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2
MOJIYYHM: S/(u):x-v tré-Q_l xT:x[—Q_IIQ_l]xTz—x[Q_IJ xT,OTKyIla
Y
X

ypaBHeHHUE Dusepa s «A» KpuTepus OyaeT:

), x(0)0t0a ()

3 () (07 ()

=A.

3. E-xpurepuii. st HETrO S(u):maxdj =maxd, (Q_l(u)), d; - COOCTBEHHbIC
J J

YyCJla MaTPULIBI Q_1 (u) OTOT KpUTEpUl MOKHO 3amKcaTh B Apyroi ¢popme:
~ -1 -1 T
3(u)=maxd; (07 (u))=¢- 07 (u)-C]
J
rae C) - BEKTOP, KOTOPBII «BBIPE3aCT» MAKCUMAIbHOE COOCTBEHHOE YHCIIO.

Marpuna Q_l(u) ABJISIETCA CUMMETPUYHOM, MO3TOMY JUISl HEE CIIPpaBeJINBa
TEOpEMa O CIIEKTPAIbHOM PA3JI0KEHUH, T.€. CYLIECTBYET OPTOrOHAJIIbHAS MaTpULA
pP: PT.P=P.-P=P*=Q(u), P" =P, nosromy

3(u)=G-07 (w)-¢f =G-(PTO (w)P)-cf =G PT-07 (u)-P-Cf =
\ﬁ{_/ %,_J
D pr
=D-Q_1(u)-DT , OTKyJa C YYETOM 3aMEHBI D=C1PT U BBIYHUCJIECHUMN
aHaJOTUYHBIX «C» KPUTEPHUIO MOIYUUM:
2 2
3(u)=D-0"(u)- D" =3 (u)=~(D-07(u)- D) =~(GPTQ™" (w)x") .

VYpaBuenue Ditniepa 1151 «E» kputepus Oy1eT UMETh BU/L;

5 (u) (¢ P07 (u): xT(t))2

3 (u) (G- PT 07! (u)-P-C] )

VYpaBHeHus Dilniepa AJig OPYrUX THUIOB KPUTEPUEB MOTYT OBITh MOJYYEHBI
AHAJIOTUYHBIM CIIOCOOOM.

AnroputMm penieaus H30 mno pacrnpenenennio nimepeani. B H30 ueussectHoOM
ABIsAeTC (QYHKIUS u(t) IUIOTHOCTH U3MEPEHUM, KOTOPAs SABIAETCS PEIEUHOM C

KOHCYHBIM YHUCJIOM TOYCK IICPCKIIFOYCHUA tl""tk' HOC—)TOMy OCHOBHOM OCJIBIO

pemienuss H3O sBnsercs HaxOoXIEHUE OTUX TOYEK HepekintodeHus. OHH
MOJIy4YalOTCS B PE3YJIbTATE BHIMOJHEHUS CIEAYIONIUX IIaroB.
[ar 1. Pemaercsa ypaBHeHHe Diliepa:
x(tv)=2,
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3 (u)
3 (u)

DJIEMCHTOB ¢;; MATpPHILIBI Q(u) B pesynbrate Ha 3aJjaHHOM TPOMEKYTKE [O,T ]

re x(t,v)z— , v=(v1,..,vr), Vr:Vr(qij) - HEKOoTopas (QYHKIHS OT

BpeMeHH u3Mepennii Haxomsirest (puc. 4.23) 1(A,v),...t; (4,v) MOMeHTEI BpeMeHH
MEPEKITIOYEHUS PeIeHHON QYHKIIUU U (t)

[Tar 2. Pemaercs OTHOCUTENBHO A ypaBHEHHUE:

T n(4.v) T

Iu(l,v)dt:m@ I ldt + ..+ I ldt=nt <t (A,v)+.+1,(4,v)=nr (4.3)
0 0 l‘k(l,\/)

PerreHrem 5Toro ypaBHeHus sBisiercs: A(v). (4.4)

Hlar 3. Pemaercs cucrema TpaHCUEHAEHTHBIX YypaBHEHHUH  fi,.., f;
OTHOCHUTEILHO Vy,..,V}:

V| = fl(vl,..,vl)

vi=f1(vi,-v).

* % *
B pe3ynbTate ee penieHuss HaXOUTCS BEKTOp V. = (vl yes V] )

%
[lar 4. BekTtop v mnoncrasisiercs B (4.4), B pe3yibTaTe 4Yero IMOIy4aeTcs
k
ﬂ,(v )

Haiinennsie V. 1 /1(1/*) TIO/ICTABIISIFOTCS B tl(/l,v)‘ ool (ﬁ,,v)‘ U 13

*
v=v V=V

/1:/1(\/*) /1:/1(1/*)
(4.3) maxomsres t =t(n,7,T),...ty =t; (n,7,T), ThEe n - 3aTaHHOE YHCIIO

M3MEPEHNUM, 7 - 3aJaHHBIM IHar 1O BpPEMEHHW, 1 - 3aJaHHbIM MNPOMEKYTOK
VU3MEpPECHUM.

PaccmoTpuM anropuT™ ONTHMH3ALMKM PACIPENCIICHUS] MOMEHTOB M3MEPEHUI
f1,...t; Ha 3aanHOM poMexyTke [0,7']| st npocreiimmx ciydaes CAO.

[Ipumep. Ilycts 00bekT ynpasienuss B CAO sBisgercs O€3bIHEPLIMOHHBIM,
@ (1)#0 (Hanuune ciuydailHBIX BO3MYIUCHHH Ha BBIXOJe 00beKTa), ¢, (f)=0,

¢3(1)=0 (orcyrcTBHE BEpTHKAIPHOrO M TOPH3OHTAIBHOTO Ipeii(poB B
3aBHCHMOCTH y = f (X)), TOr1a BEIXOZ 00BEKTa OyIeT paBeH:
H0)= A1) +ar (1),
te[O,Tznr], B =f(xl- +g), xl(t) =1.
Heobxo1umo HalTH ONTHMANBHOE PACIIPEJENCHIe MOMEHTOB H3MEpeHHi {f;} Ha

IPOMEXKYTKE BpPEMEHU [O,T ] npu HaxoxjaeHun ouenku S no MHK c
ucnoiib3oBanueM «Cy» KpuTepusi, KOTOPbIA 00€CTIEYNBAECT:
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min CD 5,C
l
ocpanuyeHus,

rae C - 3alaHHbIN BEKTOP.
[Tepexoaum k H30 mj1st 3TOTO KpUTEpUil:

min S_l (u)
u
o2paHudeHus,

rA€ u - IUIOTHOCTb M3MEPEHUH, TOrja ONTHUMalbHYIO (DYHKIIHIO u(t) MOYHO

IMNOJIYYUTh AaHAIUTUYCCKUM CcnocoOOM B COOTBETCTBHH C AJITOPUTMOM PCIHICHUA

H30:
2
_M:/’LQ(C Q ) —

3* () (c-o () )

Jns  Momenmun mpouecca y(t)z B 1+¢ nmeem x(t):l u Bektop C

cootBeTcTBeHHO: C =1, MO3TOMY B 3TOM Cily4yae ypaBHEeHUE Diisiepa OyaeT UMeTh
Buj (puc. 4.24):

2 -

) L -1)

(C- 07 (w)+" (1)

=1 83=03+ 5, =0

2
(C'Q_l(“)'CT) x(t)=1 1-0° M -1)
Cc=1
A=const
83, =0, Vt€[0,T],

T T
OTKYyJa: Ju(t)dt‘u(t)_l :nrcjldt:nr:T:nf:r:—

0 - 0 n

DTO 03HAYaeT, YTO HA 33JIaHHOM MPOMEKYTKE [O,T = m’] GyHKIUS TUIOTHOCTH

u(t)=1, T.e. OHa He HMEET TOYEK IEPEKIIOYCHHS, I10TOMY ONTHMAIBHOM

cTpareruu, obecrneuuBaromeid min DS, gBiseTCs paBHOMEPHOE pacipenesieHue

it

. T
WU3MEPEHUH C IIArOM I10 BPEMEHU 7 =—, Tae 1, n - 3aJaHHbIC BEIUYUHBI. Takum
n

06p8,30M, IIpu HaJIN4UU (Dl(t) THIA «0eJIoro myma», A1 KOTOPOTo BpCMA

xoppenanuu 7;, =0, gactora f = t 1 =nT™! crema U3MEPEHHUH ),.., ), C BBIXOJa

00BbEKTa J0JKHA OBITh MAKCUMAJIbHO BO3MOKHOM, YTO 33 CUET YBEJIIMUCHUS YHCIIa
n u3MepeHuil obecrneuynBaeT MaKCUMyM BEPOSITHOCTH P MpaBHIIBHOTO Iara Jyis
CAO u yBennM4YuBaeT €€ MOMEX03alUIICHHOCTD.

[pumep. Ilyctp oOwbexkT ympaBiaenus B CAO sBasercs tuma H-JI, rae
JIMHEWHAsT 4YacTh ONMCBHIBAETCA AaIllEpUOAUYECKHM JJIEMEHTOM C H3BECTHOM
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nocrositHHoW Bpemenu 1. llomaraercs, 4ro ¢ (t) #0, ¢ (t) =0, ¢ (t) =0.

Ounbrpanus ¢ (¢) npoussoaures o MHK, torma umeem (puc. 4.7 a,6):
t

z (1) =1 (x [f Xi+g)- Je T+(01() te[0,nr=¢],

\_ﬂ/__J

2 b

IAc n - 3aJaHHOC 4YUCJIO HSMGPGHHﬁ, T - SaﬂaHHBIﬁ mar 1mo BpCMcCHHU.

Ouenka [ HeusBecTHOro mnapamerpa fJj=f (xl- +g) no MHK wmonenu
t

2 (1) = By (1) + Boxs (1) + @1 (£), x1(£) =1, x,(t)=e T pasma:
B o e g o) o)) ()
B =(1,0)- [ﬂj_(l,o) (x X) xTz+=(, O)K(xz,xl) (xz,xz)] () :

rae (,) - CKaJIIpHOE MPOn3BEcHHE, Z = (zl yes ,J{ ) BEKTOP U3MEPECHUH.

B sTux ycnoBusax Hainem (GyHKIIHIO u(t) IJIOTHOCTH WM3MEPEHUM U3 PELICHUS

H30 s amropurma ¢ nporsosuposanmeM (Bektop C=(10)_- «C»

ONTUMAJILHOCTB):

-1 -1
Xip] =X; +a-sign C(XTX) XTZ+—C(XTX) x'z-

}(xﬁg) ?(xi_g)
B coorBerctBUM ¢ amroputMoMm pemenuss H30 wumeem  cieayromyro

MIOCJIEIOBATENBHOCTD 1aroOB.
[Ilar 1. Pemaercs ypaBuenue Jitnepa g «C» KpuTepusi ONTUMU3ALNU:

S, (0w )

) =1l 2 =A.
3 (u) (c-07(u)-cT)
_t
31ech C:(I,O), x(t):(xl(t),xz(t)) = Le T - BEKTOp 0a3MCHBIX
x1=1
_t
xp=e T
byHKIMI MOJIeNH TIpoIiecca,
P11 p12
—— ——
| 42 _4n
Q—IZ(QU %2] A A :(Pn plz}:P IE—
421 922 412 911 P21 P2
N A
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(byHKIIOHAT.
B pesynbraTte nomyuum:
— T _2
o PR
c ’p b (1 i i\ T
(1’0)‘[ 5 12}_ ! P P12 e’
P Pn) |\, T (1,0) t
T
e
L - 1l P P» . e
|:(1’O)(pllJ:|
(10)(1911 plzj_(lj Pai
—— \pn pn)\0
C —— 2 =<
o'
Ak
P11 T P12 2 \2
= 5 A1+ P2 T —le|l+ve T | =l
P11
(P11) P2_,
P
2

<:>,u(t,v):/1, ,u(t,v): 1+v-e_?

Pemaem ypaBuenue Oiliepa rpaduueckum crocodbom. st sToro Hainaem

y 2

XapaKTEepPHbIE TOUKU 3aBUCHUMOCTH ,u(t,v) =|1+v-e T

Nmeem:
p 2
l. ,u(t=0,v)= l+v-e T =(1+v)2;
t=0
A%
2. u(t>+o,v)=|1+v-e T —1;
t—>+©

3. OkerpeMyM 4(f,V) HaXOQUTCS U3 YPABHEHUS:
/
A o o
u =0 1+v.e T =2/ 1+v-e T V(—?]e =0

t
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¢
e T :—l<:>t3 =Tn(-v), v=P12
|4 Pr1
Haiinem tum sketpemyma 4(2,v)
t , 2! ‘ t
P L S :2—g-e_T- 1+2ve T :%(1+2)>0,
T T T T

t i=t,

nostomy f,=TIn(-v) - s10 Munmmym ¢ynkumn u(7,v), Kpome 9TOroO,
; 2
u(t=t,v)={1+v-e T =0.
t=t,=T'In(-v)

4. Touky neperu6a ((¢,v) HaxOLMM U3 yPaBHCHHSL:

_i L

y{/:o@% f1+2ve T |20 1, =TIn(-2v).

C ydetom pe3ynbratoB 1-4 umeem rpadux GyHKIIUU ,u(t,v) (puc. 4.25). Haiinem

MOMEHTHI ¢ MePeKIOUeHUs] GyHKIUHU U (t) Ji1s 3TOTO permaemM ypaBHEHUE:
2

— ~1+2 ~1-2

utv)=Ae|l+ve ' | =A=H=-Th————, t,=-Th
14 14

HenocpecTBEHHO U3 PUCYHKA CIENYET, UTO f) <1, .

Ilar 2. Pemiaercst OTHOCUTENBHO A ypaBHEHHUE:
r° 4W(av)  nlw) T
Ju(ydt=nre [ ldt+ [ ldt+ [ ldi=ntot(Av)+T —t(Av)=nr <
0

0 7(A.v) 1 (A.v)
<:>—Tln_1+\/z+{T*—(—Tln_l_\/zﬂznr<:>
v %

_T*—nr
—1 \/_ T*—m'@\/—_e r
—1+\/_ T _T*—nr ’
e T +1
_T —nt _T*—m'
T _ T _
146 1 1€ * 1
_T —nt _T —nt
orkyma: 4, =—TIn e [T +1 4 =T e I +1

ar 3. [Tonyyum ypaBHEHHE ISl HAXOKACHUS V: V = f (v) :
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P12

WUmeem: v =—%,r11€ pi1, P|p - DAEMEHTBI MATPUYHOIO (DyHKLIMOHANA
P11
P P12
—— ——
922 _4921 _
P:[Pn Plzj: A A ’Q—1:[%1 412j ,P=Q‘1,0chyz[a
P21 P2 _ 412 4911 421 4922
A A
— ——
D21 1 20%)

Po_~91 A __ 9

Vv =
P A qn  qx»
Haiinem g1 1 g
T Tt h(v) _t ot
gr1 = jxl(t)xz(t)u(t)dt _ = Ie TU(t)dt: J. e T.ldl‘+ I e T'ldt:
0 = t 0 0 tl(v)

_a) T _al)
=—Tle T —-1+e T —e T |,

T Y xu f(v) 2t 2
Tu(t)dt= j e T .1dt+ j e T .1dt=
0 ll(V)

P 4» 24(v) 277 2y(v)
e T —-1+e T —e T

[logcraBuM TMOJYyYEHHBIE PaHEE BBIPAXKECHUS IS tl(v), ) (v), TOrJa I0CIIe
npeoOpa3oBaHuil Oy/1IeM UMETh KBaJpaTHOE YPABHEHHE OTHOCUTEIIBHO V :

*
T —nr " *

T 2T
2(2a-b r - T -
( a ;):1, a:e*—l,bzl—e I ¢=1-e T ,orkyna:

da +cv
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I
2|1-e T N
T
da—2bv=dat = =20 L =2l+e T
¢ _2ar
l-e T
£ \—1
_r
Takum obpazom: v =-2|1+e T | , v - peluenne ypasuenus v = f (v).
Illar 4. [oacTaBuM v B tl(v), ty (v) (mar 2) 1 noyry4um:
_ B )
* T * * =
tl(v:v ):—Tln 1+e—* ,tz(v:v ):T —nt—Tln|1+e T
T —nt
1+e T |

Taxum o0pa3om, QyHKIHS u(t) miotHocTy u3Mepennii H30 nns anroputma CAO

C IIPOTHO3UPOBAHHUCM UMCCT IBC TOYKH IICPCKIIIOUCHU S tl ) t2 .

u(t):

910 0O3HA4YacT, 4TO OITHUMAJIBHO ITPOBOJHUMBIC M3MCPCHUA JTOJDKHBI COCTOATH M3

1, 0<t<tj wm ty <t<T

0, {H<t<t,.

IBYX IPYIII U3MEPEHUH 7y = [tl -1_1} , [] - wenast wacte, ny =n—ny.

Yucnosou npumep. [lycts n=40, T = T = 10[0], =102 [c], TOrja # = 107! [c],
) :9.7[c], OTKyZa: n; :[tl 'T_1:| =10, ny =n—n; =30.

O]_ICHI/IM BBIMI'PBIII  OTHOCHUTCIBHO BCPOATHOCTH ¢ JIOTMYHOIO Iiara Jajis
PaBHOMCPHBIX OTCYCTOB qp H OIITUMAIbHBIX OTCYECTOB (,,, IPH CICAYIOMHNX

WCXOJHBIX JAaHHBIX [36]:
s y=r(x)=|x
< o1(1)~N(0,07),

e n=15,T=T =10[c], r=10"*[c],

Toraa: ¢, =0.22, q,,, =0.10.

b

OTH pe3ybTaThl MOKA3bIBAIOT, YTO ONTUMAIBHOE paclipejieiicHue U3MEPECHUI
CYIIECTBEHHO MOBBIIIAET momMexo3amuieHHocT CAO.

PacuyeTsl, mpuBEICHHBIEC BBIIIE, 10 ONTUMHU3AIMNA U3MEPEHUI NJI1 aJropuTMa ¢
MIPOTHO3UPOBAHUEM MOTYT OBITh peaM30BaHbl TAKXKE /IS aJrOpPUTMa C Pa3pbIBOM
npou3BojHOM. B 3TOoM cimydae B «C» KpUTEpUHM ONTHMM3AlMM HEOOXOJIUMO
monoxkuth C = (0,1). Kak moka3pIBalOT pacyeThl, MNPOBOJAUMBIC H3MEPECHUS
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JOJIKHBI COCTOATDh U3 JABYX I'DVYIIIL I/ISMCpCHI/Iﬁ n, Ny, n=n +n,, IPOBOAUMBIX C
HauOOJIbIICH BO3MOKHOMI I1.':1CTOTOI\/1, COOTBCTCTBCHHO B Ha4YaJIC M B KOHIIC

IPOMEKYTKa HAOIIOACHU I [O,T *]

[Ipy Hanuuuu HKBUBAJICHTHOTO BEPTUKAIBLHOTO Hpeida ((02 ;tO), Korzaa
TOPU3OHTAJIBHBIN  JApeid (go3 ;tO) IPUBEICH K BBIXOAY HEIMHEWHOW 4YacTu
00BeKTa, C MOJENbIO (oz(t): S5+t DSKBHBAJIEHTHOIO BEPTHUKAIBHOIO Apeida

*
6ynem nmets: z (1) =(B,x)+¢y(¢), te[O,T J, (-,+) - cKamsipHOE HPOU3BE/ICHHE,

t

B=(f.5.0), x(1)=(x(0).x2 (1) x3(0))=| Le Tot |, Bi=f (3 +g).

B »srom cayuae «C» kpurepuil ONTUMH3AUUM Il aIrOpUTMa C
nporuo3upoBanuem  C :(1,0,1) obecrieyrBaeT MHUHHUMH3AIMUIO  JUCIIEPCUI

DjA”(xl- + g) U D,/H; . YpaBHeHue Ditsiepa OyaeT umeTs B (mar 1):

Yw_, lce'@A @) (crd o)

-= 5 =1 5 =1
37 (u) (c-07(u)-T) (c-P-c”)
_ N
P11 P12 P13 t
(LO,1)-| py; Py Pz |-|e”
P31 P32 P33 4 ; 2
o= s—=Ao -1+, e_?+v3 t| =4
Pi1 Pr2 P13 1
(LO1)-| Py P22 P23 || O u(tvy )

P31 P32 P33 1

v=(pi+pi3) o va=(pio+po) pe s va=(pi3+p33) s
P = P11 +2p13+ P33
JUis  3aBucumoctn  4(t,v(,V,,V3) HaXOZMM XapaKTepHBIC TOYKH ,u‘ 1=0°
H, o @ =0, =0 u nanee pemaem ypaBHeHHE u(tvva,vy) =4
rpaduaeckum criocobom. B pesynbrare (mmar 2-4) ans GyHKImm u(t) IJIOTHOCTH

I/ISMCPCHI/Iﬁ IMMOJIYYHM YCTBIPC TOYKH IICPCKITIOUCHUA tl , t2 ) f3 . f4 .
u(t)=

*
L, 0<t<tjunu t, <t <tz umu ty <t<T

O, t1<t<t2uﬂu t3§t§t4
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910 0O3HA4YacT, 4TO OITHMAJIBHO ITPOBOJHUMBIC M3MCPCHUA JTOJIDKHBI COCTOATH M3

o *
TpEX IPYII U3MEPEHUN. [[Be M3 HUX MPOBOIATCS HA KOHLAX MPOMEKYTKA [O,T },

a Ipyras IpyIIa — B €ro HEHTPAIbHON YaCTH.

Bpewms koppensin. Panee B J[30 01HO U3 yCIOBHIl B OTPaHUYEHUSIX UMEIIO BU:
ti-f-l _ti ZT>TK,

IA€ 7 - LIar 10 BPEMEHH, 7, - BPEMS KOPPEISALUU «IIOMEXU)» gol(t) Ha BBIXOJIE

o0OBeKTa.
PaccMmoTpuM 0MH 13 OJXOA0B B OLIEHKE BEJINYUHBI T,

o0
T, = HS% (r)}a’r ,
0
rae S, (7) - HOpManU30BaHHAs KOPPEISLMOHHAs (YHKIHS CIy4aifHOrO mpolecca

D (f), T=t—1t«, I W I« - OTCUETHI Imponcecca.

HopmanuzoBanHnasi koppensiinoHHas QyHKIMS:

K
S(/’I(T):—(DI(T) ,
Kq,l(rzo)
rae K¢1 (2'=0):D¢1 JUCIIEpCUsl mpolecca, K(/)1 (r) - KOppesIMOHHAs
by K(ol(T)ZE{[Q)I(f)—E(Dl(l‘)]-[q)l(t*)—E(DI(l‘)]}, E - cumBOn

MaTeMaTU4YECKOr0 OXKUAHHUS.
PaccMOTpuM HECKOIIBKO IIPUMEPOB pacueTa BEIUYUHBI 7, .

[Tpumep. [l cTaMOHAPHOTO CIy4YalHOTO MpoLecca @ (t) HMEEM:
, TE (—a_l,a_l)

0, 7¢ (—a_l,a_l),

1—05‘7
Srpl (T):

a >0 - mapametp npouecca (puc. 4.26), Torga BeIuunHa 7, paBHa:

Tk

j(l —ar)dr = 050",
0

HpI/I HaJINYuU YCJIOBUA T > 7,, UMEEM OTCUETHI IpOLIECCa ¢y (t) B MOMEHTHI ! U I«

0€3 KOppesIuu.

7. —>0 .
B wacTHOCTH: = ¢ (t) - «Oenblit urym».

o —> o

[pumep. Jlns  cranuoHapHOro —ciydaiiHoro mpouecca ¢y(f) uMeeM

HOPMAJIN30BaHHYIO CIICKTPAJIbHYIO INIOTHOCTD!:

a)2

* - 1 Y
S =S Dl — ¢ 427
(”l(a)) (Pl(a)) 7 2 /ﬂ.e
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A >0 - mapamerp.
HopmanisoBannas KoppensuosHas yHKuus S, (T):

50 (0)=F[55,(0)]= | S, (0) -z =L | ci 5,

—00 2}’\/; —0

rie F~' - obparHoe mpeoGpasosanne @ypbe. [ BHIUACIEHHS I()da)
—Q0
o ) _AC-B?
HCIONB3YyEM HM3BECTHYIO (DOPMYIIy: _fe_Ax ﬂB“Cdx:\/z-e 4 A4>0 n
e A
e

2 ) _
i“ =—1, Torna noay4um: S(Z,1 (r) =e

T
BennurHa BpeMEHH KOPPETSALHU: 7T, = _fe AT = Jr J. e 2D°dr |,
0 27D* {
1
D=—n.
V24
JUIst IUIOTHOCTH HOPMAJIBHOI'O PaclpeeeHNs HMEEM:
(T—ET)2
1 T 2(pr)
N(Ez,Dr)~——— [ e A7) g =1,
27[(D2') —0

2
0

1 J’e 2D% 47 :l, otkyna (puc. 4.27): 7, =
N27D? 0 2

7. —0

2|5

IMO3TOMY:

B wacTHOCTH:

= t) - «O€JBIi MIyM».
Ao oo‘ (01( ) Y

[Tpumep. Mmeem anepuoaudeckuii 2IEMEHT ¢ MepeaaToyHon GyHKiuen (puc.

4.28): W(p)=

ok Ha ero Bxone nmeeM CTallMOHAPHBIN CIIyYalHBIN MPOLIECC
D+

Trma «Gemnoro mymay: Sy, (@)= a = const .
Heobxonumo HaiiTH 7, Ha BbIXOJ€ 3BeHA. 3 Teopum ciydaiHbIX IPOLECCOB

msBectHO: Sy, (@)= S, (@) -K* (@), tme K(®) - ammuryaHo-uacToTHas
s 1

+T0l  14(Tw)

XapaKTepUCTUKA 3BEHA! K? ()= ‘K(iw)‘z = ‘W(P)‘z

p=iw
a4

1+(T a))2 .
Koppensinonnas ¢GpyHKIHSA BBIX01A:

ootomy S, (@)=S,(®)- K? ()=

6.
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gopmyna Diinepa

K. (T) =F" [Sgbzx (w)]

. 00 eia)r \2
= [ Sy (@)-€“do=a | ———dw =
e "o l+(Tw)
—aoj? cosor _, . iaT sin w7 » OJ? cosor
o1+ (Tw) o1+ (Tw) - ? f
’ 1+ ZQ yemuas QYHKYus
—0, neuemnas Qynrxyus X
cos(rx
205 AT,
T 0 1+ x2
% cos _
N3BecTHO, 4TO I#dx =" e | , IOATOMY::
0 q + X 2q
5 oocos(;xj |7]
a ra —o
K (7) ?J. sodx=—e r

Jucniepens cirygaliHOTO IpoLecca Ha BBIXOJE PaBHA:

7
wa
Debzx = Keblx (T = O) =—e T

7=0
Hopmanu3oBanHas KoppensiunoHHast (yHKIHS Ha BBIXOJIE:

e T |7
Sebzx(z-): KgbZX(T) L

T
o0
o _T _r
Bpewmst Koppesiiiy paBHO: 7, = je T'dr=Te T| =T, oueBHAHO, YTO NPH
0 0
7, >0

T 0 ‘ = Ogpix (t) - «OemBIil IIrym».

B03MOKHBI TakkKe UHBIE CTIOCOOBI ONPENEICHUS T, [37]. Hampuwmep,

1 7(1) =S (7) <&, & -3amaHHOE YUCIIO;
K ?

‘Sgol (T)‘d”[';
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4. r,(<4) = OOO :
.[Swl (r)dz'
0

JInsd  HecTauMOHApHBIX CIyYalHBIX IPOLIECCOB (olN (t) MOXXHO BBECTHU

aHaJIOTUYHBIC KPUTECPHUU BPEMEHHU KOPPLIIALIUMU r,iv .
0
N _ N
Hampumep, 7,0 = IS%N (t,t+r)dr, T, - BpEMs KOpPpEIHWH B HECTALIMOHAPHOM
0
clryJae.

4.4. MeTOI[bI NMPOBEPKN HYETKUX H HCEYCTKHUX CTATUYCCKUX THUIIOTE3
YMECHBIIICHUS BJIUSTHHUS c.uyqaﬁm,lx B03MyI]_leHI/II7[.

4.4.1. TlouckoBeie anroputmbl CAQO Kak 5KBUBAJICHTHAs 3ajladya MPOBEPKHU
cTaTU4YecKux rumore3. (s 3Toro mcmombzyeM rpaduyeckue MOCTpoeHHs (puc.
4.29). IlycTh nj1s mpocTOTH UMeeM OE3bIHEPIIMOHHBIN 00BEKT, AJITOPUTM ITOUCKA —
napHsle npoOsl (a - pabouuii mar, +g - NpoOHBIE CMEILIEHHUs), XapaKTEPUCTHKA

00BeKTa KyCOYHO-TUHEHHOTO THHa () = —‘x — x*‘ + Vx).
[TepBoHaYaNBbHO MONOXKKUM, YTO pabodas TOUKa 4; HAXOAWUTCS Ha JIEBOU BETBH,
toraa ¢asza curHajga Ha BbIXOAE OyJeT Takol ke Kak ¢aza Ha BXOJE, MOITOMY

Ef( y+) > Ef( y_) (pric. 4.30 a, 6).
HaoGopot, ecnu pabouas Touka A, HaXOOWTCS Ha MPaBOM BETBH, TO (aza
CHUT'HAaJIa Ha BbIXOAC 6y,Z[eT IMPOTUBOIIOJIOKHA (1)&36 €ro BXOJHOI'O CHI'HAaJaA,

HOYTOMY Ef( y+) < Ef( y_) (puc. 4.31 a, 6).

Takum 00pa3om, JUIsl ONpeAesieHUus TUIlA BETBU XapaKTEPUCTUKH HEOOXOIUMO
CpaBHUBATh (pa3bl CUTHAJIIOB Ha BXOJE M BBIXOJE OOBEKTA, YTO IKBUBAICHTHO
IIPOBEPKE JIBYX KOHKYPUPYIOLIUX TUIIOTES:

Hy:Ef ( y+) > Ef ( y_) - pabo4as TOUKa HaXOJUTCS Ha JICBOU BETBH,

Hy:Ef ( y+) < Ef ( y_) - pabouasi ToYKa HaXOJUTCS HA TIPABOM BETBHU.

4.4.2. O0Omme MOOJIOXKEHUS IIPOBEPKH runore3. Jlormdyeckas cxema COCTOUT B
crenyroomem: (GOpMyIUpyrOTca Trunoressl /, u H;; 3aTeM IpPOU3BOAUTCS

HKCIIEPUMEHT «D» - MOJYyUYEHUE BEKTOpPa U3MEPEHUHN y = ( Viseos yn); B pe3ysbTaTe

00pabOTKM THX U3MEPEHUM MOSABISIETCS COObITHE A WiH B = A, eciiv osBIseTCs

A, TO mNOpUHUMAETCS THUIIOTE3a H(J,r , €CIIM TIOSBIIIETCS COOBITHE B, TO

MIPUHUMAETCS TUIOTE3a H1+ . B cumBonnueckoit ¢popme:
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H,
H,

A= Hy < Hy
=~ V]V = _ . ~

B cootBercTBHM ¢ popmyroi baiieca:
p(HolA4)=p(Ho)-p(A1H,), p(Hi|4)=p(Hy) p(A| Hy)
UMEeM OTHOIIIEHNE BEPOSTHOCTEH Mpu A =y = ( Visews Vi ):
p(¥IHy)

——N—
p(Holy) _ p(Ho) p(yIHo) _p(Hy) f(y|Ho)dy _
p(Hily) p(H)) -p(yIH)) p(Hy) f(y|H)dy

%/—/

p(ylH)
A
——N—
f(J’|Ho)
_S(iH) _ p(Holy) _ A
p(Hy) p(Hily) Ay’
p(Hy)
%,—/
Ag
rac A - HpI’IHHTO HAa3bIBAThb OTHOIIICHUC HDaBI[OHOI[O6I/Iﬂ, AO - HO[!OF.
[ycts mzl@izu@/\z/\o@MzAO:Hg(H;),
p(Hly) Ag f(yHy)
A
€CIIU M<IC>A<1<:>A<AO@M<AO:>H1+(HO_).
p(H|y) Ay f(y1H)
A

[Tony4yeHHble cOOTHOILIEHUs TpeacTaBieHbl Ha puc. 4.32. Ha nem ommOka o

mepsoro poxa: a(Ag)=p(H|Hy)= j f(y|Hy)dy,
Ag

Ay
ommbka /3 Broporo pona: B(Ag)=p(Ho|Hy)= | f(y|Ho)dy.
Otu ommbku B TepmMuHax CAO n3o06paxkens Ha puc.4.33.

4.4.3. Kputepuii Heiimana-IIupcona nmpoBepku runore3. OnHa U3 OCHOBHBIX 3a7a4
IPUHATUS TUIOTE3 COCTOMT B BHIOOpE BEIMYMHBI Iopora A,, € KOTOPBIM

CpaBHUBaeTca OTHoleHue mpapaonogodbuss A. Kak Bumno w3 puc. 4.32 npu
YMEHBIICHUU AO(AO i«) YBEIUYHUBACTCS a(a T), HO TIPU 3TOM YyMEHbBIIIAeTCs

ﬂ(ﬂ i) U, Hao0opoT, npu A T cnenyer, ad,a g 7T.
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B kpurepun Heiimana-Ilupcona BenmumHa A BbIOMpaeTcss U3 pEILCHUS

ONTHMU3AIMOHHON 33/ayu: min [ (AO), OpU HAJIMYUU YCIOBHUS: a(AO) <g, € -
Ao

3aJJaHHOE YHCIIO.
Kak wu3BecTHO W3 aHanu3a Takas 3ajJada pemaeTcss C  MOMOUIBIO

HEOIIPENEICHHBIX MHOXHUTenen Jlarpamka: F (AO) =p (AO) + ka(AO ) , Toe k -

HCOHpGI[GHGHHBIﬁ MHOXHWTCIIb.

Pemraem ypaBHeHue: w 6/\ [ﬂ AO +ka 0)}=0<:>
0 0
@i Ajof(yw )dy +ki Tf(y|H)dy =0 (4.4)
ono| * 0 Mo A, : ' '
plRo) T e

W3 ananuza u3BectHa hopmya:

i(x) yl(x)a 0 0
%{ %ﬂy,x)dy} ! )%dy 2 ), 22 (o)
o\ x Yalx

[Tpumenum ee k (4.4):

A
0 0 of (v Hy) A% _
N [IfylHo)dyJ {o v oo S (1Ho)|_y,
NN —>1
—0, f(y|H0) He
3asucum om A
8(/\0:—00) .
), = (Ao Hy):
S —
—0
a o0
—| [ f(yIH))dy |==f (Ao | H})-
oA Ay
[ToncTaBum 3TH BeIpakeHUs B (4.4):
oF (Ag) /(Ao | Hy)
=0 Ao |Ho)—Fk-f(Ag|H|)=0=k=——"—""+=.
o, < f(Ag|Ho) =k f(Ag| H)=0= (Ao | Hy)
C napyroii CTOPOHBI:
P S, S SR,
f (v Hy) f (Aol Hy)
A _f(r1H) ol f (Aol Hy) <:>1=i<:>k:A0:p(HO).
Aolaza, Ag Ag Ag p(H,)
=1
y=~Ao
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Takum 00pa3oMm, MOTYYUM CICAYIOMNN PE3YIbTAT:

min (A
S L. 1)
npu yciosuu a(AO)Sg p(Hl)

Anroput™ TtectupoBanusa runore3 fH,, H; no xpurepuro Heimana-IIupcona

COCTOUT U3 CIEAYIOIIUX IIaroB:
Hlar 1. ®opmynupyrorcs runoressl Hy, H;.

Hlar 2. C momolblO 3KCHEPUMEHTA «I» IMOJY4YaeTCsl BEKTOpP H3MEpPEHUM
y:( VYseos yn) U UL  HEro BBIUHUCIAETCS  OTHOLIEHHE  IPaBAOIOA00Ms

f(vIHp)
f(y1Hy)

[lar 3. @ukcupyeTcs BEIMYHMHA £ U PEIIACTCS OTHOCUTEIBHO A( ypaBHEHHE:

[ f(y|Hy)dy=¢.
Ag

A=

Ilar 4. CpaBauBaeM A ¢ Ay mpu A > Ay = I—Iar (Hl_) U IIpA
A<Ag= Hf (Hy).
4.4.4. Cuures anroputMa CAO jurs 0e3bIHEPIIMOHHOIO0 O0BEKTA C «IOMEXOID 10

HOpMaTbHOMY 3akoHY. [IycTh uMeeM cutyanuio 1moooHyro ciaydaro 1 m.4.1.2 (puc.
4.2,4.3) c XxapaKTepUCTUKOM:

y:—‘x—x*‘+y*

U ¢ (t):Ep =0, Do ~= o], 6> - u3BeCTHAsd BEJIMUMHA, f((ol(t)) ~ N(O,a2’1),

+ 2 . . =
Torga y; ~N (0,0' ), i=1l,n, n - YHUCIO HM3MEPECHHH IMOJOXKUTEIBHOU ()

IIOJIyBOJIHY BBIXOJ1a OOBEKTA.
lar 1. @opmynupyem runoressl Hy, H;.
H, :;}(Xl- + g) —jA’(xl- — g) =2g2>0 -T. x; - HA JIEBOW BETBH,

~

H, :f(xl- +g)—;’(xl- —g):2g<0 - T. X; - HA IPaBOM BETBH,

. L&, - 1
e f(x+g)==2y . f(x-g)=—2» .
=] M=
Illar 2. BpuuciaseM OTHOIICHHE HpaBHOHOHO6H5{ A 10 HU3MCPCHUAM
— - - 2 - - 2
v = (0 s 3= (0 ) Bveen: 3 < N (307 ), 3 = N(vie0? )=

N R 2
=/ (xi+g)=S(xi~g)~N(EC.DS), tne EC=2g, Dé“=2%-
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{[a 2 (o2 }
H 20
Otnomenne A paBHo: A :& / /
f (S| Hy)
Hlar 3. Haxoxum nopor A U3 pelieHus ypaBHEHUS:
Eg‘Hi*:_Zg 2
¢- (29)

< |

00 202
[ £(51H)dS == [e (72 ic=¢.

T R

00 -
[Tocne 3amensbl u = ¢ +28 MOJTy4YHM: L J‘ e 2du=¢, 7(/\0) =M.
A

7\/5 27 4(Ao) 7\/5

1 7 1 9 17 1
HS COOTHOUIICHUHA. —j()-l-—j()-i-—].()-l-—]‘():l, HOJIy‘II/IM:
0 /4

N2 27[_7 27 27
%/_J
€ () £
v
Ag+2g y 7o)
CI)()/):1—25<:>CD 20270 1o1-2g,  THE q)(-):— I e 2du=¢ -

Aer

TaOJIMYHBINA MHTErpai (MHTErpajl BEPOSITHOCTEN).
3agaaum, Hanpumep, € =0.01, Torna 1-2& =0.98 u cOOTBETCTBEHHO:

U3 craTuctnueckux Ta6J'II/III I[MOJIYYUM apryMCHT MHTCTpalia BCpOSITHOCTGfI:
_Ag+2g 235

=2.35, orkyna Ay =-2g+
o \/Zn
/\/211

Hlar 4. CpaBauBaeM A ¢ A, Torga anroputm CAO Oyner:

-

2
pabouas mouxa
X, +a, §=— Zyl ——Zyl Z—lnAO, HO
=1 =1 8ng Ha 71e60u eemau
Xit1 = . . 5 p

1 + 1 _ O + pabouas mouka

Xp—a, §==2y ==Xy <—InAg, H -
=1 iz 8ng Ha NPasoll 6emeu
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3ameuanue. /s oobexrta Tuna H-JI, korma mmeeM HEIMHEHHOCTh KyCOUYHO-
JIMHEMHOIO0 THUIIA, a JIMHEMHOCTb NPEACTABIISCTCS ANEPUOAUYECKUM IJIEMEHTOM
MIEPBOr0, BTOPOTO M T.JI. MOPSAKOB C M3BECTHBIMU JUHAMUYECKMMH CBOMCTBAMH,
CHHTE3 aJropuTMa C NPOTHO3MPOBAHUEM MPOU3BOJUTCS 1O METOJMUKE
aHanmornyHou 1. 4.4.4. IlycTe s MPOCTOTHI HA BBIXOAE MMEEM HHEPLUMOHHOCTH

[IEPBOrO MOpsAAKa U (ol(t) ~ N(O,Jz,]). Haxonum ouenku ?(xl- +g), }(xl- —g)

no MMII wnmu MHK, koTopsie B npeAnonoXeHuu OTHOCUTEIIBHO 3aKOHA (ol(t)
coBnanawT. s onpenenenHoctu ucnoiabsyem MHK, torma (m. 4.1.4, cioyyaii 1,

2): C=F(x+8)-T(xi—g)= (1,0)(XTX)_1 xTz* - (1,0)()(5()_1 XT77, e

T T
zZr =(zl+,..,z:{), VA :(zl ,..,zn) - W3MEpPEHHUsl TMOJOXUTENbHOU (+) U
1 ... 1
. T _
OTpHUIIATEIHHOM (-) MOTYBOJIH HA BBIXOJE 00bekTa, X~ = T nt
e T e T

W3 npennonoxenust ¢y (1)~ N (0,02,1 ) U JUHEHHOCTH OLIEHOK ?(xl- +g),

}(xl-—g): (X +g) Z ( ) % 2 =1 nomy4yum

{~N(ES,DS), rne Eé’=2g,

D =D[7(x+g)~7(x~g)|=2D7 (3 +g)=20> (1’0)(XTX)_1@ -

-1

207
=,/
n— l(n, %)
Jlanee ¢ y4eToM MOJy4EHHBIX COOTHOIIEHUI peanu3yroTcs marku 1-4, B pe3ynprare
KOTOpBIX  cuHTe3upyercss anroput™ CAO ¢ [pPOTHO3UPOBAHUEM IS
MHEPIUOHHOTO O00OBEKTa C ucnojdb3oBaHueM Kpurepus Heiimana-ITupcona

IIPOBEPKHU TUIIOTES.
AHanoruuHelM cnocoboM cuHresupyercsa anroput™ CAO c¢ BBIUMCIEHHEM
pa3sphbiBa MPOK3BOAHOM. Jlitst 9T0ro HeobxoauMo monoxuts C =(0,1).

JIyis ydera DKBHBAJICHTHOTO BEPTHUKAILHOTO Jipeiida, Korja rOpu30HTATLHBIN
apeiid TNpUBOIUTCS K BBIXOJY HEJIWHEWMHOW 4YacTh OOBEKTa, HEOO0XOIUMO

|
_r _nhr
nonoxuts: C=(1,0,1), X=|e T - e T
T nr

(3><n)
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4.4.5. Cunre3 anroputMa CAQO HHEPIIMOHHOTO OOBEKTa C IMPOBEPKOM THUIOTE3
OTHOCUTEJIBHO TMapaMeTpa OMHOMHUAIBLHOTO 3akoHa. Kak mpaBuiio, Ha TMpaKTUKE
3aKOH f(p1 pacipeneneHus Ciy4aiHbli BOSMYIICHUN ¢ SIBIAETCSA HEU3BECTHBIM. B

3TOM  CJIy4yae€ MPEAINOJI0XKEHUE, UTO f(/,1 ~N (0,02 ) HE  BBIIOJIHACTCH.

Cunresupyem anroputm CAO mist o6bekta Tuma H-JI, xorma nuHelHas 4acTh
NPEACTaBIIACTCS  alepUOJUYECKMM  3JEMEHTOM  [EepBOro  MOpsjaka, ¢
ucronb3oBanueM kpurepus Helimana-IIupcona.

[IycTh uMeeM 00BEKT, CTPYKTYpHasl CXeMa KOTOPOro n3o0pakeHa Ha puc. 4.43
a, OJHAKO Ha BXOJl €ro MHOTOKpPAaTHO NOJAIOTCA MNpOOHBbIE CMElleHus =*g

OTHOCHTEJIBHO Paboyeil TOYKU X;, TOrJa Ha BXOJE JUHEWHOW 4acTH OyJeM UMETh

CHrHAJI, H300paXeHHbIH Ha puc. 4.34 6, a Ha BBIXOJE CHIHAN z (f), eciu pabodas

TOYKA X; HAXONUTCS Ha JICBOM BETBH 3aBUCHMOCTH ) = f (x) (puc. 434 B) u
COOTBETCTBEHHO Z (t) asi paboyel TOYKM X;, HAXOJSALIEHCA Ha MpaBOU BETBU

y=f(x) (puc. 4.341).

/
Ha npomexytke ¢ €[0,f; =37]| umeem: T-(z;(t)) +z,(1)=f(x;+g) mwm B

t
DKBUBAJICHTHOW (OpME C YUETOM gol(t): zf(t)=a01-1+a11-eT+(ol(t),

ag = fi" (x;+g). Ho mmepenmsim: z (1=7)=z], z (1=27)=2z, Haxomum
it (xl- + g) u3 pemienust CJIAY no npasuny Kpamepa:

211:f1+(xl-+g)-1+a11-e T+(01(z') -

=i (x;+g) 1+ay e T + ¢y (27)
fi+ (x; + g) - peuerne CJIAY.

1

/
Ha npomexyTke ¢ € [tl,tz = 67] I/IMeeM:T-(z,J{(t —tl)) + Z,J{(t —tl) = f(x~ - g)

t
WIN B SKBHUBAJEHTHOM (opme: 25 (t) =agp -1+ap,-e T +¢ (2), t=t- 4,
gy = f2+ (xl- - g). Ilo m3mepeHusMm: z; (E = r) = zérl, zir (E = 22') = 22+2 HaXOoguM

/3 (x; — g) u3 pemenus CJIAY:

T

22+1=f2+(xl-—g)-1+a12-e_?+g01(zi:r)
—
2t

zp=f5 (x;—g)l+ap-e T +¢1(E:27)
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f2%(x; — g) - pemenne CJIAY.

AHANOTHYHO TOCTYIaeM Ha BPEMEHHBIX INPOMEXYTKax ! €|[ty,13=97],
te [t3,t4 = 127] U T.1.

B pe3ysibTaTe M3MepeHHil 1 BHIYUCIEHUH MOTyunM: fix (xi + g), te [O,tl = 37];
f;(xi—g), te[n.,t, =61]; f31(xi+g), tety,ty =97]; fj;(xl-—g),
telts,ty=127]5..; fix(xi—g), t€[t,1ot,]-

Pacemorpum pasHoctr: [k (X +g)— fok (%, — g), f3e(x+g)— fax(x — &) ens
fuo#(x;+g)— fx(x;—g), KoTOpble MOrYT OGBITh OJOKHTEIBHBIMH WM

OTpUOATCIIBHBIMU H3-3d HaAJIN4YUA CﬂyqaﬁHLIX BOBMYH.ICHI/Iﬁ Ql(t) HCHOHBB}/CM

KOOIUPOBAHUC 3THUX pa3HOCT€ﬁ:

rl,eCﬂu ()= ()20

S (% +g)=fox(x - g)= fit()= /() :
| 0, unaue

1, eciu fo5(-)— fax(-)=0

Fi (it g)- (- g) - #0)=/0)20
0, unaue

L, ecnu fo e (-)= fri(-) 20

fn+_1* (xi + g) — fnJ; (xl- — g) =
0, unaue

B pe3ynpTare KOauMpoOBaHUA MOJYYHMM MOCIEAOBATEIBHOCTh U3 «0» u «1» Tuma:
1101001110. OueBuaHO, YTO YHCIO «1» IOMKHO OBITH Oonbire yucia «0» m3-3a
TOro, 4YTO paboyass TOYKa HAXOJUTCSI Ha JIEBOM BETBU HEIWHEUHOM

Xapakrepuctuku y = f (x) u Hanuans @ ().
Janee paccMOTpUM cillydail HaxoKACHUs pabodell TOUKM X; Ha NpaBOU
BeTBU ) = f (x) Toraa moBTOpsAsT PacCyXICHHS W BBIYMCIICHUS, IIPUBEICHHBIC

BBHIIIIE, COOTBETCTBEHHO TonyuynMm (puc. 4.34 T1): f1¥(xl-+g), te[O,tl];

fz_*(xi —g), te [t1»f2]§~-°3fn_*(xi —g), te [tn_l,tn].

B pesynbrare ux KOOUPOBaHUS MMOJIYYHM TAK)KE ITOCIEA0BATEILHOCTD U3 «1» 1
«0», HO B OTJAMYHE OT MIPEABIAYIIErO CiIydas 3Ta IMOCIEAOBATEILHOCTh OyaeT
coxepxkarb HAo0opoT umcino «0» Oonpime, 4eM ducno «l», T.K. TOYKA X;

HAXOJUTCS HA IIPABOU BETBU U BO3IAECUCTBYET ¢ (t)

Ilycte mocnemoBarenbHOCTh M3 «0» M «1» COHEPXKUT m  DIEMEHTOB.
BeposiTHOCTh MOsIBIEHUS B 3TOM MOCienoBaTeNbHOCTH «1» 00o03HauMM uepes
p=const, a BEpOIATHOCTb TOsBICHUS «0»  COOTBETCTBEHHO  4Yepe3
q=1—p=const. Kpome TOro, OYEBHIHO, UYTO UX I[OSABJICHUA B
IIOCJIEOBATENIBHOCTH M3 M JIBOMYHBIX PAa3psAdOB SBISIIOTCS HE3aBUCUMBIMU
coObiTusaAMHU. Takum oOpazom, uMeeM:
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* p=const,

» nosiBiiecHue «0» wmwim «l» B TMOCIEIOBaTEILHOCTH U3 M  Pa3psaoB -

HE3aBUCUMBIE COOBITHS.

OTO 03HAYAET, YTO BEPOSITHOCTH P

>, TIOSIBICHHUSA I CHMBOJIOB «1» B m pa3spsaax

NOAYUHACTCS OMHOMUAJIBHOMY pacupefcneHuto: P, = C,l;q P’ (1- p)l , i=0,m, rue

C,’;i - YUCIIO COYETaHUN U3 M DIIEMEHTOB IO i .

Takum oOpa3om, ompeneraeHUE TUIA BETBH 3aBUCUMOCTH ) = f (x)
DKBUBAJICHTHO 3a/laue OIICHKH BEJIUYHMHBI p OWHOMHAIBHOTO pacIpeIeieHus.
Eciu p Oyner Gonpme 0.5, To 3HauuT «1» B MOCIENOBATEIBLHOCTH W3 M
pa3psaoB OyAeT MOSBIATHCA Yalle, T.€. paboyas ToUKa X; JOJKHA HaXOAUTbCS Ha
neBoil BeTBU. Ecnu ke Haobopor p Oyaer mensiie 0.5, To 3Ha4uT «1» Oymer
HOSIBJIATBLCS PEKE B [IOCIEOBATENBHOCTH, T.€. X; NPUHAAJIEKUT [IPABOH BETBH.

OTH pacCyX JEHHS IMOKa3bIBAIOT, YTO AJITOPUTM MOMCKA ONTHUMAJIbHOW TOYKH
X« WA aJTOPUTM pPACIIO3HABAHUS TUIIA BETBHM MOXKHO C(HOPMYIUPOBATH B BUIE

IIPOBEPKHU CIICIYIOIINUX TUIIOTES:
Hy:p=py-ToUKa x; HAXOAUTCS HA JICBOU BETBH,

Hy:p=p| - ToYKa Xx; HaXOAUTCS Ha IIPABON BETBHU,
IIe pgy, P - 3a0aHHble KOHCTAHTHL: py+ p; =1, py > p;.

Hus nposepku H(, H; wucnons3yeMm Kkpurepur Henmana-Ilupcona. B

COOTBCTCTBHUU C OTUM KPHUTCPUCM UMCCM:
i m—i

_B(ilHo) _Cupo(=p0)"" _(po) (1=po )2,

Pa(ilHy) - Chpf(1-p)"" o) \l=p) <
rae A - oTHomeHHe IpaBaonono0us, A - MOPOr, «=» - CIPaBEUINBA THIIOTE3A

Hy, «<» - cnpasennusa f.

[Tocne norapudmMupoBaHus MOJTYyIUM YPABHEHHE OTHOCHUTEIIBHO i, PEIICHUE
KOTOPOI'O PAaBHO:

InAy—mln 1=po
2 1-p
l
< [ Po(l=p1)

pi(1-po)

Takum 006pa3om, eciu YKCIIO | €UHUIL B TTOCIIEIOBATEILHOCTH U3 /M Pa3psIoB
IIPEBBIIIAECT YUCIO B IIPABOM 4YacTU HEPABEHCTBA, TO NpuUHHMMaercs H,, eciu

HA00OPOT TO YMCIIO MEHBILE IPABOM YaCTH HEPABEHCTBA, TO IPUHUMAETCS 1.
[TosryunMm BennuuHy nopora A, U3 ypaBHEHHS:

S Clpi(l-p)" " =¢. (4.5)
i=A
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o0

VYpaBHenue (4.5) ABsIeTCS TUCKPETHBIM aHAJIOTOM YPaBHECHHUS: I f ( V| Hl)dy =g,
Ao

u st Hebompmmx m <10 pemraercs ¢ UCIOJIB30BAaHUEM TaOJHI] OMHOMHUAILHOTO

3akoHa. OxHako npu m >10 MOXKHO UCIOIB30BaTh €r0 ANNPOKCHUMAIINIO B BUJIC
HOPMAJILHOT'O 3aKOHA.

[Tomyynm 3Ty anmpoKCUMAaLMIO U1 HaXOxkAeHus A . i 3Toro paccMorpum
Cly4allHyl0 NEPEMEHHY0 u ¢ OHWHOMHAIBbHOM IIJIOTHOCTBIO P, (u = k)

pacupeneneHus: p,, (u = k) = C,l;plk (1 - D )m_k :

Haiinem Eu, Du, ucnonb3ys annapaTr XapaKTepUCTUYECKUX (QYHKIUH ¢, (t),
t - mapamertp. MUmeem:

ournom Hviomona

i _ o~ itk ok k m—k _ <~k (Lit \F m—k !
u l - 1 m—
(pu(t):Ee = > "C,p| (l—pl) =ZCm(e pl) q1 =
k=0 k=0
. m
|t
—(e P1+ql) -
[TepBblil HaYaIBHBIA MOMEHT V| (MaTeMaTH4YECKOe OKUAaHue Fu ) paBeH:
o
1 1 it mel
Eu=v1:;-g0u(t20):;- m(e p1+q1) e p-i =mp;.
L 1t=0
Bropoii HauanbHBIM MOMEHT V, PaBEH:
- -/
o,
1y it ml g 2
n=g0 (t=0)=—| m(e"p+ar) -e"p-i| =(mp)+mpra,
L _l‘:o

oTKyna pucnepcust Du paBHa: Du =v, — v12 =mpq; -
u—FEu u—mp
VDu  \Jmpgy

C IIOMOLIIBIO XaPaKTEPUCTHICCKOI GYHKIHH @, (1) UCCISLYeM ee aCUMITOTHKY
npu m — oo. lmeem:

PaccMoTpuM HOpMUPOBAHHYIO CITyYalHYIO IEPEMEHHYIO: W =

151

it 1P it it P
@ (t)zEeithEe NL4U —Ele NP9 ., NP4 —
w | S —

A=const, m.x

He 3aeucum om u
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k
it—" S - it
_ Nmpigy _ Nmpgy ko k om—k _ k| \mpiq m—k _
=A-Ee =4-2 e Cuprql =42 Cyle e =
k=0 v k=0
pm(u:k)
ourom Hvromona m m
! it _ir P it
_ A- \Mp1qq _ LU \MP141 _
= e ptq | =¢ e ptq| =
\_ﬂ/__d
A
q1 n
m
—it P i 4 iti —itL
—| e NP9 e \Nmp14 P+ q =| pe g +qe N4 —

A g pso Teiinopa

m 6 okpecmuocmu t=0

)41 ¢

. 91 .
—— —it
=| pe NP4 +qe NP1 -

o P1Ta=1
. . 2 ) ” )2
t
g, +(’ q1) fo gl 1- up +(1P1
\/mp141 2mpq, \/mplql 2mpqy

=\ p| 1+

+... =

npu t—0, m—o©

npenebpezaem " xeocmom"

paoa
N2 m ! A2
t t
= 1+ﬂ+ ~ 1+ (l ) —
2m 2m
(it)?
2
2 (it)’ 2
_ Jap™ 2 ] Jap”
I I (°
= 1+— =i/ 1+— —> e 2 =¢ 2
5 5 m m—>0
(it) (it)
i il
Sel)
nm—»>0

Takum 00pa3oM MOTYyYUM CIEAYIOIIUN Pe3yIbTar:
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t2

w=u_—mpl:>(pw(t) —> e_z.
w}mplql m—>o0

C npyro# CTOpOHBI U3BECTEH CIEIYIOMIUNA pe3yJIbTaT: v - cllydailHas BEJIMYHMHA!
. t20'2
ita—

Iy ~N(a,0'2):>¢)v(t)=e
CpaBHuBasi Mexy coboii ¢, (1) u ¢, (t), momydaem: (pv(t,a =0,0°% = 1) =0, (t).

Tak Kak MeXIy MIIOTHOCTBIO PACIPEEICHUS U €€ XapaKTepUCTUIECKO PyHKIMen
CYILECTBYET B3aMMHO-OJHO3HAYHOE COOTBETCTBUE, TO:

2
w
_ 1 —
w=dZIPL o N(a:0,02=1)~ e 2 o
N2 m—>o0 N2
. _(u—mpl )2
C)Ll:)f - N(a:mp)o'zzmpq),v—e 2mpyqq
Y s : i \2Tmpqy
Bosspamasce k npobiaeme HaxoxIeHus A, UMeeM:
0 1 o0 _7(t—mpl )2
S Chpl(i-n)" =s f o mlmy s
i=Aq \/27””171 (1=p1) A,
m>10
Cnemaem  3aMeHy  TIEPEeMEHHBIX: U = L= mpy , TOTIa  TIOJIYYHM:
mp (1~ py)
o u’
1 ——_— _
—'[e 2du=¢,x= Ao —mpy .
N27 mpy (1= py)
2
2

W3 COOTHOIICHUS 8+CD(X)+851<:>CD()C)=1—28, CD(x):

2z

TaOJIMYHBIN MHTErpasl (MHTETpai BeposiTHOcTel). 3agaaum, Hampumep, & =0.01,
torma 1—2& =0.98. 3 Tabauil MaTeEMaTUYECKON CTATUCTUKU:

O(x)=098 = x=— 20" __j 35,

Jympi (1= py)
OTKyza Ay = 2.35«/mpl(1—pl) +mpy, m>10.

B pesynprare momyunm anroputM CAO no kpurepuro Heiimana-Ilupcona, B
KOTOPOM HE€ HCIIOIb3YETCS MPEANONIOKEHHE O THIIE 3aKOHA pPacIpeneleHus
«oMexm» ¢ (t) Ha BbIxoIe oObeKTa yrpasienus tuma H-JI:

X _Z
_[e 2du -
0




314

[2 35, /mp; (1 +mp1} mln 1=
) 1-p +
X;+a, ecuu > , Hy
0(1 P1)
L (1= po)
J+l = >
[2 35,mp;(1- p1)+mle mln 11_190
X;—a, ecnu 1< —h , Hfr
In po(1-p1)
n(1-po)

H{ - pabouas TouKa X; HaXOJWTCs Ha JeBOi BeTBu, H| - pabouas Touka X;
HAXOJUTCS HA MPaBOH BETBU. 31ech i - UMCIO «1» B MOCIENOBATENLHOCTH H3 M
paspsinoB m >10; pg, p; - 3anansbie uncna (po + py =1).

[TogoGHBIE aNTOPUTMBI B PATUOTEXHUKE W PATUOJIOKAIMH TPUHITO HA3bIBATh
OEpHYJUITMEBBIMU JIETEKTOPAMU (OOHAPYKUTEISIMU).

3amedanue. AJTOPUTM, CHHTE3MPOBAHHBIN BBINIE, 0€3 Tpylda MOXET OBITh
MOAUGMUIIMPOBAH JJISI CITyYaeB:

 HaJIMYUs SKBUBAJICHTHOTO BEPTUKAILHOTO Jpeida;

« NuHeMHas yacTth oObekTa H-JI mpencraBnsercs B Bulie MOCIEI0BATEIBHOTO
COCIMHEHMSI  HECKOJbKHMX  alepuoJMYECKHX  DJIEMEHTOB C  HM3BECTHBIMU
JTUHAMUYECKUMU MapaMeTpamu;

 HAJIMYUS TPAHCIIOPTHOTO 3ama3bIBaHus;

e TpU BBIYMCICHUM pa3pbiBa MPOU3BOJHON [JIsi YMEHBILECHUS BIUSHUS
WHEPLUHUOHHOCTH.

4.4.6. Cuare3 aaroputmMa CAQO ¢ HMCOOJIb30BAHHMEM YETKOro Kpurepus baiieca
npoBepku rumnote3. Kak ObI10 moka3aHo BHIINIE, TUTT KPUTEPHUS TPOBEPKH THUTIOTE3
3aBUCUT OT mpaBwia BblOopa mopora A,. B xpurepun Heiimana-IIupcona 3tot

nopor A, BbIOMpalCs U3 YCIOBMS MHHHUMH3ALMU OIIMOKM 2-r0 poja IIpH
(MKCMpOBaHHOM 3HaueHMM owmuOku 1-ro poga. pyroi cmoco06 BeIOOpa Ay
COCTOUT B BBIOOPE €Tr0 M3 YCIOBUS MUHUMH3AIUN (QYHKIIUA PUCKA R(AO), TOTIa

TaKOW KpUTEPUI NPUHSTO Ha3bIBaTh KpurepueM (Tectom) baiteca (Bayes).
Oynkius prucka R(Ag) st BBIGOpa A BBOXUTCS CIEIYFOLAM 0OPa3oM:

R(Ay)=P(Hy)- {c“ [1-8(A) ]+ clzﬂ(AO)} + P(Hy)- {c22 [1-a(Ag)]+ czla(AO)},

TIIE a(~), p () - omOKM 1-ro u 2-ro poaa COOTBETCTBEHHO,

‘i ‘2 .

C :( - MaTpHUIa C 3JIEMEHTAMH CTOMMOCTH PUCKOB B IIPUHATHH TOW HIIH
1 2

uHou runoressl Hy, H;. Ilopor Ay HaxoauTcs U3 yCIOBHUI:
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minR(Ay)= IR(Ao) =0,
Ag oA
OTKYJa HUMEEM:
A
0 0
oA, P(Hy)-|(ca—en)- [ f(v1Ho)dy+epy |+
i B(Ao) i
+P(Hy)-| (ca1—cn)- [ f(yIHy)dy+coy | =
Ao
i a(}r\o) |
A
o P 2
:P(HO)'(CIZ_CII)'aT | f(y|Ho)dy+P(H1)'(021—022)'6T [ f(yIHy)dy=
0 —wo 0 Ao
oo O 0(=)
=P(H0>'(012—C“)' _J;O m dy+%f(')‘y=/\0 - aAO f(')‘yzAO +
- - -
—0, mx. f(-) ne -l —0
i 3asucum om A ]
ol T 20 o() A _
+P(Hy)-(cy1 =) Afo oA, @ oA S Olyzag aAof(')‘FAo B
—0, mx. f() He —0 -1
3asucum om A i

:P(HO)(012_C_11)f(AO |Hy)~P(Hy)(co1—c2)f (Ao H) =0
(Aol Hy)  P(Hp)(ca1—c)
(

(Aol Hy)  P(Ho)(cip—cny)

C npyroit CTOpOHBI UMEEM:
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A
f (v Hy) f (Aol Hy)
A _f1H,) <:>1:f(AO|H1)<:>f(AO|HO):AO,
Aolpza, A Ao [ (Ao Hy)
5
A=A,

Takum 00pa3oMm, MOTYYUM CICAYIOMNNA PE3YIbTAT:
OR(Ao) 0o f(Ag|Hy) _ P(Hy)(ea1—¢2)

Ao f(AglHy)  P(Ho)(eiz —cy) P(Hy)(ca—¢)

An =
_ /(A Hy) - P(ILIO)(Clz—Cn):>
O S (Aol H))
+ f (v Hy)
H, ’ A= > A
_ 0, ecau 7 1)) 0
H
H{", ecmu A:pr(());/||H(1)))<AO

ITpumep. Ilycts umeem ycnosue 1. 4.4.5 (puc. 4.34), Toraa:
Hy: p= py - paboyas To4YKa X; HAXOJUTCS HA JIEBOW BETBH,

H :p=p - pabouast Touka X; HaXOJUTCs HA IIPaBOU BETBH,
IIe pg, P - 3a0aHHble KOHCTAHTHL: py+ p; =1, py > p;.
Nwmeewm:

. P m—i i m—i
o EulilHo) _ Crpb (1= po) :(@) ,(1—1?0)

B, (i|Hy) cLpi(l-p)"" \n 1-p
Torma mopor A mosy4aercst U3 yCIOBHS:

Al
A i=A,
TOI'a:
P1=1=pg
Po=1-p|

i m—i 1 A —(m—A )
A {@j (ﬂ] - (&j °.[@j "
Moo p 1-p A P P
i

—0

2A0 m
:AO:(&j -[ﬂ] —1InAy=2AgIn22 + min£L.
pP1 Po P1 Po

ITycte nns onpenenennoctu py =0.9, p; =0.1, ( Do > pl) , m=10, Torna:
InAy=44A)-220=>Ay)=54.
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B pesynbrare nony4nM (IpuHUMaETCs runoresa H g — (H Y ) ):

i m—i
1—
Hy : ecnu AZI@(EJ (i] 2 Ay,
Ao p) \I-p
=A
OTKyJa TIocJie JIorapuMUPOBaHKS U TPeoOpa30BaAHUN MTOTYUHUM:

-1
Hy :i> lnAO—mlnﬂ | 222
D1 | |Ag=54, m=10

f—
Po
p0=0.9, p1=0.1
= Hj:i>54, H :i<54.
Iocne oxpyrmenus: Hy :i>5, H{:i<5, rtae i - umcimo «l» B

MOCIEI0BATENBHOCTH U3 m =10 pa3psAnoB, Toraa:

N pabouas mouka X; HAXOOUMCs

X:+a, ectu i>25, Hy —
J .
Ha J1e8olU 6emau y=f(x)

Xiv1 = .
. N paboyas mouxa X; HAX0OUumcs
X;—a, ecu i<5, H -

Ha npaeou eemeu y = f (x)

4.4.77. Cunartes3 anropurMa CAQO ¢ UCIIOJI30BAHUEM HEYETKOT0 Kputepud baiieca
[8] . IIpn peanuzanuum yeTkoro kpurepus baieca mpoBEepKH rAIoTes:

Hy: a(y) =aqy,
Hy:a(y)=a,
rae y = ( Viseos yn) - BEKTOP U3MEPEHUM, UCIIBITHIBAETCS OTHOIIIEHUE BEPOSITHOCTEH:
p(Holy) _ A 4.6)
p(Hily) A
f(yIHy) p(H)
raie A =—"——= - OTHOIICHHE MPABAONO100us, Ay =——=% - TIOPOT.
f(yIHy) 0 p(Hy)

Paznuunbie MoauduKauy 4eTKOTO KpuTepus balieca W ero HeYeTKUH aHajor
cienyer u3 Tao. 4.1.
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Tabnuma 4.1.
HcxoiHbIe peanoIOKEeHUsT YETKOT0 M HEYETKOTO Kputepus baiteca.
Ne Kpurepnii baiieca
/1 YeTkuit Heuerkuii
[Ipennonoxenus . _ : _
p Hy:a(y)=ay, Hy:a(y)=ay,
lea(y):al lea(y):al
1 n [TapameTpsl
ATIpUOpHEIE MIOTHOCTH apaMCIpel TOTHOCTEH —
IJIOTHOCTEHN — YETKUE
f(»), f(y|H) HEYeTKUe
MIEpEMEHHbBIE
NIEPEMEHHBIEC
2 Heuerkue
. . Clly4anHbIe
Bexkrop u3MepeHni UYeTkue cimyvyaliHbIe Y
. (y y ) EDEMOHHLLE NIEpEMEHHbIE
P> b p (rubpuHBIC
JTAHHBIC)
3 OtHomieHue q
€UYETKHE
IpaBIonoa00us YeTKHe nepeMeHHbIe HeDEMCHHEL
A mmopor Ay p
4 Koncrantsl a, a Yerkue uncna Heuerkue uncna

B 3aBHCHMOCTH OT TOCTYJUPYEMBIX TNPEIIOJIOXKCHUN, MPEACTABICHHBIX B
ta0i. 4.1,B HeUeTKOM Kputepuu baiieca GopMyIupyrOTCs pa3IudHbIC €r0 MOJICIIH.
Hwke paccmaTpuBaroTcss HEKOTOpPHIE W3 HHX TNPUMEHUTEIBHO K CHHTE3Y
anroputMoB CAO.

Mogenb Taxepu (Tacheri) HeyeTkoro kpurepusi baiieca 6e3 GYHKIHU IOTEPD.
B »T10i1 Moaenu mojiaraeTcs, YTo UMETCS HEUETKHUE TUIIOTE3bL:

Hy:a(y)=a,

H,: a( y) =a,
ag+a; =0, rae am;, @ - HEYCTKHE IEPEMEHHBIC C 3aJaHHBIMU (YHKLIUIMHU

HpI/IHa,Z[He}KHOCTeﬁ Ho (Cl) . H (d) COOTBCTCTBCHHO, «=» - CHMBOJI

«TIPUOTU3UTEIHHO PABHOY.
OTHoIIEHNE HEUETKUX BEPOSTHOCTEH B (4.6):

p(Hy=a|y) o
p(Hi=ay) a

OIpENICIIAETCS KaK [8] :
0.0]

aO:p(H_0:a0|y):jf(H0—ao|y) Ho(a Jf(Ho—ao|y)d =1

0‘1=P(E:al|y) Tf(Hl al|Y) # (a jf(H1—al|J/)da 1,

—00
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OTKyJa:

a
Hf, ecuu 2>l ay>a,
il

a
Hi, ecu “L<1oay<a.
il

[pumep. ITycTs nMeeM Oe3bIHEPLIMOHHBINA O0OBEKT C XapaKTEPUCTUKOM:
yI—‘X—X*"i‘y*.
Ha ero Bxoge mMeem pabouyue cMelleHHWS a U NpOOHBIE tg OTHOCUTENIBHO
pabouell TOYKM X;, TOrZa Ha €ro BBIXOJAE OyAE€M MMEThb BEKTOpa H3MEpPEHUM

y = (yfr,..,y:{) ny = (yl_,..,y,;) (puc. 4.35 a-B). Cunrezupyem anroputm CAO

c o (t) ~N (O, o? ) , UCTIONB3Ys MojieNb Taxepu 6e3 PyHKIUU moTeph.

MmeeM HedeTKHE TUTIOTE3bI:
Hy:a(y)=ay>0 - pabouas TouKa X; HAXOJMTCS HA JEBOH BETBH,
H:a(y)=ay, (@ =—ay) - pabouasi TouKa X; HAXOAMTCS Ha TIPABOi BETBH.

Heuetkue IICPEMCHHBIC 4y, a1 UMCIOT (I)YHKHI/II/I HpPIHElI[J'IG)KHOCTGfI:

1, ae[0,2ao] 1 ae(O —2a0]

5 ,Ll](a): ’ ’ 5

0, unaue 0, unaue
w4 (a)= po(a), e 6 - orpuanue o 3aze i (a)=1-py(a).

HeueTkas BEpOSITHOCTh Q (HJ) IIPH BBITIOJTHCHHHN THITOTC3bI H(—)'— paBHa:

Ho(a)=

-0
ay=p(Hy=ay|y)= [ f(Ho=a0|y) to(a)da+ [ f(Hi=a|y)-14(a)da=
—0 - - 50

0 2ay
= [ f(Ho=aq|y)-0-da+ I f(To=aly)1-da+ | f(To=ap]y)-0-da=
—®© 2ay

o A7,

5

I \/27zDa
()25 1800 a2

Hpeo6p33yeM HOHy‘—IeHHOe BBIPpAXKCHUC K CTaHAAPTHOMY BHUIAY B (bopMe
a —a()

JDa

HHTCTpaIa BepO}ITHOCTeﬁ. I[JI?I 9TOro BBCJCM 3aMCHY IICPCMCHHBIX!

=,
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torga da=+/Da -dt, M a—a0| _2a0—a __ 4 ,
N D \/ VDa ‘azz% \Da VDa
4 4o )
JDa _Lp | Vba £
oTkyga: dg=—— | e 2 gy =— [ e 2di, ay>0.
2r % 2r %
i g, Jba
N3 oueBuaHOro cootHouenus (puc. 4.36):
—%0 2 0 2 2
N R RN/
— I e 2dt+— J' e 2dt+— e 2dt=1
N2 V27 g, 27 4,
JDa JDa
o
1 \/D_ _L 1 0 _L
OyaeM UMETh: oy =1 ——— e 2dt ——— e 2dt.
0 27 _'[O N2 a‘{)
JDa
BrIpa3zuM 1Ba nHTErpana cupasa yepe3 TaOIMYHbIA HHTErpaj BEPOSITHOCTEH:
2 X _ﬁ
F(x)= [e 2ar.

V2x

=

a0

2

| Vb L I .
NmeeM: I e 2dt=0.5—-— J. e 2dt=0.5|1- F(

NI Var JD_aﬂ

T e 2dt=05-— [ e 2dt—05{1 F(
0

n
Yucnosoit npumep. Ilpu a(y)z;Zyi ——Zyi_, Y =—|x = x|+ e,
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, A =— - OTHOIIICHHE «IIOMEXa/CUTHAI.
VDa  [r52 A g
n
[Tonoxum: A:£:2, n=2, TOorga 9 __ 2'2=1:> F(1)20.68,
g N Da 2

1-F(1)=0.32, mosromy:

- a
+ F 0
aO(Ho): [«/Daj _06827 ..
” Hf) 1_F( ay j 0.3173

JDa

o)
B pesymbrare nomyumm: ecnd ——=—=-=2.15, T0 x; ;=x;+a. AHAIOrUYHO
[
ol2:)
BBIYHCIICTCS IOPOr —— st ao = Ea(y)=-2g.

3ameuanue. [{ns cuntesa anroputMoB CAO Takke MOTYT OBITh HCIIOIb30BaHbI
mozaenu Jlenvrano (Delgado) u Caaau (Saade) HeueTkoro 6aiiecoBCKOTro TecTa [8] .

4.4 8. YeTkni 1 HEUETKUH MOCIEN0BATENRHBIN TeCT A. Bajgbaa mpoOBEPKU TUIIOTES

[8, 38] [Ipu TtecTHpoBaHMU JABYX aJIbTEPHATUBHBIX TUIOTE3 C IMOMOIIBIO

WCIIBITAHUSI OTHOIIEHUS MpaBaonogoous A (4.6) apudmeruueckoe MpoOCTPaHCTBO
pasOuBaeTcsi Ha JBE 4acTU MOporoM A,. B deTkoMm mociienoBaTenbHOM aHaIN3e
MIPOBEPKH CTATUCTUUECKUX TUIOTES:

Hy:p=po,

Hy:p=p,
Po <Py, TAC p - OIEHKA MO U3MEPCHHUIM (X,..,X, ), Do, P| - 3a[aHHBIC YCTKHE

4yucia; apupMeTHYecKoe MPOCTPAHCTBO MPUHATHS PELICHUN pa30uBaeTCsl Ha TpU
yacTu noporamu 4 u B. B Teopun mocnenoBaTeNbHOrO aHaIW3a MOKa3aHO, YTO

1- 1-
4<1=8 , B> P

a a
Y4YCTOM HCPABCHCTB OTHOCUTCIBHO A U B deTkun HOCHGHOB&TCHBHLIﬁ KpI/ITepI/Iﬁ
3aIlIUChIBACTCS B BUAC:

, Tne a, [ - omubku 1-ro U 2-ro poaa coorBeTcTBeHHO. C

1—
H1+, eciu A= ﬂ,

a
Hy, ecnu AZL.
l-a
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1- x|H
-« o f (x | H )
OTHOIIIEHUE TpaBAomoao0us. UYWCIO KOMIIOHEHTOB 7 CIIy4alHOTO BEKTOpa

X =(X1,..,X n) SABIIAETCS CIYYaWHOM BEIWYMHOM, U MAaTEMATHYECKOE OKHUIAHUE

Pemienue He npuHUMAaETCs, €CIU

En menblie, yem B Tectax baieca, Heitmana-IIupcona u npyrux.
PaccMoTpUM YacTHBIN ClIy4al HEYETKUMX TMIIOTE3, KOIa p - YETKOE YHCIIO,

P1 - HCUCTKOC 4UCJIO, T.C..

HO :P=Do
Hl ‘P=D1s
(yHKINU IPUHAIEKHOCTER py, p; N300pakeHsl Ha puc. 6.37:
_(P-Pl )2
52

to(p)=singl(p-py), 1 (p)=e
Banamum 3Hadenue to(p)=p(p)= 4 ¥ paspelliM YPaBHEHHE OTHOCHTEIBHO

p . B pe3ynprare noayuum penieHus:

P =pi=5 i, piP = py 46 fins.
7 7
() )

2
e po<pP1 " <Po <P1( -
PaCCMOTpI/IM COBOKYIIHOCTD CJICAYIOIIUX T'MIIOTC3:
0 1 2
H(() ):p=po, H(()):p=po, H(() ):p=po,
0 1 1 2 2
Hl( ):p:pl, Hl():p:pl(), Hl( ):pzpl( )
JIist mpoBepKU KaxkI0i U3 Tpex cHOPMYITUPOBAHHBIX TUIIOTE3 MPUMEHUM YETKYIO

MOCJIEIOBATENbHYIO MPOLEAYPY U PEIIeHHE KaKI0M uX HUX (B BUIEC ypaBHEHUU
OPOroB) 0003HAYUM COOTBETCTBEHHO:

0 0 1 1 2 2
9.0, (400 (49,55,
rae L(li) (i 2@) - YpaBHEHHUS IOPOIOB, PA3JEISIIOIMIMX OO0JACTH MPUHATHS

i o i
TUITIOTE3 Hl() U TPOJOJDKEHUS HCIBbITAaHUU, L(Z) - YpaBHEHHUs IIOpPOTOB,

pas3ieNAonMX 00JacTH IPOAOIKEHUS HCIIBITAHUI M IPUHATUSA TUIIOTE3 [, (()l) .

Tak xak runoresa H( - dyerkas, a H; - HeyeTkas, TO 3a opor L, mnpunatus H,
=~ . 0 1 2

Oepercs: L :mln(L(1 ),L(1 ),L(1 )).

AHaJIOTUYHBIM CIIOCOOOM MOKET OBITh MOCTPOCHO peliaroliee MpaBuiIo s
TUIIOTEC3.
Hy:p=py,
Hy:p=p.
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He TPYAHO ITOKa3aTb, 4YTO UJIA 3TUX T'MIIOTC3 6yz[eM COOTBCTCTBCHHO UMCTH OCBATDH

YETKUX runores. B aToMm ciryyae: lel = min(L(lo),..,L(IS)) , i; = min(L(zo),..,LgS)).

4.4.9. Cunte3 agantuBHOW CAOQO. Ilpyn HanM4MM CTATUYECKOW XapaKTEPHUCTUKU
0o0BbEKTa YIpaBJICHUS HKCTPEMAJIBHOIO THUIA, (opMa KOTOpOHl H3MEHseTcs B
nporecce (QPyHKIMOHUPOBAaHUS OOBEKTa, a camMa XapaKTepUCTUKa CMEIIAaeTcs
OTHOCHUTEJIBHO BBIOPAHHOI CHUCTEMBI KOOPAMHAT MOJ BO3JIEHCTBHEM MOHOTOHHBIX
BO3MYIIIEHUH, HCHONb3yoTcsl mouckoBble CAQ. 3amada cHUCTEMBI COCTOUT B
HENPEPBIBHOM  IMOUCKE  SKCTPEMAJIBHOIO  3HAYEHUS  XApPAKTEPUCTUKH U
NOJIEP>KAHUM HANIEHHOI'O 3HAYEHHUS.

Onmna w3 ueHTpaidbHbIX mpoOnem Teopuu u mpaktuku CAQO cocTout B
YMEHBUIEHUU BJIUSHUSA CIy4YalHbIX BO3MYILEHUW, KOTOpbIE BO3HHUKAIOT B
U3MEpPUTEIBHON CHCTEME Ha BBIXOJE OOBEKTa YIPABJICHHS MO KaHATy: JaTUUK —
KaHall CBsi3u - [mpeoOpasoBarenb aHajor/uudpa. Hamuume ciyyaliHbIX
BO3MYIIECHUH MTPUBOAMT K JIOKHBIM cpabarbiBanusiM CAO U, Kak CJeICTBHE 3TOTO,
IPOUCXOJUT YBEJIMYECHHE BpPEMEHHM IIOMCKA, U OBICTPOJCUCTBUE CHCTEMBI
yMmeHbInaeTcs. [lpu HamMyuu 3HAYMTEIbHON MHEPIIMOHHOCTH Ha BBIXOJE OOBEKTa
Y MOHOTOHHBIX BO3MYILIEHUSX CUCTEMA MOXET ObITh HEPaOOTOCIIOCOOHOM.

B umMnynbcHbix (maroBeix) CAO uisi yMEHBIIEHUS! CIIyYallHbIX BO3MYILICHUI
NPUMEHSIOTCS aJITOPUTMUYECKHUE METOAbI (PHIbTpAlMH, KOTOPbIE 3HAYUTEIHHO
NOBBIIIAIOT [MOMEXO3AIIMIIEHHOCTh CUCTEMBI. OTH METOAbl OCHOBaHbI Ha
HAKOIUIEHUM W3MEpPEHUH, KOTOpbhlE  TOJYy4YarOTCS Ha BbIXOAE OOBEKTa, C
NOCIIEAYIONIel HMX CTaTHCTHYECKOW O0OpabOTKOM B CHUCTEME IO pPa3jiudyHbIM
QITOPUTMaM B 3aBUCUMOCTH OT alpPUOPHBIX CBEACHUI OTHOCUTEIBHO CIIyYalHBIX
BO3MYILLECHUM.

[lepcnexkTuBHBIMU MeTOaMU (GUIbTpalMK B UMNYJbCHbIX CAOQO sBIAIOTCS
METOAbl MPOBEPKH CTATUCTHYECKUX THUIIOTE€3 C MCIOJIb30BAHUEM PA3TUUHBIX
KpUTEpPUEB OTHOIIECHMUS TpaBionogoOus. B srom cnydae 3agadya mowucka
HKCTPEMAIBHOTO 3HAYEHMSI CTAaTUYECKOM XapaKTepUCTUKU (HOpPMYTUpYyeTcs Kak
HKBUBAJICHTHAS 3aJ1aya MIPOBEPKH JIBYX aJbTEPHATUBHBIX TUIIOTES.

O} dexTUBHBIM METOJOM HCIIBITAHUS OTHOIIEHHUS MPaBIOMOI00US SIBIISIETCS
nocyieaoBaTeNbHblil aHanu3 A. Banbaa. [Io cpaBHEHUMIO ¢ APYTrUMU KpUTEPUSIMU B
MIOCTICIOBATEIbHOM KPHUTEPUU YHCIO W3MEpPEHUil amnpHopu He (QHUKCUpyeTCs U
ABIJISIETCS citydaitHoi BennunHOM. AnroputMsl CAO, CHHTE3UpPOBaHHBIE HA OCHOBE
MOCJICIOBATEIHPHOM TMpoIieAypa 0O0padOTKH W3MEpeHui, 00JamaloT aaanTHBHBIM
CBOWMCTBOM. OJTO CBOMCTBO COCTOMT B TOM, YTO BIAIM OT 3KCTPEMAJIBHOIO
3HAY€HUs, KOrja KpPyTH3HA CTATUYECKOM XapaKTEpPUCTUKU 3HAUYUTEIbHA, UMEET
MECTO HEeOOJbUIOE 3HAYEHUE OTHOILICHMSI «IIOMEX/CUTHa», U TOrJa CUCTEMa
aBTOMAaTUYECKHU MPOU3BOAUT HEOOJBIIOE YUCIO U3MEpPEHUN BeIxoaa. M, Hao0opoT,
no Mepe MNpUOIKEHHS K DOKCTPEMyMy, KOrja KpyTHU3HA XapaKTEepUCTUKU
HE3HAYWTEJIbHA M OTHOUICHUE «IIOMEX/CUTHA» YBEJIMYMBAETCS, TO CHUCTEMA
aBTOMATHUYECKH YBEJIMYMBAET 4YUCIO wu3MepeHuil. Takum oOpaszoMm, cucrema
aBTOMAaTUYECKH 3aMeJUISIET CBOE JBMKEHHE 110 Mepe MPUOIMKEHUS K SKCTPEMYMY,
aanTUPYsICh K U3MEHEHUIO BHEITHUX YCIOBHIA.
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B knaccrueckoi TeOpuM NIPOBEPKU CTATUCTUYECKUX THUIIOTE3 PACCMATPUBAETCS
COOTHOIIIEHHE IJIOTHOCTEH BEPOSITHOCTEH, NapaMeTpbl KOTOPBIX NPHHUMAIOT
3aJlaHHbIE YETKUE 3HAYEHHUA. DTH 3HAYEHUS 3aBUCAT OT alpHOPHBIX CBEICHUMN
OTHOCHUTENIBHO IOMEXU. B MEHCTBUTEIBRHOCTH M3-3a HEONPEACICHHOCTH IMOMEXU
3aJlaBaeMble 3HAYEHHS MapaMeTPOB M3BECTHBI JIMIIb MPUOJIMKEHHO U SBISIFOTCS
HEYETKMMHU YHKCIAMH, [O3TOMY BO3HHMKAaET HEOOXOJUMOCTh B MOJU(DUKAIIUN
UCIIBITAHUSI OTHOIICHMS TMPABIONOAOOMS C YYETOM HEYETKOCTH 3HAauYeHUH,
KOTOpbIE TMPUHHUMAIOT MMapaMeTphl. DTO NPHUBOAUT K 3ajade MoJudUKAIUN
KJIACCUYECKOM MOCJIE0BATENBHOM NPOLIEAYPY B €€ HEUETKHUM aHAJIOT.

Huwxe cunresupyrorcsa anroputMbl nouckoBoi CAO ¢ HCHOJIB30BaHHEM
HEYETKOW II0CJIENOBATENIBHON IIPOLEAYPHl IPOBEPKU TMIIOTE3 OTHOCHUTEIBHO
3HaY€HUH, KOTOpbIe MPUHUMAET MapamMeTp OMHOMHUAIBHOTO pacIpeieeHHs.

Iloka3piBaeTcsi NPEMMYIIECTBO HEYETKOrO0 IIOAXOJAA II0 CPAaBHEHUIO C
KJIACCUYECKOM ITOCIIEN0BATENBHON IPOLIEAYPOH.

Paccmorpum CAO, B KOTOpOW 3ajgadya IMOMCKAa 3KCTPEMyMa CTaTHYECKOMN
XapaKTEPUCTHUKU OO0BEKTa YyMpaBieHUus (OpPMYyIUpyeTcd KaK OSKBUBAJICHTHAs
3a/laya  HEYETKOM TIOCIIEIOBATENIBHOW TNPOBEPKM CTATUCTHYECKUX THUIOTE3
OTHOCUTEIBHO HEM3BECTHOT'O MapamMeTpa OMHOMUAIBHOTO PaclpeAesICHHUS.

JInst OpoCTOTHI pAaCCY’KACHUW M MATEMaTUYECKUX BBIKIAAOK pPACCMOTPHUM
O€3bIHEPIIMOHHBIH OOBEKT C HEJIWHEWHOM CTaTUYECKOM XapaKTePUCTHKON
yy=1f (x), MMEIIEH MAaKCHMyM B OTCYTCTBUE MOHOTOHHBIX BO3MYILEHHW, Ha

BBIX0JIE KOTOPOIO0 MMEETCA MOMeXa B BHJIE€ AJJIUTHBHOIO CIy4allHOTO Mpolecca

(ol(t) (cm. puc. 4.38 a). Ha Bxoge CAO umeewm: y(t):yu (t)+(01(t). [Iyctp Ha

BX0J OOBEKTa MOJAIOT MPOOHBIE CTyNEHYAThle CMENICHUS +g OTHOCUTEIIBHO
* * o

X;<x , (x - oNTMMallbHOE 3HAY€HME), YTO COOTBETCTBYET pabouel Touke A,

KOTOpasi HaXOJUTCS Ha JIEBOM BETBU XapakTepuctuku (puc. 4.38 0). Ha Bwixone
OyAeM MMEThb CHUTHaJl yl-(t), (a3a koToporo OyzAeT coBnagarh ¢ Gpa3zoil BXOAHOIO

curHana x;(¢). Ilpn HaxoxkgeHnn pabodeil TOYKM HAa IpaBoil BETBU
XapaKTepPUCTHKH (TOYka B) — BBIXOAHOM cHrHan y;(¢) OyZeT HaxomXUThCS B
npoTHBO(A3e ¢ BXOAHBIM X; ().
[IycTb MOMEHTHI BpeMEHH f=7,27,..,kT TOIy4EHbl M3MEPEHHUS BBIXOJIHOTO
curtana y;(1):y;(t) = v;1.3i (27) = yinsewr yi (kt) = yji , e k - yerHOE UKCIO.
PaccMOTPMM KOJMPOBAHHBIE PA3HOCTH:

B L yi=»n220
=i~ N2 = 0
, UHaue
_ _ 19 yi3_y1420
Zip=Viz = N4 =

0, unaue
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B L Yiger =y 20
Zin = Yik-1 ~ Yk = -
0, unaue

Ecin 651 ¢ (t) =0 (oTCyTCTBHE MOMEXHU Ha BBIXOJI€ OOBEKTA), TO B PE3yJIbTaTe

IMOJYyYHJIN OBI IMOCJICAOBATCIIBHOCTL Z; = {Zil’Ziz”"Zin} TOJIBKO U3 n ZE CAUHUII.

[Tpu (pl(t);tO ATa MOCJIEAOBATEIBLHOCTh OyAeT coaepkath «O» u «ly, mpuuewm,
IpU HEOOJIBLIIOM YPOBHE @ (t) gucio «1» Oyner 3HaUUTENbHO OoJbie yucia «0»,
T.€. BEPOSATHOCTH p TOSBICHUS «1» B TOCIENOBATEIBHOCTH OyIeT OoJblie
BEPOSATHOCTU ¢ =1— p mosiBeHus «0».

PaccMoTpuM BbIXOmHON curHan y;(¢) mms pabodedl Toukum B, Koropas
HAXOJWUTCS Ha IPaBOW BETBU XapaKTEPUCTHKH, U JUIL M3MEPEHUH V1, Vin,-., Vik

IPOBEJEM AHAJIOTMYHBIE PACCYKACHHMS OTHOCHTEIBHO KOAMPOBAHHS DPa3sHOCTEIA.
T.K. BBIXOJHOM CHTHAI HAXOAMUTCS B MPOTHBO(A3E C BXOIAHBIM, TO B PE3YNIbTATE
xomupoBanns  (mpu ¢ (£)=0)  OyaeM  HMMeTh  IMOCIEIOBATENHLHOCTH

ZjZ{Zﬂaija--:Zjn} Tonbko W3 omHux «O», a mpu ¢ (¢)#0 ota

MIOCIIEIOBATENBHOCTD OyAET conepkarh Takxke «0» u «1». [Ipudyem, mo cpaBHEHHIO
C TMpeApIIylIMM CJIy4daeM, MpU HEOOJBIIOM YypOBHE gol(t) gucio «0» B

MOCJIEI0BATENILHOCTH OyJIEeT 3HAYUTEIBHO OOMbIIe Yncia «1», T.e. BEpPOSITHOCTh ¢
nosiBieHus: «0» OyaeT OoJbllie BEpOSTHOCTH p =1—¢g mosBieHus «1».

Takum oOpa3om, 3amaya MMOMCKA ONTUMAJIBHOIO 3HAYEHHS HKBUBAJIICHTHA
3a7a4€ TPOBEPKH CTATUCTUYECKUX THUIOTE3 OTHOCUTEIBHO HEU3BECTHOIO
napaMerpa p M CPaBHEHUIO €ro C 3aJaHHBIMU IOpOraMu p,, p;. llpu py <0.5

paboyasi TOYKAa HAXOJUTCA HA MpPaBOA BETBH, W CIEAYIOUMH pabounid mar
HEOO0XOIMMO NIPOM3BOAUTH B CTOPOHY yMeHblieHus x. Ilpm p; >0.5 pabouas

TOYKA HAXOJIUTCA Ha JICBOW BETBU, U CIEAYIONIMI pabodyuil mar mpou3BOIUTCS
COOTBETCTBEHHO B CTOPOHY yBeJWYeHHUs x. B pesynprare 3amada pacrio3HaBaHUs
TUIA BETBU XapaKTEPUCTUKU (JIEBasl UJIU TpaBasi) MPEBPAaTUIIaCh B 3KBUBAJIECHTHYIO
3a/1auy pacrio3HaBaHUs TUTA OMHAPHOU MOCIeI0BaTeIbHOCTH. [[J1s pacmo3HaBaHus
€e THUIA HCHOJIb3YyEM HEUYETKYI IIOCIEAOBATENbHY Ipouenypy. llycrts

OTHOCHUTEJILHO (pl(t) UMEEM: M{(ol(t)}:o, D{gol(t)}:az-], rne M, D -

2
O1ICpPaToOpbl MATCMATUYCCKOI'O OXHWIAAHUA W JUCIICPCHU COOTBCTCTBCHHO, O -
HN3BCCTHAA BCJIIMYMHA JUCIICPCHU, I - CAWHHUYHAas MaTpula. HpI/I 9THUX YCIOBHUAX
BCPOATHOCTL p TIOABJIICHHUA «l» B 6I/IHapHOI71 MMOCJIICAOBATCIBHOCTH ABJISICTCA

KOHCTaHTOH. Kpome Toro, npeanonoKuM U3MEpeHus V;i,V;7,.., Yy HE3aBUCUMBIMU

OTHOCHTEIBHO @y (1), T.C.:

k

f(yil’yiza"oyik):ll;llf(yil)’
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rie f(Yi1, iz Vix ) - COBMECTHasl ILIOTHOCTH BEPOSTHOCTEH CIly4aifHOro BEKTOPa
Y, =(vi1,YinsYik)» f(¥iy) - OmHOMEpHAs IUIOTHOCTE BEpOSTHOCTEH [ -Oif
KOMIIOHEHTB Bekrtopa Y;. Torma mnossnenus «0» wmmm «1» B OuHapHOU
TOCIICIOBATEIBHOCTH Z; = {Zj{,Z;3,..,Zj, } SBISIOTCS HE3aBUCHMBIMH COOBITHsIMHE. B
pe3yIbTaTe HMEEM CXeMy HE3aBHCHMbIX HCIIBITAHHH, T.¢. BEPOSTHOCTh P, (z; =m)
TOSABJICHUS m 4HUCcHIa «1» W3 n CMMBOJIOB B OMHAPHOM IOCIEIOBATEIBHOCTH Z;
IOAYUHACTCS pacupenencHnto bepnymm:

Pn(zi :m):CZ’pm(l—p)n_m, m=1n,

rae C,' - 4HCIIO UCTIBITAHUHN U3 11 3JIEMEHTOB T10 711 .

3ajmava  ompeneneHuss TUNA BETBM  XAPAKTEPUCTUKH  MOXKET  OBbITh
chopMmynupoBaHa Kak 3aJada [pPOBEPKU JBYX THUIOTE3 OTHOCHTEIIbHO
HEU3BECTHOIO MapameTpa p OMHOMHUAIBHOIO paclpeaeIeHUs:

Hy: p= py, pabodas ToUKa HAXOJUTCS HA IIPaBOU BETBH,

H,: p = p,, pabouas Touka HaXOAUTCS HA JIEBOU BETBH,
TIE Py, Py - YACHA ¢ QyHKIUAMU NpUHAUIekKHOCTEN (puc. 4.39).
[Tocne peayKiuu runoTe3 K COOTBETCTBYIONIMM YETKUM THITIOTE3aM, TIOTYYUM:

0

H(() ):p:p09
0

H1( )ip=p1-

BeIuucauM 1 HUX J0rapru(M OTHOIIECHHMS [TPaBIONON00HS:
0)
f(Zi:m|H1( 119:191) C"p"(1-p, )"
InA=In IT © =In n Pl ( pl)n —.
_ m__m -
e m A pm) o)

Pemiaroriee mpaBuiio OTHOCUTENIBHO MPOJOJDKEHUSI MOJIauyd Ha BXOJ OOBEKTa
yIpaBJIEHUS CTYIIEHYATHIX CMEIIEHU g UMEEeT BUI:

1 <m< ),

rae Lgo) = al(o) + bl(o)n , Lgo) = ago) + bl(o)n , al(o) = —C(OO)‘ , ago) —_l-a



