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I'naBa 4. IIpocTpancTBo BcesieHHOM

IIpocrpancrBo BcenenHoit chopMUpoOBaHO BHENITHUMH
nmojasiMi IIOTHBIX sAfxep YCT cranmoHapHBIX MCTOYHMKOB
C caMoBparamIieics: (GopMoil TBIKEHUST BOKPYT COOCTBEHHON
OCH — KBa3apos, Myibcapos, anep YCT mianer, 3B€31, [anak-
TUK U T. . DTO AaJbHOAENCTBYIONIUE T10JIsI TEMHOI-HEBH-
JUMOoI MaTepuu ¥ 3Hepruu (95,1%), cTaruBamime ssuenucTyio
Bcenennyio B ogHo 1ienoe. KopoTkoaeincTByromue 1oJs npo-
TUBOIIOJIOXKHOM IO 3HAKY MOJISIPHOCTH 0OpaszyeT HapaOOTaHHOE
MyJbcapaMy BUAMMOE aTOMHO-MOJIEKYJISIPHOE BEIIECTBO 3BE3,
TUIaHeT, [alakTUK U KPYMHBIX OOBETUHEHUN WX CBEPXCKOILIE-
HUH, pa3MelIEHHbIX, B OCHOBHOM, B KOpe IUIaHeT, aTMocdepe
3BE3[1 M Ta30-TbUIEBBIX TYMAHHOCTSIX (4,9%), KOTOpbIE CKOHIIEH-
TPUPOBaHbl TAKUM CTSTMBAHHEM B «CT€HaX» U «(pujaMeH-
TaX» — raJakTU4eCKue HUTH.

CymmapnHas I'mmepcerpyktypa mpoctpaHcTBa BceneHHon
SIBJISIETCS MPOAYKTaMU XOJIOJHON IpPaBUTANMOHHOW IJIa3-
MO 1 HOCUT 0O EMHO-CeTUYAThIN 1 AUeHCThIi XapakTep. bec-
KOHEYHO OOJIBINON, HO KOHEUHBI W HEMPEPHIBHO PaCHIMPSIO-
LIMICA HECUMMETPUYHO 110 IOBEPXHOCTH «ITy3bIpb» Haren Bee-
JICHHOH, JaJIEKO HEPAaBHOMEPHO 3aCEJIEH 3B€3/1aMU, FaJIaKTHKA-
MU, CKOIUICHHSIMH U CBEPXCKOIUICHHSIMH TaJaKTUK B CTe-
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IIECTBY, CTPYKTYpa TaKOTO «ITy3bIpsi» TIPEAICTABIsAET COOOM pac-
IIpeJeJIeHNE BEIIECTBA U €T M0JIEU B IPOCTpaHcTBe BeeneHnou,
a TaK’ke MePBUYHBIX UCTOYHUKOB IMOJIEH-MPOCTPAHCTBA TPaBUTA-
LIUU — KBa3apOB, MYJIbCApOB U T. .

Vxe B Havyaste 20 Beka OBLIO M3BECTHO, YTO 3BE3MBI 10 Ka-
KOI TO IpUYMHE IPYNIUPYIOTCS B 3BE3/JHbIe CKOIIEHMSI, KO-
TOpble TIoYeMy TO 0OpasyioT rajakTuku. [loszxke ObuM Haiige-
Hbl CKOIUIEHUSI U CBEPXCKOIUIEHUs rajakThK. CBepxckomJie-
HHEe — caMblii OOJIBIION THIT OOBENUHEHNS TaJIAKTUK, BKJIIOYA-
eT B ceOsl THICSYM raJlakThK. Popma TaKUX CKOIJIGHUH MOXET
ObITh pa3/IMYHA: OT HENMOYKHU, TAaKOW Kak Iienodyka Mapkaps-
Ha, 10 CTeH, Kak Benukas creHa CinoyHa. B 1990 roast Map-
raper 'enep u IxxoH Xykpa BBISICHWIM, YTO Ha Maciiradax
nopsaaka 300 meranapcek BceneHHas NMpakTUYECKH OTHOPOJ-
Ha U MPEJICTaBIIsET COOO0M COBOKYITHOCTh HUTEBHIHBIX CKOILIE-
HUI1 FaJIaKTUK, pa3fiel€HHbIX 00aCTsIMU, B KOTOPBIX MTPAKTUYE-
CKU HET CBETSIIeNCs] MaTepuu. DTU 0OJIaCTH-ITPOCTPAHCTBA (ITy-
CTOTHI — BOM/IbI) UMEIOT pa3Mep MOpsiIka COTHU Merarnapcek U,
B OCHOBHOM, 3arIOJIHEHBI TOJISIMU I'PABUTAIIMU 3€pHAMU-TPABIIO-
TEHLIMAJIaMU C OTHUM 3HAKOM.

HccnenoBanusi BpameHUil CIIUPAJIbHBIX TATAKTUK, a TAKKe
pacrpefesieHu CKOPOCTEM TaJIaKTUK B CKOIUIEHUSIX U CBEpX-
CKOIUIEHUSIX TIOKa3ajlo, YTO OOJbINas 4acTh TMOJHOH MAacChl
u sHeprun BecenenHoit neBuguma (95,1 %) u obHapykuBaeTCs
JIVIITH TIO TPABUTAIIMIOHHOMY BO3JIECTBUIO Ha HAOMOlaeMble BH-
JuMble 00beKTh. [109TOMYy OCHOBHAsI YacTh IPaBUTAIMIOHHOTO



MPOCTPAHCTBA SIBJIsIETCS HEBHAUMOM. U Kak B 0O0M paciiu-
pAIOLIEMCs IPOCTPAHCTBE HAa NEPBOE MECTO IO €r0 CTPYKType
BCTA€T BOIIPOC O MECTOPACHONIOKEHUN IEHTPA TaKou C(epsl.
ViKke TOUHO yCTaHOBJIEHO XabO0MoBCKoe paciivpenue BeenenHoit
CO CKOPOCTBIO MPOMOPIIMOHAILHON yAAJICHUIO pa30erammmxcs
INanakTuk OT HaC.

TouHoe ycTaHOBJIEHHE eHTPa BceneHHou, a Takke ee aHa-
JIN3 U U3YYEHHUE €€ CTPYKTYPhI IO3BOJIUT AATh OTBET Ha BOIPOC
0 XapakTepe HalpaBJIeHWs SBOJIIOLMU MaTepUU B IPOCTPAHCTBE
BcenenHon — cuHTe3 WM pacnazn’?

Ecnu cuntars BUIMMYIO YacTh BeeneHHow Onvokaidiiei K 1ieH-
TPY, TO LEHTPAJIbHBIM SAPOM 3TOTO «ITy3bIps» JNOMKHA OBITH
00JIacTh, I MOJTHOCTBIO OTCYTCTBYET TEMHAsi aKTHUBHAsl Mac-
ca (aneprusi) i YCT, a ee neHTp JOMKEH OBITh OIpEAeseH
10 [TOJTHOMY OTCYTCTBHUIO UICTOUHUKOB-s1/Iep IeHTPAaJbHBIX Ipa-
BUTAIIMOHHBIX (3Be3], ['aakTuk) moseir. ITo MOryT ObITh pPOC-
CBIIM Ta30MbUIEBbIX TYMAaHHOCTEW B MPOCTPAHCTBE, 3aMOHEH-
HOM COOTBETCTBYIOIIMM HECKOMITEHCUPOBAHHBIM I'PAaBUTAIIOH-
HBIM 3(PUPOM C APYTUM 3HAKOM, U COU3MEPUMBbIX 110 HACCUBHOI
Macce OOJBIIMM 3BE3/IHbIM CKOIuleHusiM. OOnacti BHAMMOI
(4,9%) vactu Beenennoii, rae npeodiagaer CTpyKTypa B BUjie
TPYIIT ¥ CKOIUICHUH TaJIAKTUK, OOPA3yIONIMX BHITSHYTHIE «HH-
TH» (CTEHbI) — (PHJIaMEHTBI, CO3JAI0T CBA3HYI0 O0BEMHYIO CeT-
Ky B3aHMOJEHCTBYIOIIUX T'PAaBUTAIIMOHHBIX MOJIEN My3bIpen
(BOWJI) ¥ UX CTEHOK.

l'amakTnyeckass HUTh, CTEHA, KOMIUIEKC CBEPXCKOILIe-



HUil, (pUIaMEHTBI — 3TO BCE camble 0OJIbIIIHE W3 U3BECTHBIX
KOCMMYECKHX CTPYKTYp BO BeesieHHoM B (popme HUTEN U3 rajlak-
TUK co cpeaHent yimHou S0—80 meranapcek (160—260 mui-
JIMOHOB CBETOBBIX JIET), JIEKAIIUX 110 T'PAHUIIAM MEX Ay OOJIBIIN-
MU myctotamu (Boraamu). Hutu u Borasl MOryT (hOpMHPOBATH
«BeJIHKHE CTeHbI» — OTHOCUTEJIbHO TUIOCKHME CKOIUIEHUS KJla-
CTEpOB U CYIIEPKJIACTEPOB.

[Tpuuém B 1IeHTpe my3bipeit (BOMI) HAXOASTCS MOITHBIE 5I/1-
pa YUCT kBa3apoB, KOTOpblE OTTAJKHBAKTCA JAPYr OT Apyra
OJHOMMEHHBIMU MOJIOKATEIbHBIMH TOJISIMU, OIMHAKOBO MPH-
TATUBas K ceOe CKOIUICHUsI U CBEPXCKOIUIeHUs [amakTukK ¢ ux
HapaOOTaHHOW Maccoli BEIIeCTBa, U3Jyvalolell OTpuuaTeb-
Hble NOTOKHM 3¢épeH-rpaBIOTEHIUAN0B nond. B pesynbra-
T€ 3Ta Macca, UCIBIThIBAs IBOMHOE WIA TPOMHOE NMPUTSKEHUE
CO BCEX CTOPOH CILTIOIIUBaETCsI B POpMy cOOOpa3HO JEHCTBY-
IOIIVM CUJIaM B BUJI€ CT€H, HUTEW U APYTUX OObEMHBIX T€OMET-
pudeckux GopM.

KBazapsl 110 pa3HOMY MOT'YT CO3[]aBaTh CTPYKTYPY aKTUBHBIX
BU3YAJIbHO PETUCTPUPYEMBIX 00beKTOB BcesneHHOW. D10 3aBU-

cur or pasmepa ux anep YCT u3 guanazona 10 - 10® cm,
JUIMHBI BOJIHBI TPEKA NEPBUYHOIO JIEKTPOMAarHUTHOIO KBAHTA,
ccopmuporagiiiero 3to Aapo YCT u coctaBa OKpyKeHHUS 00b-
eKTOB. B cilyuae MakcMManbHO MpENeNbHbIX 3HAYSHUN pa3me-
poB YUCT u ckorIeHuii TaIaKTUK OHU MEX[y COOOM JeNAT Mpo-
CTPAHCTBO C TaJIAKTUKAMHU, IPUTATUBAs UX U OTHOBPEMEHHO OT-
TAJIKUBASCH APYT OT Jpyra, U TaKuM oOpa3om oOpasyioT siuen-



CTYIO CTPYKTYPY. B ciydae oTcyTCTBUS raylaKTHK OHU TIPUTSI-
TMBaloOT K cebe moboe aTOMHO-MOJIEKYJISIPHOE BEIIECTBO U Ja-
e OT/ICJTbHBIE 3BE3/IbI, POJK/1ast OTJEIbHBIC BU/IBI TaTaKTUK. Kpo-
Me TOrO CaMH OHU MOTYT NPUTSTUBATLCS OOJBIIMM CKOILIe-
HHeM B (hopMe HEBUIMMBIX OOJIAKOB IPaBUTAIMOHHOTO 3hupa
C TIPOTHUBOTIOJIOKHBIM 3HAKOM, TIOPOKIAEMOTO aTOMHO-MOJIEKY-
JISIPHBIM BEIIIECTBOM, HO HECKOMITEHCUPOBAHHOTO MyTEM aHHHU-
TWISIUH, IPOTUBOIIOJIOKHOTO MO 3HAKY I'PaBUTAIIMOHHOTO 3(pu-
pa.

BHemHue monst 3BE3/1 M IUIAHET HapsAy C W3TyYeHHeM X
neHTpaibHbiX sAaep YCT, KoTopble KOHKYPUPYIOT aHHUTHJIATIV-
el ¢ OOBIYHON CMEChIO MOJIeH M3JTyYeHUs] aTOMHO-MOJIEKYJISp-
HOT'O BeIecTBa, 00aJaloT elié U AOMOIHUTEILHBIMU (hopMaMu
BUXPEBBIX TOJIEH, MHIYKTUPOBAHHBIX TPHAJAaMHU TUIIEPMOHOIIO-
Jiefi, aKTUBMPOBAHHBIX CAMOBPAIeHNeM S/iep STUX acTpodu-
3UYECKUX OOBEKTOB.

KBazaps! sSBISI0TCS cCaMbIMU OTJAJICHHBIMU U SIPKUMH 00b-
€KTaMy B W3BECTHOM HaM BceneHHou. B Hauane 60-x romos
20 BeKa y4yeHsble OIpeIeNTUIIN KBa3aphl KaK pario-3Be3/Ibl, IOTO-
MY YTO X CMOTJIM OOHAPYKUTh, KAK CUJIbHbIE UCTOYHUKH PAJIAO-
BOJH. Kak TOMbKO MOIIHOCTh Paiio- ¥ ONTUUYECKUX TEIECKOIIOB
CTajia HAMHOTO BBIIIe ObUIO OOHAPYKEHO, UYTO ITO HE HACTOSIIIHE
3BE3[Ibl, 4 BUJ] 11l HeN3BECTHBIX HAayKe 3Be3/1000Pa3HbIX OOBEK-
TOB.

MBbI BUIMM UX IBUKEHUE, KOTOPOE MPOUCXOIUIIO MUJUTAAP/IBI
JIeT Ha3a/1 — TaK JIOJTO CBET OT HUX jooupajics 1o 3emuu. Ceityac



Mbl UX BUJUM TaKUMH, KAKUMU OHU TOSIBUJIUCDH JIECSATh-UEThIP-
HA/LIATh MWUIMAPAOB JieT Ha3al. CerogHs KBa3apbl M pacCcTosi-
HUE JI0 HUX OMPeIesIsAIOTCs M0 KPAaCHOMY CMelleHUI0 ! xapak-
TEPHBIX JIMHUWA UX CHEKTPA.

baazapsbl — 3T0 MoOIIIHBIE UCTOYHUKHU SJIEKTPOMATHUTHOTO
M3JIyYEHHUs B sIpax HEKOTOPBIX TAJIAKTUK, ACCOLUUPYIOIIMXCS
C CBEpXMaCCHUBHBIMU YEPHBIMU AbIpaMU. OHU XapaKTEPU3YIOTCS
HENpepPbIBHBIM CIEKTPOM BO BCEX JMAMNA30HAX JIEKTPOMArHUT-
HOT'O U3JTy4eHHusl (raMMa, PEHTT€HOBCKOM, YJbTParoIeTOBOM,
uH(pPaAKPACHOM M paauo). [l HUX TUNMYHBI TakKe OBICTpbIC
Y 3HAYUTEJIbHbIE U3MEHEHUs] CBETUMOCTU BO BCEX JUaa3oOHax
CHEKTpa 32 NEPUO]] BPEMEHH B HECKOJIBKO CYTOK MJIH /1IaK€ YacOoB.
CBo€ Ha3BaHUE 3TH OOBEKTHI MOTYYUIIH OT IEPEMEHHOTO UCTOY-
Huka BL Amepuisl (BL Lacertae), KOTOpbIM paHee CUMTAIICS T1e-
PEMEHHOI 3Be37I0M, HO 3aTeM ObUT WAEHTU(UIIMPOBAH KakK SijI-
PO JUIMITHYECKOM rajakTuku. Habmonaemble XapakTepucTu-
KM TaKUX OOBEKTOB CXO/IHBI C XapaKTEPUCTUKAMK KBa3apoOB, 4TO
OTpakeHO B Ha3BaHWHU «Oya3zap». OCHOBHOM MTPU3HAK OJIa3apOB —
BBICOKAsl TIEPEMEHHOCTb OJlecKa, JOCTUTAIONIAs B ONTUYECKOM
auarnazoHe 4—>Sm (TO eCTb CTOKPATHOE U3MEHEHHE CBETUMO-
ctu). Uznmydenue cuiipHO nossipu3oBaHo (30—40%), xapakrep
CIEKTpa — CTENIEHHOM, YTO XapaKTEepPHO /111 CHHXPOTPOHHOTI0

! 9/Bun Xa66:1 nokasain, uTo YeM Jaible OT Hac pacrosiokeHa rajlakTHKa, TeM
GOJIbIIIE CTAHOBUTCSI KPACHBIM CBET €€ U3JTyUeHHs], TO €CTh (DOTOHBI KaK OBl «yCTAIOT»,
OT/AI0T CBOIO SHEPTUI0 MEX3Be3qHOM cpefie. Ha oueHp GOMBIIMX PACCTOSHUSX TajlaK-
TUKY BUIHBI TOJIBKO B paJHOINATIa30HE, TAK KaK UX CBET BOBCE IMOTEPSLT SHEPTHIO, UIsI
Yepe3 OeckpaiiHue MpocTophl BeeneHHOT.



u3nydeHus. B cnekrpax 6;1a3apoB, B OTJMYUE OT CIIEKTPOB KBa-
3apOB, OTCYTCTBYIOT SIPKHE SMUCCHOHHBIE JIMHWH, JIJIs1 OJ1a3apoB
TaK’Ke XapaKTepHO U HAJIMYKE PaANOU3ITyUEHHS.

bBrazapsl BHINISIAST MHOTO sIpy€ KBa3apoB OJMHAKOBOU MOIII-
HOCTH, Yb1 JUKETH OPUEHTUPOBAHBI MTO-UHOMY. TurmuHble O71a-
3apbl NOPOXKJAIOT (POTOHBI CAMBIX PA3JIMYHBIX SHEPTUM — OT Pa-
JIMOBOJIH /10 TaMMa-KBaHTOB. OTkpbIThiid [IIMuaTom kBazap kak
pa3 MPUHAICKUT K YUCTYy Ona3apoB, YTO OBUIO YCTAHOBJIEHO
b B 1981 rony. IMeHHO 3THM O0OBSICHSIETCSI €70 aHOMAaJIbHO
BBICOKasl CBETMMOCTh, Tak nopasusimas [IImunra. U 6put0 yemy
yauBJsaTbest — 3C 273 Obl1 M OCTaeTcsi Ha 3eMHOM HeOOCBOJE
camMbIM SIPKMM KBa3apoM Kak B paJMOCHEKTpe, Tak U B UH(Ppa-
KPacHOM M ONTUYECKOM JIMAra30HaX.

B mpocTpancTBe (pHIaMEHTOB pacrioyaraloTcsi CBepXCKOII-
JIEHUsI TaJaKTUK, K KOTOPBIM U TPUTSTUBAIOTCS BHOBH OOpa-

30BaHHbBIE caMble KpPyIHbIE Oosee 103 em saapa YUCT, obOpazys
3Ty SYENCTO-CETYATYI0 KPYITHOMACIITaOHYI0 CTPYKTYypy Beenen-
HOW. Mexay ¢puiamMeHTaMu HaXOHsTCsl IMycThle OONacTU-TPO-
CTPaHCTBA, B KOTOPbIX OTCYTCTBYIOT FJIAKTUKH, HO B UX LIEHTPax
U pasmelteHs! 3ti cample KpynHele YCT, koTopele U co3paior
9T POCTPAHCTBA-MOJA ITyCTOT-BOMA. Buaumoe npocrpaHcTso
Mexay ['amakTukamu ¥ 3B€3IHBIMUA CKOIUIEHUSIMU — CYTh TUIOC-
KO€ MPOCTPAHCTBO, IOPOKIAEMOE U PETYJIAPU30BAHHOE AAJBHO-
JEWCTBYIOIIMMY I'PAaBUTANMOHHBIMY IOJISIMHM aKTUBHBIX SIJIEP
OT/IEJIbHBIX 3BE3[1, AOJITOKMBYIIMMU U CAMOJBHKYILIUMUCH JIEK-
TPOMarHUTHBIMU TIOJISIMH, A TAKKe Pa3pO3HEHHBIMU CKOILIEHU-



SIMM T'a30MbUIEBBIX OOJIAKOB ¥ TYMAaHHOCTEH.

Haubornee ynaneHHsle oT nieHTpa BceneHHOW BHerajiakTude-
CKHe OOBEKThl — KBa3aphl, OOJAJAOIINE MPAKTUIECKA YUCTO
HEHTPAJIbHBIM U BO3PACTAIOIIMM 110 00bEMY MOJIE€M TATOTEHUSs
YCT. Onu npuHajiexar kK 6osee MoBepXHOCTHBIM ciiosiM Bce-
JIEHHOU, OOBSICHSIIOT pacipeHrie BeenenHon u paszoeranue [a-
JIAKTUK CO CBEPXCBETOBOM CKOPOCTHIO B X PACIIMPSIIOIIEMCS TO-
ne. C MOMeHTa OTKpbITUs KBa3apoB B 1963 roay mporecc ooHa-
PY’KEeHUsI HOBBIX KBa3apoB I1IeJT 0UeHb ObICTPO U K 1988 romy mx
yXke HacuuThiBasioch okosio 4000, a ceftuac — yxe 6onee 20 000.
HaOmoieHnss 3a MeCTOIOJIOKEeHUEM OOHApyKEeHHBIX KBa3apoB
SBJISIIOTCS BAXKHBIM MCTOYHMKOM MH(OPMAaLMU O pacrpejee-
HUM MaTepuy aKTHBHOM (0JHOMOJISAPHOM) Macchl BO Beenen-
HOW.

OnpeneneHrie pacCTOSHUM JI0 TaJIeKMX KOCMUYECKUX 0ObeK-
TOB (TJIAKTUK M KBa3apoOB) MPOU3BOAUTCS B HACTOSAIIEE BPEMS
10 «KPACHOMY»? CMEIIEHUIO «Z» UX CIIEKTPOB U3IyueHus1 Go-
TOHOB. «Z» ONPEENSAETCS OTHOIIIEHUEM BETUYUHbBI «KPACHOTO»
CMeIeHUsT KaKOW-TMOO CIIEKTpaJIbHOW JIMHUU B CIIEKTpe Ha-
6monaemMoro o0ObeKTa K JIJIMHe BOJHBI 3T0i TuHuK. KBazaps —
camble Aaniekue BuauMble 00beKThl Beenennoit. [Tostomy onun
SIBJISIIOTCS] IPEBOCXOAHBIM MPEAMETOM 11 UCCIIEJOBAHUS C LIe-
JIbIO TIOATBEPKACHUS TOW WM MHOM Mojesv BeeneHHou.

Pacnpenenenne kBa3zapoB. lccnegoBanusi pacnpejene-

2 Jlo cux HOp HeT yOeqUTENBHOTO OOBSICHEHHS 3TOTO SIBJIEHHS, NTPOUCXOSAIIETO
C NEpBUYHBIMU (DOTOHAMM.



HUs1 KBa3apoB B MPOCTpaHCTBe BeesleHHOM mpoBOaMINCH O pas3-
HBIM [TapaMeTpam, B TOM YHUCIIE U MO BEJIMYMHE «KPACHOTO» CMe-
mienusi. Hanbonee nganekue kBaszapbl HAOMIOMAIOTCS HA PACcCTO-
sHuU B 30—35 MWIIMApIOB CBETOBBIX JIET, a CAMbIM JTaJIeKui
¢ Z ~ 9 Ha paccrosiHUM 46 MWIIMAPIOB CBETOBbIX JeT. [1noT-
HOCTb KBa3apOB BO3pacTaer K nepudepnn BeeneHHOM.

l'anakTuku ¥ UX BUXpeBbIe MOJIs

DTO IMraHTCKUE BUXPEBbIE IPABUTALIMOHHO-CBSI3aHHbBIE CIU-
paJIbHO-111aPOBBIE IO (POPME CUCTEMBI, COCTOSIIIIUE U3 3BE3, I1J1a-
HET, Ta3a, TEMHOW MaTepud U APYTUX acTpopU3UYecKux 00b-
€KTOB, C(POPMUPOBAHHBIE TTPUTSIKEHUEM T10JISI MOIIHOTO CaMO-
Bpamarmierocsa sigpa YCT, pazMeliEHHbIM B UX IIEHTpE.

Causinmne I'anakTuk. CivsiHUe TajJakTUK TPOUCXOOUT MPU
CTOJIKHOBEHMHU JABYX WJIA HECKOJIBKMX FAJIAKTHK I10 3aKOHAM BUX-
PEBBIX MOJIEW. DTOT MPOLIECC SIBSETCSA OTHUM U3 BAPUAHTOB B3a-
MMOJEWCTBUSA rajlakTUK. HecMoTps Ha To, 4TO B Ipouecce Ciu-
SIHUS 3BE3/1bl WM 3BE3/IHBIE CUCTEMbl HE CTAJIKMBAIOTCSl BCIIE/-
CTBUE OOJBIINX PACCTOSHUN MEXIy 3BE3/1aMH, I'DaBUTAIVOH-
HO€ B3aMMOJICICTBUE T'AIAKTUK W TPEHUE MEXKAY I'a30M U IIbl-
JIbI0 OKa3bIBAIOT 3HAYUTENIbHOE BO3JEHCTBUE HA CIMBAIOIIMECS
raJakTUKU. 3aTeM JIaHHBI{A TMPOLIECC MPEACTaBIsAeT coO0l Oyp-
HYI0 peJakcanuio. B npouecce civsHuA TajJakTUK YOPsaO-
YEHHOE BpallleHUe 3BE3/] B IUIOCKOCTU JUCKA CMEHSIETCS Ha CITy-
yaiiHoe. B pe3ynbrare oOpa3syercs ralakTHUKa, B KOTOPOi O0Jb-
IIMHCTBO 3BE3/] 00Pa3yIoT CIIOKHYIO CUCTEMY OpOUT, He 00aaa-
IOIIYI0 B OOJIBINION CTETIeH! YIOPsI0UeHHBIM BHKeHreM. Koria



JIBE TAJIAKTUKU CTAJIKUBAIOTCS, OHU CJIUBAIOTCS JIPYT C JPYTOM,
JaBasi poKJIeHe HOBOM, O0JIee KPYyIHOM.

OnnuM u3 npumepos aBisercd ranaktika NGC 7727, noka-
3aHHas Ha oto 4.1, ceBa, MOTyYeHHOM C TTOMOIIBI0 0030pHO-
ro teseckona ESO VLT Survey Telescope) B Yum. Pacnono-
JKEHHasl Ha pacCTOSsHUUA 89 MWJUIMOHOB CBETOBBIX JIET OT 3€M-
mu B co3e3nuu Bononess, NGC 7727 cuuraercsi pe3yibTaToM
CTOJIKHOBEHMSI JIBYX TaJIaKTHK, ITPOU3OIIEANIEr0 OKOJIO MUJUIU-
apna jer Hazaf. [locnencTBust 3TOro OrpoOMHOrO KOCMHYECKOTrO
yZapa Bce ellle OYeBUAHB B HEOOBIYHOW HEMpaBUIBHON (popme
NGC 7727 u 3Be3IHBIX MIOTOKax BO BHelIHUX ooOsactax. CHu-
MOK CJIeJIaH B BUJIMMOM cBeTe B paMkax o03opa VST- ATLAS.

dot1o 4.1 Crusgaue rajlakTUK

Jpyroii mpumep TpuBeAeH KOCMHUYECKOW oOcepBaTopueit
«Yangpa», KOTOpas NoKa3aia, Kak BeIsauT (poto 4.1, cipasa)
cnusinue AByX cripaibHbIX rajlakTUK NGC 2207 u IC 2163. 9t
OOBEKTHI SABJSAIOTCS MHIMKATOPAMU IMPOTSKEHHOCTH M pacipe-
nenenus aercteus nosent spep YCT. [IeOpoitneBckas myda Bo-



KPYT 9THX siiep CIOCOOHA MPUBOIUTD U K TIOCTYTNATEIbHOMY JBH-
JKEHUIO B TIPOCTPAHCTBE Beel rajakTuku. [1ogoOHbIe spa MeHb-
IIUX Pa3MepPOB MOTYT ObITh U B BUJIe KBa3apOB U MYJIbCAPOB, T.€.
pacnajgaTbCsi C U3Iy4YeHreM PaJuoBOJIH UM HEUTPOHOB. Kpome
rajJlakTHK eIe HaOJI0AAI0TCs IIIAPOBbIe CKOIICHH S, KOTOPBIE OT-
JIMYAIOTCSL OT CIMPATIbHBIX HECKOJIbKO MEHBIITUMHU MapaMeTpaMu
saapa YCT — pazmepamu, cTENeHbIO pacnajia, BUAOM U3TyYSHUS],
a TaKk)ke 4acTOTON caMoOBpaIeHHusI BOKPYT COOCTBEHHOM OCH.

[o BHelIHEMY BU/Y B ONITUYECKOM JUATNIA30HE PA3INYaIOT J1-
nuntudeckue (okoso 17% ot oOIIero 4ymuciia rajakTHK), CIIH-
pasibHble (0KOJIO0 80% OT OOILEero yuciia rajakTuK) U Hempa-
BUJIbHBIE T'aJIAKTUKU (OKOJIO 3% OT OOIIEro 4Yuclia rajakTHK).
B ranaktukax mapoBble CKOIUIEHUS, BXOASIIME B CTapylo cde-
PUYECKYIO TIOJICUCTEMY TAJIaKTUK, COMIEpKaT MHOXKECTBO OeJIbIX
KapJnkoB. [ 1aBHOE CBOMCTBO MIAPOBBIX CKOIJIEHHUH 17151 Ha-
OMroIaTeTbHOM KOCMOJIOTUM — MHOTO 3BE3]] OJHOrO BO3pacra
B HEOOJIBIIIOM ITPOCTPAHCTBE.

[Tpu stom B CAIl OCHOBHO! Hepa3pemIuMbIil BOIIPOC CO-
CTOUT B MPOUCXOXKJICHUM JOTaJaKTHYeCKUX Buxpeii’? B pe-
aJIbHOM TMPE/ICTaBJIeHUU TAaKOM BOIIPOC MOIPOCTY OTIAAaeT —
B IIEHTPE CIUPAJIbHBIX TAJIAKTUK HAXOMUTCS OYeHb MAaCCHUBHOE
camoBpamamuieecs csepxmiotnoe sAapo-YCT ¢ pasmepa-

vu ot 107 — 108 CM, a e€ BpalllaTeJIbHO-TIOCTyNaTeIbHOE JBU-
KeHre 00pa3yeTcsl TakKe eCTeCTBEHHO, KaK W JIBUKEHUE BCel

3 Buxpu o CAII cymectByoT Bo BeenieHHOM n3HaYaIbHO U MIMEIOT TY e MPUPOLY,
YTO ¥ CaMO KOCMOJIOTMYECKOE PACLLIMPEHUE.



COJTHEUHOUM CHCTEMBI Yepe3 BpallleHue siipa CaMOW MacCUBHOM
3Be3/1bl. BHOBB MPHOBIBAOIINE T 3aXBaTHIBAIOIINECS OOBEKTHI
MIpU IBVKEHUU [aJTakTMKY B COOTBETCTBUM C MX MAaCCOM, CKOPO-
CTBIO M YIJIOM 3aXBaTa, 3aHUMAIOT COOTBETCTBYIOLIEE MOJIOKEHNE
Ha CIIUPAJIbHBIX PYKaBax WM BOJMM3M IIEHTpPA TATAKTUKU. DTO
TIOATBEPIKIAI0T U coBMecTHbIE X. Y. Bo0KoKa padoThI ¢ OTIIOM,
X. JI. B20KOKOM, KOTOpbIE UCCIIEIOBAIA BpallleHUe TaJIAKTUKU
Anzapomensl 1 nokaszanu B 1938, uto ee civpaibHblE pyKaBa BoO-
JI0YATCsi — OTCTAIOT BO BpalllEHUH OT sijipa.

B pesynbrare Bpamenust ['anaktuku oOpa3yercss MarHUTHOE
T0JIe ¥ 3TO MOJIe CBOMCTBEHHO el Kak 1iesioMy. HayKIus KpyTi-
HOMACHITAOHOrO MAarHUTHOTO TOJSI TAJIAKTUKKU COCTABJISIET MPU

stom 2 x 107° I'c, HO MOXeT HOCTUTraTh 103 I'c, nposiBisis
ce0s1 B MIOHM30BAaHHOM Ta30BoM jucke [anaktuku. B crimpab-
HbIX TJIAKTUKaX MarHUTHOE 1ojie HanOosiee CHIIbHO B UX pyKa-
BaXx, II€ OHO B CPEAHEM BHITAHYTO BJIOJb HAX. Y HEKOTOPBIX I'a-
JIAKTUK, Hanpumep, y ragaktuk M31 (TymanHocTs AHApoMe-
IIbl), paclipeie/ieHue MoJisi UMEET BUJ, KOJbLA, PACONIOKEHHOTO
Ha paccrosiHuu 10 Kk oT 1ieHTpa raiakTuku. Y Jpyrux rajak-
TUK, Haripumep, y M33 u MS51, oTu€mimBo BbIpakeHa CTPYKTY-
pa, uMeroIas BUJ ABYXPYKABHOM CIUPAIA — CBUIETEILCTBO
JBYX MCTOYHMKOB I'DaBUTALIMH, CBA3aHHbIX B mapy. [lonspusa-
11 ONTUYECKOTO U PAJMOU3TyueHUs HAOMIOIaeTCsl He TOJIbKO
B CIIMPAJIbHBIX, HO M B HETIPaBWJIbHBIX I'aJlaKTUKaX, HAIIPUMED,
B M82, NGC3718, Bonbiiom Marenanopom OOJake, 4Tto yka-
3bIBA€T HA MPUCYTCTBUE B ITUX FAJIAKTUKAX KPYIMTHOMACIITAOHBIX



MarHuTHbIX Nosied. OTHOCUTENBHO CUIIbHBIMU MArHUTHBIMU TTO-
JIIMU 00JIaJAI0T PaIOTAIAKTHKY.

Pacnpenenenune u popmsel npukenus I'anakruk. I'pyn-
na rajaktuk opmupyer (puiaaMeHThbl (OY€Hb TOHKHE Tajiak-
TUYECKHE HUTEBUIHBIE CTPYKTYPbl) MPOTSKEHHOCTHIO B MUJLIH-
OHBI CBETOBBIX JIET M COCTABJISIET CKeJieT BcenenHon». ®Puia-
MEHTBI PacroJIOKEHbl MPUMEPHO B 6,7 MIWIIMAPIOB CBETOBBIX
aer ot 3emun. ['aakTUKK, CKOIUIEHUS TaJIAKTUK M UX CBEPX-
CKOTUICHHSI, «<BCTPOEHHbIE>» B (PHJIaMeHTbI, [TOMEIIEHbl MeX-
Jly IMyCTOTaMH, CO3JjaBasi TEM CaMbIM TMTAHTCKYIO « IeHy». OHH
KOHIIEHTPUPYIOTCS B U30THYTHIX «CT€HKAaX» TOMIIUHON MOPS/I-
ka 10 MWIJIMOHOB CBETOBBIX JIET, IEPECEKAIOIIUXCS IPYT C APY-
romM. HekoTopsie « CT€HKH» MTPOCIIeKUBAIOTCS HA COTHA MUJUIU-
OHOB CBETOBBIX JIET. TaMm, I/1e CTEHKH «CMBIKAIOTCS», TAJTAKTUK
0COOEHHO MHOTO (CBEPXCKOILICHHUsT). DTH OOJIACTU TOBBIIICH-
HOUM KOHIIEHTpAIIUY TaJIaKTUK 00pa3yloT B MPOCTPAHCTBE MOJI0-
Ovie UIMHHBIX BOJIOKOH (Ieno4eK ). BHyTpH 3TUX siueek, Mexy
CTEHKaMH, TaKKe HaXOIATCS MyCTOThl — «BOUBI-vOids» 4, B KO-
TOPBIX IJIOTHOCTb FAJIAKTUK KaK MUHUMYM B JIECSITh pa3 MEHb-
11€, YEM B CPEJIHEM.

HekoTopbIM HarisiAHBIM aHAJIOTOM TaKOW CTPYKTYPbI MOXET
CIIy’)KUTh MEeHA U3 MbUIbHBIX My3bIpel, B KOTOPOH CTEHKH ITy-
3bIper M UrpaioT poib (puiameHnToB. [IpaBaa, pacnpeaeneHue
TaJIakTUK BAOJb «CTEHOK» SIY€eK, B OTJIMYME OT pacrpeieieHust

* Tuxonos A. B. 29.07.2007 rox. Acrpodusuka, apxus 0707. 4283. «Ilycrorst
B Galaxy Survey SDSS.»



MBLJIBHOTO PACTBOPA B Iy3bIPsiX, OYEHb HEOTHOPOAHO, Ja U ca-
MU SIYEHKHU He 00JIa/Ial0T MTPAaBUIIBHOCTHIO (hopM. Pasmepbt 6071b-
HIUX SIYEEK COCTABIISIOT Oosiee COTEH MUJIJIMOHOB CBETOBBIX JIET,
HO MHOTO 1 60Jiee MEJIKHX.

Bimkaiiiiasi K HaM «CTeHKa» MPOXOAUT AJIMHHOM J1yrou ye-
pe3 xHbIe co3Be3aus [ uapsl — LlenraBpa —Teneckomna — I1as-
mvHa — MHpeina. OOpasyiolye ee TajlakKTUKA UMEIOT JTy4YeBbie
CKOPOCTU B HECKOJIKO TBHICSY KM/C, M OOJBIIMHCTBO U3 HUX
yAQJIEHO OT Hac He MeHee 4eM Ha 20—30 MWIJIMOHOB CBETO-
BbIX JieT. K 3Toil «CTeHKe» MpUHAIeKUT U cKoruleHus B [e-
Be, U Bce MectHoe CBEpXCKOIUIEHUE, Ha Mepudeprur KOTOPOro
pacnionaraercsi MectHas I'pynna rajiakTuk, BKJIIOYAOIIAs B Ce-
0s1 namy l'anakTuky. B ckoruieHny ranakTvk B co3pe3nuu [le-
BBl TPe00IaaloT JUTMNTHYECKE 3Be3qHble cucTeMbl. Cpenu
MOCTIeIHUX BCTPEUAIOTCS U CBEPXTUTAaHTCKME 00Opa30BaHUsl, Ta-
KMe, Kak rajaktuka M87. 16 rajlakTMK 3TOro CKOIJIEHUs! BOIIUIU
B Karajor Mecbe. CkoruieHus B [IeBe, B KOTOpOM HACUMTHIBA-
0T OKOJIO 2,5 THICSIY TAJIAKTHK, U SIBJISIETCS] LIEHTPOM OJJHOMMEH-
HOTO CBEPXCKOIUICHUS TUIAKTUK. B HEro BXOAAT Tak:ke, Halpu-
Mep, CKOIJIEHUs B co3Be3usaxX boibinoit Menseauiibl 1 'oHunx
Icos. o ckornennit [IeBsl 1 bombioi Menseauiisl IpuMEPHO
OJVHAKOBOE paccTosiHUE — OKOJIo 20 meranapcek. IIockonbKy Mbl
HAXOIUMCSI BOJIM3M Kpasi 3TOW «CTEHKW», COCTaBJISIIOIINE €€ ra-
JIAKTUKH 00pa3yloT Ha HeOe CPaBHUTEJIBHO Y3KYIO TMOJIOCY, pac-

TAHYBIIIYIOCS Oonee yeM Ha 180°, HaromoOue Toro, Kak 3Be31bl
['anakTvku KOHUEHTpUpYIOTCA B nosiocy Miueunoro ITytu. Ot-



JIeJTbHBIX 3BE3]1 B TaJJTAaKTHUKaX BO MHOTO pa3 OOJIbIIe, YeM OT/IE Ib-
HBIX TaJJaKTUK B CTEHKAaX sSueeK.

K apyroii 1iMHHON «CTEHKE», MHOrA Ha3biBaeMon «Bemu-
Kas CTeHa», KOTopas MPOTSIHYJIACh IMOJIOCOU IMOYTH Ha MOJHeOa,
MIPUHAIJICKUAT OOraToe XopoIo W3y4eHHOe CKOoIieHne B Boso-
cax Beponuku, Haxopsieecs Ha pacctossHuM oyt 300 mui-
JIMOHOB CBETOBBIX JIET OT HAC, B IIEHTPE APYrol CBEpPXTalaKTh-
ku. CkoruieHue B Bonocax Beponuku — siBiisiercs ieHTpom «Be-
JIMKOW CTeHbI». Kak m qpyrue Oorartbie CKOIUICHHS, OHO COJEp-
KUT MHOTO JUIMIITUYECKUX TaJlaKTUK. M3yueHue ero nuHamu-
KM BIEPBbIC YKa3aJ0 HA HAJIM4YKEe OOJIBIIIOrO KOJIMYECTBA HEBH-

qumon marepud. Macca ckoruienust — okonno 10 15 Mace COJIHIIA.

OnHO W3 KPYIHHBIX CBEPXCKOIUICHWH TaJaKTUK, 0Opa30OBaH-
HO€ HECKOJIbKMMHM CKOIUICHMSMH, yJaJeHHOe OT Hac MpUMeEp-
HO Ha 200 MWJIJTMOHOB CBETOBBIX JIET, MOJYUYUJIO Ha3BaHUe «Be-
JMKUI ATTpaktop». BcesneHHyl0 MOKHO CUMTATh OAHOPOAHOM
TOJILKO, HAUMHAsl C Macirtaba B HECKOJBKO COTEH MUJUTMOHOB
cBeToBbIX JieT. Chepa Takoro uiam 0oJblero pasmepa Oyaer co-
JepXkaTb MPUMEPHO OIMHAKOBOE KOJIMYECTBO TaJaKTHK, CKOII-
JICHW! TaJIaKTUK WM «BOHMJOB», a Ha Oojiee MEJKHUX MacIlTa-
0ax pacripeieJIieHUe TAJIAKTUK HeJIb3s1 CYUTATh OJHOPOIHBIM J1a-
e MPUOIU3UTENTHHO.

Pa3mepsl CBEPXCKOIIEHUI IOCTUTAIOT COTEH MUJJIMOHOB CBE-
TOBBIX JIeT. Bcero e CBepXCKOIJIEHU BBISIBJIEHO OKOJIO TMOJTY-
coTHU. B kaxxgoe B cpenHeM Bxonut okojio 10 CKoIieHuid, XOTs
OBIBAIOT Y 3HAUMTEJIbHbIE OTKJIOHEHUs B OOJBIIYI0 M MEHBIIYIO



cTopoHbl. CBEPXCKOIUJICHU I TAJIAKTHK SIBJISTIOTCS CAMBIMK OOJTb-
MU U3 U3BECTHBIX CTPYKTYP, LIEJIOCTHOCTh KOTOPBIX 0OOecTie-
ynBaeTcs rpaBuTaiueil. Bo Bceil Buaumon BceneHHol cBepx-
CKOILIEHUS] paclpeesieHbl paBHOMEPHO.

[TpakTuvecku Bce CTEHBI COnepXkaT B CBOEM IIeHTpe Oora-
TOE CKOIUICHHE TTAKTUK. B «Omm3koii» BeenenHol HaxoauTes
BCEro TpW Takux ckorienus — B Bomocax Beponuku, Ilepcee
u ACO 3627, xoTopoe SKpaHUpPYyIOT 0O1aka MelI B MIledHOM
[TyTn.

Bce lNanakTvku HaxoQsATCSl B COCTOSIHUM TOCTYIATEIbHO-Bpa-
IaTeJILHOTO IBMKEHUS, TTPU STOM MePBONPUYNHA BHIHYK/ICH-
HOT'O [TOCTYTATEIbHOTO BPAIlIEHHU s 3aKJII0UEHA B MEXAHU3ME Bpa-
IIEHUs — 9TO TaKasl ’e TallHa, KaK 1 BpallleH!e BCeX 3BE3[ U aK-
TUBHBIX IUTaHET. [[pyras TaifHa 3aKkJTi09aeTcs B TOM, UTO ITpU Xao-
OJIOBCKOM paciivpeHur BceneHHON MpOMCXOIUT MPaKTUUECKU
0e3bIHePIHOHHOe paz0eraHue ['aJakTUK cO CKOPOCTSIMU MPO-
MOPIMOHAJILHBIMU Y/IAJICHUIO OT HAC, HAUMHAs C KaXJJ0ro MmocJe-

JYIOLLETo 111ara B 10 cm Ha 30 km/cex. B 3ToM 1 KpOeTcs OTBET,
KaK Ha MEpBONPUYMHY BpalllEHUs, TAK U HA MEXaHU3M IIPOU3-
BOJICTBA HOBOTI'O IPOCTPAHCTBA B pacumpsoniencs BeeneHHo.

Mup 3Be31 W TrajakTUK BOOOIIEe HE CMOTr Obl BO3HUKHYTh
u Bcenennast ocranach Obl 6€CCTPYKTYPHOM, eCiiid Obl TPaBH-
TalIOHHOE TI0JIe OOBIYHOIO ATOMHO-MOJIEKYJISIPHOTO BEIECTBa
3BE3]] M TUTAHET He TIPOSIBIISLIO Obl ce0s1 B BUE (prilaMeHT Ha o-
HE aKTUBHBIX LIEHTPAJIbHbIX MOJIEN TATOTEHU S KBa3apoB, a TaKke
CBETAILENCS MacChl BOKPYT Iep 3BE3[ U IJIAHET.



CTpykTypa runepnpocTpaHcTBa.

HenpepbiBHOE paciiMpeHue BHEIIHEN NTOBEpXHOCTH Beenen-
Hou oOycrnoeinieHo BoimageHneM YCT u3 ee «armocdepbl», T.e.
U3 00JaCTH, T/ie KOHYAIOTCSl IPAHUIIbl TPABUTALIMOHHBIX MOJIEH.
VBenuueHue BHENIHEW MOBEPXHOCTU BceneHHON MpoucxXoaut
3a CUET pa3/IBUraHUsI TPaHUI] C aMOP(HBIM CUHTYJSIPHBIM PO-
CTPaHCTBOM, KOTOPOE PEryisipu3upyeTcsi pacTylIMM CO CBEPX-
CBETOBOI CKOPOCTBIO T'PaBUTAIIMOHHBIM TI0JIEM BHOBb 00pa3o-
BaHHOM YUCT ¢ aKTHBHBIM MOJOKUTEJbHBIM I10J€M IPaBU-
TaluHu.

Takum 06pa3oM, CTPYKTYypy runepnpoctpaHctsa BeenenHoi
MOXHO TMPEJCTABUTH CIISAYIOIIUM 00pa3oM:

— IIpoctpancTtBo BeenenHol 00pa3oBaHO JaIbHONEHCTBYIO-
MMM rpaBuTatioHHbIMU nossamu anep YCT, 3anonHeHo ame-
MEHTapHBIMH YaCTUIIAMHU, Ta30MbLUICBHIMA TYMAaHHOCTSIMU U 00-
JIAKaMH, CTSTHYTO C TIOMOIIBIO X0JIOTHOM 0e3MaccoBoil nmJjias3-
MBI CO BCEMH acTpO(PU3NIECKUMU OOBEKTAMH, COIEPKAIUMU
aTOMHO-MOJIEKY/ISIPHOE BEILECTBO OT IUIAHET, 3BE3[, TaJIAKTHK
Y UX CBEPXCKOIUIEHUH, B €AUHYIO, HO paciuupsionlyocs Beenen-
HYIO.

— Pa3mepbl campix OonbIMX CTPYKTYp BO Bceenennoin —
CBEPXCKOILIEHNH FAJIAKTHK’ 1 THTAHTCKUX «BOM10B» — JI0-
CTUTAIOT JIECSITKOB MerarnapcekoB. Obnactu BeenenHoit pazme-
pom 100 Mnk u Gosnee BBIMISAIAT BCe OAMHAKOBO, IMPHU STOM Bbl-
JICJIEHHBIX HarpaBJieHni BO BceneHHoM HeT.

> YspectHo Gonee 20.



— IIpoctpancTBeHHass KpuBU3HA BeesleHHOW eciu U OTJIMYHA
OT HYJIsl, TO OYEHb MaJa.

— Ha 60bIux pacCTOSIHUSX PErUCTPUPYIOTCS TOJIBKO SIPKUE
OOBEKThI, @ CAMBIMHU SIPKUMH TOCTOSIHHO PaJIUOU3TyYalONMMU
oObeKTamMu BO BcenleHHON SIBJISIIOTCS] KBAa3aphl.

B meJsiom Hama BceneHHass — 3TO «Iy3bipb» pa3jayBaro-
erocsi He B3PBIBHBIM 00pa3oM MO BHEIIHEW MOBEPXHOCTH
BEI[eCTBEHHO STYEHCTOr0 IPaBUTAIIMOHHOIO MPOCTPAHCTBA,
3a cuét yBenuuupariierocs uncia YCT u Bo3pacraorero o0be-
Ma rPABUTALIMOHHOIO TPOCTPAHCTBA BOKPYT HUX. CpaBHUTH 3TOT
MPOIIECC MOKHO C TIPOLIECCOM IEHOOOPa30BaHK S TIPU BHEIITHEM
B30MBAHUU MbUIBHO TIEHBI.

Buaumas vacts pazmepom Oosee 10?8 e or LEHTpa 3amoi-
HEHa raJJaKTUKaMU, CKOTIIGHUSIMU W CBEPXCKOIUICHUSIMH TaJlaK-
THK, 0Opa3yoIliX TPEXMEPHOE SYeHCTO-CeTYaToe JaTbHOICH-
CTBYIOIIIE€ I'PABUTAIIMOHHOE IOJI€ U TJIOCKOE MPOCTPaHCTBO Bee-
JICHHOW, HEPAaBHOMEPHO PETY/ISPU30BAHHOE I'PABUTALIMOHHBIMU,
JIEKTPOMAarHUTHBIMU TIOJISIMU, Ta30MbUIEBBIMU OOTaKaAMM, MOJISI-
MU U3JTyYeHUsT U3 pa3HOOOPA3HBIX JIEMEHTAPHBIX YaCTHI U CBe-
TOBBIX (pOTOHOB. B 3TOI yacT NIPOU3BOACTBO MPOCTPAHCTBA
3aKOHYEHO, a Macca MOCTOSTHHA .

IIpomeskyToUHas1 YacTh BHEITHETO C(PepruiecKoro cjos -
niepripocTpancTBa obpazoBana pacnagamommmucsa YCT Ha pas-
HBIX 3Tarax 3BOMIONUU C OOPA30BAHUEM CBETSIIUXCS 0OTaKOB °
cOpOIIIEHHO!N aTOMHOM T1JTa3Mbl TTPY B3PhIBAX HOBBIX M CBEPXHO-

o Ty KpaGoBUIHOWM TYMaHHOCTH, B IIEHTPE KOTOPOM HAXOMUTCS MyJIbcap.



BbIX, UMITYJIbCHBIM M3JIy4€HUEM IYJIbCAPOB, HEUTPOHHBIX 3BE3[L
u 1. 1. Cpepudeckuii cnori 00'bEMHOI HEBHANMOM 9acTH, pas-
MEIIEHHBIN Ha MIOBEPXHOCTU B 3TOM MIPOMEKYTOUHOH, 0Opa3yer
KpYyIMHOMacHITabHYIO U ellé YaCTUYHO BUAUMYIO YacTb Beenen-
HOM.

YCT, nynbcapbl, KBa3apbl, HEUTPOHHBIC 3BE3MbI, LIBETHBIE
1 OeJble KapIMKH, C OJJHOU CTOPOHBI, KaK 00J1a/1al0II1e TIOJIOKH-
TEJIbHBIM T'PaBUTALMOHHBIM 3apsIOM, a TAK)KE OTAEJIbHBIE 3BE3-
Ibl, B TOM YKCJIE€ W3JIy4Yalolllie TOJbKO BUAWMBIN CBET, rajlak-
THKH M UX CBEPXCKOIUICHHS, C APYTOM CTOPOHBI, Kak 00aiaio-
1ye BA0OABOK ellE U OTPULIATEIbHBIM IPABUTAIIMIOHHBIM 3apsi-
JI0M, (pOpMUPYIOT LIEJIO€ CTSAHYTOE BELIECTBEHHOE MPOCTPAHCTBO
Harerd BceneHHOM B BUJIE AY€HCTO-TOYE€YHON IPAaBUTANIOH-
HOI1 NIeHbI ¥ IePeMeHHOI MacChl.

HeBuaumasi noBepXHOCTHAS 4acTh CJIOS c(pepbl IPOCTPaH-
ctBa BeeneHHoi cyiiecTBeHHO O0Tbile 0 00beMY MPEBOCXOAUT
NPOMEKYTOUHYI0 ¥ BHYTPEHHIOIO BHAHMMYK. DTa 00J1acTh
PEryJIsIpu30BaHa OTHOCUTEIBHO PABHOMEPHBIM PaCIpeAeICHUEM
KBa3apoB M IyJIbCAPOB M OMNPEAEAETCS, B OCHOBHOM, TOJBKO
I'PaBUTALIMOHHBIMUA, MArHUTHBIMUA U JIEKTPUUECKUMHU TOISAMU
ux YCT, a Takke UX HEBUAUMBIMHU JIEKTPOMArHUTHBIMM TOJISI-
MU (POTOHOB B PEHTTEHOBCKOM M paguoanara3oHax. B stou ya-
cru BeenieHHOM, B cBA3M ¢ HenpepblBHBIM NepeMeniennem YCT,
BCJIE/ICTBUE TIOCTOSIHHO PACTyIIed Macchl U TMaJeHUeM K IeH-
TPy HaCCUBHOM MAcCChl, KX Pa3HOU IBOTIOLUEN, IPOUCXOAMT MPO-
W3BOJICTBO JOMOJTHUTEIBHOIO I'PAaBUTALIMOHHOTO ITPOCTPAHCTBA —



pacuipenue BceneHHoil U yBean4deHmne e€¢ Macchl. B nenom
9Ty 4YacTh MPOCTpaHCTBa BceneHHo Oojiee HArMISAHO ONMHUCATh
KPUCTAJUTMYECKON PEIIETKOM TBEPAOro Teia, Y KOTOPOM B y3-
JIax pa3MelleHbl MOJIOKUTEIbHBIE 3aPsi/ibl AaTOMHBIX SAAEpP, OKPY-
KEHHbIE 000JI0UKAMU U3 OTPHILIATETBHO 3apsKEHHBIX JIEKTPO-
HOB. TOJIbKO y peIETKY TBEPAOTO TeJla MOJIOKUATEIBHBIE 3APSIIbI
(9neKTpuYecKue) CTaOMIbHBI IO 3HAYEHUIO, 4 Y KBa3apoB U IMYJIb-
capoB 3TOT 3apsf (Macca) EpeMEHHbIM, YTO U PUBOIUT K IBO-
JIOLMU U IBUKEHUIO BO BCeneHHoil.

Orunoamomasi noOBepXHOCTh I'PAHUIL TPABUTAIIMOHHBIX T10-
JIell HETIPEPhIBHO PACTET — 3TO BHENIHsS MOBEPXHOCTh Bce-
neHHo#. Ha 310l rpaHutie nmpoucxonuT Haubosee MHTEHCUBHOE
MIPOU3BOJICTBO JIOTIOTHUTEIbHBIX ITPABUTAIIUOHHBIX IPOCTPAHCTB
3a cy€r HOBBIX nosied YCT, nocrynaomux U3 HeBeleCTBeH-
HOI'0 npoctpaHcTBa. Macca (3Hepeusi) — nepeMeHHa.

3arem cnenyer nepexogHasi oonacte — armocdepa Bce-
JneHHoil. B aTrmocdpepe npoucxoouT MPOU3BOACTBO TOJBKO
TPEKOBBIX BOJHOBOAOB JIEKTPOMATHUTHBIX JIMHEMHBIX IPO-
CTPAHCTB (POTOHOB BCETO YAaCTOTHOI'O CHEKTPA.

Oxpyxaroliee NpoCcTPpaHCTBO BOKPYT M CHapyXu aTmocde-
pbl BeeneHHo# — cyTh aMop¢HOE CUHTY/ISIpHOE POCTPAHCTBO,
JIMINIEHHOE KAaKOW-TMOO OPUEHTAIMU U PeryJIsspu3aiiiy, BCIeI-
CTBHUE OTCYTCTBHS B HEM JIIOOBIX BUJIOB MaTepUH, M KOTOPOE MPO-
HU3aHO TOJIbKO Tpekamu (poToHOB, oOpazymomux YCT.

Tam Kyga He JOCTUTraloT Ja)e MOTeHLUaIbl-3€pHa OT MoJiel
YCT, TaMm HapCTBYeT HeBelleCTBEHHOe ITPOCTPAHCTBO, TyIa



U3peJKa J0JIETaloT Jaxe (POTOHBI.

[MonBozst HTOrM MexaHM3MaM 00pPa30BaHMS TOTO WJIM UHOTO
NPOCTPAHCTBA, BO3PACTa )KU3HU U NIEPEHOCA MATEPUU U SHEP-
TMM B HEM, MOXHO C YBEPEHHOCTBIO KOHCTaTMpPOBaTh. Bo-
NIEPBBIX, BCE BBILIEU3JIOKEHHBIE IPOCTPAHCTBA-TIONA (OT aTOM-
HO-SJIEPHBIX 10 TPABUTALIMOHHBIX OT S/Iep 3BE3]1) OYEHb CUJIb-
HO OTJIMYAIOTCA APYT OT Jpyra IO IUIOTHOCTU U JAJbHOCTU -
HAMHY€CKOI0 3aCeJIEHNs 3¢ pHaMU-TIOTEHIIMAIaMU, a TAKXkKe X
Ka4yecTBa — 3TO JEKTPUYECKUE, MATHUTHBIE, TPABUTALIMOHHBIE,
JIEKTPOMArHUTHbIE HUTEBBIE TpeKU (poToHOB M cepbl UYCT.
Bo-BTOpBIX, IEpEHOC MAaTEPUU B AJOEPHBIX CPEPUUECKUX MUK-
PONPOCTPAHCTBAX MPOUCXOJUT MOUTH Oe3 paccesiHus, T.€. B CO-
CTOSIHUM CBEPXTEKYYECTH, YTO U OIpeJesIseT BO3PacT IIPOTOHA,
IEKTPOHA U IPYTUX SIEP aTOMOB XMMMUYECKUX JIEMEHTOB. B-
TpeThrx, oOpaszoBasiuecs nepeuunbie YCT B ycnoBusix amopd-
HOI'O IIPOCTPAHCTBA (HOJb MPOTSKEHHOCTH, HOJIb MaTEpPUU) Ha-
YUHAIOT PacnajaTbCsl B CBOEM COOCTBEHHOM I'PaBUTALIMOHHOM
IPOCTPAHCTBE, UMes 110 OTHOIIEHHUIO K MOCeAHEMY OoJiee BbI-
COKMH MOTEHIMA SHEPTUU.

W, HakoHel, nocieHee, pa3gyBaHue «I1y3bIps» BceneHHon
INPOMCXOAMT 3a CYET peryjispusalid aMop(IHOro IpocTpaH-
CTBa, T.€. HAIIOJIHEHWE €r0 HOBBIMU HEIPEPBIBHO PACIIMPAIO-
HIMMUCS TYEUCTO T'PAaBUTALIMOHHBIMY MOJISIMU-TTPOCTPAHCTBAMU
C MOHOIIOJIBHO TATOTEIOIIMM LEHTPOM BOKPYT KakJIOr0 U3 YUC-

2
na magaommx YCT. Bee UCT wu3 guanasona 107 — 10% cm ume-
10T OIMHAKOBBIA MO 3HAKY T'PaBUTAIMOHHBIA TMIIEPMOHOIIONb,



a HapaOOTaHHAs MyJbCapaMu JIOYEPHSIs siIEPHO-aTOMHO-MOJIe-
KyJIsIpHasi Macca (3Hepeusi) — NPOTUBOMNOJOKHBIN. [loaTomy
camble kpynHble YCT B MecTax CBEpXCKOIUIEHU TaJIaKTUK CO-
3[AI0T U3-32 B3AUMHOTO OTTJIKUBAHUS STYEUCTYIO CTPYKTYPY I1y-
CTOT CO CTEHKaMH, IPUTSTUBASICh K OOITIell aTOMHO-MOJIEKYJISIP-
HOHM Macce 3THX CBEPXCKOIUIEHWH ¢ 00pa3oBaHMEM OOBEMHOM
rpaBUTAlIMOHHON ceTKU. Tak ¢opMupyercs paciumpsiomascs
KpyrnHomaciitabHasi cTpykTypa BeeneHHoi.

Beankas crena Cioyna.

[0 BpeMmsi, COBEpIIEHCTBOBAINMCH TEXHOIOTHH, Oiaromaps
KOTOPHIM TOSIBUJIMCh HOBBIE BO3MOXHOCTU [Tl HAOMIOAEHMS.
Ha 3ape 21 cronerus B 2003 romgy, acTpOHOMBI 3asIBUH 00 OT-
KkpbiTiu Benmkoii crenst CioyHa, KOTopast pacrioyioxkeHa Ha pac-
CTOSIHUM OOJIee MIJUTMAp/ia CBETOBBIX JIET OT HAC, a B IJIMHY IPO-
crupaercs Ha 1,37 mulp] CBETOBBIX JIET.

B 2013 rony e€ norecHua B nepBor crpouke Benukas cre-
Ha ['epkynec-CeBepHasi KOpOHa, CTPYKTypa OOHApyKeHHasl ITy-
TEM KapTUPOBAHUS T'aMMa-BCIUIECKOB ¢ Bo3pacTtoM 10 Musumap-
JIOB JIET, & 9TO 3HAYUT, YTO CTPYKTYpa Y:Ke CYIIECTBOBA/IA MEHb-
e, yeM yepe3 4 Mipza Jet nocie bonbinoro B3pbiBa. [laHHbIE
CTPYKTYpPbI, IPOTHBOPEYAT TEOPUU, HA3BIBAEMON KOCMOJIO-
rH4YeCKMM NPUHIUIOM. DTOT MPUHLIMI TOBOPUT HaM O TOM,
41O BCsl BeeneHHast mpuOIM3UTEILHO OIHOPOIHAS U CITyYaiiHOe
OTKJIOHEHUE, KaK B CTPYKTYpe, TaKk U B Macce (3Hepeuls) MaTe-
pUM MEX]y pa3IMuHbIMU 00beKTaMu BceneHHOM, JOIKHBI ObITh
OYeHb He3HAYNTeJbHbIMHU. Benukas creHa B 8 pas, npesbliiia-



I01as1 3TOT NpeJesl, CTAaBUT MOl COMHEHHe BECh KOCMOJIOrHye-
CKUU TIPUHIIUAI U 3TO OTKPBITHE ObLJIO HACTOJIBKO OOJILIINM
YTO OHO, TI0 CYTH, BOOOIIIE HE JOJI)KHO CYIIIECTBOBATh, OOJIee TOro
CTPYKTypa HaxoauTcs Ha pacctostHuM 10 muipa cBeToBbIX JieT. To
€CTh MbI BUIUM CTPYKTYPY TaKO¥W Kakou oHa Obuta 10 mumap-
JIOB JIET Ha3aJl, @ 3TO O3HAYaeT YTO OHAa C(POPMHUPOBANIACH CITYCTs
Bcero 3,8 muipn Jiet nocie bomnbinoro B3peiBa. Takon mpoMexy-
TOK BpeMEHH CIIMIIIKOM MaJl JI1sl 00Opa30BaHusI 9TOM TMIaHTCKOM
cTeHbl, IIMHOM 10 MJIpIT CBETOBBIX JIET.

HoBrnie nannblie Tedeckonma [[>keiiMca Y3060a cBuje-
TeJbCTBYIOT 0 TOM, 4T0 Bosabimoro B3pbiBa He ObLI0

HoBble n300pakeHusi, mnoiaydyeHHble HenaBHO (21 aBrycra,
27 okts6ps u 18 Hosiopst 2022 roga) KOCMUYECKUM TEIECKOTIOM
«[lxeitmc Y260» (JWST), BHOCAT pacKoJ cpei acTpOHOMOB
U KOCMOJIOTOB, TIOCKOJIbKY OHHU CTaBSIT TIOJI COMHEHHE TO, Kak
Ha caMOM JieJie BBIIJISI/IENN PaHHUE THU Haulerd BeeneHHon. 910
OJVH U3 MHOTMX MPUMEPOB TOr0, Kak Mbl KOJJIEKTUBHO MTPUHU-
MaeM TeopuH M yOexJeHHs 3a aOCOMIOTHYI0 HEOCTIOPUMYIO HC-
TUHY, B TO BpeMsI KaK Ha CaMOM [IeJie B MUPE TOJTHO HEOKUJaH-
HBIX CIOpHpu30B. HoBble JaHHBIE CBUJETENBCTBYIOT O TOM, YTO
Boubmoro B3priBa He ObLIO.

CaMblii MOIITHBI MTHCTPYMEHT HAOJIOIEHU ST 32 KOCMUYECKIM
MPOCTPAHCTBOM, KOTOPBIN KOTAa-TMO0 ObUT B pAaCOPSIKEHUH Ye-
JIOBEUECTBa, — KOCMHYECKHUI Teneckon «Jlxermc Y300» (Poto
4.2.) BeiBeM HAa OpOUTY BOKpYr Touku Jlarpanxka L2 cucremsr
Comnne — 3emis 24 saBaps. Teneckon ObLT BRIBEJEH HA OPOUTY



paketoit Ariane 25 nexadps 2021.

®oro 4.2. Teneckon xermc Y300.

«JIxermc Y300» BemeT HAOMIOAEHUS UCKJIIOYUTEIHLHO B MH-
¢dpakpacnom auanazone. [IpemrycMoOTpeHbl crielaibHbIe Ka-
Mepbl, MO3BOJIAIONINE PACCMOTPETh BHYTPEHHUE 00IaCTH TajlaK-
THK, CKPBIThIE B BUJJIMOM CBETE KOCMUYECKOH MbLIbI0. [Tpesro-
JIarajivi, 9TO OH CMOXET 3aIyIsIHYTh TaK JIaJeKO B TIIyOWHBI KOC-
Moca, KyJa He JOTSITUBaJICs HU OJIUH TeJeCKOM, U YBUAUT CBET
NIepBBIX 3B€3]1 U rAJIAKTUK, 00Pa30BaBIIMXCsA cpasy nocie bosb-
1mioro B3psiBa. HoBble n300paskeHus1, MOTyYeHHbIE KOCMUYECKUM
TesieckoroM «Jxeiimc Y200», BHOCAT PaCKOJI Cpeir aCTPOHO-
MOB U KOCMOJIOTOB, ITOCKOJIBKY OHM CTaBAT TOJI COMHEHHE TO,



KaK Ha caMOM JieJie BBIIVISIIeNIM paHHUE JIHU Harller BceneHHOM.
DTO OIMH U3 MHOTMX MPUMEPOB TOTO, KaK Mbl KOJLUIEKTUBHO
NPUHUMAEM TEOPUU U yOEKJIEeHHS 32 aOCOMIOTHYI0 HEOCIIOPH-
MYI0O MCTHHY, B TO BpeMs Kak Ha caMOM Jiejie B MHUpE TOJIHO
HEOXXHUIAHHBIX CIOPIPU30B. ITO MOXET IMPOU30NTH CHOBA, TO-
CKOJbKY Tesieckon «JlxefiMc Y200» OTKphIBaeT ropasuo 0ob-
11e TOrO, YTO MbI Y3HAIM OT €ro MPeIlIeCTBEHHUKOB TEJIECKO-
noB «Xa00:m» u «Gaia». 3a JBe HefIe M, TPOIIEAIINe C MOMEHTA
TIOJTyYEeHH I TTIEPBBIX N300pakeHUI 1 JTaHHBIX ¢ «Y300a», acTpo-
HOMBI COOOITVIT O MHOKECTBE HOBBIX OTKPBITHIA, B TOM UHCJIe
00 OOHapyKeHUM MHOXECTBA JIAJIEKUX TaJIaKTHK, paHee HUKO-
r/1a He HaOMIOAABIIMXCS. DTO TANAKTUKU, KOTOpPbIE Mbl HUKOT/IA
HE BUJIEJIU PaHbIIIe, TIOCKOJIBKY OHU HAXOAUJIMCh BHE I0CATaeMO-
CTH JIPyTHX 00CepBaTOpHid, MPEACTABIISAIOT cOO0M Oosee cTapbie
3Be3HbIe 00pa30BaHMs, KOTOpble C(OOPMUPOBAIUCH B TIEPHO,
ONMM3KUI K mpearnonaraeMomy coObtuio Bosabmoro B3pbiBa.
Kak u3BecTHO, acCTpOHOMBI XapaKTEPU3YIOT PACCTOSHUE MeX-
Jly TAIAKTAKaMU C MOMOIIBIO Noka3atesis (Z), U3BECTHOIO Kak
«KpacHoOe CMelleHHUe », KOTOPbIil OIpe/ieisieT, HACKOJIBKO CBET
raJakTUKU CMEIeH B CTOPOHY KPACHBIX JUIMH BOJIH; YEM BBIIIIE
«KpacHoe cMellleHHe», TeM OoJiee yaaleHa OT HAC TaJIaKTH-
ka. MHOrve U3 HOBBIX M300paXeHUH MOKA3hIBAIOT O0JIee BBICO-
KOE «KpacHOe cMellleHHe», YeM KOrjaa-Jimdo paHee, KOTOpoe
MOKa3bIBAET, YTO HEKOTOPHIE M3 3BE3AHBIX CKOIJIEHUI 00pa3o-
BaJICh MpUMepHO Ha 250 MWIJIMOHOB JIET paHbliie Bosbiioro
B3pbIBa. KpoMme Toro, okazanock, 4to AajieKue rajJakTUKUA UMe-



10T O0JIee MOIIHYI0 ¥ C(OOPMUPOBAHHYIO CTPYKTYPY, UM OXKUIA-
7 y4deHsle. OIHO U3 MCCIIeIOBAHUIA TIEPBOTO CHUMKA TITyOOKOTO
noJist «Y3060a» 0OHAPYKHUIIO YAUBUTEIBHO OOJIBIIIOE KOIUIECTBO
JaJleKuX TalaKkTUK, UMeIoIuX (popMy JHCKa.

CrenivasibHO CO3JJaHHBIN /17151 OOHapy)keHusl ciadoro uHppa-
KPacHOTO M3Iy4eHHs] KOCMHUYECKHI Tesieckon «Jlxeinmce ¥00»
JOJDKeH ObLIT TO3BOJIUThH 3aIVITHYTh aCTPOHOMaM B PaHHIOK)
Bcesiennyro, o KOTOpoii HAM HUYEro JOTOAJIMHHO HEU3BECTHO.
[MepBbie pe3ynbTaThl HAOMIOIEHUI YAUBUIA U OOECKYPaKIIU: —
«Bumecmo kocmuueckoii nycmomut ¢ panneli Bceaennoii oona-
DPYHCUAUCH 36¢30b1 U Oadice 2aNaKMUKU, KOMOPBIX 8 MeopUuLu mam
He 00NHCHO ObLA0 OblMb».

Csexue cHUMKH (poto 4.3) «Y3006a» BHOBb TOATBEPKAAIOT
9TOT (PaKT.



doro 4.3. 27.10.2022 [11:09]. T. Herunuy. OOb-
ekt MACS0647-JD, no xoroporo 13,3 MJpa CBETOBBIX J€T,
OKAa3aJICsl CJIOKEH M3 JBYX OOBEKTOB — JIBYX 3BE3HBIX CKOILIE-
HUU.

18.11.2022 [10:26], I'. Aetnnny. CaMbIM e HHBIM HA0JI110-
JIEHHEM CTaJI0 OOHapYyKeHHe KaHu1aTa B paHHHE rajak-
THKH o nMeHeM Maisies, «Maiicu». KpacHoe cmemernue
3TOro oobekra — (z14,3). I'anakTuka «M>aiicu» MorJa cy-
eCTBOBATh Bcero yepes 286 muH. Jet nocJje boabmoro
B3pbiBa. B 3T0 BpeMs TaM J0JLKHBI OBITH TOJBKO MbLIb




U ra3, He TOBOPs 0 3Bé3/ax U, TeM 0oJjee, raJakTHKAaX.

I'naBHbIil BbIBO1. Ha0m10/1e HUSI BHICOKOH TUIOTHOCTH U SIp-
KOCTU TaJIaKTUK B paHHeil Bcenennoit (poto 4.3) ¢ Tenecko-
na JIxeiimc Y200 HaumHas ¢ 21 aprycra 2022 roga Ha ¢oHe
npotuBopeunid poxjaeHusi boabmmx cren (CnoyHa, ['epkynec
W JIpyIux), a Takke BoJbImoi aHaIMTH4YecKoi CTaThi JOKTOPA
K. bongunra, Ilpeacenarens AMEepUKaHCKOM acCOLMALMM pa3-
BUTHS Hayku', cTaBsAT boJbmoi KpecTt Ha Bcex maremaruye-
CKUX Teopusix boJibmoro B3pbiBa.

" K. Bommur. Kypnan «Mctokm». «Bombimme mpodaemMs! BosbIoro B3peBax», BHIIL.
Nel, 1999 r.



I'naBa 5. CosiHeuHas cucreMa,
I'unepBUXpoOHbI 3BE3/1 U IJIAHET

Camble peaJibHbIe NpPeACTaBJeHHsI O CTPyKType Bcenen-
HOM B yMax JIOCTaTOYHO OOpa30BaHHBIX, MUMEIOIIMX IIHAPO-
KU Kpyro3op®, 3M0pOBbIX U YECTHBIX YUEHBIX (DOPMUPYIOTCS
13 HAOMONCHUI W aHaJM3a CBOKCTB SIBJICHUM, IMPOUCXOMSIINX
Ha CojHIIe W TUIaHEeTax, Bpallalonmxcsi BOKpyr Hero. Urak,
CouHeuHnas cucrema U B3I U3 He€ Ha okpyxaiomiee [Ipo-
CTpaHCTBO YeJioBEeKOM.

Teopun CAII 3amum B TynMK B HUCCIENOBAaHUAX YIIPaB-
nsemoro TepmosimepHoro CuHTe3a, MUKpoMaTepuu’ (aTroma,
aTOMHOTO f7Ipa, JIeMEHTAPHBIX YaCTHII), ACUMMETPUH BellleCTBa
4,9% u antusemiecTBa 95,1%, a Takke B U3yUYE€HUU KBAHTOBBIX
CBOICTB MAKpOMaTePHUM KOHAEHCUPOBAHHOIO BelecTBa (-
ekt TxanubekoBa, dpdekt [I. Cepna, MeKTPUUECKUI TOK,
3BYK, CBEPXTEKYUECTb U CBEPXMPOBOAUMOCTD U T.J.), SBJICHUMN
LENR u cTpykTyp runepmMarepun — sijiep u atMocgepbl 3BE3/,
IUIAaHET, UX MAHTUITHOTO BEILIECTBA U IPAHUTA, siipa 3eMJIH, ero

8 o ompenenenuio Y. Imancrona (npembep MuHUCTP BenmukoOputanuu 1809—
1898 rozpl) 1asieko He KaxkJblii CIELMAIMCT MMeeT IPAaBO 3aHUMAaThCsl 9TUM, HE OCBO-
GOIMBIIINCH OT Y30CTH CBOMX CIEIMAIBHBIX MIPEICTABICHUI 1 He 0OPETSI CIOCOOHOCTH
pazIMYaTh 3HAYMTENIBHO OoJiee OOIIMPHBIE TUIAHBI OBITHS.

¥ Tounee GbUIO GBI CKA3ATH MHKOMATEPHH, T.¢. B pa3Mepbl IPOHUKHOBEHHUS B IIPO-

CTPAHCTBO Ha TIyOMHY MeHee 1072 em.



I'PaBUTALIMOHHOTO, MArHUTHOTO U JIEKTPUYECKOro MOJel, TalH
00pa3oBaHMsI TEMHOW MAcCChl, 3BE3HOTO M TUIAHETHOTO Belle-
cTBa U T. 1. HeBepHO TpakTyeTcs mpuurMHa 0Opa3oBaHUsl 3BE3]L
¥ TUIAHET — U3 Bpalalolerocs ra3onsuieBoro oonaka. Kak BepHo
0oTMeYeHO: — « 3 mbLIu 3BE3/1bI HE POXKIAKTCS».

DTO CIEACTBUE TOTO, YTO B COBPEMEHHOM (PU3HKE CTAJIO Tpe-
o0nanarh!® MHeHMe O HECYIIECTBEHHOCTH HAIJISIAHOCTH B HC-
CJIEIOBAHUAX CTPYKTYP 3J€MEHTAPHBIX YacCTHIl U MeXaHU3Ma
NpUPOAbl UX BHYTPEHHUX M BHEUIHMX MOJed Ha (pOHE BHPTY-
AJbHBIX JOCTHKECHUN (PEHOMEHOJIOTMYECKUX TEOPUM HAa OCHO-
BE MaTeMaTU4eCKHX MPEJCTABJICHUI KBAaHTOBOM MEXAHUKH,
KBaHTOBOW TEOPUM MOJIsl, KBAHTOBOM XPOMOJVMHAMMKUA U Ma-
TEeMAaTUYECKUX TEOPUN OTHOCUTEIbHOCTU. MaTemaTmuecKui
¢popMaIm3M B pUOpUTETAX METOAOB MO3HAHUSI 3aKOHOB MPU-
poabl orpannyeH reopemMamu o HenonHote K. I'€énens, no mue-
HUIO KOTOPOIO B 102UYECKOM OMHOULEHUU MAMEeMAMuUKa oKa-
3a1ace HenoaHa. B Takux TEOpUsiX OTCYTCTBYET CBS3b OIMUCHI-
Bae€MbIX MU NPHPOJHBIX KBAHTOBBIX SIBJICHUI C HALJISITHBIM
NpeJ/ICTaBJICHUEeM XOTsI Obl MPUOMMKEHHOTO MeXaHU3Ma MUK-
POCKOIMMUYECKUX B3aUMOJEUCTBUM, a B TEOPUSAX OTHOCUTEJIBHO-

10 Ipu kiaccnueckoM MO3HAHUUM MUpa OT (PU3MKH TpeOOoBaIaCh HATJISIIHOCTH MO-
Jiefield, MpU4EM B IEHTpe (PU3UKH JJOJIKEH CTOSITh IKCIIEPUMEHT, a TEOPETUYECKHE T10-
CTpOEHHMSI JIOJKHBI CTOSITh «Ha TBEPIOM (pyHAAMEHTe KJlacchueckoi pusukm». Ilo-
CJIE U3BECTHOTO MMMCBMEHHOTI'O COIVIALIEHH MEK/y YUEHBIMU ABYX IIPOTUBOIOJIOKHBIX
HarpaBleHU Mo3HaHus B Hos1Oope 1940 rony B MioHXeHe 3Tu TpeOOBaHMs OTANH,
a TEOpPUH OTHOCUTEIbHOCTH, KBAHTOBOI MEXaHUKH U IIPOYME HAIpaBJIeHU s, TaK Ha3bl-
BaeMOiIl MaTeMaTHYECKOU (PU3HUKH, TIOITYUYHII PABHOIIPABHOE, €CJIU HE TIPHOPUTETHOE
u HaBszaHHoe CMU, cymiecTBoBaHue.



CTU peasibHO HaOMoAaeMble B MPUpPO/e JBHKEHUE U N3MeHe-
HUSA MaTepUM MOAMEHSETCS] HECYIIECTBYIOLIEN B ITpupoe ¢op-
MoU Matepuu — BpemeHeM. K. ['€neib Takke cuutal, 4ro «Bpe-
MsI» — 3TO WUTIO30PHAs KaTeropusi, KOTopasi OTCyTCTBYET B ITPU-
porne. Kpome Toro, BUXpeBoii MexaHu3M repeHoca'! 31eKTpo-
MAarHUTHOI MaTepru CO CKOPOCTBIO CBeTa 0e3 000CHOBaHMS
pacnpoCTpaHseTCs Ha paJuaibHbI TPSIMOJIMHENHBIA U OTHOCHU-
TEJIbHbII [IEPEHOC MACC U MaTepuM MNoJel CTAlMOHAPHBIX UC-
TOYHMKOB I'PaBUTAI[UM, JIEKTPUYECTBA U MarHeTU3Ma.

OcHOBHBIE SIBJIEHUS IPUPOABI MUPO3/IAHUS TAKUE KAK:

— BHEIIHWE U BHYTPEHHUE TOJIsI 3BE3/] U ILJIaHET,

— MEXaHU3M TpaBUTALMM U 3HAK 3apsAAa LEHTPAJIBbHOIO MO
TATOTEHUS siIEP 3BE3[ U ILIAHET,

— auircouanas (popma ABWKEHUSI OPOUT TTAHET U UX TI0-
CTOSIHCTBO,

— MEXaHU3M MarHMTHOT'O MOJISl U UHBEPCHS €TI0 MOJII0COB B Mée-
cTax OOBIYHOTO pa3MelleHNs Ha TUIAaHeTax ¥ 3BE3/1ax,

— 9yépHble U OelTble TIATHA Ha ToBepxHOCcTH hoTocdepnt ComtH-
na,

— (pakenbHBIe BHIOPOCHI YepHBIMU cpepamu (ITpOTyOepaHIIbl)
11a3Mbl U3 (PIIOKKYIN B Xpomocdepy,

— 4yépHble c(epsl, ABISIONMECT NPUINHOU (DAKETTbHBIX BbI-
O6pocoB 11a3Msl (poTocepbl, paCTBOPSIOIIMECS B TPO3PAUYHOCTD

i INepeHoC 37MEKTPOMArHUTHBIX MOJIEH BOBMOKEH Ha PAcCTOSHUSA Oosee 1028 cm,
a rpaBUTALIMOHHBIX — HA CYILECTBEHHO MEHBIINE ITYTU, YTO U CBUAETENILCTBYET O pa3-
HOM (PU3MYECKOM MEXaHU3ME MX IIPOU3BOJICTBA.



Ha noBepxHoctu ConHIa,

— pacmmpeHnvie 00béMa 3eMity,

— aKTMBHAS BYJIKAHUYECKAs JAESATeIbHOCTD,

— 3eMJIETPSICEHUS U I[yHaMU,

— LIMKJIOHBI ¥ aHTULIUKJIOHB],

— JIMHEVHBIC, IIAPOBBIE MOJIHHWM, CIPAMUThI, Mb(bl, CUHUE
CTpYyHY U T.1.,

— 0a3ayIbThl, TPAHUTHI, YpaH B rpaHuTe, He(Th, ra3, MUHEPAJIBI
Y TI0JIE3HBIE MCKOIaeMBbIE,

— cpeprt n3 Knepkcnopna, Komisl Buitios 1 mapoBbie KOHKpe-
1[MY Ha TIOBEPXHOCTU 3eMJIH,

— OTHEHHbIE IIapbl, BBUIETAIONIME C TMOBEPXHOCTU 3eMJIH,
B YACTHOCTU U3 peKr MEKOHT,

— aHOMAaJTbHBIE TPABUTAIIMOHHBIE BHIOPOCHI,

— HEpaBHOMEPHOE pacrpe/ie/IeHUe U AHOMaJIMK I'PaBUTALIOH-
HOTI'0 IOJIs 3eMIIH,

— BBIOPOC C TIOBEPXHOCTU 3eMJIM aHTUT'PABUTAIIMOHHBIX MO-
HOTIOJIEN U TPaBUOOTHIOB,

— CHHUE JIBIPHI U [IWJIUHIPUYECKHEe TTPOBAJIbI BCACHIBAHUS TIO-
POAbI HA MOBEPXHOCTU 3eMJIM U T. .,

— CTPYKTYypa TrajlakTUK, UMeIollasi BUJl IByX PYKaBHOW CHMpa-
JIN.

— Mexanu3M poxjenus YCT,

— MEXaHU3M POXkJIeHus BellecTBa Bo BeeneHHOM.

Bce€ 310 mpeaMer paccMOTpeHUs B JAHHOM pas3felie.



CoaneyHnas cucremMa, Kak HHAMKATOP JaJbHO/1eCTBUA
rpaBUTAlMOHHOrO NoJA sapa CoaHna

ConHue 00pasyeT COJHEYHYI0 CUCTEMY IUIAHET B IajlakTHKe
MuiedHplil TTyTh — 3T0 9 KPYNHBIX IJIaHET, U3 KOTOPBIX HEKO-
TOpbIE UMEIOT €Ille ¥ CBOM CIYTHUKH, & TAKXKe IOsC ACTEPOU-
JoB. ConHeuHylo cUCTEMY JIydllle Ha3BaTh IJIAaHETapHas CHUCTe-
Ma CoJHIIa, B 3TOM CUCTEME OTCYTCTBYIOT «TOJIbIE» HEUTPOHHBIE
3BE3/Ibl M KBa3apbl — OHU UMEIOT TOT ke 3Hak 3apsga YCT, uto
n Aapo Connue. CylecTByer ele M BHYTpY IUIAHETApHBIE CH-
cremsl: IOnuTepa (80 cnyTHMKOB, U3 KOTOPBIX 4 1uiaHeTsl), Ca-
TypHa (118 cnyTHUKOB, U3 KOTOPHIX 8 IJIaHEThl), YpaH UMeeT
27, a HentyH — 13. U3 Bcex acTpopu3nueckux 00 beKTOB HAUOO-
Jiee ryOOKO, HO HEIOCTaTOuHO, n3ydyensl 3emiis, Jlyna u Comn-
ue. B menbiien crenenn — Onurep, Mo u EBpona, a takxe Ca-
TypH, DHuenag u Tutan. [lpyrue njaaHeTsl ¥ UX CIyTHUKH CH-
crembl CoJHIIA M3y4YeHBI C ellé MeHblen ryouHoi. [TnaneTst
JBUXKYTCS TIO SJUIMITUYECKUM opouTtam. Ha Bompoc — mouemy
He 1o kpyroseiM? OtBera HeT. Her orBera M Ha BOIIpoOC — IO-
4yeMy IJIaHEThl 3eMHOM IpyMITbl HaxoaATcs Ha OmkHUX K ConH-
1y opOuTax, 4eM razoxkuakue. B nmosice acreponioB B Henmocpe-
CTBEHHOW OMM30CTH U3ydeH actepor] Becra u ero none rpasu-
Taiu (YyCKOpeHHe CBOOOJHOTO Ma/IeHHsI Ha TMOBEPXHOCTU PaB-

HO 0,22 M/c® or omHOrO momoca 10 JOpyroro, a Takxe poc

(0,0059 m/ ¢® u nonst I'PAaBUTALIMU IPYTUX ACTEPOULOB — OHU OT-
JIMYHBI OT MOJIel TpaBUTAIMKM 3€MJIU U IPYTUX IUIAaHEeT — oyve-



My'2? B conHeuHO# crcTeMe UMEIOTCsI MOUTH Bce acTpodusnyde-
CKHe 0OBEeKThI, 0OHAPYKEHHBIE B IAIBHEM KOCMOCE, OT yXKe pac-
NAaBIIMXCS [UIaHET JI0 3BE3/1bl CpeJHEN BeJMYMHbBI, KpOME KBa3a-
POB, HEUTPOHHBIX 3BE3/1! M OMM3KUX K HUM KOPUYHEBBIX KapJiu-
KOB — noyeMy? CosHeuHas CUCTeMa BpalllaeTcsl BOKPYT LIEHTpa
ranakTukn Mueunsiii [TyTe o modts KpyroBoit opouTe co CKo-
poctbio okojio 220 km/c. A cama lNanaktuka'* gBUKETCS CO CKO-
pocTtbio 20 KM/C 110 HarpaBeHuIo K co3Be3ausaM Jlupsl u I'epky-
Jieca, yCKOpsISICh 110 Mepe paciivpenus BeenenHon. 3emiis, B Ta-
KHX JBUKEHUSIX, OIUCHIBAET B POCTPAHCTBE BUHTOBYIO JIMHUIO.

OCHOBHOE OTIIMYME ITUX ACTPOPU3MUECKUX OOBEKTOB OT T10-
KOSIIIIMXCS1 OObEKTOB, Pa3MEIIEHHbBIX Ha TUIAHEeTaX U 3BE3/1ax 3a-
KJII0YAETCA B TOM, YTO OHM 00JIa1aioT Oojiee 3HAYMTEILHOW Mac-
coil (3Hepazueil), MEONICY CYLIECTBEHHOE BpalllEHUE BOKPYT
KaKoW-JIM0O TIOCTOSIHHOM Oocu. B cBsI3M ¢ Tem, 4TO BCe Bpala-
I0LIMECs TeJla UHIYKTUPYIOT BOKPYT OCH BpAIlIEHUsI CBSI3aHHBIE
JKECTKO C LIEHTPOM CUCTEMBI MACC BUXPOHBI, TO 3TOT IMPOLECC
CTAHOBUTCS JIIs1 HA3BAHHBIX OOBEKTOB MPEBAMPYIOLIM JLTS Te-
Hepalyy AOMOJHUTENBHON SHEprur B popMe MeXaHNm4eCKHX
Y 3JIEKTPOMArHNTHBIX THIIEPBUXPOHOB.

YcraHoBseHo, uTo 3emiist ABUraetcs o opoure Bokpyr ConH-

12
Towm 1, pazgen ®Pusnueckue nos.
13 . ..
3TO OIHO U3 CBUAETENBCTB, YTO HEHTPOHHBIE 3BE3/BI M KApJIMKHU HE CTAOWIIbHBI
U pacragaioTcs.

14 denenus BpateHus [alakTKY 1 yCKOPEHHOTO ABUXKEHU s IPU paciivpeHuu Bee-
JIEHHOU CJIelyeT pacCMaTpUBaTh, KAK AHAJIOTUYHBIE SIBJIEHUSI B TOPHAJIO U B «TapEJIKE»
H. Cepna.



1[a OTHIOAb HE C PaBHOMEPHOW CKOPOCTBIO, a JIelaeT HeOOb-
1I1e IPUTOPMAKUBAHUS M PHIBKU BIIEPE TIO HAIPABJICHUIO CBO-
€ro JBUXKEHUsl, KOTOpPble CUHXPOHU3UPOBAHBI C COOTBETCTBYIO-
M nosioxenuem Jlynsl. OJJHaKO, HUKAKUX ABUKEHUI B CTOPO-
HbI, TIEPIICHIVKYJISIPHbIEC K HAIPABJICHUIO CBOEW OPOUTHI, 3eMJIst
HE JIeJIaeT, HECMOTPs Ha TO, 4TO JIyHa MOXET HaXOIUTbCS C JII0-
0011 CTOPOHBI OT 3eMJIM B TJIOCKOCTH CBOEH OPOUTHI — TIoueMy?
CoBpemeHHas IMBUJIM3AIIMS TTOChITAET anmapaThl 1715 U3y4YeHH s
OMKHETO U IaJIbHEro KOCMOCa, a Ha CBOEH IJIaHeTe JI0 CHX TOp
OCTaIOTCS «0eJIble MATHA» B UCCIIEIOBAHUSX OCHOBHBIX BOITPO-
COB CTPYKTYPHI IIEHTpa SApa MIaHEThI, IPUPOJIBI TATOTEHUS, pac-
HIMPEHUs] UM CXKATHS TUIAHEThI, TAlHbl TPAHUTU3AIMY TIePBUY-
HBIX 0a3a71bTOB, MPUYUHBI U3JIUSHUN JIaBbl BYJKAHOB HA IO-
BEPXHOCTb, HEMPEKPAIIAIOIIMECS PA3JIOMbI BHEIITHEW TTOBEPXHO-
cTy 3eMid, IPUBOJASIIHE K e€ 00IeMy YBETMUSHUI0 B 00bEMe
uT. I

Jlaxxe Tpy UCCIEAOBAHUSIX AAJBHETO KOCMOCA HAKOMUJIOCH
MHOTO MPOTUBOPEYNBbIX JAHHBIX, KOTOPbIE IOBTOPSIIOTCS C 3a-
BUIHBIM TOCTOSTHCTBOM, HaUMHAsI OT MEPBBIX MPOO MOnagaHus
B JIlyHy WM OTIIPaBKM 30H/OB K CITyTHMKaM Mapca, 3akaH4u-
Bas MIOCJIETHUMHU TIONBITKAMYU BHIUTH HA OPOUTHI BOKPYT acTepo-
UJIOB UM KOMET, CUJIA MPUTSDKEHUST Y KOTOPBIX He3HAUUTe bHA
WU TTOJTHOCTBIO OTCYTCTBYET JIaXke Ha MX MOBEPXHOCTHU. A KaK xke
3aKOH BCEMHUPHOTO TsiroteHus1 HpiotoHa '>? AcTepouioB TOJIBKO

50.x. JepeseHckuii, A. ®. UepHsies, «I paBUTaIms 1 aHTUT paBUTALMT», COOpPHHK
Ned, Mocksa 2010.



B O/IHOMMEHHOM TI0sICE 3aPETMCTPUPOBAHO BEJIMKOE MHOXKECTBO,
a BOT CIIyTHUKOB HM OJIMH U3 HUX He umeer. [Ipeanpunsreie no-
IIBITKY BBIBECTU HA OPOMTY aCTepOUIOB HCKYCCTBEHHbIE CIyT-
HHUKM OKOHUYMJIMCh KpaxoM. IlepBas nomnwitka — 3081 NEAR —
MOATOHSIM K acrepouly Dpoc amepukanipl. He ynanace. Bro-
past onbITKa — 30HI XAABYCA («Cokomn»), STOHLIBI OTIIPAaBU-
Jm K actepouy MTokaBa, ¥ TOKe HUYETO HE BBIILIO.

IlouTn y Bcex CIyTHUKOB OCEBOE BpallleHHME CUHXPOHHO
C OpOUTATBHBIM. ACTPOHOMUYECKHE CANThl KOHCTATUPYIOT, YTO
CHHXPOHHO BpaIlfalOTCs BOKPYT CBOMX TUIAHET (MIOCTOSTHHO 00-
pallieHbl K HUM OJJHOM CTOPOHOM) cyTHUKM 3emiu, Mapca, Ca-
TypHa (kpome ['mnepuona, ®edwsl 1 Umupa), Ypana, Henryna
(xpome Hepeunppl) u [lnyrona. B cucreme FOnurepa takoe Bpa-
HICHHWE XapaKTEePHO U151 3HAYMTEJIbHOM YacCTH CITyTHUKOB, B TOM
YHCJIe BCEX TaJINJIEEBbIX.

Bce Buaumble 3B€34bl U aKTUBHbIE IJIAHETHI CJIEYET pac-
cMaTpuBaTh, KakK JBOUMHbIE 3apsi/ibl-UCTOUHUKU C MPOTUBOIIO-
JIOKHBIMU 3HAKaMU T'PaBUTALIMOHHBIX TOJIEH, CTPYKTypa KOTO-
PBIX COCTOUT U3 LIeHTpasIbHOTO Anpa YCT ¢ oagHuM 3HAKOM 3a-
pA/a, OKPYKEHHOI'O CO BCEX CTOPOH, KaK BOKPYI LIEHTPa aTOM-
HO-MOJIEKYJISIPHBIM BEIIECTBOM B 3BE3[aX WJIM MaHTUEN-KOPOU
C MEPEXOIOM BEILECTBA TaKkKe B aTOMHO-MOJIEKYJISIPHOE Bellle-
CTBO Ha IUIaHETax C MPOTHBOIOJIOKHBIM 3HAKOM 3apsa. [Ipu
3TOM aTOMHO-MOJIEKYJISIPHOE BELIECTBO BOKPYTI LIEHTPA SIBJISIET-
¢4 nponykToM pacnaja sapa YCT.



Couaneunas cucrema — oocaenosanuss AMC.

Nnesa uccnenoBanuii aBToMaTnueckuMm craHisivMu (AMCO)
riaHeT COJIHEYHOM CHUCTEMBI MOSIBWJIACh BIEPBBIE B Cepelu-
He 1960-x, koraa cryaeHT-uHTepH I'>pn ®daenapo paccuuTan
BO3MOKHOCTb JIOCTMKEHHSI BHEIIHUX IUIAHET C MCIIOIb30BaHU-
€M rpaBUTAIMOHHOT0 MaHéBpa okoio IOmurepa. B 1966 ro-
1y OH OITyOJIMKOBaJI padoTy, B KOTOPOW 0OpaThii BHUMaHHUE, YTO
B KOHIle 1970-x rogoB npeacraBiisieTcsl yiauHasi BO3MOXHOCTb
1Tt O0NETa cpasy YeThIpEéX BHEITHHX MJiaHeT COIHEYHOHN CcH-
crembl (IOnmrepa, CatypHa, Ypana u HentyHa) ogHuM KOCMU-
YEeCKUM ammaparom, Onarogapsi ux peaKoMmy COMMKEHHUIO Ha Op-
6utax. Bce muiaHeThI-TUraHThl yAaYHO PACMONOKUINCH B CPaB-
HUTEJIbHO y3KOM cekTope CojTHeuHOM cucTeMbl (Iapaj IIaHeT)
Y CTajJO BO3MOXHBIM HCIIOJIb30BAHME I'PABUTAIMOHHBIX Ma-
HEBPOB /U1 00J1€TA BCEX BHEIIHMX IUIAHET, 32 UCKJTIOYEHUEM
[TnyToHa. [Tosatomy TpaekTopus (doto 5.1) monéror ObLIa pac-
CUMTaHA UCXOS U3 ITON BO3MOXHOCTH.



Bua ¢ ceseproro
NOMIOCA IKTHITHKH

\
Henryn
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®oto 5.1. Cxema nukenus annapatos [Tnonep-10,11 u Bo-
amxep-1,2.

«ITnouép-10» — aBTOMaTMYecKass MeXIUIAHETHAS CTAHITUS
(AMC) HACA, npeanazHaueHHas 1151 uzydenus lOnurepa u re-
ymocepsl. «I[Tuonep-10» cran mepBbIM KOCMHYECKUM aria-
paToM, COBEpIIMBIIMM MposieT BOMM3M IOnmrepa u cororpa-
(prpoBaBIIMM MIAHETY, a TaKKe MEPBbIM alapaToM, pa3BHUB-
MM JOCTATOYHYI) CKOPOCTb ISl IPEOJOIEHUsI CUIIbI TIPUTSI-
sxeHus ComnHia. OnepaTropoM MUCCUU SIBIISUICS UCCIIEI0BATENb-
ckuil LeHTp dimca B KanudopHum.

B pabouem cocrosinun «ITuonep-10» numen Beicoty 2,9 m. Ero



OCHOBHasl mapabonueckas aHTeHHa uMena auametp 2,75 m. Ha-
MpaBJieHHe aHTEHHbI HAa 3eMJII0 TOAJEPKUBAIOCH BPAIICHUEM
ammapara BOKpYyT mpojosibHoi ocu. CBenenus o macce «IInone-
pa-10» He coBceM TouHble. [lomHasi crapToBas Macca amnmapa-
Ta cocTapisiia 259 kr, Bkimovas 36 Kr ruipa3uHOBOTO TOTLIMBA.
«[Tnonep-10» HEc mpubdops! 00IIel Maccoi okomo 33 Kr, mpea-
Ha3HAUEHHbIE PEIlIeHUs] Pa3TUYHbIX HAYYHBIX 3a7a4 U CTPYIIH-
poBaHHbIE B 11 OTJEBHBIX «MHCTPYMEHTOBY.

EOCMHYECKHe MUIaiMa

cnexTpaneTp
DOTONOMEPHMETD 11 pannonerp

3 Jarumx wacTin
4 / # Hakofi seeprio

8 by [lswratemi (16)

TManens xamebpamm
YL ICTPYMERTOR
W WIYHT PANNATOpE

doto 5.2. Cxema anmapata AMC ITuonep-10.

AMC «ITuonep-10» (poto 5.2) 3anymien 3 mapra 1972 ro-



na Hocutenem Atnac-llentaBp. B ¢eBpane 1973 roma «Ilu-
oHep-10» BriepBbie TEpecéK TOsIC aCTepPOUIOB, OJIMIKE BCETO
(Ha 8,8 MutH kM) nofoias k acrepouny Huka u oOHapykuB Ibl-
neBoil nosic omke Kk OmuTepy. AnmapaT nmposneres Ha paccTo-
saun 132 thIiCc. KM 0T obnakoB IOmnurepa 4 nexadps 1973 ro-
Ja. beim nosydensl gaHHple 0 cocraBe atMocepsl HOmure-
pa, YTOYHEHa Macca IJIAHEThI, U3MEPEHO €€ MArHUTHOE IOJIE,
a TaKXke YCTaHOBJIEHO, YTO OOIIMI TeruioBOM MoTok oT IOmnwm-
Tepa B 2,5 pa3a IpPEeBbILLIAET SHEPrHI0, MOTYyYaeMylo IJIaHETOM
or ConHua. «ITnonep-10» Takke MO3BOJIAJ YTOYHUTH IUIOT-
HOCTh yeThipéx [anmuneeBbix cnyTHukoB FOmmrepa. [locnennuit
KOHTAaKT ¢ «ITnonepom-10» cocrosiics 22—23 suBapst 2003 ro-
na. B 310 Bpemsi KocMUUECKUI annapar HaXOAUJICs Ha paccTosi-
Huu 82,19 a.e. ot ConHua 1 ygaisicst OT HErO C OTHOCUTENIbHOU
ckopoctbio 12,224 kwm/c. ampreiimas cynpda «[Inonepa-10»
HEU3BECTHA.
B ¢eBpasie 1976 roma ammapar nepecék opouty CarypHa,
a 11 mons 1979 roga — opouty Ypana. 13 mions 1983 ropa «I1u-
oHep- 10» cTai nepBbIM KOCMUYECKMM alapaTtoM, MepeceKInmm
opOuTy camoll JaJEKOW Ha TOT MOMEHT IUIaHeThl — HenTyHa.
Odummansio muccusa'® «ITuonepa-10» 3akoHUMIace 31 map-
ta 1997 roga, Ha paccrossHuu okono 67 a. e. ot ConHua, XOTs
anrapar Ipojio/iKal rnepejaBarb JaHHBIE.
16 NASA Administrator. The Pioneer Missions, NASA (26 March 2007).
Wolfe J. H., Mihalov J. D., Collard, H. R., McKibbin D. D., Frank L. A.,

Intriligator D. S. Pioneer 10 observations of the solar wind interation with Jupiter.
NASA, 1974. -39 p.



17 deBpansa 1998 roma, Ha paccrosinuu 69,419 a. e. (oko-
70 10,4 mupa km) ot Connna «[Tuonep-10» niepectan ObITH ca-
MBIM YJQJIEHHBIM PYKOTBOPHBIM OOBEKTOM, TaK Kak ero «o0o-
rHaj» KOCMUYECKUi anmapar «Bosmxep-1».

[MocnenHuii ycrienHbINA MPUEM JaHHBIX TejemMeTpuu oT «I1u-
oHepa-10» cocrosinca 27 anpens 2002 roga.

«[Tnonep-11» ObL1 3amyieH 6 anpenst 1973 roga ¢ nomouipio
pakeThl «ATnac». Mumo FOnutepa anmnapat nposnereln B 1eKad-
pe 1974 roga u nepenas mogpoOHbIE CHUMKU TUIAHETHI, TIOJTIO-
COB ¥ BOJIBITIOro KpacHOTo MmsTHA. 2 AeKadpsi anmapar mposeTet
Ha pacCTOSTHUM OKOJIO 42 828 KM OT KPOMKH 00JIaKOB IJIAHETHI.
brina onpenenena macca criytHuka Kanmrcro. Bo Bpems nponéra
ObLT COBEpIIEH IPABUTAIMOHHBIII MaHEBP IS COBEPIIICHUS
nocaenyouero mposiera mumo Carypha. [locne mponéra, 16 amn-
penst 1975 roga OblT OTKJIIOUEH JATUYMK METEOPOMJIOB Ha arma-
pare. 1 cents16pst 1979 roma oH MpoIIEN HA PacCCTOSHUM OKOJIO
20 ThIcAY KM OT oOyauyHO# moBepxHocTH CaTypHa, Mpou3Bes
pa3IMyHble U3MEpPEeHUs U nepenaB (poTorpadpuu IIaHEeThl U €€
cnytHuka Tutana. K sTomy Bpemenu o6a anmnapata nporpaMmsl
«Bosipxep» yxe Takxke nposerean Mumo fOnurepa u Harpas-
nsmich K Catypny. [Tronep-11 ObuTO perieHO nepeHanpaBUTh
Ha CXOXYyI0 ¢ «BosikepaMu» TPaeKTOPUIO ISl IPOBEPKHU BO3-
MOXHOCTH MPOJIETa 3TUX ABYX CIIyTHUKOB PSIIOM C IJIAHETOM.
Ecimn Obl Tam ObUIM Kakue-Iu00 HeOOJIbIINE YaCTULBI KOJIELL,
HE MO3BOJISABIIKE POJIETETh PAAOM ¢ CaTypHOM, MOJIET K YpaHy
u Hentyny Ob11 061 HeBo3MoOskeH. [locneqauii curnan ot «[1no-



Hepa-11» Obu1 monmyyen 30 centsOps 1995 roma. IMocne sToro
HAaIpaBJICHWE €ro aHTEeHHBI Ha 3eMJTI0 ObUIO YTEepsHO, W arlma-
par He MOT MaHEBPUPOBATh, YTOOBI BEpHYTH ero. [IpomomkaeT in
«IInonep-11» nepenady CUrHajIOB — HEM3BECTHO, €0 AAJIbHEN-
11ee OTC/IeKUBAHUE HE MJIAHUPYETCSI.

Bcero ObUIO cO3/1aHO M OTITPABJIEHO B KOCMOC J[Ba ariapa-
Ta cepum «Bosmkep»: «Bosgmkep-1» u «Bosmpkep-2». Anmnapa-
Thl ObUTH co3/1aHbl B JlabopaTopun peakTMBHOTO ABMkeHUs (Jet
Propulsion Laboratory — JPL) HACA. TIpoekT cunurtaercsi onHUM
U3 CaMbIX YCHEIIHbIX U Pe3yJbTATUBHBIX B WCTOPUU MEXK-
TUTAHETHBIX UCCIieIoBaHMid — 00a «Boskepa» BriepBble niepea-
71 KayecTBeHHble cHUMKM fOnmrtepa u CarypHa, a «Bosgxep-2»
BIIEpBbIE JOCTUT YpaHa u HentyHa. «Bosikepbl» CTaau TpeTbuM
Y YETBEPTHIM KOCMHYECKMMU anmnaparamu, IUIaH MOJETa KOTO-
PbIX MpeAycMaTpUBai BbUIET 32 Mpeaebl COTHEYHON CUCTEMBI
(mepBeiMu aBYMs ObTH «ITroHep-10» u «ITuonep-11»). Tlep-
BbIM B ICTOPHH aIapaToM, JOCTUTIIIMM I'PaHUI] reJuocgepsbl
(dpoto 5.3) u BoimIeAIIUM 32 €€ npeaebl, cTan «Bosmkep-1».

[locne Bcrpeun ¢ HentyHoMm Tpaekropus «Bosmxkepa-2» oT-
KJIOHWJIAch K 1ory. Tenepb ero noj€r mpoxoauT noj yriom 48°
K 9KJIMITUKE, B 103)kHOM nonycdepe. «Bospkep-1» nonHumaer-
Cs HaJl SKJIMIITUKOMN (Ha4aJIbHBIM yroi 38°). Anmaparsl HaBceraa
nokuaaT npeaensl Conneynoit cuctembl. B Hosiope 2017 ro-
na nsuratenu «Bosimkepa-1» ObUIM yCIEHO 3amylieHbl 1o-
cie 37 Jet nmpocTosi. 1o ObLIO CENAHO ISl KOPPEKTUPOBKU
OpHEHTAITUH C TeM, YTOOBI aHTEHHA arnapara OblTa HarpaBJieHa
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®oro 5.3. I'enmmocdepa u mwiaHeTbl COTHEUHON CUCTEMBI.

Yuénbie!” HageTcs, 4to cBs3b ¢ «Bosmkepamu» ynactcs
MOAJIEPXKUBATh U TIOCTIe TOr0, KaK OHM TEPEeCceKyT reJuomnay-
3y, npumepHo A0 2025 roga. Ceituac «Bosimxep-2» HaxonuT-
cs Ha pacctosiHuu 123,6 aCTpPOHOMUYECKUX €IUHUIl OT 3eM-
m, a «Bosgnxep-1» — Ha paccrosgnuu 148,7 acTpoHOMHYECKUX
€IMHUL], 3TO CaMblil YAaJeHHbI PyKOTBOPHBIN 00BeKT. «Bosia-
Kep-2» nokunya (doro 5.3) reanoccepy — «3awummblii ny-
3bIPb U3 UACTUL, U MAZHUMHBIX noael, co30antblii Coanuem» , To-
BOPUTCS B COOOIIEHNH. ATIIapar BoIle] B MeXK3Be3/JH0e 1po-
CTPAHCTBO Ha pacCTOSHUU 18 MWJUITMAPIOB KUJIOMETPOB OT 3€M-
JM, JdaJjeko 3a opoutoil IlnytoHa, eme 5 Hosiops 2018 rona.
Eme ron noHago6uscs Ha To, 4ToObl coOpaHHasi MH(OpMAaIus

17 Exploring Unknown. John M. Logsdon, Editor. — Washington, D.C.: NASA
History Office, 2011. — P. 286—287. — 796 p.



nocturia 3eMin U Obuta paciudpoBaHa CHeUATUCTAMU.

I'paBUTAIIOHHBII MaHEBP — 3TO COCOO W3MEHUTH Ha-
MpaBJIeHUE JBUKEHUSI KOCMUYECKOrO armapara, a Tak e yBe-
JIMYUTH WM YMEHBILIUTh €r0 CKOPOCTh, UCTIOJb3Ysl T'PaBUTALUIO
MaCCUBHBIX OOBEKTOB M HE UCTIONB3Ys [IEHHOE TOTUTUBO Ha OOPTY
KOCMUYECKOTrO arnmnapara. [[pyuHuuIn 1eucTBrs rpaBUTAlMOHHOTO
MaHeBpa MOHO ONKCATh CJeIYIOHMM 00pa3oM:

— ecJIM KOCMUYECKHI anmapar cOnmxkaeTcs ¢ BHyTpeHHel CTo-
POHOM OpPOUTHI TUIAHETHI, TO €r0 CKOPOCTh 3aMeIsIeTcCs,

— ©CJIM K€ amnmapaT MPOoJIETAeT C BHEITHEW CTOPOHBI OPOUTHI
TIJIAHETBI, TO €r0 CKOPOCTb YBEJIMYHUTCSI.

STOT NPUHIIUII ISHCTBUS HATIOMUHAET PaOOTY MpalHUKa, Me-
TalOIIEro cHapsigbl. IMEHHO MO3TOMY 4acTO I'PaBUTALMOHHBIN
MaHEBP Ha3bIBAIOT «2pasumauuortoli npaweii». I1pu stom cie-
JyeT IOMHUTb, YTO B CHCTEME OTCUYETa, CBSI3aHHOU ¢ HEOECHBIM
00BEKTOM, KOTOPBIA MCHOJIB3YETCsl JIJIsl TPABUTAIMOHHOTO Ma-
HEBpa (Hanmpumep, 30H[ MPOXOAUT OKOJIO BeHepbl), HUKAKOro
MIOJIOKUTENNBHO 3(peKTa st KOCMAYECKOro amnmapara Haomo-
Jatbcsi He Oy/eT, KpoMe H3MEHEeHHsI ero TPaeKTOPHUH T0JIeTa.
OnHaKO OTHOCUTENBHO APYTUX HeOecHbIX Tel (Harpumep, ComnH-
11a) KOCMMUYECKHI armapaT CTaHeT JIBUTaThCsl ObICTpee/Me/IIeH-
Hee.

CaMbIM 3HAMEHUTHIM anMnapaToM, UCIOJIb30BABIINM I'PABH-
TaINMOHHbIN MaHEBP, CTall aMepuKaHCKuil «Bosimxkep-2». bia-
rogapsi CUCTeM€ pa3rOHOB M TOPMOXEHUH, OH CleTal B Typ-
He 1o ConHevHou cucteMe 1o mapupyTy «3emiis-lOnurep-Ca-



TypH-YpaH-Henrtyn». A ceituac, Noixy4uB YCKOPEHHE OT TUIAHET,
ysKe Bblen 3a rpaHuipl ComHedHou cucteMbl. I'paBuTanmoH-
HbIN MaHeBP 3pdeKkTuBHEe TPUMEHSTh BOJIM3U 0OBEKTOB, 00-
Jaaonmx O0Jbllel CKOPOCThIO U OoJIbIlel rpaBuTanuei. Mne-
QIBHBIA KaHJUIAT HA MECTO TaKOr0 OOBEKTa OYEBHUJIEH: 3B€3-
JIbI. YMBI YYEHBIX JIABHO OYIOPKUT UJIes TIPOJIeTeTh HA KOCMHU-
YeCKOM armapare BOIM3M HeHTPOHHBIX 3Be3/1. CoriacHo moj-
cueTaM, TakoW MaHeBp cMOr' Obl pa3orHaTh Kopalib 10 TPeTH
OT CKOPOCTH CBeTa.

B cucreme orcuéra, cBazanHou ¢ FOnmrepoM, KOCMUYECKUI
anmnapar pa3roHsieTcsl, MPOXOAUT TOUKY C MUHMMAJbHBIM pac-
CTOSIHHEM JI0 TUTAHEThI, a TOTOM 3amMeJsieTcsi. O0mas Tpaek-
TOpUsI KOCMUYECKOTO armnapaTa mpeACTaBisier coOoN rumepoo-
JIy, IPUYEM CKOPOCTH [JI0 U TIOCJIE MAaHEBPA COBIIAJAIOT — C TOY-
KM 3peHusi HaOmoaaresi, Haxofsierocst Ha FOnuTepe, HUKaKo-
IO NpPUpAILEHUsI CKOPOCTU KOCMHMUYECKOTrO amnrapara He IpOMC-
XOIUT, TOJIbKO M3MEHEHNE HaMpaBJieHus ero AprkeHus. Curya-
1A B CUCTeMe OTcuéra, cBazaHHou ¢ ComHuem. B atou cucre-
Me OTCYETa TUIaHeTa IBIKETCs Mo opouTe (B ciaydae IOmurepa
CO CKOpOCThIO Ooiee 13 Km/c), MOITOMY CKOPOCTh KOCMUYECKOTO
anmapara otHocuteibHO CoJtHIIa MOKET U3MeHUThCs. fOnmrep
yBJIEKaeT KOCMUYECKHIA amnmapar 3a COOON B CBOEM JIBHKEHHH
1o opowuTe, 100aBIsIsA EMY YaCTh CKOPOCTH CBOETO OpOUTAIIBHO-
ro apwxkeHus. Yem Oombliie Macca IIaHeThl, TeM OOJbIIast 4YacThb
CKOPOCTU OpPOWTAJILHOTO JIBUKEHUsI MOKET OBITh Tiepe/iaHa arl-
napary. IMeHHO Mo3TOMy rpaBUTAlIMOHHBIE MaHEBPHI Y FOnmTe-



pa ropasio BHIIOIHEE, YEM TaKOBbIE y Mapca, XOTs CKOPOCTb Op-
OUTATIPHOTO IBMKeHMsI Mapca Mo4Ty BABoe BhilIe, yeM y FOmu-
Tepa. [1ocKoIbKy IIpY 3TOM IPOMCXOIUT TaKkKe U U3MEHEHHE Ha-
IIPaBJIEHUS IBUKEHUS] KOCMUUYECKOTO alrapara, TO MOAY/Ib BEK-
TOpa NPUPALLEHNS] CKOPOCTU MOKET 3HAUYMTEIBHO TPEBOCXOIUTD
OpOUTATBHYIO CKOPOCTD JIBMKEHUS TUTAHETHI.

[loBbicuTh 3(P(PEKTUBHOCT I'PABHTAIMOHHOIO MaHeBpa
B 2—4 pa3a MOXKHO C UCTOJb30BaHUeEM TexHonoruu Jl. Kumm,
KOrJa OH B HEOOXOAWMBIE MOMEHTHI MO MEPEMENICHUI0 MHO-
TOTOHHOM cepbl MONEPEMEHHO BKJIIOYAJ BOKPYI €€ IMOBEPX-
HOCTM AaHTHI'PABUTALMOHHYI0 WM CyNePrpaBUTAIHOHHYIO
000JI0UKY, KaK MPOTUBOMOJIOXHBIE WM OIMHAKOBBIE MO 3HAKY
3apsAa UCTOYHUKY TATOTEHUS MO 3eMIIM..



5.1 I'umepBUXPOHDbI



5.1.1 Mexann4eckue runepBuXpOHbI

MexaHnyeckrue 3aMKHYTO-CBSI3aHHbIE T'MIIEPBUXPOHBI WU
3apsabl IBHKEHNsI — 9TO HOBast Ae0poisieBckas (popma (ne-
OpoitsieBCKas «Iryoa») HHAYKTUPYEMOU JAOTOTHUTETLHON SHEP-
T'Y Bpamawmencs runepMarepreil ¢ BBICOKUMH 3HaYEHUSAMU
Macc ¥ MHEPTHOCTU B BUJIE BOJTHOBOJOB 3apsI/IKU U Pa3psiaKu
cepruecKoro rpaBUTAIIMOHHOTO TUIIEPMOHONONS (3apsisi SHEP-
TMH), CO3JAIOIIETO CTPYKTYpy IPaBUIJIEKTPOMArHuTHOTO I'-
NepANINoJsi, CHOCOOHOTO COBEPIIATH MEPUOANIECKH TPOIIECCHI
KBAHTOBBIX MEPEXO/IOB ISl COXPAHEHUSI CPEAHEN SHEPI UK.

Bo Bcenennoil HabmonaeTcsi paBHOBECHOE U AOJTOBPEMEH-
HOE caMOBpallleHHe aBTOHOMHBIX TMPOCKOIIOB B (popme CBsI-
3aHHBIX B CHUCTEMbI MacC 3BE3[l, TUIAHET, KBa3apoB, MYJIbCAPOB
¥ 3BE3/IHBIX TAJIAKTHK, TPUBOJSLIEE HE K IEPEBEPTHIBAHUIO LIEH-
Tpa Macc Tena Jij1s MepernoioCOBKY IPaBUTAIIMOHHBIX THIIEPMO-
HOTIOJIEH, a K Apyromy 3 deKTy — nepernosiocOBKM MarHUTHBIX
TUIIEPMOHOIIONEN, T.€. EPENOII0COBKA MPAaBUTAIIMOHHBIX MOHO-
nosiell yepe3 MeperonocoBKy MarHUTHbIX. [Iporecc mpoucxo-
IWT cienyonmM oopazom. HakoruieHHast BpallieHueM SHeprusi
IUIsl TIepe3apsiIku TPaBUTAIIMOHHOTO MOHOIOJSI CHavasia Tepe-
XOOUT B UHAYKLMIO CBSI3aHHOTO M BPALIAIOIIETOCs MarHUTHOIO
TUIEPMOHOIIONS. 3aTeM, B MpOLEcce ero paspsaKu 4yepes Io-
CPE/CTBO MPOTUBOAEHCTBYIOIIETO MEKTPUUECKOrO TMIIEPMOHO-
TOJIS TTPOMCXOJUT TEPETIONIOCOBKA TIOMIIOCOB, a yXke MOCye ITO-



r'0 IPOTUBOIIOJIOKHBI MATHUTHBIA TMIIEPMOHOIIONb CBSI3AHHBIN
C Maccoi sifipa 3B€3/Ibl POKJAET WHAYKTUPOBAHHBIN IPABUTALIN-
OHHBI TUTIEP3aPsI]l C TPOTUBOIOIOKHBIM 3HAKOM. Takum oOpa-
30M [IPOUCXOAMT MEPETIONIOCOBKA IPABUTALIMOHHBIX TMIIEPMOHO-
noJiel, MHAYKTUPOBAHHBIX BPAIIEHUEM, B CBSA3aHHBIX CUCTEMAX
Macc CO CIMHOM HOJIb.

D70 Ke SBJIeHUE SBJISIETCS TPUUMHON MaKCUMAaJIbHON aKTHB-
HocTH siapa ConHua, Npy KOTOPOU MPOUCXOJUT U3JTyYEHUE MOILI-
HBIX MarHUTHBIX MaK POMOHOIIOJIEH, KOTOpPbIe BU3YaJIbHO HAOIIO-
JAI0TCS HA TOBEPXHOCTHU (POTOCHEPHI U B 3TOT NEPUOJ ITPAKTHYE-
CKH TIOJTHOCTBIO TIOKPBIBAIOT «YEPHBIMU» TSATHAMU €r0 TIOBEPX-
HOCTb OT 9KBATOPA JI0 MOJII0COB. YKa3aHHBIN IIPOLIECC U SBJISETCS
OCHOBHBIM J1J151 cOpOCca SHEPrvn, HAKOTUIEHHOW BpPAILIEHUEM s1Ipa
ConHila py NEepenoNMOCOBKE ero MarHUTHBIX MOMIOCOB. Takum
00pa3oM, BMECTO MOJIHOTO KBAHTOBOTO MPe0Opa30BaHUsI IHEP-
I'H, 3aTpauyrBaeMoii raiikon [I)xaHnOekoBa Ha KBAHTOBBIH Tiepe-
XOJI — BOJIHOBOH O€3BIHEPIIMOHHBIN TIEPEBOPOT €€ IIEHTpa Macc,
Ha IJIaHeTaxX W 3BE3[aX MPOUCXOAUT MPOIIECC MHBEPCUM Mar-
HUTHBIX TOJTIOCOB C pereHepalieit MpoTUBOMOJIOKHOTO IpaBUTa-
MoHHOro MoHornods. [Tosromy rpasuraiionHoe nosie ConHua
NepUOINYECKY YBEIUNYMBACTCS UM YMEHbIIAeTCs] HA He00Jb-
LIYI0 BEJIMYMHY TaKOTO MEePEMEHHOT0 MHAYKTUPOBAHHOIO Ipa-
BUTAIIMOHHOTO 3apsaa. [1oaTomMy MiaHeThl COTHEYHOM CUCTEMBI
JBKYTCSL HE TIO KPYTOBBIM, a IO JUTUIICOUHBIM opOuTam. Ta-
KO MPOLIECC MOKHO OINPEe/uThb, KAK KBAHTOBYIO CAMOMHAYK-
LMIO TPAaBUTALIMOHHOTO MOHOIIOJISI B CBSI3AHHOM BPALIAIOIIEHCS



CHCTEME MAacC B JIBa B3aUMOCBSI3aHHBIX JPYTUX — MAarHUTHOTO
Y IEKTPUYECKOTO, T.€. KBAHTOBBIM NIEPEXO]] U3 COCTOSIHUS Me-
XaHHYECKOI'0 B COCTOSHME 3JIEKTPOMArHUTHOIO, CBA3aHHO-
I'0 C OCHOBHOM Maccoy runepuxpoHa. OJIHaKko B OTJIMYKE OT 3a-
MKHYTOTO BUXPOHA JIEKTPOHA, MOCEAHUNA CIIOCOOEH TTPOU3BO-
JIMTh yKe 00a MPOTHBOMOIOKHBIX MATHUTHBIX U TPABUTAITUOH-
HBIX 3apsA/a, YTO MOATBEPKAAETCS UHBEPCUEN TTOJIIOCOB U JIEK-
TPOMAarHMTHBIM U3JIyYEHUEM MOIIHBIX CBOOOTHBIX MarHUTHBIX
MakpoMoHorosied. HazBaHHoe siBjieHHe UMeeT MECTO Ha 3eM-
ne, Ha Connie, Ha HOmuTepe n apyrux oobektax BceemeHnow,
IIPU 3TOM COXPAHSAETCS MOCTOSIHHBIM OTHOIIIEHWE MarHUTHOTO
MOMEHTa K MEXaHUYECKOMY — aHaJIOT TMPOMAarHUTHOTO OTHOIIIE-
HUsI B MUKPOMAaTEpUU.

VIMEHHO 3TOT k€ NMEPEMEHHBIM I'PABUTALIMOHHBIA THUIIEPMO-
HOIIOJIb OTBETCTBEHEH 32 AHOMAJbHOE CMeNIeHUe MEepUreIns
Mepkypus. A Tak Kak 3TOT 3apsi]l B MAKCUMyM€ CBSI3bIBAETCS
C TMOSIBJIEHUEM «4YEpHBIX» MsiTeH Ha CojHIle, TO UMEHHO 3TOT
IIPOIIeCC JIOJDKEH OBITh OTBETCTBEHHBIM 3a HarmyMeBiiee B XIX
BEKe Takoe nopeieHue riaHetsl Mepkypuii — B 1881 rony e Jla
Pio, Ctioapt u JIEBK 0OHAPY WM NPUYHMHHO-CJIECTBEHHYIO
CBSI3b MaKCUMaJIbHOTO umcia nsteH Ha ColHle ¢ MOMEHTaMH1
IPOXOXkAeHUA MepKypHrs yepes3 NepUrenu.

3apsaka — 3710 npotiecc opMUpoBaHus cepsl 3apsa CyM-
MapHbIM T'PaBUTALMOHHBIM MOTEHIIMAJIOM BOKPYT Bpalllalolen-
Csl CUCTEMBI MAacC U KECTKO CBSI3aHHBIM C HEW, a pa3psaiakKa —
39TO MPOLIECC YCTAHOBKY CTALIMOHAPHOIO BOJTHOBOJA U3 HEPABHO-



MEPHO pacnpeIe/IEHHbIX HA HEM I'PABUTAILIMOHHBIX OMOPHBIX 3€-
PEH-TIOTEHIINAJIOB, TeOMETPUYECKH (PUKCUPOBAHHBIX B OKPYXka-
IOIIIEM ITPOCTPAHCTBE U KECTKO MPUBSI3aHHBIX K LIEHTPY CUCTEMBI
Macc 00beKTa ero HopoauBINuX. [{j1s1 coxpaHeHus: cpejHel SHep-
MM 3TOW CUCTEMBI MACC, BBIIIE/IIEeN B PABHOBECHBIN PEXKUM Ca-
MOJIBMKEHMS BpaIlIeHUsI, MeXaHUYeCKHUIl THNePBUXPOH CIIO-
COOEH peryJrpoBaTh OTOOP BHYTPEHHEW SHEPIUU Y BElecTBa
9TOHN cucTeMbl, B ToM uuciie y saapa YCT, a takxke B3auMoJeu-
CTBOBATh C BHEIIIHUMHU MOJISIMU OKPYKAIOILEro BEIECTBA U MPO-
W3BOJUTH COPOC SHEPruM B BUjE 3BYKOBOI0 W3JTyUeHHS IIU-
POKOro Auara3oHa 4acToT MOCJIE MPEBBIIIEHUs] UM HEKOTOPOTrO
npenena. B HEKOTOPBIX ClTydyasix 3TOT COPOC MOKET MPOUCXO-
JMTh TOJIBKO Yepe3 KBAaHTOBBIN Mepexoj1 ¢ 00pa3oBaHUEM JJIEK-
TPOMArHUTHOTO TMIIEPBUXPOHA, CIIOCOOHOTO HoJ1ee TOKo (0e3
NIepeBOpOTa) MOAJEPKUBATh OATAHC SHEPTUU TAKOM CHUCTEMBI.
SIBneHus, cornpoBOXJAIOIIME 3aTEM TAKME KBAHTOBbBIE TIEPEXO/IbI
U OyIyT Takke IPeIMETOM PaCCMOTPEHUs B JAHHOM pasferie.

MarnuTtHble TIOJNIsI 3B€37] TEM CHIIbHEE, YeM ObICTpee Bpallle-
HUe 3Be3/1bl (WJIM aKTUBHOM IJIAHETHI ), IJIOTHEE 1 OOJIbIIe €€ pa3-
MEP, a 3BE3/IHBIE M0JIs1 HE MPOCTHIE MOJIsl TUIA JTUMOIS, a Nepe-
MeHHbIE. DTO, B IEPBYIO OYEPE/Ib, OTHOCUTCS U K KBa3apam, Heu-
TPOHHBIM 3BE3JAM U KapjMKaM, HAXOISAIIUXCS Ha Pa3IMYHbIX
STanax 3BOJIIOLUHU.

bmker!8, OTKphIB MOCTOSAHCTBO OTHOIIEHWI MArHUTHOTO

BlackettP.M.S. The magnetic field of massive rotating bodies // Nature.
1947. Vol. 159. N 4046. P. 658—666.



MOMCHTAa M YITIOBOI'O MEXaHUYCCKOI'O MOMCHTA BpAIICHUS JIS

3emm (1,11x 10_15) n Comnma (0,79x 10_15), oOparucs
B CBOE BpeMs 3a TIOMOIIBI0 K JIOKTOpY Ba0KOKYy mpoHadmoaaTh
9TO K€ OTHOILEHHUE €lle I KaKou-1100 OXHOU 3Be3nbl. ba0-

kok!® BeIOpan 3Be3ny 78 Vir (78 Hessl, 0,81x 10_15). Cosna-
JIeHUE 3TOr0 OTHOINEHWs U JJIs TPEThero Tenla JIajo OCHOBa-
HUe BisKeTy BBIBUHYTH TUTIOTE3Y O MOPOKAEHUH MarHUTHO-
o TIOJIs BpAIAIUMCs TeJoM. [UrmoTe3y oH CBsI3aJl ¢ Mac-
CHBHBIMU TeJJaMU 2, TaK KaK 3TOT 3(PEKT MPOsIBISAETCS TEM YeT-
Ye, 4eM MaccuBHee Teo. bisker?! cBOIO rumoTe3y MmpeacTaBis
JIIIb, KaK H3HAYAJIBHO TPUCYIIEe MaTepHH CBOMCTBO TIOPOXK-
JaTh MarHWTHOE T0JIe TIPY BpaIlleHnN MaccUBHBIX Tenl. [IpocTo-
Ta 3TOTO pe3yJbTara MojACKa3aga MbICib, YTO OH JIOJKEH UMETh
rIyookoe (pusnuyeckoe 3HAYEHHE .

IT0 TaK M ObLI0 — 3T0 OCHOBHOI1 3aKOH TIPUPOMHI, OT-
KPBITHIA B19KETOM, O IOCTOSIHCTBE OTHOIIIEHUSI MArHUTHOTO MO-
MEHTa K MEXaHUYEeCKOMY Y BPaIIAIOIIUXCsl TeJl, TOATBEPKAAETCS
penynscriHoM B. IlayGeprepa, ycrporictBom Pomna-I'onuHa,
neraroummu guckamu [I. Cepna 1 MHOrMMM IPYTMMHU yCTPOU-

H.W.Babcock, Astrophys. J., 105, 105 (1947), Astrophys. J. 108, 191 (1948).

20 Tak kak IKCMIEPUMEHTAIbHASL PETUCTPAIIMsI MATHUTHBIX TMOJIEH y BPAIIAIOIIUXCS
TeJl C MIHEPTHOM Macco OT TIaHKOBCKO# 10 3800 rpaMMOB U CErojiHsl BhI3bIBAET Ce-
PbE3HBIE 3aTPYyIHEHUS.

2l M. C. bisker, «MarautHoe nojie Bpalaionmxcs: MacCUBHBIX Tell», Y CIIEXU
OU3NYECKUX HAYK Ne33 (9), 1947 ron, crp.52—76. JonoxeHo 15 mas 1947 r.
B KoponeBckom O6miectse B Jlonnone. Nature, May 17, 1947. vol. 159, pp. 658 —
666, No4046. Iepeson K. D. Buiep.



CTBaMH, a TaK)K€ TMPOMArHUTHBIM OTHOIIIEHUEM 3JIEMEHTaPHBIX
yactul — 3¢pdeKT InHITenHa — ne Xaasa — Puuapncona — ge-
MOHCTpPUPYET HAJIMYKEe CBSI3M MEXy COOCTBEHHBIM MeXaHUYe-
CKMM ¥ MarHUTHBIM MOMEHTaMM MUKpodacTuir; 3¢eKT oopa-
TeH a(pdexty bapherra.

KoneuHo ke oTkpbiTHe BiiskeTa mmMesno 1 CBOIO MPeIbICTOPHUIO
U y IpyTUX aBTOPOB??, HO 1ieJ1eco00pa3HOe OCMBICIIeHHE (haKkTa
BO B3aMMOCBSI3U C IPYTMIMH BBIMAJIO HA €ro JOJI0 — 3TO OO
3aKOH MPUPOJBI JIsI BCEX BPAILIAIOIIMXCS TeJl C 3apsIJIOM «Mac-
CbD».

B nmpupoae neicTBUTENBHO TMOATBEPKIACTCS CIIPABEIH-
BOCTh 3aKOHA, BbICKa3zaHHOro biskerom (Blackett) o mocTosiH-
CTB€ OTHOIIEHUSI MAarHUTHOTO MOMEHTA U YIJIOBOI'0 MO-
MeHTa JIJIs BCEX MACCUBHBIX U CBEPXILJIOTHBIX BPAIIAIOIIUXCS
TeJ1. DTO MOATBEPKAAET U MEXaHU3M POXKJIEHUSI MAarHUTHON Ma-
TepuM JTIOObIM U3MEHEHHEM JBHKEHHS JIEKTPUUECKOU WU
I'PAaBUTAIMOHHON MaTepuH, a TaKXe €IWHBIA MEeXaHU3M POXK-
nenusi cBepxmiaoTHon matepuu sigep YUCT 3BE3n u 1uiaHer,
a 13 Heé MPOU3BOACTBA BCEr0 aTOMHO-MOJIEKYJISIPHOTO BelllecTBa
Bcenennoii.

bivker Haxomut 3HavyeHue Kod(UIMEHTa ITOro OTHOIIe-
Hus ansa Connia, 3emaun u 78 Virginis, MarHUTHOE TOJE KO-
Topoii ObuI0 M3MepeHo badkokkom (H.W. Babcock). Dtor 3a-
KOH JICVICTBUTEIbHO UMEET YHUBEPCAIbHbIA XapaKkTep ISl BCeX

22 wilson T.A., Poc. Roy. Soc., A., 104, 451 (1923) u Schuster, Proc. Phys. Soc.,
London, 24, 121 (1912).



TEJI U JJIs1 CaMOBpaIlAIIMXCs 3Be3a-mjanet. [Ipu atom, yxe
naBHO (1o 1947 roga) 6110 U3BECTHO, 0OCOOeHHO U3 padot Llly-
crepa, Cyzepmonaa u BunbcoHa (KOTOpPBIM B TO Bpems yaessi-
JIOCh MaJI0 BHUMAaHMsI ), UTO MarHUTHLIN MOMeHT 3emiu 1 ConH-
11a MPOMOPIIMOHAIBHBI MX YIJIOBBIM MOMEHTaM, M 4TO K03 u-
IIUEHT 3TOTO OTHOIICHUS IPUOTMKEHHO PaBEH KOPHIO KBAJpaT-
HOMY U3 IPABUTAIIMOHHON KOHCTAHTHI, AEJIEHHON Ha YBOCHHYIO
CKOpPOCTh cBeTa. M3BECTHO Takke, YTO JIPYT C JIPYrOM CBSI3aHbI
Y HallpaBJIeHUs BPAILIEHUSI U MAHUTHBIX MOMEHTOB O0OHMX TeJl.

Ho camoe riiaBHoe 3akiio4yaercsi B TOM, OH MOATBEPXk/a-
eT eINHYI0 NPHUPOAY POXKIEHUS U IBOTIONUM 3BE3] U IIa-
HeT. 3Bé3an1 310 38001 YCT 10 razoBbIx cBerdanmxcs [ u-
ranToB, gayee ciaenyet 3pomouns YCT no razoxkuakux ['vras-
TOB, U, HaKOHell, HacTymnaeT sBomonus YCT ManeHbKUX MiaHeT
¢ TBEPAOM KOPOil TUMA 3eMHOM TPYMIIBL.

A eciu B3Th Cpe/iHee OTHOIIIEHHE MAarHUTHOI'O MOMEHTA K YT~
JIOBOMY JIJISI 9TUX TPEX aCTPOHOMHUYECKHMX OObEKTOB I CPAaBHUTD
€ro ¢ MoJOOHBIM OTHOIIIEHWEM JIjIsi OOPOBCKOTO MarHeTOHa, TO
OHO TIOKa3bIBa€T, YTO TO HOBOE OTHOIIEHHE IO YUCJICHHOMY
3HAYEHUIO OJIN3KO K 3HAUEHUIO XOPOIIIO U3BECTHOTO Oe3pa3mep-
HOTO OTHOIIIEHWSI TPABUTAIIMOHHOM MAcChl JIEKTPOHA K €ro 3a-
Psi/ly, BBIPQXKEHHOTO B JIEKTPOCTATUUECKUX €AUHUIIAX.



5.1.2. DiIeKTpOMarHuTHHIE
TAIEPBUXPOHbI

JlJ1s1 coxpaHeHusl cCpe/IHel SHePryuy BPaIlaIIUXCsl paBHOBEC-
HBIX CUCTEM Macc 3a4acTyio Bo BceneHHOM BMECTO mepe3apsiji-
KM NIEPBUYHO MHIYKTUPOBAHHOTO HOCHUTENSl MPOUCXOOUT IIpe-
0o0pa3oBaHNe MEXaHNYeCKOI'0 TUIePBUXPOHA B JEKTPOMAar-
HUTHBIN U TIOCTEAYIOUI OaaHC HAKOIJIeHHOW WHIYKTHUPO-
BaHHOM HEPrvU Yepe3 MPOIeCcCH 3apsiIKu-pa3psiIKu-copo-
ca yxe MarHuTHoro runepmononons. Ilocieguemy B npouecce
Pa3pAAKN BCeraa NpoTUBOAEUCTBYET UHIYKTUPOBAHHBIN JJIEK-
TPUYECKUI TUTIEPMOHOIIONb, KOTOPBIN YKe CITOCOOCH U Tiepe3a-
PSAAUTH HOBBIA MarHUTHBIM HOCUTENTb MHIYKTUPOBAHHOUM HEP-
MU ¥ COPOCUTDH U3 CUCTEMBI «JIMIITHIOW» SHEPTUIO Uyepe3 U3JTy-
YeHHEe MaKpPOBUXPOHOB. BOT 3Tu camMbie 3J1eKTPOMarHuTHbIE
MaKpPOBHUXPOHBI B roj aktuBHOro CojHIla — B MOMEHT Hava-
Jla pa3psAKA MarHWTHOTO TUIep3apsia ¢ MaKCUMaJIbHBIM 3Ha-
YEHUEM BEJIMUMHBI U MOSBJISIIOTCSA HA IOBEPXHOCTH (pOTOChEpHI
BOJIM3M 9KBATOPA, CO3/IaBasi HAMOOJIbIIIEe KOTMYECTBO « YEPHBIX
KpaTepoB» — YEPHBIX IATEH. HakoruieHne MakCUMaJibHO BO3-
MO>KHOU BEJIMYMHBI SHEPIUM HOCUTEJISI, UHAYKTUPOBAHHOM Bpa-
IIEHNeM, M KBAaHTOBbIE TIepeXO/ibl JIs1 cOpoca 3TOM SHEPrUur Ha-
omonaoTcst Ha CoNHIEe Kak/Ible MSTh C MOJIOBUHOM JieT. B cpen-
HEM uepe3 22,5 roga UMK C OIHUM M TEM K€ 3HAKOM MarHuT-
HOT'O TOJISI TIOBTOPSIETCS — OT MHAYKIIMK MEPBUYHOTO TpaBUTA-



IIMOHHOTO Tunep3apsiaa 10 cOpoca JMIIHEN SHEPIUH Yepe3 U3-
JIy4eHUe JIEKTPOMATHUTHBIX MaKpOBUXPOHOB. [1Jis mepe3apsiji-
KH MIEPBUYHOTO T'PABUTAIMOHHOTO MOHOTIOJS B MPOIiecce JOCTH-
KEHHUSI UM OMPEeAeSIEHHOTO Mpefesia U HEBO3MOKHOCTU ClIEIATh
KBAHTOBBIN «KYJBOWT», KaK B Cly4ae C raikoi J[xaHmnOekona,
MIPOUCXOIUT KBAHTOBBIM MEPEXOJ ITOrO 3apsija B MArHUTHBIM.
Hanee 15 nepe3apsiIKu STOT MATHUTHBIN TUTIEp3apsi]l HAUUHAET
pa3psikaThesl, BO30yXk/Iast IEpeMEHHOE SJeKTPUIeCcKoe moJe,
KOTOpOE€ CO3AET BOKPYT HErO KOJIBIIEBbIE TOKU MAKPOBHUXPO-
HOB [0 pajJvycaM W3 LEHTPa K MOBEPXHOCTH (MEPUOAUYECKU
u3MeHsioImecsa> ¢ nepuogoM B cpenHem 11, 2 roma), Jioka-
JIM3YIOIIUECS MO JBYM KPYTOBbIM ToOsicaM (B CEBEPHOM U I0XK-
HOM MOJTyIapusix) BOIM3u 3kBaropa. [lepronuveckue n3meHe-
HUSI MYJbTHIOJEH B (pa30BOM 00BEME 3aMKHYTO-CBS3aHHOTO
JIEKTPOMArHUTHOTO TMIIEPBUXPOHA CBS3aHbI C U3BECTHBIM I1e-
PHMOIOM aKTMBHOCTH 3Be3/Ibl. S0 BparmaeTcs ¢ ropaszo 24 60ib-
el YaCTOTOM, YeM ero ra3o-Iia3MeHHbl o0beéM. Harpyskoi
9TOMY BpAIlIEeHUI0, KPOME TUIAHET COJTHEYHON CUCTEMBI, SIBJISIET-
cs1 elié U Bech sIEPHO-Ta30-TIJIa3MEHHBI 00BEM, OKPYKAIOIIUN
coJiHeuHoe siipo. ICTOYHMKOM SHEpruu BpalleHus sijipa siBjisi-
€TCs1 BHEIITHUI IMOTOK HENTPOHOB, BBIJIETAIOIINN IO KacaTeJTbHON
K 9KBATOpY, a TaK’e BHYTPEHHEEe JBMKEHUE MarHUTHBIX MOHO-

23 YIHTeHCMBHOCTh MOTOKA MaKpPOBUXPOHOB TOJIBEPXKEHA, B CBOK) OUepe/lb, MepUo-
JTUYECKUM U3MEHEeHUAM ¢ niepuofoMm B 80 sieT.

24 M3 mocnensmx OTKPHITHIX MyOJMKAIMH CJIeyeT MPEBbIIIEHHe YaCTOTH BPAIICHUST
B IISITh pas.



nosierd ot ueHrpa YCT Kk e€ moBEpXHOCTH MO CIUpasibHO-Ce-
PUUYECKUM BOJIHOBOJAM — «Oemdbe Kojieco». bamanc u copoc
W3JIMIITHEN SHEPrUU, HAKOIIJICHHOM BpAllleHUEM Sipa, MPOUCXO-
JUT IyTEM CaMOPETYIALUUN U3TYYEeHUs] TUIIEPBUXPOHOM Iepe-
MEHHOTI'0 OTOKA JIEKTPOMArHUTHBIX MAKPOBHUXPOHOB. JJIeK-
TPHUYECKOe MOoJIe PACTET U U3MEHSETCS BCICICTBUE Pa3psAIKU
MArHMTHOIO T'MIIEPMOHOMOJS sIpa, EPUOJ U3MEHEHUS KO-
TOPOI'O 3aBUCUT OT CBOWCTB U IJIOTHOCTH OKpY’KalOIEHd MaTe-
puU. BBINOIHUB MOJHOCTBIO MPOLIECC NEpe3apsIKU Ha MPOTH-
BOIOJIOKHBIM, 3aPsKEHHBI MATHUTHBIM TUIIEPMOHOIIOJb JIE1AET
KBAHTOBBIN MEPEXO]] B IPaBUTALIMOHHBIMA, HO C MPOTUBOMOIOXK-
HBIM 3HAKOM — 3TUM JOCTUTaeTCsl COXPAaHEHUE CPEJHEN SHEPTUU
MOCTOSIHHOM. DTOT MPOLIECC HOCUT BCEJIEHCKHUI XapaKTep.

B cBS3aHHOM C COJTHEUHBIM $1IPOM 3aMKHYTOM FHII€ PBUXPO-
He (TUI0THasI CyOCTaHIIMSI BUX PEBOTO MMOJIs IEOPOMIEBCKOM «IITy-
Obl» BOKpYT s1pa), T.e. B ero (pa3oBoM 00bEME, MPOUCXOIAT
MPOIIECChl KBAHTOBBIX KOJIEOAHUN M3MEHEHHS BeJTMYMHBI U Ha-
MpaBJIeHUsI MATHUTHBIX THIIEPMYJIbTHIIOJEH , TAKUM 00pa3oMm,
YTO B MAaKCUMyMe€ IIMKJa COJTHEYHOW AKTUBHOCTM OHO HMEET
MOHONOJIbHYI0 CTPYKTYpY, 3aT€M HAUMHAET crajiaTh, IIPeBpa-
11asi €ro B JUIOJbHYI0 — CHMMETPUYHbII AUIONb, 1/8 nepuo-
na. B aTor mepuop odiee MarHUTHOE T0JIe JTUTIONS CHAXKAETCS
U 3aT€M COBCEM IPOMajiaeT, OueHb OBICTPO MPOoXo/s uepes3 ¢a-
3bl MCUE3AIOIIIE MAJIBIX ACUMMETPUYHOIO JHII0JISA, KBAJAPYylO-
Js U T. . Tak, Hanpumep, MarHuTHAas MOJISIPHOCTb COJTHEUHBIX
TOJIIOCOB U3MEHUTCS Y CTAHET KBAJPYIIOJIBHOM (uembipexnonsp-



noii) B Mae 2012 roga, TO €CTh MOJIOKUTEIbHbBIE MOJIS MOSIBST-
ca B CeBepHoM 1 KOxHOM nosmocax v oTpulaTesIbHbIE MOJIS MO-
SIBATCS HA 9KBATOPE, B COOTBETCTBUM C TaHHBIMU HallnoHampHOM
aCTPOHOMUYECKOW oOcepBaTopuM SAMOHUU U JPYrUX UHCTHUTY-
TOB. DTO MPUBEAET K CHUKEHUIO OOIIel TeMITepaTyphl Ha 3eMIie.
['pymma viccriemoBateseli oy pyKoBoACTBOM Ipodeccopa oocep-
Baropuu Caky TcyHera, mpoaHaIM3MPOBAIA JAHHBIE COJTHEYHO-
r'0 MarHUTHOTO TOJIs1 C TOMOIIBIO CITyTHUKA HaOmoaeHus: Hinode
Y MOATBEPAWIY, UYTO MOJISPHOCTh MarHUTHOro noss Ha CeBep-
HOM MOJIOCE Hayajla YMEHBINAThCS elle B MI0JIe MPOIUIOro ro-
na. Wccnenosatenu Takxke OOHApYKWJIM, YTO MarHUTHOE TIOJie
Comnnua Ha KOxHOM nonmoce, KOTopoe A0KHO ObLIO M3MEHUTHCS
Ha CeBepHOM NOJIOCe, MOAEPKUBAETCS MONOKUTEIbHAS MOJISIP-
HOCTb, oOecrieurBasi (pOpMUPOBAHUE KBAPYIIOIHHOTO MArHUT-
Horo noJist. [TpuunHON n3MeHeH it B IOJISIPHBIX TOJISIX HE TIOHSIT-
Ha. TeM He MeHee, U3BECTHO, UTO CABUI COBMAJIAET C yBEJIUYe-
HUEM U YMEHbILIEHHEM YKCJIa COJTHEYHbIX MSTEH B TEUEHHUE MTPU-
MepHO 1 1-neTHero nukiia. AHaJIOTMYHAs CUTyalus MPOU301LUIA
B 17-18-ro Bekax, koraa cpegHsisi temneparypa B CeBEpHOM MO-
aymapuu 3emau ymenbinuiack Ha 0,6 C. Komanga uccriegona-
TeJIel Iojiaraer, 4to MajeHue TeMIepaTypbl Ha 3eMJie, TaK ke
MPOU30M/IET M3-3a MOSIBJIEHUST KBAIPYHOJIbHBIX MATHUTHBIX TO-
JmocoB Ha ConHIe.

Hacrynaer snoxa MUHMMYMa COJTHEYHOM AKTUBHOCTH, YeT-
BEPThb NIEPUOAA ITOTO LIMKJIA, MATHUTHOE TOJI€ MOTHOCTHIO UCYe-
3aeT ¢ 00OMX MOMIOCOB Ha 3—4 Mecsia, mocjie 4ero Ha 000-



HX MOJI0cax Ha 3 — 4 Mmecsna MosBIISAETC MOJIE OOUHAKOBOU
MOJISIPHOCTA — MAarHUTHBIA TMIIEPMOHONOJL. W onsdth uepe3
1/8 1ukJia nosiBsieTCs Mojie CAMMETPUYHOTO JUIMOJS, HO C UH-
Bepcuenl nomocoB. Yepe3 22,5 roga BOCCTaHABIMBAETCS Tep-
BUYHOE IMTOJIOKEHNE MarHUTHBIX TOJTI0cOB COJHIIA — COTHEYHBIN
IIUKJI. DTO MOATBEPK/IAI0T ¥ HAOMIOIEHU s OTIIA ¥ ChIHA, Ba0KOKH,
KOTOpbIe M300PETsI BIIEPBbIe MAarHUTOrpad, MPOU3BOINIIUA CUCTE-
MaTHUYeCKre HAOMONCHWS 32 U3MEHEHUSMHU MAarHUTHBIX ITOJTIO-
coB Ha Cosnniie. Tak, Hanpumep, B niepuop 1954 — 1964 rompi,
kak ormMevaioT X. JI. Baokokk u X. Y. B3OKOKK >, IpOUCXOAUIIO
CleAyolee:

«C 1952 no 1957 2. none 6b1.10 npomusononoicHo no Hanpaes-
neHuto noao 3emau. Becroii 1957 200a none ucuezno na 0oo-
UX NONKOCAX HA HECKOAbKO Mecsiues. A yoce 6 cepedurne 1957 e.
3HAK NOASL HA FOHCHOM NOAKOCE USMEHUNCS HA NPOMUBONOA0NC-
HblIL U 00a noatoca 8 meuetue bonee noayzooa, 0o Hosops 1958 e.,
coxpausiau 0ouHaxkosvlii 3Hax. B nosope 1958 2. none Ha cesep-
HOM NOAI0Ce NPAKMUYECKU 8HE3ANHO UBMEHUNO CB0lL 3HAK C NAI0-
ca + Ha MUHyc —.

...Hauunas ¢ ¢azvr obpawenus 3naxa noasprocmeii (1957

B 1952 yu€Hble oTell ¥ cbiH Ba0Kokkn 13 KanmdopHuiickoro TeXHOIOrn4ecKoro
WHCTUTYTa COBMECTHO CO3JaIM MarHuTorpadg — npuoop, M3MEPSIONINIA ¢ TOYHOCTHIO
1o 1 I'c MmarauTHOE TOJNIE TIO Beemy AUcKy COJTHIIA ITyTeM ero CKaHUPOBAHMSI C BbI-
COKMM TIpocTpaHcTBeHHBbIM paszperieHrieM. H. D. B a b ¢ o ¢ k, Astrophys. J. 130,
364 (1959); H. W.B abc o ck, Annual Rev. Astron. and Astro phys. 1, 41 (1963). H.
W.Babcock, Astrophys. J., Suppl., Ser. No. 30, 3, 141 (1958); 2. H. W. Bab cock,
Astrophys. J. 128, 228 (1958). Babcock H. W. The Topology of the Sun’s Magnetic
Field and the 22-Year Cycle. Astrophys. J. 133 (2), 572—587, 1961.



—1958 22.), Ha noatocax coxpausinace 0OHa u ma Jxce NOAsSP-
HOCMb».

C snoxamu oOpallieHus1 MOJISIPHOCTH OOIIEro IMOJIsi COBIIA/IA-
10T 60Jiee UM MeHee TOUYHO SMOXU MaKCMMyMa COJIHEYHOM aK-
tuBHOCTH. CoBIazieHre oOpaIeH s MOISIPHOCTH MoJist B 1957—
1958 rr. ¢ MaKCUMYMOM aKTUBHOCTH OTMEYEHO BIIEPBbIE B pado-
Te%. JIpyrumu ciioBamu, 002 MECTOIMOJIOKEHUSI MArHUTHBIX T10-
moca ConHIIa TpOSBISAIM Takylo (opMmy Mos, Kak OyaTo Obl
B s1JIpe 3BE3/Ibl MHAYKTUPOBAJICS €€ BpallleHUEM MarHUTHBIA T'H-
NEePMOHOMNOJIb OJHOT0 3HaKa. [Toatomy oOriee nose Ha 000-
UX IOJTI0CAax B TeueHue OoJiee Mmoyroja, T.e. 10 Hostops 1958 ro-
na, uMesio onuH 3Hak. C HosiOps 1958 roga HauMHAeT poCcT acuM-
METPUYHBIN W MPUOTMKAOIIANCA K CHMMETPHYHOMY JIUTIOJNIO.
B stor mepuon HaOmopancs Makcumym aktuBHocTu COJTHIIA,
a 4€pHble MATHA?’ pa3HOrO pa3mepa MOKPHIBAIU €ro MOBepX-
HOCTh He Kak 00buHO 130 ¢ oT 9KBaTOpa, a IEJTUKOM OT MOoJIca
10 noimoca ¢ yrcsiom Boneda?® no 190. AHanornuHsle HaOro/1e-
HUs1, TIOATBEPXKAAONIME YKA3aHHYI0 IEPUOJAUYHOCTD, 32 AKTHB-
HOCTHIO NsiTeH Ha CoJTHITe TPOBOJWIIMCH U B TIOCTIEYIOIIUE TO/IbI

M. Waldmeier,Zs. Astrophys. 49, 176 (1960).

2
7'V nomoco Menkue u epa 3aMeTHbIe, BOJIM3M IKBaTOpa 145°KpyIHble ¢ BHIOPO-
coM Kactepa ¢orocepsl HCUS3HYBIIMM U3 00bEMa MaKpPOBUXPOHA JEKTPOMOHO-
TIOJIEM.

28 Yycma P. Bonbda — cpeanemecsauHble, CPeAHETOI0BIE, ITO OTHOCUTEJIBHBIE YHC-
JIa COJTHEYHBIX ITSITEH, XapaKTEePU3YIOLIUX COTHEYHYIO aKTUBHOCTb, MOT'YT U3MEHSTBCS
B nipegenax ot 0 go 300.



(Bugeo®):

— 1985 MUHMMYM COJTHEYHOU aKTUBHOCTH, MUHUMYM IISITEH,

— 1985 — 1991 yBenuyeHue KOIMYECTBA MATEH Pa3HbIX pa3-
MEpPOB OT 9KBATOpa B CTOPOHY IMOJTIOCOB C MAKCUMYMOM 4YHCJIa
Bonbda g0 165,

— camble MOIIHbIE BCIBIIIKKA OBUIA 3aperuCTPUPOBAHBI
¢ 6 no 14 mapra 1989 rona (mMK MakcuMyma aKTMBHOCTU (DEB-
pasib 1989 roga ¢ uuciom Bonbda go 158). Dtu conHeuHsie
B3PBIBBI BBI3BAJIM HAa 3eMJIe HACTOJILKO MOIIHbIE MATHUTHBIE OY-
pU, UTO CEBEPHOE CUSHUE, XapaKTEPHOE ISl CEBEPHBIX MOJISIP-
HBIX 00JIaCTeN TIaHETH, IEPEMECTHIIOCHh JaJleKo K tory. Ero mor-
JI1 B TO BpeMs HaOmoaath qaxe y CpeauzeMHOro Mops,

— 1989—1991 makcuMyM COJIHEUYHOU AKTUBHOCTH, MAKCH-
MYM [ISITEH OT 9KBATOpa 10 MOJIOCOB,

— ¢ 1991 mensieHHbIM cria] aKTUBHOCTH U uKces Bonbgda B Te-
YeHUe MOCIIeAYOIIUX TSATH JIET.

AHanu3upysl 3TU TSTHA, BUIAHO, YTO OHU COCTOSIT BCerjaa
U3 4epHO-OenbiX map’, mpuuém Oestble MATHA OTCTOSAT Ha HEKO-
TOPOM PacCTOSIHUM OT MOBEPXHOCTH YEPHBIX MsATeH B poTocde-
pe. DTO pe3yJIbTaT BblJIeTa «CBEPXTIKEIOr0» JIEKTPOMAHUTHOTO
MaKpOBUXPOHA C TIOBEPXHOCTH, a Oeyioe MATHO — pe3ysbTaT Bbl-
6poca’! moNoKUTENPHON MJIA3Mbl, PA30TPETON BUXPEBBIMH TO-

2 Kown us dunbma «Cekpersl ConHia», yacth Bropasi, aBrop Ken Lang.

30 Benbie naTHa 00J1aJaI0T MOJTOKUTENBHOM MOSIPHOCTHIO, & YEPHBIE OTPULIATENLHON
MOJISIPHOCTBI0 MArHUTHOTO TTOJIST.

1 o
3 Takoi1 :xe MexaHU3M 3axBara KJIaCTepa BEIICCTBA CBO6OIIHI>IM MaKpPOBHUXPOHOM



KaM{ BOJIHOBOJIA MarHUTHOT'O MOHOMOJISI, U3 CBOETro (pa3oBOro
00bEMa B MOMEHT €ro repe3apsiiki B IPYror — T.e. MPH UCIe3-
HOBEHUH OTPUIIATESTBHOTO IEKTPOMOHOMONS 13 (ha30BOTO 00b-
€Ma MaKpOBUXPOHA.

Takum oOpazom, popmyJia coxpaHeHHsi OanaHca cpegHen
sHeprud siyipa CoTHITA TTPU OTKJIOHEHUH €€ B OOJIBIITYI0 i MEHb-
IIyI0 CTOPOHY MYyTEM JeOpOMIeBCKON WMHAYKIIMUA BpaleHUEM
MeXaHUYeCKHUX TUIEPBUXPOHOB C Pa3HOMMEHHBIMU 3HaKaMU
yepe3 MPOMEXKYTOUHBI 3JEKTPOMATHUTHBIN TUIEPBUXPOH
cIefyoas:

— UHYKIUS MEXaHUYEeCKOTO TUIePBUXPOHA,

— KBAHTOBBIN MIEPEXO]] B JIEKTPOMArHUTHBIN TMIIEPBUXPOH,

— repe3apsika MarHUTHBIX TUTIEPMOHOIIOJIEN,

— KBaHTOBBIN MEPEXOj] OMSITh B MEXaHUUECKUM, HO C MPOTH-
BOIOJIO)KHBIM 3HAKOM U T. [I.

MMPpOUCXOOUT U B BbI6pOC€ FpaBI/I60.TII/I,[[OB Yepe3 NMOBEPXHOCTb KOPbI 3emin.



5.2 Counnte, 3emurss u Jlyna

Counne. fBneHuss oUIMATBHO 3apErUCTPUPOBAHHBIC
Ha Connue. Camoe r1aBHOE — 3TO 3Be3/1a TUIA JKENTOro Kapiu-
Ka SIBJISIeTCsl IIEHTPOM TUIAaHETHOU cucTeMbl. B Hacrosiiiee Bpe-
M3 3Bosmoluu COJHIIE CO3/1aI0 TaKKhe YCJIOBHUSI, MPU KOTOPbIX
y’Ke TOCTaTOYHO CIOKOMHO pa3BuBaeTcs iopa u payHa B Oke-
aHax ¥ Ha NoBepXHOCTH cyim 3eMian. OHO SIBISIETCA UCTOYHU-
KOM CBeTa, Teria, COTHEYHOTO BETPa M MOITHBIX MATHUTHBIX MO-
Honoselt. CosHile 00/1a/1aeT MOCTOSTHHBIM HIEHTPAJIBHBIM U TIepe-
MEHHBIM T'PABUTAIIMOHHBIM, MATHUTHBIM U 3JIEKTPUYECKUM TIO-
JieM, TTOJIBEP’KEHHBIM MEPUOMIECKUM U3MeHeHusiM. Ha rnoBepx-
HocTH (hoToCchephl OYIIYIOT MPOIIECCHI, CBA3AHHBIE C ITPEeBpallie-
HUSIMHU T1J1a3Mbl, 3aXBaYE€HHBIMU JIOKAJIbHO, MATHUTHBIMU MOHO-
nonsamvu. B xpomocepy u KOpoHy, 0COOEHHO B TOJIbI MaKCH-
MaJIbHOW aKTMBHOCTH, MOCTYMAIOT MaJjible, OOJbIIME U TUTraHT-
CKHMe BBIOPOCHI IJIa3Mbl C BPEMEHEM KU3HHM JOCTATOUYHBIM JIJIsI
JOCTHKEHHSI UMU TTOBEPXHOCTU 3eMJIM U BO30OYKIEHUST MarHUT-
HBIX Oypb.

Hexkotopsie yacTHble mapameTpbl Connita cieaytorue. ComH-
1Ie — 3TO, MPekJe BCEro, BpAIAIOIIUICS Ta30BbIi IIap C I1IeH-
TPaJbHBIM MPUBOJIOM CAMOBPAIIECHUS, T.€. TJIOTHBIM (M0 THUILY
HenTpoHa) Bpamaommmcs ssapom YCT, y KoToporo, Kak y 3eM-
7 1 3Be31bl 78 Vir, OTHOIIIEHHEe*? MarHUTHOrO MOMEHTA K MeXa-

32p.Blackett, Nature 159, 658 (1947), H. W. Ba b ¢ o c k, Astrophys. J. 108,



HUYECKOMY MTPUMEPHO OJJTHAKOBO.

CosHLe KakIyl0 CEKyHAY YMEHBIIAETCsl B CBOEHU Macce
Ha 4,3x 10° Tomn. Tlo nanubeiM CAIl, ognako, macca ComHia
HACTOJIBKO BEJIMKa (1,98)(1()27 TOHH), UTO /11 HErO Takasi IoTe-
psl He BIMSIET Ha TIOJIe TATOTEHH 1, KOTOpoe c(hOPMUPOBAHO 1IEH-
TpaibHBIM AApoM. CONHIIE — 3TO IO 00BEMY ra30BbIN CBETSIITN-
csl 1mIap ¢ SAPOM, B KOTOPOM CKOHIIEHTPUPOBAH BECh I'PaBUTA-
IIMOHHBI MOHOIIOJIb, OMpeAeAonmi noje tarotenus: ConHia
u Bcert CostHeyHOM cucteMbl. MaccoBbIv 3apsijl siipa COCTaBJIsI-
eT 99,8% OT Macchl BCeX IUIAHET U CIyTHUKOB Beerl ConHevHon
cucTeMBl U cocpenotoueH B e€ saape — UCT.

OTcrofa riaBHbIA BONPOC — €CJH Obl HE ObLIO MOMOJI-
HEeHHUs BelllecTBa U3 eé s1/pa, HA CKOJbKO BpeMeHH XBa-
TIJIO ObI TAKOM €ro CBeTHMOCTH, 'PAaBUTAlIMOHHON U Bpa-
ATeJbLHO TATH IS yep KaHus iaHet Ha opourte? Ot-

Ber —Ha 5 x 10%° CEeKYH/I.

CosHile, Kak M Bce acTpodusnyeckrue OObeKTh BceseH-
HOW, UMeeT COOCTBEHHOE CaMOBpaIlleHNe, TPAaBUTAIIOHHOE,
BHYTPEHHEEe U BHEIIHee YJEKTPUYECKOe ¥ MArHUTHOE TIOJE.
3a Bcio ucropuio HadmoneHus 3a CoOJHIIEM HAaKOIUIEHO MHOTO
JaHHBIX O MarHUTHBIX MOJsAX COJTHIIA W 3BE3/, HO MPUPOIA UX

191 (1948); H. W. B a b c o c k, Astrophys. J. 105, 105 (1947); H. W.Babcock,
Publ. Astron. Soc. Pacific 59, 112 (1947); H. W. B a b c o c k, Astrophys. J., Suppl.,
Ser. No. 30, 3, 141 (1958); 2. H. W. B a b c o ¢ k, Astrophys. J. 128, 228 (1958).
Babcock H. W. The Topology of the Sun’s Magnetic Field and the 22-Year Cycle.
Astrophys. J. 133 (2), 572—587, 1961.



MarHeTrM3Ma OCTaeTCs B BBICIIIEN CTENeHU 3arajouHou. Teopuu,
yCTeNTHO OOBSICHSIOIIEH Bee siBieHust Ha COJHIIE, TPAKTUIECKH
HE CYIIIECTBYET.

[lepuon BpalieHWs1 BHEIIHUX CJIOEB MO 9KBATOPY COCTABJISIET
25,05, a y nomocoB — 34,3 cyTok. YcKopeHue CBOOOIHOTO Ma-
JeHMs Ha dKBaTope mout B 28 pa3 Oosblie 3eMHOro. JInHeii-
Hasl CKOPOCTb JIBUKEHHSI BHEIIIHUX BUAUMBIX CJIOEB IO 9KBATOPY
paBHa 2 km/c. CpeHsisi IJIOTHOCTh 3TOT0 Ia30-IJIa3MEeHHOTO 111a-

papaBHa 1,41 r/cM> T.e. GOMbIIIe TIOTHOCTH IOnurepa, u cnengo-
BaTeJbHO Oe3pa3mMepHbii MOMeHT uHepiiuu CoJHIa, TaKKe Kak
y IOnurepa u 3emu mHoro Menbiue 0,33 — 370 10Ka3bIBAET, YTO
MIPOU3BOJICTBO BEIECTBA TPOUCXOIUT U3 €ro sijipa.

HakJiIoH TIOCKOCTH COOCTBEHHOTO BpAIlleHUsI K TIOCKOCTH
KJIUNTUKU COOTBETCTBYET 7,252 1 0O0YCIIOBJIEH SHEPreTUYECKON
HArpy3Kol Ha Bpaliaioiieecs: sapo-rupoOCKON, PacKpy4HuBaio-
Ui TIJTAHETHI, MOTABIINE B 30HY IOJIsI €r0 TATOTEHMUS.

Anpo Connua, YCT — HCTOYHHK CaMOBpAILEHUsI, KOTOPOE
UHIYKTUPYET MEXaHWUYECKUU TUMEePBUXPOH. DTO sIBIEHUE HO-
CUT KBaHTOBBIM XapakTep. OCHOBHBIM HOCUTEJIEM WHIYKTHPO-
BAaHHOW SHEPrUy MEXaHUYECKOro rMIepBUXPOHA SIBJISIETCS TPa-
BHUTAIMOHHBIN THIIEPMOHONOJb . /{715 ocyIiecTBIeHus cpe-
Hero OajlaHca SHEPruu sapa HOCUTENTb UHIYKTUPOBAHHOU SHEP-
MM, OJKEH JOCTUTaTh Pa3peliéHHOro MaKCUMyMa BEJIMYMHbBI
9TOI SHEPruU C OJHUM 3HAKOM. 3aTeM B pe3yJibTaTe KBAaHTO-
BOTO Tiepexo/ia, OH JIOKEH MOMEHSITh 3HaK Ha MPOTUBOIIOOXK-
HBIW M HAKATLIMBATh SHEPIHIO C MPOTHUBOMOMIOKHBIM 3HaKOM. To-



IJ1a Cpe/iHssl SHEPrUsl BpaIaoierocs siapa ocraHercs: 6e3 m3-
meHeHu#. Tak nmpoucxoauT B a¢pdekre [ kaHnOEKOBa, TaK Mpo-
WCXOUT BHYTPH BCEX CHCTEM MACC C TOJHBIM KBAaHTOBBIM TIpe-
00pa3oBaHMEM MHIYKTUPOBAHHOW SHEPIruM, KIacTepbl KOTOPBIX
COBEPIIAIOT MOCTYMaTeIbHO-BpaliateabHoe AprkeHue. OaHako,
B OCHOBHOM, JAJIEKO HE KaX[asi CUCTeMa Macc, OCOOEHHO acT-
podusrueckue 0ObeKTH BeeleHHON Takue Kak KBa3aphl, MyJib-
capbl, 3BE3/1bl, HEKOTOPbIE TUIAHETH U UX CITyTHUKH, CIOCOOHBI
JeaTh «KyJbOuT», MogoOHO raiike [)xannOekoBa, AJis mepesa-
PSIIKM HOCHUTENSI MHAYKTHPOBAHHOM SHEPruu. Takol «KyabOuT»
Jaxe He CIoCOOEeH BBIMOHUTD MPOCTEHUIIMIA TMPOCKOM C OIpe-
JeJIEHHBIM U IOCTaTOYHBIM MOMEHTOM uMityibca. CrenoBarelib-
HO 0O0BEKTHI BeeleHHOM, MOCTOSIHHO BpaIIaoIIyecs B OHOM Ha-
NPaBJICHUHN UMEIOT:

— HCTOYHHUK CaMOBpAIIIeHUS,

— 3TOT MCTOYHMK CaMOBpAlICHUsI TMOJJIEPKUBAET YaCTOTY
BpallleHusI TaKOU, YTOOBI BpAIAOIIAsICS CHCTeMa MAacC BBITION-
HSUJIa YCIIOBUSI PaBHOBECHsI BPAIIEHWSI M CBOWCTBA TMPOCKOMA
B hopme cepsl,

— JUIsl COXPAHEHUH CpeTHel SHEPIHH TAKMX CUCTEM MAacC Bbl-
TIOJTHSIETCS] MOJIHO€ KBAHTOBOE MIPEBpallleHue MeXaHNueCKOro
HOcHTelsl (TPABUTAIMOHHBIA THNEPMOHOMNOJb ) MHIYKTUPO-
BaHHOU SHEPruM Yepe3 KBAHTOBBIH TEpeXoj] BO BCIIOMOTaTe b~
HbII JIEKTPOMArHUTHBIIA,

— B pe3yJibTaTe TAKOro KBAHTOBOTO Mepexo/ia U3 Hero poxiaa-
eTcsl CyOCTaHIMs 0O0JIOYKH BUXPEBOTO TOJISI CTPYKTYPHI B (DOp-



M€ MEPEMEHHOIO I'PABUIJIEKTPOMArHUTHOIO JUIOJS, MOJ-
JEepKABAEMOTO ITPOLECCAMU B MHIYKTUPOBAHHOM NAape 3aMKHY-
TO-CBSI3AHHBIX JIEKTPOMArHUTHBIX THIIEPBUXPOHAX,

— OJVIH U3 MAaTHUTHBIX TUIIEPMOHOIIONEN B CTPYKTYpE I'PaBH-
3JE€KTPOMarHuTHOrO JUI0JA B CBA3aHHOM C LIEHTPOM Macc
TANEPBUXPOHE MOXKET CYILECTBOBATH JIMIIb IIPU €r0 pPEereHepa-
LIUU TPABUTALIIOHHBIM,

— JUIsl peryJsiMy M NMoAJepkKaHus OajlaHca Cpe/iHel SHepruu
B TAKOM 3aMKHYTOM I'MIIEPBUXPOHE UMEIOTCS MEXAHU3MBbI H3JIy-
YeHUsI CBOOOTHBIX MAaKPOBUXPOHOB (MaKpO(OTOHOB U YIAPHBIX
3BYKOBBIX KBAHTOB) — MEXaHNY€CKHUX 1 3JIEKTPOMArHNTHHIX.

Haubonee 3HaunMble pe3ysibTaThl, B TOM YHCIIE BUIEOMATE-
pUaIbl, Kak B ONTUYECKOM IO JIMHUSIM BOIOPOJa, Tejus, KeJe3a
U KaJbl¥s, TAK U B PEHTTEHOBCKOM JIMaria3oHe, ObUTA MOTyyYe-
HBI MOCJIE 3amycka aMEpPUKAHCKOTO CIyTHHUKA ¢ oOcepBaTopuei
SOHO B 1995 rony.

Ha 1996 npuméncs I'my6okuii MUHIMYM IHKJIOB COJI-
HEYHOI aKTHBHOCTH, NOBJIEKIINI 32 OO0 IIy00KOe I0/1-
Tomienne B UpKyTcKoi 00J1acTH, MOBTOPEHNE ITOr0 Ka-
TakJu3Ma HaoJogajaoch u B 2019 Takke B MUHIMYMe.

Ha 2007—2009 ronp! npumiéncs Limyooxkuit Munumym coi-
HEYHOW aKTUBHOCTH. OH OTIMYAJICS JJIUTETbHBIMU TePUOAAMU
TMIOJTHOTO OTCYTCTBUSI COJTHEUHBIX MsiTeH. 3a nocieanue 200 et
HaOMOICHWI HanOoJIee CypOBbIe 3UMBI OBLITH Yallle BCEro B TOJIbI
OM3KYe K TepruoiaM MUHHMAJIbHOU COJTHEYHOW aKTUBHOCTH.



24 k1 CoJtHITa MTPOXOJUT Ha HECKOJIBKO 00JIee BBICOKOM YPOB-
HE €ro aKTUBHOCTH.

Ha npotsikenun Bcero 2009 roga HaOM0AICS MUHUMAIBHO
HU3KUH, NPAKTUYECKU HYJIEBOU YPOBEHb COJTHEYHOM aKTHUBHO-
cTd, U TobKO ¢ ocenr 2009 roma Havayicsl €€ He3HAUMTEIIbHBIN
poct. C Hauyana 2010 roga aktuBHOCTH COJIHIIA YK€ IPOSABUTIACH
EJIBIM PSIZIOM COJTHEUHBIX Oypb, OTPA3UBIIUXCS HA 3eMJIe MOIII-
HBbIMU 3eMJyieTpsiceHusIMU Ha ['autu u B Yniu.

Tako¥ e rog*® paszsuBaioieiicss aktTuBHocT CoJTHITA HavaJI-
cs1 B 2011 rogy u cremyionmM 0oOpa3oM MposiBUI cebst Toce-
ctBUusAsMM Ha 3emsie. Hanpumep, ¢ 15 no 23 anpens 2011 ro-
na 1o Bcemy 1oro-Boctoky CIIIA, mratel CeBepHas Kapomnuna,
Anabama, Oxnaxoma, Apkansac, MmHoiic 1 Muccypu, nipo-
KaTUJIaCh BOJIHA TOPHA/IO C YUCIOM OKOsIo 250, orudno okomio
45 yenosek. B nepeou nonosune anpens 2011 roga Yukaro no-
ceruia kapa 30°, BHE3aIHO NOrojla U3MEHUJIACh — BbIIaJl CHET.
Oxomo 20—25 net B CIIIA He HaOMI01a710Ch TAKOTO pas3rysia CTu-
XUH.

6 anpens 2011 roga, Ha 3emJsie Hadagach CUJIbHAsI MAarHWUT-
Has Oyps. [ToronHblie anomanuu o Beeid EBpasuu: ot 3aypanbs
10 BoctouHou EBporibl.

B AHrnmu ¢ cepeArHb aripeis TeMIepaTypa Bo3ayxa JT0XOIUT
1o 30 rpamycoB Tera, XOTs B 3TO BpeMsl rofa Ha OpUTaHCKHX
OCTPOBax OHA PE/IKO MOJAHMMAETCS Bblllle 15 rpamycos.

33 Takoit rOJ] pa3BUBAETCS] B MAKCUMaJIbHYI0 aKTHMBHOCTh COJIHIIA B TeYeHUE 2—
3 Jrer.



15—23 anpens 2011 roga B EBporie ycraHoBI1ach HEOOBIYHO
JKapKasi BECHA, KYTaJIbHBI CE30H B 9TO BpeMsl HA4yaJICsl Topas-
J0 paHbllle 0OBIYHOro, MOroAa, Kak JjeroM Ha Cpeau3eMHOMO-
pbe. B Bproccene 29° u teriee Ha 10 rpagycos, yuem B Bapceio-
He. A 'epmanuio BAPYr Hakpbuia niecyaHasi Oypsi. Takoro 3y1ech
He ObLJIO HUKOTJIa — MOIITHBIN BeTep MOHSII IMecok>* ¢ modepe-
Kbs BanTUKK U TIOHEC ero BrTyOb KOHTUHEHTA.

14 anpens 2011 rona, B Ilekune Temrneparypa Bo3ayxa npe-
Boicwiia 30 rpasycoB Terua.

B Mockse 9 ampeniss yTpoM JAaBlieHME yHaIO 1O PEKOPA-
HO HM3KOro 3Ha4yeHus: 713,5 MM pTyTHOrO CTONIOA MpU HOpPME
B 750 mm. [Tpenpiayrimii MECSYHBIN aOCOMIOTHBIA MUHUMYM aT-
MocdepHoro gaBieHus1 B MockBe coctapisii 718,4 Mm pTyTHO-
ro cronda u ormevasicst oH 18 ampenst 1967 roxa.

22 anpens 2011 B 3anagnoit CuOupu ycTaHOBUJIACH Kapa
30°, rmocJe 4ero Mporu30UUIO0 PE3KOe MOXOJIOAAHUE U JJAXKE CHET.

7 wons 2011 roma Ha CojHIle TPOM3OMIEN CaMblid OOJIBIION
1o 00BbEMY 3a BpeMs PETHCTPAIliH CO CITyTHUKOB (75 0OBEMOB
3emMIn) KOpOHAJIBHBIN BHIOPOC TUIA3Mbl U3 Tpymmbl msteH 1121,
KOTOPBIN CTajl ABUraThcsi co ckopocThio 1200—1600 km/cexk.

6 aBrycra 2011 royna Ha 3eMi10 0OpyIIUIACh eIIE OfIHA MOIII-
Hasl MarHUTHasi Oypsi, paHee HUKOTa He HaOJTIO/IaBINAsICS.

B konrie 2011 u Hauase 2012 romy oxumaercss 0cCoOOeHHO Oyp-
HBII POCT COJIHEYHOM aKTUBHOCTH. Tak INpu nepexone K TOod-
K€ MaKCHMMaJIbHOM aKTUBHOCTH B Tiepuon 26—27—28 nekad-

4
3 Takoe moxer COTBOPHUTD TOJIbKO MEXaHU3M TopHano.



pa 2011 roga mporsoLIIM CAeLyoMKe BO3PaCTAOIIUE 110 Mac-
mradaM pa3pylIeHni KaTakJIU3Mbl, TPUHECEHHBIE aTIaHTHYe-
CKMM yparaHoMm. BHauasie ocHoBHOM ero ynap npunsuia Hopse-
rusi (YHUUTOXXEeHbl MeJIKMe JI0Ma, BBIOPOILIEHbI cyaa Ha Oeper,
CHECEHBI KPHIIIH JIOMOB, 6e3 anekTpuuectBa ocramch 100 000
—270 000 TeICST9 1OMOB), 3aTtem llIBenms, PunIAHAUS, DCTO-
HUS U JIeHUHTpajacKass o0NacTh ¢ aHAJIOTMYHBIMU TTOCTIE/ICTBH-
savu. B Cankr-IletepOypre ypoBens Boasl B HeBe Mor Obl mof-
HATBHCA J10 2 MeTpoB. OHAKO, Oy1arogaps TOJIBKO YTO BBEAEHHOM
B 9KCIUTyaTaluio 1amMOe ¢ 3aK phIBAIOIIMMICS BOPOTAMH yIAIOCh
n30exarh rpo3siero HaBogHeHus — Bcero 151 cm. B Kanmaun-
rpajie Temreparypa cpaBHsulach ¢ Temneparypoil B Coun 8—
9°C. B Mockse ouepennoii pekopa ¢ 1898 rona — 4—>5°C Bbiiiie
HyJ1s, opbiBbl BeTpa 10 40 m/c. Ha ®dununnubax HaBOIHEHME,
npunécmme 1500 yenoBeyeckux xeptB. Haobopor, B Mcnanuu
HeObIBAJIBIN X070/, Ha Maiiopke munyc 15°C.

Takue aHOMaIMK MOJOKUTENLHOM TeMIIEpPaTypbl MPOJOIKa-
JIUCh JIMIIb A0 cepenvHbl ssHaps 2012 roga. 3atem Ha IIaHETy
BIUIOTh /IO CepeIrHbI (heBpasisl OOPYIIIMCH aHOMATIUU OTPHIIA-
TeJibHOW TemmepaTypbl. Tak B MockBe B HOuUb ¢ 12 Ha 13 ¢es-
pasis Temrieparypa B oonactu ynana 1o munyc 37° C. B Epore
OyIIeBaIM 3aMOPO3KH, YHECIIHE KI3HUA OKOJI0 600 YesoBex.

B nepuon ¢ 2011 o 2012 ron pa3BuBaercsi NOBEPXHOCTHAS
AKTMBHOCTb BBIXOJJa MAaKPOBUXPOHOB B (pOpME YBEIMUEHUs KO-
JIMYecTBa NATeH pa3Horo pasMepa Ha ConHue. [Ipuuém pasmep
IATEH C COOTBETCTBYIOIINM pa3MepoM BhIOpOca 00bEMa TIa3Mbl



(otocdepsl BOIM3M 9KBATOpA 3HAUUTETBHO MTPEBOCXOIUT aHaA-
JIOTUYHBIE Pa3Mephl OJIFKE K TTOTIOCAM.

B Houb Ha 7 utonist 2012 rona BiepBbie 3a UCTOPHIO T. KpbIMCK,
KpacHonapckuii kpaii, ObUT CMETEH CEMUMETPOBOU BOJIHOW BO-
JIbl U TPSI3EBBIX CeJiel, MPUIIEeIIUX C FOp, IJe BOja HaKaruluBa-
Jlach HECKOJIBKO JTHEU B pe3y/ibTaTe MPOJUBHBIX AOXkei. bosee
170 yenoBek MorudII0, ropojly HAaHECEH HETTONPAaBUMBIN YITIepoO,
OLIEHMBaeMbIH OoJiee MUILIHApAa pyosiei.

11—14 wions 2012 roga JIMBHU 3aTONWIA PaiioH OCTPOBa
Krocto, SInoHust — ecThb epTBbI, HAHECEH 3HAUYUTENBHBIN yIepo,
400 000 nHaceneHus ’BakympoBaHbl. [Ipomoimkalorcs mTypMBl
CIIA topHamo — yparan «Canau» HosiOps 2012, 5 mupa. gon-
JIapoB yIepoa.

[MoncunThiBaTh ymiepOd, KOTOPHIA HaHECHa MPUPOAA B TOI
2013 aktuBHOro CosHIIa Ja)ke He PEICTABIISIETCS BO3MOKHBIM.
OuyeHb MHOTO aHOMAJIbHBIX SIBJIEHUI TEMIIEPATYPHBIX PEKOPOB,
JIMBHEW U CHETONAJIOB, a TAKXXE HABOJIHEHUN OTMEUYEHO BO BCEX
yronkax 3emun. TopHano nponoskaror arakoBaTh CLIA, HO yxe
¢ OOJIbIIIel CUITON — Ha BUJEO 4.3 TIpUBeIeHbBI TOCICACTBUS Pa3-
pymrenuii B Oxnaxome, CIIA ot 20.05.13. JoOpanuck TOopHAAO
u 110 Tynbckoi oonactu B P®. 22 mas 2013 roma B TeueHue Bce-
ro 5—7 muHyT B T. EppeMOB ObLIM CHECEHBI BCE KPBIIIH C J0-
MOB. [loctasioch U TUHUSAM 3JIeKTporepenad — MHOTUE OETOH-
Hble CTOJIOBI ObLTM BBIIEPHYTHI U3 3eMJIM Kak crindku. [Ipeasa-
purenbHbii yiepo — 150 munnmoHoB pyonei. 30—40 mum-
ap7ioB pyoOsieit yiepOa HaHEeCJI0 HABOJHEHHE C BHICOTOM TO/IHS-



THSI BOJIBI CBBIIIIE BOCBMH METPOB B AMYPCKOW 0OJIaCTH U CBHI-
e 10 meTpoB B EBpeiCKOM aBTOHOMHOM OKpYT€ B IEPHOL aB-
rycra-cenTsops 2013 roya u T. 1.

2014 rog o3HaMEHOBAJICS IEPUOJAMH C BOTHOOOpA3HBIM Xa-
paKTepoOM MOSIBJICHUSI OOJBIIMX TATEH W MOITHBIX BCITBIIIEK.
2014 ron Ha miiaHete 3eMJisl — TOJIBKO OIHU MPUPOAHBIE AHO-
MaJiiy, ymepo He ToagaéTcs Jake OleHKe. B 105KHOM MOoJIoBH-
HEe CBeTWJa B €€ BOCTOYHOHM yactu B jaekadpe 2014 roma ak-
TUBHO PACTYT JIB€ IPyMIbl NATEH (MO KOJIWYECTBY U TUIOIAAN).
Oco0eHHO Bbifie/IsgeTCsI akTUBHAsS o0nacTh AR 4242, Dto camast
KpyIHasl TpyMmna MsITeH, KOTopas sSBJIsIeTCs caMOW TMIaHTCKOM
0 pa3Mepy U MOIIHBIMU BCHbIIIKaMU Kjiacca X. OHa J10Jroxu-
TeJb, C/IeNIaIa yXKe 1Ba 000pOTa M CHOBA MPe/ICcTalla IBUXKYIIENCS
K LIEHTPaJIbHOMY MepuaraHy. B 3TOT 3axon oHa akTHBHeEe, YeM
B HOs10pe. [1o cpaBHeHuIO ¢ HavasioM Jiekadpst CosHile Bce 00b-
111€ TIOKPbIBAETCS MATHAMMU.

[Iporuo3 — B 2015 rogy kAyT CIOpOpU3bI B3JIETA COTHEYHON
AKTUBHOCTU CpaBHUMbIe ¢ Makcumymamu (B 2013 r.) B 3TOM
24 mukiie. laHHast cuTyalusi cO34aeT YBEPEHHOCTh B BO3Bpa-
IIEHUM BJIACTU aTJIaHTUYECKMX MOHCTPOB B EBporie B siHBape
2015 rona. Peanbho — 2016 rop, roa vcrienessiioiei xapbl U Ha-
pacramller 4acToThl yparaHoB-cMepuer-TopHaao. Hampumep,
13—14 wiona 2016, yparan, HayaBmmics B benopyccuu, Bbl-
JIWJICS B HACTOSsIIIEE TOPHAA0 noja MoxkaiickoM, a 3aTeM MyTh ero
Jexan Ha MOCKBY. DTOT yparaH Ha CBOEM IIyTH HAHEC CYIIe-
CTBEHHBIN yIepO NepeBHSAM U rocesieHusM [1omMocKkoBbs 1 ca-



Mo MocKBe.

ITo Bcen mnanere 2017 ron 3anoMHUTCSA Kapou IO IKBATO-
Py, KOTOpasi BhIIIApUIa CTOJIbKO BOJBI U3 OKEAHOB, UTO €€ XBa-
THJIO Ha TO, YTOOBI 3aTOMUTH JIUBHAMU OOIITUPHBIE TEPPUTOPUN
cpenHeit monockl. OueHb MOAPOOHYI0 XPOHOJIOTHIO COOBITUH Be-
o€t Annpen Jlapun Ha cBoeu crpannuke canta — XPOHUKA
IMPUPOHBIX KATAKJIM3MOB 2017.

2019 rox Hagonro 3anmoMuutcd B P® 3aroruieHneM céi u ro-
pomnoB B Upkytckoit oomactu u [IppuMopckoM Kpae, a Takxke xkKa-
poii B EBporne u 3aTorjieHueM ropoJjoB B AMEpHKe.

01.07.2019 ropma. CwibHble goxau B MpkyTckoil obmacti
MIpUBEJU K pe3KoMy HaBomHeHHIO B MIpkyTckoi obactu. B 30-
Hy OeJICTBUSI MOMAJH JIECSITKU HaCeIeHHbIX MyHKTOB. Pexum UC
13-3a MTABOJKA JIEUCTBYET B IATU parioHax — TymyHCcKoM, YyH-
ckoMm, HwxueyauHckoMm, TaitierckoM, 3umuHckoMm. Ha goto
5.2.1 mokazaH CIO)KeT JBUKEeHUS JOMOB 1o peke B MpKyTckon
00J1acTH.



®oro. 5.2.1. TmeByT MoMa B VIpKyTCKO# 06macTu.

OueByalbl HAMIOMUHAIOT 00 AaHAJOTMYHOM KaTaK/IM3Me
B 1984 u 1996 ronmax.

33 hitps://www.youtube.com/watch?v=HG19PviZqW$


https://ridero.ru/link/mS0SfCw4JyVDzN

SIBnenuie 1o B npuHLuIe peakoe. HaBogHeHue oT 10K 1€BbIX
naBoakoB B 1984 rogy — 11 metpos, B 1996 roa- 12,5 m, Ho ceii-
yac B 2019 — nouru 14 meTtpos.

ITo ropony HuxueynuHcky. Boga B peke Yia nogHumanach
BbIIIIE KpUTHYECKON oTMeTKH B 320 Ha iBa MeTpa. B pesysbrare
JAHHOTO TIABOJIKA HA TeppuTopur ObUTO mofaToruieHo 107 ymur,
TPU THICSIYM JOMOB, B TOM 4wucie 70 MHOTOKBApTHPHBIX J0O-
MOB, B KOTOpbIX NpOoXuBaIOT 9232 yenoeka. Takxe B ropo-
Jie TIOATOIJIeHb! 37 3MaHUN MYHUIIUMTIAIBHBIX U TOCYJapCTBEH-
HBIX CTPYKTYp, AEBSATh 3[aHUI 0O0pa30BaTeIbHBIX yUPekJICHUN
(4eTplpe JETCKUX cajia U TP IIKOJIbI, & TAKKE XYJ0KECTBEHHAsI
Y MYy3bIKaJIbHasl IIKOJbI), Takke 12 00BEKTOB kM3HeoOeceve-
HMSI: 9TO KoTeJibHble, 31anust LIPII, Taroesle moacraHimu, Boao-
3a0oper, KHC.

[To ropoxy Tyayn. Ilog mMocToBoW rabapuT 3TOro MocTa
B OOBIKHOBEHHOE BpeMsl — 7,8 MeTpa, TO eCTh, IOKa BOJa MOAHU-
MaJjach, TaM JIoMa MPOHOCHIIMCH 1107 MocToM. Ceiyac mopsijika
100 noOMOB CKONMJIOCh HABEPXY.

Cnenyer umerh BBUAY, uro 1996 u 2019 romgsl mpuxo-
JATCS HA MUHAMYMBI IIMKJIOB COJTHEUYHOW aKTUBHOCTU ((OTO
5.2.2 UKJIOB).



KoawsecTeo comes maTen =
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®oto 5.2.2 IlukJiel COTHEYHOM aKTMBHOCTU niATeH. Ha rpa-
(puxe nomeden 1996 rox ¢ KOMMYECTBOM ITATEH.

Jloteiii mopo3 B CIIIA u Kanaze, HeBbIHOCMMasI kapa B AB-
crpayiuu, cHer B Caxape — noroga npoAoJikKaeT YAUBJIATh aHOMA-
JIMSIMM 110 BCEMY MUPY.

15.07.2020. Iotorsl, Oypu, cMepuu OOPYIIWINCH U HA POC-
CHIWCKHE PETHOHBI, B TOM YHCIIE U HA MOCKOBCKUH.

21.07.2020. He6ombimoit ropook B CBepIsIOBCKON 00IacTH
Hwxnpne Cepru cerogss B LIeHTpe BHUMaHus criacaresien. [Tocne
MOIIHBIX JIUBHEN U3 OeperoB TaM BHIIUIM peku. Boga pa3smbuia
JOpOrH, pa3pylluia MOCTHI M 3aTonmia Joma. B ropose oObsiB-
JIEH PEeKHUM UPE3BbIUAHON CUTYAIHUH.

He nyumre crnoxwnach odcranoBka 1 Ha 30 mas 2021 ropa:
«B cBs3M ¢ MOBBIIIEHWEM YPOBHS BOIbl B peKax BBE/IEHBI pe-
’KAMBI ITOBBIIIEHHOM T'OTOBHOCTH Ha TEppUTOpUH buprocuHckoro
MO u Iurknnackoro MO Taiierckoro paiioHa, ApIIaHCKOro
MO Tynynckoro paniona, MO ,, Taumerckuii paion, MO ,,3a-
JapuHcKkui panioH“, Huxneynuackoro MO», — roBopurcs B co-



obmennu. Kpome toro, ypoBens Boapl B peke Ms B ropone Ty-
JyHe foctur 627 cM nipu kputrdeckom 730 cm. 3a npoierive
cyTku B TynyHckoM u HUKHEYIMHCKOM paiiOHaX BBINAJIO HAU-
Ooutblliee KOMMYecTBO ocaakoB. Panee, 27 masi, coo011a10Ch, 4TO
pexuM YUC BBeneH B AMypCKOi 00JIacTH M3-3a MaBOIKOB. M3-
32 MOAbEMA BOJBI M OCAIKOB PAa3MbUIO YYaCTKU AOPOr B 14 paii-
OHax.

O6 yBennueHnu akTuBHOCTU COJTHIIA CBUIETEILCTBYET U aHO-
MaJibHble TUBHU B Ante 17 uions 2021 roga, KOTOpble NOATOIH-
JIM TOPOJI ¥ BBI3BAJIU CEJIEBBIE MTOTOKHU ¢ rop. B HOub Ha 17 nioHs
IMKJIOH HaJ KpbhIMOM BbI3BaJI CHIIbHBIE JIOKIU U YCUIICHUS Ce-
BEPO-3aMaHOro BETpa, U3-3a Yero B peruoHe OOBbSIBUIIN PEXKUM
YC. TMonromienst Kepub u cocenHre pailoOHbI Ha BOCTOKE TIO-
ayoctpoBa. B fnre B pesynbrate OencTBUs MOrMO OWH Yeso-
BeK, nocrpaaaiu 11. 18 uions B paitone n1. OnonsHeBoe (Anra)
MIPOU3OILIEN CXO Ipsa3eBoil cenu. Takxke nmoaromieHsl 13 ore-
Jieil, U3 ABYX 3BaKyupoBaiu TypuctoB. IloBpexnena ungpa-
CTPYKTypa IUIsLKe. SlnTta HaxomuTcs B MPOCTOPHOM IPUPO.I-
HOM «ampuTeaTpe» — C CyIId TOpojl OKPYKEH MOITYKOIbIIOM Iop:
K CEBEpY M CeBepo-3aliajay MpoXoauT SANTuHCKas silia ¢ ropa-
mu Kemanb-Orepek (1530 m), Dxanpl-bypyn (1423 m), Jlanara
(1406 M), Dupek (1358 M) u Apyrumu; K CEBEPO-BOCTOKY OT HEE
orxonuT orpor Hukurckou sl ¢ BepimmHon ABunpa (1473 m).

[epsniii neThuii Mecsiir 2021 roga 0OHOBMIT HEMAJIO TeMIiepa-
TYPHBIX PEKOP/IOB — HE TOJILKO B U3HBIBAIOLIEH OT kapbl Kanaze,
HO 1 B CeBepHou 1 Boctounon Esporie (BKo4as HEHTPaIbHYIO



vyacth Poccun 1 MockBy), a Takke Ha ceBepo-BocToke Cubupu
U B HEKOTOPBIX a3MaTCKUX CTpaHax. AHOMaJIbHasI JKapa W Mpo-
JuBHBIE oW nipuBenu 15 -18 wionsa 2021 roga K cusbHEU-
MM HaBOAHEeHUsIM B 3anaaHoil ['epmanuu u beiabrum v K ru-
6emu He meHee 150 yenoBek. bosee ThICSYM YeIOBEK Mporaiv
6e3 Bectu. [lonuius 3asBisieT, 4TO BO MHOTMX PErMOHAX IAPHT
Xa0C ¥ TOYHOE YMCJIO XKEPTB MOKA HA3BaTh MOYTH HEBO3MOXXHO.
Hemenikue CMU cooOmiaior, 4to B HOUb Ha cy00oTy 17 wions
BOJIa MPOpBaJa IJIOTMHY OKOJIO ropona BaccenOepr B Hemerl-
kou 3emyie CeBepHbil PeiiH-Bectdganus, B pe3ynbrare 4ero spa-
KyMPYIOTCSI COTHM MECTHBIX XUTeJed. bosbilie Bcero mocrpa-
nanu Hemenikue 3emau Peiinnana-Tldanbi u CeBepHbiii Pelin-
Becrdanus, cuibHble paspyiienns u B beasrun u Hupepnangax.
[Mocrpanamu takxe JliokcemOypr, Hunepnanmast u [lIBetinapusi.
YpoBeHb BOABI MOAHSUICA TaKKe B HEKOTOPBIX pekax DpaHIu.
Cena 3aToIJIeHbl BOJOM, 3aBaJIEHbI J€PEBbSIMU, MAIlIMHBI [1J1aBa-
IOT TI0 JIOpOTaM, a YJIUIIBl IPEBPATIIINCH B Oyprisiiye peku. ITo
OJHO U3 KPYMHEWIIINX HABOJHEHWI HA MaMsITU MECTHBIX JKUTe-
Jeri. MHoOrre M3 TOCTPaIaBIIuX 3a0MPaAIMCh HAa KPBIIIA CBOUX
JoMoB U kjaanu criaceHust. Okono 3500 4yenoBeKk pa3melleHbl
B HECKOJIbKMX MEAMIIMHCKUX YupexaeHusix. [1o 3asBaeHuio Bia-
CTell, B paiioHe Oe/ICTBUs ceiyac He paboTaeT MOOMJIbHAS CBA3b,
13-3a Yero CTajjo HEBO3MOXKHO CBSI3aThCS CO MHOTMMU JIIOIbMHU.
Bo MHorux paitonax 3anaanon ['epmannu 3a nocnegnue 24 yaca
BBITIAJI0 PEKOPIHOE KOJIMYECTBO OCAIKOB M PEKU BBHIIIUIH U3 Oe-
peroB. [Toutu 150 TICSIY TOMOB OCTaJIUCh O€3 NEKTPHUECTBA.



Hepesusa Ulynbi ¢ HaceneHueM 700 4e0BeK MOYTH MOJTHOCTBIO
paspymena. B cocennen ¢ ['epmanuen benbrum takxke HECKOJb-
KO JIHEW 1IeJ TPOJIMBHOU JTOK/1b, U3-32 KOTOPOTO PEKU B PErHO-
He Bayuonus e u3 6epero. K Beuepy uerepra 15 uions
YJIUIIBI HECKOJIBKUX OENbIMICKUX ropofoB 3aronmio. OcobeH-
HO nocTpaaany npoBuHIMK JIbex 1 Hamiop: KypOopTHBI ropos
Cria ObUT OTHOCTBIO MOKPBIT Bojioit. B ropone IllocdonTen mno-
ytr 1800 yenoBeK ObUTH BBIHYXJIEHBI 9BAKYHPOBATHCS.

Jlero kpaitHoctreir 2021 roga BHOBb yauBisier. He ycnena
OIpaBUTHCA OT norona ['epmanns, kak nogronwio Kurai. Tem
BpemeHeM B [lomne Cmeptu Ha Boctoke Kanndgopuum 3adpuk-
CHPOBAJIM a0COJIIOTHBIN TeMIepaTypHbIA MAKCUMYM JIJIs1 Hallei
IUIaHeThl — Tmoc 54,4 rpagyca — B INTATe MOJBIXAIOT MOKaphl.
[Toxoxas anomanus npoucxonut B Kanane u Poccun. B EBporie
u Kutae noron, a B Poccun u Kanane niecHpie roxapsi.

Poccus. IOxHyio yactb crpansl 3atonuiio, Ha CeBepe *kapa,
B SIKyTUM NOJBIXAIOT MOXKapbl. B KOHIE MIOHSI HABOHEHMS Ha-
kpbut Cubnps u Kpeim. B MpkyTckoit obmactu Boja qoCTHIIA
OTMeTKH 14 MeTpoB, TAKOTO 32 BCIO UCTOPUIO HAOIOICHUH 371ECh
He Obuto HU pazy. KpacHonapckwmii kpaii 1 Kpeim Toxe moctpa-
JlaJIi OT Tpajia M 3aTOIJIEHHs], BCE 3TO B pa3rap KypopTHOIO ce-
30HA, YTO OOJILHO YIAPHJIO ¥ TIO 9KOHOMUKE PeroHOB. [lokapsr
Hacturm Jeca Kapemu. Cankr-IletepOypr Toxe ObeT Temriepa-
TYPHbIE PEKOpP/Ibl C HayaJa JIeTa.

3aroruienuss B KpeiMy © gpyrue aHOMaiuu Mpekpa-
T MouHenmmid aHTUIUKIOH oT Cankt-IlerepOypra, de-



pe3 MockBy Ha BOCTOK, HauaBmmiics 4 oktssops 2021 ropa.
C 04 1o 08.10.2021 roga MockBa 1 MocKoBcKast 00/1aCTh «J10-
Opanuch» 10 TMKa aTMOCGEpHOTO aBjieHus B 772 MM. pT. CT.,
Y CKOPO HAYHETCSI OUEHb TUIABHBIN «CITyCK», IIPU 9TOM ITOKa3a-
HUS1 6aPOMETPOB ellle JOITro OyayT MPEBbIIaTh CPeJHIE MHOTO-
JIETHUE 3HAYEHUSI.

Kuraii. B npoBuniiur XsHaHb TPONLIM JIMBHEBBIE J10-
’KJI1, BbI3BABILIME NIEPENOIHEHNE BOAOXPAHWIUIL U HABOJHEHUE
17 wions. Bonblumii ypoH noy4yusi ropo, YksHUKOY, KoIrude-
CTBO MOCTPaJAaBIIMX B ITPOBUHLMM yxke nepeBannio 3a 30. Bo-
ceMb 4eJioBeK mpornasu Oe3 BecTH. [lmomaab moctpaaaBIIMX
OT CTUXHUU CEJIbCKOXO3SIUCTBEHHBIX Yrogui cocTaBmia 215 Tei-
CSY TEKTapoB, MPSIMOW SKOHOMUYECKUH YIIepO OlEHUBAIOT
B 1,22 MwmMapaa oaHeu.

[lo manHbIM @DUHCKOTO METEOPOJOTMYECKOr0 WHCTUTYTA
(FMI), B ®unnsaaauy Obl1 cCaMbId TEIIBIA MIOHB 34 BCIO UCTO-
puto Habmonenuit. Ha tore crpansl 27 aHe noapsia TeMmepary-
pa ObLIa BhIIIIE 25 rpajycoB. ITO camasi MPOAOJIKUTEIbHAS BOJI-
Ha Teruia B PunissHauu ¢ 1961 roga. Ilo ganHbM (pUHCKOM Me-
TEOPOJIOTMYECKO CTykObl, 14 utonsi B PUHCKOM 3auBe HAOIIO-
Janach Temneparypa 26,6 rpagyca. s Bon bantuiickoro Mopst
3TO PEeKOpH, MOTOMY YTO C CAMOTO Havuasia HaOJOIEHN!, TO eCTh
B TeueHue 20 jiet, TemMreparypa He MOJHUMAJIACh BBIIIIe BEpXHEH
ormetku 17,3 rpagyca.

25.01.2022 Ctuxus ynapuiaa no KpacHogapckomy Kparo
€ TaKoil MOIbI0, KOTOPOH He o:kuaaan. Ha Kyoanu 3aTon-



JeHo noutu 1200 1omoB u 3eMeJIbHBIX Y4aCTKOB B 14 Ha-
CeJIeHHbIX NMyHKTaX. B Tpex paifioHax oO0BbABJIEH pPeKNM
YC, a eme B 19 — pekum noBbIlIeHHOM TOTOBHOCTH. Bee
3TO O(pUIHATbHbIE IJAHHbIE PErHOHAJIBHOIO YIIPaBJIEeHUS
MUC. KoppecnionaeHtsl «PI'» 1moOsiBaM B OMHON W3 CTaHMII,
KOTOpast mocTpazaaia domsie Becero — CeBepckoii (goto 5.2.3) —
Y CMOITIM YBUJETh CBOMMHU IJIa3aMH, YTO MPOUCXOIUT. ITOT
KPYIHbBIN HACEJIEHHBIN MTyHKT HAXOAUTCS BCETO MPUMEPHO B TPEX
JecsATKax KuioMeTpo oT KpacHonapa. beny, kotopast oOpyiu-
JIach Ha TPOMAJIHYIO 110 pa3Mepam KyOaHCKYI0 paliOHHYIO CTaHU-
1y (€€ HaCeJIEHUE COCTABJISIET MOYTH 25 ThICSY YEJIOBEK ), CIOK-
HO MIEPEOLIEHUTh. 3[ECh YJIUIIbI TPEBPATUIIMCH B KAHAJIbI WJIU pe-
ku. CeBepckasi 3aTOIUIEHa — I7Ie-TO MO HIMKOJIOTKY, a IIe-T0 —
¥ 110 nosic. bosbiie Bcero nocrpananu yauipsl Poccuitckas, Ky-
Oanckas, [Tyrauesa, [Tonesasi, Makcuma ['opbkoro.



dorto. 5.2.3. Tloton cranuipl CeBepckas.

Ho 3TOT crucok MOXHO MPOAOTKUTh U MHOTMMU JIPYTUMHU.
[Tpoexarh, a TOYHEe, MPOIUIBITh IO HUM, TeNeph MOIydaeTcs
TOJILKO Ha JIOAKE UM B THIPOKOCTIOMax. beToHHbIe a1eKkTpuye-
CKHe CTOJIOBI Ha YJIUIIaX TIOKOCHITUCH, TIOCKOJIBKY BOJA pa3MbLia
UX OCHOBaHMe B 3emuie. Ecu oHU ymaayT, TO CTaHUIAa HAJO-
ro ocranetcs 0e3 cBeTa, a MoMajgaHue BHICOKOBOJIBTHOTO Kade-
JIS1 B BOJY UpeBaTo Tparuyeckumu mnociencreusmu. [lo cropo-
HaM MPOILTBIBAIOT YaCTHBIE IOMa, 3aTOIJICHHBIE TI0 OKHA, 1 OY€Hb
MHOT'O aBTOMOOMJIEH, Y CaMOro Bepxa JBepeil KOTOPBIX TUIEeIeT-
cs1 Bofa. HekoTopblie MalliMHbl EPEKOCUIIO0, U OHU YIIUIM HOCOM
071 BOTTY.



Anany 3arommio 30 saBapsa 2022 r. B KpacHogapckom
Kpae — 3TO HacTosiee CThxuitHoe OencTBue. [1OTOKM BOJIBI
OT CHEra v JOXJEN «IPUIIN» HA KypOpT HaKaHyHe, 29 sHBaps
2022 rona. 30 ssHBapsi B AHAICKOM y/1aJI0Ch OTBECTH MABOJAKOBbBIE
Bonbl. Ha ynuniax CtannuHo#M 1 3esieHOM cracaTes U TEXHUKA
pabotamu Bcio HOub (¢ 29 Ha 30 stHBapst). Takke HOYBIO TPO-
JOJDKAJIMCh PabOTh MO pacuucTke pyubss MoxkencuH. Jlokaiib-
Hbl€ MOATOIUIEHUS] MPOM3OILIM Ha YJIMIAX CTaHul [ ocraraes-
CKOM, AHAICKON, MUKpOpaioHa AJieKceeBKa M rocesika BuHo-
rpagaoro. Tam HaOMOOAI0T OOMIBHBIN CXOJ] BOIBI.

Apxanrenbckylo, Kypranckyio, Maraganckyio, Ceepnajios-
ckylo, Yensounckyio oonactu, Kamuarky, Komu u AxyTuio oxu-
naet kapa 1o +30...+36 rpanycoB B Onukaiiiume 1Ba-TpH JIHS.
[lepemenunBass moroja ¢ JOXASMH IporHosupyercs B Moc-
KOBCKOM, Jlenunrpanckoi, TamOoBckor oOnactsax, IIpumopbe
u npyrux peruoHax. O6 atom 14 utonsa 2022 cooOmu1 HayYHbINA
pykoBoautesb ['mapomernentpa Poccun Poman Bussdan.

Hawubornee xapkasi morojia B JOCTaTOYHO HEOXUIAHHBIX pe-
ruoHax. B Maraganckon ooOnacti, Ha Kamuartke, Boctoke Ko-
MU, ApXaHreJIbCKOM 00JIaCTH TeMIlepaTypa MPOrHO3UPYeTCsl Bbl-
e 30 rpagycoB. OveHs xapko u Ha Ypane: B ExatepunOypre
TeMIlepaTypa BbIllle HOpMbI Ha 4—5 TpaiycoB, B YeIsiIONHCKOM,
Kyprauckoii o6mactsx — 10 +36 rpamycoB».

loponckue sk Coun 3aKphITHL U151 KYIIAHUS U3-32 CUJIb-
HOT'O ITopMa. JIMBHU MOBBICWIIM YPOBEHb BOIBI B peKax, MOj-
TorieHsl 11 HacesneHHbIX MyHKTOB. Cenu MOBpPEIWIM aBTOMO-



OUJIbHBIE U JKEJIE3HBIE IOPOTH, MOCTHI. [IBe MaIIUHBI C TypHCTa-
MU cMbLTI0 B YepHoe mMope, ecth norudimme. [lItopmoBoe npeny-
npex/eHue OOBABIECHO O 25 WIOHS, HO CUHOIITHKY MTPOTHO3M-
PYIOT HETIOroAy Kak MUHUMYM 0 28 uioHs. Ho 310 Bpsiz i ocTa-
HOBUT TYPUCTOB OT MOE3JKU Ha JOJTOXKIAHHBII OTIbIX, CUUTA-
I0T MPEJICTaBUTENM TyporiepatopoB. bosee yacTble 1 MHTEHCHB-
HbIE TIPOSIBJIEHUST HEMOTOIbI — TIOCJIE/ICTBUE ITI0OAJIBHOTO MOTETI-
JICHUS.

2023 roa. 3emuisi B yepeae katacTpod

AnomasbHas kapa B 2023 rogy HaOmonanach B psijie peruo-
HOB 3eMHOT0 mapa. 4 utons 2023 roza 6puia 3ahuKCHpOBaHa ca-
Masl BBICOKasl ¢ Hauasia HaOmoaenuit (1979 ropa) cpenHssi TeM-
nepatypa nopepxHoctu 3emuu +17,18° C. 6 wions 2023 rona
ObLT 3a(DUKCUPOBAH HOBBIN peKop ¢ Temriepatypoit +17,23° C.
Mions 2023 roga crait caMbIM )KapKUM MECSIIEM 32 BCIO UCTOPUIO
HaOJTIOIGHUI U, TIPEIOIOKUTENTHHO, C MUKYJIMHCKOTO MEXJI1e-
HUKOBBsI 120 Thicsty et Hazaa. B 2023 romy Obu OOHOBJIEHBI
aOCOIOTHBIE PEKOPIIBI TEMIIEPATYP B TAKUX CTPaHaX, Kak AJda-
Hus, Kuraut, Taunanp, u Typius, a Takxke B psijie TOPOAOB, BKJIIO-
yagMunas, Banencuio, [lakky, BbeHTbsIH U Apyrue.

[lo npannbiM Copernicus Climate Change Service, jero
2023 roma crajio caMbiM JKapKUM C Havyayla HaOJOICHWH,
Ha 0,66° C mpeBbICUB CpeHee 3HAYeHWe ISl 3TOr0 BPEMEHU
rora 1 Ha 0,3° C moOWB MpeXHUN pEeKOp, YCTAaHOBJIEHHBIN
B 2019 rogy. Cpennue temnepatypbl vions 1 aprycra Ha 1,5° C
MPEBBILIATN IOVMHYCTPUAILHBIN YPOBEHb, Y€ro IJIAHUPOBAJIOCh



He 0MmycTUTh [lapukcKkuM coriaieHueM.

CornacHo wuHpopManmm amepukaHckoro HanmoHaibHOrO
LIEHTpa JaHHBIX 110 CHETY U JibAy, 3umou 2023 roga Makcumalb-
Has TUI0IAa/Ib MOPCKOTO JibJa B AHTApKTUKe OblIa 3a(hUKCHPO-
BaHa 10 ceHTsOps 1 cocTaBuia 16,96 miH KM2; 9TO CAMbIil HI3-
KW ITOKa3aTesib ¢ HauaJia CIyTHUKOBBIX HaOmoaeHuit B 1979 ro-
1y, TIPEMEPHO Ha 1 MJIH KM? MeHbIIIe MPEKHEro PeKopa, ycTa-
HOBJIEHHOTO B 1986 roay.

[To manueiM cuctemsl Climate Reanalyzer, anomanus cpea-
Hell Temriepatypsl oBepxHoctr 3emun 11 centssops 2023 ro-
na repsbie gocturia 1° C (16,65° npu KIMmMaTU4ecKkon cpeji-
Hel Temrieparype i 3toro aHs 15,65°). 16 cenTs6ps aHoma-
mmst coctauia yxe 1,11° C. HanOonpimii BKJajg B 3Ty aHOMa-
JIMIIO TIPUIIETICSI HA AHTApKTHU/LY, B OTAEJIbHBIX €€ YacTSIX Temrle-
parypa 6osee yem Ha 20° C mpeBblliajia cpeiHue 3HAUEHUSI.

COOTBETCTBEHHO BCE [Jpyrue KaracTpo(puyecKue SIBJICHUE,
CBSI3aHHBIE C )KapOH, TaKWe KAaK JIMBHU, yparaHbl, MOTOIbI, MO-
JKapbl, TAsTHHE JILJIOB, a TAKXKe KOCBEHHO OOYCIIOBJICHHBIE — 3€M-
JIETPSICEHUS], BYJIKAHUUECKasl NEATEIbHOCTh U MHOTHE ApPYyrue
NposIBUIIM ceOsl B 3TOM oy HauOoJiee HHTEHCUBHBIM 0Opa3oM.
Ha ¢poto 5.2.4 npuBeieHbl COBOKYIHbIE SKOHOMUYECKUE NTOTEPU
OT MIPUPOAHBIX KATAKIU3MOB I10 TO/IAM.



HAWBOJIEE PA3PYLUUTEJIbHBIE NPUPOAHLIE KATAKJIN3MbI
(COBOKYIMNHbIE 3KOHOMWYECKWE NOTEPWU
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®oro 5.2.4 CoOTBETCTBYIOIIME 3SKOHOMHYECKUE MOTEpU
OT MPUPOTHBIX KATAKJIM3MOB IO TOJAM.

CHexHas rpo3a oOpymuiaack Ha ONeKMUHCKMIA palioH SKy-
tuu. Packatel TpomMa B peBpajie yCIbIIaIA KUATEIU OIHOTO
U3 ceJl, KOTOphIE CTaJId CBUACTENISIMU PEKOTO MOTOHOTO SIBJIe-
HUS1 CHEKHOM I'pO3bl U MOJIHUI B BockpeceHbe 26.02.2023 ro-
na. O4ueBHIIBI COOOIIAIOT, YTO BO BPeMs CUJIBHOW METEJNN CJIbI-
IIAJTUCh PacKaThl IPoMa, a B HeOe BCIbIXUBaIu MoHUM. Kak co-
oommmu SICUA B EnuHoll fexXypHOU JUCTIETYepCKOn ciyxkoe
OJIeKMHHCKOTO paiioHa, METeJb Hauasiach MPUMEPHO B IMOJI/IEHb.
«Ilopwvisvl eéempa cezo0ns docmuzaau 0o 15 mempoeé 6 cexyHoy.



Ceituac 6ce noutno Ha cnad. Packamol 2poma 6o epems memenu
cavianu 6o emopom Heprokmsiiunckom nacaeze.» , — AHQOpMU-
pOBaJ1 AUCHETYEP.

YT npoucxoauT ¢ KIuMaTom Ha 3emJe?

[Tocnennue cemb JieT, HaunHas ¢ 2015 roma, moapsa craHo-
BIJINCh CaMbIMH TETLIBIMU 32 BCIO UCTOPUIO HaOmoneHuit. [o-
0aJIbHOE TMOBBIIIEHUE TEMIEPaTypbl CTAIO MPUYUHON MUJUIAO-
HOB cMepTeit o Bcemy mupy. B mae 2022 roaa conepkaHue yr-
JIEKHUCJIOTO ra3a B atMocgepe 3eMJIH I0CTUITIO OUYEPETHOTO MaK-
cumyma. Takoit konneHTparun CO, B atmocdepe 3emin He Obl-
BaJIO y:ke MWUIMOHBI JieT. [loBeiienue ypoBHsi CO; B BO3AY-
X€ TIPOUCXOIUT MPH CKUTAHUY UCKOTIAEMOTO TOTLIMBA JIsT HY KT
TPAHCIOPTa ¥ MPOU3BOICTBA JIEKTPOIHEPIUH, MPU MPOU3BOJI-
CTBE LIEMEHTa, U3-32 BHIPYOKU JIECOB, TOBBIIIEHUS JeSITeTbHOCTU
B CEJIbCKOM XO3SIHCTBE U T. /1. B pe3ysbrare arMmocepa riaHeTsl
HEYKJIOHHO HarpeBaeTcsl, YTO BBI3BIBACT KacKaJ| MOTOJHBIX Oe/I-
CTBHM, BKJII0YAs SMM30/bl SKCTPEMAJILHOM Kapbl, 3aCYXHU U JIEC-
HBIX N0%apoB. HbIHEIIH s BOJTHA kapbl, OXBATUBILAS KUBOTHO-
BOIUECKMe xo3sicTBa Kanzaca, mpuBena K ruOeau mpuMEpHO
10 000 ronmoB KpymHOro poraroro ckora. OmnacHasi, 3aTsKHAs
aHOMaJIbHasl Japa yrpoxaeT MIWIIMOHAM JiroAer B 3anaaHon EB-
porie — 0OBSIBJIEH CaMBIii BBICOKUI YPOBEHb MPEIyNpPexkICHHS
0 kape. M He TOJIBKO 3TO: yBeJIMYEHUE KOJIMYECTBA OCAIKOB, Ha-
BOJHEHU S U HAPACTAIOIIAasl MOIIb TPOIMTUYECKUX IITOPMOB TaKxke
SBJISIIOTCS CJIEICTBUEM aHTPOIIOI€HHOI'O U3MEHEHU S KJIMMara.

Bcemupnass  Meteopoaornueckasa  Opranm3anus



(BMO) OOH 3asiBuiia, 4to B ONMDKaMIve MATh JIET BO3pacTeT
BEPOSITHOCTh TOTO, YTO TJIOOAJILHBIE TeMIIepaTyphl TOBBICSTCS
6osiee yeM Ha 1,5°C 10 cpaBHEHUIO C JOMH/IYCTPUATIbHBIM yYPOB-
HeM. BMO ornienuBaet B 20% BEpOSTHOCTb TOTO, YTO TOT OPOT
oyznet npeonoinien 10 2024 roga. B mporuozax 2015 roga Bepo-
SATHOCTbH 3TOrO orieHnBasiach B 10%.

Hanomuunm, uro INapuxckoe cornamenue 2015 roga nocraBu-
JIO TIepe/l MUPOBBIMU JIUJIEpaMu orpeesieHHble 1ienu. OHu 0051-
3aJIMCh TIPUJIOKUTD YCUIIUSL JIJISI TOTO, YTOOBI HE AOMYCTHUTH T10-
TerieHus1 B Mupe Oosiee yeM Ha 1,5 rpagyca B 9TOM CTOJIETHH.
[lo oueHke 3KCNEPTOB, HOBAasi MOJIENb CBUJETEJLCTBYET O TOM,
YTO 3TOT YPOBEHb MOXET OBITh HAPYIIIEH He JIO KOHIIA CTOJIETH S,
a yke B camble OJIVDKaiIIKe TOJIbl, XOTS €r0 BEPOSTHOCTh U OIle-
HUBAETCS KaK OfIvH K 1Ty, CrelUauCcThl BHPAKAIOT 00ECIOKO-
€HHOCTb CTPEMUTEIbHBIMUA TEMIIAMU MOTEIUICHUS KJIMMATa: Tak,
CpeHerooBas TeMIieparypa Ha IjiaHeTe yke Oojiee ueM Ha OliH
rpaayc Llenbcus Beiiie, yem B 1850-X rogax.

C TOYKM 3peHHs peasbHOrO NPEACTABICHUS DBOIIOIUM TUIa-
HET U 3BE3J] — BCE ABMIKETCS U M3MeHsAeTcsA. [ J1TaBHBIM fe-
TEKTOPOM LIEHTPAJILHOTO MOJIS TATOTeHUs1 3eMiu siBisieTcst Jly-
Ha. OHa, K COXaJIeHUI0, TOKUAAeT 3eMJTI0 KaK bl O] yAJISIsSCh
OT He€ Ha 4 cM. DTO TOBOPUT O TOM, YTO MOJIE TATOTEHUS SJI-
pa 3eMn yMeHbIIaeTcs Mo BelmduHe, uto BeaéT EE k MeHbIe-
MY OTTAJIKMBAHMIO OT OAHOMMEHHOTO 1oJisi CoNHIIA 1 OOJIbIIEMY
MPUTSKEHUIO YBEJIMYMBAIOIIENCS] MAaCChl aTOMHO-MOJIEKYJISIPHO-
IO BEIIECTBA KOPbI, UMEIOIIEH TPOTUBOMOJIOKHBIM 3HAK I'PaBU-



TalMoOHHOro 1osA. Y mo 3akoHy BcemMupHOro tsaroreHuss Hpro-
ToHa 3eMJis ¢ DoabIeil cinoi nputsarusaercs K ComHily, 4To
MPUBOJIUT K CMEHe pajuyca e€ opoutsl BOKpyr ConHIa.

[lepronbl criokoiHOrO U akTUBHOrO COJTHIIA CMEHSIIOT JpyT
apyra npumepHo Kaxasie 11 jer. OO 3TOM W3BECTHO JTABHO,
HO MpUpOAA SIBJIEHHUSI IO CHX MOp He pasrajaHa. MUHMMyM
COJTHEYHOU aKTUBHOCTH, OOBIYHO 3HAMEHYIOITHI OO0 OKOHYA-
HUE MpeabiayIiero 24 mukia, nmpuiienacs Ha aekadpp 2019 ropa.
[lo nporHo3am y4yeHbIX, MUK COJTHEYHOW aKTMBHOCTHU 25 LMKJIA
Oyzet nocturnyt B mone 2025 ropa.

Kak 3agsnser Kosznos B. 1.3

«ObHapyceHHoe N0 KOCMUUECKUM AYUAM YeeauueHue naoud-
Ou conneuroz2o uyuxaa 23 s6Unoce npedgecmuukom coos 1 1-nem-
Hell UUKAUUHOCTIL: 8 COOMBEMCIMBUL C 2UNOME30T Asmopa 00 UH-
eapuanme 22-nemuezo UUKAA, 8CAe0 34 YGeAUUEHUEM NAOULA-
ou 23 yuxkaa nocaedo8ano YmeHvueHue naouaou (dHepzoemKo-
cmu) credyiouezo 24 yuxaa. Ymenvuuerue snepeoemKkocmu co-
NPOBOHCOAEMCS YMEHbULEHUEM OMHOCUMENBbHOU 8apuauuu cee-
mumocmu ConHya, komopast 8 24-uuxae ymeHbUUAaAcs 00 Ypos-
H5l CpeOHe20 3HAUEHUS. mpex NPeOblOYULUX UUKN08, M. €., NPAKMU-
uecku, 808oe. IIpozrno3upyemcst anomanvhoe MHo2onemHee NOGbl-
werue paouauuonrozo ¢gora I'KJI ¢ 2019—2021 22. Coxpare-
HUe UHBapuanma 22-n1emHezo YUKAA COOMEemcmaeyen 80Ccma-

3¢ B. . Kosnos. APUTMUS B 11-JIETHEA HNUKJIMYHOCTU COJIHLA,
KAK HAPYIIEHWUE MHBAPUAHTA 22-JIETHEI'O HHUKIJIA. Preprint - April
2020 DOLI: 10.13140/RG.2.2.17371.11041.



Hoeaenuto 1 1-nemmeii yukauurnocmu 8 25-m yukae, 4mo o3Haud-
em 8bINOAHeHUe CAeOYIou,e20 KPUMepUsi: YposeHb PAOUAUUOHHO-
20 pona I'KJl 6 maxkcumyme 25 uyukaa (2024—2025 ze.) oon-
JHCeH ObIMb 3HAUUMO HUdCe YposHs paduayuonHozo ¢ona I'KJT
6 maxcumyme 24 yuxna (2014—2015 z2.). B smom cayuae mexy-
uuii HeopOuHapHbwlii cOoll yuk08 23—24 bydem umems cmamyc
W10KaNbHo20 . Hapywenue uneapuanma 22-nemmezo yukaa co-
omeemcmeyrom He 8occmaroeneHuio 1 1-nemueti yukauuHocmu
6 25 yukne, umo o3Hauaem 8blnoaHeHue credyoulezo PusuuecKo-
20 Kpumepusi. yposero paouauuorrozo gora I'KJI 6 makcumyme
npeocmosiuezo 25 yuxaa (2024—2025 22.) dondicen Ovimo 3Ha-
UUMO paseH, Ul olute, m.e. He Hudice yposrs ora I'’KJI 6 max-
cumyme 24 yurkaa (gpomo 5.2.5, 2014—2015 22.). B smom cay-
uae cocmositue HeopoOUHapHozo c6os 23-24-25 uuxaoe uzmerum-
Csl € NOKANBHOZ20 HA... 2100AAbHBLIL, CO 8CeMU BbIMEKAIOUUMU
omcro0a noCcAe0CmeUsIMU».

Bce anomanbHbIe SIBJIGHUMS CBs3aHBI C TOAOM Hadajla MHBEP-
CHMY B MAarHUTHOM THIIEPMOHOIOJIE, KECTKO CBSI3aHHBIM C SIJI-
pom Connuia. Bo Bpems aToro nporiecca yBeaTuunBaeTcs: 4acToTa
¥ MOIITHOCTh MarHUTHBIX Oypb, MOBBIIIAETCS aKTUBHOCTh COJH-
1a. O1HaKoO, HECMOTPSI HA HE3HAYUTEIbHOE KOJTMYECTBO YEPHBIX
rareH 24 mukiaa ConHeuYHOW aKTMBHOCTU (MHJIEKC KOJIMYEeCTBa
YEpHBIX NATEH — yncna Bonbda 59—87—100) no cpaBHEHMIO
c Hos1OpéM 1957 (254) yiiep6 Ha 3emuie okazasicsi Gosee oy TH-
MbiM. Yucna Bonbda 3a 2015 roa-42, a 3a 2016 — 15. Ilpogon-
JKUTEJTPHOCTh Y MHTCHCUBHOCTD 24 IIUKJIa MOXKET OBbITh OOJIbIIe



BOMNPEKU IMPOTrHO3aM YUEHBIX.

B HOs16pe 2019 roya mosiBUIIACH JIBa COJTHEYHBIX TSITHA C 00-
paTHOM MOJISIPHOCTBIO, YTO, BOBMOKHO, CUTHAJIU3UPYET O Hava-
ne 25-ro mukna. [To cocrosuuio Ha 1 nekadps 2020 roma 25-i
COJTHEUHBIM IMKJI TIOKA3bIBAET MepBble MPU3HAKK TOTO, YTO OH
HECKOJIBKO CHJIbHEe 24-r0 COJIHEUHOIO LIMKJIA:

* CpenHee KOJIMUYECTBO COJIHEUHBIX TATEH 3a 13 MecsiieB
B Mae 2020 roga coctaiisiio 5,6 MmsiTHA B JIEHb MO CPABHEHUIO
¢ 3,5 3a COOTBETCTBYIOIIMI MECSL] B ITPEIbIAYILEM IIUKJIE.

* B nos16pe 2020 roma B cpeaHeM Npuxomuioch 34 msATeH
B JIeHb, Ha 10 MecsiiieB paHblile, YeM B TIEpBbIid MECHII, U B CPe/I-
aeM 30 v Oosee B 24-M LIUKJIE.

* [1epBbli OTIENBHBIN JeHb, B KOTOPOM ObuTO 90 TisATeH, IPo-
u3ouels B 12-M Mecsue 3Toro HyKJa, o CpaBHEHUIO ¢ 27-M Me-
cALEM B 24-M IUKJIE.

e C 1 mons 2020 roga 6wu10 78 6e3ynpeyHbIX AHEH 1o CpaB-
HeHuio co 130 B cooTBeTCTBYIOIIMI NIEprof 24 1HKIIA.

O1u 1K@ pPbl HAXOATCS B PAHHEM COTJIACKUU C HOBBIMHU JIAHHbI-
MH (OKTA0ph 2020 T.). KOTOpPBIE MPOTHO3UPYIOT, UTO 25-1 UK
COJTHEYHON aKTMBHOCTU TIOUTU HaBepHsIKa Oy/leT CUJIbHEE, YeM
SC24 (ISN max 116), u, ckopee Bcero, cuibHee, yuem SC23 (ISN
max 180).

AHaroimii ButanseBud [IpsIKOB, OCHOBOITOJIOKHHK I'eJIMOMeE-
TEOPOJIOTMH, YKa3blBaj, YTO AHOMAJIMM TOTOAbl CBSI3aHbl KakK
C MakCMMyMaMH, TaK ¥ ¢ MUHMMYMaMU COJIHEYHON aKTUBHO-
cru. Ha Gombiiom hakTMUECKOM Martepuajie OH JIOKa3al, 4uTo



ocabJeHue COTHEYHON aKTUBHOCTH IMPUBOIUT K OIYCKAHHIO XO-
JIOMHBIX BO3AYIIHBIX Macc Ha 3amagHyio Cudups — CeBepHBIT
Kazaxcran. [Ipu 3TOM 3UMOM yCTaHABJIMBAETCS MOPO3HBIA aAH-
TUIIMKJIOH. A TIpU POCTE COJHEYHON aKTUBHOCTU HAOJIO/1aeT-
cs1 0OpaTHBIN MPOIIECC: BHIHOC TETUIBIX M BIIAXKHBIX BO3MAYIITHBIX
macc. [ TpoTuBONoI0KHBIE NOTOKM BO3/1yXa (MAYIIHE apajliesib-
HO) B OTBET Ha Takue (PIyKTyaluu COJIHEYHOM aKTUBHOCTH B EB-
poI1ly, B IEPBOM CJIy4ae, I0ro-3anagHble OTOKH C TEIJIOM U BJa-
IOi1, 2 BO BTOPOM — CEBEPO-BOCTOUHBIE TOTOKU CO CTOPOHBI TO-
ayoctpoBa TaliMbIp 0OPYIIMBAIOT 3UMOU TyJa CHIIbHBIE MOPO3bI
C YCTOMYMBBIM aHTUIMKJIOHOM. OJHAKO 3TO 0O0Imas Kjiaccude-
ckas cxeMa. Ha npakTuke 4daiiie BO3MOXHbI OTCTYIUIEHUSI.

Haxe B rompl OMu3KMe K MakcuMymy B 24 mukie Oosee
HU3KUM YpOBeHb uMcia Bonbga nenaer 3amaaHblid MOTOK BO3-
nyxa Oosnee ciaObIM, Y4TOOBI JIOOMPAThCs CTONb JaJIEKO Ha BO-
crok. U 3uMbl B IiyOMHE KOHTMHEHTA TMOTY4YaloT MEHbIIe Ter-
na. Ho nepuognueckue duykryaiu Ha (poHe MHUKa WA MUHU-
MyMa KPUBOU MOTYT UHOT/Ia HAPYIIATh OOIIYI0 3aKOHOMEPHOCTb
Connile — norona Ha JaHHbIX Tepputopusix (EBpoma, Cudups,
Kazaxcran) HeiHemHuii 24-i1 LIMKJI COIHEYHOM aKTUBHOCTH OT-
MEYEH IeJIbIM PsAJIOM KaTacTpo(pUUYeCKUX HABOIHEHW U ypa-
TaHOB, B Pe3yJIbTare KOTOPbIX CWJIBHO MOcCTpaga Puidrmum-
Hbl, ['autu, HanbHuii Boctok, LlentpanbHas EBpona u banka-
Hbl. LMKy npeaiecTBOBaj LENbIA Psjl KPYIHBIX 3eMIIeTpsice-
nui 2011 rona.

3umbt 2012/2013 u 2013/2014 Gbutu 1BE OIS BEChbMa Cy-



poBbie B Ka3zaxcrane (a 0ObIYHO Takwie 3UMBI OBIBAIOT B CpEJl-
HeM pa3 B 10—12 ser). To ects B rmyOMHE KOHTHHEHTA Cla-
60e CouHIle CIIOCOOCTBYET XOJOIHBIM 3uMaM. [Iporiuibie 3uMbl
2013/14 n 2014/2015 ronoB B EBpazuu Oblia aHOMaJIbHO -TeTl-
joi. 3uma 2015/16 Obuta moutn 6e3 cHera B MOCKBE, a B KOHIIE
SIHBaps Havasie (peBpasist OCEHHSIS TIOTO/1a C TOKISIMHU.

CoJiHeuHbIE BBIOPOCHI — COJIHEYHBbIE MATHA.

[TocnenoBaTenbHOM TEOPUH, OMMCHIBAIOIIEH MEPHO/IbI COTTHEY-
HOW aKTUBHOCTU U (DOPMHUPOBAHME COJTHEUHBIX BCIIBIIICK, ITOKA
HE CyIIeCTBYeT.

®oto 5.2.5. ConHile B MakCMMyMe aKTMBHOCTH B arperie



2014 ropa (cineBa) 1 B MUHUMYMe — B iekaope 2019 rona.

CosHevHast BCIIbIIIKA COBEPLIEHHO Oe30MacHa J11sl YeioBeye-
crBa. E€ sHeprvst HUUTOXKHa MO0 CPABHEHUIO C TIOJIHOM CBETUMO-
crbio ConHia. OHaKo e€ BIMsIHYE Ha 3eMJTIO CBSI3aHO C BHIOPO-
CaMU KOPOHAJILHON MacChl — 3TO 0OJIAKO TIJIa3Mbl MAaCCOU OT OfI-
HOTO JI0 JIECSITM MWUIMAPAOB TOHH, KOoTopoe nokuaaer ComnHie
u ycrpemuisiercst B KocMoc. CiiaObie BHIOPOCH! OBICTPO paccenBa-
I0TCS1 U CMEIIMBAIOTCS C OKPYKAIOIIUM COJIHEUHBIM BETPOM — SIB-
JieHne exenHeBHoe. Pexxe oHM OBIBAIOT JOCTATOYHO MOIIHBIMU,
4TOOBI IPEOA0JIETh MEXIUIaHETHbIE paccTosiHUsA. Okoso 90% na-
K€ CaMbIX MOUIHBIX BCHBIIIEK (Kj1acca X) COMPOBOKAATCS Bbl-
OpocaMu KOPOHAJIBHOM Macchl. BBIOpOC KOpOHAJILHON MaccChl —
9TO MOTOK OBICTPHIX MMPOTOHOB M IEKTPOHOB M HEKOTOPHIX JIPY-
T'UX 4acTull. B MOMEHT BCIIBIIIKY COJTHIIE MOKET BHITOJIKHYTh Ta-
koe odnako riazmel. Kyna ono 6yner apurarbesi? Eciu B cropo-
Hy 3emid, TO naxe npu ero ckopoctu 600—900 km/cek, emy
MIOHAJIOOMTCS HAa STO JIBOE-TPOE CYTOK, YTOOBI MTPEOJONETh pac-
CTOSIHME B CTO MATHAECAT MUJJTMOHOB KUJIIOMETPOB.

Jlionein Ha 3emiie HAIEXHO 3alMIIAET U MarHUTHOE I10Jie
3emim. BeTpedasich ¢ «MarHUTHBIM IMTOM» HAINEH TUTAHETHI,
YaCTUIIbl MEHSIOT TpaekTopuio. OTpaskasich ot KOxkHOro MmarHut-
HOTO M0J1I0ca, OHU JIETAT K CeBepHOMY U 00OpAaTHO.

OpnHako, BHIOpOC MOXeT 00salaTh U COOCTBEHHBIM MarHWT-
HbIM 11071eM. OH MOKET MCKa3UTh T€OMarHUTHBIE JIMHUU U Ha-
PYIIUTh HEMPOHUIIAEMOCTh «MAarHUTHBIX MPOOOK» Ha TIOJI0CAX.



Torga NOTOKM YaCTHILL YCTPEMIISAIOTCS K 3€MJIE B CEBEPHBIX U H0K-
HBIX TIOJISIPHBIX palioHax, BO30YK/1asl MOJISIPHbIE CUSTHUS.

Bovicokas conneunass akmueHocmeb oKazvieaem Ouwlymumoe
6030eiicmeue Ha 3emaio. Ona enausem HA MEXHUKY, 8 YaCmHO-
cmu, Ha PYHKYUOHUPOBAHUE CUCTEM C653U, HABU2AUUU, IN1eK-
MPOSHEP2EMUKY, 4 8 OMOENAbHBIX CAYUASAX — HA CAMOUYBCINEUE
aroeil. B cészu ¢ amum eadxcHeriueri 3a0aueli s181semcst MOHU-
MOPUH2 U NPOZHOZUPOBAHUE KOCMUUECKOU N0200bl — 2eU02€0-
¢uzuueckux npoyeccos, npoucxoosuux Ha Convue, 8 0OKON03eM-
HOM KOCMU4ecKkom npocmpancmee u Ha 3emae. B Poccuu umu
3anumaemcst Uncmumym npuxkaaonoi 2eogpusuku umeHu akaoe-
muka E. K. @edoposa Poceuopomema. O nocaedcmeusix, Kk Ko-
MOPbIM MOXCEm Npugecmu Ha 3emne MOUWHAsT CONHeuHasi OYpsi,
00 omeuecmeeHHbIX CpeoCcmeax HabN0O0eHUS 3a KOCMUMECKO NO-
20001 U ux pazeumuu pacckazan koppecnoroenmy PHUA Hoso-
cmu Anopero Kpacunvnuxosy 3amecmumens oupekmopa uHCmu-
myma no HayuHou pabome OOKMoOp mexHuueckux Hayk Baaou-
mup Munnuzapees® .

B nepronpl BHICOKOH reiMoreor3nueckorl akTUBHOCTH 00-
11ee KOJIMYECTBO HEUCTTPABHOCTEN B OOPTOBBIX CUCTEMAaX KOCMHU-
YeCKMX amnraparoB M HapylieHuil oOMeHa YIpaBJIsIoen u 1ie-
JIeBoM MH(popmanyen Bo3pacraer B 2—4 pasza, 4To pe3KO CO-
KpalaeT BpeMsl 11eJIeBOro MPUMEHEHHUsI CITyTHUKOB. AHAJIU3 MO-
Kazaj, 4yto 6osiee 50 MpPOLIEHTOB HEUCITPABHOCTEH, a MO OT/eb-

37 B. MunnurapeeB. Bensimkn va CosHIle rpo3aT TIOOaIbHEIM yInepooM 3emite.
PUA Hosocru. 18.10.2019 roza.



HBIM crcTeMam — 70 90 MPOIEHTOB, MPOUCXOAAT U3-3a BO3/eH-
CTBUI KOCMHYECKOH cpefibl Ha OOPTOBYIO ammaparypy CIyTHH-
koB. [Ipu aTom Gonee 80 MpoLIEHTOB TAKMX HEMCITPABHOCTEH I10-
BJIMSUUIM Ha BBINOJTHEHUE ammaparoM LeJieBbIX 3a1ad. B nepuo-
JIbI BBICOKOW COJTHEYHOW aKTUBHOCTU PE3KO BO3PACTAIOT OIMOKH
MIPOrHO3MPOBAHUSI IBUKEHUS CITyTHUKOB.

CutbHOE BO3JICHCTBIE KOCMUYECKOM ITOTOJIbl CIIOCOOHO YHU-
YTOKUTh KOCMUYECKHE almaparbl U IMPUBECTU CIYTHUKOBBIX
OIEPaTOPOB K MHOTOMUJUTUAPIHBIM yIIIEpOaM.

PeHTreHOBCKOE M3Ty4YeHUE AOXOAUT 1O TJIAHETHI 32 BOCEMb
MUHYT, TSDKEJIbIe YaCTHIIBI — 32 HECKOJIBKO YacoB, 00J1aKa BHIOPO-
ca KOPOHAJIbHOM IUIa3Mbl, KaK CBSI3aHHBIE 3apsJ0BbIE KJIaCTEpPhl
['SMM - 3a aBO€E-TpPOE CYTOK.

B mapre 1989 roma coOwitrisi Ha ConHIE BBI3BAIN aBAPHIO
Ha KBeOeKCKol 3JIEeKTPOCTaHIIMKU: TaM CTOPEeJIA BXOJHbIC TPAHC-
(bopmaTopsl, 1 MUJLTMOHBI JIIO/IEN OCTaIMCh Oe3 CBeTa U TeIuia.

B okrs6pe 2003 roma camasi MoOIIHAasi B COBPEMEHHOW MC-
TOPUM YEJIOBEUECTBA «X3JUIOYMHCKAS» BCIBIIIKA Kjacca X45
Ha CoJHIle IOBpeuia psijl CITyTHUKOB, BbI3BaJa MepeOou B Te-
nepOHHON ¥ MOOWJILHOH CBSI3U. DTa BCIIBIIIKA TMpUBeEJa K TO-
Tepe smoHckoro crytHuka ADEOS-2. 28 oktsaops 2003 roma
U3 CTPOsI BBIIIEN OAWH U3 BBICOKOBOJIBTHBIX TPaHC(OpMATOpOB
B LIBEJICKOM ropoje ManbMmE, 06ecTOuMB Ha Yac BECh HACEJIeH-
HbII TyHKT. OT Oypu MocTpajgaiy u Apyrue CTPaHbl.

[MopoOHas Bembika Habmonanack v 7 ceHtsa0pst 2005 roga.

B meproii monoBuHe cpenpl, 6 ceHtsops 2017 roma, yde-



HBIE 3apErMCTPUPOBAIM CAMYI0 MOLIHYIO 3a nocieanue 12 ner
COJTHEYHYIO BCIIBIIKY. Bcempimike mpucBoen 6amt X9.3 — Oyk-
Ba O3HAYAET MPUHA/IEKHOCTh K KJIACCy IKCTPEMATbHO OOJIBIINX
BCIIBIIIIEK, a YMCJIO — CUJTY BCOBIIIKUA. BRIOpOC MULIIMApIOB TOHH
MaTepuu Mpou3olIes noutu B pailoHe AR 2673, npaktuuecku
B LIEHTPE COJHEYHOTO AWCKA, MOITOMY 3eMIISTHE He M30eKasu
NOCJIE/ICTBUI cityuuBIIerocs. Bropas mornas Benbiika (6auia
X1.3) 3aukcupoBaHa Be4epoM B YeTBEPT, 7 CEHTAOPs, TPEThs —
CEroJIHs, B MATHUILY, 8 ceHTs10ps1. KopoHabHBIN BHIOPOC OT 1iep-
BOW BCHBIIIKY yKe JOCTAT 3eMJIH, TUTaHeTa CTOIKHYJIach ¢ 00na-
KOM COJTHEYHOM IJ1a3Mbl JUAMETPOM OKOJIO CTa MUJUTMOHOB KH-
JIOMETPOB, XOTS1 paHee MPOrHO3UPOBAIOCh, UTO ITO POU3OUIET
K Beuepy MATHUIIBL, 8 CEHTAOPSI.

OpnHako 3a mocjegHue TPU BeKa 4YeJIOBEYECTBO MEPEKMUIIO
U elie 0osiee MOIIHbIE COJIHEYHbIE BCIBIIIKM, YeM MPOU30IIEa-
e B 2003, 2005 u 2017 rogax. B Hauane centsaops 1859 ro-
Jla reOMarHuTHasi Oypsi MprBeJia K OTKa3y TejerpaHbIX CUCTEM
EBponsl u CeBepHOU AMEPUKHU.

[TpyunHON Ha3BaIM MOIIHBIA BHIOPOC KOPOHAIBHOM MAcCHl,
JOCTWTIINN TUIaHeThl 3a 18 yacoB u HaOmonaemblii 1 ceHTAOps
OpuTaHCKUM acTpoHOMoM Pryapaom KsppuHrroHom.

Takue nposiBJIeHUs COHEYHON aKTUBHOCTU, KAK PEHTI€HOB-
CKH€ BCIIBIIIKHA, KOPOHATBHBIE BHIOPOCH MAaCChl, KOPOHAJIbHBIE
JbIPBI, BCETrAa COIMpPOBOXIAOTCS oOpa3oBaHueM B oTocdepe
COJIHEYHBIX MsTeH. B mepuosl, Koraa msTeH mMajlo Wik BOBCE
HET — BO BpeMsl MUHMMYMa COJTHEYHOTO aKTUBHOCTH, — BCE ITU



COOBITHUS MPEKPaIIAIOTCS. 3aTeM MsITHA TOSBIISIOTCS CHOBA, aK-
TUBHOCTb HAUMHAET PACTH, HO ITO yXke MATHA HOBOTO COTHEUHO-
ro IMKJIA.

B 2018 rogy Hauyanacsi MUHUMYM COJIHEYHOW aKTHMBHOCTH,
korga Henensimu Ha CoOJIHIE HE MOSIBJISUIOCh HU OHOTO TISAT-
Ha, a B ¢eBpasie 2019 roma ypoBeHb KOPOTKOBOJHOBOIO M3JTY-
yeHus1 cBeTwia ymeHblwicsa B 100 pa3 U ynan Huxe mopora
YyBCTBUTEJILHOCTH MPUOOPOB. DKCMEPTHI MO0 KOCMUUYECKOH T0-
rozge u3 NASA ¥ aMEpUKaHCKOr0 METEOPOJIOTMYECKOTO areHT-
crBa NOAA 00paBWIM O Hadasle HOBOro 11-jeTHero mnukJia
¢ 2019 roga comHeuHOW aKTUBHOCTH, 25-10 1o cuery ¢ 1749 ro-
14, Korjaa ObUT HayaT OTCYET YMUCIIA COTHEYHbIX MSTEH.

Nudopmaiimio o CoMHEYHOW AaKTMBHOCTM MOKHO TOYEpI-
HYTb W3 MHOXECTBA HCTOYHHUKOB. B Poccum — 310 MHCTH-
tytel POCTUIPOMET, U3MWPAH, ®usnyeckuii MUHCTUTYT
um. 1. Jlebenesa u apyrue.

Kpowme 22 nernero nuka aktueHOCTH COJTHIIA, O0JIee TOHKUE
UCCJIeJOBAHMSI YKA3bIBAIOT U HA APYTHe NePUOIbl: KOPOTKHUE — 3,
5, 7—8 u mymHHbIe — 36, 45, 52, 63, 79, 90, 105, 144, 180, 314,
1760, 2400 net. CyiiecTBYeT ¥ CTOJETHUM IIMKJ MAaKCUMAJTbHOTO
konmyectBa nsiteH Ha Conuue. Tak npyu MakcuMyMe aKTUBHOCTH
Comnnra B HosiOpe 1957 roga ux uucio Bonbga gocrurano mak-
CHMAaJIbHOTO 3HaueHus — 254, a B iekadpe 2012, Toxke MaKCUMY-
Ma aKTUBHOCTU — Bcero b 145. OTHOCUTE/IbHASI UHTEHCHB-
HOCTh aKTMBHOCTH MOTOKA MAaKPOBUXPOHOB 1 1-JIETHUX LIUKJIOB
Mmensercs ¢ nepuogoM 80—90—100 ner.



KopoTkue nepronp! 00ycloBeHsl U3MEHEHHeM HHBEPCHO-
ro MarHUTHOTO TOJIsA. [[IMHHBIE TIepHOIBl U3MEHEHUSI CBS3aHBI
C U3MEHCHUEM CTAIMOHAPHOT0 MarHUTHOTO TTOJIA.

YckopeHre 4YacToThl CaMOBpAIIEHUsl siipa 3Be3/bl 33/1aET-
Csl TIOTOKOM BHYTPEHHETO JIBUKEHUS TI0 BOTHOBOAAM MArHUT-
HBIX MOHONOJIEH U W3JIy4aeMbIX HEHTPOHOB Ha €€ TOBEPXHO-
CTH, a CTaOW/IM3alvsl ¥ 3aMe]JICHHe BPAIllCHHUs], T.€. Pery/IsaIus
cOpoca HOcUTeNeM UHAYKTUPYEMOU JIMIIIHEeH SHepruu — MoTo-
KOM MaKPOBHXPOHOB HIMPOKOTO CIIEKTPa YacToT, CO3/1aBae-
MBIX TIEPEMEHHBIMU JIEKTPUUECKUM, TPABUTAIIMIOHHBIM U Mar-
HUTHBIM I10JIEM ¥ BEIECTBOM, OKPYKAIOIIMM Bpallaromieecs si-
po.

Cdepa marepun ConHiia ¢ paguycoM Oosee TOJIOBHHBI 00-
IIEr0 BUAMMOTO PaJyca 3Be3/Ibl U MPUIIETAIIAS K STOMY SAPY
UMeeT CTPYKTYpy HeMTPOHHOI 3BE3Ibl, T.€. 3aI0JHEeHa JBYIKY-
HIUMHUCSI B MOIITHOM I'PAaBUTAIIMIOHHOM I10J1e-000JI0UKe HENTPO-
Hamu. [lanee cregyer cioit cepbl CO CTPYKTYPOl « KOPpUYIHE-
BOT0» «KapJIMKa», T.e. HAYMHAET yBEJIMUUBATHCS KOHIICHTPALIUSI
IIPOTOHOB, AHTHITPOTOHOB, TIOBUTPOHOB U JIEKTPOHOB — IIPOIYK-
TOB pacraja HeUTpoHOB*® B Oojiee cIadbIX, HO emIE JA0CTaTO4-
HO CUJIbHBIX T'PaBUTAIIMOHHBIX MOJSIX. 3aTeM — cdepa co CTPyK-
TYpOill «KpacHOro» kapimuka. ®orocgepa — 310 U3IyUYeHue
«KEJTOr0» KapiKa — CpeJIHel 10 BeJIMYMHE 3BE3/Ibl.

IlepemMeHHbI rPAaBUTAIMOHHBINA 'HIIEPMOHOMOJb , HOp-

38 ..
370 ¥ ecTh OCHOBHasA dHeprust ConHIa, Apyras e€ JyacTs 0OyC/IOBJIeHa TeMIepa-
TYpOU HEHTPOHOB, POXAAIOIIMXCS HA IOBEPXHOCTH €€ sipa.



MUPYIOUIUI LIEHTPaJIbHOE MoJie TsAroreHue Bcel COMHEYHON CU-
CTE€MbI, COCTOUT U3 KOMIIOHEHTOB:

— MOJIOKUTEJbHOr0 3apsijia, (hOpMUPYEMOIO MOTOKOM 00-
pPaTHO OBWKYIIMXCSl «KJTyOKOBBIX» KBaHTOBY, MO crMpaisim
cep YUCT pasHoro auamerpa OT LEHTPaIbHOM /10 BHEUIHEW,
9TOT 3apsj ABJIAETCA C(POKYCHPOBAHHBIM B LIEHTP sapa U dop-
MHUpYeT aKTHBHOE JaJIbHOJCHCTBYIOIEE TPAaBUTAIIMOHHOE TIOJNEe
CoJTHEYHOI CUCTEMBI, T.€. MOJIOKUTEIIHHO 3apsKEHHbIN IPaBUTA-
IIUOHHBIN TUTIEPMOHOIIONb,

— CYMMAapHOI0 HEOPUEHTUPOBAHHOI'O 3apsi/ia TACCUBHON Mac-
CHI C OTPHIIATEJIbHBIM 3HAKOM HapaOOTaHHOTO sI/IePHO-Me30-
aTOMHOIO BellecTBa U c(popMUPOBAHHOTO B chepe TATOTeHUsI
BOKPYT I71pa,

— UHAYKTUPOBAHHOTO CBSI3aHHOTO MEXaHMYECKOTO THUIep-
BUXPOHA B sfipe (HOCUTENs1 UHIYKTUPOBAHHON SHEPIUM) C Ie-
PeMEHHBIM [0 BeJUYMHEe U 3HAKY I'DAaBUTAIIOHHBIM 3apsi-
JIOM, CO3[]aBacéMOro BpamieHueM 3Toro sapa*’, a mo 3Haye-
HUI0 MAKCUMYyMa BEJIMYUHBI CBS3aH C MAKCUMYMOM YHKCIIA MSITEH
Ha CosnHie.

OpHako Ha moBepxHOCTH (poToc(hepbl BO3MOKHO U JIO-
KaJIbHOE MPOSIBJICHUE IEUCTBHS POXKAAIONIETOCS MHIYKTUPYEMO-

3 Morok MHKPOBUXPOHOB, co3faoluii camospateHue sapa YCT, no mexaHusmy
«benube Koseco».

4 Mmenno sror 3aps] OTBETICTBEHEH 3a CMeLleHHe Iepureiaus Mepkypus.
B 1881 rogy Me JIa Pro, Ctioapt 1 JIEBM 00HApYKMITH ITPHYMHHO-CIIECTBEHHYIO CBS3b
MAaKCHMAaJILHOTO 4ucia nateH Ha ColHIle ¢ MOMEHTaMU IPOXOXAeHUs1 MepKypus ue-
pe3 nepurenui.



r0 I'PaBUTAIIOHHOTO MOHOIIONS, TAKOTO K€ 3apsijia, KOTOPBIA
nepxuT «Ttapenky» 1. Cepna Ha ornpenes€éHHON BBICOTE OT MO-
BEpXHOCTH 3eMid. Tak Ha yka3aHHOM BHJeo*! Mokas3aHo Jeu-
cTBUe — (hbakesbHbIA BBIOPOC TUIA3Mbl U3 (DJIOKYJBI B XPOMO-
chepy Connua nonem uépaonn cpepnl (porto 5.2.6) onHO-
o U3 CBOOOHBIX JIEKTPOMArHUTHBIX MAKPOBUXPOHOB, TIOTJIO-
HIEHHOTO- «<BMOPOXEHHOT0» B Ijiazmy otocgepbl U oOpasyio-
IIEro MocJie 3TOro napy 3aMKHYTO-CBSI3aHHBIX MaKpPOBUXPOHOB
CO CTPYKTYpOl rPaBUAJIEKTPOMATrHUTHOTO IMIIOJISI.

Kak 310 nmpoucxogur? 3aTOpMOXKEHHBIN IJ1a3MOU uyepe3
MIOCPE/ICTBO CBOET0 3JIEKTPOMOHOMOJISI, OH COBEPIIAET KBAHTO-
BOE€ MpeoOpa3oBaHue BCeil CBOeW SHEPruM B (pOpMy CTPYKTYpBI
rPaBUAJIEKTPOMATrHUTHOIO JMIIOJS 110 CXEME POXK/IEHUS Na-
pbl B [I0JIE aTOMHOT'O SAPA.

' https://www.youtube.com/watch?v=pc7_mmOFfkI&list=PLn_GwTiyJrkOg-

JAEFoA-4FnuHAwJ_x2w



doto 5.2.6a. Cnesa BBepxy [ DM/, npoaosibHbIe 1 NIONIEPEY-
HbIE MYJIbCAIIMU C PACXOJOM SHEPIUU, MOCJIEIHUN BHU3Y WILITIO-
CTPHPYET MPOIIECCHl BHIOPOCA, TBUKEHUS U Pa3psiIKA TPaBUTA-
IIMOHHOTO MOHOIIOJIS JI0 €r0 MOJTHOTO UCYE3HOBEHMSI.

OTa 3Heprus oYeHb BeJMKa 110 a0COMOTHOM BeJIMUMHE U Cpa-
3y MCUE3HYTb HE MOXKET, [I03TOMY €0 SHEPIUs pas3psikaercs Io-
CTENEHHO uepe3 MPOLIECChl, KOTOPBIE JIeKaT MpH pa3psje rpa-



BU3sIeKTpoMaruutHoro aunosst (MM, dpoto 5.2.6a) yepes no-
CPEACTBO POXKJEHHSI BTOPUYHBIX I'PABUTAIIMOHHBIX MOHOIIOJIEH.
TosbKO ¢ HEOOJBIION Pa3sHULIEH — COJHEYHBII MarHUTHBII MO-
HOIOJIb CBOM CXOISIIUICS BOJHOBOA-(hJIOKYJA (BU3YaJIbHO
HaOmomaeM B BHICO*? TI0O BUXPEBBIM CBETJIBIM TOKaM I1JIa3Mbl)
U3 JIEKTPONOTEHINAJIOB CTPOUT B KJIacTepe I1a3mbl (POTO-
cepsl, a HApACTAIOIIHIA MO BeJIMUYKMHE BTOPUYHBIN IPaBUTAIIMOH-
HBII MOHOMONb (Y€pHasi cepa Ha BUAEO*) TPATUT CBOIO SHEp-
TUIO TIPY pa3psijIKe Ha B3aUMOJIEHICTBHE C 9TOM IJIa3MOM — OTTaJI-
KMBasi €€ CBOMM OJJHOMMEHHBIM 3apsiIOM.

42 http://www.youtube.com/watch?v=015cngMt2i8&list=PLn_GwTiyJrk3oJ-

_BWa-waKrRUO1HIloiA

43 https://www.youtube.com/watch?v=pc7_mmOFfkl&list=PLn_GwTiyJrkOg-
j4EFoA-4FnuHAw] x2w



http://www.youtube.com/watch?v=015cnqMt2i8&list=PLn_GwTiyJrk3oJ-_BWa-waKrRU01HloiA
http://www.youtube.com/watch?v=015cnqMt2i8&list=PLn_GwTiyJrk3oJ-_BWa-waKrRU01HloiA
https://www.youtube.com/watch?v=pc7_mmOFfkI
https://www.youtube.com/watch?v=pc7_mmOFfkI

®oto 5.2.6 Koporkuil poavk B 3 Kajapa pa3psiku U U3Me-
HEHUs rpaBUTALIMOHHOrO MoHomnous ['9M]] (u€pHas -nonymnpo-




3pauHas cepa) Ha YeTBEPTH BOJIHOBO/A.

ST npolecchl BecbMa HAIMISAAHO WJUTIOCTPUPYIOTCS Ha yKa-
3aHHOM BH/IEO M HENOCPEJCTBEHHO JOKA3bIBAIOT OOBEKTUBHOE
CYIIECTBOBAaHME M CBOMCTBA HAIMYKS 3HAKA T'PABUTAIIMOHHOTO
MaKpOMOHOIIOJS.

Bri6pochl KJIacTepoB mIa3Mbl 00yCJIOBJIEHBI:

— FMTAHTCKUM CBOOOJHBIM JIJTMTHHOBOJIHOBBIM MaKPOBHUX PO-
HOM, npoxoasiuM ¢gotocdepy B ¢aze TOIbKO YTO HaYaBILIEro-
sl pa3psiia MAarHUTHOIO MOHOMOJISI ¥ BBIPHIBAIOLIMM TaKOM KJIa-
crep, 4To oOpazyercs Opeliib B (potocepe, T.e. «4EPHbIE MATHA»
U «OeJible TSATHA»; MPoIecc 0OYCIOBIEH 3aXBaTOM JIEKTPOMO-
HOIIOJIEM YacTv KJlactepa ria3Mbl poTocdepbl, OqHaKO, 3aXBa-
YeHHBIN 3apsi/l 1 Macca TUIa3Mbl HeIOCTaTOUHbI, YTOOBI OCTaHO-
BUTb MarHUTHBI MOHOIIOJb M Y€Pe3 MIHOBEHHUE JIEKTPOMOHO-
TIOJTb Micue3aeT (Ha Y4 JAJMHBI BOJHBI) U3 (da3oBoro oobéMa, mo-
9TOMY 3TOT MaKPOBHUXPOH OCTaBJISIET 1031 ceOsl M HaJ| «4ep-
HBIM» TISITHOM «0esioe» 00JIaKko 3aXBaYeHHOW W Tereph BBIOPO-
IIEHHOM TIIa3MBbl,

— Cpe/IHUM [0 BEJIMYMHE CBSA3AHHBIM 3JIEKTPOMArHUTHBIM
MaKpOBUXPOHOM B (pa3e Hauaia pa3psiIKv TPAaBMOHOMONS (BU-
neo*t), 0Opa3oBaHHOTO KBAHTOBBIM ITEPEX0IOM OCTAHOBHUBIIIETO-
Csl MAaTHUTHOTO MOHOMOJISI B I'PaBUTALIMOHHBI MOHOIIONb; T0-
CIIETHUI pa3psikasiCh CO3AAET BOJTHOBOJ IPABIOTEHINAJIOB, pe-

M http://www.youtube.com/watch?v=015cngMt2i8&list=PL.n_GwTiyJrk3o0J-

BWa-waKrRUO1HIoiA



http://www.youtube.com/watch?v=015cnqMt2i8&list=PLn_GwTiyJrk3oJ-_BWa-waKrRU01HloiA
http://www.youtube.com/watch?v=015cnqMt2i8&list=PLn_GwTiyJrk3oJ-_BWa-waKrRU01HloiA

T€HepUpYeT MarHUTHBIA MOHOIIOJIb U BTOPUYHBIN (3TO OH-UYEP-
Hasl pa3MbiBaioIasics cdepa BUIMMA HA BUIIEO) IPABUTALIMOH-
HBII MaK POMOHOTIOJIb; MPOLIECCH — MArHUTHBIA MOHOIIONb 3apsi-
’KasiCh CO3JAET BOTHOBOJ JIEKTPOIIOTEHIINAJIOB, & IPABUTAIIOH-
HBII MOHOTIONb MPH Pa3psiIKe CO3aeT BOIHOBO/ U3 TPABIIOTEH-
[[UAJIOB, 3aTeM MyT BUXPEBbIE TOKU YACTHUII IUIA3Mbl C MACCOM,
KOTOpbIE ¥ TIPUBOAST K POXKJICHUIO BTOPUYHOIO IPAaBMOHOIO-
JI5l, 2 BHYTPH IUJIa3Mbl, YIEpKUBAIOIIEH MEeKTPUYECKU BOJTHO-
BOJI, U/IYT BUXPEBbBIE AEKTPUIECKHE TOKH.

PaccMoTpeHHbIe TPOLIECCH CBOMCTBEHHBI CBSI3AHHO-3AMKHY-
THIM 3JIEKTPOMAarHUTHBIM MaKpPOBUXPOHAM, KOTOPBIE 3aMEHSIOT
CBOOOJIHOE IBUKEHUE CO CKOPOCTBIO CBETA HA MHYKIIUIO T'PaBU-
TAlIMOHHOTO MOHOIMOJ151, KOTOPBIM OPOXKIAET BTOPUYHBIN U ITe-
PUONYECKH BHIOPACHIBAET OTHOCHUTENBHO HEOOJNBINNE «CTpe-
JIAIOIIKE» KjacTepbl (MPOTyOepaHIlbl) U3 MO TOPLOB (hIOK-
KYJI-3JIEKTPOBOJIHOBOJIOB. MarHUTHBIM MOHOMOJIb TPATUT CBOIO
SHEPryio Ha CO3[]aHNe U BO30OHOBJIEHHE BOJTHOBOJIOB BUXPEBBIX
MOTEHIIMAJIOB, BJIOJIb KOTOPBIX UIYT BUXPEBble TOKU U3 MOHHOM
TU1a3MBbl, Hakajsis eé podena.

BricTpble mporecchl co CKOPOCThIO CBETa POXKIAIOT Me/IJIeH-
HO MEHSIONINECs] KBa3UCTAIIMOHAPHBIE IEKTPUUYECKHE U TPaBU-
TaIIOHHBIE TIOJNISI BOKPYT (pa3oBOro oObEMa «BMOPOKEHHOTO»
JIEKTPOMArHUTHOTO MaKPOBUXPOHA CO CTPYKTYPOU I'PaBUIIEK-
TPOMAarHMTHOTO JAMIIOJNS.

Pa3zHoob6pas3ue MHOXecTBa Jpyrux BHIOPOCOB ¢ oTochepsl,
B OCHOBHOM CBSI3aHO C pa30dpOCOM BHUXPOHOB IO JIJTMHE BOJHBI,



MOIIHOCTY MarHUTHOTO MOHOTIOJISI ¥ €70 MHOTOKPATHBIM pa3psi-
JIOM Ha CO3/1aHUE€ 3JIEKTPOBOJHOBOOB Pa3HOroO AMAMETpa, Of-
HUM U3 HUX SIBJISIETCSl YBEJIMUEHUE PaJuyca BUXPEBBIX TOKOB
C TeYEHHEM BPEMEHH, T.€. YMEHbILIEHUE SHEPIUH 3apsijia Co Bpe-
MEHHU ero pa3psaku. POopMbl BUXPEBBIX TOKOB BJIOJIb YTACAIOIINX
BOJTHOBOJIOB OOJIBINIONO AMAMETPA U3BECTHBI B OTKPBITOMN JIUTE-
parype, Kak apKH Wi KOPOHAJbHbIE MeTJIH .

DyIeKTpUYeCcKoe I0Jie, B OCHOBHOM, SIBJISIETCS BHYTPEeH-
HHM, OOYCJIOBJIEHO BpAILIEHUEM sIpa, COCPEIOTOUEHO MepIeH-
JUKYJSIPHO OCH MO PAaUyCy, CAHMMETPUYHO OTHOCHUTENIBHO OCH
BpalleHus1 1 OTBETCTBEHHO BMECTE C YAaCTOTOM BpAIlleHHUsI 3 5IB-
JIEHUs1 U3JTyYEeHHs] MarHUTHBIX MOHOIOJEN B (poTocepy u Xpo-
Mocdepy U, B YaCTHOCTH, 3 MOSIBJICHNE HA TIOBEPXHOCTH YEPHBIX
NSITeH, KOPOHATBHBIX BRIOPOCOB TIIa3MBI, & TAKXKE 32 TPOU3BOI-
CTBO JIETKUX HEUTPAIbHBIX sJep. DNEKTPUUYECKOE MOBEPXHOCT-
HOEe ¥ INepeMEeHHOE I0JIe COCPEJOTOYEHO B BUXPEBBIX CITMpa-
751X%, CO3AAHHBIX MAKPOBUXPOHAMH, 3aXBaYE€HHBIX TUIA3MOMN
otochepst 1 0OpazyomuX (PJIOKKYJIbI IEPEMEHHON CBETUMO-
ctu (doto 2.5).

MarantHoe none CojHIA COCTOMT K3 CTAaHOHAPHOIO
U MHBEPCHOIO TOJs, a TaKkKe JIOKAJbHBIX MMOBEPXHOCTHBIX
TIOJIEW, CO3AABAEMBIX «BMOPOKEHHBIMI» B ILIazMy (poTocdepsl
MaKpOBUXPOHAMH.

4 BuxpeBble TOKY, TaKUe ke [0 CBOICTBAM U 110 IPUPOJE, KAK U TOKM B MUKPOBOJI-
HOBOW OBITOBO¥ TIEUKE MJIM BBICOKOYACTOTHBIE TOKH, Pa30TrPEBAOIIe METATINIECKUe
3arOTOBKM Ha 3aBOJIAX.



Cranmonapnoe mnone B opme AUIONS OOYyCIOBIEHO TO-
KOM MAarHMTHBIX MOHOIIOJIE BUXPOHOB, ABMXKYIIMXCSI CO CKO-
POCTBIO CBETA MO CHUPATbHBIM BOJTHOBOJAM C(epruiecKoil Ka-
TYIIKHM Pa3HOTO AMaMeTpa OT IIeHTpa K noepxHoctu siapa-YCT.
Ocb 3TOrO AUTIONS COCTABIISIET C OCHIO BU3YaJIbHO-BUIMMOT'O Bpa-
IIEHUSI BHEIITHUX CJIOEB 3BE3JIbl YTOJ HArpy3KH, 00pa3yoIero-
Cs1 [IPU pacKpyTKe BCEro sAEpHO-aTOMHO-Ta30BOro 00bEMa 3Be3-
Ibl U TUIaHeT Ha opoute. Jpyrumu cinoBamu, siapo-UCT Bparna-
sICh BOKPYT COOCTBEHHOM OCH ropasfio ObIcTpee, YeM Bech 00bEM
3Be3/bl, OepeT Ha ceOs1 ero pacKpyTKy. A BEeJMUYMHA yKa3aHHO-
r0 yIja paccoriaCoBaHUsl SIBJISIETCSI MEPOU CTETeHU Harpy3Ku,
orpeessieT BeJMUYMHY PACKPYUYEHHON Macchl U XapaKTepU3yeT
pa3Mep, INIOTHOCTb U aKTUBHOCTH Aapa-YCT.

NHBepcHOE MarHUTHOE MOJie — 3TO TMOJIE BCIIOMOTaTeNIbHO-
r'0 UHIYKTUPOBAHHOTO BPAIICHUEM JIE€KTPOMArHUTHOIO TH-
NepPBUXPOHA, CO3[JAHHOIO KBAaHTOBBIM MEPEX00oM [Isi copoca
SHEpruM MeXaHN4YeCKOro THIepBHXPOHA. DTO aBTOHOMHOE
NEPUOANYECKU U3MEHSIEMOE T0JIe CHMMETPUYHO BJIOJIb OCU Bpa-
HIeHM S, U TOJIbKO Ha 1/8 mepuopna COTHEYHOro 1MKJa OHO aHa-
JIOTUYHO TOJI0 JUMOJbHOT0 THUIA, B APYrux ¢azax U3MeHEeHUsI
OHO BCerja NepeMeHHO U aCUMMETPUYHO, T.€. B THIIEPBUXPO-
He BCer/a MpeBajIupyeT Mojie OJHOTO U3 MArHUTHBIX MOHOIO-
Jeit Hax apyrum. [lpu moaxone K Y4 meprona mpoMCXOIUT MH-
Bepcus, T.e. MoJie CHauala MOJTHOCTBIO MPOMAAaeT, POKAAETCS
HOBBIII MAarHUTHBIN TUTIEPMOHOIOIb, 3aTeM 4Yepe3 2—3 mecsiia
OISITh 0Opa3yeTcsl TUTOJb, HO C TIPOTUBOIONIOKHBIMU TTOJTIOCA-



mu. [Tpu npubmkeHNn K 3TOM TOUKe MOCIIeIoBATeIbHO U OTHO-
CHTEJIHO OYEeHb OBICTPO aCUMMETPUYHOE JIUTIObHOE MEHSIETCS
Ha KBa/IpyNOJIbHOE, a 3aTeM Ha OKTYIo/lIbHOe hopmy mosst. Yepes
nonmnepuona (11 ner) popma nosst — MmoHonosnbHas, a K 12,5 ro-
JIaM — OTSITh CHMMETPUYHBIN JUIIOJb, HO MPOTUBOIOIOKHOM MO~
JISIPHOCTH 110 CPABHEHUIO C TIPEIbIAYIIUM JUIOJIEM.
JIokaJibHbIe MarHUTHBIE MOJIsI 0OPa30BaHbI HA MOBEPXHOCTU
CorHile MyJbTU-, OUTIONSIPHBIMA UM MOHOMOJISIPHBIMA MOJY-
JIMPOBAHHBIMHU KJIACTEPAMHU TIA3MBbI, KOTOPbIE 00pa30BaHbl MAK-
POBHXPOHAMH, BHIXOASIINX U3 30HBI BPALIAIOIIETOCs sIpa.
OTkyna 6epyTcsi MAarHUTHbIE MAaKPOMOHOIIOJIHM, KAKOB
MeXaHHM3M BCHbIleK U YépHbIX nsiTeH Ha CouHige?
Bpamenue siapa*® ConHila MHAYKTUPYET MeXaHU4YeCKUM Tu-
MEPBUXPOH C HEMOJHBIM KBAHTOBBIM ITPe0Opa3oBaHNeM HOCH-
TeJisl 9TON SHEPruv — TPABUTAIMOHHBIN TMIIEPMOHOIOIb. DTO
O3HAYaeT, YTO JOCTUTHYB OMpe/IETEHHON BeJIMUMHbI 3apsiaa s
COXpaHEeHMs CpeHEN SHePrur OH He MOKET IMPOU3BECTH Tepe-
3apsAIKY — «KyJapOuT» raiiku Ixxannbexosa. [lostomy, mepesa-
PAIKA U cOPOC SHEPIUU TPOUCXOANT Yepe3 BCIIOMOTaTeIbHbIN
9NIEKTPOMATHUTHBIN TUIIEPBUXPOH MyTEM KBaHTOBOTO Mpeodpa-
30BaHUS TPABUTAIIMOHHOTO TUIEp3apsia B MATHUTHBIA THIEp-
MOHOMOJIb Yepe3 POKJICHUE 3aMKHYTO-CBSI3AHHOW Mapbl CTPYK-
TYpPbI TPAaBUJIEKTPOMArHUTHOTO IUTONS. Takas CTpyKTypa yxe
CMocoOHa MPOU3BECTH Mepe3apsaKy C POKAEHUEM I'paBUTAIIM-

46 INpenBapuTensHble JaHHBIE TIOKA3BIBAIOT, YTO SAPO BPAIIAeTCs B MATH pa3 ObICT-
pee BHEILHUX SKBAaTOpUa/IbHBIX c10EB CoHLA.



OHHOT'O THUMEPMOHOMOJIS ¢ IPOTUBOMONOKHBIM 3HaKOoM. COpoc
SHEPIUY NPOMCXOOUT 4Yepe3 NEPEMEHHbIM NEKTPUYECKUNA T'H-
NIEPMOHOINOJb ¥ BOJHOBOABI U3 JIEKTPONOTEHIIUAJIOB JIEKTPO-
MarHMTHOIO TMIEPBUXPOHA. BOIHOBOABI U3 3/IEKTPOINOTEHINA-
JIOB, 00pa3yloT Takoe NIepeMEeHHOE JIeKTPUIEeCKOoe T0JIe IO pa-
JUYCY OCHU BpallleHU s, KOTOPOE CO3JAET MATHUTHBIY IIOTOK MaK-
POBHXPOHOB, YHOCSIIMX JIMIIHIO WHIYKTUPOBAHHYIO Bpallle-
HUEM Hepruio — copoc 3Heprum. [Ipuuém 310 nosne Tem O60J1b-
1€ M0 BeJIMYuHe, YeM OOJbllle Macca M BBIIIIE JIMHEWHAsT CKO-
POCTb yacTu NepuEepUMHOrO Kiacrepa sapa NpU BPALICHUU.
Jpyrumu ciioBamu, Ipy MPeoJoIeHMH KPUTHYECKOro Oapbepa
9TOM CKOPOCTH MEPEMEHHbII MAarHUTHBIA TUIEP3apsl B Kax-
JIOH TOYKE 10 OKPYKHOCTH HAaOOJBIIIErO pajryca MOKET CO3/1a-
BaTh BOKPYT ceOs1 B MPOCTPAHCTBE MOTEHIMA O0Jiee MIJUIMOHA
BOJIBT, U, COOTBETCTBEHHO, U3MEHSSCH 10 BEJIMYMHE, OH (DOPMHU-
PYET MOIIHBIA IOTOK MAKPOBUXPOHOB C IIUPOKUM CHEKTPOM
yactoT. [Ipon3BoACTBO MaKCMMAJIBHOTO MOTOKA MAKPOBHXPO-
HOB ¢ 0oJiee MOIIHBIMA MAarHUTHBIMH MOHOTIOJISIMH JIOKQJTH3Y-
eTcsl BOJIM3M BpallaoIerocs sijipa o ero 3KBaTopy B rofbl nepe-
XOJla MHBEPCHOTO KBA3MAMIIOJBLHOI0 MAarHWTHOIO MOJISl K TH-
IMEePMOHOIIOJIO. B 3TO BpeMs NOTOK TaKUX MaKpPOBUXPOHOB
YBEJIMYMBAETCA U 3aONHAET MOYTH BCIO (poTtocdepy.

Yrto npou3BOAAT TakMe CBOOOJHbIE MarHUTHbIE MaKpo3apsi-
Ibl B aTMOCc(epe 3eMJIu U3BECTHO — IIAPOBBbIE MOJIHUH, TPOM,
copaiTsl, 31bdbl U T. 4. Ha Connue, kak u Ha IOnutepe, atn
SIBJICHUSI BO MHOTO pa3 CHJIbHEE MPOSIBISIOT cedsl, a MOITOMY



¥ MEXaHN3M KBAaHTOBBIX MEPEXOI0B OJHOTO MOHOIOJS B ApY-
roi Ha oBepxHocTH COJTHIIA CTAHOBUTCS BU3YaJbHO*” Ha0IIO-
JaeM OCOOEHHO JJIsl TeX MaKpPOBHUXPOHOB, 3apsi U JUIMHA BOJI-
HbI KOTOPBIX COU3MEPUMBI C aHAJIOTUYHBIMU MTApaMeTPaMHU T1J1a3-
MbI (poTocepsl umu xpomocdepsl. Takre MaKpOBUXPOHBI, KaK
u CBY xoporio normomamoTcs miasMoi, oopasys eJUHUYHbIE
napel «BMOPOXEHHBIX» B IUladMy (poTocdrepbl MpOTUBOIIO-
JIO)KHBIX MaKpPOMOHOIIOJIEH, T.€. CBA3aHHO-3aMKHYTbI€ Tapbl
MEKTPOMATHUTHBIX BUXPOHOB CO CTPYKTYPOU T'PaBUINEKTPO-
MarHMTHBIX qunosen. OIHaKo U3-3a HeMpo3payHoOCTH (poTocde-
pbl CTPYKTYpa MPOLIECCOB B TAKMX BUXPOHAX OCTAETCS HEBH-
JHMMOWM — BUIHBI JIMIIIb MPOLIECCHl TPOUCXOASAIINE Haf €€ rpa-
HUlel ¢ XpoMocdepor. 3aXxBayeHHbIE IIa3MO BUXPOHbI UMe-
I0T HACTOJIbKO OTPOMHBII 3apsi/i HEPIUHU, UYTO MPOLIECCHI Mepe-
XO[]a OJHOTO BHJA MHAYKTUPOBAHHON SHEPruu B JPYrom 3ars-
TMBAIOTCS] BO BPEMEHHU U CTAHOBSITCS COU3MEPUMBIMH C BpeMe-
HEM PErucTpaivy UX OObIYHBIMH BUjI€OKaMepaMu. Tak Harpu-
Mep, BU3yaJIM3UPOBAH Pa3BUBAIOIIMICS MTPOLECC BUXPEBBIX TO-
KOB Ha rpanuiie gpotocdepsl ¢ xpomochepoit ot 24.02.11 ro-
na. VI3 Buzeo*® peructpupyromuii BEIOpOC Miia3Mbl B 3TO BpeMs,
MOXHO BBIJICJIUTh CJIEAYIOIINE TPOIIECCHI:

— MPOLIECC OKOHYAHUSI BUXPEBBIX TOKOB MAaJlOro JUaMeT-

4T B ormuune ot Onutepa u 3emiu, rae OHU MOTIOIAIOTCS TBEPIABIM TEIOM.

48 https://www.youtube.com/watch?v=pc7_mmOFfkl — rpaBuTarioHHBIII MOHO-
0JIb MAKPOBUXPOHA UMEET 3HaK 3apsa TaKOH ke, KaK 3HaK 3apsjia MacChl IUIa3Mbl

(orocdeps.



pa B MOMEHT HauOOJIBIIIETO CBEUSHMSI TUIA3Mbl B OJIHOM MecCTe
NOBEPXHOCTU (poTOCGEpPBl MOCHE 3aPsIIKU PEreHEPUPOBAHHOIO
MarHUTHOTO MOHOIIOJISI COBMA/IAET C HAPACTAIOIIUM Pa3MepoM
s13pIKa (haKeJIbHOTO BhIOpOCa mia3mbl (MpoTyOepaHiia), 00yciIoB-
JICHHOTO POCTOM-3apsiIKoil 4épHO chepbl rpaBUTAIIMIOHHOTO
MaKpPOMOHOIIOJS U €€ BHETHUM TIOJIEM:

— OKOHYaHMe TMeproJia CBEYEHHUS STUX BUXPEBBIX TOKOB COB-
najgaer co cOopoM BeIOpOCa BelIecTBa Iia3Mbl 0OPaTHO B TOP-
IIEBOM KaHAI OKOHYAHMS CIIUPAJIBHOTO BUHTA, T.€. B Y3€J BOJ-
HOBOJA.

W3 3T10r0 Cremyer, 4To OCTAHOBJIEHHBI COOCTBEHHBIM 3JIEK-
TPUYECKUM MOHOIMOJIEM CBOOOIHBII MaKpPOBUXPOH 3axBayeH
EKTPUIECKUM TIOJIEM TIIa3Mbl U «BMOPOXKEH» B He€ — Terepb
9TO MOAYIMPOBAHHBIN 3apsi/10BbIil KjaacTep* u c Maccoi (Tpa-
BU3JIEKTPOMArHUTHBIA MOHOIIONb CBSI3AaHHOTO B JIMIIOND), YacCThb
¢doTocepsnl ¢ aasaenuem 0,1 atm. DTOT mpoliecc sABJsETCS
MPOIIECCOM-JIETEKTOPOM HAIMYUSI B CBOOOJIHOM MaKpPOBUXPOHE
NIEKTPUYECKOro MOHOIOS. Ero MarHuTHBIN MOHOIIONb 3apsika-
€T rPaBUTAIIMOHHBIN, KOTOPBIA TeNephb MEPUOTUIECKH PEereHepu-
pyeT MarHuTHbIN (HeBuauMas cepa). [locnennuii Oyaer mpo-
W3BOJUTH BOJHOBOBI U3 JEKTPOINOTEHIMATIOB U PacXOI0BaTh

4 B ommune ot 061LIEro M0/ IIa3Mbl (orocdepsl, Takoit KIacTep UMeeT BHEIITHHE
KOHTYPBI CBOETO COOCTBEHHO-3aMKHYTOTO (ha30BOro 00bEMa, B KOTOPOM MHTEHCUBHO
UIYT IPOLIECCH MIepeaur SHEPTUH OT 3aXBaYEHHOI'O MAKPOBUXPOHA MOHAM U aTOMaM
IUTa3Mbl — HArPEB, BO30YK/ICHHE 1 MOHM3ALIKSI, ATOMHbIE U SIIEPHbIE IPe00pa3oBaHusl,
POXAEHNE BTOPUYHBIX T'PABUTALIIOHHBIX 3apsI0B, B3aMMOJEHCTBUS BHEITHUX TIOJIeH
BHYTPEHHUX MOHOIIOJIEH C TPaBUTAIIMOHHBIM U MarHUTHBIM TosieM CoJHIIA.



Ha 3TO Hepruio. Bionb BOIHOBONOB MOWAYT BUXPEBbIE TOKU
VIOHOB, KOTOPbIE MHAYKTUPYIOT NIEPEMEHHBIN 10 BEJIMYUHE yke
BTOPUYHBIY I'PABUTALIMOHHBIA MOHOIONb (YEpHas cdepa Ha BU-
JIe0) TOTO K€ 3HaKa, YTO M 3HAK IUIa3Mbl U HA HOBOM MecCTe —
oTpulaTeNbHbIA. POCT 3apsiga 3TOro HocuTessl MHIYKTUPOBAH-
HOM SHEPruM BUXPEBBIMU TOKAMU YaCTHIL C MAaCCOM M COBMAA-
eT ¢ HavyaJIoM (pakeJbHOrO pocTa BhIOpOca mpoTyOepaHIia of-
HOMMEHHOM I71a3Mbl. B rporecce pa3psiky 3Toro HOCUTESs, ero
3apsiji yMEHbIIIAETCs —9TO MOMEHT Hauajia 00paTHOro ¢6opa BbI-
OpOIIEHHBIX YaCTHII TJIa3Mbl M Havasa €ro MOCTETIeHHOTO pas-
MBbIBaHUS 10 HEBHAUMOIO COCTOSIHMS, STOT IIPOLIECC XOPO-
110 IEMOHCTPUPYETCS YKa3aHHbIM KJIUIIOM Ha (DOHE JBYX Bey-
mux TB P®. Ouens penko, B mpo3paunoit xpomocdgepe’!

¢ masnenvem 10° aTMocepsl MOXXHO HaOMOIaTh BU3YaJIbHO
C IOMOIIBIO TEJIEKaMep CJiebl MarHUTHOro keazuaunods (I'pa-
BU3JIEKTPOMArHUTHBIM JUIOJb, (POTO 5.2.7) — runepaHaor 3a-
psanosoro kiacrepa K. [oynaepca.

B unbme «Cexpersl ConHua» apropa Ken Lang, yactb BTOpasi, B caMOM Havase
MMeeTCsl TAKOW SMU30[.

31 B ommaume or (potocdepsl xpomocdepa NoUTH Mpo3pavHa U O3BOJISET PETUCTPU-
pOBaTh CTPYKTYPY IIPOLIECCOB JAXE B I1Ape CBA3AHHO-3aMKHYTBIX JIEKTPOMArHUTHBIX
BUXPOHAX WU B I'PABUJIEKTPOMArHUTHOM JUIIOJIE.



®oto 5.2.7 MarnuTHblii qunosns B xpomocdepe ConmHila

Oba MpOTUBOIOIOKHBIX 3apsaa 00pa3yloT B CBOSH JIMHAMU-
K& SIKOObI OOBIYHBIM MArHUTHBINA JUIOJb. OIHAKO 3Ta KapTH-
Ha Morya ObITh CHATA Ha BUEO Onaromaps TOMY, YTO CHJIO-
Bbl€ JIMHUM W3 MArHUTHOIO AWIIONS BHIHBI BCJIEACTBUE BHX-
PEBBIX TOKOB 3JIEKTPOHOB BOKPYI HUX, KOTOpble U BO30OYXKIa-
10T CBeUCHHE MOHOB. MesK/1y MPOTUBOIOIOKHBIMU MarHUTHbI-
MU MOHOIIOJIIMU BHUJIHBI BUXPEBbIE TOKM MOHOB BJIOJb BOJIHO-
BOJIa OJJTHOTO U3 CKAaHUPYIOIIUX MOHOIIOJNIEH. A TOTI0Ca MOHOIIO-
Jieri BUJTHBI B pe3yJIbTaTe BBICOKOUACTOTHBIX MPOIECCOB UX pere-
Heparmy B (ha30BOM 00bEME IEKTPOMArHUTHOI'O MaKPOBUXPO-



Ha y’e CBSI3AaHHOT'0 C MacCOil MOHOB ILIa3Mbl XpOMOC(pepHbI.
B ommume ot ¢B0OOJHOr0 MaKpOBUXPOHA, KOTOPHIA TBHKET-
Csl CO CKOPOCTBIO CBETa, Mapa CBS3aHHO-3aMKHYTBIX MaKpo-
BUXPOHOB (I'pPaBU3JIEKTPOMAarHUTHBIM JUIIONb) IPAKTUYECKH I10-
KOWTCH B IJIa3Me XpOoMOC(epHl, a O CTPYKTYpE U 0 IpoLieccam
MIPOUCXOMSAIINX B €ro pa3oBOM 00bEME — 3TO (paHTOM HIAPOBOM
MosiHuu Ha CoJHie.

CBoOoaHBIE MarHWTHBIE TMTAHTCKUME Makposapsisl (oto

2.2) ¢ pmHoi BoHb! Gonee 3 x 10°— 107 km, KOTOpBIE YK€ CIO-
COOHBI TPOOUTH (hoTOCHEPY, YBIEKAIOT 32 COOOH C TOMOIIIBIO OT-
pULIATEILHOTO MAKPO3JEKTPOMOHOMOJISI MAaKPOBUXPOHA KJIa-
CTep CJIOSI TIOJIOKUTEIPHO 3apsiKeHHOW TUIa3Mbl U 0OpasyioT
OOJTBIITYIO Opelllb, IIa3MEeHHBIE KpaTepbl — Y€PHbIE MSTHA.

BeiOporeHHbIi B XpoMocdepy Kiactep rmia3Mbl CO3AaET psi-
JIOM C YE€PHBIM KpatepoM Oesioe 001aKo. [JTMHHOBOTHOBbIE MaK-
POBHXPOHBI M HeCyInue 0ojee MOIIHbIE MarHUTHbIE MOHOTIONH,
CMOCOOHBI CBOMMH JIEKTPOMOHOIIONSIMU 3aXBaThIBATh U MPOOU-
BaTh yacTh poToChepsl ¢ 00Pa30BAHMUEM COTHEUHBIX TISTEH pa3-

mepom ot 3 g0 100 000 kM>" TaKOi MATHUTHbII MOHOIIOJIb, IBU-
rasicb Kak (poTOH CO CKOPOCTBIO CBETa, JOCTUTHET MTOBEPXHOCTU
3emiin uepe3 BOCEMb MUHYT U MOXKET YCTPOUTh CHJIbHYIO Mar-
HUTHYIO OypIoO.

Menbllvie 10 BeJTMYMHE MArHUTHbIE MOHOMONUA Peau3yioT
HECKOJIBKO Pa3JIMYHbIX ClIEHAPUEB TMOBEICHUsI MaKPOBUXPOHOB:



— OAuH TUI MAaKPOBUXPOHOB>2, UMesi B MOMEHT TlepecedeHusI
Tormu potocdepsl B cBOEM (pazoBoM 0OBEME 1BA OMMHAKOBBIX
Y MIPOTUBOIIOJIOKHBIX MATHUTHBIX 3apsijia, 3aXBaTbIBA€TCs I1a3-
Mou. OiuH JIEKUT Ha MOBEPXHOCTU (poToCcdephl U yXke TUIEHEH
e€ I1a3Mol Yepe3 NOCPECTBO CBOETO IEKTPOMOHONONS, a APY-
ro HaxoguTcs B xpoMocdepe Ha Beicote oT S000 no 10000 km
OT BEpXHEN KpOMKM (poTochepsl. DTOT BTOPOM, MPOTUBOIIO-
JIOXKHBIA, MAarHUTHBII MOHOINOJIb MHAYKTUBHO POXAEH U €llé
CBSI3aH C NIEPEMEHHBIM JIEKTPUUECKUM MOHOIIOJIEM MEPBUYHO-
r0 U HE MOXKET JIBUraTbCs CaMOCTOSITENbHO, MO3TOMY COBEp-
IIaeT KBAHTOBBII MEpPexoj B IPaBUTALMOHHBIA U 0Opa3yeT 3a-
MKHYTO-CBSI3aHHbIA MAKPOBUXPOH. Mex 1y 3TOl apoil MarHUT-
HBIX MOHOIIOJIeW BOHUKAET CIIUPAIb>? MOTEHITUATIOB BOJTHOBO/IA,
10 KOTOPOM U YCTPEMJISIIOTCS] BUXPEBbIE TOKHU, 00pasyst (hIOKKY-
JIbl U3 MOHHBIX 3aPsJI0B IJIa3Mbl, U3/1y4asi [P STOM OYE€Hb MOIII-
HBII NIOTOK JIEKTPOMArHUTHBIX BOJIH, B TOM YUCJIE U OITUYECKO-
ro Avana3oHa — aHaJIoI META/UTMYECKON CMPAIM B JIEKTpUYe-
CKOM JlamIle HakaJIuBaHMs1. Takou CBSI3aHHO-3aMKHYTBIM MaKPO-
BUXPOH OyJIeT OT/IaBaTh CBOI0 SHEPIHIO TUIa3Me JI0 TeX Mop, MoKa
€ro MOHOIOJIM HE U3PACXOAYIOT BCIO CBOIO 3alIACEHHYI0 SHEPIHIO
Ha MpeoOpa3oBaHKe TIa3MBbl.

— JIpyroy TN MaKpOBHUXPOHOB ITPOXOAMT Tomy (porocde-

2 https://www.youtube.com/watch?v=pc7_mmOFfkI&list=PLn_GwTiyJrkOg-

J4EFoA-4FnuHAwJ_x2w DTta kapTriHa HauOonee pacnpocTpaHeHHas B dotochepe
Connua.

33 310 rIoKKyMA — OBIACTH IEPEMEHHOIl CBETHMOCTH, TIPH OKOHUYAHMH BIXPEBbIX
TOKOB uepe3 He€, OHa IposBIsieT cedst B hopme 1ehOpMUPOBAHHON CITHPAIIH.



pbl UMest B CBOEM (Da30BOM OOBEME JIMIIb OJIMH 3apsKEHHBIN
MOHOMOJIb. Takol MakpOBUXPOH OCTaBJISIET B (poTocdepe UL
MOIIHBII BOJIHOBO[, @ CaM BbUIETAET KaK (POTOH B MEKILIAHET-
HOe NpocTpaHCTBO. [1o ycTaHOBIEHHOMY B ILIa3Me BOJHOBOLY
TEKYT BUXPEBBIE TOKH, U B 3aBUCUMOCTH OT (pa3bl pa3psiIK1 Mar-
HUTHOTO MOHOTIOJISI, OHA MOTYT OBITh OYEHb MaJIOTO JTUaMeTpa
Y CKPBITHI B ToJIILE (POTOC(EPDI, CPEAHETO TUAMETPA, BHELIHNE
JyT¥ KOTOPBIX BBIXOJAT Ha TIOBEPXHOCTb U BUJIHBI, U OYEHb OOJIb-
II0TO IMAMETPA — apKH, BU3yaJIbHO PETUCTPUPYEMBIE.

— Tpernii TMI MAKPOBUXPOHOB ITPOXOAUT TOMIIMHY (poToChe-
pbl, Korza B ero a3oBoM 00ObEMe HaXOAUTCS OJVH MarHUTHBIN
MOHOIIOJIb, TOJILKO 4TO IMOJHOCTBIO 3apAJUBIIUICSA OT NEPBUY-
Horo. Takoil 3aps/1 HEBUAUM JJIs TUIA3MBbl U JJI1 BHELIHMX I10-
aer Comnua. OH npeononesaer Tommy (oTocdepbl CO CKOPO-
CTBIO CBETA YJIETAET TaKke, Kak (POTOH U3 (poTocdepsl.

Tak MosABIAIOTCA HAa MOBEPXHOCTH COJHLA MWJUIMOHBI Hap,
«BMOPOKEHHBIX» B IUIa3My IIPOTHUBOINOJIOKHBIX MArHUTHBIX MO-
HOIIOJIEH, co3aBasi Hag (poTocdepor COOTBETCTBYIOIYIO KAPTH-
Hy. TakoB MeXaHM3M BCIIBIITIEK aKTUBHBIX 00nacTeli- hIOKKY.I,
a TakKe JBUKEHUs] CBOOOIHBIX U 3aTeM 3aXBaYeHHbIX IIa3MOM
COJIHEYHBIX MAKPOBUXPOHOB.

HekoTopbIM IJIEHEHHBIM MArHUTHBIM 3apsiiaM BCE K€ YIAET-
Csl IOKMHYTh IOBEPXHOCTh COJTHIIA, OTIIPABUB YaCTh MACCHI I1J1a3-
MBI, CIIEPAKMBAIOLIEN IBUKEHUE, Ha3a/l B KOPOHY, TOIja OHU CTa-
HOBATCS 3aMKHYTBIMU MaKPOBUXPOHAMH — 3apsA10BbIMH KJa-
cTepaMH, KOTOpbIE COZIEPKAT MOHBI IJIa3Mbl U MOTYT JIBUTAThCS



K 3emuie JIib co ckopocThio®* He Goree 300—400 km/c.

Takum 0Opa3zoM, OOMBIION JUANa30H 3apsI0B U JUIMHBI BOJI-
HBl MAaKpOBUXPOHOB (hOopMHUpYeT Ha MOBEpXHOCTH (poTocheps
CBOOOJHBIE HEBECOMBIE, 3aMKHYThIE JIETKHME, CPETHEH TSKECTH
Y OUE€Hb TSXKENbIE 0 MACCE CBSI3aHHbIE MAK POBUXPOHBI.

JloneteB 10 MOBEPXHOCTH 3eMJIU 3a Pa3HOE BpeMsi, 3TU pas-
JIMYHBbIE TUMbBI MAaKPOBUXPOHOB YCTPAMBAIOT MOIIIHBIE JIOKATb-
Hble MeperpeBbl 3eMHOM MoBepXHOCTU (r. KpbIMCK M OoCTpoB
Kiocto, 2012 rom), marauTHbie Oypu, IO Pa3HOMY BBIBOJISIINE
U3 CTPOSI CBSI3b U NMEKTPUUECKUE CEeTH U T. 1. Jpyrumu ciosa-
MU, B OTJIMYME OT MHUKPOBHXPOHOB, CO3/AIONINUX dJIeMeHTap-
HbI€ YACTUIIbI, HEKOTOPbIE 3aMKHYTble MAKPOBHXPOHBI COjIep-
Kat B CBOEM (pa3oBOM 00BEME emE KJacTepbl MOHOB IUIa3-
MBI U JIEKTPOHOB, 3aXBAUYE€HHBIE JIEKTPOMOHOIIONEM, C YUCIIOM
YacTUI| MPOMOPIIMOHAILHBIM YHUCTY MOHOB B €UHHIIE 00bEéMa
YMHOXEHHBIX Ha 00BbEM (ha30BOr0 MPOCTPAHCTBA MAKPOBUXPO-
Ha — 3TO FMIEPAHAJIOT COJTHEUHbIX 3aps11oBbIX KiaactepoB K. Ilo-
yJjaepca.

[IoTok MaKpOBHXPOHOB CO CpeAHEW [JIMHOM BOJIHbBI
ot 800 10 8000 KM, KOTOpbIE AOCTUTAIOT CJIOEB MIa3Mbl (POTO-

1 17
cpepnl ¢ mioTHOCTHIO 10 ® _ 10" aromos/em™ 3axsarbiBarorcs
€10 U MOAYJUPYIOT €€ CBOMMU MarHUTHHIMU MOHOMOJISIMU B KO-

3% MakpoBHXPOH, 9IEKTPOMOHOIIONb KOTOPOTO 3aXBATHII KJIACTEp HOHOB IUIA3MBI
nproOpeTaeT Maccy, U yke He MOXKET JIBUTaThCsi CO CKOPOCTBIO CBETA, IOITOMY IIPOKC-
XOZIUT KBAaHTOBBIH Mepexo K JPYroMy HOCHTENIO HHAYKTHPOBAHHON SHEPriy — rpa-
BUTAIIMOHHOMY MOHOIIOJIIO.



HYCBHI-TPaHYJIbl C pa3MEPOM B YETBEPTh JIJIMHBI BOJIHBI, TIPEBpa-
mas e€ B TO 1MoJjie, BU3yalIbHO HAOMIOAeMbIX TPaHyll, KOTOpPhIE
W3BECTHBI 10]] HA3BaHUEM M0JIel 2panyauposannoii homocdge-
pbl.

PaccMoTpeHHBIl TOTOK MaKPOBUXPOHOB CO3AET MAarHUTHBIN
TOK, KOTOPBI OKa3bIBACT BJIMSHUE HA 4YACTOTy BPAICHUS SijI-
pa ConHua, yBeauuuBasi WM yMeHbllasi e€ A0 ONpeesieHHO-
ro npenena. [Ipu 3ToM, B roj MakKCUMaJIbHOW aKTUBHOCTU I1O-
TOK HapacTaeT HaCTOJIbKO, YTO MOBEpPXHOCTh COJHIIA MOKPbIBA-
eTcsl YEPHBIMU MATHAMU OT 3KBaTopa A0 MOIICOB. ITO MPOUC-
XOIUT Toraa, Korga hopmMa OCHOBHOTO MHBEPCHOTO MarHUTHO-
ro nosst ConHua B pa3oBoM 00bEME THIEPBUXPOHA OIpe/e-
JISIeTCSl MATHUTHBIM THIIEPMOHOMNOJIeM. Benencreue yBenuye-
HUSI YaCTOTHI BPAIICHUs U MPU JTOCTHKEHUH KPUTHUUECKOTO 3a-
ps/1a> 3TOr0 MarHUTHOTO TIOJISI IPOMCXOAUT UHBEPCHUSI TOTIOCOB
MarHUTHOTO TOJIs1 — KBAHTOBBIW NIEPEX0Jl HOCUTEISI UHAYKTHPO-
BaHHOU SHEPIryu WM Tepe3apsiKa 3HaKa SHEPruU Ha TIPOTUBO-
TMIOJIOKHYI0. B 9TOM mponecce nepuoguyecku €€ n3MeHsaeTCs
Ha MMPOTUBOIOJIOKHYIO M COOTBETCTBYIOIIAsI KOMIIOHEHTA IPaBU-
TallMOHHOTO MOHOMOJs. Tak B HEMOTHOM KBAaHTOBOM Ipeolpa-
30BaHUY MHIYKTUPOBAHHOTO BPAIIEHHEM I'PABUTAIIMOHHOTO MO-
HOIIOJISI IPOUCXO/IUT €r0 EPeX0/l K MPOTUBOIOI0KHOMY. YacTo-
Ty BpallleHUs] CTAOWIN3UPYET MOTOK HENTPOHOB, BBIJIETAIOIINX
¢ noBepxHocTH 3kBaropa sapa-YCT. DTOT NOTOK BbUIETAET B J10-

35 BenumHa KPUTHUECKOro 3apsi/ia POIOPLMOHATIEHA CKOPOCTH IBIKEHHUS KIIACTe-
pa MO OKPY’KHOCTH.



CTaTOYHO TOMOTEHHYIO s1JePHO-(PJIIOHIHYIO U B 1I€JIOM 3JIeK-
TPUUYECKU HEUTPAJIbHYIO U OYEHD TUIOTHYI0O KBa3UTra30BYyK (a-
3y BOKPYT $/ipa, a MO3TOMY NEepPHO/Ibl UHBEPCUU TOTIOCOB Mar-
HUTHOTO T0J151, T.€. KBAHTOBOI'O MEPEXO0/1A, B OTJMYKE OT 3EMIIHU,
OJIMHAKOBbIE U OYEHb KOpoTKHe — 11,2 rona.

Aueprus ConHua ciaraercs U3 MEXaHUYEeCKOM SHEPruu Hewl-
TPOHOB (TEMIIEPATypa, 3BYK U JEKTPOMATHUTHOE U3JyUYEHHE),
nosiBJISIIOIIMXCS B pesyibrare pacnana sapa YCT, pacniana Heit-
TPOHOB Ha MPOTOHBI M AHTUIPOTOHbI, AaHHUTWJISILIUM TTPOIYKTOB,
TpaHcopMaluy raMMa U3TyYeHUsI B MATKYIO 00J1acThb, BIUIOTh
JI0 ONITUYECKON U HUXke, a Takxke sHeprun camoBpaienus: YCT,
SHEPru¥ MaKpPOBUXPOHOB, SIIEPHBIX U aTOMHO-BO30YXIEHHBIX
MpeBpalleHui B aTOMHOU 1ia3zme potocgepsl.

B ¢dorocdepe popmupyercs nqoxonsimii 40 HAC HENPEPHIB-
HBIW CHIEKTP ONTUYECKOTO U3JTy4eHUs 3Be3/l, a TaKKe JIMHelnva-
THIIA, XapaKTepUPU3YIOIIUI 00pa3oBaHNE HOBBIX ATOMOB C JIET-
KUMU SIIpaMU B pe3yJibTaTe SIIEPHBIX MpeBpalleHui *°, mpouc-
XomsAmX B (ha30BbIX 00bEMaX 3aMKHYTHIX MAKPOBHUXPOHOB-
rpanyJa ¢ortocdepbl NOI JEWCTBUEM MAarHUTHBIX MOHOIOJEN
BBICOKOM IJIOTHOCTH 3apsAKy noteHuuanamu. [Ipu atom, B oc-
HOBHOM, 3apO’/JAI0TCsl HOBBIE JIETKUE siIpa XMMHYECKUX 3Je-
MEHTOB BIUIOTh JO KaJblIUsl W JKeje3a, HO MPEerMYLIECTBEH-
HO siiep rejusi, T.e. YeM MEHbIlle aTOMHBII Bec (oTocdepsl,
TEM MEHbIIIE CPETHUI ATOMHBIN BEC BHOBb 3aPOAMBILIUXCS IEP.
W Hao60poT, YeM BbIIIIe AaTOMHBII BEC MATPHIIBI, (Harpumep, Oa-

36 ®dynnamenTtanbhbiil 3akoH CBAVIIK.



3aJIbTHl) TEM BBIIIIE AaTOMHBIN BeC HOBBIX si[iep (Harmpumep, Mo-
mOaeH, BOb(paM M TPAHCYPAHOBHIE).

[Tone xpomMocepHbIX CHHKYJ 00pa3yloT 3aMKHYThIE MaK-
poBUXpOHBI ¢ MmHOU BoHBI Oonee 100 000 kM. OHU UMEIOT
MPOJOJITOBATYI0 (POPMY, TPUYEM BHITSHYTHI TPEUMYITIECTBEHHO
B PaJMaJbHOM HampasieHUd. [JIMHAa MX COCTABJISET HECKOJIb-
KO THICSIY KWJIOMETPOB, a TOJIIIMHA — OKOJIO OJHOUM THICSUM KU-
someTpoB. Co CKOPOCTSIMU B HECKOJIBKO JIECSTKOB KMJIOMETPOB
B CEKYHIy 9TH KJIACTePbI-CITUKYJIbI IOJHUMAIOTCS U3 Xpomocde-
pbl B KOopoHy. CIUKYJTHL, B CBOIO OUepe/ib, 00pa3yoT dosiee Kpyri-
HYIO CTPYKTYpY, Ha3bIBaeMYI0 XpOMOC(EpPHOM CETKOM.

Yacro Habmonaetcs: (hudpuibHasi CTPyKTypa XpomMocdepsbl,
OTpakaloIask XapakTep 3axBaTa JEKTPOMOHOMONISIMUA CBOOO/-
HBIX MAaKPOBHUXPOHOB YaCTH TU1a3Mbl (hOTOC(EPHI U BBIHOC €€ /1a-
JIEKO 3a MpeJiesibl aTMocgepsl COTHIIA.

Cpennue mo 3apsiiaM MarHUTHbIE MOHOIIOJM MaKpOBUXPO-
HOB, TPoOUB (poTocepy, 3aXBaTHIBAIOTCS MACCOM I11a3Mbl (BMO-
PaXMBAIOTCS) Yepe3 MOCPencTBO (ha30BOro 00bEMa MEKTPOMO-
HOIIOJISA, C KOTOPhIM Yy HEro MHAYKTUBHO-CTPYKTYpHasl CBS3b.
Tak kak orocepa no cpaBHEHUIO ¢ XpoMocepoi JoCTaTou-
HO IJIOTHA, TO OHA HEMpO3pavyHa U MO3TOMY BUJIHA JIUIIb TOJb-
KO 4aCThb IIPOLIECCOB, IPOUCXOAALINX Ha €€ NOoBEpXHOCTU. Toraa
Ha NoBepXHOCTH (poTochepbl MOKHO YBUJIETH TJIA3MEHHBIN Kpa-
Tep Y MOIIHBII MATHUTHBIA MOHOIIOJb, KOTOPBIN 3[1ECh K€ POXK-
JaeT crupaiby’'— uokkyny. Tak co3naércst cTaHJapTHBIN CBSI-

7 OT1a CIIpaJib OTYETIMBO BUHA BCJIEACTBUE O6pa30BaHI/IH BUXPEBBIX TOKOB U3 CBE-



3aHHBIA C TUIA3MOW OUTIONISIPHBIT MAKPOBHUXPOH CO CTPYKTY-
Poii rPaBHAJIEKTPOMATHUTHOIO JUIIOJS, 00OPa3yIONIUil 1M0-
JI57°8 TIPOTUBOIIOJIOKHOM MOJIIPHOCTH C HAMPSKEHHOCTBIO OT CO-
TEH JI0 HECKOJIBKUX ThICSY PCTEI.

MoriiHsle 110 3apsiiaM MAaKpPOBUXPOHBI CIIOCOOHBI OTPHIBATh

or noepxHoctn COJHIA Maccy IUIasMbl BecoM 10 107 TouH
Y YHOCUTH €€ B KOCMOC, TPHU/IaBasi ITOMY CBSI3aHHOMY KJIacTepy
ckopoctb 10 100—300 km/c. JIErkue Kiacrepsl IPOXOAAT 4Ye-
PE3 COTHEUHYI0 KOPOHY M €O cKopocThio nopsiaka 1000 km/c no-
cruralor opoutsl 3emiin uepe3 1 — 2 cyTok, apyrue — 3a 8—
9 vacog. Takue pa3Hble M0 Macce COMHEYHbIE KJIacTepbl aTOMHOM
TU1a3Mbl, B3aMMOJIENCTBYsI C 3¢MHOM MOBEPXHOCTHIO, BBI3bIBAIOT
MarHuTHble Oypu. Ecium uepes yxe oOpa3oBaHHBIN KpaTep Tuias-
MBI BbUIETa€T CBOOOIHBIA OUIMOJAPHBIN «TSKENbIH» MaK-
POBHXPOH>’, TO OH JIOCTUraeT MOBEPXHOCTH 3eMJIM uepe3 BO-
CeMb MHUHYT U MOXET HAaHeCTH 3HAYMTENILHO OOJBINUEI yIiepo
MEKTPUYECKUM U IEKTPOHHBIM KOMMYHHUKAIMSAM, YEM CBSI3aH-
HbIE C KJIACTEPOM IIa3Mbl MArHUTHbIE MaK POMOHOIIOJH.
[MonBons uTor, MOKHO CKa3aTh, 4To siBjieHUs Ha ColHIle, Ha-
OrmoaeMble BU3YaJIbHO M PACCMOTPEHHBIE B 9TOM pasjielie C IMo-
3ULMI peasbHOTO MPE/CTaBIECHUS, AI0T BCE OCHOBAHMS CUM-
TaTh, YTO CAMOBPpAaIeHNe €ro s1pa, Kak U JIoO0ro HeuTpab-
HOT'O WJIM 3apsKEHHOTO KJlacTepa MaTepuy, MHAYKTUPYET B HEM

TSIMXCST BO3OYXAEHHBIX HOHOB BO (hJIOKKYJIaX.
58
Iomnst 06BIYHOTO CTEP;KHEBOTO MAarHATA C ABYMS TTOJISIPHOCTSMIL.
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MeXaHN4YeCKUIl THINEePBUXPOH C HEMNOJHbIM INpEBpallICHUEM
WHIYKTUPOBAHHOM SHEPIUU IPABUTAIMIOHHOTO TMITIEPMOHOIIOJN S,
YTO SIBJISIETCS MPUYMHOM €ro KBaHTOBOTO mepexoia B 3IJIeK-
TPOMATHUTHBIN THIEPBUXPOH, yXKe CIIOCOOHBIM BBIMOTHSTH
npeoOpa3oBaHusI HOCUTENEH ISl COXPAHEHUsI CpeIHEN ITOJTHOM
SHEepPruv COMHEYHOW cucTeMbl. ICTOUHUK SHepruu caMoBpailie-
Hus — pacnagawomeecs apo YCT u MOTOK MakpOBUXPOHOB
BHYTPH ¥ BOKPYT Hero. Takum o0pa3om, HHBEPCHOe MarHUTHOE
nosie CosHIIa sIBJISIETCS] MPOAYKTOM KBaHTOBBIX IEPEXO0B HO-
cuTeJlell MHIYKTHPOBAHHOI SHEPIruM BPaIAONIerocs sapa
JUISI COXpaHEHUs1 CpeiHel sHepruu. HayKIus, epuoguiecKu
U3MEHSIoNIas 1ake mosoca MarHuTHoro nosist CosHia, 00yciioB-
JIeHa KBAHTOBBIMU SIBJIEHUSIMU, MPOUCXOJSAIIMMHU B (pazoBOM
00BEME CBSA3AHHOTO C SITPOM MEXaHMUECKOTO U JIEKTPOMArHUT-
HOT'O TMIIEPBUXPOHOB — NIEPUOANYECKUE U3MEHEHU s TPaBUTA-
LIMOHHOT'O ¥ MATHUTHOI'O TMIIEPMOHOIIONEN B CTPYKType IPaBH-
JEeKTPOMATHUTHOIO JHUIIOJIA.

Bemas®. 3emis oOsaaeT JMIIb OHUM CITYTHHKOM — JIyHa.
Macca nnaners paBHa 5,97x 10%! TOHH, CPeAHss IUIOTHOCTh —

5,52 r/em’ Be3pasmepnsiit MomenTS! nnepimu (0,33) cBuaeTe b-
CTBYET O CYIIECTBEHHOM BKJIa[ie B pacrpeieieHue MIOTHOCTU
Macchl HeHTpajibHOro Bpamawomierocs sapa-4YCT. Ocp Bpaiie-

60 http://www.youtube.com/watch?v=9VHAJEoMSis.
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http://www.youtube.com/watch?v=9VHAJEoMSis

HUS si[Ipa OTKJIOHEHA OT OCH BpallleHus 11aHeTsl Ha 11,45° u xa-
pPaKTEpU3YeT, C OJHOW CTOPOHBI, CTENEHb €r0 SHEPreTUYECKOU
HArpy3KH Ha PacKpyTKY YBEIMUUBAIOIIETOCs 00bEMa MaCCHI Te-
pudepuu, a ¢ APyror CTOPOHbI — HA pa3Mep, aKTUBHOCTh U CTe-
MIEHb €ro BOJIONMUA. MarHuTHeIA MOMEHT 3emiid paBeH 1,5 x

040

100 A/, a yrioBor MmoMeHT — 7,1x 10™. VrnoBas ckopoctsb

BpalieHust 3emin paBHa 7, 29 x 107° paauaH B cekyHay. Cko-
pPOCTh Ha OopOuTe TiepeMeHHa U B cpeiHeM paBHa 29,783 kwm/c.
BenmunHa OTHOIIIEHMsI MAarHUTHOTO MOMEHTA K €ro MexaHude-

ckomy (1.11x 10! Gnuska k 3Hauenno COTHLA — 9TO OCHOB-
HOW 3aKOH MPUPObI CAMOBPAIIEHUS aCTPOPU3NIECKUX OOBEK-
TOB BO BceneHHon.

3eMJid cxkara He TOJBKO Ha TOJII0CAaX, HO TaKXke HECKOJIBKO
U TI0 9KBATOpy (HAMOOJBIINI U HAMMEHBITNA PaIUYChl TIO K-
Baropy omyamtcs Ha 210 m), T. e. 3emis SIBIsSETCSA HE ABYX-
OCHBIM, a TPEXOCHBIM 3juturicouioM. Kpome Toro, pacueramu
T. [I. ZKonrnosuya u C. U. TponMHUHON NOKa3aHa HECUMMET-
PUYHOCTh 3eMJIU TI0 OTHOIIEHHUIO K 9KBATOPY — I0KHBIH TMOJTIOC
pacriosyioxkeH Oxe K 9KBaTOpy, UeM CEBEPHBI.

HaknoH ocu BpalieHusi IUTAaHETHl K IIJIOCKOCTH OpOUTHI
23,44°, 9T0 00YCIIOBJIEHO JIOTIOJTHUTEILHOW HATPY3KOU TMacCHB-
Ho Macchl JIyHbl. OgHAKO, 3TOT HAKJIOH TPETEpIeBaeT HE3HAUU-
TEJIbHbIE, HEPETYJISIPHbIE CMEIlEHUs] (M3BECTHBIE KaK HYyTallUW)
¢ nepuoguYHOCTHIO 18,6 roga. Takke CyIIECTBYIOT JOITONEPHO-
quyeckue Hytauud (okoso 41 000 sieT), n3BeCTHBIE KaK LUKJIbI



MunankoBrya. OpueHTalrs Ocu 3EMIIM CO BPEMEHEM TOXE U3-
MEHSIETCs, JUIUTENILHOCTh MIEPUOa MPELIeCCUPOBAHUS COCTABIISI-
et 25 000 ner.

Cocras armocdepsl: 78% MonekysipHoro azora, 21% morne-
KYJIIPHOTO KMCJIOpojIa %2, ocTaJlbHOE Maphl BOJIBI, AprOH M APYyTrHe
MIpUMECH.

70,8% MOBEPXHOCTH IUIAHETHI 3AHUMAIOT OKEAHbI, OCTAJIbHAS
YacTh MOBEPXHOCTH — cyIia. YacTb BofIbl, B OCHOBHOM, B ITPUIIO-
JISIPHBIX 30HAX, HAXOMUTCS B TBEPIOM COCTOSIHUU B BUJIE JIE/THU-
KOB, CHEXKHOTO MMOKPOBA, U B BEYHOU Mep3JIoTe.

Oo11ee KOMMYEeCTBO aTOMOB, COCTABJISIIOIIMX BEILIECTBO TIa-

HETHI MMOCTOSIHHO PACTET OT 4YMCIia 10°°. Ha ux oOpazoBaHue
pacxon sinepnoit matepuu YUCT cocraBui BHYTpeHHIOIO cdepy
nuametpom Beero Juiib 100 M. Pacnipenesienue mo snemMeHTaMm:
xene3a 22,1%, kucnopona 30,1%, kpemuust 25,1%, maraus
13,9%, cepwt 2,9%, nukens 1,8%, kanbuus 1,5% u amomMuHus
1,4%, Ha octasibHble 35eMeHTbl npuxoaurcs 1,2%.

CocraB 3eMHOI1 KOpBI. M3-32 60OIBIIOTO coepKaHus KUC-
JIopojia, MOPOABI KOPbI MTPAKTUYECKHU TTOJTHOCTBIO COCTOSIT U3 OK-
CHUJIOB 3THX JIEMEHTOB — KPEMHE3EM, [TIMHO3EM, OKCHIbI KeJle-
32, OKUCh KaJIbIIUs1, OKUCh MAarHusi, OKCUJI KaJIMsI U OKCH]T HATPUSL.

BHyTpeHHsIs1 3Heprus riaHeThl 00yCIOBIEHa aKTUBHOCTHIO
u camoBpaienueM sapa-YCT, ero pacnagom, pacrajoM Hew-

62 Hamiuue cBoGoaHOrO KHCIopoza B aTMoc(epe 00yCIIOBIEHO €ro HeTpephIBHBIM
IIPOU3BOJICTBOM U3 a30Ta B pe3y/bTaTe SICPHBIX NIPEBPAILECHUN B IUIa3Me JTMHEHHBIX
MOJIHUI — 3aMeYaHue aBTopa.



TPOHOB M JIETKUX HEUTPAJIbHBIX SI/IEP, AHHUTWJISIIEN TIPOIYK-
TOB Pacriajia ¥ CHHTE30M TSIKETBIX sijiep ¢ 00pa3oBaHUEM B KOpe
BCErO CIEKTpa MU30TOMOB XUMUUYECKUX JI€MEHTOB, OMUCAHHBIX
Tabmuiieii MenpaeneeBa. [Iporiecc ux poxxaeHusi B OHOU ¢op-
Me 1 00pa3oBaHHe B aTOMHOU (popMe Ha MOBEPXHOCTH 3eMJIH,
B KOTOPOHN MbI MX HaOMOIaeM, HAUMHAETCS C TIOBEPXHOCTHU SI/I-
pa 3emiu U TIpeTeprieBaeT JOITUi MyTh SAEPHBIX U SAEPHO-XU-
MHUYECKHUX MPeoOpa30oBaHUi Ha MYTH Yepe3 IJIOTHYIO O0O0I0UKY
JUHAMHAYECKOTO TPABUTAIMOHHOTO TIOJISI BOKPYT HETO, HUKHIOK
MaHTHUIO, BEPXHIOI0 MAHTHUIO, TUTOCHEPY U KOpY.

Bor kak npencrasisier cede sapo 3emutu [1. K. On uio-
CTpUpYET CBOIO MJICI0 HEUTPATLHOTO IIEHTpa-AApa 3eMIH CIeTy-
IOIIUM 00Pa30M:

«[Ipedcmasum cebde, umo nocae aKKyMyAsSUUU NAAHENMbL J0-
0020 Juamempa (cxadxcem, npuonuzumensvro 6 20 000 munwb, mo-
Jicem Oblmb OoNbULE UM MEHbUe, UOO pA3Mep He UMeen HU-
KaK020 OMHOWEHUs. K 0eay) Npousotoém nepemeuierue 6cezo
mamepuana, 3a Uckaroueruem Kopvl, monyuroro 8 5000 munw,
U OCMAHeMCcst NPOMENCYMOUHASL NYCMOMA MEHCOY KOPOUL U UeH-
Mpom, KOMopblii Umeem pazmep 0ObIKHOBEHHO20 OUAAUAPOHOZ0
wapa. Ymoobvt npusecmu 6 0sudicetue 3my MAIYO UeHMPANb-
HYI0 MAccy, nompedo8andacs Ovl CUNA MAKAS Jce 02POMHAS, KAK
u ons cosuza ooonouku ¢ 5000 mune momuuroro. Boaree mo-
20, IMA MANASL YEHMPANLHASL MACCA NOOOEPHCUBANA Obl BEUHO
MSICECMb MO KOPbl, YOEPHCUBASL €€ HA PABHOM PACCMOSIHUN
om ce0si; U He CYuLecmaosano Obl NPOMUBOOEIICMBYouLeli Cunbl,



CKOMb Y200HO OONBLULOL, KOmopasi Mo2aa Obl 3aCMABUMb UX CO-
npukocHymucs. Boobpaoicenue nompsicaemcs, npedcmaensis ce-
0e 02pOMHbLIL 2pY3, OMSI2OWAIOWAUIL MY MOYKY UEHmMpa, 20e 8ec
npekpawjaemcs... Bom umo Mol nonumaem noo HeiumpanbHolm
UEHMPOM».

B nentpe naHeTsl 1aBjaeHUe JOCTUTaeT 3,5 MUJUIMOHOB aT-
Moccep nm 350 I'Tla. [Ipu TakoM JaBiIeHUM HE MOTYT CYIle-
CTBOBATb aTOMBbI C X OOBIYHBIMU JIEKTPOHHBIMU OOOIOUYKAMH,
T.€. aTOMbl COCTABJISIIOIIME BEUIECTBO HA MOBEPXHOCTU 3EMIIU.
[1noTHast MaTepusi ¢ BBICOKOM TeMIIEPATypO TaM MpeICTaBIeHa
B (hopMe HEUTPOHOB U JIETKUX HEUTPAIbHBIX AP, & BMECTO TIO-
CTymnaTebHO-BpaIlaTeIbHbIX KONeOaHUIl aTOMOB, XapaKTepU3y-
IOIIUX TEMIIEPATYPY, SHEPrHsl HA3BAHHBIX YACTHII BRIpAKEHA Ue-
pe3 MHTEHCUBHBIE BPAIIEHUSI BOKPYT COOCTBEHHOM OCH.

YacTtp 2HEprum sapa mepenaércss K 3eMHOW Kope Tocpe-
CTBOM BBIXOJSIIIIUX MaKPOBUXPOHOB U BCILIBIBAIOIIUX ILTIOMOB.
[ImoMbl U TIOTOKM MakKpPOBUXPOHOB POXJAIOT HAa TOBEPXHO-
CTU KOPBI «KOJIbII€EBbIE€ CTPYKTYPbI», TPYOKH BCachbIBaHHS
NMPOCTPAHCTBA, «rOPsIYHE TOUKHM», BbUIET IIAPOBBIX MOJIHUI
U3 aHOMAJIbHBIX 30H%, UMITYJIbCHBII BBUIET MOJIe aHTUT paBUTA-
IMU-CKAYKOB I'PABUTALIMY, IAPOBbIE€ KOHKPEIUN U «KOTJIbI»,
TpAIbl HA TOBEPXHOCTHU KOPHI IUTAHEThI, HO CaMOe TJIaBHOE, ITy-
TEM U3JIMSIHUS BYJIKAHOB, Pa3JIOMOB Pa3HOTO pojia OT KaTacTpo-
(puueckux, npuBenmux K packony IlaHreu, 1O OOBIYHBIX TH-
na Bocrouno- A¢pukanckoro u bomnbioro Kanbona B CeBepHoit

63 Hamnpumep, u3 peku MekoHr wii Meapeuukux nemep. B pailone Bonrorpana.



AMepUKU — OHM TIPUBOJIAT K OUEBUIHBIM CBUETENIHCTBAM pac-
UpeHusi 00’bEMa 3eMHOTO I1apa.

ManTusa cocrasiser 67% Bcell Macchl 3eMJIM U OKOJIO
83% Bcero o6bvéma 3emuin. OHa mpocTrpaercs: OT ITyOouH 5—
70 KAJIOMETPOB HUKE I'PAHULIBI C 3EMHOU KOPOM, 10 TPAHULIbI
C «KHAKUM» spoM Ha riayomne 2900 kM. MaHTtHs pacroso-
’K€Ha B O'POMHOM [JMaria3oHe TIyOWH, U C yBeJMYEHHEM JaB-
JIeHUsI K TIEHTPY B e€ BelleCTBe MPOUCXOAAT (pa3oBbIie Mmepexo-
I, TIPA KOTOPBIX BEIIECTBO MPHUOOPETAIOT BCE OoJiee TUIOTHYIO
cTpyktypy. Hanbonee 3HaunTebHOE IpeBpalieHue MPOUCXOauT
Ha niryouHe 670 KUJIOMETPOB OT MOBEPXHOCTU, B OCHOBHOM, CBSI-
3aHHbBIE C MPEeBpAIleHHEM SIePHO-MIOOHHBIX aTOMOB B OOBIY-
HBIE — SIJIEPHO-3JIEKTPOHHBIE. TepMOauHAMUKA 3TOro (pazoBoro
nepexoia TAaKoBa, YTO MAHTUMHOE BEIIECTBO HUXKE ITON T'paHU-
IIbl HE MOXET MTPOHUKHYTh Yepe3 He€, 1 HA00OpOT. ITO Mpek/ie
BCEro CBSI3aHO C BO3MOKHOCTBIO TIPEBpAICHUs SIIEPHO-MIOOH-
HBIX aTOMOB, TyTEM BCACBHIBAHUSI HEOOXOJMMOTO TIPOCTPAHCTBA
Jepe3 Kopy 3emi it 00pa3oBaHKs OOBIYHBIX aTOMOB. [1pu Ta-
KOM MpeoOpa3oBaHMU Ha eUHUIly 00bEMa MaHTUU TpedyeTcs

10" expnm 0GbraHOTO npocTtpaHcTBa. Beie rpanune: 670 ku-
JIOMETPOB HAXOAUTCS] BEPXHsIsl MaHTHs, & HUKE, COOTBETCTBEH-
HO, HUKHAA. DTH JIB€ YaCTH MAaHTUU UMEIOT pa3InYHbIA COCTAB
1 (pU3NYECKHEe CBOICTBA.

MaHTHiiHOE BelecTBo U IIIoMbI. Camas OoJbllas TaiHa
MaHTHUH 3aKJII0YAeTCsl He TOJIBKO B €€ KAYeCTBEHHO U TUHAMUY-



HO MEHSIOIIEMCS SIIEPHO-XMMHUYECKOM COCTaBE UYepeyIolInX-
¢ K noBepxHocTH reocep. E€ cpepruecknid ciou, rpaHnya-
WA C BHEIIHUM CJIOEM XHJIKOTO siipa 3eMJTu, CIIOCOOEH POXK-
JaTh HA COBPEMEHHOM JTare 3BOMOIUY 3eMJIM, TaK Ha3blBa-
€Mble CAMOJBIIKYIIIMECS] U OTHOCHUTEIIBHO HEOOJBIINE IK30TEP-
MUYECKHUE KJIACTEePhI-BUXPU TMOJISPUZOBAHHBIX ILIIOMOB-(JII0-
HJ0B U3 HEUTPAJTbHOM MATEPUM BCJIEJCTBUE CYIIECTBOBAHUS
KOJIBLIEBBIX TIOTOKOB BELIECTBA, OOYCIOBJIEHHBIX CAMOBpAIIIEHH-
eM 3eMHoOro sijipa. CBOUCTBa KMIKOro sigpa 3emiid orlpeje-
JIAIOTCSL BO3JIEMCTBUEM MOIIHOTO rpaButatioHHoro nojiss YCT
Ha BEIIECTBO U3 HEUTPAJIbHON MaTepuu HUXHel MaHTuu. Takue
TUTIOMbI C(DOPMUPOBAHBI U3 HEUTPAJIbHON MaTepuu (HEUTPOHbBI
U JIpyrue JIETKUe HEUTpasbHblE SiApa) C MOMOIIBI0O MeXaHu4ve-
CKHMX U JIeKTPOMArHUTHBIX MakpoBuxpoHoB. Temmepary-
pa-3Heprusi TAKUX JE€MEHTOB BEILIECTBEHHOW MAaTEPUU B STOU
30He MOXeET ObITh MpE/CTaBIeHa TOJIbKO BpAIllEHUEM, a He T0-
CTyHaTeJIbHO-BpallaTe/IbHbIM JIBUKEHUEM aTOMOB, Kak B KOpe
3emun. [loatomy 3aech mocie NONsSpU3aldA MAarHUTHBIM TO-
JieM BUXPOHOB, BpAIAlOIIUECs] HEUTPOHBI OObEAUHSIIOTCS B Ta-
KM€ KJIaCTephl — IIIOMBI-(DJIIONbI, KOTOPblE HAYMHAIOT CBOE
CJIO)KHO€ BUHTOBOE ABMKEHHE K MOBEPXHOCTH BEPXHEIo ClOs
MaHTUU. [Ipryém yacTh 3JI€KTPOMArHUTHBIX MAaKPOBUXPOHOB
OMPEeNeSIEHHONM YaCTOThl IPOHUKAET OTHOCUTENIbHO «CBEPXTEKY-
YrM» 00pa30M 4Yepe3 BEPXHIOI MaHTHUIO U JIUTocepy, Iie mpo-
W3BOUT TPAHMTH3AIUI0 KOPbl KOHTUHEHTOB U 3apOXKICHUE
B HUX TSDKEIBIX XMMUYECKMX 3JIEMEHTOB Twma ypana. pyras



YacTh MeXaHNYeCKUX MaKpPOBUXPOHOB, 00Jiee HU3KMUX YacToT,
C MOMOIIBI0 CBOMX BUXPEBBIX TOKOB «3aKPY4MBAET» 3Ty MaTe-
puIo ¢ 00pa30BaHNEM TaKHUX IIIOMOB-(DJIIONI0B, KOTOPHIE yKe
CMOCOOHBI CAMOCTOSITEJIBHO JBUIaThCsl K IMOBEPXHOCTH, MO IIy-
TH 000TaIasiCh Pa3IMYHBIM BEIIECTBEHHBIM cocTaBoM. OueBuI-
HBIM JJOKA3aTeJIbCTBOM CYILECTBOBAHUS TaKMX CaMOBOCXOs-
IIMX MAHTUMHBIX CTPYW SABJIAIOTCA TaK Ha3bIBa€MbIE «TOPsIYMe
TOYKH», U30IMPOBAHHBIE BYJIKAHBI, HE CBSI3AHHBIE C BYJKAHU3-
MOM BUJMMBIX Pa3jOMOB. [IuaMeTp 3TUX CTPYKTYp MOXET [O-
crurath 200 kM. JIaBbI TaKuX BYJKAQHOB OCOObIE, IPUHAJICKAT
K IIEeJOYHBIM 0a3aJIbTaM, I0O9TOMY UX CBSI3BIBAIOT C OOJIBINK-
MU 1yOuHamu. B Hacrosiiuee Bpemst HacuuThiBaoT 122 rops-
Yue TOYKH, KOTOpble ObUIM aKTUBHBI B mocieanue 10 Musuimo-
HOB JIeT. JIeCTByIOIME KaHAJIBI TOPSYMX TOYEK PACIIOaraoTr-
cs HaJl CTAalJMOHAPHBIMU (PUKCHPOBAHHBIMU BUXPEBO-CTPYHUHBI-
MU 00pa30BaHUSMU B MAHTUM BOKPYT 11apa kUAKOIo spa, Ko-
TOpble HEMPEPHIBHO «IPOKUTAIOT» TOJIILY MAHTUU U JIUTOC(E-
pol. IIo cpaBHEHMIO C pa3sMEpPOM aKTMBHOIO ILIIOMA, 3aHMMAaB-
mero 500- 600 MuH. JieT Bech OOBEM COBPEMEHHOW HUKHEW
MaHTUH, BBI3BABLIETO KaTaCTPO(PUUIECKOE N3BEPKEHUE, KOTOPOE
NpUBEJIO K 00pa30BaHMIO yamy THXOro okeaHa U packosa eiu-
Horo Marepuka Ilanren. Hekotopble U3 3TUX IIJIIOMOB 3a/1€PXKU-
BalOTCs Ha r1yOouHe 670 KM OT MOBEPXHOCTH, U, pacnajasch,
00pa3yIoT s1IePHO-Me30HHYIO IIJIa3MY CJI0KHOI0 COCTaBa. 3a-
TeM UJIET MPOLIECC HAKOILJICHUS U pacIIUpeHus B 00bEME ¢ hop-
MHUPOBAaHUEM AKTMBHOIO IIIOMAa-IJIa3Mbl. JTOT TUI ILUIIOMOB



TaKXe CrOCOOEH IJIaBUTh U MTPOKUTaTh KaHAJIBl B MAHTHUH, TIO/I-
HUMasICh BBEPX MMUTATh CJION acTeHOC(EpsI 0] OKEaHAMH U, J10-
CTUrasi NOBEPXHOCTHU KOPBI, MOBEPraTh PacIuiaBy €€ MUHEPAJIb-
HBII COCTaB, a pacTBOPsISICh B HEM, 3aCThIBaTh B HEM B (hopme
rab0po WM U3BEpraThCsl B BUJIE IOTOKOB JKUJIKOH JIaBbI BYJIKA-
HOB, 00pa3ys pa3iInvHble ByIKaHMYECKKe mopoabl. Ecth Bce oc-
HOBaHUsI CYUTATh, YTO B OOJIee paHHEM BO3pacTe 3eMid, 00bEéM



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npegocraBieH OO0 «Jlurpec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha Jlurpec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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