tpm1ett. 

'" 9 



M ='M I + M II 
(1.12) 

<t>nwepa), ( 8UUllTHBHOCTb HH<pOpM8UHOHHOll M8Tpll1J.bl 

3HaH MaTpHUY Ollill6oK OUeHOK 0, 
➔ ~ 

Holl nHHellaoll KOM6HH8UHH A = C, 0 

MOJKHO H8llTH MaTplluy OlliH6oK npoH3BOnb

/2/ 

DIAl=C'DC ( 1, 13) 

Bocnonb30B8BlliHCb (J., 13)' MOJKHO HallTH KOppenHUllOHHYIO cpyHKUllJO cny<ial!Holl 
" ➔ .. , .. " 

BenH'IHHbl 'fl (x ) "' f ( X) n : 

➔ ➔ ... ➔ ... ➔ 

s ( x , x * ) = f '(x ) D f ( x * ) ( 1,14) 

BenH'IHHa 

I\ ➔ ➔ .... ➔ ..... 
u·( x) •·.; s ( x , x ) .. ,/ f '(x ) D f (x) ( 1, 15) 

,. .. 
H83bIB8eTCSI KOpllJl0pOM OlliH60K K_PHBOll 'fl (x ) • 

EcnH o6'heM Bb16opKH I y 1 , ••• , y I HacTonhKO aenHK, 'ITO B "o6naCTH, 
/3/_n 

oi:;paHH'leHHOll snnHITCOHJlOM pacceSIHHH JlnSI HeKOTopoll npeuaapnTenbHOl! oueHKll 

➔ I OJ 
0 cnpaaeunHao: 

,. 
➔ ➔ -+( OJ 

11(0,x)=11(8 
➔ 

X ) +· _I 
m 

a=I 

.... 
011(8,x) 
----1 ➔ ~(OJ o ea 0= 0 

,. Io I 
(Oa-Ba ), ( 1, 16) 

TO M0JKHO nonb30B8TbCSI cpopMynaMn ( 1.9)-( 1.15) K8K npH6nHJKeHHbIMH, nonoJKHB 

f (;) .. 
a 

a.,,<;, ; > 

aoa 

llCKOMbIMH napaMeTp8MH, 

I~ ~ H 0 =-01 0 J C'IHT8SI 

10 

,. ( 0 J 
0 a - 0 a 

,I 

:J 

i 

II 

l 

,I 

llpHMep 1.1. <Pa30Bb1f1 ananH3 ynpyroro pacceHHHH 

sneMeHTllpHbIX 'lllCTHI! 

• 
UenbJO MHornx>i scnepllMeHTOB no pacceHHHIO sneMeHT8pHblX '18CTHU srnnHeTCH 

onpeueneaHe cpa30BblX CUBHrOB H KOS<p<pHUHeHTOB CM8lliHB8HHH napullanbHblX aonao

Bb!X cpyHKUHli, COOTBeTCTBYJOIUHX pa3Hb!M 3H8'1eHHSIM op61!T8nbHOrO K0nll'l8CTB8 

/3,4/ 
UBHlK8Hl!SI , 8 T8KHX 8KcnepHMeHT-8X <p830Bb!8 CUBHrH II Koscj:,cpHUl!eHTbl cMelliHB8HIIH 

( u"anbllie - cp830Bble CJlBHrH )cocTaBnHJOT Ha6op aeH,3BeCTHbIX napaMeTpOB 01 ' ... '0 m. 

8 K8JKUOM OT)lenbHOM 8KCnepHMeHTe 113Mep~eTCSI HeKOTopaSI aenH'IHHa y I 

xapaKTep113YJOIU8SI llCCneuyeMoe B38HMOUei1:CTBlle ( HanpllMep, scpcpeKTHBHoe Ce'leHlle, 

nonSipHaaullSI, aenH'IHHbI, onpeuenSIJOIIll!e noaopoT BeKTopa nonHp11aau11H np11 pacce-

SIHH1l7 11 T/ifl,), Ca Ma aenH'lHlla YI - peaynbT8T 11ccneu0B8HIISI 6onbllioro K0nH'leCT-

Ba pacceHHHblX 

a
2
=Dly) 

(cny'laliao) '18CTHU, TToaToMy MOlKHO onpeuenHTb Hee uncnepcll10 

I I 
. IlpH JlOCT8TO'lH0 6onblliOi1: 

1
'cTaTHCTl!Ke .. ( KOn11qeCTBe nccneuoaaa-

Hb!X TpeKOB) aenl!'IIIHY- , y I MOlKHO C'lHT8Tb pacnpeueneHHOli no HOpManbH0MY aa-

KOHY ( 1.4). MeTOJl MBKCHMyMa npaauonouo6HSI C~OJlllTCSI B 3TOM cnyqae K MeTOJlY 
.. ➔ 

HaHMeHblliHX KBaopaTOB, T,e. K 0Tb!CK8Hll!O O = 0 I B K0TOpOM O0CTHraeTCSI 

4>yHKUHH 

➔ 

'1 I ( 0) 

n 

min I, [ 
0 l=l 

➔ 

yl-11l(O) 

al 

HaaecTHbI H3 Teop11H Hccneuye~10ro pacceHHHSI, 

llpHMep 1.2. H3Mepenne am/HjiepeHI.(HllJibHOI'O s¢¢eKTHBHOI'O 

Ce'leHHH TO'le'lHbIMH ;ieTeKTOp8MH ( C'leT'lHK8MH) 

( 1.17) 

O6cyUHM aKcnepHMeHT no pacceHHIIJO 3neMeHT8pHblX 'l8CTIIII, B KOTOpOM Ull<pcpepeH-

UHanhHOe scpcpeKTllBHOe ceqeaHe .,, (x ) x -yron pacceHHllH) HenocpeucT-

aeHHO H3MepSieTCSI H8 Bbi6paHHbIX (uncKpeTHbIX) yrnax lei l} '• • • ' X (nt Uenb 

8Kcnep11MeHT8 - oueHKa UHcpcpepeHUH8nbHOro ce'leHHSI B HeKOTOpOM HHTepaane yrnoa 

pacceHHHSI, IlpeunonOlKHM, '!TO B paccMaTpHB88MOM l!HTepaane yrnoa B03MOJKH0 

npn6nHlKeHHe JlH<pcpepeaunanbHoro ce'leHHSI 11(x) MH0roqneHOM m - 1 -oil cTe-

nean: 

11 (0 .. , ; ) 
m 

I, Oapa(x). (1.18) 
a=1 

11 .. 11, 



OueHKY q ( x) Bb1qncn11M K0CBeHH0, qepea oueHKI! rrapaMeTp0B 0 . B ( 1.18) 
a 

p a ( x ) -. YA06HO rrorlo6paHHbie MHOroqneHbl IIOPll_AKa 

8 a He Mo>KeT rrpeBbIIIIaTb qncna ToqeK Il3MepeHl!SI 

BeHHO D a m • 

a -·1 . '4I1cno napaMeTpOB 

x 111 (n ~ m) II 06bIKHO-

TTpn llOCTaToqHo 6onhlIIOlt • CT!TIICTIIKe' ( 6onhlIIOM KonnqecTBe aaperncTpilp0BaH

HblX qacTIIU) BbiqI1cneHI1·e · oueHOK (} a CBOJlIITCSI K MeT0llY HaIIMeHblIIIIX KBallpaTOB 

( iliopMyna ( 1 .17)). 

B 0IIl!CbIBaeM0M aKcrrepI1MeHTe lll!CIIepcl!SI 
2 

(1' rrporropunottanhHa IISMepeHH0-

MY aHaqeHmo Y, ll!!cpcpepeHUilanhHoro ceqeHl!H Ha yrne 
/6/ 

xiii (cM. r. 9, §1) 

2 
", "'Y, (1.19) 

( cpe1tHee II AI1cnepcI1si coana1ta10T, ecn11 cnyqattaasi Ben11qI1Ha pacnpe1teneaa no 

TTyaccoay). 

OueHKa JlilcpcpepeHUilanbHOro CS'ISHIISI IIpH n1060M yrne X paBHa 

; (x) 
m " 
I {Ja pa(x) 

a=·l 

u lll!CIIepcI!H aTott oueHKII (KBaApaT KOPilllopa OIIII160K) paBeH 

"2 
(1 

m 

{x) • I p
0
(x)D

0
fJpfJ(x). 

a,f3•·l 

( 1.20) 

( I .21) 

31tecb D afl - aneMSHT ·Mapl!Ubl OWil60K Bbl'll!CneHI!tt no cpopMynaM (I.IO) II 

l 

I 
I 

ITpoll3BOllSI H3MepeHHSI, aKcnepIIMSHTaTop MO>KST, Boo6me roaopsi, npecneAoBaTb 

coaepI1IeHH0 paannqHbie uen11. T~K,Harrp11Mep, ero M0>KeT IIHTepecoBaTh nu6o aa1160-

nee Toqaoe aaaqem1e oueHOK O , n1160 HaI16onee TOqHasi arrnpoKcnMaUIIH cpyHKUIIII .. .. 
1']{0, x) B 06nacT11, He rrp11Ha1lne>KaIUeil X II T./l. QqeBl!llHO, qTo OIITl!ManhH0e 

pa3MSIUSHile aaTpaT 6yJteT cymecTBSHHO 3aBIICSTb OT Tpe60BaH11tt, IIp81l'bS1BnS1eMbIX 

K 8KCIIep11MeHTy. noaTOMY, rrpelKAe acero, Heo6XOAIIMO ciliopMynilpoBaTb KpIITSpiltt 

OIITl!ManbH0CTII aKcrrepIIM8HTa. <t>opManhHO STO 03HaqaeT cnelly!OIU8e. ·nnsi Toro qTo6bI 

crrnaHl!poBaTb OilTIIManbHbltt aKcrrepIIM8HT, Heo6xoAIIMO nocTpOIITb TaKott cpyHKUHO

Han, anaqeHIIH KOToporo xapaKTepI1aoaanI1 6b1 KonI1qecTBeHHO uenb aKcnepI1MeHTa. 

O6oaHaq11M STOT cpyHKUIIOHan qepe3 

-t(l) ->(n) (1) (n)) 1p(x , ... ,x ,t , ... ,t , (2.2) 

rne -;c 11, •••• ; (D) TOqKII, B K0TOpblX IIp0I13B01lHTCH Il3Mepemrn B TeqeHl!8 BpeMeHI! 

t1 I) , • •., t <• I , COOTBSTCTBSHH0, Ecnn cpyHKUIIOHan 1/, nocTpoeH, TO't <$81l8'i8 

rrnaHnpoBaHHH aaKn10qaeTCH B 0TbICK8HIIII MaKCl!MyMa ( 11n11 MIIHIIMyMa) aToro cpyHKµH

oHana no qI1cny ToqeK Il3M9p8HIIH ft no 3H8'19HIIHM ToqeK Il3M8p9HIIH (aaaqe~HBM 

K0HTponilpyeMbIX rrepeMeHHblx) II no pac:npeAeneHHIO BpeMeHH, B TetJeHlle KOTOPll!X 

np0I13B01lHTCH Il3MepeHHH: 

max .,. (;< l) ... ;fnJ till tin) 
'/I I I I I••• I 

➔( 11 ➔ (nl 
z , •••• z 

1(1)••••• t (D) 

D 

D 

rrpn ycnoBHn: I tcs>.T • 

(2.3) 

(1.11). ~ , ... 

§2. KpHTepHH onTHMBObHOCTH perpecCHOHHoro aKcnepHM8HTB 

ITyCTb B ~6naCTII 
.. 
x E X B03MO>KHO Il3MepeHile •BSnilqIIHbl y • 

.. 
Elyl-1'/(8,i) • 

12 

npI1qeM 

( 2.1) 

rile T - BpeMH, 0TBelleHHC>e Ha aKcrrep11MeHT. 

B 1lanbHeitI1IeM BM9CTO ( 2,3) Mb! 6ylleM IIHCaTb 

mu 1/,(d, 
€ 

( 2.3a} 

rne aKCIIep11MeHT ( II0llpa3yMeBaeT rrpoBell9Hil8 1!3MepeHiltt B TO'IKBX 

->( I) ➔(n) CI) (n l Ill x , ... , x B TeqeHile BpeMeHI! t , ... , t cooTBeTCTBeHHo, I t •-T. 
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3aMe'!aeM, '!TO a6comoTHO nattny,uuero SKCrrepttMenTa, KOTOpb!H 6bI MaKCl!Ml!3ll-

poaan ace B03MOJKllbie t/, ne cyIUeCTByeT. nosTOMY B 38BHCIIMOCTll OT ueneiI 

8KCrrep11Me1JT8TOpa neo6XOJlllMO rrpllMeHHTb fIOJlXOJlHIUlle KpllTepllll OfITJIMahbHOCTll. 

TTpllBeneM na116onee B8JKHbie II pacrrpocTpaHeHHbl6 Kp!ITepllll OilTJIManbHOCTll 

sKcrrepJIMenTa. 

], D - OIITHM8llbHOCTb 

KaK npaB11no, TO'IHOCTb oueHOK 
" -+ 
0 IICKOMbIX rrapaMeTp0B 

-+ 
0 xapaKTep11-

3y10T MaTpnueiI ow1160K D sTnx ouenoK. Ecnn uenb sKcrrepHMeHTa - orrpenenenne 

napaMeTpOB 0 TO ecTeCTBenno o6paTl!TbCH K TaKoiI Mepe pe3ynbTaTOB 8KCrrep11-

MelJTa, K0T0paH p83YMllbIM o6pa30M CTp0l!TCH 113 sneMelJTOB M8Tp11Ubl OIUJl60K D, 

TTpaKTIIKa fIOK83bIB8eT, '!TO IJaH6onee yno6HO II ecTeCTBeHIJ0 B ST0M cnyqae 

B3HTb B Ka'!eCTBe cpyHKUHOHana t/, orrpenen11Tenb MaTpllUhI ow1160K 11nTepecy10m11x 

8KCflep11MeHT8TOpa napaMeTpoB ID 1.- Torna rrnan11p0Ban11e orrTI1Manhnoro SK-

crrepHMeHTa 6yneT 3aKnIO'l8TbCH B OTbICKBIJl!II 

Hnll B 0Tb!CK81JIIII 

min I DI , 
( 

max IM I , 
( 

rne M - 11mpopMau11onnaH MaTpmrn <l>Hwepa ( CM, ( 1.10)). 

(2.4) 

( 2.5) 

Orrpenen11Ten10 I D I M0JKIJ0 Jl8Tb reoMeTpH'JeCKYIO IIIJTeprrpeTau1110, a, IIMelJH0, 

aen11'!H1Ja orrpenen11TenH 1:0 I rrporropu11onanbna o6oeMy snn1Inco11na pacceHHIIH 
/3/ -

( CM. rnaBy 2.2 113 ) • CBH3b sneMeHTOB MaTpllUbl ow1160K C napaMeTp8MII. snmm-

co11na pacceHHIIH npencTaaneHa Ha pnc. 1 (nayMepnh1iI cny'laiI). 

Ecn11 nnH sKcnep11MeHTaTopa oco6b1iI IIHTepec npencTaBnHeT k rrapaMeTpoB 

( 0 1 ' ••• • 0 le ) 113 m HeH3B6CTHbIX, TO neo6xonHMO MIIHl!Mll311p0B8Tb orr-

penenJITenb ID ( ~) i MaTpllUbl ow1160K, CO0TBeTCTBYIOIUeiI napaMeTpaM 

(0 .... ,o )'= ~ 
I le 

14 

( 
;J 

I 

f! 

) 
/I 
I I 
I 

\ 
' .1 

)1 

11 

pOB 

pOB 

2. A -OIITHM8llbHOCTb 

/7/ 
HeKOTOpbie aBTOpbl ( CM. 1 narrp11Mep, ) npll OTb!CKBHl!II neJI3BeCTIJblX napaMeT• 

BMeCTO orrpenenHTenH MaTp!!Ubl ow1160K MIIIJIIMl!31!py10T cyMMY Jll!Cflepc11iI napaMeT• 

" -+ 
0 : 

min Sp D 

m 

min l: 
, a= t 

D aa ( 2.€ 

Ben11'IIIH8 Sp D rrporropu11oaanhna KBanpaTy nnMHhI n1Iar0Han11 rrpHMoyronbHor 

napannenerr11rrena, orr11cb1Ba10mero snn11rrco11n pacceHHIIH ( CM, p11c, 1). 

113 

B cny'!ae aeo6xon11MoCTJI aa116onee TO'!Hor6 orrpeneneHIIH 

m nnaa11p0B8HJie 3aKnIO'l8eTCH B OTbICKBHIIII 

le 

minSpD(i)=min l: 
a=·I 

D aa 

3; d -OIITHM8llbHOCTb 

k napaMeTpo 

( 2.6i 

TiycTb 9Kcrrep11MeHT8TOpa IIHTepecyeT ReKOTopaH nnaefiHaH cpyHKUIIH llCKOMb 

napaMeTpoB 

-+ m 

h(O)= l: faOa. 
a= I (2 • 

3KcrrepHMeHT 6yneT C'lllT8TbCH 0ilTIIMBnbHblM, ecnll JlllCilepCIIH oueHKll an 

cpyHKUl!ll 

.. 
DI h I f' D f (2. 

➔ 

IIM66T H811M6HbWee B03MOJKHOe 3H8'1eHl!e. 3necb_ f ' =· ( f , , •. , f } . 
➔ 1- .m 

B cnyqae HennHeiiHOfi 38Bl!CIIMOCTll cpyHKUllll h ( (J) OT napaMeTpOB B (2 

cnenyeT nonoJKl!Tb 

, 15 1$ 



➔ 

f , ah 
----, ... , 

a O I 

a h 
) ➔ " aom 0=0(0) 

( 2.9) 

3necb 
~101 

() -npenBapnTenbHblS oueHKll Hell3BeCTHblX napaMeTpOB ( cpaBHll C 
~(O) 

( 1.16)). CTpennonaraCTCSI, qTo 0 6nll3Kll K llCTllHHblM 3HaqeHllSIM onpenensiSMb'X 

napaMeTpoB. 

4. MHHHM8KCHble Kpl!Tep1m 

CTyC'.l'b T/ ( 0' ; ) - mrneiiHaSI ¢YHKUIISI H0113B0CTl!b1X napaMeTpoa: 
➔ ➔ ➔ ➔ ➔ 

17(0,x)=ftx)O 

PacCMOTpl!M n11cnepc11ro cjiyHKUllll 

110 (2.si, 
T/ ( 0➔ , ;) B 3analll!Oii TQqKe 

➔ 

X 

" 
~111<0,;)l ➔ ➔ ➔ 

f , (i ) D f ( X ) 

Cornac-

(2.10) 

, ,, II ➔ ➔ 
Ecnn 8KCIIep11Me11TaTopa lll!TepecyeT Toq11oe 011penene1111e IIOBepXIIOCTll TJ ( 0, X ) , 

TO ecTecTBeHHO rroTpe6oaaTb, qT06b1 MaKc11Manb11asi n11crrepcnll g) I T/ ( ;: i ) I B 
➔ 

o6nacTH x E· X' 6bma MIIHHManbl!Ol!: 

min 
l 

" ➔ ➔ 

max f I T/ ( () , x ). I 
iEX' 

( 2.11) 

0TMeTHM, qTo o6naCTb X' MO/KeT 6b~Tb qacTblO X ( o6nacTn, rne 1!3MepeHnsi 

B03MQ)l{l!bl), MOJKST BKnroqaTb B ce6l! X nonHOCTblO nnn qacTnq110 ll MO)KeT He 

l!MeTb c o6naCTblO 

qacTHOM cnyqae X' 

X o6mnx ToqeK (aKcTpanonllUHll B o6naCTb 

MO)l{ST Bbip0JKll8TbCll B TOqKy. 

5. [ - OllTHMtlllbHOCTb 

➔ 

TTpn Hennnel!Holl 38BHCIIMOCTH T/ ( (), ; ) OT llCKOMblX rrapaMeTpOB 

X' ). B 

➔ 

() n rrpn 

He oqeHb 6onblllOM 06'beMe Bbi60pKH MOJKeT OK838TbCSJ,qTo onnca11ne CTenean TOqHOCTll 

118lllllX 3H811Hii C IIOMOlllblO BTOpb!X MOMSHTOB ( MaTpllUbl O!IlH6oK D ) nn6o lteB03-

MOJKIIO, nn6o Henon110. B aToM cnyqae yno6110 nonb3oBaTbCSJ a11Tponnll11oll Mepoll Ko-

16 

' I 
.1) 

: i) 

l ,I 
I 
I 

jl 
! 
I 

. ·· I 
• 11 

! 

; L 
.-,+ 

i 
I I 

1 

nnqecTBa nttcjiopMau1rn, npno6peTeHnoii B peGynbTaTe aKcnepuMeHTa 

➔ ➔ ➔ ➔ ➔ 

I = J L ( 0 I y ) log L ( 0 I y ) d 0 , ( 2.12) 
~ 

➔ ➔ 

rne L ( 0 / y ) - HopM11ponamiasi cjiyHKUIISJ npaanonono6irn. 

OnTHManbllb!M 6yneT TOT 8KCI1ep11MSHT, KOTOpb!ll MIUIIIMll3HpyeT cpen11ntl: no 

BCeM B03MQ)l{l!blM Bbi60pKaM npnpocT KonnqeCTBa n11¢opMaunn: 

rne Io 

min J 
( 

mlnE{I-1 J, 
0 

( 

( 2. 13) 

- KonnqecTBo n11cjiopMaunn, nMeB!Ileecsi no 11aqana nna11npyeMoro aKcne-

pnMeHTa, 

Ecnn aKcnepnMeHTaTopa HHTepecyeT k rrapaMeTpoB 113 m , TO B ( 2, 12) 

Heo6xonnMo necTH n11Terpnpoaa11ne TonbKO 110 "11y)l{l!hlM" rrapaMeTpaM 
➔ 

"'. 
3aMeqaeM, qTo n11cjiopMauno1111b1tl: KpnTepnll l!BnSJeTCll llSKOTOpb!M 0606me11neM 

OIIHCal!HblX BbI!Ile Kpl!TepneB perpeCCHOlll!bIX 8KC!10pHM01!TOB 11 01111ca1111oro B § 5 

KpllTSpllll nnsi nHCKpi!MllllllPY!OlllllX aKcrrepi!MSIITOB f6onee rronpo6110 CM. § 6). 

Bee paCCMOTpSl!llbie KpllTepnn OIITHManbl!OCTll rrpnaeneHbl a Ta6nnue 1. B 

aToli Ta6nnue OTpaJKe11a CBll3b MeJKny pa3nnqllb!Mll KpHTSpl!S!MII. 

TTpnMep 2.1. 

KpnTepnn D - OIITHMOnbl!OCTll ll I - OIITHManbl!OCTll yrroTpe6nl!JOTCll 

npn nnaHnpoaaann aKcnepnMeHTOB no ynpyroMy paccesi11nro ( cM.npnMep 1.1). 3Kcne

pnMeHTaTop Tpe6yeT MaKCHManbHOll TQqHoCTll Bcex cjia30Bb!X cnanroB no cjia3bl, co

OTBeTCTBYJOIUell l!SKOTOpOMY MaKcliManbl!OMY 311aqem1ro MOMeHTa KOJIHqecTBa nan-

)1{0HHSI. D - OllTHM81Ibl!OCTb Tpe6yeTCll, ecnn Ha6op OUSHOK cjia30Bb!X CaBHrOB Oil-

H03l!Aqe11 (on110 pe!Ile11ne B (1.17)) n -OIITHManbl!OCTb Tpe6yeTCll B cnyqae 

11eonHoG11aq11ocTn 11a6opa cjia3oBbIX cnanroB ( 11ecKonbKO pellle11nll B ( 1.17)). 

TTpnMep 2,2. 

MnHHMaKCl!biii KpnTepnll rronxonnT nm1 rrnaHnpoaaHHll aKcnepnMeHTOB H3 rrpnMepa 

1.2. 
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Ycnoane ( 2.11) - sTo Tpe6oaa1me, 'lT06b1 B aanaHHOM nHTepaane· yrnoa MaK-

" cnManhHoe OTKnoaeane oueHKH A11<jlc!1epeaunanhHoro ceqeam1 IJ (x) OT ero IICTllHHoro 

3HB'leHml 1/ (x ) 6bmo MllHllManhHhIM. 8To Tpe6oaa1me 3KBllBaneHTHO Tpe6oaa-

HHIO MBKCllMBnhHOil TO'lHOCTll acex rrapaMeTpOB 0 
a B ( 1. 18) ( B CMhlcne KpHTepm1 

D -oIITIIMBnhHOCTH; CM. Ta6nnuy 1). 

l1HOI'll8 MOJKHO IIOTpe0OB8Th, 'lT06bl cpeAHeKB8Ap8TH'leCKOe OTKnOHeHne oueHKH 

;(x) OT HCTHHHOil KpHBOil 1j ( X ) 6hmo MHHHMBnhHblM, T.e. 'lT06hI AOCTHra-

noch' 

min 
l 

b 

[. ; 2 (x ) d x , 
( 2. 14) 

a 

rne < a , b >. - HHTepaan, Ha KoTopoM ouennaaeM nmpljiepenunanhHoe ceqenne. 
171 

B pa6oTe llOK83bIB8eTCSI 3KBHBaIIeHTHOCTh ( 2.14) C KpHTepneM A -OIITH-

MBnbHOCTH . B rrpenrronoJKeHHll, 'ITO n =· m ( qncno napaMeTpoa coananaeT c qncnoM 

TO'leK ll3Mepennsi) ll 'ITO MH0I'O'lneHbl p ( X) . a OpTOI'OHBnbHhI, T.e. 

b 

f q(x)p/x)pix)dx =8af3' 
a 

rne q ( X) - rrpoH3BOIIhH8H HerrpepblBHaR B8COB8H cpyHKllllH. 

§3, CT8TH'leCKOe Illl8HHp0B8HHe 

perpeccH0HHbIX 3KCnepHMeHT0B 

PacCMOTpllM cny'lail, KOI'/18 113MepsieMaH Benll'll!Ha 
➔ 

l!CKOMblX rrapaMerpoB 0 : 

➔ ➔ ➔ ... ➔ 

1j ( (J , X ) = f' (x ) (J, 

1/ 

( 2.15) 

n11aeilno 38BllCHT OT 

(3, 1) 

rne f ( ;) - 1!3B8CTHbJe cpyHKUIIII, TTpennonoJKl!M, 'ITO 1!3BeCTHa cpyHKUl!SI 3cpcpeKTl!B-
a -+ /2/ 

nocT11 ,\ ( x ) , onpenenennasi Bb1paJKea11eM: 

1 

>.<;>= "2<x> 

18 

(3.2) 

! 
11 

11 
\ 

I ,I ·, 

!, 
'! 
\ 
I 

l 

-~ 
l; 

) 

➔ 

rne 17 -2 (;) -nncrrepcnsi H3Mepennn y • rrpoBelleHHOI'O B TO'lKe X, rrorry'leHHBSI 

3a apeMsi t 

CTaTH'leCKoe rrrrannpoaanne - sTo rrrraHnpoaanne cpa3y acero sKcnepnMeHTa, 

T.e •. OT Ha'lana no ero norrnoro aaaeprnemi.si, QqeBimno,. 'ITO nrrn cTaTHqecKoro rrna

HHpoaannH neo6xonnMo, 'lT06bl cpyHKUHH scpcpeKTHBHOCTll 6bma 118ll3M8HHa 118 IIpOTH

JK8HHH acero 3KCIIepl!M0HT8 HIIII ee 38BllCIIMOCTh OT BpeMeHI! 6b!II8 6bl 113BeCTH8 AO 

orrh1Ta. B aacTosimeM rraparpaqie rrpenrronaraeTcsi, 'ITO 3KCnepuMeHT8IIhllhle ycno-
t: 

BHSI neH3M8HHhl,II 'ITO ll8'18IIbH8SI nmjiopMBUIIH O rrapaMeTpax (J OTCYTCTByeT ( M = 0). 

CTaTll'l8CKOe rrrrannpoaan11e rrpn 113M8HSIIOIUHXCSI . .3KcrrepnM8HTBnbHhIX ycnoBHHX H 

rrpn aanll'll!H H8'18/lhH0il IIHcpopMBUHII HBIIH8TCH CIIOlKHOil H rp0M03AKOil Bbl'lHC/IHTer1h

HOil aanaqeil H He 6yneT HerrocpencTB8HHO paccMaTpllBBThCSI 118Mlf, HeKOTOpbl8 peuerrTbl 

no rrp1!6/ll!lK8HHOMY pernennro 3THX 38A8'l KpaTKO ll3naraIOTCSI B §4. 

KaK yJKe ynoMH!lanoch B. § 2, OIITIIManhHblfi 3KCrrepl!MeHT orrpenenHeTCSI BbI6paH

HhIM 3Kcnepl!MeHT8TOpoM Kpl!TepneM OITTl!ManhHOCTI! II C0O-TB8TCTBYIOWIIM na6opoM 

T0'l8K 1!3Mep8Hl!SI x<ll,.,,,x( 2
) II BpeMeHaX l!3Mepemrn B 3TllX TO'lKBX t(l1. ... , t(n). npn 

n (i l 
3TOM nonJKHO Bb!IT0IIIISIThCSI ycnom1e 2 t = T. rne T - apeMSI acero 

l=i 
3KcrrepnMeHTa, 

I • Oana K0HTponnpyeMaH nepeMennaH 

OrpaHH'lHMCH anaqane rrpeArronoJKeHneM, 'ITO cymecTByeT e1111HCTBennan KOH

Tponhnan nepeMennaH x , rrp11H11¥a10wasi 3Ha'!eHne 113 ne_KoToporo IIHTepaana (a, b ). 

O6wnil crryqail, Korna nepeMennasi x 
/8/ 

H0I'O MHO)l(8CTBa, pacCM0TpeH B 

npttHHMaeT 3H8'1BHHSI H3 neK0Toporo K0MII8KT-

J. D -OIITJIM8llbHt,1e Illl8Hbl 

M11n11MyM orrpenerrnTenH MBT'Jl!UhI ornn6oK cooTneTcTByeT '\laKCHMYMY onpenenwrensi 

l!HcpopMBUIIOHHOfi MaTpl!Ubl M (CM, ( 1.11)) 

M=FWF', (3.3) 

rne 

Fat fa Cx(I l ) i=t, ... ,n, a=t, ... ,m 

19 
' 
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H 

W =,\(x11l)t111 8 
IJ IJ 

i,j = 1, . .. ,. n . 

113 Tpe6onaHlrn IM I I 0 cnenyeT, '!TO HHlKHIIII rpaHl!Ua 'IHCna TO'leK, B KOTO-

pb!X neo6xonl!MO rrpOH3B0lIHTb H3MepeHHII, AO/I)K!!a 6b!Tb He Me!!bllJe 'IIIC/18 Hel!3BeCTHb!X 

rrapaMeTpon: 

n > Ill • (3.4) 

TaK KaK nmpopMaUHOHHall MaTpnua CHMMeTpH'-1118, TO 0Ha lIO/IHOCTblO 3anaeTCII 

CBOHMH 
rn(rn+l) 

2 
ime.MeHTaMH, OcHOBb!Bal!Cb Ha 8TOM H HClIO/Ib3YII MeTOAbl 

/9/ 
/IHHeliHOli anre6pb!, MO>KHO lIOKa3a Tb ( CM, ) , '!TO A/Ill mo6oro nnaHa c 'IHC/IOM 

T0'leK H3Mepenn11, 60/IhllJHM rn(rn+l)/2 H H3BeCTHOll MaTpHueli Mo HalineT-

Cl! nnaH C 'IHC/IOM TO'!eK H3MepeHHII 

n< 
rn(rn+l) 

2 

H C TOH )1{6 HH<pOpMaUHOHHO/i MaTpnueli 

M =M
O 

• 

(3.5) 

(3.6) 

·TaKHM o6pa30M, OlITHMa/IbHOe 'IHC/10 TO'l6K H3MepeHHSl J:10/I>KHO 6b!Tb 3aK/IJ0-

'16HO B rpaHHuax 

HO 

Ill< n< 
rn(rn+l) 

2 

EcnH 8KClI6pHM6HTaTopa HHTepecyeT 

/9/ 
k napaMeTpon H3 

n < k 

2 
(2rn-k+1). 

{3,7) 

m , TO aHanorll'-1-

(3.8) 

Ecn11 'IHC/10 TO'leK H3MepeHHII connanaeT C 'IHClIOM napaMeTpOB ( D "" Ill ) , TO 113 

(3,3) Bb!TeKaeT, '!TO· OlITHMa/IbHblll 8KCnepHM6HT J:10lilK6H ynonneTBOpl!Tb yC/IOBli!O 

m 

max n t(I) 
m 

max TI ,\(x('))IFl2 (3.9) 
ti 11, ••• , 1 1m,'- = l ( 11 (m) I= l 

J[ , •• ,z: 

20 

I 

I 
l 

i/ 

,,1 

(: 

{ 

i 

m 

MaKcHMll3Hpy11 Bb1pa>KeHHe TI 
I"" l 

'!HM OlITHMa/IhHbie npeMeHa H3MepeHl!ll 

t (I)=· 
T 

m 

(I) 
t npH ycnonnH 

(i= 1, ... , m ), 
• 

m 

l: t (II= T. nony-
1=· 1 

{ 3. 10) 

T,e, cnenyeT pacnpenenHTh npeM11 H3Mepenn11 paBHoMepno rro nceM TO'!KaM H3Mepe-

!!HI!, 

B nacT011mee npeMII TO'!Hoe pewenHe 3ana'IH nnaHnponaHHII nMeeTCII TOnhKO 

i:11111 cny'!all, Korna '1 ( ;, ; ) IIB/Ill6TCII anre6paH'!6CKUM nonHHOMOM, T.e. 

fa( X) = X a-• l a=l, ... ,m. (3. 11) 

8 8TOM cny'!ae npe.nnonO)K6HHe O conna.neHHH 'IHCna TO'leK H3MepeHHII C 'IHClIOM 

napaMeTpOB m =· n oKa3b!Ba6TCII nepHb!M J:1/111 MHOrHX npaKTH'l6CKll Ba)KHb!X BH-

.QOB cpyHKUHII scp<peKTHBHOCTH ,\ ( X ) • 

I10110JK6HHII OlITHM8libHb!X TO'!eK H3M6peHUII nn11 pa3/Ill'!Hb!X cny'!aen npe.QcTaB

/ 10/ 
/I6Hbl B Ta6n. 2, OCHOBaHHOli Ha pe3y/IbTaTax pa6oTbl • 

ITycTh 

2. nnaHbI, MHHHMH3HpyIOIIJHe tJHCIIepcHIO /IHHeliHoli ljlyHKllHH 

napaMerpoB 

( d ;_OIITHMBllbHbie II/18Hb1) 

➔ .... 
R ( 0 ) = h , 0 _, ¢ .. 'IKUIIII, /IHH6HHall KOM6HHaUHII napaMeTpOB, 

cyJOma11 8KCrrep!!M6HTaTopa. Yno6Ho nonh30B8TbCII o603H8'!eHHIIMH 

h 
I 

f/x 0), 
h (O)= 11<8, XO). 

IIHTepe-

{3.12) 

Mui BBenn a6cTpaKTHYJO TO'IKY 

HHTeplIO/IIIUllll ( X O '=' ( a , b ) ) 

11a HepaBCHCTBa ( 3.8) Jl/111 

x~, KOTopa11 CTaHOBHTCII peanhHOli B aana'!aX 

Hill! SKCTpanonmum ( x 
O 

< a Hill! X >b). 
0 

k = 1 Bb!TeKaeT, '!TO 'IHC/10 OlITUMa/IbHblX' 

TO'leK H3MepeHHII He 6onbwe 'IHC/Ia HeH3B6CTHbIX napaMeTpOB • 

OnTHMa/IhHblll sKcnepHMeHT COOTB6TCTByeT 

21 i; 



min 
tin, ••.• t(m) 

.,. I l) 
,;:. t m T 

min 9) I h ( Ji I 
II) Im) 

z , •••• z ( 3. 13) 

,.Cl) E la, b) 

~ 
L1m1 aenocpe.acTae1rnoro Bbt'IncneHnst ( 3. 13) Tpe6yeTcH MHH!lMH38UHH !fl I h ( 8 ) l 
no 2 m . nepeMeHHbIM • 

( I) (m) 
3a.aaqy onpe.aeneHirn orrTHManbHbIX t , ••• , t MO:lKIIO cpaBH!lTenbHO 

npocTO pemHTb npn IlOMOlUH HHTepnomIUHOHHblX cfiyHKUH:fi narpaH:lKS ( CM,HH)K9), 

Bb!'IIICneH!le OilTHManbHblX TO'I9K ll3MepeHHl! MO:lKHO CB9CTH K 38118'19 HSXOlK

/8/, /10/ 
ll0Hl!l! o6o6meHHblX qe6b!IU9BCKIIX nonl!HOMOB uannyqmero np116nl!)l{8Hlll! • Hnll 

np11 ManoM KOnll'I0CTB9 rrapaMeTpOB nonb30B8TbCS! OilHCSHHb!M HH:lKe rpa~H'I9CKHM 

/11/ 
M9TOAOM 

CncTeMa IIHTeprronl!UIIOHHblX ~YHKUHH narpBH/Ka fl ( X) 
/12/ 

, COOTBeTCTBy-

romasi TO'IK8M 

ypaBHeHnfi: 

( l) (m) 
X , • , •, X , onpenensieTCS! npu IlOMOlllll CHCT9Mbl nHH9fiHbIX 

m 
·1: 
l =·l 

r (x) f (x01 ) ... f (x) 
1 a a (3, 14) 

cz -· 1, . . . , m , x E, ( a , b ) . 

EnllHCTBeHHOe pemeHHe CHCTeMbl (3.14) cymecTByeT TOI'A8 ll TOnbKO TOI')la, 

Korna 

,.FI/. 0, (3. 15) 

rne 

F =· f ( X (l, ) . 
Cll Cl 

ITpennonaraeM, 'ITO ycnoBne (3.15) BbmonHeHo .ansi Bcex x111 , ••• , x<m > 

TSKHX, 'ITO 

a < x111 < ,: X Im) <. b (3.16) 

22 

·1 

I 
\ 

I 
~ 
I 
' 

\ 
'1 

11 
(! 
l 

!1 
, I 

j 

l 

·1 

I 
j 

(npnMepoM T8K!lX ~YHKU!lfi l!Bnl!ID~Cll ~yHKU!l!l 
a -·1 

fa(x)=x ). ,. 
YMHOlK8ll (3.14) Ha 0a H CYMM!lpysi no a , rrony'IllM 

" " 
I 
I= I 

Ill ;t ➔ 
f

1
(x

0
)r,(x ,rJ)=h(0). 

• 
(3. 17) 

OpiIMeH!lM ( 3.17) H o6myro ~OpMyny ( 1.13) .anH Bbl'IHCneHHll .llllCilepCHH BenH'IllHb! 
~ . 

h ( 0 ) • nony'IHM 

2 

" m 2 -'' 
I 

fl (XO) 
il{h(B)I= If 

1 
(x

0
)5ll T/ (x

111
, 0) I= 

l= I le I >.(x' 11 )t(l) 
( 3, 18) 

MnHIIMH38UH9ll (3.18) no t 111
rrpH ycnoBHII 

BpeMeHa H3MepeHnl! rrporropuuouanbHbI 

I tu, = T nony'illM, 'ITO OilTHManb!Ibie 

t (l,"' 
I r ex > I -

l 0 ( 3, 19) 

v>. (x'l)> 

.. 
ITpn TBKOM non6ope BpeMeH H3Mepeam1 nucnepcnsi 

~ 
9'1h(0)l BenH'IIIHbl 

h ( 0) paBHa 

~ 1 i 
.; T. 1 h c e > 1 = v T 1= 1 

Ir <x > I 
I 0 

VA(Xll)) 

'· 
.JI 38BIICIIT eme OT Bb16opa TO'IeK !l3MepeH!ll! 

11) (m) 
X , •••, X 

qncneHHl! aTIIX TO'ieK B cnyqae aKcTpanonHunu (;,x 
O 
~ a 

Bb1pa:lKeH1!0 (3.20) l!Bnl!eTCl! 3H8'19Hll9M BenH'IllHbl 

m 

S ( X) = 1 

VT 
I 

I= I 

e I (x) 
- sign [ 

.j),(X(l) fl(xi))], 

Bbl'IllCneHHbIM B TO'iK9 X = X O , 

Hcrronb3yeM cooTHomeHHH 

t (x1t'y = 6 
I I t 

1 ecnH i = k 

0 ecnu i f. k 

23 

(3.20) 

IToK8/K_eM M9TOA Bbl-

unn x >. b). 
0 -

(3.21) 

"' 



BbITeKaIOIJllle 113 ( 3. 14). '!T06bl nony'll!Th 311B'Ielillfl qiynKllllll 

peHHll: 

s(x) B TO'!KBX 113Me-

Is( xllt))I:= ~==== k = 1, ... , m, (3.22) 

yT A (x 1
t 1) 

T,e, B TO'lKax 11aMepemrn Kpl!BaH y T s ( x ) o6llaaTenhllO nepeceKaeTCSI c KpllBhlMH 
1 1 

+ II - -· Hnll KacaeTCll IIX, 
, y>..tu lfA (x) 
· O'leBll/1110, 'ITO 1111cnepCllll 

g, I h ( 8) I = s 2
( X O ) 

6yneT MIIIIIIManhHOll, ecnH 11 "paa6poc" KpllBOll s ( x ) Ha HHTepBane a < x < b -- - -
6yneT MIIIIHManhllbIM ( pHc, 2), T,e, ecnH Kp11By10 y: T s (x )ynaeTcll Bn11caTh B 

-- --- /11/ 
KOpH.ttop (-1/yA(x). 1/v' A (x)) (nonHoe noKaaaTenhCTBO CM. ). Ma (3.14) 

Bb[TeKaeT, 'ITO qiyHKUHII f 1 ( X ). llBnHIOTCll nm1ell11bIMII KOM6HHaUHllMH cpyHKUHfl: 

fa( X ) • ITosToMy ( CM, ( 3.21)) qiyHKUHIO v' T D (x)· MO)KIIO TaK)K0 npencTaBHTh 

B BH.tte nHH0llHoll KOM611HBUHII cpyHKUllll fa ( X) 

,/T s(x) 

m 

I aa f
4

(x ). 
a•=-i 

(3.23) 

TaKHM o6pa30M, nmI onpeneneHHll OITTHManhHbIX SKCnepHMeHTanhllbIX TO'leK 

HY)KHO nono6paTb a , ••• , a ___ 1 m TaK, 'IT06bi I a
4

f
4

(x) 
a 

Kacanach Kp11-

BbIX l/yA(x)11 -1/,./A (x) B HHTepBane X E, < a, b >'. A6CUIICCbl TO'l0K 

conpllKOCHOB0HHll - STO OITTHManhHbie TO'IKH H3MeoeHllll, 

Kor.eta KpHBYIO Bllna (3.23) 11enh3ll anncaTb B yKaaannwll Kopnnop, Torna OITTH

Manbllbill 9KCnep11MeHT llBnlleTCll BbipO)K/1ennbIM, T,e, '!IICilO TO'leK 113MepeHllll MeHbllle 

'lHCna napaMeTpoB, B 3'.,I'OM cny,me KPIIBYIO (3.23) "nocTpOHM .. TaK, 'lT06bI Olia 

HeMnoro Bb1xo11Hna Ha yKaaanrioro Kop1111opa. A6cu11ccb1 ee To'!eK nepeceqe11m1 c rpa1111-

uaM11 KOpHnopa - STO np116nH)KeHHO OIITl!Manhlibie TO'!KII 113Mepelll!ll, 

Ecn11 BH/1 qiyHKUl!ii: f ( X ) llOCTBTO'lllO npoCT H q11cno napaMeTpOB Mano 
1 a / 11/ 

( m ~ 6 ) , To MO)KHO on11cannoe pemen11e nony'lHTh rpaqi11qecK11 ( CM, p11c, 2). 
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f1p11Mep 3 _ 1111 / 
• 

MaBecTno, 'ITO 1111qiqiepenu11anhnoe sqicpeKTIIBHoe ceqen11e TJ ( x) ( CM, rrp11Mep 

1.2) nenh3ll H3M0pllTh na yrne XO= 0 • ITosTOMY oue1111BaeM. TJ (0) KOCBeHHhIM 

o6paaoM, qepea 11aMepeu11H Ha yrnax, oTnll'!HhIX oT nynll ( SKCTpanonll!lllll). 

ITpennonO)KIIM, 'ITO na HeKOTOpOM IIHTepBane. 0 :::_ x < b 1111qiqiepe111111anhnoe 

ceqe1111e TJ (x) ne 11aMeHS1eTcll 6bICTpee, 'l0M Mnoroqnen BTopoi! cTerreuu: 

➔ 

r,(x)-=r,(0, x) 2 
0 l + 0 

2 
X +· (J 

3 
X 

(3.24) 

rne (J l, (J 
2

, (J 
3 

KBKl!0-TO ( no Ka nenaBeCTllbie) K09qJqJll!ll!eHTbl, Hae IIHTepecyeT 

" " ,, 
ouenKa TJ ( 0) = (J 1 • Tpe6yeM SKCIIep11MeHT, •onpenenllIOIUllli TJ (0) C MIIHH-

Manhnoli 11ncnepc11eli d -OIITHManhHOCTh). 

4>yHK!lllll sqiqieKTl!BIIOCTH A ( X ) B nannoli 3anaqe rrponopu11011anh11a 11e11a-

B0CTIIOMY nuqiqiepe11u11anhHOMY ceqea1110 ( CM. ( i .19)) 

A(x) .. r,(x). 

ITosTOMY IIY)KIIO npn6n11auTenhHO 011en11Th T/ (x) (113 Teop1111 Hn11•11a OCIIOBe KopoT-

Ko-apeMeHHhIX 11aMepen11li). 

/11/. 
Ha p11cy11Ke 2 ( B3llTOM 113 ) BbIIJle OIIIICBHllbIM rpa<ji11'leCKl!M MeTO.tlOM on-

( I) (2) (3) 
peneneHbl OIITIIManbllbie TO'!KII 1!3Mepe1111S1 X , X , X 

A(x) .. x nnH cny'lall 

(I) 
BpeMena 11aMepe1111H t (t .. 1, 2, 3) Hy)KHO Bhl'll!CilllT~ no cpopMyne 

( 3, 19). f1p11 STOM nonhayeMCll cneny10m11M Bb!pa)KeHHeM nnll IIHTepnonHUHOHHhlX 

/12/ 
non11110MoB ne)KaHnpa : 

3 

f /x) = n 
lt=l 

It #1 

X 
l1t I 

X 

I IJ (k) 
X - X 

( a11anor11q11oe Bb1pa)Ke11He Bep110 Bcerna , Korna f
4
J x ~ .. x a 

t (I) : t121 
: t131 = 0.84: 0.12 : 0,04 . 

111 

25 

(3.25) 

), ITonyquM 



TTpl!Mep 3.2. 

YBeITl!'!eHHe 'll!CITa TO'!eK ll3MepeHl!51 II He onTHManbHOe pa3Mememie BpeMeHl! 

ll3MepeHll51 no 3Tl!M TO'!KaM MOlKeT npl!BeCTll K 3H8'1l!TenbHOMY yxynmeHll!O TO'IHOCTII 

pe3yITbTaTOB 3KCIIepl!MeHTa. Ha pllc. 3 noKa3aHa 3aBHCIIMOCTb Al!CnepCI!ll Benl!'ll!Hbl 

➔ 

h(0)=0-0 +O 
1 2 3 

OT '!l!Cna TO'!eK lI3MepeHl!51 n B cneny!OIUIIX 3KCnepnMeHTax: 

71(0➔,x) 0 + 0 X + 0 X 
2 

, X E < 0, 1 > 
1 2 3 

,\ ( .t ) = coni.t 

C CIIMMeTpl!•!HbIMII rrnaHaMH: 

I l) 
X 

Ill 
t = 

i - 1 

n - 1 

T 

n 

0rrTHM81Ibllbli1 11naH COOTBeTCTByeT: 

n =·3 

xlll= 0, xl21=0.S, 

( i = 1, ... , n ) 

x'3) = 1 , 

tl O:. ti 2 1: ti 31 =•0,35: 0,47 : 0, 18 , 

11. HecKOllbKO KOHTponHpyeMbIX nepeMeHHbIX 

nnaHHpOBaHHe OilTHManbHblX 3KCnepHM0HTOB B MHO,OMeplloM cnyqae ( HeCKOIIbKO 

KOHTponnpyeMbIX rrepeMeHHbIX) HBII510TC51 T0XHil'l0CKII 3Ha'!HT01IbHO 6onee TPYAHOll: 

3aJ:{aqell, '10M B OIIHOMepHOM,, OnHaKO KpOMe T0XHH'!eCKl!X 3aTpynHeHllll: ( HaIIpl!Mep, 

pe3KOe yBenl!'!eHl!e 'll!Cna rrepeMeHHbIX, no KOTOpb!M Heo6xOAl!MO rrpol!3BOIIHTb IIOI!CK 

3KCTpeMyMa) B03HHKalOT TaKlKe H TpynHOCTH rrpllHUIIIIIIalibHOro xapaKTepa. TaK, Ha-

➔ ➔ 

npnMep, 1:urn HeKOTOpbIX Knaccon <pyHKUHi1 I'/ ( 0 , x ) nnH 3anaHnoro 3KcnepnMeHTa 
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j 

I 

MolKeT oKa3aThCH 6ecKoHe'!HO MHoro D -OI1TlIM81IbHblX nnaHoB. 3To npaKTH'!eCKlI 

llCKIIIO'!aeT B03MOlKHOCTb npHM0H0Hll51 B 3TIIX cnriasix np1161J11lK0HHbIX MeTOllOB pac'!eTa 

( Hanp11Mep, KaKoro-n1160 rpan11e11THoro Merona no11cKa 3KCTpeMyMa un11 MeTona rrocne

nonaTenbHoro nnaHHpOBaHIIH ( CM, § 4 naHH~ro o63opa)). TaK KaK 3TH Me TOil bl MoryT 

CXOlll!TbCH nn6o K rrnaHaM C oqeHb 601Ibllll!M 'IHCIIOM T0'!0K H3MepeHHSI ( Mlloro 6onb

IUHM 'IHCna HeH3BeCTHb!X napaMeTpOB). n1160 Boo6me He COHTHCb, 

B HaCTOHIUee BpeMH nnaHbl, OIITHManbHbie no MIIHHMaKCHOMY KpHTeplllO ( II TeM 

C8Mb!M H no KpHTepmo D -onTHManbHOCTH; CM,Ta6n 11). HalineHbl IIlllllb lllIH npocTeti-
➔ ➔ ➔ ➔ 

llll!X cpyHKUllll: I'/ ( 0 , X ) a nMeHHo, Karna I'/.,( 0 , x ) HBnsieTcH nnHeliHoll: nnn 

KBanpaTH'IHOH· cpyHKUttell: KOHTponnpyeMb!X rrepeMeHHb!X 

➔ 

17(0,;)=0 +Ox+ ... + 
I 2 I 0 s+ I X • 

HIIII 

➔ ➔ • . 
71(0,x)=0

1 
+ I O X + I 01+•+1 

X 2 + 
!+I I I 

J= I !=I 

• • 
+ I I 0 -·1x X 

2s+J+k-1 I t 
J= I k=} 

t > J /13/ 
Cnyqall: ( 3.26) AOCT8TO'IHO Tpl!BllaneH I! noapo6uo ll3ITO)KeH B KHI!re 

(3.26) 

(3.27) 

/8, 19/ 
PaccMoTpHM cnyqai1 ( 3,27) ( CM, ) Ha rrpnMepe. EyaeM rrpearronaraTh, 

'!TO -1 ::_ X '5._ 1 , I = 1, , , , , 8 ( .STOro Bcerna MOlKHO llOCTll'lh COOTBeTCTBYIO-

llll!M ll3MCHCHHeM Mac111'Ta6a no OCSIM X l ll '!TO ,\ (;) '= 1 ( 3TO B0ChMa 

cTporoe orpaHtt'!eHne). 

rne 

KaK BllllHO 1!3 ( 3.27), 'IHCIIO llCKOMblX rrapaMeTpon paBHO 

m = 
(s+l)(s+2) 

2 

s - 'll!CIIO KOHTponupyeMb!X nepeMeHHbIX, 

(3.28) 

BoCI101!b3yeMC51 cneny!OIUl!M rrpl!MepoM, !,fa ncero MHOlKeCTBa nnaHOB Mb! 6yneM 

paccMaTpl!BaTh rrnaHbI cneny10mero B11na: 1!3MepennH c BecaMH w 1 = a npOBO-

27 
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/l!ITC!I B K8>K/l0H ll3 2 • ' aepwHH s -MepHoro Ky6a, C aecaM!l w = f3 B 
I 

Ka>K/lOH ll3 s 2 a- l TO'l0K., KOTOpb!e HBnHIOTCH cepennHa!v'H pe6ep ll C BecaMn 

B Ka>K/lOH ll3 s(s-1) 2
8

-
3 

ueHTPOB llByMepHb!X rpaHefi. 

, ~10/ 
Wl y 

OnTHManhHblll MllHHMaKCHblll nnaH J::(On;>KeH YllOBneTBOpHTb ycnoBIIIO 

➔ "2 ➔ 
max >.(x)u (x)=m. (3.29) 

zl E < -1, I>. 

1~•1, • , ., 8 

IloaTOMY B HaweM cnyqae Hauo nono6paTb a, fJ , y TaK, 'IT06bl onpene-

m!Tenh nmpopMauttoHHOli: MaTpl!UbI I Ml · 6bm MaKCHManhHbIM npH ycnomm 

l:a+l:{3+ l: y= 1 

paBeHCTBa (3.29). 

ll nn!I nonyqeHHhIX BecoB a' f3 ' y 

Ilony'lllM cnellYIOIU!le peaynbTaTbl nn!I s <' 5 

s a /3 

I o, 33·3 0,333 

2 0,llJ.58 0,:3015 

3 o, 071975 u, Ul8:l5 

lj. 0, 03705 o, 0038375 

5 0. 01928 0. 000'31?S 

npoaepl!Tb BbllIOnHeHne 

y 

U,000 

0,962 

o, 03280 

o, 01185 

0. 0044 7S 

J.lnH s > b Henb3H nony'lHTb OIITHMSnbHh!ll: nnaH C nono>KHTenbH,h!Mll a, /j, y. 

§4. llocneaoBa.TenbHoe H HenpepbIBHoe 

fllIB.HHpOBB.HHe 

Ecnn 3aBl!CllMOCTh ll3MepeHHOli: Benl!'ll!H_bl OT llCKOMblX napaMeTpOB ( qiyHKUl!H 
=> ➔ 

7I ( 0 , X ) Hen11Heli:Ha Hnn ycnoBH!I aKcnep11MeHTa (HanpnMep, qiyHKUH!I a#eK-

Tl!BHOCTI!) 1!3MOH!IIOTC!I B TO'IOHl!e aKcnepl!MOHTa, TO 1131IO>K0HHb!O Bb!ll!O MOTO/lbl nnaHH

poBaH!lH aenpllM0HllMbl. B 3Tl!X cnyqaHX ecTeCTBeJIJiblM II yno6HblM HBIIH0TCH nocne-
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( 

noBaTenbHoe (nnH Henpepb!BHoe) nnaHHpoBaHHe. TaKoe nnaHnpoaaane noneaao n B 

cnyqae, KOrJ:ta CT8Tll'l0CKOe nna.Hnpoaaane B03MO>KHO, HO TPY/lHO Bb!IlOIIHIIMO C TO'IKll 

apeHH!I MaTeMaTH'leCKHX pacqeToB. Torna nocnenoaa-i:enhHOO nnoHnpoaamrn !IBmacT

C!I no cyTn nena HCKOTOpb!M npn6nH>K0HHb!M MeTO/lOM pacqeTa CT8Tll'i0CKOro nnaHn-

/ 14/ • 
poBaHH!I 

0CHOBH8H HJ::(eH nocneJ:toBaTenbHOro nnaHHpOBOHllSI onpeJ:tenHCTCH cxeMon: 

- 3KCIIepnMeHT aHanna - nna1mp0Banne - aKcnepnMeHT -

IlnaHllpOBSH!le onpOJ:tCnHCT OilTHManbHYIO TO'IKY ll3MOpcnnn J:tnn KS)KJ::(Oro 

HOBoro Ollb!Ta, llCIIOIIh3Y!I peaynhTaTbl npe/lb!J:IYll.ll!X: SKCirnpH!-.rn!ITOB, BpeMH l!3MepeRmt 

T B HOBOM 3KCII0pl!MOJITO C'illTaeTC!I 38/l8Hllb1M. Ilpn T , CTpeMHlllOMCli K HynJO, 

nocnenoBaTenbHoe nna11np0Ba1me nepcxonHT B aenpephIBJioe nnannponaane. 

Ecnn 11enHHeli:HOCTh QlYllKUIIII 7/ ( 0 .. , ; ) cyn1eCTBCl!JHl ll JI06pa1malI CT8TllC-

TllK8 ll3 npe/lbl/lYlllllX .sxcnopllMOHTOB Mana, TO OUOHKII napaMOTpOB MoryT OK038TbCH 

HOO/lH03ll8'illblMII. Il11aH11:poBaJ111e /llIH TSKHX cny,rnea· o6cy>K/l80TCH B §5 H 6. 
-"1 o l 

Ecnn Ha6op oueHOK napaMCTpOB 0 ' IIOIIY'IOHHblX Ha OCHOBe IIP0/lbl/lY-

IUHX 3KCIIepnMeHTOB' 0)llll!CTBeJieH, TO MO>KHO BOCIIOIIh30B8ThCH IIHJIO.li:llb!M npn6nn>Ke

Hll0M ( CM,TaK>Ke § 1): 

.. ➔ ~ (0) 
71(0, x) •71( 0 

➔ ➔,.. .. ~,o, 
X ) + f ( X ) [ (J -• 0 ] , ( 4.1) 

rue 

fa(x)e a71(0,t) 
a 6 

a 
; = ;,a, (4.2) 

0603H8'lllM D(O) MaTpnuy own6oK, Bhl'illCne11Hy10 118 OCHOBe npe/lbl/lYlllllX 

8KCnepHM0HTOB. Ilocne ll3MepelrnH B TeqeJIHe T B TO'!Ke 
➔ 
X 

MeT aaaqeHHe D ( T , 't) , KOTopoe CBH38ll0 C D ( 0) 
/15/ 

( CM. npnno>KeHHe B ) : 

D(T, ;)a(l 
m 

.... ➔ ➔ .. ... 

>. ( x ) TD ( 0) f (x) f ' ( x) 
)D ( 0 ) , 

... "2 ... 
1 + >. (x) To-

0
(x) 

29 " 

MaTpnua .own6oK npn

cnenyJOmeli: qiopMynoll: 

(4.3) 



... 2 .. 
rne u 

O 
(x) -KBanpaT Kopnnopa OWII60K K M0MeHTY T .. 0 II Im - .eAIIHII'!HaH 

MaTpnua m X m • llaHHaH qiopMyna HBnHeTCH OCHOBOli nnH acex pac'I~TOB np11 

nocnenoaaTenhHOM II HenpepbIBHoM nnam1poBaHn11. 

Ha ( 4.3) HeTpynHo nony'llITh, 'ITO 

jD(T,;)I= 
ID ( 0) I 
➔ "2 ➔ 

1 + .\ (x) T u. 
0 

( x ) 
(4.4) 

nn11 onpenennTenH MaTplIUbJ own6oK u 

!I) I h ; T. I = h , D ( T. X) h = 5) I h; 0 I - [ h, D ( 0) ~ (;) ] 2 (4.5) 

[ 
.. -1 " 2 

.\ (x )T] + a (;) 
0 .. ... .. 

nnH nncnepcnn oueHKII aentt'lHHbl h ( 0) = h '0 

Ananorn'!Hble qiopMynbl MOJKHO BbIBeCTII nnH cny'laH, Korna OCHOBHOii uenbJO 

aKcnepnMeHTa HBnHeTCH onpeneneHne k na m napaMeTpoa: ( 0 
1

, ... , 0 J '= ~ 
/ 15/ · 

(cM. ). Ha aTnx qiopMyn u 11a (4.4) II (4.5) HenocpencTaenHo cnenyJOT pe-

aynhTaTbI, npencTaane1IHh1e B Ta6n1Iue 3. 

3aMeTIIM, 'ITO B IlplIHUIIIle M0JKIIO Cilil8HIIpOB8Tb 8KCilep1IMeHT TaK, 'lT06bl B 

Te'!eHIIe naHHoro apeMeHII T II3MepeHIIH npOII3BOAIInlICb B HeCKOnhKIIX TO'!Kax, 
/16/ · 

qncno KOTOpbIX paHee aanaHo .• TaKoe nnaH11poBaH1Ie Tpe6yeT noaonbHO cnoJK-

HbIX Bbl'llICnennli. 

l1HTepeCHO cpaBHIITb 8K0H0MIIJO aaTpaT ( BpeMeHII) nplI HenpepbiBHOM ( nocne

noaaTenblI0M .) nnaHIIpOBBIIIIII II nplI CTaTII'leCK0M nnaHIIpOBBIIIIII B aanaqax, nonycKa

lOl!llIX CTaTII'leCKOe nnaH1Ipoaan1Ie. 

·EcnlI HeT nepBOHa'lanbHblX naCCIIBHblX aKcneplIMeHT0B, TO 3aTpaTbl Ha aKcne

plIMeHT nplI HenpepbIBHOM II CTBTII'leCKOM nnaHIIpOBaHIIII OAHII II Te JKe. EcnlI '!aCTb 

nepaoHa'lanhHblX 8Kcnep1IMeHTOB npOBOAIInacb naCCIIBHO (6ea nna1I1Ipoaa1I1IH), TO 

HenpepbIBIIOe nnaHllpOBaHIIe CHa'!ana 6onee 8KOHOMII'lHO, '!eM CTaTII'leCKOe, HO npll 

6onhWOM o6meM apeMeHH II3MepeHIIH CTaTll'leCKOe nnaHIIpoaamie, Y'llITblBaJOIUee. 

peaynhTaTbl nennaHIIpOBaHHhlX aKcnep1IMe1ITOB, neMIIOJKKO nyqwe nenpepblBHOro. .. 
llnH onpeneneHIIH 0ilTIIManbHOfi TO'lKII II3MepelIIIH XO Heo6xOAIIMO Hafi-

TII MaKCIIMYM HeKOTOpoli qiyHKUIIII E ( ;) ( CM. Ta6n1Iuy 3). EcnlI cymecTayeT 

He 6onbwe Tpex K0HTponlipyeMblX nepeMeHHblX ( 
.. 
X - Tpex1111epHblli BeKTOp), TO 

30 

t· 
} 

I 

fl.i 
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• MOJKH0 HaliTII npOCTblM nepe6opoM. none3HO Bbl'llIClllITb II 3Ha'lemrn E ( i ) 
B OKpeCTHOCTII X , 'lT06bJ oueHIITb BlllIHHIIe Manoro CMeIUeHIIH TO'!KII ; 

0 0 

Ha 3Ha'!eHIIe E( x) ( YCTOli'llIBOCTb peweHIIH) • EcnlI paaMepHOCTb ; aenlIKa, 

TO HEio6xOAIIMO np1I6erHyTh K 6onee aqiqieKTIIBHblM MeTonaM IlOIICKa 9KCTpeMyMa 
/ 12/ ~ 

( CM., HanpnMep, ) • OueHIITb YCTOli'llIBOCTb peweHIIH MOlKHO Ha OCHOBe BTOpblX 

npOII3BOllHblX qiyHKUIIli d;) .. 
B TO'!Ke Xo 

peCTHOCTII 
.. 
X 

0 
MHoroMepHblM napa6onnOIIAOM). 

TTpnMep 4. I. 

( np1I6nnJKeHne dx) BOK-

CMonennpyeM 8KCnep1IMeHT, KOTOpblli IlOKaJKeT, HaCKOnhKO aqiqieKTIIB_Ho nocne-

noaaTenhHOe nnaH1IpOB8HIIe. TTycTb np0IICXOAIIT XIIMII'leCKaH peaKUIIH Tuna 

CKopOCTb T/ 

rne XI 

R .. P +P. 

' 8TOli peaKUIIII paBHa 

01 03xl 
l7 

1+0 X + 0 X 
I I 2 2 

- napulianbHoe naaneH1Ie IIcxonHoro nponyKTa R ; 

x 
2 

- napu1Ianbnoe naanen1Ie nponyKTa P 

0 , 0 , 0 - napaMeTpbI, KOTOpbie He06XOAIIMO onpenenlITh. 
I 2 3 · 

(4.6) 

llnH Monen1Ip0Ba1I1IH BocnonbayeMCH II3BeCTHb!MlI II3 IllITepaTypbi IICTIIHHblMII 

ana'leHIIHMII napaMeTpoa: 

0 I = 2,9. 0 2 = 12,2 • 0 3 = 0,69. (4.7) 

B nanbneiiweM Mb! 6yneM C'll!TaTb, 'ITO II3MepeHIIH B03MOlKHbl B o6naCTII 

'('"' 

0<x <3, 0<x <3. 
-• I - -, 2 -· 

(4.8) 

HaMepeHIIH y nplI nJ06bIX xi II x2 II3 yKa3aHHOli 06nacT11 6yneM 

Monen1IpoBaTb cnenyrollllIM o6paaoM. TTp0113BOAHTCH BbI6opKa II3 Ta6m!Ubl cny'lai!HblX 

'll!cen ( nopManhnoe pacnpeneneHne c rrapaMeTpaMII 0 , a·= 0,01 . ) • · TTony'leHHoe .. .. .. 
'llICil0 np1I6aanHeTCH K T/ ( 0, x ) , rne O onpenenHeTCll paBeHCTBBMII ( 4. 7). 
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HeTpyAHO BII.Q8Tb, 'ITO 3!p!p8KTIIBHOCTb A ( ;) 6y,neT Ilpl! 3TOM ITOCTOHHHa B o6na-
➔ (lJ 

CTH (4.8) H aec l!3Mepe1rnH, npoaeneHHoro B mo6oi! TO'IKe x , paBeH 

Nl 
w =---

1 2 a 

i rne Nl 'IHC/1.0 OTU8/JbHblX l!3MepeHHi! B TO'!Ke 

"(O) " ( O) "(OJ 

➔ (l) 
x TTepBoHaqanbHbJe 

oueaKn napaMeTpoB 0 , 0 , 0 6bWH ITO/JY'I8Hbl MeTOUOM HallM0HblllHX KBanpa-
I 2 3 

"'OB !!3 nepBbIX 'I8Tb!pex 3KCIT8pl!M8HTOB, Oill!C8HllblX B Ta61Jl!UC 4. 

~(OJ 
TTpenrronaraH, 'ITO OU8HKll O He Cll/Jbl!O OT/JIPIBIOTCH OT l!CTl!HllbIX, 

BOCITO/Jb3Y8MClI pa3BllTbIM M8TOUOM. Bb!'Il!C/Jl!M: 

➔ a 0 0 X 
3 I I 

] f (x) = --[ ➔ ~(OJ (4.9) 
a a 0 1 + 0 X + 0 X o~ o 

a l I 2 2 

CornacHO ( 1.12), nocne noITO/JHl!T8/JbHOro ( IIHToro) 113MepeHl!lI !!HcpopMaUl!OHHalI 

MaTpHua ~Hwepa 6yneT l!MeTb Bl!n: 

M=-l-
2 

a 

5 

I 
2 ➔ 5 

£
1 

(x 111 ), L f (;<lJ )f 
I 2 

(~(I\ ~ .f (i<ll)f (;(!)) 
I 3 

l= I l=l 

5 

I 
l=l 

➔ 5 
f ( X ( I~ f (;<I) ) ' L 

I 2 !=I 

5 5 
1 c <i' 11 )r c;clJL r 

I 3 
1=1 l=l 

£2 (°i:C I l ) 
2 

l=l 

5 

I 
I= I 

f (;c 11) f (;c11 ) 
2 3 

5 • 

f (; c i j f ( ;c lJ ) ' I f 2 ( ;c i >) 
2 3 I= I 3 

(4.10) 

TTp11 COCT8B/J8Hlll! ( 4.10) Y'IT8HO, 'ITO Ha KBlK,l\OM 'IIIC/18 npOBOAIITCII /Jlllllb OUHO 

l!3MepeHll8 II 'ITO ace 113MepeHlllI paBHOTO'IHbl, T.e. N 1 = 1, a I = a ( 1 = 1,2, ... , n ). 

TToncTaBHM ll3 Ta6n. 4 B ( 4.10) 3H8'18Hl!II i ( l l ( i = 1,2,3,4) II BOCIIO/Jb-

30BaBlll11Ch ( 4.4). ITO/JY'IIIM, 'ITO C/18.l\YIO!llee 113MepeHlle cnenyeT npoBOUIITh B TO'IKe 

i ( 5) 
C KOOpUIIHaTaMl! 

XIS) =0,1 x( SI= 0,0. 
2 

32 
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TTp11 3TOM ITOIICK MaKCl!MyMa orrpenen11Ten11 IIH<popMaUl!OHHOi! MaTpllUbl rrp0113B0UIITCII 

M8TOUOM ceTKII. 

3Kcnep11M8HT, "rrpoaeneHHbii!' B TO'IK8 ; I 5> , nan pe3yll&TaT • y 5 = o, 186. 

BKllIO'I811 IIIITOe 113Mepem1e B M8TOU HBIIM8HhlllllX.KBanpaTOB, ITO/JY'IIIM HOBbl8 OU8HKII 

rrapaMeTpoa 

(4.12) 

"Ill 01'1 I) "II) 0 = 3,11 , r:, = 15,19, 0 = 0,73 . 
I 2 3 

-,t ,.,.(0) 
no cpopMyne ( 4.9) IlOUC'Il!T88M np0113BOUHbl8 11p11 r:, = 0 COCT8BIIM M8Tp11,-

uy M , 0Tbll!l8M 

X l = 3,0 11 x2 

M8KCl!MyM ee onpene1Jl!T8/Jll ( MaKCllMYM UOCTl!raeTClI rrp!! 

0,0). Bcnen 38 3Tl!M. rrpoBOUl!M l!3MepeHl!8 B .TO'IKe i 10 

4'( 2) 
HBXOU!!M oueHKll 0 l! T.n. Bcero aHanorll'IHbIM o6pa30M 6bl/JO Cil/J8Hl!POB8HO 

eme C8Mh IIOC/J8UYIOlllllX l!3Mepem1i!. Pe3yll_hT8Tbl Il/J8HI!pOB8HIIII l! OITblTOB npencTaB

/JBHbl B Ta6n11ue 4. 

Monenl!pOBBHIIB 3KCnep11M8HTa 6bl/JO npeKpameHo, K8K TO/JhKO pa36poc OUBHOK 

napaMeTpOB CT8/J H83HB'IIIT8/J8H II 3HB'I8HIIII OUBHOK CTa/111 6nH3KII K TeopeTll'IBCKIIM 

3H8'18HIIIIM napaMeTpOB 61 ,62 .0, .. Ha npaKTIIKe rrono6Hbl8 8KCIT8pllM8HTbl 

06b1'IHO npeKpama10Tc11, ecn11 onpenen11Ten1,. I D I CTaHOBIITClI M8Hblll8 HBKOTOporo, 

Hanepen 3aUaHHoro 'IIICna. 

O6cyn11M pe3y/JhT8Tbl npoaeneHHoro rrnaHllpOB8HlllI. HeTpynHo B11.QBTb, 'ITO 

➔ I l) 
3Ha'I8HIIII X (! = s, ... , 13) cocpenoTO'IBHbl B61Jll311 Tpex TO'IeK A,B,C ( CM,pllc,4) 

( .Q/111 Har/JlIUHOCTII Ha 3TOM )1(8 pl!CYHKB npoaeneHbl /JIIHIIII ITOCTOlIHHblX 3HB'I8Hlli! 

I'/ ( ;, 
➔ 

6 ) , 3TII TO'IKII' .QO/llKHhl COOTBBTCTBOBBTb rrnauy, 6nll3KOMY K 

D -OITTIIM8/JhHOMY np11 Hyneaoi! H8'18/JhHOi! IIH<popMBUIIII ( M = 0). TTpll 3TOM 'IIIC/10 

113Mepeu11i! N 
1 

, N 
2

, N 
3 

( N 
1 

+· N 
2 

+ N 3 = N ) , KOTopoe Heo6xon11Mo npoaecTH 

B KBlK.QOi! TO'IKe, UO/JlKHO 6b!Th nponopu110Ha1JbHO 'I8CTOT8 ITOlIB/J8HlllI 8TOi! TO'IKII B 

nocnenoBaTS/JhHOM nnaHllp0B8HIIII. B_,. naHHOM cnyqae 'IIIC/10 TO'IBK rrnaHa II 'IIIC/10 

napaMeTpoB paBHhI, noaToMy cornacHo (3.lO)t N 1 = N 
2 

• N 
3

• 

CpaBHIIM nony'IBHHbli! np1161JlllK8HHO D -OITTIIM8/JhHblll nnaH C CIIMMBTpll'IHbl-

MIi rrnaHaMH, KOTOpb!B O'I8Hh 'I8CTO yrrnTpe61JlIIOTClI Ha npaKTIIKB. 3TH nnaHbl II COOT

B8TCTBYIOlllll8 orrpenenHTB/JH M8Tp11U Olllll60K rrpencTaB/J8Hbl B Ta6n11ue 5. 
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§5. llnaHHpOBBHHe IllfCKpHMHHHpy101IWX 

3KCIIepHM0HTOB 

B 8KCITepaMeHT8ITbH0ft rrpaKTHKe HepenKo B03HHK8IDT CHTyaUHH, Karna Ha ae

K0T0pb!X aTarrax sKcrrepHMeHT8ITbHOll pa6oTbl IT0SIBITSIIDTCSI nBe HITH 6onee rHIT0T63b! 

Q 38BHCHM0CTH UCH3BeCTHbIX rrapaMeTp0B OT. 113MepeHHblX BeITl!'IIIH, HarrpnMep, rrpn 

~a30BOM aaannae paccel!HHSI ~YHKUHSI rrpaBnorrono611n, KBK rrpaBnno, nMeeT aecK0ITbK0 

paBH0UCHHblX M8KCIIMYM0B, K8lKA0My 113 K0T0pbIX C00TBeTCTByeT CB0ft aa6op oueH0K 

, . rrapaMeTpoB. Bo3Hl!K8eT Heo6xonP.:MOCTb B rrnaHl!p0B8HIIII 8KCITepl!M8HTOB, K0T0pbie 

I 

38 38A8HHOe BpeMll II03Bomrnn 6bI C Ha116onbI11eli nocToBepHOCTh!O Bbinenl!Th 

rrpa BllnhHYID r11rr0Te3y. 

TipenrronolKIIM, 'ITO 113 TeopeTH'I8CKIIX HCcnenoBaHHft HITH H3 8H8ITll38 rrpennapH

Tent,HbIX SKcnepnMeHTOB cnenyeT, 'ITO H3Y'I86Mblft npouecc MO)K6T 6b!Tb OITHC8H 

onaoft 113 nByX ~YHKUllli: 

➔ ➔ ➔ 
'f/ (x)·=71 (0, x) (rnrroTe3a I) 11 

l I ( 5.1) 

71 
2 

(;)=71 (j,;) 
➔ 2 ➔ 

( rarroTe3a II ) • 

'fope3 8 II <p o6o3H8'J6Hbl H6H3BeCTHbie rrapaMeTpbI. B 'I8CTII0M cnyqae Heon-

l!03H8'1HOro 81!8ITll38 3KCITCp11M6HT8ITbHbIX naHl!bIX 
" ➔ ➔ 

" ➔ 

-+ :t -+ n a.,,(0,x) 
71 ( x ) = 'T/, ( IJ , x ) + ~ ----- I ➔ 

I ,. ' I 1- l a 0
1 

0 = 
!.' (0 -0 ), 
0 J • I I, I 

rne 0 II ~ 
I 2 

COOTBeTCTBYIO!JnByM 

""" 
M8KCIIMyMaM ~yHKUIIII rrpaBnorrono611S1 

( jl ,... O • O 2 ,.. ; ) 
• ➔ (II 

TiycTb B peaynhT8Te 113MepeHIII! B TO'JK8X X 

qeHbl 3H8'I6Hllll YI, ... , yn c n11cnepc11S1MII 

•...• ;en) 
CT 2 

l • • 

AITll 'I) 

2 
• • O'·n 

nony-

11· 

nyCTb H86p8Hl!Oll CT8TIICTIIKII 11enocT8TO'Il!O, 'IT06bI H3 ABYX K0HKYPIIPYIDllll!X rHII0Te3 

0T6poc11Th nenepHyID C 38/:laIIIIOli A0CT0BepH0CThID. 

3TO 03H8'J8eT, 'ITO cyMMbl 

n 1 ~(n) ➔ 2 
x2(n)=I -- [ y I - T/ ( ·o , X ) ] 

I 
I =1 a 2 1 

II I 

(5.2) 
n " 2 1 ➔ (n) ➔ 2 

X (n)= I--[y -'TJ (cf, ,x)] 
2 l=l CT2 I 2 

I 
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H6CYI116CTB6HH0 0TJlll'I8IDTCll npyr OT npyra. 3neCb 
~(n) 
0 II 

" q, ( n) -OU6HK8 

napaMeTpOB 0 II r/, nocne n 113MepeHnli. 3anaqa SKcnepnMeHTaTopa 

38KITID'I86TCSI B TOM, 'IT06bi 0Tb!CK8Tb TaKyID T0'IKY 

B K0Topoll pa3HHU8 

2 

➔ 

X , B pe3ynbT8Te 1!3MepeHl!ll 

X 
2 

(n + 1) 
J 

X (n + 1 ) 
k 

j; k = 1,2, Uk (5.3) 

(_rne k - 1111neKc, COOTBeTCTBYIDIUllft BepHoli rl!IIOTe3e),nocTl!rana 6bi M8KCl!Manb-

H0!i B6ITl!'Il!Hbl, 

PaccMoTp!!M CYMMy: 

2 n +! 
X (n+l) = I 

2 .1= 1 

1 " --[y _., ( -t(n+l) ➔ (I))]; 
2 I ., 2 cp • X 

CT i 

( 5.4) 

3aaqeane x2 (n+l) 
2 

cymecTB6HH0 38BIICl!T OT peaynbT8T8 (n,+ 1) -ro na-

Mepeansi. 3apaaee Benn'Il!Ha 
Yn+1 H61!3B6CTHa, IlOSTOMy TO'JHee 3H8'IeHne 

pa3Hl!Ubl ( 5.3) onpenenl!Tb no OITb!T8 HeB03M0lKII0. OnaaKO Mb! MOlKeM Bbl'HICITl!Tb 

ee cpen11ee 3Ha'Je1111e. 

B npenrronolKe111111 Bep11ocT11 k -oft r11n0Teab1 cnyqaliHall Ben11q1111a 

Uk 

" ➔ 
Y-711:(x} (5.5) 

.;-;;2 (x)+ CT2(;) 
~ 

(rne 

" " ➔ ➔ (DJ ➔ 
71

1
(x}=71

1
(0 ,x), " .. ".l TJ (x) = 7/ ( cf, (n) 

2 2 

➔ " ... 
x),uk(x)-

Kopnnop Olllll60K AITll k -oft IT0BepxH0CTII OTKITIIK8 nocne n 11aMepe1111tt, CT 
2 

( x} -

-n11cnepc11S1 norron1111Tenbaoro 11aMepe1111S1 y ) , pacnpenene11a rro 11opManbH0My 

a a Ko Hy c napaMeTpaMn E I u k l = 0, !D I u I: I .. 1 B ( 5.5) nnll KpaTKOCTII y Be-

ITH'Illllbl Y II y 0CT8ITbllblX Benl!'Ill!I 1111neKc n + 1 onymea. 

TiyCTb BepHa nepBal! rnnoTeaa. Torna, IICIT0.rtb3Yll ~OpMyny (4.3), M0lKH0 rro
/15/ 

K838Tb , 'ITO 
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rlli?. 

El 
2 

x2 (n+O-x2 (n+l)l-=x2(n)-x (a)+ 
2 I 2 I 

➔ 2 ,, ➔ ,, ... 

(x)] + [a 2 (x)-a 2 (x)] c~ <i> - ~ 
+ _ _.:1~ __ __:2~----------2 I 

2 ➔ 
St ( X) 

2 ➔ 
S 

2 
( X ) 

" "' a 2 
t 

{;)+a2(;) 

QqeBl!llHO, 'ITO Ha116onee BbirOllHhlM 6ylleT 1!3MepeHl!e B TOH TO'!Ke 

( 5.6) 

➔ 

x, rile cpell-

Hee 3Ha'!eHl!e pa3Hl!Ubl cyMMbl B3BeweHHblX KBallpaTl!'!HbIX OTKnoHeHl!l! llOCTnraeT 

aan6onbwero 3Ha'!eHnSI. nnaHnpoBaHne llllCKp11M11H11py10mero aKcrrep11MeHTa cBOllllTCSI, 

T8Kl!M o6pa30M, K OThlCKaHIIIO 

max 
➔ 

" 

[
" ➔ " ➔ 2 ,,2 ""- ,,2 ➔ 
T/ (x) -TJ (x)l +o (xJ-a (x) 

I 2 2 - I 

2 ➔ 
S ( X) 

2 

(5.7) 

B rrpellrrono}KeHnn BepHocTn~BTopol! rnrroTe3bI H3Mepeane cnellyeT rrpo

ll3BOllHTb B TO'!Ke, COOTB8TCTBYIOWefi 

max 
➔ 

" 

A ➔ " ➔ 
[ TJ ( X ) - T/ (x ) ] 

2 I 

➔ 

S 
2

( X) 
I 

+ ;;2(;) _;;2(;) 
I 2 

(5.8) 

Ecnn TO'!Kll, orrpelleneHHble ll3 (5.7) ll (5.8), He COBIIann ' TO H3MepeHne 

cnellyeT llpOBOJlHTb B TO'!Ke, CQOTBeTCTByromel! 

max(W E lx 2 (n+1)-x 2 (n+l)l+WE lx 2 (n+O-x
2
(n+l)II, 

➔ II 2 1 22 I 2 
(5.9) 

" 

rile Beca wl H w2 Boo6me roaopH, 3aancsiT OT uenel! aKcrrepnMeHTa. Ecnn 

IIOTepn_ OT llpHHSITHH HeBepHOl! rHIIOTe3bI H OT6p8Cb!B8HHH BepHoll MQ}KHO C'IHT8Tb 

paBHhIMII,. TO aeca orrpellenHIOTCH cnellyJOlllllM o6pa30M: 

wl 
-· 1 2 "'e ·-2-X1lnl 

36 

_ I 2 
W ., e 2 X 2 (n) 

2 

(5.10) 

l 
I 

I 

' l 
I 

B HeKOTOpbIX cny'!aHX uenb npOBOAIIMbIX 9KCnepnMeHTOB H8 onpelleneHa B TaKOM 

Bl!lle, KOTOpblll Il03BOnim 6b! HallTII OTHOWeJme IIOT8pb OT HerrpaBHnbHOro llpl!HHTHH 

nepaoll rnnoTe3bl K noTepSIM OT nenpaBHnbHoro Ilpl!HSITIIH BTopofi r111IoT83bI. B IlOll06-

HOli c11Tyaun11 113Mepeune cnellyeT Ilp01301ll!Tb D TO'!Ke, COOTB8TCTBy10melt 

max 
➔ 

" 

min 

k = 1,2 

J,, t 

2 2 
Eklx 1(n+O-xt(n+l) I ( 5.11) 

TTp11Mep 5.1. Paccesrnne rronHpnaoBaHHbIX rrpoToHoB ( cM.rrp. 1.1 n 2.1) 

06cyllHM cne1ly10m11ii 9KCIIepnMeHT (pnc. 5). TTy'IOK rronsip1130BaHHhIX IIpOTOHOB 

paccenaaeTCSI Ha Henonsipll30B8HHOi! Hei!TpOHHOfi Ml!W8Hll Tl , BcnellCTBl!e 9TOro 
➔ 

pacceSIHIIH B8KTOp nonHpll3aun~ P1 lIOBOpa'IHBaeTcH. 3TOT IIOBOpOT MOJKIIO OIIl!CaTb 

JIHTbIO napaMeTpaMH BonbcpeHwTellHa R ( x), R '( x ) , A ( x ) , A ' ( x ) n D ( x ) 
/4/ 

( CM. ) • 31leCb X - yron pllCC8HHIHI Ha Ml!W8HI! T 1 . Ecnn IIOllXOllHllll!M o6pa. 
➔ 

30M BbI6paTb yron M8JKllY BeKTOpoM a .(uopManell na rrnocKOCTII rrepaoro pacce-
➔ 

SIHIIH) I! BeKTOpOM IIOJil!pll3aUHll rrepBll'IHOro lIY'IK8 

0/:11-Hl ll3 rrapaMeTpOB BonbcpeHWTellaa, H81IpnMep, 

p I ' TO MOJKHO orrpellenHTb 

R ( x) llpll lIOMOWH BToporo 

pacceHHIIH Ha T 2. 

3KcnepnMeHT8Topy, IIOllrOTOBnSIIOJll8MY 9KCIIepl!M8HT, 06bIKHOB8HHO 113B8CTHbl 

-"10) 
oueHKH (J cpa30BbIX CJ:IBHroB, yJKe rronyqeHHbie 113 llpyrnx 8KC1Iep11MeHTOB,11 OH 

orpaHn'!eH apeMeHeM T, KOTOpoe rrpellOCTaaneuo eMy llnH 113MepeHni! Ha ycKopnTene. 
~, 1) 

onncall cny'!all, KOrlla cymecTBYIOT llB8 11a6opa cpa30BhIX CllBllroB 0 

II 

B/17/ 
~ (2) 

IJ 11 uenbIO !18KOTOporo 9KCIIepnMeHTa SIBnHeTCSI nncKp!!MIIHl!pOBaHlle Herrpa-
➔ 

Bl!nbHOrO Ha6opa. BcnellCTBHe HeonH03Ha'IHOCTH oueHOK (J B03MOlKllbl nae oueH-
~-, 1) ~( 2) 

Kil Kp!!BOll R ( x ) ( R ( 0 , x ) 11 R ( 0 , ·x ) ; CM. pnc. 7) Hnll 

~(1) ~(2) 
D(x) (D((J , x) 11 D( 0 ,x)_!.cM.pl!Co 9). 

<f>yHKUllSI scpcpeKTHBHOCTII ,\ (x )° MOJK8T 6b!Tb Bbl'IIICneHa H8 OCHOBe peaynbTa-
. /17/ 

TOB rrpenblllYlllllX 9KCnepl!M8HTOB ( HanpnMep, _MeTonoM, OJil!CaHHbIM B ; pe3ynbT8T 

np1meneH Ha pnc. 6). 

4To6b! cpaBHIITb nony'!e!IHbie pe3ynbT8Tbl C peaynbTaTaMI! npnMepa 6~1. 6ylleM 

nnaHnpoBaTb OIITl!ManbHhlfi 9KCIIepl!M8HT nnsi cny'!aSI, Karna T ➔ 0 ( HenpepbIBHOe 

nnaHnpoBaHne n11cKpl!MIIHllpy10mero 9KCrrepnMeliTa). ITnaHllpoBaHne TOrlla COCTOIIT 

B Bb!'ll!CneHllll cpyHKUllll: 

11> 
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¢,(x)=>.(x)I[~ (x)-; (x)]Z+;;2(x)-;; 2 (x)I 
2 2 I 

(5.12) 

.(nony'IBHHOii H3 (5.7) nnH T ~ 0 

ll 

t,!, (x) >.(x)I[ ~ (x)-6 (x)]
2 +; 2

(x)-;; 2 (x) I 
I ' 2 I 2 ( 5, 13) 

(nony'IBHHOii H3 (5.8)) 

H onpenenBHHH MaKCHMyMa 3THX cpyHKUHi(3necb 

H T,n,), 

" ~I) ➔( I) 
1/ ( x) = R ( 0 , x) ttnlI D ( 0 , x) 

I 

Peayn&TaThl Bhl'IHCnBHHH 

II Ha p1Ic, 10 (nmi D (x) 

¢,(x) II ,/J(x) npttseneH&1 Ha p1Ic. 8 (nmi R_(x)) 

) • OKB3blBBBTCH, 'ITO Ha o6onx plICYHKBX ¢ (x ) 

H. ,µ (x ) ITO'ITII COB11anaIOT B OKpBCTH0CTH CBOIIX MBKCHMYMOB, T.e. npllMBHBHIIB 

qiopMyn ( 5.9) II ( 5.11) 3KBIIBaneHTHO. Ecnn cpBBHIITb 3Kcnep11MBHT no ll3MepeHIIIO 

R ( X ) C 3KCnep11MBHTOM no 113MBpBHHIO D (x) , TO ll3MBpBHIIB D (x) 6onee 

BbII'q..lHO ( rnaBHblM o6pa30M, 6naronapH 6onbWOMY pBCCTOHHIIIO MBJKny KpHBblMII 
-o I 1l 4'( 2) 

D(0 ,x )11 D(0 ,x)). 

§6. 11H<popM8UlfOHHbIH MeTOJJ. ITn8HllpOB8HlfH 

9KCIIepHMeHTOB 

.. .. 
Ecn11 cpyHKUIIH 1/ ( 0 ' X ) CllnbHO HBnllHBiiHa no napaMBTpaM 

.. 
0 II HB6paH-

HBH CTBTIICTIIKa Mana, TO B03MOlKH0 CYll!ElCTB0BaHHB HBCKOnbKIIX MBKCIIMYM0B <PYHKUHII 

npasnonono611H L ( 0) ' cna6o 0Tflll'IBIOU!HXCH ·no BblCOTB. TTpllHHTO C'IIITBTb nono-

lKBHIIH 3TIIX MBKCIIMYM0B Ha6opaMll OUBHOK napB',,IBTpOB 0 , nony'IBHHbIMII no 

MBTony MaKCIIMyMa npaBnonono611H. 3Kcnep11MBHTbl, cnnaHnpoBaHHblB no MBTonaM, 

0ITIICBHHblM B npen&1nyll!BM naparpaqie, IT03BOnHIOT Han6onee a<pcpBKTIIBHO IICKflIO'IIITb 

HenpaBllflbHbIB HB60pbl 0UBHOK. TTp11 3TOM 3KCITBp11MBHTBT0p HB IIHTepecyeTCH TO'I

H0CTbI<? OUBHOK napaMBTpOB ( T.e. MBTpttueii own6oK). TT pH TBKOM nonxone np11xon11T

CH BHaqane nenaTb pa3ITll'IBIOU!IIB 3KCnBpHMBHTbl ( §5) II TOnbK0 nocne nocT0BBpHoro 

paanH'IBHHH nepeiiTH Ha nnaHllpOBBHIIB YT0'IHH!Olllll
0

X 3KCITBpllMBHTQB ( §4). O4BBHnHo, 

Ha116onee nepcneKTlfBHbIMH KpllTBpHHMH onTHMBnbHOCTII HBflHIOTCH TB, KOT0pblB noa

B0n!IIOT OTbICKIIBaTb 3KCnBp11MBHThI, onHoBpBMBHHO paanll'IBIOU!IIB II YTO'IHHIOU!IIB Ha6o-

Pbl OUBHOK, 

38 

TaKIIM CBOii:CTBOM o6nanaeT Kp11Tep11li, OCHOBaHHblii: HB 3HTp0illliiHOI1 Mepe IIH
/18/ 

<jiopMaUl!II • Konll'IBCTBO llll<pOpMau1111, coneplKall!BBCH B 3KcnepHMBHTanbHblX aaHHbIX, 

paBHO 

.. 
0 

... .. 
f L ( 0 ) In L ( 0 ) d 0 , 

.. 
( 6.1) 

rne L ( 0) -qiyHKUIIH npaBnonono611H (cM, §1). ctiyHKUIIH 
.. 

L ( 0) nonlKHB 6b!Tb 

H0pMHpoBaHa, T.e. 

➔ 

JL(0)d0=1, 
.. 

( 6.2) 

a IIHTBrpanbI ( 6.1) II ( 6.2) B3HTbl no Bceii: o6nacTI! B03MOlKHbIX 3Ha'IeH11ii: napaMeT

poB, 

AHanorll'IHO, ecn11 SKcnepl!MBHTBTopa HHTepecyeT k 
113 m rrapaMeTpoB 

( CM, §4), TO COOTBBTCTBYIOlllBB KOnll'IBCTBO 1!HcpopMau1111 06 3TIIX rrone3HblX napaMBT-

pax 
.. 
w pasno: 

I ➔ = 
w 

f L ( c:; ) In L ( C: ) d .,-; 
(6.3) 

3nec& 

.. ➔ .. 

L(w)= JL(0)d¢,, (6.4) 

¢,'=(0 , ... ,0 ). 
k:+1 m 

➔ 

rne ¢, -3T0 MBWBIOU!IIB napaMBTpbl, 

Mepa KOflll'IBCTBB IIH<pOpMaUl!II l ti. I) 11 l 6,3) no MHOrllM CB0ii:CTBBM aHanorll'IHa 

/9/ 
3HTpon1111 <pll3114BCKOii: CIICTBMbl. HeTpynHo IIOKa3BTb , 'ITO B cnyqae H0pManbHoro 

pacnpenenBHIIH 3Kcnepl!MBHT8nbHblX naSHblX II cymecTBOBaHIIH en11HCTBBHHoro Ha6opa 

0UBH0K rrapaMBTPOB 

I .. 
0 

1 1 [ ) m - - In I D I - - m + In ( 2 TT I 
2 2 

1 ➔ . 1 k 
I ; =- - 2- In I ~ ( w) I- T [ k + In (2 TT) ], 
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( 6.6) 
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rAe D ll D (;) -MaTpllll_bl 0Wll60K, COOTBeTCTBYIOIUlle napaM_eTpaM 
➔ 

e ➔ 
ll Cl.I 

J,fa ( 6,5) ll ( 6.6) BbITeKaeT, 'ITO B 9TOM cnyqae KpllTepllll 

( §2) ll llH<popMaUllOHHbiii KpHTepuii COBil8A8IOT. 

D -OilTllManbHOCTH 

nnaHllpOBaHl!e no HH<pOpMaUl!OHHOMY Kp!!Tep!!IO COOTBeTCTByeT BbI6opy 9KCnep11-

MeHTa, A8IOIUero MaKCl!ManhHblii npllpOCT llH<pOpMaUllll. 3TOT npllpOCT 38BllCHT OT 

pe3ynbT8T8 rrnaH11pyeMoro 9KCilep!!MeHTa, He 1!3BeCTHOro anp11op11. , ITo9TOMY Bbl

'!IICmieM cpeAHllii rrpnpocT llH<pOpM8UIIH 

-+ -+ ➔ ➔ 

fl J ... (T, x) = Jp (y)( JL(O/y )In L{O/y) d 0 
e 

- J L ( 0) In L ( 0) d 0 I d y . 

( 6.7) 

3,necb T -BpeMll, npe,nH83Ha'!eHHOe ,nnll 113MepeHl!ll ; -TO'!Ka 1!3MepeHl!ll (3Haqe-
➔ • , 

Hllll KOHTpon11pyeMbIX nepeMeHHbIX) L ( 0 / y ) -<pyHKUl!ll npas,nonono611ll nocne rrpo-

seneHllll nnaH11pyeMoro aKcnep11MeHTa c pe3ynhT8TOM y, 

P (y) = J P ( y / 0➔ ) L ( 0➔) d 0 ( 6.8) 

➔ 

II P(y/0) -pacnpeneneH11e sepollTHOCTH pe3ynhTaToB rrnaH11pyeMoro aKcnep11-

MeHTa. B 6onbWHHCTBe <pH3H'!ecKHX 9KCnepllMeHTOB MO~HO npeArronaraTb, 'ITO 

p(y/0➔) 
y'A(x)T 

1 ➔ 2 
,--2-[:r-71(8,t)] 'A(z)T 

e 

y 2 rr 

(cM, TaK~e § 1). ... 
OnTllManbHYIO TO'!KY H3MepeHHSI X O cneAyeT IlOA06paTb TBK, 'IT06bI 

flJ ... (T,;
0

) 

0 

(nocnenosaTenbHoe nnaH11poBaHne) 

Hnll 

aJ ... (t,;) 
0 a 

at 
( HenpepbIBHOe rrnaH11poBaH11e) , 

max fl J ➔(T, ; ) 
➔ 0 
" 

t=o 

= max 
➔ 
X 

40 

.. 
oJ-+(t,x) 

0 

at 

(6.10) 

( 6.11) 
t=O 

·i 

) 

/19/ . 
B Bbrneneu cneny10m11ll pe3ynhTaT: 

a J .. (t, ; > 
0 

a t 

➔ 

'A (x ) ➔ .. .. .. .. .. 2 .. .. 
=-- f[71(8,x)-J71(8,x)L(O)d8] L(8)d0,. 

t= a 2 • · 

.. 
'A (x ) 2 

.. --J[ 71 - J L ( 7/ ) 7/ d 7/ J L ( '7/) d 7/ • 
2 7/ 7/ • 

(6.12) 

3,necb 

senll'!l!He 7/ : 

L 7/ ( 7/ ) - ~To <pYHKUl!ll npasnorrono6m1,cooTBeTcTBy10mall 113Mepl!_eMol! 

-+ ➔ -+ ➔ 

L 7/ ( ~ ) .. J L ( 8 ) S ( T/ - T/. ( 8 , x ) ) d 0 , ( 6. 13) 

rne s ( ) - S - q>yHKUHSI LlnpaKa. 

Llnll paC'!eTa ( 6.12) MQ)l(HO rronh30B8TbCll cneAYIOil!HM rrpn6nmKeHHeM: 

➔ N ➔ 

L(O)e '! W
1

p
1
(8), 

( 6. 14) 

l"' 1 

t: 
rne N -qncno Ha6opos oueHoK e, 

w l .. L ( ;u > ) I D 11 l I i/2 ( 6.15) 

... 
n p ( 0) m - MepHoe HOpManbHOe pacnpeAeneHHe co cpenHnM, paBHblM 1 -TOMy 

l ~ (1) 

Ha6opy oueHoK 0 H C KOB8pH8UIIOl!HOii M8Tpnueil, paBHOii MaTpnue OWH60K 

D ( 
1 

l . noncT8Bnllll ( 6. 14) B ( 6.13), rrony'!IIM 

N 

L (r,)-='! W p (r,), 
7/ I"' I I I 

( 6.16) 

r,ne 
[ " ➔ 2 

-..!... 7/ - 7/ I C" l ] 

p /r, )= 1 e 

y2" " 
(7 _ l 

2 " CT:,-;) 
(;) 
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qiyHKUIHl ; (;) - 9T0 oueHKa "Kpl!BOi!" 7J (t) , C00TBeTCTBYIOlll8l1 i -TOMY 
l ,., 

Ha6opy, II CT ( X ) - lllllpl!Ha CO0TBeTCTBYIOlllero KOp11nopa Ollll!60K ( CM. § 1). 
l 

IToncTaBnl1l1 (6.15) B (6.12), rronyq11M, qTo 11aMepett11e cnenyeT rrpoBecTn B 

ToqKe, uaromei! MaKCHMYM BbipalKeHHl1 

➔ N 

>. (x > I ~ 
1= l 

,, ➔ N 

W CT 
2 {x) + ~ 

1 l 
I= l 

N 

w,[;<i°>-~ wt~i:<;>121. 
I k =l 

( 6. 17) 

Ecn11 N = 1 , TO TinaH11poBa1111e no qiopMyne ( 6.17) coBTiauaeT c 11eTipepb1B-

HbIM rrnaH11poBaHHeM, 0TIIIC8HHb!M B §4. 

A11anornq11b1i!, xoTl1 6onee cnolKHbii! peaynhTaT Moxrno rronyql!Th Unl1 cnyqag 
. ·1191 

k "none3HbIX" rrapaMeTp0B, ecnll IICTI0nb30BaTh Mepy IIHq>OpMaUHII ( 6.3) ( CM, ·). 

ITpnMep 6,1. 

-paccel1HIIIO ITp11 TI0M0ll!II 0TIIICaHH0I'0 MeToua crrnaH11pyeM 9KCTiep11MeHT TIO p D 

113 Tip11Mepa 5.1. 
.Unl1 Bb1q11cneHHl1 qiopMynbI ( 6. 17) Hyxrna q>YHKUlll1 a<!><l>eKTHBHOCTH ,\ ( X ) 

(cM,p11c,6),Kpl!Bb1e ; {x),; {x),; {x),;
2 

(x) (cM.pl!c,7unl1 ;(x)=R{x) 
,, 1 2 1 

11 p11c. 9 nnl1 1J {x) = D { x ) ) 11 aeca W 
1

, W 
2 

( B peaynhTaTe Bb1q11cne1111S1 ( 6, 15) 

rronyqaeM W 1 : W 2 

Bb1q11cneHHal1 

1: 9 ) . 
na ( 6.17) "cKopocTh rrpnpocTa KonnqecTBa nHq>OpMaunn"' 

oJ(t,x) 

e {x) = ---- I t = 0 
a t 

( 6.18) 

Tip11aeneHa Ha _pnc. 11 i unl1 cnyqal1 naMepeH11S1 R {x) n Ha p11c. 12 - UIIl1 cnyqag 

11aMepeH11S1 D { X) • p eaynbTaTbl Bb1qncneHbI c ToqHoCTbIO no 11ecymecTae1111oro 

TI0CT0HHH0I'0 K09qJqJIIUHeHTa. 

J,!3 cpaBHeHIIH Kpllll0i! Hf¼ pnc. 12 C Kpl!Bb!MII Ha p11c. 10 BbITeKaeT, qT0 B cny

qae ll3MepeHHH Ben11q11Hbl O { X) OTITIIMBIIbHbli! nncKpl!Ml!HHPYIOIUlli! 9KCTiep11MellT 

coarrauaeT C 9KCTiepnMellT0M, OITTHManhHblM TIO n111popMau110HHOMY Kpl'!Tepnro. ( B 
0 

o6oux cnyqaHX orrT11ManhHb1i! yron pacceHHIIH paaen x 
O 

= 60 ) • 3To coarraneH11e 

HBnHeTcH cnencTaneM Toro, qTo BO acex Tpex qiopMynax ( 5.12), ( 5. 13) 11 ( 6, 17) 

A0Ml!llllpy101Ill!M HBnHeTCSI qneH 

" ➔ ( ➔ ( 2) 2 
>.{x)[D (0 11 ,x)-D(O ,x)] . 
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Ecnn 113MepHeMoi! Ben11q1111oii HBIIHeTCSI R { X), TO OTITIIM8IIbflbIH llllCKPHMllllllpy-

IOilllli! 9KCTiep11MeHT ll0IIlKeH 6b!Tb Tip0BeaeH Ha yrne X = 25° (p11c. 8), a MaK

CllMYM HHq>OpMaUIIII 113 9KCTiepnMeHTa TionyqaeTCSI Ha yrne X = 53°. Ha p!!C, 8 

SICH0, qT0 Tip!!p0CT IIHq>OpMUUHII Ha yrne 53° TI0IIy<l/leTcH T0IIbK0 3a cqeT TI0Hl!lKeHHH 
~ 

ow1160K qia30BbIX CUBIII'OB, a llllCKpl!MIIHl!p0B8Hl!e HeTipaBHIIbH0I'0 na6opa q>a30BbIX 

CABIII'0B 6yueT Hea11aq11Tenb110. IToaTOMY 6onee pa3yMH0 Tip0BeCTII 113Mepe1111e Ha 

KaK0M-T0 npoMelKyToqHoM yrne, Hallpl!Mep, 

II llllCKPIIMl!HaunH 6nI!3Kll K 0ITTl!MaIIhlibIM. 

x = 28°, rne npnpocT HHq>OpMau1111 

OueH11M yaennqeane BpeMeH11 naMepea11si t , . _aeo6xonnMoro nnH rronyqeHHl1 

113 9Kcnep11MeHTa aaaaHHOI'0 ( He6onhWOI'O) np11pocT~ IIHq>OpMaUHII /1,. J . Ha ( 6. 18) 

BbITeKaeT, qTo 

t= t(x, /1,.J) 
I 

--AJ e ( X ) 

II Ha 0CH0Be peaynhTaT0B, np11BeneHHblX Ha pnc. 11, nonyqnM 

t ( X = 28 ° ' A J ) - t ( X = 53 ° ' /1,. JJ 
------------ = 30% 

t ( X = 53 °' A J ) 

( 6. 19) 

Aaanor11qHbIM o6pa3oM, IICIT0IIb3YH Kpl!Bbie Ha pnc. 8, nonyqnM nm1 nncKpHMII-

' Hllpyromero aKcnepnMeHTa 

t( X = 28 O ) - t { X = 25 O ) 

----0 ----- = 7,5% . 
t(x = 25 ) 
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