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AHHOTaIUS: IPOBE/IEH CPABHUTE/BHBIN AHAIN3 AJTOPHTMOB OGHADY KEHHS IPSIMOYTOJIb-
HOTO MMILyJIbca Ha (OHe a/UTUTHBHOTO I'ayCCOBCKOTO 6eJI0T0 MIyMa MPH Peau3alii CaHKIHO-
HHPOBAHHOT'0 ¥ HECAHKIIMOHMPOBAHHOI'O JOCTYIA K nepenaBaeMoil uugopmanuu. [Ipegmonara-
70Ch, 9YTO NepefaBaemMas MHGOPMAaIMe 3aK/II09aeTcss B (hakTe HAJTMYUA WM OTCYTCTBUS CUT-
Hau1a. HecankiumonupoBannblit JOCTYII CTOPOHHEr0 HABIIOATe s OCY IECTBIISETCS IIPU IIOJTHOM
1M 9aCTUYHOM HE3HAHUM IapaMeTpoB curHaja. CremeHb CKPBITHOCTH HepegaBaeMoit nudop-
Malui XapaKTepPU3yeTCs MapaMeTPOM CKPBITHOCTH, OIPENEISIONMM yBeJUYeHne T0OPOrOBOro
OTHOIIEHUS CHTHAJI/IIYM NP HECAHKIMOHUPOBAHHOM JOCTYIIE [0 CPABHEHHIO C CaHKIMOHUPO-
BaHHBIM.

Knrouesble ciioBa: oGHAPYKEHNE CUTHAJA, CAHKIMOHUPOBAHHBIN H HECaHKIIMOHHPOBAH-
HBIii JIOCTYT, TOPOrOBOe OTHOIIEHHE CUIHAJ /IIIyM, BEPOSITHOCTH OIIHOOK.

ANALYSIS OF TRANSMISSION STEALTH OF THE
USE SIGNALS WITH UNKNOWN APPEARANCE AND

DISAPPEARANCE
A. P. Trifonov, Y. E. Korchagin

Abstract: a comparative analysis of the rectangular pulse detection algorithms in additive
Gaussian white noise in the implementation of authorized and unauthorized access to the
transmitted information. It was assumed that the transmitted information is the presence
or absence of the signal. Unauthorized access to the casual observer is carried out by full
or partial ignorance of signal parameters. The degree of secrecy of information transmitted
by the parameter stealth determining, the increase in the threshold signal / noise ratio at
unauthorized access compared to authorized access.

Keywords: signal detection, authorized and unauthorized access, the threshold signal /
noise ratio, probability of error.

B pasiMvHBIX IPHIOKEHUAX TEOPHH CBSI3M VIS IIePe/[auil COOBMEHHH HCIOMb3YIOTCS IPSAMO-
STOTbHBIE HMITYJIbCHI Buaa [1]-[4]

B a, ko <t < Xxo,
S(t,HO;XO) —{ 0, t< Ko,t > Xo, (1)

S a — aMIIUTYJa CUTHAJIA, Ko U X0 — MOMEHTBI €r0 HOSIBJIEHIS U HCYE3HOBEHHsI, KOTOPHIE MOTYT
SDUHNMATDH 3HAUEHHUA U3 AllPUOPHBIX WHTEPBAJIOB

Ko € [’{min: Hma.x]a X0 € [XminaXmax] y Kmax < Xmin- (2)

" Pabora BpimosHena npu nopepskke PoccHitckoro HaydHOro douna (mpoexr Ne14-49-00079).
© Tpudonor A. I1., Kopuarun FO. ., 2015
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A. II. Tpugponos, FO. 3. Kopuazun

IIycrs curman (1) mepejaeTcs IO KaHATY, B KOTOPOM JefiCTByeT aIJUTHBHBIA rayccoBCKuii Ge-
JIBIH IITYM C OJHOCTOPOHHeil crekTpasibHoil mwiorHocteio No. Habmogareno, KoTopoMy aapecoBaHO
coOBIIleHne, AIPHOPU M3BECTHBI BCE IApaMeTpPhl CHIHAJA, & TaKXKe CTATHCTHYECKHe XapaKTepu-
cruku myMma. Ilpemosaraercsi, 4To nepejaBaeMasi HHMOOPMAIMS 3aKI0UaeTcsd B hakTe HATHIUs
i orcyrcrsus cursasa (1). CroponHuit HabonaTeN b IS Pealn3aluy HeCaHKIIHOHMPOBAHHO-
ro JOCTyIa K nepefaBaeMoil nHGOPMAIUK C IIeJIbI0 €€ UCIOJIB30BaHUS MM PAa3PyNICHUs JOJIKEH
YCTaHOBHUTH (haKT HAJIMYMsl CUTHAJIA, TO €CTh OOHAPYXKHUTH ero. IIpu 3ToM HecaHKIMOHUPOBAHHBIH
JIOCTYI CTOPOHHEr0 HabJIo[aTessi BO3MOXKEH I[PH IOJHOM MM YaCTHYHOM 3HAHWUH [apaMeTpOB
CHTHAJIa WM OIpe/IeJIeHUH STUX [apaMeTPOB B XOJe HaOJIIOJEHNUs 3a CUTHAJIOM.

Huske mpuBeieH CPaBHUTEIbHBIN aHAJIN3 aJrOPUTMOB OOHapy»KeHusi curuasa (1) Ha done aj-
JIITHBHOTO TayCCOBCKOTO 6€JIOro IIyMa IpH Peasu3aliy CAaHKIHOHMPOBAHHOIO U HECAHKI[MOHUPO-
BAHHOTO JIOCTYIa K ITlepegaBaeMoil nadopManuu. B pesyibrare comocTaB/ieHIs IOPOrOBLIX 3HaMe-
Hnit orHomrenust curtas/mym (OCIII) npu cCaHKIMOHNPOBAHHOM U HECAHKIIMOHMPOBAHHOM JIOCTYIIE
BBOJUTCS HAPaMeTP CKPBITHOCTH, KOTODBIH JaeT KOJIMIECTBEHHYIO OIEHKY CTeIIeHH CKPBITHOCTH
nepeziaBaeMoii HHGOPMAIIUH.

Baauy o6HApYy»KeHHs curHaja chOPMYJIUPYeM B TEPMHHAX T€OPHH IIPOBEPKH CTATHCTHYECKUX
runores [1]. Tlogexur nposepke runoresa Hy : z(t) = n(t) — curnan orcyTcTByeT B HabIO-
naemoii peasmsanuu  (t), TpoTus mpoctoit ambrepHaTussl Hy @z (t) = s(t, ko, x0) + n(t) —
CHTHAJI TIPUCYTCTBYeT. 37ech n (t) — peasusanusi rayCCOBCKOrO 6eioro HmryMa ¢ OZHOCTOPOHHEH
CIEKTPaJIbHOMN MJIOTHOCTHIO Ny.

JI 7151 CHHTe3a IPHEeMHOTO YCTPOHCTBA BOCIIO/IL3YeMCsl METOIOM MaKCHMAaJIbHOTO IIPAB/IONON00HS.
CorIacHO 3TOMY MeTOIy, IIPHEMHUK J0JKeH (OopMHUPOBaTh JorapudM (yHKIMOHAA OTHOMICHHS
npasaonoxobust (POII) [2]

I CPaBHMBATDL €ro C IHOPOTOM C, KOTOPBIH OILpe/essieTcs! BBIOPAHHBIM KPHTEPHeM ONTHMAJIbHOCTH.
Pemenne 0 HaJWYUM CUTHAJIA IPUHUMAETCSI KOIJIa [OPOT IIPEBBIIEH, TO ecTh Lo > c.

BepositHocTy ommbok 1-ro pofa (oxKHO#T TpeBorm) ap # 2-ro poja (IpoIycka curHasia) (o
Haiizens! B [1]

a0:1—<1>( ° +Zm“"°>,ﬂozq>< = —Z‘“‘”‘”O). (3)

Zmax?0 2 Zmax0 2

Bnmecy 22, = 2a2Tmax/N0 — wMakcuMasibHO Bo3MoxkKHOe OCII, Tiax = Xmax — Kmin

MaKCHMAJIBLHO BO3MOXKHAS JJIMTEJIBbHOCTh CUTHANIA, 1y = \/ [l + [by + 1 ik, k= Tmae ! Toins Tmin =

z
Xmin — Kmax, b = (K'max - K/O)/Tmax: My = (XO - Xmin)/TmaXa o (.’E) = f €xp (_t2/2) dt/\/—%

—0o0
— HMHTEerpaJj BepOSITHOCTH.

KauecTBo obHapyskeHus 6yaem xapaxkTepusoarh noporossiM OCIIL zy (p), xoropoe obecre-
YUBaeT 3aJaHHBIA YPOBEHb BEPOATHOCTEH JIOXKHOII TPEeBOI'M M IIPOIyCKa CHI'HAJIa (g (B, 2m) =
Bo (¢, z0t) = p, TO €CTb zpt (p) ABISETCS PEIIEHHeM CHCTeMbl yDaBHEHHIt

ag (¢, z0t) = p,
{ Bo (¢, zot) = p- @

Vcnoab3ysa dopmystsl (3) HaiijieM U3 MepBOro ypaBHeHHsi cHcTeMsbl (4) mopor ¢
¢ = zotvpare® (1 —p) — Z(Q)tVQ/Q, (5)
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rze arc® (1) — dbyukuus, obparnas unTerpaty seposiTHocTH. IlomCTaB/ISIS BeIpazkerue (5) Bo BTO-
POe ypaBHeHHe CucTeMbl (4) U peluasi ero, noiy4aeMm mpu p < 1 /2 noporosoe OCIII B Buge

z0r = 2arc® (1 - p) /vy, (6)

Pacemorpnm Teneps acdextusHocTs 06HADYIKeHus curnana (1) cTopomHmM HabJIo1aTesieM, Ko-
FOPOMy HEU3BECTHBI MOMEHTBI IOSABJICHUs H HCYE3HOBEHNS Ko U X(. 1I0IEIKHUT IIpOBepKe TUITOTE3a,
Hy ¢ z(t) = n(t) nporus caoxmnoit ansrepuarussl Hj z (t) = s(t, ko, x0) + n(t). [pocreit-
=M CIIOCOBOM HECAHKIIMOHHDPOBAHHOTO A0CTyHa K IepejiaBaeMoil HHMOPMAIN IPH HEU3BECTHBIX
OMEHTaX IOsIBICHUS M MCYE3HOBEHNs! B/ISIETCS IPUMEHEHHe KBA3HIIPABIONONOGHOIO aIroOpHTMA
obuapyxenus. [Ipuemunx dbopmupyer sorapudy OOIT 1]

X
LX) = 3 / [ (1) — a/2] dt (7)

1% HEKOTOPBIX OXKHIAeMbIX (IIPOrHOSHPYEMBIX) MOMEHTOB MNOSBJICHUs K* M HCUIe3HOBeHHs X*.
*x x Lk
L™ = L(k* x*) (8)

# CPaBHMBAET €ro ¢ noporoM c. Pemenne o Hajuyuu curHaia IpHHEMAeTCS upu L* > ¢. Ha puc.
I mpescraBitena 6JI0K-CXeMa TaKOTO OGHADYKUTEJIS.

Y

: : H
O I x K {1 Py

Puc. 1.

3zech kmou K 3ampikaercst Ha Bpems [k, X*], a Bce ocrambHOE Bpems ocTaercs Pa30MKHYTHIM.
SsinesleHHbIe ITPUXOBOH JuHUEH Kimod K u unTerpaTop W 6ynemM HasblBaTh KOMMYTHPYEMbBIM
saTerpatopom (KU). Pemaomee ycrpoitctso PY cpasnusaer cchopMupoBanHnbIit Ha Bbixome KU
sorapucm @OII L* ¢ moporom ¢ u BEIHOCHT pelIeHue B II0JIb3Y OJHOU W3 IUIIOTES.

BepositocTn ommGox 1-ro poxa (ool TpeBorn) Qq # 2-ro poja (mpomycka currana) 3,
OTIpeNIeJIIOTCS BBIPAsKeHUSIMHI

ag=P[L* > c|Hy| =1~ F (c|Hp), (9)

Be=P|[L* < c|Hy| = F(c|H), (10)
e
F(z|Hj)=P[L* <z|H;], j =0;1

— dyHEKIUS pacupeenrenus caydaiHoN BemanHbl L* npu runorese H;. Cornacro (7), (8), Besn-
smHa L™ dopmupyercst kak JmHeitHOe mpeoGpasoBanme rayCCOBCKOTO CJIy4aiiHoro mporecca z (t),
#. CJIeN0BaTeNIbHO, SIBJISETCs rayccoBCKou. [lys momHoro crarmcruyeckoro ommcamus I* (8) mo-
FTATOYHO HAHTH €€ MareMaTHYecKoe OXKHJAHHWE U JUCIEePCHIO IpU 06enx rumoresax. Boriosmss
YCDeHeHNe, HAXOIUM

mo = (L* |Ho) = —220y (tx + iy + 1/k) (1 — 65 + 6%)/2 (11)
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my = (L* [Hy) = 2 (i + iy + 1/K) (L= 186 = 6x1) /2, (12)
D = ([L* = ()| Hiz) = 2 (i + ix + 1/K) (1= 05+ 5) (13)
rie 0k = (k* — ko)/(Xo — ko), dx = (X" — x0)/ (X0 — ko)

Ucnonszys (11) — (13), moxeM 3amucars (GyHKIUIO PACIpeje/eHus: TaycCOBCKOH cirydafiHon
BesimuuHbLl L* B BHIE

F(:E|Hj):<1><m\_/l%nj>. (14)

Honcrasnsas dysxmmo (14) B Bepaskenus (9) u (10), moxygaem, ¢ yuerom (11) — (13), BeposT-
HOCTH OIINOOK OOHAPYKEHHSI

aq=1—<1>( i +Z’“a""q),ﬁq:q>( = —Zm‘”"/qA>,

ZmaxVq 2 ZmaxVq 2

tne vy = /i T i T R T F5X =), A = (1— |6x] — [6x1)/(1 + x — 65).

KawecTBo obHapy»xkeHusi 6ymem xapakrepuzosars mnoporossiM OCII z4 (p), xoTopoe obecre-
4HBaeT 3aJAHHBIH YPOBEHb BEPOSITHOCTEH ommOOK oy (¢, 2qt) = Pq (¢, 24¢) = P, TO €CTb sABIAETCS
pelleHneM CUCTEeMBI yPaBHEHUIA

aq (C7 th) =D,
15
st iurs 19

Omnpenensa u3 nepsoro ypasaenust (15) nopor ¢ = zgvgarc® (1 —p) — zgtz/q /2 m moxcraBsis

ero Bo Bropoe ypasHenue, HaxoauM noporooe OCII zy; B Buze

darc® (1 —p) (1 + 6x — OK)
ve (24 0x — 6k — |0k| — |0x])

th =

KoJmaecTBeHHO cTeleHb CKPLITHOCTH curHasia (1) 6ymeM XapaKTepH30BaTh OTHOIIEHHEM

Y= Zt/Z(]t,

riae z; — noporosoe OCIII npyu HeCAaHKIMOHMPOBAHHOM JOCTyIlE K IIepeiaBaeMoil MHMOpMAIUH.
Ecsn cropoHHuil Hab/II0JATE b UCIIOIB3YET KBA3UIIPABIONONO0HbIH 00OHADYKHUTE/Ib, TO MapaMeTp

Zgt 2¢/1+4+ 6x — 0k
e B o . 16
P4 e 24 0x — 0k — [0K| — [ox| (16)

CKPBITHOCTHU UMEET BUIL

ITos0KuM, 9TO MCTUHHBIE MOMEHTHI NOSBJIEHNA U HCIE3HOBEHHSI PACIOJIaraloTCs IOCepe/inHe
CBOMX AIPUOPHBIX WHTEPBAJIOB BO3MOXKHBIX 3HaYeHHH (2), TO eCTb Ko = (Kmin + fimsx)) 20 =
(Xmin + Xmax)/2- IlocKOIBbKY O2KHaeMble MOMEHTBI MOSIBJIEHUs ¥ NCIE€3HOBEHNUS TaK2Ke IPUHaJlIe-
»KaT 3TUM HWHTEpBaJiaM, TO MOXKeM 3alucaTh

0k] < kni/(L+ k), [0x| < kny /(1 + k),

rae Nk = (Kmax — Kmin)/Tmax,MTx = (Xmax — Xmin)/Tmax — HOPMHPOBaHHbBIE JJIUHBI AIPHOPHBIX
HHTEepBaJOB (2) BO3MOMKHBIX 3HAYEHUI MOMEHTOB IOsIBJICHNsI 1 HcYe3HOBeHns curnaia (1). Ilpen-
[0J1aras, YTO WHTEPBAIbI BO3MOKHBIX 3HAUCHHII MOMEHTOB IOSIBJICHUSI W WCYE3HOBEHHs HMEIOT
OJIMHAKOBYIO JUIMHY 1), = 1y, = (k — 1)/2k, moyuaem

66| < (k—1)/2(k +1), [6x] < (k—1)/2(k+1).

Ha puc. 2, 3 npeacras/ieHbl rpaduKi 3aBUCUMOCTH TIapaMeTpa CKPBITHOCTH ¢q (16) oT §k npu
ukcupoBaHHBIX d) U OT d) IpU (DUKCUPOBAHHBIX JK COOTBETCTBeHHO. Bce KpHBBIe Ha pUCYHKaX
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paccuuranbl 1y k = 50, To ects |0k| < 0,5./0x| < 0,5. Kak Bugmo u3 puc. 2, 3 MakcuMasb-
=asi 3 HEKTHBHOCTb 0OHAPYKEHUS! JJOCTUIAEeTCs JIUIIb IPH COBIAACHUN OXKUIAEMBIX U HCTHHHBIX
MOMEHTOB IIOSIBJIEHUS] ¥ MCYE3HOBEHUsI, a M0 Mepe POCTa UX Pa3/IM9usl CKPBHITHOCTH IIepeIadn HH-
©DOpMaIuu BO3PacTaer.

IIycrb Tenepnb OKHMTaeMble MOMEHTBI IIOSBJIEHHS] U HCYE3HOBEHUS DACIIOIAIAIOTCS II0CEPE/THHE
SIDHODHBIX MHTEPBANIOB (2), TO ecTh K* = (Kmin + Kmax)/2,X* = (Xmin + Xmax)/2. Torma pac-
CTPOHKU 0K U §X MOXKHO IEepenucaTh B BUIE

2/1%_77K 2'u‘X_77X

0Kk = , Ox = — i
2(tim + i+ 17K)" X T T2t + i + 1/8)

[Tonarasi, 4To JJIMHBI ANPHOPHBIX HHTEPBAJIOB OJUHAKOBEI, TO €CThb 1), = ny = (k—1)/2k,
TOayHaeM BBIPaXKeHWsl JJIs TapaMeTpa CKPLITHOCTH (16):
- IIPU MUHUMAJIbHON JJINTEJIbHOCTUA PUHUMAEMOrO CATHAJIA

pg =V (1+k)/2,
- IIpn MaKCUMAaJIbHOM JJIUTEJIBHOCTU

g = v/2k/(k + 1),
- IPH K0 = Kmin,X0 = Xmin WIA K0 = Kmax,X0 = Xmax

0g=2(k+1)/(k + 3).

®q

Ox=—0,4

1.5 1.5

0,5 0 dx -0,5 0 Sy

Puc. 2. Puc. 3.

Ha puc. 4 CIIOIHBIME JIMHASIMI TIPEICTABIICHBI rPadUKK 3aBHCHMOCTH MAPAMETPa CKPBHITHOCTH

16) or k. KpuBasi 1 cooTBETCTBYeT MUHUMAJIBHON IINTEIHHOCTH IIPUHIMAEMOI'0 CUTHAJIa, 2
MAKCHMAJIbHOM NIMTENbHOCTH, 3 — CHIHATy C MOMEHTAMH IOSIBJIEHUS] U MCYE3HOBEHHUS Ky =
2=-X0 = Xmin WA Kg = Kmax,X0 = Xmax-

Rax BUIHO U3 pHC. 2—4 IIPU JOCTATOYHO GOJBIINX PACCTPONKAX OXKHIAEMBIX MOMEHTOB IIOSIBJIE-
i HCYE3HOBEHHSI OTHOCHTEJIbHO UX UCTUHHBIX 3HaUeHHH 3¢ (HEeKTUBHOCTH 0GHAPYKEHUST MOKET
AThCsl HEJOCTATOYHON, & CKPBITHOCTD IT€PEJAYN BeChbMa BBICOKOIA.

S sToil CBASKM PACCMOTPHUM BO3MOXKHOCTH DeAH3AIlMH HECAHKIHOHUPOBAHHOTO JIocTymna K

“1aBaeMoil MH(OPMAIK C TOMOIIBI0 MaKCHMAJIBHO IIPABJIONON06HOro oGHapys:kuTens. I1o-

SEHEMy, IOIUIeXKHT npoBepke runoresa Hp : z(t) = n(t) upoTHB CIOXKHON aJbTepHATUBLI
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Hi: z(t) = s(t, ko, X0) + 1 (t). CoryracHo MeToy MaKCHMaJILHOrO Ipasaononobus [1], mpuemHuK
dopmupyer sorapudm POII (7) 11s Bcex BO3MOXKHBIX 3HAYEHUH MOMEHTOB IOSIBJIEHUS U HCYe3-
HOBeHust (2), HAXOMUT ero abcomoTHbli (Hanbombmmii) Makcumym L = sup L (K, x) ¥ CPaBHEBAET
€ro ¢ IOPOroM ¢. B ciIyuae TpeBbleHns IOpora IPHHAMAETCS PelleHre O HaJuIuy curaajia. s
OIIpeie/IeHnsT CTPYKTYPhl MAKCHMAJIBHO IIPABIOIOLO0OHOI0 0OHAPYKHUTEIIs TlepenuiueM Jorapudm
®OII (7) B BUZE [3]

L(k,x) = /[a: ) —a/2) dt+—/[a} ) —a/2)dt

rie ty — TOUKA, IPUHAIEKAIast HHTePBATY (Kmax, Xmin)- LOT/a IPHEMHHUK MOXKET OBITBH peaJii-
30BaH B BHUIE OJIOK-CXEMbI DHC. J.

Puc. 5.

3aecy kommyTupyembie uaTerparopsl K1 u KM2 paboraioT B mHTEpBajaX BPEMEHH [to, Xmax|
¥ [Kmin, to] cooTBeTcTBenHO. JIUHUS 3a7€PKKI JI3 ocymmecTriisieT 3aep:KKy CUI'HaJIa Ha BpeMsl to—
Kin. Kimoun K 3aMBIKAIOTCS B MOMEHT BPEMEHH t = Xmax. Pelnalomniee ycrpoiictso PY cpaBHuBaer
C TIOPOTOM € CyMMY BBIXOJIHBIX CUTHAJIOB IHKOBBIX JeTeKTopoB II/] 1 BRIHOCUT pelieHue 0 HaJIU UK
CUTHAJIa IIPY [IPEBBIIIEHNH TI0POra C.

XapaKTepUCTHKH PabOThl MAKCUMAJIBHO IIPABION0I00HOI0 OOHAPY AKHUTE/IsS — BEPOSITHOCTH JIOZK-
HO{l TPEBOIU vy, U IPOITyCKa CHTHAIA (3, paccMaTpuBaiuch B padore [3]. BeposarHocTu ommubok
oBHApy2KeHHusT MOXKHO paccuutath 10 opmyaam (9) u (10), rae mox F (x |H;) monnmaercs Hafi-
nennas B [3| dyHKups pacupesiesieHns: BeJIMINHBI aOCOMIOTHOIO MaKCHMyMa, CJIy 4aifHOrO I0JId (7).

42 BECTHUK BI'Y. CEPUA: ®U3BNKA. MATEMATUKA. 2015. Ne 1




Ananaus CKpulmHocmu nepedauu npu UCNOAB306AHUU CU2HAN08 C HEUBECTMHHBIMU MOMEHMAMU. . .

Torza BepOATHOCTH JIOXKHOI TPEBOrM M IPOIYCKa CHrHAJA MAKCHMAJIBHO IIPABIONOI0OHOr0 ObHA-
DYZKHTEJIs ONpeieAoTCs BeipaskeHusivu (3], [5]

X

1 7T gl+§2—c/zm_zmax\/ﬁ) (€L €2 — ¢/ Zmax — Zmaxn/2)?
| ) o S e

[(I) (Zma.x 6727 > — exp (_§2Zma.x) P (eréax\/m_ i)] dfld&, (17)

Vix Viix
S olile clie ole o]
53— P [“Zhaxn/8 = Zhaxtin/8] / / / /exp
: o it 0 00O

(614 &3 — ¢/ zmax + 1M0%max/2) :l %
X [‘I) (zn;x\/nx — Hy + \/n—‘é.%#—x) — exp (—Zmax&l) @ (ZmTax Mx — Ky — 6_4>} X

X [<I> (—Zlgax\/ﬂ-i-

2n0
Tx — Hx

o (v )_exp<—zmax52>¢<%7“m—ﬁ)}x

oo J oo [ oo SR8 e [}

[51 tos - ijz_ma’; R 2} exp |22 (61— & + & — &) drdadbsds. (1)
o

2
w2e 1o = 1/k — pi — piy-
Kadecrso obuapy»xenus 6ynem xapakrepusosars moporossiM OCIII z,,;, koTopoe ompeiesieTcs

#3 DellleHNs] CUCTEeMbI yPaBHEHHT
{ am (c7 th) =D,

IBm (C, th) =Dp.

Toma ImapaMeTp CKPBITHOCTH Hepe,uaBaeMoi/‘I I/IH(I)OpMa,U,I/II/I pPaBeH
@Y = th/ZOt- (19)

Hucnennbie pacuerst o dopmyranm (6), (17) — (19) nokasamnu, 4To BeTIYHHA TAPAMETPA CKPBIT-
SOCTH HE 3aBUCHT OT TpeOyeMoro 3HadYeHHsl BEPOSTHOCTeH OMHMOOK p.

Ha puc. 4 mTPUXOBBIME JIUHUAME IOKA3aHBI 3aBHCHMOCTH mapamerpa (19) or k mpu Mumnu-
MATHHOM JJTUTE/IbHOCTH CUrHasia (KpuBas 1), MAKCHMAJIBHOM JUIMTEeNbHOCTH (KpuBas 2) W IpH
%0 = Kmin,X0 = Xmin WIA K0 = Kmax;X0 = Xmax (KpuBast 3). IIpn pacuere KpHBBIX IIpeiroJiara-
OCh. 9TO JIJIMHBI AIIPHOPHBIX UHTEPBAIOB MOMEHTOB IIOSIBJICHUS. U UCUYE3HOBEHHs OJMHAKOBBI, TO
ecT 1), = 1)y, = (kK — 1)/2k.

Kaxk BuzHO U3 puc. 4, npuMeHeHne CTOPOHHAM HabJII0aTe/leM MAKCHMATIbHO IIPaBJIOTOI0OHOTO
SOHADYIKATEINS] BMECTO KBAaSHIPABJIONOLOGHOIO IPUBOAUT K YMEHBIIEHHIO HAPAMETPA CKPBITHO-
©TH, TO €CTh CHUXKAeT CKPBITHOCTH NepejaBaeMoil nadopmaimu. Tem He MeHee IIPU OIMHAKOBBIX
STHOLIEHUSIX CHTHAJI/ITyM BEPOATHOCTE OIIMO0K OGHADY KEeHNs CHTHAJIA CTOPOHHUM HabJIOIaTeIeM
SEA3BIBACTCH CYIIECTBEHHO BbIIIE BEPOATHOCTEH OMMOOK HabIo1aTe st, KOTOPOMY apECOBAHO CO-
oOmeHne.
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A. II. Tpugponos, FO. 3. Kopuazun

CIINCOK JINTEPATYPBI

[1] Akumos I1.C. Teopust o6uapysxenus: curaasos / I1.C. Akmmos, [1.A. BaxyT, B.A. Boraano-
Bud [u ap.|; nox pexn. IT.A. Bakyra. — M.: Pagno u ceasp, 1984. — 440 c.

[2] Tuxonos B.A. Onrumansueii npuém cursasnos / B. W. Tuxomos. — M.: Paguo u cBssp,
1983. — 320 c.

[3] Tpudounos A.Il. OnruMasbHbI IPUEM HPAMOYTOJBHOTO UMITY/IbCa C HEM3BECTHBIMA MO-
MeHTaMu mosiBieHnss u ucdesnosenus / A.Il. Tpudonos, F0.9. Kopuarun // V3Bectus By30B.
Pamnodusuka. — 2000, T. 43, Ne 3. — C. 271-282.

[4] Baxapos A.B. Ouenka napaMeTpoB CKa4KOOOPa3HOTO CIyHYafiHOTO BO3MYIIEHHsl C HEM3BECT-
HBIME MoMeHTOM nosiBienusi / A.B. 3axapos // Becrn. Boporex. roc. yn-ra. Cep. ®usuka, ma-
remaruka. — 2008. — Ne 1. — C. 17-28.

[5] Tpudounos A.Il. CraTucrudecknue CBOACTBA BBICOTHI U MOJIOXKEHUsI abCOIIOTHOTO MAKCUMyMa
MapKOBCKOIO cirydaifHoro npomecca tuna Bamense / A.IL. Tpudonos, }0.9. Kopuarun, M.B.
Becnasosa // Bectn. Boponex. roc. yu-ta. Cep. Pusuka, maremaruka. — 2014. — Ne 4. — C. 54—
65.

REFERENCES

[1] Akimov LS., Bakut P.A., Bogdanovich V.A. et. al. Theory of detection of signals.
[Akimov L.S., Bakut P.A., Bogdanovich V.A. i dr. Teoriya obnaruzheniya signalov]. Moscow: Radio
and communications, 1984, 440 p.

[2] Tihonov V.I. Optimal reception of signals. [Tihonov V.I. Optimalnyi priyem signalov].
Moscow: Radio and communications, 1983, 320 p.

[3] Trifonov A.P., Korchagin Yu.E. Optimal receiving of the rectangular pulse with unknown
appearance and disappearance moments. [Trifonov A.P., Korchagin Yu.E. Optimalnyi priem
pryamougolnogo impulsa s neizvestnymi momentami poyavleniya i ischeznoveniya)]. Izvestiya vuzov.
Radiofizika — Radioelectronics and Communications Systems, 2000, vol. 43, no. 3, pp. 271-282.

[4] Zaharov A.V. Parameter estimation hopping random disturbance with unknown appearance.
[Zaharov A.V. Ocenka parametrov skachkoobraznogo sluchainogo vozmuscheniya s neizvestnymi
momentom poyavleniya]. Vestnik Voronezhskogo gosudarstvennogo universiteta. Seriya: Fizika.
Matematika — Proceedings of Voronezh State University. Series: Physics. Mathematics, 2008, no. 1,
pp. 17-28.

[5] Trifonov A.P., Korchagin Yu.E., Bespalova M.B. Statistical properties of height and
provisions of absolute maximum markov processes Bachelier type. [Trifonov A.P. Statisticheskie
svoistva vysoty i polojeniya absolyutnogo maksimuma markovskogo sluchainogo processa tipa
Bashel’e|. Vestnik Voronezhskogo gosudarstvennogo universiteta. Seriya: Fizika. Matematika —
Proceedings of Voronezh State University. Series: Physics. Mathematics, 2014, no. 4, pp. 54-65.

Trifonov Andrei Pavlovich, Doctor of technical
sciences, Professor, Honored Scientist of the

Tpugporoe Andpeti I[lasroeuy, dokmop mexnu-
weckux Hayk, npogeccop, 3acayorcennvil de-

ameav nayku P®, 3as8. xad. paduodusuru
BI'Y, 2. Boponesic, npopeccop kagedpov, paduo-
MEeTHUNECKUT NPUbOPos U GHMEHHBIT CUCTMEM
HHAY “M3H”, 2. Mocksa, Poccutickas Pedepa-
yuA

E-mail: trifonov@phys.vsu.Tu

Tea.: (473) 220-89-16.

Russian Federation, Head of the Department
of Radiophysics of Voronezh State University,
Voronezh, Professor Department of Radio
Engineering Devices and Antenna Systems of
National Research University «Moscow Power
Engineering Institutes, Russian Federation
E-mail: trifonov@phys.vsu.ru

Tel.: (473) 220-89-16.

44 BECTHUK BI'Y. CEPUA: ®USNKA. MATEMATUKA. 2015. Ne 1



Anarus CKpuimmocmu nepedauu nNpu UCNOAB30EAHUU CULHAN08 C HEU3BECTHUIMU MOMEHMAMU. . .

Hopwaeunw IOputi  dyapdosun,  doxmop
DUBUKO-MAMEMAMUNECKUT — HAYK, OOUEHM,
douenm xag. paduopusuxu BI'Y, 2. Bopo-
nestc, doyenm Kageopv. PaduomerHUNECKUT
npubopos u anmennwuix cucmem HUY “MIH”,
2. Mocksa, Poccutickas Pedepayus

E-mail: korchagin@phys.vsu.Tu

Tea.: (473) 220-89-16

Korchagin  Yurii  Eduardovich, Doctor of
physicomathematical — sciences,  Accosiate
Professor of the Departament of radiophysic
of Voronezh State University. Voronezh,
Associate Professor Department of Radio
Engineering Devices and Antenna Systems of
National Research University «Moscow Power
Engineering Institute», Russian Federation
E-mail: korchagin@phys.vsu.ru

Tel.: (473) 220-89-16

BECTHUK BI'Y. CEPUA: ®U3NKA. MATEMATUKA. 2015. Ne 1 45



