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OHpeHeJ’ICHLI Cp€ansist MHTCHCUBHOCTD U YaCTOTHBIA CIICKTp (I)J'IYKTyaLII/Iﬁ BOJIHOBOTI'O ITIOJIAL, paCCeAH-
HOTO B OV KHEH 30HE CTaTHCTHUECKU HGPOBHOﬁ MMOBCPXHOCTBIO. OCHOBy pacdy€ToB COCTABJIIET AaCUMII-
TOTUYECKOE PA3JIOKCHUE (I)J'IYKTyaLII/IOHHOFO IOJIA, MOJIYYCHHOC B HepBOﬁ 4acTHu pa6OTLI. MCCJ’IGZ{OB&HBI
MpEACIbHBIE NEPEXOABI K U3BECTHBIM YaCTHBIM CJIydasM.

Lenpro BTOpO#t yacTu pabOTHI MOCTAaBUM OTI- > > o
peleneHue cpeaHeil HHTEHCUBHOCTH U 4acTOT- R12|z1:o =hy (22 - Zl) y e =T =N,
HOTO CIIeKTpa (UIyKTYalMOHHOTO TOJIsl HA OCHOBE
€ro MHTErpajJbHOro MPEACTAaBICHHUS, IOy YEHHO-
ro B mepBoi gactu [1].

Hcxomst u3 dhopmynst (68) [1] 3ammimem cpen-
HIOO MHTCHCUBHOCTb (DIYKTYaIl|ii 1osist B BUIE (* —
3HAK KOMIUIEKCHOTO COTIPSKCHHS):
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a (5,2), (7,2,), (5,,Z,) — KOOpPAMHATHI TOYEK
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CTBEHHO; J; 1 J;, onpezenens Gpopmynamu (69),
(70) B [1].
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P - D-
3necy O, =——,
8 - R B RlZ

IIpu sTOM

Ry, —Ryu +R, =R}, = (BJ_ —0, )p+
+Ap% +Bp} +Cp,p,, 2

p=(p,,Py), TIE Py, P, —KOMIIOHEHTHI BEKTOPA

) BHJ‘IOCKOCTI/ISI/I o, = (o, o), B, = (B,.B,)-
B paBencTBe (2) BBEIEHBI COKpAIICHHBIC
0003HAYEHUS IS BEIIECTBCHHBIX BEINIHH:

2 2
A:_E i+i +1 Oy +B_X <0,
2 ROl RlZ 2 ROl RlZ

2 2
o
B:_l i+i +1 _y+BL <0,
2 ROl RlZ 2 ROl RlZ
l3 By
ROl R12

< 0.

ITpu sToMm skcnoHeHTa B uHTerpaie (1) Bbiris-
JIUT CIEAYIOMIUM 00pa3oM:

exp{-ik(Ry, —R Ri)}=

=exp{-ik(B, ~6.,)p}- M (), ©)

’
ot R —

rae skcrioneHTa M (P) Moxer ObITH MpeacTas-
JeHa pasnoxeHueM Oypbe

M (5) = exp{~ik (Ao} +Bp] +Cp,p, )=

= J da j da,e M (q), @

M (@)=~ J dp, J dp,€PM (p). ®)

Brruucnenust npuBOAAT K pe3yJIbTary:
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Ecmu B (6) Bemumza B — 0 ymibo A— f—B —0,

(6)

TO COOTBETCTBYIOIIAS YacCTh BBIPAKEHUs Iepe-
XOIIMT B O-(QyHKIIHIO.

I[IpencraBuM cirydaiiHble BO3BBIIIEHHS, KOTO-
peie BXoAT B Benmumusl Jy, m Jg, (em. [1],
dopmyist (69), (70)), bypre-pasnoxeHreMm

66 = | Jonge™, ™

u ananornaHo ((F)={(F +p). Iepeiins 3aTem
B (1) K uHTErpUpPOBaHMIO 1O T;, P BMECTO T, T,
IOy 4UM

<‘u(|§2)‘2>:

<] Joor, | [oox | Joa(E )

1 T I
) !J.dzfi,[ojdzp - Rl*le—g X

01"%01" 12 RlZ

X301(Xl)301(xl) M (q)e_lqp'Hle lk(ﬁr%)r’e—l(xl—xl)ﬁ_

(8)

B dopmyne (8) npeamonaraercsi, Kak 00bIYHO,
YTO paguyC KOPPEIMH MHOTO MEHBIIE pa3Me-
POB pacceHBaroLICH MOBEPXHOCTH, a IOTOMY HH-
TErpUPOBaHKUE IO P BEIETCs B OECKOHEUHBIX Tpe-
Jenax. ACHMIITOTHYECKHE METOJIbI BBIYUCIICHHUIT
THIA METOJa CTAl[HOHAPHOW (Da3bl MO3BOJISIOT
npeHeOpedb pasHUIICH P B BBIPAXKSHHSIX JUIS LITPH-
XOBAHHBIX BeMMuuH Ry, R{,, .. B omm4me OT
HEIITPUXOBAHHBIX. Byaem cuurars, Kpome TOro,
T0JIe HEPOBHOCTEH OTHOPOTHBEIM, IO3TOMY B CHITY
TeopeMbl Bunepa—XuHuuHa
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(T @TG)) = 0™ (1,)8C ~ 72, ©)

e 6°W (¥,) —NpoCTpaHCTBEHHbII YHepreTHyec-
KHUH CIIEKTP HEPOBHOCTEM.

C yuerom (9) u TOrO, YTO pE3yJBTAT HHTCTPH-
POBAHUSA 110 P Ja€eT (2n)26|:7(1 —-g-k ([3L -0, ):|,
dopmyna (8) mprobdperaet Bu

M[k(BL—aL)w}M (@. (10)

Jo1(fy) momyuaercst 3 Bemmanmbl Jo; 3ame-
Hoit B Hert V,{; na iy, n {, na l.

[lepeiimem Bo BHYTpeHHEM HHTETpaje mo ( K
Oe3pasmepHOMy BOJNHOBOMY umcny §° =G/k,

=0

d?g =k?d*G°, u 06o3HauMM ero
ly= | Jaajdg;e™ (@), (1)

rme G=kR>1 R:EM

o1 Ty,
MmeTpuieckoe Ry, u R,

— CpeaHee reo-

W[k(BL—aL)wq"].

st Beraucaenust (11) npuMeHrM aCUMITTOTH-
YeCcKHil MeToJl cTannoHapHoU ¢asbl. CremaeMm
npeoOpa3zoBaHue, SKOOMaH KOTOPOTo paBeH 1.
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3HaueHUe TeccuaHa B CTa]_[I/IOHapHOI/I TOYKEC
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B pesyibrare IaBHBIA 4YIEH aCHMIITOTHKH,
BBIYUCIICHHBIH METOJIOM CTarnoHapHou ¢assl [3]
(c. 529), paBen
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[Moxcranoka (13) B (10) mpuBOAKT K OKOHYA-
TEIbHOMY pe3yJIbTaTy
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[IpoaHanusupyeMm MOBECHUE TTOAMHTETPATIb-
Horo Beipaxkenus (14) B mpenenbHbIX CIydasx,
TpY GOJIBIIUX U MAJTBIX YITIAX CKOMBKEHUS Wy, W7,.

’ 4
Hamomuum, uto Yo, =——0p, W, =—-60,,

Zz Zz
npudem €0sOy =—2, cosO;, =—%. Ecau

01 2
Ver ~ |n| — yron bprocrepa u Yy > Yy,
Wi, > g, To Koo uimentsl otpakenus Ope-
wemst Vg, =1, V), > 1 B dopmynax

j01 [k (BJ_ - 6‘)] =
=[ -k %, +K?02 J(@+Ve) +KPo,mg (L-V,) +

[ —kai, ¥, + ko +k%a mo](l Vo)W 7u=k(p, )

(15)

Jip = @+V5) + (1-V5)W5, (16)

e Wy,, W), —muO)uTenu ocinabienns (cm. [1]).
B pesynbTare, 3amedasi, 4To ocf +0ci =],
TIOJTYYHM:

J,=2.

ITpu sTom dopmyna (14) npuHuMaeT BUa

ooy
x(1-B.a, )W [K(B.-a.)] 17)

®opmyna (17) moaHOCTHIO coBIagaet ¢ dop-
myoi (11) B [2] (c. 105) mst skeCTKOM MOBEPXHOC-
i, eciu yuects cBszb W (¥,) ¢ KOppesIHoHHO#
(byHKIHEH.

JUist  CKONB3SIIEro pacupocTpaHeHUs
Vor < Vg, WY, <Y umeeM Vg,V - -1,
o, =0, I, > 2W,, Joy —2k* (1-B,6, )W,
u popmyna (14) npuHEMaeT BUI

<‘u(|§ )\> 4k4c52”d2 Réllsz (1-B.6, ) x
><W0'1W1'2V\~/ [k (BL —0 )] (18)

[Mepexon k “MATKo#” MOBEPXHOCTH B GOPMY-
ne (14) He MOKeT ObITh pear30BaH, MOCKOIbKY
OH TIperoiaraeT Apyroi TUM IPaHUYHBIX YCIIO-

BU (|n0| —>oo) U COOTBETCTBEHHO APYIOW THUII
K03(D(DUITUCHTOB OTPAKCHUS.

JHepreTH4YeCKUuil YaCTOTHBIN CIIEKTP
aykryanmonHoro moJis

Bynem paccmartpuBarh paccesiHue Ha KoJeo-
Jroueics ciaydyaiiHoi nmosepxuoctu z = {(F,t).
B npeanosnioxxeHnn KBa3HUCTAHOHAPHOCTH TaKHUX

g% ﬂq, dbaykrya-

IIMOHHOE IT0JIC OMUCKIBACTCS MO-TIPExKHEMY Qop-

Kosebanuii Q < m,, rae Q ~

mynoit (68) u3 [1], rne Bmecto () cuemyer
noxactasuth ((T,t) m paccmatpuBath 31ech t
KaK mapamerp,

e*i“)ot ) eik(ROl+R12)

u(Ryt)=- = ijd FW

‘]Ol‘]lZ ' (19)

=0

B dopmysie (19) B siBHOM Bujie 3amKcaH OIy-
IIEHHBI paHee BPEMEHHOI MHOKHTENb € '™,
Muoxuremn Jy,, J;, onpenenets! popmymnamu (69)
u (70) u3 [1], npudem B mepBoOii U3 HUX BMECTO
¢ =C(F) cromt Teneps G, = (7. 0).

O0pasyeM BpeMEHHYIO KOPPEILSIIUOHHYHO (DYHK-
MO

B(7) :<u(§2,t+t)u*(ﬁz,t)> -

d2rd 2—/ 312\]12
(475) J.J.J.J. R01R01R12R12

X<\];1\]61 > e_ik(R01_R\’,Jl+R12_R£2)

(20)

,
3=24=0
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Ora hopMyna oTIn4yaercs oT momoOHoH ¢op-
mynbl (1) 1 cpeaHel HHTEHCUBHOCTH MHOKH-
TeneM e ™" | CIBIKKOI 110 BpeMEHH BETHUNHBI
C(F,t+71), comepxameiics B Jj;,. OcranbHble
IITPUXOBAHHBIC BEJIMYHMHBI T€ XK€, 4To U B (1).

[pencrasum teneps {(F,t) bypbe-pasioxe-
HHEM

(0= [ doy [ [0, T8, G5 08(0, - o),
A j=
(21)

rne ®; =Q;();) — 4acTOThl IUCTIEPCHOHHOTO
ypaBHeHus kojiebanuii nosepxuoctu. [loacraBus
(21) B BBIpaxenue st Jg;, Jg;, MOTYIUM

<‘]31‘](,)1> = ]i doy, T day T sz)zlx

XT szﬂz Z 531(5(1)501(7(1)X

j=t j'=t
Xe" (Xa—%2) r1e|761f)e' (o~ )t—ient X

(TG, D)) 8oy - 03w o). (22)

Bemmanusr Jo,(3;) u Jo,(3,) ompenenems:
dopmyoii (15).

Bynem cumrtarh ciaydaiiHOE IOJIE HEPOBHOC-
Teu OAHOPOAHBIM U CTAIMOHAPHBIM, BCIICACTBUC
yero 1o teopeme Bunepa—XuHuuHa Ju1s KOppe-
JSITOpa CIIEKTPANIbHBIX aMILTUTYA [4] umeem co-
OTHOILICHUE

2
(80T 0)) =W, ()33 ~72)- (23

ITosTomy

<J51‘]61> :%2 T J‘dz)zlz‘jm(il)‘zwj (Zl)ei(ilﬁ_m"r).
e s

(24)

IMoacrasum (24) B (22), a (22) B (20):

—iwgT

B(1) =

(4m)? 2

AJo Hd

—|k

f-k(Ap§+Bp§+Cpxpy) %

R01R122

Xyl [ [0 3 30x )| W e . (25)
—oo j=t

Bocrnons3oBasiimch Gpypre-pasnoxeruem (4)—6)
st M (), momyunm

[
o= I

XT ‘[dz)zlm I:X]_ _k(BJ_ —aL)}Z‘jm(Xl)‘zwj (Xl)e—iwj‘r.
e =

(26)
Onpenenum 4acTOTHBIA CIIEKTP:
S(w) == T B(x)e™dt 27)
2 7 ’
S(0) = S(w, +Aw) = —”dz” 3l X
0 - 2
RoiRe
] kG-
XZ‘jm (7(1)‘2 Wj (X)d(Aw— o;), (28)
=

rme Aw= - w;.

dopmyna (28) umeer mHOro 06IIETO € (Op-
mynoii (10) anst cpeaHeit MHTEHCHBHOCTH, YTO
CTaHOBHUTCSI OCOOCHHO HAIISITHBIM IIPU 3aMEHe
epeMEHHON
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X1 %k(Bi_dL)*—q'

CymiectBenubiM ommunem (28) ot (10) ss-
JsieTcsl IPUCYTCTBHE S[Aco—coj (7(1)] o[ 3Ha-
KOM HHTerpaia. JTo 00s3bIBaeT MPOU3BECTH B
MEPBYIO OYepe/Ib HHTETPUPOBAHUE TI0 BOJTHOBBIM
9quCIaM ¥;, BXOMAIIUM B apryMeHT O-(QyHKIHH,
BHE 3aBHCHMOCTH OT OBICTPOTBI H3MEHEHUIl OC-
TaJbHON YaCTH MOAMHTETPATBEHOTO BBIPAKEHHUS.

B o06riiem ciydae ananu3 criektpa (28) siBrsier-
Cs1 CIJI0)KHOM 3a/1a4eid, TO3TOMY OrpaHUYHMCS 37€Ch
HauboJee MPOCTHIMU YaCTHBIMU CITYYasiMH.

Bynem paccMarpuBaTh KOHKPETHBIN BHJ KO-
JeOaHuii TOBEPXHOCTH — IPABUTALIOHHBIC BOJTHBI
Ha TyOOKO# KHKOCTH, AJIsl KOTOPBIX 3aKOH JTHC-
MEePCUH UMEET BUJL

®; = j/9%, (1=1),

0 — YCKOPEHHE CHIIBI TSXKECTH.

Haunewm ¢ cuTyanuu, Koraa MOKHO MpeHeo-
peus KBagpaTHUHBIME dneHamu ~ kp® /R B k-
cnonente M (P) (bopmymna (4)). D10 o3HadaerT,
yT0o MOXHO monoxutk A B,C —0, mpu sTom
u3 dopmyisr (5) crexyer M(G)=8(q), u xop-
pensnuoHHast QYHKIIHMSI BBITISIUT CIIETYFOIIAM
obpazowm:

B(9=""1"2 jjd2~ FL(:'

[(LocL ‘W

BJ_ - dJ_ ):|eiiuw.
(30)

A BBIpaKeHHUE JJIsl CIIEKTpa UMEeT BH]

S(w) =S(w, +Aw) =

Bl

d’F,

J Joh e

2
o

(31)

Pagnodusuka u pagunoactpornomus, 2008, 1. 13, Nel

501[k(BL—aL)] ‘ZV\?j [k(Bl —dl)]S[Aco—coj],

e Ao=0-w;, a O; :jﬂlgk‘BL—(‘xL‘, j=%

B cityuae, koria yriibl CKOJIbKEHHSI Ha Tpac-
cax Ry, m R, MHoro Gompme yrma Bprocrepa,
dopmyia (31) mepexoaut B popmyiny (16) us [2]
(c. 139).

N3 popmyser (31) cneayer, uro crektp dop-
MHPYETCS OIPENEIECHHBIMU TOUKAMU PACCESHUS
BO3JIE YacTOTHl (), B IOJIOCE YaCTOT

Aw=+,/gk[B, —aL\max. (32)

B camom o61iem ciydae (OeckoHeuHas pac-
CeHMBaOIIasl MOBEPXHOCTh S) IS pa3iMYHBIX
TOYEK paccesHus BO3MOKHBI U3MEHEHHUS B MH-
TepBaje

os\Bl—aJsz. (33)

Jlist SKOHEYHBIX Pa3MEpOB HANA30H BO3MOK-
HBIX M3MEHEHHI MOXeT OBITh ropa3I0 MEHbIIe
Y ONPEAENSIETCS] KOHKPETHOM reoMeTpuel 3a1a4u.
Ctporo roBops, ucxonHas (opmymna (1) B [1]
NoJIydeHa B TPE/INOI0KEHUH, YTO TOBEPXHOCTD
S — GeckoHeuHast MWIOCKOCTh. [1oaTOMy TpHMe-
HEHHUE CIEIYIOINX W3 Hee Pe3ylbTaToB s S
KOHEYHBIX, OOJIBIIHNX [0 CPABHEHHIO C JJTUHOM BOJI-
HBI, pa3MepoB CIIEIyeT paccMaTpHBaTh Kak Ko-
POTKOBOJTHOBYIO aCHMIITOTHKY KpPAaeBOM 3aauu
st ypaBHenus Tenbmroneiia ([5], masa ).

Oco0bl1if HHTEpEC MPEICTABISET CITydaii oopart-

HOT'O pacCesiHus (ﬁlz =Ry, B, =—0. l), Korza

Ao =+,/2gk|a, |- (34)

O4eBUHO, UTO paccesiHhe Ha JaHHON 4acTo-
Te 00ecneynBaeTcs TOYKaMU IOBEPXHOCTH, IS
KOTOPBIX |d L|=ConSt, HE3aBUCHMO OT a3HMY-
TaJbHOrO yria. /lnana3oH BO3MOXKHBIX M3MEHE-
HUU yTIIa najeHus o0ecrneynBaeT MUPUHY MOJ0-
CBI CIIEKTpa.
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Jl51s1 aGCONFOTHO BBIPOXKICHHOTO CITy4ast CKOJIb-
3smero nagenus (z, =0) yron nagenus (u pac-
CesIHUSI) TIOCTOSIHEH W PaBeH T/2, HpPH 3TOM
|d l|=1, M BCE TOYKU PACCESIHUSI AIOT OJMH U
TOT K€ CABHT YaCTOTBHI

Aw==,/2¢gk. (35)

[pu 5TOM apryMeHT QyHKIUH S[A(Di 29k ]
HE 3aBHCHT OT [} M €¢ MOXHO BBIHECTH 3a 3HAK
uHTEerpasa B Gopmysie, crenyromieii u3 (31) mpu
B, =—0.,,. Crextp (uykTyammii Mo COCTOUT B
3TOM cllyyae M3 JABYX OCCKOHEYHO Y3KHX (BCies-
CTBHE JIOMYIIEHHON paHee MaTeMaTHdecKol hiea-
JIA3AITAN) JIMHUH.

Bo Bcex OCTalbHBIX CITyYasx apryMeHT O-(pyHK-
LMY 3aBUCUT OT TOUKH PACCESHUSA [}, Y BEIHECEHUE
€e 13 10/1 3HaKa MHTETPUPOBAHUSI, KaK 3TO CIIeTIaHO
aropamu [2] B dopmyse (2) Ha c. 139, sBisercs
HEZOITyCTUMBIM.

Bnusinue KpuBU3HBI (a30BbIX (PPOHTOB Maja-
IOIIET0 M PAaCCESHHOTO IMOJIeH CYIIeCTBEHHO Ha
paccrosiHMAX Ry, R;,, rme ¢aza M (p) mamuoro
oonbie equnuibl. Crektp (28) B 3TOM ciydae
OIIpEeeNAeTCS IBYXKPATHBIM MHTETPUPOBAHUEM
0 TOYKaM paccenBaroIell HOBEPXHOCTH U JIBYX-
KpaTHBIM MHTETPHUPOBAHUEM IO BOJTHOBBIM BEK-
TOpaM IMPOCTPAHCTBEHHOT'O CIIEKTpa HEPOBHOC-
TEW 3TOI NOBEPXHOCTH.

BrimonHeHe HHTErpUPOBaHUS 110 BOTHOBBIM
BEKTOPaM SIBJISETCS JOCTATOYHO CIIOXKHOW 3aja-
4ell 1ake B YaCTHOM ciydae oOpaTHOro pacce-
SHUS, U B HACTOSIIEH cTaThe HAMH paccMaTpH-
BaThCsl HE OyJeT, paBHO Kak W oOmMi ciydai
IPOU3BOJILHOW reOMeTpUH paccessHus. Takoe pac-
CMOTpPEHHE MOXKET COCTaBHTh MPEAMET OTACIb-
HOTO HCCIIeIOBAHMUS.

Takum obOpazom, momydennsie B | u Il qacTsx
pE3yABTaTHl MMO3BOJISIIOT OMKCATh paccesHHE B
OnrKHEH 30He OBEPXHOCTH Kak Ha ypoBHE (iryk-
Tyaruii BOJIHOBOTO IOJIs, TaK U HA YPOBHE CPeI-
HEW HHTEHCUBHOCTH (QIIYKTYalllHu U €€ YaCTOTHO-
ro cniektpa. Ux manpHeWmuii anamus OyzeT cro-
coOcTBOBaTh 0oJiee JETATHHOMY MOHHUMAHUIO
SIBIICHUM pacCessHUsI BOJIH.
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Po3cissHHA XBWJIb Y O0JIMKHIH 30H1
CTATHCTUYHO
HepiBHOI noBepxHi. | 1. Cepenns
IHTEeHCUBHICTH
| YacTOTHHIi ceKTP QUIyKTYyaliii moss

A. C. bproxoBenbkuii

BusnaveHO cepemHIO IHTEHCHBHICTH Ta Yac-
TOTHHUH CIEKTP (QIIyKTYyaIliif XBUJIEBOTO MOJIS, PO3-
CISIHOTO Y ONMKHIM 30HI CTATUCTHYHO HEPIBHOIO
noBepxHer. OCHOBY pO3paxyHKIB CTaHOBHTH
ACHUMIITOTUYHE PO3KJIAQAaHHS (IIyKTyalidHOTO
OJIs1, OJiep KaHe y mepiii yactuni podoru. oc-
JIJPKEHO TPaHUYHI MEePEXoJH 10 BIIOMHX OKpe-
MHX BHNAIKIB.

Wave Scatteringin Near Zone

of a Statistically Rough Surface.
I1. Averagelntensity and Frequency

Spectrum of Field Fluctuations

A. S. Bryukhovetski

The averageintensity and the frequency spec-
trum of field fluctuations in the near zone of a
statistically rough surface are determined. The
calculations are based on the asimptotic expan-
sions of the fluctuating field derived in the first
section of the paper. The passages to the limit for
the known special cases are investigated.
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