Mpu6opbl U cuctemol

feonornyeckas UHGOPMATUBHOCTb MAarHETU3Ma KepHa U LWaama
0CaZ,04HbIX NOPOA, NONYYEHHbIX NpU 6ypeHuu

Pa3BefoO4YHbIX CKBAXXUH

m [yxunkos A.KO., CT'Y um. H.I. YepHbiwescKoro, r. CapaTos

PaccmompeHsl npumepsl UCNonb308aHUA OQHHbLIX O MA2HUMHbLIX C80OLUCMBAX KepHa U
wnama 018 peweHus HeKomopbix 3a0a4 2e07020pa38e0KU: 0emasnbHo20 pacysaeHeHus
paspe308, UHOUBUOYANU3AYUU NMPOOYKMUBHbLIX 17ACMO8, PEKOHCMPYKYUl cpedsl 0cCa0KOHa-
KonneHus, opueHMUpPoBKU KepHa. BblbpaHbl npumepsl, CBA3AHHbLIE C U3yYyeHuem Haubosee
€1aboMa2HUMHbIX 0CA00YHbIX MOPOO, MPAOUYUOHHO CYUMABWUXCA Heba1a2onpuAmMHsIMU
obveKkmamu 014 nposedeHus naneomazHUMHbIX U nempomaz2HUMHbIX UccnedosaHull.

MeToabl naseomarHeTmama LUMPOKO MC-
Nonb3yloTcA ANA peleHua QyHaameHTanb-
HbIX W MNpPaKTUYecKux npobnem crpaTurpa-
dun, B TOM uyncie npu NpPoBeaeHUn reono-
rOCbEMOYHbIX U NOUCKOBbIX PaboT. YpoBHU
reoMarHUTHbIX UHBEPCU, COOTBETCTBYOLLME
CMeHaM peXkMma NosIAPHOCTU NOAS, ABNAKOT-
CA BaXKHEMLUMMU M30XPOHHbIMU penepamu,
Kak ans robanbHbIX, TaK U PErvMoHasbHbIX
Koppenauuit. KomnaekcHoe ncnonb3oBaHue
61o- U MarHUTOCTPATUrPAPUUECKNX AAHHBIX
nossonser AoCTMYb Hambonee aetanbHOro
CONOCTaBNEHUA YyAaNeHHbIX pa3pesos,
KOHTPO/NIMPOBATb ANAXPOHHOCTb FPaHML, Kak
NMTONOTMYECKOro, TaK M MajieoHTO/IorMYec-
KOoro ob0CHOBaHUsA, BbISBNATL NEPEpbIBbl B
OCaZKOHAKOM/IEHNMN W OLEHMBATb UX A/IU-
TeNIbHOCTb, YTOYHATL BO3PACT OTNIOKEHUN [5,
18,22 v ap.].

MeHee wn3BeCTHa B pPeruvoHasbHbIX
nccnefoBaHUAX POAb MNETPOMArHUTHbIX
AaHHbIX (HECMOTPA Ha TO, YTO MarHUTOCTpa-
Turpadumyeckme noapasgeneHua ae-tope
MOryT BbiTb U Naneo-, U NeTPOMarHUTHOro
obocHoBaHUA [16], ae-PpakTo B YHUOMUMPO-
BaHHbIX PErmoHanbHbIX cTpaTurpadpuuec-
KUX cxemax GUrypupyroT NoKa TOJIbKO
MarHMTONONApPHbIE noapasfeneHus).
MesKay Tem, KaK NoKa3biBaeT OnbIT, NeTpo-
MarHuTHble NoapasaeneHua No natepanb-
HOW YCTOMYMBOCTU HE YCTYNaloT, a UHOrAa U
NPEBOCXOAAT BO3MOMXHOCTU KOppensuuu
no NUTONOMMYECKMM MNpM3HaKam. Hanpu-
Mep, HWXHeanTckue OUTYMUHO3HbIE
CNaHubl, ABNAAIOWMECH pPerMoHanbHbIM

oTparkeHMem rnobasbHOro aHOKCMYECKOTro
cobbiTna OAE-1a [1], pacnpocTpaHeHbl Ha
bonblweit yactn YnbaHosckoi, Camapckom
obnacrteit 1 Ha cesepe CapaToBsckon obnac-
Tn. K tory (Ha wuporte r.CapatoBa) butymm-
HO3HO-CNaHUeBble nopoabl daunanbHo
CMEHAITCA MUHAMU, HO YPOBEHb FOPHOYNX
CNaHUEB NPoCnexKnBaeTcs B Apyrux paumax
B pa3pese p. [ycesKka no neTpomarHUTHOMY
NPW3HaKy — NPUPOCTY MArHUTHOM BOCNpU-
nmuymsoctn (dK), KoTopbit duKcupyer
NOBbIWEHHbIE KOHUEHTPauunu TOHKOAMC-
nepcHoro nuputa (puc. 1a) [4]. CunbHomar-
HUTHbIN WMHTEpPBaN B BEPXHEroTepUBCKUX
OTNOXEHUAX, CBA3AHHbLIA C ayTUTEeHHbIMM
MarHUTHbIMM cynbduaamum (NUPPOTHH,
rPenruT), natepanbHO YCTOMYUB B permo-
HanbHOM macwTabe (ot Mocksbl go Capa-
TOBCKOro 3aBO/KbA) M NpeacTaBnaeT coboi
BaXKHbIM KOPPENALMOHHLIA penep, y4uTbl-
Bas J/IMTONOrMYECKYD OAHOPOAHOCTb M
CKYAHOCTb NaNIeOHTONOMMYECKUX HAaXOA0K B
NMorpaHUYHbIX CnoAx rorepusBa-bappema
Pycckor nautel B uenom (puc. 16) [4].
BO3MOXHO, UTO OH SIBAAETCA pPernoHasb-
HbIM OTpaXeHuamu rnobanbHoOro nosgHe-
rOTEPMBCKON0 aHOKCMYECKOro cobbiTus
“Faraoni” [4,19].

B nouckoBo-ouUEHOYHbIX paboTax Ha
nepBbIN NAaH BLICTYNAKOT 3343a4K, CBA3AH-
Hble C AeTa/IbHbIM PacyeHeHWeM 1 Koppe-
NAUMen pas3pes3oB CKBAXKWUH, KOHLEHTPUPY-
lowmxca B61M3M MECTOPOMXKAEHUA, U Npo-
OYKTUBHbBIX N1aCTOB, NOAyYeHMemM noapob-
HbIX JINTO/IOTO-CEAMMEHTO/IOTMYECKUX
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4 - BumyMUHO3HbIe CaHUbl, 5 - mepzenu, 6 - hocchopumel.

XapaKTepUCTUK, onpeaeneHnem dopm M
Pa3MepoB 3a/1exel, OLLEeHKON UX NPOMbILL-
NeHHOM 3Ha4YMMOoCTH. Ha aTom atane reono-
ropassefoyHblXx paboT naneomarHUTHbIE
nccnepoBaHnA Havbonee akTyanbHbl B
CBA3M C BO3MOMHOCTbIO MONHON OPUEHTU-
POBKM KepHa (BepPX-HM3 1 NO YaCTAM CBETa).
PeKOHCTPyMpPOBaB MNONOXKEHME KepHa B
NPOCTPAHCTBE, MOXHO ONpeaenuTb ane-
MEHTbl 3aneraHuA naacTos, npeumyLlec-
TBEHHYIO OPWMEHTALMIO CUCTEM TPELLMH,
HanpaBneHWA NaneoTeYeHU, a TaKKe
M3BNEYbL AOMONHUTENbHYIO ManeoMarHuT-
Hyt0 MHbOpMaumIo 1 ceeaeHna 06 aHM3oT-
PONUU NETPOMArHUTHbIX NapPaMeTpPOB.
CBeneHUA O CKaNAPHbIX MarHUTHbIX
XapaKTEPUCTUKAX MOXKHO MOAYYUTb NO
ntobbim 0b6pasuam, B TOmM Yncae no wnamy
CKBaXMH. (Mepen u3mepeHUAMM LINAM
AOMKeH ObiTb XOPOLWO OTMbIT U OYMULLEH

MarHUTOM OT YKe/Nie3HbIX YacTuL, NonNasLWMX
B pe3y/nbTate UCTMpaHua BypoBbix Tpyb u
AONOTa, @ MAarHUTHaA BbITAXKKA U3 KaXKA0M
npobbl cneayeT npocMmoTpeTb Nog 6UHOKyY-
NAPOM Ha npegmeT OOHapYy)KeHWA B Hew
yacTuy, ¢$eppomMarHUTHbIX MUHEPANoB
npupoaHoro npoucxoxaeHua.) C ux
MOMOLLBIO TaKXe MoXeT ObiTb pelleH
WMPOKUIA KpPYyr reonornvyeckux 3apgad,
CBA3aHHbIX CO cTpaTMduKaumen paspesos,
BbIACHEHMWEM COCTaBa M reHe3unca nopoa.
Ba*KHbIM [AOCTOMHCTBOM METPOMArHUT-
HOro MeToAa, UCNO/b3YIOWMM CKanApHble
XapaKTepPUCTUKK, ABNAETCA €ero 3Kcnpec-
CHOCTb W, Kak cneacTsvMe, MacCoBOCTb.
Hanpumep, BbICOKOTOYHbIE KannameTpu-
YEeCKMe WCCNefoBaHMA (M3MepeHus mar-
HWTHOM BOCMPUMMYMBOCTY - K) ¢ momoLLbo
noptatuBHbix npubopos KT-10 moryr
BbINO/IHATLCA HENOCPEeACTBEHHO B MNO/IEBbIX
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YC/I0BMAX HA 0BHaXKEeHUAX NN B KEPHOXPaA-
HUULLAX, U CPA3Y XKe NOCNe U3BNeYeHUs
KepHa W3 CKBa)KUHbl (3amep MarHUTHOM
BOCMPUMUMUYMBOCTM 3aHMMAET CEKYHAbI).
MarHuTtHaa BOCNPUMMYMBOCTb 3aBUCUT OT
KOHUEHTPauMmn napa- 1 GpeppomMarHuTHbIX
MUHepanos B nopoae (npu 3HayeHuax K >
20-30/10°en.CU ee, NpakTUYecKu, onpeae-
NAeTcA TONbKO KOHUEeHTpaunen ¢peppomar-
HEeTUKOB), M NO3TOMY Bapuaumm K HageKHo
OUKCUMPYIOT YYaCTKM pa3pesa C NOBbILWEeH-
HbIMW KOHLLEHTPaAUMAMM TeX WAW MHbIX
MWHepanos (Hanpumep, MarHeTUTa, rema-
TMTa M Ap.). 33a4acTylo yKe Mo MarHUTHOM
BOCNPUMMYMUBOCTU MONHO AeTanbHO
pacyneHuTb paspes, BbIABUTb CeAMMEHTa-
LUMOHHYK PUTMWYHOCTb, HAMETUTb Koppe-
NALMOHHbIE YPOBHU, MHOT4a pPewuTb W
apyrvue 3agayvun, cBA3aHHble, Hanpumep,
onpeaeneHuAMM KOHLEHTPALUNIM NONE3HbIX
N BpeAHbIX KOMMOHEHTOB B Ka/IMMHbIX
conax[13].

Ona onepaTMBHOro NoNy4yeHUA n Tepmo-
KannameTtpuyeckon wuHdpopmaumnm (06
nameHeHuaAx K nopos nocne nx Harpesa oo
onpeaeneHHoOW TemnepaTtypbl), Kpome
nsameputens K, notpebyerca mydenbHasn
neyb 1 4ON0AHUTENbHOE BPeMA (HECKONbKO
Yyacos), rnaBHbIM 0B6pPas3om, Ha Harpes M
ocTbiBaHWe nopoabl. Mo TepmokannameT-
PUYECKMM AaHHbIM BbIAENAKTCA UHTEpBaA-
Nbl, oboraueHHble TOHKOAMUCMNEPCHbIM
NMUPUTOM, KOTOpPbIe GUKCUPYOT AMBO chom C
NOBbILWEHHbIMW KOHLLEHTPAUUAMWU OpraHu-
YeCcKoro BelecTBa B MCXOAHOM OCajkKe,
NMBO 30HbI ANUreHeTUYEeCKUX U3IMEHEHUN
33 CcYeT BEePTUKANbHOW MUrpauuu yrneso-
nAopoaos. M3HayanbHO HEMArHWUTHbLIN
nUMpUT npu Temnepatypax 430-480°C B8
OKUC/NIUTENBLHOW cpeje npespawaerca B
CUNBHOMArHUTHbLIA MarHeTuT, U, Takum
obpasom, Bapuauum NpMpocTa MarHUTHOM
Bocnpummumsoctm (dK) = K, = K, rae K, —
MarHMTHas BOCNPUMMYUBOCTL Nocne
HarpeBa (Tepmokanna) go 500°C, a K, —
MCXOAHAsA MarHUTHaa BOCMPUMMYMBOCTDL)
no crtpaturpadpuyeckomy paspesy oTparka-
IOT KOHUEHTpauuMm HoBOOOpPa3oBaHHOro

MarHeTuTa, No KOTOPbIM MOXHO CyAUTb O
Hanunuuun FeS, B nopogax [9, 12]. MNpeunmy-
LLLeCTBOM METPOMArHUTHOW AMarHOCTUKK
ABNAETCA onpeneneHue Hanuuma cynbdu-
[0B Kenesa, He3aBMCUMO OT Pa3MepHOCTH
nx dpakumn.

N3yyeHne cKanApHbIX NeTPOMarHUTHbIX
napameTpoB B CTAUMOHAPHbIX YCNOBUAX,
TaKkKe TpebyeT MUHMMANbHbIX BPEeMEHHbIX
W, COOTBETCTBEHHO, PUHAHCOBLIX 3aTPaT, NO
CpaBHeHUO ¢ 6onblWMHCTBOM BUAOB nabo-
PaTOpPHbIX aHaNM30B, Ha KOTopbie nepeaa-
FOTCA KEpPH W LWAaM CKBaXKMH. 3aTo gonon-
HUTeNbHble AaHHble (Hanpumep, maTepma-
bl MArHUTHOTO HacbiweHuA, auddepeHum-
aNbHOrO TEPMOMArHMTHOro aHanusa),
NO3BONAKT HAAEXKHO AMarHoCTMPOBaATb
MUHepanbl-HOCUTENN MArHUTHbLIX CBOWCTB,
TeM CcaMbiM YTOYHWB W AE€TaNN3NMPOBaB
reonornyeckme pesynbtaTobl, basupyrowme-
CA Ha KannameTpuyeckuMx U TepmoKanna-
METPUYECKUX OAHHbIX, U, HEpPeAKOo, Noay-
YWTb HOBYHO CTPaTUrpadpUUECKY U INTONO-
ro-ceaAMMeHTONOMrMYEeCKyo MHGOpMaLMIO.

Ona npoBepgeHMa naneomMarHUTHbIX
nccnenoBaHUM XKenaTeNbHbl OPUEHTUPO-
BaHHble («Bepx-HM3») o0bpasubl KepHa,
06bem KOTOpbIX 4O/IKEH NO3BONATb BbINU-
UTb U3 HUX NMbo Kybukm c pebpom B 20
MM, "Mbo umanHapbl gnameTpom 25,4 mm
N AAMHOW 22 MM. YacTUYHOW OpMueHTauun,
B DONbLIMHCTBE CNy4yaes, AOCTAaTOYHO ANA
onpeaeneHnin 3Haka MarHUTHOM NONAPHOC-
M. B cnyyae npou3BosIbHO B3ATOrNO KepHa
CYLLECTBYeT BO3MOMKHOCTb €ro OpPUEHTU-
POBKW, HO 3Ta METOAMKA CBA3aHa C AONOoN-
HUTEeNbHbIMW TPyAO3aTpaTaMM U He Bcerga
MOXeT rapaHTMpoBaTb BOCCTAaHOBAEHUE
ero noNoXeHus B nNpocTpaHcTee. AnA
onpeaeneHna MArHUTHOW MONAPHOCTH
[O0CTaTOYHO, KaK npasuno, 1-2 KybukoB ¢
KarKAoro cTpaTurpadmuyeckoro ypoBHs.

Ana nyyeHuns BonbLIMHCTBA NeTpomar-
HUTHbIX MAaPaMeTPOB MOTyT BbITb UCMONbL30-
BaHbl Nt0bble 06pa3Lbl KEPHa MU XOPOLLO
OTMbITOrO Wnama, obbemom He meHee 8
cM’. HeKoTopble NeTpoMarH1THbIe XxapaKTe-
PUCTUKKU, HANpUMep aHM30TPOMNUA MarHUT-

NPWBOPLI u CUCTEMbI PA3BEAO4YHOM FTEQ®M3MKM 4(46)/2013
OBLepoccHiiCKWMA EMMEKBAPTANBHBIA HAYYHO-TEXHUHECKUI MypHanN




Mpu6opbl u cucrembl

alalill

HOM BOCMPUUMYMBOCTM, MOTyT BbITb Nony-
YeHbl TONbKO MO OPMEHTUPOBAHHOMY
KepHy.

B paccMOTPEHHbIX HUXKe npumepax
MCNONb30BAHUA [OaHHbIX O MarHetTusme
nopoa B peleHMU reonorMyeckux 3apad
ONA NoNyYeHUa naneo- u NeTPOMarHUTHbIX
OaHHbIX WMCNOMb30BaNOCh chnegyouee
obopynoBaHue: ANA U3IMEPEHUN MArHuT-
HOM BOCMPUMMYMBOCTM — Kanna-bpuax
MFK1-FB, ana HarpeBoB o6pa3uos Ao
Temnepatypbl 500°C — mydenbHaa anek-
Tponeyb CHOJ1 6/11-B, ana 3amepos
HaMarHM4YeHHOCTU — CMUH-MArHUTOMETP
JR-6, 4NA MArHUTHbLIX YUCTOK NEPEMEHHbIM
MarHUTHbIM Nonem — gemarHutusatop LDA-
3AF, 4nA onbITOB MarHUTHOIO HACbILLEHUA —
9NEKTPOMArHUT C MaKCMMaNbHOM WHTEH-
cnBHOCTbIO nona 700 mTh.

Pezynomamel kKannamempu4yeckux u
mepmokannamempuyeckux uccnedosaHull
waama u3 naneo3zos Capamosckoeo [pa-
gobepexcba (/lbicocopckuli patioH) [3].

Mpobbl wnama (maccor no 10-20 r) m3
OEBOHCKO-KAMEHHOYTONIbHOW TO/LLM,
npeaBapuTe/IbHO OYMULIEHHbIE OT MNOCTO-
POHHUX NpuUMmeceir nNyTem OTMbIBKU U
OTMarHuYymBaHmA, 6blNM NoOABEPrHyTbI

K (107 ea. CHD dk (107 g1 CHY
3 ) 50 0o 15 o a0 00 L2

M3MEPEHUAM MAarHUTHOM BOCMPUMMYUBOC-
TV A0 1 nocne nporpesa obpasuos 4o 500°C
B Te4yeHue Yaca. B coBokynHocTu rpadpmkm K
n dK cnocobcTBYHOT YTOYHEHMIO LWIAAMOT-
paMMbl, AOMONHUTENBHOMY PacyNeHEeHWUo
rOpM30OHTOB, A0NONHUTENBHOMY OBOCHOBA-
HWUIO CTpaTUrpadmyecKux rpaHuL, UHAUBU-
Ayanu3auum CTPaToHOB.

Ha pwuc. 2, rae npueeaeHbl dparmeHTbl
pa3pes3a CKBaXKWHbl, MOXXHO BUAETb, 4YTO B
KapboHaTHOW ToALe BepXxoB ppaHa —HM30B
bameHa AMamarHUTHble AONOMUTbI HYETKO
OT/INYAIOTCA OT NapamMarHUTHbIX U3BECTHA-
KOB Mo oTpuuaTtensbHbiMm (Ao (— 2)10° ep,
CU) n nonoxutensHbim (Ao 410° ea. CU)
3HAYEHUAM MarHUTHOM BOCNPUUMYUBOCTH,
COOTBETCTBEHHO. [10N10XUTENbHbIE 3Ha4ye-
HMA K Ha oTmeTKax rybuH 2170 m n 2200 m
NO3BONAIOT CKOPPEKTUPOBATD LUNAMOrpam-
MY U cAeNaTb BbIBOA, O HA/IM4YUeE A0N10MUTO-
BOW COCTaBAAOLLEN B 3TOM MHTepBane.

Bepeickuil ropM3OHT MO MaArHUTHOM
BOCNPUMMYMUBOCTM YETKO NoApasgensercs
Ha [ABe YacTU: HUXKHIOK — CUNbHOMArHUT-
Hyto (K go 10010° ea.CU n 6onee) n Bep-
XHIOI0 — cnabomaruuThyto (K menee 20107
en.CU). Menekecckomy ropu3oHTY U CUNb-
HOMArHUTHOM YacCTbio BEPENCKOro cooTee-

4 Puc. 2. llempomazHUMHbIE

; XAPaKmepucmuKu eepxHe-

: 0eB0oHCKUX-cpedHeKameH-
HOY20/1bHbIX OMA0HeHUl
Capamosckozo (lpasobepexcba

1 : dE— =
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TCTBYHOT ABa NETPOMArHUTHbIX pPUTMa:
bonee M meHee CUNAbHOMATHUTHbLIN
(K,=7610" ea.CN n K, = 6310° en.CH,
COOTBETCTBEHHO). MONHaA 3anucb neTpo-
MarHUTHOM PUTMUYHOCTU XapaKTepusyeTca
nNaBHbIM BO3pacTaHMem W ybbiBaHMEM
3HaYeHW NapamMeTpPoB, a pe3Kkne M3meHe-
HWA B NOBEAEHUN METPOMATHUTHBIX XapaK-
TEPUCTUK MPUYPOYEHbI, KaK NpaBuao, K
NMOBEPXHOCTAM pPa3mMbiBa, Pa3aensaroum
nopoapl, GopMUPOBaBLUNECA B CYLLECTBEH-
HO pasHbiXx ycnosuax. CKaukoobpasHbIn
nepenag, 3HavyeHun K Ha rnybuHe 1332 m
OTpaXaeT CMeHy CeaAMMEHTALMOHHOWN
06CTaHOBKU UM, CKOpee BCero, CBA3aH C
Hanbonee cyuwlecTBEHHbIM B Me/NIEKECCKO-
BEPEMCKOM TeppuUreHHOM Komnaekce
nepepbIBOM B 0CaAKOHAKOMNAEHUMU.

Mo makcumanbHbiM 3HadeHuam dK
onpeaenAoTca MHTepPBaabl C NOBbIWEHHbI-
MW KOHUEHTPaUMAMM TOHKOAMUCNEPCHOTO
nuputa, obycnosneHHbIM, BEPOATHO,
NOBbIWEHHbIMW KOHUEHTPauMAMM pacce-
AHHOrO opraHudeckoro Beuwectsa (POB).
Cyna no TepmoKannameTpuyeckum AaH-
HbiM, coaepxaHue POB B TeppureHHom
KOoMMieKce cpegHero KapboHa conocrasu-
MO C TAaKOBbIM B apA,aTOBCKOM, MY/IMHCKOM,
cemunyr-caprarckom u 606puUKOBCKOM
rOPU30OHTAX.

Pybex mexay cepnyXxoBCKUM U HBalKuMp-
CKMM ApycaMn 4YeTKo ¢UKCupyeTcs no
pe3komy Bo3pactaHuto dK, a yepemiaHo-
NPUKAMCKUIA TOPU3OHT AONOAHUTENbHO
UHOMBUAYANU3UPYETCA MO Bblpa3nTeNbHO-
My TpeHay K yBenandeHutro dK npu muHM-
MasibHbIX 3HaYyeHuAx K.

Pesynemamel nempomaz2HUMHO20
U3y4YyeHuUA KepHa u3 baxceHoscKolU ceumbl
(BocmoyHo-KameHHoe HegpmsaHoe mecmo-
poxcdeHue, XaHmesl-MaHculickuli asmo-
HOMHBbIU OKpy2)

Mo 78 Kycouykam KepHa (Becom no 10-20
r), otobpaHHbIM Mo pa3pesy 6arkeHOBCKOM
cBuTbl (nnactbl FOK-1 1 H00-2), npnbnunsu-
TeNbHO, Yyepes Kaxaple 25 cm, bbinu nony-
yeHbl onpeaeneHuns K, dK, ocrtatouHol
HaMarHMYeHHOCTU HacbiweHua (J) n ocTa-
TOYHOW KO3pUMTUBHOMN cunbl (H_) (puc. 3).

HecmoTpAa Ha To, YTO OT/IOXKEHUA BecbMa
cnabomarHuTHbl, BCE NETPOMArHWUTHbIE
napameTpbl OBOHapPY)XMBAIOT 3HAYUMYIO
AnddepeHuMaumio No paspesy U TeM Cambim
CNOCcOBCTBYIOT AONONHUTENBHOMY pacyneHe-
HUIO N UHAUBKMAYANU3aUMK NnacToB. Hanpum-
mep, nnact KOO2 BbigensetcA B paspese
BbICOKMMU (B uenom) senandmHamu dK, u
[ONONHUTENIbHO PaCY/IEHAETCA MO 3TOMY
napameTpy Ha TPpW YACTU: HUNKHIOK
(dK.,=6010" ea.CM co Bcrineckamu o 100-

an o e L) S

I (A Her [wTn)
12 33 34 3 s o7 o % s & & @

it AR -

» Puc. 3. llempomaeHumHste % D TR M—
xapakmepucmuku baxe-
HoscKol ceumel BocmoyHo- "
-KameHHo20 HepmaAHo20 |
mecmopoxoeHusa (XMAO),
nosny4eHHole Mo KepHy
pa3eedoyHoll CKeaMUHbl. ] |
YenoeHble 0603HAYeHUA: =
1 - 6umymuHosHsIli cnaHey, ™
2 —2nuHa, 3 — anespoaum,

4 — 2riuHa necyaHucmas, i
5, 6 — nonomceHue epaHuy,
n4acmos o pesynbmamam
onucaHusa kepHa (5) u ¢
y4emom nempomazHUMHbsIx ~

OaHHbIX (6).

YT
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20010° en.CM un 6Gonee), cpeaHioto
(dK.,=2010" en.CH) u BepxHioto (dK,=9010"
en.CU co Bcnneckamum Ao 100-20010° ea.CU
n bonee).

Ha ocpeaHeHHbIX (c okHom B 5 06pa3uos)
rpadpumkax OCTaTOYHOM HaMarHUYEeHHOCTH
HACbILWEHUA U KO3PLUTUBHOM CUbI B HUMKHEN
YyacTM paspesa OUKCUPYIOTCA BblpasuTe/lb-
Hble TpeHap!: ybbiBaHWe J, 1 Bo3pacTaHue H,.

BennymHa octaToOMHOM HamarHU4yeHHoC-
TU HacbIWeHUs onpeaensaeTca KOHUEeHTpa-
umen GeppoMarHMTHOro matepuana (4em
BonbLie KOHLEeHTpauuAa GpeppoOMarHeTUKOB,
Tem 6onbuwe J,). KoapuuTmeHaa cuna ceAasa-
Ha 0bpaTHOM 3aBUCMMOCTBIO C Pa3MepHOC-
Tbl0 PEPPOMArH1UTHbLIX 3epeH: Yem bonblue
pa3smep 3epHa, TeM meHblue H, nHaobopoT.

TecHas obpaTHasna CBA3b MeXKay napamer-
pamuJ_mnH_ (puc. 3) oueHb xapakTepHa ans
OTNOXEHUN, HOCUTeNEM MarHUTHbIX
CBOWMCTB KOTOPbIX ABNAKOTCA aNNOTUTEHHbIe
MUHepansl [7].

BospactaHue napametpa J. dukcupyer
yBennyeHue KoHUeHTpaumum dbeppomarHumT-
Horo martepuana. OgHoBpemMeHHOe YMeHb-
WweHue H_ cBA3aHO € yBeNUYEHUEM pa3Me-
pa ¢deppomarHuTHbIX 3epeH. MopobHan
CUTYyaUMUsa OYeHb XapakTepHa Ana perpec-

A

JI‘S

CUBHOM CTaAWM, KOTAa aKTUBU3UPYeETCH
TEPPUreHHbIt cHOC B naneobacceitH (puc.
4a). ObpaTHaa KapTuHa - ybblBaHue J_ K
BO3pacTaHue H_ BBepx no paspesy (puc.
46), HanpoTuB, OTpa)KaeT NOBblWeEHUE
YPOBHA MOp#A, CONPOBOXKAAtoLweeca yMeHb-
WweHnem npueHoca 0610MOYHbIX ¢eppo-
MarHeTUKOB (M CHUXXeHneM J ) 1 ymeHblLue-
HUeM pa3mMepHOCTH deppoMarHUTHbLIX
3epeH (ysennyeHvem H, ).

OcHoBHaA YyacTb nnacta KOK1 xapakrepu-
3yeTca TpeHAOoM K ybbiBaHuMIO J, B coveTa-
HWUK Cc BO3pacTaHMem H_ BBepx no paspesy,
W, cneposaTtenbHo, ¢GopmupoBanacb Ha
TPaHCrpeccMBHOM 3Tane passBUTUA Naneo-
bacceitHa. B 3to Bpema B naneobacceiH
NMPUBHOCMNOCL HE3HAYUTesNIbHOEe KoJnyec-
TBO TeppureHHoro martepuana. BepoaTtHo,
3a cyet c1abon rMapoaUHAMUKKN NPULOH-
Hble C/1I0M HEMHOMo a3pupoBaIUCL, U ANA
HUX OblAn XapaKTepHbl AU3OKCUUAHbIE
yCnoBuA (C ManbiM KOAUYECTBOM KMCNOPO-
Aa). Naact K002, roe cBA3b mexay rpadmka-
mu J_ n H_ otcytcTeyet, dopmupoBanca B
3aCTOMHbIX, AaHOKCUMWHbIX (Beckucnopop-
HbIX) YCNOBUAX, O KOTOPbIX CBUAETENLCTBY-
OT MaKCMMabHble 3HaYeHWA TepMOKanna-
MeTPUYECKOro napameTpa.

"I‘S

A Puc. 4. Cxembl usmeHeHUA 8eU4UH 0OcMamoYvHol HamazHU4YeHHoCmu HacblweHuA (J,,)
u ocmamoyHol KoapyumueHol cunel (H_) no paspe3y npu noHuxceHuu (A) u nossiweHuu
(b) yposHA mopA 8 cry4ae, Ko2da Hocumesem HamazHU4YeHHOCMU ABAAKMCA ana0muzeHHole
peppomazHemuKu. (YcnoeHoele 0603HAYEHUA AUMOA02UU MAKUe He, KaK Ha puc. 1)

NPUBOPLI M CUCTEMbI PA3BEAOYHON FEO®U3IMKK 4(46)/2013
OBWepoccMRCKMIA EMEKBAPTANBHBIA HaYYHO-TEXHUHECKWIA MypHan




Mpubopbl U cuctembl

WHTepBan rybuH 2723-2725 m, roe
obpaTHO B3aMMOCBA3aHHble TPeHAbI
rpadukos J, v H, npekpawatTca, cooTee-
TCTBYeT, CKOpee BCero, CMeHe YC/0BUNA
AN30KCMinHOro H6accemMHa Ha aHOKCUIAHDIN.
3T0T BbIBOA, DOa3UpyOWMIACA HA aHanuse
NeTPOMArHUTHbIX AaHHbIX COBMagaeT ¢
HEe3aBUCMMbIMU OAHHBIMW CEAUMEHTONO-
rMyeckux nccnenosanuii kepHa E.HO. bapa-
6OoWKMHBIM (MTY).

AHOMaNbHO HM3KOe ANA JAaHHOro paspe-
3a 3HayeHue H_ (Ha rnybuHe 2724 m),
BO3MOHO, CBA3AHO C ayTUTEHHbIM MarHe-
TUTOM, KOTOpOe npeaLecTBOBaNO WMHTEH-
CMBHOMY 0b6pa3oBaHMIo cynbdUA0B Kenesa
B naacte 0O2. 3T0T ypoBeHb Lenecoobpas-
HO NPUHATbL B KayecTBe NOoAOLWBbI MaacTa
t002.

Pe3ysnbmamel nempoma2HUMHbIX uccse-
dosaHull paspes3os KanuliHbix conel [pemsa-
YuHCcKo2o mecmopoxdeHus [13]

HecmoTpsa Ha MUHUMANbHYHO eCTECTBEH-
HYH MarHUMTHOCTb (K ~ 0) n guamarHeTnsm
(K < 0) coneir, pacnpepgeneHue nx marHut-
HOM BOCNPUMMYMBOCTU, U3MEPEHHOW Ha
BbICOKOYYBCTBUTENbHbIX Npubopax (Ha
cTauMoHapHom Kannabpupxe MFK-1FB
MAN C MOMOLLbI MOPTAaTUBHOrO nNpubopa
KT-10), obHapy:KuBaeT 3Ha4yMmble Bapwua-
LMK NO paspesam, co3gaBad TeM CamMbim
npeanocbINKM ANA AONOAHUTENbHOTO
pacyneHeHMa W [eTanbHOM Koppenauuu
KaJIMEHOCHbIX NNACTOB AarKe Npu peKorHoc-
LUMpOoBOYHbIX (c warom ot 0,3 Ao 1 m u
6onee ) usmepeHnax obpasuos (puc. 5).

CBepxaeTanbHble (MpaKTUYeCcKu Henpe-
pbiBHble - C Warom 2-3 cm) U3MepeHus
MarHUTHOM BOCNPUMMYMBOCTM NO paspesy
CUNbBUHUTOBOM TONWM BbLIABNAKOT ee
PUTMUYHBLIA XapaKkTep (puc. 5), obycnos-
NEHHbIN U3MEHEHUAMU TULAPOreoXnuMmnmn
conepogHoro b6acceimHa U UHTEHCUBHOCTU
TEPPUTEHHOro NPUBHOCA. TPEHA K YMeHb-
weHunto K BBepx no paspesy oOTparkaer
CHUXEHMe POoAn HepacTBOPUMbIX KOMMO-
HEHTOB B CWUNbBMHWUTOBOM TO/LLE OT ee
NoAOoLWBbI K Kpos/e. 3Ta TeHAEHUNA ABNAET-

ca obuen 3aKOHOMEpPHOCTbIO ANA BCEro
pa3pes3a NPOoAYKTUBHOrO naacTa MpemaymH-
CKOTO MecTopoXaeHusa. BblABNEHHbIe
NETPOMArHUTHbIE PUTMbl TaKXKe MOoryT
CNYKWUTb KOPPENnALUOHHBIMK NPU3HAKAMM
ONA CpaBHEHWUA Paspes30B MPOLYKTUBHOIO
naacTa pas/InYHbIX y4aCTKOB MeCTopoXKae-
HUA.

BennymHbl MarHMTHOM BOCNPUUMYNBOC-
TU TECHO 3aBUCAT OT KOHLEHTpauui Hepac-
TBOPUMOTO OCTaTKa: KO3OPULUMEHT NUHEN-
HOM KOoppenaunuum mexay 3TMMu napamet-
pamu paseH 0,49, 4To HAMHOrO NpeBbIWaeT
ero Kputu4yeckoe 3HayeHue (0,22) Ha
ypoBHe 3Hauymmoctu p=0,01, npn obveme
BbIODOpPKK (KonudyectBe obpasuos) 132.
Hanunuve nopobHOM B3auMmMoOCBA3U npepn-
onpegenser BO3MOXHOCTb OnpeaeneHun

K{10* ep. CH) H/O (%)

METPBl | NTonora

2 -1 0123 45678 0 5 W 15 20 35

30

SEERERRE
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1185
<
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A Puc. 5. PacripedeneHus senuyuH ma2HumHolu
80CMPUUMYUBOCMU U KOHUeHmMpauyuli He-
pacmeopumozo ocmamka (H/0) no paspesy
CUNbBUHUMOBOU Monwu lpemMayuHCcKo20
mMecmopoxoeHua KanuliHeix conell (Bonzo-
2padckas 06aacme), Noay4eHHbIe 10 KepHy
pazsedoyHoll ckeamuHsl [13].

YcnosHbie obo3HaveHuA: 1 - cunb8UHUM,

2 - cuneBuHUM c 2anoneaumom, 3 - 2aaum,
4 - 2anum-aH2udpumosas nopoda,

5 - paccesaHHsll aHaudpum.
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COAEpPKaHUIM HEepPacTBOPMMOro ocTaTka no
3HaAYeHMAM NEeTPOMArHUTHBIX XapaKTepuc-
TUK, He npuberas K 4NUTeNnbHOW U Tpyaoem-
KOW npoueaype ero BblaeneHus c nocneay-
oMM B3BELLUMBAHUEM.

OpueHmuposaHuUe KepHa CKBAMUH 8
npocmpaHcmae.

B naneomarHeTname M3BECTHO HECKO/b-
Ko cnocoboB gna opueHTUpPoBaHUA 0bpas-
LOB KepHa B MPOCTPAHCTBE C MOMOLLbHO
KOMMNOHEHT ecTecTBEHHOMW OCTaTOYHOWM
HamarHuyeHHocTH (J,): No BeKTopy Nepsuy-
HOM HamarHmyeHHocTtn [10, 12], no Hopma-
nam K Bonbwum Kpyram, npoBefeHHbIX
yepes nobble aBe KOMNoHeHTobl J, [15], HO
Hanbonee LWMPOKO B NPaKTUKe NpUMeHAeT-
CA MeTo4, MCNONb3yHLWUIM HanpasBaeHue
BA3KOM KOMMOHEHTbl HaMarHM4YeHHOCTM
(J,), coBnapatoleli c HanpaBneHnem cospe-
MeHHOro reomarHmuTHoro nons [10,12, 20].

3ajaya pPEeKOHCTPYKUMUM MONOKEeHUA
KepHa B MPOCTPaHCTBE peLleHa, eCaun nytem
MarHMTHbIX YUCTOK BblAeneHa HU3KOKO3p-
UMTUBHAA (HM3KOTemnepaTypHasa) Kommno-
HeHTa u obocHoBaHa ee BA3KaA Npupoaa. B
3TOM CNy4yae ropusoHTanbHaA Npoekuma J,
byaeT yKa3biBaTb Ha CeBepHbI MarHUTHbIN
nontoc (puc. 6).

Hu3kaa HamarHM4eHHOCTb NOpOoA, Ha
rpaHu NOrpewwHoOCcTM U3MepuTeIbHOW anna-
paTypbl, CHUXAeT TOYHOCTb BblAENEeHUS
KOMMOHEHT HamMarHM4eHHOCTM WU, BOBCE,
[EeNaeT ero HeBO3MOMHbIM. C 3TOM TOYKK
3PEHWA, CONN, ABNAIOLWMECA MO CBOEW NpU-
poae AvamarHeTMKamu, CnpaseanuBo
CYMTANNCb, €CAN He 3anpeleHHbIM, To
KpanHe HebnaronpuATHbIM obbekToM AnA
NaneomMarHUTHbIX UCCneaoBaHMi, Boobue, 1
C LUeNbo OPUEHTUPOBKM KEPHA, B YaCTHOCTM.

Mpwn pa3sBegKke CAOKHOAUCAOUMPOBAH-
HbIX Ka/IMEHOCHbIX MAACTOB B YCAOBUAX
CONAHOKYNONbHOW TEKTOHUKW, XapaKTep-
Ho ana Tepputopumn [danvHero Capatos-
CKOro 3aBO/KbA 3aZavya OPUEHTUPOBKMK
KepHa ocobeHHO aKTyanbHa B CBA3U C
HeobxoAMMOCTbIO onpeaeneHun 3n1emMeH-
TOB 3a/1€raHNA TEPPUTEHHbIX NMPONAACTKOB

ONA BbINONIHEHUA CTPYKTYPH bIX NOCTpoe-
HWI. PEKOrHOCUMPOBOYHbIE NAaNeOMarHuT-
Hble uccneaoBaHUA KepHa conen Ha BocTou-
HOM NMUEH3MOHHOM Yy4acTKe (O3MHCKMMA
palioH) OOHapyXunu, 4TO BeNUYMHa J vy
06pasuUOB YUCTbIX CONMEN C BblPaKeHHbIM
AMamarHutHbim adbdexktom (K < 0), Kak u
CNefoBano oOXMAatb, COMOCTaBMMa WMAM
MeHblle MNOPOroBOM YyBCTBUTENbHOCTM
cNUH-marHuTometpa JR-6 (< 0,0510°A/m), B
CMAY 4Yero B HUX He y[anocb BblaennTb
KOMMOHEHTbl HAMarHM4yeHHocTu. Ho obpas-
ubl, B Hanbonblen cteneHn oboralleHHble
TeppureHHolm matepuanom (K=2-310
*en.CU), obHapyu1nu sennyuHsl J, ot 0,12
10 0,8410°A/M, 1 B HVX yAaN0Ch HAAEKHO
BblAE/UTb KOMMOHEHTY HaMarHU4eHHOCTU
CO CpefHuMM HaKknoHewuem 74,1° (puc. 7),
CBMAOETENLCTBYIOLLMM O ee BA3KOM Npupoae.

ToYyHOCTb OPUEHTUPOBKK KepHa onpeae-
nAeTca napameTpom a,. (paauyc Kpyra,
BHYTPW KOTOPOrO NeXUT UCTUHHOE Hanpas-
JleHWe BeKTopa C BepoATHOCTbio 95%). B
AaHHOM cayyae, a,.=16,1°, cnegosaTtesibHoO,
CTpesika Ha NOBEePXHOCTU KepHa, coBNaaato-

A Puc. 6. Cxema, unmocmpupyrowas npoyeoypy

OpUEHMUPOBKU KepHa 8 NpocmpaHcmee.
3esnieHaA cmpeska — nNpou3eosbHO 8bI6PAHHAA
MAapKUpPOBKa KepHa rneped naneomazHumHeImu
UsMepeHuUAMU, cuHUe cmpesku — 8eKmop
cospemeHHo20 2eomazHUmMHoz20 rnosns (T)
u e2o 2opusoHmMansHaa cocmasnarouian (T,),
KpAacHble cmpesKu — 8A3KAA HAMA2HUYEHHOCMb
(J,) u ee 2copusoHmaneHas cocmasaaOWasa
(J,,), ManuHosas cmpenka — HanpasneHue
Ha cesep (N).
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> Puc. 7. Pe3ynbmamel KOMIOHEHMHO020 aHAAU3a coneli: A — cmepeonpoeKkuusa usmeHeHrull J 8 xode
MO2HUMHBIX YUCMOK nepemeHHbIM nosem, b — kpusas pazmazHu4yusaHus, B — duazpamma
3ulidepsensia, [ — cmepeozpaguyeckue npoexkyuu J,.

WaA C HanpaBNeHMEM TrOpPU30HTa/IbHOW
npoeKkuunn J, (c y4yeTtom MarHUTHOIo CKNOHe-
HWA), yKa3blBaeT HanpaB/eHue Ha reorpa-
duueckuit cesep ¢ TouHocTblo + 16° (puc.
7r). O4eBUAHO, YTO NOrPELIHOCTb OPUEHTU-
POBKMW YMEHbLLAETCA N0 Mepe yBeNUYeHUa
Konun4yecTBa 06pasuoB, NO3TOMY A8 A40CTU-
KeHua nyywen ToyHoctm (+ 10° u TouHee),
BO3MOHO, NOHagobaTcAa noAroToBKa W
nsyyerHue 20 u bonee 06pa3LOB U3 KaXKAOr0
obpa3sua KepHa.

MocKONbKY YCTaHOBMEHA NPUHLUNNANL-
HaA BO3MOXHOCTb OPWMEHTMPOBKM KepHa
coner (no KpanHen mepe, J, HageKHO
BblaenaeTca B 0bpasuyax conein, oborawex-
HbIX TEPPUTEHHbIM MaTepuanom), To nep-
cneKkTuBbl NtobbIx Apyrux cnabomarHUTHbIX
0CafA0UHbIX MOPOA, B 3TOM CMbICNE, BbIMNSA-
OAT MHoroobewatouwe. OpgHako cnepyet
NOMHWUTb, YTO A/INTENIbHOE XPaHEeHMe KepHa
M 06pa3uoB NPUBOAUT K pPaspylUEeHUIo
€CTeCTBEHHOM BA3KOM HAMarHU4eHHOCTH U,
cnepoBaTesibHO, K NOTepe OpUEHTUPYOLLe-
ro Npu3HaKa, N0O3ToMy Bpems, npowealwee
oT BypeHua [0 NaneomMarHUTHbIX U3mepe-

HUW, HYXKHO CTapPaTbCA COKPATUTL 40 MUHU-
MyMa.

3akaroyeHue

HeoaHOPOAHOCTU MArHUTHbLIX CBOMCTB
0CaZloMHbIX TO/L, aAEeKBAaTHO OTparkatoT
CeAMMEHTAUMOHHYID U TFeOXUMUYECKYIO
PUTMUYHOCTb Pa3BUTUA NaneobacceirHOB.
MeTpomarHUTHbIe PUTMbl (UHTEpBanbl)
ABNAIOTCA PA3HOBUAHOCTbIO PErMOHaNbHbIX
M MECTHbIX MarHuTocTpaTUrpapuyeckmnx
nogpasneneHuin, HeKoTopble neTpomar-
HUTHbIE YPOBHU ABNAKTCA OTPaAXKEHUEM
rnobanbHbIX cobbITUIA (Hanpumep, oKeaH-
CKMX QHOKCM4YecKmx cobbituid - OAE), yTto
No3BO/IAET MUCNONb30BaTb MX B KayecTBe
KOPPENALUNOHHBIX PENepOoB NPU MeXKperno-
HabHbIX COMOCTaBAEHWMAX.

CyuiecTsyetr cucCTeMa reonornyeckom
MHTepnpeTaunum NeTPOMarHUTHbIX AaHHbIX
[7, 11], anpobupoBaHHaA Ha MHOXecTBe
06bEKTOB Pa3/IMYHOro BO3pacTa U reHesmnca
[2,6,8,14, 21 n gp.], cyTb KOTOPOIA 3aKNtO-
4aeTcA B TOM, 4To npu 6e3yc/I0BHOM 3HAHUMU
BUAA U reHesuca MUHepanoB-HocuTenen
MarHuTHbIX CBOMCTB (KOTopble onpegens-
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IOTCA C MOMOLLBID MarHUTO-MUHEpPano-
TMYECKMX MEeTOA0B) NO BapuauMamM neTpo-
MArHUTHbIX XapPaKTEPUCTUK MOMKHO aJekK-
BaTHO CYAUTb O MHOTMX BaXKHbIX YCNOBUAX
OCAAKOHAKOM/IEHUA: U3MEHEHUAX YPOBHSA
MOPpS, BCNEACTBUE TEKTOHMYECKOTo u/unm
3BCTAaTMYECKOro GakTopa, reoXxMMmuUYecKom
obcTaHOBKe B NPUAOHHbIX CN0AX Nnaneobac-
cerHa U T. 4. C 3TOM TOYKM 3peHna neTpo-
MAarHUTHbIM MeTog fABNAETCA YaCTHOM
Pa3sHOBUAHOCTbIO NUTONOrO-PaumnanbHbIX
nccnegosaHnin (1OU).

CoBpemeHHaA BbICOKOTOYHAA annapary-
pa ANA MArHUTOMETPUYECKUX M3MEPEHN
Nno3Bo/AET BbIABNATL 3HAaYMMble NeTpomar-
HUTHble anddepeHunaLmm gaxke B CaMbiX
CNaboMarHuUTHbIX PA3HOCTAX 0CaLOYHOro
yexna nnatGopm, KOTOPbLIM ABAAETCH
0b6BbEeKTOM reonoropassefodHbix paboT Ha
HedTb M ras, KanuiHble CONM U apyrue
Nno/sie3Hble UCKOMaemble.

Ba)KHO, YTO MEeTPOMarHUTHble AaHHble
MOryT ObITb MONy4YeHbl Kak Mo KepHy no
wnamy. K 4OCTOMHCTBAM NeTPOMarHUTHOrO
MEeToA,a, HapAAY C ero BbICOKOM reonornyec-
KON MHPOPMATUBHOCTbIO, CeayeT OTHECTU
9KCMPECCHOCTb (BO3MOXKHOCTb NpoBeAeHMA
KannameTpuu B MOJNEBLIX YCNOBUAX),
Manbli obbem KamMeHHOro martepuana,
Tpebyemoro ana nabopaTtopHbIX KUccneno-
BaHW1, ANArHOCTUKY HEKOTOPbIX Xene3oco-
AepKalmx MUHEepPanos (Hanpumep, NUpK-
Ta, MarHeTuTa, CUAEpPUTa, M'MAPOOKUCNOB
Kenesa, ABNAOWMXCA WMHOUKATOPaAMMU
reoXMMMUUYECKOro pexXmma npULOHHbIX
CNoeB) He3aBUCMMO OT PasMepHOCTU WX
bpakuunu.

ManeomarHuTHble AaHHble MOryT 6bITb
nony4yeHbl NO KepHY CKBaXWH. Ha noucko-
BO-pa3BeA04YHOM 3Tane paboT OHM MOryT
6bITb BOCTpeboBaHbl ANA AONONAHUTENbHO-
ro pacy/sIeHeHUA U KOPPENALUMK , KaKk Npasu-
no, Hanbonee aKkTyanbHbl B CBA3M C NpoLe-
AYPOW OpUEeHTaLUN KepHa, Nnocne KOTopou
MOXHO OMpeaenuTb 31EMEHTbI 3a/1eraHni
NAacToB, NPevMyLLEeCTBEHHble Hanpasne-
HUA TPewuHOBATOCTM MNOPOL WU Mpoyume

3aKOHOMEPHOCTU MPOCTPAHCTBEHHOIO
pacnpeaeneHuns BeLLeCTBEHHOro cocTaBa
nopoga,.
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