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I/I3Y‘{CHO pacnpoCTpaHEHUE HU3KOYAaCTOTHBIX TAaDMOHMWYCCKMX BOJIH JaBJICHUA B TPCHIMHE, 06pa30BaHHOI7I
ruapopaspbIBOM IlJIaCTa U pacnonomem—roﬁ NEPHNEHAUKYJIAPHO K CKBAXXKMHE B HOpHCTOﬁ 40 HpOHMHaeMOﬁ
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IIPOHUIIAEMOCTHU, IITUPUHBI Tpe[HI/IHBI). YCTaHOBJ'[eHO, 4TO ITpU pacrnpoCTpaHCHUHN BOJIH OT CKBa>XMHbI I1O
paavaJIbHbIM TPpEIMHaAM XapaKTCPHbLIC paCCTOAHUA ITPOHUKAHUA BO3MyH_[eHI/II7[ JaBJICHUA MOTYT OBITH 3HA-
YUTCJIbHO BBILIC ITO CPAaBHCHMUIO C l"J'[y6I/IHOI‘/)I ITPOHUKaHUA B03MyH_[eHI/II‘/)I oT OTKpBITOﬁ CKBa>XMHbI B IJIaCTEC,

Korjga Tpe€uimHa OTCYyTCTBYCT.
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BBEAJEHUWE

OIHUM M3 OCHOBHBIX CIIOCOOOB MHTEHCHU(UKA-
LM JOOBIYY He(PTU 13 HU3KOIIPOHUIIAeMbIX IUIACTOB
SBJISIETCSl TuApaBindeckuii pa3pbiB miaacta (I'PIT).
Bonbnioe komnuecTBo pabOT MOCBSILIEHO MaTeMaTH -
YeCKOMY MOAESIMPOBAHUIO MPOLECCOB (PMIbTPALIIN
B OKPECTHOCTU CKBaXKMH C TPELIMHAMU T'UIpOpa3pbl-
Ba. BriepBrie onucanue TeueHus QIonaa B TpELInHE
M OKPYKaIOIIeii ee ITIOPHCTOM cpeae ObUIO JaHO B pabo-
tax M. Muskat [1]. U.A. Yapuem [2], .. bapeno6na-
toM [3], P.JI. KaHneBckoii [4] u npyrumMu uccieaoBare-
JIIMU OCTATOYHO MOAPOOHO OBLIA U3y4EeHBI BOIIPOCHI
¢dunbTpanyy ¢ouaa B TPEIIMHE M OKPYXKaIOIIeM Iia-
CTe B CTAallMOHAPHOM ciiydae. B cBsI3u ¢ TeM, 4TO pacter
JIOJISI MECTOPOXKICHMI, Tlie MPOHULIAEMOCTh IJIaCTOB
HU3Kasl, a BI3KOCTh (pJIton1a BHICOKAsI, BPEMsI BbIXO-
J1a pacIpeneieHus JaBJIeHUs HAa CTallMOHAPHBIA pe-
KM CTAaHOBUTCSI COU3MEPUMBIM CO BpeMeHeM pabo-
ThI CKBaXXUHBI. Moeb HecTallMOHAPHOUM (PUIbTpa-
oM OWJIMHEMHOro II0OTOKAa ObLIa IIpemIoXeHa
H. Cinco-Ley, V.F. Samaniego [5]. Hauboiee ne-
TaJIbHOE U3yYeHUe TMHAMUKU BOJIH JaBJICHUS B Bep-
TUKAJbHOW TUMAPOPA3PBIBHOM TPEIIUHE C YYETOM
npuToka daonma 4epe3 CTEHKM TPEIIMHBL pacCMOT-

peHo B paborax B.III. IIlararmosa u 3.M. Haraeoit
[6, 7]. CnenyeT Takke oTMeTuTh pabotel M.JI. Xa-
onOynnmHa 1 A.A. XrcamoBa [8], B KOTOPBIX N3y4eHO
pacnipeneneHue gasieHus B TpemuHe I'PIT mpu mo-
CTOSTHHOM IIepenaje JaBAeHMs B CKBaXXNHE U IIOCTO-
STHHOM pacxone. B pabote [9] mpuBeneHbI pe3yJibTa-
Thl YWUCJACHHOTO MOJICJIMPOBAHUS pacIIpeacaeHUs
JIaBJICHUSI B 30HE NEMCTBUSI TOPU30OHTAIbHOII CKBa-
XKUHBI, IEPECEUCHHON BePTUKAIbHBIMU TPEIIMHAMU
ruapopaspbiBa B 3aBUCMMOCTU OT TE€XHUYECKUX U
npupoAHbIX Imokazareneii. B [10] ucciaemyercst pac-
npeaejieHrne IPUTOKOB B CKBAaXKMHY C TOPU30HTAJIb-
HBIM CTBOJIOM I1OCJI€ TIPOBEACHMSI IOMHTEPBAIBHOTO
rUapopa3phiBa ILJIaCTa, PacCMaTPUBAETCSl BIUSTHUC
Ha pacmpeaelieHrue MaBJICHUS IIPOBOAMMOCTH Tpe-
IIMHbI, TEOMETPUU TPEIMHBI, YIJIa IepeKoca MEeXIY
TPEIIMHON U CKBaxXuHou. B padorax [11, 12] pen-
CTaBJICHbl pEe3YJIbTaThbl MCCIASOOBAaHUS DBOJIIOLUU
aKyCTUUYECKMX BOJH B LIMJIMHAPUYECKUX KaHajlaX B
clly4yae, KOTJa BOKPYT KaHaia MMEIOTCSI paaraibHEIC
TPEILIMHBI, U3y4YeHbI KOJIMYECTBEHHbIE 1 KAYeCTBEH-
Hble OCOOCHHOCTU TUHAMUKHU BOJH B 3aBUCUMOCTH
OT COCTOSIHUSI HEOTHOPOTHOM IOPHUCTOI CPEIBI.

INpencrasisieTcs, 4YTO KOHTPOJIb KauecTBa THIPO-
pa3pbiBa, pacIoJIOXKEHUE TPELIUH B TJIACTE MOXHO B

669



670

Puc. 1. Cxema tpeutunsl ['PI1, pacnionoxeHHO reprieH-
MUKYJSPHO K CKBaXKUHE.

3HAUUTEJIBHOU CTEIEHU OCYIIECTBISATh aKyCTUYe-
CKUM 30HIMPOBAaHMEM, TUAPOIPOCIYIIMBAHUEM U
ruapoarHaMudeckKuM ncnbitanueM ckBakuH (I C).

B Hacroseit pabote pacCMOTPEHO B pagvuaibHOM
IMOCTAHOBKE PaCIPOCTpaHEHUE TAPMOHUYECKUX BOJIH
JIABJICHUSI B TPEIIMHE, PACIIOJIOKEHHOM TIepPIIeHINKY-
JIIPHO K CKBaXXWHE, COMPOBOXIaeMOe (DHIbTPALIOH-
HBIMU MOTOKAMU MEXIY TPEIIMHON U TTOPUCTBIM TIJia-
CTOM.

OCHOBHBIE YPABHEHUA

IMycTs TpemmHa MWUPUHBI d;, 0Opa30BaHHAS TUJ-
pPOpPa3phLIBOM ILJIACTAa, HAXOAUTCS MEXIY TIJIOCKOCTSI-
MU, TIEPIIEHANKYISIPHBIMU K LHWJIMHAPUYECKOI CKBa-
xuHe (puc. 1). [IpumeM, 4TO TeueHUE B TPEIIMHE,
WHULMMPOBaHHOE (DYHKLIMOHUPOBAHUEM CKBAXKUHBI,
paguaibHO cUMMeTpudHoe. Torma ypaBHEHUE He-
pa3pbIBHOCTU 151 (JIIOUIA B TpelUHE 3aIluileM B
BUIE

d (mpr) " 19 (roevr) _ _2(pvvv)| (a<r

ot r o or d;

(1.1)

y=0

roe m; U p; — TMOPUCTOCTh M TUIOTHOCTH (iaonna
(3mech 1 B gajbHElIIeM HIDKHAE MHAESKCH f 1 p co-
OTBETCTBYIOT 3HAaUE€HUSIM MapaMeTPOB B TpEIIMHE U
OKpYXalollleil ee MOPUCTOI cpese), v; — CKOPOCTh
GunbTPalUM XUIKOCTU, @ — PagUyC CKBaXXUHBI. OT-
METHM, UTO cjlaraeMoe B ItpaBoii yactu (1.1) BeIpaxka-
eT TPUTOK (irouga 13 Tutacta B TpemuHy. YToObl
ONpeaelInTh 3TO cjlaraeMoe, B CBOIO o4Yepenb, Heo0-
XOOVMO MapajUICIbHO PEIIUTh CONPSIKEHHYIO (DMJIb-
TpallMOHHYIO 3a7ayy B IUIaCT€ BHE TpelIvHbI. s
3TOrO 3aIlMIleM YpaBHEHUE HEPa3pPbIBHOCTU B IIOPU-
CTOI1 cpene, Kak

a(mppp) " J (ppr)
ot dy

31ech och Oy OTCUMTLBIBACTCA OT CTCHKHM TPCIIIMHDI.

=0 (0<y< o). (1.2)

ITATAITOB u np.

st mpouecca (puabTpalliy B TpElIMHE U B TLUIA-
cTe mpuMeM 3akoH apcu

g9,

a<r<e),
w or

Vf:

_ﬁaﬁ (1.3)

w dy

rae k;(i = f,p) — K03} PULIMEHT MPOHULIAEMOCTH,
W — OMHaMu4eckasl BSIBKOCTh (mouaa. Cxumae-
MOCTb KMAKOCTU OyIeM YYUTHIBAaTh B aKyCTUYECKOM
NPpUOMKEHNN

P-P=C(p,—p,) (i=f,p),

rie C — CKOPOCTb 3ByKa JIJIs XKUAKOCTH, HYKHUI NH-
nekc 0y JaBIeHUs! U TUIOTHOCTH COOTBETCTBYET MX
HEBO3MYIIEHHBIM 3HaueHusM. Donn Gynem cuu-
TaTh c1abo cxnmaeMbiM (o, — po| < p; = p,). Toraa
ypaBHeHUs (1.1) 1 (1.2) ¢ yuetoMm (1.3) u (1.4) MOXHO
[PUBECTH K BULY

V. =

b (@a<r <o, 0<y<eo),

(1.4)

%:ﬁi(,%)”ﬂﬁ(aﬁ) (a<r<eo),(1.5)
ot  ror\ or mg de\ 9y )|,
2
%:xpaa;} (@<r<e, 0<y<e),  (L06)
rue
2

mu
OtMeTtnM, uto B siBsieTcss yHKUMEN OT TIepeMeH-
HBIX f U 7, @ P, — QyHKINSA OT NEPEMEHHBIX £, ' U ).

Cucrema ypaBHeHUit (1.5) u (1.6) MoxXeT OBITh CBee-
Ha K OIHOMY MHTerpo-auddepeHInaIbHOMY ypaB-

HeHuIo g F. JleficTBUTENbHO, BEIUYMHA TaBICHUS
P, Ha TOBEPXHOCTU CTEHKU TPEIUHBI (y = 0) T0IK-
Ha OBbITh paBHa F. 3anuiueM 5TO YCIOBUE:

(1.7)

Bnanu oT TpelmmHbI 6yIeM CUNTaTh, YTO B TOPUCTOM
cperne naBlieHue OJHOPOIHOE 1 paBHO £, T.e.

B=F (a<r<o, y=0).

P =P(a<r<oo, y=oo).

(1.8)

CornacHo npuHuuny Hroamens [13] pelrieHue ypaB-
HeHwus (1.6), yooBiIeTBOpsIOlIee HaYalbHOMY M Tpa-
HUYHOMY YCJIOBUSIM
P =P(t<t),0<y<oo),
» = R(r<h, 0<y<e) (1.9)
F=F @t>1,y=0),

MOXKET OBITh 3aIIICAaHO B BUIC

t

t —
B = [MED g - pyan 110)
f
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rue

u(y,t—t)=1 —CD(y/(2 xp(t—r))) =

2 —o
== | e da.
Jn /(2 (1=7)

IMoce HecIOXHBIX TTPe0Opa30BaHUI C YUETOM YCIIO-
Buii (1.9) pemienue (1.10) MOXXHO IPUBECTHU K BUILY

(1.11)

t

p-h=

)

I(f(tr)=h)

A2
ot (112)

(vt —1)dr.

IMoncraBnsas (1.12) B ypaBHenue (1.5) m momaras
ty = —oo, MOJIYYUM CJIEAYIOIIEE JIMHEIHOE UHTErpo-
nuddepeHIManbHOe ypaBHEHUE 1S Fr:

ot  ror\ or mg d;
} (1.13)

AR (vr)-hR)  dr
X L ot 1)

g HaxoXIOeHUWs pelIeHWid ypaBHEHUS MOTYT
OBITH MCITOJIb30BAaHBI METOMIBI KOHEUHBIX 3JIEMEHTOB
(MKD) iy KOHEYHBIX pa3HOCTE, IIMPOKO IIpUMe-
HSEeMbIe TIpM pPEIIeHUN MOMOOHBIX 3amad (CM., Ha-
npumep, [14, 15]). B pamkax naHHOI paOOThI HAC UH-
TEepPEeCyIOT peIlIeHUs TUIIa TApMOHWYECKIX BOJTH.

2. PACITPOCTPAHEHUE
ITAPMOHHMYECKHX BOJIH

VYpasaenwue (1.13) gBiasgercss TUHEHO-OIHOPOI-
HBIM 1151 GYHKITNN
AP, =B~ P, 2.1

HYCTB BOSMYIICHUE JaBJICHHWA B CKBa>KMHE MCHS -
€TCs 110 TapMOHUNYECKOMY 3aKOHY:

By — B = Aéj; cos(w?) = Re (A((yf))efm). (2.2)
ITonaraemM, 4TO MCTOYHUK TapMOHWYECKUX BOJH
GYHKIMOHUPYET JOCTATOUHO JI0JITO€ BpeMsl, TaK UTO
B TPEILLIMHE U B TIOPUCTOM cpejie BOJIM3U Hee yCTaHaB-
JIUBAIOTCS TIEpMOAMYECKUE KoJieOaHUs1 (HadajbHBIC
YCJIOBUS B TpELLIMHE U B IU1acTe “3abbiBatorcs’). Torna
Ha OCHOBE ITOJTy4YE€HHBIX BbIIIIE TEOPETUIECKUX IIOCTPO-
eHUIl MOXHO HCKATh pellleHue, OMMCHIBAIoIIee pac-
MpOCTpaHeHUe JABJICHUS B TPEIIMHE U YIOBJIETBOPSIIO-
111ee TPAaHUYHOMY YCJIOBUIO (2.2) IpU r = a.

By,E[CM HNCKaTb pCIICHUEC B BUEC

AP, =Re (Af(p) (r) eiim’). (2.3)
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IMoncraBnss (2.3) B (1.13), moayuum

La(,d 402 g0

rdr\ dr (2.4)
7= —i(9+2%@%)
e dpmp %

2
3aech mapaMeTp z~ BhIpaXKaeT yIIPYrOeMKOCTh CUCTE-
MBI “TpenimHa—IuiacT”.

M3 aHanmsa 3aBUCUMOCTHM 3TOTO IapamMerpa OT
KPYTOBOMl 4YaCTOTHI CJIEIyeT, 4YTO YIPYrOeMKOCTb
dbmonma, HaxXoOAIIETOCS B TPEITUHE, HE CYIIIECTBEH-

Ha 0] <

Ag
YeCKUX KOJIeOaHUI OIS 4acTOT, YAOBIECTBOPSIIOILIX
YCJIOBUIO

2
Z U B ITaHE pacCIIpoOCTpaHCHUA I'apMOHU -

2.5)

B GonpImnHCTBE City4aeB, IPeACTABISIONINX ITPaKTH -
YeCKHUI1 MHTepeC, 3TO YCIOBUE BCEra BBIIOIHSIETCS,

o 2
1 ITO9TOMY B JAJIbHCUIIIEM JIA T 6y,Z[CM HCITOJIb30-
BaTb BbIPAXKCHUEC

zz = l%ﬂﬂ_lm

= 2.6
de mp %¢ 20
N3 (2.6) caenyer
13
z:ﬁ%%g,Aziﬂig. 2.7)

dy m; %
JlaBieHre Ha GECKOHEYHOCTH PaBHO HEBO3MYIIEH-
HOMY 3HAYEHUIO, T.€.
P =P win AP, =0 (r=o0). (2.8)

Torma pemrenue ypaBHeHus (2.4), KOTOpoe B COOT-
BeTCTBUU C (2.2) 1 (2.8) 10JKHO YIOBIESTBOPUTH Clie-
JIYIOLIVM TPAHUYHBIM YCIIOBUSIM

AV =47 (r=a) m A" =0 (r=e), Q9

OyneT uMeTh BUL [16]
Ky (zr)
Af(p) = 14((5)) =2 5
K
. o(z) (2.10)
Ky (2r) = [exp(~zreh (£)) d&,

0
3nech K (zr) — GyHKUMS MaknoHajibga HYJIeBOTO
rnopsiaKa.

C yuetoMm (2.10) pemeHue (2.3) MOXHO 3anucaTh
Kak

AP = A" cos(of — Ag;), (2.11)

rue
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Ac(Ap)

Puc. 2. PacripeneneHue 6Ge3pa3MepHOil aMIUIUTYIbI KO-
JlebaHuii 1aBieHUs A¢ MO TpelUHE (CILIOLIHbIE JIMHUU)
M A, B IUIaCTe MPU OTCYTCTBUM TPEIUMHBI (MYHKTUPHBIE
JIMHUM) TPU Pa3IMYHbIX 3HAYSHUSIX KPYTOBOM YaCTOThI:

I—0=10%2-—0=10",3—w=102 ¢

Ha puc. 2 CIUIOIIHBIMU JTMHUSIMU IIp€aCTaBJICHO

Af'(ﬁ)

()

w)
T10 paguanbHO KoopauHarte r. JIjs1 mapaMeTpoB Tpe-
LIVHBI, TIACTa U paanuyca CKBaXKUHBI 31€Ch 1 B AajIb-
HeeM (eCJiv CrelUaJbHO HE OTOBOPEHO) MPUHSTHI
ClIefyIollue BEJIMUYMHBL d; = 107 M, k = 107" Mz,

k, =10"° M, m; =3x107, m, =10",a=10" m. B

pacripenesieHue 6e3pa3MepHOi aMILTUTYIbl A; =

KT
kayecTBe (monaa mnpuHATa HedTh: P, = 860 =
M

u= 107 Ma c. Juaun 1, 21 3 COOTBETCTBYIOT 3HaUe-

" -4 -3 2 -1
HUSIM KpyroBoit yactotel = 10,10 " 10 "¢ .

Ha puc. 3 mokaszaHa sBomioLiust 0e3pa3MepHBIX

. AP,
MoJIeN NaBJIeHUS Tpf) B TPELIVHE B COOTBETCTBUU C

w)
peuieHuem (2.11) npu = 107 ¢ JIuauu 1,2,3,4n
5 cOoOTBeTCTBYIOT (ha3aM KoJIeOAaHUI IaBICHHUS B
nn 3n

s T T T
4°2 4
Ha ocnHoBe cuctemsr (1.5), (1.6) ¢ yueTom pelire-
Hus (2.11) MOXHO TMOJYYUTh pElIeHUE, OMMChIBAIO-
1iee roJie JaBjeHusl B MOPUCTOI cpede BOJIM3U Tpe-
LIIUHBIL:

CKBaxXWHE Of =

ITATAITOB u np.

AP/AD)

0.8

0.4

—0.4

—0.8

0 10 20 30 40

Puc. 3. DBomonus 6e3pasMepHBIX MoJieil BO3MYILICHUIT

r,M

AP
JaBJICHUA B TPCIINHE fnd B TCUCHUE MOJIYIICpUOIa KO-
p

)
A

neGaHMii 1aBIeHus B ckBaxuHe: | — wt =0, 2 — ot = g,

3—mt=£,4—wt=3—n,5—mt=n
2 4
(0| Ko (2r)| -ov
P =P + ———2e ~ cos(wt — A, — ky),(2.12
p 0 A(w) KO(ZCZ) ( (pf y) ( )

rue

k:é:/ﬁL
2%p

CregoBaTeibHO, B KaXKIOM TOUKE TTOPUCTOM cpe-
obl (r > a, y > 0) naBieHue durounna OyaeT coBep-
IIaTh TApMOHMYECKUE KOJIeOaHUS C aMILUIUTY IO

e (2.13)

n CO CABUIOM IIO (1)2136 OT KOJICOAaHMI MaBJICHUS B
CKBaXMHEC

A, = Ag; + ky. (2.14)

Ha puc. 4 IIpEACTABJICHO pacCIIpCacJICHUEC 6e3pa3—
Av(P)

MepHOfI AMIUINTYObl JaBJICHUA Ap = [zp) I10 KOOp-

w)
IWHATE y TIPU O = 107 ¢ NMunun 1, 2, 3u 4 coot-
BETCTBYIOT 3HAYEHUSIM pagUalbHON KOOPIWHATHI
r=20.1,10, 20, 50 M, roe r — paccTossHUE OT CKBa-
KUHBI.

JI1s1 cpaBHUTEIBHOIO aHaIM3a PacCMOTPUM TaK-
XK€ pacxomsimrecs OT CKBaXXWHBI TapMOHMYECKHE
BOJIHbI B OJHOPOJHOM MOPUCTOM M NPOHULAEMOI
cpene (TpelIMHBI OTCYTCTBYIOT). B 3TOM ciydae oc-
HOBHOE ypaBHEHUE (DWIbTpAlUU ISI OCECUMMET-
AKYCTUYECKUM KYPHAJ Ne 6
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PHUYHOTO YIIPYTOTO peXXrMa (PUIBTPAIIMOHHOTO Teue-
HUSI 3aMUIIeTcs, KaKk

%zﬁi(}'%j (a<r<oo).
ot ror\_ or

ITycTh naBjieHUe B CKBaXKMHE MEHSIETCS T10 3aKOHY,
aHajiormyHoMmy (2.2), a Ha 0ECKOHEUHOCTU YIOBJIC-
TBOpsieT ycaoBuio (2.8). PellleHue uilieM B BUe

(2.15)

AP, =P —P = Re(/](pp) (r)efi“") (a < r<).(2.16)
IMoncrapnsst (2.16) B (2.15), monyyuM ypaBHEHHE JJIsI

1:11(3” )B BuzE

. 7(P)
_iw 0 _1d [, Ay

p
%, rdr dr

(2.17)

Ero PCIICHHUEC, YOOBJIECTBOPAIOIICC BbLIIIC OTMCYCH-
HBIM I'PaHUYHBIM YCJIOBUAM, UMECT BUJL

K, r\/ﬁ o
3 = A((,,)—%p’ Ky (2) = j e “MdE (2.18)

Y iw ¢
Ko a — 0
%D

IMoacrasnsst (2.18) B (2.16), MOIy4UM pellieHUE, O -
ChbIBaOlllee paclpoCTpaHEHUE JaBJIEHUS BOKPYT
CKBaXXUHBI, B BUIIE

AP, = A cos(wt — Ad,),

p p

(2.19)

K, r\/E K, r\/E

5'(p) (p) Xxp A
A7 = A=A A
K, a\/E K, a\/ﬁ

Ay Xxp

Ha pwuc. 2 DMyHKTUPHBIMU JIMHHUSIMU TIPEACTABICHBI

N @)
pacrpeziesieHus 6e3pa3MepHOii aMImTyabl A, = —+&

A((p)
w)
KoJ1e0aHU JaBjeHus B OPUCTO cpene. s mapa-
METPOB I1JIACTa ¥ KPYTOBOM YaCTOThI KOJIcOaHUIA 1aB-
JIEHUSI B CKBaXKMHE UCITOJIb30BAHBI BhIIIE MTPUHSTHIE
3HayeHus. Jluauu I, 2 1 3 COOTBETCTBYIOT 3HAYCHU -

rae

, Ap, =arg

N 4 -3 -2 -l
sIM KpyTroBoi yactotel w =10 ', 10 " m 10~ ¢ .

M3 cpaBHeHus TpacduKOB, IMpPeAcTaBIeHHBIX Ha
puc. 2, caeayer, 4YTo XapakKTepHOE PACCTOSTHUE 3aTy-
XaHUS TApPMOHUYECKUX BO3MYILIEHUI TaBJIeHUSI, pac-
MPOCTPAHSIOIINXCS BIOJb TPEIINHBI, MOXET 3HAYM-
TEJIbHO TIPEeBBIIIATh AHAJOTMYHOE PACCTOSTHUE OT
CKBaXXUHBI TIPU OTCYTCTBUM PagvaIbHON TPEILIUHEI.
B vactHOCTH, M3 aHa/M3a TpadUKOB 3aTyXaHUsI aM-
TUIUTYA, KOJICOAaHWI HOaBJjeHUSI, TIPUBEIEHHBIX Ha
puc. 2, BUAHO, YTO €CJIM aMIIUTYAA BOJHBI C KPYro-

" " -4 -1
BOM yacTtotoii w = 10 ° ¢ * B IU1acTe NPU OTCYTCTBUM
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Puc. 4. Pacnipenenenve 6e3pa3MepHOii aMIUTUTYAbl KO-
nebaHuit NaBieHUs Ap B IUIACTE B 3aBUCUMOCTH OT pac-
CTOSTHUS IO TPEUIUHBI y TIPU Pa3IUYHbIX 3HAYCHUSIX F —
paccTosiHusI OT CKBaxkuHbl: [ — r=0.1, 2 — r =10, 3 —
r=20,4—r=50 m.

TpeIInHBI cocTanister 10% OT aMITUTYIbI BOJTHBI Ha
CKBaXXMHE HA PacCTOSTHUU OKOJIO 5 M, TO B clIydae
pacIIpoCTpaHEHUsI BOJIHBI 110 TPeIIWHE aMILTUTYOa
BOJIHBI cocTaBiisgeT 10% oOT aMIUIMTYObl BOJIHBLI Ha
CKBaXKMHE Ha pacCTOSTHUU 0K0J10 80 M.

SAKITIOYEHUNE

Ha ocHoBe aHanu3a pellieHUii TUIa rapMOHUYe-
CKMX BOJIH B TPEIIUHAX, HAXOMSIIUXCS B HU3KOIIPO-
HMIIaeMBIX IJIACTaX ¥ PACITOI0XKEHHBIX ITePIIEHINKY -
JIIPHO CKBaXKUHE, TI0KA3aHO, YTO TPEIIMHBI IS HU3-
KOYAaCTOTHBIX KOJIEOAHUII [OaBJIEHUS B CKBaXUHE
SIBJISIIOTCSI CBO€OOPAa3HBIM BOJIHOBBIM KaHaJioM. Ta-
KM 00pa3oM, XapaKTEpHOE PacCTOSIHHUE 3aTyXaHUs
BOJIH B TPEIIIMHAX, a TAK:Ke B IUIACTe BOJIU3U HEe MO-
XKeT OBbITh 3HAYMTEJBLHO BBIIIE, YEM B OJHOPOIHON
MMOPUCTOI1 cpelie ITPU OTCYTCTBUU TPEIIUHEL.
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