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YcnelwHoe 0CBOEHME HETPAAMLIMOHHBIX MICTOYHUKOB MPMPOAHOro rasa Ha Cesepo-AMeEpPKaHCKOM
KOHTUHEHTE, 3HaMEHYIOLLIEE HAYan0 HOBOMO aTana pa3BuTrs MobanbHOrO TOMIMBHO-3HEPrEeTUHECKOro
KOMMekca, ctaBuT nepen HedpterasoBom reopusnkor HoBble 3agadm. Hanbonee BaxXHOM U3 HUX NP
nomckax u pasBesike MeECTOPOXAEHNI CNAHLLEBOrO U LIEHTPanbHO6aCcCEeNHOBOrO rasa (a Takke MeTaHa
YIMEHOCHbIX OT/IOXEHWNN) ABNAETCA YCMNELLHbIN MPOrHO3 «Cnagkux MecTt» («sweet spots») — omnaran-
CUOHHbIX «MOAyLIEK>» C MOBbILLEHHOM Xa0TUYHOWN TPELUMHOBATOCTbIO, 0OYCNOBNEHHON BCACbIBAHNEM
rasonofo0bHbIX, a TaKKe XUAKUX YIIIeBOAOPOA0B B Hanbonee rmapodobrn3oBaHHbIE CEFMEHTbI COOT-
BETCTBYIOLMX dopmMaLmii. TyT OTKPbIBAIOTCS 60MbLIME NEPCNEKTMBLI MCMOb30BaHMS METOAOB Mac-
CUBHOW cencmopasBeakn (aMmmccrnoHHas Tomorpadus, AHYAP), aHanMsa CNOHTaHHOW 3nekTpomar-
HUTHOM SMUCCUIN, a TaKXe raMma-CneKTPOMETPUN U PA3SINYHBIX SMaHALMOHHBLIX CbEMOK.

Knto4eBbie crioBa: NPUPOAHbI rad, HeTPaAULMOHHbIE NCTOYHUKW, CNAHLEBBINV ra3d, LeHTPaibHO-
BacceliHoBbIN ra3, KapoTaxHble MeToAbl, pa3BefoyHas reodursmka, naccnBHas celicMopa3BeKka.

GEOPHYSICAL METHODS AND THE PROBLEM OF UNCONVENTIONAL
NATURAL GAS SOURCES DETECTION

A.Ye. Lukin

Institute of geologica sciences of NAS Ukraine, Kiev, Ukraine, E-mail: ukrnigri@mail.ru
Doctor of geological-mineralogical sciences, professor, academician of NAS Ukraine,
main research worker.

Advantageous developing of non-traditional sources of natural gas in North-American continent marks
the beginning of new stage of global fuel-energetic complex. It poses new problems before the petro-
leum geophysics. Among them the most important problem is prediction and detection of «<sweet spots»
— dilatancy «pillows» with increased random fracturing caused by suction into the most hydrophobizated
segments of appropriate formations. This stage offers great prospects of the application of passive se-
ismic prospecting (emission tomography, Acoustic Low-Frequency Prospecting — ALFP), analysis of
spontaneous electromagnetic emission, also y-spectrometry and different kinds of emanation surveys.
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YcniwHe 0CBOEHHSA HETPAANLINHNX IXXEPEn NPUPOLHOro ragdy Ha [iBHiYHO-AMeprKaHCbKOMY KOHTUHEHTI,
LLIO 3HAMEHYE MOYaTOK HOBOrO eTany PO3BUTKY rM06aNbHOIO NAMBHO-EHEPreTUYHOr0 KOMIEKCy, CTa-
BUTb Nepen HahpTora3oBoto reodisnkolo HOBI 3aBAaHHS. HalibinbLL BaXJIMBMM 3 HUX MPU NOLLYKax Ta po3-
BiOLi pO4OBMLL, C/TAHLIEBOTO i LIeHTpasibHOBACEeMHOBOMO ragdy (a TakoX MeTaHy BYrMEeHOCHMX Biaknazais) €
YCMILLHUA NPOrHO3 «CONOOKUX MicUpb» («sweet spots») — AinaTaHCiMnHMX «MOAYLLOK» i3 MiABULLEHO Xao-
TUYHOIO TPILLMHYBATICTIO, LLIO 0OYMOBIEHA BCMOKTYBaHHAM ra3onofibHnX, a TakoX Piakux BYrneBOaHIB
B HaMbinbL rigpodobizoBaHi cerMmeHTH BignoBigH1x dopmMauiii. TyT BiAKPUBaOTLCSA BENNKI NEPCNEKTUBN
3aCTOCYBaHHSA METOAIB NACUBHOI CEMCMOPO3BIAKK (emicinHa Tomorpadis, AHYAP), aHanidy CnoHTaHHOI
eneKTPOMarHiTHOI eMiCii, a TaKoX raMma-CrnekTPOMETPIl | PI3HNX eMaHaLiNnHNX 3NOMOK.
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YcnelwHoe 0CBOEHME HETPAAMLMOHHbBIX UCTOY-
HWKOB NpMpoaHoro rasa Ha CeBepo-AMepuKaH-
CKOM KOHTWUHeHTe (puc. 1) He TONbkKO onpe-
DEenuno «HOBbIV BEKTOP Pa3BUTUS MUPOBOIO
PbIHKa YriieBoA0POAHOro Chipbsi» [AMUTPUEB-
cknii, Beicoukuin, 2010, c. 44] v rnodanbHoOro
HedTerazoao0bIBaOLWEro KOMMEKCa, HO U
3HaMEHYET HOBbIM 3Tan pa3BmTUsa HedTeraso-
BOW reonorun n reopumsnkn. Cpegun 20 Hanbo-
Nlee KpynHbIX ra3oBbix MecTopoxaeHunn CLUA,
Hapsay ¢ TaKMn TPAANUMOHHBIMY ra30BbIMU
rmraHtamm, kak Prudhoe Bay (ceabmoe MecTo)
1 Hugoton Gas Area (aeBaToe MecTo), hurypu-
pYyeT AeBATb MECTOPOXAEHWI CNAaHLEBOr0, BO-
CeMb — LEeHTpanbHOOaCCENHOBOIo N OOHO —
YrofibHOro rasa (npuMedaTesnbHo, YTO BCE OHU
Takoke BxoaaT B cnmcok 100 Hamnbonee KpynHbIX
ra3oBblx MecTopoxaeHui Mupa). M xota Ha
OPYrNX KOHTUHEHTAX MMraHTCKNEe NPOMBbILLSIEH-
Hble MEeCTOPOXAeHus cnaHuesoro rasa (Clr) u
ueHTpanbHobaccenHoBoro rasa (LUbIN) noka He
OTKPbITbl, HET COMHEHUS B TOM, YTO CEBEpPO-
aMepPUKAHCKNI TPEH, N3MEHEHUS CTPYKTYPbI
ra3ogo0bIBalOLLLErO KOMMIeKca yxe npuobpe-
TaeT rmnobanbHoe 3HaveHne. OgHako, ecnu Tex-
HoNornsa 0o6bIYN HETPAOULIMOHHOMO ra3a pas-
paboTaHa Ha OCTAaTOYHO BbICOKOM YPOBHE, TO
9TO HENMb34 CKa3aTb O KPUTEPUSIX MPOrHO3UPO-

I
£
/s

30

251

Gas production, bcfd

2006

2007 2008
years

2009

Puc. 1. Jo6biva npupoaHoro rasa n3 HeTpaau-
LIMOHHbIX ncto4HnkoB B CLLIA B 2006-2009 rr.

(no S. Stevens, V. Kauskraa, Oil and Gas Journal,
2009, vol. 107, issue 36)

1 — MeTaH yronbHblx nnactos; 2 — LUBI,; 3 - CI

Fig. 1. Gas production from unconventiona sources
in USAin 2006-2009 (after S. Stevens and V. Kausk-
raa, Oil and Gas Journal, 2009, vol. 107, issue 36)

1 - coalbed methane; 2 - tight sandstone (central basin)
gas; 3 — shale gas
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BaHUS €ro MECTOPOXOEHUN, MeToAax uUx no-
MCKOB 1 pa3Beakn. Ocoboro BHMMaHUS 3acny-
XMBAKT reopunsnyeckme acnekTbl NOUCKOB r
pasBenky MeCTOPOXAEHNA HETPAOULMOHHOIO
rasa, Bk/to4as kak pasBefoyHyl0 reodusnky,
Tak 1 reodpunsnyeckme nccnenoBaHns B CKBa-
XMHax. B maHHOW cTaTbe caenaHa nonbiTka
0OXapakTepmnaoBaTtb cneumpuky reopunanyeckmnx
METOLOB MPU OCBOEHUWN HEKOHBEHLMANbHbIX
CKOMMEHNM NPUPOLHOro rasa (npexane Bcero
CIr' v UBI) n HamMeTuTb NyTn NX passuTus.
CnepnyeT NnoAYepPKHYTh CYLLLECTBEHHbIE Pas3-
INYMS B MOHUMAHUM TEPMUHA «MECTOPOXe-
HME» MPUMEHNTENBHO K TPAANLMOHHBIM U He-
TPaoULMOHHBbIM MCTOYHMKaM NPUPOAHOro rasa.
MecTopoxaeHns cBoboaHOro rasa, npeacraB-
JIEHHbIE OTAENbHBIMU CKOMJIEHUAMKN (3ane-
Xamu) nnm ux accoumauusmm (knactepamm),
chopMmnpoBaINCL B pesynbTate 3anojiHeHnd
NPUPOOHbIX pe3epByapoB. 3a 6osiee KPYnHbIMU
NPOCTPAHCTBEHHLIMU FPYNMNMPOBKaMN MECTO-
POXAEHNA C OOHOTUMHBLIMK MO CTPOEHMUIO,
3aKOHOMEPHOCTAM JioKanusaumm n reHesuncy
JIOBYLLIKAMU (3NneMeHTapHbIMKY pe3epByapamm),
NMOWCKW 1 pasBeaKka KOTOPbIX COCTaBASIOT onpe-
OeneHHoe HarnpasieHne reosioropasBeaoyHbIX
paboT, Ha npoTsxkeHun nocnegHux 20 net
CHavyana B aHrnosA3bl4HOM, a 3aTeM U OTeyve-
CTBEHHOI nuTepatype 3akpenusnacs TEePMUH
«play» (nnemn). 3T0 MHOro3Ha4YHbIN TEPMUH, KO-
TOPbIN OTPaXaEeT BEPOSATHOCTHYIO CYTb MONCKOB
MECTOPOXAEHMN HePTN N rasa C TOYKU 3peHns
Teopum urp. Ocoboe 3Ha4YeHne NOHATUE «MNen»
nprobpeso NPUMEHNTENBHO K LieHTpanbHobac-
CENHOBOMY 1 cnaHuesomy rady. Mectopoxae-
Hua UBI v CrI, B oTiMyme oT 06bI4HbIX, HE KOHT-
PONUPYIOTCS NOKaNbHBIMUY IOBYLLKAMW C PA3HO-
06pasHbiMK hakTopamm ynaBnaMBaHus yrieBo-
noponos (YB) 1 coxpaHeHns nx 3anexen B KoJi-
nektope. MNoatomy, B oTAn4mne ot 60JbLLINHCTBA
0ObIYHBIX MECTOPOXAEHUN, 3TO OOLIMPHbIE
ra3oHOCHbIE 30HbI (apearsibl, NoNK), FPaHNLLbI KO-
TOPbIX ONPenendTCa NPexae BCEro JNToNorm-
YyeckuMK (CeanmMeHTaUMOHHO-daunanbHbIMU,
KaTareHeTnyeckumn) pakropamu.
MecTtopoxaenuna LBl kak yxe oTmeua-
JI0Cb, NPeACTaBNsalnT coO0W AenpecCuoHHbIE
CEermMeHTbl PasfINyHbIX OCaA04HbIX 6aCCENHOB
C YXYALUEHHbIMW, MO CPaBHEHMIO C OKANMSIO-
LMMN UX 30HAMU, KOJITIEKTOPCKUMU (B OCHOB-
HOM QUNLTPAUUOHHLIMK) CBOWCTBamMu. [lpu
3TOM, B 3aBUCUMOCTU OT peHTabesibHOCTU
M3BMIEYEHUS rasda U3 MIOTHbIX KOIEKTOPOB,
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B KayecTBe mectopoxaeHus LIBIT moxeT pac-
cMaTpuBaTbCs KakK BCS OEnpecCMoHHas 00-
nacTb COOTBETCTByOWMX HaccerHoB (San-
Juan, Deep-Basin v gp.), Tak n ee oTaoesibHbIE
YyH4aCTKM C NOBbILUEHHOWN ra30HACHILLEHHOCTbIO
1 ra3ooTaayen 3a CHeT CeaMMeEHTaLMOHHO-da-
LManbHbIX MY BTOPUYHBIX (TPELLMHOBATOCTb U
T.M.) ®aKkTopoB. ITO, B YACTHOCTU, XapaKTEPHO
ONs Naneo30nckmx HedTera3aoHoCHbIX 6ac-
cenHoB (AHagapko, Mugnena, Ban-Bepae un
Op.), B KOTOPbIX MecTopoxaeHmamm LIBIN aB-
NFI0TCA UMEHHO Takune «sweet spots» («cnaa-
kne mecTta»). B 3TOM cnyyae B ka4eCTBe rnes
MOXET paccMaTpuBaTbCs X COBOKYMHOCTb B
npegenax oenpeccuoOHHOM 30HbI AW KaKuX-
nnbo apyrmx cermeHToB 6accenHa (MOHOKN-
HasbHbIE CKJIOHbI, LLEHTPUKANHANN 1 T.N.).

B dopmmposaHum mectopoxaeHuin CI Be-
Oyulylo posib urpaet GopMauMOHHbIN KOHT-
ponb. B kayectBe MeCTOPOXAEHUS MOXET
paccmaTpuBaTbCs Kak BCA YepHOCaHLueBas
(black shale) dopmauma (ceuta), Tak 1 ee
yacTb. B kauecTBe nprvmMepa MOXHO MPUBECTHU
MecTopoXaeHne Barnett, c pasapaboTkoi Ko-
TOPOro B 3HAYNTENIbHOM MEepE CBA3aHO Pe3Kkoe
yBenmyeHnme o6beMOB O00bI4M MPUPOLAHOro
rasa B 2008-2010 rr. B CLLIA. B page nybnuka-
umnin Barnett (kak n Marcellus, Haynesville u gp.)
durypupyet kak mectopoxaeHune CI. OgHako
B Y€ yrnomMuHaBsLiemMmcs cnucke 20 Hanbonee
KPYMHbIX ra3oBbix MecTopoxaeHuin CLLUA Ha
nepBOM MecCTe (MO OLeHKe A0Ka3aHHbIX 3ana-
coB Ha 2011 r.) HaxoanTCa MecTopoOXAeHne
Newark-East, koTopoe npeacraBnseT cerMmeHT
dopmaumn (ceuTbl) Barnett. YuntbiBas Hepas-
HOMEPHOCTb Fa30HaCbILEHNSA U ra3ooTaaymn
3HAYUTESbHbIX MO MIOLWAAN U TONILLUMHE YePHO-
CcraHueBbIX popmaumin, nocnenHue Leneco-
0b6pa3Ho paccMaTpmBaTb MMEHHO Kak Mieu.
B TO Xe BpeMsi, Mo Mepe COBEPLLUEHCTBOBAHUS
TexHonorum nseneyvexdma CI (n UBIN) n noBbi-
LIEeHNs1 CTOMMOCTM NPUPOLHOro ra3a Ha M1po-
BOM pbIHKe, apeasn peHTabenbHo pa3paboTku
OyaoeT pacwmpsaTbCa U, B KOHEYHOM CYeTe,
nnaen nepenayT B KaTeropuio (Mera)MecTopox-
oeHnnn. B aTtom, kcTtatu, npuHuMnmanbHoe
OT/INYME HETPAAMLMOHHbBIX MICTOYHUKOB ra3a oT
0ObIYHBIX MECTOPOXAEHMI. PacnpocTpaHeHne
nocnegHux B npegenax 30Hbl HedTerasoHa-
KOMNeHns Bcerga SBNASETCH OUCKPETHbLIM,
XOTSl, B MPUHLMME, BO3MOXHO MX 4YaCTUYHOE
CNVSIHME 3a CYET BOBEYEHUS B pa3paboTky
rasa HU3KOMNPOHNLAEMBbIX KOJITIEKTOPOB.
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deHoOMEeH HU3KONPOHULLAEMbIX
KOJIIeKTOPOB NPUPOAHOro rasa

n paLl,I/IOHaanblﬁ KoMmnyekc

NX NPOMbICNIOBO-reopun3anyeckoro
n3yyeHusd

YuunTtbiBasg CNOXUBLLYIOCS TEPMUHONOMMYECKYIO
nyTaHuLy 1 HaNn4me HeKOPPEKTHbIX, BMOTb 40
cneHra («tight gas» — «MJIOTHbIV ra3d» v T.n.)
TEPMUHOB, ClIeAyeT Npexae BCero oxapakre-
prM30BaTb NONOXEHWEe HeTPaAULMOHHBLIX UC-
TOYHMKOB ra3a B CUCTEME OCHOBHbIX BUOOB (re-
HEeTU4YeCKNX TUMOB) NPUPOJHOro rasa. Bece unx
MHOroobpasne onpenensieTcs, BO-MepPBbIX,
®a30BbIMW  B3aMMOOTHOLUEHUSMU C MOPO-
JamMmu, NoA3eMHbIMU BOJaMU, HedpTsaMU n,
BO-BTOPbIX, XapakTepoM Aerasauum uim cena-
pauumn. HeTpaanumMoHHbIE NCTOYHUKN NMPUPOL.-
Horo rasza (UBI, CI, yronbHblli MeTaH), Kak u
0OOblYHbIE €r0 CKOMJIEeHUs (MECTOPOXAEHMS,
3anexu), CBsi3aHbl C MNOPOAAMU-KONIEKTO-
pamu. OgHako, B OTAnYMe OT TPaAAULMOHHbBIX
ra3oBbIX 3aJIeXEN, OHU XapakTeEPU3YIOTCH ro-
pa3go 6onee CNoXHbIM ($al3oBbIM COCTOS-
HueMm. Bo-nepBbix, cBOGOAHasA ra3oBas dasa
HETPAANLMOHHbBIX UCTOYHMKOB UMEET ANCKPET-
HbIl XapakTep (CKOMIeHNs B U30JIMPOBAHHbIX
MycToTax pasfiMyHoOro pasmepa — OT HaHO- U1
MWKPOIMOP A0 KaBEPHO3HO-TPELLUMHHbLIX JINTOM,
C KOTOPbLIMU CBSA3aHbI «Sweet spots» pa3HOro
MacwTaba). Bo-BTOpbIX, pe3ko Bo3pacTaeT
pOb rasa, OKK/IIOANPOBAHHOIO N COPOMPOBAH-
HOro pPasMyHbIMU KOMMOHEHTAMW MNOPOAbI
(keporeH, nOAMMUHEpPANbHOE BeLLECTBO).
B-TpeTbux, ra3 He KOHTaKTUPYET Henocpen-
CTBEHHO C BOOWM, NpuyemM maclitabbl 3ToM
N3019L1N PasinyHbl — OT «MO3aNYHOrO» pas-
0esibHO BHYTPUMIACTOBOr0 pacnpeneneHns
BOAbI 1 ra3a B pasinyHbIX CUCTEMAX MyCTOTHO-
CTV 00 6€3BOAHbIX FA30HOCHBIX MAYeK, TOJLL U
Lenbix GopmaLmin (CBUT), HTO KOHTPONMPYETCS
Pa3/IM4HON MHTEHCUBHOCTbIO KaTareHeTuye-
CKOW nnn HanoxeHHou ruppodobusaumm. 310
00yCNOBNMBAET CYLLECTBEHHbLIE PA3/INYNA CO-
OTHOLLEHUIN CaMOMPON3BOSIbHOWN (CAOHTAHHON)
1 MPUHYANTENBHOM Aerasaunmy npupoaHbIX CU-
CTeM «opoaa — ra3 — Bo4a» C cenapauuen rasa
B BUAe cB0O60AHOM dasbl, HTO, B CBOIO O4epenp,
onpeaenseT OCHOBHbIE NPUHLMMbLI TEXHONOMN
000bI4YM NPUPOAHOrOo ra3a U3 3eMHbIX Heap.
Takm 06pa3omMm, MaBHOE OTNYME HETPA-
ONUMOHHBIX UICTOYHMKOB rasa oT ero 00bl4HbIX
CKOIMJIEHUIA 3aKJIlo4aeTcs B Npupoae Kossek-
Topa. CBOOOAHLIN ra3 B NacTOBbLIX YC/IOBUAX
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MPUYPOYEH K NOPOAAaM C OTKPbITON N adpdek-
TUBHOW MOPUCTOCTbIO, AOCTATOYHOW Ang pop-
MVPOBaHWUS CJIOLWHOM ra30B0M ¢asbl (B 3aBU-
CMMOCTM OT OCOOEHHOCTEN BELLECTBEHHOMO
cocTtaBa, MopdOaornMn NOPOBOro NPOCTPaH-
CTBa U xapaktepa ¢AMg0HACLILEHHOCTHU
npenesnbHble MUHUMaJIbHblE 3HAYEHUS OTKPbI-
TOM MOPUCTOCTWN AN TPaANULMOHHOIO addek-
TUBHO-MOPOBOIro KOJIJIEKTOPA MOTyT Kone-
6aTtbcsa oT 3 0o 6%), N MPOHULLAEMOCTbIO,
[0CTaTO4HOM o5l ee ABMXKEHNS B BUAE CMJIOLL-
HOro NoToKa, Kak Npu eCTeECTBEHHONM (CamMo-
MPOU3BOJIbHOW, CNOHTAHHOWM), TaK 1 NPUHYAN-
TeNbHOW Aerasaunu.

YKasaHHble reHeTn4eckmne Tunbl HeTpaaun-
LIMOHHbIX UCTOYHMKOB rasa CBs3aHbl C Tak
Ha3bIBAEMbIMU HU3KOMPOHMLAEMbIMU KOJIJ1EK-
TOpamu, KOTOPbIE HE BMNOJIHE KOPPEKTHO UMe-
HytoTCS «tight reservoirs» («rioTHbIMW», «HN3-
KOMOPUCTbIMU» WA «TYIrMMU» KONEKTOPaMN).
3aech crneayeTt Noa4YePKHYTh Pa3nMyns B Tpak-
TOBKE MOHATUS «HU3KOMPOHUL@EeMbIU KOJIJIEK-
TOP» C OU3NYECKOW N MPOMbICSIOBON TOYEK
3peHus.

C TO4YKM 3peHnsa GU3KKN NaacTa, pasnmyuns
MeXay 0ObIYHBbIMU KOJIIEKTOPaMM CBOOOHOIO
rasa v HU3KOMNPOHMLAEMbIMU KOJIIEKTOPaMU
(LLBT, CI') cBasaHbl ¢ pa3nuyHOM POSbio Kanwu-
JIIPHBIX CUA, YTO OBYCNOBAEHO pasmMepamu
MOPOBbLIX KaHaNOB N APYrMMM napamMmeTpamm
MaTPUYHOM MOPUCTOCTU U MPOHMNLLAEMOCTH.

OO6bI4HbIM (KOHANLMOHHBLIM) KOJIIEKTOPOM
yrnMeBoaopOaHbIX OONO0B ABAAIOTCA NOPO-
Obl, XapakTepuCTUKN NYCTOTHOrO NPOCTPaH-
CTBa KOTOPbIX obecneynBaloT GuabTpaumio
(mBvxeHVe ¢niomnga B NOPUCTLIX MOPOOHBIX
Tenax), kKotopas Nnog4YNHAETCS NMHENHOMY 3a-
KOHY (3akoHy [Japcu):

v=-KkV p/y,
rae v — BEKTOP CKOpOCTu dunstpaumn; kK — TeH-
30p NPOHULLAEMOCTH; L — BA3KOCTb paonaa;
V — BeKkTOp rpagueHTa naesneHus p. K taknum
KOJI1EKTOPAaM OTHOCATCS MOpoabl C OTKPLITOMN
MOPUCTOCTbIO (CUCTEMA B3aNMOCBA3AHHbIX
MyCTOT Pas3IM4yHOro pasmepa, Mopponormm mn
reHesuca), Ta UM nHas 4aCTb KOTOPOW (nones-
Has eMKOCTb KoJinekTopa unn adpdexkTneHaa
NMOPUCTOCTb) 3anosIHEHa 00Pa3yoLLMM Henpe-
pbiBHYIO dasdy yrneBoaopoAHbIM AONAOM.
MuHumManbHaa npoHNLAeMOCTb 3PPEKTUB-
HOro (KOHOVLMOHHOI0) KOIIeKTopa NpUHUMa-
eTcs, kak npaBuso, paBHol (0,5-1)-10-° Mkm?
(0,5-1 m) [CnoBaps..., 1988], xoTa B 3aBUCU-
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MOCTU OT KOHKPETHbIX OCOBEHHOCTEN Belle-
CTBEHHOr0 COCTaBa, 0COOEHHOCTEN CTPOEHUS
M napameTpoB MNYCTOTHOCTM MOPOAbl MOXET
konebaTbCs B ONpefeneHHbIX npegenax.
Hn3konpoHMUaeMmbln  KONNEKTOp W3Ha-
YyasbHO He OTBeYaeT yka3aHHbIM OCOOEHHO-
CTSIM CTPOEHUSI MYCTOTHOro MNpPOCTPaHCTBA
(kanunnsipHble 1 cybkanunnspHele GunsTpa-
LMOHHbIE KaHasbl, HAMYME NU30NNPOBAHHbIX
nop v T.n.). Ana npeespawieHns ero B apdek-
TUBHbIN KOnnekTop (T.e. ana obecneyeHus
OBVXXEHNS YINIeBOA0OPOAHOro dnonga Hernpe-
PbIBHBIM NMOTOKOM) HeOGX0aMM ropasao 6onee
BbICOKMI FpagneHT nnacTosbix aasnexHuii. O ero
BENMYMHAX MOXHO CyAMTb MO AaBJIEHUIO NPO-
pblBa CKBO3b NMOPOAY, HACLILLEHHYIO KEPOCU-
HOM, KOTOpas ang knaccos nokpbiwek D, E, F
(konnektopos knaccos VI n VIl knaccos no knac-
cuopukaumm A.A. XaHrHa n N.A. MyxapuHCcKomn)
C pasmMepamm noposbix kaHanoB 1,0-10,0 Mkm
BapbupyeT oT 0,3 no 3,0 MMa [JlykuH, 2011].
Taknm 06pa3om, ¢ GU3NYecKom ToHKM 3pe-
HWSI HU3KOMPOHULLAEMbIM SIBASIETCHA TAKOW KO-
JIEKTOP, KOTOpbIA 0becnevymBaeT OBUXEHUE
NnacToBbiX GONA0B HENPEPLIBHBIM MOTOKOM
NPV JaBNeHNN, MPEBbLILLAIOLLEM KaNWIISIPHOE.
KOHKpeTHbIe 3Ha4YeHNs NepenagoB AaBAeHUs
3aBUCAT OT pPAAa CBOWCTB U XapakTEPUCTUK
Kak camMon nopoAbl (nnacrta, NOPoAHOro Mac-
CcuBa), Tak 1 HacblWaLWux ee GaonaoBs. Tak,
dunbTpauua rasda MOoXeT MPOoUCXoauTb Mpwu
pasmepax NopPoBbIX KAHAOB >1 MKM, TOraa Kkak
019 BOObl 9Ta BENIMYKMHA COCTaBNsaeT >1,5 MKMm,
a ang HedTM OHa BapbUpPYeET (B 3aBMCUMOCTH
OT NNOTHOCTU U BA3KOCcTU) oT 1,5 oo 3,0 MKM.
B cnyyae MHOro$asHoro notToka MMHUMAaIb-
HbI ANAMETP NOPOBbIX KAHAIOB AOJIKEH CO-
CTaBnaTb cBbilwe 2-3 MkM [MapxacuH, 1977].
OpHako ykasaHHble npenesfibHble pasMepsbl
NMOPOBbLIX KaHaNOB-KaNMISPOB HE MOryT
06ecrneynTb MPOMBILLJIEHHO pPeHTabenbHble
NPUTOKN. [103TOMY OUINYECKYID TPAKTOBKY
NOHATUSA  «HU3KOMPOHULLAEMbIN KOJIJIEKTOP»
HeobxoaVMO OO0MOJIHUTbL ero NPOMbIC/IOBOM
TPakTOBKOMN. [1pOMbICNOBbLIM SABASETCS TaKomn
HU3KOMPOHULAEMbIN  KONNEKTOP, KOTOPbIN
NO3BONSET NONYYUTb NPUTOK MNNACTOBbIX Yrie-
BOJOPOAHbIX GNONO0B C AeOUTOM, peHTabesb-
HbIM MNPU CYLLECTBYIOLLNX TEXHOMOMNSX U LIEHAX.
OnbIT N3yvyeHns GuUNbTPaLMOHHO-EMKOCT-
HbIX CBOMNCTB TEPPUIrEHHbIX MOPOA-KOIEKTO-
POB HUMxXHero kapboHa JHenpoBcko-JoHel -
ko BnaguHbl (O0B) n gpyrux pernoHoB
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(A.E. lyknH, H.B. LLLyknH n ap.) cBnaeTenb-
CTBYET O TOM, YTO JINHENHBIN 3aKOH duUnbTpa-
LMW ra3a 0CTaeTCst HEM3MEHHbIM 4,0 3HAYEHUN
nopmnctoctn 3-5%. C yMeHbLLUEHMEM MOPUCTO-
CTU HUXE YKa3aHHbIX NPeAenbHbIX 3HA4YEHU,
4YTO COMNPOBOXAAETCS YMEHbLUEHNEM Ana-
MeTpa NOPOBbLIX KAHANOB U MOBbILLEHNEM CTEe-
NeHM XaoTUYHOCTU «TaBMPUHTHOM» NOPOBOWA
CUCTEMBbI, MEHSETCH 3aKOH GunbTpaLmMmy rasa.
JOKCNepMEHTaNIbHO YCTAHOBEHO, YTO CyLLe-
CTBylOLLAsA TeCHasi NOrHopMasnbHas 3aBUCU-
MOCTb NPOHMLAEMOCTHU (MO rasy) OT MOPUCTO-
CTU Huxe 4-5% HapywaeTca ©Gnaropgaps
OTMEYEHHOMY YCJIOXHEHUIO NabUPUHTHOMN
CUCTEMbI KANUISIPHbIX 1 CYOKaNuIsipHbIX Ka-
HanoB, a TakXke YBENNYEHUIO PONN N30NNPO-
BaHHbIX MOP. OKCNepPMMEHTaNIbHbIE Y MPOMBIC-
NI0BbI€ JAHHbIE CBUAETENbCTBYIOT O TOM, 4YTO
MPUTOKN ra3a MOXHO MNOoJjy4aTb M3 NAacToB
nopog, C MaTPU4YHOWM NOPUCTOCTbIO TEPPUTEH-
HbIX MOPOA 30Hbl ME30- M arnokaTareHesa
(MK3-AK2) 3-5%.

OTnnunTENbHOM 0COBEHHOCTBIO HA3KOMPO-
HULLAEeMbIX KOJINIEKTOPOB ABNSETCH PE3KOE yBE-
JINYEHME TIMHUCTOCTU TEPPUTrEHHbIX MOPOA,
YTO YACTO B/IMMMHUNPYET CYLLIECTBEHHbIE B TPa-
OVLMOHHbBIX MPUPOAHbIX pe3epByapax HedTun 1
raza nutopusnyeckue pasnuunsa mexay da-
HEPOMOPDHBIMU N NEANTOMOPPHBIMU NOPO-
namum (COOTBETCTBEHHO, MEXAY KOJIEKTOPOM
1 NOKPbILLKON). OTO OTPaKaETCH B MOSIBIIEHUN
TEPMUHOB «[10J1YKOJ/IIEKTOP>», «MOTYNOKDbILLKA»,
«JIOXHasi rnokpsbiLuka» [Cnosape..., 1988]. Yka-
3aHHas TEPMUHONOMMS XxapakTepusyeT AnTo-
JIOTMYECKUA N MPOMBbICIIOBO-I€0N0rM4eCcKnii
[1anasoHbl HA3KOMPOHULIAEMbIX KOJIIEKTOPOB
LBl v Cr.

Oco6oro BHUMaHUS 3aciyxuBaeT nx ou-
3UKO-Xummyeckasa cneundunka. Hmxe ykasaH-
HbIX 3Ha4YeHUIn nopuctocTn (<3-5%) kapaun-
Ha/lbHO MEHSETCS XapakTep HacCbIWEeHUS
nopoAbl YIeBOA0OPOAHbIMU (GlonaamMu, BO3-
pacTaeT posb rnapodoOHbIX SBNEHNn. HarHe-
TaHue rasa B ruapodobr3oBaHHbIE MOPbI CMo-
COOCTBYET BO3HUMKHOBEHMIO 30H @HOMaJIbHO
BbICOKMX MnacTtoBbix gasneHun (ABI), co-
NPOBOXAAKLLMX BONbLUMHCTBO MECTOPOXAE-
HUI ra30KOHAEHCATHbBIX, Fa30BbIX, HedTeraso-
BblX MECTOPOXAEHUN B LEHTPASIbHON U
I0Oro-BOCTO4HOM yacTax AB.

K BaxHenwmnm ocobeHHoCTaM HedTeraso-
HOCHOCTM OCaAO04HbIX Ten (MnacToB, NaYek,
TOsLLL, popMaunii), Hapsay C ANCKPETHbIM pac-
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npeaeneHnemM yrneBooopoaHbix  Gnionaoos
(«sweet spots» Ha HOHE KPUNTOMOPOBOWN, COP-
OMPOBAHHON 1 OKKJTIOOVPOBAHHOM ra30HOCHO-
CTV MaNOMPOHULIAEMbIX MOPOLA,), OTHOCATCS OT-
CYTCTBUE KOHTYPHOM N NOAOLUBEHHOW BOAbI,
MOBbILLEHHOE BHYTPMNOPOBOE aBfIEHNE, MPU-
3HaKN HepaBHOMEPHON aunataHcumn. lNocnea-
HAS NPOSIBNSETCA B BUAE YHACTKOB C XaoTnye-
CKOWM MUKPOTPELLMHOBATOCTbLIO [JTyknH, 201 16].
MHTEHCMBHOCTb NOCNEAHEN, a TakKe MaTpuy-
Has NOPUCTOCTb U NPOHMLAEMOCTb HAXOOATCS
B 0OpaTHOM 3aBUCUMOCTM OT 06OLLEN BNAXHO-
CTW Nopoa, 4TO Hanbonee APKO NPOSABIAETCS B
NenMTOMOPPHbIX YEPHOCNAHLEBLIX IMTOMAX.
Tak, B TEMHOLBETHbIX aprunnurax kapboHa
LLEHTPaNbHOW N Oro-BOCTOYHOM YacTten OB
NOBbILLIEHHAsA UHTEHCUBHOCTb MUKPOTPELLMHO-
BaTOCTM, MaKCMMaJibHblE€ 3HAYEeHUSI MaTPUYHOM
NPOHNLLAEMOCTH, MOPUCTOCTU 1 Fa30HACHILLIEH-
HOCTM XapakTEPHbI A9 NOPOA, C BIAXHOCTbIO
MeHee 5%. Mpn ee Bo3pacTtaHum 0o 12-15%
9TU NokasaTenn pe3ko YMEHbLLAIOTCS 1 yKa3aH-
Hble nmapameTpbl NOpo4 COOTBETCTBYIOT MO-
Kpblwkam knaccos C v B. 310 conpoBoxaaeTtcs
nosiBAEHNEM NPU3HAKOB BTOPUYHOM CMEKTUTN-
3auumn XNOpPUT-TMOPOCTIOANCTOrO MUHUCTOrO
BELLLECTBA, YTO BbIPaXXaeTCs B NOSABNIEHNM pa3-
OyxaloLLMX CMELLaHHOCTONHbIX das.
[a30HOCHOCTb NEANTOMOP®HLIX, B YHACTHO-
CTW, MWHUCTLIX NOKPbILWeEK B 30Hax ABIM n3-
BecTHa gaBHO. OgHaKO Kak cCaMOCTOATENbHbIN
HedTerazonpoMbIC/IOBbIA  00BbEKT OHU A0
HepaBHero BpemMmeHu [JlykuH, 2011,] He pac-
CMaTpuBanNuCb, MOCKOJIbKY CBA3AHHbIE C HAMM
ra3onposiBieHns MMeT 00bIYHO KpaTKoBpe-
MeHHbI xapakTep. OgHako ycTonumoe ABIMA
B 9KPAHNPYIOLLMX TOJILLLAX, BCKPbITbIX CKBAXW-
HaMn B npegenax KpyrHbIX BasonogoOHbIX
cTpykTyp (Pynoscko-KpacHo3dasoackas, Cono-
xoBckasi, MeuebunoBckasa n ap.), CBUAETENb-
CTBYEeT O CTabunbHOM rasoHachileHun. MNpu
3TOM cneayeT y4uThbiBaTb CYLLECTBEHHbIE INTO-
dunsnyeckme pasnmuma HU3KOMPOHULLAEMbIX
daHepOMOPPHbIX N NENNTOMOPPHbLIX MOPOL.
MaTpuua HU3KONPOHULAEMbIX MECHAHUKOB
1 aneBpoOSIMTOB, B OTIMYME OT OObIYHbIX 3P-
dEKTUBHO-MOPOBbLIX FPaHYSPHbLIX KONMEKTO-
POB, Kak y>Xe OTMevasnioCb, XxapakTepmnayeTcs
HEYMNOPSAOYEHHbIM (Xa0TU4YHbBIM) pacnpenene-
HMEM YeTKOOOPa3HO-TYNMUKOBbIX KanWsipHO-
MOPOBbLIX KAHANIOB C HEPOBHLIMU CTEHKaMU U1
nepeMeHHbIM ceveHmeM. feoMeTpus NOPOBbIX
KaHasI0B NpeacTaBaseT cobor NoANroH pa3Ho-
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pasMepHbIX KaHanoB 1 NOpP, CEYEHNE KOTOPbIX
BapbupyeT B ananasoHe 0,05-15 mkm (cpegHne
3Ha4yeHus 5-8 mkm, moganbHbie 1,0-12 MKM).
[MoBEPXHOCTL NYCTOT (KaHaM0B — MOp — KaBEPH)
npeacTaBfeHa pasfinyHbIMU MUHEpanamu c
pa3HO0bpa3HOM aacopPOLIMOHHON 1 3N1EKTPOKU-
HETMYECKOWM aKTUBHOCTbIO, LLIMPOKUM Ananaso-
HOM rMAPOGUNLHOCTU — rnapodobHocTH. MNpu
3TOM rMApPOOUIIbHbIE MOBEPXHOCTM MOKPbITHI
agcopObunoHHo-BoasHOM nneHkoi (0,1-0,8 Mkm
1 6onble). Ha rugpodobHbIX NMOBEPXHOCTSAX
BOASIHbIE MNIEHKMN OTCYTCTBYIOT. VIX ANCKPETHbIN
XapakTep Bo3pacTaeT no mepe ruapodobmsa-
UMM N yCUNEHNS KaTareHeTU4ecKon Mobunmnaa-
UMM Macen u CMoONnCTo-acdanbTeHOBbIX CO-
eOVHEeHUN un3 keporeHa. Takum o06pas3om,
HU3KONPOHULaeMble HaHepPOMOP@HbIE KO-
nektopbl LB xapakTtepusyloTcd nectpoTomn
OUBNKO-XUMUYECKNX CBOVCTB N AUCKPETHbLIM
XapakTepom afacopbupoBaHHON BOAbI U yrie-
BOAOPOAHOrO Gnounga, npuyem no mMepe
yBenundeHns katareHesa (MKs — AKy) cteneHb
rnapodobusaumm n, COOTBETCTBEHHO, ra3oHa-
CbILLEHHOCTU A0JKHA Bo3pacTaTb. YTo kaca-
€TCS HU3KOMPOHULAEMbIX MEANTOMOPODHbIX
(4epHoCnaHLEBLIX) KOTIEKTOPOB, TO NMPW NMPOo-
4ynx 6IN3KUX YCIOBUSIX CTENEHb X rNAPOododK-
3aummn ropasao Boille.

MeTpodpunanyeckasa n GpurnKo-xmmmyeckas
cneundurka HU3KONPOHMLAEMbIX KOJIIEKTOPOB
CI' n UBI onpenensieT Hanbonee paumnoHasnb-
Hbl€ KOMMEKCbl KAPOTaXHbIX UCCNeaoBaHNM
(30ecb HEOBXOAMMO YUMThLIBATb JINTONOrMNYe-
ckoe 1 neTpoduranyeckoe pasHoobpasue cyb-
CTPaTOB HETPAAULMOHHOMN FA30HOCHOCTH).

Mpexpae Bcero cneaoyeTt NOAYEPKHYTb, HYTO
0o0OUWMM CBOMCTBOM ra30HOCHbIX ClaHLEB,
MOTHBIX TEPPUIEHHbIX MOPOA, U, B UBBECTHOM
Mepe, YINEHOCHbIX OTNOXEHUN ABASETCS NO-
Has UM YactuyHasa (mMaTpuyHas) ruapodob-
HOCTb M ra30HachILLEHHOCTb. [103TOMY 3a OC-
HOBY KapOTaXKHOr0 KOMMJiekca afsi BCex TUMnoB
HEeTPaaNLMOHHO-Ira30HOCHbLIX dopMauunin B3AT
KapoTax COMpPOTMBAEHUN (KapoTax OObly-
HbiMK 30HaamMmu, BK3, BK). o aTo xe npu-
YrHe MHPOPMATUBHbI N AAHHbIE KapoTaxa Mo
meTtoay NC, yuntbiBasa COBEPLLUEHHO pas3finy-
Hbl€ 3JIEKTPOXMMUYECKME CBOMCTBA rMAOpO-
dUNbHbIX U TNAPOPOOHLIX NOPOA,

K ob6s3aTenbHbIM o Bcex GopMaLyOHHbIX
TWUMNOB pPe3epByapoB «MI0THOro» (tight reser-
VOIrs) rasa OTHOCATCS ra3oBblii, MexaHun4ye-
CKWIN, aKyCTUYECKUIN, PaANOAKTMBHbIN METOADI.

12

[a30BbIV KapoTax B mnpouecce OypeHus
(xpomaTorpadus rasa, NOCTyNaoLWEro B LMP-
KYNMPYIOLLYIO MPOMbBIBOYHYIO XWUAOKOCTb M3
pa3bypuBaeMbIix Mopoa) ABAAETCS rJ1aBHbIM
METOAOM MPenBapuUTesIbHON OLLEHKN HEeTpa-
OMUMOHHOM ra30HOCHOCTU. B 3aBMCHMMOCTHM OT
KOHKPETHbIX YCNOBUIA U pexunma NpoBOOKU
CKBaXXVIH €ro cneayetT O0MOJIHUTb ra30BbIM Ka-
poTaxem nocrne 6ypeHus, koraa npu aJnTesb-
HbIX MepepbiBax B UMPKYASUNN aHaANN3npy-
eTcs ras, nocTynalwuin B MNPOMbIBOYHYIO
XMOKOCTb B pesynbrarte And@Py3nmn N3 HepHbIX
CNaHueB, MJIOTHbIX TEPPUreHHbIX, Teppwu-
reHHO-KapOOHATHO-MMMHUCTLIX NOPOA. Becb-
Ma MoNe3HbIM [OOMOSIHEHMEM NOoKa3aHui
ra3oBOro kapoTaxa ABASTCS IOMUHECUEHT-
HbIA aHaNM3 NMPo6 NPOMbIBOYHOW XNAOKOCTH,
wsamMa M kepHa, a Takke xpomartorpadus
rasa, M3BMEYEHHOIrO0 N3 3aKpPbITbIX MOP MNO-
cnegHero. Npuy aToM cnegyeT MMETb B BUAY,
4YTO JaneKko He BCeraa ra3oBbil KapoTax sB-
naeTca HageXxHbIM nokasaTenem peasibHOn
ra30HacCbILWEHHOCTM MAOTHbLIX NopoA. Ana ero
MakCUMasibHO MHPOPMATUBHOCTU NMpu Bype-
HUM OOSIKHBI COBMI0AATLCS cneayoLme ycno-
BUSI: CKOPOCTb NPOX0aKM — 3-4 M/4, 61M30CTb
rmapoCcTaTU4ecKoro OaBNeHust B CKBaXMHE
naacToBOMY, OTCYTCTBME MOMOLLEHU MPO-
MbIBOYHOM XunakocTtn [CnyTHuk..., 1989]. MNo-
3TOMY MPU MHTEPNPETaLMM JaHHbIX Fa30BOr0
KapoTaxa Heobxoauma uHdopmaums o Tex-
HOJIOrNK U pexunme OypeHus, B CBA3U C YEM
OOHOBPEMEHHO C ra30BbIM MPOBOAATCA MeXa-
HUYEeCKUI (perncTpaums CKopocTn bypeHus),
a Takke UIbTPAUMOHHbLIM (onpeaeneHne
anddepeHumanbHOro pacxona XnaKkoctu B
CKBaXXMHE) KapOoTaxu.

[MokazaHuss MexaHM4YeCcKOro M akycTuye-
CcKoro (c onpeneneHnem koadpobunumeHTos lNy-
aCcCoOHa, aHM30TPOoNUKN N OAPYrnx NapamMeTpoB
ra3oHOCHbLIX MOPOA) KapOTaXHbIX MeTOO0B,
Haps4y C AaHHbIMW NeTPOPU3NYECKUX UCCe-
[OBaHW, HEOOXOANMbI OJ1 MPOEKTUPOBAaHUS
pa3paboTkn mectopoxaenuin CI n LBl Ha
OCHOBe (ppeKkunHra.

[Mpn n3yvyeHnmn 4epHbIX CnaHueB (BKIoYas
M TOJILLM NepecnanBaHns nx ¢ TepPPUreHHbIMU
1 KapOOHATHBLIMM NOPOAAMMN), KOTOPbIE HAaCTO
coaepxxaT NOoBbILWEHHbIE KOHLEHTPaLumn ypa-
Ha (CBA3AaHHbIE MPSIMOM 3aBUCUMOCTLIO C CO-
nepXxaHnem keporeHa nm MMKPOBMOreHHOro
nupuTa), a Takxe Topus 1 Kkanums (rugpocnio-
ONCTble CRnaHupbl), BaXHbIM MokKasaTenem
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SBNSIETCS €eCTeCTBEHHAs y-aKTUBHOCTb (ram-
Ma-KapoTax) 1 y-CrnekTpoMeTpumsa (CNekTpo-
MeTPUYECKNI KapoTa, CMEKTPOMETPUYECKOE
nccnegoBaHve KepHa), OCHOBaHHadA Ha n3Me-
PEHUN MHTEHCUBHOCTU YPOBHEN SHEeprum,
cooTBeTcTRYyOWMX U-Ra (1,76 MaB), Th (2,62
MaB) n “°K (1,46 MaB) [famma-cnekTpomeT-
pus..., 1968].

[MoCKONbKY YaCTO YEPHbIE CNaHLLbl XapakTe-
PU13YI0TCS NOBLILLEHHBLIM COAepXaHnem 6opa,
ONs UX GUarHoCTUKM 1 Tunnusaummn nHpopma-
TUBEH ramma-ramma-kapotax (IMK) [JlykuH,
1978]. BT10T MeTon, BXOAUT B KOMMJIEKC Kapo-
TaXHbIX UCCNEeLOBaHUI NpU pa3BeaKe yrosib-
HbIX MECTOPOXAEHWI, @ NPy BYpeHnn Ha HePTb
1 ra3d B 60/IbLUIMHCTBE PEMMOHOB AABHO HE Npu-
MeHsieTcs. B jaHHOM crnyyae nonesHbl 06e Mo-
onodukaumm I'MK: nepsas (nnoTHocTHON [TK —
obnyyeHne nopod  WUCTOYHUKOM  XKECTKMUX
raMmma-kBaHTOB), MHOPMaTMBHAA NPW Bblae-
JIEHUN MUKPOTPELLMHOBATbIX YEPHbIX CaHLEB
nyrnemn, n BTopas (cenektmeHbii MK — obnyye-
H1e Nopoa UCTOYHUKOM MSAMKUX raMMa-KBaHTOB
c aHepruen mexee 0,3-0,4 MaB), koTopas mc-
nonb3yeTcs O/15 BblAENEHNS B pa3pese yrien m
CNaHUEB C MOBbIWEHHbIMU KOHLIEHTPaUVSIMN
TSHKenbiX MeTannoB, a Takxke 6opa.

[N TOHKOCIOUCTbIX PAUWONOHbBIX TOJILL,
(pUTMNTBI, TOHKOE NepecnanBaHne necyaHo-
aneBpUTOBLIX 1 NENNTOMOPGHLIX MOPOa), ra-
30HOCHOCTb KOTOpbIX codeTaeT UBIr n Cl, aB
psaae 6acceliHoB 1 cBOOOAHbINV ra3, nHdpopma-
TuBeH paguoakTueHbln kapotax (MK, HI'K) ¢
ONTUMAaNbHOM 151 KOHKPETHOro paspesa CKo-
POCTbIO OMNyCkKaHWsi [eTekTopa, a Takxe
A0epPHO-MaHTUNHBLIA MeToa. 34ecb none3eH
OMbIT MPOMBbICIIOBO-re0pn3n4eCKon amarHo-
CTUKU TOHKOCIOUCTbIX KOJINIEKTOPOB hnnLle-
BbIX U GAMLLOUOHBLIX TEPPUTEHHO-MIMHUCTBIX U
TEPPUreHHO-4epHOCNaHUEBbIX  dopmMauui
Kapnatckoin HedTera3soHOCHOW MPOBUHLUN
[PepopuuvH, 1999].

Pa3Bepo4yHaa reodpunsuka npy 0CBOEHUN
HEeTPaANLMUOHHbIX UCTOYHUKOB
NMPUPOAHOro rasa

Ponb 1 3HayeHne pasnnyHbix NONEBLIX METO-
[0B pas3Befo4vHON reodunsnkn npu rnomckax
MecTopoXxaeHuii HedptM ©n rasa obue-
13BeCTHbI. MIx ncnonb3osaHmne 6a3mpyeTcs Ha
pa3HoobpasHbix adpdekTax oTobpaxeHns B
dU3nNYeCKnxX nonsix NPOCTPAHCTBEHHON W3-
MEHYMBOCTU PU3NYECKNX CBONCTB B Pa3/nNy-
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HOM Mepe GNINOOHACLILWEHHbLIX FOPHbIX
nopoa. 3t apdekTbl NOIBONAIOT C TOW UK
WMHOW CTEMNeHbIo JOCTOBEPHOCTM KapTUPOBATb
JNIOBYLLKM (pe3epByapbl) U NPUYPOYEHHbIE K
HUM 3aneXn TPAANLMOHHbBIX MECTOPOXAEHNM
B 9pPEKTUBHO-NOPOBLIX KONNeKTopax. 34echb
cnenyeTt OTMETUTb, 4YTO, BOMNPEKN yTBEpPXAe-
HUSIM B HEKOTOPbIX paboTax [Bepe3kuH n ap.,
1978; BenepHukos, 2012; dusmko-xmmmye-
ckue..., 1986], npobnemy NpsiMbIX NMOUCKOB
MeToAaMu NoneBon reopusnku (M reoxmmmnn)
HET OCHOBaHWN CYMUTaTb PEeLUeHHON [JIykuH,
20045]. 9P deKTMBHOCTb reonoropassenoy-
HbIX paboT Ha HedTb 1 ra3 B Mupe He BO3-
pocna (KoadPUUMEHT YCNELIHOCTN NOMCKO-
Boro OypeHus, kak u B 1980-e roapl,
cocTaenset okosno 0,3). Bnpoyem, paccmoT-
peHve apPEeKTUBHOCTN METOO0B pa3Benou-
HOM re0dU3VKN TPaANLMOHHbBIX MECTOPOXAE-
HUN HEDTM N ra3a HE BXOAUT B YMCNO 3agad
naHHoM pabdoTbl. OTMETUM NnLb, YTO pa3pa-
6oTaHHbIe Ha NpoTaxeHun 80-x rogoB Npo-
LLIOro BeKa passinyHble BbICOKOIMPEKTUBHbIE
MeTOoAbl BbiICOKOpa3peLlaloLLen U1 MHOrOBOJI-
HOBOI ceicMopasBeakm, No 0O6pa3HOMY Bbl-
PaXeHM0 OOHOro U3 Beaywmx POCCUACKUX
HedTerazocencmopassenymkos I.B. Benep-
HWKOBA, «OKa3a/mcb 32 6OPTOM, 1 B IPAKTUKE
roAroToBKky K OYPEHUIO MEPCNEKTUBHbLIX O0b-
€KTOB MPOYHO YTBEpAMnsICS MOHOMETOAHbIV
noaxon - 2D-3D-cericmopassenka MOIT»
[BeoepHukos, 2012, ¢. 10]. Ecnu Takon «Mo-
HOMETOOHbIV NOAX04» HEeraTUBHO BAMSET Ha
3¢hdEKTMBHOCTb NOVCKOB 1 pasBenku Tpaam-
LIMOHHbIX MECTOPOXAEHMN HeDTM 1 ra3a (no-
BblLUEHNE CTOMMOCTWU reosioropas3BefoyHbIX
paboT 1 No-NPEXHEMY HEBLICOKAs — HA YPOBHE
30-35% — nx yCnewHocTb), TO Npu peLleHnn
npo6sembl 3pPEKTUBHOIO OCBOEHNS HETPA-
OVILMOHHbBIX NCTOYHMKOB NPMPOAHOro ra3a sTo
BoobGLIe HeponycTumo. Benopb «3a 6opTOM»
0Ka3anncb UMEHHO Te€ NepenoBble METOAbI,
KOTOpbIE JAI0T MHPOPMALMIO O HAMNPSAXKEHHOM
COCTOSIHMM NOPOAHbIX MAaCCMBOB, UX TPELLN-
HOBATOCTU 1 GNIONAOONHAMNYECKOM PEXMME,
HeoOX0AMMYIO MPY MOVCKE N Pa3BeOKe «10T-
Horo ra3a». Hu B koen mepe He ymansisi 3Have-
Hue 2D-3D-cencmopassenku MOI'T onga ns-
ydyeHus HedTerazoHOCHbIX NOKanbHbIX
CTPYKTYP, CeayeT OTMETUTb, 4TO 3T [OPOro-
cToswme paboTbl ManoaPdEKTUBHbLI B NPSMO-
NOMCKOBOM OTHOLLUEHUU. A BEAb MMEHHO NPSi-
MOMOMCKOBBIN acnekT npuobpertaeT ocoboe
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3Ha4yeHue Npun BblaeneHnm «sweet spots» B ra-
30HOCHbIX YEPHOCNAHLEBbIX U YMNJOTHEHHbIX
TeppuUreHHbIX Nopoaax.

Kak yxxe otmedanocsb [JlyknH, 2004s], npsi-
Mble nokasaTtenn HedpTerasaoHOCHOCTU OTAN-
4aloTCS OT KOCBEHHbIX HE MO CTENEHM HAOEXHO-
CTW, @ N0 XapakTepy CBA3U C MECTOPOXAEHNEM
(3anexsoi0). Mo npsAMbIMUY crieayeT NoHUMaTb
MOMCKN MECTOPOXAEHWI, KOTOPbIE BEAYTCH HAa
OCHOBE (PUKCMPYEMBIX HA 3EMHO MOBEPXHOCTU
(a Takke B NPUMNOBEPXHOCTHLIX OTIOXEHUSX,
noysax 1 Hernyboko3aneraroumx BOAOHOCHbIX
ropmn3oHTax), B atmocoepe n rugpocdepe reo-
GOU3NYECKNX U FEOXUMMUYECKMX aHOMaunm,
00YCNOBNEHHbIX 3a51€XbI0, a HE JIOBYLLKOM (pe-
3epByapom). OgHaKko ra30HOCHOCTb Manornpo-
HULLAEMbIX KOJIEKTOPOB B GOpME LIEHTPaNIbHO-
BacceliHoBoro, a Tem 6osiee — caHLLEeBOro rasa
CYLLLECTBEHHO OT/IMYAETCSH OT TPaAULMNOHHON
HedTerasoHOCHOCTU. OTCYTCTBME CMJIOLLHOM
rasoBow ¢asbl U ra3oBOASHOrO KOHTAKTa He
NMO3BOJIIET B JAHHOM CJlydae CTaBUTb 3aaady
BbISIBNIEHWNS MONEBbLIX «@HOMAaJIN TUMA 3a/1€XKb»
B BMAE NPAMbIX OTPaXEHWNI Kak CamMoro yreBo-
[OPOAHOrO CKOMMEHUS, Tak U €r0 KOHTakTOB C
noa3eMHbIMU BOJAMU, KOTOPbIE UrpatoT posib
pPa3HOOOpa3HbIX reoxXMMnyeckux 6apbepos
(NupuTN3aumsa, BUTYyMUHM3AUMS, KanbUMTN3a-
ums 1 1.n.). IcknovyeHne B KaKom-To Mepe Co-
CTaBNSAOT CKOMJIEHMS rasa B 30Hax (apeanax)
MOBbILLUEHHON TPELUMHOBATOCTU (Sweet spots).
OpHako 1 B Ux npenenax ra3oHacbllLEeHHOCTb
BECbMa HEPaBHOMEPHA, a ra30BOASAHbIE KOH-
TakTbl OTCYTCTBYIOT. CyLLLECTBEHHO MHOW Xapak-
TEP UMEET M INTONOMMYECKMIN KOHTPOJIb HETPA-
ONLUMNOHHOWM ra3oHocHocTU. Ecnu oOblyHbIE
3anexuv HedTn 1 ra3a B OCHOBHOM MPUYPOYEHbI
K pasHoO00pasHbIM NecyaHbiM U KapOoHATHbLIM
AMTOMaMm pasfnNYyHoM (Npexae BCEero nnacTo-
BON) GOpMbI, TO MecTopoxaeHus LBl 3aya-
CTyl0 BOOOLLE HE UMEIOT YETKMX CeANMEHTa-
LMOHHBIX rpanunu, a CIT npuypoyYeH K 4epHo-
cnaduesbiM dopmauusam (CBuTam) uam ux
KPYMHbIM CErMeHTaM. YTo kacaeTcs yrosibHOro
MeTaHa, TO ero MecTopoXaeHNs 0BHaPYXN-
BalOT Oonee 4YeTkyld CBSA3b C MJACTOBbLIMU
pesepByapamMu (Cam yrosibHbI NaacT unu na-
pannyeckas accouvaumsa ero ¢ gpyrumm oca-
OOYHbIMU Tenamn daunanbHO-LMKINYECKON
YrNIEHOCHOM popmaLmn), OAHAKO 1N OHU Xapak-
TEPU3YIOTCH HEPABHOMEPHOW ra30HaChbILLEH-
HOCTbIO, @ TakXe CNOXHbIMU €€ COOTHOLlEe-
HUSMK C nopoaon n Bogoi [bynat n gp., 2008].
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Taknm 06pa3omM, ra30HOCHOCTb YEPHbIX
CNnaHLEeB, MIOTHbIX TEPPUTEHHbIX U MINHUCTO-
KapOOHaTHbIX MOPOA, KapAVHAaNbHO OTaMYa-
€TCs OT TPagULMOHHBIX 3anexern cBo60AHOro
rasa no reofiorM4eCkKnM yCioBMsIM ra30HaKon-
JNIeHUs1, NIUTONOMMYECKUM N NEeTPOPUINYECKNM
napamMeTpam KonekTopa, Gakropam aKkpaHu-
POBaHUS 1 XapakTepy razoHachbiweHus. Ecnu
npMpoaHble pe3epByapbl cBOOGOAHOro rasa
npeacTaBnaoT coboin, kak npasuio, Mopgdo-
JIOrMY4ECKM WU  JINTOSIOMMYECKM [0CTaTOYHO
4eTKo 060Cc0obIeHHbIE Tena (3a UCKTIYEHEM
cyry6o BTOPUYHbIX KOJIIEKTOPOB B HEPABHO-
MEPHO Pa3yrniIOTHEHHbIX MOPOAHbIX MaCCUBAX)
N XapakTepU3yrTCs NPENMYLLECTBEHHO ABYX-
WM TPEXCNONHOM MOAENbIO pe3epByapa (KO-
JNIEKTOP — MOKPbILWKA, KONNEKTOP — MOJYNOK-
pbillka — NOokpbiwka), To LBl u CI' cBa3aHsbl
C KPyMNHbIMM nmMTOoMamm ©Gosiee BbICOKOrO
nutocTparturpadpunyeckoro (GpopmMaLmMoHHOro)
paHra. 311 (Mera)pe3epByapbl COBMeLLAOT
GYHKLMM KONNeKTopa 1 NokpbIWwkn. Ecnu co-
MOCTaBNATb UX C TPEXC/IONHOM WU MHOTO-
CJIONHOW MOLEeNsIMN Pe3epByapoB, TO OHU MO
neTpodunsnyeckMmM napameTpam 1 xapakrepy
ra30HacCbILLEHHOCTM COOTBETCTBYIOT JIOXKHbIM
NOKpPbILLKaM, OT/IM4asaCcb ropasno 6onee Kpyn-
HbIMU pasmepamun. [loaTomMy CTaaMMHOCTb
reosioropa3BefoyHbix paboT 1, B YaCTHOCTH,
reodun3n4ecknx ccneaoBaHnin Npm OCBOEHNN
pecypcos CI' n LBl cyuwiecTBeHHO nHas. Ecnu
paccmaTpuBaTb CBUTY (popmMaLuio) Kak nien,
aTemM bonee (Mera)MecTopoXaeHne HeTpaau-
LMOHHOrO rasa, TO OHO BblAENsSeTCa 1 KapTn-
pyeTcs yXe Ha CTaaun permoHasnbHbIX UCChe-
OOBaHWUIM, a Ha cTagumax 30HaNbHOro U
JIOKa/IbHOr0 NPOrHO3a BbISBASIOTCS OTAEb-
Hble (Mera)3anexwu (sweet spots).

Llenbto  pernoHanbHbiXx reopuanyeckmx
nccnenoBaHnin Ha HavaslbHOM 3Tane NOUCKOBO-
pa3BenoyHbIX paboT B JAHHOM Cly4ae sIBNgeT-
CSl BbIAENEHVE N KAPTUPOBAHNE NEPCMNEKTUBHO
ra3zoHOCHbIX GOpMaLmin, KOTOPbIE B 3aBUCUMO-
CTM OT KOHKPETHbIX YCNIOBUM NX 3aneraHns, nu-
TOJIOMNYECKMX, FEOXMMUYECKMX N NNTODU3NYe-
CKMxX akTopoB GOPMALMOHHON 30HAJNIbBHOCTH
ra30HaCbILLLEHHOCTH, @ [MaBHOE — TEXHONorn4ye-
CKOr0 YPOBHSI U3BNEYEHUS «MJIOTHOrO rasa»,
MOryT paccmaTpuBaTbCs MO0 Kak rpynnu-
POBKM MECTOPOXAEHUN, MO0 Kak eaunHble
(mera)mectopoxaeHus. OgHako Ha HavyaibHOM
aTane peyb UAET O BbISIBIEHUN U KAPTUPOBAHUN
YK€ YNOMMHAaBLUMXCA Nnees (plays).
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OcHoBHble pecypcbl CIM n LBl cBasaHbl ¢
YepHOCIaHLUEBLIMU (FMAPOKapPOONeNUTOBLIMN)
U TEPPUreHHO-4YepHOCNaHueBbIMN dopma-
umMsaMm aBkCcuHekoro Tuna [JlykmH, 2013]. OHum
npencTaBnsiioT cobolii OTIOXEHUA OTHOCU-
TENbHO rMyHOOKOBOAHbIX KOTIOBUHHbIX 3ayro-
BbIX 6ACCENHOB 9BKCUHCKOro TMMna ¢ Npu3Ha-
KaMU MHTEHCUBHbIX COMPSXEHHbIX MPOLECCOB
ras3ooTgayv MOpPCKOoro AHa, rasormapatoobpa-
30BaHuIsi 1 CEPOBOOOPOHOMO 3apaXeHust. ATO
onpegensaeT Gopmy (HENPaBUIbHO-OKPYI/ble
WM OBasibHbIE B MJIaHE MerasinH3bl) ra30HOC-
HbIX dopMaumiin (naneobaccenHos). Mpu aTom
B TblJTy OCTPOBHbIX YT MOXET BblAENATLCS HE-
CKOJbKO TaknX reHepaumin 3aayroBbix 6accei-

30.00kV.

HOB «CKODO000Pa3HO» LLENTOHNPOBAHHbIX Pa3-
HOBO3PACTHbIX YEPHOCaHLUEBbLIX popmaLni
[JlykuH, 2013]. Bnarogaps o6Unuio MUKpPO-
OuoreHHoro ¢dpambGonpganbHOro nNUpuTa
(pnc. 2), noBbiLLeHHO (POHOBOW paguo-
aKTUBHOCTU U rMApPoc¢pOoOHOCTU UM COnyT-
CTBYIOT CUCTEMbI aHOMaJNuii B reoxmmMuye-
ckux (razooOpa3Hble YreBoAopoAabl,
rennn, papoH) n Gusnvyeckux (reoanek-
TpUYyeckue, reoMmarHuTHble, paguoaKkTuB-
Hble) NoNsAX, KOTOPble NO3BONSIOT AOCTa-
TOYHO YETKO OKOHTYPMUBATb Y KAPTUPOBATh
9T MerasioByLLUKU Ha OCHOBaHMUU COOTBET-
CTBYIOLLUX FEOXMMUYECKNX N reopusunye-
CKUX MEeTOA,0B.

30.00kV__ x1.20k

x1.50k 30.00kV__ x4.00k

Puc. 2. MukpoOU1OreHHbI NUPUT B Pa3HOBO3PACTHBIX YEPHbIX CIaHLLaX-3BKCUHUTAX

a, 6 — ceuta Marcellus (cpegHuin nesoH, Npegannanadyckunii Npornb); B-e — HUXKHUIM Naneo3oi JILBOBCKOro npormnba:
ckB. 30-Benuko-MocToBckasi, 4048-4053 m (cunyp) (B, r), ckB. 4-LybnaHckasn, 3944-3946 m (kembpuin) (a),
ckB. 30-Benuko-MocToBckasi, 4017-4025 m (cunyp) (€); X-1 — HUXHWIA KapOoH, Bu3elickuii apyc (Xlla mukpodayHuctu-

yeckuii ropusoHT), 4B, ckB. 1-OcTpoBeukas, 4988-5003 m

Fig. 2. Microbiogenic pyrite within different-aged black shales of euxinic type

a, b — Marcellus formation (Middle Devonian, Pre-Appalachian foredeep); c, d, e, f — Lower Paleozoic of Lvov deep:
Well 30-Veliko-Mostovska, 4048-4053 m (Silurian) (c, d), Well 4-Dooblyanska, 3944-3946 m (Cambrian) (e), Well
30-Veliko-Mostovska, 4017-4025 m (Silurian) (f); g, h, i — Lower Carboniferous, Visean (Xlla microfaunistic horizon)
Dnieper-Donets Depression, Well 1-Ostrovetska, 4988-5003 m
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Hanbonee BaxHOM 3agaqveit npu rnomckax,
pa3Benke n paspaboTke (Mera)MecTopoxae-
Hui CI n UBI (a Takke meTaHa yrosbHbIX nna-
CTOB M uX nonmdayranbHblX YrNEHOCHbIX
napareHe3oB) ABASETCHA OLEeHKa ra3oHacbl-
LLLEHHOCTN 0Caf04HbIX TeN N aPDEKTUBHbLIN
NnporHo3 «sweet spots». llocnegHue, kak
nokasaHo paHee [JlykuH, 20135], npu pasHo-
obpasnn nx nMTONOrMYeckoro cocraBa, xa-
PaKTEPU3YIOTCS MOBLILLIEHHOW XaOTUYECKOMN
MUKPOTPELLMHOBATOCTLIO (3ddeKT NOBbILLIE-
HUS BHYTPUNOPOBOrO AABNIEHUS B pe3ysibrate
Hakaykm razoobpasHbix YB B 60/1e€ UHTEH-
CUBHO rnapodobunsoBaHHbIe NOPOabl), Npea-
cTaBnssi cobol aunaTaHTHble «MOAYLUKN»
(puc. 3). Nx BbloeneHne, B 3aBUCUMOCTU OT
naowaan U KoHourypaumm, CoOoTBETCTBYET
CTaausiM 30HANIbHOIrO WM NIOKAJIbHOro npo-
rHo3a HedTerasoHOCHOCTHU NPy NPOBeAEHNN
reosioropa3BefoyHblx paboT Ha TPaaULMOH-
Hble 3anexu. K coxaneHuo, BO3MOXHOCTb
TPAAULMNOHHbLIX METOA0B CENCMOpPa3BenKU
npu 3TOM HEBEJIMKA MU3-3a CJI0XHOIro CTpoe-
HUS, XaOTUYHOCTU U HEPABHOMEPHOCTU MUK-
POTPELINHOBATOCTU (OCHOBHOro axkrtopa

XapakTep

YEePHBIX CAQHIIEB

MaTPHYHONM TPEIMHOBAaTOCTH

pasyrnioTHEHUS HEPaBHOMEPHO rmapodobun-
30BaHHbIX YEPHbIX CraHueB, GAMWOnNa0B U
PUTMUTOB, YrNenopoaHbIX MacCUBOB), OTCYT-
CTBUSI YHETKMX FPAHNLL U Pa3NYHbIX PA3MEPOB
«sweet spots». YcnewHoe peLlieHue 3Ton
npob6nemsbl TpebyeT Cyw,eCTBEHHO MHOM
naeonoruu pasBeovyHom reoPpusmkun.

Mpu nonckax OBbIYHBIX MECTOPOXAEHUM
OCHOBHbIMW aHOManmeobpasayoLmmm GakTo-
pamMu 9BNSIOTCS: camMa HenpepbiBHO-dasosast
3anexb YB, ee nokpsblwKa (Npu HanM4mMm noBbil-
LIEHHbIX BHYTPUMOPOBLIX JABNEHW), ra30BO-
OSHON 1 BOOOHE(MTAHOM KOHTAKTbl, 30HbI
pa3HOOOpa3HOW MUHEepanu3aLlmm Ha reoxXMMn-
yeckunx bapbepax, MPUYPOYEHHbIX K MaN€0KOH-
TakTam BoAbl M HedpTK (rasa).

K 0CHOBHbIM aHOManneobpasyoLmm dpak-

TOopam y mectopoxaeHun (nnees) Ublr n Cr
OTHOCATCS:

— B pa3/IM4HOM CTEeNeHN BbipaXeHHas rma-
pPOodOBHOCTbL ©E3BOAHbIX ANCKPETHO-ra3o-
HOCHbIX HU3KOMPOHMLUAaeMbIX Mopoa 1 nepe-
X0[4, X B NPENMYLLLECTBEHHO rMapodusibHbIe

BOOOHACHILEHHbIE NOPOAbl CMEXHbIX (pop-
MaLnii;

—=l1 252 2543 |

4 Y5 [=]6

Puc. 3. JunataHcnoHHas "noayLika” — MCTOYHUK CIOHTAHHOW CEMCMUYECKON N 9NEKTPOMArHUTHOM akTUB-
HOCTU — Kak 06beKT NacCcuBHOM ceicmopasenkm (AHYAP — akycTryeckas HU3KO4aCTOTHAsA pasBeaka, aMnc-
CUOHHag ToMorpadus 1 MeETO, aHann3a CUrHasoB CNOHTAHHOM 3N1eKTPOMarHUTHOM 3MUCCUN)

1 — TEPPUrEHHO-TTIMHUCTbIE OTNIOXEHMS; 2 — MIMHUCTO-KapOOHATHbLIE OTIOXEHNS; 3 — pUPOreHHbIe U3BECTHSAKN; 4 — oe-
NPEecCUOHHbIE KapOoNenMTOBbIE OTNIOXEHUS (YepHble CnaHLbl); 5 — gunataHTHas "noaylika” (sweet spot) — MICTOYHUK
CMOHTaHHOM CEMCMOAKTUBHOCTU U 3JIEKTPOMArHUTHOM aMUCccun; 6 — 30Ha pasnoma (kaHan murpaumm Ggronagos)

Fig. 3. Dilatancy "pillow" — the source of spontaneous seismic and electromagnetic activity — as a target

for "passive” seismic and electromagnetic prospecting (ALFP — Acoustic Low-Frequency Prospecting, emis-
sion tomography)

1 — terrigenous-clay deposits; 2 — clay-carbonate deposits; 3 - reef limestones; 4 — depression carbopelites deposits

(black shales); 5 — dilatancy "pillow” (sweet spot) — the source of spontaneous seismic and electromagnetic emission);
6 — fault zone (the channel of fluid migration)
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— AMCNEPCHBIN XapakTep ra30HacbILLLEHHO-
CTn, Ha pOHE KOTOPOM NMPUCYTCTBYIOT Henpe-
pbIBHO-da30Bble MAKPOCKOMIEHNS ra3a, npu-
YPOYEHHbIE K Yy4acTKkaMm C MOBbILLIEHHOM
TPEeLWHOBATOCTbIO, a TakKXe C IMH3aMn U KNn-
HOopopMaMn 3PPEKTUBHO-NOPOBLIX aneBpo-
rnecyaHbIX Nopon;

— MUHepaJsioro-reoxmMmmnyeckme oCobeHHo-
CTUM YepHbIX CNaHLEB, KOTOPbIE SABASIOTCS OC-
HOBHbIMK KonnekTopamu CI, a Takxe nrpatoT
3HAYUTENBbHYIO POSb B OEMPECCUMOHHbIX 30HaxX
HedTera3aoHOCHbIX 6aCCEeNHOB (Mavyku 1 TONLLLM
TOHKOro nepecnanBaHus), roe LIBIN TecHo cea-
3aH ¢ CI.

dusurko-xnummyeckas crneumdurka HU3KO-
NMPOHNLIAEMbIX FA30HOCHbLIX MOPOA, Hanbonee
BaXXHbIM MPOSIBIEHMEM KOTOPOW SBNSIOTCS OT-
CYTCTBME BOASHOIO KOHTUHYYMa 1 rnapodo6-
HOCTb (NpY ee NPSMON CBA3WN CO CTEMNeHbIo
ra3oHacbILLEHHOCTN N ra3000UIbHOCTbIO),
OTKPbIBAET 3HAYUTENbHbIE NEPCNEKTMUBbLI NPU-
MEHEHUS re03NIEKTPUYECKMX METOA0B AJ15 Bbl-
ABNIEHNS pas3HO0Opa3HbIX aHOMasbHbIX 3d-
bekToB, CONPOBOXAALIMX HETPAANLNOHHBbIE
MCTOYHUKM NPUPOOHOro rada. Kak n3aBecTtHo,
OCHOBOW MPUMEHEHUS Pa3fINYHbIX METOO0B
anekTpopassenku asngeTca anpdepeHumna-
LIS reosIormyeckoro paspesaa no aniekrpuye-
CKUM COMNPOTUBMEHUAM, LANINEKTPUYECKOWN
NPOHNLAEMOCTN 1 OPYrNUM 3NEKTPUHECKNUM
cBorictBaM. B maHHOM cnyyae Takaa andpoe-
peHumaums npuobpeTtaet ocoboe 3HavyeHue,
MOCKOMbKY NPV 9TOM Npexne BCEero Bblae-
NSK0TCA OTHOCUTENIbHO BbICOKOOMHbIE Y-
TOMbI, C KOTOPbIMU CBSI3aHa HETPaAVLVMIOHHAs
ra3OHOCHOCTb.

Mpw BblaeneHuu nneeB CI 6onbLloe 3Have-
HMe B kKayecTBe (HakTopoB HOPMUPOBAHUA
aHoMasibHbIX 3@ EKTOB NpUobpeTaoT Takne
0COBEHHOCTN MUHEPANbHOro CocTaBa U reo-
XUMUKN, KaK CBOMCTBEHHbIE YEPHOCAHLUEBbIM
TONLWAM 3BKCUHUTOBOrO Tuna (C HUMMU CBS-
3aHbl BCe nneun n mectopoxaeHus CIr Cesep-
HOM AMEpPUKMN) MHTEHCUBHAA NMPUTU3aUMS,
MOBbILLEHHAS YypaH-paaneBasl pPagnoakTuUB-
HOCTb, a TaKXe «3apaxeHHOCTb» NX ANCTMEePC-
HbIMW 4aCTMLAMM CaMOPOLHbIX METaNNoB, B
YaCTHOCTU Xenesa.

Kak n3BeCTHO, NPUCYTCTBME Hag OObI4YHbIMU
HePTSHbIMUW 1 Fa30BbIMM 3aexamMm OpeosioB
3ANUreHeTnYecKom [MCcnepCcHo-BKPanIeHHoM
CynbdUOHOM MUHepanm3aumn B Cpene C
MOHHOM MPOBOANMOCTbIO MO3BONSET UCMOSb-
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30BaTb METO/, BbI3BaHHOW nonspuaaumm (BI1)
npu NpsiMbIx nonckax [bepeskuH n ap., 1978].
B naHHOM cnyyae 3TO He BNOJIHE NPSIMOMOnC-
KOBbI METO/,, NOCKOJIbKY aHOMaJsIbHbIN (-
dekT 00yCnoBEH HE CaMOW 3anexbio, KOTO-
pas MoXeT OblTb U paspyLueHHON [JIyKuH,
20046]. Topazno 6onblle OCHOBaHWI pac-
cmartpuBartb MeToq Bl kak npsmor npu kap-
TUPOBAHUM YepHOCNaHueBbIX dopmMaunn,
Y4UTbIBAsS MNX BbICOKYIO HACILEHHOCTb AMC-
nepcHbiM dpambonganbHbIM MMPUTOM.

MoBbiWEeHNe conpoTuBNeHnst, rmapodob-
HOCTb M OTCYTCTBME BOASIHOrO KOHTMHYyyMa B
NOPOBOM MPOCTPAHCTBE MOPOL ABNASIOTCH dU-
3UKO-reoslorm4eckMmMm npennocbiikaMmm mc-
NoNb30BaHUS Pa3INYHbIX METOAOB NU3YyYeHUS
reoaneKkTPMYecKoro paspesa, npexae BCero rno
KaXyLLUMMCS conpoTmBieHnsam rq (B3, 133)
[BepeskunH u gp., 1978]. B nocnegHue roapl
VHTEHCMBHO Pa3BUBAIOTCH  «MYJIbTU-TPaH-
3ueHTHbIe» (0T aHM. «transient» — GbICTPONPO-
TeKaoLMin, CKOPOTEYHbIN) 9NEKTPOMarHUTHbIE
TEXHONOrMK, NO3BOASIOLLME OCYLLECTBAATh Kak
Obl «kapOTax ¢ 3eMHOM MOBEPXHOCTM», 0DeC-
ne4ymsasi NPOCTPAHCTBEHHOE MOLENPOBaHNE
MOPOAHBIX TEN C PA3INYHBIM KaXYLLMMCS CO-
npotueneHnem [Anderson et al., 2008, p. 94].
B ykasaHHol paboTe nokasaHbl 60/bLUME BO3-
MOXHOCTM 3TOM TEXHONOMMN NMPW NOUCKax Tpa-
ONUNOHHBIX MECTOPOXAEHUN HedpTU 1 rasa.
OpHako ee aPEKTUBHOCTb MPU BbIIBIEHUN
mecTopoxaeHuii CI, LUBIT v yronbHOro metaHa,
yunTbIBas x MoOpdOormo 1 cea3b ¢ 6e3Boa-
HbIMU  TMAPOPOON3OBAHHBIMY  MOPUCTHIMU
cpenamu ctpatucdepbl, MOXeT OblTb FOPa3ao
Bblle. bonee Toro, npueeneHHsle B [Anderson
et al., 2008] paHHblE CBUOETENBCTBYIOT O BO3-
MOXHOCTU BbIAENATb NO pe3ynbrataM npume-
HeHua «multi-transient EM technology» nopop-
Hble Tena pasHoro GopmMaLnoOHHOr0 paHra ¢
PasfNYHOM ra3oHaChILLEHHOCTbIO.

Taknm 06pa3om, JaHHbIe 3NEKTPOPaA3BEOKN
npw BblAENEHN B pa3pese, NPoCnexXmBaHmm no
NJoLLLaAN N NPOCTPAHCTBEHHOM KapTUPOBaHUM
nntom (dopmauymii, CBMT, Navyek) C NOBbILLEH-
HbIMU K2XYLUVMMUCS COMPOTUBEHUSMU MPU-
obpeTatoT NPsIMONOMCKOBOE 3HAYEHME.

Ecnu Ha cTagum OKOHTYpUBaHUS HETPAAU-
LIMOHHO-ra30HOCHbIX POopMaLuii, a Takxke Kap-
TUPOBaAHUS UX NUTOSIOMTMYECKON N PU3NKO-
XUMM4eckon (cteneHb ruapodobusaunm,
WHTEHCUBHOCTb MMKPOBMOreHHOM NMpUTH3a-
UMM N T.4.) 30HANBHOCTU BEAYLUYID POJb
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LOJKHbI UrpaTb raMMaMeTpus (BKoYas crnek-
TPOMETPUIO ECTECTBEHHOIO Y-U3NyYeHus),
a5ieKkTpopasBeKa, MarHUTO- U 3J1IEKTPOpPas-
BeAKa, a Takxe ra3oBasi CbeMka, TO Nnpu Bbl-
aBneHnn sweet spots Bo3pacTaeTr 3HavyeHue
cericmopassegkn. B dopmumpoBaHum 3Tux
Hanbonee NPOAYKTMBHbIX CEFTMEHTOB ra30HOC-
HbIX dopmaunii (LLBT, CI, a Takke meTaH yrne-
HOCHBbIX OT/IOXEHWI) y4aCTBYIOT pasinyHble
CeAMMEHTALMOHHbIE (HepaBHOMEPHAs anes-
POMNECYaHNCTOCTb, KAPOOHATHOCTb, OKPEMHE-
HVe), INTONOro-aNUreHeTn4eckme (CTerneHb
KaTareHesa uiv rmnoreHHoro anforeHesa ke-
poreHa kak daktopa rugpodobunsaumm, Mmk-
POTPELMHOBATOCTb O0N1ee MHTEHCMBHO rMapo-
$OOM30BaAHHbLIX MOPOAHbLIX CErMEeHTOB) W
reogvHaMmnyeckme (TEKTOHMYeckas TPEeLMHO-
BaTOCTb) pakTopbl. [T09TOMY, Kak 0TMeYanocs,
pasmepbl, Mopdonorns, razaoobubHOCTb U
NPOAYKTUBHOCTb «Sweet Spots» BeCbMa pasHo-
obpasHbl. Hanbonblunin nHTEpec NpencrtaB-
NS0T Te N3 HUX, KOTOPbIE CBA3aHbI C AUIaTaH-
CUOHHbIMW «noaylukamm» [JlyknH, 2011s] —
y4yacTKaMu MOBbILWEHHOW XaOTUYHON MUKPO-
TPeLnHOBATOCTN, OOYCNIOBNIEHHOW CENEKTUB-
HbIM HarHeTaHMeM rasa B Hambonee rmapodo-
On3oBaHHbIE MOPOAbl (MO MHEHMIO aBTOPA,
VIMEHHO 3TO — YHMBEPCaJbHbIM HaKTOp ClaH-
LLeBON, LEeHTpanbHOOaCCEeNHOBOM N yrneno-
pPOOHOWM ra3oHOCHOCTK). BbigBneHue «sweet
Spots» — 9TO MO CYTW NPSIMONONCKOBas 3aa4a.

Mo oTHOWeHMIO K cencmopasBenke, Kak
cnpasenineo otMmedaet [.B. BegepHuKOB, Tep-
MWH «[IPSIMbIE TOUCKU» HE COBCEM KOPPEKTEH,
CTPOro roBops peyb NAET O NPOrHO31MPOBaHUN
reonornyeckoro paspesa (INMP) [BeaepHnKoB,
2012]. OgHako, NoaobHO anekTpopasBenke,
MreP cencmmnyeckummn mMetTogamMuv MNPUMeEHMU-
TeNbHO K AaHHOM npobneme Takxe npuobpe-
TaeT NPSIMONOMCKOBOE 3HavyeHne. CBSI3aHO 3TO
C TEM, YTO AMCNEPCHbIN XxapakTep GpOHOBOW ra-
30HACBILEHHOCTN, YaCTUYHOE UV MOJTHOE UC-
Ye3HOBEHME BOASAHON0 KOHTUHYyMa Cylue-
CTBEHHO MEHSIOT MJIOTHOCTHbIE, MPOYHOCTHbIE,
aKyCTU4yeckne CBOMCTBA 0CaL04YHO-MOPOAHbIX
cpen, OTKPbIBAIOT O0NbLUNE NEPCNEKTMBLI MPU-
MEHEHVSI MEeTOA0B NaCCUBHOI cermcMopas-
BeAku, 0a3upyloLmnxcs Ha LefieHanpaBeH-
HOM U3y4Y€HUN eCTeCTBEHHOW (CNOHTaHHOW)
CefiCMNYeCcKor aKTUBHOCTMU.

34eCb YMECTHO HAaNOMHUTb, YTO CMEHa Na-
pagmrMm B TeOpUn CencMopasBenKu U CyLle-
CTBEHHblE U3MEHEHUS B ee MOeonorum orT-
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Me4vanucek eule B 1980-e roabl. Tak, H.H. My-
3blpeB CBbIlE 25 neT Hasaj HaMeTun B Kaye-
CTBE «[71aBHOV 38484y NPUMEHSIIOLLMXCS B Ha-
cTosiLee BpeMsi CENICMUYECKUX METOA0B» —
«U3y4yeHue rpoCcTPaHCTBEHHOIo pacrnpesese-
HUST pu3ndecknx napameTpoB 1 rnokasaresiev
CrOHTaHHOW CericMUYeCcKovi akTuBHOCTU» [[y-
3blpeB, 1997, c. 72]. PaHee 3Tu napameTpbl 1
nokasaTesan MCnoib30BanuCb NPU N3YHEHUN
3eMJIeTPACEHUI (O4aroBas CEMCMONOrms), a B
nocnegHve OecaTuneTus OHW Bce Oosblue
NPUMEHSIOTCS B pa3BeA0YHbIX (B HaCTHOCTHU,
NPAMOMNOMNCKOBBIX) Lensax. VIMEHHO 3TO Ha-
npaefeHne Moay4ynno HaMMEHOBaHUE «rac-
cuBHou  cevicmopasseaku»  [CapnoBCKUi,
Hukonaes, 1982; BenepHukos, 2012]. Ero oc-
HOBOMOJIOXHUKN MPeasioxXnan UCNoNb30BaTb
B KayeCTBe HOBOIro CEMCMOPa3BEa04YHOIo Me-
TOAa eCTECTBEHHYIO CENCMUYECKYID aKTUB-
HOCTb reo/IorMY4eCKUX Cpea, YCTaHOBIEHHYIO
eLe Ha 3ape pa3BuTus cericmonormn. OHa Bbi-
paxaeTcs B GEHOMEHE CENCMUYECKOrO LLyMa
N MUKPOCENCM — MOCTOSHHO NPUCYTCTBYIOLLMX
Ha cencmMorpamMmax YyTknx 4ar4ymkos. [lepBo-
Ha4YasIbHO B KQ4eCTBE NPUYNHbI MUKPOCENCMU-
yeckux konebaHuii paccmartpueanucs (A. Bu-
XepT 1 Ap.) MEXaHMYECKME B3aNMOLENCTBUS
rngpocoepsl M 3eMHOM KOpbI (Yaapbl MOPCKMX
BOJIH, BO30yxAeHune kosiebaHMn CTOSUYNUMU
BOJIHAMW B MOPSIX U OKeaHax Npu npoxoxae-
HUW UMKIIOHOB, 3eMJIETPSICEHNI N PA3HOO6-
pa3HbIX TEKTOHNYECKNX konebaHusx). OgHako
ewe b.b. TonmublH Ha OCHOBaHUK OeTasibHbIX
NCCNefoBaHN MUKPOCENCMUYECKIMX Koeba-
HU, NpoBeaeHHbIX B 1913 . Ha celcMmocTaH-
umax Poccun (MynkoBo, NpkyTcK, TallKeHT,
Baky 1 Tugpnunc), Boickazasn NnpeanosioxeHme o
TOM, YTO NPUYNHOM 3TOr0 PEeHOMEHA ABJIAETCH
B3aMMOAENCTBME Pa3NNYHbIX UHULMNPYIOLLLNX
konebaHusa @akTopoB C 0OCOBEHHOCTAMU
CTPOeHUs 3eMHbIX Heap. Cenyac, pacnonaras
HecpaBHEHHO 6obLueiln MHpopMaLMe 0 3eM-
HbIX Heapax, eCTb BCE OCHOBAHUS paccMaTpu-
BaTb CENCMUYECKNI LLIYM U MUKPOCENCMbI Kak
pe3ynbLTaT B3auMOAENCTBUS Pa3HOOOPa3HbIX
3HAOTEHHBIX 1 3K30TE€HHbIX (BKJTHOYAA TEXHOTre-
He3) paKToOPOB CO CTOJb Xe PasHO0OpPa3HbIMM
bNonao-nopoaHsbIMY CUCTEMaMN NUTOCOHEPSI.
C 9T0I TOYKM 3PEHNSA CNOHTAHHAsA cercmmye-
cKasi akTUBHOCTb MOXET paccMaTpuBaTbCH,
Hapsay C reoxXMMuyeckMmMmm nokasaTensimu
rnyobuHHOW perasaunm 3emnu, kak nposiene-
HUe «abIXxaHWs» 3eMHbIX Hegp [JTlyknH n ap.,
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1994]. B KOHTEKCTEe 3ToM nNpodnembl 0CcobbIl
VHTEPEC NpeacTaBngeT B3aMMOOeNCTBNE ero
reo®usnyecKkmnx (M reoXuMmn4ecknx) nposiene-
HWIA ¢ HedpTErazoHOCHbIMKN BaccenHamm (1 nx
CerMeHTamMmum  pasHoro  Mepapxm4eckoro
YPOBHS — BNOTb 40 OTAEbHbIX MECTOPOXAE-
HWUIA) KaK AUCCUNATUBHBLIMU  CUCTEMAMU
[JlyknH, 2004.]. DTO B NOSHOM Mepe OTHO-
CUTCH K Fa30HOCHbIM HU3KOMNPOHULLAEMbIM
TEPPUTrE€HHbIM, 4YEepPHOCNAHLEBbLIM, Teppu-
reHHO-CNaHLEBbLIM, a TakXke YrIEHOCHbIM hop-
MaUVOHHO-LMKITMYeCKUM HGopMaLUsIM.
MnopootBopHOCTb naen M.A. CagoBCKOro u
A.B. Hnkonaesa 0 npMeHeHn eCTECTBEHHOW
(CNOHTaHHOI) CEMNCMOAKTUBHOCTU B MOUCKOBO-
pasBeaoYHbIX LEeNsiX BNOCNeACTBMN Noayyuna
HaTYpPHO-3KCNEepPMEHTAIbHOE MOATBEPXAE-
Hue. Bblno yCcTaHOBNEHO, 4TO MOJIE MUKPO-
CelncM Ha, HePTAHBLIMU 1 ra30BbIMU 3aexamm
XapakTepunayeTcs 0kanbHbIMM NOBbILLEHNAMMN
3HEpPrnn ¢ onpeaesieHHbIMM YHaCTOTHLIMU pe-
30HaHCaMK, 4YTO MOXHO WCMONb30BaThb OIS
NPAMOMNOUCKOBLIX NPU3HaKoB [BenepHWKos,
2012]. ABneHune reHepaummn MHGPa3BYKOBbLIX
BOJIH MAKPOCKOMIEHUSIMU XUAKNX U ra3006-
pasHbIx YB Obl10 3aperMcTpupoBaHo B Kaye-
CTBE HAy4yHOro OTKpbITUA [APYTIOHOB U Ap.,
1999]. MHTeHcMBHas paspaboTka MeToO0B
MacCMBHOM (CMOHTAHHOWN) celcMopasBeakm
rnpmBesna K NosIBAIEHNIO psiga ee CaMoCTOATE b-
HblX HanpasfieHUI, BKOYas: 1) LWAXTHbLIN,
CKB2)KMHHbI 11 HQ3EMHBbII MOHUTOPWHI Cpeabl;
2) NOMCKOBO-pa3BefoYHbIE MeTOAbI U 3) Cenc-
Muyeckyto Tomorpaduio [BeagepHukos, 2012].
Cpenu npsAMOnonckoBbIX METOA0B, 6a3npyio-
LLMXCS HA PErUCTPALMM ECTECTBEHHBIX U MHAOY-
LLMPOBAHHbIX MUKPOCENCMOCUIHANOB, FreHepu-
PYEMBIX 3aN€Xblo, HaNBOJbLLYIO N3BECTHOCTb
npuobpena «akyctmyeckass HU3Ko4acToTHasl
(nHppas3BykoBasi) pa3Beaka Ha HeQTb v ras»
(AHYAP), koTOpast OCHOBaHa Ha ABJIEHUN FeHe-
paumn yrneBogopOaHON 3anexbio MHPpas3By-
KOBbIX BOJTH Npu ee BO36YXXAEHWM NONeM ynpy-
rux konebaHnii [ApyTtioHoB 1 ap., 1995]. OHa
6a3npyeTcs Ha CyLEeCTBOBAHUM KaK CMOHTaH-
HOro, Tak  UHAYLIMPOBAHHOI O (CencmMunyeckoe
BO3LENCTBME Ha NnacT) apdPeKToB, Npu4em
nocneaHnin pesko yCUInMBaeT YETKOCTb YPOBHS
COBOCTBEHHOIr0 MUKPOCEMCMUYECKOrO Llyma
3anexu. 3a nocnegHune 30 neT NOABUINCH pas-
JINYHBIE METOAbI, OCHOBAHHbIE HA MCMOJIb30BA-
HUWN PACCESAHHbIX BOJIH (MUKPOCENCM), NO3BO-
nawowmx 6onee apPeKTUBHO (MO CPaBHEHUIO C
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OpYrMMu MeTOAaMU CeicMopas3Beaikn — MeTo-
OVKOW «sIpKOro» NATHa, NCeBA0aKyCTUYECKMMM
npeobpa3oBaHMSMN BPEMEHHbIX Pa3pe30B,
AVO-aHanm3oM u Ap.) BbIBAATb U U3y4aTb
VIMEHHO XaOTUYHO-TPEeLUVHOBATbIE Cpeabl.

30ecb cnepoyet noavyepkHyTb, 4YTO MO
CpaBHEHUIO C TPAAMNLMOHHON HEDTAHOM U ra-
30BOW 3asexbio (cniowHasa ¢asa B apdek-
TUBHO-MOPOBOM KOJIIEKTOPE C MpPOHULae-
MocTblo 6onee 0,1 mMAa) HeTpagUUMOHHbIE
CKOMJIEHNSI AUCMEPrMPOBAHHOIO B TPELUMHHO-
MOPOBbIX MOPOAHbIX MAaCCMBax B COCTOSIHUMU
nepMaHeHTHOro nogroka YB B rugpocgoon-
30BaHHYI0O cpeay SAIBNSOTCA elwe Gonee
TepMoAMHaMU4YeCKu HepaBHOBECHbIMU
cucrtemamu. VM nx cnoHTaHHas cemcmmyeckas
(a Takxke 9nNeKTpoOMarHuTHasi) akKTUBHOCTb
[0/KHA ObITb BbILE (MO CPaBHEHMIO C TPAAM-
LMOHHBbIMK 3anexamun). Ecnu, cornacHo [Be-
nepHukoB, 2012], 0Obl4HbIE HEPTAHBIE 3aN1eXu
oTobpaxatoTcs aHOMaNMAMN MHTEHCUBHOCTH
LIYMOB C MakCMMyMaMu CMeKTPOB B Auana-
30He 5-20 Ny, a cnekTpbl 3BMUCCUN OT ra30BbIX
3anexen poxogat oo 100-120 Iy, To «sweet
Spots» ra30HOCHbIX CMAaHLEBLIX, LEHTPabHO-
6aCCeNHOBbLIX, a TaKKe YINEeHOCHbIX GopMaLmii
LOJIXHbI ObITb €LLe 60J1ee LUNPOKOMOSIOCHbIMU,
a MHTEHCMBHOCTb LLIYMOB (MOMCKOBasi aHOMa-
nns) — 6onee BbICOKOW.

CyuwiectBoBaHne agpdekta AHYAP non-
TBEPXAEHO Ha paae MecTopoXaeHuin Bonro-
Ypansckoin nposuHUMKM (TatapctaH, Yomyptus,
OpeHbypreckas, ActpaxaHckasi, CapaToBckas,
Camapckas n gpyrue obnactu), KpacHogap-
cKoro kpasi, BoctouHon Cubupu. Pe3aynbTaTthl
NPUMEHEHNsT 3anaTeHTOBAHHOIO Ha ero oc-
HOBE OOHOMMEHHOro NPSIMOMOMCKOBOIrO Me-
ToOa npoBepeHbl rnyboknm 6ypeHnem Ha 40
NMOUCKOBbIX 00bekTax (KO3 UUNEHT A0CTO-
BepHOCTM nporHo3a coctasun 0,85). Tem He
MeHee, 00LenpuHaATas Teopus gaHHOro ad-
dekTa OTCYTCTBYET.

OpHu nccneposatenu (.M. Tonowy6buH n
Op.) CBA3bIBAIOT reHepaLmio HU3KOYaCTOTHbIX
konebaHun yrneBoaopoaHOM 3anexbio ¢ Tak
Ha3bIBAEMOW «MeA/IEHHOV BOJIHOM», KOTOpasi
pPacnpocTpaHaeTCs No nNiacTy Kak no BOJIHO-
Boay. B kayectBe 06osiee 0OOCHOBaHHOM
paccmaTpuBaeTcs runotesda, oobsacHsaoLLas
npupoay atoro adpdekTa Cyul,eCTBOBAHNEM
npeanonaraemMbiX CEFrMEHTOB 3aJ1eXn B MeTa-
CTabuIbHOM COCTOSIHUW, KOTOPbIE NPV BO3-
DENCTBUMN E€CTECTBEHHbIX UAN TEXHOMEHHbIX
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dnykTyaumin reocpenbl NepexoasaT B aHepre-
Tnyeckm 6onee ycTtonynBoe COCTOsIHME, CyM-
MUPYS NpY 3TOM akycTuyeckmne konebaHus B
MHGPa3BYKOBOM ananaldoHe [pados v ap.,
1996]. C 27011 TOYKM 3peHUs Hanbosiee NHTEH-
CUBHbIM nposiBneHnem adpdekta AHYAP
OOJKHbI XapakTepu3oBaTbCs TakMe MeTacTa-
OunbHbIE YINEeBOAOPOAHbIE CUCTEMbI, Kak
HedTeras (pacTBop HedPTU B rase), HedpTe- U
ra3oBoAsiHble 3MYNbCUN U OUCNEPrUPOBaH-
HbI ra3, CyLEeCTBYOLNIA B BUAE NYy3bIPbKOB B
MnacToBbIX HEPTAX WUAN NOAIEMHbIX BOAAX,
4YTO, B YACTHOCTU, XapakKTePHO O/ 30HbI [Ny-
OWHHOI  TMOPOreonorMyeckort  MHBEPCUM
[JlykunH, 2005]. Bce 3T cuctembl xapakrepu-
3YI0T HelaBHO COOPMMPOBAHHbIE NN HAXOAs -
umecs B COCTOSHUM (nepe)dopMMpOoBaHUA
ckonneHus YB. [1ns 60NbLUMHCTBA Xe U3BECT-
HbIX MECTOPOXAEHWN, MPUYPOYEHHbIX K 30HE
BbICOKOMMHEPANIM30BaHHbIX BOA (pacCconoB)
BeCcbMa 3aTpyaHEHHOr0 BOAOOOMEHA, MOJSTHOE
N YacTUYHOE MeTacTabunbHOE TepMOanNHa-
MNYECKOE COCTOSIHME HE XapaKTEPHO.
Hanbonee nonynsipHoM cTtana Tak Ha3bl-
BaemMas KanesnbHO-MNy3blpbkoBas Teopus ¢e-
HomeHa AHYAP, koTtopasa cBg3biBaeT 3TOT
addekT «C npoueccamu UCrapeHvsi u KOH-
AeHcaunn ¢arovaa B npucyTCTBUM 3/1EKTPU-
4Yeckux 3apsioB, cTabuIN3npPYyOLLIMX HOBYIO
@a3sy» [KysHeuos u ap., 2003]. Camu aBTOpPHLI
COOTBETCTBYIOLLEN MOAENM OTMEYAOT, YTO OHa
ny4ie Bcero onucbiBaeT addekT AHHAP ans
MEeCTOPOXAEHUIM ra30koHAeHcaTa N Nerkomn
HedTK. [NoBbILLEHNE MHTEHCUBHOCTM CENCMUN-
YECKOW SMUCCUN Yy TaKNX 3anexen npu 3Tom
CBS13aHO WU «C BO3HUKHOBEHWNEM U UCHE3HO-
BEHMEM ra30BbIX My3blPbKOB Ha BHYTPEHHEN
MOBEPXHOCTU 0P B ABYXGA3HOU i 04HO-
pa3HoV XMAKOCTHOM CUCTEME>», NN «(POPMU-
poBaHnemM (KOHAEeHcaunen) Xuakmx Karesb
B rasoBovi ¢aze» [KysHeuoB un gp., 2003].
K atomy cnenyet 0o6aBuTh, 4TO 0Opa3oBaHue
ras3oBbIX My3blPbKOB 1N KOHOEHCATHbIX Kanesnb
Ha rnapodobr3oBaHHbIX CTEHKAX MUKPOMOP U
MUKPOTPELLMH HEM30EXHO 1 NOATBEPXAAETCH
OaHHBbIMW 3NTEKTPOHHOMMKPOCKOMNYECKMX UC-
CnefoBaHuin PasnuyHbIX NO COCTaBy NOPOLA-
KonnektopoB HedTM n rasa [JlykuH, 2013].
970, B 4ACTHOCTU, COMPOBOXOAETCHa sBe-
HUSIMM KaBUTaLMK (CXNOMNbIBaHME ra30BbIX My-

3bIPbKOB), YTO AO/MKHO WHULMMPOBATbH HE
TOJIbKO CEMCMUYECKYIO, HO U 3N1EKTPOMArHNT-
Hyl0O amMmccuio. Takum 06pasom, Hapsagy C
CeNCMUYeCcKnM, ANHaMNYeCKnii npoLecc ¢op-
MWUPOBaHUS (BOCMOJSIHEHUSI) TFa30HOCHOCTU
HU3KOMPOHMNLLAEMbIX MOPOA AO0SKEH COMNpPO-
BOXJATbCS «re03/1eKTPOMArHUTHbIM LLIYMOM>»
[BorpoaHoB u ap., 2009, c. 31].

B cBeTe pa3suBaemMoin aBTOPOM [JIykuH,
20115] KOHUENUUN ra30HaKOMJIeHUS B HU3-
KOMPOHMLAaeMbIX Mopoaax ocafo4vyHoMm
o6onouku 3emnu (UBI, CI, yronbHbii
MeTaH) MMEHHO TNpPOoLEeCCbl NMEePMaHEHT-
HOro HarHeTaHus ra3zaoo6pasHbix YB B Hau-
6onee ruppocdoOu3oBaHHbIN cyocTparT (B
COMPOBOXA,EHNN YKa3aHHbIX KanesibHO-MNy-
3bIPbKOBbIX SIBJIEHNIA) MOTYT ObITb IJ1IABHbIM
dakTopom ecTecTBEHHOW (CMOHTaHHOW)
cericMunyeckon (Bknioyas U iBsIeHUe reHe-
paunn nHpa3BYKOBbIX BOJIH) U 3J1IEKTPO-
MarHUTHOMW aKTUBHOCTU B YepHOCJNaHue-
BblX, TEPPUreHHO-YEepPHOCJIaHUEBbIX WU
YINI@HOCHbIX OTJIOXKEHUSNX.

B 3aknioyeHve OTMETMM, 4TO Mpupopa
«sweet spots» B ra30HOCHbIX YEPHOCNAHLEBbIX,
LLEHTPabHOOACCEMHOBBIX U YINEHOCHbIX pop-
Maumsx, nMTONIorMyeckas HeoAHOPOOHOCTb
nocnenHux (B 4aCTHOCTU, IMTONOMMYECKN Hau-
6osiee OQHOPOAHbIE N3 HUX YEPHOCAHLEBLIE
dopmauunm CAoXeHbl NOpogaMn — reTeporeH-
HbIMU MUHEpanbHLIMW arperatamMmm C LLINPO-
KUMW BapuaunsamMym COOTHOLLEHUN TMUHUCTBIX,
KPEMHE3EMHbIX, KapOOoHaTHbLIX, a TakXe Xene-
30a0ucynbduaHbix N dochaTHbIX KOMMOHEH-
TOB) CMNOCOOCTBYIOT GOPMUPOBAHMIO FreTepo-
reHHbIX TEPMOANHAMNYECKN HEPABHOBECHbIX
bNONA0-NOPOAHbBIX CPEL, C O4aramMm CroOHTaH-
HON CENCMMUYECKON U 3NEKTPOMarHUTHOM
3MUCCMN B COYETaHMM C pPa3HOOobpasHbIMU
NPUPOOHLIMU paccenBaTensIMn 1 pe3oHaTo-
pamMun’. ITO OTKPbLIBAET LUMPOKME NEepPCrneKTUBbI
NMPUMEHEeHN MeTOL0B MNaCCUBHOM CencMopas-
Beakn (B yactHoctu, AHYAP, amuccmoHHasa
ToMorpadusa n gp.) B KOMMAEKCE C 31eKTPO-
pa3Beakomn (KapTUpoBaHME BbICOKOOMHbIX M-
podOobHbIX 30H, MeToA Bl n ap.), aHannsom
CMNOHTAHHOWN 3QNEKTPOMArHUTHOW 3MUCCUMN,
raMmma-crnekTpoMeTpuen, a Takxe pasnud-
HbIMM 9MaHaLUMNOHHBIMW CbeMKaMn (renuvn,
pafoH, pTyTb U Ap.).

* 34ecb yMEeCTHO OTMETUTL GOJbLUME NePCNEKTUBLI MPYMEHEHNS He TONbKO MPU CCNea0BaHuM YIeHOCHbIX [[MnK-
mMaH, 2009], HO TaKXe YepPHOCNaHLEBbIX, TEPPUrEHHbIX 1 KaPOOHATHBLIX HETPAANLIMOHHO-FA30HOCHbLIX hopMaLMii KOM-
nnekca MeTofoB Pe30HAHCHOMO N CMEKTPasibHO-CencMopa3BefoyHOro NPOdUINPOBaHKS.
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