H3BECTHA
TOMCHKOI'O OPAEHA OKTSIBPHCKOM PEBOJIIOIHU
U OPJIEHA TPY/IOBOI'O KPACHOI'O BHAMEHH
MOJUTEXHUYECKOTO HHCTHTYTA um. C. M. HUPOBA

Tom 288 1976

EbICOKHE SJEKTPHYECKHE [GJIA B 3EMHBIX HEOPAX
¥ BO3MOXHAA MX POJIb B FrEGJOTHYECKHUX
FEOXHMHWHECKHX HPOLECCAX 4 FOPHOM JIEJIE

A. BOPOBLEB

Muporie Qusyyeckue 1Ipoiecchl B reochepax JemJay, atMocdepe H OKO-
J03€MHOM HPOCTPAHCTBE PACCMaTpHBAIOTCA BU B3aHUMHOH HX cBsiau [1].

B ussectublX TCOPETHYECKHX CXemMaX paccMarpHBaercs ciayuwai yaapa
MOJIHUH B FPYHT HJHM 3a3eMJeHHbl#l 00BexT ¥ pacrekaHne ToKa HNpsiMoro yua-
pa, BORHHKHOBEHHE MIArOBLIX HANpsOKeRuil B rpydre # 1. A. Paccmarpupaer-
¢ BO3HHKHOBEHHE BBICOKHX 3JICKTPHUECKMX NOJel Yy KOHLOB 3a3eMJeHHBIX
OGBeKTOB M cJydaH IPOPACTaHH$ pas3psja ¢ 3asemMJjeHHbX OObCKTCB B ar-
Mochepy. o cHX II0p IIOKa He pacCMaTpPHBAJIOCH BO3HHKHOBEHHE BLICOKHX
3JEKTPHYEeCKHX Hojell B AuToc(epe H BO3MOXKHOCTb PasJHUHBIX IIPOLECCOB B
HeApax 3eMJH IPH JEHCTBHH BHICOKHX 3JexkTpHueckux rogel. [Tosepxuocts
3eman 0oBLIUKO paccMaTpHBaJach Kak rpaHuna  o6aacTH  CyllecTBoBadud
BBICOKHX 3JieKTpHUYeCKHX moseit B atTmocdepe. B HH3AEKTPHUECKIX OPHBIX
NOPOJax, KaK BRIXOAALWHX Ha AHEBHYIO IOBEPXHOCTb, TAK ¥ HAXOJsIHXCH B
HeApax, BO3MOXHO BO3HHKHOBEHHE BBICOKHX 3JIEKTDHYCCKIX IoacH B pas-
psLoB B Hux. Ilpuuynboii BO3HHKHOBEHHUS BLICOKHX nosed B JUHIJICKTPHYCCKHAX
FOpPHBIX HOPOAAX B YCJAOBHAX 3ajeraHus MOryT ObiTb NprRMON yaap MOJUHH B
TPYHT, SIBJEHHE 3JEKTPHUECKOH HMHIYKHUH NpU MPOXOXKIEHUH 3aPSKEHHOrO
o6J1aKa, 3JeKTPOMAarHUTHOM HHAYKLHH, O6VCJIOBAEHHOH OOJBLUWHMH TCKaMH
B HOHOCHepe, ABACHUS TPEHUSl, paszpyuleHuu MOopox, obAydyeHHs M ApyrHe
(Gusuveckye NPONeccHl, NPOTEKAICHINE BHE 3€MHBIX Heap. Hekorophie U3 Ha-
3BAHHBIX NPOIECCOB SIBAJIOTCA CMOCOOOM [epPeKauHBAHHS SHEPIHH K3 OKOJO-
3eMHOr0 TIPOCTPAHCTBA B 3eMHBIE HeJpa W IONOJHEHHA 3HEepPreTHUeCKHX
3anacos naanetsl. O6pasoBaHve TpeHIHHBI B JH3JIEKTPHICCKOM Mmmpane
WJIH TOPHOH IIOpOJE CONPOBOZKIAETCs anexTpusanueil ee 60proB u ofpasopa-
HHEM [OJS BBHICOKOIN HAUPAXKEHHOCTH B TpeuluHe, Taxum oOpasom, Tpelu-
Hoo0pasoBaHue NPEeACTaBAZETCS Kax cioco0 ApeBpanleHHs MeXAaHHYECKOH
SHEPIrAM B 3HEPTUIO 3JEKTPHYECKOrO [0S, a4 TPElNHA SBAJETCS IIeKTpocTa-
THUECKHM TeHepaTopOM.

Hamp BLIZBUHYTA THIOTE3a O BOSMOIKHOCTH IJIEKTDHYECKUX PaspsilioB B
3eMHOR Kope, KoTopas 000CHOBAHA SKCHEPUMEHTAJLHO U TEOPETHUECKH
i2, ”’2. B seuMHBlX YCAOBHAX BO2MOWUB! Pasjnunbe GHINYeCKHE Hpespanle-

HEXOTOPUY BUJIOB 2HEPTHE B SHEPLUIO NCKTPOCTATHUECKOTO NOJs, Ha-
KOIJICHEN 30DANOR A0 “H&LGHKH, DY KOTOPOM HAOPMOKSHIIOCTE NOAA JROCTH-
YUeCKOH NPOWHOCTH TODHEIX TIOPCJ H  HOPCHCNOIAT
oel B oenene [41 Bricowue anexT] CKue 0T B 3eM-
TBJICHHE HAaj rzﬁn@pwn JCTBI0 — BEICOKOR 'm-ou?‘«@“mf*e
MoryT ¢fpasepnnarscs OpH  OOALIIOH mIoTHOL
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3JEKTPHYECKHX 3apsA0B B MHIIEKTPHUYECKHX [IOPOAAX BBICOKOIO CONPOTUB-
genusi. CocTosiHe BBICOKOH KOHIEHTPAUHWH 3apsajoB HE CBOHCTBEHHO CHCTe-
Me B COCTOSIHHM ycToH4yHBOro paBHoBecHs. OHO CBOHCTBEHHO CHCTEME B CO-
CTOSIHUH ¢ GoJblinM H3OBITKOM CBOOOjIHON 3Hepruu. Hanpumep, xoraa rop-
Hble Tesa OJIM3KH K Pa3pyIUeHHIo, a pailloH OJH30K K 3eMJICTPSACEHHIO.

Bricokue anextpuueckue IIOJs CJAeAyeT HCKaTh B pafoHaX IAyOHHHBIX
pPassiioMOB, B FOpPHBIX TeJaxX, B KOTOPBIX HaKONJeHbl OogabliiHe 3a0achl yIpy-
ro#l SHePru.

MHOrokpaTHo OTMeYajaoch, UTO B pafioHe OyAyIIero SMIHLEHTpa 3eMJe-
TpsceHus Haba01aa0Ch CBeUeHHe aTMocdepsl, 3JeKTpHYeCKHe I'PO30BbIe pas-
DAMBI, CBeYeHHEe JIOMHHECUEHTHBIX JaMII H 3KpPaHOB, aHOMaJuH aTtMmocdep-
HO-3JIEKTPHYECKOTO Mo, Npofoi H30A%HHH B KabersX, ONYyLIeHHBIX B CKBa-
JKHHBl, aHOMAJIHH MarHUTHOrO HOJS H Hajanuue OOJbUION BepTHRAABHOH CO-
CTaBJISIIOIIEH TIOJ% H MHOTHE PYTHE SBJCHHS, IPUUHHON KOTOPBLIX MOXKeT sIB-
JATbCA TOJBKO BBICOKO® 3JeKTpHUecKoe IoJje B pafioHe oyara Oyayiuero
gemJerpscenus. Bee nepeuncaennbie 9peHHs HCye3aJad NOCAE NMePBOro Noi-
3€MHOTO TOJMYKA.

CaercrBHeM MOUIHBIX 3JEKTPHUYECKHX paspsioB B 3eMHO¥ Kope MOTIYT
OBITh CEICMHYECKHME M PasiuUHbIE J[PYTHe Teo3JeKTpHUeCKHe sSBJIeHHUs, CBs-
3aHHBlEe C U3MEHEHHeM XapaKTepPHCTHK 3JIEKTPOMATHHTHOrO NOJS B Heapax
H Ha/ [IOBEPXHOCTBIO 3EMJH, KOTOpoe HalJ01aeTcs nepeja 3eMJeTPSICEHHEM.
MsmMeneHue 37eKTpHYECKOTO MNOJsE B armocdepe BCJIEJCTBHE HaAKOIIEHHS
JIOKAJILHOTO 3apsiia B Helpax MOKeT BJAHUSITb Ha 3JeKTPHYECKHE HPOIEeCCH B
atMocthepe B NpoTeKaHye HPeATPO3OBEIX SBJAEHHMH, a TAaKkKe TOKOB B 3eMie
B muasme snexTpuHueckHX pas3psA0B B 3eMHBIX HeApax Tak e, Kak H IIpH
paspsjaax B arMmocdepe, MOI'YT INPOHCXOAHTL I1a3MOXHMMHUECKHE DPeaKiHH
COCJIHHEHHS W PasjokeHHs, B pe3yjbTaTe KOTOPLIX 00pa3yloTcss XUMHUECKHe
COeMHEHHS H 3JCMEHTH; BOAOPOA, KHCJAOPOI, YIIePO, MeTaslbl, BXoAsliye
B COCTaB IOPHBIX NOPOI, B TOM yHc/e HedTh, IPHPOXHbIie roployne rasgnl. Coe-
JHHEHHS Mora# o0pas3oBaTbCd NPH NJA3MOXHMHYECKHX peakuusx B HyCTo-
Tax, paHee HMEBILHXCS B MOPOJAX, ¥ 3alloJHuTh UX. Hanpumep, B H3BeCTHsI-
Kax, cojep:Kalux BOAY, B PaspsAHON MjaszMe MOIJH MPOTEKATh peaknuH
Pa3JIOKEHHs!, CONPOBOXKIABILNECS MOAVYEHHEM BOAOPOAA W yriepoza. B mno-
CJIeAYIOIUHMX pa3psamax u3 yrjepofa u Bojopoja obpasoBajca MeTad, a 1a-
Jee n Oosee TaKeAble YIJIeBOAOPOALI, BXOAANINE B COCTAaB HeMTH H HPHPOI-
HOTO roplrouero rasa.

TIpuBenenssie npuMepsl NMOKA3LBAIOT, YTO HpoUecchl 06pa30BaHUA XH-
MUYEeCKHX COeIMHeHH{ HJAY HOJYyYeHHH XHWMHMUECKHX 3JIEMEHTOB, MX MHIpa-
NS H Iepepacipege/sieHHe B 3eMHON KOPe MOTYT IIDOHCXOLHThL 32 CYeT IHep-
I'HH 3JEKTPUYECKOro NnoJs.

IIpu GonblioM 3HAYEHHH BEJWYMHBI SHEPIHH, BbIJIeNsieMOH B paspsiie B
3€MHOH KOpe, U MAa/bIX MOTepsax IjasMa MOXKeT pasorpesarthbest 10 TeMrepa-
TYpBl, IPH KOTOPOil BO3MOXKHO OyAer NpoTeKanHe sAEepPHBEIX IPOLECcCcoB, 06-
pasoBaHHe PAJHOAKTHBHLIX SIJ€pP aTOMOB M IIONOJHEHHE 3amaca paaHoak-
THBHBIX MaTepuasos B 3eMHOH xope. Kpome mpoueccoB HpeBpalieHtss BULOB
SHEPrHH B 3HEPTHIO 3JEKTPOCTATHYECKOTO TOJs, H3BECTHBIX H3 jnabopaTop-
HOMl ¥ TIPON3BOJCTBEHHON NPAKTHKH, a TaKXKe HaOMIOAeHHI NPHPOAHBIX #B-
JEHHH B HeApax 3eMJIH, BO3MOXKHH U JpyTHe clieln(HyecKue Npoueccsl npe-
o6pasoBaHuil, onpenesnsieMble MeTaMOpdH3MOM, TCKTOHHUECKHMH B JAPYTHMH
reosioroQH3NYeCcKIMy ABJEHUAME, CHeHH(PHYECKH NPHCYIUHMH TOJBKO 3€M-
HbiM HefpaM, [lociencTBust BO3HHKHOBEHUS H paclpocTpaleHusl 3JeKTpuye-
CKHX Dasps/lon & 3eMiol Kope HaGaIo1aroTCsl TipH pas3psiie MOJAHHH B TO-
BEPXHOCTh 3emyin., CrianieHHnle MarepuaJsbl B Karajdge paspsna B IecuaHo-
PITHHHCTBIX HOpOg«-,\, HaspiBaeMnie QyapbrypHTaMy, BCTPeqaloTces 4acro B NO-
BEPXHOCTHLIX CJI0X [0UBL. B HexkoTopsixX cayuasx Habmaonanuch Qyabrypi-
TH gauuoil no 10 merpep. Ecau g nopHCTHIX TOPOA paspsilHOe HanpsxKe-
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HHie NpHHATH paBHbiM 10° 6/ca, TO pa3psii Ha AAuHEe TaKoro ¢yaprypura
HPOHCXOXUT NpH HanpsizkeHuH 10° g, DiekTpuyeckue HaNpAXKeEHHS TaKOH Be-
JUUMHBL H Oojiee NpH paspsjie Monuuu Obin 3adukcuposaHe, B nabopa-
TOPHBIX YCJOBHSIX HaONI0JaJI0Ch HAKOIVIEHHE 3JIEKTPHYECKHX 3apsiloB B MH-
HepaJax, cTeksax, nojauMepax ¥ obpaszoBaHue pas3psifoB B 3apsKEHHBIX
nusgekTpukax. last onbiToB GpafHCh KYCKH HX Pas/MUHON Beauuuus [4].
PaspabGoraHa MareMarnyeckas U (H3HYeCKasi TEOPHH 3aPSXKEHHBIX JHITEKT-
PHKOB IOTOKAMH 3aPAXKEHHBIX YaCTHI 3JEKTPOHOB, IIPOTOHOB HJH (POTOHOB
Boicokux sHepruli [1]. OcHoBbIBasiCh HA ABJEHUH 3apPSIKEHHS] AUAIEKTPHKOB
00'bCMOM HECKOJILKO JECSTKOB KYOHUECKHX CAHTHMETPOB M Pa3psicB B HHX,
Ha0/1101aBIIKXCS B JaB60OPATOPHAX, ONHCLIBAIOTCS SIBJIEHHS 3apsiKeHUs! MHHE-
paJiop M TOPHBIX HOPOJ B 3€MHLIX Helpax H pas3psiloB B HHUX TaKKe B MaJabIxX
o6bemax. IlosmyuenHble 3aKOHOMEDHOCTH B Halilell THIIOTe3e pAaCHpOCTpaHs-
JOTCH Ha fIBJCHHS 3apsaKeHHd H pas3psi/ioB B TOPHBIX Nopoxax o6beMoM B
HECKOJBKO NeCATKOB KyOHuecKHX KuJoMeTpos. Haxomsenue sapamos takxe
BO3MOXHO B NIYCTOTaX NOPOJ, 3aMOJHEHHBIX XHJAKOCTBIO U raszom, B nochaen-
HeM CJydae 3JIeKTPH3aUHsi MOKeT HPOUCXOAMTH BCJACACTBHE TeX IKe Mpo-
ueccoB, KOTOpble OOYCJAOBAHBAIOT 3jaekTpusanuio B armochepe. Iloassysicsh
1nOApOOHBIMA JAHHBIMH, XapaKTepH3YIOIHMH TalIKeHTCKOe BOCbMHOAMIb-
Hoe gemaerpsiceHne 26 anpeast 1966 rona, Mbl IpOH3BENH pacyer 3JeKTpHUe-
CKHX IapaMerpoB ouara semJjerpsicenusi. Oxasajoch, 4TO HaGJIOLABHIHECS
iepen TalIKeHTCKHM 3eMJeTpsCeHHeM ceHCMHUeCKHe, 3JIeKTPHYECKHEe M CBe-
TOBble ABJIEHHST MOXHO OOBSCHHTh NPEeXNOJOXKeHHeM, UTO B ouare 3eMJIeT-
psiceHHst oObeMoM 68 kM3 OBl COCpeNOTOUeH JMeKTpHuYeckuit sapsp 10* «.

VIeKTPHUYECKHHl DAacyeT IapaMeTpPOB ouara 3eMJIETPSCEHHs1 HAa OCHOBa-
HHH HCXOAHBIX HHCTPYMEHTAJBHBIX NAHHLIX OBl NPOU3BEJACH B TPEX BapuaH-
TaxX. Dplin noJy4YeHb BEJHUYHHE! 3apsifa, HANPSKEHHOCTH HOJfA, MAOTHOCTH
3apsIOB H APYTHEe BeJHYHHE, HMEIOLHe Pa3yMUBIH OPAA0K BEJHUHHEL.

B sjiekTpHuYeCKOM IHOJe, HalpaBJIeHHOM N0 pafHycy 3eMJH, OpH HaJH-
4uH 'PAJHMEHTOB TeMIepaTypbl, JaBJEeHHH U MJOTHOCTH MAaTepHaIOB, BO3-
MOXKUIO MCAJEHHOe NpopacTaHHe HAYaBHIerocs paspsna, OMIaB/ieHue HOPOJ
1 o0pa3oBaHHe CKBO3HOIO KaHaJja, COeNUHSIOUIEr0 MOBEPXHOCT:L 3€MHOM KO-
pbl ¥ ee mojgowwBy. ITpH TakuX yCJAOBUSIX NPOU30HTET pacnjanieHHe Mare-
pHaJa MaHTHH B YCThe pPACCMATPHBAEMOrO KaHa/Ja U BYJKAHUYECKOE HJIH

rpA3eBOC H3BEPIKEHHE.

Bpems no npoGosi mOpoj B 3eMHBIX HeApax VMEHbIIAETCT € POCTOM
3HAYEHKS BeJHUYMHBl HAUpPsKeHHOCTH nogs. Ha HekoTropoll raybuue upu on-
IIOBPEMEHHOM ZEHCTBHU IIETPOCTATHUECKOTO JABJEHUS, FEOTEPMUIECKOrD I'pa-
JHenTa BpeMsg 1o Npobosi NOCTHraeT MHHMMAaabHOro sxauvexus. C moswimie-
HEEM HAGDPAKEHHOCTH 10/ rayOuHa 3ajerauus NOpoj, AJS KOTOPBIX BPEMs
A0 npoboy OyAeT MHHHMAaJbILIM, cMemaercs ¥ ueHtpy 3eman. TIpH mapsnix
YCROBHEX IPOOCH TOPHBIX OPO] HAYHETSH HA YUACTKE PACTIONOMLHHS MaK-
CaMYMa BpeMeHH 0 npobost u OyZLET pPaCHpOCTPAHATECH B PAJHAILHOM HA-
Hpawpiaensy b IyOHHEY 1 B 3eMHOH NoBepxHOCTH, [lo Mepe npopacranus pas-
prga B Mww\rpm{e B CTOPOHY TIOBEPXHOCTH HANPSKEHHOCTh TOJAH Y €0

'T PACTH H CKOPOCTL €ro NPOJBINKEHHS yBeanuupaercs. [ipoy
298 K LeHTDY 3eMau OyAer TOPMOSHTHCSH BCJACACTEHS DOCTA

[OCTH 1 Najenss BeJHYHNbL HANPAKENHOCTH NOAS ¥ FO0REI Ka-

azpsa. [IpoTexaHre aTHX ABJAEHHN OOBACHAET NpopacTadye Kauasia

A HEBHON NOBEPXHOCTH H fBJCHNE BYIKaHU3IMA.
OTHIMITA OKEAHNUECKOH 3eMHOU KOphl coctaBager 8—I10 xu. Pacuerts
TIOKA3LIBAIOT, UTO HA TIY6HHe 6—8 kM TpH HaNpAKEHHOCTH noss 3-10° f;/:*,
UTC COCTHOTCTBYET 3JACKTPOCTATHUECKON NPOYHOCTH MOPHCTHIX :Ipmiu\w OB
DY BLICOKHX TEMIleparypax, KoJHuyecTBOo npoboep mocturaetr (L0000 e ron
*lpwmhr € M3 HUX MOTYT IIpOopacTaTh Ha NNy rayfHuy ?mm
(5], Heoeunre saeKTpUUCCKHUX PaspAnon B aTtMocdepe, HMewIEes
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NpaKkTHUeCKOe 3HayeHue [JIs KH3HH Hallell IIaHeThl 3eMJH, IIHPOKO H yC-
nemHo u3yvyaercs. Jlo Hacrosiulero BpeMeHH He o0paulajd BHHMAaHHA Ha
HMEIOILMICH pa3pbiB B ONHCAHUH IPOTEKAHUSA TeO3JCKTPHUECKHX SBJACHUI,
COCTOAIIMX B CJIEAYIOIIeM: B 3eMHON aTmocdepe, umernleli He odeHb BLICO-
KHe JH3JeKTPHYeCKHe CBOJCTBA, IPOHCXOIHUT IpeoOpas3oBaHHe BHIOB 3IHep-
THH B 3JIEKTPOCTATHUECKYI0O H 3JIEKTPHUECKOe 3apsiKeHHe CPaBHHTEJbHO
GombIIHX 00bEMOB 00MAKOB B atMocdepe H IPOTEKAHHE 3JIEKTPHYECKHX
paspsanos. B semHO#l Kope, B nutocdepe, TakKe HMEIOTCH 00beMBl, 3ano-
HEHHble TH3JEeKTPHKAMHU C BBICOKMMHU NHIJTEKTPHYECKHMU CBOHCTBAMH, Goiace
BLICOKHMH, YeM B BO3LYIIHON atMocdepe, 0OMHAKO BO3MOKHOCTb NPOTEKAHUs
B JHTOoCQepe 2JeKTPHYECKHX paspsiIoB He paccMaTpHBasack. B Haulell runo-
Te3e paspsjloB B 3eMHBIX Helpax NAaHO ONHCAHHE Fe03/1eKTPHYEeCKUX SBJICHHUH
M NpPeNJIOKEHA TUNOTe3a, yCTpaHsiolias Takol Jorudeckuit paspois. Iloxa-
3aHO, UTO Pa3PsABl B 3€MHBIX Helpax TakxkKe MOLYT UTpaTh DOJBUIYIO U pas-
HOOOPA3HYI0 POJb B XKH3HH ILaHeThl. Paspsiapl B IOPHBEIX HOPOAAX MOTYT
ObITb Tak:Ke HPHUNHOH B3PBIBOB M I0OXKAPOB, CAYYAIOIIUXCsi B TOPHLIX BbIpa-
6oTKax, nopuyd NpHOOPOB B 3JEKTpCpasBe/ke NPH INPOH3BOJACTBE Te0JOro-
pasBefouHbiX paboT, NPUYHHBL KOTOPLIX OCTAIOTCS HEBLICHEHHBIMH, H Ap.
Hamu 6nlin npopefieHBI ONBITH 110 3apsKEHUIO TOPHBIX HOpPOA M Habmaione-
Hie paspsaNoB B HHUX Kak B JabopaTopuu, Taxk H B TYOOKHX CKBaXKHHAaX.
DTHMu UcclefoBaHUsAME Obula TOKA3aHA BO3MOMKHOCTD 3apSiKEHHSI TOPHBIX
nNopoj ¥ 00pa3oBaHUSA 3JEKTPUUECKUX paspsioB B TOPHLIX NMOPOAAX TakXke
H B 3eMHBIX HelIpaX B pasHBIX YCJOBHSIX 3apszxeHHs. Bciencrsne BLICOKOM
NPOYHOCTH TOPHBIX NMOPOJ B 3eMHBIX HeIpax Oblja AOCTHTHYTA IJIKHA pasps-
OB B HECKOJIbKO CAHTHMETPOB.

PaccmarpuBaemasi runoresa recasieKTPUUYECKHX SIBJIEHHH, NPOTEKAIOMIHX
B CHJbHBIX 3JEKTPHYECKHX MOJSX, IPEIACTABASIETCA BaKHOH AJAS CO3LAaHHA
€JAMHOr0 HAYYHOIO ONHCAHUS IIPOLECCOB Npeo0pa30BaHHs BHAOB SHEDPIHH HA-
KOTJICHHsT JeKTPHUECKHX paspsiioB B aTMmocdepe u Jaurocepe. ITHM Ca-
MBIM MOXKeT ObITb JHKBHIUDPOBAH JOTHUECKHH Pa3pblB B YYEHHH O I'€O03JIeKT-
pHYECKHX Ipoieccax, KOTOPbIH BO3HHKAJ BCJEJCTBHE PasJIMYHOIO paccMoTr-
peHHs TeO3JeKTpHUeCKHUX IPOUECCOB B 3eMHBIX Helpax u aTmocdepe, MOTEPH
HENpEePLIBHOCTH, LEJOCTHOCTH B ONMCAHHK STHX NPOLECCOB.
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