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TpaekTopny CMEUIEHUS B OXHOPOIHBIX M HEOMHOPOJHBIX IUIOCKHX BOJHAX, PAacIpPOCTPAHSIONIINXCS B
0e3rpaHIMYHOMN BSI3KOYIPYTOi aHU30TPOITHOM Cpejie, B 00IIeM CiTydae sIBISIIOTCS SIUTHIITHIECKAMH. VIcKinioueHue
COCTaBIIIET JIMHEHHAs Noysipu3anust P- 1 S-BOJIH, pacpoCTPaHSIOMNXCS BIOJIb HEKOTOPHIX BEIJEICHHBIX Ha-
TIpaBJICHUHA. THIIMYHBIM IPUMEPOM SIBIISICTCS JINHEIHASI TOsIpu3atus SH-BOJH, pacpOCTPAHSIOMINUXCS B IIOC-
KOCTH CUMMETpPHH BI3KOYIIPYTOi aHN30TPOITHOH cpeabl. J[Bymst Hanboee BayKHBIMU XapaKTepPUCTHKAMHU TPaeK-
TOpUH SBISIOTCS OPHEHTALUsl OCEH 3JIMIIca MOAPU3AlMU U ero 3KcieHTpucurteT. Kak mpasuno, oHn obe
CYIIECTBEHHO MEHSIOTCS B 3aBUCHMOCTH OT HANpPaBJICHUS] PACPOCTPAHEHHUS BOJTHOBOTO ()POHTA U OT CTEIEHH
HEOJHOPOJHOCTH PAacCMaTpUBAEMON MIIOCKOW BosIHBI. OpueHTanusi ocedl IUIMICA MOJIApU3alK P-BONHBI B
o01meM ciy4ae OTKJIOHSETCS OT HaIllpaBJIEHHsI paclpocTpaHeHus: GpoHTa, OOBIYHO OHA OJIIKE K HAIIPaBICHUIO
MoToKa 3Hepruy. OpHEHTalUs SJUIUICOB MOIAPU3alUK S-BOJH 4acTO OTKIOHAETCS OT HANpaBlIeHUs, OpTO-
TOHAJIBHOTO K HAaNpaBJIeHUIO PaclpocTpaHeHus! PPOHTA, OKa3bIBAsICh ONMKE K HAIPABICHHIO, OPTOTOHATEHOMY
MIOTOKY JHEPIUH. DKCUEHTPHCHUTET JIUIUICA MOJSIPU3AIUHM OCOOEHHO CHJIBHO 3aBUCHT OT HEOJHOPOIHOCTH
IUTOCKON BOJHBI. JIJIs1 OZTHOPOIHBIX INIOCKHUX BOJIH TPAEKTOPHH CMEIICHUSI OOBIYHO OJIM3KH K JIMHEHHBIM, T. €.
SJUIAIICH! NOJIIPU3ANUH UMEIOT OOJBIION AKCIEHTPHCHUTET, KOTOPBII YMEHBIIACTCSI TP BO3PACTAHUU HEOIHO-
POAHOCTH BOJNHBL. J|JIst CHIIBHO HEOAHOPOJHBIX IIOCKHX BOJIH 3JIIHIICHI MOISIPHU3AINH IIPHOIIIKAIOTCS K OKPYXK-
HOCTH, ¥ DKCIEHTPHCHTET CTAHOBHTCS OYEHb MaJbIM M, KaK IIPaBWJIO, TAKXKE YMEHBIIACTCS B OKPECTHOCTH
CHHTYJISIDHBIX HaIpaBISHHUH.

Bsaskoynpyaas anuzomponuas cpeoa, nonapusayus, niocKue 00HOpOOHbLE U HEOOHOPOOHbLE GOIHDI.
PARTICLE MOTION OF PLANE WAVES IN VISCOELASTIC ANISOTROPIC MEDIA

V. Cerveny and I. P$entik

Particle motion of homogeneous and inhomogeneous time-harmonic plane waves propagating in unboun-
ded viscoelastic anisotropic media is generally elliptical. Exception is linear polarization of P and S waves
propagating along some specific directions. A typical example is a linear polarization of SH waves propagating
in a plane of symmetry of a viscoelastic anisotropic medium. Two most important characteristics of the particle
motion are the orientation of the axes of the polarization ellipse and its eccentricity. They both usually vary
considerably with the direction of wavefront propagation and with varying strength of inhomogeneity of the
considered plane wave. The orientation of the P-wave polarization ellipse generally differs from the direction of
wavefront propagation, and it is usually closer to the direction of the energy flux. The orientation of the
polarization ellipses of S waves often differs from the direction perpendicular to the wavefront propagation, and
it is usually closer to the direction perpendicular to the direction of the energy flux. The eccentricity of the
polarization ellipse depends particularly strongly on the inhomogeneity of the plane wave. For homogeneous
plane waves, the particle motion is usually nearly linear, i.e., polarization ellipses have large eccentricity, and the
eccentricity decreases with increasing inhomogeneity of the wave. For strongly inhomogeneous plane waves, the
polarization ellipse becomes nearly circular, eccentricity being very small. The eccentricity of the polarization
ellipse usually also decreases in a vicinity of singular directions.

Viscoelastic anisotropic medium, polarization, homogeneous and inhomogeneous plane waves

BBEJEHUE

MBI paccMaTpuBaeM TPaeKTOPUU CMELIEHUS B OAHOPOIHBIX U HEOJAHOPOIHBIX IUIOCKUX BOJIHAX, PACIPOCT-
paHgromuXcs B 0e3rpaHUYHON BA3KOYNPYTOl aHU30TPONHOHN Cpejie B MPOU3BOJILHO 3alaHHOM HalpaBJICHUH.
[T1ockas BoHA 3a1a€TCsl COOTHOIICHUEM

u] (xka t) = l]] exXp [—iOJ(t —Pu xn)] s (1)
rac x, — ACKapTOBBI KOOPAWHATHI, uj, pj u (]] — AE€KapTOBbI KOMIIOHEHTHI KOMIUIEKCHBIX BEKTOPOB CMEIIIECHUS U,

pedpaxuuu p 1 ammuTy s U COOTBETCTBEHHO,  — BpeMs, ® — (PUKCHPOBAaHHAS KPyroBasi 4acToTa, 3aJaHHasI
MOJIOKUTEJIHHBIM BELIECTBEHHBIM 3HaUeHHEM. Y paBHeHHeE (1) mpencTaBiseT IIOCKYIO BOJIHY B TOM, M TOJIBKO B
TOM city4dae, eciu U; i p; BBIOpaHBI Tak, 4T00bI (1) yAOBICTBOPSUIO YPABHEHNUIO JIBUKCHUS ISl JJAHHOM CPEJIbL.

OT10 TpeboBaHUE IPUBOAUT K CHCTEME TPEX JIMHEWHBIX ypaBHeHui amsa U, U, u U;:
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PP Ug=U, i=1,2,3. )
3nech a ikl KOMITJIEKCHBIC HOPMHUPOBAHHBIC HA INIOTHOCTD BA3KOYIIPYIUE€ MOAYJIN, 3aBUCAIINE OT YaCTOTHI. OHu

YAOBJICTBOPAKOT COOTHOIIECHUAM CUMMETPHUNU aiﬂd = ajikl = aijlk = aklij' B o0o3nauennsx ®oiirra COOTBETCTBYIOIIIAsA

MaTpulia A mopsaka 6 x 6 BS3KOYIPYTHX MOAYJeH, HOPMUPOBAHHBIX Ha IUIOTHOCTH, UMEET IMOJIOKUTEIHHO
ompeneieHHyo Re A, a Im A jomkHa OBITH TOJNOXKUTENBHO OMpeeNieHHONH 1u00 paBHOM HyJO. YclIoBHE
pa3penrMOCTH CUCTEMBI YpaBHEHH (2) 3amHuChIBaeTCS KaK

det [a;, p; p;— 8] = 0. 3)

CootHouienue (3) MOKHO UCTIONIB30BATh ISl HAXOXKIEHHUS BEKTOpa pedpakiuu p. Onpeaenus oMy CTUMBII
KOMIDIEKCHBIN BEKTOp pepakumyl p ¥ MOACTaBUB €T0 B ypaBHEHHE (2), MOXKHO BBEIYUCIIHTH BEKTOP aMILTATY b
U u onpenenuTs TpaeKTOPUIO CMEIEHUS.

1. ONPEJAEJEHHUE BEKTOPOB PE®PAKIINU U AMILJIUTY J1bI

OCHOBHOE MPENATCTBUE NPU W3YUYEHUH TPACKTOPHU CMEIICHHUS B IUIOCKUX BoiHax (1) B BSA3KOYIpyroit
AHM30TPOIIHOM cpenie COCTOUT He B HaxoxaeHuu U u3 ypaBHeHus (2), a B OlpeesIeHUH BeKTopa pedpakiuu p,
yaoBieTBopsitoiero ycaosuto (3). O6sdHO BekTOp pedpakiuu 3agaercs B dopme p, =P, +id,, rae P, —
BEIIECTBEHHBIII BEKTOp paclpocTpaHeHus (MEepreHINKYIIpPHbI BOJTHOBOMY (PPOHTY), OPUEHTUPOBAHHBIA B
HaNpaBJIEHUM PACIIPOCTPaHEHUs (PPOHTA, & A; — BEILECTBEHHBIH BEKTOP 3aTyXaHuUs (NepHeH UKy IAPHBIH 110C-
KOCTH TIOCTOSIHHOW aMIUIMTY[bl), OPUEHTUPOBAHHBII B HAIPaBICHUH MAaKCHUMAJIBbHOTO 3aTyXaHUs aMILUIUTYI.
Ecnu A; napannenen BekTopy P,, Takas IUIOCKas BOJIHA HA3bIBAETCSA OJHOPOAHOM, a €cu A; ¥ P; COCTaBIAIOT
HEHYJIEBOH yroJjl, Ha3bIBAEMBIN YIJIOM 3aTyXaHUs, TO TakKas BOJIHA HA3bIBA€TCsS HEOIHOPOIHOM. BBens Bemect-
BEHHBIC e/IMHUYHBIC BEKTOPEIN = P /|P|uM = A /|A|, MBI MOXKEM HCKATh BEKTOP pePPAKITUH P B CIICTYIOIIEM BUJIC:

p,=C YN, +idM)), @)
rae N, u M, npennonaraotcs 3agaHHbIME, C — BellecTBeHHas (a30Bas CKOPOCThb, O — JOHOJIHUTENbHAS
BeIlleCTBEHHAs! KOHCTaHTa. VckoMbIMu TapaMeTpamu siBIsttoTcst C 1 O, WX MOKHO HAWTH M3 YpaBHEHHS, TIOITY-
YEHHOTO MOJCTaHOBKOH (4) B (3). Bripaxenue (4) sBnserca o600meHneM BeIpaxenus p, = C~'N, MHUpoko
MCTOJIb3YEMOr0 B MII€AIBHO YIPYTOil aHU30TPOIHOM cpene, Tlie OHO MPUBOAUT K 3aJade ompeiesieHus cod-
CTBEHHBIX 3HAYEHUM BellecTBeHHOH MaTpuubsl Kpucroddens I'y = aljk,Nle. nopsiaka 3 x 3 (cM. Hampumep,
[1—6]). IIpencraBnenne (4) 4acTo HCIONB3YETCS MPU W3YUCHHH PACIPOCTPAHEHUS HEOTHOPOIHBIX TUIOCKUAX
BOJTH B BSI3KOYIIPyTO# M30TporHo# cpene [1, 7—11]. YpaBHeHue (4) Takxe MOKET OBITh HCITOJIL30BAHO B CITyJae
OJIHOPOJHBIX IIOCKUX BOIH (N, M), pacnpoCTpaHAIOMUXCA B BA3KOYNPYroi aHM30TPOINHOM cpeje, Korja

p; = C(1 +i8) N,. OnHaKo JUIs HEOTHOPOIHBIX TIOCKHX BOJIH B TAKOH cpeze BbIpaxkeHus (3) u (4) IpHBOIAT K

CHCTEME JIBYX MOJIMHOMHUAJTbHBIX ypaBHEHHN TpeThell cremenu st C2 U mectoit — s 8. bonee mpocthie
CUCTEMBl YpaBHEHUH NOJIY4aroTcs TOJBKO B CIIydasx, Kak JUisl SH-BOJH, paclpOCTPaHAIOLIMXCS B IJIOCKOCTU
cummerpud [9, 12—15]. JlonomHUTETHHBIM HETOCTaTKOM CUCTEMbI YPaBHEHUH, OCHOBaHHBIX Ha MTPEICTaBICHUN
(4), sByISETCA TO, YTO B BA3KOYNPYTHX aHM30TPONHBIX CPelax OHa MOKET gaBath C2 < 0 IpH ONMpeaesICHHBIX
komOuHamsx N u M. O0cyxaeHne Takux (PU3NUECKH HelTPUEMIIEMBIX pe3yIbTaToB mpoBoauTcs B [13, 14].

bonee ynobHoe mpencraBieHne BeKTopa pedpakimny, IpIMEHHIMOE Kak B HICABHO YIIPYTOH, Tak M B
BSI3KOYIIPYTOM aHU30TPOIMHOM Cpeaax, Caeayrolee:

p,=on;+p¥, tre prn, =0. Q)

37ech N — BEIECTBEHHbIN ¢TMHUYHBIA BEKTOP, & P> — KOMIUIEKCHBIH BEKTOP, MEPIECHIUKYIIAPHbIA n. [Ipu
3a/IaHHBIX N ¥ P¥ KOMIUIEKCHAsI BEIUYHHA G MOKET OBITh OIPE/IE/ICHA PEIICHHEM YPABHEHUSI, TOTYYarOIErocs
mpu noactanoBke (5) B (3), 3To anrebpanyeckoe ypaBHEHHE IECTON CTENEHU ¢ KOMILIEKCHBIME K03 duInen-
Tamu. MlHaue ¢ MokeT ObITh HaiiieHa KaKk COOCTBEHHOE 3HAUYEHHWE KOMIUIEKCHOM MaTpHuIbl mopsiaka 6 x 6.
[IpencraBnenne (5) 9acTo MCIONB3yeTCS IS ONPEACICHHS BEKTOPOB pedpakIMy BOJIH, BOSHUKAIONINX IPU
OTpaKE€HUH U MIPEJIOMIICHUH Ha TUIOCKOU IpaHulle MEXIY UealbHO YIPYTUMH aHHU30TPOIIHBIME cpeiamMu [4, 16,
17], u Tpu BBIYMCIEHUH MaTPHUI-IIPONATaTOPOB CMEUICHUS—HAMNPSHKEHUS (MM CKOPOCTH—HANPSKEHUS) B
OJTHOMEPHBIX M30TPOIHBIX W aHU30TPOIHBIX cTPyKTypax [18—23]. B HEKOTOpBIX M3 YKa3aHHBIX paboOT pac-
CMATPHUBAIOTCS TaKXKe BSIBKOYIPYTHE Cpelnbl. AHAJOTHYHBIN PaccMaTpUBAEMOMY IOIXOJA OBIT IpeaiokKeH
A. Hltpoxom [24] u noxyumn Ha3Banue ¢opmyn Ltpoxa. i GopMynbl MPUMEHSUIUCH K TNIOCKMM BOJIHAM,
pacmpoCTpaHSIOMIKUMCS B HICAIBHO YHPYroi, BS3KOYNPYro M TEPMOBA3KOYIPYTrol aHMU3OTPOIHOW cpenax
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[25—27], a Taxke B 3aJja4yax OTPaKCHUS—IPETOMIICHHUS TUIOCKUX BOJH Ha IUIOCKOW TpaHUIlE pasjiena BsI3KO-
YIOPYTHX aHU30TPOITHBIX cpen [28].

Hanbomnee moaxoasmuM IpencTaBICHAEM BEKTOpa pedpakIuy IS U3yUeHUS PacHpOCTPAaHEHUS OHO-
POIHBIX M HEOJHOPOAHBIX IJIOCKUX BOJIH B 33JaHHOM HAIIPaBJIeHUH N (TIEPICHIUKYJIISP K BOTHOBOMY (DPOHTY) B

663FpaHH‘-IHOI>1 BSISKopryFOﬁ aHPI3OTpOHHOI>i Cpeac SBJIACTCA TaK Ha3bIBACMOC CMEIIAHHOC IPEACTABIICHUE
[29—31]:

p;=on,+iDm,, rae nom; = 0. (6)

Beipakenue (6) nmpencrasiser coboil 4acTHBIN ciydaii (5), korma p* — 4HCTO MHUMas BenndrHa. B (6) n
U M — BELIECTBEHHbIE, B3aMMHO IMEPIEHAUKYIAPHbIE IUHUYHbIE BEKTOpbl. OYEeBHIIHO, YTO BEKTOp N Ta-
paUIeNieH BEKTOPY pacnpocTpaHeHus P, Tak 4To n neprneHAnKyIIpeH 1 BOIHOBOMY (GpOHTY. J[Ba BEKTOpa n ¥ m
33/IAF0T TaK HA3BIBAEMYIO TIOCKOCTh PAaClpOCTPaHEHHss—3aTyXaHus 2/, B KOTOpoii pacnoioxeHsl BEKTOpb P u
A. Cxasipabiii mapametp D (—oo < D < 0) — Ha3bIBaeMbIi KaK KOI(PPHUIIMEHT HEOJTHOPOTHOCTH, |D| CIyKHT
MEpOil HEOAHOPOAHOCTH INIOCKOM BOJIHEL. [1110CKas BOJIHA SIBISAETCA OJHOPOAHOM, Korna D = 0, 1 HEOTHOPOXHOM
mpu D # 0. /IBa BekTOpa n ¥ m, HapAay ¢ Ko3pPpHUIHEHTOM HEOJHOPOAHOCTH D, 3a/1a10T MapaMeTphl pacCMaTpH-
BaeMOH IIJIOCKOH BOJIHBI U MOTYT OBITh BEIOpaHbI IPOU3BOJIEHO.

KomriekcHast ckanspHasi BelmIrHa 6 B (6) JOJDKHA OBITH onpejiesieHa. Anredbpandeckoe ypaBHEHHE JIIS
ATOTO TMOJIY9aeTCs OICTaHOBKOM (6) B (3):

det [a;, (cmj +iDm)) (on; + iDm)) — 8;] = 0. 7

VYpaBaenue (7) 1IecTol CTENeHH ¢ KOMITIEKCHBIME Kod(dumrenTamu. [llects ero KopHel COOTBETCTBYIOT
TPEM MOJaM IIOCKOM BOJIHBI — P-, S| U S, — pacnpoCTpaHsIOMIMMCS B HAIIPABJIEHUU N ¥ B IPOTHBOIOJIOXKHOM
eMy. B 0coObIX cinyyasx, B 4aCTHOCTH, B IUIOCKOCTSIX CUMMETpPUH, ypaBHeHHE (7) MOXKET ObITh pa3iokeHO Ha
YpaBHEHHS YETBEPTOU U BTOPOU CTETICHH, U X PEIICHUS MOTYT OBITh MOJYyYSHBl aHATUTUYECKU.

Haiins 6 u3 ypaBHerus (7), MOKHO ONpeeNuTh U3 (6) COOTBETCTBYIOMINN BEKTOP pedpakiiiu, OCIe Yero
n3 cucteMsl (2) moxeT ObITh HaiizieH U. [lojacraHoBka BekTopa aMIDIMTy bl B (1) JaeT KOMIICKCHBIH BEKTOP
CMeIlleH!sI U. B ImpuBeEeHHBIX HIKE YMCIEHHBIX IPUMEpax Mbl U3y4aeM TPaeKTOPUU CMEILEHHs B IUIOCKHX
BOJIHAX, PACTIPOCTPAHSIIONINXCS B BA3KOYIPYTOol aHM30TPOMHOMN cpene. TpaeKTOpUM ONpEAeNstoTCs Kak reo-
METPHYECKOE MECTO KOHIOB BELIECTBEHHOIO BEKTOpa cMelleHus Reu(x,, ) B x, npu usmeHenuu t. U3 (1)
MoJryyaem

Reu; (x;, 1) = (ReU)) cos [o(t - p,, x,,)] — (ImU)) sin [o(t - p,, x,)]. (8)

2. YUCJIEHHBIE ITPUMEPBI 1 TPAEKTOPUH

Hwke MBI MCCllEnyeM YMCIIEHHO NONAPU3aLHUI0 OJHOPOJHBIX U HEOAHOPOAHBIX IIOCKUX P-, §,- 1 S,-BOIH,

pacpoCTpaHSIONIUXCS B OE3TPaHUIHON BA3KOYIIPYTOH aHU30TPOIHOM cpene. MCmonb3yoTes AT pa3imIHbIX
MoJeNiel cpepl: a) Moaens MJ TpaHCBepcalbHO-M30TPOITHON BA3KOyNpyrod cpensl SIkobceHa u ap. [32];
6) mozen> MJ ELAST, cootBeTcTByIomas mMoaenn MJ, HO ¢ HyJI€BHIMH MHHMBIMH YacTSIMH BSI3KOYIIPYTHX
monyneit; B) moaens MJ ROT, npeacrasistomas codoit moBopot monenu MJ; r) monens ORTHO, B xoTopoit
BEIIECTBEHHBIE YaCTU BASKOYIPYTUX MOJIYJIEH COOTBETCTBYIOT UICAJIBHO YIPYrol OpTOpoMOMNYecKoil Moaenu
[enbepra u Xenp6ura [33], a MHUMBIC YacTH B3sATHl U3 Mojenu MJ; n) mogens ORTHO ELAST, coor-
BercTByIomIas mojienu [llen6epra u Xennoura.

Moaeas MJ. Ml paccMaTpuBaeM IIOCKHUE BOIHBL, pACIIPOCTPAHSIOIIMECS B TPAHCBEPCATIBHO-U30TPOITHON
cpene, A7l KOTOPOi KOMILIEKCHBIE MOy ObUIH MoTydeHs! B [32]. BeiOpanHas Mojieb COOTBETCTBYET YacTOTE
npubam3utensHo 35 I'nu mrotoctn 1000 kr/M3, Marpuna A, comepakamias 6 X 6 KOMIUIEKCHBIX BA3KOYIIPYTHX
MOJlyJiel, HOpPMUPOBAHHBIX Ha IUIOTHOCTb, I TPAaHCBEPCAJIbHO-U30TPOIHON Cpeabl C BEPTUKAIBHOH OCBIO
CHMMETPUH MMEET BHJI (3HAYEHHS TaHbl B (KM/C)?):

A=A —iA, )
rae
46,631 5983 47278 0 0 0
46,631 4278 0 0 0
19,931 0 0 0
A = 3,444 0 0 (10)
13,444 0
20,324
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0,033 0,022 0,156 0 0 0
0,033 0,156 0 0 0
1,312 0 0 0

A = 0,055 0 0 (1D
0,055 0
0,005

OtmeTnM, uTo MaTpulpl A, 1 A, TIONOKUTENBHO ONpPEETIEHbl, U A XapaKTEPU3yeTCs OCOOEHHOCTHIO THIIA
KacaHHs HHAMKATPHUC Ha BEPTUKAJIBLHOM ocH (TOYHEe, OCH OECKOHEYHOTO MOPSAKA).

MBI aHATM3UpYEM TUIOCKHE BOJHBI, Y KOTOPBIX TIOCKOCTH pacipocTpaHeHus—3aTyxaHus X/ coBIamaer ¢
BEPTHKAIIBHOM IIOCKOCTBIO CHMMETPUM X5 M MapajulelibHa INIOCKOCTH (x, z). TakuM 00pa3oM, KOMIIOHEHTHI
€IMHUYHBIX BEKTOPOB N U M MOTYT OBITh BBIPAXKEHBI KaK

ny=sini, n,=0,ny;=cos i,m =cos i,m,=0,m;=—sin i, (12)

Iie { Ha3bIBAeTCs YIJIOM PAacIpOCTPAHEHUSI.

g mydiiero NnOHUMaHUs HAaYHEM ¢ UHIUKATpUC (a30BOH CKOPOCTH P- U S-BOJIH B 3aBUCUMOCTH OT yIJia
pacrpocTpaHeHusi i B MIOCKOCTH cummMerpun X5. OHH M300paskeHbl B TOMSPHBIX KOOpAWHATAX, TAe i = 0°
HAIpaBJICHO BBEPX, a i = 90° Brpano (12). Ha puc. 1 mokazaHbsl HHANKATPUCH IS YeThIpeX 3HaueHni kodddu-
UeHTa HeoxHopoHOCTH D: D = 0 (ogHOpoaHas BonHa), D = 0,057; 0,059 u 0,2. [Ipu D = 0 ¢a3oBbIe CKOPOCTH
CUMMETPHUYHBI OTHOCUTEJIBbHO BEPTHKANBHON ocu. MHIuUKaTpuca, COOTBETCTBYIOIIAs CaMOil OBICTpOW BOJHE,
OTJelieHa OT ABYX IPYTUX W oTBeuaeT P-BonHe. boiee BhICOKas M3 OCTaBIIMXCA CKOPOCTEH COOTBETCTBYET
SH-BoJtHE (CM. TpaeKTOPUH CMENICHHUS Ha puc. 2), a MeyieHHas — SV-BonHe. MHInKaTpuch! pa30BbIX CKOPOCTEH
o00enx S-BOJH KacaroTcs Ha BepTUKAIBHOU ocH. [Ipu yBenmueHnn 3HaueHust D KpuBbie (pa3oBbIX ckopocTei P- n
SV-BonH nehopMUpyrOTCA BOJIN3H BepTUKATIBHOM ocH (D = 0,057 ) u npubnmxkaroTes ApyT K apyry. Unaukarpuca
SV-BONHBI IepecekaeT HHANKATPHICY SH-BOJHEL, U (a30BBIE CKOPOCTH HE CHMMETPHYIHEI OTHOCHTEIHHO BEPTH-
KanbHOM ocu. Ilpu Bo3pactanuu D kpuBble (a3oBbIX cKopocTell P- u SV-BOJMH compHKacaroTcs, T. €. Ipu
COOTBETCTBYIOIIEM (HEHYJIEBOM) 3HAUEHUH YIJIa PaclpocTpaHeHus i P- u SV-BOTHBI UMEIOT OJMHAKOBYIO CKO-
pocts. [lpn manpHeiineM yBenndeHun D (a3oBble CKOPOCTH YMEHBINAIOTCS (OHH CTaHYT HYJIEM TIpH |D| — ©), u
BCE TPU UHAMKATPHUCHI CTAHOBATCS MOYTH HEPA3TMUYUMBIMU. B BA3KOyNpyroi Hith naeaabHO yIpyro H30TPOITHON
Cpezie COOTBETCTBYIOIINE HHIMKATPUCH KaK ISt P-, Tak ¥ UIA S-BOJH OBIIH OBl OKPY>KHOCTSIMH.

Ha npuBeieHHBIX HIDKE TpauKax TOJIIWHA JIMHUA TPACKTOPUH pa3InvaeTcs B 3aBUCIMOCTH OT (ha30BOi
CKOpPOCTH paccMmarpuBaeMoii BOJMHBL. TolicTast KpuBasi COOTBETCTBYET caMOi ObICTpOH, Oojiee TOHKas — IMpo-
MEXYTOYHOM, a caMasi TOHKasi — MeJIeHHOH BostHe. Kor/ia miiockocTh pacnpocTpaHeHUss—3aTyXaHHs COBIAaeT
¢ X5, mockas SH-BOJIHA MOJIIPU30BaHA JIMHENHO B HAIIPAaBJIEHHH, IIEpHeHANKYIspHoM X!, ['paduku TpaekTopuii
B INIOCKOCTH PacIpOCTPaHEHUS—3aTyXaHUsl COOTBETCTBYIOT P- u SV-BoiHawm, a nmonspuszauus SH-BOJNH npea-
CTaBJIEHa TOJBKO TOUKaMHU.

Ha puc. 2 okazaHbl TpaeKTOPHH CMEMICHUS IPU KOdPPHIHeHTe HeoaHopoaHocTH D = 0,02. M300paxeHb
SIUIATICH TIOJLIPU3ANNH ISl TBCHAAATH 3HAYCHUH yTIIa paclpoCTpaHEeHNUs i, OIpeNeIIsTomero BekTop n (12).
BekTops! n HanpaBeHBI U3 IEHTPA PUCYHKA K IIEHTPaM 3JUIUIICOB ToJisipu3anun. Bumnno, uto u P-, u SV-BomHBI
MOJISIPU30BAHBI SJUTUITUYECKH, U SJUIHAIICHI TMOJIAPU3AIMY B3aUMHO MEPIEeHINKYIApHBL. [Ipu HEKOTOPBIX yriax

8- D=0 - D=0,057 - D=0,059 - D=0,2
o 1 1 ]
o ] ] 1
- 1 1 1
| T T T T T 1T |— T T T T T 1 |_ T T T T T 1 l— T T T T T T 1
-8 -4 0 4 8 -8 -4 0 4 8 -8 -4 0 4 8 -8 -4 0 4 8

Puc. 1. INonsapubie Auarpammsl (pazoBoii ckopoctu C B mi1ockocTu cummerpun moaeau MJ ans D=0
(onHOpoaHas BoJHA), 0,057, 0,059 u 0,2.

Bueminue kpuBble — camasi ObIcTpasi BosiHa (P-BoJIHA), BHyTpeHHHE KpuBble — SV- n SH-BosHbI; SV-BO/IHA UMEET HAUMEHBIITYIO CKOPOCTb,
3a UCKJIFOYCHHUEM HAIIpaBJICHHH BOIM3U BepTUKau rmpu D > 0.

560



Puc. 2. Tpaekropun cMemennsi B P- u SV-ponrnax s 27
TOM Ke MJIOCKOCTH Mojean MJ, 4To u Ha puc. 1, npu
D =0,02.

YrTonmeHHbIe KpUBbIe — OBICTpast BoJHA (P-BoiHa), 6oee TOHKAs —

IIPOMEKYTOYHAs, CaMasi TOHKasl — MEQJICHHAs BOJIHA, SH-BOJIHA TTOJISA-
pusoBaHa NEPICHAUKYIISIPHO IIJIIOCKOCTH CUMMETPHH.

pacnpocTpaHeHHs ATUHHASA OCh JJUIMICA NOJSIpU3alud 0|
3aMETHO OTKJIOHSIETCSI OT HAIlpaBJICHHUA N AJis1 P-BOJIHBI
U OT HaIpaBleHMA, NEPHEHIUKYJSPHOrOo N, UL S-
BOJIHBL. OTH OTKJIOHEHHMS MHUHHUMAaJIbHbl B T'OPU30H-
TalbHOM U BEPTUKAIBHOM HAaIpaBJIECHUAX, IPEACTaB-
TAIOIMX BBIIEIECHHBIE HATIPABJIEHU MAaTPUIIEL A, . DKC-

LEHTPUCUTET JUTUIICOB TOJISPU3AINH 3HAYUTEIILHO ME-
HSETCS B 3aBUCHMOCTH OT yrja paclpOCTPaHEHHUS.
OKCIEHTPUCHUTETHI AJLTUTICOB TOJSIpU3aH P- 1 S-BOITH
MIPH 33IaHHOM YTJIe PaclpOCTpaHCHUs OJHM3KH, HO HE T I T
paBHbI. OCOOEHHO CHITLHBIC U3MEHEHUS YKCIIEHTPUCUTE- - 0 S
Ta MOXXHO 3aMETUTh BOJIM3M BepTUKAIU. B maeanbHO
YOPYyTroOM cliydae B STOM HAIpPaBIIEHUU OTMEYaeTCss 0COOCHHOCTh TuMa kKacaHus. CUMMETPUU OTHOCHTEIHHO
BEPTUKAIM B OPHEHTALMH JJUIUIICOB IMOJSIPU3ANMN W B WX JKCICHTPUCHUTETE HET, XOTS TOJIHAS CHMMETpPUS
HaOmroAaeTcs U1 N 1 —. MOKHO OTMETHTh aHOMaJIbHOE TIoBelieHHe (Pa3oBhIX ckopocted SV- u SH-BOJIH, Ha
BepTUKAJIK SV-BoJHA CTAaHOBUTCA ObICTpee, yeM SH-BOJIHA.

Ha puc. 3 MbI paccMaTpuBaeM NMOBEICHUE TOJISIPU3AIUH TIPU N3MEHEHUH 3HAYCHUSI KOAPUITUEHTA HEOTHO-
ponuoctu D, a umenso, npu D = 0; 0,01; 0,02; 0,03; 0,05 u 0,1. Ilo TOPpU3OHTATEHON OCH OTJIOXEH YTOJI

4- D=0,02 _ D=0
3- - f\
2- ~ .
1 4
0 T T T T T T T T T 1 T T T T T T T T T T T 1
-20 0 20 40 60 80 100 -20 0 20 40 60 80 100
lpapycobl lpagychbl

Puc. 3. Tpaexkropuu cMelleHusi B P- 1 S-BoTHaX B 3aBHCHMMOCTH OT YIJIa pacCHpOCTPaHeHHs | B Toi ke
IocKocTH Moaean MJ, uro u Ha puc. 2.

A — npu D = 0 (ogHopoaHas BonHa), 0,01 u 0,02; 5 — BepTUKanbHOE HAIPaBJIEHUE Ha PUCYHKE COOTBETCTBYET HAIPABICHUIO PACIPOCT-
paHeHUs BOJTHOBOrO ()pOHTA IUIL BCEX YIVIOB pacHpocTpaHeHus. Mcmoms3yercs pa3iandHas TONIIMHA, Kak Ha puc. 2. bonbimas TommuHa
TpaeKTOpHH SV-BOIHBI IpH i = 0° yKa3bIBaeT, 4TO B 3TOM HAIIPABICHHUH OHA ObICTpee, ueM SH-BomHa.
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pacnpocTpaHeHus i. BepTukanpHOE HanpaBieHHE HA PHUCYHKE COOTBETCTBYET HAlpaBIEHHIO BEKTOpa M —
MEepPICHANKYIIIpa K BOTHOBOMY (pOHTY. B TakoM mpencraBieHNH OTKIIOHEHHS [UTMHHOM OCH AJUINIICOB TOJIS-
pH3anuy P-BOJHEI OT HAIPABJICHMS N BRIpakeHBI Hanbosee oTueTanBo. OTMETHM, 4TO TIpH BeeX D UIMHHAS OCh
napajuiesibHa n A7 P-BOJIH U MEPIEHANKYJISIPHA eMy JUIsl S-BOJIH, Tosibko Koraa i = 90°. Ilpu i = 0° 310 BepHO
TG JUIsE OMHOPOAHOM BonHbL, D = 0. C yBenuueHueM D yrodi i, pU KOTOPOM 3THU JIBa HANPaBJICHUS OKa3bl-
BAaIOTCS NapajlIeJIbHBIMU U NEPIEHIUKYIIIPHBIMU, CMEIAETCS OT HYJISl B CTOPOHY IOJIOKHUTEIbHBIX 3HAUYCHUH.
[pu D = 0,1 (cM. puc. 3,b) yromn i = 5°.

Kak BumHO U3 puc. 3, SJUIUIICH MOJMSPU3ALMU TSI OJXHOPOIHBIX TUIOCKMX BOJH (D = 0) UMEIOT OYeHb
OOJIBINION 3KCIIEHTPUCHUTET, KOTOPBIH yMeHbIIaeTcss npu Bo3pactanud D. [lpu 00mpmmx 3HaueHHAX D, dem
MIPUBEJICHHBIE Ha pUC. 3,5, SJUTUIICHI MOIAPU3AIMU CTAHOBITCA OJIM3KUMHU K OKPY>KHOCTH, I03TOMY CTAHOBUTCS
TPYAHO pa3au4duTh P- 1 SV-BOIHBI 10 UX Mongpu3auu. OTMETHM TaKXkKe, 4TO MPH YBEJIMYEHUH D Trana3oH yIioB
pacmpocTpaHeHus i, IpU KOTOPEIX SV-BOHA pacipocTpaHseTcs ObIcTpee, 4eM SH-BOIHA, TOXKE YBEITNIUBACTCSL.
Bce 310 cobnroaeTes ¥ pH OTPUIIATENBHBIX 3HAUCHUSIX D.

Ha puc. 4 conoctapistoTcs TpU BaXKHBIX HAIIPABICHUS, XapaKTEPU3YIOLINX paCIpOCTPaHEHHE INIOCKUX BOJIH
B BSI3KOYIIPYIOoW aHM30TPOINHOHN cpene. TpaeKTOpUM CMEIIEHUS B 3aBHUCHUMOCTH OT yIJla PaclpoCTpaHEHHUS
OTIENBbHO A TIOCKuX P-, SV- u SH-BoH n300pakeHbl B CPABHEHUH C COOTBETCTBYIOLIMMHU HAIIPAaBICHUAMU
YCPEIHEHHOTO [0 BpeMeHH IIOTOKa YHEPTrUuH (KOPOTKUE JIMHUN) U B CPABHEHUH C BEPTUKAJIHHBIM HAlPaBICHUEM,
MPEICTaBILIONINM HallpaBIeHNE PacIipOCTPaHEHHsI BOTHOBOTO (ppoHTa. BHIHO, 4TO B 006IACTIX PEryIsIpHOCTH,
BHE OKPECTHOCTU OCH CUMMETpHH i = 0°, HarpaBieHUE IOTOKA SHEPTUHU MPUMEPHO NapaJuIeIbHO WIN MEPIEH-
JUKYJSIPHO OOJBIIMM OCSIM DJUTHIICOB TIOJIIPH3aIld, HO 00a OHM MOTYT 3HAYMTENFHO OTKJIIOHSTHCS OT Hall-
paBIIeHHUS pacipocTpaHeHus (ppoHTa.

B mogean MJ ELAST matpuna mozynei 6 x 6, HOpPMHPOBAaHHBIX Ha IIJIOTHOCTH, 3a1aeTcs kak A= A, (9),

T. €. 3TO CIlydail WJea’dbHO ynpyroi cpeabl. CpaBHUM pe3yabTaThl ISl UACATHHO YIPYTrod aHU30TPOITHON U
BA3KOYIPYTOH Cpell, NOJIyUEeHHBIE B IPEABLIYILLIEM pa3zeie.

Ha puc. 5 n3o6pakeHo To ke camoe, 94To Ha puc. 3,4, HO ISl HieallbHO YIIPYToi aHU30TPOITHOM cpeibl. B
cilydae OIHOPOIHOU BONHEI (D = 0) moJsipu3anus CTpOro JIMHeHa He TOJIBKO A SH-BOJIHBL, HO U Ui P-, v aiis

4- SH-BonHa 4 b=0

3 3

SOV

14 1

0| T T T I I 0 T T T T T

4 SV-gonHa - D=0,01

3 3] n

bl (1 5

1- 1 U

0 T T T T T 0 T T 1 T T T T T 1

4- P-BonHa 4 D=0,02

3- 3]

2- o

1 14

0 T b 0— T T T T T T T T T T T 1

—20 0 20 40 60 80 100 -20 0 20 40 60 80 100
Ipaaychl lpagycobl

Puc. 4. Conocras/ienne HanpaBjennii moroka suep-  Puc. 5. To xe, yro Ha puc. 3, Ho a5 Moxean MJ

rum (KOPOTKMe JIMHUM) U 3JuiuncoB moasipuzamua ~ ELAST.
npu D = 0,02 gas P-, SV-u SH-Bosn B moaesn MJ.

BepTI/IKaIILHOC HarpaBJICHHUE HAa PUCYHKE COOTBETCTBYCT HAlIpaB-
JICHUIO PACIIPpOCTPAHCHHU BOJIHOBOT'O (prHTa.
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Puc. 6. To xe, yTo Ha puc. 3, Ho 1is1 Mogean MJ  4_ D=0
ROT — pe3yJpTaT moBOopoTa MOJeJH, MPeICTaB- ]

JIeHHOIi Ha puc. 2. 3]
2 —
VToJIIeHHBIE TUHUU — P-BOJIHA, TOHKHE — MeJJICHHas! S-BOJIHA. |
1 —
0 T T T T T

SV-ponH. B cilydae HEOIHOPOAHBIX IIOCKUX BOJH
(D # 0) monsipuzanusi P- u SV-BonH CTaHOBUTCS 3II-
JIUNTHYECKOM.

CpaBHenue puc. 3 U 5 TIOKa3bIBaeT, YTO TpPaeK-
Topun cMemieHust P- u SV-BOJH B HI€ATbHO YIPYTOH
1 BA3KOYNIPYTOM aHU30TPOITHOM Cpeax MpH 3aJaHHBIX
D v i 04eHb MOXO0XKHU. DTO CBUAETENLCTBYET, YTO METO/
BO3MYIICHUN MJIs1 OJAHOPOIHBIX, KaK U JUIsl HEOJHO-
POIOHBIX TUIOCKMX BOJIH, PAacHpOCTPAHSAIOUINXCS B
CITA0OBS3KOYIPYroi cpene, Ui KOTOPOH HJIealbHO
yhpyrasi cpezia B3sATa B KadyecTBe peepeHTHOH, OyaeT
paboTaTh BIOJIHE YCHEIIHO.

Mogear MJ ROT. B sTtoMm paznene Mbl XOTUM
MPOMILTFOCTPUPOBATH, YTO AlITOPUTMBI, OTIMCAHHBIE BO
BBEJICHNH W pasjene 1, ycremHo paboTaroT W BHE
IUIOCKOCTEH cuMMeTpud. B aTtoMm ciywae Oosbine
HEJIB3sl TOBOPUTH 00 SV- n SH-BOJIHAX, MOITOMY MBI

lpapychbl

Ha3bIBAEM BOJHBL S, (OBICTpast) 1 S,. MBI B3411 MOJIEITB
MIJ u nosepuynu ee Ha 40° BOKpYT OCH X,, a 3aTeM Ha 30° BOKpyr BepTukanu (ocH x,). Ha puc. 6 noxasaHsl

NPOEKIMU TPACKTOPHIA CMEIEHHUS Ha INIOCKOCTh pacipocTpanenus—3artyxanus 2. [Tockosbky X! He coBnagaeT
C TUIOCKOCTBIO CHMMETPHUH, MBI MOKEM HaO0JI0IaTh CMEIEHNE BO BCEX TPEX IUIOCKHUX BONHAX. Tpw rpaduka Ha
puc. 6 cootBerctBytor D = 0; 0,01 u 0,02.

Tpaekropuu Ha puc. 6 00JIAIAIOT YePTaAMHU CXOACTBA C PUC. 3, B YACTHOCTH, IKCICHTPHUCHUTET AIUIUIICOB
yYMEHbIIaeTcsl pu Bo3pacTanuu D. BeI3bIBaeT HHTepeC MOBEACHNE TPAEKTOPHUil cMelleHHs ObICTPOil S-BOJTHBI HA
puc. 6, KOTopas MOJIIPU30BaHA CTPOrO0 TOPU3OHTANBHO IpU D = 0 U NOYTH IOpU3OHTAIBHO Ipu D # 0. DT0
SIBJICHHE OOBSICHACTCS TMPOCTO. B TpaHCBepcaIbHO-N30TPOMHON cpene 000 BEeKTOp OyAeT pacroioXeH B
IIocKocTy cumMmerpui. Kpome toro, ogna u3 S-BoyH OyaeT moIIpH30BaHa JIMHEHHO M CMEIICHUS B Hell OyayT
MEPIICHANKYJIIPHBI ATOHM TUIOCKOCTH. TakuM 00pa3oM, BEKTOP CMEMICHHUS 000! 0 JHOPOIHOM TIIOCKON BOJHBI
pacroyio’keH B IJIOCKOCTH CHMMETPUHU M TMEpPIEeHAUKYIAPEH MOJSpU3alul yKazaHHOH S-BOJHBI. [1OCKOIBKY
BEKTOPHI pedpakiuu Ha pHUC. 6 PACIOIOKEHBI B MJIOCKOCTH PUCYHKA U BEPTUKAJIBHBI, IPOEKIUA MOJISPU3ALHUN
9TOH S-BOJIHBI TOpU30HTANbHA. [IpH yBennueHnu D nonspu3anus 3TOi BOIHbI TAK)KE CTAHOBUTCS SJUTUITHYECKON
1 HAYMHAET OTKJIOHATHCA OT TOPU30HTAIIH.

Mogear ORTHO. Paccmorpum Teneps opTopoMbuuecKyto Moeb. Marpuia A 6bl1a npesioxena B [33]

n UMECT CJ'IC,HYIOHII/Iﬁ BUI:

9,00 3,60 2,25 0 0 o
9,84 2,40 0 0 o0
5,94 0 0 o0
A= 2,00 0 ofFf (13)
1,60 0
2,18

31ech TakKe UCIONB30BaHa HoTauua POHrTa, SMEMEHTH A, TIPHBEICHEI B (xkm/c)2. Dta Mozmenb xXapak-
TepHU3yeTCcs ABYMS OCOOCHHOCTSAMHU (KOHHYECKHE TOYKH) B IUIOCKOCTH (X,z) TPH YIiaxX pacrlpoCTpaHCHHS
i=20,1°u 59,8°, oqHON KOHMUYECKOH TOYKOM B INIOCKOCTH (y, z) TIPU yIJIe pacOpoCTpaHeHus i = 72,5°, u eme
O/THOM KOHUYECKOW TOUKOH ITPH YTIIe pacipocTpaHeHus [ = 46,53 °© B BepTUKaIbHOMN MIIOCKOCTH, OTKIIOHSFOIICHCS
ot (x, z) Ha 44,89° [33].

B monenu ORTHO matpuna A npeacrasnena (13), a matpuna A, Takas xe, kak 1 B Mmogenu MJ (11).

Ha puc. 7 n3006paskeHbl TPAEKTOPHH CMEILCHHUS B INTOCKOCTH PACIIPOCTpaHeHusI—3aTyxanus /I, BEIlOpaHHoM
TaK, 4TO OHA COBIA/AET C INIOCKOCTBIO CUMMETpPHH (X, z), KoaddunmeHnT Heognopogaoct D = 0,02. Pucynox 7
AQHAJIOTWYEH pUC. 2, PA3NIUYMS B HUX TMPOSIBJISIOTCS TOJBKO MPHU yTiaX pacHpoCTpaHeHus, Tae BoyiHa SV cra-
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Puc. 7. Tpaexkropumu cMmemenusi B P- m SV-Bosnax
npu D =0,02 B mi1ockocT cuMmMeTpuu (X, Z) MOAEIH
ORTHO.

HUcnonb3yercst pa3nuyHasl TOJIIMHA, KaK Ha puc. 2. SH-BonHa Hous-

PpH30BaHa NEPIICHUKYIISIPHO IMIIOCKOCTH CHMMETpHH, SV-BoitHa Goiee
ObICTpas IPH YIIIaX paclpocTpaHeHus i ~ 20 — 60°.

HOBUTCH 6I>ICTpee, 4eM SH, 1 KOTOPBIC HpI/I6HI/ISI/ITeHBHO
OrpaHUYCHBI KOHUYCCKUMH TOYKaAMH MaTpPUIIbI Al’ T. €.

pacnonoxkensl Mmexay ~20 u 60°. Kak u Ha puc. 2, Ha
pHc. 7 SKCLUEHTPUCUTET IIMIICOB NOJSIPU3AIUY MUHU-
MaJIeH BOJIM3M TeX HAIpaBIIeHHWH, B KOTOPBIX SV-BoHA
obicTpee. HTEpECHO, YTO AKCIICHTPHCUTETHI Y P- n SV-
BOJIH MEHSIOTCS CXOAHBIM 00pa3oM.

Ha mocnenmyronmx rpadukax MOKa3aHBI TONBKO
TPAeKTOPUHU CMENICHHs st S-BoiH. beicTpast S-BoimHa
0003HaueHa YTOJIIEHHOHN JIMHUEH, a Me/IJICHHAs — TOH-
Koil. I3MeHeHus TpaeKTOopHil npu n3MeHeHnn ko3 du-
[UEeHTa HEOJHOPOIHOCTH D MOKa3aHbl Ha PUC. 8§ B TOM

&Ke BUZE, KaK Ha puc. 3—>5. BuaHo, 4yTO npu M3MEHEHHUHU YTila paclpoCTpaHeHHs OJHA M3 S-BOJH CTaHOBHUTCS
ObICTpee APYroi, U HA00OPOT. 3a UCKITIOUEHNEM HEKOTOPBIX HampasyieH!H ipu D = 0, HOJIsipU3aiis JJUIHII THYe-
CKas, B IPOTHUBOIIOJIOKHOCTH IMTOJOOHBIM TPASKTOPHSIM, IOCTPOSHHBIM ISl IFIOCKOCTH CUMMETPHH (V, z). 31ech
(puc. 9) npu nOOBIX M3MEHEHUsX D 00e BONHBI MMEIOT JIMHEHHYIO MOJAPHU3aLUI0. XOTS HOJSpU3alusl

9_ D=0,1 . D=0,1

R =O)\ .

0 T T T T 1 — 1 —1 0 T T T T 1 — T T 1

e D=0,04 9 D=0,04

1 e OSSN y—— i

0 T T T | — 1 0 T T T | — 1

o D=0 o D=0

1 ——m 14

0 T T T T T T T 1 0 T T T T T T T 1

—-20 0 20 40 60 80 100 -20 0 20 40 60 80 100

Ipagycel Ipagycel

Puc. 8. Tpaexropuu cMmeimeHusi B S-BoJIHaX B 3a-
BHCHMOCTH OT yIJia pacnpocTpaHenus i npu D =0,
0,04 u 0,1 B miIocKOCTH CHMMeTpPHH (X, Z) MOJEJH
ORTHO.

BeprukanbHOe HalpaBlICHHE HAa PHCYHKE COOTBETCTBYET HAIpaB-
JICHUIO PacIpOCTPaHEHHS BOTHOBOTO ()POHTA. Y TONIIEHHBIMH KPH-
BBIMH H300pakeHbI TPAGKTOPUH JULL S-BOJHEI ¢ Goubiel (ha3oBoit
CKOpOCTBI0. S-BOJHBI UMeroT SV- u SH-nonspusanuio. SV-BonHa
Goiee ObICTpast IpHU yraax pacHpoCTpaHeHus i ~ 20 — 60°.
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Puc. 9. TpaekTopun cmeuleHusi B S-BOJIHAX B 3a-
BHCHMOCTH OT yrJjia pacnpoctpanenusi i mpu D =0,
0,04 u 0,1 B muockocT cummeTpuu (Y, Z) MoaeIH
ORTHO.

VY TONIEHHBIMU KPUBBIMU M300paXKEHbI TPAEKTOPUH AJIs S-BOJIHBI C
Gonbelt dasopoit ckopocTsio. [lonsgpusanus BoH S| U S, pe3Ko

MeHsieTcs Mexay ¢ = 70° 1 80°, yron cMeHsl MONAPU3aLMI MEHAETCS
B 3aBUCHMOCTH OT D. BujiHa nuHelHas nonspusaiys 00enx S-BoJH.



2 D=0,04 2- D=0,04

0
2 —
1 —
0 T T T T T T T T T T 1 0 T T T T T T T T T T T
-20 0 20 40 60 80 100 =20 0 20 40 60 80 100
Ipagycel lpaaychl

Puc. 10. TpaekTopuu cMeleHusi B S-BOJIHAX B 3aBUCHMOCTH OT yrJjia pacnpocrpadenus i mpu D =0, 0,04
u 0,1 B BepTUKaabHoii niiockoctu Mmoaeau ORTHO (A4), cocraBasiionreii Ha 44,89° ¢ miiockocThio (X, Z); TO
ke, 151 moaesda ORTHO ELAST (b).

VToNIEeHHBIME KPHBBIMH MOKa3aHbI TPAEKTOPUH JUIst S-BOJHBI ¢ Oonbuiei GpazoBoii ckopocTbio. [lonspusanys BomH S, 1 S, pe3K0 MEHSETCs

Mexay i = 45° n 54°.

CYILLIECTBEHHO MEHSAETCS B 3aBUCUMOCTH OT yIVIa PacHpOCTPaHEHUs, OHA IpaKTUUecKu He 3aBucuT oT D. Ectb
TOJIBKO OJJHO CYIECTBEHHOE HUCKJIIOYEHHE. YTO0J paclpOCTpaHEHHs], COOTBETCTBYIOIIUI HalpaBJIEHUIO, B KO-
TOpOM 00e S-BOJHBI PacIpOCTPAHSIOTCS C OJMHAKOBHIMU (ha30BBIMH CKOPOCTSIMH, YMEHBIAETCS MPH BO3pac-
TaHuM D, KaK BUIHO U3 corocTaBieHus rpadukoB s D =0 u D = 0,04 npu i ~ 70°. OTMETHM 3HAYUTEIBHEIC
OTKJIOHEHUS TPAeKTOPHUM OT HalpaBlieHUs, NEPIEHAUKYISIPHOIO HAIPaBJICHUIO PaclpOCTPaHEHUs BOJIHOBOI'O
¢dponTa.

Ha puc. 10,4 moka3aHbl Tpa€KTOPUH CMEIIEHUS B BEPTUKATHHON TUIOCKOCTH, OTKJIOHSIOMIEHCS OT (¥, z) Ha
44,89°, T. e. B IIJIOCKOCTH, B KOTOPOI B A| HaOII0aeTca KOHUYECKas TOUYKA TIPU yTIIe pacnpocTpaHenus 46,53°.
BuHO, 4TO 3KCHEHTPUCHUTET DIUIUIICOB MOIAPU3AINH Y OJHON U3 S-BOJIH (OBICTPOM MPH yIilax paclpoCcTpaHeHUs
MeHbIe 46,53°) cucTeMaTHIecKl OKa3bIBAETCSl MEHBIIE, YeM Y JIPYTOi, M OH YMEHBIIAeTCA PU YMEHBIIICHUH
yria pacupoctpaHeHus. OISTh jk€ OTMETHM 3HAuMTENIbHbIE OTKIOHEHHS TPAeKTOPUM OT HalpaBlleHMs, Iep-
MEHIUKYISPHOTO HAMIPABICHHUIO PACTIPOCTPAHEHHS BOJTHOBOTO (DPOHTA.

Moneas ORTHO ELAST. 3neck paccmarpuBaeTcs HcXoaHas Moziens [33], T. e. A| npexacrasnena (13), a
Mmatpuna A, = 0. 3a uckmouenueM ciydas D = 0, rpadHKu, pacCUMTaHHBIE 7S PACIPOCTPAHEHHS B ILIOCKOCTH

(x, z), OYEHB ITOXO0XH Ha IMOIYYEHHBIC JUIS MpenbIayIeii Moaenu (CM. puc. §8), MOITOMY OHH HE IPHBOISATCS.
Otnnune ipu D = 0 COCTOUT B TOM, YTO TPAEKTOPUH JIBMXKEHHUS YACTUI B MIEATBHO YIPYTOM ClIy4ae UMEIOT
CTPOTO JIMTHEHHYFO MOJISpU3aIuio. ['padiku, pacCUMTaHHbBIE /IS PACTIPOCTPAHEHHS B TUIOCKOCTH (), z), aHAIOTHYIHBI
MOJTYYEHHBIM JJIS TpeabIayLIei Moaenu (cM. puc. 9), naxe npu D = 0, U Takxke He pUBeACHBL. bojee BrIpakeH-
HBIE Pa3IMYMs MOXKHO YBHIETh Ha rpadukax (cm. puc. 10,5) mia cutyauuii, orBedarommx puc. 10,4. Ilpu D =0
TPaeKTOPHH CHOBA CTPOT'0 JIMHEHHBIE, a IPH HEHYJIEBOM D 3KCIIEHTPHUCHUTET 3JUIMIICOB MOJISIPU3ALINY OUYEHb BEIUK.

BBIBO/IbI

O0600muUTh HAOIIOACHUS, ClICITaHHBIC Ha MPUBEICHHBIX MOJICIIAX, MOXKHO CIICIYIONTUM 00pa3oM.
1. B GonpmmHCcTBE ciny4yaeB U P-, U SV-BOJIHBI MONSPU30BaHbI IUTUNTHYECKU. JIMHeHHas mosspu3anus
MOJKET HaOJII01aThCsI BAOJIb HEKOTOPBIX OCOOBIX HAMpaBlIeHUH, HaripuMep, SH-BOIHBI B IIOCKOCTAX CUMMETPHUU
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Monenn MJ, wim ob6e S-BONHBI B IJIOCKOCTH cUMMeTpuu (y, z) Mogenu ORTHO. Bonbmve ocu 3imuricoB
nojisipusanuu P- v SV-BOJH B3aUMHO IEpIEHIUKYJIIAPHBIL.

2. [1711 HEKOTOPBIX N OONBIINE OCH HIUTUIICOB ITOJIIPU3AIMN P-BOJTH CYIIECTBEHHO OTKJIOHSIOTCS OT HAIpaB-
JIeHUd N. DTO BEPHO U AJis SV-BOJH, €CIIM OTCUUTHIBATh OTKIIOHEHUE OT HAPaBJICHUS, IEPIEHANKYIPHOTO N.

3. DKCUEHTPHUCUTET AILIUIICOB MOJIIPU3ALNN 3HAYUTEILHO MEHACTCS TPU U3MEHEHHH .

4. DKCIEHTPUCUTETHI SIUTUIICOB MOJSIpH3atuy P- 1 SV-BOJH Ipy 3a1aHHOM N ONW3KH, HO HE PAaBHEIL.

5. He naOmromaercsi CHMMETPUH B OPHUCHTAIMH DJUTHIICOB IOJISIPU3AIMK M B MX JKCICHTPUCHUTETE IO
OTHOILIEHHIO K BEPTUKAJIH, KaK B UJealbHO yIpyroM ciay4ae. Cummerpus nposBisieTca npu D = 0, a ¢ Bo3pac-
TaHueM |D| yBenuuuBaeTcsa acuMMeTpus. [loHas ciMMeTpust OTMeYaeTcs Iisl n 1 —N.

6. HammpaBneHue noToka SHEpTruu, Kak IpaBuilo, Ormke K 0oJbIeil (MEHbIIeH) OCH 3JUTUIICOB MOJSPU3aLuT
P-(S-) BonH, yeM K HampaBIEHHUIO N.

ABTOpBI BBIpaXaroT npu3HateiabHocTh C.B. ['onbpanHy 3a ero HeHHBIN BKJIaJ B TEOPUIO PACIIPOCTPAHEHUS
ceficMuyeckux BoJH, M. SlkobceHy, MpeocTaBUBIIEMY JaHHBIE JJISl YUCIEHHBIX IPUMEPOB.

[anHoe nccrnenoBanue OBUTO MPOBEICHO NPH MTOIAEPKKE COBMECTHOTO TIPOEKTa ,,CeHiCMIUECKIe BOIHEI B
CIIOKHBIX TPEXMEPHBIX CTPYKTypax™, mpoektoB 205/04/1104 u 205/05/2182 ArenrctBa rpantoB PecmyOmukn
UYexus, a Takxke npoekta A3012309 ArentcrBa rpanToB Akajgemun Hayk Pecryonuku Yexus.
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