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GPR INVESTIGATIONS TO ALLOCATE THE ARCHAEOLOGICAL REMAINS IN MUT
TEMPLE, LUXOR, UPPER EGYPT
Atya M.A.“?, Ahmed S.B.®), Musa M.F.®), Gaballa M.?, Abbas M.%, Shaaban F.F.“* and
Hafez, M.A®
1) National Research Institute of Astronomy and Geophysics, Helwan, Cairo, Egypt.
@) Horizons International for Integrated Sciences, Nasr City, Cairo, Egypt.
(3)  South Valley University, Qena, Upper Egypt.
4) King Khaled Univ., Faculty of Science., Physics Dept., Saudi Arabia.

Key Words: GPR, Archaeology, Luxor
Abstract

GPR investigation has been conducted on Mut temple; to the south portion of Al-Karnak
temple at the eastern bank of Luxor city. Within the survey, the GPR SIR system-10A has been
used connected to 100/500 MHz antenna. The present work is oriented to allocate the buried Ar-
chaeological ruins at the site, and also to evaluate the archaeological significance of the artifacts in
concern to the hydro-situation. The survey is composed of three data sets; the first set (A) includes
three GPR profiles located inside the temple palisade at the western bank of the Holy Lake, the sec-
ond set (B) Includes four profiles distributed on the yard between Mute and Al Karnak temples, and
the third set (C) includes three profiles oriented to study the EW Sphinx Avenue front of Mute tem-
ple. The measured GPR data has been processed and visualized in different ways to show the infra-
content of the artifacts in the buried subsurface of the temple. Furthermore, intensive matual work
and discussion with the local inspectorate of Luxor to the analytical definition of the artifact lead to
detect the zones of possible findings and as much as possible to define their identities. A series of
sectional GPR records, time slices, maps, and 3D graphs have been introduced to represent the rela-
tive outputs.
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CSEM IMAGING OF THE NEAR SURFACE DYNAMICS AND ITS IMPACT FOR
FOUNDATION STABILITY AT QUARTER 27, 15™ OF MAY CITY, HELWAN, EGYPT
Magdy A. Atya', Olga A. Khachay®, Mamdouh M. Soliman®, Oleg, Yu. Khachay®, Ahmed B. Khalil*,
Mahmoud Gaballah*, Fathy F. Shaaban*, Ibrahim A. El Hemali'

1 National Research Institute of Astronomy and Geophysics (NRIAG), 11722 Helwan, Egypt.
2 Institute of Geophysics, Russian Academy of Science (RAS), Ural Division, Russia.

3 Ural State University, Russia.

4 King Khaled University, Faculty of Science, Physics Department, Abha, Saudia Arabia.
Abstract

In the present work, we involve the Control Source Electromagnetic (CSEM) Technique to
image the dynamic migration center of the near surface fractures, fissures, and cracks in a new
dwelling area at 15" of May city close to Cairo. This area forms the center of the zonal weakness of
the subsoil, which in turn, interact with the weight center of the construction leading to catastrophic
collapses.

The control source electromagnetic technique has been developed recently to monitor the
migration of the weakness center represented as the accumulative fissures and cracks within the
near subsurface. Three composite profiles of wide and planshet mesh data have been collected in
2008. This survey has been followed by performing two profiles in 2010; one of these profiles has
been conducted along one of the earlier profiles to observe the situation changes, and the second
profile has been measured between the other two profiles of 2008. The last profile had been per-
formed to study the mutual relation between the measurements of the two cycles. The objectives of
the whole process are to validate the capability of the technique to pick the minor changes of the
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weakness center, consequently, study its relation to the weight center of the adjacent construction to
produce a recommended procedure to minimize the destruction resources at the site of investigation.

The measured data has been interpreted and represented in graphs showing the distribution
of the heterogeneity of the geoelectric parameters in the subsoil, furthermore, in a series of geoelec-
tric cross section representing the applied frequencies used during the survey. The study concludes
that (1) the center of the cracked zone is moving upward closer to the surface of the ground and
heavier, (2) the water content is moving downward producing soil dryness at the shallow depths,
and (3) the site became more stable in 2010 than 2008, however, the destruction resources remain
warning with collapse events. Furthermore, the situation reflects the relation between the water con-
tent and the changes in the weakness center.

*khkhkkhkkkkkik

YJIK 550.34.034
I'EPMAH ®EAOPOBHUY U POBEPT TEPMAHOBUY ABEJIBCbHI — YUEHBIE,
OPI'AHUM3ATOPBI, TIATPUOTbI
B.P. Abenvc, (343)3585620, Vlitovskiy@rambler.ru, . Ekamepunbype, Poccus

New data on geophysical researches H.Abels and R.Abels in the Urals are resulted.

I'epman ®@enoposuu Abensc poamsics B Dcronuu B ropone [lsapuy ([leprnose) 15/3 anpens
1846 roga. OKOHYMJI MECTHYIO MPOTUMHA3MI0 (YMPOIIEHHYI0 T'MMHA3MWio0) T., a 3areM (hU3HKO-
maremaruueckuii pakynsrer [epnrckoro (KOpbeBckoro) ynuBepcurera kak matemaTk B 1870 ro-
ny. Ilocne oxkoHuUaHMs yHHBEpCUTETa MOCTYNHJ Ha paboTy yuuTeraeM mMareMaTuku B Mockse. B
1875 romy ero >Ku3Hb U POJIb B HayKe PE3KO U3MEHWIMCh — OH MOCTYNHJI Ha paboTy B [naBHyIO
dusnueckyro odcepparoputo (I'DO), mupekropom koTopoi ObuT akagaemuk I'.M. Buib.

I'enpux VBanosuu Buiba (1833-1902) poawmiics B IlBeiiiapuu, rie noxydu1 CTeneHb JT0K-
Topa ¢uinocodpun L{ropuxckoro ynusepcurera (1857). bein nupexropom O6cepBaropuu B bepue. B
1868 ronmy 6butl m30pan akanemukoMm Mmmeparopckoit Cankr-IlerepOyprckoit akajeMuu Hayk M
HazHaueH aupektopom ['DO. B stoii nomxHOCTH OH ocTaBaics A0 1895 roxa.

I'epman @enopoBud cran paboTaTh O] PYKOBOJACTBOM akajaeMuka Bunbna. On umen mare-
MaTH4YeCKoe 00pa30BaHUE U J[BA S3bIKA: HEMEIKUI 1 PYCCKUH, MOT' CBOOOHO Ha HUX TOBOPUTH, YH-
TaTh M MHCATh Hay4HbIe CTaThbU. HemMelkuii ObuT A1 HEro poAHBIM, a PYCCKUI OH Bblyumil. ['eHpux
VBaHOBMY NIPUMEHHJI OPUTHHAIIbHYIO METOJIMKY BOCIIUTAHUS HaydyHOTo paboTHHKa OOGcepBaTOpHH.
Ero miaH cocTos1 B TOM, YTOObI HAUMHAIOIIMKA COTPYIHUK YK€ UMEIOIIUI MaTeMaTUYECKYIO MO/-
TOTOBKY, CTaJl oOcBauMBaThb oOcepBaTOpcKHe BHUAbI paboT. o npoBeneHUss MarHUTHO-
METEOPOJIOTUYECKUX UCCIIEIOBAHUN U OpraHu3aluoHHOM padoTel I'.®.AGenbc Torna He ObLT TOTOB.

B 1875-1885 ronax on ocBauBan paboty B OOcepBaTopuu MOJ PyKOBOJCTBOM aKaJeMHKa
Bunbsaa. [lo 1878 roga on m3yyan temnepatypy B Poccun, 3atem ¢ 1879 mo 1884 roasl ocBanBai
reoMarHuTHbIe uccienoBanus B KoHcTaHTHHOBCKOM oOcepBatopuu B [1aBnoBcke, KOTOpYIO co3all
Bunsna. Hakonen, Bunbiom oH OblT Ha3HAU€H MHCIIEKTOPOM METEOPOJIOTHUECKUX cTaHuui. biaro-
Jlapsi 5TOMY OH TOJIYYMJI pa3HOCTOPOHHEE ClielalibHOe 00pa3oBaHue: cTal (PU3UKOM-TEOPETUKOM,
(U3NKOM-9KCIIEPUMEHTATOPOM, T€OMAarHETOJIOTOM, METEOPOJIOTOM, OPTaHU3AaTOPOM M YUEHBIM.

I'epman ®@enopoBuy pa3paboTal METOAMKY BBIACIEHHS MAarHUTHOTO IOJI, CO3/IaBaeMOIo
TOPHBIMHM TOPOAAMU. DTO BAXKHO JJIsI OOHAPY>KEHHS IMOJIE3HBIX MCKOMAEMBIX, W3YYEHHs] UCTOPUU
3emiu. Otomy oH nocBaTHaI 30 ser HaydHOH paboThl. OpUrHHAIBHBIMU HPUMEPAMU SBISIFOTCS
takke paboTsl I'epmana denopoBuya O TEIJIONPOBOAHOCTH T€TEPOT€HHBIX MMOYBEHHBIX MTOKPOBOB
U3 CHEra, TpaBbl, CyXUX U BIAXKHBIX IpyHTOB. llonmyueHHas um ¢opmyna i TEIUIONPOBOAHOCTH,
CBSI3BIBAIONIAsl €€ C TUIOTHOCTBIO cHera momyymia ero ums (popmyrna AGenbca). MacimaOHBI ero
HKCIEIUIIMOHHBIE PA0OTHI 10 TEOMAarHUTHOMY MOHUTOPUHTY Ypana u 3ananHoit Cubupu ot Exare-
punOypra no Canexapna (OOmopcka). Kak opranmzatop I'epman ®enopoBud ObUT TUPEKTOPOM
ExarepunOyprckoit MarHuTHO-MeTeoposiorudeckoii oocepsatopun (EMMO). C 1885 mo 1925 rox
0e3 mepepbiBa, PYKOBOJIMII METEOPOJIOTHYECKOM M MarHUTHOM ceKIMsMH Ypanbckoro OOIecTBa
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nroburenet ecrectBozHanus (YOJIE). brarogaps I'epmany ®@enoposuay EMMO He mpekpariaia
CBOCH NIEATEIBHOCTU Ja)Ke IEpUOJ PEBOMIOLIUU U ['pakJaHCKON BOMHBI, TaK KaK OH JaXe INepen
yrpo3oii o0cTpena o0cepBaTOPHH, PACIIONIOKEHHON Ha BepIIMHE TOpbl (B HEeW ObLT HAOIIOAATENb-
HBIH MYHKT), HE TIOKHHYJI €€ U HE TI03BOJIMII 3BAKyHPOBaTh 000pyJOBaHHE. DTO B OTIIMYHE OT JIPY-
rux obcepsaropuii Poccun obecrieumsio HempepbIBHOCTh AaHHBIX Ob6ceparopun ¢ 1836 roma no
HacTtosero Bpemenu. O0cepBaTopHs OKa3ajgach M €AMHCTBEHHBIM JACUCTBYIOUIMM HAYYHBIM y4pe-
JKJIeHUEeM B ropojie. Bee 3Tu neiicTBUs OH coBepILal noTomMy, 4to Obl1 narpuoroM OOcepBaTOpHH,
ropoaa ExatepunOypra, Ypana, ¢ KOTOPBIM CBSI3aJ CBOIO JIETEIBHOCTh U )KU3Hb.

Pobept I'epmanoBuu Abenbe poanics 1 uronsa 1886 roga B Llapckom Cere, rae sxuiu poa-
CTBeHHUKH keHbl ['epmana @enoposuya. [locie okoHuaHUS MYXCKOM ruMHa3uu B ExarepunOypre
(ubtHe ruMHazus Ne9) noctynun B [lerepOyprekuit yHuBepcuTeT Ha (PU3UKO-MAaTEMaTUYECKUil (a-
KyJIbTET, KOTOpbIi 3akoHuni B 1913 roay, u B ToM xe roay npuctynui k pabore B EMMO B kaye-
cTBe (hu3HKa.

Tawoke kak u ['epman @enoposuy, Pobept ['epmanoBuY ObUT MaTpuoTOM Ypasa U BCE CBOU
CHJIBI HAIlpaBJsUl HA €ro0 M3yY€HHE, MHOTO BPEMEHM YIENS KCIECIUIIMOHHBIM HCCIEI0BAHUSAM.
Jly1g 3TOr0 OH HaHMMAaJ KPEeCThSHUHA C JIONIA/IbI0 U 00Bbe3kKall ¢ HUIMHU ITyHKTBl T€OMAarHUTHBIX Ha-
omonaenuit. J{ist o6orpesa, 3amUTHl OT KOMApOB U MPUTOTOBJICHUS MUIIA OHU UCTIOIB30BANIU CYXOM
HaBo3. Ha Houser, eciau MO3BOJISUTN YCIOBHS, OCTAHABIMBAIUCH B KPECThIHCKUX JoMax. C yueToM
caboit 3aCeIeHHOCTH MECT, I'JIe MPUXOIMIOCh IPOBOIUTH MOJIEBbIE UCCIIEOBAHNUS, TAKUE TTOC3/IKU
ObUIN HE TOJIBKO (PU3MUECKH TSDKEJIBIMU, HO M OTIACHBIMH.

[Tocne yxona ¢ mocra pykoBoautens O0cepBatopun ['epmana @enoposuua Pobept ['epma-
HOBUY TPOJOJDKWII €T0 JIeNO0 M BO3INIaBMI paboTy marHuTHOro otaena EMMO (c1926 mo 1934
roj). B aToT mepuonx eMy NpUILIOCH CTOJKHYTHCS C HOBOM M OYEHB CIIOXKHOI MpobiemMoii B oocep-
BAaTOPCKUX HCCIIEOBAHUAX: MPOOIEMO BO3MYILEHUS €CTECTBEHHOIO IeOMarHeTu3Ma TEXHOTEH-
HBIMU TIOJIIMHU, B YaCTHOCTH, TOJISIMH, MOSIBUBIIUMUCS OT TpaMBaiHOTO JBM>KeHUs B CBepIIOBCKe
B1930-e roxpl. s 3TOr0 eMy MPHUILIOCH MPOBECTU OOJbLIYI0 pabOTy MO MOMCKY MecTa, Kyaa
MO>KHO nepemecTuTh OOcepBaTOpPHUI0, BCECTOPOHHE 000CHOBAThH ero. MITorom 3Toro craj nepeHoc
O6cepBaropun Beicokyro JlyopaBy (1929 mo 1931 ron), rie He ObUIO TEXHOTCHHBIX BO3MYIICHHIA,
OTCYTCTBOBaJla MarHuTHas aHoManus. [loxe emy erie pa3 MPUILIOCH pelIaTh CIOXKHBIE MpoOIIe-
MBI, CBSI3aHHBIE C TIOTIPaBKaMH M3-32 IEpEeHOCa MeCTa TeOMAarHUTHBIX HaOII01eHUH. DTO CIIy4HIIOCh,
KOTJIa MOsIBIJIACh 00cepBaTopust KApTU».

OueHb OTBETCTBEHHYIO U TPYAOEMKYIO paboTy BbInoiaHUI Pobept I'epmanoBUY B XoJ€ re-
HepanbHO MarHuTHOU cheMku CCCP u B mcciaenqoBaHMM BEKOBOTO X014 36MHOTO MarHeTu3Ma Ha
nosBeoMCcTBeHHbIX O6cepBatopun onopHbix myHkrax. Tak ¢1931 mo 1935 roas! moa ero pykoso-
JCTBOM ObliIa Mpou3BeJieHa MarHuTHas cbeMka B 6onee yem 300 mynkrax Ha IOxxHoMm m Cpeanem
VYpaine, B [Ipenypanse u 3anannoit Cubupu. Yactuyno paboThl Benuch U Ha TeppuTopuu Kazaxcra-
Ha, B X0J¢ noe3naku no mapupyry: Kycranaii — Typrait — Uprus — Yenkap, Yenkap, Omba — AkTIO-
Oounck. Takast MHTEHCUBHasI M MaciiTaOHas pabota mo3posmia B1936 romy 3aBepmiuTh reHepalb-
HYIO CbEMKY CTPaHBI.

Eme oaun 6ombimoit Bkiaan Pobept I'epManoBuY BHEC B J€NI0 U3YYEHUS] OCOOCHHOCTEH Cy-
TOYHOT'O XOJa JIEMEHTOB 3€MHOT0 MarHeTH3Ma, BKJIIOYasi €ro MOBEJICHHME KaK B roJibl MUHUMyMa
(1933-1934), Tak u makcumyma (1937-1938) cosiHeuHOI aKTUBHOCTH.

Ha nomo PoGepra ['epmanoBrYa MpUIIENCS U OJIMH U3 CaMbIX TSXKENbIX NIEPUOIOB B KU3HU
Halllel CTpaHbl - Hepuol KyabTa JTuuHoCcTH CranuHa. O TOM, Kak HeJlerko emy Obl1o paboTaTh B TO
Bpems B Bepxueil lyOpase, cBUIETEIbCTBYET cieayromuii ero pacckas. Jlobuparbcsa uz Cepanos-
CKa TyJla HY)KHO ObLIO 3a0JaroBpeMeHHO Ha BeuepHeM noesne. OHaxabl OH OMo3/all Ha Moe3] U
BBIHY)KZIEH OBl J00MpaTbcs TyjAa MEIIKOM BClo HOYb. BHawane Benukoit OTeuecTBEeHHONH BOWHBI
€ro Kak HemIla OTCTPaHMUIIM OT AeATeNIbHOCTH B OOcepBaTOpUH U B TIOCJIEIYIOIIEM OH B HEH yKe He
pabotain. Hecmotpst Ha 310 PoOept ['epmanoBuY ocTascs BepeH CBOMM NpuHIUNaM, aeny u Obcep-
BaTOpHH. OH KOHCYJIBTHPOBAJI €€ COTPYIHUKOB, MOATOTOBHII PYKOIIUCH MO UCTOPUU HAOIIOAECHUH B
OO6cepBaropuu, KOTopasi ceifyac XpaHUTCs B ApTH.
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V]IK 550.34.034
KAK IPUHATO PEHHIEHUE O CO3JAHUHU EMMO. POJIb POCCHUHCKHUX
NMIIEPATOPOB U OBCEPBATOPHUHU B PASBBUTUU EKATEPUHBYPT A
B.P. Abenwc, (343)3585620, Vlitovskiy@rambler.ru, . Ekamepunbype, Poccus

Influence of the Russian emperors on development of Yekaterinburg and Observatory is shown.

ExatepuHOypr pasBuBajics HEpaBHOMEPHO, HEMOHOTOHHO, CKaukooOpa3Ho. bmuio nBa
OonpIKX 3Tana B pazButun ExatepunOypra.

IepBoiit stan Havancsa c¢ Ilerpa | u Exarepunst |. AxtuBHOe pa3Butne ExarepunOypra
Takke nojanaep:xkubana mieMsHauna [lerpa | Auna MoannosHa. OHa 310 nenana ananoruyto Ilerpy
|. 3aTem Temn pa3BUTHs ropoja CTall 3aMeUIAThCS U cTall 0cobo HeratuBHbIM npu Exarepune I,
KoTopas caenana Ilepmb rybepHckuM ropojnoMm u tyaa u3  ExatepunOypra nepenecna ['opHoe
npasienue. llozxke 3T0 3aMmesieHHe ObUIO TPYAHO NPEOJOJIEBaTh M3-32 MOBTOPHOIO IepeHoca
I'opuoro npasnenus B [lepmp Anexcangpom |.

Bropoit stan mogbema B pa3ButuM EkarepuHOypra Hauyaics ¢ JeHCTBHH ueThIpEX
BbI1atouxcs opranuzaropos: Ilasna |, A5, Kyndepa, Hukonas | u K.B. YUeBkuna.

Tak, ITaBen | , Bonpeku npemmecTBytomuM aeiictBusm Exatepunst |1, BozBpatun ['opHoe
npasieHue B I. ExaTepuHOypr u co3jan ylo>keHue, c/eiaBlliee HEBO3MOXKHBIM BO3BEJICHHE Ha
npecton >keHmuH. Hukomait | crtam cHoBa pa3BuBaTh ExarepuHOypr kak crosuiy Ypania
(moBTOopHO mnepeHec croga I'opHoe npasienue u3 Ilepmu mocie BTOporo Bo3BpaTa €ro TyAa
Anexcangpom ). CrenmanbHo anst pa3BuTHs Ypana oH co3nan Kopryc ropHBIX HHKEHEPOB CO
[ITabom, KOTOpHIH BO3TiaBui Bhlnaromuiics opranuzatop K.E. UeBkun. B T0 ke Bpems A.S.
Kyndep noaroroBusn nokmagHyro 3anucky o0 opraHuszalnuu cetu obceparopuii B Poccuu, B ToM
quCJIe HECKOJBKUX oOcepBaTopuil Ha Ypaie ¢ neHTpaibHoi — B 3naroycre. Onnako K.B. YeBkun
peurmsl uHavye. B coorBercTBMM ¢ HamepeHueMm Hukomas | pa3BuBaTh Ypasll OH HpeAIOKUI
pPa3MeCTHTh TJABHYIO PETHOHANBHYI0 oOcepBaTopuio (mepBoro paspsnaa) B ExarepuHOypre, urto
06110 04YeHb ObIcTpo yTBepxkaAeHo Hukomnaem |. Tak, UeBkunbim OOcepBaTOpHst Havyaga co31aBaThCs
B ExatepunOypre non HayuHsiM pykoBoacTBoM A.S. Kyndepa.

Ob6ceparopus B EkarepunOypre pelana JBe riaBHbIe 3a/1auu:

1. pa3BuBaTh HayKy Ha Ypaie;
2. ykpemnars ExaTepuHOypr, HOJHUMATh €ro MPECTHXK U MPEBPATUTh TOPOJ B CTOIHILY Ypasa.

B mnocnexyromue mnepuonbl, 0COOCHHO IOCIE€ OTMEHBbl KPENOCTHOrO MpaBa, 3TO HAIIO
OTPaKEHHE B POCTE OOLIEKYIbTYPHBIX COOBITHII B TOpOAE, YTO BHUIHO U3 JHATPAMMBI,
MOKa3bIBAIOLICH CpeqHHM Temn 3Ha4MMbIX Ui ropoja u OOcepBaTopuu COOBITHH B MEPUOIBI
NPaBICHUS TE€X MIIM MHBIX POCCUHCKUX UMIepaTopoB. OOCYKIat0TCs JETaIl 3TOrO.

Temn 3HauuMbIX ansa Ekate puHGypra n O6cepBaTopumn
coObITUIA B NepuoAbl NpaBreHUsA TeX UM UHbIX
nmnepatopoB Poccun

0,65
0,25 0,25
029__ __026
0

cpeaHuil Temn
coBbITUN 3a Nepuos

0,09 o1 005

0,93
0,56 |y ’ 0,38 | 0,35 ] 267 [0,39
0 0,29 : : \

1720- 1725- 1728- 1730- 1740- 1762- 1796- 1801- 1825- 1855- 1881- 1894-
1725 1728 1730 1740 1762 1796 1801 1825 1855 1881 1894 1917

npasneHuns

roabl NnpaBneHus
B KONMYECTBO 3HAYMMbIX NS ropofa KyNbTYpHbIX COBBIT U (CYMMa NOMNOXUTENbHBIX 1
OT pyLiaT eMbHbIX)

O KONUYECTBO 3HAYMMbIX FTOPHOT EXHUYECKUX COBLIT U B FOA(CYMMa MOMOXUTENbHBIX 1
OT pyLaT eMbHbIX)

*hkkkkikkkkikkkik
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YK 517.968:519.612:550.3
PEHIEHUE OBPATHBIX 3AJAY T PABUMETPUU HA MHOTI'OITPOECCOPHOM
KOMIIVIEKCE
E.H. Axumosa®, B.A. ITesinko6®
aenl5@yandex.ru, v_pyankov@mail.ru
1HHcmumym mamemamuxu u mexanuxku YpO PAH, Examepunbype, Poccus
2HHcmumym eeogpusuxu YpO PAH, Examepunbype, Poccus

The linear inverse gravimetry problem on reconstruction of variable density in the layer and
nonlinear inverse gravimetry problem on reconstruction of the interface between media with the
real observed gravitational data have been solved using the parallel iterative gradient methods and
MV S-1000 supercomputer.

1. PaccmatpuBaeTcsi oOpaTHas 3ajada IPaBUMETPUU O HAXOXKICHUU TEPEMEHHOM IJIOTHOCTH
o=0c(xY) Bcnoe M1={(x,y,2)eR*:(x,¥) €D, H,(x,y)<zZ<H,(X,y)} mo rpaBuTarMOHHBIM
NaHHBIM, u3MepenHbM Ha maomam D ={(x,y)e R*:a<x<b, c<y<d} semnoii noBepxuocTH
(H,,H, — KoHCTaHTHI At TOPU3OHTAIBHOTO ciosi). Mcmonbdyercs ampuopHas uH(OpMaIys 00
OTCYTCTBHMHU aHOMAJIMH INIOTHOCTH BHE cios ¢ rpanuiamu H, =H,(X,y) u H, =H,(X,y) takumu,

yro H, <H, V(X,y), u Bemonnsercs ycnosue H,(X,y) — h =const. Ilpu sToM npenmomnaraercs,

yﬁiz
YTO pacrpeieieHue IIOTHOCTU o (X, Y) BHYTPH CJIOSl HE 3aBUCUT OT Z (OCh Z HampaBjicHA BHHU3).
3amaua HAXOXKJCHUST HEM3BECTHOM TUIOTHOCTH CBOJUTCS K PEIICHUIO TMHEHHOTO

JIBYMEPHOTO HHTETPaIbHOTO ypaBHeHus: Opearombpma neproro [1]

1 1 ! i ! !
_ 7 o (X, y)dx'dy’ =Ag(x, y),

[(x— x’)2 +(y- y’)2 +H2(X, y’)}% [(x—x’)2 +(y- y’)2 +H,2(x, y’)] 2

Ac=f

D ey T
O t—

1)
rae f —rpaButanmonnas mnocrtosiHHas, Ag(X,Yy)— rpaBUTAMOHHBIA 3(deKT, MopoKaaEMbIii
HCTOYHUKAMHU B TOPU3OHTAILHOM UJIM KPUBOJIMHENHOM CIIOE.

[IpenBaputensHas 00paOOTKa TPaBUTAMOHHBIX JAHHBIX, CBSI3aHHAs C BbIJCJICHUEM
aHOMAJIBHOTO TIOJIsI, BBINOJIHAETCA MO Meroauke, mnpeanoxkeHHod II.C. Mapreimko u M.JL
[IpyTkuHBIM.

[Tocne nuckperus3anuu ypaBHEHHs Ha ceTke, rue 3amaHa Ag(X,Y), W anmpoKcHMaimu
MHTErpaJIbHOrO0 oOmeparopa MO KBaApaTypHbIM QopmyinaM 3amgada (1) cBOAMTCS K PEIICHHIO
CHCTEMbI JTMHEHHBIX anreOpanueckux ypaBHeHuin (CJIAY) nub0 ¢ CHMMETPHUYHON MOJOXKHUTEIHHO
OINPEICNICHHON MaTpuueil (TOpPU3OHTANBHBIA CJIOH), JIMOO C HECHMMETPUYHON MaTpuIeH
(kpuBOJMHEIHBI cioi). Tak kak ypaBHeHHe (1) OTHOCHTCS K KJIaCCy HEKOPPEKTHO IOCTABICHHBIX
3amay, To CJIAY, BO3HHMKarollee B pe3yapTaTe AUCKPETHU3AlMM ypaBHEHMS, SIBISETCS IIJIOXO
00ycCJI0BICHHOH 1 TIpeoOpa3yeTcs k Buay (cxema JlaBpeHTbeBa)

(A+aE)z=b, (2)
I€ ¢ — IapameTp peryisipu3aluu.

B cnywsae kpuBonmHelHoOro cios ucxonHas Marpuna CJIAY HecuMMeTpuuHa, MO3TOMY
9Ta CHCTEeMa MpeBapUTEIbHO Mpeodpasyercs K BUAy (cxema TuxoHOBa)

(ATA+a'E)z = A'b. (3)

rae A’ —TpaHCIOHMPOBAHHAA MATPHUIA, @ —IAPaMETP PEryIApU3aIIUN.


mailto:aen15@yandex.ru
mailto:v_pyankov@mail.ru

Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

Jns pemenus ypaBHeHui (2) u (3) MOryT OBITH MCIIOJIB30BaHBI UTEPALIMOHHBIE METOIBI
IPaJIMCHTHOTO THUIA: METOJ MPOCTOW MTEPAllMd M METO]| CONPSHKCHHBIX I'PAIUEHTOB. Y CIOBHEM
OCTaHOBA UTEPAILIMOHHBIX IPOILIECCOB ABIISETCS CIEMYIONIEE: HAZk —bH/ ]| < &

2. PaccmatpuBaeTcss TpexMepHas CTPYKTypHast oOparHas 3ajada TPaBUMETPHH O
BOCCTaHOBJICHHU ITOBEPXHOCTH pazjefia MEKIY CpelJaMd IO HM3BECTHOMY CKAuKy IUIOTHOCTH H
I'PaBUTAIIOHHOMY IOJII0, N3MEPEHHOMY Ha HEKOTOPOM TUIONIA I 36MHOM TOBEPXHOCTH.

[Ipeanonaraercsi, 4TO HIKHEE MOJYNPOCTPAHCTBO COCTOUT U3 CJOEB IOCTOSHHOMN
IUIOTHOCTH, pa3JeleHHBIX HMCKOMBIMH IIOBEpXHOCTSMH S.. B mpeamonoxenus, dTO
IPaBUTALMOHHAS aHOMAIIHs CO3/IaHA OTKJIOHEHUEM MCKOMOMW MOBEPXHOCTH S OT FOPM30HTAIBHOM
mwiockoctd  Z = H (och Z HampaBiena BHM3), B JEKAPTOBOM CHCTEME KOOPIAMHAT (DyHKIHS
z=12(X,y), oOmHCHIBaIOIIas WMCKOMYIO MOBEPXHOCTh pa3jela, YIOBJICTBOPSCT HEIMHEHHOMY
JABYMEPHOMY MHTETPaJIbHOMY ypaBHEHHIO Ppearonbpma nepBoro poaa

dxdy’ =G(x,y), (4)

bd 1 1
AZ]=fAc -
H [(x—x’)2 +(y—y’)2 +7°(X, y’)}% [(x—x’)2 +(y—y')2 + HZ}

rae f —TpaBUTALIMOHHAs TOCTOSIHHAs, AO —CKAauOK IUIOTHOCTM Ha TpaHULE pasjaena cpef,

%

G(X, y) — aHOMalbHOE I'PaBUTALIMOHHOE 10J€, Z=H —acuMOToTHYecKast IUIOCKOCTh Ui JaHHOM
rpaHMIBl paszena. 3ajada rpaBUMeTpuH (4) sSBIISeTCs CYIIECTBEHHO HEKOPPEKTHOM 3a1auei.

[Tocne auckpermsaumu ypaBHenus (1) Ha cetke n=MxN, rme samana G(X,y), u
AIpPOKCHMAIMU HMHTETPALHOIO OIIEpaTopa II0 KBAaAPAaTYPHBIM (OPMyJaM HMEEM CHCTEMY
HEJIMHENHBIX YPaBHEHUM

Alzl=F, (5)

JInst penieHus: CHCTeMbl ypaBHEHUH (2) UCHONIB3yeTCs HWTEPATUBHO PEryJsIpU30BaHHBIN
meTo Herotona [2]

-1
zk”:zk—[A;(zk)ﬂxkl] [An(zk)+akzk—Fn]. (6)

k N

3nece A(Z°)u F, — xoHeuHOMepHBIC ammpoOKCHMALHMH HHTErPAIBHOTO OMNEPaTOpa M IPaBON
gactu B ypaHenmu (3), A (z)-npomssommas omepatopa A B Touke Z°, | —emMHMUHBIH

oneparop, &, —HnocCJICA0BATCIbHOCTD ITOJIOKUTCIIBHBIX ITIapaMETPOB PETYIIPHU3aL .

Haxoxnenue ouepenHoro mnpubimkenus Metona HproTona 2" o HalJICHHOMY ¢
cBoautcs K pemenuto CJIAY

kok+l _ .k
A =Ff, (7)

k k
e A=A (Z )+ a, | — nnoxo 06ycrnopnennas HecuMMeTpUYHAs 3aMOMHEHHAs NxN MATPUIIA,

R =A'z" —(An (Zk)+06k2k - Fn)—BCKTop pasmepHocTd N.

[IpenBapuTenpHO crcTeMa ypaBHeHUH (7) IPUBOAUTCS K BUIY

k k+1 _ K\T Ak ' k+1 _ KNT -k _
B* ! =[ (AT A +a', 1|2 = (A) . =b, (8)
riae (AY)" — TpaHCTIOHMpOBaHHAS MAaTPHIA, O ', — MAapaMeTPhl PEryJIAPH3AIIHH.

Ha xaxxnom mare merona Hetotona mis pemierust CJIAY (8) ¢ cummerpudHoit Marpuiieit
MOYKHO MCIOJIb30BaTh HTEPAI[HOHHBIC METO/IbI IPAAUEHTHOTO THIIA.

PacnapayuienuBanue M 4YMCIEHHAs peanu3anus alrOpUTMOB JUIsl PEIICHUS JUHEHHOW U
HeJMHEIHON 00paTHbIX 3a1au rpaBumetpun (1) u (4) Bemonnenst Ha MBC—1000 — poccuiickom
MacCUBHO-TIAPAICIIFHOM CYNEPKOMITBIOTEPE KJIACTEPHOTO THUIMA C PaclpeleiICHHOW MaMsThIO,
ycraHoBiieHHOM B MHctutryre marematuku u Mmexanuku YpO PAH (r. Exkatepun0ypr) [3].



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

Jns BocrouHOM dYacTh VYpama Obul 00pabOTaH MAacCUB TPABUTAIMOHHBIX JTaHHBIX,
M3MEpEHHBIN Ha TuIomaam S, umeromei pasmepsl 59.4x144 kM. DTa MIomah IIPOCTPAHCTBEHHO
COBIIAJAET C 30HOM DYTKMHCKONM aHOMajuu BEKOBOI'O XOJa, OrpaHMYMBAIOLIECH Ypall ¢ BOCTOKA.
30Ha mpezacTaBisieT co00l CyOMEpUINOHAIBHYIO aHOMAIUIO 3JIEKTPOIPOBOIHOCTH 3€MHON KOPBHI.
JUist u3ydeHus MpUpPOAbl aHOMAJINU TI0 PEeaTbHBIM HAOIOJJICHHBIM IaHHBIM HAa MHOTOIIPOIIECCOPHOM
BerurcauTebHOM Komiuiekce MBC—1000 pemena 3amaya 1 o HaxoXICHUHM IUIOTHOCTH B
TOPU30HTAIBHOM clioe Mexy rinyounamu H; =10 kM u H, =20 xm a14 obnactu S u 3aga4a 2 o
BOCCTAHOBJICHHH TOBEPXHOCTH pazzena. Ilpu stom maru cetku: AX=0.594 xm u Ay =1.44 xwm,
rpaBUTaIMOHHAs mocTosiHHas f =6.67 10"% em®/r-c% Paccrosnue 10 aCUMIITOTHYECKOH INIOCKOCTHU
cocraBisuio H =10 xm. Ckauok ruiotHOCTH mnpuHuMancs pasueiM Ao =0.3 r/em®. Tlocre
JMCKPETH3allMM HCXOJHBIX YpaBHEHHMH Ha cCeTKe 00e 3aJa4d CBEIUCh K CHUCTEMaM JIMHEHHBIX
YpaBHCHHMIA C CHMMETPUYHOH (3a1aua 1) u HecuMMeTpu4HO# (3amaua 2) marpumamu 10000x10000.

3amaua 1 pemanach mapajuleIbHBIM HTEPATUBHO PETYISIPHU30BAHHBIM METOJIOM IPOCTOM
uTepanuu ¢ mapaMmerpoMm peryaspuzaunn o =0.001. 3amawa 2 pemanach UTEpaTUBHO
perynsapu3zoBaHHbIM MeTroaoM Hprorona. Ha kaxxnom mare Meroma HerooTroHa ucnosib3oBaics
napajyieIbHBIi  METOJ COINpPSDKEHHBIX TpajueHTOB. 3agaud 1 u 2 pemeHsl ¢ BBICOKOU
s dexTuBHOCTHIO pacniapayuienuBanus Ha MBC-1000.

Ha puc. 1 wuzobpakeHO pacmpeeseHue IUIOTHOCTH B CJO€, BOCCTAHOBIIEHHOH I10
BbI/IEJICHHOMY aHOMAaJIbHOMY TIOJIIO /715l 00s1acTu S.

Ha puc. 2 n3o0paxeHa BOCCTaHOBIIEHHAs TIOBEPXHOCTD pa3Jiena.

Puc. 1. Pacnpenenenue njaoTHOCTH B CJIOE Puc. 2. BoccTaHoBIeHHAs IOBEPXHOCTH pa3/eiia

Pe3ynpraThl BBIYMCIEHHM II0Ka3bIBAlOT, YTO HCIOJb30BaHME Meroja HbrooroHa u
UTEPAllMOHHBIX METOAOB TPAJAMEHTHOTO THUINA MNpPHU PELICHUH OOpaTHBIX 3ajady TPaBHUMETPUU
MIO3BOJISIFOT IIOJTy4aTh KOPPEKTHBIE PEILIEHUS U ONPEAEIATh aHOMAJIbHbBIE ITIOTHOCTHBIE TapaMETPhbl
M3y4aeMbIX TTyOMHHBIX 30H 36MHON KOpBI. B pe3ynbrare nHTEpnpeTaiy BbIICIEH MPOTHKEHHBIN
CyOMepHuIMOHANBHBIN OJIOK 36MHOUM KOpbI oHMKeHHOU ioTHOcTH (0.2—0.3 r/emd). [Ipumenenue
NapaJuleIbHBIX AJITOPUTMOB IPU PELIEHUH 3a/1ad TPAaBUMETPUN YMEHBIIIAET BpEMs CUETA.

Pabora BeimosiHeHa npu (pUHAHCOBOM mozepx ke Ypaiabckoro otaenenus PAH B pamkax
Wuterpaunonnoro npoekra Ne 09-M-15.

Cnucox rumepamypul
1.  Mapreimko I1.C., Kokmapos I.E. O6 ompenereHuu MJIOTHOCTH B CJIOUCTOM cpene o
rpaBUTaMOHHBIM AaHHbIM // ['eodusnueckuii xypHan. 2005. T. 27. Ne 4. C. 678—684.
2.  Bakushinsky A., Goncharsky A. Ill-Posed Problems: Theory and Applications. London:
Kluwer Akademic Publishers. 1994. 256 p.
3.  Axumona E.H. IlapamnenbHble aaropuTmbl pelIeHHs OOpaTHBIX 33734 TPAaBUMETPUH U
marautomerpuu Ha MBC-1000 // Bectauk HHI'Y. 2009. Ne 4. C. 181—189.
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T'eoghuzuueckas obcepeamopus «bopok» —
Gunuan Unemumyma uzuxu 3emnu um. O.FO. IlImuoma PAH, noc. bopox, Poccus

Borok Geophysical Observatory was created as an experimental base of the Schmidt
Institute of Physics of the Earth to carry out natural observations of ultralow-frequency
geomagnetic pulsations. The continuous observation data allowed to solve problems of solar-
terrestrial physics and to develop methods of near-earth gas-plasma shells diagnostics. Currently the
continuous geomagnetic observations are amplified with measurements of geomagnetic variations
and the main magnetic field, including absolute magnetic measurements. The Borok Geophysical
Observatory participates in the international programs of geomagnetic observations
INTERMAGNET and SAMNET. Permanent growth and modernization of the measuring complex
are focused, first of all, on the continuous measurements connected with atmospheric electric
processes and necessary to solve a fundamental problem of global electric circuit running. The
observation data in near real time mode comes via local data logging network to the database of the
mid-latitude Borok Geophysical Observatory, accumulating the data of continuous observations of
geomagnetic fields, telluric currents, atmospheric electric field, atmosphere electric current density,
some meteorological and aerodynamic parameters of the surface atmosphere and the planetary
boundary layer.

I'eopusnueckas odcepBaropusi «bopok» [58.03N, 38.97E] (I'O «bopok» N®3 PAH)
CO3/aBajlaCh B KAaueCTBE JKCIEpUMEHTaIbHON 0a3pl MHcTHTyTa pusmku 3emiu Ui MPOBEACHUS
HATYpHBIX T€OMAarHUTHBIX HAOMIOJEHUN YIBTPAHU3KOUACTOTHBIX MYNbCAUA MArHUTHOTO TMOJIS
3emnu. K HactosimiemMy BpeMeHH OOCEpBAaTOPCKHE T€OMAarHUTHBIE HAONIONEHUS JIOMOTHEHBI
M3MEpPEHUSIMH TEOMArHUTHBIX BapHalllii U TJIaBHOTO MAarHUTHOTO TOJS, BKJIIOYas aOCOTIOTHBIE
MaruuTHble u3MmepeHus. ['O «bopox» NP3 PAH yuacTByeT B MEXIyHapOIHBIX INporpammax
reomaruuTHbIX HaOmromenuit SAMNET (http://spears.lancs.ac.uk/samnet) u INTERMAGNET
(www.intermagnet.org).

HenpeprsiBHOE pacimiupeHre ¢ MOJAEPHH3AIMs  00CEpBATOPCKOTO  M3MEPUTEIHHOTO
komiuiekca [1,2] opueHTHpPOBaHbBl, B YaCTHOCTH, Ha TMOJYYCHHE JAHHBIX HEMPEPHIBHBIX
HAOIOICHUH, CBSI3aHHBIX C aTMOC(EPHBIMU IIEKTPUYECKUMHU MPOIECCAMH U HEOOXOIUMBIX IS
pemieHus: GyHAaMEHTAIBHON NpoOsieMbl GOPMHUPOBAHUS TTI00ATBHOM dNeKTpuyeckoil ueru [3, 4].
Cxema uzmepurensHoro komiuiekca 'O «bopox» D3 PAH npencrasnena Ha puc. 1.

Tpu KOMIOHEHTHI TEOMAarHUTHOTO TOJS M TOJHBIA BEKTOP TE€OMAarHUTHOTO TMIOJIS
PETUCTPUPYIOTCS BEKTOPHBIM TPEXKOMIIOHEHTHbIM MaruutomerpoMm (paspemenune — 0,1 HTn,
nuHamudeckuid auana3zon — 2000 HTo, nonoca nponyckanusi — 0—1 ') U cKalsipHBIM MPOTOHHBIM
marautomerpom (pasperienue — 0,1 HTn, uHTepBa)l M3MEpeHUit — 1 MUH) MPOU3BOACTBA (PUPMBI
GEOMAG (®panums), GyHKOMOHHPYIOIIMMH B  paMKax MeXIyHapoaHOW IpOTrpaMMbl
INTERMAGNET [5]. OcCHOBHBIM JaT4MKOM Bapualii MarHMUTHOTO TIOJIA  SIBJISICTCS
tpexkomnoHeHTHbl fluxgate-maruutomerp (paspemenne — 0,1 HTn, uHTepBan BbIOOpKH — 1 ¢)
marautoMmerpudeckoi cranmuu cetht SAMNET. MHAayknuMoHHbIE MarHUTOMETpbl (YaCTOTHBIM
muana3zoH 0,001 — 3T'u, ypoBenp myma Ha yacrote 1Im — 0,5 nTn/Fullz), pa3paboTaHHbIE B
Wuctutyte Qusnku 3emid, MO3BOJSIOT PETUCTPUPOBATh YABTPAHU3KOYACTOTHBIC MYIbCAIIMH TPEX
KOMITIOHEHT T€OMAarHUTHOTO TMojsl. Tpu KOMIOHEHTHI TEITYPHUUECKUX TOKOB HU3MEPSIOTCS C
UCIIOJIb30BAaHUEM TeOBOJIbTMETpa (moporoBass d4yBcTBHUTEIbHOCTH ~ 0,01 MkB/M, dYacTOTHBIN
muarnazoHn — 0,001-31'm) ¢ mapaMu  CBHHIIOBBIX JJIGKTPOJOB B JBYX TOPHU30HTAIBHBIX
TPEXCOTMETPOBBIX 0A30BBIX JTMHHIX U YETHIPEXCOTMETPOBOU BEPTUKAIBHOM CKBAKUHE.
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Teomacnummuvie uzmepenus Ammocgepnoe Inekmpuuecmeo
BexTopublit MarauTometp Intermagnet Hx v,z |3 ) (1 | Puastps — ToKOBAS AHTCHHA iz
o Intermagnet  |H > < :_ | DIeKTPOCTaTUYECKU I
CkamsipHblii MarauTOMETp I Nntermagne 1 1 | Punsrps Q— dmokemerp Ez
JI
Maruutomerp Samnet Hx vz 3 N A PaoHoBast cTanms | | AKTHBHOCTb PajloHa,
H 5 “CPC-05" \_ 4 TeMIeparypa,
u BJIXKHOCTh
W HIyKIIMOHHBIM MarHUTOMETP H x 1 |\ 1
Memeoponozuueckue usmepenusn
K =
W HAYKIIHOHHbINA MATHHTOMETP Hy 1) 0 1 | ©umstpst —<|7 Kuarocroit
M MHKpoOaporpad
W HIyKIIMOHHBIM MarHUTOMETP Hz 1 > M [Tupanomerp
v 1 “CMII-3”
H Temmepatypa,
WHayKinoHHBI MATHUTOMETD Hi| 1 n JIaBJICHUE,
Mereoctannus [/
K [ 6 > . 6 BIIQXKHOCTB,
Teanypuueckue moku A WS 2500 \ HaIpaBJICHUE U
10 CKOpPOCTB BETpa
Hatuuk E x 1 "
S A A Temnepatypa,
u 5 MerteokoMILIeKe 5 - a;xi o C};lz
Harunk E v 1) \l_ Meteo-2M N CKOpOCTB BETpa
I = :> <z . . - /l—3 AKycTHYeCKHe
arunk E 7 1 CIIDE O N—] AHTEHBI

Puc. 1. I3mepurensubiii komruieke ['O «bopoxk» MD3 PAH.

JUiss  HempepbIBHBIX ~ HAOMIOACHUH  BEPTUKAJIBHOH  KOMIIOHEHTHI  aTMoc(epHOro
ANEKTPUUECKOTO TIOJIS UCTIONIB3YETCS AIIEKTPOCTATHYECKUI (IIIOKCMeTp (AMHAMHYECKUI Iuana3oH
JUIsL TOCTOSIHHOTO AJieKTpudeckoro nois ~ 80 1b, ypoBeHb IIyMa 3JIEKTPHUYECKOTO MO Ha 4acToTe
1T - 0,1 B/I*?), pa3pabortansbiii B MHcTUTYTE QM3nku 3emnu. BepTHkalbHbINH TOK NMPU3EMHOM
aTMocdepbl HM3MepsieTCss TOKOBBIM KOJUJIEKTOPOM € TOKOCOOHMparomeld aHTeHHOW B Qopme
pasoMkHyTOro Kojibla (nuamerp — 300 M, neiicTByromasi BeicoTa — 4 M, 3((eKTUBHAs IUIOIMAAb ~
2500 M2, qyBCTBUTEIBHOCTH ~ 0,1 mA/M, muHamMuyeckuii auana3on ~ 0,1-1000 mA/m).

JUITENbHYI0 TMPEIU3MOHHYI0 PETrHCTpanuio WH(OPa3BYKOBBIX Bapualuil  JaBJICHUS
obecrieurBaeT JKUAKOCTHONH MukKpoOaporpad (dayBcTBUTEIBHOCTH — 16 MB/(mr/eM®), npeiid
AJIEKTPOHHOM cXeMbl — He Oojee SMB/°C B TeueHue moirydaca, BHIXOAHAS YyBCTBHUTEIBHOCTH ~15MB)
pa3pabotanublii B UHCTUTYTE QU3UKH 3eMIIH.

OGbeMHast aKTHBHOCTD PaIHOAKTHBHBIX Ta30B pagoHa (“2Rn) u topona (*°Rn), kak ogHux
U3 OCHOBHBIX HMOHM3UPYIOUIMX (AKTOPOB B MPHU3EMHON aTMmocdepe, m3Mepsiercss celicMHuecKon
pamonoBoit craniueit «CPC-05» (amanazon wusmepenuit — 20-20000 BK/Mg, BpeMs OJIHOTO
usmepenus — 30 mun) npousBoacTBa OO0 «HTM—3amuTa» (MockBa).

[ToBepxHOCTHAs ~ MJIOTHOCTh  IOTOKA  COJIHEYHOTO  H3IYYEHHUS  PETUCTpUpyeTcs
nupanomerpoM «CMP-3» (ciekrpanbhbiii quanazon — 300-2800 uM, nmanazon m3mepenuit — 0—
2 kB1/m%) mpoussozctaa pupmsr «Kipp & Zonen».

M3mepeHnss MeETEOpOJIOTHYECKHX MapamMeTpoB (aTtMocepHOe AaBJICHHUE, BIAXKHOCTB,
TEeMIepaTypa, CKOPOCTh BETpa) NPOBOAATCA Tpu momomm MeTreoctaHuu «WS-2500» u
yIBTPa3BYKOBOTO MeTeokoMmIuiekca «Meteo-2M» mpousoiactBa MOA CO PAH (mmamazon
u3MepeHus Temnepatypsl Bozayxa ot —40 o +50°C, ¢ tounoctsio £0,3°C; ckopoctu Berpa — ot 0,2
no 30 m/c, ¢ Tounocthio *0,2 M/C; OTHOCHUTENBHOU BiIaxXHOCTH Bo3ayxa — oT 10 mo 98%, c
touHocThio +5%; armocdepHoro maenenus — ot 80,0 mo 106,7 klla, ¢ tounocthio +0,3 klla).
[TporpammHoe o0ecrieyeHre METEOKOMILIEKca obecrieunBaeT yactoty coopa ~10I'1 u mo3Bosser B
pPEKHUME PEalbHOTO BPEMEHHU PACCUMTHIBATH TapaMeTphl TypOyJIE€HTHOCTH MPU3EMHOM aTMOCHhEPHI.
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BricoTHBII TpoMIb TpeX KOMIIOHEHT CKOPOCTH BETpa BOCCTAHABIMBACTCS 10 U3MEPEHUSM
aKyCTHYECKOTO JIOIUIEpPOBCKOro Jokaropa (comapa) «Bomna-3» mpomsBoactBa MOA CO PAH.
JlnamnazoH BBICOT aKycTH4eckoro 3oHaupoBanus — oT 50 M mo 800 M, paspemieHre mo BeICOTE —
20 m. Pabouas yactota comapa — 1700 ', tuana3zon uaMepenust cpeHeit ckopoct Betpa — ot 0,3
1o 20,0 m/c ¢ morpemHocThIO H3Mepenus 0,3 M/c mo BennunHe U +3° 10 HApaBIEHUIO.

Bce nepeuncnennbie mpuOopsl paboTalOT B MOJHOCTHIO aBTOMAaTHYECKOM pekume. JlaHHbIe
HAOMIOEHUI € M3MEpPUTENBHOIO O00O0pYIOBaHMS MOCTYMNAIOT HA BBIIACICHHBIE KOMIIBIOTEPHI
(cuctembl cOOpa TaHHBIX), OCYIIECTBISIOIINE COOP U MIEPBUYHOE HAKOIICHUE TAHHBIX B IU(PPOBOM
Buje. CucreMbl cO0pa JaHHBIX 00OBEIMHEHBI B JIOKAIBHYIO CeTh cOOpa JaHHBIX, B KOTOPYIO TAaKKe
BXOJSIT KOMIIBIOTEp apXMBallUM JAHHBIX M cepBep ©0aszpl ganHbix ['O «bopox» N®3 PAH
(http://geobrk.adm.yar.ru). AmnmapaTtHoe W HpOrpaMMHOE OOCCIICYCHHE JIOKAILHOW CeTH cOopa
JAHHBIX U 0a3bl JAaHHBIX, CPEACTBA U METOIbI 0OPabOTKM MAHHBIX Te0()U3NYECKUX HAOIIOACHHIMA
HANpaBlCHbl Ha TIOJIyYCHWE WHTETPAIBHBIX XapaKTePUCTHK Teodu3nueckux moiei [6-9].
[TocnennuM mpuUMepoM B OSTOM HANpaBlICHHH, CBS3aHHBIM C IPEACTABICHUEM JAaHHBIX
re€OMarHUTHBIX HAOJIOJCHUH, CIYKUT pa3paboTKa Mporpamm Juisd pacueTa aHajJoroB K-HHIEKCOB
rE€OMarHUTHON aKTMBHOCTH MO pe3yibTaTaM HaOJIOJCHUN BapHalUi I€OMAarHUTHOTO IMOJS U HMX
npezcraBicHus Ha Web-caiite 6a3bl qanHbix ['O «bopox» ND3 PAH [10].
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YK 519.863
MATEMATHUYECKOE MOJIEJIMPOBAHUE CILIAMHOM
®YHKIIUOHAJBHO-®PAKTOPHBIX YPABHEHUI HEJIMHEMHOM PETPECCHUH
B.A. Aumonos , (343)350-37-09, Antonov@igduran.ru
HUnemumym eopnoeo oena YpO PAH, ¢ Examepunbype, Poccus

The technique of dimensional mathematical modeling of difficult geophysical objects and
processes by a spline of the functional-factorial equations is presented regress. The practical
example of modeling of a seismic cut is resulted.

AHHOTAINA

IIpencraBiena MeTOAMKAa JBYMEPHOIO MAaTEMaTUYECKOIO MOJECIUPOBAHUSA  CIIOKHBIX
reopu3nYecKux OOBEKTOB M TPOILECCOB CIUIAHHOM (DYHKIIMOHAIBHO-(DAKTOPHBIX ypaBHEHUH
perpeccun. [IpuBeneH NpakTUYECKU IpPUMEpP MOACINPOBAHUS CEUCMUUYECKOT0 pas3pesa.

ITocTpoeHre eauHOro ypaBHEHMS IBYMEPHOM PErpecCUd IO MHOTOYMCICHHBIM Y3JIOBBIM
TOYKaM, 3aJ]aHHBIM Ha NPOTSHKEHHOM Mpoguie, MOYTH BCEra 3aTPyIHEHO H3-3a JeHCTBHS Ha
OTJENBHBIX €ro y4acTKaX pa3HbIX BIMSAIOUIMX HA PErpeccuro MPUPOJHBIX (akTopoB. B Takmx
CUTyallUsIX  PErpecCUI0  MPEIACTABIAKT  CIJIAHHOM  OTHOCUTENBHO  IIPOCTBIX  YPABHEHHUH,
MIPOBEICHHBIX HA OT/EIbHBIX HHTEepBaNax rnpoduis. Mcnoap3oBaHue i 3TUX LEIeH MOTMHOMHBIX
CTENICHHBIX yPAaBHEHHMU C IIEJIOYHMCICHHBIMH IIOKA3aTeNIIMU CTENeHH (HanmpuMep, KyOW4ecKuXx)
Hea(pPEeKTUBHO, TOCKOJIBKY OHHM B HIMPOKHUX 00JACTAX MHTEPIOJSIIIMUA U SKCTPATIOJIALUN 00pa3yroT
JI0’KHBIE ITUKOBBIE OCLUIIALMH, HCKaXKAIOUIUE UICKOMYIO PETPECCUIO.

Cozlanne JO0CTOBEPHBIX CIUIAMHOBBIX MOJENEH BO3MOKHO Ha OCHOBE IIPUMEHEHUS
JIBYMEPHBIX (bYHKIIMOHATBHO-(DAaKTOPHBIX YpaBHEHUU HEJIMHENHOMN perpeccuu c
caMooTpeIeNIoIMMUCS napamerpaMu (ypaBHeHUI HenuHEHHOM perpeccun, Tpenao OCII) [1], B
KOTOPBIX BIMSHHUE YMOMSHYTHIX (paKTOpOB yuuThIBaeTcs. [10100HBIE CIIOKHBIE MOJIENN HAa30BEM
crmaitnamu @CII. Ilpu obpasoBanuu craitna OCII BBIMONHAIOTCA YCIOBHS MX a/€KBaTHOCTH,
OJIHO3HAYHOCTH U HenpeprIBHOCTU. CocTaBiieHUE CIlIaiiHa IPOBOJUTCS B IBE CTa/IUU.

Ha nepBoii craguu npoTspkeHHBIH Npoduiab pasnenseTcs Mo apryMeHTy X y3JI0BBIX TOUYEK
Ha UHTEpBaJbl, B KOTOPHIX COXpaHAETCS JEHCTBHE OJHOTO WM HECKOJIbKUX KaKHUX-THOO
OpUPOJHBIX (hakTOpoB. B kaxk1om uHTepBane AXi MO COOTBETCTBYIOIIUM (AKTOPHBIM (YHKIUSAM
cTpoutcsi ypaBHeHUe perpeccur Y. CMexHble uHTepBaibl AX U AXi+1 YaCTMYHO HAKJIAJbIBAIOTCS
JpyT Ha Jpyra Tak, 4YTO BHYTPH, MEXIY UX IPaHULIAMH, 00pa3zyercst yuacTok AXy, mepeceueHus, T.
€. COBMECTHOro JeHcTBHs ypaBHEHUH Yi U Yi+1. Takoll y4acTOK MOKET pacmoJiaraThCsi MEXIY
Y3JI0BBIMU TOUKaMU WM COAECPKATh OJHY WU JBE U3 HUX.

B Tex cnyuwasx, xoraa (yHKIMOHaJIbHBIE BBIPAKEHUS HMHTEPBAIBbHBIX (DAKTOPOB U HX
pacrpocTpaHeHre 1o ocu X 3apaHee HEM3BECTHBI, MPOBOIUTCS CIEAYIOIAs Mpoleaypa moadoopa
ypaBHeHMi perpeccuid. Ilo TpeOoBaHMIO MX aleKBATHOCTH BapHAlMsAM IOTPEIIHOCTH, ¢ KOTOPOM
3aJlaHHbl 3HAYEHUs 3aBUCUMOM BEJIMYMHBI B Y3JIOBbIX TOYKAaX, YCTAHABIMBAETCA HHTEPBal
JIOTTYCTUMBIX 3HA4YE€HUH Kod3(dulneHTa neTepMUHALMK aJICKBAaTHBIX YPAaBHEHUH OT HU)KHETO R’
JI0 BEPXHEro R, Y3II0BBIE TOUKH pa3ziessioT Ha BBIOOPKH, pacloJIOKEHHbIE B MOPSAKE pocTa
aprymenTa. Kaxnas Beibopka oOpa3yeTcs Kak OCTaTOK, MOJIYYaIOMIUNCS MOCIe MOCIeA0BaTEIEHOTO
yYOAJIEHUs Y3JIOBBIX TOYEK, MPOBOAMMOIO OT KpaHEW TOYKM CIIpaBa, IO TE€X IOp, IOKa II0
OCTaBIIMMCSl Y3JIOBBIM TOYKaM He OyaeT mojoOpaHO HMHTEpBAJIBHOE aJEKBATHOE YPaBHEHHUE C
JOMTYCTUMBIM KO3(PPUIIMEHTOM JIeTepMUHALIHY.

Bo BrOpoii craguu Ha ydactkax AXpx IPOBOJUTCS CONPSDKEHUE UHTEPBAJIbHBIX PErPECCH.
ITpu 3TOM monaraeM, 4To MO MEpE YBEJIMUECHUS 3HAUYECHUHN X, HAXOIAMXCSA BHYTPU ydacTKa AXy ,
neiictBue (pakTOpOB, paCIpPOCTPAHEHHBIX HA HETO CIIEBA, JIOJDKHO YObIBATh, a, paclpOCTPaHEHHBIX
cnpaBa, — Bo3pacTarh. JlaHHOE MOJOXKEHHE peanusyeTcs JHHEWHOW BecoBol ¢ynkuueil. C ee
YUYETOM COIpPsDKEHHAst perpeccus Yy, «+1 pacCUUThIBAeTCs 10 hopmyIe

X=X X = Xy
k+1
ka -X (k+1)71 ka - x(k+1)J1

Yk,k+1 = Yk
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rae Xuo+yn, Xen — JI€Bass U nIpaBas rpaHunbl ydactka AX. Ilo mepe pocra xoopaunatel X,
NpUHAAISKAIEH ydJacTKy, Bec ypaBHeHHMsA Y, ymeHbmaercs oT 1 nmo O, a ypaBHeHUS Yis1
yBenuunaetcs oT 0 1o 1. ITocpenune 3Toro yyacTka Beca ypaBHEHHH OJJMHAKOBBIE M COCTABJISIIOT
0,5.

D¢ hexTUBHOCT npuMmeHeHus  cmaitna OCII IO ATBEPIKIAETCS IIPUMEPOM
MaTeMaTHYeCKOTO MOJICTUPOBAHMS IMHUM KOHTAKTa 0CaJJOYHON U MarMaTHYECKOW TOPHON OPOIbI
B CJIO’KHOM T'€0JIOTO-CEHCMUYECKOM pa3pese, oka3aHHOM Ha pucyHke 1. [lepemerienue u cMmsarue
TOPHBIX MOPOJ Ha JaHHOM pa3pe3e OOYCIOBIEHO H30BITOYHBIM TEKTOHHYECKHUM JaBlICHHUEM U
OOKOBBIM CXKATHEM, BOSHHMKIIUX B PE3yJbTaTe IIyOWHHBIX Pa3IOMOB U CIBUIOB. Y3JIOBbIE TOUKU
(Xi, Hi), mo KoTopbIM TpOBEAEHA PErpeccusi, ONPEICNICHbl SKCICPHUMEHTAIBHO W3MEPCHHBIMU
TOPU30HTAIBHBIMUA M BEPTHUKAIBHBIMUA KOOPJIWHATAMU 3JIEMEHTAPHBIX IUIOMIAZ0K CEHCMHYECKOTO
OTpa)KeHHsl, IPOUCXOJIAIIETO Ha KOHTAKTE OCAI0OUYHBIX U MarMaTU4eCKUX MOPOJ. 30Ha KOHTAKTA I10
(akTOpHBIM NPU3HAKAM IUIMKATUBHBIX W JM3BIOHKTUBHBIX JMCIOKAlLMM, pa3/ieleHa Ha 4YeTbIpe
MHTEpBAaJIa.

[lepBeiii uwHTEpBan [2, X>], pacnonoKeHHbI OT Hauyana npodumias no pazaoma Wo,
OXBaThIBAaeT 00JacTh Mporuda 30HBI KOHTAKTA, OCJIOXHEHHOW JIOKAJIM30BAaHHBIM BHYTPEHHUM
paznomom W;. ITonarasi, 4to mporu6 MoxeT ObITh BBIPAXKEH HKCIOHEHIMATBHON (QyHKIMEH, a y3Kas
CKJIaJIKa pa30pOocaHHBIX OpeK4Mii, BHEJpEHHas B MHTPY3UIO B 30HE pa3noma Wi, COOTBETCTBEHHO,
(byHKIIMEH HOPMaJIBHOTO paclpe/iesieHus], BBIOepeM Ui OTMCAaHUsI perpeccuu ypaBHeHue H

(x—x)?

X A YT A
B 202 +Bl'

Lt
e
oV2mn
Bropoii unTepBan [Xi, Xi] oxBaThiBaeT CHUCTEMY aCHMMETPHYHBIX CKJIaJJOK KOHTAKTHOM
30HBI, pacrnoyiokeHHoH Mexay pasinomoM W; u casurom Ws. Takas xoHdurypanusi KOHTaKTHOH
JUHUM C KPYTBIM JIEBBIM CKJIOHOM OIIMCBIBAaeTCS MOJMHOMOM Hy ¢yHKIuMil cMemeHHoro

ACCUMCTPHUYHOI'O PACHpCACIICHHUA.

x —x M x -x M2
H,=A (X—Xol)-al01 +A (X—on)-az02 +BZ-

Tpetuit untepBan [Xs3, Xs] BkatodaeT B ceOsi 30HY, MPHJICTAION[YI0 K TEKTOHHUYECKOMY
cnsury W3. IHTepBanbHyI0 perpeccuio Hs nmpeactaBuM nepexo1HON KBa3UCTYIIEHYAaTol (yHKIMeH
C IIPOU3BOJIbHBIM HAKJIOHOM CTYIIEHEH

i=7
A z A, (X = Xo)

= B, (X —Xo) . 200( X —X0)
1+ e (-1 (XX 3y

H

+ Bj.
14
YerBepthiit uHTepBas [Xs, 9] comepuT 00MacTh ¢ TpeMsi MOHOTOHHOCTSIMH TJIQJKUX U
YMEpEeHHBIX HM3TH00B cKiamuaroil 30Hbl. Ilomaras, yro aeiicTBue (hakTopoB ee (OpPMHPOBAHHUS
BBIPAXKAETCSl CTENEHHBIMU (YHKIMSAMH, 3aJaJdM HHTEpBAIbHYIO perpeccuio Hi cienmyromum
IIOJIMHOMOM
H,=Ax"3.Ax"4 A x"5.B .
8 9 10 4

B 3amaHHBIX BbIINIE WHTEPBAJIBHBIX (YHKIHOHAIBHO-(AKTOPHBIX YpPaBHEHUAX PETrpeccuu
MOKa3aTelld CTENeH! [, KOAPPUIUEHTH 3 U G, OCHOBaHUS d, PUKCUPOBAHHBIE KOOPIUHATHI X, X,
CaMOOTIPENICNIAIOTCS, T. €. PACCUUTHIBAIOTCS Hapsiay ¢ kodpdummentamu 4 u B. ns pacuera
UCTOJb30BaHa KomibioTepHass nporpamma s OBM «Tpennst @CII-1» [2], pa3paboranHas B
Wucturyre roproro aena YpO PAH. IloctpoeHHble 3TOH IporpaMMoil KOHKPETHBIE ypaBHEHUS
npezacTaBieHbl B Tabmuie. OHM ¢ J0BEpUTENbHOM BeposATHOCTHhIO 0,9 SABISIOTCS aJeKBaTHBIMU
MIOTPEIIHOCTH, C KOTOPOM NOJy4eHbI 3HaueHus Hi.

ComnpskeHne MHTEPBAJIbHBIX YPaBHEHUH IIPOBEIEHO HA TPEX COBMEILEHHBIX ydacTKax, /e
CMEKHbIE MHTEpBaJbl YAaCTUYHO IEpeKpbIBaloTca. YpaBHeHus Hi; m H coenuHeHbl Ha y3kom
uHTepBaie [Xi, X2] B OKpECTHOCTSX y3JI0BO# TOYKH, Jiexkanied Ha pa3inome Wa, MMOCKOJIBKY B 3TOM
TOUKE JelcTBUE (AKTOPHBIX (GYHKUMH M HampaBiICHUE JIMHUM CMEXKHBIX PErpeccuil pes3Ko
ornuyaerca. CoelMHEHNE ypaBHEHUN acuMMeTpU4YHOro Hy u kBazuctyneH4yaroro Hz mpoBeaeHo Ha
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yuactke [X3, Xi], comeprkaiiiem Tpu y3JI0BbIe TOYKH., @ ypaBHEHUI H3 ¥ TOJIMHOMHOTO CTEIIEHHOTO
Hs — Ha unTepBane [Xs, Xs], pacnonokeHHOM MEXIy IByMS y3IOBBIMU TOUYKaMu. Ha 3THx yuacTkax
Pa3sHOCTh MEPEKPHIBAIOIINXCSI MHTEPBAIBHBIX PErpeccuii HEBENIMKa, YTO 00ECIeYrBaeT MJIaBHOCTD
compspkenus. OOpaszoBaBmmiics mocie conpspbkenust crutadin @CII mpoBenen Ha pucynke 1
crutomHoM muHUel Hi, Ha, Hs, Ha, moka3siBatomieil mosoxxeHne Ha reojoro-ceiicMUuYecKoM pa3pese
BEPXHEH I'PAHULIBI MArMaTUYECKON UHTPY3UH.

2 3 4 5 6 7 8 9
0 ; ; ; ; ; ;

SV

H, KM : N
Xy Xz

X3 X4 Xs Xs
- OcanoyHble TOPHBIC TOPOIBI; - MarmaTudeckrie HHTDV3HH, |:| - JInann
TEKTOHUYECCKMX CABUIOB M PA3JIOMOB, El - DeMeHTapHbIC IUIOMAIKH CEHCMUYSCKOTO OTPAXKECHUS,
@ - HanpaBieHust H30BITOYHOIO TEKTOHUMYECKOrO IaBIICHUS.
Pucynok 1 — T'eomoro-celicMuueckuii pa3pe3 KOHTAKTHOM 30HBI
0CaJOYHBIX © MarMaTU4YeCKUX TOPHBIX MOPOJI.

Ta6nnua - Mogems crinaitna @CIT mpohHIbHON TpaHUIEI MATMAaTHIECKON HHTPY3HH

WnTepBansl ,
DopMyIibl perpeccuu R
poQuIIs, KM
I/IHTepBaJ'ILHBIe YPpaBHCHUA
(x-31277)?
0,2703 00872
[2. X H, =-0,00016 - 2113 X _ 2202 o 200877y 4p75 0,9935
008727
0,5671
H, = 21,0392 [(x — 4,2867) 38,364 42867 — X ] +
[X1, X4 0,9903
4,9245
+ 28,4254 [(x — 4,2001) -1,6998 42001 — X ] — 6,639
0,6139 1,2489 (X —6,4942) 0,1185(X —6,4942)
[Xs, Xe] H; = - - —2,4586 | 0,9954
30,9474X — 6,4942) 253,1646(X — 6,4942) — 2531646 X — 6,4942)
1+¢€ +€ +€
[Xs, 9] H, =1,7950421%577985132:10%2 . X 100 _7.3314.10725. X 255143, 7 98161077 . X 67135 _2 8992 | 0,9948
COprDKeHI/IH HWHTCPBAJIbHBIX ypaBHeHI/If/’I
X, X3] [Xs, X4 [Xs, Xe]
_ - N X —X Xg - X -
Hi,=H, X2 XJerx %1 H23:H2X4 X+H3 : Hys=Hz;° +H4X Xs
X2 =Xy X2 =Xy ’ X4 — X3 X4 = Xg ’ Xg = X5 Xg = Xg

JlaHHBII IpUMEp MO3BOJIAET YTBEPKAaTh, UTO ciuaiiHbl @CII MOTyT yCnelHO NPUMEHSTHCS
IPU MOJETUPOBAHMM TPAHUIl CIOXKHBIX MO KOHQUIypaluu PyIHBIX TeNl JaXe B TEX YCIOBUSIX,
KOrJla CETh Y3JIOBBIX TOYEK HEPETYJIsIpHA M HMMEIOTCSA LIMPOKUE HUHTEPBabl WUHTEPIOIALUUA U
JKcTpanoysnuu. MXx mnpuMmeHeHue [aeT BO3MOXHOCTh Ka4eCTBEHHO OLICHUBATh I1apaMeETphl
3ajieraHysl Fe0J0rMYECKUX 0OBEKTOB U 3aMlachl B HUIX MMUHEPAIBHOTO CHIPbS.

1. AHTOHOB

B.A.

IlocTpoenue

Crincox nureparypbl
MHTEPIPETAUOHHBIX

YpaBHEHUN  pErpeccun ¢

CaMOOIPEACTIAOINUMHUCA TTOKA3aTCIIAMU. / B.A. Anrtonos // I'eonnHamuka, FJ'IYGI/IHHOC CTPOCHUC,
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TEIUIOBOE IMoJie 3eMJIM, MHTEpIpeTanus reopu3ndeckux mnojeil. IIsaTeie HaydHble YTEHUs] MaMsTH
FO.I1. Bynamesuua. Matepuainsl. Exatepunoypr: UI'p YpO PAH, - 2009.- C. 17- 22.

2. AnTOHOB B.A. YpaBHEHUS HEMUHEHHON perpeccuu, TPeH bl IByMEpHbIe (PYHKIIMOHAIBHO-
(aKkTopHBIE C CaMOOTIPEEISIOIUMHUCS MapaMeTpaMu U TOBBIIIEHHOH J10cTOBEpHOCTHIO (TpeH/bl
®CII-1): nporpamma st O9BM / B.A. AntoHoB, M.B. fkosnes. ExarepunOypr: UI'J] YpO PAH, -
2011.
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YJIK 519.863
O JTOCTOBEPHOCTH ®YHKIIMOHAJIbHO-®AKTOPHBIX YPABHEHUI
PETPECCHUHU C CAMOOIIPEJAEJAKOINUMUCSH TAPAMETPAMHA
B.A. Aumonos, (343)350-37-09, Antonov@igduran.ru
Hnemumym eopnoeo oena YpO PAH, e Examepunbype, Poccus

It is considered theoretically and on practical examples new criterion in estimation it is
authentic the regress equations. The criterion is based on conformity of deviations of regress from
for-given for its construction of points to an interval of a dispersion of their reproducibility,
established with the accepted probability.

AHHOTAIMA. PacCMOTpPEH TEOPETUUECKU U HA MPAKTUYECKUX NIPUMEPAX HOBBIM KpUTEPUH B
OIICHKC NOCTOBCPHOCTU YpaBHCHHSA PETPCCCHUU. KpI/ITepI/Iﬁ OCHOBaH Ha COOTBETCTBHUHU OTKJIOHEHUH
perpecCuun OT 3aJaHHBIX IOJI €€ NOCTPOCHHUA TOUCK MHTCPBAITY AUCIICPCUN X BOCIIPOU3BOAUMOCTH,
YCTAHOBJICHHOMY C HpHHHTOfI BCPOATHOCTBIO.

PerCCCI/IIO 4aCcTO MPUMCHAIOT IPU OMMUCAHUUN UCKOMBIX SaKOHOMepHOCTeﬁ, YCTAHOBJICHHBIX
Mo pe3yjibTaTaM J'Ia60paTOpHLIX NI IIOJIEBBIX TCO(I)I/IBI/I‘IGCKI/IX HSMCpeHHﬁ. Haunbomaee AOCTOBCPHO
OHU TpeICTaBiIAOTCS HenuHelWHbIMU  ypaBHeHHsMH DCII  (pyHKUIMOHANIBEHO-(aKTOPHBIME  C
caMoOoNpe/IeISIMMMUCS TapamMeTpamu) [1], T.k. yka3aHHble B HHUX MapaMeTpbl (QYHKIUH He
3a1ar0TCA  allpuopu, a 00BEKTUBHO pacCCUUTBIBAOTCA B XOAC OINTUMHU3ALUA ypaBHeHHfI.
I[OCTOBepHOCTB perpeccun BbIPAKACTCA aICKBATHOCTHIO IMOCTPOCHHOTO YpaBHCHHA NMOI'PCIIHOCTHU,
C KOTOPOM 3aJaHbl 3HAYEHHUS 3aBUCUMOM BEJIMUYUHBI B Y3JIOBBIX TOUKAX (Xi, Yi). AnekBaTHOCTb pu
0O0JIBIIIOM ux KOJIMYECTBEC YCTaHAaBJIMBAKOT CpaBHCHHUEM BBIGOpO‘-IHBIX ,[[I/ICHepCI/Iﬁ
BOCIIPOU3BOAUMOCTHU TAKUX TOYCK U OTKJIOHEHUM OT HHX JIMHUU perpeccun € MOMOIIBIO F-
kputepus. Ilo Mepe pocra yuTeHHBIX B perpeccuu (pyHKIMOHAIbHBIX (DAaKTOPOB YHUCIO CTEHEHEH
CBO6OIILI OCTaTOYHOH Bapuanmnu OTKJIOHEHHUU YMCHBIIACTCA. Yacto B SKCIICPUMCHTAJIbHBIX
UCCIIEI0OBAaHMSIX yIAeTCsl MOJMYyYUTh HeOobIoe KonumuecTBo (MeHbine 10-15) y3moBeix Touek. [Ipu
Takou CUTyalluu YUCIIO CTeIleHeH CB060,Z[BI o0 Bapuanusm OTKJIOHEHUH JIMHUU perpeccuun 6LICTp0
CTPEMUTCH K HYJIO, YTO MPUBOAUT K OT'PAaHUYCHUIO TPUMCHUMOCTHU F-KpI/ITepI/IH HJIK K TOMY, 4TO
OH CTAaHOBUTCS OOJIblIE TaOJIMYHOIO 3HAQUYCHUA, U MapaMETpbl YPABHCHUA OKa3bIBAKOTCA
CTaTUCTHUYCCKU HE3HAUYMNMbIMU.

YuuThiBasg BO3MOXKHOCTh IIOCTPOCHHs psifa pasHopakTopHbix ypaBHeHuin DCII,
npempraracTesda, € LCJIbIKO YBCIIWYCHUSA YYBCTBUTCIBHOCTHU, a TAKIKC HOOCTUXKCHUA 0oJjlee MOJIHOH
ONpCACIICHHOCTU U CIUHCTBCHHOCTU B O6Hapy)KeHI/II/I AOCTOBCPHOTI'O M3 HUX, CHUTATh AACKBATHBIM
C ,Z[OBGpHTCJILHOfI BCPOATHOCTBIO P YpaBHCHHE, KOB(I)(I)I/II_II/IGHT ACTCPMUHAIIUU KOTOPOTO HAXOAUTCA
B HHTCpPBAJIC 3HA4YCHUM KOB(I)(I)I/ILII/ICHTB. 3a,[[aHHOI7I ACTCpMUHALIUN R23, YCTAHOBJICHHOM B
COOTBCTCTBUU C BO3MOXHBIM H3MCHCHUCM JUCHCPCUHU BOCIIPOU3BOJUMOCTH Y3JIOBBIX 3HA4YCHUH Yi
3aBUCHUMOI BCJIMYNHBI, paCCUNTAHHBIM C YKa3aHHOI>'I BEPOATHOCTBHIO IO paCpCACICHUIO HI/IpCOHa.

Jucnepcuss BOCIPOU3BOJUMOCTH 3HaueHU Yi MokeT ObITh pasHoi: D, — paccuntaHHOI
HCIIOCPECACTBCHHO I10 BBI60pKaM PE3yJIbTATOB MHOT'OKPATHBIX H3MepeHHfI BEINYUHBL Y B Y3JI0BBIX
TOYKax HJIN I/I3MepeHI/II71 Ha 3HA4YUMBbIX i—I/IHTepBaJ'IaX apFYMeHTOB; DM - paCC‘lHTaHHOI}'I Ha OCHOBC
YiKE€ 3apaHcee U3BECTHOU H 3a,HaHHOfI MOrpCIIHOCTHU OTCYCTA 3aBUCUMOH BCJIMYMHBI, HAIIPpUMCEDP,
HpPIBeI[eHHofI B IMAaCIIOPTC UBMEPUTCIILHOTO CPCACTBA.
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3a71aB ypOBEHb 3HAYMMOCTH KPUTEpPHS O M ONPEICITUB KBaHTWIH o= /2, ap=1- /2,
MOJIyYMM C JTOBEPHUTEIBHON BEpOSTHOCTBIO P=1- o B ciywae aucnepcun D, nHTEpBan M3MeHEHUs
reHepanbHoi qucnepcuu ot _f . Dy go f . Dy , rue f — crenens cBoOOMBI B €€ pacueTe; qul,f ,quz,f -

Xayt Koyt
NPOLEHTHBIE TOYKHM pacnpeneneHus [lupcona. CooTBeTcTBEHHO, KOd(D(UIIMEHT 3amaHHON
JNeTepMHUHALUU R,? YPaBHEHUS PErPECCUU OIPAaHUYEH 3HAYCHUSIMU CHU3Y R%, CBEpXY R%,. Onn
n N _ n N —
2 200 -Y)’ 2 20

paccuuThIBaOTCA 1O (hopMyrnam R: =1 = Wope g 00 , TA€ N — KOJHMYECTBO
H

=

2 2

Xal,f . D\? Xaz,f ) DY

y3I0BBIX TOueK; Nj— KOJIMYECTBO H3MEpEHHH B KaXIOW Y3JI0BOM I-TOYKE WM B Mpeaenax
3HAYMMOTO I-WHTEpBajia apryMeHTOB; Yj— J-3HaueHHE BEIWUYMHBI Y B Y3JI0BOH I-TOYKe Wid B I-

UHTEpBaJie apryMeHTOB; Y, - CpelHee 3HadeHHe Y, pacCUMTaHHOE B y3JOBOW I-TOYKE WIJIH IO -
MHTEpBaIly apryMeHToB; D — nucrepcus cpeqHux 3Ha4eHui Y, .
B cnyuae nucnepcun Dy, Korga KOHKpPETHBIX JAaHHBIX [0 KOJIMYECTBY BOCIPOM3BEICHHBIX

M3MEpPEHUN HeT, BO3MOXKHO, 4TO BbINoJHseTcs HepaBeHCTBO Ni>25. Torma, nomyckas 4YMcIio
y3JI0BBIX TOYEK HE MeHee 4 U ycloBue iN_ >>n, OpumeM npubmmkenHo f =100. Ilpu stom
I

i=1
2 2
renepaibHast aucnepeus usmenserest o1 100-Dy no 100-Dy . 3neck yg 100, Yo 00— MPOLEHTHBIE
2 2 ! !
Xap100 Ko g,100
ToukH pacnpenenenus Inpcona npu sHausenmn f =100. B stux ycmoBusix kodhduuuentsr R, u
n n
100)°@,Y,)° 100)°@Y;)°
i=1 i=1 y
Xil,mo -n Dy Xﬁz,mo -n Dy
OTHOCHUTENbHAs MOrpelHocTh 3HaueHuit Yi; Dy — aucnepcus 3aBHCHMOM BEIMYMHBL, 3alaHHOM B
y370BBIX Toukax. OTMeTHM, 4TO HpoleHTHoe pacnpenenenue [lupcona mpu f=100 c BbIcOKOI

tounoctbio (R?=0,9976) ammpoKCHMUPYETCs CIEIyIONMM TIOJTHHOMHBIM CTEIICHHBIM ypPaBHEHHEM
@OCII

S -

2
R paccuutbiBaloTcst 1O  (hopmyrnaMm R, =1- —1-

3B

X% 100=26,87710, > + 241 5892- 0, %% + 32,7320 0,17~ 149,4109,
rie o — kBanTwib pacupenencaus (0 < oy <1).
Eciu B untepBaie R, < R* <R’ nocTpoeHo 6osiblie JBYX ypaBHEHHUI PErPECCHH, TO

JOCTOBEPHO aJIeKBATHBIM CPEAM HUX CUUTAETCS ypaBHEHUE, KOA(D(DUIHEHT AeTepMUHAIIUN
KOTOPOTO PACIOIOKEH OJIMKE K cezpe;u/me WHTEpBaJa [R23H , RZSB].

B ciyuasx, korma R < R%,, JMHHS PErpeccHy W3JHIIHE yIalieHa OT Y3JOBBIX TOUYEK IO
CPAaBHEHHMIO C JOIYCKOM, YCTaHOBJIICHHBIM C BEpPOSTHOCTBIO P IS TMOTPEIIHOCTH 3aJaHHBIX
3HayeHUH Yi. DTO MOXKeT OOBACHATHCA TeM, 4YTO (OpMysia YPaBHEHUS PErPEeCCUU COICPIKUT
HEBEPHO BbIPAKEHHBIEC (PAaKTOPBI, MJIM OHM YYTEHBI HEJOCTAaTOYHO, T. €. HEKOTOpbIE JEHCTBYIOIINE
Ha TpakTUKe (akTopsl B GopMylie HE OTpakeHbl. Takoe ypaBHEHHME HA3bIBACTCS HEIOCTATOYHBIM
no (aKkTOpHBIM (YHKUMAM JUIS JOCTIDKEHHSI aJIeKBaTHOCTU C TPHHATOM JIOBEPUTEIBHOU
BEPOSATHOCTBIO P U HE SBJISIETCS JOCTOBEPHBIM.

IIpy BHIMOTHEHMH HepaBeHcTBa R° >R%, NIMHHS perpeccHy MW3JMIIHE NPHOMIKEHA K
Y3JIOBBIM TOYKaM 10 CPABHEHHUIO C JIOMYCKOM, YCTaHOBJIEHHBIM JJISl MOTPEIIHOCTH 3HaueHui Y. B
3TOM ciy4dae (opMyia YpaBHEHHS PErpeccud COJCPXKUT (YHKIMH, HEBEPHO BBIpaXKAIOIINE
neiictBue (akTOpoB, WM OHM YUYTEHBI C M30BITKOM, T. €. JIEHCTBHE HEKOTOPHIX (PAaKTOPOB Ha
NpaKkTUKE HE MOJATBepkAaeTcs. Takoe ypaBHEHHME Ha3bIBAeTCS H30BITOYHBIM MO (DaKTOPHBIM
GyHKUIMAM I JOCTMXKEHUS AJEKBAaTHOCTU C TIPUHATOM JIOBEPUTENBHOM BEPOATHOCTBIO P.
I105TOMy, HECMOTpS Ha BO3MOXHO BBICOKOE 3HaueHHe Kod(duimenta R’ ero Tak ke Heb3s
CUUTATh JIOCTOBEPHBIM.
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XapakrepHble 0COOEHHOCTH H3MEHEHHS TPAHIYHBIX KOO(BHUIHEHTOB AeTepMuHaliy R, u
R, mokasausl Ha pucyHke 1. Yem Goiblire PHHSATAs JOBEPUTETbHAS BEPOSTHOCTD P 0OHAPYKUTH
a/leKBATHOC YPABHEHHE pErpPecCHH, TeM Oonbine pasHOCTh RZ,-R%,. IIpn  yMeHbLICHHE
HOF}Z)CLHHOCTI/I 3HadeHu# Yi KOd3PPUIUSHTHI Rng
u R%;, mpubmmKaoTes K eIUHUIE, a Pa3HOCTb
MEXIy HUMH — K Hymo. Crenyer 1o0aBUTH,
4To C  YBEIMYEHHEM  JIOBEpUTENIbHEH
BEPOSATHOCTH P yMEHBIIAETCS BEPOSTHOCTD
UCKJIIOYUTh U3 YUCIIAa aJeKBaTHBIX YpaBHEHHE,

R, R?
1,

' p, KOTOpOE  Ha  caMOM  Jejie  SIBIsIeTCS
Po> Py P, JOCTOBEPHBIM, U YBEINYUBACTCI BEPOSATHOCTH
0 OPUHATH 33  QJCKBATHOC  HEIOCTOBEPHOE
[lorpenHoCTh 3HaueH i Y, ypaBHeHue. [109TOMy ypOBEHb 3HAYUMOCTH Ol
Pucynox 1 - pexomenayetcs Boioupats ot 0,1 1o 0,4.
XapakTtepHble TpaQ UK U3MEHEHUS TPAHUIHBIX [Tpumenenne HPCIUIOKCHHOTO

perpeccun nokazaHo Ha npumepe 1. Ha

pucyHke 2 uzoOpaxkenbl y3noBbie Touku (Xi, Yi), (6=0,043, f=100), mo KOTOpHIM MOCTPOCHEI
crneaytomue Tpu noinuHomHbie crenennblie ypaBaenus OCIT Y(X) suna [1C CIIC.

Tun KonunuectBo . )
R Y gg%ggg}sx Maremarnueckoe Belpaxenue ypasHenuit 11C CIIC R
A-X(1) 1 Y = - 422,5452-X ~ 147" + 117,6516 0,7384
Y = 405,63204-X *%°"_ 4,38965-107°-X 134 -
A-X(p1, p2) 2 350.6819 0,80636
Y = - 9,702916463-10°%-X 764624864 _ 5 00092027-X
A-X(p1, P2, ta) 3 554349 0,87708
+ 0,00093864-X >*'%83 + 100,39
A

180 7Y Tnmst Tma A-X(pa, po), I[ByCTopoiIe}f:njszHMH KpI/ITepI/IHI:))
B e S SR duniepa ¢ BeposTHOCTBIO P=0,7
100 - o SBIISIIOTCA JBa ypaBHEeHUsT A-X(L1,

; W) u A-X(u, M2, Hg), YTO HE
Cod MIPUBOJIUT K €IMHCTBEHHOCTH B UX
)

50 - / \ BEIOODE. AJleKBaTHBIM 1o
JInnnu tina A-X(u) u tana A-X(pu, to, Us) npeajiaracMomy KpHUTEPHUIO
HC aJICKBATHBIC, HC TOCTOBCPHLIC X ABJIACTCA ypaBHeHI/Ie, JIMHUSA
‘ perpeccum KOTOpPOro € TaKOW Ke

0 10 20 30
BEPOSITHOCTBIO yAaJIeHa OT

PﬂcyHOK 2 - Jlunnn perpeccuun, NOCTPOCHHBIC 110 y3HOBLIX TOYEK Ha I/IHTepBaH,
VYpasaenusam [1C CIIC c pa3Ho# aieKBaTHOCTEIO.

OTPaHUYCHHBIA 3HAYCHUAMU O OT
0,04 no 0,046, 4T0 COOTBETCTBYET
UHTEpBAIY R? or R23H=0,7954 1o R23B=0,851O. JlocTOBEpHBIM, T.€. aJI€KBATHBIM TAKUM YCIIOBHUSIM,
SIBJISICTCSI JIMIIb OJTHO ypaBHeHHUE Thma A-X(|1, |2).

Vpaaennss OCII, a Takxke OIEHKAa WX aJeKBATHOCTH, PACIPOCTPAHSIOTCS TO OCSIM
apryMeHTOB Ha MHTEPBAJIbI BHYTPEHHUE, MEXK/y Y3JIOBBIMH TOYKAaMH, U BHEIIHHE (CJIeBa U CIIpaBa
OT Y3JIOBBIX TOYEK), B KOTOPBHIX €IIE COXPAHSETCS JCUCTBUE PETPECCHOHHBIX (PaKTOPOB,
(YHKIIMOHAIHHO YUYTCHHBIX B YPaBHEHHSIX, a MOSBICHUE APYrUX (PAaKTOPOB HE MPEINOJIaraeTcs.

Pacripoctpanenne perpeccuu mMokakeMm mnpumepe 2. B HEKOTOPBIX JOCTYMHBIX TOYKaX
npoduns X, mepecekaromero Mo MOA3eMHBIM BbIpAOOTKaM IUIACT MEAHOW pPYyIbl, TPOBEICHO
reosioruueckoe onpodosanue Ha conepxkanue C B pyne menu (6=0,012). Tpebyercs, o perpeccuu
OTIPENICIUTh TPAHUIIBl 3ATEKU KOHIUIIMOHHOW pynsl ¢ coaepxkanuem meau He Hmke 0,5 %.

19



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

[Tonmoxxum, uro geilictBue (HAaKTOPOB THIPOTEPMAIBHOIO PyA000pa30oBaHMs, NPUBOIAMINX K
pacripesielieHI0 Men BJIOJIb Mpo¢misd, (yHKIMOHAIBHO BBIpaXKaeTcsi SKCHOHEHTaMU. Bribepem
cootBercTBytoniee ypaBHeHue OCII tuma A-X(B1, P2). Ha pucynke 3 mnokasaHbl TOYKH
re0JIOrMYecKOro onpoOoBaHus, a Takke (GopMysna u rpaduk NOCTPOSHHOTO MO HUM YIIOMSHYTOI'O
anexkBatHoro (P=0,9) ypaBHeHusI.
C, Gy, Cyr, Cp, %
> -

Pucynok 3 - Fpa(l)I/IKI/I

1,5
pacrpeneiacHuss MeIu Ha
T'eOJIOTMYECKOM TIpoduIIe,
0,51 MIPOBEICHHBIE 110
_ - 0,1307-X 0,094-X 2 _
0 C =1,9887 -38,6784-¢e - 0,000095-e , R“=0,9656 YPaBHCHUIO PEIPECCUH tuna
20 o 8~_ 100 X, M A-X(pa, o) 1
-0,5 - AN COCTaBJISIFOIIUM €TI0
1 // /\\\ (baKTOpHLIM yHKIHSIM.
Cq,l Cq,z \

-15-

3nech ke U300pakeHbl Tpauky oTpULATENbHBIX (PakTOpHBIX GyHKUNN Cy1 U Cypz, YMEHBIIAKOIMNX
NIEPBOHAYAIBbHYIO KOHIIEHTpauuio Cy MeM Ha KOHLIAX MPOQUIsi, COOTBETCTBEHHO, CIIEBA U CIIPaBa.
3anexsp ¢ coaepkanuem Meau He Hike 0,5 % pacnonoxkena B uutepaie npopuis 25 - 103 m.
Crnucok nureparypsl

1. AntonoB  B.A. IloctpoeHne  WMHTEpHpETAllMOHHBIX  yYpaBHEHHUH  perpeccuu ¢
camoonpeiesonmuMucs nokaszarensamu. // ['eomuHaMuka, TriiyOMHHOE CTPOEHHE, TEIJIOBOE MOJIe
3emiaM, uUHTepHperanus reopusnyeckux mnosied. [laTble  HayuyHble YTEHHS  HaMSTH
FO.I1. bynamesuua. Matepuansl. ExatepunOypr: UI'p YpO PAH, 2009. C.17-22.
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YJIK 004.42
KOMIIBIOTEPHASA ITPOTPAMMA NIOCTPOEHUSA
JBYMEPHBIX YPABHEHU HEJIMHEINHOW PETPECCUM
B.A. Aumonos, M.B. Axoenes (343)350-37-09, Antonov@igduran.ru
Hucmumym eopnoeo oena YpO PAH, e Examepunbype, Poccus

Data on the computer program carrying out calculation and construction of some the two-
dimensional is functional-factorial equations of nonlinear regress with self-defined parameters and
raised by reliability are presented.

Annoranusa. IlpeacraBnensl cBeJeHUS O KOMIBIOTEpHOM mporpamme st 2OBM,
MPOBOJSAIICH pacueT U TMOCTPOCHUE pPsAa JBYMEPHBIX (PYHKIIMOHATHHO-()AKTOPHBIX YpaBHEHUU
HEJIMHEMHOM  perpeccud C  CaMOONPEACIAIOIIMMUCA  [IapaMeTpaMyd U [OBBILIEHHOU
JIOCTOBEPHOCTHIO.

JIByMepHbIE ypaBHEHUS PETPECCHH TeOJOro-reopu3nYecKux ¢ APYTUX  BEIUYUH
PaCcCUUTHIBAIOT C MOMOIIBK M3BECTHBIX MAaTEMAaTUKO-CTaTUCTUYECKUX KOMIIBIOTEPHBIX IPOrPaMM,
Hanpumep, Excel, Stadia, SPSS, Statistica, B KOTOpBIX JIi ONTUMHU3AIMK YPABHCHUN MPUMEHCH
Mmerox HauMmeHblnx kBaapaToB (MHK). IlostomMy HeOonblION mNepedeHb TAaKUX ypaBHEHHIN
OIPAHUYMBACTCS HENOCPEACTBEHHO JIMHEMHOW WM CBOJALICHCA K HEW perpeccueil. PeanbHbie
CBS3U MEXAY OKCIEPUMEHTAbHO W3MEpPEHHbIMU B JA0OPATOPHBIX M TOJIEBBIX YCIOBHSIX
reopu3MUecKUMH BETUYMHAMH B TMOJABISIONIEM OOJBIIMHCTBE CIIy4aeB HAMHOTO CIIO)KHEE U
OTHCHIBAIOTCS YPAaBHEHHUSIMU HEJTMHEHHON perpeccuu, B KOTOPHIX TpedyeTcs elle ONTUMHU3UPOBATh
napaMmeTpsl (QYHKIHH, cofepKalluxcs B ypaBHeHHsX. [l 3Toro, Hampumep, B MporpaMme
MathCad, B nononnenre kK MHK npuMeHsieTCsl ONMTUMH3AIUS YUCIIEHHO-UTEPAIIMOHHBIM METOIOM
JleBenbepra-MapkBap/ra.

20



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

Ta6muma 1 - JIBYMEPHBIE YPABHEHU S HEJIMHEMHOWM PETPECCUU ®CII-1
Tun ypaBHeHus (camoorpe- DopMyIa ypaBHeHHS XapaKTepHbIi
rpaduk

NEISFOLINECS TIAPaMETPB)
TTIOJIMHOMHBIE CTEITEHHOM ®YHKIIMN C CAMOOIIPEEJISIIOIIMMUCS TTIOKA3ATEJISIMU CTEITEHU | (IIC CIIC), X>0

Y

A-X(p) Ax" + B

A-X (11, o) Ax"+ Ax"2 1+ B

>

ThHE
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TTIOJIMAHOMHBIE ITOKA3ATEJIbHON ®YHKIIMN C CAMOOIIPEAEJISIOUIMMUCS KODOPULIMEHTAMU B
B ITOKA3ATEJISIX CTEIIEHMU (IIIT CK)

X S
A-X(B) AaP*+B 7 *
X X Y
A-X(B, B2) Aal* + Aaf?* 4+ B N S
OJIMHOMHOE ITOKA3ATEJIbHOM Y JIMHEMHOM CTEIEHHON ®YHKLIUN C CAMOOIIPEJEJIIIOIIUMCSI

KOD®OUIIMEHTOM B B ITIOKA3ATEJIE CTEITEHH (IIIJIC CK)

r

A-X(B, n=1) 42"+ 4,x+ B
HOPMAJIBHOT'O PACITPEAEJIEHU A C CAMOOITPEJEJIAIOIMMUCS CMEIIEHUEM X KODOOUITMEHTOM o (HP CK), 6> 0
M-X(%, o) T }{ \

o2n € x

TTOJIMHOMHOE ITTOKA3ATEJIBHOM W HOPMAJIBHO PACITPEJEJIEHHON ®YHKIIUI
C CAMOOIPEJEJAIOIIUMUCS CMEIIEHUEM X U KOD®OUITUEHTAMHU B, 6 (IIITHP CK), 5 >0
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1 2 o Jon e <o _\IA<X

TTOJIMHOMHBIE ®YHKIIAN ACCUMETPUYHOT'O PACIIPEJIEJIEHU ST C CAMOOITPE/IEJISIFOILIUMUCS
CMEHIEHUSMU X, OCHOBAHMAMU a U IIOKA3ATEJIIMU CTEIIEHU [ (ITAP CIT), X>0, a>1, u>0

M-X( a, u) A[X a‘x]” +B V& X
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X01< X < Xq2)

MNEPEXOJHBIE KBA3UCTYIIEHYATBIE C CAMOOIIPEAEJIAIOMMMNCA CMEIIEHHBIM
LEHTPOM Xy U KODOOUIUMEHTOM KPYTU3HBI ITEPEXOJA B (IIKC CII) (I’ — ropusoHTaNbHbIE, [I- mapauleiabHbIC)
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OnHako, €ro cXOJMMOCTh HEYCTOHMYMBA M 3aBHCUT OT BhIOOpa IMOJB30BATEIEM CTapTOBOM
TOYKH U IIOMCKOBOIO IapaMeTpa, ONPEICIIOLIEr0 HalpaBiIeHUuE M war urepauuu. Iockosibky
yalie BCEro WX 3HAUEHHS HEM3BECTHbI, TO IMOCTPOEHHUE OOJBLIOrO YHUCIa BOCTPEOOBAHHBIX U
[IPAKTUYECKU 3HAYMMBIX YPAaBHCHUM HEJIMHEMHOHW PErpeccud 1O CHUX IOp OCTAeTCs CIIOKHOU
poOIeMOH.

B pesynbrare uccnenoBanmii [1], mpoBenenHsix B MHcTHUTyTe ropHoro nema YpO PAH,
JI0Ka3aHO, 4YTO YypaBHEHUS HEJIWHEHHON perpeccuu 3(P(EeKTHBHO ONTUMUZHPYIOTCS TpHU
comectHoM mnpumeneHnn MHK u mnpemnoxenHoro AnHToHOBBIM B. A. Oomee mpocroro u
HAJIS)KHOTO YHCIEHHOTO MeToja NpuOmmKkeHuil napabonnueckoit Bepmunbl (MIIIIB). [lanHbrid
METOJI PEaIM30BaH B KOMIBIOTEPHOM nporpamme 11 OBM «YpaBHeHUs HENMHEWHOMN perpeccuy,
TPEeHIbl JIByMEpHbIE (DYHKIMOHAIBHO-(DAaKTOPHBIE C CaMOOMPEACHSIONIMMUCSA TapaMeTpaMu MU
noBbItieHHOU g0cToBepHOCThIO (Tperabt CII-1)» [2], paspaborannoit B MucTuTyTe. Ee rnaBHOe
OTJIMYHE OT M3BECTHBIX MPOTPAMM COCTOMT B TOM, YTO perpeccusi CTposATCS Mo (HYHKIHOHAIBHO-
(bakTOpHOMY IPUHLUIY, COTJIACHO KOTOPOMY BXOJSIIUE B YpaBHEHHS (QYHKIMH 3a/Jal0TCS B 00IIEM
BUJIE U PACCMaTPUBAIOTCS KaK MaTeMaTHUYECKH BbIPAKEHHbIC (PAKTOPHI BIMSHUS MPUPOIHBIX HIH
KakuX-TM00 HMHBIX NPOIECCOB Ha MCKOMYIO perpeccuto. Ilonmp3oBarento He HYXHO anpHOpU
3a7aBaTh (PYHKIMOHAJbHbIE NapaMeTpbl YpaBHEHHH, Hampumep, Nokazarenu creneHd. OHu
pacCUMTBHIBAIOTCSA, C YYETOM OCOOEHHOCTEH pacmpesieneHus 3aJaHHBIX Y3JOBBIX TOYEK, IO
KPUTEPHIO JIOCTHXKEHHMS HaumOONbIIero KodpQuiueHTa JOeTepMHHALUM  YPaBHEHUH  Kak
ONTHMaJIbHBIE B OOJACTH PalMOHANBHBIX YUCEN (IPOOHBIX, TMOJIOKUTEIBHBIX U OTPULATEIBHBIX)
camoil mporpammoii. Ilostomy ypaBHenus DCII pacnpocTpaHsIOTCS B HIMPOKUX HHTEpBaslax
MHTEPHOJSIIMA U SKCTPANONSAIMHU CO 3HAYUTEIBHO OOJIBIIEH JOCTOBEPHOCTHIO MO CPABHEHHUIO C
ypaBHEHUSIMH, TJ€ PyHKIMH BHIOpaHb! OPMaIbHO, a UX HapaMeTphl MOJ00PaHbl HCKYCCTBEHHO.

Kromxa BBoj1 Touek [Tanens [Tanemm
OCHOBHBIE KHOIIKH lyck» Bei6op JIucranune C TIOMOIIBIO YIpaBJICHUs Mmaciraba
TTIABHOTO MEHIO ypaBHEHHII  CTPaHUIL MBILIH rpaduKoit ocell KOOpAUHAT

-] Tpenaw ©C71 -1

Dain  NapamgTpel  BHA  Cnpaeks,
=0 =
Beoa ucxoAHEX Aal Koopaunate Mpencraenedue peayibTatos | Ock X

Kon-go Touek = || X= MexogHbie aaHHbe

(PRI [TAP CTIX(apao.un b2 X<Xa<Xm) (N TAP CN ¥[ap X01 cX02¢%)

Touka[2 3 |4 |5 ||; |7 |s |3 | f © s X [|NAP CN X(a.nXcX01<X02)

% [1.57 212 263 302 346 387 451 501 MAP CN X(a.p K01 X2
F | patiouero nucta Exce\ RN 4.000 5 | TR I den. memx

v |es 62 194 \280 150 192 187 87 [P
<

MNepenars TpeHn B Y P

Y = -5.3174 + 19988.7336 = (( 5,5355 - X ) = 1,4525 %~ 5:5355 ) 2904078 coq o70q - [ (5277 -X ) = 2.6289 X~ %217 ) 1270 p?_ 9957

wy oy Y=1999,7336[(5,5355-X)1,4525" 12VF0A078

Kooprunatst  Ta6no ¢popmy:n .
=7 3aJIaHHBIX ypam?elfnﬁy 698,8789[(5,277-X)2,6289 x 5~277)]l'278 _

200 TOYEK 58174

2] R\’= 0,9982
200+

IManens
rpadudeckoro
100 0TOOpasKeHUS

150+

Pucynox 1 - I'maBHast cTpaHHIIa IIPOTPaMMEL

Ilepeuens conepkamuxcs B MpOrpaMMe YpPaBHEHHWH HEIMHEMHON pErpeccuu IpHUBEIEH B
tabauue 1. Bun rmaBHON cTpaHUIbl IpOrpaMMBbl H300pakeH Ha pucyHke 1. OTcioa OTKpBIBalOTCS
CJIEAYIOIINE JIOTIOIHUTENIbHBIE OKHA: BEIOOpA MapaMeTpoB MOCTPOCHUS YpaBHEHUH; BbIOOpA BUAA U
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TUTA ypaBHEHUH; 3a/1aHUs TOTPEIIHOCTH BXOIHBIX 3HAYCHUH 3aBUCUMOMN BETUYMHBI: OKHO PaOOTHI
C MPOEKTaMH, OKHO MOJNHUCEN K rpaduram.

BxonHble He3aBucHMBbIE Xi M 3aBUCHMbBIC Yj 3HAUEHHS Y3JIOBBIX I-TOYEK, 1O KOTOPBIM
MIPOBOJIUTCS pErpeccusi, U BCTABJISAIOTCA B IPOIPaMMY Pa3HbIMH CIIOCOOAMU - BPYUHYIO C TIOMOIIBIO
MBIIIK, U3 TeKcToBoro (aiina, w3 Qaima Excel mmm u3 Oydepa oOmena. Ilocne mocrtpoeHwms
ypaBHeHHMH UX (GopMyibl U rpaduKu, a TAK)KE UCXOAHbIE JaHHBIC, MOKHO COXPAHUTH B TEKCTOBBIH
¢aiin, B daiin Excel wmu B Oydpep oOMeHa. B okHe mpoekTa HaKaIuIMBaKOTCS U MIPOCMAaTPUBAIOTCS
COBMECTHO WJIM OTAEIbHO IpadUKu pa3HbIX ypaBHeHU#. B okne «IlapaMeTpbl» ycTaHaBIUBAIOTCS
pPeKUMBI pacyeTa ypaBHEHHMH 1o oTHocutTenbHO# morpemnoct ot 0,1 mo 0,0001, mubo mo
MAaKCUMaJIbHOMY KOJIMYECTBY wuTepauuil. llorpemHocTs 3HaYyeHUN 3aBUCUMOM BEIUYMHBI B
OTIOPHBIX TOYKAX 3a7aeTcsl JUIsl aBTOMAaTHYECKOTO BBHIOOpA MporpaMMoil Hanbojee JOCTOBEPHOTO
ypaBHeHus [1C CIIC no npu3Haky ero ajieKBaTHOCTH.

[IpuBenemM mpuMep NPAKTUUECKOrO MNpUMEHeHHs mporpammbl. Ha  pucynke 2
TPEyroJIbHUKaMu 0003HaYeHbl HHTEPBAJIbHbBIC PUPAIIECHUS YCKOPEHHUsI CBOOOIHOTO NaieHust AQ Ha
y4acTKe MOBEPXHOCTHOTO NPOQUIIS TOPHBIX MOPOA, MOJYYEHHBIC MO JaHHBIM I'PABUTALMOHHBIX
u3Mepenuil. Hambonee peskuii mepexoj TOYeK B cepeiuHe MpOo(uis ¢ yBETMYMBAIOIIUMUCS
3HaYeHUAMU AQ OOBSCHSETCS BIMSHUEM TOPHBIX MOPOJ C U3OBITOUHON Maccol, HaXOJSAIIMXCS BO
BTOpO# mosioBuHE npoduis. J{i1st MaTeMaTHueckoro oToOpakeHus: JaHHOro nepexoaa Ag BeioepeM
U3 MEHIO ITpOrpaMMBbl ypaBHeHHe kBasuctynendaroi gynkiun [IKC CIT tuma A-X(xo, B). 3amaaum
norpemHocTh pacyeroB 0,001, uucno aecatuunbix paszpsanoB 4. [Tocne 3amycka mporpamma CTPOUT
YpaBHEHHE

0.4464 0,002( X—50,7821)  0,0011( X— 50,7821)
Ag = C0,1861( X-50,7821) ~ . 2.5(X-50,7821) T -2,5(X—50,7821)
1+¢€ 1+¢€ 1+¢€

—0,2748

rpaduK KOTOpOTO MpPOBEAECH Ha pHUCYHKE 2

0.3 740, MIn CIUIONIHOM JMHUWEH. V3 ypaBHEHMs CIeLyer,

0,2 - 9To M30BITOYHAs Macca TOPHBIX MOPOJ

01 - R2= 0,9995 pacriosio’keHa Ha uHTepBaie npoduis X>50,78
0 | X, M M.

‘ ‘ ‘ ‘ ! B 3aKJIIOUCHHUEC OTMETHUM, qT0

019 20 40 7 0 80 100 MPOJOJDKUTEIBHOCTh PACYETOB U TOCTPOCHUS

0,2 - | IporpaMMoil  OOJIBIIMHCTBA ypaBHEHUH HE

03 Xp=50,78 M MPEBBIIAET ONHY CcekyHAay. Ee oOvem He

' 6ompme 10 Mb. IlporpaMMy  MOXHO

Pucynok 2 — ITpumMep nocTpoeHHs IIPOrpaMmoii
ypasHenuit ®CII INpUMCHATL B o01acTIx MMPOMBIIIIJIICHHOCTH,

HAayKd U TEXHHUKH, TJe TpeOyeTcs MOCTpOCHHE

perpeccud  BEIMYMH  MaTeMAaTHYECKUX U
¢u3nyecKkux, pa3HbIX MapaMeTpoB U IOKa3aTesel, HalpuMep, COLIMOJIOTUYECKHUX, TEXHUYECKHX,
SKOHOMUYECKUX.

Crincox nureparypbl
1. AxatonoB B.A. OO0 oagHOM MeTOJl¢ TMOCTPOSHHUS  TOJMHOMHBIX TPEHAOB  C

CaMOOTIPEICIIIONUMHUCS TIOKa3aTeisMid U KoddduipeHntamu. // DKOHOMHKA U MaTEMaTHYECKUE
merobl. - 2010.- tom 46, - Ne 2. - C. 78 - 88.

2. AuntoHoB B.A., flxoBieB M.B. YpaBHeHus HeIMHEHHON perpeccuu, TPEHIbl IBYMEpHBIE
(GYyHKIIMOHATBHO-(AKTOPHBIE C  CaMOONPEACISIOIMMUCS  MapaMeTpaMd W HOBBIIICHHON
noctoBepHocThiO (Tpenast @CII-1): nporpamma anst 9BM. Exatepunoypr: U1 YpO PAH, 2011.
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V/JIK 550.837
BO3MOXHOCTHU UCHTOJIB30BAHUSA 'OPU3OHTAJIBHOI'O MATHUTHOTI'O
AAIOJA AJISA HEITPEPBIBHOI'O TPO®NJINPOBAHUA JISA U3YUYEHUSA
HEOJHOPOJHBIX CPE]I
A.B. Apxuepees, men. +7-950-63-57-634, e-mail: Sanek0509@mail.ru
Ypanvckuii 2zocyoapcmeennulii copnuiii ynueepcumem, Examepunbype, Poccus

Annotation. Research of possibility of application of an inductive source in the form of a
horizontal magnetic dipole for studying of physical-geometrical parameters of the multilayered
environment under characteristics of a created electromagnetic field is conducted.

JIns mpoBeAeHUs MH)XEHEPHBIX TeO(PH3MYECKUX H3bICKaHWI Ha Manbix riayomHax (mo 50
METPOB) MpEAJIaracTcsi TEXHOJIOTUSI (METOJ) HENpPEphIBHOTO WHIYKTHBHOTO JJICKTPOMArHHUTHOTO
npoUIMPOBaHUS HA MEPEMEHHOM TOKE, MpeAHa3HAuYEeHHAas Ul OINpPE/eICHUS] Te€03IEKTPHUECKUX
CBOMCTB U3y4aeMOU CPEIBbI.

TexHosorusi 3akiarouaercss B BO30YXKICHHM B IPOBOJIIEM IOIYIIPOCTPAHCTBE (3emiie)
IEKTPOMArHUTHOTO TOJs C IIOMOIIbKO YCTAHOBKH, COCTOSIIEM M3 M3Iydareiss B BHJE
TOPU30HTAJIBHOTO MAarHUTHOTO JIMIOJISA, I[HUTAEMOro IEPEMEHHBIM TOKOM OT TI'€HEpaTOPHOIO
ycTpoiicTBa. M3mepurenbHoe yCTpOWCTBO (OJJHO WIIM HECKOJBKO), PETUCTPHUPYIOIIEE C TTOMOIIBIO
JAaTYMKOB COCTABJISIOUINE MAarHUTHOTO U AJIEKTPUYECKOTO IOJIs, PAcloyIoKeHO Ha (PUKCHUPOBAHHOM
paccTosHuM R oT m3mywarens (pa3HOC YCTaHOBKH) M OYKCHPYIOTCSI BMECTE C HM3IydarelieM H
TeHEepPaTOPOM TPAHCHOPTHBIM CPEJCTBOM C ITOCTOSIHHOM CKOPOCTHIO V.

nre Z Hy1 k’, ry >V

—_— RE — Rj[
I A A
1111 2
2;

Puc. 1. YcranoBka HepepbIBHOIO MHAYKTUBHOTO MPO(UIHMPOBAHUS.

WsmepurensHoe ycrporicteo MY1 (MMY2) HenpepblBHO pPErHCTPUPYET  BEIWYUHBI
COCTABJIAIOLIMX HANPSHYKEHHOCTH MAarHUTHOIO IIOJIA, H3MEpSEMbIE C ITOMOIIBI0 WHAYKTHBHBIX
KATYIIEK M BEJIMYMHY COCTAaBIIOLIECH HANPSIKEHHOCTH JJIEKTPUYECKOTO 10/, HAIpaBICHHOU
BIOJb JIMHUM WCCICAOBaHMN, HM3MEpsIeMOH C TOMOIIBI0 HE3a3eMJICHHOW JIMHUM (OTpe3Ka
M30JIMPOBAHHOTO KaOeJIst).

Perucrpanuss BenMYMHBI COCTaBIAIOIIMX 3JIEKTPOMArHUTHOIO II0JIS  BBINOJHSAETCSA IS
OCHOBHOU paboueit yactotsl f reHeparopHoro ycrpoiicrsa (1-if rapMOHHMKH) U HEUETHBIX TAPMOHHK,
BKII04asi 13-10, 4TO MO3BOJISIET B KAXKAOM TEKyIIeH TOUKE U3MEPEHUIl UCCIeI0BaTh BEPTUKAIBHYIO
HEOJHOPOJHOCTh IPOBOJAIIEIO paspe3a I0 YAEIbHOMY JJIEKTPUYECKOMY COIPOTHUBIICHMUIO,
AHAJIOTMYHO U3MEPEHUSM IIPU YaCTOTHBIX 3JIEKTPOMArHUTHBIX 30HIMPOBAHUSIX.

['mybunHOCTB MeTona 3aBuCHT OT pasHoca R1 (R2) mexay usiyuyareneM u M3MEpPUTEIBHBIM
YCTPOUCTBOM, OT HpPUMEHSEMON paboueld 4acToThl f AIEKTPOMarHMTHOrO TOJS, a TaKXe OT
U3MEPSEMOY FrapMOHUKU CUTHAJA U YAEJIBHOIO COIIPOTUBIICHUS CPEJIBIL.

OcCoOeHHOCTBIO TIpeAsaraéMoi TEXHOJOTMH, OTIMYAIONIIEH ee OT NPUMEHSEMOro MeEToja
JUIOJILHOTO ~ 3JIEKTPOMarHuTHOro  npoduiupoBanus (JADOMII), sBusercs ucmoiab30BaHUE
U3JTyyaTesis B BHJE TOPH30HTAIBHOrO MaruuTHoro aumois (I'MJI) ¢ MoMeHTOM, HampaBIeHHBIM
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NEPIIEHAUKYIISPHO JIMHUU MPO(UIIS UCCIIEIOBAHUM.

Metoa HENpephIBHOTO MHAYKTHBHOTO MPO(UIMPOBAHUS COUETAET B ceOe psAJl METOIUUECKUX

Y TEXHUYECKHUX JIOCTOMHCTB, IPUCYIIUX HECKOJIBKMM METOJIaM HUCCIICIOBAHMIMA:

— BBICOKYIO CKOPOCTb IPOBEICHUSI T€0IEKTPUUYECKUX HCCIIEIOBAHUN;

— OECKOHTAKTHBIN cI0c00 BO30YXIEHUS M U3MEPEHUIN HJIEKTPOMArHUTHOTO TIOJIS;

— cnabasi 3aBUCUMOCTb OT pelibedha MECTHOCTH IO UCCIIEAYeMOMY PODUITIO;

— BBISIBJICHHE HEOJHOPOJHOCTEH pa3pes3a Io JlaTepajiy, MPHCYIIEe METOJaM 3JIEKTPOMArHUTHOTO
npouIMpoBaHus;

— BBISIBJICHME HEOJHOPOJHOCTEH pa3pe3a 1O BEpPTUKAIM, NPUCYIIEe METOJaM YacTOTHOTO
3JIEKTPOMArHUTHOT'O 30HIUPOBAHHS.

Jlns u3ydeHHs] 3aKOHOMEPHOCTEH HM3MEHEHHS JIEKTPOMArHUTHOTO MOJISl pelIeHa 3ajavya o
none I'M/] Ha JHEBHOH NOBEPXHOCTH OT CIOUCTO-HEOJHOpPOAHOH cpenbl [1-4]. [lomydeHs
peKyppeHTHbIe (HOPMYNIBI Ui pacdeTa KOIPPHUIMEHTOB COCTABISIONINX BEKTOP-TIOTEHIATA
MarautHoro Tuna B N-cioitHo# cpeze.

B skBaTopuansHO#i mtockocT aunoss X = 0 pacyeTHble GOPMYIIbI UMEIOT BU:

. Js1®

Ey =-Jaou, E;({M"Jl@wdi' (1)
JS 17

Hy == [2%01(Ay)d2, H, =0 2
4y 0

[Mpumep pacyera COCTABISIOUIMX AJIEKTPOMAarHUTHOrO mojist no nporpamme GMD:_sloi s
MOJIEH ABYXCIOWHON Cpeibl C MPOBOJHUKOM B OCHOBAaHHH IPHUBEJCH HA PUC.2.

Bx Jm
0

-0,00002 4
-0,00004 4
-0,00006
-0,00008

-0,0001

100 1000 10000 100 000

100 Om*m  — 300 Om*m  — 1000 Om*m — 10000 Om*m I

P
T e e

T e
B

- T e .
-
a0

A
B
100 1

T
00 10 000 100 000

100 Om*m  — 300 Om*m  — 1000 Om*m — 10000 Om*m I

Puc. 2. I'padpuku MmuuMbIX coctaBisitomux BX(aTn) u Ey (MxB/m) mis aByxcinoiinoit cpenst. Ludp
KPHUBBIX - YACIBHOE CONPOTHBIICHUE HIKHETO IOJYIPOCTPAHCTBA, YIACIBHOE COINPOTHUBIICHUEC
BepxHero cinost p =3000 Om*Mm, momHOCTH h = 15 M. Paznoc R = 60 m.
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AHanu3 BBINOJHEHHBIX PAacyeTOB IOKA3bIBAET, YTO BBIIEICHUE CIIOEB, OTIMYAIOLIMXCS IO
YICIBHOMY CONPOTHBICHHIO OT MOJCTHJIAIOUICTO MOJYIPOCTPAHCTBA  (AMAICKTPUKA — HIIH
NPOBOJHMKA) BO3MOXHO TpU pazHocax R Gonbmie 40 merpoB u wactorax f Beime 5 - 10 k[ (B
JaibHEH BOJHOBOM 30HE). [Ipm 3TOM MpeaOYTHTENbHEE BBIIONHATH (a304yBCTBUTEIBHBIC
U3MEPEHHS COCTABIISIONIUX HAMPSHKCHHOCTH JIEKTPUYECKOTO MOJIsl U MarHUTHOM MHAyKuu (Jm Ey
u Jm BX).

Jlureparypa.
1. Bemes A.B. DnekrponpodunupoBanue Ha NOCTOSHHOM M nepeMeHHoM Toke —JI., Hempa,
1965.
2. Tacanenko JLb., MonounoB I'.B. DnexkrpomarHuTHOE TMOJ€ TOPU3OHTAIBHOTO MAarHUTHOTO
JIAIIONISL HaJl TOPU3OHTAIBHO-CIOUCTON CTPYKTYpoid. // Yu. 3anucku JII'Y. Ne 249. Beim. 10. 1958.
C.45-62.
3. 3aboposckuii A.M. IlepeMeHHBIE 31E€KTPOMArHUTHBIE MOJIA B AJEKTpopassenke. -M.: Us3n.
MI'V. 1960. 186 c.
4.  Kpaes A.Il. OcHoBbI reosnektpuku. 2-¢ u3a. -JI.: Hexpa. 1965. 587 c.
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Y JIK 550.380
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men.(343)267-88-90, ghaxc (343)267-88-72, e-mail:skvgeoph@mail.ru
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AHHOTAanMA. J[OCTOBEPHOCTH pE3Y/IbTAaTOB, IOJYYEHHBIX IIPH SACPHO-MArHUTHOM KapoTaxKe
(SIMK), Hanpsmyro 3aBUCHT OT COJEP)KaHHMsS MAarHUTHBIX MHHEPAIOB B pPa3pe3e CKBAXKHHBI,
YBEJIMUEHUE KOTOPBIX MPUBOIUT K YBEIMUYEHHUIO T'PAJUEHTa U HEOAHOPOJHOCTH MAarHUTHOTO TOJISL.
Onenka o01el ecTeCTBeHHOW HAMAarHUYEHHOCTH U MarHUTHOM BOCIIPUMMYHUBOCTH TOPHBIX MOPOJ,
IIPUBEACHHBIE 110 pe3yJbTaTaM CKBaXMHHOW MAarHUTOMETPUH, M pacujeHEHHE pas3pe3a I0o
MarHUTHBIM CBOMCTBAaM MO3BOJMT BBIOpATh ONTUMaJIbHBIE MapaMmeTpbl SIMK.

Abstract. The authenticity of the results received by nuclear-magnetic logging (NML) directly
depends on magnetic minerals content in a borehole’s section, the increase of which leads to
increase of the gradient and inhomogeneity of a magnetic field. An evaluation of total natural
magnetization and magnetic susceptibility of rocks conducted according to the results of borehole
magnetometry and differentiation of a section according to magnetic properties allow to select
optimum NML parameters.

[TpumeHeHne mMerona saepHO-MarHUTHOTO pe3oHaHca (SIMP) B MCKyCCTBEHHBIX MarHUTHBIX
MOJIIX OTKPBLJIO HOBBIC BO3MOXKHOCTH HCCIICJIOBAHHSI CBOWMCTB IUIACTOB M IUIACTOBBIX (uitouzoB [1,
2]. TlosBuiack BO3MOXHOCTH OIIGHUTH OOIIYIH0 TOPUCTOCTh IUIACTA M PA3JIOKUTh €€ Ha
KOMIIOHEHTBI: 3((EKTUBHYIO MOPHUCTOCTh, TMOPHUCTOCTh KAaMWJUIAPHO-CBA3AaHHOW BOABI U
MuKpornopuctoctb mimH [3]. Beicokas 3ddekTuBHOCTD METOa, B HEMaJOH CTEICHH, CBs3aHa C
BO3MOKHOCTBIO TOYHOT'O pacueTa HaMarHWYMBAIOLIET0 MArHUTHOTO MOJS M BBICOKOYACTOTHOTO
MOJIs,, BBI3BIBAIOIICTO TPEIECCHIO, B 3aJaHHOW 30He wuccienoBanus [4]. Ho cymectBeHHYyIO
MOrPEIIHOCTh MPH 3TOM MOXET BbI3BaTh M3MCHCHHWE MAarHUTHBIX CBOMCTB cpenbl [4, 5]. Kak
nokasajim JjabopaTopHble uccienoBanus [6], Bpemsi MONEpPEeYHOW pellakcaluu >KUAKOCTH To,
HACBIIIAIOMIEH MOPHUCTYIO Cpeay, 3aBUCUT OT CBOWCTB MOBEpXHOCTH 1op. IloBbiieHHOE
coJiep’)KaHNe MarHUTHBIX MUHEPAJOB B IJIACTaX MPUBOJUT K YBETUYCHHIO JIOKATHLHOTO TPaJUEHTA
MarHuTHOTO TIOJIs, UTO, B CBOIO OUepe/lb, COKpAIIAeT BpeMs pelakcauu Qironaa.

[Tonyuenue AOMONMHUTENHHONH WH(GOPMAlMM O MAarHUTHBIX CBOWMCTBAaX MOPOJ, CIArarolInx
CTEHKHM CKBa)XHHBI, TO3BOJIUT CKOPPEKTUPOBATh UHTEPIPETALUIO MOJTYYEHHBIX pe3ynbTatoB SAMP.
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Bxmiouenne B xommiekc ['MC npu uccnenoBaHuM He(TEra3oBBIX MECTOPOXKACHUH MeTona
CKBR)XMHHOM MarHUTOMETPUHU MOKET BHECTHU CYILIECTBEHHBII BKIJIAJ] B peIlICHHE ATOM MPOOIEMBI.

B mnacrosmee Bpems B Uuctutyre reodusukun YpO PAH paspabotaH u uCHBITaH
KOMILJICKCHBI CKB&)KUHHBIM MarHuToMeTp-uHKiInHOMeTp MMU-3803 [7], mocTtpoeHHblii Ha 0Oase
beppo3oHa0B ¢ ucnoib3oBaHueM akceiaepomerpoB AT-1306, sBistommiics 06a30BbIM U3 CEpUU
JAQHHOTO THWIA CKBAXXMHHBIX MarHUTOMETPOB-MHKIMHOMETPOB. Ilpubop mo3BosisseT MpOBOAMTH
HENPEPBIBHBIE HW3MEPEHUS OJHOBPEMEHHO TPEX COCTABISAIOLIMX BEKTOpAa I'€OMarHUTHOIO IO,
BEJIMYMHBl MAarHMTHOM BOCHPUUMYHMBOCTU TOPHBIX MOPOJ, MAarHUTHOTO a3MMyTa, 3€HUTHOIO U
BU3UPHOTO YIJIOB CKBAYKUHBI.

B 3aBucuMoOCTH OT YCIIOBUI M3MEpEHMIi, CKBAXUHHBIA MPUOOP MOKET ObITh NMOMEIIEH B
kopryc auamerpom oT 38 mo 70 mm. IIpubop paboTaer ¢ HCIOIB30BAaHHEM OJHOXKHUIBLHOTO
OpOHMPOBAaHHOTO Kabens ATMHOK 10 6 kM. Perucrpanus undopmanuu oCymecTBIsIeTCs B peKuMe
HENPEPBIBHON IEperayu JaHHbIX, YTO IO3BOJIAET €ro CTHIKOBaThb HE TOJBKO C IEPCOHAJIbHBIMU
KOMIIBIOTEpaMH, HO U C KOMIIbIOTEPU3UPOBAHHBIMU KapOTAKHBIMM KOMILIekcamu Tuna «I'extop»,
«Bynkan», pazpabotku GpupMbl «nukom», I. Y da.

biiok ~ MarHuTHOM  BOCHPUUMYMBOCTH  COAEPXKUT  &-JAaT4UK,  COCTOSAIMUA U3
HaMarHUYMBAIOUICH KaTyIIKW, TPUEMHOro (Geppo30HIa U KOMIIEHCAIMOHHOM KaTymiku. CUrHan c
beppo3onaa npeodpazyercst TON ke CXeMOM MarHUTOMETPA B CUTHAJI MIOCTOSHHOTO TOKA M J1ajiee B
1M (pPOBOH KOI.

IIporpaMmmMHoO-MeTOAMYeCcKOe oOOecledeHHe II03BOJISIET PEaln30BaThb HENPEPBIBHYIO
PETUCTPAIMIO U3MEPSEeMbIX BEJIMYUH MapajUIeIbHO C KOPPEKIMel IIIyOuH 10 MarHUTHBIM METKaM,
UX IpeJBapuUTENbHYI0 00pab0TKy M BU3YaJIbHBIM MPOCMOTpP MH(GOPMAILIUHU B IPOLIECCE U3MEPEHHUSI.

OCHOBHBIE TEXHUYECKHUE XAPAKTEPUCTUKHN CKBAXNHHOI'O
MATHUTOMETPA-UHKJIIMHOMETPA MH-3803M
JAuana3soH U3MepeHuii:

-COCTaBJIAIOIINX BEKTOpPA F€OMarHUTHOTO TOJIS +80-10° uTx
-a3uMyTa CKBAKMHbI 0 - 360°
-yria OTKJIOHEHHS CKBaXXHHBI OT BEPTHKAIN 0 -180°
-MarHUTHOW BOCTIPUMMYUBOCTH 100-10°+5 ex. CH
IHorpemHocTs H3MEpeHHUI:

-COCTAaBJISIIOIIUX BEKTOPA FT€OMAarHUTHOTO MOJIs +0,01.-Z+20 aTn
-a3uMyTa (Ipu 3eHUTHOM yriie >2°) +1,5°
-3CHUTHOTO yTJa +10’
YciaoBus IKCIIYATALUM .

-TeMIiepaTypa -10 + 120 °C
-J1aBJICHUE no 100 MIla

Peructpupyemsie mapaMerpsl B JIBOMYHBIX KOJAX 3alMCBIBAIOTCS B NaMAThb KOMIIBIOTEPA.
[Tocnenyromas mporpamMmmHasi 00paboTKa BKIIOYaeT pacueT Z- u  H-cocTaBiAONMX MarHUTHOTO
0JIs, Q3UMYTa, 3€HUTHOTO U BU3UPHOTO YIJIOB CKBAXHHBI B (DYHKIMH TTyOMHBI C BHECEHHEM BCEX
MIOTIPaBOK B U3MEPEHHbBIE MapaMeTphl. BeixogHbIe JaHHbIe peacTaBisatoTces B LAS-popmare.

IIporpamMHoe o0ecneyeHne sl MHTEPHPETALMH CKBAKMHHBIX W3MEPEHUI IO3BOJISIET
ONPEAEIATh NPOCTPAHCTBEHHOE OJIOKEHUE U AIEMEHTHI 3aJIeTaHusl MAarHUTHBIX TeJ, M0ICEYEHHBIX
CKBaXMHOM, MPOU3BOANUTDH IIOCTPOEHUE BEKTOPOB aHOMAJIBHOTO MarHUTHOIO IOJISA, pacyeT a3suMyTa
U yrida HAaKJIOHA TIpaHMUIl MarHUTHBIX CpeJ M0 CKaukaM MarHUTHOIO IIOJs, OIIPENENIEHUE
HaMarHM4€HHOCTU TOPHBIX MOPOJ, BBIUUCIISATH HAMATHUYEHHOCTh T'OPHBIX IOPOJ MOAEINPOBATH
MarHMTHOE M0JIS OT HECKOJIBKUX TEJl.
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OneHka €CTECTBEHHOM HAaMarHW4eHHOCTH TOPHBIX IOPOJ, BCKPBITBIX CKBa)XXHHOW,
IIPOBOAMTCSI MO M3MEPEHHBIM 3HAUEHUSM COCTABJISIOIIMX TFEOMArHUTHOTO I0JII W MarHUTHOU
BOCIIPUMMYHUBOCTH IOPOJ B CKBaXXMHE. B OCHOBHOM MMeEIOIIMECS NPOrpaMMBbl HaIlpaBJIEHbl Ha
OTpe/ie/ICHUe BEPTHKAIbHON (OCTAaTOYHOW M WMHIYIMPOBaHHOH) HamarHuueHHoctu [8, 9].
Meroavka BBIUMCICHHS II0 pe3ylbTaTaM CKBAXKMHHBIX M3MEpPEHUN IIOJHOM €CTECTBEHHOMU
HAMarHWYCHHOCTH NOpoA npemioxkeHa B padore [10]. Meroauka ocHOBaHa Ha ammpOKCHUMALIUH
MarHUTHBIX IUIACTOB TOHKMMH Ipu3MaMu. KpurepueM A0OCTOBEpPHOCTH NpeularacMoid MOJENn
00BEKTa C BBIYMCICHHBIMH 3HAYCHUSIMU €CTECTBEHHON HAMarHWYEHHOCTH SIBJSIETCS CXOJIUMOCTh
M3MEPEHHOTO0 M PACCYMTAHHOIO MAarHuTHbBIX moned. Ilomydaemass wunHdopmanus mNO3BOJISET
IIPOBOJUTH JONOJHUTEIBHOE PACWIEHEHUE pa3pe3a IO BEJIWYMHE U HAIpPaBJIECHUIO €CTECTBEHHOMN
HaMarHM4€HHOCTHU MOPOI.
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pa3IIYHBIX BUIOB €CTCCTBCHHOU
HaMarHM4eHHOCTH 110 cKB. 504B
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2 -HaBeJeHHass HAMarHNYeHHOCTD,

——Psaal
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!
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Anpobanusi npeioKEHHOTO aIropuT™Ma M pa3pabOTaHHON Ha ero OCHOBE MPOrpamMMBbl JUIS
clabOMarHUTHBIX 0OBEKTOB OblIa MpoBeAeHa Ha mpuMepe ckB. S04B riny0oKOBOIHOIO MOPCKOTO
Oypenuss Ha Kocra-Pukanckom pudte [11]. OcHOBOH MNOCIYKHIM MarHUTOMETPHYECKUE
U3MEpPEHHs B CKBOXHHE, BBINOJHEHHBIE cOTpyaHuKamu VHctuTyTa reodusuku [12] (puc.l).

B wunrepsane 3764-3920 M Momynab e€CTECTBEHHOM HaMarHW4eHHOCTH Mensercs oT 2,0 1o
560 cA/m. C ydyerom W3MEHEHHUS a3uMyTa U HAKIOHA OOIIEeH eCTECTBEHHOW HAMarHUYeHHOCTH, B
paspe3e CKBaXMHBI BbIACICHBl TpU MWHTEpBana. [lepBblif, MpeaCTaBIEHHbIM IUIArMOKIa3-
OJIMBUHOBBIMU  MOPGHUPOBBIMU  0a3ajbTaMM, XapaKTEpPU3YeTCsl CpeiHeH BEIMYMHOM  oOmien
ecrecTBeHHOM HamarnuueHHocTd 90 cA/M, yriom HakioHa -38° u asumyrtom -131°. Bropoii, rue B
untepase rayoun 3790-3850 M BcTpeueHbl NHILIOY-0a3albThl, HWMEET CpEIHHE 3HA4YeHUs,
COOTBETCTBEHHO, 119 cA/M, -11°, +13° Tperuii uaTEpBa, U1 KOTOPOTO XapaKTEPHO MepecIanBaHue
TUIarMOKJ1a3-0JIMBUHOBBIX MOPQUPOBBIX, (PJIOY- U IIArHOKIA3-0JMBUH-XJIOPUTOBBIX MOPHUPOBBIX
0a3anbpTOB, XapaKTepPU3yeTCs CPEHUMHU 3HAUCHHSIMU, COOTBETCTBeHHO, 183 cA/Mm, +49° u +38°. Ilpu
M3BECTHON BEIMYMHE MAarHUTHON BOCIPUMMYMBOCTH IOPOJ, MpeijgaraeMas METOAMKA IO3BOJISET
OLIEHUTH M UX €CTECTBEHHYIO OCTaTOYHYIO HAMarHU4eHHOCTh. B ckB. 504B BbI/IeIeHHbIE HHTEPBAJIbI
OTJIMYAIOTCA U 10 €CTECTBEHHON OCTAaTOYHOM HAaMarHWYEHHOCTH: NMEPBBIA WHTEPBaNl — CpelHee
3HayeHue Monyis 97 cA/M, HaknoHeHue -13°, azumyt -63°; BTOpOii MHTEpPBaAJI — COOTBETCTBEHHO,
113 cA/m, +4°, -1°; TpeTuii UHTEpBaN — TaKXe, COOTBETCTBEHHO, 161 cA\M, +26° u +73°.

Takum o00pa3oM, OIleHKa OOIIel ecTeCTBEHHOM HaMarHM4EeHHOCTH 10 pe3yJibTaTaM
CKB2)XMHHOM MarHUTOMETPHH, PACUICHEHHE pa3pe3a 0 MarHUTHBIM CBOWCTBAM MO3BOJIAT BBIOPATh
ONTUMAJIbHBIE TAPAMETPHI AAECPHO-MATHUTHOTO KapoTaxka JJIsl U3y4eHUsl He(pTEera3oBbIX 3ajeKei.
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KhAAAkkkhhkk
VJIK 55.380.2
HOBASI MATHUTHAS CTAHIIUSI - BAWMT'ABAH ('OPHBIN AJITAH, TEJIEIIKOE
O3EPO)

A.U. bakuanos, A.A. bemés, A.FO. ['6030apes, E.O. Yuaiixun gvozdarev@ngs.ru
T'opro-Anmatickuii 2ocyoapcmeenuwiil yHugepcumem; I opno-Anmaiick, Poccus

The new magnetic station "Baygazan" (N51°45.596°, E87°25.916’) started the continuous
DHZ-geomagnetic variation observations since 3/12/2009 at 5 Hz frequency by means of modified
quartz magnetic station "Quartz-3EM". Results of observations at Altay has compared with
variations at Novosibirsk. It is shown that magnetic noise at Altay is very small and is equaled 0.01
nT.

03.12.2009 r. Ha kopaoHe Anrtaiickoro 3anoBenHuka baitraszan (Tenernkoe o3zepo, 15 kM ot
cena ApteiOamn, koopauHatel N51°45.596°, E87°25.916°) nauana paboTaTh HOBas MarHUTHas
CTaHIIMA. CTaHI_[I/ISI yaajJeHa OT IMPOMBIIIIICHHBIX 00BLEKTOB U TPAHCIIOPTHBIX MaFHCTpaHeﬁ, a €€
PacIioJIOKCHHUE Ha TCPPUTOPUH 3AINIOBEAHUKA IapaHTHPYCET HCU3MCHHOCTD MarHUTHOW OOCTAaHOBKHU
B TCUCHHUC IJIUTCIIbHOTO IICPpUOIA. HO,Z[’E>63,£[ K KOpPAOHY BO3MOXCH TOJIBKO IIO O3CPYy (Ha KOpAOHE
€CTh MOTOPHAs JIOJIKA U KaTep), 3UMOM — 10 Jibay (C cepeMHbI sIHBapsi 10 Hayana arpes). Beibopy
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MecTa MpeAlecTBoBaia padoTa MO PEKOTHOCIHMPOBOYHOW CHEMKE B OKPECTHOCTAX KOPJOHOB
Aunraiickoro 3amoBenHuka [1]. Tlpm 3TOM BO BpemMs TMOCEHICHHS KOPJOHOB IPOBEICH
CpaBHUTEIbHBIN aHaIU3 (PAKTOPOB, BIUSAIONIMX Ha KAUECTBO PETUCTPALIHH.

B OKpecTHOCTSIX KOpJOHAa MarHUTHOE TOJ€ JOBOJLHO OJHOPOJHO. MAarHuTHas ChEMKA
OKpPECTHOCTEH B paguyce KHJIOMETpa OT PACIOJIOKEHUS CTaHILUH MOKa3aia, YTo TOJIe MEHSETCs B
muana3zoHe 400 HTn. B oCHOBHOM MarHWTHBIE aHOMAJIUK PACIIONATAIOTCS B MPUOPEKHON IMOJIOCE,
omwkaitmas ¢ ammutynoi 250 HTn — Ha paccrossauu 180 M oT cTanum.

Ha teppuropuu KOpJOHa COTJacCHO PEKOMEHIAUUsM H3 [2] BO3BeIeH NaBWIBOH IS
MarHUTOBapHALMOHHBIX M3MEPEHUI M3 HEMarHWTHBIX MaTepuaioB (puc.l). IIpoBepka rpaguenTa
HOJISL PSIIOM C TIOCTAMEHTOM II0CJIE 3aBEPILEHHsI CTPOUTENILCTBA MAaBUIbOHA MOKa3ajia, YTO OH HE
npessimaet 0.9 uTn/m.

7 =

Puc. 1. Crannus baiirazan: a — pacnoyioxeHue
craniuu (BGZ) oTHOCHTETHHO T€OMarHUTHBIX
obcepBaropwii, 0 - pacroioKeHne
00cIIeIOBaHHBIX KOPIOHOB ANTaiiCKOTro
3an0BeIHMKA (OTMEYEHBI TPEYrOJIbHUKAMHU), B
— BapHallMOHHBIA NaBuiIboH, I — IMBC
«KBap1-3EM» B TepMoOsIIIUKE.

SR

Ha cranuuu ycranoieHa mnudpoBas marauroBapuanuionHas cranius (LIIMBC) «Ksapii-
3EM», mpenoctaBienHas obcepBaTopueit «Aptu». s IMBC naGopatopueit poOOTOTEXHUKU
I'opuo-Anraiickoro rocynuBepcutera (IAI'Y) pa3pabotaH W M3rOTOBJIGH HOBBIM IHU(PPOBOU
peructpatop [3]. Ilpu 3ToM ymamoch yaydIUTh M[MapaMeTpbl CTaHIMU: ObUIA JIOCTUTHYTA
4yBCTBUTEIHHOCTh peructpupytomieit yactu a0 0.005 uTn npu orcuérnoit tounoctu 0.1 nTn. K

30



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

koHTpoJutepy noxarimoueH GPS (A1080), koTopsiii UCTIONB3YyeTCs sl CHHXpoHM3aluu (pa3 B 4ac)
peructpatopa no mkaie UT ¢ tounocteto 1 cek. PabGouwii nuama3oH Temmeparyp perucrparopa

—30...50°C, 6noka ycunuteneir —10..50°C. OgHako 3KcIuTyaTanusi KOMIUIEKCA B T€YEHHUE ABYX
3UM TI0Ka3ajia, YTO IPU CHUKEHUHU TeMIepaTypbl Ha ynune a0 -30 HaOIoqaroTcs NOTepU TaHHbIX,
BEPOSATHO CBSI3aHHBIE C HAPYLICHHEM Pa0OThl ONTUYECKOI pa3BsS3KH B PETUCTPATOPE.

B xauectBe mcrouynuka sHepruu o urons 2010 r. ucnonp3oBasiach cosiHeuHas Oarapes C
nuKoBoi MorHocThI0 80 BT, ycTaHOBIEHHAs PsiIOM € MABHJIBOHOM, HO OHA J1aBajia 3HAUUTEIIbHBIC
trymbl (1o 1 HT) u HaBoaku (no 5 HTi o D-koMmoHeHTe) Bo BpeMs paboThl. B HacTosiiee Bpems
NUTAHUE CTAHLIUHU OCYIIECTBISIETCS OT HAbOpa COJIHEUHBIX OaTapeil ¢ mukoBoi MomHocThio 280 BT
U BeTporeHeparopa (mukoBasi MOIIHOCTH 1 KBT), ycTaHOBIIGHHBIX OKOJIO JoMa erepsi. HakoruieHHOe
Ha AaKKyMYJITOpax IIOCTOSIHHOE HampspDKeHue npu nomomu  uHBepropa [IH-2-12-300
npeoOpasyeTcsi B rnepeMeHHoe (YUCTBI CHUHYC) M mepenaetcss mo kabemro mmHOW 130 M,
YJI0’KEHHOMY B TPAHIIEIO B IUIACTHKOBYIO To¢py Ha rnyouny 30 cM. [lng nmonaBieHus moMex Ho
NUTAHUIO BBEJICHA TaJIbBAHUYECKOH pa3Bsi3Ka MpPH MOMOIIY TOPOUAATBHOTO TpaHcopmaTtopa, U
Habop GUIBTPOB. DHEPrONoTPEOICHIE BCEH CUCTEMBI cOCTaBiseT okoio 11 Br.

Ha cranium ucnosib30BaHa MacCUBHAsl CHUCTEMa TepMocTaOmin3anuu. Bokpyr mocramenra
COOpY)KEHa TETIOU30JISIIIMOHHAS KaMepa U3 SKCTPYAHMPOBAHHOTO MEHOMOIMCTUPOIIA TOMIIUHONW 15-
20 cM. BHyTpu He€ ps10M ¢ BapHOMETpaMu /sl KOHTPOJIS TeMIIepaTypbl YCTAaHOBHIIM TEPMOAATUHK
mudposoro tepmomerpa DS18B20 ¢ Tounocteio m3mepenuii 1/16°C. Dxcmnyaramms [IMBC B

TEUYEHUE 3MMBbI TOKa3ajia, 4TO TPHU IMOHWKEHWH TeMIeparypbl okpyxkatomen cpensl g0 —30°C

TeMmIeparypa BHYTpU KaMepbl He onyckanack Hibke —15°C . [l 3amuThsl OT BiIard BHYTpb KaMephbl
MOMEIIEHbI EMKOCTHU C CUJIMKareJIeM.

03.12.2009 nHauaT HeNpepbIBHBI MOHHUTOPUHI MArHUTHBIX Bapualuil. 3amuck TPEX
xomroneHT noist (D, H, Z) u temnepatypsl Benercs Ha chéMHyr0 Quem-kapty tuna MMC/SD
00béMoM 2 I'6. Peructparust mnpoBoAUTCS ¢ 4acToTol 5 ', Kakaas 3amuch sIBISIETCS Pe3yJbTaTOM
ycpennenust 10 uzmepenuii. B teuenue roxa perynspHo Benack kanuOposka [IMBC nns HaGopa
JaHHBIX O 3aBUCHMOCTH YYBCTBUTEIHHOCTH OT TEMIIEPaTyphl U APYyruXx (akropoB (IpOBEICHO
okono 90 m3MepeHwit). 3amucaHHBIC JaHHBIC ITEPUOJUYECKH CUUTHIBAIOTCA C (IICHI-KapThl |
nepechuiaroTcs B ['opHO-AnTalick (a Takke pe3ynbTaThl KaTuOpPOBOK U JaHHBIE O TIOTOJIE).

BaiirasaH, LMBC "Kapu-3EM", k=120.1 HTn/B, Hu=13617.6 HTRn BaitrasaH, LMBC "Kapu-3EM", k=120.8 HTN/B, Du=05°01:35
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Puc. 2. Pesynbrarsl usmepennii 3a 11-17 okrs6ps 2010 rr. (a — H-kommonenTsr, 6 — D-
KOMIIOHEHTBI): BEPXHSisl IaHENIb — MUHYTHBIC cpefiHue Ha baiirazane u B HoBocuOupcke, HUKHSSA
MaHeb — aMILTUTY/Ia IIyMa.

Jlnst 0OpaboTKK pe3ynbTaToB M3MEpeHHMH HamucaH nakeT nmporpamm Ha MATLAB. Ilpu
MEPBUYHON 00pabOTKE BBIJCISIOTCS SMU301bI KATMOPOBKU (JIJ1s1 TabHEHIIIEH TOTyaBTOMAaTHYCCKOU
00pabOTKH M MCKIIFOUCHHUS U3 aHAIIN3a), CTPOSTCS rpadKu BapHallnii, X CIIEKTPOB U TEMIIEPaTypbl
3a CYTKM, BBIAEISIOTCS MMIIYJIbCHBIE IIOMEXM M MPOIYCKHM H3MepeHuil. Jlamee BbIENAIOTCS
BBIOPOCHI, TpU MoMOIIM rayccoBoi ¢uubrpanuu (3 abB) paccyMThIBalOTCSI MUHYTHBIC CpEIHHE
(umrmpuna okHa 90 cek), onpeenseTcs aMILIMTy/Ia IyMa (Kak CTaHAapTHOE OTKJIOHEHHUE CEKYHIHBIX
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JTaHHBIX), U1 KaXI0W MUHYTBI PACCUUTHIBACTCS MEMaHa 3TUX aMILTUTYI. B kaduecTBe mpumepa Ha
puC.2 TIpelCTaBiIeH pe3ynpTaT m3Mepenuii 3a Hememo 11-17 oktadps 2010 r. Xopomo 3ameTHa
CXOKeCTh JIMHAMHMKM MMHYTHBIX cpenHux B HoBocubupcke um Ha baiirazane kak BO BpeMms
MarHuTHOM Oypu B Hauaje 3TOr0 MNEpUoJa, Tak W B CIOKOHHOe BpeMsa. Kpome TOro, BHIIHBI
BapHallMM aMIUIMTYAbl IIyMa. MpU paboTe COJHEYHBIX Oarapeil OHa IO HESCHBIM MPUYMHAM
Bo3pactaer 0 0.03 uTn, ognako B cpeaneM aepkutcs Ha ypoBHe okoyio 0.01 uTn. B 3umnue
MECSIIIBI IIIyM HECKOJIBKO CHIDKAETCsl, U MEIMaHa aMILIUTY]l IIIyMa 3a CYTKH MOJKET JOCTUTATh JaKe
0.005 uTm.

B oxts6pe 2010 r. npu yyactuu corpyanukoB oocepBatopuii «Kimoun» (C.1O. XomyroB) u
«Aptu» (I1.b. BopoauH) Ha ro’)kHOM Oepery o3epa 3aJl0)KEeHa MHpa JUIsl TIPOBEACHHS a0COJIIOTHBIX
HaOJIr0/IeHU# (paccTOSTHUE 10 MUPBI OKOJIO 2 KM), M ¢ IIOMOIIbI0 HeMarHuTHOTo Teoaosmta 3T2KII
C ($eppO30HIOBEIM JAATYMKOM OIpEeTeHbl 0a3HCHbIC 3HAUYEHUS BapHOMETPOB CTAHIMH Ha 3MOXY
10.10.2010. K cosxaneHuto, KaKk Mmokasai aHAJIW3 JUHAMHKA MUHYTHBIX CPEIHUX 3a TOJl, 0a3uCHbIE
3HA4YEeHUs HeCTaOWJIbHBI, OCOOCHHO MO BEPTHUKAJIbHON KOMIOHeHTe: Hampumep, B utone 2010r.
HaOmoganoch, udMeHenue OasucHoil mo Hed Ha 100 HTn B TeueHue Henenu. B manbHewem
IUTAHUPYETCS HaNaJUTh PEryJspHbIC M3MEpPEeHHs Oa3MCHBIX 3HAYCHMH BapHMOMETPOB CTAHLUH U
pa3paboTaTh aKTUBHYIO CUCTEMY TEPMOCTAOMIN3AIIH.

Jlureparypa
1. [I'so30apes, A.FO. Bpibop MecTa 115 pa3MelIeHHs MyHKTa PEruCTPalii MarHUTHBIX Bapyaluii
Ha teppuropun ['oproro Anras) [Tekcr] /A.FO. I'so30apes, A.U. baxusnos, A.A. bemés, II.F.
bopooun, C.FO. Xomymos [/ Hayunwlii BecTHHK ['OpHO-AJNTaHCKOrO TroCyaapCTBEHHOTO
yHuBepcurtera — ['opHo-AnTaiick: PUO I'AI'Y, 2010. - Ne5. — C.30-42.
2.  Heuaes, C.A. PykoBOJCTBO Jisi CTAI[MOHAPHBIX reoMarHUTHBIX HaOmonenuii [Tekcr] /C.A.
Heuaes. - Upkyrck: U3n-Bo Muctutyra reorpaguun CO PAH, 2006. - 140 c.
3. Kyouwn, /].B. Pa3paboTka perucrparopa AaHHBIX JUI1 LU(POBOH MarHUTOBAPHALIMOHHOU
cranimu «KBapu-3EM» [Tekcr] / /[.B. Kyoun, E.O. Vuauikun /| ®usnka OKpyXaromel cpemsl:
Marepuanst VI MexaynapoaHoi mkoisl Mojoasix yueHsix. — Tomck: TMJI-IIpecc, 2010. — C.
99-101.
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PE3YJBbTATBI HABJIIOJAEHUSA TEOMATIHUTHOI'O ITOJIA HA ITYHKTAX
BEKOBOI'O XOJIA B OKPECTHOCTAX OBCEPBATOPUU «APTU»
A.C. bebnes, Bebnev-A@arudaemon.gsras.ru
Hnemumym eeogpusuxu YpO PAH, Examepunbype, Poccus

Abstract. Geomagnetic repeat station surveys were made near observatory «Arti» at 2009. As a
result of this surveys a value of Manchazh anomaly were obtained by extracting core field and
large-scale lithospheric field from observed field.

B 2009 romy Obum mpoBeneHbl HAOJIOJCHUS T€OMAarHUTHOro moysd Ha 17 myHKTax B
OKpPECTHOCTSX obOcepBaropuu «ApTtu». J[laHHas ceTh MNpenHa3HayeHa Ui JIOJTOBPEMEHHBIX
UCCIENOBAaHUN BEKOBOM BapHallUM U IPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYpPbl I€OMAarHMTHOIO
noJisi B pailoHe oOcepBaTopuu. Paifon pacnonosxeHust o0cepBaTOpUH «ApPTHU» UHTEPECEH TEM, UTO
OH HaxoJuTCA B npejesiax MaHyaKCKOM MarHUTHOM aHOMaJIMU. DTULEHTP aHOMAJIUK PACIIOJIOKEH
npumMepHo B 30 KM K oro-3amajgy oT oOcepBaTOpHH, ee MpoTsHkeHHOCTh nopsika 100 km. Becema
BEPOSITHO, 4YTO BHYTPM HCTOYHUKA MaHYaKCKOM MArHUTHONM aHOMAlIMM MOTYT IIPOTEKATh
COBpPEMEHHBIEC JAMHAMHYECKHE IMPOLECChl, U 3TO OyIeT MMETh CBOE OTPAXKEHHE B Ie0(U3NYECKUX
IIOJISIX, B YACTHOCTH, B TEOMArHUTHOM I10JIE.

Bei6op Mecra uis nmyHKTa HaOmOACHUH npousBoamics coraacHo [1]. Tlepen mpoBeneHuem
MU3MEPEHUH Ha KaKJJOM ITYHKTE BBINOJIHSIIACH IKCIPECC-ChbEMKA BEPTUKAIBHOIO IPaJiIu€HTa MO
reoMarHuTHOro moJjs. Llenb MmojoOHBIX ChEMOK — KOHTPOJb OAHOPOAHOCTH MOJS B Ipeaenax
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MyHKTa HaOMroIeHnH (BeTMYMHA MarHUTHOTO TI0JISL HE JIOJDKHA M3MEHAThCs Oosee, uem Ha 50 HTn B
panyce 10 M OT myHKTa HaOJIIOICHUIT), OTCYTCTBUE HAa y4acTKE MarHUTHOTO Mycopa.

W3mepenus mpoBOAMINCH I€3UEBBIM rpaguenTomerpoM SM-5 Navmag npu crneayromux
YCIOBMSIX. BBICOTa pAacHoiOXKeHus JatyukoB 1 M wm 2 M, mnepuox wu3Mmepenuid 1 cek.,
NPOJIOJDKUTEIBHOCTh HM3MEPEHWH Ha KaXIOM myHKTe 1-2 w4yaca (BcieacTBUe OIM30CTH
oOcepBaTopun).

Pe3ynpTarhl HaOMIOACHUMH Ha KaXJIOM IIyHKTE NPUBOMATCS K CEpeAMHE ToAa IyTeM
BBEJICHUSI COOTBETCTBYIOIUX MOMPABOK, UCTIONb3YS JaHHBIE 00CEpBATOPUU KAPTH».
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Puc.1. KpynnomacmrabHoe utochepHoe moJie B paifone oocepBaTopun «ApTu».

JlanbHeilimas 00paboTKa pe3ylbTaToOB 3aK/l0Yaliach B BBIACICHUH U3 HAOJIOJEHHOTO OIS
BKJIaJja MaH4a)KCKOW MarHUTHON aHOMalud. J[Jis TOTO M3 MOTYYEHHBIX HAOIIOJCHHBIX 3HAYCHUN
HEOOXOAMMO YHAJIWTh BEIMYMHY TJIaBHOTO MO (MOJSI OT 3€MHOTO s/Ipa) U KpyHHOMacuTabHOe
aurocdepHoe nose. BennunHa riiaBHOTO MOJIS pacCYUTHIBACTCS MO CPEPHUUECKUM FapMOHUYECKUM
koddpunmentam IGRF 1o crenenn n=13 [2]. Cdepuueckue rapMoHndeckre KOdPOUIUESHTHI s
snoxu 2009 rona noxydeHs! myreM JuHeHHOW nHTepnoisiimu kodpduunentos IGRF 2005 u IGRF
2010.

Kpynnomacmitabnoe maurocepHoe mOJE MOXKHO paccyuTarh Takke Mo (opmynam
cpepruuecKoro rapMOHUYECKOTO aHaiu3a. I 3TOro UCHONb3yeTcs MOJIENb JIMTOCHEPHOro Mos
MF-4 [3], mocTpoeHHast 10 MarHUTHBIM H3MepeHusiM Ha criytHuke CHAMP. Moaens  MF-4, kak
U MOJAEIU CEpuu IGRF, mnpencraBiser coboif HabOp CQepHUecKUX TapMOHUYECKHX
kodpduuuenToB creneneit ot N=14 no n=90. Pacnpenenenue kpynHomacmtabHOr0 JUTOCHEPHOTO
10JIs, paccyuTanHoro no koddduuuentam MF-4, B paiione ob6cepBatopuu «ApTH» HpPECTaBICHO
Ha puc.l.

Bxkinag MaH4yakCKOW MarHUTHOW aHOMaiuu (pHC.2) — 3TO OCTATOK IOCIE YHAICHUS W3
HaOJII0IEHHOTO TOJIS TIIABHOTO TOJISL M KPYITHOMACIITaOHOTO JTUTOC(EPHOro MOJIS.
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YJIK 620.179.16
MCIIOJIb30BAHUE AMILIUTYJHO-YACTOTHOI'O CHEKTPA AKYCTHYECKOM
IMUCCHUHA JJIAA BOCCTAHOBJIEHUSA ®YHKIIUU PACITPEAEJIEHUSA TPEIUH 11O
PASMEPAM
B.T. benukos, /I.I". Poiskun, men. 267-88-88; ghaxc 267-88-72; e-mail: belik2a@mail.ru
HUnemumym eeogpusuxu YpO PAH, Examepunbype, Poccus

Abstract. The inverse problem of reconstruction the crack-size distribution function from the
amplitude-frequency acoustic emission spectrum is considered. It is shown that this problem can be
solved with the use of the models proposed in this work for the dependence of the averaged
difference of elastic stresses at the surfaces of radiating cracks on their radius. The proportionality
coefficients of these dependences are fitted by minimizing the free surface energy, i. e., by
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searching for the minimum of the specific internal surface of cracks with a constant crack volume
(porosity).

Cpemu mpo0JieM, KOTOpbIE CYIICCTBYIOT NMPH H3YUeHHH aKycThdeckodl smuccuu (AD),
0COOEHHO aKTyaJlbHa B HACTOSIMN MOMEHT 3a/lauya KOJMYECTBEHHON MHTEPIPETALUU Pe3yIbTaToOB
HaOmonenuii. Cnenyer OTMETUTh, OJHAKO, YTO HpU pa3paboTKe METOAMKH HHTEpPIpETaluu
curHasioB AD He00X0AMMO UMETh IKCIIEPUMEHTAIIbHBIC TAaHHBIC 110 €€ TeCTUPOBaHui0. B padoTte [3]
ObUIM TIPOBENICHBI SKCIEPUMEHTHI M0 (U3UYECKOMY MOJCTUpOBaHUIO (uibTpauuu (aouna B
o0pa3iax ropHOW MOPOJbI C OJHOBPEMEHHOH perucTpauueit curnanoB AD. Ilpu sTom u3yyanuch
TaKXke CTPYKTYpHO-IIETpor3nyecKre XapaKTepUCTUKHN UCCIEAYEMOTo KepHa U, B 4aCTHOCTH, OBLIO
MIOCTPOEHO pacrpeiesieHue MOPOBBIX KaHAJIOB MO MX 3((EeKTUBHBIM AuamMeTpaM. Pe3ynbTaTsl 3TUX
MCCIIeI0BaHUI ObUIM MCIIOJIb30BAaHbI HAMU JUI ONpOoOOBaHMs pa3pabOTaHHOTO AITOPUTMa PELICHHUs
oOpatHO 3amaun. B ToM ciyyae, KOrja Mbl paccMaTpuBaeM TOPHYIO MOPOJAY € H3ITyYarOIUMHU
TpeurHamu, GopMyra s 4acToTel AD v, MOXKET OBbITh 3amicana Tax [1]

v = [A% (1)

pL
riae Ao - OCpeHEHHas PasHOCTh YIPYTHX HANPSHKEHUH Ha MOBEPXHOCTH TpeuuH, L - ocpennennas
aMIUTHTY/a ee kosebanuit, Q- ynenbHas BHyTpeHHss noBepxHocTh (YBII) TpemmH, p - MI0THOCTH

cpenbl. [Inst netanbHOro M3y4eHHUs MPOLIECCOB reHepanuu AD, MO3BOJISIIONIETO Y4eCTh BKJIAJ B
aMIUTUTYAHO-4aCTOTHBIN (AY) CHeKTp TpeuMH pa3HbBIX pa3MEpPOB MOXKHO BBECTH I HHX
COOTBETCTBYMOIIYIO0 (yHKIMIO pactpenenenus (PP), cuwras, 4to TpemmHa MpeacTaBiseT coOOH
chepy, UMEHOIIYyI0 TOT ke 00beM. OP Tpemun mo pasmepam f (r) (mbl Oyaem HasbIBaTh ee gajee

HopMHpoBaHHOW DP) ompenenum Kak OTHOCHTEIBHOE KOJUYECTBO TPEUIMH B CIUHHIIE 00BEMa,
MPUXOAALIEECS HA €AMHUYHBIA MHTEPBANI paanycoB. M3mepseMble CTPYKTYPHBIE XapaKTEPUCTUKHU
Cpe/bl, TaKKe Kak JoJis 00beMa, 3aHMMaeMasi TPeUIMHAMU U TopaMu ([MOPUCTOCTH) ¢, a TAKKe

VYBIT Q onpenenstorcs cneayonmmM oopazom [1]

4 B~ _ fre
¢=?Rjr f(rydr; Q=4r jr f(r)dr . )

min Rmin

B Beipaxxenusix (2) ucnonb3oBana OP F(r), cszanHast ¢ f(r) cooTHoleHUEM F(r) =nf(r), roe

N -o0Iee KOJIMYECTBO TPELIMH B €AMHUIIE 00BbeMa ¢ pasmepamu oT R, 10 R (MHUHMManbHBIHA 1

min
MaKCHMAIIbHBI pa3Mepbl TPEIIUH, COOTBETCTBEHHO). ANTOPUTM peIIeHHs OOpaTHOM 3amauu o
BOCCTaHOBJIEHUU CTPYKTYPHBIX XapaKTEPUCTUK Teocpelpl u, mpexnae Bcero, OP tpemuH 1o
pa3mepam 1o HaOroaeHHOMY AU criekTpy AD MOXKHO MOJpa3/Ie/IuTh HAa TPU OCHOBHBIX dTama [1].
Ha mnepBoM, momkHa ObITh NpoOBelIeHA WACHTU(UKAIMS HCTOYHHUKOB AD M YCTaHOBJIEHA HX
¢usnueckass mpupona. Ha BTopom sTame cienyeT ONpeNenuTb HMHTEPBAJ pa3MEpoB TPEIIMH,
KOTOpbIE B Tpoliecce u3inyueHust Gpopmupyror HabmonenHsli AY cnekrp AD. Ha Tperbem stare,
UCXOJll W3 CBEACHUI O cpene, MPUPOJE M MeXaHU3Me reHepamuu AD, HE0OXOIUMO 3a1aTh

pacnpenenenie AG/p B 3aBUCHMOCTH OT pajuyca M3JIydarollMX TPeUluH. Byaem cuurars, 4o

TPEUIUHBI UMEIOT cepruecKyto Gopmy ¢ 3PGPEKTUBHBIM TUAMETPOM, COBMAAAIONIUM C AUAMETPOM
MOPOBBIX KaHaoB, a ux ®P cooTBercTBYeT TOM, KOTOpas npuBeneHa B padore [3]. Kpome Toro,

OyzeM IpearnoaraTh, YTo U3JIy4atoT Bce TpeluHsl ¢ pasmepamu oT R . =1mxm 1o R, =100MxwM,

npezacTaBieHHble dkcnepuMenTanbHoit OP [3]. T'oBops o ¢usmueckoit npupone curHaioB AD,
3aperucTpUpoBaHHBIX B [3], HEOOXOIMMO OTMETHUTH, YTO KaK CIIEAyeT M3 OIWCAHUS YCIOBHI
HKCIIEPUMEHTOB JIaBJICHHE B METPOPHU3UYECKONW YCTAaHOBKE, TJ€ MPOUCXOaWia (uiIbTpauus
¢monnoB, npocruramo 60 MIla. Ynopyrue HampsokeHHs B HEMOCPEACTBEHHOHW OKPECTHOCTH
BEPIIMHBI TPELIMHBl MOIVIM CYIIECTBEHHO IPEBBIIATh YKa3aHHYK BenuuuHy. ClieoBaTesbHO,
NPUYUHON NOSBICHUS CUTHAIOB AD MOIJIH OBITH TPELIMHBI, U3JIy4alolIue 10 MEpe CBOETO pOCTa B
nporecce paspyuieHus. [lostomy, mepexons K TpeTbeMy 3Taly pelleHus oOpaTHOH 3anaud,
paccMOTpUM BHAyaje CUTYyalMI0, KOrJa UCTOYHUKOM AD SBISIOTCS pacTylue TpeuuHbl. MOKHO
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CYUTATh, YTO TEHEPUPYEMOE MMM H3JIyYeHHE BO3HHMKAET B TOM Ciy4ae, Korga AG JOCTUraer
TAKOT0 3HAYEHUs, MPU MPEBBIIIEHUH KOTOPOT'O HAPYIIAIOTCS YCIOBUS PABHOBECHS Ha MOBEPXHOCTH
Tpetnubl. C y4eToM 3TOT0 ObLIN MPEIOKEHBI IBE, MOJIENbHbIE 3aBUCUMOCTH AG [ p OT paauyca
M3y 9aloumx c(hepuyecKux TPEuH ¢ paguycoM I, mepsas - AG(r)/ p ~ r™ (mozens 1) u Bropas
-AG(N) p ~ r*?(momens 2) [1]. AsTopsl paGoTsl [3] cumTamm, 4TO NPUYMHON MOSBICHUS
curHanoB AD mnpu QunbTpanuu (arouna B oOpasiie KepHa SBISIOTCS KOJeOaHUS CTEHOK MOp U
TPELINH 3a CYET MYJIbCAMOHHOTO XapakTepa TedeHus (ironna. Takoil MexaHu3M Bo30yxaeHus AD
TaKXKe MOXET OMHUCHIBATHCS PACCMOTPEHHBIMH BBIIIE MOJACSIMU, IPUUEM OTIIMYHE B 0OCYKIaeMbIX
MeXaHU3Max reHepauuu AD 3aKII04aeTcs JHUIIb B TOM, YTO Pa3IHMYHbl IPUYMHBI BOZHUKHOBEHUS
JMHAMHWYECKON HEPaBHOBECHOCTH Ha MekK(a3HOU rpaHulle. B NeHCTBUTEIBHOCTH, B T€X YCIOBUSIX,
B KOTOPBIX IPOBOJMJIMCH SKCIIEPUMEHTHI, paboTaly, MO—BUIUMOMY, 00a yKa3aHHBIX MEXaHH3Ma
rerepaiuun AD. TIpu NPaKTUYECKOM MCIIONB30BAHUU PACCMOTPEHHBIX 3aBUCHMOCTER AG/p oT
panuyca M3JIy4alolUX TPELIMH BO3HUKAIOT TPYJHOCTH, IJIaBHAs M3 KOTOPHIX CBsi3aHa C 3ajavyei
orpeneneHuss Ko3PpPUIHUEHTOB MponopuuoHaIbHOCTH. [lyTH pemieHus 3Toi mpoOiieMbl JexaT B
OpraHu3aIy MPOLENYPHl, CBOJAIMICHCS K MOUCKY 3KCTpeMyMa (DyHKIIMOHANA, XapaKTepU3yIOLIero
NoJHYI (B TOM 4YHCIE IOBEPXHOCTHYIO) CBOOOIHYIO »SHepruto cpeabl. [Ipu mporeccax,
MPOUCXOISAIINX MPH MOCTOSIHHBIX TEMIIEpaType U 00beMe, CBOOOHAS SHEPTHsl Telda CTPEMUTCS K
MUHUMYMY [4]. [lns ropHOH TOpOABI C TpEIIMHAMH, pacCMaTpPUBAaeMO#l Kak JByxQa3Has
reTeporeHHas cpesia cBo0oHast SHeprus F MoxkeT ObITh MPeACTaBICHA TaK

F=F+F+F,, (3
rie F, F, u F, - cBoOomaHas sHeprust TBepIod M TPEIIMHHON (Da3bl, a TAKXKE MOBEPXHOCTHAS

CBOOO/HASI DHEPIHsl, PACCUNTAHHBIC HA SIUHUIYYy 00beMa, COOTBETCTBEHHO. Bemmumna F, mmeer
Bux [2]

F, =00, 4)
rie o - KO3 PUIHUEHT MOBEPXHOCTHOTO HATSHKCHUS. ByeM npeamnosarars, 4To Mpoecc reHepariu
AD T[pOUCXOAMT B YCIOBUSX, KOIJa Cpeda HaXOMUTCS B  COCTOSHUM — OJIM3KOM K
TEPMOAMHAMHUYECKOMY PaBHOBECHIO, TIPH KOTOPOM ee cBOOOIHast sHeprus F umeer munumym. [Ipu
MOCTOSIHHBIX 00BEME W TEeMIIepaType 3TO YCJIOBHE, B COOTBETCTBUH C (3), SKBHUBAJICHTHO

TpeOOBAaHUIO MHUHIMYyMa OBEPXHOCTHOU cBOOOHOM »Heprun F,. A 310, B cuny (4), o3Hauaer,

4TO (P MOCTOSTHCTBE KOA(P(UIHEHTa TOBEPXHOCTHOTO HATSDKEHHSI) K MUHUMYMY cTpemutcst Y BIT
Q) npu Hem3zMeHHOM oObeme (a3. Takum oOpa3zoM, TpeTUil dTam aaropuTMa penieHus oOpaTHOM
3a7a4id BBIMIONHSJICA B CIEAYIOLIeH mocienoBarenbHocTH. CHavana BBIOMpaiach 3aBHCUMOCTD
AG(r)] p nns Kaxmod W3 MOJENEH C €IMHBIM Ui BCETO WHTEPBAIA PasMEPOB U3IYYAONIUX

TpeuH Ko3((QUIIMEHTOM MPOMOPUHOHATBHOCTU. JIJIi YCTaHOBJCHHSI COOTBETCTBUS MEXKIY
MHTEPBAJIOM pa3MEpOB M3JIy4arolMX TPEIIMH M HMHTepBajgoM 4vactoT B AY cnektpe AD Mbl
Ipernoaraiyd, YT0 MUHUMAJIbHOMY 3HA4YCHUIO pajnyca TPEUIMH COOTBETCTBOBAJA HauOOJbINIAs
4acTOTa, MAaKCUMaJIbHOMY - HauMeHbIlas. KonuuecTBo nHTepBanoB B AY cnekTpe U 3aBUCUMOCTH

Ac(r)/ p Gpanock oauHakoBbIM. [ KaI0H KOMOMHAIMU TOYKH (E;v) B AU cnektpe AD u
sapucumoctu A (r)/p mno dopmyne (1), ¢ yderoM  maHHBIX 00 AMIUIUTYAE M YaCTOTE,
onpeaensanuch 3HadeHust YBII B cooTBeTCTByIOLIEM MHTEpBaJIE PaJlycoB TpeIlUH. 3HaueHuss PP
F(r) (B »TMX jKe WHTEpBajaXx pa3MEpoOB, CYHTAs F(r) NOCTOSIHHOM B Ka&XIOM W3 HHUX)
BBIYMCISUTUCH B COOTBETCTBUM C (2), 3aTeM, IpU NOMOLIM ee HOpMHUpOBKH cTpomiack ®P f(r).
[Tonmy4yennasi, ommcanHbIM Bbilie crnocobom @OP f(r) yrouHsiack MOCPEICTBOM HU3MEHCHHS
K09 (OULHUEHTOB NPOIOPIMOHATIBHOCTH B 3aBUCUMOCTH AG (r)/ p . s 3TOr0 B KaXKJI0M UHTEPBAIIE

pasmeposB U3JIy4aroLInX TpeLH IIPOUCXOAUIIO BApBUPOBAHUE K03 dunreHTa
NPOMOPIHOHAIBHOCTH, PHHSATOTO B IEPBOM MPUOIMKEHHH. 3aTteM, 1o Gopmyrie (1), BEIYUCISIIUCH
3HadyeHus Y BII B KaKI0M IPOMEXKYTKE U3MEHEHUS pauyca U OCYLIECTBIIAJICS MepecyeT 3HaYeHU!

®P f(r). Ucmonb3ys ux, B cOOTBETCTBHU C (2), ompenessuiach MOWUHTEPBalIbHAS MOPHCTOCT.

36



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

3arem Beluucisiack obmas YBII Q u oOmas mOpuUCTOCTh ¢ H3IYyYaIOIMIUX TPEIIMH BCEX

pasmepoB. B KkauecTBe HWCTHHHOTO, BBIOMpayics BapuaHT, npu kotopom YBII Q Obuia
MHHAMAIILHOH, a 0O0Ilas MOPHCTOCTh ¢ MOCTOSHHOM (C TOYHOCTHIO MSATHAALATH IMPOICHTOB),
COOTBETCTBYIOLIEH SKCIIEPUMEHTAIBHO ompeneneHHon OP.

Pe3ynbrarel pacueToB ImpHUBENEHBI Ha puc.l, Ilie MpencTaBiIeHa TAKXKe 3KCIEPUMEHTAIbHO
ompezneneHHass HopmupoBanHas @OP f(r). Anmamms3 rpaduxoB Ha puc.l mokassiBaeT, YTO
BOCCTaHOBJICHHbIE (B cooTBeTcTBUH ¢ Mozaensmu 1 u 2) P OGnusku 1o cBoeit Mophoioruu u
3HAYEHUSIM K OSKCIepUMEHTalbHO mnonydeHHo PP. Pabora momnepikana Ilporpammoit Nel6
ITpesumuyma PAH u Ilporpammoii Ne6 Otnenenus nayk o 3emiue PAH.
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JkcnepuMeHTanbHasa ®P === BoccraHoBneHHasa ®P (mogens 1)
= = BoccraHoBneHHas ®P (mogensb 2)

Puc. 1. HopmupoBannasi pyHKIMs pacnpee/ieHis TPELINH 110 pa3Mepam
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Y JIK 550.343:550.4
BOCCTAHOBJIEHHME BPEMEHHBIX U3MEHEHUI CTPYKTYPHBIX U
JUHAMUNYECKHUX XAPAKTEPUCTUK PASPYIIAIOHIUXCSA I'OPHBIX TOPO/J C
HCIIOJIb30BAHUEM BAPUAIIMMA KOHIIEHTPAIIUU PAJIOHA
B.T. benukos, /I.I". Poiekun, men. 267-88-88; ghaxc 267-88-72; e-mail: belik2a@mail.ru
Hnemumym eeogpusuxu YpO PAH, Examepunbype, Poccus

Abstract. The quantitative interpretation of experimental data on variations of radon concentration
is carried out on the basis of the suggested quantitative model describing process of formation the
high amplitude anomalies of radon. In result relative time changes structural (porosity and a specific
internal surface), and dynamic (pressure) characteristics of destructing rocks are restored.

B mHacrosimee BpeMmsi YCTAHOBIIEHO, 4YTO BpPEMEHHBIE BBICOKOAMIUIMTYIHBIC aHOMAJIUU
KOHIICHTpPALlMU paJioHa OOYCIOBJIEHBl TEKTOHO(PH3UYECKUMHU SBJICHUSIMH B reocpene. Hx
KOJIMYECTBEHHAs] MHTEPIIPETALs IO3BOJSET IIOJHEE M3YyYUTh XapaKTep INPOTEKAaHUs IPOLECCOB
paspylleHusi TOPHBIX IIOpOJ, a TaKXKe MCCIe0oBaTh IPUYMHBI W YCJIOBUS, BIMSIOIIME HA
OCYILECTBJIEHUE TOTO WM MHOTO PEXUMa HX pa3BUTHs. Pe3ynbTaTbl SKCIEPUMEHTOB, a TaKke
KOJIMYECTBEHHBIC OLIGHKM TIOKa3bIBAIOT, YTO peHIalolUuM (aKTOpOM TMpPH BO3HUKHOBEHHUU
BBICOKOAMIUIUTYAHBIX AaHOMAJIMM KOHLEHTpAalMU pajioHa, ABISETCA paspyllieHue. MoxHO
IPEAIOJIOKHTE, YTO TI0 MEpPE €ro pa3BUTHs B cooduiaronieecs: (OTKPHITOE) TPEHIMHOBATO-IOPUCTOC
MPOCTPAHCTBO, M3 KOTOpOro Oepyrcs MmpoObl ra3a Ha aHaNU3, BKIIOYAIOTCS COJEpIKallde PaJioH
OTACJTbHBIC TMOPHI M TPEUIMHBI, a TAaKXKEe HMX TIPYyNIbl B 00JacTsax ropHoro maccuBa (Oiokax),
KOTOpBbIE /10 pa3pyllieHus: OblTu u30iaupoBaHbl. CHcTeMa ypaBHEHHH, ONMCHIBAIOIIAs M3MEHEHHE
CTPYKTYPHO-TIETPOPHU3UUECKUX XAPAKTEPUCTUK pa3pylIaolieiicss reocpebl NpyU BO3ZHUKHOBEHUU
PalOHOBOM aHOMAaJIMH, BBIMIAIUT cleayromuM obpasoM. CooTHomleHue st OajaHca pajoHa B

OTKPBITOM MTOPOBOM TPOCTPAHCTBE, uMeeT Buj [1-4], [6]
oC o°C oC C <
—-D +V—+—=bQ+C . 1
at aXZ 8X T qu)om ( )

rac C - OCPCOAHCHHAA YaCTU4YHAsA KOHLCHTpalUud, 7 - CpCAHCC BPEMA XKU3HU aTOMOB paaoHa,

CBSI3aHHOE C TIOCTOSHHOM pacmana A cooTHomenwmem 7 =1/A, V- cpemHemaccoBas CKOpPOCTb
panoH coaepskaiero ¢guonga, Q - YBII oTKpbITOro mopucToro npocTpancrsa, D - koadduuueHt

muddy3un pagoHa Bo Qarowmne, mpeanonaraeMblii MOCTOSHHBIM, D - nupQy3MOHHBIH MOTOK

pajoHa B OTKpPBITBIE IIOPBI M3 CKEJETa, 50 - a(pdexTuBHAs OCpeIHEHHas paBHOBECHAs
KOHIICHTpAlLUs pajioHa B CKEJIETE U M30JIMPOBAHHBIX MOpax U 0JIOKaX, ¥ -CTPYKTYpHBIN MapaMmerp,
XapaKTepU3YIOIUN OTHOCUTEIbHOE U3MEHEHHE 00beMa OTKPBITON (pas3bl MpH pa3pylieHu , 3a CYeT
CKeJIeTa ¥ M30JIMPOBAHHBIX Op, @, - IOJA 00beMa, 3aHMMaeMast OTKpbITol dasoit, ¢, =V, [V,
V - BenmuuuHa o0beMa ocpeiHeHus, V- 00beM, 3aHUMaeMblil OTKPBITBIMU [IOpaMH, B mpezenax V .
N3menenue nosu 00beMa, 3aHUMAaeMOT0 OTKPBITHIMU IIOPAMH ¢, , OIIMCHIBAETCS YPAaBHEHUEM

op
om . 2
AL (2)

CooTHomeHue, onuckiBaroniee m3MeHenne YBII oTKpBITHIX 1MOp, B COOTBETCTBUM C [5-6], mMeer
BU]

o0Q
—=0Q (3)
ot

rae v - KodpPuIUMeHT, xapakrepusylommuii uzMeHeHue YBII, o0OyclioBieHHOE IBUXKEHHEM

Mek(pa3zHON rpaHuibl Tpu paspyuieHnn. Cucrema ypaBHeHud (1-3) MokeT ObITh pelIeHa IMOocie
BbIOOpa HAayallbHBIX M TPAaHWYHBIX ycloBHM. Takyio 3amady Has3biBaloT npsiMod. OnHako, Ha
NPaKTUKE, C LENBI0 ONpENeNeHUuss U U ¥ C NPUBICUYCHHEM SKCHEPUMEHTAIBHBIX TAHHBIX IO
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BPEMEHHBIM BapualsIM KOHIIEHTPAIMU paJioHA, OOBIYHO pemaroT oOpaTHYIO 3anady. Perienue
ypaBHeHHs (1) TO3BOJISIET ONPEACIUTh OTHOCHTENBHOE ([0 OTHOILIECHUIO K (POHY) KOJIMYECTBO PAJIOHA,
peructpupyemoro B monoctu [4]. Jlamee, uMcnonb3ys peXuMHbIE HaONIOACHUS KOHLECHTPALUH
pajoHa, B pe3ylibTare pPeuieHUs 0OpaTHOW 3aJayl MOXXHO BOCCTAHOBHTH BPEMEHHbBIC M3MCHEHHS
CTPYKTYPHBIX XapaKTEPUCTHK paspyuieHus (y,0 ), a 3aTeM, UCIOJIb3ys PELICHUs ypaBHEeHUH (2) u
(3), M3y4uTh COOTBETCTBYIOIIME OTHOCUTEIbHBIC (IO OTHONICHHWIO K HAYaJIbHOMY 3HAUCHHIO)
u3MeHeHuss ¢, U (. B KkadecTBe HCXOAHOTO OHKCIEPHMEHTAIBHOTO MaTepHana ObUIH
UCIIOJIb30BaHbl  HAONIOJACHUS  BapHallMii KOHILEHTPALMU pajoHa, TNpUBEICHHbIE B [7].
BoccraHoBiieHHe BpEMEHHBIX U3MEHEHUI CTPYKTYPHBIX XapaKTEPHCTHK Pa3pyIIEHHs TPOBOAUIOCH

HA OCHOBE CPAaBHCHUS SKCICPUMCHTAJIBHBIX 3HAYCHUI OTHOCHUTEIBHOU (IO OTHOILICHHIO K (OHY)
AKTUBHOCTH pPaJIoHa C TEOPETHUSCKUMH [6].
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Puc. 1 CpaBHeHHe 3KCHepHMEHTAJbHBIX 3HAYeHHH BPEMEHHBIX BapHalMii AKTHBHOCTH
pagona (TPeyroJibHHKH) € TeOpeTHYecKH paccYyuTaHHbIMU (kKpuBas 1). OTHocHTe/lbHBIE

M3MeHeHHsl OTKpbITOii mopucrocrn ¢, /¢ ( xpuBas 2) m YBII orkpbiThix mop Q/Q,
(kpuBasn 3).

Ha puc. 1 npencraBnena B3sitas u3 pa0boTsl [/] mHTepnpeTHpyeMas 4acTh HaOIIOJACHHONW KPHBOI
BPEMEHHBIX BapHalluil KOHIIEHTPALUK PaJoHA B CPABHEHUHU C TEOPETUYECKOHM, MOJOOpaHHOU MpH
noMoInu mpoueaypsl Munumusaiu [6]. Tam ke (puc. 1) mpuBeAeHbI COOTBETCTBYIOIIHME
BPEMEHHBIE M3MEHEHHsI OTHOCUTENbHBIX 3HaUYeHUH OTKphITOM mopuctocty u YBII. Kak BugHO U3
NPUBEJICHHBIX T'pa(UKOB, XapakTep OTHOCUTEIBHOIO M3MEHEHUS OTKpPBITOM MOPHCTOCTH
IIPAKTUYECKH MOHOTOHHBIA. OHa, B T€YEHHE IMATHAALATH CYTOK BO3pPACTAaeT, U B IOCIEIYIOLIEM
ocTaeTcs NOCTOAHHOU. B 10 ke BpeMms, YBII BHauane pacrer, a 3aTeM, B MOMEHT BPEMEHU, PABHBIN
npubnusurensHo 18 cyrkam ee pocT CMEHsSeTcsl MaJeHUEM, C BBIXOJOM Ha CTal[MOHapHOE
COCTOsIHME, TpU KOoTopoMm BennuuHa YBII Menbiie To#, koTopas ObUla B cpeie /A0 Hayajga
nporeccoB paspymieHus. B pabore [5] Obul mpemiokeH KpUTEepHil (SBISIOIIMKCS aHAJIOTOM
kpurepusi ['puddurca), ONUCHIBAIONIIMI YCIOBHS BO3HUKHOBEHHS DBOJIOLMOHHOTO pEXUMA
pa3BUTHA ITpoliecca pa3pylieHus. [Ipu ero BEINOIHEHUH, pa3pylIeHHE TPOUCXOIUT TAKUM 00pazoMm,
YTO MOIIHOCTH YIPYTHX CHUJI CKOMIICHCHPOBaHA pabOTOM, 3aTpayuBaeMoi B €AMHUILY BPEMEHHU Ha
n3menenue YBII ropubsix nopon. Korzna cueHapuil pasBUTHS IPOLECCOB PA3PYLLEHUS SIBISIETCS
9BOJIIOLMOHHBIM, IPEIJIOKECHHBIM KPUTEPUH IIO3BOJISET OLEHUTh, KaK CO BPEMEHEM MEHSAETCs
JIaBJICHUE, €CJIM UMEIOTCS JaHHble 00 OTHOCUTENbHBIX N3MeHeHusax YBII reocpensbl.
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Puc. 2. OTHOCUTE/IbHOE M3MEHEeHHUe AaBJIeHHs] B TOPHOM MaccHBe B Mpouecce pa3pyuieHus, B
CPaBHEHUH ¢ cOOTBeTcTBYWIIMMH u3MeHeHusiMu YBII (Bepxusasi kpuBasi). llludp xpusBbix
N3MEHEeHHUs JaBJICHUs — 3HAYCeHHs nmapamerpa Ao.

Pe3ynbrarhl pac4eTOB OTHOCUTEIIBHBIX BPEMEHHBIX U3MEHEHUM JABIICHUS B MACCUBE I'OPHBIX IIOPOJ B
IIPOLIECCE Pa3pYyLIEHUs C UCIOIb30BAHUEM COOTBETCTBYIOIIUX JAHHBIX [0 OTHOCHUTEIILHBIM BapHaLUsAM
VBII, npuseneHs! Ha puc. 2, rae A, mapamerp, XapakTepU3YIOIUil HauyalbHOE COOTHOLIEHUE MEXIY

MOBEPXHOCTHOM CBOOO/IHOM SHeprueil M CBOOOMHOM »SHepruei nedopmammu [5-6]. Anamusupys
IIPUBEICHHBIE KPHUBBIE, MOKHO OTMETUTh, YTO IO MEPE DPa3BUTUS IIPOLIECCa paspylICHUs BHayaje
MPOMCXOUT YMEHBIICHHE OTHOCUTEIIBHOTO JIaBJIeHUs (pasrpy3Ka) B MaccuBe. 3arTeM, Mo Mepe MajeHus
VBII, naBienue B Cpeie yBEINYUBACTCA.

Pabora nognepxkana Ilporpammoii Nel6 Ilpesuanyma PAH u IIporpammoii Ne6 Otnenenus
Hayk o 3emuie PAH.

JIureparypa

1. BbenukoB B.T. YcioBus nucconuanyu 1 peKOMOMHAIIMK BOJSHOTO Napa BO (DIIOMIHOM MOTOKE
/I Teonorus u reopusuka. 1986. Ne3. — C. 110-113.
2. benmukoB B.T. KonuuecTBeHHOE ONHMCaHME MPOLECCOB TeIrioMaccornepeHoca B nutochepe //
I'eosiorus u reopusuka. 1991. Ne5. - C. 3-9.
3. benmukoB B.T., HlecrakoB A.®. BiusHue mnpoueccoB paspylleHHs Ha MHUIPALUI0 pajJoHa B
TpeurHoBaTo-nopuctoii cpeze. den. Ne 2315-B96. -M.: BUHUTH, 1996. —38c.
4.  bemukoB B.T., IllectakoB A.®. Onpenenenue NpocTpaHCTBEHHO-BPEMEHHBIX XapaKTEPUCTHK
o0nacTu paspylieHHsl C MCHOJIb30BAaHHEM JIOJITOBPEMEHHBIX aHOMANMi KOHIIGHTpanuu pajoHa.//
®usuka 3emiy, 2007. Ne5. C. 80-87.
5.  benukos B.T., [llectakoB A.®. M3y4yeHne BpeMEHHBIX U3MEHEHUI HANPSDKEHHOTO COCTOSIHUS
reocpensl B rpoliecce paspymienus // ['eonorus u reopusuxa. 2008, Ne5, C. 461-470.
6. benukos B.T., Pemkun JI.I. Hcnosb3oBanue Bapuanuii KOHUEHTPALMU paJoHa IS
BOCCTAHOBJICHMSI ~BPEMEHHBIX HW3MEHEHMH  CTPYKTYPHO-TIETPO(PHU3UUYECKUX  XapaKTEPUCTHK
pa3pymaroIuxcst FopHbIX mopo. // Ypanbsckuii reopusndeckuii Bectauk. 2010, Ne2 (17), C. 16-25.
7. Trigue M., Richon P., Perrier F., Avouac J.P., Sabroux J.C. Radon emanation and electric
potential variations associated with transient deformation near reservoir lakes // Nature. Vol. 399
(6732), 1999. P. 137-141.

*khkhkhhkhkkkkkk

40



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

VK 550.83:551.214(265.53)

IMPUMEHEHUE COBPEMEHHBIX UHTEPITPETAIIMOHHBIX TEXHOJIOT UM ITPHU
MN3YUEHUU NTOJABOJHOI'O BYJIKAHA 6.1 (KYPUJIbBCKASI OCTPOBHAS JIYT'A)
Bnox 0.1, e-mail: yuri_blokh@mail.ru; Bornoapenxo B.1.* e-mail: vibond@list.ru;
Jonzane A.C.2 (' YpO PAH) e-mail: dolgal@mi-perm.ru; Hosuxosa I1.H. *e-mail: polina@mi-
perm.ru; Pawmoos B.A.* e-mail:rashidva@kscnet.ru; Tpycos A.4.> e-mail: trusov@aerogeo.ru
! Mockea, Poccus; > Kocmpomckoii 2ocydapemeennoti ynusepcumem um. H.A. Hexpacosa,
Kocmpoma, Poccus, 5T opuwi uncmumym YpO PAH, Ilepmw, Poccus 4 Hnemumym eyakanonocuu
u ceticmonozuu J{BO PAH,Ilemponasnoeck-Kavuamckuu, Poccus, ®3A0 «HIIII
Ansporeodusuka», Mocksa, Poccus

Submarine volcano 6.1 located on Kurile island arc was studied using modern original
technology. The paper suggests that there are peripheral magmatic chambers and subvertical
conduit channels at depth 4.1-5.2 km. The case study shows a performed integration of university,
academic and sectoral science of organizations in Moscow, Kostroma, Perm, and Petropavlovsk-
Kamchatsky.

IIpn nymaHOMEpHOM H3Y4EHMM IOJBOJHOIO ByJIKaHW3Ma KypuibCKoll OCTpOBHON ayru
(KOM) B 11-tH peiicax HUC «Bynkanosor» B 1981-1991 rr. [1], k OonblioMy COXalICHUIO, CETH
CbEMOYHBIX NMPOQUIIeH HEPEIKO OKA3bIBAINCH HEPETYISIPHBIMH, a UX IUIOTHOCTh HEBBICOKOM. Kak
NPaBUJIO, MaTepHalbl MOJOOHBIX CHEMOK JJisl MOCTPOCHUS KapT U MHTEPHpPETAllMy MOJTY4EeHHBIX
JIAaHHBIX [PEABAPUTENBHO PEAYLMPYIOT Ha PETYJSIPHYIO CEThb, UYTO, CTPOrO IOBOpS, SIBISIETCA
HEKOPPEKTHOM mpouenypoil. s 3TOro HUCHONb3yeTcss MHOXECTBO PAa3IMYHBIX CIIOCOOOB
penyLMpOBaHus, KaXAbli M3 KOTOPBIX 00JaaeT CBOMMHM CIEHU(PUUYECKUMHU HEJI0CTATKAMHU.
[Tepexon OT UCXOAHBIX CeTe K MHTEPIOJUPOBAHHBIM, 0COOEHHO, B CIIy4ae HEPETYSAPHBIX PeIKUX
ceTeil, MPUBOJMT K CEPhE3HBIM OIIMOKaM B MHTEpIIpeTauu [2].

Jlis oOpaboTKM JaHHBIX, MOJYYEHHBIX HA HEPETYISAPHBIX PEIKUX CEeTSIX HaOII0JCHUH,
aBTOpaMu paspaboraHa 3(p(eKTUBHAsE TEXHOJOTUS KOJIMYECTBEHHOW MHTEPIIPETALUU MaTepUalloB
TMJPOMAarHUTHOW  CBEMKM B  KOMIUIEKCE C  3XOJIOTHBIM  IIPOMEPOM,  HENPEPHIBHBIM
ceiicMoakyctiuueckuMm  npodumpoBanuem (HCII) u  aHanM3oM eCTECTBEHHOW OCTaTOYHOM
HAaMarHMYE€HHOCTH M XUMHUYECKOTO COCTaBa JIParMpPOBAHHBIX TOPHBIX IOPOJ, IO3BOJIAIOIIAS
IPOBOJIUTH HWHTEPHPETALMIO HEMOCPEACTBEHHO IO MCXOJHBIM JIaHHBIM, He mpuberas K
HEKOPPEKTHOM MPOIIEAype UX MPEABAPUTEIILHOTO BOCCTAHOBIICHHUS B Y3JIaX PeryisipHoi cetu [3, 4].
Ona 1o3BOJIAET, B YAaCTHOCTH, NPOBOJUTH HHTEPIPETALHIO HEMOCPEACTBEHHO IO HCXOJHBIM
JTAaHHBIM, HE Mpuberas K HEKOPPEKTHOH mpolenype UX MPeABAPUTEIbHON WHTEPHOJSIMU B Y3JIbI
peryasipHoil cetu. TexXHOJOTHS COCTOMT B NPUMEHEHHUH METOJ0B OCOOBIX TOYEK C MOMOIIBIO
unTerpupoBanHoi cucreMbl CUHI'VJISP [2, 5] u 2.5D mMonenupoBaHus Ha OTIACIBHBIX rajicaX U
nocuenyromuero 3D MoaenupoBaHus ¢ MOMOIIBIO IPOrpaMM IaKeTa CTPYKTYPHOU MHTEpIpeTaluu
CUI'MA-3D [6] o BceMy MacCMBY UCXOJIHBIX JIAaHHBIX Ha 0a3e MOJIENIN CyOTOPU30HTAIBHOTO CIIOS
C JIaTEpAJIbHO U3MEHSIOLIEICS HaMarHH4eHHOCThI0. [Ipu pacuetax Bceraa UCIonb3yeTcss HCTUHHBIN
penbed BYIKAHMYECKHUX IOCTPOEK C Y4eTOM HOrpeOCHHOro TMOJA OCaJKaMU OCHOBAHMS,
IIOJIYYEHHBIH 1O AaHHBIM 3Xo0soTHOro npomepa u HCII. YTouHeHHME OCHOBHOIO HalpaBlICHHUS
BEKTOpa HAMarHMYEHHOCTH NOPOJI BYJKAHUYECKOW MOCTPOMKHU OCYHIECTBIIETCS HEMOCPEACTBEHHO
110 MCXOJHOMY aHOMaJIbHOMY 1outto iporpammoit UTJIA [7].

C nomomurpio paszpaboranHoi TexHonorun B KOJI Obl1 m3yueH moaBOAHBIM ByiakaH 6.1
(JdanpHeOycconbekwmit), pacnonararomumiicss B 60 kM k ceBepy oT 0. bpoyToHa u mnpeacraBistonuii
co00if JI0BOJIBHO MpaBUJIBHBIA KOHYC, BO3BBbIIIAIOIIMICSA Haa aHOoM Mops Ha 2500 M, mpu
MUHHMAaJIbHOM TiTyOMHe HaJ BepuHoi 551 M u pasmepoM ocHoBanus 1o nzobare 3000 m - 17x18
kM (puc. la). Kpyrusna ckimonoB usmensercs ot 13-16° B HikHelr u cpenHei, 1o 25-30° B
NIPUBEPIIMHHON YacTsIX MNOCTpoiiku. IlogHOkKMe BysKkaHa NEPEKPHITO YEXJIOM PBIXJBIX, IIO-
BUJIMMOMY, BYJIKAHOTE€HHO-OCAJI0YHBIX OTJIOKEHHUH, MouHocThio 10 500 M, a Takke ocajkamu
Kypunbckoit kotiaoBuHbl MoOIIHOCThIO Okojio 300 M. OObeM KOHyca € y4ye€TOM HEpPeKpBITON
0CaJKaMy 9acTH cocTaBisier okoio 425 km° [1, 4].
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[Tpu nparupoBaHUM BYJIKAaHHYECKOM MOCTPOMKU MOAHATHI MOpoAbl 3(dy3uBHOTO psaga OT
6a3anbpTOB A0 AanuToB. Ha BepiimHe BynkaHa OrpoOOBaHbl THAPOTEPMAIbHO-U3MEHEHHBIE TOPO/IH,
MIOKPBITHIE XKelle30MapranieBoi Kopkoil. K moctpoiike npuypoueHa ciaOOMHTEHCHBHAS aHOMAIUS
marauTHOrO ToJist ATa ceBepo-3anaaHoro npoctupanus ¢ ammiutynoi 220 uTn (puc. 16).

IIpumenenune wunTerpupoBanHoi cuctemsl CHHIVIISIP noxkaszano npuypo4eHHOCTh
OCHOBHBIX OCOOCHHOCTEH K BepXHEH KPOMKE BYIKAHHUYECKUX MOPOJ U TMO3BOJIWIO MPEAINOJIOKUTh
Hanmyue Ha rioyouHax 4.1-5.2 kM mepudepuuecKkux MarMaTHUECKHUX O4YaroB W CyOBEpTHUKaJIbHOE
MOJIOYKEHHE TIOIBOISAIIMX KaHAaJoB [7].

Puc. 1. loaBoauseiii Bynkan 6.1: a — Gatumerpusi; 6 — aHOMalnbHOE MarHuTHoe mone ATa; 6 —
pacripenenienue 3(h(GEKTUBHOM HAMAarHMUYEHHOCTH BYJKaHa, 2 — pacrpenenenue 3(h(GeKTUBHOM
HaMarHU4eHHOCTH, N300pa’keHHOE HAa TOBEPXHOCTH BYJIKAHA.

OCHOBHOI MakCUMyM MarHMTHOT'O IOJIsl HaJ| BYJKAHUYECKOM OCTPONKON COMPOBOXKIAETCA
¢ CCB MHOYKIIMOHHBIM MHHUMYMOM, YTO FOBOPUT O NPEUMYIIECTBEHHOM HAIPaBICHUHU BEKTOpA
HaMarHM4€HHOCTH BYJIKAHMYECKUX IOPOJ 10 HAIPABJIEHHUIO COBPEMEHHOIO M€OMAarHUTHOIO IOJIS.
C nomoripto nporpammel UT'JIA [7] ycTaHOBIICHO, YTO BEKTOP HAMAarHUYCHHOCTHU MOPO]I OTKIIOHECH
OT HOPMAJILHOTO T0JIs1 K BOCTOKY B CPEJJHEM Ha yroJ okoJjo 16° (puc. 2).

Puc. 2. YTouHeHHe OpUEHTAIIMM BEKTOpa HAMarHUYEHHOCTH MOJIBOTHOTO BynkaHa 6.1 ¢ moMorisio
nporpammsl UIJIA.

TpexmepHOE MOJEIMPOBAHUE BYJKAHUUYECKOW MOCTPOMKH C MOMOLIBIO IPOTPAMM ITaKETa
CUI'MA-3D mnoxkazano, uTto Haubojee HAMAarHMYEHHOH SBIISCTCS IPUBEPIIMHHAS YacTh
BYJKaHMYECKOW MOCTPOMKH U YUACTOK €€ I0r0-BOCTOYHOTO CKJIoHA /1o TiyouHsl 1100 Mm (puc. 1s, 2).
[TorpenrHocTs Mo100pa AaHOMAIBHOTO TOJISE IPU 3TOM cocTaBmia 25.8 HT.

JUiss u3ydeHHsl TIyOMHHOTO CTPOEHHs MOJABOJHOTO BylnkaHa 6.1 Obima mpoBeneHa
ToMoTpaduuecKas MHTEPHpETalus BEPTHUKAIBHOM COCTABIIAIONICH T€OMarHUTHOro mnonst AZ,
MOJIy4eHHOH mociie mpeoOpa3oBaHusl pe3yabTaTOB IMOJEBBIX M3MEPEHHMH C MOMOIIBIO AITOPHUTMA
UCTOKOOOpa3Ho ammpokcuMmaruu (puc. 3a). BbINONHEHHbIE HHTEPIPETALMOHHBIC TTOCTPOCHHS
obecrieunsii BbIOOp HAYAIBHOTO MPHUOMIKEHHS Ul YTOUHEHHUS HPOCTPAHCTBEHHOTO MOJIOXKEHHUS
MOJIBOJIAIIMX KAHAJIOB MOHTaXHBbIM MeTonoM (puc. 30). [Ipu 3TOM HeBsizka HAOJIOJACHHOTO U
MOJIENBHOTO MoJiel coctaBuia * 21 HT, a HAMarHWYEHHOCTh KaHana — 2 A/M.

B pesymprare = TNpOBENEHHBIX ~ HMCCIENOBAHMA  C  IOMOINBIO  COBPEMEHHBIX
MHTEPIPETAIIMOHHBIX TEXHOJOTHH BBIMOJIHEHA OIICHKA MAarHUTHBIX CBOWCTB TOPHBIX IOPOJA B

42



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

€CTECTBEHHOM 3aJIETaHUU U YCTAHOBJICHO, YTO HauboJiee HaMarHMYCHHOH SIBJIETCS PUBEPIIMHHAS
4acTh BYJKAHWYECKOH mocTpoiiku. ChenaHbl NPEONOIOKEHUS O Haludue Mepu(epruuecKux
MarmMaTU4ecKuX 0YaroB M CyOBEpTHUKAILHOM I0JIOKEHHH TOIBOJISAIINX KAaHAJIOB.

a Anomaabnoe maruntioe noje AT, nTa 6 N
< 200 N1
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Puc. 3. Tomorpaduueckas MHTEpHpeTalMsi MAarHUTHOTO Toys ByiakaHa 6.1 (a) m pe3ynbrarsl
pemieHus: 00paTHOM 3aJa4M MarHUTOPA3BEIKH MOHTaXHBIM MeTozoM Mo mpodumo L3E (6): 1 -
HCXOJIHOE TI0JIe; 2 — MOJIEJIbHOE TIOJIE.

B pamkax mpoekra 09-111-A-08-427 JIBO PAH Ha KOHKpPETHOM NpHUMEpE BBIIIOJIHEHbI
MHTETpalusi BY30BCKOH, akaJeMUYEeCKOM U oTpaciaeBol Hayku opranu3anuii Mocksbl, KocTpomsl,
Ilepmu u IlerpomnaBnoBcka-KaMuaTckoro © NpHUBJICYEHHE ACIUPAHTOB MJI  BBITIOJHEHUS
(dyHIaMEHTAIbHBIX HAYYHBIX HUCCIIEIOBAHHIA.
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YJIK 550.832.9:556.34.042
O CBSI31 BAPOMETPUYECKON Y®PEKTUBHOCTHU U ITPUJINBHOM
YYBCTBUTEJBHOCTH YPOBHS BOJIbI B IbE3OMETPUYECKOM CKBAXKHHE C
YIIPYT'UMHU TAPAMETPAMMU PE3SEPBYAPA IMOJA3EMHBIX BO/I
C.B. bonouna, I H. Konvinosa, 8(4152)431828, 8(4152)431849, boldina@emsd.ru
Kamuamcxuii punuan I'eogpusuueckoii cnyscovt PAH, [lemponasnosck-Kamuamckuii, Poccus

Abstract. The dependence between values of groundwater reservoir elastic parameters both
barometric efficiency and tidal sensitivity of water level in wells is considered. It is possible to
obtain the values of matrix compressibility and Skempton’s coefficient of water-bearing rock on
basis of estimated values of barometric efficiency and tidal sensitivity for the static-confined
response of water level in the well. At the same time the estimated values of a porosity and
reservoir specific storage have approximate character.

Bapuauuu ypoBHS BOJbI B CKBAKUHE, BCKPBIBAIOLIEH U30JIMPOBAHHBINA PE3epBYyap HAIIOPHBIX
MOJI3eMHBIX BOJI, MOTYT 0€3 CYIIECTBEHHBIX MCKKEHHH OTpaxkaTb B HEKOTOPOM JMana3oHe
NIEPUO/IOB M3MEHEHHs MOPOBOTO JABJICHUS NPH MPUIMBHOM M TEKTOHHYECKOM BO3JCHCTBHH, a
TaKXke MPU U3MEHEHMH IMOBEPXHOCTHOW HArpy3ku oT arMocdepHoro aasieHus. B stom ciydae
peakuus ypoBHS Ha nedopmarmio OyIeT ONpeneNsThCsl YIpPYrMMHU HapamMeTpamH pe3epByapa, B
NIEPBYIO OUYepeilb, COOTHOLICHUEM YIPYIHX MOJYJEeH CKeleTa BOJOBMEIIAIONIEH TOPOIbl U BOJIBI.
Takoil OTKIMK YpOBHS BOJABI B CKBOXMHE HAa3bIBAeTCSd CTATHUYECKUM H30JIMPOBAHHBIM U, B
3aBHCUMOCTH OT COOTHOIICHHs (UIBTPALIMOHHBIX M YHOPYTHX CBOWCTB pe3epByapa, MOXKET
MPOSIBIATHCS B AMANa30HE NEPUOJIOB OT MUHYT JI0 CYTOK — J€CATKOB CYTOK.

Peakiust ypoBHST BOJBI Ha M3MEHEHHE aTMOC(EpPHOro MAaBICHHUS XapaKTepH3yeTCs
BeNIMYMHON Oapomerpudeckoil s¢ddextuBHoctn Ep=-dhy/dhp, rme dhy - Oapomerpuyeckoe
u3MeHeHue ypoBHs BoJbl, N, - n3MeHeHue arMocepHOro naBiieHHs. Peakius ypoBHs BOABI Ha
NPUIMBHOE BO3JCHCTBHE XapaKTepU3yeTcs BEIMYMHAMU NPUIMBHOW YYyBCTBUTEIBHOCTH YPOBHS
BOJBI TI0 OTHOUICHHIO K 0O0beMHO# npwimBHON nedopmammu A,=-dh/e M 1o OTHOIIEHWIO K
omaaHoi npuwimBHOU nedopmarmu As=-0h/e;, rne dh - aMmmuinTyna npuIMBHBIX W3MEHEHUIA
YPOBHSL BOJBI, €-00BEMHass MNpUIMBHas JAedopMaLusl, &=&xtey - IUIOLIAgHAs IPUINBHAS
nedopmanus [1, 3, 8].

B [1-7] npuBomutcs onucanue 18 mpe30MeTpHUECKUX CKBaXKHUH B CEHCMOAKTHBHBIX palilOHaX
Poccun, SAnonun u CIIIA, B KOTOPBIX MPOBOAUINCH YPOBHEMEPHBIE HAOMIONEHHS. DTH CKBaYKUHBI
XapaKTepU3yIOTCd HAJIMYMEM CTAaTMYECKH H30JUPOBAHHOTO OTKJIMKA YPOBHS BOJBI Ha
OapoMeTpuueckoe M MPUIMBHOE BO3JEHCTBHE B AMANa3o0HE MEPUOIOB 4Yachl — CyTKU. CKBaKHHBI
BCKPBIBAIOT Pe3epBYaphl HAMIOPHBIX IPECHBIX MOA3EMHBIX BOJ Ha riyonHax ot 50 — 1o 860 meTpos.
BopoBmernaroruye cpezpl pe3epByapoB IpeACTaBICHbl 0CaI0UHBIMHU, BYJIKAHOT€HHO-0CAJOUYHBIMU U
MarMaTUYeCKUMH MopoJamu. JlIsi 3TUX CKBaXHH OINpENEeNeHbl BEIMYMHBI OapoMeTpudecKon
3(PPEKTUBHOCTH C MCIOIB30BAaHUEM KpPOCC-CHEKTPAIbHOIO aHAIM3a YaCOBBIX BapHalUil ypOBHS U
atmocepunoro  gaenenuss  (Ep=0.12-0.80 cm/rlla), a Takke BeIMYUHBI MPHIABHOU
YyBCTBUTEIHHOCTH YpoBHsI BOjbI (As=0.010-0.143 m/ 10'7).

BblpakeHusi, ONMCBHIBAIONINE CBSI3b BEIMYMH CKUMAEMOCTH CKelleTa BOJOBMELIAroIei
noponsl B, ko3p¢unuenta CkemnroHa B, yaenpHOH ynpyroi eMKocTH Ss, mOpHCTOCTH ¢ U
6apomerpudeckoil 3dextuBHOCTH Ep M NPUIMBHOM 4YyBCTBUTENBHOCTH YPOBHS BOIBI As, s
CTaTHYECKH N30JMPOBAHHBIX YCIOBHI B CUCTEME CKBa)KUHA — pe3epByap» npusosrcs B [1,3,6,8]:

P=[(1-En)/En][(3/(2BgAs(1+V)))-Bu], 1)
rae Bu - ©KUMaeMoCThb TBEpAOM (as3bl ckesleTa BOJOBMEIIAIOLICH MOpPOJbl, V - KOIPPHUIHUEHT
[Tyaccona mans ycnoBuil OTTOKAa BOJIBI (IPCHUPOBAHHBIC YCIOBHS), P - IUIOTHOCTH IIOPOBOTO
¢uronna, g - yckopeHue cBOOOIHOTO MaJeHus,
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B=(pgAsP)/[1+pgAs(B—Bu)l; )

Ss=pg(B+Py). @)
rje Br - CKUMAeMOCTh IIOPOBOTO (DITIOUAA;

O=[(B-Bu)(1-B)I/[B(B+-Bu)]. (4)

Ha pucynke npuBoasTcs rpadukd, XapakTCpH3YIOIIUE CBsA3b HApaMETPOB pe3epByapa H
BennuuH Ep u Ag o (1) - (4).
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Puc. Cs3p ynpyrux nmapaMeTpoB pe3epByapa MoJ3eMHBIX BOJ: d - CAKUMAEMOCTH CKeJeTa
BoJioBMeInarorei noposl 3 mo (1), 6 - koaddunuenta Ckemnrona B no (2), 6 - yaensHoU
yrpyroi eMkocTu Ss 1o (3), ¢ - MOPUCTOCTH BOIOBMEIAOIIUX OPoT ¢ 1o (4), U BEUYHH
6apometpuueckoit apdexruBHOCTH Ep M IPUITUBHON 4yBCTBUTENBHOCTH YPOBHS BOJBI Ag /IS
CTaTUYECKU U30JIMPOBAHHBIX YCIOBUU B CHCTEME «CKBaXXUHA — PE3EPByap».

[Tpn nocrpoennu rpadukoB (pPUC.) MCHOJIB30BAINCH TAOJIMYHBIC BEIHMYMHBI: CKUMAEMOCTb
nopoBoro doraa (xoToHas npecHas Boxa 6e3 rasa) Br=4.4-10"° IMa™ ¢ mrotrHoctsio p=1.0-10°
Kr/M°, yekopenne cumbl Tsokectd =9.8 m/c?, kosddurment IlyaccoHa s APEHHPOBAHHBIX
yenoBuii v=0.25; cKMMaeMOCTb TBepoit Bhassl ckerera mopomsl B,=0.3-10"° ITa™ (ksapm).

Ha puc. a BUIHO, 4TO BenMYMHA C)KMMAEMOCTH CKeJleTa MOPOJAbl YMEHBIIAETCS MPH POCTE
As u Ep. C yuerom auanazona BenuuuH Ep 1 As U1 peanbHbIX CKBa)KHMH, Hanbosiee XapakTepHble
sauenus B cocrasisior 7-107% - 2.10™° ITa™,
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Bennunna kos¢p¢urmenta CkeMnTOHAa 3aKOHOMEPHO YMEHbIIAeTCs ¢ yBenuueHuem Ep u
HE3HAYUTEIILHO YBEITUUMBACTCS ¢ pOCTOM As (puc. 6). B Gosbiieit creneHu BenuunHa B 3aBucur ot
6apometpuueckoit apdexrunoctu Ep u Moxker m3mensarses ot 0.22 o 0.9.

BenuunHa ynenbHOW ympyro €MKOCTH IUIABHO YMEHBILNAETCS C yBeJIMYeHUEM Ep u As
(puc. B). Ilpu omneHke BeaMuYMHBI Ss HEOOXOIMMO YYUTHIBATH CICAYIOIIUE OTPaHUYCHUS. Sg
usMensiercs ot 1.5-10° 1o 10* Mt mpu As=0.01 M/107 u Ep=0.12-0.80 cm/rIla; Ss=3.10'6-3-10'5 M1
npu As=0.03 M/107 u E;=0.12-0.80 cm/rlIla; Ss=3.5-107-9-10° m™ mpu As=0.08 m/10” u E,=0.12-
0.80 cm/rlla; Ss=5.5-10"-7-10° m™ mpur As=0.1 M/107 u E,=0.12-0.79 cm/rlla; Ss=107-5.10° m™
npr As=0.13 M/107 u E;=0.12-0.73 cm/rlla; Ss=1.5-10%-3-10° m™ mpu As=0.18 m/10” i E,=0.12-
0.66 cm/rlla.

Benmnuuna mopuctoctu no (1)-(4) ompenensercs, B OCHOBHOM, BEJIMYMHOW MPUIMBHOM
yyBcTBUTENBHOCTH As. C poctom As oHa ywmenblnaercs (puc. o). llpu yBenndeHun
6apomerpuueckoit 3¢pdexkruBnoctu Ep Benmmunua ¢ BechMa cnabo ymenblnaercs. IIpu ouenke ¢
TaKke HeO0OXOJUMO YYUTHIBATh CIEYIOLIHE OTpaHW4YeHus. BennunHa ¢ HE MOXKET OLEHUBATHCA
IpU HU3KOW BEIIMYMHE TNPHIUBHOW YyBCTBUTEIBHOCTH YpoBHS Bojbl (As~0.01 M/10'7). Ecnn
As=0.03 M/10'7, to npu Ep=0.12-0.80 cwm/rIla BenmuumHa ¢ MOXKET H3MEHSATHCS B HIMPOKOM
muana3zoHe ot 45 mo 70%. Ilpu As=0.08 M/107 u Ep=0.12-0.80 cwm/rIla BenmuumHa ¢ MOXKET
coctaBisTh 1.5-22%. IIpu As=0.10 M/107 u Ep=0.12-0.75 cm/rIla Benu4mHa ¢ MOKET COCTABIATH
1-15%. ITpu As=0.13 M/107 u Ep=0.12-0.65 cm/rlla nuanazoH 3HaUYE€HUN TOPUCTOCTH COKPAIIACTCS
(¢=1-10%). Eciu As=0.18 M/107 1 E;=0.12-0.52 cm/rITa, To pe3epByap XapaKTepH3yeTcsi MaIbIMI
BeJIMYMHAMHU opuctocty (¢p=1-6%).

BrinonHeHHbIl aHalU3 MOKa3bIBAET, YTO oOlpejesieHne BeduuuH Ep U As 10 JaHHBIM
CUHXPOHHOM pErucTpallMd YpPOBHA BOABI M aTMOC(EpHOro JaBJICHUS B IbE30METPUUYECKOMN
CKBa)XMHE IO03BOJsieT oueHuBath 10 (1) —(4) ympyrue mapaMeTpsl W MOPHCTOCTH pe3epByapa
noJa3eMHbIX Boj. HauOosiee Haje)KHbIe OLEHKHM MOXHO IOJNYYUTh Ul BEIMYMH CKHUMAEMOCTU
ckernera nopoasl u kodhdunuenta CkemnrtoHa. MeHee HaJeKHbBIE OIEHKA MOTYT OBITh MMOTYYEeHBI
JUISL BEJIMYMH YIEIBbHOW YIPYrOd €eMKOCTH U IOPUCTOCTH BOJOBMEILAKOLIEN ITOPOIBL.
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Y JIK 550-380
MATHUTHAS CTAHIIUSA OBCEPBATOPUU "APTU" (IAGA ARS)
CamocoriacoBaHHbIH 1101X0 B 00pab0TKe pe3ylIbTaTOB U3MEPEHUI
Bopooun I1.b., Bracosa I'.B., Kyconckuii O.A. men.-gpaxc: (34391) 21-327 E-mail:
borodin@arudaemon.gsras.ru
Hnemumym Ieogpusuxu YpO PAH, 'eoghusuueckas Obcepsamopus " Apmu", n.Apmu,
Cseponosckas oo1., Poccus

I'eopusnueckas obcepBatopuss «ApTU» BEAET CBOIO HCTOpUI0 OT EkarepunOyprckoit
MarHUTHO-METEOpOJIOTHUeCKoi oOcepBaTopun, ocHoBaHHoW B 1836 ronxy. IlepBonavanbHO
HaXOJMBLIAsCA B UepTe TOpoa, o0cepBaTOpHs IBAX bl epedazupoBasiack: B 1925 roay B mocenok
Bepxuee /y6oBo, Ha 30 KM. OT ropo/ia B F0r0-BOCTOYHOM HAIIPABICHHUH, B CBS3H C IIYCKOM IEPBOM
TpamBaiiHoi nuHuM B ExatepunOypre. 3atem, B 1970 romy u3-3a snekTpudukanum xKeyie3Hou
JIOPOT'H U BO3POCIINX TEXHOTEHHBIX TOMEX, 00CepBaTOPHIO MEPEHECIH B ocesok Aptu, Ha 130 kM.
ot ExarepunOypra B 3an1aIHOM HaIpaBJICHUU.

Mensnack 00CTaHOBKa, MPUOOPHI U METOJIbI peructparuu. Kaxaplii pa3 pemiaercs Bopoc
O TPEEeMCTBEHHOCTH JOJTOCPOYHBIX 00CEpPBATOPCKUX HAONIO/IEHHH; B TEUEHHUE HECKOJBKUX JIET
COTIOCTABIISIOTCS 3aIIMCH MAarHUTHOTO T0JI B MCXOJHOM M HOBOW mocTtaHoBke. Cyns mo rpadukam
BEKOBOI'O0 XOJa, HMCTOpUS TEOMAarHUTHBIX HAOMIOACHUN Ha VYpalle HENpepblBHA M OTpakaer
PETHOHATBHYIO TEHACHUIUIO U3MEHEHHUS MarHUTHOTO TOJIs 3eMJIH.
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Puc. 3.5.1. Bekogvie usmenenus ckronenus D sexmopa eeomacnummnoeo nonsi no 0aHHwvIM
obcepsamopuii «Examepunoype», «Bvicoxas [[yopasa» u «Apmu»

MHoxecTBO  (aKTOpOB  MOTYT MOBJIMATH Ha TIEOMAarHUTHY0  OOCTaHOBKY B
HEMOCPEACTBEHHON ONM30CTH OT MaBUILOHOB. COBpPEMEHHBIE MarHUTOMETpPHI B JIAOOPATOPHOM
UCTIOJJHEHUU YYBCTBUTENIbHBI K TEMIEpaType M BIXHOCTH BO3JyXa B TMOMEHICHUSAX. UTOOBI
rapaHTHPOBAaTh a/IeKBaTHOCTh 00CEPBATOPCKUX HAOIIONEHHI KPYITHOMACIITAOHBIM Ie0(U3NIECKUM
mporeccaM, HEOOXOAMMO 10 BO3MOXKHOCTH  PACIIMPUTh U3MEPHUTENBHYIO IUIOMIAJIKY U
pa3sHOOOpa3uTh CpecTBAa M3MEpeHUd. B mpaeane xouercs BUAETH IJIOTHYIO C€Th 00cepBaTOpUi €
MHOT'OYHUCIICHHBIMH ITyHKTaMHU BEKOBOT'O X0J1a BOKPYT.

B Hacrosmee Bpems ob6cepBaropusi «ApTH» UMeeT TpU LU(POBbIE MarHUTOBAPHALIMOHHBIE
craniu (aBa kommuiekta [IMBC «Ksapu-4» u ¢epposonmoByto LIMBC EDA) Ha Tpex
U3MEPUTENBHBIX IUTOINaAKax, pasHeceHHbIX Ha 70 n 350 meTpoB npyr ot apyra. Uto aenars, Kornaa
BapUOMETPbl WJIM TPpUOOp Ui aOCONIOTHBIX HAOMIOAEHUI HeCcTaOWIbHBI M pPAacXoAiTcs B
nokazaHusx? KakoMy HHCTpyMEHTY OTAaTh MpeanodreHue? ABTOpbl B TakKOM CHUTyaluu
NpeJIaraloT MCMOJIb30BaTh METOJ «CaMOCOTJIAaCOBAaHHOIO» IOJIA Ui O0OpabOTKU pe3ylbTaToB
U3MEPEHHUI.
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[Tomoxkum, uTo OonblIasi YacTh M3MEPEHMH JOCTOBEpHA H OWIMOKM Ha pa3HbIX
MHCTPYMEHTaX HE3aBHCHMBI. B 3TOM ciydae MOKHO yka3aTh HauOoJiee MOIXOJIee 3HAUCHHE U3
COBOKYITHOCTH OJJHOMOMEHTHO IMOJYYEHHBIX Ha Pa3HBIX MPHOOpaxX U MPUHATH €ro 3a HabIro1aeMoe.
«CamocoriiacoBaHHasi» OIIGHKA TPEIojaraeT paBHONPABUE aOCONIOTHBIX M OTHOCHTEIBHBIX
U3MEpEHHU B KPaTKOCPOYHOM ITaHe. To ecTh, B KaUeCTBE BapHAIlUK BBIIACTCS CPEAHEB3BEIICHHAS
1o oOcepBaTOpHU BapHalys, B KayecTBE aOCOJIOTHOTO 3HAYEHHS — CPEIHEB3BEIICHHOE IO BCEM
npubopam (aOCONIOTHBIM M OTHOCHTEIbHBIM) 3HaueHue. [Ipu 3ToM 0a30BBIC JMHUU BapHOMETPOB
CUHUTAIOTCA IO MPUHATOMY, «CaMOCOI'JIaCOBAHHOMY> IOJIIO, a0COJIIOTHBIE HU3MCPCHHUA MMPOBOIATCA
©KETHEBHO.

B CTEHI0BOM JOKJIaae clenaHa HONBITKA NPOUJUTFOCTPUPOBATH METO]I
«CaMOCOTJIaCOBAHHOTO» IOJISl TpU 00pabOTKE MarHUTOrpaMM Ha NpPUMEpE OTICIBHO B3STON
o0cepBaTopHH.

*hkhkhkhkkkkkkik

Y JIK 550.380
TAPMOHMYECKHNU AHAJIN3 BAPHAIIMI ITOJTHOI'O BEKTOPA T
TEOMATHUTHOTI'O ITOJISI, U CBSI3b KOMITIOHEHT C CEUCMHUYECKOM
AKTUBHOCTBIO CEBEPHOI'O TS Hb-IIIAHSA
B.JI. Bpaeun, E.B. Boponyosa, e-mail: bragin@gdirc.ru, vorontsova@adirc.ru
Hayunas cmanyuss PAH, buwxex-49, Kvipevizcman

The harmonic and spectral analysis of the Earth’s magnetic field and component’s
correlation with Earthquake Sources of Northen Tien Shan. Different methods for the calculation
the amplitude and phase values of the diurnal and semidiurnal variations of the total magnetic field,
and their comparison. A number of common periods (8, 12, 24 hours, 13.8; ~27.8; 120; 360 days)
for variations of geomagnetic field and seismic activity are founded.

3a mepuoa pa3BUTHS TeOPU3NYECKUX HCCIEAOBAHMI B MHpE HAKOIUIEHO Oo0JblIoe
KOJIMYECTBO Te0(U3NYECKUX JAHHBIX U MH(OPMAIK O Tpolieccax, MPOTEKAIOIINX B 36MHOH KOpE,
B TOM HUCJIC U TCOAMHAMUYCCKUX, IMTPUBOJAIINX K CEUCMUYECKUM CO6BITI/I$IM. Bonbmioe kouaecTBo
Hay4YHbIX pa60T, OHy6JII/IKOBaHHLIX B ICPUOAUYCCKUX U3JAaHUAX, ITOCBAIICHO UCCIICAOBAHUAM CBA3U
CEHCMUYECKON aKTUBHOCTH 3€MIIH C BapuanusaMu KOMIIOHCHT MArHUTHOI'O IIOJISA U COJIHEUHOU
aKTUBHOCTBIO. llpm 3TOM wuCCiIenyroTCcs KOppensiuuu CEHCMUYECKONM aKTUBHOCTH 3eMid C
BapUalUsIMU BEKOBOI'O TpPEHJAa MAarHUTHOro mojs, Sg-Bapuanuei, ¢ uuciamu Bomspa W, ¢
HMHJICKCAaMHU reOMarHUTHON aKTHUBHOCTU Kp, Ap, C KOJIUYECTBOM U MOMCHTaAMHU BO3HUKHOBCHMUA
I€OMarHuTHBIX Oypb, M JIpYruMHU reodusnueckumMu Qaxkropamu. B psge pabotr oTmeuaercs, uTo
aHanu3 BpeMeHHBIX psnoB Kp-ungekcoB u uucen Bonbda W, koTOpble He HMEIOT CTPOroro
(I)I/ISI/I‘-IGCKOFO CMBbICJIa, HE ITO3BOJIACT COCTABUTH MIOJIHOU KapTUHBI NPOUCXOJAIINX B 3eMHON KOp¢C
MMPpOLECCOB, BBI3BAHHBIX BJIUAHUCM COJ’IHLIa. I/ICCHG,[[OBaHI/Ie KE€ BCEX BO3MOXHBIX KOMIIOHCHT
MAarovuTHOTO 1OJII COBMECTHO IMO3BOJIACT IMPOBECTU KOMIUJIEKCHBIN aHaJIn3, BBIACIIUTDH (OLICHI/ITB)
BKJIa/[ 06H_ICHJIaHeTapHLIX TCOMArHuTHbBIX TPOUCCCOB U JIOKAJIBbHBIX OTKIIMKOB, T.C. paCCUUTATb
COOTHOIICHWE BHEUIHEr0 TMOJs le W WHIYIMPOBAHHBIX Bapuauuii OT1; (MOHOChepHOU w
J'II/ITOC(I)epHLIX qacTel Ha6J’IIOJIaCM01“O MAar"HuTHOIO HOJ'IH).

Ha6mo;[aeM0e Ha IHNOBCPXHOCTU 3eMiIi MarHuTHOE IIOJIE TT ABJISACTCA CYHCpHOSHLIHCfI
HeCKONIbKUX mojieid T1= To+ T +Te+ 8T, [1]:

1) TJIABHOTO TOJIS T, CO3/aBaeMOro sSapoM 3eMIIH U ITPOIiecCaMy MPOTEKAIOIINMHE B TJTyOUHHBIX
FOpHU30HTaxX 3€MHOTO Iapa,

2)  JIOKJIBHOTO TOJS T, OOYCIOBIEHHOTO HaMarHMYEHHOCTBIO M TPOIECCaMH BEPXHHUX YacTed
36MHOU KOPBI.

3) MAardMTHBIC I10JIs, BbI3bIBACMOI'0 BHCIITHUMH HCTOYHUKAMU, - Te,
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4)  moys MHAYUMPOBAHHBIX BapHaluii — OTi, NMPUYMHBI T€HEPALMH KOTOPBIX CBS3BIBAIOTCS C
HMCTOYHUKAMH, PACIIOJIOKEHHBIMYA BHE 3€MHOTI'0 11apa.

Bapuanuun wmarHuTHOrO TmOJIsA, OO0ycioBieHHble BiausHueM Jlynel, CosHIA, TMOTOKOB

coHeuHoro Betpa (Tg), ¥ MyJIbcalluy COCTABISIOT BHEIIHEE ToJie e
Te=S+L+ Ty +P.

[Tone wuHAYNMpPOBaHHBIX Bapuanuil OT; sBIsSETCS CYMMOW MoOJieH, WMHIYIIMPOBAHHBIX
BHEUIHUMHU NOJISIMU Te B 3¢MHOI KOPE, BEPXHEN MaHTHM U B OKEAHUYECKOU Cpefe.

[TonHBI BEKTOp MAarHMTHOTO MOJs 1, HaOdMIONAaeMblii HA 3€MHON MOBEPXHOCTH, SIBISIETCS
CYMMOI1 I7100aJIbHOI KOMIIOHEHTHI T gloh U JIOKAJIbHOI KOMIIOHEHTSHI T ok, TI€

Tglob: To+ Tglob '
Tiok= Ta+ Tiok-

Tgiob HECET MH(pOPMALUIO 00 OOLIEIIAHETAPHBIX IPOLIECCAX: JOJITONEPUOAHBIX BapUalMsiX
[JIABHOTO MOt T, Bapmanusax S, L, u oOmieninaHeTapHbIX MAarHUTHBIX BO3MYIIEHHUSAX. | ok
IpeACTaBisieT cOO0W CyMMY JIOKQJIBHOTO TOJS T, CBS3aHHOTO C HAMAarHMYEHHOCTHIO BEPXHHX
qyacTeil 3eMHOW KOpbI M TOJSA Tiok, CB3aHHOTO C JIOKAJbHBIMM MAarHUTHBIMHU BO3MYIICHUSMHU U
JIOKAJIbHBIM OTKJIMKOM B TPOBOSIIUX CJIOSIX JIMTOC(HEPHI U B PA3JIOMHBIX 30HAX.

Hns  onpenenenHust Tgoy HEOOXOAMMO HCCIEIOBAaTh MAarHUTOTPaMMbl € Pa3IMYHBIX
reorpaMuecKy yAAJICHHBIX JpYyr OT Jpyra CTaHIOUH. A JUId OmpeAeneHus Tk CIeayer
UCIOJIb30BATh MArHUTOTPaMMBbI OJIM3KO PaCIIONOKEHHBIX CTAHIUH.

B pabore wucnonp3oBanmuch cpeaHedacoBble 3HadeHuss kommoHeHT H, D, Z mma 15
MarHUTHBIX CTAHIIMH, PACIOJIOKEHHBIX B ceBepHOM monymiapuu (18.62-55.47 lat., 0.5-144.19 lon.)
Y 3HaYCHUS IMOJTHOTO BEKTOpa MarHUTHOrO o 1 mis cranuun Ak-Cyy (42.6° c.., 74° B.1.) 3a
nepuos 1980-2009 roer.

JUia ucronb3yeMbIX JaHHBIX ObII MPOBEICH CHEKTPAIbHBIA aHaIM3 U PaCCUUTAHbI
CJIEAYIOIINE KOMIIOHEHTHI:

1)  BekoBoii TpeHT To+ Ty,

2)  SQ- u L-Bapuarumu,
3) ocrarounas Tg+P Bapuanus MarHUTHBIX Oypb U myibcanuii (s craniun Ak-Cyy).

AMI’IJ’IMT‘y‘ﬂHbIm CHeKTP NONHOro BeKTOopa redoMarHiTHOrS nofiA T.
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Puc. 1. ®ypbe-criekTp A1 CyTOYHOM U MOITYCYTOYHOW KOMIIOHEHT IOJIHOIO BEKTOpa
reomarauTHoro mnosst T ( n=1,2).

[lpu crexTpaJbHOM aHaNIW3e TEOMArHUTHOTO TIOJISE 3EMIIH, BBIIENSIOTCS «COJHEYHBICY
nepuosl: 6; 8; 12; 24; gaca, 13.8; 27.8; 93; 128; 195; 350 nmueit, 11 netr u «IyHHBIE» TEPUOIBL:
6.103; 8.185; 12.421; 25.744 vaca u nepuox 29.53 cyrok, paBHbII JyHHOMY Mecsiy. [lonyueHnble
MEPHOIbl XOPOLIO COTTIACYIOTCS C OOLICU3BECTHBIMU MIEpUOIaMu (TOJIOBBIE, CE30HHBIE, CYyTOYHBIE U
27-THEBHBIM KBa3UIIEPHOJIOM COJIHEUHON aKTUBHOCTH).
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bonee neranbHbIN COEKTPAIbHBINA aHAIN3 MOJHOTO BEKTOpa | ¢ BBICOKMM pa3pelIeHHEM IO
YacTOTaM [IOKa3bIBAE€T pACIICIUICHHE COJHEYHBIX S W JYHHBIX L TapMOHUK H3-3a TOJOBOMU
MOJYJISIMU U KBa3UMOIYJISIUH riepuoaoM ~27-28 nueit. Ha ciekTpe BUIHBI cepur OOKOBBIX ITHKOB
Shu L, ¢ mepuonamu f,£k/365.25 u cepun R, ¢ wactoramu f,2k/27.5, rie n - HOMep KOMIIOHEHTHI,
f, - cooTBeTcByrOImIAs et yactora B 1ukiax B jgeHb (Cpd). [Toka3annblii kBazunepuon 27-28 nHei
CBSI3aH C COJIHEUHON aKTUBHOCTBIO.

Jlns BblieNeHUs] CYTOYHBIX MAarHUTHBIX Bapuauuil Sq- u L-Bapumanuii kimaccudeckum
METOJIOM SIBJIsI€TCSA rapMoHUYecKuil aHanu3 Yenmena-Mumnepa. B nannoil pabore mapamerpsl Sg-
u L-Bapmanums omnpenemsuiich 3-Msi Croco0amMu (4TO TO3BOJMIO CPaBHHUTH A(P(PEKTUBHOCTD

UCIIOJIb30BAHUS JTAHHBIX METO/IOB):
1) Merogom Yenmena-Muniepa (rapMoHudeckuii aHamms) [2].

2)  @unbrpanueil u BoccraHOBJICHHEM 110 Dypbe-crekTpy.

3) Merogom SSA-ananm3a.

Kaxxaplii U3 MEpeyncIeHHBIX METOJIOB MMEET CBOM JOCTOMHCTBA M HEAOCTaTKU. Meron
Yenmena-Muiiepa mo3BojsieT paboTaTh C BPEMEHHBIMU PSJIaMU JJaKe MPU OTCYTCTBUU HEKOTOPBIX
3Ha4YeHUH («paszopBaHHBIC psab»). OJHAKO, STOT METOJ] HauOOJee YyBCTBUTENICH K BBIOpOCAM U
UMITyJBCHBIM MOMEXaM, U MPU YMEHBIICHUH JUIMHBI BPEMEHHOT'O OKHA 3HAYUTENLHO BO3pacTaeT
omuOKa BbIYUCIEHUH. BTOpoil M TpeTHil MeTo/bl JIMIICHbI MEPEYUCICHHBIX HEIOCTATKOB, HO
TpeOYIOT JUIMHHBIX HEMPEPBIBHBIX psiioB. Meton SSA-aHanu3a B CpaBHEHUH C BOCCTAHOBIICHHEM
no @ypbe-criekTpy Oojee TOUeH U TMO3BOJsIET paboTaTh € OTACTBHBIMH KOMIIOHEHTaMU
(CYTOYHBIMH, TIOJYCYTOYHBIMHU U T.J1.), HO TPeOyeT OOJIBIIMX BPEMEHHBIX U allllapaTHBIX PECYPCOB.

CosHeuHass KOMIIOHEHTa Sq MPEJICTABIACTCS B BUAE CyMMBI K rapMOHHYECKUX KOMITIOHEHT:
S¢=Y Sn(sin(nt+cy)), rae t — conHeyHoe BpeMs OT MOJYHOUH, Sy U On — aMIUIMTyAa U ¢asza N-oif
rapmonukH, N=1...K, 00140 JUIs aHaNMM3a paccunThiBatoT K=4 wiu k=6 rapMoHuK.

Jlynnass kommnoHeHTa L mpencraBisieTcss B BUIAE CyMMbl K TapMOHHMYECKHX KOMITOHEHT:
L= Ln(sin(nt-2v+A,)), Thme t — cojgHeyHoe BpeMsi OT TMOJyHOUHM, V — (a3a JIyHBI,
1):23.3827+29684.4748*T+0.000112*T2, T — rommanckas npara J2000, L, u Ay — ammniutyna u dasa
n-o#i rapmonuky, N=1...K, 0ObIYHO /151 aHaJIM3a PACCYUTHIBAIOT K=4 rapMOHUK.

Kak noka3ano Ha puc. 2 U puc. 3 aMIUTUTYAbl U (Pa3bl TAPMOHUK UMEIOT BHIPAKEHHYIO T'0JOBYIO
MEPUOJUIHOCTH. B THU 3MMHETO COJHIIECTOSHUS aMILTUTYa HAauMEHbIIIasl, ITOATOMY MOTPEIIHOCTh
B ompeaeneHnu ¢a3bl MaKCUMaiabHa, OCOOEHHO ISl 2-0Mf M MEHBIIMX TapMOHUK. AHAJIOTHYHAS

KapThuHa Ha6J'IIOIlaCTC}I JJIA HYHHOﬁ KOMIIOHCHTHBI.

AMNmmMTy bl 1 1 2 KOMMNOHEHT COSNIHEYHO-CYTOYHON Bapuaummn Ans ctaHuum Ak-Cyy.
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®asbl 1 1 2 KOMNOHEHT COJNTHEYHO-CY TOYHOW Bapuaumm Ans ctaHumm Ak-Cyy.
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Puc.3 ®a3pl BeTymieHust 1 1 2 KOMIOHEHT COJTHEYHO-CYTOYHON Bapuanuu i ctanuuu Ak-Cyy.

[Tocne ynanenust BekoBoro TpeHna lo+Ta U Sg- u L-Bapuanuii, ocTaroyHas KOMIIOHEHTa
TqtP  xapakrepusyeT BapualMi0o MarHUTHBIX Oypb U mynabcanuil. Jlis Kaxmol cTaHImu
BhIUKCIIsIIach MexkyacoBas pasuuna |HVr (Inter-Hourly Value [3]) 3Hauenwuit nosHoro Bekropa T,
JUIS CTaHIMW C JaHHBIMH Ui TpeX KOMIIOHEHT TakKKe BBIUMCISIIACH MEXYacoBas pasHHUIIA
3HaueHu H, D, Z. CpaBHeHue TIE€OMarHMTHBIX [JAHHBIX M pACHPEICIICHUN IOJyYEHHBIX
MEXYACOBBIX Pa3HUI[ JUIsI OOJBIIOrO YHWCIA CTAHIUK IO3BOJSET OMNPEACTUTh BpeMs Hadala
MarHuTHBIX Oypb W BBIACIHUTH TNI0OANbHBIC W JIOKalbHBIE Oypu. Takoi aHamu3 mo3BoiisseT Ooee
TOYHO XapaKTePU30BaTh JIOKAIBHYI0 T€OMAarHUTHYIO BO3MYIIEHHOCTh TI0 CpPaBHEHHUIO C
rcnoJibzoBanueM Kp- u DSt-uHeKkcoB.

Jlis aHanu3a BO3MOJKHOTO BIIMSIHAS TEOMarHHUTHOTO TOJS 3eMIM Ha CEHCMUYECKYIO
aKTUBHOCTH MCIOJIb30Bajicsa KaTajor 3emiuerpsicenuii cetu KNET, Bkirouatommii 6475 coObiTHii 3a
1994-2009 rr.

B pabore mpoBeneHBbI pa3IUYHBIE CTATUCTUYECKUE M CIEKTpPajbHBbIC aHAIM3bl KaTalora
ceficMruecKoi akTUBHOCTH. [[Jis BHIOpAaHHOTO pernoHa ObUIM BBIJICTICHBI XapaKTEPHBIE TMEPUOJIbI
ceiicMuueckoit aktuBHOCTH. JlmHHbIe iepuoasl: 12, 14, 18, 27.3, 120, 360 cyTok.

[lpu ananu3e Ha Hanuuyue KOpPOTKHX (cyrouHbiX) mepuonoB i karanora KNET Obumn
BbIIeNIeHbI TapMOHUKH 8; 12; 14.5; 24 yaca.

B pesynbraTte paboThl moka3zaHO Hamumuue oOuwx nepuoaos 8, 12, 24 gaca, 13.8; ~27.8; 120;
360 cyrok s BapuanUii TEOMAarHUTHOTO TOJNs 3eMIUM M CEHCMUYECKOW aKTUBHOCTH, YTO
YKa3bIBaeT Ha B3aUMOCBSI3b ATHX MPOIECCOB.

Jlureparypa.
1. Susosckuit .M. 3emHo0ii maraetusm. 1978.

2.  Chapman, Lindzen. Atmostheric tides. 1969.
3. Svalgaard. IHV - a new long-term geomagnetic index. 2000.

*hkkhkhkkkkkik

51



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

YJIK 54:553.98.061.4 (470.4/.5 + 571.5)

BJINSTHUE BTOPUYHBIX IPEOBPA30OBAHUM MMOPOJI-KOJIJIEKTOPOB HA
SJEKTPO®U3SNYECKHUE CBONUCTBA IO PE3YJIBTATAM
SJEKTPOHHOMUKPOCKOINMUYECKHUX UCCJEJTOBAHUI

JLA. Byofcykl, A.B. Honusyes*, JI]1. Ap)cunoea2
lesia_buzhuk@ukr.net, a_polivtsev@ukr.net, men/paxc +38 044 206 35 94
1prauHc7<uL7 2ocyoapemeenblil 2eonocopazeedounviit uncmumym (Yxpl T PH)
04114, yn. Asmoszasoockas, 18-a, Kues, Yxkpauna
2HHcmumym 2eo0euu u 2eoxumuu 2oprodux uckonaemvix HAH Yxpaunwi
79053, yr. Hayunas, 3-a, 2. JIv60s, Yxpauna

From the scanning electron microscopy (SEM) results overlaid on ordinary diagenesis and
catagenesis transformations of reservoir rocks from Dnipro-Donets Depression and Urengoy oil-gas-
condensate field and their effect on electrophysical properties considered. The reasons changing reservoir
rocks™ properties and anomalous electrical resistance systemized and ascertained.

Key words: reservoir rocks; SEM; overlaid transformations; electrophysical properties.

PaccmaTprBaroTCsi KOJJIEKTOPbl MECTOPOXKIICHUI HIDKHETO M CpefHero kapOoHa J[HempoBcko-
Joneukoit Bnaauuel (/I/IB) ¢ aHOManbHO BBICOKOH MPOBOJMMOCTBIO OTICIBHBIX MPOTYKTHBHBIX
IUIACTOB, a TaKke YpeHroiickoro MecropoxiacHus (miactel bY-10, BY-11 Heokoma) €O CIIOKHBIM
COYCTAHMEM JIMTOTCHETHUECKUX (DAKTOPOB, YCIOKHSIOUIMM AJIEKTPOMHU3UYECKUE XapaKTEPUCTUKH U
MHTEPIIPETALMIO 3JIEKTPOMETPHN CKBAKHUH.

ITog BTOpMUYHBIMM  TNPEeOOpa3OBAaHMUSAMH  TOHHUMAIOTCS  MPOLIECCHl, HAJIOXKEHHBIE Ha
pEerHoHaNbHBIE JuareHe3 W KarareHe3. MHgopmaiys TMojJydeHa CKaHMPYIOLIEH 3JIeKTPOHHON
mukpockornrein COM (TESLA BS-300, HITACHI) B koMIuiekce ¢ TUTOTC€OXHUMHUCH U TIETPO(DUIHKOIA.
Hcnonp3oBana kiaccudukanys anHomaabHoi npoBoaumoctu I1. Yopcunrrona, 2000.

/Inenposcko-/loneyxasn enaouna (/I/IB), pucynok, a. B unreppaie 1547-5305 M uzyueno Gosee
200 KepHOB TEPPUTeHHBIX KOJUIEKTOPOB 11 MECTOPOsKICHHI 30H CPEeIHETO U TITyOMHHOTO KarareHesa (A.
[Tomusnes, JI. Peidax, JI. Byxyk, 2005). Tpu yerBepTr 00pa3noB 0TOOPaHbI U3 HU3KOOMHBIX HHTEPBAJIOB
¢ yaensHbIM conpotuiieHreM (YC) o 10 Omm o KC u 1o 15 Omm o BK.

Luazenemuueckue npuuunsl cHKeHNs: Y C KOJJIEKTOPOB MIPOSIBJIEHBI HA y4aCTKax
KOHTPACTHOTO U3MEHEHHS! JTUTO(aIMaIbHIX 00CTAHOBOK (M T€OXUMHUYECKUX OapbepoB). OOBIYHO 3TO
IUIOXO OTCOPTUPOBAHHBIE TIOPO/IBI, TJI€ YACTO MPOSBICHO 3a4aTOYHOE PyI000pa30BaHKe, B TOM YHCIIe
10/ IGHCTBUEM MUTPUPYIOLIHX (ITIOUIOB.

Bmopuunsie npeobpazosanus. OnpeneneHHble coueTaHuss 00CTaHOBOK OCaKOHAKOIUICHHS
Y MHTEHCUBHOCTH DIMI€HE3a CyHmlecTBEHHO cHWkaroT YC. JlelicTBHEe MPOBOAAIIMX MHUHEPAIOB
OIPEEIIAETCS HE TOJIBKO UX CYMMAapHBIM COJIEP)KaHHUEM, HO U XapaKTepOM pacCesiHUs B NIOPOJE U
KpUCTAJUIMYECKON CTpyKTypoidl. Ha paHHell m cpenHeil cTagusx KaTareHe3a B TOHKOCJIOMCTBIX
pPasHOCTAX pacTeT poJib IMOBEPXHOCTHOM MukKponopucroctu. Crmroabl TpaHCHOPMUPYIOTCS B
pasOyxatomue ¢a3pl, B TOM YHCIE CMELIAHHOCIOMHbIE, MEHsIsI OCTaTOYHOE BOJOHACHIIICHUE U
cucteMy (pUIBTPYIOLIMX MHUKPOIOp. B HecnoucThIX MOpoAax BO3pacTaeT 3HAuEHHE AayTUTCHHBIX
CynbpuIOB M  aKueccopueB. BTopuuHas MOPUCTOCTh BBbI3BAHA  BBILIENAYMBAHUEM U
nepeoTiaokKeHneM LemMeHta. Ha cragum rayOMHHOro KarareHe3a B HH3KOOMHBIX KOJUIEKTOpax
KOHTPACTHEE BBIPAKEH METAacOMaTo3. B OJIMIOMHUKTOBBIX NECUYAHMKAX PA3BUTA IOBEPXHOCTHAA
MOPUCTOCTh (CMEKTUTU3AIIMYU U KaoJMHUTH3aus). [TopuctocTh MaTpuiibl popMupyercs: KaBepHaMu
BhIIIENIAYMBAHNS. BBISBICHBI MEPEHOC U BBICAKUBAHWE KapOOHATOB, ACCOLMALIMU PYIHBIX U
AKI[ECCOPHBIX MPOBOJASAIIMX MHUHEpAIOB (pyTWJ, WIBMEHUT, JICMKOKCEH, IHUPHUT, MAarHeTHT,
chanepur...). BTopuuHble KaBepHBI, MOPHl W TPEIIMHBI HMHOTAA 3aMEIICHBI TEMHOIBETHBIM
HeTUTOMOP(HBIM BEIIECTBOM, COACP)KAIMM  YINIUCTBIA Marepuan, TIJIMHUCTbIE MHHEpasbl,
KapOoHaThl U Cynb(puIbl. BHICOKOOMHBIE MECYAHUKU U AJIEBPOJIUTHI HA TEX kKe TIyOMHaX OOBIYHO
YIJIOTHEHBI, 6€3 KOHTPACTHBIX MIpeoOpa3zoBaHuil Clto]] B pa3Oyxaromue ¢a3bl, IPU3HAKOB NEPEHOCA
BELIECTBA U BTOPUUHOU MOPUCTOCTH.
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Ypencoiickoe mecmoposcoenue. Viccnienoansl 112 ckonos 00pa3ioB kepHa 12 cKkBaXuH Tpex
kynonoB (A. TlomuBues, JI. Apxumnosa, 1993) B kommekce ¢ NeTpOPU3MUECKHIMH H
JIMUTOT€OXMMHUYCCKIMHU JTAHHBIMHU. BBICHAINCH TPUYMHBI HEYBEPEHHOTO OIPEACICHUS XapaKTepa
Hedre- u rasoHaceimieHuss 1o KC B ycloBHSX TEpEKphITHS MANa30HOB COMPOTUBIICHUH,
cootBercTBeHHO 2545 u 30-70 Omm. CompoTuBIEHUS BOJOHOCHBIX TOPU3OHTOB MeHee 25 OmM.
M3MeH4nBOCTh NETPO(PU3MUECKUX MApaMETPOB MO KEPHAM CKBAXXMH YCIIOXKHSET MIEPECUYEThl 3a1acoB.

Jlutoreoxumuueckue ucciaenoBanust 1 COM mpoBeIeHbI 0 0OCTaTKaM KEepHA, IPUBSI3aHHBIM
K CKOJIaM B MeCTax BBITOYKM HMIMHAPOB. KomekTopsl cpenHe- M IMJIOXO OTCOPTHUPOBAHHBIE,
apKO30BOTO U apKO30-TPayBaKKOBOTo cocTaBa. llerpoxuMuyeckue MOAYIM YKa3bIBAIOT Ha
3HAQUUTENBHYIO pPOJIb KHCIBIX TIOpPOJ B WCTOYHHMKAaX cHoca. [lo WHAMKAaTOopaM Cpebl
ocaakoHakorienus (Sr/Ba w gp.) Tomum BY-10 m BY-11 omnaranuce B NPEeCHOBOAHOM
(ompecHEeHHO#?) 1 IePEeX0JHOM K MOPCKOM 00CTaHOBKAX.

WutencuBHOCTH TpeoOpa3oBaHuii 1o koddduimenty meramopduunoctn O. YepHukoBa He
npesbimaeT 0,31, To ecTb BhIpakeHa C1a00, KpOME OTIENbHBIX MHTEpBaOB. [lo (akTopHOMY aHAIHU3Y
M3MEHYMBOCTh KOJUICKTOPCKHX CBOMCTB KOHTPOJIMPYETCS TPAHYJIOMETPUYECKUM COCTaBOM (CpelmHuit
JMaMETp 3€peH), B MEHBIICH Mepe COCTaBOM M COJCp)KaHHEM IIEMEHTa M, Jajiee, COCTaBOM U
COOTHOIIEHHEM TIOPOJI00OPA3YIOIIMX MHHEpAJOB, COJEPKAaHUEM CIIOJ M PYIHBIX MHHEpAaJoB.
[TpumepHble BKIaabl 3TUX (DAKTOPOB B JUCIEPCHIO KOJUIEKTOpckux cBoiictB 35 @ 20 : 15. Ponb
OT/ICNIBHBIX (PAKTOPOB MOJKET PE3KO JIOMUHHUPOBATH, CKIIAIBIBATHCS MM HUBEIUPOBATHCS, YCIOKHSS
unrepnperanuio [ VIC n nerpodusmku (Tadnuiia).

Tabnua — YXyaieH1e KoJUIEKTOPCKUX CBOMCTB 00pa3LioB, 00OTAIEHHBIX PYIHBIMU
MHUHEpaJIaMH U CIII0IaMU

Conepxanne, % | Ilopuctocts oTkpbiTast, % | I[IpoHHIIaeMOCTb, 107 mxm? KOH;;:gTBO
PynHble MUHEpaJIBI
Jol 16,5 75,2 55
1-3 13,4 7,1 22
4-8 14,3 55 5
CmrogucTbie MUHEPAIbI

Ho 2 18,3 1372 18
3-6 16,5 50.1 12
-9 15,7 33,5 17

>9 15,7 23,1 5

B muiacToBbIX YCTIOBHSIX yAEMbHBIE COMPOTHUBIICHHUS KEPHOB CBbILe 12,5 OMM XapakTepHbI s
TMOJIMMHUKTOBBIX ITIECYaHUKOB MEJIKO- M Pa3HO3EPHHUCTBIX TOHKOCTIOUCTBIX C TIIMHUCTBIM JIMOO KapOOHATHBIM
[IEMEHTOM, OOJIOMKaMH KPEMHHUCTBIX 11opo/. CozeprkaHus THAPOKCHIIOB JkKeme3a (MHOITIa BBITOJHSIOIINX
TPCILIMHBI), MArHETHTa, WIBMCHUTA, JICHKOKCEHA TOJBKO OTYaCTH  KOMIICHCHUPYIOT — BBICOKUE
COMPOTHUBIICHHS, OOBIMHO TMPUCYTCTBYIOT 1-2 muHepana. YC B muanasone 4-9 Omm HaOMromaroTcs B
obpa3iax ¢ OecropsIoYHONW MUKPOIMOPUCTOM TEKCTYpOM, CIFOMCTBIX, C arpecCHBHBIM TJIMHUCTHIM
LIEMEHTOM U 3HAYMTENIHHOM MeMTH3aIMeN MOJEBbIX maToB. Yarie npucyrcTByer rpadut u 6oraue Habop
C71a00M3MEHEHHBIX PYAHBIX MUHEPATIOB, PEAKO MUPHTA.

B nokmaze nerampHO paccMaTpuBaOTCS MPeoOpasoBaHMS KOJUIEKTOPOB MO JaHHBIM COM,
pa3HOHAIPABJICHO BIMSIONIME HA WX CBOKCTBA. B ux ymcne crienyronme (pUCYHOK, 0). 3aieunBaHHe
IYCTOTHOTO MPOCTPAHCTBA KAIBIUTOM, OOBIYHO MOHOKPHUCTAUIMYECKOTO CIIOKEHHUs, TOHKOArperarHbIM
KPEMHE3eMOM M (MHOT/Ia) MEePeOTIIOKEHHBIM, 3HAUMTEIHHO U3MEHEHHBIM MaTepHAJIOM THJIPOCIIOIKCTO-
KAOJIMHUTOBOIO, @ TaKKe I'MIPOCIIOIMCTOrO0 U XJIOPUTOBOIO COCTaBA. AKTHUBHAS MEIUTU3ALMS MOJEBBIX
LIIaToB.  ArpecCHBHOCTh [JIMHMCTOrO IiemeHta. (Cnempl J€HCTBHS  MMUIPHPYIOLMX —pPacTBOPOB
(mepekprcTa/UM3alysl MOJIEBBIX IINATOB M KAJIbIMTA, HOBOOOPA30BaHMs KpPEMHE3eMa B IOJIOCTSIX).
OrcyrcTBue KaBepH M NOp BbllenaunBaHus. CKOIUIEHMs aKLIECCOPHBIX M PYAHBIX MUHEPAIOB IO
IUIOCKOCTSIM HACJIOCHHSI (JISWKOKCEH, WJIbMEHHUT, TPAHAT).
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3akouenue. OcOOCHHOCTH COCTaBa MOPOJ, CTPYKTYPBI TOPOBOTO MPOCTPAHCTBA, B TOM YHUCIIE
CYIIIECTBEHHO MEHSIOIINE KOJUIEKTOPCKHE CBOKWCTBA U CJIa00 pa3iIM4UMBbIE TI0 MeTporpaduuecKum 1
PEeHTreH-I1(PPaKTOMETPUYECKUM JaHHBIM, YBEPEHHO TUArHOCTUPOBaHbI MeTotoM COM.

*hkkkikkkkikkkik

TPABUTAIIMOHHOE 1 MATHUTHOE IOJISI TYJIBITbBMHCKOM IIJIOIIA W
buviurkos C.1.
Vupeoicoenue Poccutickotl akademuu Hayk [ opusiii uncmumym Ypanvckozo omoenenus PAH,
Ilepmyw, Poccusa

CeiicmopasBenounsiMu padoramu 3D, npoBeaenusiMu OAO «XaHTHIMaHCUHCKI€O(PHU3UKa»
Ha [lyneiTbuHCKOM TUTOmAMM (rpanuna CBepaAaoBCKOM oOsacTu U XaHThI-MaHCHIICKOTO OKpyra),
BBISIBJICHA aHOMAJMs BOJHOBOTO MOJISi, UMEIOIIAs B IUIAHE MPAaBWIBHYIO H30METPUYHYIO (hopmy
(puc.1) [2, 8]. BrisiBicHHBIII 00BEKT HpeACTaBIseT co0O0i KOHYcOOOpasHyl TpyOKy, KoTopas
MIPOCIJIEKHMBAETCS BO BCEM MHTEpBAJIC 0CAI0OYHOT0 yexia U umeet auametp B untepsaie 200 — 300
MC OKOJIO 4 KM.

& ks

2, 8]

AL AT

Puc.1. Ceuenus 6onnogoeo nonsi no mamepuanam 3D ceticmopaszseoxu

000 «AHYAP-T'eokommiaeke» (r. UepHOrosioBka) HpPOBEN 31€Ch Ta30JUTOXUMHUYECCKUE
UCCIIeIOBaHUS U Aen(pUpoBaHHEe KOCMHUUECKHX BHICOTEINIOBU3MOHHBIX JaHHbBIX [2]. Kombiesas
CTPYKTypa OTMEYAETCs] KOHTPACTHBIMU aHOMAJIMSIMH TeNHs, BOJOPOJA, METaHa, YIJIEKHUCIOro rasa,
9TaHa, MpomaHa, mpeBbmaomMu (oHoBele 3HaueHus B 40-70 pa3. B mpenenax oObexTa
OOHApyXEHbl peIKUe M PEIKO3EMENbHBIE 3JEMEHTHI, IMPOLEHTHOE COJEpXKAHUE KOTOPBIX B
LEHTpalbHOW yacTh oOBeKTa mpeBblaeT (GoHoBoe B 2 — 5 pa3. Pe3ymbraThl reOXHMHUYECKHUX
UCCIIEIOBAaHUI TO3BOJSIOT CAENaThb BBIBOJ O TOM, YTO JaHHAs KOJbliEBass CTPYKTypa
reoJMHaMUYECKH aKTHBHA B Hacrosmee Bpems. CoBpeMeHHass reoJMHAMHUYEcKasi aKTUBHOCTb — B
BUJIC BBIXOJIOB HA 3€MHYIO MOBEPXHOCTh TNTyOMHHBIX (DJIIOMJIOB CBUAETEIBCTBYET O HAJIUYUU B
npezienax KojablLeBOH CTPYKTYphl IPOHULIAEMBIX 30H, 110 KOTOPHIM B HACTOSIIEE BPEMS IPOUCXOIUT
BEepTUKaJbHAs MUrpanus TrazoB. OTpaxaercss OOBEKT M B COBPEMEHHOM TI'€OTEpMHYECKOM
IPOCTpaHCTBE Ha r1youHy 10 600 M.

Ha BbIsiBIEHHON ceificMOpa3BeIKON KoJIbLieBOM CTpyKType I'opHbIM mHCTHTYTOM YpO PAH
IIPOBEJEHB! JIETAIbHBIE T'PABUMETPUYECKUE M MAarHUTOMETPUYECKHE MCCIEN0BAHUA II0 JIBYM
nepecekatromuMmcst  npopmwnsiM.  [lepeceyenune npodwmiieli npUypoueHO K IIEHTPY KOJIbLIEBOM

CTPYKTYPBI.
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[To mupoTHOMY M MEPUANOHAIBEHOMY MPO(UISIM COOTBETCTBYIOIINE TOJS HaJl KOJIBLEBBIM
o0bekTOM uaeHTHuYHBl. Ha rpadukax Ag HaOm0gaeTcss pUTMHUYHAS BBICOKOYACTOTHAs KapTHHA
JOKaIbHBIX aHoManui (puc.2). Hambonee MHTCHCHBHAs W HIMPOKas JOKAIbHAs TOJIOKUTEIbHAS
aHOMaJIMsl TPUYPOUYECHA K LEHTPY KOJBIEBOH CTPYKTYpHl; K Mepuepuu IUpUHA U aMIUTUTY/AA
aHOMAJIMH MOCTENEeHHO yMeHbIIatoTcs. llocie cHATUS peruoHaNbHOrO (JOHA Ha KapTe JOKAJbHBIX
QHOMAQJIMM CHJIBI TSKECTH OTYETIMBO BBIACISIETCS 4YEpeJOBaHME 30H IMOJOXKHUTEIbHBIX U
OTPHUILIATENIbHBIX ~ aHOMAIMH, OOpa3ylOIIMX CHCTEMY KOHIEHTPUYECKUX OKPYKHOCTEH ¢
YMEHBUICHHEM aMIUIMTYJ aHOMaJIMi OT IeHTpa K mnepudepuu. AMIUIMTYAa LEHTPaTbHOU
MOJIOKUTETTFHON JIOKaNbHOW aHomanmuu Oonee 2 m['anm, mmpuHa ee okono 1 km. Ha konmax
npoduield aMIMTyna JokanbHbIX aHomanuii coctasiser 0.1 - 0.2 mI'an, mupuna — 200 — 300 m.
Henb3st He OTMETUTD BBICOKHE I'PAMEHTHI JIOKAIBHBIX aHOMAJIMH, IpeBbliatomue 3 Ml an/kum.

AT, HTn nepeceveHne npoduieit Ag, mTan
250 — — — — — — — — — — — — — — — |- - — — — — — — — — — — — ~20

- 19
- 18
—17

— 16

Lwm

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

i

Puc. 2 I'pasumayuonnoe (1) u macnumnoe (2) nons Ilynvimvuncrou anomanuu no npogunio 1

BepxHue KpOMKM MCTOYHUKOB 3TUX JIOKAJIBHBIX I'PAaBUTALIMOHHBIX AHOMAJIUN HaXOAATCS Ha
HeOonbInuX riryonHax (He 6onee 500 m). Ecnu mpeacTaBuTh HCTOYHHUKH, CO3/IAIOIINE TAKOE T0JIE, B
BUJIE€ KOHLIEHTPUYECKMX 30H YIUIOTHEHHBIX M Pa3yIUIOTHEHHBIX MOPOJ, TO, KaK II0Ka3ajo
IPaBUTAIIIOHHOE MOJIeMpOoBaHKe (pereHre 00paTHOW JIMHEWHOHN 3a/1a4i B TOPH30HTAIBHOM CIIOE),
IUIL TOTO, 4YTOOBI YIOBJIETBOPUTH HAOIIOACHHOMY IOJIO CHJIBI TSDKECTH, 3TH 30HBI JOJDKHBI
MPOHU3BIBATH BCIO OCAJOYHYIO TOJILY 10 TIIyOMHBI Oosiee 2 kM. M3MeHEHUS IUIOTHOCTU B
0CaI0YHOM TOJIIE IIPH TAKOM PAacIPEECHIH MACC COCTaBsT npumepHo £0.15 r/em®,

B MarHuTHOM noJse Ha U3y4aeMOMW IJIOLIAH BBIAENSETCA OHA UHTEHCHUBHAS MOJI0KUTEIIbHAS
anomanusa AT ammurynoi 6onee 200 HTn (puc. 2). DnuIeHTp aHOMAaIMK MPAKTUYECKH COBIAIACT
C SIULEHTPOM AHOMAIMKM IpaBUTALMOHHOTO mois. Cyas MO IMPUHE M aMIUIUTYIAE aHOMAJMH,
riyOMHa 3ajeraHus BEpXHEH KPOMKH ee UCTOUHHUKA 0oJiee 2 KM.

Bo3MoskHasi npupoaa BbISBJIECHHON aHOMAJIHU.

Cotpynuuku I'opnoro unctutyra YpO PAH umeroT 60JbIoi ONBIT NMPOBEACHUS MOJIEBBIX
paboT M MHTEpIpeTaluy I'PAaBUTALIMOHHBIX MU MAarHUTHBIX MOJEH B pa3nuuHbIX paiioHax Poccuw,
OJTHAKO TPaBUTALMOHHBIX MOJIEH TakoW MOPQOIOrMM Mbl HE HaOMOAaIH. AHAIU3 MMEIOLINXCS
reoJIoro-reo(pu3nYecKux MaTepualioB TO3BOJSIET CHENaTh TPU MPEAINOJIOKEHUS O TPUPOJIe
BBISIBJICHHON aHOMAaJIMHU.

1. Actpobaema. HaubGosnee moxokeil Ha aHoManuio IlynbITBHHCKOHM IUTOIIAAM SIBISETCS
aHoMainusi, oOyciosneHHas [lonuraiickoii actpobiaemoit. B pe3ynbprare BEKTOpHOM MHTEpIpEeTaluu
I'PaBUTALMOHHOTO TOJI MOJIY4eHAa CUCTEMa KOHLIEHTPUYECKHUX 30H NOHWKEHHBIX U MOBBIIIEHHBIX
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3HAYEHWH TPaBHTAIMOHHOTO MOJisi [3], KOTOphIe, BOBMOXHO, OTPaXKarOT MOBEACHHUE 3aTyXarolIeH
YAApPHOW BOJHBI W BTOPHUYHBIE IIPOLIECCHI IEPEMELICHUS U AKKyMYJALUU  BELIECTBA
npeoOpa3oBaHHBIX TOPHBIX Mopoa. B maruutHOM nosie [onuraiickas actpobiemMa MpakTHUECKH HE
nposieisiercsi.  [lo  nuTepaTypHbIM — JaHHBIM — AaHAJIOTMYHBIE AHOMAJIWU HAOMIONAIOTCS  HaJ
JI0Ka3aHHBIMU acTpoOsiemamu [4].

Otnuune BbIABICHHOW [lyJaBITPMHCKOW aHOMaJMM OT TI'PAaBUTAIIMOHHBIX IMOJEH acTpodiieMm
3aKJII0YAeTCsl MPEeXJe BCEro B TOM, YTO B SMMLEHTPE acTpoOieM HaOoJaeTcss oTpULaTeIbHas
aHoOManusi Cuibl TshkecTu. Kpome Toro, m3BecTHble Ha 3emiie acTpoOJIeMbl MMEIOT XapaKTEepHOE
OTpaXKeHUE B penbede. OKpyrias J0JMHA, OKPYXKCHHas KOJbIEBbIM mnojHstuem [4]. 3mech xe,
HA00OPOT: B AMUICHTPE Mbl UMEEM HE3HAUUTEIILHO MOBBIIICHUE OTMETOK pesibeda (puc. 2).

2. UHTpy3uBHAsA JAesATeJbHOCTh. Mopdonorus rpaBUTAllMOHHOTO W MAarHUTHOTO TOJIEH
MO3BOJISICT CJ/eNaTh IPEANoyioKeHHe O Hamuuuu B (yHaamente Ha [lynbITbUHCKONM IuIOmIaAn
UHTPY3UBHOI'O Tella OCHOBHOIO - YJIBTPAOCHOBHOIO COCTaBa, CO3JAIOLIET0 HHTEHCUBHYIO
aHOMAJIMI0O MAarHuTHOro mnousis. I'paBUTAallMOHHAs aHOMalus BO3MOJKHO OTPAXAeT HAJIU4YHUE B
0Ca/IOYHOM 4YexJie TPYOKM B3pbIBa, KOTOPHIE YacTO NMPHYPOUYCHBI K MHTPY3MBHBIM MaccuBaM [6].
Hanuunem TpyOKu B3pbIBa OOBSICHAETCS U OTCYTCTBUE CEHCMHUECKUX OTPasKCHHIH.

EnuHCTBEHHBIM BO3pa)KEHUEM IIPOTUB JAHHOW TMIIOTE3bl SIBJISIETCS COMHHUTEJIBHOCTD
UHTPY3UBHOM JEATENbHOCTH B KaiHO30e B 3amaguoii Cubupu [7], XOTs coBpeMeHHbIC
uccie0Banus [5] He OTpUIAIOT BEPOSITHOCTh HATHYHS 3/1€Ch MAarMaTHYECKUX 04aroB, C KOTOPBIMH
CBSI3bIBAIOTCS KOJIBLIEBBIE CTPYKTYPBI Pa3INYHOTO quaMerpa B 3anagHoit Culupu.

3. Teocomuron. CormacHo runorese P.M bBemOens [1] «kombueBble CTPYKTYpBHI
IpaBUTALIMOHHBIX, MATHUTHBIX U IeOMOP(OIIOTHYECKUX TOJIeH, a TaKkKe MOTeps OTpaskaTelbHOU
CHOCOOHOCTM M MUHHMMAJIbHBIE aMIUTUTYIbl OTPaXCHHH Ha BEPTHKAJIBHBIX M TOPU30HTAJIbHBIX
cpe3ax BosiHOBoro moist 3D-celicMopa3Beikd, SIBISIOTCA ClI€aM T'€O0COJIMTOHHBIX IPOLIECCOB B
reoJIornueckoM paspese». [loatomy cubupckue reodusuku [2, 8] 01HO3HAUHO CBSA3BIBAIOT JaHHYIO
AHOMAJIMIO C T€0COJIMTOHHBIM IIPOLECCOM.

Kak ykaspiBasioch Bbimie, [opubiii uHctuTyT YpO PAH wuMmeer OoibIIoi ombIT
UCIIOJIb30BAHUS T'PABUMETPUYECKUX NAHHBIX I U3Y4EHHUS MECTOPOXKIECHUU YIIIEBOJOPOIOB H
JPYTUX TOJIE3HBIX HCKOMAeMbIX, B TOM YHCIIE MPOBOJATCS KpyMHOMAcIITaOHble paboOTHl MO
ceiicMopasBeiouHbiM npoduiisiM 3D, ogHAako MOAOOHBIX aHOMANIMW HaMM BBISIBIEHO HE ObLIO.
Torpa kak, cornacHo Bo33peHHsiM P.M bemOens, reoconuToHHbIE TPYOKH SIBIISIOTCS OyYaraMu
MECTOPOXKIACHUHN YIVIEBOAOPOIOB U JOJDKHBI IIPOSBIATHCS IOBCEMECTHO.

Takum 00pa3oM, OIHO3HAYHOTO MCTOJIKOBAHHMsSI TMPUPOABI AHOMAJbHOW 30HBI Ha
[TyAbITBMHCKOHN TUIOIIAAM 110 UMEIOIIMMCS MaTepuaiaM J1aTb HeBO3MOkHO. Heobxoaumo npoBectu
KPYIHOMACIITaOHbIE IUIOIIA/JHbIE TPaBUMETPUUYECKYI0O M HA3eMHYI0 MAarHUTHYIO ChEMKH JUIs
OKOHTYPHMBAHMS BBIJICJICHHBIX aHOMaJIMi M HUX OOBEMHOM MHTEpIIpEeTaluy, a TaKkke OypeHue
napaMeTpUYeCcKUX CKBaXHH JUIs ONpeiesieHus] (PU3NUECKUX CBOMCTB MOPOJ.
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Abstract. In the North of Russian Plate on the SKS splitting for KLM revealed the presence
of azimuthal anisotropy of the mantle with the direction of 115 degrees related to strains in the
mantle. The data are compared with modern data on the absolute motion of the Eurasian plate.

Ceenenusi 0 1eOPMUPOBAHHOM COCTOSIHUM BEpXHEW MaHTUU Pycckod IUIMTBI BecbMa
CKYIHBI, BO-IEPBBIX, M3-3a TPYIHOCTEH HEMOCPEICTBEHHOTO M3YYEHHUsS TIIyOOKHX MaHTHHHBIX
CIIOEB M, BO-BTOPBIX, U3-3a OOIIEr0 HEJOCTATOYHOTO BHUMAHMS K IUIAT(OPMEHHBIM TEPPUTOPHUSIM.
HccnenoBanue 3TOro BOIpoca B IMOCIEAHEE BPEMs CTall0O BO3MOXKHBIM ¢ pa3BuTHeM Ha CeBepe
Pycckoil imThl pernoHaIbHON ceTh HU(POBBIX CEHCMONIOrMYeCKUX CTaHIuil. B ApxaHreiabckom
CEeiCMOJIOTUYECKOM  CTal[lOHape-o0cepBaTOpuu, IPOBEACHBI  MPEABAPUTEIbHBIE  HU3YUEHUS
ne(OpMHUPOBAHHOTO COCTOSIHMSI BEpPXHEM MaHTMM B aCIEKTe€ BBISBICHUS a3UMYTaJbHON
aHM30TPOIIMM MaHTHUHBIX cioeB. M3BectHo [1], 4tOo QakTopoM, JOMHHUPYIOUIMM MpU
BO3HUKHOBEHMM CEUCMUYECKOM AaHM30TPOIIMM B  BEPXHEHM MAaHTUHU, SBISAETCA  CTPOro
OPUEHTUPOBAHHOE  PACIIOJIOKEHHE AHMU30TPOIHBIX KPUCTALJIOB MAaHTUHHOIO OJMBUHA B
INPUCYTCTBUHU JUTUTEIBHBIX HANpsDKEHUH, CBS3aHHBIX C JIBUKCHHEM IUIMT U KOHBEKIMOHHBIMU
notokamMu B MaHTuu. COOCTBEHHAs! aHM30TPOITUS OJMBUHA (JUII CKOPOCTH S BOJHBI — 22%) U SIPKO
BBIPQKCHHAST ~ YIIOPAJOUYEHHAss OpHEHTAlMsl KPHUCTAJIOB OINpENeNsieT BBICOKYIO  CTEHECHb
aHM30TPOITUH BEPXHEH MaHTHU: B cpeaHeM okoiio 10% ckopoctu P BosHEI [2].

B npexacraBienHoil paboTe HCIONB3YIOTCS CEHCMOIOTMYECKHE OLEHKH a3HuMYTalbHOMN
aHM30TPONHMH B BEPXHEH MAHTUHM HEMOCPEACTBEHHO I10]1 HAOMIOAAoNIel CTaHuel 0 U3MEPEHUsIM
pacuierieHus nonepedyHbix BosH B ¢azax SKS, SKKS. Jlannas TexHuka, BepBble MPUMEHEHHAs B
Hamei crpaHe [3], sBuseTcs Ha CETONHSINHMN JEHb OJHHM W3 CaMbIX COBPEMEHHBIX U
JIETKOPEAIN3yeMbIX CIIOCOOOB OOHApY)KEHUS AaHU3OTPONHBIX CBOMCTB Cpeibl, HUCXOIsi U3
HeOosbmoro Habopa JaHHBIX. BakHeWHIIMM CBONCTBOM, Ha KOTOPOM OCHOBAaH 3TOT MOJXOJ,
ABIISIETCS TO, YTO B aHU30TPOINHOM cpene BoimHa SKS pacuiennsiercs Ha JBe KBa3HIIONEpPEUHbIE
BosHBI S1 1 S2, pacnpocTpansmonecs ¢ pa3aMuHOi ckopocThio. [Ipu pacuierienun noxsapuzayus
6oan S1 u S2 ne 3asucum om nanpasnenus pacnpocmpanenus 6onnvl SKS u onpedensemcesa monavko
cumMmempuyeckumu ceoucmeamu cpeovi. bvicmpas eonna Sl nonapuzosama 6 uanpaénenuu,
OMU3KOM K OCU CcumMMempuu cpeovl, MeOleHHAs 60IHA S2 — 6 HanpasieHuu noumu
NEePReHOUKYIAPHOM HANnpasienuto noasapusayuu 6oaHvl S1. BbIOOp HHM3KOYaCTOTHOTO JAMana3zoHa
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HabmoneHuit BomH SKS B amanazone ot 5 10 15 cek. mo3BOJISIET CYHIECTBEHHO CHU3UTH A(PQEKT,
BBI3BIBAEMBIN paccestHUEM U TU(paKIKel BOIH MIPU PA3INYHBIX HEOJHOPOIHOCTAX CPEIBL.

B kauecTBe  HMCXOOHBIX  JAHHBIX  BBICTYHNAIOT  TPEXKOMIIOHEHTHBIE  IH(PPOBBIC
IIMPOKOIOJIOCHBIE 3alMCH  yJAJIEHHBIX 3€MIIETPSICEHUH, OYaru KOTOPBIX pAaCIOJIOKEHbl Ha
paccrosiausx oT 90 no 145 rpanycoB ot npuHuMatomiei ctanuuu Kimumosckas KLM (60.85°c.mr.,
39.52°B.11.), BXozsmiel B cocTaB ApxaHrenbckoi cetd. OToOpaHHbIe 3anKcH ObLIH 00pabOTaHbI C
noMouibio anroputma [4], mpu kotopoMm ropusoHTaidbHbIe KOMHOHeHTHI NS m EW Bomn SKS
pasnarartcs Ha paauanbhayo R(t) u ranrenimansayto T(t) cocrasmnstonue (puc. 1) [5].

P

4
cos’p 7
,g' Puc. 1 - 'eoMmeTpudeckrne COOTHOLIECHHS MEX Y
g ~'\%ﬁ ayqamu S1 u S2 B (R, T) mIockocTH U OCHIO
-0.55n2p—=1 @B | v cummerpuu.  IlosnoxurenbHoe  HampaBlIeHHE
H ~, v}
- s paauambHOM R(t) ocH COOTBETCTBYET
/
A ,{% HAIPaBJICHUIO OT UCTOYHUKA K CTaHIIUH, OCh T (1)
Vi e HE K~ o
. R Vi oOpasyercs moBoporoM R ocu mpoTHB 4acoBoit
“@é@/&.ssiuzﬁ si!ﬂs % crpenku Ha 90°. B — yron mexay panuansHoit R
&7 COCTaBJIAIONICH U OCBI0 CHMMETPUHU CPEIbI
£
/
4 i

R(t) = cos® S -cos(wt) +sin’® B -cos(wt — wdt)
T(t) =—0.5sin(2p) - cos(wt) + 0.5sIn(2 B) - cos(wt — wot)
r7ie [ — yrodl MeX]ly paaiuanbHOi R cocTaBisonel 1 0CbI0 CHMMETPHH CPEIbI

ot — mHTEepBaN 3ama3bIBaHUs BOJHBI S2 OTHOCUTEILHO BOJHBI S1,

Brruucnennsie R 1 T KOMIOHEHTHI 110 HAOIOZICHHBIM JaHHBIM 7151 Habopa 3eMIIeTpsiCeHU i
NpeCTaBJICHbI HAa pUC. 2

T —

L WL L N A | B e LA e
0 10 £l 30 0 w0 0 20 30 10 cex

Puc. 2 — Ilpumeps! paguansHoil R 1 TaHreHIHanbHOM T COCTABISAIOMIMX [T HECKOJIBKUX
3EMJIETPSCEHU I
Kak cienyer u3 puc. 2, BO-epBbIX, HAa T-KOMIOHEHTAX BHHBI OTUYETIIUBBIE KOJICOAaHUs, BO-
BTOPBIX, MNPUCYTCTBYIOT (pa3oBble caBurd Mexay R u T xommonenramu. Hanmume 53Tmx
0COOEHHOCTEH MPH BPEMEHHBIX 33JEP’KKAaX MEUIEHHOW KBAa3HIIONEPEYHONW BOJIHBI OTHOCHTEIHHO

OBICTPONl  SABISICTCSL  2IABHLIM  OUACHOCTNUYECKUM NPUSHAKOM OOHApysceHus a3uMyTalbHOU
AHU30TPOTINH MAaHTHUH.
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Ilo xaxnmod 3amMCcH  PAaJMaIbHOM  KOMIIOHEHTHI  BBIYUCISETCS  CHUHTETHYECKas
TaHIeHIMAIbHass KoMIoHeHTa T*(t), u cpaBHUBAETCS C peallbHOW 3alKMChl0 OOMEHHOW BOJHBI Ha T
KOMITOHEHTE ITyTeM HaX0XKJIeHHs 1eneBoit pynkuun E(a, ot):

N

1o JEO-T, Geatf dt
=) = WZL‘ [REt)at

rie o« = Az - ; yron o - mpoOHBIA Aa3UMyT OCH CHUMMETPHUH, OTCUMTHIBAEMBIH OT
HaNpaBJICHUS Ha CEBEP MO YaCOBOMU CTpenke, N — HOMEp 3eMIICTPSICCHHUS;
N — gucno 3emnetpsicernii. CyMMUpOBaHUE TPOU3BOAUTCS 110 YUCITY 3eMIICTPSICCHUN.

Oyuxkius E(a,0t) Beraucsiercs Asi Kak0ro COOBITHS MPU 3HAUCHHSIX MPOOHOTO a3uMyTa o
or 0° mo 180° wu 3Hauenwmsx 3amasgbiBaHust Ot oT 0 mo 2 cexynn. /Jlamee mpousBoOAMTCS
CYMMHUPOBAHUE WHIMBUIYATbHBIX IEJEBBIX (YHKIMNA Ui HAXOKJICHHUS WTOTOBBIX MapaMeTpOB
aHM30TPONHH. B KauecTBE MCKOMBIX OLIEHOK MapaMEeTpoB ¢ U Ol MPUHUMAIOTCA T€ 3HAYCHUS, TpU
KOTOpbIX oOecnieunBaercs MuHUMYM (ynkuuu E. [l ¢/c KLM: a=115°, 6t=0.6 cek

[Tyrem BBITIOJIHEHHS MOJOOHBIX MpoLEAYp OBLIM HaWAEHBI MapaMeTpbl aHU3OTPOIIUU IS
craniuii Aptu (ARU), JloBosepo (LVZ), O6uunck (OBN), pacnofioxeHHbIX Ha COMPEACTbHBIX C
ApXaHrenbCcKoi 007acThI0 TEPPUTOPUSAX. BOTHOBBIE OPMBI 3eMIETPSICEHUI A PacyeToB ObLIH
mobe3Ho npenocrapieHsl ['eopusnyeckoit Cnyx60it PAH. Mrtorossie mapamMerpsl aHU30TPOIUH,
a3uMYTaJIBHBIA yrol « W Bpems 3ajepxku o, mist cranmmii ARU, LVZ, OBN cooTBeTcTBEHHO
paBubl 100° u 0.6 cek, 105° u 0.8 cek, 105° u 0.4 cex brina caenaHa mombITKa COTIOCTABICHUS
OpPUEHTAIIMM BEKTOPOB A3UMYTAJIbHOW aHU3OTPOIMU C HAIpaBJICHUEM a0COIIOTHOTO JBUKECHHUS

Tkl (puc. 3). A3UMYTBI OBICTPOW OCH BBIPABHUBAIOTCS OJIM3KO K HAIPABICHHUSM JIBHKCHHS
EBpa3uiickoi 1InThL.
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BeiBOzIBL Celicmuueckast asuMyTaJlbHas AQHU30TPONMS  SBJIAETCA  IOJE3HOMU
JIMAarHOCTUYECKON €IMHULEH U1 IOHUMAHUS BOJIOLMHU 3€EMHOM KOPBI U BEPXHEW MAaHTHH, TaK Kak
OHA HECeT OTIEYaTKW MPOILION U HacTosimel nedopmamuu B Hempax 3emumn. OHa o0ycioBlieHa
MPEUMYIIECTBCHHBIM HAMPAaBICHUEM KPUCTANIOB MAHTHIHOTO OJWBHUHA, MPUOOPETEHHOTO UM,
BO3MOJKHO, BCJIEJICTBHE CYILECTBYIOUIMX HANpPSKEHUW B BUIE JIBXKCHHUS IUIUT M MAaHTHHHBIX
teuenuil. [lo nanueiM c/c KLM na CeBepe Pycckoii mmutel o paciiersienuto BosiH SKS u SKKS
BBISIBIICHO HAMYME a3UMYTAIbHOW aHM30TPONMU MAHTUU C HampaBieHuem 115 rpanycoB u
BenuunHOM aHu3oTponuu ot=0.6 cek. AsumyTsl ObicTpoif ocu mo gAanubM c/c KLM, ARU, LVZ,
OBN BbIpaBHUBAIOTCS OJIU3KO K HAMIPABJICHUSM JBIKCHUsI EBpasuiicKoOi TUIUTHI.
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N3YUYEHUE MNOJCTAHIIMOHHON CKOPOCTHOM CTPYKTYPbI
C IoOMOUbIO METOJA ®YHKIIUU TIPUEMA
Bepxonanyes A.B., Baprawosa FO.B. ivanova@mi-perm.ru
Vupeoicoenue Poccutickotl akademuu Hayk [ opueiii uncmumym Ypanvckozo omoenenus PAH,
Ilepmwv, Poccus

Abstract We apply an iterative, time-domain deconvolution approach (Juan Pablo Ligorria and
Charles J. Ammon) to receiver-function estimation for all seismic station of West Ural region.

Meron ¢pynkuuu npuema (receiver function) ocHoBaH Ha M3y4eHUM OOMEHHBIX MOMEPEYHBIX
BOJIH B KOJie P-BOJIHBI OT YAaJI€HHBIX 3eMJICTPSACCHUN ISl OTY4YeHUsI UH(OPMAIIK O CKOPOCTHOM
CTPOEHHH CpeIbl TMOJ celicMudeckoi cranmmei. B “Oombiioi” celicMonoruu mMeTo] 0OMEHHBIX
BosiH 3emuierpsicennit (MOB3) siBisieTcss pa3BelOYHBIM M NPUMEHSETCS KaK COCTaBHAs YacTh
KOMIUIEKCA PErHOHAIBHBIX T'€OJOr0-re0(pU3NUYECKUX MCCICIOBAHUNA TPU U3YYEHHM TIIyOWHHOTO
r€0JIOTMYECKOTr0 CTPOCHUS OTAEIbHBIX PErHOHOB.

Kopotko cyrs MeTona ¢pyHKIMH npuema coctout B cieaytomem (puc.1l) [11]. Ecnu ctpoenue
cpeabl TMOJ CEeHCMMYECKOW CTaHLMEH ONMCHIBAeTCs MOJENBI0  OJHOPOJHOTO CJIOS  Ha
nonynpoctpanctBe (puc. la), TO HayanbHBIE YacTH CEHCMHYECKUX 3alHCel yIaleHHBIX
3eMJIeTpsICCHUN OyayT uMeTh cienyromui Bua. Ha kommonente L, opHeHTHpOBaHHOW BOJb
HaNpaBJIeHUs JIBWKEHUS (POHTA NMPOJOIBHON BOJIHEI B clio€, Haubojee WHTEHCUBHBIMU OyayT
npsiMasi ipojiosibHast (Pp), MHorokpatHo otpaxenusie (Pppp, ...) u oomennsie (Pssp, Ppsp, ...)
BosiHbl (puc. 10). Ha momepeunoit xommnonente (Q) OyxyT QuKCHpOBATHCS MPEUMYIIECTBEHHO
oOMeHHbIe BOJIHBI - (ha3bl Ppps, Ppss, Ps u 1.1 Meton «Receiver Function» kak pa3 opueHTHpOBaH
Ha BOCCTaHOBJICHHE MH(OPMALMH O CBOMCTBaX cpeabl (MOLIHOCTH CIOs(€B), CKOPOCTH BOJH) IO
JTUHAMHUYECKUM U KHHEMAaTHYECKUM XapaKTEepPUCTUKAM JIaHHBIX (as3.

a K MCTOUHMKY Crakiua 6
+—
A Ilyyesas
MoBepxHoCTs cucTema KoopguHat
L
Vi<V,
Q
Celicmuyeckas
rpaHvla P
V2
Pppp

\
Ps Ppps

a /\ A Ppss

Puc. 1. CtpykTypa BOJHOBOTO I0JIsI, HcciieayeMas B meroie «Receiver Function» [11]
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Peanu3zanus Mmerona, 0OBIYHO, BKIIIOYAET CIEAYIOIINE ITAITBI:

- 0TOOp TPEXKOMIOHEHTHBIX CEHCMUYECKUX 3aMUCEH yIaTeHHBIX 3eMJICTPSCCHHUIA;

- mpeoOpazoBaHue OTOOPAaHHBIX 3aMMCEH B JYYEBYIO WM IMJIMHIPUYCCKYIO (OTHOCHTEIIHLHO
UCTOYHHKA) CHCTEMY KOOPJIUHAT;

- IOCTPOEHUE, TAaK Ha3bIBAEMbIX, (DYHKLIUHN NpUeMa;

- 000p MOJIEH CpeJibl, COOTBETCTBYIOIIEH MOCTPOCHHBIM (DYHKIMSIM ITpHEMa.

Bo3MOXHOCTh McCIen0BaHUsl MOACTAHLIMOHHONW CKOPOCTHOM CTPYKTYphl 3amagHoro Ypana
NPEOCTAaBIAIOT MAaTEPUAIIbl CEHCMOJIOTHYECKUX Ha0M0eHUH, TpoBoAUMBIX ¢ 1999 rona cetpio u3
6 ceiicmocraniuii. Panee merox ¢yHKuuMM npueMa ObUT ONMpoOOBaH Ui 3amucedl CTaHLIUU
«PomanoBo PR1R» [5], npu 3TOM OBbLIH MOJYYEHBI TIEPBbIC JTAHHBIE O CKOPOCTHOM CTPOCHUU 0
riyounsl 20 KM ¥ HaMEUYeHbI HaIllpaBJICHUs JanbHeieil paboThl:

- IyTeM IMpPUBICYEHHUS OOJBLIOTO KOJIMYECTBA IAHHBIX JOOMTHCSA YAyYIIEHHS KauecTBa
¢dbyHKIIMM puema ais ceiicMoctaniun «PomanoBo PR1R»;

- MOCTPOUTHh (PYHKIMHU MpuemMa IJis IPYTUX PETHOHAIBHBIX ceicMocTaHIMU — «COIMKaMCK
SOKR», «Jlo6psinka PR2», «Bnacet PR4», «Kynryp PR3», «B.U. I'oponku KIZ»;

- IPOBECTH BOCCTAHOBJICHHE CKOPOCTHBIX Pa3pe30B MO NOCTPOCHHBIM (DYHKIMSAM IpHUeMa.

BHauase Obl1 BBINOIHEH OTOOP TPEXKOMIOHEHTHBIX 3alMCeH YAAICHHbIX 3eMJICTPSICCHUN 10
CIICAYIOIIUM KPUTEPHSIM:

- TUTIOLIEHTp ovara 6osee 60 kM;

- BBICOKO€ OTHOIIIEHUE CUTHAJI/IIYM.

B pesynbraTe aHanu3a karajora mectd Thicsiun coObiTuil ¢ ssuBaps 2010 mo mait 2011 roga

Obuta monydeHa BbeIOOpka u3 210 3emuleTpsceHMi, 3aperucTpUpOBAaHHBIX B cpenHem 4
CeCMOCTaHIIUSIMUA PETHOHA.

a)

6)

08 T
06 T
0.4

02 +

MNWN\P/\W\/\/\_\’/\/MW\'

-5 0 5 10 15 20 25 30 35 40 45

Bpems, ¢

Puc. 2. TpexKoMITIOHEHTHAS 3aIKCh YIAJICHHOTO 3eMIIeTpsiceHusI (a) U PYHKIUS pruemMa
1A ceficMocTaHuu «COTUKaMCK»

Jlanee Ui MPHUBEACHHUS CUTHAJIOB K OJHOMY BH/Y HCIIOJb30BAJIOCH MOCTPOCHHUE (PYHKIIHIA
npuemHuka. Dynkius npuema (receiver function), mo ompeneneHuro, mHpeACTaBISICT COOOM
BpemenHoit psx H(t), xoropeiii mpu cBepTke (KOHBOJIIOIMH) C CEHCMUYECKOH 3alKChi0 Ha
BepTUKATbHON KommoHeHTe Z(t) BOCHPOM3BOAMT CEHCMOTpAcCy MO paaualibHOM KOMIIOHCHTE

R(t):
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R(®) =Z(t)*H(t)

M3BeCTHO HECKOJIBKO CIIOCOOOB MOCTpOEHUS (YHKIMHM TpuUeMa, OIHAKO HaMU ObLI
UCIIOJIb30BAH IMMOJIX0JI, OCHOBAHHBIN Ha UTEPATUBHOI JEKOHBOJIIOLUK BO BpeMEHHON obmactu [12],
UCHoJb3yeMbli panee. [IpuMep mpuUMeHEHUs peaTu30BAHHOTO IMOJX0Aa K OTOOpPAHHBIM 3alUCsAM
ceiicmoctanIy «CoIMKaMCK» MOKa3aHbl Ha pUc.2.

AnHanu3 (QyHKUMH mpueMa BbISBHII JOCTATOYHO CIIOKHBIM BHJ PAaCCUMTAHHBIX (YHKIMNA —
IOYTH Ha BCEX MOXKHO BBIJCTUTh HECKOJbKO MaKCUMYMOB M MHMHHUMYMOB. bnaromaps
HCITOJIb30BAHUIO MIMPOKOMOJIOCHBIX CEHCMOINPUEMHHUKOB, OTMEUACTC HAINYHE KJIACCHYECKOTO»
makcuMyMa 4-6 cexk (oOMeHHas BOJHA OT rpaHunbl MoxopoBuunua) Ha (QYHKIUSIX MpHEMa Ui
ceiicmoctann «CoJIMKaMCK», TOTJa Kak Ha (YHKUUSAX MpPUEMa OCTAIBHBIX CEHCMOCTAHLUM C
KOPOTKOIIEPUOAHBIMU CEHCMOMETPAMHU 3TOT MAaKCUMYM MPOCIEKUBACTCS HE TaK YETKO M HE BCEra.

Jlanee BBINONHsIACH MHBEPCHS PACCUMTAHHBIX (YHKIMHA, T.e. MPOU3BOAMICS TMOA00p
CKOPOCTHBIX MOJIEJIeH Cpefibl, KOTOpbIe UMEIOT HanboJee Onmu3kue GpyHkuuu mnpuema. [logbop (kak
U pacyeT QYHKIMU IPUEMHHUKA) OCYIIECTBIISUICS C TOMOIIBIO aJrOPUTMa, PEaM30BaHHOTO B MAKETEe
“Computer Programs in Seismology” P.XeppmanHna
(www.eas.slu.edu/People/RBHerrmann/ComputerPrograms).  Mcmosb3yemass npu  pacyerax
HavyallbHasi MOJEJb Oblla IOCTPOGHA IO Teojoro-reopusnueckuM jgaHHbiM [6]. Ckopoctu
MOTIEPEYHBIX BOJIH B CJIOSX MEPECUUTHIBAIUCH U3 CKOPOCTEH MPOJOIBbHBIX BOJH M0 COOTHOIICHUIO

Ve =V, / /3. Ha puc. 3 CIUIOIIHOM dYepHOM KpUBOW TOKa3aHbl (YHKUMU TpUEMa,
COOTBETCTBYIOIIME HAYaIHLHON MOJICIH.
V S ( K M / S ) | ESY FS [ | l L1 1 1 l { Y N | I I | - I
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Puc. 3. Pe3ynbTaThl BOCCTAaHOBIIEHUSI CKOPOCTHOTO pa3pesa Mo PyHKIUU preMa JIst
cericMocTaHIU «COJIMKAMCK»
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B Hacrosmee BpeMs NpOBOIMTCS HMHBEpcHs (YHKUMU TpHUeMa s BCEX BBIICICHHBIX
COOBITHH, a TaKKe MX aHaIu3. B nanbHellIeM IUTaHUPYEeTCs YTOYHEHHE CKOPOCTHOW MOJENU
3anagHoro Ypaia o JaHHBIM O MOACTAaHIIMOHHONW CKOPOCTHOU CTPYKTYpE.
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YJIK 550.8.013
AJITOPUTMbI PEHIEHUA OBPATHBIX 3AIAY TPABUPA3ZBEJIKU CTPYKTYPHOI'O
TUIIA C AAIITUBHOM AIIITPOKCUMAITUEN
Becenxosa H.B., Ilyeun A.B., (342)2161008, (342)2167502, Pugin@mi-perm.ru
Vupeoicoenue Poccutickoti akademuu Hayk [ opusiii uncmumym Ypanvckozo omoenenus PAH,
Ilepmyw, Poccus

Annotation. This article is devoted to new technologies which are makes the solution of the gravity
inverse problem less time-consuming. Gravity inverse problems are considered in the structural
definition and so may be both linear and nonlinear. The key to increase of the productivity of new
technologies consist in use of binary trees representing the hierarchical ordered structure. The
application of these structures allows making the decomposition of the intricate computational
problem on series problems which have lesser dimensionality. Moreover, we present a new
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algorithm based on the finite element approach and oriented on the solution of the gravity inverse
problem in the linear structural definition.

Pemenne oOpaTHBIX 3a7a4y reoPHU3UKU SIBISETCS OJHUM M3 CAMBIX TPYIOEMKHUX ATaroB
mporiecca MHTEpIpeTalud. B BBIYMCIMTENBHOM IUIaHE 3ajJada OOBIYHO  CBOJUTCS K
NpUOIMKEHHOMY DPEIICHUIO CHUCTEM JIMHEWHBIX WM HEJIMHEHHBIX alreOpandeckux ypaBHEHHUN
JOCTaTOYHO OOJIBIION Pa3MEPHOCTH, YTO JaXe MPH HCIIOJIb30BAaHUH COBPEMEHHBIX KOMIIBIOTEPOB
3aHUMAET JUIUTENIbHOE BpeMs U TpeOyeT 3HAaUUTENbHbIX BHIYMCIUTEIBHBIX pecypcoB DBM.

PaccmoTpuM 00patHyto 3a7a4y rpaBUpa3BeAKH “CTPYKTYpHOTO” THIIA B IByX MOCTAHOBKAX:
nepBoil — ompeneneHue (YHKIMHU IUIOTHOCTU paclpelesieHUus Macc B CJO€, OrpaHMYE€HHOM
TOPU3OHTANBHBIME TUIOCKOCTSIMU (chopmynrpoBana B.M.HoBocemuukum, 1965), u Bropoi —
HAXOXKJICHUE T'€OMETPUM KOHTAKTHOH MOBEPXHOCTU NMPHU MOCTOSHHOM aHOMAJIbHOW IUIOTHOCTH HA
rpanune (npemnoxena b.B.Hymepoeim, 1930). /lanee OyaeM UCIONB30BaTh TEPMHUHBI JIMHEHHAS
(J103) u nenuneitnas (HO3) oOpaTHbIe 3a1auu COOTBETCTBEHHO.

Bpemst pemenus oOpaTHOW 3agaydl BO MHOTOM OIpeNeNsercss ONM30CThbI0 HAYaJIbHOTO
npuOJIMKEeHUsT K UCKOMOMY pesynbrary. B ciydae JIO3, HavyainbHBIM NPUOIMKEHHEM OOBIYHO
CIy)KUT PAaBHOMEPHOE pacHpeielIeHHe HEKOTOpOd Macchl C IUIOTHOCTBIO o, = Const 1o

Mmojenupyemomy o0bemy, a HO3 — acummnrora koHTakTHOH moBepxHocTH Z, = Const. Ilepsoii

NPEANOCBUTKOW JUIA CO3/IaHUsl HM3JIOKEHHBIX HMXKe MOAM(DUKALIMN alrOPUTMOB TOCITYXHIIA
HEOOXOIMMOCTh 32 KOPOTKHMN BPEMEHHON HHTEepBal c(OpMHUpOBaTH HayalbHOE NPHUOIIIKEHHE,
OTTAJIKUBAACh OT KOTOPOTO MOXKHO JIOCTUYb HCKOMOTO pE3yJIbTaTa 3a CPaBHHUTEIBHO Malloe
KOJIMYECTBO MTEpauuil. AZanTUBHOW OyneM Ha3blBaTh TAKYIO AaNMPOKCHMAIUIO paclpeaeieHus
MCKOMOT'0 TapaMerpa MO 3aJaHHOMY HOCHTEINI0, KOTopas (OpMUpYeTCs B pe3ylbTaTe aHaiu3a
CTPYKTYPBI UCXOHBIX TAaHHBIX.

KnroueBoii MOMEHT B CTPYKType HOBBIX alTOPHUTMOB IPEICTABISACT JEKOMIIO3UIHS
UCXOJHOM 3aJaudl Ha psA MOJ33Ja4 MEHbIIEH pa3MEpPHOCTH C HCIOJIb30BAHUEM OHMHAPHBIX
nepeBbeB. OAHON M3 MEPBBIX MYOJUKAIMiA, B KOTOPHIX Oblla O3BYy4eHa HJes] NPUMEHEHHs B
pEIIEHNH HMHTEPIPETAUOHHBIX 3a/1a4 T'PaBHPA3BEAKH aJITOPUTMOB, O0JaNAIOMIUX CTPYKTYpHOU
OuMHapHBIX JepeBbeB, sBisercs padorta [1]. OTHocuTenbHO pelIeHHs OOpaTHOW 3aJaddl 3TH
QJITOPUTMBI MCHOJIB3YIOTCSI Ha BHEIIHEM IUKJIE A aHAIW3a CTPYKTYphl MCXOJIHBIX TAHHBIX H
MOJICTPOMKH HCKOMOTO PEIIEHUS] B COOTBETCTBUHU C UX OCOOCHHOCTSAMHU.

PaccmoTpum crnenyromtyto nocraHoBky JIO3: umeeTcst ciioil, OrpaHUYEHHBIN CBEPXY U CHU3Y
TOPU3OHTAIBHBIMM IUIOCKOCTSMM Z, M Z,, U Ha CETOYHOM HOCUTEIE 33laH0 AHOMAJIbHOE

IpaBUTAMOHHOE IOJIE U :U(Xi Y j), CO3J1aBaeMO€ IIEPEMEHHBIM I10 JIATEpalId PacCIpeaciICHUEM
Mmacc B cioe. Tpebyercs HalTM (QYHKIMIO TUIOTHOCTH PAaCHpeeieHusi 3TUX Macc O = 0'(Xi Y j).

3amaua CBOJUTCS K JICJICHUIO CJIOS Ha 3JCMEHTapHbIe 00beMbl (HAMpPUMEp, HPSIMOYTOJIbHBIC
OpU3MbI) U TMepexofoM K pemieHuio coorBerctBytomieii CJIAY Buma Go =U HTEpallMOHHBIMU
METOJaMU C TpUMEHEHUueM perymspusanuud. 3neck G :{gij} — MaTrpula 3HAuYeHUU

IpaBUTAIIMOHHBIX 3(P(EeKTOB Mpu3M B TOUKax 3amaHus nosd npu o =1. [IpoToTHmnom B gaHHOM
cllydae TIOCITYXKHJI allrOpUTM, u3loxkeHHbId B padote [I.E. Kokmaposa [2].

B 3agaue 0 HaXOXKIE€HUM TE€OMETPUU KOHTAKTHOM IOBEPXHOCTH HM3BECTHA aHOMAaJIbHAA
IUIOTHOCTh HA PAHUIE pas3zena AByX cpel o = Const ¥ aHOManbHOE I'PaBUTALIMOHHOE IOJIE ITOU
rpaHunbl.  TpeOyeTcs ompenenuts KOH(PUIypaluio KOHTAKTHOW TOBEpXHOCTU. Pemienue
HEJIMHEHHON 3a/1a4l MOXKET OBITh CBEICHO K IOCIEeNOBATEIbHOMY PELICHUIO CHUCTEM JIMHEHHBIX
anreOpanvyeckux ypaBHEHHUI, KaK 3TO CIeNaHO B METOJe JOKaJIbHBIX MOINPABOK, MPEIIOKEHHOM
N.JLIpyrkunbiM [3] ¥ pasBuBaeMbIM BHOCIEACTBHU 1MOJ pykoBojctBoM [1.C.Maprtsimko [4].
TeopeTrnyeckre OCHOBBI aJTOPUTMOB HCUEPIIBIBAIOIIE M3JIOKEHBI B YKa3aHHBIX BbIlle padoTax. B
pamMKax JaHHOW CTaTbU OCTAHOBHUMCS JIMIIb HAa KIIOYEBBIX TEXHOJOIMYECKMX MOMEHTaX HOBBIX
pa3paboToK.

B o6oux cnyuasx (JIO3 u HO3) 3amaua mnoasepraercst AECKOMIIO3UIUU METOJ0M
KBaJIpOJIepeBa, KOTOPBI B JOCTaTOYHOW Mepe m3inokeH B pabdore [5]. Ilycth mose, co3maBaemoe
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CJIOEM C IIEPEMEHHOM 10 JIaTepau INIOTHOCTBIO O = O'(Xi VY ) 100 KOHTAKTHOM TIOBEPXHOCTHIO C
aHOMAJIBHOM IJIOTHOCTBIO o = CONst 3aaHO Ha CYETHOM MHOXKECTBE Touek M, pacnpeneneHHbIX
PaBHOMEPHO Ha MPOU3BOJIBHOW TJAJAKONW MHOBEPXHOCTH S(x,y,z). PaccmoTtpuMm K-biii  ypOBEHB
nexoMmosuiuu. CoriacHO CTPYKType JepeBa CJIOW JIeAUTCS Ha MapajuleNieluIeibl, He
TIepeceKarolrecs, HO COTPHKACAIONINecs TPaHAMH ¢ JUTMHON peOpa “l. 3a 3Hauenme moms “u” B
[IEHTPE COOTBETCTBYIOIIEH pPAHTOBOW OOJAcCTHM Ha TIOBEPXHOCTH HAONIOACHUN S(X, Y, Z)
MPUHUMACTCS. CpPEIHSASs BEJIMYMHA BCEX 3HAYEHUH 1moyiss U, MONajarouluX B €€ Ipelesbl

I J
ku = ZZUU / N, rme N=1*J — KoImu4ecTBO 3HAUEHUH TOJS B PAHTOBOW 00JIACTH. 31eCh IS
i

JIO3 k-oe npubGmnimkenne GyHKIUHE IIOTHOCTH ‘G HAXOJUTCS HTEPALMOHHO C PEryISApH3aliei Mo
metony JIaBpenTheBa, korna ucxoanas CJIAY “G*o="u npeobpasyercs k Buny (k G+ aE)kazku ,

TJIe 0L — apaMeTp peryisipu3aiuu, onpeaensiercs smnupudecku. B ciiyuae HO3 k-oe npubnmkenue
TEOMETPUH  TPAHUIBI ~ HAaXOAUTCS MO  METOAY  JIOKAJIbHBIX  TOTPAaBOK B BUJC

! T y
“zit = e, rae “zf m ¥z0"' — nonokenne rpanuus B ij-oif Touke Ha N-oif u
1+a zij( Uy — uij)

] ]

(n+1)-oii ureparuw, kui? — MOJIEJIBHOE I10JI€ OT KOHTAKTHOW MOBEPXHOCTH, PACCUMTAHHOE Ha N-0i1

UTepaIlK, O — TapamMerp peryispusanuu. B 000uxX ciaydasx MHUHHUMH3HPYETCS HEBsI3Ka
HAOJIOJIEHHOTO W MOJENBHOTO TOJIEM B CpelHeKBaapaTHueckoi wmetpuke. [Ipu mepexone Ha
cleayromui ypoBeHb jaepeBa (K+1) Bce mporeaypbl MOBTOPSIOTCS, a HalICHHOE Ha TPEAbLIYIIEM

YpOBHE NpUOJIMKEHHE BBICTYMAET B POJM HadalbHOTOo. B pesympraTte 3a (kmax —1) YPOBHEU

dbopmupyercs pemieHue, 6JIM3K0e K ICKOMOMY pe3yabTary. CoBOKyImHasi pa3MepHOCTh 3a/1a41 TpU
9TOM Ha (kmaX —1) YPOBHSIX MHOTO MEHbIIE HCXOAHOH. Ha mociemHem ypoBHe (opmupyercs

OKOHYATEeJIIbHOE pEIICHWE 3a OTHOCUTEIFHO Majlo€ YHWCIO HUTepalMii ¥ TpU  CYIIECTBEHHO
paspsokeHHolt CJIAY B BuIy Majoro KOJMYECTBA «CHIJIBHBIX» ocoOeHHocTel. DddeKkTuBHOCTD
AITOPUTMOB B IUIAHE CHIDKCHUS 3aTpaT  BBIYMCIUTEIBHOTO BPEMEHH IIOATBEPKIACTCS
IKCIIEPUMEHTAMH Ha MOJICIIbHBIX IaHHBIX.

B npouecce noucka 3(h(heKTUBHBIX CIIOCOOOB pelIeHusi 00paTHOM 3a/71a4M TpaBHPA3BEIKH,
HEOOXOAMMBIX Uit (DOPMHUPOBAHMS CIIOKHBIX HMHTEPIPETALUOHHBIX TEXHOJOTHH, MPHUILIOCH
Oo0paTUThCSI K KOHEYHO-3JIEMEHTHOMY IOJXOMAYy, OCHOBBI MpPHMEHEHHs KOTOPOro B BHUJE
MOHTa@XHBIX TEXHOJOrMW ObUIM 3ayoxkeHbl B paborax A.B.Opuapenko (1975), B.H.Ctpaxosa
(1976), I1.M.banka (1989). B Hacrosimiee BpeMsi METOJ YCIEUIHO pa3BUBaeTcsi Oiaronaps
coBMmecTHbIM yerunsiM [1.M.banka, A.C.Jloarans 1 UX y4eHUKOB.

HcuepnbiBaroliee OnucaHWE HOBOTO MOHTQ)XKHOTO alTOPUTMA pEIICHHsS OOpaTHOW 3amadu
rpaBHpa3BeIKi CTPYKTYPHOTO THIA B JIMHEHHOW IMOCTaHOBKE NMPHBOAMTCS B pabore [6] u Oymer
U3JI0KEHO B jgokiane. OCTaHOBUMCS JIMIIb HA TOM, YTO MOMHMO OIPEICICHUN KOHQUrypaIuH,
a1apa, 000JI0OYKM M MPOTO3JIEMEHTA, 37eCh BBOJUTCSA IMOHSATHE MAaKpPOXJIEMEHTA, OIpPEIeIISIONIero
pasMep u (OpPMYy CHUCTEMBI IMPOTORJIEMEHTOB, NPUCOCAUHICMOW K KOH(QUIypaluu Ha KaXIOM
UTEpAIMOHHOM Iare, U 00ecreyuBaroiell MojiydeHue parroHalbHOro perieHus. K Hacrosmemy
MOMEHTY pabOTOCIIOCOOHOCTh aNrOPUTMAa MOATBEPXKJICHA B BBIYMCIUTEIBHBIX AKCIIEPUMEHTAX C
MO/JICIIbHBIMH JIaHHBIMH.

Paboma sevinonnena no npoepamme ghynoamenmanvuuix ucciedosanui OH3 PAH Ne 09-7-5-1031,
a makace npu noodoepoicke epanma PODH 10-05-96023.
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YJIK 550.837.83
YYACTOK «30JI0TASI TOPA»: TEO®OU3UYECKHUI ITPOrHO3 JIOKAJIBHOM
MAJIEOTUJAPOTEPMAJIBHOM CTPYKTYPBI C MTPOSIBJIEHUEM CYJIb®WUJTHOU
MUHEPAJIN3ALIUN
A.M. Bunoepaoos, H.U. Hauanxun, U.A. Yepromos. men. (343)267 88 85, ¢paxc: (343) 2678872,
e-mail: gopm@mail.ru
Vupeoicoenue Poccutickotl akademuu Hayk Uncmumym ceogusuxu YpO PAH,
2. Examepunbype, Poccus

Abstract. In Aleksandrinsk ore unit especially perspective ten sites on revealing large sulfur
deposits are allocated. On three of them detailed searches-estimated geophysical works completely
are completed. On a site «Gold mountain» on the geology-geophysical data forecasting local
orebearing structure with stocks of ores at level of average - large deposit is allocated.

B paboTe [1] o60ocHOBaHA TEXHOJIOTHsI IOMCKOB KPYIHBIX KOJTYEJAHHBIX MECTOPOKACHUI Ha
IOxxHOM VYpaie 1 B IpPOBUHLIUAX CXOJJHOTO CTPOCHHS.

ITo npennoxxenuto denepaabHOro areHTCTBA MO HEAPOIOIb30BaHUI0 MHCTUTYT reoPpu3nKu
¥YpO PAH npumeHns AaHHYIO TEXHOJOTHIO B paMKax IpoekTa «IIoncku MeTHOKOIYEIaHHBIX Py
macmraba 1:50000 — 1:10000 B AnekcanmpuHckoM pynHoM paiione (UensiOmnckas o0aacTh) B
2005-2008 ronax». B pe3ynpTare BBINOJHEHHBIX MCCIEJOBAHUIN MOJyYEHbI CIEIYIONINE OCHOBHBIC
pE3yJIbTaTHI.

1. TTo naHHBIM T€0JIOTO-TeOPUINIECKUX HCCIEAOBAHNUN BBIJICICH ANIEKCaHIPUHCKHUA PYIHBIN y3e,
OJM3KKUM aHAJIOTOM KOTOPOTro siBNsieTcst [ alickuil pyIHBIN y3€J1 ¢ YHUKaJIbHBIM 110 3aracaM MeJIHO-
KOJTYEIAHHBIM MECTOPOKACHUEM [2].

2. C yueToM JIOKaJbHBIX MOUCKOBBIX MPU3HAKOB B AJIEKCAHJPUHCKOM PYJHOM Y3JI€ BbIJICICHBI
JIECSITh y4acTKOB, IEPCIEKTUBHBIX HA JIOKAJIM3ALUI0 OPYACHEHHUS. YYacTKM pPaHXUPOBAHBI B
MIOCJIEJOBATENbHBIA psAJl IOJIEBOIO JIOM3YYEHHUS 110 CIEHUAIbHOM MHIMBHUIYaJIbHOH CXEMe
UCIIOJIb30BAHUS FeO(PU3NUECKUX METOIOB M METOHK [3].

3. Ha tpex yuwactrkax (KaraOykckwii, CaGaHOBCKMid, 3070Tas Topa) W3 JECSTH BBIICICHHBIX
BBITMIOJIHEHA TOJIeBasi Teo(u3nyeckasi IMepeoleHKa Ha NEepCHeKTHMBHOCTh OTKPBITUS CpEIHEro-
KPYITHOTO MECTOPOXKIACHUS.

4. Ha Katabykckom yuacTke (2.6 kM°) He BBHISBICHBI aHOMANBHBIC PACTIPEIENCHHs TeoToNeH,
KOTOPBIE MOXXHO OBIJIO ObI COOTHECTH C BJIMSIHUEM KPYIHBIX PYIHBIX 3aJieKed, U OH OTHECEeH K
YHCITy HE NMEePCIEeKTUBHBIX Ha MOUCKU MecTopoxaeHui 1o riyoun 100 - 200 m.

67


mailto:gopm@mail.ru

Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

5. CaGanoBckuii yaactok (5.6 xm®) no rayGummsr 200 - 300 M HENMEpCIEKTHBEH IS MOHCKOB
KPYIHBIX MECTOPOXKJIEHHUH, a n3BecTHoe CabaHOBCKOE MECTOPOXKAEHHE MO0 00BEMY PYAHOI Macchl
HE MOXET pacCMaTPUBAThCS B KAUECTBE MPOMBIIIIEHHOTO 00BEKTA.

6. Vaactok «3omoTast ropa» (8.2 KM?) paclojioxeH B MpeAeiax pyaHO-BYIKAHHYECKOTO IEHTpaA
(PBLI), nmpencraBieHHOT0, BEpOSTHO, KpynHeimeid Ha FOxxHOM Ypane riry0oKo3poupOBaHHOM, B
ornnuue ot lalickoro PBII, naneoruaporepmanbHoii cuctemoi. «Kitaccuueckue» reojlornyeckue
NPU3HAKK JIOKATU3AIMU CYITb(PUIHOTO OPYACHEHHS 3/1eCh 0CO00 BBIPA3UTEIBLHBI U PA3HOOOPA3HBI.
OHH yKa3bIBalOT Ha 0COOYIO MIEPCIIEKTUBHOCTh TePPUTOPUH (pHUC), OHAKO 43 CKBa)KUHBI INTyOHHOM
300-500 M, mpoGypennsbie B 2005 - 2007 rr. He MPUBEIH K BBISBICHUIO POMBIIUICHHBIX OOBEKTOB.
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Puc. Kontyp miom@aau ¢ ydacTKamH JIETANTBHBIX OIMBITHO-MIPOU3BOICTBEHHBIX pa0dOT B MIpejesiax
Anexcanapuiickoro pynHoro moins. Ydactku: 1 — KaraOykckuit, 2 — CabanoBckuii, 3 — 3oyoTas
ropa.

B stux ycnosusax B Uuctutyre reopusuku YpO PAH B 2008 - 2009 rr. 66u11 PO A0IIKEHBI
MCCIIEIOBAHUS IO YUaCTKy «30J10Tasi TOpa»: MpOBEACHBI I€0JIOTHIECKOE 00CIeIOBaHUE YUacTKa Ha
MECTHOCTH U moJieBas jaeranuzauus metogoM 3MIIII BeigeneHHBIX CTPYKTYPHBIX M JIOKAJIbHBIX
aHOMAJIMH, UCCIIEeI0BAJIACh MPUPOJA SICKTPOXUMHUECKUX U JIEKTPOMArHUTHBIX aHOMaluii, (oHa
MIOMEX; BBIMIOJIHEH AaHAIM3 TOJYYEHHOro OOIIMPHOrO MaTepualia U €ro IMepenHTepIpeTarys.
[Tonxox K M3Y4eHHMIO 3TOrO Y4YacTKa, Kak, BIPOYEM, M BCEX OCTAJIbHBIX, OCHOBBIBAJICS Ha
KPUTHYECKOM aHAIM3€ TMPEAbIAyIIUX pPEe3yJbTaTOB IOMCKOB M YIPOUICHHH OLCHOK MpHU
IKCIIPECCHBIX MOUCKAX IEJICBOr0 00BEKTa: KPYIMHBIA 00beKT (KpyIHast 3aJIe)Kb MECTOPOXKICHHSI) Ha
noctynHbix rryounax 1o 300 - 500 M goimkeH co31aBaTh aHOMAIHIO, 3HAYUTEIBHO MTPEBBIIIAIONTYIO
(OH eCTeCTBEHHBIX U TEXHMYECKMX IIOMEX; IOJIO)KEHHUE KPYIHOTO OO0OBEKTa JI0JDKHO
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KOHTPOJIUPOBATHCS BBIPA3UTEIBHONW CTPYKTYPHOI aHOManuel, MoAoOHOI paHee BBIIEICHHBIM Ha
y4acTKaX ¢ U3BECTHBIMU KPYIHBIMU MecTOpokaeHussMu FOxuoro Ypaina.

OcHOBHBIE pPE3yJIbTAaThl BBIMOJIHEHHBIX MCCIEAOBAHUI TO y4acTKy <«30Ji0Tas ropa»
3aKJII0YAIOTCS B CIEAYIOIIEM:

1. B ueHTpasibHOM YacTH YydacTKa BBIJCJICHA JIOKaJIbHAs aHOMAJMsA TIOJII CHIIBI TSDKECTH,
MPOCTPAHCTBEHHO coBMagaronas ¢ avomanued MIIII, noxkann30BaHHOW MO JAHHBIM IUIOLIAJIHOU
JeTaIU3allH C MEeTISIMU Pa3HbIX Pa3MEPOB.

2. OcoOEHHOCTH paclpesesieHus] MO CHJIbl TSHKECTH M HMPUYPOUYCHHOCTh K HUM aHOMAJIbHBIX
3HayeHuil B cnajne DJIC Ha paHHMX BpeMeHaX MOTYT ObITh OOBSICHEHBI UX CBSI3bIO C MPOTHO3HON
JIOKAJIbHOM MaJeoruIpoTepMalIbHON CTpyKTypoil. CTpykTypa 3poauMpoBaHa B CEBEPO-BOCTOYHOM
YacTH M YXOJAUT TOJ TOKPOB OCAJO0YHBIX M BYJIKAaHOTEHHO-OCAJOYHBIX 00pa3oBaHMl Ha Oro-
3amaze. B reosiornyeckoM OTHOIIEHUHM HAO0AeTCsl MOPa3UTEIbHOE CXOJCTBO CTPOCHUS ydacTKa
«3070Tasi ropa» ¢ ydacTkoM MectopokiaeHuil «Mmenn XIX mnaprewe3ga - Y3eIbrHHCKOE».
AHOMaJbHBIE PACIPENCICHHS TPABUTAMOHHOTO U JIEKTPHUECKOTO TOJIeH MPOTrHO3HOM CTPYKTYPHI
pacrosio’)keHsl Ha ()OHE CYOIIMPOTHBIX IMCIOKAIMI W JIUCIOKAIMi OPTOrOHAJIBHOW CHCTEMBI
CEBEPO-BOCTOUHOM — ceBepo-3amafHON HanpaBieHHOCTH. OTMEUEHHbIE JUCIOKAUN (PUKCUPYIOTCS
[0 BBICOKMM TpaJUeHTaM CHIIbI TsDKECTH. [Ipu 3TOM cucTemMa OpTOrOHaJbHOM HANpaBICHHOCTH
UMEeT OIUIEHTP B IEHTPE NPOTHO3HOM NaleOrHAPOTEPMAIbHON CTPYKTYpBl. AHAJIOTHYHAS
KapTHHA B paclpeieseHuu reomnojeil Habmogaercs Ha ydacTkax [aiickoro, busBuHCKOTO,
MononexHnoro, JletHero u  Jpyrux MecTopokaeHuid. Bce oTMmeueHHOe —ompenenuso
NIEPBOOUYEPEHOCTh M3Y4YEeHHUsl YydacTKa «30JI0Tasg Topa» Cpeld BbIIAEICHHBIX [JeCcAITH Ha
UCCIIENYEMOU TEPPUTOPUH.

3. B 1970-1980 rr. Ha naHHOM yuacTke ObuTH TipoBeneHbl uccieaoBanus MIIIT (netau 200x200 m)
U TIOJNy4eHHAs AaHOMalus CBA3BIBAJACh C BIMSHUEM PBIXJIbIX HPOBOJSALIMX OOpa30BaHUIL.
Brinosnennsie xe Hamu uccinegoBanus (EIT, B33-BII, 3MIII netasmu ot 600x600 M 10 50x50 M,
BBICOKOTOYHAsI TPaBUMETPHS IO OIOPHBIM TIEPECEUCHMSIM) TO3BOJHIN J1aTh WHOE OOBSCHEHUE
OpUPOABl AaHOMAJIMU. MOXKHO TNPEeANoNoKuTh, 4yTo aHoManus MIIII BbI3BaHa MPOBOISAIIMM
O0OBEKTOM CO CIIOXKHOHM CIIOMCTOW CTPYKTYpOH, HE BBIXOAAIIMM Ha HSPO3UMOHHBIM cpe3 U He
MMEIOIINM 3JIEKTPUYECKHX CBSI3€il ¢ MPOBOAALIMMU PHIXJIBIMU 00pa3zoBaHusAMU. B 3ToM ciydae, kak
NOKa3aHo B [4], uMeeT MecTO TeodNeKTpruIecKas MoJIelb cpebl, koraa aHomamus MIIII sBisercs
CyMMOH MHIYKTMBHOM M €MKOCTHOM cocraBimsitomux cnaga OJC. B pesynprate Moryr
¢bukcupoBaThcs Oosee MHTeHCHBHbIE 3HaueHHs DJIC Ha paHHUX BpeMeHax M PE3KHe Crajbl Ha
MO3/IHUX, C IEPeX0JJoM B oTpHLaTenbHble 3HaueHus J/(C.

4. AHoManus TpaBUTALMOHHOTO IMojisi  AQ, CBs3aHHAs C MPEANOJaraéMbIM OSIULIEHTPOM
NaJCOTUAPOTEPMATBHON CTPYKTYpBI, MO3BOJISIET YTBEp)KJIaTh, YTO OHA OTBEYAET JIOKAIBHOMY
00beKTy, IUIOTHBIE (PYIHBIE) MACChl KOTOPOTO 3aKIIOYCHBI B WHTEPBAJC CPEIHETO - KPYIHOTO
MECTOpOKAeHHs — 3T0 15 — 25 MutH. TOHH.

Taxkum oOpa3oM, MpoBepKa B Mpeienax BbIIEICHHON NaneoruipoTepManbHOM CTPYKTYpPhl U
JOKanbHOM KoMIuiekcHOM aHomanuu MIIIT u Ag OypeHnem oJIMHOYHON CKBaXXMHbBI UMEET HAYYHOE,
METOJMUYECKOE, IPAKTUUYECKOE M COLMAJIbHOE 3Ha4YeHHe s AJICKCAaHIPUHCKOrO paioHa.
[TpoexTHbI# pa3zpe3 ckBakuHbI 10 r1yoruHbl 300 M CBOIUTCS K CIEIYIOLIEMY:

- ot 0 — o 30-40 M — peIxubie 00pa3oBaHus (IaJTbHONPHUHOCHBIE H KOPBI BBIBETPUBAHHUS);

- or 30-40 no 90-110 M — kpucrauInyeckue (KOpPEHHbIE) BYJIKAHOTEHHBIC M BYJIKaHOT'CHHO-
0CaJJ0YHbIE TIOPOJIbI;

- 0T 90-110 nmo 140-160 M — MaccUBHBIE KOTYEAAHHBIEC PYIbI;

- ot 140-160 no 250-300 M u HMXKE — pyJOBMEUIAIONIAS U PYIONOABOIANIAS LEHTPAIbHAS 30HA
NPEANOIaraeMoro pyJHoro XoiamMa najeoruipoTepMalbHON CUCTEMBI.

PesynbraTthl, mNOJOOHBIE TOJMYYEHHBIM Ha H3YYEHHBIX YYacTKaxX, OXHJIAIOTCS IO
3aBEpILEHUIO HCCIIeIOBAHUN Ha OCTAIbHBIX U3 JIECSITH BbIJICIEHHBIX.

Wuctutyt reopusuku YpO PAH no pesynbraram BBIIOJHEHHBIX HCCIeI0BaHUN pa3padboTal
«PexkomeHnanum 1o HarpaBJIEHUIO SKCIPECCHBIX TOMCKOB KPYIMHBIX KOTUEAaHHBIX MECTOPOKICHUN
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B npenenax FOxuo-Ypansckoro (Cu, Au) mepCcreKTUBHOTO IIEHTPa SKOHOMUYECKOro pocta Poccun
Ha nepuoa 10 2020 roga» U HaPaBHII UX BO BCE 3aMHTEPECOBAHHBIC OPTaHU3AIIHH.
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YJIK 550.837
IMPEOBPA3OBAHME IMMPO®WJIBHBIX PACIIPEJIEJTEHUN AITEPUOJINYECKUX
UMITYJIbCHBIX ITIOMEX OT DJIEKTPHUYECKOM )KEJIE3HOM JJOPOT' B KPUBBIE
KAXYHWEIOCsA CONPOTUBJIEHUSA
B.C. Buwnes, A.I'. [[bsaxonosa
Yupearcoenue Poccutickotl akademuu Hayk Uucmumym ceogusuxu YpO PAH, o. Examepunbype

Abstract. Results of apparent resistivity curves calculations of the stray current prospecting
method of electric railway stray current for a case infinitely long, uniformly earthed, unbranching
tracks lying on horizontally homogeneous layered geoelectric section are presented, at the various
combinations of typical parameters of railroad tracks directly influencing spatial structure of the
field used in a method. Deviation limits of the mentioned parameters from the true values are
established. It allows to obtain reliable values pxmc almost on all practically significant survey
profile segment.

TexnorenHoe HMITYJIbCHOC IIOJIC TATOBOM CETH BHGKTqueCKOﬁ JKeJIe3HOM A0oporu
NPUMEHSETCS, KaK U3BECTHO, B MeToJie Onmyxnatonux TokoB (MBT). B ero crannaprHom BapuaHrte
PE3YyJIbTATLL 06p3.60TKI/I OKCIICPUMCHTAJIBHBIX MATCPUAJIOB IMPEACTABJIAKOT, 06LI‘{HO, B BHAC
rpaMKoOB MapaMmerpa
E(At),

E(At),
rae E(At),, E(At)q — m3MeHeHNs HapsDKEHHOCTH 1OJIA 3a BpeMst At, COOTBETCTBEHHO, B IOABHKHON

(psAnoBO#) M HEemoABWKHOW (monroBpeMeHHOW miu OasucHoi) mnpuemuoit munuu (MN); X, y —
KOOPJIMHATHI IMyHKTa HaOmoeHus. OnHako, npoduibHbIe U IJIOIIAAHBIE pactpeneiacHus v (X,Y)

(X, y)=

BO MHOTHX CJIy4Yasx IMPOU3BOJACTBA I'eO(U3NYECKUX HCCIEIOBAHUN HE OTBEUAlOT TPeOOBaHUAM
MPAKTUKH 3JEKTPOPA3BEIKH, T.K. HE MPUTOIHBI Ui KOJMYECTBEHHOTO HCTOJKOBaHUSA. YTOOBI
BBISIBUTH OOJiee MOAXOIAIMINN MHTEPIPETAlMOHHbIN mapamerp merona BT, KoTopslii Ol mojomesn
IIPU KCIOJIb30BAHUU B TIEOJIOTUM WHAYCTPUAIBHBIX IIOJIEH 3JIEKTPUYECKUX KEJIE3HOAOPOKHBIX
BETOK TOpPHOJOOBIBAIOIINX MOPEANPHUATHH U DIEKTPUYECKUX  HKEJIE3HOJOPOKHBIX  BETOK
MarucTpajbHOTO HA3HAYEHUS, HAMH OBUIM OCYLIECTBJICHBI COOTBETCTBYIOIME TEOPETHUYECKHE U
AKCIIEpUMEHTaNIbHBIE H3bIcKanus [1, 2, 3, 4]. Ux pe3ynbTarsl (KpaTKO) CBOAATCS K CIEAYIOMIEMY:
1.3 COBOKYIHOCTM UW3MEpPEHMM aNepUOJMYECKUX HUMIIYJIbCHBIX IIOMEX, HAaBOJMMBIX
ANIEKTPUUECKON kene3Hoit moporoit (DXK/I) mpu H3MEHEHHWH pEXUMOB SHEPromnoTpeOICHUs
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AJIEKTPOBO30B,  MOXXKHO  BBIJENIATH  OJHOTUIIHBIE MO  MOP(OJIOTUHM  MPOCTPAHCTBEHHOTO
pacripenesieHus (MoJIe3HbIC) CUTHAIB,

2.VICTOYHHMK TIOJIE3HBIX CHUTHAJIOB JIOCTATOYHO MPOCTOW M, €CIH HCHOJBb30BaTh TOJBKO
KBa3MYyCTaHOBHBILYIOCS YacTh UX aMIUTUTY/I, JIETKO MOJIAETCsl MATEMAaTHIECKOMY OTMCAHUIO,

3.D7eKTpuUecKre COCTaBIISIONNE UMITYIIbcHOTO 1ot D)K/[ B KBa3MycTaHOBHUBILIEMCS PEXKHME
3aBUCST OT (PU3NYECKUX CBOWCTB (MOJCTHIIAIOIIECTO PEIbCOBBIC IYTH) IEOJOTHYECKOro paspesa, a
MarHuTHbele - (OCOOCHHO B OJM3KO PACIHOJIOKEHHBIX K JKEJIE3HOJOPOKHOMY TOJOTHY IMYHKTaX
MECTHOCTH) MPAKTUYECKU OT HUX HE 3aBUCHT, H T.].

Ha ocHOBaHMM BBINIE H3JI0KEHHOTO HETPYJHO NPUHTH K BBIBOJY. IIOJIC3HBIC CHTHAJIbI,
BBIJICNISIEMbIC W3 HUMITYJbCHBIX moMex OT OJK/I, Moryr ObITh NepecUMTaHbl B KaKylIeecs
COIIPOTHUBIICHUE Pk e (MC — TATOBAS CETH).

OnHako, Ui MOCTPOCHHSI KPUBBIX pkmc HEOOXOIMMO 3HATh HEKOTOPBIM HAa0Op BEIMYMH,
XapaKTepU3YIOIMX HCTOYHUK HCXOMHBIX JaHHBIX. K HUM OTHOCATCS: KOOpIMHAaTa MecCTa
WU3MCHEHMSI peXUMa SHepronorpebieHuss 37ekTpoBo3oB (lp), MHUIMUPYIOMIUX HCIIOJIb3yeMbIe
UMITYJIbCBI, JJIMHA CEKIMH KOHTakTHOro mposona (L), muraromias ynoMsHYTBIE JIOKOMOTHBBI M
SHAMEHHME KODHA KBAJDATHOTO K3 OTHOMICHMA MOTOHHOTO COMPOTHBICHHMA pENLCOB (rp) x
HOrOHHOMY COIIPOTUBIICHHIO TTEPEX0a PeIbCe - 3eMiis (Iy), T.e. mapamerp kK=(ry/ ra)*.

B pabGote paccmarpuBaroTcs MareMaTHYeCKHE BBIPRXEHHUs, MpeoOpasyrolie NpoQuibHbIe
pacnpesieNieHusi TEXHOTCHHOTO UMITYJTbCHOTO Tosst DXK/] B KpUBBIE pk e U BBISICHAIOTCS 3HAYCHUS
MOrPELIHOCTEH MEPEeUYHCICHHBIX XapaKTEPUCTHK, OOECHEeYMBAIOMIMX IOJTyYeHHE JIOCTOBEPHBIX
KPHUBBIX Pk m-

Cornacho [4] o6mmas popmyiia, o KOTOPO# paCCUMTHIBACTCS Pk e, UMEET BUJL:

, G AE
pk,mc P0| AHJ ' | X, yi J y! X, (l)

rne G{ /P, — cootHowmEenue, urparoiee posib Kodh(UIUEHTA dIEKTPOPa3BEI0UHON yeTaHOBKH; AE;

— COCTaBJHAIOIIAs 10 OCH X WM Y NPSAMOJIMHEWHBIX KOOPAMHAT HMIIYJIbCA HAIPSHKEHHOCTH
3JIEKTPUYECKOIO I0JIA, U3MEPEHHOIO0 Ha PAJ0BOM IyHKTe; AH;j - cocTaBisiomas Mo ocu Yy WK X
UMITYJIbCa HANPSHKEHHOCTH MAarHWTHOTO MOJIs, U3MEPEHHOTO Ha 0a3MCHOM JIMOO TOM e PSA0BOM
nyHKTe HaOmoaeHus. [lpu MopenupoBaHUN MOBEACHUS KPUBBIX Pk B CIydae TOPH30HTAIBHO -
OJTHOPOJTHBIX CIIOUCTBIX CpeJl MaTeMaTHuecKoe BhipakeHHe (1) HECKOIBKO YIpOIIaeTcst:
I
PO
rjie P., — dynkuus, 3apucsmas (B otamaue ot Py, G)) u oT CBOHCTB reosnekTpuueckoro paspesa

(can - cOUCTBIiA), M OT KOOPAMHAT ITYHKTOB HAOJIOICHHS, ¥ OT TIApaMETPOB UCTOYHHKA TOJIS.
Omnpenenenue MOMYCTUMBIX NOTrpelnHocTel 3amanus L, lo 1 K mpu mpeoOpa3oBaHuu JaHHBIX
u3MepeHuit momex ot X[ B mnpoduibHBIE pacnpeneieHus KaKyLIErocs CONPOTUBICHUS
IIPOU3BOJUIIOCH IIyTE€M CPaBHEHUs TEOPETUYECKUX TPEXCIOMHBIX U IBYXCIOWHBIX KPUBBIX Pk mc,
MOJIy4EHHBIX C TOYHBIM M OIIMOOYHBIM 3HAUYEHHUEM OJHOro U3 HMX. [lorpemHocTH BBOAMIHCH

noouepeaHo B apods G) / Py maremaruueckoro Beipaxkenus (1). Bemuuunbl ummynscoB AE;, AH;,

UMHUTHUPYIOLIUX TOJEBbIE H3MEPEHUs, PACCUYMTHIBAINCH IO popmyram, u3noxeHHbM B [3] u [4] , ¢
3aJlaHMEeM TeX JKe MapaMeTpoB, HO Oe3 BBEICHUs NOTpEeIIHOCTeH. MaremaTndeckue Oreparuu
BeinonHsrch Ha 1K Intel Core 2 Quad ¢ ucnosib30BaHHEM CUCTEMbI KOMITBIOTEPHONH MaTEMATHKH -

Mathematica 7. ®parMeHT pacdyeToB pkmc W300paxeH Ha puc. 1, rae py .- HOHepedHsie, P,
npo1oibHbIe (OTHOCHTENBLHO HanpasieHus DXK/]) kpuBbie. B pe3ynpraTe ux aHanusa ycTaHOBICHO:

1.JIns TOMydeHns KOHAMLHMOHHBIX KPUBBIX Py . JOCTATOYHO OGECTIEYHTH: 3aj[aHUeE JUTHHBI
CEKIIMU KOHTAKTHOTO TpoBoja (L) ¢ MOrpemHoCcTbio 10 HECKOIbKUX SIMHUI] IPOIICHTOB, 3a/IaHHE
KOOPJIMHATHl MECTa HM3MEHEHHs TATOBOM Harpy3ku 9iekTpoBo3oB (lp) - ¢ morpemrHocTeio 10

HECKOJIBKUX JIECATKOB + TEPBBIX COTEH METPOB, 3ajaHue mapamerpa K — ¢ morpemrHoctsio a0 10
IIPOLIEHTOB.
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2.BeisiBnieHHbIe TpeOoBaHHMs K TOYHOCTH BenmunH L, lp m K 10BOiBHO Msrku u BrosHe
BBITIOJIHUMBI.

JlelicTBUTENBHO, TapaMeTp L peanbHOM MOAETN HCTOYHMKA TOJIE3HOTO CUTHAJIA, 00CYKIaeMOoi
pasnoBuaHoctd MBT, ¢ ommbkoii MeHnee 2,5% Jerko OICHHUTH C MOMOIIBIO KapThl WM TUIAHA;
napametp lp ¢ ommbOkoii mo 10 + 100 MeTpoB MOXHO HaWTH, (QUKCUPYS KOOPIMHATHI MECT
TOpMOXKeHUsST (OCTAHOBKH) WM yCKOpeHus (Hadajga JIBUMXKCHHUS) TOe310B ¢ momoipio GPS —
HaBHTraTopa WM TOH e KapThl; mapamerp K ¢ omuOkoit 1o 10% MOXHO OILCHHTH, CpaBHUBAS
otHomenust AH, x AHy mmm (n) AH; x AHy, 3aperucrpupoBaHHbIe, HapUMep, Ha OA3UCHOM ITyHKTE
Y TIOJTy4€HHBIE /ISl TOTO K€ IMYHKTA ITyTEeM PacdeToB, U T.1.

y
p:,mc , Omem a pk,mg ’ a
1 —
10 N 10,0 =
a N\
5 2 3 5,0 3
2 2,0
0,05 0,1 0,5 1,0 5,0 10 50 Kkm 0,050,1 0,5 1,0 5010 50 km
X y
P » Omem o pkvm , Oxmm
0,50 I\ // 0.5
02 [\
0,20 | 1
0,10 | < g 0.1¢
0,05 | ' 2 0,05 |
0,02 g 0,02
0,05 0,1 0,51,0 5,0 10 50 Kkwm 0,05 0,1 0,51,0 5,0 10 50 Kwm
x g
dpy, % 8 8p) % .
1,0 _— \\\
05 Y 10 \/
—_ \
0,0 + - o 4 ~__
0,5 & 5 5 -
! - N
T — —~ 10 ] \
0,05 0,1 0,5 1,0 5,0 10 50 km 0,050,1 0,5 1,0 5,0 10 50 KM

Puc.1l. OcobeHHOCTH XOJa TOMEPEYHbIX (CIeBa) W MPOJOJbHBIX (CIpaBa) KPUBBIX KaXKYILIETOCS
corpoTuBieHus ( pkxm u p@"mc) npu ommOKax 3aJaHusl: JJIUHBI CEKIIMM KOHTAKTHOTO MPOBOJA
(L*AL), xoopauHaTBl MeCTa U3MEHEHHH PEXHMOB dHepromnorpediieHus 3ekTpoBo3oB (loxAly) u
KOPHsSI KBaJpaTHOTO W3 OTHOIIEHUS TMOTOHHOTO COMNPOTHUBICHHUS PEIbCOB K TOTOHHOMY
COIPOTHUBIICHUIO Tiepexoja peibe - 3emist (KXAK). a — TpexCloiHBIM TeO3IeKTPHUSCKUI pa3pe3
tuna «K». p1=1 OmxmMm, h;=0,05 km; pp=100 OmxmMm, h,=0,5 xm; p3=1 OmXwm, h3=w0 kM, 6 —
TPEXCIOWHBIN TeodJIeKTpudeckuil paspe3 tumna «H»: p1=1 Omxm, h;=0,05 km; p,=0,01 OmXm,
h,=0,5 km; p3=1 OmxMm, hz=co km (1 — mpu AL= + 25 m, Alp =-25m u Ak =- 0,014 kM2, 2 - npu
AL=0xm Al =0mu Ak = 0 km?, 3 - npu AL=-25 m, Alp=+t25 m u Ak = + 0,014 KM'l). 6 —
rpaduKu OTHOCUTENBHBIX MOTPEITHOCTEH 3HAUCHUM pkxm u p@"mc (4 —opu AL=+ 25 ™, Alp =- 25
MuAKk=-0,014kmu5- npu AL= - 25 m, Alp=+25 m u Ak =+0,014 KM'l). [TapameTpsl HCTOUHUKA
BT u xoopaunatel Touek pacueta: loxAlp=(0,4%tAly) kM, kxAk = (0,14 + AK) km 1LEAL =
(1,0+AL) xm; x=(0,05 + 183) kM, y=0,25 km.

DOKCnepuMEHTaIbHas MPOBEPKa BBIICU3JIOKEHHBIX TPEICTABICHUH ObUla OCYIIECTBJICHA Ha

VYpane u B 3aypanbe [1, 5]. OHa nokasana, 4To ujaes MUCIOJb30BaHUs OnyKaarouux TokoB IXK]]
JUISE TIOJTyYCHHUS KOJMYECTBEHHBIX TEODJIEKTPHUECKUX XapaKTEPUCTHK pa3pe3a MOKET ObITh
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YCIIEIIHO peaTn30BaHa NpU reo(pU3NIECKUX UCCIeTOBAaHHUIX B IPOMBIIIICHHO Pa3BUTHIX PETHOHAX,
I7ie ApYTrue METO/Ibl AJIEKTPOPA3BEAKN IPAKTUUECKH HEIPUMEHUMBI.

Paboma evinonnena npu punancosoti noooepoicke YpO PAH xkonxypcrotl npoepammor Ne 09-
7-5-1024.
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YJIK 550.831:553.98(470.53)
30HAJIbHO-PETMOHAJIBHBIE TEO®U3UYECKHUE PABOTHI B CEBEPHOM YACTH
IOPIO3AHO-CBIJIBEHCKOWM JENNPECCUH
U.B. I'enux, m.(342)244-55-81, ¢. (342)216-75-02, ivg@mi-perm.ru
Yupearcoenue Poccutickotl akademuu Hayk [ opueiil uncmumym Ypanvckozo omoenenus PAH,
Ilepmwv, Poccus

Beryozovskaya area, located in the northern part of Yuryuzano-Sylvenskaya depression, is
one of the parts of the Perm region, where in the last decade regional geophysical (seismic,
gravimetric) works with the purpose of detection and localization of oil-and-gas perspective objects
are carried out. In the article the results of the zonal-regional works on Beryozovskaya area are
described. The density model of the structure of the territory has been done; transformants of
geopotential fields, characterizing structural plans of the various complexes and a number of
structures have been done and analysed; three areas for future detailed gravimetric works have been
identified.

bepe3oBckas 1uiomane, pacmojiokeHHas B ceBepHOM uactu HOpro3ano-ChuiBeHCKOU
nenpeccun (FOC/L), siBnsiercst oMHUM 13 perioHoB [lepMcKkoro Kpasi, rie B MOCIeHee ASCITUIICTHE
MPOBOJIATCSI KOMIUICKCHBIC PErHOHaNIbHbIE reodusndeckue (CEHCMHUECKUE U TPaBUMETPUUYCCKHE)
paboThl C I1ENbl0 OOHAPYXKCHHS W JIOKAIM3AalUK He(Tera3onepcrneKTuBHbIX 00bekToB [1, 2].
Tepputopust KOCJ] sBisercs nepcrneKTUBHOM Al MOUCKOB YIIEBOAOPOJOB: IIEHTP U 3amaj - AJs
oOHapykeHHs] He(TSHBIX U Ta30BBIX MECTOPOXKICHHM, a BOCTOK - B OCHOBHOM, Ta3oBbIX. B
HEMOCPEACTBEHHON OJIM30CTH OT TPaHMI] IUIOIIAIN PACIOIOKEH PAJl MECTOPOKICHUN HePTH, a B
npeJenax MIOMIau — BhISBICHHBIC MEPCIIEKTUBHBIE CTPYKTYPHI U CTPYKTYPHI, TOATOTOBJICHHBIE K
riy0okoMy OypeHHIo. 3aleXu yrieBoJIOPOJA0B Ha IO MOXHO OXKHIaTh B HE(PTEra30HOCHBIX
KOMIIJIEKCaX, UMEIOIINE PETHOHAIbHOE pactpocTpaneHue B [lepmckom kpae.

s repputopun FOpro3aHo-ChUIBEHCKOM JIeTIpeccur XapakTepHa HepaBHOMEPHAsI T€0JIOTO-
reou3nueckass U3y4eHHOCTh, YTO CBSI3aHO C HEPEIICHHOCTBHIO pslia 3a7ay PErHOHAIbHOTO JTara
re0JI0ropa3BeloyHbIX paboT. B 1iemoM HepaBHOMEPHOCTh H3YYEHHOCTH JENPECCUU JeaeT
BO3MOXXHBIM ~OJIHOBPEMEHHOE pEIIeHHE 3ajad, MPHUCYIIUX Pa3HbIM dTafnaM W CTaAHsIM
re0JI0ropa3BeIouHbIX padoT.
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Puc. 1. O630pHas cxema paiioHa paboT

MecTtopoxaeHus

1 - MyTHHHCKOE

2 - Jly>xusckoe

3 - BepxHe-
Uycosckoe

4 - KomapuxuHckoe

5 - CenuHckoe

6 - KonanpauuCckoe

7 - JIBICbBUHCKOE

8 - 3ysATckoe

9 - BBICOKOBCKOE

Ctpykrypsl
1 - YcbBuHCKas
2 - bosApkuHCKas
3 - PaccomuHcKas
4 - BoabIakoOBCKas
5 - Cesepo-
CepruHuosckas
6 - Karopckas
7 - YOpmaHckas
8 - I'mageHKOBCKast
9 - Kanabekckast
10 - MapduHckas
11 - HlyBankuHCcKast
12 - KonsiBaHOBCKas
13 - Tapanbiuickas
14 - BamomuHckas
15 - Yeboraiickast
16 - IITakBuHCKasA
17 - Manranbsckas
18 - JIyrosas

IOCJ - IOprozano-
CouiBeHCcKast
JeTIPECCHst

bKB - breiMcko-
Kynrypckas Bnanuna
[ICY - Ilepenosbie
CKJIanKu Ypana

KYC - KocbBUHCKO-
Yycosckas
CeJIOBUHA

[

1 - rpaHMLIB! IO IPABUMETPHYECKUX PA0OT; 2 - Iy HKTHI IPABUMETPHUECKUX HAOJIOIeHHH,
3 - peruoHajbHbIE IPaBUMETPHUYECKUE NMPOPUIN NPOLUILIX JIET, 4 - TPAHULIBI KPYITHBIX
TEKTOHUYECKUX CTPYKTYP; 5 - MECTOPOXKIEHUS, O - CTPYKTYPBL, 7 - HACEJIECHHBIE Iy HKTbI
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CoBpeMEeHHOE HCCIIeIOBAaHUE TEPPUTOPUHU BBITIOJIHIACH B JBE CTAJUH. PETHOHAJILHBIC
pabdotsr 2002-2004 rr. u 30HanbHO-pernoHanbHble paboThl 2006-2009 rr. 'paBuMeTpuueckue
CbEMKH, BBIIIOJHEHHbIC paHee, Ha JaHHOH TeppUTOPUH IpeacTaBieHbl padoTamu 50-x — mepBoi
nosioBuHbl 70-x r1r. CeiicMuyeckue HUCCIeOBaHMUS - MPEUMYIIECTBEHHO, JAETalbHbIe PalOTHI,
BBIMIOJIHEHHBIE  JUII  W3YYEHHs] OTACNbHBIX  Iuiom@aaed. OTINYUTENbHOW  OCOOEHHOCTHIO
coBpemeHHoro stana u3ydeHuss FOCJl sBisiercs HMCMONb30BaHME HOBEMIIMX anmapaTypHbIX H
MHTEPIPETAIIMOHHBIX T€O(pU3NYECKUX TEXHOJIOTMH, TO3BOJIAIONIMX MOJYYUTh JETaJbHBIE,
BBICOKOMH()OPMATUBHBIC JaHHbIE W PE3yJbTAThl AJII BCEH TEPPUTOPHH, IUIOLWIAAb KOTOPOHM st
cocrasisiia okoo 2000 kv,

[IpenmecTByromue peruoHanbabie padotel 2002-2007 rr. mis bepesockoii mnomanu [2] —
TpU CyOLIMPOTHBIX y4acTKa MpoQuiied u oauH cyOMepuauMoHaNbHBIN ydacTok (puc. 1). B xoxe
30HAJIBHO-PETHOHAIIBHBIX UCCIIEI0BAHUI Ha bepe3osckoi IJI01a A1 BBIIIOJIHEHO
ceiicmonpodunrpoBanue B obobeme 550 kM, kpaTtHOCTh - 60, paccTosiHHEe MEXIy ITYHKTaMH
BO30YXJeHHs U mpuema 25 M. ['paBuMerpuyeckas cheMka nposezaeHa ¢ marom 200 m B oObeme
1538.1 mor. kM, cpemHEKBaApaTHYECKas MOTPEIIHOCTh OMPEICICHUs aHOMAUH CUJIBI TSDKECTU B
penykuun byre cocraBuma 10.042 wml'an ¢ y4eroM morpemHocTeil BBIYMCICHHS MHOIPABOK 3a
BIUSTHUE penbeda MECTHOCTH. | eOXMMUUECKHEe UCCIIEAOBAHMSI B BHITIOJIHEHBI B 00beMe 550 kM.

KommuiekcHast MHTepHpeTanus TI'paBUTALMOHHOTO IOJIA, MOJYYEHHOro B XoJe paboT Ha
bepe3oBckol momany, a TakxkKe JaHHBIX a9POMATHUTHON ChEMKH, ITO3BOJIWIA PELINUTD CIEAYIOIINE
3aau.

Bo-niepBbIX, BBINIOJHEHAa MHTEPIpETAlUsl JAHHBIX A’POMATHUTHBIX CHEMOK, BBISBIICHBI
0COOEHHOCTH TITYOMHHOT'O CTPOEHUS IJIOIIAIN UccleaoBanus, Tak 1 Bceil KOprozano-ChliBeHCKOM
nenpeccuu, Juis bepe3oBckoil miomiagy BbIIETEHBl OCEBbIE JHMHUM HamOojiee HHTEHCHBHBIX
IPAaJUEHTHBIX 30H MAarHUTHOTO M TPaBUTALMOHHOTO TIOJs, OIMCHIBAIOLIME TPaHUIBI OJIOKOB
byHnnameHTa.

Bo-BTOpbIX, mOJy4eHBl TpaHC(HOPMAHTHl T'PABUTALMOHHOTO TOJS, XapaKTepU3yIOIIHe
OCHOBHBIC TPAaBHAKTHBHBIC TPAHMIIBI: KPOBIO apPTHHCKHX TeppureHHbix ominoxkenuin (O A'),
KPOBJIIO TYIbCKUX TeppureHHbix otiaoxenuit (O 1Y) u mMOBepXHOCTh KPHUCTATLTHIECKOTO
¢dynnamenTa. CormocraBieHue KapT yKa3aHHBIX CTPYKTYPHBIX IMOBEPXHOCTEH ¢ TpaHC(HOpPMAaHTAMU
nojisi Ag TOKa3ajgo, 4TO Ha MOPQOCTPYKTYpY  TpaHC(OPMAHT TpaBUTAIMOHHOTO TNOJS Ha
bepe3oBckoil IOMaAM 3HAYUTENBHOE BIMSHUE OKA3bIBAIOT BBICTYIIBI (PyHIaMEHTa, 0TOOpakaeMble
CEBEPHOM MOJIOXKUTEIBHONW aHOMaJMel I'PaBUTALMOHHOTO MOJS M FOT0-3aMaHON OKOHEUYHOCTBIO
bepe3oBckoro makcumyma noist Ag.

B-tperbux, s CTpykTyp M OPUNOAHSATHIX yY4ACTKOB C HCIHOJIB30BAHUEM CHUCTEMBI
«VECTOR» mocTtpoeHsl KapTbl, pa3pe3bl M TpeXMEpHBbIE JauUarpaMMmbl, OTOOpakaroIiue
0COOEHHOCTH T€0JIOTHYECKOr0 CTPOEHUS, NMPOAHATU3UPOBAHBI TPAHC(HOPMAHTHI MOJISL U BBIACICHBI
MOJIOKUTENbHBIC JIOKAIbHbIE aHOMaNuU. B Xozxe miomiagHoN MHTepHpeTanyy rpaBUTAMOHHOTO
HOJISL BBIJENCHBI 65 MOJIOKUTENBHBIX aHOMAJIHH, 0TOOPaXKAIOIIUX aHTHUKINHAIbHBIE OOBEKTHI 110
Or' II". U3 ykazanHoro umcia 49 aHOMaIUHM COBMAJAIOT CO CTPYKTYPaMHU W MPHIOAHSITHIME
y4yaCTKaMHM, BBIJICJICHHBIMU celcMopa3Bekoi, a 16 oroOpakaloT BEpOSTHbIE NPHUIOAHSATHIE
YYaCTKH U CTPYKTYpHBIE HOCHI. [IoKa3aHo, 4TO TOJNIBKO ceBepHas — Haubosee NOrpyKeHHas 4acTh
BIIA/IMHBI, BBIJCISEMOM [0 KPOBJIE APTUHCKUX TEPPUTECHHBIX OTIIOXKEHHM, XOPOIIO 0TOOpaskaeTcs B
TpaHchopMaHTax nois Ag.

B-uerBepThIX, B  pe3ynbTaTe  IPAaBUTALMOHHOTO  MOJEIMPOBAHUS  IOCTPOEHBI
ceiicMOrpaBUMETpUYECKHE MOJIENIM, Ha KOTOPBIX OTOOpa)k€HO pacrpesieieHne IJIOTHOCTEH B
OCHOBHBIX OCaJIOYHBIX Tonmax u Gynnamenre. Iloadop moss NOATBEpAUI MIIOTHOCTHYIO MOJIENb,
HOPUHATYIO IPU BBIIOJHEHUH TpaHchopMaluili rpaBUTalMOHHOrO nojis. Haubonblias miIOTHOCTh
nopoj (yHIaMEHTa W OCaJ0YHOrO 4Yeda OTMeyaercs B 30HE bepe3oBckoro Makcumyma
I'PaBUTALIMOHHOTO MOJIS B 10KHOM yacTu bepe3oBckoil miomaau.

Takum 00pa3oM, B pe3y/bTaTe BHIIOJHEHHBIX 30HAJIBHO-PErMOHAIBHBIX PAOOT H3Yy4EHO
reoJIornyeckoe cTpoeHue bepe3oBckoil Iomaan: MoCcTpoeHa COrIaCOBaHHAs IUIOTHOCTHAS MOJIEINb
CTPOCHHUSI TEPPUTOPHM; TOJYYEHbl U NPOAHATIM3UPOBAHBI TPAHCHOPMAHTHI, XapaKTEPUIYIOIIUE
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CTPYKTYPHBIE€ IUIaHBI PA3JIMUHBIX KOMIUIEKCOB U pPsifia CTPYKTYp, HaMEUeHbl TPU YydacTKa s
JeTambHBIX TpaBUMETpUUeckux pabor wmacmraba 1:25000, oOmeit mromaneo 851 KMZ,
pPAacCIIOJIOKEHHBIX B  IOr0-3alafHOM, CEBEPO-BOCTOYHOW M  IOr0-BOCTOYHOM OKOHEYHOCTSX
bepesoBckoi miomany.

Pab6ota Beinonnena npu noanaepxke POOU, rpant 10-05-96025
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YJIK 550.345
PACITIO3HABAHUE P-WAVES -BOSI\{!YI[IEHHFI B HABJIIOJEHHMSIX
CIHHEHUAJIBHBIX TOHHbBIX CEUCMHUNYECKUX CTAHIIUAU
'B.I". l'emmanos, 8-495-930-05-46, vgetm@starnet.ru; > 4. /.1 suwuanu, 8-495-930-05-46;
*Kelly Stroker
' Unemumym ¢usuxu 3emnu PAH, Mockea, Poccus;, > Feogpusuueckuii Ilenmp PAH, Mockea,

Poccus; *National Oceanic and Atmospheric Administration/ National Geophysical Data Centre
(NOAA/NGDC),CI1IA

The problem of recognition of the P-waves disturbances at the observations from the special
bottom seismic stations is considered. The method based on the Frequency-Time Distribution
Functions (FTDF) is suggested. The algorithm of recognition using the referense FTDF is
developed. The results of the algorithm P-waves recognition is demonstrated.

Pacnio3naBanme P-waves- BO3MyIIEHUH, HampsMyl0 CBS3aHHBIX C  IpolieccaMu
BO3HUKHOBEHHUS IyHAMH, C TOMOIIBI0 LU(PPOBOH 0O0pabOTKM HAOMIONEHHH OT CHelUaIbHBIX
noHHbIX cericMuyeckux cranimii (CCC) sBnsiercst akTyalnbHOW HAy4YHO- TEXHUYECKOH 3a/1aueii.

Curnaner P-waves- Bo3mymienuit (SPW), BBI3BIBAIOTCS TOJBOAHBIMU 3EMJICTPSICEHHSIMU.
CACC peructpupyet KoneOaHusi JaBICHHUS BOJbI, BOSHUKAIOIIUX M3-3a JCUCTBUS CEHCMHYECKUX
MPOJIOJIbHBIX BOJHOBBIX P-Waves- Bo3MyIIeHuH, pacipoCTpaHIOMIUXCS IO TPYHTY CO CKOPOCTAMHU
~11000Mm/c .

OcnoBy CJICC [1] cocraBisieT mbe30JaTYMK THIPOCTATHUECKOTO JMaBieHus. Ero neiicteue
0azupyeTcs Ha 3aBHCUMOCTH YacTOTHI KosieOaHWH Mbe30IUIacTUHBI JaTunka oT gasneHus. CIACC
u3MepsieT AaBineHus Ha riryounHax 1o 6000M ¢ norpenrHocTsiMu =1 MM BOJISTHOT'O CTOJIOA.

Ha pwuc.l wusobpaxena ¢yakuus wabmogenuin Y(Ti) or CIACC mis  Touek
I = 660000 +665000, 7 =15s. Vuacrok c¢ i=660325+660350 3anumaer omguHouHblii SPW-
umnynsc. B obmem ciaydae, SPW npezacraisier co6oil BeICOKOYacTOTHOE KosebaHue ¢ OOJbIION
aMILTUTYIOH, JEUCTBYIOIIEE B TEUCHHE OTPAaHUYEHHOTO BpeMEHH; uuTenbHocTh SPW cocraBiser,
B cperneM, (750+3750)c. Yuactok ¢ i = 660350+ 662000 COOTBETCTBYET MUKPOCEHCMUUYECKUM
nrymaM, ydactok ¢ 1 =662000 + 665000 - 1ryHaMHBOJTHOBBIM BO3MYIICHHUAM. 3aMUCh HAOIIOCHUN
y(Ti) 6suta npenocraiena NGDC [2] ['eodusuueckomy nientpy PAH.
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Puc.1l. ®ynkuus nadbmoaenuit curnana CIACC.

Pacnio3naBanue P-waves- BO3MYIIEHHH NPOU3BOAMTCS Ha OCHOBE (DYHKIMI YacTOTHO-
BpemenHoro pacnpeaencaus (UBP) ams  y(Ti)Ha OCHOBE CKOJB3SAIMIETO  JTUCKPETHOTO

npeobpazoBanust Dyppe ([AIIP). Ompemenum rpanmunsie Touku N, ,N, — CKOIB3AmuUX

In’
MOJJMHTEPBAJIOB

N, =N, +dN(n-1), N,, =N, +N,n=1..,n, (1)
rae dN u N - mar u pasmeprocts AP, n, - uncno AI1®, N,-navansnas touka. [Iycts Y, (79),
s=01,...,N -1 gactp curnana, nmpuxondmascs Ha noguHTepBan ¢ Homepom N. JII® C (k) u

YBP o6mero Buaa S*(k,n) seraucnsiores mo (2), W (S) -oxHo XeHHUHTa
. 27ks

C, (k) C, (k) :%Nzlyn(Ts)W (s)e ' N, S2(k,n)=C’(K)C,(k), k=0L..,N/2-1, (2)

Kak mpaswio, nepemensslie i UBP mpunamiexkar HEKOTOpOMY 3aJaHHOMY MHOXKECTBY O :
k,n € ® . HopmupoBauubie pynkiun YBP BBoASTCS BIIOJTHE €CTECTBEHHBIM 00pa3oM

(n°*, k") = arg{max S%(n,k)}, S2=S%(n",k*), S?(n,k) =S?(k,n)/ S?.

Ha puc.2 wm3oOpaxena nHopmupoBanHas ¢ynkuus UYBP gms SPW ¢ mapamerpamu
N, =660296, N =32, dN =4, n,=20. BugHo, uTo cuUrHa; Ha paccMaTpUBAEMOM Y4acTKe

SIBJISIETCS. BHICOKOYACTOTHBIM C IIEPEMEHHON YaCTOTOM U AMIUIMTYOH.

S

Puc.2. HopmupoBannas ¢pynkuust UBP st SPW
OOmmii moaxos K (OPMUPOBAHUIO AITOPUTMA PACHO3HABAHUSA COCTOUT B CPaBHEHUHU

HOPMHUPOBaHHBIMH 0o01ero Buaa GyHkuusmu UBP ¢ 3agaBaembiMu stanonHsiMu YBP- ¢ynkusmu
U peaamu3yeTcsl Ha OCHOBE MaTeMaTHUECKON TEXHOJIOTHU paciio3HaBaHus 00pa3os [3-5].
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Jlns oGecriedeHust paboOThI aITOPUTMA Paclio3HaBaHUs y4acTKoB ¢ SPW ocHOBHOI MHTEpBa
curana Y(i) ¢ pasomBaercs Ha M, moxuHTepBanoB nmo dN, Touek. I'panmunsie Touku N, , N,

AL TIOJMHTEPBAJoB, BeIUHCIAIOTCA aHamormdHo (1) ¢ 3amenoit dN Ha dN,. Ha xaxnom

Im?

IIOJMHTEPBAJIE PEAIM3YIOTCS BEIYMCICHUSA N, ckonb3amux AIID pasmeprocty N 1 ¢ mapamerpom
nepekpbitus AN |, Tax sxe kak u st (1) ¢ samenoit AN na dN .

bynem paccmarpuBaTh JIOCTAaTOYHO YacTO BCTPEUYANOLIMHCS Ciydald Ui 3TAJOHHBIX
HOpMupoBaHHBIX UBP- QyHKIMH, 3aBHCAIINX TONBKO OT ogHOro aprymenrta K =01,...,N/2-1

k* = arg{max S?(k)}, S2=S%(k"), S*(Kk)=S?(k)/ S2.
B KauecTBe HOPMHPOBaHHOH STanmomHoH (ynkuuu UBP S’ (K) mms SPW mpumeM ¢yHKIMIO,
ABIAIONIYIOCS CTYNEHYAaTOl ¢ TapametpaMu  S2, SJ, YIOBIETBOPSIONMX HEPaBEHCTBAM
0<SZ <S&<1:S2(k)=SZnns 0<k <k,, SZ(k)=S st k, <k <N/2-1. Curnan y(i) na

HEKOTOPOM YYacTKe ¢ HOMEpPOM N IIUTENbHOCThI0 N TOYek Oyaem cuuTarh oTHOCSIIUMCS K SPW,
ecnu OyAayT OJTHOBPEMEHHO BBITIOTHEHBI YCIIOBUs 1 1 2:

1. S?*(k)<SZ nna Bcex wummexcoB Kk, ymoBerBopsionmmx HepaBeHcTBamM O0<Kk <k, u
S 2(k) > S_OZ2 , XoTa OBl Ui omgHOrO K, ynmoBimerBopsitomiero HepaBeHcTBaM K, <k < N/2-1; 2.
S?(k) > SZ xoTs 6w 1151 osiHOTO K , y10BIeTBOpstomIero HepapencTBam 0 <k < N /2-1.
Beomutcs unaukaropnas ¢ynkums | ,(n),n=12,..,n;: I (n)=1, ecin onnoBpemeHHO
BpINONHsAOTC  yecnopue 1 w2, 1,(n)=0- B mnporuononoxnom ciydae. Onpenensercs

MH/IMKATOPHBIA Koo durment a ,(m)

N2m

a,(m= D 1,(n)/n,.

n=Ny,
Pemenne o pacno3naBanun SPW Ha m-oM mnoguHTepBane Oasupyercs Ha CpaBHEHUU
koodpduiuenta o, (M) ¢ 3anaBaeMbiM mOporom o ,,. Ecmu «a,(M)>a,,, TO npuHMMaercs
pewenue, uto SPW npucyrcrsyer; ecnn a, (M) < o, -SPW oTcyTcTBYye€T.

Ha puc.3 mokasan pesympTarT paboTel anropurmMa B Buae rpaduka o, (i), KOTOpBIi
npexcTaBisier coboit Habop BepTuKanbHbIX JuHHH, 1= N, +dN,m, 0<m<m,. Ina anropurma

BBOJIHCH HacTpoeunkie mapamerpel N =32, dN =N/32=1, dN, =10, S2 =0.10, SZ =0.35,

S& =0.0005, k,=8 u a,, =0.4. I'pannunble ToUKH ydacTkoB ¢ SPW ompenenssinch Mo

[IEpECEUYCHMAM YKA3aHHBIX JIMHUM C TOPU30HTAIbHON OCBIO KOOPAUHAT.
1 . — ' : .

08k &I_p I:I:I

[i] 1 F 3 4 5 [
= 10" |

Puc.3. I'paduk nnankaTopHoro kosdduimenta a, (i) pacnosnasanus SPW
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Ananu3 rpaduka Ha puc.3 M CpPaBHEHHE OIICHOK TI'PAHUYHBIX TOYEK C W3BECTHBIMHU
3HayeHussMu ot NGDC mnos3Bossier cnemath BBIBOA O TOM, YTO MPEUIOKEHHBIH aITOPUTM
pacriozHaBaHus P-Waves-Bo3myIieHui, paboTaeT ynoBIEeTBOpUTENbHO. KaduecTBO pacrmo3zHaBaHUS
SPW ¢ Touku 3peHHs MUHUMHU3AIMH JIOKHBIX OOHAPYKEHUM, TPOMYCKOB M YTOYHEHHUSI TPAHUYHBIX
TOYEK, MOXKET OBITh MOBBIMICHUU 33 CUET ONTHUMH3AIMU HAcTpoeK. briaromaps rulkoil cucteme
HACTPOEK, TAaHHBIM aJTOPUTM MOXKET pacrio3HaBarh 3amrymnénnasie SPW. Ilpennaraemplii anropurm
MOJKET OBITh HCIOJIB30BaH JJIsI aBTOMATH3aLUHM MPOCMOTPA apXUBOB 3alUCel HAOMIOACHUN OT
CACC u noBeieHus 3(pGEKTUBHOCTH PELICHU 3aaull PEAYNPEKICHUS LIyHAMU.
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Boponeotcckuii cocyoapcmeennulii ynugepcumem, 2. Boponeowc, Poccus

The effects of the complex geophysical investigations for searching and prospecting copper
ore deposits have been shown for North Ural area. Such complex includes traditional detail
mapping methods: magnetic, geoelectrical (resistivity and IP), natural polarization and new
modification of the electro-tomography methods (2D resistivity and IP). This complex increases the
quality of the geophysical interpretations and allows making estimations the perspectives of the ore
new objects.

l'eodusnueckne MeTOABl SBISUIUCH YacThIO E€IMHOTO KOMIUIEKCA Te0JIOTHYECKHUX,
T€OXUMHUYECKNX U Te0(U3NUECKUX MOUCKOBBIX HccaenoBaHu. OCHOBHBIMU 3a/ladyaMy reo(pH3uKu
SBJISJIMCH  JIETAJIbHOE TEO0JIOTMYECKOE KAPTUPOBAHUME M OLIEHKA TE€OXUMHUYECKMX aHOMAJIUM,
BBISIBJICHHBIX PAa3HOMACIITAOHBIMUA ChEMKaMH B YCIIOBUSIX THITMYHBIX 1151 Ypaia [1, 2].

Pelenue 3a1au ocyniecTBIsIIOCh MArHUTHOM ChEMKOU U 3JIeKTpopa3zBeaouHbiMu MeTogamu BII-CI'
u T3-BII ¢ anmaparypoit A3-2 (OO0 HIIK «2nareo», r. C.IlerepOypr), a Taxke EIl. Metonuka
MOJICBBIX pabOT aHAJIOTUYHA M3JI0KEHHOU B padoTe [3]. Bo3aMokHOCTH Teopr3nIecKuX METOI0B
WUTIOCTPUPYIOTCS pe3yibTaTaMu paboT MO OJJHOMY U3 y4acTKOB.

B MarnuTHOM TONE WMCCIeNOBaHHAS TEPPUTOpUsl pa3fensercs Ha JBe o001acTu,
COOTBETCTBYIOIIIME TOPOJaM padindHoro rexesuca (puc. 1). OOnacTh MOHMKEHHBIX 3HAYCHUU
OTBEYAET MOJISIM PAa3BUTHS BYJIKAHUTOB, OBBILIEHHBIN YPOBEHB MOJISI COOTBETCTBYET UHTPY3UBHBIM
oOpazoBanusm (auoputam). OTAEIbHBIE MAaKCUMyMbl H30METPUYHON (HOPMBI, (UKCHpYEeMbIE Ha
doHe 3HaueHWl B TepBbIe COTHU HIJ, OOYCIOBJIEHBI 30HAMHU TMOBBINIEHHOW KOHIIEHTPALIUU
MarHeturta. JIMHeiHble 30HbI MUHUMYMOB MarHUTHOIO IOJISl, BEPOSITHO, CBS3aHBI C y4acCTKAMH
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METAacCOMaTHYECKOW MPOpabOTKH cyOcTparta M TMEepPexXO0oM MarHHTHBIX MUHEPaJoOB (MarHeTUT) B
HEMarHUTHBIC U cTa0OMarHUTHbIC (TUPUT, TUPPOTHH, TETHT, TEMATHT).

Puc. 1. Kapma macnumnozo nousi 6 conocmasienuu ¢ pesyiomamamu pabom memooom BII-CI: 1-
2 - anomanuu Kaxcyweeocs conpomugnenus. 1 - no uzoome 10 000, 2 - no uzoome 15 000; 3-4 -
anomanuu Kaxcyweucs noaapuzyemocmu’. 3 - bonee 5 %, 4 - 6onee 1 %; 5 - npogpune T3-BI1

[To nanubiM cbemku BII-CI' ycTaHOBJ€HB aHOMAJMKM BBI3BAHHOW MOJISIpU3ALMU U
KaxyIierocss conpotuBiicaus (puc. 1). AHomanusi M, MHTCHCUBHOCTHIO 0 9% pacmonoxeHa B
[EHTPaIbHOW YacTH, MNPEACTABICHHOTO HA PUCYHKE MNPOQHIs, MUMEET YETKO BBIPAKCHHYIO
nuHelHyo Gopmy u Guxcupyercs Ha pone 3HaueHuit 1-2,5%. Ilocnennee CBUAETENBCTBYET O TOM,
YTO MPAKTUYECKH BCS HCCIeNOBaHHAs 00JacTh B TOW WM MHOW Mepe cyabpuamsupoBaHa. UeTko
BBIpa)KeHHAs MOP(OTIOTHUECKH JIMHEHHAsT COCTABJISAIONIAS TOJIs, IO BCEH BUIUMOCTH, COMPSIKEHA C
30HOM MaKCHMaJdbHOW TPOPAOOTKM  BMEMIAIONIUX MOPOA. IJTO  MOATBEPXKIACTCS €€
MPOCTPAHCTBEHHON KOppemsiueid ¢ CcyOMepuAHOHAIbHOW 30HOW TMOHW)XCHHBIX 3HAYCHHIA
MAarHUTHOTO IOJIS.

C 3amaja K aHOMAalWU BBI3BAHHOU MOJISIPU3AINU MIPUMBIKAET 00J1aCTh BHICOKHX 3HAUYCHUI
KQKYIIErocs COMNPOTUBICHUS, TaKXKe UMEIolas JHHEeWHyr0o (opMy © TOBTOpsiomias ee
KoH(puUrypamnuro. 30Ha BBICOKUX COMPOTUBICHHM, OOYCIOBIEHA OKBapIeBaHUEM TIOPOJI C
o0pazoBaHMEM Ha OTJENBHBIX YYacTKaxXx BTOPHYHBIX KBapiuToB. [logoOHAas mpocTpaHCTBEHHAS
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COBMEIIEHHOCTh AaHOMAJUH IMOJIIPU3YEMOCTH U CONPOTHUBICHUI paHee Oblla YCTAaHOBIEHA Ha
ydactke CeBepHblii-2 [3] 1, BeposiTHO, 00ycloBIeHa 30HATBHOCTBIO pygoreHesa. Paccmarpusaemast
aHOMaJIbHasl 30HAa (PUKCHpYyEeTCsl 3HAauuTeNbHbIM MuHUMyMOM EIl ammumtynoit 6onee 200 mB

(puc. 2).
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Puc. 2. Pesyromamul 2eopusuueckux pabom no uHmepnpemayuoHHoMy npo@uilo. a) epapuxu
AHOMANLHO20 MACHUMHO20 MO U NOMEHYUAId eCmeCcmeeHHo20 nojsi, 0) epaguku kaxcyuweucs
NONAPUZYEMOCIU U KAXACYUe2OCs. CONPOMUBTEHUSL, 8) NCe800PA3PE3 KANCYUEUCsl NOTIAPUZYEeMOCU,
2) ncegdopaspes Kaxicyuje2ocs conpomusieHus

B pesynaprarax MoJenMpoOBaHUS JIEKTPOPa3BENOYHBIX paboT wMeromom T3-BII, wux
METO/IMKa M3JI0KeHa B padote [4], nuHeliHas aHOMaHs MOJISPU3YEMOCTH (PUKCUPYETCSI OTYETIIUBO
BBIPQXKCHHOM 30HOW, MMEIOIIEH 3amajHoe majaeHue (puc. 2). Dta 30HA MPOCICKEHA 0 TIyOUH
6onee 100 m. Ha paspese conpoTuBIEHHMII OHAa MPAKTUYECKU HE PETUCTPUpPYETCs, HAOIIONAIOTCs
JUIIb OTAENbHBbIE (IYKTyallud CyOTrOPHM3OHTAIBHBIX TpaHHWIl B BEpXHEH uacTu pas3pesa,
00yCIOBIICHHBIX Pa3IMYHON CTENEHBIO THIEPreHHBIX M3MEHEHHUH KOPEHHBIX O0pa3oBaHUM M HMX
00BOIHEHHOCTHIO. Tak Kak 00JacTh MOBBILICHHON MOJSIPU3YEMOCTH HE COMPOBOXKIAAETCS 30HOU
MOHMKEHUSI COTPOTUBJICHHUS, MOXXHO HPEINOJIOKUTh, YTO OHAa OOYCIIOBJIEHA BKPAIJICHHBIMH U
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I'YCTOBKparuieHHbIMU cynbpunamu. Ha Bocrounom cermente npoduist T3-BII ycranosnena eme
0JlHa aHOMaJIbHasA 00JaCTh MOJAPU3YEMOCTH C OJM3KHUMH NTapaMeTpamH.

IIpencraBieHHble PE3yJabTaTbl UCCICAOBAHUN IO3BOJIMIIM CHEJIATh BBIBOJ O TOM, YTO Ha
rnyonHax 100-150 M (B 3aBHCHMMOCTH OT TEOJIEKTPHYECKOTO pa3pe3a) He CIeAyeT OXHJIATh
3HAYUTEJIbHBIX 110 MOUTHOCTH MPOXKUIKOBBIX MJIM MAaCCUBHBIX 3JIEKTPOHHO-TIPOBOAAIINX OOBEKTOB.
Tem He MeHee, Gukcupyemas B GU3NUECKUX TOJISX 3aKOHOMEpPHAs 30HAIBHOCTh, XapakTepHasi s
pyaHbIX MecTopoxaeHuil FOxxHoro Ypana, Antast ¥ psiia Apyrux TEpPpUTOPUM, JONYCKAET HAINYHE
MECTOPOXKICHUI Ka3aHHOTO THIA Ha OoJiee rIyOOKNX TOPU30HTAaX.

Takum 00pa3oM, HCHOJIIB30BAHHBINA TeO(U3NUECKUN KOMIUIEKC IIO3BOJMJI C BBICOKOM
CTEIIEHBIO JOCTOBEPHOCTHU BBIIIOJIHUTH I€0JIOTMYECKOE KAPTUPOBAHUE UCCIIEAYEMOU TEPPUTOPUH, A
TaKXKe BBIIBUTh YYAaCTKH, OJaromnpusTHble Ha HaJU4ue CyIb(OUIHOIO OpYACHEHUS, U JaTb
IPOMBIIIICHHYIO OLIEHKY 3THX 0OBEKTOB.

Memoouka mooenuposanus MA2HUMHO20 NOJIA pa3pabomana 6 pamKax Hay4yHulxX Uccie008aHuli no
epanmy PO®PH 11-05-00110-a
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YK 550.343
JTAJBHOCTh MAKPOCEVMCMHWYECKHUX IMMPOSIBJJEHUM ITPU B3PHIBAX
A.A I'oosuxosckas, godzanna@mail.ru
Teoghuzuueckas cyscoa PAH; Obnunck, Poccus

Evidence of macroseismic expressions up to 4 points at explosions with M=2 (Magnitude
approximately 2) at the distance up to 50-60 km apart are given in this message.

IIpo6aema. Kak npaBuio, B cl1abOaKTUBHBIX pernoHax Poccum TekToHMYecKas Mmpupoja
celiCMUYecKUX COOBITUH y aBTOPOB MapaMEeTPUUECKUX CTPOK, HE BBI3bIBAaeT COMHEHMs. Ecmu xe y
[10J1b30BATEN BO3HUKAECT BOIIPOC O IPUPOAEC UCTOUYHMKA, TO API'YMEHTOM B I0JIb3Y TEKTOHUYECKON
SBJISIIOTCSL CBHJIETENILCTBA O MAaKPOCEHCMUYECKHX MPOSIBICHUSAX, HAOMIOAABIIMXCS Ha JECATKax
KWIOMETpoB. IloaTBep:KIeHHEM MMEHHO TEKTOHMYECKOW IIPUPOAbl MCTOYHUKA ABTOPBI CUUTAIOT
OTCYTCTBHE CBEJIECHHH O IPOBEJCHUU B3PBIBHBIX pPAa0OT. 3HAUMTENbHAs MAarHUTyla, UMH K
OIpElEeCHHass 110 JAJIbHOCTH PErucTpalvy M YKa3aHHas B KaTajlore, TakKe CTaHOBUTCA
apryMEHTOM B I0JIb3Y TOIO, YTO HpPUPOJA JTAHHOTO COOBITHS TEKTOHHMYECKAas: B3PBIBBI TAaKOH
MarHuTyAbl HEBO3MOXHBL. TO ecTb, OTHECEHHE CEHCMHYECKOTO COOBITHS K KaTeropuu
«TEKTOHUYECKOEe» TPOMCXOJUT OT NPOTHBHOIO. ApPYyrux (PakToB HET, 3HAYUT — COOBITHE
TEKTOHUYECKOe, TeM OoJiee MpH yKazaHHONW MaKpOCEHCMHUUECKON MarHuTy/ie.

B nanHOM cOOOIIEHMM MPHUBENEHBI peIKKUe MyOIMKalUd O CBUAETENILCTBAX 3HAYMTEIHHON
JaITbHOCTH MaKpOCEHCMUYECKUX MPOSBICHUN IIPU B3PbIBAX.
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Tpu npumepa ungopmManuu 0 MAKPOCEHCMHYECKHX NPOABJICHUAX NPU B3pbIBax

1. 1994 r. I'azera "Tpyn" ot 17 mas 1994 r. "...Oxo0 63pwisa ¢ Hogonedcune 00kamuiocsb 0o
Apmema, Lllkomoso, Boavwoeo Kamua. /laxce 6o Braousocmoke, komopbulii HaXo0umcs noumu 8
COMmHe KUIOMEempos8, OuWywaiocs jeeskoe semiempscenue".

2. 2008 r. Unrepser [http://www.vesti.ru/doc.html?id = 22714&t_only = 1]:

Kumenu Braousocmoka ouwgymunu cunvrvie monuku (26.11.2008; 10:44)"

Kumenu Bnaoueocmoka 6 12:30 no mecmuomy epemenu owymunu cuibHvie MOIUKU.
Haxooswuecsa na ynuyax noou nouyecmeosanu 6030yuiHylo 60aHy. Heoguyuanvhvie ucmounuxu
Volce B0310MCUNU OMBEMCMBEHHOCMb 3a mMpego2y Ha 60eHHvix. Ilo ux eepcuu, Ha noauecowne
Tuxookeanckozo ¢gnoma na mvice Knepk, 6 50 xunomempax om Bnaousocmoka, He paccuumanu
CUy 3apsa0a npu ymuauzayuu 60enpunacos.

B Ilpumopve 6oennvie ne paccuumanu nociedcmeus noopviéa Goenpunacos (26.11.2008;
11:43). [locreocmesuss MOwHO20 —63pbléa  NpuU  YMUIUZAYUU — CIAPLIX  O0EBbIX  CHAPSO08
Tuxookeanckozo ¢hnoma owyymunu Ha cede Hcumenu HACeNeHHbIX NYHKMOS 104#cH020 [Ipumopuvs. B
oecamkax 0omoe nocenka Cnagsanka 63pbl6HOU GOJIHOU 6blOUMbI CcmeKld, 60 Bradusocmoke
wamanuce _30aunus.... VI TaMm ke panee. B3pwié Ha noaucoHe owyymunu Ha cebe dcumenu
Braousocmoxa, komopuiii naxooumcsa ¢ 50 km om Cnassanxu. IIpakmuyecku 60 6cex 8bICOMHBIX
30anusx 20pooa 10U owymuau Korebanus, kak npu semiempscenuu (mogaepkayro AAT).

3. 2011 r. [1]. Ceitcmuueckue coObITHs TexHOreHHOH pupoabl B 2005 r. Ha Kamuarke.

B 2005 2. na Kamuamke, nomumo 3emiempsiceHull, cemvto CeucMudeckux CmaHyuil Oulio
3apesucmpuposano 5 cobvimuil, 6vl36aHHbLIX 63pvisamu’. uemvipe — 30 cenmsabps u o0omo —
1 oxkmabpa. Mecmo 63pwi6os, pation noceaxa IOdcuvie Kopsiku, Haxooumcs Hma paccmosHuu
~ 40 xm om 2. [lemponasnoscka-Kamuamckoeo...(Cunpaeimuii B3pbiB umen K = 7.3 wnmu M = 1.8).

... Mowmnas yoapnas eonna om 83pwiea, npouzoueoule2o 8 20"00™, sbizsana nogpescoenus
muoeux nocmpoex (MSK-64 — 7 0amnoB): 6vuiu ebibumsl cmekia, pamvl, 08epu 6 oomax (Kax
6X0OHbBle, MAK U MENCKOMHAMHbIE), 8 Nedax U NeYyHbIX mpyoax 03HUKIU MOHKUE MPEWUHbl, C
Kpblut ompwieano wugep emecme ¢ 26030amu (<wugep xax 6yomo noonpwieusan»). Ilpu smom
00U  OWYMUIU CUNbHOE, pe3Koe, OYeHb Henpuamuoe oasienue Ha ywiu. Jom pepmepa c
X035UCmeeHHbIMU nocmpoukamu, cmosguwull Ha paccmoanuu xe 6onee 200-300 m om mecma
83pbl808, OKA3AILCS NOIHOCMbIO paspyuiel (BO3MOXKHO — 6+7 6alioB).

AKycmuyeckyio 60y, CONPOBOHCOABULYIO B3Dbl8bL MONCHO ObLIO Caviuams U 8 bOoiee
OMOANEHHbIX HACENeHHbIX nyHKmax, makux xaxk 2. Emuzoseo (20 km), n. Hauuxu (32 km) u
2. [lemponasnosck- Kamuamekuii (40-50 kn?). Tam 6bin civiuen 2yn, dpebesscanu cmexia, d 60
8peMs  CaM0O20 CUIbHO2O 63pbléd PACNAXUBANUCL He3anepmule @GOpmMouku u cpabamvléanda
CUSHANU3AYUSL A8MOMOOUEU.

«... Opebesdicanue OKOH, 08epeil, Nocyovl ...»; «... Opebe3zdcanue NOCYObl U  OKOHHLIX
cmexon ...». mo MSK-64 nanneie onucanusi coorBeTcTByeT 4 Oayuiam [Mensenes, 1968]. Takue
MaKpOCEHCMHUYECKUE TPOSBICHUS BOZMOXHBI 1pH 3emierpsicernsx ¢ M > 3.4+4.0 (mkansr MSK-
64 u Poccu-I'onuipiaa).

AKycmuueckyio 60y, CONPOBOHCOABULYIO B3DbI8bL MONCHO ObLIO Caviuwams U 8 Oojee
OMOANEHHbIX HACENeHHbIX nyHKmax, makux xaxk 2. Enuzoeo (20 km), n. Hauuxu (32 km) u
2. [lemponasnosck- Kamuamcxui (40-50 km). Tam Ovin_caviuen eyi, opebesscanu cmekid, a 60
8peMs  CamMo20 CUNbHO2O 63Pbl6A PACNAXUBANUCL He3anepmbvle GOopmouku u cpabamvléana
cuenanuzayust asmomoounei (noguepkayro AAID).

O0cy:xknenne. Ilo npuBeneHHBIM MakpocelCMUYECKMM omnucaHusM B IlerpomnaBioBcke-
Kamyarckom B3pbIBBI IPOSIBUINCH HHTEHCUBHOCTHIO B | = 3+4 Gana.

Hcnonp3ys ypaBHeHue Mmakpoceiicmudeckoro mois Kamuatku (Ii = Ko — 2.63Igr —

0.0087r — 2.1 [HK, c. 30]) MOxHO pacCYMTAaTh:

! JHata B coobmennu He o603HaueHa. Cyas 1Mo yKa3aHHOH fmaTe, coObITus mpousonum a0 26.11.2008.
2 [erponaBnoBck-Kamuarckuii BRITIHYT puMepHO Ooliee ueM Ha 10 kM, kak pa3 «Bmomb» TpackTopuu FOkHBIC
Kopsxu — IlerponaBnosck-KaMuaTckuit.
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= nipu 3emierpsicennu ¢ Ko = 7.3 (M = 1.8) na paccrosiauu 50 km | = 0 6asuioB;

= HaO0IeHHass MHTEHCUBHOCTH B |j = 3+4 6amioB Ha paccrosauu 50 kM Moria ObITh
IpU TeKTOHUYECKOM 3emiterpsicennu ¢ Ko = 11, T0 ecth, Mmarautyae M =~ 4.3 (s Kamuatku Ko =
1.5M+4.6; HK, c.30).

3aKOHOMEPHOCTh MAKPOCEHCMUYECKUX MPOSIBICHUNA NMPH CEHCMUYECKUX COOBITUSIX Pa3sHOM
IIPUPOJBI allpuopu pasnuuHa. Ha HacTosIiee BpeMss B TOM HaIlpaBICHUU HUCCIEJOBAaHUN KpaiiHE
maino. M3BectHa (opmyna MakpOCEHCMHYECKOTO TOJIS sl TOPHO-TEKTOHUYECKHX yaapoB [2],
KOTOpast Obla yrouHeHa aBTopoM nocie Conukamckoro coobrtus 1995 r.

lo=bM+vigh+c, rme:b=0.45;v=-137;c=3,6.

Ecnmu ucxoaute u3 Ttoro, uro mpomecchl npu ['TY B maxrax 3HAuUTENbHO OJMKE K
B3PBIBHOM MPUPOZE, YeM K TEKTOHMYECKOH, TO MOJIy4aeTcs, YTO B OJMDKHEH AMHIIEHTPAIBHON 30HE
KaMYaTCKUX B3pPBIBOB MOTJa HaOMIONATbCs MHTEHCHUBHOCTH 1O 7 OamioB. DTO COOTBETCTBYET
MIPUBEJICHHBIM BbIIIIC OnucaHusM [1].

B nannowm ciydae npu B3peiBax ¢ K = 7.3 B aIuIeHTpe U Ha SMULEHTPATBHOM PACCTOSHUU
0k0J10 50 KM COOTBETCTBEHHO HAOJIIOMAIaCh MHTEHCUBHOCTE lg = 7 1 |j = 3—4 OayuioB.

[Tpu Texronnueckom 3emerpsicenuu ¢ K = 11 wim M = 4.3 B snuueHTpe B HEKOTOPBIX
CIIlyyasiX MOTYT OBITh HPOSIBICHHUS A0 6 OanioB, HO Ha AMHULEHTPAILHOM PACCTOSIHUU mopsaka 50
KM uHTeHCHBHOCTH |j = 0. HamoMHuM, 4T0 AagbHOCTh MaKpOCEHCMUYECKUX MPOSIBICHUN MHOIMMU
UCCIIeIOBATENsIMU  UCHOJB3yeTCs KaK apryMeHT B IIOJIb3y TOrO, YTO HPUPOJa HCTOUYHHKA
TEKTOHUYECKas.

s uccnenoBaresnel CEMCMUYHOCTH B CIa00AKTUBHBIX PETMOHAX, 3HAYCHUE IyOIMKaluu
[1] HEBO3MOXKHO NEpeOeHUTh. DTO NepBasi paboTa, B KOTOPOW NPUBEICHBI CUCTeMa HAOIIOICHUN 1
ceiicMorpaMMbl B3PBIBOB, MakpoCEeHCMHUYEeCKHE ONMUCaHUs B OMMKHEH SMUIEHTPAIbHOM 30HE U
yKa3aHa JaJbHOCTh MakKpocecMUYecKkux mposiBieHui. Ilpm 3TOM JOCTaTOYHO OYEBHJIHO, YTO
JTATbHOCTH BO MHOTOM OOYCIIOBJI€HA «MpsAMOu uoumocmyio». OIHAKO 3TO HENb3sl pacCMaTpUBaTh
Kak pe3yJbpTaThl MakpoceiicMuyeckux oOcienoBaHuil. be3ycnoBHBI HMHTEpec MPEACTaBIAIN Obl
M30CEUCTHI 3TUX COOBITHH, KOH(UTYpAIUs KOTOPBIX Oy/leT OrpaHUuYeHa IIPSIMOM BUIUMOCTBIO», U
UCCIIEIOBAaHUS TPOSIBIIEHUH ¢ TOUKM 3peHHs] MHXKeHepHOH ceiicmonoruu. [logo6HbIX myOnukanuit
IPOCTO HET, XOTs aKTyaJlbHOCTh MOJOOHOTrO poja paboT B 00JacTAX MOHMWKEHHON ceiicMHUYecKoi
AKTHBHOCTH M TJIe TMPOBOJUTCS MHOKECTBO B3PBIBHBIX padoT (Ha mimardopmax, Ypane, Koabckom
TIOJIYOCTPOBE) HE BBI3BIBAET COMHEHHUH.

Bonpbmias HEsICHOCTh B OCOOEHHOCTSAX MaKpOCEHCMHYECKUX MPOSIBIECHUIN 3a IpenesiaMu
OMKHEH SNULEHTPAIbHOW O0JIaCTH TaKuX SBICHHUM, KaK TOPHO-TEKTOHWYECKHE yIapbl |
KapcToBble mpoBayibl. W Te, W JApyrue sBICHHS JaBHO OIHUCHIBAJIMCH OOBIBAaTEISIMH U
KypHamucTamu. MHOrIa ¢ mo3uiuil BO3MOXKHOW MX NMPUPOABI, 3HAUYUTENBHO 4Yalle MpeaAcTaBIIssl
MakpoceiicMudeckue Kose0aHus OJHO3HAYHO Kak CJEJICTBHS 3€MIICTPSCEHHs, MOHMMAas MOJ 3TU
CJIOBOM HMEHHO TEKTOHHYEecKoe 3emueTpsceHue. Ho, Tak wiM uHaye, ONMCAaHUS, KOTOpbIE
HOMaJaIy K CIIEIUAICTaM CelcMOJIoraM, COCTABJIEHb! HECTIeUAINCTaMH.

Ecnu  celicmuueckoe coObITHE TMPOM3OILIO B pallOHE MPOMBIIIICHHBIX [IAXTHBIX
pa3paboTOK, OMPEAETUTh OJHO3HAYHO MPUPOAY — B3PBIB WM TOPHO-TEKTOHMYECKUH ymap —
npoOJeMaTHYHO, Kak [0 MAaKpPOCEHCMHUYECKMM TMpOSIBICHHUSIM, TaK M 1O OCOOCHHOCTAM
ceiicMuyeckoii 3anucu [3].

Bmecto 3akiiouenus. EcTecTBEHHO, €clu OJHO3HAYHO OLEHHUTH NPHPOIY COOBITHH B
HACTOSILEe BPEMs, [0 TOpSUYUM CleJaM 3aTpPYJHUTENBHO, TeM 0ojiee Hellb3sl BBIABUTH HPUPOLY
COOBITUH NPONUIBIX JIET, KOTOPbIE M3HAYAJIBHO MOMNAJIM B KaTaJOr'M B KayeCTBE TEKTOHMYECKHX
3emierpsiceHuil. CBenieHUsl, 0OHapOJOBaHHbIC B MHTEPHETE U Ta3eTax JIOTHYHO PaccMaTpUBaTh Kak
o0y UTEIbHBIN (aKTOP IS LieIeHANPABICHHBIX UCCIEI0BAHUN MaKPOCEHCMUYECKUX MTPOSBICHUN
Opu  CEHCMHMYECKUX  COOBITHAX  OJM3KUX  JHEpPruid, HO pa3HOM MpUPOAbL.  AHamu3
MaKpOCEHCMUYECKUX CBUAETEILCTB KOHKPETHOTO COOBITUS JTOJDKHO HAuMHAThCA C 00CIE0BaHUS
SMMLEHTPAIbHOIN 30HBI. MaJOBEPOATHO, YTO TEKTOHUYECKOe 3emiieTpsiceHuit ¢ M < 4 Oyner uMeTh
Kakue-In00 MpOsBICHUS HA MOBEPXHOCTH 3eMiid. HO MOXXKHO OKMAATh, YTO B3pBIB CaMOM Maioi
MarHUTy/bl, OCTABUT Ha TIOBEPXHOCTH BIIOJHE «yuTaeMble» ciensl [4]. U, oqHO3HAuHO, OTHECEHHE
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CECMHYECKOTO COOBITUSI K KaTErOpUH «TEKTOHUYECKOE» OT MPOTHBHOr0 (Apyrux (hakToB HET,
3HAYUT — COOBITHE TEKTOHWYECKOE), B CIAa00AKTUBHBIX PErMOHAX OYEHb HEHAJIC)KHBII/aryOHbII
IIyTh apryMEHTALlUM, KOTOPBIA JIOKHUTCS B Hayajgo JIOTUYECKUX IENOYEK, KOHEUHBIM 3BEHOM B
KOTOPBIX MOJY4aeTCsl pacueTHBIN 0ai ¢ HOMUHAIOM /.

WutepecHo oTMeTUTh, uTo Ypan u Konabckuii moyocTpoB MOTYT OBITH MCIOJIB30BAHBI KaK
€CTECTBEHHbIC  JJTaOOpAaTOpHM  IEJICHANpPABICHHBIX  MCCIENOBAHUM  PAa3HOCTH  MPOSBICHUI
TEKTOHMYECKHUX 3E€MIIETPSICEHUH, B3PBIBOB, F'OPHBIX yaapoB. Ha Ypane B nmporpammy uccienoBaHui
ere 100aBIseTCs TaKOe SBJICHUE KaK KapCTOBBIE TPOBAJIBI.
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This paper is dedicated to palaeomagnetic study of Vendian deposits in the Southern Urals in
connection with the evolution of palaecontinent Baltica. New palaeomagnetic data from a re-study
of sedimentary rocks of Vendian Basu Formation are presented. Our results are compared with
published Vendian data from the South Urals and with Neoproterozoic data from the other parts of
Baltica. Possible directions of future studies are discussed.

HccnenoBanusi, npoBoaumsie B jabopatopuu reopusuku UIT YHI[ PAH coBmectHO ¢
kowteramu u3 ['MH PAH, mnocesamieHsl HM3y4eHMIO IajgeOMarHeTW3Ma BEHICKHMX KOMILUIEKCOB
OxHoro VYpana u HampaBiieHbl Ha pelleHHe (yHAaMEHTAIbHONH MpOOIEeMbl SBOJIOLUUU 3eMIu —
BOCCO3J]aHME  Majeoreorpaguu  mo3gHero  jgokemOpus. [Insg  pEeKOHCTPYKUMH  HCTOPUHU
¢dopmupoBanuss EBpasuiickoro KOHTHHEHTa HEOOXOAMMO 3HATh pACIOJIOKEHUE OCHOBHBIX
TEKTOHUYECKHX 3JIEMEHTOB JJIsl pa3INUHBIX MOMEHTOB BpeMeHH. Oco00 MHTEpeceH BeH I, TaK KaK B
aror wuHTepBan (600-535 MiH. 7€T) NPOHMCXOAWIM MOIIHBIE OPOTEHUYECKHE JBWKCHHS |
YKpYITHEHHE KOHTHHEHTAIbHBIX Macc. Hac MHTepecyloT majeoumupora U opueHTauus bantuku
(BocTouno-EBpomneiickoit miathopmsr).

CymiecTBytomue B3MIIbl Ha najeoreorpaduio 3eMiid B 3T0 BpeMs OU€Hb HEOIpeIeIeHHbI
U TpOTHBOpEUMBHI. Takas cuUTyalusi BO3HHMKJIA B TEpBYIO Odepelb H3-3a TOro, 4YTO JJS BCeX
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KpPaTOHOB KpaiiHe MaJlo MajJeoOMarHuTHBIX JaHHBIX /Ui 3TOro BpeMeHH. OcoOeHHO MPOTHBOPEUUBBI
naneoMarHuTHele nanHbie Ui CeBepHoit AMepuku (JIaBpenTtus) u bantuku. CorjacHo JaHHBIM
pa3HbIX aBTOpOB [8 u np.], 9T IaTOpPMBI B BEHIE MOIJIM HAXOJUTHCS B JIFOOBIX MIMPOTAX - OT
I0’KHOTO TIOJIIOCA JI0 HKBAaTOpa. XOTS U MPEANPHHUMAIOTCS MONBITKA O0BSICHUTH IPOTUBOPEUNBOCTD
BEHJCKMX  pE3yJIbTaTOB  CJIOXHOH  HEOUIOJBHOW  CTPYKTYpOH  MO3JHEIOKEeMOpPUICKOTrO
reoMarHuTHoro mois (Hamp., [8], ocTphlii HemTOCTATOK HAACKHBIX NAJCOMArHUTHBIX JTaHHBIX
0€30roBOPOYHO TMPHU3HAETCS BCEMHU HUCCIENOBATEISIMH. BOJBIIMHCTBO BEHACKHX DPE3YJIbTAaTOB IO
banTuke MMEIOT OYeHb HEBBICOKYIO HA/JEKHOCTh W/MIM HECYT SBHBIC CJEIbl IMOCIEIYyIOLIEero
nepemarnnuuBanus. Jns Benga Boctouno-EBpormeiickoil  mmardopmbel  €CThb  TOJIBKO JIBa
OTHOCHUTEJIBHO HAJIE’KHBIX IMaJIECOMArHUTHBIX PE3y/bTaTa, 10 BpEMEHH OTCTOSALIUX APYr OT Apyra Ha
60 mutH. siet: 1) nmosroc mo KoMIulekcy JrepcyHn Ha tore Hopseruu ¢ Bo3pacrom 616 *+ 3 muH. net
[12]; 2) monroc ¢ Bo3pacToM okoi0 555 MITH. JIeT, moyry4eHHbIH Ha nobdepexse bemoro mopst [9-11].
OnHako HaMarHUYEHHOCTh KOMILIEKCa OTrepCyHJ MOJXKET ObITh HE NEPBUYHOM, a CIIEACTBUEM
PaHHEOPJOBUKCKOTO MepeMarHuuuBanus. B o0om ciryuae, HEBO3MOXKHO CYyJUTh O MEpeMeIeHUsIX
Boctouno-EBpomneiickoii miiaTopmsl B BEH1€, UMesl BCETO OJJMH WM JIBa OTHOCUTEIHHO Ha/IeKHbIX
[IaJIEOMAarHUTHBIX TOJIIOCA.

Heo0x01uMo noydnTh HOBBIE JaHHBIE 110 BeHAy Boctouno-EBponeiickoii miaardopmsl, HO
INPUTOJHBIX JUIS MAJCOMArHUTHBIX HCCIEJI0BAHUNA M HEM3YYEHHBIX OOBEKTOB 3TOTO BO3pacTa Ha
caMoi TuiaTopMe MPAKTUUECKH HE OcCTaloch. B Takoi cuTyauun Hambosee MepCrHeKTHBHBIM
NpeCTaBisieTcss n3ydyeHue 1e(hOpMUPOBAHHBIX OKPauH IUIAT(OPMBI € MOCIENyIoIed KoppeKiuen
BEHJICKUX NaJIEOMarHUTHBIX JAHHBIX 3@ BO3MOJKHBIE IOBOPOTHI H3YYEHHBIX CTPYKTYp B XOJ€
[IO3/IHEMNAIC0301MCKOM OPOTEHUH Ha Y paie.

B 3anagnoii yactu FOxxHOro Vpama Xopoio M3BECTHBI MHOTOUYHCIIEHHBIE MPUTOJHBIE IS
NaJlCOMarHUTHBIX HCCIEIOBAaHUN pa3pe3bl BepxHepU(EWCKUX © BeHACKHX mopon [4, 7).
Oco0OeHHBII MHTEpeC MpPEeACTaBIAIOT pa3pesbl bamkupckoro merantuxkiauHopus HOxHoro Ypana.
CaMbpIM BEpPXHUM NOJAPA3JCICHUEM TOJIIM HA 3alaje METAHTUKIMHOPUS SBIIAETCSA CIOXKEHHAs
TEPPUTCHHBIMU OCAJKAMM AUIMHCKAas CEpHs, B KOTOPOW BBIAEIEHO MATH CBUT, C MOCTENEHHBIMU
nepexogamMu Mexxay HuMu [1, 7]. Hikaue nBe cBuTHI (OakeeBCKas M YPIOKCKas) HIMEIOT KBapIUTO-
apKO30BBIN COCTaB, a TPU BepxHHE (OacHMHCKas, KyKKapayKCKas M 3WUTaHCKas) — IOJUMHKTOBBIMH.
[TpeoOnanatoT mecyaHUKH M aJ€BPOJUTHI, IPU PE3KO MOAYMHEHHOM KOJIMYECTBE apTUJUIUTOB U
rpaBenuToB. KOHrjaoMeparsl ciararoT TOJBKO OJWH MapKUPYIOLIUN TOPU30HT B CPEAHEH 4YacTu
KYKKapayKCKOM CBHTBI; €r0 MOLIHOCTb COCTABJISIET NEPBBIE IECATKM METPOB Ha IOI€ U IEPBBIC
METpBI B LIEHTPAJIbHON YacTHU pailoHa; Ha CeBEpe 3TOT TOPU30HT HE OOHapYKeH. AILIMHCKas cepus
3ajleraeT ¢ Pa3MbIBOM Ha MOJCTUJIAIOIIMX BEpPXHEPU(DEHCKUX OTIOXKEHUSAX; B 3alagHOW YacTH
METaHTUKIMHOPUS OTJIOKEHHUSI CepuH 0€3 yrJIOBOTrO0 HECOTJIACUsl MEePEKPhITh TAKATUHCKOW CBUTON
HWKHETO JIEBOHA, a HA FOT€ CTPYKTYPhl — OCAIKAMU CPEIHETO OPAOBHUKA.

Bompoc B TOM, MOXXHO JIM 9KCTPANOIMpOBaTh JAHHBIE IO 3allaJHON 4acTH Ypajia Ha BCIO
Bocrouno-EBpomneiickyto miardgopmy. HanexHo yctaHoBiIeHO, UTO BepXHepU(eCKie U BeHJICKUE
KOMILJICKCHI 3aI1aHOH MOJIOBUHBI Y pajia MpoCieXuBaroTes Ha miatdopme [4, 7] u, caenoBaTenbHo,
3Ta 4acTh YPaJIbCKOTO CKJIAI4aToro rnosica sBisercs aAe(hOopMUPOBAHHON OKpauHOM IIaT(OPMBI.
IToaTomMy cuMTaercsi, 4YTO 3HAYUTENBHBIX [EPEMEIICHUM ballKkupcKkoro MeEraHTHKIMHOPHUS
OTHOCHTENIBHO I1aT(hopMbl He Ob110. C Ipyroit CTOPOHBI, U3BECTHO, YTO OCHOBHBIE JeOopMallvu B
3anagHoi yactu FOxHOro Ypana npoucxoauin B mepMckoe Bpems [6], u, 3HauuT, 3/1eCh BO3MOXKHBI
JOKaJibHbIE BpAIIEHUS OTIEIbHBIX CTPYKTYp 3TOro Bo3pacTta. Bce wu3ydaemble OOBEKTHI
pacIoJjIoKeHbl B 3allafHOM 4acTH bBalIKMpcKOro METraHTHUKIMHOPHWA, TIAE C IOJOLIBBI BEHAA 0
KOHIIa paHHEW MepMHU YIJIOBBIX Hecoryacuil HeT. Ciie10BaTenbHO, BpPAIeHUs B ’TOM pallOHE MOIUIN
IIPOUCXOAUTHh TOJBKO B IMO3JHEH NEPMH, A, 3HAUUT, AOJDKHBI CKa3aTbCs HA BCEX MMAJEO30MCKHUX
JnaHHbIX. [IpenBapuTenbHBIN aHaIM3 MOKa3ad, 4TO MaJE€OMAarHUTHBIE JaHHble N0 bamkupckomy
AQHTUKIMHOPHIO HE TIOBEPHYTHI OTHOCUTENLHO bantuku. CiaenoBaTellbHO, BEHACKUE TaHHBIE MOXKHO
UCIIO0JIb30BATh /IS ONpeieTIeHNs TaJIEOMarHUTHBIX MOJIFOCOB BCel TIAT(HOPMBI.

B 60-70x rogax mpouuioro Beka BeHACKHE OTioXkeHHs Ha HOxHoM VYpane ObulM M3ydeHBI
NaJICOMAarHUTHBIM METOJIOM B COOTBETCTBUM C METOJMYECKUMHU TPEOOBAHUSMH TOTO BpPEMEHHU

86



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

[mamp., 3, 5]. Ho k HacrosimieMy BpeMeHH H3MEHWINCh TPeOOBaHHS K KayeCTBY pa3leliCHHS
KOMIIOHEHT HaMarHM4E€HHOCTH, B CHJY 4Yero paHee IOJy4YeHHbIE pe3yibTaThl ceduac He
NPU3HAIOTCS HAJECKHBIMU, YTO OOYCIIOBIIMBAET MEPEU3YyYCHHE 3TUX OOBEKTOB IO COBPEMEHHOU
METOTUKE.

Hamu npoBoauTcs u3ydeHHE TEPPUICHHBIX OTJIOKEHHMM alIMHCKOM cepuu. B pesynbrare
MIPOBEACHHONW MOATOTOBUTENBHON pabOThl, BKJIIOYas M PEKOTHOCIMPOBOYHBIE MAapLIPYThl Ha
HOxHoM Ypaine, ais uccieoBaHUl HaMEUYEeHbl KOHKPETHbIE OOBEKTHI, BKIIOYAIOLIUE BCE CBUTHI
amuHCcKoi cepun. OTOOpaHbl MPOOHBIE KOJUIEKLUI 00pa3loB, aHaIN3 KOTOPBIX MO3BOJIWII C/IENATh
BBIBO/J] O TIEPCIIEKTUBHOCTHU BBIJICIIEHHBIX O0BEKTOB ISl AJIEOMAarHUTHOTO U3y4YEHUSI.

[lepBble pe3ynpTaTbl TMOJYYEHBl IPH TMPOBEJCHUM IOBTOPHBIX MAJ€OMarHUTHBIX
UCCIICIOBAaHUM  OCaJIOYHBIX  TOPOJ  BEPXHEBEHJCKOM  OacuHCKOM  cBUTHI  bamkupckoro
METaHTUKIHHOPHS [2]. DT nmopoabl onpoOoBaHbl Ha Tpex ydyactkax npumepHo B 100 km apyr ot
npyra; Bcero 0110 oto6pano 6osiee 300 oOpasuor u3 npumepHo 40 Touek onpoOoBaHus (CaTOB).
AHanu3 pe3ynapTaTtoB cryneHdaToro pasmaranuubanus 10 700°C mo3Boiui BBIASIUTh CTAOMIBHYIO
KOMIIOHEHTY HAMarHM4eHHOCTH B 25 caiiTax, MpuyueM HaiijieHbl 00e NoIsipHOCTH. TecThl CKIa K U
oOpamieHus: Ui 3TOW KOMIIOHEHTBI MOJIOKUTENbHBI, YTO OOBIYHO paccMaTpUBAETCA KaK BECKHM
JIOBOJI B TIOJIb3Y IMEPBHYHOCTH HaMarHu4eHHocTH. OJHAKO MaleOMarHUTHBIM MOMIOC (Ionirora
187.3°% mmpora 1.1°) ams  3TOM  KOMIIOHGHThI HAMarHWYCHHOCTH HAXOJIUTCS  BOJIHM3U
M03/IHEOPAOBUKCKOTO-PAaHHECHITYPHIICKOT'O OTpe3Ka KPUBOM MHUTPAIMH MaJeOMarHUTHOTO TOJII0Ca
banTtuku, 4To MOXKET yKa3blBaTh Ha MlepeMarHMuYMBaHUE BEHACKUX ITOPOJI B MAJIC030€.

HecmoTps Ha npuMeHeHHEe COBPEMEHHBIX METO/0B MOJYYEHUS U aHaJIu3a JaHHBIX, HOBBIN
pe3yNbTaT He3HAUUTEIbHO OTIMYAETCS OT paHee MOJYYEHHBIX JaHHBIX [Hamp., 3, 5], KoTopsie yxe
HE COOTBETCTBYIOT CYIIECTBYIOIIUM cTaHfapTaM. COOTBETCTBEHHO, MbI MOJTBEPXKIAEM U
C/I€JIaHHBINA HAIIMMU MPEALIECTBEHHUKAMH BBIBOJI O XOPOILIEM COTJIACHH MAJI€OMAarHUTHOTO TOJIF0Ca
OacHUHCKOW CBUTHI C MO3HEOPJOBUKCKUM - PAHHECHIYPUHCKUM CETMEHTOM KpPUBOW MHIpalUU
nomoca bantuku. HecMoTpss Ha COBpEeMEHHYIO METOIUKY U OOJBIIOE KOJIMYECTBO HOBBIX
re0JIOTMYECKHX JIaHHBIX, HaM MOKa He yJaJIoCh HU J0Ka3aTh, HU ONPOBEPTHYTh TUIIOTE3Y O MOJIHOM
nepeMarHMYMBaHNK OACHHCKUX OTJIOKEHUH B Maneo30e, TakKe BHICKAa3bIBABLIYIOCS paHee [Hamp.,
3]. s perenust npoOiieMbl, Kak HaM MPEACTABISACTCS, HY)KHO CIeNaTh OHO U3 JBYX:

1) Haiitu B 5THX mopoJax KOHCEAMMEHTAIIMOHHBIE Ae(OpMalMi M MPOBECTH HA HUX TECT
CKJIAJIKH.

2) HaiiTi B KOpEeHHBIX IOPO/IaX MX K€ OOJIOMKHU H BBITIOJHUTH Ha HUX TECT TaJeK.

To >xe camoe HaJo MpeaycMOTPETh MPU U3YUEHHUH JAPYIUX CBUT AlIMHCKOM cepuu. Bpsaa mu
TakuX OOBEKTOB OydeT MHOIo, HO WX BCE PAaBHO HaI0 McKaTh. WM mpuaymarbh Kakou-TO
COBEpILEHHO HOBBIH croco0 pemuTh npodiaeMy, HHaue KMHEeMaTuKa banTuku octaHercs 3araikoi
JUIS. ’HTEPBAJIOB BPEMEHH JIpEeBHEE OPJIOBUKA.

Pabota Beimosnnena npu noajepxke POOU, rpant Ne 11-05-00137.

Jureparypa
1.  bBekxep FO.P. Monaccsl noxkem6pust. JI. Henpa: 1988. 289 c.
2. I'omosanoa W.B., Jlanykanos K.H., Koznos B.U., IIyukos B.H., [TaBnos B.3., I'anne U.,
Jleamoa H.M., Cwupora [I'.C., Xaiipyummn P.P.,, baxenos M.JI. Ilaneomaruerusm
BEPXHEBEHJCKOW OacMHCKON CBHUTHI BalIKMPCKOrO0 MEraHTUKIMHOPHS: PE3YJIbTaTbl MOBTOPHOIO
uccnenoBanus // dusuka 3emin. 2011. (B meyarn).
3. Janykanos H.®., Komuccaposa P.A., Muxaiinos II.H. Crparotun pudes. Ilaneonronorus.
[Taneomarnerusm. Penakrop b.M. Kennep. M., Hayka, 1982. C. 121-162.
4.  Kosnos B.U. Bepxuuii pudeii u e FOxuoro Ypana. M.: Hayka: 1982. 128 c.
5.  KommuccapoBa P.A., HccrnemnoBaHue ApeBHEH HaMarHMYEHHOCTH HEKOTOPBIX OCaJ0YHBIX
nopoa FOxHoro Ypana B cBsi3u ¢ MpoOJeMON METaxpOHHOTO MepeMarHuuuBaHus. Jluc... KaHj.
¢u3.-mar. Hayk. M.: U®3, 1970. 140 c.

87



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

6. IlyukoB B.H. VYpamuaelt 1 Tumanuapl, UX CTPYKTYPHBIE CBSI3M U MECTO B TI'€OJOTHYECKOU
ucropun Y paiao-MoHrosbsckoro ckiaauaroro nosica // I'eonorust u ['eodpuzuka. 2003. Nel-2. C. 28-
39.

7. Crparotun pudes. Crparurpadus. ['eoxpononorus. Pemakrop b.M. Kemnep. M.: Hayxka,
1983. 183 c.

8.  Abrajevitch A,, Van der Voo R., Incompatible Ediacaran paleomagnetic directions suggest an
equatorial geomagnetic dipole hypothesis // Earth Planet. Sci. Lett. 2010. V. 293, P. 164-170.

9. Iglesia Llanos M.P., Tait J.A., Popov V., Abalmassova A. Palaecomagnetic data from
Ediacaran (Vendian) sediments of the Arkhangelsk region, NW Russia: An alternative apparent
polar wander path of Baltica for the Late Proterozoic-Early Palaeozoic // Earth Planet. Sci. Lett.
2005. V. 240. P. 732-747.

10. Popov V., losifidi A., Khramov A., Tait J., Bachtadse V. Paleomagnetism of Upper Vendian
sediments from the Winter Coast, White Sea region, Russia: Implications for the paleogeography of
Baltica during Neoproterozoic times // J. Geophys. Res. 2002. V. 107. 10.1029/2001JB001607.

11. Popov V.V., Khramov A.N., Bachtadse V. Palaeomagnetism, magnetic stratigraphy, and
petromagnetism of the Upper Vendian sedimentary rocks in the sections of the Zolotitsa River and
in the Verkhotina Hole, Winter Coast of the White Sea, Russia // Russ. J. Earth. Sci. 2005. V. 7. P.
1-29.

12.  Walderhaug H.J., Torsvik T.H., Halvorsen, E. The Egersund dykes (SW Norway): a robust
Early Ediacaran (Vendian) palaeomagnetic pole from Baltica // Geophysical Journal International.
2007. V.168. P. 935-948.

*khkkkhkkkkkkk

YJIK 550.361
OILIEHKA TEOTEPMHUYECKHNX YCJIOBUH I'TYBOKHUX T'OPU30HTOB
BAIIKUPCKOI'O IPEAYPAJIbA
U.B. I'onosanosa, P.IO. Carvmanosa
Ten.: 8-347-272-82-56. @axc: 8-347-272-03-86. E-mail ig@anrb.ru .
Vupeoicoenue Poccutickotl Akademuu nayx Mucmumym eeonocuu Yghumcrkoeo Hayunozo Llenmpa
PAH, 2. Y¢ha, Poccus

Ha Tteppuropun PecnyOnuku bamkoprocTan 3amachl  yrJIeBOJOPOJHOTO  ChIpbs B
IIPOAYKTUBHBIX TOPU30HTAX Majle030s1 C KaXIbIM TOJOM COKpAILAIOTCA H3-32 MHOTOJIETHEH
MHTCHCUBHOW  9KcIutyatanuu. [losromy  OosblION  MHTEpeC  MPEACTaBIsET  M3y4YCHHE
rTyOOKOMOTPY)KEHHBIX ~ OTJIOXKECHUHM, CIOXEHHBIX JPEBHUMH pPH(EH-BEHACKUMU MOPOJAMH.
Hmeromuecst  reojoro-reopu3nyuecKkue  MaTepHajbl  CBHJETENBCTBYIOT O  IMOTCHUIUAIbHOU
NEPCHEKTUBHOCTH  pPU(EH-BEHACKUX  OTJIOKEHHH  paccMaTpUBaeMOW  TEPpUTOPHM  Ha
yIJI€BOIOPOAHOE ChbIpbe. OIHUM M3 BaXKHbIX KPUTEPHUEB, KOTOPBIM JOJDKEH IPUHUMATBHCS BO
BHUMAaHHE IIPU MPOTHO3€¢ HE(PTEra30HOCHOCTH SBJIACTCS COBPEMEHHBIN TeMIlepaTypHbIi pexxuM. OH
JOJDKEH YYHUTBHIBATHCS KaK IMPH HM3YYCHUH IIPOLIECCOB HedrerazooOpasoBaHust (Hampumep, MpH
0acceifHOBOM MOJICITMPOBAaHNHM), TaK M IPU OIICHKE COXPAHHOCTHU 3aJISIKEH YIIIeBOI0POIOB.

W3mepenus TeMneparypsl B CKBaXXKMHAX HAa U3y4ae€MOM TEPPUTOPUN HA IPOTSHKEHUH MHOTUX
JeT mpoBOoAWIMCH TpecToM «bamrHedrereopusuka». Pemias reosioro-npon3BoACTBEHHbIE 3a/1a4H,
3TH TEPMOTPAaMMBl, K COKaJICHUIO, HE BCErJa MPUTOAHBI Ul aHAJIU3a F€OTEPMUYECKOI0 pexuma.
W3 oOrpoMHOro KOJMYECTBA IPOU3BOJCTBEHHBIX TEPMOIPAMM MOJYKHO MCIOJIb30BaTh JIMILIb
HE3HAYMTENILHYIO YacTh. MeTouka oTOopa TepMorpaMM o0CyKaanach B MpeAbLaynmx padorax [1-
3]. OroOpanHbIe TepMmoMmeTpuueckue MaTepuanbl Bcien 3a B.E. CanbHHKOBBIM pa3zzeneHbl 1O
TOYHOCTH OTIPEJICICHUs TeMIepaTyp Ha mecTh kinaccoB: 1 — ommobka 1o 0,1 K; 2 - 0,1-0,5 K; 3 —
0,5-1,0 K; 4 -1,0-5,0 K; 5 - 5,0-10,0 K; 6 — cBbimie 10 K. Ilpu onieHKe T€OTEpMUYECKOTO PEKUMA
MaTepuainbl 6 Kiacca HE UCHOJb30BATUCh. [JyOMHBI, 1O KOTOPBIX BBINOJIHEHO H3MEpPEHHE
TEeMIepaTypbl B CKB@)XHMHAaX COCTaBJSIOT, B OCHOBHOM, oT 1 nmo 3 kM. B Heckoibkux
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napaMeTpUUecKUX CKBXHHAX INyOWHA M3MEpPEHHs TeMIeparypbl JocTuraer 5 — 5,5 kM. Takum
o0pa3oM, MpsIMBbIE JaHHBIE O TEMIIEPATYPHOM pEXUME TIyOOKHX TOPU30HTOB IPAKTHUYECKU
OTCYTCTBYIOT. DTH CBEJICHHUS MOYKHO MOJIYYUTH TOJIBKO IMYTEM YHCICHHBIX OLIEHOK.

OOBIYHO OIleHKa TITYOMHHBIX TEMIIEpaTyp B paiioHaxX CO CTallMOHAPHBIM TEIUIOBBIM MOJIEM
MIPOBOJUTCS MO0 M3BECTHOM IUIOTHOCTH TEIUIOBOTO MOTOKA M TEIUIOMPOBOJHOCTH OTJEIIBHBIX CIIOEB
3eMHOI Kopbl [4] M, Ha mepBBIA B3MVISAA, HE TPEICTaBIsICT TpyAHocTedl. OHAKO, Naxke eciu
npeHeOpeyb BKIAJIOM PaJHOaKTUBHBIX HCTOYHUKOB TEIUIA JJIsi CAMOM BEpXHEH 4acTH KOpHI, OLIEHKA
TEIIONPOBOJHOCTH OT/ICJIbHBIX TOPU30HTOB OCTAETCS OTJACIBHON CIIOKHOM 3a7jaueii U BHOCHUT CBOIO
JIOJI0 HEOTIPENICTIEHHOCTH B pe3yibTar. Kpome TOro, ectb eme OHO OOCTOSITEIhCTBO, KOTOPOE
MOJKET CYIIECTBEHHO IMOBJIMATH Ha PE3yJbTaThl pacyera TEMIEparyp IiIyOOKHX TOPU30HTOB. DTO
BJIMSIHHE MPOLUIBIX HM3MEHEHUH KIMMaTa Ha pe3yabTaTbl OMNPEAETICHUS IUIOTHOCTU TEIIOBOTO
MOTOKA.

Bce omy0OnukoBaHHBIE JaHHBIE TIO TUIOTHOCTH TEIIOBOTO MOTOKA HA M3Y4aeMON TEPPUTOPUHU
MOJIydeHbI 0e3 yuyeTa BIMSHUS MaJeoKInuMara. XOTs KIMMaTHYecKHe M3MEHEHHUs TeMIepaTyphl ¢
OONBIIMM MEPUOJIOM OyIyT CKa3blBaThCs HAa 3HAUYMTENBHBIX I[NIyOWHAX, MOMPAaBKM HAa KIMMAT
MPOIUIBIX 310X B PE3yIbTAThl HAOIIOCHUN HE BBOJWINCH B CBS3U C OTCYTCTBUEM TOYHBIX JAHHBIX
O JUTUTEIBHOCTH KJIMMATHYECKHUX DII0X M aMIUTMTYAe U3MEHEHUH Temrepatyp 3a 31o Bpems [1]. B
HocjeiHee BpeMsl MOSBWIIMCh PabOThl, B KOTOPBIX OoJiee METalbHO aHAIM3UPYETCs BIMSAHUE
najeokJInMaTa Ha TeruioBoe noje 3emiu [2, 5-8, u ap.]. [TokazaHo, 4TO maneokiIMMaT OKa3bIBaeT
CYIIECTBEHHOE BIIMSHHE HA TUIOTHOCTH TEIJIOBOro nmotoka B uHTepBajie riayoun 400 — 2000 m u
rnyoke. Haumbonee 3aMeTHYI0 pojib B HMCKaXEHHHM COBPEMEHHOIO TEIJIOBOTO IIOJS HIPAOT
nocnenenuukoBoe notersenre (okoso 10000 mer Ha3zam) M MOXOJOJAHUE MAIOTO JICTHUKOBOTO
nepuona (150 — 650 ner Haszam). B pesynbraTe re0TepMUYECKUI TPAJMEHT, a, CIEJI0BATEIBHO, U
TEIJIOBOW TOTOK B 3TOM HWHTEpBajle OKa3bIBAIOTCS IMOHWKEHHBbIMH. B pabore [9] mpemmoxena
MOJIeNb TMPOUUIBIX M3MEHEHHMH KIMMaTa Ha W3y4yaeMOM TEppUTOPUMU M BHECEHBI IMOMPABKHU Ha
BIMSHHME NaJleOKJIMMaTa BO BCE OMYOJMKOBAHHbBIE JaHHBIE IO TEIJIOBOMY IMOTOKY. BrimsHue
najeoKIMMaTa pacrnpeieseH0 HepaBHOMEPHO MO TIyOMHE M CKa3bIBAaeTCs BO BCEM HHTEpBale
oTpenieNieHnsl TeIIoBoro mnoroka. OHO Oyzaer OoJjiblle, €ClM TEIMJIOBOW IMOTOK OINpeneNsics B
HETJTyOOKON CKBa)XKMHE WJIM €CITM MHTEPBAJ ONpPEENICHUs TEIUIOBOrO MOTOKA BKJIIOYAET BEPXHIOHO
4acTh pa3pesa CKBaKUHBL B ciydae, Korja TEmioBoi MOTOK OMPEAEssUICS B TIIYOOKUX CKBa)KHMHAX,
0COOEHHO €CJIM YYUTBHIBAJIMCH JaHHBIE TOJBKO IO HIKHEH YacTH paspes3a, MONpPaBKH MOTYT OBITh
He3HauuTenbHbIMU. [lokazano, yro Ha Teppuropuu bamkupckoro Ilpenypanbs mompaBku MOTYT
coctaBisATh 20 — 40 % B 3aBUCUMOCTH OT INIYOUHBI CKBKUHBI. JTOT (PaKT HEOOXOAUMO YUUTHIBATH
IPU OLIEHKE TEMIIEpPaTyp IITyOOKHUX FOPHU30HTOB, HE BCKPBITHIX OypEeHHEM.

B nmpeanosnoxeHuu o miocKonapanieabHOM 3aJeTaHuU CJI0€B U BEPTUKAIBHOCTU CKBAXKHHBI
temrepaTypy T(X) Ha HEKOTOPO# rITyOMHE X MOYKHO TPEICTaBUTh B BUJE CyMMBI [4, 8]:

TX)=T,+aY 2% +0(x), 1)
i }‘ i

rine To — Temmeparypa MoBEpXHOCTH 3eMIH, (| — MJIOTHOCTh TJTyOMHHOTO TEIJIOBOTO MOTOKA,
A Xi — TOJNIIMHA I-TO CJIOS ¢ TEIUIONPOBOTHOCTBIO Aj, @(X) — TemrepaTypHasi aHOMaJIHs Ha TITyOHHE
X, BBI3BaHHAS MPOILLTBIMHA H3MEHCHUSIMHU KIIMMATa.

Torpa, ecnmu T1 — Temneparypa, U3MepeHHass B CKBOXMHE Ha HEKOTOPOH IIyOMHE X1, TO
TEMIIEPaTypy HUKEIEKALIUX CIIOEB MOKHO PACCYUTATh CIEAYIOLIMM 00pa3oM:

TX)=T,+a ¥+ 0(x)-0(x,) @
i j‘ i

Hckaxennss O(X) A OTACTBHBIX 30H H3y4aeMOTO PErMOHa PaCcCUUTAaHbl HA OCHOBE MOJIEITU
MPOIUTBIX M3MEHEHUH KITMMarTa, IpeiosKeHHoi B padote [9].

O1LIeHKH TIOKA3bIBAIOT, YTO BJIMSHUE IBYX IMOCICIHUX YWICHOB B MPABOM 4acTH ypaBHEeHUs (2)
NPaKTHYECKU HecyliecTBeHHO. OCHOBHOM BKJIAJl B Pa3HUILy MEXIy TeMIeparypaMu Ha HEKOTOPOi
rIyOuHe, ONpENENCHHBIMH C KCIOJIb30BAHHEM HM3MEPCHHBIX W HCIPABICHHBIX HA BIHSHHE
NaJeoOKJIMMaTa 3HAYCHUH TEIJIOBOTO IOTOKA, BHOCHUT IUIOTHOCTH TEIUIOBOTO MOTOKA (, TPHHSTAs
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npu pacyerax. Hampumep, mnpu XapakTepHbIX g IiargopMenHoi wyactu PecmyOomuku
BanikoprocTan 3HaYeHHUSAX TUNIOTHOCTH U3MEPEHHOT'O U UCIIPABICHHOTO HA BIMSHUE MAJCOKINMaTa
TemmoBoro notoka 35 MB1/M? i 45 MBT/M? pasHHIA B BEIYHCICHHEIX TEMIIEPaTypax Ha CiyouHe 5
kM cocraisier nopsaka 20 K, a na rimyoune 10 kv yxe nopsinka 40 K. IIpu sToM Temmeparypsl,
BBIUMCJICHHBIE C HCIOJb30BAHMEM HCIIPABICHHONW Ha BIMSHHUE NaJCOKIUMAaTa IUIOTHOCTU
TEIUIOBOTO TIOTOKA, JIy4Ille COTIIACYIOTCS C pe3yabTaTaMy U3MEPEHU B IITyOOKHX CKBa)KMHAX.

Takum o0pa3oM, MpH OLIEHKE TEMIIEPaTyp INTyOOKHX TOPU30HTOB, HE BCKPBITHIX OypeHHEM,
B KaueCTBE BEPXHEH I'paHMIIBI PACYETHOM OOJIACTH MOXKHO HPUHATH MaKCUMAaJbHYIO TIyOMHY, Ha
KOTOPOH HAaJe)KHO HM3MEpPEeHa TeMIlepaTypa B CKBaKMHE. TerIONPOBOAHOCTH BBIACISIONIUXCS 10
reoJIoro-reopu3NYecKuM JaHHBIM OTACIBHBIX TOPU30HTOB pU(DEH-BEHICKHX OTJIOKEHUH U
KPUCTANINYECKOTO (PyHAaMEHTa 0XapaKTepU30BaHa M0 JaHHBIM HAIIMX U3MEPEHU Ha oOpa3iax u3
rIyOOKMX TMapamMeTpu4eckux ckBaxuH [2]. JIns XapakTepUCTUKU TEMIIEPAaTYpPHOTO pEKUMa
rIyOOKHX TOPU30HTOB IIPEUIAaraeTcsi HOCTPOUTH KapThl PacIpeesiCHUs TeMIIEpaTyp Ha OTMETKaxX —
5000 m 1 —10000 M. [Ipemnaraercst mpu OLIEHKE TeMIepaTyp IiyOOKMX TOPU30HTOB, HE BCKPBITHIX
OypeHHeM, HCHOJb30BaThb HE M3MEPEHHbIE KJIACCHUECKUM CIOCOOOM 3HAYeHHs IJIOTHOCTH
TEIUIOBOTO MOTOKA, & 3HAYEHUS], UCIIPABJICHHBIEC HA BIUSHHUE MAJICOKINMATA.
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OKa3bIBaTh CYIIECTBEHHOE BIHMSHUE HA PaclpoOCTpaHeHUE paanoBoiH [1].
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B ocHoBe uccnenoBanust HOHOC(HEPHI HA3EMHBIMU CTAHLIUSAMU JIEKHUT METOJ] 30HUPOBAHUS €&
PaZMOBOIHAMHU PA3IMYHONW YacTOTHL JlJs 3TOro HMCHONB3YIOTCA CIEIHaIbHbIE YCTAaHOBKU —
MOHO30H/bI. Pe3ynbTaThl 30HAMPOBAHUS OOBIYHO MPEACTABISIOTCA B BHJIE MOHOTPAMM. YpalbCKue
oOcepBaTOpHM HAYMHAIM PabOTaTh Ha CTAaHILUK C PyYHBIM yrpasieHueMm B 1943 r. B 1957 r. 6buia
ycraHoBieHa aBTomatuudeckas cranims AVC. B oOcepBatopun «Aptu» 1o 2002 r. 30HaAMpOBaHHNE
MPOBOAWIOCH ¢ moMomblo craniuu MUC-5, ¢ HosiOps 2002 r.- uudposoii cranmmeit «[lapyc».
Anmnapartypa IMO3BOJIIET BECTH pEryIspHble HaOJIIOAEHUS 3a COCTOSHMEM HOHOc(hepsl B
aBTOMATHUYECKOM peXuMe. 30HAMPOBAHUE MPOBOAMTCS uepe3 Kaxable 30 MHH., XOTS ecThb
BO3MO’KHOCTh MOJIy4aTh HOHOTPAMMBI Kaxable 5 MUH. OHAKO MOCIIEHEE UCTIONb3YEeTCs JIHUIIb TpU
MIPOBEICHUH CIIELUAIBHBIX SKCIIEPUMEHTOB.

Tak kak 3eMHast aTMocdepa HEOJHOPOJHA TI0 CBOEMY COCTaBY, UMEET CIOUCTOE CTPOEHHE, U
e€ TemIepaTypa Ha Pa3IM4YHbIX BEICOTaX PacHpeesIsieTcs] HepaBHOMEPHO, TO BCE ATO HAXOJAUT CBOE
OTPaXEHHE U B CTPYKTYpe HOHOCHEPBI, B KOTOPOii BiAesit0T TpH obaactu D, E u F [2]. O6nacte D
HAXOJHUTCS HIDKE Beex, Ha BbhicoTax oT 50 10 90 kM (Mbl e€ He Habmonaem). Ha Beicote oT 90 kM 10
120-140 kM pacnonaraercs obnacte E, BHyTpum koTtopoit Belmensior ciou El, E2 u Es
(cnopamuueckwii). O6nacte F pacnonaraercst Boime 140 kM, B KOTOPOW BBIACISIOT Tpu ciosi F1,
F1.5u F2.

B obcepBaropun «ApTu» BEpTHKAJIBHOE 30HIMPOBAHUE HMOHOC(hEpH BEAETCS B 4aCTOTHOM
muarnaszone oT 1 10 20 Mr Beitie 100 kM. Pe3ynbraTsl 00paboTKH 0OPMIISIOTCS B BUE CYTOUHBIX
TaOMUIl eXKeyacHBIX 3HAUYeHHW mapameTpoB noHochepwsl W f-rpadukoB (rae mpencraBiIeHBI Bce
YaCTOTHBIE XapaKTEPUCTHKH MOHOC(EPHl U TUIBI CIIOPATMIECKOTO CIos yepe3 Kaxabie 30 MuH.).
Jns mMexayHapoHOro oOMeHa pe3ynbTaThl 30HIAMPOBAHHUS MPEACTABISIOTCS B BHJIE MECSYHBIX
TaOJIMI] €XeYaCHBIX 3HAUYEHUI MO KaXJAOMY NapaMeTpy B OTIEIbHOCTH, TJ€ TAaKKe BbIUMCIICHBI
e)Ke4acHbIe MeIMaHHbIE 3HAUEHHSI KaX0T0 IMapameTpa.

B Hacrosiee BpeMst Mbl (PUKCHPYEM CIIeIYIOIINE XapaKTePUCTHKU:

- KpuTHieckre 4acToThl fy ( 0OBIKHOBEHHOU BOJIHBI ) Pa3JIMYHBIX CIIOEB;

- MEHHMaJIbHbIE AEHCTBYIONIHE BHICOTH N CITOEB;

- MUHUMaJIbHBIe YacToThl fMin, HaOmoqaeMbie Ha HOHOTpaMMaX;

- 9KpaHupyromas yacrota fb;

- mpeaenbHas yacrora fo cnos Es;

- uHaexc F — paccesHus;

- TUII CIIOPAJANYECKUX CIOEB;

- CTaHJAapTHBIE KO3((UIIMEHTH MAaKCUMAJIBHO MPUMEHUMOM yacToThl Ha paccrosiHue 3000 km
st ciioés F1 u F2.

PaccMoTpuM HEKOTOpBIE pe3yIbTaThl HAOMIOICHUH.

B o6nactu E Toncreiii cnoit E2 HaOmromaercs B OYEHb pEIKUX CAOydasx. OTO
KpaTKOBpeMEeHHOE HOHOC(hepHOe 00pa3oBaHue, pacnoaratomeecs Boile cios E1, peructpupyercs
6o nocne Bocxoaa CosiHua, 1100 Mepes] ero 3ax0JoM.

Cnoit E1 wnaGmofmaercss peryispHO B JHEBHOE BpeMs CYTOK B TEUYEHHE BCEro Troja.
HeiictByromas BeicoTa ciost 100-120 km. Cnoit mosiBisieTcst ¢ BocxoioM cosHua. Ero kpurnueckas
4acToTa CHayasa rnocreneHHo pactér u k 11 yac. LT nocturaer nanbomsiero 3nadenus. [locae 13
yac. LT oHa HauMHaeT MOCTENEHHO yMEHbIIAThcs, U ¢ 3axonoM CosHua cioi ucuesaer. Takoe
MOBEJICHUE KPUTUYECKOW YaCTOThI CJI0S B TEUEHHME CYTOK YKa3bIBaeT Ha TO, YTO MaKCHMaJbHas
3JIEKTPOHHAs KOHIeHTpauus ciost E1 n3mensiercs ¢ u3meHeHueM BbIcOThl COJIHIIA HAJT TOPU30HTOM.

MakcuManabHOE CyTOYHOE 3HauUeHHe KpUTHYecKol yacToTsl cinost E1, peructpupyemoe ¢ 11 1o
13 vac. LT, uzmensiercs oro aHsa ko AHi0. E€ HanOomblee 3HaueHHE B rOJly OTMEYAIOTCS JIETOM B
UIOHE-UI0JIe Mecslle, a HauMEHbIlee 3HaueHue — 3MMOHM, B JekalOpe-sHBape. Takas KapTuHa
HOBTOPSIETCS €KET0JTHO.

Ha puc.1l npuBeneHbl MeanaHHbIe 3HAaYCHUS TOJIYJICHHBIX KpUTHYECKUX dacToT cios El 3a
BeCh IepHoj HabmoaeHud Ypanbckux oOcepBaropuit, HaunHas ¢ 1945 roma. IlpuBenéHuble
JTaHHBIE T103BOJIIIOT TOBOPUTH HE TOJIBKO O CYIIECTBOBAHMM TOJOBBIX M3MEHEHHMH KPUTHUYECKOU
YacTOTHI CJI0S, KOTOPbIE YETKO MPOCIEKHUBAIOTCS HA MPOTSHKEHUH BCEro Mepro/ia HaOmoIeHU, HO
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1 0 HAJIMYUU MEPUOAUYHOCTU TPUMEPHO B 11 j1eT, COOTBETCTBYIONIEH ONMHHAALIATUIIECTHEMY LIUKITY
COJTHEYHON aKTMBHOCTH. AMIUMTYna oauHHaguatwietHed BomHbl 0,3 Mri. B makcumyme
COJIHEYHON aKTUBHOCTH KPUTHYECKas YacToTa JocTuraer Jyerom 3Hadenus 3,9-4,1 Mri u
npeBbiiaeT npuMmepHo B 1,25 pasa neTHue 3HAYEHHS YACTOTHI B MHUHHUMYME COJIHEYHOU
aKTUBHOCTH. Takum 00pa3oM, MakCUMajbHas AJIEKTPOHHAS KOHIIGHTpAIUs PEryisipHOTO ciosi E
ompenensieTcss He TOJNbKO mojokennuem CoJiHLa HaJ TOPU30HTOM, HO U YPOBHEM COJHEYHOU
akTUBHOCTH. C €€ MOBBIICHUEM KOHLIEHTPALUS CI0S YBETUUMBACTCH.

Mruy
4,5 4

%LT

P

foE

863,

845
847
849
sB5L
853
855
857
850
SB6L
865
867
SBED
871
873
875
SB77
870
S8l
883
885
887
880
s8Il
!
8%
897
B0

Puc.1. [lonyneHHble KpUTHYECKUE YACTOTHI o E

Cnopanndeckue obpa3oBanus B oonactu E peructpupytorcs B 1000€ BpeMsi CyTOK B T€UCHUE
Bcero roga. OJHAKO KOJHMYECTBO WX HAONIOJCHHHM Kak B TEUYEHHE ToJa, TaK M Toja OT Toja
n3Mensierca. Hanbonee yacto OHU MOSIBJIIIOTCS B JIETHEE BPEMsl, UEM B JII000€ Apyroe BpeMs roa.
B TeueHue cyTOk MX MOSIBJICHHE TaK)K€ HEPAaBHOMEPHO. BeposTHOCTh MX HAOIIOJCHUS B THEBHOE
BpEeMsI 3HAYUTEIBHO BBIIIE, YEM B HOUHOE.

B obGnactu F Bwigensior perymsipusie cnon F1 u F2. [lomuMo 3THX ClIOEB OTMeEuaroTCs
pas3IMYHbIC PACCIOEHUS, PACTIONATAOIIMECS MEXKILy STUMU CIIOSIMH U Mexky obnactsimu E u F.

Cnoit F1 nabmronaercs 06b14HO ¢ (heBpajs MO HOSOPH KaXKI0T0 rojia TOJIBKO B THEBHOE BPEMs
cyTok. B mekabpe u ssHBape OH MOsIBIIsIeTCs OYeHb peako. JlelicTByromas Beicota ciost 220-250 k.
Ero xputHueckass 4yacToTa MU3MEHSETCS B TEUYEHUE IHS AHAIOTWYHO HM3MEHEHHSM KPUTHUYECKON
yacToThl ciost E1. OHa Takke UCTIBITHIBACT peryssipHble ce30HHbIC M3MeHeHus. OHaKo, B OTIIMYUU
ot crnost E1, B mepuox ero GopMupoBaHHs KPUTHYECKAs YaCTOTA HCIBITHIBACT CYIIECTBCHHbIE
OTKJIOHEHUS OT IJIAaBHOTO X0/1a KPUBOH.

Perynsipublii cioit F2 HaGnronaercs B Te4eHUE BCEro roja. B oTimune oT perymispHbIX CloOEB
E u F1 on 6osee n3menuus. JlelicTByIOMIAs BBICOTA CJIOSI M3MEHSETCS B IIUPOKUX IMpeienax. 3JuMon
B JIHEeBHOE BpeMsi oHa paBHseTcs 220-230 kM, B HOYHOe Bpems Bo3pactaeT 10 300 kM U BbIIIE.
Jletom B AHEBHOE BpeMsl clOi B OCHOBHOM pacmomnaraetcss Ha BbicoTax 280-300 kM, HO
MOJIHUMAETCSl U 3HAYMTEIbHO BbIle. OTMEUaroTcs ciydad, Korja ero BbicoTa ObiBaeT Bbiie 500
KM. B HM3MEHEHHAX KPUTHYECKOH 4YacTOThl MPHUCYTCTBYIOT CYTOUYHBIC, CE30HHbIE M TOJIOBBIC
Baprauuu. CyTOYHBIH MakCUMyM KPUTHYECKOH YacTOThl MOKET HACTYNUTh B JIIOOOM MOMEHT
JTHEBHOTO BpeMeHHu. Yaie BCEro OH perucTpupyercss mocjie mnoiynHs. Benmnunna makcumyma c
TEYEHUEM TIoJla H3MEHseTCs. bombline KpUTHYECKHE YacTOTHl OTMEUYAIOTCSl B 3UMHEE BpeMs.
HawuGosiee 0T4ETIIMBO 3TO MPOSBIISIETCS B TOJIbI MOBBIIIEHHON COJTHEYHON aKTMBHOCTH.

Ha puc.2 npeacrasnens! Meanannbie nonynennsie (foF2 12:00) u momynounsie (foF2 00:00)
3HAYEHUs KPUTHUYECKUX 4YacToT ciosg F2 3a Bech mepuon Habmoaenuit. [IpuBenéHuHble maHHbIE
YKa3bIBaIOT Ha CYIIECTBOBaHHE I'OJJOBBIX U3MEHEHUH KPUTUYECKOW YaCTOTHI CJIOsl KaK B THEBHOE,
TaKk U B HOYHOE BpeMs, KOTOpble HaOoJa0TCs Ha (JOHE OJAMHHAIIATUIICTHEN BOJIHBI COJHEYHON
aKTUBHOCTH. B MakcuMyMme COJTHEUHOW aKTUBHOCTH TOJIOBBIE BapHallMM B IOJYJCHHOE BpeMs
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BbIPAa’KCHbI HauoOoee OT‘-IéTHI/IBO, 4cM B MHUHUMYMC.

KPUTUYECKOW YacTOThl B MAKCUMYM€ aKTHBHOCTHU cocTapisieT 3,0-3,5 Mri.
My

18

AMIUIUTYa TOAOBBIX HM3MEHEHUU

aHB1945
aHB1947
aHB1949
aHB1951
aHB1953
aHB1955
aHB1957
aHB1959
aHB1961
aHB1963
AHB1965
aHB1967
AHB1969
aHB1971
aHB1973
aHB1975
aHB1977
aHB1979
aHB1981
aHB1983
aHB1985
aHB1987
aHB1989
aHB1991
aHB1993
aHB1995
aHB1997
aHB1999
aHB2001
aHB2003
aHB2005
aHB2007
aHB2009

Puc.2. Menuanusie nonyaenuasie foF2 12 u nonynounsie foF2 00 kputuueckue yactoTsl cinos F2

Crnenyer OTMETHTD, UTO IOJIOBbIE U3MEHEHHS KPUTHUECKOM 4acTOThI cios F2 B mosyieHHbIe U
HOYHBIE Yachl MPOUCXOJAT B mpotuBodaze. Ecnmu B HOUHOE Bpems HauOOIbLIAs KPUTHUECKAs
4acTOTa OTMEYAETCs B JIETHEE BPeMs, TO B MOJYJCHHbIC Yachl HAMOOJbIAs KPUTHYECKAs 4acTOTa
peructpupyercsi 3uMoil. COOTBETCTBEHHO 3TOMY M 3JIEKTPOHHAS KOHLIEHTPALMs B JTHEBHOE BpeMs
3MMOI 3HAUUTENFHO BBIIIE, YeM JIETOM. TakuMm oOpa3oMm, ¢usudyeckue yciaoBus ciost F2
CYIIECTBEHHO 3aBUCAT OT YPOBHS COJIHEUHOW aKTUBHOCTH. bojee 0TUETIIMBO 3Ta CBsI3b BBIPAKEHA B

JIHeBHOE BpeMsi. OIHAKO UMEIOLIMECs T0I0BbIE U3MEHEHHS YKa3bIBAIOT Ha TO, YTO CBSI3b 3TOTO CJIOS
¢ uznyyenueM CoJiHIIa HEOJHO3HAYHA.

Crincox nureparypbl

1.  PykoBoactBo URSI mo unrepnperaunu u oopadborke nonorpamm / Ilox pen. B. P. Iurrora,
K. PaBepa; nepeBoj ¢ anrnuiickoro, otB. pex H. B. Menuukosa. M.: Hayka, 1977. 350 c.

2. Xaiga [.B., Jlykac JIJI. IIporno3upoBaHue HOHOC(EpHBIX MpoduIei 3IeKTPOHHON

koHueHTpauuu // JlydeBoe mnpuONIMKEHHWE M BOMPOCHI PACHpPOCTPaHEHUs PaguoBONH (COOpPHMK
crareit). M.: Hayka», 1971. C. 312 - 314.
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YJIK 523.31-853

XAPAKTEPUCTUKA CIIOPAIMYECKOI'O CJIOA HAJZl YPAJIOM 3A 23 HUKJIL
COJIHEYHOM AKTUBHOCTH
C.A. I'pucopvesa 8(34391)21411, ion@arudaemon.gsras.ru
Hnemumym eeogpusuxu YpO PAH, e. Examepunbype, Poccus

B nanHoii paboTe paccMaTpuBaeTCsl MOBEACHHUE CIIOPAIMUYECKOro ciost 3a mepuon ¢ 1997
roga 1o 2007 roga, 3a IMKIJI COJHEYHOM akTUBHOCTH. [IpHu 3TOM HCIIONB30BaIach aBTOMATHYECKast
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craniss MUC-5 ¢ mumymum ycrporictBom BPY-2 nmo nexabps 2002 roxa, a 3atem nudposas
cranus <[ TAPYC».

Cnopaandeckue oOpazoBaHusi B o0nacTu E perucTpupyrioTcsi CUCTEMaTHUECKH B JH000€
BpeMs CYTOK B TedyeHue roja. OpHako CHCTeMbl B KojudecTBe MX HaOmoneHuit Her. Ho
paccMaTpuBasi YacCTOTHBIC MapaMeTpbl CHOPAJAWYECKUX CIIOEB, XOYeTCd OTMETHTh, YTO U
npenenbHas yactora (foES), u sxpanupyromas gacrota (fbES) cnost ES moaBep:keHbl CyTOYHBIM U
ce30HHbIM KosicOanusM[1l]. Houbto 3TH mokasatenu Hike, B mpeaenax 1,5-2,4 MIu. [duém
MakCUMyMa JOCTHTalOT K IOJIYJHIO, a JIETOM B HPEANONyICHHbIE Yackl M ObiBatoT g0 6 MI.
Jletom mokazarenu BbIIIE, YeM 3UMOM. TakKe 5TU IapaMeTpbl PEarupyroT Ha CTEIEHb COJIHEYHOMU
akTuBHOCTH. Ha puc. la mokazanbl U3MEHEHUS MEIMAHHbBIX 3HAYCHUN SKPAHUPYIOIIMX YAaCTOT CIOs
ES B momyzaenHsle yachl, a Ha puc. 1B — U3MEHEHUsI MEJUAHHBIX 3HAYEHUH MPEIeTbHON YacTOTHI
cinost ES B monnens. B 2001-2002 rogax (roja MakCMMalbHOW COJHEYHOW aKTHBHOCTH) IapaMeTp
foEs nocruran 5,3MI'n B nonzaens no cpaBHeHuro ¢ 1997 mn 2007 rogamu (roga MUHUMAJILHOU
COJIHCUHOW aKTUBHOCTH), KOTJAa €ro MaKCHMMajlbHOE 3HA4YeHHUE JIeTOM He mpebimano 4,3MI .
Ananoruyno ce0st Benér u mapamerp fOES. PazHuia mexay 3HaueHHsIMH B TOJbl MaKCHMyMa H
rogpl MUHMMyMa coctaBisier 1IMI'. Beicota crnopaamdeckoro cnos Bapeupyer ot 100 xm (B
ocHOBHOM 1151 ¢Jiost |) o 175 kM (st ciost h) u OT costHeuHOM aKTUBHOCTH HE 3aBUCHT.

.
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Puc.1 Menuannsie 3nadenus 3a nepuo 1997-2007 rona
a) MpeebHON 4acTOThI Ciiost ES B) DKpaHUPYIOIIUX 4acTOT cyost ES

PaccMOTpUM 3aKOHOMEPHOCTH TOSIBJICHUS criopaaudeckoro cnosi. CyTO4yHBIH XOJl He
MOBTOpsieTCsl. BpeMsi MOsIBIEHUS MakCUMyMOB M MHHHMYMOB CHUCTEMAaTHYECKH MEHSETCH.
CpenneroioBasi BEpOSITHOCTh IMOSIBJICHHSI CIIOPAJIUYECKUX CIOEB IMOKa3aHa Ha puc.2. BuaHo, 4to
KOJIMYECTBO CIOPAaJNYecCKNX 0O0pa30BaHUN HE HMMEET KaKOW-TO CTaOWiIbHOCTH. 3a 23 MHKI
COJIHEYHON aKTMBHOCTH HamOosiee OJaronpusTHbIe YCIOBUS Ui MX nosiBiaenus Obiu B 2002 roxy
(ron MakcMMyMma COJIHEYHOM aKkTMBHOCTH). BepositHocth B 3T0T ron Obuia 0,56. MuHumym
cocrtaisit 0,47 B 1998 rony.

BeposiTHOCTh TOSBICHUS CIOPAAMYECKHX CIOEB B pasHble TOABI IS KaXIOTO Mecsla
pa3nuuHa, HO BCE-TAKM CE30HHBIN XOJ MMEET Koe-Kakue 3akoHomepHoctu [2]. Ha puc.3 mokazana
ycpeHEHHAsI KpUBasi BOBHUKHOBEHUS CIIOpANYeCKUX oOpa3oBanuii B oosactu E (B %), B3sTas mo
MecsllaM 3a BeCch IEpuoja HAOMIOACHUH. OTa KpuBas MOJHOCTBIO OTPAXKAET OCHOBHbBIC
3aKOHOMEPHOCTH IOSIBIICHUS CIIOPAMUECKUX 00pa3oBaHuil B TeueHue roja. IlpuBenénnbie JaHHbIE
CBH/IETEJILCTBYIOT O TOM, YTO HAaUMEHee OJaronpusITHbIC YCI0BUS Ul osiBNeHus ES oTmeuaroTcs B
deBpane-mapTe Kaxaoro rojga. B yerHee ke BpeMms (QHU3MUECKHE YCIOBUA B HOHOCHepe
OnmaronpusATCTBYIOT WX oOpa3oBaHuio. Jlerom oHm HaOmomatorcs B 2,5-3 pasza yamie, 4eM B
deBpane-mapre. Takoe COOTHOIIEHHE CcoXpaHseTrcs A Joboro rona. Hambonee rimyOokuit
MuHUMYM ObL1 B peBpasie 2001 rona u coctasisin Becero b 18%, a Hanbonbmii MakCUMyM — B
utonie 2002 rona u o coctasisn 92%. KonmuecTBo cropaandeckux oOpa3oBaHUl B MaKCUMyMe
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JIOBOJIGHO-TaKH YCTOMUMBO U cocTaBisieT 88-92% oT Bcero umcia 30HAMPOBAHUIT MOHOCHEPHI.
KonugecTBo criopagudeckux cio€B, pErUCTPHPYEMBIX B MUHUMYME Ka)KI0TO I'0J1a, - HEMOCTOSIHHO
Y M3MEHSETCS B JIOBOJIBHO MIMPOKUX Npenenax (23-43%).

%
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E 0,55 -
é 60 -
0,5 |
3 40 A
& 045 |
o 20 4
o4+ 0
5 & 8 8 8 & B @ L oS 8 8 5 £ © %
S 3 & & K& <& £t 2 85235858 §38 5 &
= S = o T
roa
Puc.2 CpenneronioBas BeposATHOCTH Puc.3 VYcpennéHHas KpuBas BO3HUKHOBEHUS
MOSIBIICHUS CIIOPAJUYECKUX CIOEB 3a IEpUOJ CIOPATAUYECKUX CIOEB, B3fATas IO MecslaMm, 3a
1977-2007 rona. nepuon 1997-2007 ronma (ES-B Teuenume cyrok,

EsD-B nueBHoe Bpemsi, ESN-B HouHOE BpeMs.

Ha puc.3 Taxxe nokazansl KpuBble i ES, peructpupyemsix otaensno B HouHoe (ESN) u
nueBHoe (ESD) Bpems. Kpuas ESD B TeueHue Bcero rojia pacnosioykeHa 3HauuTelIbHO Bbitie ESN-
KPHBOM, TaK Kak B JIHEBHOE BpEMs B TEUEHHE BCEro rojia CIOpaauyuecKue CIOM Hambosee yaiie
HAOMIOJAIOTCSl, YeM B HOYHOE BpeMms. B HWioHe uX cooTHomIeHue coctaBiser 1,5, a B mapre
nocturaet 8,0. BeposSTHOCTb MOSIBIECHUS CIIOPAJUUECKUX 00pa30BaHUi B THEBHOE BPEMsl B TE€UCHUE
Bcero roja Beime 50%. B To Bpems, kak B HOYHBbIE Yachl OHA BBILIEC JIMIIb C Mas IO aBIYCT.
CoOOTHOIIIEHNE JHEBHBIX U HOYHBIX CJIOEB BUAHO 13 Tadmuie! 1. Ecin 1o 2001 roga nHEBHBIX CIIOEB
obuto B mpenenax /0%, a HounbiX - B mpeaenax 30%, to ¢ 2002 roma uaét cucreMaTU4ecKoe
YBEJIMYEHUE KOJTMYECTBA THEBHBIX CIIOEB 110 OTHOLICHUIO K HOYHBIM.

KonudectBo cnopanuueckux 00pa3oBaHMM B MakCHMYME JOBOJIbHO-TaKH YCTOWYMBO MU
cocraBisger 88-92% ot Bcero umcna 30oHaUpoBaHUN HOHOChepsl. KosmdecTBO cropaandeckux
CIIOEB, PErHCTPUPYEMBIX B MUHUMYME Ka)JIOTO I'0Jia, - HEMOCTOSHHO U M3MEHSETCS B JIOBOJIBHO
mupokux npenenax (23-43%).

Tabmuna 1. Pactipenenenue maeBHbIX (ESD) m HounbIX (ESN) cnopamuueckux ciio€B mo rogam 3a
nepuon 1997-2007 r.r.

roja 1997 1998 | 1999 | 2000 | 2001 |2002 | 2003 | 2004 |2005 | 2006 | 2007

EsD, % | 70 72 71 72 69 72 73 73 75 78 79

EsN, % | 30 28 29 28 31 28 27 27 25 22 21

Ha wonocdepHOii craHmmu o0cepBaTopuu «ApTH» TOCTOSHHO (DUKCHUPYIOTCS TakKue
cniopaauueckue ciou, kak f, |, ¢ u h. beiBaroT enuHudYHbIC ciiydan mosBiacHUs cloéB I, S, a u q [3].
N3 HuX yame Bcero perucrpupyercs cio . Ho BEpoATHOCTh MOABICHUS 3TUX CIOEB OYEHb MaJa,
menee 1%.

Kak roBopwioch panbliie, BEpOSTHOCTb TOSBICHUS HOYHBIX cl0oéB f B mocnennee Bpems
ymenbiiaercs. Habmonaercs 3ot ci1oit B ocHoBHOM /10 3MI'11, XOTsI B OTAEIBHBIX CiIydasix ObIBaeT
no 6MI'u. Beicora Bapbupyer ot 100 kM mo 120 xm, HO uame Bcero okosno 105 xm. Croii
¢dukcupyercs 3umoii ¢ 17:00 LT o 7:00 LT, nerom — ¢ 22:00 LT go 3:00 LT. B mapre-anpene 3ToT
CII0# OBIBAET perke, YeM B UIOJIC-aBI'YCTE.

Tun | (naeBHO) mosiBisiercst 00biyHO B 4:00 LT, makcumyma nocruraet B 5:00-6:00 uyac.
yrpa u B 16:00-18:00 uac. Beuepa. briBaeT 1 B 1HEBHBIE Yachl, HO HE 4acTO U HE Bcerja. BeicoTta
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ero 100-110 kM, wactoTa — He Oosiee 4 MI'11. BeposTHOCTB MOSIBIICHUS JIETOM HAMHOTO HHUKE, UEM B
JPyroe BpeMms, XOTs JIETOM PETUCTPUPYETCS U B THEBHBIE YaChl, YETO HE TPOUCXOTUT 3UMOHU.

[Tpeobnanatomum THIIOM sBIsieTcst [HeBHOHM Tun ¢. OH ¢ukcupyercs ¢ 7:00 yac. go 19:00
gac. mo LT 3umoii u ¢ 3:00 wac. mo 21:00 gac. mo LT nerom. Makcumyma JocTUraer B moJijieHsb. B
3TO BpeMs JIETOM €ro BepOSTHOCTh mosiBieHus 4acto coctabisgeT 100%. Croit mabmomaercs B
ocHoBHOM Ha BbicoTe 110-120 kM, B OTAENBHBIX CITydasx A0XoauT 10 145 kM, mo gactore — 4,0-4,5
MTI 1, HO GbIBaer o 11 MI'm.

Tun h cpenu JAHEBHBIX CIIOPAIUUECKUX CIOEB HAOIONACTCS PEKE BCEro. YTPEHHUH €ro
makcumyM B 6:00 wac. mo LT u Beuepnuii — B 17:00-18:00 yac. mo LT. C 9:00 wac. mo 15:00 yac.
3TOT CJIOH ObIBaeT oueHb peaxo. Hambomnee BeposiTHas dactoTa ero rae-to 3-3,2 MI'm, a BeicoTa —
160 kM. BeposTHOCTH MOSIBICHUS 3MMOM BBIIIE, YEM JICTOM.

Tabnuua 2.Pacnpenenenre THEBHBIX CIIOPAMUYECKUX cI0EB Mo rojam 3a nepuon 1997-2007 r.r.

roj 1997 1998 |1999 |2000 |2001 |2002 |2003 |2004 |2005 |2006 |2007

I, % 11 5 23 15 20 19 47 29 30 27 32

c, % 82 87 70 81 76 80 50 67 65 69 60

h, % 6 8 7 4 4 1 3 4 5 4 8

Pacnipenenenre MHEBHBIX CIIOEB MO rojiaM Moka3zaHo B Tabnuie 2. OHO 0YeHb HECTAOMIBHO
JUIS KOKIOTO cliosi. EMMHCTBEHHOE, YTO MOXKHO OTMETHTb, YTO CJIOW C €XKEeroJHO ObIBaeT B Ooee
YeM MOJIOBHHA CITy4aeB HAOJIOACHUS JHEBHBIX CI0EB, a cioi h Bcerma menee 10%.

Crnncox nureparypbl
1. Kopunesckas H. A., Conuuk B. K.. Cnopanuueckuii cnot E. Tpyasr COTHU, 1954, Bpin.33.
C. 142 - 145.
2. OcranmHa M. b. Xapakrepucruka ES no nabmopenusim B Amixabazne // Monocdepnbie
uccienosauus, 1964. Ne 13. C. 37 —42.
3. PykoBoxcrBo URSI mo unTepnperauu u o6padotke nonorpamm / Ilox pex. B. P. Ilurrora,
K. PaBepa; nepeBoj ¢ anrnuiickoro, otB. pex H. B. Menuukosa. M.: Hayka, 1977. 350 c.
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YJIK 550.837
AHAJIMTUYECKHWE PEIIEHUS YPABHEHU MAKCBEJLJIA
JIJI TPEXMEPHBIX PACHPEJIEJEHUA JEKTPOITPOBOJHOCTH
B.I1. I'vbamenxo, U.I". Mockosckuii, (8452) 567228, gubatenkovp@gmail.com
Capamosckuii 2ocyoapcmeennulii mexnudeckutl yuugepcumem, Capamos, Poccus

The method of finding analytical solutions of homogeneous Maxwell's equations for
isotropic media is proposed. In contrast to conventional methods based on solving the direct
problem of electrodynamics, this method uses a solution specially posed inverse problem. Examples
of analytical solutions for three-dimensional distribution of electrical conductivity in the case of
stationary and variable electromagnetic fields are given.

PaccMOTpMM B OJHOCBA3HOM 06macTu V eBKIMZOBAa HpocTpaHcTBa R° cTammoHapHOE
AJIEKTPOMArHWTHOE TOJE Ui HW30TPONMHOM cpensl. B ciiywae oOTCyTcTBHS B 3TOM obOmactu
HUCTOYHUKOB BekToppl E u H HanpspkeHHOCTEH S3JIEKTPUYECKOrO0 M MAarHUTHOTO 10U,
ANIEKTPONIPOBOTHOCTh G M MarHUTHAs MPOHHUIIAEMOCTh |L CBSI3aHBI COOTHOLICHUSMHU (YpaBHCHUSMH

MakcBeria ajisi CTallMOHAPHBIX TOJICH)
rotH=cE , rotE=0, divuH=0 Q)
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37eck U B JalbHEHIIEM MIPEAIION0KUM, yTo BeKTOpbl E m H, a Takke mapameTpsl cpeabl G U [

SIBJISIFOTCSL TOCTATOYHO TJIAJKUMHU M OTJIUYHBIMU OT HYJsS QyHKIMSIMU. B cilydyae HeOrpaHUYCHHOM
obmactu V pomosHHUTENbHO NOTpedyeM, uToOsl E— 0, H — 0 mpu OecKkOHEYHOM yJalleHuu OT
TPaHUIIBI TON 00JIACTH.

[TocTaBuM CIENYIONLYI0 00paTHYIO 3a1a4y: no 3adannomy 6 obnacmu NV eexmopy E (unu
H) watimu 6 smoti obracmu omauunvie om myii 6 u W, a maxxce sekmop H (wwu E),

obpawaiowue coomuowenus (1) 6 moowcoecmsa. B padore [1] mokazano, 4ro eciau B obsnactu V
3ajgaH BekTop E, To pemieHue oOpaTHOW 3aja4yu CyIIECTBYET TOTJA M TOJIBKO TOorjaa, koraa E
SIBJIICTCSI IIPOU3BOJIBHBIM OTIMYHBIM OT HYJISl IOTEHI[UATLHBIM BEKTOPOM, IPHYEM 3TO PEIICHUE HE
enuHCTBeHHO. Ecnu ke B obnmactu V' 3aman Bektop H, To pemenne o6paTHOM 3a1a4uu CYIIECTBYET
U HE eMHCTBEHHO B TOM U TOJIbKO B TOM ciydae, Koraa Bekrop H ynosnersopsier B o6mactu V
muddepeHInaTbHOMY YpaBHEHHIO

(rotH,rotrotH)=0,

u pu 3ToM rotH =0,
Paznuunele pemenust 00paTHOM 3a1aun AJ1s 33JaHHOTO MMOTEHLUAIBHOTO BeKTopa E MoxHO

HaAWTH, HalIpUMeEp, 110 CIEAYIOIIEH CXeME:
Set Set

Set
E=grado=div(cgrad¢)=0=0c=ocE=rotH=H = divuH =0=p,

Set
rae ummuinkanuss A= B o0o3nauaet, yto A BiieueT MHOKECTBO pemieHuil B . Ecnu sxe B obnmactu

V 3anan Bektop H, To pemienne oOpaTHOM 3a1aul HAXOJUTCS 110 CXEMe

Set
Set rot(irotHJ=0:>c:>E=£rotH,
(rotH,rot rotH)=0=H = c c
Set
divpH=0=y,

Takum 06pa3oM, eciu HalJACHO aHAIUTHYECKOE pelleHne oOpaTHOW 3a7ayH, TO CEMEHCTBO
byHKIUH {E,H,u, G} obpamraer cootHomeHus (1) B TtoxaectBa. CrenoBarensHo, E u H

SBJISIFOTCS] QHATUTHYECKUMH PEUICHUSMHU CTAllMOHAPHBIX ypaBHEHUH MakcBelia A HaliIGHHBIX B
X0Ji€ petieHus 00paTHOM 3aJauu MapaMeTpoB CPeabl G U L.

IIpuBeneM mnpuUMeEpbl AHANUTUYECKUX PELICHUN Ui  TPEXMEPHBIX  PACIpEeICHUN
JIEKTPONPOBOAHOCTH G B CIIy4ae CTALIMOHAPHOI'O 3JIEKTPOMAarHUTHOI'O IOJIA.

[Tpumep 1. E = ®,(e™ sin axsin ay)[ctgaxi + ctgayj + K],
H =e*®,[e*(cosax —cosay)] - (sin axi + sin ayj — (cosax + cosay)k) ,
@', [e™ (cosax —cosay)]
@, (e”sin axsinay)
[Tpumep 2. E=®,[(x+y)(x-y+22)]-[(x+2)i+(z-y)j+ (x+ Y)K],
H=0®,(x-y-2)-[(X+2y-2)i+(2x+y+2)j+ (-x+y-22)K],

u=®,[e*(cosax —cosay)], c=-2ae’** sin axsin ay

p=®(-y-2), o= taa Y=l
DQ,[(x+y)(x -y +22)]
3nece ®©,, @, u @D, — n$pou3BOIbHBIE HENpepblBHO AupdepeHnrpyeMble GYHKIUH

COOTBETCTBYIOIIMX apryMeHTOB. B 3amanHoil obmactu V' 3TH (yHKIMH BCerja MOXKHO BBIOpaTh
Tak, 4TOOBI BBIMOJIHSIIOCH YycioBHE (u3ndeckoil peamusyemoctu: o >0, w>0. Ilomaras xe
®, =p, =const, uMeeM HEMarHUTHYIO Cpey.

AHaNOTMYHBIA METOJI HAXOXJICHMS AHATUTUYECKUX pelIeHUud ypaBHeHH Makcpeia
MOXXHO TOCTPOUTH [1] ISl MepeMEeHHBIX AJIEKTPOMArHUTHBIX MOJEH B YaCTOTHOW OOJAacTH IS

M30TPONHON Cpepl. 3amumieM i 3TOro ciydas B OJHOCBA3HOH obmactu V < R® ypaBHenus
Makcsemia
rotH=cE , rotE=iouH, )]
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raie E u H — xoMIiekcHble aMIIUTYAbl HAIPSDPKEHHOCTENW AJIEKTPUYECKOT0 M MAarHUTHOIO I10JIA;
G U | — CKAIIPHBIE KOMIUIEKCHO3HAYHbIC 3aBUCALIUME OT KOOpAUHAT X, Y, Z U KPyroBou
4acTOTBl ( SIEKTPOIPOBOJHOCTh M MATHHTHAas HPOHHMIAEMOCTh, | — MHMMas €IMHMIIA.
[Tpenmomnoxum, uto B 061acTi V BBIMOIHAIOTCS CIEAYIOIINE YCIOBUS:

E(M,co);&O, H(M,co);éO, rOtE(M,co);&O, rOtH(M,co);&O,
k k . _ : _
E(M,co)eC (V) H(M,co)eC (V) k>3, I\IAILTLE(M,(D)—O, ’\!Il_rQOH(M,(o)—O.
rae M (X,y,z)€V . U3 5Tux ycIoBHiA, B 4aCTHOCTH CIIEAyeT, YTO (YHKIMH G M W SBISIOTCS B

obOmact V J0CTaTOYHO TIAJKUMH U OTIMYHBIMU OT Hyms. @ynkimun E, H, ¢ u p Oynem

paccmaTpuBath B obmactu ® >0. IIpogomkenue »Tux ¢GyHKUuM B 061acTh ® <0 OUYEBUAHO U
OCHOBAHO Ha yCJIIOBUU 3PMHUTOBOCTH.

OOpatHass 3amaya Uil TIEPEMEHHOTO  JJIEKTPOMArHHUTHOTO TOJII  (POPMYIHPYETCS
cieayommm obpaszom: no 3adannomy 6 oonacmu N eexkmopy E (unu H) natimu ¢ smoii obracmu
ckansipvle ynkyuu G u W, a maxoce eekmop H (uru E), obpawaowue coomnowenus (2) 6
modtcoecmed.

3aMeTuM, YTO JOCTaTOYHO pACCMOTPETh METOJ pEIIeHUs 3TOM 3a7aud TOJIBKO IS
3agaHHOro Bektopa E. B cimywae 3amaHHOrO BekTopa H MOXHO BOCIOJIB30BAaTHCS MPUHIUIIOM
[ePECTaHOBOYHOI ABOWCTBEHHOCTH, T.€. IPUMEHUTH (hopMaibHbIe 3aMeHbl E <> H, iop <> o,

MoskHo nokasats [1], uto ecnu as 3aganHOrO BekTopa E cymiecTByer penieHre oOpaTHON
3aJaud, TO B Kaxaod Touke M €V BBINONHSIETCS OJHO U3 JBYX YCIOBUH — 1HOO
(E(M,®),rotE(M,0))=0, (rotE(M,o)rotrotE(M,0))=0, m6o (E(M,»)rotE(M,w))=0,
(rot E(M ,0)), rot rot E(M ,0)))7& 0. Ecnu Bcromy B obnactu V' crnpaBeUIMBO TEPBOE YCIOBHE, TO B

9TON 00NacTH CYIIECTBYET HE EIUHCTBEHHOE pelleHHe OOpaTHOM 3ajadyM, a ero HaxOoXKICHHE
CBOJMTCS K CXEME

1
(E,rOt E)ZO, Set Set 6= |0)E2 [E’rOt(ErOt EJJ:
—E = (gradp,E)rotE=—pExrot rotE=>p =

(rotE,rot rotE)=0 1
H=——rotE,
iop

U IIpH 3TOM BeKTOpHbIe o1 E m H oproronansusl. Ilpu BEIMOIHEHNN BTOPOTrO YCIOBHS pELLIEHHUE
o0OpaTHOM 33124l HaXOJHM IO CXeMe

Set Set M O = E2 (E,rot (— rot EJJ,
rotF* =0=E=p=C(w)exp j Frdx+Frdy + Ffdz |= '© H
Mo H =_irotE,
iop
rie Ff= 1 | (OLE- ot rotE)E rotE+;(Exrot rotg), F° :(FXE,FE,FZE);
(rotE, rot rotE) (E,rotE) (E,rotE) y

M(x,y,2) eV, M(X,Yy.Z5) €V ; C(®) — HPOM3BONBHEIN KOMILICKCHO3HAYHBIN MHOXKHTEIb,
3aBUCSIIMN TOJBKO OT KPYrOBOM 4acTOThl . B 3T0il cxeme pemenus BekropHele noast E u H He
oproroHanbHbel. HakoHer, ecnu oOparHas 3ajada pemraercs NpU JOMOJHUTEIBHOM YCIOBUU
n=u, =const (cpema HEMarHWTHas), TO MOCICIHHUE JABE CXEMBI PELICHHs 3TOIl HOBOI 0OpaTHON

3a1a44 3HAYUTCIIbHO YIIPOIIArOTC .

- cs:%[E,rot[irotED,
ExrotrotE=0=E = © Ho

1

lou,

H= rot E.
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Hwuxe nmpusenensl npumep 3 ¥ 4 aHAIUTUYECKUX PEIIEHUH AJs1 HEMarHUTHOM cpeabl U
TPEXMEPHBIX PACIPEAEICHUIN NIEKTPOIPOBOAHOCTA G B CIIydae EPEMEHHOI0 3JIEKTPOMArHUTHOIO
noJisi. B aTux nmpumepax ¢yHKIMM Tpou3BOJbHbIE PYHKIUMU @, ¥ U UX NPOU3BOJTHBIC SIBISIOTCS

HENPEPLIBHBIMU KOMIUIEKCHO3HAYHBIMHU byHKIMAMEU CBOUX  apryMe€HTOB, a,b -
KOMIUIEKCHO3HAYHbIE (DYHKITMH KPYTOBOM YaCTOTHI .
Ipumep 3. E =[D(v,0) + 7 (W, o) |[2xzi + 2yzj + (x* + y*)K],
2 2 ' ' 2 2 "
o (x_ +y );15V [xi + yj - 22K]. G:_ZX)@V +(4x +y°)Dy,
fop X iop X" (D +¥)
e v="Y, w= z(x* +y?).
X
Ipumep 4. E = &(v, 0)[a(ay +bz)i — (&% + b?)xj],

1

H = ——[2b(a® + b?)(ay + bz)xa, i + ab(d + 2(ay + bz)* @, Jj -

0

2 2 ' "
—((2a2 +b*)d+2[(a®+b%)*x* +a? (ay+bz)2]<15\j)k] , O=- 4a”+ b_ )22, +vay,] ,
Iop P

rae V= (a® +b?)x? + (ay + bz)?.

[Ipumep 3 coOTBETCTBYEeT OpTOrOHaNbHBIM mnosiMm Ewu H, B mnpumep 4 - He
OpPTOTOHAJILHBIM.

PaGora BhImonmHeHa Omaromapst  (¢uHaHCOBOM  moanepxkke Poccuiickoro  ¢onna
byHnamMeHTaTBHBIX HccaenoBanmii (Homep mpoekra 10-05-00753-a).
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CEMCMOTEKTOHUWKA IIEHTPAJIBHON YACTH YPAJIbBCKOI'O PETHOHA
Tynses A.H., Uncmumym eeogpusuxu ¥YpO PAH, Examepunbdype, Poccus.
8922 221 13 78, E-mail: usc_alex@mail.ru

The recent Urals mountains is epipaleozoic epiplatformic orogen. Its development at the
recent time accompany by earthquakes. The peculiarity of seismotectonics central part of the Urals
is conditioned by interaction submeridional Urals recent orogen and more older large transorogenic
structures northern-west direction in the Earth Crust.

Vpan sBiseTcs HOBEHIINM SNHIUIATPOPMEHHBIM JIUIANCO30UCKUM oporenom [2,12].
[Ipoiecc craHoBieHUsT YPaldbCKOrO OpOr€Ha HAa COBPEMEHHOM 3Tare COIMPOBOXKIAETCS PEIKO
MPOUCXOIANIMMU HECHJIbHBIMH OIIYTUMBbIMH 3emieTpsicerusmu [1,6,9,13]. 3a mocnennue 270 et
Ha Cpennem Ypaie ObUT10 OTMEUEHO 35 OIIYTUMBIX TEKTOHHUYECKUX 3e€MIICTPACEHHH cuioit ot 3-4
1o 5-6 6amioB no mkane MSK-64 [1,6,9,13]. DnunenTps! Oombiieid 4acTu Y paibCKUX OLIyTUMBIX
3eMJICTPSICEHUI JIOKaNU30BaHbl B npeenax CpeaHero u NpUMBIKAOIMX HeMy YacTeil CeBepHOTO
u lOxHoro Ypana B Tak Ha3piBaeMoil CpenHe-Ypanbckoih 00JacTy MOBBIIIEHHON CEHCMUYHOCTH
[9], oxBaTsIBatoIIEit BOCTOUHYIO YacTh BocTouno-EBpomneiickoit miardopmsl u Cpenne-Y panbckuit
CEIMEHT YPaJbCKOTO Malie030MCKOro TopHO-CkiamdaToro mosica [5]. Hu ceBepHee, HU roXKHEe
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YYaCTKOB TIOAOOHON KOHLIEHTPAIMM SIUIEHTPOB OIIYTUMBIX 3EMIIETPACEHUN Ha Ypaie He
BhIsiBJIcHO [9]. Ouaru 3eMileTpsICEHHIA JIOKaIM30BaHbl B 3eMHOM Kope Ha riayounax 5-30 kwm [9,13].
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Puc. 1. Cxema CEACMOTEKTOHWKKN LEHTRANEHOW 4acTH YpaneCcKoro pernoHa
Coctasun: N'ynaee A.H., MHcTuTyT recdmankm ¥YpO PAH, 2010 r. Ha OCHOBE TEKTOHWYECKO!
kapTel Ypana nog pegakumwein CoGonesa U.[., 1983 .
KomneiotepHas rpacuka CroterHon HO.B., Ocunosoit A KO.
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YcnosHbie o6o3HayeHun:

Unchpamu B kpyskax 0O0IHAYEHB! KPYNHBIE MEONOro-TEKTOHHYECKUE NOOPaInenNeHun:
| - Bocrouno-Eeponeiickasn nnardopma. 2 - Mpenypansckwit nporwb. 3 - 3anagHo-
YpanLCKan 30HAa HAONBMIOB M CKNAQMATOCTH (IMABHAA NOMPEHWYHAA CTPYKTYPa Mexay
YpanbcKoi reccHHKNMHaNLI0 U BocTouHo-Esponeickon nnatdopmoit), 4 - LieHTpansHo-
Ypansckoe nogHaTwe. 5 - Tarano-Marswtoropcsuin nporuG. 6 - BocTouHO-
Ypaneckoe nogxatue. 7 - BocTouno-Ypansckuit npormb, 8 - 3aypansckoe NOAHATHE,
9 - Tiomencko-Kycrananckmin nporuB, 10 - ToBonbcxko-KywmypyHckoe nogHATHE.

sIE@QN[:®: 1@ ..

Mpanvybl KOHTYPOB rEONOro-TEKTOHMYECKUX NOOPa3nenNeEHHA.

HauGonee kpynuble (rMyGuHHBE) paznoms no CobBoneey W 0., NMnocHuey KN

Undpamu B keagpatax oboanavensl: 1 - TNaexeii Ypansckmi pasnom, 2 - TYPeMHCKMA paznom,
3 - Cepoecxo-Mayxckuid paanom, 4 - Mypauuckni (3aypanscimn, . CeepanoBCkui) paanom,

5 - MaruuToropcrmin (MenenTeescko-Mnnmbaeackmin) paanowm, 6 - Yenabuucxmi paanom,

7 - KpacHoydwMmCkUia pasnom.

Crpenkamu NoOKa2aHLl HANPaBNEHHA CMELLEHWA BNOKOB BEPXHER YACTH 38MHON KODLL.

Haubonee npUNOAHATARA YacTk YpanbCKoro HOBEALLEND OpOreHa, rae aMnnuTyaa
| BEPTUKANEHLIX HOBEALLMX OBMXEHWA COCTaBUNAa NOpAgKa 250-400 m.
Oxa npenmylecTBEHHO cooTeeTcTEyeT oBnacTi LigHTpansHo-YpansCckoro NOgHATHA

=
% 3anagHo-YpanbCKan CUCTEMa Pa3noMoB

MpaniuyLl TPaHCOPOrEHHLIX CTPYKTYP

S | 30HE! BOIMOMHOTND BOIHWEHOBEHMA OYEroa IeMNETPACEHWA (30H BO3)

BNULEHTPE! OLYTHMBIX 3EMNETPACEHUA

%* ¥ * *

MaruuTyaa MaruuTyaa MarHuTyaa Maruutyga
45-50 40-45 3,540 menee 3.5

‘ MecTa ropHo-TekToHWHeckux yaapoe. Llndpamu ykasada gara u MmarHutyaa Hawbonee
CUMNBHBIX COBLITHA.

OcobenHocThI0 pacnosoxeHus: CpemaHe-YpambCKOi 00JIACTH MOBBIMICHHOW CEHCMUYHOCTH
SBISIETCSL €€ MPHYPOUYCHHOCTh K IOTPAaHMYHOW 30He ApxaHrenbcko-banxamckoir u Tumano-
Kox4eTaBckoil TpaHCOPOT'CHHBIX CTPYKTYp B 00JacTH WX HHTeppepeHuuu (mepecedeHus) c
VYpasbCKkuM ropHo-ckiagdateiM nosicoM [5] (puc.l). TpaHcOporeHHBIE CTPYKTYpBl HMEIOT CEBEpO-
3alMagHoe  HampaBlieHWe 1o a3umyTy okono 315-330 rpamycoB ¥ BBIIACIAIOTCS IO
reoMop(OJIOTHYECKMM ¥ HEOTCKTOHMYECKMM TpHu3HakaM [4], TposBICHBEI B aHOMAalbHOM
MarHUTHOM I0JIe, OCpeaHeHHOM ¢ paauycamu 125 km u 250 km [3], B Mopdosiorun moBepxHOCTH
MaHTUU U paHHeapxehckoro ¢yHaamenrta [9] u, Mo-BHIUMOMY, MPEICTABISIOT COOON JpeBHUE
CTPYKTYphl ~ 36MHOH KOPBI U JIOTIAJE€030MCKOTO (yHIAMEHTa, pa3IHYyaroIluecss IO COCTaBy,
BO3pacTy ciararommx ux nopoa [12] u mo xapakrepy ¥ MHTCHCUBHOCTH JHMCIOKAIMH MOPOJ B
anoxy paHHekummepuiickoro [10] u anpnmiickoro [14] Tekrorenesa.

Yactp celicMUUHBIX 30H, oOpasytoumx CpenHe-Ypanbckylo 00JacTh HOBBIIICHHON
ceiicmuuHocT ([loOpsincko-Kusenosckasi, CepeOpsiHckast, bunumbaesckas, HOxHo-Ypanbckast)
HUMEET CeBEPO-BOCTOYHOE U BOCTOK-CEBEPO-BOCTOYHOE HampasjeHue mno azumyram 45-60 rpamycos
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OPTOTOHAJILHOE K TPaHMIEC BBIIICYNOMSIHYTBIX TPAHCOPOTCHHBIX CTPYKTYp. YensiOMHCKO-
CosmkamcKkasi 30Ha HAmnpoOTUB NPOTIATUBACTCA BIOJb TpaHHUIbl ApxaHreiabcko-bamxamickoit u
Tumano- KokueTaBckoif TpaHCOPOTEHHBIX CTPYKTYP M MMEET CEBEpO-3alaHOE HAIpPaBJICHUE IO
azumyty okosio 330 rpamycoB. Tarmimbckas 30Ha MMeeT CyOMEpHAMOHAIBHOE HAIpaBICHUE U
NPOTATHBAETCS BIOJb [ 1aBHOTO Ypanbckoro riyounHHoro pasnoma (I'YI'Pa). Cpenne-Ypanbckas
MMEeT CeBepo-3amajHoe HampaBieHue 1o asumyty okosio 300 rpaaycoB M MpPOTIATUBACTCS BAOJb
YycoBcko-MceTckoit CkBO3HOM HOBEHUIIIEH CTPYKTYpHBI, OITMCAHHOM B padoTte [2].

B ycnoBusix CyOmIMPOTHOrO CXatus 3eMHONM Kopbl Ypana [9] BblimeynomsiHyTbIe
CECMHYHBIC 30HBI, HWMCIOIIME JHaroHaibHble (CeBepo-3amagHble U CEBEPO-BOCTOUHBIC)
HAIpaBJICHUsI MOTYT COOTBETCTBOBATh OMOJIOKEHHBIM CKOJIOBBIM (CABHIOBBIM) TEKTOHUYECKUM
JUCIOKALUAM 36MHOM KOpbl. IMEHHO B CABHIOBBIX AUCIOKALUAX 3€MHOM KOPbl  BO3HUKAaET
OoutbIast 4acTh oyaro 3emuterpsicennit [11]. I[Ipu sToM snueHTpbl HanboJiee CHITBHBIX Y PaIbCKUX
3eMJeTpsiceHuid ¢ MarHuTyznoil 4,5-5,0 mpuypodeHbl K y3llaM IepecedeHus: CEHCMHUYHBIX 30H
OpPTOTOHAJIBHOTO TIO0 OTHOIICHUIO JPYr K JpYry HampaBieHHs. B 3THX y31gaxX BepoOsSTHOCTb
BO3HUKHOBEHHSI 04aroB OLIYTUMBIX 3eMJICTPSACCHUM MOA0OHOM Cuilbl B Oy/IyIleM OLIEHUBACTCS Kak
HaunboJiee BbICOKAs 110 PETUOHY.

B unemoMm celicMuueckas aKTMBHOCTb 3E€MHOM KOpbI Ypajla HH3Kasg, YTO BEPOSTHO
00YCIIOBIICHO HM3KOH, COTJIIACHO KPUTEPHUSM, TIPUBEICHHBIM B padote [8], ckopocThio nedopmarmu
36MHOM KOpbI B HOBEHIEe BpeMsi U Ha COBPEMEHHOM 3Tare (107-10° 1o [6]). Ouryrumble
3emyerpsicenus Ha CpenHeM Ypasie OynyT IpOUCXOIUTh U B Oy/IylleM, HO X CHjla B MUIEHTpax
Bpsia au npeBbicuT 6,0-6,5 6ammoB mo mkane MSK-64. ITosromy oHH He OyayT NpeacTaBiIATh
OTIaCHOCTH JUTs OOJIbIIEH YacTH HH)XEHEPHBIX COOPYKEHHH [7].
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CEMCMHUYHOCTb U CEUCMHNYECKOE PAMOHUPOBAHUE IEHTPAJIbBHOM
YACTH YPAJBCKOI'O PETUOHA

Tynses A.H., Uncmumym eeogpusuxu ¥YpO PAH, Examepunbype .
8 (922) 221 13 78, E-mail: usc_alex@mail.ru

The seismic activity of the Urals earth crust is low. Sensinive earthquakes in this region are
rare and not strong. By results of common seismic zoning of Russia 1997 year the Middle Urals
area became seismic region, where value of calculate seismic intensity is 6-8 balls by scale MSK-
64. By inhomogeneous grounds and rocks of the upper part of the Urals earth crust spatial
variations of seismic intensity are observed, therefore it is necessary for detailed seismic zoning of
the Middle Urals area. By results of seismic zoning the seismic situation at the Middle Urals is
favorable and safety for most engineerig objects.

CelicMuyeckasl aKTMBHOCTb 3€MHOHM KOpbl Ypana Huskasg. OIlyTHMble CEHMCMHMUYECKHE
COOBITHS 3/IeCh MMPOUCXOAAT peako U cwia ux HeBenuka [1,2,3]. 3a nocnennue 250 et B peruone
OBUIO OTMEYEHO MOopsaKa 35 OUIYTUMBIX 3emieTpsiceHuid cuioit ot 3- 4 mo 6,0-6,5 GamnoB mo
mkane MSK-64 [1,2,3]. Hu3kas ceificMuueckas akTHBHOCTh 36MHOU KOpbl Ypaja, Mo-BHINMOMY,
00yCIIOBJICHa HU3KOI CKOPOCThIO €€ iehopMalliu B HOBEHIIIee BpeMsi M Ha COBPEMEHHOM 3tarie [4].
bonpiiasg yacTh SHUIEHTPOB OIIYTUMBIX 3eMJIETpsiCeHUM Ypana cocpenoroueHa B CpenHe-
VYpanbckoii 00JIaCTH MOBBIIIEHHOH CEHCMUYHOCTH [5], IpUypOUeHHOI K y4acTKy MHTepdepeHIn
oOacT HOBeilIero YpanbCcKkoro oporena 1 ApxaHresnbcko-banxamckoit u Tumano-KokdyeraBckoit
TpaHcoporeHHbIXx cTpyktyp [6] Ilo pesyapratam OOmero cedcMHUYEeCKOro pailOHHPOBAHUS
tepputopun Poccuiickoit @enepaunn OCP-97 sta o0nacts ObUla OTHECEHA K peruoHam, Ije npu
NPOEKTUPOBAHUM M  CTPOUTEIBCTBE HWH)KEHEPHBIX COOPYKEHHH HEOOXOAMMO YYHUTHIBATH
celicMU4YHOCTh. DOHOBasI BEIMYMHA PACUETHON CHIIBI CECMUYECKOTO BO3/ICHCTBHSI HA MHKEHEPHbIE
O0OBEKTHI Pa3HOH CTENEHM OTBETCTBEHHOCTH B IJIaHE CEMCMOOE30IacHOCTH JUIsl YCIOBUN T'PYHTOB
BTOPOH KaTeropuu mo cericmudeckuM cBoiictBam mo knaccupukanuu CH u IT Il -7-81* nna
[EHTPAJIBHOW YacTH YPabCKOTO peruoHa MpuHsATHI 0T 6 1o 8 6amwioB no mkane MSK-64 [7]. Tak
KaK BEPXHSS 4aCTh 3eMHOU KOPBI pAaCCMAaTPUBAEMOr0 PEerMOHa HEOJHOPOIHA 110 COCTAaBY U (PU3HUKO-
MEXaHMUYECKUM CBOMCTBAM T'PYHTOB U MOPOJI, @ CHJIa CEHCMHUUECKOTO BO3JICHCTBUS HA HH)KEHEPHbIE
COOpPYXEHHs pPa3HOW CTENEHH OTBETCTBEHHOCTH B IUIaHE CEHCMOOE30MacHOCTH ONpeAessieTcs ee
(OHOBOW BEIMYMHON M I'PYHTOBBIMU YCIOBHUSIMH, TO BO3HHUKJIA HEOOXOAMMOCTb PalfOHMPOBAHUS
Cpennero VYpama u mnpwierajommx k Hemy uyacteii CesepHoro u IOxknHoro VYpama 1o
CEMCMOTPYHTOBBIM YCIIOBUSIM U BEJIMYMHE PACUETHOM CHIIBI CEMCMUYECKOro Bo3zieucTBus. Takas
paboTa Obula HAMM BBINOJHEHA B paMKaxX YTOUHEHMS M JETANIM3aluu KapT «A», «B», «C» mus
[EHTPaJIbHOM YacTH Y paibckoro peruoHa [8] (puc. 1,2).

I[To pe3yabraram 3T0i pabOTHl MOXKHO 3aKJIIOUYUTh, YTO HHKEHEPHO-CEHCMHUUECKUE YCIOBUS
B mnpenenax CpeaHero u mnpuieraioumx kK Hemy uacteir CesepHoro u FOxHoro VYpana
OnmarompusiTHble U Oe30macHble AN MHXKEHEPHBIX  COOpYKEHHH. ITO  00YCIOBJIEHO
ONMaronpusATHHIMM CEHCMOTPYHTOBBIMM M CEHCMOTEKTOHMYECKHMMHM ycioBusiMu. Haumenee
OJaroNpUATHBIMH MIPU ITOM IPEJCTABIAIOTCS CEHCMOTEKTOHUYECKHE Y37Ibl, B KOTOPBIX BO3MOXHO
BO3HUKHOBEHHE 0YaroB OLIYTUMBIX 3eMJICTPSICCHUH.
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Puc.1. Kapra celicMOrpyHTOBBIX YCIOBUN HEHTPATBHON YaCTH Y PalbCKOTO pErHoHa.
Cocrasun I'ynseB A.H., Uuctutyt reodusuku YpO PAH, 2009 r.
benvim  ysemom nokazamel  yuacmku — pazeumus cpPYHMO8 Nepeoll  Kamezopuu  u
NPOMENCYMOYHOU MeHcOY Nepeoli U GMOpPOL KAme2opusimMu No CeucCMU4ecKum C8OUCmsedam no
karaccugpuxayuu CH u IT 11 -7-81%*.
Cepbim ygemom nokazamsvl y4acmky pa3eumus 2pyHmos 6mopou Kame2opuu.
Temno-cepvim yeemom noka3amsl Y4acmky pa3eumus 2pyHmos mpemoel Kame2opuu.
YepHvimu KpystcKamu NOKA3aHbl SNUYEHmMpPbl ouymumbvlx 3emaiempsacerui. Camvie 60vuiue
KPYIHCKU ommedarom snuyenmpul coovimuii ¢ maenumyootul 4,5-5,0.Camvie manenvkue — 2,5-3,0.
Yepuvimu mpeyeonrbHUKamu NOKA3aHbl dNUYEHMPbl CUTbHBIX 20PHBIX YOApo8 U NPUpPOOHO-
MEXHO2EHHBIX 3eMIeMPCEHUL HA 20PHO-PYOHBLX NPEONPUATNUSIX.
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Puc.2. PaifonnpoBaHue HEHTPAIbHOM YacTH YpajabCKOTO pEerMoHa MO BEJIHMYUHE PACUETHOMN CHIIBI
CECMHYECKOTO BO3JCHCTBHS HA MHKCHEPHBIE OOBEKTHI MOBBIIICHHOW OTBETCTBEHHOCTH,
BBINOJTHEHHOE KaK Pe3yJlbTaT AeTaau3aluu KapTsl «B» u3 kommiekra OCP-97.
Cocrasun I'ynseB A.H., Uuctutyt reodusuku YpO PAH, 2009 r.

Toacmas cnaownas yepHas 1uHus OKOHmMypueaem ooaacms Ha kapme «B» OCP-97, 6
npeoenax Komopou 8eIUYUHa paciemHou CUNbl CEUCMULECKO20 8030€liCBUs Ha 00beKMbl
NOBbIUEHHOU OMBEMCMBEHHOCMU 01 YCII08ULL 2PYHIMOE 8MOPOLL Kame2opuu npuHama 6 6 6annoe
no wkane MSK-64.

Cepbim yeemom noxkazamsl y4acmku, 6 npeoeiax Komopwlx 6eIUdUHA paciemHou CUibl
celcMuUecKo20 8030eticmeusl Ha 00beKmbvl NOBBIUEHHOU 0MEEeMCMEEHHOCMU OISl YCA08ULL 2PYHINOE
emopoil kamezopuu oyenusaemcs 6 6 6annoe no wxaie MSK-64.Bnpedenax ceemnvix yuacmros
oHa oyenusaemcsi 8 5 6annos no wkanre MSK-64.

Ocmanvhsie ycnosuvie 0603HayeHus maxue dxce, Kaxk Ha puc. 1.
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VJIK 550.2
PAHOHUPOBAHUE TEPPUTOPUU IT'OPOJA HUXKHU TATUJ CBEPJJIOBCKOM
OBJIACTH IO BEJIMYUHE PACYETHOM CHUJIbI CEUCMHUYECKOT O
BO3JIEVICTBUSA
I'ynaee A.H., Ocunosa A.1O., Uncmumym eeousuxu YpO PAH, Examepunbype, Poccus.
8(922) 221 13 78, 8(912) 274 37 41, usc_alex@mail.ru, seismolab@mail.ru

The upper part of the Earth Crust at the Low Tagil city territory is inhomogenious by
composition and physics propertys rocks and soiles. The value of the seismic intensity is different
under conditions active layer structures. At the central part of the Low Tagil city the solid rocks is
over by weathering ground 5-15 m thickness. The value of calculated seismic intensity in this area
is 6-7 balls by scale MSK-64 and more then at the territory from west and east of Low Tagil, where
thickness of weathering ground is 1-5 m. The value of calculated seismic intensity is 5-6 balls by
scale MSK-64 at the territory from west and east of Low Tagil city.

I'oponx Hwxkuuit Tarun CaepuioBckoil o0jacTé  pacrmojiaraeTcs B OCEBOM  30HE
CyOMEpHUIMOHANILHOTO Mae030ickoro Tarmibckoro meracuHkiIuHOpus (mporuba, tpora) [1,2],
SABJEIFOIICTOCA SJICMCHTOM I'€OJIOTO-TCKTOHNYCCKOOT'O0 CTPOCHHU A OCEBOM 30HBI 1 BOCTOYHOI'O CKJIOHA
HOBEHIIIEro 3MUIMAIEe030HCKOro AMHUIIaTGopMeHHOro Y panbckoro oporesa. IIpomecc craHoBICHUS
YPaHBCKOFO oporcHa Ha COBpPCMCHHOM O3TallC COIIPOBOXAACTCA PCAKO IMPOUCXOAAIINMU
HecwibHBIMU (10 6,0-6,5 G6ayutoB mo mkane MSK-64), Ho omyrumbiMu 3emierpsicenusmu [3,4]. 3a
nocnennue 250 et Ha Teppuropun Hiwknero Taruna HeoAHOKPATHO OTMEYAITUCH OIIYTUMBIE 3-4-5
O6amnpHble MO mKane MSK-64 celicmuueckue kojeOaHUsI OT 0YaroB MPUPOJHBIX TEKTOHMYECKHX
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3eMJICTPSICEHU, KOTOPBIe MPEINOJIOKUTEIIbHO MOTJIM PACIIOaraThCsl B OCEBOM 30HE W ONIKHEN
30HE re0IMHAMHUYECKOT0 BIUSHUS [ 1aBHOTO Y panbCKoro riayOMHHOTO pasioMa Ha pacctosHuu 20-
30 kM K 3amay ¥ ro-3zamnanay ot ropoaa [5].

Kpome npupoHbIX O4aroB Ha TEPPUTOPUHU TOpoAa AEHCTBYIOT TEXHOTE€HHbIE MCTOYHHUKH
OLYTUMBIX CEMCMHUUYECKUX BO3JIEHCTBUN — B3pbIBBI B Kapbepax M IIAXTaXx T'OPHO-PYIHBIX
NPEANPUATHH, a Tak K€ MPUPOJTHO-TEXHOTCHHbIE HCTOYHUKH — TOPHBIE yJaphl B IaXTaX U 0OBAaJIB,
MIPOCAJIKU MOPa00TaHHBIX OA3EMHBIMH BBIPAOOTKAMH TEPPUTOPUA.

ITo pesympratam OOmIEro ceHCMHYECKOTO palOHMpPOBAaHUS TeppuTopun Poccuiickoit
@eneparun OCP-97 Cpenuuii Ypan ObUl OTHECEH K peruoHaM, IJie IpU MPOSKTUPOBAHUU U
CTPOMTENIBCTBE MHKCHEPHBIX COOPY)KEHUI HEOOXOIMMO YYMTHIBATh CeCMUYHOCTH [6]. ['eosioro-
TEKTOHMYECKOE CTPOCHUE BEPXHEH YacTH 36MHOW KOPBI (aKTUBHOTO CJI0s1) Ha Tepputopun Hukuero
Taruna neomnoponHo [1,2], cienoBarenbHO, HEOTHOPOJHBIMHU SIBISIFOTCS U CEHCMOIPYHTOBBIC
yCIOBHs, 00YCIIaBIMBAIOIIME BapHALlUU BETUYMHBI PACUETHOW CHJIBI CEHCMHMYECKOTO BO3JICHCTBUS
Ha TeppuTopuu ropoaa. llosTomy BO3HMKIA HEOOXOIUMOCTh PAaHOHUPOBAHHS TEPPUTOPUU
Hwxnaero Taruna no BesMuuHe 3TOU CUIIBI.

CxemaTnueckasi KapTa CEHCMOIPYHTOBBIX yciaoBuil Tepputopur Humkuero Taruma Obina
IIOCTPOEHAa HaMM C HCIOJb30BAHUEM JAHHBIX HHXEHEPHO-TE€OJIOTMUECKUX  H3BICKAHMH,
BBITNOJTHEHHBIX Pa3HBIMU OPTaHU3ALUSAMHI Ha TePPUTOPUU ropoa. OCOOEHHOCTh CTPOSHHS BEpPXHEH
4acTH 3eMHOU KOpbl (akTHBHOTO ciosi) Hiknero Tarmma ompepensercs €ro pacnojoXeHHEM B
OCEBOH 30HE KpPYMHOW CyOMepuAHOHAThHON Me3030ickoi HMBaenbcko-Tarmibckoit Spo3uoHHO-
CTPYKTYPHO# nenpeccuu [7], pa3BUBILIEICS MO OCEBOW 30HE W OJIDKHEH 30HE T'e0JMHAMHYECKOTO
BJIMSIHUSL PETHOHAIBHOTO TIIYOMHHOTO JOJro JkuBymiero TypuHckoro mo [2] (CmexyHOBCKO-
Jlatickoro mo [1]) paznoma. B npeznenax naHHO# 3pO3HOHHO-CTPYKTYPHOM AEMPECCHU YEXOT KOPHI
BBIBETPUBAHUS UMEET B I[EJIOM OTHOCUTENIFHO YBEIIMYEHHYIO MOIIHOCTh — 7-10 M, U mpezaenax Hee
UMEIOTCS TIyOOKHEe KapMaHbl BHIBETPUBAHUS, PA3BUBIIMECS MO PEIUKTOBBIM MaJ€030MCKUM 30HaM
negopmanny BepXHEH 4acTH 3eMHON KOpbI. YBEIWYEHHAs MOLIHOCTh YeXJia KOPbI BHIBETPUBAHMS
Ha Tepputopun Hmknero Tarmma mpeamosioKUTENIbHO MOXKET OBbITh 0OyCIIOBIIEHA HAJIMYHEM B
npeesiax JaHHOTO Y4acTKa 3€MHOM KOpbI KPYIHBIX MECTOPOXKICHMM XKeje3a U Meau. B meso-
KaifHO30MCKOE BpEMsI B 30HE a3palluy B MPeJIesiax 3TUX MECTOPOXKICHUN U UX Mepu(epuu B TOPHBIX
NOPO/axX HACBHIIICHHBIX (MMIIPETHUPOBAHHBIX) PYJHBIMH MUHEpallaMH — CylbuaaMu xenesa H
ME€IM, OKCHJAMHU OTHUX METaUIOB, AaKTHMBHO ULUIM MPOLIECCHl XWMHUYECKOTO BBIBETPUBAHMS,
chopMHUpOBABILIME MOILIHBIE KOpbl BbIBeTpHBaHUA. llogoOHas oOcTaHoBKa HaOMIOJaeTcss M Ha
TeppuTopun Apyrux roponoB CpenHero VYpana, BO3HMKIIMX Ha DPYIOHBIX MECTOPOXKACHMSIX —
bepe3oBckoro, Bepxneir Ilbmmumbl, Kpacnorypeuncka u ap. [lostromy Ha Oosbiued wactu
tepputopun Huxnero Tarmna pazBUTEl TPyHTBI BTOPOH KaTE€ropUM IO CEHCMUYECKUM CBOWCTBAM
no knaccupukanmun CH u I 11 -7-81*, npencraBneHHble pyxisikaMu (BBIBETPEIBIMA KOPEHHBIMU
NaJe030MCKUMH TTOPOJIaMH OYCHb HU3KOW M TOHWKCHHOW MPOYHOCTH), MEPEXOIAIIUMH BBEPX IO
pas3pe3y B IIeOCHHCTO-IPECBIHUCTBIC IPYHTHI U 3JIOBHANIbHBIE CYTJIMHKH. B mpenenax miomaau
pa3BUTHsI TPYHTOB BTOPOH KAaTE€ropuu BEJIWYMHA PACUETHOM CHIIBI CEHCMHUYECKOIO BO3JIEHCTBHUS
paBHsieTcss (poHoBO# mpuHsATON At H.Tarmna mo pesymsratam OCP-97 u onenuBaercs: a) mis
00BEKTOB OCHOBHOTO (MacCOBOTO) CTPOHUTENBCTBA U OOBEKTOB IOBBIIICHHOH OTBETCTBEHHOCTH B 6
0asoB no mkane MSK-64, 6) mis 0co00 0TBETCTBEHHBIX 00bEKTOB B 7 0ayuioB 1o mkaie MSK-64
[6] (puc.1).

Ha 3amagHO¥ ¥ BOCTOYHON OKpaumHax ropoja M HEMOCPEICTBEHHO K 3aIaay U BOCTOKY OT
ropojia MOIIHOCTh Y€XJia KOpbl BBIBETPHBAHMS YMEHBIIACTCA M 371€Ch MPeoOsIafatoT CKaJlbHbIE
IPYHTBI MIPEUMYILECTBEHHO NEPBOM KaTEropuu MO CEHCMUYECKHUM CBOMCTBaM MO KiIacCH(pUKALUU
CH u II Il -7-81*. B mnpeaenax 3THX YYacCTKOB BEJIMYMHA PACUETHOW CHIIBI CEHCMMYECKOro
BO3/ICHCTBUSl YMEHBIIAETCS HAa OAMH Oali MO CpPaBHEHHIO C TPYHTAaMU BTOPOM KaTeropuu M
OLICHHMBACTCA: &) JUISi OOBEKTOB OCHOBHOTO (MaccOBOTO) CTPOUTEIHCTBA M OOBEKTOB MOBHIIICHHON

OTBeTCTBEHHOCTH B 5 OamtoB mo mkane MSK-64, 6) mis 0cob0 OTBETCTBEHHBIX OOBEKTOB B 6
6asuoB no mkaite MSK-64 [6].
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Puc. 1. Cxemarnueckoe paiioHupoBanue Tepputopuu ropoga Huwxuuit Tarun CepuioBckoit
00JacTH 1Mo BEIMYMHE PACUCTHOM CHITBI CECMHUYECKOTO BO3ICHCTBHS.
Cocrasun: I'ynses A.H., Unactutyt reodusuku YpO PAH, 2010 .
ABTop xommnbioTepHOil rpaduku: Ocunosa A.1O., Muctutyr reopusuxku YpO PAH, 2011 r.

YcnoBHbIE 0003HAYEHUS:

1.  VYuacTku NpeuMyIECTBEHHOI'O pa3BUTHUsI I'PYHTOB IEPBOM KaTErOpuM IO CEHCMUYECKUM
cBoiictBaM no kinaccupukanuu CHull 11-7-81*. B mpenenax HUX BeNIMYMHA PACYETHOM CHIIBI
CECMHYECKOTO BO3JCHCTBHS OLICHUBACTCS: a) HA 00BEKThl OCHOBHOTO (MacCOBOI0) CTPOHUTEIILCTBA
U OOBEKTHl IOBBIIMICHHOW OTBETCTBEHHOCTH B 5 OamioB mo mkaie MSK-64, 6) Ha 0co6o
OTBETCTBEHHbIE 00BEKTHI — B 6 6ayuioB no mkane MSK-64.

2. YYacTKd NPEUMYIIECTBEHHOTO pAa3BUTUS TPYHTOB BTOPOM KaTeropuM MO CEHCMUYECKUM
cBoiictBaM no kinaccupukanuu CHull 11-7-81*. B mpenenax HUX BeJIMYMHA PACUETHOM CHIIBI
CECMHYECKOTO BO3JCHCTBHS OIICHUBACTCS: a) HA 00BEKTHl OCHOBHOTO (MacCOBOI0) CTPOHUTEIILCTBA
U OOBEKTHI IOBBIIICHHONW OTBETCTBCHHOCTH B 6 OamioB mo mkame MSK — 64, 0) ma 0co6o
OTBETCTBEHHBIE 00BEKTHI — B 7 6asuioB no mkane MSK-64.

3. OceBble 30HBI PA3JIOMOB T10 JJAHHBIM I'€0JIOTHYECKON ChbEMKH.

4. Ocu npenmnonaraeMbIX 30H JedopMalMii 1 HapyIIeHUs CIUIONTHOCTH BEpXHEH yacTu 3eMHOMU
KOpBI, TPOSIBISBIINX aKTHBHOCTh B HOBelmiee Bpems (B TeueHue mociequux 30 MITH.JIET).
BeisiBiieHs! B pe3ynbTaTe MOp(hOCTPYKTYPHOTO aHalN3a penbeda 3eMHONH TOBEPXHOCTH.

a) OCH TMpe.noyiaraeMbIX (pIeKCypHO-pa3pbIBHBIX 30H. 3yOLlbI HAINpaBJICHBI B CTOPOHY
MOTPY>KEHHOT0 OJI0Ka;

0) ocu TMpearonaraeMpIX 30H OTHOCUTEIBHOTO CyOTOPU30HTAILHOTO PACTSHKEHUsS BEPXHEH YacTH
36MHOU KOPBI.

5. 3abosioueHHBIEC HOBEHIINE ICHYAAIMOHHO-TEKTOHMYECKHE BIIAIUHBI.
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Haubosnee HeGaronpusTHble TPYHTHI TPEThEel KaTErOpUH, MpeICTaBIeHHbIC 00BOHEHHBIMU
MEeCYAHO-TTUHUCTHIMU  AJUTIOBUAIBHBIMU U TOP(MSIHUCTHIMH U WIUCTBIMU  03€PHO-00JIOTHBIMH
OTJIOKECHUSMH YETBEPTUUHOTO BO3pacTa 00pazyroT HeOOIbIINE 10 MJIONIAM YIaCTKH B IOWMaX peK
Tarwi, Beis, bapanua u np. B npenenax 3TUX y4acTKOB BEJIMYMHA PACYETHOM CHIIBI CEHCMUYECKOTO
BO3/ICHCTBUSl YBEIMUYMBACTCS Ha OAMH Oaul MO CPAaBHEHHUIO C I'PYHTAaMH BTOPOM KaTETOPHH U
OILICHUBACTCS: a) Ui 0OBEKTOB OCHOBHOI'O (MacCOBOI0) CTPOUTEILCTBA U OOBEKTOB MOBBIIICHHON
OTBETCTBEHHOCTH B 7 OauioB mo mikaie MSK-64, 6) a1 0co00 OTBETCTBEHHBIX OOBEKTOB B 8
OatoB mo mkaie MSK-64 [6].
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VK 551.2 - 551.3
PE3YJbTATBI TEO®PU3NYECKHNX UCCJEJOBAHUN HA IJIOINAIKE
ABAPUHMHOTI'O OTCEJIEHHOTI'O JEBATUATAXKHOTI O )KNJIOT'O IOMA Ne 6 HA VJI.
MYCOPI'CKOI'O B EKATEPUHBYPI'E
I'ynaee A.H., Ocunosa A.10., ll]anos B.A.,
Hucmumym eeopuzuxu ¥YpO PAH, 2. Examepunoype, Poccus.
(922) 221 13 78, (912) 274 37 41, (922) 205 31 02
usc_alex@mail.ru, seismolab@mail.ru, vlad-shchapov@yandex.ru

The results of geophysical research at the place of destruction building Ne 6 on Musorgskiy
str. in Yekaterinburg permit to suppose presence large inhomogeneouses in the upper part of the
Earth's Crust below this object. The possible causes destruction of the building may be suffosion
and pseudocarst phenomena. It is necessary to do geophysical research before engineering-
geological research on the place for plan construction objects.

Bepxnsas uacth 3eMHOM Kopbel CpenHero Ypana XapaKT€pU3YeTCs BBICOKOM CTENEHBIO
HEOHOPOJHOCTH ClIaralouiMx ee rpyHTtoB W mnopoxa [1,2]. HeomHopomHocTn GoJiblleil 4acTbio
IIPEJICTaBJICHBI:

a) PpEIMKTOBBIMU MAJCO30MCKMMHU 30HaMu JegopManuu 3eMHOW KOpbI (pasiomamu,
TpeIIMHAMH, TPEIIMHOBATHIMU 30HAMHM, HAPYIIAIOIIMMH CIUIOIIHOCTh Malleo30McKuX nopox). Ilo
MHOTUM M3 HUX B MeE30-KailHO30MCKOEe BpeMs Pa3BHINCh IIyOOKHE KapMaHbl BbIBETPUBAHMUS,
KapcToBO-cy(h(o3roHHbIe mporiecchl [3]. MHOrue U3 3TUX 30H BMEINAIOT KBAPLEBBIC )KUIIbI, TAHKH
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I'PAaHUT-AIUIMTOB, [0 KOHTAKTaM KOTOPBIX YacTO PAa3BHBAIOTCS 30HBI KAOJIMHU3AIUHU U Pa3BUBAIOTCS
sIBIICHUSI TiceBaoKapcera [3];

0) 30HaMH KOHTaKTOB MaJIC030MCKUX HHTPY3UBHBIX MACCUBOB C BMEIIAIONIMMU TIOPOIAMH, a
TaK K€ JIMTOJIOTMYECKHX Pa3HOBUIHOCTEH MeTaMOp(U30BaHHBIX BYJIKAHOT€HHO-0CAIOYHBIX TTOPO
pa3HOro cocTaBa, PAa3HOW CTENEHH BBIBETPEIOCTH U TPEUIMHOBATOCTH (HEOIXHOPOIHOCTH
JMTOJIOTMYECKOTO COCTaBa M Pa3HO# CTEIICHH BBIBETPEIIOCTH U IIPOYHOCTH);

B) BapHalUUsIMH MOIIHOCTH ME3030MCKO-KaifHO30MCKOTO YeXjia KOpPbl BBIBETPUBAHHS U
YETBEPTUYHBIX OTIIOKECHHH.

He yder »THX HEOAHOPOAHOCTEH B Cllyyae HX T[ONAJAaHUS B HUHTEPBAIBI MEXKIY
npoOypEeHHBIMU TIPU MHKEHEPHO-T€0JOTMYESCKUX M3BICKAHUSAX CKBAKUHAMH (IPOITYCK LEJIN) MOTYT
IIPUBECTH B Oy/yIIeM K MOBPEXKACHUSAM HHKCHEPHBIX COOPYKEHHI BCIISICTBIE UX HEPABHOMEPHOU
OCaJIKH, pa3BUTHs B OCHOBaHHUHU (DyHJIAMEHTOB SIBJIICHHI IICeBIOKapceTa U cyhdo3uu.

B kauecTBe mpuMmepa MOXKHO NMPUBECTH aBAPUIHBIN M B HACTOsIIEEe BpeMsl OTCEICHHBIA 9
STaXHBIN k0K oM Ne 6 Ha yi. Mycoprckoro B xuiom maccuse «Bropuepmer» ExarepunOypra,
KOTOpBIA OBbIT CAaH B OJKCIUlyaTanui B camoMm Hadaie 80-X TroJoB ABaaunaTtoro Beka. B
HoCcJeIytolee BpeMsi BCISICTBIE HEPABHOMEPHOM M aHOMAJIbHO BBICOKOM Mpocaaku (yHIaMeHTa
JIOMa BO3HHKJIM NOBpexcHHs cTeH (0coOeHHO ceBepHoi ctenbl) U B 2007- 2008 romax aom Obu1
otceneH. Onepexarommas reopu3nkKa Npu NPOBEICHUH HHXEHEPHO-U3bICKATEIbCKUX PabOT TPECTOM
VYpan TUCU3 B 1979 rogy Ha miom@aake HAMEYEHHOTO CTPOMTEIbCTBA HE BBIMOJIHAJIACK.
CkBaxkuHbI ObUTM TIPOOYpPEHBI ¢ maroM nopsiaka 30 M

B 2010 rony 1enpro AeTanbHOM OLEHKH Ie0JIOTO-TEKTOHUYECKOH 0OCTAaHOBKH Ha TUIOIIAJIKE
JOMa HaMy OBUIM BBITIOJHEHBI BEPTUKAIBHBIE 3JeKTpo3oHmupoBanus (BD3) c¢ marom mexmy
ToukaMu 3oHaupoBaHus 10 M, ¢ maroMm moiypa3HocoB nuTaromeil Junuun AB 2,5 M u anuHOU
noJsrypasHocoB nutaronieit tuaun AB 30 M o aByM mpo¢uiisiM BIOJIb CEBEPHOM M 10KHOM CTEH
JI0Ma, a Tak ke mapamerpudeckue BO3 ¢ marom mosypasHocoB 1,0 M u 1ynMHON MOTypa3HOCOB
nuTaromeit tuauu AB 15 M Ha 7 ipoOypeHHBIX U3BICKATEIbCKUX CKBAYKUHAX.

ITo pe3ynbTaTam 3THX MCCIIEI0BAaHUH MOKHO MPEANOI0KHUTh, YTO MO/ HEHTPAIbHON YacThIO
JoMa, TI7e HaOMIoJaeTcs aHOMalbHO CHJIbHAs TIPOCajJka CEBEpPHOM CTEHbI, HMeeTcs
cy0BepTHKAJIbHOE OTHOCHTEJIbHO BHICOKOOMHOE M, BO3MOKHO, OTHOCUTEJIbHO NMPOYHOE TeJI0
(roukn BD3 4 (ceBepnas crena) u 11 (rokHas CTeHa)), KOTOPOE MOXHO MPEINOJI0KHUTEIHHO
OTOXKJIECTBUThH C JAMKON I'paHUT-AaIUIMTOB MM KBapLEBBIX AMOPUTOB, 3aJIETaloUIeil B PEIMKTOBON
naneo30Uckoil 30He aedopManuu 3eMHONW KOpBI, CIOKEHHON BBIBETPENIBIMU OTHOCUTEIHHO
HHU3KOOMHBIMH MAJIONPOYHBIMU TPEIMHOBATHIMU mopoaamu (nopdupuramu) (troukn BD3
3,5,6 (puc.l). BpicokoOMHOE TEII0O MMEET MOLIHOCTh B HECKOJIBKO METPOB W HAaXOJHUTCS B
UHTEpBale MeXJIy CKBaXMHaMH 3 U 4, 7 u 9 M NMO3TOMY NpPU HHKEHEPHO-T'€OJIOTMYECKUX
U3bICKAaHUAX OOHapykeHo He Obulo. HampaBnenue 30HBI W HpeamoiaraeMoi  Jaiiku
CyOMepHIMOHAIBHOE CEBEP-CEBEPO-BOCTOYHOE MO a3uMyTy okojio 30-35 rpaaycoB u B 00IeM
KOHKOP/IaHTHO C HAampaBJICHMEM MHUTpAlMM IOJ3EMHBIX BOJ B Ipelenax paccMaTpUBaeMOro
ydacTka (¢ ceBepa Ha Ior).

[TonoOHas HU3KOOMHAsI MAJIONIPOYHAsl PEIUKTOBAs 30Ha JepOpMalui 36MHOM KOPbI MOKET
OPOXOAUTh M IMOJ 3alaJHOW YacThIO JIOMa, IJle TaK K€ HaOMIoJaeTcs aHOMAJIbHO OOJbIlast
IpOcaJika CeBEpHON CTEHBI, a TaK ke B paiioHe BOCTOUYHOI'O MOIbE3/1a I0Ma.

MO’KHO NpPEanoa0kKHUTh, YTO IO KOHTaKTaM IpearojaraeMoil Jailku TpaHUT-aIIUTOB B
Me30-KailHO30MCKOEe BpeMs pPa3BWIMCh IIEAM KAOJMHU3ALMHU, a 3aTeM KAOJMHUT BBIMBIBAJICS
MOJI36MHBIMU BOJIAaMH M Pa3BUBAIMCH SIBJICHUS ICEBJAOKAPCTA, COIJIACHO CXEME NPEeJIOKEHHOU B
padore [3]. Kpome ToOro, mpomecc BBIHOCA IOJ3EMHBIMH BOJaMH TJIMHUCTOIO MaTepHaia
OPEANOI0KUTEIBHO aKTUBHO JICHCTBOBAJl B Mpejesiax BMeUIaomed Jaiiky peauKTOBOMH
NaJIe030MCKOM 30HE JedopMaliy, CI0KEHHOW HU3KOOMHBIMHM MAaJIONPOYHBIMHU TPEIIMHOBATHIMU
TOPHBIMH MOPOAAMH, TPEBPALLICHHBIMU B BEpXHEH 4acTH 36MHON KOPBI MPOLECCAMU BbIBETPHUBAHHS
B DJIIOBHAJIbHBIE CYTJIMHKU. B pe3ynpTaTe B 30HE KOHTaKTa IpernosiaraeMoil Jailku u B camoi
npeAnoIaraeMoil pelmKTOBON Majeo30iickoi 30He AedopMani 3eMHOM KOpbI, BMeLIaroIel ee,
TaK € MOIVIM pPa3BUTbCA sIBJIEHUS Cypdo3uM M TICEBJIOKApCTa, MPHUBEAIINE K aHOMaJbHOU
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npocaake (I)YHI[aMCHTa JA0Ma Ha 3THUX Yy4YaCTKax W MOBPCKIACHHUIO (I)YHI[aMeHTa U cTeH. Pazputuio
9TUX MPOUCCCOB CII0COOCTBOBAJIO CY6I.HI/IpOTHOC PACIIOJIOKCHUEC 1OMA Ha ITYTHU IMOTOKA IMOA3CMHBIX
BOJ, TCKYIIUX B paﬁOHe paccMaTpuBacMoOro roMa ¢ CCBCpa Ha Ior.

CeBepHas cTeHa aBapuiiHoro goma Ha yn. Mycoprckoro, 6, . EkatepuHbypr

3anapg BocTok
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Puc. 1. Cxemamuueckuii pazpe3 HadAI00EHHBIX KAHCYWUXCA CONPOMUBTIEHUN no 0aHHbim BO3
Ha npoghune 60016 cegeproll cmenvl agapuitnozo 9-rmaixcrnozo ooma Ne 6 na yn. Mycopzckozo 6
Examepunoypee.

[Toctponi: I'ynsieB A.H., onepaTtop moneBsix HaOmoneHui 1 aBTop 06padotku [llanos B.A., aBTop
komnbioTepHo# rpaduku Ocunos B.1O., Mucturyr reopusuxu YpO PAH, 2010 r.

CeBepHasd cTeHa aBapuiiHoro goma Ha yn. Mycoprckoro, 6, . EkaTtepuHOypr

3anap BocTok
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Puc. 2. Paszpe3 zpaouenmos Ka)dcyuwuxcs conpomueieHuil no noaypasnocam BI3.
Xapaxkmepu3zyem pacnpeoenenue y0enabHblX COnPOMUEIEHUIl 6 pazpese
6epXHel uacmu 3eMHOIL KOpbl.

[Toctpoun: I'ynsieB A.H., aBTop komnbroTepHo#t rpaduku Ocunos B.1O.,
Wucruryr reopusuku YpO PAH, 2010 .
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Ecnu Obl Ha momajake mnepex CTPOUTEIHLCTBOM JOMa M Tepe]] MPOBEIECHUEM HHKEHEPHO-
Te0JIOTUYECKUX M3bICKAaHUI ObLIN BBITIOJHEHBI OMEpeKaronue reoGusnieckue NCCiIeJoOBaHus, Kak
st0 mpeaycmoTpeHo CIT 11 -105 -97, uactbio mepBOii, B YaCTHOCTH 3JIEKTPO30HIMPOBAHMI,
M0I00HBIE BBHIMOJHCHHBIM HaMH, TO TOJYYC€HHAs B pe3ylbTare uX WH(popMaIms mo3Boiuia Obl B
KOHEYHOM HTOre H30eKaTh TOBPEKICHHUS IOMa MOXXHO IIyTE€M INPUMEHEHHUS CBOCBPEMEHHBIX
WHXEHEPHBIX MeponpusaTHii. CTOUMOCTh ONEPEkKAIOMKX Teo(hU3NIECKUX HCCIEIOBAHUI OOBIYHO
coctaBisieT mopsaka 2-5 % ot oO0mieil CTOMMOCTH WH)KEHEPHO-TEOJIOTHYECKUX HW3BICKAaHUMU, a
nH(pOpMaIKs, CBOCBPEMEHHO MOJydaeMas B Pe3yJbTaTe UX MPOBEACHUSI OC3YCIIOBHO MOKPBIBACT
BCE PacXo/ibl Ha OTNEpexarnyo reodusuky [4].

[ToaToMy B yCHOBHSIX HEOJHOPOJHOIO T'€OJIOTMYECKOTO CTPOCHUS BEPXHEW 4YacTU 3EMHOU
kopel Cpemnero VYpaia Mbl HACTOSTEIbHO PEKOMEHIYyEeM BbINOJHEHHE OIepPeKAIIHX
reopu3nYeCKUX UCCIETOBAHMI Ha MJIOIIAKAX HAMEUEHHOTO CTPOUTENHCTBA MEPe]l MPOBEICHUEM
WHKXEHEPHO-TEOJIOTUIECKIX U3BICKAHUN C LIETIBIO BBISBICHHUSI HEOAHOPOIHOCTEN CTPOSHUS BEpXHEH
4acTH 3€MHON KOpHI M MOCIEYIOLIEr0 MX H3Yy4eHHUs OypOBBIMHU CKBaKMHAMH, mypdamu. ITO
MO3BOJIUT W30€XKaTh MOBPEKICHUS BO3BOJUMBIX HWHKCHEPHBIX OOBEKTOB M OO0ECIEUUT HX
0€e30MacHyI0 SKCIUTYaTallMIo B OyayILeM.
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VJIK 550.837
OTIBITHASI MAJIOTABAPUTHAS ATIITAPATYPA PETUCTPALIMHA «OMAP-2M» JUISI
METOJIA AMT3

B.A. /lasvioos, m. 8-92220-17730, E-mail: davydov@mizarpro.com
Huemumym eeopuzuxu YpO PAH, 2. Examepunbype, Poccus.

Abstract. The function chart and technical characteristics of new equipment "OMAR-2m" for
geophysical researches by methods AMT and VLF is presented.

B oTnuyue OT yCHEemHOTro pa3BUTHS B MPOILIOM BEKE METOJa MarHUTOTELTYPUYECKHX
sonaupoBanuii (MT3), npumenenue merona AynuoMT3 (AMT3) He HOCHII MAcCCOBBIN XapakTep,
M3-32 HECOBEPIICHCTBA M3MEPUTEIBHON TEXHUKU U OTCYTCTBUSA I(PPEKTUBHBIX CPEICTB 3aMUCU
OBICTPOTIEPEMEHHBIX TMpoleccoB. Ha coBpeMeHHOM JTame pa3BUTHS SJICKTPOHUKH, BO3MOXKHO
co3fganre HU(poBON ammapaTypbl ¢ HEOOXOAMMON TOYHOCTBHIO H3MEPEHUH U JAOCTATOYHBIM
00beMOM TaMSATH ISl 3alMCH CHUTHAJIOB B JHAMa30HE 4YacTOT OT EAWHHUIl Tepil IO JIeCATKOB
kunorepi. Takue MHPOKOTOJIOCHBIE U3MEPHUTENbHBIE CHCTEMBbI CeHYac BBIMYCKAIOT HECKOIBKO
3apyOeKHBIX mIpou3BoauTenel reodusmueckor ammaparypsl (Phoenix, Metronix wu ap.).
OTtedecTBEHHBIE aHAIOTH MOAOOHBIX MPUOOPOB HE MPOU3BOAITCS CEPHUIHO, CYHIECTBYIOT TOJBKO
OTIBITHBIC SK3EMIUISIPBI ISl HayuyHbIX paboT [1] M MenkocepuiiHas anmaparypa ¢ ype3aHHBIMHU
YaCTOTHBIMU XapaKTepucTukamu [2].

B Uncruryre reodpusukn YpO PAH pazpaborana mopratuBHasl ammapaTrypa peructpariu
reopusnueckux curHaioB «OMAP-2m» (puc.l) TO3BONSIFOINAS BBIMOJHATH HCCICIOBAHHS
metogamu AMT3, pamnokun CJIBP (pampoxoMmapaiiii MW IeJIEHTallMd CBEPXTHHHOBOIHOBBIX
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pagrocTaHIMii) ¥ ap. B KoMILIeKkTe ¢ 3JeKTpopa3BeOYHBIM T€HEPAaTOPOM CUTHAJIOB, amliaparypa
MO>KET BBICTYNATh KaK YHUBEPCAIbHBIN IPUEMHHUK AIEKTPOMArHUTHBIX METOA0B Pa3BEIKH.

Puc. 1. Annapamypa «OMAP-2w» 6 éapuanme ¢ noyméyxkom ASUS EEE 701.

@OyHKIIMOHAIBHO ammaparypa COCTOMT W3 aHaJOrOBOTO MPHUEMHOro Oyoka M IHM(POBOTrO
peructpatopa curHaiaoB. [IpueMHbIi OJOK OCYIIECTBISIET COIJIACOBAaHHWE C JaTYMKAMH,
dopmupoBanrne AUX, ycuieHne, MHIUKALKIO YPOBHS CUTHAJIA U IETeKTUpoBaHue (puc. 2).

5 Ay z ‘ym @) Usexi
——————— — = - OHY 1 ‘ ~
oBY12
104 o0 .
oe *60 ’
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OTmeTka MHA 1

1My Yeun.1 kaH, gb
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x1 Bbix 2=

_______ ] ')“ - @
ET2
M; ®BY 2.1 = Al hn2
.

——————— — - ®OHY 2
N; oBY 22

1Ty Yeun.2 kaH, Ab

Puc. 2. Cmpykmypnas cxema ananioeo8020 npuemHnozo 0J10Ka.

Ipunamule coxkpawenus: MJ] — maenumnoiii damuux, MN — 3azemnsemsie s1exkmpoovt, ®PBY —
Gunompor gvicoxux wacmom, Y — ouppepenyuanvuoii ycurumens, ®HY — unomp nuskux
yacmom, YC — ycunumens, J{ET — demexmop, MH][ — anano2o8wiii uHOuUKamop cmpeiouHozo mund.
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BJI0K COCTOUT U3 IBYX MPAKTUYECKU UICHTUYHBIX KaHAJIOB, OTiaM4Me 3akitodaercsa B ®BY ¢
U3MEHsAEeMOH yacToToit cpe3a. B nepBom kanaiie, ®BY (f; = 1 ['i1) MOKHO OTKJIFOUATh M MPOBOIUTH
U3MEpPEHHS TIOCTOSTHHOTO HAIPSDKCHUS, K MPUMEpY, ecTecTBeHHOro anekrpudeckoro mois (EIT). B
ATOM € KaHalle yCTaHOBJEHa KHomka "OTMeTka', Mo HaXXaTHI0 KOTOPOM BXOJl 3aMbIKAETCS Ha
3€MJII0, YTO TO3BOJISIET KOHTPOJUPOBATh CMEILEHUE HYJIS WIM CO3JaBaTh 'HYJEBbIE' MapKepbl B
3anucu. Bo Bropom kanane, dactoty cpeza ®BY moxuo mepexmoyars ¢ 1 I'm wa 500 I'ny, yto
TpeOyeTcst 17sl pa3HbIX BAPUAHTOB MOAKIIOYCHUSI BXOJHBIX TaTYMKOB. B ocTambHOM, paboTa 06oux
KaHaJioB oawHakoBa: JIY OCyIIecTBISET OCHOBHOE ycwieHue curHanoB ¢ mmarom 10 nb, ®HY
OTpPaHMYMBAET IMIOJIOCY MPOMYCKaHUs MO BbICOKOW wyactotre 10 50 kI, YC cuyxkut mis
COIVIACOBaHUS C PErMCTPaTOpPOM M AONOJHUTENbHOro ycuieHus, JET npousBoauT BbIIPSIMIIEHUE
MEPEMEHHOTO HAIPSDKEHHMSI JJIs1 aHAJIOTOBOT0 BCTpoeHHOro uuaukaropa (MH/) u moakirouaemMoro
mudpoBoro tecrepa. AHANOTOBBIM OJIOK pa3paboTaH Ha OTEUECTBEHHOW 3neMeHTHOW Oaze 140-
CepuH, BO BXOJHOM KacKaJle HCIOJb30BaHbl NPEIU3UOHHBbIC IU(QepeHInaTbHbIE YCHINTEIN
¢dbupmer Analog Device AD622AN.

Peructparop npous3BOAMT aHaJIOro-uQpoBoe Mpeodpa3oBaHHE M 3alUCh CUTHAJIOB B
nrdpoBoii popme. B kayecTBe perucrparopa BBICTYNAET MOPTATUBHBIN KOMIBbIOTEP (HOYTOYK) (CM.
puc. 1) co 3ByKOBO#l KapToi, cojepKalleil JIMHEHHBIA aynuo BXxoa. B cocraBe HOoyTOyka mMeeTcs
CHELMANbHBIN  ayIuO-IIPoIleccop, C MOMOIIBI0 KOTOPOTO  OCYIIECTBISIETCS  OLU(POBKA,
npeoOpa3oBaHue U 3alKCh CUTHANOB. B Hacrosiee BpeMsi 00JbIIOE pacrpoCTpaHEHHE MOTyUHITN
5-xaHanpHBIE ayauo-Tiporeccopsl ¢ BeicokuM paspemenueM (5.1 Channel High Definition Audio
Codec). Onu coxmepxar 16/20/24-pazpsauabie ALl ¢ He3aBUCUMBIMH YacTOTaMH JIHCKPETH3AINU
44,1/48/96 xI'u, 4yTO MO3BOJSIET B PEATbHOM BPEMEHHU OIM(POBBIBATH CHUTHAIBI YacTOTOH a0 48
k['1. Pe3ynbprar 3amoMuHaeTcs Ha >KECTKOM JAMCKe WM (idmi-maMatu HoyTOyka. [lampHeimas
00pa0OTKa CHUTHAJOB MPOU3BOJUTCS C TIOMOIIBIO CHEIHMAIU3UPOBAHHBIX KOMIIBIOTEPHBIX
nporpamm. OCHOBHBIE XapaKTepUCTHKH anmnaparypbl KOMAP-2m» npuseneHs! B Tadu. 1.

Tabn. 1. Texnuueckue xapakmepucmuku annapamypol «OMAP-2u».

KonnuecTBo kaHaJIo0B 2 muddepeHnnanbHbIX
BxonHoe conporusieHune 4 Mom

YpOBEeHb COOCTBEHHBIX IIYMOB 70 uBAT1t

Jlnana3oH yCHUJICHHUS KaHAJIOB (C I1arom) 0+ 80 nb (10 nb)
Jnana3zoH pabouux 4acToT:

aHAJIOTOBOT'O MPUEMHOT0 OJI0Ka 1-50000TI'n
perucrparopa (Hoyroyk ASUS EEE 701) 10 - 48 000 I'u
Paspsanocts AL 16

YacroTa AMCKpEeTH3ALUU 10 96 k'

dopmar KoTMpoBaHUS UMITYJIbCHO-KOZIOBAsi MOTYJISILIUS
OO0IM JUHAMAYECKUHA QUAaNa30H CUTHAIOB 110 nb

JUTNTeNnbHOCTh HEMTPEPBIBHOM 3a1HUCH 12 gacos (o 32 u)
[TorpebasiemMast MOIHOCTH (0e3 HOYTOYKa) < 300 mBt

Bec (c akkymynsTopamn) 3 Kr

[TpuemHBbIi 070K ammaparypsl MO3BOJSIET pabOTaTh B TEUEHHUU 2 HEJeNnb 0e3 MOoa3apsaIKu
aKKyMyJIATOPOB. MoOUIbHBIE HOYTOYKH HOBOTO TOKOJCHHS C Mal0 HOTPEONISIONIUMHU
nporeccopamu Intel® Atom™ (HeTOyku) paboTaroT B aBTOHOMHOM pexxume 110 10 vacos.

Kpome peructpupyromieil 31eKTpOHUKH, BaXHOM COCTaBHOM 4YacThio ammapatypsl AMT3
SBIISIIOTCST TATYMKUM MAarHUTHOTO TOJsSI 3BYKOBOTO Juarna3oHa 4acToT. OHU HpeAcTaBisIOT co0oit
MHOTOBUTKOBBIE KAaTyIIKH, HAMOTaHHbIC HA CEPJICUHUKAX C BHICOKONH MarHUTHON MPOHHUIIAEMOCTHIO
(beppur, p-meramn). st IMHeapu3aluu aMIUTUTYAHO-4aCTOTHOM Xapaktepuctuku (AUX) Takmx
JaTYMKOB HCIOJIB3YIOT BCTPOCHHYIO KOPPEKTHUPYIOIIYIO 3JIEKTPOHUKY, MHTAHHE Ha KOTOPYIO
MOJIaeTCs C BHEIIHEro myiapTa. TakuM oOpa3oM, akTHBHBIC JAaTYUKU U NPUEMHAs amnmapaTypa
SIBIISTFOTCSL YaCThIO €IMHOTO COTJIACOBAaHHOTO TpakTa. CreruanbHo s annapatypel «<OMAP-2m»
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MoJId MHAYKIUOHHOT'O THUIIA. Texuuueckue XAPAKTCPUCTHUKU NATYMKOB YKAa3aHLI B TaoI. 2.

Tabn. 2. Unoykyuonuvle 0amyuuxu MazHUMHO20 NOJIAL.

Jlatunk AMJI-50 ITM/J1-10 PMJI-65
Koaddpunuent 50 MB/aTn 10 MB/HTn 65 MB/HTn
peoOpa3oBaHMs (63 Om M) (12,6 Om- M) (82 Om'm)
Paboune gacToThl 10 - 48 000 I'y 10 - 16 000 I'ry 12 650 I'rg
XapakTepucTuka < 500I': nuHewnH. pe30HaHCHAasI pe30HaHCHAas
AUYX >5000"11: mrockas (HM3Kast TOOPOTHOCTH) (BbICOKAst JOOPOTHOCTB)
Hepasanomepnocts | <5000'1: 6 nb/oktr  <4xI'u: 6 nb/OKT. HeJMHEeHHas
AUX >500I'w; + 3 b >4k ;-6 1b/oKT

Marepuain ®eppur ®eppur ®eppur
cepJIeYHUKa 700HM 2000HM 700HM
Bec 1,5«kr 2,5 kr 0,7 xr
I"aGapursr @80 x 230 MM @80 x 300 MM 76x40x190 MM

Haraukn AMJl u [IM]l, umeronue MOHOTOHHBIE auHEHHBIE AYX, H3roTOBIICHBI IS
npuMmeHeHust B Metoge AMT3. Pe3onancHele natumku PMJI, ¢ BbICOKOH H30MpPaTenbHOCTHIO,
CIIy’KaT AJI1 METO/a PalMOKUI M HaCTpauBaroTCs Ha yacToTy npuHumaemon C/IB paguocranuuu.

Kpome crniennanbHO H3rOTOBIEHHBIX AaTYHKOB, K KOMAP-2M» MOKHO MOJKITIOYUTH JIFOOBIC
MACCUBHBIC U aKTUBHBIE MPpeoOpa3oBaTeNld CUTHAJIOB, ¢ BHEITHIM nuTtanueM * 6 B unu + 12 B. Tlpu
3TOM HCTOYHHUK CHUTHAJIa MOXET ObITh, KAK HU3KOOMHBIM (CEHCMONIPUEMHUKH, MArHUTHBIC PAMKH)
TaK W HMMETh JOCTAaTOYHO BBICOKOE BBIXOJIHOE CONPOTHUBICHHE (DJICKTPUUYCCKHE AHTCHHBI,
MbE30KepaMHUUECKUE MPEOOPa30BATEIH U T.1I.).

JIUTEPATYPA
1. Kowuonaun A.J]. Anmaparypa BBICOKOYACTOTHOTO MarHUTOTEIUTYPUYECKOTO 30HAMPOBAHHUSA. //
Bonpochl Teopun M MPAaKTUKH T'EOJOrMYECKOW HWHTEPHpPETAllMU I'PAaBUTAIIMOHHBIX, MAarHUTHBIX U
aNieKTpuyeckux rmousiel: Matepuansl 33-if ceccunm  Mexaynapoanoro cemunapa um. [T
Ycnenckoro. — Ekarepun0Oypr: Mactutyr reodpusuxku YpO PAH, 2006. - C. 147.
2. Capaes A.K., I'onosenxo B.b., Jlapuonoe K.A. u Op. AyanomMarHuTOTeITypuiecKas cucTeMa
AK®-4M /] Uuayctpus. Ne 3, 2003. — C. 33-34.
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550.34
BBIJIEJIEHUE TPYBKH B3PBIBA HEHOKCHOT O ITOJISI APXAHTEJIBCKOM
AJIMA30HOCHOM MPOBUHIINU ®OHOBBIMU MUKPOCEHCMAMU
Hanunos K.b., ®panyyzosa B.H. arh-seismo@yandex.ru
Hnemumym Dronocuyeckux npoonem cesepa YpO PAH, 2. Apxaneenvck, Poccus

Abstract. The article shows an example of the use of microseismic vibrations to separate
tubes of the explosion. Investigations were carried out on one of the tubes explosion Arkhangelsk
diamond province. The work is based on the method of microseismic sounding. The results showed
a good informative value of the proposed method.

HM3BecTHO, YTO CyHIECTBYIOIINE reo(U3NUECKHE METO/Ibl MOUCKA TPYOOK B3PHIBOB (JIEKTPO
Y MarHUTOpa3BeJiKa, TpaBupa3Besika) MatodPp(EeKTUBHBI U MOUCK TPYOOK B3pbIBa TpeOyeT OypeHus
OO0JIBIIOTO YKCIIa 3aBEPOYHBIX CKBAKMH, UTO JIEJIACT MPOLIECC MOUCKA JOCTATOYHO JOPOTOCTOSIINM.
B sroii cBa3u, nis Gonee 3(QPEKTUBHOIO M3YyYEHHs] NEPCHEKTHBHBIX IeO(U3NYECKHX YYacTKOB,
TpeOyeTcsl MPUBJICYCHHUE JAOMOJHUTEIHLHOIO HE3aBUCUMOT0 METOJ1a 30HIMPOBAHUS BEPXHUX CIOEB
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3eMHOI Kopbl [1], KakoBBIM SIBJISETCS, IO HAIIEMY MHEHHIO, METOJ] MHKPOCEHCMHUYECKOTO
3oHaupoBanus (MM3).

B pamkax 3To#l mpoOieMbl MpOU3BEAECHBI METOAWYECKHE paboThl MO aJanTallid METoJla
MM3, pazpaborannoro B U3 PAH T'opbatukoseiM A.B. [2, 3], mpuMeHHUTENBHO K TPYOKE B3phIBa
C10 Henokcuoro mouisi ApxaHrenbckoi anma3onocHou npoBuHuuu (AAII) (puc.l). OtMetnm, 4T
paHee MeTo1 ObUT MPUMEHEH aBTOPOM MpH 00CIICI0BAHUH Psijia TEOJOTHYECKUX 00beKTOB[3, 4, 5].

Puc.1. Tekronuka paitona pacrnonoxenus Hernokckoro most [6]
1 - Uccrnenyemast TpyOKa B3pbIBa; 2 - TPYOKH B3pbIBa; 3 — pa3IOMbl OTPAHHYHMBAIOIINE KPYITHBIC
CTPYKTYPBI 3eMHOM KOPBI; 4 — pa3ioMbl aKTHBHBIC HA HEOTEKTOHHYECKOM dTare; 5 — mpoune
Pa3iIoMbl; 6 — H30TUIICHI TOBEPXHOCTH KPHCTAUTUUECKOTO (PYHIAMEHTA.

MM3 ocHOBaH Ha TOM (haKTe, YTO CHEKTPaIbHbIE aMIUIUTYAbI Ha ONpPENeIEHHBIX YacTOTaxX
YBEJIMYMBAIOTCS TIPU MPOXOXKIEHUH HU3KOCKOPOCTHBIX HEOIHOPOAHOCTEH M YMEHBILAIOTCS — MPH
MPOXOXKJICHUH BBICOKOCKOPOCTHBIX. BaKHBIM IpEeANooKeHNeM ATl pealn3aluid MEeTOIa SBISIeTC s
TO, YTO BEpPTHKAJIbHAs KOMIIOHEHTa CMEIIEHUIl B MHUKPOCEHCMHMYECKOM IIIyMe MpeACTaBjicHA B
OCHOBHOM BEPTHUKAJIbHON KOMIIOHEHTON cMelleHus (pyHIaMeHTaIbHON MOABI BOJIHBI Panes u 4to
MCTOYHUKHM MUKPOCEHCM pacrpesiesieHbl B IPOCTPAHCTBE JOCTATOUYHO paBHOMEpHO. IIpu 3TOoM cama
HEOTHOPOJHOCTh MOYKET HaXOJIUTHCSI Ha ONpPENeNIeHHON TTyOuHe, a COOTBETCTBYIOLINE U3MEHEHHE
MHTCHCUBHOCTH OUIYIIAThCS Ha MoBepxHOcTU. O riayOMHE 3ajeraHus HEOJHOPOIHOCTH MOKHO
CYIMTbh M3 TOTO, YTO BOJIHA HauboJjee spKo “pearnpyer”’ Ha HEOAHOPOAHOCTD IPH €€ 3aJeraHuu Ha
riyOMHe OJIM3KOW K TIOJIOBUHE JIJTMHBI BOJIHBI [2, 3].

W3mepeHuss MUKpOCEICM MPOU3BOIMIKNCH € MTOMOIIBIO IBYX KOMIUIEKTOB ITUPOKOIOJIOCHBIX
ceiicMocTaHIMii. B KadecTBe OMOpHOW WCIOJb30BaNach craHuusi ¢ perucrparopom GSR-24 (24
paspsimabiii ALIT) ¢ mupokonosnocHeM natunkoM «CMG-3ESP» (wactothbiii auanazon 0.03-30
', 9yBCTBUTENBHOCTH naTunka 2*9924B*c/M), B kauecTBE NEPEIBIKHON CEHCMHUYECKOW CTaHIIMU
- « YI'PA» (16-tu paspsimabiit AIIT) ¢ mupokonosocHeM gaTuukoM CM3-OC (4acTOTHBIM
muamazon 0.03-10 I'u, gyBcTBHTENBHOCTD MaTunka 3908 B*c/m).

B xoze noneBbIx paboT ObUIM MPOU3BEEHA 3aMEPbl MUKPOCEHCMUUECKUX KOJIeOaHUH BJIOTb
JBYX Mpoduieil mepBblii HAIPaBIIEH ¢ 3ama/ia Ha BOCTOK, BTOPOM- ¢ ceBepa Ha IOr.

O0cy:kaeHne pe3yibTaTOB.

PC3y.]'IBTaTI>I 06pa60T1<1/1 JAaHHBIX 3aMCpPOB HHU3KOYACTOTHBIX MHKpOCCﬁCM B TOYKax
HpO(I)HHeﬁ MNpEaACTAaBJICHBI Ha pUC. 3 a, 0. Anamm3 AuarpaMm pacrupcCaciICHUA OTHOCHUTEJIbHOM
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MHTCHCUBHOCTH MMKPOCEHCM [0 PACCTOSHUIO U C TIIyOWHOW MOKa3bIBaeT HalWuyhe TPYOKH Ha
yuactkax ot 550 1o 880 m mepBoro npoduis (puc.3 a) u ot 0 1o 450 m BTOpOTO (pUC. 3 6). TpydKa
BBIPA)KEHA BBHICOKOCKOPOCTHON 30HOW. Tak Ha pHc. 3,a OTYETIIMBO BBIIENACTCS KPYTO MaJaromas
30Ha TMOBBIIIECHHBIX CKOPOCTEW C BHEAPEHHEM JIMH3BI elie Oojiee MIOTHBIX mopoA. Ilo maHHBIM
BTOpOro Mpoduiis 30Ha TPyOKH MPOCIIEKUBACTCS KpyTonaaaromen noixocoi 1o riayounsl 1400 m ¢
BHEJIPCHHEM B Hee JIMH3bI 00Jiee HM3KOCKOPOCTHBIX MOPOJ B IeHTpasibHOM yactu (puc.3 0). Ee
pa3Mepbl yBEIMUYUBAIOTCS MpPHU NPUOTMIKEHHH K MOBEPXHOCTH C HEKOTOpoW acuMmMmerpueil. B
npeJieNnax 3ToW 30Hbl BBIICISIOTCS, XapaKTepHble Uil TpyOOK B3pbIBa, KopHeBas (¢ rimyounsr 2500
M), auatpemonast (Bbite 1700m), nepexoanas - sxepiosas (Bbitne 900 M) u kparepHas (¢ rIyOUHBI
100 M) yacTu ¢ XapakTepHBIMU pa3IyBaMH JIacK.

—

-500

-1000 ¢ -1000
-1500 i o 3 -1500

-2000 | | " @ -2000

-2500 T -2500 A
0 500 M o} 500 1000 M

a — riepBbIe poduIs; 6 — BTOPOii MpouIIb;
Puc. 3. Pactipeniennenre OTHOCUTENLHON HHTEHCUBHOCTH MUKPOCEHCM BJIOJIb TIPOueit

B 1neBoit wactu mepBoro mnpoduias M B MPaBOM YAaCTH BTOPOrO MPOCIECKHUBAIOTCS
HU3KOCKOPOCTHBIE 30HBI BMEIIAIOUIUX MOPOJ, Hanbojee BbIpakeHHas B mpenenax riayoun ot 0 no
900 m (puc. 3 a, 6). [Ipu 3TOM B camMOM Hayaie mepBoro mnpoduis Ha riyomHax menee 150 m
pacnojararoTcsi BBICOKOCKOPOCTHBIE MOpojabl. CoOrlacHO AaHHBIM [/] HHM3KOCKOPOCTHAs 30HA,
BO3MOKHO, SIBJISIETCS, KOHTPOJIUPYIOLIEH TpyOKy, 4acThio BepxoBckoro pasioma.

[IpomexxyrouHble  30HBI ~ MHTCHCH(HUKAIIMM  MHUKPOCEHCM  BO3MOXHO  OTpaXKaroT
MHOro(a3HbIf XapakTep BHEAPEHUS KUMOEpIIUTA, YTO TOATBEpXKIAeTCs Treo(u3ndeckuMu
JaHabIMH [8].

CornacHO M3BECTHBIM JAaHHBIM, OTMEUEHHbIC HAMH, OCOOCHHOCTH PACIIOJIOKEHHS TPYyOKH
OTHOCHUTEJIFHO BMELIAIOIIUX IOPOJ XOPOILIO COIJIACYIOTCS € Treo(u3MYecKUMU TaHHbIMH. Tak,
BbIJICJICHHBIE HAaMH, 30HBI C Pa3JIMYHBIMU CKOPOCTHBIMHU CBOIMCTBaMHU XOPOIIO COTJIACYIOTCS C
KapToil aHOMaJILHOIO MarHUTHOM moJist [9].

Taxum 06pa3oM, pe3yabTaThl 00CIEA0BaHHS METOOM MUKPOCEHCMUYECKOTO 30HAUPOBAHUHT
(MM3) spynTuBHBIX 00BEKTOB HEHOKCHOTO TOJIS CBUACTEIHCTBYIOT O BO3MOKHOCTH IIOJTy4aTh
JIOTIOJTHUTEIHHYIO M HE3aBUCUMYIO, KAUECTBEHHYIO HH(OPMAIIMIO O MECTOTION0KEHUH, CTPYKTYpe U
JIpyrux TmapameTpax TpyOok. Tem caMbIM OIpEeNnsioTcss BO3MOXHOCTh 3(deKkTuBHOrO
UCIIOJIb30BAaHUS ATOTO METO/Ia B KOMIUIEKCHBIX IMOMCKOBBIX M 3aBEPOYHBIX pabOTax MpU pa3BeiKe
KUMOEPIIUTOBBIX TEIl.

Hcnosp3yemas nureparypa:
1.  Kyrunos lO. I'., YuctoBa 3. b. Mepapxuueckuil ps nposiBIEHUH IET0YHO-YIBTPAOCHOBHOTO
MarmaruzMa ApXaHreiabCKOM aMa30HOCHOM MpoBUHIUH. VX OTpaskeHUE B I'e0JIOTr0-(PrU3nIecKix
matepuanax. Apxanrensck: UOIIC YpO PAH, OAO «UIIIT IlpaBaa Cesepa», 2004. 268 c.
2. Topb6arukoB A.B. Ilar. P® Ne 2271554, // broxn. m306p. 2006, Ne 7.
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runpocepa esponeiickoro Ceepa Poccun. I'eoskonornueckue npodnemsl / OtB. pen. KOnaxun
®.H. ExarepunOypr: YpO PAH, 2001. C. 57-63.

9. Kapra wu3oiuHMII aHOManbHOTO MarHuUTHOro mosst. Macmrab 1:10000 // Tomomoiu
MH(POPMALMOHHBIM Te0JIOTHYeCKUi oTueT Mo o0bekTy «llomckoBble pabOTHI Ha anMasbl Ha
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YJIK: 538.953
JATYUK U CUCTEMA U3MEPEHUM TENIJIOBOM AKTUBHOCTHU MATEPHUAJIOB
JLFO. Jlemexncro, e-mail: ddem54@inbox.ru, B.B. /lepeaues, E.H. Pvibakos, A.B. Knumwiun
Huemumym eeogpusuxu YpO PAH, Examepunoype

A novel method and sensor for measurement of thermal effusivity of solids are proposed.
The method employs one-dimension temperature waves generated by heater on the surface of
reference plate which opposite surface is placed on the sample. Attenuation of temperature variation
in the reference plate determines thermal effusivity of the sample.

HpezmoxceH HOBBIN MCTOJ KOHTAKTHOI'O U3MCPCHUS TEIJIOBOII aKTUBHOCTU MaTCepHraJioB U
pca3yromue €ro AaT4yukKu, CUCTEMa I/I3MepeHHﬁ U aJITOPpUTMBI O6pa6OTKI/I. MCTOI[ OCHOBAH Ha
BO36y)KIleHI/II/I IJIOCKUX TCMIICPATYPHBIX BOJIH Ha IOBCPXHOCTU 3TaJIOHHOH IIJIaCTUHBI,
KOHTaKTpr}OHICﬁ C HUCCICAYCMbIM MATCpUAJIOM, U HU3MCPCHUHU TCMIICPATYPHBIX Kosebaunii B
IJIACTUHC Ha Pa3HbIX PaCCTOAHUAX OT HCTOUYHHKA [1] B ero ocHoBe nexur peuicHue
HECTAlITMOHAPHOTO YpAaBHCHHA TCIUIOMPOBOAHOCTU JIA 3aJa4d paCpPpOCTPAHCHUA TapMOHUYCCKUX
TCMIICPATYPHBIX KoJe0anuii B OeCKOHEUHOH IJIaCTUHE, ﬂemameﬁ Ha IMOBCPXHOCTHU
MMOJIYIIPOCTPAHCTBA [2] Ono IMOKa3bIBACT, 4YTO OTHOCUTCIIbHOC YMCHBIICHHUC aAMIIJIUTYIbI
TEMIICPATYPHBIX BOJIH A1/Ao B IINIACTHUHE C l"J'Iy6I/IHOI7I z ONpCACIIACTCA €€ TCHHO(I)I/BI/ILICCKI/IMI/I
CBOMCTBAMH U TEIJIOBOM aKTUBHOCTBIO (5%) KOHTAaKTHUPYIOLICTO C Hel HOJYIIPOCTPAHCTBA.

AZ) _
Ao Ges),

1)
€12 =4/ Mo P2Cra=, /\/51,2

rae A — TEeIIONPOBOJHOCTh, @ — TEMIIEPaTypONpOBOAHOCTh, C — ynenbHas TEIIOEMKOCTh, p —
IUIOTHOCTh COOTBETCTBEHHO MaTepHana IacTuHbl (MHAEKCe «1») m momympocTpancTBa (MHIEKC
«2»). Takum oOpa3om, B030ykIasi Ha TOBEPXHOCTH IUIACTHHBI C W3BECTHBIMH TEIUIOBBHIMHU
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CBOMCTBAMH (ITAJIOHHOM) TEMIIEPATypHbIC KOJICOAHUS W U3MEpss XapakTep WX 3aTyXaHHs C
TIIyOMHOM, MOXKHO OIICHHUTH TEIUIOBYIO aKTHBHOCTH KOHTAKTUPYIOIIETO C 3TOH IIIACTUHON o0pasia.

111107,
I

i
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Puc.1l. Cucrema HU3MCPCHUSA TEIIOBOM aKTUBHOCTH TBCPAbIX MATCPUATIOB. O06o3HaueHUsT — B
TCKCTC.

Ha puc. 1 npuBeneH BHEUIHMN BHJI CHCTEMbI ISl MCCIEIOBaHMS TEIJIOBOW aKTHMBHOCTHU
TBEPIBIX MAaTEpUalIOB, BKIIOYAIONICH JAaT4YMK TeIyIoBoi  aktuBHoctu (1), reHepaTop
NPSIMOYTOJIbHBIX HMITYJIBCOB HANPSDKEHUSI — TPOrpaMMHpyeMblid ncTouHuk nutanust ATH-7333 (2),
JIBYXKaHAIBHBIA TepMoMmeTp Tepmornap «Center-306»(3) u ynpasisromuii paboTol reHeparopa u
TepMoMeTpa KoMIbloTep (4). DTajoHHas IUIACTHHA JaTYMKa TEIUIOBOM aKTHBHOCTH TOJIIMHON 4
MM BBITIOJTHEHA M3 KepaMUKu TuTanarta Oapus (e; = 1680 Jox-m 2 K112 ). McTouHMKOM MIIOCKUX
TEeMIIepaTyPHBIX BOJIH (HarpeBareieM) CIyKUT HarpeBatenbHas Qosbra «Minco» HK 5163 25X25
MM, /IBe Tepmonapsl K-TUra BMOHTHPOBAHBI B IUIACTUHY HEMOCPEACTBEHHO IOJI HarpeBareieM U
OKOJIO paboueil MOBEPXHOCTH JaTyhka. Bce KOHCTPYKTHBHBIE 3JIEMEHTHI JAaTUMKA IOMEIIEHBI B
3alIUTHBIA METAJUIMYECKHI KOPITYC.

[Ipy u3MepeHUsAX TEIUIOBOM aKTUBHOCTM JAaTYMK  paclojaraercs Ha  POBHOMU
(ornutndoBaHHO) MOBepXxHOCTH 00pa3ua (Ha puc 1 B kadecTBe oOpasia MCIOJIB30BAH JHCK U3
ontuueckoro crekina K8 (5)). TemnoBoil KOHTakT oOecredMBaeTCs C IMOMOUIBIO MHHEPAIBHOTO
macna. Hukn usmepenuii coctouT u3 5-10 meprooB HarpeBaHHs C OJHOBPEMEHHOH 3amMchbio
TEeMITepaTyp ABYX TepMomnap (AMCKPETHOCTh 0TcyeToB — 2 ¢). OO0paboTKa pe3ynbTaTOB H3MEPECHUIt
BKJIIOYAET: yJaJieHUe U3 3aluceil TMHEWHBIX TPEHI0B, FTApMOHMYECKHI aHAIN3, OLIEHKA aMILTUTY]
KoJIeOaHuiT TeMIIepaTypsl ABYyX TEPMOIap HAa OCHOBHOM rapMOHUKE U UX OTHOMICHUS A1/Ag.

Ha puc. 2 npuBeneHa 3aBUCUMOCTh OTHOLICHHS A1/Ag OT 3HaYCHHs mapaMeTpa TEIIOBOTO
KOHTpacTa OJTAJOHHOW IUTACTHHBI C pPa3IM4YHbBIMH MaTepuaiamMu &=(e-€1)/(ex+e;1). Ilepuon
TeMIepaTypHbIX BoJH — 128 c. 3HaueHHs TeuIoBOW NPUBEIEHHBIX MaTEpUATIOB PACCUUTAHBI MO
JUTEPATYpHBIM JIaHHBIM O TEIJIO-, TEMIIePaTypolpOBOJHOCTH M TeIUIOeMKOCTH. M3mepus
otHoteHue A/Ag Ut APYTUX MAaTEPHAIOB M OTIPEICIUB 110 3TOi 3aBUCHMOCTH TEIIOBOM KOHTPACT,
TEIUIOBYIO aKTUBHOCTh HCCIIEyEMOTO MaTepHalia MOKHO HalTH U3 cooTHoIneHus e,=e1(1+0] g)/(1-
[ e).

TennoBass AaKTUBHOCTH JOBOJIBHO PEAKO BBICTYNAET CAMOCTOSTENBHBIM  OOBEKTOM
UCCIIEIOBAaHUI B TEIIO(U3NYECKUX HW3MEPEHUSAX, IJl€ OCHOBHOE€ BHUMAaHHME TPAJAULUOHHO
yIeNSeTCsl TEIMIOEMKOCTH, TEMJOo- W TEeMIepaTypoNpOBOJHOCTH. MexXIy TeM TpalullMOHHBIE
METOJbl TEIIO(PU3MUECKUX HCCIET0BAaHUI YacTO BechbMa TPYJOEMKH, TpeOyloT CHelHaIbHOU
MOJrOTOBKM 00pasloB, a MpUMEHsieMasi B HUX ammaparypa — BecbMa fopora. OnucaHHbId METOJ
U3MEpEHUsl TEIUIOBOM AKTUBHOCTH JIEIIEB, MPOCT B peanu3aluud U >(QQPEeKTHBEH, Hampumep, B
KOMIUIEKCHBIX ~ TEIJIOU3NYECKUX MCCIENOBAHMUAX. Tak, B COYETAHHU C H3MEpPEHHUSIMHU
TEMIOEMKOCTH ~KaJOPUMETPUYECKMM METOJIOM JTOT METOJl IMO3BOJSET paccuuTarh Jpyrue
TEIUIOBBIE MTAPaAMETPhI: TEIJIO- U TEMIIEPATypOIIPOBOIHOCTb.
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Puc.2 3aBucumocth oTHomeHusi Ai/Ag , M3MEPEHHOIO JAaTYUKOM TEIUIOBOH AaKTHBHOCTH Ha
OCHOBE KepaMMKH TUTaHaTa 0apus OT TEIJIOBOTO KOHTPACTA C PAa3IMYHBIMU MaTepHaIaMH.

3HaHME TEIUIOBOM AaKTMBHOCTM MAaTE€pPHAIOB MOXET IPEACTABIATh M CaMOCTOSTEIbHBIN
uHTepec. TemnoBas aKTUBHOCTh UYYBCTBUTENbHA K HM3MEHEHHIO (PU3MKO-MEXaHMUECKUX CBOMCTB
NPUPOJIHBIX ¥ UCKYCCTBEHHBIX MaTepuasioB (pa3MepoB 3epeH, UX (pOopMbl, MIIOTHOCTH, BIAXKHOCTH,
MPOYHOCTHBIX XapaKTEPHUCTHK) U MOXKET MPUMEHSTHCS B LENSAX Hepa3pyLIaonIero KOHTPOJIS ITUX
cBoiictB [3-4]. Ilapamerp, KOCBEHHO CBSI3aHHBIM C TEIUIOBOM AaKTUBHOCTBHIO (MMEHYeMBIH
«Kaxymieics TemaoBoi mHepuueit - apparent thermal inertia — ATI), uccinenyercs B MeTomax
JAMCTaHIMOHHOTO HMH(PAKPaCHOTO 30HIMPOBAHUS 3eMJIM M IUIaHeT [5-7] Ans OICHKHM cocTaBa
IIOPOJ, MX BJIAroOHachIIEHHOCTH. (O4YEBUAHO, YTO JaHHbIE NPSIMBIX H3MEPEHUI TEIIOBOU
aKTUBHOCTH TPHUPOJHBIX Cpel ObIM Obl TOJE3HBl TPU HMHTEPIPETALUU  Pe3yIbTaTOB
JUCTAaHIIMOHHBIX 30HAMpOBaHUM. OmnucaHHBIA METOJ MOXET HalTH NpUMEHEHHE U B
CTPOUTENLCTBE. TEeIUION30IMPYIOIIME CBOMCTBA OrpaKAAKOUIUX CTPOUTENBHBIX KOHCTPYKLUHN
TPaJULIMOHHO OLIEHUBAIOTCS MX TEIUIONPOBOJHOCTBIO, XOTSI HMMEHHO TEIUIOBasi aKTUBHOCTD
XapaKTepU3yeT BBIHOC TeIUla W3 OTaluiMBaeMbix mnomereHuit [8]. Mcmosp3oBanue naTyukoB
HEpa3pylIAOEro KOHTPOJSA TEIJIOBOM AKTUBHOCTU IIO3BOJUT HE TOJBKO OLEHUBATh ITY
TEIIO(U3UYECKYIO XapaKTePUCTUKY, HO M KOHTPOJMPOBaTh €€ M3MEHEHUs B IpoLecce
HKCIUTyaTallH 3/1aHUSl.
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We suggest a new approach to a quantitative interpretation of gravity anomalies caused by
single 3D objects on interval limitation settings of their dimensions, the occurrence depth and the
anomalous density. The creation of the localization function, which describes the presence
probability of the anomalous object in elementary geological volumes, makes by the synthesis of
the set of feasible solutions for a gravity inverse problem. The application of this algorithm in
practice permits to increase the probability of the revelation of sought geological objects in stated
intervals of depths by prospecting and exploratory boreholes, which recommended on gravity data.

Keywords: anomaly, inverse problem, probability, localization, source.

3amaua ompeAereHUs MapaMeTpoB OJUMHOYHBIX BO3MYIIAIOUIUMX OOBEKTOB, CO3/AAIOLIMX
JIOKaJIbHBbIC TPABUTAIIMOHHBIC aHOMAJMHU, JIO CHUX THOp sBisiercs akryanbHoW [1]. Ee pemenue
LIMPOKO HMCIOJb3YETCs Ha HAYAIbHBIX JTallaX MHTEPIpPETalMil MaTepUaoB IPaBUMETPUUYECKOM
CbeMKH U mpuoOperaer 0coOyl0 3HAYMMOCTh TPU 3aJaHUU OYpOBOM CKBAXKMHBI C IIEJIBIO
10/IC€UYEHHs] KOHKPETHOT'O Ie0JI0IMYECKOro 00beKTa.

PaccmoTpuM 3amauy omnpeneneHys napaMeTpoB HCTOUHUKA MOHOT€HUYHON aHOMAJIUU CHJIBI
TSDKECTU - TPEXMEPHOTO BO3MYyIIaoiiero Tena (2", 006aaaaronero aHoMalbHON IOTHOCTBIO O :
Omin < G < Omax, KOTOPOE MOXET 3ajierath B HHTepBaje MIyOuH N: Nmin < h < hmax u 0OmamaTh
HEKOTOPBIMHU 3HAYEHHMAMH TOPU30HTAIBHON M U BEPTHKAILHONW MOIIHOCTEN M, Ha KOTOPBIE TAKKE
3aJaHbl MHTEPBAIbLHBIE OrpaHUYEHUs. M) <m'<m’ , m. <m’°<m_, COOTBETCTBEHHO.

3HaveHHMsT aHOMAJIBHOTO TPaBUTAMOHHOTO Tois AQ 3amanel BAonb npoduiast (ocu OX) Ha
KPUBOJMHEHHOH noBepXHOCTH AQ = AQ(X, Z) U OCIOKHEHBI PernoHaIbHBIM (oHOM AQy = AX + B n
noMexamH & 3ajgaercs Takke TpeOyemass TOYHOCTh pemieHus O (HeBsi3ka HaAONIOJCHHOTO |
MOJIEITBHOTO IOJICH B €BKJINIOBON METPHUKE).

Cnenyer n006aBUTh, 4YTO C  (U3HMKO-TEOJOTMYECKMX MO3UIMHA  KOJIMYECTBEHHAsS
MHTEpIpeTanys MOHOTCHUYHON aHOMAJIMM aBTOPAMHU paccMaTpUBAaETCs, Kak 3ajaya JIOKaJIU3aluu
ee WcTouHMKa (T.e. KaK MOJy4YeHHE HauOosee JOCTOBEPHBIX CBEICHUH O MPOCTPaHCTBEHHOM
MOJIOKEHHH O0BEeKTa, Oe3 BBISBJICHHS OCOOCHHOCTEH ero rpaHuibl). MMeHHO mno’ToOMy B
NPECTAaBICHHON peanu3ali MEeTo/1a B KayecTBe 0a30BOi KOH(UTYpalluu BEIOPAHO TEJIO MPOCTOU

121


mailto:art-perm@mail.ru

Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

(GbopMBI - YeTbIpexyrojibHasi Mpu3Ma. JIByXCTOPOHHHE OIpaHHUYEHHUS HA BEIMYUHY O OTBEUYAIOT
NETPOIUIOTHOCTHBIM TIapaMeTpaM T'€OJIOTHYECKHX TeJl B E€CTECTBEHHOM 3ajieraHuu (TOYHOE
3HAYEHHNE O BCET/Ia OCTACTCS HEU3BECTHBIM !).

Jisa pemienns O3 ucnomnp3yercs ClIeIyOINi aIrOpUTM:
1. CriydailHBIM BBIOOPOM T€OMETPUYECKUX MapaMeTPOB IE€HEPHPYETCS «CTapTOBas MOJAECIb» -
NPSIMOYTOJIbHASI IPU3Ma, TTapaMeTpbl KOTOPOH OTBEYAIOT 33JJaHHBIM AIPHOPHBIM OIPAaHUYEHUSM Ha
rIyOUHY 3aJIeTaHus U pa3Mepbl aHOMaJmeeo6pa3y}omero 00BeKTa.

2. ONpe/eNsIOTCs 3HAYCHHS IUIOTHOCTH ¢ M Kod(duimenTs pona A, B, MUHIME3HpYIONIHE
HEBSI3KY MOJIeH O.
3. Ecimui 8 >38, TO MPOUCXOIUT MEPEXO/ K ONEPalii 1, T.e. TeHEpHPYETCs HOBOE HAYANBHOE

npuOIMKEHHEe; B NMPOTUBHOM CIy4ae — MPOMCXOJUT YTOYHEHHE TI'€OMETPHUYECKUX IapaMeTpoB
TIPH3MBI METOIOM CITy9aifHOTO TIOMCKA, a TAKXKE BBIYMCICHHE €€ INTOTHOCTH O H KOd((HIHEHTOB
¢dona A, B.

4. Ecnu nocTurHyro 3HayeHUE HEBS3KM IOJIEH, KOTOPOE HE IPEBBINIACT 3aJaHHOM BEIUYMHbI
8, TO TIOTYUEHHBIE PE3YNbTAThI SBJISIOTCS OXHUM 3 JOMYCTHMBIX PElICHHi 06paTHOM 3amaun O n
3alUCBIBAIOTCS B (paii.

B pesynpraTeé MHOTOKpPAaTHOTO BBINOJIHEHHS JAaHHOTO alTOpUTMa Mbl MOJIydaeM Habop
He3aBUCUMbIX  4acTHbIX perneHuid O30 (T.e. BEKTOpBI reoMeTpudeckux (i, (X, ..., Oy u
IUIOTHOCTHBIX O1, Op,..., ON IapaMeTPOB MOJEIBHBIX HMCTOYHHUKOB). DTOT HAOOp SBISETCS
penpe3eHTaTUBHONM BBHIOOPKOH, mpu OosbiioM uncie N XapakTepusyromend CTpyKTypy MHOMKECTBa
Q(0) momyctumbix pernennii O3T.

Kaxnoe yacTHOe penieHre MpeICTaBIsIeTCs B BUIE COBOKYITHOCTH 3JIEMEHTAPHBIX 00HEMOB
(g, OOpA3YIOMIUX PErysIpHOE 3aMOIIEHHE HEKOTOPOW YacTH HIDKHETrOo IOJYIPOCTPAHCTBA.
Heo0x01uM0O TOSICHUTB, YTO PETyJSIPHBIM 3aMOIICHHUEM IUIOCKOCTH HAa3bIBAETCS MpPEACTaBICHUE
9TOM TUIOCKOCTH HEKOTOPBIM YHCIOM IPAaBHJIBHBIX 3aMKHYTBIX MHOTOYTOJIbHUKOB (3JIEMEHTOB
3aMOILCHHS) @, , TUIOTHO MPWJICTAIONIMX APYT K APYTY Mo Lenoi cropoe [2]. B manHOM ciydae

9JIEMEHTAMHU 3aMOIICHUSI MOTYT SIBIISIIOTCS MIPSIMOYTOJIbHBIC TPU3MBI, & JJIsi KOHEYHOZJIEMEHTHOTO
onucanus yacTHbIX pemennit O3 ucnonw3yercs anroputm B.B. Jlomramze [3]. Ilo ananoruum c
JETEPMUHUCTCKOMN OIICHKOM JIOCTOBEPHOCTH PEICHUS o3r [4] crpoutcs pyHkums u(w,), Takas,
aro: w(wg) = 1, ecnnt w, < Q2 pu(wy) = 0, ecntt @, ¢ 2 mpu ToM ToTydaeTcss N BapHaHTOB
NPOCTPAHCTBEHHBIX paclpeeieHuil ee¢ 3HaueHWd (OMHApHBIX MAaTpUI]), OTBEYAIOUIMX BCEM
umeromumMmcs pemeHusm O3, 3ateM poBoaUTCS 00BEANHEHHNE BCEX ATUX PEIICHUH, CBOASIIEECS K
cymmupoBaHuio N 3HaueHU# L(@y), XapaKTEPU3YIONMX OJHH W TE K€ OTHOCHTEIHLHO Mallble
o0OnacT u3ydyaeMoro ooObema reosjoruyeckoi cpenapl. DYHKIHMSA V OTBEYACT MEPECEUCHHIO
nomycTuMbIX perieHuit O31, kaxa0e U3 KOTOPBIX MPEICTaBICHO 00bEMHEHUEM KOHEYHOTO YHCIIO0
SIIEMEHTOB . 211 (N ... NE.

Oty yHKIHIO V() MOXHO TaKXKe pacCMaTpUBATh KaK YacTOTYy IMONAJaHUs 3JIEMEHTa
3aMOILEHUS (W BO (PparMEeHT MOJEIUPYeMON KOH(HUTypaIuu QB cepun pemenuid O3I, uro
MIO3BOJISIET €CTECTBEHHBIM 00pa3oM MEPEeUTH K BEPOSITHOCTHOM OIIEHKE MCKOMBIX T€OMETPHUUYECKHX
napamerpos. Hopmuposaunas dymkimst W(o,) = W@,)/N, , HasBaHHas aBTOpamMn «(byHKIHCH
JIOKaU3aI1», XapaKTepu3yeT BEpOSTHOCTh P mpucyrcTBus aHOManneoOpas3yromero o0beKkTa B
AIIEMEHTAPHOM 00bEMe Cpelbl @), MNOJy4eHHYI0 B pe3yiabTare N  paBHOBO3MOXKHBIX HCXOJOB
HKCIIEPUMEHTA.

PaccMoTpuM MOJEnpHBI TpUMEp: HMEETCsl OOBEKT, HMMeEIoUMi (opMy NpPaBUIBHOTO
[IECTUYTOJIbHUKA, PACIOJIOKEHHBIW B MHTepBaie TIiIyOuH 6-9 KM, ero MakcuMaslbHas
TOPU30HTANIbHAS MOIMHOCTh cocTaBisieT 4 kM, wu30ObitouHas twioTHocth — 0.1 r/em’,
«HabmogenHoe» rpaBUTallMOHHOE MoJie, 3aganHoe B 51 Touke mpoduias ¢ marom 500 M, umeer
MakcuManpHyl0 amrummtyay 1.41 ml'an u ocnokHEHO MOMexoid, oOnanaroiieii HOpMaTbHBIM
3aKOHOM pacCIpe/ielicHHsT C HYJIEBBIM CPEIHUM U cpelHekBaaparudeckuMm otkioHeHueM (CKO)
+0.1 mlam.
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Pemenne O3I" Oynmem wHckaThb B KJacce€ YETHIPEXYrOJIbHBIX TPU3M, TOPHU30HTAJIbHAsS
MOIITHOCTh KOTOPBIX MOET U3MEHATHCS B Mpenenax ot 2 10 15 kM, BepTuKanbHas MOIIHOCTh — OT
0.5 mo 5 kM, mpeanonaraeMelii MHTepBal TIyOuH 3aneraHus 2-12 kM, U30BITOYHAS TUIOTHOCTH
npuHarexut uatepsany 0.05 — 0.3 r/cm’. BriGpano moporosoe 3HaueHne HeBsS3KH moei & = 0.15
MmI aj (T.K. TOMUMO TTOMEX PacXOKJICHUE HAOIIOCHHOTO M MOJICIBHOTO MoJiel OyaeT 00yCI0BICHO
HECOOTBETCTBHEM MOJICTbHBIX IPEACTABICHUI O (popMe aHOMaareoOpasyrouero oObeKTa), B
Ka4yecTBE HJIEMEHTA 3aMOILIEHHS MCIOJB3YeTCsl BBITAHYTHIA Baoib ocu OY mapamienenumes,
umeromuii pazmepsl 125x125 M B BepTHKaIbHON INIOCKOCTH.

Bcero nocrpoeno N=100 yactubix pemenuii O3, rpaguueckoe npeacTaBIeHne HEeKOTOPBIX
U3 ATUX peleHui nano Ha puc. l.a. Puc 1.6 wummoctpupyer cuHtes yacTHbIX pemenuit O30, Ha
HEM, TOMHMO MPOCTPAHCTBEHHOTO pacipeencHns (YHKIHE V B paspese MOKa3aHbl KOHTYPEI
obmacteit D1 u  D,. OGmacte Dj conmep HUT BCIO COBOKYNHOCTbh MONydeHHBIX perienuit O3T
obmnacte D, 00beuHACT SrIeMEHTapHbIE 00BEMBI T€0JIOTMYECKOT0 MPOCTPAHCTBA, BHYTPU KOTOPBIX
Haubosiee BHICOKA BEPOSITHOCTh NPUCYTCTBUS HCKOMOTo oOBekTa. IIpWHIUI OKOHTYpHUBaHUS
obmactu D, Omm3ok Kk BBIOOPY 3HAYCHUS JIOBEPUTEINBHOW BEPOSTHOCTH TMPH IPOBEPKE
CTaTUCTUYECKHX TUIOTE3, T.€. HECET B ce0e HEKOTOphIE YepThl CYOBEKTUBU3MA. MO MOPOTOBOMY
sHayeHnto v > 0.6 (uto coctaBimsier 75% OT V max) YBEPEHHO JIOKAU3yeTcsl CBsi3Hast 00macth Do, ¢
JOCTAaTOYHOM JUIsl MPAKTUKU TOYHOCTHIO COBIAIAIOIIAsl C aHOMATIHE0OPa3yoIM 00bEKTOM.

B Hacrosiiiee BpeMsi BBIUYHCIUTENbHBIE BO3MOXXHOCTH KOMITBIOTEPOB BO3POCTH JI0 TakKOu
CTENIEHH, UTO TMOSBHJIACh pEAJbHAs BO3MOXHOCTh PEIICHUS NPUHIHUINHAIBHO  HOBBIX
MHTEPIPETAIIMOHHBIX 33134 Ui MHOTHX reo(pU3MYecKHX METOJOB, B T.4. U JJISI IPaBUPa3BEAKH.
BrisiBieHne 3akOHOMEpHOCTEH NMPH PaCCMOTPEHHH KOHEYHOTO MHOKECTBA JIOMYCTUMBIX pEIIeHHH
O3I' sBnsercss >PQPEeKTUBHBIM CHOCOOOM TOBBIIICHHUS KAauecTBa IOJIYYAaEMBIX TI'€0JIOTHYECKHX
pe3ynbraroB. TexHuyeckas peaqu3anus NOCTPOEHHS TaAKOr0 MHOXKECTBA JUIS IaHHOTO ajJropuTMa
(npu uucne BapuantoB penrenuit N = 100) He mpeacTaBisieT Kakux-a1u00 3aTPyTHEHUN U TPeOyeT
He Oosiee 5-7 MHUHYT MAaITMHHOTO BPEMEHHU.

Ag, mlan a
1.6
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123



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

aHoManneoOpa3yromux 0ObEKTOB B 33JaHHBIX MHTEPBAIAX TTTyOUH MOMCKOBBIMU M Pa3BeI0YHBIMU
CKBR)XMHAMH, DPEKOMEHJIOBAHHBIMU [0 TPAaBUMETPUYECKMM MJaHHBIM.  JIaHHBIH moOaXoa K
MOBBIIICHUIO JOCTOBEPHOCTH KOJIMYECTBEHHONW MHTEPIPETALNN MOXKHO MONBITAThCSI pa3BUBATh Ha
OoJiee CI0XKHBIE pacHpeeNIeHUs Mace, T.€. Ha IPUCYTCTBUE B MOJCIUPYEMOM pa3pe3e HECKOJIBKUX
TEOIIOTHOCTHBIX HEOJHOPOIHOCTEH. MYHKIMIO NTOKANM3AIMHA V MOXKHO MPUMEHHTh TAKKe M JUIS
KOMIUIEKCHOW HMHTEPIPETAlN JaHHBIX T'PaBUPA3BEIKU U MarHUTOPA3BEIKU MPH HHTEPBAIBHOM
MPEICTABICHUN alPUOPHBIX JAHHBIX O IJIOTHOCTH O Omin < O < Omax W HAMAarHMYEHHOCTH J :
Jmin < J < Jmax U3ydaeMbIX 00BEKTOB.

PaGora Bemonnena mnpu mnomaepkke POOU (mpoekr 10-05-96023 p ypam a) wu
nporpammbl uccienoanuit OH3 PAH (mpoekr 09-T-5-1031). ABTOpBI BBIpaXKAIOT TIYOOKYIO
OmaromapHocTh JOKTOpy ¢u3nuko-maremarndeckux Hayk ILUM. bBanky 3a KOHCTpyKTHBHOE
o0CyXKIeHHE Pe3yIIbTaTOB UCCIEIOBAHMIA.
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MATHUTOMETPUUYECKHA MOUCK TEXHOT'EHHBIX )KEJIE3HbIX OFBEKTOB B
YKPBIBAIOLINUX CPEJAX
10.K. Jonomancxuii, JI.A. Mypasves, A.H. Pamywmnsx, H.B. @edoposa. mlev@mail.ru
Huemumym 'eoghusuxu YpO PAH, e. Examepunbype, Poccus

Methodical aspects of multilevel magnitometric survey with absolute magnetometers for
seaching of buried ferromagnetic objects are developed. As a consequence of experimental works
and theoretical analyses magnetic anomalies characteristics form searching objects are investigated.
For determination of iron objects parameters, device requirements, survey technology and software
demands are defined. It’s allowed to make a model sample of multi-channel magnetometer as an
aim of ISTC project #3753.

[Ipobnema moucka TOrpeOCHHBIX JKENE3HBIX OOBEKTOB  SIBJISCTCS BAXHOM  Kak
DKOJIOTMUECKOM, TaKk W HWH)XEHEpHOW 3axauedl. Hapsny ¢ 27I€eKTpOMarHUTHBIMH METOAAMH
(MeTaIIoIeTEeKTOpaMu), Ha3eMHas MarHUTOMETPHS SBIISICTCS OJHHM W3 OCHOBHBIX CpEJICTB
oOHapyeHHs MNOrpeOeHHBIX JKele30cojepKalux npeaMeroB. HecmoTps — cymiecTBoBaHME
BBICOKOUYBCTBUTENIBHBIX TIYOMHHBIX METAJUIOMCKAaTeJIed pa3HbIX THUIIOB, MarHUTOMETPUYECKUN
METO/ IOMCKA HE TepsieT aKTyalbHOCTH, XOTs ABJIsiETCA O0JIee 3aTPaTHBIM.

MarnutomeTp, Kak MOUCKOBBIA Mpubop, obnamaer Oonbliedl TyOMHON NETEKTHPOBAHUS
npeaMera, T.K. MarHUTHOE MoJjie 00beKTa yObIBae€T MPOMOPLUUOHAIBHO KyOYy pacCTOSHUS, a CUTHAI
AIIEKTPOHHOI'O METAJUIOMCKATENsl — B IIECTOI cTeneHH. 3a pyOekoM MarHuTHash CheMKa BBICOKOU
JETAIbHOCTH € MCIOJIb30BAHUEM HA3EMHBIX MAarHUTOMETPOB SBIISETCS OJHUM H3 OCHOBHBIX

MCTOIOB IMOUCKA HCPA30PBABIINXCA 60erI/IHaCOB, MCTCOPUTOB U APYIUX KCIIC3HBIX 06’LCKTOB [1,
2, 3]

124



Ilectbie Hayunbie yTeHusi namsatu F0.I1. ByaamesBuua, 2011 r.

B Poccun uccnegoBaHusIMA BO3MOKHOCTH MTPUMEHEHHSI MAarHUTOMETPOB JIJIs 11eJieii oncka
KEJIE3HBIX OOBEKTOB 3aHHUMAETCs Psi OpraHMU3alvi, B TOM YHUCIE COTPYAHUKU T'€OJOTHYECKOTO
dakynerera MI'Y [4]. HHTepecHas MeToaWKa, TaK Ha3bIBAEMOTO «CBOOOJHOTO TIOMCKa»,
npeaoxkeHa B padore [5].

Jlns oTpaOOTKM METOJMKH IOMCKA HAaMU HCIIOJIb30BAJIUCH COBPEMEHHBIE IH(PPOBBIC
npotoHHele  MarHutomerpbl POS-1, paspa®oraHHble U cepuiiHO Bbinyckaemble B YPDOVYI[6].
MarHuToMeTp KOHCTPYKTUBHO COCTOMT M3 sI€pHO-TIpenieccMoHHoro naryuka POS, npunHimmn
M3MEpEHUs1 KOTOPOro OCHOBaH Ha 3((exTe NMHAMUYECKON MOJISpPH3AIMU SACp U CHEIHAIBHOTO
peructpupyromero ycrpoiictBa DLPOS. IIpuGop usmepser aOCOMIOTHYIO BEJIWYMHY MOIYIS
uHAYKIuA reomarutHoro mois B aumanazone 20000 — 100000 wTn. MMeer uyBCTBUTEIBHOCTH
0.001 uTn u cpenHekBagpaTHYECKyt0 morpemHocts Habmoaenuiit + 0.02 T, cucremMaTuuecKyro
norpemHocTh *+ 0.5 HTn. OOmas TeXHONOTHS MarHUTOMETPUYECKOH CHEMKHU C NpPUMEHEHHEM
marautomerpoB POS onwucana B [7].

Pa3BuTre TEXHOJIOTMHM TIOMCKAa 3aXOPOHEHHBIX JKEJIE3HbIX OOBEKTOB, [0 YpPOBHS,
MO3BOJISIIOLIETO TPOBOIUTH MIOMCKU B CJIOXKHBIX YCIOBHSIX (OOBEKTHI, 3arIyOJIeHHbIC B TPYHTE HJIH
HaXOJSIIIKECs MOJ BOJOH, MepeceyeHHass MECTHOCTh, OOJIBIION TPaJdeHT MAarHUTHOTO IIOJIs) —
ctaino nenbto npoexkta MHTI Ne3753, concnonaurenem koroporo 0bu1 MHCTHTYT reodusuku YpO
PAH. TexHosiorusi oCHoBaHa Ha METOAMKE MHOIOKAaHAJIbHON I'DaJUEHTOMETPUUYECKON CBEMKHU C
MIOMOIIBIO a0COJIFOTHBIX MOAYJIbHBIX MAarHUTOMETPOB.

Ha ocHoBe pemieHuss mpsMoi 3ajjaud MarHUTOMETPHHM COCTaBJeHa 0a3a XapaKTepHCTUK
aHOMAJU{ JJs1 MOJEJNBbHBIX TeNl MPH pa3IMYHBIX HAMpaBICHUAX BEKTOPOB OCTAaTOUYHOM U
MHAYLIUPOBAHHOM HaMarHn4eHHocTH. [1omst peppoMarHUTHBIX MOIENBHBIX O0BEKTOB BBIUUCIIIIOCH
C TIOMOIIBIO MPOrpaMMbl TPEXMEpPHOIO MOJEIMPOBaHMS MarHUTHBIX mojed 3D_mag,
pa3paborannoii B.B.KopmunbuessiM u A.H.Parymnsikom B Uncturyre reopusuku YpO PAH. B
OCHOBY JTOH MpOrpaMMbl IOJIO)KEHO MOJEIUPOBAaHUE TeO(U3NYECKUX TIOJeH NpH MOMOIIU
BEKTOPHBIX MHTErpaJIbHBIX ypaBHeHHH [8]. OCHOBHBIMU 0COOCHHOCTSIMH JTAHHOW BBIYMCIUTEIBHON
MHTEPAKTUBHOM CHUCTEMBI SBISIOTCS. rpapUyecKuii MHTEPAKTUBHBIA BBOJ JAHHBIX U U3MEHEHHE
apaMeTpoB MOJIENIM; BBIUMCIEHUE MArHUTHOTO 3(dekra MOJETN C 3aHECEHHEM pPEe3yJIbTaTOB B
0a3y NaHHBIX C IENBI0 U3yYEHHUs 3aKOHOMEPHOCTEeH BIMSHHS W3MEHEHHH MapaMeTpoB Ha MOJIEIb,
BHYTPEHHSS OI[EHKA KayecTBa MOJEINH; COMOCTaBICHHE MOJIENIeH I OLIEHKU BIUSHHS PAa3IMYHBIX
anMpOKCUMAIUI U ONpe/eIeHUsI METOAMYECKON MOTPEIIHOCTH BBIUYUCIIEHH; SKCIIOPT Pe3yIbTaToB
pacyeToB MOJIsl MOJIENH B rpaduueckue (popmatel ¢ MOCIEAYIOMIEH BU3yaTH3aleH.

DKcIepuMeHTaIbHbIe PAa0OThl MPOBEJCHbI HA CIEIHAIbHO CO3JaHHOM Ha TEPPUTOPUHU
reousnyeckoil oOcepBatopuu ApTH MOJUTOHE. ITO MECTO JIOCTaTOYHO YJAJIEHO OT
NPOMBIIIJICHHBIX ~ 3JIEKTPOMAarHUTHBIX ~ MOMEX, a TaKKe XapaKTepU3yeTcss  CHOKOWHBIM
IFE€OMAarHUTHBIM TIOJIEeM C OTCYTCTBHEM CHJIbHBIX MAarHUTHBIX TPaJMEHTOB, BBI3BaHHBIX
re0JI0rM4eCKUMU 00bEKTaMU.

[Tnomanka ans nposeneHust paboT BbiOpaHa pazmepom 20 Ha 15 merpos. I'panuisl ee
3aKpeIUieHbl Ha MECTHOCTHM M OOO3HAaueHbl MUKETaMU. TeppUTOpus BBIOpaHAa Ha POBHOM U
CBOOOJIHOM OT JIpeBbEB MPOCTpaHCTBE. HemocpeAcTBEHHO Ha MOBEPXHOCTH 3e€MJIM  ObUIH
pacriosiockeHbl 10 Jkene3HbIX TeNl UMIMHIPUYECKONH (DOPMBI, pa3iU4YHBIX pa3MEpOB U BECOB.
[To3nunoHupoBaHue JaTYMKa MarHUTOMETPa MPOBOJMWIIOCH C IMOMOIIBIO METOK Ha BEPEBKAX C
tTouHOCThIO J10 10 cM (puc. 1, ciesa).

Cwemka BoinionHeHa Ha aAByX BbicoTax 0.5 u 1.5 M o cetu 0.5 nHa 0.5 M. MarautHoe mose ot
camoro OOJIbIIOro 00beKTa — HWIMHIApPA BecoM 15 Kr — u3MepeHo Ha mectd Boicotax oT 0.5 10 3 M
c marom 0.5 M. J[ononHUTENBHO BHINIOIHEHA JIeTalIbHAs MarHuTHas cbeMka 1o cetu 0.2 Ha 0.2 m ot
JIBYX HAaHOOJIBLINX HWIMHAPOB (puc. 1, cnpasa). [TorpeniHocTs M3MepeHus COCTaBHIIA IJIsi HUKHETO
natunka 3 HTn, mis BepxHero 1.2 HTn. Ona oOycrnoBieHa, MNpexkJe BCEro, HETOYHOCTHIO
MNO3UIIMOHUPOBAHUS 1aTUHKA.
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Puc. 1 CneBa: u3MepuTenbHOE YCTPOWCTBO ¢ MarHutomerpoMm. CrpaBa: aHOMaNus MOMIYJS
MarHUTHOM WHAYKIIUU OT OJHOTO W3 SKCIEPUMEHTAIbHBIX OOBEKTOB Ha BbICOTe cheMKU 0.5 M
(BBepxy) u Ha BbIcoTe cheMku 1.5 M (BHH3Y). OO03HaueHHsT OCE — CaHTUMETpBI, MIKaja —
HAHOTECIIBI.

[Tapametpsl aHOManMii (aMIUIMTYZA, PACCTOSHHE MEXIy MHHAUMYMOM M MaKCHMyMOM M
Ip.) CBeIeHbl B TaONMIly H COCTaBWIM 0a3y [JaHHBIX XapaKTEPUCTHK aHOMAlUi OT
HKCIEPUMEHTAIBHBIX TEJI C Pa3IMYHBIMU BEKTOPAMU HAMAarHMYEHHOCTH, KaK 110 BEJIMYUHE, TaK U 110
HaIIPaBJICHHUIO.

Beimonnenne paboT uMeromMMcs  000pyIOBaHMEM  IO3BOJIMIIO  C(OPMYIHUPOBATH
pPEKOMEHJAlMU K TEeXHHYECKOMY 3aJaHHI0 Ha pa3pabOTKy MHOTOKaHAJbHOTO MAarHUTOMETDA.
BricTposeiicTBe MarHUTOMETpa AOJDKHO 00ecreunBaTh HE MEHEe 2 OTCUETOB MarHUTHOTO TOJIS B
CeKyHJy MUIsl YCKOpEHMs mpoliecca IMoucka oObeKTa B IEHIexXoJHoM BapuaHte. Kpome Toro,
HE00X0AUMO Ui PabOThl B YCIOBHUSX CIOXKHOTO pelibeda MECTHOCTH pa3padoTaTh MEPEHOCHYIO
KOHCTPYKLIMIO, B KOTOPOH Oyaer npeayCMOTpEeHa BO3MOKHOCTh HW3MEHEHHs PAaCHOJIOKEHUS
JIaTYMKOB. BEPTUKAJIBHO MM FOPU30HTAIIBHO.

s Toro, utoOBl mpoBecTH 0o0Jiee KOPPEKTHOE COIMOCTABICHHWE M3MEPEHHBIX JIaHHBIX C
pesyibTataMu  (PU3MKO-MATeMaTHUECKOrO0  MOJCTUPOBAHMS, C IOMOIIbIO  KOMIIOHEHTHOTO
marautomerpa MIPA (paspabotka HO.I'.AcTpaxaHiieBa) BBIIOJHEHO KAauyeCTBEHHOE OIPEICIICHUE
COOTHOLIEHUS MEXAY HWHAYUMPOBAaHHOM M OCTaTOYHOW HAMAarHW4EHHOCTBIO I BCEX
HKCIEPUMEHTAIBbHBIX 00BEKTOB.

Jns  pemeHus  oOpaTHOM — 3ajauM  MarHMUTOMETpPUM  ObUI  HCIOJB30BAaH — METO[
ABTOMATU3UPOBAHHOTO TOAOOpa TPaBUTALMOHHBIX M MAarHUTHBIX QHOMAIUN C TOCIEAYIOIIUM
MOCTPOCHUEM JKBHBAJIEHTHBIX CEMEIHCTB OTpaHMYEHHBIX oOJacTeil M TpaHMIl pasJena,
paspaboranubiii B Uucturyre reopusuku YpO PAH [9], B nanbHelieM NOTydUBINNI Ha3BaHUE -
meron Lupynbckoro.

Mertoa aBTOMaTHU3MPOBAHHOTO 10A00OpAa MAarHUTHBIX WJIM TPaBUTALMOHHBIX aHOMAJUH
COCTOMT U3 JBYX OCHOBHBIX 3TanoB. Ha nepBoM - HabIIOA€HHOE 110JIe alMpOKCUMHUPYIOT B paMKax
BBIOPAHHOTO Kjacca MOJEIbHBIX CHUHTYISPHBIX HMCTOUYHUKOB. Hamnbonee ynoOGHBIM B KadyecTBe
MOJEJIBHOTO KJlacCa CHHIYJSIPHBIX HCTOYHMKOB SIBJIIETCS KJIACC OJHOPOJHO HaMarHUYEHHBIX
1acTHH. Jloka3aHo, 4YT0 aHOMAJIBHOE I10JI€ TPOU3BOJIBHOTO HCTOUYHUKA MOXKET ObITh CKOJIb YT'OJTHO
TOYHO AaNNpPOKCUMUPOBAHO CYMMOW TMoJIed HEOOJBIIOr0 4YHCiIa CHHIYISIPHBIX HCTOYHHKOB.
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Hcnonp30BaHue TakuX MaJlo MAPAMETPUUYECKUX KIIACCOB MOJECIBHBIX HCTOYHHMKOB I103BOJIAET
YCTOMYMBO HAXOJWUTh HMHTEIPAJbHbIE XapaKTEPUCTHUKU AHOMAJbHBIX TE€J, TaKU€ KaK MAarHUTHBIN
MOMEHT, KOOPJAMHATBHl II€HTpa, HamNpaBiIeHHME M yroa nageHus u aAp. Ilowck MuHUMyMa
(GyHKIIMOHAA OT 3TUX MapaMETPOB OCYIIECTBISIETCS METOJOM HETMHEHHOro MporpaMMHpOBaHUS,
IIPY 3TOM BapbUPYIOTCS BCE MapamMeTphl, HO YHCIO UCTOYHUKOB ocTaeTcs (pukcupoBaHHBIM. Ecnu
Ha KakoH-IMOO WTEepaluy AOCTHrajach 3aJaHHAs TOYHOCTh I0a0O0pa, TO Mpolecc mnoadopa
OCTaHaBJIMBaeTCA. B MPOTUBHOM cilydae MPOUCXOIUT U3MEHEHHE YHCIIa apaMeTpoB (PyHKIIMOHAA,
a UMEHHO J00aBIseTCs €lle OAMH CHHTYJSPHBIH MCTOUYHUK U TNPOU3BOAUTCS MOUCK MUHUMYMa
BHOBb IIOCTPOCHHOM weneBod QyHkuuu. Ha BTOpoM »3Tame HWHTEpHpETAMd POBOJUTCS
BBIUMCIICHUE TOBEPXHOCTH BO3MYIIAIOUINX 00BEKTOB SKBUBAJICHTHBIX CHHTYJISIPHBIM HCTOYHHKAM.

[TporpamMMHBIi KOMIUIEKC OIPOOOBaH MPHU MHTEPIPETALUN MArHUTHBIX aHOMAJIMHA, KaK HaJ
OTJENbHBIMU MacCHUBaMH, TaK M JUIA MPOTSDKEHHBIX mpoduield. B mpormecce BbIMOIHEHUsS paboT
MOJIEPHU3UPOBAINCH CYILIECTBYIOIIUE KOMIIBIOTEPHBIE TEXHOJIOTMM M HX HOBBIE BO3MOXKHOCTH
UCII0JIb30BAJIUCh HA ITPAKTHKE.

B pesynabprare SKCIEpUMEHTAIbHBIX pPA0OT M TEOPETUYECKOrO aHalu3a HCCIeI0BaHbI
XapaKTeTUCTUKH MAarHUTHBIX aHOMAJIUKH OT OOBEKTOB IMOMCKA, CHOPMYIMPOBAHBI TPeOOBAHUS K
npuOOpy, TEXHOJOTMM MPOBEICHUS CHEMKH W MPOTPAMMHOMY OOECIEUEHHUIO JJISi HAXOXKICHUS
napameTpoB O00pa3ylolMX MAarHUTHbIE AaHOMAIUU HKEJIE3HBIX OOBEKTOB. ITO MO3BOJIUIIO
KoJUTabopaTtopaM Mo TpoekTy (abopaTopuu KBaHTOBO#W MarHutomerpuun Yp®Y u BHUUTO,
r. CHe)KMHCK) CO3/1aTh MaKeTHBIN 00pa3el] MHOrOKaHAJTbHOTO MarHUTOMETpa ISl PELICHUS 3a1a4n
IIOUCKA.

Pabora mnomnepxkana mnpoekrom MHTIL[ Ne3753, pykoBoauTens MpoekTa K.(.M.H.
Carapagze J[.A.  ABTOpbl  BBIpaXalOT  OJaroJapHOCTb  3aBeAylOIEeMYy  reopu3nyeckon
oOceparopueit Aptu k.r.-M.H. O.A. KycoHckomy.
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VK 550.834.3(571.1)
OCOBEHHOCTHU TEKTOHHYECKOT' O PANOHUPOBAHMS HA PA3HBIX
I'JTYBUHHBIX YPOBHSAX BEPXHEN YACTHU JINTOC®EPHI CPEJTHET'O YPAJIA
B.C. Apyorcunun, H.U. Hauanxun, B.1O. Ocunosg
men. (343)2678882 ,¢paxc (343)2678872. e-mail: druvs@mail.ru
Hnemumym eeogpusuxu YpO PAH, e. Examepunbype, Poccus

Abstract. On the basis of constructed volumetric density models are considered tectonic structure of
the top part lithosphere Middle Ural at four deep levels.

1. Texkronuyeckoe pailloHUpOBaHME YpaIbCKON CKIan4aroil o00JacTH BKJIIOYAET TaKHe
CTPYKTYpHBIE MOAPA3ACTICHNUS KaK MOAHITUS U MPOTUOBI, pa3INYaIOLINECs 10 BO3PACTY, COCTABY U
MPOSIBJICHUEM MPOILIECCOB JHAOICHHOM akTuBM3alMU. OOBIYHO OHO MPOBOJUTCS IO TI'€OJIOTO-
reo()U3NYeCKUM JaHHBIM, XapaKTepU3YIOIIUM BEPXHIOI YacTh paszpe3a. CorjiacHO TeKTOHHYECKOU
cxeme, coctraBineHHoi WM.J[. CoGoneBbiM (1966). U.J.CobGoseBbim u C.A.ABtoHeeBbiM (1980),
UCXOJs U3 pa3sBUBACMOM MMM KOHLICIIMHU Pa3BUTUA Ypala, B Ipefesiax Y paabCKOW CKIaI4aTou
CHCTEMBl BBIJCNIEHBl 9 CTPYKTYPHBIX MOJApa3feieHuid mepBoro mopsiaka. Takoe apoOHOe
paszieneHue 3aTpyAHSET PELICHHE MHOTMX Ba)XKHBIX BOIIPOCOB PErHOHAIBHOM TIEOJIOTMM U
MUHEpareHuM.

2. OCHOBOl TEKTOHHYECKOIO pPalOHMPOBAHUS, II0-HAIIEMy MHEHMIO, SBIISICTCS BbIACTICHUE
CTPYKTYp IEpBOr0 MOPSAJIKA, UMEIOIIUX TIyOMHHBIE KOPHH, T.€. HPOSBISIONIME ClenUu(pUIEeCKUe
OTJIMYUTENbHbIE OCOOCHHOCTH Ha Pa3HbIX TIyOMHHBIX YPOBHSX BEpXHEH dYacTu JIuTochepbl U
COXpAaHSIOIIME 3TH 0COOEHHOCTH BJOJIb MPOCTUPAHHS Y PaIbCKOTO CKJIa{4aToro Mnosica.

3. Jlnsg pemieHust 3ToM 3amaun Obula B3siTa 00bEMHAs TeopH3MUEcKas MOJENb BEpXHEH 4YacTH
mutocdepst (10 rryounsr 80 kM), cOCTaBICHHAs MO METOJMKE, U3JIOKEHHOM B craThsix [1-2]. Ona
Obuta pa3dbuTa Ha YEThIpe CEHCMOIreOJIOTMUYECKHX 3Taka, M3 KOTOPBIX TPU NMPUHAAIEKAT 3eMHOM
kope. Ilepseiii staxk (Ko-Ko1) Xapakrepusyer ckiamq4aTo-reéOCHHKIMHAIBHBIE Malle030MCKUE U
nonaneo3oiickue komiuiekcbl Ypana (Ha BEIT — ocamounsie Pz — R u mopudelickue KOMILIEKCHI,
MOJIOIIBOM KOTOPBIX SIBJISIETCSI MMOBEPXHOCTH JIPEBHEr0 KPUCTAIMYECKOTO (pyHIaMeHTa); BTOpOM
(Ko1 - K2) — cTpyKTYypbI HIDKHETO MerakoMIuiekca BepxHed kopbl; Tpetuit (Ko - M) — cTpykTypbl
HIDKHEH KOPBI JI0 TIOBEPXHOCTH OCHOBHOTO CEHCMOTe0JIOrHUecKoro paspe3a M; yerBeptoiii (M-80)
— BEpPXU BEPXHEU MAHTHUHU JI0 [IEPBOI'O YPOBHS PETMOHAIBHOIO U30CTATUYECKOTO BEIDABHUBAHHSL.

4. CBs3b NMPUIIOBEPXHOCTHBIX U TIYOMHHBIX CTPYKTYP OTYETIMBO MPOSBISETCA MPH CPaBHEHUU
CXeM TEKTOHMYECKOTO pallOHMpOBaHMS HA Pa3HBIX CEHCMOTreoJOrHuecKkux sTaxax. Halmonaembie
pacxoxieHus1 00yCIOBICHb HEKOTOPBIMU CMEIIEHUSIMA KOHTYPOB OCHOBHBIX CTPYKTYP YKa3aHHBIX
MOJIpa3/IeICHUi U Pa3IUuUsIMH B Tpolieccax MarMaru3mMa u MetTaMop(pus3Ma, KOTOpble MEHSIOTCS C
rITyOMHOH.

5. Ilo ocobeHHOCTSIM TITyOMHHOTO CTPOEHHUS 0OOCHOBAHO BBIJCTICHHE TPEX MEra3oH B Ipejelnax
VYpanbckol CKJIag4aTodl cUcTeMbl. 3anaaHo-Ypanbcekas, LleHTpanpHo-Ypanbckas n BocTouHo-
VYpanbckas U AByX MeraliokoB coceHux noausaTuii mardopm: Iepmcko-bamkupekuii BoctouHoM
okpannbl BEII u okpaunnnbie Meradinoku 3amaaao-Cubupckoit miardopmsl (rumutbl) 1 CeBepHOTO
Kazaxcrana. OHH COOTBETCTBEHHO JENATCS Ha OJIOKM, HE BCErAa KOppEeIUpyeMble IO IUIOIIAAN
uccnenoBanus. PasneneHne NepedrcIeHHBIX CTPYKTYp Ha Oosiee MeJNKHe I0Jpa3/ieieHus
BO3MOJKHBI C Y4ETOM UMEIOIIEHCS Te0I0ro-reopu3nieckoil nHGpopMaum o npUrnoBepXHOCTHBIM
CTpyKTypaM. BbineneHHble MerazoHbl HpOCHSKeHbl A0 TinyouHsl 80 KM; TOJBKO OHHU MOTYT
CUMTAThCS, KaK ObUIO YKa3aHO BBIIIE, CTPYKTYpaMu MEPBOTO MOPSIIKA.

6. HwkHsas Kopa M Bepxu BEpXHEW MaHTUHM, OCOOCHHO Ha OTIEJIBHBIX y4acTKaX LEHTPaJIbHON
MEra30Hbl CYLIECTBEHHO OTJIMYAIOTCA OT TEKTOHUYECKOIO PaHOHUMPOBAHHUS I10 BEPXHEHN KOPE.
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Puc. 6. Cxema TEKTOHHYECKOTO PalOHUPOBAHUS MEPBOrO CEHCMOTE0IOTHYECKOTO 3Ta)XKa BEPXHEH
YaCTH JTUTOC(HEPHI

Yenosuvie obosnauenusn: 1 - I'panuyvl 2eobnokos, cognadarowjue ¢ 30HaAMU 2TYOUHHBIX PA3IOMOG; 2 -
3anaono-Ypanvcrkas meeazona (3YM3), Bocmouno-Ypanockas mecazona (BYM3); 3 - Koumypwt 610K08,
BXO0AUUX 8 COCINAB ME2A30H U COBNAOAIOWUX C 2AYOUHHBLIMU pasromamu, 4 - OcnoeHble cyOuwupomHule
oucnoxayuu | nopsioxa (a), smopozo nopsioxa unu menee naoedxcro | nopsioxa (0); 5 - Inybunnvie paziomol
ouazoHanvbHo2o npocmuparust; 6 - Aomurnucmpamuenvie epanuysl cyovekmos Poccuiickou @edepayuu; 1 -
Axmuernvie cmpykmypul eepxteti yacmu aumocepwi: KJIA - Karmacuncxuii pugpm-asnaxoeen, LJYM3 -
Lenmpanvro-Ypanvcras mecazona - ocHognotl pugpm Ypanvckou ckiaduamoui cucmemst, I - pughpmosas
CMpYKmMypa no 80CmMouHoU epanuye Ypanvckou ckraouamou cucmemul, 8 - Hanpaenenue npocmupanus
38enves axmuguvix cmpykmyp, 9 - Ilpeononazaemvie Ho8ble nepcnekmugHvie yYYacmxu 0Jis NOCHMAHOBKU
0emanbHblX  NOUCKOBbIX  pabom, ekaouas 2nyookue copuzowmel (a), yyacmku ¢  U38eCMHOU
He(hmeHoCHOCmbIO, HA KOMOPbIX O0JNHCHbL Oblmb 0emalbHO 06CIed08ansl 2nybokue 2opuzonmol (6epxHssL
yacmv HUNCHepUDEUCKuUx 00I0MUmos) u naneozouckue moawu (0), nepcnekmughvle yuacmKu, 03MONCHO
npuypouenst k naosucam (8); 10 - Mecmopooicdenus yeneeo0opooos: negpmsanvie (a), nepmeeasosvie (6),
2azosvie (8).

—_
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7. BplmeneHOo M NOPOCIEKEHO TpPU JUHAMMYECKH AKTUBHBIX CTPYKTYPHBIX HOJpa3AcieHus
KOHTUHEHTAJIbHOM Kopbl: KanTacMHCKMI aBIakoreH, pacloJIOKEHHBI MEXAy JApEeBHUMHU
noausatusiMu: Tatapckum u [lepmcko-bamkupckum merabnokamu  BocToyHOM okpauHsl BEIL
Bo3moxHo, Ha 3amage oH cowleHsercs ¢ Kazancko-KakMMCKMM aBIakoreHoM c-c BOCTOYHOI'O
npoctupanus; LleHTpanbHO-Ypanbckass Mera3oHa, COOTBETCTBYIOLIAs, B OCHOBHOM, Tlaruio-
Marnutoropckomy nporudy u LleHTpanbHO-YpanbcKOMy NOTHATHIO MPOCIEKEHa Ha BCEM
npoTsuKeHUuu Ypana. IlorpaHuyHbI 1I0B, PacCIIONIOKEHHBIM HAa BOCTOYHOW I'paHULE Y PaAIbCKOU
CKJIaJIYaTON CHUCTEMbI U COCEIHHMMHU C BOCTOKa Merabimokamu 3amnagHo-CuOupckoil muathopMsl U
Kazaxcrana.

8. Hanmuume mpomonpHON (UIMPOTHOH) 30HAIBHOCTH TPOSBICHO MO BEPXHEW YacTH JIUTOCHEpHI.
CyOmmpoTHbIE TUCIOKAIMU U JUaroHaJbHbIe MTyOMHHBIC PA3JIOMbI, HAPSAAY C 30HAMHU Pa3joOMOB,
pasrpaHUYMBAIOIIAE OCHOBHBIC CTPYKTYpPHBIE MOAPA3ACICHUS, CO3JAI0T JOCTATOYHO CIIOKHYIO
Pa3IoMHO-0JOKOBYIO MOJEIh F€0JOTMUECKON CPEebl.

9. Ha npumepe mnardopmennoit Boctounoit oxpamnsl BEIl mokazanbl HOBblE MOAXOJIbI K
IIPOTHO3UPOBAHUIO IIOUCKOB MECTOPOKICHUN YIIIEBOJOPOAOB. BbIIECIEeHbI HOBBIE NIEPCIIEKTUBHBIC
YYaCTKH JUIi TOCTAHOBKHM MOWCKOBBIX JETaJbHBIX TIE0JIOr0-reopu3ndyeckux padoT U BHECEHBI
KOPPEKTUBBI OTHOCHTEIILHO TIEPCIIEKTHBHOCTH 3arnaaHoro ckiioHa Ypana (puc.l).
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OLIEHKA MPOTHO3A HACBIIIEHHOCTH U MMPOAYKTUBHOCTH KOJITEKTOPOB
METOJIOM KCAD

B.B. /lpseun, I''B. Heonxuna, /1.b., Heanos, M.A. babypkxuna, 3.C. Mesenuna
(343) 267-95-92, vwdryagin@mail.ru; (343) 267-97-27,galinaigolkina@yandex.ru
Yupeorcoenue Poccutickou akademuu Hayk Mncmumym eeogpuszuku Ypanvckoco omoenenus PAH,
Examepunbype, Poccus

Frequency analysis and analysis of AE activity before and after acoustic stimulation can
improve the quality of interpretation and predict saturation and the productivity of reservoirs.

dusnyeckne 0CHOBBI METOIa KapoTaxka ceiicMoakycrtuueckoii amuccun (KCAD) cBomsTes K
aHaM3y celicMuYecKoi 0OCTaHOBKM B MPUCKBAXKMHHOM YacTH IJacTa B PaCUIMPEHHOM JMANa3oHe
YacTOT YNPYIroro MOJIsl U CONOCTAaBJIEHHS €ro Pe3ybTaToOB C MIPOMBICIOBBIMU JAHHBIMH Pa3padOoTKU
MECTOPOKICHHUS.

HccnenoBanust CEeHCMOAKyCTUYECKOM HMMCCHUM B IPUCKBAXMHHOW 00JacTH Iuiacta
00yCJIOBJICHHON €CTECTBEHHBIMHU MpOLIECCAMM, a TAaKXKE BbI3BAHHBIMU HCKYCCTBEHHBIMHU BUJAAMHU
BO3JICHCTBUSL HAa HETO, IO3BOJIAET BBISABUTh 3aKOHOMEPHOCTH CBOMCTB SMUCCUU OJHO3HAYHO
CBSI3aHHBIMU C HajauuueM yriaeBojgoponoB [1]. Ilpum sTom akycTmdeckass 3MHCCHS OTpakaer
MOJIBUKHOCTh HE()TH B MOPOBOM HPOCTPAHCTBE U CBSI3b C HAIMYMEM HE(TH M BO3MOXKHOCTBIO €€
W3BJICUCHMUSL.
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AxycTudeckass SMHCCHS MOXET OBITh YCIOBHO pa30uTa Ha 2 BHJAA — JAUCKPETHYIO W
HenpepbpiBHYI0. K guckperHolt oTHocuTcss AD, CHrHalbl KOTOPOM COCTOST M3 OTAEIBHO
pa3IMYMMBIX HMIYJIbCOB, K HENPEpPhIBHOM — AD, CHrHaJbl KOTOPOW NPEICTaBISIOT CO0Oi
HEIPEPHIBHOE BOJIHOBOE I10JIE€ UM PETUCTPUPYIOTCS KaK €UHBINA HENPEPHIBHBIM CUTHAJ IIyMOBOI'O
THUIA.
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Puc. 1. AHanu3 aKTUBHOCTH CEHCMOAKyCTHUECKON dMUCCUU U PE3YyibTaThl dKCILIyaTalluu
o0bexToB. JIeBbie rpaduku: miaact bC; mpasbie rpaduku: miact FOB.

AHaIM3 aKTUBHOCTH CEHCMOAKyCTHUECKOW sSMuccuu [2] mokaszan, 49ro OHa MOXKET
OTIMYATHCS JUIA pa3nu4yHbIX 00BeKTOB. [IpM 3TOM peakuus cpenpl Ha MOIIHOE aKyCTHYECKOe
Bo3zeiictBue (AB) nmposiBisieTcs B pa3MYHOM  XapaKTepe AaKTUBHOCTH OMHCCHH, 4TO
CBHJICTEJILCTBYET O CHJIBHOW HEOJTHOPOMHOCTH Iuiacta koyutektopa nmo ®EC. Ha puc. 1 (BepxHue
rpaduKu) npencTaBiIeHbl TpaguKu U3MEHEHHs akTUBHOCTH dMuccuH. [1lar mo riyoune pasen 0,5 M,
UCXOJ M3 METOIMKH IPOBEACHUS pPadOT KapoTaxa CEeHCMOAKYCTHUYECKOH SMHUCCHHM B LIUKJIIE
KapoTaxx-Bo3aencTBUe-kapoTax. O0o3HaueHus Ha rpadukax: SAEF — 3anucek ecrectBennoit CAD;
SAEV1, SAEV2 - 3zanucu CAD mnocne AB. Jlnsg mmacta BC akTUBHOCTB CeMCMOAKyCTHUYECKOM
smuccun SAEF mpeobnamaer nan SAEV1 u SAEV2, T.e. mocie mpoBeIeHHOIO aKyCTUYECKOTO
BO3CUCTBUS Ipou3ouien crnaj akTuBHOCTH. s miacta FOB naGmronaercs oOpatHas cuUTyanus -
yBesnnueHue aktuBHoctu CAD nocie nposeneHHOro AB.

WmnynbcHplii Xapaktep auckpeTHod CAD aHaIM3MPOBAJCS € MOMOIIBIO MpeoOpa3oBaHus
I'unpOepra-Xyanra (HHT). B ero ocHOBe JEKUT COBOKYITHOCTh SMIIMPHYECKOTO METO0J1a
JNeKOMIOo3uIMK [3] HeNWHEeWHBIX M HECTAllMOHAPHBIX CHUTHAJIOB W [MiIbOEpTOB CIIEKTpasIbHBIH
ananu3. HHT B nenom npencrasiiser co00i 4aCTOTHO-BPEMEHHOM aHAJIN3 TAaHHBIX (CUTHAJIOB) M HE
TpeOyeT ampuopHoro (QyHKkuMOHaNbHOTO Oasuca. DyHKUIMM Oazuca MOITYYalOTCs aJalTUBHO
HEMOCPEACTBEHHO W3 JaHHBIX IMpoleaypamMu oTceuBaHus. Ha puc. 2 mpeacraBieH mnpumep
pe3yibTaToB mnpeoOpazoBanus [ 'mnbOepra-XyaHra st OJHOW TOYKM 3alMCU O M TOCHE
NPOBEJICHHOTO aKycTH4ecKoro Bo3jaeicTBus (s miacta bC u mnacra IOB).

[Tpu axycTHUeCKOM BO3/EHCTBUM Ha IUIACT MPOMCXOIUT HE TOJIBKO M3MEHEHHE aKTUBHOCTH
CAD, HO Tak ke MPOUCXOAUT M3MEHEHHE YaCTOTHOIO COCTaBa JHCKPETHBIX MMIYIbCOB. Tak B
padore [4] oTmeuaercsi, UYTO BHOPOCEHCMHYECKOE BO3JCHCTBHE BEIET K AaKTUBU3AIMH B
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HEPTENPOIYKTUBHOM IUIACTE 3aTYXAIOUIUX I€OJMHAMHMYECKHX IPOLIECCOB pPa3HOTO MacmiTada, a
YCUJICHHE BBICOKOYACTOTHOW CEHCMHUYECKOW SMHUCCHM HE(TENpPOJAYKTHUBHOTO IUIacTa HMEET
HauOOJIBIIYI0 MHTEHCUBHOCTD B Auamazonax 10-11 k' u 2-3 kI,

0.06 -AmMAAuTyAa BEC 0.02-AMAAUTYAA OB
AF
AF
0.03 ~5 0.01
. RS \ e d i SR b e - A Celi e _x\ LT

0 5 10 15 0 Fky O 15 20 F. «ry
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10 5 20 Fky 00 710 ©TT20 Foky

Puc. 2. Pacnpenenenue yactoT. Bepxuue rpapuku — ectectBennas CAD, HUKHUE TpaduKu
— Bei3BaHHast CAD. JleBsle rpaduku — mnact bC, npassie rpaduku — ruiact FOB.

Jns mnacta BC B mpexenax uMHTepBajia HccielOBaHMN HaOMIOTaeTcs Majaoe H3MEHEHHUE
«IOMUHAHTHBIX YaCTOT» Ha Pa3HbIX IyOouHax. J{ns 3amucell eCTeCTBEHHOW CeiCMOaKyCTHUECKOM
SMUCCUUA BEIUYMHA «IOMWHAHTHOW 4YacToTbl» cocrasiiier ~ 8400 I'm, a mig 3anuceil moclie
nepsoro u Broporo AB ~ 10200 I'w.

Jns mnacra FOB1 nns 3amuceit ecTecTBEHHOM CEHCMOAKYCTHYECKOW 3MHCCUHM BEJIMYMHA
«TOMHHAHTHOHM 4acToThl» coctaBisier ~ 5800 ['m, a mia 3amuceit mocne nmepBoro u Broporo AB
~8300 I't u ~ 6100 I'tt COOTBETCTBEHHO.

[Tociie MpOBEACHHBIX HCCIECIOBAHUN, MPHUBEACHHBIC HHTEPBAJbl ObUIH MEepHOPUPOBAHBI.
CoOTBETCTBYIOIIME TIOKa3aTedM OKCIUTyaTallud IpHBeJAeHbl Ha puc. 1 (HwkHUe rpadukn).
YBenuueHue u mocienyrmuid poct ooBoanenus miacta bC, crmycTs HempoAOKUTETBHOE BpEeMs C
MOMEHTa Hauaja OHKCIUTyaTallud CBS3aHO C yMeHblIeHueM aktuBHoctu CAD, 10 u mocie
npoBeaeHHOro AB. Ilpu 3TOM coxpaHsieTcst JOCTaTOYHO CTa0MIIbHAS MPOAYKTUBHOCTb. J[71s rutacra
OB HabmtogaeTcsi OCTaTOYHO CTAOWIBHBIM TPOIEHT OOBOJHEHUS M TOCTENEHHOE CHIKEHUE
MPOYKTUBHOCTH.

AHanu3 U3MEHEHUS! aKTUBHOCTH 3MHCCHUU B COBOKYIHOCTH C M3YYEHHUEM «IOMUHAHTHBIX
4acTOT» CIYKUT JOMOJHUTEIBHBIM HUCTOYHHUKOM HWH(GOpPMALUA TPHU HUHTEPHIPETANUU JTaHHBIX
KapoTaka CEeHCMOaKyCTUYECKOW SMHMCCUM M TIO3BOJISET JOOUTHCS JTydIlleld MOATBEPKIAEMOCTH
pe3ynpTaToB. B kKadecTBe mpumepa, B Tabnuie 1 nmpuBeaeHB! pe3yabTaThl IEPEUHTEPIPETAIINH IS
pasnMyHbIX 00beKTOB. OOO3HaueHHs: «+» - coBmagenue pesyabratoB KCAD ¢ mporHozom
NpUTOKA; «-» - HecoBmajgeHue pe3yiabraroB KCAD ¢ mporHO30M MNPHUTOKA, «*» - YaCTHUYHOE
COBIIA/ICHUE.

Meton KCAD Oonee 4YyBCTBHTENEH K pacUIEHEHHWIO IUIacTa MO HEOAHOPOIHOCTH
KOJUUIEKTOPCKUX CBOMCTB 1O cpaBHeHHMIO ¢ apyrumu Merogamu [MC. Meroxg mnpousBoguT
n3meHenus ®EC B mponecce kapoTaxka, U BCIEICTBUE TOrO0 W3MEHEHUs AUHAMUKH aKTUBHOCTH
CAD B mpolecce HCCIeAOBaHUM, YTO MO3BOJISIET MPOTHO3UPOBATH MPOAYKTUBHOCTH BBIOPAHHOTO
WHTEepBaNa nepdopamnuu miacra.
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Tabnuna 1. Pezynbrarel nepenntepnperanyu ganueix KCAD

XapakTep HACHIIIEHHOCTH
NoeNe Mapexc % Boabl | I'MC oTkp KCA9
niacra IlepBuuHasn
CTBOJIA IlepennTe pnpeTanus
HHTepHpeTaus
1 10)3} 55 Hesicno Hedrb - Hedrbs+Bona *
2 bC 2 Hedrs Hedrb + Hedrb +
3 bC 3 Hedrs Hedrb + Hedrs +
4 BC 68 Hedrp Boga - Bonatuedrs +
5 bC 9 Hedrb Bona - Hedrs +
6 bC 8 Hedrs HedrptBoma - Hedrs +
7 0B 25 Hedrb Hedrs + Hedrs +
8 10)2} 19 Hedrs Hedrb + Hedrb +
9 10)2} 20 Hedre+Bona Hedrb + Hedrs +

Pabota BpIMONHEHA MPH TOIACPKKE MPOTPaMMbl (PYHIAMEHTAIBHBIX HCCICNOBAHUN 110
Otnenenuto Hayk o 3emiuie PAH-1 na 2009 - 2011 rr.
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Laboratory-scale plant for researching into informative parameters of core samples acoustic
emission irradiated by acoustic field was constructed; it gives possibility to model fluid saturation
in conditions close to the reservoir's.

B coorBercTBUM € OCHOBHOH 3ajaueil 1a0OpaTOPHBIX HCCIIEAOBAaHUM: HIECHTU(UKAIIUU
napaMeTpoB €CTECTBEHHOM M HaBEJCHHOW aKycTHYecKod smuccuu (AD) oOpas3loB KepHOB, ObLIa
pa3paboTaHa KOHCTPYKIHS YCTPOWCTBA MCCIEIOBaHHUS aKyCTHMUECKOW SMHCCHUU KE€PHA B YCIOBHUSX
MaKCHUMaJIbHO NPHUOMIKEHHBIX K IJIACTOBBIM ycioBHsM. CHcTeMa yIIpaBlIEHHS YCTPOHCTBOM
IIPEyCMAaTPUBAET CO3JaHUE U KOHTPOJb FOPHOTO, TMAPOCTATUYECKOTO JABJICHUS U TEMIIEPATYPhI
KepHa, JaBJICHMS M MOTOKa (UIIOMAAa B KEpHE, a TAKKE YIpPaBJICHUE U KOHTPOJb MapaMeTpoB
CHJIOBOTO aKyCTHYeCKOTO Bo3jeicTBUs (AB), 1 KOHTPOJIb MapaMeTpOB aKyCTUYECKOW IMUCCHU Ha
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BXO/IE U BBIXOJIe KepHa. Bce KOHTpompyeMble MapaMeTpbl PETUCTPUPYIOTCS B PEAIbBHOM BPEMEHH,
0TOOpaXKarOTCs HAa AMUCIUIEE U 3aMMCHIBAIOTCS B TAMSTh.

HccnenoBanust MpOBOJATCS MPH IMPEASTbHOM W HEMpPEIeIbHOM HE(PTEHACBIIICHUN IS
KOJUIEKTOPOB PA3JIMYHBIX KJIACCOB IPOHMIIAEMOCTH M PAa3IMYHBIX TEPMOOAPUUYECKUX YCIOBHM.
DKCIEpUMEHTHI TPOBOIATCS MPU Pa3IUUHBIX IApaMeTpax U pexkuMax aKyCTHUYEeCKOIO BO3IEHCTBU:
B Pa3lIMYHBIX AMana3zoHax 4yacToT AB mpu (UKCHUPOBAHHBIX YAacCTOTaxX aKyCTHYECKOTO TMOJS U
4acTOTHOW MOAYJISILIMM; B IIMPOKOM JAMANAa30HE MHTEHCUBHOCTU W3JIYy4EHMS] aKyCTHMUECKOTO IOJIf;
IpU Pa3IUYHOM BpPEMEHHM OOJIYyUeHHs] KEpHOB, IMapaMeTpbl TepMOOAPUYECKUX YCIOBHH IpU
IIPOBEJCHUM IKCIIEPUMEHTOB JIOJDKHBI COOTBETCTBOBATh yciaoBHAM 3aneranus ruiactos bC u OB
TeBnuHCKO-PycckuHCKOTO 1 BaTheraHckoro MeCTopoKAcHUM.

PacnonoxeHne ocHOBHBIX y3110B ycTaHOBKU YMK-AD npuseneno Ha puc. 1a. biok oceBoro
U3JTydaTeiss ¢ €MKOCThIO Ui oxiaxjaeHus (1) BBIIOJHEH B BUJAE CHEMHOW KOHCTPYKIHH, IS
o0ecreyeHnst BO3MOXKHOCTH YZ00OHOT'0 OTCOSIMHEHHS] BEpXHEH 4acTH YCTaHOBKHU U OCBOOOXKICHUS
JI0CTyIa K KEpHOAepKaTeto. Takas KOHCTPYKLMA MT03BOJISIET YyCTaHABIMBATh U U3BJIEKATh KEPHBI C
MUHHUMYMOM 3aTpaT Ha MOHTAX U IEMOHTAXX YCTAaHOBKHU B LIEJIOM.
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Puc. 1 — a: ycranoBka uccnenoBanus kepaoB YUK-AD o0muii Bu,

b: pucyHok wu3 paGotel [1] pesynbraThl J1aOOpaTOPHBIX HUCCIEIOBAaHUHA aKyCTHYECKOM
HMHUCCUU KEPHOB. 3aBHCHUMOCTh SHEpruu AD, WHUIMUPOBAHHON CIA0BIM HMMITYJIbCHO-BOJIHOBBIM
BO3/ICHCTBUEM, Ul KEPHOB C PAa3IMYHBIM HACHIIIEHUEM: a — HAKOIUICHHAas 3Heprust AD i Hedre-,
BOJIOHACBILLIEHHBIX M CYXMX KEpHOB; | — Ipu HamokeHMH MexaHuueckoil Harpysku; |l — mpu
MMITYJIbCHO-BOJTHOBOM Bo3zericTBuy; |l — mocne Bo3nelcTBus; O — 3aBUCUMOCTh SHEPTUU CUT'HAJIOB
AD oT He(TeHACHIILIEHHOCTH KepHOB (S, %); B — HOPMUpPOBAaHHASI AaBTOKOPPEISIIUOHHAS (DYHKITHSI
BpeMeHHOro psaa AD nius HedTe- M BOJOHACHIICHHBIX KEPHOB IpPU BOJHOBOM BO3JICHCTBHU;
KepHbI: 1 — He()TeHACHIIIIEHHBIE; 2 — BOJIOHACHIIICHHBIC; 3 — CyXHeE.

AKYCTMYECKMM U3Jy4yaTelb BBIIOJIHEH B BHUJE CTEPKHEBOIO 3JIEKTPOAKYCTHYECKOIO
npeobpazoBarens. Jlns obecredeHUs ONTUMAJBHBIX YCIOBUH Iepegauyd YOpyroil SHEpru OT
U3Iydarens K KepHy, 00a 3TH y3ja UMEIOT JJIMHY PaBHYIO IMOJOBUHE JJIMHBI BOJIHBI KOJIEOaHUN Ha
4acToTe PabdOThl U3TydaTelNs M 3aKpeIUIeHbl B CEPEIMHHBIX Y3JI0BBIX TOUYKaxX. BepxHuii BOJIHOBO-
TOJIKATEJIb UMEeT (PYHKIIMOHATIBHOE JOMOJHUTEIbHOE Ha3HAYCHHE, CBSI3aHHOE C IPUEMOM YIIPYTHX
KoJIe0aHUH SMUCCHOHHOTO MPOMCXOXKCHUS U3 KEpHA W OTBeAeHUS U3 Hero Qumounaa. [IpuemHuk
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YIPYrux KoJieOaHWi yCTAaHOBJICH B HM)KHEH YacTH BEPXHETO BOJHOBOJA-TOJIKATEINS, B CIICLIUATBHOM
HUIIIE ¥ OPHEHTUPOBAH CBOEH paboueil MOBEPXHOCTHIO B IJIOCKOCTU MapajlieIbHO OCH BOJHOBOJA.
B kaudecTBe mpueMHHKa KoJeOaHMI HMCIIOJIB3YEeTCs TPEXKOMIIOHEHTHBIH BHOpOmpeoOpa3oBaTens,
0COOEHHOCTSIMH KOTOPOT'O SIBJIICTCSI COUETAHUE BBICOKMX 3HAYEHUH OCEBOW UYBCTBUTEIIBHOCTH,
COOCTBEHHOW YaCTOThl M yJapHOW CTOMWKOCTH, a TaK)K€ HU3KHHA ypOBEHb COOCTBEHHOIO IIyMa.
JlaTyuK, yCTAaHOBJICHHBIM YKa3aHHBIM CIIOCOOOM, MO3BOJISIET M3MEPATh KOJIeOaHUs B MPOIOJIBEHOM
HAIpaBJIECHUH MU B [JBYX I[IONEPEUYHBIX COCTABJAIOIIMX. B BOJIHOBOJAE-TOJKATENE HAXOAUTCS
CKBO3HOW KaHaJ Uil NpoTeKaHus (iaronga, B BEpXHEH YaCTH YCTAHOBJICH MITyLEp UL
MOAKJIIOUEHUS K TMAPABINYECKON CUCTEME, a HM)KHEW 4acTH, Ha KOHTAKTE C KEPHOM YCTaHOBIIEH
paccekaTenb MOTOKA, JUIsl 00ecreueHusl paBHOMEPHOTO paclipe/iesieH|s] MOTOKa M0 MOBEPXHOCTU
KEpHa.

VY3en KepHOAep)Karens IMpeaHasHaueH JUIsl IOJUIEP)KaHUS KepHa B TEpMOOApUUECKHUX
YCIOBHSIX MPUONMKEHHBIX K IUIACTOBBIM YCJIOBHSAM, C BO3MOXKHOCTBIO HACHILIEHUS (DIHOMIOM
3aJJaHHOTO COCTaBa M €ro CMEHOM B Ipoliecce MNpoBeneHus 3kcnepumenta. CyTb camoro
HKCIEPUMEHTA 3aKJII0YAeTCsl B TOM, YTO HEIPEPBIBHO NPOU3BOAUTCS U3MEPEHHE AKYCTHUECKOMN
SMHMCCUHU TpPH H3MEHEHHM IUIACTOBBIX YCJIOBMI, COCTaBa Hachlaromiero (iaronna, a Takke
apaMeTPOB U PEKUMOB OOJIyUEHHSI KEpHA CUIIOBBIM aKyCTHUYECKHUM IOJIEM.

CunoBasi ycTaHOBKAa MCTOYHMKA NHUTAHMSI IpeJHA3HAYeHa Il MHUTAHHUSL aKyCTHYECKOI'O
U3IyyaTesls HaANpsDKEHHEM BBICOKOM 4YacTOTBI B COOTBETCTBUM C  33JaHHBIM  3aKOHOM
peryaupoBaHus pexuMa paboThl ycTaHOBKM HccienoBanus kepHa YHK-AD. Cucrema
o0ecreurBaeT CUHXPOHHU3AIMIO PEKUMa M3JIydeHHs aKyCTUYECKOTrO MOJsl B KepH U CUMTHIBAHUS
UHGOpMALUU ¢ U3MEPUTENIBHBIX JaTYMKOB aKyCTHYECKOH ASMHCCHH, JaTYMKOB JAaBJICHHUS B y3iax
TH/IPaBIMUYECKON CUCTEMBI U TEMIIEPATYPBI KEPHA.

AB npuBOIUT K MHULIMALUY CJIOKHBIX M SHEPTOEMKHUX IPOLECCOB B HACBILIEHHOM ITIOPOBOM
npoctpancTBe [2]. Takue mpormecckl He MOTYT HE CONPOBOXIAThCS U3MEHEHHEM ero BHYTPEHHEH
sHepruu. CrencTBUs 3TUX U3MEHEHUH OyayT OTpakaThCsi B T€HEPALMU aKyCTHMUYECKUX KoseOaHWi
(AD) B pesynbpTare JOKAIGHOW THHAMHYECKOH MEePEeCTPOWKU COCTOSHUS HACBIIIEHHOTO TOPOBOTO
MPOCTPAHCTBA CBSA3aHHOTO C U3MEHEHUEM ero (PHIBTPAIIMOHHO-eMKOCTHBIX CBOMCTB.

B paborte [3] ormeuaercs yBennueHue kodpduUIMEHTa TMPOHUIIAEMOCTH TOJ JACHCTBHUEM
akyctuueckoro mnois. Koppemsuus CAD ¢ Knop cymectByeT W CTaHOBHUTCS OOJIbILE IOCTIE
00JTy4eHUs1 HaCBIIIEHHOTO MMOPOBOTO MPOCTPAHCTBA CHIIOBBIM aKycTHYecKHM mnojem [4]. B cimydae
CKBXMHHBIX HCCIEJIOBAaHUM, HCTOUHUKOM AD CHyXUT o00JacTh NPOAYKTHBHOIO IUIACTA,
MOJBEPrHyTass OOJYYEHHIO TAaKMM CHJIOBBIM AaKyCTHMUECKHUM IIOJIEM, MapaMeTpbl KOTOPOro
(MomHOCTH M 4actora), 3(pdexTBHO Biusor Ha u3MeHeHne DEC. [Ipuyem wu3MeHeHHs
INPOUCXOJAT Kak B OMMKHEH 30HE IulacTa, Tak U B yAaleHHOM. M3 3Toro ciemyer, 4To UCTOUHUK
AKyCTMUYECKOM SMHCCHUM MOKET HaXOAWUTHCS B IIPEleNax U 3a NpefeslaMU 3aKOJIbMATHPOBAHHOMU
30HBI IJIACTA, YTO OCOOCHHO BAXKHO JJIS1 OLICHKH HCTUHHOTO HACBIICHHUS POIYKTUBHOIO IIACTA.

JlaboparopHbie uccinenoBanus B padore [1] mokas3pIBaOT 1Ba OCHOBHBIX MOMEHTA, IIEPBOE —
[I0CJIE MHULUUPOBAHUS HMILYJIbCHO-BOJHOBBIM BO3JECHCTBUEM JHEPIUs AKyCTUYECKOW 3MMCCHUU
He(TEeHACHIIIIEHHOTO 00pa3iia MPEeBOCXOAUT SMUCCHUIO BOJOHACHIIIEHHOTO M CyXOro o0pasia B JiBa
pasa, BTOpoe€ — IIpH YyBEJIMYEHUH He]TeHachllleHHOcTH KepHa Bbime 80% mnpoucxoaut
CKaukooOpa3Hoe, MPUMEPHO B JABa pa3a yBenudyeHue sHepruu smuccuu (puc.lb). B kauectse
00pa3loB TOPHBIX MOPOJ MCHOJIb30BAJIMCH UCKYCCTBEHHBIE KEpHBI ¢ IpoHuuaemoctsio 10 0,150
MKM? 1 nopuctoctsio 10 30%.

BriBoabI:

e PazpaboTraHa M M3roTOBJIEHA CIIELUAIM3UPOBAaHHAs YCTAaHOBKA MCCIIEJOBAHUS KEpHA
YUK-AD gna  u3ydeHuss SHEpromHGOpPMATHBHBIX IapaMEeTpPOB  AKyCTHYECKOH  3MUCCHU
NPEICTaBUTEIBHBIX O0pa3lloB KEPHOB MNMpH OOJYYEHWH HMX CHJIOBBIM aKyCTHYECKHUM IIOJEeM C
BO3MOKHOCTBIO ~ MOJEIMPOBAHUS  (DIIIOMAOHACHIILIEHHOCTH B YCIOBUSAX  MaKCHUMAaJbHO
OpUOJIMKEHHBIX K IUIACTOBBIM YCJIOBUSIM. YCTAaHOBKAa BKJIIOYAeT B ce0s: KepHOJep:Karenb ¢
THJIpaBIMYECKON cHcTeMol oOecneueHHsl JaBlI€HHUsS U MOTOKa (iroujJa B KepHE, CHCTEMY
yIpaBIIeMOT0 BUOPOBOJIHOBOI'O BO3JEHCTBMS Ha KEpH W CUCTEMY pETHCTpalliid CHUTHAJIOB
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aKyCTHYECKOH SMUCCHHU B MIpOIIecce MPOBEICHHS SKCIIEpUMEHTOB. PazpaboTan MeTo1 ciennaibHbIX
UCCIICIOBAaHUM  BIMSHUS aKyCTMYECKOrOo TOJs Ha  (UIbTPallMOHHO-€MKOCTHBIE —CBOMCTBA
HACBHIIIEHHOW TOPHCTOM cpeapl. MeTon BKIOYaeT B ceOsi MOATrOTOBKY KEpHAa M MCCIEAOBAHUS
aKyCTHYECKOM SMUCCHHU, HAUYMHAS C TIPEACIbHON HACBIIICHHOCTH HEPTHIO, TEKYIIEH U OCTAaTOYHOM.

e lHTepnpeTalnOHHbIE MOJETH HEPTEHACHIIIEHHOCTH U (PUIBTPAIIMOHHO E€MKOCTHBIX
CBOMCTB MO MapaMeTpaM BbI3BaHHOH AD 1o MarepuaigaMm Ja0OpaTOPHBIX M IMPOMBICIOBBIX
MCCIICZIOBAaHUI BBINIOJIHEHbl HAa CETOJHSAIIHUNA JeHb B 00BEME IMPOMBICIOBBIX HCCIEIOBAaHUMA U
COIMOCTaBJICHUS C pe3ylbTaTaMH COOCTBEHHBIX JIAOOPATOPHBIX HCCIEAOBAHUN KEpHOB U
pE3yJIbTAaTOB AHAJIOTUYHBIX UCCIEAOBAHUN IPYTUX aBTOPOB. [10JyueHHBIX JAaHHBIX TOCTATOYHO IS
II0JIOKUTEIIbHON OLIEHKH pe3yJIbTaTUBHOCTH MeTo1a CAD B pelieHUH NIOCTaBJIEHHOM 3a1auM.

e [lonHoneHHbI HAOOp AAHHBIX Al MOCTPOCHHS METPOPU3NYECKUX Mojenel Oyaer
MOJIydeH II0CJIe TOJYYEHHUs BCEH MNpeACTaBUTENbHONW KOJUICKIMH 00pa3loB KEpHOB IS
UCCIIEIOBAaHUM € OOBEKTOB M MECTOPOXXICHUH, B KOTOPBIX TPOBOIMINCH CKBaKMHHBIC
uccienosanus no meroxy KCAD.

YcranoBka pazpaborana u usroroiena B OO0 «HII® «HMutenconux» no 3amanuro OO0
«JTYKOMIJI - Banamnas Cubupw».

PaGoTa BbINONHEHA MPH TOAJEPKKE MPOrpaMmbl (DyHIAMEHTAIbHBIX HCCIEAOBAHUN IO
Otnenenuto Hayk o 3emne PAH-1 na 2009 - 2011 rr.
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Gravity transformations are performed by the solution of the Alexidze problem. By its
help the efficient method of unique and stable solution for iterative specification of a magnetic
field transformations is given, providing the additive presentation of a magnetic potential. Its
convergence is postulatued

Tpancopmanmu pernoHaIbHBIX AHOMAIUH MOJIS CUIIBI TSXKECTH g(X) BO BHEIIHEM IIPOCT-

paHCTBe Y C aJeKBaTHOM TOYHOCTHIO IIEIECO00PA3HO OCYIIECTBIISATH, PEIasi HETHHEHHYI0 TpaHuY-
HYyI0 3ana4qy Anekcunse [1] nns ypaBHenus Jlamnaca, B TpaHUYHBIX YCIOBHSX KOTOPOH CTOAT caMH
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3HAUEHUS CUIIbI TSDKECTH, SIBJISFOIIHUECS 3HAUCHUSIMU MOTYJIsl TPaJIMEHTa OTCHIIUATA CUJTBI TSKECTH
(MTI'TICT) g(X)=\gradW (X] . O000IICHHO TTOCTAaHOBKA 3a7aun AJICKCU/3¢ TAKOBA. HAWTH IMOTCHIIH-

an W(X), X € y*, yIOBIeTBOpAIONIMIT BHYTPH 3aMKHYTO# 06acti Yy =y* Uy ypasHeHmio Jlaria-
ca AW(x)=0, Xe y*, a B Toukax rpauuipr dy JIsmyHoBa 061acTH Y* 1 HA 00 — YCIOBUSAM:

Zal M Zzgz(x)’ Xieay’

| 0%,
lim W (x) — 0

[X|—o0

1)

rae g(X) —3ajaHa, Y — orpaHuueHHas o6nacts npoctpanctea R ¢ raroreromumu maccamu, y*
— €€ HEOrpaHUYEHHOE JONOJHEHNE 0€3 TATOTEI0MNX Macc, 0y — MOBEPXHOCTh U3MEPEHUN — IPaHu-

na obmacreid Y- u y'.

Ee pemenue, B cuity u30paHHON OJHOPOJHOM CIOMCTOW MOJAENU CPEAbl, OMpEneisieT Mo-
TEHLMAJ IPOCTOr0 CJI0s1 ¢ UCKOMO IJIOTHOCTBIO, PACIPOCTPAHEHHOW HA KOHTAKTHOM MOBEPXHOCTH
Tuna JlsamyHoBa. JTta MJIOTHOCTb ONPEAEIAETCS KaK PELICHUE YPaBHEHUS CHUJIbl TSDKECTH, aHAJIUTH-
YECKOE BBIPAXKEHHE KOTOPOro sBisgercs ciaeactsueM cBoiicts MITICT \gradW (x] a KOHKPETHBIN

BUJ] 3aBHCUT OT M30paHHON Moaenu 3emiu. B miockoMm ciyyae 3Ta 3ajaya pelieHa UTepaliioHHO.
ToyHOCTH ee pelieHus! CyIIeCTBEHHO 3aBUCUT OT OOYCIOBICHHOCTH 33/1a4M, MapaMeTpoB METOJa
(uncna W pacroyioKEeHUsT (YHIAMCHTAIBHBIX PELICHUH), MPUOIVIKCHUH HAIpaBICHUS HMCKOMOTO
IPAJMEHTA, HAIIPABJICHUS BHEIIHEW HOPMAJH, BJIOJIb KOTOPOM BBIYUCIISAIOT IIPOU3BOIHBIE B TPAaHUY-
HBIX YCIOBHAX (Y4eT BEKTOPHOU mpupo bl most). OfHAKO, ee pelIeHne Ha TPOCTBIX MOJIENSX Cpe-
Jbl IIPY OIIPEEICHHBIX OTPAHUYEHUAX Ha PELICHUE — YCIIEIIHO.

3amaya (1) opueHTUpOBaHA HAa aHATMTUYECKOE MPOIOJDKEHHE MOJIsl BHE HCTOYHUKOB aHOMa-
JIBHBIX MacC IPH 33JaHHOM C HEKOW TOYHOCTBIO MOJEIH Cpelbl U IOrPEIIHOCTAX u3MepeHuil. Ha
napamMeTpbl Cpeibl HAT0XKEHO OTPaHUYEHHUE B BHUJIE KYCOYHON HENPEPHIBHOCTH U TudepeHupye-
Moctu 1o @pemre paau n3oOpakeHHe MPUPALICHUN pelleHH 3a7a4yd JIMHEHHON KoMmOuHarmen
NpUpaIIeHui napaMeTpoB MoJieNu (BbIICICHUE ITIABHOM JIMHEHHOM YacTH HCKOMOTO PEILICHHS).

OcHOBHOE arpUOPHOE MPEAIOJIOKEHHE O MOBEJIEHUHU HCKOMOTO pelleHus] 00paTHON 3a/1aun
(JTMHElHAas HE3aBUCHMOCTh OIlepaTropa PEHICHHs U €ro MPOU3BOJIHBIX) 00ECIIEUMBACTCS OJHHM U3
MeTo/I0B [2]. VKa3aHHBIX OTpaHWYEHUN JOCTATOYHO JJIsi YUCICHHOW CXOIMMOCTH K TOYHOMY
peuieHuo. Pemenue 3anaun HEOAHO3HAYHO U3-32 KOHEYHOI'O BEPTUKAIBHOIO PA3PEILICHUs, HEaleK-
BAaTHOT'O BBIOOP MOJIENH 3a/1aui W/WIIM HAaYaJbHBIX MPUOIMKEHUH pEIIeH s, YTO CBOMCTBEHHO MPH-
poJie 0OpaTHBIX 3324 C MPOU3BOJHBIMHU B TPAHUYHBIX YCIOBUSAX. TOYHOCTh AMCKPETU3ALIUMY 331241
3aBHCHUT U OT CHIOCO0A BHIYHUCIICHUI MPOU3BOAHBIX.

HroaHChl YUCIIEHHOrO MOJIEIUPOBAHUSA TAKOBBI. OCLIMIUIALUS UHTETPAIBHBIX SEP OIepaTo-
pPOB 0OpaTHOM 33724 M CYIIECTBEHHAs 3aBUCHUMOCTb MX BH3yalM3allid OT M30paHHOIO criocoda
rpuaauHra. HusenupoBaTh OCHMIUIALUIO MOXHO, 3aJCHCTBOBAB KOHCTPYKIMU THUIIA HHTErpaja
[IBapma anst mosxock! [3], a HIOAHCH TpaduyecKkol BU3yalu3aluu HYKAAIOTCI B SKCIIEPUMEHTAIb-
HOM HCCIIEZIOBAaHHH U BBIOOpE aJ€KBAaTHOTO MHCTPYMEHTapHSI.

[Ipu Bceit coKHOCTH YMCICHHON pealiu3aliy 3a1a4i AJIeKCUI3€e, OUEPTUM KPYT €€ IpuMe-
HEHUI: yrouHeHue GUrypsl 3eMiId U aHATUTHYECKUE TPAaHC(POPMAITUU IPaBUMATHUTHBIX TOJIEH.

OcTaHoBHUMCH A€TalbHEE HA BOCCTAHOBIEHUHM MArHUTHOTO MOTEHIMANIA C TIOMOILBIO 337aun
Anexcunze. Ecnu MarHUTHBINA NOTEHIIMAN N300pa3UTh Kak cyMMy V (X) =U (X)+T(X) HOPMaJIbHOTO

U (X) JIIsL HaHHOﬁ 3IIOXHW U aHOMAJIbHOT'O T(X) MarHuTHbBIX IIOTCHIIMAJIOB, TO BOCCTAHOBUTH Mar-

HUTHBIA IOTEHIIHAI V(X] [0 3a/JJaHHBIM 3HAYEHHSM MOJYJS €r0 I'paJreHTa Z(X)z ‘gradV (X]

x=0
Xe 6y YOPOUICHHO MOXHO 10 aJITOPUTMY, B KOTOPOM IMOCIICAOBATCILHO BBIYNCIISICM.

— ou (X) + aTi+1(x) ’ Vj(ki+1)(x): GRY (X) + asz(X)
OX OX; OXOX,  OX;0%,

i i

1. npou3BOIHBIC Vj(”l)(x) , TIe
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Ll(x) __i Lé:JB (g)dsg’ ’ THl( ) 4 .[(Xj _gj )(Xk _gk)5i+1(§)dsé;
T

o Arylx-& OX,;0%, x—&’

]

2. HampaBJIsIONIHe KOCHHYCHI COS(N.,, X )— (0)(x )/ Z,.,(x);
3. crenyrotiee MPUOIIKEHIE MOIY/Is TPAJIMCHTa MAarHUTHOTO MOTCHI[HAIIA

3
Zi+2(x) = Zm(X)—a)ZZCOS(nm, Xk)' X, X€0y;
k=1

4. nexypHoe MPHOINKEHHE aHOMATLHOTO MATHUTHOTO TIOTEHIHAA:
T...(x)=Z,,(x)cos(n;,;,m)—y(x)cos(v,m), x e dy; 2)
5. creayrolee MPUOTMKEHUE MATHUTHOTO TIOTEHITHANIA V(”z)( ) U( )+TH2( )

B kauectBe HOPMAaJILHOTO MMOTCHIMAJIa uenec006pa3H0 B34Tbh aHOMAJIbHOC I1OJIC OAHOPOAHO
HAMAaHWYCHHOTO IIapa. aHOMAaJIbHBII IOTCHII KA1 T (X) OTPAa3UT IO0JIC PCAIbHBIX OG'LGKTOB, HCYUYTCH-

HBIX B 3TOM Mojienu. Kpome naHHbIX Z(X), X € 0y (mo-cyru, AT,) n3BecTHHI ypaBHEHHE (HU3HUCC-

KOH MOBEpXHOCTU Oy 3eMJIH, BEKTOP €IMHUYHONW HOpMAIIU m( ) COS(Xk, ) k=13 x 0y moutu

B 000 ee Touke, U HopMasbHOe mose U (X) TI03TOMY B TI000i TOUKe X 3aMKHYTO# o6mactu Y’

)_EM

MOKHO BBIYUCIUTH HOpPMAJib V(X)=COS(V,Xk = P K BKBHHOTGHHHaHBHOﬁ MOBCPXHOCTHU
X
k

3
U (x)= Cx, npoxoasmeii uepes Touxy X, u cos(v,m)= Y cos(v,x,)cos(x,,m), (1)() =|gradV (x).
k=1 /4

Ecnu noBepxHocTh 3emin 0y — MHOXecTBO JIAmyHOBa, MArHUTHBINA MOTEHIIUAI V(X), Xey"
JAHHOM 3MOXM BOCCTAHABIMBAETCS 0OHO3HAYHO TIO HANIPSDKEHHOCTH Z(X), X € 0y MarHuTHOTO TO-
JIs1 9TOM BIIOXH.

Tak, Ha i-M mare ompegeaum €os(n ZCOS %, )cos(x,, M) u rpanmuHOE yenoBHe
F.(x)=2Z(x )cos(n. m) y(x)cos(v,m) 3)

ISl OIpEAENEHUs i-ro NMPUOIMKEHUs IUNIOTHOCTH O, (X) MOTEHIMAJa IPOCTOrO CJIOA Ti(X) U3 JIu-

HEWHOI'0 MHTETPAIILHOIO ypaBHeHUs Ppearonbma

+ [K(x,&p()ds, = 2R (x), xedy

1 8 1 _ 1 cos(um)
2rom | x—¢& 2 |[x—¢|

C sApOM K(X,ﬁ) = , e U=X—¢ . Jlanee BEIYUCISAEM MPUOIIMIKEHIE

(0= g [ s, =0 +T0). 2

u i+1-e npubIMKeHNe HAPABJISAIONUX KOCHHYCOB: COS(ni » X ) =

[TocnenoBarenbHOCTH {Ti (X)} u3 (4) cxoautcs B ceOe, Kak CIICACTBUE TEOPEMBI: €CIIU KBaJI-

par ez(x) OTHOILIEHHSI MOJYyJIeH TPaJeHTOB aHOMAJIBHOTO U HOPMAJIBHOTO MOTEHLUAIOB MPEeHeO-
PEXKUMO MaJI 110 CPABHEHUIO C e(X), TO MOCIIEN0BATENBHOCTD PELICHUI {Ti (X)} IPaHUYHBIX 3a7a4

ATa=0, xey", lim 7,00, )k (), xeoy ®
CXOJIUTCSI K aHOMAJIbHOMY IIOTEHLIMAITY T(X), X €Yy npu HT (X]‘ o << HU (X]‘ o
BrpouewMm, nocneanee ycnoBue HEOOsS3aTENbHO, MO0 TPAaHUYHOE YCIIOBUE aTa';nl(X) = F”l(x),

X
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X e oy mnpome, yem ycinoBue (3). as CXOOUMOCTH TMOCIIENOBATEILHOCTH {T(X)} JIOCTAaTOYHO,

YTOOBI Z(X)<7/(X)/C08(v,m), Xeoy. Dra cxeMa BOCCTAHOBJICHHS MarHUTHOTO IOTEHIIMAJIa

{Ti (X)} PKOHOMHYHEE 10 00beMY BBIUMCIICHHUI, ueM cxema [4].

KadecTBO umcineHHOTO pemieHust (CpeaHEKBaIpaTHUYHOE OTKIOHEHHE IapaMeTpoB
Monenu 3amaur (5) W BXOOHBIX JaHHBIX OT HAYaJbHOTO MNPUOIMKEHHS) Ha TEKyIIeH
UTEpalUHd KOHTPOJUPYETCA IO KPUTEPUIO HEBA3KM IMPU JONOJIHUTEIBHOM YCIOBHUU
MHUHUMYMa paspemiatomieid cnocooHoctu. OHO 3aBUCUT OT Mephl 0OYCIOBICHHOCTH 3a/1a4H
U BbIOOpA HAaYaJIbHBIX NPHUONMKEHUN penieHus. Bee pemeHus moaxydeHsl I MOJENH mapa
U HYXKJAITCsA B IPOBEPKE HA IOJIEBBIX JaHHBIX.
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Introduced technique of 4D gravity monitoring is modified to be suitable for measurements
on the short profiles. It is necessary to take into account gravity variations dependance from the
weak intensive geophysical factors by the P. Dvulit’s approach. A proper monitoring methodics is
advisable to borrow from the quasiperiodic variations technique by the G. Sobakar. The
interpretation procedure is supplied with the density calculation being presented by the solution of
the indicators classification problem. Also it is useful to include into monitoring the additional
vertical gravity gradient measurements to restore the upper part of geological cross-cut.

B paborax [1, 2] npencTaBieHbl OCHOBaHHS M 00JaCTH NPUMEHEHHS HEIPEPBIBHOTO IPaBU-
METPUYECKOTO MOHUTOPHHIA, SIBJISIOUIETOCS MOAU(UKAIMEH BBICOKOTOYHBIX MEIKOMACIITAOHBIX
IPAaBUMETPHUCCKUX HCCIICJJOBAHUN HA CIEUUAIBHO MOATOTOBIEHHOM HM3Y4aeMOM YYacCTKE 3€MHOMU
NOBEepXHOCTU. BKpartiie ocHOBHBIE NOJ0XkeHUS 4D rpaBUMOHUTOPHUHTA CBOAATCS K CIECAYIOIIEMY.

4D rpaBUTALlMOHHBI MOHUTOPHUHT — PsiJl MEPUOANYECKU MOBTOPSIEMBIX HENPEPBIBHBIX Ha
MNPOTSHKEHUU (PUKCHPOBAHHOT'O BPEMEHH MUKPOTPABUMETPHUECKHX U3MEPEHUI U TPEBBIILICHUH pe-
nbeda o ganHbiM GPS, a Ttakxke ux 00paboTKa ¢ yd4eToM BIUSHUS OKpY>Karollel cpeabl u chepbl
NpUMeHeHHH. BennunHy BpeMeHHOTro OTpe3Ka ONpeAeiioT TpeOyemMoe KauecTBo (Mepa HeoTpee-
JICHHOCTH) U3MEPEHHUH M XapakTep AMHAMUKHU (aMIumMTyAa U dactora) nons. dusndeckas ocHOBa
MOHHUTOPHUHIA — HETPEPbIBHAS CBSI3b TUHAMUKH IPABUIIONS U MMAPaMETPOB CPEIbl: YHIYISIUAM pe-
abeda 0TBEYAIOT BapHallMK CUJIbI TSHKECTH, a IPOCTPAHCTBEHHOE paclpeesieHHe Bapualiii BepTH-

KaJIbHOM MPOU3BOAHOMU v, MOTEHLIHAJIA Koppeaupyem ¢ MIIOCKOCTHBIM PaclpeeIeHueM II0THOC-
TeH.

Krnaccuueckast cxema u3MepeHuid Ha peryisipHON CETU U Mepepacyer MoJisi HA OCHOBE UHTET-
pana IlyaccoHa mpHUroHBI