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Ecnu Ob1 He JuBbIE CyITiecTBa, 3emJe Oblla Obl yTOTOBaHA YHBUIAS Y4acTh

Mapca. iMeHHO pa3Hble OpraHU3Mbl — OT OAKTEPH 10 [IBETKOBBIX paCTEHUN U
MJIEKOITUTAIONINX — TIPEBPATUIIM TPEThIo TutaHeTy oT CoJHIIa B 0OMTaeMbIid MHUP,
CO3/IaJIM €€ HBIHEITHIOW aTMOoc(epy, 3HAUMTETbHO MOBIUSUIA Ha cOCTaB MUPOBOIro
OKeaHa U KaMeHHOH 000J10uKkH — uTtocdepsl. Hukakue cymiecTBeHHbIE 3arachl
TMOJIE3HBIX MCKOTIAEMBIX — OT OPraHUYECKUX YIJIA U HepTH 10, Ka3ajaoch O,
WHEPTHOTO 30J10Ta — He MOTJIM Obl 00pa30BaThcsl Oe3 BIMSHUS KUBBIX CYIIIECTB.

O ToMm, Kak (phopMHpoOBaJIaCh Hallla MJaHeTa — Takasi, KaKoW Mbl ee 3HaeM, — KHUTa
Anpapes JKypapieBa, majJleOHTOJIOra, TOKTOopa OMOJIOrMYecKuX Hayk, mpodeccopa
Kadeapbl OMOJIOrMUECKOM IBOIONMN Oroorndeckoro gaxkyaprera MI'Y.

© XKypasnes A., 2018
© Aunpmmna Jumkurtain, 2018
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PexomeHI0BaHO K OMyOIMKOBAHUIO pellieHHeM yueOHO-METOIOOTHIECKOTO COBETa OMOJIOTH-
yeckoro (pakysiprera MOCKOBCKOTO rocy1apcTBEHHOro yHuBepcutera uM. M.B. JlomoHocoBa

Bce npasa 3awuuervl. /Jannas 31eKmpoHHAs. KHU2A NPEOHA3HAYEHA UCKAIOUUMENLHO ON5
UACMHO20 UCNOAL30BAHUSL 8 MUUHDBLX (HEKOMMEPUECKUX) UeAsIX. DNeKMPOHHAS KHU2aA, ee uacmiu, ppaz-
MEHMbL U INeMEHNIbL, BKAIOUAS. MEKCH, UB00PANCEHUSL U UHOE, He NOONEHCAN KONUPOBAHUIO U MH0O0OMY
OpY20MYy UCNONL308AHUIO Oe3 paspeutenust npasooonradamens.. B wacmuocmu, 3anpewero makoe
UCNOABL306AHUE, 8 Pe3YAbmame KOMopozo 3NeKMPOHHAsL KHU2d, ee 4acmb, Ppazmenn Ual SNeMeHm
CMAaHym OOCMYNHbIMU 0ZPAHUMEHHOMY UM HEONPEOENCHHOMY KpYey AUul, 8 MOM YUCAe ROCPEOCEOM
cemu uHmMepHenl, He3AsUCUMO OM Mozo, Oyoem npedoCmaAsimbCs OOCMYN 3a NAAMY UAU 0e3603-
Me30HO.

Konuposanue, socnpouzsedenue u unoe ucnonb308anue NeKmpoHHOLL KHU2u, ee uacmeli, gppaz-
MEHMO8 U INEMEHMO8, 8bIX00sIUee 34 NPedeabl YACMHO20 UCNONL308AHUSL 8 MUUHBIX (HEKOMMepUe-
CKUX) Ueasix, 6e3 coenacust npagoodoNadamenst siASencs He3AKOHHbIM U 81euent YeoroeHyr, aOMu-
HUCIPAMUBHYIO U 2DANCOAHCKYIO OMBEMCNEEHHOCHTb.

%k % %

Moemy omuyy FOpuro ?Kypaenesy,
nepsomy pedaKmopy 3moii KHuzu

N3nanue noaroroBJjieHO B napTHepcTrBe ¢ POHAOM HEKOMMepPYeCKUX MHHUIUATHB
«Tpaexkropusi» (npu pnnancosoit nogaep:xxke H.B. Katop:xHoBa).

®oHI MOANEPKKM HAay4YHBIX, OOpa30BaTENIbHBIX M KYJIbTYPHBIX HMHUIMATUB «TpaekTo-
pusi» (www.traektoriafdn.ru) cosnan B 2015 roay. [Iporpammsl oHIa HarpaBieHbl HA CTUMYJTUPO-
BaHME MHTepeca K HayKe M HayYHBIM MCCIIEIOBAaHMSM, Pean3alifio 0Opa30BaTe/IbHBIX MPOrpamM,
MOBLIICHHUEC MHTCIVIEKTYAJIbHOI'O YPOBHSA YU TBOPYECKOI'O IMOTEHIMAIa MOJIOACKH, IIOBBINICHUE KOHKY-
PEHTOCIIOCOOHOCTH OTEUECTBEHHBIX HAYKU ¥ 00Opa30BaHMs, TIOMYJISIPU3AIINI0 HAYKHU U KYJILTYPBI, TIPO-
IBWXKEHUE UJIel COXpaHEeHUs KyJbTypHOro Hacaeausi. PoH1 opraHuzyet o0pa3oBaTesbHbIe U HayYHO-
MIOMYJISIPHBIE MEPOTIPHUSATHUS 110 Beel Poccuu, cnocoOCTBYeT CO3JaHMI0 YCTICITHBIX MTPAKTUK B3aUMO-
AENCTBHS BHYTPU 00pa30BaTEIbHOTO M HAYYHOTO COOOIIECTBA.

B pamkax umsnparesbckoro npoekta PoHn «TpaeKTopusi» MOANEPKUBAET WU3AAHUE JIyUIIUX
00pa3IOB POCCUICKO 1 3apyOeKHON HAYYHO-TIOMY/ISIPHOM JINTEPATYPHI.
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IIpeaucaosue

CerofHs HaM TPYIHO MPEICTABUTh MU, I1e HET IITyOOKUX 03ep U BEIMYECTBEHHBIX PEK, IIie
HEe UOYT JOXKIU U He BAJUT CHET, B HelpaX KOTOPOTrO HET HU YIJIsSl, HU ’KeJle3a, HU 30J10Ta, B BO3-
JyXe He XBaTaeT KUCIOPOAa, 2 BMECTO IIECTH KOHTUHEHTOB — OIUH OI'POMHBIN CYIIEPKOHTUHEHT UJIH,
Ha00O0pOT, TOJILKO OCTPOBA. A Bellb BCE TO HaIlla 3eMJIsl, TOJIBKO Takasi, Kakoi oHa Obuia 3a 30, 350,
2500 muH et g0 nosieieHus yenoneka. [da u Bcero 12 000 net Ha3zag oHa ObljIa COBEPIIEHHO JpY-
roil — ¢ OOUIMPHBIMU JIETHUKOBBIMU IIUTAMU, TOKPHIBABIIMMU 3HAYUTEIbHBIE POCTPAHCTBA CEBEP-
HBIX KOHTUHEHTOB, OTPOMHBIMH, TOPa3/10 OOJBIIMMU, YEM CeYac, CTEIHBIMU MPOCTOPAMHU.

Mup mensiics Bcerga. VM HblHEIIHee ero COCTOSIHME TOXe HEermocTosiHHO. M BUHOI ToMy He
KaKHe-TO II00aJIbHbIE KaTaKJIM3MBbI, BPOJIE TajIeHHs aCTEPOUIOB, 3eMJICTPSICCHUI U BYJIKAHMUYECKUX
B3PBIBOB, a JICATENIHOCTh CYIIECTB — OT MeJIbUANIIMX OaKTepHil U OHOKJIETOUYHBIX BOAOPOCTEN 0
eJiel, CJIOHOB U, KOHEYHO, YeJIOBEKA (ITO TOKE OMH U3 BUJIOB OPraHM3MOB, 3aHUMAIOIIMI Ha 3emiie
OIpeJe/ICHHYIO HUIILY).

INoka Ha TuIaHeTe He TIOSIBUIIUCH TIepBble COOOIIEeCTBa OPraHU3MOB, Ha Hell He 00Pa30BbIBAJIHCH
XKeJIe30PYAHBIE, 30JI0TOPY/IHbIC, YPAHOBBIE U MHOTHE APYTMe MECTOPOXJeHHs], a arMocdepa Oblia
nmnieHa kucnopoya. [Toka He CI0KUIUCh HACTOSIIINE JIECHBIE MACCHBBI, HE MOIJIO OBITh IOJITOBPEMEH-
HBIX 03€p U MOJIHOBOJIHBIX PEK C OOIIMPHBIMU JIOJIMHAMU, KPACUBBIMU U3TyYMHAMU — MEaH/IpaMU — U
OCTPOBaMH, U, KOHEYHO, He 00pa30BBIBAJICSI KAMEHHBIN yTrojib. PUTOIIAHKTOH — OOUTAIOIINE B BEPX-
HUX CJIOSIX BOJHOUM TOJIIY OAHOKJIETOYHBbIE BOJOPOCIH — CTAT HE TOJBKO INIABHBIM MOPOA000pa3o-
BaTeJieM MOPCKUX M O3€PHBIX OCA/IOYHBIX TOJII, HO U B 3HAYMTEIILHOW CTEIIEHH TMOBJIMSIT Ha 00J1ay-
HBI MMOKPOB U KJIUMAT IJIaHETHl. M MOCKOJIbKY cOCTaB (PUTOIIAHKTOHA MOCTOSIHHO MEHSLIICS, BMECTe
C HUM MOCTOSIHHO MEHSUTUCh U BCe 3TH, Ka3aoch Obl, BeUHbIe MPUPOAHbIe (heHOMEeHBI. [laxe AUHO-
3aBpbl 1 MAMOHTHI MTPUJIOKUJIM OTpee/IeHHbIe YCUITHS, YTOObI MUP CTaJl UyTOUKY Ipyrum. KoHeuHo,
€CTh B 9TOM HENOCTOSAHCTBE Y CBOM LIMKJIBI, CKAKEM II00aJIbHBIE MOTEIUIEHNS U ITOXOJIOMAHKA, HO U
9TU LUKJIbI HE SIBJISIIOTCS IOBTOPEHHUEM Y:Ke MPOMIEHHOTO. A HbIHEIIIHee «IJI00AJIbHOE MOTETICHHE
C TOYKH 3PEHUSI TeOJIOTUH U MAJICOHTOJIOTUH ¥ BOBCE TAKOBBIM HE SIBJISIETCS, TOCKOJIBKY Ha COOBITHE,
CIIOCOOHOE OCTAaBUTh 3AMETHBIH ClIe]] B TEOJIOTMYECKON JIETOITUCH, TIOKA MPeTeHI0BaTh He MoxeT. Ho
€CJIM Ha Hero He oOpaniaTh BHUMAaHHS — He U3y4aTh, — 3TO SIBJICHHE MOXET IPUHECTH Ky4y OeI.

Y3Hatb ke 0 IpoIuIoM 3eMJIY MO3BOJIAIT COBPEMEHHbIE METO/IbI T€0JIOTUU U NAJIEOHTOJIOTHH.
JlioOple MCKOMaeMble OPraHU3Mbl — B pyKax MPodeCCHOHAIBHOTO MaJIeOHTOJIOTa — CTAHOBSITCS co0e-
CEeHUKaMM, CIIOCOOHBIMU TOBE/IaTh MHOTO MHTEPEeCHOro. IMEHHO OCTaTKM OPraHW3MOB, BKJTIOYAsI
MCKOIIaeMble CJieJibl, U30TOMHbIE U MOJIEKY/ISIPHBIE CBUAETENbCTBA MX KU3HEIEATEIbHOCTH, MTO3BO-
JISIIOT HanOoJ1ee TOJTHO PEKOHCTPYMPOBATh UCTOPUI0 3eMitn 3a rocieaue 4 mutpa jiet. O 3ToM 3tare
Y TIOMJIET peub B KHUTE.
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Yacts 1
Kak 0akTepuu co3jgajiu armocdepy u
Bce npouee (4000-635 muH et HA3aM)

30H 3PA HEPHOJ (::::T:::;)
aAHaKapCKUH 635
HEeOTpOTepo30iicKas KPHOTEHOBBII 850
TOHCKHH 1000
CTEHCKHit 1200
NIPOTEPO3OHCKHIH | Me30NpOTepo30iickas | 3KTa3CKHH 1400
KaJTHMMCKHH 1600
cTaTepeKHit 1800
NajieonpoTepo30kcKasa | OpO3UPCKUL 2050
pHAacCKUi 2300
CHJIEPCKHI 2500
HeoapXxekcKas 2800
apxeHcKui Me3oapxerckan 3200
naneoapxeickas 3600
s0apxelcKas 4000
XazeHcKaH 4600
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Puc. 11. TpaHuTo-rHelicbl DeHHOCKaHAMHABCKOMO WuTa; apxein (2,9-2,7 mapa ner);
Kapenusa
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I'naBa 1
CJiou BpeMeHu

B 310i1 KHUTrE ecTh CTPaHUILIBI ¢ OyKBaMH, CKJIAIBIBAIOIIMMUCS B CJIOBA U MTPEAJIOKEHUS, YTOObI
repesiaTh MbICIM YUYEHBIX, YbH TPYIbl IOCIYKUIM OCHOBOW ISl PACKPBITHS €€ TEMbl, €CTh Hymepa-
LMl CTPaHULl M €CTh Ha3BaHMS IJIaB, B KOTOPBIX OTPakeHO cojepikaHue. OueHb MOX0Xke YCTpOeHa
Y KaMeHHasl JIETOMUCh 3eMJIH: KaK/IbIi CJION OCaIOUHBIX TOPHBIX MOPOJI — 3TO CTPAHUIIA; 3aKJI0OUECH-
HbIE B HEM MUHEPAJIb, SJIEMEHThI, CTAOWIbHBIE U PaJJIOAKTUBHBIC U30TOIBI U OCTATKUA OPraHMYeCKUX
BEIIIECTB — 3TO OYKBBI; 2 OPraHU3MBbI ¥ TEOXUMHUYECKHE MTPOIIECChI, KOTAA-TO MPeIONPe/ICTUBIINE, YTO
CJION 1O COAEPKaHUIO (MUHEPAJIOB M MPOYEr0) OKAKETCS] UMEHHO TaKUM, — aBTOPbI IEPBOMCTOYHU-
KOB HallliX 3HAHUM.

B kameHHO# JeTonucu ecTb U OTHEJIbHBIE IVIaBbl C Ha3BAaHMAMH, M HyMepalys CTpPaHMLI.
KoneuHo, Bce 3TO cymiecTByeT [yisi ylnoOCTBa MOJNb30BaHUSI KHUTOM (3TOM WM 3eMHOM). Tak,
«TJIaBBbI» — 3TO Nofipa3iesieHust Mex1yHapogHO! X pOHOCTpaTurpapryeckoi IKajbl, CMBICJ KOTOPOR
HiepeIaeT CIOBO «CTpaturpadus» — «CJI0EB OMUcaHue» (OT .am. stratum — CJION | 2pey. YPApm —
YEPTUTB, ITUCATH). A HyMepaLMs CTPaHUL] — PAAUOMETPUYECKUE JAaTUPOBKY ropHbIX nopox. [Ipasaa,
OTCUeT BeJeTCs1 OOpaTHBIN: HalIpUMep, TiepBasi TJlaBa — «apXeh» — 3aHUMAeT CTPAHUIIB ¢ 4-MWLTH-
apAHOM 10 2,5-MWIIHAPIHYIO, a MOAIaBKa «royoieH» — nociaeanue 11 700.

He cnenyer nmymarb, 9TO 3TO HEKOEe YyMO3pUTETIbHOE yHIOOCTBO: «apxei» (4,0-2,5 mipa jer
Ha3a]]) Pe3KO OTJIMYAETCS 110 CMBICITY M COIEPKAHUIO OT «ITPOTepo30s» (2,5-0,541 mipa jieT Hazad) u
00a oHH — OT «pa"eposost» (0,541 mMupy sieT Ha3aa — HelHe). PamuoMeTprdeckre JaTUPOBKY MPUMe-
HSIIOTCS yoke OoJiee COTHH JieT (IIepBble U3 HUX C UCTIONb30BAHUEM PAMOAKTUBHBIX U30TOIOB IeJUs
1 paaus Obutk moydeHsl B 1904 r. aHrmmiickuMm ¢usukom DpHcToM Pesepdopiaom) U MoCTOSHHO
COBEpLIEHCTBYIOTCA. Jlaxke Mopobl BO3pACTOM B COTHA MUJUIMOHOB JIET TENEepPb MOXKHO JaTUPOBaTh
C TOUYHOCTBIO JJO HECKOJIbKUX ThicsTuesieTuit (puc. 1.2).
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Puc. 1.2. Kpuctannbl UMpKoHa Ans onpefeneHuns pagnomeTpuyeckoro Bo3pacra; Kem-
6puin (530,7+0,9 MnH neT); BocTouHblii HblothayHaneHa, KaHaga (nybnukyetca ¢ pas-
peweHuns Mxoseda KuplwsmHka)

Haunbonee pacnpocTpaHeHHblE METOIBI PAJIMOMETPUYECKOTO aHAIN3a — PAJAUOYIIIEPOIHBIN (B
npenenax 30 000 sieT), aproH-aproHOBBIN (*Ar°Ar), penuit-ocmuesbii (Re/Os), ypaHO-CBUHIIOBBIE

(23 8U/206Pb, 235 U/207Pb, 232Uy/2%pp 207Pb/ZO‘SPb); TIOCJIe/THUE ITPEJICTABIISIIOT COOOM COBOKYITHOCTD
YeThIpeX He3aBUCHMBIX M3MEpPEHHIA BO3pacTa JIsi oqHoro oopasia. CKercrc K MmojgooHoMy — «adco-
JIIOTHOMY» — BBIpAQKEHHIO0 BO3pacTa 3eMiii y TpogaHOB BBI3BAH TeM, YTO OHHM HE JIOTaIbIBAIOTCS O
BO3MOXHOCTSIX TTOJTy9IEHUS TeX ke BO3PACTHBIX XapAKTEPUCTHUK CYryOO reoJIOrHUeCKUMH METOTAMH.

JlocTatoyHo, HapUMep, NIePECUUTaTh KOJIMIECTBO OCAIOYHBIX CIIOMKOB, HE JIIOOBIX, KOHEUHO,
a TakuX, KOTopble (hopMUpYyIOTCS B TeueHue roga. Hampumep, ciom Jibaa — 3To Toke ropHasi mopoja
(paBHO Kak W Bofa) B JensHbIX mmrtax ['pernanauu u Boctounoit AHtapktuasl. [lociaeqauii mos-
BOJISIET HaM 3aryissHyTh B nporioe Ha 160 000 siet (TomuHa JeAsHOro MaHIUpPs JOCTUTAET 3/1ECh
2000 Mm). A Gmaromapsi my3bIpbKaM U «ITbLTH» (TOHKUM MHHEPAJIbHBIM YaCTHIIaM ), BMOPOKEHHBIM B
KaJIOM CJIOe, MOXHO IMOAPOOHO y3HATh, KAKOB OBUT COCTAB BO3/IyXa B TE IOJIbl, KAKWe Mpeodsiaiaim
TeMIepaTypbl Ha IOBEPXHOCTH TUIAHETHI U OTKY/IA JIyJIM BETPHI.

JleHTOUHBIE TJIMHBI, a TaK)Ke WX YIUIOTHEHHbIE aHAJIOTU — BapBUTHI (OT wi6ed. varv — CJion),
oOpasyInyecs B 03epax v B HEKOTOPBIX MOPSIX, IMO3BOJISIOT «KOIHYTh» eIle TITy0Ke — Ha MAJUTMOHBI
JeT. DTU 0CaJJOYHbIE TOPHBIE TTOPOIBI 00PA3yIOTCs ONarofaps eXXerogHoOMy YepeIOBaHUI0 BECEHHe-
JIETHETO ¥ OCEHHE-3MMHETO CIIOMKOB OT HECKOJIbKUX MUJUTUMETPOB JI0 HECKOJIBKMX CAHTUMETPOB TOJI-
nHOM. ([lanee BMeCTO BBIpaKeHHS «TOJIMHA» OyJeT MCIOIb30BaThCS TEOJIOTUIECKUN SKBUBAJICHT
9TOU pa3MepHON XapaKTEePUCTUKU — «MOIITHOCTh».) BeceHHe-JIeTHHI CJION ocajika — 0OBIYHO TPyoo-
3€pHUCTBIN, CBETJIBIA W COIEPIKUT MHOKECTBO JIETKO Pa3IMUUMBIX CKEJIETUKOB TIJIAHKTOHHBIX Opra-
HU3MOB (B 3TOT CE30H CHOC C CYIIM YCHUJIMBAETCs, a KU3Hb BO BCEX €€ MPOSBJICHUSIX MPOIIBETAET
Y pacilBeTaeT), a OCEHHEe-3UMHHUI — TOHKUI U TEMHBIN (CHOCA TIOYTH HET, JIWIIb MEAJIEHHO OCeaeT
B3BECh, 4 OPraHUKa pa3pyliaeTcs u yiiotHsercs). [IpuMepHo Takke apXxeoory MOICUYUTHIBAIOT I'OJI0-
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BbI€ KOJIbLIA Y JIEPEBbEB, YTOOBI MOTYUUTh JICHIPOXPOHOIOrMUYecKre NatupoBku. [IpaBaa, Bo3pact
OTIEJIFHOTO JIepeBa PEIKO MPEBHIIIAET MEePBbIe THICSYEIIECTHSI, & BAPBUTH 00pa3yIOT TOJIIU B COTHU
METPOB, IJIe YUCIIO CIOWKOB JOXOIUT O HECKOJBKUX MHJUIMOHOB. UTOOBI MOMYYUTh XPOHOJIOTHIO
Hogropona Bemnmkoro, HyX)HO co31aTh JeHAPOXPOHOJIOTMYECKYIO KAy BCEX HACJIOSHUN ero Jiepe-
BSIHHBIX MOCTOBBIX, a 3aTeM IPUBS3aTh K ITOM IIIKaJe MPOUYHe apXeoJornyecKrue HaXouKu (MOHETHI,
nieyary, 6epecTsiHple TpaMOoThl). YTOOB! BHICTPOUTH X POHOJIOTHIO 3eMJIH, MOKHO TOYHO TaK XKe Iepe-
XOAUTH OT OHOH TOJIIM BapBUTOB (TEOJIOTMYECKOTO pa3pesa) K Apyroi, 6osee IpeBHEN. . .

Pacuer Bo3pacTta 0TI0)KeHUH 10 JIEHTOUHBIM IJIMHAM (BapBOX POHOJIOTHSI) TOKE UMEET CTOJIET-
HIOI0 MCTOPHIO: BIIEPBbIE BO3MOXKHOCTH METOAA ObUTH TMOKa3aHbl MIBEACKMM TeosnoroMm Iepxapaom
Skodom ne I'eepom Ha 11-i1 ceccum MeskayHapOIHOTO reoJIOrMYecKOro KOHIpecca, COCTOSIBILICHCS B
Crokroneme B 1910 r. ITpocto paamoMeTpudeckoe JaTUpOBaHKe OKa3aaoch yaoOHee U Jielienie (B
TOM YHCJIe U PAAUOYTJIEPOJHBIA METOJI B apXEOJIOTMH BMECTO YTOMUTEILHOTO JIEHIPOX POHOIOTHYE-
ckoro). To4HO Tak *ke, YTOOBI y3HATh, CKOJIbKO CTPAHUII B 9TOM KHUTe, MOKHO B3IJISIHYTh Ha UQPY,
YKa3aHHYIO Ha TMOCJIeIHEH U3 HUX, & 0CO00 HETIOBEPUYMBBIE MOTYT MIEPECUUTATH BCE CTPAHUIIBL. A eCIH
ObI X ObLIO 4 MpA?

Korga xe Tpebyertcs y3HaTh BpeMsi, 32 KOTOpoe c(hopMUpPOBAIaCh Ta WIIM MHAS TOMIIA OCAIKOB,
MpuOEraoT K BApBOXPOHOJIOTUU WM LUKJIocTpaTurpaduu. [locnenHuii MeTos OCHOBaH Ha BbISIBIIE-
HUH TIOBTOPSIIOIIMXCSI PUTMOB B OCAJI0UHBIX OTJIOKEHHSX, CBA3aHHBIX C MEPHOJMYHOCTBIO KIMMATH-
Yyeckux KosieOanuii. CBsI3b TAKON IEPHOTUIHOCTH C OPOUTATTBHBIMY ITUKJIaMU B COJTHEUHOM crcTeMe,
I7ie B3aMMHOE MPUTSIKEHUE TUIAHET U KPYIHBIX CITYTHUKOB UCKaXaeT MPaBUJIbHOCTh OPOUT, Mpe/IHa-
yepTaHHyl0 3akoHaMu Keriepa — HploToHa, ycraHOBWII IorociaBckuid (pu3uk MunytuH MusaHko-
BUY. DTU OpOUTAbHbBIE UKl BKIIOYAIOT MpeteccHio (mpuMepHo Kaxasie 26 000 set 3eMHasi och
OIUCBHIBAET KOHUYECKYIO (purypy), Hyrauuio (kaxapie 41 000 ner konednercst yroia HakJIOHa OCH K
TUIOCKOCTH 36MHOUM OpPOMTBI) M SKCIIEHTPUCHUTET — M3MEHEeHUe (hOpMbI OpPOUTHI C SIUTMITUYECKON Ha
KPYTOBYIO M OOpaTHO, HO B TUIOCKOCTH, NEPIICHANKYISIPHOM MPEXHE!, U CHOBA Ha KPYTOBYIO KasK/Ible
400 000 net (mosHbId 1UKI) (puc. 1.3a —r).
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A. )Kypan[eB. <<COTBOp€HI/I€ 3emum. Kak xuBble OpraHus3Mmbl CO30aJIk Halll MUP»

GO (=

A
CoBpeMeHHOCTb
E3MMEQ_ Neto ®Q
5250 neTt Ha3zap, R
Neto
3uma
I R
10 500 neT Hazag
® HETOQ_ 3uma R
b

Puc. 1.3. NapameTpbl op6WTbl 3eMnu, BANAIOLWMWE HA KNUMATUYECKYI0 LMKNNYHOCTD
(uMKnbl MUNaHKOBMUA): @) IKCLEHTPUCUTET (MU3MeHeHWe GopMbl OPOEUTDI C INNUNTU-
YeCcKOoW Ha KpYroeylo, Kaxable 100000 neT); 6) npeueccus (ABUXEHUE ocK Bpalle-
HWA 3eMNK No KPYroBoMy KOHYCY, 0Cb KOTOPOro nepneHauKynapHa 3emHoi opbuTe,
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A. )KypZIBHCB. <<COTBOpeHI/Ie 3emm. Kak kuBbie OpraHu3Mbl CO34aJIM HAIll MUP»

Ocb

ConHeuyHoe

JKkBaTop
n3nyvyeHune

C NepuogoM OKONO 26 000 NeT); B) HyTaLua (konebaHue yrna HaKNoOHa OCu No OTHO-
WEHWI0 K NNOCKOCTW 3eMHOR 0p6UTbI OT 21,5° A0 24,5°, KaX/Able 41000 NET); r) pUT-
MWYHOCTb MOPCKNX KapOOHATHbIX OTNOXEH WA, 0ByCNoOBNEeHHAA LMKNaMn MunaHko-
BUUa; Kembpuii (505 MNH neT); p. Mas, AkyTua
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A. XKypagneB. «CorBopenue 3emiin. Kak :kuBble OpraHu3Mbl CO3JaJIA HAIl MUP»

OTH CMEHBl OpPOUTATIBHBIX KOH(UTYpaLUil MPUBOAAT K TOMY, YTO Yepe3 CTPOro orpesesieH-
HOE KOJIMYECTBO JIET IJIaHeTa OKa3biBaeTcs To Onske K CONHITy TeM WM MHBIM ToylnapueM (Tpe-
HeCCHsl M HYTAIlMs) UM BCS LETMKOM (KCLUEHTPUCUTET), TO JaJibllie OT cBeTwia. B mepBom ciy-
Yyae OHa IMOoTy4YaeT HeCKOJIBKO OOJIbIIIe Teria, BO BTOPOM — OXJaxaaeTcs. IIpy HacTyIUIeHnH TerIoi
3MOXM C OOWMJIBHBIMU OCa/IKaMH B KapOOHATHBIX TIOPOAAX HAKATUTMBAETCS OOJbINE YAaCTHUI] TSKEIbIX
MuHepasioB. OUeBUHO, COCUMTATh OECKOHEUHOE YMCIIO TIOUTH HEBUMMBIX, TIBUICBOM pa3MEpPHOCTH
KYCOYKOB MUHEPAJIOB BO BCEX OCAOYHBIX CJIOMKax HepeasbHO. HO MOXHO OnpenennTh BeTUInHY
MarHUTHOM BOCIPUMMYHMBOCTH KaK/IOTO U3 HUX, KOTOpAasi 3aBUCHUT OT COIEPKaHMUsI OKHCIIOB KeJle3a,
00IaJaloIMX MarHUTHBIMHA CBOMCTBAMHM, TIOCTPOMTh MArHUTHYIO CLIEKTPOTPaMMY U BBISIBUTH YHCIIO
OpOUTAILHBIX [TUKJIOB, B T€YEHHE KOTOPHIX M HAKOIIIINCH JaHHBIE OTJIOKECHUSI.

Ectb u gpyrue cyry0o reojorn4eckiue MeTobl paciyeTa Bo3pacTa OTJIOKEHUIH TOPHBIX TOPOX
Y OT/ICJIBHBIX TEOJIOTMYEeCKMX 00BeKTOB. Hanpumep, ByJIKaHUYeCKHe KOHYChI 0a3aJIbTOBBIX BYJIKAHOB
Onaroziapsi IEpUOINYECKIM HATUIACTOBAHUSIM 3aCTBIBIIMX IMOTOKOB JIABBI PACTYT CO CKOPOCTBIO OKOJIO
MeTpa 3a croserue (puc. 1.4).

3Has, yTo Bblicovainas ropa Ha 3emiie MayHa-Kea (octpoB I'aBaiin) Bo3BbllLIaeTCSl Hall ee
noBepxHOCThIO HA 10 200 M (u3 HUX Ha 4205 M — HaJl ypOBHEM OKeaHa B BUJIE OCTPOBA), MOKHO
OIPEe/IeNIUTD, YTO STOMY BYJIKaHY CTYKHYJIO O0Jiee MIJUTMOHA JieT. TOT jke BO3pacT MojtyJyaeM, AaTupys
cample ApeBHUE 0a3ajbThl STOM TOPbl PaJMOMETPHUECKMU MeTofaMu. basanbroBas aBa BOoOIIe
OYeHb OnaroaTHbIN MaTepuai. [Tockonbky HOBOOOpa3oBaHUe OA3aJIbTOBBIX CIIOEB B CPEAMHHO-OKea-
HUYECKHX XpeOTax CBSI3aHO C pacIIMpPEeHNEM OKEaHOB, 110 STUM TOPHBIM OPOJaM MOXHO ONPEIEUTh
Y BO3pACT CaMbIX KPYIHBIX TUIAHETAPHBIX BOJOEMOB. Tak, ATIaHTUYECKOMY OKEaHy WCIOIHHIIOCH
npumepHo 150 muH jet. [TpoBepuTh JaTUPOBKY MOXKHO, MCIIONIB3YsI JAHHBIE BBICOKOTOUHBIX MPHEM-
HBIX YCTPOKCTB, PACTIONIOKEHHBIX Ha Pa3HbIX KOHTMHEHTaX W MHOTOKPATHO 3aMEPSIOIIUX IO aTOM-
HBIM YacaM BpeMsl IPOXOKICHHU I CITy THUKOBBIX PaJOCUTHAJIOB WJTH JIA3€PHBIX JIyYed, OTPaKeHHBIX
oT JIyHBl 1 KOCMHUECKHX armapartoB (Wiu mpocto fanHbie GPS — rinodabHol crcTeMbl onpeiesieHust
KoopauHat). CoracHO TaKuM 3aMepaM CKOPOCTb paciiupeHusi ATIaHTUKH, cKaxeMm, Mexay Ceep-
Hol Adpukoit v torom CesepHoit AMepuku — 0,025 M B roa. Pazaenum mmpuHy okeaHa Mex 1y STUMU
toukamu — 3 700 000 M — Ha JaHHYIO BEIMYMHY U YOAUMCS, YTO ATIIAHTHUECKHUIA OKeaH POIUJICS
148 muH net Ha3ag. (Bo3mMokxHO, UMEHHO B 3Ty NATHUIYY.) Ha HeGombImX yuyacTkax ATIaHTHYECKOTO
OKEeaHa BO3pacT KOpsI JocTuraet 195 MIH JieT — oHa JpeBHee, YeM THXOOKEAHCKHUE TUTUTHI.
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A. X(ypZIBHCB. <<COTBOp€HI/I€ 3emum. Kak xuBble OpraHus3Mmbl CO30aJIk Halll MUP»

ApMeHusa

ywenbe FapHu,

6Mm); nneicToueH (170 000-165000 neT);

Puc. 1.4. Cton6uaTan oTaenbHOCTL nnato6a3ansTos (BbicOoTa cTON60B A0 18 M, AMna-

MeTp 40 O
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A. XKypagneB. «CorBopenue 3emiin. Kak :kuBble OpraHu3Mbl CO3JaJIA HAIl MUP»

I'nasa 2
Kak noasunyth Appuxy?

Oxeannyeckne U TeM Oojiee MOPCKME Yalllkl MOCTOSTHHO MEHSIOT cBou odepranus. Korma
He ObLIO COBPEMEHHBIX OKEaHOB, CYITIECTBOBAJIM MHbIE, HBIHE «BBIMEPIINE»: YPAIbCKUI Ha MecTe
VYpanbsckux rop — 6omnee 320 mutH Jiet Haza, Slret Ha MecTe Anmanadeit — cBbiie 450 MITH JieT Ha3aj.
B 3THX ropax HaBeYHO BMAsIHBI OCTAHIIBI MPEKHUX CPEAMHHO-OKEaHMUYECKUX XpeOTOB — JPEBHUE
0a3aJbThl, IPEBPATUBIIIKECS CO BpEMEHEM B 3eJIeHOKaMEHHbIe KOMILIEKCHI — O(pHONHTh. THIMYHas
JIUIsl TAKOTO KOMIUIEKCA TOpHast opojia O(HOIUT (OT 2peu. OLG — 3Mest 1 MOOG — KaMEHb) W3BECTHA
Cpeiy YpaJIbCKUX YMEJIbLIEB-KAMHEPE30B KaK 3MEEBUK M3-3a TPABSHUCTO-3€JIEHOIO 1IBETA U Yelllyii-
YaTou CTPYKTYPBI.

[TpuanHOI rpaHINO3HBIX U3MEHEHUN JIMKA 3eMJIU SIBJISIETCS TEKTOHUKA JTMTOC(EPHBIX TUTUT.
TekTOHUKA (OT 2peu. TEKTMV — CTPOUTENb, XYIOKHUK UK TEKTOVIKOG — UCKYCHBIN B CTPOUTEHHOM
JieJie) — 9T0, COOCTBEHHO, U €CTh CTPOMTENILCTBO JIMTOC(EPDI (OT 2peu. MOOG — KaMeHb U OQOIpO. —
000JI0YKa) U3 OTAENBHBIX OJIOKOB — IUUT. [TocneqHre cocTosAT U3 TBEpOi 3eMHOM KOPHI (COBOKYITHO-
CTH OCaJIOYHBIX, MArMaTHYECKUX U METaMOP(UUECKIX TOPHBIX ITOPOJT) ¥ MOACTUIIAIONINX €€ BEPXHUX
CJIOEB MAaHTHH, UMEIOIINX CXOAHBIN XUMIUeCKHU cocTaB. CKOMB3AT TUIUTHI, TOAHUMAIOTCS M OITyCKa-
I0TCS1 11O BSI3KOMY M Pa3yILUIOTHEHHOMY IIPOCIIOI0 BEPXHEN MaHTUM — acTeHocdepe (0T gpeu. o — He,
O@NV — KJIMH U 0QOip0 — 000mouKka). KOHTHHEHTaIbHASI KOpa Jierde OKEaHWYeCKOl (MeHee TII0T-
Hast), MO3TOMY MaTepUKH, 0Opa3yIolIye spa KOHTUHEHTATbHBIX JTUTOC(EPHBIX TUIAT, BO3BHIIIAIOTCS
HaJ| JIO)KEM OKeaHa U B 00JIaCTsIX CTOJKHOBEHHSI 3TUX IUIUT C OKEAHMUECKUMU OCTAIOTCS «HA TIJTaBY».
HaoGoport, 6onee Tskenble OKeaHWMYECKUe TUTUTHI IOIHBIPUBAIOT MO/l HUX, YXO[s B ITyOOKOBOJIHBIE
xenoba, mogoousie Kypuno-Kamyarckomy n Mapuanckomy, u erme Ha 600—700 kM gasbiie, Toka
TMOJTHOCTBIO HE PacIlIaBATCSA. DTOT MPOIIecC Ha3biBaeTcs cyOmyKiwmen (0T .2am. sub — nog u ductio —
yBO[, 0TBe/ieHHE). CTOJIKHOBEHHUE LIMKJIONMUYECKUX CTPYKTYP MIPOMCXOIUT C BbIIEJIEHUEM OIPOMHOTO
KOJIMUECTBA SHEPTUH, UTO BhIpaKaeTcs B (pOPMUPOBAHMY TUTAHTCKUX BYJKAHUIECKUX OYaroB, TAKUX
Kak TMXOOKeaHCKOe BYJIKAHMYECKOE KOJIbLIO, BKoyawoee Anabl, Kopauisepsl, Kamuatky, Kypuib-
CKYI0 OCTPOBHYIO Ayry, fnonuio u Hopyto 3enanauio. [IpukeHne THXOOKEAHCKUX IUTUT B CTOPOHY
KOHTHMHEHTAJIbHBIX Ha mepudeprun okeaHa 0OyCIOBJIEHO MOCTOSTHHBIM POCTOM TOABOJHOTO XpedTa,
M3BECTHOTO Kak BocTouHO-THX0OKeaHCKOoe MOJHSATHE, 32 CYET 00pa30BaHUs BCE HOBBIX CJIOEB OKe-
AQHUYECKOM KOPBI B MIPOJIOJIbHBIX ITTyOOKOBOIHBIX paccesiMHax XxpeoTa — pudrax (ot auea. rift — Tpe-
IIMHA, 1eJIb) B 30HE MOABEMa K MOBEPXHOCTU FOPSYMX MAaHTUMHBIX KOHBEKTUBHBIX OTOKOB. (ThICs-
YeKUIoMeTpoBbIii paznom CaH-AHgpeac B KamidopHuu, mpociaBieHHbI MHOTUME OJIOKOacTepaMu
Y 3eMJIETPSICEHUSIMH, TOKE OTHOCUTCSI K THXOOKEAHCKOMY pU(QTY, XOTsI BKIMHHUBaeTcs B cymry.) Kopa
oOpasyeTcst U3 0a3aJIbTOBOM JIaBbl, KOTOPAsi, 3ACTHIBAsI BJOJIb PUMPTOBON pacCEeMHBI, CIIOCOOCTBYET
Pa3IBIKEHUIO OKEAHUYECKUX IUTUT. DTO sIBJIEHUE HA3BIBACTCS «CIPequHr» (0T aHen. spread — pac-
HIUPATH). ATJIAHTUYECKUI OKeaH, MPOA0JIKEHUEM KOToporo siisieTcs CeBepHbiil JIenoBuThIii, BeeT
ceOs1 Bpore Obl OoJiee CIOKOWHO: HUKAKKMX BYJKAaHMUYECKUX apok Ha nepudepun HeT. Ho cripeauHr
MIPOMCXOIUT M TaM — BJIOJb XpeOToB CpennHHO-ATiaHTHYecKoro u PeiikbsiHec. Tobko ABUXKYTCS
37eCh OKEaHWMUYECKUE TUTUTHI BMecTe ¢ OMvkalliiiMu KOHTUHEHTaMH. [TOCKOIbKY camM OKeaH UMeeT
S-00pa3Hyi0 KOH(HUTYpaIHIo, 0’KHAST YacTh ero XxpedTa, pa3IBUrasch, ToJKaeT Ha ceBep AdpHKky, a
ceBepHas — el HaBcTpeuy EBpory. Tam, rae MaTepuku ymupaioTcs JpyT B APYra, MPOUCXOAUT KOJLIH-
3us (0T aHen. collision — CTONKHOBEHNE) KOHTUHEHTAJIBHBIX ILJIUT, U, CJIOBHO IIPH yaape Ipyr O Apyra
TMTAHTCKUX JIBJWH, HAUUHACTCS «TOPOIIEHUE» — PACTyT TOpHBIE XPeOTHI, TOIMO0OHBIe AJTBITUHACKOMY
nosicy ot [Tupenees 1o KaBkasza ¢ ByJkaHAMU U COIMY TCTBYIOIIMMY NTEPUOANYECKUMU 3€MJIETPSICEHU-
ssmMu. Tak Kak BOJIb CPEAMHHO-OKEAHUIECKUX XPeOTOB, a TAaKkKe BAOJIb JMOOBIX pu(TOB TMTOChEpHBIE
TUTMTHI PACXOIATCS, a HA T'PaHUIe KOHTMHEHTOB WJIM Pa3HBIX TUTUT CXOISTCS, TIEPBBIN TUIT T'PAHUIL
Ha3bIBAeTCsl IMBEPTEHTHBIM, @ BTOPO — KOHBEPTEHTHBIM.
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A. XKypagneB. «CorBopenue 3emiin. Kak :kuBble OpraHu3Mbl CO3JaJIA HAIl MUP»

Teopust MUTOChEPHBIX TUIUT, BEPHOCTh KOTOPOW JIOKA3bIBAETCS HE TOJNBKO HAOJIOICHUEM 3a
BBIIIIEHa3BaHHBIMU T€OJIOTUIECKUMHU SIBICHUSIMU, HO M 3aMEPaMHK JBIKEHHN TUIUT Onarogapsi CIyT-
HUKOBOMY ¥ HA3€MHOMY MOHUTOPHUHTY, OOBSICHSIET, IIOUEMY Ha THE OKEAHOB OECCMBICIIEHHO UCKATh
camble JpeBHUE OTIOKeHHs. VIX U He HAIlUTH, HECMOTPsI Ha THICSIYM CKBAaKHH, 3QJI0KEHHBIX IO TIPO-
eKTy ITyOOKOBOIHOTO OypeHus ¢ kopadns «[omap YeeHpxep» U MeXIyHApOJHOM MTporpaMme
OypeHusl OKEaHNYEeCKOro JHa HaurHas ¢ 1968 r. A BOT Ha KOHTMHEHTaX, XOTsS U OHHU IMpeTepreu
CYILIECTBEHHBIE M3MEHEHHMsI, KOe-uTO OcTanoch. [1o Gosbllield 4acT 3T0 KOE-4TO — TOKE MOPCKHE
OTJIOKEHUSI, TOCKOJIbKY MAaT€PUKOBBIN HIEb( SIBISETCS YaCThIO KOHTHHEHTOB, a IIOPOM LieJIble MaTe-
PUKH «TOHYJIW», IOKPBIBASICh HA IECSITKM MUJUIMOHOB JIET OOIIMPHBIMU MEJTKOBOJHBIMH STTMKOHTH-
HEHTAJIbHBIMA MOPSIMU, aHAJIOTOB KOTOPHIX HET B COBpeMeHHOM Mupe. U 310 siBieHue Obuto 00y-
CJIOBJIEHO TEKTOHUKOM JTUTOC(EPHBIX TUTUT, IIOCKOJIbKY C POCTOM OKEAHUYECKUX XpeOTOB OIrpOMHbIE
00BbEMBI BOIBI BHITAJIKMBAIOTCS U3 OKEAHMYECKHX Yalll Ha cynry. JJaHHBIN mpoliecc Ha3bIBAeTCs TeK-
TOHOIBCTA3KeEN (OT «TEKTOHUKa» U zpeu. €) — COBEPIIEHHO, 0TOOLG — cTostHUE). OOYCIOBIEHHBINH
TEKTOHOIBCTa3Mel MOIBEM YPOBHS MOPSI — HA COTHH METPOB — Ha MOPS/IOK MPEBHIIIAET POCT YPOBHS
MOpsI B pe3y/bTaTe TastHUsI JISAHUKOBBIX IIATNOK (IJISIIIMOIBCTAa3Ms OT Aam. glacies — Jie/1 v 9BCTas3usl) —
He 0oJiee HECKOJIbKUX JIECATKOB MeTpoB. K CJIOBY, MOCKOJIBKY rMraHTCKue JieasHbie muthl Ceep-
Holl AMepuku 1 EBpornibl pacrasiii okono 12 000 net Ha3aj, gajabHeiee MOTeMIeHue K 3aMETHOMY
TIOBBIIIIEHUIO YPOBHSI MOpPs YK€ He MpuBeleT. Bripouem, 11 MCYE3HOBEHUS IO/ BOJTHAMM OKeaHa
Hunepnannos, Janun n CeBepHoit Cubupu, Haubosee 6oraroii HepTera3oBbIMA MECTOPOKACHUSAMHU
yactu Poccuu, 1 31010 OyeT J0CTaTovYHo.

Hac, ognaxo, ceituac uHTEepecyeT He TO, YTO MCYE3HET, a TO, YTO OCTaJIOCh. Jlaxe MpocThie pac-
YeThl MOKA3bIBAIOT: YEM JIPEBHEE 3eMHBIE TIOPOJIbl, TEM MEHBIIHE TUIONIA 1 OHU JOJKHBI 3aHUMATh.
Benp mo0bie ropHble XpeOThl, Oyab TO BCE €llle BEIMUECTBEHHBIH, HO AaJIeKO HEe BHICOTHBIA YpaJl WiH
Kazaxckuil MeIKOCOIOYHMK, KOra-To0 B3ApIMasiuch AHgaMu U ['umanasamu. Eciu Mbl, kK ipumepy,

o o 2 o o
BO3bMEM TOPHBII KPSIK BHICOTOM 5 KM U TUIOMIAIbI0 25 KM~ (YCIIOBHBIN KBaApar 5 X 5 KM), TO 00U

00bEeM TOPHBIX IMOPOJ] B HEM COCTaBUT 125 KM, JIio6oi1, ObIBaBIIMIA B TOpaX, JIETKO MPEICTABHT, YTO
KPSDK TTPOPE3aloT Pyubd M PEKU, YTO MOPO3 U Kapa, a TaKKe JesATeIbHOCTh CaMbIX Pa3HBIX OpraHu3-
MOB — OT HEBUJMMBIX I71a3y OAKTepHid ¥ OTHOKJIETOUHBIX TPUOOB JI0 JIMIITAWHUKOB U KYCTAPHUKOB —
CO BpeMeHeM MPeBpaIlaloT camble MIPOYHbIE CKAJIBl B TPYXY KYPYMOB U peUHbIX HaHOCOB. U Bce 310
M3MeJTbYaeTCs U MepeMelaeTcst Bce JaUIbllie U JIajbllie OT Kpsika. Takoe mpeodpa3oBaHue TOPHBIX
HOpO}I Ha HOBerHOCTI/I IIJIAHETHI 3a CUCT CI)I/IBI/IKO-XI/IMI/III€CKI/IX nu 6I/IOXI/IMI/I‘~ICCKI/IX HpOH@CCOB Ha3bI-
BaACTCAd BbIBeTpI/IBaHl/IﬁM. ECJII/I C HallIero yCJIOBHOFO KpH)Ka CTCKAI0T IIAThH FOpHI)IX pequ, CHOCO6-
HBIX YHECTH JIECATYI0 9acTh KyOOMeTpa rOpHBIX MOPOJ B JIeHb Kakaas (AajieKo He caMbie OypHbIe

IIOTOKH), TO 32 T'OJ], OHU Pa3MOIOT okoJo 180 M>. 3HAUMT, 4TOOBI CPOBHATb BECh TOPHBIN KPAX C 3€M-
JIe¥i, KUBBIM U HEXUBBIM CHJIaM MPHPOJIBI MoHaio0uTcst He 6onee 700 mutH jet. (Kcrat, nMeHHO
TaK MbITAJICS ONPENIeSIMTh BO3pacT 3eMJIM aHIIMIACKUI reosior u ouosor Yapns [lapBuH, n3opas amis
PacyeToB MOILHOCTh MEJIOBBIX YTECOB Ha I0r0-BOCTOKEe AHIIMM.) Tak 4To 4eM JipeBHee OTIIOKEHHUs,
TEM MEHbIIE OT HUX OCTAeTCsl B pe3yJsibTaTe BbIBETPUBAHUS.

Eme Oonee neficTBEHHBI MPOLIECCHI, CBS3aHHBIE C TEKTOHUKOW IUIUT, — CYOMYKIIMS Y TPAHUT-
HBIII MeTaMop(U3M B 30He KOJUTM3UH. Besib 1 camm MaTepuku BMecTe C IiesbgaMu He Beeraa Obun
TaKMMH, Kak ceituac. Ocranock i BooOIIe YTO-HUOYIb OT ApeBHEHINMX oTioxkeHni? [la, octanock.
Xorsa npu Bo3pacte 3eMi 4,567 MIIp[, JIET OT €€ TOPHBIX MOpoA Bo3pacToM cbiile 4,03 Mipx Jiet
HE COXPaHWJIOCh HUYETO, KPOME KaJKUX KPOX: NEPEOTIIOKEHHBIX B O0Jiee MOJNIOABIX 0Ca/IKaX 00JIOM-
KOB KPHUCTAJUIOB LIUPKOHa (ZrS104) — OJHOTO M3 caMbIX YCTOMYMBBIX MMHEPAJIOB — BO3pacTtoM 4,2 1
4,4 muipn net Ha kpatone Munrapn (3amagsas Acrpamus). U naxe 9TM KPOXM CIIOCOGHBI KOE-UTO
MPOSICHUTD OJ1aroziapsi 3aXBaueHHbIM UMK B MOMEHT KPHUCTAJTU3AIMY YaCTULIAM JIPyT'X MUHEPAJIOB:
HanpuMep, HAJIMYKeE y TUIAHEThl TOW MOPbI 3eMHOM KOPBI, JKUIKON BOZHON 00O0JIOUKH, T/ie KPUCTAILIBI
cpopMupoBanuck, 1 MarHutocgepsl. [JaHHbIE O ApeBHENINel BOAHON 000JI0UKe OCOOEHHO IIEHHBI,
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A. )KypaBneB. <<COTBOp€HI/I€ 3emum. Kak xuBble OpraHus3Mmbl CO30aJIk Halll MUP»

MOCKOJIBKY OT Hee He yIiesiesio OOJIbIIle HUUero: OHa TOHOCTHIO UCTIAPUIIACh U pa3Besyiach B KOCMOCe
BO BpeMsI MOIITHBIX METEOPUTHBIX OOMOAPIMPOBOK, KOTOPHIM TUIAHETHI 3MHOM I'PYIIITHI TIOIBEPIIIUCH
4,0-3,8 mupn Jiet Hazan. K 3ToMy MHTEpBasly MPUYpPOYEeHO OOBITMHCTBO JIYHHBIX M MapCHAHCKUX
KpaTepoB; 3eMHBbIE ke TOIJIOoMEeHbl TeKToHnYeckuMu Tporieccamu. ([TosiBruuchk cBeieHnst 00 0OHa-
pYy’XeHUH B 3eJieHOKaMeHHOM Trosice HyBByarutTyk Ha KaHajackom mmure — Ha ceBepo-3ariajie moiy-
octpoBa Jlabpanop — CBA3aHHBIX C THIPOTEPMaMU MOPCKHX OTJIOKEeHUI Bo3pacTtoMm 3,77—4,28 Mipna
JIeT ¥ Jake O cyiefiaX OakTeprabHOW KU3HEAeATeTbHOCTH B HUX. OJIHAKO 3TU HAXOIKH M WX JaTH-
POBKa TpeOyIOT JaIbHENIIIero BCECTOPOHHETO U3yUeHUs.) B pe3ysibraTe BCeBOZMOKHBIX U HETPEKpa-
IAIOIIUXCS MpeoOpa3oBaHuil 3eMHbIX cioeB 80 % u3 HUX uMeeT Bo3pacT MeHee 200 MJIH JieT, a BOT
Ha JlyHe, rjie npoiiecc TEKTOHUKM TUIMT He Tonien, Te ke 80 % mpeacraBieHbl TOPHBIMU OPOAAMU
apesHee 4 muipn Jet. [TosTomy, 4TOOBI 3arIsIHYTh IIyOXe, IpUAeTcs cietaTh Ha JIyHy W npuBe3Tu
00pasibl OTTya, Oaro 310 yxke cuenam B 1960—1970-e rr. GeccTpalliHble aMEepUKAHCKUE acTpo-
HABTHI ¥ XUTPOYMHBIE COBETCKUE CITyCKaeMbIe armapaThl: BO3PACT JPEBHEHIINX JIYHHBIX MTOPOJT OKa-
3avicst 4,417 mapa Jet (OTAeIbHBIX KpUCTAILIOB — 10 4,51 mutpn JjieT). HekoTophele BKITIOUEHM ST MUHE-
paJIoB B METEOPUTAX, HAMJICHHBIX Ha 3eMJie, HO MPEICTABJISIIONNX COOON OCTAaTKK MPOTOIIAHETHOTO
BeIIeCTBa, MOTYT OBITh M TIOCTapIIe Halllel IIaHeTh — 110 4,568 Mipx Jiet (Bpemst oOpa3oBanust CoJ-
HEe4HOU cuctemsl) (puc. 2.1). YTepsiHHas r1aBa kKameHHou Jjietorucy 3emd — 4,568—4,0 mipa et —
HA3bIBAETCA XAAEHCKUM S0HOM (OT 2peu. YOIOG — MOA3EMHBIA MUP).

Puc. 2.1. )XenesoHuKenesbin meTeopwT MbeoH (0bwasa macca cobpaHHbIX 06NOMKOB
meTeopuTa — 21000 Kr); Xxagei (4,544 mnpg net); Hamubua

Jlanplie pedb MOMIET UCKIIOYMTELHO O Te0JIOrMIeCcKOl UCTOPUN 3eMJIM — O TOM OTPOMHOM
BpEMEHHOM HMHTepBase (4 MJIpH JeT), COOBITUS KOTOPOr0 MOKHO BOCCTAaHOBHUTD C TIOMOIIIBIO CEIH-
MEHTOJIOTUYECKUX, TCOXUMHNYECKUX, ITAJICOHTOJIOTNYECKUX U IIPYI‘I/IX METOHOB, HpI/IMCHHeMLIX B Hay-
Kax o 3eMiie.

19



A. XKypagneB. «CorBopenue 3emiin. Kak :kuBble OpraHu3Mbl CO3JaJIA HAIl MUP»

Vienegias, «rnepBoHauasIbHas», JIETOMUCh HAUMHAETCS C aPXEHCKOT0 S0HA (OT 2pey. 0Py oLoG —
NIepBOHAYAJIBHBIN, APEBHUI). ApXEeHCKIe «MaTepUKU», TIO TUIOIIAAX OOJIbIIIe HATOMUHABIINE KPYII-
HBIE COBPEMEHHbIe OCTPOBA, HhIHE BKPAIUICHBl B pa3IMUHble KOHTHHEHTHI, T7Ie BHIXOIAT Ha TIOBEPX-
HOCTh B BHUJIE JIPEBHUX IUTOB. A MIUTHI COCTOAT B OCHOBHOM U3 MeTaMOP(pUIECKUX (M3MEHEHHBIX,
MECTaMH JIOBOJIHO CHJIbHO) TOPHBIX MOPOJ, MOJOOHBIX THekcam u rpaHuTtam (puc. 1.1). T'eomorw,
TeOXVMHKHU U TIAJICOHTOJIOTH, TIPaB/a, M CPEAM ITUX KJIOUYKOB YMYIPSIOTCS BBICMOTPETh HaUMeHee
MOKOpPEeKEeHHbIe BpEMEHEM M TEKTOHUIECKUMU TTPOIieccaMy OCTaHIIbl. K HUM U IPUKOBaHO BHUMaHKE
YUYEHOT0 MHpa, 0COOSHHO K IpeBHEHIIMM KOoMIUIeKcaM AKacTa Ha ceBepo-3anazae Kananst (4,03 mipa
net), Ucya u Axunus Ha 3anaze ['pennanauu (>3,8 muipn Jiet) u 6osee MosonsiM oonactsam Kanag-
cko-I"pensianackoro, nnm KaHaackoro, mmTa, KpaToHam I71HnrapH u [Tunbapa (3,6 mupa ner) B
CeBepo-3ara/IHOM YacTu ABCTPAJMIACKOTO IIMTa, 3eJleHOKaMeHHOMY mosicy bapOepron (3,5 mipn
net) 1 KparoHaMm 3umOadBe u Kaamsaans (3,6 mupn sier) Ha FOxHO-Adpukanckom mure, u PeH-
HOCKaH/IMHABCKOMY IIUTY, oxBarbiBawoiieMy CkanauHapwio, Ounnsuauio, Kapemio u Konbckuii
nonyoctpos (3,5 mipn siet) (puc. 2.2). Kpatosl (0T zpeu. Kpotiv — yKPEIIATh) — 3TO CAMBIE JPEB-
HUE CTAOWIbHBIE YIACTKU KOPBI, KOTOPBIE YCIIOBHO MOKHO CUMTATh MPOTOKOHTUHEHTAMMU.
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Puc. 2.2. [lpeBHWe KpaToHbl (MPOTOKOHTUHEHTbI) 3eMNM BO3pacToM 3,5 MApA 1 6onee net

WHTepecHoi reonornyeckoil 0COOEHHOCTHIO IPOTOKOHTHHEHTOB SIBJISLIOCH TO, YTO OHU COCTO-
SUTH M3 (PparMEeHTOB OKeaHMUYEeCKOW ¥ KOHTUHEHTAIbHOM KOphl. VIHaYe roBopsi, MeXaHW3M TeKTOHUKH
TUMT yxe ObuT 3amyineH. He BaaBasicb B IOIPOOHOCTH TITyOMHHOTO JIBMKUTEINSI STOTO MEXaHM3Ma
(TpoLiecchl B MAaHTUH U siipe 3eMJIn), CIIeAyeT OTMETUTb, YTO HEOOXOOMMBIM YCJIOBHEM €ro 3aITycKa
sBisiercs nuddepeHuranus Kopsl HA OTHOCUTENBHO TSDKEITYIO U IUIOTHYI0 okeaHndeckyo (2900 kr/

M) 1 JIETKYI0O KOHTMHEHTaJIbHYI0 (2500-2700 KF/M3). B reonorun ux takxe MMEHYIOT «TEMHON» U
«CBETJIOW» — TI0 LIBETY OCHOBHBIX MOPONOOOpa3yoMx MUHepaioB. OkeaHndecKkas Kopa 1o 0ojb-
IIefl YaCTH COCTOMT U3 TEMHO-3€JICHbIX U UCCUHSI-YEPHBIX MUHEPAJIOB, OOraThIX MarHUEM, JKEJIe30M
1 KpeMHHeM, — nupokceHos (Ca,Na,Mg,Fe>")(Mg,Fe>*, Al)Si,Og, ommeunos (Mg,Fe),SiO4, 0CHOB-
HBIX TUIarnokyiazoB (Na,Ca,)Al(Si,Al)SiyOg, a KOHTHHEHTAbHASI — U3 CepbIX, OEJbIX U KPacHOBa-
TBIX KPEMHUI- Y ATIOMUHUICOAEPXKAIMX CUIMKATOB (TakKuX Kak KBapl — Si0,, KajaueBblil mose-
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Boit mmmat — KAISi30g, anpoutoBslii tiarnoksiasz — NaAlSizOg). Otciona u Ipyroe Ha3BaHUE STHX
[JIaBHBIX MUHEPAJIbHBIX KOMILIEKCOB: Mauveckuil (ab0peBuarypa OT .1am. magnesium — MarHum,
ferrum — xene30 u cypdukc ic) u ¢penb3uToBbId (0T 2am. ferrum — xkene3o, alumen — KBaclipl, silex —
KpeMeHb U TOT ke cypdUKc). AHAIU3 pactipeie/ieHHs STUX MUHEPAJIOB B MArMaTHUECKUX UCTOYHU-
Kax, 3eMHBIX CJIOSIX pa3HOTO BO3pacTa M KOCMMUYECKHX TeNaX, BKJII0YAsi aCTEPOU/Ibl, TOKA3bIBAET, YTO
«TeMHasi MaTepusi» 371eCh MIEPBUUHA, a «CBeTIasi» — pe3y/bTar ee auddepeHnuanyu, mpeodpa3opa-
HUS B HEJIPax M HA TIOBEPXHOCTH 3eMJIH.

Camu 1o ceGe HM MUHEPAJIbl, HU COCTOSIIIME U3 HUX TOPHBIE MOPOJIbI, HA 3eMHast KOpa, KOTO-
pasi U3 HUX, B CBOIO OYepe/lb, MOCTPOEHA, PEBPAIATLCS BO UTO-TO APYroe He OyayT: HyXkHO JIMOO
OTIPABUTh UX OOPATHO B HeJpa Ha MEPEIUIaBKy, JIMOO U3MEHUTh COCTAB HA IOBEpXHOCTH. [lepBruyHas
KOMAaTHUUT-MarHe3uaibHO-0a3aJIbTOBas! TPOTOKOPA, KOTOPasi, BEPOSITHO, CylliecTBOBaIa 4,4 MIIp[ JieT
HazaJ, MaJIo OTJMYAJIACh MO COCTaBY OT MOPCKHX 0a3aJbTOB. DTO M ObLIM 0A3aJ1bThl, TOJIBKO (DOPMU-
POBAJIMCH OHM TpU OOJIee BBICOKMX TeMIIepaTypax, YeM COBPEMEHHbIE, TIOCKOJIbKY MaHTHsI B Xaflel-
CKOM M apXeicKoM 0Hax Obuia ropsiaee. 13 mpoToKopsl 00pa30BhIBATHCH HEOOJIBIIINE OCTPOBA, KOTO-
pble XaOTHYECKH MepeMeIaIiCh KOHBEKIIMOHHBIMU MaHTHHBIMU ITOTOKaMH M OYKBAJIbHO TasiIv B
HuX. Ho ecim Bce cior 3eMHO#M KOpbI ObUTM JI0 TIOPBI JO BPEMEHM — [0 Havyajia apXefCcKOro S0Ha —
T0 COCTaBY, (PUBNIECKUM U XUMHUUECKIM CBOMCTBAM MOYTH OJMHAKOBBIMH, TO MOXHO JIA 3aCTABUTh
UX TOTPYKaThCs M BCIUIBIBATH OTHOCUTEBHO ApYr apyra? Tem Oonee uTo rniaBHast (hbesib3UTOBAS
NopoJa — rPaHNUT — TEPMOIUHAMMYECKH HECOBMECTHMA C YJIbTpamMauiecKuMU MaHTUHBIMHA MHHE-
pajlaMu ¥ He MOXET HaIlpsSIMYIO BBIIJIABUTHCS U3 TIOCIIETHUX, A CJIMIIKOM Topsiyasi MAaHTHUsI MTPEIsiT-
CTBYET CyOMyKIIHH.

OkaspIBaeTcsi, Bce-TaKi MOKHO. B ueM nmpuHIMNMaabHasi pa3HULa 3eMIIM ¥ HECKOJIBKO YCTY-
TawIero eu o pasmepy Mapca? He Tonbpko B ToM, uto Ha ['0y0oii 1iaHeTe MIUThI IBUKYTCS, a Ha
KpacHnoii — Het, 1 1axe He B HAIMYUM MUpPOBOrO OKeaHa Ha NepBOil U3 HUX U «MUpOBOH CylIn» —
Ha BTOPOW, HO U B TOM, YTO Ha 3emJie oTKpbiTo nmpumepHo S000 pa3Hbix MUHEpasoB, a HAa Mapce —
MOYTH Ha OpsAAoK MeHble. [Ipo JIyHy u roBopuTh Heuero — ux tam okosno 150. [Ipuyem nosinenue
ABYX Tpetey 3eMHbIX MUHepaioB (3000) npsAAMO UM KOCBEHHO CBA3aHO C HAJIMYMEM Ha HEU KU3HMU.
KuzHp — apxeiickue OakTepuasibHble COOOIIECTBA — M 3aITyCTUIIA, TI0 CYTH, TEKTOHUKY TUIUT COBpe-
MEHHOT'O THIIA.

Bo-niepBbix, B MOMCKAX MPOIMUTAHUS — HEOOXOOUMBIX MUKPOJIEMEHTOB U EKTPOHOB — IS
obecnieyeHus1 oOMeHa BellecTB OakTepuu (2 KpoOMe HUX B apxee HUKOTO MoKa He ObUIO) pasiaraiu
TOpHBIE MOPOJIB 1 MUHEPaJIbl. VI3BlIeKaTh OIpe/ieieHHbIE SJIEMEHTBl MOXHO C TIOMOIIBIO (DepMEHTOB,
KOTOpbIE, B OTJIMYME OT XUMHUECKUX KaTaJM3aTOPOB, CIIOCOOHBI YCKOPSTh PEaKIMU MPU OOBIYHBIX
YCJIOBUSIX, OHAKO TPEOYIOTCSl B HE3HAUMTENBbHBIX KOJIMUECTBAX Jaske MPH KaTaau3e OOJBIION MacChl
BEILECTBA, U XEJIATHBIX KOMIUIEKCOB (OT zpeu. YNAY] — pa3IBOEHHBII; TAKUE MOJIEKYJIbI CTPYKTYPHO
MOXOKU Ha KJICIIHHU, KOTOpPbIe MPOYHO YAEPKUBAIOT MOHBI MeTa/UIoB). CBUETENbCTBA OaKTEpUAITh-
HOH JIesITeIbHOCTH HAaBCer/ia 3arevaTyieHbl B APEeBHUX 0a3aibTax B BUJE CyOMUTMMETPOBBIX B Iva-
METpe MU3BMIIMCTBIX XOJIOB, B KOTOPBIX COXPAHMJINCh IJIMHUCTHIE MUHEPAJIbl — CIIEIbl MePepadoOTKU
6a3ajnbpTa, a MHOIZIA U OPraHUYEeCKOe BEIIeCTBO (KOHEYHO, TOJIbKO B BUME MOYTH KPUCTAUIMYECKUX
CTYCTKOB OPraHU4ecKoro yriepoja — keporeHoB). [TogoOHbie ciiepl, YTOOB ObITh YBEPEHHBIMU B UX
MPUHAJIEKHOCTH MUKPOOaM, y4eHbIe OTHICKATA U B CBEKEM BYJIKAaHMUYECKOM CTEKJIe: TOCKOJIbKY,
KpOMe KpeMHE3eMa, B HeM COAEPKUTCS OONBIIIOe KOJTMUECTBO PEJKUX B OKPYKaIOIIEH cpese eMeH-

2+
TOB (HaHpI/IMep, 3aKHNCHOE XKEJIE30, Fe ), KaK TOJIBKO 62138.J'II>TOB215{ JlaBa HAYUHACT OCThIBATDb, IICPBLIC
7K€ MOIAaBIINE Ha €€ IIOBEPXHOCTb 6aKTepI/IaIILHbIe CIIOPBI ITPOPACTAIOT, U HAYMHACTCA 6ypHOC nupie-
ctBo. (Kaxplii KybomMeTp COBpeMEeHHOro 6a3aibTOBOro CTeKJIa — ¢ conepxanuem o 17 % xenesa —

MOJKET MPOIuUTaTh J10 2,5 X 10'6 aHa9POOHBIX Kese300akTepuil.) Bo-niepBbiX, OaKTeprn YCKOPSIIOT
BBIBETPUBaHHE CUTMKATHBIX MHUHEPAJIOB (ITOJI0OHBIX BHIIICHA3BAHHBIM MTUPOKCEHAM, OJIMBUHAM, TLTa-
I'MOKJIa3aM) Ha MOPS/IOK Y MPOHUKAIOT B HUX TOpa3/io IIyoxke, 4eM JToOble aKTUBHBIE BEIIECTBA O]
nercTBreM (PU3UIECKUX U XMMHUUYECKUX CHIL. 1o TpoIIecTBUM BCero HECKOJIBKUX JIET TOpHAas Mopojia
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MIPEBPAIIAETCS B HACHIIIIEHHOE BOJIOW «HAHOPEIIIETO», PAa3yIUIOTHSETCS, @ TAKKME MTPOLYKTHI €€ BHIBET-
pUBaHMSI, KaK WIJTMTOBBIE 1 CMEKTUTOBBIE IJIMHBI, TIPEICTABIISIOT COO0M CyOCTpaT-HAKOMUTENb, YCKO-
PAIOIINI B MOPCKOM Cpefie OCaXIeHe NOHOB Kausl. B maspHeiieM HOBOOOpa30BaHHAS MUHEPAJTh-
Hasl 3aTpaBKa CIIOCOOCTBYET BHIILIABKE IPAHUTHOTO MaTepHasa BMECTO 0a3aJbTOBOIO.

Bo-BTOpBIX, OaKTepHUaIbHBIE COOOIIECTBA MPUHSIIICH 32 CO3JaHNE COBEPIIEHHO HOBBIX TOPHBIX
MOPOJT U MUHEPAJIOB — KapOOHATOB, (hochaToB, CyIb(UIOB, KeJIe3HbIX U IPyrux pyd. B OonbimHCTBe
CBOEM 3TU PAa3HOCTU UMEIOT MEHBIIYIO IIOTHOCTh, YeM MahuiecKue MUPOKCEHbI M OJTMBUHBI.

Ha npoTtokoHTHHEHTaX, MOIO0OHBIX AKacTe, pazHooOpasue (hpesb3UTOBBIX MOPOJL OTPaHNIHBA-
JIOCh KBapIEBbIM THOPUTOM, TPOHABEMUTOM U TPAHOTUOPUTOM, OOPA30BABIIUMICS MPH YACTUYHOM
TJIaBJICHUH TOJIEUTOBOTO 0a3ajibTa, N3-3a HEMIyOOKOTO 3aJI0KEHHUSI 30H CYOMyKITUH.

Korza e 311 30HBI, peacTaBIsionye cOO0! MIaBUIIBHBINA KOTET TEKTOHMUECKHX MPOIIECCOB,
OIYCTHJICh B 00JIaCTh OOJiee BBICOKUX JIABJICHUH, TO M3 UCXOTHOTO KOMIUIEKCA MHUHEPAJIOB CTaIU
BBITUIABJISATHCS OOJiee JIETKUE U TUIABYYMe TPAHUTHI, a TAKKe CBA3aHHbIE C MX 0Opa30BaHMEM BYJIKa-
HUYECKHE MOPO/Ibl (AaHJE3UTHI, PUOIUTHI) U rHEHCH. OIHAKO, YTOOBI 30HA CYOAYKIIMY yIIUIa TITyOXe B
HeJpa 3eMITi, Ha Hee HYXKHO «Ha/IaBUTh», CKaKeM, ITOJIOKUTh CBEPXY TOPHYIO TPSITY: YEM BHIIIIE TaKast
rpsja, TeM, onarogapsi sIBICHUIO U30CTa3MM, CHJIbHEE MPOIABUTCS O Hel acTeHocdepa ¥ asiblie
BHU3 HBIPHET M0J1 KOHTUHEHTAJILHYIO KOpY OKeaHn4yeckast. ['opbl ske 00pasyioTcsi B pe3yJibTare CTONK-
HOBEHMSI YYaCTKOB KOHTHHEHTAJILHOW KOPBI, IYCTh 3TO Jae MPOTOKOHTUHEHTHI, WM TOCIIETHUX C
BYJIKAHMUECKMMU apKamu. Jlaee u3 mopoj rpaHUTHOTO psijia ¥ THEWCOB C BHICOKMM Pa3HOOOpa3ueM
MUHEPAJIOB U HAYMHAIOT CKJIA/IBIBATHCS SIpa KOHTUHEHTOB — JIPEBHUE KPUCTAITIMUECKUE IIUTHL. A
THEHCHI K TOMY K€ SIBJISIOTCSI IEPBBIMH CBUETEIbCTBAMHU, MYCTh U MPE0OPA30BAaHHBIMH, TIOSIBIICHUSI
0CaJIOYHBIX OTJIOXeHuN (ApeBHenue — 3,85 muH Jiet, Mcya). Hu na Mapce, Hu Ha Benepe, Hu Ha
JlyHe rpaHUTHI ¥ THEWCHI HE TMTOSIBUJIMCH: IOBEPXHOCTh 3TUX HEOECHBIX TeJT 3aCThIJIa HA CTAAUU Ma(u-
Yyeckol mpoTokophl. Ha 3emMite ke BeieacTBHe BO3eHCTBUs Onocdepsl Ha TuTochepy U nmpeodpa3o-
BaHMs MapMUECKUX TIOPOJ] HE TOJBbKO BO3HUK (DEIB3UTOBBIN Psifl, HO U MpOIecC (TEKTOHMKA TUIUT)
TIOIIEJT ¥ 3HAUUTENIBHO YCKOPUIICS.

HasBanHblii BhllIe 3e1eHOKaMeHHbIH 1osic bapOoepton u kpatonsl [Tnnbapa u KaarnBaans u ecth
OCTATKH JIpEBHENIIIE OKEaHMYECKOW 1 KOHTMHEHTAJIbHOW KOPbl COOTBETCTBEHHO. B nepBbIX npucyT-
CTBYIOT TIO[yIlIeUHbIe 0a3aJIbTOBBIC JIABHI (IIPY 3aCTHIBAHWU JIABBI B MOPCKOM Cpefie €e MOBEPXHOCTD
npruoOpeTaeT BUJI IVIOTHO YJIOKEHHBIX MOYIIEK ) ¥ IOI0CYaThIe KeJle3UCThie (POpMaliii, BO BTOPBIX —
I'PaHUTHI ¥ Pa3HOOOPa3HbIE METKOBOIHBIE OCAI0UHbIE MOPObL. A caMast JPeBH:IsI UCKOMaeMast TEKTO-
HUYECKasl IPaHMLIA TUTUT BO3PACTOM 2,7 MJIP/ JIET BbISIBJIEHA C IIOMOIIBIO CEUCMO(PU3MUECKUX METO-
noB nox Kanazgckum mprom — B mpoBuHIUsx Ksedek 1 OHTapuo.

[TpeB30iiTH ke TreoJOrnYecKue CUIIbl KU3Hb CMOIJIA, OOpEeTs] MHOW MCTOYHMK SHepruu. Bce
TEKTOHHUYECKHE TMPOIECCH — IBMKEHHE IUIUT, TOpOOOpa3oBaHUe W JIp. — UAYT Onarogapsi Terio-
BOMY TOTOKY, MOCTYMAIIEMY 13 HeAp 3eMid (paJMOaKTUBHBIN Pacnajl U OCTaTOUYHOE aKKPEIMOH-
HOE TEIUIO, BBIJIEJIUBIIEECs] IPY CTOJIKHOBEHUH TUIAHETe3UMAJIel U IIPOTOIUIAHET). DTOT MOTOK Olle-

HUBaeTcAa B 8,7 X 107 BT/MZ, HO TEKTOHHKA YCIIeBaeT 3aXBaTUTh He OoJiee IeCTON H0K SHepruu (~1
x 107 Br/m%). OcrasbHoe paccenBaeTcsl B kKocMoce. JKU3HEHHbIE CUIIbl Yepe3 pa3inyHble (pOpMBbI

(orocunTe3a nognMTEIBaOTCA HanpsAMYyIo oT 3Heprun ComHua — 340 Br/m°. IIpnyem 3a BpeMs: 3BO-
moumu KIT[1 opraHn3mMoB BO3poc: OT aHa9pOOHOTO (POTOCHHTE3a, 3aBUCHMOTO OT PA3JIMYHbIX COEIH-
HEHUI, KaK JJOHOPOB 2JIEKTPOHOB, JKMBbIE CYIIIECTBA MEPEIUI Ha KUCJIOPOHBIN ero BapuaHt. B atom
ClIy4ae MCHOJIb3YeTCs] HeMcUepraeMblil OKeaH JIEKTPOHOB — BOjIa. BrICTpoe MCTOleHe HEKOTOPBIX
3JIeMEHTOB (eJ1e30, a30T, ochop), HEOOXOAUMBIX AJ151 (PYHKILIMOHUPOBAHUS OPrAHU3MOB, JIOTKHO
ObL10 Obl OrpaHnuMTh JanbHermii poct KIII, HO Onarogapsi yCKOpeHUI0 KpyroBopoTa 3TUX 3Je-
MEHTOB (3a CYeT COBEPIIEHCTBOBAHUS TPOPUUECKON MUPaMU/IbI U TIOSIBIEHNSI HOBBIX OPTaHU3MOB —
JECTPYKTOPOB OTMEPIIIETO OPraHNYecKoro BelecTsa) 1 9ta rmpodneMa Obiia perieHa. Ha ceropmsim-

HUI JIeHb Orocgepa notpednsier B rox 26,8 x 1075 Br/M? TOIBKO COTHEUHOI SHeprum. JTO BCErO
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0,07 % ot snepruu CosnHiia, nockoynbky 30 % paccenBaetcs arMocepoi U MOBEPXHOCTHIO 3eMJIH,
a emie 69,93 % yxonut Ha HarpeB IUIAHETHI U TEPsIeTCs B BUE IMHHOBOJTHOBOTO U3JTyUEHUsI.

U Bce paBHO OpraHu3MBbl MOTPEOIISAIOT SHEPIUM HA MOPSIIOK OOJIBIIE, YeM MOTYT TOMYYUTh BCE
KOHTHHEHTBI, TOPHI U MTPOYUE IreoJIorHYecKre 00pa3oBaHusl BMecTe B3sAThie. FIMEeHHO mosToMy OHo-
cepa MoxeT cede MO3BONIUTh aTMOC(epy, XUMUIECKA HEPABHOBECHYIO C TOPHBIMU MOPOJAMU: 3TO
HEepaBHOBECHE U €CTh OCHOBA OMOXMMHMUECKOTO BhIBETpUBaHMsl. [ HazBaHHBII BbIlle ypOBEHb MOTPEO-
JIeHUs1 SHeprun Ouocdepoil paccuuTaH MCXONs M3 JAHHBIX MO TOJOBOM (PHKCAIMU yriiepona MpH

otocuntese — 9 x 101 MOJTb; SHEPrHU, HEOOXOAMMOM JIJIsI CBSA3BIBAHKS OJHOTO MOJISI yIJIepona C
OpraHu4eckor MoJiekysnon (nenrosa), — 477 000 IIx; u ruomaau miaHetsl — 5,1 x 10 14 Mz, YMHO-

’)keHHOH Ha 3,15 x 10’ cB rony. |
[Nepectpoiika riaHeTsl OpraHM3MaMu CTApTOBAJIA B CAMOM Havalle apXelcKoro 0Ha.
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I'maBa 3
N3BeCcTKOBBLIN OKEeaH

Apxelickuil Mup ObLT COBCEM JIPYTUM: CyIa cocTaBisuia 4 % oT oOImel MIOMaan MIaHeThl
(ubIHE — 28 % ); TI1aTO, TIOCKOJIbKY KOHTUHEHTAIbHAS KOpa OblTa TOHBIIIE, BO3BHIIIAIUCH He oJiee ueM
Ha 2000 m (ceityac — 5500 m), a okeaHUYecKast Kopa ObUIa TOJIIIIE, U3-32 Yero BePIIUHBI OKeaHWYe-
CKHMX XpeOTOB OTCTOSTH OT IMTOBEPXHOCTH OKeaHa B cpegHeM Ha 660—1200 M (Tereps OHM 3aripsiTaHbl
B JIBa pa3a riryoxe).

Wupiv 661 1 cocTaB okeaHa. [I0CKOIbKY OCHOBHBIM HCTOYHUKOM TJIABHOTO MOPCKOTO aHHOHA —
CI” — saBnsercs rimyOuHHAs qera3aiys 3eMJId, a MOIJIOIaeTCs STOT aHUOH B Pe3y/bTaTe TeOXUMHU-
YeCcKUX MpeoOpa3soBaHUil OKEaHMUYECKOH KOpBI, TO 3a MOC/eHNe 4 MIIpA JIET ero CpeJHee conep-
’KaHUe He OYeHb CHJIBHO MEHSUIOCh. A BOT COOTHOIIIEHHE KaTMOHOB, MPeo0IaJaloluX B MOPCKOM
BOJIE, HE MOIJIO HE U3MEHUTHCS: TIOKA He TOSBUJIMCH KUCIOPOAHAs aTMocdepa U TOCTATOYHO OO0JTb-

o + 1+

mast penp3uTOBAs CyIa, Oarogapst BHIBETPUBAHUIO KOTOPOW yCHIWIICs cToK mienoydbix (Na™, K™)
2+

Y HEKOTOPBIX IIEeJIOYHO3EMETbHBIX KaTHOHOB (Mg“™), OOMJIBHBIM M JOCTAaTOYHO AKTUBHBIM B BOJI-

HOH cpefie ObLT Ca”*. BaxHeHLMil HCTOYHUK STOTO KATHOHA — TUIpoTepMabHasi aKTUBHOCTb, CBSI-
3aHHasi C BBICOKOTEMIIEPATYPHBIMU MPEOOPA30BAHUSMU OKEAHMUECKOW KOPbI, — yXKe CYIIECTBOBAI.
W apxeiickuii OkeaH, BEpOSTHO, MPEACTABIsT cOOOM HE KOHIIEHTPHPOBAHHBIA PacTBOP XJIOpHUAA
HaTpusl, Kak ceivac, a pactsop xyopuaa kaieius (CaCl,). Mogesnb Takoro okeaHa J0CTYIHA (TTOYTH
nocrynHa): o3epo [oH-KyaH B aHTapkTMueckoll fonuHe Paiita, Ha JHe KoToporo (opmupyercs
muHepant antapktuit (CaCl, x 6H,0), a B runepconenoit (44%o) Bofie OOMTAIOT IIMAHOOAKTEPUN U
HEKOTOpbIE OIHOKJIETOYHBIE SYKAPUOTHI.

K BbIBOIY O COJIEBOM pekuMe apXeHCKOro OKeaHa MOXKHO MPUNTH U JAPYTUM IyTeM: ceiuac

obmas Macca kapooHatoB coctasisieT 4,4+1,0 x 10%° KT, 4TO MPpUOMM3KUTENbHO BKovyaet 1,8+0,4
x 10% kr kampuwms. 1o B 70 pa3 OoJbliie Macchl JAHHOTO MeTaslia B MMpPOBOM OKeaHe, U, Cle/lo-

BaTe/IbHO, 3HaUMTENbHAs ero vactb (1,0 X 1020 kr), npeObIBaBINas B apXEHCKOM J0HE B PacTBOpeE,
BOIILTa HBIHE B COCTaB FOPHBIX MOpoa. AHamu3 (hIIOUIHBIX BKJIIOYEHUI B 0CAJ0YHOM KpEeMHe3eMe
Y THJPOOKUCTIaX keJe3a BozpactoM 3,5-3,2 muipa set (ITunbapa) takxe BoisiBui CaCl,—NaCl core-
BOW COCTaB apxerckoro okeaHa. Tam xe u B mosice bapOepToH oOHapyKeHbI apXeiiCKue MOpPCKUe
9BAIlOPUTHI: TUIACTH MoBapeHHou conu — ranuta (NaCl), nepemesxatomuecs ¢ TpoHor [Nao(COj3) X
Na(HCO3) x 2H,0] u vaxxonmutom [Na(HCO3)]. Ceituac Takue MuHepasisl (hOpMUPYIOTCS B IIEJIOY-
HeIX (pH = 8,1) o3epax, momo6Hbx Maraau u Hatpon B BocrouHo- A prkaHckoi pudToBoi cucreme,
niporpesatomuxcs 10 70 °C. A Bot cynbdatsl, Takue Kak rurc (CaSO4 x 2H,0), xapaktepHbie 11st
HAIUX JHEH M Bcero (paHepO30MCKOro 30Ha, B TO BpeMsl He 0Opa3OBBIBAIMCH, UTO YKa3biBaeT Ha

HU3KUI yPOBEHb COICPKaHUS SO4> -1oHa.

Eme 6osnee nokazaresbHbI 1151 TPEICTABIEHUS O COCTaBe apXeHCKOro OKkeaHa KapOOHATHI KaJlb-
uus. [lo XapakTepHbIM ILIECTOBATHIM KpUCTAJUIAaM C KBAJPATHbIM CEYEHHEM, OpPraHU30BaHHBIM B
«€XKUKW» — 60Tpronpl (puc. 3.1), U3BECTHO, YTO BEChbMa PACIPOCTPAHEHHBIM OCaJOYHBIM 00pa30-
BaHMeM ObUI aparOHUTOBBIII MOPCKOM LIEMEHT (B KPUCTAJIMUECKON pEeLIeTKEe aparoHUTa Hapsay C
KaJIbIIMEM MPUCYTCTBYIOT aTOMbI CTpoHIMsT). CamMu ke OOTpUOM/IB ObUTM AaHOMAJIBHOM BETMYMHBI —
Oosee MeTpa B AMaMeTpe. A HaCJIOEHUS MarHe3uaibHO-KaJIbLIMTOBOIO LIEMEHTa, KOTOPBII pacno3Ha-
eTCsl 0 ILIEBPOHOBOW CTPYKTYpe (TOHKME IPU3MbI, HAKJIOHEHHbIE B IPOTUBOIOIOKHYIO CTOPOHY B
KaXJJOM IOCJIEYIOIIEM CIIO€), JOCTUTaJIM HECKOIBKUX METPOB MOIIIHOCTH, TPOCTUPASICh HA IECATKU
KUJIOMeTpOB. HbIHE pa3MepHOCTb TaKUX CTPYKTYP HE MPEBBILIAET MEPBble CAHTUMETPHI, XOTs1 OKEaH
OT TPeX JI0 CeMHU pa3 MepeHackleH KapooHaToM Kajbiys. [IoHATHO, YTO MogioOHbIe KapOOHATHBIE
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O6pa30BaHI/IH MOIIM AOCTHUI'aTb aHOMAJIBHBIX Pa3sMEpPOB, ITOCKOJIbKY Ha JHE MOpeﬁ €IC HE IIOABU-
JIMCb HU JXUMBOTHBIC C N3BECTKOBBIM CKEJIETOM, HE OOBI3BECTBJICHHBIE BOAOPOCIIN WU I_II/IaHO6aKTe-
pyn, KOTOPLIC pa3BUBAIOTCA HAMHOI'O 6I>ICTpee HEOPraHMYCCKUX KPUCTAJJIOB U, IEPEXBAThIBAA ITOTOK

yonos Ca”t u HCOj3, He patot um pacru.

Puc. 31. boTpuouabl NEPBUYHO aparoHUTOBOrO MOPCKOro LemeHTa (guameTp 1cm);
3anaKapwii (550 MnH net); Hamubuns

Omnmpasich Ha pacueTsl 1 ocodeHHocTH o3ep Jon-Kyan, Marany 1 HarpoH, MoXHO mipenoo-
kuTh, uT0 apxerickuii CaCl,-okean ObpuT KCBIM (pH = 5,5) 1 mo3mHee ctai meaouHbIM. DTO Ode-
BUJIHO He Tak. MoziemMpoBaHe KOHTUHEHTAJILHOTO CTOKA, UCXO[s U3 AOCTYITHOTO /17151 BBIBETPUBAHUS
psia TOPHBIX MOPOJ M OECKUCIOPOTHOTO COCTaBa aTMOC(ephl, OKa3bIBAET, YTO B OKEAHE KATHOHBI
Fe’", KOTOpbIE K TOMY € MOCTYNaIM U3 TUAPOTEPMAIbHBIX UCTOYHUKOB, JOJIKHBI ObLIM Mpeodia-
natb Hag Ca®*, Tem Gonee nag Mg u Nat. Kpome Toro, ¢ cymuu B 60/IbIIMX 0GbEMAX BBIHOCKICS
oukapoonar (HCO3™). BukapboHat OpICTPO HEUTPATHU30BAT HOHBI Ca’", Mg2+ 1 Na*, uro u croco6-
CTBOBAJIO 0OPa30BaHUI0 OOUJIbHBIX KAPOOHATOB 3TUX META/UIOB. Tak, O61arogapst 3aKMCHOMY KeJie3y,
KOTOpOE OCTAaBAJIOCh B PACTBOPE, M KApOOHATHO-OMKapOOHaTHOMY Oydepy OKeaHnuecKas cpea noj-
JepkuBasiach Onuke K HeruTpanbHou (pH = 5,7-6,9). D10 He UCKITI0UATIO TIOSIBJICHU ST OTACIbHBIX KHC-
JIBIX BOOEMOB BOJIM3M BYJIKAHUYECKU AKTUBHBIX OCTPOBOB.

C cymieil 1 OKeaHOM B KaKOW-TO CTETIeHN pa300pasich. A 4TO Ha HeOe — ObLIM JIM TaM TY4H,
a ecu ObUTH, TO U3 KaKUX ra3oB COCTOSIN?
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I'naBa 4
YTo 1 OTKyZa MbI 3HaeM O epBUYHON atmocdepe

Ho otkynma 1 4yTo MBI 3HaeM 00 apxelickor atMocepe — BO3AYIIHON 000I0UKe 3eMIIH, eciu
Jaxe OT ee caMOU TBEpAOM 0OOIOUYKH Majio YTO OcTanoch? OCHOBHBIX MCTOYHMKOB 3HAHUH — TPH:
CaM{ TOpHBIE MOPOABI U CIIATaloIIMe UX MUHEpaJIbl, UX U30TOIHBII COCTaB W HEKOTOpble (pU3nye-
CKHMe OCOOEHHOCTH 3TUX Mopoll. EcTh, KOHEYHO, 1 (PUBUKO-XUMHUECKIE MOJIEIH, MTPEICKA3bIBAIOIIIE
oIpeieNieHHbIN cocTaB arMocdepbl. OHAKO T0ObIe MOJIETN UMEIOT MHOKECTBO PElIeHH U TPeOyIoT
MIPOBEPKH, KOTOpAasi OIMATh K€ CBOAUTCA K MOMCKY (DAKTUYECKHUX — T€OJIOTMYECKUX, BKIII0YasH majie-
OHTOJIOTMYECKUE OCTATKH, — MATEPUAJIOB.

Takum pakTUUECKUM MaTepuasioM, IIPexkJIe BCEro, CIyKaT JaHHbIE O COCTaBE apXeMCKUX Oca-
JOYHBIX TOPHBIX TOpoA. B mprOpekHO-MOPCKUX OTJIOKEHHUSIX STOTO BO3PACTa YacTO BCTPEYAIOTCS
OKaTaHHBIE (T. €. UCIIBITABIINE JTUTEIbHBIN MepeHoc) oonomku nuputa (FeS,), ypanunura (UO,) n
cuneputa (FeCOj3). Takue 00JIOMKHM MOTYT HAKATUTUBAThCS TOJILKO B OECKHUCIIOPOIHOU cpejie.

OuyeHb HEOOBIYHBIM SIBJIEHHEM, OCTABUBIIIMM CBOM CJie]] B apXEHCKUX OTJIOKEHUSIX, ObLIO He3a-
BUCHMOE OT Macchl (DPaKIIMOHMPOBAHUE CTAOMIIBHBIX M30TOIMOB CEPBI (AFS ~ 8%*S - 0,5158%S)

(puc. 4.16). D10 sBIEHKE OBLIIO OOYCIOBJIEHO BO3JEHCTBUEM YIIBTPAHOIETOBOrO OOTyUeHHSI Cpe/l-
HEro M JJIMHHOBOJIHOBOTO crniekTpa (400—280 HM) Ha aAByokuch cepbl (SO;), MOCTyNaBUIyIO B aTMO-

cdepy BMECTE C IpYyTMMU BYJIKAHUYECKUMU ra3aMu. [Ipyu aToM MosieKysibl, cogepkaBllive 338, nox-
BepraJimch BHIOOPOYHOMY (hoTommsy U (poToBO30YkIeHHIO (B cOBpeMeHHO aTMocdepe (DOTOHHBIN
yZap MpUHUMAIOT Ha ceO0sl MOJISKYJIbI 030HA W KUCJIopoaa). B pesynbrare 3HaYeHUs A>3S cunbHo
BapbHpyloT (0T —2 110 +12%0), uTO 1 HaAOMIOAETCS B apXeHCKUX Cynbpuaax (Harpumep, MUPUTE) B
BUJI€ Pa3MAIIKCTON U30TOMHOMN MOAMUCH.
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Puc. 41. 3MeHeHMa nnouwaan KOHTUHEHTOB, OCHOBHbIX NoKasaTeNeil OKUC/IUTENbHO-
BOCCTAHOBUTENbHbIX YCNOBUIA N COCTaBa OKeaHa W aTmocdepbl, 06beMOB HaKoMIeHUs
Kene3HbIX pya, a TAKKe 3BOMILMOHHbIE Npeobpa3oBaHNsA OPraHU3MOB 1 COOBILECTB 1 3Ha-
ueHnA nNaneoTemMneparyp B apxeinckom M NPoTepo30MNCKOM 30Hax (3,5-0,5 MAPA NeT Ha3an):
a) pocT NNOLWaaN KOHTUHEHTaNbHOM Kopbl; 6) He3aBUCHMOe OT Macchl hpakLUOHUpOBaHNe
M30TOMOB Cepbl — NoKa3aTe/lb Ha/IMuNSA 030HOBOIO C/I0S; B) COAEPXKaHMe 0CaLOUHOTO0 ypaHa
B YrNepoamMCTbIX CAaHLax; r) MONAPHOE COOTHOLIEHWE LIMHKA W XKene3a B KapboHaTHbIX OTno-
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KEHNAX; 1) MONAPHOEe COOTHOLWEHMe Mofa N KanbUuUa-MarHua B KAPHOHATHbIX OTIOKEHUAX —
nokasaTenu HacbleHHOCTN OKeaHa KNCOpoOM; €) M30TONHAs NOANUCH yrnepoaa — noka-
3aTesfib NPOAYKTUBHOCTU BUOTbI; XK) OTHOCMTe/IbHAA A0NA B aTMoctepe KMCNOPoAa, MeTaHa
W YINeKUCNoro rasa; 3) OTHOCUTENbHOE COYeTaHWe B OKeaHe 3aKUCHbIX, CEPOBOAOPOAHbIX
(3BKCMHHDBIX) M KNCNOPOLHbBIX 06CTAHOBOK; 1) 06beMbl Xene3HblX pya; K) MakcuManbHbli pas-
Mep OpraHu3mos; 1) Mopchonornyeckoe pasHoobpasmne cTpoOMaToNMUTOB; M) 6OraTCcTBO yKa-
PUOTHBIX COO6IWeECTB; H) NaneoTemnepaTypbl

A BOT ciefibl OJIEICHEHUI B apXENCKOH JIETOMUCH TOMHOCTBI0 OTCYTCTBYIOT, HO yxke B Mcya
(3,7 Mpa 7I€eT) €cTh IITOPMOBBIE OTJIOKEHUSI M MPU3HAKUA PA3PYLIEHUS MUHEPAJIOB MO BO3AEH-
CTBUEM TEKYIIeW BOIbI, HAITPUMEP MeJIKHUe MUH/IAIMHBI KBapIIa, 3alIOTHSIONIHE IYCTOTHI B 0a3aJIbTax.
[Touemy ke 3emJisl He MTpeBpaTUIACh B MEP3JIbI IAPUK Oe3 KUIKOU BO/IbI U MPU3HAKOB XU3HU, €CIU
B HauaJie apXercKoro 30Ha ceerumocth ConHila Obuta Ha 20-25 % cnabee, yem cerognsi? B cepenune
MPOIIIOTO BeKa u3BecTHbIe acTpoHoMbI Kapn Caran u [Ixxopmxk MplojieH oOpaTiiii BHUMaHKe W Ha
9TO HECOOTBETCTBUE TEOPETUUECKUX OXKUIAHWIA MPAKTUUYECKUM HAOMIOAEHUAM U YIAYHO Ha3BaJIH €ro
«Tapagokcom cinadoro mosogoro CosHIa».

JI71s1 OOBSICHEHU ST «TTapaJOKCa» 3a MOCIESJHUE TOJICTOIETHS ObLIM TPEJIOKEHBI JIECATKH TUTIO-
te3. M mpopomkaioT nosBisAThCA HoBble. [locnennue, mpaBaa, mpuHaLjIexkar nepy (KjiaBuarype)
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WCKJTIOUUTESIbHO aCTPO(PU3MKOB U MIPOYMX CHEIMATUCTOB, OT reojioruu aanekux. (TpymHo ckazarts,
YTO MM MellaeT HabpaTh B MOMCKOBHKE BhIpaskeHHe «faint young Sun paradox» ¥ NMOJy4YuTh Hapy-
JPYTYI0 COTEH cTaTey 1o TeMe, aBTopaMu 99 % KOTOPBIX OKaXKyTCs reo(pU3MKN U reoxuMuku.) Kak
moOble JOCTUXEHUsI, 1 OCOOEHHO TCEeBJONOCTMKEHUsI HAYKH, KOTOpbIE Ha CIIyXy, OyJopax)ar Co3Ha-
HUe OObIBaTeNIel M Te KIIIOIOT Ha HeJleTlble COUeTaHUsI CJIOB BPOJie «HAHOMOMKa» WA «HAHOMAPHK-
MaxepcKasi», Tak M Kakasi-HUOYy/Ib MOJIHASl «TeMHAsl SHEPrusi» HauMHAET MPHUBJIEKATHCS TSI OObsIC-
HEHUs1 JOOBIX siBJIeHU. U Torga «mpu pa3yMHOM 3HaY€HHWH JIOKAJIbHOW TOCTOSIHHOM Xa00:a JIerko
OOBSCHUTD, MOYeMy 3eMJIs TIoTyvasia MPUOIM3UTEHHO MOCTOSHHYIO TUIOTHOCTh MOTOKA COTHEYHOTO
M3TyYeHUsI Ha TIPOTSKEHUH JUTUTEIIFHOTO MEPUO/Ia B MPOITIOM» — aBTOP IIUTATHI U3 CTaThH, OIMyOJIH-
KOBAaHHOI B HAy4YHOM >KypHaJie, UMeeT B BUAY MoCTynaTenbHoe ynaneHue 3emuu or ConmHia B mose
OIHOPOIHOTO pacrpe/ie/ieHUs] «TEMHOU SHeprum». Vi, mockobKy cBeTMMOCTh COJHITA 3aBUCUT OT
€ro MacChl M BEJIMYMHBI TPABUTAIIMOHHON TOCTOSTHHOM, TIpU OOJiee BBICOKMX 3HAYEHUSIX MOCIeTHEN
CBETUMOCTb ObLIa BHIIIIE, a OpONTa 3eMJIM — MPAKTUUYECKU KPYTOBOM U MEHBIIIETO Paryca, Ha KOTO-
po¥i mIaHeTa norydana oosbiie sHepruu. CaMa ke rpaBUTAIMOHHAS IMOCTOSIHHAS TIPEBPATHIIach B
«TIepeMEHHYI0» TIO]] BIMSTHUEM BCe TOM K€ «TeMHOMW 3Heprun». Eciu Ob1 3eMits Obula «9yryHUEBON
OOJIBAHKOI», MOIJIO OBITh YTO YTOIHO, HO HAIA TJIAHETa — CJIOKHOE Te0OUOIOTMUECcKOe SIBJICHUE, U
MOI0OHBIE IEPECTPONKU OPOUTATIBHBIX MTAPAMETPOB HE MOTJIM Obl HE OCTABUTb HA HEW CJIE/IOB.

Hanpumep, rurantckrie HarpoMoXAeHUsI TalaaauToB (OT aHen. tide — MOpPCKOW TPWIMB U
o). Benp Oyap opouTta 3emiu 4—3 mutpn sieT Hazaz Omke Kk Conmuity v JlyHa Omiske kK 3emite, 1o
3eMHOI MOBEPXHOCTHU MPOKATHIBATHUCH Obl MOIITHEHIIINE TPHIIMBHO-OTIIMBHbIE TeueHust. OJHaKoO Taii-
JAJTUTHl — MOPCKHE CIIOUCThIE OTJIOKEHUSI, COCTOSIIIINE W3 TIOBTOPSIOIINXCS PUTMOB TNTECUaHUK-AJICB-
POIUT-apruiiyUT (OT Harbosee rpyo03epHICTON Pa3HOCTH, (POPMUPYIOIIEHCS B HAUaJle MPUITUBHOTO
LIMKJIA, I0 CAMOIM MEJIKO3ePHUCTOM, BEHYAIOIIEH €ro; MOIIHOCTb OT/AEJIbHBIX CJIOMKOB COCTABJISIET OT
0,5 1o 8 cM), Jaxe apxerckue, HU4YeM (TMOYTH HUYEM) He OTJIMYAIOTCS] OT COBPEMEHHBIX (puc. 4.2).
HeOGonbinas paszHuiia, KOHEYHO, HAOMIOAAETCS — FOJ0BAsT PUTMUKA HECKOJIBKO JIpyTasi.

Tak, B spuakapckux taiganurax KOxuoit ABcrpaiuu (620 MITH J1eT), B KOTOPBIX YAaJIOCh MPO-
CJICTUTDh MPWJIMBHO-OTIMBHBIC HUKJIB 32 60 JIeT, CHHOMAIBLHBIA PUTM (OT TOTHONYHUS JIO TTOTHOITY-
HUS WM OT HOBOJYHHMS JI0 HOBOJyHHMS) jmwics 14,75 nus, a e 14,26, kak ceiiyac. YToObI BHIUKC-
JIUTh LMKJIbI, COCTABJISIETCSI Pa3BEPTKA BCEX CIIOEB, IJie MPOTHB MOPSIIKOBOTO HOMepa KakJI0ro CIosI
OTKJIAJIBIBAETCSI €70 MOITHOCTD; 3aTeM B TIOJTyYeHHOU «KapIruOTrpaMMe» C TIOMOIIbI0 TApMOHUYECKOTO
aHaJIM3a HAXOIAT IMOBTOPHI OAMHAKOBOM YaCTOTHI M OMM3KON aMruuTyabl. CHHONAIBHBIN IIUKJI pac-
MO3HAETCS B TAlJAIUTaX OCOOEHHO OTYETIMBO — MO MAaKCMMAJIbHOW MOIITHOCTH PUTMA, TIOCKOJIbKY
B MOMeHT npotuBocTosiius JIyHsl, 3eman u ConHia u3-3a 3¢pgeKTa CIoKeHUs TyHHOTO U COTHEY-
HOTO MPWJIMBOB 00pa3yeTcsl MaKCUMalbHas (CU3UTUIHASL, OT zpeu. OVCEVELG — COIpsUKEHME) TPHU-
nviBHas BosHa. (B 31O BpeMs 3eBaku JI0OAT codupathes y aboarcrsa Jle Mon-Cen-Murtens B Hop-
MaH/IUM ¥ TJ1a3eTh, KaK IPAHUTHBIA OCTaHel] ¢ aD0ATCTBOM Ha BepIIIMHE MIpeBpalaeTcs B OCTPOB, a
Oosbiliasi aBTOMOOMIIbHAS CTOSIHKA — B MpoJiKB.) Ha pa3BepTke 3aMeTHHI M MeHee KpyThle KBaapa-
TypHble uKu: JIyHa B 3T0 Bpemsi npeObiBaet B 1-it uimm 3-i yetBepTH — och JlyHa — 3emiis pacro-
JIO’KeHa TIOJT MPSIMBIM YIJIOM K ocH 3emutsi — CostHIIe, a 3Ha4YUT, TopO JIyHHOTO MPHITUBA OCadisieTcs
BIAAVHON coiHeyHOro. Beero ke BoisiBieHO 1580 c3UTUiiHO-KBaApaTypHbIX HUKJIOB. M3yuas apy-
rve 0COOEHHOCTU THX TalIAIMTOB — CYTOYHBIE ITUKJIBI U «ITPOXOskaeHue» CONHIIAa Yyepe3 KBATop
(THY paBHOJECHCTBUS), BBI3BIBAIOIICE CaMble OOJBbIITNE CH3UTUIHbBIC TIPUJIMBbI, MOKHO OIPEICTHUTD,
YTO dIUAKApCKUe CYyTKU mnch 21,9 yaca (3emiis ObicTpee coBepinayia 000pOT BOKPYT OCH), a B
rony HacuuthiBasiock 400 nHel (1 HOYel).
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Puc. 4.2. Tanganut B NecYaHo-aprunnuUTOBbIX MOPCKUX OTNOXEHMWAX, OPAOBUK
(485-470 MnH neT); N6epuickne ropbl, McnaHus

JlaHHBIE IO TaWJATUTaM TIO3BOJISIIOT PEIIUTh U MPoOieMy perieccu JIyHbI, HEMOABIACTHYIO
(puzukam. 1o sBNeHue — yoeranue JIyHsl OT 3emMiid — TOXe CBSI3aHO C mpuivMBamMu. MiIMeHHO mpu-
JIMBHOE TPEHME, YTO ycTaHOBWI HeMelkuil puniocod Mmmanyun Kaur B 1754 r. u MmareMaTryecku
obocHoBas pusuk [Ixopmxk [JapBrH (ChIH BBIIAIOIIETOCS BOJIIOIMOHUCTA) B 1879-M, 3ameisieT Bpa-
ieHue 3eMJIM: TIOCKOJIbKY MepHOJl CYyTOYHOTO BpallleHUs TUIAHEeThl KOpoue BPEMEHU MPOXOKAECHUS
CITyTHUKA 1O OpOUTe, OJMKHUI MPUIMBHBIN TOpO «00roHseT» JIyHy, v, IpuiepKuBas ero, Ta npu-
TopMaxuBaeT 3emmo. CaM ke CIyTHUK, 3aMe/JIssl BpallleH!e MJIAHEThI, B COOTBETCTBUU C 3aKOHOM
COXpaHEHHUsI COBOKYITHOrO MOMEHTA BpallleHHsI TIepeMellaeTcs Ha Bce Oonee qajbHion opouty. Ceii-
yac JlyHa ypansercsi co CKopocThio 3,81 cM B rofi, UTO pacCYUTAIM C MOMOIIIBIO JJa3€PHOM JIOKALUK
MOBEPXHOCTHU HAIIIETO €CTECTBEHHOT'O CITyTHUKA (YTOJIKOBBIE OTPaKaTeIu ObLIN YCTAHOBJIEHBI aMepH-
KAHCKMMU aCTPOHABTAMU U COBETCKUMMU cTaHIusAMU «JIyHa-17» u «JIyHa-21», nocTaBuBIIMMU Tyaa
JIYHOXOJIbl TIOUTH TOJIBeKa Hazan). U ecu Obl CKOPOCTH pelieccuu ObUTa TMOCTOSIHHOM, TO JIyHa He
Moria Obl IOSIBUTBCS B «HeOe» paHee 1,5 MyIp[ JieT Ha3a/l ¥ epBble MUJUTHOHBI JIET CBOETO CYIIECTBO-
BaHUsI C OJIU3KOTO PaCCTOSIHUS BbI3bIBAJIA Obl MOITHEUIIIE BO3MYIIIEHUSI B MAHTUM U HETIPEPHIBHYIO
KaHOHaJy cynepBy/lKaHOB. OHAKO M BO3PACT CIIyTHHKA MaJO YCTYNAeT 3€MHOMY, U CJIEI0B TaKUX
MIPOLIECCOB, KaK yKe CKa3aHO, B OCAJOUHbIX TOILAX HeT. Tak, ObITh MOXET, CKOPOCTb CBETA 3aMe/LIs-
ercs, a BoBce He JIyHa ynanserca? (Pusnku u3 XploCTOHA IPEAJIAraloT U TAKKe UJeU. XbIOCTOH, y Bac
npo6semsi?) Bripouem, UCXOAs U3 JUIUTETBHOCTH SIUAKAPCKUX CYTOK, MOKHO OIPEJesUTh, YTO CKO-
POCTb perieccuu B TO BpeMsi cocTapisiia 2,17 cM B Tofl, @ yCpeAHEHHOE, PACCUMTAHHOE IO JJTUTEIIb-
HOCTH TIPUJIMBHO-OTIMBHBIX IIUKJIOB B pa3Hble NIEPUO/Ibl 3HAYSHUE ITON MEPEMEHHOU He TTPEBHIIIAIO
1,46 cm B ron. I[Tonyvaercs, uto gaxe 4 muiph jet Hazan JlyHa naxogunack 6omee yem B 320 000 km
OT MOBEPXHOCTH 3eMJIU — He HaMHOTro Omrke, yeM cerofnHs (B cpeaneM 384 400 km). OueHb ganeko
1o npeaena Poma — 18 000 kM, Ha KOTOpPOM, COIIACHO pacueTaM (PpaHIy3CKOro acTpoHOMa Dayapaa
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Poma, cnenanabiM B 1848 r., cria camorpaBUTAIllMM CITyTHHKA, TIOHoOHOTO JIyHe, ypaBHOBECUTCS
MIPUIMBHO CUJION IJIAHETHI, ¥ CIIYTHUK pa3pyIiuTcs. Eciu ke yuecTs, 4To B3auMHasi KOH(UTYy pauus
OKEaHOB U KOHTMHEHTOB Ha MPOTSIKEHUH OOJIBIIIEH YaCTH UCTOPUM TUIAHETHI OblIa MHOW, YeM HBIHE,
KOI'/1a MEPUIMOHAJIBHO PACIIONIOKEHHBI OTHOCUTEINIBHO Y3KUI ATJIAHTUYECKUI OKEaH CO3/1aeT pe3o-
HAHCHYIO BOJIHY (OTTOTO M YPOBEHb IIPUJIMBOB B HEM BbIILIE, YeM B THXOM), TO CpeIHUil TOKa3aTeb
perieccry MOT OBITh ellle MEHbIIIE.

WNubivu cnioBamu, B3anmozeiictBus Tpuaasl ConHile — 3emis — JlyHa pakTUYeCKH He U3Me-
HWINCh CO BpeMeHU TosiBJieHUsI JIyHBI, 4TO Cirydniochk yepe3 60 MiH Jiet rocie oopasoBanust Coi-
HEYHOU cucTeMbl. B3bIBaTh K KOCMUYECKHM CHJIaM ISl PellieHr st PoOJIeM apXeicKoro M30bITOYHOTO
Ter1a 0ECCMBICIICHHO. « 3HAUUT, — KaK Imojiaraji ofyH nepcoHax Jannmna Xapmca, — Xu3Hb modeania
CMEpPTh HEM3BECTHBIM ISl MeHsI criocoOom». Ha camom feste crocod u3BecTeH U ceilvac Ha CIIyXy:
MApHUKOBBIN 3(P(EKT — HarpeBaHWe MOJIEKYJl HEKOTOPBIX I'a30B BO BHYTPEHHUX CJIOSIX aTMOC(QEPBI
T10/1 BO3JEVCTBUEM UH(PAKPACHOTO U3TyUYEHUSI.

Hawubonee BeposATHBIMU NPETEHAEHTAMH Ha POJIb IPEBHUX MAPHUKOBBIX TA30B SIBJISIOTCS yIJie-
kucibid (CO,), metan (CHy), ammuak (NHj3), 3akuchk azora (N,O), kapoonwicynsdun (OCS), a
TaKke, KOCBeHHO, a30T (N»). (Bricokoe mapimaibHOe JaBJieHWE a30Ta paciiupsieT aJcopOIMOHHbIe
3oHbl MoJsieky1 CO,, CHy u BonsiHoro napa.) NHj3, koropoMy OTBOAMIM POJib MAPHUKOBOIO rasa
Caran u Mpioiien, a takxke NoO 1 OCS 13 nepedyHss MOKHO cpa3y BbIUYEPKUBATh: 3TU ra3bl JETKO
Pa3pyIIAOTCS YAbTPApUOIECTOBBIM M3JIyYEeHUEM U HAKOIUTHLCS B aTMOcepe B JOCTATOYHO OOJBIINX
KonuuecTBax He MOryT. A BOT Ny, CO, u CHy He TOJNbKO yCTOMYMBBI, HO U BBIAETISIIOTCS B 3HAUUTE b~
HBIX 00beMax MpH Jera3ali MaHTUM (MIOIBOJAHBIE M HA3EMHbIE BYJIKAaHbI, METaMOP(U3M) U B IPO-
Hecce KU3HEeIeSATEIbHOCTH Pa3IMuHbIX MUKPOOOB U, CJIEJOBATEIbHO, MOIJIM HACBITUTh apXEHCKYI0
arMocgepy. UToObl co3aTh Oy TUMbIMA TAPHUKOBBIN 3((PEKT B apxeiicKoM 30He, paB/a, MOHA/I0-
ounock Obl He MeHee 3 % nByokucu yriaepona (mouru B 100 pa3 Oosblue, yem HbiHe). OHAKO MpU
TAKMX KOHLIEHTPALMSAX ITOT ra3 CKOHJEHCUPOBAJICS Obl B 00J1aKa, OTPaKaIOLIME COTHEUHbIE T4, 1
10 Mepe OCThIBaHMs IJIAHEThl Oceasl Obl CHEXKHBIMHU 1IAIIKAMK Ha TOJTIocax, Kak Ha Mapce. Kpome
TOTO, MPY BBICOKMX KOHLIEHTPALMSAX YIJIEKUCIOro rasa (21 %) yapTpaduoneToBble JTy4d YaCTUYHO
MOIJIOUIAJIMCH Obl €10 MOJIEKYJIAMH, a YACTUYHO PACCEUBAJIMCh, M HE3aBUCHMOE OT Macchl (ppaKLu-
OHMPOBaHKE CTAOMJIBHBIX M30TOIOB CEPbl HE MPOUCXOAWIIO Obl. [la 1 cuaepuTa B apXeHMCKUX Majeo-
MI0YBAaX MOYTH HET, a 3TOT KapOOHAT jKejie3a MPOCTO-TAKKU 00s13aH ObLT HAKATUIMBATHCS MTPU BHICOKOM
napuuaibHoM gasieHuu CO;.

Bonee npuroaHbM 11 pa3orpesa Mor Obl ObITh 230T, KOTOPBII XOpolI0 abcopoupyet uHgpa-
KpacHoe u3inyuyenue. M 10cTaTouHo yCTORYMB, 4TOOBI OMACTh B UICKOIMIAEMYIO JIETOIHCH JJaKe KaK ras.
Harpumep, BkmoueHust (IioraoB B THAPOTEPMaIbHOM KBaple B 6osee JpeBHUX Oa3aibrax (3,49—
3,46 muipa niet) kparoHa [Iunbapa copepxar atMocepHbIi ra3, KOraa-To paCTBOPEHHBIH B OBEPX-
HOCTHBIX BOJIaX. AMMHAK B HUX OTCYTCTBYET, @ UHEPTHbII aproH U a3oT onpeessiorcs. CooTHole-
HHME MOJIEKYJI Pa3HbIX Ia30B BO BKJIIOUEHHUSIX 3aBUCHUT OT MAPLMAIBHOTO JIaBJICHUsI KakI0r0 U3 HUX:

MPU COBPEMEHHOM MapIHUAILHOM JaBjieHuu Nj (7,9 x 10* IIa) n SAr (3,2 Ila) nx cCOOTHOIIICHUE

konebnercs B nmpegenax 1,02-1,31 x 104 npu temmeparype Boabl oT 2 °C (cpeaHsis A1 ITyOOKUX
Box) 1o 70 °C (apxeiickuii npezen) u coneHoctu 0—16%o. [ apxeiickoro BpeMeHH ee MOKHO Tpo-
BEPUTbH IO TEM K€ BKJIIOUYECHUSIM, U COOTHOIICHHE N2/36Ar HE BBIXOOUT 32 npenesnsl 1,0 X 10*. Cre-
JOBaTeJIbHO, NapUUAIIbHOE JaBJIEHHUE a30Ta He npeBbImao 5,0 x 10*Ta, n ¢ POJIBIO OCHOBHOI'O TEI-

JIOU30JIATOPA OH CIIPABUTHLCS HE MOT.
Ocraercs metaH. Tem Oosiee 4TO MeTaH, Kak MAPHUKOBBIN ra3, B 21-25 pa3 a¢pekTuBHee qBy-

OKMCH YITIepo/ia, OCKOJIbKY MOCTYIUIEHHE B atMocepy 1 X 10° kr merana paBHO3HAYHO 21-25 x 10°
KT yIJIeKUCIoro ra3a (aanaele Padoueit rpymnmst [ mpu MeknpaBuTeIbCTBEHHOW MTAHEH M0 N3MEHe-
Huto kmMata 3a 2007 1.). YcuneHHbIN apHUKOBBIN 3(peKT MeTaHa 0O0yCIIOBIIEH TeM, UTO €ro MoJie-
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KyJ1bl aOCOpOMpPYIOT O0JIee IMUPOKHUI CHEKTp JIydel, 4YeM MOJIEKYJIbl JBYOKUCH YIJIEpoAa. YCTaHOBUTD,
KaKOU M3 3TUX Ta30B Npeodiaia B apxerckor atMocdepe, MOKHO To ee TuioTHocTH. Kazanochk Obl,
BOOOIIE Hepa3penmMast 3aJava. . .

Crioco6 ompeziesieHrst TUIOTHOCTH APEBHEN arMocdepsl Mpeuioxku eme B cepeanHe XIX B.
anrmyaHuH Yapns Jlaiiess, OquH U3 OCHOBOIIOJIOKHUKOB COBPEMEHHOM Ie0JIOrMU M HacTaBHUK Yap-
m3a JlapBuHa: HY)KHO U3MEPHUTH AMAMETP UCKOMAEMBIX OTIIEYaTKOB JOXAEBBIX Kareib. Takue oTrie-
YaTKH XOPOIIO COXPAHSIOTCS B BA3KUX M OBICTPO TBEPACIOIIUX BYJIKAHUYECKUX Ty(dax Mpy yCIOBUH,
YTO MPOLIEIINIA AOK/Ib ObUT HEJOITUM Y HECHJIbHBIM. B MpPOTHBHOM Cilydae ciiesibl Karenb JIM0o
pa3MoIoTcs, MO0 MEePeKPoIOT APYT Apyra. B3se 3a oOpaszer] oTneyaTky J0KIEBbIX Karelb Ha COBpe-
MEHHBIX Tyax — Tex, uTo oOpazoBanuch B 2010 r. mocie n3BepkeHus ByJaKaHa DsabsIait€KIonb,
U CpaBHMB X ¢ Tyamu u3 cyneprpynmsl Benrepcnopn B KaarBaane, Bo3pact KOTOpsIX 2,7 MIIpA
JIET, YCTAaHOBHJIM: CaMble KPYITHbIE JPEBHUE KATlTd B MOMEHT yliapa O 3eMJTI0 ObLIM B CpeTHEM MeJTbue
COBpeMeHHbIX. [10CKOMbKY pa3mep Kamesb 3aBUCUT OT TUIOTHOCTH atMocdepsl, 3HAYHT, aTMocepa
Obl1a B 1,5-2 pa3a MeHee TUIOTHOM, YeM HbIHE.

KoneuHo, npu 3Tom TpebyeTcst craTucThyeckast 00padoTKa OrpOMHOTO KOJIMUYECTBA 3aMEPOB,
CHETaHHBIX C MOMOIIIBIO JIA3EPHOTO CKAHMPOBAHMSI OTIIEYATKOB Karesb, KaK U MPH JIPYTOM METOZIe
oIpe/ieNieHrst TUIOTHOCTH JApeBHEN aTMocepbl, TOke CBA3aHHOM C BYJKaHUTaMH. [10CKONBKY CcBe-
*kast 6a3aIbTOBas JIaBa COAEPKUT OrPOMHBIE OOBEMBI Ta30B, YACTh U3 HUX HABCET/IA OCTAETCS B BUIC
MYy3bIPbKOB, 3aKJIIOYEHHBIX B MOPOJE, TAKOM KaK KOHTMHEHTaJbHbIe 0a3aibThl ByHranm Ha KparoHe
[Munbapa (2,74 mupa ner). [Ty3bIpbKy K€ CKAIUIMBAIOTCSl HA MOBEPXHOCTH M TOJOIIBE JIABOBOTO
SI3bIKA, TaM, I7ie Bs3Kas JiaBa, COMPUKACASICh C BO3LYXOM MJIM XOJOAHBIMH CKAJIAMH, OCTBIBAET OBICT-
pee. Pazmep HaBeuHO 3amevyaTaHHbIX B MOPOJIE My3bIPHKOB HAa TIOBEPXHOCTH JIABOBOTO SI3bIKA MPSIMO
3aBUCHUT OT aTMOC(EPHOTO JIABJICHUSI, K KOTOPOMY IMPHOABJISETCS BEC JIABOBOT'O TUIACTA ITPU pacyeTax
BEJIMYMHBI JIYHOK Ha €ro IMOAOIIBe. 3Hast MOLTHOCTD I1J1aCTa M IIOTHOCTh 6a3a1bTOBOM J1aBbl (2650 Kr/

M) 1 U3MEpPUB camble KPYIHbIE JTYHKH Ha €ro NOBEPXHOCTU M HaMMEHBIIE Ha MOJOIIBE, MOKHO
BBIYUCIIUTH IJIOTHOCTb aTMocepsl. YeM Huke IIOTHOCTh aTMOC(epsl, TEM MEHbLIIEe Pa3HULIA B pa3-
Mepe Iy3bIpbKOB BHU3Y M HaBepxy. [lpeBHUE NOJIOCTH, KOHEYHO, IO3/JHEE 3arOTHUIMCh BTOPUUHBIM
aMOp(HBIM KpeMHE3eMOM (ero Mbl BUJMM ceifuac Kak BKPAIUIEHUs] KPACHBbIX araToB U CEPAOJIMKOB),
KaJIbLIUTOM WJIM XJIOPUTOM, IPEBPATUBIIKCH B KAMEHHbIE MUH/IAIMHBL. PacueTsl, ciesiaHHble 10 COOT-
HOILICHHIO CPEJHUX BEJIMYMH TAKMX MUH/IAJIH, CHOBA MOKAa3bIBAIOT, YTO apXeiicKas arMocdepa Obuia
B /IBa pa3a MeHee IUI0THOI. U ckopee Bcero, He MOIJIa COCTOATh U3 YIIEKHMCIIOTNO Ia3a WM a30Ta, HO
MorJ1a ObITh HACHIILIEHA METAaHOM.

ITOT ra3, HECOMHEHHO, TOCTABIISUIA BYJIKAHBI: O0Jee HU3KOE COOTHOIICHHWE TAKUX JIeMEH-
TOB, Kak BaHaaui M ckanauii (V/Sc = 5,2) B apxelCKUX OKeaHMYecKux Oa3ayibTax, YeM B MpoTe-
posoiickux u coBpeMeHHbIx (V/Sc = 6,8-7,0), ykasbiBaer, yto pacruiaB (hOpMHUpPOBAJICS B TTyOMH-
HBIX BOCCTAHOBUTEJIbHBIX YCJIOBUSX U, CJIEA0BATEIbHO, UX U3MSHUE CONPOBOXIAJIOCH BbIICICHUEM
MeTaHa, cepoBoopoa U Bogopoaa. OJHAKO OCHOBHBIM MCTOUHMKOM METaHa, BEPOSTHO, OblIa KU3-
HeJeATeIbHOCTh METaHOOPA3YIOLIUX apXei, OCTaBUBIIMX 3aMETHBIE CJIE[Ibl B U30TOIHOM JIETOIMCH

IJIAHETBI: PE3KO OTPULIATEIbHBIE 3HAYEHUS s13C (—40-60%0), XxapaKTepHbIe IJIs1 apXEHCKUX Kepo-
I€HOB, HAKONMBILMXCSI B MOPCKMX M O3E€pPHBIX YCJIOBUAX M B majeonousax (puc. 4.le, k), ykasbl-
BaIOT Ha ABYXCTYyNeH4YaToe (bpaKIMOHNPOBAHHUE CTAOMIIBHBIX U30TOIOB YIJIEpoa: CHavaIa apXesiMmu,
a 3aTeM METaHOKHUCJISIONIMMU OakTepusiMU (HampuMep, ramma-nporeodaktepusimu). Hukakue npy-
rve TPYIIbl OPraHu3MOB, XOTS OoJiee JITKUI W30TOIN BBHIOMPAIOT BCE, HE CIIOCOOHBI ITPOU3BOIUTH
OoTOOp CTOJb TIIATENBHO. (ApXeH, Kak U OaKTEepUH, OTHOCATCS K MPOKAPUOTaM — OTHOKJIETOYHBIM
MO0 KOJIOHWATBHBIM CYIIIECTBaM, B KJIETKaX KOTOPBIX HET OpraHell, a HacJleJCTBEHHOE BEIIECTBO
paccpenoTOueHO B LIUTOILIA3ME. )

Ocrartky caMHX METaHOOPa3yIOIIUX apXell W METaHOKHUCISIONMX OakTepuid OOHApYXEeHBI B
KPEMHUCTHIX CJIaHIax Bo3pactoM 3,47 muipn Jier Ha Kpatone [Tundapa. Camu MUKPOCKONYECKHE
OCTaTKU, HAaIIOMUHAKIIKUE HUTYATbIE KOJIOHHUAJIbHbBIE 6aKTepI/II/I, 6I)UII/I HaﬁﬂeHbI YCTBEPTb BE€KA HA34a/l,
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HO WX OpraHuuecKasi Mpupoja ocrnapuBaiack. JIMinb B HaIM JHU Onarogapsi TOYEYHOMY aHAIU3Y
M30TOITHOT'O COCTaBa yITIEpo/ia B OPraHMYECKOM BELIECTBE YAAIOCh IOKA3aTh, YTO HEKOTOPblE MUKPO-
doccumm npuHaIeKaT METAHOOPA3YIOIIMM apXesiM (MX M30TOIMHAs OANKCh BapbupyeT oT —33%o

10 —38%0), a Apyrue — MeTaHOKUCIISIONIM OaKTepHsM (O Bc= —39%o0). YTriepos apxer MOTJIV U3BJie-
KaTb U3 aneraroB — cosner ykcycHon kucnotel (CH3COOH), koTopble (popMUpOBaICh ITPU BHIBETPU-
BaHUM JAPEBHUX KOHTUHEHTOB, JIMOO U3 YITIEKUCIIOTO Ta3a. A HeOOXOAMMBINA M IS CHHTE3a MeTaHa
BOJOPO/, (JOHOP IEKTPOHA) BBIAESIICS IPU BO3/IEMCTBUM MOPCKO BOJIbI HA CBEKYI0 OKEAHUUYECKYIO
KOpY, Tlie BOAIOPO[ TepsUTH OOraThie KeJie30M KOMAaTUHTHI M 0a3aibThl B Pe3y/bTare AesITebHOCTU
KeJIe300KHUCIISIONINX aHA9POOHBIX OaKTEepHUIl.

N3oronHasa noanuck yriaepoaa noka3blBaeT OTKJIOHEHUE (613C) B COOTHOIIIEHUU CTAOMIIbHBIX

1 12
HM30TOIIOB 3TOI'O JIEMCEHTA ( 3C/ C) B UCCJIEAYEMOM 06pa3ue OT TaKOBOTI'O B CTAHJAPTE, BLIPAKEHHOE
B KOJIMYCCTBC YaCTHUIl HA ThICAYY — IIPOMUJTLTIE (%0). ITOT IoKa3areib PpacCUnUTBIBACTCA I10 q)opMyne:

8"3C = [(°C/"*C) ogpasen = (’C1*C) cranpapt/(*C1*C) crampape] X 10°.

ITo Toii e popmyie orpenensIoTcss OTKJIOHEHUS U30TOIMHOU NMoANKCH (O) APYruX 3JEMEHTOB,

0 KOTOPBIX peub MOUAET HUXKE (180/ 16O, 3()Si/288i, 34S/32$, gy 1OB, SN/ 14N, 7Li/6Li). Pasueivu mig
KaJKJIOW TIaphbl SIBJISIOTCS TOJBKO CTaHJAPTHBIE 0OPa3IIbL.

14
B ortimmuue ot PadrOaAKTUBHOI'O U30TOIIA ( C) J0JIA CTaOWJIBHBIX U30TOIOB yriepoia B COBpe-

MEHHOM MHUpPE MOCTOSIHHA (12C/ Be = 98,89/1,11). ITosTomy J1t0OBIe OTKJIOHEHHSI OT CTAHJAPTHOM
MIPOTIOPLIMY OTIPEIIUMBI M 3HAYMMBI, a B ClTy4ae yIjiepojia MPakKTUIeCKH BCer/ia OocpeIOBaHbI Aes-
TEJIbHOCTBIO KUBBIX CYHICCTB.

MertaHoOpa3yolye apxeu BIOJHE MOIJIHM TOAepKaTh KOHIIEHTpAIMio MeTaHa B aTMocdepe,
JOCTaTOYHYIO ISl CO3[JaHU s MAPHUKOBOTO 3(pekTa, — Ha ypoBHe 0,1 % (ubiHe < 0,0002 %) wnu ero
cMech ¢ CO,. TTocKOMbKY B OTCYTCTBHE TJIABHOTO OKHCIIUTENSI — KUCJOPOA — MPOIOKUTETLHOCTD
CYILIECTBOBAHMSI MOJIEKY/I METaHa MoIJIa ObITh Ha TPU MOpPsiAKa Oosiblle, YeM HbIHemHui 10-1eTHui
CPOK, 110 Joctrxenun cootHoteHunst CH4/CO,, 6m3Koro K 1, MoIeKyJbl MeTaHa MOJIMMEPU30BaJIHCh
1o staHa (CoHg). U nerkast npiMka npeBparuiiach B TyMaH, B KOTOPOM COJIEPKaHUe METaHA MOIJIO B
600 pa3 mpeBbIIIaTh COBpeMeHHbIN ypoBeHb. ([Toxoxkast o coctaBy atMocgepa ¢ MeTaHOBBIMU 00J1a-
KaMU ¥ JOXKIsAMU cyliectByeT Ha Tutane, cnytHuke CatypHa.) [Ipu ompeneneHHO pa3MepHOCTU
YACTHIl ¥ HAIMYUU B HEM TIAPOB BOJBI TYMaH MOT OCTaBaThCsl MPOHUIIAEMBIM M HE TIPESTCTBOBAI
HarpeBy noBepxHocTH 3emiu. [lof 3amUTON METaHO-9TAaHOBOTO TyMaHa MOTJIA TIOBBICHTLCSI U KOH-
uentpanust NHs, OCS u cepHbIX coeIMHEHMIA, BKJIIOYAsi a3PO30JI MOJIMAaTOMHOM cepsl (Sg).
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I'naBa 3
Apxeit n apxeun

CupeHeBO-OpaHkeBbIil TYMaH He TIPOCTO yoeper 3eMilio OT NepeoXJIakAeHHs], HO, BO3MOXHO,
clienall IUIaHeTy Jaxe Oosee kapKoi, yeM HbiHe. COOTHOIIEHHE CTAOUIbHBIX M30TOIOB KUCIOpPOIa

("*0/1°0) u KPEMHUA %si/*8si) B apxerckoM (3,5-2,5 MuIpa JIeT) 0calouHOM KpEeMHE3eMe, YIep-
’KaBILIEM TEPBUYHBIA W30TOIHbIA CUTHAJ, YKa3bIBAE€T HAa TEMIIEpaTypy OKEaHMUYECKMX BOJ B Ipejie-
nax 50-60 °C. Bim3koe COOTHOIIEHNE ITUX U30TOIOB BBISIBJICHO U B €CTECTBEHHBIX MTPO0ax apxei-
CKOM1 BOJIBI — KareJIbKax, 3aKJI0YEHHBIX B KPUCTAJLJIAX rajiuTa (KaMEeHHOM COJM), a TaKke B KeporeHax

(TOJIBKO 114 8oy 16O). Ecnu noBeilieHHble 3HaU€HW S N30TOIMHBIX MOAMUCEN KUCI0poJa U KPEMHMS B
KpeMHe3eMe ellie MOKHO OOBSICHUTh OCAKAEHUEM 3TOr0 MUHEpasa BOJIM3K TMIPOTEPM WU B TETLIBIX
M30JIMPOBAHHBIX BOJIOEMAX, TO KeporeH (hPOpMHUPOBAICS B HOPMAJIBHO-MOPCKUX YCITIOBHSIX.

Jla ¥ IepBUYHO OCaJOUHBIN KPEMHE3eM MOKHO OTJIMUYHTH OT IPYTHX €ro pa3HOCTel 1o orpejie-
JIEHHBIM MUHEPATIOTMYECKUM U TEOXMMUIECKUM KpUTepUsiM. B apxefickoM okeaHe MOJIEKYJIbI OpTO-
kpemHeBo# kuciotsel (H4Si04) monmvMepu3oBasvick B BOAHOW TOJMIIE, 00pa3ys KOJUIOMIHbIE HAHO-
cepsl, KOTOpbIE B YCJIOBUSIX BBICOKOM COJIEHOCTH CJIMIIAIUCH IPYT C APYTOM M OCEAAIM Ha JHO, Te
HEKOTOpOe BpeMsi MPOAOJIKaIN pacTu. [1oaTomy clion KpeMHe3emMa Halleso CJI0KEHb! C(hepuIecKUMU
rpanyiaamu (<0,2 mm). (ITpotepo3oiickuii KpeMHe3eM, 00pa3oBaHKe KOTOPOro CBSI3aHO C TOJIocYa-
THIMHU XKeJIe3HBIMU (POpMALIMsSIMU, UMEET MHYIO CTPYKTYPY, a Bce (paHepO30ICK1e KPEMHEBbIE OTJI0-
JKEHUSI COCTOSIT U3 CKEJIETOB Pa3HbIX OPraHU3MOB. )

PenkocTh BOJTHOBBIX 3HAKOB (ps101) Ha MOBEPXHOCTH OTHOCUTEINILHO TITyOOKOBOJHBIX TYpOUIHU-
TOB — OTJIO)KEHUI MOPCKUX MYTBEBBIX IIOTOKOB (OT aHzA. turbid — B3BEILIEHHBIN, MyTHBII) BO3PACTOM
2,7 muipa JieT — mpearoaaraeT HU3KyI0 BSI3KOCTh MOPCKOH BOJIbI, TaKke OOYCIIOBJIEHHYIO MOBBIIIIEH-
HOM Temrieparypoil. OCOOEHHOCTH apXeHCKUX IBAMOPUTOB YKEe OTMEUAIIUCh.

Ecnmu ke oOpaTuthcst K MOJIEKYJISIPHBIM KOPHSIM JIpeBa KU3HH, TO CaMbIMU JPEBHUMH Opra-
HU3MaMH OKa3bIBAIOTCSI TEPMOUIIbHbBIE apXer — MPOKAPUOTHI, OOMTAIONINE B FOPSYNX UCTOUHHUKAX,
OOBIYHO C TMOBBIIIIEHHON KUCAOTHOCTBIO. (KcTaTh, «apxei» u «apxen» — CJI0Ba OQHOKOPEHHBIE, MOJI-
YEepKUBAIOIIME JPEBHOCTh MIOHSITUI, IMU OTIpeAesieMbIX.) Bin3kue kK HUM MeTaHOOpa3yolye apxeu
TaKke MpeArnouuTaioT kuth npu 40-85 °C, mpuyeM C MOBBIIMICHUEM TeMITEPATYPbl 0OBEMBI TIPO-
M3BE/ICHHOTO MMM MeTaHa pacTyT. bojee Toro, peKOHCTpYyMpOBAaHHbBIE MPEIKOBbIE OEIKU TPYIIIbI
(bakTOpOB 37MOHTaNMY (YIUIMHEHHS ), OTBEYAIOIIHe 32 MOCIeJOBATeIbHOE MPUCOEAMHEHNE AMUHOKHC-
JIOT K CHHTE3WpPyeMOMY Ha opraHesuie-pudocome OesKy (MHadye roBops, 3a yAJHMHEHHe OelTKOBOU
MOJIEKYJIbI), SIBJISIOTCS YCTOMUMBBIMU K BBICOKMM Temriepatypam (45-80 °C u gaxe Bbie 80 °C).
[NockonbKy 1 GakTepuH, U apxeu He 0OXOAATCsl Oe3 TaKMX KOMIIOHEHTOB, TO, CKOpee BCEero, yHacle-
JOBAJIA UX OT OOINEro paHHeapXercKOro mpejka, U 3TOT MPEJOK UMeNT TEPMOCTONKUN OeIOK-YyIJTH-
HUTEIb.

Tak 4TO ®U3Hb HE TOJHKO MOIJIA 3aPOIUTHCS B «TEIJIOM MPYyAUKe», Kak mpearnonaran Yapns
JlapBUH B MHICbMe K CBOEMY JIPYTY, aHIIUiCKoMy OotaHuKy [xo3edy ['ykepy, HO U Jtoiroe Bpems
CYILIECTBOBATh B TEIUIMYHON OOCTaHOBKE. B Terioil cpeae U TemIibl SBOJIONIWH, BEPOATHO, ObLIN
BbIlIIe. [103TOMY yKe B apXeHCKOM 30HE CYIECTBOBAIM BCEBO3MOXKHBIE TPYIIIbI OaKTEPUIl U apXxeid,
OCBOMBIIIMX pa3Hble 0OCTAHOBKH M 00pa30BaBIIIME CJAOKHbIE cO00IIecTBAa. OOBIYHO MBI X HE BUIUM,
a eciM BUAMUM, TO OTJIMYUTb OJHU OKPYIJIbe MUKPOCKOIIMUYECKHE TeJbla OT APYrux (OOJBIIMHCTBO
MPOKApHOT UMEET UMEHHO TaKylo, KOKKOUIHYI0, (hOpMY) lake Ha COBPEMEHHOM MaTepuaie 6e3 crie-
[MAJIbHBIX aHAJIM30B HEBO3MOKHO, HO UX MPUCYTCTBUE YyBCTBYeTCs. B mepByio ouepenp Onaromaps
M30TOITHOM MOJAMKCH, OCTaBIEHHOU (POTOTpOdamMH, OYKBAIBHO — «ITUTAIOIIUMUCS CBETOM» (OT epeu.
(PG — CBET U TPOP] — THUIIA).
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®otoTpodsl (PpaKITMOHUPYIOT CTAOMIIBHBIE H30TOIHI YIJIEpOojia — OTOUPAIOT N30TOIT C MEHbIIIEH
Maccoi 1 Ooiee BBICOKOH KoJieOaTeIbHOM Hepruer (peakiuysi ¢ HUM TpeOyeT MEHBIIIUX SHEepreTH-
yeckux 3arpar). [Tostomy B Xozie (poToCHHTE3a OpraHn4ecKoe BeIecTBO 00oraiaeTcs JIerkiuM 130-

tonom (1%C), a cpena — o0eJHAETCs, YTO U (PUKCUPYETCS B KOHEUHOM CUETEe B OCAJOUHBIX TOPHbIX
NOpoJax B BU/I€ U30TOMHOW MOJIHUCH.

HeoObryHas n30TONHAA yriiepoaHas MOAMUCh BpoJe Obl yKe CTOUT Ha OTJIOKEHUSIX BO3PACTOM
3,8 Mupa siet Ha 3aniaje ['pennananu. Beipaxkaercs oHa B 3aMETHOM M30TOITHOM pa3HULIE MEXy Ipa-
(buTOM, 3aKITIOUEHHBIM B KpucTaiuiax anatuta (0T —13%o 10 —49%o), 1 yIiepoioM B COCTaBe CaMoro
muHepaia (—2,3%o). I1pu nanbpHeeM n3y4eHn: TOro anaTuTa BISICHUIIOCH, YTO rpaduT oOpasyer
He BHYTPHKPUCTAJUIMYECKUE BKJIOUEHHUS], 4, HAOOOPOT, OTOPOUKY BOKPYT IIEPBUYHBIX KPUCTAJUIOB U,
3HAYMUT, CPOPMUPOBAJICA MO3KE, YEM alaTUT. A BOT HACKOJIBKO MO3Xke, CKa3aTh CJIOXKHO. B 1ie1om,
YTOOBI yCTAHOBUTH OMOTEHHYIO IIPUPOLY OJOOHBIX M Jake MOP(OIornuecku 6osee CIOKHBIX BKIIIO-
YyeHul, TpedyeTcsl JoKaszath: 1) ocafouHy0 MPUPOLY CaMHUX OTJIOKEHUH; 2) IepBUYHOCTbh BKIIIOUE-
HHIA, KOTOPBIE JIOJDKHBI OBITh JOCTATOYHO OOMJIBHBI; 3) MX TECHYIO T€HETUYECKYIO CBSI3b C MEepBUY-
HBIMM MUHEpaJlaMu B NIOPoJE; 4) CXOICTBO CTENIEHN U3MEHEHHU sl BKIIIOUEHUI ¢ TAKOBOM MEPBUYHBIX
MHUHEPAJIOB; 5) HEBO3MOKHOCTb OOBSCHUTh M30TOMHYIO MOANKCH yIepoga aOMOreHHbIMH ITPOLIeC-
camu; 6) IPWJIOKUTb YCHITUSA K TIOUCKY CJIEJOB APYTrux OnoreHHbIX a1eMeHToB — O, N, S, P u 7) mone-
KYJISIPHBIX OPraHMYeCKHX OCTaTKOB — OnomapkepoB. Kazasock Obl, Bce 3TO HEBO3MOKHO, HO BE/lb
nonyyvaercs!

Bpsn i (ppakuoHMpOBaHMEM M30TOIOB Ha 3ape JKU3HU 3aHMMAJIMCh OKCUIe€HHblE (hOTO-
Tpobl, TAKME KaK [IMAHOOAKTEPUU: B apXEMCKUX BOJAAX, YUUTHIBAsl BBICOKOE COIEp/KAHUE PACTBO-
PEHHOTO KeJie3a U KPEMHHU s, He MOIJIO HAXOAUThCS AOCTATOUHO (pocopa A1 NOoAIepKaHusl )KU3HU
3TUX MUKPOOOB. A BOT aHOKCHUIeHHble (pOTOheppOTpO(dbl B TAKUX YCJIOBHUAX MPOLBETATH MOIJIH.
TakuMm OakTepusM TOXKe Hy)KHA SHEPIUs CBeTa Jylsl CHHTE3a OPraHW4eCKUX COeJUHEHUH, HO B Kaue-
CTBE JIOHOPA 3JIEKTPOHA, HEOOXOJMMOTO ISl TPOTEKAHUSI OKUCIIUTEIbHO-BOCCTAHOBUTENIBHBIX PEaK-

LM, OHU UCIOJB3YIOT 3aKUCHOE KENe30 (Fe?"), a He BOJLY, IO3TOMY MOOOYHBIMU MPOAYKTAMH UX

nestrensHOCTH siBisterest et (u pa3nuYHble MUHEPAJIHI jKeJie3a), a He KUcinopo. pyrue xeMoTpodbl
MIPUMEPHO TOT/IA K€ TIONYYHMJIM JIOCTYI U K SHEPruM Help, OCOOEHHO Ha CPEIMHHO-OKeaHHMYEeCKUX
XpeOTax, Ijie Mo3/iHee CIOKUIMCh HeOOBIUHBIE TITyOOKOBOJHBIE COOOIIECTBA YEPHBIX KYPHJIBIIIUKOB.
[Tpu3HaKky UX KU3HEAESTETLHOCTY 3aMETHBI 10 U30TOITHOM MOIUCH APYTOro JeMeHTa — CEPhI (34S/
328, um 57°S).

CoxpaHWIOCh JIU YTO-HUOYAb OT apXeHCKUX OPraHU3MOB, KPOME MOYTH HEBUIUMBIX ABIPOK
B JpeBHMX Oa3aibTaXx M U30TOMHBIX noanuceii? KoneuHo, n Hemano. O MeTaHOOpa3yIOIIUX apXesx
Y MeTaHOKHCIIsIonMX Oaktepusx u3 [Tundaphl yxe roBopuiock. Tam ke, B [Tunbape (popmarust
Crpemnu-Ilyn) u B nosice bapGepToH (COOTBETCTBEHHO, 3,43 1 3,2 MJIp/ JIET), HAllIeHbl KOKKOUIHbIE
TeJIbI[a C OPraHMYECKOW OOOJIOYKOM, COCTOSIIICH U3 Pa3HBIX YIJICBOJOPOIHBIX MOJIEKYJI U a30Ta, U
CBSI3aHHbBIE C HUMH KPUCTAJLJIbI TUPUTA, COXPAHUBIIINME U30TOMHYIO MOIMUCH CEPbl, XapaKTepHYIO /17151
CEepHBbIX OAKTEepHIl.

Ha niepBbiii B3MJIsII, yUUTBIBAsE OOWIME CYJIb(UIOB — MHUHEPAJIOB CEPbl, OCAXKICHUE KOTOPBIX
penKo oOxoauTcsl 6e3 yJacTust CepHbIX OaKTepHii, — B 9TOM HET HUYEro YIMBUTEIBHOIO, HO 0codasi
M30TOIMHAs TIOANKUCH BUJIHA HE BCETa, a OCTATKU TeX, KTO «PACIHUCAJICST», IPAKTUUYECKU HEe coXpa-
Hsotes. [lpeanonaraercs, 4to cepHble OAKTepUH, MOAOOHBIE MyPIYPHBIM U 3€JIEHbIM, ObLUTH IJIaB-
HBbIMU apXercKUMH (hoToTpodamMu U poayLUeHTaMu (OT sam. pro-duco — Nporu3BOIUTh, CO3JaBaTh)
OpraHUYEecKoro BelecTBa. VIcromb3ys cepoBOIOPO U CYIb(HIBI, OHA OCBOOOXK /1AM HEOOXOIUMbIC

111 (POTOCUHTE3A JIEKTPOHBI U OKUCIISUIM UCXOAHBIE MOJIEKYJIBI IO CEpPBI (S°) 1 B HesHAUMTEILHOM

2— o
CTEIICHU 10 cynmbaTa (SO4 ) ITocnegHue B3aMMOAEHCTBOBAJIM C KATMOHAMU KeJie3a U HUKEJIA,
HEOOCTAaTKa KOTOPBIX B apXCfICKOM 90HE HE 6BI)'IO, C 06p330BaHI/ICM COOTBETCTBYIOIIIUX Cyan)I/IILOB
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(Hanpumep, uputa). [IprmuemM 0ObeMbl CEPHBIX COEIMHEHMI YPAaBHOBEUIMBAIM OOBEMbl OpraHuve-
CKOTO BEIIeCTBA.

OcoOeHHO UHTEePECHO, YTO YacTh OakTepuanibHoro coodmecrsa Crpemum-ITyn Hacensia npu-
JIMBHO-OT/IMBHYIO 30HY HECMOTPsI HA CMEPTEJIbHBIN YPOBEHb YIIbTpadroseTa: MUKpPOObI 3aK PEIHIIHCH
KOTJJa-TO TOJ] KBapIEBBIMU 3epHAMH, KOTOpPbIE JIeKAIM HA JIMTOPAJIU, CPEAN YEPHOTO MUPUTOBOTO
necka. OHM BBDKMBAJIM TIOJ, MPO3PAYHbIM KBapleM, MOJoOHO TOMYy Kak B mycTeiHe Hamuo ceftuac
BBDKHMBAIOT TTOYBEHHBIE KOJIOHUAJIbHBIE ITHaHOO0aKTepru HOCTOK (Nostoc flagelliforme). Kapiy — 310
Y 9KpaH, MPeOXPAHSIOMUI OT KOPOTKOBOJHOBOTO M3JTyYeHHMs], ¥ TIPO3PAYHOE OKHO, MPOITYCKAlo-
I1ee JI0CTaTOYHO cBeTa it (POTOCHHTE3a, M aKKYMYJISATOP BJIard: Boja KOHAEGHCUPYETCSl Ha HUK-
Hell TIOBEPXHOCTH KaMellKa M3-3a CYTOYHOro Iepernaaa temmneparyp. bonee Toro, Bo3Bpamasch K
apXercK1M OaKTepusiM, B MPUJIMBHO-OTJIMBHONW 30He Oylarogapsi eCTeCTBEHHOM, ITyCTh U clIa0oi aspa-
IIUM BOIIBI UM OBLT IOCTYTIEH KUCIIOPO/, MOJTHOCTHIO OTCYTCTBOBABIIHIA Jake Ha HEOOJIBIION TITyOuHe.
(TToka He MOSBUJICSI O30HOBBIN IIUT, KUCIOPOA B HEOOMBIIINX KOJIMYECTBAX 00OPA30BBIBAJICS 32 CUET
dorommsa Bozpl.) BeposTHO, B Takol 0OCTaHOBKE MOTJIM BOSHUKHYTh U O0Jiee CIIOKHBIE OPraHU3MBbI.
Bo Bcskom citydae, B Tou ke ¢opmarun Ctpesutu-Ilyn, B ee MOPCKUX METKOBOIHBIX OTIOKEHUSIX
BBISIBJICHBI [IETIOYKOBHU/IHBIC KOJIOHUU U3 YeueBUIIeTIONOOHBIX KJeToK (20-100 MKM B auameTpe) ¢
OTOPOYKOW ¥ MEJIKUMHU C(ePUIECKUMHU TEJILIAMH BHYTPU. DTU «UEUEBIUNHBI» HE TIOXOKU Ha KaKHX-
MO0 COBPEMEHHBIX ITPOKAPHOT, HO HE UMEIOT CJIOKHO YCTPOSHHOW 000IOUKH, KOTOPast BblgaBasa Obl
B HUX 3YKapuoOT (OPraHM3MOB C KJIETOYHBIMH OpraHe/UIaMU, BKJIIOYasi PO — OT zpeu. €0 — COBEP-
IIEHHO U KOPUOV — Opex, Aapo).

XOTs camble JpeBHIE MUKPOCKOIMUECKHE NCKOTaeMble OCTATKM Ha CErOfIHsI BBISIBIIEHHI B (DOp-
Maru Crpemu-Ilyn, crnenpl apxefcKOl U MPOTepO30MCKON OaKTEpUATbHON KU3HEAeSTeTbHOCTU
BUJIHBI BO BceM. Jlaxke mepekaThiBaBIIMECs 10 MOPCKOMY JHY MECYMHKU 0OpacTayii OakTepualib-
HBIMH TUICHKaMU, TTPOJOJIKABIIMMHU OCakKIeHe KapOoHaTa, ¥ MPeBpaIliaIich B IPUUIYIMBbIE CIIOU-
CTbIe IIAPUKU — OOM/Ibl, THOT/IA JOCTUTaBIIIME B JUAMETPe HECKOJIbKUX CaHTUMETpPoB (puc. 5.1). B
1IEJIOM K€ TIOZIABJISIONIAs Macca apXeHCKUX U MPOTePO30MCKUX KapOOHATOB, 3HAUYUTEILHO HAPACTHB-
KX TUIONIAb KOHTUHEHTOB, 00s13aHa CBOMM ITPOUCXOKAEHHEM OaKTepuasibHBIM coolIecTBam. bes
HUX 3TO ObLIIO TPOCTO (PU3MUECKH (M XMMUYECKH) HEBO3MOKHO: TP MOBBIIIIEHHOM YPOBHE yTJIEKHC-
JIOTO Ta3a BO3pACTaeT M KUCJIOTHOCTh CPEJIbl, YTO YCUIIMBAET PACTBOPMMOCTh KapOOHATOB, OCOOEHHO
KaJIbIMTa M aparoHuTa. BocnpensaTcTBoBaTh pacTBOPEHUIO KAPOOHATHBIX MUHEPAJIOB CIOCOOHBI MHK-
poOBI, Mpeodpasys cpeny U3 KUCIION B IEJOYHYIO XOTs1 Obl B IPUAOHHOM CJIOE.
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Puc. 51. 3BecTKoBble oouabl (AnameTp 1cm); KpuoreHuit (650 MH neT); ropbl OANH-
aepc, lOxHaa Asctpanua

IockosnbKy B apxeiicKOM U MPOTEPO30MCKOM MUpE ellie He ObUIO KMBOTHBIX, a [0 pyoeska 850—
800 MJIH JIeT — ¥ IPOCTEHNIINX, CIOCOOHBIX MUTAThCsl OMOMAaTaMU U TUIEHKaMU, OHU MIOKPBIBAJIM BCE
CBOOOJHOE MPOCTPAHCTBO, IIe COlepKaslach XOTh Kakas-To Biara (puc. 5.2).
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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