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1. IIpoucxo:xxkaenue Beceaennonn u CotHEYHOH CHCTEMBbI

[Mpoucxoxaenne BceneHHON MpescTaBiIseT MOKa HEpelIeHHYI0 B CBOEH MOJIHOTE mpodiemy,
OJIHAKO XO[] €€ IBOJIIOLMHU C ONpeJeSIeHHON CTaJIMy MOKHO CUMTaTh YCTAHOBJIEHHBIM Ha 0a3e OTKpbI-
THIX 3aKOHOB 1 HaOMIOIaTeNbHBIX (PAKTOB.

[Ipeanonaraercs, 4To SHEpreTHKa IpoLecca PACIIMpPeHUsi MaTepuM U3 MEepBOHAYAIBHOIO
CBEPXTOPSIYEro U CBEPXIUIOTHOTO COCTOSIHUS OblTa oOecriedeHa MpeuMyIeCTBeHHO aHHUTHIISIEH
YaCTUII ¥ aHTUYACTHI] IIPH HEKOTOPOM M30BITKE YACTHII, CTABILIMX UCXOAHBIM BEIIECTBOM 151 (DOPMHU-
POBaHMUsI KOCMMYECKUX Tell. B mporuecce ocTbiBaHMS OHO MPOXOAUT NOC/eA0BaTebHbIE (Da3bl UHTEH-
CHBHBIX B3aMMOIPEBPAILEHUH, 3aTeM — JIEKTPUYECKU HEUTPAIbHOM IJI1a3Mbl M Fa30BOW CMECH Ieus
(25%) c Bogoponom (75% no macce).

[pucyTcTBUE IpyrUX MEMEHTOB B TOM 4HCIe Oonee TshKebIX KpailHe He3HAUMTEIbHO, M UX
oOpa3oBaHMe CBA3aHO YK€ C MPOLIECCaMy CMHTEe3a B Hepax poxaaromuxcs 38e31. Ho kakum obpa-
30M HOSIBJISIIOTCS 9TU IUIOTHBIE TOpsTYMe OOBEKTHI B YK€ OCTHIBLIEH U pa3pe:KeHHOH cpefie C epCIeK-
THBOU HEeM30€XHOH TETJIOBON cMepTh?

OpHako Ha IMyTH, Ka3ajJoch Obl, Oe3yJepKHOro paciiupeHus: BceneHHOW mpupona CTaBUT
Oapbepbl CaMOOPraHM3alMy MaTeprK, TOPMO3SILUE ITPOLIECCHl Aerpajauuu. Posib mpoTMBOAEHCTBYIO-
1iero (hakTopa UrpaeT rpaBUTaLus, KOTopas yepe3 MeXaHu3M B3aMMHOI'O PUTSIKEHH S 3HAUYUTEIbHO
YIUIOTHSIET Pa3peKEHHYI0 KOCMUYECKYIO Cpe[ly, COCTOSIIIYIO IPEUMYIIIECTBEHHO U3 BOAOPO/A, Ieus
U TIpUMecH 0oJiee TSKEIBIX IEMEHTOB B BUE MbLIEBBIX YacThIl. UTOOB! CHIIBI TPABUTAIIMN CIIPABHU-
JIMCh C BO3PACTAIOLIMM TIPU CKATUH JAABJICHUEM CPeJibl, HEOOXOAMMO ee MPeABaPUTEIbHOE OXJIaXkIe-
Hue. s oOpa3oBaHMsl KOCMUYECKOTO 0OBEKTa U3 ra30IbUIeBOTO 00JIaKa ero IIOTHOCTh, Pa3MepHl,
TEMIIEpPATypa U Macca JI0JKHBI COOTBETCTBOBATH JIPYT IPYTy JOCTaTOYHO cTporo. Poxaenne ConHua
Mpe/ToiaraeT CylecTBOBaHNEe MHAWBUIYyaIbHOTO 00j1aka npu mioTHocTr 2¢10-18 r/cm3, temmiepa-
type 10K, pagnycom ~0.02 [Tapcek (62101 1km), uto npumepHo B 100 pa3 6osbliie paguyca OpOUTHI
CaMOii IaJIbHel TJTaHeThl COTHEYHOM crcTeMbl — [ImyToHa. Pagnyc o6paszoBasierocst ConHIa novru
B | MJIH. pa3 MeHbllle pOIMBILETO ero o0aka, a CpeiHsis IUIOTHOCTb CBETUIIA Beero B 1.4 pasa Bbllie
TUIOTHOCTH BOJpI, XOTSI B IIEHTPE 3TO COOTHOIIEHHE MPUOIMKACTCS YKe K IByMCTaM.

IlokazaresnpHO, 4TO CpemHemaccoBas Temneparypa odgopmusnierocss CosHIA COCTaBIISET
OKOJIO 9 MUIH. rpaaycoB, npy 15 MJIH rpagycoB B LeHTpajibHON oOnacty u npumepHo 5500°C Ha
MOBEPXHOCTU. B cBA3U ¢ 3TUM 3aMeTUM, 4TO MOJABJIAIONIAs YacTh MaTepuu BeeneHHol cocpenoTo-
YeHa B 3Be3/laX U UMEET BBICOKYIO TEMIIepaTypy Ipy OYe€Hb XOJIOJHON MEK3BE3AHOM Ccpele.

Bonee BeposTHO mpencTaBisiercs: oopasoBanue CoNHIIA B KOJUIGKTUBE C IPYTMMH 3BE3/IaMu:
B COCTaB€ aCCOLMALMI WM CKOIUIeHUH. VX Macca MOXKET COCTaBJIATh OT JECATKOB JIO THICSY Macc
CornHia ¢ pa3mMepamy B IeCSITKY apcek. TpeGoBaHMs K TeMIlepaType 1 INIOTHOCTH Ia30BO-TIBLIEBOTO
KOMILJIEKCa /7151 €10 T'PABUTALIMOHHOIO YIUIOTHEHUS OyAyT MeHee CTPOrMMU. Takoi JOCTaTOYHO Mpo-
TSKEHHBI MacCHB B OOLIEM CJIydae XapaKTepu3yeTcsl HEpaBHOMEPHOCTBIO TEMIIEpaTypbl U IUIOTHO-
CTH 110 00bEMY, a TAKKe HATTMIKMEM O0JIAKOB, ABIKYIIMXCSI OTHOCUTENIBHO APYT JIpyTra CO CKOPOCTSIMU
1o 10 km/cek. Pacnan komIuiekca Ha OTAE/IbHBIE (PParMEHTHl IPOMCXOOUT BCIIEICTBUE IPAaBUTALM-
OHHOI HEYCTOMUYMBOCTH, KOTOpask MOKET ObITh YCUJIEHA YAAPHBIMU BOJTHAMU OT B3PbIBA CBEPXHOBOM
3Be3/Ibl, CTOJIKHOBEHHEM 00J1akoB 1 T.1. [Tocie odopMiIeHHs TPOTOCOMHIIA € JIOKAIM3aIieil MacChl B
oObeMe ¢ pa3MepaMH MOPSIIKA THICSYHBIX JI0JIeH Mapceka BOZMOXKHO y/IaBJIMBaHUE 00JIAKOB, BHXKY-
IIMXCS TAHTEHLIMAJIBHO OTHOCUTEJIBHO €r0 LIEHTPa U NEPEBO/a UX B PEXKUM OPOUTAILHOTO ABUKEHHUS.
Jlonyckaemasi CKOpOCTh OOJAKOB /7S yAepKaHUsI Ha opouTe OM3 neprdepun COCTaBiIsieT OKoo 1
KM/CeK.

CyluecTBeHHOE YCKOpPEHUE YIIOTHEHUS HACTYIAeT, Korjaa paauyc nporocondua B 10000 pas
IpEeBBIILIAET pa3Mep OyaylIero cBeTuia, T.e. OMu3kuid K paauycy opouts [Lnytona. Cxarue npoto-
conHIa 1o Oyayiei opouTsl Benepsl 3anrMaet Beero okoto 10 stet. Cuiibl rpaBUTAIMK C STOH CTaAUH

5



A. ®. IpmapkuH. «3emiis U e€ naccaKupbh»

yXke He 00eCreurBaoT JAIbHEHIIEero CKaThsl U3-3a CUIIBHOTO Pa3orpeBa, U TpeOyeTcsl OXJIakIeHUe
MPOTO3BE3/1bl AJIs1 MPOJOIDKEHHUsI Tporiecca akkpern. CranmoHapHoe coctosiHre CoJHIA yCTaHaB-
JIMBAETCs Yepe3 HECKOIBKO JIECSITKOB MUJIJIMOHOB JIET, KOTAAa CO3AAI0TCS YCJIOBHS ISl TPOXOJKICHU ST
MPOTOH — MPOTOHHOMN TEPMOSIIEPHON pEaKIIUu.

ITotepst macchl ConHIla U3TyYeHUeM 3a BpeMsl ero cyiiectBoBanus (~4.6 Mipj. jieT) cocra-
BUJIO HecKosbKo 6oree 100 mace 3emutu, um okoino 0.03% maccel Conniia. 3a 310 ke BpeMsi yObUTb
BOJIOPO/1a, ITPEBPATUBIIETOCS B XO[IE TEPMOSIIEPHON PEeaKlMY B TeJIUi, OKa3aloch Ha ypoBHe 4.5%
ot maccel ConHua.

Macca Bcex IIaHeT puMepHO B 448 pa3 Oosbliie Macchl 3eMIId, a Macca BCEX CITyTHUKOB B 8
pa3 MeHblle Macchl Hallel r1aHeTsl wid B 10 pa3 npesbiiaer Maccy JIyHBI.

CpenHsisi CKOPOCTh IBWKEHUsI 3eMJTl TIo opouTe — 29.8 Km/cek, mepros oOparieHsi BOKpYT
Conxia 365.24 cpeHUX CONHEUHBIX CYTOK, HAKJIOH 36MHOM OCH K IJIOCKOCTH OpOUTH ~66.5°; a K
NepHeHUKYJIApY ~23.5°, nepruof BpallleHus1 BOKpYT ocu ~23 yaca 56 MUHYT.

Hanyrem yria HakJIOHa 3eMHOW OCH K TUTIOCKOCTH OPOUTHI MOKET ObITh OOBSICHEH 3aKOHOMEP-
HBIM JIJIS1 BCEX IJIAHET JBMKEHUEM K 0OIIel miockocTy odpariennst BOKpyr CosHIIa Mof, IeiCcTBIEeM
CHWJI TPABUTAIMOHHOTO B3auMOJEeUCTBUsL. OCHOBHYIO POJIb B 9TOM IPOLIECCE, KOTOPBIN K HACTOSILEMY
BpeMeHH ellle He 3aBepitieH, urpaiot I0murep u CatypH. MoxHO nionarats, 4To 3eMist 00pa3oBaiach
OM3KO K MIocCKocTH opOuThl CaTypHa, a COBpEMEHHOMY TOJIOXKEHHIO 00s13aHa B OOJIbIIIeH CTETIeHN
Onurepy.

BaxxHbIM 00CTOATENTHCTBOM, UMEIOIEM OTHOIIEHHE K 0COOEHHOCTSIM oOpasoBanust ConHIa,
SBJISIETCSL €70 HE3HAYUTEJIbHBIE MOMEHT KOJIMYECTBa ABUKCHUA IO CPABHCHUIO C IIJIAHETAMM. ITo
3TOMY NapaMeTpy OHO YCTYIAaeT IJIaHeTaM B cyMMe < 136 pa3, XOTs IPeBOCXOIUT UX MO Macce B 748
pas.

3emis IPUHAICKHUT K TPyIIe TUIAHET C CYIIECTBEHHO Oojiee BHICOKMMU TUIOTHOCTBIO M CKO-
pocTsiMu odparteHus 1o opoute, yem yaaieHHsie ot Comana FOmutep, Caryps u np. OpOuraibHbie
CKOPOCTH TUIAHeT TaK Ha3bIBAEMOM «3eMHOW TPYMITbD» pasirdanTcs ot 47.9 km/cek y Mepkypust 10
24.1 km/cex y Mapca, Toraa Kak y oCTajbHBIX IJIaHET OHM cocTaBiisiioT oT 13.1 km/cek y FOnurepa
1o 4.7 km/cek y IltytoHa.

[TnoTHOCTB TIAHET «3eMHOM Tpynmbl» cocTaBiseT B cpeaneM 5300 kr/m3 npotus - 1200 kr/
M3 Y OCTaJIbHBIX.

CymectByioiue mojen oopazoBanust COTHEYHOW CUCTEMBl He OOBSICHSIIOT CTOJIb Pa3UTEIb-
HOTro (IIPUMEPHO B 4.5 pa3a) pacxoxk/eHHs B IVIOTHOCTU IUIAHET 3¢MHOM U Nepu(pepuitHON TpyIIl.

Kak ynomunanoce Bbime, cxarue [IpoTocosHIia cOnmpoBOXIAETCS €ro MpOrpeccupyonm
HarpeBOM 3a CYET IPaBUTALMOHHONM 3Hepruu. IIpu npoxoxaeHny BHEIIHEN I'PaHULbl IPOTO3BE3/1bl
ypOBHs1 opouT oT Mapca 10 MepKypus cperHeMaccoBasi TeMIeparypa oobeMa yBeJIMunuBaeTCs pu-
MepHO OT 15 1o 50 Thicsy TpamycoB. Temreparypa HapyKHBIX ClIOeB OyeT CyIIECTBEHHO HUIKE:
~2300 K nnsa Mapca, ~2800 K ansa 3emuu, okono 4200 K ns Benepst u 6000 K s Mepkypust.

HecMmoTpst Ha pa3peskeHHOCTb ra30BOM Cpebl, IOCTATOUHO TUTEIbHOE HAXOXAEHHE MO Jei-
CTBUEM JIyYHCTOrO HarpeBa MpUBOAMUT K OCBOOOKIECHUIO CT'YCTKOB IPOTOIUIAHET (TUIaHeTe3uMaiei)
OT JIETYYMX KOMIIOHEHTOB, a i1 Mepkypusi 1 BeHepsl BOJIHE peasibHO MOXET MPOU30MTU Aaxke
TMOJIHOE WJIM YaCTUYHOE PACIUIaBJICHHE.

Uro kacaercs FOnutepa u CatypHa, TO TeMIrieparypa ra3a B 00J1acT UX 0Opa30BaHuUsI PH CxKa-
tuu [Iporoconnna meree 1200 K u 700 K cootBeTcTBEHHO. BBICTpOE MPOXOKIEHNE 30HBI ITUX IJ1a-
HET Hapy)KHOU I'paHUIell 0Opa3yoIeics: 3Be3/bl M BBICOKAsl PAa3peKEHHOCTb CPelbl yke He MOTIJa
o0ecneuynTh CyIeCTBEHHOTO Mporpesa OyayIux rmiaHeT. X oTHocuTebHas MAaCCUBHOCTD OOBSICHS-
ercst yaajJeHHocThio oT ConHIa.

Baxneiimum ¢pakTopoM, compoBoxaamum oopazoBanre CoiHIla, SBISETCS MHTEHCUBHOCTD
M3JTyYeHUs] U3 CKUMAIOIIErocsi 00beMa, CyIIeCTBEHHO TPEBBIIAIONIAs €r0 YPOBEHb Ha JIIDOOM yria-
JICHUH TIpU CTALIMOHAPHOM COCTOAHUUN CBETUJIA. PaBHOBecHbIE Cp€OHUE TEMIIEPATYPhbl Ha ITOBEPXHO-
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cru ianet coctapisioT 930 K (6000 K) y Mepkypus; 740 K (4200 K) y Benepsr; 288 K (2800
K) y 3emin; 210 K (2300 K) y Mapca; 160 K (1200 K) y IOnutepa u 130 K (700 K) y Carypna.
B ckoOkax nmpuBOAATCS 3HAYECHUs] TEMIlepaTyp Ha OpOUTAxX TUIAHET MPU MPOXOKASHUN UX T'PaHUIIbI
ITporoconHua.

[Ipu oOnyueHMM Tesa HA HEro MPOM3BOIUTCS CBETOBOE JIABJICHWE B pe3yJbTaTe Mepenauu
HMITYJIbCa TIOTJIONIAeMbIX WJIM OoTpaskaembiX poroHoB. Cuiia 3toro gasiieHus: npumepHo B 100 pas
MPEBBIIIAET CHITY IPABUTALIMOHHOTO MPUTSKEHUS JaKe CAMBIX TSDKEJIBIX MOJIEKYJI, IPUYEM 3TO COOT-
HOIIIEHHE He 3aBHUCHT OT yaajieHus or CoiHua.

Ha craguu cxxatus IIpoToconHIa TsKemble 97IeMEHTHI Kak Obl BHITAIKMBAIOTCS U3 €ro 00beMa
HapyKy. DTO TIOJOKEeHUEe CoXpaHseTcs B nepudepuitHbix oomactsax CoiHIa: KOHBEKTUBHOW 30HE,
dortocdepe, xpomocdepe.

Tak, uznyuyenue u3 cjost poTocdepsl, HEMOCPEACTBEHHO MPUMBIKAIOIIENH K KOHBEKTUBHOMN
30HEe, U300WITYeT JIMHUAMHM TOIJIONIEHHST OMHO3APSIHBIX MOHOB JKeje3a, MarHus, MpuyeM KOHIICH-
Tpalysi 3TUX JIEMEHTOB B HECKOJIbKO pa3 (10 10) Bblille, YeM B MeK3BE3/IHOU cpe/ie.

B 31011 cBsI3M mpeAcTaBiseTcs napajoKcaibHbIM (pakT yaepxkanus CONHIEM TaKMX JIETKHUX
3JIEMEHTOB, Kak Bojopoa u reiwit. Temmepatypa B ¢otochepe cocrapister okono 6000 K, dro
HEJIOCTATOYHO JIJIsS 3aMEeTHOM MOHU3aIlMM aTOMOB BOAOpPOIa, Kotopas TpeOyeT moporpeBa no 100
THIC. TPayCOB. YPOBEHb TEMIIEpaTyphl sl MOHU3ALUHK resusi eine Oonbine (okono 180 u 360 Thic.
rpaj. COOTBETCTBEHHO ISl OTPbIBa IEPBOTO M BTOPOT'O MEKTPoHa). «[IpaBo» Ha BO3BpaT B IIyOHHY
CorHIIa IMEIOT TOJIBKO «TOJIbIe» SIIpa ITHX JEMEHTOB, HO CHATHUE IEKTPOHHON «OHEKIbl» MOXKET
MIPOM30UTH TOJBKO NpH Temriepatypax 400 TeIC. rpaj. U BblIIE, KOTOPbIE XapaKTepHbI 1Jis IPaHMULL
MeX/y KOHBEKTUBHOM U ITPOMEKYTOUHOM 30H.

Tem He MeHee Takue ycjoBUs peanu3yiorcst B armocdepe ConHia yxe 3a npenenamu ¢GhoTo-
cepsl. [on neiicTBreM CBETOBOTO AaBJIEHHS aTOMbI 1 MOJIEKYJIBI, B TOM YMCJIe M YACTUYHO MOHH3H-
pOBaHHbIE, PA3TOHSIOTCS B 00acTh Xxpomocdepsl 10 ckopoctelt nmopsiaka 100 km/cek.

[Mpoxons uepe3 marautHOe nosie CoiHIA, MHIYKIMS KOTOPOTO B THICSYM Pa3 BHIIIE, YeM Y
3emii, BHICOKOCKOPOCTHOW MOTOK NMPOBOASIILEH CPe/ibl, BHI3BIBAET MOSIBICHUE SIEKTPOIBIKYILECH
CUJIbl U MEKTPUUYECKOrO TOKA, YTO XapaKTEepHO AJIsl peajn3allii MarHUTOTMAPOIMHAMHYECKOTO
acpdexTa.

MOIIIHOCTB TAKOTO COJTHEYHOTO FeHepaTopa MpONOPIMOHATIbHA JIEKTPOITPOBOIHOCTH CPEIbl 1
KBaJpaTy ee CKOPOCTH MONEePeK MarHUTHBIX JIMHUM.

B ycoBUsIX MHTEHCHBHBIX JIEKTPUYECKUX Pa3psiIOB MOBBIIIAETCS TEMIIEpaTypa Cpebl, CTe-
TMIeHb €€ MOHU3AIIMH U JIEKTPOIPOBOAHOCTb. OTHOBPEMEHHO MTPOUCXOAUT MOCTENIEHHOE TOPMOKEHHUE
noTtoka. Ha rpanuiie xpomocgeps! 1 KOPOHBI TeMIepaTypa NOTHUMAETCS 10 YPOBHS OPSIIKA MIJI-
JIMOHA TPayCOB, UTO AOCTATOYHO TSI IOCTHKEHHSI BHICOKOH CTETIeH MOHU3AIMY BOAOPOAA U IeJIvsl.
[Nocne TopmMokeHUs B rpaBUTAIMOHHOM 110j1e COJTHIIa OHM B BUJIe TIPOTOHOB U SIZIEP C YCKOPEHUEM
nopszka 270 m/cex2 Bo3BpallaloTcsl B KOHBEKTUBHYIO 30HY.

OTMeTHM, 4YTO aTOMbl WM MOHBI TSDKEJIBIX JIEMEHTOB, SIBJISISICh TMOTJIONIAIOIIMMUA B OTHO-
CUTEJIbHO HHU3KOTeMIlepaTypHOU 30He (hoTocephbl, CTAHOBATCS ykKe W3TYyYAOIUMH U3 00JacTu
KOPOHBI, IPHYEM JINHUU U3JTyYeHUsI COOTBETCTBYIOT HAIMYMIO & 15-TH 3aps/AHBIX KaTHOHOB Keje3a
u HukKesns. [Ipu aTom sHeprus noHu3auu Haxonutcst Ha ypoBHe 500 9B, 4To COOTBETCTBYET TemIIe-
parype aaxe Bbliie 1 MITH. rpaf.

Pe3kuii poct Temneparypbl MPOUCXOJUT B Y3KOW 30HE MEXKIY Xpomochepoll U KOPOHON Ha
yaasenuu okosio 2000 kM ot rpanutsl Conmaia (gpotocdepst). M3 3Toii 30HbI TEIIOBON pagualiioH-
HBII TIOTOK HAIpaBJieH KaK BHYTPb, TaK U HapyKXy. OH MpUMEpPHO B MIJUIMOH pa3 MEHbIIEe OOIIero
COJIHEYHOTO TTOTOKA, YTO OOBSICHSIETCS Pa3pesKeHHOCTH aTMOC(ephl B 3TOW 00JIacTH.

Opnnako yHoc BemiecTBa oT ConHIIA BCce ke MMeeTCsl, HO B HE3HAYMTEIbHOM KOJIMUYECTBE U
cocrasiser Bcero 0.01% ot macesl Comnnua 3a 10 muipa. jiet. YpoBeHb oTeph Y 3B€3[] JPyruX TUIIOB
MOXET TPEBBIIIATH COMHEYHbI B MUJUTHOH pas.
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Takoe ucTeyeHre UMeeT MPU3HAKK CBOGOOPA3HOTO BETpa, KOTOPHIN KJIacCU(pUIMPYETCs Kak
coiHeuHbIi. CKOpOCTh MOJIEKYJI cocTaBiisteT okosio 500 kM/cek, Temrieparypa Jo NoJTyMUUTMOHA rpa-
AycOoB IpU II0THOCTU nopsaka 10-23 r/cm3. DTOT 11a3MeHHbIN IOTOK TOPMO3UTCS U YAEPKUBAETCS
Maraurocgepor 3emiu.

CrabnabpHOCTh Macchl M aKTUBHOCTH COJTHIIA B OMpeieSIeHHON Mepe CBSI3aHbl, OJHAKO ITPU STOM
HE UCKJIIOYEHBI Te WM UHbIe BpEMEeHHbIe OTKJIOHEeHH 1. Ha mpoTshkeHnn npuMepHo 4 MITpA. JIET TeM-
riepaTypHble YCJIOBUsI Ha 3eMJie o0ecrieuyrBaIi COXPAHEHUE U PA3BUTHE OPraHMUYECKOW KU3HU, HE B
TMIOCJIE/THIO ouepeib Oarogaps TepMOCTATUPYIOIIUM CBOMCTBaM MoIITHOM rupocdepsl. [oxaepka-
HUE aHAJIOTMYHBIX YCJIOBUI HA CyIlle CTAHOBUTCSI KPUTUYHBIM B rocieanue ~450 MJH. JeT.

Mex 1y TeM yCTAaHOBJIEH psifl OJIeICHEHMI Ha 3emule MPOIOKUTEIbHOCTBIO Oonee 10 MITH. J1eT
¢ nepronu4HocThio 200300 MuH. jieT. CTosb BBICOKAsH UIMUTENIBHOCTh YKa3bIBAa€T HA CBS3b 3TUX
sIBNIeHUH ¢ porieccamu Ha ConHIle ¥ Ha UX TTyOMHHBIN XapakTep. CHUXKeHUE YPOBHS €ro aKTUBHO-
CTH, SIBJISIIOIIEECS] TPUUYMHON 3HAUUTENIBHOTO MOXONIOAAHMS, MOXKET OBITh CBS3aHO C YMEHbIIIEHUEM
MOIIIHOCTH SHEProBBI/IENICHUH B XO/Ie POTOH — IMPOTOHHBIX U APYTMX TEPMOSIAEPHBIX peakiuil. Anpa
00pa3yIoIIerocs refivsi He TOJIBKO SKPaHUPYIOT MPOTOHBI OT CTOJKHOBEHUH MesK/1y COOOI, HO 3HAYM-
TEJIbHO CHUKAIOT MX KMHETUYECKYIO SHEPrHI0. DTO OOBSCHSIETCS CrielpUIecKUM B3auMOJIEHCTBUEM
MIPOTOHOB C TeJIUEM, COIECPKAIIM JIBa HEUTPOHA. YBEJINUYEHNEe KOHIICHTPAIIUY TeJTNs CBEpX YKe UMe-
IOIECS] MOXKET 3aMETHO CHU3UTH TEIUIOBBI/IENICHNE B PEaKIIMOHHOW 30HE.

[Ipenmnonaraercsi, 4To MOCJe JOCTHXEHUSI OMpPEeEHHONM MOPOroBOM KOHIIEHTPAIIMA MOXKET
cpaboTaTh MeXaHW3M OTCTAMBAHUS, B pe3yJbTaTe 4ero 0osiee TSKebId TeJIUi B MoJIe TATOTeHUs yUaeT
K 1eHTpy siapa Connia. [Tpu 3TOM BO3pacTeT KOHIEHTpAIMs POTOHOB U YPOBEHb SHEProBbliesie-
HUs1. OIEHKY MTOKA3bIBAIOT, YTO OCAXKICHUE sIep TeNus SBISIETCS OYeHb MEJICHHBIM ITPOLIECCOM M3~
3a BBICOKOH BSI3KOCTH BOAOPOAHO-TEMEBOH Ta3Mbl. Hakomnenue renmst criocoOCTBYeT pa3BUTHIO
KOHBEKTHBHOTO PEKMMa M YCTAHOBJICHUIO €CTECTBEHHOTO OAPOMETPHUECKOTO pacipe/ie/ieHrst KOH-
HeHTpanuil o paauycy. [Ipu 3TOM NposiBisieTcss HEKOTOpoe cMellieHue (Jipeiid) 30HbI TepMOosiiep-
HBIX peaKIUii 0 HAIpaBJIeHHIO OT HEHTpA.

I'enepupyembie B Henpax CoJHIIA KBAaHTHI U3JIyYeHUs] HA TYTU K TIOBEPXHOCTH MpeTepIieBaeT
OrPOMHOE YHCJIO TIOTJIOIIEHUH, Nepen3yYeH i, MHOrooOpa3Hele TpaHc(opMalvy nepBoHAYAIb-
HOH YacTOTHl PEHTI€HOBCKOTO JMaria3oHa ¢ MpeBpalieHneM B O€30MacHBIH [Tl )KU3HU OMTUYECKUi
CIIEKTP CO CMEXHBIMU MH(PAKPACHBIM U YIbTPA(PHOIETOBBIM. DTOT MPOIECC 3aHUMAET BpeMsi B
HECKOJIbKO MUJIJTUOHOB JIET; CPeHSIsI CKOPOCTh MTPOXOKACHUSI HAXOOUTCS HA YPOBHE 2 cM/4ac.

B ycnoBusix Bakyyma cBeTy MOHaJOOMIIOCH ObI HA 3TO MEHee JBYX C TIOJIOBUHOM ceKyH[. Posb
CBETa WIpaloT HEUTPHUHO. Peructpupys u uzyyast UX CHEKTP MOXHO CYIUTh 00 OCOOEHHOCTSIX TPO-
rieccoB B r1yorHe ConHia. Y XoTst Mbl KyraeMcsi B ero Jiydax — pOBECHHKaX aBCTPAJIONUTEKA, TAKUE
MCCIIEIOBAaHUSI MOTYT OBITh MOJIE3HBIMH.

Bonee akTyanbHBIM sIBJISIETCS] U3yUSHUE ONMHHAIIATIIETHETO IUKJIa aKTUBHOCTH, COITPOBOX-
JAIOLLErocsl CMEHOM MOJISIPHOCTY MAarHUTHOTO NoJis yepes3 22 rojaa. Takas nepuoguvHOCTb CBSA3aHa C
0COOEHHOCTSIMU TI€pe/Iauu Teria B 30He, MpUJIeraolei K HapykHo# noepxHoctu ConHIa.

MOIIIHOCTh TEPMOSIIEPHOTO PEAKTOpa M PAANYC CBETUJIA OJHO3HAYHO OIPEAENISIIOT YPOBEHb
appextuBHOM TemnepaTypsl potocdepsl Mmenee 6000 K (5770 K). IIpu 3ToM BO3MOXKHA HEMOJIHAS
JVICCOITMAIIMST BOIOPO/IA U ¢j1abasi MIOHMU3AIU S TAKUX JIEMEHTOB, KaK HaTPUU, KM, MarHu#, KaJib-
i, amoMuHUN. [109TOMY B TOBEPXHOCTHBIX CJIOSIX CBSI3AHHBIE JIEKTPOHBI BCEX JIEMEHTOB, BKJTIO-
Yasi BOAOPOJ ¥ TesHid, 3(p(heKTUBHO MOTJIOMAIOT KBAHThI U3Ty4YEHHS, UTO U OMpeessieT OTHOCUTEIb-
HYIO HEIPO3pauyHOCTh Cpefibl B 3TOW 30He. TemreparypHbie ycloBUsl B OoJiee TTyOOKHUX OOIacTsIxX
o0ecneynBaloT MOJTHYI0 HOHU3AIMIO JIEMEHTOB, KPOME TSIKEJIbIX, M TEM CaMbIM BBICOKYIO ITPO3pay-
HOCTb.

3a Bpems cymiectBoBanusl ColHIA TsOKeble JIEeMEHThl CBETOBBIM JIaBJICHHEM ObLITA BBITEC-
HEHBI B IOBEPXHOCTHBIE CJIOU. B pe3ynbraTe 3T0ro nx BecoBast KOHIIEHTPAIHS B OTAEIbHBIX 001acTsX
MoxeT gocturath 10 1 6oJiee IPOLIEHTOB, YTO B COTHH Pa3 MPEBBIIIAET CPeJHUE 3HAYCHMSI.
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Korma myducTeiii MeXxaHM3M BBIBOJA TEIUIA HAPYKY He oOecreunBaeT TpeOyeMoro ypoBHs, 0J10-
KHPYEMBIi MOTOK TeIUla MPOU3BOAUT IOTIOIHUTENIBHBIN MOAOTPEB Cpebl. DTO MPUBOIUT, TTOMUMO
pOCTa pagualiOHHOTO MOTOKA, K BO3OYK/ICHUI0O MEXaHU3Ma KOHBEKILIMH. YCIIOBUEM €€ BOZHMKHO-
BEHMSI U TIO[IEPKAHUS SIBJISIETCS] CHU)KEHUE TUIOTHOCTH Cpefibl Ha KakIOM YpOBHE IO CPaBHEHMIO
C BBIIIEJIEKAIMM, JOCTHIaeMoe reperpeBoM. Ero pacuetHoe 3HaveHHe /AJIsi BOJOPOIHON Cpebl
cocrapisier 20 K Ha 1 KM. ¥ 3aBHCHT OT MOJIEKYJISIDHOTO BeCa M YCKOPEHUsI CHIIbI TATOTeHust. s
TSDKEJIBIX 9JIEMEHTOB 3Ta BEJIMUYMHA JOJKHA ObITh HA YPOBHE COTEH THICSY I'PaJyCoOB HA THICSUY
KUJIOMETPOB, UTO B peabHOCTH He Habmonaetcs. [IpoTsskeHHOCTh KOHBEKTUBHOM 30HBI COCTaBIISIET
JECATKH THICSY KWJIOMETPOB MPH 0011IeM Tiepenae temreparyp okosio 500 000 K.

CBeToBOE HaBjieHNe HAa YACTUYHO MOHU3MPOBAHHBIE ATOMBI TSIKEJIBIX JIEMEHTOB MTPAKTHUECKH
Ha JIBa MOPSIIKA MPEBHIIAET UX BEC M CO3JIAI0T ABWXKYIIUI HATIOP JIISl IMPKY/ISIIMOHHBIX KOHTYPOB.

[Ipu opreHTPOBOYHOI Macce TSKEJbIX JIEMEHTOB B KOHBEKTUBHOM 30He 1027 kr (0.05% ot
macchl ColHIa) 3T0 JaByieHue MoskeT rnpesbiiars 1012 [1a, yero BrosHe 10CTaTOMHO AJ1s1 IOAIEpkKa-
HUSI MHOTOSIPYCHOH IIMPKYJISILIMHM 110 paanycy. OTMETHM, UTO TEeIUIOCOAepkKaHue BOJOPOAA B IECITKH
a3 MPEBBIIIALT TO Ke Y TSKEJBIX JIEMEHTOB, T.€. BBISBIISIETCS pas/iesieHre (DyHKIIUI MeX 1y HUMH 10
nepegaye Teruia U rUAPOJMHAMUYECKOMY 00eCledeHNI0 KOHBEKTUBHBIX KOHTYPOB. CKOpPOCTD [IBU-
JKEHUsI CpeJIbl B KOHTYPax U3MEHSIETCsI OT CAHTUMETPOB B CEKYH/1y B ITyOMHE 30HBI 10 KWIOMETPOB B
CeKyH[y Ha rpanutie porochepsl ¢ TeHAeHrel yckopenus B (potocepe u xpomocdepe u oTpakaer
00paTHOIIPONOPIMOHAIBHYIO 3aBUCUMOCTD OT IIJIOTHOCTH.

LupKynSMOHHbIE U KOHBEKTUBHBIE TIOTOKH MPOUCXOIAT B CJIOKHOM MarHUTOTMIPOAUMHAMU-
YEeCKOW CUTyallMd. B IMpOKMX mpeaenax MEeHSIIOTCs CKOPOCTh, TUIOTHOCTh, CTENeHb MOHU3AIMU U
JMCCOLIMAIIN MOJIEKYJI, HAITpaBJIeHNEe IBMKEHUS CPEe/ibl, & TaKkKe TeCHO CBSI3aHHBIE C STMMU Iapa-
MeTpaMu KOH(UTYpaIysi © MHTEHCUBHOCTb MarHUTHBIX TIOJIEH.

[peamnonaraercst IMKJIMYHOCTh OOpAIEHUS TSKETIBIX JIEMEHTOB B KOHBEKTBHOM 30HE /10 TITy-
ounsl (60+70) TeiC. KM. PacueTHOe cymmapHOe Bpemsi MogbeMa U OCakJICHUs (MPUHUMAIOTCS PaB-
HBIMH) cocTaBiisteT okosio 10.2 ner, uro 6;u3ko K HaOmogaeMoMy UKy aktuBHocT ConHia (=11
neT). LIMKIMIHO U3MEeHSIeTCs YMCIo TsATeH. MaKcuMasibHOE YMCIIO TISITEH MOXKET IOCTUTaTh BYXCOT U
najgaeT B UKJIe 10 Hy 5. Habmonamuck 1uinTesbHble IEpHobl C TPAKTUYECKU MTOJTHBIM OTCYTCTBUEM
nateH. M3BecTeH MayHAepoBCKU MUHUMYM (¢ 1645 mo 1715 r), korga HacuuTteiBajaoch Beero S0
MATEH. DTO COMPOBOXKAATIOCH HEYpOXKasIMHU B TeueHne MHorux JjieT. Hanbomnee nocrpanam Ckanau-
HaBus, [Ipubantuka, Poccus, re oT rojoga ymepro 10 MOJIOBHHBI HACETIEHUS.

[TaTHa poxkgaTcs B MMPOTHBIX mosicax ot 10° o 50°; B mOJspHBIX 30HAaX U BOJIM3HM SKBATOpA
ux HeT. CHavasa nosiBsieTcsi cBoeo0pasHas mopa Ha MOBEepXHOCTH, KOTOpast PEBPAIAeTCsl B MATHO
YBEJIMYMBAIOIINXCS pa3MepOB, 3aTeM 00pa3yeTcsi XBOCTOBOE ISITHO U JPYTUeE MSITHA TPYIIIIHL.

[Tpu cpennent BenmuuuHe =15 ThIC. KM. IsATHA AocTUraioT pasMepoB 200 ThIC. KM., a rpymnmna
nsated — 7o 1500 muipa. km2 (anpens 1977 r.). Bpems cyiiecTBoBaHM NSITEH COCTABIISIET OT HECKOJIb-
KHX YacoB JI0 HECKOJIBKMX MecsleB. JlocTuras mpeebHbIX pa3MepoB M MAaKCUMAJILHOTO yIAJIeHU ST
APYT OT ApyTa, MSTHA U UX IPYNIH pacnaaotcs. Jlosblie Bcex COX paHseTcs ToloBHOe MATHO. OTMme-
YaeTcsl TeH/IeHLIMsI 00pa30BaHM sl OMITOJISIPHBIX TPYII MSTEH, T.€. Map OOJbIIUX MATEH C MPOTHBOIO-
JIO’KHOM TOJIIPHOCTBIO MArHUTHOTO TIOJISI B COMPOBOKICHUM MHOKECTBA MEHEe KPYITHBIX.

[TaTHA M3/Ty4aloT MOTOK B HECKOJIBKO pa3 MEHbIIIE, YeM OCTaJIbHasl TOBEPXHOCTb, OJJHAKO 3TO C
M30BITKOM KOMITEHCUPYETCSl He3HAUMTe IbHBIM ToBbIeHreM Temriepatypsl Comaiia (<50 K).

Oo6nacTp, HETIOCPEICTBEHHO MPUJIETaoIasl K MATHAM, XapaKTepu3yeTcst HaTmureM (hakesoB 1
00pa3yIOIIMXCS U3 HUX TPpaHyJl Oojee SIPKHX, YeM B IIEHTPAJIbHOW YaCTH COJTHEYHOH MMOBEPXHOCTH.

Bornee MOITHBIMYU MPOSIBJICHUSIMHU COJTHEYHON aKTUBHOCTH SIBJISIIOTCS IIPOTYOEPaHIIBI — CIOKOM-
Hble WK OypHbIe TIa3MeHHble 00pa30BaHus, YAepKUBaeMble B KOPOHE JI0 JIBYX MECSIIEB MarHuT-
HBIMH TpyOKamu nisiTeH. VX BbicoTa gocturaeT 30 ThiC. KM.

CambIMU B3pBIBHBIMH SHEPIUSMU COMPOBOXKAAIOTCS COJTHEYHBIE BCIBIIKUA. VX MOITHOCTb
nocturaetr 1023 BT, yto Bcero B 4000 pa3 MeHblIe MOJTHON CBETUMOCTH, & SHEPrUsl COCTABJISIET JI0
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ABYKPaTHOM OT NPUXOJsIIEN Ha 3eMJio B TeueHue roja. [1pu aTom ynenpHast (OTHECEHHas K €IMHULIE
MAacChl) MOIIHOCTb HEPTOBBIIEIEHNS] B COTHA MUJUTMAPIOB pa3 Bbilie, 4eM st CONHIIA B IIEJIOM.

BHenHue mposiBiIeHNs BCIIBIIIKK: [TyOOKasi MOHM3AIMS TSKENIBIX JIEMEHTOB, 00pa3oBaHue
JIEKTPOHOB M MPOTOHOB € 3Heprueil 10 1011 DB, KOPOTKOBOJHOBBIM CHEKTP U3JIyUYEHUS] XPOMO-
cepsl ¥ KOPOHBI MPEAToaraeT HaJluure BHICOKOHAIPSIKEHHBIX JIEKTPUUYECKUX TOJIEH.

ITO MOKET peaM30BaThCsl MPH CpadATHIBAHUM CKOPOCTHBIX MOTOKOB MPOBOJSIIEH Cpesibl —
TUIa3MBbI B MIONIEPEYHbIX MATHUTHBIX TMOJISIX, T.€. B COMTHEYHBIX MAarHUTOTUIPOTeHEPaTOpax.

OT™eTHM, YTO MPEUMYITIECTBEHHASI YaCTh PAOOTHI IO YCKOPEHHIO I1JT1a3Mbl IIPOU3BOUTCS CBE-
TOBBIM JaBJIEHHEM Ha TsDKeJIble JIEMEHTHI, KOTOPOE TOJIBKO B Mpeesax XpoMoc(hepbl MOKET MPOH3-
BECTH Pa3roH Cpefbl 10 JECATKOB KMJIOMETPOB B CEKYHIY.

[NoBblleHHas1, IO CPAaBHEHUIO C JOITOCPOYHBIM CPEJHUM YPOBHEM COJIHEUHAsl aKTUBHOCTD,
000pavMBaeTCs €e 3aKOHOMEPHBIM CIaI0M, KaK MpaBmiio, Oojee MpoioKUTeIbHBIM. BoccTanoBe-
HHUe cpabOoTaBIIero MOTeHIMaMa aKTMBHOCTH Ha ITyOMHE KOHBEKTHBHOW 30HBI OKOJIO 75 THIC. KM,
MPOU3BOIUTCS IPEMMYIIIECTBEHHO paIMallMOHHBIM TIOTOKOM ¢ OoJiee HU3KUX YpoBHEH. Bpems mpo-
XOXKIEHUSI TETJIOBBIM MOTOKOM cJiosi B 30 ThIC. KM, cocTaiisieT okosio 100 jieT v yBearumBaeTcs 1o
Mepe yriyOneHus. ITo sBIIseTCs MPUYUHON POSIBJICHUS IUKJIOB akTuBHOCTH CoMHIIA ¢ Ooree 1JTu-
TEJIbHBIMU TIEPUOIAMH.

[To HexoTOpbIM MpPOrHO3aM, ¢ 25-TO LUKJA COMHEYHON akTUBHOCTH (1ocie 2020 r.) Moxer
YCTAaHOBUTHCS TIEPHO]] €€ CHIKEHUs MOJO0OHbI MayHJIEPOBCKOMY MHHUMYMY C YHCJIOM ISTEH He
Boie 50 enqunull. Ypoenb Huke 100 ef1. sIBJs€TCS y’Ke OCHOBAHUEM ISl CEPbE3HBIX OMAcEeHUN 3a
KJIUMaT.

B niesiom kimmarudeckas cucteMa 3eMiId XapaKTepu3yeTcs MHOKECTBOM BEChMa YCTOMUYMBBIX
MKJI0B. HaknmaapiBasich qpyr Ha ipyra OHH JaloT BeChbMa CIIOKHYIO KapTuHy. i ynoOcTBa aHanm3a
(akTOpBI BIMSHYS HA KJIMMAT MOTYT OBITh CTPYIITUPOBAHHEI.

[{UKJIMIHOCTH COTHEUHON aKTUBHOCTH OOCY:KIaJIach BBIIIIE, U OBLTH BBISIBJICHBI LIUKJIBI TTPOJOIT-
AKUTEIBHOCTBIO OT 11 JIeT 40 COTEH MUJUTMOHOB JIET.

KonyecTBo comHeuHOM SHepruu, Mpuxosiiei Ha 3eMJTio, 3aBUCUT OT paccTostHus 10 CosHIa.
OHO MaKkCMMaJbHO B NIepUreny (MakCUMalibHOE COMKEHNe) U ouTH Ha 7% Huske B adpenmu. 3me-
HEHUsI SHEPIUM TPy Mapajie IJIaHeT cocTaBsAeT 4% sl KpailHUX MOJI0KEHUN 3eMIIH.

YcnoBus Ha camoit 3emiie v B aTMOocepe BIMSIOT Ha KOJIMYECTBO Terlia, MOrJIoaeMoe, 3aBu-
csiiee OT ajbOe 0 MOBEPXHOCTH, U YACPKMBAEMOE, 3aBHCSIIEe OT KOHIICHTPAIIMY TAPHUKOBBIX Ta30B
(MeTaH, AUOKCHU]L YIJIEpO/ia, IAphl BOJIBI).

CTaOuabHOCTD TeMITepaTyphbl — 3aJI0T COXPAHEHUs JKM3HUA Ha 3eMJle, UTO MpU ONpe/eIeHHbIX
OOCTOSITEJILCTBAX MOXKET ObITh 00ECIIeYeHO COOTBETCTBYIOIIMM YPOBHEM SHEPIEeTUKH.

[NonBoas utor aHanu3y BOMONMK BceneHHOM, cremyeT OTMETUTb 0cOOYI0 poilb 3Be31000pa-
30BaHMsI B 3TOM TIpoIIecce.

HcxonHbIMu «KUpIMYUKaMU» U1s1 (POPMHUPOBAHUST KOCMUUYECKUX OOBEKTOB SIBIISIIOTCS TIpe-
MMYIIECTBEHHO 3 3/IeMEHTAPHBIX YaCTHIIBI: IPOTOH, HEUTPOH U JEKTPoH. X abcomoTHast Toxie-
CTBEHHOCTb IPY UCKJTIOUYUTETHHOM MacIITabe THPaKMPOBaHUSI MOPakaeT, Kak 1 MHOrooopasue Tei
BcenenHoi, n3 HUX 0Opa30BaHHBIX.

KpearrBHbIM (haKTOpOM 3TOrO Ipolecca SIBISIeTCSl IpaBUTALUS, KOHIIEHTPUPYIOIAs OXJa-
KJEHHYI0 BOJOPOAHO-TA30BYI0 CMECh M Pa30rpeBalolias ee A0 TeMIepaTypsl, HHUIIMMPYIOIIEH Tep-
MOsIICpHBIE PEaKIUM CUHTE3A.

Macchl (hopMUpYIOITMXCS 3B€3]] MOTYT pa3IMuaThCs B COTHH pa3. 3BE3/Ibl, B HEIpax KOTOPHIX
MPOUCXOIAT TEPMOsIIEPHBIE TPOTOH — MPOTOHHBIE PEAKIIMM MPEBPAIEHHs BOIOPO/A B TeJIUii, OTHO-
CATCA K TaK Ha3bIBaeMOM «IJIaBHOH ITocienoBaTebHocT» (I'TI).

MunumasbHast Macca JUIsl MPOXOXKICHUST TEPMOSIIEPHOM peakiiuu cocTapiisieT okoo 10% ot
maccol Conaiia. [lo oTHOIIEHMIO K HalleMy CBETHIJIY 3TH 3Be3/bl u3nydaioT npuMmepHo B 1000 pas
MeHbITIe SHepPrur, a Bpems ux HaxoxaeHus Ha ['TI 6ombine, yem y Comnna (pumepro 100 mupa.
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net) B 100 pa3. Ecim macca 3Be3/1b1 peBbiiaetT Maccy Cosaiia B 10 pa3, ee CBEeTUMOCTb ITPEBbIIIAET
conHeuHylo yxe oosnee, yem B 1000 pa3 mpu cokpaitieHun Bpemenn HaxoxaeHus Ha ['TI go 100 muH
JIeT.

[Nocne BeIropaHusi BOOPO/A B 3BE3/1e HAUMHAETCS ITOCIIEI0BATEIbHOE BHITOPAHHE TeUs U CHH-
Te3UpyEeMBbIX OoJiee TSKENBIX EMEHTOB (YIIIepo, a30T, KMCIOPO/ U T.J.) OCTATOK 3BE3[bl MpeBpa-
1maetcsi B OJIbIi KapiMK, HeUTPOHHYIO 3B€3/1y WM YEPHYIO JbIPY.

CorHile — cTabuibHast 3B€3/1a, YTO HE B MOCNIETHIO OYepeab OObCHSIETCS YMEPEHHBIM YPOB-
HEM MHTEHCUBHOCTH TETUIOBHIEICHNSI, OTHECEHHOW K efnHuIle Macchl. OH HIKe, YeM Y 4elloBeKa,
npumepHo B 10000 pa3 u MeHbllle, 4eM y JPOKKEeBON KJIETKH, B MUJUIMOH pas.
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2. 3eMJIsI — KOCMHUYECKasa KOJbIOeJb KU3HHA.

2.1. DBoJronNs KN3HN HA 3eMJIe.
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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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