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KaHOMOAT TEXHIYHUX HayK

MIHIMAKCHI BJIACTUBOCTI IIOCJIOBHOI IIPOIEAYPU
BAJIDJIA B 3ATAYAX IIEPEBIPKU IBOX CRJIAJHHNX
ITPOTHO3IB ¥ IHOOPMANINHUX MEPEKAX JTEPKABU

Y cmammi nposedeno amaniz i nasedeno eupiuenmns sadavi MiHIMAKCHUX
gracmusocmetl nocaioosnol npouedypu Banvoa npu nepesipui 060x ckaaoHUxX NPozHo3ie,
W0 MOJNCE BUKOPUCTOBYBAMUCL NPU NPOZHOIYBAHHI MA NONEPEOHCEHHI HECAHKITOHOBAHO20
docmyny. Busnaueno cniegionowenns, wo 003601510Mb PO3PAXYEAMU ePEKMUBHICTD
nocnidosnozo npasuia Banvoa 6 nopieusiimi 3 piGHOMIPHO HAUKPAULUM HENOCII008HUMU
npasuiom. /losedeno, wo npu npaxmuyHo iHMepecHUx 3HAUEHHSX 8 OKOMUU MOUKU
nocuidosne npasuio Banvoa mae 61usvki abo nasimo 2ipuwii xapaxmepucmuki 6 NopieHsHmi
3 HAUKpauum HenociioosHum npasuiom. Busnaueno, wo 6 nenociioosHii pisHOMIpHO
nOMYMNCHIT NPoUeoypi HeoOXiona MeHwa KilbKicmb cnocmepeicetv, HiKe iy NocaiooeHii
npouedypi Bamwoa.

Kmouoei caosa: nocrnidosna nepesipka, npoeznos, npasuio Banvda, nocridosme
npasuio, CROCMepexNceHst, IHpOPMauitini mepeixci 0epircasit, NOMUIKA, ACUMNIMOMULHUIL
PO3KIAO.

B cmamve nposeden ananus u npedcmasneno pewenue s3adauu MUHUMAKCHBIX
C801ICME NOCAe008aMeNbHOL NPoUedypvl Baivoa npu nposepke 08YxX CLONCHBIX NPOZHO308,
UMO MONCEM UCNOTBI0BAMBCS NPU NPOZHOSUPOBANHUU U NPEOYNPEHCOeHUU HeCAHKUUOHU -
posannozo docmyna. Onpedenervl COOMHOUEHUSL, NO3BOJLAIOULUE PACCUUMATD P permus-
HOCMb Nociedosamenviozo npasuia Banvoa no cpasmenuio ¢ pasHomepmo iyuuum
HenociedosamenvHviMu npasuiom. Joxasamo, umo npu npaxmuuecku UHmepecHvlx
SHAUEHUSX 8 OKPECMHOCTNU MOYKU NOCAed0samevioe npasuio Barwoa umeem 6auskue
unu oaxce Xyouwue Xapakxmepucmurky no CPAHEHUIo ¢ IYUUUM HEeNoCLe008aAMmelbHbIM
npasuiom. Onpedeneno, ymo 6 Henocied08amenrvHol PABHOMEPHO MOUHOL NPouedype
HeobX00UMO MeHbllee KOIUUeCmEo HAOI00eHUTl, Yem 6 NOCAe008ameNbHOU NPouedype
Banwvoa.

Kmouesvie crosa: nociedosamenvhas nposepka, npozios, npasuio Banvoa, no-
caedosamenvroe npasuio, Habaooenue, UHGOPMAUUOHHbIE Cemu 20CYOapcmea, ouuoKa,
ACUMNIMOMUYUECKOE PASLONCEHIUE.

In the paper the analysis and presentation of the problem solution of the minimax
properties of the sequential procedure of Wald when testing two composite forecasts that
can be used for predicting and preventing unauthorized access are carried out. The ratio
that allows to calculate the efficiency of the Wald sequential rules compared to the
uniformly best inconsistent rule is defined. It is proved that for practically interesting
values in a neighbourhood of a point consistent rule of Wald has a similar or even worse
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performance than the best of an inconsistent rule. It is determined that inconsistent
uniformly powerful procedure needs fewer observations than in the sequential procedure
of Wald.

Keywords: sequential testing, prediction, rule, Wald rule, sequential rule, observation,
state information network , error, asymptotic expansi

BIimB mocTymoBHX 3MiH IapaMeTpiB Mepeki MojKe IepefadadunTH MOJKJINBE
HeCaHKI[IOHOBaHe TKIOUYeHHsT 10 Mepexi. Ilefl BHCHOBOK, 3maBajocst 0, MOBUHEH
O3HAYaTH, IO MMPOBEIEHHSI IIPOrHO3YI0Y0r0 KOHTPOJIIO € JOIIJIBHUM Y BCiX 6€3 BUHSITKY
BUTIA/IKAX Ta 3aCTOCOBYETHCS JI0 BCiX BUIIB TifKmM0ueHHd. OIHAK TaKnuii BUCHOBOK 6yB
6u HaaMipHO mocinauM. HasgiBHA cTaTHCTHKA JKOAHUM YMHOM HE CTOCYETHCS IIMTAHHSI
PO Te, HACKIJIbKY Tiepe/lyacHi 3MiHu B iHdopMarttiitHiit Mmepesxi aepxxasu (nani — IM/L),
1[0 TIPU3BOJIATH 10 HecaHKI[ioHoBaHoro poctyiy (max — HC/I), morim 6 6yTH mpeacTas-
JIEHUMU 3HAYEHHSIMU TUX YU iHIIUX KOHTPOJIbHUX TapaMmeTpiB. Tak, Hampukiam, Imij-
KJIIOYEHHSA 3 KOMINJIALIEI0 BU3HAYUTHU Jy’KE€ BAXKKO 1 BOHO He BIUIMBAE Ha 3MiHU
napametpiB [1].

TaxkuM YUHOM, JIesika YacTHHA 3MiH XapakTepucTuk IM/] He Moske OyTH BiHeceHa
B 1eil yac 1o HC/I, sixi MoskHa OyJio 6 3 0CTAaTHBOIO BipOTiAHICTIO TepeadadnTy Ha
OCHOBi KOHTPOJIbHMX 3MiH. KoKHa K YacTWHa IUX 3MiH MO’Ke HajeXaTu A0 IIi€l
rpynu. KoHKpeTHOI BiANOBI/I Ha 1€ MUTaHHS MMOKHU 10 HeMa€e. Ajie 6Ge3 BiAMOBiAl He
MOKHA BUPIIIMTH 3a71auy BU3HAUEHHS 3araibHOi e(peKTUBHOCTI TPOTHO3HOTO KOHTPOJTIO,
sKa MEeBHOIO MipoIo 3aJIeKUTh BiJl BiHOIEHHST iHTeHcHBHOCTI mporHo3oBannx HC/I.

ITpu ckraatHi 3araJbHIX aJITOPUTMIB KOHTPOJTIO peaibHoro ctany IM/] HeoOxiaHo
PO3paxoBYBaTH 3aTpaTy Ha TIPOBeIEHHS TOI UM iHIIOI (POPMU KOHTPOJTIO 3 BiZIOBiTHUM
miziBuIleHHSIM edeKTUBHOCTI ekciyaraitii mepexi. Ile, 30kpema, o3Havya€e icHyBaHHS
[EBHOTO HIZKHBOIO HOPOry iHTeHcuBHOCTI nmepexdavenus HC/I, npumagaioun Ha OQHY
IIPOTHO30BaHy aTaKy, JJIs AKOi Ie TPU3HAYAETHCA JAOIIJIbHAM ITPOBEICHHS IIPOrHO30BA~
HOTO KOHTPOJIO. SIKIO iHTEHCUBHICTh aTak, gKi MOXYTb KOHTPOJIIOBATUCH KOXHUM
MPOTHO3HUM TapaMeTPOM, BUSIBJISIETbCA HUKYE I[bOTO MOPOTY, TO TMPOTHO3 CTAE HEI0-
LiJIbHUM.

Cuin ouikyBarw, 1o nporuodysanuass HCJ/] Mmoxke OyTi eeKTUBHUM JIJIsT BY3JIiB
IM/I 3 sickpaBO BUPaKEHUMHU Oe3MEePEPBHUMHU BJIACTHBOCTSIMH, IO MIiCTSATh 3HAYHE
YUCJIO KOMIIOHEHTIB, IIPOIECH B AKUX BiJIPISHAIOTHCA CUJIBHOIO B3a€EMO3YMOBJIECHICTIO.

Koo HaBiTh HalO1/IbIIT BaXKIMBKX 3aITUTaHb, OB’ I3aHUX 3 MPOOJIEMOIO IIPOTHO3Y
HC/I B IM/I, € noctatHbo mupoKe. BuyeprHe mocrizKeHHS WX YCiX TUTaHb HaBPSIJL
Y¥ MOKHA PO3TJISTHYTH B OfHiN crtarti. Tomy He Bci mepesmivyeHi nmpobjaemu GyayTh
PO3IJIAHYTI OJHAKOBOIO Mipolo. bisbie Toro, nesiki nmuTaHHs B3araji He 6yILyTb
MOpYyIlleHi B il CTaTTi.

[IutanHAM MOCHiNOBHOI TepeBipKKM MPOTrHO3iB MPU He3aJeKHUX OJHAKOBO
POBIIOMIJIEHNX CITIOCTEPEKEHHSIX MPHUCBsiYeHa 3HAYHA KiJbKicTh pobit [2—6]. Barato
pe3yJabTaTiB Ili€l cTaTi ClpaBe/IuBI He JIvIIe /114 He3aJeKHUX OJHOPIIHUX CIIOCTe-
peXeHb, aje U Mg [esIKUX Mojiesieil HEeO[HOPITHUX KOPEeJbOBAaHUX CIIOCTEPEKEHDb
(HampuKkaz, A5 pO3pi3HEHHd CUTHAJIB Ha (OHI KopesbOoBaHUX Tepentkon). Jleski
MMATAHHS, TIOB’sI3aHi 3 IMTOCJIiIOBHOIO TTEPEBiPKOIO TIPOTHO3iB i iX OIiHIOBAHHSM, HaBe/eHi
y [7]. dna monmemoBanns mpoieciB HCJ/[ 3 indopmariero B IM/[ mupororo
BUKOPUCTAHHA Ha6yJII/I TEOPEeTUYHI Mojesi 0e31eKn, gKi JOCUTh JeTaJbHO OIUCAHI B
[8—10]. Cama npobiema gocroBipHOCTi iH(MOpMAIii, 10 MepesacTbes, MOrIubIeHO
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JoCiKyBaIach, 30kpemMa, B Hu3ii pobit Boabrepom, 'yrkuextom, Beiikeprom Ta
inmmmu [11-13]. Jocmimpkenns x Ta aHanis mnpobaemaruku nporuosysanas HCJI B
IM/I Mo:kHa 3yCTpiTH B HAIIUX MOMEPEIHIX HAyKOBUX poboTax [14—18]. Otxe, B 1miit
CTaTTi MU MPOJOBKYEMO 3arinOmoBaTich y mpobsemy mporuodysanuss HC/[ B IM/L,
BUKOPUCTOBYIOUM CYYACHMI MaTeMaTUYHUWI amapaT Teopii WMOBipHOCTi, a came
6a€CcOBCHKY MOCTAHOBKY 3ajadi.

O06’ekT moCHiKeHHsT — TPOTHO3YBAHHS HECAHKI[IOHOBAHOTO IOCTYIY B
inopmariiitnux Mepekax fiep;KaBu MPU YMOBHO €KCTPEMAJIbHIN TTOCTAHOBII 3a/adi.

[IpeamMeT JOCTiKEHHST — aHaJIi3 Ta JOC/IKEHHS IPOOJIeMaTHKY TPOrHO3YBaHHS
HC/I B IM/I Ha ocHOBi Teopii IMOBipHOCTi.

Mera po60TH — BU3HAYEHHS ONITUMAJIbHIX MOCJIIOBHUX TIPABUJI TIPH MTOCJIiIOBHIi
nepeBipti aekinbkox mpornosis HC/[ 8 IM/] B yMOBHO eKcTpeMasibHiil MTOCTAHOBIII
3aj1a4i.

OcHoBHaA yacTUHA

Posrngnemo 3ajmayy mnocuaifoBHOI BiIMiHHOCTI JBOX CKJAQIHUX
OJHOIIApaMeTPUYHUX HpOoruosis H,:0€0,,i=01 0, =(-x,6, ], O, = [491, oo), 0o < 64,
32 HE3AJIEKHUMU CIIOCTEPEKEHHAMU X;, Xy, .cesy X, ...y [0 MAIOTH 3aTAJIBHE PO3IIO/IIEHHA
31 migbHicTIO p,(x). 3BHUYaitno, 6axkanHo Oysio O 3HANUTH PIBHOMIpHO HalKpaiie
HOCJIiZIOBHE BUPillIaJbHe IIPaBuUJIo, 1110 MiHimi3ye B kiaci A(a,, ;) yMOBHMIL cepeHiil
Jac crocrepeskenusi 7, = M ,7(u) pu Bcix 6 € ©, U ©,. OxHak Takoro mpasuiia, MabyTh,
He iCHy€, OCKUJIbKM JiJiI KOKHOI mapu Touok 6’ €®,,0" € ®,onTumMaibHe MpaBUIO
Banbzpa 3 BII p,(x"1)/ p,(x"1) i, BignoBigHO, B KJaci NOCTiJOBHUX KPUTEPIiB BigHO-
IIEHHsT IMOBIPHOCTEN HEMA€E €IMHOTO, 10 3a0e3medyBanio 6 MiHIMyM T, PiBHOMipHO
1o . IcHyBanHs npaBuJa 1032 UM KJIAaCOM, 110 33/I0BOJIbHSE 3a3HAYEHUN KpUTePil
ONTUMAJIbHOCTI, TOCUTh cyMHiBHe. Hexali po3noisieHHs1 criocTepeskeHb Take, 110 JIJIsd
npasusia Banbna

1 A, >B, \
u, (A,)= 0,A, <4, , B axomy A, =1k1pel(xk)/l?e0 (x¢) i moporn
u,, A\, e(4,B),n=1,

A= A(a,,a,),B=B(a,,a,) Bubpani, BUX0AI41 3 BUMOT «, (0,) =a,,i = 0,1, BUKOHaHi

YMOBU
a (0)<a,0€0,,i=01 (1)
7,<7,.,0€0,,i=01. (2)

Tyra o(0)=P, (A 2B), 00, a'1(0)=P, (A.<4);, 0e®, — IMOBIPHOCTI IIOMUJIKO-
BHX PillleHb, [0 3a/IeKaTh Bi/l iCTHHHOTO 3HAYeHHs mapamerpad,7 ¢ = M, . 30KpeMma,
ymoBu (1), (2) BUKOHaHI /711 €KCIMIOHEHIIaIbHOTO CiMeNCTBA PO3TIOIiIeHb.

ITpaBuso Banbpa minimisye ymMoBHI cepeani posxunu B Toukax 6=460,,i=0,18
knaci mpasun A’ (o, 1) € A(@o,a1). 3a ymosu (1) npasuio Banbaa HalexuTh Kiacy
A(ao,a1) IpH BCix @ € ®, UO,,a 3a ymoBu (2) BepxHs rpaHb 7, B obmactsax O,
JIOCSATAETHCST B TOUKAX 6.

Tomy npu BukoHauHi ymMoB (1), (2) i mpu MOKJINBOCTI 3a0be31eueHHsT PiBHOCTI
a'i(6)=a, na rpaHMIAX TOCTiZOBHE TPaBUIO Banbma onTuMaabHe HACTYITHOMY
MiHIMaKCHOMY CEHCY:
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To,(u(A) = inf _ sup7Z,(u(x)), (3)

u(x)eA(ao,a1) geo,

TOOTO MiHIMI3y€ MaKCUMaJIbHI 3HAYEHHSI YMOBHUX CEPEIHIX JOBKUH Y KJaci mpaBuJI

(4)

Aao,ar)=
(O!O,al) {9661‘?1_-9,- <OO,i:0,1

u(x):a,(Gu(x))<a, }
OcHoBHUMHA XapakTepUCTUKAMHI TPaBHa Banbna € iimoBipHOCTI TOMUJIOK
a 0(0)=P, (z >a,), 0<6,, a 1(0)=P, (z, <a,), 026,, i yMOBHa cepeiHs [TOBKWHA
To=M, Oe Rl AKi HaJeKaThb BU3HAYEHHIO.
HexaI/I h— HyJH)OBI/II‘/JI KOPiHb PiBHAHHA

pal()
e

Hesaxko 3posymirtu, mo h,e[-1,1] B obmnacti 6€[6,,6,], npu domy
h, =-1h, =1. Posraanemo obmactp sHaueHb 6>n, B axiii h, <0 (7€(6,,6,)).
Beenemo piBricTb p o (x"1) = p,(x"1)A" utiabHicTs posnogineHHs p o (x"1), i po3rIs-
HEMO IOCJIi/IOBHE MPABUJIO BULY

pg(x)dx=l. (5)

1,2, >a,,

:inf{n:z:&‘(a;aa:)}? _{O,Z Sao, ©

ne Zn= In[pe(x“l)/ p*e(x“l)} ai =-h,a,.

[Hosznaunmo wepes L, =P,(z: > a o) AIMOBIpHICTD TPHUITHITTS HYJbOBOTO
nporuody B npasuJi (6) npu dikcosanomy @. Ockinbku Z n =-h,z,i h, <0upud >n ,
To mpaBuiio (6) eksiBasenTHe TpaBusy Baspma. Tomy

L _|a@. e=a,
 |1-ay(0), <6,

[ani orpumaemo

I polddy =expla) [exp(@) x py(x)dx] =exp(a;)F; (z; <a)ey (@), (1)
nee 0((9) M alexp(é 0)‘2 : <a ofdo=z"r—a
(M’ — MaTeMaTU4HE OYiKYBaHHsI 10 PO3NOMiNEHHIO p'y). Hexaill a, = P'o(z": > a"),
§' =z, —a", OTPUMAEMO

[ poGedx] =exp(=a;) [exp(=8,)p, (x)dx] =exp(~a;)1-L,)e,(0),  (8)

ne e, :Mglexp(—é*l)‘z*f Za*1J. Komb6inytoun (7), (8) 3 ypaxyBaHHSIM TOro (axry,
MO P y(z: >a o)=1-a s, OTPUMAEMO

ey (@) exp(=h,a,)[l e, (O) exp(h,a,)]
T e (0)ey (O)explhy(a, —ay) ©)
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AHazoriuno JiokasyeThcs, o piBHicTb (9) crpasesiBa B obsacti 6 <7, e h, > 0.
Jlas Toro, mob6 cKOpUCTAaTHCh TOYHOIO piBHicTIO (9), HEoOXigHO 3HAWTH

3HauYeHHs e o, €, 1110, 3a3BMYail, He BraeTbca. OJHAK, AK i /1A BUNAIKOBUX ITPOCTHUX

MTPOTHO3iB, MOKHA 3HAWTHU OIiHKH, 1110 I03BOJISIIOTH TIPU PO3PaxyHKaX BUKOPUCTOBYBATH
aHamiTuaHuil anapat. Ockisbku mpaBusio Banbaa ekBiBasenTHe npaBuity (6), B SKOMY

—In Py(x;) ]
z'n = H (5’ TO TPOBOJISIYM JIJIST OCTAaHHBOTO MipKyBaHHs aHasorii [19], moxHa
i=1 9

IIOKa3aTH, M0 J/JIsT OllepaTUBHOI XapaKTEepUCTUKU L, mpu 6 >n clpaBelnBUil
ACUMIITOTUYHUI PO3KJIA]L

~ Boo eXp(_haao)[l_ B eXp(heai)] h _ A 0 10
L B ey, gy O bl 0
2, (1) _9,.(0)
ne - = o). (11)
P co(;,m Po =g
3 @p.(A) — KOMIIOHEHTH KaHOHIYHO]1 daxkTopusamii bynkmin

@,(A)=1- M’y exp[/i‘h |z (x)] Anajsoriuno nmpu 6 < 5 cpaBelIMBa CITiBBiIHOIIIEHHS
(10), (11), 3 Toto BigMiHHiCTIO, 0 gK (PYHKIiIO, IO XapaKTepPU3YEThCsS, OepeMo
0,(2) =1-M,, exp[ah, Z (x)] *

Tenep orpuMaemMo BUpa3 i/id YMOBHOI cepe/iHbOl IOBXKUHU T ¢. [[Jis1 1IbOTO CKO-
pUCTaEMOCH TOTOKHICTIO Bambna M,z .=7 oM ,z'(x), 1m0 ClIpaBe/l/IMBe /ISl 3HAYeHb o),
npu axkux M,z'(x) #0, i oueBnaHOIO plBHlCTIO M,z . =(=Ly)a, +06,,)+ Ly(a, +y,),
neod, =M (5 ‘z >a,); 0,0 =M, (5, ‘ZT <a,) — yMOBHi CepesiHi IePeCKOKU BeJTMYNHOIO
Z_*TIOPOTiB agi ay. 3131/1c1/1 oTpuMaemo, 1o npu M ,z'(x) #0,

IH®OPMAIIMHE SABE3SIIEYEHHA HAYKOBOI IIAJLHOCTI

. (-Lya,+L,a,(01-L,)3,,+L,5,,)
Te: 4 1 6]\40 ’ 4 10 606. (12)
02 (X)

Ockinbkn L, =a1()<a@ B obnactif>6,i 1-L,=a () <a,s obuacri
0 <6,,npu pocratibo Manux a 3 (12) BumimBae anpokcuMallis

(1-a; (0))a, +a; (O)a, + M,

. 020,
. 02 (%) (13)
(= a; O)a, +a.(O)a, + M35,
,0<4,,
M ,z'(x)
ne 8, =z,—a,— TePeCcKOKH IMOpOTiB @, B OJHOCTOPOHHIX IIpaBH-

JIax 7, :inf{n:zn >a, b7, :inf{n:zn Sao} @=0,1).
Cuissignomnienns (10) — (13) 103BOJISAIOTH OIIHUTH XapaKTePUCTUKU ITpaBUJIA
Banbna B 3ajadi nmepeBipkM CKJAIHUX NPOTHO3iB. AKIIO B HUX IOKJIACTHU
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€o~e =~ fo, =By =1 0, =5, ~M,5 ~0, To oTpUMaEMO anpoxcumarii Baibza, 1mo
ITHOPYIOTH IEPECKOKU ITOPOTiB.

Y rouni 8° €(6,,6,), neM 2 (x) =0, popmymn mingIOTBCA. [17T 3HAXO/LKEHHS
7, BUKODUCTOBYEMO PpiBHiCTD  M(S,-7Ms): =7Ds’, 1 To#l daxT, 1moO
2. _ 1 2 2 _ 32 52 S22 2 2
M, z" =(-L,)a; +Lya;+(1-L, )0 . +L,;0,,, ne 6,.=M,(z.—a,

$2 2 2
Opp =M (2. —ag ‘ZT* <a,).

z, 2a,));

Y pesyJibTari

2, 52 2, 52
(1—L9* )ai +519*)+L9* (ap +509*)

e =

o M [z (oF (14)

3assuuail h, — 0npu 0 — 6 (106100" =717 ). Bukopucrosyioun (7) i ocraHHIO
00CTaBUHY, 3HAXOIMMO

L =a, /(a, —a,). (15)

n
[Tizcranoska (15) B (14) nmae
. |a0|a1 +a1§02* —a0§lz*

YT M T

(16)

[lixaBuM € TopiBHAHHSA eeKTUBHOCTI MpaBuia Banbia 3 HalKpammM TOCTi-
JOBHUMH TIPaBUJIOM, IO 0a3yeTbcss Ha paniiie (GikKCOBAHOMY YHCHi CIIOCTEPEKEHD
n(a,,a,), npu AKOMY 3abe3meuyerbes HMOBipHiCTH IMMOMUJOK
a,0.,n=a,,a,0,n<a,0c0,,i=0,1. Busnaunmo edexrusnictb npasuia Banbia
TaKUM YMHOM:

_n@,@) =7, (17)
’ n(a,,a;)

[ npuknanxy posrjagHeMo 3ajJady BiIMiHHOCTEW IPOTHO3iB 10 CepelHbOM
3HAUEHHIO TayCiBCbKOI nocaigoBrocti x,,n=12,..., p,(x)=Q2x)™"" exp{— (x-6)"/ 2{
Boanouac He BakKO 1mobaunT

z'(x)= (6, —190))6—(1912 _602)/22 M,z'(x)=

=6, - 0|0 -6, +6,)/2} Doz’ (x)=(6,+6,)",0R", (18)
a pimeHHst piBHIHHS ()
_20-6)
T 6+0, (19)

3Haiitu ABHUH Bu pakTopusaliitHux eseMeHTiB @, (1) BAA€TbCS, OJHAK MOXKHA
1OKa3aTH, 110
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(20)

22 RG +9)n)}

2
Bo=pB = (91_00) exp{ £

sIk Gaunmo 3 (18), M ,.z'(x)=0,8 Touni 0" =(6, +6,)/2, upu 6 =5 (h,. =0).

Cuissinnomennsa (10), (12), (16), (17), (20) n03BoJsAIOTbL po3paxyBaTu
XapaKTepucTuKu MpaBuija Bambja Ha po3rjgHyTOMYy NpuKJIaAi. BukopucroByouu
Hacaiok 2 § 3 1. 2 poboru [20], orpumyeMo, 110 piBHOMIpHE HAWOIIbII MOTYKHE
HEIIOCJIiIOBHE PAaBUJIO B I[bOMY BUNA/IKY ICHY€E i BUBHAYAETHCA CIIiBBIHOIIEHHA

5) LS,>H, s Z": )
u = = X, ).
n n 0’ Sn <H n - k
[Tosnaunmo uepes «,(0)=F,(S, 2H),0€0O.; a,, =P,(S,<H),0 €O, 1IMOBip-
HOCTi TTOMUJIOK, 1110 BifiMOBifaloTh mpaBuiry. O4eBUIHO, 1110

P,(S, <H)=F|(H -n0)/\n|0<R", (21)

Yy
ne F(t)=Qr)™""”? J exp(—t* /2)dt — iHTepBaJ HMOBIPHOCTEIL.
Tomy
a,(0)=1-F|(H -n0)/\n|00,; a,, @) =F|(H-no)/n|oco,; (22)

3BiJIKM BUILIMBAE, 0 «,,(0)<a,, (0,),00,,i=0,l.

BBaxkaroun «,,(6)=c; ,i =0,1i Bupimyioun orpuMany 3i criBsignorienus (22)
cuCTeMy BiIHOCHO n, OTPUMAEMO, 1o U, € A(a,, ;) mipn

- 1-¢ 0 1-¢ 9 1-¢
H(@,@) = (=" f(";(_g)°+ o), 0@y, &@,) = (frn + frn ) 10,0, (2

ne f,=F “(p) — p -KBaHTWJIb CTAaHAAPTHOTO HOPMAJIBLHOTO PO3TIOJIICHHS.

Cuissinnomenns (10)—(16), (18)—(23) no3BosA10Th po3paxyBaTu e(heKTUBHICTh
(17) mocaigoBHOTO TpaBWJsa Banbma B MOpiBHAHHI 3 PiBHOMipHO HaWKpanium
HETIOCJIiIOBHUMU TPABUJIOM, SAKE 3a6e3neqy€ B TOYKax @ 3ajaHi MMOBIPHOCTi ITOMUJIOK
. (i=0,1, a B obmactsix®, \ ,— naiimennri ;. 3anexHictb epeKTUBHOCTI Vg Bin
mapamerpa @ npu o, =107,i =0,1 HaBesena B Taba.1. Ilpu manux napamerpax
eheKTUBHICTD MOCJTIOBHOTO METO/LY TiepeBHIIy€ B obmacTsix @, 50 % (To6To BinOyBaeThCst
BUTPAIIl B CEPEAHBOMY Yaci criocTepexkeHHs1 Oubi HixK y 2 pasu). EdbexTuBHICTD Vi, He
3aleKUTh Bin mapamerpa (6, —6,)°, nmpuuomMy B TOYKax 6,,6, BOHA BHU3HAYAETHCSI
CIiBBiTHOTIIEHHSIMU

Zﬁ(ao’al)z; Vl(ao’al)zl_ Zﬂ(a15a0)2 4B
(fo+ 1) oot ] )

tounin] = (6, +6,)/2 — cuiBBigHOIIEHHIM

Vo (@) »1-

In[(1-@,) /& ]In[1- @)/ @]
Sy A 0
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B o6aacri (90,91) edeKTUBHICTh TIAJIA€, JOCATHYBITA B CUMETPUYHOMY BUTIAIKY
&, = 0, MiHiMaJIbHOTO 3HAYeHHA B cepelHiil Tounli 7 = (6, +6,)/2.

IIpua, — 0, ¢; — OHasABHMIT YOTUPHLOXKPATHUI BUTPAIIL 110 Yacy CHOCTEPEe/KEHHS.
B Touni #mBurpam cyrreBo MeHmuil. 3i cniBBigHOomeHHs (24) BpaxoByOuM Ti

obcrapunn, mo {2, =2inal(l+0(l)), @ — 0, oTpuMyeMmO

1-Ina™ /8 npu o, =a, =a—0;

—_1 — —
v, =sl-Ina” /2 npu a, = 0,a;, = const;

n

(25)

I-Ina~ /2 npu o, — 0,a, — const.

3 acumrrotuyHOI (hopmyin (25) BUILINBAE, IO B TOUIIl 77 B CUMETPHYHOMY BUIIA/IKY
(a, =a, =) npu Maux IOMYCTUMUX HMOBIPHOCTSIX MOMUJIOK (o < 0,0004) B Hero-
CJIZIOBHIN PiBHOMIPHO TIOTY:KHIl Tporieypi HeoOXifHa MEHIIA KiJIbKiCTh CIIOCTEPEKEHD,
HiXK Yy TOCJiI0OBHIN niponeypi Bambma. Burpaimn nenocsiizoBHoi nporeaypu pocre 3i
3MEHIIIEHHSIM @ i mpsamye 10 Oe3kiHedHocTi ipu o — 0 Y HeCUMETPUYHUX BUIAIKAX
(a, << a,,a; << @a,) onruMaJbHa HEeIoC/IiI0BHA IIPOLe/lypa BUTpae B poreaypu Bumbaa
npu 6 =n, ko o, <0135, ¢, <0135 BifnoBiIHO. 3a/IE€KHICTH v, Bill a,a,, oTpuMaHa
3a jornomoro ¢opmysan (24), 1o J03BOJISE YTOYHUTH 3POOJIEHI SKICHI BUCHOBKH,
HaBezieHa B Tab1. 2. 3 1aHuX TabJIMIlh BU/HO, 1O TIPH TPAKTUYHO iHTEPECHUX 3HAUYEHHSIX
a,,Q; B OKOJIMII TOYKU IIOCIiZ0BHE NpaBuyo Banbra mae 0113bKi 200 HaABITH ripiri
XapaKTEePUCTUKU B MMOPiBHAHHI 3 HAKPAIIUM HEIOCJiIOBHUM MPAaBUJIOM. TOMY 11iKaBO
3HAXOMUTHU TIOCTIIOBHI TIpaBuia, 110 3a0e3reyaTh 3a/0BiJbHI XapPaKTEPUCTUKU
upu 6 € (6,,6,), 1o He Ay’Ke IPOrpaBaTuMyTh npaBuily Banbia B iHIIMX TOYKaX.
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Tabruys 1
3anexuictb epeKTHBHOCTI V, Bia mapamerpa@ npu o =i ,' 710 =0,1
h, 1 2 3 4
Le 0,1 0,012 0,0014 0,0001
v,,% 46 57 68 83
Tabnuys 2
3anexHicTb v, Bi 071950
o, 01 0,01 0,008 0,001 01 0,01
(70 01 0,01 0,008 0,001 0,001 0,001
v, 0,265 0,024 -0,001 -0,249 0,18 -0,08

[Tpu mocTaTHRO TPUBATIOMY CEPETHBOMY Yaci CIIOCTEPEXKEeHHs CHiBBimHOMIEHHS (D),

(6), (7) 3a/MIIAI0THCs! CHPABEIMBUMY JIJI51 KOPEIHOBAHKX CIIOCTEPESKEHD, TAKNUX, IO iCHYE

OJIHOBHAYHE TlepeTBOperHs, 110 Mac Biactusocti p(X)) =[] Py (%,),i=0,M —=1,n=2,N

N N 6F n+l - o . k=1 -
J, X =J ””)% |x, =H,(%),k=1,n+1 i mpouec {zn} IPU JIOCTaTHBO
X

n+l 1

Ta

n+l
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BEJMKUX N MoOXe OyTW 3aMiHEHUI ONHOPIAHMUM MapKOBCHKUM IPOIECOM

{en} P, (z,<h)—> P, (¢, <h),n—>o. Boanouac y HuX Bapro 3aminutu M ,z'Ha
n n

M,e'(e, = 28;{,3}1 :Z zp).
1 1

BucHoBku

Y craTTi BU3HAUYEHO CIIiBBiIHOIIIEHHS, 1110 103BOJISIIOTH OI[iIHUTH XapaKTePUCTUKU
npaBusia Basbia B 3azayi 1mepeBipKM CKJIQJIHUX IPOTHO3iB, a TaKOX PO3paxyBaTu
edeKTUBHICTH TTOCiZIOBHOTO TTpaBuiia Basb/ia B TOpiBHSAHHI 3 PIBHOMIPHO HAallKpalium
HETIOCJIiJOBHUMU TIPABUJIOM.

[Tokazano, 10 npu MeBHUX HapamMeTpax e(eKTUBHICTb IMOCIiIOBHOIO MeTO/LY
nepesuiiye B obsactsax O, 50 % (toO6To BimOyBa€eThCst BUTPAII B CEPEIHBOMY 4Yaci
criocTepesKeHHst OiIbIT HisK y 2 pasu). 3 aCHMITOTUYHOI (DOPMYJIM BUILINBAE, IO B
TOUlli 77 y CUMETPUYHOMY BUIAAKY (&, =@, =) IPU MaJUX JOINYCTUMUX
HMOBipHOCTSAX NMOMUJIOK (a <0,0004) B HenocJiJloBHiiI PiBHOMiIPHO NOTYKHill
mpoltieaypi HeoOXiTHA MEHIIA KiJIbKICTh CIIOCTepeKeHb, HixK Y TOCTiOBHIN TIporieypi
Banpna. Burpain HenocsiioBHOI TIpolie/lypy pocTe 3i 3MEHIIEHHSIM & 1 TIPAMYE 10
Ge3KiHeYHOCTI TIpU o — 0 Y HeCHMeTPUYHUX BUTaAKax (&, << &y, a; << &) ONTHMAJIb-
Ha HeNOoCJi/loBHA Ipollefypa BUTpae B mpoleaypu Buiabma npu 6 =1 koau
a, <0135, , <0135 sBianosigHo. 3 naHux TabJIUIb BUHO, IO HPU HPAKTUYHO
iHTepeCHUX 3HAYEHHAX & ,Q, B OKOJMUI TOYKM 77 IOCHi0BHE npaBuio Banbmna mae
613bKi 260 HABITH TipIli XapaKTePUCTUKK B MOPIBHIHHI 3 HAWKPAIIIMM HETOCIiIOBHUM
IIPABUJIOM.
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