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MEA/IEHHBIE YEAHHEHHBIE VITPYTHE BO/THbI

KAK BO3MOKHAA PEA/IM3ALIMA THITOTETHYECKHX
D-BO/IH 1lI.A. 'YBEPMAHA, OBYC/IAB/IHBAIOLIIHX
3EM/IETPACEHHA B EI'O MOAE/IH

O6Hapysxerirsie B PHAHe MeanerHsle yeauréHHsle yrpyrie Boars! (MYYB) paccmor-
DpeHbl Kak aHa/zor ruarioretudeckix D-Boir [ y6epMana, MpOBOLIMPYIOLINX CH/IBHEHIIHE
3em/ieTpsiceHHs B ero Mogend. Ecim Halle nipearionoxernre u Mozens I ybepmaHa Bep-
HbI, Heobxoaumo uzydeHrne MYYB B reosoruueckux cpeaax Kak BO3MOMHOIO areHTa,
HHHLIHUPYIOLIEro pa3pyIleHHs B KPHTHYECKH HAIIPSKEHHBIX CTPYKTYpax.

KrroueBbie c/0Ba: MarHuTyzZa, LIEIIOYKH 3eMICTPSCEHHF, KpPHCTA//IHYeCKHE KBapll,

I71aB/IeHbIH KBapll, NPHPOAHBIH OIall.

X OpPOILIO K3BeCTHb MHOroo0pas-
Hble Me//ieHHble ([0 CpaBHe-
HUIO, HallpyUMep, CO CKOPOCTHIO 3BYKa)
yeIMHeHHble BO/HBI B MPUPOAHBIX Cpe-
[axX, BbI3BAHHbBIE PaA3HBIMK MPHUUMHAMM:
BonHa Pacceria B yskoM KaHasze Tiocrie
PEe3KOro TOPMOMKEHHsI Cy/Ha, LIyHaMu B
OKeaHaxX OT 3eM/IeTPSICeHUH, LIMK/IOHbI U
TOpHaZO B atMocdepe, MPWIMBHbBIE BO/-
HBl B MODSIX ¥ Ha MaTepuKax OT TPHTH-
xenust [lynel 1 ConHila, CBsI3aHHBIC C
BpallieHreM 3emM/H U T.11.

OnHako, yKazaHHbIe BO/HBI, U3-3a pas-
MMUUS B CKOPOCTAX, HE MOIYT C/IYKUTh
MPOTOTHIIOM THIIOTETHYeCKUX D-BoH B
autocdpepe, ¢ BO3ACHCTBHMEM KOTOPbIX B
KaueCTBe CITYCKOBOTO MeXaHM3Ma CBSI3aHbl
CW/IbHEHMIIME 3eM/IeTPSICeHNsT B MOZIerH,
npemioxenHont LA, T'yGepmaHom B
1975 r. [1]. C apyroit cTOpoHbI, OOHa-
pyKeHHble HemaBHO (1992) B Pusuue-
ckoM uHctutyte uMm. [1. H. /leGenera
PAH B naGopaTopHbIX YCIOBUAX B pa3-
HBIX KOH/ICHCUPOBAHHBIX Cpefiax /0/Iro-
KMBVIIME ME/VIeHHbIE YeaMHEHHBIE YIIpy-
rvie BorHbl (MYYB) ¢ aMCKpeTHBIMU CKO-
POCTSIMM, /Ie}KAlllIMH B OUE€Hb HIMPOKOM
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avariasoHe [2, 3], MoryT ObITb PaccMOT-
peHbl KaK BO3MOMKHBIM pearbHBIM aHa-
MOT-TIPOTOTUIT  YKA3aHHBIX [UIOTETHUe-
ckux D-BorH. T. K. 10 cyiiecTBeHHBIM
CBOVICTBAM YKasaHHbIE BO/IHBI CXOXKU, TO
aHaZIoTUYHbIE TIPOLIECCHl MOTYT BO3HU-
KaTb M MNpPH /AOKalAbHBIX TeXx-
HOIeHHBIX BO34AEHCTBHAX Ha reo/1o-
THYeCKYIO cpeay, [/ KOHTPOs CO-
CTOSIHUSI KOTOPOM CTaHOBUTCA HEOOXOo-
[AVIMBIM HU3yYeHHe 3THX BO/IH.

CeorictBa MYYB kak nocnenosareris-
HOCTH M3 MHOIMX BO/H (MMITY/ILCOB) C
[MCKPETHBIMH  CKOPOCTSIMH,  IOCTATOUHO
MOAPOBHO M3/I0XKeHbl B Mpeblayileil pa-
6oTe 3TOro cbopHUKa [3).

[na MYYB B pa3HbIX TBepabIX H
KHAKHX cpeaax (MMITY/IbCHO BO3OYXK-
[TAeMBIX B OIbITaX TPY /IOKA/IEHOM T10/IBe-
[ICHNH K TIOBEPXHOCTH 06pasLia SHePIHH C
IVIOTHOCTHIO mopsaka 100 [Lx/cv?) xa-
paKTepHbI c1eaVIoLHe OOLIHe YepThI:

* YCTOHYMBAs ¢hopMa BO/IHBI THIIA CO-
/IMTOHA B BWAE OAHOIONAPHOro (oAHO-
ropboro) WMIynbCa CXaTUfg WIM paspe-
KeHusi, HalbrmogaeMasi /11 KarkIoro U3
mnmnysco MYYB;



® H3MEHEeHHe [/THTE/TbHOCTH HMITY/IBCA
B IIMPOKHX Mpesesrax (OT MUKPOCEKYH/
[0 MHMHYT W Gonee (B 3aBUCUMOCTA OT
CKOPOCTH);

® JHCKPETHBIFl CIIeKTp Hab/IoIaeMbIX
ckopocreri U, (tme i = 0,1,23,..) B
GO/BIIOM AMArasoHe — OT KM/C [0 MHK-
pon/c (ot cropoctu Uy, paBHOM CKOPO-
CTH TPOAO/IBHOM 3BYKOBOW BO/IHBI V), 10
Be/IMUMH, BO MHOTO pa3 MeHbinnx Up);

® BOBMOMKHOCTH (IIPU HEKOTOPOM KOH-
KPETHOM CXeMe BO30VKACHUS U DPEruc-
pauvy) OAHOBPEMEHHOIO HAG/IOASHHS B
M30paHHOM  TOAAMArla3oHe  CKOPOCTei
HECKO/IbKHX ~COBMECTHO BO3OYMKICHHBIX
BO/IH  (KOMIIOHEHTOB ~ OHOM  CepuvH
MVYVYB), oTHOIlIeHe CKOPOCTeM KOTOPLIX
U /Uim6misko Kk 2", rien=1, 2, 3..;

® Masloe 3aTyXaHHe W OTHOCHTE/IbHO
bo/biliasi  Aa/IbHOCTh  PacpOCTPAHCHHS
(HampuMep, 6Goriee NeCATKOB METPOB B
KBapLIEBOM BO/IOKHE);

* CITIOCOGHOCTD OTPAXaThCA OT IPAHHLI
obpasiia ¢ MasbIMU H3MEHeHWsAMU Mapa-
METPOB BO/IHBI (IECATKY OTParKeHH ),

*  IO/ITOXHBYYECTh» TIPU MallbIX CKO-
POCTAX Y aMIVIMTYaX (10 HEeCKO/MBbKUX Ya-
coB U 6ortee);

* CITOCOGHOCTb BO3ACHICTBHA HA CaMble
pasHble AaTYHKH /19 H3MEpeHHs: [aBlie-
HMf, TeMIlepaTypbl, IPOBOAVMMOCTH,
V3MEHeHHs! OTpaxkeHUsl WK MPeiOM/ICHHs
CBeTa W Ap. C TeHepaler pervcrpupye-
MBIX CHUIHA/IOB.

Cyrs runoressi III. A. I'ybepmana
o D-Bonnax.

1. O sanaue NMpoOrHO3UPOBaHUSA 3eM/Ie-
Tpsicenni. C pocToM HacesieHust 3eMmv 1
ero IVIOTHOCTU BCE Ooriblini yuepbd ob-
IIIECTBO MCIIBITBIBACT OT PA3IMUHBbIX MPH-
POHBIX KAaTaKAM3MOB M TeXHOTEHHBIX
aBapuil, TaKXKe YacTO CBA3AHHBIX C BO3-
ACHCTBHAMH OKpYXaioleti cpeabl. Hau-
6oree KaTaCTPOUUHBI IO UMC/TY YerloBe-
YeCKHX KepTB U MaclitabaM paspylleHi
CWIbHBIE 3eM/IeTPSCeHHs C MAarHUTYIOM
M=6 u Gonee. (Maruutyna norapyudpMu-
YeCKM 3aBUCHT OT CYMMAapHOM SHEpIrHH

H3/IY4eHHBIX CeHcMHYecKHX BosH.) [o-
3TOMYy BCEé Goriee BarkKHBIMU U CPOYHBI-
MM 3a7a4aMU CTAHOBSITCS BbICHEHHE
MeXaHHU3MOB BO3HMKHOBEHMUSI U Pa3BH-
TUS 3THX SIB/IGHHM, a Takke paspabort-
Ka MeTO[OB WX HazeXHOIro IMPOTHO3M-
POBaHMUS.

[To coBpeMeHHBIM MpeACTaB/IeHHsIM
TeIvioBble KOHBEKTHBHBIE IIPOLICCHl B
C/loe MarMbl, a TaKKe TPaBHUTALIMOHHbBIC
BoazaerctBust CorHila U /IyHbl € ydeToM
BpallleHnss 3eM/M, TPUBOAAT K OTHOCH-
Te/IbHOMY CMEIIICHUIO KPYITHBIX 6/10KOB
nrtocdepsbl. DTO BHI3bIBACT B HUX MeXa-
HUUECKHe HalpsKeHHsl U TOCTerleHHOe
HaKOIVIeHVe B X OGbEMe SHEeprHH Yrpy-
rort Aechopmalirv, KOTOpas 3aTeM MOXKeT
VIMITY/IbCHO BBIZIC/IATHCS B O4arax 3emsie-
TPSICEHUI 3a CYeT ObICTPOrO BO/IHOBOIO
IepeHoca eé B 30HY HAaUMHAIOIIMXCH pas-
pyiexii. CobpaHO AOCTAaTOYHO MHOTO
reopM3MUeCKUX /TaHHBIX, YKa3bIBAIOMIMX
Ha BO/IHOBOF XapaKTep TakKe H Mel/leH-
HBIX /BMKEHHH, BO3HHKAIOIIMX TPH TeK-
TOHHYecKHx rpolieccax. [lns vHTeprnpe-
TallMM HAKOIVICHHOTO MacCuBa Hab/moze-
HUM pa3HbIMK aBTOpaMH pa3paboTaH Psia
Moziesier, B KOTOPBIX OKa3aHa BO3MOXK-
HOCTb CYLICCTBOBAHUSl VeJHHEHHbIX BO/IH
HaIpSKeHH], PacrpOCTPAHSIIONIMKCS
B/O/b TUTOCPEPHOM TVITHL CO CKOPOCTA-
mu 0,1 — 1000 km/roa (3 Mm/c — 3
cM/C) Tipy aMIviMTyae AedpOpMaLiM I10-

psizka 10 °—107° [4].

Llensio naHHOM paboTHI, Kak YKe YKa-
3aHO BbIllle, ABIAETCA OOCYKICHHE BO3-
MOKHOTO Ha/lMuMs B 3eMHOM KOpe U rop-
HBIX [TOPOAaX AO/TOKHBYIIHX OYEHb Me/l-
/IeHHBIX  YeJMHEHHbIX  YIPYrHX  BO/IH
(MYYB) u ux npeariofaraeéMoH poad B
TPOBOLIMPOBAHHH MOIIHBIX  KPaTKOBpe-
MEHHBIX JeCTPYKTUBHBIX TPOLIECCOB, Ta-
KUX KaK 3eM/IeTpSCEHHs, TOPHBIe Y/IAapbl,
OOpYIeH s, OITO/I3HH H T. IT.

2. Tvrnoteza III.A. I'ybepmana. B ka-
YyecTBe MpHMepa PacCMOTPUM TPUBEACH-
Hyl0 B o63ope [4] momens D-sonn [1,8-
12]. B psine pa6ot [5-7] 6bl/1H BbISB/ICHBI
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DDBBBDHGH L)

pyariaHa co ckopoctsio 0,15°

B roa (0,53 mm/c). [anbHen-
MM aHa/M3 TIOKA3al, 4TO
STHX BO/IH — /IBe, U IBUKYTCS

WwHpoTa (B rpaa. oT akeatopa)

N a0

OHH OT TIO/IIOCOB K 3KBATODY.
B KkauecTBe mpuurHbI KX 06-
pasoBaHMsi OH AOMYyCTH1 (C
MpVBeleHNeM 10Ka3aTe/bCTB),
4yrto aBe MoliHble D-BosHBI
MOIYT OAHOBPEMEHHO TOopPo-
KAAThCA Ha TO/MI0caX 3eMIu B
MOMEHThI CH/IbHeHIINX 3em/1e-

KXHEA WhpoTa

Puc. 1. Cxema D-Bonn LII.A. I'y6epmana [11] c ao6asne-

HHeM TpaekTopui MYYB

LIeTTOYKH ~ 3eM/IETPSACEHHE, MOHOTOHHO
CMellalOIMXCH BAOMb Pa3IOMOB 3eMHOM
KOPBI (rpaHuLl MTOCepHBIX G/I0KOB) CO
CBOeN TPUMEPHO TTOCTOSHHOWM B KarKaOM
ueriouke ckopocteio ot 20 mo 100
KM/Toa. AHaM3  IMPOTHO-BPEMEHHOrO
pacripene/ileHrs O4YaroB CaMbIX MOIIHBIX
CeriCMMUeCKHX KaTacTpod, MpoBeaeHHbIM
cotpyarrikoM MI'IM um. M.B. Kenapima
[ILA. TyGepMaHoM C YU4ETOM [aHHBIX O
Lierfo4YKax 3eM/IeTPACeHHH, TIoKasasl, UYTo B
pslie Pas/ioMOB IIPOEKLIMS STOM CKOPOCTU
Ha HalnpaB/leHHe MepvavaHa, T. e. /0-
Ka/lbHasg CKOPOCTb H3MEHEeHHA HIHPOThI
CH/IPHBIX 3eM/ICTPSICEHHH Ha pa3HbIX Ma-
TepHKax OKasa/lach IPaKTHYeCKH OAHHa-
KoBo¥ — okoso 16,6 rM/ron wmam 15
rpaaycoB mrpotsl 3a 100 zer. Sto no-
3BO/IW/IO €My [IPe/rIoNIoKUTh, UTO CITYCKO-
BbIM MEXaHW3MOM 3eM/IeTPSICEHUsT C/Y2KUT
MpHXOA B 30HY, I7e HalpsKeHWs Tpu-
GMYBUAKCH K Tpeaeny MpoYHOCTH Mopod,
HEKOero BOSMYIIIeHHs B Brze OOIIero Ass
[/laHeThl HIMPOTHOTO KO/blla, Pacrpo-
CTpaHSIOIIerocss BAOMb 3eMHOM KOpPbI B
BUle Me/IeHHOH VeJHHEeHHOH BO/IHBI, Ha-
3BarHo# um D-Borrori [1]. E€ dponT B
KazkabllT MOMEHT BpeMeHM pacrio/laraeTcst
Ha OIpeseneHHoN Mapasiey, CMelasich
6e3 CYIIeCTBeHHOrO 3aTyXaHWs BAO/b Me-
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zo'ooapeua (roab)

TPACEHHH U3-3a H3MEHeHUs
CKOPOCTH BpallleHus1  3eMut
(oT cMeleHya 6OBIIMX Macc).
TakuM 06pasoM, OH 3aMKHY/I
B e[MHBIM LMK/ B CBOEM MO-
nenuv TpoLecchl, POPMUPYIO-
mwme crcremy D-BonH (emavtyio ans 3em-
Y), ¢ WHHLIMMPYIONIMMU BO3ICHCTBUAMU
MOCNeIHNX Ha TMOTeHLMa/IbHble —O4ark
paspyiienuvii [8-10]. Ha puc. 1 mnpesn-
CTaB/leHa MPUHLMITHa/bHas cxeMa D-BorH
. A. I'ybepmaHa, B3gTast HaMK M3 TIOITY-
nspHoi cratey [11] ¥ nosicHsomas camy
Waelo ero rvnoTesbl (o6pasoBaHve Ha
3TOM PMCYHKe IepBoi rapsl D-BoH Ha
MO/MIOCaX B MOMEHT, COOTBETCTBYIOIIMM
Hauyarly KOOPAMHAT, HUKAK He CBA3AHO C
peanbHBIMU 3eM/IETPSCEHHSMI).

Cxema Ha puc. 1 npeacraBisieT cobor
TaK Has3blBaeMyIo (X-1)-1varpammy, KOTO-
pasi ucronk3yeTcs (B ToM uncie B pabo-
Tax, IepeurcreHHbx B [2, 3)), o oTo-
OpakeHysi BO/THOBBIX TPOLIECCOB B 00-
paslie Mcc/ienyeMoro BelllectBa. B gaH-
HoM cnydae, y LI.A. I'yGepmaHa, «obpas-
LioM» siB/IIeTCs Kopa 3emmv. CUHXPOHHOE
repemeliietrie napkl D-Bo/iH BAO/Ib HEKO-
TOPOrO MepH/MaHa OT TIOMOCOB K 3KBa-
TOpY OTOOpakaeTcs Ha prc. 1 ABIKEHH-
eM c7ieBa HarpaBO IO BYM CIVIOMIHBIM
HAK/IOHHBIM TIPAMBIM  ([epecekaloImMcs
Ha HY/IeBOM MIMPOTe) [BYX TOYEK, Pacrio-
NIOXKEHHBIX Ha OAHOM BEpTHKA/IM, KOTO-
pble B KaKIbld MOMEHT BpeMeHU (Ha ocHv
abCLIMCC) OMpeaensiioT MMHPOTHl MO/I0Ke-
HUS BO/IH Ha MepyavaHe (Ha ocH opav-



HaT). Moaynb TaHreHca Vr/ia HaK/IOHa
3THX TIPSAMBIX K OCH abCLIMCC orpesernsieT
CKOpPOCTb BOMH (B cnyyae Mozenu LA,
['y6epmarHa — oHa roctosHHas, 0,15° B
roa wv 16,6 km/ron).

B cayuae, ecnu 61 ponbs D- BonH wr-
panu Bo/Hbl THIla MYYB, To cornacHo mx
CBOWCTBaM, — U3 TO/IIOCOB BBIXOAW/IH Obl,
Mo KpalHer Mepe, HEeCKOMbKO Map KOM-
roHeHToB. [Ipy 3TOM, ecM CKOpoCTb
MepBOM Mapbl KOMIIOHEHTOB O/M3ka K
16,6 ¥M/Toa (UTO BIO/HE ACITYCTUMO, CM.
HYZKe), TO OHW COBIMAZAIOT C TEepBOI Ia-
poit (kupHble MpsiMbie) Ha cxeMme [yGep-
MaHa, puc. 1. CkopocT Mocneayiommx
OT/IMYAIOTCH, U151 KaKAOK Taphl, MpHUMep-
HO, BaBoe. Ha puc. 1 — 310 3 mapsl
INTPUXOBBIX /IMHUI, KOTOPhIX HET Ha CXe-
Mme ['yBepmaHa.

[MombiMy  KpysKKaMy  YMeHbLIakolee-
rocs paanyca C YBe/NUMBAIOUIMMUCH PHUM-
CKMMHU 4KCaMy, OBO3HAYaIoNIMMKU TOPS-
[IOK Tiepecedenyist oT 1 go IV (Gonee Brico-
KOTO TOpsiZIKa TlepeceyeHsi — He YUHThl-
BaIOTCH), Ha cxeMe prc 1 MoKasaHbI repe-
ceueHus Tpaekropuit D-BorH [11], Koto-
pble MOIYT C HEKOTOPOM BEpPOSTHOCTHIO
MPUBECTH K BO3HUKHOBEHWIO MOIIHOIO
3eM/IeTpsACeHNs B TIOTEHLIMA/IbHOM oJare
Ie-TO Ha IMPOTKEHHMU AaHHOM LIMPOTHI.
(st yrouHeHusi 3THX oOracTedl aBTOP
Mozdeny BBOAMT Ha D-immporax cooTer-
ctByionie D-LIeHTpbl aHa/IOrMYHBIX  T10-
pAnKoB). KakaoMy TakoMy KPYKKY, ecrd
Ha ero UKMpOoTe MPOU3OII/IO B STOT MOMEHT
MOIIHOE 3eM/IeTPsICeHUe, COOTBETCTBYET
MOMEHT 06pa3oBaHKsi HOBO¥ rapsl D-BorH
Ha 0BOMX MO/MOCAX Y HAYa/IO VX [BVKEHS
K 3KBaTOPY U fa/iee, — CII/IOLIHbIe TOHKHE
MMHWH, — C OAWHAKOBOM CKOPOCTBIO, YKa-
3aHHOM Bhille (16,6 KM/Ton).

Ha cxeme prc. 1 mokasaHa TO/BKO
yacTb IepBbix Map D-BonH. [onHoe uric-
N0 TakKWX BO/H YTOYHS/IOCh aBTOPOM I'Hi-
rote3bl rio3adee [11] u Ha 01.01.1900 r
OH YCTAHOBW/I MX 4yMciI0 Kak 21 BorHy,
[BUTAIOIIYIOCA K CEBepHOMY, M CTO/IBKO
2Ke BO/IH, [ABWTAIOLIMXCS K I0KHOMY T10/TI0-

cy. HurepecHo, 4TO mpeaCTaB/ieHHbIC
INTPUXOBBIMM ~ /IMHUAMM ~ TPAeKTOPHU
MVYYB npoxoasT uyepe3 MHOrMe OTMe-
YeHHble TIO/IbIMHM KPYXKKaMM Ha CXeMe
puc. 1 nepeceuenvs D-Bonn (vrv BO/1H3H
oT Hux). OcoBeHHO MHOTO MepeceyeHHit ¢
KPYKKaMH Y O/IHOM Tapbl TPaeGKTOPHI,
0BO03HAUEHHBIX [ITPHUX-TIYHKTUPHBIMU  /TH-
HuaMu. OOHAKO, CKOPOCTM 3TOM Maphbl
BO/IH OT/IMYAIOTCHA He B 2, a B 1,5 pasa
(uTo TpebyeT masIbHeMIIMX BhIICHEHWI).

3. [IMcKpeTHBIM XapakTep MIMPOT,
TO/IBepKeHHbIX 3emserpsiceHvaM. OaHuM
U3 ABHBIX C/IeACTBUM TMIoTe3sl [ ybepma-
Ha fB/ISETCH AVMCKPEeTHBIM XapakTep IiH-
POTHBIX OB/1acTel, B KOTOPBIX MPOWCKO-
[AT TIepeceueHysi pasHbIX MOPSIKOB Tpa-
extopuit D-BorH (Kak 3TO BUIHO Ha cXeMe
puc. 1), ¥, COOTBETCTBEHHO, B KOTOPBIX
TMIPOVICXOAAT CH/IbHEHIIME 3eM/IeTPSACEHY.
[lna HarnsaHOCTH, Ha pUc. 2 ¢ TOU XKe
CeTKOM KOOPAMHAT, UTO U 71 prc. 1, Mbl
TIpYBe/M BbiZIe/ICHHBIE IITPUXOBKOM YKa-
3aHHBIe AMCKPEeTHble O6/IacTH MO MMPOTe
(8 pabotax II.A. ['ybepMaHa 31 naHHbBIC
NpYBesieHsl B Buae Tabmuiy). Mx mmprHa
cocrapnsieT +1 rpaayc, a rnonoxeHve Z,
onpezensierca Kak [9] Z,, =5,6m, rme
0<m<16, Tak uto Z, =0; 5,6% 11,25

3 stoit xke paborts! L. A. ['yGepmana
[9] Ha puc. 2 NPUBOAATCA 3KCIIepHMEeH-
Ta/lbHble TOYKH, COOTBETCTBYIOIIME 3ape-
THUCTPYPOBAHHBIM 3eM/ICTPACEHUSM.

CI/IOImHBIMU  KPYKKAaMM ~ OTMEUeHbI
cunbHerve 3emerpsicerns 20-ro Beka;
KPYKKaMH C KPecTOM — M3BECTHble Me-
Hee TOYHO aHA/IOTMYHbIC 3eM/ICTPSCEHMs
3a BCIO WCTOPMIO Ye/IOBeYeCTBa; KBadpa-
TaMU — TIPUIIOZIIPHBIC  3eM/IETPSICeHMS
20-ro Beka. Kak BuaAHO, Bce OHM AOCTa-
TOYHO XOPOIIO YK/IAALIBAIOTCA Ha 060-
3HAUEHHBIX [MCKPETHBIX IIMPOTHBIX 06-
MacTsX, 4TO TIOATBEPKIaeT paccMaTpu-
Baemyio rurotesy. (O6pasoBaHye MHOTHX
TO/1e3HBIX  WCKOIAEMBIX CBSI3aHO C TeMH
Ke AMCKpeTHbiIMM D — mmpoTtamu, Kak
ycraHoBneHo B 10)).
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Puc. 2. /Tuckpernsie D-umporsi IN'y6epmana

4. TlporHos semnerpsicenumit. 1. A.
['yBepMaH He OrpaHUUM/ICH /WIb CTaTW-
CTHUECKOW TPOBEPKOM COOTBETCTBUS CBO-
el MOoJeNy U3BECTHbIM 3a BCIO MCTOPHIO
Hab/MONACHNM [aHHBIM O MOIIHBIX 3eM/ie-
TpsiceHMsAX. Pa3paBoTaHHbIM MM Ha OCHO-
Be OINMCAHHOTO BhIllIE MOAXOa C YUeTOM
ellle pszia CYIIeCTBEHHBIX OBCTOSTE/BCTB,
TIPOrHO3 CH/IBHBIX 3emreTpsicerut Ha 10
aet Briepea ans 17 cericMoornacHbIx pe-
rMoHOB T1aHeTsl (D-LieHTpoB) oKasaics
BeceMa aghcherTrBHBIM. V13 12 cunbHBIX
3eMrieTpsACeHUi 3a rnepuoa ¢ 1978 r. no
1987 r. — 10 coBrnany ¢ IpeackasaHHbI-
MU PErMoHaMH U AaTaMU (C OTK/IOHEHMsI-
MU MeHee monyroza) [12], noarBepxaas
BaKHYIO pO/Ib MPe/CTaB/IeHHE O Me/lIeH-
HbBIX Ye/AHHEHHBIX BO/IHAX B OITHCAHHH
TIPHPOAHBIX SB/ICHHH.

[Tpuy aTOM y aBTOpa rMroTe3bl, Kak OH
MMILeT, «..HUKAKHMX [OKa3aTe/bCTB pe-
/IBHOCTU 3THX BO/H ... TIOKa HeT...» [1].
Bosppariasicb K cxeme puc.1, MoOxHO
TIPeAroNOXKUTh, UTO B PaliOHe TMO/IIOCOB
3eMu MpU CUABHEHMIINX CeMCMUYECKUX
TOMIKaX OBPasyioTCs He TMIIOTETUYECKUe
D-BonHbl, a peanbHble MOIIHbBIE CepUmr
MVYVYB, nepBas mMapa KOMIOHEHTOB KO-
TOPBIX MMeeT Ty ke cKopocth (16,6
KM/TO/) Y Ty XKe TPaeKTOpHIO, uto U D-
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[PUXOAMTCS  Ha  AOIIO/MHH-
Te/IbHYIO Tapy TPaeKTOPHiA
(0603HAUEHHBIX  IITPUX-TTYHK-
THPHBIMK /TMHUAMY). Kak yke
OTMeYa/1oCh, CKOPOCTU COOT-
BETCTBYIOIIMX el BO/IH OT/IMYAIOTCA He B
2, a B 1,5 paza. BosmoxHO, uTO 3TO fIB-
nsietcs «roackaskor» cxembl LA, ['ybep-
MaHa (aHa/IM3HMPOBABIIETO KOPPe/IsLIU
3eM/eTpsiCeHHH) HCCeloBaTeIsiM — BO/MH
Turia MYYB — nipoBectv aononHytens-
HbIM TTOMCK BO3MOMKHOCTH TaKHMX COOTHO-
IIeHWH.

Kpartkas nH(opMmaLHsa o pe3y/ib-
Tarax HCC/IeAOBaHHA BO/IH THIA
MVYVYB B cpeaax, 6/IlH3KHX 1O cOCTa-
BY K Kope 3emaH

[NpuBeneHHass Hke HHGOPMALIVS
[OMOKeT He TO/BKO [Pe/ICTAaBUTh Cero-
[OHAIHIOKD CUTVALMIO € HaboaeHueM
BoriH THIla MYYB B cpenax, 6/y3KyX M0
COCTaBY K Kope 3em/, HO M MOCTaBHTb
BOIPOC 0O MHCTPYMEHTA/ILHOM OOHapy-
KeHur, — B M30paHHBIX YdacTKax I1o-
BEpPXHOCTH TVTaHeThl, — 0b6cyKaaeMbix D-
BO/TH, €C/T OHU JIGMCTBUTE/IBHO SIB/SIIOTCH
aHanoramu MYVYB.

1. Kpucranmmeckuit keapu. Hanbo-
flee UWHTepeCHbIM BeIIeCTBOM C TOYKU
3peHust TeMbl, 06CYKIAaeMo B HAaCTOSIIeH
paboTe,  fABASETCA  KPUCTA/VTMUECKUM
KBapLl, TaK KakK OH SIB/ISETCS CaMbIM pac-
MPOCTPaHEHHBIM COeAMHeHHeM /MTocde-
pol 3emu (55,2 %, [13)). Hamu (B koo-



nepauvi ¢ PTHU PAH, Cankrlle-
Tep6bypr) MpoBeseH OGO/bIION LMK HC-
CMeIOBaHUI 10 MEeXaHO/MOMHHECLICHLIVH
(M/1) keapua [14]. M/] Bo3HMKama Ipu
BOBMIEVCTBUU Y1apa OCTPUS 11O OITHUYECKU
06paboTaHHOMY ODOpasLy MPO3PAYHOro
BbICOKOKAUeCTBEHHOIO  CHHTETHYeCKOTO
kBapua. ([IpeaBaputesibHble OIMBITHL  C
rpy6o obpaboTaHHBIMKM OOpasLiaMU Mpu-
POMHOTO KBaplla, [a/li KaueCTBEHHO Te
Xe pesynsTathl). Pervcrpaumsi cBeyeHys
Be/laCh C TIOMOIIBIO  (DOTOYMHONKHTE/IS.
M/1 B BUAe cepyM OTAE/bHBIX BCIIBIIICK
CBeTa C PasHbIMH aMIVIMTYZaMU [103BO/H-
Na HaaéXHO OBHAPYKUTHL 4 caMbiX OBICT-
peIX KoMmIioHeHta MVYVYB (i=0,1,2,3)
(ckOpOCTb TEepPBOro COBIMAIACT CO CKOPO-
CTBIO U] TIPOAO/BHOTO 3BYKa B KBapLe, OC-
Ta/lbHBIX — OT/IMYAeTC OT Hero, IMpu-
MepHo, B 2,4, 8 pasa). Ita pabota Ipo-
[IO/DKACTCA B HACTOsIIee BPeMsl.

2. Tnarnensiit KBapil. Psa uHTepec-
HBIX MCC/IeIOBAHUM TI0 0CTABKE MOIIHO-
IO /1a3ePHOro U3MydeHsl Ha PacCTOsIHYE B
[IeCATKH MeTpOB — (HampuMmep, A7is fe-
MOHTaxka aBapUMHBIX O/IOKOB ATOMHBIX
ctaHLw [15]) i Ha KuoMeTpoBbIie pac-
CTOSIHUST — 478 paspaboTKy  ryapar-
METaHOBBIX 3a/IeKel Ha [He OKeaHa WU
OypeHust HePTAHBIX WM Ta30BbIX CKBa-
xkuH [16, 17] 6b111 onyG/IMKOBaHbL B I10-
ClieiHYe TO/Ibl.

[lepeyio paGory [15] Ham ymamochk
MpOaHa/IN3UPOBaTh, Gr1aroapsa MOMOLIN
aBTOPOB, [PEAOCTABMBUIMX HaM HCXO[-
Hble AaHHBle psza orbiToB [18]. B stmx
OMNbITaxX M3Y4asIoCh TMPOITYCKAHME MOLIHO-
ro (6+11) kBT HemnpephlBHOTO M3/Iyd4eHHsI
KUC/TOPO-MIOAHOTO  /1a3epa C  /IMHOW
BoriHbl 1,315 MrM. OKkasanock, uto Tpu 8-
CeKYH/HbIE 3aIHCH SBO/MOLMH MPOITyCKa-
HUsl BO/IOKHA AMaMeTpoM 1 MM” MOBTO-
PHMbIM OOPasOM  EMOHCTPHPYIOT pac-
MPOCTPaHeHHe CO MHOTHMMM OTParkeHHs-
MU OT OBOMX TOPLIOB — YeThIPEX KOMIIO-
HeHToB (i=6,7,8,9) MYYB. 2511 uMIyb-
Cbl — YeaMHEHHbIE BO/MHBI BO3HUKAIOT Ha
06MY4EHHOM TOpLIE C BABOE MMaJaloMMU

CKOPOCTAMM, HauuHast OT 76 M/cek. [lo-
Tepy Ha OTpaxeHus OT TopuLoB (2,5 %
CKOPOCTH) OKa3a/ICh TTOCTOSHHBIMK /151
BCeX KOMITOHEHTOB.

3. INpupoansii onana [19,20]. Kak BbI-
SICHW/IOCh, BO/HBI Tva MYYB ocobeHHo
HaZEXKHO PervcTpypyIOTCs B ODOpasliax
TPHPOAHOIO orla/la.

3.1. Cxema sxcrieprmMenTa H Hccea0-
BaHHble o06pastbl. [IpuMensica Herpe-
poiBHOro aerictBusi COg-1a3ep ¢ mIMHON
BO/HbI ManydeHrst 10,6 MMKPOH U C MOIII-
HocTeio 47 Brt. s obnyyenust obpas-
OB (pOTO3aTBOP (POPMUPOBA/T UMITY/IBC
W3/IYUeHUsl C MepeaHyM (DPOHTOM OKO/IO
15 Mcek ¥ AnUTenbHOCTBHIO TVIOCKOM Bep-
mmHbl 30 Mcek. Manyuenre dokycuposa-
nock MK-mvnsoint f = 600 MM Ha roBepx-
HOCTb OOpasila. B KauectBe TervioBbX
[aTYVMKOB TIPUMEHSI/INCh OTeYEeCTBEHHbIC
muHraTiopHsie (0,5x0,5 MM) KpemHyieBbie
TPaH3WCTOPHBIC YCTPOMCTBA C BpeMeHeM
paspeienya okorio 20 mcer. Onu pu-
K/IeVBa/IUCh K OOpasliaM TOHKUM C/I0eM
faKa.

Bcrpeuaroniics B npypoae MUHepart
— KO/VIOWHBIN OfMa/l TIPeCTaB/IseT Co-
0ol rMapaTHpOBaHHbIM KpeMmHeseM SiOs
xHs0. Conepxanvie Boabl B HEM KOreh-
nercsa oT 1 g0 34 %. Kpome Bozbl, oriarn,
KaK KO//IoW, TIOI7/IomaeT U Apyrve co-
eqvHenus. O6pasell HaTYpasibHOTO Oraria
(M3 ypanbckoro XanmwIoBCKOIO MeCTOpo-
XKICHUd), Ha BHWI He OTIMYAIOLIMHICH
OO/MBIION OAHOPOAHOCTBIO, Toce obpa-
6oTRN uMesnr PopMy, OMM3KYIO K KUCKY
avamerpoM 24 MM, ToruwmHOM 6,4 MM.
[IBa TerioBbIX AaTYMKa ObLIM TIOMEllIeHbI

Ha HéM — omuwH, B, moa snuieHTpOM,
apyrott, C, — Ha GOKOBOI MOBEPXHOCTH
[IUCKa.

3.2. Pesyistatsl H3MepeHHs TeMriepa-
TYpHOro xoza obpaslia H BbIBOABI 10
MYYB. [ns npyumepa, Ha puc. 3, a, b ans
obpa3lia MPUPOAHOrO Orlasla MpeacTaB-
fleHa 3alucCh BapHalli Temriepartypbl 1,
To/IydeHHas ¢ MOMOUIbIO AaTdrKa B (pac-
TIO/IOKEHHOTO TIO/1 SMMMILIEHTPOM, KaK 3TO
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Bapwuaumn T-pbi, K

PUCYHKe Tepea Tofaved 7a-
3epHOro MMITY/bca. BenmurHa
OTZe/bHBIX MAKCHMYMOB IIYMa
(5MK) BaBoe Huke 1o Bernu-
ypre. OaHako, I7laBHOE B
TOM, UTO UIYMOBBIE CHIHA/IbI,
KaK MM U TO/I0KEHO, He UMe-
IOT TOW CTPOTrOM MepHOaNYHO-

MyTb, MM

CTH, KOTOPYIO MBI BUAWMM Ha
crlane T=kprBoi uepes ~20
CeK TI0C/Ie 71a3ePHOTO UMITY/Th-

Puc. 3. a — 3amuch A5 NpUPOAHOTO Ofavia BapUaLvid TeMrie-
parypsl T, ro/ydeHHast ¢ TOMOIIBIO aTdviKa B (craaxuBatye o
100 Touram); b — cxeMa M3MepeHUH U MpeznaraeMas (X-t)- ava-
rpamMMa BO/IHOBOTO Tpoliecca (¢ Tpaekropreit 20-To KOMITOHEH-
Ta MYYB). lITprxoBoit BepTHKaIBbHOM /TMHUEH MOKa3aHOo IM0/10-

2KeHMe /1a3ePHOro MMITy/IbCa Ha IIKa/le BpeMeH!

BU/HO M3 CXeMbl, BCTPOEHHO! C/leBa B
puc. 1, b).

[pyBoAvMBIE 31eCh 3amMCH HarAsaHO
1 ybeanTesIsHO AEMOHCTPHPYIOT Haslhiue
BaxKHOM OCOBEHHOCTH 3KCIIePUMEHTa/Tb-
HbIX 3aBucuMocTert T{t). OueBuaHO, 4TO
ropaszio paHbllle, yeM aUddy3rOHHOE
Terrio, K AaT4vKy TIPUXOAAT YIIpyrie ye-
AVMHEHHBIE BO/HBI, KoMrioHeHTsl MYYB,
KOTOpPhIE B PacCMaTpHBaeMbIX 371eCh OIlbl-
TaxX C HATYPa/IbHBbIM OINa/IOM TaKXKe BbI3bI-
BAIOT HeBGO/BILON HarpeB MaTepuvana. [s
Apyrux MatepvazioB MYYB Moryr BbI3bI-
BaThb /IOKA/IbHOE OX/aXkK/IeHHe; KaK 3TO
MOKHO BUIETh B pabote [21], BrInOnHeH-
HOM aHa/IOTM4HbIM METOIOM /711 KpeM-
HUsl. DT BO/HBI XOPOIIO BUAHBI Ha PHC.
3, a), rae npeacTaBneHa (CO CrIaXkUBaHU-
em o 100 Touram) 60-ceryHaHas 3BO-
MIOLIYA TeMIlepaTypbl Ha AaTdvike B nps-
Mo roa armtieHTpoM. Creast MYYB npo-
SIB/ISIIOTCS Ha Claze TeMriepatyphbl B BUIE
TMePUOIMUECKUX MAKCHMYMOB (BE/TMUMHON
okoro 10 MK).

OLieHnTh HAA&KHOCTb TAKOTO OTOXKIe-
CTB/IGHUSI MOKHO M3 CpaBHEHHUs C IIyMO-
BOM KPHBOM, PErnucTprpyeMOr Ha TOM Ke
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ca. C apyrot CTOpPOHBI, YKa-
3aHHBIC TTePUOAMYECKHe MaK-
CMMYMBI XOPOIIO COOTBETCT-
BYIOT mBuxKeHnio 20-ro Kom-
rnoHeHta MYYB rnonepék 06-
pasiia (cM. (x-f-avarpaMmy Ha
puc 3 b) ¢ HayarioM nipu t=0).
Benvunba ero ycpeaHEéHHOM
no 17 mnpoxomaMm CKOpPOCTU
Uszp = 0,20 cM/cek coBriagaet
C PacyéTHBIM 3HAUYEHUEeM [0
dopmyrie (1) [2]. (TouHoe coBrazeHue
MOXKeT HOCHUTb CYYalHbIM XapakTep, Tak
Kak B dopmyrie (1) ams ckopoctr 3BYKa
B3fiTa Be/IMUMHA, COOTBETCTBYIOIIAS CHH-
TeTUYeCKOMY Ofa/ly, a He OIlasly ecTecT-
BEHHOMY, /1711 KOTOPOIO CKOPOCTh 3BYKa
HaM HeM3BeCTHa).

B stux xke paborax [19, 20] ¢ nomo-
IO ZABYX TEeIVIOBBbIX JaTUMKOB (Criamu-
BaHve 1o 400 ToukaM) IO aHa/IOrMUHOM
CcXeMe U3MEepeHWiT [IO/IyUeHbl  3allkCH,
pacudpoBKa (x-f)- AMarpamMm BO/THOBOTO
TMpoLecca KOTOPbIX TOKA3bIBaeT YyacTHe B
npotiecce euié v 21, 22, 23, 24-ro KoMm-
noHentoB MYVYB. Ckopocty Mx ymeHb
IIAIOTCS KaKIbld pa3 MMPUMEPHO BABOE.
Bmecte ¢ BbienpriBeaeHHbM 20-M KoM-
[IOHEHTOM, OHM /IeXkaT B WHTepBasie OT
0,20 cm/cek mo 0,012 cm/cek. Tpu aTom
TIOBTOPHMCS, UTO KoMrioHeHts MYYB B
HaTypa/IbHOM Ola/ie  MMEIOT  XapakTep
BO/IH CXaTHs (2 He paspekeHys).

4. Bona [22,23] u nopucTble cpeas
[24]. Kak moxrasano B [22,23], UK —
nmasepHeit umnyasc (~0,3 cex, ~1 /Ix)
BO30YKAAeT B BOJAE Cepvio BO/H TUIIA



MVYVYB. BrisBaHHble UM 3BYKOBBIC KO/le-
GaHys B cocyae C BOAOM 3aTyxaioT 3a 1
CeKyHY, MOBEPXHOCTHbIC BO/HBI — 3a 5
ceryHa (Mo HabMmoAeHUIO 3a OTpPaKeHU-
eM /yya Te/UH-HEeOHOBOTO /asepa OT
rnoBepxHocTH Boabl). C TOMOIIBIO Tep-
MOZIAaTUMKOB  PErvucTpUpOBa/IoCh  pac-
MIPOCTPaHeHWe Tellla U MOBTOPSIONINEeCs
B Teuenre Goree 500 ceryHa obpatu-
Mble Hernepuoandeckre wuaMeHeHus T
(Ha 0,01-0,1 rpaayca), KOTOpbIE IMO3BO-
NISII0T BOCCTAHOBUTb KAPTHHY BO/THOBOT'O
mpotiecca.

B [22] ombiThl MpPOM3BOAMIMCHL B
[/IOCKOM KPYI7IOM Ccocyae (aMameTpoM
10c™m, cront Boawl ~1 cM). Perucrparivs
BO/IH Be/lach C IIOMOIIbo mbo 4 Tepmo-
rnap Ha [He B LieHTpe cocyaa, mubo 50
TepMoIlap Ha ero OOKOBOM CTeHKe. B
cryuae Y3KOro BePTHRA/IBHOIO KaHasa C
Boaoi (avamerpoMm ~0,5 cM u anvHoM
~12 cm) [23], cyna mo 10-ceryHaHoM
3arMcH, ABe YearHEHHBIX BO/IHBI APYr 3a
APYroM [ABWUTA/IMCh BHU3 IO KaHaay OT
OB/MYYEeHHOro yyacTKa Ha TOBEPXHOCTU
M OTpaxa/Inch OT KOHLa TpyOru. Cko-
POCTh TIepBO¥ BOMHBEI ~ 4 cM/CeK, BTO-
port — ~ 2 cM/Cexk.

[Tockoneky Bonubl THa MYYB Ha-
6moaaloTcs Kak B TBEPABLIX Te/lax, Tak U
B KUIKOCTSAX, CTAHOBUTCS SICHBIM, [IO-
yeMy cor7zacle C SKCIIePUMEHTOM /1Sl
PacyéToB 110 BhipaxeHuio (1) momyuaer-
C TOMBKO, eCMM TIO/b30BaThCs TIPO-
[IO/TBHOM CKOPOCTHIO 3BYKa. [leno B ToM,
YTO B XKUAKOCTSX TOMEPeyHO CKOPOCTU
3BYKa Her.

HaMepeHus CKOpOCTer KOMITOHEHTOB
MVYVYB B Bome B COBOKYIMHOCTH OOOMX
pabort [22, 23] nanu 3Hauyenus ot 4,0 u
2,0 cM/cex no 0,014 cm/cex (cooTBeT-
cTByIOMLIMeE 3HaueHus i = 15, 16, 19, 20,
21, 22).

O6ire coobpaxeHusi, CrpaBe/Ir-
Bble 7151 paclpoCTpaHeHUs BO/H TUIIa
MVYVYB B mopucThix cpeaax, 3aro/HeH-
HBIX MWAKOCTSAMH, C KOTOPBIMH HMEIOT
aeno npu OypeHUsX HedTAHBIX CKBa-

XKUH, Obl cpopMynMpoBaHbl B [24].
Ha 370l KoH(epeHIMM 0O6CYKAAMUCDH
TaKXKe BO3MOXKHOCTH BO3ACKUCTBHSA Ha
HepTeHOCHbIe II71aCThl, B TOM YHWC/Ie U
BoH Trna MYYB.

3akaoyeHune

M3 npyvBeneHHBIX MPUMEPOB BU/HO,
YTO B Pa3IMYHBIX BelecTBaX — THINY-
HbIX KOMIIOHEHTaxX I10pOoaA, COCTaB/SIO-
KX 3eMHYI0 KOPY, MOIYT pacrpocTpa-
Hateca MYYB ¢ pashbiMy cKOpoCTAMH,
MHOT/Ia Ha TIOPSIIKKM MEHBIIMMU 3BYKO-
BoM. /laxke TpW MaZioM aMIVIMTYZe OHHU
MOTYT BHOCHTH PErvcTpHpyeMbie H3Me-
HeHHsl B TapaMeTpbl Cpefbl, /I0Ka/IbHO
MeHsis eé TeMmriepartypy, JAaBAeHue U
M7I0THOCTh. Ha ocHoBaHMM paccMoT-
PEHHOro CpaBHEeHUs! TUIoTeTnyeckux D-
BO/IH, OOYCMIaB/IMBAIONINX MOIIHBIE 3eM-
netpsiceHuss B Moaenu [yBepmaHa, ¢
BonHamu Tura MYYB no-BuanmMomy,
He/b3sl UCK/IOUNTh BO3MOXKHOCTE Cyllie-
CTBOBaHHs B TMPHPOAHBIX CTPYKTYpax
OO/bIION  IMPOTSXKEHHOCTH TakXke U
MotHeiX MYYB. 210 — BecoMble apry-
MEHTbI /17151 PaclIMpeHUst TIPOBOANMBIX B
roc71eTHUe rofibl UCC/1IeIOBaHUM CBOMCTB
MVYVYB B pasnnyHbIX TBePAbIX U KUIKHX
cpenax M paspabOTKH METOIOB MX MUC-
O/1b30BaHMsl, B YaCTHOCTH, A5 Haaéx-
HOTO TIpe/iCKa3aHus 3eM/IeTPSCeHUH, a
TaKXe AWArHOCTMKKM M IIPOTrHO3a CO-
CTOSIHMAL TOPHBIX Topoa. B Takux wuc-
ClefloBaHUsAX Haao OT 1abopaTOPHBIX
3KCTIEPUMEHTOB TIePexXOoanTh K HaTyp-
HBIM OIbITaM, pa3paboTaB COOTBETCT-
BYIOIIME CIOCOOBl perucTpalid 06Cyx-
[laeMbIX BO/TH.

Astopbl 6narogapatr Ul A. T'ybep-
MaHa 3a TPOSIB/ICHHBIN MHTEepeC K hu-
3UUeCKMM 3KcriepuMeHtaM ¢ MYVYB;
komier w3z PPl corpyanukoB [ep-
MaHCKOTr'0O a3pOKOCMHUECKOTo LieHTpa K.
['pioneBanbae v B. BonHa, 3a mpemoc-
TaB/IeHHe HCXOAHBIX AaHHBIX IO HCCie-
[IOBAHUIO TIPOITYCKAHUS MOIIHOTO  /1a-
3epHOTO M3MYYeHUsl uepe3 KBaplieBoe
BO/IOKHO [14].
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O6paselr HaTypasbHOTO oOrazia ObIa
noBe3HO TPeloCTaBieH HaM COTPYAHU-
Kamu Munepanoruueckoro myses PAH.
ABTOPHI TakKe 61aroaapsaT COTPYAHUKOB

MITY 3za npursameHve yyacTBOBaTh B
«Henene ropusika —2009», noaTonkHyB-

1llee HaC K aHa/IM3y ellé OHOrO MPOosiB/Ie-
nusa MYVB.
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