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DKEPEJIA NOXOMKEHHSA TA B3AEMOAIA MIKPOCEUCM
3 FEOJIOri"HUM CEPEQOBMULLEM

(PekomeHdosaHO YneHoMm pedakuiliHoi koneeil 0-pom eeorn. Hayk, npog. C. A. Buxeoro)

HocnidxeHo mMoxnueicmb eukopucmaHHs1 MPUPOGHO20 MIKPOCelCMiYHO20 eurnpoMiHroeaHHs1 3eMsli Onsi MowyKy ma MooesIro8aH-
Hs1 2e0J102i4HO20 cepedogula, 8U3HaYeHHS O)xepes1 MOXOO)KEeHHSI Ma Xapakmepy PO3Mo8CcoOXKeHHs1 8 3eMHill Kopi.

Po3zansiHymo ocobnueocmi ymeopeHHs ma MowupeHHs1 HU3bKOYacmMOoMHUX celCMiYHUX cu2Hasie J1imocgepHo20 MOXOO0XKeHHS
(mikpocelicm). lMpoaHanizoeaHo Giana3oHU MOWUPEHHS] MIKpocelcMiYHUX Xxeusb y 3eMHili kopi. HaesedeHo npuknadu euKopucmaHHsI
83aemMo0ii HU3bKOYacmomHux celicMiYHUX cu2Hasie 3 2r1ubuHHol 6ydoeoro 3emsti. BusHayeHO yMOBU MOWUPEHHST MIKpocelcMiYHUX
cuezHarie y 3eMHitl Kopi, ix po3noecrodxeHHs1 8i0 HeoOHopiOHocmel 2eos1o2iyHo20 cepedosuwja. BcmaHoeneHo xapakmep e3aemoOii
MiKpocelicm 3 2eos102i4HOIO 6y308010 Ha OeHHili mosepxHi ma ¢hopmy ii eidobpaxkeHHs. [fposedeHo aHari3 xapakmepucmuk Mikpoceu-
CMIYHUX XeUJIb Mma eu3Ha4yeHo Oiana3oH, sikull € Halbinbw iHghopmamueHUM Onsi N0GasIbWO20 2€0J102i4H020 O0ClidXeHHs1. Po3ans-
Hymo pi3Hi 2inome3u wjodo eghekmy HasieHOCMi aHOMaJlili y HU3LKOYacCMOMHIll YacmuHi criekmpa npupodHuUx MikpocelicM Had Hagb-
moea3oeumu noknadam. BcmaHoesnieHo e3aeMo38’a30k noknadie Haghmu U 2a3y 3 YaCMOMHUMU XapakmepucmuKkaMu MiKpocelcmMiy-
Hux xeusb. Po3ansHymo memoduKy o6po6Ku susie/ieHHs1 KinbKicHUX i siKicHUX napamempie Haghmoza3osux rnoksnadie Ha OcHosi eghe-
Kmy nowupeHHs1 MikpocelcMiYHO20 8UrnpPOoMiHIO8aHHS 8 3eMHill KOpi.

Ha ocHoei nposedeHo20 aHani3y 3po6/1eHO 8UCHOBOK NPO me, W0 aKkmyaslbHUM 3a80aHHSIM € 8U3Ha4Y€HHs1 OCHOBHUX IOJIOXEHb
meopemuy4Hoi modesii echekmy ma (io2o0 NpPaKMuU4YHO20 8UKOpPUCMAaHHS. 3acmocyeaHHs1 Modesli MpoeoduMuU Ha perpe3eHmamusHil
8ubipyi 05151 MOXIIUBOCMi BUKOPUCMAaHHS MOPIBHSAILHO20 aHasli3y ompuMaHux 0aHux.

BukopucmaHHsi MemoduKu Hadae MOXiugicmb 3MEHWUMU 4ac Ha 2e0s1020-Mowykoei po6omu ma 3HU3uUmu eapmicms po6im.
lMpakmu4He 3acmocyeaHHs1 Modesli eheKmy NOWUPEHHsT MIKpocelCMiYHUX Xeuslb MOo)Jiuee Osisi MowyKy ma Jiokanisauyii noknadie
8yeasieg00Hi8, a MaKoX OUiHrO8aHHSI 21IUGUH 3ansieaHHs1 HeodHopiOHocmel, 30KkpeMa KOHmMypie Haghmo- i 2a3oHocHocmi. Moxnuee
3acmocyeaHHs1 MemoOuKu 07151 06'€eMHO20 2e0/102i4YH020 MOOeJTFo8aHHS 3 BUKOPUCMaHHSIM OaHuUX AucmaHyiliHo20 30HAyeaHHs1 3emiTi.

Knro4yoei cnosa: mikpocelicMu, yribmpaHu3bKo4acmomHi esileKkmpomMazHimHi xeusti, eH0o2eHHi O)kepena, ducmaHyitiHe 30HOy8aHHSI

3emni, noknadu Hagomu (i 2a3y.

Bctyn. EkcnepumeHTanbHO BCTaHOBMEHO, WO JiTo-
cdepa 3paTHa reHepyBaTM HaAHU3bLKOYACTOTHI E€neKkTpo-
MarHiTHi Ta CeCMOaKyCTUYHI 30ypeHHsi, siki aTopu [3, 10]
Ha3uBalTb MikpocencMamu. MikpocencMiyHi XBuni 3aBXaum
NPUCYTHI Ha NoBepxHi 3emni B KOXHIN ii Toyui. Y Konuea-
nbHOMY npoveci 6epyTb y4acTb siK BEPXHi, Tak i GinbL rnu-
OOKi YaCTVMHWN 3eMHOI KOpK, a TaKoX BEPXHSI MaHTisA. 3aBas-
KM LbOMY MIKpOCEMCMU [03BONSATb AOCNIAXYBaTU 3€MHi
HaZpa 4O BENWKUX MUOUWH | BUSIBNSITU 0COBNMBOCTI reoso-
riYHUX CTPYKTYp pi3HOro macutaby.

Mikpocencmmn — ue cknagHe sBuLEe, KOMMNOHEHTaMmu
SIKOTO € eHOOreHHi N eK30reHHi LWymn, o6yMoBReHi BignoB.i-
OHMMKU npouecaMy K NPUPOAHOrO, TakK i TEXHOreHHOro
NOXOMKEHHA: NPUNNNBaAMN i XBUMLOBOK AISANbHICTIO OKea-
Hy, 3emneTpycamu, Bubyxamu Towlo. MiKpocencMmiyHi Ko-
NNBaHHS MOLUMPIOKOTBECA Yepes BCH 3eMHy kopy. Cercmo-
akyctmyHa edeKTMBHICTb reonoriyHoro cepegosuwa (y
CEHCi 34aTHOCTI reHepyBaTu BTOPWHHI PO3CisiHi XBWUni) Bu-
3HAYaeTbCsd NOro HanpyxeHo-gedopMalinHUM CTaHoM i
PEeYOBUHHOK HeodHOopIAHICTI0. MikpocencMmn nowwnproThL-
ca B pianasoHi 0,5-20 Ny [10]. JocnigxyBaHumu Bnactu-
BOCTAMU MIKPOCENCMIYHMX XBUMBbOBUX MPOLIECIB € da3oBi 1
amMnniTyaHO-4aCTOTHI XapaKTepuCTUKK, Kopendauis amnni-
TYA Ha Pi3HMX YacToTax, a TakoX 3MiHW LMX napameTpiB y
yaci. B poboTi posrnsgatoTbCa ABa NUTAHHA: 3B'A30K Ma-
pamMeTpiB MIiKPOCEMNCMIYHOTO BWUMPOMIHIOBAHHS 3 MEepBUH-
HUMKU KeperamMu BUMNPOMIHIOBAHHST MPY)XHOI eHeprii Ta
3B'A30K napameTpiB MIiKpOCENCM 3i CTPYKTYPOIO i NiToNori-
€10. 3a JOMOMOrol BMBYEHHS MIKPOCEWCMIYHOCTI MOXIVBE
TaKOX BUSABNEHHA OedopMaliiHUX XBWMb, LLO MOLUMPHO-
H0TbCA Ha KOHTUHEHTM Bif 30H CMpeAuHra W 4acTto BUKIU-
KaloTb 3emneTtpycu. B poboTi [10], npoBegeHO AocnimkeH-
HS B panoHi ApxaHrenbcbka, e 6yno 3annaHoBaHo Oyais-

HULUTBO aTOMHOI TennoenekTpocTaHuii. OgHak B LbOMY
PanoHi HasiBHUA aKTUBHWIA PO37IOM, BUSIBMIEHMI 3a aHani-
30M JaHnX MIKpOCENCM.

AHania xapakTepucTUK i yMOB CROCTepeXeHHSA
MikpocercM. [xepenamMmm MiKpOCENCMIYHOMO BUMPOMI-
HIOBaHHS € eHOoreHHi (rMUOuHHI) 1 ek3oreHHi (noBepx-
HeBi) npouecn. B cBoto yepry, Ui gxepena NnopoaxylTb
pi3Hi 3a amnniTygHO-4acTOTHUMU XapakTepucTukamu
BUMNPOMIHIOBAHHS.

MikpocencmivyHnn poH 3emni B ToYLi CNOCTEPEXEHHS
CTaHOBUTb CyMnepnosuuito KOnMBaHb, BUKIMKAHUX SIK Mpu-
poaHVMU MpuuMHamu (Bi43BYKM BigganeHux 3emneTpycis,
nokanbHi MIKpO3eMneTpyCcu, NOBEPXHEBI UYMW, i 3€MHUX
NpuNn1BiB, LUTOPMOBI MiKpOCENcMK, NOHOCMepHi aBuMLLa,
NoroAHi siBMLa — JoLwi, rpag, CUMNbHUA BiTep), Tak i TEXHO-
reHHUMU OXXepenamum — pyxoMmMm TpaHcrnopToMm, poboToro
MaLUWH i MexaHi3MiB, pyxoMm JoMaLlHbOI Xyaobu. Ha pwuc. 1
[1] HaBegeHo TWNOBUIA BMA MIKPOCEMCMIYHOIO CUrHany
TpueanicTio 1500 cekyHa 3 geTanisauieto AiNAHOK TpuBarni-
ctio 100 i 5 ¢, no oci opavHaT BigknageHo WBUAKICTb BEp-
TMKanbHUX KONMBaHb NOBEPXHi 3eMni B MicLi peecTpaldlii.

Yci NpupoaHi HU3bKOYACTOTHI MIKPOCECMU MaloTb iM-
nyrbCHEe MOXOOXKEHHS, 30Kpema npo Le CBig4MTb psg Oo-
cnigxeHb [1]. 3 puc. 1 BUAHO, WO MIKPOCENCMIYHWUIA CUrHan
CKNagaeTbCs 3 OKPeMUX XBWUMbOBUX MakeTiB Pi3HOI amnni-
Tyau n casm Tpmeanictio 2—3 c. MNpn UbOMy MOXHa OYiKy-
BaTK, WO BiAHOCHO BMCOKOAMMAITYAHI Ta fobpe nokaniso-
BaHi y 4acTOTHIM obnacTi rapMoHikn 0OyMOBIeHi 3ansirato-
UYMW Ha Pi3HUX rMMOMHAX HeodHopiAHOCTAMM (MOBa Mae,
Hacamnepen, NpPo HasiBHICTb Y reosioriMHOMY cepenoBuLLi
aKyCTUYHO XXOPCTKMX rPaHunLb).
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Puc. 1. CeicMoaKkyCTU4YHUI cUrHan y YacoBiil obnacrTi (intocTpauis 3a [1])

3agayy NoWMpEeHHS MIKPOCENCMIYHMX XBUIb Big Heon-
HopigHocTen reonoriyHoro cepeposuwa O. MNeyHikoB [6]
AocnigxyBaB Ha NpuKnagi po3citoBaHHSI NNOCKOI MOHOXPO-
MaTMYHOI XBWMi Ha MakpoOHeOoAHOPIAHOCTI. [lepBMHHE
CelicMiYHe BUMPOMIHIOBaHHA (puc. 2) (4opHa CTpinka)
pO3CitoeTbCA Ha HEOAHOPIGHOCTSX reOosfloriYHOro cepepo-
BULLA (YepBOHMI eninc) 3 napameTpamu aHi3oTponii a, b.
PoscissHe BMNPOMIHIOBAHHS, MOLUMPIOIOYUCL [0 AEHHOI
noBepxHi nig KyTom 6 y BUrMsAAi KOHyca, NpY3BOAMTb A0
MiKpO3CyBiB MOBEPXHi CMOCTEPEXEHHS.

o

Puc. 2. Po3citoBaHHsi NepBMHHOIO 1 (pOpMyBaHHSA
BTOPMHHOIO CeMCMiYHOro BUNPOMiHIOBaHHA (MikpocencM)

dopma amMnniTygHOro crnekTtpa po3CiTHOr0 BUMNPOMi-
HIOBAHHSI BU3HA4Ya€TbCHA KYTOM NafiHHS MEepBUHHOrO cein-
CMIYHOrO BMMPOMIHIOBaHHS, KyTOM pO3cCiloBaHHA 6, napa-
MeTpamu aHi3oTponii HeogHopigHocTen a, b. Ekcnepume-
HTarnbHO OOBEAEHO Ha Mnpuknagi oAHOPa30oBOro po3cito-
BaHHA TMEPBUHHOINO CEWCMIYHOro BUMPOMIHIOBAHHA Ha
aHi30TPONHUX HEOAHOPIOHOCTAX AN Pi3HUX KYTIB NagiHHA
LibOro BUNPOMIHIOBaHHS, WO Y BCiX BUMagkKax Noro npoek-
LiS Ha ropu3oHTaribHy NMOBEPXHIO CMOCTEPEXEHHSA MaTu-
Me dopmy kinbus (puc. 3). PoscisHe BUNPOMIiHIOBaHHS,
BMMMBaKYMN HA NOBEPXHIO CMOCTEPEXKEHHS NPOTArOM TpU-
Banoro yacy, OpMye Ha Hill CBOEPIAHMI ManoHOK 3 6es-
Nivi Kineupb pisHoro pagiycy.

PesynbTat Takoro BNnuBy TEOPETUYHO Moxe OyTu 3a-
(hikcoBaHU Ha MaTepianax QUCTaHUiNHMX 30HOYBaHb (ae-
pO- i KOCMO3HiIMaHHS), OCKINbKK HagMari 3MilLeHHs1 noBep-
XHi CnocTepeXeHHs 3aaTHi NpMBOAUTM OO iCTOTHWUX Bapia-
Uil 3apeecTpoBaHOro BigOUTOro BUNPOMIHIOBAHHS.
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Puc. 3. 36ypeHHA NOBepXHi cnocTepeXeHHA PO3CiAHUMU
Ha HEOQHOPIAHOCTAX MiKpOoceMCcMaMm 3 KyTOM NagiHHA
NnepBUHHOIO CEMCMIYHOro BUNPOMiHIOBaHHS,
BiAMiHHOrO Bif Hyns

MpuknagHe 3HaYeHHA. 3anvaeTbCcsa BiOKPUTO MpPo-
6nema igeHTudikauii Ta o6pobkm iHdopmauii, Wwo Hagae
MiKpocencMiyHe BUMPOMIHIOBaHHSA. binbliicTe aBTopiB i
[OCNIQHVKIB BUKOPUCTOBYE BUCOKOYYTMMBI CEMCMiYHI AaT-
YUKM OIS BUMAINEHHSA MIKPOCEMWCM Ta noAarnbLlioro aHarnisy.
BapTo Takox po3rnsHyTM cnocié 3acTocyBaHHS Mikpo-
CelcM siK sIBULLA, Lo MOB'sI3ye MpoLecu, siki BiabyBatoTbcst
B Hagpax 3emni, 3 npouecamyn Ha NoBepxHi. 3okpema, sk
3a3Havanocs BuLle, Nig BAAYBOM MiKpOCENCM HeopHopia-
HOCTi reomnoriyHoro cepegoBula OPMyIOTb Ha MOBEPXHi
MiKPO3MIiLLEHHS1 YaCTUHOK I'pYHTY, BOAW, aHOMarnii pocnuH-
HOCTIi, Mikpopensed Ta iH. LiuMn MikpoamilLeHHaMn moay-
NOETbCS BiaOUTE Bif OEHHOI NOBEPXHi COHSIYHE BUMPOMI-
HIOBaHHS, SIKe PEECTPYETLCS 3acobamMn AUCTaHLUINHUX 30H-
AyBaHb (aepo- i KOCMO3HIMaHHS).

AHania npocTopoBUX Bapiauill cnekTpa IoKanbHOro
MiKPOCEMCMIYHOro nons CBiAYMTb NPO HasBHICTb Ha Mo-
BEPXHi 3emMni cnekTpanbHUX aHOManii: Hag BMCOKOLUBUA-
KICHAMW HEeOOHOPIAHOCTSAMWU amniiTyau NeBHOI 4acToTu
3MEHLUYITbCS, @ Haf HM3bKOLIBUAKICHUMU HEOQHOPIgHO-
CTAIMM 3pOCTaloTh [5].
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lnoTesa pesoHaHCy Mikpocelicm nepegbavae, WO ak-
TUBHUMW [pKepernamy BUNPOMIHIOBAHHA € $K NPUPOAHI
ABMLLA, TaK i TEXHOreHHi npouecu, a reocepenosuLle
Bigirpae posnb inbTpa.

MpupoaHi dnwoign — HadTa, BoAa, ra3 — KOHUEHTPY-
I0TbCA B TPILUMHYBATO-NOPUCTUX CEpPedoBULLAX, YTBOPIOLO-
YW NOKMNaaw, Lo 3a CBOIMW CEWCMO-aKyCTUYHUMMK BRacTu-
BOCTSIMM CYTTEBO BiApIi3HAIOTLCA Bif yMmillyrowmx nopig. Y
paMKax rinoTe3un pe3oHaHCy BBaXKAETbCS, WO TakKi Moknaam
MOXYTb YTBOPIOBATU CTOSAYI XBUINi. TAaKMM YMHOM, YacTOTHa
obnactb 2—4 'y € cynepnosuuiclo Pe30HaHCIB MOBEPXHS-
noknag, nosepxHa-gyHaameHT. KopenauinHii aHania umx
CeNCMIYHMX CrnocTepexeHb nokasas [7], Wo gaHa obnacTb
cnekTpa curHany sensie cobot CyKymnHIiCTb MiKpOCMECkKiB 3
Yacom kopensuii 1-2 ¢, Wo nigTeepaxye eanHy npupoay
BUHUKHEHHA  MaKCMMYyMIiB  CMeKTpanbHOi  LWiNbHOCTI
NOTY>XHOCTi Npy GaraTopa3oBoMy BiAOGUTTI Big pyHOAMEHTY
i Big HadpTorasoHacu4eHoro nnacra.

Edekt HagBHOCTI aHOManin y HW3bKOYaCTOTHI 4vac-
TUHI CnekTpa NpUpogHMX MIKpOCcencM Hap HadTorasosu-
MU MoKnagamn OMMCYeTbCA Pi3HMMK rinoTe3amu. 30Kpe-
Ma, po3rnsgalTbCa rnoTesn BUHUKHEHHS eekTy Ha Me-
XaHisMax inbTpauii MiKpocehcMmiyHOro ¢OHy reonoriy-
HUM CepefoBULLEM.

AHanisytoun gani aBstopis [1, 3, 7, 10], MOXHa BUAINUTH
JianasoH 4acToTM MIKPOCENCMIYHOTO  BUMNPOMIHIOBaHHSI.
HanbinbL KopucHy iHdopmaLito 3 MIKpOCEeNCM OTPUMYHOTh
y AianasoHi YacTtoT Big 2 oo 4 lu.

Y po6orTi [14] NOBTOPEHO BUCHOBKM POCINCbKMX JOCHiA-
HWUKIB NPO NepeBakaHHsA 4YacToT y iHTepeani Big 1,5 004 Ny
y AianasoHi MiKpocercM Hapg nokrnagamu ByrneBogHis. Lli-
KaBo, LLO CMeKTpu Big Pi3HWX POAOBWULL Y Pi3HUX KpaiHax
CBiTy MalTb He TiNbKM OOHAKOBY 4YacToTy, ane NpakTU4HO
oaHakoBy hopMy, SIKk HanpuKnazg CrekTpu Big poooBULL Ha
Brnnsbkomy Cxogi i B €Bponi, NokasaHi Ha puc. 4.
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Puc. 4. CnekTp MikpocercM Hag noknagamu BYrneBOAHIB 3aBXAWU 3HaxoAuTbLCA B iHTepBani yactoT Big 1,5 oo 4 Nu:
undpamMm nosHavyarTbCs rpaciku cnekTpa, Wo BiGHOCATLCA A0 Pi3HUX poaoBuL HadTh Ta rasy:
4,5i12 — y Apa6ebkux Emiparax, 10 — pogoBuwe rasy B LLBenuapii; aaHi 3 po6otu [14]

Y pobori [13] (puc. 5) nokasaHo, Wo Hag HadToraso-
BMMM MOKNagamun CrocTepiraeTbCa aHoMarbHe MIKpocenc-
MiYHE BUMPOMIHIOBAHHS 3 MEePeBaXXHUM 4YaCTOTHUM CMEKT-
pom Big 2 oo 4 I'u,.

Pi3nYHi NPUYNHKL TOrO, LLIO NOKNaAW BYrNEBOAHIB MalOTb
aHoMarnbHe HW3bKOYacTOTHE BUMPOMIHIOBAHHS, [PYHTY-
I0TbCSl Ha CMifbHOMY BNNUBI OEKiNbKoX akTopiB. Y4eHi
ApyTioHoB, [padhos, Hepcecos, Caposcbkuin i Hikonaes
NOSICHIOIOTb PO3IMSAHYTUA edeKkT sBMLIEeM BnacHoi, 3ana-
CEHOi, BHYTPILLHBOI eHeprii BYyrneBodHiB, a TakoX TepMo-
ONHAMIYHOI HECTINKICTIO CKIagHUX BYINEeBOAHEBUX CUC-
TeMm i pasoBMMM nepexodamm B HUX i MAcooOMiHOM mpu
MOLUMPEHHI HN3bKOYACTOTHUX CENCMIYHUX KONUBAHBb.

Oeski iHWi rinotesun, HaseaHi B poboTi [11], HaBoAATb
ofHe 3 MOSICHEHb, OCHOBaHe Ha Mogerli Pe30HaHCHOro Mo-
CUINEHHS MPVMPOAHOro LYMOBOro nonst 3emni 3a paxyHoK
KonmBaHb HadToBMX Kpanernb. OCHOBHOW ifeeto Uiei Mo-
aeni € Te, WO Yepes KanindapHuii edpekt kpanni HadpTh y
BMilLlytoYii nopogi OyayTb KonmMBaTMCA Ha PEe30HaHCHIN
YacToTi. Lle aBuLLe iHTepnpeTyeTbCA SK MOXMBE AXeperno
cnekTpanbHUX aHoManin, LWo cnocTepiralnTbCs HaA Nnokna-
aamn ByrneeogHiB [12—13]. OgHak gocnigpKeHHs nokasy-
10Tb, IO MOAEeNb Pe30HaHCHOro MOCWUIEHHS Big KONMBaHb
Kpanenb HadpTu He yHiBepcanbHa (Hanpvknag, Moaenb fie
TiNbKW 32 YMOBM YacTKOBOro (prioifo3anoBHEHHS Nop) i He
Moxe OyTVM MpurHATa AN NOSCHEHHS SBULLA iCHYBaHHS
MiKpOCencm Haj, HadhTOrasoBMMU MoKnagamu.

IHWi NOACHEHHS, WO O6r'pyHTOBYIOTb BUHUKHEHHHA O0-
OaTKOBOI CrekTparbHOi eHeprii Mikpocencm y HadgpToraso-
BMX MOKMaAax, OCHOBaHi HA aHOMarnbHOMY PO3CisiHHI HU3b-

KOYaCTOTHUX CENCMIYHMX XBWIb Ha rasoBux Oynbbalukax.
IcHylOTb 1 iHWI mofgeni, Hanpuknag mopens [15], y skin
crnocrepiraloTbCa 0cobMNMBOCTI  cnekTpa MikpocencMm Bif
noknagis BYrneBOAHIB, sKi YTBOPIOTLCA Big 4aCTOTHO-
GinbTpauiiHMX BNACTUBOCTEN TOPU3OHTaNbHO-LIAPyBaTol
TOBLLi reosioriYHOro cepedoBuLLa NP MOLUMPEHHI B Hil
CencMiYHOT XBuni.

OpHak, BiACYTHICTb €aMHOI, 3aranbHOBU3HAHOI Ta YHIBep-
canbHoi i3nyHOI Moaeni BUHUKHEHHSI MiKPOCEMCMIYHUX BU-
NPOMIHIOBaHb Ha HadhTOrasoBUMM MOKIagaMu He 3aBaguna
YCNiLLHOMY PO3BMTKY METOAIB HW3bKOYaCTOTHOTO W cepef-
HbOYaCTOTHOIO 30HAYBaHHS AN BUSIBMEHHSI HAadTK Ta rasy.

BukopucTtoByroun ysiBrieHHA nNpo qoisuyHi nepegymMmoBwm
edeKTy NOLUMPEHHS MIKPOCENCMIYHOIrOo BUNPOMIHIOBaHHS B
3eMHiin kopi, KO.l. diBeHcbkMIn cTBOpUB MeToauky [8] npo-
rHO3yBaHHS KiMbKICHMX i SIKICHMX napameTpiB HadgToraso-
BMX MOKNaziB Ta iHWKMX 06'eKTiB reonoriyHoro cepeoBuLLa.

EkcnepumeHTanbHo 6yno BusiBneHo [4], wo Mikpocew-
CMM NOLLUMPIOIOTLCA MO BCii 3€MHIN KOpi i, NOTpannaiymn Ha
aKyCTUYHO >KOPCTKi HEOLHOPIAHOCTI reonioriyHoro cepeno-
BULLA, YTBOPKOKTbL BTOPUHHI po3cisiHi (audparosaHi) xeuni,
AKi MOLUMPIOIOTBCS OO0 MOBEepxHi 3emni y BUIMsgi KOHycCIB,
KyT TBipHOI SIKMX 3a3BMYal AOPiBHIOE ~72°. Taknum YMHOM,
nig BASIMBOM LMX XBUIlb HEOAHOPIOHOCTI reonoriyHoro ce-
penoBuvila ¢opmMyBaTUMYTb Ha MOBEPXHi KOHLIEHTPUYHI
ManoamnniTygHi CTpykTypu (kinbus). Pisn4HO Taki CTPYKTY-
py ABMAOTL COBOK MIKPO3MILLEHHSA YaCTMHOK rpyHTY. Ans
NPakTUYHUX LiNe’ MOXHa BBaXaTu, LWO 3anexHiCTb
pagiyciB KOHLEHTPUYHMX Kineub Big rMUOWMHW 3ansiraHHsi
NOPOKYOUNX iX HEOLHOPIOHOCTEN € NiHINHOM.
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Puc. 5. CnekTp Big npupoaHoro MikpoceicMiYHOro BUNPOMiHIOBaHHS 3eMIli i CneKTp Hag noknagamu ByrneBogHiB [13]

BugmMma Ha noBepxHi cknagHa iHTepdepeHuiiHa Kap-
TMHa 4Bnsie cobo ManoamnniTygHi Kinbuesi aHomanii,
ONs BUAINEHHS SKMX Ha aepo- abo KOCMOCHIMKY BUKOpMC-
TOBYETbCHA aHani3 CTaTUCTUYHUX XapaKTepUCTUK po3noginy
SICKPaBOCTI NiKceniB y KinbLi ¢ikcoBaHOro pagiyca Ans Ko-
XKHOI  TOYKM aHamni3oBaHOro 300paeHHsi.  AnropuTm
OOCNiAXKEHHS NPUPOAHUM YMHOM PO3LUMPIETLCA ANs Mo-
WyKy Kineub 3asganeriab HeBiAOMOro papfiyca LIfsXom
nepebopy BCbOro Aiana3oHy aHanisoBaHux pagiycis. Ta-
KUM YMHOM, ANS KOXHOI aHomanii B Hagpax BUAINSTbCA
BiQNOBIAHI T KinNbLEBI CTPYKTYpW Ha NOBEPXHi, AKi AalTb
MOXITMBICTb BU3HAYNUTK i Micue po3TallyBaHHS N rmMnbuHy
3angraHHs. MoxnumBicTb iCHyBaHHS Kineupb (ixHs amnnityaa
B Mikpopenbedi, abo BigHOCHa SCKPaBiCTb Ha OMTUYHMX
KOCMO3HiMKax, abo koediuieHT po3acitoBaHHA/BiO 0Opa-
KEHHSI Ha pajapHux 3HiMKax) 6e3nocepefHbO 3anexuTb
BiJ, BUPaXeHOCTi HEOAHOPIAHOCTEN reonoriyHoro cepeno-
BULLA HA TMi BMiLLYyOUMX NOpiA.

Micns npoBegeHoro aHanidy mogeni edekTy Mikpocenc-
MiYHOrO BUMPOMIHIOBAHHS, BUHMKINO OEKiNbKa HEeBUPILLEHUX

nuTaHb. 30Kkpema, NoTpibHO 3'AcyBaTN MOXIUBICTbL 3aCTOCY-
BaHHs1 MOZENi Ha Pi3HMX TUNax MOKMafiB, MOPIBHATM AaHi
MIKPOCENCMIYHOrO BUMPOMIHIOBAHHS Ha Pi3HUX TUNax penb-
€doy, a TakoXX NpoBecTu anpobadio moaeni Ha wernboi.

BucHoBku. ®iznka MiKpOCENCMIYHUX XBUIb NPUPOAHO-
ro MOXOMXEHHS 3anuwiaTtucA OCTaTOYHO He 3'SICOBaHOMo.
Lia ccepa pocnigxeHb po3BUMBaAETbCA 3 POKY B pik. [po-
6Grnematunka 36aravyeTbcsi LikaBUMW TEOPISMU Ta NpakTuud-
HUMW 3aBAaHHSAMW. AHani3 TeopeTnyHOI Moaeni edekTy Ta
METOAIB MOro MpakTUYHOIO 3aCTOCYBaHHSA ANsl BUBYEHHS
OynoBM reonoriyHOro cepenoBuLLa, B MepLuy 4epry, Ans
BMSIBITEHHS 1 BU3HAYEHHS NapameTpiB Noknaais ByrneBoa-
HiB, 3aNMLLIAETLCA aKTyanbHUM 3aBAaHHSIM.

MpoBedeHun aHani3 4acTOT MOLUMPEHHSA MiKpOCEeUCMiy-
HOrO BMMNPOMIHIOBAHHS CBiAYMTb MPO Te, L0 XBWI HECyTb
KOpUCHY iHcpopmauito Ha vacToTi 2—4 'y. Lia iHdopmauia €
nepenyMoOBOI [0 BUKOPUCTAHHSI HU3bKOYACTOTHMX aKyCTuu-
HMX XBWIb AN MOLWYKY HEOOHOPIAHOCTEW reororiyHoro ce-
pepoBuvLa, 30kpema, noknagis HadpTh Ta rady. Banigauis
METOAMK i3 MPaKTUYHOrO 3aCTOCYBaHHA SBULLA MIKPOCENCM i
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NoB'A3aHMX i3 HUM edoeKTiB Mae nepeabdadyaTi NOPIBHANBHNIA
aHani3 pe3ynbTaTiB 3a penpe3eHTaTUBHO (y reonoriyHoMy
BiAHOLLEHHI) BUBipkoo poaoBsuLy, HadTK Ta rasy.

MnanyeTbcs anpobaLlis MeToAukn Ha poaoBULLax Had-
TV 11 ra3dy Ha TepuTopii ABcTpanii. Lis Teputopis goctatHbo
pocnigpkeHa i Mae nonepeaHi AaHi reonoriYHOro BUBYEHHS,
AKi MOXYTb BYyTW BMKOPUCTaHI AN MOPIBHAHHA 3 AaHWUMW,
OTPUMaHMMM 3a OMMUCaHOK MEeTOAMKO. BxigHnmun gaHmmm
Ans obpobkn 3annaHoBaHO B3ATU 3HiMKM Landsat 7 ETM+.
[nsi 06pobkn KOCMO3HIMKa po3pobreHo BNacHWUin oyHKLio-
Han y cepeposuLli MatLab.
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MICROSEISM ORIGINS AND INTERACTION WITH THE GEOLOGICAL ENVIRONMENT

Use of natural microseismic radiation of the Earth for identification and modelling of the geological environment and the definition of the
sources origin and propagation character in the earth's crust were analyzed.

The features of the formation and propagation of low-frequency seismic signals of lithospheric origin (microseism) were examined. The
propagation ranges of microseismic waves in the Earth's crust were analyzed. Examples of using of interaction of low frequency seismic signals
with the inner structure of the Earth were given in this paper. The conditions for the propagation of microseismic signals in the earth's crust, their
distribution from heterogeneities of the geological environment were estimated. The paper studies the character of mapping of interaction of
microseism with the geological structure on the daylight surface and its shape. Analysis of microseismic waves characteristics was carried out and
the range, which is the most informative for further geological research, was defined. Consideration was given to different hypotheses about the
effect of the presence of anomalies in low-frequency part of the microseism spectrum over natural oil and gas deposits. The relationship of oil and
gas deposits with the frequency characteristics of microseismic waves was defined. The method of processing the identification of quantitative and
qualitative parameters of oil and gas deposits based on the effect of the microseismic radiation propagation in the Earth's crust were studied.

On the analysis basis it was concluded that the actual task was to define the central tenet of the theoretical model of the effect and its practical
use. The use of models was carried out on a representative sample in order to use a comparative analysis of the data obtained.

The application of techniques allows to reduce the time of geological and prospecting work and cut the cost of work. The practical application
of the propagation effect model of the microseismic waves is possible for search and localization of hydrocarbon deposits, as well as the
evaluation of the depth of occurrence of inhomogeneities, in particular oil and gas-bearing contours. The technique for three-dimensional
geological modeling using remote sensing data can also be applied.

Keywords: microseisms, ultra-low frequency electromagnetic waves, endogenous sources, remote sensing of the Earth, oil and gas deposits.
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MCTOYHUKU MPOUCXOXXKOEHNA N BSAMMOOENCTBUE MUKPOCENCM C TEONOMMYECKON CPEOOW

Uccnedoeana 803MOKHOCMb UCMOMb308aHUSI MPUPOOHO20 MUKPOCEeUCMUYeCKo20 u3yyeHusi 3emnu Onsi moucka u ModesiupogaHusi 2eosio2u-
4eckol cpedbl, onpedesieHUs1 UCIMOYHUKO8 MPOUCXO0XOeHUs U XxapaKmepa pacrnpocmpaHeHusi 8 3eMHOU Kope.

PaccmompeHbl oco6eHHOoCcmMu o6pa3oeaHusi U pacrnpocmpaHeHUsi HU3K04acmomHbIX celicMUYeCcKUX cu2Hasoe JIumocgepHo20 Mpoucxoxde-
Husi (Mukpocelicm). lfpoaHanu3suposaHb! duana3oHbl pacnpocmpaHeHUsi MUKpocelcMUYecKUX 80JIH 8 3eMHoU Kope. lTpueedeHbl NpumMepbl UCMOJIb-
308aHus e3aumodelicmeusi HU3KOYacMomMHbIX celicCMUYeCKUX cu2Hasoe ¢ 2J1y6uHHbIM cmpoeHueM 3emnu. OnpedesieHbl ycrioeusi pacnpocmpaHe-
Husi MUKpocelicMu4ecKux cu2Hasoe 8 3eMHol Kope, ux pacrnpedesnieHusi om HeodHopodHocmeli 2eonoaudeckoli cpedbl. YcmaHoeeHbl Xxapakmep
omo6paxeHusi e3aumodelicmeusi MUKpocelicM C 2e0/102U4eCKUM CmpoeHuUeM Ha OHesHoU noeepxHocmu u e2o ¢popma. llpoeedeH aHanu3 xapak-
mepucmuk MukpocelicMu4ecKux eoJs1H U onpedesieH duana3oH, kKomopbll siensiemcsi Haubosiee uHghopmamueHbIM Onsi danbHeliwe20 2eoo2udec-
Koe2o uccniedoeaHusi. PaccMompeHbI pa3nuyHbie 2unomesbl 3gpghekma Hanuqusi aHomanuli 8 HU3KoYacmomHoU Yyacmu criekmpa npupoOHbIX MUK-
pocelicM Had Heghmeaa308bIMU 3asiexxamu. YcmaHoesieHa 83auMocesi3b 3anexell Hegpmu u 2a3a ¢ YacmMoMHbIMU XapaKkmepucmuKkaMmu MUuKpocel-
cMuyeckux eosiH. PaccmompeHa memoduka o6pabomku ebisiesieHusi KOJlu4ecmeeHHbIX U Ka4yeCmeeHHbIX napamempoe Heghmeaa3oebix 3anexel
Ha ocHoee aghghekma pacrnpocmpaHeHuUs1 MUKPOCeliCMUYEeCKO20 U3Jly4eHUs1 8 3eMHOU Kope.

Ha ocHoee npoeedeHHo20 aHanu3a cdenaH ebI600 O MOM, YMO akmyasibHOU 3adayell siessiemcsi onpedesieHUe OCHOBHbIX MOJIOXeHUU meo-
pemu4eckoli Modesiu 3¢hghekma u e2o npakmuyeckoe ucrnosb3oeaHue. [IpumeHeHue modenu crnedyem npoeoduUMb Ha peripe3eHmamueHol ebl6o-
PpKe 07151 03MOXHOCMU UCIO0J1Ib308aHUs CPagHUMeIbHO20 aHasu3a rnoJsly4eHHbIX OaHHbIX.

Hcnonb3oeaHue MemoOuKu 1o3eoJsisiem yMeHbWUMb 8PeMsi Ha 2€0J1020-MTOUCKO8bIe pabombl U CHU3UMB cmoumocmb pabom. lMpakmuyeckoe
npumeHeHue modenu aghghekma pacrnpocmpaHeHUs1 MUKPOCEeLUCMUYECKUX 80JIH 803MOXHO OJ1s1 MOUCKa U JIoKanu3auuu 3anexel yaneeodopodos, a
makxe oyeHKu 251y6uH 3anezaHusi HeoOHopodHocmel, 8 YaCMHOCMU, KOHMYpPoe Heghme- U 2a30HOCHOCMU. BO3MOXHO nNpumeHeHue MemoouKu
0nsi 06bLeMHO20 2e0s102u4ecK020 ModeslupPo8aHUsl C UCNOo/Ib308aHUeM 0aHHbIX QuCMaHUUOHHO20 30HOUpo8aHus1 3emu.

Knrouyeenie cnoea: mukpocelicMbl, y/ibMPaHU3KOYacmMomHbie 3/1eKmpoMazHUMHbIe 80JIHbl, 3HOO2eHHbIe UCMOYHUKU, GUCMaHUUOHHOe 30H-
duposaHue 3emsnu, 3anexu Heghmu u 2a3a.





