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YIK 621.371.25
K BONPOCY O IJ1IYBOKHX 3AMHPAHHSAX KB CHTHAJIOB

B. A. Aaumos, JI. M. Epyxumoe

Ilomyueno BeIpa:keHHe AJs pacupefedeHus GJIyKTyauHii HHTEHCHBHOCTH 3a
JIKH30BOH HEONHOPOLHOCTBIO NPOH3BOJLHON (OPMBI B CIyyYae BHICOKHX H HH3KHX
ypoBHeil curiajia. Ha OCHOBaHHM 3TOrO pacmpeje’eHHs, a TaKikKe pacnpenese-
HUS QAYKTYauuil A58 MOACTH IIyaCCOHOBCKIX IIYMOB aHa (pH3MyecKas MHTep-
nperanysi TAyOokuM samupanusam KB cureda;on wa upuacpe ABYX cTaTHCTHUE-
CKHX Mofnesell HOHOC(EpH (MOAEeNH JUH3OBHIX H DAacCelBAaIOWHX HeOXHOPOX-
nocreit). ITokasano cooTBercTBHE MOAENH CTATHCTIYECKOIO KpaHa ¢ HOPMaJb-
HBIM pacmpeliesienreM ()ashl Ha 3KpaHe M ¢ rayccoBolf (QYHKUMeHl KOppesIHH
ee (uayxTyanuii MoNeJH JHH30BHX I'ayCCOBHX HEOZHOPOLHOCTEH € HEKOppelH-
POBAaHHBIME 11O OCSM KOODAHHAT (OKYCHPYIOIWMMH CBolicTBaM¥ (Ha mpHMepe
CpaBHEHIS ACHMNTOTHYECKOTO TOBEJeHIIA HHAEKCOB QJYKTyauu# curHana mis
3THX Mopeaeil).

CornacHo 3KCHepHMEHTaNbHEIM HCCHAe0BaHusIM (cM., Hampumep, ['])
IPH pacnpoCTpaHEHHH KOPOTKHX DPaJHOBOJNH B BOJHOBOJE 3eMJIsi — HOHO-
cepa BO3HHKAIOT 3aMHUPAHHUS CHIHAJA, BEPOSATHOCTb IOSBJEHMS KOTOPBIX
CYILECTBEHHO IpeBLIIIAeT OXHAAEMYI0 B COOTBETCTBHH C P3JIEEBCKHM 3aKO-
HOM, ONHCHIBAIOLIMM paclpefefeHHe AMIIHTYAB IOJHOCTBIO PAaCCesIHHOro
cursaja B 30He ®@payHrodepa.

B 1943 r. Hakaramu J1Js1 ONHCAHHS TaKUX NOJP3JeeBCKHX 3aMHpaHHH
TPEeNJIOKUT 3aKOH PaclpeeeHus .

QmmR2m—l
T(m)(C R* D)™

rne m == {IY[{I?Y — (I)®—nmnapamerp pacnpenenenusi, | = R?>-— un-
TEHCHBHOCTb NIPHHHMAaeMoOro curiana. Pacnpenenenue Hakaramu, K0BOJIb-
Ho xopomo onuchiBamoniee npu 1/2< m << 1 rony6oxkue 3aMHUPaHUS CHUTHAJA,
JI0 HacTOSIIero BpeMeHH NMPaKTHYECKH He NMOJYYUJIO HOCTATOYHO aJeKBaTHOH
($Hu3HUeCKOH HHTEPIPETALHH.

B pa6ore [2] Gbina mpeRnpHHSTA NONLITKA MOAYYHTh QYHKIHMIO pachpe-
IleJIeHHs], ONMCHIBAIONIYIO BHICOKHME YPOBHH CHI'HaJa, Ha OCHOBe IIpeicTrasJe-
HHS1 HEOIHOPOXHOT'0 HOHOC(EPHOro oSl B BUAE SKPaHa, CoJepKallero Kpyn-
HoMacmtaGuble «(doKycupyomue» HeogHopoxHoctu. Llemecoo6pasHocTh Ta-
KOTO IpEJACTABJEHHs COCTOHT B TOM, YTO C €r0 ITOMOIIbI0 IOJyYaeTcs P
Pe3yJIbTaTOB, KOTOPLIE MOTYT GHITb CONOCTABJIEHH (M, CJIEHXOBAaTEeNbHO, NpO-
BepeHni) ¢ Gosee CTPOTHMM pe3ysibTaTaMil AuQPaxkIHOHHOH TEOPHH paclpo-
CTpaHeHHs PaJMOBOJIH B CTATHCTHUECKH HeOXHOpoxHOM# cpeme [376].

B nacrosimesi pa6ote, sBasiomeiics NpoaoXKeHueM [%], MBI Ha OCHOBe
6osiee MOAPOGHOr0 aHaJM3a (PYHKUMI pacnpelleseHHsl CHTHaJa 33 CTATHCTH-
uecKOll JIMH30H MOKaxKeM, KaKUM 06pasoM C MOMOLIBIO 3TOH XKe MOJENH OfH-
caTb HapsiLy C BHICOKHMH YPOBHSIMH CHTHaJIa €ro IMIyGOKHe 3aMHpPaHHs.

Ipu nonyueHun pacnpellesieHuit 3a cTatucTHyeckuMmu Jjaunsamu (HER-
pacnpenenenus)-B [2] MBI HCXOIMIH H3 TIPHOJMIKEHHHIX BBIPAXKEHWH IJIS
MHTEHCHBHOCTH BOJIHB 3@ JIMH30H

P(R) = exp (— mRE(R?), (1)
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I(ry) = Lypexp(—rilg) + F(ry), (2
rue
Joy = 1 | % (k= 2)
[(1 — a)2-D?| 1 Vaty: (k=1

X0, Yo— KOODJAHHATHE TOUKH HaOJIONEHHS, OTCYHTHIBAEMBIE OT IEHTPA JHH3LL
H HOPMHpPOBAHHbIe Ha XapaKTepHuINl MacwmTtab jauH3bl L (k=2 coorBercTBY-
€T CIyyYalo OJHOMEepHOH, a k=1 — nByMepHO# H30TpONHO# Jsuu3e), F(ry) —
¢yHKuMsA, KoTOpas 6JH3Ka K HYJIO NpH 7z << 1, GBICTPO CTPEMHTCS K €IHHHU-
e Npu rr X 1; o= 2[/2r, 2r — QOKYCHOE pPACCTOSIHHE JHUH3H, Z — ee BHICOTa
Haj NJIOCKOCTbIO HAOJIOJeHus: (A5 caydas NafeHHusi Ha JHUH3Y MJIOCKOH BOJI-
Hbl), D — BONHOBOM mapamerp.

JLsisi HOpMaJIbHOTO 3aKOHA paclpefesneHust o ¢ pucnepcueii {a® ) = a
¥ PaBHOBEPOSTHOIO PacClpefieIeHNs EHTPa JIMH3Bl OTHOCHTENBHO TOYKH Ha-
6monenus (P (o) =const, P(ro) ~ro, ro=V xZ+ y2) cormacno [?]

p—(3—1)

2

1 dx 1

Py = R(%, o) (3
® 4R Omayl 5‘ x@+H)/ T — xkD? (Vl in(x/]) I)k-12 (%, o) (3)

npu It < D2 n P(I) =0 npu I* > D2,
(x#2 4-(—1) V1 —x*D?)? ]

i=1

2 4R
2adx

IMpu DK 1 ul 221 u3 (3) caenosaso, uTo

2
G, 1 I I s ol Gl V4 ~k 4
P = Vana, 12772 Eexp[ 02" ] (/<D=%) )

u P(I)=0, ecntu IZxD~%*, Tlpu stom </} =1, a cpenuuit kBaapar Qayx-
Tyauui UHTEHCHBHOCTH 1pu S3 = a2/D? > 1

Ins?  (k=2)
Vs (k=1

Bripaxenue (5) Zgs OXHOMEPHOR JIMH3BL COINIACYETCS C COOTBETCTBYIC-
IMM aCHMITOTHYECKHM BHIPajKeHHWeM JJjsi 02 3a XaOTHYECKUM ONHOMEPHHIM
sKpaHoM (¢ rayccopoil ¢pyrkuueil Koppenanun (aykryauui ¢asel Ha dKpa-
He) mpu ng D~1 u s} > 1 [*F]. Bmecte ¢ TeM, Juisi JBYMEPHOrO CTaTH-
CTHYECKOTO KpaHa B OGJACTH CTATHCTHYECKOH (OKYCHPOBKH Vs:D~1,
TaK e KaK ¥ Jus ofHOoMepHoro, o2~In s} [%6] mpu s2>>1, uro, kaK BUIHO
u3 (5), oTaimuaercs OT ciayyas ABYMepHOH M30TPONHOM JIHH3HL.

[Mpuunny TAKOro pasjuyMsi MOXKHO NOHATH caeaylomum obpasom. Ilpu
noayuenun HER-pacnpenesnenus (4) 3a 1ByMepHO# snuH3oH (k=1) Mbl CuH-
TaJI{, YTO HHTEHCHBHOCTb Ha OCH jiHH3bl mpu D —0 paBa (1 —a)~% 3ro,
OUEBHIHO, HMEeT MecTO, ecii (GOKycHpYIOmHe CBOACTBA JHMH3H IO OCAM X
¥ Y [IOJHOCTbIO KOppenaupoBansl. Bosee obmee, yem (2), BhIpaXeHHe HHTEH-
CHBHOCTH, TIPH X M Y MEHbIIEM Wi MOpsANKa L, uMeer BHA

Ry(x, o5) = exp [—

i=1

sg=(<12>—-1)~{ (5)

I= 11, = Ijexp(—x*§ ), exp(— I3,

(2a)

rae nipu Dy~ D, =0
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-1 o1
I1—a,] ¥ 1=,y

Hs (2a) moxHo nmosyunth pacnpesenense P B sume (1), saBucsiiee oT
napamerpos a3, <a§> U KO3(p(PHIHEHTa KOPPENsUUH P MEXIAY HHMH.
Ilpu srtoM, xax mnokasaHo B IIpuaoxeHuu, ecnu p==1, MH IONy4YaeM pac-
npenenenne (4) ¢ k=1, B To BpeMa kKak 1A p=0 ¢opma pacnpeneseHus

P(I) 6nuska k pacnpefe/eHAI0 HHTEHCHBHOCTH 3a OAHOMEPHOM JIMH30, H B
3TOM cayyae

ox

a~Ins} (VsID=1, p=0). (5a)

Taxum 06pasoM, Mbl MOKeM JONYCTHTb, YTO MOJEJDL M30TPONHOIO CTATHCTH-
4eCKOro KpaHa ¢ rayccoBoil pyHkupeil koppeasnuil (assl Ha sxpane [ ©]
B 06J1aCTH TeOMeTPHYECKON ONTHKY SKEHBAJEHTHA JIH30OBLIM HEOXHOPOJHO-
CTSAM C HOPMaJbHBIM pacnpelesieHHeM & ((asbl) H ¢ HeKOPPeJHPOBAaHHLIMH
3HQYEHHAMH @, H @y TlocieqHee, KaK JIETKO MOHATb, MOXKET HMETb MeECTO
B cjydae, KOT/la TOJIMHA SKPaHa CYIIeCTBEHHO G0JbINe XapaKTepHOro Mac-
mtaba HEOXHOPOMHOCTH (pajuyca KOppeJsiiHH) BAOJb OCH 2*.

‘B mpakTuke HoHOChepHOro pacnpoctpaneHus BoaH KB auamasona
ONpeNeNsoIYI0 posib B GOPMUPOBaHHH (askl CHTHajJa MOTYT HrpaThb 06aa-
cTH, GNU3KHe K TOUKe OTPaXKeHHs. B 3TOM ciyuae MoAesb «TOHKOro» ¢aso-
BOTO 5KpaHa, OMHCHIBaeMas pacupeneienneM (4), MOXKeT oKasaTbcsi Goaee
afleKBaTHON. DKCIEPUMEHTANbHOE H3YyUEHHe 3TOr0 BOMPOCAa MPENCTABJISIO
6bl, Ha HAW B3TJISL, ONPeeNeHHbIl HHTEPEC.

TlepeiineM Tenepb K BONpOCY O IVIyGOKMX 3aMHpaHHAX CHrHajxa. B pam-
Kax paccMaTpHBaeMOH MOJENH TaKHe 3aMHPaHHs JONXKHB OBITb CBSI3aHBI
W60 ¢ KOHIEHTpauued HHTEHCHBHOCTH BOJHBI B (DOKAJNBHON IJIOCKOCTH
B [ISITHO, PAacHO/IOKEHHOe Ha OCH JHH3H (cM. (2)), iu6o ¢ nedoKyCHPYIOMHM
neficrBuem JuH3BL, HerpyAHo y6enutncs, uto adderrom nedOKyCcHPOBKH
Helb3st OGBSACHUTH JOCTATOYHO TIayOOKMe 3amupaHud. JleHCTBHTENbHO, KaK
BUAHO H3 (2), Majble 3HAUEHHsT HHTeHCHBHOCTH BOJIHBI HMEIOT MeCcTO B CJy-

. . ds =z 1 s
yae Goabmux 3Hauenmii «. Ho mapamerp a = 2kyl— ~— — —~18/6,,

ox2 Il ky I
rne 6, B 0O, — COOTBETCTBEHHO YIJIOBHIE PasMepHl HEOXHOPOLHOCTEH H YroJ
pedpaknun BomHbl. TakuM o6pasoM, mpu e >>1 BKiaaj B Habai0faeMylo HH-
TEHCHBHOCTb GyAyT BHOCHTb IOJI OT Pa3HHEIX HeofpHopopHocTefl. ¥I3BecTHo,
OJIHAKO, YTO B 3TOM CJIyyae IoJie BOJHLI B TOUKe NpHeMa (KaK cyMMa MHOTHX
HeKOppeJMPOBAaHHLIX NMOJeH) GyleT pacnpefeseHo O HOPMaJbHOMY 3aKOHY,
a gacnpeneneﬂne aMIVIATYIbl BOJNHBI — IONUMHATLCA PIJEEBCKOMY 3aKOHY
(sz>1). Ecan Xe I0ONyCTHTh HErayCCcOBY CTAaTHCTHKY B PacnpeieleHuu ne-

doxycHpPYIOUIMX HEOXHOPORHOCTEH MO 3KpaHy, HaNpHMep Malylo <IHOSBJSe-
MOCTb» TAaKHX JIHH3, TO TPYAHO NOJYYHTE B cpefHeM H TpeGyeMyio GOJbIIYIO
BEpOSITHOCTb NOSIBJIEHUsI IIyGOKHX 3aMUpaHUi.

EcrecTBEHHO MO3TOMY MOMKITATbCA MOJNYUYHTH paclpelefeHHe TIyOOKHX
saMupaHuil IpH @, ~ 1, Koraa oCHOBHEIM 3¢ dekToM fApasercs 3dderr Goky-
CHPOBKH HanydeHHs. [l 3TOro HeOGXOMMMO, OUEBHIHO, 060GIIHTD MONYYeH-
uoe B [2] HER-pacnpenenenre ans (GaykTyaluii CATHaia 3a JMH30BOH He-
OHOPOJHOCTBIO Ha caydail Manux uHTeHCHBHOCTeH (/ <<1). CoorBercTsyio-
muit BuiBof o6o6mennoro SER-HeR-pacnpenenenuss ¢aykryanufi HHTeH-
CHBHOCTH 3a JIWH30[, OIICHOYHO ONMCHBAIOIETO HHU3KWe H BHICOKHE YPOBHH

* KcraTH, HMEHHO B 3TOM CJyuae, He3aBHCHMO OT 3aKOHAa pacnpefeseHuss ¢asu
BOAHH B Mpenenax OXHOA HEONHOPONHOCTH, pacnpeneneHne (asx Ha 3kpane OyAeT ONMHCH-
BaThCH (B CHTY UEHTPANBHON NpefeNbHOM TeOpeMbl TEODHH BePOSTHOCTSH) HOPMAJBHLIM S3a-
KOHOM.
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curHaza, faercs B IIpuoxkenud. 3/ech MBl KPaTKO NPOKOMMEHTHPYEM IO-
JIy4eHHble Pe3yJIbTaTHl.

Bupaxenne pns SER-HER-pacupejenendss mpH MajbX YpPOBHAX
CHrHaJia 32 JIMH30BOH HEOJHOPOXHOCTBIO MMEET JIorapu(MHIECKyI0 0COGeH-
HocTh (P (/) ~I7! mpu I<1). dra ocoGeHHOCTb OGYCIOBIEHA (H3UYECKOH
uleaju3alues, HCIIOJb30BAHHON NPH peileHHH 3anxaud. HmeHHo, MBI moJa-
Fajiy, 4YTO HEOXHOPOHNHOCTL MMeeT ()OPMY 'TOHKOH HAeaJbHON JWH3HI (Ges-
abeppanuonHoe npubamKenne). Hammune aGeppanuii B peasbHOil HoHOChED-
HOM JIMH30BOH HEOMAHOPOAHOCTH, eCTECTBEHHO, NPHBEAET K YCTPaHEHHIO JIOra-
pHpMHUUECKOH OCOOEHHOCTH, TAaK YTO 3aKOH pacHpelesIeHHsl HH3KHX YPOBHeH:
CHTHaJIa 3a JuH30# Oyner uMerh npu /<1 acamnroruky P(I) ~I-* (0 <
<aex 1)

B Ilpusoxenuu NmOJyYeHH NPHOJHXKEHHBIEe BHIpaXKeHHs AJs pachpefe-
JeHus: QAyKTyauuii CHTHaJa 3a JHH30H B CjydYae MaJjibiX 3HaYeHHH BOJIHOBO-
ronapamerpaD (D<1). Ilpu ¢uxcuposaruom snauennn D (D ~1) artu pac-
npefesieHus] MPaKTHYeCKH He H3MeHs0Tca. Mcnoap3ys BX, MOXHO paccMoOT-
perb 3anauy o SER-HER-pacnpenenenun ¢ayxkryauuii aMmiuTygsl CHr-
Haja 3a N nuH3aMH. B npenanoso:xkeHHM paBHOBEPOSITHOTO paclpeleseHHs
daykryanuii ¢a3 oTAenbHEIX Jyuedl (CHTHAJNOB OT OTAENbHEIX JHH3) B TOUKE
NpHeMa peIleHHe IOCTaBJeHHOH 3aJaud CBOAMTCA K BBIMHCJEHHIO CJIeRYIO-
mero uHTerpana [7]:

P(R)=R of(of P(r)Jo(rs)dr)”sJo(sR)ds. . (6)

IIpoBonss ¢ momompio (I1.9a) euumcaenus (6), Jerko T0KasaTh, UTO YyKe
IIPH CJIOXKEHHH B TOUKe IIpPHeMa CHTHAJIOB OT YeThIpeX JIMH30BHIX HEOXHOPOA-
HOCTell pesy/abTHpyIOLLee pachpeleneHne OyneT NPHOMHKATBCA K pajieeB-
ckomy (P(R) ~R), a npu MeHbIeM YHCJIe HEOJHOPONHOCTel OHO ONHCHIBAET
MOAp3/eeBCKre 3aMupanus curnanos (P(R) ~ R, |a;| < 1).

Ecau e B TOUKe HAGJIONCHHS HPOHCXONHT CJOXKEHHe HHTEHCHBHOCTH
CHTHAJOB OT JIMH30BOI HEOJHOPOXHOCTH H CHTHAJIOB, PACCeSTHHBIX Ha MeJKO-
MacmTabHLIX HEOXHOPOXHOCTSX HOHOCKEpH], ~ P3JeeBCKHM pachpeleseHHeM
daykTyauuit, T0, MCHOIb3ysS HSBECTHHIE COOTHOIIEHHS TEODHH BEPOATHOCTEH
{7] = (I1.9a), ZoBOMBHO MPOCTO MOMY4HTh, uTO B 3ToM ciaydae SER-HER-
pacupefesieHue HH3KHX ypoBHefi curiana OyleT IOZOOHO pacHpelesNeHHIo
Hakaramm npu m=1/2 (P(R)=const(R)).

OnpeneneHublii HETEPeC C TOUKH 3peHHS OODBSACHEHHS IOAPINEEBCKHX
samupannii KB CHrHaJOB NpeJCTaBJfeT, KpOME TOrO, U TAaK HasbiBaeMBblil
caydai BTopuuHO# craTHCTHKE. OH COCTOMT B ciefyiomeM. 30Ha (HOPMHPO-
BAaHHSI OTPAXKEHHOrO0 CHrHaja B HOHOC(epe MOXKeT, BOOOUIEe rOBOpsl, HMETh
ONHOBPEMEHHO H JIHH30BYIO M MeJKOMacimTabHyl0 HEOLHOPOIHYIO CTPYKTY-
py. IIpu sTom MenkoMaciiTabHas CTPYKTYpa, B CHIY CBOeHl AMHAMHUKH, OyAer
onpefeNsiTh IepBHYHEE, GBICTPEe (IIYKTyaluH OTPAXKEHHONO CHTHAIA,
a nuH30Bas — Gojiee MejJeHHBle (JYKTyalliH CHTHajga. B 3THX yCJIOBHSIX
NoJie CHUTHaJsa B TOUKe 11aGJI0feHHsI MOXKHO NpPeACTaBHTb B BHJe IIBYX cjara-
eMBIX:

3

E=[1—exp(—sY2)|E; + exp(— s%[2)E,,

rae E,, E;— cocTaBasiioliye NoJsi, ONKCHBaKmKe (QJIYKTyallHH CHrHazna 3a
cueT MeJKoMacmTaGHOH ¥ JHH30BOH CTPYKTYP HOHOC(EpH COOTBETCTBEHHO,
2 — cpelHeKkBaApaTHUHEI} HaGer (asbl curHaua B CJIOe C MeJaKOMacmTat-

HLIMH HeofHOpOZHOCTSMH. MckoMoe pacmpefenenue GaykTyanuil aMIiuIuTy-
Abl Pe3y/IbTHPYIOLIEro curuasna Gyner uMeTh BHX [']
(o)

P(R) = 6‘ P(R, R,)P(R,)dR;. )]

-
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3necs P(R, R,) — pacnpefenense ObiCTPbIX GIYKTYaUHii AMIUIMTYABI CHF-
Haja (Ipu OTCYTCTBHH (QJyKTyalui JUH30BOI CTPYKTYPH OTpaxaiomeii 06-
Jacti). Mer 6yfeM mosarath ero paiicoBckum [!]:

R+ R}

P(R,) — pacnpeneneune sa auH30i (cM. I1.9a), Ro=exp(— s2/2) Ri=
=aR1.

B ofmem Bupme Bhiuucaerus no gopmyJie (7) nposectu He yraercd. Ilo-
3TOMY Mbl OTPAaHHYHMCSl PACCMOTPEHHeM JABYX NpejeNbHBIX CAYdaeB: MajibiX
U GOJbIIMX BO3MYyIIeHHH (asbl OTPaXKeHHOTO CHTHaja 3a cueT Mejakomac-
mTaGHBIX HEOAHOPOAHOCTEH HOHOChepHOTO cost (S2L 1 u s23> 1). Jlerko

BHJETh, UTO B IIEPBOM Cayuae (npn 2 L 1>P(R, Ry) =~ —13— exp (— R?/2¢%),
g e}

u u3 (7) uMeeMm P(R)zgz—exp(—Rz/ch) (paneeBckoe pacmpefesieHiie
[*)

daykryauuit). B npyrom JIPENEMLHOM  ci1yuae (npu afs>1), P(R, R)) ~

~ ———exp| — =t
V2'n:c

5o2 , noayuaeM [3]
v)

P(R) = —S 11— aexp( — R\ Dus (R)5) ®)
]/% a” ! 452 ) ’

rie Dp(x) — byukuua napaGoamueckoro unumauuapa. Ilpu Rfs <1 us (8)
o tenakhs on 2

umeeM P (R) =~ const exp (—2——2->, T. €. B 9TOM CJiyyae CTaTHCTHKAa HH3KHX
3

YPOBHEll IPHHUMAEMOro CHrHajaa MpUGJIMKEHHO onHchiBaeTcd m = 1/2—pac-
npenenennem Haxaramu, ssasomuMcs yacTHbiM —cayuaeMm SER-HER-pac-
npeznenenus. B nporuBonosoxkHOM ciydae R/o>>1 (s—-0), Hcnonb3ys acum-
nrotuky Dp(x) [®], mnoaysaem P(R)~ C,;/R* — SER-HER-pacnpenee-
h¥e aMIUIMTYAB MaJbBX YPOBHeH CHTHaJa 3a OJMHOYHOH JIMH3O0MH.

TaxuM o6pa3om, MPOBENEHHBIN aHAJH3 MOJENH JHWH30BHIX HEOJHOPOX-
HOCTeil HOHOC(ephl, a TaK¥Ke Pa3JUYHHIX ee MOAMGDHKAUMH HarJsIHO HJIIO-
CTPHPYET OfHY H3 BO3MOXKHBIX NPHYMH, 06yCJAOBIMBAIOMUX TayOOoKHE 3aMHu-
pasusa KB curzamoB npH «CKauKOBOM» MeXaHH3Me MX PaclpOCTpaHEHH —
¢dhoxycupymouiee CBOHCTBO HOHOCHEPHBIX HEOZHCPOLHOCTEH.

JpyruM mpuMepoM CTAaTHCTHMKM, NPUBOAALIEH K IryyOGOKHM 3aMHPaHHIM
CHTHAJIA, MOKET CAYXKHTb MOJAEJb HMIYJAbCHOTO NyacCOHOBCKOro myma [°].
PaccMOTpUM OCHOBHBIE CHOCOOBI peasH3alyd 3TOH MOJENH B IPaKTHKE
HOHOC(EPHOT'0 pacnpoCTpaHeHHs PaLHOBOJH.

IlycTh npueM CHIHAJIOB OCYLIECTBJAETCS Ha AOCTaTOYHO Y3KOHAIpaB-
JICHHYIO aHTEHHY, a HOHOcdepa HMeeT 00siauHyl0 CTPYKTYPY C PE3KO BhIpa-
JKEHHBIMH PacCeMBAIOLIUMHU OGJACTIMH, KOTOPbie 4epelyIoTCs C OTHOCHTEJb-
HO TJaJKHMH ciaabopaccenBaiolluMu paiioHaMu. B 3Tom caydae curhad,
NPUHEMAeMblil OT pacceMBalouux objacrei, 6yleT UMeTb OYEeHb HE3HAUH-
TesbHYI0 HHTeHcuBHOCTb. CorsacHo [!°] mpuHEMaeMasi MOIIHOCTb paBHa

P, = (1/4k2 4+ 1)P,,

rne Ry==h/lzp— OTHOMIEHHE XAPAKTEPHOTO pasMepa aHTeHHHI K CpeAHEMY
MacmTaby HeOJHOPOLHOCTH NOJsI Ha BHIXOJe HOHOC(epHOro ciosi, Po— npu-
HHMaeMasi MOLIHOCTb CHIHAaJa B OTCYTCTBHe HeomHopoxHocteidr. Ilpu ky>>1,
0ueBHAIHO, Ps < Po. B 5THX y¢JIOBHSX NPaKTHUECKH 3HaYHMbifi curxas 6yner
Ha6/1I0aThesl JIMIIb NPH OTPAXKeHHM OT OTHOCHTENbHO IJIA/IKUX pPaiioHOB
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HOHOC()EE! ¥ CTAaTHCTHKA NPUHHMAeMOro CHIHANa, B KOHEYHOM cueTe, GyLeT
ONPEeAEATLCA CTATUCTHKON 3THX o6JacTel.

IIpennonoxum, 4T0 BEPOATHOCTL NOSBMEHHS «IVIAAKOM» OTpaxkalomiedt
00s1acTH B AMarpaMMe HANPABIEHHOCTH NPHEMHOH aHTEHHH NMOLYHHEHA 3a-
xony IlyaccoHa c mapamerpom v7T (v—cpeaHee umcao obaacTei, npoxo-
ASAIUX yepe3 NHarpaMMy HANPaBJACHHOCTH B eNHHHIY BpeMeHH, T — HHTep-
Basl HaGJIIONIEHNsT) ; XapaKTePHOe BpeMsi CyIIeCTBOBAHHS ONXHOH TAKOH «IVIaj-
KOil» MOBEPXHOCTH B PacTBOPe NPHeMHOH aHTeHHH —B~'; BpemeHa mpuxona
H_(assl CHIHAJIOB, OTPaXKEHHBIX OT PA3JHYHBIX HEOLHODPONHEIX <«IVIALKHUX»
obsiacTeit HOHOC(EPH], HMEIOT PaBHOBEPOSITHOE paclpeliesieHHe, a pacipese-
JIeHHe aMIVIATYZ 3THX CHIHAJIOB NOXYHUHAETCS 3aKOHY

r r
P() = —— K, )
Vr’ V7
rae Ko— ¢ynxuns Maxnonansna. Torxa no ananornu ¢ [°] umeeM mist Be-
POATHOCTH aMINVIHTYIH NPHHAMAEMOro CHrHaJa

2 ( R\ ' R
PR = -_— —Y " }e
R = Gymrozmr, \Ro) Kire (Ro)

3xecb I'(x) —ramma-dpynkuus, Ry = V(B/2v)ﬁ.

ITO pacnpejeseHne [03BOJSIET ONUCHBATD W IMy6OKHE 3aMUDaHHs CHI-
HajnoB. JlefictBuTeNIbHO, B ciydae v/@ =1 (npakThuueckH AMCKpeTHas mocie-
HOBaTEeNbHOCTb OTPAXKEHHBIX CHTHAJOB), HCIOJb3ys H3BECTHOE IpeACTaBJe-
Hue aas Qynxunn Kip(x) [®], umeeM cooTHomenne

PR~V 2P exp(— V2RIV F),

KOTOPOE C TOYHOCTbIO O MHOXKHTeNS NOpsAKAa €IMHHIB COBNANAeT C pac-
npexenenneM Hakaramu ass m=1/2 npi HU3KHX YPOBHSIX CHIHaJa.

Caenyer 3aMeTHTb, UTO CYLIECTBEHHOH JAETAJbi0 B PACCMOTPEHHOM IpH-
Mepe SIBJISieTCS OTPaHHYEHHOCTb pacceHBalomux obaacreil. VIMeHHO, HCnob-
30BaHHE CTAaTHCTHKH CHIHAJOB, OTPAaXKeHHBIX OT OTPAHUYEHHBIX <«IVIAKKHX»
paiioHoB HOHOCdepHl, B popMe MOJeNH NyacCOHOBCKHX WIYMOB H IO3BOJSET
IOCTAaTOYHO KOPPEKTHO OOBACHHTL IyOokue 3amupanus KB cursanos. Bme-
CTe ¢ TeM, COBEPIIEHHO OYEBHIHO, YTO OTPAaHMYEHHOCTb PaCCEHBAIOLIHX 00-
JacTell HOHOCdepH MoxeT ObITb 06YCJIOBJE€HA He HalPaBJAEHHBIMH CBOMCTBA-
MB aHTEHH, a fBJATbCA CACACTBHEM eCTeCTBEHHHIX Ie0()H3UUYECKUX YCJIOBHUIL.
Tak, HanpuMep, Ha BHICOKHX INMPOTax O0JacCTH BO3MYILEHHH HEOLHOPOXHOI.
CTPYKTYphl HOHOC(EpHI, BHI3bLIBAEMbIX KOPNYCKYJASPHBIMYE IIOTOKaMH, MOTYT
HOCHTb pPe3KO BBHIpaXKeHHBIl JOKaJAbHEI xapakrep. Kpome ToOro, B camux

THX 06JIaCTSX YCJIOBUSI BO3MYUIEHHOCTH MOHOC(EPHl MOTYT MEHSIThCH B HIU-
PCKHX mpelenax (OT CHJIbHBIX 0 BeCbMa MaJjbix Bo3MmyuleHuil). Ecnu 3tm
cnyuaiiHble H3MeHeHMs (MOSBJSEMOCTb OTHOCHTEJNBHO TJIafKHUX obsacteil)
COOTBETCTBYIOT pacnpefesenuio Ilyaccona, To cratucruka KB cursanos, or-
paxeHHBIX OT Takux o6sacrefi HoHOc(epbl, 6yAeT XapaKTepH30BaTCs pac-
CMOTPEHHO!l Bblllle MOJEJbI0O IyaCCOHOBCKHX INYMOB, ONMHCBHIBAIOILEH B JaH-
HCOM caydae riy6oKHe 3aMHPaHHs 3THX CHTHAJIOB.

K Mopmenu nyacCOHOBCKHX IIYMOB MOXKeT, BOOOLIe TOBOPS, CBOLHUTHCS
H cayudai paccesHusi (orpaxkenne) KB currana ot oTHeNbHBIX, H30JHPOBaH-
HLIX HEOZHOPOLHOCTel 3JeKTPOHHON KOHIeHTPALHH NpHu paGoTe CTaHUUH Ha-
KJIOHHOTO 30HAMPOBaHUsS HOHOC(epH Ha YacTOTaX BHILIE MAaKCHMAaJbHO HpH-
MeHHMOM YacToThl. [Ipu 3TOM Takxke OyayT HabmopaTbCs rayOGOKHe, HOLP3I-
JICCBCKMe 3aMMpaHus NPHHHMAaeMOro CHrHaja.
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3aKkaHYHMBas PacCMOTPEeHHE BOHpoca O rayGOKHX 3aMUPAHHAX CHTHAJIOB
I'pH HOHOC(EPHOM pacnpocTpaHeHHH paauoBojaH KB jnuanasoHa, OTMETHM,
410 OODBsICHEHHe TJYOOKHX 3aMHPaHHH MOKeT ObITb OCHOBAHO TOJbKO Ha
NMpPEANOOXKEHHH O HEraycCoBOH CTAaTHCTHKE IIOJS TPHHAMAaeMOro CHrHaJja
(cm. [*]).

Astopn npusHatenbHs B. O. Panonopry 3a puckyccuio 1 H. M., Tpoe-
BOM 3a psJl YHCJIEHHHX PacyeToB, NPOBeleHHBX Ha DBM.

NPUHIOXEHHE

BuBoy, 06o6mennoro SER-HER-pacnpenenenns sa cTaTHCTHYECKOR
JIMH30/ NPOU3BOJBHON (GOPMEL

Iycre I=1Il,, tae I u I, saBasiioTcs (QYHKUMAMHE WHTEHCHBHOCTeH Ha
ocu JuH3bl lox 1 o, B KOODAMHAT Xo, Yo UEHTPA JHH3BL OTHOCHTEJNbHO TOYKH

Habmogennss (cM. (2)). B COOTBETCTBHH C H3BECTHEIM COOTHOMIEHHEM [7]
AJS1 TIOTHOCTH BEPOATHOCTH NPOU3BEJEHHS ABYX CaMyUARHEIX BEJHYHH HMeeM

dl,
.

P(T) = (Pl 111, .y
o .

x

Bxogsimas B (I1.1) mnorHocTs Beposithocth Py(ly, I,) paBHa

© oo
‘ dly
Pz(lx' Iy)=5 dlro ‘YT—OPTo[xO(IOm Ix)’ yo(IOy’ Iy)]Plo(lox’ ]Oy)' (1'1_2)
1
7 1

* y

0Ly 1y, Loss Loy)
— siko6uaH npeo6pasoBaHm, OCyHIECTBJISA -
o(lo,w loy, X0, YO)

1 I
emblii o (2), J,=410x10y1x1y_‘/ In (I—x‘) In (}1) s Pr,(Iox, Toy)— nByMED-
0x 0y

Hasi MJOTHOCTb BEPOSTHOCTH BEJMUHH Xo, VYo (B HameM cayuae Pr(x,, ¥o)
= const), Pr(lo, loy) = J3Pulals,), o,(ly)) u cornacio (2) J,

o1y, I,

__a(_(_gx__o_y)z =12, Igy. B (T1.2) HuxHMe npenesbl NHTETPHPOBAHHS B3SATH
Oy @ .

pasHEIMH [y 1 [y, Tak Kak (M. (2)) %o~ IV In(Io /1), yo=IoyV 0 (Uoy/1,)

u 1pH Jox<<Iy 1 1o,<<I, xoOpAHHATH Xo H Y, CTAHOBSATCS MHHUMEIMH.

JI1si HOpMAaJILHOrO 3aKOHA Paclpefie/ieHHs BeJHYHH o, @,

3nech J| = |

I

1 : (2, + 0%, — 20m,ymy,)
P“[ax(lo,r): Qy(]oy)] == ———;——————— exp| — i 2yl - xilyl ,
onagl)/1— p2 B ic1 2e}(1 —¢?)
N = (1 +(= DG,y =[1H(=1DIG1B, (1.3)
Cagpayd (a2
D, =D, ~ ~a V7 2 . ¢o2 2 (%2
* y=~0, ¢ 26 sl= (o2 a B D

XapaKTepU3yeT CTelleHb aHU30TPONHU HeoxHoposHocTel. Bripaxenus (I1.1)—-
—-(IL.3) m maloT pemeHWe INOCTaBJEHHON 3ajmayd. PaccMorpuM HaubGoaee
HHTEepEeCHBIE YacTHbIE CAYYaH.

a) Onnomepnasi gauH3a (B=0, p=0). Cornacuo (I1.3) npu crpemae-
upE 8 K HyJo '
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1 2 (2, — 21,my,)
P, ~ = Eexp[— : o 22| 3(ny,)- (11.3a)
V2rayiz o

IMocne noxcrarosku (I1.2) u (I1.3a) B (I1.1) u uurerpupoBauus no % = Io—yl

noayuaem
[14+(—DHeR

) 2 exp[ }
P = —2 S"" fas < B L), ma
SN 0 T
* g x
Fi(_{.)={1 (x>1)
x 0 (<))

H mocae 3aMeHu I/x=z u x/t=y HMeeM
| exp [_ M]

2 22 2

1
C 2dz
F(I) = —2 f ___5' 0 ydy. (IL5
iEle%’““lao Vllnzlo Vilny] )

Ipu I Zz1 npubnuxkenHoe BeuHCcIeHHe HHTerpasaa (I1.5) mpuBomuT K BRIpa-
xeHuio (4) npu k =2, 1. e. B 3T0M cayyae (1) cosmamaer ¢ HER-pacnpene-

X

NienreM AJs oxHoMepHo# auH3wl [2]. Ilpu /<1, yunThiBas, uro lim

I1+0 '/ ol
. —1) 2 —1)
Xexp[— [—{-_'——(2&;)%@—]—] =3 {M}, i3 (T1.5) nerxo nonyunmth
0

&g
P() = C,J2 ~ I. (I'1.5a)

6) Ilsymepuas Hekoppeaupopaunas Juusa (B # 0, p=0). Ilpu atux
VCJIOBHSIX JIETKO TOJNYYHTb CAeAyIoliee BhIpaKeHHe IJs P

1 exp[ (x—-E)’]

2 @ 262x2
p([)=2____.__cl _I_S.‘.i_g tdt X
4Y %8, P ) x V1int]
- 0
- (TL.6)
I — x7)?
1 vzdvzexp[ ( mz) ]
g
: Viing]
W3 (I1.6) anaaornyno (I1.5) MOXKHO 110KazaTk, 4TO NPH B~1
yr Izl
P(ly ~ .
=L o %n
B) JIByMepHas KoppesinpoBaHHas auH3a (p =1, B=£0). U3 (IL.3) cre-
Zyert, 4To npH p —> 1
NxiNyi
P, = 8 —7,)expl ——-—|. (1.3a)

PaccMorpuM cHauana caxyqan usorponuoi auH3el (B =1). [Tocae uuTerpu-
POBaHMA [0 7 TOJyYaeM
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e eXp[ l1+(;12)f(s) ‘lz]p )

C, x ‘

= 241/2‘“‘03 _x— [ln (-’g—) ln(J_C_[;::_)Hl/2 % (IL.7)
=} £2

Takum o6pasom, B (I1.7) I/ < x<E, a &mn = V1. D70 mossoaster, mome-
uaR B ([1.7) nOpsOK MHTErpUPOBaHHS MO X U §, yCTAHOBUTD TpPe/esnl HHTe-

rpupoBanus 1m0 x ot /[ 1o &, a B unTerpane mo & ot '/ no co.-B pesynbra-
Te TIOCJe 3aMeHHl nepeMeHHON 2= E// NPHXOIMUM K BhIpaXKeHHIO

2

' C : (VTH(—1)2)
P([) = ; W ‘Y 2%dz exp [— 20.3[ ] (HS)

-Ecnu I'>1, T0, BEHIHOCS SKCIOHEHLHAJbHBIE MHOMXHTENb 32 3HAaK HHTe-
1paja npu z—l npuxonuM K Beipaxenuio g HER-pacnpenenenus 3a asy-
MEDHOH JIMH30H [2] (cm. (4) mpu k=1). Bripaxenne maa P(I) npu iK1
noayunM, cpenas B (I1.8) 3aMeHy 2V T=y. Torpa, yuuTHBas, UTO

exp [__ (I_’I'(é_%_;z)l)_}_—_a(l-l—(—l)‘y), nosydyaem

P(l) = C,j4I ~ I, . (I1.9a)

Ilpu B=~1 BMecro (I1.8) MOXHO NIPHATH K CJelyIOIIeMY BLIPaXKeHHIO:

1
L (Ta—p+B82 _ lat (=12
T - T 5[(1 2 ey | - L s

i=1

lim
1-+0 l/ 21-:[a0

(11.8a)
rne

a=1/2[i(1 — )+ VT — By + 48]
Ipu a>>1 (ananormqno npeoGpasosanusam 8 (I1.8) mpu V7 >1) umeem

~ _ B ] [_(04-(—1)1)2]
P() = 8 I 47 (M9
0 1-21 4V 2= 21- ogB Ia? [( )T 50 | P Qaga"‘ (I-9)
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ON DEEP FADINGS OF SW SIGNALS
V. A. Alimov, L. M. Erukhimov

An expression is derived for the distribution of intensity fluctuations behind a
lens arbitrary-shape irregularity in the case of high signal levels. Based upon this di-
stribution as well as the fluctuation distribution for the Poisson noise model, a physi-
cal interpretation of deep SW fadings is given by the example of two statistical io-
nospheric models (the models of lens and scattering irregularities). The agreement is
shown between the statistical screen model with a normal phase distribution over the
screen and with the Gaussian correlation function of its fluctuations and a model of
lens Gaussian irregularities with focusing properties noncorrelated on the coordinate
axes (by the example of comparison of the asymptotic behaviour of indices of signa}
fluctuations for these models).



