AJIEKCAHAOP MATAHLEB




Anekcanap MaraHiieB

JIlpeBHHE MUPAMHUIBI — KJIIOY
K MOJABJEHNI0 KaTacTpod

«3paresibckue pereHus»



MaraHueB A.

I peBHYE NUPAMUIBI — KJIIOY K MOJABJICHUIO KaTacTpod /
A. MatanneB — «M3marenbckue pereHus»,

ISBN 978-5-44-969538-3

ABTOp pa3BWII YUeHHUs Y TIOKA3aJl YCIOBHSI, KOT/IA APEBHUE TMPAMU[IBI CIOCOOHBDI
3aIUIIATh OT Pa3HbIX KaTaKJIM3MOB. PaccMOTpeHBI criocoObl BO3IEHCTBHS OTHON
nUpaMuUbl U KOMIUIEKCA NupamMujl. B 310l KHUre Bbl y3HaeTe TOUHbINA NIEPUOJ]
BpPEMEHHU, Korja npekpaTtuia yHKIMOHMpoBaHue Bemvkas nupamMuja, 4To HYKHO
clenaTh ISl BOCCTAHOBJIEHHS paOOThl APEBHUX MUPAMU] B KAUECTBE 3AIIUTHI

ot katactpod. BeiBeneHa popmyina yis nogasieHus karactpod. Iokazanbt
HEOOBIKHOBEHHBIE CBOKCTBA 0 YCHJICHUIO U (POPMUPOBAHUIO 3BYKOBBIX CUTHAJIOB B
nupaMujax.

ISBN 978-5-44-969538-3 © Maranries A.

© Msnatenbckue perieHust



A. Marannes. «JlpeBHue NupaMubl — KJI0Y K TOJABJIEHUIO KaTacTpogp»

Coaep:xanue

Baenenne

Bepcuu y4eHbIX 1Mo BIMSIHUIO APEBHUX NUPAMU Ha KaTacTpodbl

2. [IpusnHaku karactpod U X pusnyecKas CyIHOCTb
2.1. O6001IeHNe TTPeIOKEHNN YUSHBIX Pa3HbIX CTPaH 10 BOMPOCY
3aLUTHl OT KaTacTpod NUpamMHUIaMU

KoHen o3HaKOMUTEIBHOTO (hparMeHTa.

(@)

52
52

60



A. MaranueB. «JlpeBHUE NUpamMu/ibl — KJIIOY K TIOAABJIEHUIO KaTacTpod»

JIpeBHME NUPAMHUIBI — KJIIOY
K IOJaBJEHHUI0 KaTacTpod

Anekcanap MaraHueB
© Anexcanap Marannies, 2019

ISBN 978-5-4496-9538-3
Co3zaHo B MHTEJUIEKTYaIbHOU U3/1aTesibckor cucteme Ridero



A. Marannes. «JlpeBHue NupaMubl — KJI0Y K TOJABJIEHUIO KaTacTpogp»

BBenenne

AOGCOJIOTHO BCe 4eJIOBEUECTBO 03a00YEHO U3MEHEHUEM KJIMMaTa U YYaCTUBIIUMUCS U YCUJIH-
BAIOIIMMUCS KaTaKJIM3MaMu: HAaBOJHEHUSIMU, LlyHaMH, yparaHamu, 3emiieTpsicenusiMu. K tomy xe,
HAC MOCTOSIHHO 3aIlyTMBAlOT KOHLIOM CBETA, CBSI3AHHBIM C MEPETIONIIOCOBKOM, CMEIIIEHUEM OCH, U3-3a
17100aJIbHBIX BYJIKAHOB.

B 10 )¢ camoe BpeMms, B JUTeparype MOXHO BCTPETUTh BBICKA3bIBAaHUS BUJHBIX YUEHBIX
0 CIIOCOOHOCTH IPEBHHUX MUPAMKI U, BOOOIINE, MUPAMK]] BO3EHCTBOBATh Ha OKPYXKAIIIYIO CPeIy
Y Ha yMEHBIIIEHUE U Jasxe nojaasieHue karactpod. Torna Bcraer co Been cuitoit Borpoc: «[louemy xe
TOrJa YEJIOBEUECTBO HE UCTIOJNIb3YET 3TY MOIllb, IPEBHUE TUPAMU/IbI U METAIUTUYECKUE COOPYKEHNUS,
MOCTPOEHHBIE TI0 BCEMY MUpY, Ha nofasienue katactpod? W Boobiie, cripaBeAuBo JIM 3TO yTBEp-
KJIEHUE O BIMSAHUM MUPAMUJ HA OKPYKAIOUIYIO CpeLy ?»

ABTOp pa3dui Bcio paboTy Ha TPH dTara.

[epBbrii 3Tarm — 0000IIEHNEe ¥ aHAIA3 BCErO TOro 0araxa Hay4HbIX 3HAHHIA, KOTOPOE JIOCTUTIIO
YEJIOBEYECTBO IO JTAHHOMY BOITPOCY K CETOIHSIIHEMY JHIO.

Bropoii 3Tan — u3biCKaHKE, YTOUHEHUE W ONTUMU3ALAS OCHOBHBIX MOJIOKEHUA W PACYETOB
10 BO3MOXHOCTH 3alIUThl MIMPAMUAAMU OT KaTaKJIM3MOB Pa3HOrO PAHIa.

Tperunt 3Tan — pacyeTsl BApUAHTOB MOJABJICHUS KaTacTpod Ha pumepe:

— niupamuf [ 'usel,

— nupamu] TeotnyakaHa;

— nupamu]l B TuOeTe ¢ y4eToM MOTHOBOJHOCTH U TIEPEChIXaHUs PeK.

DTO TpeThsl KHUTa aBTOPA M0 TalkHaM Mupo3aaHus. B nepBoit kuure [1] «I[Iupamuapl — kimou
K MTO3HAHUIO MUPO3/IAHUS» PACCMATPUBAETCS IIOCTPOSHKUE MUPAMUJ M TIOUCK MX CO3JaTeNeH, a TAKKe
pazyYHbIe BAPUAHTHI KaTacTpo IJIaHETApHOTO MaciTada, co CBSI3bI0 C KOCMUYECKUMH OOBEKTaMH,
Y C ITPOMCXOXKIEHUEM YesioBeKka. Kpome Toro, TaMm 1aHbl CBOM BEPCUU U PACUYETHI, B TOM YHCJIE, JAETCS
KJ1accuUKalys NMMpamMull, Kak MHOTO(PYHKIIMOHAIBHBIX YCTPOUCTB. ECTh mupamMuabl, KOTOpbIE
padoramoT u ceituac. Ho oHI BBINOJHSIIOT NMOJOBUHBI BCEil 3aa4M: YCWIMBAOT aMILTUTYY
ceilicMrueckoro cursana. Ho Bropas yacte 3ajaun — nepegaya c(pOpMUPOBAHHOTO M YCUJIEHHOT'O 3BY-
KOBOT'O CUTHaJIa B MPOTHBO(a3e B 001aCTh MEPBUYHOIO CEMCMUYECKU OMACHOTO CUTHAJIA, HE BHITOJI-
HSETCS U3-3a OCYLICHUS TPAKTUYECKH BCEX KaHAJIOB M APYIMX BOAHBIX aprepuid. [TokazaHo, uto Boga
Y BOJHBIE apTEPUH UTPAIOT KJIIOUYEBYIO POJIb B MIEpPeJaue SIHEPTMU Ha PaCCTOSTHUE, MIOKA3aHO BIIASTHUE
ce30HHOCTH. Bropast kuura aBropa [2] «TaiiHel MUpO3/1aHUs» pacCMaTpUBaeT MHOTOOOpa3ue TailH
MUPO3AAHUS, BKJII0Yasl JOITOJIETHE.

B 3TOT OTBETCTBEHHBIN TSI 3eMJIM UCTOPHUECKUI TIEPUOJT BpEMEHH, CJIeAyeT M03a0biTh TIPO
pacrpy ¥ y4eHbIM BCeX CTPaH He0OX0AUMO 00'beJHHITHLCS JIJISI peleHusI 1J100aJbHoil mpo-
0J1eMbl yCTpaHEeHUsI WM yMeHbIIeHHsI KaTacTpognyecknx siBjeHui. [IpuMmeHeHue Kom-
TUIeKca MpaMU]l U APYTUX METaTUTUYECKUX COOpPY)KeHUI siBisieTcs: HanOonee 3(P(heKTUBHBIM CIIO-
cOOOM /17151 pelieHusl STOH MTaHETAPHOW 3aJauM.
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Bepcun yuyeHbIX 10 BJIMSTHUIO
NPEeBHHUX MUPaMH HA KAaTacTPO (bl

Anapeit CkusipoB [48]. [IpoBenensl vcciieioBanus myMoB oT 3emuid U oT nupamun. Ceid-
CMOILYMbl BHH3Y MHUpaMHIbl OKa3aIuch B 20 pa3 MEHbIIE, YEM HAa MAKYyILIKE NMUPaMUIBL, Aaxe
Ha CaMbIX MaJIeHbKMX Nupamuax. Ilpoucxoqur HakoruieHre, nMpaMuabl paboTaloT Kak JIMH3bI, YBe-
JUYMBaIOLIMe cericMolryMbl. CelicMOIIyMbl MOXXHO IepepabaThiBaTh ¢ MOMOIIBIO ITbE303JIEMEHTOB.
Ecimm yyecTtb, 4TO OTHOCHUTEIBHO Ha HEOOJBILIOM PAacCTOSIHUM OT I1aTo ['M3a mpoxodsaT cpasy aBa
KPYITHBIX T€0JIOTMYECKHUX pa3jioMa, M IJIATO OKA3bIBAETCSA B BECbMa CEMCMOAKTUBHOM 30HE, TO MBI
nosiyyaeM U3 Besqukol nmupamusl YTO-TO TUMA TEXHHYECKOIr0 yCTPOICTBA IO HM3BJIEYEHHIO
Hepruu u3 Heap 3emumn. U kax BbIsICHSIETCS, 1U1s1 paOOTHI 9TON0 TEXHUYECKOTO YCTPOICTBA BOBCE
HE HYXXHBI ITIOCTOSIHHBIE 3eMJyleTpsceHus. Tak B Hadase XXI Beka rpymnma poCCHUCKUX reodpusu-
KOB, 3aMepsisl CEUCMOIIYMbI B paiilOHE eruMneTCKUX N1UpaMu, OOHapyKula HEOXKUAAHHBIN (pdeKT —
COIVIACHO JIAaHHBIM MX W3MEpEeHMH, aMIUIUTY/a CEHCMOKOIECOAHMI Ha BEpIIMHE Jake HeOOJbIIOH
NPaMU[IBI BO3PACTAET B HECKOJIBKO JIECATKOB Pa3 10 CPABHEHUIO C TEMH e KOeOaHUsIMH, n3Mepsie-
MbIMH BO3JIe nupamuisl. IlupamMmnga «padoraer» mogo0HO JUH3€E, KOHIIEHTPUPYIOLIEH YHep-
THI0 CeliCMIYeCKHX KOJIeOaHui. A MexaHMYecKue KosieOaHusl (KaKMMH SIBJISTIOTCS] CeCMOIITYMBI )
MOXHO TpaHC(OPMHUPOBaTh B JIPYroi, Oonee ynoOHbI B SHeprur. Harpumep, mbe30KpHUCTalIbl
npeoOpasyoT MEXaHWYECKYI0 SHEPrHIo B MEKTPUYecKyo. Tormna, ecim NoaTBEpAsTCS BHIBOIBI POC-
CUICKMX Teo(pU3MKOB, MUPAMHUJA MOXKET CIyYUTh YacCThl0 YCTAaHOBKH, COOMpAIOLIEN MpPaKTUYECKU
napMoByio sHepruio! Bripouem, peub He 00s13aTeNIbHO TOMKHA UITA UIMEHHO 00 3JIEKTPUYECTBE WU
O KaKOM-TO MHOM M3BECTHOM BHJE SHEpPruu. Belop 4yenoBe4ecTBO OCBOUIIO IEKTPUUYECTBO BCETO
KaKMX-TO Mapy COTEH JIeT Ha3ajl, a siIepHYI0 SHEPTUIo YyTh OoJiee TOTyCOTHH JIeT Hazaa. Mexay TeM
IEKTPUUYECTBO U ANEPHASI SHEPTUSA CBA3AHBI C TPEM (PyHIaMEHTaIbHBIMUA BUJAMH B3aUMOJIENCTBUSA
(cmitbHOE, cllaboe, JIEKTPOMAarHUTHOE) U3 YeThIPeX, U3BECTHBIX COBPEMEHHON (hr3uKe (YeTBepThI
BUJ — rpaBuTalusA). Tak 4To, KTO MOXKET CKa3aThb, KAKHE EI11e BUbl B3AUMOJIEHCTBUSA Mbl Y3HAEM €CIIU
HE Yepe3 MOJICOTHH, TO Yepe3 IBECTH JIET, M C KAKUMU BUAAMH SHepruu onu OyayT cesizanbl? Iupa-
MH/IBI MOTYT y0epeub oT KatacTpod. OHM pacroyioKeHbl Ha JIMHUN MEPHIUAHOB.

HOmurtpuii IlaBaos [5,7]. Ucnonb3yorcs HeusBecTHble (pu3uke noss nupamugamu. [Mons
CBSI3aHBl CO CBOMCTBOM BPEMEHM U MAJIO U3y4YeHbl. Mbl IMEEM CMYTHOE IPEICTABJIEHUE O THIIEP-
60MYecKx (MPOCTPAHCTBEHHO-BPEMEHHBIX) MoMax. [Tupamupl obnanaot 3pheKToM ycuaeHus
CEICMMYECKUX BOJIH, KaK IOKa3aJld MOCKOBCKUE yueHble U3 MHcturyra ®usuku 3emin. Buytpu
erMIeTcCKuX NMupamuj ecTb 3(PdeKT cecMoaKycTHUecKoil sMuccuy. OOBIYHBIA PaJMON PUEMHUK
BHYTPU IMPaMUBl CTaJl YCWINBATh IIyM. B 1leHTpe nupamuabl 3TOT UIyM CTaJl JOMUHHUPYIOLIVM.
Tak cebs BeieT 3JeKTPOMArHUTHOE H3JIy4YeHHe, CONPOBOKAAI0Nee CeHCMOAKyCTHYECKYI0
amuccuro. [Tonyyaercs, 4yto qpeBHsIsI MUpaMuia COOMPAET WU TeHEPUPYeET IEKTPOMAarHUTHOE T10J1e
cama o cebe. [Imurpuii [TaBnoB yTBepkgaer, uto JUTOChEpHbIE IUIUTHl HAXOAATCS B JBMKEHHH,
U €CJIM SHEepPreTMYecKUil BHIOPOC XaOTHYeH, TO Ha 3emjie MOTrYT ObITh 3€MJIETPSICEHHS, €CU ke
9TU SHEPreTHYecKre BHIOPOCH MPOIYCTUTh Yepe3 CUCTEMY NIMpaMHIa — Xpam, TO 3eMJIeTpsiceHue
MO3KHO CyIIeCTBEHHO YMEHBIIUTH HJIH Ke ero Mo:kHo n3oexars ! Pycao Huua npencras-
JisieT co00il reoJIoOrn4eCcKHii pa3JjioM, KOTOPbIl MOKET BHICTYIIATh B POJIV SHEPreTHYeCcKoro
HCTOYHHKA U OJHOBPEMEHHO JIaTYMKa, COOOIMIAIONIEr0 O COCTOSHUM JIMTOC(EPHBIX IUIUT B PETH-
oHe. Tak oOpasyercst 3aMKHYTasl I1elb: TeOJIOTMUECKUI pa3JioM — TpeoOpa3oBaTesb SHEPrUH (Xpam) —
nupamuja. [1aBjioB cunraer, 4To MUpaMuaa BIIOJIHE MOIVIA CIIYKHUTh «UCIOJIHUTEIBHBIM OPraHOM»,
00ecneynBalIUM CTa0WJIbHOCTD B I€OJIOTMYECKHX MPOLIECCaX B PETHOHE.

A. Bb. IletyxoB [7, 24]. [lupamMuabl MOIJIM U3HAYAJIbHO CTPOUTHCSI KAK 3allMTHBHIE
COOPY’KeHHsI 0T KaTaKJIM3MOB, a (papaoHbl HX JHUIIb NPHCHOCOOWIH MO COOCTBEHHbIE
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HYkbl. C nomMoIipio a3podOTOCHEMKH 110 BCEMY MUPY K HACTOSIILIEMY BPEMEHM Yy/aJl0Ch HACUU-
tath 409 nupamu, nomuMo Hux npuMepHo 1300 nmocTpoek OcTaloTcs MoJ COMHEHUEM: HETIOHSITHO,
MUpaMUIBI 3TO WM 3apociire OypbstHOM Xonmbl. Hanecst Bce Haxoiku Ha Kapty, [1eTyXoB BbISIBUT
CTPaHHYI0 OCOOEHHOCTh: MMPAMU/IbI BHICTPOWJIUCH B YETKHE JIMHUU. BOJNBIIMHCTBO M3 HUX PacCIio-
JIOKeHBl B nojyioce Mexay 40 rpagycamu ceBepHOU U 10HOU mmpoThl. Bonee Toro, mpociexusa-
I0TCSI YeTKHe JIOKaJIbHBIe Tonsl nupamuy. Hanbonee mpeacraBuTesibHbIE TPYIITBI HAXOAATCS BHOJb
teyenus: Huna B Erunte u Cygane, B kuTaiickoi npoBuHUMM 1II5HbCH, B LIEHTPaIbHOW U I0)KHOW
Mekcuke, Ha rpanuiie Ilepy u Bpasuianu, Ha ore aBCTpaJIMACKOro KOHTMHeHTa. EcTb mupamujibl
B EBpone (Cnosenus, ['petust, Utamust, Konsckuii momyoctpos), y 6eperoB Adgpuku (Kanapckue
OCTpoBa), B azuarckoi yactu Poccum (mog KpacHosipckom Ha Oepery Enuces, y ropona Haxonka).
Ho 0co6eHHO JT000MBITHO, YTO HECKOJIBKO MAPAMUJL PacCesTHbI TI0 000CO0IEHHBIM OCTpOBKaM Truxoro
okeaHa. Ha nepBblil B3IJIs1] MEJIKME OCTPOBAa — HE CaMO€ MOAXOSAILIEE MECTO JJIsl UX COOPYKEHUS.
Ho, kak monarator nasneoreonoru, 3t octpoBa (Camoa, Tonro, ®paniy3ckas [lonuHesust) paHee
ObLIM YaCTSMU OOJIBIIMX YYACTKOB CYIIH, TIOTPY3HMBIIMXCSI B OKEaH CPABHUTENILHO HEIaBHO. «MHO-
rve NMpamMu/ibl BO3BOJWIMCh Ha CKaJIbHBIX OCHOBaHMSX, — MosicHseT Anekcanap I[leryxoB. — Dtu
YUYACTKU XapaKTepU3YIOTCS BBICOKON MEXaHMUYECKOW MPOYHOCTHIO U CTAOMIIBHOCTBIO HA TIPOTSIKEHUH
JUTUTEINTBHBIX TEOJIOTMYECKUX TIepHOJ0B. BO3MOKHO, UMEHHO 3TUMH OCOOEHHOCTSIMU U OOBSICHSIETCS
COXPaHHOCTb MMPaMUJ], PACIIOJIOKEHHBIX HA TUXOOKEAHCKUX apxunesarax. OTienpHble OCTpOBa OCTa-
JIMCh HA TIOBEPXHOCTH, B TO BpeMs, Kak OOJbIlas 4yacTh IPEBHETO MaTeprKa MOrpy3uiach B OKEaH.
[Tpoanam3upoBaB Moay4eHHyI0 nHpopMalmio, [1eTyXoB BbIABUHYI TaKyl0 BEPCHUIO: BCE YIIEIEBILINE
MUpaMUIbI CJIEAYeT pacCMaTpUBaTh Kak OCTAaTKH IVI00AJIbHON IUIAHETAPHOI CHCTEeMbI, KOTopast
CJIy’)KWJIa HE OTIEJIbHBIM IPaBUTEJISIM, & BCEMY JPEBHEMY UEJIOBEUYECTBY /sl 3alUTHI OT KaTa-
KJHU3MOB. BO3MOXHO, 9T COOpY:KEHU I TIPH MTOMOIIH YCTAaHOBJIEHHBIX B HUX HEKHMX YCTPOUCTB, pabo-
TAIOUIMX HA PAJMOAKTUBHBIX JIEMEHTaX, BBHITOMHSIN (PYHKIIMH CBOEOOPA3HOTO KOHTPOJIbHO-HUCIION-
HUTEJIBHOTO KOMILIEKCA U CJIEJWIIU 32 CEIICMOJIOTMYECKON cUuTyaluen Ha mianete. «OIHOBpEMEHHO
OHHU U3-32 0COOEHHOCTel CBOeil (hOpMBbI, TIOKa HAMH HEIOOICHEHHOH, MOIJIN YNPABJATH COPO-
COM DHepPruu, HAKONUBIIENCs Ha CTHIKAX JUTOC( ePHBIX IIUT, NPeJ0TBPAIIasi TeM CaMbIM
KatacTpocnyeckne 3emJeTpsiCeHUs] UM U3BePrKeHUs1 BYJKAHOB . JTa BepcHus ObUia Mpo-
BEpPEHA HAJIOKEHHEM KapT PaclojiOKEHUs NUpaMHI M TIpaHull JuTocgepHbX Mmr. OKas3anock,
YTO 0OJBIIMHCTBO NMPAMU/L CJIOBHO IIeJIeHANPABJIEHHO BO3Be/eHbl BOJIM3H CTHIKOB JIUTO-
c(repHBIX IVIUT M OCHOBHBIX Ie0JIOTHYECKUX Pa3JIOMOB. /3 reosoruu U3BeCTHO, 4TO yBeIUYe-
HUE JaBJIEHUs HA CTBIKAX 3TUX IUIUT MPOBOLIMPYET 3eMJIETpsICEHUsI. BOT OHM M KOHTPOIMPOBAJIM TU
IIPOLIECCHI B CBOMX PETMOHAX. A 3HAUYMT, U Ha IJIaHEeTe B 11eJ10M. «Ha ceronqHsAnHuii 1eHb NupaMu/ibl
HU KaK eJUHUYHbBIC ITOCTPONKHU, HU KaK cucTeMa paboTaTh He MOTYT, — yTBepskaaeT Anekcanap [lery-
x0B. — [IpnunHa — ux ToTanpHOe pasrpadnenue. [Ipudem pyky K STOMY MPUIIOKIIN HE TOIBKO Yep-
HbIE KOTaTe/u U TYPUCTHI, HO U (papaoHsl. IMEHHO 1O MX MpUKa3y, BO3MOXKHO, OO JEMOHTHPOBAHO
¥ BBIOPOIIIEHO HaXOJMBIIIeeCs B MUpaMuiax odopynoBaHue. Kak mosaraoT uccieoBaTeny, IMEHHO
TaK HapyIIEHHBIMHM OKa3aJMCh SHEPreTUYECKHE CBSA3U NMUpaMu. BHeliHe 1esnblie, OHM HalOMUHAIOT
ITyCTOM KOPITyC OT CaMOoJIeTa, KOTOPbIi He MOXkeT B3jieTeThb. A. b. [IeTyXoB B CBOMX JIEKLIMSAX paccMar-
pUBaJ MHOTOUHMCIIEHHBIE TIOIXO/IBI K OOBSICHEHUIO HA3HAUYSHUSI IMPaMU]I, B TOM YHMCIIe, PACCMaTpPHUBA
UX pOJib B IPEIOXPaHEHNH TUIAHEThI OT MOIIHBIX 3eMiieTpsiceHnid. Te3ucs nokiazaa [eryxona:

— CBSI3b C PEKOM, peKa 3aHMMaeT IPOCTPAHCTBO I€0JIOTMYECKOr0O Pas3ioMa;

— MAPaMUJIBI UCTIOIb30BAJIM OOPATHYIO CBSI3b HA T€OJIOTMUYECKHE W CEUCMUYECKHUE TTPOIIECCHI;

— nupamuja Jlxocepa uaetr BHU3 Ha 27 M, I/ie €CTh MaJIeHbKasi KOMHATKa,

— TaM, IJ1e UMEIOTCS JIMTOC(EPHBIE TUIUTHI, Pa3JIOMbl, TaM CTPOWJIA TUPAMUIBI;

— m3o0paxenne Ha kamHe KU, Tam cHapyku IEHCTBYeT COJNIHEUHOE M3JTyYeHHe, a JIajbIle
SHEPrusi BRIXOAUT U3 mupamMubl, apredakT KU nokasbiBaer, Kak paOOTalOT MUPaMUJIBI: OHU OepyT
sHepruio oT CoNHIIA 1 JIMIITHIOK HEPTUI0 COPACHIBAIOT Yepes3 TPaHH;

— MUpaMUJIBl — peoOpa3oBaTeib SHEPTUM 3eMIIU, OHU SIBJISIOTCS YCTIOKOUTENEM;
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— KOMIUIEKC IMPaMU/L OCYIIECTBIISIET MI00ATIBHYIO CUCTEMY CElICMOOE30MacHOCTH;

— ceituac padotaet 3(peKT (PopMbI MTUPAMUIBI;

— aMEepUKaHCKUE YUeHble YTBeP:KAAIOT, YTO OT MMPAMU BBEPX UAET CTOJIO MOHU3MPOBAHHOTO
BO3yXa Ha 15 m;

— Bo3Jie Huia ectb yuyacTok, rj1e pacrosioxeHsl 60 MaJleHbKUX MUPAMU; T.€. TaM, T He MOIJIN
MOCTPOUTH OOJIBININE, CTPOUIM MHOTO MaJ€HbKMX JJIsl MCTOJMb30BAaHUS MX OOIIEro BO3/EHCTBUS,
Ha GununnunHax umeercs: 1248 KOHUYECKUX MUPAMUI;

— JIOJIbMEHBI SIBJISIIOTCS ITPeo0pa3oBaTessIMH 32 CYET KBaplia U IMOTyYaid YJIbTPa3ByK WU SHEp-
TUI0, KOTOPBIE TaKke ObljIa B 00IIeM KOMILIEKCE;

— BCE TMOCTPOEHO IO €JMHOMY 3aMbICITy, ObLT OIUH OOIINI TeHepaIbHBIN UHKEHED.

[8] Ha ceromusiaumii geHp u3BectHO Ooniee SO THIC. TOTBMEHOB M CTOYHXEH]IKeH, pa30pocaH-
HBIX 110 BCel TU1aHeTe. A Mek/1y TeM, OOpBIBKY 3HAHUH, IOIIEIINX JO HAIIIUX THEeW, TOBOPST O CyIIle-
CTBOBaHMHM Ha 3emJie B JAJIEKOM TPOIIIOM JIOCTATOUYHO BHICOKOPA3BUTOM ITUBIIM3ALIMHI, BO3ZMOKHO
Oosnee pa3BUTOM, YeM Mbl MOKeM ceGe Tpe/icTaBuTh. M, Mo-BUAMMOMY, BCE 9TU MUPAMUIbI, CTOYH-
XEHJ[KH, JOJIbMEHBI, €CTh CJie/ibl ObUIOrO BeMWYMsl 3TOW IMBMIM3aMU. OUYeHb JII0OOMBITHO BBITJIS-
JST BBIBOJIBI HEKOTOPBIX HccliefoBaresieid. Vicropus Haieil 3eMiu CBUAETENCTBYET O JuTochep-
HBIX KaracTpodax, MPOUCXOAAINX ePUOANIECKU Ha TUIAHeTe, CMEHa MAarHUTHBIX TTOTIOCOB 3eMJTH.
3a BpeMsI CyITIeCTBOBAHUS TUIAHETHI 9Ta CMeHa ITporcxoauia yxe 6onee 200 pas, 1o JaHHBIM TaJieo-
MarHUTHBIX HcciaenoBanuii, a ColHIle HECKOJIBKO pa3 MEHsSJIO CBOe IMojiokeHue Ha Hede. Hapompl
APEBHOCTH, 3Hasl 3aKOHBI, IPOUCXOIAIIMX Ha 3eMJie MTPOLIECCOB, MBITATMCH HAUTH CIIOCOO 3aIlUTHI
IJIs1 CBOEW LIMBIJIM3AIIMY WM CMSITUYEHUE UX MOCIEeNCTBUM. i OTCIeXUBaHUSI TUHAMUKY TTPOUC-
XOZSIIUX MPOIIECCOB, MO Bcel 3emJie ObUla BBICTPOEHA CeTh KOMIUIEKCOB MMPAMU M METaIuTHUe-
CKMX COOpYKEHHI, KOTOpble Heclu Ha cebe MHOro(pyHKIIMOHAIBHYI0 Harpy3ky. Kpome toro, 3to
ObLTM 1O OOJIBITIeN YacTH 0OCepBaTOpUM, cOOMpaloIe MHMPOPMAIUIO O MMPOUCXOMSIIEM B HeApax
3eMii ¥ B KOCMOCE, CaMU COOPYKEHHSI SIBJISUTUCH CTaOMIIM3aTOpaMy 3THX IporieccoB. [Tnpamubl
pa3MeInay Ha MepeceyeHn  ITaBHbIX TEKTOHUYECKUX Pa3IOMOB IUIUT, TOSTOMY OHH JJOJIKHBI ObLITH
UMeTh 00JibIIHE pa3Mepbl, YT00bI 3(h(PEeKTHBHO racuTh pa3pymiuTeJbHble BOJHBI. [[0/b-
MEHBI, KOJIOHHBI, CTOYHXEH/IKU U MTPOYNE METUIUTUYECKUE COOPYKEHHSI BBIOIHSUT POJIb SKPAHOB
Ha KOHKPETHON MECTHOCTU Y BXOAWJIM B INIOOAJIBHYIO I'PABUTALIMOHHYIO PEIIETKY, KOTOpasi CJIyKHJja
TUTaHTCKUM 3alITHBIM YKPaHoM i1 Beell 3emun. Tuil 1 BeMUMHA CTPOSIIIEIHCS TUPAMUIbI
3aBUCENY OT HANPSKEHHOCTH re0(pU3MUECKHX TIOJIe KOHKPETHOTO MECTa, a TaKke 00yCIaBIMBAIOCH
€e MECTOM B ITI00aJIbHOM 1IETTH, B HEKOTOPBIX MECTaX CTPOUJIM MUPAMU/IBI, UCTIONb3Ys KaK (PyHIaMEHT
€CTeCTBEHHbIE CKaJIbHbIe 0Opa30BaHMUs, TAKUMH MUPAMUIAMH SIBJISIOTCS MUpaMuia Xeorica, mpa-
mujia B Tubete Ha rope Kaitnac, a takxke nupamupst bpar u Cectpa B [Ipumopse. ITo ganaeiv Jla6o-
paropun AJbTepHaTUBHOM UcTOpuH, Ipamuabl bpar u Cectpa Obu BO3BEIEHBI TIO CAMBIM CKPOM-
HBIM 1ioficueTam Oosee 40 ThIC. JIET Ha3all, XOTsI 3TO OUYEHb OCTOPOXHASI OLIEHKA, BO3MOXKHO BO3PACT
WCUMCIISIETCSI COTHSIMM THIC. JIeT. PacrnonoxeHsl OHM Ha TIEpeCEeUeHNH TPeX TEKTOHMUECKHUX Pa3IOMOB.

A. Mocoaos [3]. C nomoInso nmupamMu]i, MoA0OHPasi HX BHICOTY U B3aMHOE PacIoJioKe-
HHE, MOKHO HEHTPAJIN30BaTh WM YMEHbIIUTH /10 0€30NacHOM JIs1 YeJI0BeKa BeJHYHHbI,
BJIMSIHHE TeoNaTOreHHbIX 30H, KaK MPHUPOAHOro, TaK M TEXHOIEHHOTO XapakTepa. B kauecTBe
HEWTPaIN3aTOPOB MATOr€HHBIX 30H, MUPAMUIbl TPUMEHSIOTCS M B IOMEICHUsIX (HeOObIlie mrpa-
MU/IBI), ¥ HA OTKPHITO MECTHOCTH. 3/1eChb HEOOXOOMMO 3aMETUThb, YTO TOJIE MTUPAMUIbI JOCTUTAeT
MaKCHUMaJIbHOM BEJTMYMHBI [TPU OPUEHTALIMH €€ TPaHel CTPOro 1o ctopoHaM cBeTa. OOBIYHO € TIOMO-
IIbI0 KOMITAca OfIHY W3 TpaHel MUpamMH/bl OPUEHTUPYIOT B HANpaBjeHUH Ha ceBep. [lupamusl —
JIydIIIe HEUTPAIU3aTOPBI FeoNaToreHHbIX 30H. OHAKO NP 3TOM He00X0IMMO YYUTHIBATH MOIII-
HOCTh NATOTeHHOM 30HbI, YTOObl PAacCUUTaTh JOCTATOUYHYIO JJIs1 €€ HeWTpalIu3allid MOLTHOCTb
nUpamMubl. ITa BEINYMHA 3aBUCUT OT €€ BHICOTHI.

[10] Ectb Bepcust 0 TOM, 4TO MUpaMua COOMpaeT U TpaHCHOPMHUPYET 3eMHYIO SHEPTUIO (BbIKA-
YMBaeT e€) M peTpaHcIupyeT e€. 3Hasi WM pacCUMTaB MEPUOJL CIIEAYIONIETO KaTaKJIn3Ma, CBSI3aHHbBIH
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C U3MEHEHUEeM MarHUTHOTO TOJsl, PEBHHUE CO3JAaTesH MPUIILTH K BBIBOIY CTPOUTEIIHCTBA COOPYKe-
HUI, KOTOpbIe OyayT coOUpaTh B ce0si BCe OCHOBHBIE MAarHUTHBIE BO3MYIIIEHHS] 3eMJIM Yepe3 OCHO-
BaHMSI WM ITUQT (M0 MMPAMUIOH, YXOISAIIMN IITyOOKO B 3eMITI0, HO COSJUHEHHBIN C OCHOBAHHEM),
nepejaBaTh UX MO I'PaHsAM H FacuUTh Ha NHKe, JU0O BbHIOpPachIBAThL UX BO BHE (3€MHOro
NPOCTPAHCTBA) Yepe3 ITH Ke BepHIMHbI (ITMKU) CBOMX cTpoeHuid. Tem cambIM, OHH cTadu-
JIM3HPYIOT MAarHUTHbIE KOJe0aHusl, UCXOIINE U3 3eMJIU, KOTOPbIe IPUBOAST K PACIIATHIBAHUIO
MarHUTHBIX TIOJIEH Ha OCSAX 3eMJIH. DTOU TMIOTe301 MOKHO 0OOCHOBATh HEOOXOMMOCTh CTPOUTEITh-
CTBA TUTAHTCKUX KOHYCOOOpa3HbIX (hOPM COOpPYXKEHHUs, UX YHUKAIbHbIE CBOHCTBA (BHYTPH MHpa-
MHU/1), CTPOUTD UX U3 CBEPXIIPOYHBIX MATEPHAJIOB (BO3HUKAET BOIPOC O IIPOBOJVMOCTH MJIA HA0OOPOT
O HE MarHeTU3Me THX BEIIECTB), MOKHO 0OOCHOBATh CTPOUTEHCTBO BEPIIMHBI MMPAMUIIBI U3 JIPY-
roro Matepmasa, HeKelIrd KOPIyC MUPaMUIbI, B 3aBUCUMOCTH OT TOTO, KaKylo (DyHKIIUIO MTUPAMU/IbI
JOJKHBI ObLTM BBITIOJTHSTH, VJTH TACUTh, OTIPABJIATH BO BHE, COOTBETCTBEHHO, TaM JOJIKeH ObLI CTa-
BUTBHCS TIMK (BEPILMHA) U3 COOTBETCTBYIOILETO Matepraia. IIpy 3Tom, eciim paccMaTpuBaTh BEPCHIO
O TOM, YTO MHMPaMHUIa MOIrJia Obl PETPAHCIUPOBATH BOJHBI, TO TEM CaAMbIM TOJYYaioCh, YTO CTONO
MarHUTHOU SHEPIH JIOJKEH ObLT BBIXOAWTH B aTMOCEpY, a 3aTeM B HOHOC(EPY — TO €CTh TPOUCXO-
auia Obl MOIIHAS MOHU3AIMS, IPYTUMH CIIOBaMH TO, YTO TIOKA3bIBAIOT B (DAHTACTUYECKUX (PUIIbMAX
0 HeBH/IMMOM 3al{UTHOM MarHUTHOM I10JIe, Yepe3 KOTOPOe HEBO3MOXKHO MPOOUTHCS — B TIPUH-
IIUITe MOTJIO OBl pean30BaThCs — €CIU Iake He HaJl Bcel 3emiield, TO HaJ TeppUTOPUEH, IJie OHU OOu-
TaJI, a €CJIM PacCMATPUBAaTh II00ATBHO, TO MUPAMH/bI, HAali/JeHHbIe B PA3HBIX YroJKax 3eMJIH,
rOBOPSIT 0 TOM, YTO CKOpee BCEero 3To 3al[UTHOe MoJe J0JKHO ObLIo ObITH HaJ Bcel
nosepxHocThi0 3emumn. Ilomyyaercs, 4To OAHUM AEUCTBUEM CHUMAET HAIPSKEHHOCTh ¢ 3eMIIH
Y TIPeIOTBpAIAeT KaTacTpody WM OTKJIaAbIBasl €€, HO Jaxe eClv CMEIleHUe MarHUTHBIX MOTI0OCOB
3emuu Oyziet, TO HOHOCepa COXPAHUT HA ITOT MEPHO/I CBOM CBOMCTBA U COXPAHUT BCE TO, UTO
HAXOJUTCS] BHYTPH OT BO3JEWUCTBUS U3 BHE. B MpOIIOM MHBEPCHH MarHUTHBIX TOJIIOCOB ykKe Mpo-
WCXOIWIM HE pa3, M KU3Hb COXpaHuiIach. Bech Bompoc B ToM, Kako# 1ieHod. Eciu, kak yTBepxkia-
eTCsl B HEKOTOPBIX TUIOTE3aX, BO BpeMsI IIePeroNoCcOBKM MarHuTocdepa 3emir Ha HEKOTOPOe Bpems
MCYE3HEeT, Ha 3eMJTI0 OOPYIIUTCS TIOTOK KOCMUYECKHUX JIy4eH, YTO MOXKET MPeCTaBIIATh peasibHYIO
OIACHOCTB ISl obuTaTenel rmiaHetsl. OcoOeHHO, eClT UCUe3HOBEHHE MarHuTocdepbl OyaeT corpsi-
’KEHO C UCTOIIEHUEM O30HOBOTO CJiosl. JIpeBHUE 3HAJIM, YTO OCHOBHASI YacTh MAarHUTHOTO BO3MYIIIE-
HUSI BBIXOJIUT U3 camMoi 3eMJIM — JOKa3aTeIbCTBOM B Hailu cuurtaetcs Teopusi [aycca. Kapn Nayce
BBIJJBUHYJI TEOPUIO O IIPOUCXOKIEHUM MarHUTHOro 1nojist 3emu v B 1839 rony fokaszas, 4To OCHOB-
Hasl €ro 4acTh BBIXOAUT U3 3eMJIM, a MPUIMHY HEOOJBIINX, KOPOTKUX OTKJIOHEHWH €ro 3HaYeHUit
HEeoOXO/IMMO HMCKaTh BO BHEIIIHEH cpefie.

[9]. Impamuabl — peryasiTop CKOpoOCTH BpamieHusi 3eMJun BOKpYr cBoeil ocu. Ceituac
3TO CBOKCTBO Oe3zeiicTByeT. Bec KomIuiekca BceX MUpaMujl HaXOAUTCS B OJHOM TOPSIIKE C U3Me-
HEHUEM SHEPruH, eCJIM BbIpasuTh B KI. [IupaMuabsl paboTany Kak HeKHe aBTOHOMHBIE JIBUTATelH ,
U3MeHSIIOIe CKOPOCTh BpalieHusi 3eMJIH, I03TOMY M MOHAJ0OMIACh CTOMIb TOYHAS TIPOCTPaH-
CTBEHHAsl OpHMEHTAIMsl, & B OCHOBAHMM — JKECTKAsl CBS3b C IMOBEPXHOCTHIO OJHOW M3 CAMBIX MOIII-
HBIX JTUTOCEPHBIX IUTUT Ha MTaHeTe. PabGoTalu oHI HA COJTHEYHOH YHEPruu, Npeodpa3yemMoi
yepe3 BHENIHIOW IPAHNTHYIO KJIAJKy B aBTOMATHYeCKOM pexknMe. [loatomy U Kiaaky emnie
APEBHUE CO3JATEIH CHSLIH, XOTs 3TO ObUIO He MpocTo 6e3 AuHamMuTa. [Ipuuém KiaKy CHsUIH, a cCaMu
MUPAMUIbl OCTABMIIM — NIMTAaHWE BBIKJIIOYEHO, KOHCTPYKIIMS yMep/ia ¥ HUKOMY He HyXHa. MoxkeT
OBbITh, CO3[ATENT TOM T'€OKJIMMATHUYECKOW CHUCTEMBl MBITAJNCh OCTAHOBUTH U3MEHEHHe KJIu-
MaTta (ouepeiHOe MOTeIJIeHUe-TIOX0JIOIaHHE ), MOXKET MBITAIMCH TePEKJIMMAaTU3UPOBATh TUIAHETY MO/
3acesieHue «M3BHE», MOXKET IMBITAJICh OCTAHOBUTH TEXHOTEHHYIO KaTacTpody, a MOKET U caM 3aITyCK
YCTAaHOBKH MPHBEN K TOCTEHEH, B JIIOOOM Cilydae Y HUX HMUYEro He MOTy4rsIoch (MM MOTyYHIoCh
HE JI0 KOHIIa) M YCTAaHOBKY BBIKJIIOYMJIA, OCTaBHB Ky/IbT COJTHIIA, MPUUYMHBI BCETO, BEPY B HEOOXOIH-
MOCTb YHUUTOKEHHS KJIAJKH U MPeayNpexaeHIe «He TPOraTh MAPAMUIbI».
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Myagames [11]. DTOT KOMILIEKC ObLT MOCTPOSH MPEACTABUTEISIMU BHICOKOPA3BUTOM 3eMHOM
LUMBWIM3ALUEN, KOTOPbIE YMEIU HE TOJIbKO NPEoJoJieBaTh IPaBUTALIMIO, HO U YIPABJIATh BPEMEHEM
Y TOHKOU SHEpruei.

Tropun — ABuncknii [12, 15]. Korga-to cunranoch, 4To mUpaMuIbl CIIYKWIN U1 3aLUThI
OT HaBOJHEHUI B paBHMHHOW MecTHOCTU. KyiObieBckuii-camapckuii yosor Braguvup MBaHo-
BUY TiopuH — ABMHCKUI BBIABUHYJ MPEAINOI0KEHUE, YTO MMPAMUbI TIPEAHA3HAYEHBI 7151 3aLUThI
OT 3eMJieTpsiceHri. [TupamMuIpl CBOei Macco racaAt KojaeOaHusl OYBHI.

Ipodgeccop C. Cunmapon [13, 35], nokTOop (PU3UKO-MaTEMaTUUYECKUX HAyK, JTA€T O eru-
METCKUX MupaMujax crieayronryio uagopmarmo: «CyecTByeT HECKOJILKO BEpCUI MPOUCXOXKIe-
HUS U Ha3HaYeHUsl nmupamMujl. Tak, yCTaHOBJIEHHBbIE Ha BEpIIMHE NMUpaMU IPUOOPHI, 3aMepsIioIue
U3Jy4YEeHUs] B PA3JIMYHBIX JMala3oHaxX, Jald WHTEPECHBbIE PEe3yJbTaTbl B OTHOIIEHUM CEelCMUYe-
CKMX KOJIeOaHWH MOBEPXHOCTM 3eMiIM. DTOMY SIBJICHHMIO KOHIIEHTPAIMM SHEPTrHU SIBHO CHOCOO-
CTBYET NMpamHaibHas (popMa 3TUX COOPYKEHUH, KOTOpas HallOMHHAET PYIop, a TaKXke pacro-
JIO)XEHVE BHYTPEHHMX XOHOB M Kamep. Ilonydaercs, yTo nupamuisl — 3T0, CBOETO poja JApEeBHUE
NIEKTPOCTAHLIMH. BriosiHe BO3MOXKHO, YTO OHH UCTIONB30BAJIHCH IJ1s1 OECIIPOBOIHOM MEpe/iauu SHep-
MY K pa3MyHbIM YCTPOWCTBaM U coopy:xeHusM. Ho BOT, 4To MHTEepecHO, MupaMu/ibl APEBHOCTU
MMEJIM U BTOPOE Ha3HaueHue, T.e. KpoOMe KOHIEHTPAIu HepPruy, OHH racuju ceiicMuye-
CKHe BOJIHBI. Takke BO3MOXHO, YTO OHM TaCUJIM U APYrve HeraTUBHbIE BUbI PUPOAHON IHEp-
ruu. Takum 00pa3oM, OHU MPEAOXPAHSIIM U 3alIUIIAIA TEPPUTOPUH OT IPUPOIHBIX KATAKIA3MOB.
Ectb Ha [lanbHem Boctoke npeBHME mupaMuibl, KOTOpble oullMaibHasl HayKa He TpU3HaeT. ITo
Tak Ha3biBaeMble conku bpar, Cectpa u [Inemsinauk B Haxozke, KOTOpble UMEH paHbllle MPaBUIb-
HyI0 IMpamuanpHyto ¢popmy. OqHako, elle B COBETCKMe BpeMeHa cornka bpar, kotopast Ha camom
aene siBIsieTCsl [peBHer MupamMuIoi, Obula eJIeHalpaBIeHHO pa3pyllieHa Mo MpHUKa3y MyAOMacOoH-
CKUX <«KPELOB» OT HAyKU MOJ IPEAJOroM UCIOIb30BAHUS €€ B KAUECTBE CTPOMTEIBHOIO MaTepu-
aJia. D710 OBbLIO CIIeNIaHO IS TOTO, YTOOBI IO HE 3aMHTEPECOBAIMCH STOM MUPAMUJION U HE JOKOMa-
JICh [0 TEXHOJIOTUW U apTedakToB IpeBHEW BbICOKOpa3BUTOW nuBuian3anuu. [lupamuast Haxonkwy,
Jajeko He eAMHCTBEHHBbIC JPeBHUE MUPaMUJIbl, OOHApYyKeHHble Ha Tepputopuu Poccun. MHorue
U3 HUX pa3pylleHbl U HE BHINOJHAIOT CBOEH (PYHKIIMY IO HEUTPAJIN3AIUN HeraTHBHBIX BCILIeC-
KOB NPUPOHBIX SHepruii. B Toil ke Haxonke ctapoxusibl yTBep:KAal0T, YTO ¢ MOMEHTA pa3py-
eHusA nupaMuabl Ha MecTHON peke CydyaH HayaJuch HAaBOJHEHHUs1. A Teneph MogyMaiire:
HE CJIMIIKOM JIM YacTO HABOAHEHUs MPOUCXOIAT Ha HaieM [laipHeM Bocroke. Bo3zMokHO, MIMEHHO
3TOro 3HAHUS XOTAT HAC JIMIIUTh T€ MPECTYHbIE aHTUUYEIOBEYECKHE CUJIbl, KOTOPBIE POBOLIUPYIOT
C MOMOILBI0 CEKPETHBIX TEXHOJIOTUI POCT MPUPOAHBIX KATaKJIM3MOB B Pa3JIMUHBIX TOUYKaX 3EMIIU.
[Touemy ObI M1 HAM He UCIIONL30BATh JAJIS1 CBOEH 3aIMThl YHUKAJIbHBIE CBOMCTBA PEBHUX MHPAMUL
110 HEUTpaIM3aIMy CEUCMUYECKUX BOJTH U IPYTHX HEraTUBHBIX IIPHUPOAHBIX SHEPIUI, OCOOEHHO, ECITH
OHU MPOBOLMPYIOTCS UCKYCCTBEHHO?

Anekcanap Ileyenkun [14]. Jlrogu [O04aro cBA3BIBAJAN NOHSITHE <«IHPaAMUIbD»
¢ Apesaum EruntomM. 9TH yauBUTeJbHbIE CTPOEHHUSI C roJaMH OOHAPY:KHWJIHCHh TaKiKe
BO MHoOrux apyrux crpanax Esponei: B bocaun, Urannmu, Ucnanun, Xopsarun, Crose-
Hun, I'pennn, Aurnun, ®pannuu u Cepoun, boarapun, Ykpaune, Poccnn. VccnenoBanus
A. TleyeHKMHA OCHOBBIBAIOTCSI HA UCTOPUYECKUX, APXEOJOTMYECKUX M aCTPOHOMMUYECKUX (paKTax,
KOTOpbIE JAI0T BOZMOXHOCTb peajibHO 0OOCHOBATb U JIOKA3aTh €r0 BBIBOABL. VIM HanmmcaHo MsTh KHUAT
O NMpamMHIaX, B KOTOPBIX aBTOP PACKPBIBAET Pa3JIMUHBIE TallHbl, KOTOPBIE YEJOBEYECTBO MbITAETCS
pasrajiaTb Ha MPOTSKEHUM HECKOJIBKUX ThicsiyesneTuil. [lo Muenuio IledeHknHa, eruMneTckuii KOM-
TUIEKC MUPaMU]] TIOMOTJT HU3BOIUTD HA 3eMJTI0 KOCMHUYECKHE SHEPTUH, KOTOpPbIe OJIarOTBOPHO BITU-
SUTM HAa KU3Hb 3€MJIU, U CITY>KWJIM SHEPreTUUECKUM LIUTOM OT HAILlECTBUS IYCTHIHU Ha IUIOAOPOA-
Hble 3eMi Erunra. Anekcanp [leueHKuH rpuinesn K BbIBOLY, UTO 3HAMEHUTHIE BEJIMKUE TUPAMU/IbI
I'n3bl, CUHKC U PaCIONIOKEHHbIE C HUMH XpaMbl MPECTABISAIOT cOO0M eqUHBbI KoMIuleKe. OHM

11



A. Marannes. «JlpeBHue NupaMubl — KJI0Y K TOJABJIEHUIO KaTacTpogp»

ObLT MOCTPOEHBI JJIsl 3alUTHI OT HABOJHEHHII HA PABHUHHONW MECTHOCTH [JIsI 3alIUTHI
OT 3eMJIeTPSICEHHI1, TTOTOMY YTO CBOEW MacCOW TaCUTh KOJIeOAHU s TIOYBHI.

[16] 3emuneTpsicenue, — 3TO MOA3EMHBIC TOJTYKY U KOJIeOAHH S 3eMHOU TOBepXHOCTH. COrlIacHO
COBPEMEHHBIM B3IJIsIIaM, 3EMJIETPSICEHUsI OTPAKAIOT MPOIECC TeOTOTMUYECcKOro MpeoOpa3oBaHus
riaHeTsl. CUuTaeTCs, YTO MePBONPUYMHON 3eMIICTPSICEHUN SBJISIIOTCS TI00aTbHBIE Te0JIOrnYecKre
Y TEKTOHWYECKHEe CUJIbI, OJJHAKO B HACTOSIIIEE BpeMs UX MPUPOJIa He COBCEM SICHA. BOJBIITMHCTBO
0YaroB 3eMJIeTpsICEHUI BO3HUKAeT Onu3 moBepxHocTH 3emu. CelicMUYecKre BOJTHBI, TIOPOKIae-
MBIE 3eMJIETPSICEHUSIMH, PACITPOCTPAHSIOTCS BO BCE CTOPOHBI OT Ovara rojgio0HO 3BYKOBBIM BOJTHAM.
Touka, B KOTOPOU HAUMHAETCS MOABUKKA MOPOJI, Ha3bIBaeTCSA (DOKYCOM, OYaroM HJIM TMITOIIEHTPOM,
a TOYKa Ha 36MHOW MOBEPXHOCTH HAJl 04aroM — SMHLIEHTPOM 3eMJIETPSICEHUSI. YIapHbIe BOJIHBI pac-
MIPOCTPAHSIOTCS] BO BCE CTOPOHBI OT OYara, 1o Mepe y/lajieHus OT Hero UX MHTEHCUBHOCTh YMEHbIIa-
etcst. CelicMUYecKue BOJTHBI JIENISITCS Ha 3 TUIA:

BOJTHBI CKaTHSI, Y TIPOJOJIbHBIE CEICMUUYECKUE BOJTHBI (TIepBUYHbIC; P-BoTHBI). OHU BBI3BIBAIOT
KOJIeOAHM I YaCTUII TIOPOJT, CKBO3b KOTOPBIE TTPOXOJIST, BIOJIb HAITPABJICHU I PACIIPOCTPAHEHU S BOJTHBI,
oOyclaBBasi YepeioBaHNe YYaCTKOB CKATHS M pa3pexeHus B noponax. CKOpoCcTh pacripocTpaHe-
HUS BOJIH ckatus B 1,7 paza Gosbliie CKOPOCTH BOJIH CIBHTA, IIO3TOMY MX TIEPBBIMH PETUCTPUPYIOT
cericMuueckue craHiu. CKopocTh P-BOJHBI paBHa CKOPOCTH 3ByKa B COOTBETCTBYIOLIEW TOPHOW
niopogie. [Ipu yacrtorax P-BonH, 6ombimux 15 T, 3T BOTHBI MOTYT OBITH BOCIIPUHSTHI HAa CITYX Kak
TMO/I3EMHBIN TYJI U TPOXOT. BOJNHBI ciBUTA, UM TIOTIEpEUHble CEiCMUUYECKUE BOJHBI (BTOPHYHBIE; S-
BOJIHBI) 3aCTaBJISIOT YaCTHIIBI TIOPOJ, KOJieOaThCsl MEPIEHANKYISIPHO HANPABJICHUIO PAaCpOCTpaHe-
HU BOJIHBL. J[[JTMHHBIE WM TOBEPXHOCTHBIE yrpyrue BoaHbI (L-BomHbI). OHU BBI3BIBAIOT CAMBIE CHITh-
Hble paspymenus. [IpeacraBum cebe, YTO MOBEPXHOCTHAS BOJIHA PACIIPOCTPAHSIETCS Yyepe3 KaMeH-
HYIO Cpely CO crielM(pUIeCKUM aKyCTUIECKIM UMIIEIaHCOM (aKyCTUYEeCKOe COMPOTHUBIIEHUE CPEIIbl)
Z1=16 MPa-s/m u nonajgaer B IMUHUCTYIO MouBy Xoima Z,=0.16 MPa-s/m. Torna T = 27, /Z; +
Z» =1.98, TakuM 00pa3oM aMIUIUTY/IA BOJIHBI B IJTAHUCTOM MOYBE YBEJIUYUTCS B Ba pa3a. [loatomy
HEJIb3s1 HUUETO CTPOUTH Ha HACBITTHBIX TPYHTAX B 30HAX MOJIBEPKEHHBIX 3emiieTpsicenuto. Eciu B rm-
HUCTOH MOYBE XOJIMa MOCTPOUTh CTEHY M3 MaTepHasa C BBICOKMM CHEU(PUUECKIM UMIIEIAHCOM,
HarpumMep, I'PaH!T, TO TIPU ONPEACIEHHBIX YIJIaX, yIPYrasi BOJHA oTpa3utcs. Kputuueckue yribl
paBHBI 62 1 26 rpaaycoB.

Cakyiin Uommmypa, npoeccop Tokuiickoro yHuBepcutera [ 17]. [IpoBeaeHHbIE ¢ TOMOIIIBIO
HOBEHIIIel anmnaparypbl aMEpUKaHCKUMHU U eTUIETCKUMU YISHBIMU JIOTIOJTHUTEITbHBIE UCCIICIOBAHUS
MUpaMu/Ibl Xeorca, MO3BOJIMIIN YCTAHOBUThH HAIMYKE B IMPAMHU/IE ITyCTOTEIbIe HUIIIH, 3alIOJTHEHHbIS
TIIATeIbHO MPOCestHHbIM meckoM. [Ipurnamenssiii B [u3y ans koHcyasramu, npogeccop Tokuii-
ckoro yHuBepcuteta Cakyiin Mommmypa CUMTaeT, 4To 3TU HUIIIU CTyKaT JTOMOTHUTETbHBIMU aMOop-
TH3aTOPaMH, racsIMMHU KoJie0aHHs OYBBI HA CJIy4yail Ype3BbIYaiiHO MOIHOTO 3eMJeTps-
CeHMsI.

I'eopruii bopees [18]. OauH U3 XyAlMX BapHAHTOB CMEHBI TIOTIOCOB 3eMJIM COMPOBOXKA-
€TCs CTEHOU BOJBI BBICOTOM TPUALIATh-TIATHACCIT MeTpoB. [1o CBOMM pa3pylUTeIbHBIM CBOWCTBAM
9Ta BOJIHA MEPEKPOET BCE M3BECTHHIC 32 MCTOPUIO YEIOBEYECTBA IyHaMH. Takasl TMraHTCKas pas-
pylIMTeIbHAS BOJHA HECKOJIBKO pa3 0O0OWAeT MOps W 3eMJIM BOKpYT Hamiei ruianetsl. Cpasy xe
MOTMOHYT JeCATKM MUJUTMOHOB JOfAeH. 3aTeM HauHyT MOCTYINaTh COOOIIEHUS] U3 MHOTHX CTpaH
MHpa O HEOBIBAJIO MOIIIHBIX 3eMJIETPSICEHUSIX, POKATUBIIKXCS 0 BceMy 3eMHOMY mapy. BaxkHas
3a/1aua NMPaMIJAJIbHBIX KOMILIEKCOB — HANPABJIATH Ha BpeMs MePenoJlCOBKH 3eMHbIe
MAaArHUTHbIE MOJI0Ca B 0CO0ble TOUKH, CIIEIMAIBHO MPUTOTOBJICHHBIE IS CEBEPHOTO U I0)KHOTO
nomocoB. Ha Haieil nianete cymecTByeT IMKJI CMEHBI TIOJIIocoB. OOBIYHO Mofioca 3eMITi cMellia-
10Tcs 1Baxkibl B Teuenue 25920 ner. [1pu aTom He Bcerga mporcxonut nepenommocoBka Ha 180 rpa-
nycoB. Takoe OsiBaeT peako. OOBIYHO MONIOCa cABUTaOTCs depe3 Kaxapie 12500 ner Ha 60 rpamy-
coB. To ecTb U B 3TOT pa3, BO3MOKHO, CEBEpHBIN MOMIOC cMecTUTcst TpuMepHo Ha 6000 KuoMeTpoB
Ha Tubet B paiioH ropsl-nupamupl Kaiinac, a 105KHbII MOTIOC CMECTUTCS B pailoH ocTpoBa [lacxu.
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VimeHHoO 17151 o0ecneyeHusi TOYHOI0 U NPeICKa3yeMoro cMeleHusi NoJxcoB 3eMin aTiaH-
TaMH | JeMypuinamm ObLIa MOCTPOeHa MHPoOBasi cucrema nupamuj. Cambie rpoMajiHbie
MMPaMU/Ibl CO CBOEH SHEPreTUKOM BBICTYNAIOT B KAYECTBE MASIKOB, IPUTATMBAIOLIMX 10JI0CA B HY K-
HOE MECTO BO BpeMsl X «OIykJaHus». A MEHbIIIME MMPaMUbl C UX HAIPABJICHHBIM U3JTyYeHUEM
BBICTYMAIOT B POJIM OTPaHUYUTENICH, B POJIM M3TOPOAM, B POJIM SHEPreTUUECKOro 3abopa, YTOObI
ToJIioca He 3a0pestu KyJia He HaJIo BO BPEMsI «ITyTEIIECTBHS» K CBOMM OyAyILIM TOYKaM JTUCITOKALIUH.
IIupamMuapl racuin celicMHYeCKHe BOJIHBI JIaJIEKUX 3eMJIETPACEHUI Ha noictynax K Erunty,
yCIOKaWBAJH YparaHbl 1 HABOJHEHMs], He JaBaJi pa30ymeBaTbCsA NPUPOJHbIM CTHXHSIM
M reoJIorn4ecKnuM Karakan3mam . [Tupamuapl 3anminany Hapon apeBHero ErunTa ot paznuHbix
Oone3Hel, ncuxuyeckux 3a0oeBaHUi M BUPYCHBIX snmaemuil. Yepes cets 3 144000 nupamun,
MIOCTPOECHHBIX B JIPEBHHME BPEMEHA Ha BCEX 3€MJISIX IUIAHETHI, BbicMe LMBUIM3ALMU YIIPABJISIOT
TEpMOsIIEPHBIMU ITPOLIECCAMU BHYTPY 3EMHOTIO 111apa, PeryJanupyloT TeMIepaTypy 3¢eMHOM KOPbI
U okeaHoB. Houblo so0ast 0ObIYHASI MMpamMUIa KJIacCUIecKor (pOpMBI TPUHUMAET BBICOKOYACTOT-
HYI0O KOCMHUYECKYIO SHEPI1I0, KaK aHTeHHa, 3aTeM MOHMKAeT BUOPAIHIO 3(PUPHBIX BOJIH U TOCHLIAET
TpaHC(OPMUPOBAHHYIO SHEPTHIO K Py MUIAHETHI, TOJ/IEPAKUBAS TEM CAMBIM TEPMOSIACPHBIN CUHTES.
A HeM nupamMuia IPUHUMAET HU3KOYACTOTHBIE BOJHBI M3 TEPMOSIAEPHOTO siipa 3emin, npeodpa-
30BbIBAa€T UX B BHICOKOYACTOTHOE H3JIy4eHHe U H3JIyd4aeT H30bITOUHYIO SHePruio 3eMHOro
saapa B kocmoc. [Ilupamuga noanuThiBaeT CBOMMU Jy4aMu 3(PUPHYIO KPUCTATUIMYECKYIO PELIETKY
3eMJiM, KOTopasi 3allMIIaeT BCce KUBOE Ha TUIAHETE U HE JaeT CMEILAThCsl OCU BPAIlIEHUS IJIaHETHI.
['maBHBIE 1IETM TMPaMUJL, STO 3aIIUTA JIIOIEH OT HeOMaronpusTHHIX (haKTOPOB M oOecredeHre To4-
HOU nepenomocoBkU. MHoroneTHee usydenue apdexra ¢popmsl Benmkux nupamug U pe3yabTaTsl
Pa3INYHbIX SKCIEPUMEHTOB C MMPAMUIATBHBIMU KOHCTPYKIMAMU [MO3BOJIMIN COBPEMEHHBIM HCCIIE-
JOBaTeNIsIM BbIIBUHYTD CJIEyIOLIEe MPEAIOIoKEeHUE O MeXaHu3Me AeicTBUs (popmoBoro 3gpexra
NUpaMUIbL: «YUACTKU MPOCTPAHCTBa BeeeHHOM ¢ T0CTaTOUHO TIOTHBIMU MaTe€pUATbHBIMU OOBEK-
Tamu (Haripumep, CoslHeuHas cucteMa) MoABEPraloTcs U3MEHEHUAM (UCKPUBJIEHUSIM) CBOEU CTPYK-
TYpbI 110J] BO3JIEHCTBUEM pa3IMYHbIX HEraTMBHBIX (pakTopoB. HensBecTHble HaM, HErapMOHUYHbIE
COOBITHSI MOTYT YCyryonsiTh cutyauuio. CieCTBUEM UCKPUBJIEHHS TIPOCTPAHCTBA, OTKJIOHEHHS €ro
CTPYKTYPBI OT COCTOSIHHSI TAPMOHHHM SIBJISTIOTCS] TAKKE SIBJICHUS KaK: OOJNE3HH, SMUIEMUH, TPECTyII-
HOCTb, 3€MJIETPSICEHN I, BOWHBI, PETMOHAJIbHBIE KOH(JIMKTHI, COLMAIbHASL HAIIPSIKEHHOCTh, SKOHOMMU-
YecKre KaTakJIu3MBbl 1 Tak Aajee. [lupamuga, mocTpoeHHas ¢ COOMOIeHNEM ONpe/IeNIeHHBIX TPaBUT
Y TEXHOJIOTWH, B 30HE CBOEH JIESITEIbHOCTH MPSIMO, JTMOO OMOCPEIOBAHHO WCIPABISET CTPYKTYpPY
MPOCTPAHCTBA, PUOIMKAET €ro K COCTOSTHHIO TapMOHMU. Bee, 4To HaXoAUTCsl B MIUPaMUJIe WITH TT0T1a-
JAeT B 30HY JEWCTBUS €€ MPOCTPAHCTBA, HAUMHAET Pa3BUBAThCs B HallpaBJieHUU rapMoHuu. {una-
MHKAa CMSIF'YeHUs] M JIMKBH AN JI0ObIX HeraTUBHBIX NPOsIBJIeHUIT Ha 3emJie cylecTBeHHO
3aBHCHT OT pa3Mepa NUPaMu/bl, OT €e OPHMEeHTAIUH B IPOCTPAHCTBE, OT MacChl NMPAMHU/IbI,
OT PacrloyiokeHus padoYMX KPHCTAUIOB BHYTPU MUPAMHUIATBHON KOHCTPYKIMHM, OT reorpacude-
CKOT'O MeCTa pacrioNOoKeHHsI TUPAMUIbI, OT TOYHOCTU COOITIOICHUSI TPOMOPIUI 30I0TOTO CEYSHUSI».
OT KOHCTPYKLIMM IMPAaMU/Ibl 3aBUCUT MOILITHOCTb M Ka4E€CTBO €€ BO3JEWCTBUS Ha JIOfIeH, Ha 3eMJIIO,
Ha UCKPUBJIEHUE BPEMEHU U IIPOCTPAHCTBA BOKPYT CTPOEHHU S, 3aBUCST €€ 3allIMTHbIEC (PYHKIIMH U e111e
MHoroe apyroe. bopees nucan B kaurax «/HoOMIaHeTHbIE TUBUIM3AUKA ATIAHTUABD, «[Iudarop»
Y JIPYTHX O TOM, KaK HAIU MPEJKX CTPOIH nupamuasl. Beero ux 6suto nmocrpoeHo 144000, 60:1b-
X ¥ MaJIeHbKUX. DTU COOpPYKeHUs ObLTM OOBETUHEHB B eIMHYIO dHepreTrueckyio cetb. Coon
BO BpallleHUH IUIaHEThI BHI3bIBAIOT HEBHJAHHbIE Pa3JIOMbI 3€MHOI KOPbI, 3eMJIeTPsICeHNs],
yparanbl 1 HaBOJHeHus1. Ec/i Mbl He MOCTPOUM IMPaBWIIbHBIE YeTHIPEXTPaHHbIE TMPAMU/IBI B OJU-
JKaHIe roA-ABa B SHEPreTHUECKUX TOYKaX TUIAHETHI, T KAKMM-JTUO0 IPYTHM CIIOCOOOM HE YCHITUM
y3JIbl (PUPHON KpUCTAIIMUECKON peleTku Haj EBponoil, Adpukoit 1 AMEpUKOH, TO TPOU30UIET
pe3kast cmeHa [lomocoB. MHorue 3emin poBasISITCs B MOPCKYIO IIyYMHY, a OKEAHCKasi Boja B3Jie-
THUT B pa3psKEHHBINA BO3AyX. Tak yxke He pa3 ObiBasio BO BpeMeHa Jlemypun u ATinantuabl. Beemmp-
Hele [ToTonsl mporcxoaaT Ha 3emie Kaxable 13 Thicsd JieT. ATJIaHTbl XOPOLIO 3HAIM O LIMKJINYHO-
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CTH TUIAaHETAPHBIX ¥ KOCMUUYECKHX KaTakIn3MoB. UT00bI yOepeub HANLY IUIAHETY OT BCEMHPHbIX
NOTONOB U pa3pylieHuil, oHu noctpouwn 144 Gonpive mupaMuasl 1 143856 Masbix Mupamug
B 9HEPreTHUECKUX TOUKaxX 3eMJIH, Ha JIMHUSIX MarHUTHBIX MEpUIMaHoB. B To Bpemsi, korja Bce nmupa-
MHU/IBl ATJIAHTOB Pa0OTAIM B €AMHON SHEPTETUIECKON CETH, OHU CO3[aBaJi 3(PHPHOE 3AIUTHOE TIOJIe,
KOTOpOE MPEIOX PAHSUIO TUIAHETY OT KOCMHUYEeCKUX KaTakan3moB. IlupamMuapl 3ammumann 3emaio
OT CMEHbI NOJIIOCOB, OT NOTONOB U Pe3KHX JBH:KeHni MaTepukoB. Ceifuac MojoBUHA MUpa-
MU/J1 aTJIAHTOB JIUOO pas3pylleHa, MO0 CKpbhITa MOPSIMH, JIMOO HAXOAUTCS HE HA MATHUTHBIX MEpH-
auaHax. MHoOrue nupaMuibl aTJIaHTOB He PadOTaloT, WM padOTAIOT HEMPABUIILHO, WIIU BITOJICHJIBL.
XpoHaIbHOE M3TyYeHHe, Waylee OT MOABOJHBIX MUpaMHI, OYeHb cnaboe, Tak Kak MOpCKas BoAa
paccerBaeT 10 MOBEPXHOCTH OKEaHa SHEPTUI0 EHTPAIbHBIX JTy4el MUPaMUIaIbHbIX KOHCTPYKIIHUIL.
Takum 06pa3om, COBpeMeHHbIe JEHUCTBYIONIHE MUPAMHIBI HE CIIacyT 3eMJTI0 OT CMEIeHHS MOTI0COB,
HO MPeJOXPaHsT OT MOJHOTO NepeBopoTa nmomocoB Ha 180 rpamycos. [Ipu ceromHsIHeM COCTOSHUM
CHUCTEMbI TMPaMU/I, HHIHELITHUI CEBEPHBIN MOJIOC cMecTUTCsl Ha 60 rpagycoB u OyAeT pacnonaraTbes
B ropHoM TubGerte, B paiione ropsl Kaiinac, a 10HBI OKaxeTcs B paiione octposa [lacxu. Ecam
MbI XOTHM H30€KaTh BCEMHPHOI0 KaTaKJIN3Ma U Pe3K0oil cMeHbI MOJII0COB, TO HaM He00-
XOJMMO MOCTPOUTH 72 G0JibIIINe MHPAMU/IbI HA JUHUAX MATHUTHBIX MEPH/IMAHOB U BKJIIO-
YUTH UX YHEPIruI0 B padoTty odmero 3amuTHOro moJst 3emun. K coxanenuio, coBpeMeHHast
MBUJIM3ALIMS TTOKA YTO HECTIOCOOHA TIOCTPOMTH JaXe OHY MUpaMUILy, OIOOHYI0 MpaMuie Xeo-
nica. [ToaroMy HYKHO AT JPYyruM MyTeM. Mbl MOXeM BOCIIOJHUTH SHEPTUIo 3alUTHON (PUPHOIM
CETH IPH MOMOIIIY BKJIIOYEHHS B padOTY KOHYCOOOPa3HBIX TOp WM BHICOKHMX XOJIMOB. [1man aefictBuii
TAaKOB: BBISICHUTH HanOoJee cadble MecTa, Hanbosiee ysSI3BUMbIE y3JIbl B KPUCTAITTMYECKON pelleTKe
(3¢pupHOI 3aIUTHOM CETH) TUIAHETHl. 3aTeM HAWTH BOJIM3U ITUX MECT FOpbl WJIM KOHYCOOOpa3HbIe
XOJIMBI, CTOSIIIIIE HA MAarHUTHBIX MepuauaHax. Ha BepirHe BEIOPAHHOHM TOPbI CJIOKHUTH U3 KaMHEH
MUPAMUIKY, TAKYI0 YMEHBIIIEHHYIO KOITHIO MM PaMUIbI Xeorica, BHICOTOM JIBa-TPU METpa. DTOT KaMeH-
HBI MMPAMUIVOH HY)KHO COPUEHTHUPOBATh IPaHsIMU 0 KOMIIAcy, Mo OcHu ceBep-ior. [anee, BHyTpH
MIOCTPOSHHOW MUPAMUJIKU CJIEAYeT CIPSTaTh 3apsUKEHHBIN KPUCTAT TOpHOro xpycrans. Kpucramn
JOJDKeH M3JTyYaTh YacTOTy «X» M HAXOAWTHhCS Ha PACCTOSIHUM OIHOW TPETH BBICOTH OT OCHOBAHUS
KOHCTPYKIIMH MUPAMUIMOHA. 3aTeM HYKHO OylleT aKTUBHU3MPOBATh KOPHEBYIO YaKpy ropsl — Mynaj-
Xapy, BKJIIOUUTD ee B padboTy. [171s1 9TOro 1oy ropou cieyeT mocTpoOUTh JOJIbMEH «IoJIoBoi» Ha CeBep
B niporopimu Pu = 1,618. Ty KOMHATY HEOOXOAUMO CIIOKUTh U3 TPAHUTHBIX WM U3BECTHSKOBBIX
wmT. JloJIbMEH JKeaTelbHO PACTIONOXKHUThH HaJ TIOTOKOM TMOA3EMHBIX BOJ WJIM TMOA3EMHBIX Ta30B.
B 105xHOI yacTu JObMEHa ClielyeT 3aI0KUTh 3apsKEHHBI KPUCTAUT OOCHIMAHA WIIH 3apsHKEHHYIO
Ha YacToTy «X» MUPaMHUIKY U3 HIyHruta. Jlanee ocTaeTcsi TOJIbKO MPH MOMOIIM MAHTPhI BKIIIOYUTh
nonbMeH. Takoii JoJIbMeH aKTUBU3UPYET KOPHEBYIO YaKpy TOPbI, M SHEPTUs U3 IIEHTpa 3eMJIM HAYHET
MOCTYMATh B OOJIBIIUX KOJTMUYECTBAX HA BEPXHUI KpHCTAUL. [lasbilie ropa-nupaMuia cama BKJII0-
YHUTCA B 00IEIUIAHETAPHYIO 3alIUTHYIO enb. [Togo6HpM 00pa3oM HEOOXOIUMO aKTUBU3UPO-
BaTh 72 ropbl B pa3HbIX 4acTsIX 3€MHOIO 11apa, 1 Toraa emie npumepHo 3600 jieT Mbl MOKEM He ora-
caThCsl IOTOMOB M BCEMUPHBIX KaTaKJIM3MOB Ha TUIaHETe.

[20] Ve naBHO He cekpeT, YTO MMpPaMUIbl pacrioaralTcs B «MecTax CHIbl». Bce u3BecTHble
MUpaMUIbl Ha TJIAHETE MMEIOT CBOM COOCTBEHHBIE M YETKO ompeiesieHHble 3a1au. OHHM MOCTPOEHbI
B OIPE/ICIEHHOM TIOPsIJIKE, OITPE/ICIEHHBIX Pa3MEPOB U B OMpeeSIeHHOM KOJIMYECTBE.

OpHY MpaMuIbl TOCTPOEHBI TSI 3aIUTH 3eMJIH OT Pa3pyIIMTEIbHOTO BO3AeUCTBUS. [pyrue
PEryJMpYIOT HalpaBJIEHWsI MATHUTHBIX TIOJIOCOB MPH MEPENONI0COBKAX, KOTOPIE XOTh M HE 4acTo,
HO TOCTOSIHHO Mpoucxofdar Ha 3emuie. OgHM U3 MUPAMUJL CIIyKaT MPUEeMHUKAMU KOCMHYECKOU
SHEpruy, a JApyrue, nepeaaTuukamu SHepruu camoil 3emin. Kpome Toro, mupamMmujgHbie KOM-
IUIEKCHI SABJSIIOTCS HEKHM CTa0MIM3aTopoM 3eMJid, NpeJoXpaHsIIONIM ee OT 3eMJIeTpsi-
CeHMIl M KATaKJU3MOB NMPOHCXOASIIUX, IPUMEPHO, Yepe3 Kaxable 13 ToicaY jger. OHH
CHMIKAIOT KaTaKJIM3MBI OT OOIIEMUPOBBIX 10 JIOKaIbHBIX. HO MHOTME nupaMuIHbIe KOMITJIEKCH HaX0-
ASATCs cefiuac B He padovyeM COCTOSTHMM. XOTs TaiiHash padoTa MO BOCCTAHOBJIEHHMIO MX BEIETCS.
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NmenHo siapo 3emJiu €Taj0 HeucuyepnaeMbIM HCTOYHHKOM dHepPruu, 6e3 Kakoro-moo BMe-
IIaTeJILCTBA CO CTOPOHBI UesIoBeKa. [ apMOHU3UPYsI MPOCTPAHCTBO BOKPYT ceOsl, Ha OOJBIIINE PacCTo-
SIHUSL, TUPAMHIBI CO3/IAI0T TEM CAMBIM CBOEOOPA3HBIN IIUT, HE MPOITYCKAIOIINIA Opeie/IeHHbIe U3ITy-
yenus saapa 3emn. Paktruecku, Benvkas nupaMuia NoCTpoeHa Ha TAKOM MeCTe, Tlle MarHUTHBIE
ToJist 1of; 3eMJie, oIS Ha TIOBEPXHOCTH 3eMJIN U HeOeCHbIE TIOJIsI — BCe OHM MePeCceKaloTCsl TAKUM
00pa3oM, YTO MIPOUCXOIUT HEMOCPEICTBEHHOE BUBUPOBAHUE BCEX ITUX MOJIEH. DTU MOJIsl DaJIaHCH-
PYIOTCSI Ha 3eMJie, MArHUTHBIMH CEBEPHBIM U I0)KHBIM ToocaMu. M B To BpeMsi, KOra JIBUKEeHHUE
MOIIHEHNIIMX COTHEUHBIX BCIBIIIEK OyaeT O0MOApAMpOBaTh ST MarHUTHbBIE MyHKTHl 3€MJIH, TIOJS
3eMin OKaxyTcs B qucOanaHce, CKpyurBasi pakKOBUHY 3eMJIM Ha HOBbIE MarHUTHbIE MEpHINaHbI,
KOTOpbIe OyAyT cOaJITaHCUPOBAHbI KBATOPUAIBHO. Ellle mupamMuia UCrosb30Basiach Kak OrPOMHBIH
HACOC, KOTOPBIN Kauas Boay u3 Huna 1yist muthbs v oporeHus rnoseid. OHa padoTaiia Kak TeiehoHHast
CTaHIIM /171 MTHOBEHHOM T'OJIOCOBOM CBSI3U CIIEIMAIBHOTO OTIepaTopa C BhIIIeTIepeunCIeHHBIMY T1J1a-
Hetamu. ['apMOHM3UPYs TPOCTpaHCTBO, Benmnkas mupamuga npegox paHsiia xkuresnei Erunra ot amu-
neMuii u OonesHert. OHa B3aMMO/IEHCTBYET ¢ KPHCTAUINUECKOH pemreTkon 3emJin, 3a cueT
KOTOPOH, BCE ’KMBOE MOKET CYIIECTBOBATh Ha 3emuie. Houblo mupamMuia MpuHUMAaeT BHICOKOYACTOT-
HYI0O KOCMHUYECKYIO SHEPIUI0, IOHIKAET ee, U MOChUTAeT K Aapy 3eMIId, MOJJIepKUBAET TepMOsiIep-
HBI CMHTE3. A JHEeM NPHHHMaeT HHU3KOYACTOTHbIE BOJHBI M3 siJpa NMpeoOpa3oBbIBas1 UX
BBICOKOYACTOTHBIE U3JIyUYeHHsl, U cOpachbiBaeT U30BITOYHYIO SHEPIHIO SIAPaA.

[21] Yem MusiocepmHee U HpaBCTBEHHEE YEJIOBEK, TeM OOJIbIliee KOMYECTBO JIOJICH OH MOXKET
CIIAaCTH BOKPYT ceOsi BO BpeMsl KaTakju3ma. Tak W mpaBWiIbHAs YeThIpeXTpaHHasl MUpaMHIa: YeM
Onmke ee MPONOpIMU K «30J0TOMY CEYEHHI0», TeM OOJIbIIYI0 TEPPHTOPHIO OHA 3alHINAET
OT 3eMJIeTPSICEHNI, Pa3JIOMOB 3€MHOI1 KOPbI, YParaHos U OT raMMa-u3Jy4eHusl.

B. A. T'ox [4, 25]. KppiMcKHe mupaMuabl MOJAAEePKUBAIOT SHEPreTHYECKU OaJaHc
3emJin: U3TyYeHUE OT rpaHel MUPaMUJ OKa3bIBAeT BO3JCUCTBHE HAa COCTOSIHUE OOOJIOUEK Hallen
riaHeTsl. biaromapsi sHepromHMOPMAIIMOHHON 3alllUTe, CO3/aBaeéMON KPHIMCKUMHU MUPAMUIAMMU,
KpbiM He ObLT pa3pyliieH Ipyu MHOTOUMCIIEHHBIX KaTakn3Max. Kakaas rpynma mapamu]] OXBaTbiBaeT
ioniaap B 60 rpamycoB, odecreunBasi TeM CaMbIM OTCYTCTBHE MEPTBBIX 30H

MmueHnue aBTOpa, K.T. H. Aslekcanjpa Marannesa no nopoay KpbiMckux nupamumji,.
HyXHO OBITh OY€Hb OCTOPOXHBIM MPHU PACCMOTPEHHH JII0OON MH(POPMAITK OTHOCUTENbHO KphiM-
ckuM mmpamua. B Te Bpemena, korna KpbiM npuHamiexan YkpauHe, ObUTH OIMyOIMKOBaHbI, Tak
Has3bIBaeMble, KapThl pacronoxeHnst KpeIMCKHMX mupamull, KOTOpble ceifuac HUUeM He TIOATBepiK/ia-
forcst. Ceifvac, Korja nociie Bolen3bsiBieHus1 Hacenenus:, KppiM 1o mpaBy BepHyJics B coctaB Poc-
cuu, MyOMUKaui OTHOCUTENbHO KpbIMCKUX mupamuj KpaiiHe mano. Ieno B TOM, YTO MO uMe-
HeM «KpBIMCKHMX» CTaJIM MOHUMAaTh TOJBKO T€ MUPAMUIBI, O KOTOPHIX CHayajga mucan Burtammii
I'ox. Ha camom pene, B KpeiMy Mory ObITH qpyrve MApaMuibl, He UMEOIIMe HUKAKOrO OTHOIICHUS
K rpymnre ['oxa. Breyamisiomum ¢gakropom ocraercs nposeeHHoe B 2010 rogy nocelieHue caMum
BukTtopom I'oxom MecT, riie oH sIK0ObI «OTKpbUT» KpbiMckue nupamubl. Torma ObUTM U3BICKAHbI
Cpe/cTBa U1 MPOBEIeHUs AajibHeNIInX ucciaenoBanuid. Kak numryt B nuteparype [79, 78] Huuero
HaJICHO He ObUIOo, a Bech 3(PeKT, MOATBEPKICHHBIN BCEMU UCCIIeIOBATEIIMU, 3aKTI0UACTCS B TOM,
YTO B JIaHHOM MECTE BBISIBJICH TeOJIOTMYecKuil pa3nioM. S1 He cran Obl mucath 00 3TOM, YUUTHIBAS
HaJIMYME OINTIOHEHTOB B JIOOOM HOBOM JieJie, HO B IAHHOM CJIydae caM «OTKpbIBaTesb» Butammii ['ox
B IIPUCYTCTBUM 0003peBaresiell, HNYero HaluTH He cMOT. B ¢Bs3M ¢ 9TMM, BCeé MHOTOUYHCIICHHBIE TE€O-
puu rpynnsl Butanus ['oxa panee paccmarpuBatbest He OyayT. JJoxuBeM 0 TOro BpeMeHH, Koraa
MCCIIeIOBATENM TOKaKYT MUPY HacTosiime KpbeiMckre mupaMuibl.

Aarap Keiicu [4]. CornacHo nporno3y Darapa Keiicu, kiumaruueckye U CecCMUYECKUe KaTa-
KJIU3MBI 3aTPOHYT BCIO TUIAHETY, M3-32 YErO OUepTaHMs MaTePUKOB CHJIbHO U3MeHsTCs. boree moso-
BUHBI HACEJIEHU I TOTMOHET. A BOT TeppuTopusi Poccuu OT TEKTOHMUECKHUX KaTaKJIM3MOB TIOCTPAaeT
MEHBIIIE OCTATBHBIX
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Hmurtpuii Jlormnos [4]. Bo BpeMsi BOGHHBIX KOH()IMKTOB MAPAMHAA CBOMMHU JTy4aMH OXpa-
HslJTa TEPPUTOPUIO B THICSYY KUJIOMETPOB BOKpYT ceOst M Haj coboit. [Ipu 3ameHe pa3HOYACTOT-
HBIX KPUCTAJJIOB Ha OOEBbIE, BOJHOBO/BI MMPAMU/IBI TTOCHUIANIN JIA3EPHBIN JIyd OrPOMHOM MOIITHO-
CTU B HykHyI0 TOuKy. [ImpamMuapl racmiu ceiicMH4ecKre BOJIHBI JAJeKUX 3eMJIeTPsICeHuil
Ha noacrynax k Erunty, ycnokausajiu yparansl 1 HaBOJHEHNsI, He JJaBaJiu pa30yleBaTbcsi
NPUPOJHBIM CTHXHSAM H reoJOrn4ecKknM Kartakam3MaM. Yepes Benukyio nupamuiy BbICIIME
umBum3anuu Cupuyca u [nesa nonnuTsiBaiu 3pupHOUN SHEprueit Hapos apeBHero ErunTa, Hampas-
JISUTM Jiena Jiofied K 100py U CBETY, PyKOBOJAMJIM MBICISIMU erunTsiH. [lupaMuia OanMUTHBAET CBO-
VMU JIy4yamMH 3(PUPHYIO KPUCTATUIMYECKYIO pelIeTKy 3eMJIM, KOTopas 3alUILIAeT BCe )KMBOE Ha IlIa-
HETe U He JIaeT CMELIAThCsl OCH BPAILEHH s IIAaHEThI.

Anna KpbiMckas [26]. B mocnennue rogpl cTajg akTUBHO BHEIPATHCS CIOCOO M3BJICUSHUS
KOCMUYECKON SHEPIUM C LIEJbI0 O3I0POBJIEHUsI IIPUPO/BI, PACTUTEIBHOTO MUPA, JIIOAEH, OKpYyXKalo-
1Iel cpefpl, B LIEJIOM, C TPUKJIAJAHBIM UCTIOJIb30BaHKEM NTupamul. HekoTopble yueHsle osaraioT, 4to
B I'€OMETPUYECKOI (pOpME ITUX YIUBHUTEIBHBIX COOPYKEHUI 3aKOAMPOBaHA MH(OpMaLus O CTPo-
eanu BcenenHon, CoTHeYHOUW cHCTeMBl U caMoro yenoBeka. Emié B npeBHocTr [lnatroHom ObLIO
OTKPBITO MOJIOKUTENILHOE BIMSHUE MATH TEOMETPUUECKUX (POPM, UMEIOIIMX BUJL KPUCTALIMUECKUX
(opm, Ha sHEpreTryeckyo CTPyKTypy uesoBeka. Ilpearnomnaraior, 4To 3TU NATh KPUCTALIMUYECKUX
PeEToK 001aAaI0T MOITHBIM FAPMOHU3UPYIOIIMM ¥ aKTHBU3UPYIOIIUM BIMSHUEM Ha IIEHTPHI YeJio-
BeKa. MOIIHBIN TOJTOKUTENIBHBIN 3(hEKT AOCTUraeTcs 3a CYET TeHEPUPOBaHUS (PUTypamMH TOJIEH.
[Tupamuzibl IOCTPOEHBI B MPOMOPLUAX 30J0TOTO CEYEHUs], UTO SIBJSETCA «(PAKTOPOM TIapMOHUU
CTPYKTYpPbl WJIM SHEPIruil IPOCTPAHCTBa». TaM, rAe CTOAT MUPaMU/bl, CO3/1AI0TCS CKOHLUEHTPUPO-
BaHHbIE YHEProuH(OpPManMOHHbIE MOJIsI ¢ NPABOCTOPOHHUM BpallleHneM, KOTOpbIe 0Jaro-
TBOPHO JIeHCTBYIOT HA OKPY>KAIOLIYIO CPeJy.

[28] ['erepatopbl mepeMeHHOro TOKa CO3JaJIi OOJIMK COBPEMEHHOW ITUBUIN3AIINY, TIOUTH BCE
JOCTHKEHHS] COBPEMEHHOTO UeJIOBEUECTBA CBSA3AHBI C 3TUM MOHITHEM. Pa3zpaboTtas 3To yCTpOnCTBO,
BeJIMYANIINI reHui yeoBedyecTBa — nHxkeHep Hukomna Tecna. s pyHKIIMOHMpPOBaHUS reHepaTopa
HEOOXO/IUMBI:

— 9Heprus (MOJOKUTEIbHBII U OTPULATENIbHbI MOTEHUMAJ, CO3/AIOLIME SHEPreTUYEeCKUn
MOTOK);

— YCUJIUTEJIb — YCTPOMCTBO, KOTOPOE YCHJIMBAET CUTHAJI CO BXOJa Ha BBIXOJ;

— pe3oHartop — KojedaTeIbHOe YCTPOMCTBO, MMEIOIIEe YaCTOTY PE30HAHCA U BBICOKYIO 100pOT-
HOCTb;

— oOparHas nonoxurenbHass cBsa3b (ITOC) — kaHa, MO KOTOPOMY YacTh HEPrHM CHUTHATA
C BBIXOJIa YCHUTUTEJIS, TIOMaaeT Ha ero Bxof. i Toro, 4ro0bl reHepaTtop Havdajl padoTarh, HeOOX0-
JMIMO, YTOOBI CUTHAJT C BBIXO/IA YCUJTUTEITS BEPHYJICA OOPAaTHO Ha BXOJ] C 3aJIEPKKON PABHOU TIEPHOLLY
Kosie6aHus (MM KpaTHO nepuony). Kpome Toro, aMIuTy/ sl CUTHAJIOB Ha BXOZIE M BBIXOJIE YCHITUTEIS
JOJKHBI OBITH paBHBI (T.€. K03(ppurmeHT ycunenus odparHoit csizu [IOC nomkeH ObITh paBeH eu-
Hute). [Ipy 3TUX yclIoBUSI BOBHUKHET rAPMOHMYECKOE aBTOKOIeOaHre, B KOTOPOM KoJieOaTeTbHbIH
Trporiecc NoaAepKuBaeTcs: motpediseMon suepruei. [1o cyTu nena, mocTossHHAS SHEPrusl mpeoodpa-
3yeTcs B nepeMeHHylo. [lepemeHHas sHeprusi pacpocTpaHsieTcsl B IPOCTPAHCTBE BOJIHOBBIM IIPO-
LIECCOM, KOTOPBII NEPEMEIAET IHEPTUIO 32 CUET UHEPLUOHHBIX CBOICTB CpPE/IBI.

To ectp, cpeaa cocobHa mepeMeniarth B MPOCTPAHCTBE MEPETEKAIONIyIo APYT B Ipyra MOTeH-
LIMAJIBHYI0O U KMHETUYECKYI0 SHEPIuIo, MOJMyYeHHYI0 OT reHeparopa. B cpene BOKpyr reneparopa
oOpa3yeTcsi BOTHOOOpa3HOE SHEPreTHUEeCcKoe 1ojie, KOTOPOe PACIIUPSETCS B IPOCTPAHCTBE CO CKO-
POCTBIO PACIPOCTPAHEHUs CUTHAJIa B JlaHHOH cpene. Ecam B 3T0 HepreTnyeckoe mnoJie nome-
CTUTh O00'bEKT, NMEIOIHil pe30HAHC HA JAHHOW /JIMHE BOJHBI, TO 3TOT 00bEKT HAYHET
3a0upaTh YHEPruio, NOJy4YeHHYI cpeaoii. B pe3ynbrare 4acTh SHEpruii reHepaTropa HaYMHAET
niepeaBaThCsl STOMY OOBEKTY, KOTOPBIA Ha3biBaeTcs MPUEMHUKOM. Eciy reHepatop v MpUEMHUK
MMEIOT a0COIOTHO OIMHAKOBYIO YacTOTY, TO MPUEMHUK MOXET 3a0MpaTh TaKOe KOJIMYECTBO SHEp-
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TUi, YTO TreHepaTopy HAYHET He XBaTaTh MOILIHOCTH. B pesyibrate 9TOro amMIumMryga SHepreTuye-
CKOTO TIOJISI BOKPYT TeHepaTopa HAYHET YMEHbIIIAThCsl, YPAaBHOBELIMBasI MOTPeOIeHe SHEPTUU TIPH-
eéMHUKOM. [ HopMabHOTO (hDyHKIIMOHMPOBAHUSI CUCTEMbI T€HEpaTop — MPUEMHUKU, MOIIHOCTh
reHeparopa JOJKHA MPEBBIIIATh CYMMAPHYIO MOIITHOCTb BCEX MPUEMHHKOB (B TOM YHMCIIe M TTAPa3UT-
HbIX). [Tupamuga Xeorica — 3T0 MOITHBIN UH(PPA3BYKOBOU MIMPOKOBEIIATEIbHbI T€HEPATOP SHEP-
Iy, ¢ Hecymen yactoror 12,25 I'. DHeprus 3Toro reHeparopa MOXeT ObITb TPUMEHEHa B JIIOOBIX
1eJIsIX, B TOM 4YHucie Ui CBsi3U. Mcronb3yeTcsl KaipupoBaHue, pa3BepPTHIBAHME U CUHXPOHHU3AIIMIO
MH(pOPMAIIMOHHOM COCTaBJIsApIIeN SHeprun. Bee 3T0 MMeeT OrpoMHbBIN paguyc 1elCTBHS, BO3-
MO>KHO, HA BCI0 TEPPUTOPHIO IVIAHETHI.

Anapeii Jlememko [30]. lnamarHeTUKY BCeryia €CTECTBEHHBIM 00pa30M HaAMarHUYMBAIOTCS
HaBCTpeuy MPUJIOKEHHOMY BHEIITHEMY MarHUTHOMY IOJTIO ¥ TIOTOMY BITOJIHE MOTYT 3aMEHHUTh ITOCTO-
SITHHBIE MATHUTBI. DTO CYIIECTBEHHO MPOJITUT CPOK IKCILTyaTaly reHeparopa. Camoe BaXHOE TO, UTO
C TIOMOIIBIO JTAHHOTO JIBUTaTesisi BO3MOKHO MOJY4aTh SHEPrui0 U3 MArHUTHOTO MoJist 3eMJn
KPYIJIBIi IoJ1, B TIOOYIO TOrOY, B TIOOOE BpeMsI CYTOK, JIO TeX Top, TIOKa Oy/IeT CYIIeCTBOBaTh Mar-
HUTHOE ToJie 3emuti. Takum 00pa3om ecnu BOM3U SKBaTopa, COHIIE SIBISETCS] «<BEYHBIM» MCTOY-
HUKOM SHEpruu, TO yKe ¢ MPUOMMKEHHEM K IOJTI0caM, CaMO MarHUTHOE ToJie 3eMJId, BEpHEe ero
BEPTUKAIbHASI COCTABIISIONIAs, MTPEACTABISIET BCEera MPUCYTCTBYIOIMI HencueprnaeMblii ICTOYHUK
SHEPIUu.

Anppeit Bep:xouukmii [33] «CoBpeMeHHasi cBepX4acTOTHAsI TEXHUKA M TEXHUKA MHUPAMU-
AaJbHOM KOHCTPYKLIMH coBmagaioT. CoBMagaloT BOTHOBOIbL, IIIIEH(BI, JETAN, BIUIOTh IO MEJIOYeH.
B dokyce pa3mernaercs mycrast KOMHATa, a CKOHIIEHTPUPOBAaHHAsI COTHSIMH KBa/IPATHBIX METPOB I'pa-
Hell IMpaMuU/Ibl SHEPrUsi KOHIIEHTPUPYETCs Ha MOTOJIKE TOM TaK Ha3bIBaeMOM MorpedabHOM KaMephl,
BBI3bIBAsI MUKPOBUOpaluio OI0KOB. B kamepe B 3TOM MOSIBIISIETCS 3BYK, OHA SIBJISIETCS] pE30HATOPOM.
Uro kacaercs NMMpaMHUIIBHONW aHTEHHBI XeoIlca, TaM BCE PEe30HATOPhl OYeHb TOYHO IMOACTPOSHBI
Ha 4Jactoty 438 repr. PU3MKMA PacCUUTAIIM, YTO ervreTckre mupaMuabl ['n3pl ObLIH CO3JaHbI
JUIs1 padoThl €O 3BYKOBbIMHU BOJHAMH. CTOPOHHUKY STOW BEPCUM CUMTAIOT, YTO UYEJIOBEK, JIeKa
B capkodare, MOr MpuHUMaTh UH(POPMAIIHIO B BUJIE 0OPA30B WM 3BYKOB.

Kpucrodep Jdann [33]. daxe odnagas TeXHOIOTMEH aKyCTUIECKON UM SJIEKTPOMAr HUTHON
JIEBUTAIMY, BO3BECTH OJHY TOJbKO Benmnkylo mupamuty ['u3bl ObUTIO HEJIETKUM JIEIOM. A MEXy TeM
NUpaMUIbl Ha TUIAHETe HUTJE He BCTPEUaloTCs IOOIUHOUKE. YPOBEHb 3HAHUM, 3a7I0KEHHBIX B IPEB-
HUX MUPAMHUIaX MHUPA, HACTOJBKO BBICOK, YTO BIOPY TOBOPUTH O KOJIOCCAJIBHOW padoTe BO UMS
HEeKoel BaKHOW 1eu. Bpsij u nmupamuasl CTpOWIIM ISt KPacoThl — CYIIECTBYET MHOKECTBO Xpa-
MOB TEX K€ 310X C YylAeCHbIMH Oapenbedamu 1 ppeckamul. B To ke Bpemsi, HU B OHOU MUpamMuIe
He ObUIO Hai/IeHO HU OfiHOTO yKpareHus. [Tupamuaa ssBHO UMena TeXHUYeCcKoe 3HaueHue. Pazmy-
HbIE CBOMICTBA MATEPUAJIOB, M3 KOTOPBIX MIOCTPOEHA, HAPUMED, MUPaMu/Ia Xeorica, MOTIIU CITyKUTh
oIpe/ieNieHHbIM 1ieT1siM. Ee cepiieBrHa caenaHa U3 N3BECTHSIKOBBIX OJIOKOB. DTO OCOOBIN N3BECTHSIK,
TaK Ha3bIBaeMbIil 10JoMUT. OH OTJIMYAeTCsl BBICOKUM cofiepkaHueM marHusi. biaromapst emy nupa-
MU/Ia XOPOIIO MPOBOIUT eKTpudecTBo. CBepxy Benukas nupamuaa Obuta 0OMUIIOBaHA TUTUTAMU
U3 YKCTOTO U3BECTHSIKA, HE TIpoITycKaomiero 3apsii. [lomyuaercs, uyro nupamuga Oyaro Oblia 3aKpbiTa
M3OJISIIMOHHBIM KOXYyXoM. KOpUAOPHI U IaXThl 3TOTO COOpPYKEeHUs1 — rpaHuTHbIe. OHU BIIOJTHE MOTJIH
yIepKUBaTh SHEpreTueckuid 3apsia. Keratu, o crpyKType 3Tv TyHHEIU U HATOMHHAIOT JIEKTPOKa-
6eb. [TocTynaronmii OT 3eMJIM 3apsij1 ANEKTPUUECTBA B CepIIieBUHE HAOMPaT 000POTHI M KOHIIEHTPH-
POBAJICS Ha BepIIMHE. 3eMJIsl — 3TO JKHMBOE, AKTUBHOE Teso, 0OeCTIeunBaoIiee MoTpeOHOCTH 1IUBH-
JM3alM B TOTUIMBE HA MPOTSHKEHUM MHOTHX BEKOB. [l0 CHX MOp OHM B OCHOBHOM MOKPBHIBAIOTCS
3a CueT MOoJIe3HbIX McKomaembIx. OHaKO Ha 3emiie CYIIeCTBYeT U apyras (popMa SHepriuu, KOTopyro
B €¢ OCHOBHOH (popMe TMOUTH HEe pacCMaTpUBAJIM B KaYeCTBE MOTEHIIMAIBHOTO UCTOYHUKA TIOJIE3HOM
sHeprud. OHa OOBIYHO TPUBJIEKAET Hallle BHUMAHUE JIUIIb TOT/IA, KOTAA IPO3UT pa3pylIeHUAMH. DTO
celicMHYecKasi SHePrusi, 00pa3yoIascs Mpy ABKEHUU TEKTOHUYECKUX ILJTUT, BBI3BAHHOM TTOCTO-
SITHHBIM BOJIHEHHEM PAaCILIABJIEHHOUW MOPOIbI BHYTPU 3eMiii. BONBIIMHCTBO 3eMIIETpSICeHUI — Clie]]-
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CTBHUE TEPEMENIeHHs STUX OIPOMHBIX, OCTPOKOHEYHBIX KAMEHHBIX IJIBIO MM TEKTOHUYECKUX TUIUT,
U3 KOTOPBIX COCTOUT MOBEPXHOCTh Hamlel riaHetsl. [Ipu mporiecce, Ha3BaHHOM IUTMTOTEKTOHMKA,
STU TUTATHI CTAJIKUBAIOTCS, PACXOSATCS COCEACTBYIOT psiioM. OHM He ABUTAIOTCSI CBOOOIHO, HAKATUIH-
BaIOT SHEPTHIO, A 3aTeM PHIBKOM IepeMeIaioTcst. KakIplil TaKoi TOTYOK BBI3BIBAET 3eMJIETPSICEHUE,
TaK Kak yrnpyrasi SHeprusi, HAKOIMBINASICS B KAMHE, BHE3AITHO OCBOOOXK/IAETCS B BUJE CECMUYECKOM
SHEPruH, pacIpOCTPAHSIOMIECs BOTHAMY U3 SNHULIEHTPa. [ paHuIIbl MKy STUMHA KaMEHHBIMU TJTbI-
6amK Ha3bIBAIOT Pa3iOMaMy, U IMEHHO B HUX IIPOUCXOMAT BHE3AIHbIE cMellieHHsl. Takke yCHIIeHUIo
HAIpsKEHUST BHYTPH 36MHOM KOPBI CIIOCOOCTBYET I'PaBUTAITMOHHOE B3aMMOJIEHCTBUE MEXy HaIllei
rianeToit v JlyHou. [IpuyiMBBI M OTJIMBBI TIPOMCXOIAT HE TOJBKO BHYTPH MHPOBBIX OKEaHOB; MaTe-
PUKH TOXE HAXOAATCS B IOCTOSIHHOM JIBM)KEHUH: OHU TIOJHUMAIOTCS M OITYCKAIOTCs TPUMEPHO Ha (pyT
npu IBHXKeHuH JIyHbI BOKpYT 3eMIIu.

Konebanus, npoucxoasiue BO BHEIIHEM CJI0€ 3eMJIHM, WM 3eMHOW KOpe, MOTYT OBITh Kak
eBa 3aMETHBIMM, TaK U YYIOBHUINHO pa3pylIMTeSbHBIMA. Bo BpeMs 3TOro mpoiiecca BOZHHKAIOT
IIECTh BUJOB YAApHBIX BOJMH. JIBa BHIA, TaK Ha3blBaeMble OObEMHBIE BOJIHBI, OETyT uepe3 3emilo,
Apyrue 4eTbipe BUA SIBJSIOTCS OBEPXHOCTHBIMU BOMHAMU. OHM OTJIMYAIOTCS APYT OT JIpyra JIBU-
JKeHreM Nopofibl. [lepBruHbIe, WM KOMITPECCUOHHBIE BOJIHBI (P-BOJIHBI), MOCHLIAIOT YACTULbI, JBU-
raioiyecs B3aj U BIiepell, B HAllPaBJICHUU IBHKEHUSI BOJIH. BTopuuHble, KM NONepeyHble BOJIHBI
caBura (S-BOJHBI), KONEOMIOTCS MePIEeHAMKYIISIPHO HAITPABJIEHHIO ABUKEHMsI. P-BoHBI Beerna OeryTt
obicTpee, YeM S-BOJIHBI, U ceiicMorpad peructpupyer ux nepBbiMu [1o MHEHMIO yueHbIX, 3eMJIst
NpeJCTaBJsIeT c000I I'MraHTCKyl0 JUHAMO-MAIIHHY, B KOpe KOTOPOil IHPKYJIHPYIOT KOH-
BEKIMOHHbIE TeYeHHs 3apPs’KEeHHOr0 PacIIaBJeHHOro MetaJjia. VIMeHHO IaHHBI MOTOK
JIEKTPUYECTBA B KOPE U MOPOXKIAET €€ MAarHUTHOE MoJie. YUEHble IO CUX MOp HE pacCMaTpuBalIv
MarHeTu3M, OOpa30BaHHBIA YMOMSHYTHIM TOTOKOM 3JIEKTPHUYECTBA, B KAUeCTBE MOTEHIIUAIBHOTO
MCTOYHHUKA SHEPruH, TIOCKOJIbKY CHJIa 9TOTO TOJIs OTHOCUTENLHO HeBeJMKa. V3BecTHbIe Kak pe3o-
HaHc Illymana, Ha3BaHHBIE B yecTh Hemelkoro ¢usuka B. O. lllymana, npeacka3aBiiero 1aHHbIN
dbenomen mexay 1952-m u 1957 romamu, T OCHOBHBIE KOJICOAHUS SBJISIOTCS CJISICTBUEM SJIEK-
TPUYECKON aKTUBHOCTU MEXAY 3eMJlell U BEPXHUMHU arMoc(epHbIMM clnosiMU. Tak Ha3biBaeMasi
JEKTPOMArHUTHASl «BHAJUHA» COCTOMT M3 3eMJM, MoHOchepsl, Tpornocdepbl U MarHUTOC(EPHI.
OcHoBHas YacTtoTa Koje0aHui paBHaA Mo pacuetam 7,83 repiia ¢ HAKJIAJIBIBAIOIIMMHUCS YacTOTAMU
B 14,20,26,32,37 1 43 repiia. Jueprust 3eMJIn JeJUTCS HA MEXaHUYeCKYI0, TEILUIOBYI0, JJIeK-
TPUYECKYI0, MATHUTHYIO, SIIEPHYI0 H XHMUY€ECKYI0, MPUYeM Ka:K/blil BUJl SHEPruu sIBJIsI-
eTcsl HCTOYHHKOM myma. Cjie1oBaTe/IbHO, el CTBYIOIIAsI SHEPrusi MOPO:KAaaa Obl 3BYKO-
Bbl€ BOJIHBI, CBSI3aHHbIC C ONpeeieHHbIM KoJeOaHHeM CO3JAIONIeN ero SHEprul U MaTephajioMm,
Yyepe3 KOTOpbiid OHa mpoxoaut. C JIpyrod CTOPOHBI, JII0OOE NEKTpUIecKoe BO30YXKICHUE BHYTPU
3eMIIn TIbe303JIeKTPUIECKUX MATepUasioB, CKakeM, KBaplia, MPUBOAUIO Obl K 00Opa30BaHMIO 3BYKO-
BBIX BOJIH BHIIIIE IMANA30Ha CIBIIIMMOCTH YeI0BeKOM. Mateprasbl, MOABEPrHyBIIMECS BO3/ICHCTBUIO
BHYTPH 3€MJIH, CIOCOOHBI HICITYCKaTh BCIIECKH YJIbTPAa3BYKOBOI0 H3JIy4eHus1. Matepuasibl, moj-
BEPrHYBIIMECS YIPYron AedopMaliyu, UCIyCKAOT CUTHAJ ¢ 00Xe HU3KOM aMIUTUTY/ION, YeM TOr/a,
Korjga B pesynbrate aedopManuu nossisiorcs: TpemuHsl. [lapoBas MonHus, Kak Mpearnosaraior,
SIBJISIETCS] TA30M, MOHM3UPOBAHHBIM TOJI ICHICTBUEM SJIEKTPHYECTBA OT KBAPIICOAEPKAIINX KaMeH-
HBIX TIOPOJ, HAIPUMED, TPAHUTA, TIOABEP;KEHHOTO BO3/ieiicTBMI0. HeyauBuTeIbHO, UTO JII000H 3BYK,
9TO Pe3YJIbTAT EKTPUUECKON, MAarHUTHOM, TETJIOBOW, MEXaHUYECKON U XMMUYECKOU eI TeIbHOCTU
3eMJIM, OCTaeTCs He3aMeUueHHbIM. M3-3a OKpy:kaloiiero Hac BHeIHero (hoHa U I1yma, co31aBaeMoro
HAMU B MOBCETHEBHOM XKM3HM, Mbl HE CJIBIIIMM 3BYKOB 3eMiu. Kak snekrpuueckast SHEprusi Cro-
coOHa MOpOJKJaTh MEXaHU4YeCKue KoneOaHusl (BOCIIPUHIMAEMbIE YeJIOBEYECKIUM yXOM KakK 3BYKH),
TaK, B CBOIO 0O4Yepe/ib, 1 MEXaHUYEeCKUe KoJieOaHusI CIIOCOOHBI MOPOKAATh JIEKTPUIECKYI0 SHEPIHIO,
CKaXeM, B BHUJE paHee YHNOMSHYTOW IIapoOBOM MOJHHMU. B TakoM cilydyae MOXHO JOMYCTUTb, UTO,
ecau 3eMIisl SIBJISIeTCSl ICTOYHMKOM MEXaHW4YeCKOW BHOpAIMU U, €ClU Y KOlMeOaHWi TOIXOASIIHe
aMITTATYJA ¥ 9aCTOTa, TOr/ia KoJie0anusi 3eMJId MOIJIH ObI CTaTh HCTOYHINKOM YHEPIruu, KOTo-
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PYIO MbI MOIJIM ObI HCIIOJIB30BAaTh B CBOUX IeJisIX. bosee Toro, ecii Obl Mbl BBISICHWIIM, YTO
COOpY’KEHHE OIpeieNieHHON (hOpMBI, HAITPUMEP, MMPAMU/A SABJISETCS NPEeKPACHLIM Pe30HATO-
POM KoJieOaHui, HAyIuX H3HYTPH 3eMJIH, TOrAa Obl Y HAC MOSABHJICS HAJe:KHBIA 1 Heq0-
poroii NCTOYHMK Hepruu. Mrak, naBaite B3MIsTHEM Ha MUpaMuIy Xeorica U ee CBsA3b ¢ 3eMJIel.
Hekotopble HEeBEpPOSTHBIE CBUJIETENILCTBA, 3AITUCAHHBIE UCCIIEA0BATEIAMHE, TIO3BOJISIIOT HaM MPe.rio-
JIOXHUTh, YTO CTPOUTEIISIM ObLJIO HEOOXOAMMO YCTAHOBUTH HETIOCPE/ICTBEHHYIO CBSI3b C HAIIICH IJTaHe-
Toil. KoHeuHO, TO 0OCTOSITENILCTBO, UTO MUpamMKIa Xeorca pachoyiokeHa B IEHTPe 3eMHOW CYIIH,
MOXHO CUECTh IPOCTBIM COBIA/ICHUEM, OHAKO JAPYTUe XapaKTePUCTUKU JAHHOTO COOPYKEHHS yKa-
3bIBAIOT Ha OJIM3KYIO CBS3b C 3eMJiel, Ba)KHOCTh KOTOPOU TpyaHO He 3ameTuth. Korma xon Teit-
Jop mucai o Benukoii mupamuze, 4to «oHa MOCTPOeHa AJIsl TOrO, YTOObI IPOU3BOAUTH M3MEpPEHHUE
3emin», OH OCHOBBIBAJI CBOW BBIBOJI Ha COOCTBEHHOW OLIEHKE psifia MOPA3UTENIbHBIX MaTeMaTude-
CKMX aHaJIM30B, MPOBEJECHHBIX BO BpeMsl M3yUeHHs pa3MepoB Mmupamupl Xeorca. Jlanee oH roBo-
put: «Mm ObUTO M3BeCTHO, UTO 3emuts — 310 chepa. HaOmomas aprskeHue HEOSCHBIX TeJl HAJl 3eM-
HOH TIOBEpXHOCTBIO, OHM PAaCcCUMTAIN €€ OKPYKHOCTh U TIOKeJIaIl OCTABUTh HAIIOMUHAHUE 00 3TOM
OKPYKHOCTH HACTOJIbKO TOYHOC€ M BEYHOEC, HACKOJIBKO 3TO 6I)UIO B UX CUJIax». HI/IE].HI_[I/I CMur o1~
nepxuBan JIxxoHa Teinopa u yacto ¢ HuM odmancs. [Tociae koHunHb Teiinopa, mocenoBaBIiei
B 1864 rony, CMuTy yganock NOATBEPAMUTH €TI0 PACUETHI, a TAKKE €ro MPEeAIOI0KEHUE OTHOCUTEIBHO
CBSI3U MEXly mupamMuIon Xeorica U 3emieid: «31ech, BUIUMO, CYIIECTBYET ele OOXe yIuBUTEb-
Hasi COPa3MEpHOCTh, ME3K/1y BecOM Besmkoii mupaMu/isl M BecoM Hailel riaHetsl 3emuist. Bec Benu-
KOW MUpaMH[bI COOTHOCUTCSI ¢ BecoM 3emun». [lo pacueram CmuTa, BeC MUPaMU/IbI COCTaBIISIET
5 273 384 Tonnnl, Bec ke 3emim — 5 273 000 000 000 000 000 000 tonn. CaemoBaTeabHO,

[0 ero oleHKe, OH PaBeH 10" uenoro umcaa Beca 3emun. Bropoe BepositTHOe 00bsICHEHHE
TaKOBO: 3eMuisl BIMsUIA Ha (DYyHKIIMOHMPOBAHUE MM paMuIbl Xeorica. BkiroueHne 0 CHOBHBIX H3Me-
peHHuil IJIaHeThl B MUPaMUY NOBBICWIO ee 3(h(PeKTHBHOCTD, I B pe3yJbTaTe OHA CMOIJIA
CTaTh OJJHUM rapMOHUYHBIM I[eJIbIM C Hallel miiaHeTon. Ham n3BecTHO, 4TO 3eMJls MpeacTaB-
JsieT coOOH Koneommoleecs: aKTHBHOE TeJIO, B HeIpaxX KOTOPOTo KOISATCS TPOMAaJHbIE CHJIBI, OTHAXKIbI
BBIPBIBAIOIIMECS HAPYKY U OCBOOOKAatoNMe Maccy sHepruu. C Haieid CTOpoHbI ObUIO ObI YMECTHO
cripocuth: «Kak Obl HAM UCIONB30BATh JAHHYIO SHEPrHI0 B CBOMX Iessx?» CyllecTByeT Jiu CIo-
co0 OTBOJA YacCTW SHEPrvHd, yMEHBINAIINA TAKUM 00pa3oM ee MOIIb W, BEPOSITHO, MPeJoTBpaIia-
IOIIMIA pa3pylIMTeSbHOE 3eMIIeTpsiceHre? YUueHble MPOJEMOHCTPUPOBAIN HaM, YTO OJHH O00bEKT
crnoco0eH, B MeHbIIIeM MaclITade, OTBECTH YHEPrui0 U3 JPYroro KoJeoduaromerocsi 00b-
€KTa NPH YCJIOBHH, YTO YACTOTHI HX KoJieOaHui rapMoHH4Hbl. OqHaKo 3a0paTh MexaHude-
CKYIO SHEPruio 3 3eMJIM 3aa4ya YyJOBHUIIHO CJIOXHas. KakuM xe TpeOOBaHUsM JOJIKEH OTBEYATh
UCTIONB3yeMblid HaMU OOBEKT, YTOOBI OHA OKa3asiach HaMm 1o cuiam? Ilpexe yeM OTBETHTh Ha 3TH
BOIIPOCHI, HAM CJIeAyeT OCBEXKUTh B IAMSTHU CBE/ICHUSI O PE30HAHCE U TApMOHMKAX, MO0 9TO MIMEHHO
T€ MPUPOJIHBIE SBJICHUs, KOTOpbIe, HABEPHOE, OTPEOYIOTCS HAM TIPH BBINOJTHEHUW JaHHOW 3aJauM.
Pe3onaHc — 3T0 MHAYIIMPOBaHHOE KOJeOaHUe OHOrO 00beKTa ¢ Apyrum. IIpocTbiM mpumMepom pe3o-
HaHCa sBJISIETCS] MMaHUHO. HaxkMuTe OIHY MJIM HECKOJIBKO KJIABHII, 00pa3yIoNMX akKKopH, He yra-
psisi, a 3aTeM HaJaBUTE Ha TeJab TPOMKOCTU. ChIrpaiiTe Te K€ HOThl Ha OKTaBY BBIIIE, U CTPYHBI,
OCTaBJICHHBbIE BaMHU OTKPBHITHIMU HA HWKHEW OKTaBe, TOXKe Ha4HYyT Kosebarbcsi. Harolite 6e3 cio
B ITMAHMHO Ha TOM K€ CAMOM BBICOTE, U CTPYHBI BHOBb CTAHYT BUOPHPOBATH. DTOT MEPEXOJl SHEP-
TUU TIPOMCXOAUT Onarozapsi pezoHancy. [lepenaua sHeprum m KoneOaHusi HepasaeabHbl. CTPyHbI
MY3bIKaJIbHOIO HHCTPYMEHTA IO BO3JECTBUEM HAUMHAIOT KOJIe0aThCsl, ¥ SHEPTHsl B BUJE 3BYKOBBIX
BOJIH TOCTYINAeT K HAIIUM yiiaMm. [apMOHMKOI Ha3bIBAIOT sIBJIEHUE, KOTJa PacipOCTPaHSIOMIUICS
B BO3/IyX€ 3BYK BBI3bIBAET MEXaHUMUYECKUE KONEOAHNS B PAa3HBIX CTPyHAX MUAHWHO, IIPUYEM YacTOTa
KOJIeOaHUI pa3ryHa. DJIeMeHThI (CTPYHbI) MOMIOMIAIT SHEPIHi0 U3 UCTOYHUKA JIydIle, €CI OHU
onHo¥ yactoThl. KpaTHble 0CHOBHOII yacToTe BO30Y:KI€HNs, H3BECTHbIe KaK rapMOHUY-
Hbl€ YaCTOThI, TOKe HEIJIOXO MOIJIOMIAIOT 3TY SHEPruIo. [[pyriM pumMepoM, CBUIETEIbCTBY-
IOIIMM O MOTEHIAIBHO pa3pylIMTESIbHON CHJIe Pe30HaHCa, SIBJSETCS MPHUKAa3, OTJaBaeMblid COJIIa-
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TaM TIpU MPOXOKAEHUN MTOMOCTY, IaraTh He B HOry. Kaxplil mar comnjara BO3/IEHCTBYeT Ha MOCT.
Ecnum sxe Bce conpatel OyayT WATH IO HEMY B YHHUCOH, TO SHEprusi, 00pa3yloIasics mpy MpoxoskK/ie-
HUM OJIHOTO IIIara, BO3pacTeT MHOTOKPATHO, M MOCT, KOTJIa COMIaThl OyayT UATH TIO HEMY, HAYHET
packauuBarbcsl. TOMOT HOT MO MOCTY Ha3bIBAIOT YaCTOTOM BO30ykaeHus. Eciu yactora Mapimpyio-
IIMX HOT COBMAJAET C €CTECTBEHHOM PE30HAHCHOM YaCTOTOM MOCTA, MOIIOLIEHUE SHEPTUU IOCTUTHET
CBOEro MakCHUMyMa U KojieO0aHHe MOCTa BO3PACTyT MHOTOKPATHO, YTO MOXET IMPHUBECTU K €ro pas-
pymenuio. [I1st Toro, 4ToObl BBI3BaTh MEXaHUYECKUE KOMeOaHusi M M30aBUThCS OT JIaBJICHUsI, HAKO-
MUBIIIETOCS] BHYTPU 3eMJIA, HAM HEOOXOIMM OOBEKT, YaCTOTa KOTOPOTO PEe30HUPOBaia Obl C OCHOB-
HOM YaCTOTOM HaIlleH IJIAHETHI. DTOT 00bEKT JOJIKEH OBbITh TAKHM, YTOObI €ro COOCTBEHHAsI
PEe30HAHCHASI YacTOTa ObLIA TaKoil »Ke 00 rapMOHNYHA 3eMHOIi. B 3TOM cayuae nepe-
X0/1 SHEPruy U3 HCTOUYHNKA NpolIe 0bl NPH MAaKCHMAJIBLHOI Harpy3ke . Toria 1aHHBIA 00b-
€KT, BOBMOXHO, TPEeBPATUIICS Obl B CONMPSIKEHHBIN OCIIUIUISITOP. DTO OOBEKT, PE3OHUPYIONTUH C PY-
T'M, OOBIYHO OOJIee KPYITHBIM KOJIeOMomumMcst 00beKToM. JIefCTBYIOMINI CONPSIKEHHbIN OCIUIUISTOP
TIOIJIONTAET SHEPIUI0 U3 UCTOYHMKA U KOJeOneTcs, Moka Konebnercsi uICTOYHUK. TlockomnbKy 3emuis
MOCTOSIHHO TIOPO’KJIA€T IIUPOKHIA CIIEKTpP KOIeOaHWid, Mbl MOIJIA Obl MCIOb30BaTh MX B KayeCTBE
MCTOYHHUKA SHEPTUH, eCiv Obl 00JIaJaT COOTBETCTBYIOIIEH TexHooruei. Kak u cnegoBaio oxuarh,
M000€e YCTPOUCTBO, MOTJIONIABIIIee OOJTbIIE SHEPTUH, YeM OOBITHO, UCXOMUT U3 3eMJIH, 3HAUYUTETHHO
yerio Obl 3(P(EeKTUBHOCTh 000PY/IOBaHUS. DHEPrUH MPHUCYIIE CIeJOBATh MO MyTH HAMMEHBIIIETO
COMPOTHBJICHU S, TOITOMY 4epe3 JTI000e YCTPONCTBO, MO3BOJISIONIEE SHEPTUH IPOXOAUTH C MEHBIITM
COMPOTHBJICHUEM, YEM B OKPYKAIOIIEH Cpejie, POXOAMUIIO Obl 3HAUMTEILHO Oosbiiie Heprun. [ToMHs
00 3TOM M 3Hasi, YTO MUpaMua Xeorica sBISETCS MATEMAaTUIECKUM LIEJIbIM YUCIIOM 3eMJTH, MOKHO
MIPEATONOKUTh, YTO MHPAMHAA COCOOHA BUOPHUPOBATH HA TAPMOHMYHON YacTOTEe OCHOB-
HOM 4acTOThl 3eMJIU. AKYCTUYECKHUE JIaHHbIE, XOTh M CKYJHbIE, CBUIETEJIbCTBYIOT B MOJb3Yy TEO-
pUM, COTJIACHO KOTOpOH mupaMuaa Xydy OTBedaeT Ha KojneOaHus, HayIue 13 TIIyOuH Hallei Iuia-
Hetsl. Kpucrodep [lann xaneer, yro ero He Obuto psiioM ¢ Tomom [Isnnu, koHcynstantom HACA
Y WHXEHEpOM-aKyCTUKOM, KOIZla OH TMPOBOAMJI aKyCTHUYECKMH aHanu3 BHYTpu Llapckoil kamepsbl.
B Hacrosiee Bpemst [9Huu elnie He onmyOIMKOBa IAHHBIX MPOBEICHHOTO MM MCCIIEJOBAHMS, TaK KaK
cBsi3aH oroBopom ¢ ¢onom Illopa, yacTHOI HayYHO-UCCIEI0BATEILCKON OpraHu3aliiei, BO3riiaB-
JsieMoit mpombltiuieHHUKOM [Ixo3edom [Hopom. Dtot ona puHaHcHpoBal uccienoBanue [IoHmm
B iupamuzie Xeorca B 1996 roay, u, codmonast ycaoBus coryianieHusi ¢ eruneTckum OTaenom apeB-
HOCTEH, OHM He Pa3IJiallialoT MOJTyYeHHBIX JaHHBIX. BripodyeM, Apyroil WieH 3TOi SKCHEAUIN OKa-
3ajics He cTonb MomdyanuB. Bopuc Caupl, HbIHE JOKyMEHTAIUCT, ObuT npomiocepoM «TaiiH CuHkca
(The Mysteries of the Sphinx)». Caun Toxe ObuT cBsizaH goropopom ¢ donraom Illopa, omHako oH
3assBuJ1, uto Iop cam Hapymmi coriameHnue, He COOOIIMB eMy, YTO €ro paspelleHre Ha ChbeMKY
¢unbma B ['m3e ObUIO OTO3BAHO MM MCTEKJIO, KOTJIA OH ellleé CHUMaJl Ha Tuiato. [laBasi MHTEPBbIO
Ha pajauo B moy Apra bema, Canp pacckasan o0 skcriepiMeHTax [I9HH, BO BpeMsi KOTOPBIX ITpUMe-
HsUTM OOJIbIIINE YCUTUTEIH, PETPOILYKTOPHI C OYeHb HU3KMMH YaCTOTAMH U aKCEeJIepOMETPHI (yCTpPO-
CTBO JIJIs1 OOHapyXXeHUs BUOpaIMu), KOTopble moMmecTuim B Llapckoil kamepe U B KakIOM U3 3a30-
poB Hazg Llapckoit kamepoit. Bosbiast yacTb JaHHBIX, TOMTYYEHHBIX [I9HIHM, 10 CHX MOp HE U3BECTHA
[IMPOKOH MyOIvKe, BIPOYeM, TO HeMHOToe, uTo cooOmmm Canf, peKJIaMUupysi CBOU IOKYMEHTTbHBIN
BU/1e0(pHIIBM, IOBOJIBHO MOKa3aTesbHO. [locienyoniye SKcriepuMenTsl, poBeaeHHbie Tomom [IaHmm
B Llapckoit kamepe nupamuapl Xeorca v B Kamepax Haj Llapckoii kamepoit, MO3BOSIIOT MPEAToNo-
KUTh, YTO HA3BaHHAsS NMUpamuIa ObUIa TIOCTPOEHA TSl aKYCTHKH. [9HIIM OOHApYXWII YeThIpe MeCT-
HBIe YaCTOTHI, WM HOTHI, YCHJIMBA€Mble KOHCTPYKIMEH MUPaMUIBl U MaTepralaMH, UCIOIb30BaH-
HBIMHU TIpH ee cTpouTesbeTBe. HOThl OT (ha-aue3, KOTopble Mo IPeBHEETUIIETCKIM TEKCTaM SIBJISIIHCH
rapMOHHUKOW Hallle riaHeTsl. bonee Toro, onbITel JI9HIN CBUIETENBCTBYIOT O TOM, YTO STH YACTOTHI
npucyTcTBYIOT B Llapckoii kamepe gaxe Toraa, Koraa Tyjaa He OCTyIaeT HUKakuX 3BykoB. OHU TaMm,

1
M UX YacToTa Kojeoercs ot 16 a0 / 2 repua, 3HAYUTEIbHO HUKE HAIIETO BOCIIPUATHUA. ITo MueHu10
H3HJ’II/I, 9TU KoyieOaHK I BhI3BaHbI BETPOM, AYIOIIUM I10 KpasAM TAK HA3bIBAEMbIX IIAXT — TOYHO TaK K€
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BO3HUKACT 3BYK, KOIZla KTO-TO AYET MOBEPX I'OPJbIIIKA 6YTBIHKI/I. I[SHHI/I MMpEJIOKNIT UHTEPECHYIO
TEOPHIO, COITIACHO KOTOPOW MCTOUHUKOM MH(Pa3BYyKa sIBJIsIETCS BeTep, HO y JlaHHa 3aKpajioch Moao-
3peHue, YTO OH YTO-TO CKpbIBaeT. BHITh MOXKET, MpH MOMOIIY NPHOOPOB OH YCTAHOBWJI, YTO
HCTOYHHKOM 3BYKa sIBJsIETCS 3emJisl. 3aHnMas OOJIbIION yJacToK cyi, Beankasi nmpamuja
npedbIBaeT B rapMOHHYECKOM pPe30HaHce ¢ KoJieOaHueM 3eMJIH — KOHCTPYKIIMs, KOTopas
MOIJIa CITYyXKUTh aKyCTUYECKUM YCTPOMCTBOM JJisi cOOpa, MPOBEICHUS /W COCPEOTOUCHHUS 3eM-
HBIX KoneOanuii. Ham He ocraercss HUUEero Apyroro, Kak c/iesiaTh BBIBOJ, UTO SHEPrusi, CBA3aHHAS
¢ (hopMoii TMpaMUIbl, TIOSBISUIACH HE M3 BO3AyXa U HE SIBJISIACH YyJeCHBIM MOPOXKIEHUEM IeOMeT-
puuecko (hopMbl MUpaMU[bI, & MUpaMKUJa MPUHMMAIIA SHEpruio U3 Henp 3emun. He nckioveHo,
YTO HAJIMYMEM YJIbTPA3BYKOBBIX BOJIH MOKHO 06’[)HCHI/ITL SIBJICHUA (pI/I3I/I'~IeCKOFO NnopsAaaKa, nepexu-
ThIe HEKOTOPBIMH JIIOIbMH, KOTJ]a OHH BOIILTA B UpaMu 1y Xeorca. EMy B 9TOM MOMOraim HECKOJIbKO
nydrmx B EBporie crienuaimctoB B 001acTy MeTaJUTy pruf. BeHequKe mpuiies K clieyIoeMy 3aKTio-
YEeHUI0: MHpaMHuAadbLHas (popMa cnocoOCTBYeT CO3JaHUI0 Pe30HAHCA MJM MOJisI KoJiebda-
Huil. [Ipoeccopst Bopu u Jleprec u3 I'epmanum mpoaeMOHCTPUPOBAIN, UTO SHEPTUS CBEPXBBICO-
KHMX YaCTOT BO3JEWCTBYET HA JUIOJIbHBIE MOJIEKY/IbI BOBI BHYTPU TAaKOr0 0OOBEMHOTO pe30HATOpa,
KaK nupamMuia, 1 4TO CAaHTUMECTPOBLIC BOJIHBI CBEPXBBICOKUX YaCTOT U UX I'APMOHUKH CHOCO6H])I,
Ha4MWHadA Mpouecc aeruaparanyu, BoI3bIBaTh U YCUJIMBATD BPAIICHUE JUIIOJIbHBIX MOJICKYJI. Otn COO6-
IIEHNs], €CJTM OHU BEPHBI, CBUETEIbCTBYIOT O TOM, YTO MUpaMu/aa Xeomnca CJIy>KUT NPOBOIHU-
KOM HIMPOKOI0 CHEeKTPa 4acToT Kojedanuii. Korna paccMarprBaioT MaTeMaTuyeckoe COOTHO-
IIIEHEe pa3MepoB MUpPaMUIbI Xeorica 1 3eMJTH, TO BBISIBUIIM, YTO OHO HE CIIy4aiiHO, a Pe3y/IbTaT SICHO
BBIPQXXEHHOTO HAMEPEHUsI CTpOoUTeleld. BbuTo OBl OJIE3HO, €CIH ISHCTBUTEIIHHO OT pa3MepoB Hallle
IJIAHETBI 3aBUCAT BOJIHOBBIC XapPaKTCPUCTUKHU KOH€6EIHI/II'/JI, HUCXOOAIMX U3 3EMHOIO AApa, Y4ECTb UX
B MPUHUMAIONIEM YCTPOWCTBE YIIOMSHYTBHIX KoeOaHuid. [IpueMHUK TapMOHMYHO OTBEYaeT Ha HUX
Y pe30HUPYET BMECTe C HUMU. JHeprusi 3eMuin 4yoBUIHa. O0 3TOM CBUJIETENILCTBYIOT CEUCMU-
YecKre BO3MYIIEHHS TI0 BceMy MUpY (TI0 OIleHKaM, OKOJIO MIJUIMOHA €XKETO/IHO) W CTPALTHON CHJIBI
H3BCPKCHUSA BYJIKAHOB. s SBOJIIOIINN HAIlEeN IUTAHETHI 3T SIBJIEHUS HOCAT HE eIlI/IHPI‘leIfl, a I1IoCTO-
SIHHBIH XapakTep. be3 sHeprum HeT aeKTpUIecTBa, KOTOPOE MbI HCIIOJIb3YeM MOBcIofy. B 9T0ii cBs31
BO3HUKAET 3aKOHOMEPHBIN BOMPOC: KaK OBl MOCTaBUTh ce0e Ha CITyXOy SHEepruio 3emyeTpsceHus?
CoBepIiieHHO OYEBU/IHO, UTO, €ci Obl CEroHs MMpaMuaa Xeorca sBIsiach MPOBOJHUKOM OTPOM-
HOU MacChl SHEPI'UH, TYPHUCTHI HE MOTJIN OBl KQXX/IBIN IEHb MTPOTYJIMBATHCSA 10 Hell. YUTOOBI 9Ta cucTemMa
padorasia, mupamMu/a J0JKHA ObITh MEXaHUIECKH CBsI3aHa ¢ 3eMJliell U KoieOaThest BMecTe ¢ He. [l
9TOI'0 CUCTEMY HaJ10 «3aBECTH» — BbI3BATbH KOJIC6E].HI/I}I B IMpaMU e, JIMIIb TOraa Mbl ITOJTY4YUM JOCTYII
K KoJteOaHusIM Harel ruianeTsl. [lociie nepBuyHOro, Ha4aabHOTO MMITYJIBCA MUpaMuia Oblia Obl CBsI-
3aHa ¢ 3emJield U cMoryia Obl ueprarth ee SHepruto. [Iupamuaa Xeorica, oTIaB HEMHOTO COOCTBEHHOM
SHepruu, nmoay4mia Oel B3aMeH 0e30pexkHoe Mope ee. Kak ske Ham 3acTaBUTh BUOPUPOBATh KAMEHHBIN
MaccuB BecoM 5 273 834 tonn? Ha nepBbiii B3I/ 9Ta 334a4a MPECTaBISETCS HEBHITOTHUMOM. Tem
HE MeHee He Tak JaBHO Ha 3eMJie JKIJT YeJIOBEK, KOTOPBIA yTBEPXKJall, uTo eMy 3To 1o cuiiam! Hukomna
Tecna, ¢pusuk 1 w3o0peTaresb, odnagare b O0Xe IMECTUCOT MATeHTOB, OJWH U3 HUX Ha TeHepaTop
AC, co3fan ycTpolCTBO, HA3BaHHOE MM «CelicMuuecKasi MaiHa». OH yTBepXkKIaJl, 4TO CIOCOOeH
Pa3pylIUTh 3JaHUE MIPY TOMOIIM KOJIeOaHWH, YacTOTa KOTOPBIX COBMAAAeT C PE30HAHCHOM 4acTo-
TOM yKa3aHHOTO 3[aHus. ['oBopsT, OyITO eMy Jaxe MPUIIUIOCh BBIKJIIOUUATH BO BpeMs MCIIBITAHUI
CBOM ammapar, nHade Obl oM, Ha KOTOPOM OH OMpOOOBaJl CBOI0 MAIlMHY, OOPYIIWICS Obl HA HETO.
OpnuH u3 pernoprepoB ocBenoMuIcs y Tecbl, 4To Obl eMy HOTpeOOBaIOCh [JTsI YHUUTOXKEHHS 30aHuUs
umrnepckoro mrara. Oter Tecitbl 661 cienytonmM: «I149Te pyHTOB BO3y1IHOTO AaBieHust. Ecm Obl
s TIPYK PENFJT TIOAXOISIINN OCHMJUISITOP KOeOaHUi K TIOTOJIOUHOM OaJike, TO Bce, YTO MHE Obl IOTpe-
6oBasiock, 310 MATh PyHTOB. OcTanmbHOE cAenaeT BuOpanus. Hamo TOMbKO HACTPOUTH KOJleOaHUs
MeXaHu3Ma Ha COOCTBEHHbIE KoJieOaHusI 3/1aHUs, U 3[JaHue pyXHeT. BoT moyeMy comijgarsl, mpoxoss
10 MOCTY, UYT He B HOr'y». YueHslil Tom bBepneH B HayuHoM Jokiiazie, npeacTaBieHHoM B 1988 rony
B MeskayHapoaHoe oOmectBo Tecna, momen Jaipiie B U3y4eHUH 3eMJId KaK MCTOYHUKA SHEPruu
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U TIPEUIOKUI, UTO «/JIsI MOJy4YeHHsI OTPOMHOI SHEePruM BCero-To M Ha/0, YTO 3aIyCTUTH
B He/Ipa 3eMJIM «CeTYaThlil CUTHAJ» M MOJYYHTh B OTBET «IJIACTHHYATHIN curHai». Cro-
si9ast S-BOJIHA TTOCTOSIHHO TIOTIONTHSIETCS 3a CYET CEMCMUYECKON SHepruv u3 3emild, IO3TOMY SHep-
TUI0 MOXHO 4eprnaTh noctossHHO. [IpuvenuB B npamuze Xeorica Metop Tecna, UCTIONb3ys Yepeny-
IOIIMECS B ONpe/ie/IeHHOE BpeMsi IMITYJILChl HA BEPIIMHE MUPaMUIbI M B TTOI3EMHON Kamepe (KCTaTH,
TaKMe Kamepbl MMEIOTCS BO BCEX APEBHEETHNETCKUX MUPaMHU/IaX), Mbl, IOKAIYH, CMOIIU Obl TIPH-
BecTH B JiBkeHHe 5 273 834 tonH kamus! Eciu Obl y HaC ¢ 3TUM BO3HMKJIM 3aTPyAHEHUS, TIOOH-
30CTH HaXOISATCS TPU HEOONbINIME MMPAMU/IbI, U Mbl MOIJIM Obl HA HUX CHayasa UCTIpOOOBATh AaH-
HbII MeTof1. Kak TosbKo KoseOaHus MUpaMHIbl CONBIOTCS ¢ KOMeOaHUSAMM 3eMITH, TIepeiady SHepruu
u3 3eMiii K MMpamMujie MOXKHO OyZeT OCYIIECTBISTh 10 TeX TOp, MOoKa B 3ToM OyJeT HaJ0O0HOCTb.
Cpagy mocrie Toro Kak mupaMuia OKakeTcst CBS3aHHOM C HaIlle TIAaHETOM, HaM, BEPOSITHO, TTPUAETCS
pazpaboTarh crcTeMy, KoTopasi Obl pacrpenesiia Mojgy4eHHyIo SHepruo. [JaHH rmosiaraer, 4yTo ApeB-
HHE eTHITSIHE CyMeNd, UCTIONb3Ysl KPUCTAUTB U MHBIE JIEMEHThl €CTECTBEHHOTO TPOUCXOKICHHUS,
co3aath NogoOHyI0 cucteMy. CeKpeTbl IpeBHEN TEXHOIOTUH, TOKATYH, yKe HAYMHAIOT TPOSIBIIATHCS
CaMBIM HEBEPOATHBIMU (PaHTACTUUECKUM 00pa3oM. [ToCKOIBKY MbI 3HaeM, YTO B HAIIIMX CHJIAX BO3-
BECTH COOpYKEeHHe, KOTopoe OyaeT KoneOaThbCcsi B OTBET Ha KojineOaHHWsT 3eMJIM, BO3HUKAET BOIPOC
«Kak ke Ham mcronbp30BaTh MOMy4YeHHyo dHepruio? Kak Ham mpeBpaTuTh ee B IEKTPUIECTBO?»
[Ipexae Bcero HaM cieayeT MOHATh, YTO COOOH MpeACTaBIsieT peoOpa3oBaTeinb. Mbl yxe 00Cyk-
JaJA TIbe303IeKTPUIECKUil 3((PeKT, OKa3bIBaeMbIi KOJIEOAHUSMHI Ha KBAapLEBbIA KPUCTAILT. DJeK-
TPUYECTBO 00pa3yeTcsi MpyU MONEePeMEHHOM CKaTUU U OCBOOOXIEHMH KBapua. Ha atom mpuHIummne
paboTaloT MUKPO(MOHBI U JIPyrHe COBPEMEHHBbIE EKTPOHHbIE ycTpoicTBa. CKaxuTe 4TO-HUOYIH
B MUKPO(OH, ¥ 3BYK Balllero roioca (MeXaHW4ecKue KosneOaHUs) MPEeBPATUTCS B JIEKTPUUECKHUE
umIysbebl. OOpaTHBIH MpOLIECC MPOUCXOAUT B AMHAMUKE, T/IE AEKTPUUECKHE UMITYJIbCHI TIPeBpaliia-
I0TCSl B MeXaHu4yeckue KoieOanusi. CylecTByeT TeopHsi, COrJIaCHO KOTOPOM B 0Opa30BaHUM IIApO-
BOI MOJIHHH TJIABHYIO POJIb UTPAET KBapIICO/iepKalasi KaMeHHasl TOpoAa. DTO MPOUCXOIUT TIOTOMY,
YTO KPUCTAILT KBaplia CIYXKHUT Mpeodpa3oBaresieM — OH MpeBpamiaeT onHy (popMy SHEpruu B APyTrylo.
Korzaa mbl ycTaHaBIMBaeM UCTOYHUK SHEPTUU U CHOCOOHBI MOAKJIIOYUTHCS K HEMY, TO HaM JI0OBOJIBHO
MIPOCTO TIPY TMOMOIIM KBAPIIEBBIX KPUCTAJUIOB MTPEBPATUTh OECKOHEUYHbIE MEXaHUYECKUE KOeOaHusI
B rogHOe K yrorpeOsieHuio nekTpudectBo! Kak BbI, BEpHO, yke AOrajaiuch, Mapamuga Xeorica
CONEPKUT KBapleBbIe KPUCTAILIBI, € COOCTBEHHBIE TpeoOpa3zoBatey. Besukasi nupamujaa sBJis-
Jlach reoMexXaHH4eCKOM JIeKTPoCcTaHIuell, Kojle0aBlIelicsl B OTBET HA KoJieOaHus 3emMin
U NMpeBpamaBuieil 3Ty SHEPTUIO B JeKTpruuYecTBO . OHU MCTIONB30BATH MOTYYEHHOE NIEKTPH-
YeCTBO [T HY)KJ CBOEH IIMBUJIM3AIINH, B TOM YHUCIIE ISl CTAHKOB, HA KOTOPBIX 00padaThIBaIA TBEpP-
AyI0 ByJIKaHU4YeCKyo ropony. [Tomyuaercs, uro oonuioka Llapckoit kamepsl, Harpumep, peICTaB-
JsieT coO0U COTHM TOHH MUKPOCKOITUYECKMX YacTuI] KBapia. OHU pa3HOH (DOPMBI — IIECTUYTOTBHOM,
NUPaMHUIATIBHON U POMOOUIHON. POMOOBHIHBIE KPUCTAIIIBI — 9TO MIECTUTPAHHbBIE TPU3MBI C Mpsi-
MOYTOJIbHBIMH CTOPOHAMM, TTPEICTABIISIONIMMY MapajlIeiorpaMM Ha JT0OOW M3 IIeCTH rpaHei. 1o
CITY’KUT TapaHTUEW TOTO, YTO B MIOPOJie BHYTPH I'PAHMTA BBICOKOE COJepkaHNe (pparMeHTOB KBaplia,
MOBEPXHOCTH KOTOPBIX O 3aKOHY HATYPAJIbHBIX CPEJHUX YMCEIT NapalyiebHbl Ha BEPXHEH 1 HIKHEH
cropoHax. Kpome Toro, qaxe HeOobInas MIacCTUIHOCTh I'PAHUTHOW MACChl OKa3bIBasia Obl «IThe30Ha-
NpsDKEHMEe» Ha TU MapaiiebHble TTOBEPXHOCTH U BBI3bIBAJIA Obl €K TPOABIKYIIHUIA MTOTOK. Orpom-
Has KaMeHHas Macca TOJ JEeWCTBHEeM CHJIbl TATOTEHWs JaBuia Obl CBEpXy Ha TPaHUTHbBIE CTEHBbI,
npeBpaliasi, TeM CaMbIM IbE303JIEMEHTHI B TIOCTOSTHHBIE JIEKTPOreHepaTophl. BHYyTpeHHME Kamephl
MIPOM3BOIMIIN IEKTPUUECKYIO SHEPTUIO CO BPEMEHH CBoero coopyxenus. Yenosek BHyTpu Llapckoit
KaMephbl OKa3bIBAJICS B ¢1a00OM, HO OTYETIIMBOM MHAYKIIMOHHOM Tojie. [IpeBpatnenue nim npeodpa-
30BaHME BOJIOPO/IA B TMOJIE3HYIO SHEPTUI0 B paMKaX TM3CKOW SHEPreTHUeCKOW CUCTEMBl HAYMHAIIOCH
T0CJIe TOCTYIJIGHUS 3BYKOBBIX KOJIEOaHMI COOTBETCTBYIONIEH YaCTOTHl M aMIUTUTYAbL. AMIUIMTYAA
COOTBETCTBYET KOJIMUECTBY SHEPIHHU B 3BYKOBOI BotHe. Ha OCHOBE MOTyYeHHBIX JAHHBIX BBIPUCOBbI-
BaeTcs cliefylolias KapThHa: 3ByK noctynai B Llapckyio kamepy 1 BbI3bIBaJI KOJIeOaHHs B TPAaHUTHOM
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MOPOJIE, TO €CTh 3ACTABJISLT (PAKTUUYECKU KOJIEOAThCsl THICSIYM TOHH I'paHuTa. YacTOThl BHYTPU KaMephl
TMOCJIEOBATENIBHO MMOAHUMAJIHCH M B KOHIIE KOHIIOB, MPEBBICHB HU3KYIO YaCTOTY 3eMJIH, JOCTHIaJIH
TAKOTO YPOBHsI, KOTZIa OHM BO30YX AT BOAOPOJ /10 O0kE BBHICOKOTO SHEPreTHUECKOTO COCTOSTHHUS.
[lapckas kamepa — 3TO YyJO MHKXEHEPHOTO MCKYCCTBA. 3/leCh MEXaHW4YeCKast SHeprus Hallel 1uia-
HETHI [TPeBpaIlaiach WK MpeoOpa3oBhIBAIACH B MOJIE3HYIO SHEPIUI0. DTO OObEMHBIN pE30HATOP, I1e
(pokycupoBasicsi 3ByK. 3BYK, PaclpOCTPAHSIIONINIICS MO KOPUAOPY Ha PE30HAHCHOM 4acTOTe TOM
Kamephl — MO0 ee TAPMOHUKH — C JIOCTATOYHON aMIUTUTYIOW, 3aCTaBIsl Obl KOJIeOaThCsl 3TU Ipa-
HUTHBIE OJIKU. 3BYKOBBIE BOJIHBI HE TOM YacTOTHI OT(PUIBTPOBBIBATUCH OBl B aKYCTHUECKOM (DHITb-
Tpe, OOKe M3BECTHOM HaM Kak mnepenHsisi. Eciu Obl 3Ta Teoprsi OCHOBBIBAJIACH TOJIBKO HA JAaHHBIX,
TMIOJTyYSHHBIX TIPH U3YyYEHUH BCETo JIMIIb OHOTO SKCIIOHATA WITM HECKOJIBKUX apTehaKTOB, KPUTHKH
Y CKENTUKY MOTJIA OBl CMEJIO OTHECTH MX K YHCiTy coBnaaeHuid. Omnako [laHH coOpan maccy ¢ak-
TOB U MHEHUH, OA3UPYIONIMXCS HA TPE3BOM aHAIM3e KOHCTPYKIUM MUPaMUbl Xeorca, ¥ MOYTH
Bce apTeakThl, OOHApyKeHHbIE BHYTPU Hee, €U B3SITh UX B COBOKYMHOCTH, YKa3bIBAIOT B MOJIb3Y
MIPEATIONOKEHHSI, COTTTACHO KOTOpPOMY NMupamuga Xeorca siBJsijiach eKTpocTaHnumeit, a Llapckas
KaMmepa ee KOMIUIEKTHON TpaHC(OpMaTOpHOW MOJACTAHIIUEN C paclpee/IMTeIbHBIM YCTPOMCTBOM.
Hcnone3ys ras, cinykaliyil TOIIMBOM JIJIsl HAIIIETO COJHIIA (BOAOPOA), M OOBbEAWHHUB SHEPTUIO KOC-
Moca ¢ SHepruer 3emiid, JIpeBHUE eTUITsIHE MPEeBPaTUId SHEPTUi0 KoieOaHUi B MUKPOBOIHOBYIO
sHepruto. YToObl 7IeKTPOCTAHIHS 3apadoTalia, ee pa3padoTINKaM U OIepaTopaM HaJlo ObUIO BBI3BATh
KoJIe0aHus B UpaMujie Xeorca, KOTOpble TApMOHUPOBAIU Obl C TApMOHMYECKUMU PE30HAHCHBIMHU
konebanusvu 3emi. Kak ToJIbkO mupamMu/ia HAYMHAJA K0J1e0aThCsl B YHHCOH ¢ OMeHHeM
Hallei MJAaHeThl, OHA MPEeBPAIaJach B CBA3aHHBIA OCHULISITOP M MOIJIA OCYIIeCTBJIATH
nepejauyy 3eMHOIl YHePruy, MOYTH WJIU BOBCEe He pacxoays coOCTBeHHYI . Tpyu nrpaMuibl
MEHBIIIUX pa3MepPOB C BOCTOYHOW CTOPOHBI MUPaMUIbI Xy(]y, BO3MOKXHO, UCTIONB30BAJIHCH JJIS1 TOTO,
YTOOBI IOOUTHCA B MUPAMHJIEC Xeorca HY)KHOTO pe30HaHCa, Kak ceiyac Mbl MPH TTOMOIIH HEOOb-
IIIUX MOTOPOB Ha ra3e 3aBOIMM OOJIbINUE AU3esbHbIe ABUraTesii. Bce mupaMuibl M MEerauTH4ecKue
XpaMbl 3eMJIM PacloIOKeHbl HA MECTaX T€OJOTMYECKUX pa3lioMoB. TaM KOHIEHTPUPYETCS M BBIXO-
JWT Ha TIOBEPXHOCTb 0CO0ast SHEPTHUsl, KOTOPYIO MOIJIM MPeoOpa30OBbIBaTh MUPAMU/IbL. JHEPreTUKa
3emin OEKHT MO OIpesiesieHHbIM JTMHUSM. [Toxoxke, IpeBHUE IMBUIIM3AIMY 3HATHA O CYIIeCTBOBA-
HUU 3TUX MOTOKOB M YMEJIM UX UCIOIb30BaTh. B AHIIMM uX Ha3biBaIM Jjen-1muHusMu. B [IpeBHem
Kurae — JIunusmu [pakona. Ha Hux Bceraa pacronaraid ABOPIBI WM XPaMbl, YTOOBI JIIOTN MOTJIH
MIPUITHU ¥ 3apsITUTHCS SHEpruei, Opomend n3 3emiid. MOXHO MPeoaoKUTh, YTO MAPAMUIIBI TTPE/-
CTaBJISIIOT COOOH JIMOO 1LIeMb HEMPEPHIBHOTO MpHeMa-Tfiepeaurl CUrHaia U3 KOCMOca, JIM0O0 I106aJib-
HYI0 CHCTeMY IJIyIIeHHs 3eMJeTPSICEHUIl, MO0 — TEXHOTeHHBIH, HO 9KOJIOTUYHBIN HEPTOKOM-
TUIEKC 1151 o0ecriedeHus1 ObITOBBIX HYX/]] NCUE3HYBILICH [IMBUTA3AIIH.

. I'. IlaBJyos, O. b. XaBpomkux u B. B. Ilpimuiakos [43]. [Tupamuaa o61aaaet cBoii-
cTBOM ceilicmuueckoil anteHHbl. B 2004 rogy pycckue yuensie [. I'. ITaBnos, O. b. Xaspor-
kuH 1 B. B. IlpimuiakoB nposenu B Erunre ucciaenoBaHve nupamMug U MOMYUYWIA BaXHbBIE pe3yJib-
TaThl, MEHSIOIIME HAIM TPEJCTaBJIeHUsI 00 3TUX coopykeHusix. O pesynbTraTax HCCIeIOBaHUM
pacckazan JOKTOop (PU3MKO-MaTeMaTudeckux Hayk, akajgeMuk PAH Omner BopucoBuu XaBpoIikuH.
Nccnenyemele nupamuapl pacnionaraiorcs B paiione LleHTpanbHo- A prkaHCKOro pasioma, KOTOpbIi
TsHeTcst oT Kpacnoro mopst 1o Cpenusemnoro. Kavp crout Ha rpanune pasnoma. [Tostomy ropon
Kanp u nupamMubl HEOJHOKPATHO MOABEPrajuch 3eMJieTpsiceHusiM. MollHble 3eMIIeTpsi-
cenusi mpouu B 12—13 Bekax, a 3arem 800 et Bce Obut0 criokoiiHO. HenaBuo B Kampe cHoBa
ObLIIO 3eMJIETPSICEHUE C )KePTBAMH U Pa3pyIICHUsIMHU, HO MUPAaMHIbI BhiAepxkau. [Ipimunna nocien-
HEro 3eMJISTPSICEHUs 3aKJII0YaIach B aKTMBU3AIMK pa3iioMa. Hamm yueHsle co3aan HOBBIA METO
KPaTKOCPOYHOTO MPOrHO3a 3eMJIETPSICEHMI Ha OCHOBE 3aIlMCU Y M3YyYeHUs] U3MEHEHUN ceificMuue-
CKOTO IIyMa, KOTOPBIA MOCTOSIHHO cyiecTByeT B 3emiie. [lepen 3emuieTpsiceHreM 3TOT IIyM 3HAYM-
TEJIbHO YCHJTMBAETCS, U TI0 HEMY MOKHO OJKHMIATh 3eMJIeTpsiceHus. MeTo MporHo3upOBaHusI 3eMJle-
TpsICEHUI OBbLT IIPOBEPEH IpHU TMOJIeBbIX HccaenoBanusx B CpenHeir Azun. Illymbl 13 3eMiIM O4YeHb
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c1adbl, TIO3TOMY HY)XKHO M30aBHUTHCSI OT MOMEX TEXHOT€HHOrO XapakTepa M meteorporieccoB. [Ipu
WCCNIEIOBAaHMSIX Ha MUpaMUIaX U ObLIO BBISIBIEHO, YTO B HUX (PHIBTPYIOTCS M TOABJISIOTCS STH
nomexu. CeliCMOITPUEMHHK, YCTAaHOBJIGHHBIN Ha BEpIIUHE MUPAMUIbI, OylIeT 3aruchiBaTh CHOKYCH-
POBaHHYIO TUPAMUJION SHEPIUI0 CEMCMOAKYCTUYECKOTO M3ydyeHus. M Takoil MpoeKT COBMECTHBIX
PaboT ¢ eruneTcKMHU YUYeHbIMHU YKe peanusyercs. JJaTuMKy Ha BepIIMHAX MAPAMUJL TIOMOTYT YETKO
Mpe/ICKa3aTh OYEePeHOE 3eMJIETPSICEHUE, €CIIM OHO TPOM30iaeT. MHOrue K13HU Jmoaen OymyT cria-
cenbl. OOHapykeH Ba:kHbIil 3 PeKT (hoKyCHMPOBKH BOJHOBOH YHEPruu celicMUYECKOro
10JIsI IPU NPOXO0:KAeHNH CUTHAJA OT OCHOBaHMs K BepmnHe nupamuabl . [lnpamuaa ood.a-
J1aeT CBOMCTBOM celicMUuYecKoil anTeHHbI. [Ipy 3TOM nHOrIa HAOMOKAeTCSI aHOMAJILHO BBICOKAS
(poxycrpoBka, 4yTO, BUIMMO, TOBOPUT O HE CTAIIMOHAPHOCTH MPOLIECCOB B 36MHbIX HEApaXx.

SddekT (HOKyCHpOBKM SHEPrUM BOJIHBI B upamue noHsTeH. [Tupamuga nogoOHa KOHYCY.
W ecnu sHeprusi, NpUHSTas OCHOBAHUEM NMHPAMUJIBI, pactipeieiieHa Mo OONBIION TUIOMAAU, TO TIPH
ee JBMKEHUU K BEpIIVHE U COKpAalleHU! IIomaau 3pgekt ycunenus Boinonssercs. [lo ammuryne
CHUT'HaJI, 3alIMCAHHBII HaBEpPXY, B HECKOJIBKO pa3 BbIllIE, YeM (pUKCHpYeMblid y ocHOBaHM:. OTciona
BBIBOJI: IMPAMU/Ia B CEHCMUYECKOM M aKyCTHUECKOM CMBICTIE TIPE/ICTABIISIET U3 Ce0s1 aHTEHHY, YJIaBIIH-
BaloIyio nrymsl U3 3emii. Kpome Toro, ObU10 0OHapYyXeHO BBICOKOYACTOTHOE IJIeKTPOMATrHUT-
HOe M3JIyYeHHe B MUPaMuAax. 3eMHasi KOpa MOCTOSIHHO «IIOTPECKUBAET» U3-3a HArpy3Ku U op-
MUpPYeT TeM caMbIM (DOH CeCMHUECKOro u3mydeHus. [IpuOophl (PUKCHPYIOT ITO «ITOTPECKUBAHUE
B nuanaszoHe 4actot oT 10 go 100 I'u. IMupamuga Toxke «MOTPECKUBAET», U ITO COMPOBOXKIACTCS
MOIIIHBIM JIEKTPOMArHUTHBHIM H3ny4deHueM. MTak, B nupaMuaax oOHapy:KeH MOCTOSIHHO Jieii-
CTBYIOIIMII BBICOKHH YPOBEHb CeliCMOaKyCTHYeCKOro n3aydyeHus. Ha ocHoBe aHasn3a nokasa-
HUIA TPUOOPOB B HEKOTOPBIX MUPaMHIAX MPEANonaraeTcs HaJanuue HeM3BeCTHBIX M0J0CcTell pa3-
MepoM MeTp Ha noJropa. Tak Kak mupaMujibl SBJISIOTCS KOHIIEHTPATOPAMH BOJIH, TO ObUT YUTEH
Y TIPUTOBEPXHOCTHBIN (T10]] OCHOBaHHMEM MIMPAMKJI) TEONIOTMYECKUI pa3pe3 Ha ITyOrHY OT COTEH MeT-
POB 10 HECKOJIbKMX KWJIOMETPOB. CIIEKTpaibHO-BPEMEHHOM aHaIM3 MOKa3aJl, YTO CUTHAII OT I1yJIb-
capa MOXET YCUJIMBAThCSI B YCJIOBUSIX MMPAMUIBI 32 CUET O0JIee MOIIHBIX CUTHAJIOB B BEPIIMHE MUPa-
Mubl. Y BHOJIHE LieeHanpaBieHHO COOpYKeHbl MMpaMubl B Erurre. A eciiv mogTBepaUTCs HAIM4YKe
nupamu Ha Mapce, To ¢ U3y4eHueM 3eMHbIX IMpaMU]] CTAaHET IOHSTHEW U X MpeJHa3HaueHbe. Benp
1 Mapc Korma-Tto motpsicany 3eMIIETpsICeHHs] U U3BEPKeHUsT ByJKaHOB. W y MapcuaH Moryia ObITh
CBs13b ¢ pasyMHbIM Kocmocom. U k1o 3HaeT, MoxeT ObIThb, IpeBHIE MapcuaHe MepeHecIu Ha 3eMITio
CTPOUTENBLCTBO NUpamMu. U, BO3MOXHO, HY?>KHO IOCTPOUTH PsiJi HOBBIX MPaMuJ B CeHCMO-
ONACHBbIX pailoHaX, CHA0UB UX HEeHTPAJIU30BAHHOI CHCTeMO KOHTPOJISI CeliCMOAKTHBHO-
cTH 3eMin.

Anekcanap Edumosuu I'onoxg [44, 45]. A. E. Tonox sBiasieTcs:i OCHOBOIOJIOKHUKOM
MOCTPOEHUsI cOBpeMeHHbIX upamu B Poccun. OH siBisiercs reHepanbHbM aupekropoM HITO «I'mp-
pometniprdop» B MockBe. [Tupamubl oH crpomt Ha Cenurepe BbicoToi 22 MeTpa 1 Ha HoBopmk-
ckoM mocce MockoBckoi odnactu BeicoToi 44 merpa. Beero nocrpoeno 17 mupamup B Poccum.
Mo yrBepxaeHuio A. ['onosa, mupaMuia B 30HE CBOEH AEATETBHOCTH MPSMO, JTUOO ONOCPEIOBAHHO
UCIIPABIISIET CTPYKTYPY MPOCTPAHCTBA, MPUOIMKAET €r0 K COCTOSTHUIO TapMOHMU. [IMHamMuKa cMsIr-
YEHUs U JIMKBUJALIMY BCEX HETaTUBHBIX MPOSIBIEHUH CYIIECTBEHHO 3aBUCUT OT pa3mepa MUpaMupbl,
ee OpHEHTAIMU B MPOCTPAHCTBE U COOJIOIEHNS BCEX T€OMETPUYECKUX cOoOoTHolIeHu. ['onon moa-
CUUTaJI, YTO € yABOeHHeM BbIcoThl IlupamMuabl ee akTHBHOE BO3eliCTBHE YCHJIMBAETCH ~

B 10° - 10’ pa3. Eciu cmorpets Ha [lupamuay jiokaropom B auanazoHe BoaH 10 cm, Hajg Hei
BUJIEH MOHU3UPOBAHHBIN CTOJIO BO3yXa B HECKOJIBKO KMJIOMETPOB BbicoTOM. Korna HaumHaioT nop-
CUMTBIBATh, CKOJIBKO € HEOOXOIMMO SHEPrud Ui CO3/IaHMs M TOJIEPKaHUs TaKoro CTonda, To
OKa3bIBAETCsl, YTO BCEX EKTPOCTAHIIMI HalIel IIaHeThl AajeKo HeAoCTaTovyHo s dtoro. [pen-
TMIOJIOKEHNE O TOM, YTO TAaKOW MOHHBIN CTOJNO SIBJISIETCS MOIIHOM MOAMUTKOW MOHOC(EPH U MOKET
penmTh Bce MpoOIeMbl 030HOBOT'O CJIOsI, HAIILIO MOATBEPKASHHE MOCIE 3aBEPIICHUS CTPOUTEIHCTBA
[Mupamubl BeicOoTOM 22 MeTpa MocTpoeHsl Ha Oepery o3epa Cenmrep jietom 1997 roma. YVike dyepes
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HECKOJIbKO MecsilieB nociie 3roro B CeBeprom Ilonymapun ruiaHeTsl 030HOBBII CJI0H ObLI IPUBe-
JIeH B HOPMY. AHQJIOTMYHBII MOHHBIN CTOJIO HAOJIOIaeTCsl HaJl 9HEProOIOKaMU aTOMHBIX CTAHITHUM,
MeCTaMH 3aXOPOHEHHH SIEPHBIX OTXOIOB, IPYTMMH OOBEKTAaMH C BHICOKMMU SHeprusmMu. Ho panu-
alMOHHAasi 0OCTAHOBKA BOKPYT ¥ BHYTPH NIMPaMU/Ibl HE OTIINYAETCs OT (POHOBBIX 3HAUECHUI. BaskHbIM
(bakTOpoM siBIIsIETCS BHIOOP MeCTa /JIsl CTPOMTENIBCTBA, XOTsI Yepe3 HEKOTOPOe BpeMsl MOCTPOSHHAs
npamMuIa cama Jejiaet cBoe Mecto. I'eonaToreHHble 30HbI, JaKe pa3MepoM B J1eCSITKH KIJIO-
METPOB, NePecTalT ObITh TAKOBLIMH M0/ Bo3jelicTBueM nupamuj. [Ipeganus cooOmaiot
HaM, YTO MECTO /ISl CTPOMTENbCTBA MUpamMul Erunta skperpl ToTOBIWIN JecATKHU JieT. Mbl Havaau
MOHMMATb CMBICJT 9TOT0, KOT/Ia TIOHSUTH, YTO HEJb3sI MOCTPOUTh MUPAMUIY BHICOTOH 22 MeTpa, He o[-
TOTOBUB €€ MECTO C IMOMOIIBI0 TpaMubl BEICOTOM 11 MeTpoB. COOTBETCTBEHHO HEJIb3s1 IIOCTPOUTD
nupamuly Bbicotor 44 MeTpa, He IOArOTOBUB €€ MECTO C MIOMOIIIBIO MMPAaMU/Ibl BRICOTON 22 MeTpa.
LK1 MOATOTOBKM MecCTa /Il CTPOMTENILCTBA MUPAMUIBI BBICOTON 44 MeTpa 3aHsn Oonee S JieT.
MO3KHO MpeACTaBUTh cede, CKOBKO MOHAT00MIOCh BPEMEHH 15 TIOATOTOBKY MeCTa TOJ] CTPOUTEITb-
cTBO nupamuibl ['u3bl BeicoTOl 146 MeTpoB. BaxkHbIM cpecTBOM nepeHoca MHOpMaluy OT Mupa-
MUJ1 SIBJISIIOTCSI KPUCTAUIMYECKUE BelllecTBa, HapuMep, KaMHU, MUHepasibl. OcOOEHHO MHTepeceH
CITy4ai, KOraa KpUCTaJlIbl pOXAAIOTCS B TOJIe IMpaMu/l, B 9TOM Cilyyae OHM 0oOpasyioT uHdpopma-
[IMOHHYIO MaTpPUIly MUPAMU/IBl, KOTOPasi aKTUBHO PE3OHUPYET C MATEPUHCKOW (POPMOW MTUpPAMHUIBIL.
Kpucrannbl, kamHM 0cOOeHHO 3(h(PEKTUBHBI NP MPABUIBHOM PACHOJIOKEHUH UX Ha MECTHOCTH,
KOTJJa MHOJKECTBO MX 00pa3yeT 3aMKHYTHI KOHTYp. [IpOCTpaHCTBO BHYTPU TAaKOTO KOHTYpa CyIIle-
CTBEHHO YJIYYIIIA€T CBOIO CTPYKTYPY Jake Ha OYeHb OOJIBIINX TEPPUTOPHUSIX, HAIpUMEp, 00JIacTsX,
pecnyOiuKax, cTpaHax, 30HaX PErMOHAIBHBIX KOH(IUKTOB. [IPOMYKTHI, HAMUTKY, JIEKAPCTBEHHBIC
npenaparsl, MOObIBaB BHYTPH MTUPAMUIbI, TAKKE CTAHOBSITCS HOCUTENSAME 3Toi nH(popmarmu. Oco-
ObIll MHTEpEC TP STOM TMPEACTABISIOT MPOAYKTHl U MHUIIEBbIE JOOABKH, TEXIPOLIECC MPUTOTOBIIE-
HUSI KOTOPBIX XOTSI ObI YaCTUYHO TPOIIIeN B Nosie rupamMuabl. B koHie 1999 roma Obin mosyveHs!
Ba)KHBIE PE3yJIbTAThI [0 CO3/IaHMI0 MH(POPMAIIMOHHON MaTpuIlbl MpaMuabl. O4YeHb BaKeH BO3PACT
STOW MHMPaMU/IbI, BO3PACT U COCTOSIHUE MUPAMU-TIPEANISCTBEHHMII, KOTOPbIe MOArOTOBMIIM MECTO
1151 BO3BE/ICHHSI STOW MU PaMU/Ibl. 30HA BIMSHUS TAKOW MaTpPHUIIbl HEBEJIMKA, OHA COM3MEpPHMA C pa3-
MepaMH MUPaMU/Ibl, B KOTOpoit chopmupoBana. Ho cutyaimst MeHsieTcsi, €C/iM Ha Takyio nHpopma-
[IMOHHYIO MAaTPHILy YCTAHOBUTH HEOOJIBIITYIO TUPAMULy, TONOOHYIO TOM, B KOTOPOW 9Ta MaTpuIia Oblia
cozaana. Ilpu 3ToM BO3HUKAeT siBJeHHE Pe30HAHCA, M 30HA JeHCTBUS cUCTeMbl «<HH(OP-
MAaIMOHHAsI MATPHIIA — MHPAMHAa» YBeJINYHBAETCA B JeCATKH pa3. [laxke MUHYTHOE BO3/IEH-
CTBHUE MMUPAMU[IBI JIUKBUIUPYET STU KOMITOHEHTHI, & caMa Ofek/1a 1 0OYBb CTAHOBATCS] HOCUTENISIMU
uH(popmaiyu o rapmonu. [lepeHoc nHpopmarum (BO3ASUCTBUSI) OT MUPAMHUBI MOXET ObITh JIOKa-
JIM30BaH BHYTpU Tepputopun. B cenTsiope — okTsi6pe 1997 r. onucaHHbIe BbIIIE JeHCTBHS IPOBEACHDI
Ha Teppurtopusx MockoBckoi, JlennHrpajacko, Teepckoit, Camapckori, CapaToBckoi 0OacTei,
BKJII0Yast OOJIACTHBIE IIEHTPHI U Ipyrie KPYIHbIe ropoa. AKIIEHT IpU 3TOM ObUI clelaH Ha MOCKBY
u 6maxaee [ToqmockoBbe. [1poBOas aHATIOTHIO, MOKHO PACHIMPHUTh ITH AeHCTBUS B MacCIITAa-
0ax Bceil MJIaHETHI, MPOJIOXKUB TAKON KOHTYP IO SKBATOPY, JIMOO BBIBEST HEKOTOPOE KOJIMYECTBO
KPHUCTAJIJIOB Ha OKOJIO3eMHYI0 opouTy. Tak, 25 okTsa6ps 1998 roma Ha opOUTATBHYIO CTAHITUIO «Mup»
JOCTaBJIeH I'Py3 KPUCTAJUTMYECKUX BEIIeCTB, 00padOTaHHBIX B MUpamMuje. Briepeoie MpoBeJeHo BO3-
AeNCTBHE NEWCTBUTENBHO TUIAHETapHOro MacmTada. C KakAbM BUTKOM CTaHIIMU «Mup» BOKpYT
3emum, 31O Bo3eicTBre OyaeT yemnmBarbes. Anekcanap ['onox otMetnn 3(pheKTUBHOCTh BO3/IEH-
CTBUI MMPaMU]] B MECTaX 3aXOPOHEHHH SIIEPHBIX OTXO/OB U SIAEPHOTO TOILIMBA, BKJTIOUAs 30HBI OTCE-
nenuid. [Ipy 3TOM onTHMabHbIe U3MEHEHHs OyIyT MPOUCXOAUTH HE TOJIBKO B BEHIECTBE SIIEPHOTO
TOIUIMBA, HO U B KOHCTPYKIIMSIX CPEACTB 3alllUThI, HAlpuMep, B UepHOOBUTbCKOM capkodare, Kop-
nyce noABOgHOM oaku «KomcoMorner» u Ipyrux NogoOHBIX MOTHIIBHUKAX, B SAEPHBIX OOEroJIoB-
Kax. OnTuMaJbHbIM 00Pa30M H3MEHHUTCS CTPYKTYPA NOABO/IHBIX TeUeHni 1 aTMocd epHBIX
IIOTOKOB B MeCTax KaracTpod Ha ceiiCMOAKTHBHBIX TEPPUTOPHSIX, BKJIIOYasi OBEPXHO-
CTH MOpeil 1 OKeaHOB, B HECKOJbKO pPa3 CHHU3HUTCSI celicCMUYecKasi akTUBHOCTb 3a CYeT
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ONTHMAJBLHOIO pacnpe/ejeHus Hanpsi>keHul B Jutocdepe, pu oOMeIeHUH 03ep U MOpeH,
MIPY HACTYIUICHUH IYCThIHb, IPY AHOMAJIbHBIX KOJIEOAHUAX YPOBHS T'PYHTOBBIX BOJI, HA TEPPUTOPUSIX
3aXOPOHEHUI XUMHUYECKHX, OAKTEPHOJIOTMUYECKIX OTXOMOB M JPYIMX TOKCUYHBIX BELIECTB, HAIPH-
Mep, KPYIHEUIIIero 3aXOpOHeHUsI XUMUYECKOro opyxkus B banrtuiickom mope. [Ipu 3ToM TOKCHY-
HOCTh OTXOJOB OyJeT YMEHBIIAThCsl KaK 3a CYET XMMUYECKUX U (PUBUKO-XUMHUYECKUX TMPOIIECCOB,
TaK ¥ 32 cueT 0oJ1ee TOHKUX MPEeBPaIeHU Ha TEPPUTOPUSIX C BBICOKOH BEPOSTHOCTBIO JIECHBIX, CTEII-
HBIX TOKapOB, HAaBOIHEeHU. Bo MHOro pa3 npu 3ToM CHHKaeTcsl BEPOSITHOCTh BO3HUKHOBE-
HHUS N0Kapa B 30HAX € BbICOKOI BEPOSAATHOCTHIO aTMOC(hePHBIX KATAKJIN3MOB, B T. Y. Tai-
¢pyHoB, cmepueii, TopHago. [IpokaapBaeTCss 3aMKHYTHI KOHTYP U3 OJIOKOB KPUCTAITTMYECKOTO
BEIIIECTBA IO TPaHMIIE TAKMX TEPPUTOPHIA, HACETIEHHEe YIOTPEOseT MPOAYKThl MUTAHUS, HAITUTKHY,
oOpaboTaHHbIe B MUpaMU/Ie, Jake B OUeHb MaJIbIX J03aX. B TpeTbeil cepin SKCIIepIMEHTOB C IIOMO-
IIBI0 PYCCKOTO MHCTPYMEHTA, TIOXOKETO Ha pajap U U3BECTHOTO KaK «BOCHHBIH JIOKATOP», TPOBOIH-
JIMCh UCCIIEIOBAHUS BO3yXa HaJl MMPaMUIoN. Bbll 00HaApY:KeH CcT0J0 «<Hen3BeCTHOI YHEePIrum»,
mupuHoii 500 metpos u BoicoToil 2000 MeTpoB. [lanbHelie uccie10BaHu s HOATBEPANIIN, UTO
OOJIBIIINI KPYT, OKPYKAIOIIHA 001acTh Ha upamu o, Oput 300 MeTpoB MIMPUHOM, HO camasi BBHICO-
Kasi KOHLIEHTpaIsi OOHAPYKMBAJIAaCh MPSMO HaJl BEPTUKAIbHON ochio mupamusl. ['pynmna [onona
BBIYMCITHJIA: €CJIM TAKOH CTOJIO TPOU3BOJVTH JIEKTPOMArHUTHBIM CIIOCOOOM, TIOTpeOOBaIach Obl BCS
SHeprus BceX ekTpoctanimii Poccuu. Ctond HeBUAMMOM SHeprum odmagan v qpyrumu dddek-
TaMU. DNEKTPUUECKON SHEpruer MIpamMuIbpl MOKHO OBJIAJeTh TIOCPEJCTBOM KOHJEHCATOpa, pa3Me-
IIIEHHOTO Ha ee BepIIvHe; KOHAEHCATOp CIIOHTAHHO 3apsikaercs. Kpome Toro, Kycouku cOOpHOro
KOHJIEHCAaTOpa OTXOAWJIM JpPYyr OT Apyra ¥ MOJHMMAJIKCh B BO3/AyX MO SHEPreTHYECKOMY CTONIOY,
CO3aHHOMY Tipamuion. Takske, ObUIO OOHAPYKEHO, UTO JIIOAM, padoTaomiye OJM3KO OT BEPIITMHBI
MUpaMUIbl, HAUMHAIN UCTIBITHIBATH TOJIOBOKPYKEHHUE U TOIIHOTY. YTOOBI STU OIIYIIEHUS UCUE3IH,
HY)XKHO OBUIO yIAIUTBCS OT MMPAMUIIBI HA HEKOTOpoe paccTrosiHue. [TrnpaMuabl MOTM OBITH CeIaHbl
BCETO JIMIIb U3 YEThIPeX FOPU3OHTAJIBHBIX CTEPKHEH, 00pa3yloIuX OCHOBAHHE, U YETHIPEX BEPTH-
KaJIbHBIX CTepXHeH, oOpasyomux pedpa. B pe3ynbrate oOHApyKWIM, YTO JHOOYI0 MHPAMUIAIb-
HYI0 CTPYKTYPY OKpY:KaeT cpepuueckoe dHepreTnueckoe moJe . TouHslid IEHTp 3TO chepbl
cootBeTcTBYeT nonoxkenuto Kameps! Laputiel B Benukoii [Mupamune B ['uze.

KommenTrapun aBtopa, K.T. H. A. MaTaHueBa mo noBojay pe3yJbTaTOB BO3[eii-
crBus nupamuj Fonoga. Cam ¢akT nocTpoeHus: M UCCAEJOBaHUS MUPaMU 110]] PyKOBOACTBOM
A. E. Tonopa Beicotoit ot 11 10 44 MeTpoB, B 1IeJIOM, MOKHO CYMTATh ITPABUIBHBIM U OOOCHOBAHHBIM,
TaK KaK UMEeTCsi OrPOMHOE YHUCJIO IPYTHX UCCIIEJOBAHUH U ITyOIMKALIMH 110 TIOBOLY BIMSIHUS (DOPMBI
nupamupl. JIloOoMy MHKEHepY SICHO, YTO IPU KOHUYECKOH (hopMe MIOTHOCTh BOJIH OT OCHOBAHUS
10 BEPUIMHBI, TO €CTh OT OOJIBIIIOTO CEYEHHsI K MAJIOMY, OyAET YIUIOTHATHCS, YTO MPUBOJMT K MOCTO-
SIHHO HaOmonaemMomy 3h(eKTy MOHHM3AIUU BO3/ayXa cBepxy nupamua. OmHAKO jenaTh 3asBICHUS
3HAUMUTENIbHBIE U JJaKe TUIAHETAPHOTO MacIiTada clieyeT TOIBKO MOCe COCTABIEHUS U JIyydllie OImyo-
JIMKOBAHUS Pe3yJIbTATOB UCCIIEIOBAHUI 1 HAJIMYMS OT3bIBOB WM PELEH3UI BedyuX yueHbx. Kak
pa3 storo, yueHomy A.E Tonony u He XBataer, a OH 3asBJISAET O Je4eOHOM JICHCTBUM TOJIS MHUpa-
MU/, O BOBMOXXHOCTU TMOCTPOEHUSI C OOITyYeHHBIMHM B MUPAMUIaX KaMHSIMHU HalpaBJIeHUH, KOTO-
pble OyayT BCSYECKM BO3JEWCTBOBATh HE TOJBKO Ha MPUPOIY, HO M Ha 4esioBeka. Kpome Toro, oH
3asIBJISIET O BOZMOKHOCTH MTUPAMU/] TIOJABJISATh KaTacTPO(UIECKHE SBJICHHS B BUZIE 3eMJICTPSICEHUI,
I[yHaAMH, HAaBOIHEHUM, U Jake noxapoB. OIHAKO HAYYHO OOOCHOBAHHBIX PE3YyJIbTATOB SIBHO HE XBa-
TaeT. B pesynbrare, MOSBUIMCH CTaThK 00 OTCYTCTBUH MOJOXUTENBHOTO 3 dekta. 1 Obl He cTam
00 9TOM MHCaTh, TaK KaK IMOYTH Y BCEX HAyUHBIX JOCTHKEHUI €CTh CBOM ONMOHeHTH. Ho TyT B 11eno
TMOJIKJTIOYMJIACh KOMUCCHS 110 JDKEHAyKe BO IJIaBe C akaJeMHUKOM Diayapaom KpyriskoebiM. B kaue-
CTBE IpuMepa npuBeay crathlo Muxawna JImurpyka [75] u crareio B Bukunenuu [76], roe roso-
pUTCS O TOM, YTO IO 3aKJIIOUYEHHIO Tpejcenaresnss Komuccuu 1o 6opnoe ¢ mxkeHaykoii PAH akane-
MuKa Dnyapna Kpyrniskosa, BoseOHble CBOMCTBA MTMpaMulL, 3asiBiisseMble ['071010M U IpyriuMu ux
CTPOMTEIISIMHU, HE IMEIOT IOl COOOM Hay4YHBIX OCHOBaHMH. D70 3asiBiienue caenaHo B 2009 rogy. Tyt
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sl JOJKEH TIPUBECTU aHAJIOTUIO ¢ KHUroi MMMaHynna BenrMKoBCKOro, KOTOpPOro sKeCTKO KpUTHKO-
BaJIU 3a rUmnoTe3bl Kartactpod Ha 3emiie, Harpumep, cBsizanHou ¢ CarypHom u FOnmrepom. ITporuio
BpeMsl U ero NpeIBUJICHUs] U PacueThl HOATBEPAWIINCH. Sl caM aHATMTUYECKUM ITyTEM BbIBEJT HOBYIO
TUNoTe3y KaracTpod Ha OCHOBaHWM u3ydeHust [eHnepckoro 3onuaka u yoeaucsi B mpaBote Benu-
KOBCKOTO (CM pa3fiesl O HOBBIX BESTHHSX B OOJIACTH MUPO3/IaHMS U IPEeBHUX Mupamun). BepHemcs
CHOBa K npamuaam Asekcanapa ['onona. TTporio HECKOIBKO JIET U YTO ke Tenepb MUIIYT 00 ToM?
Oobparumcs k cratbe 2016 roga [77]. BOoT HECKOJIBKO Te3KCOB.

1.MccnenoBanue I'onoma BOCIIPUHSAIN HACTOJIBKO CEPBE3HO, YTO KPUCTAJLIBI U3 €r0 MUPAMUJ]
JIeTaJM Ha POCCUMCKOM KOCMUYECKOH cTaHImu Mup Oosbinie rofa. [1ozxke skcrnepuMeHT MOBTOPHIIH
Ha MKC. Ha caiite «I[lupamuja xu3HM» TOBOPUTCS, YTO ITU UcciiefoBaHusl ocBemanuch «CNN,
BBC, ABC, AP, Boston Globe, The New York Times u npyrumu mexayHapoaasivu CMI».

2.Ucuenenue, otkpeitoe podeccopom A. I'. AHTOHOBBIM U €ro KOJIJIETaMH U3 POCCUICKOTO
HUMU Tlepmarpun, AkymepcrBa U [ MHeKonoruu, Kaxercs 4yioM. Bmecto Toro, 4roObl BOCIIONB30-
BaThCs JTIOOBIM M3BECTHBIM IperapaTtoM, OHH B3sIH 111ane6o (40% pacTBOp IITIOKO3bI B TUCTHILIHU-
POBaHHOM BOJIE) U MOAEPXKaIU ero B nupamue. IIpiMeHnB uIib OOUH MAJUTUMETP pacTBOpa K JBa-
ALIATY Pa3HbIM HEJOHOIIEHHBIM AETSIM, MPEObIBAIOIIMM HA TPAHU CMEPTH, OHH ITOJTHOCTHIO BHUICUMIIH
Bcex. Jletu, mosydaBinue OObIYHBIA PACTBOP IIIIOKO3bI, yMUPATH KaK OOBIYHO.

3.Pesynbrarel MenuHcKoW rpynmnsl Poccuiickont Akagemun Menunmackux Hayk nop pyko-
BoactBoM H. B. EropoBoii. [IBym rpymnmnam oObIYHBIX O€/IbIX MbIIel Oblla BBE/IEHa BBITSIKKA BUPYCa
415 (tTuo3Hoi1 TMXOpaiKH), B ONMHAKOBBIX 03aX B OIUH JieHb. EMHCTBEHHAs pa3HMLIA COCTOsIA
B TOM, YTO OfIHY T'PYIITY MbIIIEN MOMECTHIIN B TUPAMUIY, & IPYTYI0 HET. YIMBUTEIILHO, HO B KCIIe-
PUMEHTAJIbHOW Tpynie BbLKUIN 60% MblIel, a B KOHTPOJIbHOM TOJBKO 6%.

4.T'onon ctpous nmupaMuIbsl Hag HE(TAHBIMUA CKBRXKUHAMH, a 3aT€M CPaBHUBAJ PE3Y/IbTAThI
¢ OnuM3IeXalMy CKBRKMHAMH. BBUIO BBISIBICHO, 4TO He(PTh MO MUpaMuIon okasaiach Ha 30%
TEeKy4ee, YTO YBEJIMYMJIO TPOU3BOAUTENBHOCTD Ha Te ke 30%, MOCKOJIBKY TaKylo HE(PTh JIerye KadyaTb.
Okpyskaroriye CKBaXHUHbI, He UMEIOIIUe HaJl COOOH MUpaMuLy, He IEMOHCTPUPOBAIN HUKAKMX U3Me-
Henuid. Takxe [omon obHapyxui, 9yTo He(PTh OKa3aJIach HAMHOTO YHUIIe. 3HAYUTESIPHO YMEHBIIH-
JIMCh HesKeJlaTeNIbHbIe IPUMECH, TAKHE KaK yroJibHas MeJIoub, achanbTUTh U napacpuHbl. MOCKOBCKast
Axanemus Hedpru u I'aza uvenu ['yOkuHa noaTBepauia 10CTOBEPHOCTh Pe3YJIbTaTOB, ITO HE (PUK-
Hsl.

5.Kpowme Toro, konnektus ['ooaa nomeian B mupaMuy CeMeHa CeJIbCKOXO3SIICTBEHHBIX pac-
TEHU, T/ie OHM HaXOQWJIKCh OT OHOTO [0 MATH AHEeH. 3ateM Oojiee JBaALATH Pa3IWYHBIX BUJIOB
ceMsiH BbicakuBayuch Ha 10.000 rektapoB. B KakaoM KOHKPETHOM cilydae ceMeHa, MOOBIBaBIINEe
B IIUpaMu/ie, JEMOHCTPUPOBAIM MoBkIIeHue ypoxkaiiHocTh Ha 30—100%. B nocenke Pamenckoe
o7 MockBo# 12-meTpoBasi mupaMu/ia CyIeCTBEHHO MOBBICKIIA YPOKAMHOCTD TIIICHUIIBI.

6.B Apxanrensckoii oomacti Poccuy BO3HHMKIIM cepbe3HbIe TTPOOIeMbl C BOIOW, U PYKOBO/I-
CTBO paccMaTpuBasio upaMubl ['0oa Kak noreHpaibHoe pemienue. Boga O6b1a oTpaBieHa CTpoH-
LMEM U TsDKEIbIMU MeTaulaMu. MyHHMLMnaibHasi aAMMHUCTpalvs 3aKa3aja CTPOUTENLCTBO MUpa-
MUJI B 9TOM 001aCTH, ¥ Yyepe3 HeOOJTBIION MPOMEKYTOK BPEMEHH JTIOU ITAJIM YUCTYIO BOLY.

7.Ecnu ckenTUKY BHIAAYT BIIEPE/] U MOTBITAIOTCS CKa3aTh, YTO BaM He CJIEAYET MbITaThCsI TOJTb-
30BaThCsl TEXHOJIOTMEN C MUPaMUaMu, TIOTOMY, YTO OHa SIBJISIETCS «IICEBIOHAYKOW», MOW OTBET
ObLT Obl TaKUM: «Kak Mbl MOXeM cebe MO3BOIUTh He MbITaThesi? Kak Mbl MOXeM ObITh TAKUMH HEBe-
’KECTBEHHBIMH M CAMOYBEPEHHBIMH B COBPEMEHHOI HayKe, YTO TIOJIHOCTHIO UITHOPUPYEM MOTYIIIECTBO
JeTIeBOH JIETKOW B CTPOUTEJIBCTBE TEXHOJIOTUH, KOTOpast MOTJIa ObI ClIAaCTH 3eMITIO ?»

Ha ocHOBaHMM BCeX 3THX TE3MCOB M CBOETO aHAJM3a, BBIBOJ aBTOpPA TOJBKO OIMH: HEOOXO-
JAMMO TIIATETbHO 3aBEPIIaTh CBOU MCCIISAOBAHUS BBIITYCKOM HAyYHO OOOCHOBAHHBIX aHATUTHUYECKUX
OTYeTOB, 0030pPOB C OT3bIBaMU MOTpeduTeelt. Ha yMm cpa3sy ke mpuxoauT mpodieMa ¢ maTeHTaMHu,
KoTopbiX B Poccun ouenp mano. M300perars poCCHMIICKUI HAPOI YMEET, a BOT IOBOJAUTH «JO yMa»
Y MATEHTOBATh OYEHb YaCTO JICHUTCS !
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[77] KomnektuBbl, pabotatorue B Poccuiickoit HatmonansHou Akanemun Hayk, oOHapy XU,
YTO MUPAMHU/IA 3AIUIIAET HAC OT KaTacTpo(pnuecKux n3MeHeHnn 3emMJn. YUuThiBasi HeBe-
POSITHBIE pa3pyllEHMs, BbI3BIBAEMbIE yparaHaMu, I[yHaMU, 3eMJIETPSICEHUSIMH, BYJKaHAMUA U TOMY
MojI00HOe, HEeT HUKAKUX MPHYMH, MEMIAIIIMX HCCIeJoBaTh TaKue BO3MOKHOCTH BO BCEMHPHOM
Macirade. BoT oguH yOequTenbHbI IpUMep TOro, YTO MOXHO CEJaTh MOCPEACTBOM TEXHOJIOTUH
nupamuibl. Pycckue ydeHble cpaBHUIM YMCIIO 3eMJIETPSICEHUI B OJIHUX U TEX K€ MECTax /10 CTPOM-
TEJIbCTBA MMPAMU/ U 1T0cse. YAUBHTEIbHO, BMECTO OJJHOT0 M CHJIBbHOIO 3eMJIeTPsICeHNsI IIPO-
H30II1T10 HECKOJBKO COTEH MeJIKHX 3eMJIeTPSICeHNIl, He BbI3BABIINX HUKAKUX Pa3pyLIeHMII .
[Mo-BrarIMOMY, IMPaMUIBI CMSATYAIOT TPEHUE U TEOTEKTOHUYECKUI CTPECC, KOTOPble OOBIYHO BBI3bI-
BaIOT CUJIbHBIE KaTaCTPO(UIYECKHE 3EMIIETPSICEHHU S IO/ IOBEPXHOCTHIO, C MMOMOIILIBIO ITpoLecca, OCTa-
IOIIETOCs 3aragkou UIs TpaauiuoHHoW Hayku. [Tomuute 500-MeTpoOBBIN CTONO SHEPruv B MUpa-
mujie ['onona, KoTopslil popMupyeTcsi BOKpYr mupaMubl, U 60mbmil 300-KIUJIOMETpOBbIiA CTOIO,
Ha CO3[]aHMe KOTOpOro MorpedoBaach Obl SHEPrHsi BceX PyccKHX nekTpocTtaHimii? [Ipeacrasis-
eTCs, YTO ITOT OIPOMHBIN CTOJNO HE MPOCTO «CHUIUT U OTAbIXaeT», OH AKTHBHO CMSAr4aeT Oypu
U CypPOBYIO IOro/1y BOKPYr nupamubl. HeBeposiTHO, HO Oypu 00X0a1JIH 3TO MECTO CTOPO-
Hoi. [IpencraBpre, 4To MOIIa OBI CAENIATh TaKask TEXHOJOTHS ISl PETHUOHOB, MOABEPKEHHBIX ypa-
raHaM. CTOMMOCTb CTPOUTENLCTBA TMPAMU/IbI OblTa Obl HAMHOTO MEHBIIIE, YeM PACXObl HAa BOCCTa-
HOBJIEHME HEMUHYEeMbIX pa3pylieHuil. [locne paspymienus BepiuHbl bpara (XoiM pacrosnoxeH B 5
—6 KM oT ropopa) kimMatr B Haxonke maMeHuscs OyKBaJIbHO 32 HECKOJIBKO Hezenb. Jliony roBo-
PUJIH, YTO MOCJIE B3PbIBA HECKOJIBKO THEW [1y/Id OYE€Hb CUJIbHBIE BETPHI U 111eJT 10K 1b. [10-BuIumMomy,
Torojia cTajla O4eHb X0JI0gHOM. Takoe n3MeHEeHre COBEPIIEHHO YBSI3bIBAETCS C BIUSHUEM ITUPaAMUL
Ha TIOTO/IHBIE YCIIOBMS, OTKPbITBIM ['0nogom u ero komeramu. daxe ecau bpar u Cecrpa — ecre-
CTBEHHBIE 00pa30BaHusl, KaK TOJIBKO CTPYKTypa bpara Hapymmiack, moroga 3aMeTHO M3MEHIIIACh.

[46] ITupaMuabl cTpOMINCH JJs TOr0, YTOObLI CTAOMJIU3HPOBATH MArHUTHOE IOJIE
3emun. Bce nmupamuapl pacrosaraimch B ONpeeseHHbIX TOUKaX 3eMIIH, YTOObl U3MEHUTh MPOX0-
JSAIINANA CKBO3b HUX IEKTPOMArHUTHBIN MOTOK. [{pyrumu cioBaMu, cama 1o cede mupaMmmuia, — 3To
He YTO NHOe, KAaK 00bIKHOBEHHAs JIMH3a, MOAYJIHPYIOIIAsl POXo/IslIie Yepe3 Hee NOTOKH,
NOANNUTHIBAsA YHepreTnyeckyue mojsi 3eMin M He JOMyCKasi IPH 3TOM JBHKEHHH JIMTO-
cepbl. X0Ts, €ciM COBCEM Y:KE TOUHO, TO MMPaMU/Ibl U3MEHSIA HE CaM JIEKTPOMArHUTHBIH MOTOK,
a TPAaBUTAIIMOHHBIA M CMEXHBIE €T0 YPOBHHU — SIBJISISCH KaK Obl BOPOHKOW OOpAIIeHHOH HIMPOKOW
YacThl0 BHU3 JIJIS1 YJIaBJIMBAHUS IPAaBUTALIMOHHOTO U3JIyYeHHUs] 3eMJIM U KOHLIEHTPAUUK U3Ty4YeHUs
Ha BepLlIUHe. 3/1eCh IPOUCXOAAT (PU3NYECKUE B3aUMOJEUCTBU S, KOTOPBIE E11le Majlo OCBOEHBI COBpE-
MEHHOI HayKOil. AKaJIEMUUYECKUM yUEHbIM €1le TOJIBKO MPEJCTOUT 3aHATHCS JAHHBIM BOIIPOCOM, TaK
KaK B HAyYHOM MHpe PUHATO UTHOPUPOBATH (DAKTHI B TOM CJIyYae, €Cd UX OOBSICHUTD MOKa He y/ia-
ercst. [Iupamuapl He 00sI3aTeTLHO CTPOMIIM OT HavaJla U 10 KOHIIA. 3a4acTylo UCIOIb30BAJIH MOIX0-
ASIITYI0 BO3BBIIEHHOCTh, KOTOPYIO OOKJIAIBIBAIIN HYKHBIM CTPOUTEILHO-MOHTAKHBIM MaTepHaIoM —
npujaBas €€ Hy)kKHYIO IMPaMUAAIbHYI0 (hopMy.

Anexcanap Maxos [1] Juck Caly nmokasai, Kak MOKHO 32 CYET TPEX JIETIECTKOB U er0 (DOPMBbI
3aJeICTBOBATh SHEPIUI0 YIPYrol aKyCTUYECKOW BOJIHBI JJI1 B3aMMOAEUCTBUS C BEPTUKAJIBHOU —
I'PaBUTAIIMOHHON CcOCTaBJIsoIIel. BomHOBOE sHEpreTruueckoe B3auMOJIEHCTBYE C TPaBUTAIIMOHHBIM
¢porom BcesneHHoIt 1103BOJISIET C MOMOIIBIO pe3oHaHca (puszuko-xumuueckux cBoicts (OPXC) O-H
BOIbl U Si-O KpeMHUs BBIICIUTb U MOJYyYUTh B YCTPOMCTBE JOIOJHUTEIbHYIO 3Hepruo. Hampu-
Mep, 9 um 11 denoBek, ays B TpyObl, CO3JAIOT YCIOBUE B3aUMOJEHCTBUSI YIIPYTOM aKyCTHYECKOM
BOJIHBI C BEPTUKAJIbHON — IPaBUTAIIMIOHHON COCTABJIAIOUIEH, YTO MO3BOJISIET MOJTYYUTh B KaMHE
JONOJHUTENBHYIO 3Hepruto. Co3naHue Meranutiudeckor sHepru HaunHaercsi ¢ ©XC O-H Bogpt. Tyt
HAJ10 BCTIOMHUTD, 4TO YesioBeK Ha 80 IPOLEHTOB COCTOUT U3 BOJbI. [IpousHOIIIeHre Ha CTPOro orpe-
JEJIEHHOM HOTEe Maruyeckoy (ppasbl CO3AET YCIOBUS 1Sl CO3JaHUs YIIPYTOM aKyCTUYECKOU BOJIHBI
sHeprerudeckoro noroka B ®XC O-H Boawl u nocienyomeit ero nepegaun B ®XC Si-O kpem-
Hus KaMmHs. VccnenoBarens Anekcanap MaxoB CUMTaeT, YTo MaH/AyC BO3JIE TPEX IVIaBHBIX UPaMUL
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I'u3pl MMeeT crienuanbHylo Liesb. Ero Teopus 3akimodaeTcs B TOM, YTO KaMEHHas IJ1aJKasi IOBEpX-
HOCTb MaHAyca MU3Jy4yaeT 10 HOpMaju BBEpX yropsaoueHHble noToku CBY-sHeprum. dta sHeprus
moayaupoBaHa HY-morokom. Eciu morsiTaTthcs MOJOKUTh HAa MAHAYC KaKOW-JIMOO KaMeHb, TOT
KaMeHb BXOJIUT B PE30HAHC CO 3BYKOBOM BOJIHOM U TepsieT Bec! MaxoB Jies1aeT BbIBOJ, UTO MaHIYC —
3TO YCTPOMCTBO 1Sl JIEBUTALIMOHHOTO BO3JEUCTBUSA HAa KaMHU. 13 nH(popMaluu o cBoiicTBax mera-
JIUTOB U3BECTHO, YTO TPH JICBUTALIMOHHOM OOJTyYE€HUH KaMHHM MOTYT HACTOJIbKO TOTEPSITh BEC, UTO
CaMOCTOSITEJIbHO MOTYT B3JIeTeTh B BO3ayX. Ho, U3BECTHO M Apyroe: creneHb NOTepH Beca 3aBUCHUT
OT MHTEHCHBHOCTH 1oA00HOro n3nydyenus. [Ipu cumpinom CBY-HY 06GnyyeHun — KaMeHb MOMbITa-
eTcsl B3JIeTeTh, IPU C1a00M — JIMIIb YACTUYHO TMOTepsieT cBoi Bec. BoT u 31eck, Ha Bojax Hua,
MBI MOXEM Ka4eCTBEHHO OLIEHUTh CTENIeHb 3TOTO JIEBUTALIMOHHOTO OOMYYEHHS: OHO — HU3KOE, 103~
BOJISIOIIIEE JIMIIh YMEHBIIIUTh BEC KaMHsI, He TIO3BOJISsL eMy B3JieTeTh. ViHaue, Ob1o Obl HEBO3MOKHO
BO3BECTU MTUPAMUJLY: BCE YJIOKEHHbIE KAMHH, KaK TOJILKO MPEKPATUIM UX YAEPKUBATH, ITONBITAIUCH
TYT € BOCIIApUTh B BO3/1yXE U pa3pyllIUTh BO3BEAEHHYIO KOHCTpYKIMIO. Ecim nomyctuts 1%-it ocra-
TOK Beca KaMHs y IMOBEPXHOCTH MaHAyca, TO KAMEHHBIN OJIOK HayaJbHBIM BECOM B 2,5 T 3JIeMeH-
TAPHO MOT TepeMelIaTh N0 HAKJIOHHOW BBepX Jaxe | 4yeloBeK: JIeBUTAMOHHBINA Bec OloKa OyaeT
BCero 25 Kr. A JBa 4yesioBeKa, yxe 0e3 KaKMx-TM00 CBEpPXyCUJIMIA, CMOTYT IPUTIOAHSATH €ro Ha pyKax
Ha HeOoJbIyI0 BHICOTY. C yBEJIMUEHUEM PACCTOSTHHS OT MIOBEPXHOCTH MaHAyca, NEPEeHOCHMBIN OJIOK
o0s13aTesIbHO OyJeT yBeIMYMBaTh CBOU Bec. Ha BepxHeM KOHIIe ITaH/1yca ero JIeBUTAIIMOHHOE BO3/IeH-
CTBHE Ha IepeMeliaeMble OJIOKM 3aKaHUYMBAJIOCh. 3[eCh 3TU OJIOKM CHOBA OJDKHBI ObLIIH MOJTYYUTh
CBOM NEPBO3/AaHHbII Bec. Jlasbliie CTpOUTENsIM PEACTOSAI0 NEPEHOCUTh KaMHU IO BCEH IUIOLIAIKE
OCHOBaHMS IMPAMU/Ibl, U3PATHO MOTSKEJIEBIIMMU. 3[€Ch, Y OKOHUAHMS MaHAyca, ero pojb nepe-
XBaThIBAJIACh HOBBIM YCTPOWCTBOM, JIPYTHIM 3JIEMEHTOM BO3BOIMMOIrO coopyskeHus. Y 3o Obl1 BOI-
HbIi KaHan niepeq nupamMuoi. IIOHSITHO, YTO MOTOK, NPOTEKAIIUI MO/ MUPAMUI0H, HECET
B CBOHUX BO/JIaX BCE€ Ty ’Ke SHEPruI0 peKu. A cam KaHaJ MPEeACTaBIIseT cOOON KaMeHHbI KOpoO,
BBEpXY KOTOPOIO €CTh KaMEHHAas KPBIIIKa, BEPXHsS MOBEPXHOCTh KOTOPOM — 3TO HAIlla CTPOUTEITb-
Has Tuioaaka. M MoHATHO, YTO SHEPrusl peKkH Terephb OyleT U3JIydaTbCsi CKBO3b 3Ty KAMEHHYIO
TUIACTUHY, a € YHNOPSJOYEeHHOCTh, 4 3HAUUT — U JIEBUTAIIMOHHbBIC XapaKTEPUCTUKH, OyIyT 3aBUCEThH
TOJIBKO OT KauyecTBa 0OpadOTKHU e€ MoBEepXHOCTH. Tak 4To, Majio cpyOuTh BBICTYHAIOIIME OypTHKH
KaMH$1 TIPY BBIPAaBHUBAHUY TUIOMIAIKH, BAXKHO OBLIO BBIIOTHUTD €€ U JOBOJIBHO IJIAJKOH, Oe3 CKJla-
JIOK U 1mepoxoBarocteil. Kak pe3ynbTar: BAOIb BCEH JAJTUHBI BOJHOTO KaHajla U MO BCEW ero ImupuHe
OyIlyT UMETh MECTO HOBBIE JIEBUTAIIMOHHbIE MPOSIBIEHUS. [IpyruMu clioBamu, U3 BCeW KBaJIPaTHOU
IUIOIA/IM OCHOBAHUS MMpaMMIbl Xeorica JIMILb Ha €€ YacTH, 10J] KOTOPOH MPOTEKAlOT BOJbI KaHaIa,
MBI [TOJTy UMM JIEBUTALIMOHHOE yMeHblleH e Beca. [llar B cTOpoHy OT 3TOro BBITSIHYTOT'O MTPSIMOYTOJTb-
HUKa, U BCE — KaMeHb cHoBa notskenen! Eme onqHa Bepcus — KomblioBa 3akiioyaercst B TOM, 4TO
KaMHH CaMH JIeTe/IM BBEPX 10 0COOOMY SHEPreTM4ecKoMy KaHasly. DTOT SHEprokaHan ObUl CO3/1aH
CTPOUTENISIMU TIOCPECTBOM TEXHUYECKUX YCTPOMCTB IOCPEAWHE BOCTOYHOM CTOPOHBI MUPAMU/IbI
(co croponsl Huna). MccnenoBanus moka3aiu, YTO MHOTOTOHHbBIE KaMEHHbIe OJIOKH, JOCTaBJISIBIIIH-
ecsl K MOJHOXBIO TIMPAaMU/IBI, TIOABEPrajlCch SHEProoOpadOTKe TeHepaTopaMu isi ociadieHusT ux
I'PAaBUTAIIMOHHOTO B3aUMOJAEUCTBUS C 3eMJIEN U YBeIMUEHUsI B3aMMOJIENCTBUS C KAHAJIOM SHEpro-
MOTOKA BBEPX BOJb nupamusl. Ilociae 3toro 6;10ku MOCpeCTBOM KaHATHO-OJIOYHOTO YCTPOMCTBA
0/1aBAJIMCh B IPUEMHMK SHEProKaHala M JIETeIM BBEPX K MECTY YKJIaAKU. DHEPreTUUeCcKuil MOTOK
KaHaJ1a co3/1aBaJicsi CBOe00Opa3HBIMH COJIEHOMIaMU-TPaHC(OPMATOPaMH, YCTAHOBJICHHBIMU Ha OTHOM
ocu BIIOJb cTeHbl nupamubl. [Io Mepe pocta BbICOTHI MUpPaMUIbl YAJUHSIOCh U HapalllMBaloCh
YCTPOWCTBO, CO3/1aBaBIIIee SHEProKaHaJl.

[58, 59]. Obs3arenbHOE MCIONB30BAHUE BOABI PEK M JIp. MCTOUYHHMKOB BOMbL [IMpamMuiibi
Ha miato ['v3a BO3BBILIAIOTCS HA/l M3BECTHAKOBBIMU CIOSIMU (BOIOHOCAMM) U TPOCTPAHCTBA MEXKLY
HUMH 3aI0JTHEHbI OOJBIIMM KOIM4ecTBOM Boabl. CjioM MOpoabl COCOOHBI NepeaaBaTh dHep-
THI0 BBEPX TOYHO TAKXKE, KAK OHM HECYT MOA3EMHbIE BOAbI K MOBEPXHOCTU. DTO O3HAYAET, UTO
O0JIBIIION 0OBEM TIOTOKA BOJIBI, TTPOXOASAIIMN Yepe3 MOA3eMHBIC TIOJIOCTH CIIOCOOEH MPOU3BOIUTH
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EKTPUYECKUI TOK; U3BECTHBI HaM Kak (PU3MO-IEKTpUUeCcTBO. PU3HO-21EKTPUUECTBO MOKHO
OIpEJENTh, KaK «IHEPruio, NOITyUYEHHYIO0 U3 €CTECTBEHHBIX (PU3NYECKUX IBUKEHUM, U C TIOMOILIBIO
OIpe/IeNIeHHBIX YCTPOWCTB MIEPEBEACHHYIO B AJIEKTPOSHEPrUio». Harpumep, Kak SHEPruio OT XOAbObI
MOXHO MpeoOpa3oBaTh B JIEKTPUUYECTBO, TAK U SHEPIHIO OT MOTOKA peku Hut, mpoTekalonuii uepes
BOJIOHOCHBIE CJIOM MOKHO TOYHO Tak:ke 00y34aTh U cCOOMpPaTh IJis1 CBOEH mojib3bl. Kamepsl, mocTpo-
€HHble B cTeHax Benukoil mupamuisl ['W3bl, CUUTAIOTCSA TPAHUTHBIMU IPOBOJHUKAMM, PEATM30BbI-
Basi B KOHCTPYKIIMH UICI0 «(PU3HO-3NIeKTpruecTBa». Takum oOpa3oM, JaHHbII MaTepuaa U KOH-
CTPYKIMSI CaMO#l MMpaMubl NlepeaeT 3JeKTPOMarHuTHoe 1oJie, BO3HUKAaIee B CaMOM
HHM3Y NHpaMHAbl B CTOPOHY BEPXHHUX CJ0eB coopyxkeHus. bamnsa Tecna, cornacHo 3akimoue-
HUIO HCCIeoBaTesie, Obula MOCTPOeHa Ha BOMOHOCHBIX TOPH30HTAX, 4 3HAUUT, AMEKTPUUYECKast TeX-
HOJIOT s, UcTiofib3yeMas Teciia BEepOsITHO MIEHTUYHA TOM, KOTOPasi IPUMEHSUIACh ITPU CTPOUTEIILCTBE
Benukoit nupamusl. Benkas mupamuna B [n3e u pantactuunas OamiHs Tecna Obuti SHEpreTrye-
CKUMU CTaHIUSIMU, MUTAIOUIMMHU JIEKTPUUECKHE KOMIIOHEHTHI Yepe3 OPOMHBIE pPacCTOSIHUS, HECs
9NEKTPOHBI K MoTpeduTenssM. Hayka naBHO oOpaTiijia BHUMaHE HA AaHOMAJbHO OOJIbIIYI0 CKO-
POCTb pacnpocTpaHeHHs 3ByKa B BOJie, B 4 pa3a ObIcTpee, 4yeM B Bo3ayxe. Ho npeBHue crie-
[IUAJIMCTHI 3HAJIM U O TOM, YTO BOJA, IOMHMO 3TOro, 00J1a1aeT CNOCOOHOCTHIO NepeIaBaTh
3JIeKTPHUYECKUI H SHePreTHYeCKUil CHrHAJI HA THTAHTCKHeE paccTosinus . Bugumo, 310 06cTO0-
SITEJIbCTBO YYUTHIBAJIOCh JPEBHUMM, BCJIEACTBUE YETO MUPAMU/IBbl U APYTUE KYJIbTOBBIE COOPYKEHUS
CTPOWJIMCh HeJasleKo OT Boabl. Eciu ke Boja Obula Janieko, TO K MUpaMUIaM MPOBOAMIIM BOIHbIE
apTepyy WM CO3/IaBAIM HA MeCTe OBIOIIEro M3-T10/1 3eMJI SHEPreTHUECKOTO MOTOKA HCKYCCTBEHHbIE
BOJIOX PaHWJIMIIA, IMEHOBABIIMECS CBSIIEHHBIMU 03epaMu. Jlenanoch To Aj1sl TOro, 4ToObl CBA3ATh
nupaMu/Ibl ¢ 00Iel MIaHeTapHoil SHepreTudeckoii cucremoii. B 1933 roay ymanoch ycra-
HOBUTb, YTO ITIABHBIMU «BUHOBHMKaMM» aHOMAJIbHBIX CBOMCTB BOJBI sIBJIsIOTCS BogopoaHbie (H) -
CBSI3H, KOTOPBIE UT'PAIOT BAXHYIO POJIb M B XUMHUHU Opranndeckux coeaunenuii. dtu (H) -cBs3u obpa-
3yI0T CBO€OOPA3HBI OECKOHEUHBIN «MHOTOKMIIBHBIN KaOesb», 0 KOTOpoMy MH(popMalus repea-
eTcsl MOYTH MrHOBEHHO. OUeBHIHO, YUUTHIBAasi HEOOBIYHBIE CBOMCTBA BOJIBI, APEBHUE Maiisl OKJIO-
HSUJTMCh OOTaM y TUTAaHTCKUX KOJIOALIEB, HA3BIBAEMBIX «CEHOTAC». B CHIly TOro, 4To B CBOMX MCTOKAX
ApeBHUE Maiisl, KaK U eTUITSIHE, ONMPAJIMCh Ha 3HAHUSI, TIONyUYEHHbIE OT KOJIOHUCTOB U3 ATJIAHTUbI,
MpUIeMX Ha noixyocTpoB FOkaraH cpasy mocie 3aToruieHHs CTpaHbl ATIaH, MOKJIOHSISICh Ooram
y CEHOTac, ’KpeLbl Maisl OCYIIECTBIISUIM Yepe3 BOAY CBfA3b C €llle JAEWCTBYIOIMMHU B T€ BpEMEHa
SHEpPreTuYeCKMMH UCTOYHUKAMU ATJIAHTOB M €CTECTBEHHBIMU ITPUPOIHBIMU UCTOYHUKAMU SHEPTUHU.
ThicsTYM IONOOHBIX KOJIOAIEB Pa3OpOCaHbl MO MOMYOCTPOBY, MHOTHE B TPYAHOAOCTYITHBIX MECTaX.
OTH BOJAHbIEe apTePUH 00Pa3YyIOT CJOXKHYI0 rHAporpacgunyeckyio cetb, HMEOIYI0 BbIX0/
NPsIMO B BOJbI OKeaHa. [loatomy [yist TOro, YToObl MUpaMKIa KaK pe30HATOp, YCUIIUBAIOIIUH AeHi-
CTBUE SHEPreTUYECKOr0 UCTOYHUKA BHYTPU MUPAMUIBI, MOIJIA COCTOSITh B SHEPIrOMH(POPMALIMOHHOM
B3aMMOJICCTBUHM C OOBEKTAMH, HAXOIAIIMMUCS Ha OOJIBIIOM YIAJICHUH, MHPaMHIAbI M MeraJiu-
THYEeCKHe COOPY:KeHHUsI CTPOWJIM BO3Jie BOAbI WJIH HA MeCTax reoJIOrH4ecKnx pa3jioMoB
U HCHOJb30BAJN B CTPONTEJIbCTBE Te MaTepHaJbl, KOTOpPbIe N0 CBOEH CTPYKType CXOKHU
€ BOJIOI1 1 Pe30HAHCHI C NMPAMHU/I01 H SHEPreTH4YeCKNM HCTOYHUKOM BHYTPH MHPaAMU/bI.
C OTKpHITUEM PEHTTEHOBCKMX JIyyell M Pa3BUTHUEM PEHTIEHOCTPYKTYPHOIO aHalIW3a IEpBbIE ke
padoTHI MOKa3aId, YTO KHUIKas Boga OJMKe TIO0 CBOEH CTPYKTYpe K TBEp/IbIM TejlaM, a He K ra3am.
Ha 310i1 ocHoBe [Ix. bepnan u P. ®aynep noctponiu NpUHLIMIMATIBHO HOBYIO MOJIENb CTPYKTYPBI
KHUJIKOW BOJIBI ¥ TIpeoOpa3oBaHUil B HEW ¢ U3MEHEHUEM TeMIiepaTypbl. OKa3ajiock, 4TO BOjIa UMEET
TETPadAPUUECKYIO CTPYKTYpY THUIA KBapla pa3HbIX MOAM(UKAIMNA, YTO MOKHO Nepedpa3upoBarb
npuOIM3UTENbHO Tak: «KBap uMeeT CTPYKTYpY THIA BOAbI». CX0KeCTh CTPYKTYP STHX JABYX,
Ha NePBbIil B3IVIs1, Pa3HBIX BelleCTB WJIH, HA A3bIKe NPeJCTaBJeHUll JPeBHUX, HX «COOT-
BeTCTBHE» olpezesieT HX Pe30HAHCHOe B3aumogeiicTeue . [IosToMy KBapll sBISIETCS Bak-
HEHUIIMM MaTepuajioM, UCTIOb30BABLUIMMCS HE TOJIBKO ITPU CTPOUTEIBLCTBE MUPAMU/L M pa3HOTO TUIA
SHEpPreTUYeCKUX MCTOUYHMKOB, HO M Kak HamonHutenb ais «Kesznos ['opa». JKuBbiM npumepom
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MOXET CITY’KUTh IpeBHHIA KOMIUIEKC upamu] Teotnyakana. [IpoBeaeHHbIe TaM HccieioBaHus yoe-
i Ansppena lHlnemmepa, uro «Yiuia MepTBbix», HUKOTAa He OblTa ynuiei. Bronbs Hee nepBo-
HaYyaJIbHO ObLJTa yCTPOEHA IIENI0YKa MPYIOB, 3aTIOTHEHHBIX BOJIOH, CITYCKABIIIMXCSI Uepe3 CEPHIO 3arpy/
ot nupamusl JIyHel Ha ceBepe k Llutanenu Ha tore. Yepe3 paBHble MHTEPBaAJbl «YIMLa» NEpPero-
POXEeHa TOBOJIbHO BBICOKMMHM CT€HAMH, Y OCHOBAaHMSI KOTOPBIX SICHO BHIHEIOTCS OCTaTKU XOPOIIIO
000pPY/IOBaHHBIX IIUTIO30BBIX YCTPOHCTB. K TOMy ke 00Ul YKJIOH MOBEPXHOCTH 00Jeryai TeueHne
BOJIbl, IOCKOJIBKY OcHOBaHue. [Tupamuaa JIyHsl pacnionoxkeHa npumepHo Ha 30 METPOB BbILLE YPOBHS
rpyHTa niepen Lluranensio. Pa3nenennsie cekiy ObUTM 3arofiHEHbI BOJOW. M, HakoHell, Kak ObUIO
YCTAHOBJIEHO B IIpOLIecCe Tonorpagpuieckor cbeMku TeoTnyakana, KOTopasi BO3IJIABIIIIACH podec-
copom Perne MuiioHOM, TOpoxl B JPEBHOCTH pacloiaraj «TIaTeJIbHO OPraHM30BaHHOW CUCTEMOM
KaHaJIOB ¥ MIPOTOYHBIX BOJIOEMOB, ITPOPHITHIX K CIIPSIMJIEHHOMY YYacTKy peKu. DTa ruaporpaduye-
CcKasi ceTb oOecreunBaia CTOK BOJbI B 03epo TecKoko».

[23] [Tupamuibl BO3ABUTAIMCH B MECTaX BBIXOJA HA MOBEPXHOCTb 3€MJIM MOIIHBIX SHEPreTH-
YeCcKUX MOTOKOB. OCHOBHBIE MOHYMEHTHI (ETMIIETCKME M MEKCMKAHCKUE MUPaMu/ibl, ocTpoB [lacxu
u Komruieke CTOyHXEH/K B AHIVIMH, Ha TIEPBHIM B3I OSCCHCTEMHO pacKUAAHBI MO HaIlleH Iuia-
Hete. Ho eciu B riccnienoBaHue BKITIOYUTH THOSTCKUI KOMITIEKC MUPAaMHU, TO TIOSIBIISIETCS CTPOras
MaTeMaTH4yecKasl CucTeMa X pacroJio;keHus1 Ha nmoBepxHoctu 3emJn . BoisiBiiena Geccriop-
Hasl CBSI3b MEXAY KOMIUIEKCOM THOETCKUX MUPAMH[] C APYTUMH COOPYKEHUSIMU IPEBHOCTU — €TH-
METCKMMU Y MEKCUKAaHCKMMU NpaMUaMu, Kosioccamu octposa [Tacxu u komruiekcom CTOYHXEH K
B AHrnH. BricoTa riaBHou mupamupl Tudera — ropel Kaiinac — cocrapnser 6714 merpos. Paccros-
Hue ot Kaitnaca 10 CeepHoro nosoca paBHo 6714 kunomeTpam, paccrosinue ot Kaiinaca no Croys-
xeHmxka — 6714 xunomerpos. Ecim omioxuts Ha riodyce ot CeBepHOro nosoca 3tu 6714 kuiomeT-
POB, TO MBI [10113/IEM Ha TaK Ha3biBaeMylo baiHio [IpsaBona, MMEoIIyI0 BU] yCeueHHOU mupaMupl. U,
HakoHell, poBHO 6714 kunomerpoB ot CtoyHxeHaka 10 bepmynckoro TpeyronbHuka! Ock, rpoe-
neHHast oT ropbl Kaiiiac ckBo3b 3eMHOM Imap, aOCOMIOTHO TOYHO YKasbiBaeT Ha ocTpoB Ilacxu. Ecnu
NpsIMOY JIMHKEH coemuHNUTh Kaiiac ¢ ermmneTcKuMu MupaMuiaMu, TO ee MPOJOJDKEHNE TaKKe BbIBe-
net k octpoBy Ilacxu. Eciu coenunuts r. Kaiinac ¢ MEKCUKaHCKMMU TUPaMU/IaMU, TO COEIMHSIIOIIAs
UX JTMHUSA BIXoAUT Ha ocTpoB [Tacxu. [Tpogomkas uccnenoBanusi, OOHAPYKIIIH, YTO €CIIU COETUHUTD
MEKCUKAHCKUE MMPaMUJIBl U ETUMETCKUE, TO Mbl YBUANUM JIBa PAaBHBIX TpeyrojabHuka. Ecimu HaiTH
UX IUIOIIA/IM, TO UX CyMMa paBHA OJIHOW YETBEPTOM Iulolaay 3eMHoro mapa. Eciu paccmorpersb
paccrosiiue «Kaiinac — erunerckye mupamub» U «ocTpoB [Tacxu — MEKCHKaHCKKE MPaMUJIBI», TO
MBI TIOJTyYMM POBHO OJHY YETBEPTYIO JUTMHBI TMHUK «Kaiinac — o. [Tacxu». [Tomydaercs 3aMKHYyTast
TOJTHAsl CUCTEMA, CO3/IaHHAsI C U3YMUTEIBHON MaTeMaTUyeCcKOil TOYHOCThIO. B nociienHee BpeMs Bce
OOJIbIIIe YYEHBIX CKJIOHSIIOTCS K MBICIH, YTO OHA MpeAHa3HauyeHa Jisl CBSI3W 3eMJIM C yAaJeHHbIM
YTOJIKOM KocMoca. B nmupamuiax, npeacTapisiomux coooil 00beMHbIe Pe30HaTOPHhI, KaK U B PyIop-
HbIX aHTeHHax CBY-numamnasona, umeercst Tpu (okyca. TONBKO aHTEHHBI-MIUPAMUJIBI HAIIPABJIECHbI
HE BBEpX, KaK pa/IMOaHTEHHbI, a BHU3 — yepe3 1eHTp 3emin. Kpome Toro, nupamuiel Bcerja npu
CTPOMTENILCTBE MPUBSZHIBATUCH K MOA3EMHBIM BOJHBIM MCTOUYHHMKAM JIJIsl CHHXPOHU3AIMU SHEPro-
MH(OPMAIIMOHHON B3aMMOCBSI3M ¢ MUpOBBIM OKeaHOM. B pe3ynbTare ucciaeqoBaHuil MOKHO Cle-
JIaTh BBIBOJI, YTO HA 3eMJle CylIecTBYeT CTporasi nupamMujjajbHo-reorpacgpunyeckasi cucrema
nupamMuji.

Anppeii Bep:xxounkuii [60, 61]. ITocMorpeB Ha rio6yc 3emin, Mbl BUIUM, YTO Ij1aTo [13a
HAXOJUTCS B IIEHTPE yyacTKa cymu. Ha mpoTuBOIonokHOM CTOpOHE 17100yca rpoMaHOe BOJHOE MPO-
crpaHcTBO — Tuxuil okeaH. Eciu paccMoTpets noxoxuil komiuieke Teotnyakas, nupamu sl ConHua
u JIyHbl Ha TeppUTOPUM MEKCHKH, TO Ha TIPOTHBOIMOJIOKXHOIN CTOPOHE I1100yca 0OHApyKUM TpoMa/l-
HOE BOJHOE MpocTpaHcTBO — MHauiickuii okeaH. Iloxoxe, 4yto reorpaduueckue KOOpIMHATHI IS
CTPOMTENTLCTBA KOMILIEKCA BBIOPAHBI HE CIIy4YailHO, a SIBJISIIOTCS CYIIECTBEHHBIM YCJIOBHEM BBINON-
HEHUWs OCHOBHOM TeXHUYECKOH 3afauu. B paccmarpuBaemMoM cilydae, MEraJluTUYECKUil reHepaTop
3aKa4YMBAaET SHEPTUI0 Ha BBHICOKKME YPOBHU PE30HAHCHBIX YAaCTOT (PUBMKO-XMMHUECKHX CBSI3EH aTo-
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MOB BEIIIeCTBa U MPEBpalllaeT e€ B SHEPruio HeCyIuX BOJH. B KayecTBe aHajora HaIiero Ji1eKTpu-
4ecKOoro ypoBHs «3emiii—Hoib» BBHICTYNalOT ypOBEHb PE30HAHCHBIX YaCTOT (PU3MKO—XUMUUYECKUX
cesi3eit atomoB O-H Monekyn Bofpl, a B KauecTBe aHajora YpoBHsS «®Pas3bl» BBICTYINAeT ypOBEHb
PE30HAHCHBIX YacTOT (PUBMKO—XUMUUYECKUX CBsI3er aTOMOB Si-O KpuctaiioB KpeMHus. BoiiHoBas
SHeprus, 3aKka4aHHasi METaJIMTUYECKUM T'€HepaTopoOM Ha BBICOKMI ypOBEHb PE30HAHCHBIX YacTOT
(puznko-xumMuyeckux cpsizeit atomoB Si-O KpemHMs Ha 1uiaTo ['M3a, MocpeicTBOM COIIaCOBAaHHBIX
C pa3MepamMu 3eMHOTO Iapa HeCYIUX BOJIH, epeJaéTcsi M BLIBOUTCS MYTEM Ipeo0pa3oBaHus
B pe30HaHC aTOMOB (pu3nKo-xumndecknx cpsaseir O-H Boabl. Hecymue BonHbl, mogoupaoTcs
TaK, YTOObl PE30HAHCHBIE KOJIEeOAHWsI MacC aTOMOB BellecTBa 1yiato ['M3a v mpOTUBOCTOSIIEH eMy
MoBEpXHOCTU THXOro okeaHa HaXxoAWIMUCh B IpoTuBOasze. B 1933 r. o cBA3M MeK Ay MeraJauTaMu
U HCTOYHHKAMH MO3€MHBIX BOJ] COOOIIII U3BECTHBII (PpaHIy3cKuil uccaegoBareas Jlyn
Mepasb. B 1934 r. npyroii ¢ppanny3ckuii go3oxoaen u apxeodior llapas /Ino, noarsepaus
Mmbicau JI. MepJisi, yTOUHII, B YaCTHOCTH, YTO PsiAbl KAMHeH 00BIYHO HAYT MapaJjiejbHO
TeYeHHIO MOI3¢MHOI0 MOTOKA, TOIJa KaK CJAUsIHNEe WM IlepecevyeHne MOTOKOB 0TMeYeHO
MEHIMPOM HJIH J0JbMEHOM. APXe0JIOrd BBISICHIIH, YTO BCe MEHTHPbI U KPOMJIEXH CBSI-
3aHbl MeXKAy c000ii HeBHANMBIMH CHJIOBbIMU JHHUSIMY, 03€MHbIMH KHJIaMiH— TYHHe-
JISIMH, IJie UPKYJUPYIOT SHepreTuyecKkne TOKH. A KpynHeiile MeraauTuyeckne coopy-
’KeHHs1 0003HAYAIOT Y3JIbl 3TOH I100AJbHON CeTH, CBO€OOPa3Hble HEPBHbIE CILIETEHUs,
MoIHbIe ouaru u3iaydenusi. Camplii 60ab110ii MeHrHp, KameHb Peii oKka3ajicsa HeHTPOM
TUTAaHTCKOTO CIUIETEHHUsI; CpPeJ0oTO4YNeM, Yepe3 KOTOpoe MPOXOJAUT BOCEMb MarucTpaJb-
HBIX JuHHI». TakuM 00pa3oM, MerajuThbl CBSI3aHbl B Te0AKTHBHYIO CeTh, H PACIOJI0KEHbI
B MecTax cHJbl. [TnpaMuapl Oymayud MOCTPOEHBI B CTPOTO ONpPEAEIeHHbIX MECTaX M YeTKO OpH-
EHTHUPOBAHbI 110 IEKTPOMArHUTHOM peleTKe IJIAHETHI, BHIIIONHSIM POJIb CBOEOOPA3HOrO SHEPro-
MH(POPMAIIIOHHOTO KoMIUIeKkca. Korma-1o, o4eHb 1aBHO, COBMECTHBIMU CHJIAMHU BBICOKOPA3BUTHIX
MBUIM3ALIUI ObUT CO3/IaH OY€Hb MOIIHBIN KPUCTAUIMIECKUI OOBEKT, 110 MX COIIACHIO OH OBLI Iepe-
JaH B PyKH TIpyNIie ciayxkuresiei oomemy Onary, KOTopble HACTPOMB €ro Ha CBOM 4acCTOTHI CyMeJIH
Ha NPUHIMIAX B3aUMHOTO SHEprooOMeHa padoTaTh C HUM U Yeprarbh SHepruio. EcTb MHeHMe, 4To
B BIIOCJIE/ICTBUU STOT apTeakT B pa3IMUHBIX 3eMHbIX MU(AX CTaJl YIOMUHATHCS MO-pazHoMy: Mep-
kaOa, Kopuer 3aBeta, KameHb AJaThipb, KaMeHb YMHTaMaHu, KameHb JIoroc. 1ot KprcTasut oo1aaat
CTOJIb CUJILHOM SHEPreTUKOM, UTO 10 CUJIE CBOEW MPEBOCXOINI BCE UMEIOIUeCs Ha 3eMJie KpUCTaILTbI
BMecTe B3sAThIe. [1o jierense, 3ToT KpUCTall AOCTAJICS YeTOBEYECTBY OT BHICOKOPA3BHUTHIX BHE3EM-
HbIX nuBUiIM3anui. [Tupamuia, Kak OCHOBHOW JIEMEHT YCTPOMCTBA JajibHE KOCMUUYECKOU CBSI3H,
TOXE UCTIONb3YET 3TH YEThIPE EKTPOMArHUTHBIX TIOTOKA — Uepe3 00s13aTeIbHYI0 OPHEHTAIMIO CBOUX
rpaHeil Mo YeThipeM CTOpOoHaM cBeTa. [loquepkHEM XapaKTepHyI0 OCOOEHHOCTb STOW OPHEHTAIUN —
10 MATHUTHOMY Mepuauany. 1 310 — HenmpeMeHHOe TeXHUYeCKoe TPeOOBAaHUE MPU CTPOUTEIh-
crBe mupaMuibl. CTOUT TOJBKO MUPAMULYy HECKOIBKO Pa3BEpPHYTh B CTOPOHY OT MAarHUTHOTO MEpH-
JMaHa, pe3Ko CHUkaeTcsi 3PEKTUBHOCTh KOHIIEHTPALIMKM SHEPTUM U3ITydeHHs, BOSHUKAIOT SHepre-
TUYECKHE MOTepu. DTOT Mpouece, ucciaeqoBaHHblii O. PeicbeBbIM (M3J10k€H B €ro KHUre «ddekTt
dbopmbl mupamua» ), rpadpuuecku n3o00paxeH Hke. Ha BepxHeM puc. | mpuBeieHa SHepreTriecKas
CTPYKTYypa B BUJIE JIETIECTKOB, UCXOIAIIMX U3 YIJIOB TMPaMU/bl. B KilaccnyeckoM MosoKeHUH — Tpa-
HsIMU T10 CTOPOHAM CBeTa — CTPYKTypa racHeT. Ho, eciiu e€ HemokpyTuTh Ha 2—3 Trpajyca uim rnepe-
KpytuTh Ha 10 rpaj, Kak MoKa3aHo Ha PUCYHKE, TO M BO3HUKAET JEMOHCTpUpYeMasi IPKO BbIpaKeH-
Has JIEMIeCTKOBAs CTPYKTypa. DTO U eCcTh SHepreTrueckue norepu. CTpykrypa Oyaer yracarh o Mepe
MOBOpOTa Ha 22,5 rpajyca, 3aTeM — HACTYIUT NIePETioNiocoBKa (CMeHa 3Haka) U BO3pacTaHWe UHTEH-
CHBHOCTH JI0 yIi1a 45 rpaaycoB (HaJl0 HEMHOTO He JIOWTH Ha 2—3 rpajyca), najiee, Kak 0ObIYHO, —
Ha TOJIHBINA Kpyr — 16 MepernosocoBoK.

32



A. Marannes. «JlpeBHue NupaMubl — KJI0Y K TOJABJIEHUIO KaTacTpogp»

N

G + w !lf\)/’ls..'nl\. o

A P
0w s 60 "

Puc. 1. DHeprernueckue norepu yepes rpaHu MUpamMuibl (CBEpXy) ¥ 3aBUCUMOCTb aMITIUTYbI
U3JTy4YeHus oT yria (cHusy) [61]

HwxHuil prcyHOK MOKa3biBaeT rpapvk WHTEHCHMBHOCTU CUTHAJIA M3JTyYSHUS TMPAMUIBI TIPU
e€ pasBopoTe Ha Oosiee KOPOTKOM ydactke — oT 0 10 90 rpagycoB (BHU3Y — HJIsl TIEpeBEPHYTON
nmupamMujibl). Ml OH TOKa3bIBaeT, YTO MPH PaccorjacoBaHNU MUPaMHIbI ¢ MATHUTHBIM MepH-
auanoM Ha yroJ B 10 rpaaycoB, eé 3¢p(peKTHBHOCTb, KaK JHH3BI-KOHIIEHTPATOpa Mpo-
JI0JIbHO-BOJIHOBOM YHEPruM, YMeHbIIAETCSI MPUMEPHO HA TPETh . DTH rpapvKu B TIOIHOW Mepe
MOYHO PacIpOCTPaHUTh U Ha SHEPreTHIecKyio 3 PeKTUBHOCTh A00OHEHTCKOW TMPAaMUJIaTbHOM TTaphl.
U sta 3¢pdekTHBHOCTL TeM Oosbilie OyleT majgath, YeM OOJIbIe YroJl PaccoriacoBaHUsl pabodnx
rpaHeil nepenanieid 1 MPUEMHON MUpamMKI OT COOCTBEHHBIX MEPUIMOHATIBHBIX HanpaBieHuit. O6e
MU paMU/IbI-a00HEHTa JIOJKHBI OBITh COPUEHTUPOBAHBI OTHOCHTENILHO OTHOM OOIel JIMHUH, MOXET
OBITh, — FAJIAKTHYECKOTO Mepuana. [TupaMuibl Hy)KHO CTaBUTh B TAKMX MECTax IUIAHET, T Mar-
HUTHOE CKJIOHeHHe OynieT Hy/leBbIM. T.e. OHa U3 rpaHei Kaxk oW MupaMHIbl OyJIeT HallpaBJieHa Kak
Ha reorpaUUYecKuii, Tak 1 HA MArHATHBIN TIOJTIOC TUIaHEThl. M 9T0 — BTOpOe BHISIBIIEHHOE TeXHUYE-
CKoe TpeOOBaHME K CTPOUTETLCTBY IMPAMUJI.

Ouger XaBpomknun [60]. Tam okazajncsi UHTEPECHBIM TaKOW Mapajokc. BoT, MOIOXKUM, MBI
M3MepsieM IyM IMAPaMUIbl CBEpXY, Ha JHEBHON MOBEPXHOCTH, HAa TPAHSX MUPAMUJbI, U BHYTPH,
Korjia B kKamepe Haxoaumcs. M BOT IIyM BHYTPH MHPAMHIBI B HECKOJILKO pa3 BHIIIE, YeM CHAPYKH.
DKCIepThl 3aITUCHIBAIA MKW JICKTPOMArHUTHON aKTUBHOCTH MMUPAMUJI M CEUCMHUYECKON JesTe Tb-
HOCTH IIJTAHETHI. YIMBUTEILHO, OHH COBIIAJIA. 3HAYUT, MIPaMuia pa6oTaeT Kak reou3nyecKui
npuoop s mpeaynpe:kJaeHnsl WiN NpeaoTBpalleHus: 3eMmiueTpsiceHuii . Erunerckue nipa-
MU/IBI U IPYTHE, IOJOOHBIE UM, SIBJISIIOTCS 0O TyJaTe IIMU HEOJHOPOTHOH MMApOBOM TUJIEKTPUISCKON
JIMH3BI TIO UMEHU «3eMJIs1». OHU MpeJHa3HaYeHBbI TS B3aMMOJCVCTBUS C TATbHUMHA KOCMUYeCKUMU
o0beKTaMH M (WJIM) YOAICHHBIMA OOBEKTaMH M CyOBEKTaMM, PACHIONOKEHHBIMHM B Pa3HBIX TOYKaX
MOBEePXHOCTU 3eMJIH, ee aTMocdepe WM BHYTPH 3eMHOTO mapa. MHOrouncjieHHbIe yMeHbIIIeH-
Hble KONNH eruneTCKNX MupamMuj, MHPOKO peKjJaMHpyeMble B HACTOsIIiee BpeMs s
YMeHbIIeHNsI BPETHOTO BJIUSHUH reonaToreHHbIX 30H, TAKKe MOKHO paccMaTpuBaTh Kak
aHTEeHHbI. B oTIMure OT qpeBHUX NMUpaMu]] OHU padoTaoT Ha 0oJlee KOPOTKUX JUTMHAX BOJH, KOTO-
pble MOTYT SIBJISIThCSI M TAPMOHUKAMH TeX, Ha KOTOPHIX pabOTaloOT JIpeBHUE MUpaMUbl. BobImiH-
CTBO 3TUX MUPAMUJI SBJISIOTCS YMEHBIIEHHBIMU MOJIEIISIMUA OOJIBINNX (ETHIETCKUX ). DKCIIEPUMEHTBI
C VIMITYJTbCHBIM BO3JICHICTBHEM Ha OT/Ie/IbHbIE OJIOKM OOKOBBIX TPaHEH M B Kamepax BHYTPU MacCHBa

33



A. Marannes. «JlpeBHue NupaMubl — KJI0Y K TOJABJIEHUIO KaTacTpogp»

MUpaMu/l KaKk KOHLUEHTPATOPOB BBISIBWIIM PAAMKAIbHbIE OTJIMYMS OT MX W3BECTHBIX, IOUYTH COBIA-
naommx 1no ¢gopme u pyHKMAM aHasioroB. Ko3adpunmenT ycnnennsi ceiicMu4ecKuX BOJH
HMITYJIbCHOTO THIIA IO aMILIMTY/e /ISl MAJIbIX MUpaMuJ gocturaet BeanunHsl 10, yro npo-
TUBOPEUUT TEOPUU aKYCTUUECKUX KOHIIEHTPATOPOB.

Kocruncknii Muxaunna IOpbseBnua [7,60], corpynHuk sabopaTtopuu ajibTepHATUBHON
ucropuu. ['pynma u3 tpex Oompimx nupamus B ['M3e mpeactaBiiseT coOoi equHbIN KOMILIEKC, pado-
TAIOUIMIA JJIs1 OCYIIECTBIeHHs oOmen 1eau. KocTHHCKMA yJacTBOBal B SKCIIEPUMEHTE, BO BpeMs
KOTOPOTO UMITYJIbC, UCITYIIEHHBIN OT MpaMuabl Xydy, OTpakasich OT T'PaHHUL] F€0JIOTUYECKUX CIIOEB,
MOCJIeJOBATENIbHO MPUHUMAJIC npamunamu Xadgpa 1 MeHkaypa, B pe3yJabTare 4ero ooecrednBa-
JIOCh B3aUMOJIEIICTBUE BCEX YCTPOWCTB B €AMHON cxeMe. B TakoM cityudae Besl cucTeMa U3 TPeX CaMbIX
OOJBIINX ETUTIETCKUX MUPAMH]] MOKET padoTaTh YeM-TO BPOZIe Teopaaapa UilM aKyCTUIeCKOTro MHTep-
(bepomeTpa, perucTpupymoero nepuogudecKre JMTocepHble BO3MYIIeHUs1». Bo3HuKaeT BrosiHe
€CTECTBEHHBII BOIPOC: €CJTH TaK, [IOYEMY K€ CETOJHSI Mbl HE OIIYIIIaeM paOOThI 3THX CEHCMOCTaHIIUH,
MOYeMY CETOJHSI 3TH CBOe0Opa3Hble 'POMOOTBOB He JeHcTBYIOT? TONBKO 3a OCHEHUE IeCATHIIe-
THS OTIEJIbHBIE PErHOHBI 3eMJTH TIEPEKUIIN CePhe3HbIe KaTaKJIM3MBI C MATHUTYIOU OKOJIO 9 GayioB
no mkasie Puxrepa. Komruiekc nupamun npezacraBisier codou reopanap. [Ipeamonaranocs ucnosb-
30BaTh €ro KaK JOJTOBPEMEHHO (PYHKIIMOHUPYIOIIUI PErHCTPaToOp KOIeOaHUN TITyOrHBI 3ajIeraHusl
reoJiornueckux cinoép. [puuém, B ciyyae reopagapa COCTOSIIErO U3 TPEX aHTEHH, PeUb MOKET UTH
O perucTpaury M3MEHEHUsI OTHOCUTEIBHOIO MOJIOKEHUS] TPEX IJIOCKOCTEN — MOBEPXHOCTU 3EMIIY,
NIEPBOI ¥ BTOPOM T'PaHuUL] OTpaxeHHs. Pe3ynbTaThl TAKOro 30HIMPOBaHUSI, OCHOBAHHBIE HE Ha JIBYX,
a Ha TPEX KOHTPOJIBHBIX TOYKAX, MO3BOJIMIM Obl OMMCATh HETMHEHHBIN XapaKkTep 3THX W3MEHEHHN
KaK B IIPOCTPAHCTBE, TAK U BO BpeMeHu. HeMHoOro cjioxxHee BOIpoc 0 B3aMMHOM TOJIOKEHUH MHUpa-
muj. [Touemy BrIOpaHa UMeHHO Takasi cxema? YeM oObsCHSETCS paBHOMEPHOE ylaleHne MpaMusl
B HallpaBJICHUU «IOT-CEBEP», U HE PABHOMEPHOE B HAIPaBJIEHUH «BOCTOK-3amaa»? JlomycTum, 3apa-
Hee 3a/lJaHHasi CTPOUTEJISIMUA KPAaTHOCTh PACCTOSIHUI MEXy U3JTydaTeseM U PUEMHUKAMU B IIPOEK-
UM «IOT-CeBep» CBsI3aHa C (pr3MUecKoil HeOOXOIUMOCTBIO (ha3MpOBaHMS JBYX MMITYJILCOB. A BOT
oObsicHeHHe (paKTa pa3HEeCeHU s MUPAMHU/ TI0 I0IToTe TpedyeT Oosiee BHUMATEIBHOTO B3IJIsIIa HA Kap-
TUHY COIYTCTBYIOLIMX (PU3UYECKUX MPOLIECCOB. [10 CHX MOp 3a IrpaHblo HAIllero BHUMaHUS OCTaBaJICs
(pakT notpsicatorie TOYHON OPUEHTALMH NMMPAMUJ, [0 CTOPOHAM CBETa. A UTO TaKOE CTOPOHBI cBeTa?
OueBUIHO, CTOPOHBI CBETA, ITO HAIIPABJICHHUS], 32/IaBa€Mble BpallleHueM 3eMJTH BOKPYT COOCTBEHHOU
ocu. To ectp, camo BpalieHre 3emMiii AOJIKHO UrpaTh 3HAYMMYIO poiib B (DyHKIIMOHUPOBAHUM BCE
cxeMbl. B ciyuae ¢ komruiekcom ['m3a, BpaiieHne 3emiu, cyas IO BCeMY, YUUTHIBAJIOCh KaK BHEIII-
HUH (PaKTOp, BIUSIHUE KOTOPOrO KOMIIEHCUPOBAJIOCh MEPUANOHATIBHBIM CMEIIEHUEM MUPaMUI-TIPH-
€MHUKOB. [Ipn4ém, B HENMOABUKHOW CUCTEME KOOPAMHAT, CBSI3aHHOM C IIEHTOM Macc 3eMJIH, Bpems,
3aTpayrBaEMOe 30H/AMPYIOIIMM UMIIYJIbCOM Ha IMPOXOXKIEHUE IyTH OT UCTOYHMKA [0 MPUEMHHUKA,
JOJKHO PaBHATHCSI BPEMEHU, B T€UEHUE KOTOPOTo IMPOUCXOIUT YCJIOBHO JIMHENHOE CMEIIEHUE 3EM-
HOW MOBEPXHOCTH HA BEJIMYMHY PABHYIO PACCTOSIHUIO MEXIy nupaMuaaMu. CKOpPOCTb TaKOro cMe-
1eHus1 OyJeT paBHA JIMHEHHOW CKOPOCTH TOYKH Ha MIMPOTE MUPAMUL:

(1)
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V. =woR(p)cos( @)

rae: — yrioBasa CKOpOCTb BpallleHU A 3emim BOKpYT CcBOEH OCH,;

— paanyC-BEKTOP TOYKN 3eMHOMI MOBEPXHOCTH HA HIHUPOTE;

(@
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TOrJa, BpEMs IMPOXOKAECHUA UMITYJIbCA:

(2)

rac: — paCCTOAHNUC MCKIY HI/IpaMI/IIIOﬁ H3JIydaTrejieM 1 HI/IpaMH,HOﬁ l'[pI/IéMHI/II(OM B IIPOCKINU
«BOCTOK-3amam.

Bunumo, Takum 0Opa3oM co3aaTtenn KOMILIEKCa Peliii 0O0eCcrieunTh YCIOBUE, TP KOTOPOM
MTHOBEHHAsI INMPOTHASI COCTABJISIONIAs CKOPOCTH 30HIUPYIOIIEro MMITYJIbCa OCTaBalach Obl B TIep-
BOHAYAJIbHOW TUIOCKOCTH, CBS3aHHOM C MOMEHTOM T€HEepaIK BOJIHbI OTHOCUTEIBHO HEMOABUKHOM
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cucTeMbl KoopauHat. To ecTh, Ha JIMIO MPUCYTCTBHE (PMKCHPOBAHHOTO MPOCTPAHCTBEHHOTO HAIMPAaB-
nenus (Y), oOycIOBIEHHOTO MPOSIBJIEHUEM CBOKCTB Hekoero usudeckoro akropa. [lomyueHHbli
BBIBOJI UMEET BAKHOE 3HAUEHME ISl IOCTPOSHHUSI 1IEJIOCTHOM KapTUHBL. Onupasich Ha MpeiyiokKeH-
HYIO CXeMY MOXHO pacCUMTaTh MIyOMHY MPOHMKHOBEHMS 30HIMPYIOIIEro NMITysibca. B pesynbrare
MPOM3BEEHHBIX PACYETOB OBLIHM TMOTyYeHbl 3HAUEHHs TIIyOWH 3aJleraHvsi TPAHUI] OTPAKEHUs IS
niepeoro (Xydy-Xadpa) H;=3500m, u Broporo (Xydy-Menkaypa) H,=7000m 30H11pYIOIIETO JIyya.
Kazanoch Obl, Kakue Mmpolecch B 3eMHOM KOPe MOKHO PerrMCTpUpOBaTh Ha TaKUX IIIyOMHAxX, €CIIH
OmKaiIasi TpaHUIa PeasTbHOM Te0IOrMYeCcKor aKTUBHOCTH — MepPexXoHas 30Ha TuTocdepa-acTeHo-
cepa, um «rpaHua MoxopoBria» HAXOOUTCS 3HAYUTENILHO HIKE, Ha ITyOrnHe oKoJio 40 KUIoMeT-
poB! BbiBOjIBI.

— Kommnieke nupamu peaHazHavyeH JUisl PerucTpaui MeXaHMUecKuxX JehopMaliuii, BO3HU-
KaloIIMX B 3eMHOU KOpe.

— Komruiekc nupamuz — 310 yCTPOUCTBO, pa3pabOTaHHOE C YYETOM BIIMSIHUS HEKHX, HE Y4acT-
BYIOIIMX B CYTOUYHOM BpallieHu# 3eMin (PU3NIeCKUX MpOLIECCOB.

— Teorpadmueckue KOOpAMHATHI AJIsI CTPOMTEIbCTBA KOMILIEKCA BBIOPAHBI HE CITyvaiiHo,
a IMEHHO SIBJISIIOTCS CYIIECTBEHHBIM YCIIOBUEM BBITIOIHEHUSI OCHOBHOW TEXHUYECKOH 3aJa4H.

[Tonyyaercs, 4TO HEKYIO BHEIIHIOK [0 OTHOUIEHUIO K Bpallaloleics 3emiie cuiy, AeUCTBY-
I0IYI0 BAOJIb (DPUKCUPOBAHHOM JIMHUM MPOXOJSIEN Yepe3 LEHTp Macc 3eMld U MepeceKaronie
3eMHYI0 TOBEPXHOCTh Ha MIMPOTe ['M3bl, MOKHO CUMTATh MPUYMHOW BO3HMKHOBEHMS TEX CaMBbIX
nedopmaliiii 3eMHOIM KOPbl, KOTOPbIE U (PUKCUPYIOTCS] KOMIUIEKCOM-TeopaiapoM. BeneacrBue cyTou-
HOT'O BpallieHus1 3eMJI1, pacCMaTpyuBaeMble MeXaHuecKHe 1epopMaliiy JOIKHBI PACTIPOCTPAHSATHCS
B TOJIIIIE JIMTOChephl B BUE OEryIel BOJHbI, MAKCMMYM KOTOPOH MOCTOSTHHO HAXOIUTCS HA JIMHUM
AedcTBUS CHbl. VIMEHHO Tak BBINISAMUT IMpolecc 0Opa30BaHUs MPWIMBHOM BOJIHBI B JUTOC(hEpe
BCJIE[ICTBHE TPABUTAIIMIOHHOTO B3aMMOJEWUCTBUsI 3eMJIM C MAaCCUBHBIM HeOecHbIM Tesiom. Ckopee
BCEro, HauaJbHOE IPOSBJIECHUE MPWIMBHOIO 3(p(PEKTa BbIPAKAIOCh B BUJE PACIPOCTPAHSAIOLIECHCS
IIUPOKUM (PPOHTOM CBEPXHU3KOUACTOTHOW aKyCTHUECKOW BOJIHBI, KOTOpasi U SIBJISIACH NIEPBUYHBIM
MCTOYHMKOM aKyCTHUECKOW SHEepruu, akkymynupyemon mupamuaon Xydy. Lapckas kamepa Oblia
CEep/ILIEBUHON T'M3EBCKOUN SHEPreTUYECKOM YCTaHOBKH, MPOU3BOMSIIEH HEU3IIIQAUMOE BIeUaTIeHe
KOMILIEKTHOH TpaHC(hOPMATOPHOM MOJICTAHIIUM, COCTOSIIIEN M3 THICSY TOHH IPAHUTA, COAEPIKAIIIEro
B CBOEM COCTaBe KBapIIEBbII KPUCTAIII C 55-TIPOIIEHTHBIM COflepkaHreM KpeMHHs1. DTa Kamepa Oblia
CO3/1aHa C 11eJbI0 CBECTU K MUHMMYMY 3aTyXaHue KojeOaHuil, u Onarogapsi CBOMM pa3Mepam OHa
MpeBpaTUIach B OOBEMHBIN PE30HATOP, TAPMOHMPYIOIIUI ¢ BXOASAIIEH 3ByKOBOM sHepruei. Koraa
I'PaHUT KOJIeOaICsi B COOTBETCTBUM CO 3BYKOM, OH BO3JEWCTBOBAJ Ha KBapI] B MOPOIE M 3aCTaBJISLI
JIEKTPOHBI IBUTATHCS B PE3YJIbTaTe TAK HA3bIBAEMOIO IbE303JIEKTPUUECKOro 3(pdeKra. DHeprus,
HarnonHsBiast Llapckyio kamepy, MpeBpaiiaiach B STOT MOMEHT B CTYCTOK 3BYKOBOM M JIEKTpOMar-
HUTHOU 3Hepruil. O0a BUAA SHEPTUU UMEIOT MIMPOKUI CIEKTP YacTOT — OT OCHOBHBIX MH(Ppa3By-
KOBBIX YacCTOT Hallledl IUIAHEThl O YJIbTPAa3BYKOBBIX U OOXe BBICOKHMX 3JIEKTPOMATHUTHBIX YacTOT
CBY. Bogopon cBOOOIHO MOTJIOIIAJ 3TY SHEPTUIO, IIOCKOJIBKY CO3/1aTe i SHEPreTHUECKON YCTAaHOBKU
B ['M3e 10o0MIHCh TOro, YTO YacTOThl, HA KOTOPBIX pe3oHupoBaia Llapckas kamepa, sIBJISUIMCH rap-
MOHHMKAMHU YacTOT, Ha KOTOpbIe PE30HMPOBAJ BOIOPO. B pesynbrate aToM BOZOpOAA, COCTOSIIUIMA
U3 OJIHOIO TIPOTOHA M OJHOTO JIEKTPOHA, YCIEHIHO MOIJIOIA SHEPI IO, U €ro 3JeKTPOH «HAKAuH-
BaJICSI» 10 OOKe BBICOKOTO SHEPreTHUecKoro coctosiHusi. OHako Ha 3eMJie CyIEeCTBYeT U Ipyras
(popma sHEprum, KOTOpyio B €e OCHOBHOM (DOpME MOUTH HEe pacCMaTpUBAIM B KayecTBE MOTEHIIM-
QJIBHOTO MCTOYHHUKA TMOJe3HON 3Hepruu. OHa OOBIYHO MpHBJEKAET Hallle BHUMaHHE JIMIIb TOT/a,
KOTJa IPO3UT Pa3pylIeHUsMU. DTO celcMUYecKasi SHEPrusi, 00pa3yoInascs Mpyu IBIKEHUH TeK-
TOHMYECKUX IUTUT, BHI3BAHHOM TOCTOSTHHBIM BOJIHEHHWEM PACIUIABJICHHOM MOPOAbI BHYTPH 3eMJIH.
BonbIIMHCTBO 3eMIIETPSICEHHI — CIIE/ICTBUE TIEPEMEILICHHU I 9TUX OTPOMHBIX, OCTPOKOHEYHBIX KaMEH-
HBIX IJIBIO TN TEKTOHMYECKUX TUTUT, U3 KOTOPBIX COCTOMT NMOBEPXHOCTh HAlllel TuiaHeThl. [1pu mpo-
1iecce, Ha3BaHHOM TUIMTOTEKTOHMKA, TU TUIUTHI CTAIKUBAIOTCS, PACXOASATCS COCENCTBYIOT PSIAOM.
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OHM He ABUTAIOTCS CBOOOJHO, HAKATUIMBAIOT SHEPIUIO, a 3aTeM PhIBKOM Nepemernaiotcs. Kaxapiii
TAKOW TOTYOK BBI3BIBAET 3EMJIETPSICEHHE, TAK KaK yIpyras SHeprusi, HAKOIMUBIIASCS B KaMHE, BHe-
3aITHO OCBOOOXKIAETCSI B BUJIE CEIICMUUECKOUM SHEPIUH, pacipOCTPAHSIOIEICs BOJTHAMU U3 ITUIICH-
Tpa. ['paHuIIbpl MeXay STUMU KAMEHHBIMU TJIBIOAMH HAa3bIBAIOT Pa3jiOMaMH, 1 IMEHHO B HUX TTPOUC-
XOAAT BHE3aIHble CMelleHrs. Takxke YCHJICHUI0 HaNpshKeHUsT BHYTPH 36MHOM KOpPBI CIIOCOOCTBYET
IpaBUTAIIMOHHOE B3aUMOJICUCTBUE MEXk 1y Hallel riaHetor v JIyHoit. [TpuauBel ¥ OTJIMBBI TPOUCXO-
IST HE TONBKO BHYTPU MUPOBBIX OKEAHOB; MaTEPUKH TOXKE HAXOAATCS B IOCTOSIHHOM JIBUKEHUU: OHU
TMOTHUMAIOTCSL U OITYCKAIOTCSI TPUMEPHO Ha (yT npH aBMkeHur JIyHsl Bokpyr 3emutn. [To MHeHMIO
yUEHBIX, 3eMJIsl TPECTaBIsieT COOOM TMTaHTCKYI0 IMHAMO-MAIIMHY, B KOPe KOTOPOU IUPKYIUPYIOT
KOHBEKLIMOHHBIE T€UEHH S 3apsKEHHOTO pacIuIaBIeHHOro MeTasuia. IMeHHO JaHHbIA MTOTOK JIEKTPH-
YecTBa B KOpE U MOPOXKIAET €€ MarHUTHOE TIOJIe.

N3BectHble kak pezoHanc lllymana, Ha3BaHHbBIe B yecTh HeMenkoro ¢usuka B. O. Illymana,
MpeCcKa3aBIIero JaHHb (heHoMeH Mexay 1952-m u 1957 rogamu, 5T OCHOBHBIE KOJICOAHUS SIBJISI-
I0TCsl CJIEICTBUEM 3JIEKTPUUYECKOM aKTUBHOCTU MEXIy 3eMyieid U BEPXHUMH aTMOC(EpPHBIMU CJIO-
ssmMu. Tak Ha3bIBaeMasi JIEKTPOMArHUTHAS «BIAAWHA» COCTOUT U3 3eMJIH, HOHOC(hEPBI, TPOTochepbl
u marauTocepsl. OCHOBHasI YacToTa KojieOaHui paBHa 1o pacueTram 7,83 11 ¢ HakJ1agbIBaIOIIUMUCS
yacroramu B 14,20,26,32,37 u 43 T'. Pezonanc lllymana siBiisieTcsi pe3y/IbTaTOM JIEKTPUUECKOM
aKTUBHOCTU B paMKax IpaHMII, 0Opa30BaHHBIX MOBEPXHOCTHI0 3€MJIM ¥ BHELITHUMH aTMOC(HhEpHBIMU
cnosimu. HanpsixeHnue, nim CONMpOTHBIICHUE, SHEPIMU B TUTAPHOW CTPYHE MOXET ObITh MIepEeMEeHYH-
BbIM, OJIHaKO B aTMocepe oHO paBHO rpuMepHO 200 OM. AKycTUYECKHE JaHHbIE CBUIETEIbCTBYIOT
B IOJIb3Y TEOPUH, COIJIACHO KOTOpPOU mupamuia Xydy oTBedaeT Ha KojeOaHus, UAyIIHe U3 TIyOnH
HAIlIe} TUIAaHETHI.

DKcnepruMeHTsl, poseeHHbie Tosmom Iannm B [apckoit kamepe nupaMuipl Xeorica U B Kame-
pax Hax Llapckoii kamepo, MO3BOMSIOT MPEATONOKNUTh, YTO Ha3BaHHAs MHUpaMua ObLIa TOCTPO-
eHa Jy1si akyCcTUKU. CaMbIM BEpPOSITHBIM UCTOYHUKOM YJIbTPa3ByKa B IAPCKOM MOrpedaibHON Kamepe
cama 3emisd. ['paHUTHBIN SIIMK pe3oHUpYeT ¢ yactotor 438 repil. Ha ocHOBe MonMy4YeHHBIX IKCIe-
PUMEHTATBHBIM TIyTEM JIaHHBIX U TeX MPEINONIOKEHNH, Ha KOTOpbIe HAC HABOIAT pa3Mephl U Macca
nupamMuapl Xydy, MOXKHO C/IeNaTh BBIBOI, YTO CYIIECTBYeT HEKHHl 00HeKT, COOTBETCTBYIO-
U KPUTEPHSIM, 00513aTeJbHBIM JIsl 00bEKTa, 0CJIa0JSIIONIEro CHIy KojJeOaHuil BHyTPHU
3emun. U1 310 nupamuia Xeonca B ['m3ze! Bor npoayKT HEKOM JpeBHEH HUBUIM3ALMHU, TOCTPOEH-
HBII C yUETOM TOr0, UTO, TIoKa JlyHa OyeT Bpamarbcsi BOKpYT 3eMITH, 0co0ast CBsA3b, CYIIECTBYIOIIAS
MEX/1y STUMU HEOECHBIMH TEJIaMU, CITYKUT JUIsl eTUIITSIH TapaHTHed HaJM4YKsl OTPOMHBIX MCTOYHU-
KOB 3Hepruu. MCTOYHNKOM CeliCMHYeCKOll SHeprum sipjsiercsi cama 3emJst. [IpeBHUE eru-
TSIHE MOHUMAJIA [IEHHOCTh 3TOTO BHJIA SHEPTUU U TPATWIIMA HEMAJIO CUJI Ha TTOJTyYeHHe JJOCTyIa K Hell.
Brirozisl, momydaemble MU, ObUTH IBOSIKOTO POJIA: SHEPTHs CIYKWUIa JBUTAaTeIeM UX LIMBIIIN3AIINY;
aKTUBHOCTb BHYTPU 3€MHOW KOPbl YMEHBIIIAACh, TAK KAK celiCMUYecKasi IHePrusi BbIXOI1JIa
HapPY:Ky, a He HAKAIJIMBAJIACh BHYTPH, 00peTasi CTPAIIHYI0 Pa3pyIINTEeJbHYI0 CHIIY. 3aHU-
Masi OOJIBIION YJYaCTOK cylu, Benmkasi nupamuga npeobBaeT B TaApMOHUYECKOM PE30HAHCE C KoJle-
OaHreM 3eMJIH, T.e. 3TO KOHCTPYKIIMSI, KOTOpasi MOIJIa CIYXKUTh aKyCTUYECKAM YCTPOWCTBOM MJIsI
cOopa, poBeIeHH S U/UJIA COCPEIOTOUSHUSI 3eMHBIX Koebanuid. Ham He octaeTcst HUJero apyroro,
KakK cJesaTh BBIBOJ, YTO SHEprus, CBs3aHHasl ¢ (hOPMOM MUPaMU/IbI, TOSBISUIACH HE M3 BO3AyXa
U He sIBJISUIACH YyAECHBIM MOPOXICHUEM F'eOMeTPUUYeCKOr (DOPMBI TUPAMU/IBI, TMPaMU/IA IPUHUMATIA
SHEpruio u3 Help 3emiiu

IIpodeccopst bopu n Jleprec u3 I'epmannu [60] npogeMOHCTPUPOBAIM, YTO SHEPIUsi
CBEPXBBICOKHX YaCTOT BO3/ICHCTBYET Ha TUTOJIbHBIE MOJIEKYJIBI BOJIB BHYTPU TAKOTO OOBEMHOI'O Pe30-
HATOpa, KaK MUpaMK[Ia, ¥ YTO CAHTUMETPOBBIE BOJHBI CBEPXBBICOKHMX YACTOT M UX TAPMOHUKH CIIO-
COOHBI, HAYMHAS TPOLECC AETUAPATALIMH, BHI3BIBATh U YCHIIUBATH BpallleHHE JUMOIbHBIX MOJEKYJI.
ITH COOOIIEHUS, ECJIM OHU BEPHBI, CBUJIETENILCTBYIOT O TOM, YTO MMpaMu/ia Xeonca CJIyKUT Mpo-
BO/JHHKOM IIMPOKOI0 CIEKTPa 4acToT Kojedanuii. MareMaTnyeckoe COOTHOILIIEHUE pa3MepoB

38



A. Marannes. «JlpeBHue NupaMubl — KJI0Y K TOJABJIEHUIO KaTacTpogp»

npamMubpl Xeorca 1 3eMiId He CIIy4yaiiHO, a pe3y/bTaT Ha caMOM JieJie SICHO BBIPAKEHHOTO HaMme-
peHusi crpoutesieid. Bbisio Obl MONE3HO, ec JeUCTBUTENIBHO OT pa3MepOB Halllel TUIAHETHl 3aBUCST
BOJTHOBBIE XapaKTEPUCTUKHU KOJIeOaHMIA, UCXOASIINX U3 3eMHOTO sIIpa, YYeCTh UX B IPUHUMAIOIIEM
YCTPOICTBE YIMOMSIHYTHIX KosieOGaHui. [IpueMHUK rapMOHMYHO OTBEYAeT Ha HUX U PE30OHUPYET BMe-
cTe ¢ HUMU. DHeprusi 3emun yyaoBuiHa. OO 3TOM CBUAETENLCTBYIOT CEUCMUYECKHE BO3MYIICHUS
10 BCEMY MUpY.

Hukoaaii Jlepamon [63]. MerajuTsl cTpOWIM I8 pa3HOOOPA3HBIX IIejied MPaKTUYeCKU
Ha BCEX KOHTMHEHTaX M B BEChbMa IMPOKUIT BPEMEHHO! J1ana30H, HACUMTHIBAIOIINI JECATKH ThICS-
yenietuit. [lo cnoBam pycckoro yuénoro Hukonas JleaiioBa, OMHUM U3 IJIaBHBIX MpeAHA3HAYSHUI
MUpaMujl, MMOCTPOEHHBIX TOCIIE TUIAHETAPHOM KaracTpodbl, npousoleanieid 13 Toicad JieT Hazaj,
SIBJISIETCS CTAOMIN3aIusa ocu BpameHnst 3eMJId.

Teopus Illnemmepa [64]. [IlnemMmmep yTBepKIai, 4TO OTAAJICHHBIE 3€MJIETPSICEHUS] «MOTYT
10 BCEeH IJIaHeTe BHI3BIBATH CTOSTYME BOJIHBI HA TIOBEPXHOCTH KUAKOCTH», U BHIIBUHYJT TIPEIIIONOKE-
HHE, YTO CIeUaJIbHBIM 00pa3oM pa3MellleHHble M OTrpalynpoBaHHbIe OacceiHbl Ha [Jopore Mept-
BBIX «/IaBAJIM TEOTUYyaKaHI[AM BO3MOXHOCTb OIPEEIIATh MO 00Pa3yoIMMCsl TaM CTOSTYMM BOJHAM
MECTO U CHJTy 3eMJIETPSICEHUH, TIPOUCXOAIIMX Ha 3emJie, MO3BOJIss TAKMM 00pa3oM MPOrHO3UPO-
BaTh X B CBOEM PETHOHE».

M. bparnn n W. bparuna [65]. OrpoMHble U MacCUBHBbIE MUPAMHUIbl IPEACTABIIAIOT
co00ii MOIITHbIE T'PABUTAITMOHHBIE OMOIHEPrOMH(OPMAIIMOHHbBIE PE30HATOPBI C YETKOW MPOCTpPaH-
CTBEHHO-TIOJISIPU3ALIMOHHON ceneKuyei!

[66] IIupamu1a pe30HUPYET C YACTOTON KoJeOaHusI MJIaHeThl. PaccMoTpeHne reomeT-
pUYECKOW MOIETN MUpPAaMHIbI MPUBEJIO K BBIBOAY, YTO NMHPAMUAA, 1O CYTH, SIBJISETCS, C OTHOM
CTOPOHBI, MOIITHON aHTEHHOW, (PUJIBTPOM, IPOITYCKAIOIIMM CUTHAJI B OIPEJEJEHHOM IUara3oHe
YacTOT, C JIPyroll MOIIHBIM PEe30HATOPOM, BUOPUPYIOIIMM C YacTOTOM, 3aJaBaeMON SHEProcucTe-
MO¥ IJTaHeTHI ¥ (POKYCHPYEeMOH Ha «DHEPreTUYeCKOM UCTOUHHKE». BhIllie Mbl yke YITOMUHAIH, UYTO,
COMIACHO HEKOTOPHIM JIPEBHEETMIIETCKUM TEeKCTaM, MHPaMHU/ia Pe30HUPYET ¢ YacTOTOM KoJe-
O0aHmil HamIel MJIaHeThI, TO eCcTh padoTaeT B ee quamna3oHe yactor. Ho cam «DHepreTuyecKkuii
WCTOYHUK», TIPEJICTABIIsISI U3 ce0sl OUeHb CII0KHOE YCTPOWCTBO, MMEIOIIee BHYTPEHHUI aBTOHOMHBIH
WCTOYHUK SHEPrUH, PACCUMTAHHBIA Ha HECKOJBKO THICSAY JIeT, paboTaeT Takke B HU3KOYACTOTHOM
JMAra3oHe BOJIH, CBSI3BIBAIOIIEM €r0 C SIIPOM ILJTaHETHI.

H. T. AnaobiueB [67,68]. Bepcust AnadbiueBa Hukoanasi I'puropreBunua. Uto cBs3bI-
BaJIO MUpaMuAbI M MIaHeTbl? Kak HU CTpaHHO, 3TO MPO3BYYHT, MEKIy HUMHU UMEETCS NMEHHO
cBs13b. [TocpecTBOM OCTPOMKY MMpaMu1 ObUTH CO3aHbI JIMHKUH CBsI3U ¢ Benepoii 1 Mapcom. [lanb-
HsIsl KOCMUYECKast CBsI3b — Mpo0iieMa, He peliéHHas B HacTosiee BpeMsi. Vcronb30BaHue 11s CBSI3U
JIEKTPOMArHUTHBIX BOJIH NIPUBOAUT K TOMY, UTO, HallpuMep, CUTHAJ O TMocajake Ha Mapc pas3Ben-
ynka Curiosity npuién yepe3 14 muHyT nocie ero nocaaku. [Ipy paccMoTpeHMH IpaBUTALMOH-
HOTO B3aMMOJICHCTBHSI TUTAHET COJTHEYHOH CHUCTEMBI, PACIIONIOKEHHBIX Ha OTPOMHBIX PACCTOSTHHUSIX
ot CorHIa 1a K TOMY K€ HaxOASIIIUXCS B HEMPEepPbIBHOM JBKEHHHU, PACUET MOKa3bIBaET — CKO-
POCTh pacipoCTpaHEHHs TPABUTAIIMOHHOTO B3aUMOJEWCTBUS JIOJKHA OBITh HAMHOTO OOJIbIIIe, YeM
CKOpOCTbh cBeTa. B kiaccuyeckoit Teopru HploToHa, KOTOpast MpUMeHsIeTcsl B OaJUTMCTHKE ISl pac-
Y€Ta TPAEKTOPUM KOCMUUYECKUX PaKeT, TPaBUTAIIMOHHOE B3aMMOICHCTBHE TIepeJaéTCss MOMEHTAIIBHO.
Bropoii 3akon Keruiepa (3akoH Iu10mmaaen) macuT — Kak/jaas IJIaHeTa JBUKETCS B IUIOCKOCTH, TIPO-
xopsimen yepe3 neHtp CosHIa, TPUYEM 3a paBHbIE TPOMEXKYTKU BPEMEHH PaJyC — BEKTOP, COEIH-
Hstonmil CosHIIe U TUIAaHETY, OMKMChIBAET paBHBIE TUIOMAAN. YTO 3T0 03HAYaeT ¢ (pM3UUECKON TOUKU
3penusi? VIHTerpaa mpocTpaHcTBa MO BPEMEHHU — BEIMYMHA TIOCTOSIHHAS ¥ IPOTIOPIIMOHAIIbHAS SHEp-
T co3aBlielt 3Ty cucteMy. [lomyyaercst ecTeCTBeHHbIN SHEPreTHUECKUA KaHall, KOTOPBIN 00bsIC-
HSIET MOI0OHYI0 CUCTEMY CBSI3U — HCIOJIb30BaHHE CTOsTYeil BOJIHBI MeXK1y ABYMsI 00 beKTaMu
(TIpU yCIIOBUM «MTHOBEHHOTO» PacIpOCTPAaHEHH I TPABUTAIIIOHHOTO B3AMMOAEHCTBHS ) M MOIYJISIHS
HECYIIe 4yacToThl 00JIee BBICOKOUACTOTHON COCTABJISIIONIEH,
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E = E¢sin (wgt) + E;sin (0qt),

IJIe Mg — HECYIasl 4acToTa, a 1 — 4acToTa MOIYJISIIHUH, pudeM m1>> 09, Eg u E{ — coot-
BETCTBEHHO aMIUTUTY/Ibl HECYIIIETO CUTHAJIA M MOYJISIINH.

Bepcust AnopraeBa H. I'. B ocHOBe MerajuTndecKoi SHEPreTUKH JeKUT Pe30HAHC MesK-
aTOMHBIX CBsI3€l MOJIEKYJ U KPUCTAJIOB BelecTBa. Co3aTes MEraJinToB TaK ke MCIOIb30-
BaJIM TJIABHOE CBOWCTBO OCTYIIMX BOJIH — MepeHOC SHeprum Oe3 nepeHoca BellecTBa. Takum oOpa-
30M, HayKa JIoKa3aJia, 9To TPaBHTANMOHHYIO BOJHY H3JIyJaeT J0ast IBIKYIIASICS YCKOPEHHO
macca. CoBpeMeHHbIC HayYHbIe PAOOTHHUKH ITOJIaraioT, YTo JIJISi BOSHMKHOBEHUS TPABUTAIIMOHHOW
BOJTHBI CYIIIECTBEHHOHN aMITTUTY/IbI HEOOXOIMMBI OUSHB OOJTBINIAst Macca M3JTydaTesisi MUIA/ OrPOMHBIE
YCKOpeHUsl. AMIUTUTYa TPABUTAIIMOHHOW BOJIHBI MIPSAMO IPOMOPIIMOHATIBHA TIEPBOM TTPOM3BOIHOM
OT YCKOPEHUS U Macce reHeparopa.

B. Ba6anusn [68, 69]. B cTpoeHr# MOJICKYJIBI BOIBI YTOJI MEXIy aTOMaMH BOJOPOJIA COCTaB-
nsier 104,52, Ecnm mpoBecTH OCh, TO CIIpaBa M CJieBa OT OCH MEX/y aTOMaMU BOJIOpoja OyJeT yroi
B 104,5:2 = 52,25°. Tenepb BCHOMHUM 00 yIJIax B mupaMuiax [ u3er:

— mupamuga Xeorca — 51,52°

— nupamuga Xedpena — 53,122,

— nupamuga Mukepuna — 51,0°

Kak BUIuM Y7161 HAKJIOHA TUPAMM]T IPAKTUYECKU COBIAIAIOT C YIJIOM PACIHOJIOKEHHS aTOMOB
BOJIOPOJIa OTHOCUTENILHO OCH B MOJIEKYJIE BO/IBL. DTO COBCEM He CTy4JalHO. [JlaHHbIE yII0BbIE pa3Mephl
CITOCOOCTBYIOT pe30HAHCHBIM CBOMCTBaM TipamuIsl 1 @ XC BOIHI.

A. b. ®amesckuii [31]. [Ipeanosio:kenus:

— CYIIECTBYeT HeW3BecTHOe (DOHOBOE M3IIyuyeHHEe 3eMJId He 3JIeKTPOMArHUTHOU TPUPOIBI
CYIIIECTBEHHOW MHTEHCUBHOCTH — JaJiee MO TeKCTy «D-u3nyueHue»;

— «®-u3nyvyeHue» SBISAETCS TOJSPU3OBAHHBIM B MarHUTHOM Tioje 3emui (10 aHaJIOTHUH!
C TOJIsIpU3aIel CBeTa) 10 HAIpaBJIeHUIO CeBep-1oT;

— «®-u3nydyeHue» SBISETCS TJIOCKOMAPAIICTBHBIM (aHAJIOT — TIpsMbIe BOJIHBI Ha BOJIE
OT KOJIeOJTIOIIECS JITTMHHOW PEeKH) B OTJIMYHE OT 0OBEMHOTO JICKTPOMArHUTHOTO WU3JTyUYEeHHST;

— «®-m3nydyeHre» 00NaaeT ONMpeIeICHHOW YacTOTOM, JJTMHON BOJHBI M TIOMYUHSIETCS 3aKO-
HaM TEOMETPUUYECKOW ONTUKU — OTpaxkeHue, nHtepdeperis u T. 1. Ha ocHOBaHUM JaHHBIX
NpeAnoJoKeHn ObLIH pa3padoTaHbl Pa3jMyHbIe CXeMbl BO3MOKHOW pPadOThl MO/IeJIH,
O/IHA U3 KOTOPHIX NPH NPOBeAeHUN ONBITOB JaJjia YCTONYNBBIN pe3yJbTaT, (pMKCHPYeMbIil
npudopamvu. Mojienb npamMuIsl Xeorica BeINoHeHa U3 10MM JIMCTOBOTO OPrcTekyia U OOKJieeHa
10 BHYTPEHHEH MOBEPXHOCTH TOHKOJIMCTOBBIM METAIIJIOM (3KeCTh), JyinHa ocHoBaHus 1000 Mm, yron
HaKJIOHa OOKOBBIX I'paHel K OCHOBaHMIO — 51 — 52 rpamyca. 3aperucrprupoBaHo hOHOBOE, He 3JIeK-
TPOMAarHUTHOE U3JTy4YeHrue 3eMIIM IyTeM ero peodpa3oBaHusI B perMCTpUpPyeMOoe IPUOOpaMH Mar-
HUTHOE Tojie. PeasbHOCTD 3dhperTa perucTpupyeTcsi Ha MPOTSKEHUU JJIMTENTbHOrO BpeMeHu. Ero
HE JIeKTPOMarHUTHasI TPUPOJIA TIOATBEPKIACTCS TEM, UTO OOBIYHOE JICKTPOMArHUTHOE M3ITyUeHHe
HABOJUT B METAJTMYECKUX MPEIMETaX MEKTPUIECKUH TOK. B JaHHOM citydae (pukcrpoBaioch HaBe-
JIeHWe MarHUTHOTO TIOJISI CJIOKHOM (DOPMBI, CAMMETPUYHOTO OTHOCUTEILHO BEPTUKAILHOM OCH yCTa-
HOBKH. HarpaBJieHvie CMITOBBIX JIMHUI MarHUTHOTO TIOJIS TIOKA3aHO Ha cXeMe. Y OCHOBaHWS OOpaTHOM
MMPaMH/Ibl FHTEHCUBHOCTh MAarHUTHOTO TIOJISI CHYDKAETCSI /IO €T0 TOJTHOTO MCUYe3HOBeHUs1. IHTeHCHB-
HOCTh MarHUTHOTO TTOJIsI Y BEPIIMHBI OOPAaTHOW MTUPAMUJIBI JIOCTATOYHO BEJIMKA M CPAaBHMMA C TT0JIeM
9JIEKTPOMArHUTa C MACCHBHBIM CTAJIbHBIM CepAeYHUKOM. B0o3MoKHBIE 00J1acTH NpuMeHeHHs 1.
Ipeaynpe:xaeHue 3eMJIeTPSACEHUI MO PE3KOMY M3MEHEHUIO BPEMEHHBIX XapaKTEPUCTHK «®d-
W3ITyYEHUS».

2. ITouck 1mosne3HbBIX UCKOMAeMbIX 110 U3MEHEHHWI0 NMHTEHCUBHOCTU «PD-n3yueHus» B pa3iny-
HBIX TOYKAaX MECTHOCTH.
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3. HenocpencTBeHHBIN MOMCK MOI3EMHBIX IyCTOT, UCTOYHUKOB BOJIbl, MHXXEHEPHOU MH(ppa-
CTPYKTYPBI, apXEOTOrMYECKUX OOBEKTOB U T. I1. IIyTEM pa3padOTKH METOIOB Bu3yanu3auuu «P-u3my-
YEHUS».

4. PazpaboTka METOIOB MpeoOpa3oBaHus SHepruu «P-u3mydeHusi» B IEKTPUUYECKUI TOK
Y CO3JJaHUE YCTAHOBOK aJIbTEPHATUBHOIN SHEPTE€TUKM.

5. Coznanue cucteM CBA3M U Niepeiaur MHpOpMaLiu.

6. Coznanue pajiapHOM TEXHUKH M CUCTEM OOHAPYKEHHUsI PA3IMYHbIX (HATIPUMED, TIOABOIHBIX )
OOBEKTOB.

Basepuii YBapos [36]. [Tupamupl — 310 Kak cBOeoOpa3Hble CTAHIIMHU CBSI3U, OHU YCTAHOB-
JIeHBI TI0 BCEMY MHUpY, — pacckaszan aupekrop MULIY®PU nipu akagemMun HallMoOHAIbHON Oe3omac-
Hoctu Poccun Banepuii VBapoB. B yem ucTuHHOEe Ha3HaueHue IpeBHUX nupamMuf? Y NOAHOXKUSA
BCEX KPYMHbIX MUMPAMUJ MUpa CTOAT 3araJJOYHble KAMEHHBIE COOPYKEHUS. APXEOJIOry Ha3Balu UX
XpamaMy, HO BpsiJi JIM W3HAYaJIbHO MX BO3BOIWIIM JJIsi MOJMUTBBHL. Bce 3T cTpoeHus, Tak ke, Kak
u CrmozistHou Xpam B TeoTuyakaHe, MOIJIM SIBJISTHCSI HAKOMUTEIISIMH WJIM TTPe0Opa3oBaTesisiMu SHep-
Ty, KOTOpas II1a yepe3 nupamuny. B nupamune Xeorica Tpu Kamepsl. BepxHsist MoxeT padoTath
Ha HeOOJbIINe PACCTOSTHMS, CpelHss — Ha OoJiee yhaajeHHble, HIKHSS — Ha MEKraJaKTUYecKue
auctanumy. Erunerckue nupamuisi ['v3bl Obl co3qansbl 1151 paboThI CO 3BYKOBBIMH BOJTHaMu. Benu-
Kas nupampzia Xeorca He TOJIbKO MOIIa IPUHUMAaTh M Nepe/iaBaTh 3BYKOBbIE CUTHaJIbl. BeposTHO,
OHa yMeJla racuTh 1 NPeo0Pa30BbIBATH BOJIHBI, MOPOK/I€HHbIE CelCMUYeCKUMU KoJleOaHu-
SIMH IJIAHETBI, TO €CTh IVIYIINWJIA 3eMJIeTPSICEHHsI B CBOEeM peruoHe. B 1peBHUX TEKCTaX MOXKHO
HaWTU U JApyrue yKa3zaHWs Ha TO, YTO MpeAblAyIIre UUBIIN3ALUN BIAIENIN aKyCTUUYECKUMU TEXHO-
norusimi. Ho 310 He eqMHCTBEHHAs1 CEHCAMOHHAS AOTagKa 00 MCTUHHOM Ha3HAYeHWH MUPAMUIL.
[Mupamuaa Xeorica kak HanOoJiee U3ydeHHast U3 ITUX APEBHUX COOPYKEHUI MOXKET JaTh MOACKA3KY
HacYeT MCTOYHMKA SHeprur. BHenHue KaMeHHbIe OJIOKM CHeTaHbl U3 TIeCYaHuKa. A 3TOT MaTepHal
MMeeT B COCTaBe MHOro kBapua. I'panut, u3 koroporo caenaHa Kamepa [lapsa — penkas jaBoBas
roposa, Toxe coaepxaias 55% Kpucrauimyeckoro kpapua. Ksapi — yHUKaJIbHBI MUHEpaJ, IpU
C)KaTUU WJIM JIaBJIEHUH OH FeHEpUpPYeT Nbe303/IeKTpuuecTBO. I10 oqHOM 13 Teopuil, Macca NUpaMu/ibl
JaBUT caMo Ha ce0sl, 1 TAKUM 00pa30M CO3/1AeTCsl TOCTOSTHHBIN JIEKTPUIECKHUI TOK, TEKYIIHI O €ro
MOBEPXHOCTU. Jlpyrue ydeHsle BO3paXaloT — B CTATUYECKOM TOJIOKEHUH 3apsi OyaeT MUHUMAJIeH
¥ lyMaioT, 4TO MUpaMuia padorana ot ceficMuuecKux KoJjedanuil. B uem nctuHHOe Ha3Haue-
HUE TpeBHUX nupamuj? Pa3nuyHble CBOWCTBA MaTepUasiOB, U3 KOTOPBIX C/ejlaHa MUpaMua Xeorica,
MOTIJIY CITY’KUTh OIpe/Ie/IeHHBIM 1iesisiM. Ee cepriiieBrHa crienana U3 U3BECTHSIKOBBIX OJIOKOB. DTO 0CO-
OblIii U3BECTHSIK, TAK Ha3bIBAEMBIN JOIOMUT. OH OTIMYaeTCsl BBICOKMM COfiepKaHreM Maruusi. biaro-
aapsi eMy, IMpaMu/a XOPOIIO MPOBOAUT eKTpruecTBO. OHaKko cBepxy Benukas nupamuaa Obiia
OONMIIOBaHA TUIUTAMHU M3 YKCTOTO M3BECTHSIKA, KOTOPHIA He mporyckaer 3apsa. [lomyvaercs, dro
npamMuaa Oyaro OblIa 3aKphITa N3OJSAIMOHHBIM KOXKYXOoM. KOpUIOpHI 1 IIaXTHI 3TOr0 COOPYKEHUS —
rpanutHble. OHU BIIOJIHE MOIJIM yIEPAKUBATh SHEpreTnieckui 3apsaj. [loctynaomuil ot 3eMiu 3apsij
NIEKTPUUECTBA B CEPALIEBUHE HAOMPa 000POTHI U KOHIIEHTPUPOBAJICS Ha BepivHe. bonee Toro, Bce
MMPaMU/Ibl ¥ METaJIUTUYECKUE XpaMbl 3eMJIM PACHIONIOKEHBl HA MECTaX IeOJIOTMYECKUX Pa3jIOMOB.
A MMEHHO TaM KOHIIEHTPUPYIOTCSI ¥ BBIXOJUT Ha IIOBEPXHOCTh 0COOast SHEPrusi, KOTOPYIO MOTJIH Tpe-
00pa30BBIBATh MUPAMUIbL. DHEPreTuKa 3eMin OeKUT 10 orpeieieHHbIM JTuHUSM. [Toxoxe, TpeBHIe
LUMBWIM3ALUM 3HAJIM O CYILIECTBOBAaHMHU 3TUX MOTOKOB M YMEJIM UX UCMOJIb30BaTh. B 4yeM ucTuHHOE
Ha3zHayeHue ApeBHUX nupamMmua? Bee IpeBHMe nMpamMu/ibl MUpa PaclookeHbl BOJIb CEBEPHOIO TPO-
MMKa WK TPUALIATOTO Tpalyca CeBEpHOM IMPOTHI ¥ POBHO C 1IarOM B BOCEMHAALATh rpagycoB. [1pu
BpAILEHNH TUIAHEThl OHU BPYYaloT JPYT JPYry 3cTadeTy HepepbIBHOIO NpreMa-repeJjadl CUrHajia
u3 kocmoca. IlmpamMuabl — 3T0 100aabHasE CHCTeMa IJIyHIeHUsI 3eMJIeTPSICeHUI WA SHEpro-
cuctema st ooecriedeHus1 OBITOBBIX HYK/ MCUE3HYBIIEH [TMBUIA3AIHH.

[37] Bce, uto nMeeT OTHOIIIEHHE K PE30OHAHCHBIM TPOIIECCaM, JIOJKHO OBITh CBSI3aHO C (DyHK-
musimu «3onotoro Ceuenusi». [loatomy npupona paboTaeT caMmbIM MPOCTHIM, CAMBIM SKOHOMHBIM,
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caMbiM 3(P(HEKTUBHBIM CITOCOOOM — B peskume «3osotoro CeueHusi». B CBS3M ¢ TUM CTOUT yrOMsI-
HYTb 3Kcrnenuimio goktopa Jlxoseda Mapruna Illopa Ha naro B ['vze u B Honuny Lapeit. Cenca-
IIMOHHBIE Pe3yJIbTaThl Jaiu KcriepuMeHThl [llopa B G0bION «mmorpedaibHON Kamepe» MUpaMUIbl
Xeorica. OHYU MOKa3aJ1, YTO, BO3MOXKHO, MMPaMULY TOCTPOMIIN KaK TeHepaTop UK YCUIIUTENb Ofpe-
JIEJIEHHBIX 3BYKOBbIX 4acToT. ['pynme [lopa ynanock BbIAECTUTH YETHIPE OCHOBHBIE YACTOTHI (HOTHI),
YCUJIMBaeMble KOHCTPYKIIMEH U UCTIONb30BAHHBIM JJIsI €€ IOCTPONKYU MaTtepuasioM. [Ijist Toro, 4ro0bl
JIydIlie TPEJICTaBUTh cebe MeXaHW3Mbl, pealin30BaHHbie B Komruiekce Bemmkux [Mupamun B ['uze,
naBaiite 0OpaTUMCs K HalJIsITHOMY TprMepy. Bo3bMuTE 1Be TUTAphl M HACTPOKTE MX B YHHCOH. 3aTeM
OfIHY M3 TUTAp YHECHTE B COCEIHIOI KOMHATY, a JAPYrylo TMTapy BO3BMUTE U yAapbTe, HAlpUMep,
IO IIECTOM, caMoil ToscToi cTpyHe. CenaB 3To, Bbl 3aMETUTE, YTO LIECTask CTPyHA TUTapbl, CTOSI-
I1IeH B YIJIy COCE/IHEel KOMHATBI, TOKE HAUHET KoJeOaThCs, M3/1aBasi UyTh CIBIIIHBIN 3BYK, XOTSI BbI €€
Y HE TPOTaid. DTO U eCTh (pu3nuecKoe nposiBjieHre (hbeHOMEeHa FTaApMOHUYECKOTO pe30HaHCa Ha MpakK-
trke. CaMy NIpaMUIbl 1 MHOTOE Jpyroe ObLIO BBIMOJIHEHO B Mponopiusax «3omotoro CedeHus»
1 00YCJIOBJIMBAJIO B3aUMHYIO HACTPOMKY BCeX 0OBEKTOB IpyT Ha Jpyra (Kak Obl B yHUCOH). COOTBET-
CTBEHHO, BCE, YTO CO3/1aHO NIPUPOAOH UM MOCTPOEHO YEJIOBEKOM B COOTBETCTBUU C STUM NPUHIH-
1IOM, OKa3bIBaeTCsl, Kak Obl HACTPOEHHBIM Jpyr Ha japyra. [loatomy, Korga SHepreTHuecKuid MoToK
BO3JICHCTBYET Ha «DHEPreTUYECKUN UCTOYHUK» BHYTPU MUPAMHIbI, CTPYKTYpa MUPAMU/IbI Kak Obl
YCUJIMBAET 3TO BO3ZecTBIE. Bo3neiicTBIe OKa3bIBaeTCsl HE TOJIBKO Ha TIPEIMETHI M JIIOJIel, HaXo/si-
IUXCSl BHYTpU MupamMuisl. Bo3aeiicTBie oka3bIiBaeTcsl 1 HA OKpY:Kaloliee NupamMuay npo-
CTPAHCTBO Ha O4YeHb OoJbmme paccrossHus. IlpoBeieHHble HeJaBHO HCC/Ie0BaHNS TOKA-
3aJii, YTO B pafioHe coOCpe0TOYeHHsI MUPAMIJ] YMeHbIIAeTCs ceiicMuYecKasi akKTHBHOCTb.
TouHee, BMECTO OJJHOTO CHIJIBHOTO 3€MJIETPSICEHHSI, TPOUCXOIUT COTHSI MUKPOCKOITMUECKHX.
:xo3ed Pappedn [41]. Kak nokazan anamu3 Kpucrodepa lanHa, umeetcs rpeacTapieHmue
o Benukoit nupaMuie Kak 0 CABOGHHOM I'eHepaTope rapMOHMUYECKHX KonebaHuid. [IponomkuB aHa-
3, B KHUre «3Be3na Cmepru [M3bl» OH MPENnoNoKuI, YTO BHYTPEHHEE YCTPOWCTBO U pa3Mephl
Benukoil nrpaMubl CBA3aHbI C €€ BHEIIHUMHU pa3MepaMu, a Takke ¢ CHCTeMaMHu, ellle He HalIeH-
HBIMH HA Hallled TU1aHeTe. TO 3HAYUT, YTO BCE MPOLIECCHI, POUCXOAIINE BHYTPU IMPAMU/IBL, Tiepe-
JaBAIMCh HAapyXKy, U HaoOopoT. pyrumu cioBamu, (pusuKa (PyHKIMOHUPOBAHMS MHUPAMUIBI KaK
reHepaTopa rapMOHUYECKMX KOJIeOaHM He OrpaHMYMBANIACh MPEATONIOXKEHUSIMHU MucTepa [laHHa.
B cBoeii nepBoit kaure ®appesnt BeABUHY TUIOTE3Y, 4To Benvkas nupaMuaa rnpeacrasisiia coOoi
0cOOBbI B OCIJUIATOPA, OOBEOUHSSA 3epKao C OOpallleHneM BOJIHOBOTO (hpoOHTa — COOMparo-
ee M yCHJIMBAIOIEe «IAPMOHMYECKUE CUTHATYpPBl» OOBEKTOB — M MYIIKY C OOpaIlieHUeM BOJHO-
BOTO (ppOHTA — «CKAJISPHBIN JIa3ep», KOTOPBIA HE TOIBKO YCHJIMBAN, HO U JIeJial KOTePEHTHBIMU STU
rapMOHUYECKHE CUTHATYPBI, OTpaXxas MX Ha BBIOPAHHYIO I1eJ1b, YTO BBI3BIBAJIO TIOJTHOE YHUUTOXE-
HUE 9TOM Ie/u. DTa CBsA3b CTAHOBUJIACH BCe 0oJsiee OUEBUIHOW MO MEpe TOro, KaK OH MCCIIeIoBa
napajuiesiv Mexx;1y onvicanveM puka Jlojuiapia yCuMBalomyX MepeiaTuuKoB MEKTPOCTATHUECKUX
uMIYJIbCOB Tecbl, Teopuen ux padoThl 1 camoit upamuou. [Ipeamonoxenve Tecisl, YTO aTOMHbIS
MAacCChI ¥ IPyTHe CBOMCTBA JIEMEHTOB MEPUOANIECKOU TaOIUIBI MOTYT OBITh CBSI3aHBI C OTKPBHITHIM UM
SIBJICHUEM TeHepalluy UMITYJIbCOB, 3acTaBWiIO Jlappesuia 3aHAThCS MOMCKaMH aHajIora B KOHCTPYK-
UMM NMPaMUZbl, 1 BCKOPE OH HallleJl er0 — UMEHHO TaM, IJie U OXHJaJl, B «BUTKAX» «BTOPUYHOW
O0OMOTKH», TO €CTh B psAJJaXx KAMEHHOW KJIAJKM caMOW MUpaMujbl. TIIaTeTbHBIN aHATU3 COOpYXKe-
HUS ¥ COOTBETCTBYIOIIMX FAPMOHUK d7ieMeHToB [11aHKa MoATBepaMIIN €ro TMIoTe3y, YTO MUpaMuaa
HE TOJIBKO MpeJCTaBisieT cOO0M CABOSHHBIN IeHepaTop TapMOHMUYECKUX KOJeOaHUi, HO U COCTOUT
13 HECKOJIKMX F€HepaTOpOB MEHBINIETO pa3Mepa, BCTPOSHHBIX B KOHTYPHI TIIATETbHO PACCYUTAHHOM
0OpaTHOM CBSI3U, HAPABJISIIOIINX IPAaBUTANMOHHO-aKyCTHYECKYI0 SHepruio B Kamepy naps .
OcroposxHOCTh 3acTaBiisieT Pappesuia ABOMCTBEHHO OTHOCHTBHCS K CBOMM OTKpHITHAM. Kak 1 Bcex
MCCIIeIoBaTeNel, )KyPHAIMCTOB M CHIEIUAJIMCTOB 110 aHOMAJIbHBIM SIBJICHUSIM, €T0 OXBAThIBAeT HEPB-
Hasl IPOXb, KOIJIA TUTIOTe3a NoaTBepkaaercs (pakramu. Ho B JaHHOM ciiydae 3Ta runores3a 3aKJIio-
YaeTcst B TOM, UTO MUpPaMKJA MpeACTaBisiia cOOON COBEPILIEHHOE M OUeHb MOIIHOE OpYXHE Mac-

42



A. Marannes. «JlpeBHue NupaMubl — KJI0Y K TOJABJIEHUIO KaTacTpogp»

COBOTO YHUUTOXEHUs. «[IepBUYHbIN yCHIIUTEb MOITHOCTH» BBIMBIIIJIEHHOTO YCTPOKMCTBA, MO BCEW
BU/IMMOCTH, HE YTO MHOE, KaK COBOKYMHOCTb UIMHHBIX IMOJBIX TPYyO HamogoOue OveHb OOJBIIOro
oprasa. DTo MpeaIonaraer, yTo y (aHTaCTUYECKOro OpYk U UMEETCsl aKyCTUYECKasl COCTaBJIsAI0-
111as1, OAHA U3 OCHOBHBIX 3a7a4 KOTOPOW 3aKJI0YAeTCsS B JOCTABKe K IeJI1 OTPOMHOI0 KoJunye-
CTBa pa3pylINTeJbHOH KaBUTHPYIOIIell SHepruu. Tak xe, kak [laHH, OH noJyaraer, 4To OCHOB-
Hast (PyHKIMS OOMBIION raneper Beqmkoi mupamMupl COCTOsIIa B YCHJICHUH aKyCTHUECKOW SHEPTUH.
WupykumoHHbl runepga3oBblil TeHEpaTop BBIMBIILJIEHHOIO YCTPOMCTBA YKa3bIBA€T HA TO, UTO JJIS
JOCTAaBKH K 11eJIM OOBIYHBIX BUJIOB SHEPIHHY MCHOJIb30BaIaCh TMUIIEPIPOCTPAHCTBEHHAs (hopMa SHep-
MY B BUJIE CKAJISIPHOI BOJIHBIL. Takasi ke BoJIHOBasi popMa SHEPIruu MPUMEHSUIACch B KAUECTBE HECY-
et BosiHbl B 3Be3sie Cmeptu ['u3bl. M3 Beero BeIlIeCKa3aHHOTO SICHO, YTO CHJIOBOE TIOJIE Telia, o0J1a-
JAIOIIEro rpaBUTAlIMed, MOXKET ObITh MPOAHATM3UPOBAHO C TMOMOIIBIO CIEKTPATbHOTO aHAIN3a, TO
€CTh IPECTABIEHO B BUjIe OECKOHEYHOIO YHMCIA COCTABJISIONIMX €ro MoJieid; HeCMOTPsI Ha TO, YTO
BCE T0JIe He U3MEHSIETCsI BO BPEMEHH, Kak/10€ U3 COCTABJISIONIMX €ro Mojield MMeeT BOJTHOOOPa3HYIo
IIPUPOALY U COCTOUT U3 MPOCTOrO BOJTHOBOI'O BO3MYILEHMS, PACIPOCTPAHSIOIIETOCS C MOCTOSTHHOW
CKOPOCTBIO. B OCTa/IbHBIX OTHOILIEHUSIX BOJHBI OUYEHb ITOX0KH, U BIIOJIHE BEPOSATHO, YTO UX PaCIIpO-
CTpaHEHHE B IPOCTPAHCTBE 00ECIIEUNBAETCS] MICHTHUHBIMU CBOMCTBAMH CPe/ibl. DTa BOJIHOBAs TEO-
pusi rpaBUTALIMK TPeOyeT, YTOObI CUJIa TATOTEHHS paclipOCTPAHSIACh C KOHEYHON CKOPOCTBIO, KOTO-
pasi He 00s13aTeNIbHO JIOJKHA COBMAJATh CO CKOPOCTBIO CBETa, OHa MOXET ObITh Topas3iio OoJblle.
Yeunupatonmii UMITybCHbIN TpaHcopmaTtop Hukosst Tecibl 1 siBieHre, KOTOPOE MOKHO MOJTyYUTh
C €ro MOMOIIIBIO, MPEJCTABIIAIOT COOO0M TepBble HabmomaemMble 3(PPEKTH CKATUS TOTEHIINATIA BAKY-
yMa CKaJIAPHON BOJTHOM, WJIM KOTEPEHITMH TOTOKA SHEPTUU HYJIEBOW TOUKU. DTa TeXHOJIOTUs OblTa
MIEPBBIM [TPUMEPOM ITPUMEHEHN I (PU3UKH, KOTOPYIO MbI CETOJJHSI HA3bIBAEM CKAJISIPHBIM JIEKTpOMar-
HETHU3MOM WM JIEKTpOrpaBuTaluei. TeopeTnueckre OCHOBBI 3TOI (PU3UKH, B CBOIO OUYEpe/b, aHa-
JIOTUYHBI TOM (PU3MKE, KOTOpasi MPUCYTCTBYET B HEKOTOPBIX JPEBHUX U OKKYJIBTHBIX TEKCTaX, B TOM
yucine «['epmeruke» ['epmeca Tpucmerucra, aHaau3 KOTOpo# npuBesieH B kHure Pappeiia «3Be3aa
Cwmepru ['m3bl», M KUTANCKUX JIETEHJaX O CYNEepOpYyKUU, KOTOPOE HAa3bIBAIOCh «3€PKAJIO UHb-SIH».
[Ipu cpaBHEHUM M3BECTHBIX TpeOOBaHUH K cricteMe Tecibl 1y OeClpOBOJHON Mepeaavyr SHePruu
B MUPHBIX LIeJISIX U BesTMKo#i nrpaMuibl B KOHCTPYKIIMY MOC/IeTHeNH 00HApyKUBAIOTCS OCOOEHHOCTH,
SIBHO YKa3bIBAIOIIME HA TO, YTO MMPaMua ObLIa CO3/1aHa KaK HACTyNaTeJbHOe OpYy:KHe Mac-
COBOI'0 YHHUTOKEHHsI, a HE IMPOCTO KaK MUPHAs EKTPOCTAHIIUS C 1IE/IbI0 OECIIPOBOIHOM mepe-
nauu sHepruu. HaGmomaBmviecss u/vuim npeacka3zaHHble puszndeckue 3(PpMeKTs 3TON TEeXHOJOTUH
U JIeKalas B uX OCHOBE TEOpeTHUECKasi MOJEIb CBUIIETENILCTBYIOT O HeH30e:KHOCTH MOSIBJIeHHS
rpaBUTAlMOHHBIX AHOMAJIMI, ¥ 3TO MpeJCKa3aHNe COIIacyeTcsi CO MHOTMMMU JIPEBHUMHU TEKCTaMuU
1 jereHgamMu. TakuM oOpa3om, TUMOTe3a O MMpaMUe KaK OPYKHH JTOJKHA MPEIOCTaBUTD JIETallb-
HOE CpaBHEHME U OOBSICHEHUE KaXI0r0 U3 KOMIIOHEHTOB BesMKkoii mupaMujisl U ero mpeprosarae-
MBbIX (PYHKITMH, UCXOsl U3 cKaisspHOM (pusmueckoit monenu (Tecisr). [Tapabonuyeckue moBepxHO-
CTU cOOMPAIOT U (POKYCHPYIOT (POHOBOE U3ITyUEHUE, TEOMETPHIO ¥ MHEPIUAIBHBIE CUITBI JIOKAJTBHBIX
KOCMHUYECKMX CUCTEM — MH(OPMaLMIO, COAEPKAIYIOCS B M0JIE OCHOBHBIX TJIAKTUK M COJIHEUHBIX
CHCTEM, YTOOBI 3aTe€M BCSl CTPYKTypa TeHEpUpOBajia U MOAYIMPOBAJIA UMITYJIbC K JTIOOOMY BO3MOX-
HOMY IMPUEMHUKY T0f] BO3JEUCTBUEM STHX CUCTEM. DTa OCOOCHHOCTh KOHCTPYKIIMHU MOATBEPKIACT
(pyHKIMIO NHpaMKbI KAK aHAJOT0BOr0 KOMIBIOTEPA U CABOEHHOI'0 reHepaTopa.

ITutep Jlemecypne [41]. B xuure Ilurepa Jlemecypre «Benukass nupamuaa pacmmdgpo-
BaHa» («The Great Pyramid Decoded») npeniaraercs coBcem Jpyrasi MHTEPIIpETaldsl KAMEHHBIX
PA10B IMPaMU/IBL, B pe3yJIbTaTe KOTOPOi MOJTyyaeTcsl 3aTyXarolasi BOJHA € 26 AIBHBIMU IUKAMM .
[TpumeuatenbHO, OHAKO, YTO (paKTOpU3aLMsl HOMEPOB 26 SIBHBIX IMKOB B psiJaXx KAMEHHOM KJIaJKU
JaeT Takue MHOXKUTeNH, Kak 1, 2,3.4,5.6,7,8,9, 10, 11, 12. 13, 19, 29, 41 u 67 (Bce oHu oTpa-
KaI0T FEOMETPUYECKYI0 U/WIM apupMETUYECKYI0 KOTUPOBKY NMUpaMuabl), a Takxke 17, 23, 37 u 59.
[TocKOIBKY POEKTUPOBLIMK MTMPAMU/IBI UMEJT BO3MOKHOCTb BHIOMPATh IPOCTHIE YMCIA JJ1s] ITMKOBBIX
PAIOB — WK, CKaXeM, YMCIia, KOTOPBIE NEeJIATCS TOJBKO Ha 2, 3 U 5, — TO ero BHIOOP MUKOBBIX PSOB
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BITOJTHE JIOTUYHO pacCMaTpUBaTh KaK CO3HATEIbHOE YKa3aHUE Ha KJTIOUEBbIE CUTHAJIBI, COCTABJISIONINE
BHYTPEHHUI KOJI, a TaK3Ke MOJICKa3KYy, YTO B TPUMEHEHUH TOr0O KOJa MOKET Y4acTBOBATh (haKTOpH3a-
st (Bo3Bpariasich K rIiaBHOMY apryMeHTY, MOKHO YTBepKAaTh, uTo Beankasi nmpaMuga J01KHA
ObLIa 00J121aTh CMIOCOOHOCTHIO TeHEPUPOBATH KOJIe0aHUsI KOMOUHAIMI 3J1€ MEHTOB B COOT-
BETCTBUM C UX COYETAHHUEM B JTIOOOM BO3MOXKHOM TpreMHUKe (11e7v). Ecn Obl B KauecTBe Harpy3Kku
B CHCTEMe TTPUCYTCTBOBAIM MPUEMHUKH JIEKTPUIECKON MOIITHOCTH MM KOMMYHHUKAITMOHHOTO CHT-
HaJla, TO KOHCTPYKIIMS JEKTPOCTAHIIMU WIM YCTPOWCTBA CBSI3M HA MEpeJaloiieM KOHIIE CHCTeMbI
Morja ObITh ropaso npoie. Eciv 6b1 Benukas nupamuia Obuia mpegHa3sHayeHa TONbKO JJIsl BbIpa-
0O0TKM SHEPrUH B MUPHBIX I[€JISIX, TO JJIsl 9TOr0 MoA0ILIa 0bI 00J1ee MpocTast KOHCTPYKIHS,
COOTBETCTBYIOIIasi MPUBEeHHOM Bhile cxeme /losutapaa, ¢ npueMHUKOM, Mpe/ICTaBJSsIIO-
UM HeKHIl rapMOHHYeCKHIl aHAJIOT MepeIaTYnuKa (C MPOTHBOMOJIOXKHO HANPABJIEeHHBIMU
BUTKaMH 00MOTOK). CornacHo npuHImIaM Tecibl B mepeJaTyrKe CHCTeMbl BOBCE He 00sI3aTeIbHO
CO3JIaBaTh aHAJIOTU BCEX BO3MOKHBIX JIEMEHTOB ¥ UX KOMOWHAIIUI, TOCKOJIBKY B KAUECTBE HArPy3KU
HEOOXOIMMO HCIIONB30BaTh MIPUEMHUK TaKOW ke KOH(UTYpAIMd — HO TOJILKO B TOM CJIydae, eciv
CHCTeMa UCTIONB3YeTCS B MUPHBIX LIEJISIX, TO €CTh IMPOCTO IS BHIPAOOTKH U UCTIONB30BAHMS JIEKTPO-
sHepruu. MiMeHHO mpucyTcTBUe B Benukoii nmupaMue BaKHBIX aHAJIOTOB XMMHUYECKUX JIEMEHTOB,
a Takke M30BITOYHASI CJIO)KHOCTh, BCTPOCHHBIE KOHTYPBI OOpaTHOM CBsA3M equHMIl [11aHka B rapmo-
HAYECKOM BbIpaxkeHnH (cM. r1aBy [X), aHaIoru rajJakTM4eCKMX, IVIAHETAPHBIX U KBAHTOBO-MEXaHU-
YECKUX XapaKTepPHCTHK U Tak Jajiee, YKa3blBaloT, YTO OHA ObUIa HAMEPEHHO CKOHCTPYMPOBAHA Kak
repeiaTIuK UMITYJIbCOB HJTU KOJIeOaHUI TI0OOMY BO3MOKHOMY ITPUEMHUKY B OJIM3JIekalieid 00macTu
rpocTpaHcTBa. To eCTh ee KOHCTPYKIIUS MPEIoaraeT eJIMHCTBEHHO BOMOXHYIO (DYHKITUIO — OpY-
xue. COOTBETCTBEHHO MepeIaTYUK J0JKeH reHepHUPOBAaTh YacTOThI BCeX BO3MOKHBIX KOM-
OMHAMI 3JIEMEHTOB BO BCEM BEePOSITHOM JHana3oHe Macc. Bo3MoXHO, 3TO ele oHO 00b-
SICHeHHE TIPUYIMHBI TOTO, YTO B COCTaB PE30HATOPHBIX PEIIETOK BOoJbIoi rajeper HeKorja BXO U
KOpYH/ (cancpupsbl 1 pyOHHBI) — TPABHTAIHOHHO-AKYCTHUYECKHE CBOIICTBA 3TOr0 MUHEpaJa
NMO3BOJISLIA TreHePUPOBaATh KOJeOaHHsA BO BCeM BEPOSITHOM JHANAa30HE MACC MPUEMHHUKA .
TakoB IJIaBHBINA apTyMEHT B T0JIb3Y THIOTE3b O MTUPaMUjIe Kak OpyXuu. B KauecTBe MecTa KCTpaK-
UM SHEpruu 3eMiIsl MPEJCTaBIsieT COO0M MMIraHTCKUI TPUOJ ¢ aBTOHOMHBIM NWTaHWeM. Bce, 4to
HEOOXOIUMO JIJIsI U3BJICUCHUS] OTPOMHOM SHEPIMH — 3TO TIOJIaTh CETEBOW CHTHA HAa 3eMJTIO, U TIONTY-
YUTh TUTAHTCKUNA CUTHAJ OTKJIMKA TUIacTUHbL. CTosiuas (CKaJsipHasi) BOJIHA MOCTOSTHHO MOMOJI-
HSIETCS PHePrueil HanpsEKeHnsl u3 caMoil 3eMJll, MOITOMY YHEPrusi MOKeT U3BJIEKAThCS
HemnpepbIBHO. B TOM cityuae, Korjia ceTyaThiii CUTHAJT UMeeT UMITYJIbCHBIN XapaKkTep, SHePrus TaK ke
W3BJICKAETCS M3 TUIACTUHBI B BUJE UMITYJIbCOB. TakuM criocoOoM u3 3eMJ MOTYT M3BJIEKAThCS
MOIIHbIE UMITYJIbChI J€KTPOMArHUTHON dHepruu. ECcTecTBeHHO, 3TO MOXKET CITYKUTh UCTOY-
HUKOM TIMTaHHUS UMITYJIbCHOTO HEPreTHIECKOro OpyXusi OrpOMHON MoIHOCTH. OOpaThTe BHUMA-
HUe, 910 BeprieH B CYIIIHOCTH MOBTOPSIET HAIll apryMEHT: /IS TOro, YToOBl cMcTeMa padoTaia Kak
repeIaTuiK SHEPrUM B MUPHBIX TIEJISIX, €€ JIOCTATOYHO HArpy3WTh OTHOCUTEIBHO IMPOCTHIM TIPUEM-
HUKOM, W, corjacHo Jlonmapay, 3TOT MPUEMHHUK MOXET HaXOMUThCS B TAPMOHMUYECKOM COOTHOIIIE-
HUM K TeOMETPUUYECKUM XapaKTepUCTUKAM Tiepe/iaTurka. B 0TCyTcTBHE Takoro mpueMHHUKA H30BITOY-
Hasl KOHCTPYKIS MepeAaTunka Moria ObITh MpeJHa3HaYeHa TOJBKO JUIS TI0/Iaul CUTHAJIA B JIIOOYIO
reoMeTpUYEeCKy0 KOH(HUTYypaIuio T0060ro BOZMOKHOTO npueMHuKa. OqHako 3eMJIst He SIBJISIETCS
H30TPONHOM, TO €CTh OJJHOPOJHOI cpefoi. OHA COCTOUT U3 Pa3HBIX JIEMEHTOB, CMEIIaHHBIX
B pa3HBIX MMPOTOPIUSIX, BXOAAIIUX B COCTAB Pa3HBIX COSAMHEHHUI U UMEIOIIUX Pa3HbIA yPOBEHb BHYT-
PEHHMX HaNpsDKEHUH B JTIOOOM TOUKE 3€MHOM MOBEPXHOCTU U BHYTPH Hee. 3eMJIsl aHW30TPOIHA, TO
€CTh HEOJIHOPOIHA. B 3TOM cllyyae «OTKJIOHEHUSI HapyIIAoT UeaTM3UPOBAHHYIO CUTYAITIO, HAOJTIO-
JaeTcs 3HAYUTeSIbHOE 3aTyXaHue (CKaJIspPHOU BOJIHBI), U aBTOHAKaYKa ObICTPO Tpekparaercs». Crie-
JyeT OTMETUTh, 4To Benukas nuvpamuia, Mo BCel BUIUMOCTHU, TIPEACTABISET COOOM aHAJIOT ITOU
W/IeaTM3UPOBAHHON CUTYAIVH, TIOCKOJIBKY MaTepHall, i3 KOTOPOro OHa IMOCTPOCHA, U ee reoMeTpuye-
CKUE XapaKTePUCTUKU OTHOCUTEITIFHO U30TPOIMHbL. COOTBETCTBEHHO, UACaTM3UPOBAHHAS CXeMa, OTTH-
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CaHHasl BBIIIIE, IOJKHA ObITh MOIM(UIIMPOBAHA, YTOOBI MUHUMHU3MPOBATh AHM30TPOITHOE 3aTyXaHHe.
I'1aBHast 3a/1aua 3aKJII0YaeTcsi B TOM, UTOOBI CO3/1aTh B 3eMJIe CTOSIYYIO (J1eKTPOMAarHuT-
HYIO) BOJIHY HY>KHOI HAM 4acTOThI U CHHYCOUJaJIbHOI (DOPMBI, I03B0JIsAsA ¢(pOPMHPOBATh
CKAJISIPHYIO BOJIHY NIpH oMoy 3¢ QeKTa moJio:KnuTeabHoi 00paTHoil ¢Bs3u. Paccmorpum,
MoYeMy IPOUCXOIUT 3aTyXaHUE BOJHBI B HEIMHENHOM cpejie. BTopoil KOMIIOHEHT COOpYKEHH ST BKJTIO-
YaJi HIHE OTCYTCTBYIOIIME YaCTU: «Marn4ecKue KpucTauibl» CUTYMHA WM IPAaBUTAIIMOHHO-aKyCTH-
YeCKHe Pe30HATOPbI, TIO3BOJISIBIIME MEPeaBaTh CUTHA B JIIDOOE KOHKPETHOE MECTO W HarpyKarhb
1eJIb, TIPEBBIIIAs €€ MOPOr CTAOMIBHOCTU. Ipyrumu ClIOBaMH, OTCYTCTBYIOIIME JIEMEHTHI Tpe[-
CTaBJISUTM COOOM HE TOJMBKO MEXaHW3M HACTPOWKHM, a 3HAUMT, M HaBEICHWs Ha LieJib, HO U «CHa-
PSIIB», YTO OHO U TO K€ VTSI JTI0OOTO OPYXHsi, OCHOBAHHOT'O Ha FTAPMOHMNYECKON MHTEp(EepOMETPHUHL.
OTcyTcTBYIOIHE dJ1€MEHTHI MO3BOJISLIM HACTPOUTH MUPAMHAY B Pe30HAHC, YTOObI Halle-
JIUTH B JIIO0YI0 COCEHIOI 00J1aCTh IPOCTPAHCTBA, IPOYECTh €€ CUI'HAJ U BbI3BAaTh BHYTPH
Hee CTOSIYYI0 BOJIHY. MOXHO BHIETh, UTO (ycuiauBaioumid tpancgopmarop Tecnbl) Ucronb3yer
TPHY BUJIA CTOSIYMX BOJIH, KaK/1asl U3 KOTOPBIX COMpPsiKEHA C OCTAIBHBIMHU MOCPEICTBOM JIBYX TOYEK
pedpakimu. Kaxas BoiHa oTpakaeT OTAe/IbHBIN pa3MepHbBI acIeKT:

1. 3eMHast BOJIHA; MPOCTPAHCTBEHHASI Pa3MEPHOCTb;

2. CBA3YIOIIUI TpaHC(OPMATOP; BpeMEeHHAsl pa3MEPHOCTb;

3. pe3oHaHCHast 0OMOTKA; JOTIOJTHUTEIbHAS Pa3MEPHOCTb;

31ech MOKXHO TPOBECTH aHAJIOTUIO C MY3bIKOH:

— rapMOHUSI; IPOCTPAHCTBEHHAsI Pa3MEPHOCTb;

— pUTM; BpeMeHHasl pa3MEpHOCTb;

— MeJIoAMsl; AOTIONTHUTEbHASI Pa3MEPHOCTb.

Jnst Toro, 4toObl JOOUTHCS ITOrO TPOWHOTO PE30HAHCA, WIIM SHEPreTMYECKOro IMepexofl-
HOTO MPOIIEeCcca IEeCTOro NopsiaKa, He00X0AUMO CyIIeCTBOBAHHE CONPSIKEHHbIX COOTHONIEHUI
MeK/1y BceMH MIeCThI0 THNaMu Hepruu. K coxaneHuio, IpakTHUECKH He CYIIECTBYET TEOPUH
IJIs1 OTIMCaHMS TiepeHoca Oosee ByX BUIOB SHepriu. OCHOBHAs TPUYMHA STOTO — CJIOKHOCTh HAXOXK-
JEHUS pellieHnid anreOpanyeckux ypaBHEHHM BhIIIE BTOPOro Mopsiika. Beicokasi cTeneHb MHTErpa-
[IUM STUX W JPYTUX MPUHIUIOB B KOHCTPYKIIMU U pa3Mepax Benmkoi mupaMusibl CBUIETEIbCTBYET
O TOM, YTO €€ CTPOUTEJM HAIUIM METOJ PellleH!s] YPAaBHEHHI BHICILIETO MOPSIIKA U YTO STOT METOJ
MOXHO PEKOHCTPYMPOBATh B pe3yJIbTaTe TIIATEILHOTO U3YUYEHHS COOPYKECHUSI.

Cten Tenen [45]. B 2000 rony, uccnepoBarenb CtaH TeHneH pacckasai, yro Benukas nupa-
My B ['M3e mocTpoeHa B rapMOHUM C MOJIEKYJISIPHOM CTPYKTYpPOU €€ CTPOUTENIbHBIX MaTepHaIoB.
Bonbliast yacte OJIOKOB, COCTaBJISIONIMX MUPAMUIY, — U3BECTHSK, KPHCTAT KapOoHATa KaJbIIUs
(CaCO3). Benmukas Iupamuaa nocrpoeHa ¢ yrjioMm HakjiaoHa 51° 51». TeHeH ykaza, 4yto MoJe-
KyJia KapOoHAaTa KaJbIHs HMeeT YroJ NPUOJIN3UTENbHO 522. DTOT YyroJ H3BeCTeH KaK «yroJi
pacuienieHusi», YTO O3HAYaeT, KOrJAa YMCThIA KPUCTA/UT KapOOHATa KaJblUs PACIIEIIseTCs, OH
OyzieT paciieruisaTbess BAoiab yriaa 52°. Takum oOpazom, TeHeH 3asiBIII, UTO YroJl HaKJIOHA MHupa-
MH/IbI IPUBOINT BCIO (hopMy NHMPaMU/Ibl B TAPMOHHIO ¢ MOJIEKYJIAMH MaTepPHUH, N3 KOTOPOM
oHa nmocTtpoeHa. OH He 3HAeT HUKAKOU JIPyroil CTPyKTyphl Ha 3emJie, KOTopasi YKJIaIblBaiach Obl
B 9TOT MAaTTEepH. SICHO, YTO TaKas rapMOHUYECKAS CBSI3b MEKIY «MUKPO» U «MaKpO» JIUIIb YCHUIIHU-
BaeT 3(pPeKThl MUPaMU/IBL.

[6] ITupamusl Mupa npocHynucsk, 2015 rog. Xors HACA ckpsiBaeT MH(pOpMALIMIO O CTpaH-
HBIX OOaKax (hOTOHOB, KOTOpbIE CefUac MpaKkTHUeCKr 0XBaTUIM BClo COHEUHYI0 chcTeMy, HH(pOp-
Mallysi BCe K€ MPOCOUYMINCH OT HEKOTOPBIX Y4eHbIX. M Tenepb, O Mepe TOro, Kak 3TO 3JI0Bellee
oOnako npocaunBaetcs B COTHEUHYIO CUCTEMY, OHO HAYMHAET OKa3bIBaTh Bo3eiicTBue Ha ColHile
U TUIAaHEThl HEOObSICHUMBIM 00pa3oM. YIMBUTEIBHO TO, YTO MO MEPEe TOro KaK 3Ta CTpaHHAasl SHEPTUs
BTOPraercs B Halle MPOCTPAHCTBO, HEKOTOPbIE U3 CAMBIX U3BECTHBIX MTUPAMU/] MUPa HAUMHAIOT BbIpa-
OaThIBaTh MHTEHCUBHYIO SHEPrui0. Heckosbko ciydaeB, KOIjia MOIIHbIE BUIMMbIE MTyYKH BHIOPACHI-
BAJIMCh B TPOCTPAHCTBO B HAIPaBJIeHUU (POTOHHOTO 00JIaKa, OKA3aIMCh XOPOIIO JOKYMEHTUPOBAHbI.
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B TO e Bpems, J110au 0 BCEMY MUPY Hayald OTMEYaTh U 3alMChIBaTh CTPAHHBIE MYTalolye 3ByKU
¥ IIyMbl, KOTOpbIE POU3BOASAT BIIEUATIEHHE, YTO OYTO caMa 3eMJIsi CTOHET U IJ1aueT. Bee 3tu siBrie-
HUS1, BKJTIOYAsI e1lle HUKOTJa HEBUIAHHBIX TMTIAHTCKUX TypOYJIeHTHBIX BHIOpocoB Ha ColHIle, BEpOsIT-
Hee BCEero MpoBOLUPYIOTCS NpUcyTcTBHEM (DOTOHHOrO 00J1aKa. [IpeBHre nrupaMuIbl MPOCHYIIUChH
TOCJIe THICSYEIETHI CHA M BO3MOXHO BBHIOPACHIBAIOT MTyYKW SHEPTHM B HANPABJICHUH MPUOIMKAIO-
merocst ooaka. OfHU TYPUCTBH KpUYAIU, APYTMe TOCTIENTHO CHUMAJIM BU/IEO Ha KamMephl MOOMIIb-
HBIX TesIe()OHOB, B TO BpeMsl, KOTr/Ia MpaMuia Maist u3aBaia rpoxot. Ho 1o He ObUIO cieacTBUEM
3eMJIETPSICEHUS], IOTOMY YTO B CJEAYIOIIMI MOMEHT OJNECTSIIMI JIyd CBETa BBICTPEIWI B KOCMOC,
a OyaroroBeiiHbIC 3PUTENIN 3aTUXJIM, TaK M HE OCO3HAB, YTO 3TO 3HauuUT. OOpaboTaHHOE M300paKe-
HHE CIpaBa IMoKa3bIBaeT CKpbIThie MOMHMK. Ho Maiianckas mupamuaa KykynapkaHa, mociasiiasi cTono
HEBEPOSITHOW SHEPruU B KOCMOC, OblIa HE €IMHCTBEHHOHN U3 MUPaMUI, Y KOTOPHIX ObUTH OTMEYEHbI
aHoManbHble sieieHus. B 2009 u 2010 rogax Haa OOCHUHACKMMU MUPAMHUIAMU CHSUTA TOHKHE JTy4d
YHCTOW HEpPruM, BhIOpAchiBaeMble B MPOCTPAaHCTBO. HemaBHO KWTalCKOe MpPaBUTEIHCTBO HAYAIIO
BHUMATEJIbHO CIIEIUTh 32 MMpaMUAoN Xianyang, HAUMHAIOIEH NOKa3blBaTh MPU3HAKUA AKTUBHOCTH.
B npouiom rogy rpynmna y4eHsIX UCClIeioBala MMPaMU/Ly U CUUTAET, YTO OHA MOKET UMETh BHE3EM-
HOE IPOMCXOk/IeHUE. DTOT YAUBUTEJIbHbIA MHIMIEHT, BO BPEMs KOTOPOIO MOCJEJ0Ba B3PbIBHOW
BBIOPOC SHEPruu, ObUT 3aCBUIETEIHCTBOBAH U 3a(PMKCUPOBAH Ha TUIEHKE. 3a(PUKCUPOBAH B3PHIBHOM
BBIOPOC PHEPrUM W3 BepIIMHBI 3HaMeHUToW anrekckoi [Tupamuapl JIynst B Teotnyakane B Mek-
cuke. Yro 310 3Haumt? Kyna 3ta sHeprus Hanpasisiercss U noyemy? Kak akTuBupoBasiach TauH-
CTBEHHAs1 CUJIa 3TUX MOJTYAJIMBBIX KAMEHHBIX YaCOBBIX, CIOKOMHO CTOSIBIIMX Ha MPOTSKEHUH MHOTUX
BEKOB, IOKA YTO-TO HE HApYIIWIO UX coH? YUTO BEpHYNIO MX K KU3HU? MoxkeT ObITh UeM-To Oolee
HEBEPOSITHBIM, YeM aKTHMBHOCTb IIUPAMU/I, SIBJISIETCS TPUOBITHE HEBEIOMOM CHJIBI M3 IaJIaKTHYECKOM
MYCTOThI, KOTOPOW B HACTosIIee BpeMsl OKpyxkeHa Oosbinas yacth ConHeuHOH cuctemsl. Vccneno-
BaTesb U3 YHuBepcuTeTa xopmka MeiicoHa yTBEpiKIaeT, YTO 3TO MEK3BE3IHOE OONAKO SHEPruu
SIBJISIETCS] HEYCTOMYMBBIM U TypOyJieHTHBIM. [InpamMupl pearupyior Ha He3HAKOMOE, Uy:K/10€ 00JIaKo
SHEprud. Y4eHbIil TaK:Ke YTBEP:K/AaeT, 3T0 00,1aKk0 (hOTOHHON SHEPruu BhI3bIBaeT BO30Y:K-
JeHus1 armocdepsl IaHeT U, ocodeHHo, Hammero ConHua. Kak 310 Mex3Be3nHoe 001aKko SHep-
'Y OKa3blBaeT BIMsHME U B3aumozeicTByeT ¢ ConHLeM, 10 KOHLIA He MOHATHO. OIHaKo y:ke cerlvac
MOHATHO, YTO CJIEACTBUEM SIBJISIETCS] YCUJIEHUE COJTHEYHOU aKTUBHOCTH, B PE3yJIbTaTe KOTOPOM Ipo-
UCXOIUT ee OoJiee BBICOKAsl SHEpPreTHIecKas 4acTota M HeCTaOMIbHOCTh. MarHuTHbIE TIOTOKH, BXO-
JSIIME BO B3aMMOJIEHCTBUE C COTHEUHOW MarHuTocgepoll ¥ reOMarHuTHBIM MoJieM 3eMJTU, MOTYT
MIPUBECTH K U3MEHEHUSIM OA30BbIX TOJIEH, BOSHUKHOBEHHIO aHOMAJIbHBIX BUXpel 1oJist. CieacTBueM
MOTYT CTaTh NE€pPEeMeHa MOJSIPHOCTM MarHUTHOTO MoJist 3eMJu (KOMMEHTAapHil aBTOpa — BO3MOXKHA
MocTeTieHHast iepeMeHa 3a Bpems okosio 2000 jier), Aukue KojeOaHus OTo/bl, U, CAMOE YAUBUTEITh-
HOe, aTMOC(EPHBIE U MOI3EMHBIE 3BYKH, KOTOpble MOT'YT (pUKCHpoBaThcs 1o Beell mianete. Ilupa-
MH/bI ABJSIOTCA €CTeCTBeHHbIMH XPaHWJIUINAMK SHepruu 3eMJIH, CBOEro pojia KOHAEHCaTo-
paMu, OHU OIMPAIOTCS HAa CUITy MarHUTHOT'O NOJIs TuIaHeThl. OHU BBIITYCKAIOT U BBICTPEJIMBAIOT ITyYKU
YKCTOW PHEPTUH B MPOCTPAHCTBO B HAIIPaBJIEHUM OOJaKa, OXBATHBIIETO Hally Oe33allUTHYIO TUia-
HeTHYyIo cuctemy. [IporHozupyembie 3ByKH (PUKCUPOBAJIHCH, ObLITH 3alMICAHbl 3alIMCAHHBIE U TOPSTUO
oOcyxnanick, HaunHas ¢ BecHbl 2011 roga. Bo3amoxHasi mpuumHa STUX 3BYKOB MOJKET JIEKaTh B SIIpe
3emuid. [lesio B TOM, YTO yCKOpeHue jipeiida ceBepHOro MarHUTHOTO Mojmoca 3eMJIu, KOTOPBIN yBe-
mruuics Oosiee YyeM B IATh pa3 B nepuoz nociaeqaux 20 Jiet, IpuBesio K TOMY, YTO CerofHs B 6a3o-
BBIX TOUKaX (PUKCUPYETCsl MOBbIIIEHHE YPOBHSI HHTeHCH(PUKALNN SHePreTHYeCKNX mpouec-
COB B s1jipe 3eMuIn.

[96] UepenoBanmue caoeB. PaccMoTpeHre reoMeTpruieckoi MoIe v TUpaMu/Ibl U uepeoBa-
HUE CJIOEB C Pa3HbIMU (PM3NYECKUMHU CBOMCTBAMHU MPUBEJIO MCCIIEIOBATENIEN K BHIBOAY, UTO MHPA-
MHJA, 10 CYTH, ABJSIETCS MOIIHON AHTEHHOI-Pe30HATOPOM, YCHINBAIOIIEll SHepreTuye-
CKHII IOTOK, H3JIy4aeMbli SIIPOM IIAaHETHI B OIlpe/ieJIeHHOM anana3oHe 4actotT. CoriacHo
HEKOTOPHIM JIpeBHEErHNeTCKIM TeKCTaM NMHPaMHAA Pe30HUPYET ¢ YACTOTOM KoJedaHmil
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Halleil IJIaHeThl, T. €. padoTaeT B Auana3oHe e€é yactotr. Ho «3HepreTmuecKuil MICTOYHUK»
BHYTPY MTUPAMU/IbI, TIPECTaBIsSAsI COOOU YCTPOMCTBO, MMeloIlee BHYTPEHHUI, aBTOHOMHBIN MCTOY-
HUK 2HEpruM (pacCUYMTAHHBIA HA HECKOJIBKO THICSY JIET), padOTaeT Takke B HU3KOYaCTOTHOM JIMaria-
30HE BOJIH, CBSI3BIBAIOIIIEM €TO0 C SIIPOM ITaHeThl. Yepes siapa riaHeT, Oarogaps rpaBUTAIMOHHBIM
NIEKTPOMArHUTHBIM U UHBIMU (B TOM YHCJIE U PE30HAHCHBIM B3aUMOJCUCTBUSIM), OCYIIECTBIISIETCS
CBSI3b MEX]y TUIAHETAPHBIMU U TAIAKTUIECKUMH CUCTEMaMHU, BXOISAIIMMHU B €IUHOE SHEPrormH(Op-
MAaIMOHHOE MPOCTPAHCTBO BceneHHOoM. DTOT MeXaHU3M SIBJISIETCS] OCHOBHBIM B CUCTEME SHEPrOMH-
(popmManIMOHHOrO B3aMMOJEHCTBUS, OCYLIECTBISIEMOro yepe3 nupamusl. Ho, moMumMo OCHOBHOTO
MeXaHu3Ma, eCTh 1 ToOouYHbIe. KBapil, MCMONB30BABIIMIACS TIPU CTPOUTENILCTBE MTUPAMUIbI, TTOJT JIaB-
JIEHHEM TUTAHTCKOTO TeJla MUPaMUIbl TeHEpUPYET Mbe303IeKTPUIecTBO. Bo30ykeHne KpucTaioB
KBapLa IMPOUCXOAUT 3a CYET NOCTOSTHHOIO paclpoCTpaHeHus o 3eMie aKkyCTUYECKUX BOJIH U dJIeK-
TPUYECKUX Pa3psiioB, 0Opa30BaBIIMXCS U3-3a JiepOpMaI 3eMHON KOPbI, BHI3BBAHHOW B PE3YJib-
TaTe TEKTOHMUYECKOW JIeSITeIbHOCTH, 3eMJIETPSICEHUIA, N3BEPXKEHUI BYJIKAHOB U MPHJIMBHO-OTIMBHBIX
BiustHA JIyHbI, Ipyrux ruiaHeT u comiHua. [lomumo 3Toro, nH(ppa3ByK, BO3HUKAIONIMNA B 00a-
CTSIX MOJISIPHBIX CUSIHUH B BHICOKMX IMPOTaX M MPEICTABISIONIMN COO0M aKyCTHUECKHe KoeOaHus
OYEeHb HU3KOH YacCTOTHI, a TAKKE psA APYrUX (paKTOpOB (B TOM UYMCJIE YTPEHHUM U JHEBHOM HAarpeB
TeJIa MUPaMU/Ibl), BO3JIEHCTBYS HA KBapIl, y4aCTBYIOT B CO3/IaHUM CBOEOOPA3HOM JIEKTPOMArHUTHOM
00O0JIOUKU BOKPYT MUPaMU/Ibl. JHePreTHYecKuil moTok 3eMJu, yCHINBaeMblil NHPaMH/I0i,
3a/1aeT 4acToTy, ¢ KOTOPOil HAUMHAeT BUOPUPOBATH reHepupyeMasi KpucTalJaMu KBapua
000J10YKa BOKPYTr NHPaMHAbI. DTOT UMITYJIbC, B CBOIO OYEpe/b, Yepe3 aTMOC(epHOe eKTpHYe-
CTBO, TIapbl BOJBI M OKPYXKAIOIIMe MUPAMHUIY BOIHbIE apTepUH MIHOBEHHO IEpe/lacTCsl Ha TMIaHT-
CKHe pacCTOsTHUSI, OKa3bIBasl BO3JEHCTBUE Ha JIIO/IEH, HAXOMSAIIMXCS HA OONIBILIOM ylIaJIeHU! OT MUpa-
muabl. KostoccaabHasi Macca Bcell MUPaMu/ibl B HECKOJBKO MIJJIMOHOB TOHH MO3BOJIsIJIa
[P HACTPOIiKe e€ B pe30HaHC, 00J1a7aTh 00PaTHHIM BO3/elicTBHEM Ha NPoIecchl, MPOuc-
xoasuue B 3emiie, B noHocepe 1 HA IIaHeTaX. CBOMCTBA pa3IMYHbIX MaTEPUAIOB MMPAMUIbIL:

— MpUMEHEHNE CIIeIUATBHBIX MEJKOMOPUCTBIX TPAHUTOB, 0OJIAAIONIMX CBOMCTBOM JIYUIIEro
MPOIYCKAHUS JIETKUX KOMITIOHEHT 10 CPAaBHEHUIO C TSIKEJIbIMU, MO3BOJISJIO Pa3/ieJuTh BOJOPOL
U KHCJIOPOJ;

— 00s13aTeJILHO MCTIOIb30BAHKE BOJIBI B KAUECTBE ChIPbs 1151 IOTyUeHUsI BOIOPOA M B KAUECTBE
SHEpPrOHOCUTES;

— ipeBHHE CNeNHAJHCThI 3HAJIU U 0 TOM, YTO B0/1a 00J1a7aeT CIOCOOHOCTHIO Nepe/a-
BaTh JJEKTPUYECKUI U SHEPreTHYeCKHil CUrHAJ Ha THTaHTCKHE PAacCTOSIHMS , BCIIE/ICTBUE
Yero NMpaMu/Ibl CTPOMIIMCH HEJAJIEKO OT BOBL; €CJIH ke Boja Oblia Aajieko, TO K MUpaMuaaM IMpo-
BOJWJIM BOZIHBIE apTEPUH WJIM CO3[IaBAJIM Ha MeCTe OBIOIIEro M3-T0J] 3eMJIM SHEPreTHIECKOro MoToKa
MCKYCCTBEHHBIE BOJIOX PAHUJIMIIA; TMOO MCIOMb30BAIM CBOWCTBA HEKOTOPBIX MMPAMU/L [0 KOH/IEHCa-
IIUM BOJBI; IEJIAJIOCH 9TO BCE JJIS1 TOTO, YTOOBI CBA3ATh MUPAMUIBI C OOIIE TUIAHETAPHON SHEpPreTH-
YECKOM CUCTEMOI;

— KBapI1 oonagaeTr 3(ppeKToM JIMH3bI, OCh CANMMETPHUH KBapIia 00pa3yeT Clupaib, B KpUCTalie
TOSIBJISIETCS] HECKOJIBKO MTPOEKLIMI OCHOBHOI'O SHEPreTUYECKOrO LIEHTPA, T. €. MOJAy4aeT SHEePruio
OJ/IMH LIEHTP, a 0TAaeT HeCKOJIbKO; TOYHEE ITO MOKHO IIPEACTABUTH TaK: HEKAs 30Ha KpUCTAJLIa,
UCTIONHSASA POJib PE30HATOPA-IIPUEMHHUKA, UCITYCKAET SHEPIUI0 U, TPaHC(OPMUPYs, pacCEUBAET €€,
MIPY 3TOM B KPUCTAJUT BXOAUT OAMH OOIIMM MOTOK; @ BHIXOAUT HECKOJIBKO;

— KBapll, UCTIOJIb30BABIIMIACS MPU CTPOUTENLCTBE MUPAMUIbI, MO JABJIEHUEM THTaHTCKOTO
TeJa MMPaMU/bl TEHEPUPYET MbE3031EKTPUUECTBO.

Angpei Jlememxko ap. [70, 71,72, 73]. IIpumeHeHHe MATHUTHOTO MOJIs1 3eMJIM B Kade-
CTBE HCTOYHHMKA DHepPruu. B cperHeM MHTEHCMBHOCTh MArHUTHOTO MOJsSI 3eMII KoneOneTcs
ot 25 1o 65 mMxTi (0,25 — 0,65 I'c) U CUIBHO 3aBUCHUT OT reorpahuyecKoro MojaoKeHusl. ITO COOT-
BETCTBYET Cpe/iHell HanpsikEHHOCTU ot okodo 0,5 D (40 A/m). Ha MmarHMTHOM 3KBaTope €€ BeJu-
yuHa — okoJio 0,34 3, y MarHUTHBIX MOJIOCOB — OKOJI0 0,66 D. B HEKOTOPhIX palloHaX (MarHUTHBIX

47


https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%81%D0%BB%D0%B0_%28%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F%29
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D1%83%D1%81%D1%81_%28%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F%29
https://ru.wikipedia.org/wiki/%D0%AD%D1%80%D1%81%D1%82%D0%B5%D0%B4_%28%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F%29
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BF%D0%B5%D1%80_%28%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F%29
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D1%80
https://ru.wikipedia.org/wiki/%D0%AD%D1%80%D1%81%D1%82%D0%B5%D0%B4_%28%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F%29

A. Marannes. «JlpeBHue NupaMubl — KJI0Y K TOJABJIEHUIO KaTacTpogp»

aQHOMAJTHIA) HANTPsIKEHHOCTh PE3KO BO3pacTaeT: B pailoHe Kypckoil MarHuTHON aHOMAJIMKM OHA JIOCTH-

raetr 2 D. MarHuTHBIA AUIOJNBHBIN MOMeHT 3emin Ha 2015 ropg cocraBisn 7,72-1025 Ic-em® (mmm

7,72 10?2 A-M?), YMEHBIIasCh B Cpe/lHeM 3a nocieanue aecstuwietus Ha 0,007 10% I'c-em® B TO/I.

3aMeTHOe BIIMSHUE Ha MAarHUTHOE I0JIe Ha MOBEPXHOCTH 3eMJIM OKa3blBAIOT TOKM B MOHO-
cepe. Hanmuume BepTUKaIbHON COCTABIISIOIEN U JeJIa€T BOZMOKHBIM NOJTy4€HHE TOJIKAIOIIEN CHIIbI
HE TOJIbKO Ha/l MAarHUTHBIMU TOTI0CAMU 3e€MJIH, a U HaJ] TPAKTUYECKU BCEMU TMOTYIIAPUSAMU UCKIIIO-
Yasi 9KBATOp U MPHUOIMKEHHbIE K HEMY 30HY, Tlle BEPTHKAJIbHASI COCTABJIAIONIAS MArHUTHOTO TOJS
3eMIIM IPaKTHUYECKH yKe He OOHapyKUMa. DTH HUCXOAIINE CUIIOBbIE JIMHUYM BEPTUKAJIbHOM COCTaB-
JISIOIIEN MUMEIOT MaTyI0 KYYHOCTb. Ml MX HYKHO TIpe/IBapUTeIbHO coOpaTh B HY)KHOM OOBbEeMe IMpo-
crpaHcTBa. ChenaTh 3TO MOXKHO 3a CYET TaK Ha3blBAEMOW MArHMTHOM JMH3BL 715 TOro, 4ro0sl
coOparh B IyYOK CHJIOBbIE MArHUTHBIE JIMHUU, TIOHAIOOUTHCS «JIMH3a» U3 (peppOMarHeTuKa, Harpu-
Mep, U3 xkene3a. PeppoMarHeTuK, Kak U3BECTHO BTSATUBAET B ce0s1 BHeIIHee MarHuTHoe nosne. [1po-
BEJICHbI CPABHUTEJIbHBIE XapaKTepUCTUKU teKkTpocTanimii (DC, ajimHa KOHTYpa, MOITHOCTh, CTOM-
MOCTb [TPOBOJA IJIsl KOHTYpa, COITPOTUBJIEHHE, CUJIA TOKA), TOCTPOEHHON Ha OCHOBE OJHOBUTKOBOTO
KOHTYpa pa3IMYHOro pajnyca, paCCUMTaHHbIX HA OCHOBE CpeJHECYTOUYHbIX 3HaueHni AZ= 4700 uTn
B HOs10pe 2016 r. Ha craHuuu [JukcoH. [IpoaHanu3upoBaB JlJaHHBIE MArHUTHBIX CTAaHIMM, UCCIie-
JOBaTe/IM MPULIUIM K BBIBOLY, YTO JIEKTPOCTAHIMU 3(P(EeKTUBHEE pacriosaraTb B 30HE MOJISIPHBIX
custauil. [o 3Toi mprumHe 11e1ecoo0pa3HoO MJIOIIA/Ib, UCTIONb3YEMYIO O] MEKTPOCTAHIIMIO, IEIUTD
Ha HECKOJIbKO KOHTYPOB MEHBIIETO pa3Mepa U ¢ IOMOUIBIO CHIEHMANIbHBIX NEpEeKJIoUaTesiell coriaco-
BBIBaTh pabOTy MaJibIX KOHTYpPOB TaK, YTOObI TOK B HHUX MPOTEKaJ B OXHOM HampasieHun. Camoe
BaXXHOE TO, YTO C IOMOIIIBIO JAHHOTO MTPAKTUYECKU BEUHOI'O ABUTaTesisi BO3MOXKHO MOy4aTh SHEp-
TUI0 U3 MATHUTHOTO TIOJIsI 3€MJIM KPYIJIBIA rofl, B JIIOOYIO MOrofy, B JII0OOe BpeMsi CYTOK, A0 TeX TMop,
noka OylieT cylecTBoBaTh MarHuTHoe mose 3emin. Takum o0pa3oM ecim BOJIM3HM SKBATOPA,
CouHile sBJsI€TCA BEYHBIM HCTOYHHKOM YHEPrum, TO yKe ¢ NPHOJHKeHHeM K MoJI0caMm,
caM0 MarHuTHoe 1oJie 3eMJN, BepHee ero BepTHKAJbHAsI COCTABJAOMIAS, €CTh N0 CYyTH
BCerja NpuCyTCTBYIOIIUHA HeHcYeprnaeMblil HCTOYHHMK SHepruu . [IpeBHue nupamu/ipl HOCTpo-
€Hbl B TOYKaX C MAaKCUMAaJbHOW SHEPreTUKOM, Ha MECTaXx M3JIOMOB U IO YHEPreTUYECKOW CETKe
Xaptmana. Mcrionb3yemble MaTepuasibl B IPEBHUX MUPAMHUIAX CIIOCOOCTBOBAIM KOHIIGHTPAILIMKU Mar-
HUTHOTO NOJIs1. D(PEPEKTUBHOCTb ITUX MEXAHW3MOB MOBBIIIAETCS KOHLIEHTPALMsl MAarHUTHOTO MO
MapaMarHUTHBIMM MaTeprajiaMy BHYTPY NUPAaMUJIbl M TUaMAarHUTHBIMUA MaTepraaMyi BOKPYT HEro.
JIpeBHHe mMUpaMHUJbl 32 cYeT HCHOJb30BaHUS NAapaMarHUTHBIX MaTepHAJOB IpPeJCTaB-
JISIIOT cO00i1 KOHIIEHTPATOPbI MArHUTHBIX CUJIOBBIX JIMHUM.

.AcTOYHNKOM NHPaMu] SBJSIIOTCS NOTOKH HOHOB, BOCXOsIIHNe € IOBEPXHOCTH
3eMJid B HOHOC(hepy U HUCXOAsHe B 00PaTHOM MOPsAKe N0 ceTke XapTMaHa, KOTopasi
U3 cedsl MpeacTaBJsieT HOHHbIE KaHAJbI, 00pa30BaHHbIe MATHUTHBIM MoJieM 3eMJId. DTH
NOTOKH B nupaMuje (poKycupyroTcsi B IBYX BO3MOKHBIX TOYKAX: BePXHeM H HIKHEM
¢okyce. Bepxuuii poKyc HAXOOUTCS B BEPXHEW YACTU LIEHTPAJIbHON BHYTPEHHeW mupamuisl. FIoHbI
IO JOCTUKEHUIO 3TOTO LIEHTPa MPOJOJIKAIOT JBUTaThCsl BBEPX HA MMpaMUINOH. Takas KOHIIEHTpauus
1 JIBUKEHHUE JOCTUTAIOTCS CJIOMCTOM BJIOKEHHOU CTPYKTYpPOU M CUCTEMOM MArHUTHBIX 3€pKaJl.
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MupamuaoH

A

BOCXOﬂHLU,He NOTOKW 3HEPTrrK

Puc. 2. Tlupamua, padoTaoriasi Ha BOCXOASAIIMX MOTOKax [73]

[Mupamuzaa, paboTaromias Ha BOCXOASIIIMX MOTOKax, Ha3bIBaeTCsl Bocxonsien. Bocxonsimas
MMpaMu/ia MOXKET KaK COIEpXkaTh BHYTPEHHIOW (DOKYCHUPYIOILYIO CTPYKTYpPY, TaK M HE COIEpXkaTb,
TO €CTh OBbITh CTPYKTYpHOUM mim nonoi. K mpumepy, [Tupamuna Xydy — Bocxonsiasi CTpyKTyp-
Has. [Tupamupa l'onona — Bocxonsinas nosast. [Tockonbky crpykrypa nupamubl Xydy BbIIOJIHEHA
U3 MapaMarHUTHBIX MaTepuasioB, TO OHA IApaMarHMWTHAsl BOCXOAsAIIasi cTpyKrypHas. ITocKosbky
coOupath MOHBI 03 CTPYKTYpPbhl MOXHO TOJBKO JUAaMarHUTHOW OOOMOYKOM, To mupamuaa ['omona
AvaMarHuTHasi Bocxonsias nosas. [IockospKy NoTeHIMalIbHask MOIIHOCTb MPaMUbI IIPH IPOYUX
PaBHBIX OIpeAesieTcs IJIOIAbI0 OCHOBAHUS, TO YeM OoJblile mupamuia, TeM MolHee. Ho mpu
OIpPEe/ICNIEHHBIX KOHLEHTPAIMSIX MOHOB HAYMHAIOT BO3HMKATh YTEUKU U MPoOor. DPpeKTUBHOCTD
nupamMupl najgaer. IMeHHO Mo3ToMy MMpaMubl OONBIIOrO pasMepa JAeNaloT MO JAPYromMy IMpUH-
LUILy — 110 IPUHIMITY OTKJOHSIOMUX MarHUTHBIX 3epPKaJl, KOTOpble KOHIEHTPUPYIOT SHep-
U0 BHYTPH NIMPAMU/IBI, 2 HE Ha €€ MOBEPXHOCTH, KaK 3TO MPOMCXOOUT C JUaMarHeTUuKaMu. JTO
JAET BO3MOKHOCTb KQUECTBEHHO PA3JeUTh IMOTOKU U MCHOJIb30BaTh HUCXOAAILYI0 U BOCXOISAIIYIO
SHEpruM pasespHo. Spuaiiinuii npumep — nupamuaa Xydy, koropas COAEpPKUT, KpOME BHYTPEHHEN
CTPYKTYPBI, BHEIIIHME KaHAJIbl HA AMAMAarHUTHON OOJMIIOBKE, CTyKMBIIME KOHIEHTPAIMU HUCXO/sI-
1€l SHEPruy N0 UEHTPY I'PaHEeu.

Puc. 3. [lupamuyia Ha ruiato I3kl ¢ M1300pakeHNEM HapyKHBIX TIOTOKOB SHepruu [73]

ITpakTruecku Bce MMpaMu/ibl UCIOb3YIOT BOCXOASAILYIO HEpruio. M Jiniiis HeMHOTHE UCTIONb-
3yl0T HUCXOAAIy0. Kak mpaBuio, oHM MCHONB3YIOT MX B OAHOW CTPyKType. Benukas nupamuaa
Xydy pasnesnsiia OTOKY ITPY MOMOIIHA BOCXOIALIEH CTPYKTYpbl M HUcXonswel odonouku. Ho nupa-
MHU/Ibl MOT'YT UCIIO/Ib30BaTh 00a MOTOKA O/IHOM CTPYKTYPOH, Y KOTOPOii OyAeT y:xe JBa okyca. Takum
00pa3oMm, TI0 TOMY K€ 3aKOHY OTKJIOHEHHMsI MarHUTHBIMH 3€pKaJlaMH, He TOJBKO BOCXOJSIINE NOHBI,
HO M HUCXOJAIIME KOHLEHTPUPYIOTCS BHYTpU nupaMuibl. Ho yxe B HxHeEM (okyce.
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HVICXOLIHLLWIG NOTOKW 3HEPIUK

Puc. 4. [lupamusa ¢ HUCXOASIIIUMU TTOTOKaAMU Hepruu 73]

Wrak, TMIOB mupaMuj] MO MOTOKaM BCEro J1Ba — BOCXOISIIUN M HUCXOASIIMU. Y HUX €CTh
TIO/ITUTIBI TTO UCTIOJIL3yeMbIM MaTepraiaM OONUIIOBKY — IMaMarHUTHBIA 1 TIapaMarHuTHbINA. B mupa-
MUIaX MOXeT ObITh BHYTPEHHSISI CTPYKTYpa U MOXKET OTCyTCTBOBaTh. M mupammuaa Moxer padoTath
KaK Ha 00OMX HAIPaBJIeHUsIX MOTOKOB, TaK ¥ HA OMHOM. Takke BaKHO KOJTMUYECTBO CTYIEHEH CTPYK-
Typsbl mupamuibl. OHO Takke yKa3bBaeTcs B TUIe. ECiM yKa3biBaTh KOJTMYECTBO CTYIIEHEH, TO CIIOBO
«CTPYKTypHas» yKe He 00s13aTeIbHO, €CJT OHA CO CTYIEHSIMH, TO YKe B JTIOOOM ClTydae CTPyKTypHasl.

B 3TOM U cOCTOSIT BCE TUITBI TUPAMU/I.

[Mupamuna Xydy — napaMarHuTHasi ECTUCTyNIEHYATasi BOCXOAAIIAs ¢ HUCXOISIIEH uamar-
HUTHOHN 00O0JIOUKOM.

IMupamuna Xacdpa — napamarHuTHas MSATU-C-TIOJIOBUHOM-CTYNIEHYATast HUCXO/ISIIE-BOCXO/IS-
mas.

[Mupamuma Menkaypa — ruOpuiHasl TapaMarHUTHAsI IIECTUCTYTIEHYaTast BOCXOASINIAs C HUC-
XOJAIIeN TMaMarHUTHON 0OOJIOUKO U MapaMarHUTHBIMU HAKOTTUTEJTSIMU.

Po3oBas nupamuia — napaMarHutHasi A€BSITUCTYIIEHUATas BOCXOSINAs ¢ HUCXOASIIEH Jira-
MarHuTHOM OOOJIOUYKOM.

Jlomanasi nmupaMua — napaMarHUTHasE YETHIPEXCTYIIEHUaTast HUCXO/sIIIe-BocxXosIias (mepe-
CTPOEHHas).

Meiinymckass mnupamMuia — TapaMarHUTHAasE —IIECTU-C-TIOJIOBUHOM-CTyNeHYaTass HHUCXO-
JAILIEe-BOCXOsIAs (HEAOCTPOEHHAS )

[Mupamuma [Ixxocepa — mapaMarHMTHasI MIeCTUCTYNeHYaTass HUCXOAAIIe-BOCXosAIIas 6e3 000-
JIOUKH.

ITupamuel ['ostoga — IMaMarHUTHBIE MOJIbIE BOCXOASIIHE.

[Mupamuasl CygaHa — mapaMarHUTHbIE OeCCTPYKTYPHbIE HUCXOSAIIIE-BOCXOIAIIIHE.

[Mupamuasl Kutas — mapamarHuTHbie OeCCTPYKTYpHBIE HUCXOMSAIIE-BOCXO/ISIIIUE.

[Mupamuna ConHia — napaMarHuTHasi CTPyKTYpHasi, HUCXOSIIE-BOCXOSIIAS.

[Mupamuma BonmeOHMKA — mapaMarHUTHAsI TPEXCTYIeHYATask HUCXOJISIIE-BOCXO/AINAsT OBATTb-
Has.

Baagumvup Amkapaun [74]. BonHOBOM crioco0 nepeiavun SHEpruy 3aKII09aeTcs B iepeHoce
e€ M3 OJIHOW TOYKH MPOCTPAHCTBA B APYTYIO, C MOMOIIBIO0 KojieOaTeTbHON criocoOHOCTH cpebl. [Tpu
9TOM aMIUIUTYa PACKaYKU YACTHUII NAJaeT MPOMOPIUOHATBHO KBAIpaTy pacCTOSTHUS OT IIEHTpa reHe-
patmiu sHeprun. BosiHy MOXHO (hOKYCMpPOBaTh OTpaXaTeJIbHBIMU JIEMEHTaMU B TOUKY ((poKyc) mim
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MapaJUIeNIbHBIN JIyd, TOT/Ia MOKHO YCHJIMTh aMIUTUTYLY KOJIeOaHWs YacTHIbl B JIAHHOW TOUKE WJIH
CUJIbHO YMEHBIINTH TMaJIeHue aMIUTUTYIbl OT paccrosiHusa. Ecim pacnpocTpaHeHre BOJHBI OrpaHy-
YHTh, TO OHA OTPA3UTHCS OT TPAHUILIBI U BEPHETCSI 0OPATHO K reHepaTopy BOIHBL. B pesynbrare o0pa-
3yeTcsl CTOSAYasi BOJHA, COCTOSINAS U3 TyYHOCTEH U y3JI0B, KOTOPBIE CTOST HA OAHOM Mecte. To
ecTh, B KAKOM-TO MecTe Marepusi OyJeT CHIbHO KosieOaTbesi (ITyYHOCTD), B APYroM OyneT MOJHbINA
mtwib (y3en). Madgpopmanmonnasi EMKOCTh BOJHOBOM NepeJadyyl MOBBIIIAETCSI ¢ MOHMMKe-
HHEM Hecylieil 4acToThl. DTO IMOKUPYET CHEIUAINCTOB, TaK KAK OHU BaM OYIyT FOBOPUTH C TOU-
HOCTBIO J10 Hao0opoT. [Tosromy B. Amkapnun 1oka3pBaeT HECOCTOSTELHOCTh U OTPAaHIMUEHHOCTh UX
noBonoB. Koryia CBI3UCTHI TOBOPSIT, UTO HYKHO YBEJIMYUTH YACTOTY HECYIIIEW BOJIHBI, YTOOBI IEpeaTh
Oonblie MH(pOpPMAIIKU, OHU 3a0BIBAIOT YTOUHHUTSH JUIsI KaKOW MOLyJissiui. OHM UMEIOT BBUY YacTOT-
HyI0 MoayJsiiuio (UM), B KOTOpoil M3MeHsIeTCsl HeCyIIasi BHICOKasi 4aCTOTa OJIMHAKOBOUM aMIUTUTY/IbI
u 1 6ut nHpOpMAaIIMK OTTpeIeNIEH KakK Mepexoll BOJHBI U3 TUTioca B MuHyc. O6partHast monysiius OM
TMIO3BOJISIET TEPEIaBaTh BBICOKOYACTOTHBIE MH(OPMAITMOHHBIE CUTHAJIBI HA HU3KOHM HECYITeH 4acToTe.

PanvonHxeHepsl yTBEPKIAIOT, YTO TAKOE HEBO3MOXKHO. SIIKapanuH yTBEpKIAET, YTO ITO BO3-
MOXHO, HO HeoObYyHO. HM3K0YACTOTHBIE CHIHAJBI CIIOCOOHBI BO30YXK/JAaTh Pe30HATOPbI,
HACTPOEHHbIEe HA BbICIIHE TAPMOHHMKH 3TOil yacTtoThl. Harpumep, eciu B3STh pe30HATOPHI
HACTPOEHHBIE Ha PsiJl HATYpaJIbHBIX YUCEJ, TO B IEPBOM 3BYKOBOM OKTaBe 256...512 ['y MoxkHO noiny-
YUTB:

— nofas yactoTy B 1 I'l1, 3a3ByyaT Bce pe30HaTOpPbl, TO €CTh BCE HOTHI IIEPBOM OKTaBbl, TAK Kak
OHHU BCE F'APMOHUKM 4ucia 1;

— nofas yactoty B 2 ['11, 3a3Byuar TonbKo pe3oHaTtop KpatHele 2 'y (256, 258, 260 u 1.1.).

— nogas yacroty B 13 I'ny, 3a3Byyar Tonbko pe3oHarop kparHsie 13 'y (260, 273, 286 u T.1.).

K.T1. H. Anexcanap Martannes (aBrop) [1]. Pusuka npouecca noay4eHust rpaBUTALIMOHHBIX
BOJIH ¢ yuactreM rupamu. Cesizka 3emisa-Jlyna, 3emns-Connne, 3emist — Kocmoc BeipabaThiBaloT
I'PaBUTAITMOHHBIE BOJIHBI, TPOMOPIMOHAIbHBIE Macce U yckopeHuio. IlupaMmuabl HacTpauBawTcs
B pe3oHaHC ¢ 3eMuleil TAKUM 00pa30M, OHH CTAHOBSITCSI B IeNU B3aUMO/1efiCTBHS CO CBSI3-
kol 3emus-Jlyna nian 3emusi-Kocmoc n noJsiydaercss BO3MOKHOCTh F'eHEpHPOBAaTh I'PaBU-
TallMOHHbIEe BOJHbI. Takas HACTPOIKA B pe30HAHC BO3MOKHA TOJIBKO B €JMHOM BapHaHTe — KOTJa
Macca nupamuji OorpoMHasi ¥ O3TOMY BO3MOKHO B3aMMHOE BJIMSTHUE MEKI1y MUPaAMUI0N U 3eMiieil.
Bce tpu Benukue nvpamuisl [u3bl B3aMOCBSI3aHbI, CIIEIOBATENILHO, BOZMOXHO OpaTh UX OOIIYIO
CyMMYy B BOITpOCE BBIUMCIIEHHs pe3oHaHca ¢ 3emuieil. [lanee, U3BeCTHO, YTO CYIIECTBYeT MUPOBAs
CeTh IMpaMU/l, YCTAHOBJICHHBIX Ha JIMHUSAX XapTMaHa, T.€. B MeCTax HaJIM4Ks CUJIOBOTO TOJISI U Ceii-
cmoBoiH. Kpome Toro, mupamujisl ycTaHaBIMBAaIOTCs B BepiiuHax Pycckoii cetku. Ecimm ke B3sTh
BCe MUpaMHIBI, a UX ceiiyac oOHapyxkeHo Oomee 1700, a m3BecTHO, UTO UX ObUTO 144 THICSYM, TO
uXx 00IIasi Macca CTAHOBUTCS YacThIO, IyCTh MaJIOH, HO yXe CYIECTBEHHOH [UIsl TOCTHKEeHUsT Ooree
JIETKOTO pe30HaHca ¢ 3eMJiel U ISl BBIpaOOTKH IPaBUTAIIMOHHBIX BOJIH. MupoBasi cucremMa nupa-
MHJ] MOKeT BO3/eliCTBOBAaTh HA MHPOBYIO CeHCMOAKYCTHKY M MHPOBbIe CeliCMOBOJIHBI,
3ammias IIaHeTy oT Katactpod. Bo3MOXHO Takke BO3[EHCTBUE Ha MPOIECChl CTaOMIIN3aIInH,
a He U3MEHEHUs1 MArHUTHOTO MOJIsT 3eMJTH.
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2. IIpu3znaku KaracTpod u ux pusndeckas CylHOCTh

2.1. O600meHue NMpeNI0KeHNH YUeHbIX Pa3HbIX CTPaH
10 BONPOCY 3alIUTHI OT KaTacTpo( nupaMujgammn

Bo3neiicTBre noss nMpaMus Ha OKPYKaIoLIyo Cpely U3BECTHO C JaBHUX BpeMeH. B nociennue
OBl POBEIEHBI MCCIIEI0OBAHMS B 3TOI 00JIaCTH U MOTyYEHbI MOJIOKUTEIbHbIE PE3YJIbTATHI.

Bot kakue BIbI H3JIy4eHHII U 110JIeil B TUPaMUIax U APYrUX MerajuTH4eCcKHX coopy-
*KeHHI1, BO3/IeHCTBYIONIIE HA OKPYKAKOIIHUI MUP, 0TMEUYaKT HCCAeI0BaTEH U YUeHbIe:

— Angpeit CkJIsIpoB: NMUpamMHU/Ibl HAKAIUIMBAIOT CEHICMOBOJIHBI, CEMCMOLITYMbI Ha BEPIIMHE
B 20 pa3 GoJbllie, YeM BHYTPH;

— nUpaMu/ibl padoTAIOT KaK JIMH3bI, KOHLEHTPUPYIOLIHE CEHCMUYECKUe KoJeOaHus;

— MMPaMUJIbl U3BJIEKAIOT SHEPTUIO U3 HEAp 3eMJIH;

— MUpamMuabl TpaHCPOPMUPYIOT MeXaHHMUeCKUe KojeOaHus B Opyrue, Oomee ymnoOHbIE BUJIbI
SHEPTUH; Tbe30KPUCTAILTB IPE0OPa3yIoT MEXaHNYECKYI0 SHEPIUIO B JIEKTPUUECKYIO; STIEKTPHUECTBO
U siiepHasi SHeprusl CBS3aHbl C rpaBUTALIMEN, KOTOpasi, BOBMOXHA, UCHIOJIb3YETCS;

— Imutpwmii ITaBnoB: UCONb3yI0TCA €1lle HeM3y4YeHHbIE 1071 MMPaMul, B TOM YHcIIe runepoo-
JIMYECKUE;

— NMUpaMU[bl YCUJIMBAIOT CEMCMUUYECKHE BOJIHBI; BHYTPU MUPaMUJL CyLIECTBYeT 3(PQeKT ceid-
CMOAKYCTUYECKOH SMUCCHH; TaK BEJET ceOs1 NMEKTPOMAarHUTHOE M3JTyUeHHe, COTTPOBOKIAloIIee Ceii-
CMOAKYCTUYECKYIO SMUCCUIO;

— JpeBHsIsI MUpaMu/ia COOMPAIOT WM TeHEPUPYIOT EKTPOMArHuTHOE T0JIe cama 110 ceOe;

— A. B. IleTyxoB: nupamu/isl BHICTPaUBAINCh B Y€TKUE JJMHUM; HauboJsiee npecTaBUTe bHbIE
rpynmnsl HaxoasTcs Baojib TedeHuss Huna B Erunte u Cynane, B kuTaiickoil npoBuHimu I1IsHbCH,
B LIGHTPAJIbHOM U 10:)kHON Mekcuke, Ha rpanuue [lepy u Bpasuiuu, Ha 1ore aBCTpajMiiCKOro KOHTH-
HeHTa; ecTh nupamuabl B EBpornie (CnoBenust, ['permst, Utamusi, Konbckuit momyoctpoB), y 6epero
Adpuku (Kanapckue ocrpoBa), B a3uarckoit yactu Poccuu (riog KpacHosipckom Ha Gepery Enucest,
y ropona Haxonka;

— BCE YLIEJIEBILIME MMPAaMU/IbI CJIEAYeT pacCMaTpUBAaTh KaK OCTATKU IJI0OAJIbHOM IIaHETapHON
CHUCTEMBI;

— MApaMHIBI TIPU TIOMOIIY YCTAHOBJICHHBIX B HUX HEKMX YCTPOWCTB, paOOTAIOIIMX Ha Pajano-
aKTHBHBIX 3JIEMEHTaX, BBINOJIHSIM (DYHKLMH CBOEOOPA3HOIO KOHTPOJIBHO-UCTIOTHUTEIBHOTO KOM-
IUIEKCA U CIIEJIWIIN 32 CEICMOJIOTMYECKON CUTYyalell Ha IJIaHeTe;

— OOJBIIMHCTBO MPAMHU/L CJIOBHO LieJIeHAIPaBJIeHHO BO3BEEHBI BOJIM3H CTHIKOB JIUTOC(EPHBIX
IUIUT ¥ OCHOBHBIX T€OJIOTMYECKUX Pa3JIOMOB;

— CYLIECTBYET CBSI3b C PEKOiA, PeKa 3aHUMAEeT MPOCTPAHCTBO I'€0JIOTMYECKOro pasoma; nupa-
MH/IbI HCIIOJIB30BAJIN 00PATHYIO CBSI3b HAa re0JIOrHYecKHe U ceiicMuYecKe MpoIecchl ;

— ceifuac padoraet adekT opMbl MpamMuIbl; Bosjte Huma ects yd4acTok, riae pacronokeHsl
60 MaJeHbKMX MUpPaMUJ; T.€. TaM, IJe He MOIJIM MIOCTPOUTH OOJIbIINE, CTPOMIA MHOTO MaJICHBKHX
J151 MCTIONIb30BAHUS UX OOLIEro Bo3aeicTBus, Ha Pununnunax umeercs 1248 KOHUYECKUX TUPAMK;

— aMEepUKAHCKUE YUeHble YTBEpPKAAI0T, YTO OT NUPaMU BBEPX UAET CTOJIO MOHU3MPOBAHHOTO
BO31yxa Ha 15 m;

— JI0JIbMEHBI SIBJIAIOTCA TPeoOpa3oBaTes MU 3a CYET KBapLia U IMOTyYal yJIbTPa3ByK WU SHEp-
M0, KOTOpPBIE Takke ObUla B 0OIIEM KOMIUIEKCE; BCE MOCTPOSHO IO €MHOMY 3aMBbICITy, ObUT OMH
OOIIMIA TeHepaJTbHbIN HHKEHEP;
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— Mvutpuii IlaBaos: pycio Huma mpencraBisieT coO0iM reoJIOrMuecKuil pa3ioM, KOTOPBIH
MOXET BBICTYIaTh B POJIM SHEPreTMUECKOr0 UCTOYHUKA U OJHOBPEMEHHO JaTYMKa, COOOIIAIOIIEro
O COCTOSIHUM JIMTOC(EPHBIX TUTUT B PETMOHE;

— A. MocoJ0B: 11016 MUpaMU/Ibl JOCTUTAET MAKCUMAJIbHOW BEJIMYMHBI P OPUEHTAIM €€
rpaHeil CTporo Mo CTOPOHAM CBETa;

— [10] mupamuaa codbupaet u TpaHcHOPMUPYET 3EMHYIO SHEPTUIO (BBIKAYMBAET €€) U peTpaHC-
JMpyeT e€; CTOJI0 MarHUTHON SHEPTryu JOJKEH ObUT BBIXOAUTH B aTMOC(eEpy, a 3aTeM B noHochepy —
TO €CTb IPOUCXOIUT MOIIIHAS MOHU3AIIM ST, TMPAMU/Ibl, HAMICHHbIE B PA3HBIX YTOJIKaX 3eMJIU, CBUJIE-
TEJIbCTBYIOT O TOM, UTO 3aIIMTHOE TIOJIe JJOJKHO PACTIONAraThCsi HaJl BCEW MOBEPXHOCTHIO 3eMIIH;

— MyajameB: 3TOT KOMIUIEKC ObLT TIOCTPOEH TMPEICTABUTEISIMA BHICOKOPA3BUTOW 3E€MHOMU
MBUJIM3ALIMEN, KOTOPbIE YMENT He TOJIBKO MPEOJoIeBaTh IPABUTAIMIO, HO M YIIPABJISATh BPEMEHEM
Y TOHKOH SHEpruen;

— C. CunapoB: ycTaHOBJICHHbIE HA BEpIIUHE MMPaMUA MPUOOPHI, 3aMepsIONINe H3ITyYeHuUs
B Pa3JMYHBIX JMAaNa30Hax, MMOKa3ajl KOHIIEHTPALMIO CEMCMUUYECKHX KOJIeOaHWH OT MOBEPXHOCTH
3eMun; 3TOMY SIBJICHUIO CIIOCOOCTBYET MUpaMuiasibHast (popMa ITHX COOPYKEHUIT;

— Auekcanap IleyeHKHH: eruneTckuii KOMIUIEKC MAPaMUJL IIOMOTajl HU3BOAUTD Ha 3eMITIO
KOCMHUYECKHE SHEPI'UH, KOTOpbIe O1aroTBOPHO BIIMSUTH HA JKU3Hb 3EMIIH;

— [16] GONBIIMHCTBO OYArOB 3eMJIETPSICCHUI BO3HUKAET O3 TMOBEPXHOCTU 3EMIIN; CEHCMU-
YeCKHe BOJIHBI, MOPOKAAEMbIE 3eMIIETPSICEHUSIMU, PACIIPOCTPAHSIOTCS BO BCE CTOPOHBI OT oyara
MOI00HO 3BYKOBBIM BOJIHAM;

— anoHckui npoeccop Caxkyitn Momumypa: ¢ moMoIlbio HOBEUIIIEH anapaTypbl aMepUKaH-
CKMMH U €TMIIETCKUM YYEHBIMH YJAJIOCh YCTAHOBUTDH HAJIMYME B MMPAMUJIE ITYCTOTENBIX HUIIL, 3ar10N-
HEHHBIX TIIATEIbHO MPOCESTHHBIM TECKOM; 9T HUIIM CIYXaT JIOMOJIHUTEIBHBIMU aMOPTH3ATOPAMHU;

I'eopruin BopeeB: nupaMuga NMOANUTHIBAET CBOUMM JIydyamH 3(UPHYI0 KPUCTAJUTMUECKYIO
perieTky 3eMiIM, KOTopasi 3allMIIaeT BCe JKMBOE Ha TUIAHETE U He JaeT CMelaThCsl OCH BpallleHHUs
TUIAHETHI;

— [20] MHOrMEe MUpaMHUIHBIe KOMILUICKCHl HAXOMATCS ceidvyac B He padoyeM COCTOSTHUM, XOTSI
TaiiHasi paboTa 1O BOCCTAHOBJICHUIO UX BEJETCS; UMEHHO SIIp0 3eMJIH CTaJIo HeMcuepraeMbIM UCTOY-
HUKOM HEprum, 0e3 Kakoro-audo BMeIaTeIbCTBa CO CTOPOHBI YeIOBeKa; (pakTuiecku, Benukas
nUpamMKIa MOCTPOEHA Ha TAKOM MeCTe, IJie MarHUTHBIE TOJsl 1Mo 3eMJIel, Mosi Ha TIOBEPXHOCTH
3emun 1 HeOeCHbIE OIS — BCE OHM MEPECEeKAI0TCsl TAKUM 00pa3oM, UTO MMPOUCXOAUT HEMIOCPEICTBEH-
HOE BU3MPOBAHUE BCEX ITUX MOJEW; STU MO OaaHCUPYIOTCSl HA 3eMJle, MAaTHUTHBIMUA CEBEPHBIM
Y 10KHBIM MoJIIocaMu; Besvkasi nupaMuga B3auMOoAEUCTBYET ¢ KPUCTALTUYECKON pelieTKON 3eMJIu;
HOYBIO MMPaMUJIa MPUHUMAET BHICOKOUACTOTHYI0 KOCMUYECKYIO SHEPTHIO, TOHMKAET €€, U TOChLIaeT
K si1py 3eMuiu, MOAJCP:KUBAET TEPMOSIICPHBIN CUHTE3, a IHEM MPUHUMAET HU3KOYACTOTHBIE BOJTHBI
U3 sapa MpeoOpa3oBbIBasi UX BBICOKOYACTOTHBIC M3IYyUYEeHUs, U COPACHIBAET U3OBITOYHYIO SHEPIUIO
Anpa;

— Anna KpbIMckasi: B mocjieHue rojpl CTajl akTUBHO BHEIPSITHCS CIIOCOO M3BJIEYEHUS KOC-
MUYECKOW SHEPTUU C 1EJIbI0 03/I0POBJICHUS MPUPO/IbI, PACTUTEIBHOIO MUPA, JIIOEH, OKpY:Kalollen
Cpenpl, B 1IeJIOM, C MPUKJIAJHBIM UCIIOIb30BAHUEM MUPAMUI;

— Anppeii Jlememko: quamMarHeTMKy BCerJa €CTECTBEHHBIM OOpa3oM HAMarHWMYMBAIOTCS
HaBCTpeuy MPUJIOKEHHOMY BHEIITHEMY MarHUTHOMY ITOJTIO ¥ TIOSTOMY BITOJIHE MOTYT 3aMEHHUTh ITOCTO-
SITHHBIE MarHUTBI; TAKUM 00pa30oM eciii BOIM3M 9kBaTopa, CONHIIE SIBJISETCS «BEYHBIM» UCTOUHUKOM
SHEPrHH, TO YKe C MPUOIMKEHUEM K TOJTI0CaM, CaMO MarHUTHOE 1oJ1e 3eMJIH, BEpHee ero BEpTHUKAIIb-
Hasl COCTABJISAIONIAs, PEJCTABISAET BCEIIa MPUCYTCTBYIOMIMI HENCUepiaeMblil ICTOYHUK SHEPIUU.

lo6aBienue aBTopa, A. MaTaHeBa: AuaMarHeTUKH, CYIECTBYIOIINE BHYTPU MTUPAMHU/IbI
¥ BBITIOJIHSIIONIHE POJIb MMOCTOSIHHBIX MarHUTOB, KaK MUINeT AHApen JIeMelko, MOryT OCyIeCTBIISATh
ckatre ¥ (POKyCMPOBKY MarHUTHOTO TIOJIS;
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— Anjpeii Bep:kOuukuii: B kamepe nupamMuIbl MOsIBISETCS 3BYK, Kamepa sIBJIsSIeTCsl pe30Ha-
TOPOM; UTO KacaeTcsl MMPaMHUIAIbHON aHTEHHBI XeOorica, TaM BCe pe30HATOPbI OYeHb TOYHO MOJCTPO-
eHbl Ha 4JacToTy 438 repir; (PU3MKU pacCUMTANIM, UYTO ETHIETCKHe MUpaMUJIbl [ 13bl ObUTM CO3JaHBI
1Jis1 paboThl CO 3BYKOBBIMU BOJTHAMH; YE€JIOBEK, Jieka B capkodare, MOT IPUHUMATh MH(POPMAITHIO
B BUJIe 00Pa30B WM 3BYKOB;

— Xpucrodep [dann: cepaueBrHa Benukoil nmupamuasl cieflaHa U3 U3BECTHSKOBBIX OJ10-
KOB; 3TO OCOOBI M3BECTHSIK, TaK HA3bIBAEMBIN JIOJIOMHT C BBICOKMM COICp:KaHHUEeM MarHwusi; Ona-
rofapsi eMy MUpaMujia XOpOIIO MPOBOAUT MEKTPUYECTBO; CBEPXY MUpamuia Obla OOJIHMIIOBaHA
TUIMTaMU U3 YUCTOTO M3BECTHSKA, HE IMPOIYCKAIOIIEro 3apsijl; MoMydyaeTcs, 4To nupamuaa Oyaro
ObLJ1a 3aKPhITa U3OJISAIIMOHHBIM KOJKYXOM; KOPUAOPHI U IAXThl 3TOTO COOPYKEHHS — TPaHUTHbIE, OHU
BIOJIHE MOIJIM YAEPXKUBATh SHEPreTUUECKUI 3apsi/l; UCTIONB3YyeTCsl ceficMuYecKasi SJHeprusi, oopa-
3yI0oIIasicsi Mpy IBMKEHUH TEKTOHMUECKHX TUIAT, BHI3BAHHOM TOCTOSIHHBIM BOJIHEHHMEM PACILIaBJIeH-
HOW MOPOJB BHYTPU 3€MJIM; CYIIECTBYET €lle SHEeprus, cBsi3aHHas ¢ pe3oHaHcamu lllymana BomH
Mex1y noHocepor 1 3emiieil. DHeprusi 3eMIIn JACIUTCS Ha MEXaHUYECKYIO, TETJIOBYIO, SJIeKTpruYe-
CKYIO, MarHUTHYIO, SIICPHYI0 M XUMHUECKYIO, TPUYEeM KaX[blil BUJL SHEPTUH SIBJISIETCS UCTOYHUKOM
myma. CiegoBaresibHO, JefiCTBYIONIAsl SHEPTHs MOPOKAajaa 0bl 3ByKOBbIe BOJHBI . C JIpy-
rOil CTOPOHBI, JTI00O0E MEKTPUIECKOe BO30YKIEHNE BHYTPU 3eMJTH MbE303IeKTPUIECKUX MaTepua-
JIOB, CKaeM, KBaplia, MPUBOIMIO Obl K 00Opa30BaHMIO 3BYKOBBIX BOJIH BHIIIE JMAMa30HA CIBIIINMO-
CTH YeJIOBEeKOM. MatepuaJibl, oJBeprHyBIINECs BO3JEUCTBUIO BHYTPY 3eMJIH, CIIOCOOHBI UCITYCKATh
BCILIECKH YJIbTPa3BYKOBOro H3JaydeHusi. HeynuBuTebHO, 4TO OO0 3BYK, 3TO pe3yJIbTaT JIeK-
TPUUECKOU, MATHUTHOM, TETJIOBOM, MEXaHUYECKON M XUMUYECKOW JIESTETbHOCTU 3eMJIM, OCTaeTCs
He3aMmeueHHbIM. Torma koJie6aHusi 3eMi MO Obl CTaTh MCTOYHMKOM SHEPrvH, KOTOPYIO MBI
MorJM ObI ICTIOJIB30BaTh B CBOMX LieJIsIX. Bonee Toro, eciv Obl Mbl BRISICHIIIH, YTO COOPYKEHHE Orpe-
AeeHHOW (hOpMBI, HATPUMED, MMPAMU/A SIBJISIETCSI PEKPACHBIM Pe30HATOPOM KoJeOaHmil ,
UAYIIMX U3HYTPU 3eMJTH, Torna Obl y HAC TOSIBUJICS HA/IKHBIM M HEJIOPOTOW MCTOUYHHK SHEPrUM.
OnuH 00BEKT cOCOOEH, B MEHbITIeM MacIiTadbe, OTBECTH SHEPTUI0 U3 IPYroro KoJeOmomerocst 00b-
eKTa IMpU YCJIOBUH, YTO YACTOTHI UX KOJeOaHUi TapMOHMYHBI (MMeeTcs B BULy Benukas nupamuaa
1 tiadeta 3emist). KpaTHble 0CHOBHOM 9acToTe BO30Y:K/1€HHS, H3BECTHbIE KAK rApMOHUY-
Hbl€ YaCTOThI, TOKE HEII0X0 MOIJIOMIAIOT 3Ty SHEPrHIo.

— Xpucrodep /lann: 3Has, yTOo nMuUpamMuja Xeorca SIBJAsSETCS MaTeMaTU4eCKUM LEJIbIM
YHUCIOM 3eMJIA, MOXKHO TIPEANONIOKUTh, YTO MUpaMHIA CIOCOOHA BUOPUPOBATh HA TAPMOHMYHOM
4acTOTe OCHOBHOMW YaCTOTHI 3eMJIM; SKCIIEpUMEHTHI, ITpoBeieHHble TommoM Ianiu B Llapckoii kamepe
nupaMuisl Xeorica U B Kamepax Haj Llapckoil kamepoil, MO3BOMISIOT MPEAIoIOKUTh, YTO 3Ta MUpa-
Muj1a ObUIa MOCTPOEHA AJIs1 aKYCTUKH; UICTOUHUKOM 3BYKa SIBJIsSIETCS 3eMJIsl; 3aHUMast OOJIBIION yJa-
CTOK cymu, Benmkas nupamuga nmpeOblBaeT B TaApMOHUYECKOM pEe30HaHCe ¢ KoieOaHneM 3eMiIH —
KOHCTPYKIIMSI, KOTOpasi MOIJIa CIY’KHTh aKyCTUYECKHUM YCTPOHCTBOM Jyisi cOopa, mpoBeaeHus u/
WJIM COCPEIOTOUEHHMSI 3MHBIX KOJIeOaHWI; BHYTPEHHHE KaMepbl TPOU3BOIMIIH IEKTPUIECKYIO SHEp-
TUI0 CO BPEMEHU CBOETO COOPYKEHHUS 3a CUeT Mbe303(h(PeKTa; UCTIONb3YS ra3, CIyKalluil TOILIMBOM
(Bomopon), U OOBEIUHUB SHEPIHI0 KOCMOCA C HEprue 3eMin; KaK TOJbKO MHUpaMuJa Ha4M-
HAaJIa K0J1e0aThCsl B YHHCOH ¢ OMleHneM Hallel IJIaHeThl, OHA MPeBPalaJjJach B CBA3aHHbIN
OCHMJLISITOP M MOIJIa OCYIIECTBJISITH Nlepe/jady 3¢eMHON SHePruu, NOYTH WM BOBCe He pac-
X0/1ysl COOCTBEHHYIO ; SHepPrusi 3eMJIM YyJOBHIHA ; PEBHUE ETUNTSIHE CYyMEJH, UCTIONb3Ysl KpU-
CTaJUThl ¥ MHBIE 2JIEMEHTHI €CTECTBEHHOTO IIPOUCXOK/ICHHU S, CO3[1aTh PE30OHAHCHYIO CUCTEMY, KaK OIH-
can Tom Bepaen ¢ ucrnonszoBanueM criocoda Tecsbl 1 BO3IEHCTBYS UMITYJIbCAaMU Ha pa3Hble TOUKU
MTUPaMU/IBI;

— Tom BepaeHn: B Hay4HOM JIOKJIajie, Mpe/icTaBieHHOM B 1988 roqy B MekqyHapoaHOe oOiiie-
crBo Tecna, nouten nanpiie Tecsabl B M3yyeHUH 3eMJIM KaK UCTOUHMKA SHEPTUU U TPEAJIOKUT, UYTO
«JIs1 TOJIy4eHUsI OTPOMHOIl YHEPruM BCero-To M Haj0, YTO 3alyCTUTh B HeApa 3emJu
«CeTYaTHIl CHTHAJ» U MOJYYUTH B OTBET «IUIACTHHYATHIA cUrHaJ». Crosiuast S-BojHa MOCTO-
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SIHHO TIOMOJIHSIETCS 3a CUYeT CeMCMUYECKON SHEPruu U3 3eMIId, TIO3TOMY SHEPrui0 MOXHO 4YepriaTh
noctostHHO. [IpumenuB B nupamuae Xeorica metof] Tecna, UCIONb3ys YepeayoIrecs B OnpeesieH-
HOE BpeMs UMITY/IbChl Ha BepIIIMHE MMPAMU/IbI U B TIOI3EMHON KaMepe (KCTaTh, TaKve KaMephbl UMe-
I0TCSI BO BCEX JPEBHEETHMIIETCKUX MUPAMUJIAX), MbI, TIOKaIyid, CMOIIM Obl TIPUBECTU B JIBUKCHHE
5273 834 TtoHH KamMHs1!

— Beneukc: mupamuganbHas (popmMa criocoOCTBYET CO3/IaHHIO Pe30HAHCA WITH TTOJIs KoJieha-
HUM.

— IIpodeccopsl Bopn u Jleprec u3 I'epmannu: sHEprus CBEpXBBICOKMX YaCTOT BO3/IEHCTBYET
Ha JIUTIOJIbHBIE MOJIEKYJTbI BOJIBI BHYTPHU TaKOTO 0OBEMHOTO Pe30HATOpA, KaK MUpaMK/a, M YTO CaH-
TUMETPOBBIC BOJIHBI CBEPXBBICOKMX YaCTOT U MX TAPMOHMKH CIIOCOOHBI, HAUMHAS TIPOIIeCC JIeTu/Ipa-
TAllW¥, BBI3BIBATH U YCUJIMBATh BPAIICHUE JUITOJIBHBIX MOJIEKYJT; TIOSTOMY MUPaMuIa Xeorca CITyKHUT
MTPOBOHUKOM IITUPOKOTO CIIEKTPa YaCTOT KOJICOAHMIA;

— JIxon Teinop u IMuamqu CmuTt; Bec Bennkol nupamMuibl COOTHOCUTCSI C BECOM 3eMJTU

kax 10"%; 3emst Bmsia Ha (pyHKUIMOHMpPOBaHKE MpPaMU/Ibl XeOIca; BKJIIOYEHUE OCHOBHBIX U3Me-
PEHUI [IJTaHEeThl B TUPaMU/1y TOBBICUJIO €€ 3(P(PEKTUBHOCTD, U B PE3Y/IbTATEe OHA CMOIJIA CTaTh OAHUM
rapMOHUYHBIM LIEJIBIM C Halllel IJIAHETO;

— . T'. TlaBnos, O. B. Xappomkun u B. B. Ilpiiakos: nupamuaa 06J1aaaeT cBOHCTBOM
celicMu4yeckoil aHTeHHbI. OOHapyXeH BaXHbIN 3 (PeKT (POKYCUPOBKY BOITHOBOW SHEPIUU CEHCMU-
YECKOTr'o OISl IPU MPOXOXKJIEHUH CUTHaIa OT OCHOBAHUS K BepIIMHE mpaMubl. [Iproopsl (prkcu-
PYIOT 3TO IoTpeckrBanue B auana3oHe 4actoT ot 10 go 100 I'u. [Tpu 3ToM rHOTrIa HAOMOAAaETCSI aHO-
MaJIbHO BBICOKasi (DOKYCUPOBKA, YTO, BUIMMO, TOBOPUT O HE CTALIMOHAPHOCTH MPOLIECCOB B 3€MHBIX
Henpax. DpdeKT (POKyCHpPOBKM SHEPrHU BOJIHBI B IpaMuzie MoHsTeH. [Iupamuia mogoGHa KOHyCy.
W ecnu sHeprusi, NpUHSTas OCHOBAHUEM MUPAMUJIBI, pacIipeieieHa Mo OOBIION TUIOMIAAU, TO TIPH
ee JBUKEHUU K BEPIUIMHE U COKpAIEHUH o 3(PMEKT yCUIeHNs! BbIOTHAETCS.

— Anekcannp ['omon: mupamusl BeicoTol 22 MeTpa Ha Oepery o3epa Cenurep mpuBeId 030-
HOBBII c710W B HOpMY. [Ip1 BOBHUKHOBEHMY SIBIEHUS PE30HAHCA, IEHCTBUE MUpPaMU/bl YBEIUYMBA-
ercsl B IECATKU pa3. B TpeTbell cepru KCIEPUMEHTOB € MOMOIIIBIO PYCCKOIO MHCTPYMEHTA, TOXO-
’KEro Ha pajiap U U3BECTHOIO KaK «BOEHHBIN JIOKATOp», MPOBOAUIMCH MCCIIEIOBAHUS BO3/AyXa Hall
NpamMuIoi. BeiT 00HApPYKeH cTOJ10 «<HeU3BeCTHOM YHePru», mupnHoi SO0 MeTpoB 1 BbICO-
toii 2000 meTpoB. [JabHelime ucciaeaoBaHus MOATBEPAIN, YTO OOJBIIHMNA KPYT, OKPYKAIOIIUI
oOnacTp Haj mupamu 1o, Obi1 300 METPOB MIMPUHOM, HO camasi BBICOKasi KOHIIEHTPAIs OOHAPYKH-
BaJIaCh MPSIMO HaJl BEPTUKAJIBHOM OChI0 mupamMuibl. ['pynma [‘onoga BeruMcimia: eciam Takoi cTono
MIPOU3BOIUTH EKTPOMArHUTHBIM CIIOCOOOM, MOTPedOBaIach Obl BCS SHEPTHsl BCEX EKTPOCTAHIIUI
Poccun.

[77] IlupamMu el CMATYAIOT TPEHUE W TEOTEKTOHUYECKHIA CTPECC, KOTOPBIE OOBIYHO BBI3BIBAIOT
CWJIbHBIE KAaTaCTpO(pUYeCKUe 3eMJIETPSICEHUS MOJ1 TOBEPXHOCTHIO, C MOMOIIIBIO MTPOLIECCa, OCTaIOIIe-
rocsi 3araJIkoi Juisi TpaJulIMOHHON HayKU.

— Anekcanap MaxoB: quck CaOy mokasaji, Kak MOXKHO 32 CYET TPEX JICTIECTKOB U ero (hopMbl
3a/IeiCTBOBATh SHEPTUI0 YIPYrol aKyCTMUECKOW BOJHBI [IJI1 B3aMMOJECUCTBUS C BEPTUKAILHOW —
I'PaBUTAIIMOHHON COCTaBJIsAOIIel. BoTHOBOE sHEpreTuueckoe B3auMOEHCTBUE C TPAaBUTAIIMOHHBIM
¢ponom BcesneHHOI 1103BOJISIET C MOMOIIBIO pe3oHaHca (pus3uko-xumuueckux cBoictB (OPXC) O-H
BOIbl M Si-O KpeMHUsl BbIIEIUTH U MONYYUTh B YCTPOICTBE JOMOJHUTENBHYIO SHEepruio. BogHbiii
KaHaJl iepe/l NMpaMUIoN, HECET B CBOMX BOJAX BCE Ty XK€ SHEPIUI0 PEKU.

[58, 59] Oobs3aTeIbHOE MCHOJIBL30BaHNE BOJABI PeK M AP. HCTOYHHKOB BOAbL. [lupa-
MUbl Ha T1aTo ['M3a BO3BBILIAIOTCS HAJ, W3BECTHSIKOBBIMU CJIOSIMU (BOJOHOCAMM) U IIPOCTPAHCTBA
ME>K/1y HUIMHU 3aT0JTHEHBI OOJIBIINM KOJTMUYeCTBOM BOjIbl. CJIOM MOPOJIB CIOCOOHBI ITEpeiaBaTh SHep-
T'MI0 BBEPX TOYHO TAKKe, KAK OHU HECYT NO/I3€MHBIE BOIbI K IOBEPXHOCTU. DHEPTUIO OT OTOKA PEKU
Hwut, mpoTekatomuii uepe3 BOAOHOCHBIE CIIOM MOKHO TOYHO Takxke 00y31arh U COOUpATh IJIsI CBOEH
nosb3bl. Kamepsl, mocrpoeHHble B creHax Benunkoi nupamuisl I'u3el, cAMTaIOTCS TPAHUTHBIMU TIPO-
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BOTHWKAMM, PEai30BbIBast B KOHCTPYKIIMH UJICIO «(PU3HO-3IeKTprUecTBa». Takum oOpa3om, J1aH-
HBII MaTepuas U KOHCTPYKLIMSI CAMOM TMPaMU/Ibl IepeJaeT J1eKTPOMarHUTHOE T0JIe, BO3HUKAIOIIEe
B CaMOM HM3Y [TMPaMU/Ibl B CTOPOHY BEPXHHUX CJI0eB coopyskeHusl. bains Tecna, cornacHo 3akitoue-
HUIO HMCCIieoBatesie, Obula MOCTPOeHa Ha BOJOHOCHBIX TOPH30HTAX, 4 3HAUUT, AMEKTPUUYECKast TeX-
HoJIorusl, ucronb3yeMasi Tecna BEpOSTHO UJIEHTUYHA TOM, KOTOpas NPUMEHSIACh IIPU CTPOUTEITb-
crBe Benmukoit mupamuapl. Hayka maBHo oOparmiia BHUMaHUE Ha aHOMAJIBHO OOJBINYI0 CKOPOCTD
pacrnpocTpaHeHus 3ByKa B BoJie, B 4 pa3a ObicTpee, yeM B Bo3ayxe. Ho IpeBHMe crienuaaicTbl 3HaIH
¥ O TOM, YTO BOJA, IIOMUMO 3TOTO, 00JIa[JaeT CIIOCOOHOCTHIO Mepe/iaBaTh JMEKTPUIECKUI 1 SHepre-
THUYECKHUI CUTHAJI HAa TUTAHTCKUE pacCTosiHvs. BoHble apTepun o0pa3yloT CJIO0KHYIO T'HAPO-
rpacgnyecKyio ceTb, MMEIOIIYI0 BBIX0/I IPSIMO B BO/IbI OKeaHa. YToObl nMupamuga Kak peso-
HaTOp, YCWIMBAIOIIUI JIECTBUE SHEPreTUUECKOr0 MCTOYHMKA BHYTPU MUPAMU/Ibl, MOIJIA COCTOSITh
BO B3aMMOJIEHCTBUM C OOBbEKTAMH, HAXOISAIIMMUCS Ha OOJBIIOM YIaJeHUH, TMPAMUIbl M MEeraiu-
TUYECKUE COOPYKEHUSI CTPOMJIM BO3JIE€ BOABI MJIM HA MECTaX IeoJIOrMYECKUX pa3jioMOB M MCIOJIb-
30BaJI1 B CTPONTEJIHLCTBE Te MaTepHaJjibl, KOTOPbIe M0 CBOEH CTPYKType CXO0:KH C BOJOM
U Pe30HAHChI ¢ MHPAMU0I U SHePreTHYeCKNM HCTOYHHKOM BHYTpH nupamuabl. Keapn
UMEeT CTPYKTYpy TuMa Bojbl. CX0XECTh CTPYKTYP 3TUX [IBYX, Ha NIEPBBIA B3IVIsA[, PA3HBIX BEILECTB
WY, Ha S3bIKE IPEACTABJICHUI JPEBHUX, UX COOTBETCTBUE OMPEIENISIET UX PE30HAHCHOE B3auMOIei-
CTBUE.

[23] ITupamuipl BO3/ABUTAIMCH B MECTaX BBIXO/A HA IOBEPXHOCTh 3€MJIA MOLIHBIX SHEPreTuye-
ckux notokoB. Ha 3emuie cyimectByer cTporas nupamMuJaibHO-reorpaguieckasi cucreMa nupamMu/l.

— Anapeit Bep:kOouukmii: riato ['m3a Haxomutcst B 1eHTpe yvactka cymm. Ha mportuBo-
TMOJIOKHOW CTOpPOHE TIo0yca IpOMaJHOE BOIHOE MPOCTPaHCTBO — Tuxwii okean. Ecim paccMmor-
peTh noxoxuil komruiekc TeotnyakaH, nupamuasl ConHua u JlyHsl Ha Tepputopur MeKcukH, TO
Ha IMPOTUBOIIOJIOKHOM CTOPOHE I7100yca OOHAPYKUM I'POMaHOE BOAHOE IPOCTPAHCTBO — IHIMIACK Uit
oKeaH. MeraJinTuuecKuil reHepaTop 3aKaYMBaET SHEPIUIO HA BHICOKME YPOBHU PE30HAHCHBIX YaCTOT
(pu3MKO-XMMUYECKUX CBSI3€1 aTOMOB BEILIECTBA U ITPEBpaIIlaeT e€ B SHEPrUio HECYIUX BOJIH. B kave-
CTBE aHaJIora Hallero JIeKTPUIeCcKoro ypoBHs «3eMiiss—Hob» BRICTYIIAIOT YPOBEHb PE30HAHCHBIX
4acToT (PU3MKO—XUMHUYECKUX cBs3er aroMoB O-H Monekyn Bogpl, a B KauecTBe aHajora ypoBHS
«®Pa3bl» BHICTYIIAET YPOBEHb PE30HAHCHBIX YaCTOT (PUBMKO—XUMUYECKUX CBs3el aroMoB Si-O Kpu-
CTAJUIOB KpeMHUs. BosiHOBasi sHeprus, 3akayaHHasi METAIMTHUUYECKUM T€HEepaTOpOM Ha BBICOKMI
YPOBEHb PE30HAHCHBIX YacTOT (PU3UKO-XMMHUECKHX CBs3ell atomoB Si-O kpeMHus Ha 1uiato ['uza,
MOCPEACTBOM COIIACOBaHHBIX C pa3MepaMu 3eMHOTO IIapa HECYLIUX BOJIH, IEPEeJAETCs U BBIBOOUTCS
MyTéM TpeoOpa3oBaHKs B pe30HAHC aTOMOB (pu3uKko-xumuueckux cBsseir O-H Bogei. B 1933 r.
0 CBSI3H ME:K]1y MeraJuTaMi U NCTOYHHKAMM I0/I3€MHBIX BO/I COOOIINI H3BECTHBI (hpan-
ny3ckuil uccjaenosareab Jlyn Mepab. Apxeonoru BbISICHWIM, YTO BCE MEHIMPBI U KPOMJIEXU
CBSI3aHBI MEX/1y COOON HEBUIUMBIMU CHUJIOBBIMU JIMHUSMH, TOA3EMHBIMH KUJIaMU— TYHHEJISIMH,
I71e UPKYJIUPYIOT SHEPreTUIeCKUE TOKH. A KPYITHEHIIe MeraTMTHIECKUe COOPYKeHUs1 0003HAYAIOT
Y3JIbI 9TOM TI00AIBHOW CETH, CBOEOOpa3Hble HEPBHBIE CIUIETEHMsI, MOIIIHbIE 04Yaru u3nydyenus. Iloa-
YEepKHEM XapaKTepHYI0 OCOOCHHOCTh STOW OPHEHTAIMU — 10 MarHUTHOMY Mepuauany. [Ipu pacco-
I[71aCOBaHUM MM PaMU/Ibl C MATHUTHBIM MepUAMaHoM Ha yroi B 10 rpanycos, e€ 3(peKTUBHOCTD, Kak
JIMH3bI-KOHLIEHTPATOpa MPOJ0JIbHO-BOJIHOBOM SHEPIUH, YMEHBIIAETCSI IPUMEPHO Ha TPETh.

— Ouer XaBpommH: KO3((UIIMEHT YCUJICHUS] CEMCMUYECKHMX BOJH HMMITYJILCHOTO THIA
T10 aMIUTUTYAE AJ1s1 MAJIBIX IMPAMU]L IOCTUraeT BeJM4rHbl 10, 4TO MPOTUBOPEUUT TEOPUH aKyCTUYE-
CKUX KOHLIEHTPaTOpOB.

— Muxana IOpbeBuu KocTunckuii: rpynmna u3 tpex Oonpiimx nupamuj B ['m3e npencras-
JieT coO0U eTMHBIN KOMITIEKC, paOOTaoIIMiA ISl OCYIIECTBIEHUs 00mei e, KocTuHCKui yJacT-
BOBAJI B 9KCIIEPUMEHTE, BO BPEMsI KOTOPOI'O MMITYJIbC, UCITYILIEHHBIN OT MUpaMubl Xydy, OTpaxasich
OT T'paHUI] T€OJOTMYECKUX CJI0EB, MOCJIEJOBATEIbHO MPUHUMAIICS upamuiamu Xadpa u MeHka-
ypa, B pe3yJIbTaTe uyero o0ecreunBaioch B3aUMOJICHCTBIE BCEX YCTPOUMCTB B €IMHOM cxeme. B Takom
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clly4yae BCSI CUCTEeMa U3 TPEX CaMbIX OOJIBIINX erUMeTCKUX MUPaMH] MOXET paboTaTh YeM-TO BpPOJIe
reopajiapa Wi akyCTU4ecKoro MHTepgepoMeTpa, perucTpupyoliero nepuogndeckue JutochepHbie
BO3MYIICHUSI. MOXHO PAacCUMTaTh TIIyOMHY MPOHUKHOBEHHUSI 30HAUPYIOIIEro UMITyJIbca. B pe3ysib-
TaTe MPOU3BEEHHBIX PACUETOB OBUIHU TOJTyYSHBI 3HAYCHU S ITyOWH 3aJIeTaHu sl TPAHUI] OTPaKEHUS IS
niepeoro (Xydy-Xadpa) H;=3500m, u Broporo (Xydy-Menkaypa) H,=7000m 30H11pYIOIIETO JIyya.
Opnako Ha 3emuie cyniecTByeT U apyrasi (popMa Hepruu, KOTopylo B €e OCHOBHOM (popme moutu
HE pacCMaTPUBAJIM B KAYeCTBE MOTEHIMAIBHOIO NCTOYHMKA TOJIe3HOUM SHEPruu. ITO cericMruecKas
SHeprusi, 00pa3yoIasics Py ABUKEHUH TEKTOHMYECKUX AT, BBI3BAHHOM MTOCTOSTHHBIM BOJTHEHHEM
pacruiaBieHHoO mopojbl BHyTpu 3emuu. M3BecTHb Kak pe3oHaHc [llymaHa, BOJTHBI WM OCHOBHBIC
KoJIe0aHus BCIECTBHE IEKTPUIECKON aKTUBHOCTU MEXIy 3emiieid U BepXHUMHU aTMOC(EPHBIMU
cinosimu. Tak Ha3piBaeMast JIEKTPOMArHUTHAS «BIAJAMHA» COCTOMT U3 3eMJir, HOHOC(EPHI, TPOIIO-
cepsl 1 marautochepsl. OcHoBHasi yacrora lllymana paBna 7,83 repiia ¢ Hakj1aJ bpIBAIOIIUMUCS
yacrotamu B 14,20,26,32,37 u 43 repua. Pe3onanc lllymana siBiisieTcst pe3yJibTaToM JIEKTPUUECKOM
AKTMBHOCTU B PaMKax IpaHUI], 00pa30BaHHBIX MOBEPXHOCTHIO 3eMJIM M BHEITHUMH aTMOC(EPHBIMU
CJIOSIMU. AKYCTHUECKHUE JaHHBIE CBUIETENILCTBYIOT B MOJIb3Y TEOPUH, COTTIACHO KOTOPOU NUpamuia
Xydy oTBevaeT Ha KojeOaHUs, UAYIIME U3 TIyOUH Halllel TUIaHeTHI.

JHomoiHeHne aBTOPA, K.T. H. Asekcanapa MaranueBa k Teopuu M. Q. Koctunckoro.
Pe3zonancel Illymana umeror yactotst ot 7,83 no 43 I, YTO HaXOOUTCS B AMANIa30HE YacTOT Cell-
cMoBOJH — oT 1 10 50 (pexe mo 100 I'r). Takum oOpa3oM, Mexay HUMU BO3MOXKHO B3aMMOJCH-
CTBUE U PE30HAHCHI, 1 BO3MOXHO 00pa30BaHUE CTOSYUX BOJIH, IIPU KOTOPBIX BOZMOXKHO MHTEHCUBHOE
V3BJICUCHNE SHEPTHUH.

— IIpodeccopsl bopu u Jleprec u3 I'epmanum : sHeprusi CBEpXBbICOKUX YaCTOT BO3JIEH-
CTBYET Ha IUTIOJIbHBIE MOJIEKYJTbI BOJIBI BHYTPH TAKOTO 0OBEMHOTO PE30HATOPA, KaK MUPaMU/IA, U YTO
CAHTHUMETPOBBIE BOJTHBI CBEPXBBICOKMX YaCTOT U MX TAPMOHMKY CIIOCOOHBI, HAUMHAS ITPOLIECC JIETH/I-
paranuu, BeI3bIBaTh M YCUJIMBATh BpallleHHe AUIOJbHBIX MOJIeKyJl. [Tupamuaa Xeorica CIy:KUT Tpo-
BOTHHMKOM IIIUPOKOTO CHEKTpa 4acToT Kosiebanwid. [IpueMHrK TapMOHUYHO OTBEUYaeT Ha HUX U Pe30-
HUpPYET BMeCTe ¢ HUMHU. DHeprus 3eMin dyaoBuiiHa. OO0 3TOM CBUIETENILCTBYIOT CEHCMUYECKHe
BO3MYIIIEHHUSI 10 BCEMY MUDY.

— H. I'. AnaébIyeB: B OCHOBE METaIMTHUECKON HEPTETUKHU JIEKUT PE3OHAHC MEKATOMHBIX
CBSI3€l MOJIEKYJl M KPUCTAJUIOB BelecTBa. Hayka fnokazana, 4TO TrpaBUTAIMOHHYIO BOJHY W3ITY-
yaeT Jiio0asi IBUKYIIasAcs yCKOpeHHO Macca. CoBpeMeHHble HaydHble PaOOTHHKH IOJAraioT, YTo
1Sl BOBHUKHOBEHH I TPABUTAIIMIOHHOW BOJTHBI CYIIECTBEHHOW aMILIUTY/IbI HEOOXOAMMBI OUeHb OO0JTh-
11asi Macca U3JydJaresisi Wik/u OrpOMHbIe YCKOPEHUSI

HomnoJiHeHne aBTopa, Ajekcanapa Marannena k Teopun H. I'. Asna6biueBa. d1a teo-
pus, MO CYIIECTBY OOBSCHSIET MPUYMHY TaKOW KOJOCCAJTBHOW Macchl BeMKoN nmupaMuipbl: aMILIu-
TyJla TPaBUTAIMOHHON BOJIHBI 3aBHCUT OT MACChI ABVIKYILETOCs WM BUOpUpYIOIero oobekTa. Benu-
Kas MMpaMuia ©IMeeT Maccy OKOJIO 6 MUJUTMOHOB TOHH! BOT Bam M OTBET Ha TaKyl0 I'PaH/IMO3HYIO
cTpoiiky. EcTh 1 BTOpOIf aciekT: B padoyeM mpoliecce MupaMuIa HaXOIUTCsl B PE30HAHCHOM BO3JICH-
CTBUM CO Bcell TuiaHeToy. TombKO MpU OrpOMHOM Macce MMpaMU/Ibl BOBMOKHO TaKOM PEe30HAHCHBIN
poriecc ¥ 0Opa30BaHME TAaKUX CTOSYMX BOJH, KOTJIa MOXKHO M3BJIEKATh OTPOMHYIO SHEPTUI0 B 3TOM
nporiecce.

— B. ba6aHuH: B CTpoeHUM MOJIEKYJIbI BOIBI YO MEXAYy aTOMaMU BOAOPOJA COCTABJISET
104,5%. Ecnu mipoBecTd OCh, TO CIpaBa M CjieBa OT OCH MeXIy aTroMaMHu BOAOpona OyJaeT yroi
B 104,5:2 =52,25°. 10T yroi coBnagaer ¢ BeJIMYMHOM yrJia Besmkoi nupaMuapl. ITo COBCEM He CIly-
YaifHo. [laHHbIe YIJIOBbIE pa3Mephl CIOCOOCTBYIOT pe30HAHCHBIM cBOMCTBaM rupaMubl 1 ®XC BomblL.

— Banepuii YBapoB: B IpeBHUX TEKCTaX MOXKHO HAWTH U APYrUe YKa3aHUs Ha TO, YTO Mpebl-
AyIIve TUBIIM3AINN BIAIETN aKyCTUUECKUMU TexXHoNorussMu. Ho 310 He eJMHCTBeHHAs1 CeHCallu-
OHHasl lorajka 00 UCTMHHOM Ha3HavyeHuW nupamuj. [Tupamuaga Xeorca kak HanOosee u3ydeHHast
13 3TUX JIPEBHUX COOPYKEHUI MOXKET JaTh MOJICKA3Ky HACUeT UCTOYHKKA SHepPruu. BHelHre KaMeH-
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Hble OJIOKM cJeaHbl M3 MecyaHhKa. A 3TOT Marepual MMeeT B COCTaBe MHOro Kmapua. I paHurt,
u3 kotoporo caenana Kamepa Lapst — peakas naBoBas nopoja, Toxe cogepaxaias 55% Kpucraiiu-
Yyeckoro KBapiia. KBapil — yHUKaIbHBIA MUHEpa, TPY CXKATUM UM JIABJICHUU OH TeHEPUPYET Mbe30-
JIEKTPUYECTBO.

— IHurep Jlemecypsbe: B kHure «Benukas nupamuga pacummdgpoBana» («The Great Pyramid
Decoded») mpenyaraercst coBceM JIpyrasi MFHTEpIIpeTalysi KAMEHHBIX PSIIOB TUPAMU/IbL, B pe3yJbTare
KOTOPO# MoJTydaeTcst 3aTyxaroliasi BojHa ¢ 26 sBHbIMM nukamu. [IprumeuarenbHo, OqHAKO, YTO (hak-
TOpHU3aIMs HOMEPOB 26 SIBHBIX ITUKOB B ps/IaX KAMEHHOH KJIAJIKU JaeT TaKue MHOKUTENH, Kak 1, 2, 3.
4,5.6,7,8,9,10,11,12. 13,19, 29, 41 u 67 (Bce OHU OTpakalOT FTEOMETPUUECKYIO U/Win apudme-
TUYECKYIO KOAUPOBKY MMpaMubl), a Takxke 17, 23, 37 u 59. ITockosibKy NPOEKTUPOBIIMK MTUPAMU/IbI
MMeJT BOBMOKHOCTb BHIOMPATh MPOCTBIE YKMCIA [T TMKOBBIX PSIIOB — WM, CKAXEeM, YMCIIa, KOTOpbIe
AENSTCS TOJNBKO Ha 2, 3 M 5, — TO ero BHIOOP MUKOBBIX PSIOB BIOJIHE JIOTUYHO paccMaTpuBarh Kak
CO3HATEJIbHOE YKa3aHue Ha KJToueBble curHauIbl). CTostdast (CKaisipHasi) BOJIHA TIOCTOSIHHO TOTIONHS-
eTCsl SHEPrUel HaNpsKeHUsI U3 CaMOi 3eMJIH, TTO9TOMY SHEprusi MOXKET U3BJIEKAThCsl HETPEPHIBHO.
B ToMm cnyuae, Koraa ceTyaTblii CUTHAJI UMEET UMITYJIbCHBIN XapaKTep, SHEPIus TaKKe U3BJIEKAETCs
U3 TUIACTUHBI B BUJIE IMITYJILCOB. TakiM crtocoO0oM 13 3eMI MOTYT U3BJIEKATHCSI MOIITHBIE UMITYJTbChI
3NIEKTPOMArHUTHOW SHepruu. [ 1aBHas 3a/1a4a 3aK/II0YaeTCs B TOM, YTOOBI CO3aTh B 3€MJIE CTOSIUYIO
(9MEKTPOMAarHUTHYIO) BOJIHY HY’KHOW HaM 4acCTOThl M CUHYCOMJAJIbHOM (hOpMBI, IO3BOJISASI C(hOPMU-
POBaTh CKaJISIPHYIO BOJIHY TTpU IOMOIIH 3(pheKTa MOoNIOKUTEILHON 0OpaTHOM CBSI3H.

HomoJiHeHHe aBTOpa, K.T. H. Ajnekcanjapa MaranueBa k Tteopun Ilutepa Jlemecy-
pbe. B teopuu Jlemecyphbe nenaercst BHIBOI O BOZMOKHOCTH MPUMEHEHUSI IMPaMUIbl KaK OpPYKUs
B pe3ysbTaTe MPUMEHEHHsI Pa3HbIX YaCTOT U TapMOHUK. PaccmarpuBaetcst 26 MMKOB pa3HBIX YacToT,
a Takke MX MHOKHTEJTN I TAPMOHUKH. DTa Teopus, onrchiBaeMasi Jlemecypbe 17151 BOGHHbIX IIeJIeH,
erie JIyJile MOXeT ObITh IPUMEHEHa JJIs1 MUPHBIX IieJieil — pe30HAHCOB M BO3/1eHCTBUSI BOJH
HA pa3HbIX YacTOTax B 00paTHOIl (pa3e HA CelICMOBOJIHBI C 11eJIbIO ralleHns 3emjerpsice-
HMI ¥ IpyTruX NposiBJI€HUI KaTakjau3MoB. CyIIHOCTb 3TOro MOJI0KEHUs IPOCTa: AUANa30H CEUCMU-
YEeCKUX BOJTH JIOBOJILHO MIMPOK — OT 11711 10 100 ['11. YTOOBI MOTyYnTh Pe30HAHCH B TAKOM JIMaria3oHe,
HY)KHO MMETh 3HAUUTEJIbHBIA HAOOP BO3/ICHCTBYIOIINX YaCTOT Mojield. IMEHHO Takyio BO3MOKHOCTb
Y JJAIOT 4acToThI, OOHapyxeHHble [Tutepom Jlemecypbe 3a cueT coueTaHusi KAMEHHBIX PsiIOB BHYTPH
MPaAMUIBL.

— Cren Tenen. B 2000 rogy Ctan TeneH pacckasa, uro Bemukas nupamuja B ['v3e nocrpo-
€Ha B TAPMOHHUHM C MOJIEKYJISIPHOW CTPYKTYpPOU €€ CTPOUTEIIbHBIX MaTepraioB. Bosbinas yacts Gmo-
KOB, COCTaBJISIIONIMX MUPaMUIy, — U3BECTHAK, Kpuctayl kapooHata kameims (CaCOj). Benmkas
[Mupamuaa nocrpoena ¢ yriom HakjaoHa 512 51». TeHeH ykazan, 4To MosieKysia KapOoHaTa KaJlblUs
MMEEeT Yros MpuONIU3UTENbHO 522 DTOT yroa M3BECTeH KaK «Yrosl pacilervieHus», YTo O3HavaeT,
KOTJa YKCTHI KPUCTAJLT KapOoHaTa KaJblUsl pacuieruisieTcss, oH Oy[eT pacIieruiaThCs BIOJIb yIia
522. Takum 00pazom, TeHeH 3asBII, UTO yro HAKJIOHA MMPAMUIBI IPUBOAUT BCIO (hOPMY TMPAMU/IbI
B FAPMOHMIO C MOJIEKYJIaMU MaTe€pUu, U3 KOTOpOW OHa mocrpoeHa. OH He 3HAaeT HMKaKOH Jpyrou
CTPYKTYpPHI Ha 3emJie, KOTopasi yKJIaapBajaach Obl B 3Ty TEOPHIO BO3JAEUCTBUSA. SICHO, UTO Takast rap-
MOHHUYECKAs CBSA3b MEXK/y «MUKPO» U «MAKpO» JIULIb YCHIIMBAET 3(P(HEKTh MUPaAMUIBL.

[96] YepenoBanue cnoeB. PaccMoTpeHne reoMeTpruueckor Mojeau NUpaMuibl U YepeioBa-
HHE CJIOEB C Pa3HbIMH (PU3NYECKUMH CBOWCTBAMM TPHUBENIO MCCIe0BaTeel K BHIBOLY, YTO MUpa-
MH/1a, 10 CYTH, SAABJSIETCS Pe30HATOPOM, YCHWIMBAIOIIEH SHEPreTUUYECKU MOTOK, U3JTydyaeMbli
SIIPOM TUIAHETHI B ONpE/IeIEHHOM JMara3oHe yactot. Yepes sipa ruaHeT, 6iarogapsi rpaBUTAlMOH-
HBIM 3JIEKTPOMArHUTHBIM U MHBIMH (B TOM YHMCJIe M PE30HAHCHBIM B3aUMOJIECHCTBHUSIM), OCYIIIECTBIIS-
eTCs1 CBS3b MEX/y IUJIAHETAPHBIMU U TAJIAKTUIECKUMH CHCTEMaMH, BXOASIIIUMU B €IMHOE SHEPTrOUH-
opmanmonHoe npocrpanctBo BeenenHoit. Ho, moMrMo OCHOBHOTO MeXaHu3Ma, €CTh M MOOOYHBIE.
KBapi1, ucronb30BaBIIMICS PH CTPOUTENBCTBE MMPAMUIBI, TIO]] IABJICHUEM TMTAHTCKOTO Tesla Mrpa-
MU/IBl TEHEPUPYET IMbE30EKTPHUECTBO. B0o30ykJeHHe KPHUCTAUIOB KBaplia MPOUCXOOUT 3a CYET
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MOCTOSTHHOTO PACIPOCTPAHEHUsI TT0 3eMJle aKyCTUUECKMX BOJH M JIEKTPUUYECKUX pa3psiioB, 00pa3o-
BaBIIMXCA U3-32 JeopMalliy 3eMHOUM KOpbI, BBI3BAHHOM B pe3y/IbTaTe TEKTOHUYECKOU JIeATENIbHO-
CTH, 3eMJIETPSICEHUI, N3BEPKEHUI1 BYJIKAHOB U MPUIMBHO-OTIMBHBIX BIUSHUNA JIyHBI, IpyrUX I1a-
Het ¥ conHIa. [TomumMo 3Toro, nH(MpPa3ByK, BOZHUKAOIINN B 00JIACTSAX MOJISPHBIX CUSHUIN B BBICOKUX
IAPOTaX M MPEJCTABIAIONIMI COO0M aKycTUYecKue KoJIeOaHHMsl OUeHb HU3KOW YacTOTHI, & TaKke
paa Apyrux (akTopoB (B TOM YMC/IE YTPEHHUN M JHEBHOW HArpeB Tesla MUpPaMU[IbI), BO3AECUCTBYS
Ha KBapll, y4acTBYIOT B CO3/IaHUM CBOEOOPA3HON EKTPOMArHUTHOU OOOTIOUKM BOKPYT MTUPAMHUIBL.
DHEepreTMUecKuil MOTOK 3eMJIM, YCUJIMBAEMblid TUPAMUJION, 3aaeT YacToTy, C KOTOPOH HauMHaeT
BUOPHUPOBATh F'eHeprpyeMasi KpUCcTa/UlaMH KBaplia JIeKTPOMArHUTHAsI 000JI0UKa MUPaMUJIB. DTOT
MMIIYJIbC, B CBOIO OY€pE/lb, YEPE3 aTMOC(EpHOE JEKTPUUYECTBO, NMAPhl BOIBI U OKPYKAIOLIUE MHUpa-
MUy BOAHBIE apTEpUM MIHOBEHHO MEpeJaeTcsl Ha TUTaHTCKUE PacCTOsIHUS, OKa3blBasi BO3JEHCTBHE
Ha JIoJer, HaXOIANIMXCsl Ha OOJIBIIOM yIasleHnu oT mmpaMuabl. KonmoccanbHast Macca Beeit mvpa-
MHU/IBl B HECKOJIBKO MUJUTIOHOB TOHH MO3BOJISIA TIPU HACTPOMKE e€ B pe30HAHC, 00J1a1aTh OOpaTHBIM
BO3JICIICTBHEM Ha MPOILIECCH, MPOUCXOsIIME B 3emiie, B MoHOChepe U Ha ruiaHeTax. CBOMCTBa pas-
JIMYHBIX MaTepUasIOB MMPAMUIbIL:
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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