Crenn, aHa/MOTHYHBIH ONHCAHHOMY, MOXKET GBITb CoOpaH W As APY-
rux yyactkoB CBY nuanasona.

Cnucok smreparypwi: 1. T'unsmorn 3. JI. isMepeHHs Ha CAHTHMETPOBHIX BOJMHAX /
Ilep. c aura. mox pex. I'. A. Pemesa— M. : H3a-Bo uHOCTp. JHT., 1960.— 620 c.
2. Hamepumeau aMIHTYJIHO-YaCTOTHBIX XapaKTePHCTHK H HX npuMeHeHue /
I1. Anomenac, 5I. Apoucon, E. Bupmanac u gp. — M. : Csasb, 1968.— 163 c.

Iocmynuasa 6 pedkorneeuto 26.01.84.

YK 621.372.852.1

H. H. IECHK, xaup. ¢us.-mar. Hayk, 5. B. KOHZPAThHEB,
Kaen. ¢wus.-mart. Hayk, JI. B. IMHTPHEBA

HECHUMMETPHYHBIE NMOJIOCKOBbBIE JIMHUH,
CBSA3BAHHBIE YEPE3 IIEJIb B OBLIEX
3A3EMJIEHHOHM MNMJIOCKOCTH

Ilpy KOHCTPYHPOBaHHH HaNpaBJE€HHBIX OTBETBHTENEH H (PUILTPOB
Ha OCHOBE MHKPONOJOCKOBBIX JIHHHI, 4TOOBl YCTPAHUTbH B3aHMOCBS3b
¥ NIOMEXH MEeX]y JHHHSAMHU NepejadH 0 H Moc/e STUX YCTPOHCTB, MpH-
GeraloT K pasmuuHBIM cnoco6aM. [TepCneKTHBHBI MHOTOCTOHHbBIE CH-
CTEMBI Pa3JIMYHOTO BHAa [1]: Ha OCHOBe MX BO3MOXKHO CO3JlaHHE Ha-
NPABJIEHHLIX OTBETBHTEJNEH H (DUALTPOB, NpeNIOKeHHBIX eule JIbroOK-
coM [2], rne B3aMMHBIE HAaBOAKH CBENEHBI 10 HYJIS.

Hamu nonyuener ¢opmynsl aasi pacueTa €MKOCTH H BOJIHOBOTO
CONPOTHBJIEHHs] CBASAHHOH HEeCHMMETPHYHOH JIMHHH, MONepeyHoe ce-
yeHHe KOTOpOH u3obpakeHo Ha puc. l1,a. PacueThl mpoBeneHBI Me-
TOZOM KOH(OPMHBEIX OTOOpa’keHHH B MpPEANOJIOXKEHHH, YTO JHHUA
3aMoJiHeHa OJHOPOIHBIM IU3JEKTPUKOM (ero MpOHHUIAEMOCTb €) U BCe
NPOBOJHHKH GECKOHEYHO TOHKHE.

B paccmaTpuBaeMoi JIHHHH BO3MOMKHO CYIIECTBOBAHHE HEYETHOTO
¥ YETHOrO THNOB KoJeGaHwuii. ['eomeTpusi CHCTEMBI, COOTBETCTBYIOLILES
STHM THNaM, H3o6paxeHa Ha puc. 1, 6, 6. Bce XxapakTepucTHKH He-
YeTHOTrO THNAa KoJseGaHui (eMKOCTb, BOJIHOBOE CONPOTHBJEHHUE, CTPYK-
Typa IOJIs) COBNAJAlOT C XapaKTepHCTHKaMH OOBIYHOH HECHMMEeTpHY-
HOH MOJIOCKOBOH JuHHH. JlJ1si pacueTa XapakTepHCTHK YETHOTO THIA
KoneGaHuil HYXKHO c/e/aTh KOH(pOpPMHOe OoToOpakeHue IONepeyHoro
ceyeHHs! JIHHUH (puc. 1, ) Ha KaHOHHYECKYI0 06J1aCTh — MPAMOYTOJIb-
HUK (puc. 1, o).

Ecnu npunate ux (puc. l,6) 3a mIOCKOCTH KOMINVIEKCHOTO Iie-
pemennoro Z u U cooTBercTBeHHO, TO o6GpaTHOe oToGpaxkenue (co-
OTBETCTBHSI TOYEK YKa3aHbl OYyKBaMM Ha PHCYHKaxX) BBINOJHAETCA
¢dyHKLHEH

H' (iU, 9")
% Z2(U)=—K@) gtaa (1)

96




rie K (x) —nosnbi#i 3anunTHYECKHI HHTEpBaJ mnepBoro poxa; H, X
% (%, g)— T31a-byHKIMs Sko6u [3], mpuuem

9(0) = exp (—a BN <1.

31ech M HHXKEe, KaK OOBIYHO, LITPHX Haj MoAayJaeM o6OzHauaeT me-
et v
pexo/l K JIONONHATEIbHOMY MOZYJIO @’ =VY1—a*u ¢ =q(a).

"Z0] 5
V-0 ! V-0
V0
&
4 5 46
ﬂ ” @
2
7 ]
ﬁ 1
G ih W D ¢, A
Cz 4 Cz
2 o 4 el 1 1,
74 —17777777'”77777777777717771777?'/7’"
ORI e G a 8
7
sl K @) ¢ p iKee) Kz "
(Ll Ll Ll L L Ll Ll LA Ll L L Ks IK ML UL L L Lyl hdidid s, K*I'K'
V K+ % Y T
04}; _ D/KU&: V.g/
T @ & w7
V'D 2 4
P Aif, K(a) : f (=
—jwﬁr/mrmﬁmﬂw 4 77;777/1)9/7;7777/77177717;70 )
2 g
Puc. 1

Cesi3b MEKJAY OTHOIIEHHSIMH pasMepoB Juuuu [, h, I, l, u mapa-
meTpamu 3ajaud a, v, F;, F, HaxoauTcs ¢ MOMOUIbIO COOTHOLIEHHH

0 (v, ¢") =l H/(F, q)
5 =K@55g 7 = KO RF g @

rjae uHaekc i = 1 u 2 coorBercTByeT Toukam P u Q.
3aTemM BHIMOJMHAETCS OTOGpAXKeHHe MNPSMOYroJbHHKA pHC. 1,2 Ha
puc. 1,3, 4TO COOTBETCTBYET MEPEXOAY Ha IVIOCKOCTH S K CeYeHHIO
IJIOCKOTO KOHJEHCaTopa (COOTBETCTBHS TOYeK YKasaHbl Ha PHCYH-
Kax); oroOpaxaiouass QYHKIHS HMEET BHI
14-cn? (F,, a’) cn® (U, a)
Sn*(S, %) =1—cm AT UL (3)
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BT S

rae
dn (FZv a,) .
hgiah By a’)<l’
MCNIOJIb30BAHHBIE 3/VIHNTHYECKHE (YHKIHH ONpefesNenbl, HanpuMep,
i B paboTte [3].

il B pesynbrate ans pacueta emkoctH C M BOJHOBOTO CONPOTHB-
nenna Zrey (OM) paccmatpuBaemoii Junuu (puc. 1,6) noaydaem
— P
ZOPV3,=‘2°T“3=60ng—;,=6O,%‘:—,’). (4)
B dacthom cayuae [, =0, 0<<l,<<oo umeem F, =0 u *—> %, =
= dn(F,, a’)<<1; B npoTuBHOM cayuae 0 <</, << oo, I, = co umeem
2 VEoM L4l Fo=K(@') m x—>%,=and (F,,
Gl loh a)<<1l. ®opmyan (l)— (4) npu
S 3TOM TaKiKe YNpOLaiTcs
JIns 4HCIeHHBIX pacyeToB 3a-
BMCHMOCTH BOJIHOBOTO CONPOTHB-
JICHHS! pacCMaTpUBAEMOH JIMHUH
OT ee pa3MepoB COCTaBJeHA MPO-
90 +— rpaMmMa Ha s3eike POPTPAH.
PesynbraThl pacuetoB (puc. 2)
MOKa3bIBAIOT, YTO MNPEAJIOMKEeHHAsI
805 r 3 3 #lj, KOHCTDYKIHSA JIETKO MO3BOJSET
2 NOJIYYHTb CHJIBHYIO CBSI3b MEXKY
JuHuAMH. B To ke Epema yxe
npu [;/h ~0,] HWKHSA ¥ BepXHSS MJACTHHBL HE BJAMAIOT JAPYT
Ha Jpyra, a npu l,>>4l cpepHIO 3a3eMJEHHYIO IVIACTHHY MOXKHO
CYuTaTh GECKOHEYHO INPOKOH (NpakTHYecKH [, = oo),

| 100 1

Cnucox aureparypwi: 1. Yamamoto S., Azakami T., Itakura K. Slit-Conpled
Strip transmissin line.— IEEE Trans., MTT-14, 1966, N 11, p. 542—b553.
2. Dukes J. M. C. Broad-Band Slot-Conpled Directional conplers. — Proc.
1IEEE, 1958, B 105, N 20, p. 147—154. 3. JKypasckuii A. H. CnpaBounuk mo
sJaMnTHYecKuM ¢ynkuuam.— JI. : Hax-so ‘AH CCCP, 1941.— 235 c.

[locmynura 6 pedkoarezuro 21.12.83

YIK 534.6.534.24

B. A. BJAYJO0B, I0. A. TEMEHTA,
B. 4. XAI)KHHOB, B. Il. IEHKO

CIHEKTP ®JIYKTYAILHM UHTEHCUBHOCTH CHUTHAJIA,
PACCEAHHOIo MOPCKOHW MOBEPXHOCTbIO

Komnuiexcuan orubaromas noJisi IJIOCKOH BOJIHBI, OTPAXKEHHOI: B 06-
PaTHOM HamnpaBJEHHH OT MOBEPXHOCTH MOPS, MOKeT ObITh NpelcTaB/eHa
B Buze [1,361, dopmyna (37)l:

2o Epe | Po —i2kBr—B,Z(r, 1)
Ep;(r ) =g | F(r)hp; (Tr, DI E(r, t)e dr.”. (1)

— 0
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PaccmoTpuM  OTpakeHHe OT peaJlbHOH MOPCKOH MOBEPXHOCTH
¢ (r, 1), KOTOpyIO B ABYXMacIuTaGHOH MozienH [1] sanumem B BHle cria-
JKeHHOH KpymHomacmrtabHoli nosepxHoctd Z (r, ) u § (r, {) — HOp-
MaJbHBIX OTKJIOHEHMH MoBepXHOCTH § (r, f) OT CrVIaXKEHHOH NOBEPXHO-
ctu Z (r, t), T.e. «venxoii» ps6u. B Buipaxenuu (1) oGo3HaueHo:
R, — PacCTosiHHe OT HCTOYHHKA H3JIyYeHHs 10 TeKyIlell TOYKH r Ha
cpenneit niockoetn Z = 0; Eq° — nose HCTOYHHKA H3NyyeHHs BOIH3H
paccenBaiomieil nomanku; f (r) — npocTpaHCTBeHHas (YHKIHS OCBe-
[IEHHOCTH, ONHCHIBAIONIAsl pacnpeleNeHHe H3JIYYEeHHOH SHEPTHH 1o
[OBEPXHOCTH; k— BOJHOBOE YMCJIO H3Jy4YEeHMUST; h},’:[l‘(r, t)] — Mony-
mipylomas QyHKIHsA, 3aBHcAmas B ofbmem caydae oT yraa obuayde-
nus ¥, HakJOHa KpynHoMaciuTabHoil nosepxHoctu I' (7, t) = vy, Z (r, 1),
noJISIpU3anuM NpHEeMHOH p, W Nepejaiolleil p, CHCTEM H JH3JNEeKTHYe-
CKOH TNpPOHMIAeMOCTH pacceuBalollell IOBEpXHOCTH & (ompejesieHHe
(byHKIHH hg; [T (r, ?)] cm., Hanpumep, [2]); P = {—cos¥; 0; sin ¥} —
eJMHHYHBIH BEKTOpP B HamNpaBJeHHH pACCESHHS B CHCTEME KOOpAHHAT
C eIMHHYHLIMH opTaMu {e,; e, e,}, nBuxyuleics co ckopocThio V=
=1{V, V, 0} Bmecre ¢ mpuemHoO-Nepejalomleld CHCTEMOH.

Ecnu crkopocTh IBHXKEHHS MCTOYHHKA V 3HauWTENbHO NpeBbILIAeT
CKOpOCTb PacrnpoCTpaHeHHsi MOPCKHX BOJH, TO H3MEeHeHHeM BO BPeMeHH
MOPCKO# TOBEPXHOCTH MOXKHO ~ NpeHeGpeyb — MOBEPXHOCTb [OJara-
ercs «3aMopoxeHHOH». Torza 3aBHCHMOCTD OT BpeMeHH (YHKIHH
g, 1), Z(r, t) u T (r, ) umeer Bun

E(r, )=8(r—V); Z(r, y=Z(r— Vi),
P A
hp; [T (r, 8)] = hp; [T (r — V1)) (2)

Bgenem BPEMEHHYIO KOPPENALHOHHYIO ¢)YHKHH10 HHTEHCHBHOCTH OTpa-
JKEHHbIX CHTHaJIOB

K @)s=i¢ 108 40) Th305: (), (3)

rae Iy, (1) = Ep: () E:i”"(t)— MHTEHCHBHOCTb OTPAXKEHHBIX CHIHA-

J0B C MOJSIpU3alUsIMH p; U p, B MoMeHT Bpemenu {. Ueprta csepxy
03HauaeT CTATHCTHYECKOE ycpejHeHHe no ancamOuio peannsanuii § (r),
yrJIoBble CKOOKH — yCpeJHEHHe 10 BCeM peaqH3alnsaM KPYIHOH CTpyK-
Typul Z (r). Hcnoabsys (1), (2) us (3) nmeem

Po 5
K )= (o) ' ([ P ra o 2 DECRIE D %
X & (raT) E(ra ) dry drydrs dra, 4)

rae I§° = EJ°EyP" — WHTEHCHBHOCTb MOJSi  HCTOYHHKA H3JIyYeHHs
BOJIM3H pacCenBalollell MIIOMaLKH;

F(ry, ry 15 r4 D)= [(r) [(ry) f(rs) f(ra) hp; [T (r1)] X

X b [T (ry)] Ay, [T (rs— VO AL [T (ry— VT)] X
% e—iQk-rj(rl—r,+r,—roei2kﬂz(z(r,)=2(r.)+Z(r.)—Z(r.)) s (5)
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Ecan nomoxuth, 910 § () — CTAaTHCTHYECKH OAHOPOAHASA CAydaiiHas
¢yHukuus, pacnpenesneHHas no sakouy Iaycca, w & (r) = 0, 10

E(r)E(r)E(rs— VD) E(rs — V) ={W (ry —r)) W(rs—r) +

+Wr,—rys+ VO W(r,—r, + V) + W(r,—r,+ V1) X
X W(ry—rs+ V1), (6)

rae W(r,—r,) =E(r,)&(ry) — byukuus xoppensuuu psabu. Toraa
43 BblpaxkeHnud (4) ¢ yuetom (6) cieayer

K'(t)= (4;5;: )2 <&QU‘.F(Q. L il L Y%

x {W (P —r)W(rs—r)+Wri—rs+ VO)W(r,—r,+ Vi) +
+ W, —ry+ V)W (r,—rs + V)l dr,dry drgdr,)- (7)

Ilposenem sameny nepemennmx B K'(1):

{r1=r+p/2. {r3=r'—|-p’/2
ro=r—p/2’ r,=r—p'/2.

K'(t) = K1 (v) 4+ K5 (v) + K3 (v) + K} (7).

Ormetnm, uto (yHKIHs OCBEIEeHHOCTH f (), MOLyIUpYioLas GyHKIIUS
A2 [T (r)] u craakennas KpynHoMacuiTaGHasi MoBepXHOCT Z (r)
AIBISIIOTCS MEJJIEHHBIMH (YHKIMSIMH KoopAuHAT. JleHCTBHTEIbHO, 06-
NaCTbIO CYIIECTBEHHOTO H3MEHEHHS (DYHKIMH OCBELEHHOCTH [ () siB-
asieTcss o6aactb r ~ L(L — XapakTepHbIH JHHEHAHBIH pa3Mep oOCBe-
EHHOrO yyacTKa Ha mnoBepXHocTH Mmops). ®yukuuu hpt [T (r)]
H Z (r) 3HaUMTEJbHO H3MEHSIIOTCS HA PACCTOSHHSX MOpPsAKa XapaKTep-
HOro JIMHEHHOro pasMepa KpynHOMacuITaGHBIX HEPOBHOCTEH MOpCKOM
noBepxHocty A. [Tlockombky L, A > 1, (I, — xapakTepHOe paccTosi-
HUE, HAa KOTOPoM YHKIHS Koppensiunu psion W (p) cyuiectBeHHO YGBI-
BaeT), TO MPOU3BENEHHE MPEISKCIOHEHIHANbHEIX WIeHOB F (ry, rs,
r;, ry, T), onpeneneHHoe BulpakeHueM (5), MOXKHO npeo6pa3oBaTh Tak:

f(r+0/2)f(r—p/2)[(r'+0'/2)f(r' —p'/2) X
X kg2 [T (r + o/2) B [T (r — p/2)1 Bp2 [T (¢ + p'/2 — V7)) X
X [T (r' —9'/2— VO)l = f2(r) 2 (r') (W52 T (r)))* X
X (hpy [T (r' — VT)])2. (8)

TpencraBum pasuocts Z (r + p/2) — Z (r — p/2) B nokasarene 3Kcro-
HEHTHI B BUJE

Z(r+0/2)—Z(r—p/2)= T (r). ©)



/

[Tpu 3TOM mpeHebperaeM B MOKa3aTese SKCMOHEHTHI WIEHaMH KBajipa-
THYHBIMH N0 P H GoJiee BBICOKOTO MOPAAKA, YTO BO3MOXKHO MpH
2

1
kB H <5 < 1, (10)

rne H — cpepHeKBaapaTHYHasi BbICOTA HEPOBHOCTEH KpYyMHOMacIiTab-
HOM CTPYKTYPBI MOPCKOH MOBEPXHOCTH.
Hcnosb3ys 3ameHy nepemeHHBIX H npuGauxkenus (8), (9), cnaraemoe

K{(w) BPEMEHHOH KOPPENSILMOHHONH (DYHKIHH 3aluileM CJIeAyioliHM
obpasom:

Ky =\ [ 12(e) 12 (r') (R, [T (P)] Ofip,, [T (P — V) drdr’, (1)

rjae

OBt TP = W IE ) 17 (D () [ W () =™ ®ur=P " dp  (19)

— yaenabHOe NH(bdepeHHaTbHOe CedeHHe pacCessHHs Ha «MeJKOH» psibH,
MOKPHIBAIOIIEH MJIOCKOCTb, KacaTeNbHYIO K «KPYIHOH» BOJHE B TOYKe
r ¢ HakjgoHoM TI' (r).

Kak caenyer us (12), snauenue 0},’:,’,,[ [T (r)] onpenensercsa cnex-
TpaJbHOMH MIOTHOCTBIO «pAGH»

l -
()= o | Wio)e dp

IpH «pPEe30HAHCHOM» BOJIHOBOM BeKTope % = 2R (B, — I (7)B,).
B pesynbTaTe amamoruHeIX npeoGpasoBanmii caaraembie Ky
u K. MOryT GBIT pacCyHTaHBI 10
Ki@ = [ Fr) e+ VOO Fe) F (e + V)

X (Opip, [T (P)] ohep, [T ()] dr dr”,

Ki(W) =42 [\ F(r) [ (r + VO [ () F (' + V) etttk . (13)

X (h: [T (r) Bps (T ()] Ap: [T (#)] Bh: [T (r7)] e~ 02202 gp g,
(14)
rae A=nl2= | W(p)d.

ITpu BeIMOMIHEHHH YCJOBHM
L% > 1; (M2 (rp <l (15)
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BKJaJOM craraeMoro K, BO BpeMeHHYIO KOPPelsiliHOHHYI0 Gy HKIHIO
MOxKHO npeHebpeub. B mepaBeucrse (15) (I'?(r)) — nucnepcus Ha-
KJIOHOB KpynHomacimtabHoilt noBepxuoctn Z (7).

Takum o6pasom,

K'(t)= Ky (1) + K3 (1) =
= |\ F(P) (') Kb, T (P)) 0B2p, IT (' — VO F(P) F (') +

+ [+ V) (r' + Vr)(opy, [T (r)l0p,p, [T (r)1)} dr dr’. (16)

BBenem sHepreTHueckuil crnekTp (MIyKTyauHid HHTEHCHBHOCTH pac-
CesTHHOTO MOJs:

oo

') = ( K' (v) e~ g, (17)

C yuetom Bblpaxkenus (16) uz (17) caenpyer

oo

§'0) = o | emman ([ 11 e 7)ok, 0 ()

—0

X O (N — VO +[(r+ VO (r + VD) x
X (0p2p, [T (r)] 0ppp,, [T (7)1} dr dr’. (18)

PrPR

B obuiem cayuae, Koraa noasipusauuy po, p;, P, NPHEMHO-NIEPEIaI0-
el cHcTeMbl BbIOPAHBI NPOM3BOJBHO, a PaCCEHBAIOINasi [O0BEPXHOCTh
HMeeT KOHEeUHYIO MPOBOAUMOCTb, yiAeabHOoe AH(depeHHalbHOE CeueHHe
paccesnusi 3aBucHT or I, () — HAaKJOHOB KpynHOMacIuTaGHOH MO~
BEPXHOCTH, KOTOpbIE MepreHAHKY/ISIPHbI MIOCKOCTU nafeHus . [Tocko/b-
Ky A1s1 peanbHoli mMopckol nosepxHoctH |I' ()| < 1, Bocnonbayemcsi
pasnoxenuem o [ (r)] (uaexcwl p,, p;, pp, YYHTBHIBAIOLIHE MOJSIPH-
3allMd NPHEMHO-NepeJalollell CHCTeMbl, ONyCcKaeM) B psj [0 HaKJIOHAM
[(r)={T,(r), T,(r)} kpynnoMacmTaGHOH MOBEPXHOCTH, OrpaHHYH-
BasCh NPH 3TOM KBaJpaTHYHLIMH YJIEHAMH DA3JIOKEHHS:

OIT,(r). T, (P =05+ Nol, () + X 0, WL () Tw(r),  (19)

rie

0y =0[l,(r), Ty("llrw=0 , m=x, y

90 [Ty (r), Ty (r)]

aly (r) r(r)=0

L 1020 AT () By (0]
o Ol A )

! =

o,

r(r)=0"

Orverum, 4T0 Ko3bduuHEeHTH pasnoxkenus B (19) oy, o;, o),
TaK e KaK M yJesJbHOe Ju(pdepeHnHaNlbHOE CEYEHHE DacCCesTHHS
o[l (r)], 3aBHCAT OT AJNHHBI BOJHBLI M3JAYYeHHSI A, TOJISPH3AIHil Py
Pr H p,— nepenaiouieii cucTeMbl M yrjaa o6Jy4eHHd ).
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Hcxona us (19) (o [[(r)o[I'(r')]) npeacTaBuM B BHAE:

(@[T (F)a[l(r)]) =02+ lzm {oga n (BT 3P+
+00,Wrr, (r—r')}, (20

rae  Wryr, (r—r') =(T,(r) [ (r)) — npocTpancTBeHHas yHKLUS
KOppeJsillid HAKJIOHOB KPYMHOMACIWITAOHOH MOPCKOH MOBEPXHOCTH.

Hcnonbays Beipakenne (20), u3 (18) momyuaem BhbipaxkeHHe s
SHEPTeTHYEeCKOro crnekTpa (GyKTyalHii HHTEHCHBHOCTH OTPaXKEHHOTo
CHTHajla B BHJI€ CYMMBbI CHEKTPOB:

L
S'(v) = 81 (v) + S5 (v) + S5 (v) + S (v), (21)

rue
Sl =@, | e ar (V) 12(r)ar)’, (22)

— 0 -0

oo o

Siv =@ § emat\(F ) (e + VO (' + V) arar,
(23)

St =Y [ evan ([ 1) () e+ VOO 4 VD)
l,m — 0 — 0
X errm (r—r') dar df', (24)

Sl [ [ 3 9 ’
Sim =Y [ evear ([ o) 2y Wi, (e —
l,m — 0 —0
—r’' + Vx)drdr', (25)
rae

Q=5 (03 + Y 001, (T (AT, (r))) '
lL,m

Kak cneayer u3 Beipawennii (22) u (23) Si(v) ~8(v), a ap-
(peKTHBHAs LIMPHHA CIEKTpa Sé(v)—Av0 00paTHO MPONOPLHOHAIbHA

T= - — BpeMeHr [MpoJeTa XapaKTepHOro pasMepa OCBelIEHHOrO

y4yacTKa Ha MOBEPXHOCTH MOpPS M HE 3aBHCHT OT CTAaTHCTHYECKHX
napaMeTpoB pacceHBaioileil nosepxHoctH OleHuM. Temepb BKJAa
CIEeKTPOB S;(v) " Si(v) B 3HEpPreTHYeCKHH CrekTp (IyKTyalui
HHTEHCHBHOCTH S'(v) B JBYX MpejeabHBIX cayuaax —L > /lnax
M L < Injn. 31€ch Imax, Imin — MaKCHMaJbHBIH H MHHHMalbHBIA pa-
AHYCBl KOppe/ALlHH HAKJOHOB TPEXMEPHOH aHH30TPONHOH MOBEpX-




HOCTH Z(r), KOTOpHIE 3aBHCAT OT a3UMyTaJbHOro yraa ¢’ B mioc-
KOCTH {x, y} M onperessioTcs COOTHOLIEHHEM
L
bym (@)= | W, (tcosq’, tsing’) dt. (26)
YuuteiBasi, 4T0 (QYHKIHS OCBEUIEHHOCTH [ (#) sABJASETCH MeJeH-
HOH (PyHKIHEH KOOpIAHHAT MO CPaBHEHHIO C W[‘lr‘m (r —r’), B ciyuae,
KOT/la XapakTepHbIH JIHHEHHBIH pasMep OCBeIeHHOTO YyyacTtka L
MHOro GoJipllle MPOCTPAHCTBEHHOTO pajuyca KOPPENSLHH HAKJIOHOB
KpynHoMaciiTaGHOH MOBEPXHOCTH Imax, BbIpaxenus (24) u (25)
npeobpasyoTcsd K BHIY

oo

e—vT gt j. f2(r) 2 (r 4+ V1)dr X

—co

S5 (v) = S (v) =~

‘—J 231 _X
f Wrr, (0)dp- (27)

B ob6patHom npeznenbHOM cayyae L < lynin, paccyxhasi aHaJOTHYHO,
MO>KHO MOKa3aTb, 4TO

o

Si(v) ~Q, | evigry(r); Y (1) = (S S f@)f(r+ V1) dr)z; (28)

— 0 =

A PV, j Wr,r (Vt)e=ive dr, (29)
I, m —c0
rjae

E ;'"Wr,r (0 Q=Y (0).

W3 BripakeHuit (27) u (28) crenyer, 4YTO HE3aBHCHMO OT COOT-
womenus L u ! mupnna cnektpa S (v), Tak xke Kak mupuna cnexrtpa
S; (v), He 3aBHCHT OT CTATHCTHYECKHX DapaMeTpOB pacCeHBaioliei
NOBEPXHOCTH, a ONpeJesseTcs TOJbKO BpeMEeHeM NpoJieTa XapakTep-
HOTO pasMepa OCBELEHHOrO YdYacTkKa nosepxnocm Kak BuaHO u3
peipaxkennst (27), npu L >>ln.. caaraemoe S! 1(v) coBmajaer co
cnektpoM S (v). B 06paTHOM npejenbHoM ciydae L < lmin u3 (29)
clelyeT, YTO CIEKTp st +(v) ompenensieTcsi cymMO# mpoCTpaHCTBEH-
HBIX CIEKTPOB HAK/JIOHOB KPYMHOMACHITAGHOH NOBEPXHOCTH MOpS,
CIPOEKTHPOBAHHLIX HA HamnpaBJeHHE JBHIKEHHs JeTaTesJbHOrO anma-
para:

SiW)=Qy X, 0,0, | Srr (x)8(v—xV)dix =

I,m




= V0 (s (¢, %) dw, = Q

I,m —oo I,m

% Spi. (u" =), (30)

rae Srr, (¥) = (2“)2 5. Wrr, () [—is dP — TpOCTPaHCTBEHHLIH

cnekTp HakjoHOB [ (r), F,,, (r) kpynHomacuTabHOH MOPCKOH MOBEpX-

HOCTH; %X H %, — [pOAOJbHAA H mNonepedHas (HO OTHOIIe-

i v
T ik
HUIO K BEKTOpPY cKOpocTH V) cocTaBisioliue BEKTOpa %.

Takum o6pa3om, npu o6Iy4eHHH B3BOJHOBAHHOH MOBEPXHOCTH MOpS
IBHIKYILLMMCSl HCTOUHHKOM H3JYYeHH§ XapaKTep CHekTpa (QayKryauui
HUHTEHCHBHOCTH OTPaXKEHHOTo CHrHata S’(v) 3aBHCHT OT COOTHOILEHHSA
JIMHEHHBIX Pa3MepOB OCBEIlEHHONO Y4YacTKa Ha MOBEPXHOCTH MOpS H
MPOCTPAHCTBEHHOIO pajHyca KOppeJsilid HAKJ/OHOB KpymHoMaciTab-
Hoil noBepxHocTH. M3 ananusa (22)—(25) caenyer: a) mpu L >> lmax
[IMPHHA CHEKTPa (WIYKTyauWd HHTEHCHBHOCTH OTPaXKEHHOro CUTHasa
S’ (v) BooOlLle He 3aBHCHT OT CTATHCTHYECKHUX MAPAMETPOB MOPCKOTO
BOJIHEHHsI, a OMNPENEeNsieTCsl JIHIIb CKOPOCTBIO MOJIeTa, LWHPHHOH JHa-
rpaMmbl HanpaBAeHHOCTH H JJIHTEJbHOCTBIO HMIYJbCa;

6) npu L & Imin QAYKTyallid MHTEHCHBHOCTH OTPAXKEHHOTO CHrHaNa
OoOyC/IOBMEHBl CMEHOH peajH3aluii 3JeMEeHTOB  KpYMHOMACIITaOHOH
MOBEDXHOCTH MOPsl BCJEICTBHE [BHMKEHHS] HCTOYHHKA nsnyqeﬂuﬂ

a sHepreTHyecKui cnekTp (GAyKTyalHH OTpaKeHHOr'o CHTHaJja S' (v)

HeceT HBRQOpMAUHIO O MPOCTPAHCTBEHHBIX CNEKTpax S, (I—V— :
|/

Sy (L%) » Sy (l%) , KOTOpHIE SIBJSIIOTCS MNPOEKIHSAMH MPOCTPaH-

CTBEHHBIX CNEKTPOB HAKJIOHOB KpymHOMaciiTaOHOH MOpCKO#i nosepx-
Hoctd S, (%), S, (%), S,, (%) Ha HanpaB/ieHue ABHMKEHHS UCTOUHHKA
M3JIyYeHHs. ;

Cnucok Jaurepatypsi: 1. Bacc @. I'., Pykc H. M. PaccesHHe BOJIH Ha CTaTHCTH-
yecKH HepoBHOH moBepxHocTH.— M. : Hayxa, 1972.— 276 c. 2. Kypoanosh.P.
Paccesnye 3ByKa Ha IepOXOBATOH MOBEPXHOCTH C ABYMSI THIAMH HEPOBHOCTEI . —
AxycT. XKypH., 1962, 8, Ne 3, c. 3256—333.

Hocmynuasa 6 pedxoasecuro 13.12.83.
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YK 621.391.14

B. H. YEBOTAPEB, kanj. ¢us.-MaT. HayK,
B. M. BAKYMEHKO, xann. ¢us.-mMaT. HayK

CONPAXXEHHBIE BABUCHBIE ®YHKLUHH PA3JIOKEHUN
CHUIHAJIOB B HEOPTOIOHAJIbHbIX BA3UCAX

B coBpemeHHOII TeOpHH CHT'HAJIOB HCMONB3YIOT TAKHE HX NpPe/CTaBle-
HUsl, KOTOpPble Ha OCHOBE CKa/JsIpPHOTO NPOM3BeleHHsi 00pasyior napy
npeoGpasoBanuii [1]. B auckperHoM cayyae 3TO BhIpaKE€HHS BHJA

s(t) = 2 €9, (1), C,= V56, ()at 1)

B HENpepbiBHOM —

s)=fcmet, wav cv=[swom nat. (2

v t

3nech s(f) — konebaune (¢ — Bpems); C,, C (v) — 060GWEHHBIH CIEKTp
(n, v— oGobleHHas 4acToTa); ¢, (f), ¢ (¢, v) — 6a3ucusie (GyHKUUH
(6asucurle sgpa); 0, (7), 0(v, {) — conpsixkennsle GasucHble QYHKIHH
(anpa). DBasucHble H conpsikeHHble G6GasuCHbE GYHKIHH AOJMKHLI
YZOBJETBOPATL ycaoBuam [l1]:

{ om(£)0, (&) dt =5, 3)
t

— B NHCKpPETHOM CJjyyaec H
(ot, o Dav=060t—1; (o@ o Hat=8(v—p)
4)

v t
— B HenpepeiBHOM cayyae, rzxe §,, — cumBom Kponekepa; §(x) —
o6o6umennas ¢ynkuua Jupaka.

O6egHO B KayecTBe 6a3HCHBIX (PYHKIHI HCMOAB3YIOT OPTOHOPMH-
poBaHHble QYHKIUH, TaK KaK NPH HCCJENOBAaHHH NPOLECCOB B JHHEHHBIX
HMHBapHAHTHLIX BO BPEMEHH CHCTEMax 3TO CYILeCTBEHHO YNpoUIaeT 3aja-
gy aHanM3a. B ciyyae napameTpuyecKuX W OCOOEHHO HEJHHEHHBIX CHC-
TE€M OPTOrOHAJILHOCTb GasHCHBIX (DYHKIUH nepectaer Hrparb MOJOXKH-
TeNbHYIO POJb, H MPH HCCIENOBAHHHM CHTHAIOB B TaKHX CHCTeMax He-
penko Gosnee yAOOHBIMH OKa3bIBAIOTCS  HEOPTOrOHaJbHbIE - GasHCHBIE
(byHKUHUH.

Hanpumep, nocrpoenne pemenuii ypaBHeHuii B Buae psaaa Teiiopa
MOXKHO paccMaTpHBaTh KaK Pas3joKeHHe CHIHaId 10 HeOPTOrOHaNbHBIM
byukuuam Buaa @.(f) = t*. I'. E. [TyxoB [2] BBea TepMHH «mpeobpa-
3oBaHHs Teiyiopa», onucan aJropuT™ MOCTPOEHHS PELIEHHA Ha OCHOBE
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3THX mnpeoOpasoBaHuii, a BeIpakeHHe, onpenensiouiee «TeHIOpoBCKui
CIIEKTP», HCNOIb30Baj B BHJIE

Co= oy L0 )

R TR DY,

NpeoGpasopanns Teinopa moxkHO npuBecTH K BHAy (1), ecam ans
Ga3ucHbIX (QyHKUMH " MOCTPOMTL conpsiKeHHbIH 6asuc. ConpsKeHHblE
OasucHble GyHKuun O,(f) B cuny ycaoBus (3) siBASOTCS 06061IEHHBIMH
(byHKUMAME K C yueToM cBoiicTB GyHKIHH O (f) 1 ee npon3BoAHbIX §™(f)
NOTYYUM

0. (1) = 51 80 0. ©®)

Takum o6pasom, npeoGpasosanus Teiinopa B ¢opme (1) mpeacrasis-
I0TCS B BHIE

sw=Ycr c=5F [somwa. )
n=>0 —o0

Conocrasnsiss BTopoe Brlpaxkenue B (7) u (5), BUAUM, 9TO OHHM 3KBH-
BaJl€HTHBI.

Jpyrum npumepoM pacnpoCTpaHEHHOTO PpA3JIOKEHHSI CHIHAJOB 10
HEOPTOrOHAJbHLIM (DYHKIHAM, CONP sPKEHHbII 6a3HC KOTOPBIX HE HCIOMb-
3yercsi B JopMe CKaJasipHOTO NPOU3BENEHHS, SIBISIETCS PasJioKeHKe 10
06061eHHbIM (QYHKUUAM XeBucaiila ¢ (f), HasbIBaEMOE HHOTJA HHTEr-
pasom ioamens. B stom cayuae ¢ (£, v) =0 ({ —v) u

s(ty= | Cw o(t—v)av, 8)
rae C(v) = ds(f)/dt, t =.
YuuteiBass (4) W McCrosb3ysi cBoHcTEa nenbTa-pyHKIHH O (f) u ee
npousBoHo# &M (f), HAXOAUM CONPSIKEHHBIH GasHc

0(v, #) = (—1) 80 (v—1). )
Torna uckomasi napa npeoGpa3oBaHHil NMPHUMET BHJ

oo

s()= 1\ C(Wo(t—v)dv; C(v)=— \ p(f)6D(v—1t)dt. (10)

—0 -—

Cnucox aureparypwi: 1. Ppenkc JI. Teopus curnanos.— M. : Cos. paauno, 1974.—
344 c. 2. yxos I'. E. Tlpeo6pasoBauust Teiilopa H UX NpHMEHEHHE B 3J1EKTPO-
Texnuke u saexTponuke.— K. : Hayx. aymxa, 1978.— 260 c.

Illocmynuasa 6 pedxoarceuto 16. 12.83.
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