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K04 kK MOHUMaHUI0 MeXaHN3Ma IJ100aJ1bHOI0 M3MEHEeHHUsI KJIMMAaTAa IJIAaHEThI 1
AOJITOBPEMEHHOI'0 €10 IIPOruo3a

© Ilerpos H. B.
AKa/IeMHK MEXIyHapOTHOM aKaJeMUH HayK 3KOJIOTUHU U 0E30IIaCHOCTH YesioBeKa U nmpupoabl. CaHKT-
[TerepOypr.

«JInme paccynuTenbHBIN B CUlax
MOHATH caM ceds U TO, YTO OH JIETAET».
IInaToH.

AnHotanms. PagoctHas Bects u3 Poccun. Opuka! Haiineno oObscHeHHE peaqbHON MPUYUHBI
PUTMHUYHOTO TI00aJIbHOTO U3MEHEHHMsI KJIMMaTa U MeXaHu3Ma e€ peanu3anuu. JTa ujaes cnacéT MHUp OT
0e3yMHBIX JEHCTBUN KIMMAaTHYECKOI'O KallkaHa C BHPYCHBIM 3aMBICIOM — YIIPABISATh Y€JIOBEYECTBOM
MOCPEJICTBOM BHUPYCHBIX MaHiemuii. Ha ceromHsmmHuii neHb caMoil 0OCyKIaemMoil TeMOW SBISETCS
npobsema ro6anbHOTO0 U3MEHEHUs kimuMmaTa. OT UTOTOB OOCYXKACHHUS 3aBUCUT COCTOSHHE HKOJIOTHH,
31paBOOXPAHEHHUs, MEXKIYHAPOJHOIO IIpaBa M 3aKOHOJATENIbCTBA, HKOHOMHUYECKOTO DPAa3BUTHI,
O6marococtosiHuss M Onaromonyuust smonaed. CoBpeMeHHOe YIpOUIEHHOE TPEACTaBICHUE O PO
BbIOpachIBaeMbIX MPOU3BOACTBEHHON NESATEIbHOCTHIO UYEIOBEUECTBA MAPHUKOBBIX Ta30B B M3MEHEHUH
KJIIMAaTa IUIAHEThI CTAJIO IPUYMHON COLMAIbHOW HAIPSHKEHHOCTH, IIPUYMHOMN MOJUTUYECKOIO aBIICHUS
Ha [POU3BOJACTBEHHYIO JEATEIBHOCTH BCEX HAPOJOB, IPUYMHOM TIEHOLUZA IOCPEICTBOM
0aKTEepHUOJIOTMYECKOT0 BO3JICHCTBUS Ha HU3Hb JIFOJIEH C LENbI0 COKpAIlleHUs] UX YMCICHHOCTU. B craThe
NpeUIo’keHa YHUBEpcaibHas MOJENb MOJEKYISIPHOTO KBAaHTOBOT'O T€HepaTopa, KoTopas yOeauTelbHO
OOBSICHAET NMPHUUMHY PEaIbHOTO U3MEHEHHUS! U PeaIbHOro croco0a peryaupoBaHus KiinMaTa 3eMIIH.

KaroueBble c10Ba: KIMMaT, pa3orpeB atMochepbl, MOJIEKY ISIPHBIM KBAaHTOBBINA IreHEpaToOp, Masep,
Jasep, KU3Hb.

Conepxanue

Beenenue. IlapaukoBbiii  3ddekr. [lpuHnunm  paboThl  MOJEKYISPHOTO  TeHepaTtopa
AIIEKTPOMArHUTHBIX BOJNH. DakThl, TOBOpAIIME O TOM, 4YTO 3eMis B IEIOM  SBISIETCS
SHEProMH()OPMAIIIOHHBIM KBAaHTOBBIM T'€HEPATOPOM — YCHIHTEIEM — KOMIbIOTEpOoM. KBaHTOBBII
reHepatop 3emid QOpPMHUpPYET MOJE HAMpPABJICHHBIX W3IIyY€HUH KOpbI IUIaHeThl. HarpeB Bozayxa OT
paboThl MONEKYISAPHOTO IMKIOTPOHHOTO TeHeparopa 3emun. DakTel peambHOrO CYIIECTBOBAHUS
PE30HAHCHBIX CTPYKTYP U pabOTHI MOJIEKYISPHOTO reHepaTopa 3emiu. 3akimtodenue. Jlureparypa.

BBenenne

OmmubouHoe mpeacTaBieHUEe 00 U3MEHEHUHU KJIUMaTa 10 BUHE TPOU3BOJCTBEHHON AESITeTbHOCTH
yenoBeuecTBa U xenanne OOH coxpaHuTh KITUMAT HEU3MEHHBIM, IIPUBENIO K TOMY, YTO BCE FOCYAapCTBa
OKa3zaJuCch B CBOCOOpAa3HOM KJIMMATUYECKOM KamnkaHe. Bo3HukIa TynuwkoBas — cHTyanus: Oyzaere
BBINONHATE pemieHust [Iporokonmos OOH mo coxpaHeHHIO KiIuMaTa HEM3MEHHBIM — OCTaHETech 0e3
3aBOJIOB, aBTOMOOMIEH U Padpuk, cTaHeTe OSAHBIMU M TOJIOJAIOIIMMH, HeoOpa3oBaHHBIMU. He Oyzxere
BBITIOJIHATH 3TU pelIeHus, Oy/IeTe MOCTOSIHHO XOJUTh B HAMOPIHUKAX U HOCUTh PE3UHOBBIC MEPUYATKH, B
uTOre NOrubHeTe OT BUPYCOB, 3aaBisieT bun ['eitc.

Takolt pexuM TOTaIUTAPHOTO YMPABICHUS YEIOBEYECTBOM PEabHO MPUMEHSETCS MHCTUTYTaMU
OOH. TIlostomy-To u He cobupaercs Coser beszomachoctn OOH mno moBoay coBpemenHnoit (2020)
nangemun. HeBpimonHenue pemieHnii [IpoTokonoB PaMouHO! KOHBEHIIMM 1O KJIMMAaTry MOXET
00epHyThCS cepuel maHAeMul, TPUHYKIAIOUIEH J0aeil COKpATUTh MPOU3BOACTBEHHYIO JESITEIHHOCTD,
CBSI3aHHYIO C MCIOJIb30BAaHHEM YTJIEBOJIOPOJOB U BHIOPOCOB YIIEKUCIOro raza B arMocdepy. OO0 sTom
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otkpeiTo 3asBuin  bumn Teiitc B aBrycre 2020 roma. IIpakTHueckd OAMH YEJNOBEK OOBABHI
0aKTEepHOJIOTUYECKYI0 BOWHY BceMy uenoBedecTBY. Ero mommepskuBaer Bceemupnbiit @unocodckuii
®opym FOHECKO u ¢onns! kpynueix onurapxoB CLIA nmoja sruaoi Bcex MeXAyHApOIHBIX HHCTUTYTOB
OOH. VYwmonompaueHue kakoe-To. B crarbe mokazan croco0 0CBOOOXKIEHUS U3 KallkaHa HEBEKECTBA,
OCBEIICHA peajbHas MPUYMHA U3MEHEHMs KIMMara Ha 3emiie. JTa MpUYMHA HE CBA3aHA C SBIICHHEM
NapHUKOBOTO 3P QeKTa, He 3aBUCUT OT MPOU3BOACTBEHHON JESITEIHHOCTH YEJI0BEYECTRA.

V3ke B KOTOPBIH pa3 mepej1 4eI0BeYecTBOM BO3HUKAET MPpo0ieMa MPaBOMOYHOCTH BMEIATENILCTBA
B peasibHbBIN X0 dBOJIONMU Jroaei Ha mianete. CoBpemenHas (2020 ronx) maHmemMus — 3TO 0KUIAEMOE
MOCIIEICTBUE MJCH YIPaBIATh MHPOM Ha OCHOBE BBIAYMAaHHOH TEOpUHM IMapHUKOBOro 3¢dexra, o
BJIMSIHUM YEJIOBEUECKON JIeSITeIbHOCTH Ha MoTersieHrne kiauMara. Kazanoce Obl, Ipu4éM TyT NaHAEMUs U
knmumar? Mpaes coXpaHWTh KIMMAaT HEU3MEHHBIM HaJyMaHa, HO OHAa JAaéT BO3MOXKHOCTb COXPAaHUTh
npuObLIb  KPYHHOMY — KalHTaly, BO3MOXKHOCTh  YIPaBIATH MHPOBOM  HKOHOMHKOH, POCTOM
HapoJIOHACEJICHUsI O BUIOM OOphOBI ¢ BUpycaMu, pa3pabOTaHHBIMU Kak OMOJOrMYecKoe opyxwue. B
2010 rony bunn I'eiitc, ywactBys B 3akpbIToil koH¢pepenuun TED2010, npemioxun yMEHbIIUTh 10
HYJIs1 BBIOPOCHI MapHUKOBBIX ra3oB K 2050 roy 3a cuéT pa3pabOTKU HOBBIX BAaKLIMH.

OCHOBOI1 COBPEMEHHOI'O NMOHUMAHUSI U3MEHEHUS KJIUMaTa SBISETCS NMPUMHUTHUBHAS YIPOIIEHHAS
ujes MapHUKOBOro 3(QeKra mpu COXpaHEHUH Teria, UAYLIEro OT KOpbl IUIaHEeThl. B reosiorun naBHO
CYIIECTBYET MJesl paccMaTpuBaTh 3€MJII0 KaK €IMHYI0 JUHAMHYECKYIO CHCTEMY, YTO TO3BOJMIIO ObI
CO3/1aTh €AMHOE HAyYHOE NMPEACTABJICHUE U3 MHOTHX CHOPHBIX, MOPOI MPOCTO HEMPUMHUPUMBIX, HJICH
TUna Teopuu (ukcu3mMa U MoOwiM3Ma. JlIs yCHmemrHoro pemieHust npoOsieMbl Kiumara TpeOyercs
paccmaTpuBaTh 3eMiI0 M Bce €€ cdephl B €IUHCTBE Lend U cojepxkanua. B XX Beke oaHuM u3
BBIJAFOIUXCSI HAYYHBIX M TEXHHYECKHX JOCTHIKEHHH OBLIO M300pETEHUE MOJEKYISPHOTO (KBAaHTOBOTO)
reseparopa. MOoJEKySpHBIA TeHepaTop, M3MyJarolluii B JHMana3oHe CBEPX BBICOKHX pPaJM0yvacToT,
MOJTy4YMJI Ha3BaHHe Mazep. [ eHeparop, u3imyyaromuil CBETOBbIE BOJIHBI Ha3BajM JazepoM. Pabounm tenom
KBAaHTOBBIX T'€HEPATOPOB MOXKET MCIOJB30BaThCs TBEPAOE Telo, ras, miaasma. ['a3el atMmocdepsl 3emiu
Ciy)kaT pabOuYuM TEJIOM MOIIHOTO KBaHTOBOTO T€HEpaTropa B BHUJE Bceil IUIaHeThl ¢ e€ IUIa3MEHHOM
MarauTochepoi.

CambIM BaXXHBIM B H300pETEHMHM  MOJIEKYJSIPHBIX TE€HEPaTOpPOB SIBJIETCS MOHMMAaHHUE, YTO
KaX/IbIif aToM, KaXK/l1ash MOJIEKyJa, KaXJ0€ BEIIECTBEHHOE TEJI0 U3 aTOMOB M MOJIEKYJ, BKJIOYas Ie10e
IUIAHEeTHOE TeNo, 3Be3ly, BceneHnyto, siBisieTcs KojeOaTeIbHOW CHCTEMOHM, CHOCOOHOW NPHUHUMATh
AIIEKTPOMArHUTHBIE M3JIyYeHHs], MX MpeoOpa3oBbIBaTh M H3JIydaTb B TOM JK€ JHana3oHe 4acToT. Bce
(dopMBbl BeliecTBa SBIAIOTCS KBAaHTOBBIMH I'€HEpaTOPaMH, YCHIUTENISIMH CO CBOWCTBAMH KOMIIBIOTEpA,
CHOCOOHBI peulaTh W NPUHUMATH PELICHUs, ACUCTBOBATH COIVIACHO OOCTAHOBKE. DJIEKTPOMAarHUTHOE
B3aMMO/ICHCTBHE JIEKUT B OCHOBE KBAaHTOBBIX SBJICHMM M3MEHEHMs Kiaumara riaHetsl. Ha done unen
MOJIEKYJSIPHOTO TeHepaTopa HJes MapHUKOBOTO 3(¢eKTa BBIMIAIUT CIUIIKOM YHOPOIIEHHOW U HE
yOenutensHOi. M31m0%HUM CcyTh HapHUKOBOrO 3¢ (eKTa, CTaBIIEro NPUYMHON COBPEMEHHOTO KpH3Hca B
KHU3HU yesoBeuecTBa. CpaBHUM ATy UJCIO C MPAKTUYECKON PabOTON MOJIEKYIIPHOTO T'eHepaTopa.

IHapuukoBbIii 3¢ dexT

Yro takoe mapHUKOBBIM 3ddexr? Kak cumraror lanmnos-anunsn B. U., Jloce K. C.
«DKOJOTHYECKUI BBI30B U ycToitunBoe pazButue». M.: «lIporpecc-Tpaauuus», 2000, «[lapHukoBbIit
3ddekT 00yCcIOBICH HATMYUEM B MPU3EMHOM CJI0€ aTMOC(ephl (YacTH MOTPAaHUYHOTO CIIOSI aTMOC(EpHI
OT 36MHO MOBEPXHOCTH JI0 BBICOTHI HECKOJIBKHX JECSITKOB METPOB) MHOTOATOMHBIX I'a30B (ITapOB BOJIBI
H,O, yraekucnoro raza CO;, wmerana CH4), Henpo3padHbIX AJISL TEIUIOBOTO HM3IIy4YEHUs, WAYLIETO OT
KOpbl IUTaHeThl. [Ipy 3TOM MeTeoposioraMM Y4YHTBHIBAETCS TOJIBKO TO TEIUIO, KOTOPOE IOJy4daeT U
U3JIy4aeT Kopa IIaHeThl OT Harpesa e€ ysyyamu CoaHua. A Temo, UAylee U3 HeAp CaMOM IJIAaHETHI B
pacy€Thl HE BXOJUT. DJIEKTPOMArHuTHbIE MapaMeTpbl 3eMJId BOOOIIE HE YUUTHIBAIOTCS.

O posm MexaHM3Ma MapHUKOBOrO 3(¢eKTa OT HaXOoXKJIEHHs B aTtMocdepe yIIIEKHCIOro rasa
Bbickazan B 1896 rony mBenckuii xumuk CBanTe Appenuyc. OH OOHaApyKui, 4TO YIJIEKUCHbIN ra3
aTMoc¢epbl cBOOOIHO MPOITYCKaeT KOPOTKOBOJIHOBOE M3iydyeHne ColHIla K MOBEPXHOCTH ItaHeTsl. Ho
3TOT K€ Ta3 He MPOITyCKaeT JUTMHHOBOJHOBOE — TeruioBoe (MH(pakpacHOE) U3IydeHUE, HIyIIee OT KOPBI
riaHeTsl. A pa3Be oT ConHIla He UAET TEIIOBOM MOTOK? DTOT K€ ra3 JOJDKEH 3aJep)KUBaTh U 3TOT MOTOK
teruta oT CosHIa K 3eMile.



UYro sBnsercst s 3emin ucrouHukoMm Tteruia? Comnme. Torga 3TOT ke YIJIEKHCHBIA Ta3 He
JOJKEH MPOITyCKaTh TeruioBblie yur CoJHIA, UAyIIue K MOBepXHOCTH 3emun. W nomkeH Obl BOZHUKATH
MapPHUKOBBIA 3(PEKT ¢ 0OpaTHON CTOPOHBI CKOIUICHHs yriekucioro raza. Ho Haj obmakaMu XOJIOHO.
Ha Beicote 10 kM muHycoBas temneparypa (-50°C). Ho HayuHas MbICIb YIyCTHJIa 3TO M3 CBOUX
pasmbinuieHuit. Knumat m morosma ompezaensiercs mepeHocoM TEMIIBIX Macc Bosayxa. s Harpesa
BO3/lyXa JOJKEH OBITh NOCTOSIHHBIM MUCTOYHHK Teryia. KimmaTosoru nouemy-To UTHOPUPYIOT caM (akT
MOTJIOIIEHUS M U3ITyYeHUsI aTOMaMH M MOJIEKYJIaMH BO3yXa TEIIOBOTO M3IyueHHsl. MOJIeKybl ra30B HE
MPOCTO 33JePKUBAIOT TEIUIOBBIC JIYUH, MPEMATCTBYS UX MPOJBWKCHHUIO, OHU TOTPEOJISIOT WM U3ITy4aroT
9TH JY4U B 3aBUCUMOCTH OT CTEIICHU X BO3OYKICHHUS.

Ha 3ape co3maHusi MOJEKYIAPHBIX T'€HEPaTOpPOB OCOOBII HMHTEpEeC K TEME «IOJOTPEeBaJICS»
HETOHSATHBIM SIBJICHUEM B PA/IMOJIOKAIMH. BBIIO 3aMe4eHo, YTO AaTbHOCTh ICHCTBHS PaiioJIOKaTOPOB 10
oOHapyXeHHI0O IleNieil MOoBbIIANack IO Mepe TOro, Kak IMOBBIIIaJach paboyas vacToTa
PaZMOJIOKAIIMOHHBIX T'€HEpaTOpOB M YMEHbLIANAch JJIMHA BOJHBI. HOo mpu nanmpHeieM CHIXECHUU
JUIMHBI BOJIHBI 710 1,25¢M, CBONCTBA pajinoIOKaTOPOB BHE3AITHO BHOBb YXYALIAIUCH.

BobIIMHCTBO CHENMATMCTOB CXOJMIOCH Ha TOM, YTO 3TOT TAMHCTBEHHBIN «IIPOBAI» MPOUCXOIUT
U3-32 pacCEeUBaHMs PAJAMOBOIH Ha MOJIEKYJIaX KaKUX-TO Ta30B, HAXOAIIUXCS B aTMOC(epe,— BO3MOKHO
Jla’ke, BOJSHBIX MApOB.

BriocneacTBum oka3anoch, YTO «BHHOBATHI» TYT MOJIEKYJIBI aMMHaKa, TOTO CaMOro rasa, KOTOPbIi
paboTan B HEepBBIX KBAHTOBBIX reHepaTopax, M300peTéHHBIX bacoBeiM u IIpoxopoBbiM. MoeKyibl
aMMHUaKa MorJiomany (a He paccerBaIM) M3JIy4eHUsS PaTruoIOKaTOPOB, U JABHOCTh JICHCTBUS CTaHIUI
yMeHbIIanach. 37ech elE pa3 MOXKHO OTMETUTh TIIyOMHY CBSI3eH My, Ka3aloch Obl, pa3pO3HEHHBIMU
SABJICHUSIMM, HaMEK MPHUPOJABI HA TO, YTO aToMaM M MOJIEKylaM HY)KHa DHEprusi Juid CBOETo
cyliecTBOBaHHMs. M MOJIEKyJdbl aMMHaKa —«KyIIaJu» PaguOU3IIydeHHUs PaaUoJIoKaTtopa, dYTO
CcrocoOCTBOBAJIO B AaJbHEHIIIEM BBIHYKJICHHBIM M3JIy4YEeHHUSIM 3TUMH K€ MoJIeKyJaMu. BoT 3TOT npuHIun
U CIY)XUT MOCTOSHHBIM HMCTOYHHMKOM pa3orpeBa Bo3ayxa M MoHocdepsl. Ha 3ToM mpuHIUNe co3laHbl
JlaXKe paroJIoKallMOHHBIEe CTeH Ikl pa3orpeBa noHochepsl (XAAPIT u CYPA), ucnons3yemble B Ka4eCcTBeE
KJIMMAaTU4YeCKOTO OpYXHsl. DTHU CTEHIbl TaK U Ha3bplBatoTcd — «CTeHABl pa3orpeBa MOHOCHEphI». ITO
03HAUaeT, YTO HE TOJILKO MOHBI HOHOC(EPHI CIIOCOOHBI MOTPEOIIATh SHEPTHIO PAAHOCTaHLMi. MoJeKyIbl
BO3/yXa 00J1aJat0T THUM € CBOHCTBOM.

IlapaukoBbIi 3¢ PeKT, CUNTAIOT HCCIEeOBATENIN U3MEHEHHUS KIMMaTa, — 3TO MOBBIIIEHUE
TeMIepaTypbl HIJKHUX CIOEB Ia30B aTMOc(epsl IIaHETHI IO CPaBHEHUIO ¢ APPEKTUBHON TeMIiepaTypoH,
TO €CTh TEMIIepaTypoil TEIIOBOTO M3JIydEHHs BCEro Tela IJIAHEThl, HAOJII0JaeMOro CIlyTHUKAMHU U3
KOCMOcCa. OJTO CpaBHEHHE TeMIIepaTyp BeCbMa IIaTKoe, HE CBSI3aHHOE II0 BPEMEHU 3aMepoB,
OTPaHUYEHHOE YHUCIIOM 3aMepoB, 0e3 yuéTa nmapamerpoB TepMochepbl, U MHOTHX JIPYTUX (PaKTOPOB.

[TpakTuyeckn Bce HccienoBaTeNd NPUYMHBI WU3MEHEHHs KJIMMaTa CXOJIATCS B OJHOM, 4YTO
«['MaBHBIM MapHUKOBBIM Ta30M SBJSIETCS BOASHOM Map, OTHOCUTEILHOE COJEp’KaHHEe KOTOpOro B
atMocgepe cocrasiser okono 0,3%. Cnenyronuii no 3Hau€HUIO MAPHUKOBBIM a3 — 3TO YIJIEKUCIbIN a3
win quokceun yraepoaa (CO2) ¢ oTHocuTenbHBIM cosepxkanueM B atmocepe mopsiaka 0,03%.

OTHOCHUTENBHOE COJIepKaHNE OCTAIBHBIX TAPHUKOBBIX Ia30B OYEHb Mo U He npeBocxoauT 3:-10°
* %. Iosromy, kax mumer ®muat P. @., Hcropus 3emmn. M.: Iporpecc, 1978: «B nawe epems
napuuxosvlil 3¢pghexm 6 cpeonem 0o 8% obycnoeren napamu 600wt u monvko Ha 22% yenekucivim
eazom. Bknaoom opyaux 2a3z06 6nonne MOX*CHO npeHebpeys ...».

OtuM BbIcKazbiBaHUsAM BTOpUT Kokopun A. O., Jlunka O. H., Cynaugsura P. B. «M3menenue
KiauMara. [noccapuii TepMuHOB, Hcmonb3yeMbix B pabotre PKUK OOH». M. WWF Poccun, 2015:
«Boosinou nap (Vapour) enasusiii naprukosulii 2az 3emau, oarowuil Hauboavwuil exiad (M0 pasHbIM
Mmetoaam orieHkH, ot 60 o 90%) B mapHUKOBBIN dPPEeKT. BTOPHIM MO 3HAYMMOCTH TAPHUKOBBIM T'a30M
apisgercss CO, — yIVIEKUCIBIN ra3, 3aTeM HIyT MeTaH M 030H. Ho IuIaBHBIN y4acTHHK NapHUKOBOTO
addekra - BOASHON Map HE YYUTHIBACTCS B PAMOYHON KOHBEHIIMU 10 M3MeHeHuto kimmmara PKUK OOH,
TaK KaK CUTHAJIOB O €r0 aHTPOINOI'€HHOM M3MEHEHHH TTI00abHON 3HAUMMOCTH TTOKa HET».

O KBaHTOBBIX SIBICHUSX pPaMOYHAs KOHBEHIUS BOOOIE HUUErO HE TOBOPUT. Bee cyxaeHus unyt
u3 3a0BbITHIX TEPMOJMHAMUYECKUX HJIEH, a M3y4yaTh MpoOJeMy CIeAyeT Ha OCHOBE 3JEKTPOMArHUTHBIX
uaed coBpeMeHHOTro 3HaHUS. KoHeuHo ke, Hapsay ¢ KBaHTOBBIMHU d((eKTamMu Haa0 YYUTHIBATH U
NapHUKOBBIA 3¢ (eKT, BO3ACUCTBYIOUIMI HAa KBAaHTOBbIE sBiIEHUsA. Kak IMOKa3bIBaeT HCCIEJOBaHUE



MOJIEKYJISIPHBIX T€HEPAaTOPOB, YIJEKUCIBIA ra3 HMMEET BCE IIAHCHI OBITh IJIABHBIM pab0YMM TEJIOM H B
KBAHTOBBIX SIBJICHUAX aTMOc(hephbl 3eMIIu.

Ota xe nmo3unuss OOH (He y4uThIBaTh pOJIb MApOB BOJBI) COXPAHSETCS M B TaK HA3bIBaEMOM
«veroponornn MI'IUK» (Mescnpasumenscmeennas epynna 3KCnepmos no uccie008aHuio Kiumama —
MENCOYHAPOOHBLIL OpeaH NO OYeHKe UMeHeHUs Kiumama, yupedxcoenuwiii Ilpoepammori OOH no
oxpyacaioweti cpede (FOHEII) u Bcemupnoii Memeoponoeuueckoii Opeanusayueti (BMO) ¢ 1988 200y.
VMU MOJTHOCTBIO UTHOPHUPYETCS «IMAPHUKOBAsS» POJIb aHTPOIOICHHOTO BOJSHOTO Tapa, MOCKOJIBKY HET
JAHHBIX O TEHEPALUH 3TUX NapOB MPOU3BOJCTBEHHOM AEATEIBHOCTHIO YeloBeka. Ha KBaHTOBBIE SIBIECHUS
MEXTyHapOAHbIE SKCHEPTHl BOOOIE HEe 00pallaloT BHUMAHUE, a HApacHO, H0O B KBAHTOBBIX SIBICHUAX
KJTI0Y K MIOHMMAaHUI0 MICTUHHON MPUYMHBI PUTMUYHOTO U3MEHEHHsI KIIMMaTa 1 MOT0/IbI.

VicTuHHas npuyYMHA U3MEHEHMs KJIMMAara dTUMU YYEHBIMU M BCEMHPHBIMU OpraHH3alUsIMH HE
BBISICHEHA, IOTOMY HIYyT OECKOHEUHble M K TOMY JK€ coBepuieHo Oecnose3nbie KoHdepeHuuy,
CEeMHUHApbI, CIIOPHI O TOM, KaKHe ra3bl U Mapbl yYUTHIBATh, a KAKHE HE CIEAyeT yYUThIBaTh. [Ipu aTOM Ha
IUIaHETE SBHO MPOCMATPHUBACTCS YIPABJISIEMbIH MOIAMH 3eMJIM T€OXUMHUYECKUN KpyrooOopoT yriiepona,
COBMEIIEHHBIA € OMOJOTMYECKMM KpyrooOOpOTOM, B KOTOPOM CYIIECTBEHHYIO POJIb UTPAaeT YellOBEK,
BBICBOOOXK/1as1 yIJIEBOJAOPO/IbI U3 KOpHI IuaHeThl. EcTh emé oqna mpobnema: [loyeMy Tak HEmoCTOsSIHEH
BUJIOBOM cocTaB 6nocdeprl? CyliecTByeT 01Ha U Ta XKe MPUYMHA BHIMUPAHHs OMOJIOIMYECKHX CYILIECTB U
U3MEHEHHUs KiMMaTa. BoT K 3TOM IPUYMHE MBI U IEPEXOJAUM B CBOEM aHAIIU3E.

B reonorumm yxe JaBHO MNPHULIUIM K TMOHUMAHUIO, YTO s OOBSICHEHUS TI'€0JIOTHYECKOTO
pasHOOOpa3usl HAJO0 pacCMaTpPHUBATh IUIAHETY Kak equHOe 1enoe. UToObl HAaTH peanbHyI0 MPUUYUHY
U3MEHEHMsI KiIMMaTa Ha IUIaHeTe, HaJ0 paccMaTpuBaThb 3eMIII0 C aTMOC(epoil M IJIa3MEHHBIM
MEXaHMU3MOM MarHuTochepsl ¢ paJHallMOHHBIMU MOsICAMU KaK eIMHOE IeJI0e B BUJIE aBTOKOJIe0aTeIbHOM
CHCTEMBI, COBMEIIEHHOM JJIEKTPOMArHuTHBIMH CBsi3sMu ¢ ConHIEM U JAPYrMMH IUIAaHETaMHU.
bnaronpusitHbie st Ouocdepsl yCIOBHs JKM3HM Ha IJIaHETE CO3/1aéT HE YeNlOBEeK, a caMa IIaHeTa,
MOCKOJIBKY YIJIEBOJIOPOJIHAS MO CBOEMY COCTaBy OHOCdepa CBOEIO JKM3HBIO Y4acTBYET B Kpyroodopore
yriepoja. DTO O3Ha4daeT OOJBIIYI0 pOJIb COEAMHEHMH Yriepoja B KOpe IIaHEThl U B aTMocdepe
TUTAHETHI.

['maBHas QpyHKUMS yriaeposia — BOCCTAHOBUTEJbHAS, OH PEKpPAIIaeT BCIKOE TopeHne (OKUCIICHHE),
BCSIKOE BbIIEJNEHUE Teruia. Eciu rae-to crajo ropsyo, Hampumep, MpU pa3iioMax KOpbl IUIAHETHI, TaM
Cpazy ke MOSBISAETCS YIIepo, OH PEerylupyeT IpoLecc ropeHus, NpeBpamiasch B yrieBoaopoa. YToOb
KOpa MOTJa B JaJbHEHIEM pacTH U paziaMbIBaThCs, YIIIEBOJOPObl HAJ0 U3BJIEUb U3 KOPBI M BKIIOYUTh
UX B KpyrooOopoT MyTéM COKUTaHMA, oOecrieunBas TeM cCaMbIM pabOTy KBAaHTOBOI'O TeHeparopa paboueit
CMEChIO Ta30B. YUHThIBasl BaKHOCTh YIJIEPOJa, CIEAYET IoJjararh, 4YT0 KBAaHTOBBIA T'€HEPATOp IUIAHETHI
HACTPOEH HAa PE30HAHCHYIO YacTOTy YIJIEpoJa M €ero COEAMHEHHUs — YIJeKUcIoro rasza. [lampHeiimee
UCCIIeI0BaHUE MOJITBEPUT ITY MBICIb.

B uéM rnaBHBI HEJOCTATOK COBPEMEHHBIX HCCIICAOBAHUI NPUUYMHBI HM3MEHEHHs KiuMmara?
VY30CTh 0051aCTH UCCIIEAOBAHUS, TOIBKO MPU3EMHBINH clIoi atMocdepbl 6e3 yduéra riiaBHOM (YHKIMH ra3a
atMoc(epbl B 3HEpronH(pOpMaIMOHHBIX CBA3sAX IaHeTsl ¢ ConHuem M ApyruMH IiaHetamu. He
YUUTBIBAaeTCS (DAaKT, 4TO Kak[as MOJIEKyJa M KaXAblil aToM SBISIOTCS KBAaHTOBBIMU T€HEPAaTOPaMHU,
YCWIMTEIIMU U KOoMITbloTepaMu. Ha ocHOBe ra3oB, BXOSIIMX B COCTaB aTMOC(Ephl, paiuoTeXHUKaMHU
CO3JIaHbl MOJICKYIISIPHBIE 1 aTOMHBIC KBAaHTOBBIE TeHepaTopsl (Mazepsl u jazepbl). YenoBek He co31aéT
3aKOHBI MPHUPOJIbI, OH TOJBKO M3Yy4aeT 3THU 3aKoHbI. [lo3TOMy cienyer cuutarh, YTO B MPUPOJE 3eMIU
JICMCTBYIOT KBAHTOBBIE T€HEPATOPBHI.

3emisi B LIEJIOM, COCTOSILAs M3 MHOXKECTBa aTOMOB M MOJIEKYJN, cama SBJISIETCS KBaHTOBBIM
TeHepaTopoM, KBAaHTOBBIM YCHJIMTEJIEM M KOMIbIOTepoM. VccienoBaHue IOKa3bIBaeT, YTO BCe
TEXHUYECKUE pEIIeHUs] MpPHU CO3/JaHMM KBAaHTOBBIX  I'€HEPATOPOB YK€ CYLIECTBYIOT Ha 3eMile.
[ToBepXHOCTH MJIAHETHI CIYXHUT UCTOUHMKOM paboyero raza. JHepreTHuka pa3jioMOB KOpbl BO30YXKIaeT
MOJIEKYJIbI T'a30B. [’ po30BbIE pa3psbl CIyKaT CUCTEMOI 3alycka reHeparopa B paboTy. Mexay Kopoi
IUIAaHeThl M HMOHOC(Eepol CyIecTBYeT OTKphITas pE30HAaHCHAas CHCTeMa, SHEeproMH(pOopMalMOHHAs
IpOBOJIAIIAs CHCTEMA. DJIEKTPUUECKOE MOJIe IUIAHeThl U €€ JUIOJIbHOE MarHUTHOE I0JIe OCYIIECTBIISIIOT
cernapanuo Bo30yXIEHHBIX MOJIEKYNl U HAlpaBJIAIOT UX B HOHOC(]EpY, KOTOpas BO30yKaaeT 0OBEMHBIN
pe3oHaTop MarHutochepsl. B Mmaruutocdepe nmeercss 00bEMHBIN pe30HATOP, HACTPOSHHBIN Ha YacTOTHI
HHEPrOMH(POPMALUOHHBIX IIOTOKOB C KOPHI IJIAHETHI.



I'azoBbie (pakimm atMochepbl ciaykaT padOYMMM TeJlaMH IO Tepenadye MHQPOPMALMOHHBIX
MIOTOKOB C TIOBEPXHOCTH KOpPBI IIAaHEThI B OOBEMHBIN pe30HATOp 3eMiIH, B IUIA3MEHHBIH MeXaHH3M
COJTHEYHO-3eMHBIX CBsi3eil. PaboTa Takux reHeparopoB BCerja CBsi3aHA C BBIACICHHEM OOJIBILIOTO
KOJIMYECTBA TeIJia, MO3TOMY TeHepaTop 3eMJIM SBISETCA IJIaBHBIM HCTOYHHMKOM pa3orpeBa BO3IyXa
aTMocQepsl, a He TMapHUKOBBIH 3 (DeKT.

Ilepen paccmoTpeHHeM (aKTOB, MOKA3bIBAIOIIUX, YTO 3eMJIsI pEajbHO SIBISETCS KBAaHTOBBIM
TeHEepPaToOPOM, MOKAXKEM MPUHLUI pabOThl TEXHUYECKHX KBAHTOBBIX T'€HEPATOPOB.

HpI/IH]_lI/Il'[ paﬁoTbI MOJICKYJISIPHOI'O reHepaTopa 3JEKTPOMArHuTHBIX BOJIH

[TpuHIMn paboTel MOJIEKYJISIPHBIX (OHM JK€ — KBAaHTOBBIC) TE€HEPATOPOB MOXKHO C(HOPMYIHPOBATH
Tak: OTO €ecTh CIOCOO0 TEHEepPUPOBAHUS W/WIH YCUJIEHUSI  DJIEKTPOMAarHUTHBIX — U3Jy4EeHUH
(yneTpaduoseTOBOro, BHIMMOIO, HMH(PPAKPACHOr0, TEMJIOBOTO U  PaIvOHaNa3oHOB  BOJIH).
Hcnonb3yeTcst MPUHLUI BBIHYXASHHOTO W3JYYEHUSI aTOMaMM WJIM MOJIEKYJIaMH, €CIIU UX BO30OYIUTHh OT
JOTMOJTHUTEIBHOTO MCTOYHMKA M3ITydeHUH. B0o30yaMBIINCH, aTOMBI/MOJIEKYIbI, 3alOJHAIOMINE JaHHYIO
cpeny (a oHa MOXeT OBITh JIHOOOW — Ta3000pa3HOM, IUIA3MEHHOM, XHUIKOW WM TBEPIOI), U3IydaroT
AIICKTPOMArHUTHBIC BOJIHBL. DTO M €CTh AaTOMHBIH T'€HEpaToOp JIEKTPOMArHUTHBIX BOJH (Maszep WIU
Ja3ep), TeHepaTop BBIHYXICHHBIX M3JIYUYCHHH. DTOT (aKkT MOATBEPIKAACT MJCK, YTO JKUBOW MPOIIECC —
9TO BBIHYKJICHHBIN IIPOLECC, UMEIOLIUN OTHEHHOE HA4aJIo.

YToOBl MOTYYUTHh YCHIIUTEIh DJICKTPOMArHUTHBIX BOJH, X (BOJHBI) MPOIYCKAIOT Yepe3 Cpemy
BO30Y)XKJIEHHBIX aTOMOB/MOJIEKYJI, Yepe3 reHepaTop u3iaydeHuil. BcnomuuTe, kak crnabas uies Kakoro-
1100 MpOBOKATOPa, BOpPOIIEHHAs: B BO3OYKIEHHYIO TOJIY JIOAEH, MPEeBpalaeTcs B IPO3HYI0 CHIIy BCel
tonnsl. Mnes, oBiaxeBilas mMaccaMu, CTAaHOBUTCS COKPYLIMTEIBbHOW cuiuoi. Takas ke KapTMHa U B
aToMHOHU cpene. UToObl yCHIINTh KaKOH-JIMOO mapaMeTp 3JIEKTPOMArHMTHON Cpefbl, Hall0 MPUTOTOBUTH
BO30Y)XJIEHHYIO CMECh aTOMOB, W BIPBICHYTb B He€ TOT cialOblii CHUTHAN, KOTOPBIA HAJ0 YCHIIUTH.
Bo3Hukaer mapaMeTpU4yeCKUl PE30HAaHC, aTOMbl M3Iy4alOT Ha TOM € 4YacToTe, YTO M BOJHA HUX
BO30yauBIIast, U CUTHAN (BOJIHA) yCHIMBAeTCs. Tak Mmoiy4aeTcss HCTOUHHK KOT€PEHTHBIX M3ITyYeHHH.

Jns Toro, 4roObl CUTHAN YCWIIMTh, BCErJa UCHOJIb3yeTcsl 0ObEMHBIA PEe30HATOP, HACTPOEHHBIN
Ha YacTOTy YCHJIMBaeMOro curHaia. [lomamas BHyTph 0O0BEMHOTO pe3oHaTopa, (s 3emium — 3TO
IUIa3MEHHAs! CTPYKTypa MarHuToc(epbl CO CBOMMH IIOJIOCTSIMH), BO30YXIEHHBIE aTOMbI COPachIBarOT
CBOE BBIHYKICHHOE BO30Y)KJICHHE M3yYEHUEM 3JIEKTPOMArHUTHBIX BOJIH TOHM € 4acTOTHI, HA KOTOPYIO
HacTpoeH pe3oHarop. Kaxaplii atom cam mo cebe sBISETCS PE30HAHCHOM CHUCTEMOH, COuYeTaHHWEM
00BbEMHOTO pe3oHaropa (CTPYKTypa MaMsTH, SApPO) C OTKPHITHIM PE30HATOPOM WM JIMHHEU INepeaadyu
UH(GOPMALIMOHHOTO BO30YKJEHHUS OT MCTOYHHMKA BO30YKICHUS K UYBCTBUTEIBHOW CHCTEME HM3ITydeHHs
(0OBIYHO YyBCTBUTEIbHAS 000JOYKA WIM MPOCTO aHTCHHA JWMOJIBbHOTO TUma). CyIIecTBYIOT JBa THUIA
Ma3epoB: OJIUH C JIEKTPUUYECKOU cerapanuyen YacTull, Apyroi ¢ MarHUTHOU celapanuen.

) N Puc. 1. Cxema pabotsl Ma3epa Ha ammuake. [Ipudop
—AI —— paboTaeT B yCIOBUAX IITyOOKOT0 Bakyya.l — MCTOYHHUK
" ®  BO30YXJIEHHBIX MOJIEKYJ aMMHAKa. 2 — JIEKTPUUYECKUN CEIEKTOP
MOJIEKYJI 110 CTEIEeHH BO30YXJIeHHs. 3 - 00bEMHBIN pe3oHaTop. 4 —

BBIBOJI U3JIy4€HUI U3 pe3oHaTopa. He nokasan myTs BO3BpalleHUs
MOJIEKYJI U3 00JIaCTH PE30HATOPA B UCTOUHUK BO30YKCHUS. B peanbHbIX YCIOBUAX TaKOH MyTh
0003HaueH KpyroobopoToM yriepoaa Mexry arMocdepoil 1 KOpoil IIaHeThl.

Puc. 2. Cxema paboTel Mazepa Ha BOIOpOJIE.
[TokazaHo, 4To B KBapleBON KOJIOE COOMPAIOTCS aTOMBI
BOJIOPO/1a, OT/ABLINE CBOE BO30YKICHHUE.

IlosicHeHue k Ma3epy Ha BojgopoJe, puc.2.

1 - xamwusp, 1O KOTOpPOMY  TOAAETCS

: MOJICKYJISIpHBIH ~ BOJOpOJ, TI/A€ MO  JeicTBUEM
BBICOKOYACTOTHBIX JEKTPUUECKUX Pa3psiioB MPOUCXOTUT

pacuieryieHie MOJIEKYJIbl BOJOpO/ia Ha JIBa aToMa M MX BO30YXJeHHe. 2 — MHOTOIMOJIIOCHBIM MarHuT-
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cenekTop. 3 - o00BEMHBIN pe3oHaTop. 4 — KBapieBas Koja0a — HAKOMMHUTEIh aTOMOB BOJIOPO/a, OTIABIITUX
CBOIO DSHEPrui0 BO30OYXKIEHHs, MOKpbITas H3HYTPU TOHKHM CJOeM (TOpOIiacTa. S5 — YCHUIIHUTENb
AIIEKTPOMArHUTHBIX U3ITy4eHUH, OTOMPAaEeMBIX U3 PE30HATOPA C TOMOII[b. METATHUECKON TETEIbKH.

B TexHuKe XenaHMe K YMEHBIICHUIO T€HEPUPYEeMOW BOJHBI MPUBOAUT K TOMY, YTO pa3Mepbl
PE30HATOPOB, TMPHUMEHSEMBIX B MHUKPOBOJHOBOM JHANa30HE, «yMEHBIIAIOTCA YK€ HACTOJBKO, YTO
CTaHOBUTCS HEOOXOJMMBIM HCIIOJIb30BaTh BEChbMa MMHHUATIOPHBIE pPE30HAHCHBbIE (DOPMBI BEILECTBA,
€CTECTBEHHO MPUBOAIINE K MOJIEKYIaM U AJIEKTPOHAM...».

Kenanue moyyduTh peasbHOE 3HAHUE O 3aKOHAX KOCMHYECKOM >KM3HM, O 3aKOHE H3MEHEHUS
KJIMMaTa, U3MEHEHUs YHMCICHHOCTH HAaCeJeHMs IUIaHEThl, YTOObl 3HATh CBOE Oyayliee, NMPUBOIUT K
NPUMEHEHHIO UJIeU MOJIEKYIISIPHOTO reHepaTopa KO BceMy Teny IiaHeTsl. Hamo cobparh Bce n3BeCTHBIE
3HaHUs reo(pU3NKOB, ['€OJIOT0B, OMOJIOTOB, ACTPOHOMOB, KJIMMATOJIOTOB, OKEaHOJIOTOB, CIIEHHAUCTOB I10
noHochepe M MarHutocdepe, 4TOOBl YBUAETH TOXKAEGCTBEHHOCTh B TOCTPOCHUU cdep IUIaHEThl H
TEXHUYECKOT 0 MOJIEKYJIIPHOT'O TeHepaTopa.

3amoMHuM. /Iy KBaHTOBOI'O T'eHEpaTOpa/KOMIIBbIOTEpA Bcerjaa TpeOyeTcs HMCTOUHHK paboueid
cpenbl, crocod BO3OYKACHUS ITHX IEMEHTOB, HY>KEH pPe30HATOP OTKPHITOTO THIA B BUJIE PAIHOIMHUY -
JUHMS TIepelaud MOTOKAa BO30Y)KIEHHBIX YAaCTHULl, MAarHUTHBIA WM 3JEKTPUUECKUH CHOCOO CeleKUuu
YaCTHI] 110 CTETICHU UX BO30YXJeHHs, TpeOyeTcst CBOW OOBEMHBIN pe30HATOP.

BbIHY)XJIeHHO€ HW3Jy4eHHE aTOMOB BCErJa COOTBETCTBYET YacTOTe TOIO CHUTHANA, KOTOPBIH
BO30Y)XJaeT 3TH aTOMbl, W HANpPaBIEHO B Ty JK€ CTOPOHY, KyAa OBbLI HampaBieH ATOT CUTHAJ
BO30yXJeHHs. B pesynprare mosyyaercs HCTOYHHK KOTEPEHTHOI'O W3IYYEHHs, COXpaHSIOMUN a3y
HAuyalbHOTO BO30YXJEHUS — UHGOPMAIMOHHBI CMbICH BO30yXkaeHus. Peub yxke wunér o0
HHEProMH(POPMAIIMOHHON Teperadye Ha OOJIBIIME PACCTOSIHUS OT MecTa BO30YXAeHUsS B OOBEMHBIM
pe3oHarop.

Hrak, uro Tpebyercs Ui MOTYYEHHUS TeHEepaluu 3JIeKTPOMAarHUTHBIX BOJIH TEIIa Ui pa3orpeBa
atmMocdepsl? TpeOyercss cpena, 3amojHEHHas aTOMaMH WM MOJEKYJIaMH, KOTOpble caMu MO cebe
ABIISIIOTCS KOJIeOaTeIbHBIMU crcTeMaMu. TpebyeTcs Bo30yAuTeNb ATUX aTOMOB UJIM MOJIEKYJ, YTOOBI OHU
c(OpMUPOBAIIM BBIHYXIECHHBIEC U3ITyYCHUsI CUTHAJIOM, HAIPaBJICHHBIM BHYTPB CPEbl U3 BO30YKIEHHBIX
aToMoB. /lamee HEOOXOIMMO NPOM3BECTH CEMapalMi0 YacTHUIl MO YPOBHIO BO30OYXKAECHHUS U HANpPaBUThH
caMbIX BO30YKAEHHBIX B OOBEMHBIM pe30HATOP — MOJOCTh, HACTPOSHHYIO Ha YacTOTY COOCTBEHHBIX
KosnebaHuii 3TMX aTtoMoB. [lamee Hamo chopMHUpOBaTh KaHal BbIXOJA 3JEKTPOMArHUTHBIX BOJIH W3
00BEMHOTO pe30oHaTOpa M W3IYYUTh MX B INPOCTPAHCTBO B HYKHOM HANpaBIEHUU. A MOJIEKYIbI,
OTJaBIIME CBOE BO30YyXJEHHE. BKIIOYAIOTCS B KpyrooOopoT, Bo3Bpamiairorcs obpaTtHo. Ilo6o4yHBIM
pe3yIbTaTOM SHEProMH(POPMALMOHHON Nepeaayn ABIsSeTCS HarpeB aTMOC(HEpPHOro BO3IyXa.

B TexHHMYecKOM UCIIOJHEHUH NEPBOHAYATBHO KBAHTOBBIM CIIOCOO YCUJICHUS U3JTy4eHUs OKazajcs
peann30BaHHBIM B PaJHoAuana3oHe, a TOUHee B quana3oHe cBepxBbicokux yactoT (CBY amanaszone). B
mae 1952 r. Ha OO11eco03H0M KOH(pEepeHH 10 paduocnekmpockonuu pycckue ¢usuku H.I'. bacoB u
A.M. IlpoxopoB crenainu JOKJIaA O MPUHLUIUAIEHOW BO3MOXXHOCTH CO3JAHUS YCHIINTEINS U3ITYYEHUS B
CBY pnuanazone. OHU Ha3BalM €ro “‘MOJIEKYJIAPHBIM TeHEPAaTOPOM’, IMOCKOJbKY MpPEInojaraioch
UCIIOJIL30BATh My4OK MOJIeKya ammuaka (4actora 23,87 I'T'm). Ilo3xke ero cramu Ha3pIBaTh Ma3epoM, a
CBETOBOI I'eHEepaTop — JIa3epPOM.

KBaHTOBBIE SIBJI€HUSI — 3TO TaKWe MPOLECCHI, KOTOPbIE IPOUCXOIAT BHYTPU aTOMOB M MOJIEKYII,
a TaKk K€ BHYTPH BEIIECTBEHHBIX TeJI M3 aTOMOB M MOJIEKYJ, KaK aBTOKOJIEOATENbHBIX CHCTEM,
peanu3yeMble 4Yepe3 INEKTPOHHYI0 000s10uKy. VICTOYHMKOM SHEpruu KoyieOaHuil aTroma SBISETCS
BHEIIHAA cpefa. SIBIeHus TeHepaluu CBA3aHbl C BO30YXKICHHMEM aTOMOB/MOJIEKYN, CHATHEM
BO30Y)XJI€HHS MPOLIECCOM I'eHEPAIlK BBIHYKJICHHBIX M3JIy4€HHI BO BHEILHIOKO CpPely, W BO3BPALICHUEM
UX B HCXOJHOE€ HOpMallbHOE cocTossHue. KBaHTOBBI TOAXOJ, MpEeXJEe BCEro, MpPeAnoaraeT
paccMOTpPEHHE BBIIECICHHONW CUCTEMBI KaK €JMHOTO LIEJIOro, B Mpeeaax KOTOPOro MOT'YT HPOSIBIATHCS Te
WIN UHBbIE CBOMCTBA ero 4yacteil. KBaHTOBbIE sIBIIEHHMS CBOMCTBEHHBI BCEM MAaKpOCHCTEMaM, Harlpumep,
Bceil CoJTHeUHOH cucTeMe, BceMy Tely IUIaHeThl 3eMiis ¢ €€ MIa3MEHHbIM MEXaHU3MOM MarHUTOC(EpHI..

OfHOBpPEMEHHO C SIBJICHHMEM TEHEepaluu U3IydeHud (opMupyercss aTroMHas/MOJIEKyIspHas
HSHEPrOMH(POPMALMOHHAS CETh M HENOCPEJICTBEHHO cama IIIa3MEeHHas CTPYKTypa KBaHTOBOTO
reHeparopa/komnbtorepa. Ilnazmennas wmarautochepa 3emiin ¢ €€ €CTECTBEHHBIMH KBaHTOBBIMHU
reHepaTopaMH B IUIOCKOCTH 3KBAaTOpa M HaJ MOJIOCAMHU CTPOUTCS CHJIAMM CaMOM HPUPOABI MO 3aKOHY
UH(GOPMALIMOHHOTO BO3CUCTBUS, YEJIOBEK HE MMPUHUMAET B 3TOM J€JIe CBOEro ydacTHs. MUUIMOHBI JIeT
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KUBET, TIOAJCPKUBACTCS M COBEPIICHCTBYETCS TUIa3MEHHAs! CTPYKTypa MarHUTOC(epbl, moauépkuBas eé
POJIb KBaHTOBOTO KOMIIbIOTEpa (HoOChepbl 3emin).

daKThbl, rOBOPSIIME 0 TOM, YTO 3eMJIsl B 11eJIOM SIBJISIETCH SJHEProuH(GOPMaIIHOHHBIM
KBAHTOBBIM I'€HEPATOPOM — YCHJIHUTE/IEM — KOMIIBIOTEPOM

3emiist SIBISIETCSl TIOJTHOIMpPaBHBIM TenoM B eauHod ConHewHoU cucteme. Bcee pasHooOpasHbie
00bekThl enuHOM CONHEYHON CHCTEMBI CBSI3aHBI MEXIy CO000W oOmIel anexmpomacHumHol
9HEP2OUHPOPMAYUOHHOU Cemblo, OTBEYAIOIIEH 3a MEPeHOC MacChl BEIIECTBA, 32 CHHXPOHU3ALUIO
UMIIYJIbCOB JICHCTBHS, 3a MEPEHOC SHepruu U uHpopmarmu, kak ot CoiaHua K 3emie, Tak U OT 3eMIIu K
ConHILly U IpyrUM ILIAaHETAM.

OnnuMm u3 ¢akropoB BozzaeicTBust CojiHIIA HAa 3eMIIIO SIBJISETCS BIMSHHE BBICOKOYACTOTHOM
COCTaBJIAIONICH yAbTPaHOIETOBOTO U3YYECHHUS, PE3KO YBEITHMUMBAIOIIETO CBOIO MOIIHOCTh B aKTHBHBIX
3oHax ConHua. OT ero BO3ACHCTBHUS MpPH BCHBILIEYHOH AaKTUBHOCTU IMPOUCXOAUT B TpU paza Ooiee
MOIIHBIA HarpeB MoHOc(hepsl 3emin MO CpaBHEHHIO ¢ mepuojamu crokoiHoro Conxna. Ilpu stom
IUIOTHOCTh Tra3za Ha BeicoTe 600 kM Bo3pactaer B 50 pa3, 4TO 3HAYMUTENBHO YMEHBIIAET BpEMs
npe6siBanus MIC3 Ha opbute, 3a1eHCTBOBAHHBIX B CHCTEME CBSI3M M HaBMranuu. HekoTopele cryTHHKA
najaoT U cropatoT. C yBeIMUEHHEM MOIIHOCTH YabTpaduoaeToBoro u3nyueHus CoJHIIAa yBETHUUBACTCS
COJIepKaHWE MOHOB KHCIIOPOJa B KOJBIIEBOM TOKE MarHUTOC(epbl, 4To BICYET 32 cOOOI M3MEHEHHe
CKOpOCTH BpaIeHUs 3eMJIH U COOBITHI, CBI3aHHBIX C 3TUM U3MEHEHUEM.

OHepronHpopMalMOHHAs MEXKIUIAHETHAsi CeThb SIBISETCS TapaHTOM E€IMHCTBA M CHUHXPOHHBIX
JNEUCTBUM BCEX TEJI COJIHEYHOW CUCTEMBL. OCHOBHLIM NEPeHOCYUKOM SHepeuu B MEKIUIAHETHOM
IIPOCTPAHCTBE SIBJISIETCS BOJOPOJHAs IIa3Ma, FeHepupyeMasi IOCTOSHHO U pUTMHUYHO COJIHLEM B BHJE
COJTHEYHOTO BeTpa. (OCHOBHbIM UCMOYHUKOM UHGOpMayuu SBISIOTCS DJICKTPOMATHUTHBIE H3ITy4eHHUS.
OCHOBHOM CTPYKTYpOH IJIAHETHOTO TeJa, B3aUMOICHUCTBYIOLIEH C SHEPrOMH()OPMALIMOHHBIMU NTOTOKAMHU
BHEIIHEH CpeJibl, ABJISACTCA MIA3MeHHas MazHumocgepa 3eMiid, COCTOsIIas U3 ABYX 4acTel — BHEIIHEH u
BHYTpEHHEH Maruutocdeps!, HOHOC(EPHI, paauallMOHHBIX MOsicoB. Maruutocdepa — 3to Ilnasmenubii
MEXaHM3M COJIHEYHO-3EMHBIX CBs3el, HEOCCHBIM JBOpEL, CYLIECTBYIOIIMNA MUJUIMAPIBI JIET, MPOSBIISET
PE30HAHCHBIE CBOWCTBA, OH CTPOUTCS W3 BOJOPOAHOM IUIA3Mbl COJIHEYHOI'O BETpa CaMOHM IIIAHETOM
IIOCPEJCTBOM IEKTPOMArHUTHBIX CHJI 1 MarHUTHOTO 3BYKa.

NmenHo BomopoaHas 1uiasma B Buje COJHEYHOIO BETpAa U M3JIYUEHUS SIBIISIOTCS OCHOBHBIMU
areHTaMi, IIOCPEJICTBOM KOTOPBIX akTUBHbIE Ipouecchl Ha COJHIIE YIOpPaBIAIOT MpOLiecCaMHu
KOCMHUYECKOM MOro/ibl, KIMMAaTOM U MOT0A0N 3eMJIM, BRIMUPAHUEM M CMEHOM MOKOJICHUH U LIMBUIN3ALUN
JKUBBIX CYIIECTB OHMOC(Ephl, CMEHOW, COCTOSIHUEM U COCTaBOM OHOC(hephl, COCTOSHHEM 3SBOJIOIHH
caMoO} IUIaHeThl, eAMHCTBOM Bcell COTHEUHOU CHCTEMBI.

['maBHast ponb B 3HEProMH(OPMAIIMIOHHOM B3aUMOACHCTBUM 3€MJIM OTBOAMTCSA JIBYM
CHHXPOTPOHHBIM KBAaHTOBBIM T'€HEPATOPAM: IHEP2eMU4ecKoMy 2eHepamopy B aBpOpajibHONH 00JacTu Haj
MOJIIOCAaMM M MH(OPMALMOHHOMY TEHEpaTopy B JKBaTOPHAJIbHOM IUIOCKOCTH MarHutocgepbl. Kak
U3BECTHO, MOJICKYJISIPHBIE/aTOMHBIE MJIH KBAHTOBBIC T€HEPATOPHI (OHU JK€ — Ma3ephl) AIIEKTPOMArHUTHBIX
BOJIH OCHOBaHBI Ha 3{dekre cmumyruposannozo (Mnu eviHydcOeHHo20) W3nydeHus. [lostomy Bce
SBJICHUSI U COOBITHSI B MarHutocdepe 3emMiu SBISIOTCS HHOOPMAIMOHHBIMU WIIH 6bIHYHCOEHHbIMU,
pa3BHUBAIOIIMMHUCS 110 IPOrpaMMe MarHUTHBIX pUTMOB COJIHIIA.

bnaronapst cBONCTBY MOJIEKYJSPHBIX T'€HEpPATOPOB BCS CHUCTEMa IUIAHETHI 3eMisl CIIOCOOHA
CaMOCTOATENBHO TOJIEPKUBATh MOCTOSHCTBO MH(OPMAIIMOHHBIX MapaMeTpoB, a TaK K€ MapaMeTpoB
JABJICHMs], TEMIIEpaTypbl, XUMHYECKHH COCTaB BOJBl M BO3/1yXa, D3JIEKTPUYECKHE U MAarHUTHBIE
XapakTepucTuku mnosieil 3emnin. Ha 3emie co3gaHbl yHUKaJIbHBIE TapaMeTphl BHEIIHEH cpejibl, YTOObI B
HUX MOTIJIa 3apO’KAaThCs M pa3BUBAThCs Ouocdepa miaaHeTsl, BKIOYas U Joaed. YToObl 3TO Aenarts,
3emist 0DKHA OBITH ABTOKOJEOATEIbHOM CHUCTEMOM, MOJy4aTh W3BHE OSJEKTPHUECKYIO SHEPTUI0 U
BOJIOPOJHYIO IJIa3MYy. DHEPrus Ha 3eMIII0 IIOCTYNAEeT U3 KOCMOCA B COOTBETCTBUU C PUTMAMM IIPOLIECCOB
aktuBHoCcTH Connua u llentpa TNamaktuku. ®dusnyeckuMm mpeoOpa3oBaHMEM MOCTYNAIOLICH IHEPrUU
3aHUMAaeTCsl YyBCTBUTENbHAs cepa 3eMian — IUIa3MEHHAs MarHuTocdepa, cocrosiias U3 ABYX dacTel
NOCTOSIHHOM M mepeMeHHod. Kaxnmas wu3 dyacreit pabGoTraeT Ha NpUHIUIE KBAaHTOBOTO



reHepaTopa/yCHInTeNs. | eHepaTop aBpOpanbHOM OGIACTH' HAJ MOMIOCOM HOCHT 9epThl HCTOYHHKA
AJIEKTPUYECKONH OSHEpPruM, a TEHEpaTop B IUIOCKOCTH AKBAaTOpa OPraHM30BBIBAECT WH(OPMAIMOHHOE
B3auMoeicTBre’. TIPUHIIHIT pabOThI MOTEKYIAPHOTO FeHEPAaTOpa yXKe H3JI0KEH B CTATHE.

CymiecTBYIOT MHOTOYHCIIEHHBIE (PaKThl SHEPronH(OPMAIIMOHHON Mepesadyn C KOpPbI IJIaHETHl B
noHocdepy, B paIualiuoOHHbIN Mosic M 00paTHO. BOT 0MH U3 HUX.

B xypnane ®U3UKA 3EMJIM, 2012, Ne 4, c. 72-80. YK 550.371;550.385. BAPMALINN
DJIEKTPOMATHUTHBIX [TOJIEX U IAPAMETPOB MOHOC®EPbI B BAIKAJILCKOY PUOTOBON
30HE. © 2012 r. b. I'. T'aBpuniosl, 1O. U. 3enepl, B. U. Kypxun2, 1. 3. Mapkosu4l, FO. B. IToknanl,

M. ITappo3, U. A. Psixockwmiil, B. B. fAlxkuml. 1 Uuctutyr muaamuku reocep PAH, r. Mocksa

2 Uncruryr conneuHo-3emHoit ¢usuku CO PAH, r. Upkyrck. 3 Jlabopatopusi pU3NKK U XUMUU
OKpYXKarolien cpebl U kocMmoca, r. Oprnean, @panuus.

B ar0i1 pabGoTe mpencraBiieHbl pe3ysbTaThl aHaIW3a BapHallMii T€OMAarHUTHOTO M 3JIEKTPHYECKOTO
NoJIe M TOJTHOTO 3JIEKTpOHHOTO cozepxanusi uoHocdepsl (I19C), 3aperucrpupoBanHbie B baiikambckoi
pudrosoit 3oue (bP3) B mepuoa nposenenus skcnenunuii B 2009 u 2010 rr. OOHapy»XeHbI CUHXPOHHBIC
BCIUIECKM MAarHMTHOrO ToJisi Ha 3emje M B HOHOchepe, OOYCIOBIEHHbIE PACIPOCTPaHEHHEM
ANIEKTPOMArHUTHBIX BO3MYIICHUH (aTMOC(EpPHKOB), TEHEPUPYEMbIX YIATCHHBIMH MOJIHHEBBIMU Pa3psIaMH.
AHaIM3 4aCTOTHI TOSIBJICHUS JIEKTPOMAarHUTHBIX BO3MYIIEHHUH Ha BbicoTe ~700 KM Mokasa, 4To CyIIecTBYET
o0racTh WX MPEUMYIIECTBEHHOIO pAaclpOCTPaHEHUs] M3 BOJHOBOJAA 3eMiIA-MOHOC(Epa B BEPXHIOKO
noHocdepy. BuaHo, 4To rpo30BBIE pa3psibl 3AIyCKalOT B pabOTy KBAHTOBBIM IeHEepaTop atMoc(epsl, 4To
MO3BOJIMJIO TiepenaBaTh MH(opMarmio u3 30HbI baiikana B wonochepHbiii crnoit. W sta unHpopmarms
¢ukcupoBaiach (PpaHIy3CKUM CITyTHUKOM, IIPOJIETAIOIIMM B 3TO BpeMsl HaJl MECTOM AKCIIEPUMEHTA.

OOHapyXeHO W3MEHEHHE YacTOTHOTO criekTpa Bapuarmii [loiaHoro DnekrponHoro CoaepskaHust pu
NepeMEIICHNH HOHOC(EPHOI TOUKK uepe3 3Ty o0sacTh (CeBepHas rpaHHIla U3MEHEHUs criekTpa ~54° c.i.).
Berssiens! Beriecku [lomnoro Onextponnoro ConepikaHus, MPOSHHUPYIOLIMECS HA 30HBI TJIABHBIX Pa3ioMOB
B TyHKHHCKOU AonuHe balikanbCKoM 30HbI pa3iioMa KOpel. [losrydeHHBIE JaHHBIE MOTYT CBUIETENBCTBOBATD O
CBSI3U MOHOC(EPHBIX HJIEKTPOMArHUTHBIX SIBIICHUH C JIMTOCHEPHBIMU CTPYKTYPAMHU.

[TpoGaema mmrocepHo-aTMochepHo-noHOChepHbIX cBsizell (JIAMIC) 3aHMMaeT BakKHOE MECTO B
re0()M3UYECKUX MCCIIEIOBAHMUSX, YTO O0YCIIOBICHO KaK MMPAKTUUECKMMU 3aa4aMu (IIPOTHO3 3eMIICTPSICCHUI,
BIIMSIHUE JIUTOC(EPHBIX MPOIECCOB HA COCTOSIHUE HMOHOCQEpHI, BIMSIHHE T'€OMAarHUTHBIX M HOHOC(HEPHBIX
BO3MYIIICHHI Ha HHEPreTUYECKHE M IPOMBIIUICHHBIE OOBEKTBHI), TaK W HEOOXOIMMOCTHIO PELICHHUS
(byHIaMEHTANbHBIX 3a]ad4, CBS3aHHBIX C BBUIIBJICHHEM TNPUPOJBI B3aUMOCBSI3aHHBIX BO3MYIIECHHH B
mutocdepHo-aTMochepHo-noHOChepHOI  cucTeme. Bemynmecs B TeueHHE HECKOJBKO —JECSTHICTHNA
uccnenosanus npoOnembl JIAUC mpuBenu K MOSBICHHIO OOJBIIOrO KOJMYECTBA THIIOTE3 U IOJTYYCHHUIO
3HAYUTEIILHOTO AKCIIEPUMEHTATLHOTO Matepuana (cM., Hanpumep, [['oxoepr, [ammmos, 2000; JlunepoBckuit
u 1p., 2008).

HeonHokpaTHO cOOOIIanoch, 4YTO HWOHOC(EPHBIC BO3MYILICHUS (BapHallMM AJICKTPUYECKHX U
MarHUTHBIX IOJIEH, TUIOTHOCTHU 3apsDKEHHOM M HEUTPAIbHOM KOMIIOHEHTHI, BOSHUKHOBEHUE WIM U3MCHEHUE
MapamMeTpoB TMOTOKOB 3aXBAaYCHHBIX M BBICHINAIONIMXCS YacTHII) CBS3aHBI C ONPEACICHHBIME MPOIIECCAaMU B
outocdepe, XOTs MeXaHW3M HaOmonaeMbIX 3(PQPEKTOB HE MMEET OOIIENPUHITOro oObsicHeHus. PasBurue
ATOr0 HAIpPaBJICHUS TeOPU3NKH UCTIBITHIBAECT 3HAYUTENBHBIE TPYAHOCTH MO TOH NMPUYMHE, YTO MOJyYCHHBIC
SKCIIEPHUMEHTATIbHBIE JaHHbIE O CBSA3M BapHAaIMi Te0(U3UYECKUX IMOJIeH Ha U TOJ] MOBEPXHOCTHIO 3eMIIU C
npoleccaMu B MOHOC(Epe YacTo MPOTUBOPEUMBHI WM YCJIOBHUS TMOJTYYEHHS TAKUX JAHHBIX HE TO3BOJISIOT
CBSI3aTh WX OJHO3HAYHO C JIMTOC(hepHO-HOHOChEpHBIM B3ammoericTBueM. Hampumep, B [MordanoB u mp.,
2004; Hayakawa, 2007] paccmatpuBarotcs JiutochepHo-aTMOC(HEpHO-HOHOC(HEPHBIE MPOIIECChI, KOTOPBIE, KaK
CUMTAIOT aBTOPbI, MOYKHO CUMTATh TPEIBECTHUKAMU 3emiieTpsicenni, a B [Henderson et al., 1993; NiSmec et

! Pennoreodusuka. Maruurocdeprsie mukmoTponnsie Mazepsl. T.1. ¢.552. Tennoreopusuxa. MaraurochepHsie
UKIIoTpoHHBIE Mazepbl. T.1. ¢.552.

2 IMerpors H.B. Hooctepa mranerst 3emits // Hoocdepa. Obmiectso. Yemosek. — 2019. — Ne 2; URL: noocivil.esrae.ru/260-
1944 (nara obparuenus: 05.04.2019).



al., 2009] nokaszaHo, 4To P(EeKT M3MEHEHHsT MHTEHCHMBHOCTH AJIEKTPOMArHUTHBIX SMHUCCHI B HOHOCHEpE,
CBSI3aHHBIA C 3eMJICTPSCEHUAMM, OTCYTCTBYET WM HCYE3arolle Maj. B 3THX yCIIOBHSX MOMyYeHHE HOBBIX
HKCIIEPUMEHTAIIBHBIX JJAHHBIX O CBSI3U 3JIEKTPOMArHUTHBIX BO3MYILIEHUHI U BapHUalliii mapaMeTpoB HOHOC(HEPHI
C TUTOC(EPHBIMU CTPYKTYPAMH OCTAETCS aKTYaTbHBIM.

3710 sIBNIEHUE JIETKO 0OBSACHSAETCS pabOTOM MOJIEKYIIIPHOTO FeHepaTopa Ha OCHOBE YTJIEKUCIIOTO rasa B
PE30HAHCHOM  BO3/YIIHOM TIPOCTPAHCTBE MEXIy KOpOW IUIaHeThl M HoHocgepoil. Bo3Oyxnenue
YIJIIEKUCIIOTHOTO T€HEepaTopa OCYIECTBISIETCS AJIEKTPUUECKUMH paspsiiaMi MOMHMHN. Tak uaes u3MeHeHHs
KJIMMara OKa3bIBA€TCsS TECHO CBS3aHHOW C SHEProMH()OPMAIMOHHBIM B3aUMOJICHCTBHEM KOPBI IUIAHETHI C
TUIA3MEHHBIM MEXaHU3MOM COJIHEYHO-3EMHBIX CBSI3CH.

WpkyTckuil SKCTIEpUMEHT TPOBOAMIICS OJHOBPEMEHHO Ha TOBEPXHOCTH 3eMIM M KOCMHYECKOM
npocTpaHCcTBe. JlaHHBIE MO BapHaIMsAM HOHOC(EPHBIX MapaMeTpoB ObLIM MOIYYEHBI TaKKe C (DPAHILY3CKOTO
cyriuka DEMETER, crienmaneHo pazpaboTanHoro mis nposenenus uccnenoanuii JIJAUC [Parrot, 2002].
JInst ipoBeAieHUsT M3MEPEHUH BapUaluil AJIEKTPUYECKOr0 M MAarHUTHOTO TOJIE M MapaMeTpoB HOHOCHEpHI,
COTJIaCOBAHHBIX C HA3eMHBIMU W3MEPEHHAMH, OOPTOBas ammapaTypa CIyTHUKA IPH €ro MpoJieTax Haj 30HOH
paboThl SKCHEAUIMI BKIIOYAIACh B PEKUM OBICTPOH 3aIiCH, YTO TMO3BOJIJIO AHAIU3MPOBATH HE TOJIBKO
CIIEKTpaJIbHBIE, HO ¥ BOJHOBBIE (DOPMBI CHTHAJIOB.

JIaHHBINA SKCIIEPUMEHT YETKO IMOKA3bIBACT HAJIMYME SHEPrOMH(OPMAIMOHHOW CBSI3M MEXIY KOpOH
IUIAHETHl W PE30HAHCHOM OO0JAaCTbI0O MAarHUTOCQEphbl, YTO BO3MOXHO TOJBKO B Ciydae, KOTJa B 3TOM
MIPOCTPAHCTBE BO30YKIEHA paboTa MOJIEKYIIIpHOTO reHeparopa. [1o3ToMy camo mpoCTpaHCTBO MEXTy KOPOi
IUTAHEThI ¥ HOHOC(epoH SIBISETCS SHEPronH(pOPMAIIOHHBIM TOJIEM Beelt Grocgepsl ¢ e€ HaceIeHUEM.

M3 MuKpoOGHMOJIOrHH M3BECTHO, YTO B IJI00ATBHBIX M3MEHEHUSAX MPUPOIHOM Cpelbl U KiIMMaTa
BeyIIask PoJib MPHHAICKHT WHKIY WIH KPyroobopoty yriepoxa®. Bee opranmsmbl 6rocdepsl u cam
YeJIOBEK — 3TO YrJIeBoJopoaHble ¢opmbl ku3HH. AkanemMuk PAH I A. 3aBap3un ycTaHoBWI (akT —
ABIXaHNe TMOYBBI YIJIEKHCIBIM ra3oM. Haunboubinee npoayunpoBanue yriaekucioro rasa (404,8 mr Ha
OJIMH KT CyXOif IIOUBEI) OBII0 OGHAPY)KEHO TpH Bemamke Ha riyouny 27-30cm Corpyanuk M3MUPAH
Hoktop ¢.M. Hayk B. H. JlyroBenko B kuure «/Ipixanue 3emMJim» MPUBOAUT CBEICHUS COOCTBEHHOTO
UCCIICIOBAaHUSI  SHEPreTUYECKOTO [bIXaHUS  KOPBI IUIAHETHI, JIOKAJM30BAHHOTO CETKOW XapTmaHa,
JHEPreTUYECKOM CETKOM pPAa3jIOMOB KOpbl ILIAHEThl. BCsA IOBEPXHOCTh BOJX OKEAaHOB SBISETCSA
reseparopom yriekucioro rasa. B 1952 rony pycckue ¢puzuku H.I'. bacos u A.M. IIpoxopoB n070xKuIN
00 u300peTeHMH HMH MOJIEKYJISIDHOrO TeHeparopa Ha ammuake. B 1964 romy Obu1 m300peréH
MOJICKYJISIpHBIA T'eHepaTop Ha yriekucioMm raze. COBMECTUM BCE€ 3TU OTKPBITUS B OJHY HpoOiemMy —
MCTOYHUK YaCTHII, BO30YK/IEHUE YaCTHII, CENapalus U U3BJICUYCHNE CUTHAIA BO30YKICHHS B HOHOCHEpE.

[TosTOMy pUTMUYHOE DSHEPreTUYECKOE JbIXaHHE OKeaHa M Pa3IOMOB KOPBI IUIAHETHI
COIIPOBO’KJAETCS PUTMUYHBIM JIBIXaHWEM BOJbI M MOYBBI YIIIEKUCIBIM Ta30oM. Kopa IuiaHeTsl CIIy>KuT
MCTOYHHMKOM DJICKTPUYECKOTO MOJIS M aKTMBHOTO BEILECTBA — YIVIEKUCIIOTO Ia3a, sBIISIOUIErocs padouum
TEJIOM OTKPBITOM PE30HAHCHOW CUCTEMBI YIJIEKUCIOTHOTO KBAaHTOBOTO I'€HepaTropa 3eMiH. Y IIIEKUCIIbIN
ra3 akTUBHO TEHEPUPYETCs OKEaHOM, PACTEHHSMH, IOYBOM, MHKPOOPraHM3MaMH U JESTEIbHOCTHIO
yenoBeka. [loaToMy TIJIaBHBIM pPabOYUM BEIIECTBOM MOJEKYJISIPHOIO TeHepaTopa 3eMIIH  SBIISETCS
YIJIEKUCIIBIN Ta3.

- N3 TeXHUKH MOJEKYISPHBIX TI'€HepaTOpOB M3BECTHO, YTO CAMbIM MOIIHBIM Ta30BbIM
TeHEepaToOpoOM B HH(PAKPACHOM CIIEKTPE YacTOT SBJISIETCS YIIIEKUCIOTHBIN Na3ep. Bee cBeToBbIe 2PdeKThI
B armochepe 3emMiaud B BHJE CBETALIMXCS IIApOB BHYTPH TI'PO30BBIX OOJAKOB M B CBOOOJAHOM
npoctpancTse (00bexTsl HJIO), MOTyT HaliTH OOBSICHEHHE C TTO3HUIIUH YIIIEKUCIOTHOTO Jla3epa.

- W3 reodM3MKH WM3BECTHO®, 4TO B MarHutoc(epe 3eMIM MMEIOTCS 1Ba THIA IHKIOTPOHHBIX
Ma3epHbIX reHepatopoB. OJIHU U3 HUX PACHOJIOKEH B MIIOCKOCTH SKBATOPA, €r0 00bEMHBIM PE30HATOPOM
ABIISICTCS PaJAMALlMOHHBINA Mosic. BTopoii Tunm mMaszepa pacnoJio’keH HaJl KaXabIM M3 ABYX MoJitocoB. Ero
00BEMHBIM PE30HATOPOM SIBIISIETCS MJIa3MEHHAsl CTPYKTYpa MOJISIPHOTO Kacma.

¥ PoGept A. Beprep, Aurorno C. Jlacara. MogenpoBaHie reoX MMHIECKOro IiKia yriepoaa. //Scientific American. NeS.
1989. —c44-55.

4 C6opuuk HaydHsix Tpynos/ mom. pen. 3aBapsuna I A. - ITymuno, 1993, 144 c.
ISBN 5-201-10580-7.
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Han mnomrocoM MOCTOSIHHO JEHCTBYET aBpOpPaJIbHBIN reHepaTop6 JJIEKTPUYECKON DHEPruu
MmourHocThIo 6osee 10 miH. MBT. OH oTBeTCTBEHEH 3a (hOpMUPOBAHHE MOJIIPHOTO AHTULUKIOHA, CHIIBHO
BIIMSIOLIETO HA MOTOAY U KJIMMAaT CEBEPHBIX TEPPUTOPHI, Mperpaxkaas MyTh aTJaHTUYECKUM LIUKIOHAM.
PaboTa reneparopa cBsizaHa ¢ CHHXPOHHBIMH LUKJIaMU akTUBHOCTH COJHIIA.

Mexay Kopoi IaHeTbl U MOHOC(HEpOil HaxXOJWTCS YHUKalIbHas PE30HAHCHAs CHCTEMa C Tak
Ha3piBaeMbIMU pe3oHaHcamu lllymana. IIpu sToM Mexay noHoc(hepoit M KOpOH IUIaHETHl CYLIECTBYET
paszHocth anekrpudeckux mnoteHnuanoB 400 000 BonbT, GopMHPYIOMIUX TOCTOSHHOE 3IEKTPHUECKOE
[I0JI€ B HTOM HpOCTpaHCTBe7. Bcé »TO mpocTpaHCTBO IPOHM3AHO CHJIOBBIMH MAarHUTHBIMM JIMHUSIMU
JMIIOJIBHOTO MAarHUTHOTO TIOJI Tela IUIaHeThl. TeM caMbiM OO0ecredyuBaeTcsi MPUHLUUI paboThI
YIJIIEKUCIOTHOTO MOJIEKYJIIPHOTO F'eHeparopa 3eMIIM - MPUHIUI MarHUTHOM U 3JIEKTPUUECKOMN CEJIEKIIMU
BO30Y)XKJIEHHBIX MOJICKYJI Ha ITyTH OT KOPHI IIJIAHETHI B 00bEMHBIN PEe30HATOP.

- U3 reonorum u3BecTHO, 4TO 3eMJysl SABISETCS aBTOKOJIEOATENbHON CHUCTEMOH, BHOpaTopoMm-
TE€HEPATOPOM DJIEKTPOMArHUTHBIX BOJIH. [I0BEpXHOCTH KOPBI IUIAHETHI SBISAETCA MPAKTUYECKU aHTCHHOU
u3nydeHus U npuéma BosH. O ToM, yTo 3eMilsl ABJIIETCS aBTOKOJIeOaTeIbHOW CUCTEMOM, 4TO KOpa 3eMiu
3alUTaHa JJIEKTPUYECKUMMHU TOKAaMH, FOBOPAT MHOIME T€0JIOTH, B YaCTHOCTU — B KHUre «dDusnyeckuit
KOHTpPOJIb MaCCUBOB F'OPHBIX IOpoa», aBTopel Tapacos b.I'.; B. B. [Ipipaun, B. B. lBanoB, A. H. ®okuH,
Mocksa, «Heapa». 1994. B yacTHOCTH NMPHUBOAATCS AaHHBIE O BOSHUKHOBEHHMH JIEKTPUUYECKOTO IMOJIS B
MecTe, TJe HauMHaeTcsl OypeHHWe CKBaKMHBI, U 3TO I0JI€ HApacTaeT Mo Mepe YIIIyOJeHHs] CKBAXKUHHBI.
[TprunHa pocta HANPSHKEHHOCTHU TOJIS HAJ| CKBAXHMHON 10 Mepe OypeHHUs CKBaXHUHBI — B HapyIICHUHU
LIEJIOCTHOCTH IEKTPUUECKUX CHIJIOBBIX JIMHUNA KOPBI IU1aHeThl. Kopa MpocTo KUIINT 3JIEKTPUYECTBOM.

[Tpodeccop reomorrnu A.H. JIMUTpHEBCKHN OTMEYaeT CEHCMUYECKHE aHOMAJIMH, CBSI3aHHBIE C
yOpyroil BOJHOW, TEHEPUPYEeMOW aBTOKONEOATeNbHOW CHUCTEMOW 3eMid, WU  JIOKAIbHBIMU
reHepaTopamH, Hampumep, acTeHOc(epoil. YCTaHOBJIEHBI IOJIOTHE 30HBI PACTSDKEHUs, oOpa3oBaHUe
KOTOPBIX CBSI3BIBAIOTCSI C BOJIHOBBIMH 3(PPeKTaMu U reHepanueil u3aydeHuil o paziaoMam OJOKOB KOPBHI.
[To A.H. IMUTpHEBCKOMY 3TO IOMEHBI, TOPU30HTAILHON NPOTKEeHHOCTHIO 10 10 kM. OHuU pa3meraroTcs
B IIpeJiesiaX KOpbl MEXy CeCMUYECKUMU IpaHUIlaMu MolTHOCThIO 4-10 kM. OTMeuaercs, uTo Hanbosee
KOHTPACTHBIE AHOMAJIUU pacloJiararorces y pasaena «M» - rpanuna Moxoposuya.

BHyTpu miaHeThl MAYT TOCTOSIHHBIE BOJIHOBBIE (KosiebaTenmbHble) mporecchl. OHM Obl MMenn
oOLIYI0 TEHAEHIUIO K 3aTyXaHHIO, HO HaJU4ue MOHOC(ephl, MarHUTocdepsl U ruapocdepsl cBepxy, a
acTeHoc(epsl CHU3Y, B TIpenenax KOTOPOH OCYIIECTBISETCS MepeMelleHUe IMOJKOPKOBBIX Macc,
CHOCOOCTBYET CHIIBHOMY MX BO3JEHCTBHIO Ha Pa3BUTHE CUCTEMBI KOpHI M Tena 3emin. Yepes 3Tu cdepsl
MOCPEICTBOM palbOThI YIIEKUCIOTHOTO KBAaHTOBOTO I'eéHepaTopa TeKTOHOc(epa BOCIPUHUMAET BIUSHUE
BHeImHUX (pakropoB Kocmoca ¢ onHOW CTOpPOHBI M TIYOWHHBIX HEIp IUIAHETHI C JPYrOHl CTOPOHBI.
ActeHocdepa — 3TO CIIOM MOHM)KEHHOW MPOYHOCTU U TBEPAOCTH, MOHMKEHHOM BSI3KOCTH B BEpXHEH
MaHTUU 3emiu Ha riyoune okono 100km moa marepukamu u okojio 50 KM moj qHOM OokeaHoB. HinkHss
rpanuna acreHocdepsl gocturaer rayounsl 250-300 kM. MiMeHHO B 3TOM cloe  HPOMCXOIUT
MHTEHCHUBHOE IIEPEMEIINBAHNUE ITOJKOPKOBBIX MACC BEILECTBA B IIPOLIECCE POCTA KOPBI, YTO NPUBOIUT K
e€ pacTpeCKUBaHUIO U (POPMHUPOBAHUIO FHEPIrETUUECKON CETKHU KOPBI IJIAHETHI.

Taxoe pacnosoxeHue acTeHoc(hepbl MEX Ly TeJIOM IUIAHEThI U €€ KOPOil HaBOJIUT Ha MBICIb, YTO
IpOTEKaroIue 37eCh COOBITUS B TOYHOCTH COBNAJAIOT C MPOIIECCOM POCTa KOPBI U JAPEBECHHBI CTBOJIA
nepesa. IlpeacraBnsercs peajabHbIM, 4TO acTeHochepa 3eMilu U o kKamous y 0epegbes TOXKAECCTBEHHbI
no cBouM (pyHkuusaM. Crnol KIETOK KaMOus 0OecreuyuBaeT OJHOBPEMEHHBIH POCT JPEBECHHBI CTBOJIA U
KOpPbI JiepeBa, MOCTOSIHHO OTOJBMIasl PAacTPECKUBAIOLIYIOCS KOPY OT pacTyllero o0béMa IpeBECHHBI.
OHepreTuyeckue BOJHOBOABI CYILECTBYIOT M B KOpE JepeBa, M B KOpe IUIAHEThl, [JE€ OHHU
obHapyxwuBaroTcss Ha Taybunax 5,5; 7,0; 10,0; 12,0-24,0 xm. ABTokoneOarenpHash cHUCTEMa 3EMIIH
paboTaeTr B pOTALMOHHOM, TUIFOMOBOM, (DIIFOUIHOM PEXUME.

ITo nanueiM U3MHWPAH B pesynpTaTe 3J€KTPOMAarHUTHBIX 30HAMPOBAHUNA C €CTECTBEHHBIMH U
KOHTPOJIMPYEMBIMH MCTOYHUKAMH yIaJOCh ACTAIBHO MCCIIEL0BATh I€OIEKTPUYECKUN pa3pe3 B palloHe
En-SIxunckoit cBepxriyookoil ckBaxunbel CI'-7. B paspese eepxueu uacmu Kopbl yCTONYHBO

6 Cron-Utn-Axkacoby. Juuamuka nonspusix cusnuii. //B mupe nayku, 1989, Ne7, ¢.34.

7 Iymuaen; C. A. u 1p. ATMOC(EpHOE IMEKTPHUIECKOE ToJIe KaK HCTOYHHK U3MEHYUBOCTH MOHOC(hEphl. MaTepHraisl
koH(pepenmmu Y DU. 1998.
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BBIJICJISIOTCS /1B CJIOSI IOHM)KEHHOTO COIMPOTHUBJIEHUS M BBICOKOH 3JEKTPOIPOBOJHOCTU: B MHTEpBaJe
riyoun 150-200 m u 500-1500 m.

PoTtaumoHHblii pexxuM 3emMiiM M aBTOKOJIEOAHMS SBIIAIOTCS MEXaHU3MOM, CIIOCOOCTBYIOIIUM
JIECTPYKLUUHU TOPOJ U TNPUOTKPHIBAHUIO Pa3jIOMOB CJABHUIOBOTO M HAJBHIOBOTO THIA C TEeHepauuei
sHEepruu. Bo3M0oXKHO, 4TO KMEHHO 3TOT MPOLECC COCOOCTBYET POCTY KOPHI IUTAHETHI, KOTOpasi HapacTaeT
U OTOJBUTAETCS OT TIyOMHHBIX MOPOJ OJAHOBPEMEHHO C POCTOM BCEro Teja IJIaHEThl. TeM caMmbIM
BO3HUKACT peasibHasi MOTPEeOHOCTh 3eMJIM B NMOCTYIUIGHUM BHEIIHEH SHEPruH, JUIs 3TOr0 Ha/l0 HMETh
paboTOCTIOCOOHBIN KBAaHTOBBIA I€HEPaTOP, COBMEIIEHHBIA C MarHUTOC(HEpoil IUIaHeThl, C IUIA3MEHHBIM
MEXaHHU3MOM COJTHEUHO-3€MHBIX CBSI3€H.

B armocdepe Han SKBaTOpUAIBHBIM TOSICOM 3€MJIM MPOUCXOJAT CaMble aKTHBHBIE Ha 3emiie
IPO30BBIC SBJICHUS. 3716Ch CaMasi aKTHBHAS CEHCMUYHOCT'. OKeaH SBISETCS BAKHEHMIIMM MCTOYHHKOM
yIJIeKUCIoro raza. Bc€ 31o cnocoOctByeT 3(deKkTHBHOMY BKIIOUCHHIO (32)KHTaHHIO) KBAHTOBOI'O
reHepaTopa Ha OCHOBE YIJIEKHCIIOro rasza. B pesyinprare (pU3MKO-XMMHUYECKHUX MPOIECCOB, MAYIIUX Ha
nosepxHoctu Mops, 100 Munmapi0B TOHH yriiepoaa Beiiensercs B atMochepy u 104 muinmapaa ToHH
TOTJIONIAETCS OKEAHOM". MonekynsapHblii reHepaTop paboTaeTr B pexxuMe npuéma-nepeaayu.

AKTUBHBIM pabo4MM BEIIECTBOM KBAaHTOBOT'O I'eHEpaTopa 3eMJIH SIBISIOTCS MOJEKYIbl BO3TyXa
atMocgepbl. MIcTouHHKOM BO30YKIEHHMSI MOJIEKYJI BO3AyXa SIBISETCS SHEpreTuyeckas ceTka pas3ioMOB
KOpBI I1aHeThl (puc.3), a 3amycKaeTcss MOJICKYJSIPHBIA TeHEpaTop B pabOTy 3JICKTPHUYECKUMH paspsiiaMu
MosiHMM. CemaparopoM  MOJIEKYJ IO CTENEHH BO30YXICHMS SBISETCS HEPAaBHOMEPHOE TUIOJIbHOE
MarHUTHOE TOJIe IUTaHEeTHl U AekTpudeckoe noie (¢ HanpsokerreMm 400 000 BoibT) Mexay Kopoit 3emin
u noHocdepoil. B mporecce paboThl OTKPBITOH pe30HAHCHOM cHcTeMbl (crcTeMbl pe3oHancoB lllymana)
aTMOC(EpHOT0 KBAaHTOBOIO TeHepaTopa 3eMJIM BBIJENSETCS TelIo, KOTOpPOE€ M HarpeBaeT BO3IyX
aTMocdepsl, co3/laBas sBIICHUEe U3MEHEHHsI KIIMMaTa CHHXPOHHO ¢ paboToii reneparopa.

e Puc.3. CeTka pa3nomoB 3eMHO# KOpbI. 1 — cOpoChI
U rpabeHbl. 2 — HaBUTH, B3OPOCHI U TOPCTHI. 3 — CIIBUTHU
JIEBOCTOPOHHUE H HpaBOCTopOHHI/IelO.

bnaromapst riobansHO# cucteme cuil, 3eMHasi Kopa
HE CIUIOIIHAS, a MMEET Pa3lioMbl CyOMEepHIMOHAIBLHOTO
(o603Hauensl mudpoi 1 Ha puc.3), cyommporHoro (2 Ha
puc.3) U AMaroHajgbHOro HampaeieHus (3 Ha puc.3) —
C/IBUTOB OJIOKOB 3€MHOM KOPBI 110 JIaTepaiu (B OOKOBOM HallpaBJICHUH, B TOPH30HTAIBHON TUIOCKOCTH Ha
NOBEPXHOCTH IUIAHETHOTO TeJa B BUAE (PUTYPhI I€OUIa).

['ycTroTa ceTku pa3ioMoOB ONpenessieT pa3Mepbl OJIOKOB, CIATaOMIUX 3eMHYIO KOpY. A3HUMYTHI
NPOCTUPAaHHUS M TAJACHHS Pa3JIOMOB ONpPEACISIOT (HopMy OJOKOB M UX OPHEHTALMIO OTHOCUTEIHHO
cuioBbIXx monedd 3emuin. CIyTHUKOBBIE HAOMIOACHHS OTMEYAIOT OTOOpaKEHUE KOOPIUHATHOM CETKH
SHEpPruM OJIOKOB B Marautocdepe B (opMe pE30HAHCHBIX MOJOCTEH, SYEEK, JIOKAIBHBIX MOJ
AIIEKTPOMArHUTHBIX BOJH. DTO OYEHb BOKHO 3HATh, AHAIM3UPYS MOTOK HH()OPMALIUH OT KOPBI IUIAHETHI B
3aBUCHMOCTH OT COJIHEYHOW aKTHMBHOCTH, IOTOK JIBIXaHUS KOPBI 3EMJIH.

BynatoBa H.II. Hexomopwie pesynomamvl ananuza npocmpancmeenno-gpemennvix 3D- suzyanusayuii ceticmuueckux
Oannvix. /| Monorpadus «Cucrema mranera 3emusi»: 300 jer co amst poxaenus M.B.Jlomonocosa, 1711 — 2011. —
M.:JIEHAH/, 2010, -c 242-248.

o Puuapy A. Xayron, Jixopmk B Byasen. Iitobansabie m3smMenenus kaumara. //Scientific American.36. 1989.
10 Tapacos b.I". Ilynmbcarmu 3eMiId U IIUKITBI TEOMUHAMUIECKON aKTUBHOCTH B IMIOTOKaX KocMudeckoit mia3mer. CI16: Uz,
«MAHDBb». 2009. -320c.
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JIyrosenko B.H. (1. §.-M. Hayk mucTHTYT - USMHUPAH)™" OTMeuas, uto KpoMe ro6atbHOMN ceTr
TaK Ha3bIBAEMBIX T'€OAKTUBHBIX 30H pa3jOMOB M TPEIIMH KOPbl IUIAHETHI, BBIJIEISIIOT PETYISIPHbIE
npsMOyrojibHble ceTku D.Xaptmana (2mM x 2,5Mm), @.Ileiipo (4m x 4m), Burrmana (16mM x 16m),
nuaroHanbHyr0 cetky M.Kappu (5m x 6M) u apyrue. DHepreTHuecKuil Kapkac 3eMJIH O4€Hb CIOXKEH U
MOXET OBITh TPEACTABICH, KaK «MaTpelika», C BKJIAJbIBAIOIIMMUCS JApPYyr B Jpyra CHUCTEMaMH
PEryISPHBIX SHEPreTUUECKUX CETOK, CTEHKU KOTOPBIX YXOAST BBBICH K HOHOC(epe. [IoBepXHOCTh KOPHI
IUIAHETHl SIBJSIETCSI aKTMBHO U3JIy4alroIled CeT4aToll IOBEPXHOCTBIO, AHAJIOTMYHOM IOBEPXHOCTH
KOKHOTO TIOKPOBa Tejla YeJIOBEKAa WJIM TEXHHYECKOH aHTEHHbI, BO30YXJaeMOW B HKBATOPHAIBHOMN
(cpenHeii) 30HE aHTCHHBI T€HEPATOPOM IiepenaTyuka. Y 3eMid MeCTOM BO30OYXKICHHUS  SIBIISETCS
9KBaTOPUAIIBHBIN MosAC (0T 3kBaropa 10 30 mapayuienn B 000MX MOIYLIAPHSIX).

Kak otmeuan Jlyrosenko B.H.: «HauGonee cymiecTBeHHBIM CBOMCTBOM SHEPreTUYECKUX CETOK
SBJIACTCSA X OMHAPHOCTH (IUMOJIBHOCTB). OHU COCMOSAM U3 4epeoyIOuUXcs 30H PA3HO20 3HAKA, m.e. U3
30H NPUHUMAIOWUX, GNUMbIEAIOWUX 6 ceba JHepeulo, U 30H, UCHYCKAIOWUX, 6blOeNAIOUUX
nepepabomannyio 3Hepeuto. B HEKOTOPBIX CilydasiX B OJHOW M TOH ke 00NacTH ecThb Ta U Apyras
sHepru. B dacTHOCTH, 30HBI XapTMaHa COCTOST M3 YEPEAYIOIIMXCS «CBETNIBIX» (NPUEMHBIX) H
«TeMHBIX» (mepenaromux) 30H muprHo 0,8 M, HaXoIAIMXCS OPYT OT Apyra Ha PaccTOSHUU 2-2,5 M».
CrnoBa «CBETIbIE» U «TEMHBIE» 30HBI B3AThl JIYTOBEHKO KaK YCIIOBHbIE HAMMEHOBAHMS IOTOKOB SHEPIUU
B HaIPAaBJICHUU — «TyJa — 00paTHO», IpuéM-riepeaaya.

B TexHMueckMX KBAaHTOBBIX T'€HEpaTOopax — Jiazepax M Mas3epax — HUCIOJb3YIOTCS B KauyecTBe
paboueii cpeabl TBEPABIC TeNa UM ra3o00pa3Heie cMecH. Ha Hadano XX Beka OJJTHUM M3 CaMbIX MOIIHBIX
ra30BbIX Ja3epoB ObLI Ja3ep HAa OCHOBE CMECH YIJIEKUCIIOTO raza ¢ a30TOM U T'elHeM. DTOT COCTaB CMECH
TEXHHUYECKOTO Jiazepa OJIM30K K cocTaBy Bo3ayxa arMmocdepsl. Jlazep Ha OCHOBE YIJIEKHCIOTO rasa
SBIISICTCS CaMbIM MOILHBIM T€HEPATOPOM Ha OCHOBE Ta30BOM cMECH. MOKHO CUMTATh, YTO B OTKPHITOMH
pe30HaHCHOH cucTeMe 3eMiu paboTaeT MOIIHBIM KBAaHTOBBII reHepaTop Ha OCHOBE YIJICKUCIIOTO rasa.

VriekucnoTHeld  sasep, snasep Ha yriuekuciaoMm — rasze (COz-mazep) —  OOMH M3 MEPBBIX
THUIIOB Ta30BbIX Ja3epoB (1300peTéH B 1964 roay). Ha nauamo XXI Beka - 3TO OJMH M3 CaMbIX MOIIHBIX
Ja3epoB C HENpPepbhIBHBIM u3dydeHueM umnynbcoB, ¢ KIIJl, nocruratommmm 20 %. VYriaekuciaoTHble
Ja3epbl U3MY4al0T UMITYJIBChl MOLTHOCTBIO HECKOJIBKO KMJIOBATT B MH(paKpacHOM JAuamna3oHe, ¢ JUIMHON
BosiHbl OT 9,4 no 10,6 MkM. DTO Te camble BOJHBI, KOTOpPbIE KJIMMATOJIOTH CYHMTAIOT HNapHUKOBBIM
s dexTom.

[ToBTOpPHMM, YTO AaKTUBHOM CpenON YITIEKUCIOTHBIX Ja3epoB SBIAETCS Ta3000pas3Has CMech
COy, azota (N.), renus (He). Muorma B cmech Tarke moGamisercs Boaopon (Hz) wumm kcenon (Xe).
[Tpumecu HEOOXOAMMBI JUI CHWKEHHUS IMOTEHLHMalla 3aXKUraHus Ta3a B Jjas3epe, oOecreueHHs T. H.
spdexra Ilennunra. CoOTHOLIEHME KOHLEHTpPAIM Ta30B B CMECH 3aBUCHUT OT €ro KOHKPETHOMH
peanuzanuu, Ho KoHIeHTpanuu CO; u Nz B cMecu o0biyHO cocraBisitoTr 5—20 %. Jra cmech ra3oB B
TEXHUYECKOM YCTPOMCTBE OJIM3Ka K COCTaBY aTMoc(hepbl. 3eMIIH.

B  TexHMyeckoM WCHOJHEHWH WHBEpCHs Haceln€HHocTeld  (yBeNMUYEHHE  KOJIMYECTBA)
BO30YKIEHHBIX MoJieky1 CO; jocturaercss ¢ MOMOINBIO Fa30BOTO  paspsija, NpuUuéM  CcHavana
BO30Y)XJAIOTCS BBIHYX/IEHHBIE KOJeOaHHs MOJEKYN a30Ta, KOTOpblE MEepelaloT 4yacTh CBOEH SHEpruu
B030yxkaeHuss  moiekynam CO;.  JlampHeiinmiee NOHMKEHHE HHBEPCUH ra3a (C LENbI0 CHU3HUTH
TEeMIIepaTypy Tpolecca) B aKTUBHOW cpele MPOU3BOJUTCS TeIHeM, a CTEHKH TPYOKH, B KOTOPYIO
3aKJII0YCHA aKTHUBHAs Cpelia, IPUHYIUTEIBHO OXJIaXKIAeTCs ra30M HIIM BOJIOW (B MOIIHBIX Jla3epax).

B atmocdepe minaneTsl BO30yXI€HHE MOJIEKYI YTJIEKUCIIOTO ra3a BO3yXa pe30HaHCHON CUCTEMBI
MEXJy KOpOW M HOHOC(epol crmocoOCcTByeT HarpeBy arMmocgepHoro Bo3ayxa. CylecTByeT MHOTO
(baxTOB, MOATBEPKAAIOLIUX CYIIECTBOBAHUE MOJIEKYISIPHOTO TeHEpaTopa B MPOCTPAHCTBE MEXKIY KOPOi
U noHocdepoil. MHOrounciIeHHbIE SKCIEPUMEHTHI, COBMEUIEHHBIE C HAa3eMHBIMH HaOMIONEHUSIMH U
3aMepaMu ¢ MPOJIETAMU CITyTHUKOB HaJl SKCIIEPUMEHTAIbHBIM Y4aCTKOM, MOKa3aJli, YTO BCS HEPreTHKa
KOpbl IUIAaHETHl JO0 MeJo4Yel 3amedarTieBaeTcss B HOHOchepe B (QopMe HIEKTPOHHBIX-MOHHBIX

! Jlyrosenxo B H. . JIpixanne 3emmi. M.: Hoesiit Bex. 2002. -192¢.
Manosa K.A., B. H. CanpuukoB. CuHepreTuka 3JI€KTPOMArHUTHBIX cucteM jurocdepst. //HMureprer. HarmoHaibHbI
nccienoBaTenbekuii ToMcknit monurexHudecknii yausepeureT. Tomck. Poccus. -11c.
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HEOJTHOpOoAHOCTEe!. Bo30Oyxnenne moHocdepsl mnepenaércs B OOBEMHBIN PE30HATOP PaIUAIMOHHOTO
mosica, HACTPOEHHOTO Ha YacTOTy yriiepoja. braromaps 3ToMy M3 COJHEYHOTO CIEKTpa PE30HAHCHO
BBIOMPAIOTCS TOJBKO T€ YaCTOTHI, KOTOPHIC HY)KHBI IIaHETe M e€ oOuTarensiM — OHOCYIIeCTBAM H
MUHEpaaM.

[TosToMy yriekucislil ra3 B atmocdepe, obecrieunBast pocT 3eNEHBIX paCTeHUil, SABISETCA K TOMY
e TIOJIe3HOH HEeoOXOJMMOCTBIO YCTOMYMBOM paboThl aTMOC(hEpHOrO0 KBAaHTOBOTO T'eHEpaTropa.
Hapymenne paboTsl 3TOro reHeparopa CHH)KEHHEM YPOBHS YIVIEKHCIOIO ra3a 4YpeBaTO CTUXUHHBIMHU
OeICTBUAMHU, BBHIMHUpPAaHHEM OHOJOTHUYECKUX CYIIECTB H3-3a HApYIICHUS PE30HAHCHOW HACTPOMKHU
pesoHupytomeid cucrembl. [loaToMy He cienyer OrpaHMYMBaTh BBHIOPOCHI  YIJIGKHCIOTO rasa B
MPOU3BO/ICTBEHHOM JEATEIILHOCTU YeJIOBeKa. A K M3MEHEHHUIO TEeMIIEepaTypbl U €€ MOCIEACTBUSAM JIIOIH
JOJDKHBI TIPUCTIOCOOUTBCS KHUTh, 3HAs, YTO 3TO 3aKOHOMEpHOE sBjieHHUE, ynpasisiemoe ConHueM Hu
3emuén.

V3MeHeHHs COJIHEUHOW aKTUBHOCTH CBSI3aHO C M3MEHEHHMEM YacTOTHOIO CIEKTpa, M cpasy ke
CKa3bIBAlOTCS Ha BMJIOBOM cCOCTaBe OHocdepbl M KiauMmarte IIaHeThl. [losToMy coxpaHsTh KiIMMaT
HEUM3MEHHBIM WJIH 3a00TUTBCS O COXPAHCHHHM BHUJOBOTO pazHOOOpazus Ouochepbl MOKHO TOJIBKO
nocpeacTBoM camoro CosHIIAa M TJIA3MEHHOTO MEXaHM3Ma COJIHEYHO-3EMHBIX CBsi3ed. UenoBeKy 3To He
1o cuiaM. YenoBeKy Mo CHJIaM TOJIBKO H3YYUTh CaM MEXaHU3M COJIHEYHO 3€MHBIX CBSI3€H, YTOOBI JKUTH B
COIJIACHH C 3aKOHOM M3MEHEHUS 3JIEKTPOMAarHUTHOW OOCTaHOBKH, M IPEJBUAETH TPSAyLIHE COOBITHS.

KBanToBbI#i reHepaTop 3emiin (pOpMHUpPYeET I10JIe HANIPABJCHHbBIX H3JIy4YeHHI KOPBI
IUIAHEThI

KonebaHus 31eKTpHUECKOTO0 TOJS KOPbI IUIAHEThl BO30YKZArOT BUOpanmuu B HOHOChepe,
BO30YXXJlasi IPU 3TOM PaJAHAIMOHHBINA mosic. Crnabble KoJiebaHusi MOJIA KOPHI MJIAHEThl YCUIMBAIOTCS B
TBICSIYM Pa3 (3TO CBOWMCTBO BCEX PE3OHUPYIOMIMX cHcTeM). [I0CKOIbKY JTt00asi aHTEHHA SBISETCS TPHEMO-
nepearoIei, TO MOJTY4eHHOE TMoJIe U3TydeHUi 3emiu paboTaeT B JYIUIEKCHOM pexuMe (MpuEMHUKA U
neperaTyrKa 0JTHOBPEMEHHO).

Kak m B TexHMyeckol aHTEHHE, BO30YXICHHE IO MPOUCXOIUT M3 00JACTH 3KBATOPA,
HKBATOPHAIBLHOTO mosica 3eMiu. ['eHepaTop Bo30yXIeHHs W3Ty4eHUN aHTEHHBI BCET/a MOJAKII0YAETCS B
CepeiMHy AMIOJNSA, Ul 3eMJIM — 3TO 00JacTh MAarHUTHOro 3KBaTopa. MIMeHHO 31ech Haa ATIaHTUKOMN
paboTaeT OCHOBHOW MOJIEKYJISIPHBIIM T'eHepaTop, COTIacoBbIBas pabOTy MOJIEKYISIPHBIX T€HEPAaTOPOB HaJ
cyliel B 000UX MOJYIIApHSIX.

Marnutocdepa 3emian ASUCTBYET KaK peasbHbIN MJIa3MEHHbII MEXaHU3M, Ha3HAY€HUE KOTOPOTO
COCTOUT B TOM, 4TOOBI PEryJMPOBaTH «3aCENIEHHOCTH» ATOH 00JacTH pa3pe:KeHHOro0 OKOJI03EMHOTO
KOCMMYECKOI0 IPOCTPAHCTBA YACTULIAMHU BBICOKOM JHEPrHH, COPTUPOBATh HUX II0 YPOBHIO JHEPIHH,
HaNpaBJIsITh B PE30HATOP PAAMALMOHHOIO TO0sCa, BbI3bIBAs B HEM 3JIEKTPOMArHuTHbIE KosebaHus. Tem
CaMbIM YCHUJIMBAIOTCS JIEKTPOMAarHUTHBIE CUTHAJIBI, UAYIIME U3 KOCMOCA B PEXUME NPUEMA, U OT 3eMIIH
B peXUMe IIepeayn.

OTOT MIa3MEHHbII 0OBEKT CTAHOBUTCS IMOJIEM U3Iy4eHUH 3eMiiu MpU BO30YXIEHUH IPOTOHOB U
AJIEKTPOHOB I'€HEpaLUedl CO CTOPOHBI KOPHI IJIAHETHI WM CO CTOPOHbI Kocmoca. 3eminst CAMA ctpout
ATOT MEXaHU3M, KaK KBAaHTOBBIH YCUJIMTENb CIa0bIX CUTHAJIOB KOCMOCA WJIM CUTHAJIOB, UAYLIUX OT KOPbI
IUIaHeThl. PaguanuoHHbIA MOSC SIBJISETCS HEOTHEMIIEMOM YacThiO CaMOM IUIaHEThl U MarHuTocgepsl. B
9TOM II0SICE€ CKAIUIMBAETCA OTPOMHOE KOJIMYECTBO BBICOKODHEPIMYHBIX YACTWUL], U IPU AOCTHKECHUU
HEKOTOPOTO IMopora IUIOTHOCTH, o0Opasyercst TypOyJeHTHOCTb, W 3HAUUTENbHAs 0N SHEPruu
BO30Y)XJICHHSI YaCTUTh MPEBPALIACTCS B 3JEKTPOMAarHUTHBIC U3Yy4YEHUs, COOTBETCTBYIOIME MarHUTHBIM
(aTbBEHOBCKMM) BOJIHAM M 3BYKOBBIM BOJHAM THIIA CBUCTSIIUX aTMOC(HEPHKOB (MAarHUTHBIA 3BYK).
MarHuTHbII 3ByK — 3TO 3BYKOBasi BOJIHA OT BO30Y)KJIEHHMsSI MAarHUTHBIX BOJH MAarHUTHOTO TOJIS 3eMJIH.
MarauTHbIN 3BYK SBISETCS UHCTPYMEHTOM IIOCTPOCHUS 3aJaHHOM CTPYKTYpHI INIa3MEHHOI'O MEXaHU3Ma
PE30HAaHCHON MarHUTOC(Eps! U €€ HEMEHTOB.

[TockonbKy MOsIC pajualMy HMCIOJHEH U3 MPOTOHOB U 3JEKTPOHOB KaK OJMH OOJBLIONW aTom
BOJIOPOJIa, TO TpeOyeTcsi BHEUIHEE MArHUTHOE MoJje, YTOOBl YNpaBiIATh MOBEACHUEM 3TOTO mosica. ITo
cienxyer w3 Toro, 4yro B ycrpoucrtBax Ttuna MA3EP wucnone3yrorcs 1Ba Tuna COPTHPOBKH
BBICOKOOHEPIUYHBIX YACTHUIL] — HIEKTPUYECKUN NPU YIPABICHUU DJICKTPUYECKU 3apsSHKEHHBIX YacTHULl U
MAarHUTHBIN MIPU YIIPABJICHUH YaCTULIAMHM C MATHUTHBIM MOMEHTOM, HallpUMEp, BOJOPOIHBIN I'€eHEpaTOp
(Ma3ep Ha OCHOBE aTOMOB BOJIOPO/IA).
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[Tpu nocTMKEHUU KPUTHUYECKOTO YPOBHS CYMMAapHOW SHEPrHMH YacTULl B 0ObEMHOM pe30HATOpe
panualMoOHHBIX IMOSICOB, HAYMHAETCS JIABUHOOOpa3sHOE HapacTaHUE dJIEKTPOMArHUTHBIX — BOJIH,
(bopMHUpyeTCsl IEKTPOMAarHUTHBIA UMIYJbC FeHepauud HH(OpMAIMOHHOTO curHana. OJHOBPEMEHHO
9TH K€ BOJIHBI CIIOCOOCTBYIOT PAaCCEMBAHMIO YACTHII, OT/AABIINX CBOIO SHEPTHIO B PaJUallMOHHOM MOsCE,
¥ OHHU BBICBHINIAIOTCS B IUIOTHBIE CIOM aTMoc(epbl, 3aXBaTHIBAIOTCS MAarHUTHBIM MOJeM 3€MJIH BHYTPb
riaHeTsl. PaguannoHHbI TOosAC Kak Obl BCTPSIXMBAETCs, BO3BpPALIasCh B MCXOAHOE paboyee COCTOSHUE
OUYEPEHOT0 HAKOIUIEHUs aKTUBHBIX YACTHUIl U COOCTBEHHOTO BO30YXKICHUS.

PagnoTexHuueckue mMasepHbIe anmapaThl CTPYKTYPHO OYEHb IOXOKM Ha PabOTy paauanioOHHBIX
nosicoB, MoHOc(epbl U Marautocdepsl. M Ta u npyras cucremMa — 3JIEKTPOBAKyyMHasi, UM TpeOyeTcs
HaKayka padoyero BEIIeCTBA W COPTUPOBKA YACTHI] BELIECTBA MO YPOBHIO SHEPIMU 10 KPUTHYECKOTO
YPOBHSI, NPOUCXOAMUT BBIHYKICHHOE H3IydyeHHe B pe3oHarope. [Ipubop maszep ucnonb3yercs ams
reHEpaliy MOIIHBIX AJIEKTPOMAarHUTHBIX CHUTHAJIOB B CAHTHUMETPOBOM M MUJUIMMETPOBOM JIHAla30HE
BOJIH. Y paJMalMOHHOIO TOsica OUana3oH padoyuX YacTOT 3HAYMTENBHO OOJbIIE, OH OXBaTHIBACT
YacTOThl COOCTBEHHBIX HE3aTYXalOUIMX KoJeOaHWH BCEX MKHMBBIX CYIIECTB OHOchepbl M Bce cdepsl
aBTOKOJI€0aTEIbHON CUCTEMbI 3eMIIA.

[Tna3zmenHas cpena 0KoJIo 3eMJIM 3TO U €CTh Ta Cpejia, I7Ie MarHUTHBIM MojieM 3eMiH U paboToii
CounHna co3gaérest U MOAIEP )KUBAETCS M30BITOYHASI KOHIIGHTpAlUs 4acTull, JOpMHUPYETCS COPTUPOBAHUE
YaCTHI IO UX DHEPrHU BO30OYXKICHHUS, CO3MaETCs OOBEMHBINA Pe30HATOP (TOP PaJHallMOHHOIO Mosica), U
dbopmupyetcs MemOpaHa noHochepsl, CHUMAIOIIAs ¥ Nepeaaronias BO30YyK/IeHUs B pe30HATOP U U3 HETO.
Bot 3ToT mporuiecc Bo3OYkaeHUS HOHOCHEPHI U paaraiiMoHHOro nosica u co3aaét [IOJIE N3JIYYEHMIA
3EMJIN.

[ToaToMy cam MIa3MEHHBII MEXaHW3M OpPraHM30BAHHOM IIa3Mbl HY)KEH KaK YCTPOMCTBO Ui
dopmupoBanus 1moss  u3MydeHuil 3emun. UM okoso3zeMHas 11a3Ma  CTAHOBUTCS  IMArpamMMmoi
HAIPaBJIEHHOCTH WJIM MTOJIEM U3ITyYEHUH 3eMIIH.

B pabote pagmanMoHHOrO mosica Kak B PE30HAHCHOM CHCTEME YAaJIoCh 3aperuCTPUpPOBATh
pa3sHOOOpa3Hble pPEXHUMbI pabOTHI: PEKUM HEMPEPHIBHOM TIeHepaluy, NepUOJUYECKHe M IMHUYKOBBIE
PEXKHMMBI, KOTZla M3JIydEHHUS] TE€HEpUPYIOTCA B BUJIE MOBTOPOB MMIYJIbCOB. KakIoMy TakoMy pexumy
COOTBETCTBYET CBOU DJIEKTPOMArHUTHBIN 3BYKOBOM CUTHAJI HU3KOM 4acTOThL. BCE 3TO rOBOPUT O LieneBOn
pabote MarHUTOC(Ephl, OCMBICICHHON €€ padoTe mo nporpamme siapa 3emiu. [Inanera cama ynpasiser
paboToil cBOero mojs M3IyuyeHHH, U HEe HaJ0 BMEIIMBATHCS B €€ paboTy, MOCKOJIbKY KpOoMe Bpejaa s
caMMX ke Jitojielt Hudero He Oyzner. Hanpumep, coBpeMeHHbIE CTEH bl pa3orpeBa HOHOC(EPHOTo 3epKaja
B palioHE IOJIFOCOB, OT KOTOPOTO OTPAKAKOTCSA MArHUTHBIE BOJIHBI PAJAMALMOHHOIO I105CA, BBI3BIBAIOT
NOSIBJICHUE HU3KOYACTOTHBIX MH(Pa3BYKOBBIX BOJH (Tojioc HeOa), BPEIHO JACHCTBYIOUIMX HA TICUXUKY
YeJI0BEKa, BBIHYK/1as Ma1aTh MEePeETHBIX MITUL] WIX U3MEHSATh UX OOBIYHBIA MapIHIpyT MOJETA.

PaguanmoHHbIi 1osic, ABIAACH MPUHAUIEKHOCTBIO MarHUTOC(ephl, BO30YXKIaeTcsd Ha MPUHLIUIIE
ANIEKTPOBAKYYMHOTO PaJMOTEXHUYECKOTO YCTpoiicTBa — Maszepa (M3JIydeHHE pPaJMOBOJIH aTOMaMH
NIOCPEJCTBOM BBIHYXKIICHHBIX U3MydeHui). [InasmMeHHOe coopykeHue mosica paauanuu (13 3JEKTPOHOB,
IPOTOHOB, HIOHOB KUCJIOPO/ia, HEOHA M TeJIHs) BOCIPUHUMAET BO30YXKICHHS, HAYIIUE OT BO3OYKIEHHOM
noHoc(hepsl Kak pe30HAHCHONW MEMOPaHHBI.

3TO0 TOT cOCO0, KOTOPBINA OBLT OTKPHIT €IIE Ha 3ape pa3BUTHS paauoTexHuku: Crnocol ycuneHus
ANIEKTPOMArHUTHBIX H3Iy4eHUH (ynbTpaduoIeTOBOTO, BUANMOTO, HHPPAKPACHOTO M PaIroAUaNa30HOB)
BOJIH, OTJIMYAIOLIUNCA TEM, YTO YCUIMBAEMOE U3IIy4YEHUE NIPOXOIUT YEPE3 CPely, B KOTOPOU € IIOMOILBIO
BCIIOMOTATEJILHOTO U3IY4YEHUS WU APYIUM MYyTEM co31aéTcs N30bITOYHAS 10 CPAaBHEHUIO C PABHOBECHOM
KOHIIEHTpalusi BO30Y)XKJIEHHBIX aTOMOB, HOHOB M JIPYTUX 3apsDKCHHBIX 4acTHUI] (JIEKTPOHOB, MMPOTOHOB)
WM UX CUCTEM Ha BEPXHUX SHEPTeTUUECKUX YPOBHSX, COOTBETCTBYIOIIUX BO30YKIEHHBIM COCTOSHUSIM.

Tenepb 0 yacrorax u Moayasiuum. Kaxxapiit anemeHT Ouocdepsl, B TOM 4HCIIe U caM YelOBEK,
UMEIOT COOCTBEHHYIO 4acTOTy He3aTryxaroumx kosiebanui. Cama 3emis M Kaxzaas 00JIacTb KOpPbI
IUIAaHEThl HMMEET CBOIO YAacTOTY HE3aTyXarolllMX BHYTpeHHUX kojeOanuil. [IpuBeny npumep. [leranbHoe
U3y4YCHUE MOTOKOB BBICOKOOHEPTHMUHBIX 3aXBaYCHHBIX 4acTHIl (B PaJMallHOHHOM MOsCE), MPOBOJMMOE
MU®DU Ha opbutanbhoil cranimu «Camor-6», «Mup» u MC3 «Mereop» npuBesno K 0OHapyKEHUIO
HOBOTO SIBJIEHUSI TIPUPOJBI, CBA3aHHOIO C BO3JEHCTBHEM CEHCMUYECKOM AKTUBHOCTH 3€MJIM Ha
BHYTPEHHIOIO I'PaHUILY paJMallMOHHOTO Mosica — ceiicMOMarHuTochepHoit CBSI3H

12 Tanmsmep A. M. 3emunerpsicennst: [Iporaos u3 Kocmoca? //Hayka B Poccnu. 1994, Beim. 1.C.39.
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Jlo noHocdeps! U Mmosica pajuaki MOTYT JIOMTH TOJIBKO HM3KOYACTOTHbIE CUTHAJIBI C YaCTOTOM
0,1-10T'u. bmaropapss Hamuuumio pe3zoHancoB lllymana atmocdepy 3emiin MOMKHO NpPEACTaBUTH Kak
oO0I1yI0 Pe30HAHCHYI0 MeMOpaHy, BKIItoYast HOHOC]epy, Kak yacTb olmiel atMocdepsl. DT0 IPUBOAUT K
TOMY, YTO ¥ CHTHAJIbI ¢ 00JIee BHICOKOW 4acTOTOW (OT OHOJIOTHYECKHX OOBEKTOB M JIOKAJbHBIX Y4aCTKOB
KOpbI 3eMJIM) 3aXBaThIBAIOTCS MOIIHBIMH HH3KOYaCTOTHBIMH CHUTHAJIaMH CEHCMHYHOCTH, JOCTHTras
MoHOC(EPHl U HIKHEH IpaHUIbl paJAualliOHHOTO Mosca.

OTO TUNHMYHBIA MpUMep paboThl MarHUTOC(Epsl ¢ €€ pagHalMOHHBIM IMOSICOM — PE30HATOPOM,
10100HBIM THUMOBOM paboTe Ma3epHOT0 IreHepaTopa: ecTh 0OBEMHBIN PE30HATOP, €CTh CEJIEKTOP YacTUTh
[0 BEJIWYMHE SHEpruu BO30YXKAEHUS, €CTb HOHOc(epa Kak CpeACTBO I ChEMa M Iepeaayu
aneKTpoMarHuTHOMH uHpopmarmu. Ilnazmenusiii Mexanusm CoiHEYHO-3€MHBIX CBs3el paboTaer Ha
IOPUHIUIE BO3OYKICHHUS «MOJIEKYJSPHOTO T'eHEepaTopa» W YCWICHHS OHIIEKTPOMArHUTHBIX BOJH B
nuanaszone CBY.

B KBaHTOBOM TreHepaTrope pe30HAaTOp HACTPOEH Ha 4YacTOTy, COOTBETCTBYIOLIYIO IEpPEX0ay
BO30Y)KJICHHBIX MOJIEKYJl B OCHOBHOE€, HEBO30YKJEHHOE COCTOsIHME. Toraa MOTOK MOJIEKYJ, B KOTOPBIX
OCYILIECTBIISICTCA TaKOW MepexoJ]l, HU3Jy4daeT »dSJCKTPOMArHUTHbIE BOJIHBI, BO30YXKIaloOIIMe U
MOJIZICP>KMBAIOIIME PE30HAHCHBIEC KOJIeOaHUs B pe30HATOpe. DHEPrus 3THX KosueOaHui oTOupaeTcs uepes
BBIBOJI pe3oHaTopa. B paamanuoHHOM mosice 3eMiIM MPOUCXOAM TaKOe XKe SBJICHUE, W €ro Hajo
TIIATENIbHO HCCIIEA0BaTh, OJlaro mpuMep Masepa CyIIecTByeT. Masep MOKa3bIBae€T BBICOKYIO
CTa0MJIBHOCTh YacTOTHI, 0COOCHHO Ha OCHOBE BOAOpo/a. [103ToMy M pajManiMOHHBINA MOSC 3eMIU UMEeT
CTPOEHHE aTOMa BOJIOPOJ1a, U Oe3 UCKaXeHHs IPUHUMAET U nepeaaétT nHpOpMaImio.

Ceiicmuueckue (Kak OJJMH M3 MPUMEPOB) JIEKTPOMArHUTHBIE H3Iy4eHHs, BO3OYAUB HOHOChEPY,
CaM{ YCHJIMBAIOTCS M, JOCTHUTHYB HMJKHEH I'paHHIbI paJUallMOHHOTO IMO0sCa, BCTYMAIOT B PE30HAHCHOE
B3aMMO/ICHCTBHE C DJICKTPOHAMH M0sica. AKTUBHEE BCETO B3aUMOJICHCTBYIOT T€ YaCTHIIBI PaHalldOHHOTO
nosica, KOTOpbIE CBSI3aHbI C MATHUTHBIMU CHJIOBBIMM JIMHUSAMH TOJISL 3€MJITH, TPOXOAAIIMMHU Yepe3 MECTO
O’KHJAaeMOro BCIUIeCKa ceficMuMuHOCTH. B3aummoneiicTBue mnpuoOperaer pe3oHaHCHBIM Xapaktep. U
HKCMEPUMEHT ¢ ucnoib3oBanueM VC3 HarisaHo mokasaln, 4To CeMCMUYHOCTD B JIOKAIBHOW TOYKE KOPBI
IUTaHETH! BhI3BaJIa PE30HAHCHOE SIBJICHUE B MOSICE PAIHALINH.

[TosToMy mosic paguanuu 06Ja1aeT pe30HAHCHBIMU NTapaMeTpaMH BceX oOuTaTesneld MoBEPXHOCTH
KOpbI IJIAHEThl, BCEX AHOMAIbHBIX 30H KOPBI IJIAHEThl. DTO U €CThb TOT WH(OPMAIMOHHBIM TOTOK,
KOTOPBIM MOSIC pagualliu CIOCOOEH BBLAEIUTH W3 oOuiero moroka u3iaydeHuid CoiHIA M IUTaHET Ui
HYXJ 3eMiu 1 e€ oburaTenei.

[TpuBeném emé mnpumep pabOThl KBaHTOBOrO TreHeparopa 3emid. Pabota  moHOchepHOit
paIuoIOKAlMOHHON cTaHIMU pa3orpeBa noHocdepsl - cteHaa Cypa nmoa nponérst MC3 Kocmoc-18009.
JATA 20.02.91. Bpems -15:56-15:58. Pa6ouas wactora 9310 KI'n. MomHocts - 140 MBT. Pexum
U3IY4YeHUs1 — HenpepbIBHbIN. Monymsaiust yactotoi 1400, M3nyuenust 5 MuHyT, 3aTeM Tnay3a 2 MHH.
OKCIIepUMEHT IM0Ka3aJl, 4To HarpeB HoHocdepbl BbicokouacTOTHbIM BY m3nydyenuem crenna Cypa
NpUBEN K BBICOTHOMY POCTY IUIOTHOCTH IUIA3MBbI U €€ CEBEPO-BOCTOYHOMY BBIHOCY.

beuto 3adukcupoBaHO, YTO BIUIOTH JIO TMOJSIPHOTO OBajia C(HOPMHUPOBATIOCH 3JIEKTPHUECKOE
nosie~10-30 MB/M. B marauTtoconpsixkenHoi o6nacti HaOmonancs 3GphexTsl MoAu(pUKAUN HOHOC(HEPHI
Ha BbicoTe ~ 960 kM. M3menenus B moHocepe mnpu paborte crenga Cypa mposBistorces ao L ~6
(pammycoB 3emun). JlomonHuTenbHbIi 3HeproBiian (BU Harpes) B HeycTOWYHBYIO, OBICTPOMEHSIONIYIOCS
wia3My HoHoc(hepbl BOJM3M BEYEPHETO TEPMUHATOpa TNpHBEAET K OciadieHuto (pa3pyLieHuIo)
(dopMHpOBaHKs aHOMaIBHBIX aTMOC(EpHBIX NpoteccoB (yparanos) okoio Hosoit 3emuu u Hax SImanom.
OT0 npUMep U3MEHEHHS KIIUMarTa.

Bcenomuum, uto 6uocgepa 3emau chopmMupoBaHa U3 MHOXKECTBA JIOCKYTOB — SKOCUCTEM, KOTOPbIE
BCE NMPHYPOUYCHBI K TPEIIMHAM U pa3jioMaM KOPbI IUTAHETHI, IIOKPHITHIX CBEPXY BOJAOH (PyubsiMH, peKaMH,
03épaMM, MOpSIMH), K DHEPreTUYEeCKUM CeTKaM. biaromaps Tomy, 4TO KOpa IUIAaHETHl TEHEPHPYET
U3JIy4eHHs], MOJYJIMPOBaHHbIC (OKpallICHHbIC, U3MEHEHHBIC) PACTCHUSIMH M JKUBOTHBIMH JKOCHUCTEM,
00bEéMHBII  pe3oHaTop 3emau (paauallMOHHBIA II0SC) HAKAuMBAeTCS PE3OHAHCHOM JHEpruei,

Tpaxtenrepu B.FO. Maruutochepa kak anbBeHOBCKHi masep. //3emns u Bceenennas. Ned. 1979r. Tambnep A.M.
Pannanvonssiii nosic. MADHN.1999.
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COOTBETCTBYIOLIEH YacTOTaM OMOCHCTEMBI. DTO MO3BOJSET MarHUTOC(epe M30HpaTeabHO BHIOUPATh W3
SHEProMH(POPMALMOHHOTO MOoTOKa COJHIIA TOJIBKO HYXHYIO U1l 3eMJIM SHEPTHIO.

MHOTrOYHCIEHHOCTh SKCIEPUMEHTATIBHBIX JAaHHBIX M MX MOBTOPHAs BOCIPOU3BOIMMOCTH JAIOT
BO3MOKHOCTh ~ TOYHOTO  BBISIBICHMS  3aKOHOMEPHOCTEH  PE30HAHCHOTO B3aUMO/JICHCTBUS
AJIEKTPOMArHUTHBIX BOJIH U 3apsHKEHHBIX YAaCTHULl B 00bEMHBIX pe3oHATOpax MarHutocheps! 3emiuu. I1o0
MO3BOJISICT OLICHUTh IPOMCXOXK/ICHUE U HA3HAUEHUE PA3IMYHBIX TUIIOB U3ITy4eHUH U POPM UX YACTOTHBIX
CHEKTPOB, MX (DYHKIIMOHAJIBHOE HAa3HAYCHHWE B OPraHU3alMU CTPYKTYPHOTO MOCTPOEHUS U COXPaHEHHS
CTPYKTYpPBI MarHUTOC(EpHI.

B 00bEMHOM pe3oHaTOpe paJHalMOHHBIX MOSICOB HAa (JOHE CTPYKTYPHOU IIIa3Mbl  (POPMUPYIOTCS
(BO30Y)KHAIOTCSI W JJHMTENBHO COXPAHSIOTCS) MOHOXPOMATHYECKHE BOJHOBBIE MOJIBI, JUIS KOTOPBIX
Ba)XHYIO POJIb UTPAIOT KOrepeHTHbIE ((ha3oBbie) 3PPEKThl. ITO NOATBEPKAACT UICIO, YTO HA MIA3MEHHBIX
CTEHKaXx O0OBEMHOrO pe3oHaTopa (paJHaliOHHBIX TOSCOB) COJEPXHTCS BCS MH(OpMAIMs YaCTOTHBIX
XapaKTePUCTUK KoJeOaTeIbHBIX MPOLIECCOB BCEX AIIEMEHTOB OMOC(Ephl U CTPYKTYp IUIAHETHOTO Teja B
BUJIC Pe30HAHCHBIX o0acTel (Mon kKonebanuii). Kak 3T0 MCIIONHEHO — TpeOyeTcst U3yueHUe W CpaBHEHHUE
YaCTOTHBIX ITAPaMETPOB.

Kaxmoil pe3oHaHCHOW MOJAE COOTBETCTBYET CBOS KOHKpETHAsh YacTOTHAs XapaKTepUCTUKA
OMOJIOTUYECKON SKOCHCTEMBl MM SHEPreTHKM KOpbl IulaHeThl.  KpaliHe-HM3KO4YacTOTHhIE UM 0CO00-
HU3KOYACTOTHBIE KOJIEOAHUs TEHEPHUPYIOTCS, IO-BUAUMOMY, SAPOM IUIAHETHI C LENbIO IPOBEPKHU
LIEJIOCTHOCTH W COCTOSIHUSL PE30HAHCHBIX MOJ Kak HEOJHOPOJHOCTEH B IJIa3MEHHOH CTPYKType
00bEMHBIX pe30HaTopoB MarHutocdepsl. Ilpuunna B omHOM: 6uocghepa mysicna camoii nianeme O
ocywecmenenus xooa seonoyuu 3emau. I1o3ToMy U KIUMatT 3eMIIU perynupyercs: caMoil IaHeToi. Sapo
TUTAaHETHl COBMECTHO C BHELTHMMHU PE30HAHCHBIMH cpepamMu 00pazyeT KBaHTOBBIH KOMIIBIOTEpP HA OCHOBE
palboThI MOJIEKYIIIPHOT'O T€HEpaTopa.

WunynrpoBaHHOEe M3My4deHHE, MpeACTaBisionee co00i OCHOBY JAEHCTBHS Maszepa, SBISETCS
OoOpaTHBIM MPOIECCOM IO OTHOLICHHWIO K TIOIJIOUICHUIO 3JIEKTPOMAarHUTHBIX BOJH WIM (OTOHOB
aToMHbIMH cucTeMamu. Korma ¢oToH moriomaercss aromMoM, 3Heprus (OTOHAa MEPEeXOAUT BO
BHYTPEHHIOIO SHEPTUI0 aToMa. ATOM B 3TOM Cllydae MepexoauT B BO30YXIEHHOE KBAHTOBOE COCTOSIHUE.
[To3nHee OH MOKET CIOHTAHHO HM3IIyYUTh 3Ty SHEPrHI0, U3IY4UTh (OTOH, U BO3BPATUTHCS B OCHOBHOE
WIK B HEKOTOPOE HMHOE IMPOMEXYTOYHOE COCTOsSHHE. B mpopoinkeHune mepuoja, Korja aToM elle
BO30YXXJI€H, OH MOXKET OBITh BBIHYXKIEH SMUTHUPOBATh (POTOH, €CIIM 3TOT BO3OYXKIEHHBIN aTOM HCIIBITAET
coynapeHue ¢ (OoTOHOM, UMEIOIIUM B TOYHOCTU 3HEPTUi0 (POTOHA, KOTOPHIM ObLI ObI UCIYIIEH aTOMOM
crnoHTaHHo. B pesynbrate mnpumeamuii co crtoponsl ¢oron BO3BYX/JEHUSA wnmu BosHa
BO3BYX/JIEHUS mnonyyator mpupamienue (ycuieHue) 3a cu€r (OTOHa OT AAHHOTO BO30YXKIEHHOTO
aroma. Haubonee BaXHBIM M IpHUMEYATENbHBIM SBJISETCS TO, YTO BOJHA IMoOcCie €€ HCIyCKaHMs
MOJIEKYJOH WM aTOMOM, HAaXOJUTCS TOYHO B TOH e ase, YTO W TNEepBOHaYaJIbHas BOJIHA,
oOycnoBuBIIas BO30YXJIEHHE M HCIYCKAHUE BTOPUYHON BOJHBI. ODTO CIYXHT OCHOBOM YCHIIEHUS U
MOJIy4eHUsI KOTE€PEHTHOCTH U3Ty4aeMbIX BOJIH.

DJEeKTPOHBI, BpalLAIOIIKUECs C ONPeAEIEHHON YacTOTON B OJHOPOJIHOM MAarHUTHOM TMosie 3eMIH,
B3aMMO/ICHCTBYIOT C BOJIHOH, (ha30Basi CKOPOCTh KOTOPOH OJM3Ka K CKOPOCTH cBeTa. B Takux yclnoBHSIX,
OJM3KHX K aBTOPE30HAHCY, OTKJIOHEHHE YaCTHIl OT CHHXPOHHM3Ma C BOJHOMN, BbI3BAaHHBIE H3MEHEHHEM UX
SHEPruil ¥ MOCTYNATEIbHBIX CKOPOCTEH, MOYTH MOTHOCTHIO KOMIIEHCUPYIOT APYT JIpyTa.

Bce kosnebarenbHbIe CUCTEMBI, a UMH SBISIOTCA Bce (DOPMBI BEIleCTBA OT aTOMa JI0 IIAHETHOTO
Tena, o0JafaT OJHU OOIIMM CBOMCTBOM: OHHM MMEIOT PEKUM IO MOCTOSHHOMY TOKY M CIIOCOOHBI K
BO30Y)KJICHHIO, TPEBBILIAIONIEIO YPOBEHb IOCTOSIHHOTO ToKa. M3mydaemoe MMM BO30OYXKIEHUE H
dbopMupyeT 1ojie HampaBIEHHBIX M3JIy4EHUH, M0JI€ BBIHYKACHHBIX M3IY4YE€HUI B BHUJE CIIEKTpa YacTOT.
CrnoBocoyeTaHue «MOJIEKYJSpHasi CHEKTPOCKONHUSA», MO CYLIECTBY, O3HAYaeT, 4TO, MCCIELys CHEKTPbI
HOTJIOIIEHUsT MOJIEKYJI MOXHO pacuIM(poBBIBaTh MX CTpOE€HHUE U cBoiicTBa. IlpubaBieHue Kk cioBY
«CHEKTPOCKOMHUS» CJIOBA «pPaJH0» O3HAYaeT, YTO MOJIEKYINbl, OOJIydaroliuecss pajuoBOJIHAMM, CaMHU
CTaHOBSATCS F€HEpaTOPaMHU PaJHOBOJIH.

B ¢opmupoBaHMHM pagMallMOHHOTO TIOsiCa YYAaCTBYIOT MAarHUTHBIE (aJbBEHOBCKHE) BOJIHBI,
koTopsie BCET'JIA conpoBoaat0Tcsi 3ByKOBBIMHM BOJIHAMHU. AHHU30TPONHS B YIJIOBOM paclpe/ieleHuu
3JIEKTPOHOB OTHOCHUTEIBHO MAarHUTHBIX CHJIOBBIX JMHMA B paJUallMOHHBIX IOsicaXx MPHUBOAUT K
HOSIBJIEHUIO 3BYKOBBIX BOJIH — CBUCTSIINX aTMochepHukoB. Kaxxnomy pexxuMy paboThl mosica pajuaniu B
MarauToc(epe COOTBETCTBYET CBOM THUIl HHM3KOYACTOTHOIO 3JIEKTPOMArHUTHOTO M3Iy4YEHHs. KpaliHue
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OUYeHb HU3ZKOYACMOMHbIE WUNEHUS; U3IYYEeHUs, KOMOopble N0 36YKOBOMY 60CHPUAMUI0 HANOMUHAIOM
«ympenHue xopul» u webem nmuy. Ecaum OBl YenOBEYECKOE YXO MOTJIO BOCIPHUHUMATH
AJIEKTPOMArHUTHBIN 3BYK, TO IPU MAarHUTHBIX OYpSAX CIBIIIATN Obl MAarHUTOC(EPHBIE KOHIEPTHI.

Jlazepsl u Mazepbl Ha cBoOOAHBIX 3nekTpoHax (JICD m MCD)- obecnieynBalOT H3Iy4CHUE C
UMITyIbCHOUM MoTHOCTRIO Tiopsiaka 10 000 Bt Ha BonHe 3, 4 MKM

UYro e KacaeTcs OTHOCHTENBHO JUIMHHBIX BOJIH, TO 3/IeCh HauboJiee MpHUBIIEKAaTEeNeH Maszep Ha
UKIOTPOHHOM aBTope3oHaHce (MLIAP). MmenHo 3TOT TMn Ma3epa OoTMedaercsi reo(u3MKaMu Kak
IIPUHAUIEKHOCTh 3eMIM. B TakoM Maszepe AJIEKTpPOHBI, BpallaloUIMecs C 4YacTOTOM B OJHOPOIHOM
MarHuTHOM TI0JI€, B3aMMOJICHCTBYIOT C BOJIHOM, (pa3oBasi CKOPOCTh KOTOPOi Oiin3Ka K CKOPOCTH cBeTa. B
TaKUX YCIOBHSX, OJM3KUX K aBTOPE30HAHCY, OTKJIOHEHUE YAaCTUIl OT CHHXPOHU3MA C BOJIHOH, BHI3BaHHBIE
M3MEHEHHUEM MX SHEPrUil U MOCTYNATENbHbIX CKOPOCTEH, OYTH IOJHOCTHIO KOMIIEHCUPYIOT APYr JIpyra.
bnaronaps stomy MIIAP, cormacno teopuu, fnomwkeH obnanats Oosiee BoicokuM KIIJ| u ObITh MeHee
YyBCTBUTEIBHBIM (2JaNTHBHBIM) K Ha4aJbHOMY pa30opoCy CKOPOCTEH AIIEKTPOHOB, yeM apyrue MCD u
JICO.

Harpes Bo31tyxa 0T paboThl MOJIEKYIIIPHOIO LIUKIOTPOHHOTO F'€HEPaTOpa

Mommnocts u3nmyuenus: Connma coctaBiser 3,86 Ha aecsaTh B JABaAUATh IIECTOH crereHu BT .
YuuteiBas TOJABKO TeryioBble yun CONHIIA, MaJarolue Ha MOBEPXHOCTh IUIAHETHI, 3eMis noaydyaer 173
muapaa MBT sHepruu. bananc MomHocTel OT HMOTOJHBIX MpoleccoB B atMochepe ocrasiser 270
musuapaoB MBT. B3aumoneiictBue marautochepsl ¢ COTHEUHBIM BETPOM MPHUBOJUT B JIEHCTBUE HAJ
MOJIFOCOM TUIAHEThl MAarHUTOC(EepHBI TeHepaTop MomHocThio 10 muummonoB MBT. DnekTpuueckoe
HanpsDKeHHe Mexay HoHocdepoir u  kxopoit rtuiaHersl cocrtaBisgeT 300-400 Teicsd  BOJIBT.
DJEeKTPONPOBOAHOCTh aTMoc(epbl yBenuuuBaeTcsi ¢ BbicoTod. Cyxoi Bo3ayx oOnagaer Manoi
POBOJUMOCTBIO. Perynupysi mocpeacTBOM MOrojbl  BIaXXHOCTh B mpocTpaHcTBe a0 10 KM, MOXHO
MEHSATh 3JEKTPONPOBOJHOCTh BO3ayxa. Bo3OykJeHune aTMoc(hepHOro MOJIEKYISPHOIO T'eHepaTropa
NPUBOAUT K TIOSBJICHUIO KOJeOaHWH M TOKOBBIX CHUCTEM B BoO3ayXxe. Bcerpewas compoTHBIIEHHE, TOKH
CHOCOOCTBYIOT HarpeBy Bo3jayxa. BoT 3TOT HarpeB W (puUKCHpyeTCS COBPEMEHHBIMU KIMMATOJIOTaMH,
IPUHUMAIOIIMMU PUYMHY HarpeBa B MapHUKOBOM 3P dexre.

Han nomtocom 3emnu pUTMHYHO pabOTaeT MOIIHBIM TE€HEpaTop HIEKTPUYECKOM SHEpruw,
co3/1aBasi 3aKpyYEHHBIN MOTOK OBICTPBIX AJIEKTPOHOB. DTOT BUXPh M3 AJIEKTPOHOB CIYXKHUT KEKTOPOM
JUIS 3acachbIBaHMsI OTPOMHBIX Macc BOJOPOJHOM IJIa3Mbl COJHEYHOTO BETPA CO CTOPOHBI PAa30MKHYTOM
YaCTH MarHUTOC(epHl.

[ToTok 3apspKEHHBIX YacTHIl HANPABISIETCS MATHUTHBIMM CHJIOBBIMU JIMHUSIMH TOJISL TUIAHETHI
BHYTPb 3€MHOro mapa. Hamuuue NOCTOSHHOrO, HO NEPEMEHHOTO0 [0 HHTEHCHBHOCTH, CBEUEHUS
aBPOPAJIBHBIX KOJIEI] TOBOPUT O TOM, YTO MPOUCXOJUT MOTpeOIeHNuEe SHEPTUU TEJIOM IUIAHETHI, a CaMu
CKAUKH SIBJISIOTCS CKAUKaMU YIUIOTHEHMS B JMHAMHUYHOM IOTOKE 3apsHKEHHBIX YacTHUIl BHYTPh 3EMIIH.
Mormnas aktuBHOCTh CoJIHIIA MHUIIMMPYET MOIIHBIM Brox 3emuu. Ha momoce oOpasyercs nén, Ha THe
oKkeaHa — (HOpMHUPYIOTCSA YIJIEBOAOPOABI M Be4Has Mepaiora. B armocdepe momtoca 3apokaaercs
AQHTULMKIIOH, (OPMUPYS MOTOy CEBEPHBIX TEPPUTOPUIA.

Cnokoiinoe CojHlle - CHOKOIHOE AbIXaHhe 3eMJIM, TaroT JIbJAbl OKeaHa U TOPHBIX JIEJHUKOB 3a
cuéT BHYTPEHHEro Temja IuiaHeTsl. lloBblIaeTcs ypoBEHb BOJ MHPOBOTO OKeaHa, Majlo BHUXpEH,
3apOXKIAIOUINXCS B BOJAX OKeaHa, ocjabeBaloT (pOHTalbHbIE TeYeHHs Tuna [ oabpcTpuM, MeHblle
IIUKJIOHOB IOT'0JIbl, MEHBIIIE BHINAJAeT OCAKOB, YXOJUT IIPECHas BOJA.

[Tpu mutensHOM crniokoitHoM CouHIle, YTOOBI COXPAaHUTh BHYTPEHHEE TEIUlo, 3eMils O/eBaeTcs
aensHON myooi. Yepena manbix UKIOB crokoiiHoro ConHia GopMupyet OOJIBLION UK CHOKOWHOIO
Counnua B snoxy Crpenbua 1o snoxu JIsBa. Kiiumar 3emiu u norosa sSiBIsIOTCS CBO€OOPa3HOI OTBETHOM
peakuued IUlaHeThl 3a CuéT e€ BHYTPEHHEW JMHAMHUKU Ha HHEProMH(pOpMAIIOHHOE BO3JcHCTBUE
kocmuueckor cpenpl. CymectByer uepeqa MayHAEpOBCKHX MHHMMYMOB C  IOCJEIOBATEIbHBIM
YBEJIMUYEHUEM CPOKa UX JeHCTBUS.

Hauunas ¢ 2 160 roga cMeHHMTCS MarHUTHas MOJIIPHOCTH KOCMHUYECKOTO MPOCTPAHCTBA HA IMyTH
cienoBaHusi CoOJHEYHOW CHCTEMBI, 4TO TNpPHUBENET K IpaBUTAllMOHHOMY cxaTuto ConHIa U Bceit
Conneunoit cucrembl. CHU3UTCS cBeTUMOCTH COJHIIA M YBETUUUTCS aKTUBHOCTD IJIaHET-TUTaHTOB. Jlis
3eMiIM HacTymaeT BpeMmsl, aHAJIOTUYHOe OCeHW M 3uMbl. [llap mmaneTsl OyneT CKMMaThCs, YTO JIacT
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3(pdeKT KpaTKOBPEMEHHOTO IMOTEIUICHUS W TPUBENET K TAsSHUIO JbJAOB APKTUKA W AHTApKTHKU. A
Janbllie OCeHb M 3MMa 10 30/MakajibHOMY ronay. Ha ruanere y)ke HECKOJIBKO pa3 MPOMCXOJAWIIa CMEHa
uBmM3anuid. CoXpaHUIOCh OJJTHO OPUTMHAIBHOE CKa3aHUe OT MPeIbIAyIIel IUBIIN3ALNH.

3eBc paccepauics Ha JIOJACH, MOCKOJIBKY CTalmd O00raTcTBO KOMUThH, MAMSTHUKU caM cede cTamu
CTaBUTh, OTPUHYIU Bepy B bora, morepsiB HpaBCTBEHHOCTh B moBeaeHUH. M pemmnn 3eBc Haka3aTh TeX
JIOEH, PEeLII YHUYTOXKHUTh UX MOJHHUSIMHU, HO «yOOsiicsi, UO0O OT CTOJIBKUX OTHEH MOTYT OBITh OOJIbIINE
HENPUATHOCTH JUIA caMoi miaHeTel. OT CTONBKUX OTHEH He 3aropescst Obl HeOa CBSIIEHHBIN 3dup U
IIMHHAS OCh 3eMuid (3KBaTOpPHANBHBIA JMAMETP IUIAHETHI) HE 3aXriack Obl. Bcrmomumin 3eBc, Kak
Cynp0bl (Kaura Cyne0) riacsT, 4To HEKOrAa BpeMs NpuAET, Koraa Mope, 3eMist 1 HeOECHBIH BOpeI]
3aropstcs. Kak Mbl BRISICHHIM TIPU MCCIIEIOBAHUH, OT MOJHUM BO30Y>KAaeTCsl MOJIEKY/ISIPHBIA reHepaTop
aTMocdepsl, BO3AyX pa3zorpeBaercs. B paiione skBaropa ectb Mecteuko Okio B 3amagHoi 3amOuu, rae
OoubLIMe 3a7exu ypaHOBBIX pyd. B XX Beke TaMm oOHapykeHO 18 ecTecTBEHHBIX peakTOpOB, ypaH Haydal
pacnanatbcsi. BoT 3TO siBlIeHME M HA3BaHO B CKa3aHUM — «IJIMHHAs OChb HE 3axriachk Ob». MHorue
re0JIOTH CUUTAIOT, YTO 3eMJIs HAXOJUTCS B CTaIMH SBOJIIOLIUY MIpeBpalieHus e€ B 38e311y, HoBoe CoJHie.

@aKThI peajibHOT0 CYIeCTBOBAHUS PE30OHAHCHBIX CTPYKTYP U padoThl KBAHTOBOI0 reHepaTopa
3emin

Panguanuonnsiii nosic mwanetsl (puc. 3, 4) B TOYHOCTH COOTBETCTBYET OOBEMHOMY PE30HATOPY
MoJeKyJisipHoro reHeparopa. Ha ynmanenun 6 370xkMm (paamyc IJIaHEThI) OT TOBEPXHOCTH IUIAHETHI
IPOCTPAHCTBO CUJIBHO Pa3pe’KeHO, HO 3alOJHEHO MAarHUTHBIMU CHUJIOBBIMM JIMHUSIMH. 3apspKEHHbBIC
YacTHIBI (DJIEKTPOHBI, TPOTOHBI, WOHBI KHCJIOPOJA, TENUS) PACIPEESIOTCS CHUIOBBIMHU JIMHHAMHU
MarHuTHOTO IOJISl TIOCJIOWHO B 3aBHCHMOCTH OT MAacchl M 3apsijia yactull. [IpoToHbl ¢ 3Heprueit Oosee
100M»B 3aHMMalOT KOJIBIIEBOE MPOCTPAHCTBO Ha yhaaleHWu He Oosee 3-x pammycoB 3emuu (oxono 20
TBHICSTY KM).

TpaexTopus 3axBa4eHHbIX 4acTuL,

O6NaCTE NONADHEX CHAKWR 1013 OTPAXEHUR
. \

e 3emun. OH ke 00BEM)

BHewHuid nosc

BHyTREHHWI nosc

TouKa OTpaXEeHHs

Puc. 3, 4. O0bEéMHBIN pe3oHATOp 3eMJIM B IJIOCKOCTH 3KBATOPA — PaJHAllMOHHBIH MOSC TIaHETHI.

[Mpotonusiii Topoun (puc. 3,4) ocHaI€H ABYMS MOBEPXHOCTSIMH W3 DJICKTPOHOB — BHEIIHEH
BHyTpeHHeH. OHa U3 HUX PACIOJIOKEHA HAa YNAJICHUU OT 3-X JI0 7 paguycoB 3eMiH, BTopas MeHee 3-X
panuycoB. Criemyer 3aMeTHTh, 4YTO 000JI0YKAa OHOJOrMYECKOW KIETKH, YYacTBYIOLIas B Iepeaaue
HEPBHOI'O UMITYJIbCa, TAKXKE UMEET JBa CJIOS, 4 HEPBHBIN UMITYJIbC BOCCTAHABIMBAECTCS 10 €r0 UCXOIHOMU
BEJIMYHUHBI 32 CUET MepepacipeesieHHss HOHOB Kalus U HATPUsI OTHOCUTEIBHO MEMOPaHbI KIETKU

Ha nyru ot kopbl Iu1aHeTsl K 0ObEMHOMY PE30HATOPY MarHUTOC(HEpbl HAXOAMTCS OTKPHITast
pe3oHaHcHas cuctema (puc. 5) Mexay KOpoil IUIaHeTbl M HOHOC(epol. OTKpBITBIA pe30HaTop
HOHOC(epa-3eMJIsi CIY)KUT BOJHOBOJHON CHCTEMOH, BOJHOBOJOM Ui 3JEKTPOMAarHUTHBIX BOJIH,
UAYIIUX, KAK CO CTOPOHBI IUIAHETHI B OTKPBITHIM KOCMOC, TaK U OT PaJUallMOHHOIO I105Ca, SBJISIOLIEroCs
IMarpaMMOi HampaBICHHOCTH BMecCTe ¢ MarHurocdepoil. Bo30ykaEHHbIE MOJIEKYJIbl KBAHTOBOIO
reseparopa armMoc(epbl MOABEPraloTCsl Cenapaiy MOCPEICTBOM SJIEKTPUUYECKOTO IMOJIi ¥ MarHUTHOTO
noJist 3emun. Ota 00nacTh Ha3BaHa 001acThiO pe3oHaHcoB Illymana.

18



B.O.lllyman Teopernuecku mpenckasai, a baciaep u Barnep skcrnepuMeHTATEHO MOATBEPIWIN B
1964 rony Hamuyme PE30HAHCOB B OTKPHITOM pe30HaTOpe HOHOc(hepa-Kopa IUIaHeThl. Pe3oHaHCHI,
Ha3BaHHbIe pe3oHaHcamu lllymana, cocraBnsroT menbiii psin konebanmii: 10,61'm; 18,3Im; 25,90m;
33,5I'y; 41,1T'm; u 1.1, IlepBas pe3onancHas uactota 10,6111 o3Hawaer, 4TO BIOJL OKPYKHOCTH
OoJbIIOrO AraMeTpa 3emin (InaMeTp MarHUTHOTO YKBATOpA) YKJIAJAbIBACTCS OJIHA BOJHA TAKOW YaCTOTHI.

TexHHUECKOe HCIOJHEHHE KBAaHTOBOro reHeparopa (puc. 1,2) B CTPYKTypHOM IMOCTPOCHHH B
TOYHOCTH COOTBETCTBYET MPUPOJHOMY KBAaHTOBOMY I'€HEPATOPY.

Puc.5. OrtkpeiTas pe3oHaHCHas cucreMa pe3oHaHcoB lllymana MexIy KOpoW IUIaHETHI M
Marautochepoii.

AeHb Hous

C 10Mmy

=t

S00 1000 1500 2000 2S00 3000 3 SO0 S00 1000 1500 2000 2500 3000 3 S00
PaceToanme (xm) Paccroanme (xm)

Puc. 6. CtpoeHne pe30HAHCHBIX CJIOEB MOHOC(HEPbl W PacIpOCTPAHEHUE PATUOBOJH OT
Ha3eMHBIX UCTOYHUKOB. PamuoBonHbl ¢ yactoroil Huxke 10 MI'i He mpoxonsaT ckBo3b HOHOChepy. Bee
BOJHBI ¢ yactoro Bbime 10 MI1 cnocoOHBl HPOHMKATh CKBO3b MarHuTocgepy, OCYIIECTBIISSA
pajuoCBA3b C MCKYCCTBEHHBIMM CIYTHHKAaMM 3€MJIM M KOCMHUYECKMMHU 30HIamu. lIpoxoknenue
PaIMOBOJH JHEM U HOYBIO CBS3aHO C COCTOSIHUEM HOHOCHEpPHI, € CI0EB.
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3akinoueHue

Ha muanere cranoButcs termsee. CMemaloTCs KIMMATUYECKUE 30HBI. TalT JbABI TOPHBIX
JIEJTHUKOB U TIOJISIPHBI JIBABI. YPOBEHBb BOJI OKeaHa MoBkImaercs. [loTemnenue uaér J0cTaTouHo OBICTPO,
MOATOHSIET CcaMoro ce0s, W JIOASIM Halao Y€TKO OCO3HABATh 3TO, MOHMMATh CaMmy CYTh SIBICHUS
rJI00anbHOr0 TOTEIUICHHs, a HE MAHWKOBAaTh WIIM HCIIOJIB30BATH SIBIICHUE MOTEIJICHUS MAJII CBOMX
KOPBICTHBIX HHTEPECOB. 3HAHWE WCTUHHOW MPUYHMHBI TJ100AIBHOTO TOTEIUICHUS JODKHO H
pactpoCTpaHAThCs TTI00aTbHO, B MUPOBOM MaciiTade, 4To0bI BCE JTFOIU CMOTJIH MPUCTIOCOOUTHCS KUTH B
peabHBIX KIMMATUYECKUX U3MEHEHUSX.

PanoctHas Bectb u3 Poccuu. DOpukal! Haiineno oObsicHeHHE peaabHON MPUYUHBI PUTMUYHOTO
r100ansHOr0 M3MEHEHHs KJIMMaTa M MeXaHu3Ma e€ peanu3ainud. JTa ujaes crnacér MUp OT O0e3yMHBIX
JNEUCTBUN KJIMMATUYECKOIO KallKaHa ¢ BUPYCHBIM 3aMbICIIOM — YIIPABJIATH YEJIOBEUECTBOM IOCPEICTBOM
BUPYCHBIX maHaeMuil. Ha cerogusmmHmii JeHb camoil 00cyXkaaeMoil TeMoil sBiseTcs Mpodiema
rJ100anTbHOTO W3MEHEHUs KIIMMarta. OT wutoroB OOCYXKICHHS  3aBUCUT COCTOSHHUE DKOJIOTHH,
3IPAaBOOXPAHEHHUS, MEXKIYHAPOJAHOrO0 TMpaBa H 3aKOHOJATENbCTBA, HKOHOMHUYECKOTO pPa3BUTHUS,
O6marococtosiHuss M Onaromonyuust smojaed. CoBpeMeHHOe YIpOUIEHHOE TPEACTaBICHUE O PO
BBIOPACHIBAEMBIX MPOU3BOJCTBEHHON IEATEIHHOCTHIO YEIOBEYECTBA MAPHHUKOBHIX Ta30B B M3MEHEHUH
KJIMMaTa IUJIAHEThI CTAJI0 NMMPUUYUHOW COLMAIBHON HANPSHKEHHOCTH, IPUYMHON MOJUTHYECKOTO JAABJIEHUS
Ha [POU3BOJCTBEHHYIO JIEATEIbHOCTh BCEX HApOJIOB, TMPUYMHOM TIEHOLUIA IOCPEICTBOM
0aKTepUOJIOTHUECKOTO BO3ICUCTBUS HA JKU3HB JIIOACH C IENbI0 COKPAIEHUsI MX YUCICHHOCTU. B crathe
npeiokeHa YHHUBEpCcalbHash MOJEIb MOJIEKYISIPHOTO KBAaHTOBOTO T€HEpaTopa, KOTopas yOeAuTeIbHO
OOBSCHSIET MPUYHMHY PEATHHOTO U3MEHEHHSI U PETbHOTO CII0C00a peryaTupoOBaHus KIMMaTa 3eMITu.

Knumat cBsizan ¢ TeMnepaTypHbIM PEXHMOM BO3IYIIHBIX Macc atMocdepsl. Vaes mapHUKOBOTO
sddekra He crnocoOHA OXBATUTH BECh CIEKTP TEKYIIUX M3MEHEHHH B TI00ANbHBIX MaciiTabax. Bexon
U3 KpU3KCa MOKHO HAaWTHU TOJILKO MPHU IEIOCTHOM BOCHPHUSATHHM BCEW 3eMiId U €€ 3IEKTPOMArHUTHBIX
cdep, yUuThIBas SEKTPOMarHUTHOE B3anuMoaelicTBre 3emun ¢ CoNTHIIEM.

MounekyInbl 1 aTOMBI BO3JlyXa aTMoc(epsl MoABepraeTcs HemoCcpeACTBEHHOMY BO30YKIECHUIO, KaK
co croponbl CoiHIIAa, TaK U CO CTOPOHBI KOpPBI IUIAHETHI, COBEpIlas BbIHYKICHHbIE H3ITyYEHUS.
TexHUYecKue MTOCTHKEHUS B 0OJACTH HCIIOJIb30BaHUS BO3OYKAEHHBIX MOJIEKYJI U aTOMOB MOKa3bIBAIOT,
YTO B TaKOM COCTOSIHUM MOJIEKYJBI M aTOMbl HAUMHAIOT pabd0TaTh KaK T€HEepaToOphl AIEKTPOMArHUTHBIX
U3ITyYeHUH, CIOCOOCTBYS YCHJICHHUIO CIA0BIX U CBEPXCIAOBIX KOJEOaHWU ¢ OYEHb BBHICOKOW CTEMEHBIO
COXpaHEHUS YacTOThl M (pa3wl KoebaHui, HPOPMAITMOHHOTO cojepx aHus ciaadbix konebanuii. Tak B
arMocdepe 3eMiH MoJ BO3ACHCTBUEM BO30YyxAeHUs cO cTOpoHbl COJHIA U KOPBI IUIAHEThl BO3HUKAET
HHEProMH(POPMALIMOHHOE T0JIe, OObEIUHSIIONIEE BCeX KUTeIeld Orocdepsl U Bce MUHEpaIIbl TUIAHETHOTO
Tena.

[TockonbKy Bce cymiecTBa Ouocdepsl SBISIOTCS YIIIEBOAOPOAHBIMU 110 CBOEMY CTPOEHHIO, TO
MOJIEKYJISIpHBINM reHepaTtop arMocdepsl 3emMin U MarHuTochepa MmiIaHeThl JOJDKHBI ObITh HACTPOEHBI Ha
Y4acTOTy yriepoja, MUJUTMAP/Ibl TOHH KOTOPOTO BOBIIEYCHBI B KPYrooOOpPOT BEIIECTBA U Ta30B 3eMIIH.
[ToaTomMy KITIOU K MOHUMAaHHIO TTI00ATHHOTO M3MEHEHHUs KIMMAaTa TUIAaHEeThl MOKHO HAWTH B THUIIOBOM
IIPOLIECCE MOJIEKYJISIPHOIO TE€HEPAaTOpa Ha OCHOBE YITIEKHMCIIOIO ra3a, TEXHHYECKOE PELICHUE TaKoro
reHepaTopa peajbHO BBIMIONIHEHO B Yriekuciaom Jaszepe. Ilpu paboTe MONEKyIspHOTO TreHepaTopa
BBIZICNISICTCSl TEIUIO B OONBIIMX KOJWYECTBAX. 3alyCK YIIIEKHCIOTHOTO TE€HepaTropa OCYIIECTBIISETCS
ANEKTPUYECKUM Pa3psIoM, IOJOOHBIM pa3psly MOJIHUU MIPH FPO3eE.

3emiist — 9T0 TU1aHeTa rpo3. CaMbIM pacpoCTPaHEHHBIM SIBICHHEM B aTMOCdepe SBISIOTCS IPO3HI,
aneKTpudeckue paspsiabl. Eskerogno Ha 3emie rpeMsar 16 MUIIMOHOB Tpo30BBIX coObITHH. Kaxmyro
cexkynay B 3emmo yaapsitoT 100 mosHui, 8 MIIITHOHOB B JIeHb, 3 MUJLTHApa B ToA. [ pO30BBIM LIEHTPOM
ABIISIETCS DKBaTOpUaibHas o0macte AGpUKH. A caMbIM TPO30BBIM MOSICOM SIBISIETCS 9KBATOPUAIIBHBIN
nosic ianetsl. B Adpuke 283 u3 500 MecT ¢ MOBBINIEHHOW T'PO30BOM aKTHUBHOCTHIO. TeM cambiM Ha
3emiie CYIIECTBYET peEaJbHbI CHOCOO TMOJNyYyeHHs MOIIHOIO YIIIEKUCIOTHOTO MOJIEKYJISIPHOTO
reseparopa B arMocdepe. EcTb orpoMHOE KOJIMUECTBO paboyero BenecTBa U MHOKECTBO JIEKTPUUECKUX
pa3psioB, CIOCOOHBIX 3aIyCTUTh B paOOTy TaKOH TeHepaTop.

Wrtak, Ha 3emie ecTh NOCTOSHHO JIEWCTBYIOIIAs pPE30HAHCHAs KOHCTPYKIUS IJIa3MEHHOTO
MeXaHH3Ma COJTHEUHO-3€MHBIX CBSI3eH, CrIocOOHas cama ceOs BOCIIPOU3BOIUTh, HACTPAUBATh, B TOUHOCTH
COOTBETCTBYIOIIas KOHCTPYKLMU MOJIEKYJISIPHOTO TIeHepaTopa B TEXHMYECKOM HCHOJHEHUH. EcTb
HUCTOYHUK BO30YXIEHHOTO pabodero BelIecTBa — YIIIEKHCIOTO raza, €cTh Cemaparop YacTHIl, €CTh
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croco0 3JIEKTPOMCKPOBOIO BKIIOYEHHS TeHepaTtopa B padoTy. 3eMiis — 3TO KBAaHTOBBIH MOJICKYJISIPHBIH
reHepaTop, CIOCOOHBIN MOMUMO BCETO MPOYEro pa3orpeBaTh BO3AYX aTMOC(epsl, CTAHOBICH MPHUUMHOMN
u3MeHeHHust kiauMara. IlpumepoB pasorpeBa HOHOC(HEpbl PAaTUOBOJHAMH JOCTATOYHO MHOTO.
PagnousmydeHus: MOJIEKYIISIPHBIX T€HEPATOPOB TAK XKe CIIOCOOHBI Pa30rpeBaTh BO3AyX aTMOChEpHI.

Kirou x moHMMaHUIO peasbHOM MPUYUHBI TTI00ANTBHOTO0 M3MEHEHHUsl KIMMaTa Ha 3emiie HaiizieH.
YroObl JIOAM IUTAHETHl TepecTadd ObITh 3AJ0KHUKAMU HAYYHOTO 3a0NyXIeHHs B ONpeIeTICHUU
UCTUHHOM MPUYMHBI COBPEMEHHOTO HW3MEHEHHMs KIMMara, HEeOoOXOAMMO TIHIATEIbHO H3YyYUTh
arieKTpoMaruuTHoe B3aumojeicteue 3emn u Conuua. IlonHoe npencraBieHre 006 3TOM SBICHUU JAET
JaHHAs CTaThsl, TAE M3JIOXKEHA HIEs MOJEKYJISIPHOTO KBAHTOBOI'O TI'€HEpaTOpa/yCHIIUTENs/KOMIbIOTEpa.
CBOMCTBOM BBIHYXJIEHHBIX HM3JIy4€HHH 00JIaa0T BCE aTOMbI, MOJIEKYJbl U BCE BEIIECTBEHHBIC Tena,
IIOAYMHSASACH YHUBEPCAIBHOMY 3aKOHY KOCMOCA — 3aKOHY COXPAHECHUS U PA3BUTHS KU3HU.

CyTb 3TOro 3aKkoHa: BCSKOE IOCIEAYIOIIEE ACHCTBHE NPOUCXOAMUT IO NaMATU MPEABIAYIINX
AEeUCTBUH, IpU 3TOM (POpMHUpPYETCss HOBasI CTPYKTYpa MaMATH, Ky/1a NepBas BXOJUT COCTaBHOM YacThIO U
HE BUJOU3MEHSETCS, Onarofapsi HENpPEepbIBHOMY BOCIPOM3BOJCTBY caMOil ceOs B TOYHOH KOMHUU B
YCIIOBUSIX PUTMHUYHOM CMEHBI IIOJISPHOCTU BHEIIHETO MArHUTHOTO TOJIS.

PuTMBl MAarHuUTHBIE YIPABIAIOT JJIEKTPUYECKUMHU LUKIaMu. [looTOMy puTMBI MarHUTHOM
akTUBHOCTH COJIHIIA YIPABISAIOT HE TOJBKO KIMMATOM IUIAHETHI, HO M CaMOil JKM3HbIO OnocucteMsl. Jlis
3HAHUS TMEPCIEeKTUBbl M3MEHEHUS KJIMMaTa IJIaHeThl M YCIIOBHUI KU3HU JIOJeld TpeOyeTcs TIIATENIbHO
U3YYUTh COOBITHS 30IMAKATIBHOTO IoJa.
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