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Measuring signal parameters in wideband receiving and recording channels

Tre built-in system of parameter measurement for wideband (up to 512 MHz) receiving and recording channel of ra-
dio interferometer is considered. The estimation of measurement accuracy and the precision alignment ofgroup delays in
the receiving channel are investigated. In addition, this system provides the control of receiving channelfrequency response

and phase response functions.
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CeBepokaBKa3ckuii coniman MOCKOBCKOIO TEeXHMYECKOro yHuBepcuTeTa

CBA3N U uHpopmaTukn (PocToB-Ha-LoHY)
Jl. B. JaHnnoBa

PocToOBCKUIA rocyapCTBEHHbI YHUBEPCMTET NyTEl COObLEHNS

CBs3b pacnpegeneHns ormobatroLei
KBa3nUrapMOHMYeCKOro C/ly4aHOro npotiecca
C NOPOXAAKLLMM ABYMEPHbIM pacnpeaeneHmnem

PaccMoTpeHa MeTOAVKa MOAENMPOBaHUS CTaLMIOHapPHOIO CTy4aliHOro MPOLIECCa € 334aHHBIM ABYXMEPHbIV
pacrnpengeneHvieM. B OcHOBE MOAENMPOBAHUS NIEXUT UCMOMb30BaHNE KBAa3UAETEPMUHMPOBAHHOIO FapMOHUYe-
CKOrO KO/ieGaHvis ¢ 3a1aHHbIMM NapameTpamu. MoamdvkaLyield ykazaHHOTO KoneGaHusl yCTaHOBIEHA CBsi3b Xa-
PaKTEPUCTUNYECKOM (yHKUMN MOAE/M C33aHHbIM ABYMEPHBIM PaCrpee/EHVIEM.

FapmoHnyeckoe kosiebaHne, BepOATHOCTHOE MOAE/IMPOBaHMe, NopoXxaatollee pacnpeaeneHue,

xXapaktepuctmyeckas pyHKUUs
KBasnaeTepMMHMPOBAHHOE rapMOHUYECKOE KO-
nebaHune (FK)
y (t) =Acos (w/ +d), 1)
roeA, 1o, - cnyyaliHble BeMUMHBI C 334aHHLIMW M/10T-

WO (w), “~d(ap),

4aCTO WMCNOJb3yeTCA B TMpPaKTUke pagnoTeEXHUYECKNX

HocTAMK BeposiTHocTeld Wa (A ),

pacuetoB [1]. KonebaHne y (t) MOXeT 6bITb, Hanpu-

Mep, UCMO/b30BaHO [/11 BEPOATHOCTHOIO MOAENMPOBa-
HUSA CTaUMOHapHbIX C/yYaliHbIX NPOLECCOB MO 33daH-
HbIM OAHOMEPHOI MJIOTHOCTN BEPOATHOCTU LW, (X) WU
KoppensuyoHHor dyHkuumn (K@) Bx(T) [2]. He-
CKOMbKO MoanuLmpoBsas npotiecc (1), MOXHO Takke
obecneunTb Tpebyemylo ABYMEPHYHO M/IOTHOCTb Be-
poATHOCTK LY (X i, X2) A/ COBOKYMHOCTU cocen-
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HUX oTcyeToB {Xi =X(t), X2 =x(t +T)} craymoHap-

HOro cnyyaiHoro npouecca X(t). 3agaHHyl0 AOBY-
MepPHYI0 NI0THOCTbL BepoATHocTn (M B) 6yaem Hasbl-
BaTb MOPOXAAOLLNM pacnpeaesnieHnem.

B HacTOsen cTaTbe paccMOTpeH crnocob moau-
hukauum npouecca (i), Npyn KOTOpom obecrnevmBaeT-
cA 3aflaHHOe [ByMepHOoe pacrpeeneHune. Takke nc-
cnefoBaHbl BEPOATHOCTHbIE XapaKTeEPUCTUKN MOLENN
Ha nNpuMepe MOAENNPOBaHUA rayCCOBCKUX U Herayc-
COBCKMX C/lyH4aliHbIX MNPOLLECCOB.

OCHOBHble (PYHKLWNOHa/IbHblE COOTHOLUEHMS.
KsasupgetepmuHupoBaHHoe K (i) onpegenseT crayu-
OHapHbI cnyyaliHbli Npouecc NMpu ycnoBUU Hesasu-
CMMOCTM CAyYaliHbIX BeNnuuH A, 10, @ 1 Npu paBHO-
MEpPHOM pacnpefeneHn HavanbHoM asbl g Ha MHTep-
Basie [0, 2n] [2]. Mpwn aTom ycnosumn B [1] nosy4yeHsbl
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hyHAAMEHTa/IbHbIE COOTHOLLEHWS MeXAy pacrnpenere-
HMEeM MIHOBEHHbIX 3HaueHuii W (y) K u pacnpene-

neHvem ero amrmtygpl Wa (A), (A =>0), u3 Koto-

pbIX cnefyeT, YTO Xapakrepuctrnyeckas QyHKumsa (X @)
Qi (v) gnannotHocTn W, (y) v pyHKuma Wa (A)/A

CBsA3aHbl Napoii Npeobpa3oBaHmii dypbe-Beccens:

to

Wa (A)/A =] Q (v)JO(Av)vdy, 2)
0

Qi (v) :JO A Jo (Av) AdA, 3)

roe J q(0 - dpyHKums beccens HyneBoro nopsiaka.

CooTHoLleHus (2), (3) NpUHATBLI 3a OCHOBY MoAeN-
pOBaHNA CTaUMOHAPHbIX CyYaiHbIX MPOLECCOB MO 3a-

[aHHbIM W (X) v Bx(T) [3]. Mpwn aToMm npegnonaraet-
cd, YTo pyHKUMKM W (X), Wa (w) n Bx(T) asnawoTca
YeTHbIMM OTHOCUTENIbHO CBOMX aprymMeHTOB W onpeae-
NeHHbIMMW Ha 6ECKOHEYHOM MHTEPBASIE UX 3HAYEHWIA.
Koneb6aHue (i) nyTem HekoTopoli Mogudmkalmm
MOXEeT OblTb WCMO/b30BaHO M AN MOAENNPOBaHUSA
CnyYyaiHOro npouecca ¢ 3afaHHbIM ABYMEPHbIM pac-
npegeneHviem. C 3TOW Lenblo C MOMOLLLbIO COBOKYI-

HOCTU 3HadeHn {Xi, X2} chopmmpyem cnyyaHyto

BE/INYNHY BMNOa

R (XL, x2) =[(x2 +x2 - 2Pixix2V 11-P2(1 1, (4)
roe pi(T) sBNSeTcs NPOM3BO/MLHOW (PYHKUMEN, yao-

B/IETBOPSAIOLL, e COOTHOLLEHMIO |pi (T)|<i.
C nomoubio (4) chopMmpyeM cryyarHblii Npo-
Liecc Bnga

y (t) =R (xi, X2)cos(at +), 5)

B KOTOpOM orubawowas R (xi, x2) onpegeneHa no (4).

Onpenennm 3aKoH pacnpegeneHns cydaliHol Benu-
YnHbl R (Xi,Xx2) pns 3agaHHon asymepHoir MB. C

rnomoLLbio [4] nonyyunm

2n
W (R)=RcosplJ w [R cos(0 -p),Rsin0]dO, (6)
0

rae BBeeHO o6o3HaveHne cosP =i 1- p2(T).

BbipaxkeHue (6) MOXET ObITb MPeobpa3oBaHO B K-
BUBa/IEHTHYIO chopMy, ecnivi nepeitm oT MNB wy, (xi,x2)

K ABymepHoi X® Q2 (i, V2), csasaHHol ¢ MB npe-

obpaszoBaHnem dypbe [1]:

W (xi, x2) =1 (2n)2x
10 10

XJ J exP(-ivIxl- iv2x2)Q2 (vlLv2) dvidv2. (7)
-0 10

Mopctasus (7) B (6), Nocne HeKOTOPbIX Marema-
TUYeCKNX NpeobpasoBaHunii C y4eTOM MHTErPa/ibHOro
COOTHOLWeHuA [5]:

12n
— J exp{-iR[v cos(0 - p) +V2sin0_}d0 =

—or (T ™),

nonyymm
W (R) =R cosp/(2n)x

x'P P Q¢

-l0-0

2)lo [l?\j\r/%_-o-\é +2p iviv’\\Jdvidvz . (8)

Ha nnockoctn (vi, V2) caenaem Takke 3aMeHy

rnepemMeHHbIX Mo hopMy/iaMm nepexoaa K 0606LeHHbIM

nonspHbIM KoopAanHatam (X, a), onpeaensembiMm r3
COOTHOWeEHU y =Xcos(a +p); V2 =Xsina.

MprHUMas BO BHUMaHne COOTHOLUEHNS
dydv2 =XdXda cosP; vp +v| +2piviv2 =X2cos2p,

nepenuwem (8) B Buae
o]
W(R)=RIJF (2))0(Rz) zdz, 9)
0]
rae BBeeHO 0603HaYeHme:
12n

1 Q2

cos(a +P) zsina

Fi(z) = da. (10

cosP cosP

M3 (9) cnepyet, uto dyHkuma W (R)/R ecTb
TpaHcchopMaHTa ®Pypbe-beccens HyneBoro nopsaka
oT pyHKumn F i(z), onpeaeneHHol B COOTBETCTBUM
¢ (10). Ha saToM OCHOBaHMW MOXXHO 3aKNHOUYUTb, YTO
hyHKUMA F i(z) moxeT 6bITb HaliaeHa no dopmyne
obpartHoro npeobpasosaHna dypbe-beccens [i]:

tow (R)
Fk(z)=JW r
R
0]

1 0(Rz)RdR. (11)

ConoctasuB (2) 1 (9), MOXHO 3aK/IOUYUTb, YTO
hyHKUMA Fi(z) wrpaeT posb XapakTepuCTUYecKomn

npu yCnoBUN NAEHTUYHOCTU pacnpeaeneHunii:

Wa (A) =W (R). (12)



Mockonbky yHkuua (10) onpepaensetca ¢ ro-
MOLLIbIO McxogHom X® Q2 ( 1,V2), OHa BK/IHYaeT B

cebs BclO MHopmMauumio, coaepxallyrocs B 3a4aH-
HOM [BYMEpHOM pacrnpeneneHunn.

B [2] nokasaHo, 4TO cny4aliHbli npouecc B dhopme
(5) vmeeT 33naHHOE ABYMEPHOeE pacnpeesieHve, ecnm
OHO OTHOCMTCA K CreLymasibHOMY Kaccy 3/IMNTUYECKN
cummeTpuuHbixX (3C) pacnpegeneHvii [6], a Takke B
TOM c/yyae, Korga npowussosibHas yHKumsa P1(T)

y[0BneTBOpsAeT cooTHoweHuto PL(T) =px(T), rae

px(T)
CNy4yaiHOro npotiecca.

3TOT (hakT BbITEKAET M3 TOro, 4YTO ANA Kacca
3C-pacnpeaeneHnii Habn4aeTca MAEHTUYHOCTb (OYHK-
umii (12). Bo Bcex ocTa/ibHbIX Cyvasx Mogennposa-
Hue npouiecca B dhopme (5) obecneursaeT AByMepHOe
pacnpefieneHve ¢ TeM UK C UHbIM MPUBIMKEHNEM K

- HopMuMpoBaHHas K® paccmatprvBaeMoro

NopoXatoLLemMy pacrnpeneneHuio.
PaccMOTpUM HekOoTopble MPUMEpPbLl PacyeToB MO
(10), (11). NycTb 330aH LEHTPUPOBaHHbIM FayccoB-

CKWUI crnyyalHblii npouecc ¢ napaMmeTpamu S2,
r =/1(7), X® yHKLNs KOTOPOro nmeet Bua [1]

Q2(b v2) =exp vl +v2 +2rvae)  (13)

Mopcrasus (13) B (10), Nnocrie NHTErpnpoBaHns ¢
yyeTom [5] nonyuvmm

n
(c2z2 P1-r1
') . (14)
2 1-p2

( c2z21-P11N
"2 1-p2
rae la(9) - mogudmumposaHHas hyHKUMsA bBeccens

Hy/IEBOrO Mopsiaxa.
C nomolubio (9) MOXHO HailTu pacnpeneneHve

W (R) cnyuyariHoii BenuunHbl (4). Moactasus (14) B

(9), nveem:
W (R) = R 1-p2 exp R2(1-p14)
ca 1-r 2c2(1 - r2)
X| R2(pl-r) (15)
2c2(1 - v)

BbipaxkeHne (15) coBsnagaer Cc aHanoOrnyHbIM
BblpaXXeHueM, npusegeHHsIM B [4]. Mpn pl=rl (14)
1 (15) coOTBETCTBYIOT aH&/IOMMYHbLIM 3HAYEHUAM /151
rayccoBCKOIro rpolecca C pa/eeBCKUM pacnpenene-
HMEM OrmnbatoLLeN.

PaccmoTpuM fanee HeraycCOBCKui NpoLece B BUAE
KBasngetepMmuHuposaHHoro MK

YO (t) =4) cos(raOt+T ), (16)

roe A), HO) - pmkcupoBaHHbIE BEMNYUHLL, Y - CNy-

yaliHaa BenMYMHa, PaBHOMEPHO pacrnpefeneHHas Ha
uHTepBane [0, 2n].

X® npouecca (16) onpepensetcs [1] BolpaykeHEM

Qy ( .2)=Jal ((

a HopmMmupoBsaHHas K® po (T)

+\V2 +d v. cosmqt), (17)

=costO)T.

Mopacrasue (17) B (10), nocne maremaTUyeckmnx
npeobpasosBaHnii ¢ y4eToM [5] nonyymm

F (2)=

2n T
=2 n01Jq {Aaqz

M- plpo-(
1-p2

- Poj)cos2t (g

Mpu pl=po u3 dopmynbl (18) nonyunm Xo B

topve F (z) =lq (Aq2z),
norvnyHoin dyHkumm ns [1] ans npouecca (16).

PaccmoTpuM [Janee MpOLECC BblYMCAEHUI MO
(10) pna cnyyaiHOro nNpoLecca B BUAE CYMMbl:

X(t) =yO0(t) +n(t), (19)

COOTBETCTBYHO LLI,eI‘/’I aHa-

roe yo (t) - konebaHue Buga (16); n(t) - rayccos-
cknii wym (FW) c ancnepcuein cr 1 KoauULMeH-
TOM Koppenauum rl(t). CnyyaiiHble npouecchl yo (t)

n n(t) 6ygem cumTaTb CTauUMOHapPHLIMU N He3aBu-
CUMbIMU, NO3TOMY X® cymMmbl (19) paBHa npowvsse-
AeHvio X @ cnaraemblix:

Q2x( v2) =Q2y (VLv2) Q2n (
roe Qjy (vLv2) n Q2n(vlv2) onpegenswTca qop-

v2), (20)

Mynamu (17) n (12) cooTBETCTBEHHO.
3ameTuM, 4TO pacyeTbl No (9) ¢ yuyetom (20) And
cyMMbl (19) BbINO/IHEHLI B 06LLeM BuAe B [4]. MNoatomy

dyHkumA F (z) n3 (10) MOXeT 6bITb HaligeHa no dop-
mMyrne (11) npwn noacraHoske B Hee pyHkumn W (R)/R,
onpegeneHHon B [4]. Ana ynpoLeHns MaTeMaTnyeckux
BbIK/130K PaccCMOTPUM ABa KpalHVX Crlyyas 3adaHuvs
NPOW3BO/LHOM hyHKUMM P1(T), BXOAALLEN B (4):

p1(T) =cost0r; pL(T) =1 (T). (21)

Mopctasue (20) B (10), ¢ yyetom (12), (17) n
nepBOro paseHcTBa B (21) nocne BblYNCNEHUA UHTe-
rpana c noMmoubio [5] nonyuum

( crzzzljl.—p:l/fI

F (z) =exp
2 1-p2
(22 n
Trz pl-Tl
x1o P 1 0(A)2). (22)

1-p2



BbINOMHMB aHanormyHble BbIKNAAKA C YY4eTOM
BTOPOro paBeHcTBa (21), Hagem:

§2z2"

Fi(z) =exp
nan 11- pi i 2t
N - pipo - (pi - po) cos dt. (23)
2n 0 )0

1-p2

MonyyeHHble pe3ynbTathl (22), (23) cooTsBeT-
CTBYIOT paHee HalgeHHbIM copmynam (14), (18) un
CBOAATCA K HUM MPU COOTBETCTBYIOLLUX 3HAYEHUSAX
napameTpoB pi n A).

Ha ocHOBaHWM N3M0KEHHOTO MOXHO 3aK/I0UYNTh,
4YTO MOZEeNMpOoBaHWe CryyanHOro npouecca B dopme
(5) moxeT obecrneunTb WAEHTUYHOCTb OBYMEPHbIX
pacnpegeneHnii gna  knacca 3C-pacnpeneneHuin.
B ocTanbHbIX cnyyaax mogenuposaHue no (5) 3a-
K/0YaeTca B nNpeasapuUTe/lbHOM onpeaeneHnn pyHk-
umm Fi(z) no (10) n pganbHelwem onpeaeneHun

npeobpazoBaHua dypbe-beccenia no (9) Ha ocHOBaHUU
HampeHHon yHKunn. CoOTBeTCTBME  ABYMEPHbIX
pacnpegeneHnii npouecca (5) n 3agaHHoi MB moxeT
ObITb OLEHEHO C NMOMOLLbIO MHAOPMALIMOHHOIO KpU-
Tepwus, BBe,eHHOro B [3].
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The Connection of Distribution of Envelope of Quasi-Harmonic Stochastic Process

with Basic Two-Dimensional Distribution

The method of modeling of stationary stochastic process with given two—dimensional distribution is considered. The us-
ing of modeling of quasi-deterministic harmonic oscillation with given parameters underlies. By the instrumentality of mod-
ification the connection of characteristicfunction with given two-dimensional distribution is determined.

Harmonic oscillation, probabilistic modeling, basic distribution, characteristic function
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