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CTpyHHBIE KOJbIA TAJAKTHK, 3BE31 U
YépHbIe AbIPbI

['unoTre3a 0 MPUCYTCTBUS BOKPYT JIHOOOM
OapHOHHON MaTepUM OTPHULIATEILHON OOBICHUIIO
MHO>KECTBO IPOOJIEM, BOT HEKOTOphIe [1]:

1. OOBsICHEH NPUHIUIT JBUXKCHUS TEI B KOCMOCE
BOKPYT LIEHTPAIBHBIX T€N ( MJIAHET U T.[.).

2. OTpuniarenbHas MaTepys B BUAEC CTPYHHOI'O KOJIbIia
oOBsICHUIIA TEMHYIO MaTepUIo, €€ POpMy U HEKOTOPHIE
CBOMCTBA, HO TIOKA MBI HE 3HAEM €€ IIPUPOLY.
[Ipenrosiaraem, 4T0 OHa COCTOMUT U3 YACTULL, KOTOPbIE
IIOYTH HE B3aUMOJICMCTBYIOT C BELIECTBOM.

3. IIpuauBbI U OTIUBBI, IBM)KCHUE TEKTOHHUYECKHX IUIUT
3eMiid T. 1.

4. Ilepexon TMIa3MEHHOrO TOP — IIapa B Ta30BYK TOP
— JUIMNTHYECKYI0 BceneHnHoi, e€ hopmy.

5. Top — mapoBoe yctporictBo CoJIHIIa W HalIeH

["amakTUKH.

TéMHyIO dHEpruro BceneHHOMN.

Mecro 'anaktuku BO BCeneHHOMN.

YcnoBue CyleCTBOBAaHUSA YEPHBIX JIBIP.

© © N

KoHeunocts BeeneHHow .
10.Tatiubl JIyHBI ¥ HEKOTOPBIX IIJIAHET.
COucok MOXKHO TMPOJOIKUATH 10 94.

Nnes o cTpyHHOM OPUPOJE OTPHUILIATEIBHOW MATEpUH, ITPU
TaKOM KOJMYECTBE OOBSCHEHHBIX SIBICHUU M3 THIIOTE3bI



IpeBpamiacTCia B TCOPHUI0 CTPYHHBLIX KOJICIL

orpunaregbHor Matepun (TCKOM). [log HEE HYX)HO

IIOJIBECTH MATEMATUYECKYI0 OCHOBY C YUETOM CTPYHHOIO
XapakTepa OTPULATEIBHOW MATEPUU CO BCEMHU €€
CBOMCTBAMHU, OMNPEJCINTh U3 KAKUX YacTUll OHA cocTouT. K
COKaJICHUIO, s HE 00JlaJlal0 TaKUMM TaJaHTaMHu.
Hanpasnenue uccienoBanus 3a1a€T CTPYHHBIM XapakTep
OTPHUIIATEJILHOM MaTE€pUX U HCKPUBIIEHHOE €€
IIPOCTPAHCTBO.

CraTbsi BbI3BaHA MOBCEMECTHBIM «OTKPBITHEMY YEPHBIX
nplp. IX HaXo4sT B pa3HBIX Yrojikax BceneHHOU, B sapax
rajakTUK, B IEHTpax 3BE31 M Tak jainee. OT MaJeHbKUX
no ruranrckux pasmepoB. Teopus TCKOM onpenensier
yclioBUs HX mnosiBiieHusd. OO0 3TOM B IaHHOW CTaThe.

B paborte [1] paccMaTpuBanach Tema YEPHBIX JIBIP.
YcII0BUEM HAXOXKJICHUS B CTPYKTYPE BCEIIEHHBIX
OTPULIATEILHON MATEPUH SIBISIIIOCH TapAHTUEN OTCYTCTBUS
UX B HEHU, MPOLECCOB IPHU KOTOPBIX CHIIBI NMPUTSKEHHUS B
ONPENEIEHHBIX TOYKaX MPOCTPAHCTBA MMEIHU
HEOTPAHWYCHHYIO BelMunHy. CTpyHHBIE KOJIbIIA
OTPULIATEJIBHON MaTepUu HE TOJbKO OOBOJIAKHBAIOT JH000€
OapuMOHHOE BENIECTBO, HO U MPUCYTCTBYIOT B COCTaBE €€
CTPYKTYPHBIX 3JIEMEHTOB, TJIE€ OHM 3aHUMAIOT OOJIBIIYIO €€
yacTb. O0 3TOM B Jpyroil kuure. CBOMM MPUCYTCTBUEM B
COCTaBE MATEPUU OHU IEPEUYEPKUBAIOT BO3MOKHOCTH
HAaXOXIEHUS B HUX COBPEMEHHOE BpeMs BO BcelieHHOi.
Teopust CTPYHHBIX KOJIEL] OTPULIATEIILHOW MaTEpPUU
(TCKOM) He ompoBepraeT BO3MOKHOCTb HMX



CYIIECTBOBAHUE B MPUHIIMIIE, HO TOJBKO BO BPEMSI CBOETO
OTCYTCTBUS. VICUE3HOBEHHE MAaTEpUU MPOUZOUAET OYECHB
HE CKOPO, a B KOHIIE CyIIeCTBOBaHUSI BcenenHoun. Tobko ¢
e¢ (oTpHuIIaTEIbHON MaTepuu) paclajoM MOJIOKHUTEIbHAS
MaTepusi CTaHET 00pPa30BBIBATH UEPHBIC ABIPHI. DTOT
IpoIecC HaYMHAETCS ¢ 00pa3oBaHUsI MaJCHbKHX,
TUTAHTCKUE K€ B HA4ajJ€ W B CEPEIMHE CYIIECCTBOBAHUS
Bcenennoit — miion panTasuii, ipOTUBOpPEYHE JIOTHUKU
pa3ButTus. (Celyac MX HaXOIAT B TallaKTHKaX, B 3BE3]1aX,
Ha COJHIE U TaK Jajee ...

Best kapTuHa ycerpoiictBa MUpPoO31aHUS MPOUCXOAMT OT
npeacrasjieHuss bojabmoro BipsiBa mjiazMeHHo

OCKOJIOYHBIM COOBITHEM, B KOTOPOM OCKOJKH — 3TO

BCeJICHHbIC, KOTOpPbIe OBIBAIOT ABYX BH/O0B: TOP — LIap,
unce, Cynep boasmoit B3psis (CbB). Caumok 1.

Cuumok 1



Pucynok 1

[Ipouecc sBosrOLIMM TOP - LIAPOBOM BceleHHOM B TOp —
AJUTMIICOMJHYIO BCEJIECHHYIO0, Ha pucyHke 1. B MoMmeHT,
KOTZla B CEPEIMHE BCEIICHHOW HAaXOIWJICA OTHEHHBIN TOP -
map, IPoOUCXOUT 00pa3oBaHNE CHUPAIbHBIX TaJTaKTHK.
B3pbiBHAsE aHHUTHIISALMS BHIOpAchIBAeT IUIA3My M ra3 u3
A7pa B UCKPUBJIICHUE CTPYHHBIX KOJIEL] .

[IpoucxoauT 3amoJIHEHNE BHYTPEHHUX CTPYHHBIX KOJEI
Bcenennoli ramaktukamu. Kak w3 mina3mel 00pa3yroTcsi TOp
- IapOBBIC M JJUTMIITHYSCKHE cryctku [1].

SAnpo crmpanbHOM TaAKTUKY — 3TO IUIA3MEHHBIA TOP — LIap,
KOTOPBIW B IPOIIECCE DBOJIIOLIMM, BBHIOPACHIBAET B 00€
CTOPOHBI OT ce0s, B pyKaBma, IjiazMy u ras. M3 mia3mel
00pa3yloTCsi TOp — IIAPOBBIE M IIAPOBBIE 3BE3[IBI.
Bcenennas mocie MOJHOM aHHUTWIIAIMHA HAIOJHSAETCS TOP
— [IAPOBBIMH, JJUIMNTAYECKUMU TaJakTUKamMu. Bomopon,
KOHJICHCUPYSICh Ha HEOJHOPOJHOCTSX, 0Opa30BHIBACT



ra3oBbIe 3BE3/bI PA3HBIX TUIOB. CBEPXHOBBIE, B3PHIBASCH,
00pa3yloT TOp — MIApOBbI€ 3BE3/bI, TIaHEThl W T.1. CoHIle
- TOp —IIAp - PE3YyJbTAaT B3pPbIBA CBEPXHOBOW,
BEILIECTBEHHBI COCTaB KOTOPOrO0 MOJOOE€H  CBEPXHOBOM.
N3 mna3mbl IEHTpa TajlaKTUKH MOTJH 00pa3oBaTbCs
3BE3/IbI OOJBIIMX pa3MepoB. B HadaiabHBIN IIepHOM KHU3HU
BceneHHONM MHOTHE TajlakTUKU B CBOMX SAPax HMEIHU
anTuMareputo. OHa MOrja MOJHOCThIO WM YaCTHUYHO
AHHUTWIUPOBATh B SJpE, UM OBITh BBHIOPOIIIEHHOW B
pyKaBa WM OCTaBaThCs B sape, 00pa30oBaBIICHCS
CIIMPAJILHON TaJlaKTUKE. B HacTosIem, OHU HaXoAsATCAd BO
Bcenennoil B BUIEe KOMET WU OTHEHHBIX OOJIMIIOB.
TyHryCCKHM METEOPHUT, CKOPEM BCETO, M3 MX TPyNmbl. 3a
BpeMsl CYIIECTBOBaHMS 3€MJIM, OCOOCHHO B Hadalse, uX
obu10 MHOTO. Hama T'anaktuka (MiledHbIN ITyTh) - 3TO TOP
— 1map, KOTOpbId JopadaThiBa€T CBOW SAJIEPHBIA 3amac, Mocie
nporiecca aHHUTWIANMU. J[oJro ObUIO HEMOHSTHO
yCTpoucTBO sapa Hamen [amaktuku. 10 anpens 2019 roma
teneckon Event Horizon (EHT) oOHapyxuin B 1eHTpe
ranaktukn Meccwe 87, Ha pacctostHun S0 MAJUTMOHOB
CBETOBBIX JIET, TEMHOE IIATHO. ACTPOHOMBI YBUJICIIH
oTBepcTHE TOpa. Takoe orBepcTHe MBI BUAWM Ha COJHIE
(youtube.com), Takoe ke oTBepcTHe Bo BceleHHOM, udepes
KOTOpBhIC MBI BHAMM 4epHOTY Mera — Beenennoii (MsITHO
Opuaana — mycrora Bosonaca). YBuaere oTrBepcTue B TOpE
MOJKHO, TOJIBKO €CJIA HAXOJUTCS Ha JIMHUU WU PSIIOM C
OCBKO CTPYHHOTO KOJibLIa BceleHHOU, rallakTUKY, COJHLA.

ACTPOHOMBI CAeJAJIM He OTKPbITHE MACCUBHOM YEpPHOH
ABIPbI, 2 MOATBEPIAUIN TOP — HIAPOBOE YCTPOUCTBO



sapa rajaktukd. OHU yBHUJEJIM OTBEPCTHE TOPAa,
KOTOpOe HaxoauTcsa B cepeauHe Mueunoro Ilyru.
Jlornueckas uenoyka 3aMKHyJlach. TOp — mIapoBOe
yCTPOUCTBO BceneHHo, crimpanbHbiX rajaktuk u CoJsHia,
MIOCJIC B3pbIBA CBEPXHOBOM - 3TO TOP — IMIAPOBOE,
JTMHAMUYHOE TpeoOpa3zoBaHue Marepud MHpO3JaHuUs.
[TapannenbHO €My OPOUCXOAUT 0Opa3zoBaHUE 3BE3/I, IJIAHET
U T.JI. METOJIOM KOHJICHCAIlMM MaTepuu Ha
HEOJTHOPOJHOCTAX. IDTO MPOUCXOAUT B HUCKPHUBJICHUSIX
MPOCTPAHCTBA CTPYHHBIX KOJEl BCEIeHHOM, TaIaKTHUK,
3BE3/, JIAHET.

Teopust CTPYHHBIX KOJIEL] OTPULATEIILHOM MaTepuu
(TCKOM) noJHOCTBI0 OIPOBEpPracT CyIIeCTBOBaHUE
YEPHBIX JBIPp BO BpeMsi €€ CyIeCTBOBaHUA, TEM OoJiee
maccuBHbIX. OHa He mporuBopeunt OTO A. DuHIITENHA,a
CIABUTAeTCAd Ha Oosiee MO3/HEE BpEMs.

OTrpuuarejibHasi MaTepusi CBOMM CYLIECTBOBAHUEM
OTBEpPraer B COBPEMEHHOE BpeMs YEpHbIE IbIPHI.

A. Ha pucynke 2 nudppamu 1u 2 —3T0 BHENIHUE U
BHYTPEHHUE CTPYHHBIE KOJIblIa BCeleHHOU, rajlakTUuKH,
3BE3/bl. 3 — AJUIMIITUYECKUE TaTaKTHKH, 4 — cnupajibHbIe , 5
— FaJIAKTUKHA W3 aHTUMarepun U T.4. OTBEPCTHS TOPOB
no HampaBieHUssM S U Z y BCeX TPEX OOBEKTOB IMOXO0XH,
HO OTJMYAKOTCSA TOJBKO Pa3MEpPaMH.

b. PaccmoTpuM Tenepr CMpaibHYH TaJaKTHUKY, TAE
[0 WCKPUBJICHUIO MPOCTPAHCTBA €€ CTPYHHBIX KOJEI
nepeMenarTcs KOMeThI (00U IbI) aHTUMATepuu — O,
CKOIUICHUE BOJIOPOJiIa B HEOJHOPOJHOCTSIX - /, B3PBIBBI
CBEPXHOBBIX - 8 U T.1.



C. TpetbuMHu, B JHUHUHM TOP — IIAPOBBIX OOBEKTOB,
OynyT 3BE3abI M0A00HBIE COJHILY, IA€ B HUCKPUBJICHUSX
CTPYHHBIX KOJICIl HaxXOAATCA IUIaHeThl. Kak MosBIsSIOTCA
TOP — IIAPOBBIE 3BE3MBI 7

CouiHile - 3TO MJIa3MeHHBIH TOpP — LIAP, Pe3yJbTaT
B3pbIBA CBEPXHOBOIA.

B coBpemennoii ¢uzuke CoJiHIle - 3TO MIa3MEHHBIN MIap.
DTa MOIEIbh HE MOXKET OOBSICHUTH TAaKHUE SBJICHUI Ha
3BE3JIE!

1.Ilpuunny nogHsATUS OpOUTHI MepKypus.

2. AHOMQJIBHO BBICOKYIKO TEMIIEPATYPy COJIHEYHOM KOPOHBI.
3. Majoe KOIM4eCTBO COJHEYHOTO HEUTPUHO U JIPYTHE.
Top — mapoBo€ yCTPOWCTBO HAIIEW 3BE3MbI JIETKO HMX
pewaer. Jlaxxe camo €€ NOSABJICHUE - ITO JIOTUYHOE U
MIOCJIEJOBATEIBLHOE COOBITHE.

PucyHok 1 Hy)XHO paccmaTpuBaTh B OOpaTHOM MOPSJIKE,
OT I, B, 0, a, TI¢ B KOHIIC IUIA3MEHHBIM TOp — map. CoJHie
B HO3ULMUU I CYLIECTBYET B BHUIE MAJIEHBKOI'O
3aTPABOYHOIO TOP — IIapa, KOTOPBIA PAaCTET AO a 3a CUET
rasza, HaXOJSIIIErocs B WCKPUBJICHUSAX CTPYHHBIX KOJIEIl.
["a3, bUIb OKPYKAKOT TOP — 1LIAP MOCJE B3PhIBA CBEPXHOBOM.
Bcenennas, crimpanbHbIE TAIAKTUKHU, TOP — MIAPOBBIE 3BE3/IBI
00pa30BAINCh B PE3YJIbTATE CKOPOCTHBIX JIEHCTBUUI
MJIa3MEHHBIX MOTOKOB, KOT/Ia CEPEAMHA UMEET OOJIBIIYIO
CKOpPOCTb, UeM €€ Kpasi, Tak oopazyercst Top — map. YUto
BCErJa BBINOJHAECTCI CTPOTO IIPU CKOPOCTHOM paCIaje
IUIA3MEHHOTO Telia. TEMHAass Marepus B BUIE CTPYHHBIX
KOJIEL[ OTPULIATEIIBHO MAaTEPUUA B KOPHE MEHSIET
MOCJIE0BATEIILHOCTh OOpPAa30BaHUsSI BCEJIEHHBIX, T'aJaKTHK,



3B€31. VICKpUBIEHHOE €0 MPOCTPAHCTBO CIIYXKUIIO
100aBOYHBIM (PAKTOPOM, KOTOPOE 3alyThIBAJIO BCHO
KapTUHY. DTOMY CHOCOOCTBOBAaJO €€ CBOMCTBO BCE
OTTAJIKUBAaTh M TOATOMY OBITH HEeBUAUMOHN. Ha koHIax
HanpaBiieHus Su Z Bo BceneHHoN HaxoAsATCs IISITHO
Jpuaada u nycrora Bosiomaca, dyepe3 KOTOpPBIE MbI
BuauM Oe3nHy Mera — BeesienHoi. B cripaiibHBIX
raJJaKTUKaX, IIPU HAXO0XJICHUHW HA OCU BHEIIHUX CTPYHHBIX
KOJICIl, Ml BHUJUM B HalpaBieHUSIX S U Z TEMHOE
oTBepcTUe. E€ NpUHAIM 32 YEPHYIO ABIPY B LIEHTPE
TaJJaKTUKHU, «HAIUIA» JaX€ TUTAHTCKUE, KOTOPHIC PAHBIIE
B yIop He BuCIU. BXoxJeHue 3BE37 B OTBEPCTHE S
MPUHAMAIIA 3a TAJCHUE B YEPHYIO IBIPY, a
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BBIXOJ MX W3 Z CTaBUJIO B CTYIIOP, HE MOTJIU TOHSTb,
nmouemMy 3BE3Abl €€ mokumaror. Jloruka bosbiioro Bispeia
OT BCEJICHHBIX, TAJIAKTUK JI0 3BE3M, TUIOTE3Y
HAXOXKIECHUS YEPHOU IbIPbI B IECHTPE TAIAKTUKH, CTaBUT
I0JT COMHEHHUE.

ACTPOHOMBI _OTKPBLIH TOP — IIAPOB0OE YCTPOMCTBO siIpa

CIIUPAJTBHOH TAJAKTHKH, 4 HE YEPHVIO JLIPY B HEM.

BricTpomiace Jormueckas LENOYKa PACCYKIEHUU O TOP —
IapOBOM IPOLLIOM BCEIeHHON, TOP — MIAPOBOM YCTPOMCTBE
CIIUPAJIbHOM TAIAKTUKU, TOP — LIAPOBOM SJIPE HALIEU

3Be3/1bl. [ J1aBHOE, BCE 3TO MOATBEPKIAACTCI U NAPYTUMHU
SABJICHUSIMHU.

Takoe npencrasinenne bB pemaer MHorue mpoOJieMbl
Bceenennoil. /laHHas CcTaThs CIOYyKUT OIPOBEPKEHUEM Ha
HaXOXKIECHUE B COBPEMEHHOE BpEMs B KOCMOCE YEPHBIX

IbIP.

JTO BBITEKAET U3 CBOWCTB OTPULATEIbLHON MATEPUM,
KOTOpasi CBOMMM BHYTPEHHMMHM M BHEIIHUMU
CTPYHHBIMM KOJbUAMH O00BOJIAKUBAET JII000€¢ OapHOHHOE
BCIICCTBO U He 1a€T eMy CTeKATbCH B TOYKY
CUHIYyJsipHOCTH. X mpuCcyTCTBHE IO3BOJIMT
o0pa3oBaTbCsl ILUIOTHOMY BeLIECTBY, HO HE MATEPUH
YEpPHON ABIPHL.

B crarbe He paccMarpuBaeTcsi o0pa3oBaHUE 3BE3] METOJIOM
KOHJICHCAIlMU Ta3a Ha HEOAHOPOAHOCTHU C MOCIEAYIOIINM
UX B3pPBIBOM, 00pa30BaHUE AJUIMNTHYECKUX 3BE3]] (OCKOIKU
OT 00pa3oBaHus TOP — IIAPOBBIX 3BE3]], KOT/Ia IJIa3Ma
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3aKpy4HuBacTCA B OJHY CTOpOH}’), O6paSOBaHI/IC IJIAHCT U T.

CrpyHsbie koabna CogHIa ¥ KIMMAT 3eMuin

Omnpenensierca Oyayliee Halled MIAHEThI, KOTOpas
IPOCYLIECTBYET, IPX TAKOW CKOPOCTHU PACIIUPECHUE
BHYTPEHHUX CTPYHHBIX KoJien, CoJHIa, HE A0JITO.
[Ipoucxoauts OBICTPBIM TOABOJ K 3emiyie MO TpyOKam
BHYTPEHHEW OTPULATEIBHON MATEPUU AHOMAJBbHO
BBICOKOTO Teruia u3 TiyouH CoiHla - rJaBHas OpUYMHA
M3MCHCHUS KJIMMAaTa Ha HAaIlleW IUIAHETE. 3E€MIITHE
U3MEHEHUE KJIIMMAaTa Ha IUIAHETE, B IEPBYKD OYepElb,
CBA3BIBAIOT CO CBOEU JEATEIBHOCTBIO, UTO €CTECTBEHHO. OHa
BCErJa Ha BUJY U BUJIEH €€ Pe3yJIbTaT: 3TO BHIPYOJICHHBIE
jeca, 3arpsi3HEHUE OKeaHOB, MOpei. BoiOpockl B atmocdepy
BPEIHBIX Ta30B, MOXapsl W T. A. Kak pe3ynpTar - 3TO
MOTEIUICHUE KIIMMATA, TAAHbE JIEAHUKOB, JIECHBIE IIOXKaphI,
pPOCT TUIOIIAJIC MYCThbIHb, OTPOMHBIM YpoH ¢ayHe U
(baope minaHeThl. YenoBEeK NMPU3HAET HETATUBHBIC
MOCJIEACTBUSL CBOCU AEATEIIBHOCTh U IPEANPUHUMAECT
HEOOXOJAMMBIE MEpbI, HO pe3ysibTaTa He BUJHO. Habupas
Matepuan g CTaTbH, i OOpaTWi CBOE BHUMAHUE HA HAIIy
3BE€311y, U B3IJIIHYJ HAa BCE C TOYKHU 3PEHUS CTPYHHBIX
KOJIEL[ OTPpULATEIIbHOKW Marepuu. [1oydnnoch O4deHb
UHTEpPECHO. Pa3po3HeHHbIE paHee (PaKThl C UX MOMOIIBIO
CIOXWJIMCh B JIOTUYECKU CTPOWHYIO KapTuHy. OTKpbUIACH
rnaBHas posb CoJiHIA, B Ipoleccax, MPOUCXOMSIIMX Ha
3emsie. HeratnBHOE BIMSIHHE YEIOBEKA HA MPUPOAY 3E€MIIU
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He orpunaercsa. OcrmapuBaTh 3TO ITIyNO. AHATU3UPYSA
MIPOLIECCHI, MPOUCXOIAIINE HA IUIAHETE, IPUXOIUIIb K
IpyruM BbIBOJIaM. Kak MOXXHO OOBSICHUTH TaKUE SIBJICHUS:
CMEIICHUE TOJIOCOB MArHUTHOIO TIOJISI ¥ AHOMAJIbHOE €ro
YMEHBIIICHUE, U3JIyYEHUE YACTHI], UCXOMSAIICE U3 TOJOCOB
IUIaHEThl. POCT 3eMieTpsiceHuH, M3BEPKECHUE BYJIKAHOB,
MOBBIICHUE TEMIEPATYPHl BOJBI B MOPSAX M OKEaHax,
IIOBCEMECTHOE TasiHbE CHEra W JICJHUKOB, OJI3EMHBIA TYJI
B HEKOTOPBIX OOJIACTSIX TUIAaHETHI, TPOBAJIBI B 30HAX BEUHOM
MEP3JIOThI, CTEKAHHUE BOJI OKEAHOB B 3€MHYIO KOpY,
OMyCKaHUE YPOBHSI TPYHTOBBIX BOJ H T. 1. HY’)KHO OBLIO
OOBSICHUTh. A B KOCMOCE — 3TO UCYE3HOBEHHE KOJIEIl
Carypna. Y Bcex 3THX siBJieHUH oO1as npuyuHa. [ToHATS,
KaK BCE ATU MPOIECChl MOTYT OBITh MPOU3BOJAHBIMU
OJHOI'0, MOHO, €CIM MNPEACTaBUTh MArHUTHBIE CHUJIOBBIE
JVHUUA CTPYHHBIMHU KOJIbLIA OTPULATEIBHON MaTepuu, B
VUCKPUBIIEHUU KOTOPBIX IMPOUCXOIUT IBUKECHUE
AIIEKTPUUYECKUX 3apsAioB. Tak 0Opa3yeTcss MarHUTHOE IOJIE.
HckpuBneHne npocTpaHCTBA OTPULIATEIIBHOW MaTepUu
CBOCOOpa3Hble TpyOuaTble MyTEHPOBOIbI, MO KOTOPHIM
MIPOUCXOJIUT IBHKECHHUE SHEpruum M marepuu. OCHOBHOM
BKJIAJl B U3MCHEHHUE KIIMMara Ha ruiaHere BHOCUT COJIHIE
U MIPOLECCHI, Tpoucxoasauue B HEM. Hauném ot 3Be3apl. Ha
pucynkax 8,9 (Huke B KHUTE) ITOKA3aHO KaK MPOUCXOIUT
MOJBEM BHEIIHETO CTPYHHOro KoJibla CoiHIa, 1o
KOTOpOMY JIBWXKETCS Mepkypuii. BHyTpeHHUuEe CTpyHHBIE
KOJIbIIa 3BE3]Ibl, pacnyxas, HAauYMHAIOT MPUOIUKATHCS K
3emsie. [lo HUM YacTUIBI C BBICOKOM DHEPTHEN U3
CEpEIMHBI 3BE3/bI, YEPE3 TOUYKY A, NOXOIST IO IJIAHETHI B
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OoJsibiieM KosindecTBe. JHeprus CojiHIIa 4Yepe3 TOYKH A
ub noasoautr k CeBepHoMy u HOkHOMY MOIIOCY.

Pucynok 3

Tenso uaymiee OT 3Be3/1bl, 0003HAYEHO UYEPHBIMU JIMHUSIMU.
Pucynok 3. Ero nmogBoa k 3emiie MPOUCXOAUT Yepe3 €ro
MOJIFOCA - ATO CaMble HE3AIIWIIEHHBIC TOYKHA HAa IUIAHETE.
O06 >TOM TOBOPUT OOHAPYKEHHOE HEIABHO
AHTapKTUYECKOU WMIYJIbCHOM IEPEXOJHOM aHTEHHOMN
HACA — ANITA wu3znydyeHue, UCXOs1Iee U3 HOKHOTO
noxroca 3emiun. JlyManu, 4TO HAa aHTEHHY IONAIU
OTpaXE€HHBIC OT 3€MJIM YacTULBI U3 KocMmoca. [lmazmMoHbl
CoJiHIIa, MUHYS TPU 3alIATHBIX c0si Ban Amnena depes
MOJIFOCA TUIAHETHI, PA30TPEBAIOT €ro AP0, MPOHUKAs B
HEro0 C ABYX CTOPOH. IIpr 3TOM FOXKHBIM ITOJIIOC
MUTPUPYET CO CKOpOCThIO mopsiaka 10km/roj, a ceBepHBI
MOJIIOC MEPEMEIIACTCA CO CKOPOCThIO 50 KM/ TOA B CTOPOHY
Cubupu. [louemy Tak mpoucxoaut?

[IpOHMKHOBEHHE TIIA3MOHOB PAa30rpPeEBAECT SAPO IIIAHETHI,
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yBEJIIMYUBasi 3TUM €ro oObEM. YCHJIMBAETCS CKOPOCTh
IepeMEIeHUsS METANIOB Marmbl, YTO HECET cOOOM
yCUJICHHE NBIDKCHHUE 3apsSKEHHBIX YacCTHIL, a OHO K
YCUJICHUIO MarHUTHOTO TOJS 3€MIIH, ITOBBIIICHUIO
TeMIIepaTyphl, K YBEIMYECHHIO O00BEMA €ro Heap. ITO
IPUBOAUT K YCHUJICHHIO BYJKAHHYECKOW JI€STEIIHbHOCTH,
neopmamusam 3eMHO# Kopbl, 3emierpsicenusM. 2018 rox
Ha HUX OBUI IHIEeAp.

CHumMmok 2

Pa3iioM 3eMHOUM KOpBI BIOJb 3alaJHOTO MOOEPEKb
JlatmHCcKOM AMepukH yBenmuuics. Uepes Hero B HeApa
3eMJId CTajla MPOHUKATh OKEAHWYECKas BOAA.
COnpuKOCHOBEHHE €€ C paCKaJEHHOM MarMoOW BBI3BAIIA
B3PBIBbl BOJASHOTO I1apa, KOTOPBIE T'YJIOM PA3HOCUIMUCH II0
Bcen 1uiaHere. CHUMOK 2.

Bona mon kopol B 3TOM palioHe 3eMind OXJIaxkIalia
Marmy, 3TO 3aMEJISIJI0 JBVMKEHHUE PACIUIABICHHBIX MaccC, U
KaK CJIEJICTBUE, DJIIEKTPUUECKUX 3aps0B. Y MEHBIIAIOCH
MarHuTHOE mojie OT JIaTMHCKOW AMEPHUKH OO FOXKHOM
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OKOHEUYHOCTH Adpuku. IIpoHUKHOBEHHUE OKEaHUYECKOU
BOJbI B paiioHe MapuaHCKOW BHAAWHBI ObUIO MPUYUHOU
YMEHBIIICHUS MArHUTHOT'O TIOJISI HAaJl CEBEPHBIM
nmoJiymapueM THXOoro oOkeaHa. YTEKaHHWE BOJIbI B 3€MHYIO
KOpY, TMOHWKEHUE YPOBHSI TPYHTOBBIX BOJ| OBLIO 3aMEUEHO
paHee. IIpOHMKHOBEHME OKEAHUYECKHUX BOJ[ UEPE3 Pa3iIoM
Ha 3amagHoM nooepexbe JlaTmHckoit AMepuKH ObLIO
CUJIbHEE, HexKenn B MapuaHckon Bnaguue. I[lostomy
FOXHBII MarHUTHBIA TOJIIOC B MEPEMEIICHUAX ObLI
meanenHelt CeBepHoro Ha 40xM/ roa. biyxnaHue
CeBepHOro moJIroca MO 3TOW MPUYMHE YCHWIIMIOCH, TOTOMY
YTO 3€MHOE SJIpO C CEBEPHON CTOPOHBI OBLIO HArperTo
cuiibHee. HepaBHOMEpPHO Harperas Marma sijapa IJIaHETHI -
npuyuHa ObICTporo Mmeranusi CeBEepHOTO MOJIOCA,
JIBKEHUE €ro B CcTopoHy CuOMpHM UM MENJIEHHOE
nepemenienue HOxuoro momtoca. COJIHEYHBIE YaCTULIBI
yepe3 MOII0Ca pa3orpesv AApO 3eMIIM. DJICKTPUYECKAM
TOK II0 MArHUTHBIM CHJIOBBIM JIMHUSIM, [0 UCKPUBIICHUIO
OPOCTPAHCTBA OTPHUILIATENBLHONW MaTepuu (00 3TOM B APYrou
KHUTE), CTaJu IEPEeMENIaThCsl OT OJHOTO MOJIFOCA K
IPYrOMY C pa3HOW CKOPOCThIO. IIpOHUKHOBEHUE
IJIa3MOHOB 4Y€pEe3 MOJI0Ca BBI3BAIO O0IIEE MOTEIIEHUE
KJINMAaTa. DJIEKTPUYECKAN TOK W TEIUIO siApa IUIAHETHI 10
KaHajaM OTpHUILIATEILHOW MaTepuu (MAarHUTHBIC CHUJIOBBIE
JMHUM) TIPOHUKAJIO BO BHEIIHIOK 000J0YKY M B aTMOchepy
3emuin. Bosa B MOpSIX 1 OK€aHax CTalia TEIUIEE, 3TO BbI3BAJIO
TassHb€ CEBEPHBIX U HOXKHBIX CHEXKHBIX W JIEJOBBIX Macc,
TasiHbE JICIHUKOB B ropax, yCWJIEHUE LITOPMOB U YParaHos,
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OTCTYIUICHUE BE€YHOM MEpP3JIOTHI U 00pa30BaHHUE MPOBAJIOB

B nmouBe. CHHMOK 3.

Caumok 3

[I0 WCKPUBIIEHUIO MPOCTPAHCTBA CTPYHHBIX KOJIEI]
OTPULIATEIIBHON MAaTepuu  (JIEKTPOMATHUTHBIC JIUHUM)
POTEKAET JINEKTPUUYECKAM TOK, YACTHIIbI, ITOJBIMACTCS
SHEprus OT saapa 3emin. PucyHok 4.

Pucynok 4
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[ToaTOMy B BEpXHEM YaCTH MOYBBI, €CIIA €€ KOpPKa
MpOYHAs, IPOUCXOJNUT CKAIUIMBAHUE Ta30B a, KOTOPHIE,
BBIPBIBASICh, 00Pa3ylOT B 3€MJI€ aKKypaTHble OTBEepCTHUs O.
Ero nuamerp paBeH pa3Mmepy HMCKPHUBIICHHUS IPOCTPAHCTRBA,
CO3/1aBa€MO€ CTPYHOU (KpacHas CIUIOIIHAS JIMHHUS).
PucyHoxk 4 B -3T0 ciyyaid cj1aboil MOYBHI, KOTJa Ta3bl
npocTo BbIXOAAT. CuibHbIE TOkKaphl jera 2019 roga B
KpacHosipckoM Kpae CBsi3aHbl C NEPEMEIICHUEM CEBEPHOTO
nomtoca Kk Cubupu. [IpyunHa mokapoB B ABCTpajiuu
MOYKHO TaK»X€ CBSI3aTh C M3JIYYECHHUEM, UIYIIUM M3 TIyOUH
3eMJIM TI0 MArHUTHO - CWJIOBBIM JIMHUSAM (CTPYHBI
OTpULATEIbHON MaTtepuu). OroHp MPOLIEN, MOYTH
OJIHOBPEMEHHO, Ha OOJBIION ILIOIIAAU. DTa CTPAHHOCTH B
[I0JIb3Y HACTOsALIEeNd Bepcuu. M3nydeHue, uayuiee u3
3emMiI, MOET ObITh MPUYMHOM BCHBIIMICK 3a00J€BaHUMN
(mrrunii rpunn, BUY, D6omma, koponaBupyc). ColIHEUHOE
U3JIyYCHUE YCUJIMBAET MYTAIlMI0 MHKPOOPraHu3MoB. B
OyaylieM BO3MOXHBI M Jipyrue 3abosieBaHusi. Bo Bcex
npoueccax Ha 3emie U B KOCMOCE, 1€ IIOCTENEHHOE
MCUE3ar0T JIeAsHbIe KoJbla CaTypHa, KOTOPBIM HAaXOIWUTCS
HaMHOTO pganbie 3emin, BAHOBHO ComHie. [IpuumHa 3THX
SABJICHUN JIOTUYHO OOBSACHSETCS BHYTPECHHUMH
COJIHEYHBIMU KOJIbIIAMU. be3 HHUX CBA3b MEXIY HUMH
YCTAHOBUTH  OBLJIO OBl TPYIHO.

['maBHOE, COOBITHUSI ATU MPOUCXOJAT CTPEMHUTEIBHO, YTO
O4YeHb CcTpaHHO. IIpuyuMHA BcexX ITUX ABJCHUN -
U3JIyYeHHH uayuiee U3 3eMJId M0 UCKPHUBJIEHUIO
NMPOCTPAHCTBA OTPHUIATEJNbLHONM Marepuu ( MATHUTHO-
CHJIOBbIE JIMHMM ), BLI3BBAHHOE€ AKTHBHOCTHIO CoJIHHA.
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Ecau Obl mpuyuHONM moTernsieHue Oblja 4esloBeuecKas
JEeSATENbHOCTh, TO TpaHCcPopmalusl KiInmaTa Ha IJIAHETe
npoucxouia Obl nmocreneHHo. Kak MoXHO OOpOThCs ¢
Hel? Kak MOXXHO yMEHBIIWTh HPUTOK COJIHEUHOM SHEPryuu
K moJitocaM IuTaHeThl? Kak HY)KHO WX 3alUTUTh?

1. Pa3BépThIBaHME 3aIIUTHBIX JKPAHOB B KOCMOCE
HaIMpOTHUB ITOJIIOCOB.

2.CBepJicHHE CKBAXXWH B pallOHax BYJIKAHOB WIIM Ha
CTBIKaX JIMTOC(EPHBIX IUIAT JJIsl 3allyCKa OKEAHWYECKOU
BOJbI B MaHTHIO 3eMin. Kopa B 3THX MecCTax TOHBIIIE.

3. B3pblB B MakCUMalbHO TJYOOKOW CKBa)XXMHE SJIEPHOTO
3apsga B CeBepHOM — JIeTOBUTOM OKeaHe, B palloHE
CeBepHOro TMOJIKOCA, UTO TAKKE HACT BO3MOMXKHOCTH
IIPOHUKHOBEHUS XOJIOJHBIX APKTUYECKUX BOJ B MAHTHIO
3emun . HyxHO octymuthk mnasmy mnoj CeBEpHBIM
noJsitocoMm. IlepBrie nBa MeToAa TpeOYIOT OTPOMHBIX JEHET.
CpenHss Temiieparypa OKEaHOB KaTacTpodHUUecKd OBICTPO
pacTér, YTO TPO3UT TUOEIBI0 €ro KUBOTHOrO Mupa. Uto
ATO 3HAYMUT JJISl YEIIOBEYECTBA, BCE MOHUMAIOT. B3pbIB
MOYKET CIPOBOLHUPOBATh CEUCMUYECKYK) AKTUBHOCTB, HO
Bpell OT TMOenu oKeaHa BO MHOTrO pa3 ooxiwiie. [lpupona
CO BPEMEHEM C 3THUM CIIPAaBUTCA, HO yke 0e3 Hac.

CTpyHHbBIE KOJIbIA IJIAHETHI

B nepBoii kaure [1] oOpa3oBaHMe IIaHET PaCCMaTPUBAIOChH
B aHAJIOTUH B 00pa30BaHMs SIUIMITUYCCKUX BCEJICHHBIX,
TOJIBKO TIPU B3pbIBE CBEpXHOBBLIX. Ilomagas B
HUCKPUBIICHHE MPOCTPAHCTBO BHEIIHUX KOJCI[ TOp -
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IIIapOBOM 3BE3/bl IIbLIb, a3 U T.J1. POPMUPYIOT B HHUX
IJTAHETHI 3€MHOM I'PYIINBLI ¥ ra30BbIC MJIAHETHI TUTAHTHI.
Mexanuka HUX TOSBJICHMS Ha PUCYHKe S, re
3aKpYYMBaHHUS BEIIECTBA 00BEKTa MPOUCXOIUT TOJBKO B
OJHY W3 CTOPOH, BIIpaBO MM BiEBO. Il1aHera moxoxka Ha
MUPAMUJIKy U3 JIUCTOB, HAOpAaHHYIO Ha IIEHTPaIbHYIO OCh,
1€ KOKJIBIA JIUCT — 3TO HA0OP BHYTPEHHUX CTPYHHBIX
KOJICIl BJIOKEHHBIX ApYr B Jpyra. Jluct ¢ HabpaHHBIMU
KOJIBIIAMH TIEPECEKANICS  OCBIO-IMAMETPOM, YTO ONPEICIISIIO
CTPYKTYpy BceX IUIaHeT. B mo3umuu 2, Buaa ¢ OOKy
BUJIHBI TIOJIOCHI, KOTOPBIE TApaJUICIbHBI 3KBATOPY. DTH
cion GOPMUPYIOTCS BHYTPEHHUMHU CTPYHHBIMH KOJIbIIAMU
OTPUIIATEIIbHON MaTepuu, KOTOpbIe 00Pa3yIOT KPYIJIbIC
JMCTBI CTPYHHBIX Kouser. Pucynok 6 (1, 2, 3, 4, 5).
OCO0EHHO 3TO XOpOIO BHIHO HAa ra3oBBIX IUIaHeTax. I'me
BBIXOJbl OCEU - JUAMETPOB JIMCTOB, HA IUIAHETAX 3E€MHOM
TPYIIIIbI, ONPEACISIA HEKOTOPHIE BYJIKAHBI, @ Ha Ta30BbIX
IJTAHETAX — 3TO MOCTOSIHHBIE OTHCHHBIC 3aBUXPEHUS Ha
cnosix. Ha caumkax 4 cnyrHuka CarypHa JlmoHe Xopoiio
BUIHBI JUIMHHBIE, TOHKUE, CBETJIbIE MAapajlICIIbHBIC APYT
IPYry TOJOCHI (3eN€HbIE CcTpenku). [Inaneromorn 3.
Maptun u A. [latxod mnocTtpownu KapTy TaMHCTBEHHBIX
JAHUAN [IMOHBI M CPAaBHWIM HUX C JIMHUAMH, HAUJICHHBIMU
Ha JIpyrux HeOECHBIX TesaxX. Kak MosSBUIMCH 3TU JIMHUU,
y4€Hble HE MOIJM OO0BbsCHUTH. MX pasraaka JIEKUT B
HayaJIbHOM 3Tare 0Opa30BaHUs IIJIAHET.
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PucyHok 5

BHYTpEHHIOIO CTPYKTYpPy ONPEACISIOT BHYTPEHHHUE
CTPYHHBIE KOJIbIIa, KOTOPBIE XOPOIIO BUAHBI Ha ra30BbIX
TUTAHTaX - 3TO WIECTUYTOJbHUKHA Ha uX noitocax. Kak oHu
nonydatorcst B [1]. Ha pucynke 5 mokaszaHo
(dbopMUpOBaHKE IUIAHETHl 3€MHOW TPYIIbI, T/AC
KOCMUYECKas MbUIb U JAPYTHME COCTABISAIOIIHAE OOpa3yroT
TU HeOecHble Tena. BpailleHne maTepuy MPOUCXOIUT
BOKPYI' BEPTUKAIBHON OCH, KOTOpasl OIPEHEIAECT €€
noyitoca. BpallleHue NpoucXOaUT CIIOSAMHU, KOTOPBIE
ONpPEACSAIOT BHYTPEHHUE CTPYHHBIE KOJIbIA KOCMHYECKOTO
T€JIa, PACIIOJIOKECHHBIE HA BEPTUKAIBHOU OCHU. PHCYHOK 6.
I'ne ocu muctoB 1, 2, 3, 4,5 Moryr omnpenensitsh
BYJIKAHUYCCKHE BBIXOABI M3 LIEHTPOB JHUCTOB &, b, Vv, d, g.
JloKka3aTenbCTBO TAKUX MPOILIECCOB MPHU (POPMUPOBAHUU
IJTAHETHBIX CUCTeM Ha CHUMKe 4. CBeTibie
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PucyHnok 6

E.Martin and D.Patthoff/GRL 2018

Cuaumoxk 4

NpsSAMBbIE JIMHUU 3TO CJIOU, KOTOPbIE OMPEACIISIOT
BHYTPEHHME CTPYHHBIE KOJIblla. B ra3oBbIX IiaHeTax TaKoe
(hOpMHpPOBaHUE KOCMHYECKOTO TeJla XOPOIIO
pOCMaTPUBACTCS, IJIE Ha IOJIIOCaX BHUJHBI
mectuyroyibHukd. O0oouka FOnuTepa pacdyepyeHa CTpPOro
napajjieIbHbIMM IT10JI0CaMU, IJI€ BBIXOJbI OCEH JIMCTOB
JTOJKHBI COBIIQJIaTh C BUXPSAMH B aTMocdepe, MHOTOJIETHEE
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MMOCTOSIHCTBO KOTOPBIX YIUBISECT. UTO CIyKHUT
JI0KA3aTEeIbLCTBOM IIPABHJIILHOCTH PHCYHKa 6. Takue
JUHAN OBLIM M Ha 3eMile, HO JIBHKEHHE KOHTHUHEHTOB,
BOJIHAsI 3pO3Hs, PACTUTEILHOCTh U Jpyrue (hakTOphl JaBHO
UX YHUYTOXHWJIW. BBIXOJBl HEKOTOPBIX BYJIKAHOB MOTYT
COBNAJIaTh C OCAMH JIMCTOB BHYTPEHHMX Kouel. Hampumep,
ByJIKaHbl Ha KamuyaTke u ByJkanbl B Mcmanauu. OHH Ha
OJHOW TMapajuiei, a IIMpOoTa MOXET M HeE coBmaaarh. llo
UJIEE OHM JOJDKHBI HaxXOJIUTbCS poBHO Ha 180 rpamycoB
npyr ot apyra. Ho HyXKHO y4dUTBIBaTh, YTO TPHU BpaILLCHUU
OCH JIMCTOB MOTYT H3ruOaTbcs. Eciaum oHUM Ha OJIHOM
napajuiesiv, 3Ha4UTh OHU C OJHOTO JiNCcTa. BHemHue
CTPYHHBIE KOJIbIIa OIOSICHIBAIOT KOCMHUYECKHE TeJia IO
BKBATOPY.

3araagku YpaHna

Jlajiee ¢ MOMOILIBIO OTPULATEIBHON MaTepuu
HEKOTOPBIE TAaWHBI IUIAHET I0JIy4aT IOJHOE, JIOTUYHOE
oObsicCHEHUE. 3arajky YpaHa MHOTHE MBITAINCh PEIUTh, HO
HUYETOo MpeiokeHo He Obuto. Ilouemy VYpaH JexuTt Ha
O0oky? Ero mneHtpaibHasi OCh MOYTH MapajuieiibHa
COJTHEYHOM TIIIOCKOCTH. OH KaTUTCA OJHUM TIOJIOCOM K
Connany 42 roma, 3aTeM IMEPEBOPAYMBAETCS K HEMY
IPYTUM TOJIFOCOM M KaTutcsa 42 roja, 10 CIEAYIOLIETO
noBopota. Ilouemy Tak nmpoucxoaut? Pasragka BO
B3aUMOJICMCTBUM CTPYHHBIX KOJIEL[ OTPULATEIBHOU
marepun CoJHIIa U YpaHa.

[lmanera Katunach MO COJMHEYHOMY CTPYHHOMY KOJIBIY
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(Touka Z) , T/ie COJIHEUHAs CTpyHa OXBaThIBAJach
CTPYHHBIMU KoOJiblIaMu YpaHa. [Ipu nepeceduenun
COJJHEUHOM OCH YpaH mnepeBopauuBaicia Ha 180 rpagycoB u
IpPOJOJDKAJ JIBUTAThCsl MO OOpaTHOM CTOPOHE CTPYHBI, 10
HOBOM BCTpEYH C OChIO. MOXeET ObITh, YpaH IIPOCTO
KacaeTcsi OJTHOM CTOPOHOM CBOMX KOJIEL] COJIHEYHOTO
KOJIbIIA, & TIPU TIEPECEUEHNN OCHU TepeBopaunBaercs Ha 180
rpanycoB. PucyHok 7.

[TonoOHO Bpamamack B kKocMoce ramka /Ixxanudekoa. Ho
nepeBOpavurMBaHUe OOYCIIOBICHO HU3KUM PaCIOJIOKEHUEM
IEHTPa TSKECTH W PACTSIKECHUEM CTPYHHBIX KOJIEI[ CaMOU
raiiku (rona). CTepkeHb 0Oo0JiTa HAYMHAJI BpallleHUE HE
TOJIBKO BOKPYI' CBOE€M OCH, HO M COBEpPIIATh MPELECCUIO
BOKPYI' OCH, UTO OBUIO MPUYMHON NEpPEeBOpPAYMBAHUS TalKH.
B 3TOM BpalieHMn ONpENEIAONIY0 POJIb UIPaIn
CTPYHHBIE KOJIbBI]a OTPHUUIATEIBHOW MaTEepUHU, KOTOPHIE
OKYTBIBAIOT HUXKHIOK 4YacTh TaWku. E€ NEeHTp TaxecTu
pacnonaraercs ¢ IUPOKOU YaCTH.

HyXHO y4uTBIBaTH OCOOCHHOCTH CTPYHHBIX KOJIEIT
pacTAruBaThCAd W BpamarbCs BOKPYr ocu. [lnockocts
KOJIEL[ MEPIEHIUKYJISIPpHA OCHU BpamieHus rauku. [llpumep:
ITepeBopOoT FOJIBIL.

Bropas crpaHHOCTH YpaHa B aHOMAJIIbHO HU3KOU
TeMmreparype Ha €€ moBepxHocTu -224C. HenryHn, KOTOpBIH
Haxoaurcss or ComHna Ha 1,6 MUJUIMOHOB KM JAJIbIIE, UMET
-200C. CtpaHHOE€ pacHnpeacIeHue COJHEYHOW YHEPTHH IO
MTOBEPXHOCTH TIJIAHETHI.
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Pucynok 7

Bo-nmepBbIX, COJMHEUHAs DHEPTUS OCBEIIAECT TOJBKO
nojroca IuiaHeTbl. JHeprusi CoyHIa M0 MarHUTHBIM
CWJIOBBIM JIMHUSIM OBICTPO YXOJIWJIO B IIyOMHY YpaHa,
pazorpeBasi HEOOJIBIIIOE SJIPO. 3aT€M TEIUIO MO CTPYHHOMH
OCH TUIAHETHI BBIXOJUT HA MOBEPXHOCTH TOJBKO B PaliOHE
skBaropa. OcTanpHas 4acTh YpaHa MEHsIa TEMIIEpaTypy
HE3HAYUTEIIbHO. 3HAYCHUE HMMEET XUMHUYECKUUA COCTaB
anpa v atMocepbl YpaHa U MHOTOCIOWHOCTh Ta30BOTO
COCTaBa. YpaH — ra3zoBas IUIaHeTa. AApo IUIaHEThI
COCPENOTOYECHO B LIEHTPAJIbHOM YaCTH, B PANOHE
AKBATOPHUAJIBHOTO JINCTAa OTPHUUIATEIBHOW MaTEpPHMU.
Paszorperoe sapo oTmaBasio TEIIO IO OCSIM B MeCTa Ha
AKBATOpPE (PO30BBIE KPYTH).

Bo-BTOpPBIX, MArHUTHOE TOJIE TUIAHETHI MEHSJIO CBOE
HanpaBlieHue Kaxiable 17 wacoB 44 munytbl. Kakue
MPOUCXOJUIN TPOLECCHl B TNIYOUHAX, MOHO TOJIBKO
ragath. [IpeanonoxurensbHo, ObICTpasi CMEHA HaIpaBJICHUS
MAarHMuTHOTO MOJIA 3TO pe3yJbTaT 00pbObI 3Hepruu CoHIA
C TEIUIOBBIMU MpoLIECCaMU B siape Ypana. Bes sHeprus
CoJIHIIa yXOOWJI0 HA TNEPEMarHU4YMBAHUE, TOITOMY
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atMoc(epa TaHeThl ObLIa XOJIOJHEH, 4eM aTtMochepbl
Henryna.

B-Tperbux, YpaH npu nepeBopoTax HE TEPSJ CBOU
CIyTHUKH, YTO MOKHO OOBSCHUTH HaXOXKJICHUEM HX B
UCKPUBIICHUSIX TIPOCTPAHCTBA €€ CTPYHHBIX KOJIEI U
CBOMCTBAaMM CaMOM CTpyHBI. Pa3Be MOXXHO 3TO OOBSCHUTH
PABEHCTBOM IIEHTPOOEKHBIX U ILIEHTPOCTPEMHUTEIbHBIX CHJL.
Kak npu mnepeBopauynBaHUM MOKHO COXPAHUTH 3TO
PaBEHCTBO?

3Be3aa nmo umenu CoJgHie

YCTPOUCTBO MArHUTHBIX CWJIOBBIX JIMHUKA B BHUJE
TPpyOOK C OTPHUILIATEILHOW MaTepHei, MO0 KOTOPHIM
JBIDKETCS SHEPTHS B BHUJE TEIJIa U 3apsjaoB, Haubojee
MIOJIHO M TOCJIEIOBATEILHO PACKPBIBAET HEKOTOPHIC TaWHBI
3emumn. CreniaB Takoe MPEAIIOJNOKEHUE, Mbl UX OJWH 32
JIPYTUM JIETKO OOBSICHUM.

B knwre [1] name CoiHIle IpPEACTaBICHO B BHJE
IIa3MEHHOI'0 TOP — IIapa, KOTOPBIM  yIEp)KUBACTCS B
C)KaTOM COCTOSHUM C IIOMOIIBIO BHYTPEHHHUX M BHEIIHUX
CTPYHHBIX KOJICIl, B UCKPHUBIICHHH IPOCTPAHCTBA KOTOPBIX
BpaimialoTcsa IwiaHeTbl. CoBpeMEHHas IapoBas MOJEIb
3B€3JIbl HE MOXKET OOBSICHUTD:

1. Jlepuuut HEUTPHUHO.

2. AHOMQJIBHO BBICOKYIO TeMmepaTrypy KopoHbl COJHIIA.
3. Bpamienue nepurenvss W nogbEM OopOuUThl MepKypus.
4. lllepbatoe u awipsiBoe CoJHILE.
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5. SIBnenue nBoriHoro CoJjHIIA U OJJHOBPEMEHHOTO €r0 3aKaTa
¥ BOCXOJIa. 6. CBeucHue JIyHBL

1.  Jedunur HelTpuHO B uznydeHuun CoJiHIla 00YyCIIOBJICH
BpAIlICHUEM ILJIa3Mbl, KOTOPOE€ CHMXKAET TEMIIEPATypPy
BHYTpHU 3Be3/lbl. OHA BBICOKAS, HO JIJI TIOJTYYECHUS
HEUTPHUHO B OOJBIIOM KOJHWYECTBE €€ HEAOCTATOYHO.

2. AHOMaJIbHO BBICOKas TeMmrepaTypa kopoHbl CoJiHila
CO3/1a€TCS. BHYTPEHHUMH CTPYHHBIMH KOJbIIAMH, KOTOPbHIE
BBIXOJIAT C TJIyOWHBI 3B€3/bl HA MOBEPXHOCTh B palioHE
BXOJIa M BBIXOJa OCed. BHYTpEeHHUE CTPYHHBIE KOJIbLIA, 1O
Mepe pacxoja TOIUIMBa 3Be3/bl, pacmyxaroT. [lo HuM, Kak
1o Tpyoam, SHEprusi U3 LIEHTpa NPUXOJUT B KOPOHY, 3TO U
onpeaensier €€ aHOMaJbHO BBICOKYIO TEMIEpaTypy. ITO
MUWUIMOH U 0oJibllie TpaaycoB. B 3To Bpemsi, MOBEPXHOCTh
3Be31bl uMmeer 5000 — 6000 rpagycoB. Takyro pasHuily He
OOBSICHUIIIb TIEPEMArHUYMBAHUEM WM JPYTUMHU IPOIECCAMMU.

3. HacoBpeMeHHOM CHHUMKe S Mbl BUIUM BHYTPECHHHE
cTpyHHble KoJiblla CoJiHia. AcTpodu3uKa Ha3bIBAE€T HX
MAarHUTHO-CUJIOBBIMU JMHUSMU. (CTpPyHHBIE KOJIbI[A
OTPULATEIIBHON MaTepUu OKPYXKaIOT JH000e OapuOHHOE
BEILIECTBO, HO 0e€3 3apsiga. CTpyHHBIE KOJbIA
METAJUIMYECKUX SJ€P MOTYT MPOBOAUTH JJIEKTPUUECKUN
3apsjl, co3/1aBasg 3TUM MarHuTHoe nose. CHHUMOK
BHYTPEHHUX CTPYHHBIX Kojern COJIHIIa HaMm SICHO M YETKO
TOBOPUT O BHYTPEHHEM YCTPOWCTBE 3BE€3/lbl. Mbl BUIUM
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JBa TIOJIIOCA TUIa3MEHHOTO TOp — IIapa ¢ JIBYCTOPOHHUMHU
BbIOpOocaMu. CTpyHBI

CauMok 5

OTPUIIATEIIBHON MaTepUU CBOMM IIPHUCYTCTBHUEM BBISBIISIOT
BHYTPEHHIOIO CTPYKTYpy 3Be3fbl. Ilocie atoro
npejcTaBieHue €€ B BUAE IPOCTOro IUIA3MEHHOTrO Iapa
CUMTAI0 OIIMOKOH.

Pucynok 8
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MarsuTHO - CUJIOBBIE JIMHUM C 3apSAJIOM YaCTHI] - 3TO
OTpULIATEIIbHAS MaTepHsl, MO HCKPUBICHUIO MPOCTPAHCTBA
KOTOPOTrO MOTYT MPOXOJUTH 3JIEKTPOHBI W 3HEPrus (TEIio,
U3JIy4YCHUE).

s BCenmeHHOW TONEPEYHOE CEYEHUE WCKPUBJICHUS
IPOCTPAHCTBA HIET C Pa3MEPOB JJIEKTPOHA 10 Pa3MEpPOB, B
KOTOPBIE MOTYT BXOJIUTh COTHH, THICSYM TaJaKTHUK
(ctpyHHBIE KOJbIa BceneHHoN).

Hamre poaHoe cBetusio mmeer popmy TOpa, CKATOTO
NPUTSHKEHUEM €ro OapHMOHHOIO BEIIECTBA O COCTOSHHS
mrapa (top — map). [1].

[Touemy mnpereccusi mepureiands opOUTbl MepKypus OT
miockoctr 3kBaTtopa Cosama B 5701 (yrioBwIx cexkyHn L)
3a crosietne. Pucynok 8 . (Touka 1- Mepkypuii, 2 — Benepa,
3 —3emis.) IlpuumHa BO BHYTPEHHUX CTPYHHBIX KOJbIIAX
3BE3]Ibl, KOTOPhIE OCBOOOXKIAACh OT IUIa3Mbl, PACIyXalT U
HAYWHAKOT MMPUIIOJBIMATG CBOM BHEIIHWE KOJBIA, IO
KOTOPBIM BPAIIAOTCS IUIAHETHI, HAYAIO MOJIOXKHUI
Mepkypuii. Tonpko TOp - maposas monaens ConHIa
OOBSICHUT SIBJICHHE IEepOaTOCTH, KOTJa Kpasi COJHEYHOIO
JIMCKa HEpPOBHBIC, C yrayoseHusMu. OHM COBHAAAIOT C
MPOCTPAHCTBOM MEXY JMUCTAMH BHYTPEHHHX CTPYHHBIX
KOJIEI] 3BE3bI.

[Toka rpaButanus OapUOHHOTO BEIIECTBA COXPAHSET €€
LHEHTPAIbHYIO 4YacTh B (opMe TOp — I1apa, €d B 3TOM
IIOMOTAIOT CTPYHHBIE KOJIbLIA OTPULATEILHOM Marepuu. B
MPOTHUBHOM CJIy4ae, KOJIbI]a OTPUUATEIBHOU MaTEpUU
paclupssAch, Pa3opBYT MAaJCHbKUAM TOp — map. Tak
NPOU30MIET THMOEIb W Halllell 3BE3IbI. B Haureun
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TajJaKTUKE TOSBUTCS €€ OJHA TUIAHETapHasi TYMaHHOCTb.
CB0OOMHBIE OT SIAECPHOIO TOIUIMBA, BHYTPEHHHE CTPYHHBIC
koJiblia CoJiHIla TpUOIMKAIOTCS K 3emiie, MEHSSl ATHUM
KJIMMAT Ha TUIAHETE.

4. B unarepnere (# kramola youtube.com)
JEMOHCTPUPYETCS (PUIIbM, IJIe MOKA3bIBAIOT ABIPSIBOC
ConHile, rjie Hamia 3Be3Ja C OOJIbIIMM OTBEPCTHUEM B
nenrpe. OduimanbHas Hayka 3TO COOBITUE HHMKAK HE
KOMMEHTHUPYET, OHO IMPOCTO HUTHOPUPYETCI. ITO HE
BIIMCHIBAETCS B COBPEMEHHBIE MOJICJIM 3BE3/bl, I OHA
npenacrapiieHa B Buje mapa. CojHIle B BUIE TOp — IIapa
IpeKpacHO OOBSICHSET JaHHOE siBiaeHue. OTBEepCTHE Ha
COJTHEYHOM JUCKE TOSIBISIETCS B MOMEHT IPOXOXKJICHUS
3emun o ocu Comana. (CMoTpeTh B HampaBlieHUE
ctpenok). OTBepcTHE Mbl BUIWM Ha JUCKE 3BE3/bI.
Pucynok 9.

Pucynok 9
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SIBnenne nByx CoOJHII CIYXHUT J0Ka3aTeIbCTBOM
CTPYHHOH MPHUPOJbl OTPHULIATEIIBHON MAaTEpHH, KOTOpas
pacrioyiaraéTcsi Ha COJIHEYHOM INIAHETHOM IUIOCKOCTH.
CBeTr 3Be3/Ibl, IOIa/1asi B HCKPHUBJICHHUE CTPYHHOIO KOJIBIIA,
pa3JBauBaceTCs, MOATOMY Ha HeOe Mbl BuauM aBa CoJHIA.
DTO XOpOIIO MPOSBISAETCA, KOrjia 3Be37la B aroree.
CtpynHble konblia ConHia, 3emiid, JIYHBI U IIaHET,
pacnonaratonecss Mexay Hamu U COJIHIIEM - HMCTOYHUKH
JIPYTUX ONTUYECKUX SIBIICHUIM.

6. CrpyHHbIE KOJblla 3eMJIU U JIyHBI BHHOBHBI B TaKOM
SBICHUU KaK « CBeueHHne JIyHBD» Ha HOYHOM HeOe, Korma
OHa TMOJIHOCTBIO 3aKphITa JUCKOM 3eMiid. CIyTHUK HE
ocemnjaercas CoNHIEM W JOJDKEH Ha HOYHOM HEOOCBOJE
ObITb YEPHBIM KPYIOM, HO MbI BUJUM OCBEILICHHYIO
IIOBEPXHOCTh. Brieuatnenue, uro JlyHa cama UCIIyCKaeT CBET.
Pucynok 10.

Pasraaka: Jlyun Coinna (1) mo cTpyHHBIM KOJIBIIAM 3eMJIn
(2) u JIynsr (3), orubas 3emulro, majgalOT HAa CIYTHHK,
co3naBas 3G(PeKT OCBEIMIEHHOCTH €€ MOBEPXHOCTH IPHU
TIOJTHOM 3KpaHHUpOBaHUU 3eMicit (2).

Hpyrue ontuyeckue 3(pdexthl JIyHbI Takke NTPOUCXOIAT
110 BUHE WCKPUBJIICHHUS TPOCTPAHCTBA CTPYHHBIMHU
KOJIbIIAMH, TJI€ SHEPrUs OT 3BE3/Ibl IPOJBUTACTCA IO ATUM
MyTEIPOBOIAM.
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OcBelweHMe COMHUEM, 3KPaHUPOBaAHOW 3emMnéM, JIyHbl.

Pucynok 10

Ha pucynke 10 ctpyHHbie KoJsiblla JIyHBI HE HM300pa)keHBI.

PenukroBoe usaydenue BceseHHoH

OTKpBITHE PETUKTOBOTO H3IYYEHHS IOCITYKHUIO
I0KA3aTeIbCTBOM IUIA3MEHHOr0 Mpousioro BceeneHHoM,
KOTJIa U3 BCETO CHEKTpa IMEPBOHAYAIBHOTO H3ITYYECHHS
bonwioro B3peiBa ocraércs cnaboe. M3nydeHue c
OOJIBIIION 3HEPrUel €ro IMOKUHYJO0, a APYroe ¢ HHU3KOH
octanock. Ecnmu BceneHHast Obula pacuivpsromieics u
OECKOHEUHOM, OHa Obula OBl CBOOOAHOM OT 3Hepruu bB.
YTo XK€ IepKUT PEIUKTOBOE W3nydeHune BO Bceenennon? C
Hayano bosbemoro B3peiBa mpomwto 14 000 000 000 ner, a
OHO HE TOKUJAET €ro. PEIMKTOBOE H3IIyUYECHHUE
MEPEMEIIACTCA MO UCKPUBJIEHHUIO MPOCTPAHCTBA CTPYHHBIX
kosen, Beenennou. E€ sHeprum He XxBaTaer s
MPEOJIOJICHUSI CTEHOK HCKPHBIICHMUS.
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PesMkTOBOC H3JIy4eHHE HAXOAUTCHA B JIOBYILIKE
CTPYHHBIX KOJIell OTPULATEJIbHOW MaTepuu -
A0KAa3aTeJIbCTBO CTPYHHOro ycrpoiicrBa BcesneHHOM u
ero KoHe4HocTu. M3iaydyeHue ¢ BHICOKOM JHeprueu
CMOIJI0 NMOKUHYTH BcejleHHYyI, a pejIMKTOBOE IO
HCKPHUBJICHUI0 MPOCTPAHCTBA OTPUUATEJIbHON MaTepuu
Oyner BpamaTbCsd «BEYHO», TO €CTh OYE€Hb JI0JITO.

Pucynok 11

B pacmupsromeiica BceneHHOW, B IEPBOM MUIUIAAPAE
JIET, PEJIUKTOBOE U3IIyYEHUE JOJDKHO OBLIO HCYE3HYTb.
OHO HE MOXET MPEOJOJETh CTEHKH HCKPHUBIEHHOTO
MPOCTPAHCTBA OTPULIATEILHOW MaTepuu (CTpyH) BceneHHoM.

CI/IHXpOHI/ISaHI/Iﬂ ABMKCHUA TaAJAKTHKR

Kaxnomy cTpyHHOMY KOJIbLly BCEIEHHOM COOTHOCHUTCS
HEKOTOPBIN IHUAIA30H CKOPOCTEM TAIAKTHK.

CkopocTy MX PpaBHBI, IO3TOMY CO31A€TCH BIEYATICHHUE
CUHXPOHHOCTH MX JABW:KeHUs. Pucynok 12.
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Pucynok 12

[amakTMKM JIBWMXKYTCA TMAPAUIEIBHO WJIM BPAILIAIOTCS
BOKpPYI' CTPYHHOrO KoJiblia Becenennoil. Bpaenue
MPOUCXOAUT IO CHOUPAIM C PA3HBIM LIAroM. B HayallbHBIN
IEPUOJI CYLIECTBOBaHUS BCEIEHHON CKOPOCTHU TaJIAKTHUK
CUJIbHO pa3HWINCh. CTONKHOBEHUSI APYT C APYTOM CO
BPEMEHEM CTaOMJIM3UPOBAIO HUX CKOPOCTH, JBHXKCHUE
CUHXPOHU3UPOBAIOCH.

Eciu cMoTperh B TOpell CTPYHHOI'0 IyTENmpoBoaa, TO
HaAM OTKPbIBAJIACh KAPTHHA BPAlEHHUS TaJaKTHUK
BOKPYr o0uiero meHtpa. be3 3HaHusi ycTpoiicTBa
CTPYHHOI'0 KOJIbLA OTPULIATEJIbHOM MaTepuu ¢ eé
HCKPHUBJICHHEM INPOCTPAHCTBA, 3TO Ka3aJ0Ch
CTPaHHbIM. BOKpPYr Kakoro HeHTpa OHH BPALIAIOTCS.

CKOpOCTH TaJakTUK B TPyOONpPOBOJAX CTPYHHBIX KOJEIl
OTPHULIATEIILHOM MAaTe€pUu OT TOYKU X K BHEIIHEH
CTOPOHE TOP — DJUIMIICOUJA PACTYT, CO3MAETCSA BIICUATIICHUE
pacmupenusi BceenenHoil. PucyHok 11. 910 omnbo4HO
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UCTOJIKOBAJIM KaK JEWCTBUE TEMHOW JSHEpruu. B
COBPEMEHHOE BpeEMS €€ B TOP — DJUIMIICOMIHONM BceneHHou
HeT. [loka CymecTByIOT BHYTPEHHHUE W BHEIIHHE
CTPYHHBIE KOJIbIIa OTPHUIIATECIIbHOW MaT€pUU OHU HE HATyT
Bceenennon pacmupsThCs.

HNcye3HoBeHMe Tpynnbl 3BE3] M TAIAKTHK

ACTpPOHOMBI 3apErUCTPUPOBATIM B KOCMOCE 3TO HEOOBIYHOE
apieHue. O0bACHUTH ero He cMoryiid. CTpyHHOE KOJBIO U
ocb Mieu”oro Ilytu ompenensaer nyrenpoBoj, IO
KOTOpOoMy HABHKETCS COJIHIE W TUUIAHETHI.

Toabko Haxoassich Ha ocu ['ajlakTHKH, MBI MOKeEM
BHAETH yXOAsAIlMe OT HAC rpPynnbl 3BEé3]1, KOTOpHIE
«HcYe3au» 3a MOBOPOTOM mnyrenposoaa. Ceer OT HHMX
He MOI' JIOMTH 10 HAC, OH 00JibIlEeHd YAaCTHIO YXOAWJ B
CTOPOHY.

HenaBHO acTpOHOMBI 3aMETWIIM, KaK BHE3AIHO IMOTYXJa
rajaktnka XMM — 2599 | B KOTOpOM HaXOJWJIOCh MPUMEPHO
300 mummmapaoB 3B€3an.  Kak 3To mMorjio nmpouzoitu?

«Mcue3HOBEHHE» TAJTAKTHK MOKET MPOUCXOAUTH
TOJbKO HAa CTPYHHOM KoJblle Bceinennoit. XMM — 2599
TaKXKe HMCYe3jia 32 «IMOBOPOTOM». JIpyrux o0bsiCHeHUH
Her. Pucynox 13.
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Pucynok 13

B Touke A HaxoauTcsd HaOIIOIaTENh, @ B Toukax bu B
3B€3/bl (TAJIAKTUKN), KOTOPBIE MEPEMEIIAIOTCS BIPABO OT
HaOJII0aTeNsA, 10 UCKPUBJIEHUIO MPOCTPAHCTBA HX
CTPYHHBIX KOJEI. 3BE3ABI ABHXKYTCA IO OCAM TaJaKTHK, a
TaJaKTUKA MO CTPYHHOMY KOJIbIly BceneHHOM.
Habmonatens A 00bekT b BUIUT B NpsSMOM BUIMMOCTH, a
o0bekT B s Hero «wucue3». [IoBOpOT HUCKpUBIEHUS
MPOCTPAHCTBA CTPYHBI OTPA3UT CBET OT HErO K
IIPOTHUBOIIOJIO)KHON CTEHKE HCKpuBieHUs. C
POTHUBOIMOJIOKHOM CTOPOHBI OT HaOmoAaTens A JOJHKHA
COBEpIIAThCA OOpaTHAas KapTUHA - MOABJICHUE 3BE3] WU
raJIaKTUK.

[Ipoucxoaut u OOpaTHBIM MPOIIECC - MOABICHUE TPYIIII
3BE3]l U TAIAKTUK. 3BE31bI Ha ocu Mieunoro llytu, a
raJJakTUKU Ha CTPYHHOM Kouiblie Bcenennou. Ecnu
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CMOTPETh B MPOTUBOIIOJIOKHYK) CTOPOHY OTHOCHTEIBHO
JIBUOKEHUS COJHEYHOU CUCTEMBI W [ aJlaKTUKMU.

AnTHMaTepusi BO BceseHHon

B pabote [2] ykazaHO mpH KakMxX YCIOBHSAX H Kak
MPOUCXOJIUT Pa3Aeii€HUEe Marepuu U aHtumMarepud. OHO
MPOUCXOJIUT TIPU IJIA3MEHHO OCKOJIOYHOM B3PbIBE
(IIOB), rae kaxIplii OCKOJOK - 3TO BcejieHHas. CHuMoOK 1.
CropocTHOe aejieHMe IJIA3Mbl 00YCJIOBUT HEPABEHCTBO
MaTepyuu W aHTHUMATEPHH.

IIpu paBeHCTBE MaTepuU U aHTUMATEPUU BCEICHHOU HE

Oynmer, cnydaid 0. Hama Bcenennas Moria BO3HHUKHYTH B
BapuaHTax B, 1, €, KOrjJa MaTepuud OOJIbIIE AHTUMATEPUHU.
BceneHnnbie n3 aHTUMAaTEpun, BapuaHThl a, r. PucyHok 14.

(=
. aHTHMMaTepWA |::>

- mMaTepHA

Pucynok 14
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AHTUMaTepusi BO BCelneHHOM, B HACTOSIIEE BPEMS, MOMKET
HaXOJAUTHCS B BUAE HEOOJbIINX OOJIUI0B HA KpaWHUX
KOJIbIIaX BCEJICHHBIX, UTO OOYCJIOBJIECHO TOP — IIAPOBHIM
YCTPONCTBOM, I'7ie 0OOPOT BEIIECTBA 3aHUMAET OOJIbIIIE
BpemMeHH. CaMble >HEpPreTUYECKH MOIIHBIC BUJIUMBIE HaM
00beKThl B Mera — BeelneHHOM - 3TO raIakKTUKH «KBa3aphbly.
Nx sHepreruueckas rpaganus 3aBUCUT OT YIAIEHHOCTHU
UX OT Halllel TrajJakTHKH. B OMMKHHMX «KBazapax)»
AHHUTWJISIIUSA JTOJDKHA MPOWTH WM 3aKAaHYMBAThCS. JTH
rajakTUKM COBpPEMEHHas acTpodu3nKa MPUHUMAET 3a
TaJJaKTUKHW, AMECIOIIME BHYTPU TUTAHTCKUE YEPHBIE JIBIPHI,
3acachIBalOIIME B ceOd 3BE3NBI. DTUM XOTEIU OOBICHUTH
rPOMAJHOCTh M3JIydeHUs U3 HuX. Jlaxe Oobloe
pacCTOsIHUE HE MOXKET CKPBITh 3TO0. BCE packpwiBacTcs
IAHAMUYECKUM IIPOLIECCOM IMOSBIIEHUS TAIAKTUK, C SIAPOM
B KOTOPOM IMPOUCXOIUT AHHUTWIALMA MATEpUU U
AHTUMATEPUH.

DTO Majast 4aCTb TalH ITPUPOJIBI, KOTOPBIE ITOMOTAET
PACKpBITh CTPYHHBIE KOJIbI]Aa OTPHUIATEIIBHOW MaTECpPHHU.
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