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AHaIM3upyeTcsl pellieHrue BHYTPEHHEW M BHeIlIHel 3amad JIaMba OT cocpelmoTOYeHHOTO
CUJIOBOTO BO3IEHCTBUSI, MPUIOKEHHOTO K CBOOOIHOI rpaHUIIe YIIPYTOro MOJYIpOCTpaH-
cTBa (MOJIyIUIOCKOCTH). PaccMmaTrpuBaloTcsi Tak Xe HEKOTOpble POACTBEHHbBIC 3alauu, B
YaCTHOCTH O MIPUJIOKEHUH AYIIETOB U TUTIOJIEH B YIIPYTOM ITOJIyITPOCTPAHCTBE, O TOSIBJIC-
HUM BBICOKOYACTOTHBIX BOJIH, OTBEYAlOIIMX BOJIHE Pajes, mpu pacrpocTpaHeHUU BOJIH
IToxrammepa — Kpu u ap. AHaIM3MpPYIOTCS pellleHusl 3a1ad O IBWKYILIEHCsT Harpyske,
MPWIOXKEHHOM K TpaHMIIE MOJIyIPOCTPAHCTBA WM MOJYTIJIOCKOCTH.
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JIyTUIOCKOCTh
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1. 3agaun JIam6a. MuTerpaibHbie npeodpasosanus. JIsm6 [1] paccMoTpen IBe BHEIITHUX
3aJa4yy O pacCpOCTPAaHEHUM BOJH B U30TPOIMTHOM YIPYTOM MOJYIPOCTPAHCTBE U U30TPOII-
HOI1 yIIpyTroi MoJIyTIOCKOCTU OT COCPEIOTOUEHHOTO CUJIOBOTO BO3AEHCTBUSI, TPUTOKEHHO-
o HOpMaJIbHO K CBOOOIHOI rpaHuile. B 3Toii paboTe ObUTM pacCMOTPEHbBI TaKXKe 1B BHYT-
pEHHUE 3a7a4u O BOJIHAX B YMPYTroM IOJYIIPOCTPAHCTBE M MOJYIUIOCKOCTH, BbI3BAaHHBIC
LIEHTPOM DACIIMPEHUSI, HAXOMSIIMMCS Ha HEKOTOPOI ITyOWHE MoJ TMOBEepXHOCThIO. Perie-
HUE 3TUX 3a7a4 ObLIO CBelIeHO [ 1] K MHTerpaJbHBIM YPaBHEHUSIM OTHOCUTEIBHO CKAISIPHOTO
U BEKTOPHOTO MOTEHUIMATOB. BHYTpeHHSIs1 1 BHELIHSIS 3a1a4u ObLIM 00001IEeHbI [2] Ha cy-
yaii cCocpeaoTOYeHHBIX HArPY30K, IBVKYIIUXCS C TOCTOSTHHOM CKOPOCThIO.

Hano ormeTuTh, UTO B Cily4ae TpOU3BOJIBHBIX IO BpeMeHU Harpy3ox [ 1, 2] 3amMmkHyTOE pe-
IIIEeHVEe YIAJIOCh IIOCTPOUTD JINIIB B MPOCTPAHCTBE n300paxkeHuit (1o Dypbe 1151 TTPOCTpaH-
CTBEHHBIX MepeMeHHbIX U 110 Jlariacy nist BpeMeHHoM nepeMeHHo). C MoMOIIbIO aCUMII-
TOTUYECKMX OIIEHOK OBbLIO IToKa3aHo [1], 4To B ciydyae BHEUIHMX IJIOCKON M IIPOCTpaH-
CTBEHHOI 3a1a4 OCHOBHOI BKJIaJ B MOJi€ CMEIIeHUI Ha CBOOOIHOU MOBEPXHOCTU BHOCST
paJieeBckue BOJMIHBI. [ToMMMO 3TOro, GbUIO MOJNyYeHO aHaIUTUYecKoe pelieHue [1] mus
TUTOCKOI BHEIITHEl 3aJaun B cJlydyae HOPMaJIbHOM Harpy3Ku, U3MEHSIOIIecsl BO BpeMEHU B
Bune sinpa [lyaccoHa.

Kpowme Toro, nmokazaHo, 4To B ciiydae TapMOHUYECKOTO UCTOYHUKA MATHUTYAbI p3JieeB-
CKMX BOJIH Ha CBOOOJHOU MOBEPXHOCTU Ha JOCTATOYHOM YAAJ€HUU OT 3MULIEHTPA B ciiyyae

TUTOCKOI 3ala4yy He 3aBUCST OT |rx| , a B CJlydae TIpOCTPAHCTBEHHOM 3a1a4M yOBIBAIOT MPO-

-1/2
IIOPIMOHAJIBHO |rx| / , TIC |x| — paCCTOAHMUC OT IIIMUIICHTPA, a ¥ — BOJIHOBOC 4YUCJIO. Z[EU'[CC,
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B TOI ke paboTe ¢ MOMOIIILIO AaCUMITTOTUYECKMX OIIEHOK ObLIIO HaiiIeHO, YTO Hapsay ¢ BOJ-
HaMmu Pajies ToueuHbIit UICTOUHUMK BBI3BIBAET MOSIBJIEHUME O0BEMHBIX IPoaoabHbIX (P) 1 mo-
nepeyHbiX (S) BoJH. MarHUTyAbl 3TUX BOJIH B Cllydae FapMOHUYECKOT0 MCTOYHUKA Ha 10-
CTaTOYHOM yHaJeHUM OT HEeTO B clydae MIOCKOi 3agayr yObIBAaIOT Ha TIOBEPXHOCTHU MPOITOp-

_3/2 . -
LIMOHATBHO |rx]| /2 a B cilyyae MPOCTPAHCTBEHHON 3a1aud — MPOMOPIMOHATBHO |rx| "
3aMeTHM, U4TO TP PACIIPOCTPAHEHU T OOBEMHBIX BOJIH, IIOPOXIEHHBIX TOUSYHBIM FAPMOHH-
4eCKIM MCTOYHMKOM B 0e3rpaHIYHOll cpele, yObIBAHUE MX MATHUTY TPOUCXOIUT MeLIeH-

. -1/2
Hee. HampuMep, B ciiydyae TJIOCKO# 3a1a4yy MarHuTyaa yobIBaeT Kak |rx| / , a B clTy4yae Tpo-

CTPaHCTBEHHOU 3a1auyu, KaKk |rx|_l [3]. Takum o6pa3om, B [1] BiepBbIe ObLJIO JAHO TEOPETU-
yeckoe o00CHOBaHME yTBepxKaeHUs1 Pajes [4] o ToOM, 4TO IOBEPXHOCTHBIE (PAJIEEBCKUE)
BOJIHBI YOBIBAIOT MeNlJIEeHHEe 0ObEMHBIX BOJIH C YBEJIMUEHNEM PACCTOSIHUSI OT UCTOYHUKA.

JJ1st TIocTpOeHMS pellleHni, ypaBHeHus 1BrkKeHust HaBbe B [1, 2] 3ammuceIiBaanch B popme
Jlame — Knaneiipona ([5], Sect. 59)

(A +2u)Vdivu — protrotu + b = pii (1.1)

e A ¥ L — KOHCTaHThI JlaMe, u — ToJjie repeMeleHuii, b — mose MaccoBbIX CHII, p — TUIOT-
HOCTB CpeIbl MCITOJIb30BaoCh npeacrasieHue [eabMronbia ([5], Sect. 67) ajs most Macco-
BBIX CHJI

b=-Vao-rotp (1.2)

IIe O M B — CKaJsIpHBI U BEKTOPHBII MOTeHUMal bl U npeacrasieHue Jlame—Ipuna ([5],
Sect. 67) M1t TMHAMUYECKOTO TOJISI IIEPEMELLIEHUIA

u=Vo+roty (1.3)

I1e (¢ — CKaJSIPHBI, a y — BEeKTOpHBbIN moTeHImansl. [Ipencrasnenue (1.3) aHaJOrMyHO
npencrapieHuio IlanmkoBuua—Heibepa mist mmoiist nepeMelleHri IIpy pelieHU ypaBHEHUI
cTaTukU. B KauecTBe HavyaJbHBIX YCJIOBUI B [1, 2] paccMaTpuBaIMCh OTHOPOIHBIE YCIOBUS
BUIA

ux,n|_, =0, oux,n|_, =0 (1.4)

Ha BHenrHeit mosepxHocty [1, moiymnpocTpaHcTBa WK MOJTYIUIOCKOCTH 3aJaBajIUCh YCIIO-
BUSI BTOPOI KpaeBoit 3ama4uu (B HAIPSSKEHUSIX )

t, = (Atr(e)I+2ue)-v=px,0)v, xell, (1.5)

IIe v — BEKTOp €AMHUYHOM BHEIIHEel HopMaiu K rpaHulle; I — eqMHUYHAsST TMaroHajbHast
MaTpula, € — TeH30p (Mayiblx) Aedopmanuit; p — Harpy3ka Ha CBOOOMHOI MOBEPXHOCTH.
B cnyuae BHyTpeHHei 3anaum JIamba p = 0.

IMoncranoska nipencrasienuii (1.2), (1.3) B ypaBHeHMsT ABUXKEHUS U TPUMEHEHUE TTPeoo-
pa3oBaHwms Jlaruraca 1o BpeMeHHOM TTepeMeHHOM (MUIU TIPEAITOI0XKEeHE O TApMOHNYECKOM
M3MEHEHUHN BO BpEMEHM HATpy3KM) TTO3BOJIMIIM CBECTH YPAaBHEHUS ABVKEHUS K HEOMHOPO -
HBIM ypaBHEHMSIM [eIbMTOJIblIa A1 CKAISIPHOTO Y BEKTOPHOTO MOTEHIINAJIOB

2 2
A+D g =—lra, A+ y =1p (1.6)
o A+2u A u
[ Tpuxu y moteH1manos B (1.4) o3Ha4al0T OCBOOOXKICHUE OT TApMOHUYECKOTO MHOKUTEJIST &
IMpu monyyeHun ypaBHeHU (1.6) MCHOMB30BAIMCH TPU JIETKO TMPOBEPSIEMBIX TOXIECTBA

([5], Sect. 5)

rotrotroty = —rot Ay, divroty =0, rotVe =0 (1.7)
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Hanee, njis1 TIOCTPOEHMSI pellIeHUs IPOCTPaHCTBEHHOTo ypaBHeHUs Ienbmronbua B [1, 2]
HCIIOb30BaIOCh (hyHAAMEHTAIbHOE pellleHUe

o= =0 (1.8)
4m|x| q

AHaJIOTMYHBINA BUA UMeeT GyHAAMEHTAIBHOE PELIeHUE \y' BEKTOPHOIO ypaBHeHUs [enbM-
rojblia C 3aMEHOI | Ha ¥, U €| Ha C,, TAE ¢ Y ¢; — CKOPOCTH MPOIOJIBHON U MOMEPEYHO 00b-

€MHBbIX BOJIH COOTBETCTBEHHO
o = o+ 2 & :\/E (1.9)
p p

B mockoM ciyyae (yHmaMeHTaqbHOE pelleHMe CKaJIsipHOro ypaBHeHUsl [enbmrosiblia
MPEICTaBUMO B BUIE

o =-LH"(HK), =2 (1.10)
4 Cl

e Hél) — dyHkums 'aHKens1 MepBOro pojaa HyJI€BOTO MOPsIAKA. AHAJIOTUYHBIN BUI UMEET
(yHOamMeHTaNbHOE peleHne ' U1 BEKTOpHOro ypaBHeHus. [lpu pelleHun 3amaym ¢ Ha-
TPY3KOi1, TIPOU3BOJIBHO 3aBUCSIIICH OT BpeMEHHM, KPyroBasi yactora B BeipaxkeHusix (1.8),
(1.10) 3amMeHsieTcst Ha TmapaMmeTp npeobpa3zoBanust Jlarutaca. Janee, ocyiiecTsisuiocs [1, 2]
cyxkeHue noteHnnaaoB ¢ sapoM (1.8) wiu (1.10) Ha rpaHMYHYIO TOBEepXHOCTh. Hamo orme-
TUTh, UTO MOJIyYeHHbIE UHTETPAJIbHbBIC MIPENCTABICHUST OKA3IMCh BeCbhbMa CIIOKHBIMU: B 3a-
MKHYTOM BUJIE pellleHUe yAal0oCh MOJYyUYUTh JUIIb IS FTAapMOHUYECKO# Harpy3ku. B ciydae
MPOM3BOJILHON 3aBUCUMOCTUA OT BPEMEHU 3aMKHYTOE pellleHUEe ObLJIO MOJYyYeHO B Mpo-
CTpaHCTBE M300pakeHUil, TOUHee, pellleHHe Ha MOBEPXHOCTU OBLIO TPEICTaBIEHO B BUIE
HEeCcOOCTBEHHOTO MHTErpasa oT ajareopandyeckoit (pyHKIUU.

B nanbHeitem nipencrasiaeHue enpmronsbiia (1.1) u moreHumansl Jlame—Ipuna (1.3) uc-
MOJIb30BAJIMCH B OOJIBIIIMHCTBE MONXO/IOB, CBSI3aHHBIX C PEllIEeHUEM BHYTPEHHE! 1 BHEIIHEe it
3aga4y JIamba, OMHAKO TEXHWKA BBIUMCIIEHUS CUHTYJISIDHBIX WHTETPAJIOB, TMOSIBIISIOLIMXCS
MPU CYy>KEHWU TTOTEHIIMAJIOB Ha TPAaHUYHYIO TTOBEPXHOCTh, MeHs1ach. C MOMOIIBIO MeToa
HauckKopeiiiiero cnycka Jle6ast ObUIM TTOJyYeHBI [6, 7] aCUMIITOTUYECKHUE OLIEHKHU JIJISI KOM-
TIOHEHT TepeMEIIEHUI Ha TPaHULIE IS HEKOTOPBIX BHYTPEHHUX M BHEILIHUX 3a1a4, 0000-
maromux 3anady JIamba, HarpuMep, paccMaTpUBalach Harpy3Ka [6] ITom mpou3BOJTBHBIM yT-
JioM K moBepxHocTu. MccnenoBanach [7] miaockast BHyTpeHHsIsI 3a/1a4a O IeiiCTBUM COCpeno-
TOUYEHHON CWIbl B YIpYroit mojiyniaockoct. B aToit pabore Ha OCHOBAaHUM pPacyeToB,
BBITIOJTHEHHBIX MO AaCUMITOTUYECKUM (popMysiaM, ObLUIO HAMIEHO, UTO PAJIEEBCKUE BOJIHBI
He 00pa3yloTcsi BOJIM3U OT MULEHTPA, Ha PACCTOSTHUSIX d , YIOBJIETBOPSIIOIINX YCIOBUIO

CRh

2 2
€ —CR

d < (1.11)

II€ cg — CKOPOCTh BONIHBI Panes, a 4 — miyouHa uctounuka. [Ipu nonyuyenuu ouenku (1.11)
cIieJaHo yIpolliatollee MPearnoyioKeHUe O TOM, YTO ABe OObEMHBIX BOJIH U paJieeBCcKas BOJI-
Ha pacIlpOCTPaHSIOTCS HE3aBUCUMO APYT OT Apyra. Ha camom Xxe neiie pajeeBcKasl BOJIHA
dopmupyeTcs U3 AByX OOBEMHBIX BOJIH, HAYMHASI C MOMEHTa TMpUXo/ia MeIJIeHHO 00beM-
Hoit BoitHBI, cM. ([3], p. 66). He coBceM MOHSATHOE OTCYTCTBUE PAJIEEBCKUX BOJH B SITHIIEH-
TpaJbHOI 30HE, yHmoBieTBopsiomeit oneHke (1.11), oObscHsIOCH [7] MHTEepdepeH1Ime ¢
00BEMHBIMU BOJIHAMU, MTOJTHOCTHIO MOMIONIAIOIIMMU PAJIEeBCKYIO BOJHY. B ciyuae rutockoit
BHellIHel 3agauun JIam06a noiaydyeHsl [§] aCUMITOTUYECKME OLIEHKU, aHAJIOTUYHEIE [6, 7].
JJ1s1 BBIYMCIIEHUSI CUHTYJISIPHBIX UHTETpajioB, CBSI3aHHBIX C oOpalleHrneM rpeodpa3oBa-
Hugd Jlamutaca B 3anavyax JIam6a, npemioxeH [9, 10] ocoOblii MyTh MHTETPUPOBAHUS, CBSI3aH-
HbI ¢ nedpopManineil KOHTypa UHTerpupoBaHusi. BMmecro nepopMaiini KoHTypa UHTErpy-
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poBaHus npenaoxeHo [11, 12] ucnoab3oBaTh MHOTOKPaTHOE U3MEHEHHE TTOpsIIKa MHTETPU -
pOBaHUsI, IPU 3TOM MCIIOJb30BaJICsS MOAXON, pa3BUTHIN paHee [13, 14] 1 ocHOBaHHBIN Ha
(YHKIIMOHAIbHO-UHBAPUAHTHBIX pelleHUsIX. 3aMETHUM, UYTO C MOMOIIbIO (DYHKIIMOHAJIBHO-
WHBapUaHTHBIX PEIIeHU TToJie TIepeMellleHI B cpelie yaaloch MPeACTaBUTh B BUAE OMHO-
KpPaTHOTO MHTETrpajia OT ajaredpanveckoil hyHKIIMU 10 HEKOTOPOMY KOHTYPY B KOMITJIEKC-
HoOM 1mockocth. IlpenmoxxeHHbplit Meron BeramMciieHus: nHTeTrpanoB [11, 12] mo3mHee OBLI
MPUMEHEH ISl aHajau3a ToJsl TepeMellleHUi B HWJIMHIPUIECKUX KOOpAMHATaX B cCllyyae
oceBoii cummeTtpuu [15]. g Harpy3ku B BUuae BpeMeHHOM (yHKIMU XaBuUcaiina, N1eiAcTBy-
foleit Ha moBepXHOCTH [16] v BHyTpH [17, 18] moyrIpocTpaHCTBa, MOJYYEHO 3aMKHYTOE BbI-
paxXeHue IS BePTUKAIbHOU KOMITOHEHTHI TIepeMeIlleHUil U BhIpaXkeHWe, coiepKaliee dJ1-
JIMIITUYECKUE MHTErpajibl, IJis TOPU30OHTAIBHO KOMIIOHEHTHI. Pe3ynbrartel pa6or [16—18]
000611eHsbl [19] Ha npyrue Buabl Harpy3ok. st “ rutockoit” 3amaun JIamGa BBIOOp TTyTH B
metone Kanbsipa 6611 ynporieH [20, 21], KpoMe Toro,00bsICHeH Kaxyluiics mapamnokc [21],
CBsSI3aHHBII ¢ 0c0o00i aucnepcueit BoaH Panes. Hamo orMeTuTh, 4To oOHapyXeHHasIuC-
epcust paJIeeBCKMX BOJH [21] — BechMa cBoeoOpa3Hasl: oHa OOHApPY>KMBAETCS TOJIBKO MPU
M3MEHEHUH 3HaKa KPYyroBOi YaCcTOThI U, TAKUM 0Gpa3oM, MPOSIBIISIETCST JIUIIb MPU obpaiie-
HUU ABYCTOPOHHUX MHTETPAJBHBIX MPe0Opa3oBaHMii, B KOTOPHIX ITApaMeTPhI Ipeodpa3oBa-
HUSI MEHSTIOT 3HaK. B pabdortax [22—24] Ha OCHOBE aCUMIITOTUYECKHMX Pa3JIOKCHUN MOIyde-
Hbl YMCJIEHHbIE 3HAYEHUST HATIPSDKeHWM U TiepeMellieHuit BOJIM3U OT UCTOYHMKA. JJanbHue
ACUMIITOTUKY MOJISI epeMeLleHU I 111 BHELTHE MPOCTPaHCTBEHHOM 3aaaun JIamba B ciy-
Yyae rapMOHMYECKOM Harpy3Ku, COBITaJawllve ¢ peiieHueM Pajes, mpuBeaeHsl B pabo-
Tax [25, 26].

C nomorbio hyHmameHTanbHoOro pemeHust Crokca [27] (em. Takxke ([5], Sect. 68)) B [28—30]
BHEITHsIS 3anava JIaM6Ga o TapMOHWYECKOI HAarpy3Ke cBeieHa K MHTeTPaJTbHBIM YpaBHEHUSIM
®penroirbMa BTOPOTo pojia OTHOCUTEIFHO HEUM3BECTHBIX TTepeMEIeHUI Ha TpaHUIIE.

Ipusenensr ([31], Tnn. 1) u (|32], Sect. 6.1) pe3ynbTaThl aHATIUTUUECKOTO MCCIICIOBAHUS
MOJIAPU3ALIMY TAPMOHMYECKUX MOBEPXHOCTHBIX BOJIH (C TUTOCKUM (PPOHTOM), pacrpocTpa-
HSIIOIIMXCS TI0 TPpaHMIIe YIIPYToro MojyrnpocTtpaHcTBa. Ha ocHOBaHMM 3TUX MCCIeNOBaHUI
0Ka3aJoch, YTO TSI MaTepuaia, yIoBIeTBOpsoero yciaoButo [TyaccoHa A = L BepTUKATIb-
Hasi KOMITOHEHTa Ha CBOOOMHOI TTOBEPXHOCTH MPUOIU3UTENIHLHO B TTOJITOPa pa3a OoJIbliie To-
PU3OHTAILHOIT KOMITOHEHTHI MepeMelleHnil. AHATOTMYHOE COOTHOIIIEHNE MEXIY KOMITO-
HEeHTaMU TepeMelleHN HaliieHO HeCKOJIbKO paHee [33]. dakTuuecku, pe3yabTaThl [31—33],
MONTBEPIWIN pACcUYeThl, MPOBeneHHbIe Paseem [4] st cayyast A = |, B KOTOPBIX OTHOIIIEHME
BEPTUKAITBLHOM aMIUTUTYIbI IEpeMEIIeHN K TOPU3OHTaIbHO# coctaBmiio 1.4677.

WHTepecHble TaHHbIE TOJYyYeHbI BO BHEIITHEH MPpOCTpaHCTBEHHOM 3anade JIambGa 11st ciry-
yasi UMIYJIbCHOM Harpy3ku, 3aaHHOI B BUIe BpeMeHHO# dyHKImu XaBucaiina. YucieH-
HBII aHanu3 perneHus [ 16] ajs 9Toi 3amaun Aajl HEOKMIAHHBIE PE3YIbTAThI C TOUYKU 3PEHUS
dusnyeckoit uHTeprperanuu. Harmpumep, BeIYUCIIEHMs, IPOBeAeHHBIE B [16] 1 TOBTOpEH-
HBIEe B [34—38] ¢ mOMOIIBIO pa3IMYHBIX BapuaHTOB MeTona |1, 2], mokas3ajiu, 94To B IIPOU3-
BOJIBHOI TOUYKe Ha MOBEPXHOCTH BEPTUKAJIbHAsI M TOPU3OHTAIbHAsT KOMITOHEHTHI TTepeMe-
IIEHW TTpeTepIieBaloT pa3pblB BTOPOTO POJa B MOMEHT, COOTBETCTBYIOIINIA TTPUXOIY paJIe-
eBCKOil BoJHBI, puc. 1. IIpu 3TOM 3a (PpPOHTOM p3JIEEBCKOI BOJHBI pelieHue [16] maer
MTHOBEHHBI BBIXOJ Ha CTaTUYeCKoe pellieHre byccuHecka uisi BEpTUKaIbHOM KOMITOHEH-
Thl, a JJI1 TOPU3OHTAJIbHON KOMITOHEHTHI BBIXOI Ha CTaTUYECKOE pellleHWe MPOUCXOIUT
aCUMIITOTUYECKHU MPU  — 0. B 3TOIi CBSI3M MHTEpeEC MpeACTaBIsIeT CpaBHEHME aHAJTUTHYE-
CKMX (MM aHAJTUTUKO-ACUMITTOTUYECKUX) PEIIeHU, pACCMOTPEHHBIX B HACTOSIIIIEM pa3zie-
Jie, ¢ pacyeTaMU, BBITIOJTHEHHBIMU C TIOMOIIBIO Pa3HOCTHBIX METOJIOB.

2. Pa3HOCTHbIE M BAPHMALMOHHO-PA3HOCTHBIE METObI. PellieHue BHeNIHell U BHYTpEeHHEM
3ana4 JIaMba Kak B IUTOCKOM, TaK M B IIPOCTPAHCTBEHHOM CJIyyae, HaTaTKMBAIOTCS Ha OMpe-
NeJIEHHbIE CJIOXXHOCTH, CBSI3aHHBIE C YCTOMYMBOCTBIO M CXEMHOM BSI3KOCTBIO SIBHBIX pa3-
HOCTHBIX CXeM, a TaKxKe TMOsIBJIeHUEeM OCUWJUISIIMI B 30HaX 3a yaapHbIM (POHTOM, Xapak-
TepHBIM TSI IBHBIX cXeM BToporo [39, 40] wiu 6oJiee BBICOKOIO IMOpsAKA TOYHOCTU, WU
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Puc. 1. i3ameHeHue Bo BpeMeHU (a) BEPTUKaIbHOI U (6) TOPM30HTATbHON KOMIIOHEHT BEKTOpa MepeMellleHnii Ha
rpaHMIIe MOJIYITPOCTPAHCTBA ISl BHEIIIHEW TPOCTpaHCTBEHHOM 3ana4yu JIam0a 1pu UMIyJIbCHOM BEpTUKAIBHOM Ha-

rpy3Ke (Ipy BHITIOTHeHUH yenoBus ITyaccona A = W) [36].

pPa3MbITUEM YAApHBIX BOJHOBBIX (DPOHTOB, XapaKTepPHOIO IJisl IBHBIX CXeM MEPBOTO IMO-
psinka [41] v HesIBHBIX cXeM JII0OOTO TTopsiaka TouHoCcTH [42]. TTojioxkeHre OCTOXKHSIET TUI0-
XO€ paclapajuleIlMBaHe BRIUMCIEHN I B TMHAMUYECKUX 3aa4yax TeOPUM YIIPYyTOCTH, UTO Jie-
JlaeT Maao03(MHEeKTUBHBIM NTPUMEHEHNE COBPEMEHHBIX KJIACTEPHBIX Y METAKJIACTEPHBIX BbI-
YUCIIUTETBHBIX CUCTEM.

YacTUYHO HEJOCTATKU Pa3HOCTHBIX METOMOB yAaeTCsl MPEOJ0JIeTh C TTOMOIIbIO PA3HOCT-
HBIX YPaBHEHMUI, 3aIIMCAHHBIX B OKPECTHOCTHU XapaKTepPUCTUK. SIBHbIE pa3HOCTHBIE CXEMBI B
OKPECTHOCTH XapaKTepUCTUK TpUMeHeHbI [43—45] nias ucciaenoBaHUs pacrpoCcTpaHEeHUs
BOJIH B YIIPYTUX U YIIPYTO-IJIACTUYECKUX cpenax. DTOT noaxon npuMmeHeH [46, 47] K pele-
HUIO TIJIOCKOM BHelTHel 3amaum JIaMba 11T TOBEpXHOCTHOM HArpy3KW, 3aJaHHOI B BUIE
BpeMeHHOM (GyHKIMM XaBuUcaiina. OtMedeHo [47] xopollee COBIaIeHUEe C pe3yIbTaTaMu,
MOJy4YeHHBIMM METOIAaMU MHTErpajbHbIX Ipeodpa3oBanuii [11, 12].

J1st pemmeHnst IMHAMWYECKUX 3a1a4, BKITI0Uask M BHEIIHIOO 3anady JIamba, mpemioxeH [48]
TMOPUIHBINA MOIX0MH, OOBEMUHSIONIEH KOHEYHO3JIEMEHTHBI M KOHEYHOPA3HOCTHBIN METO-
nbl. Micrionb30oBaHHbBIE PAa3HOCTHBIE CXEMbBI, pa3paboTaHbl B [49] MO3BOJSIOT MOJIYYUTh KO-
HEYHOPA3HOCTHbIE YPAaBHEHUSI BTOPOTO TMOPSAKAa TOUYHOCTHU O BpEMEHHOI MepeMeHHON U
YeTBEPTOro MOPSIAKa IO MPOCTPAHCTBEHHBIM ITepeMeHHbIM. [MOpraHbIil MeTon rpuMeHeH [50]
K pellleHnIo MPOCTPAaHCTBEHHOI BHeNIHEeH 3amauu JIamba. YuciaeHHbIe SKcnepuMeHTHI [51]
rnokKazaju, YTO TUOPUIHBIN METO OKa3ajcs MPaKTUUYEeCKW CBOOOMTHBIM OT OCHWJUISIIIUI 3a
(POHTOM paJIEEBCKOU BOTHBI.

JJ1st mccemoBaHUsI pacIpoCTpaHeHMsI BOJIH B 3afgade JIamba rpumensiics [52—54] cnek-
TpajibHbIIA MeTO (KOHEYHBIX) 371eMeHTOB (SEM). OToT MeTon (pakTUUeCKU MpeacTaBiIsieT
c000ii MEeTO KOHEUYHBIX 2JIEMEHTOB BBICOKOTO IMOpPsSIIKA TOYHOCTU, B KOTOPOM TPOCTPaH-
CTBEHHBIMHM 3JIeMeHTaMU (6a3UCHBIMU (YHKIIUSIMU) SIBJISIIOTCS TIOJIMHOMBI JIexkaHapa.
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KaHoHMnueckuit MeTon KOHEYHBIX 2JIEMEHTOB C SIBHBIMU JBYXCIOWHBIMU PAa3HOCTHBIMU
CXeMaMU MMPU UHTETPUPOBAHUU 110 BPEMEHU NMPUMEHSIIUCH JIS1 PELIEHUS] PA3IMYHbIX 3a1a4
reOMEeXaHWKHM, BKJIIOYasi BHYTPEHHIO [55, 56] 1 BHelIHIOW (TTPOCTPAHCTBEHHYIO) 3ama4yu
JIamb6a [57—59]. CpaBHeHMe TaHHBIX pacyeTa 1o MeTOly KOHEYHbBIX JIEMEHTOB C aHAJIOT WY -
HBIMM pe3yIbTaTaMU, BHITTOJTHEHHBIMU C MTOMOIIbIO MHTETPAJIbHBIX MTpeoOpa3oBaHUi, BbI-
aBwIO [58] Xopolllee KaueCTBEHHOE COBITaJACHHUE MAarHUTYI IIepeMelleHUil Ha CBOOOTHOI
TMOBEPXHOCTU, BBI3BAHHBIX I€MICTBMEM TApDMOHUYECKOI HArpy3Ku.

3. Anusorponnsie cpenbl. [To-BuarMoMy, BriepBble BHEIIHSS TI0cKas 3amada JIamba mist
TpaHCBEPCATBLHO-NU30TPOITHOM TONYIIIIOCKOCTH HccienoBaiach B [60] ¢ MOMOIIbIO WHTe-
rpajJbHbIX MpeoOpa30BaHUii U BBIYUCICHUEM CUHTYJISIDHBIX MHTETpaJIOB o MeTony [9, 10].
DTa TexHUKa Obl1a 0000I1eHa [61] mis pelleHUs TUIOCKOM BHelllHeil 3amauu JIamba s
YIIPYro aHM30TPOITHOM TOJYIIJIOCKOCTU ¢ MOHOKJIMHHO# cuMMeTpueii. C MOMOIIbIO TEXHU-
Kku [60] mns BHyTpeHHeit 3amauu JIamba nosrydeHsbl [62] BEIpaskeHHsT CMEIEHUI Ha TpaHulIe
TpaHCBEePCaTbHO-U30TPOITHOM MONYTUIOCKOCTH. JIJIst TOCTpOeHUs pellieHUs] BHEITHEN TIoC-
Kol 3amaum JIamba B ciyyae aHM3O0TPOITHOM TTOMYTIJIOCKOCTU C MOHOKJIMHHOM CUMMeETpUeit
npuMeHsicd [63] MeTon, OCHOBaHHBIN Ha IIECTUMEPHOM KOMILIEKCHOM dopmanuizme CTpo
[64]. C momollbio 3TOro0 MeToa IoJydyeHbl [63] BbIpaxkeHus IS TIOJISI CMEILIEHUI B TOJTY-
TUIOCKOCTH MPU BHELIHEM rapMOHUYECKOM CHJIOBOM BO3/I€ICTBUM.

Paccmotpena [65, 66] BHeLIHSISI POCTpaHCTBEeHHAas 3agadya JIsmb6a IJig MoJynpoCcTpaH-
CTBa C MPOU3BOJILHOI1 yIIpyroit aHuzorpomnueit. [1pu pemieHun aToit 3agaun ypaBHEHUS 1BU -
>KEHUSI aHU30TPOITHOM Cpelbl 3alTUChIBAJIUCh B BU/IE

divC - -Vu = pd’u (3.1)

rae C — 4eThIpexBaJeHTHBINA TeH30p yIrpyrocTu. Ilpenronaraiock, 4To0 TEH30P YIIPYTOCTH,
paccMaTpUBaeMBIil KaK OIIEPATOP B IPOCTPAHCTBE CUMMETPUYHBIX TEH30POB BTOPOTO PAHTa,
MMOJIOXKUTENBHO ONpenesieH u cumMerpuueH. OO0beMHBIE CHIIBI B [65, 66] oTcyTcTBOBaIU, a

Ha rPAaHMYHOI IIOCKOCTH TMoJynpocTpaHcTia I1, 3amaBairch yCIOBUS B HATIPSKEHUSIX
t, =v-C--Vu=pix,fyy, xell, 3.2)

Hanee B 3TUX paboTax MCIOJIb30BajJOCh MpeodbpazoBaHue PanoHa Mo mpocTpaHCTBEHHBIM
TepeMeHHBIM. DTO TTO3BOJIMJIO CBECTH BHEIITHIO 3a1a4y JIam6a K BEIYMCICHHUIO OMHOKpAT-
HBIX MTHTETPAJIOB 10 OKPY>KHOCTSIM, TTOSBJISTIOIITUMCS TTPY 0OpallieHUu Ipeoopa3oBaHus Pa-
noHa. IIpeobpaszoBanust PagoHa 1o MpoCTpaHCTBEHHBIM MEPEMEHHBIM MPUMEHSUIUCH [67—
69] B majpHeMIIIeM TIPY PEIIeHNY aHAJTOTUMYHBIX 3a1a4.

MerTon, ocHOBaHHBII Ha MpeobpaszoBaHu Dypbe 1O TPOCTPAHCTBEHHBIM ITepeMEHHBIM,
npuMeHsuics [70—75] nist pemieHUsT BHELIHe 1 BHYTpeHHe 3amad JIamba. [1pu aTom nepe-
MellleHYsI Ha MOBEpXHOCTHU [74, 75] npencTaBiaeHbl B BUIe HECOOCTBEHHBIX MHTErPaJIOB, MO-
SIBJISTIOLLIMXCST TIPU CY>KEHUU MPpeoOpa3oBaHHbBIX MO0 Pypbe KOMIIOHEHT NEepEeMEelIeHU U X
MPOU3BOIHBIX HA TPAHUYHYIO TIJIOCKOCTb.

4. DrcnepuMeHTaJbHbIE MeTobl. [10-BUAMMOMY, BIiepBbIe ITPUCYTCTBUE PAJTICEBCKUX BOJIH
BO BHYTpeHHel 3amaye JIamba ObU10 3KCIepUMEHTaIbHO 3adrKCUpoBaHo [1] mpu aHanuse
celicMorpaMM OT yAaJleHHOIO 3IMUIIeHTpa 3eMiieTpsiceHus1. B manbHeieM, pe3ynbTaThl [1]
MOATBEPKIATUCH B PA3TMIHBIX MCCIIEIOBAHUSIX TTO pEIIEHUIO reodu3nyecKux 3amad [76—81], B
TOM YHCJIe 3a71a4, CBA3aHHBIX C aHAJIM30M pacrnpocTpaHeHus BoiH [Toxrammepa—Kpu u He-
KOTOPBIX poICTBeHHBIX BOJH [80]. 3mech Hamo OTMETUTh, UTO IIPU HMCCICOOBAHWU BOJIH
IMoxrammepa—Kpu ymaeTcss 0OHapy>KUTb BBICOKOYACTOTHBIE BOJIHBI, OTBEUYaIOIIMe BOJHAM
Panes.

Hano oTMeTuTh, 4TO JaJIeKO He BO BCeX TeO(MU3NIECKUX UCCIETOBAHUSIX OTMEUEHO TTOSIB-
neHue BojH Panes. Hanpumep, B ([82], c. 268) naH aHaiu3 ceiicMorpaMm, IOJy4eHHBIX TTPU
TMOBEPXHOCTHBIX B3PBIBAX, KOTOPbIe (haKTUUECKH, OMUCHIBAIOTCS PEIlIeHNEM BHEIIHENH Mpo-
CcTpaHCTBeHHOI 3agauu JIamba. I1o HabmoneHusiM [82] BosiHBI Pasiest mpy MOBEPXHOCTHBIX
B3pbIBaX He OOHAPYKUBAIOTCSI. AHAJIOTUYHBIE TaHHbIE MpUBOAATCS B [83]. OnpeneaeHHbII
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MHTEepeC IMpeacTaBiseT KOHILENIMs aHaiu3a ceiicMorpamm 3emuerpsiceHuil ([84], c. 25).
B cooTBeTCTBUM € 3TOI KOHLIETLIMEH, BOJIHBI, BOSHUKAIOIIIUE ITPU CEMCMUYECKON aKTUBHO-
CTH, pa3nesIsItoTCsl Ha IBa Kjiacca: 00beMHBIE BOJTHBI — 3TO OTHOCUTEIBHO KOPOTKUE BOJHBI
¢ TIeproaOM KoJIeGaHWI MeHee OMHOM CEeKYHIbI, a IMTOBEPXHOCTHBIE — 3TO BOJIHBI OYeHb
GOJBINON ITUHBI (OT JECATKOB IO COTEH KMJIOMETPOB), Y KOTOPBIX MEePUOM KOJeOaHU Cy-
IIECTBEHHO MPEBOCXOIUT OIHY CEKYHIY.

B aKcrepuMeHTaIbHBIX MOJEIBbHBIX METOJIaX UCCAeA0OBaHMS 3anay JIamba mpuMeHsiach
B OCHOBHOM TexHMKa (oToynpyroctu. C MOMOIIbIO 3TOr0 METo/Ia UCCAeA0BaIUCH [85—87]
BOJIHBI, PACITPOCTPAHSIONIMECS OT TOYEYHOrO MCTOYHMKA BO BHEIIHUX 3amadax JIaMoOa.
CpaBHeHMe dKCTIEPUMEHTATBHBIX PEe3yJIbTaTOB, IPUBEACHHBIX B 3TUX paboTax, ¢ TaHHBIMU
TEOPETUYECKOT0 aHAN3a BBISIBUIO XOpoIllee KAYeCTBEHHOE COBMaIeHNE.

Cpenu Ipyrux dKCNepuMEHTATbHBIX METOAOB, IPUMEHSIEMbIX IS CCIeA0BaHWs BOJH,
BO3HMKAIONINUX B 3amavyax JIamba, Hamo OTMETUTh METON TIYOMHHON aKyCTMYECKOW perv-
crpaumu Kojebanuii [88]. st aHanM3a cMeIleHU Ha TIOBEPXHOCTU TTOJTYITPOCTPAHCTBA BO
BHeIIHei 3amade JIamb6a (B ciiyyae MaJIbIX MacIITabOB) IIPUMEHSIOT TAaK:Ke METOIBI OIITHUYE-
ckoil nnrepdepomerpuu [89, 90]. B aTux ciyuasx misi Bo3OyXIeHUSI aKyCTUYECKUX BOJIH
OOBIYHO MPUMEHSIIOT MTHOBEHHBI JIa3epHbBIil HarpeB MoBepxHOCTH [89].

5. 3agaun JIam0a 0 moABMKHOI HArpy3Ke. B oqHOI 13 MepBBIX paboT [6], 0600IIAIOLINX 3a-
nauy JIam6a [2] o AeiicTBUU TTOABVMIKHOM HArpy3Ku, pacCMOTPEHBI BHEITHSSI Y BHYTPEHHSISI
3a7a4M O NEUCTBUM MOABWIKHOM HArpy3KW, HAKIIOHEHHOM MO TTPOU3BOJBHBIM YIJIOM K MO-
BEPXHOCTH TTOJTYIIPOCTPAHCTBA (MOJYTUIOCKOCTH).

TToMUMO TOYHBIX METOIOB, OCHOBaHHBIX Ha MPUMEHEHUU UHTErPAIbHBIX Mpeodpa3oBa-
HUi1, pa3pabaThIBAIMCh MHXKEHEPHBIE TTOAXO0/IbI, TPUYEM B 3TUX TTOAXOAaX BMECTO IOJYIPO-
CTpAHCTBAa WJIM TIOJIYTIJIOCKOCTH OOBIYHO paccMaTpuBaIvCh CBOOOIHBIC OaJOUHBIE KOH-
CTpyKIuu (oOuCEIBaeMble Teopueil bepHymin—3Oiinepa mwim TUMOIIEHKO), a TakKXkKe OalKu,
JIeXXalle Ha YIIpyroM OCHOBaHUH (B 3TOM ClIydae B KaueCTBE MOJIEJIM OCHOBAaHMSI Yallle Bce-
TO MpUMeEHsIach MoieTb BuHkitepa). [1pu 3ToM, MHXeHEepHbIE IMOAXOIbI Pa3InJaIuch B 3a-
BUCHUMOCTH OT 00JIaCTU MpUMeHeHUs1. Tak, CeUaINCThI TT0 dKCIUTyaTalluy KeJIe3HBIX 10-
POT 1 MOCTOB B OCHOBHOM MCCJIEIOBAJIM TMHAMUYECKYIO YCTOMYMBOCTD YIIPYTUX KOHCTPYK-
LA, HECYIIIMX TTOABVIKHBIE HArpy3ku [91—96]. B ropHoit MexaHWKe MOABVKHBIE HATPY3KU
BO3HUKAJIV TPU UCCIETOBAHUY TMHAMUKHU IIIAXTHOTO TTOAbEMa, TIe UCITOIb3YIOTCS KaHAThI
nepeMeHHoM 1uHbI [97—101]. Criernduyeckure MeToabl pa3padbaTbiBaJUCh B TEOPUU MeXa-
HU3MOB Y MaIllMH JJIsT VCCIIeAOBAaHWS TUHAMMYECKOM YCTOMYNBOCTU THOKMX BETBEM mepe-
nay [102—104]. IIpennoxen [105—107] o6benMHEHHBI MOAXOM TSI UCCAEAOBAaHUST pa3iny-
HBIX 3a/1a4 C MOABMXXHBIMU Harpy3KaMu Ha OCHOBE BapMallMOHHOTO MpuHIuMa [aMuiabTo-
Ha—OcTporpaackoro. B aTom noaxone BBEACHO MOMOJTHUTEIBLHOE HEJTMHEiTHOe KpaeBoe
yCITIOBHE, OMMCHIBAIOIIee B3aMMOBIIUSTHUE IBUXKYIIETOCS 00beKTa U KoJIeGaHUI YIIpyroit Ha-
npapistonieil. GU3ndecKuil CMBICHT TTOCIETHETO YCIOBUS COCTOUT B TOM, YTO TIPY B3aMO-
NEeCTBUM pacnpenesIeHHONM CUCTEMBI C ABVIKYIIIMMCSI COCPETOTOYEHHBIM OOBEKTOM BO3HU-
KaloT CUJIbI BUOPAIIMOHHOTO NaBjieHusl. Hamo oTMeTUTh, 4YTO BBeNEeHUE B pacueT TaKUX JA0-
MOJHUTEILHBIX CUJI, YIUTBIBAIONINX IBUKEHNE HArpy3KH, Ipeaiaraiock padee [108, 109].

IIpu uccaenoBaHUY TIACTUH, HArpy>KeHHBIX IBVOKYIIEHCS Harpy3Koif, OGbIYHO TTpUMe-
HSIOT Teoputo bepHymmu—3Diinepa, OCHOBaHHYIO Ha TUTIOTe3¢ TJIOCKUX ceueHUit. DTa Teo-
pUS TIO3BOJISIET MTOJYYUTh TMHAMUYECKUE YPaBHEHMS, aHAJIOTUYHBIC CTAaTUYECKUM YpaBHe-
HUSIM M3ru0a TOHKUX IJIACTUH WM YpaBHEeHMSIM u3ruba 6anok [110—113]. B manpHeiiiem
meToabl [110—113] mpuMeHSUIMCh PpU pellieHU pa3IndyHbIX 3a1a4, CBI3aHHBIX B OCHOBHOM
¢ WccllefoOBaHWEM TMOBEICHMS JeassHOro mokposa [114—116] a Takke KosebaHUSIM GaloK
[117—120] mpu ABMXYIIMXCS Harpy3Kax.

3amaum IS Tell, Harpy>KeHHBIX IBYDKYIIIUMUCS HAarpy3KaMmu, MOTYT MCCJIEIOBAThCS C T0-
MOIIIbIO KOHEYHORJIEMEHTHBIX U KOHEYHOPA3HOCTHBIX METOIOB. 3a/aya o TUlaCTUHE, Harpy-
JKEHHOI NBMKYIIEMCs Harpy3koi, aHaauzupoBaiach [121—123] ¢ moMoIbio KOHEYHORJIe-
MEHTHOTO METOJIa C UCIOJIb30BAHUEM JIBYXCJIOMHBIX SIBHBIX PA3HOCTHBIX CXeM BTOPOTO IMO-
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psAKa TOYHOCTU [JIsi MHTETPUPOBAHUS YPABHEHUM NBUXEHUS. AHAJIOTUYHBIM METOIOM
uccienoBaiauch [124, 125] konedaHuss 6aqoK HA YIIPYrOM OCHOBAHUM OT IE€HACTBUS IBUXKY-
muxcst Harpy3ok. IlpencraBieHsl [126] pacyeTbl METOAOM KOHEUHBIX DJIEMEHTOB CIIOXKHBIX
CUCTEeM, TIOABEPXKEHHBIX IEMNCTBUIO NBUXKYIIIMXCSI Harpy3oK. YurcieHHbIe ucciiefoBaHus Mo
KoJIe0aHUSIM MOCTOBBIX KOHCTPYKIIMI OT ABIVDKYIIMXCSI HATPY30K COIIOCTaBjIeHE! [127] ¢ pe-
3yJIbTaTaMU HATYPHBIX U3MEPEHUI. DTO COMOCTaBICeHUE BBISIBUIIO XOpOIllee KAaYeCTBEHHOE U
KOJIMYECTBEHHOE COBITaICHUE YACTOT U aMIUIUTYA KojiebaHuii. PellieHre ypaBHeHU TBUXe-
HUS [T 3a/1a4 € TOJABUKHBIMUM Harpy3kKaMu OCyllecTBIIsIIoCh [ 128, 129] ¢ momouibio metoaa
KOHEYHBIX PA3HOCTEM.

6. PoacreeHHble Mpo0JieMbl IMHAMMKU. B ciyyae BHEITHUX 3a/may O ACCTBUY HAarpy3Ku Ha
TrpaHUIly YIPYro MOJYIUIOCKOCTU WJIM TTOJIYIPOCTPAHCTBA, HapsIy ¢ HOPMaJIbHBIM K rpa-
HUIIE BO3neicTBUEM [25], Kak OTMEUeHO BhbIIIlEe, UCCIEAYIOT 3a/1a4y O HAKJIOHHO# K TTOBepX-
HocTU Harpyske [6, 22]. PaccMaTpuBaloTcs TakKe 3aadyd O IITaMIle, KOHTAKTUPYIOIIUM C
YIIPYTUM TIOJYITPOCTPAHCTBOM U COBEPIIAIOIINM TOPU30HTATIbHBIE TADMOHUYECKUE KoJieha-
Hus [130] u HeocecuMMeTpUUYHBIe BepTUKalbHbIe KoiaebaHus [131]. PaccmarpuBanace [132,
133] aunonvHast (MOMEHTHasl) TaApMOHWYECKAasl U UMITYJIbCHasl Harpy3ka, MpuoXeHHasl Ha
TMOBEPXHOCTH TMOJYIIPOCTPAHCTBA. DTa 3a/1auya UCCIeI0BaJIaCh C MOMOIIIBIO PeoOpa3oBaHus
XaHkeJsl Mo panvajabHON KoopauHaTe U npeobpa3zoBaHueM Jlamaaca mo BpeMeHHOM Tepe-
MeHHOM. YncaeHHBIe aHaIU3 3TOM 3amadM Imokasan [133], 4To Ha IMMOBEpPXHOCTH ITOJIYIIPO-
CTPaHCTBa OCHOBHOM BKJIaJ OT AUMOJbHOM Harpy3Ku BHOCSIT PAJIEEBCKUE BOJTHHBI.

B cnyyae BHyTpeHHUX 3a1ay, MO-BUAMMOMY, HAMOOJBIIUN UHTEPEC MPENCTaBISIOT pe-
LIEHWS TS ayTuieTa (IBOHOM critbl 6e3 MoMmeHTa) [134—136] u mumosst (COCpeaoTOYeHHOTO
moMeHTa) [137]. B aTux paboTax mocTpoeHue pelieHuii 111 COOTBETCTBYIONIUX BHYTPEHHUX
(MMPOCTPaHCTBEHHBIX) 3a71a4 OCYIIECTRIISIJIOCH C TOMOIIIBIO MeToa JIaMba 1 BIOopa KOHTYpa
uHTerpupoBaHus 1o metony [9, 10]. [ToctpoeHo [138] pelieHue a1 BHyTpeHHe# mpocTpaH-
CTBEHHOM 3a/1a4¥ O ACHCTBUY TOPU3OHTAIBHON rapMOHUYECKOI CUJIBI B YIIPYTOM TPaHCBEp-
CaJIbHO-U30TPOITHOM TIOJTyTTPOCTPAHCTBE. 3aMETUM, YTO TJIOCKKUE BHYTPEHHME 3a/1a4U O AU~
1oJie U ayTUieTe, Mo-BUAUMOMY, HE NCCIIeN0BAIUCh.

WUccnenosanucs [139, 140] peuieHust BHyTpeHHUX 3ana4 JIam0a, cBsI3aHHbIE C TTOSIBJICHU-
€M MCTEKalollIUX BOJH (BOJIH, aMIUIMTYAa KOTOPBIX HE yObIBarolux 1o rimyoune). [loctpoe-
HUE Y aHaJIM3 COOTBETCTBYIOIMX pemieHuii B [ 140] mpoBonuicsa metogamu [9, 10].
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The solution of the internal and external Lamb problems from a concentrated force applied
to the free boundary of an elastic half-space (half-plane) is analyzed. Some related problems
are also considered, in particular, the application of doublets and dipoles in an elastic half-
space, the appearance of high-frequency waves corresponding to the Rayleigh wave during
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the propagation of Pochhammer—Cree waves, etc. Solutions of problems about a moving
load applied to the boundary of a half-space or half-plane are analyzed.

Keywords: Lamb problem, bulk wave, Rayleigh wave, half-space, half-plane
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