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PACTIPOCTPAHEHUE BOJIH B MOJI¥TIPOCTPAHCTBE C
HEPOBHO¥ I'PAHILER

AMBAPLIVMAH B, A, HEKOSH A4 B

Pacemarpeno [RCRPOCTPARCHIE YOPYVIOT BOMRW o ee BIUIMOACHCTENE € HeposHof
hosepsnocteio, Mloayeens opavan 18 KoaeGaniif Heposiof nosepxnoeTn A ABYX  cay-
YARN, HOTAZ Ha Nee malaeT HOMEpedHAd || opojoAbuas  Boaud, [lpHecaeHEr avatpriecs

MEE  BRIDEREHNA 108 MIOCKON NOBEPXHOCTH, HOTOPHE cPapHUBOKITEN. £0 CayMasMe  He-
POBHOM MOBEPXHOCTIE

B sactosuee spems foctatosno nodio PHECMOTPRIG  oTpamenne i
NMpeJOMIRHHE CRACMIYECKHN BOMH B Cayude NAOCKOH rpaius [1—4],

Omnaxo paune cefichmuecknx Bo OOLIMHO CPABHUMEL ¢ Xapaxrep-
HBIMH pasdepaMi liepoBHocTell seMHOH noBepxiocTH, no3ToMy  MOgean ¢
MAOCKOIT 3eMioil NOREPXHOCTBIO HE BCEFAA ABJAKTCA AACKBATHEIMH itpi-
Ommennavu, 3necs cymectseinno VAUTHIHATE  <lIEDONORETOCTRD  3eMHORH
nosepxtocTH. Bonpocu otpamenns u npedomaenus or HEPOBHON [onepy-
HOCTH NPeACTABNANT, B YACTHOCTH, NPAKTHMECKH] HITEpee  maay HHpe:
HepHoil ceficMoaorin,

B macrosmee wpems paGor, rie YUHTLIBAGTCH  HEPOBHOOTh  rpaMuil
Cpean, He ouelb MHoro [6—8].

Heasio nacrosuieil paGorw apiseres Kax-To A0MOAHITE ITOT  [po-
Gest, Mayuas pacnpoctpanenne, aTpamenie, npesoMaense or  cobongHod
HEPOBHOI MOBEPXNOCTH ceficMiYecKol BOMINL, & Takme Koaebains Hepou-
HOW IIOBEpPXUOCTH NoA BO3HCHCTEHeM CEMCMMUBCKON BOJHEL W NOJVHHTE
HPOCTEIE BRIDAMEHHA 405 NepeMellednli nopepxiocTn Jeman,  yiolHbe
AN NPHMEHENNR HE NpaxTike.

L. Ofwue ypasnenus u nocranosra aaiayu

Pacematpusaeres PRCIPUCTRATEHNE celleMuucckoll BoanLl B noaynpon-
CTpancse ¢ Henaockait nosepxuoctsio. [lpeanoiaraetes, wio Cpega nao-
TpomHa 1 oaropoana, Tlpeanodaraercd Takme, YTO WITRHCHBHOCTE CBHICMiH-
HECKON BOJNGL T2K Mada, uTo  MOMKHO OFpANUUHTACH AHHeHHol  Teopueil,
3agaua pemaetca 1aa ABYMEDHONG CAyuas,

¥pasuenue rpanuun MOBEPNHOCTH 3ajaeTca  yukuued  xy=qg(x)
Foepuoe Teno samumaer noaynpoctpaeTro X3 =

[peanonaraerca, wro mon YraoM o B panpasaedun A0,
PRHAETER FapMONHYecKan MAGCKAN BoJE {(tbur. 1). Toraa, kak w3sectHo
[9], Gyayr ase orpamennsie vogiu- LAHA Mo yraoM a, a apyras

pacipoct-

noig
yraos @ Leaw napawman Boana npofoisnas (P-roama), 1o yroa orpa-
HEUHA 1ad orpamenuoll P-oanw Gyaer w, a ain OTpamentoi nomepey-
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ol soanu—p. Korga nagamowas soana nonepeinag (SV wan SH-soawna),
TOTHa OTpaKeHHAR noNepeyHas BOJHA coCTABAAET ¢ ockio Oxs yroa a, a
OTpamennan npogoapHai—yroa f. Qce Oxy wanpasaena & raybn cpeasl.

Ypawtienua aAmickenus ynpyroil cpeim B NOTeHupanax
ABYM cAeAyHULIM ypasHenuay [9]:

L .

ke

s )
&.x’ + ﬂxﬂ G ".,jlf_n

CHOAATCH K

(1.1)

(1.2)

rae O —noTeHuHAA NPOACAEHOR BOAHM, & —NOTEHUHAN nonepevyHol BOJAHM,
Cl==(t-|-2n)p~" —KBALPAT CKOPOCTH NPOAOABHON BOIHEL, Clumpp—t—gpanpar

CKOpOCTH nmonepeqyHol soqHu, & ¥ p—rosbduunentar Jlade.

HEPEMGIH.EH]{R BEIDEMHOTCA Yepes NoTeHLHans CASLYIOIWHM uﬁpaaum:

o0 gy

' dx,  dx,
iy T g, 08
dx, rix

(1.3)

(1.4)

Ilaa nansnediing pacyeTos nonazobATCH Takme cleiyiolide BHIpAMEHHH

AA8 KOMTOHEHT HANPAHEHNH;

f i) a'l
1= s '-'} e
(-2 }a.r- +A oaxi dx,ox,
g g L0
2 h{"_‘_z .} g + G'Lru +2 _,L a}l

o B0 N Ry
’"_*‘( dxdx, | oK axg)

Ha nosepxnoery xs=w(x,) nanpaKenns Heve3awT

o0 TP £y=o(x;)

2. Pewenue zaduwi npu
Pemte noctapaenywe sagaiy

MHEACHCRPHE PeH HaL

(1.5)
(1.6)

(1.7)

(1.8)

2PURILE
LS EPOHIBONBHON By KL @ npei-
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CTARJSCT IHAUATENLHYIO MaTeMartiyeckyvio Tpyanocre. Ilostomy nocras-
Aennan 3agavya Ov/er peuieita AAf MaNOHCKPHBAEHNON rpaluu, OyieT
HCOOABIORAN MeTOA BOIMYIEennll, uzaokelnuit & pabore [6]. Cyre atoro
METGMA 3AKOYERTCA B CARAVIOUEM: BRISHPET Madwil napamerp, pai-
AAraiT B opad npa x3=0 COOTBETCTRYWULHE BEANUHHW ®  VpapHEHHAX
(1.8}, Takny o6pazom, oaHa 3ajaua ¢BOANTCH K PEWISHHI0 PHAZ  3a1aM
Meproii 3anaveil cuMTaETCH UYAEBOE pElleNke, COOTBETCTHYDILCE CAYY AR
MAGckol cooboiioll rpaniiis

dyy==ap=0 npu x,=0
Bo sropoll sanaue vuHTHIBAKTCH BIOPEE WIEHH PAINOKEHNH B FPATHUHENY
yeaosuax (L.8), 370 coormercrByer nepsoMy npufamsennio, B TpeThei
3afaue, KOTOPas COOTBETCTBYET BTOPOMY  UPHOIHIMKENRIO,  VHHTHIBAIOTCR
TreThil YiCHEl pasackenis. Anadorddiimy  obpa3cM  coCTABASIOTCR M
apyrue aanaqn fojiee BHOOKHX NpuOaHmennil,

B stoit paGore Gyiem orpaHHuHBATLCH MEPBBIM npH GaReHHe M,

Hpennosraraeres, uto: 1) raybuna nepoBnoctell Mana 1o ¢pPaBHEHHD
¢ Aannoll najawllel Boaub, 2) Mads HAKAOHE NOBEPXHOCTH 00 OTHO-
WelHio ¥ cpeanen ngckocTH,

BreaeMm MeCTHVIO KOOPAMIATIVIO CHCTOMY x(i=1,2,3) tag, urobu
0CL X; Ouia Hanpasiena BAONL BHYTpenHeil HOPMATH K NOBEPXHOCTH,
& OCH X, X, ObLTi GJH3KH K HANP2BJEHHAM. COOTBETCTBRINIO, ocell ¥, M o
Torpa momuo panucath

_.A:".-:-: iy

npadeM au(i=1,2,3) npHuEMAOTCA PABHEMH enHuLe, 3 KoPDuiHenTH
%a(f-4R) CHHTRIOTCA MAJLIMH NEPBOTO NOPHAKA.

B noBoit KoopannaTHOW CHCTEME X, HANIPHAKEHHA Npeobpa3oBHBAOTCS
CAEAYIOMNM O0PAIOM! 0, =d3u8mTms=0. Hanueas nocieniee nupaienne
AAR 95 W 3, [0 WIGHOB NEPBOro NOPAIKA MaloCTH M pasiaras noc-
Jdeinee B paA N0 CTENEHAM ¢, OTPAHYHBAACE HJARHAMI TNEPBOFG NOPHIKA
MAAOCTH, NOAYUHM CABAYIOUIHE COOTHOIIGHHN:

wl0=—(52) (21)
”[3{G1=(:—:i) Ko 11.}‘_”& (2.2)

Takum obpaszom, BTopas 3anaua CBoAWTCH K PElIEHHIO CHCTEMLI YpaBHe-
uait (L1) n (1.2) e neomnopomuuiyu rpanmynssy yeaosuami (2.1) n (2.2).
Ecan B nynesom npuGamsenny, B nacckoeTi x3—0, Nanpamenus Hcueaa-
10T, TO B NepBOM NPHOAUAEHHH Ol Ne HCUe3alT, Ho  MadW W HMeoT
Nopaios o,

Pewenne nyaesoii 3agaun H3pecTHo |9, nostoMy npHBeZeM  JIHLG
OROHYATENBHLIE BHIPAMKEHHH A8 CMEILeHIS TOURK NAOCKOCTH xa—=0, KoTo-
poie  HeoDXOAHME A48 AadbHeRIHY  cpanneHnil.
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Han nagawowel nporoasnoil soaig
Ur=iexp(it)(1+QuQ7 )2+ Q\(2uk) 1] A, npu ;=0 (2.3)
Uy=texpliz)| &1 — QL 07) i‘ﬂkkIQﬂ#lFQu}_rMm npu =0 (2.4)

rae
Q=i (BT 12) £ 002, Qu=0kk,—k,Q,(2ukk,) -
Qy =2y -2y Qy (k) =, Gk —wt, k,=ki—k

Ry=kclga, k,—kctgl—Boanosoe wneao MaLalomed BoJAHB, W-—4gCTOTA,
f—BpeMf, Ay—3a1aNHER AMNINTYIE Nafgaoued BOAHLL.
s napaowen nonepewioft Bosim:

U= -h’aaz‘\m[1*Q!Q‘;-l—r!k“[Qle}—’pk,:Iexp{fE] npu x,=0 {2.5)
U=ikAg[1- Q,QH“-1-4k,k,pk,,,{G,(}a}—‘-]exp{fil npu  x,=0 {2.6)

Mpuetynum & pelwenns sagaun nepvoro npufmexents, Jas gaas-
Hefuus pacueron HeolGXoanMo mpealpa3osate rpainulbe yeaosns (2.1)
W (2.2), Tlojetapass » npankie wacTu seipamenni (L) u (22) eootio-
ennsn (1.6) u (1.7}, a notom pewenns uyaesors MPHGIIKE A, DOPMY-
au(2.1) n (2.2) uprsyT caeayoWnil s

5, (0)=C(k)pexp(ihx,) (2.7)
() = [ T+ M(k) 22 Jexpiity) (2.8)

Koukpernaie nuar dyoxunéi C(x), T(x) n M{(x) pazanune 8 3aBu-
CHMOCTH OT THIE NAAAOWEH BOIHM (npoaodsioil Han nonepeywpod), TMo-
FTOMY OHW GYAVT NpHECIEHE B AANBHENWEN HITOMOHH,

Pewenns cucremst ypassennit (1.1) (1.2} npw rpauuulinix yCAOBHAK
(2.7) 1 (2.8) caenver nckaTs B CACAYIOULEM BIIE;

+-|

D =(2x) Eixp—tof) [[filexpifu. )£ Bexplis,)|dk (2.9)
o'

b=(27) exp(—iwt }j [ Agexpl(iv) 4 Byexpliv,) |de (2.10)

rae
W=RE RN =R R ve=ha By, =hx,—kX,.
[lyers nanawman sodua npofoasias, Toraa o sripamennax (2:9) n
(210) caenyer noactamuis Ay;=0, Yaurtmsas cooTHOLeHHS (1.5)—(1.7)
 noicrasnas pewenns (2.9) u (2.10) B rpanuynme yeaosus  (2.7) u

(28) n aenan obpatnoe npeobGpazoBaiie Qypee, nojyuaTes cheyiouiHe
EJIFE‘EIIPEIHLIECEHE COOTHOIEHW R
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—Qy(Ay+B,) + 2k, B,=C (2.11)

Dy By—A )+ EnBymHy (2.12)
rae
Gz{in]—'f”‘l Ck)adx, (2.13)
) ﬂ-i-l‘r | | &‘P
H ~ (2x) ﬁhf[?"?-a,-.lf-—]dxl (2.14)
ax,

Pewasn cucremy aareGpauvecknx ypasnennit (2.11) w (2.12), ans xosd-
ipuusenTos By n B: noayyaten cJeiviomiie CcoOTHOOIEHMA:

Biﬂgz'ﬂé_lﬂ':+-H{!-"Qa}_l"kﬂﬁigi‘kka(x}:]_] (2.15)
By=( 2k ) {Qu(14-QeQ7 ) A+ 1—

(2.16)
—ka(2ukkyQ5) Q|G- QH(Qur) )

Has uaxompesns xojefauuit rpanuus NodynpoctpancTea  neofxo-
AMMO moacTaBuTh pewenus (259) u (2.10), ¢ yuerom anasenui koshdm-
uwentoe (2.15) u (2.16), s coornowenns (1.3) w (L.4), Toraa noayuutca
CYyMMa HECKOJABKHX WHTErpadoR,

Ham pacuera wnterpanos (2.03) u (2.14) nymuo 3azate BHA (yHK-
unn . Oanaxo Gosee yaoBuo sanats GyUKLHO HCKPHBACHHOCTH CPAHHIM

B_BHAe pana Pypee, Ilpeanoaarast, 4T0 ¢ VIAOBASTHOPHET VCAOBHAM A8
pasioMenyn o pAad, MOMHO HANHCATE:

¢=3  epexplimgx,) (2.17)
=

rae §=2xA, A—nepuoAd HepORHOCTEN B HANPABJEHHH OCH KOODAHHAT
X, m+#0. Toraa, yuurwusag, uto

A

ig)=(2=)"" j exp(igXxldx,

_

roe 6(g)—neavta-dynkuna Adupaka, aaan wuterpaacs  (2.13) u (2.14)
NOJAYHATCH CAEAVIOUIHE BHIDAMKeNHE:

G=(25)10C(8) S ondlme) (2.18)
H=20)2 [ T(R) S s.dmg) + igM(B)S  meni(mg) | (2.19)

Bulpode topMyn aas nepemeuienuil Touex HeNAOCKOH NOBEpXHOCTH
rpannnel OyAyT caeaads Aas cayuas m=1, n dopmyaax (2.18) u (2.19).
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Pacuern OyiyT caedansl 148 PHKCHPOBANUEY IHAYENR BOTHOBLIX uHCed,
RO3ITOMY E‘I}’J{‘T NOAOMENo, MTD

' A=(2r )2 A B k—k,) (2.20)
rae Agy, (—NOCTONNHLIC BEJAHUHIIL,
Huterpuposats wirérpaas yaaercs, Koria £=~K—~&g, 4 370 naHayaeT,
HTO JTHHA HEPORHOCTEN NOBEPAHOCTH CpPABNNMAa ¢  AJudoll  nagampimed
BOAHEL Hmenno 3107 cayuaill wacto BeTpeuaetch wa npaxtHke, Torza aas
CMEULeHI TIOBEPXHOCTHEIN TOUEK NOJAVHATES CAENYIDUIE BLHIPAAEHIN:
Uy=iesp(—iwt){£Anexp(in) + Q5| QuAy—Coka(2ukh,) " +
+Tou " exp(in) +(200) 7 Qy Te (3 Qy) '+ Qu14+-Q, Q%) Agy
[V —kalh(2pk4,Q,) | Coy |exp(iv,)] npH  L=¢, (2.21)
Uys=iexp(—iwt){kyAgexp(iv)—k, Q7| QuA—kanyC(2ukk;) " +-
4"‘?1?1!‘_]]!-";?”"2} :_igllka}_li Qs l""':d]iqu_l}'ﬂ'm t ?1Tkiqa{|"kaaa}_l +
+ 1=k Qu(20kR,Q,) 7 Coy Jexp(in)}  mpn xy=s 12.22)
rae
C(R) =20k, Q)07 1Ry +-2kRy ) Ay T=—2ik, Q5 '|4£ Rl +-
+RaQy | Ay M=8kR,Q,Q; A Q=E(L20) 4 £

Cpasunth noayuennsie supaxenis (2.21) n (2.22) ¢ cooTHOWeHKHME
(23) u (2.4) Momuo Tonsko B Toukax xy;=0. [loacrasaas B BHpaKeHHA
{2.21) u (2.22) x=0, noayuarcs BHpAKERUH, e ToAbKO nephme Cau-
FdeMue cosnamyT ¢ puipamenuamu (23) w (2.4). Tarum ofpazoM, kode-
DaHHA BLOpanuWy T0vel KPHBOJHHENEON IPpadHisl CHABNO  OTAHYAKTCH
0T KoAebanui STHX e Touex npi naockoll rpaxuue.

[lyctn napaomas soiua nonepednad, Torga e Bupamennax (2.9) u
(2:10) cagayer mozetasuth Ay=0, Hoetynas  anaaorpudes  ofpazoM,
Kak 310 Guio cleadane npu A.={0, MOMHO NOAVIHTLE cHCTeMy aarebpa-
HueCKHX ypasdeduil oTnocuTensHo By u B, Pewmas ate ypasuenns, aas
kozprunenton By »w DBy noavuates cacoyiomne BulpameHHA:

8y = Apkiyka(Q,Q,) 1A+ 2RAH(Q,Q,) (1 _“I'l-Lk!klkJQi'IQ;l}GQri
B::'Q:';’Ij-!-'irl‘zkk;{ Q;Q;}_lﬁ'i' [E‘Q::I_]H

Anasoruuno, Kak 1o Gella cAedano ApH  najaiomiedl  ApoACABHOMN
BOJINE, MOMHO T8 CMELLeHHH HepoBHON NOBEPXHOCTH NOAYHHTL CABRVIO-
MHe ORipdAelHa:

Uy=iexp(— iwf){] QqA gy +208,C5, Q7 ', T Q5 Mgexp (iv)—

— Al xp(ivg) +[dpkkk, Q1 Ay —(1 —duktR,%, 01 Q1) Coy—
—2ikk,To, Q-1 Q Mexp(iv)} npr x=v, (2.23)
Uy=iexp(—iat)kAgexplivy) +| —4khpl, Q7 An+(1—
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—dukti by Q10 e, C—2kk GT?,Q;" -5 Q. ey plévy )+
-I-kQ‘;’fQ,ﬂu+tF1?"11-‘1"f'%k(??‘f?r"‘}ﬂxp{iv‘}} npH X =g (2.24)
rie
C(R)=2ikk | k,+ Ryt QuQ (By—ky ) A gy
T(R) = ipky(4R°RI Q1 1 Ry 1—,Q5") Ay
M{R)=2pRly( 14+ Q07 ) Q5 1) A,

MNoacrapnas x;=0 g CPaBHHBas ¢ conTHOWeHWAMH (2.5) i {2.6),
MOMHO BHLETH, YTO Kak H B coyyae A, =0 HCEPHBJICHHOCTE  rpaHHIL
CYHIECTOEHHO MeNAeT KoAeGdlu" Bubpaiuuby Touex cecloHoll nobepx-
noeTH,

Herpyano aamerurs, uro NOAYHEHHLIE BHPAMENHs (2.21)—(2.24)
Aerko oBOOULITE IR [asAHYHEX 3HAYeNNI) My OANAKO H3-32 rPOMO3 AKDCTH
(PopMyn azech e mnpuBoAmTES,

C nosoutbio dopmyan {2.3)—(2.6), (2.21)—(2.24) MomHo BEYHCAHTE
TOPHIDHTAAbHEE N BepTHKAJbUHE NepeMemenys HEPOBHON TOREpPXHOCTH
B TOYKaX xs=0 u oueHuts BAHAHPE HEpoREOcTei csofoanoll NoBepxuocTH
ita kosefanun BRGPAHEBIX TOUEK, CRABHHTL HX ¢ KoseBauHAME aiadorii-
X Toqek naockod ceolodHoi noBEpXHOCTI. PeavanTatet uncaeimtmx oie-
HOK npHBefeHs! b Tabauue. Beawunww g radnuue—~Gespasvepnne, Pacue-
THL Chealu 1A% rPyHTa, AR KOTOPOTO CiC*=3. Cayuait wpy=0 co.
OTBETCTRYET nAOCKoH moBEpXHOCTH neaynpocTpatcTea.

Tafaunga
kg [Usfiedy, UslineAg,
2==15% | 2=30° | 0= 450 1= 150 | 230 2= 450
i 243 | 4474|2016 [ 10:43| 443 | 1.0
O.1 | 0.66) 3.503]1.728 | 10641 4458 | 2.1
0.2 | 3.62) 2,716/1.295 | 10,30| 4.72 | 7,33
0.3 | 6,58 1,839/0.864 | 10,36) 4.87 | 2.54
04 | 9.54 0,962/0.432 | 10,34| 5.02 | 9,76
05 | 12,5 ﬁrﬂﬁEfDrDl 1031 5.16 | 2,97

Kak smawo wa pamiws, MpHBCACHHMX B Tabiuue, HaAHuHe Hepos-
HOCTE! MOBEPNHOCTH, T4Ke NPH MAMY SHAMEHNAX ki, TPHBOANT K CVHieCT-
BEITHOMY H3MeHeno nepewveiesiit NOBEPXHOCTIL.

ABtopu Gaaroaapar A. TI'. Barzoess Ji UeHHbe  KOHeyMwTalmn, a

TAdRiKe yuacTikon ceMusapa «Bodnosue npoueccer» Huerutyrta mexa-
Higi AH Apsenny,

THE PROPAGATION OF WAVES IN SEMI-SPACE WITH THE
ROUGHNESS BOUNDARY

V. Al M'-iHARTSU.‘h'IIﬁN, A. V. SHEKOY AN
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