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['ne maxomurca 3emmsa?

1 Jlekmnuga 1. I'me Haxonurca 3emia?

3ageM B0OOOIIEe H3yYaThb OKOJIO3EMHOE KOCMHYECKOoe MpocTpaHcTBo, CoJHIE, ILIaHeThl
ConHevHoli CHCTeMbI, 3Be3/1bl, MJIEUHbI] Iy Th, APyTHe TAJaKTHKH 1, HAKOHEIl, BCio Beemenmnyo
- BuauMyto u HeBujumyoo? Hapepuoe, Bbl ciblliajiun 3HaMEHHTble M3DEYEHUs] U3BECTHBIX
Gbu3uKOB, MOAO0HBIE NIYTJIUBOMY H3pEYeHUIO akajeMuka JIbBa AmnjapeeBndya AprnuvoBuda -
"Hayka — Jiyumuii criocob yI0BI€TBOPEHUS JIUYHOTO JTIOOONBITCTBA 33 TOCY/IaPCTBEHHBIH CUET”.
XoTs MHOI/IA JeITeIbHOCTh YUEHBIX BBITJISIAT MMEHHO TaK, OCOOEHHO TeX, KTO 3aHHMAaeTCd
MaTeMATHKONl WM H3y4YeHHeM YIAJEeHHBIX TaJakTHK U 3Be3], OIHAKO TaKOoe CYXKJeHHe
COBEpIIEeHHO HE COOTBETCTBYET HCTUHHOMY IOJOKEHHIO fe. MBI BBIHYKIEHBI MTOCTOSHHO
U3y4aTh BECh OKPYKAIONIUI MUD - BUAUMBII ¥ HEBHIMMBIil, TOCKOJIBKY 3TO SIBJISIETCS 3aJI0TOM
HAIEro BBIZKWBaHUs Kak Bujga. Mup orpoven u ciaydaen. [loaTomy oTKyaa npuger onacHOCTD
- HEH3BECTHO.

[Tpumepos Tomy muOTO. Ocobenro B Kocmoce. Mur xkuBem Oiarogapst CoJTHILY, KOTOPOe yiKe
IpuMepHO 4,5 MULIHAP/A JIeT 000rPeBAeT 3eMJII0 CBOMM TEILIOM. DTO CO3/AJI0 MPEIIOChLIKA
JITsT BOBHUKHOBEHHsS W TOjjiepKanusa Ku3un Ha 3emse. Opunako CosHIE, XOTS U SIBISETCS
MaJICHbKON 3Be3JI0i - KapJIMKOM, TeM HE MEeHee YHEPreTHKa MPOIEeCCOB, KOTOPHIE MPOUCXO/ST
BHYTPH HEr0 W HA €e TOBEPXHOCTH HACTOJbKO BEJMKA, YTO MOXKET JIeTKO YHUYITOKHUTDH
JKU3Hb Ha Halleil IaHeTe, WJIH TOCTABATH €€ B OYE€Hb TsyKeJble YCJIOBUs. BCHBINKE HA
CosHIle TOPOXK/IAIOT MOIIMHBIE IIOTOKH H3JIYYeHHil - yIbTpadnoeToBOro, peHTreHOBCKOIO,
raMMa-M3JIyIeHnsI, a TaKKe MOTOKHU 3apsyKeHHBIX YACTHI[ PA3JUIHONl MPUPOIBI - B OCHOBHOM
97IEKTPOHBI U MIPOTOHBI. DTU M3IYUEHHUs, JOCTUTHYB 3eMJIH, CIIOCOOHBI YHUUTOXKUTH BCE YKHBOE
O4YeHb ObICTPO. DTOMY mpensTcTByeT MarauTocdepa u armocdepa 3emsun. O6 3Tux 00beKTaX
MBI TIOFOBOPUM B HammX Jieknusax. OHAKO yIPO3bl 3eMiie U BCeMy KUBOMY Ha, HAIIei TjIaHere
9TUM HE HCYEPIBIBAIOTCS.

Bemusisi  obpasoBanack Bmecte ¢ (CoJiHEUHOIT cuCTeMOit He OfHAa, a B COYETAHUH C
JPYIUMHI ILTAaHEeTaMH, & TakK ke 'IJIaHeTKaMH acTepOHJaMH M ILIAHETOMJaMU W JIPYTHMH
obbeKTaMu, HampuMmep, KoMeramu. OT MPOIILIOro IPaHIMO3HOIO CTPOUTENbCTBa B CoMHeIHOM
CUCTEME OCTAJIOCh JIOCTATOYHO MHOI'O Mycopa, KOTopblii pasopocan 1o CoJiHeYHO# cucreme
HEPABHOMEDHO U BeChbMa CJIyYailHO. DTO W aCTEPOU/ibl, ¥ KOMETHI, U METEOPUTHI PA3HBIX
pa3sMepoB, W UTO HE MeHee BaryKHO, 3TH OOBEKTHl MMEIOT PA3JIMIHBbIE CKOPOCTH JIBUKEHUS IO
oTHOmIeHN O K 3emite. Hanboree omacHbl KOMETHI, KOTOPBIE IBUKYTCS ¢ OTPOMHBIME CKOPOCTSIMI
BCJIEJICTBUE CIJILHOI SIHOTHYHOCTH uX opbut. [lameHne marke OTHOCHTETHLHO HEOOJBIMON
KOMETBI WIH ee ODJOMKOB Ha 3eMJII0 IPO3UT CTPAIIHBIME KaTtacTpodamu. [IpmmepoMm moxkeT
CIYy’KUTH TJIOOAJBbHOE BBHIMHPAHHE BHJIOB Ha 3eMJie B KOHIE MEJOBOIO IMEPHOAA OKOJI0 65
MUJIJIMOHOB JIEeT Ha3aJl, 9acThi0 KOTOPOro CTAJI0 BhIMUpaHue auHOo3aBpoB. OaHoit w3 Hanbosee
PACIPOCTPAHEHHBIX THUIOTE3 O MPUYMHAX 3STOr0 BBHIMHPAHHUS SIBHJIACH THIIOTE3a IAJICHHUA
KPYIIHOIO aCTepPOM/Ia WM KOMETHhl B paiioHe HBIHemHero mosyocrpoBa HOkaTan Ha ceBepe
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

FOzxmoit AMepukmn.

OpHako, XOTS W THX YIPO3 YK€ J0CTATOYHO, B XX BEKe ¢ Pa3sBUTHEM ACTPOHOMHH U
acTpoU3nUKM, a 3aTeM W KOCMOJIOTHH, CTAJ0 $ICHO, 9TO YIrpo3 ropasjao OojbIie, YeM MOTJIH
cebe mpecraBuTh KuTean 3emsn eme B XIX Beke. B XX Beke Ha 0CHOBE HOBBIX OTKPBITHIA
B (bu3nKe acTPOHOMBI MOJTYUNIN HOBBIE MOIIHBIE CPeJACTBa HAOJIIOMeHHS 3a 3Be3JaMi, a 3aTeM
1 raJlakKTuKaMHu. B pe3yJibraTe 6bI.HI/I CAeJIaHbl HOBbIE BazKHeuIue OTKPbITHUA. O,ZLHO U3 HUX
3aKJ/II049a/I0Ch B TOM, YTO 3BE€3/[bl, KOTOPbIE HAM KaXKyTCs PKUMU UCKPAMU Ha 3Be3JIHOM HeOe,
HEN3MEHHBIMI U BEYHBIMHU, OKA3bIBAIOTCS MMEIOT CBOI M3MEHUHUBYIO Cyap0y. OHIU POXKIAIOTCS,
JKHUBYT, HPOXO/id MHO2KecTBO ha3 u TpancdopMmaruii, a 3areM YMUAPAIOT, HHOIJIA CPABHATEIHHO
THXO, a WHOIJA B BHUJE KOJIOCCAJBHBIX B3PBIBOB, OIOBellas BceneHHyio o cBoeil rubesn
PUPAHTCKUM BBIOPOCOM SHEPIMU U MATEPHH. DTO, TAK HA3BIBAEMbIE B3PbIBbI CBEPXHOBBIX. deMm
00JIbIIIe Macca 3Be3Jibl, TeM KOPOUe ee KU3Hb 1 TeM OO0JIbIlle SHEPIUU, MaTePUu U BEIIECTBA OHA
€1ocoOHa BHIOPOCUTH B MOMEHT CBOEil CMEPTH.

MozKHO 3aaThCsi BOIPOCOM - KaKUM 00pa30M MOIJIa BO3BHUKHYTDH »KH3Hb HA 3eMJIe, €CJIH
name Cosnna cocrout Ha 74% uponenra u3 sogopoaa, 24% - u3 reaus u Beero b Ha 2%
13 BCcero ocraabHoro? /leiicTBUTEIBHO, OKPYIKAIOIIMI HAC HAa 3eMjIe MHP COCTOUT B OCHOBHOM
He U3 BOJAOPOAA u rejud. Mbl caMu COCTOMM M3 BOJBI H YIJIEBOJOPO/IOB, 8 HEKOTOPBIE TsIKeIble
9JIeMEeHThI, TaKHe KaK YKeae30, HIPAT OYeHb BayKHYIO POJIb B MOJJIEP:KAHUN HAIIeH KI3HM.
Otrkyma Bce 310 B3s10Cch?! Bejb, He Oyab B J0CTATOYHOM KOJUYECTBE HA 3€MJIe KHCJI0POIA
(Bomal), yriepona (amuHokucsorhi!), xKese3a u xpoma (remoriobut u xaopodusut!), To KU3Hb B
HBIHEIITHEM ee BUEe He MOTJIa Obl BOSHUKHYTh. DTOT BOIMPOC OBLT MOCTaBIeH B XX BEKe, U B 3TOM
’Ke BeKe OBLT JaH o0muii OTBeT Ha Hero. TsKesible 971eMeHThl POZK/Ial0TCs B 3Be3/1aX, B T€UeHNN
ux “cuokoitnoil” 3Bosorun. Ho odeHb TswKenable 3J€eMEHTHI, TdAKejlee Kejesa, POXKIAITCS
BO BpEMs B3PBIBOB CBEPXHOBBIX. IIMeHHO rube/b TSKeNbIX 3Be3] 000raIaer KOCMHIYIeCKOe
IPOCTPAHCTBO TSKEJIBIMUA 3JIEMEHTAMHU, KOTOPBIE CTAHOBSATCS KHPHNHIUKAME KH3HH, B TOM
qucJie ¥ Ha Hatrei mwiarere. [loaromy nmpeske, 4em Ku3Hb MOT/Ia BO3HUKHYTH BOn3u CoIHIIA,
HaIlla 3Be37a JI0KHA OBbLIA, COBepIIasd TaHel[ BOKPYT IeHTpa Hameil ['agakrukum - MjedHoro
IMyTH, 32 HECKOJIbKO MHJLIHAPAOB JieT cOOpaTh J0CTATOYHO MaTepHaJa JId KH3HU, HPOXOIsd
qepe3 00/1aKa, MOSBUBIINECS B Pe3yJIbTaTe B3PBHIBOB CBEPXHOBBIX. KOHEUHO, 3TOMY HOMOLJIO TO
00cTOosATE/IHCTBO, UTO Halme COJHIE ABISETC 3BE310i1 TPEThero MOKOJIEHU.

Nmeerca BBUAy TO, 9TO Hamma BuaumMas Bcenenmas, MO cOBpeMEHHBIM MPEICTaBICHUSIM,
BO3HHUKJIa OKOJIO 13.7 MUIIHApAa JIeT Ha3aI.



['ne maxomurca 3emmsa?
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BCENEMHD
13,7 MNP CRETOBRIX
nET

1 MnNPrQ NET

300 MNH NET

BONBWOW
BIFLRIB 1 MNH NET

OCb BPEMEHW

BOIHWEHOBEHHE
KOCMWMECKOrD
FPENHETOBOMD
HIN¥YEHHA

Mkl HAXOOWMCA
3MECHE

TEMHAR 3IMOXA

MNEPBLIE IBEINL

NEPEWE CBEPXHOBLIE W MEPHLIE [1blPhl

CNHAHKME NPOTOrANAKTHE

COBPEMEHHBIE FANAKTHER

Puc. I-1-1. Cxemarndeckoe n3obpazkeHue pa3BuTua Bceenennoii. !

Bcenennas poguiack Bo BpeMs bosbioro B3psiBa. OHa OBICTPO pacHInpuIach 0 pa3MepoB,
KOTOpbIe MBI HE CIOCOOHBI OXBATUTh HAMUM BooOpazkeHumeM. CHycTs HECKOJIbKO MHUHYT
IIOCJIe ATOI'0 B3PbIBa CTAJI0 OOPA30BBIBATHCS OOBIYHOE BEIIECTBO - HefTpajibHbIe aTOMbI, B
OCHOBHOM BOJIOPO/Ia, HEMHOTO JiefiTepust, Te/Iusi U JIPYTUX JIETKUX 3j1eMeHTOB. CIyCTsi HECKOJIBKO
MUJIJTHOHOB JIET BEIeCTBO CI'YCTUJIOCH B IIEPBUYHbBIE TAJJAKTUKU, U B HUX HAYaJI0Ch 0Opa30BaHue
MAaCCHUBHBIX BOJOPOJHBIX 3Be3Jl. DTHU IIepBble THIAHTHI MPOCYIIECTBOBAIN HEJIOJITO - BCEro
HECKOJIbKO JIeCATKOB WM COTeH MUJIJIMOHOB JIeT - W CTaJi B3PBIBATbCs, BBHIOpachiBas B
MTPOCTPAHCTBO TAXKeTble 3TeMEHTHI - CTPOUTENbHBIIT MaTepuaJs JJIsd HOBBIX, elle He POIUBIITIXCS
3Be3/. CIycTst HECKOJIBKO MUJLTHAP/IOB JIET W3 9TOTO BEIIEeCTBa CTaJIu 00PAa30BBIBATHCS 3BE3 bl
BTOPOT'O TIOKOJIEHUSI, & CIIyCTs ellle HEeCKOJIbKO MHUJLINAP/IOB JieT TMOSBUJNCH 3BE3/Ibl TPEThEro
nokoseHnd. Tak 4.5 Muiauapaa JeT Ha3aJ, BCero OKoJa0 9 MULIHAPIAOB JieT mocje bobmoro
B3pbIBa, MogBUIOCH Harre CoJsiHIe. A CIycTs elme TpU MIJLIHAPIA JET HMOSBHINCH II€pBbIe
NpU3HAKHU KU3HU Ha 3eMiie, a, BO3MOXKHO, 1 Ha Mapce.

LJ1. Kcandomanutu. Temnas Beenernnas. Cropmpus kKoemomornn X 100-metnio oTKpoITua Ditamreiina. Hayka

u xku3Hb, N5, 2005

-6 —



Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

OTa 3aMedareabHas HCTOPHUs PoxKaeHns Hamero CoJiHIA, a 3aTeM U HAC, BBIIVISIIUT A00poii
ckaskoii. 2Ku3ub, Ha caMoM JeJie, IPOIecC He CTOJIb IPUATHBIA 1 CBET/IbIil. B3PLIBBI CBEPXHOBBIX
[IOPOXK/IAI0T TAKUe MOIIHbIE TOTOKHM U3JIyYeHUS U 3aPSIZKEHHBIX YaCTHIl, 9TO JIPYIUe, HeJIa1eKO
PAaCIiOJIO’KEHHbIE OT HUX 3Be3/bl U UX 3BE3J/IHbIE CHCTEMbI HUCIBITHIBAIOT YyKACHbIE Y/Iaphbl.
OTH TOTOKH W3JIy4eHWsl, MOI'YT YaCTHYHO JIMIMHTH TJIAHETY ee BepxHeil aTrMocdepbl, ecn
OHa HaXOJUTCS BCEr0 B HECKOJBbKUX CBETOBBIX I'OjlaX OT CBepXHOBOIi. /[s Oosee ymaaeHHBIX
IJIAHET JIY9IU OYAyT IMPOHU3BIBATH aTMocdepy, pa3pylias CJI0KHbIE OPTaHUIEeCKHE MOJIEKYJIbI.
B pesyibrare xKKusHb Ha TaKMX ILJIAHETAX MOXKET BHE3allHO 00opBaThCs BHe3anHo. [Todromy
CBEPXHOBBIE, CO3/1aBast YCA0BUs JIJIsi BOSHUKHOBEHUS KU3HM, MOI'YT €€ JIErKO nmoryonTs. CBsa3aHO
JIM 3TO KaK-TO C HAIMKUM TojiokeHneM B [asakTuke? OKas3hiBAETCS CBA3aHO W CAMBIM ITPSIMBIM
obpazom!

1.1 Bcenennas, Miaeunsrit mytb, CosHeunas cucrema, Iliaanera N3

Habsmomaemast Beeniennast orpomua. YcjoBusi B Heil ouenb pasznoobpasubl. [losromy, 4To0BI
MOHATH HACKOJILKO HaM MOBE3JI0 C MECTOIOJIOKEeHNEeM B Heil, ero HaJl0 Kak-To onpejenuTh. Ha
BcesenckoM ypoBHE HAI apec MOXKET BBITJISIIETh TPUMEPHO TaK:

Bcenennasa, CKOIJIEHME TaJIaKTHK [leB, rajlakTuka MieuHHE IyTh, CHCTEMa 3BE3Ib
ConHile, myjaHeTa 3€MJsS M T.I.

OCHOBHBIMH CTPYKTYPHBIME 3JI€MEHTAMH BCeaeHHOi - ee TOMaMu, SIBJISAIOTCH TaTaKTHKIL.
lajakTuku 06pa3yloOT Y/IHIbBL, IJIOMAIH, MHUKPOPAHOHBI M IYCTBIPH, KOTOPbIE HA3BIBAIOTCS
Boitamu (“mycroramu’”).

3ano/iHeHHbIE JOCTATOYHO T'YCTO TaJaKTUKaAMHU MUKpopaiionbl Bcesennoit Ha3bBaoTCs
CKOTLTeHUsIMU TaTakTuK. OHE OBIBAIOT OY€HBb MJIOTHBIE U JOCTATOYHO pas3perkenubie. Hamr mom
- rajjakTuka MJedHblil IyTh- HPUHAJICKAT OYeHb OOJIBIIOMY CKOILIEHHIO, IEHTP KOTOPOTO
pacmoJsiokeH B co3pe3juu JleBpl. B ornmume or jgoMoB Ha 3emie TaJaKTUKH BCE BpeMs
aBuKyTCst. VX 3acraBiiger JBUIAThCs CHJIA TATOTEHUS - CHJIa, KOTOPas JIBUZKET MHUPAMH.
OTa cumjia 3aCTaB/sSeT TAJAKTUKU COJMAKATHCS U CTAJIKUBATHLCA. [lyTh Hameil rajakTukum BO
Bcentennoit namnpanyien B cTOpOHY meHTpa ckorienus: JleBbl. CIycTst MHOTO MUJIIAAPIOB JIET
Harra ['ajlakTuKa, Wi To9Hee, TO, BO 9TO OHA IPEBPATUTCS K TOMY BpeMeHH, IPUOY/IeT K MYHKTY
CBOEro Ha3HAYEHHA B ITOM cKoiieHnu. OJIHAKO OJTHOBPEMEHHO B TY CTOPOHY HAIIPaBJISIEMCS
He TOJBKO MBI, HO U HAIIH COCEJU MO MECTHOMY MepeyaKy (MEeCTHOMY CKOILIEHUIO TaJaKTHK ).
OpHO#t W3 HAImMX COCEJOK SBJISETCS TajJaKTHKa B cOo3Be3aun AHJIpoMena - TaJaKTHKa
Angpomesna. DTa raJakKTHKAa B HECKOJIBKO Pa3 MAaCcCHBHee Harmeil rajakTtuku MedHsiii myTh.
W mosromy nputdarubaer Hac K cedbe. Hamm goma cosbroTces 3a10110 10 TOro, KaK Mbl BMECTE
yzKe MpudyaeM K IMeHTPaIbHBIM 001aCTAM CKOILIeHus /leBbI.
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['ne maxomurca 3emmsa?

Puc. I-1-2. l'anakTtuka Angpomesa. 2

Pacnonioxkenne B OKpy:KaroIieM Hac HPOCTPAHCTBE YJIMI, ILJIOIIAIel W MyCThIpeil MOYKHO
cebe upejicraButh ¢ nomouipio Puc. [-3, Ha Koropom n3obpazkeHo cBedeHne MaTepun B 00JIbITNX
MactrrTabax, noaydentnoe co cnyranka NASA “WIMAP”.

Puc. 1-1-3. Tannsie sxcuepumenta WIMAP (Wilkinson Microwave Anisotropy Probe). 2

2http://www.astronet.ru/db/msg/1210528/m31_gendler_Nmosaicl.jpg.html
3http://map.gsfc.nasa.gov/
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

TamakTukm

CaMmu JoMa - TaJaKTHKH MOIYT ObITh yCTPOEHBI 10 pasHoMmy. VX cTpoeHnme TakzKe MOZKeT
€O3J/IaBaTh YCJIOBUS JIJIsi KU3HHU WJIU, HA00OpOT, mnpendrcreosath eit. Ha puc. [-4 npusenena
KJaccupuKanms TaJakKTHK, TpeIJoKeHHass DIBUHOM Xabomsom. B 3roit kiaaccudukammm
raJJakKTHKH JeJISITCs Ha JBa OCHOBHBIX KJIacca.

Kaaccugpuxauus
zarakmux Josuna
Xabbra

Puc. I-1-4. Knaccuduranug ranaktuk mo . Xaoo.ry.

Dunruvyeckue rajakTuku, obosHavdenubie Oyksoit E : (Ey, Es, By, E7) u cnupasbHble,
obo3nadennbie meppoit OykBoit S. CrompaJbHBIE B CBOIO O4Yepelb JIeIITCsS TaK:Ke Ha JIBa
KJIACCa - TAJaKTUKH, HMEOIne IepeMbluKy - 310 SB,, SBy, SB. u raJlakTuku, KOTOPbIE €ro
e umeior - 310 (So, Say S, Se. B Hacrosiee Bpemsi B 970i1 KiaaccubUKAIMHA BbIIEJSIOT
ele OJ/JMH KJlaCC HellpaBUJIbHbIE WJIN IMEKYJIdPHbIEC TaJIaKTHUKU. SJIJII/IHTI/ILIGCKI/IG raJlIaKTUKH,
KaK CYUTaeTCd B HaCTOAIILEE BpEMA, ABJIAIOTCA 60Jlee MOJIOJBIMMI O6paSOBaHPIHMPI, KOTOpbIE
MOSIBJIAIOTCA B HACTOMAINEe BpeMs IIPH CTOJKHOBEHHAX raJakTuk. CnupajbHble TaJaKTHKN
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['ne maxomurca 3emmsa?

SIBJIAIOTCS  TPOJYKTOM SBOJIONUU SJIANTAYECKAX TaJakTuk. HempaBuibHble TaJaKTHKH
SIBJISTIOTCSI TIPAMBIM TIPOJYKTOM CTOJKHOBEHMH MM B3aUMOJIEHCTBHI OT/IE/IbHBIX FaJJaKTHK HJIH
UX IPYIIL UK 2Ke TOSBJIMIOTCS BCJIEJICTBIE AKTUBHBIX HIPOIECCOB, IPOUCXOILAIINX B sJIPaX ITUX
raJIaKTUK. DJUIMITHYECKHE TaJaKTUKHU U, TeM DOJiee HeITPaBUJIbHbBIE, COIEPYKAT MHOTO AKTHBHBIX
00'bEKTOB, Pa30rPeTOro ra3a W MbLIA, YTO TOPOKIAET CYNIECTBEHHBIE PAJIMAIMOHHBIE TTOTOKH
OT BHOBb BO3HHUKAIOIINX 3Be3J] M B3PBIBOB CBEPXHOBBIX, KOTOPbIE BO3HUKAIOT B KOHIIE OBICTPOI
9BOJTIONIY MHOYKECTBA MACCUBHBIX 3Be3], KOTOPbIe MOPOKIAIOTCI VAAPHBIMU BOJTHAMH B ra3e H
ubLin. [Toaromy B okpecTHOCTSX 3Be31, 110100HbIX Hamemy COJIHILY, I/e BO3SMOXKHO IOSIBJICHHE
JKU3HH, Yallle BCEro CYHECTBYIOT MOIIHbIE TOTOKH 3aPSAKEHHBIX YaCTHI] U U3JIyYeHUil, KOTOPbIe
HPEISATCTBYIOT MOSBJICHUIO CTAOU/IBHBIX YCJIOBHI, KOTOPbBIE TTO3BOJIUIN Obl YKU3HU PA3BUTHCS 10
CJIOXKHBIX (DOPM.

Eme 6Goapmyio yrposy s Kus3Hu Bo BceseHHO# mNpecTaBIsSiOT Takue OOBEKThI KakK
AKTUBHBIE TaJIAKTHKHU, UX s/pa U O0bEKThI, KOTOpble B HACTOSINEEe BpeMsl MPHUHSATO HA3BIBATD
YepHBIMH AbIpaMu. Takue 00beKTHI 0 HEBBISICHEHHBIM MOKA MPUUYMHAM WHOTIA BBIOPACHIBAIOT
B IIPOCTPAHCTBO CTPYH (JIZKETHI) - MOIIHBIE MOTOKH 3aPSZKEHHbIX YaCTHI[ 1 TaMMa-U3/Ly YeHHsI.
Takwue BcmbIIKKA, Ha3bIBaeMble TraMMa-BCILIeCKaMu, ObLIM ciaydaiino obHapyzkedbl B 60-
X ToJlax TMPONLJIOTO BeKa W WHTEHCUBHO W3YYAIOTCS B HACTOSIIEe BpeMsi. DTH TaMMa-
BCILIECKH MOT'YT YHHYTOXKHTH »KHU3Hb CPa3y B OOJIBIIONH YaCTH raJaKTHKH, KOTOpasd CJIydaiiHo
momajieT B JKET Ha HeOOJBIIOM yIaJeHHH OT HCTOYHHKA. B COBOKYITHOCTH BCe TaKHe
HCTOYHUKH TOPOZKIAIOT 001uit POH KOCMUYECKHX JIydeil, KOTOPbI JIOCTUTAaeT OKPEeCTHOCTEH
Connna, 3emMyin u jlake ee MOBEPXHOCTU. DTOT (HPOH KOCMHUUECKUX JIydell Ha3hIBAETCS
raJaK THIECKUMHU KOCMUYECKUMU JIy9aMu, KOTOpbie cokpamteHHo Hasbiaor ['KJI. Dt jgyuanm
BMecTe ¢ cosHednbiMu Kocmudeckumu Jydamu (CKJI) mopo:kaaoT Bce OCHOBHbIE TPOIECCHl B
OKPYZKalomeM 3eMII0 KOCMAYEeCKOM MPOCTpaHcTBe. BOT moueMy BaxKHO 3HATDH OOIIHE CBEICHUS
0 TOM, KaK ycTpoena narmra Beejiennasi - "'ropoj B KOTOPOM PACIIOJIOZKEH HAIIl JIOM - TaJIAKTHKA
Maeunsrii [TyTb.

Wcexons usz 3Toro anaansa, MOXKHO IpejioJararb, YTo Hanbo/iee 0JIaronpusTHbIE YCJIOBUS
JUIST Pa3BUTHUS KWU3HU CYIIECTBYIOT B CIIOKOWHBIX CIIMPAJHHBIX TaJlaAKTHKAX C HeOObITUMU
nepeMbldKaMu. VIMEHHO K TaKOMY KJIacCy TaJakKTUK U TpuHajekuT Miaednsrit [1yTs.

Crpoenne Mieunoro IlyTu

Hamr qom - Maeunsriit [IyTh yeTpoen mogo0HO MHOXKECTBY CHUPAIbHBIX TAJAKTUK. DTO ILJIOCKHI
nuck guamerpom okoao 100000 cB. jetr u cpemmeit Toamuuoi okoso 1000 c¢B. jer. B menTpe
CHUPAJIBHBIX FAJIAKTHK, B TOM 4ducje u y MJ/edHOoro myT, iMeeTcs 1mapoodpa3Hoe yTOoJIIeHne,
KOTOpOe HasbiBaeTcs basmzkeM. mamerp OasazKa cocrapisier okoso 3000 cB. jrer. D1a 9acTh
raJakTUKH Bpalaercd IOYTH KaK TBepjoe Teo. PykaBa CIUpaJIbHON CTPYKTYPBI JBUXKYTCS
obicTpee 3Be37. OHH HpeJCTAaBIAIOT COOOI BOJIHY YILIOTHeHHd B Jucke. llepmos Bpaimenus
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

TaKo# BOJIHBI OKOJIO0 50 MJIH. JieT, B TO BpeMs Kak Haire CoJiHIe Je1aeT 000poT BOKPYT IEeHTpa
lamakTuku 3a 220-250 MIH. JeT.

25 000 cB. net

3 000 cB. net

~ J-| 1000cs. ner

MneyHbln
nyTb

Puc. I-1-5. Crpykrypa Mueanoro mytu. Bus ¢ pedpa.

ITonoxxenme Cosiana B MueuHom myTu

[Tonoxenune 3emaum B Kocmoce ompegesnser cBoiicTBa ee OJMKalIIero OKpYyKeHUs -
OKOJIO3EMHOTO KOCMHYECKOTro mpocTpancTBa. CoJHIle dABISeTCS OJHOI M3 3Be3 TaJaKTUKH
Maeunsiit nyrb. Cam Myednbiii 1myTh Mbl HaOJIIOJAEM KaK CBETSILYIOCH IOJIOCY 3BE3/I,
nepecekaoInyo 3se3iHoe Heb6o Houbio. Ha Puc. I-1-5 u Puc. 1I-1-6 ormeueno npumepnoe
nosoxkerane Couaima Bo Mieanom myTtu. Bosiee moapobubie panubie ganbl B Tabmmwie 1-1-1.

Cpeanee paccroguume ot | 1,496 - 101 m (8,31 ceroBbIx MuHYT)
Semn

Buanmas 3Bé3mHadg | - 26,74

BesmunHa (m)

AbcomoTnas 3pé3nHag | 4,83

BeJIMUIHA

CnexTpa/JbHBII Kacc G2

Paccrogune or nentpa | ~ 2,5-10%Y m (26 000 ceToBBIX Jier)
lanaxTukn
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['ne maxomurca 3emmsa?

Paccrogune or miaockocTu | ~ 4,6 - 107 M (48 ceToBbIX J0T)

lamakTuku

lamakTrnyeckuit nepuon | ~ 2,25 — 2,50 - 10° reT

obpaIeHus

CKOpOCTh ~ 2.2-10° m/c (Ha opbuTe BOKPYT IEHTPA

Tajakrukn) 2104 m/c (orHOCHTEIBHO
COCEJTHUX 3BE311 )

Tabsmna I-1-1. ITonoxenne Cosnna B [anakruke.

Pykas flebepsa.

MneyHblin
nyTb

Puc. 1-1-6. Crpykrypa Mieanoro mytu. Bug ceepxy.

3eMJid pacloJiaraercs JIOCTATOYHO JIAJIeKO OT IeHTpa MJjedHoro myTd m OT aKTHBHBIX
obJracTeil, B KOTOPBIX IPOUCXOINT pOXKIeHHe 3Be3. bimzKaiimreit Takoil 001aCTbIO SIBISETCS
TyMaHHOCTH OpHOHA, KOTOpas pacloaraeTcs oT Hac Ha paccToguun 6500 ¢B. JeT. DTO jJeraer
OTHOCHUTEJIbHO 0€301IaCHBIM Hallle CYIIEeCTBOBaHUE, MOCKOJIbKY MOIIHBIE HOTOKH pa/udallui H
KeCTKOTI'O IJIEKTPOMAI'HUTHOT'O M3JIYYEHHsA OT HHUX JOXOAAT K HaM OCJIa6JIeHHbIMI/I. BMeCTe C
TeM 3TO He M30aBJIeT HAC OT OMACHBIX COCeJeH - MAaCCHBHBIX 3Be3J], B3PHIB KOTOPHIX MOYKET
VHUYTOXKUTH Hac. lIpuMepoM Takoil 3Be3/Ibl MOXKET CIAYKHTH 3Be3/a DeTenbreiize, KoTopasd
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

pacroJiaraeTcs OT Hac Ha paccrogHum 650 cB. JieT. DTO MacCHBHas 3Be3/la, HaXOAIIAsICS
B KOHIIe cBoOeil 3Bosonuu. JI[mameTp 3Toit 3Be31bI - KPACHOTO TUTAHTA IO BeJIUYWHE paBeH
juamerpy opburbl FOmumrepa. B3pbiB 5T0i 3Be3bl MOXKET BbI3BATH MOIIHEHIINE TOTOKU
pagnamuun B okpectHocTn COJHIA, KOTOPHIE MOIYT IPHUBECTH K IOTEpH 3eMmJieil 030HOBOro
CJI0Sl ¥ yBeJIMYEHUe TOTOKa yabTpaduoaeroBoro uaaydenus COTHIIA HA MOBEPXHOCTH 3eMJIH
JI0O CMePTeTbHOTO YPOBHS.

2 Jlekmug 2. Yro Takoe 3Be31abI?

2.1 HabuamogareabHble XapaKTEPUCTUKN 3Be3 /1
doToMeTpuYeCcKne XapaKTEePUCTUKU 3BE3]I

3Be3/bl yIaJdeHbl OT HAC HA PACCTOSHUS BO MHOTO Pa3 MPEBBLIMIAIONINE WX COOCTBEHHBIE
pasmepbl U Jlake pa3Mepbl UX I1JIAHETHBIX CHUCTEM, €CJIM OHU Yy HHUX CYLIEeCTBYIOT.
[TosTomy 3Be3apl npu HAOJIOAEHUH C 3eMJIU BBITJISISIT KAaK CBETSIIHeCs TOYKH, W BCsI
JIOCTyIHAs TpsMas uH@OpMaIs O HHUX MOXKET OBbITh W3BJEYEHA TOJbKO W3 U3YyUYeHUs
XapaKTePUCTUK 3JEKTPOMArHUTHOI'O H3JIyYeHUS B PA3JUYHBIX CIEKTPAJbHBIX /IHalla30HAX,
HadnHasg OT MuInMeTpoBoro CBY uzmyuenuns 10 peHTTeHOBCKOTO U 7y-u3aydennii. OCHOBHBIMHA
XapaKTepUCTUKAMU 3/IeKTPOMAIHUTHOI'O U3JLy YeHUsl, KOTOPbIE 1103BOJISIIOT 110/1y4aTh 110J1€3HYI0
uHdopMaIKio 0 (PU3NUECKOI IIPUPO/JIE 3BE3)1, UX CTPYKTYPe U JIMHAMUKE SBJISAIOTCS CJIe/IYIOIIHe:

- BuJiUMasi U abCOJIIOTHAS 3BE3/HAs BeJUYNHA;

- IOTOK M3JIy4YeHUs OT 3BE3/Ibl;

CBETUMOCTD;
CHeKTpasbHBIN K1acc (IBer);
CIIEKTD.
JIjist MBOHHBIX (MHOTOKOMIIOHEHTHBIX) U EPEMEHHBIX 3B€3]l BAYKHYIO POJIb UIPAIOT eIlle JIBe
XapAKTEPUCTHKY M3JIYyYEeHHsI. DTO KpUBas OJIeCKA U KPUBAasl JIy YEBbIX CKOPOCTEId.

PaCCMOTpI/IM KazKAYI0 U3 9TUX XaPaKTEePUCTUK 110 OT/AC/JIbHOCTHU.

Buaumasa 3Be3gHasg BeJUdYnHA

OTa XapaKTepHCTUKA 3Be3]l BOZHUKJIA, HCTOPUIECKU KaK MepPBbIil CII0cOO aCcTPOHOMOB OTJINYATD
3Be3/Ibl M0 UX BHIAMMOMY OJIECKY HEBOOPYKeHHBIM Tyta3oM. CaMu 3HAUYEHHUS BUIUMON 3BE3IHOIM
BEJIMYMHBI HOSBUJIMCH KAK OIKCATE/IbHbIE XapAKTEPUCTUKHU CPABHEHUSI BUUMOIO 0J1€CKa 3BE3/1bI
¢ noJtaoit JIywoii. [TosiokuTe/ iIbHOMY 3HAYEHUIO BUIUMON 3BE3/IHOW BEJIMINHBI 17 COOTBETCTBYET
YHCJIO Pa3 B KaKoe 1oJiHad JIyHa cBeTuT gpde, 4eM COOTBETCTBYIOIIasd 3Be3/1a. OTpUIiare lbHbIM
- B KaKOe YHCJIO pa3 00beKT CBETUT spdUe MOJIHOM JIyHBI.

- 13 —
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Korza crano Bo3amoxkubIM (Hauano XX Beka) H3MepsaTh IMPAMOil HOTOK M3y I€HHsI OT 3BE3/IbI
Ha 3emJsie, TO ObLIa YCTaHOBJIEHA CBA3b MEXKIY BUIUMON 3BE3THON BEIUYMHON U MOTOKOM
U3JIydeHus OT 3Be3/ibl Ha 3emMiie. DTa CBs3b BbIpazKaercs cieayiomieit popmysioit [Torcona

Fﬂ = 2.512"7 "o, (1.1)
®

Buech F - mOTOK M3J/ydeHus, u3aMepseMulii B apr-cm~ 2-¢, Fp = 1.37 - 10%pr-cm=2 - =1 - norok
u3aydenus ot CoJIHIIA, M - BUAAMAS 3Be3/IHAS BEJIUINHA, Mo = —20.73 - BujgmMasi 3Be3Hast
Besimuniaa Conana. K mpumepy, 3sesna Cupwuyc - camast spkast 3Be3/1a 3eMHOT0 Heba, BUINMas B
I0YKHOM TIOJTyIIApUU, UMeeT BUIUMYIO 3Be3IHYI0 Beqnunny m = —1.6. CaMble TyCKJIble 3Be3/Ibl,

KOTOpbI€ MOZKET pa3THuYUTh qeJI0BeYEeCKH It I1a3, UMEIT BUAUMYIO 3BE€3JHYIO BEJIUYHUHY 1T =

+5 — 6. B camprii jydmimii TesiecKon, HaXoaAmuicss Ha 3eMiie, MOXKHO YBHJIETh 3BE3Jbl C 1M =
4
+24.

IIpenennrast TIpumepnoe koamuecTso 38e3.1 310 | Criocobbl HabIIIOLEHUS
BHUIAMAs BEJINYUHBI

3BE3IHAS

BEJITYNHA,

1.0 10 Bunmumbre

2.0 41 HEBOOPY2KEHHBLIM

3.0 138 TJIa30M

4.0 357

5.0 1030

6.0 3500 Bugumbie

7.0 14 300 TOJIBKO

8.0 41 000 B TEJIECKOII

10.0 324 000

15.0 32 000 000

20.0 1 000 000 000

21.0 2 000 000 000 Buanveie nocie

25.0 32 000 000 000 GOJIBIITON IKCIIOZUITUN

Ta6. 1. . KosndecTBo 3B€3/] JaHHOI BIUANMOIl 3Be3HON BeJMUYNHBI

43amermm, uTo dopmyna (1.1) moaTBeprKAaeT U3BECTHLIN ¢ Hauana XX Beka 3akoH Bebepa-®exnepa. 10T
3aKOH CBA3BIBAET WHTEHCUBHOCTD OIYIIEHUH PA3JINIHBIX OPTAHOB 9YBCTB Y€JIOBEKA ¢ WHTEHCUBHOCTHIO BHEIITHETO
BO3eficTBHS. 3aKOH TVIACHUT: NHTEHCUBHOCTD OILYIIEHHS TPOIOPIINOHAJIbHA JorapudMy BHEITHErO BO3IeHCTBIS.
B namem ciydae omniyiieHne 3To BUAMMAs 3BE3/IHAA BEJMYMHA I, & WHTEHCHBHOCTH BHEIIHErO BO3/EHCTBHS -
OTOK M3aydeHusi: m ~ logF'.

5 Tanubie B3ATHI U3 [2]
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

AOcoaroTHas 3Be3/JHAas BEeJIMYNHA U CBETHMOCTDb 3BE3/IbI

W3 npocTtbix PU3HYECKUX COODParKeHHil SICHO, 4TO BHINMAS 3BE3IHAA BEJIHUYMHA COILEPIKHAT
nHMOPMAIIHIO O JBYX JIPYTUX (PU3NUECKUX BeJIMIUHAX, KOTOPYIO HEBO3MOXKHO Pa3/e/UuTh, UMest
JIAHHBIE TOJILKO O BUJIUMON 3Be3HOM BejimdnHe. /leficTBUTE/IbHO, IPE/Ioarasi, 4To ¢ € IMHUIbI
ILIOIIA/IU TIOBEPXHOCTHU 3Be3/1bl 3a 1 ¢ m3jydaercs sueprus Fp, a cama 3Be3/1a umeer pajaunyc R
U yJajeHa OT HAC Ha PACCTOSHUE 7', TOTydaeM, 9TO MOTOK M3JIyUYeHWs B IPUEMHUKe Ha 3eMJie
OyIeT paBeH

F04’7TR2
F=— (1.2)
4mr
Besmunna L = Fyd4nR? naseiBaercsi CBETHMOCTBIO 36€30b. U NPEICMAGAAET NOANOE

KOAUMECMB0 IHEpP2UL, Komopoe 36e3da uaiyuaem 6 npocmparncmeo 3a 1 c¢. Ceerumocth CosHIa
Lo = 3.8-10% spr/c B dopmyy (1.2) BXoauT KpoMe cBeTUMOCTH L 1 paccTogHHe T OT 3eMJIu
1o 3Be3apl. O0e 3T XapaKTepUCTUKNA OYeHb BaKHBI I (PU3UKU 3Be3/, HO, K COXKAJIEHUIO,
JL1A 60ﬂbH_H/IHCTBa 3B€3, B FaﬂaKTI/IKe paccrodHoue He HU3BECTHO U, I109TOMY , CBETHUMOCTDL
3Be3/Ibl TakyKe He m3ecTHa. OMHAKO, I TOrO, 9TOOBI, IMPUBJIEKass KOCBEHHYI0 MH(MOPMAINIO
0 CBETHUMOCTH (MHOTJIA 3TO YIAETCs CJeJAaTh), MOYKHO ObLIO OBl ONEPHPOBATH BMECTO Hee
BEeJIMYMHOI, aHAJIOTHIHO BUIUMOI 3Be3HOI BeJIMUNHe, BBOAAT HOHITHE aDCOTIOTHOI 3Be3 THOI
Benmuunbl M. AOGcomoTHas 3Be3HAS BEIMUYNHA ONPEIEIdeTCd KaK BHINMAg 3Be3IHAs
BeJIMYMHA 3Be3/bl, eCJIH ObI OHA HaxXoamaach Ha paccroguuu 10 mc ot Semun. Ecan m3amepsarsb
paccTosiHie 0T 3eMJIH JI0 3Be3/Ibl B mapcekax (1c), To ¢popmyJia, cBsi3biBaolias abCoMOTHYIO 1
BUJIUMYIO 3BE3/IHYIO BEJUYUHY OYJET UMeTh BUJL:

M =m+5—>5logr+ A.

Haumenosanue 38e3/1b1 Aobc. 3pe3gHas | Macca 3Be3ibl B
BEJIMYMNHA OTHOIIIEHUU K M@

Kanemnna -0.2 4.2

Cuyrauk Kamnesisr +0.1 3.3

Cupuyc +1.3 2.5

a IlenTaBpa +4.7 1.1

Cuyrhuk 1 Boabimoit Measepuiibt +9.7 0.7

Cuyrauk 1 Bosonaca +7.8 0.5

Cuyrauk (5 416 +9.2 0.3

CuoyrHuUK 0 Dpuaana +12.9 0.2

Cuyrauk 1 Cxkopnuona +13.4 0.18

Ta6. 2. . 3aBHCHMOCTD aOCOTIOTHON 3Be3IHOI BeJIMYUHLI OT MACCHl 3B€3/bl. °

6 Tanubie B3aror u3 kauru Tomumun AH. He6o 3emsu. M: Usx. "erckas aureparypa 1974 1. [2]
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IiBeT 3BEe3aBI

g onncannsg (pU3NIECKHX HOPOIECCOB, MPOUCXOILAIINX B 3BE31aX U B MX MOBEPXHOCTHBIX
CJI0SIX, HEOOXOMMO MMETh MPEJCTABICHNE O TeMIePATypPe MOBEPXHOCTH 3BE3JIbl U O TOM, KaK
TeMIiepaTypa MeHSIeTCsl C PACCTOSTHHEM CJI0eB 3Be3/Ibl OT MOBEPXHOCTH B HAINPABJIECHUU K ee
neHTpy. Takyio naHdOpMAIUIO MOXKHO HOJYIUTH, H3y4das CIEKTD U3/JIYUeHHUd 3BE3/I.

Hanbonee BakubIM (DU3HIECKHM 3aKOHOM, KOTOPBI IIO3BOJILET CBA3aTh HAOJIIOTAeMBbIil
CIEKTP 3Be3Jbl C TeMIIepaTypoil ee IMOBEPXHOCTH, SBISETCS 3aKOH H3JIyUYeHUs abCOTI0THO
gepHoro tesa, oTkpbiThiil [Lnankom B 1900 romy. Camo 310 cobObITHE O3HAMEHOBAJIO HAYAJIO
HOBOM 3110XU B (bI/ISI/IKe - 9IIOXUW KBAHTOBBIX 3aKOHOB. CMbICII 3aKOHa HﬂaHKa COCTOHUT B TOM, 49TO
u3JydeHne, Haxo/IdIneecs B TEIJIOBOM PABHOBECHH C BEIIECTBOM IIPHU YCJIOBHUH, YTO M H3JIyYCHHE,
U BENIeCTBO HAXOJATCS B TepMOCTaTe (Takasg CHCTEMa HCTOPUYECKH Ha3bIBaeTCst "abCoIOTHO
depHbIM TeioM") mpu Temmeparype 1), WMeeT YaCTOTHBIN CIEKTP, (popMa KOTOPOrO 3aaeTcs
dopmyutoit [Tiianka:

Smhw? 1
T T3 w/kT _ 1

p(w) (1.3)

Cornacao dopwmyie Ilranka MakcuMyMm H3JydeHUs] aOCOJIIOTHO YEPHOTO TeJia, MMEIOIIero
TeMieparypy 1, HAXOIUTCS U3 YpaBHEHUS

Fiw
1— — hw/kT = 1.
3T ) €

Kak crexyer m3 3TOro COOTHONIEHWs, TMPU PA3JUIHON TeMIepaType B CIeKTpe U3JIydeHusd
YepHOro Tesia OymeT mpeodJajaTh OJHA M3 YaCTOT U3AyUYeHHs, KOTOpas HAIIUM 3peHHeM
BOCHPpUHUMAECTCA KaK LIBET TaKOI'O O6’beKTa. CpaBHI/IBaﬂ 9TO € TeM, 4YTO Mbl BH/JHUM, KOI'ld
CMOTPpUM Ha 3B€3/bl PA3JIMYHOI'O IBE€Ta, MOXKHO CKa3aTb, YTO 39TU DpPa3/JIudud B IBEeTe
IIOPOXK/IAIOTCA PA3JIMYHON Temneparypoil Benecrsa 3Be3/1.

Ucnosnb3oBanue coorronenus (1.3) 1iis 38311 0CHOBAHO Ha (haKTe, 9TO 3BE3/Ibl B HEKOTOPOM
CMBICJIE MOTYT pPacCMaTpUBATBHCSI KaK abOCONIOTHO 4epHbIe Teja. JleficTBUTe/bHO, KaK yiKe
O0TME4aJI0Ch BbILIE, a6COIIIOTHO YepHoe TeJlI0 - 9TO CUCTeEMa, COCTOodlIIad U3 HU3JIydeHud u
BelecTBa, HaXO/SIIUXCsI B TEILJIOBOM paBHOBecuu. Ecin 1mojicanrarh BpeMs, 3a KOTopoe (pOTOoH,
n3aydeHnbiii B menTpe CoJIHIIA B Pe3YJIbTAaTe TEPMOSIIEPHBIX MTPOIECCOB, TOCTHTAET TOBEPXHOCTH
CoJiHIIa M TP 3TOM YUYHUTBIBATH BCE €ro IOTJIONIEHUsS U IEpPEU3JyU4eHHT, TO ITO BpeMs
OKazKeTCsl MapaJoKCaTbHO OoJbImuM - 0KOJ0 30 000 jeT. D9To CBA3aHO € TeM, UTO Topsdee
BEIeCTBO He TPO3PATHO I FTEKTPOMATHUTHOTO W3JIYUEHHST W HYeM BBIINIE TeMIepaTrypa,
TeM €ero HelIpPO3PpavYHOCTL BbIIIE. HOSTOMy, HU3JIy4Y€HUE B KazKJIO0M CJI0O€ 3B€3/bl HaXOAUTCA
B paBHOBeCHUH C BeEIIEeCTBOM [JdazkKe IIpu TOM YCJIOBHH, YTO €ro TeMiueparypa MeEHJdeTCd OT
CJI0d K CJIOIO. Y/IaJIeHHBIH HAOJI0aTe/ b BUJIUT U3IyUeHUue, UCXOJSIIee OT IIPUIOBEPXHOCTHBIX
cioeB 3Be3nbl (dorocdep), HO caMo u3JIyUeHHe MOPOXKIaeTcss GoJjiee TIYOOKHUMHU CJIOSIMHU.
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[TosToMy peanbHBIil CIIEKTP OTKJIOHSIETCS OT PABHOBECHOI'O, COOTBETCTBYIONIETO PABHOBECHOMY
U3JIYUeHUIO ¢ TeMIepaTypoil moBepxHocTn 3Be31bl. [lockoabky dhorocdepa coaepKuT ropasao
0oJiee  XOJIOJIHOE BEIECTBO, 9YeM BHYTPEHHHE CJIOM, TO B CIEKTPE MOMBJSIOTCS JIMHUN
MOTJIONIEHUsI, COOTBETCTBYIOININE XUMHYECKHM 3JIeMEHTaM WM BemecTBaM B (orocdepe.
Jna ConHna jjiwHa BOJHBI, COOTBETCTBYIONAS MAKCHMYMY CIIEKTPa W3/IyYEHUS B BUIUMOM
ONTHYIECKOM JHana3one, pasaa 555 uM (cm. Puc. I1-3-1). 910 gacrora BUAMMOTrO 3€71€HOTO CBETA.
7

Takum 06pa30M, MOJIL3YSICh IPUBEIECHHBIME METOJAME, 3BE3/bl MOXKHO PA3/JUYaTh 110 MX
[BETY U CONOCTaB/ISATH IBETY omnpejesenuyo "cpeanion''remmeparypy 3Be3apl. cropuaeckn
CJIOYKUIACH CIelraabHasl TIKaJIa IBeTa IS 3Be3], Ha3blBaeMasi CIEeKTPATbHBIM KJIACCOM
3Be3/ibl. CIHeKTpajibHbIe KJacchl 0003Ha4daioTcsd OyKBaMmu JaTuHCKOro aJjidasura. CaMbiM
ropguuM 3Be3gaMm coorBercTByer Kiacc O. 3Barem wmayr kmaccel B, A, F, G, K, M. B
MOCTIeICTBHE K ITHM KJaaccaM ObLTH J00aBaeHb! Kaacchl R u N. 3anoMHUTD MOCTe10BATeTbHOCTD
CHEKTPAJTBHBIX KJIACCOB MOXKHO 0Oe3 Tpy/a, Mmo/ab3ysch abOpeBuarypoit cioB dpasor:: "Opun
OpuTHIil aHTIMIaHNH (DUHUKY yKeBaJI Kak MOPKOBbL'. Ha anryimiickoM si3bike ecTh apyrast hpasa:
"O be a fine girl. Kiss me right now". Comrme oraocurcss k crmektpaabaomy kiaaccy G. B
HACTOsIIee BpeMs JleieHrne Ha 9 KJIAacCOB TI0 MBETY OKA3bIBAETCS CJUMIKOM IpyObiM. [losTomy
KAkl KJTacC JIEJUTCS Ha J1eCATh MOJAKIACCOB. KayKaoMy u3 MOIKIACCOB COOTBETCTBYET
qucjoBoit Homep ot 0 ;0 9. CosHile B paMKax 3TOr0 yTOYHEHHOI'O JI€JIEHUSI COOTBETCTBYET
kiaaccy G2.

B nmagane XX Beka yrke mMeJsiaCh BO3MOYKHOCTH JJIsi Psija OJMKaWImX 3Be3]] YCTaHOBUTH
[0 KOCBEHHBIM JAHHBLIM DPACCTOSHHE OT HHUX [0 3eMJIU U, CAeJI0BATEJTHHO, BBIUYUCIUTD WX
CBETUMOCTH, ¥ OJHOBPEMEHHO W3MEPUTh WX IBET - YACTOTY MAKCHUMyMa CIEKTPAIbHOM
IJIOTHOCTH. B pe3ysibrare yJaajoch HOCTPOUTH JHArPAMMY, KOTOpPAs HOCUT HMEHA €€ IePBBbIX
coznareseit, nguarpamvbl Leprmmpynra-Paccena - jgumarpaMvbl BeT-CBETUMOCTb. IJTO ObLIa
0/THA U3 MEPBBIX MOMBITOK COOTHECTH PA3/INIHbBIE 3BE3/IbI JIPYT C APYTOM HA OCHOBE OO beKTHBHBIX
JIAHHDIX.

2.2 marpamMma l'epunmpyHra-Paccesa

OfHMM U3 BaKHBIX JIOCTHKEHUIl acTpOHOMHH Hadajsa XX BeKa OBLIO OTKPBITHE HATUTHSI
OTHOCHTE/IbHO PEryJIsiPHON 3aBUCUMOCTH IIBETa WJIM CIHEKTPAJbHOIO KJAcca 3Be3Jbl OT ee
abCOIIOTHON 3Be3/IHOM BeJIMIuHbl (MM CBETHMOCTH). DTy 3aBUCHMOCTD YIaJI0Ch OOHADYKHUThH
Teprmmpynry (marckuii acrporom) u Paccesy (aMeprnKaHCKHIT aCTPOHOM) € MOMOIIBIO TIPOCTOTO
IpHueMa CBeJIeHHs JAHHBIX OT GOJIBIIOrO KOJUYECTBA 3BE3J Ha OJHY OOy jauarpammy. 11o

"3aMeTHM, YTO OCHOBHOH CHEKTPANbHEIN IHANA30H HOCTyILIeHns sHeprum oT ComHna Ha 3eMII0 CBA33H
C [BETOM JINCTHEB 3E€MHBIX PACTEHW. JIMCThs WMEIOT 3eJEHBIH IBET [Jisi TOro, Y4TOOBI OTParkKaTh Hambosee
JHEPTreTUIHYIO CIEKTPAJIBHYI0 KOMIIOHEHTY COJTHEYHOTO CBETA.
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OCH OpJMHAT AHarpaMMbl OTKJIAbIBAETCA abCOII0THAS 3Be3Has BeJIUIHHA, & 10 OCH abCIIHCC
- CHeKTPaJbHBINA KJIacC 3Be3bl. TPYIHOCTH ee MOCTpOeHUs B Hadasge XX BeKa 3aK/T0daaach
B TPY/IHOCTU YCTAHOBJIEHUS PACCTOSHUA /IO JOCTATOYHO OOJIBIIONO KOJMYECTBA 3BE3J|, 4YTO
HEOOXOIUMO JIJIsT BEITHC/IeHUsT aDCOTIOTHOMN 3Be3/1H0i BetnanHbl. O0a y9IeHbIX HE3aBUCUMO JAPYT
OT Jpyra CIpaBWJINCH C dTOW 3ajadeil m mocTpomsm mauarpammy. Pacces coobmimia o cBoem
orkpeiTun 13 mrong 1913 roma ®. B macrodmiee BpeMsd 3Ta JuHarpaMMa gBJISeTCS OJHUM N3
BayKHBIX WHCTPYMEHTOB OIpeJeTeHns XapaKTepUCTHK 3Be37] ¢ TOYKH 3PEeHHs MPOTrHO3a WX

9BOJIIOIUH.

JImarpamma mpeactaBieHa Ha Pwuc.l-2-1 ¢ yka3anmeM OCHOBHBIX ee 3JeMEHTOB B

COBPEMEHHOM BHJIE.

TemnepaTtypa noeepxHocTh (K)

25,000 10,000 8000 6000 5000 4000 3000
I+l T i
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10*

I 102
=
2
3
=
=1
2
(5]
1072
10~
= Mgl
40,000 20,000 10,000 5000 2500 A0 FO GO KO MO MS
+—Temnepatypa(K) CnekTpankHbIi kKnacc
Puc. 1-2-1. Iuarpamma epunmpyunra-Paccena.
8cm. [2]

http://astro.wsu.edu/worthey/astro/html/lec-hr.html
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

Kpowme cnekTpaipHOrO Kaacca Ha JuarpamMMe yKa3aH NBETOBOUM mHjaekc V-B, cBa3anublii
C HMHTEHCHUBHOCTBHIO HU3JIYyUYeHUs] 3Be3/bl s 3aJaHHBIX IBETOBBIX (DUIBTPOB, aOCOTIOTHAS
MarHUTY/Ia UM aDCOJTIOTHAS 3Be3/[Hasl BeJIMYNHA, II0BepXHOCTHAs (3ddeKTuBHast) Temieparypa
3Be3/Ibl, KOTOPasl OINEHUBAETCS 110 U3JIYIEHUIO B HEKOTOPOM /IMAIla30He CIEKTpa.

ABconoTHaA 3Be3Han BeAUYMHA

NOBepXHOCTHAA Temneparypa, K

30,000 10,000 7500 6000 5000 4000 3700 3000
T T T T T i T
-4 - CBEpXTMraHTbl
- 1nl
= i p 5
n -— -
KpacHkle — 102
THraHThI
2  *
0
[u]
o
o
6’ T
ey
=
(=]
B —
10 —
Genkie KapnUKH
12 - .-.: § =l 1°—!
14
| —— === JE = J
-0.5 0 0.5 1 1.5 2
LUEETOEOW MHOEKC
BO AD FO GO Ko KS MO0 M5

CNEKTPaNkEHEIA enace

Puc. [-2-2. JInarpamma [eprnmpynra-Paccera 15000 3Be31 B paguyce 100 mapcek

(mostydena ¢ momorbio Karagora Hipparcose)

Ohttp://www.answers.com/topic/hertzsprung-russell-diagram
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['ne maxomurca 3emmsa?

Kak Bummano m3 pucynka, amarpamma [eprmmpynra-Paccena coaep:KuT Tpu OCHOBHBIX
00beKTa: IVIABHYIO TOCJIeI0BATETbHOCTD, MIEPECeKAIONLYIO JJHAarpaMMy U3 BEPXHEro JIeBOTO YI/ia
B HU2KHUI [IPaBbIil, IPYIIILY 3Be3/1 OJIMKe K HUZKHEMY JIEBOMY yIJIy - Oejible KapJIUKH, U IPYIILY
O/iMzKe K MPaBOMY BEpXHEMY YIJIy - KPaCHble TMTAHThI, THTAHTHI W CBepxruranThbl. O0/1acTh
[JIABHOU IMOCJIeIOBATEIbHOCTH COOTBETCTBYET 3Be3JaM, HAXOISIIUMCS Ha IMPOJIOJ2KUTEIbHON
(OT COTEH MWJIJIMOHOB JI0 JECATKOB MHUJLINAP/IOB JIeT) ycroituuBoit ¢aze cpoeit 3Bosonuu. B
BepxHell YacTU TIJIABHOH IOC/Ie0BATETHLHOCTH COCPEIOTOUYEHBI MAaCCUBHBIE T'OJIYObIe THTaHTBI
I CBEPXTHIAHTBI, YBOJIONKS KOTOPBIX HPOTEKaeT ObIcTpo. HeMm HHuZKe 3Be31a Pacloaraercs
110 TJIABHOM I10C/I€/IOBATE/ILHOCTH, TEM MeHee MaCCHUBHOW OHa siBjsieTcs. [Ipu 3ToM nepuoj ee
YCTOWYIUBOI 9BOTIONUN YBEJININBACTCA. 3BE3IbI, HAXOMSIINECT B 001acCTH OEJIbIX KapJIUKOB -
3TO OCTATKH 3BOJIIOIUN 3Be3[l, KOTOPBIM He XBAaTUJIO MACCHI JIJId Mepexoa Ha 3aKJTIOUYUTEIbHYIO
CTAINIO - B3PBIB CBEPXHOBOI. KpoMme 3Toro, B 3T0Oi 001aCTH MMEIOTCS 3Be3/bI, OKA3aBIIHECS
BLIOPOIIEHHBIME W3 MHOTOKOMIIOHEHTHBIX 3Be3IHBIX CHCTEeM IIPH B3PbLIBE 0oJee MaCCHUBHOIO
KOMIIaHbOHA, KOTOPBIH LEpe/| 3TUM COJIpPaJl CO CBOEI0 HallapHUKa 000JIOYKY, OCTABUB I'€JINEBOE
SIpO. DTO TaK HasbiBaeMmble 3Be3nnl Bosbda-Paite. 3Besmnl, Haxomsmmecs B 00JacTH
KpPaCHBIX THUTAHTOB - 3TO HadajbHbIe 00JacTh 00pa30BaHWs 3Be3J, a TaKyKe J0CTaTOTHO
MACCHBHBIE 3BE3/Ibl, HAXOAAIINECd HA TTOCTAETHAX ITANaX CBOEH yCTONUYNBON IBOTIONNAN, KOTOPas
COIIPOBOK/TAETCS Pa3/yBaHUeM BHeIIHe# 000JI0UKH J0 THTAHTCKUX pa3MepoB. K TakuM 3Be3gaMm
OTHOCHUTCsI, HalpuMmep, bBerejibreiize, KpacHblii I'MIaHT, BUIAUMbIA HEBOOPYZKEHHBIM IJIa30M B
BEPXHEM JIEBOM YIVIy KPacuBOro co3se3anss OpuoH.

Ob6Hnapy KeHre peryjasipHoil CTpyKTyphl Ha amarpamme lepinmpynra-Paccera mocraBuiio
rmepej; acTpOHOMaMHu 331a4y (PU3NIECKOro OO0'bsSICHEHWS BO3HWKHOBEHUSI TaKOH 3aBUCHMOCTH,
UCXo/sd u3 (PU3BHYECKHX IPEJCTABJICHUI O CTPYKType 3Be3Jl W HUX IBOJIONUH. DTa 3a7a4a
OKas3ajaach CJA0XKHOI M OTBET Ha IOCTABJIEHHBI BOMPOC OBLT HalJIeH JINIIbL IIOCTIE TOTrO,
KakK y/JaJ0Ch IOCTPOUTH OOIIKMe MOJeJIM SBOJIONMHU 3BE3JI HAa Pa3HbIX CTAUAX, HCIHOJIb3YS
IpeJCTaBJIeHUsI O TEPMOSAEPHbIX HCTOYHUKAX YHEPIUU 3BE3], O KOTOPbIX B MOMEHT IOsBJIEHUS
nuarpamMbl [epinmpynra-Paccesa acTpoHOMBI He 3HAJIN.

2.3 DBOJIOIIMOHHBIE KJIACCHI 3BE3/]
O61inue npeacraBjieHns 00 BOJIIOIUN 3BE3I,

Bpemsa n xapakTep 3BOJTIONUHN 3Be37 3aBUCUT OT TOTO, HAXOJAATCS JTU OHU B KOMIIAHUH JIPYTHUX
3Be37 WIN OHHU ABJAIOTCI OJUHOYHBIMU 3Be3gamu. Kak ceifdac yCTAHOBIEHO, UHCTIO 3BE3]I,
KOTOPBIE BXOJAT B COCTAaB KPATHBIX 3BE3JIHBIX CHCTEM HPUMEPHO PABHO NMOJIOBUHE BCEX 3BE3]
B lasakruke. Cpeam 3TUX KpPaTHBIX CHCTEM IPUMEPHO OJHA TPETh MMEeT TPH U OOJIbIIe
koMrnanboHa. Cpeji 9TuX Tpex u 6oJiee KPATHBIX 3Be3 IpuMepHO 1/4 uMeeT 9ucjio KOMIOHEHT
pasHoe 4 u 6ospire. U 1.1. Kak moka3piBaeT KaueCTBEHHBI aHAJIN3 JIBUZKEHUS 3BE3/T B CJIOKHBIX
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

KpPaTHBIX CHCTeMAaX, OAHU 00/1a/1af0T OAHOI 001Ieit ocodbeHHoCThIO. IToce obpa3zoBanmst KpaTHOI
3BE3/IHOI CHCTEMBI B ee IeHTPe OKa3bIBAIOTCS JBe HamOOJiee MaCCHUBHBIE 3BE3JIbI, & OCTAJIbHBIE
MeHee€ MaCCHUBHBIE€ BbITAJIKHUBAIOTCA HaA HepI/I(l)epI/HO CUCTeMbl H CyH_[eCTBeHHOﬁ PoOJIn  Ha
ABU2KEHUE MaCCUBHBIX /IBYX KOMIIOHEHT HE OKa3bIBAalOT B ﬂaﬂbHeﬁLHeM. HOSTOMy B 6OIII)I_HI/IHCTB6
CBOEM KpaTHbI€ CHUCTEeMbl HPeACTaBJICHbI TECHBIMU ,Z[BOfIHbIMI/I CucreMaMm. SBOIIIOL[I/IH 3Be3/
B TaKHX CHCTeMaxX pa3HooOpa3Ha M CJIOKHA II0 CPABHEHHUIO C SBOJIIOINHUEHl OJMHOYHBIX 3BE3]I.
[TosTOoMy HauHEM HM3JIOKEHHE ¢ OJIMHOYHBIX 3BE3/I.
Jisa  OOMHOYHBIX 3Be37 HJBOJIIONHS OIPEIEISeTcsS B OCHOBHOM HAYaabHOH MAaCCOM
N XUMHUYECKHUM COCTAaBOM. BOJII)HII/IHCTBO POKAAIMUXCA OAUHOYHBIX 3BE€3J[ ABJIAIOTCA
BOAOPOJHBIMHU 3BE3JaMH C OYC€Hb HE3HAYUTEJIbHBIM KOJIHUYECTBOM JAPYIuUX 3JIEMEHTOB. B 9TOM
cJydae 3BOJIIONMOHHBINA IyTh 3Be3JIbl OIIPeesseTcs ee Maccoil, KOTOPYIO 3Be3ja IIpuodpesia
BO BpeMms cBoero poxkjenumda. Ha puc. [-2-3 mpejcraBieHa KpaTkagd KaaccupUKAIUAA 3BE3]T
BO3MOYKHBIX THIIOB 9BOJIIONNK B 3aBUCUMOCTH OT ITepBOHAYAILHOIT Macchl 3Be3bl. [ anamn3a
TOro, 4TO OYJeT HPOUCXO/MTH € OJMHOYHON 3BE3/I0i BaXKHYIO POJIb UIPAIOT JIBA MaCCOBBIX
npenena. OauH HasbiBaeTcs npegeaoM Yamgapacekapa, a Bropoit - Omnmnenreitmepa-Boskosa.
BHavennst Macc, KOTOpbIe OpeIe/saoTces npeaetavmn Jauapacekapa nu Onmnenreitmepa-Boskosa,
CBSA3aHbI C BO3MOXKHOCTBIO BEINIECTBA 3Be3JIbl IPOTUBOCTOATH T'PABHTAIMOHHOMY CZKATHIO.
3Be3/1a HAXOAUTCS B PABHOBECUU TOT/IA, KOTJIA JIaBJIeHHe Pa30rPeTOil IIa3Mbl YPABHOBEITNBAET
CUJIy TSITOTEHHS BO BCEX CJIOSIX 3BE3JIbl. DTO YCJOBHE MOYKHO 3alUCATH C IIOMOIIBIO CJIe/ Ly IOoTei
pocToit (popmy.ib:
P  GMp
R R2 7

KOTOpasd BbIpazKa€T pPaBEHCTBO T'paJWeHTa AdaBJCHUA W CUJIBI TATOTEHUD, HpI/IHO}KeHHOﬁ K

(1.4)

eJINHUIHOMY 00'beMy 3Be3/Ibl. 37ech P - cpejiiee JaBjieHre BHYTPH 3Be3/1bl, I - pajimyc 3Be3/1bl,
P - CpeJHsIs IIOTHOCTD BelecTBa 38e3/bl, M - Macca 3Be311bl, G - rpaBUTAIIMOHHAS TOCTOSHHAS.

B 3aBucuMocTH 0T XUMHUYECKOTO COCTaBa BEIeCTBa 3Be3JIbl U €0 IJIOTHOCTH CAMO BEIeCTBO
IIPH POCTE JTABJICHUA MOZKET IIpeTepueBaTh CTPYKTYPHbIE N3MEeHEeHN s, KOTOPbIe MeHAIOT YCJIOBAS
paBHOBecusi. st HOpMaIbHON 3Be3Jbl, COCTOSBINEHl B OCHOBHOM W3 BOJOPOA, IaBJIEHHE
OIMCHIBAETCS OOBIIHON (hOPMYJIOif /I JaBJIeHHS UIeaJTbHOIO ra3a;

p="ar (1.5)

= Il

rJe [t - MOJApHAsS MACCa BeIecTBa 3Be3abl, A - yHmBepcasibHag rasoBas IOCTOgHHAdA, a 1 -

cpejiHsd TeMueparypa 3se3jibl.B aroM ciyuae ypashenue pasnosecus (1.4) jaer ciemyioniee

YCJIOBUE PABHOBECHSI:

GMpu
AR’
KOTOPOE YKA3BIBAET HA TO, KAK JOJZKHBI OBITh CBA3AHBI TEMIEPATYpa, MacCa W PAIUyC 3BE3IbI

JUT TOTO, 9TOOBI OHA HAXOMUJIACH B PABHOBECHH. /[ BBLIYMC/ICHHS TEeMIEpaTyphl H PaImyca

T= (1.6)
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3Be3Jbl B PABHOBECHH IIPH 33JaHHOH ee Macce, eme HEOOXOAMMO YKa3aThb TO, KaK TeILIo
TeHEPHUPYETCS B sApe 3Be3/bl 34 CUET TePMOSIEPHON peakiyn, U TO, KaK TeILIO M3/IydaeTCd B
OKpyzKaroliee IIPOCTPaHCTBO. YejoBUe bajlanca Telia MOKHO BbIPa3UuTh C IIOMOIILIO CJle 1y oledi
dopmy.ib:

fy(Tcorea pcore)Mcore = O'T5447TR2- (17)
Baech Ty - Temmeparypa noBepxuHoctu, o - nocrosutas Credana-Boabumana, Y(Tiore, Peore) -
KO3DDUIUEHT, XapaKTePU3yIOMUil KOJUUECTBO SHEPIMH, BbIAEJIAEMON B €JUHUIYy BPEMEHU B
eIMHNIC MACCHI B sApe 3Be3abl, nMeromeid maccy Me,... Ilapamerp 3aBuCHT CymeCTBEHHBIM

obpa3oM OT Temmeparypbl B sijipe W IJIOTHOCTH BemmecTBa B siape. CpenHsisi TeMreparypa
CBd3aHA C TEMIEPATypPOil Ha TOBEPXHOCTH CJIETYIONIIM 0Opa30M:

T
 3Rpk’

T, (1.8)

Baecy K(T,p) - xko3bdUIEEHT HENPO3PATHOCTH 3BE3/bl. BCE 3TH COOTHOIEHUS MO3BOJSIIOT
rpybo OIIEHUTH YCJIOBHSI, TPU KOTOPBHIX 3Be3Ja CTAOWIN3UpYeTCs TpPHU JIaHHOM Macce
XUMHYeCKOM COCTaBe. B 9acTHOCTH 3TU COOTHOIIEHUS 00 BACHIIOT KAYEeCTBEHHO BHJ, THAT DAMMBI
lepunmpynra-Paccera. 3Be3abl, Haxogdmmecs Ha TJIABHONW MOCJeI0BATETHLHOCTH - 3TO B
OCHOBHOM BOJIOPOJIHbIE 3B€3/Ibl, HAXOJSMIINECs B PAaBHOBECHM 1IPU 3a/J@HHOU Macce 3Be3Jibl.
B paBHOBecuu 3Be3jia MPOBOJMT OOJBIIYIO YacTh CBOEH KU3HU, JJINTEJIBLHOCTH KOTOPOI
ormpesiesisieTcst ee Maccoii. Yem 3Be3ma maccuBHee, TeM Kopode ee 3posonusa. OInHOYHBIE
3Be3/pl, nMetonie Maccy CoHIA, B cpelHeM KHBYT OKOJIO 10 M. JieT, 3aKaHIuBasg CBOIO
JKI3Hb COPOCOM OOOJOYKH U TMEPeXoloM B Oesiblil KapJWK, KOTODPBIi MOCTENEeHHO OCTBIBAL,
IIpeBpalllaercd CHa4da/la B KOPUYHEBbIA KapJ/MK, & 3areM U B 4YepPHbI - OCTBHIBIIMNA O4Y€Hb
wi0THbIH 00beKT. Ha puc. 1-2-3 u 1-2-4 311 nporeccs orpazKeHnbl COOTBETCTBYIONUMU JTUHUSME
9BOJIIOIWH.

3Be3jibl 60J1ee MacCuBHBIE, TOPsiKa ABYX-Tpex mMacc COJIHIA, y2Ke KUBYT MEHbIIE U MOI'YT
3aKOHYUTH KU3HDb He O€JIBIM KapJIMKOM, a B3PbIBOM CBEPXHOBOI U ITPEBPAIEHUEM B HEHTPOHHY O
3Be3/y. 3Be3/bl emle Oojee MaccuBHBIE, MaccuBHee H Macc CoJiHIA yKe MOTYT TPeBPATUTHCH
B 00BEKT, KOTOPBIil B HACTOSAIIEe BPEMs HA3BIBAIOT YEPHO JBIPOil. DTU T€MEHTHI IBOTIONNN
oTpaxkeHsl Ha puc. [-2-3 n [-2-4.

B Tedenme sBosronuu OT MEepBUYHON BOJOPO/HOI 3Be3/1bl BCE 3Be3/Ibl PA3JIUIHON MAacCCHhI,
KpOMe, BO3MOXKHO, CaMBIX MACCUBHBIX 3Be3]] KjaaccoB O m B, mpoxomdr crtajamio KpacHOTO
TUTAaHTA WU CBEPXTHTAHTA, YTO OTPaKeHO Ha PUCYHKaX. B KOHIE 3BOJIONUU PAJINYC 3BE3IbI
YBEJIMYUBAETCS Ha MOPSJI0K U OOJibllle 3a cueT yBejudeHus oOjactu KouBeknuu. [Ipumepom
MOZKET CJIy’KUTh 3Be3yia beresbreiize, camasi sipkast 3Be3ma co3se3aus Opuona. Dta 3Be37a,
nmemotas oosiee 20 macc CoJiHIla, HAXOAUTCS B KOHIIE CBOEi IBOJIIOIUU U B HACTOSIIEE BPEMSI
UMeeT uaMeTp HOYTH PaBHbBI AuamMeTpy opouTsl FOmurepa. 910 n ecTh KpacHbIil CBEpXTUTAHT.
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XoTd 9Ta 3B€3/1a HAXOIUTCS OT HAC HA paccToguuu Oosiee 600 CB. JIeT., B COBpEMEHHbBIE TEIECKOIIbI
y/IaeTCsd pacCMOTPETh KOHTPACTHBIE NMATHA HA ee TMTAaHTCKOH MOBEPXHOCTH. DTAIl SBOJIONHH
3Be3/lbl B BHU/I€ KPACHOI'O I'MI'aHTA WMJIM CBEPXI'MIAHTA 3aKaHIYUBAETCS KaTaCTPOPUUIECKUM ee
cXKaTueM, KOTOPBIf 9acTO HA3bIBAIOT KOJLIAIICOM 3BE3JIbI.

[Ipenen Yanapacekapa yka3biBaeT MaKCHMAaJbHOE 3HAYEHHE MACChl 3BE3JbI B KOHIE €€
9BOJIIONMH, KOTOPOE OIpeJiesisgeT - MOXKET JIM 3Be3/a MPH ee CKATUU IPEeBPATUTHCS B OeJIblil
KapJIUK, WK CTPYKTYpa BellecTBa J0TKHA U3MEHUTHCS /I TOTO, YTOOBI 3B€3/1a IMPeBPaTHIACh
yzKe TOJIbKO B HEUTPOHHYIO mjik 1pu OoJibiieil macce B 4epHylio jbipy. Ipegen Hanjapacekapa
MOKHO PacCUuTaTh U3 TexX zKe GopMyJI paBHOBECHS 3B€3/Ibl, 9TO U JIjIsI BOJOPO/IHOM, €CJIM BMECTO
BbIpaKeHus I JaBJIeHUsI B YCJIOBHEe PaBHOBECHs TIOJICTABUTH BbhIParKeHUe JIJIsi JTaBJICHUS
YADMPAPEAAMUBUCTNCKO20 INEKMNPOHHO20 8bLPOHCIEHHO020 2a3a. Y paBHEHUE COCTOSHUS
JIJIST TOTO ra3a MMeeT CJAeYIONNNi BT

P = K" (1.9)

3mech mocrosinHasi K BeIpazkaercss depe3 (byHIaMeHTaIbHBIE TMOCTOSIHHBIE N - MOCTOSTHHYIO
[lranka u ¢ - ckopocth cBera. CJI0BO y/IBTPAPENATHBUCTCKAN O3HAYAELT, 9TO IJIOTHOCTH
rasa u CKODOCTb JIBUZKEHHUsSI 5JEKTPDOHOB B BENIECTBE HA CTOJBKO BEJHMKH, 9TO Ha HX
JIBUKEHHE HAUYMHAIOT OKA3bIBATH CyNIeCTBeHHOe BJusiHie 3bQeKThl ClenuasbHOil Teopun
OTHOCHTEIbHOCTH. DJIEKTPOHHBIHi a3 HA3BIBAETCS BBIPOXKICHHBIM, TMOCKOJbKY MpPH  TOii
IJIOTHOCTH BEIECTBA, KOTOPasi COOTBETCTBYET ypaBHeHHIO coctosinusi (1.9), ero napieHue He
3aBUCUT OT TeMIIepaTypPhl. STO CHe]_H/Id)I/ILIeCKOG COCTOAdHHuE dBJIAETCAd CJICACTBUEM KBAHTOBBIX
3aKOHOB, KOTODbIE HIDAIOT BazKHYIO POJIb IIPU OIPOMHBIX ILUIOTHOCTSX B HeJpaxX OeJbix
KAPJINKOB. DJIEKTPOHHBIl Ta3 sIBJSETCS BBIPOXKICHHBIM H IPU KOMHATHBIX TeMIepaTypax
B Merasiax. IlogcraBngs coornomenue (1.9) B ypaBuenme pasHoBecusi (1.4), TpUXOAUM K
CJIE/LYTOIEMY BBIPAZKEHHIO:
GMp
TR

Cpeansist JIOTHOCTH, MacCa W PaInyC 3Be3/bl CBSI3aHbBI ONPeIeIeHNeM IOTHOCTH:

M

4, _p3°
37TR

Kp*3 = (1.10)

p=
Orcrona:
3M ]
4dmp
[Moacrasistst, 3ro coornontenue B (1.10), maxomum:
312 K123

Mep = |—=| |=| =~144M,. 1.11
Ch A G O ( )
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M3 3T0Or0 cooTHOIIEHUS BHUJIHO, UTO IIpejebHas Macca 0eJ0ro Kap/uKa ONpeIe/saeTcs TOJTbKO
dbyHIaMEHTATBHBIME TOCTOAHHBIMU. Bemdauny 3Toit Macchl BepBbie BbiBesT B 30-e rogbsl XX
BeKa Bbljaonuiics nuuiickuii acrponom Cybpamanbsan Hauapacekap (1910-1995).

Ecyin macca 3Be3/1pI K KOHILY €€ 9BOJIONUHE OKa3blBaeTCs 00Jiblle Macchl JaHpacekapa, TO
MPU ee KOJLIAICe BEIeCTBO He MOYKET yAep:KaTh CKaThe HA YPOBHE JTABJIEHWS BBIPOKIEHHOTO
9JIEKTPOHHOI'O Ta3a, W OHO IPOJOJ2KAeTCd JIO TeX IOop, IOKa B JIeJI0O He BCTyHaioT OoJee
MOIIHBIE CHJIBI - CHJIBI sIIEPHOrO B3amMmojeiicTBusg. (OKa3bIBaeTCs, UTO MU sJI€PHBIE CHJIBI
HE CIOCOOHBI, KaK CYUTAETCS Ceifdac, YPABHOBECHUTH CHJIbI TATOTEHHS, €CJIM MAacca 3BEe3Jbl
K KOHILy 3BOJIONUH OyJeT IPEBHIIaTh HEKOTOPOEe IPeeNbHOe 3HAYeHHe. DTO MpeebHOe
3HavYeHne ObLI0 BHIYUC/IEHO B rpybom mnpubmmxkenun Omumenreiivepom u  BojkoBeiM 110
dbopmyre, 6auskoit k dopmyae Hanapacekapa (1.11), HO 1JIg BBIPOXKIEHHOTO HEHTPOHHOIO
ra3a, a He 3jekTpoHHoro. OmnenreiiMep u BoJKOB NpeanoioKWIM, YTO MHPU CXKATHH
BeIecTBa 3a mpeaeaoM YaHapaceKapa IPOUCXOIUT “HeHTPOHU3AINSA BeIleCTBAa, T.€. JIeKTPOHDI
“BjlaB/IMBAIOTCs” B IIPOTOHBI W BEHIECTBO NpeBpalaercs B Helrpouubiit ras. I[lockosibky
HEHTPOHHBI Ta3 MOJUUHSIETCS TeM Ke CTATHCTHIECKUM 3aKOHAM, 9TO W IJEKTPOHHBINH Ta3,
To dopMmyaa st ero AaBjieHust OyaeT aHaJorndHoit ¢gpopmysie Hanapacekapa, HO ¢ 3aMeHOI
MacChl JIEKTPOHA Ha Maccy HelTpoHa, Koropas B 1840 pa3 Oouibiie. [loydeHHblil pe3yabTar
OKa3bIBaeTCs TPUMEPHO B JBa pasa OOJBIINM, deM mpeaen Yangapacekapa, T.e. PaBHBIM
Moy >~ 2.8Mg. OpHako npu BBIYUC/ACHUU ITOTO TIPejiesia He ObLIM yuTeHbl clenuduaeckue
cBOICTBAa B3aMMOEICTBUAST HEHTPOHOB JPYr C JPYIOM, KOTOPBIE OIPEIEISIIOTCS CUJIbHBIM
B3ammo/ieiicteueM. [lpuanuOit 3TOTO sIBJIsIETCST TO, 9TO [0 CHX TOP 3TH crenuuIecKne
CBOMCTBA SIJIEPHBIX CHJI HE U3BECTHBI B JOCTATOYHOI cTeneHu. [loaTomy cunTaercs, 9To mpejest
Ommnenreitmepa-BokoBa TouHO He u3BecTeH. OH MOXKET 0Ka3aThCs OOJIBIINE, UeM BbIIUCIEHHBII C
OMOIIHIO TPOCTBIX (POPMYJI JJIsi BBIPOKIEHHOTO HERTPOHHOTO ra3a. OHako Hanbo/1ee BazKHbIM
BBIBOJIOM 3TOH TEOPUU SIBJISIETCS TIPEJIIOJIOKEeHe O CYyIIECTBOBAHUM TAKOTO Tpejesna. UTo ke
Oyser, ecqim Macca 3Be3JIbl B KOHIIE YBOJIONNN OKazKeTcst Oosibiiie mnpesena Ormmenreiimepa-
Bosikosa?

Kak cunTaerca B HacTosdllee BpeMsd, €CJH Macca 3Be3Jbl OyaeT OoJbIne IpeIeTbHOit
maccel Onmenreiimepa-BoJikoBa, 10 jaxke sijiepHble CHJIbI HE OYJIyT B COCTOSHHHU CJIEPKATDH
IPaBUTAIMOHHOE CzKaThue. B 3TOM ciydae TOJBKO CHJIbHOE HCKPHUBJEHHE TPOCTPAHCTBA B
IEHTPEe 3BE3/(bI MOYKET MPUBECTH K €€ PaBHOBecuio. EMHCTBEeHHAs TeOpHUsl HA CETOHATTHUN
JIeHb, KOTOpas MOXKeT YKa3aTb CIOCOD MNPHUMEPHOIO pacdeTa CTPYKTYPbl BO3HUKAIOIIETO
TakuM 00pa3oM o0bekTa - 310 OO0mag Teopus OTHOCUTENbHOCTU.COIJIACHO 3TOH Teopuu
IpHU YCJOBUHU, €CJU PAaTUyC 0OJACTH, B KOTOPOH COCpeIOTOUYEHA BCS MAaCCA 3BE3IbI,0KAZKEeTCS
MEHBIIIE TAK HA3BIBAEMOTO TPABUTAIMOHHOIO PAJINyCa, TO TAKOH OO'bEKT MepecTaHeT W3/1ydaThb
9JIeKTPOMArHUTHBIE BOJIHBL. [[praemM 3T0 mpon30iigeT He TOTOMY, 9TO JIeKTPOMATHUTHBIE BOJIHBI
He Oy/IyT UCILyCKATbCA BEIIECTBOM 3B€3/Ibl, a IOTOMY, YTO OHH HE CMOI'YT OTOPBAThHCS OT TaKOIr'O
00beKTa, IMOCKOJIBKY BTOpas KOCMHYECKas CKOPOCTb i Hero OyjeT IpeBbIIaTh CKOPOCTD
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ceera. Ha nHebGe mo/KHA HOIBUTLCS HE CBETAINAsCd 3Be3qa, a “‘depHag Abipa’. lIMeHHO Tak
B HACTOSIIEe BPeMs HA3BIBAIOT O0BEKTHI, KOTOPBIE MOSBJISIOTCS B KOHIIE SBOJIIOIIMI MAaCCHBHBIX
3Be3/] Maccoit boibiire, yem npejen Onnenreiimepa-Boskosa. C HEKOTODOIT J10J1€ll yBEPEHHOCTH
MOXKHO yTBEPK/IATh, YTO TaKue 00beKThl JOJIKHbI TOdAB/IAThCA pu Macce M > 5M.

C6poc 060n0URH

4 ML

® ® ®

= v

benbiii KapaAuK HeiiTpoHHas 3Be3ga YepHan gbipa

Puc. 1-2-3. DBotomnus 3Be31 pa3HoOil MaCCHI.

Ha puc. [-2-3 u [-2-4 umeercs 3drtan, ykazaHHbIH B BHJE MOIIHOI'O B3PbIBa, U HAa3BAHHBIN
- CBEPXHOBOI. DTO OYEHb KPATKOE BpPEMsI CYIIECTBOBAHUS 3BE3JbI, KOTJA KPACHBI TUTAHT
WA CBEPXTHTAHT TepsieT YCTONYMBOCTH 3a HECKOJIbKO 4YacOB WM JlayKe CEKYHJ[ B3PbIBAETCH.
MozkHO u3 00Imux coobpazkeHuit OIEeHUTh I'pydO SHEPrui0 TaKOro B3pbiBa. B 3aBucuMocTH
OT HIPOLECCOB, HPOUCXOMLIIMX BO BpeMsi B3pbiBa, 3Ta sHeprusd onenusaerca 10 — 10%? spr.
DTa KOJIOCCATbHASI YSHEPIHsS BHIOPACKIBAETCS 3 J0JU CEKYH/bI B OKPYZKAIOIIee TMPOCTPAHCTBO
7 3Be3J1a BCIBIXUBAET TaK, UYTO €€ SPKOCTHh CTAHOBUTCS CPABHUMON HA HECKOJHKO YaCOB WJIN
Jazke JHe ¢ gpKocTbio Beeit ['anmakrtukm. Bo Bpemsi Takoro B3pbeiBa B TOH obJiacTH, Ijie
IJIOTHOCTH BEIEeCTBA eIlle JIOCTATOYHO BEJUKA, ITPOUCXOAT fAJIepHBbIE IIPOIECChl, KOTOPbIe He
MOT'YT HMJTH B YCJIOBUSIX YCTOWYIUBOIO PaBHOBECHUS 3Be3/bl. B pe3yiabrare poKIAIOTCI BCe
TSIZKEJIbIe DJIEMEHThI, MMEOIIue aTOMHbIII HOMEp OoJibiie, dem y xkejesda. pyroro cmocoba
MOSIBJIEHNsT TAKUX TAZKEJBIX 3JIEMEHTOB Mbl B HACTOsIIEe BpeMs He 3HaeM. Bmecre ¢ Tem, mx
POZKTAeTCs JIOCTATOYHO, YTOObI HACBITUTDH 3aMETHBIM 00pa30M OOOJIOUKH ILIAHET THUIA 3EMJIH,
PaNO0aKTUBHBIMU dJIeMEHTAMHU, HAIIPUMEp, YPAHOM, TOPUEM U T.I.
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KpacHbiit
CBepXTUraHT

o

KpacHbii
TUTaHT

KpacHas rA
3Be3pa .
fi
-
faﬂ

-
rA
o

lNpoTto3eespa

3Be3pa G2

DopmupoBaHne
pucka

TymaHHOCTH

MnanetapHasa
TYMaHHOCTb

benbiil Kap/K

!
Q
v
/

KopuuHesbii
Kapnuk

YepHbii
Kapnuk

Kpachbii
CBEePXTUIaHT

CeepxHopasn

YepHas

abipa
-
‘!’

HefiTpoHHasn
3Be3pa

Puc. 1-2-4. O61muii Bu 5BOJIIOINAHN 3BE3/I.

Y0 ke gBJIeTCS TPUUUHON TOTEPU YCTONINBOCTH KPACHBIMU THTAHTAMU, CBEPXTUTAHTAMU
W JpYTUMH  MacCUBHBIME 3Be3gamMu! (CHOBHAasT TPUYNHA COCTOMT B TOM, d9TO TMpH
dbUKCHPOBAHHON Macce U XUMHYECKOM COCTaBe B 3Be37e MOTYT MJITH TOJBKO TaKHe djiepHbIe
peaxkIun cuHTe3a 0ojee TAKENIBIX SIeMEHTOB, HPU KOTOPBIX BBIJAEISIETCS JTOCTATOYHOE
KOJIMYECTBO SHEPTUH /Il IO//IepKaHus paBHOBecus B 3Be3/1e. Camoil nepBoit sjepHoil peaxuii
TAKOI'0 TUNA SBJISETCS Peakiius MpeBpalleHus BoIopo/ia B rejuit. Ecjin Bogopoj BeIrOpaer, To
3Be3/1a CXKUMAETCsl, YTO COMPOBOXKIAETCsI COPOCOM ODOJIOUKH U TIOBBITIIEHUEM TEMIIEPATypPhl B
ee djpe. DTOT dTan Ha puc. [-2-4 mokazaH KakK MOABJIEHUE ILJIAHETAPHONH TYMaHHOCTH BOKPYT
3Be3/Ibl, cOpocuBIIeil 0600uKy. Ecim macca 3Be3/bl JIOCTATOYHO BeJHWKa, TO TeMIEpaTypa
LHOBBIIIAETCS HA CTOJBKO, YTO B sJipe IOMBJISETCS BO3MOXKHOCTb HOBOU TEPMOsIIEPHOI
peaxkiuu cuHTe3a u3 rejus yrsepoja. [locjie Bblropanus rejius, KOTOpOe MPOUCXOJUT TEHePb
ropas/io ObicTpee, YeM TOPEHHE BOJOPOJia, HACTYIAET O4Yepe/ib CrOpaHus yrjepoia. ¥ Jiepoj
IpeBpalaeTcs B Marauii, u T.7. [Ipegesiom 310l elnovuKky s/ IepHbIX peaKIuii aBIsIeTCs PeaKIus,
IpU KOTOPOW B 3Be3jie MOABIAETCS Kejae30. flapa kejae3a OTJIUYAIOTCSI TeM, UTO CHHTE3
u3 OoJiee TSIKETBIX JTEMEHTOB BO3MOXKEH TOJBKO MPHU TMONVIOMEHWH SHEPrud W3 BHEITHEro
ucrounuka. [lodromy peakinuu cuHTE3a TSXKEJIbIX JIEMEHTOB M3 2Kejle3a He MOIYT ObITb
CaMOIIOJIJIEPKUBAIOIIUMUCS U OBICTPO TpeKkpainaiorcs. [I[pu 3Tom npekpaliaercss Bbljie/IeHIE
SHEPIUHU, U pABHOBECHE MEK/Iy JaBJICHUEM U CUJION TATOTEHUS HEe MOXKET CYIIeCTBOBATh. 3Be3/1a
KaTacTpoUIECKN CKUMAETCS U IIpeBpalaercd JimO0 B HEHTPOHHYIO 3Be3/y, JUOO B OOBEKT,
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KOTOPBIII B HACTOLIIEEe BpeMs HA3BbIBAIOT Y€PHOI ABIPOI.

HopmanbHbIEe 3Be31bI

HO,ZL HOPpMaJIbHBIMU 3Be€3JaMW TMOHUMaIOT 3BE€3bl, YpaBHEHHE COCTOAHUA B KOTOPBIX HE
OTJINYAETCs CYIIEeCTBEHHBIM 00pa30M OT YpaBHEHHUs COCTOSHUS HIeaJTbHOro ra3a. Takue 3Be31bl
SIBJISTIOTCSL  MOJIOJABIMU 3B€3JaMHU, COCTOAIIMMHI B OCHOBHOM H3 BOJOPOJa, € HE CJIUIIKOM
OoJibiuMu MaccaMu. Jljist MOJIO/IbIX MACCHUBHBIX 3B€3/1 CBOM BKJIAJI B JABJICHUE BHYTDH 3BE3/1bl
KpoMe OOBIYHOrO BelecTBa (B OCHOBHOM BOJIOPOJA) BKJIAJ BHOCHT W JIaBJIEHHE W3JIy9eHUst
(dorornoro rasa). Obiee cTpoeHne TakWX 3Be3] He CHIBHO OTIMYAETCS, 110 BHAUMOMY, OT
crpoenns CoJiHIIA, KOTOpoe IOKa3aHo Ha puc. 1I-3-1. V Takux 3Be3/1 ecTb sg7po - 00J1acTh,
rJe uaeT TepMmosiepHas peakius, O6J1acTh JIYIUCTOrO MEPEHOCA SHEPTHH, TJie TePMOsIepHas
peakIus He HIeT, HO TeMIlepaTrypa eIle JOCTATOYHO BeIUKA I TOTO, YTOOBI OCHOBHOI
1HepeHoC 3Hepruu U3 BHYTPEHHUX CJIOEB K BHECIIHHUM OCYIILECTBJIAJICA 3a CHeT HCKJIIOYUTEJILHO
nU3JIydeHns. 3areM, OJIMKe K IMOBEPXHOCTH 3BE3/Ibl MOYKET PACIO/IaraThCs, KakK, HAIPUMED, Y
Coutriia, 06/1aCTh KOHBEKTUBHOTO TEPEHOCA TEIIa. 3aTeM CJeyeT 00J1acTh OBICTPOTO TaIeHUST
TeMIepaTyphbl 0 HEKOTOPOIO MHHUMYyMa, KOTopas HasbiBaeTcs (orocdepoit. 3a dporocdepoii
cJelyeT TOHKas 0071aCTh BO3pacTaHUdA TeMIepaTyphl U 3a Heit KopoHa. CTpoeHne Takoi 3Be3 bl
Oy/leT PacCMOTPEHO B CJISAYIOMUX JieKusdax Ha mpumepe CoJTHIA, KOTOPOE SIB/ISIETCS TUIIAYHBIM
MPUMEPOM TaKUX 3BE3/I.

KpaCHbIe TUTAHTBI 1 CBEPXI'UraHTbI

Hpe,ZLHOCJ'Ie,ZLHI/IM 9TallOM 2KHW3HHU BCEX HOPMAJIbHbBIX 3B€3/[ HE CJ/JIMIIKOM 60.]'[])]].[0171 MaCChI
siBjisiercss uX (opMa - KPACHBI TUraHT WX CBEPXTUTAHT. IJTOT ITAll IPEJNIeCTBYeT
OKOHYATEJTHHOMY BBITOPAHWIO BOIOPOJA, TeIdsl W YLIepoaa B siape 3Be3abl. B mporecce
SBOJIIOIMHE BOJAOPOIHON 3BE3bI BOIOPOJ, IIPEBPAINAeTCs IIOCTEIeHHO B Tejuil. DToT OoJiee
TSIZKENTBIi 9J1eMeHT [PH TeMIIepaTypax, IpH KOTOPBIX TOPHUT BOIOPOM IOYTH HE BCTYIAET B
sJIEPHYIO PEaKIMIO CMHTe3a yrviepoja u azora. [Lis sroro Tpedyercst DoJibliiasi TeMieparypa.
Kak GoJiee Tsizkesblit 371eMeHT reJinii HaKaIJInBaeTCsl B si/ipe 3Be3/1bl, BHITECHSS BOIOPO/L OJIMZKe K
ITOBEPXHOCTH. STO O3HaYaeT, YTO €CJIN KOHIOEHTPpalud reJind CTaAaHOBUTCA JOCTATOYIHO 6OIIBIHOI71,
TO sIepHas Peakiys CHHTe3a Tejds IepecTaeT UATH B sjape, HO MPOIOJIKAeTCs BOIU3U €ro
IIOBEPXHOCTU. B 3TOM cjydae roBOpsT O CJI0€BOM TOpPEHHH BOJOpOIa, HMesd B BHIY, 4UTO
peaKknusa AT B HEKOTOPOM c(epHdIecKoM cjioe BOMM3M sapa. [Ipm 3ToM TeMmmeparypa sapa
CTAHOBUTCA 110YTHU O,ZLI/IHaKOBOI‘/JI BO BCE€X TOYKaX. B CJIyda€ BOBHUKHOBEHUA CJI0€BOT'O UCTOYHUKA
O6JIaCTb KOHBEKTHUBHOI'O IEPEHOCA dHEPI'uu paClinupdeTca, 1 BMeCTe C Hell 3Be3/1a YBeJININBaCTCA
B pa3Mepax. DTO M €CTb CTaJiis KpacHOIO I'MIaHTa WM cBepXruranra. Hekoropnie 3Be3/1bl
JIOCTUTAI0T OTPOMHBIX pas3MepoB. Ha puc. [-2-5 mpejacraBiieHbl CpaBHHTE/IbHBIE pa3Mephb
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cBepxXruranToB berenbreiize, Anpnebapana ¢ rogyobiMu rurantamu Purenem, Bemarpukc n
pa3zmepamu opout B CoHeUHOll cucTeMe.

bBetenbreise

Opbwuta KOnutepa

Purens
AnbaebapaH

Op6uta Mapca

Benarpukc

Puc. 1-2-5. CpaBuenne pa3mMepoB KpacHBIX CBEpPXIUIaHTOB Beresbreiize, Anpnedbapana ¢
roiyosiMu rurantaMu Purenem, Benarpukc u pazmepamu opout B CoJlHEIHON cHUCTEMe.

CrpoeHne KpacHBIX THTAHTOB MOXKHO ce0e MpeJCTaBUTh 10 CJIeAYIONIell PeKOHCTPYKITUH,
KOoTOpasi TpejcTraBieHa Ha puc. [-2-6. B saape xkpacHoro ruranTa HaXOJATCS 3SJEMEHTHI -
IPOJIYKTHl TEPMOSIEPHBIX PpeakInii, KOTOpble MPOJOJIKAIT HJATH B CJIOEBBIX HCTOYHHKAX
sHeprun. Ha puc. [-2-6 moxasambl jBa CJI0EBBIX HCTOYHHKA. B oaHOM, 6ojee OM3KOM K
IIOBEPXHOCTH, TJe TeMllepaTypa JOCTaTOYHA TOJIbKO JIJid I'OPEHUd BOJOPOJA, UJeT peakiiys
cunresa rejus. B Oosiee 1y1iy0oKoit objiacTu, rjie Temieparypa BbIIle, MOXKET HJTH PeaKiius
CUHTE3a YyIviepoda Hu a30Ta. HO BCeit BUIUMOCTU, B OYE€Hb MAaCCHUBHLIX CBEPXT'HTI'aHTaX
MOT'YT OJIHOBPEMEHHO IIPOTEKATh PEAKIUU /i TOpEeHHs elne 0oJiee TAKeIbIX JeMEHTOB,
HampuMep, yriaepoja. IIpoayKTel 3Tux peaknuii morpyzkKarTcs BIJIYOb 3Be3/Ibl, I 00pa3yeTcs
H30TEPMHUYECKOE PO, B KOTOPOM CHHTE3 He HjeT. Takas CTPYKTypa 3Be3Ibl CIOCOOHA
O AEeP2KUBATDH YCTOﬁqHBOCTb JIMIIBb AJECATKHN MHJIJIMOHOB JIET. B KOHII€ KOHIOB OTHOCHTEJIbHO
JIETKHE JJIEMEHTBI BBLITOPAIOT W MPOUCXOAUT KOJLJIAIIC ddpa 3BE3/bI. ,ZLHH 3Be€3[, HUMEIoInX
Maccy MeHbIlle Macchl YaHapacekapa, 3TO IPHBOAUT K cOpocy 000104YKH, HAOJIIOZaeMOil B
BHJIE IJIAHETAPHOM TYMAHHOCTH U 0Opa30BaHUIO 6e/10ro Kapauka. /s 6ojiee MACCUBHBIX 3Be3]T
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KOJIJTAIIC COIPOBOXK/IA€TCS B3PBIBOM CBEPXHOBOH M 0OOpa3oBaHHEM HEHTPOHHOI 3Be3/IbI MJIH
JepHO#t BIPHI, ecau Macca Gosblie npeena Onmenreitmepa-Boakosa !

CtpoeHue
KpacHoro
ruraHTta

Fopexue
renusa

Puc. 1-2-6. Buyrpennee crpoenue KpacHbIX THTaHTOB.

Benble kapanku

Be.)'[ble KapJIMKK - 9TO 3Be€3/bl, KOTOPbIEC HABJIAIOTCA HPOAYKTOM 3IBOJJIIOIHUN MaJIOMaCCUBHBIX
3Be3J, UMEIOINX MacCy MeHbIne Tmpejesa Jauapacekapa. TepmosiiepHasi peaxkius B ITHX
3Be3/1aX yrKe WIATH He MOYKeT W3-33 HEIOCTATOYHOCTH TeMIEpPaTyphl B SIAPE STOM 3Be3JIbI.
[ToaToMy Takme 3Be3abl OOpedeHBI Ha JOJITOE OCTHIBAHHE B TeUYeHHe JIeCATKOB MUIJIIHAP/I0B
JIeT ¥ TIpeBpallleHHe CHadaJa B KOPUYHEBBI KapJHK, a 3aTeM, B YepHbIA. DTO OYeHb
IJIOTHBIE 3Be3/1bl. HacTOIbKO 1JIOTHBIE, YTO BEIIECTBO BHYTPU TAKUX 3BE3/1 IprodpeTraeT 0codbie
cBoiicTBa. /laBienue BerecTBa Takoil 3Be3/1bI OOYCIOBIEHO B OCHOBHOM HE si/[DAMU 3JIEMEHTOB,
KOTOPbIE HAXOJATCS BHYTPHU ITOW 3BE3/IbI, a OKPYZKAIONIUM HX 3JIEKTPOHHBIM ra3oM. Takoii
ra3 Ha3bIBaeTCA BBIPOKJIeHHBIM. CTpoeHHe 0eJI0ro KapauKa MOKHO CXeMaTHIeCKU N300Pa3uTh
TakK, KaK MoKa3aHo Ha puc. [-2-7. OH cocTOUT U3 BHYTpeHHeil JacTu, cojepzkalieil KHCJI0pOoI,
YIJIEPO/, a30T U I'eJIM B HEKOTOPbIX LPOHOPUUAX B 3aBUCUMOCTU OT €r0 MacCChl, OKPY2KEHHbIX
BBIPOK/IEHHBIM 3JIEKTPOHHBIM T'a30M, U BHeIIHe#l 000/I0YKHU, COCTOMINEll B OCHOBHOM W3
Bosiopojia. Ha Bpeske sroro pucynka npunejena dgororpacdus B. Hanapacekapa - yaeHoro

U M. Pyaaunguii. Cyapba IIaHETHBIX CHCTEM.
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‘. ‘ Benblii KapanK

HopmanbHbIiA !

ras - Bogopog

i Yrnepog, renuii,
’ y a3oT, KUcnopog,
B
‘ BbIPOMAEHHOM
3NEKTPOHHOM
rase

CybpamaHbaH
Yauapacekap

Puc. 1-2-7. BuyTpennee cTpoeHne 6eJbX KapauKoB. 2

HeiiTponnabie 3Be3ab1. 1lynbcapbl

Heitrponubie 3B€3/1bl 110 CBOUM pa3MepaM O4YeHb MaJibl. Tak, Haupumep, HeWTPOHHAs 3Be3/1a,
nMvemorrast Maccy CosHIA, T0JKHA UMeTh paauyc mnopsiaka Bcero 10-12 xkm. ITostomy maxke
IIpU TO#l OrPOMHOII TeMIepaType, KOTOPYIO UMeeT IMOBEPXHOCTH TOH 3Be3Jibl, HAOJII0ATh ee C
IIOMOIIBIO IPSIMBIX HaAOIIOIEeHII He BO3MOKHO. Tak cunrasioch 10 1968 roga, Korna B 001acTu,
SIBJISTIONIEICS OCTATKOM CBEPXHOBOII, KOTOpasi BCIBIXHYIa Ha HeOOcBoge 3eman B 1054 roxy, u
KoTOpasi HasbiBaeTcss KpaboBuiHON TyMaHHOCTHIO, HE ObL/I OOHADYKEH NYABLCAP.

[Tynabcap - 3TO OBICTPO Bpalllaolnasicss HEWTPOHHAsi 3Be3/a, 00/ alIas OOJbITHM
MarHUTHBIM TI0JieM. l3-3a OrpOMHOTO MAarHHTHOTO TOJI H3JyUeHHe C TMOBEPXHOCTH 3Be3/IbI
YXOJIUT He BO BCE CTOPOHBI, & IBYM# Y3KUMU IIyIKaMH, KaK 3TO MMOKa3aHo Ha puc. [-2-7. [Toatomy,
€CJIM TAKOH IIy90K WJIK JIyd [1a1aeT Ha 3eMJ/II0, TO B TEJIECKOIIaX, B OCHOBHOM B PaUOTE/ICCKOIIAX,
Ha0JII0/1aeTCsl BCILUIECK M3jIydeHus. Bcerieck msiiydenus: pukcupyercss Ha KazkKjoMm 000poTe
3Be31bl BOKpYT cBoeil ocu. [lockoyibKy Takme 3Be3/bI, HECMOTPS HAa WX OTPOMHYIO Maccy,
BpAIAIOTCd € YIVIOBOH CKOPOCTBIO IMOpPsJIKa HECKOJIbKHX OOOPOTOB B CEKYH/Iy, TO BCILIECK
U3JIy9eHns cJIeyeT HeCKOJIbKO pa3 B CeKyHy. I3mydenme Takoil 3Be3/bI B paanoanana3oHe
nyJIbCcUpyeT. B cuay 3Toro Takume oObeKTHl U CTAIN Ha3bIBaTh MyabcapaMu. [IepBbiil OTKPBITHI

2nttp://elementy.ru/1ib/430511 http://cse.ssl.berkeley.edu/bmendez/ay10/2000/cycle/whitedwarf.ht
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mysabcap B Kpabosumnoit tymannoctu PSR B0531+21 nmemaer okono 30 000poTOB B CEKyHIY
n umeer paamyc okoso 10 kM. OH AOJATO cUHWTAICT OJHUM W3 CaMbIX OBICTPHIX. OmTHAKO
11032Ke ObLJIM OTKPBITHI IYJIbCAPbI, KOTOPbIE BpalllaloTcs ropasjio Obictpee. [lo HejaBHero
BPEMEHH PEKOP/ CKOPOCTH BPAIEHUs CPe/in HeHTPOHHBIX 3Be3/ NpuHa iezxkas myiabcapy PSR
B1937+-21, koropsriii jiestaer 642 obopora B cekyniy. Vcropudecku 3T0 ObLIT EPBBIH OTKPBITHI
MUJLTHCEKYHIHBIH Mmysabcap. Ero obmapyxkuianm B 1982 romy, m Oosee 20 jeT OH HUKOMY He
YCTYIA CBOIO JUAUPYIONIYIO mo3unuio. HemaBHO OBLT OTKPBIT HOBBIH IysIbcap ¢ eme OoJIbIei
ckopocTbio. CKOpPOCTH BpalleHHs HOBOTO dYeMIMOHA [ajakTUKW HACTOJIBKO BEJHKA, 9TO
BbI3bIBAET JlayKe HEKOTOPbIE 3aTPY/IHEHUS TEOPETUIECKOI0 Xapakrepa. B yacTHOCTH, BpallleHue
JIOJIZKHO MPUBOJIUTH K OY€Hb OBICTPBIM MOTEPSAM SHEPIUM HA U3JIyUYeHHe ITPABUTAIMOHHBIX BOJIH.
[losTOMy paHbBIIe CYATATOCH, YTO IMyJbCapoB, Aenatomux Oosee 700 0OOPOTOB B CEKYHIY,
CYIIEeCTBOBATH He JOKHO. TakzKe cooOpazKeHus yCTONINBOCTH HAKJIAIBIBAIOT OIPAHUIEHUS HA
pa3Mepbl HEHITPOHHOI 3BE3/IBI — €€ paJuyc He MOXKeT ObITh Oosbie 16 kM. [Ipu srom, keraTu,
CKOPOCTD JIBUZKCHHS €€ 3KBATOPA COCTABUT OKOJIO YeTBEPTH CKOPOCTH CBeTa. 3.

"/ marHnTHan ock

OCh BpalEeHHa

Puc. 1-2-8. Heitrponnas 3Be3na- myabcap.

3http://elementy.ru/news /430053
Unttp: //www.vokrugsveta.ru/vs/article/2725/
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Yepusbie ObIPHI

Kak yzke roBopu/ioch, 4epHbIE JIBIPBI - ITO OOBEKTHI, KOTOPHIE ABIAIOTCS IPOLYKTOM SBOJIONMH
MAaCCHBHBIX 3Be3]I, eC/IM WX Macca B KOHIE 3BOONuN Oyger Gosbine mpesesta Ommenreiimepa-
Bouskopa. Ecan ciemoBarh nNpuHsSITOW Ha CeroAHANTIHEN AeHb KOHIENIUNA 00bsICHATH CTPOEHNe
TaKuX OOBbEKTOB ¢ TOUKH 3peHus OO0IIeil Teopun OTHOCUTEIHBHOCTH, TO YE€PHYIO JIBIPY CJIeIyeT
CYNTATh 00JACTHIO MPOCTPAHCTBA, OIPAHUYEHHOI MMOBEPXHOCTHIO, BHYTPH KOTOPOil BTOpas
KOCMHUYEeCcKasi CKOPOCTb paBHA CKOPOCTH cBeTa. Pajamyc 3Toil mOBEepXHOCTH, UMerotei hopmy
cdepbl, MOXKHO pacCcuuTaTh U3 KJaacCHIeCKHX coobpazkenuii. Bropasi kocMmuueckasi CKOPOCTb
Jutst Tesia Macchl M m pagamyca R MOXKHO paccauTarh 110 (hopMmy.ie:

2GM
Vir=\ =g
[Tomcrasassa B 3Ty dbopMysny BMecTO Vi; CKOPOCTH CBETa ¢ HAXOIUM:
2GM
Rg=——.
c

OTa BeJIMYNHA HA3BIBACTCS IPABUTAIIMOHHBIM painycoM. D1y dhopmysry noryunan B X VIII Beke
JIxx. Mutuesr u [Ibep-Cumon Jlammac. Touno takast ke ¢opmysa mnoaydaercs u B OOmieit
reopun ornocureasrocT (OTO). C roukn 3penus camoit OTO sro6oit nabmomaTess, monas 3a
IPABUTANMOHHBIN PAINyC, yKe He MOYKET BEePHYThCS HA3aJl WM JlaKe MOC/JIaTh KaKyH-HUOYIH
undopmanuio o cebe. Hekoropoe npejicraBienne 0 TOM, KaK MOYKET BBIIVISJIETh Ue€pHasl JbIpa
JIJIS BHeINTHero HaOsoaaTend jgaer puc. [-2-9. Kak cieayer 3 caMoro cMbicaa 9epHOi JIbIPHI,
ee oOHaApy KeHue npejcran/ser npobaemy st acrponomon. OJIHAKO, Kak ceffdac ¢raJjo siCHO,
YepHBbIe JIBIPHI MOT'YT HAOJIIOIATHCS W3-3a IMPOIECCa MaeHusl OKPYZKAIONIero nX BEIIecTBA HA
Hux. Takoe najenne Ha3piBaeTCst akkpeyueti. [Ipu 5TOM BelecTBO pa3orpeBaeTcss 1 HATMHALT
HHTEHCUBHO CBETUTBLCs. Takoe sgBeHne MOXKeT ObITh 0OHAPYKEHO Ha OOJIBIINX PACCTOAHUAX OT
YEePHOU JIBIPHI.

Haunbosnee BakHO# 0COOEHHOCTBI0 OOBEKTOB, HA3LIBAEMBIX YEPHBIMHU IbIPAMHU, SIBILETCS
CUJIbHOE WCKPUBJIEHHE MPOCTPAHCTBA-BPEMEHH. IJTO HPUBOJUT, B HYACTHOCTU, K CHJILHOMY
3aMe/IJIeHNI0 BpeMeHu BOJIN3u Takoro oobekTa. [loaromy st BHenrHero HabJrogaTe s najaeHme
TeJl HA YEepHYIO JbIpY OyleT 3aHuMAaTh OYeHb OOJbINOe BpeMs (sl TOYeYHBIX OOBHEKTOB -
Geckoneunoe). 113-3a storo ke sdderra obpazoBanue wepuoit apipel OTO st BHemrHero
HabTOIaTeN I TaKzKe JOJKHO 3aHHMaTh NpaKTHUecKn OeckoHeunoe BpeMmd. [lodTomy ecTb
OIIpe/ie/IEHHbIE COMHEHHUsI B TOM, 9TO OOpasyiomiuecs: 00beKThl 3a mpejesom Orrenreiimepa-
Boakosa sirsirorest wepabivu gpipavu OTO. Ograko cam (hakT HCKpUBJIEHHST TPOCTPAHCTBA, 110
BCeii BUIUMOCTH, uMeeT MecTo. Ha 3T0 yKa3bpIBaloT HEKOTOPbIE KOCBEHHbBIE JIAHHBIE 110 U3y Y€HUIO
00bEKTOB, KOTOPBbIE OTHECEHBI ACTPOHOMAMHE K UE€PHBIM JIbIPAM.
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15

Puc. 1-2-9. Yepnas jipipa.

Eie oM BazKHBIM 3JI€MEHTOM HAIUX COBPEMEHHBIX 3HAHUN O YEPHBIX JbIPaX sABJISIETCS
teopust CtuBeHa XOYKHHTa KBAHTOBOTO MCHAPEHUST YEPHBIX JABIP. ITOT (PPEKT CBI3aH C TEM,
YTO COIVIACHO KBAHTOBOI TEOPUHU, OOBEKTHI ¢ TaKOil OIPOMHOI ILJIOTHOCTBIO SHEPIUU JTOJIZKHBI
POXKIATh BOKPYI cebs BHPTyaJbHbIE Mapbl YaCTHI-AHTHYACTHUIl, KOTOPBIE AHHUTHIUPYSI,
JIOJIZKHBI U3JIy9aTh CBET, KOTOPbI,[IOCTOSTHHO YHOCHT YHEPrui0 4epHoil JApipbl. CHEeKTP TaKOro
U3JIydeHus JOJI2KeH omuchiBaThcs (opmysioin [lanka ¢ remneparypoil, KOTOPYIO MOYKHO
BBIYUC/IUTH U3 MTAPAMETPOB CAMON Y€PHOI JIBIPHI. DTOT MPOIECC HACTOJIBKO BaKeH, UTO, €CJIN OH
B JICHICTBUTE/IbHOCTU PEAJTU3YETCs, TO ¢ MOMEHTa poxKaeHus BceslienHol B Hell He JO/I2KHBI OBLITH
OCTAThCSA YepHbIe IBIPBI MaJION Macchl. V13 3TOro caeayeT, 9To YepHble APl MOTVIA COXPAHUTHCS
JIMIIIb B HEHTPax raJlakTuk. depHble JbIPbl B HEHTPAX raJlJaKTUK MOI'YT UMETh MAaCChl PABHbIE
MuymoHaM Macce CoJIHIIa ¥ TOITOMY He HCHAPUJINCH K HACTOSIIEMY BPEMEHH.

Yhttp: //www.at-universe.ru/chernye-dyry-mogut-proizvodit-vybrosy/#more-115
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

1 Jleknnga 3. CouiHlle-THEBHAaA 3Be3/1a

B npegpraynux Jsieknusx Mbl onucasin obiue yejoBus B Kocmoce Ha 00JbIIMX MaciiTadax.
Boisicaniu, gro Kocmoc mnoson o0beKTOB, KOTOpPbIe MOCTOSTHHO WJIM, Ha000pOT, Kpaiitne
PEeJIKO, BBIOPACBHIBAIOT B OKPY2Kalollee MX IMPOCTPAHCTBO IMOTOKHU M3JIYUYCHHS U 3apIzKEHHBIX
YACTUIl. DTH MMOTOKU 3AIMOJHAIOT KOCMHUYECKOE MPOCTPAHCTBO M, B KOHIE KOHIIOB, JJOCTHUIAIOT
OKPECTHOCTEH COJTHEYHOH cHcTeMbl W 3eMJId - Hallleii KBapTHPBI B JOMe IOJ Ha3BaHUEM
- Tlamakruka Mieunsiii IlyTh. DTm wacTumpl W HW3JIyYeHHE WIPAIOT Ba)KHYIO pOJIb B
dopMUPOBAHUHT YCIOBUI B OKOJIO3EMHOM KOCMHUYECKOM MpocTpaHcTBe. [loaToMy mx m3ydenwue
BasKHO JIJIsT TOHUMAHWST TPOIECCOB /ISt 3TOTO pa3jiesia COBPEeMEeHHO HayKn 1 TexHuKu. (O IHaKO
ere 0oJiee BayKHYIO pOJib B (DOPMUPOBAHUH YCJIOBUN BOIN3M 3eM/IM UI'PAeT HaIla cOOCTBEHHAS
3Be3sia - CoHna. D9TO eIuHCTBEHHAs 3Be3Ja, KOTOpas BCErjia BHIHA JTHEM, B TO BpeMs Kak
OCTaJIbHBIE 3BE3/1bl BUIHBI HOUBIO. [103TOMY /U1t Ta/IbHEIIEro n3ydeHust BOIPOCOB, CBA3AHHBIX
¢ bu3nKOil MPOIEeccoB, KOTOPbIE MPOUCXOAAT BOIN3N 3eMin, B ee MarauTocdepe u armocdepe,
HEOOXOIMMO BBISICHUTH OCHOBHBIE CBOHCTBA ITOr0 00HEKTA - JHEBHOW 3BE3/IHI.

1.1 ITapamerpsr CoHIia

CosHne  sIBJISIETCST KEJITHIM KapJUKOM, OTHOCSIMUMCS K crekrTpagbHomy kiaaccy G2. Ilo
BceM OCHOBHBIM Tapamerpam CoJIHIIE sIBJISIeTCsT 3aypsiIHON 3Be3/10i, KaKWX MHOTO B HaIllei
lamakTuke. OcHoBHBIE TapaMeTpbl CoTHIIA TPeICcTaBIeHbl B ciaeayomux tabuannax [1-1,2,3.

Cpeunit auamerp 1,392-10% m (1 392 000 xm) ( 109 amameTpos

Bemumn)
DKBaTOPUATbHBIN paInyC 6,955 - 10% M (695 500 xm) [Imuna
Jlmmaa okpyzKHocTH | 4,379 -10° M
3KBaTOPA
CILTIOCHY TOCTD 9.107°
IL1omaab MOBEPXHOCTH 6,088 - 10" M2 (11 900 mromaeit 3emn)
O6béM 1,4122 - 10*" M3 (1 300 000 o6bémoB 3emn)
Macca 1,9891 - 10°° xr (332 946 macc 3emn)

Cpemnsist TJI0THOCTD

1409 KF/M3

Yckopenue Ha 9KBATOPE

274,0 m/c? (27,94 g)

Bropas KocMmaeckast | 617,7 km/c (55 3eMHBIX)

CKOPOCTh (ntst

IOBEPXHOCTH )

Macca 1,9891 - 10%V kr (332 946 macc 3emiin)
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Cosnane

DdbdexTuBHAsS 5788 K (5515 °C)

TeMIIepaTypa MOBePXHOCTH

TeMnepaTypa KOPOHBI 1 500 000 K ( 1 500 000 °C)
Temneparypa aapa 13 500 000 K ( 13 500 000°C)
CBeTUMOCTD 3,846 - 10°° Br 3,75-10%° JIm
SApkocthb 2,009 - 10" Br/m?/cp

Tab. I1-1. TTapamerpsr Coama. OcHOBHBIE XapaKTEPUCTUKH.

Hakon MJIOCKOCTH | 7,25° (OTHOCHTEIHHO TIIIOCKOCTH SKJIUTITHKHN )
BPAIEHNS
67,23° (OTHOCHTETHHO IJIOCKOCTH
laJakTUKY)
IIpsamoe Bocxoxkenne | 286,13° (19 1 4 mun 30 ¢)
CEBEPHOTO MOJTIOCA
Ckonenue ceBepHoOro | + 63,87°
OJTIOCA
Cusiepuueckuii nepuo, | 25,38 mueit (25 queit 9 u 7 mun 13 ¢)
BPAITEHNST BHEIITHIX
BH/IMMBIX CJIOEB (Ha MHPOTE
16°)
(Ha ®KBaTOpe) 25,05 gueit (7284 kM /49 wim 0KOJIO 2 KM/¢)
(y mouttocoB) 34,3 nueii

Tab. 11-2. TTapamerpsr Cosrama. Pusnveckne XapaKTePUCTHKH .

Hakson  miockoctu | 7,25°  (OTHOCHTENHHO

BpAIIeHUs ILJTOCKOCTI
SKJTUIITHKN )

Bomopon 73,46

[esmit 24,85

Kwucmopos 0,77

Vriepos 0,29

2Keje30 0,16

Cepa 0,12
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Heon 0,12
Asor 0,09
Kpemnamit 0,07
Marunii 0,05

Tab. 11-3. [Tapamerpwr Cosaia. Cocras dhorocdepsr.

29

E Yo |Bu,qm&.|i1l WHbpakpacHbli
o

£ e |

& 24 / CnekTp nanyyeHus Ha Bxoge B aTMocdepy

-

. |

g 154 \ 0

g8 CnekTp yepHoro Tena 3250 C

=

L

: / \/

E 14 f

5 III CnekTp nanyuenns
E |'I / Ha ypoBHe MopH

5 099/ "

g Il WHWK NornouleHnA
5 H.0 co, H,0
&

250 500 750 1000 1250 1500 1750 2000 2250 2500

AnviHa BONHBI, HM

Puc. 11-3-1. Cuexkrp nznyuenusi CoyrHIA.

1.2 CrangaptHaga moaeab CoJiHIIA

B 1920-x romax anramiickuit acrpodusuk ApTyp DIAMHTTOH TPEANPHUHST TOMBITKY
"3argHyTh " BHYTPh 3B€37bI, YTOOBI y3HATH ee 00Imee yCTPOMCTBO, COCTAB, IMapaMeTphl HeJp.
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Cosnane

[TogButoch 1eioe HalpaB/ieHHe B acTpopU3UKe - 3Be3/IHOe MojieiupoBanue. OTTaIKUBAsACH OT
HabJTI0/TATETHHBIX XapPaKTEePUCTHK - MACCHI, CBETHMOCTH, PAJINYCa, TEMIEPATyPhl TOBEPXHOCTH,
MOXKHO COCTAaBUTb U PEHIUTh CUCTEMY YPaBHEHUIl, Olpeje/sdionux CTabu/IbHOCTD 3Be3JIbl:
yPaBHEHUSI COCTOSHHS BEIIECTBA M I1IEPEHOCA SHEPIUuU, TIUJPOCTATHYECKON U  TelsoBOi
YCTOWYUBOCTH KaxKJ0ro 3jieMenTa obObema. [Ipegmnosarajioch, 9To 3Be3Ja - MeJIJIEHHO
Bpalarorieecs chepruiecKu CAMMETPUIHOE TeJ10, 6€3 CHIbHOI'O MAarHUTHOTO 101, BBIIEISIONIEee
SHEPIUI0 B IEHTPaJIbHOIl, camoii ropadeit dactu. Temepb MBI 3HaeM, UTO SHEPreTHKA 3Be3]T
OCHOBAHA HA TEPMOSIIEPHBIX PEAKIMSIX CHHTE3a, OY€Hb CUJIbHO 3aBUCAIIMX OT TEMIIEPATYPHI,
U MOTOMY HEHTP 3Be3/bl U €CTh ee dHepreruveckuii peakrop. He Bemast 06 srom, DiuHrTOoH
A.C. MUHTYUTUBHO MOMECTU/JI MCTOYHUK YHEPTUU B MEHTPAIbHYIO 30HY, U He omubcs. Momgenn
Pa3BUBAJIMCH 110 Mepe HAKOILIeHHd acTpOoMU3MYecKHX 3HAHUI ¥, YTO HE MeHee BayKHO,
VJIYVUIIeHUsd TEeXHUKH PacdeToB, PEe3KHil MpOorpecc KOTOpoil obecrmedman KOMIIbIOTEpH. B
HACTOMIIee BpeMsl CO3IaHbl XOPOIIIHe MOJIETN 3Be3/ BCeX KIAaCCOB - OT MOJIOABIX, Kak CoJHIle,
JKUBYIUX 3a cder '"ropenwus"BOIOPOA, JI0 CTAPHIX, MEPEHIEIINNX HA IeJTUeBOe, YIJIEPOIHOE U
GoJtee TsZKesI0e sIepHOe roprovee (KpacHble TUTAHTHI), U JayKe 10 TaKUX, KOTOPble MCYePIan
BCe TOILTMBHBIE Pecypchl (esible KapInKu, HeHTPOHHBIE 3BE3JIbI ).

Cornacao crapgaptHoit  Momgesnan, CoJiHIIE COCTOUT U3 TpeX 30H, OTJIHYAIOIIUXCS
TeMIepaTypoii, MIOTHOCTHIO W TIPOIECCOM Tepejadu SHeprun. IlenTpasnbHast 30HA (4Ip0 B
upeseax 0,2 pajuyca) - Haubojee MJIOTHAs W HArpeTasl 4acThb 3BE3Jb (peore = 150 1/cM3,
Teenter = 15-108 K). Tlepemada Tensa K rpanuiie 30HbI MPOUCXOUT 3a cUeT ¢Jab0ii KOHBEKIIUH.
DTO COTHEUHBII TEPMOSIIEPHBIIT PEAKTOP, I/le B PEAKIUAX COEINHEHUs YeThIPEX sjIep BOI0POIA
B SIJIPO TeJIUsl BBIJIEJSIETCs] SHEPrusl B MUJUTHOHBI pa3 GoJiblnast (Ha €JIUHUILY MACChl), YeM B
XUMHUYECKUX PEAKIUIX TopeHus HedTu u rasa. Boiaendrornieecs TeIIo 3aTeM ITPOXOIUT depe3
BCIO 3B€3/ly U U3JIy4aeTCsd B BUJIE CBETOBOI'O HOTOKA. TeMiieparypa MOCTElNeHHO yObIBaeT 1O
paauycy, B pe3yJbTare 4ero yzKe B CJAeYIONeH, CTATuIYeCKONW paJMallmOHHONA 30He TeMIIepaTypa
omyckaercs 10 106 K, aro memocrarouno aist simepuoro "ropenus'. Temmo mepegaercst myrem
MHOTOKPATHOTO MOIJIONMIEHUsT W W3JIyYeHHs aTOMaMHU PEHTTeHOBCKUX KBaHTOB. l[Ipomcxomaut
MeteHHag i y3us TEmmIoBoro moToKa, MOKa OH, OCThIBas, 3a MUJIJIMOHBI JIeT He JOiaer
JIO I'PAHMIBI PAJAMAIMOHHON 30HbI Ha riayOomHe npumepHo 0,75 COMHEYHOro pajuyca. 3/eCh
MeXaHM3M Ilepejladn MeHsercs Ha Oosiee 3(PeKTUBHBIIT KOHBEKTUBHBIN IepeHoc. Buerrnsis
KOHBEKTHBHAsl 30Ha HAIOJHEHa OypJsiiieil ropsideil 1a3Moil, BbIpbiBalomieiics B dorocdepy
(Proto =~ 1078 r/em®, =6-10° K).

CrangapTHas MOJe/b, HECMOTPsS Ha MPUHATBIE YIPOIIEHHsS, OTpaKaeT BHYTpPeHHee
ctpoerne COJHIIA ¢ BBICOKOH TOUHOCTHIO. C ee MOMOIIBIO TMOJYUYEHBl paauaabHble Tpoduim
IJIOTHOCTH, TEMIIepATypbl U COCTaBa BeEIIECTBA, IO3BOJILIONIME B I€JOM IOHATH BHEIIHHE
nposiBenus cBetusia. lIposiiienus 3tu Kpome o0IIeit IHEPreTUKH, 3a1aBAEMOI TePMOSIJIEPHBIM
AJIPOM, OIPEJENAAI0OTCAd KOHBEKTHUBHOW 30HOW C €€ CJIO?KHOW MArHuTHOW TIUAPOJAMHAMHUKONR
BBICOKOTEMIIEPATYPHOil I1a3Mbl. [3-3a cHIbHON TypOYJIEeHTHOCTH ILJIa3MEHHBIX IHOTOKOB H
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reHeparui MarHUTHBIX IIOJIeil ITPOecChl, MPOTEKANINe B 30He KOHBEKITNH, HAn00,/1ee 3aI1y TAHBI
1 MeHee TOHSATHBI. MBI n3ydaeM uX nposiBieHus Ha gpoTocdepe, B armocdepe u Kopore CostHIIA,
caMOM BepxXHeM, pa3pezentom cjioe armocdepst (p =~ 1071 r/em?, ~ 10° K), 1o cpoiicrsennbie
UM 3aKOHOMEPHOCTH, CKPbITBIE 101 (boTocdepoii, eme Bo MmHOTOM "Berp B cede'.

B obmiux weprax moHSTHO MOSIBJIEHUE TEMHBIX MSATEH, TEMIEPATypa KOTOPBIX HUKe Topsdeit
dapkoit ¢orocdepsl. Temuble MmaTHA 00pPa3yOTCSd HA BCILIBIBAIOIIMX MATrHUTHBIX TPYyOKax,
TaK KaK MarHHTHOE II0Jie MPEeNsTCTBYeT TeILT00OMeHy ¢ OKpyzKaromei cpemoit. ConHednas
KOPOHa, LpeacTaiollad BO BCeM BeJIMYWUKU 1IPDU 1IOJIHbIX COJIHEYHbBIX 3aTMEHUAdX, HpeacTraBjider
coDOlt HAYAJIbHBINA TAll COJTHETHOIO BETPA - MOTOKA BOIOPOIHO-TEJMEBON ILIA3MbI, KOTOpas
MPOPHIBAETCST CKBO3b TOPHI (POTOCKEPHON IPAHYISIIAN U YCKOPSIETCSI 110 MePe yX0/1a OT 3Be3/Ibl.
[louemy TemmepaTrypa COMHEYHOH KOpDOHBI B COTHH pa3 BBHIIIE TeMIeparypbl (orocdepsl,
JIOJITO OBLIIO MYYHTEJTbHON 3arajiKoii, KOTOPYIO CyMeJH pa3raJaTh TOJbKO B IOCJIEIHee BpeMs
O1aromaps HAOTIOIEHUSIM ¢ OpOUTATBHBIX 0bcepBaTopuii. Co/lHeUHBIe XPOMOC(hEpPHBIE BCIBIIKH
C BblJ€JIECHUEM 3SHEpIruu, 9KBUBAaJIEHTHOM’ B3PbIBYy MUWJIJIMOHA ATOMHDbIX 6OM6, O6'])HCHSIIOTCH
JINIIIb Ka4YE€CTBEHHO. O ﬂeTaﬂbHOﬁ MO/ieJin, KOTOpasd IMO3BOJIAJIA 6bI nupeayrajgaTb MOMEHT MU
JHEPTHUIo Ka}K,ZLOfI BCIIBITITKU, MO2KHO TOJIBKO MeYTaTh. n YK coBceM 3araJO09YHO BBITJIAIAT
KOpPOHAJIbHBIE JIBIPBI, HADJ0aeMble B PEHTTeHOBCKOM H3JIYyUYeHHH KODPOHBI, W KOPOHAJbLHBIE
BBIOPOCHI - THTaHTCKHE OOJaKa ILIa3Mbl, BBLIETAMOIINE B KOCMHYECKOe IPOCTPAHCTBO. Bce
HepevncjIeHnbie 0COOEHHOCTH Haleil 3Be3/1bl - ee He3/100HbII, HO JIOCTATOYHO CTPOruil Xapakrep
- mostyunsin HaszBauue costaednoil aktuHocTH (CA).

| /R, | TK | P.Ila | p, v/em® |
’ ObustacTh SHEProBbIIeIeHus (s1pOo) ‘

0 15 500 00 2.3-10% 149

0.1 13 100 00 1.3-10% 87.4

0.2 9 420 000 4.4-10% 35.3

Ob6aCcTh JIyYUCTOrO MEPEHOCA SHEPTUN

0.3 6 180 000 1.1-10% 12.1

0.4 5 140 000 2.7-10 3.94

0.5 3 980 000 7.0 108 1.32

0.6 3 130 000 2.1-10% 0.50

O6JtacTb KOHBEKITUH

0.7 2 340 000 6.4 - 102 0.20

0.8 1 380 000 1.6-10% 0.09

0.9 602 000 2.0 - 10! 0.02

0.98 99 600 1.7-10° 0.001
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Cosnane

dorocdepa

| 1.0

(4560

[1.2-10° [0.74-10°7

Tabsuma 11-3. /lanuabie o crpoenun CostHIIA B3ATHI U3 MYJIbTUMEIHITHOTO Kypca.

Puc. 11-3-2. I'paduk uzmenenusa temMuepaTypbl ¢ pacctogaueM or nerTpa CosHna ¢
yKa3aHHeM OCHOBHBIX 371eMeHTOB cTpoeHus CoJHIIA.

Anpo

dAnpo - nenrpasbhas obaactb CojiHIA, Ie CHOHTAHHO HPOUCXOAAT TEPMOsIEPHbIE PEaKIIHH
n BbLJAEJ/IdeTCd dHEeprud B BUAE TeIllJla U MOHIHOI'O JIEKTPOMAIl'HUTHOI'O M3JIYYCHHA, a TaK2Ke
HelTpuHO BhicOKuX sHepruii. [To macce siapo cocrasiisier npumepro 10Temmeparypa siapa 0koJ10

1

T'K
Rdepusie Honbexmud- Kopora
pearyuu HaA 3ond | Xpomocqepa

10°F

g
§;05_ a/‘\
' N\ ©
3 \\ §
X 08 W’
}0\4 IG B \.

IH |

\

0%
| | | 1 1 | 1

02 0

[
406 08 10 12 14 16 18 20 Ry

'

Paccmosnue om yenmpa

15 - 10° K, a miornocts okoo 160 r/cm?

OHeproBuIJie/IeHne B Hejpax coBpeMeHHOro Co/HIA IMOYTH IEJUKOM 00ecliedeHo pp-
peakuueii. ToNbKO B caMOM LIEHTPE POJb yIJIepoaHoro nukia gocruraer 8%. B Gosee ropsuux
3Be3/1aX OH MI'PAET OCHOBHYIO POJib. CaMble TOpsidne 3Be31bl CBETAT 33 CUeT CJAUSHUS TPeX saep

reJiud B 4IpO yIJIEPOna.

Toa. pen. Kanorosmaa. 2Kusus 3emmn B armocdepe Comama. M.: HUNA® MI'Y, 2007
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

Puc. 11I-3-3. Peaknuga cuaTe3a reingd U3 MPOTOHOB - pP-pPeakIusd

Kak nokazano na puc. I1-3-3 peaknusi cunresa ujaeT B Tpu dTara.

L'H+'H —2H +et +v+0.42 MsB

II. 'H+2H —3He+ v+ 5.5 MsB

1. 3He+3He — “He + 2'H + 12.8 MsB

Cuauajia JIBa TPOTOHA CTAJKUBAIOTCS U OJWH W3 HUX mpeobpasyercs B HeiTpoH. [1pu sTom
POXKIAIOTCS TIO3UTPOH U HelTpuHo. /Iy 3T0T0 Tpebyercst OoJibInas TemMieparypa B sijipe, 4To0bI
TeIIOBAs YHEPIHS CTATKIUBAIONINXCS TPOTOHOB OBLIA BBIIIIE, YeM SHEPTUs 3TeKTPOCTATHIECKOTO
OTTAJIKMBAHUS MeXKJIy TpOTOHAMHU. B pe3yibrare mosgBigercd gapo JeiiTepus - JAedTpPOH
2H. CroKHOBeHMs HOPOTOHOB PEIKH, HO U3-3a OIPOMHOIO MX UHCIA B SAPe PeaKius Hjer
nernpepbiBHO. 151 3TOr0 Tpebyercs OoJiblnas MJIOTHOCTHL MaTepuu B sjpe. Ha Bropom srare
SIIPO  JefiTepusi CTAJIKMBAIOTCS C eIlle OJHUM MPOTOHOM. DTa PeaKIs MPOUCXOJIUT TOPa3iio
vare. /17g BBIOpaHHBIX HayTaJ JefiTpOHA BPeMs ero CTOJKHOBEHNS ¢ KAaKAM-HUOYIb MPOTOHOM
Gyzer pasHO Bcero 1 c. B pesynbrare noasasgerca mzoron remmud S He. Ha mociaeanem stame 1sa
anpa 3He, cTalKuBasich PoKIal0T OTHO Aapo remnd *He. Bpems 3Toil peaKIun ToxKe BETHKO I
pasno 10° sier. S11po reus yrKe NPAKTUYECKH B PEAKIIMIO HEe BCTYHAET. J1jIsi 3TOr0 HeOOXOAMMbI
6oJlee BBICOKHE TeMIepaTypHl, ueM Ta, KoTopyio nmeet sapo Cosnna. Desmit 4 H e nakammmsaercs
B syipe COMHIA, 9TO CO BpeMeHeM IPUBeJeT K OCTAHOBKE sepPHOU peaKINi CHHTe3a Tejus U
npeppainennio CosHna B 6eJblii KapJIuK.
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Cosnane

SNU = Solar Neutrino Unit - coaneunas welimpurras edUuHUUA OIPEIE/IIeTCS
KaK IIOTOK HeHTPHHO, IIPH KOTOPOM B jJeTeKTope, comepzxkameM 1036 anep xmopa 37Cl 3a 1
¢ obpasyercs ojHO sapo o Ar. Tlojpobuee 0 MeTOJaX U OTKPHITUSX COJHEUHONH HeHTpUHHOI
ACTPOHOMHH MOYKHO y3HATH U3 HOOeseBCKoit eknun P./Issuca Mot [35], u crarsu [36].

Ha neitrpurnom gerexkrope “Cynep-K” 3a 500 aueit HakorieHus OBIIO MOy 9€HO YHUKAJIHHOE
CHJILHO pa3mbiToe m3obpaykenne Couana “B Jsydax neiiTpuao’. Pa3mep Bcero ydactka Hebda
90 x 90 rpajaycoB mo a (mpsmoe Bocxoxkjenue) u d (ckaonenue). HepHas TOYKA B HEHTPE -
pasmep peasbaoro Cosana. fpkocTh n300pazKeHus MPONOPIHOHAIBHA TOTOKY HEUTPUHO

Puc. 1I-3-4. N3o0paxenune CoJiHna B HERTPUHHOM T€/IECKOIIE
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

i doTochepa

JlyuHeThIi meperoc

H;[po Rcom = (0 Ik O-E)Re

T, =15410°K

T, =6210°K

Xpomocdepa }

Puc. 11-3-5. Ctpoenne Cosnna

Ob6Js1acTh JIy4uCTOTO IIEPEHOCA YHEPTUN

llepenoc sHeprum M3IydeHHEeM B pe3ysabTaTe IMOCJEI0BATETbHBIX MOTJIONMEHUH U W3JIydeHUit
KBaHTOB aroMamu (auddy3us U3IydeHus) SBJISIETCS OCHOBHBIM JIJisi GOJIBITHHCTBA 3BE3J,
HAXOJIATINXCS B JIYYHCTOM PABHOBECUU W €IMHCTBEHHBLIM MEXaHU3MOM TEePEeHOCA SHEPTUH B WX
JIYYMCTBIX 30HAX

[Ipu remmeparypax mmxke 107 K repmosepunie peaxnuu B megpax CosHna GbICTPO
3aTyXaloT, U CBETUMOCTD sIpa JIOCTUTaeT 3Hadenus: ceerumoctu Becero Cosama. [Tosromy cion,
okpyzartomme sapo ot 0.3 mo 0.7 conmHednoro pajuyca (Jiydncrast 30Ha), He WMest COOCTBEHHBIX
UCTOYHUKOB SHEPIUH, JUIID Mepen3aydaroT ee. [loTok jsiyancToil sueprun, BO3HUKIINI B d/Ipe U
MPOXOAIINI Yepe3 MOBEPXHOCTD C(hephl ¢ PAINYCOM TI', COXPAHAETCS B JIYYUCTON 30HE PABHBIM
ceerumoctu Cosana Lg:

4rr?oT* = const = L,
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Cosnane

Cornacao 3akony Credana-BosbiiMaHa IJIOTHOCTb IOTOKA HU3JIyYeHHUs, MPOHOPIUOHAIBHA
YeTBEpPTOil cTemeHH TemmepaTypbl. [losTomMy B JydmcToii 30He TeMIeparypa OOpPaTHO
IPONOPIMOHAJBHA, KOPHIO KBa[PATHOMY W3 T:

T ~ 7,_71/2

Ha Bcem mpoTsizKeHWH Jy9IHCTOIl 30HBI M3JyYeHHE MEPEHOCUTCHA OT CJIO0S K CJIOI0 TOJBKO B
pesynbrare nudy3un w3y IeHus.

3o0Ha KOHBEKIIUN

B kouBekTHBHO# 30He OTJEIbHBbIE ‘Tieperperbie’  3JIEMEHTHl  CPEeJIbl  MOJHUMAIOTCS,
BBICBEUMBAIOTCS W OXJaxkaaTcst (Gesble crpesiku). VX BepXyIKW MPOCMATPHBAIOTCS B
dorocdepe B BHje APKUX T'PaHyJ H CO3JAI0T OOILYI0 KapTUHY rpaHyadinun. OmycKaonuecs
0oJtee “XOJIOMHBIE” CTPYH HAUYMHAIOTCA B TEMHBIX MEXKTI'PaHYJIbHBIX ITPOMEXKYTKAX, CAUBAIOTCS
B 001He HOTOKH BHU3 M 3aBEPIIAIOT ITOT MUKIMIECKUIl HPOIECe (4epHBbIe CTPEJIKH)

dortochepa

dorocdepa - camas Tiyookas dacth armocdepsr Cosnma. Ona npeacraBiasieT coboil OYeHb
y3kuit caoit 10000 kM, B KOTOPOM TeMIlepaTypa JOCTUTAET CBOET0 MUHUMYyMa, CHadaJa OdYeHb
GBICTPO YMEHBIIASCH JIO TeMIepaTypbl mpuMepHo 10 4560 K, a 3arem pe3ko yBeauunBasach (CM.
Puc. II-1 u II-2). B auknux ee ciosx remneparypa npesbimaer 6000 K, a Bo BHenmHuX c/10s1X
dorocdepnr TemepaTypa J0CTUTaeT MUHAMAIBHOTO J1/1st Bcero CoJTHITa - 3HAYeHUsT 0KO,J10 4560
K. Nmenno sta objacTh ¢ MUHUMAJIBLHON TEMIEpaTypOil MOYXKET CUYUTATHCS “TIOBEPXHOCTHIO”
Cousana. Ilpu Takoit Temmeparype Tobko oauH u3 10000 aToMoB BOJIOPO/ia HOHU30BAH.
Bwmecte ¢ TeM BO CTOMBKO Ke pa3 MeHbIIE KOJUYECTBO ATOMOB TeX 3IeMEHTOB, KOTOpbHIe
JIEPKO MOHU3YIOTCsI, OT/aBasi XOTs Obl OJMH JIEKTPOH (B OCHOBHOM 3TO MeTaJibi). [Tosromy
B 1ejioM BerecTBo dorocdepbl Jaxke B 00/aCTH TEMIEPATYPHOI'O MUHHMYMa I1POJI0JIZKAeT
OCTaBaThCs CUJILHO MOHM30BAHHOI ropsiveii nia3moii. HepaBaoMmepuocTs ceedenust porocdep
o0ycI0BIeHa HEPAaBHOMEPHON HArDETOCThbI0 KOHBEKTUBHBIX d4eeK, KOTOpPble HelMOCPeICTBEHHO
conpukacaiorca ¢ dorocdepoii. KonBekTupuble gueiiku B ¢orocdepe HAOIIOIAIOTCI B BUJIE
2PAHYAAUUY, MHOKECTBA JIOCTATOYHO OBICTPO W3MEHIIONIUXCI €O BpeMeHeM o0JacTeir ¢
HOBBIIEHHON B IEHTpe U IOHMXKEHHOW 1O KpasM Temieparypoit. Ho npu orpejeseHHbIX
YCJIOBUSX Ha MMOBEPXHOCTHU (poTOChephbl 00pa3yIOTCsS OTHOCUTEIHLHO TEMHBIE U XOJIOAHBIE 00/ IaCTH
- CONHEYUHBLE NAMHA, KOTOPbIe HMeI0T 3aMeTHO OOJIbIIIee MATHUTHOE TI0JIe, 9eM OKDPYKAIOIIe
obmacTu.
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

ApKH | > Kopona

dDotocdepa e

o

D) (' |

0006 "0
¢ (1 ‘D ..) (‘.T)

KoHBexTHBHAS 30Ha
Puc. 1I-3-6. @orocdepa. Miumocrpaius B3aumMoieificTBus ¢ KOHBEKTUBHBIMU sideifiKaMu

Xpomocdepa

Xpomocdepa 9T0 HEOITHOPOIHBII 110 CTPYKTYPE CJIOi COTHedHOiT aTMOChePhl, PACIOIOKEHHBI
HerocpecTBeHHO HaJ  dorocdepoit. Xpomocdepa Ha3BaHa TaK 3a CBOIO KPaCHOBATO-
dunoneroByo okpacky. OHa BUIHA BO BpeMsi MOJHBIX COJTHETHBIX 3aTMEHWI KaK KJIOYKOBATOE
sIpKOe KOJIBIIO BOKPYT 4€épHOro jucka JIyHbl, ToIbKO 4TO 3aT™MuBIIero CoJtHIE.
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Cosnane

Puc. 1I-3-7. Xpomocdepa. Apkuit 0601 Bokpyr jmmmba Costaiia.

Xpomocdepa BecbMa HEOTHOPOAHA U COCTOUT B OCHOBHOM W3 NP000A208aAMDBLEL
BBUMAHYMBLT A3BIUK08 (CTUKYA), IPUIAIONINX eil BUJL ropsiieil Tpasbl. Temmeparypa 9Tux
xpoMocdepHBIX CTPYil B JABa-Tpu pasa Bbilie, yeM B (poTrocdepe, a MIOTHOCTh B COTHH ThICAY
pa3 MeHbIIIe.

O6mmag npoTskKEéHHOCTh XpoMocdepnbl 10—-15 Thic. KumomeTpoB. TemmepaTrypa XpoMocdeps
pacter ¢ Boicotoit ot 6000 K ;10 npumepno 20 000 K. IIpu Takoit remieparype B xpomocdepe
Conana ¢opMupyercsi HHTEHCUBHOE W3JIyYeHWe B JIMHUSX aTOMa BOJOPOIA, B YACTHOCTH B
suaun H-anbda.

Opnnoit w3 HamboJiee MHTEPECHBIX JeTaseil, KOTOpble MOXKHO HAaOII0ZATh B Xpomocdepe
Ha u300paxkenusix B Juaun H-aibda, sBisiorcs npomybepaHybt, 1TpejCTaB/Isgonme co0oi
00J1aCTH TJIOTHOW XOJIOJHON ILIa3Mbl, MPOHUKAIOIINE BBHICOKO B KOPOHY W TI0 JTOH NpUYWHE
BUIUMBIE HAJI COJTHEIHBIM JTUMOOM. U3tyaenune xpomocdepnt Cosnna B aunun H-anbda jgexnr
B BUJIUMOIl 00JIaCTH CIEKTpa M HMeeT APKUl KPACHBIM I[BET.
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

MpumepHLIA pazmep 3emnn

Puc. 11-3-8. IIpoTyGepanen B cpaBHeHHHU ¢ 3eMieil. 2

Poct Temmeparypsl B Xxpomocdepe oObICHSIETCS pacHpoCTpaHEeHHEeM BOJH U MATrHUTHBIX
1oJ1ei, TPOHUKAIOIKMX B HEE U3 KOHBEKTHBHOW 30HbI. BeliecTBo HarpeBaercss HIPUMEPHO Tak
JKe, KaK ecjim Obl 9TO MPOUCXOAMJIO B THTAHTCKONH MUKPOBOIHOBOI meun. CKOPOCTH TEIIOBhIX
JIBUKEHUI YaCTWI] BO3PACTAIOT, yUYaIlalOTCSd CTOJKHOBEHUS MEXKIy HUMU, U aTOMBI TepPSIOT
CBOU BHEIIHHE 3JIEKTPOHBI: BEIIECTBO CTAHOBUTCA ropsdeil MOHM30BAHHON ILTAa3MO. DTH Ke
dbusnIecKne nporecch MoIIepKIUBAIOT U HeOOBIYaiiHO BBICOKYIO TEMIIEPATYPY CaMbIX BHEITHUX
CJIOEB COJTHEUHOU aTMOchepbl, KOTOPbIe PACIOIO0KEHBI BBIIIE XPOMOChEpPHI.

Kopona

B xpomocdepe Temiieparypa ObICTPO pacTeT, YCHJIMBAETCA HOHU3AIUsI BOJOPOJA W JIPYTHUX
9JIEMEHTOB, W TaM, TJIe OHa JOCTUTAeT MOYTH MUWIINOHA rpaaycoB KemanbBuHa, xpomocdepa
MEPEXOIUT B TOPSIYI0, CHJIBHO Pa3pekeHHYI0 ILTa3My - KOpPOHY, KOTOpas PAaCIIHpPSIeTCsS B
KOCMHYECKOE TPOCTPAHCTBO, 00PA3ysl COTHEUHBIN BeTED - MOTOK 3aPSAKEeHHBIX JaCTHUIL (I1a3My ),
yBJIEKAIOHU ¢ cODOI0 CUJIOBbIE JIMHUU COJTHEYHbIX MAIHUTHBIX 110JIeil 1 00TeKAIONUil 3eMHY IO

Zhttp://tvsh2004.narod.ru/astr_sun/ss_sun5.html
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Cosnane

marautocdepy. Ha puc. 1[-3-5 mokazaH CHUMOK KOPOHBI, CA€JaHHBIA C 3eMJIH, ¢ XOPOIIUM
paspemenneM. Ha cHumvke obiacts BOM3u juMmOa CoJiHIIA, UMEIONAsl CHPEHEBBIl IBET,
xpomocdepa.

G Milloslay D

Puc. II-3-9. Conneunas kopona. >

Kopona mensiercss B 3aBucumoctu oT aktuBHocTn Cosraia. [lepByio Kiaccudukanuo THIOB
Koponbl cozan Autexceit Ilasiosuy Nanckuit. D1a kiaccudukaius nupusejena na puc. 11-3-6 4

3CHnMoK cmenan Mupocaasom JpakMiizepoM http://www.infuture.ru/article/3126
4 Kuzmn Semn B armocdepe Comnana. Tlox pe. 9.B.Kanonosuya. ML,
2007;http://www.astronet.ru/db/msg/1212879
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Puc. 11-3-10. Knaccnduxamua tunos xkoporst no A.IT.Tanckomy. °

B cosiHeuHOl KOpOHe cpejiHds TemIepaTypa paspexkennoro rasa okoao (1 —2)-10° K. On
IIOYTHU IMOJTHOCTBHIO HOHI/ISI/IpOBaHHbIﬁ U COCTOUT U3 IJICKTPUYIECKU 3aPAKEHHbIX YaCTUIIL. TaKOfI
I/IOHHSI/IpOBaHHbIﬁ ra3 Ha3bIBAETCSI MJIA3MOI. FpaBHTaHI/IH B OJJUHOYKY HE MOXKeT yAepzKaThb ero
B Cosnne. 910 ObL710 ycTaHoBgaeHO B 1950-e rojibl, KaK U3 HAOJIIOJEHNN, TaK U U3 (PU3HIECKUX
coobpazkennii. [lepBoHadaibHOE 00ObACHEHHE COCTOUT B MPEJIOJIOKEHUH, UTO U3-3a OIPOMHOI
TeMIIepaTypbl Ta3a KOPOHA JIOJIZKHA PACIIUPSITHCI CO CBEPX3BYKOBOU CKOpPOCTHIO 0T COJIHIA.
B nacrosiimee BpeMst 9TO yTBep:KJEHHE IMOABEpPraercsa COMHeHn0. Kak ObLIO yCTaHOBJIEHO C
nomotnbio cnytauka Ulysses, opoura koToporo mpoJseraaa waa nosaocamu CosHia, ObICTPhIi
COJIHEUHBI{i BeTep JIyeT U3 KOPOHAAbHHE duip. [losromy ecth runoresa (Becemosekuit U.C.),

> Anexceii [Tasnosuy Tanckuii , (8 uons (20 mions) 1870, c. Hukonaeska (Tanckoe) (mbie Oecckast 061acTs),
Amnanbesckoro yeszaa Xepcouckoil rybepuun. Ymep 29 uwong (11 asrycra) 1908, Cumens)
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Cosnane

COCTOdIIad B TOM, YTO COJIHEYHBII BeTep IOPOZKIACTCA IJJEKTPOMAarHUTHBIMHA IIPOIECCaMU B
mia3Me B 00J1aCTH KOPOHAJBbHBIX JAbID, I'/Ie BEJINYNHA MAarHUTHOI'O IIOJIZ BBIIIE.

[Iponet Hag :
CEBEPHBIM
MTOTFOCOM
CEHT-ICK.

2001

| Teprremmit

IIponet Haxg
FOUKHBIM
MOJTFOCOM
Cenrt 2000-
aus. 2001

Puc. 11-3-11. Op6ura kocmuveckoro anmapara Ulysses (Yomce)

Koponasbubie apippr (K1) — nporszkeHubie 001acTH KOPOHBI C CHJIBHO IOHUKEHHOT
SIPKOCTHIO, Hab/01aemMbie B peaTrene Ha jaucke Comrna. [1I0THOCTH KOPOHBI B 3THX 00JIACTIX
Menbire. KJ[ aBIg0OTCS MCTOYHWMKAMHU YCUJIEHHOTO COJMHEIHOTo BeTpa. KJI coxpansgrorcd B
TedeHne HeCKOJTbKHUX COTHEIHBIX 000p0oToB. Bo3zMoxkHo, nmernno K /I obyciaBanBaioT H3BECTHY IO
27-JIHEBHYIO IIOBTOPSIEMOCTh MHOTHX I'€O(DU3UIECKUX SIBJICHUIA.

KoponaJibHbIe JIBIPBI OTIHYAIOTCS OTCYTCTBAEM PEHTT€HOBCKOTO M3JIYUEeHHS U3-3a CUJIHLHOTO
YMEHBIIIeHUs TJIOTHOCTH ILTa3Mbl KOPOHBI B HUX. KopoHaIbHBIE JBIPBI 00pa3yIOT paauaabHbIe
«KOPHJIOPBI» YCUJIEHHOTO cOoJiHedHOTo BeTpa. Jepes K/ yckopeHHbIe TOTOKH COJIHEYHOI'O BeTpa
u CME, mopozkieHHbIe BCIBIITKAMEI, PACITPOCTPAHSIOTCS B KOCMIYIECKOE IIPOCTPAHCTBO, 00pa3yst
POTsIzKEHHbIe 00JIACTH B COJIHEYHOH KOPOHE, OTJIUYAIONINecs OTCYTCTBHEM PEHTIE€HOBCKOIO
U3y ICHU.
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Puc. 11-3-12. KoponaabHbIE TBIPHI

2 Jleknuga 4. Marantaoe noje Coaana. CoJaHedHBIIT BeTep.
I'enmnmocdepa

2.1 /IuddepernmasibHOoe Bparienue CoJHITA

B 1912 r. JI. Xeiin (CIIIA) o6uapyxun craboe (mpubmusurenbHo 1 Tayce) obiee MarHuTHOE
noste (MII) Courna. Ba0KOK mpeanookui, 94ro, moJg00H0 3eMHOMY, OHO UMeEeT JIUIOJIbHbII
XapakTep, HO CKOHIIEHTPHUPOBAHO BO BHEIIHHUX CJI0sX, ObJaafiux guddepeHiimaibHbIM
Bpamennem (BHentane cjon COJHIIA BPAIMAIOTCS CO CKOPOCTHIO, MEHSIOIIEHCsT ¢ TTHPOTON.
Cwm. Puc. 11-4-1). Cornacuo 3akoHam MakcBesia, mepeMelenne MArHUTHBIX TOJIel co3/1aer
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Cosnane

9JIEKTPHYECKHEe TOKH B IIPOBOJHUKE (B TOM YHCJIE U B IJIa3Me), MATHUTHOE JeHCTBHE KOTOPBIX,
10 3aKOHAM 3JIeKTPOMATHUTHON MHIYKIINHU, IIPEISTCTBYET BBI3BIBAIOIEMY UX IepeMernteHnio. B
urore, 1JjiadMa B CAUJIbHOM MAal'HUTHOM 110JI1€ MOZKET IlepeMeliaTbCdAd TOJIbKO BIAOJIb €I'0 CUJIOBBIX
Jsuauit. Hanporus, ecjin KuneTnvyeckas SHEPrus JIBUKEHUs IJIa3Mbl BeJIUKa, TO 6ojiee cjiadbie
MOJIsi OHA YBJIEKaeT ¢ coDO0I0, KaK eciu Obl OHM OBLIN BMOPOYKEHBI B Hee.

Havoro

doxcenen

IR RRRRE!

B 360°
14°4—2°7-sin’ @

@) =14°4-2°7-sin’ @

cad

34

Puc. 11-4-1. Indpdepenmmannnoe spamenne Conmna, b

Hunamo 3p@deKT - ycuIeHme MATHATHBIX II0JIeil, OOYCJIOBJICHHOC HEKOTOPLIMH BHIAMU
NBUKeHUs I1a3Mbl. [Ipu KadecTBeHHOM ONUCAHIH H3HAYAIBLHO IIPEII0IaraeTcs, YTO MarHuTHOe
nosie CoJHIA COJEPXKUT B KAYeCTBE COCTABJAIONINX TOJOUAATBHOE (a) u Topougaabaoe (6)
I10JId. B HepBOM CHUJIOBbBIEC JIMHUA HaHpaBﬂeHbI 110 MepI/IﬂI/IaHaM, KaK II0JI€ ,Z[I/IHO.Hﬂ, BO BTOpOM
- 1O mapaJuiesisiM, Kak IoJie HPsIMOr0o TOKa. IIpuM HeojHOPOJHOM BpAallleHHM, KOIJla pa3Hble
CJION MMEIOT Pa3HyI0 YIVIOBYIO CKOPOCTL , BMOPOZKEHHAs CHJIOBAA JIUHHA MOJOUIATBHOIO IO
3aKpYUHBACTCA - OJHH €€ YaCTH yXOAAT BIepe] II0 CPAaBHEHHIO C JpYrUMH n3-3a 3pdexTa

Shttp://www.kosmofizika.ru
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"BmopozkernHocTn'". B cooTBeTCTBHE ¢ 3aKOHAMH 3JIeKTPOMArHUTHON HHAyKIun 6osiee ObICTpoe
BpallleHHe y SKBATOpa HHIYIUPYeT IOMOJTHUTEIbHOe MATHHTHOE IoJjie. B mrore, MarHuTHBbIE
CUJIOBBbIE JIMHUYM KAK Obl BBITSTHBAIOTCS BOKPYT OCH BPAINEHUsI, YCHJIMBAs MATHUTHOE 110JI€ 33
caer Topmokenust Bpaiienust (2-3ddekr). dunamo-sddert Oyger paccMOTpeH B JIEKIHIX O
MarHuTHOM MoJjie 3eMyn 6ojiee moapoOHO.

L)

Puc. 11-4-2. IlosonnaapHas 0 TOpOUAAIbHAS KOMIOHEHTH MarHuTHoro noias ComHma *

2.2 CoJuaHedyHass KOPOHA 1 COJIHEYHBI BeTep
ConHeuHbIil BeTEP

Teopusi Ilapkepa COJIHEYHOTO BeTpa CTPOUTCA Ha CJAEAYIOMUX MpeanoioKeHusax. llepsoe
COCTOHUT B TOM, YTO COJTHETHBI BETEP - STO THIPOIMHAMUYECKHUIT MOTOK, BOSHUKAIOIINA B KOPOHE
Couana u3-3a 00JIBINOI ee Temueparypbl (TepMUYECKHH BeTep) W HALDPABJIEHHBI HAPYZXKY.
CKOpOCTh €ro J0CTaTOYHO BeJUKa, 4TO Obl NPEoJ0JeTh CUJIy TAroTeHus. [109ToMy nepBbIM
ypaBHEHHEM TEOPHUH SABJISIETCS ypaBHEHNe Difiepa paInaabHOr0 TeUeHNs ra3a B M0Je TATOTeHWST
Connna:

(2.1)

Bropoe ypaBHeHme - 3TO Tak»Ke ypaBHEHUE THIPOANHAMUKH, BhIpaykarollee 3aKOH COXpPaHEeHU S
MacChl, KOTOpPOe NpH paIuaJIbHOM CTAI[MOHAPHOM TEeUYeHHUH Ta3a OyjaeT UMeTb CJIe YOl BHI:

priu = poraug = I = const. (2.2)

[Tocnienee ypasuenue teopuu [lapkepa upejicrabiisier ypaBHEHHE COCTOSHUS T'a3a, KOTOPOE
MOZKHO 3alluCaTh B Pa3HbIX BapuaHTaX. B HpOCTefIH.[eM CJIydae MO2KHO IpPEeAIOJIOZKUTh, YTO I'a3

"http://www.nmdb.eu/?q=node/288
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BeITeKast u3 Kopoubl CostHia, He u3Menger remmeparypbi: 7' = Ty = const [7]. B srom ciaygae
HMeeM CJIeIyIoNiee YpaBHeHe COCTOSHIMS:

p=2yr, (2.3)
mp
rae m, - Macca 4acTHI] BeTpa, T.e. IPOTOHOB.
JIpyroe mpe/IoioKenne COCTOUT B auabaTHIHOCTH MOTOKA [8], KOTOpoe MOXKHO 3aIucarh
B CJIeIYIOIIEM BH/JIE
P=Kp. (2.4)

B ofonx ciaydagx aHaaM3 NOPUBOIUT K IIOXOXKHM pEe3YJALTATAM, IMOITOMY [ IIPOCTOTHI
pacemorpum Gostee mpocToit n3orepmudeckuii ciaydaii. [logcrasisis B (2.1) Beipaxkenus (2.2)
u (2.3), nomydaem:

1d 2T 1d GM,
ldu  2kT1ldp  GMo

=0
wdr  m, pdr r2 ’
. 1d 2kT 4kT1  GM, 1 /4kT
Liu(o KTy LU GMo LAy 23
u dr My my T r 2\ m,
D10 ypaBHeHHE UMeeT UHTerPaJl ABUYKEHUs CJICLYIONIero BUIA:
1 kT GM. GM.
—(uQ—u§>+2—(lnp—lnp0>: S = (2.6)
2 mp T 70

[IosTOoMy JIeTKO MOYKHO BBINHCATH peIleHus TMPHU 3aJaHHLIX MTapaMeTpax COJTHEYHOTO BeTpa.
OnHako yjmo0Hee MPOBECTH KaueCTBEeHHbIN aHAJIN3 STOr0 PelleHus OCHOBBIBASICH HA YPABHEHUH
(2.5).

O6paruM BHEMaHHE HA TO, YTO B IPABOl YacTH ypaBHeHHUs (2.5) CTOUT TOJBKO PaIHaIbHOE
paccroguue ot meaTpa Comana. Kak BugHO, 3Ta MYHKIUS 0OpaIiaeTcd B HOJIb HA HEKOTOPOM
KPUTHIECKOM PACCTOSTHUU 7. 0T COHIA, KOTOPOe UMeeT CJIeAYIOMMi BU/I:

_GMQmp
- 4kT

Te

Ha stom paccrognmu or CoJiHIa, KOTOPOe OIpeesieTcss TOJbKO TeMuepaTypoit 1, moszKHa
obpalarbCst B HOJIb U JieBasi 4acTb ypaBuenus (2.5). [loaromy B 910i TOUKe J11OO CKOPOCTH
JIOCTUTaeT MUHUMAJILHOI'O MJIM MAaKCUMAJIbHOI'O 3HAYEHUSI ¥ BBITIOJIHSIETCS YCJI0BUE:

du
dr

r=rc

:(:]7
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aubo
9 2kT
r=rc = my
Bo Bropowm citydae nmeem:
2kT
U, =+ ,
mp

9TO TAKKe olpe/ie/isiercs TeMieparypoii. Takum o6pa3oMm, Bce Bo3MOXKHbBIE Tpaduku u = u(T),
KOTOPBIE COOTBETCTBYIOT pemieHusiM (2.6), pacmaJaloTcs Ha YeTbipe Kaacca.

20—

u(r)

038 |
i,

06 —

04 —

02—

Puc. 1I-4-3. UnrerpaJibubie Kpubbie peiienusi ypasuenuii [lapkepa jijist cCOJTHEYHOTO BeTpa B
N30TEePMUIECKOM CIIydae.

Otu Kkpusble npejcrapienbl Ha puc. [1-4-3. [lns nx mapamerpusanuu coorHomexue (2.6)
OBLIIO TTPEeJICTABIEHO B BUJIE:
A
U2—1nU:2lnR—}—2+B,
rae U =u/Vy, R=r/ro,
_ 2G Mg u? 4ET

B=—-A V= .
7‘0‘/02’ %2 ) 0 m,

A
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[TapameTpsl ug W 7( - HadaJbHBIe 3HAaUYeHUs Ha rpaHnre Kopoubl. Kpusble na puc. 11-4-3
moJTydeHbl s pa3andubix A mpu durcupopannom B = 1. /g sroro caydas R, = 0.5 u
U.=0.5.

Cunne kpusbie Ha puc. 11-4-3, sexkamume HuXKe KPUTHIECKOW TOYKH, OMUCHIBAIOT TMOTOK,
KOTOPBII mMeeT Majyio CKOpocTh y moBepxHocTu COMHIIA W BAAIN OT HEro YyOBIBAIOIINI
mo 3akoHy u ~ 1 2. CKOpOCTb €ro BO3pacTaeT JUIIb BOIU3H KPUTHIECKOTO PaIHyCA.
Cunne KpuBBIe, JIeXKAIUe BHIIE KPUTHIECKONR TOUKH, OMUCHIBAIOT TOTOK, UMEIOIUil DOJIBIITYIO
CKOPOCTh BOJIM3U 1MOBEPXHOCTH U BAa i 0T COJHIEA, YBEIXIUBAOIIMIICA ¢1ab0 ¢ PACCTOSIHUEM
no 3akony u ~ (2Inr)Y/? Kpacmble Kpupble cripaBa OT KPHTHUECKOH TOUKH OMNHCHIBAIOT
MOTOK, KOTOPbINl 00TEKaeT COJTHEUHYIO KOPOHY ¢ 0O0JIbINOoi cKopocThio. KpacHbie KpuBbie cieBa
OIIMCBLIBAIOT TIOTOKH, KOTOpbIe pozKaatoTcs Ha CoJiHile, HO ONSTh BO3BpAIIAIOTCS HAa HEro. JTa
MOJIeJTb UMeeT HeJIOCTATOK, COCTOAIIMII B TOM, YTO IMOJyY€HHbIE€ PEIIeHUs OMUCHIBAI0 MOJIY/Ib
CKOPOCTH COJTHEYHOTO BeTpa W HUYEro He COODIIAI0T O ero HaIpaBIeHnHn. B pe3yabrare, CHHHE
KPUBbBIE MOTYT OIHUCHIBATH MOTOK, KOTOPBIi Hanpas/eH Kak K Cosrairy, Tak u o1 Hero. Onu b
GuUKCHPYIOT BeIUYNHY CKOPOCTH MOTOKA Ha 3aaaHHOM paccrosaunm or Cosnna. B Hacrosimiee
BpeMsT TPEIO/IaraeTcsi, YTO OCHOBHYIO POJib B (POPMHUPOBAHWH MOTOKA nMeHHO OT (CosHIa
UI'paeT ero MarHuTHOE IoJie U ero (pJIYKTyalun, 0COOEHHO 3TO OTHOCUTCA K OBICTPOMY BETDY,
JYIOTIEMY U3 KOPOHAJBHBIX JbIp [13].

Kax okasbiBaercst (cm. [8]), eciu He mpuHHMATH B PACYET HEBO3MOMKHOCTL C IIOMOIIBIO
PACCMOTPEHHO MOJIE/ I N30TEPMHUIECKOTO COJTHEIHOTO BETPA OIPEJIe/INTh HAIPABICHUE BETPa,
TO OTHOCHTEJIHLHO XOPOIIO 9Ta MOJEJNb ONUCHIBAET PEAJbHYI0 CHTYAIMIO (JJIsT BBITEKAIOIIETO
BETpA) JIUIIh B 00JACTH JI0 KPUTHIECKOi TOUKH. [Ipi GOIBIIHX PACCTOSTHUSX JIy UIIe MOAXO/TUT
ajmabarnieckas MoJeh ¢ Y = 5/3.

B aefictBuTesibHOCTH COJIHEYHBIH BeTEp - 9TO TOpsdas ILIa3Ma, BBITEKAIOMAs U3 U3
costnevqrnoit kopoubl or Cosaiia co ckopoctbio or uyTh Huke 300 mo Gosee wem 1000 Km/c
BO BpEeMsI MTEPEXOIHBIX COOBITHi. MOXKHO BBIIEIUTD JIBA PEKUMA Y CTAHIAPTHOTO COJTHETHOTO
BeTpa: OBICTPBIN COJIHEUHBIII BeTep, BBHITEKAIONNH U3 KOPOHAJBHBIX JIBIp Ha cKopocTh 10 800
KM/C, U MeJJIEHHBIH COJIHEUHBIHl BETep W3 JPYTUX PErHOHOB B KOpOHE (0COGEHHO B GOJIbIIHMX
CTPYKTYypaX, Ha3bIBAEMbIX KODOHAJbHBIE CTPUMEPBI, XOPOMIO u3BecTHble u3 (ororpaduii
3armenuii) co ckopocrbio 10 400 KM/c. Berep coctouT B OCHOBHOM U3 3apsiZKEHHBIX YACTHIL:
[POTOHOB, JEKTPOHOB U ¢ HEOOJIBION 106aBKOi (5%) HOHU3MPOBAHHOIO TeJIHsl U HECKOJbKHUX

MOHOB TSZKeJIbIX 37IeMeHTOB. Bce 9TH 3/1eMeHThl MOYKHO O0OHAPYZKATH Ha N300paKeHUsIX HA PIHC.
I1-3-8 u II-3-11.
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[TapameTpsl COTHEYHOTO BeTpa, U3MEPEHHbIE B KOCMOCE OKOJIO 3eMJIH:

ITapameTp BricTpriit Betep | MenieHHBIH
BeTEp

CkopocTh 500-800 kM /c 250-400 kM /c

ILlnorHOCTH 3-10° M3 10-10% 3

TemmepaTypa 2-10° K 4-10* K

IPOTOHOB

TemmepaTypa 1.2-10° K 1.5-10° K

9JIEKTPOHOB

Maruaursoe noJie || 2-10 5T 2-10 5T

Tabmuna 11-3. [Tapamerpsr CostHEYHOTO BeTpa.

CostHewHBIT BeTEep HEOIHOPOJEH B TPOCTpaHCTBe. PajunajibHasi 3aBUCHMOCTH HamOoJIee
HO,ZLpO6HO n3y4dyeHa MpPpAMBIMH METOJaMH B6JII/ISI/I MJIOCKOCTHU J3KJUNTHUKNU Ha PACCTOAHUAX OT
npubmmsuTebao 0,3 a.e. 10 HECKOIBKHX JIeCATKOB a.e. Hambosee ymaeHHBIE KOCMUYIECKHE
ammmapaTtsl Pioner10,11 Voyagerl,2 mocie Tpex mIecITKOB JieT CBOEro ToJeTa JOCTUTIIN
paccrosinuii nopsijika 80-100 a.e. Kak O6b1/10 n3MepeHo 3TuMu aiapatamu, JIOTHOCTh IIPOTOHOB
n M WX HOTOK N youBaioT ¢ yaagenuem ot CosHna 10 3axony 6m3koMy K ~ 1~ 2. CKOpocThb
COJIHEYHOTO BETPA MaJji0 MEHSIeTCSl C PACCTOSTHHEM. leMIeparypa 3JIEKTPOHOB TaKKe Ca1abo
3aBHCHT OT paccrognus. Temmeparypa mporonos 3a opburoii 3emmu T, ~ r~%%2 cormacno
napapiM KA "Pioneer-10"upu momere or 1 go 12.2 a.e. B 1972-1977 rr . MarauTHoe moJe

ocsrabsisiercs ¢ yaasenuem or Couiia B rpyOdoM coorBeTcTBUU ¢ MOjIeibio [lapkepa.

Crnupanap Ilapkepa

Baxubim sementom teopun [lapkepa sBiisiercsi BO3MOXKHOCTH ONUCATH TO, KaK BBITJISIIAT
CUJIOBBIe JUHUU MarauTHOoro moJsg Cosnna Bmaau or Hero. Hambosee BayKHBIM 3JIeMEHTOM
Mojiesin MaruuTHOro nossg CoJtHia, mpeitoKennoit [lapkepoM, nurpaer ycioBue BMOPOKEHHOCTH
MarHuTHOrO 1OJIs B 1ia3My. llpu BbIIIOJIHEHUM 3TOIO yCJIOBUS MArHUTHOE 10JI€ ZKECTKO
CBS3BIBAETCH C YaCTUIAMHU IJIA3Mbl U [EPEHOCUTCS HMMHU. YCJIOBHE BMOPOXKEHHOCTH
BBITIOJHSACTCA, €CAM TJIOTHOCTh KHHETHUEeCKO#H 3HepruM ImiasMbl pu?/2 Goibllle MIOTHOCTH
SHePrHd MaTCHUTHOTO mojig B2/8m. DTo yciaoBue BLINOIHAETCS JJIs COJTHEYHOTO BeTpa H3-3a
JIOCTATOYHO OOJBINOI MTOTHOCTH.

PaccmorpuM MareuTHOe T0oJie B mIockocTn dkBaropa Comnna (hakTHaeckn SKINTTHKH).
s MAarHUTHOTO TOJS B 3TOW TJIOCKOCTH BBITIOJHAETCS yPaBHEHHE OTCYTCTBUS MATHUTHBIX
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3apI0B:
divB = 0.

B HOJ’[HpHOﬁ CucreMe KOoopJuHaT 9TO ypaBHEHUE MO2KHO 3alliCaTb B CJICAYIOIIEM BHJ/EC:

1orB, 108,
- _I_ — J—

=0.
r or r Op
Orciona mosyvdaem:
orB, 0B,
+ = 0.
or dp

DTO 03HAYAET, YTO CyHIECTBYET Takas (DYHKIUS Y, ITO:

x X
=X p ==X
oo’ ¥ or

Oyuknusg X - 3T0 (QYHKIMS, BIOJb W30JUHUI KOTOPOI HANpaB/Ie€H BEKTOP MarHUTHOTO
I10JI4d ’I”Br, Bcp- CI/IJIOBbIe JIMHUU MaIHUTHOT'O IIOJIA IIPpHUBA3aHbI K OIIpeJe/JIEHHBIM TOYKaM Ha
IIOBEPXHOCTHU COJIHHQ 1 BpallalOTCd BMeECT€ C HHUM. HOCKOJIbe MarHuTHOE IIOJI€ CBA3aHO C
CostHnieM, TO € TOYKH 3peHUsi HADJIOJATE s, HAXOJANIErocsi Ha HeM, (DYHKIMS Y JI0JIZKHA,
OCTaBATHCI HEU3MEHHOM. CJIe,ZLOBaTeJIbHO, B TakKOl cucTeMe OTCYeTa JOJIZKHO BBIIIOJTHATHCA
yCJIOBHE:

dx

dt
Orcioga B mHEpHIUAIbHONW CHCTEMe OTCYeTa JJIsi BHEITHEro0 HalJIfoaaTe st, KOTOPhIi JBUKETCS
€O CKOPOCTBIO U = 7 BAOJb PaJINAJIHLHON KOOPIMHATHI, HAXOIIM:

0.

dy _oxdr | ondo

dt — Ordt Oy dt =0
Orcroma:
dr dy
—B,— B,—/— =0. .
oaqr T8 =0 2.7)

OTO0 eCcTh ypaBHEHHE TPACKTOPHUHU MIEPEHOCA MTOCTOSHHOTO 110 MOJLY/I0 MATHUTHOTO MOJIsI ¢ TOYKH
3peHwust yCJIOBHOTO Hab to1aTe s, Haxosiierocs Ha Cosane. MarauTHoe 1moJte IBUKeTCs: BMecTe
C TOYKAMU CpeJbl W He MEeHSeTCs HHW 0 MOMIYJII, HW TOo HampapjeHnto. OIHAKO C TOYKH
3penns Habsogares s Ha CoJHIE HAIIPABICHUE MOJsI MEHAETCH BCe BpeMA. DTO O3HAYAET, UITO
C TOYKHU 3pEHHs 3TOro HabJIo[aTe/sd HAIpaBIeHHe MATHUTHOTO TOJS BCe BpeMsl COBIIAIAET C
HallpaBJIEHUEM CKOPOCTH COJIHEYHOT'O BETPA:

B = au,
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Ijie (v - HEKOTOpas MOCTOssHHAs. Ho cOMHEeYHBIH BeTep ¢ TOYKU 3PEeHHs 3TOr0 HabJIIoIaTelIs
UMeeT paJIuajbHy0 KOMIOHEHTY, PABHYIO U, a JIMHe{HAas CKOPOCTh Bpallenus pasua 72, rie )
- yrjoBast ckopocThb BpamieHus Coutaila Ha sxBarope. OTCrona Ciepyer:

[Tofcrapisiss 5T cOOTHOMIEHNsT B (2.7), HAXOAUM OKOHYATETBHO YDABHEHHE CUJIOBON JIMHUH
MarHUTHOI'O 110JIS:

dr ©
—rQ)— — =0
T
WM OKOHYATeJILHO:
dr u
dep Q

HuaTterpupys 3T0 ypaBHEHHUE, MOy IaeM:

r= %(SO—S00>7

L€ Yo - Ha9aJIbHbIH yroJi cuupa/in Ha moBepxHocTu CoJHIA. DTO COOTHOIIEHUE IPEACTABIAET
coboit ypaBHeHue cnupaasu Aprumeda. B npuiioKeHun K CHIOBBIM JIMHHSIM MarHUTHOTO
noist CostHIIA 3Ta CHWpaib Ha3biBaeTcs cnupaavto Ilapxepa. [IpumepHBIE BHI CHIOBBIX
auauil cimpanu Ilapkepa mpexacrabieH Ha puc. I11-4-4. B Kakaoil Touke cnupaJu MarHATHOE
I0JIe paBHO TAKOMY €ro 3Ha4YeHHUIO W MO0 MOJY/IIO, U IO HAIPaBIEHUIO, KOTOPOE OHO MMEJIO Ha
IIOBEPXHOCTHU COHHHa B MOMEHT OTPblBa €ro sMecTe ¢ COJIHEYHbIM BE€TPOM.

[Ipu pacuere NBUZKEHHS YACTHI], KOTOPbIe JBUZKYTCs BJOJb MATHUTHBIX CIJIOBBIX JIMHUIL
(comueunsie kocmudeckue ayun (CKJI)) HeOOXOMMMO BBIYHCIATH JJTHHY CIEpain ApXuMmesa.
Jmna 31oii criupaJjiu paBHa:

szkmd¢=§[¢m+1n(¢+mﬂ
0

OTa dopmy/ia Mo3BoJgeT paccuuTaTh BpeMs npueta dactun CKJI k 3emie.
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[ Cnupanb MNMapkepa ]

Puc. 11-4-4. Cnupass [Tapkepa.

2.3 CexkTOopHas CTPYKTypa MarHuTHOTO moJjis CoJHIa

Maruautnoe nosie CosHIla, eCJIu ABUTaThCSA BIOJIb €r0 9KBaTOPa, H3MEHsIeT CBOE HaIlpaBJIeHHe.
Ha oanux yuacrkax ono nampasieno k Cosnily, a #Ha apyrux - or Cosmma. B pesynbrare
COJTHEYHBI BeTep, YHOCS CHUIOBbIE JIMHUU MarHuTHOro mojast or CoJHma, MOpOZXKIaer
crenuduUUIecKyo CEKTOPHYIO CTPYKTYpy MaruuTHoro noJist CosHIa, KoTopas n3obparkeHa Ha
puc. 11-4-5.
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[ CexropHad |
CTPYKTypa
MarHuTHOT

0 NoJIA

a8
Puc. 11-4-5. CekropHast cTpykTypa MarauTHoro mojst CorHia.

['panunpr cekropoB Ha pucyake [1-4-5 m3o00parkeHbl 1ojyObIM IIBETOM, a CHUJIOBBIE JIMHUU
MoJIsg € YyKa3aHuWeM HallpaB/IeHWsI BEKTOPAa MarHWUTHOW HAIPsAKEeHHOCTH BHYTPH CEKTOPOB
n300pazkeHnl KeJITbIM. Ha rpanuiie ceKTopoB HallpaBJIeHHe CHJIOBBIX JIMHUII MArHUTHOIO HOJIS
OBICTPO U3MEHSAETCd Ha MPOTHBONOIOXKHOE. C TOUKM 3peHus HAO/I01aTe /g, HaXOIAIerocs Ha
3emiie, cekTOpHas CTPYKTypa Bpamaercs smecre ¢ COJIHIIEM € YIVIOBOH CKOPOCTBIO PaBHOI
MpUMEPHO OAMH 000pOT 3a 28 jHeil B Ty Ke CTOPOHY, 4TO W JBUXKETCS 3eMJisg 10 opbure.
C rtakoit ckopocThbiO JBHUKeTCs Mia3ma Ha 3dKkBatope Cosana. [losTomy rpaHunbl ceKTOPOB
IIOCTOAHHO JIOTOHSAIOT 3€MJIIO U IIPU MPOXOXKJICHUU CEKTOpa 4depe3 3eMJII0 CJerkKa BO3MYIIAIOT
Maraurocdepy 3eMJIH.

2.4 T'enmocdepa

T'eauocgepa aBasercsa TpexmepHoit o007acTbio BOKpyr CosHIA, KOTOpas 3alloMHAeTCS
COJIHEYHBIM BETPOM H €ro COCTABJISIONMME (BHYTpPH) MarauTHOro moJis. CBepx3BYKOBOi
COJIHEUHBIIl BeTep CTAJKUBALTCS C MEYK3BE3IHON cpejioil m obpasyercs 00/IacTh, T/ie CKOPOCTh
COJIHEYHOTO BeTpa TaJaeT. IJTa TepexoaHas 00JaCTh HA3BIBAETCS TpAHUIEH Teanocdeph.
CKa4oK CKOPOCTH ILIOTHOCTH B MEHC38€30HOM 6empe IPOUCXOIUT Ha TpaHUIEe yIapHOii
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BOJIHBI. l'esimornaysa - 310 00J1aCcTh, IJIe CKOPOCTH COJTHEYHOI'O BETpa U MEXK3BE3JHOTO BeTpa
CPpaBHUBAIOTCS.

VnapHad BonmHa

Temunocdepa

Puc. 11-4-6. CtpykTypa okpectHocteit CoTHETHONH CHCTEMBI, B3AHMO/IeHCTBYIOIIEH €
raJakTHIecKoil cpemoit &.

Pasmep resmocdepst, 10 onenkam, okoiao 100 AU (1 AU paccrosinue mexiuy Cosnnem
u 3emeit = Acrponomuueckas eauuuna 1.5 - 108 kM), Ha ocHOBe M3MepeHUil HEHTPOHHOIO
MOHHUTOPA BDPEMEHHBIX Bapuallfii TaJaKTHYeCKHX KOCMHYECKHX Jydeil (cM. HuKe). 1o
HEIOCPEe/ICTBEHHO HAOJIIOMAIN JBA KOCMUYECKHX Kopabssg Voyager-1,2, KOrjaa OHU IepeceKain
resmocdepy B 2007 u 2008 romax (cm. puc. 11-4-1).

Kocvmuyeckne amnmaparsl  1al0T BO3MOXKHOCTH H3MEPUTH HEMOCPEJICTBEHHO OCHOBHBIE
dusngeckne mapamMerpsl cojgHedHOro Berpa. CoIHEUHBI BeTep He THUXUI IMOTOK rasa:
HelpepbIBHbIE KOJeOAHMs MAHUTHOTO T0Jisi (AJbBEHOBCKHE BOJIHBI) TMOJYYAOTCS IyTeM
TypOyIeHTHOTO JABUKeHus ra3a Ha CoJIHIEe, U IBUTAIOTCS HAPYKY. Pa3pbiBbl MATHUTHOTO MOJIS

8http://www.nasa.gov/centers/ames/images/content/72408main_ACD97-0036-1.jpg
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1 yAapHbIe BOJHBI BO3HUKAIOT IIPH CTOJKHOBEHHH OBICTPOTO W MeIIEHHOI'O IOTOKA COJTHETHOIO
Berpa (CIR) 1 u3BepKeHUsIX B COJHETHON KOPOHe, IpU BhIOpocax KopoHaabHol Maccsl (CME)
1 COJTHEYHBIX BCIBIIIKAX. BbIOPOCHI KOPOHAJIBHONR MACCHI PACIPOCTPaHAoTCst dyepe3 CoTHedHY O
CHUCTEMY, B MOTYT OBITH H3MepPeHbl BOIN3U 3eM/I KaK MerKILJIAaHETHbIE BHIOPOCHI KOPOHAJIBHOI
maccol (ICMEs). Hekoropere n3 HuX HasbiBatoTCsi MaruuTHbIe obsiaka. Korga oHu gocTatoqHo
OBICTPBIE, OHH CO3/IAI0T YIAPHYIO BOJHY Iepes coboiil - KaK caMoJieT, KOTOPBIi JIeTUT ObICTpee,
YeM 3BYK B armocdepe 3eMJIn.

"Bogaxkep 1"u "Bogamxkep 2": 'panunna aaa CoaHna

Kocvmuecknit anmapat Bogmxkep 1, 3anymenaniit B 1977 roay, mepecek TpaHHIBI Halmei
comHevHoi cucteMbl B cepeaune 2005 °. BuemHas rpaHuna COJHEYHOH CHCTEMBI TPOXOIHUT
3a opbutoit [LnyTona. Ha omnpemenennom BHemIHeM yaajaeHHd OoT opOUTHl [L1yTona HaxomuTcs
MIPOCTPAHCTBO, I/l CKOPOCTH COJTHEYHOTO BETPA PE3KO NaJaeT OT CBEPX3BYKOBBIX CKOPOCTei
Ha JI03BYKOBBIe. B 3Toit obsiacTu, Ha3BaHHOI rejMoNay30i, Pe3KO CHUYKAETCS IJIOTHOCTD
MezK3Be3THOTO KOCMAYECKOTO BeIecTBa.

Boskepsl oOHapy:Kuim “aHOMATbHBIE KOCMHUYECKHe Jy4Id', KOTOpbIe 3aMeJISIIOT CBOIO
CKOPOCTH HIpPHU BXOJie B 30HY IeJUONAy3bl U YCKOPHAIOT €e 1pu Bbixoje u3 Hee. lanubie,
noJIydeHHbie C BosupKepa, 06 AHOMaJIbHBIX KOCMHWYECKHUX JIydaX pa3peniarT MHOT'HEe
OpPpOTUBOpEYUd, C KOTOPHIMU CTaJIKUBaAJIUCH ACTPOHOMBI Ha MNPOTAZKEHUU ITOCJIeIHNX 30 Jer.
Kocymmueckne ammaparsl Bosmkep 1 m Bosmxep 2 gaBasiorcs dactbio muccun HACA,
HAIeJeHHOT Ha Hu3y4YeHHe OTJAJEeHHBIX PEerHOHOB COJTHEYHON CHCTeMbl W MeK3Be3THOTO
npocrpancrBa. Oba Boskepa crocobubl nepegaBaTh HaydHbIE JIAHHBIE [IPHU TOMOIIU CBOErO
Habopa Hay4YHbIX HHCTPYMEHTOB, KOTOPbIE, 10 I[POrHO3aM YYEeHBbIX, MOTYT eIle HPaBUJILHO
dyuxnmonuporarh 10 2020 roga. x mepomadasibHas mensb Obiia u3ydenue HOmnurepa u
Carypna. OHAKO IOC/Ie 3aBepIIeHUs H3YYeHHS STHX IIJIAHET BBISICHUIOCH, UYTO Mapa Kopab.ieii
mo-TrpezkHeMy ObLITa B HOpMaJIbHOIT paboueit (hopme. Bostee Toro, Ha cBoem 6opTy oba Bogpzkepa
HECyT IIOCJ/IaHuAd 11OKa €I1e He O6Hapy)KeHHbIM BHE3€MHDbIM IHUBHUJIN3AIIUAM. Ha 60pTy alllrapaToB
HaXOJATCs 12-/1F0MOBbBIE ITIJIACTMHKKA C 3€MHBIMU 3BYKaMH M IIOCJIaHUEM, a TakKzKe O0Ias
uHopMaIys 0 3eMJIsTHAX, HAlleil KyJbType U KU3HHU Ha TJIaHeTe.

http://galspace.spb.ru/nature.file/geliosf.html
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YnapHan BonHa

Puc. 1I-4-7. Teanocdepa, rejqmornay3sa, yjaapHast BoJaHa u Tpaekropuu ammaparos [Tuonep 10,11
n Bosyxep 1,2. 10

3 Jlekmua 5. CojHeyHadg AaKTUBHOCTh M KOCMHYECKad
IoroJjia

3.1 IImkJjbl COJIHEYHOI AKTUBHOCTH

Kak 0b110 ycranosseno eme 200-300 jier Hasaa, CoJiHIe U3MEHSeTCsa CO BpeMeHeM. BusyaJibHo
9TO BBITJIAJUT KaK IHOABJICHNEC U NCYE3HOBECHNUE TEMHDIX IIATEH Ha €€ HOBerHOCTI/I. Ha6JHO,ZLeHI/Ie

Onttp://dic.academic.ru/dic.nsf/ruwiki/863624,
http://www.kosmofizika.ru/owz/svertilov/var_cr.htm
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3a TAKUMU IISITHAMH TIOCTYKHIJIO IIepBOil OTIPAaBHON TOYKOM 110 HAO/II0/IeHI# 38 W3MEHEeHUSIMHU
axmusnocmu Coanua. B Hactosiiee Bpems coctossaue COJTHIIA ONEHUBAECTCS 10 TEJTOMY Py
pa3Ho00pa3HbIX WHEKCOB, OCHOBHAsI 4aCTh U3 KOTOPBIX puBejena B Tab. 11-5-1.

H [Tapamerp \ Ob6o3nauenue H
Orrocurenbubie yucia Bosbda W
[Lromaan cOMTHETHBIX TATEH S
[Inomaas KaabueBbIX MJIOKKYIOB K
[Totok pajgmonstydenns 10.7 cm (2800 MI'm)
F10.7
Vngekc BeObIIeK daJtel 1, 2, ...
Obuy4eHHOCTD (COTHETHAS] TTOCTOSHHAS) Q
VcepeHeHHBIE TT0 TPeM HaIPaBIEHUSIM K-ungexc

A TPEX4YaCOBBIM HMHTEPBaJIaM BapHUAIAU
COCTABJIFIOIAX BEKTOPA T€OMArHUTHOIO ITOJIS
JII JAHHOI 00CepBATOPUM — JIOKAJILHBIIM
TPexX4acoBON MHJIEKC MArHUTHOW aKTHUBHOCTHU

Ocpeanentbrii 1o 12 obcepBaTopusiMm K-unnexc
DI00ATBHBIN (IITAHeTAPHBI) UHIEKC Kp
Uciosb3yrores BapuaHThl ap, Ap u ap.
YacoBoil UHIEKC MOIIHOCTH MATHUTHOMN Dst

Oypu, mropm-raiiM-Bapuarus

MunyTHBI WHIEKC, AMILTATY/IHAS XapaKTePUCTHKA, AE
HOJISIPHBIX T€OMArHUTHBIX BO3MYIIEHUIT

1 ero OCTaBJISIONIHe AL, AU

Tab. 1I-5-1. naekcol coHEYHOIT aKTUBHOCTH, UCIIOIb3YEeMble B HACTOMAIIEE BPEMSI.

Korma y actpoHOMOB # (U3MKOB HMOIBUINCH JOCTATOYHO TOUYHBIE HTPUOOPHI, C IMOMOIIBIO
KOTOPBIX YIAI0Ch U3MepUTh MoToK 3Heprun ot Comnna Ha BXojge B armocdepy (cm. Puc. TI-
3-1), TO BBISICHUIOCH, YTO HOJIHBIA HOTOK Hepruu or COJIHIA €O BpEMEHEM IPAKTHYECKH He
MeHSIeTCsI, XOTsI Mbl M HabJi0/laeM KaKue-TO W3MeHeHWsi Ha ero moepxHocTu (dorocdepe u
xpomocdepe) u B cocrostuun Kopoubl. Ha puc. I1-5-1 npuBejien rpaduk n3MeHeHUsT COTHETHOI

C3))

“mocrogHHON” - cymMapHOTo noroka ot CosHna co BpeMeneM 3a 20 Jiet ¢ 1978 o 2000 rog.

— 67 —



Cosnane

3HayeHMA CONHEeYHOMU NOCTOAHHON
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Puc. 1I-5-1. I3Menenna coiHEYHONH TTOCTOIHHOMN.

Kak BugHO M3 3TOr0 pHCyHKa, BEJWYNHA COJHETHON MOCTOSTHHON W3MEHSeTCs Ha J0JIn
nporerTa. OgHako Ha 3ToM rpaduKe OTIETINBO BHAHBI KOJIe0AHU 9TOIl BEJIUUNHEI C IEPUOIOM
okosi0 11 ser. IleproauyaHOCTh M3MEHEHUsI COJHEYHONH AKTUBHOCTU OBLIAa YCTAHOBJIEHA eIlle B
XVII Beke, KOrjia 1MOsSIBUJINCH JIOCTATOYHO JIJIMHHBIE U CUCTEMATUYECKHUE PsiJIbl JJAHHBIX O YUCJIE
HabsogaeMblx naren Ha CoJiHIe.

3.2 WN3smenenuns yucyaa ngareH Ha Cosnne. Pag ancen Boabda

CoJsiHeuHasi aKTUBHOCTH - COBOKYITHOCTD SIBJIEHWI, MEPUOANIECKN BOSHUKAIOIINX B COJTHETHOI
armocdepe. IlposgBiieHusa coTHETHOW aKTUBHOCTU TECHO CBA3aHbI C MAIHUTHBIMHU CBOMCTBaMH
COJTHEUHOH I71a3Mbl. BO3HHKHOBeHHMEe aKTHUBHOW O0JACTH HAYUHAETCS C IIOCTEINeHHOIO
yBeJIMYeHUsT MArHUTHOTO TOTOKAa B HeKOTOpoit obmactu gorocdepsl. B cooTBeTcTBYIONINX
MecTax Xpomocdepbl Iocje ITOro HaOJIOJAETCs YBeJUYeHHe SPKOCTH B JIMHUAX BOJOPO/IA
n Kajabiusg. Takume obsiactu HazbiBaiOT (uiokKyjaamu. [IpumepHo B Tex Ke ydacTKax Ha
Connne B dorocdepe (T.e. HECKOJBKO IIy0:Ke) MPH ITOM TakKzKe HAOIIONAETCs yBeJndeHne
APKOCTH B GesioM (BUIMMOM) cBeTe - (hakesbl. YBeJnUeHne SHePrUu,BblIesomeiics B 00J1acTu
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dakena u GpJIOKKyIIA,ABISIETCS CJI€JICTBUEM YBEJTHIUBIIUXCS JI0 HECKOJIBKHUX JECATKOB SPCTE]T
HAIPS?KeHHOCTH MArHUTHOTO TI0JIA. 3aTeM B COJTHEYHON aKTUBHOCTH HAOJIIOIAIOTCSA COTHETHBIE
[SITHA,BO3HUKAIONIME depe3 1-2 jaHs 1mocje nosijienus (PJIOKKY/Ia B BHJIE MAJEHbKUX YEPHBIX
TOYeK - 1mop. MHOrme u3 HHX BCKOpEe WHCYE3AI0T,H JIAIIb OTJeJIbHbIEe HOPbl 3a 2-3 JHMA
MPEBPAIIAOTCS B KPYITHBIE TEMHBIE 00pa30BaHusi. TUNHYHOE COTHETHOE TIATHO NMeeT Pa3Mephl
B HECKOJIbKO JECATKOB THICSIY KUJIOMETPOB M COCTOUT M3 TEMHOil MeHTpaJbHONH YacTH - TEHH U
BOJIOKHUACTOW TIOJIyTEHU.

Bazkneiirrast 0COOEHHOCTH MSITEH - HAJINYNAE B HUX CHUJILHBIX MATHUTHBIX MOJI€H, JOCTUTAIONNX
B 00/1acTH TeHH HauOOJIbINeil HAIPAXKEHHOCTH B HECKOJBKO ThICAY 3pcren. B 1mesom
IATHO TIPeJICTaBIsIeT cob0il BRIXOAANIYI0 B ¢orocdepy TpyOKY CHIOBBIX JIMHUN MarHUTHOTO
MOJIS, IEJIMKOM  3AIIOJIHAIONIUX OJIHY WJIM HECKOJIBKO sideek XpomocdepHoit cerku. Bepxwusis
9acTh TPYOKM pACIHIUPSIETCs,n CUJIOBbIE JIMHUU B HEHW PaCXOSTCs,KaK KOJOChs B CHOTIE.
[TosTOMYy BOKpPYr TeHW MArHWTHBIE CHJIOBBIE JIMHWHM TPUHUMAIOT HaIlpaBjeHue,0In3K0e K
ropu3oHTasibHOMYy. [losHoe,cymMmMapHOe JlaBjieHHe B IIITHE BKJIIOYaeT B cebd  JlaBJIeHHE
MarHUTHOTO TIOJId U YPaBHOBEIIUBAETCS JIaBI€HHEM OKpy:Kaolieir doTocdepbl, MOITOMY
ra3oBoe JIaBJIeHUE B LITHE OKa3blBAETCH MeHbIUM, yeM B (porocdepe. Maruurnoe noJje kak Obl
pacmupsieT maTHO u3HyTpu. Kpome T0oro, MaruuTHOE MoJIe MO/IAB/IsieT KOHBEKTHBHBIE [IBUKEHUS
ra3a,lepeHoCsIIe YHEePTUI0 U3 TJIyOWHBI BBEPX.

BeaencrBue sroro B obsiacTu  1gTHA TEMIEpATypa OKa3bIBAETCH MEHbIE ITPUMEPHO
ma 1000 K. Ilaramo - »T0 Kak OBl OXJakKJAeHHAsA MW CKOBAHHAS MATHUTHBIM IIOJIEM
daMa B cosHedHoil dorocdepe. Bosblieii 4acTbio HaTHA BO3HUKAIOT IEJIBIMU I'PYIIAMU,B
KOTOPBIX,0THAKO,BBIJIC/IIOTCS  JIBa OOJbImuX naTHa. (OJHO, HeOOJbIIoe, - Ha 3alaje,a
JIPyToe,9yTh MOMeHbIIIe,- Ha BOCTOKe. BOKPYT 1 MexK1y HUMH 9acTO OBIBAET MHOXKECTBO MEJTKUX
ngred. Takasg rpynna nsgTeH Ha3blBaeTCs OUIOJISPHON,IIOTOMY 4TO Yy 000OUX OOJILIIUX HATEeH
BCerya MPOTUBOIOJJIOXKHAS MOJSIPHOCTH MAarHUTHOTO moJisi. OHE Kak Obl CBsI3aHBI C OJHOM
U TOW Ke TPYOKOH CHJIOBBIX JIMHUN MArHUTHOTO IMOJIsl,KOTOpasi B BHJE THUTAHTCKON MeT/Iu
BBIHBIPHYJIa U3-110J1 (boTOoChephl,0CTaBUB KOHIIBI IJ/Ie-TO B HEHAOIOAAEMBIX TJIYOOKHX CJIOSX.
To maTHO,KOTOpOE COOTBETCTBYET BBIXOY MATHHUTHOIO MOJS U3 (GOoTOChEpPhl,IMEeT CeBEPHYIO
HOJISPHOCTb,a TO,B 00JIaCTH KOTOPOI'O CHUJIOBbIE JIMHUU BXOJdAT oOparHo 10 ¢orocdepy, -
10kHy10. Camoe morHoe nposiBjienne (poTocdepsl - 9TO BCIBIMIKH.

Kro orkpsin narua Ha Coanne?

Bnepsrole ynomunanug o Habsogenusx ngaren #Ha Comnie oTHocaTcs K JpeBnemy Kurtaio u
Hpesneii ['pennu. Huxke npusejiena kparkas Tabjuia OCHOBHBIX COXPAHUBINUXCS YIIOMUHAHUM
o "absogenun ngaren na Cosnie.

o Teodpacr u3z Adpun 370 - 290 10 H.3.

o Kwuraii, xponuku (¢ 28 r. 10 1.5. mo 1638 r. m.3.).
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o Ditarapx "7Kuzns Kapaa Besnkoro (okoso 807 r.).

o W6u Pymr (1200 r.).

o Briepsbie nsaTHa 6b1in 3apucoBanbl B 1128 roay B xporuke Moanua Bycrepckoro|3]
o Nnarsesckas sgeronucs (1365 u 1371 rr.).

o I'. Kappapa (1450 r.).

o Tesieckonmueckue nabsogenust 1610-1611 r.: M. Dosbmimmurr, I Tamuieii, X. leitnep,
T. lappuor.

Tabsmua 11-5-2. Ynomunanus o naduogenun naren na Cosune. M

[lasmiieit, Ho-BUJIMMOMY, IEPBBIM CPE/IM UCC/Ie/I0BATE/ e HPU3HAJ HATHA YaCThIO COJIHEIHOM
crpykTypbl, B oriaudne ot Illeiinepa, mocumraBirero mx npoxogdmumu mepen CosHmem
IJIAHeTAMU. DTO TPEIIOJI0KeHne TO3BOIUI0 lajmuiero OoTKpwITh Bpamnenne CojHIA ©
BBIYHUCJIUTH €ro mepuoji. IIpuopurery OTKpbITHS HSATEH W UX HIpUpOje OblLIa MocBdIeHa Oosee
qeM JIecATHIeTHA moyieMuKa Mexk iy [anmneem n [leitmepoM, ogHako, cKoOpee BCero, u mepBoe
HaOJII0/IeHne, U mepBast MyOIMKAINS He TPUHAJIIeKAT HU OJHOMY U3 HUX.[4]

XoTg COJIHEUHBIe MATHA HAOJIOZAJH eme C AaHTUYHBIX BpeMeH, TeM He MeHee
cUCTeMAaTHIeCKue UX HAOII0AeHust OTHOCATCs b K Hadaay XVII Beka. OaHuM U3 1nepBbiX,
KTO CTaJl CHCTeMaTHIeCcKd u3ydarh nsarHa Ha CostHie, 01arogapst IepBOMY IMOCTPOEHHOMY WM
teseckony, Obl1 lammieit. OH He TOJBKO OOpaTW BHUMAHWE Ha TSTHA, HO BBISICHWUJI, YTO
OHHU JBUXKYTCA 10 moBepxHocTH COJHIIA, YTO IMO3BOJUJIO €My IIPeIIoJ0XKUTh, uTo CosrHie
BpaIaeTcs. To OBbLIO BBIIAIONIEECS TOCTHKEHNE TOTO BPEMEHH.

Uhttp://trv-science.ru/2009/06/09/solnechnye-pyatna-ot-galileya-do-nashix-dnej/ W. Ycockun. Conneunbie
nsaTHa: oT lammnes mo mammx guei. Tpowunkuit Bapuantd 09 uromaa 2009 r.
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Puc. II-5-2. Pynoibd Bosibd.

Cremyromnuii BayKHBII TIar B U3yYeHNN TSITEH W COJTHETHONH akTuBHOCTH caenaan P. Boabd
u IlIBabe. P. Boabd mpemio:kua mpocToil criocod BBHIYUCAECHWS “duCaa COJHEYHBIX ISITEeH”,
KOTODPBIIi B HAMMEHBIIEH CTeIeHn J0JKeH ObLIT 3aBHCETh OT IPUOOPOB, C IMOMOIILIO KOTOPBIX
MIPOU3BOIUIOCH HADTIOeHNEe, U YCIOBH HaOMoAeHNH. DTa hOopMyIa UMeeT CJaeayIONnil BUI:

W = k(n+ 10g).

3/1ecb N - 9UCA0 HADJIOMAEMBIX OTAE/IbHBIX HSITEH, § - YUCJI0 HAOJIIOMAeMbIX I'DYIIT HSITEH, a
k - HOpMHPOBOUHBI KO3(MDMUIMEHT, ¢ TTOMOIIBI0 KOTOPOTO MOYKHO KaJauOPOBATH HAOJIIOIeHUS
Pa3JIUYIHbIX TPUOOPOB U HabJI01aTe e, X0oTd HAO/II0/IeHUS 38 COTHEYHBIMHY IIATHAMUI, HAYAIUCD
¢ mpakTuydecku ¢ Hadasa XVII Beka, ogHako ps auces Boiabda ¢ 1ocTaToqHOl HATEKHOCTHIO
HaumHaerca ¢ 1749 roma. /lo 3Toro mMomeHTa MO HAOTIOAEHUSIM, KOTOPBIE TPOBOINIUCDH
pasjmunbiMu HaOJoaTe/isiMu ¢ Hadaja XVII Beka u 1mo ero komwern, Mayujep ycraHoBu
pe3koe yMmenbinmenne ducjia nusted Ha CoJiHIe. DTOT MepHoj MPUHATO B HACTOSIIEE BpPEMs
Ha3bpiBaTh MuHuMyMoM Mayniepa. Eie ogun nepuos camkenns CoJIHETHONW aKTUBHOCTH MeHee
MPOJIOJIZKUTE/TbHBIN ¥ He CTOJIb IVIYOOKHil, KaKk MUHUMYM MayHiepa ObLT 3aperucTpupoBaH B
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XIX Beke. OH HOCHUT Ha3BaHHe MHUHHUMYyMa JlajabToHa, IO UMEHHU yYEeHOTO, KOTOPBIH yKa3a/l Ha
€ro CyIIiecTBOBaHHE.

Kak ycranoBuwiu Bosbd u IllBabe, mnrepsasibi mexy cocegaumun mMunumymamun CA
cocrapistior or 8 g0 14 jer, a B cpeanem 11.1 1. D10 Hab/IOJEeHWE HA3BIBAIOT 3aKOHOM
[TTabe — Boubda. K Hacrosimemy BpemMeHH MOJIydeHbl 0ojiee TOYHBIE CBEIEHUsI O TOM, KakK
MeHgercd ducsao duces Boabda co BpemeneMm. CynecTBOBaHHE MUHEMYMOB YKa3bIBaeT Ha TO,
YTO KpOMe IUKJIHIECKOil jesarenbHOCTH, B COJHIE MPOUCXOAAT OOJiee CJIO0KHBIE MPOIECCHI,
KOTOPBIE IPHUBOIAT K COOAM B paboTe MUKJIMYECKAX MEXaHH3MOB aKTUBHOCTH. Takme cbon,
0 BCeil BHIMMOCTH, UT'PAIOT BaXKHYIO POJib B pabore TepMoauHamMudeckoit mammuuabl COJTHIA.
OTO B HEKOTOPOI CTeleHn BUIHO 1O caMomy psity [ucen Bosbda, npusegennomy Ha puc. [1-
5-3. Bojiee ToHKHe MeTO/BI aHAM3a BPEMEHHBIX PsAJIOB IO3BOJILIOT B SIBHOM BHUJIE BbIJICJHTD
U3MEHYHBOCTD B IUKJINYECKOI IeATeTbHOCTH U BBISBUTDH U JPYTIHUe IMUKJbI, KpoMme 11-y1eTHero.

BpemeHHoM pan yucen Bonbopa

19
240
22
1
15
180
=

120
60 1

o L& 1 L Y i3 i i

1750 1850 1875 1925 1950 1975 2000

Nonw

Puc. I1-5-3. Paa uncen Boabda.

B mauane mukna naren Ha CouHie moutu coBceM Her. [loTrom 3a 3 — 7 €T uX KOJIUIECTBO
yBeJimuuBaeTcs Jo MakcuMaJjibHoro 3uadenus W 50 — 200. Ilocsie sToro B Tevyenue 5 — 10
JIET 3HAYEHUudA W CHOBa YMeEHbIIaeTCA 10 MHHUMYMa. C ydaeToM 4YepegoBaHUud B COCEIHUX
[UKJIaX MOCIe0BATETbHOCTH MAPHUTHOMN MOJISIPHOCTH TISITEH OUITOJISIPHBIX TPY I (3aKOH Xeiia )
dbusznuecku Goree 060CHOBaH 22-eTHUIT UK COTHEUHOM akTuBHOCTH (UK AHjepcena, 1939).
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Merorcst JaHHBIe O CYHNIECTBOBAHUE 0O0Jiee MPOJOJZKUTETbHBIX TUKJIOB: 35-eTHero (MUK
Bpiokuepa, 1890), Bekosoro (80 — 130 Jer) u eme Gosee jyurenbHbix. B konme XX B.
BBISICHUJIOCH, 9TO B COJTHEYHON aK THBHOCTH HPUCYTCTBYET KBA3UBY XJIETHUI IEPUOJL, TUITMIHBIH
Juist psiga reopusudeckux sgpienuit. Ha puc. II-5-4. npuBejennbl cocraBsioniue psjia quces
Bouibda, moyuennbie ¢ moMonipbio (hakTOPHOTO aHAJIU3A.

244
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: WM[\/\/\/\N\/\/\/\N\ (i

750 1775 1800 1825 1880 1875 1800 1825 1950 1975 2000
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Wi,

Puc. 11-5-4. Paznoxenne psjga aucea Boabda Ha opTOroHaIbHBIE MOIHI. 2

3.3 WN3menenuns riobaJpbHOr0 MAarHMTHOIO IIOJIA B IMKJIax. babouka
Maysaepa

CamMu cOJTHEUHBIE TSTHA MOYKHO IMPEJCTABUTH B BUJIE MOJEJH BBIXO/A CUIOBBIX MArHUTHBIX
JIMHUH CKBO3b (poTocdepy B xpomocdepy n3 30HbI KOHBEKIUU. TaKkast MOJIe/Ib Mpe/iCTaBIeHa Ha
puc. II-5-5.

12Ce. Kusnn Beman B armocdepe Connna. Iloxn ped. 9.B.KanonosuH4a.
http://www kosmolfizika.ru/ucheba/sun_act.htm, http://www.tesis.lebedev.ru/sun_vocabulary.html
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Puc. 1I-5-5. Mogenb cTpyKTypbl MAarHUTHOTO TIOJIS B MATHAX.

Ha puc. I1-5-6 npuBegeHa mupoTHast 3aBHCAMOCTh 30HBI sATHOOOpa3oBanus (K3ppuHITOH,
1858, Imepep, 1881) B BHae aumarpaMmbl «6abouek» Maynaepa (1922). B navare nukia
COJTHEUHO aKTUBHOCTHU TISITHA MOSBIAIOTCS Ha MpoTax g0 +30°, mocTeneHHo NpudInKasach K
9KBATOPY, HO m3berast okpecrHocTu camoro sksaropa (3akon [lunepepa). Ilosoxkenus nsren
Ha JuarpaMme HAHOCATCS BEPTUKAJbHBIMU YE€PTOYKAMHU, B UTOre 30HBLI HITHOOOPA30BAHUS
HAITIOMUHAIOT KPbLIbs 0ab0veK:

90N H>0.0% B>01% [0>1.0%

30N

1880 18% 1900 ¥e 1920 1930 1940 1950 1960 1970 1980 1990 2000

Puc. II-5-6. “baboukun” Mayunjepa.

CosneuHnasi aKTUBHOCTH TECHO CBsI3aHA € W3MeHeHWsMu MaruHuTHoro moJs CoJHia, 9To
u oTpakaercd Ha auarpamme Mayngaepa. OOHapyzKuBaeMblii B psae uucen Boabda muki
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AHjiepceHa ¢ MepHOIOM OKOJIO 22 JIeT CBA3aH ¢ TeM, 4TO Kazk/japle 11 JeT MarHUTHBIE MOJCa
CosHna MeHSI0TCs APYT € APYTOM, TaK YTO MOJTIPHOCTH IITO0ATHHOT0 MATHUTHOTO 1o CoTHITa
BOCCTaHAB/IUBaETCA Kaxpie 22 roga. OyHako, Kak BujHO Ha Jguarpamme Mayngepa Puc. TI-
5-5, caMa CMeHa, TOJISIPHOCTH He MeHsieT 00Iero nosejeHus mnsarern na CoTHIE, KOTOPbIE U TaK
UMEIOT MPsSIMOe OTHOIIeHNe K MarHuTHOMY 1o/1t0 COJTHITa, HO MEHBIero Maciraba.
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I'maBa 3

3eMJ1d




1 Jlekmuga 6. I'paBuTammonHoe noJie 3eMJI U ILJIaHeT

1.1 TI'paBuTalmmoOHHOE I10JI€ TOYEYHBIX MACC

B ocnose Teopun tarorenuss HbioToHA JIe2KUT 3aKOH BCeMUPHOIO Tsarorernns. COryiacHO TOMY
3aKOHY JIB€ TOYEYHbIX MACChl BEJIMYUHON 1M1 U Mgy, HAXOAAIIUECH HA PACCTOSHUU T JIPYI OT
Apyra, IPUTATUBAIOTCA C CAJION:

Fi, = —G02L (3.1)

r

JefCTBYIONE 10 HAIlpaBJEHUIO PA/INYC-BEKTOpAa T, MPOBEJIEHHOr0 U3 OJHOW TOYKU K JAPYIOI.
Kosdpdbumuentr G = 6.67 - 1071'm3/kg - ¢3 naswisaerca rpasuranponnoii nocrosauunoit. Cua
TATOTEHUS $BJIMETCI KOHCEPBATUBHOW WJIM NOTEHIUAJIbHON, T.e. 3TO O3HAa4YaeTr, 4TO JJIsd
JABUYKEHUS YaCTUIL MOJ, AefiCTBUEM STO CUJIbl BBIITOJHIETCS 3aKOH COXPaAHEHHs MEXaHU4YeCKON
SHEPIUU, a caMy CHJIYy MOXKHO 3allcaTh B BHJE I'DaJIMEHTa OT HOTeHIua bHOi sHeprum Upo

B3aUMO/IefICTBUS YaCTHUIL JAPYT C JIPYyTOM:

[TorennuaJibHast SHEPTHS YACTUIIHI YUCJIEHHO paBHA paboTe M0 yIAJeHUI0 OJHOI W3 YacTHIl Ha
OECKOHEYHOCTDb, KOTOpasd MOKeT ObITh 3allicaHa B CJIEJIYIONIeM BHU/IE: :

U12 - —Gw
r
FpaBHTaHHOHHOG BSaI/IMOﬂeI'/JICTBI/Ie MOZKHO pacCMaTpHuBaTb KaK II0JI€, HCTOYHUKOM KOTOPOI'O
ABJIdeTCd KazKJdad U3 YaCTHII. B sTom CJIy4ae IIOJIE3HO BBECTHU IIOHATHA HAIIPAZKEHHOCTH II0JIA U
IoTeHIINaJIa II0JI. HyCTb Fg - CJIa TATOTE€HHUA, ILeI'?'ICTByIOH_LaH Ha TOYE€YHYIO YaCTHUILY Maccoi m
CO CTOPOHBI BCEX JIPYIrux Macc. TOF,ZL& IO HAIIPpA2KEHHOCTBIO I'PABUTAIIMOHHOTI'O I10JI4 ITIOHUMAIOT
BeJINYNHY, YUCJIEHHO PaBHYIO CHJIE Fg, OTHECEHHYIO K MacCCe€ 9TOro TeJjia:

Pa3MepHOCTD 3TOH BEJIMUUHBI COOTBETCTBYET YCKOPEHHIO U 110 (DU3MUECKOI CyTH 5Ta BEJINYNHA
IIpeJIcTaB/gerT coboil yCKOpeHHe CBOGOIHOrO IaJeHUs] MATEPHAJIbLHON TOYKH B JAHHON TOYKe
IIPOCTPAHCTBA T' MO/ JefiCTBHEM BHEITHEro Jijis Hee IPABATAIIMOHHOTO TIOJIS.

Besmunna ¢(r) = Uy(r)/m pasuas orHOlIeHMIO HOTeHIMaIbHONR suepruu U, K wmacce
TeJla Ha3bIBAETCs IOTEHIMAJIOM I'DABUTAIMOHHOIO IOJIs B JIAHHOH TOYKE HPOCTPAHCTBA.
HanpsizkeHHOCTD M MOTEHIUAJ TIOJIsA CBA3AHBI MEXKJLy COOOI IIPOCTHIM COOTHOIIEHUEM:

g = _v¢>



Semuda

nJjin B KOOp,ZLI/IHaTHOﬁ 3alluCHu

8¢ 8¢ 96

9z = _%a Gy = _a_yv g = _&

JIist TpaBUTAIMOHHOIO TOJIsi TOYEYHO#l Macchl W3 3aKoHa Bceemupnoro tsrorenus (3.1)
cJejlyer:
GM GM

72 r

g=—

3nech M - mMacca TOYEUHOTO TeJia, CO3/IAIONIEI0 IPABUTAIMOHHOE IOJIE, a 7' - PACCTOSHUE OT
9TOrO Tesa J0 TOUKH HaOToAeHns. Kak BUIHO, HAIPSKEHHOCTh U TMOTEHITHA 3aBUCAT TOJTBKO
OT MaCChl TeJIa, CO3/IAI0NEro rpaBUTAMOHHOE TI0JIe, HO He 3aBUCAT OT MAaCChl Te€JIa, BHECEHHOT'O
B I'PaBUTAIIMOHHOE TTOJIE.

['paBuranmonHoe moje 00JamaeT IBYyMsl BaykKHBIME cBoiicTBaMu. OJHO W3 HUX - MPUHIAI
JIMHEHHONW CYHEepIo3uluu, a BTOpOe - OTCYTCTBHE SKpaHumpoBaHud. [lepBoe m3 3THX
CBOMCTB MOXKHO CHhOpPMYTHPOBATH CaeayIOmuM obpazoMm. IlycTh mmerorcss m MaTepuaIbHBIX
TOYeK € MaccaMu 1My, Mg, ..., My, PACIOIOKEHNe KOTOPBIX B MPOCTPAHCTBE OIpee/seTcs
HabOpOM PaMyc-BEKTOPOB TI'1,To,...,T,. Torga rpaBUTAllMOHHOE II0JIe, CO3/IaBAEMOE STUMHU
MaTepuajJbHBIMIA TeJaMU B TOUYKE C PAINYCOM-BEKTOPOM Iy XapaKTepu3yeTcs HANPAKEHHOCTHIO
U TOTEHIUAJIOM, KOTOPbIe MOI'YT OBITH IIOJIy4eHBI B BHJI€ JUHEHHOH CYMMBI OT/I€/JIbHBIX
HAIPSKEHHOCTe! U MOTEeHINAIOB:

myi(ry —r My (r, — T
S L1 e ) AL T 0}
vy — ro| T, — 1ol
m My,
d=d1+ ot =G = — G
[Ty — 1o |rn — Tof

Bropoe cBoiicrBo o3nadaer, 4rTo JieficrBue OJHOW TOYKM Ha JIPYryl0 HE 3aBUCHT
OT TOrO, HAXOJUTCH MeyKJy HUMHU Jpyrue MarepuajibHble Teja WM HeT. B kadecTBe
aJIbTEPHATUBBI MOXKHO YKa3aTb, 4YTO JJEKTPHAYECKOE TOJe, CO3J/[aBaeMoOe JBYMS BUJIAMA
3apsa/10B (MOJOKUTETBHBIMIA U OTPUIATETbHBIME) 00JIaaeT CBONCTBOM SKPAHHPOBAHHS. JTO
IPOABJAAETCd B TOM, YTO CpeJa, 3alOJHeHHad YaCTUIAMHU C PA3JIAYHOIO THUIIA CBA3AHHBIMUA
3apgaaMu 0ymeT 06,1a1aTh JOTMOTHUTEIbHBIM CBOMCTBOM - IMAJIEKTPUIECKOIT TPOHUIIAEMOCTBIO,
KOTOpasi Xapakrepusyercs ((hyHKIuel [Au3JIeKTPUIeCKOil NPOHUIAEMOCTH WM B OoJiee
CIIOKHBIX CJIydassX - TEH30POM IMJIEKTPHUUecKoil mporumaeMoct. CaMOorpaBUTHDPYOMIAS
CpeJa B CUJIy OTCYTCTBUA 9KPAHUPOBAHULA HE HMeeT CBOWCTB aHAJIOTMYHBLIX JAUJICKTPUYICCKON
IIPOHUIAEMOCTH.
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1.2 TI'paBuTalimoHHOE MOJie MaTepUaJIbHBIX TeJj. Y paBHeHue Ilyaccona

PaccmoTpuM Tenepb rpaBUTAlMOHHOE I0JIE, CO31aBAaeMO€ MATEPUAJbHBIMU TeJaMU B PAMKaX
MOJIEJTH CILIONTHOM cpejibl. B 9T0ii Mojesn KazxK/jast Touka cpejibl ¢ Koopaunaravu v’ = (2,1, 2')
MOZKET PACCMATPUBATHCs KaK MaTepuajibHash TOYKa, nmetommas maccy dm(r’) = p(r')dV’, rue
p(r’) - WIOTHOCTD pacTpe/Ie/IeHIsT MACCh B IAHHON TOUKe, a dV' - s/1eMeHTapHBI 00beM Cpejibl B
970#i Touke. Toraa B IPOU3BOILHON TOYKE MPOCTPAHCTBA € KOOPIAUHATAME I' = (I, Y, Z) JAHHbII
9JIEMEHT CPeJIbl CO3/1aeT IPABUTAIMOHHOE MOJIE CO CJIeAYIONMME HapaMeTPaMu:

(r —r')dm(xr')
v — /|3

dm(r')

v —r'|’

dg = G L dop=—G

Wconb3yst  UpUHLMIL  CyHEPHO3UIUMU, IOJIy4aeM, YTO B TOYKe I CyMMapHOe HoJie
XapakKTepUu3yeTcsd CAeTYIONAMA BeJINIYNHAMMT:

g(r) :G/(r—r’)p(r’)dV’7 (3.2)

lr — /|3

/ /
o(r) = —G/M. (3.3)
v — /|
9T HOPMYJIBI MO3BOIAIOT MOJTHOCTHIO PACCUYNTHIBATH XaPAKTEPUCTUKU IPABUTAIIMOHHOTO TIOJIS
J00brX Test. OIHAKO IS MPOBEEHUs pPAla PACUETOB yI00HEe IOIb30BATHCSI HEKOTOPBIMU
CBOIICTBAMU TPABUTAIMOHHOTO TIOJIsI, KOTOPBIE BBITEKAIOT U3 ITUX (DOPMYT.

Haubostee BakHbIM CBOWCTBOM 3TUX (DOPMYJI SABJSETCA TO, 9TO (DYHKIUS ¢, UMEIOIIasi
BujL (3.3), SIBJISIETCSI TOYHBIM DeIlleHneM JIMHETHOrO yPaBHEHWST B YACTHBIX MPOU3BOIHBIX 110
KOOD/IMHATaM IPOCTPAHCTBA, KOTOpOoe Ha3biBaeTcsd ypasHenmeM llyaccoma. 9To ypaBHeHue B
JIEKapTOBOil cuCcTeMe KOODAMHAT UMEET CJIeIYIONINil BU/I:

A¢ = 4rGp. (3.4)
3neco
0* 9* 0P
B=02 Tap T oz

- oneparop Jlamiaca. B cdepuueckoii cucreme koopaunar (r, ¢, 0) ypasuenne Ilyaccona nmeer
BT

1 02 1 0? 1 0 0

-—— — | sinf— =47 Gp.

r Or? (ro) + 2 sin? 0 Op? ot r2sind 06 (sm 89) ¢ =dnGp

B mekoTopwix ciydasx ymoOHee mosydaTh (DYHKIHUIO ¢, pertasi ypaBuenue llyaccona, dem
HEOCPEICTBEHHO UCTOJIB30BaTh (hopMmysibl (3.2) u (3.3). IIpuvepoM Takoii curyannu siBIsgeTCs
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cJIydail, KOra IJIOTHOCTh MACChI TeJsa, CO3IA0MNIEro IPaBUTAIMOHHOE [0JIe, SIB/IsIeTCs (PYHKIHel
TOJIBKO OJHON C(epuvIecKoil KOOpAMHATHLI 7, T.e. paclpee/eHHe MacChl B IIPOCTPAHCTBE
obasaer cepuieckoit cummerpueii. B srom ciayuae p = p(r), ¢ = ¢(r) u ypasuenune I[Tyaccona
yIpOoIaeTca U NPUHAMAET CJeIYIONI BUI;
2
l27’2i = 18_(T¢) = 4w Gp(r).

r20r or2"  ror?

D10 ypaBHEHHUE Jlerde IPOMHTErPHPOBATh, YeM HCI0JIb30BaTh (hopmyity (3.3).

1.3 TI'paBuTtanmmonHoe moJie TeJ, obJagaommx  cdepudecKkoin
CUMMeTpuein

[Tosie cdepudeckn pacrpejiejieHHbIX Macc 00J/a/aeT PsjoM  JIONOJHUTEJIbHBIX CBOMCTB.

WNurerpupys mnocjeinee ypaBHeHUE TOJYyYaeM:

0 e f
8_(f = /7‘2;)(7“) + 9o (3.5)

0

371ech go - TOCTOSIHHAS MHTEIPUPOBAHUA. JTa BEJIUUYNHA BHIOMpPAETCS OOBIYHO U3 YCJIOBHS, 9TO
HAIIPSIZKEHHOCTh IPABUTAIMOHHOIO TIOJIS BIAIN OT IPABUTHPYIONIAX MACC CTPEMHUTCS K HYJTIO.
[TosTomy, eciiu MJIOTHOCTH MACCHI IJIAHETHI WJIM JPYIOr0 TEJId, CO3/AIOIIEr0 I'PABUTAIUMOHHOE
0JIe, COCPEIOTOYEHA B OIPAHUYEHHOI 00/1aCTH MPOCTPAHCTBA Tak, 9To p — 0 mpu r — 00, TO
go = 0. B arom ciryuae waTETrpas cieBa:

T

m(r) = 47r/7’2p(7’).

0

HAa3BIBAETCS TEKYIIeil Maccoil, MOCKOIBKY IpeICcTaBasgeT cOO0 Maccy BellecTBa, 3aKII0UYEHHY O
BuyTpu cdepbl pajauyca r. Beauuumna cupasa B Bbipakenuu (3.5) upejcrasisier coboi
PIMAIBHYI0 KOMIIOHEHTY HANPS?KEHHOCTU TPABUTAIMOHHOTO TOJIsi ¢ OOPATHBIM 3HAKOM HA
PaCCTOSITHUHM T OT IeHTpa cdepuydeckoro Teja. lakum o0pa30oM, 3TO COOTHOIIEHUE MOYKHO
epenucaTh Tak:

Gm(r)

g(r) = ——
13 3TOro COOTHONICHUS CJICYeT, 9TO IpU cPepUUIecKOM paclpeeseHHI MacC HalPAKeHHOCTh
HOJIs1 HA PACCTOAHUY 7" 3aBUCHT TOJIHLKO OT MaCChl BEIIECTBA, 3aKJII0UCHHOT0 BHYTPH cephbl TOTO

JKe pajJimyca B He 3aBHCHT OT cgepHIecKOro pacipejiesieHus Mace BHe 31oi cepbl. Hanpumep,
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ecJiu IrapooOpasHoe Teo pajuyca R, co3jaroliee rpaBUTAIMOHHOE IOJ€, UMeeT OJUHAKOBYIO
IJIOTHOCTH P O BCeMy 00beMy, TO HAIpPSKEeHHOCTb HA PACCTOAHHH I OT IEHTpa Imapa Oyaer
paBHa:

4
—ngr, r < R;
g(r) = dr )
—?pR Gr ", r>R

CooTBeTCTBEHHO, TOTEHIHA Oy/IeT UMEeTh CJIeAYIOIIUil BUI;

2
%TpG(r2 —3R?), r<R;
¢(T) = 4 3 1

—?pR Gr—, r>R

B srux dhopmynax yureHo, ¢(r) u ¢ aBISOTCA HeIPepbIBHBIMA U yObiBatomumu K () Ipu 1 — 00.

1.4 TI'paBuTammoHHOE II0JIE€ TeJI OOIIero BUIa

B 3amagax crnyTHHKOBO# JAMHAMHUKH JJIsi TOTO, 9TOOBI € JOCTATOYHONW CTENEHBI0 TOYHOCTH
POrHO3MPOBATH TTOJIOYKEHNE HCKYCCTBEHHBIX CITYTHUKOB 3eMJIi (M IPYTUX TJIAHeT) HeOOXOINMO
YUIUTHIBATH HeC(HEePHUIHOCTH (DOPMBI IJIAHET U paciIpejiesieHne MacC B UX Hepax. B sTom ciyuae
HEOOXOIUMBIM SIBJISIETCS CO3AaTh TaKOe OMUCAHNE TPABUTAIMOHHOIO 10/ HechepuIecKux TeJl,
KOTOPOE MOKHO ObLJIO Obl, ¢ OJHON CTOPOHBI, JIEIKO BBIYUC/ISATH U3 HADJIIOACHUI 38 JIBUKEHUEM
CIyTHUKOB, a C APYTOi, JIEFKO MCIOJb30BATh JJIs ONMUCAHWS WX JBU:KeHus. [ljast perrenwus
9TOi 3a1a9u ObLIT pa3paboTaH ammapar MpeICTaBIeHns TPABUTAIIMOHHOIO OIS IJIAHET B BHIE
pa3JI0KeHus B P/l 1O CIenuaabHbIM (QyHKIHuAM - cdhepudeckum rapmonukaMm. Cdepudeckue
PapMOHUKH Y, (0, ¢) umeror ciiemytomuii ool Bu/I;

Yim (0, ¢) = Pl|m|(cos 0)e™?, 1=0,...; m=—l,...,L

3necnh 0 - H(‘)ﬂ‘ﬂpHmﬁ yroJs cgepudeckoil CUCTeMbl KOODJIMHAT, a ¢ - ee a3uMYTaJbHBII yTOJI.
m
Oyuxunn P (cosf) - npucoennHeHHbIe TOIUHOMBI JlexkKaHapa, KOTOpPble MOKHO BBHIYHCIATD

CJIeJIYIONUM 00pa3oM:
m/2 Jm

@) = (0" (1-€) " g Pulo)

rjae n
pn(’f) = P7g<£) - 272!% ((52 B 1)n)
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- TpocThle TMOoJUHOMBI JlekaHapa. DTu (DYHKIUH MOSBIAIOTCS B KadecTBe KO(DDUIUEHTOB
pasioxkenus B psaja dynkmun |[r — r'| 7L

1 1

|r—r’]: o o\ 2
r 1—2—cos1/1+(—)
T

r

?

Bxozsied B dbopmyny (3.3) g rpaBUTAIMOHHOIO MOTeHIMata. B sroit dbopmyne ¢ - yrou
MEXKJIy BeKTOpaMH '  I’.

Pasjioxenne |r — /[
obpazom:

B pag Teitsopa mo crenensiM Besuauubl 7' /1 BHILISIAT CJIELYIOMIAM

1 1= /r\"
_— == — | P,(cosv). 3.6
= (%) Pleosw) (36)
n=0
B dopmyny (3.6) BXOJIUT YTOJ 1), KOTOPBIil BRIpakaeTcs depe3 cdepudeckne yriabl 6 m ¢
cucTteMbl KoopauHat. /lyisg nmpeobpa3zoBaHus (3.6) K BHJY, B KOTOPBIil BXOJAAT 6 U ¢ TeopeMoii
coXKeHua g nouHoMoB Jlexkanapa. CorstacHo 3Toit Teopeme:

n
n—m)!
P,(cos) = P,(cos0)P,(cos @) + 2 Z gP,’L”(cos 0)P"(cos ") cosm(p — ¢').
(n+m)!
m=1
Baech 0 u ¢ - chepuyeckue yripl BEKTOPa ', HAIPABJICHHOIO B TOUKY HabJogenus, a 0 u ¢ -
cepuueckue yriabl BEKTOpa I, HATPABJICHHOTO B TOYKY PACHOJIOKEHHS TEeKYIero NCTOYHHUKA.
[loxcraBaga mocaenmee coornomenue B dopmyrty (3.3), OPUXOAUM K CJEIYIONIEMY
COOTHOTICHUIO:

o= GTM 1+ g JnPr(cos ) (%)n + (3.7)
o n . . - ayn
+;mZ:1 (C’n cosmy + S, SlanO)Pn (cos0) (r)

B 9TOM BbIpazK€HUU KOS(i)(i)I/H_H/IeHTbI JTL Ha3bIBAIOTCA aMIIJIMTYJdaMU 30HAJIbHbIX I'dapMOHHUK
nopsika n, Cl' u S - aMIUTATYIAMU CEKTOPUATBHBIX TAPMOHUK (COOTBETCTBYIOIIHE CJIAraeMble
B (5) obpamtarorcs B 0 Ha sxkBaTope), a C"" u S - aMIUIUTYIAMH TECCEPUATBLHBIX TAPMOHUK. DTH
K03 DUIUEHTDI CBS3aHbI € pACHpe/IeJIeHIeM IIJIOTHOCTH BHYTPU TeJa CIeIyIONuM 00pa3oM:

1M/p(r’)Pn(COSH')(T’)"dV',
v

In =

a/’I’L
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n—m)! 1 N\ pm / /(T /

C’Tzzgn—l—m;'a"M p(r") P (cos ") cosme' (r')*dV”,
v

n—m)l 1 N pm N o /(2 \ T /

STT:QEn+m;'a"M p(r") P (cos8") sinmg' (r')"dV".

3neck M - macca Tefia, a - XapaKTepHBII pa3Mep Tesia, HallpuMep, ero SKBaTOPUAJIbHBINA PaIuyc.

1.5 TI'paBuTanmoHHOE I10JI€ IJIaHEeT

B ciayugae, ecoim dopma Tena chepudeckasi, TO, KaKk H3BECTHO, MOTEHIHAJ I0JI TATOTEHUS
TAKOr0 TeJIa 3aBHCHT TOJHKO OT PaIUAJTHLHON KOOPAMHATHI U COOTBETCTBYET HBIOTOHOBCKOMY
MOTEHITHATY

Ecmu rteno caabo gedopmupoBano, 1o pan (3.7) OyayT comepKaTh Majible TOMPABKU K
HBIOTOHOBCKOMY 110J110. [ljtaHeTbl u Bpalmalonimecss OJMHOYHbIE 3Be3Jibl 00JIa/IAI0T OCEBOM
cummerpueii, T.e. p = p(r,6). B 9T0M ci1yvae CeKTOPUATBHbBIE U TECCEPUAJIbHBIE COCTABJSIONINE
IPABUTAIMOHHOIO T0Jist paBHbl Hyao: C)' = S™ = 0. B pesysabrare psg (3.7) ynporiaercst u
npuobpeTaeT TaKOi BHU/I:

GM = a\”n
o= |1+ JuPu(cos) (-) . (3.8)
T T
n=2
B CJIydae, €CJIi CYIIEeCTBYET 3€pKaJlIbHad CHMMETPpUA Tejla OTHOCHTEJIBHO SKBaTOpHaﬂbHOﬁ
IJIOCKOCTH, TO HeYeTHbIe cocTaBiisitomme B psaje (3.8) ucuesator. [locseanee BbiosHsiercs st
OJIMHOYHBIX BPAIIAONMIUXCs 3Be31. B aroMm ciayvae psaj (3.8) MOXKHO 3amucarh TaKuM 06pa3oM:

GM i a\ 2n
¢ = T 14+ ; JQnPQn(COS 9) (;) . (39)

Anasms JaHHbBIX O (bopMe IJIaHeT, MOJIYYE€HHBIX IO aHaJIU3y ABU2KEHUA BOKPYI' HUX CIIYTHUKOB
€CTeCTBEHHDIX, €CJIM OHH €CTb, HJIM HMCKYCCTBEHHLIX IIO3BOJIAET CJ/eJIaTb BbIBOJA, YTO BJ/aJiA
OT IIJIaHe€T IIpHh OIIMCaHuMU JUWHAMHKH TeJa C OOJIBIIIOIl TOYHOCTHIO MOZKHO IIOJIb30BATHCS
HBIOTOHOBCKUM HpI/I6JH/I}KeHI/IeM, a BOJIM3U caMuX OOJIBINNX IJIQHET U Ha UX IIOBEPXHOCTAX IaCTO
MOZKHO IIOJIb30BaTbHCA C Xopomeﬁ TOYHOCTDbLIO HpI/I6.HI/I}KeHI/IeM, CoAepzKallluM JIMlb CJlaraemMoe C

n = 2:
GM 3cos?0—1 a2
b= 14 p2t o L (3.10)
r 2 r2
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J,, - 100

[Lnanera GM n

m3/c? 1 2 3 4 5
Coutane 1.327-10% | - - - - -
Mepkypwnit 2.168 - 1013 | - - - - -
Benepa 3.249 - 10* | -20 - - - -
Semis 3.987 - 10 | -1082 2.54 1.58 0.22 -0.59
Jlyna 4.903 - 10 | -206 -37.7 33.3 -9.5 -
Mapc 4.298 - 10" | -1995 29 -9.5 5 0.2
FOmurep 1.267 - 1017 | -14750 - 580 - 5
CarypH 3.793 - 10 | 16670 - 1040 - 11
Ypan 5.803 - 10%° | -12000 - - - -
Hentyn 7.026 - 10'° | -3900 - - - -

Tabmuna I11-1. Tanubie 0 30HAJLHLIX TAPMOHMKAX ILJIAHET COJHEYHOH CHCTeMBbI. *

1.6 I'paBuTarmmoHHOE I10JI€ 3€MJIN
3MmepeHne rpaBUTAIIMOHHOII ITOCTOSHHOI

V3mepenne mapamMeTpoB T'DAaBHTAIIMOHHOTO MOJIS HAYMHAETCS C M3MEPeHUs TI'PABUTAIUOHHOIM
nocroguuoil G. IlepBoe m3MepeHHe TI'DABUTAIMOHHONW ITOCTOSHHONW OBLIO NpOBeaeHO leHpu
Kagenjiuiem B 1798 1. ¢ 1mOMOIIBIO KPYTWJIbHBIX BecoB. llepBoHavya/ibHO KCIIEPUMEHT
obu1 npejioxken Jxonom Mudesiom. VMeHHO OH CKOHCTPYWPOBAJ TJIABHYIO J€TaJb B
KCTIepUMEHTATbHON YCTAaHOBKEe — KPYTUJIBLHBIE BECHI, OTHAKO yMep B 1793, Tak n He mMocTaBUB
ombiTa. llociae ero cmepTn 3KcnepuMeHTa IbHAas yCTaHOBKa Iepemnia K [enpu Kapenmumry.
Kaenguin mMoaudunupoBa yCTaHOBKY, ITpoBes ombIThl U omucaa ux B Philosophical Trans-
actions B 1798.

! Tabauma B3sTa us kaurn: 10.B.Anexkcanapos. Beenenne B Gusuky mianer. Kues. “Buma mkoma’, 1982
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DKCIIEPAMEHT
Kpyruabreie Becot

| |
>

I'. KaBenauina

| Maccupmere IIAPBI |

Puc. ITI-6-1. MeTos u3amepenusi rpaBUTAIMOHHON MOCTOAHHON € TIOMOIIHIO KPYTUJILHBIX BECOB.

B macrosiiiee Bpemsi rpaBUTAIMOHHYIO HOCTOSTHHYIO H3MEPSIOT HECKOJIbKUMU Pa3HBIMU
MeTOJaMi, B OCHOBE YaCTH KOTOPHIX JIEKHUT TOT yKe Meron Kapermgumma. OJHAKO ¢ MTOMOIIBIO
TaKOr0 MEeTO/a y/IaJ0Ch m3MepuTh (G ¢ TOYHOCTBHIO JIMINb JO TPEThero 3Haka. B HacTosImee
BpeMs IPeIIPUHIMAIOTCS MONBITKA BEIYUCIUTE (G ¢ OOIBIIEH TOYHOCTDIO.

I/IBMepeHI/Ie I'PAaBUTAIIMOHHOIO ITIOJIdA 3emian n Apyrux mnJjaaHeT

V3mepenne rpaBUTAIMOHHOTO MOJII BayXKHO M 3a/1a9 HaBuramnuu. C JApyroii CTOpOHbI, UMEHHO,
u3ydas JBUKEHHE TeJ B I'PABUTAIMOHHOM I10JI€, MOXKHO y3HAaTh KaKoBa (opMa ILIaHETbI
WJIM 3Be3Jibl U KaK pacipejeieHa Macca BHYTPU ITHX TeJ. Takas 3a/lada ¢ MOMEHTa Hada/ia
KOCMUYECKOW 3pbl pelrajiach MHOTOKpaTHO. B Hacrosiiee Bpemsi Hanbojiee TOYHBIE JTaHHbBIE
naer cnymuux GOCE  eBporeiickoro kocmuueckoro arenrctBa. C centsbps 2009 roga
almapaT HaXOJIUTCAd Ha BbicoTe 254.9 KmoMeTpa HaJl IMOBEPXHOCTHIO - HUXKE, YeM JIOObIe
JIpyTHe CIYTHUKHU, KOTOPbIe BeAyT HAOMIOJeHNA 3a IaaHeToil. Ero ocHoBHas 3a1a4a - BHIIBUTH
IPABUTAIMOHHBIE AHOMAJIUU U COCTABHTb KapTy I'PABUTAIMOHHOIO I0JIA 3eMJId ¢ TOYHOCTHIO
1-2 canTumeTpa.

CobpanHasi CrIryTHUKOM WHMOpMaIs MpeacTaBiaseT OOJbIIYI0 MeHHOCTh IS Pa3JInIHBIX
HAayK, U OCODEHHO [I/id HU3YYeHHUs KJIMMaTa, IOCKOJbKY YPOBEHb I'DAaBUTAIUN BJIHAET Ha
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JIBHZKEHHE OKeaHMYeCKUX TedeHuil, pacupejessonmx remwio no mwianere. (O coyrauke GOCE

CMOTPUTE CCLLIKH: 2

2 Jleknmuga 7. /IBukeHne KOCMHYECKUX anlapaToB BOJIM3U
3emin

2.1 /IBum>keHMe TOYEYHOIl YACTHUIILI B II0JI€ TATOTEHUA 3eMJIN
KengepoBckue opouTsl

ypaBHeHI/IH HbIOTOHa JABUZKEHU A TOYEYHON JaCTHUILbI HpOI/ISBOJIbHOﬁ MaCCHI 1 B TIOJI€ TATOTEHUA
UMEIOT CJIeYIONUid OOIuil BH T
dv

— =-Vo. (3.11)

B,ZLGCI) Qb - FpaBI/ITaHI/IOHHbIIU/I IHOTeHIUAJI IIOJIA TAT'OTCHHI. HOTGHHI/IaJI I'PaBUTAIIMOHHOT'O I10JId
Tesa, 00J1a1arI1ero chepuieckoit cuMMeTpueit, nMeeT BU/I:

_ou
Gl

¢

B rakoMm moJie coOXpaHsieTcsi MOMEHT HMITYJIbCA CIIY THHKA:
L = [r x p] = const.

B cuny sToro ymobno BbuIOpaTh CcHCTEMY KOOPJAMHAT TaKUM OOpa30M, 4YTOOBI ILTOCKOCTD
JIBUZKEHHs CIYTHUKA (IIOCKOCTH OpPOUTHI) ObLIa OPTOrOHAJIbHA MOCTOSTHHOMY BeKTOpPY L.
Hamnpasum ochb 2z B1osib BekTopa L. B arom ciryuae L = (0,0, L,). ITepexo/s Teneps K MOJISPHBIM
KOODJIMHATAM B IJIOCKOCTU OPOUTHI, 1101y YaeM:

L, = mr’¢ = const. (3.12)

’http://elementy.ru/images/news/gravitational_anomalies_grace. jpg,
http://elementy.ru/images/news/geoid_300. jpg
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P

(s ) b

Puc. TI1I-7-1. DteMeHTBI 3/ITUTITHIECKONH OPOUTHI

B BbiOpanHO# MOSIPpHOI cUcTeMe KOOpPAMHAT 3aKOH COXPaHEHUdA SHEPTUH MOYKHO 3alHCATh

cJIeJIyIONuM 00pa3oMm:

| MG
Ey = %(vf + 7"2(;52> _ P const. (3.13)
r

3/ech v, - paamabHasi CKOPOCTh CIHYTHUKA, [y - MOIHAS SHEPTrus. DTOT 3aKOH COXPAHEHUsI
¢ yaerom (3.12) npuobperaer Takyo (GopMmy, B KOTOPYIO BXOAST JIUIIL (DYHKIUU PATHATbHOI
KOOPJUHATHI:

m ([dr]? L? mMG
0= 5 E m2702 — T = const. (314)

OTta ¢opMa 3aKoHA COXPAHEHHUsS SHEPIUU COOTBETCTBYET OJHOMEPHOMY PaJiHa/IbHOMY
JBUKEHUI0 YACTUILI B HMOTEHIIHAJIBLHOM I0JIe TAroTeHus ¢ >@(QGEKTHBHOW MTOTEeHIUAILHOM

dHEpruein

L? mMG
Uess = omr2  r

OTJIMYAOIIEeHcd OT TOTEeHIWAJbHON 3SHEPTruu WCXOAHOW 3aJauyl  HaJIWIWeM CJIaraemMoro,
COOTBETCTBYIOIIETO SHEPTHH OPOUTATHLHOIO JIBUKEHHUSI.
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Jlna ommcaHus TPaeKTOPHHU CIYTHHKA B PacCMaTPHBAEMOM II0Jieé TATOTEHHS II0JIE3HO
npeobpazoBath (3.14) k Qopme 3aKOHA COXpaHEHHS TAPMOHUYECKOTO OCHUJLISATOPA. DTO
1IO3BOJIdeT 1HOJIYyYUTb DA COOTHONLIEHUN Ha OCHOBE 3STOH aHaJIOI'uu C Ir'apMOHHUY€CKUM
ocuuisitopom. Jesast noc/eosare/ibHo 3amennl nepemennbix () = r(¢(t)) u ((¢) = r~1(¢),
MOJTy 9aeM:

L2 ([d¢T?

P 2 — —
2\ 25| +¢ ) —mMce=Ey

w

NJIN OKOHYATECJIbHO:

dcl?
w) T

[Tosy4yennblii 3aKOH COXpPAHEHUs HEPIUU COBHAJAET 1O (opMe ¢ 3aKOHOM COXPaHEHHS

QHEPTUU rapMOHHNYIECKOTO OCHUJIIIATOPA e,Z[I/IHI/ILIHOI‘;I MacCChI, e,ZLI/IHI/IqHOﬁ YaCTOTHI U TTOJIOZKEHUEM
o _ m2MG

paBHOBeCHS B TOYKE C KOODAUMHATOH () = o [Ipu sTOM yr/ioBag nepeMeHHas ¢ UTpPAET

posib BpeMeHH. [T0CKOMbKY 3aKOH JABHYKEHHS TApMOHHYIECKOT'O OCIHIIISITOPA 3apaHee U3BECTEH,

MOZKEM Cpazy 3ammcarh pernterne st 3PGeKTuBHON ero KOopAuHaTel ( B BUIE:

m?MG1®  2mE, [m®*MG]?
Tz | T T

= const.

¢ 1 m2MG (6 — 60)
=—=—"—+ Acos(¢p — ).
r L?
D10 pemienue ya00HO IPeAcTaBUTL B (DOPMe KAHOHUYECKOTO YPaBHEHUs SJLIUICA B MOJISAPHBIX

KOOD/IMHATAX:
p

. 3.15
1+ecosv’ ( )

e p - OKaJbHBIH IapaMerp, € - SKCIEHTPUCUTET. YTOJd V = ¢ — ¢y, OTCAUTHIBAEMBIH OT
HaIpaB/IeHUd Ha Hepureil, Ha3bpIBaeTCd UCTUHHOW aHoMasueil. [lepureem HasbIBaeTcs TOUYKA
MHHUMAJIBHOIO PACCTOAHHSA OPOUTHI OT I[EHTPA IOJsl, AlOreeM - TOYKAa MAKCHMAJIbHOIO
yJlaJieHusi, ecjim OHa ecTh. Bce aru mapamerpbl u3oOpazxkenbl Ha puc. I-1. Ha 3tom pucynke,
B 9aCTHOCTH, Yo £ OTHOCUTEIHHO MEHTPA IJIIUICA, OTCIUTHIBAEMBIil OT mepurest 10 MPSMOi
OB , Ha3bIBAeTCs YKCIHEHTPUIECKOH anoMauei £.

Ucnosb3yst moJiydeHHOe pelieHne, MOMXKHO CBSI3aTh KAHOHMYECKUE MapaMeTPbl JLJIUIICA, C
JIMHAMUYECKUMHI [apaMeTpPaMu JIBUZKEHUsI CIYyTHUKA - ero MOJHOW JHeprueil m MOMEHTOM
uMIysbca. st 3Toro BOCIOIB3yeMCsl HEKOTOPBIMHU MPOCTHIME cooOpakeHusimMu. B amoree n
Iepuree pajuaJjbHas KOMIIOHEHTa CKOPOCTH paBHa Hy/0. [losTomy u3 3akoHa coxXpaHeHHS
SHEPIUU HAXOIHM:

L? mMG

Eo

Y

- 2
2mra,p Tap
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rje T, U T, - PACCTOsIHUS OT IeHTpa moss (3eMin) B amoree W Iepuree COOTBETCTBEHHO.
CkJIapiBag 9TH JBa COOTHOIIEHUsI IS Tq U Tp, YIUTBIBAZ ONpejeseHne GOJIbINoil MoJyocH
a: a = (ry +rp)/2, upuxoaum K cieyromieii hbopmyJie st 110JHON SHEpruu

Ey=——"—. 3.16
0 2a ( )

OTCIO,ILa I[IOJIy49a€M IIOJIE3HOE€ COOTHOIIEeHHE OJId KBaJApaTa MOAYJIdAd CKOPOCTH Op6I/ITaJIbHOFO

JOBUZKEHUA:
2 1
V?=GM (— — —) : (3.17)

r a

Tenepb MOXKHO TOJIYIUTH BBIpaKeHUs /I PACCTOSHUN B amoree W mepuree Kak GpyHKIHI
JIMHAMUYECKUX TTapaMeTpPOB CIYyTHUKA:

1 m’MG \/ L2
— = —— |1/ 1+2EB)—=—
Tap L? * U M2m3G?

C pyroii ¢cTOPOHBI, 13 KAHOHHYECKOrO ypaBHeHus sjuinica (3.15) nmeem

l+e % 1-—¢

(3.18)

Tp

Orcro/ia nojiydaeM BbIpazkeHue Jijisi MPUIEIbHOTO HapaMeTpa OPOUTHI P U IKCHEHTPUCUTET, €
TakKe KakK (PyHKIUil JUHAMUYECKUX TapaMeTPOB JIBUZKEHUS CIYTHUKA!

2r,r, L2 To —Tp \/ L2
P rp+re mEMG’ ¢ Ta +Tp + b0 M2m3G? ( )

st onnMcanusl 3aKOHA JIBUKEHUsI CIIyTHUKA 110 OpOuTe uCnojb3yercs ypaBHenue Keruiepa,
KOTOPOE UMeEET CJIeIYIONNN BUJI:

E —esin€ =n(t —ty) + M. (3.20)

3rmech & - 3KcreHTpHIecKas anomasns,Benrnanna M = n(t — ty) + M- HazbIBaeTCs cpenmeii
anomasimeii, a BesmunHa M, - cpenHeii amomagumeit B smoxy (i), n = VMGa=3 -
cpenuee aBukeHwme. [eoMeTpuvecKuil CMBIC IKCIEHTPUICCKONH AHOMAJIMH MOSICHEH HA PHC.
I-1. DkcuneHTpHYecKas aHOMAJINS CB3aHA C eCTECTBEHHOH aHomasmeil (yron v ma puc. I-1)

dopmy.oii

tg = = tg = (3.21)

N3  »srux AByX ypaBHEHUN OUpeJe/IsieTcss UCTHUHHAS aHOMAJIMs, COOTBETCTBYIONIAS
OTpeJIeJICHHOMY MOMEHTY BpeMeHH © W, CJIeJ0BAaTe/NbHO, TMOJOYKEHUEe CIYTHUKAa Ha opoure,
HaIIPUMeED, OTHOCUTETHHO TepUTes.
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ITono2keHue opOUTHI B IPOCTPAHCTBE

[TosiydeHHbIE COOTHONIIEHUS IMO3BOJISIOT PACCYUTATh HAPAMETPbl  AJLIMITHIECCKON opOuThHI
cuyTauKa. OHAKO /I 33129 HABUTAIMK HEOOXOIMMO 3HATH HE TOJIBKO IMapaMeTPhl JJLIUIICA, HO
1 TO, KaK OpOUTA PACIOJIOKEHA B IMIPOCTPAHCTBE 110 OTHOIIEHUIO K T'eONEeHTPUUIECKON CucTeMe
KoopauHAaT. /lJig CIyTHHKOB 3eMJIM 3TH T'eOMeTpPUUYecKHe IIapaMeTphbl MOJIOXKEeHUT OpOUTHI B
reoleHTPUIECKOil IeKapTOBOil cucTeMe KOOPJAUHAT BBOJATCS CJeaAyomuM odbpazom. Ock 2 3Toii
CHUCTEeMBbI KOOPAUHAT COBIIAIAET C OChIO BpAIEHUs 3eMJIH C MOJOKUTETbHBIM HAIlpABIeHHEM Ha
CeBEPHBII MOJII0C. DTa TOUYKa Ha HeDeCcHOI cdepe pacnosiaraercs Bom3u [oassproit 3Be3a61. Och
T HallpaBJIAE€TCA U3 HEHTPA BGMJ'II/I B TOYKY BECEHHEIr0o paBHOJACHCTBHA, KOTOPasd B COBPEMEHHYIO
SIOXY HAXOJUTCHA B CO3BE3UU 30I0TOi PuIObI. OCh Y - MepHeHIUKYIIPHA JIBYM JAPYIHM.

() —onroTa BOCXOAAIIEro y31a

W — ApryMeHT Nepures
U — BOCXOAALIWH y3el
d - HEUCXOAAIHI y3e

Puc. I11I-7-2. [lonoxkeHne opOUTHI B TPOCTPAHCTBE

Touka nmepecedenus: OpOUTHI C IKBATOPUAIBHON MIOCKOCTHIO HA3BIBAETCH Y3JI0M OPOUTHI.
Touka, T/1e CIIYTHUK MEPEXOIUT U3 I0KHOI MOTycdephl B CEBEPHYIO, HA3BIBAETCSI BOCXOIAITIM
y3aom. [IporuBono/iokuast OTHOCUTEILHO EHTPA 3eMJIN TOYKA - HUCXOAAIIUNA y3€ea. Yol
Me2K1y HallpaBJIEHHEM Ha TOYKY BECEHHEIrO PpaBHOACHCTBUA U BOCXOAAIIUM Y3JIOM, T.€. MEXKIY
OCBIO T W BOCXOJIANIAM Y3JI0M, Ha3bIBAETCS AOJTOTOM BOCXOAMAIIEro y3Jia u 0003HAYaeTCsd
31ech depe3 (). YTos B IJIOCKOCTH OPOUTBI, OTCUNTHIBAEMBIH OT BOCXO/ISIIEr0 Y3/ J0 IMepures
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HA3bIBaETCSI APTYMEHTOM Hepures n 0003HAYaeTcsd W. YTOJI MeXK/y IIOCKOCTbIO OpOUTHI U
9KBATOPHUATBLHON TIOCKOCTHIO HA3BIBAETCS HAKJIOHEHHEeM OPOUTBHI M 0003HAYAETCS 37eCh depes
1. Tak ke B napaMerpbl OpOUTHI BXOAUT (POKAJIbHBINA HapaMerp p u dKcieHrpucurer e. /s
HAIJISIHOCTH 3TU TapaMeTphbl IIPUBEJIeHbl Ha PUC. 2.

JlekapTOBBI KOOPJAMHATHI CIIyTHUKA B T'€ONEHTPUUECKON CcHCTeMe KOOPJWHAT OYJIyT UMeTh
MPU STOM CJIEYIOTIHIA BHI:

x = r(cosucos ) — sinusin Q2 cosi), (3.22)
y = r(cosusin Q + sinu cos 2 cos i), (3.23)
z = rsinusini. (3.24)

Bnech u = v +w. [logpobroctn MoxkHO Haiitu B [14] 3. IToamelit na6op dbopmMyn cmorpure B [15]
(cTp. 171-180) 4,

IBu>xkenne B cpepongamrbaom mose. Mogeins npeneccun

Cnaboe oryimane peajbHOI (POPMBI IJTAHETH OT chepuuecKoil BeIeT K MeJIIeHHOMY U3MEHEHUTO
MapaMeTpoB KeILIePOBCKOl OpOUTHI co BpemeHeM. IIpocTast Momenb TaKoi SBOJIOINUN MOZKET
6bITb IIOCTPpOECHAa U3 aHaJIu3ad JUMHAMHUKHW MOMEHTa HUMIIYJIbCa CIIyTHHKA. HOCKOﬂbe TaKad
MOJIe/Ib QHAJIOTUYHA [0 OCHOBHBIM TapaMeTpaM IPerecCuu BPAIIAONErocs TMPOCKOTNa, TO B
ﬂ&ﬂbHeﬁIﬂeM MBbI 6y,ZLeM Ha3bIBaTh TaKYIO MOJEJIb MOJAEJIbIO MpEenecCuun, XoTd dJad IUHaMUKN
IapaMeTpoB OPOUTHI CIIyTHHKA TaKas TEPMUHOJIOIUs OOBIYHO HEe IMPUMEHSeTC.

Cornacuo (3.10) xopormum mpubIMzKeHHeM JJisi TOTeHIUATbHON SHEPrUu CIYTHUKA B
HechEPUIECKOM 0JIe TATOTeHUsT 3eMJIH ABAIeTCs (DyHKIIHS

GMEm J2 2’2 R2
U=—"—|1+=(35-1) %/, (3.25)
T 2 T T
e m - Macca CIyTHWKa, W HCIOJIb30BAHO TOXKIECTBO cOSf = z/r. Vpasuenune Hbrorona
JABUZKEHU A CHyTHI/IKa B TaKOM IIOJI€ UMeeT BUI:
dp
— = -VU.
dt

YMHOzKag 3TO ypaBHeHHe CJeBa BeKTOPHO Ha PaJUyC-BeKTOD I' = e, +ye, + ze,, IJe €,, €., €, -
OPThI ﬂeKapTOBOﬁ CHUCTEMBI KOOpAWHAT, IIOJIy9aeM YpaBHEHHE 1J1d MOMEHTa UMIIYJIbCa CIIYyTHHUKA
L = [r X p] B cieaytomem Buje:
dL
— = —[r x VU]. (3.26)
dt
3A.H.Marsees. MexaHnKa, I TeOpHA OTHOCHTeIbHOCTH. M.: Brrcmmas mxosma, 1986 T.

4CupaBounoe PyKOBOJICTBO 1O HeGEeCHON MEXaHUKe W acTpOJUHAMEKe. 1o, ped. dy6omuna, M.:M31. Hayka,
1971, 584 c.
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Ecmm cuna, neiicTByomas Ha COYTHUAK MEHTPaJbHA, TO MOMEHT CHJI, CTOAININI B MTPaBoOil YacTu
(3.26) pasen Hys0. [lelicTBUTEIBHO, /IS IEHTPATBHON CHIBI BBHITIOJHAETCS YCJIOBHE:

F=-VU=Q(r)r,

rae Q(r) - Hekoropas ckasspHast (DYHKIHs DAIUAILHON KoopauHarhl r. s cdepudeckoii
IUTAHETHl TPABUTAIMOHHOE MOJIe MEHTPAJTbHO W MOMEHT CHJ pPaBeH HYJII0. DTO NPUBOIAT K
3aKOHY COXPAHEHHMs MOMEHTa UMILyJbca. B ciaydae HechEepUIHOCTH 3eMJIM I'DaBUTAIMOHHOE
10JIe HE SBJIAETCA NEHTPAJIBHBIM, 1 MOMEHT HMITY/IhCA HE COXPAHSIETCst. BIUnCJIMM MOMEHT CHJI
JUTst TIOTeHnnabHoi sHeprun (3.25). JTuddepennupyst moreHnua by sHepruio (3.25) MOKHO
HOJIYYUTh CJIEYIONIEe BhIpaKeHne i CUJIbI, JefCTBYoMell Ha CIyTHUK:

F=-VU=Q(r,z)r + W(r)ze,, (3.27)

rie

Q(T7Z):W_Em[1+3_‘]2(5z_2_1>.R_%E]7

73 2 r2 r?
M 2
Wi(r) = 35, e B

r r2’

a BEKTOp €, - eJMHNUYHBIA BEKTOP B HANPABJEHUHW OCH 2, COBMAJAIONIEIl ¢ HaITpaBJIeHHEM OCHU
Bpamienuns 3emyin. OTCIOJA CJIe/lyeT, 9TO B TAKOM MOJI€ CHJI MOMEHT CHJI, JAefiCTBYIONUX HA
CITYTHUK PaBeH:

[r x F|=W(r)zr x e,].

Otcroma HaxXoauM
rx F|] = W(r)z[(a:em + ye, + ze,) X ez] =W(r)zz [ex X ez] + W(r)zy [ey X ez}.

YYauTeiBagd, 9TO
[, X ez} = —e,, [e, X ez] = e,,

OKOHYATEJILHO MOJyYaeM JJIT KOMITOHEHT MOMEHTa UMITYAbCa CJEIYIONLYI0 CHCTEMY YPaBHEHWIA:

dL,

dt
Ly

dt
dL,

dt

= W(r)zy,
= —W(r)zz, (3.28)

=0.
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W3 310it cucTeMbl BUJIHO, 9TO IIPOEKIIMS MOMEHTa UMITY/IbCa CIIyTHHKA Ha OCh BpAIeHUS 3eMJIH
coxpansercs: L, = const.

Ypasuenusi (3.28) BMecTe ¢ 3aKOHOM COXPAHEHHsI SHEPIUH Telepb MOTHOCTHIO OIPEIeIsioT
JIBUKEHWE CIYTHUKA B PacCMaTpUBaeMoOM Tojie TaroTeHus. [loCKOIbKY OTKJIOHEHHe OT
cdepuanoctr 'y 3emsn mano (em. Tab. 1), MOXKHO cYMTaTh, 9TO 3a OAWH OGOPOT CIYTHHKA
BOKpPYI' 3eMJIi CYIIEeCTBEHHBIX HW3MEHEHHil ITapaMeTpoB OpOUTH He mHpoucxoautT. Taxkwue
OTKJIOHEHUS JIOJIZKHBI HPOABIATHCS JIUIIb Uepe3 3HAYUTEIbHBII ITPOMEKYTOK BpPEMEHH.
[To3TOMY MOXKHO IPEIIOJIOKUTH, 9TO 3aKOH OPOUTAIBHOIO JBHKEHHS CIyTHHKA OCTAETCS 110
dopme TakuM Ke, HO TTapaMeTpbl OPOUTHI Telephb CTAHOBATCS (DYHKIUSIME BPEMEHU U M€ [JIEHHO
MEHSIIOTCSI CO BpeMeHeM. DTO 03HATALT, UTO JIJIST BRIYUCICHUsST JeKAPTOBBIX KOOPIMHAT CIy THUKA
MOZKHO HCIIOJIb30BATh Te 7Ke COOTHOIIeHust (3.22), 9To U paHbllle, HO B KOTOPBIX Teleph CJIeIyer
cuntarh 2 = Qt), w = w(t), i = i(t), € = (t), a = a(t). Bcro cOBOKYTHOCTb ypaBHEHUI
JUIS 9THX MapaMeTpoB OPOUTHI, KOTOPhIE HA3BIBAIOTCA OCKYIUPYIONIUME JTeMEHTAMHU, MOYKHO
HOJIy9uTh Tenepb u3 ypasuenuii (3.28) u 3akona coxpanenust sneprun. OJHAKO STH BbIYHCICHUST
TPOMO3BJIKHUE, ¥ TIO9TOMY MBI UX 3/1€Ch TOJTHOCTBIO IPUBOANTH He OyaeM. [IpuBemem jiuiib BIBOI
yPaBHEHUS [IJIsT BEKOBOTO W3MEHEHHUs JOJTOTHI BOCXOIAIIETO y3ya () B MPeANnoOKeHN , 9TO
opbuTa MMeeT MaJiblii SKCIEHTPUCHUTET, T.€. IPAKTUIECKH He OTJIUYAETCS OT KPYTOBOii.

[TocTaBuM BBIpazKEHUs sl KOODJUHAT T, Y, z u3 (3.22) B mepsbie jBa ypasuenus (3.28). B
pesy/IbraTe MmoJIy IiM:

dL,
dt
dL,
dt
Orcroa momydaem

L, W o C . ,
o :#r%mz(cosﬁcosz—|—stsm2(v—i—w)+—cochos2(v+w)cosz>,

dL, — W(r)

dt 2
B »stux ypaBHeHHSX B IMpaBoil YacTU HMMEIOTCH CJjaraeMble, KOTOpble MEHSIOTCS OBICTPO
(HaHpI/IMep, 3a OuH 00OPOT CIYTHHUKA BOKPYT BeMm/I) A Te, KOTOPble MEHIAIOTCI MEJJICHHO.
BricTpo MeHsIOTCS ctaraeMble, coeprKallie HCTHHHYIO aHOMAJIUIO v, KOTOpas 3a OJUH 000pOT
Mensiercs or 0 10 2m. MejjleHHO MEHSIOTCs cjlaraemMble, He cOojiepzKaliue UCTUHHONW aHOMAJIUH.
I/IS 9TOT0 aHaJIu3a CIIG,ZLyGT, qT0 Bpra}KeHI/IH JJId KOMIIOHEHT MOMEHTa I/IMHyIIbCa MOZKHO
IpeacTaBUTb aHaJIOI'MYHbIM 06pa30M B Buae CJjlara€MbIX, MEHAIOIUXCA 6bICTpO n MeIJIEHHO,
T.€.

= W (r)r?sini ( sin Qsin(v + w) cos(v + w) + cos N sin®(v + w) cos i),

= —W(r)r? sini(cos Qsin(v + w) cos(v + w) — sin Qsin’(v + w) cos z) :

r2sini<—sichosi+costin2(v+w) + —sinQcos2(v + w) cosi).

L, = LO(t)+ A(t) sin(v+w)+ B(t) cos 2(v+w), L, = L(yo) (t)+C(t) sin(v+w)+D(t) cos 2(v+w),
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e bynknun Léo),Léo) MEHSIOTCS MEJJIEHHO. Y paBHEHUS JIjIs ITUX (DYHKIUN MOJIYIAI0TCS

PSIMOii TOJICTAHOBKOM TIOCJI€THUX BbIPAZKEHUI /1 KOMIIOHEHT MOMEHTA UMITY/IbCA B YDABHEHHUSI
(3.29) u (3.30) u mpupaBHUBAHHEM MeJJICHHO MEHSIIOIINXCS dacTeil ypaBHenus. B pesyibrare
TI0JTy 4aeM

ar” w
— #73 sin ¢ cos {2 cos 1, (3.29)
dL(O) %%

dgtJ = 2(7”) r? sin i sin Q cos 1. (3.30)

MeﬂﬂeHHO MEHAIIaACAd YaCThb IIPOEKIKUKU BEKTOPa MOMEHTa HMMIIYJIbCa Ha IJIOCKOCTb T — Y
MOZKeT OBITBH IpeJCTaBIeHa caeayomum odpasom (cm. Puc. I-3):

L = Lysin Qsini, LY = LycosQsini,

re Lo - MO/LyJIb BEKTOpa MOMEHTa UMITY/IbCa MeJIJIEHHO MEHSIONIEHcs COCTaBIAIONIeil, KOTOPbIii
OCTaeTCd MOYTH HeM3MEHHBIM, HO caM BeKTop L BpalmaeTcs BOKPYT OCH Z.

Puc. III-7-3. Bpamenue miockocTs OpoOUTH B IPOCTPAHCTBE.
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[Toncrasisiss 9t coorHolmenns B ypasHenusi (3.29) u (3.30) cumrasi, 9T0 HAKJIOHEHHE
OpOUTHI He MEHSIETCS, & H3MEHsIeTCsT TOJIBKO J0JIT0Ta BOCXOSIIETO Y3/1a, MOy IaeM CJIeIyIoIee
ypasuenue st (1)

dQ W(T) 2 oS i 3J2 GMEm R%—; oS i
—_— = ——7T = 1.
dt 2L0 2L0 T r2

Y4uThIBag, YTO /s HEBO3MYIIIEHHOTO JBUZKEHHS 110 KPYTOBOil opOute

Lo = mr? G Mg
T 7

OKOH4YaTe/JIbHO HaXOJAUM

i 3J, [GMpR:
dat 2 r3 2 cost

Bu>xkenne B cpepongarbaOoM moJse. Tourabie POPMYJIbI

Bonee Tounblli aHaMM3, YYUTHIBAIONINNA BO3MOXKHOE OTKJIOHEHHEe OPOHUTHI OT KPYTOBOI,
[IOKA3bIBAET, YTO B MEPBOM HPUOJINZKEHUU BMECTE C JIOJTOTOW BOCXOJMAIIEr0 y3Jjia MeJJIeHHO
U3MEHSIOTCS apTYMeHT Iepures w u cpeanss anomauns M. CoorsercrBytomme (pOPMYJIbI J1JIsT
CKOPOCTHU BEKOBBIX U3MEHEHUI 3TUX BeJUYUH UMET TaKOi BUJ:

(3.31)

a2V 43 p 2)2’

dw 3 |GM Rp\* (1 —5cos2i)
A (7) Aoep (3.32)
dMo 3 [GM  (Rg\* (3cos?i—1)
= () e 399

Brecb p = a(l — €*) - dokanbHBl mapamerp opbuThl, Rp - 3KBaTOpHAJLHbBIN DPaJdycC
Bemusn, a - OoJbIIas MOJYOCh OpOUTEI. BumaHo, 9T0 11 Kpyrooii opoutsl (opmyna g €2 B
TOYHOCTH COBIAIAET C MOJTYUIeHHO! HAMHI paHee. DTH YpaBHEHHS MOKHO HHTEPIPETUPOBATH KaK
BEJINYMHY U3MEHEHUS 3JIEMEHTOB OPOUTHI B PAUAHHOM HJIM YTJIOBOM MCYHUC/ICHUN 33 HEKOTOPBIH
MIPOMEXKYTOK BPEMEHH, HAIPUMep, 33 OJ1uH 000POT cryTHUKA BOKPYT 3emuru. O1HAKO, Kak Oy/1er
SICHO W3 JAJIbHEHTero, B peajbHbIX JJAHHBIX OOBITHO MapaMeTphl 33 al0T 3a CYTKH. BeananHa
n = VGMa™? naspiBaerca cpeguuMm japuzkenuneMm u B jgaHablx NORAD npusoguTcs B Buje

— €

Y 3 |GM (RE>2 cos 1
_ L (2 (1—
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qncaa 0o00poToB 3a cyTKH. Jloarora BOCXOAAIIEro ysjia m apryMeHT mepures B gaHHBIX NO-
RAD npuBoasrcsa B rpagycax. B srux equmanmax AS) u Aw 3a cyTKH TIpUMeT CJIeIYIONIil BUIT;:

3 Re\’
AQuay = 5360n.], (f) cos1, (3.34)
2
Awgay = 23607“2 (%) (1 —5cos?1i), (3.35)
3 Rp\’
AMogay = Z?)6OTLJ2 <?E) (3cos?i — 1) (3.36)

Bennuauna 360n npejcrasiisier coboit cymMMapHbIil yIJ10Boit Haber HCTUHHOW aHOMAJIMK 3 CYTKH.
Teneph MbI MOXKEM JIETKO CAEJATH OUEHKH JIJIsi BEIUIMHBI U3MEHEHUsI JOJTOThI BOCXOISAIIETO
y3/Ja, apryMeHTa Iepured M CpeJHeil aHOMAIMM 3a CYTKH JJid HEKOTOPBIX XapaKTePHBIX
CIyTHUKOB. Tak I MOJMSPHBIX MeTeoposorndeckux cnyTHukoB tuna NOAA n ~ ldrev/day,
Re/p ~ 1.2, i = 98° cos i ~ —1.2. Ucnonn3ys 3uauenne Jo u3 Tabaumpl 1, HAXOIUM
AQday ~ 107 Awday ~ 3°.

@opmyner (3.34) m (3.35) B3arer w3 [16] °. @opmyma (3.36) B3aTAa W3 CHPABOYHOTO
pykoBojcTBa [15](cTp. 438) 8, KOTOpOE COMEPIKUT CIpaBOYHBIi MATEPHA TI0 BCEM MapaMeTpam
JBuzKeHus crnyrHuka. Mex 1y dopmysnamu, npuBouMbivu B [16] u |15] umeercst Hesnadurebaoe
pas/juune, COCTOAIee B OTCYTCTBUU U HAJIMYUU (COOTBETCTBEHHO) MHOxuTe s (1 — €2)™2 s
nepBBIX ABYX (bopmy n MuoxuTens (1—e?)™3/2 g cpenneit anomauun. JIjist 0o9TH KPYrOBBIX
OpOUT 5TH MHOMKHTENN IIPAKTHYECKH He oTamdaiorca or 1. IlompoObHOCTH Teopum IBUKCHUS
ciyTHEKA B ceponIaibHOM Moje 3eMIn MoxKHO Haiitu B [15] 7.

2.2 Boimanue compormBiieHus aTMocdephbl HA ABU>KEHUE CITy THUKA

[Henbto 3TO 3a7a9n gBAgETCI TPOBEpKa MPOCTON MOAETH JAefiCTBASA CHIBI MOJEKYJTIPHOTO
COLPOTHBJIEHUsI CO CTOPOHBI arTmMocdepbl Ha CIYTHUKH, HAXOJSIIUMECS Ha CPaBHUTEJIbHO
HEBBICOKUX U MOYTH KPYIOBBIX OpOUTAX.

[IycTh CHYTHMK Macchl m ¥ ILIOMAIbIO TOMEPEYHOr0 CEeUYeHHs O JBHUKETCS 10 OpOuTe,
UCHBITBIBAas J1000Boe comporusjeHune armocdepor. O003HAYMM KOHIEHTPAIUIO MOJIEKYJI
arMocdepHbIX Ia30B Ha BbicoTe opouThl 4yepes N. Torna 3a Bpems df CHYTHHK CTOJKHETCS

5B.B. Benenguit. Ouepku o IBIDKeHNN KocMmdeckux Tea. M:“Hayka”, 1972, 320 c.

5CrpaBovHOE PYKOBOACTBO IO HeGECHOM MeXaHIKe U ACTPOIHHAMHIKE. 0. pelx. dy6ommmua, M.:U3a. Hayxka,
1971, 584 c.

"T.H. Oy6ommn. Hebecrnas mexanuka. Ocnosubie 3amaun u Meroasl. M.: Hayka. Tnas. pen. ¢dus.-mar. jur.,
1968, 4.1V, I'n.XII, c. 566-652
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¢ dN = NdV monekynamun, Haxoggmumuca B oobeme dV = vodt, nosromy dN = Nvodt (cwm.
puc. 6).

Puc. III-7-4. K BbIBO/Y CHJIBI MOJIEKYJISIPHOI'O COIIPOTUBJICHUS.

Bynem mnpemnosarats, 9To yaap KazKjaoi MOJIEKYJIbl abcoioTHO yrpyruii. Tormaa 3a Bpemst
dt MOMeKynbl HepeJaIyT COYTHHKY HMIYJIbC, paBHBI dp = 2movdN = 2v?mooNdt. 3aecn
mg - Macca OfHOit MoseKyabl. OTCIoa HAXOANUM, UTO CHJIA COMPOTUBJICHUS, MCIBITHIBAEMAS
CIIYTHHUKOM PaBHA:

dp
dt
rae v = 2po - kosddunuent rpenud, p = moN - IWIOTHOCTL aTMOCKhEPH.

PaccmorpuMm aBuKeHne CIyTHUKA B MOTEHIIHAIBHOM IOJI€ CHJI MO/ JeHCTBHEM TAKOW CHJIBI
TpeHus. Y paBHEHHE JIBUKEeHUE CIyTHUKA B JIEKAPTOBOI CHCTEMe KOODJIMHAT UMEET CJIe Ly IOTIHii
BU/I:

Fq= —20%po = —y0?,



Semuda

YMHOXKHM 3TO ypaBHEHHE CKaJdpPHO Ha CKOPOCTH JIBUXKEHUsd CIyTHHKA. llocse Hec/10:KHBIX
npeobpa3oBaHmil MOTyIaeM:

d [mv? 5
E[T—FU} = —v-.

Orciona yaeabHas moaHas sueprus cuytauka F, = Fy/m n3MeHsiercs CorJaacHo ypaBHEHUO:

dEm ’7 3
— = ——".
dt m

[Ipe/i110/102KUM, YTO CILyTHUK JIBUZKETCS 110 OPOUTE ¢ MaJIbIM dKCIEHTpUCUTETOM € << 1, T.e
MOYTH 1O KPyrowoit opoure. B 3TOM ciydae pajimajibHas COCTABJISIONIAs CKOPOCTU CIIyTHUKA
3HAYUTETbHO MEHBIe CKOPOCTH OPOMTAIBHOTO JIBUKEHHd Uy = 7'¢. [lo3TOMYy MOXKHO CUUTATH,

ITO:
. L L
V=4 /2 F i~y =r¢p = — = 2,

" ¢ ¢ ¢ rm r

riae L - Mojysib OpOUTAIbHOTO MOMEHTA UMILYJIbCA CIIYTHUKA, & Ly, = L/m - yaeJbHbIli MOMEHT
ummyabca. Torma mosydaem ciaeayomniee COOTHOIEHUE:

r3 dE,,

TR T —~/m = const. (3.37)

YuaursiBast (?77), coornonterne (3.37) MOKHO HPEJACTABHTD CJIEYIOIUM 00PAa30M:

__(uiiyzé% {(1_;f2”L]

= —y/m

Bnech 4 = MpG. [1ocKOIBKY Ipenoaraercs, 9T0 OpOUTHI CIIyTHUKOB, H3y9aeMbIX B JAHHOI
3a/1aue OJIM3KU K KPYTOBBIM (MaJIBIil dKCIieHTpucuTet), 10 1 ~ p. Kpome sroro, B hopmy.ie jijis
HOJTHOM SHEPrum OTOPOILIEHbI BO3MYIIAMOMIKME J00ABKH, CBA3aHHbIE ¢ HECHEPUIHOCTHIO 3eMJIH
B CUJIy UX MaJioCTU. B pesy/ibrare 1oc/ie/inee COOTHOIIEHNEe MOXKHO IIPUBECTHU K CJIE/LYIOIIEMY

BILY

p=————
o/p dt
Takum obpazom, sta dopmysia 1O3BOJsET OINEHUTH OTHOCHTE/JHLHOE HW3MEHEeHHe IJIOTHOCTH
aTMocdepbl Ha BbICOTE OPOUTHI criyTHHUKA. /[IJ1sT BRIUanciennst abCOTI0OTHOTO 3HAYEHUST TIJIOTHOCTH
arMocdepbl HEOOXOIUMO 3HATH IOMEPEYHOe CeUeHne CIIYTHHKA U €r0 Maccy.

m_dvp (3.38)
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3 Jlekmuga 8. MaraurtHoe 1moJjie 3eMJin

McTo9HnKOM MArHuTHOTO HOJIsT 3€MJIM B HACTOSAIIEE BPEMSI CIUTACTCS HAJININE KOHBEKTUBHBIX
TOKOB BO BHEITHEM JKHJIKOM MeTaJInIeckKoM (Kejie30-HukeseBoMm) siape 3emun. Oriee
crpoenne 3emyn mpejgcrapieHo Ha puc. [1I-8-1. B mnenrpasbHoit obnactu 3eMsn, Kak
IIPE/IIOIATaeTCsl, HAXOIUTCA TBEPA0e WK OJIM3KOEe K 9TOMY COCTOSTHUIO ZKeJ1e30-HUKEIeBOe SIPO.
OHo HA3BIBAaeTCA BHYTPEHHUM. 3a HUM, OJTHKe K IOBEPXHOCTHU, PACIIOIAraeTCs BHEITHee KU IKOe
sJIpO, B KOTOPOM ‘“IuiaBaeT” BHyTpeHHee s/ipo. 3-3a 00Jiblioil Temueparypbl BO BHEIIHEM
siIpe BO3HUKAIOT CJIOYKHBIE KOHBEKTHUBHBIE TIOTOKH, KOTOPBIE CO3/AI0T IJIEKTPUIecKuii Tok. B
pe3yabTaTe 3TH TOKHU, KaK MPE/INOIaraeTcs, TeHePUPYIOT MATHUTHOE TOJIe 3eMJIN.

2900 km
MaHTtna
BHyTpeHHee
}enesHoe

agapo

| 1200 km ..

-

- Hcrounnk

" BHewHee | (2200 km | MATHHTHOTO TTOAS
a4p0

3eMAHn

Puc. I11I-8-1. Ctpoenne 3emn.

CTpyKTypa MarHUTHOIO MOJsI 3eMJIM OYeHb CJIOYKHA. DTO XOPOIIo BuAHO Ha puc. 111-8-2,
Ha KOTOPOM TIOKa3aHbI CUJIOBHIE JJUHUHA MArHUTHOTO TOJIs 3eMIn B pasHbie 3moxu. CI0KHOCTD
MAarHHTHOTO IOJI 00YCIOBIEHA B IIEPBYIO OY€pEeIb TEM, IYTO CaM IPOIECC MFeHePAlnd MATHUTHOTO
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0JIsT BO3MOXKEH JIUIIb MPHU CJIOZKHOM JIBHKEHUN KOHBEKTHBHBIX MOTOKOB BO BHEITHEM SIJIPE,
KOTODBIE MEHSIOTCS MO/, IeCTBIEM reHepUpPYeMOTo HMHI MarHuTHOTO moJid. Kpome satoro, Semuts
cama 110 cebe He ojHOpojHA. Ha pannux sranax ee (popMupoBaHusi MHOKECTBO aCTEPOUJIOB,
KOMET 1 MaJIbIX IJIAHET 11a/IaJIi Ha ee IIOBEPXHOCTD, CO3/1aBasi HEO[HOPOJHOCTH B PACIIPE/I€/IeHIN
BelmeCcTBa U, B 9aCTHOCTU, HaMalrHH49Y€eHHOI'0 BelieCTBa.

Puc. 111-8-2. CujioBble JMHAHM MAarHUTHOTO 110/ 3eMJIH HA PA3IMYHBIX CTAANSAX SBOJIOINH. o

OCHOBHYIO TaCThb HAIPAZKEHHOCTU MAal'HUTHOI'O IOJIA COCTaBJIACT MalHUTHOE ITOJIA JUITOJIA.
[TockoabKy, 1O OINpeje/IeHnIo, HAa CeBepHBIi TeorpaduvecKknii MOIIC yKa3bhiBaeT CeBepHBIit
MOJTIOC MAarHUTHON CTPEJIKU, TO PIJIOM C CEBEPHBIM IeorpauyuecKuM IOJIOCOM PACIOIaraeTcs
FOJKHBII MATHUTHBINA IOJTIOC M, HA00OOPOT, ¢ I0XKHBIM reorpapuuIecKuM - CeBePHbLIH MarHUTHBIM
IOJIIOC, Kak 310 us3obpaxkeno Ha puc. II1-8-3. [lins ykazaHus 10Jsl JIMIOJST JIOCTATOYHO
YKa3aThb B€JIMYUHY W HallpaBJIeHUE MarHUTHOI'O MOMEHTa. HaHpaBI{eHI/Ie MArHUTHOI'O MOMEHTA
YKa3bIBalOT YaCTO C HTOMOIIbIO YKa3aHUA TIOJOXKE€HUA MATrHUTHBIX ITOJIIOCOB BeMJII/I B
reorpadguieckux Koopaunarax. /lasee stu mannble OyIyT IpUBEICHBI.

8spu Tnanmaitep, urep Oncon. UBYUEHUE TEOANMHAMO. http://www.sciam.ru/article/2664/
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Teorpadhdeckmit Mérsumsin A
femioc S [ nonioe

~ \Yly
. g "_4

Puc. II1I-8-3. PacnosiozkeHne MariuTHBIX HOJIIOCOB 3eMJIN.

OmHako Takoe MOJOXKEHHEe IIOJI0COB OBLIO HE BCerja. 3a BpeMs SBOJIONHH 3eMIn
Malr'HUTHOE I110JI€ MHOI'OKPATHO MEH#AJIO CBOIO HOJIAPDHOCTbL W BEJIMYUHY. Ha OCHOBE HM3Yy4Y€HHA
HaMalron4eHHOCTU BYJIKAHUYECKUX IOPOJ, KOTOPbI€ COXPAaHAIOT HallpaBJI€HHUE BEKTOpPa
HAMarHUIeHHOCTH B MOMEHT WX OTBepIeBaHMs, ObLIO YCTAHOBIEHO, 9TO CMEHA MOJICOB 3eMJIH
IIPOUCXO/IUT HE PerysasapHO, U MAarHUTHOE II0JIe OCTAeTCd IOCTOSHHBIM Ha OTPE3KaX BPEMEHH
OT COTHHU TBICAY JIET JO HECKOJbKHUX MHIJIHOHOB JeT. Ha puc. II-8-4 npencrapiieHbl JaHHBIE O
HOJIAPDHOCTHU MAaIr'HUTHOI'O 110JIA BGMJ'II/I Ha HPOTdA2KEHUU 11OCJIeJHUX 55 MJIH. JIET.
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Puc. 111I-8-4. uBepcun MarHuTHOTO IOJIA 3eMJIN HA NPOTAZKEHUH MOCTETHUX DD MJIH. JIET.
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OT/1e1bHO Ha Bpe3Ke IOKa3aHbl ¢ GOJIBIINM pa3pelleHieM HHBepCHH B HOC/IeHie 5 MJIH. JeT.

[Ipu cMeHe TOJIFOCOB CI0XKHOCTH MArHUTHOTO TOJIs 3eMJIn Bo3pacTaet. [lo Beeit BuamMocTH,
B SIOXH CMEHBI MOTIYT IHMOABJIATHCS HECKOJBKO IIOJIIOCOB pa3HOi MOJsIpHOCTH. Takoil mporecc
nokasan Ha puc. [1-8-5.

HOPMAABHASA MOASPHOCTE CMEHA NOAIOCOB B PA3BUTUN OBPATHAS NOASPHOCTb

reorpadpuyeckii cesep

reoipapUeckMi or

T Conytn 08 MUPE v

reorpagpuyeckmii cesep

TEeCrRapUYECKKMA KT

TPAHHUASAPC-MAHTIAA  NCBEPXHOCTE JEMAM

i Bpems =0 § 3000 pet [ 6000 net H 9000 net

Puc. I11-8-5. MogesnpoBanie cMeHBI MOJI0COB.

3.1 Iloae mumous

JL1s1 MHOTHX MIPUKIATHBIX 337184, CBA3aHHBIX ¢ H3y4ueHneM Kocmoca BOIM3U 3eMIH, JOCTATOYHO
HMeTh IIpeJCcTaB/jieHne 00 OCHOBHBIX JIEMEHTAX MAUHUTHOIO IHOJs 3eMJd. TaKuM OCHOBHBIM
JIEMEHTOM SIBJISIETCS JIMTIOJIbHAS COCTABJISAIONIAS.

HarmnpsizkeHHOCTH T10J1sT MArHUTHOTO JIUIIOJIST MOYKHO TTPEJICTaBUThH B CJIEIYIONIEM BHJIE:

1 2
H-= =3 (3(Mpg,r)r — Mgr?). (3.39)
Baecb Mp = {Mi, My, M3} - aunonbHbiii MATHUTHBIH MOMEHT 3eMJIH, HAIPABICHHbII

BJIOJIb MArHUTHOH OCH. DTO TOJIE SBJISETCS Be3/e MOTEHIUAJIbHBIM, 38 UCKJIYCHUEM HAYA/Id
koopaunat r = 0, rje cocpeloTOYeH UCTOYHUK ITOro 1oJist. lloreHmnuasa 3Toro moJisi MOXKHO

3alucaTh B CJAEIYIONEM BUIE:
(.0
bg=——= (3.40)

r3

9http:/ /www.ufo.obninsk.ru/images/5 _9.gif
OTspu Tnamuaiiep, Iutep Oncon. U3YUEHUE T’EOINHAMO. http://www.sciam.ru/article /2664 /
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IIPU 3TOM:

H = —V(po, A(I)O - 0
CI/IJIOBbIe JIMHUU TI0JIAd OUITOJIA BBIYUCIAIOTCA U3 peHIeHI/IH ypaBHeHI/IHI

dr _ H= 1 (3(Mp,r)r — Mgr?). (3.41)

ds 7o

B sTom ypaBHenuu s - mapameTp BJIOJIb CUJIOBOI JIMHUU. Y PaBHEHUE CUJIOBBIX JIMHUIT MOYKHO
peobpa3oBaTh K CIeIyoneMy 6ojee IPOCTOMY BUY. Y MHOKUM BeKTOpHOe ypasuenue (3.41)
CKaJIpHO Ha r. B pe3yabraTe moaydInMm:

1 dr? 2z
2ds 3

31ech 2 - IeKapTOBa KOOPAMHATA, BIOJIb MAIHUTHONW ocu jaunoJis. OTCro1a HAXOIUM:

dr 2z

C ipyroii cTOPOHBI, KOMIIOHEHTa ypaBHenuii (3.41), cOOTBETCTBYOIIAs OCH 2, IMEeT CJIe Ty IO
BHI;
dz M E
ds 1P
Vckmouas u3 3THX ypaBHEHHil IapaMeTp BJOJb TPAGKTOPHUH, IPHUXOAUM K YPABHEHHIO JIJIs
CUJIOBBIX JIMHUIT U0/ B CIeAYIONeM BHJIE:

(32% = r?). (3.43)

dz  1(322—1?)
dr 2 ar

ODTO ypaBHEHWe YHUBEpPCAJIbHO W He COJAEpP’KUT HUKAKWX I[apaMeTpoB. Bpegem HoOBBIE
nepemennble £ = 22, p = Inr. B 3TuX KoopAuHATaX ypaBHEHHe IPHHAMAET IPOCTOH BILI:

d§ 2
L
dp {-e

HTerpupys 3T0 ypaBHEHHE, HAXOIMM:
€= A — e / e P dp = Ae® 4 7P,
Bosspamasch K KOOpIMHATAM T, Z, TOJIyIaeM:
22 = Ard 412
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[lepexosis OT 2 K HOJAPHOMY yruay u mosaras A = —L~! okoH4aTe bHO HMeeM:
r = L(1 — cos*(0)) = Lsin*(#). (3.44)

Baeck 6 - nonsipubiii yroi. Ecu ucnonszosars BMecto 6 mupory ¢ = /2 — 6, To ypaBHeHue
CWJIOBBIX JIMHAW JUTOJIA TPAMET TAKOW BUJL:

r = Lcos*(¢). (3.45)

Ownu npejcrasienst Ha puc. [11-8-6.

Puc. I11-8-6. CuJjioBble yiuHuu aunosid

[Tapamerp L mpesacraisier coboit paccTosiHie OT IeHTPa U0 0 CUJIOBOW JIMHUU BIOJIH
9KBaTOpa. Hampsa:KeHHOCTh 1O/ B0JIb CHJIOBOI JIMHUH, KaK (DYHKIMA MOJAPHOrO yriaa 6 u
IIAPOTHI ¢ OYJIeT UMeTh CJIe LYol BU/I:

H_ME\/?)COS (0)+1 Mg +/3sin’(¢) + 1

P
L3 sin®(6) L3 cosb(¢)

[Ipu 3TOM HaNpszKEHHOCTb Ha dKBATOPE IS JAHHOI CHIOBON JUHUE ¢ HOMEPOM L paBHO:

Mg

Heq - 7
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3.2 ®opma MarHUTHOTO II0JId 3€MJIN

Cucrema ypaBHennit MakcBe/iia, ONUCHIBAIONAS 3JeKTPOMArHUTHBIE IPOTIECCH B OKOJI0O3€MHOM
KOCMUYECKOM ITPOCTPAHCTBE, MOZKeT ObITh 3allicaHa B 00IEeM BHJE CJIeYIOINUM 00pa3oM:

divD = 4mp., divB =0,
oD

0B
rotE = T rotH = 47j + TR

D=¢E, B=uH.

Snech E, 0D - HanpsKeHHOCTb U MHJIYKIUS daeKTpudeckoro mojsd, H, 0B - HanpsKeHHOCTb u
HHIYKIUS MAarHUTHOTO IOJS, €, [ - JUIJEKTpUYecKas W MarHUTHAsA IIPOHUIAEMOCTH CPeJIbl,
J - IWJIOTHOCTHb TOKA, P - ILIOTHOCTH 3JEKTPUYECKOrO 3apsiaa. g onumcaHuss MardHUTHOIO
moJisi 3eMJIM 9Ta CHCTEeMa yPaBHEHWIl CyIIecTBeHHO yrporraercs. [lockobKy oCcHOBHOE moJie
BeMJH/I U3MEHAETCA He CYIIECTBEHHO Ha IMPOTAXKEeHUUN HAeCATKOB JieT, TO HIPpHU aHaJINu3€e 3TON
cocTaBJIsIoNIell, nmeroteit popmy, 6TU3KYI0 K pOpMe JTUIIO0JIA, MOKHO IIpeHedopedn 3¢ dekTaMu,
CBSI3AHHBIMH ¢ TOKAMHI CMEIEeHNs U BUXPEBBIMH TOKAMH, KOTOPbIE TIOPOK/IAI0TCS IepeMEHHBIMI
moJigMH. KpoMe 3Toro, Heapa IJTaHeT SBASIOTCS 3JIeKTPO-HeHTPATbHBIMEI, II09TOMY ILTOTHOCTD
3aps/ia paBHa Hys0: p. = 0. B pe3ysbrare cucrema ypaBHeHUI IPUHAMAET CJIEAYIOMMA BUI:

divD =0, divB =0,
rotE =0, rotH = 4xj,
D=c¢cE, B=_uH.

Bun stux ypaBHeHHi#l yKa3bIBaeT Ha TO, YTO MOCTOSHHBIE dTeKTpUIECKHe U MATrHUTHBIE OIS
IUTAHET He CBA3aHbl HAIPAMYIO JPYL € JIPYTOM. DTO IO3BOJIAET OTJAEIbHO PacCMaTPHUBATD
MEKTPUYECKYI0 W  MATCHUTHYIO  COCTaBAAONIYI0. 1T  OKOJTO3eMHOTO  KOCMHUYECKOTO
MPOCTPAHCTBA OCHOBHYIO POJIb UI'DAeT MArHuTHOE MOJie, KOTOPOe HMPOCTUPAETCH 0 JIeCATKa
PaJIMyCcOB 3eMJIH, B TO BPeMs KaK JIeKTPUUECKOE MOJIe COCPEI0TOUEHO JIUITh HEITOCPEICTBEHHO
BOJIM3M IOBEPXHOCTH 3€MJIM U CYHIECTBEHHO JIUIIb Ha BbicoTax 10 50-100 kM. [losromy nama
3aj7a9a U3YYATh CTPYKTYPY UMEHHO MAarHUTHOTO TIOJIS.

Baava n3ydeHuss MArHUTHOIO MOJIsI 3eMJIM MOXKeT OBITh pa3/ie/ieHa Ha JBe dacTu. [lepBas
COCTOUT B OMUCAHUU MATHATHOTO MOJIst BOJM3M TIOBEPXHOCTH 3eMTH (U ITAHET) U B OKOJIO3EMHOM
KOCMUYECKOM IIPpOCTPaHCTBE. BTOpaH COCTOUT B U3Yy4Y€HHU MCTOYHHUKOB ITOI'O II0JId, KOTOPbIE
HaXOJIATCS, KaK ceiiuac mpeamnoaaraercs, B siape 3eM/In U ee MaHTHH, a TaKyKe, eCJIH Pedb UIeT
00 OKOJIO36MHOM KOCMHUYECKOM MPOCTPAHCTBE U MEXKILJIAHETHOM NpocTpancTre, u CostHIe.

HaquM N3JI0KEHNE C 3aJda9Y1 ONMUCAHUA MAarHUTHOTO ITOJIA B6JII/ISI/I MMTOBEPXHOCTH BGMIII/I. B
9TOil 00/1aCTH MPOCTPAHCTBA - U B Hejpax, U B KocMoce - OTCyTCTBYIOT 3HAYUTE/IbHBIE TOKH,
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CIIOCOOHBIE TOPOK/IaTh MaruuTHoe moJie. [losTomy B 3toit obiactu: j = 0. B cuiy sToro s
MATHUTHOTO TOJIsT BBITIOTHSIETCS yPABHEHHE:

divB =0, rotH = 0.

HOE)TOMy, CUHuTad, YTO MaruuTHad ITPOHHUIAaEMOCTDL BeEIleCTBa B 9Toil 00JlacTH MEHIeTCd
HE3HAYUTEJIbHO, MOZKHO I110J1al'aTb Mal'HUTHOE 110Ji€ IIOTEeHIuAJIbHbIM:

B=VVU. (3.46)
[Ipu srom norenmuan W yaoBinersopsier ypaBaenuio Jlamnaca:
AV = 0.

[TosTOMYy mOTEHIMAT MATHUTHOTO TOJsd, KaK W TOTEHIHAT TPABUTAIMOHHOTO MOJIA, MOYKHO
Pa3JI0KUTh B psiJi 10 chepudeckuM rapmonukam. VImenno:

o n - R n4+1 .
U = Rg Z Z Piml(cos ) TE (hnm sin(me) + gnm cos(mgo)) +
n=1 m=0
R —-n
+( == (pnm sin(me) + gum COS(m¢)> : (3.47)

31ech Ry - sKBaTopHaJIbHBIN pajiumyc 3emn. B 3ToM BbIpakeHUH 1epBasi CyMMa II0 CTEIEeHAM
r~"~1 oTHOCHTCA K MAarHUTHOMY TIOJTIO, KOTOPOE HOPOZKIACTCS TOKAME BHYTPH 3€MJIH, & BTOpas
- uctouyHukamMu BHe 3emn. [[ocKOBKY TOKM BHe 3eMJIM UMEIOT He CTAIMOHAPHBINA, a MOYTH
cJIydalHbIl XapakTep, TO B CPeJHEM 3a JOCTATOYHO OOJIBIION Iepuos (HpHMepHo FO;L) OHU
paBabl Hys0. OcTaBIIasics mMocje yCpeaHeHus 3a TOJ, 9acTh 00Ieit cyMMbl, yObIBAIOIIAs TPU
yIQJeHUH OT 3eMJIH, HA3bIBALTCS 24a8HbM noaem. CooTBeTcTByONNE KOIDDUTHEHTH Ny,
U §nm Ha3bIBalOTCH Koagduyuenmamu Iaycca.

B stux cymmax ciaraemoe ¢ n = 0 orcyrcrByer, mocKoabKy divB = 0 (HeT MarHuTHBIX

3apsiJI0B).
CocraBnsiomas ¢ n = 1 upeacrapiasger co0Oil MOJe TOYEUHOrO JUIOJIs, PACIOJIOKEHHOIO
B Havase koopauuar mpm r = 0. Tlorennmuman TOYEHOr0 MATHMTHOTO JUIOJS, COTJIACHO
HpeIbIYIIeMy pas3ieay paBeH:
(r,./\/l E)
V=~~~
r3

Jlna cchepudeckux rapMOHHUK M3BECTHBI CJIEIYIONINE BbIPAaYKeHUS:

P1|0‘ = cos ¥, le = sind.
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IHosrom
Y _ ,.plol _ 1] _ 1| .
z=rP", x=rP cos(p), y=rP sin(p).

Orcroga ciaraembie ¢ n = 1 UMeOT CaeAyIOIUi B

R} (2 M) s gy 1 20
_f<910P1|0‘Z+P1‘1|($911+yh11)> - 3 et o =
r r r
CJlenoBaTEeJIBLHO:
M MY M5,
g = 53, hii =53, Gio= .
R}, R}, R},

Buadenus yrux kodpduruentoB laycca st AUIOABHON W KBAJIPYMOJIBHON COCTABJISAIONIEH
npusejieHbl B Tab. 2

gio g11 hi1 920 g21 g22 ha1 has
- 3057 -211 581 -127 296 164 -166 54

Tabmuua 111-2. Kosdbdumuenrsr Faycea (ma 1982 rox) B - (10)78 . 1

Jns cpapuenust B Tabaume 3 mpuBeAeHbl 3HAYEHWST IUIMOJBHON COCTABJISAIONIENH 1715
HEKOTOPBIX ITaHeT COJTHEYHOH CHCTEMBI.

[Tocko/bKy AuIOIbHAS YacCTh MATHUTHOI'O MOMEHTA, KaK BHJHO, B JeCATH pa3 OOJIbIIIe,
4eM KBaJIPYIIOJIbHOM, TO OCHOBHBIM 3JI€MEHTOM MATHUTHOI'O IOJIA 3eMJIA SIBJISIETCS JTUIIOJIbHAST
cocTapJstionas. 110 n3aMepeHHbIM 3HAYEHUSIM TapaMeTPOB (10, §11, R11 BBITUCSIETCS BEJIMINHA
MarHUTHOTO MOMEHTa

Mpg| = R3E/2\/gf0 + g%+ h3 ~81-10%Gs - em?,

a TaKzKe €ero HallpaBJiIeHue B FeOCTaHI/IOHapHOﬁ cucremMe KoopAauHaT. [Tonoxkenne 1IOJIIOCa, T.€.
TOYKHU B KOTOpOfI BEKTOD MarHUTHOTO MOMEHTa IepeceKaeT MOBEPXHOCTH Semun onpeaesdaeTcd

HMOJIAPHBIM YIJIOM 6y U TOJITOTOi Ag:
2 2
\/ +h h
g11 11 . tg o 11.

gio g11
Bosee TouHoit MOmeNbIO SBASETCS MOAEIB IUTIONS CO CMeIeHWeM OT MacCOBOTO IEHTPA
Bemsn. [loTeHnuas Takoro JQUIIONIA UMeeT CJIeTYIONIUi BU/T:

<r — 1, /\/lE)
(r —ry)?

N Tapnuna 3aTta u3 xaurn: FO.B.Anekcarnpor. Beenenne B dusuky miamer. Kues. “Bumpa mxomna’, 1982

tggo =

U, =
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Yucioele 3Havennsa Koddpdunuenton ['aycca B Tabd. 2 ganbl s 31oit Mojenu. B Hacrosiee
BpeM4 JITUHA BEKTOPa CMeIeHns MeHTpa Junojs pasaa npumeprao 340 kM. [Tomoxkenne 10kHOTO
MArHUTHOIO IIOJIIOCA OLPEAEIsAeTcs: pgs = 75°36" ca. u Ao = 101° 3.1. (ceBep Kamnanpr), a
CeBEpHOro: g, = 66°18 10.11. u Ao, = 141° B.1. (Anrapkruma). 2

YcoBepIeHCTBOBAHHO, HO MPOCTOH MOIEJBI0 MATHUTHOTO MOJSI 3eMJINH SABJSIETCS €ero
npejicTaBjieHue B BHUJE JIBYX u OoJsiee aunoseit. Takum obpa3om, Hampumep, MOKHO y4eCTb
HaJIM4YKe TaK Ha3blBaeMoil Bpa3miabckoil MarHUTHOI aHOMAJINH.

CoBpemeHHOe pacipejie/ieHine MArHUTHOIO oI 3eMJin Ipejicrapieno Ha puc. 111-8-7 u 111-

8-8.

http://geomag.org, 2008

Puc. I1I-8-7. MarunTusie cuaosbie gunnn 5 2010 romy. 3

12 Mannanie B3arel w3 xkaura: B.C.Mypsur. Acrpodusnxa kocmmdecknx aygeit. M:MI'Y,Jloroc, 2006
Bhttp:/ /www.geomag.us/info/declination.html
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http://geomag.org, 2008

Puc. I11-8-8. Hampasenne BekTopa HanpszxennocTn B 2010 romy. 4

3.3 EamHuIb naMepeHnd MarHUTHOTO ITOJIS

Hamnpsizkennocrs marnurnoro nosst (H) (Bekrop) B CU me nmeer nHa3Bamust B 9€CTh H3BECTHOTO
dbusuka, msmepsiercs B (A/Mm). Hanpszkennocts marauraoro nosis B CI'C u3mepsiercst B
Ipemedax (D). Haszpana B yecth narckoro dbusuka Xanca Kpucrunana dpcrega (narck. Hans
Christian Ersted) (1777-1851).

1 dpcmed paBen HaANPSAKEHHOCTH MATHUTHOTO TIOJIsI, CO3JaBAEMOT0 Ha pPaccTosHuU 1 cM
0T GECKOHEYIHO JJIMHHOTO IPAMOJIHHEHOTO MPOBOIHAKA HUITOKHO MAJIOr0 KPYTOBOIO CeYCHNS,
0 KOTOPOMY IIPOIIYCKAIOT TOK CHIOH 5 Ammep.

1 Dpcres paBeH HANPSYKEHHOCTH MAPHUTHOTO 1oJisi B Bakyyme nipu waayknnu 1 Layee (I'c).

I'aycc — epununa unayknuu B cucreme CI'C. Haspana B 4ecTh reHHAbHOTO HEMEIIKOTO
mMareMarnka, acrponoma u ¢dusuka (Kapaa @punpuxa Iaycca (Johann Carl Friedrich Gaus)
(1777-1855).

Yhttp: //www.geomag.us/info/declination.html
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Mnoyxyus maenummnozo noas (B) B CU usmepserca B Tecna (Ti). Hassama B wectn
BBIJIAIOIEr0Cs: cepheKOro (aMepuKaHckoro) (busnka, uHKenepa, nzobperaresns Huxona Tecsa
(1856-1943).

1 Ta = 10 000 Taycc (epununa CT'C). 1 T = 1-10° Tamma (eaununa, npuMensemas B
reodusnke).

Maxceean — eauHuna u3MepeHusa MaruuTHoro mnoroka B cuctemMe CI'C. Pycckoe
cokparmenne — Mkc (He myTaThb ¢ MHUKDPOCEKYHJION, Y KOTOPOIl COKpalieHHOe 00O3HAueHUe
(MKC) 3amuchiBaercsi co cTpouHoii 6yksbl). MexyHapouoe cokpaiienue — Mw (He myTarh
¢ meraartom, MW). Beemena MexyHapoaHoii ssekrporexuandeckoii komuccneir B 1930 .
(panee sra enmHWIA HasbiBajach JuHueil). HasBana B 9ecTh BBIJAIONIErOCS AHIIIAHCKOTO
dbusuka Txeitmca Kiaepka Makcsemta (James Clerk Maxwell) (1831-1879). 1 Makcsemn —
1 Tayce-cm? = 1078 Bebep.

B oxnopoanom marautaOM mosie ¢ mapyknueit 1 [ayce marauwrabiit morok B 1 Makcsesin
IPOXOIUT depe3 IVIOCKUH KOHTYD IJIOMAAbIo 1 CM?, PACIOJOXKEHHBIH MepIeH UKy ISpHO
BEKTOPY HHJIYKIIHH.

Bebep (o6o3nauenne: B6, Wh) — eaunuia n3Mepennss MarHuTHOro nmoroka B cucreme CIL.
[To ompemenennio, W3MeHEeHHE MATHUTHOTO MOTOKA UYepe3 3aMKHYTHIA KOHTYP €O CKOPOCTHIO
onun Bebep B cexynay naBour B 31oM KoHType DJ/IC, paBHyio omHOMY BOJBTY (CM. 3akoH
Dapagest). Hepes apyrue exnuanipt usmepernst CI1 Bebep BbipazkaeTcst Cireayronmmm 00pa3oMm:
B6 — B-c — kr-m?-c — 2-A-1 Exuanna Ha3BaHa B decTh HeMenkoro ¢busuka B. D. Bebepa (W.
E. Weber) (1804-1891).

3.4 MHWcrouynmK mMarHuTHOrO noJig 3emJuiu. 'mapomaramTHOe JTUHAMO

PaccmorpuMm Temepb BOIpPOC O TOM, KaKUM OOpa3oM BO3HHKAET MarHUTHOE IOJie V 3eMJIH
Uy JAPYTUX ILTAHET. DTOT BOIPOC JIO CHX IOP OCTAeTCs HepPemeHHBIM OKOHYATETbHO, XOTS
obiue Mojiejin TOro, Kak (hOpMHUPYyeTcs MarHuTHOE 10Jie, CyHiecTBYIOT. Takoil Moje/bio
SIBJISIETCST MOJIEJIb, HAa3biBaeMass 2udpomazHummsiM dunamo. Ilockoibky 3ra MOJIEIh UMeeT
VHUBEpCcaJibHOEe 3HaueHWe JIJIs BCeX 3a/a4, CBI3aHHBIX ¢ TeHepalnneili MarHUTHOTO TOJId,
paccMoTpuM ee 371ech. J[1s1 Toro, 9T066 HOCTPOUTH MPOCTYIO MOETb THIPOMATHUTHOT'O TUHAMO,
PacCMOTPUM KaK COBEPIIAETCs JIBUZKEHUE BEIeCTBA B MEHTPAIbHBIX 00/1acTIX ILTaHeT.

Mexaundyeckass MOAE€JIb MATHUTHOTO AMHAMO

[TpocTyto Mo/e/1b OHOANCKOBOIO AUHAMO MOYKHO 3alucaTh B caeayoiiem Buje. [lycts nmeercs
MTPOBOJMAIINI INCK PAINYCOM G, KOTOPBIiT BPAIIAeTCs CO CKOPOCTRIO w. [leprnmenanKyasipHo TUCKY
HAIpaB/JeHO MAarHUTHOE IOJIe C UHYKIueil By.
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Bo

OpHogucroBoe — w
AWHamo

I€——

Puc. I11-8-9. Monenb oTHOTUCKOBOTO JIHHAMO

[Ipu BpameHnn gucKa B MarHUTHOM ToJie Ha ero Koumax Bosnumkaer /1C. DJ1C,
BO3HUKAIOIAs B IPOBOJHUKE [PU IIPAMOJHHEHHOM JBUKEHUN B MATHUTHOM I10JI€ PaBHA:

E= B()LU,

rjie B uHAyKIus MarsHuTHOTO m1OJst, L - JIWHA TPOBOJHUKA, U - CKOPOCTH JIBUKEHUS
MPOBOIHUKA. DTa (GOPMY/Ia CIPaBe/JINBA i YIACTKa MPOBOIHUKA JITUHON Ar, HAXOSIIErocs
HA PACCTOSHUY " OT TeHTpa AucKa. CKOPOCTD JBUZKEHUS ITOTO yIacTKa paBHa v = wr. [loatomy
Besimanna D/IC HA 9TOM yuacTke paBHA:

AFE = BowrAr.

CyMMupys Bce YYACTKU BJOJIb JIUCKA, MOJIYYaeM OKOHYATETHHYIO (DOPMYITY:

r 1
EO = /BQCL)T’dT = 5&]@230.
0

Ecan Tenepb 3aMKHYTH IIelTh MeYKy OChIO JIWCKa W €ro Kpaem, TO B CHCTeMe ToTedeT TOK [ B
paIuaJIbHOM HAIpaBJEHUU OT IEHTpa JUCKA K ero Kpar. Takoil TOK co31acT JIOMOJTHATEILHOE
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MarHuTHOE IoJie 0b, YTO MpuBeeT K jJonoauTe bH0i 9/1C, Bendnna KOTOPOil Tenepb COCTOUT
u3 ABYX ciaaraeMbiX. IlepBasg - 3ro mgomonnurenbHas 9/1C, BoO3HHKAIONAS B MPOBOTHUKE MPH
yBEJIMYEHUH 110/1d Ha Bejmuuny 0b. Ona MoxKer ObIThb paccuuTaHa 10 Toi ke dhopMmyJie:

1
SE; = —wa’db.
2
Bropag - 9/1C unaykiun, paBHas
SE — dd
ST

3ech P - MOTOK MArHUTHOTO OJIS Yepe3 II0Maih KOHTypa. [L1oma s KouTypa paBHa, miora,m
JINCKa, a MarHuTHOe Tojie paBHo B = By + 6b. Tlostomy

® = ma*(By + b).

d(B + 0b
5E2 = —WGQ%.

Paccumrath Benmuuny mosisg MoxKHO 1o 3akoHaM Kwupxroda. Co3zgannasg mpu BpalleHIN
gucka DJ1C, "nagaer"B 3aMKHYTOM KOHTYPE HA COINPOTUBJIEHUH CaMOro KOHTypa . ITosromy

HaXO/IUM:

Ey+0F, +0FE, = Ip.

Orcrona:
1 d(By + 0b)
= By + 6b) — ma’* ———= = Ip.
Swa (Bo + db) — ma 7 0
[Toyqaroreecss ypaBHeHHe 1/t 001ero moysd B nuMeer BuT:
1 dB
éwaQB — ﬂazﬁ = lo.

JI71s1 TOHKOTO HCKA BETUUUHY TOKA MOYKHO PACCUUTATH 10 (hOpMYyIe:

I — (Bo + 6[))&
- 2 '
Orcrona
dB 1 a
20 — B - 2 7 ]
Ta 7 {2wa 27TQ
WA iB
— =~B
dt 7 )
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rae

V= 7T2Cl2 [7TCL)CL - Q] .

[Tone B Oymer pactu co Bpemenem, ecau v > 0 u yoObiBarh, ecam v < 0. Orcroga ycioBue
BO3HUKHOBEHHS II0JI MOXKHO 3aIllCATh B BHUJIE:

Twa > g.

CMBICT 9TOr0O yCJIOBHUSI COCTOMT B TOM, YTO, €CJIM CKOPOCTHh BPAIIEHHUS JIUCKA JIOCTATOYHO
BeJIMKA, TO B TaKOil cucreme OyIeT BO3HUKATH CAMOIO/IIEP:KHBAIOIIEECs] MArHHTHOE IOJIe.
Jlo GeckoHEIHOCTH TOJIe pacTh He MoxKkeT. Ha KakKoM-TO 3Tane BO3HUKHET HACHIIIEHHE, YTO
IPE/IITOTOKHUTE/THHO U HADJIIOIaeTCs V ILJTaHeT.

OpHako Takass MOJEIb CJIHIIKOM ylpoineHa. [[o3ToMy BMecTO Hee HCHOJIB3YIOT 00J1ee
CJIOKHYIO MOJIeJIb IBYXAUCKOBOro auHamo (cm. Puc. I11-8-10), B KOTOpPO#i yzKe mMpHCyTCTBYeTr
Hacoimenue. [loBegenne Takoit Mojie/In MOXOXKe Ha IOBeJeHUe peasbHBIX moJieit. OaHaKo, Kak
OKa3bIBAETCsl, HA MPAKTHUKE TPYAHO HMPUAYMATh MEXaHU3M , Peaqu3yIonuii TaKyi MOJe/b B
peanbHBIX IPOIeccax.

Ho
Heyxauckosoe = Q = Q.
AUHaMO
C: >8
H:
D1 =
D:
" C:

Puc. III-8-10. Moyiesib JiByX/IHCKOBOI'O JIMHAMO
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3.5 MargaurHble 1moJid

niaaHeT CoJJIHEeYHOII CUCTEeMBI

[I1amera Hegpator, T - | Mp, T - m? - | Hakaon 0y,
107° 1079 rpa

Mepkypunii 30 - -

Benepa 1

Semurst 3000 8.2-10% 11

JIyna 2 4.10°

Mapc 6 2.5- 102 13-20

FOnutep 4.10° 1.3-10% 10

JKNUNTHKA

23°
12°

CMeleHne MAarHUTHOW OCH 8%

Haknokenue ocH BpalieHus
HaknoHexue maruuTHOM ocH

Mone Ha 3xBaTope

10R

Pasmep marHuToctepel

© 2007 Thomson Migher Education

Puc. 111-8-11. XapaKkTepuCTUKH MArHUTHOTO T0Jid miaHeT COoTHEeYHOi CHCTeMBI.

31000 WT

-10°
10%
428000 HT
65R

3emna 10nuTep

27°
-0°
5%
22000 HT

20R ¢
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4 Jlekmiua 9. BsaummopgeiictBue  maramrocdepbl  C
COJIHEYHBIM BETPOM

4.1 Ilaockwmit yia3meHHbIT (PPOHT

Kaxk yxke obcyxkmanoch B pasfesne, mocBsamenHoM CoTHITY, Hallle CBETHUJIO CO3/aeT IJIOTHBII
MOTOK HHU3KOIHEPreTUYeCKNX YACTUIl PACXOALAINIHNCI TOYTH PAJUATBLHO OT HEro W He
BMODOXKEHHBIH B MeXKILIAHETHOE MAarHUTHOE MOoJie. DTOT TMOTOK MeHsSeT CBOI0 CKOpocTh oT 100-
200 km/c B cnokoiinoe spemst 40 1000 kM /c u GoJiee BO BpeMst MOIIHBIX Beubimek Ha CostHIe.
B ciaydyae MOIIHOI BCHBIMNIKA B COJTHEYHOM BeTpe 00pa3yercsi BOJHA IJIA3Mbl MOBBIIEHHON
IJIOTHOCTH, KOTOpasi Haberaer uHa marautocdepy 3emin, uckaxkas (OPMYy MATHUTHOTO TOJIS
umosist. ApTucTHYeckoe n300pakKeHne Takoil CUTyaIlly MpeJCTaBIeHO Ha PUCYHKe B HadaJje
NaHHO# rIaBel. PucyHOK B34T c caiita °.

DopMy MArHUTHOIO HOJIE 3eMJIM € YYeTOM Ha0eramomei IJI0CKOH IJIa3MEeHHOW BOJIHBI
MOZKHO PaCcCYATATh B PAMKAX JOCTATOYHO MPOCTOH 3a7a9u, B KOTOPOil BOJIHY ILJIa3Mbl MOYKHO
paccMaTpuBaTh KakK MOJIYIPOCTPAHCTBO, 3aHATOE UJIeaIbHO MPOoBOdIeil cpepoii. Takas 3a1a4ua
Obl1a pemena B paborax [5]. B atux paborax ObLIO MOKA3aHO, YTO TOYHOE pelIeHHe 3a7a49H O
MarHUTHOM Iojie mepej (bpOHTOM HMeeT BHJ CyMMBI moJjeil camoro jumoig By u mona By
JIATIOJISE, 3€PKAJTBHO OTPAXKEHHOI'O OT IJIA3MEHHOIro (bpoHTa:

B =B, +Bj,

3a ¢GpoHTOM MarHUTHOE 10jI€ B aDCOIOTHO HJICAJBHON CpPeie TOYHO PABHO HYJIIO, MOCKOJIBKY
KOMIIEHCUPYeTCsT HaBeJAeHHbIM B Heil TokoM. ToK, co3aaromnmii KOMIEHCUPYIOIIee TOJIe U0
3a (POHTOM B UJIEAJTHHO MPOBOISINEH Cpejie, COCPETIOTOUYEeH HA MOBEPXHOCTH (PPOHTA U MOZKET
OBITH BBIYUCJIEH 10 0bIIeit popmy.ie:

j:%[ std], (3.48)

rJe Ng - BEKTOP HOpMaJIH K moBepxuocTH dbponta. 13 dbopmynsr (3.48) caemyer:

. 3Myz . 222 — 2k —y?
T @R 25 T T (@t 2

31ech 0ch 2z coBHajaeT ¢ HampapieHueM ocu jgunoss (¢ Bekropom M). Ock @ HanpasieHa
HePHEHIUKY/ISPHO IIJIOCKOCTHU ILJIa3MEHHOTO (PPOHTA, & OCh Y JIEXKUT B ILJIOCKOCTH MATrHUTHOI'O

http://spacereal.ru/temnye-pyatna-na-solnce-i-24-solnechnyj-cikl/
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9KBaTOpa, MapaJjieabHO ILJIOCKOCTU (bpoHTA. YpaBHEHHUE I JUHUE TOKAa MOXKHO 3aIllUCATh B

BH/IE
dz  j. 3Muyz

d_y_jy 222_37(%_92'

Jlunum Toka npusejennl Ha puc. 111-9-1.

Puc. 11-9-1. CujioBbie JiMHUN TOKA, CO3IAONIEI0 3€PKAJIbHBINA JUIO/b HA IJIOCKOCTH Z — Y
/1a3MEHHOTO (hpoHTA,

3ajiava BHIYUCACHHES TOKa Oblia perrena B padore [6].

[Tpeo/10:KuM, 9TO IJIa3MeHHbIH (hpoHT mapasiesnrer ocu aunosd. OGo3HAYNM Yepe3 T 0Ch
KOODIMHAT, TePIeHIUKYIAPHYIO IIOCKOCTH (pOHTA. YUHUTHIBASA, UYTO 3€PKAJILHOE OTPAKEHHE
dbynknuu f(x) orHOCHTENBHO TOUKM ¢ KOOpAMHATAMU T umeer suj: [ (r) = f<2x0 - :L'),
JUT CyMMApPHOTO TIOJIS A0S U HABEJICHHOTO TOAA B cpefe 3a (GPOHTOM MOXKHO 3AIMCATH B
CJIEJLYOIIEM BUJIE:

o = B x 20 — x
B* = Bj(z,y,2) — Bj(2xg — z,y,2) = 3Mz ((xz T2+ 2252 ((2mg— )2+ 12 + 22)5/2) 7
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_ Ry y _ _ Yy Y
By = Bd(x7yuz) + Bd(2xo I,?/,Z) = 3MZ (<x2 +y2 +Z2)5/2 + ((21‘0 —LL’)2 +y2 +22)5/2) 9

222 — 1% — 2 222 — (229 — x)? — 92
(22 + 12+ 2252 ' ((2mg — )2+ y2 + 22)5/2 )

Bz - Bj(x,y,z) + B§<2x0 - xuy’z) =M (

KoMronenTsl 10151, IMepIeHuKyJIpHble T'PAHUIE ILJIA3MEHHOIO0 (PPOHTA BBIYUTAIOTCH, a
napaJiieIbHbIE - CKJIAABIBAIOTCA. B mI0CKOCTH 2 — & 3T POPMYIbI MOYKHO TEPENUCATh TaKUM
obpazoM:

T

B = 3Mm (1 + (1 - ZxO/x)Q(xv Z)) )
= S — T,z
By = 3M (1’2 + 22)5/2 (1 + Q( ’ ))7
B, = ! M ((22° = 2%) + (22 — (220 — 2)*)Q(x, 2)) . (3.49)

T (x2+z2)5/2

3mech:

(952 + Z2)5/2

Q(JI,Z) - ((QZE() _ ZL’)Q + 22)5/2'

YpaBHeHue s CUJIOBBIX JIUHAM 3TOTO MOJII UMeeT CJIeTYIONTNi BU/T:

dz (222 —2?) + (222 — (220 — 2)?)Q(x, 2)

dr ze(1+ (1 —2z0/2)Q(x, 2))

qI/ICIIeHHOG UHTETrpupOBaHUE I3TOTIO YpaBHEHHUA JaeT CJICAYIOIYIO KapTHHY CUJIOBBIX JINHUT
“HCKazKeHHOr0” TUIIOJIL:
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Monens B3anMOOCHTCBHA
MATHUTOCHEPBI 3eMITH ¢
MIOCKHM (PPOHTOM CONMHEUHRIM
TUIASMBI

Cunosble '
R MarHutonaysa

Puc. 111-9-2. CuoBble TUHUK JUTIONS B IPUCYTCTBUHU TLIOCKOTO ILTa3MEHHOTO (hpoHTaA

[Inazmennsnlit (GpoHT ocTaHaBIUBaETCA, He JOXOAd 70 J3eMau. PaccrosHme MexKIy
mwiasMeHnabiM (pporTom u [leHTpoM 3emut MOXKHO PACCYUTATH U3 HPOCTHIX COODpPAYKEHWIA,
KOTOpBIe ObLIM BlepBble u3joxkenbl B pabore [11] '°. B sroit pabore Gbi10 nokazano, 4To
GbPOHT TIa3Mbl OCTAHABJIUBAETCS TOIVA, KOTJA JaBJIeHHE, CO3/IaBaeMOe COJTHEYHBIM BeTPOM
YPABHOBEIIUBAETCS MATHUTHBIM JaBiaeHueM. /laBienme, co3maBaeMoe COTHEYHBIM BETPOM,
MOXKHO PACCUUTATH C MOMOIIBIO (hOPMYJIBL:

P, = 2mnV? (3.50)

TJe M - Macca IPOTOHOB, COCTABJIAIONIUX OCHOBHYIO MAaCCOBYIO YaCTh YaCTUIL COJTHETHOTO BETpa,
N - KOHIEHTPAIUs YaCTUIl B COJIHEYHOM BeTpe, a V - ckopocrhb costHedHoro serpa. Popmyia
JUISL JIABJIGHUSI COJTHEYHOTO BeTpa Ha I'paHuile (PPOHTA MOJIYYaeTCs, UCXOJIS U3 TPEI0I0KEHU
00 abCOJIIOTHOM YIPYTOM OTPazKeHWH YacTHI] OT 3TO# mopepxuoctu. [Ipu abcomoTao ynpyrom

6Martyn D.F. The theory of magnetic storms and auroras. Nature, Lond. v. 167, 92-94 (1951)
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yJIape HMILYJIbC J9aCTHIBl MEHSeTCs Ha MPOTUBOMOIOXKHBIN, TaK 4TO 3a MaJyoe Bpems At, 3a
KOTOPOE TPOUCXOIUT B3AMMOJICHCTBHE YACTHIIBI ¢ (DPOHTOM, €My TePeTAeTCS UMILYIbC 0P, =
2mV. 3a 310 Bpems Ha noBepxHocTh dS dpouta najgaer ndSV dt yacTui, KOTOPbIE HAXOMATCS
B muuHape aauaoit Vdt. Torma obmmas cuia, npuaozKeHHast K MOBepXHOCTH d.S €O CTOPOHBI
Haberaoiero MoToka paBHa

AF = %ndSVAt — 9mV2nds.

CienoBaTesbHO, JaBjeHHe COMHeYHOTro Berpa pasHo P, = 2mnV?2. TlockolbKy oTpazkenne
4acTUIl 0T (PPOHTA MPOUCXOIUT 33 CUET B3AUMOJELHCTBUS ¢ MAHUTHBIM moJjeM, To cuaa AF
€O3/1aeTCsd STUM MArHUTHBIM ToJeM. [Ipu 3ToM maBjieHHe MAarHUTHOTO TOJIS HA TJIa3My DPABHO
IJIOTHOCTH SHEPTUU MATHUTHOTO TOJIS:

BQ

Takum oOpa3om, ycjioBrue paBHOBECHUST OIPE/IEJISIeTCs] COOTHOIIIEHUEM:

Pp (3.51)

BQ
Py =P,: — =2mnV?>.
8w

M3 3TOTO COOTHOIIEHUSI, B YAaCTHOCTH, CJEIYEeT, UYTO IPHU ‘CIIOKOWHOM’ COJTHEYHOM BETPE CO
ckopoctbio V' = 300 KM/c 1 KOHIeHTpanueii 9acTHI, 7 = 5 cM™° 3HaueHHe MarHETHOTO TOJid,
1pU KOTOPOM ycTaHaB/imBaeTcs pasHopecue, coctasjser B ~ 60 I'c. Ilocko/ibky Ha rpanuiie
dbpoura B3 = (B7)?, To

B = 4B3 = 4|(B5)* + (BY)

[Tone pwumosis B 3TOH TOYKE HOJIZKHO COCTABJISATH HMPUMEPHO MOJOBHHY OT HEOOXOIMMOi
HAIPSIZKEHHOCTH. BTOPYIO MOMOBHHY CO3MaeT Mmoje 3epKaabHoro mumoss. [losromy Bermunna
II0JI HEHCKAyKeHHOrO JIMIIOJs JOJIZKHA B TOYKe paBHOBeCHs OBITH paBHOiI mpumepHo 30
[c. D10 3HaAUYeHHE COOTBETCTBYET 3KBATOPHUAJIBLHOMY PACCTOSHUIO paBHOMY mpuMepHo 10
paguycam 3emum L =~ 10. C apyroii ¢ropoHbl, 31a (opmyJia HOKA3BIBAET, YTO MOJIE/b
¢ IUIOCKHM ILJIa3MEHHBIM (POHTOM HE ONHUCHIBAET PeaibHyI0 cuTyanuio. JleiicTBuTesibHO,
SHEPIUsl JIUTOJIS YMEHBITAeTCs MPHU yAAJeHHH OT IJIOCKOCTH MAarHUTHOTO KBaropa. [loaromy
B TOKAaX, OTCTOANINX OT ILIOCKOCTH 9KBATOPA HA HEKOTOPOM PACCTOSHUH JIABJIEHHE COJTHETHOIO
Berpa OyIeT ypaBHOBENINBATHCA MATHUTHBIM JIABJI€HHEM Ha HEKOTOPOM JIPYIOM PaCCTOSHHM,
JeM 9TO MOXKeT JaTh TeOpHs IIJIOCKOTO ILIa3MeHHOro ¢dponrta. B pesyabrare ¢ponHT
CTAaHOBUTCsSI MCKPHUBJIEHHBIM, YCJIOBHE 3€PKAJBHOIO OTPAKEHHS JOJZKHO BBIUHUCIATHCS TEIePb
JITsT ICKPUBJIEHHOTO (DPOHTA, YTO MPUBOIUT K DOJIEE CJI0YKHOI 3a,/1a9€ COBMECTHOTO ONPE/IeIeHUST
MAarHUTHOTO IIOJI 3€PKAJIBHOIO JIUIO/I U (DPOHTA, HA KOTOPOM YCTAHABJIMBAETCS PABHOBECHE
Pg=P,.
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4.2 PopMa HNOBEPXHOCTH MarHUTOIAY3bl U yJAPHOI BOJIHBI

[Ipoanamm3upoBas (pusndeckyo 3a/a4y B HPOCTON MOCTAHOBKE, Mbl T€IIEPh MOYKEM MOCTPOUTH
0oJiee TOUHOE pellieHne UCccieyeMoit 3a1a4qu. Perienne 31oit 6oJtee 00111eit 3a,/1a41m MOKHO UCKATh
B paMKax CJIeIYIOINX TPeIoI0Ke i

1) wacTumbl MIa3Mbl UCHOBITHIBAIOT HA TPAHUIE IJIa3MEeHHOro (GpoHTa, KOTOPBIl ceifuac
MPUHSATO HA3BIBATh (PPOHTOM yIapHOIl BOTHBI, aOCOTIOTHO YIIPYTOe OTparKeHHe;

2) TOJIIMHA C€JI0sI, B KOTOPOM IIPOMCXOJUT IOJHOE OTPAZKEHHEe YaCTHIl, 1 B KOTOPDOM TEYeT
TOK, CO3/AIONIUIl 3¢PKAJIHHOE MArHUTHOE T10J1€, DECKOHETHO MaJIa;

3) sJIeKTpUYeCcKre TOKH B caMoii Marantocdepe OTCyTCTBYIOT.

Puc. II1-9-3. K Bbruucjenuio jasjienus Ha (GPOHT yIapHOIT BOJIHbI

Ncexoas u3 mocseHero mpejiio/iozKeHus, Mbl MOXKEeM Cpa3y 3alliucarTb ypPaBHEHHS st
MarHuTHOTO TMOJst 1epes (poHTOM yaapHOit BoaHbL. OHH WMEIOT CTAaHIAPTHBIA BUI
MarHUTOCTaTUKU 6€3 TOKOB:

divB =0, rotB=0. (3.52)
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Orciona ciaeayer, uto nose B, Kak u paHblie, SBJIAeTCA MOTEHIHATbHBIM:
B=-Vo.

Brruucienne naBieHus Ha HCKPUBJIEHHBINH (DPOHT, OKA3BIBAEMOE YACTUIIAMU COJTHETHOTO BETPA,
wuocrpupyercs pucynkom Puc. 111-9-3.

B Touke O, kak mokKa3aHO Ha PHUCYHKE, OCh X, COBHAJAIOIIAs C MT€PBOHAYAJIHHBIM
HAIPABJIEHHEM COJTHEYHOIO BETpPA, COCTABJIdIET YroJ X C HepHeHIUKYIapoM K (POHTY
yJIapHOil BOJHBI. B 3Toit Touke mpm abCOJIOTHO YIPYTrOM yaape YacTUIlbl 0 (ppOHT BOJHBI,
U3MEHSIETCS TOJTBKO HOPMATbHAS COCTABJIAIONIAS UMITYJIbCA YACTUIBI. I3MeHeHne HopMaIbHOM
COCTABJISIIONIEH 9aCTu MMILY/IbCA, KAK BHUJ/IHO U3 PUCYHKA, paBHO B To4Yke () BeJIMIHHE:

Apy, = 2mV cos(x)dSAt.
B pesy/brare naBieHne, OKa3bBAEMOE B 9TOH TOUKe, OyjIeT PaBHO:
P =9 2 2
w = 2mnV = cos®(x).
13 ycstoBusi paBHOBECHSI CJIEJIYET, YTO Ha TPAHUIE JOJZKHO BBIIOJHATHCS YCIOBHE:

B_2 (Bx)Q + (32)2

2 .2
S a = 2mnV* cos®(x). (3.53)
Orcrona:
B = 4V /mnm cos x. (3.54)
DTO COOTHOIIEHUE ABAsIeTC (DAKTUICCKU TPAHUIHBIM YCJIOBUEM JIJIsl CUCTEMbI YDABHEHUIA.
Paccunrars ¢dopmy mnoBepxHocTu, Ha KOTOPO# BbINoJHSAEeTCH yciaoBue P, = Pp Tenepb

MOKHO, BBIYHCJHMB BeJquduny B B Todke yaapa dacTuibl. Kak u B cjydae ILJIOCKOTO
IJIA3MEHHOI'0 (DPOHTA I0JIe, KacaTeIbHOe K IIOBEePXHOCTH (DPOHTA, PABHO YIBOCHHOMY 3HAYEHHUIO
COOTBETCTBYIOIEH COCTABJISIONIEH TOJIA U0, a HOpMaJabHOe oOpaliaeTcs B HOJb. BekTop
HOopMau K poHTy 3amaercd, cormacuHo Puc. II-4, BekTOpoM ng ¢ KOMHOHEHTAMHU: N =
cos(y), n? = sin(yx). Orcioma HAXOAUM KACATENBHYI0 COCTAB/ISAIONLYIO IOJs JIMIOJNS Ha
MOBEPXHOCTU (PPOHTA:

B, = Bjsin(x) — Bj cos(x).
B pesyibrare coornomenue jijist (GpoOHTA CBOAUTCA K CJAEAYIONEMY YPABHEHHUIO /I YIJIa, X:
2
( Zsin(y) — jcos(x)) = acos’y, (3.55)

rae o = 16V2mnm. Dro ypasHenne oTHocuTebHO cos>(Y) siBisgercs Kyonueckum. Permas ero,
TOJTY UM
cos’ x = F(x, 2).
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riae F(x,z) - mosoxurenbublii Kopeub ypasuenus (3.55). [Tockonbky

— = coS8 — = —sin
dS X7 dS X7

TO MHTErpaibHas KpuBas i (PPOHTA MOXKET ObITh HalijleHa KaK pelieHne ypaBHeHUit:

PeH.[eHI/Ie ITON 3aJa491 JJ1d CbOprI MATr'HUTOIIAY3bl MO2KHO HOJIYYHUTH C IMOMOIIBIO ITPOCTBIX
MaTeMaTHYeCKUX CpPeJACcTB - KOHGOPMHBIX orobpazkenuil. Taxoit mojxox OblL1  BlepBbie
npejioxked B [12].

[IpuBenennoe omnucanme ¢HOPMBI MArHUTOCHEPBI SBJISIETCS OYeHb ynpomeHHbIM. OHO
JIMTITH KQ4eCTBEHHO OTPAXKaeT Te CJIOXKHBbIE ITPOIECChl, KOTOPbIe MPUBOJAT K (hOPMUPOBAHUIO
MarauTocdepbl MOJ AeiiCTBHEM COJTHEYHOro BeTpa. Ha cOBpeMeHHBIX BBIYHCIUTEIHHBIX
MalllMHAX, YYUThIBasg Oojiee TOYHYIO (DOPMY MATHUTHOTO TOJIA 3eMJIU, OTINYAIONIYIOCT OT
JIUTIOTBHOTO, CTPOAT OOJee TOYHBIE MOJAEJH MAarHUTOC(hEpbl. DTO MO3BOJIAET MOJAETHUPOBATDH
JIMHAMUKY u3MeHeHusi (h)OPMbI MArHUTOCEPHI TP M3MEHEHUH TapAMETPOB COJTHETHOI'O BETPA.
Takwe n3meHeHwsT TPOUCXOAAT BO BpeMsi Beibitiek HA CoJTHIIE 1 m3MeHeHusX 0011eit aK THBHOCTH
Cosania. Ha puc. I11-9-4 mpuBeseno cxemarudeckoe H300pazkeHHe Marautocdepbl C ee
OCHOBHBIMHU CTPYKTYPHBIMU 3JIeMEeHTaMH.
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MarEnTochepsl 3emm ¢
CONTHEYHBIM BETPOM

MarHuTonaysa
~

2eMna MarHMTHbIE CHNOBLIE NWHANK

»
-

Hetrpanbhbie
%

PagnaunoHHele nosca

MarHuTocdepbl

MaruuTocdepa

YnapHas BonHa

Puc. 111-9-4. OcHOBHBIE 3JIEMEHTHI CTPOEHUsI MATHUTOChDEDDI, CBA3aAHHbIE CO B3aUMOJIEICTBHEM
C COJIHEYHBIM BETPOM.

OtryimaureIbHOI 9epTOit  peaibHOrO YCTPOHCTBA MArHUTOCHEDHI SIBJSIETCS HAJUIHE Y
HEe XBOCTA. XBOCT MATHUTOCGEPHI - ITO TAHYIIASICA HA OOJBITOE PACCTOSTHWE OT 3eMJIn
B cTopoHy oOparHyio oT CoJiHIa 00/1acTb, 3alOJHEHHAs MArHUTHBIM MoJeM. MaraumTHoe
moJjie 3eMJIH BBITATHBAETCS TLIA3MON COJTHEYHOTO BeTpa. IDTa 00JACTh WUTPAET CYIIECTBEHHYIO
poJib B (DOPMHUPOBAHUHU TTOTOKOB 3aPSI?KEHHDBIX YaCTHUIl, BbIIAIAIONIMX HA HOBEPXHOCTH 3€MJIN
B BHJIE CEBEPHBbIX cusHuil. HacTHIbl CeBePHBbIX CUSHUN 3aXBATLIBAIOTCH MMEHHO B XBOCTE
MarauToCGepsbl, TEPEHOCATCS K TOICAM 3eMJIU, TIe YCKOPSAIOTCS IJIEKTPUIECKUMHI TIOJISIMU,
BO3HUKAIOMIMEA BOJIU3U MOT0COB. [lof meiicTBreM 9THX moJieil OHU MOTYYaloT SHEPTHIO, KOTOPas
He TMO3BOJIeT UM OCTaBAThCd B MATHUTHOM TOJIe 3eMJIH JIAJIBIIIE.

Bce octanmbuble 37meMeHTH MarHuTochepbl MOAOOHBI TEM, YTO OBLIM HAMHU MOJYYEHLI C
MOMOIIBIO MPOCTBIX MOJIE/Ieil. DTO MArHUTOINAY3a, HEHTPAIbHBIE TOYKH, PAIUAIUOHHBIE MOSICA,
yJapHas BOJIHA.

®opma marauTocdepsbl, paccauTannas o 6ojee TOYHBIM MOJIE/IsIM, TTPeJICTaB/IeHa HA PUC.
II1-9-5.
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Puc. I11I-9-5. MaruurHble CHJI0BbIE JIMHUU U MArHUTOIAY3a
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1 Jleknusa 10. /IBuxkeHne 4acTHIl B MArHUTHOM II0JI€e

1.1 /IBm>KeHme 4acTUIl B OJHOPOJIHOM MATHHUTHOM II0JI€

Pacemorpum 3ajiauy O JIBU2KEHMUM 3apsSKEHHOW YaCTUIbl B OJHOPOJHOM MAIHUTHOM IHOJI€

¢ manpsikennocrbio H. Hampasum och z Bmoab Bekrtopa manpsizxennoctn: H = {0,0, H}.

O6o3HaunM depe3 ¢ - 3apsij JaCTHIBI, a Yepe3 m - ee Maccy. 1orjga ypaBHEHUs JBUKEHUsI

OyIyT UMeThb CJIeyIONnil BU/T
N4y, (4.1)
dt  mc

B nokomnonenTHoOit 3anucu ypaBHeHus: OyyT UMeTb CJIeYIONUi B/

dv, ¢ q
dt = %(Usz - UzHy) = %Uy]—L (42)
dv, q q

=———(v,H, —v,H,) = ———v,H, 4.3
dt mc(v v ) mcv (4.3)
dv, ¢
dt m_c(vay — vyH,) = 0. (4:4)

(4.5)

Ecam BBecTH KOMITIEKCHYIO CKOPOCTD U = Uy, + 91Uy, TO YPaBHEHH: IPHOOPETYT CJIeAYIOMUN BHT

do qH . dv,
— =i—0, — =0.
dt mce dt
IIpeamoozKuM, 9TO YacTHIA B HAYAIbHBIH MOMEHT HMeeT CKOpocTb Vo = {v1,0,v)}, Torma

pellleHne STUX YPaBHEHUH MOXKHO 3alUCATh CJIEAYIONIM 00pa3oM
v=wv, et oy, = v,

N

Vp(t) = vy cosQpt, vy(t) = vy sinQpt, v, =v.

U3 pemenns BUAHO, 9TO YaCTUIA JIBUXKETCS C HOCTOAHHOI CKOPOCTBIO v BJOAL OCH 2 U B
HEPIEH/IMKY/IIPHOM HAIIPABJIEHUN COBEPIIAET KPYroBoe JBuzkeHue ¢ wacroroii 0, = eH/mc,
KOTOpasi Ha3bIBaeTCs IUKJOTPOHHON miu dactoroit Jlapmopa. Pagunyc R kpyrosoit opouTo
YACTHUIBl B HAIPABJIEHUH MEPHEHIUKYISIPHOM OO BBIYUCISETCS U3 MPOCTOTO0 COOTHOIIEHUS
2
vi  qH

—_— = —w,.
R mc
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Orciona pajauyc opoUTHI KPYTOBOIO JIBUZKEHUS YACTUIBI BBIYHCIIETCS U3 (DOPMYJIbL:

R =mec/viqH = =y (4.6)
Qr

R;- papnyc opbutbl Jlapmopa

V, - ckopocTb 0pBUTanbHOTO ABUKEHMA

V|| - ckopocTb ABMKEHNA BAO b CUAOBOI

JIUHAK

Puc. IV-10-1. /IBu:Kenne 3apszKeHHOW IaCTUIBI B OJHOPOTHOM MArHUTHOM II0OJT€

1.2 JIpeitpoBoe aBurKeHME 4aCTUI] B OJTHOPOJHOM MArHUTHOM MOJIE

PaccmorpuMm Temepb ypaBHEHHE JIBHYKEHHS 3apszKEHHOH YACTUIBI B MATCHUTHOM IIOJIE€ TIPH
JeficTBum JON0IHUTeIbHOI nocrosinHoil cuibl F = (F, F,, 0), oproronaibHoil K HalPaB/IeHHIO
HANPSIZKEHHOCTH 10Jist. Bmecro ypasuenusi (4.1) nBurKeHWe dYacTHIBI OyaeT MOXYUHSITHCS
YPaBHEHHUIO
dv q 1
— = —[vxH]+ —F. (4.7)
dt  mc m
YpaBHeHHE 71T KOMIOHEHTHI 2 He U3MEHHTCS, a YpaBHEHHUsS 10 & U Y NPHOOPETYT CJIeIyIONnii

BHU]T

dv, q 1

" me (48)
dv. q 1

dty - _mcva + EFy' (49)



WIN B KOMILIEKCHOI hopMme

Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

F,

rne F'= F, +1F,. B cuny nocrogucrsa F' perenne npuHUMaeT TaKOH BU
pit x y y

3=

N i . C =~
b=v M 4 i —F, v, = vl
qH
Orcroma

vy = v cos(Spt —LF, v, = v sin(Qrt +in.
qH ) )

qH
B BeKTOpHOii 3amicu 5TO peleHne MOKHO IIPeJICTABATE B CJIEAYIONEM BHIE:

Puc. 1V-10-2. [IpeiidoBoe aBuzkenue 3apsizKEeHHON YaCTUIBI B OJIHOPOTHOM MArHUTHOM TI0JI€
nox jneiicrsueM cuiabl F

3 3Toro pesyabTaTa BUIHO, 9TO BpallaTe/TbHOE JIBUZKEHHE IO TPAEKTOPUU COTTPOBOXKTACTCS

JABU2KEHUEM C IHOCTOSIHHOT CKOPOCTBbIO B HallpaBJIeHUMU IEPIEeHAUKYJIAPHOM MW 1IOJIIO, U
nonoHuTERbHON custe F, meiicTByromieit Ha 9acTuIry. 9TO IBUKEHHE CO CKOPOCTHIO

c
Vp = W[F X H],
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nponopiimonaibHoit cuie F, HaspiBaerca jpeiihboBbIM M UIrpaeT CYIIECTBEHHYIO POJIb B
JUHAMUKE TL1a3MBbI.

1.3 ApgmabaTtuvecKkue MHBAPUAHTHI

[Ipn ganbHeifnreM WU3T0KEHUN TEOPETUIECKUX OCHOB JIBUYKEHUS 3apsAKEHHBIX YACTHUI] B
MArHUTHOM [OJI€ 3eMJId HPUJIETCS HMETb JeJA0 € TAKUM HOHATHEM KakK auadarudecKue
WHBapUAHTHI. VHBApUMAHTOM HA3BIBAETCS BEJIMYNHA, OCTAMOIIASICS HEM3MEHHON MpU KaK’X-
Jub0 1peoOpa3oBaHUsAX, B TOM YHUCAE, TMPH CMEIEHUU 10 BpeMeHnu. LVIHBapuaHTHI
JIBVDKEHHs dallle Ha3bIBAIOTCd MHTerpajaMu ABuzkeHud. CI0BO aanabaTMyecKWili MHBAPUAHT
O3HAYAET, YTO BEJIUYNHA OCTAETCS HEM3MEHHOIl IpH CIeMUuAJIbHBIX yCaoBHAX. OmnuireM 3Tu
yeraoBusd. Ilockoabky dusnmdeckne CUTyaruu, MpH KOTOPHIX MOYKHO HCHOJb30BATH TEOPUIO
a/mabaTHIeCKNX WHBAPUAHTOB, MOI'YT CYIIECTBEHHO OTJIMYATHCS JIPYT OT JIPyra, TO IMOJIE3HO
CTPOUTDH Ty TEOPHUIO B JIOCTATOYHO ODIINEM BHJIE.

O0muMy  ycJIOBHSIMH, TPH KOTOPBIX CTPOUTCA TeOopHusd aanadaTHIecKUX HHBAPUAHTOB,
SIBJIsIeTCsl (DUHUTHOCTD JIBUZKeHUs cucTeMbl. [Ipu buHUTHOM ABUKEHWH CYNIECTBYET OJUH HJIN
HECKOJIbKO HHTEPBAJIOB BPEMEHH MO MPONTECTBUN KOTOPHIX CHCTEMa BO3BPAINAETCS B MCXOTHOE
cocrosinue (MM COoCTOsiHMEe OJIM3KOe K HAYaJIbHOMY). DTO O3HA4aeT, 4rT0 (DYHKIMH, KOTOPbIE
OIWCHIBAIOT TAKOE [BHYKEHHE SIBJISIFOTCS MEPUOJNYECKUMI (MM KBA3H-TIEPUOINICCKIMN).
O6o3nadum depe3 1’ mepumoj; Takoro JABuzkeHus. 10rja ycjaoBHe MeJICHHOCTH HU3MEHEHUs
mapamerpa A O3Hadaer, 4To 3a nepuos 1, 3a KOTOPLIil cucTeMa yCIeBaeT BBITH U3 HEKOTOPOTO
COCTOSIHUSI U BEPHYTHCSI B HETO CHOBA, MMApaMeTp A U3MEHSeTCsl OUeHb MAJIo, T.e.:

d\T

dt A
Ncexoms 3 sroro, OyaeM mpejmojarath B caMoMm OOIIeM BHJE, 9TO HPH JIBUKEHUH CUCTEMbI
O/INH U3 €e MapaMeTPOB MeIJIEHHO MEHSIETCS BIO0JIb TPAeKTOPHHU JABUKeHusi. OO03HAUYNM TOT
mapaMerp depes A.

Mp1 OyaeM m3ydaTb CHCTEMBI, JJIsi KOTOPBIX BBIIOJHSETCS 3aKOH COXPAHEHUS SHEPTHU
IPH YCJIOBHM HEU3MEHHOCTH ee mapamerpoB. [lycrhb moJiHast SHeprus CUCTEMbl MOZXKET ObITb
npejacrasiena B Buge dyuknunm lamwmabrona H = H(p,q;\). 3gecs p- 0600menubii
UMITYJIBC CUCTEMBI, a ¢ - 0000IIeHHas KOOpIHATA. Y DaBHEHUs JIBUZKEHUS] B FaMUJIHTOHOBCKOM
IIpe/ICTABJICHUN MOZKHO 3allICaTh TaK:

dp  OH dg OH

i o0 A oy (4.10)

Ecan
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TO

di _ dp OH dqOH  OHOH OHOH

d dtop dtog oqop opog

Do o3navaer 3akoH coxpanenust sueprun: H(p,q, \) = E(\) = const . B nmporusrom ciydae
TMeeM:

dH_dp8H+dq8H+dA8H d\ OH
dt — dt Op ' dt g ' dt ON  dt ON

DHeprusi y:Ke He COXPAHSIeTCs. YCPeIHUM IOCJeJHee COOTHOIIeHNE 10 Mepuoay (PUHUTHOTO
JIBUZKEHUSI CUCTEMbI, UCIIOJIb3Ysl OOBIYHOE YCPEeIHEHNEe IO BPEeMEeHN:

17
f:?/f(t)dt

dH dE(\) d\OH

dt — dt  dt ON
[Tocko/tbKy MBI CUHMTaeM, 9TO HAPAMETP A MEHSIeTCS ME/JIEHHO W 3a BPEMs yCPe/IHEHUs
NU3MEHUTHCA HE yCHeBaeT, TO MBI BBIHOCUM HpOI/ISBO,ZLHyIO OT HETO Hu3 II0J 3HaKa pre,ZLHeHI/IH.
[Toms3ysch ypaBHEHUSIMET (4.10), MbI MOXKE€M yCpeJHEeHNe 110 BpeMEHN 3aMEHUTh NHTEeTpaJIOM IO
TPaeKTOPUN:

£0 (4.11)

Tora mostyuaem:

dgq

" ooy

HOE)TOMy MBI MOZKeM 3alliuCaThb:

/ dt = aH/a

dE(NY N1 [0H dg  dr$ Bai

dt  dtT ) ONOH/Op dt § st

a TaKzKe:

(4.12)

3ech uHTerpas § o3HaYAET MHTErpaJl 10 TPAEKTOPHH CHCTEMbl OT HEKOTOPOIO HAaYabHOIo
COCTOSAHMS JI0 BO3BPAIICHHA CHCTEMBl B 3TO HaYaJbHOE COCTOSHME. YCpPeIHeHHe B MOCJIeaHeil
dopmyIe MpOU3BOANTCS 1O TPAEKTOPHUH CHCTEMBI TIpH ycaoBum A = const. B 3atom cayuae
B coorHomennn H(p,q,\) = E E = const. I3 37010 COOTHOIIEHUS MOYKHO BBbIPA3HUThH
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UMITYJIbC, KOTOPBI Oyer dynkuueit ¢ u napamerpa A: p = p(q; ). [losromy, auddepennupys
coornorerne H(p,q, \) = E = const no \, noiyvaem:

OH 9pdH
o Tavap

D10 Ho3BOJIET HPeobpazoBarh coorHomenne (4.12) curemyonumM o6pasom:

dﬂM__Mf%@

dt dt § 22dg’

YauThiBasi, YTO A ¥ yCpeJHEHHbIE BEJIMINHBI HE 3aBUCSIT OT BPEMEHH, IMOCIEHEe COOTHOIIEHNE
MOYKHO 3alucaTh B CJEAYIONEM BUJIE:

f (L, wo),

OE di dt O =0 (4.13)

[TojuaTerpajbHOe BbIPaXKEHUE B IOC/IEJHEM COOTHOLIEHUM IPEJACTAB/IAeT COOON IOJIHYIO
[POU3BOJHYIO 110 BPEMEHH OT MMITYJIbCa P Kak (DYHKINH HA TPAeKTOpuH 0e3 BO3MYIIeHHi (T.e.
A = const). TTosromy (4.13) oKOHUATEHHO MPUHUMAET CJIeTYIOINii BHI:

dp d

dg =L & pdg = 0.
T g P

Hocne,uHee O3HavdaeT, 9YTO MHTerpaJJoOM JABHUXKEHUA IIPpU MEIJTeHHbIX N3MCEHEHUIX ITapaMeTpa A
ABJIAETCA BEJINYNHA

I = ]{pdq, (4.14)

KOTOpasi M HA3bIBAETCd aJIHadATHICCKIM HHBAPHAHTOM.

ITpumep. llpocTbiM HpuUMEpPOM HCIOJIB30BaHUS TEOPUU A UAOATUYECKUX HHBAPHAHTOB
SIBJISIETCS TapMOHUYECKUN OcCHuaaaTop. PaccMoTpum MareMaTHUecKHil MAagTHUK JITHHON [
B ToJie TAroTeHus 3emyn. YacTtora MajablX KOaeOaHH TAKOTO MAasSTHUKA BBIYUCISIETCS IO

dopmy.re:
wo=1/2
0 &

3akon COXpaHeHud JHEePprum nMeeT BHU/I:

2 2,2
H = 2p—m + mu;ozv = E = const. (4.15)
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W3 sToro 3akoHa COXpaHeHHd IIOJIYy9a€eM BbIpazKeHue JJjid UMILYJIbCa:

p= \/QmE — m2wiz?.

PaccmoTpuM 3ajady BBIYHC/IEHHS H3MEHEHUs XapaKTepHCTUK KojaebaHwii B cpegHeM Ipu
YCIOBUHU, YTO JJAWHA HUTH MAaATHUKA MeJJeHHO wu3MeHsgeTcd. J[Jd STOro BBIYUCIAM
aznabaTnvecKuii MHBAPHAHT TAKOro JBuzkeHus. B coorsercrsue ¢ (4.14) umeem:

I= j{ \/QmE — m2wia?dr = mwy }{ VA2 — 22dr =

2 2
= —muwyA? / \/1 —sin? v cos pdp = —mwyA* / cos® pdyp = Tmwy A%
0

0

Buech A = /2E/(mw?) - ammamTyna konebanuil u MCMOIb30BaHa MOJACTaHOBKA - = Asin .
OTcroa OKOHIATETLHO HAXO/THM:

I = mmwyA? = ™m iAz(t) = const.

[(t)

A(t)

—

Y(t)“ U : |

Puc. IV-10-3. Konebanusg MagTHUKA IPU U3MEHEHUH €r0 YacTOThI
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Takum oOpas3om, Mpu MeJJIEHHOM U3MEHEHHH JJIMHBl HUTH aMILIUTYJIa KoJebaHuii Oyaer
U3MEHSATHCS 10 3aKOHY:

1/4 1/4
A == ? — A(D) %

Tunuansrit BuI n3Menenust KojedbaHnit Ipu U3MEHEHNW YaCTOTHl TAPMOHUYIECKOTO OCIHUJLISITOPA
npuBeeH Ha puc. 1V-10-3.

2 Jlekmuga 11. JIBurkKeHue 3apdkKeHHbIX 4YacTull B
MATHUTHOM ToJie 3eMJIn

2.1 JIBukeHHe YacCTUIl B HEOJTHOPOJHOM MarHuUTHOM IoJjie. IlepBbiit
aagnabaTmvecKniit MHBAPUAHT

[lockobKy MarHuTHOE TOJie 3eMJIM HeOJHOPOJIHO, TO JBUKEHHe YacTHUI] OKa3bIBaeTcs OoJree
cnoxkubiM. Hanbosee BazkabiMu 3ddheKTaMu TBUKEHNS 3aPAZKeHHON YaCTUIBI B HEOTHOPOTHOM
MarHUTHOM IOJIe SIBJISETCS OTPayKeHWe YAaCTHIIBI OT OOJACTU ¢ MOBBINIEHHON HANPAXKEHHOCTHIO
1OJIS U PA3JIMYHOTO BU/JIA JIpeiipOoBbIe JIBUZKEHUS YACTUIbI B HAIPABJIEHUU [IePIIEH/ UK YISPHOM
nostio. Pacemorpum stu 3hdeKTh 110 OTAeTbHOCTH.

[Iycth B HavaJsie OTCYTCTBYIOT KakKue-JuOO BHENTHUE CHJIBI, JEHCTBYIONHE Ha YaCTUILY,
KpoMe CHUJIbI JIopeHria, B IpeanooKe N, YTO HAIIPSAZKeHHOCTh MAarHUTHOTO TOJISI HEOJHOPOTHA.
Ob6paTtuM BHUMaHHE HA TO, YTO NPHU MPOW3BOJHHOM MATHUTHOM MOJIe B CHJIy TOTO, YTO CHJA
Jlopeniia He coBepiiaer paboThl IPU JIBUZKEHUM YACTUIIbI, COXPAHAETCH KUHETUYECKAs] JHEPIUs
YACTHUILBL:

Eo=FE, +E = %(vi —I—vﬁ) = const.

OjsiHako Tenepb CKOPOCTH OPOUTAJBHOIO JIBUMKEHHWS YACTHIBI U] W CKOPOCTH JIBUZKEHUSI
BJ0JIb HallpaB/JIeHHd MarHMTHOrO HOJid v OyayT usMmeHaTbcs cO BpemeneMm. Ho nosnas
SHEPTHS JaCTUIIBI COXPAHSAETCS, T.e. SIBJISIeTCId WHBAPUAHTOM B HE3aBUCUMOCTU OT CTPYKTYPHI
MarHUTHOTO TOJIS.

Eciu mpeanomoKuTh, 9T0 MAarHuTHOE TI0JIe MEeHseTCs ¢J1ab0 B MPOCTPAHCTBE, TO B TEOPHIO
MOKHO BBECTH TaK Ha3bIBaeMble aana0aTHUeCKUe MHBAPHAHTHI, T.€. BEJTUUYMHBI, MEHSIOIHECS
cjab0 BMeCTe ¢ MArHUTHBIM 1oJieM. Ecjum 1moJsie Mensiercsd c€1ab0, TO MOYXKHO OXKHUJIATD,
YTO JIBUKEHHE YaCTHIbI OyJeT B I€JIOM HAllOMUHATDL JIBUZKEHUE B OJIHOPOJIHOM IMOJIe, HO C
Me/IJIEHHO U3MEHAIOMUMUCS XapakTepucTukamu. Cpeau 3TuX XapaKTepPUCTHK MOTI'YT HaWTHUCD
Takpe, KOTOPbIe IpHU CJabOM H3MEHEHUU JIPYTHX BEJIUUYHH OCTAIOTCA IOCTOSHHBIMH. DTH
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IIOCTOAHHBIE XapaKTEePUCTHKU U HA3bIBAIOTCA ajguabaTHdecKUMHU uHBapuantamu. J[ig Toro,
4TOOBI YCTAHOBUTH TaKue ajinadaTuvdecKue HHBApHAHTBI, HEOOXOIMMO TOYHO CHOPMYIUPOBATH
MOHATHE MeJJIEHHOCTU u3Menenus nojis H upu aBumkenun gactunst B Hem. [leficrBuresibHo,
npu cj1abOM WM3MEHEHHUW MOJIsi JBUYKEHUE YACTUIBI MPOUCXOIUT BJIOJIb CHJIOBON JIMHUH CO
CKOPOCTBIO ¥ M ¥ TIO OKPYXKHOCTH pajamyca [ co ckopocThio v). V3menenne MarmmTHOTO
IOJIs ¢ TOYKH 3PEHHs YAaCTUIBI CBSI3aHO € TeM, KaK ObICTPO MEHSeTCs I0Jie IPU CMEeNeHUH
YaCTHUIBI 3a XapaKTepHbII HHTEePBaJ BpeMeH! OT OJHOI TOYKH IPOCTPAHCTBA K Jpyroii. fcHo,
4TO eCJU YACTUIA JIBUZKETCs BJIOJIb CUJIOBOR JIMHUKM OY€Hb OBICTPO, TO H HOJIE OyJIeT MEHSIThCS
ObIcTpO. XapaKTepHbIM HHTEPBAJIOM BPEMEHH JIjIsi 9aCTUIBI B MAarHUTHOM MOJI€ SIBJISIETCS
nepuoy I = 27w /€, ee obpalienusi 1o opbuTe, NEPIEHAUKYJISIPHON CUJI0BOM JinHuU. B Takom
caydae MeJIJIEHHOCTb U3MEHEHUs JOJ2KHA 03HAYATDh, 4TO 3a HepuoJi OOpalleHus [MoJie IOYTH He
U3MEHHJIOChH, T.e.:

dH

Bynem cuntarh, 9TO 3TO yCa0BHE BBINNOJHEHO. KpoMe 3TOro cjeayer IpeanosaraTb, 9TO
U3MeHeHHe I0JisI B HAIIPABJICHUN MePIeHIUKY/IIPHOM CUIOBOIl JIMHUN TaKKe MaJo.

[Ipu mejjIeHHOM M3MEHEHUU MaPaAMeTPOB CHCTEMbI HEKOTOPbie n3 (DU3MUYECKUX BEJIMYHH,
CBSI3AHHBIX C JIBUKEHHEM, OCTAIOTCS IMOCTOSHHBIMU. 'Takume BeJUYUHBI HA3BIBAIOTCS
aznabaTnvyeckuMu WHBapuanTamu. VI3 obmeii Teopun aamabaTHIecKuX HWHBAPUAHTOB (CM.,
nanpumep, B [?]!) crenyer, uto agmabaruaeckuit unsapuant I cBasan ¢ sueprueit £ ¢punurHOro
JIBUZKEHUST JACTUIBI TAKHM 00pPa3oM, UTO

OF

ol
rJe w - cOOCTBEeHHAs YacToTa (PMHUTHOIO JBUKEHHUs, KOTOpas a/inadaTHIeCcKUM HHBAPHAHTOM
MOXKeT He OBbITh M MeJJIEHHO MeHseTcs €O BpeMmeHeM. B cuiay sToro Benuuwabl [ m w

W,

JAMHAMUYECKH HE 3aBUCUMbI 1 MOZKHO HalIUCaTb:
E=wl. (4.17)

Ota dopmysa MoOKeT OBITH HWCIOAb30BaHA JJIsI BBIYHCJIEHUS CaMHUX aanabaTHIecKuX
WHBAPUAHTOB.

[Ipu ABMKeHWH YACTHUIBI B CJ1a0O HEOTHOPOIHOM MATrHUTHOM II0JI€ SHeprueir (pMHUTHOTO
JIBUKEHUSI SIBJISIETCH 4aCTh KMHETHYECKOW YHEPIuu 4acTullbl OPOUTAIBHOIO BPAIEHUSI:

m [eH\?> m
2 (222} p2= ZZ02R2 4.1
vl 5 \me 9 LR (4.18)

L O JTasnay, E.M.JIndumn, Mexanuka. M.:Hayka, 1973
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CobcTBeHHOIt 4acTOTO OpOMTAIBLHOIO JIBHUXKEHHS «ABJsgeTcs dacrora Jlapmopa €. U3
coorrorienus (4.18) cieayer, uro agnabaTHUECKUM HHBADUAHTOM JIBUZKEHUS YACTUIBI B C1a00
HEOAHOPOJHOM MAI'HUTHOM II0JIC dBJIA€TCA CJICAYIOlad BeJIMYNHA:

_EL_mvi_mQ R
—Q; R2.

[_Q_L_QQL—2

[BunxKeHune B
HEeo4HOPOAHOM
MarHMTHOM none

Puc. TV-11-1. /IBuzKenue 4acTunbl B HEOJHOPOIHOM MArHUTHOM TIOJIE

,prFI/IMI/I CJIOBaMH, KBa/JApPaT CKOPOCTHU UJIN KUHETUYIECKad SHEPTUA Op6I/ITaJIbHOFO JABU2KCHU A
MEHAIOTCA MPOINMOPHUOHAJIBHO YaCTOTE, KOTOPad 3aBUCHUT JIMHENHO OT BEJINYWHBI MArHUTHOI'O
II0JI4:

EL:Ig:,uH, (4.19)
mce

U MeJJIeHHO M3MeHseTcs BMecTe ¢ HUM. B 31oii dpopmyste BMecTo naBapuanTa | BBeJeH HOBBII

anabaTuIecKii HHBAPUAHT (i, IO PA3MEPHOCTHU COBIATAIONIAN ¢ MATHUTHBIM MOMEHTOM:

W= s
me
Ksajpar ke pajuyca opOUThl MeHsieTcsi 0OPATHO MPOHOPIUOHAJBLHO MATHUTHOMY IOJIIO (CM.
puc. IV-11-1):

o1 2l ucém1
m e H e2 H
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2.2 3aKOH COXpaHeHHs dHEpPruM B HEOAHOPOAHOM MArHUTHOM IIOJIE.
MaruuTHbI€ JJOBYIIKHA U 3€PKaJa

Wcxonas n3 mosiy9eHHbIX COOTHOIIEHU, MOYKHO CIeJaTh CAeAYIOmNi BaKHbI BeIBOA. 1lycThb
JIBUKEHWE dYaCTUIBI B MArHUTHOM T[OJie XapaKTepu3yeTcss TIOJHOW 3Heprueit Fy, Torma
HOJTY 9aeM:

EH ~|>ELZEH +,uH:E’0.

DTO COOTHOIIEHNE YKBUBAJIEHTHO 3aKOHY COXPAHEHHUsI MEXaHNIeCKON SHePIHU B MOTEHINATBLHOM
noje cuia ¢ noreHnuanbHoil sueprueit Uepp = puH. Dueprug Ugsf B TOYHOCTH paBHA SHEPIHH
JaCTHIBl C MATHATHBIM MOMEHTOM (i B MarHuTHOM moJje. OTciona

%uﬁ = Fy—U = Ey— uH > 0. (4.20)

[Tosromy, ecam morennuasnbHas dHeprus Ugpr MMeeT JIOKAJBbHBIH MHHUMYM B OKPECTHOCTH
HEKOTOPO# TOYKHU Ty, TO B 3TOM CJIydae JacTuia OyIeT CoBepIIaTh KoJaedaTeJlbHOe IBUKEHHe
OT OJIHOIl CTEHKH MOTEHIUATHHONU MBI 70 Apyroii. Ilpm 3ToM TOYKH mOBOpOTa (TOYKH, I/e
CKOPOCTD JIBUKEHHUSI BJIOJIb CUJIOBOM JTMHUH OOPAIAETCS B HOJIb) OY/IyT HAXOIUTHCSA U3 YCJIOBUS
wH(r) = Ey. CucreMbl, B KOTOPBIX PEATN3YETCs 3aXBAT 3apsiZKEHHBIX YACTHUI] ¢ HOMOIIBIO
PaCCMOTPEHHOI'O HPUHIIKIIA, HA3BIBAIOTCS aIHa0aTHIECKUMU WJIM MATHAUTHBIMA JIOBYIITKAMH.

Jlna ucciieioBaHnus BO3MOXKHOCTH Y/I€pKaHHUS YAaCTUIl B MArHUTHOI JIOBYIIKE, IOJIE3HO
paccMOTpeTh CAeAYIONnil mpuMep Takoir cuctemsl Puc. 11-11-2.

[IpemosiokumM, 910 cuCTEMa COCTOUT U3 JABYX 00JIaCTel, B KayK/I0i U3 KOTOPBIX CO3IAeTCs
MMOCTOSTHHOE MArHUTHOE IoJIe cO 3HadeHusMu Hy < Hy, HampaBieHHOE B0/ HEKOTOPOIl OCH 7,
COBITAJAAOIIEI ¢ HATTPABIEHNEM. BO3DACTAHUS TOJI.

Mexkay STHMH 00JAaCTAME pacloJjaraercs o0J1acTh, TJe IMOJe MeJTeHHO BO3PACTaeT OT
snavyenus Hy j10 3navenus: Hy. Ilycrs wacTuma Haxogurcss B 00JIaCTH C MEHBIIUM 3HAYEHUEM
o Hy w aBuzkercs B HalpaBIeHUU 0OJIaCTU ¢ OOJIBITUM 3HaUYeHHEeM 10Jist [y CO CKOPOCThIO
v). IIpn sTom cropocTh opbHuTaIbHOTO ABUZKEHHA OyAeT paBHa v = /() R, () - muKI0TpOHHAs
gacTtota B obsactu 1. B obsactu ¢ mosem Hs cKopocTH 4acTui OYIyT COOTBETCTBEHHO v"‘

’ . /
n v, = y/QR. Yacruna Oyger npoHukarb B 00JIaCTh 2, ecim B 9TOH obsiacTu v > 0. ns
COOTHOIIICHU ST

vﬁ +uH, = v"f + pHy

cJiejiyer, 910 B obJiacTh ¢ nosieM Ho OyayT nomnajgarh 9acTUIlbl, UMeIoIne CKOPOCTh BIIOJIb TTOJIST
V||, HOTIUHSATOIYTOCSI HEPABEHCTBY::

Uﬁ > M(HQ — Hl)
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MarHuTHan -
paeKTopuA YacTuubl

NOBYLWKa B NOByLUKE To4kn oTpameHns

CunoBble TMHUK
MarHUTHOro nons

Puc. IV-11-2. Maruurnas JioBy1ika

1o XKe HEPAaBEHCTBO MOXKHO 3allMCaThb B BHJAE COOTHONMICHHA [AJId OTHOIIEHUA CKOpOCTeﬁ
Op6I/ITaIIbHOFO JBHUZKCHHNA WU JBHXKCHNA BJAOJIb IIOJIA:

) >’UJ_\/1—H2/H1. (421)

HacTungel, 11 KOTOPBIX CKOPOCTH V|| MEHbIIE KPUTHIECKOI

Vljer = 2—M(H2—H1),

m
OyIyT OTpazxKaTbcd OT O0JACTU C TOBBIIMIEHHBIM 3HadYeHHeM T1oJid. OO0paTuM BHHMAaHUE
HA TO, UYTO B JIOBYIIKE 3aXBATHIBAIOTCSI YACTHIBI, YV KOTOPBIX KOMIIOHEHTa CKOPOCTH
BJIOJIb IIOJISI OKA3BIBAETCSl MEHbIe OIpejeseHHoro 3uHadenust (mepasencrso (4.21)). Ogmako
HMEHHO YCJOBHE MEIJIEHHOCTH W3MEHEHWs I[OJIsi TPHU JIBUYKEHHH YaCTUIBI CBI3aHO C
AHAJTOTMYHBIM COOTHOIIeHHeM. llo3TomMy BbIIaJeHHEe YaCTUIL U3 JIOBYHIKH CBA3aHO C

HapyloieHuem aﬂHa6aTI/I“IHOCTI/I JBUZKCHUA.
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LBuxKeHue yacTuy,
B MarHUTHOM nose
3emnu

| TpaexTopws
3apAKEHHOMW
| YacTHLubl

3epKanbHble
TOYKHK

Puc. IV-11-3. Tpaekropun 4acTuil B MArHUTHOM [OJI€ 3€MJIH

2.3 3onaapHoe apeiidoBoe ABUMXKEHHNE B MArHUTHOM IIoJjie 3eMJIN.
Bropoii agmabaTuvecknit n”HBapuaHT

[Tocko/IbKY JiBUKEHUE 3apsiZKEHHBbIX YaCTHUI[ BJIOJb CHJIOBON JIMHUU lIpejcTaBjiser coboi
HEePHOMIECKHIT MPOIECC ¢ JOCTATOYHO OOJIBIION YacToToil (XapakTepHbiii nepuog 1T =), 1o
B 9TOM CJyd4ae JJIsl TaKOTO JIBUKEHWs BO3HUKAET elle OJWH ajanadaThdecKuii wHBapwaHT. B
9TOM cJiydae 3Heprueil (pUHUTHOrO JBUKEHUs SBJISETCS KUHETHYECKas SHEPIrus JIBUKCHUS
BJOJIb CHIOBOIl juHuH, Te. L) = mvﬁ/z MenmeHHO MEHSIONINMCA IIapaMeTPOM 3TOrO
ABUZKEHUA ABJIdeTCAd MEJICHHOC U3MEHEHNE MAl'HUTHOI'O 110J1d Tellepb BJ10JIb 9KBaTOPa, KOTOPOE
Ha3bIBAETCS 30HAJbHBIM HallpaBjeHueM. B 3Tom HalpaBieHun NPpOUCXOIUT Jpeiid 3apszKeHHbIX
gactui. Jjasg TOro, 4TOOBI SIBHO BBIYHC/IUTH B ITOM Cjaydae aJuadaTudecKuil WHBAPUAHT,
BOCIIOJIb3yeMCsI CHOBa, O0IIell Teopueil, N3JI02KeHHOI B MPEe/IbIIYIINX JEKIHAX.
BanwutiemM sHepTruio GUHATHOTO JIBUYKEHUsT B CJIEIYIONIEM BHU/IE:

m
IEH = 7§-Uﬁ = Ey —-}L?{.
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I/IMHyJII)C ABH2KeHNA COOTBETCTBEHHO paBeH

p = v2m(Ey — pH).

2.4 PacnpegeseHue 4acTUIl B JIOBYIIKeE

Jlns aHajm3a cuTyanuud ¢ yJeprKaHueM IJIa3Mbl B MAarHUTHON JIOBYIIIKE, OCOOEHHO B CBSA3H
C ONHCaHWeM paIUAIMOHHBIX MMOSICOB 3eMJIN, BayKHBIM SBISETCS BONPOC 00 ONWCAHWH
pacmpejiesieHusl 9acTHIl B JIOBYIIKe. Bompoc MOKHO IOCTaBUTH CJEAYIOMHUM 00pa30M:
PaBHOMEDHO HJIM He PaBHOMEDPHO pacHpee/eHbl YacTUIbl 110 00beMy JIOBYHIKA U €CJIH
HE PABHOMEPHO, TO B KAKOH YacTH MArHuTHON JIOBYyHIKH Oyjer HaOJI0JaThbCs HOBBIIIIEHHOE
cojlepzKaHue JacTHull.

Puc. IV-11-4. KoJib1io moSIpHBIX CHSTHUI HaJI CEBEPHBIM IOJIOCOM 3€MJIH.

s orBera Ha ITOT BOHPOC HEOOXOJAUMO 00Jjiee KOHKPETHO C(hOpPMYy/IMpoOBaTh JIAHHbIN
BOIIPOC. qaCTI/IL[bI, 3aXBaY€HHbIE IIOByIHKOI'?I, nepeMenianTCAa MepuoiunveCcKn oT O,ZLHOI'?'I TOYKH
moBopoTa jio Apyroii. [losTomy chopmynnpyem Bompoc Tak: ecju caydaiinbiM 00pa3om 6pocaTh
B3wisiy1 (ororpadbupoBarh, CKAHUPOBATH) 00JACTH BHYTDH JIOBYIIKH, TO TJie Yallle BCEIO MbI
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OyaeM HabJoaTh Kaxkayio u3 dactui! ChopMyIupoBaHHBIH TaKUM 00pPa3oOM BOIPOC UMEET
npocroii orBer. IlycTh § - mapaMerp BIOIb CHIOBOH JIMHUHU IIOJsI, BIOJb KOTOPOIl JTBUKETCS
qactuna. [lycrs Tak Ke nepuoj| JIBUKEHUsI YACTHUILI OT OJHON TOYKU HOBOPOTA S JO JIPYTrOi
sy pasen T'. Cormacuo (4.20) 3TOT meprO/; MOXKHO BBIYUC/IHTD TaK:

B 7 Vmds
T(Eo) _3/ V2Eq — 2puH(s)

3/ech S - KOOpAWHATA BIOIb CUJIOBOI TMHUM MAaTHUTHOTO TIOJIS YACTHIIBI, KOTOPAas OMpeIe/IaeTcs
KaK MHTerpaJbHad KpuBasd ypaBHEHUS

dr
— =H(r).

ds

Torma BepoITHOCTHL HAOIIOAEHNS YaCTUIIBI B IPOU3BOJILHON TOUYKE JIOBYIIKA HPOMOPIUOHATLHA
OTHOLICHUIO BPeMeHU HaOJIIOAeHUsT K IOJIYIIePHO/LY ABUXKEHHUS YACTHUILL B JIOBYLIKE, T.€. €CJIN
MHTEpBaJ HAO/IOJAeHUs paBeH df, BePOATHOCTL OOHAPYKEHHS 33 9TOT IePUOJ], PABHA

st Toro, 4rTobbl BBIYUCJIUTH ILJIOTHOCTH BEPOSITHOCTH OOHAPYXKUTh YaCTUILY HMMEHHO B
JIAHHOW TOYKEe MPOCTPAHCTBA, HEOOXOAMMO MepeiiTu OT BpeMeHU HaOJIIOJeHHS 3a JacTUIel K
COOTBETCTBYIOIIEMY NPOCTPAHCTBEHHOMY WHTEPBAJY, B KOTOPOM YaCTHUIA MOXKET OKa3aThCd B
TedeHue rmepuoja HabdsogeHus. g 3Toro HeodbxoaumMo cieaTh 3aMeHy IepeMeHHbBIX:

dt = ﬂds = @
ds ?}”

B pesysprare Haxoanwm:

B V2mds
T\/Eo — pH(s)

d(s)

OTcrofa MJIOTHOCTH BEPOATHOCTH OOHAPYKUTH YACTHUILY PaBHA

(s) = V2m
P T B — il (5)
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Puc. IV-11-5. Cesepnoe cusinue uaji Hopserueii

He TpyaHO BHIETH, 9TO 3Ta IJIOTHOCTH BEPOATHOCTH PACTET 10 OECKOHEUHOCTH BOJIHU3U
Touyek mnoopora. OTcioja cieyer, 4TO YacTUIBl 4Yalie BCero OyjayT HaOJ0JaThCsd BOIU3M
TOYeK MOBOPOTA WJIH, B JAHHOM cjydae, "MarHuTHBIX npo6ok"noBymku. @opmyria (4.22) naer
YACTUIHBI OTBET HA MOCTaBJIeHHBIH Bompoc. (JHA OMUCHIBAET pacHpejeseHre YacTUll BIOJb
TPAaeKTOpPUH YacTuibl. /ljis ommcanus MpOCTPAHCTBEHHOTO pPACIPE/IeTeHUsT HEOOXOIUMO ellle
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HMeTb IIpeJICTaB/JIeHHe O YHC/e YaCTHUI[ Ha JaHHOW TpaeKTOpHUH. 3JIeCh CJIeIyeT y4ecTb, 9TO
HA OJHON W TOH 2Ke TpaeKTOPUU MOI'YT HAXOAUTHCA KAK YACTUIBL C OJHON M TOW Ke MOJIHONI
SHeprueit, Tak u ¢ pazjaudHbiMu 3Hadenusimu L. [IycTb Kaxkiasi cusioBast JIMHUS HyMepyerTcs
JIByMsl TIDOCTPAHCTBEHHBIME HapaMeTrpamMu & U 1) U [MyCTh YUCJI0 4acTull Ha Tpaekropun (£,7)
B MHTEpBaJie 3HavYeHuii moaHoi suepruu dEy pasuo n(&,n, Fy)dEy. Torpa npocrpancrsenHast
IJIOTHOCTD YaCTHUIl B TOYKE, XapaKTepusyloleiica TpemMsa napamerpaMu (s,€,n), Oyuer umersb

BHLT;:
n (57 n, Eo) dEov2m

T(EO) By — uH (s> |

o(s, &, m, Eo) = (4.23)

2.5 IlonsipHble OBaJIbl U CEBEPHBIE CUAHUS

Yactuner, npuxossimue or CoJiHIA, 3aXBATHIBAIOTCS MarHuTocdepoit 3emyim B ee XBOCTe U
epeHocaTes K moJocaM. B mporecce IBUKeHHS 0T XBOCTa MarHUTOChepsl K MOJI0caM 3eMJH
OHHM YCKOPSIOTCS W BBIMAJAIOT B (hOopMe MOJAPHBIX cugHuit B arMmocdepe 3emun. Vmenno
vactunel CKJI, a He 9acTumsl paauanuoHHBIX MOSICOB, CO3AAI0T I(hMEKT MOJIAPHBIX CHUIHUN.
[LiorHOCTH YacTUll B PaJUAIIMOHHBIX [OSCAX MaJja JijIs TOTO, YTOObI CO3/IaTh SPKUE BCIIBIIIKH
B 00J1aCTH MOJISIPHBIX 00IaCTei.

Creuenue MOJSPHBIX CUSHUN BBI3BAHO CTOJKHOBEHHSIMU 3aps’KEHHBIX YACTHUI[ C aTOMaMH
arMocdepbl - B OCHOBHOM a30TOM U KHUCJIOPOIOM. KazKplii U3 3TUX aTOMOB JaeT CBOK TaMMy
Kpacok. [ToaToMy monsgpHbie cusHUS BBINISIAAT TaK KPACOYHO HA HOYHOM HeOe. [Ipumep Takoro
siBJIeHus 1pejcras/ied Ha puc. [V-11-5.
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

1 Jleknua 12. Kocvmudeckme Jiydn M METOAbI UX
Ha0JII0IeHN A

Konern XIX - magaso XX Beka 03HAMEHOBAINCH HOBBIMU OTKPBITHSIMH B 00JIACTH MHKPOMHUPA.
[Tocie OTKpBITHS PEHTTEHOBCKUX JIVUell W PaJMOaKTHUBHOCTU OBLIN OOHAPYKEHBI 3apszKeHHBIE
YACTUIBI, HPUXOJAIUIE HA 3eMJIO W3 KOCMHYECKOTO MPOCTPAHCTBA. DTH YACTHIBI ObLIH
Ha3BaHbl KocMuueckumy aywamu (KJI). Jaroit OTKppITHS KOCMHYECKUX JIydeil MPpHHSATO
cuntath 1912 rox, korga aBcrpuiickuii pusuxk B.D. ['ecc ¢ momMoIpio ycoBepIieHCTBOBAHHOTO
JIEKTPOCKOTIA U3MEPUJI CKOPOCTh MOHHU3ANHUHU BO3IyXa B 3aBUCUMOCTH OT BBICOTHI. /[ 3TOTO
OH HCIIOJIb30BaJ BO3JIYIIHBIH AP, ¢ MOMOIIbI0 KOTOPOrO OH IOJHUMAJICS Ha BBICOTY DoJiee H
kM. OKa3amoch, 9TO ¢ pOCTOM BBICOTHI BEJTNUNHA HOHU3AIMHI CHAYAIA YMEHBIIAETC, a 3aTeM Ha
BoicoTax ¢Bbire 3000-4000 M HaUMHAET PE3KO BO3PACTATH. DTO OBLJIO HEPBBIM JI0KA3aTEIHCTBOM,
4TO HWOHUBUPYIOIIee W3JIydYeHue, cjaado MOTJIONAeMOe BO3JAYXOM U YBEJIUYUBAIONICECS C
yBeJIMYeHUEeM BBICOTHI, obpasdyercst 3a cder KJI, magamommmu wa rpanuily armocdepb u3
KOCMHUYECKOI0 MPOCTPaHCTBa. Bojiee ToUHbIE pe3y/IbTaThl OBLIN MOJIy4YeHbl onmnoneHTom B.OD.
I'ecca - B. KoabxecTepoMm, KOTOpPBHIH He BEpUJ B KOCMHYECKOE IPOUCXOXKIECHHE KOCMHUUYECKUX
gydeit. OaHAKO, COBEPIIUB IISITh OJETOB HA BO3AYIIHBIX mapax B 1912-1914 roga Ha BBICOTHI
710 9300 M, on moarBepaua u yrounua pesysabrar B.D. Tecca.

KJI npencraBisiior co0oif  siapa Ppas3JIMIHBIX 3JIEMEHTOB, CJeI0BATeIbHO, SABIAIOTCS
3apsizKeHHbIMI dacTuiaMu. Haubosee muorouncientsl B KJI spa aroMoB Bogopoa u resust (
85 u 10 % coorBercrBenHo). Jl0ist sijiep BCeX OCTAJIBHBIX 3JIeMEHTOB Tabuuibl Meneneesa He
upesbimaer 5 %. Hebosbuiyio yacrs KJI cocraBisiior ajiekTponbl 1 103uTpoHbl (Menee 1 %).

B nponeccax, npoucxojsnux 8o Beesiennoit, KJI urpator Baxknyio posib. [Liiornocts sueprun
KJI B mameii Tajakruxe cocrasiser 1 3B/cM®, uTo cpaBHUMO ¢ ILIOTHOCTSIME SHEpTrHii
MEK3BE3HOTO Ta3a W TaJaKTHYeckoro MarauTHoro moJisd. [lo comepxkannio B KJI smemenTon
JINTUd, Oepuing u O60pa, KOTOpble 00Opa3yloTcsd B pe3y/braTe siIePHBIX B3auMOeiicTBuUil
KOCMHYECKUX YaCTHUI[ ¢ aTOMaMH MeXK3Be3/IHOW Cpesbl, MOKHO ONpPEeIeTUTh TO KOJUIECTBO
BemecrBa X, depe3 koropoe nponnin KJI, Ouyxiaas B MexsBe3aHoit cpege. Bemmunna X
npumepno pasna 5-10 r/cm?. Bpems Giysxkiaanus KJI B Me:k3BesHoil cpeje (Wi Bpemst uxX
JKU3HU) ¥ BeJWYHHA X CBSA3aHBI COOTHOMEHHeM X ~ pct, Tjie ¢ - CKOPOCTh dacTull (0OBIIHO
[OJIATAOT, YTO BEJTMIMHA C DABHA CKOPOCTH CBETA), p - CPEJIHSSI INIOTHOCTD MEK3BE3JHOM CPeJibl,
cocrapagiomaa 10-24 v/cm?, t - Bpema 6yzx nanus KJI B sToit cpege. OTcrona spems :xuzun KJT
3-108 sier. Ono onpejesiercd gu6o sbixosom KJI u3 Fasakrukn 1 rajio, jubo UX HOIJIOIeHHeM
3a cYeT HeynpPyruX B3aMMOJEHCTBUI C BEIIECTBOM MEXK3BE3HOU CPeJbl.

OcnoBubiM uctounnkom KJI BayTpnm lajmakTukm sBISIIOTCS B3PBIBHI CBEPXHOBBIX 3BE3I.
KJI yckopsitorcst Ha ymaapHBIX BOJHAX, 00pa3yIOmIMXCs B 3THX B3pbiBaxXx. MakcumasbHas
SHEPrus, KOTOPYI0 MOTYT HPUOOPECTH YaCTUIBI B TAaKHX IIPOIEccax, coctaBiager Emax ~
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10'¢ sB. Kpome Toro, gacth KJI MOXkKeT YCKOPHTLCA [0 TAaKHX K€ SHepruil Ha yIapHBIX
BOJIHAX, PACIPOCTPAHAIOIMMUXCS B MexK3Be3aHoit cpene amakrtuku. KJI eme 60abmux sHepruii
obpasyrorcss B Merarasmakruke. OJHUM M3 MX HCTOYHHKOB MOI'YT OBITh siipa AKTHBHBIX
ragaktuk. Ha puc. V-12-1 mokasanwl smeprernveckue crnextpsl J(E) ajst IPOTOHOB , siep
reust , yriaepoga C' u kemesa Fe, KOTOpble HAOIIOMAIOTCS B KOCMHUYECKOM ITPOCTPAHCTBE.
Besmuuna J(FE) upejcrapiser coboii KOJXIECTBO YACTHUIL, IMEIONIMX SHEPTUIO B JIUALIA30HE OT
E 1o E 4+ AF u npoxonganux depe3 eIUHIIHYIO IOBEPXHOCTH B €IUHUILy BPEMEHU B €IUHUIE
TEJIECHOI'O YIJIa B HALIPABJIEHUH, IIEPIEH UK YISPHOM IOBEPXHOCTH. BHIHO, 9TO OCHOBHYTO JI0JITO
B KJI cocraB/isifoT IpOTOHBI, 3aTeM CJIEAYIOT sijapa rejusi. /loyist ocTajlbHbBIX sijiep HeBEJIMKA.
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KuneTtunyeckan aneprna Mas/HyknoH

Puc. V-12-1. /luddepennuanbubie crekTpsl ragaktudeckux KJI: nporonos H,
anep reaus He, yriepona C u xenesa Fe !

'http://www.astronet.ru/db/msg/1210273
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[To cBoemy mpoucxoxkaennio KJI MOXKHO pa3faennTh Ha HECKOJIBKO TPYIII.

1) KJI zanaxmuyeckozo npoucxoscdenusn (I'KJI). Ucrounukom ['KJI sBisiercs: wama
laakTHKa, B KOTOPOil MPOUCXOAUT yCcKopeHme dactur g0 suepruit ~ 1018 sB. Crexrpnr KJI,
n3obpazkennpie Ha puc. V-12-1, ornocarca k I'KJI.

2) KJI memazaaaxmu4weckozo npoucroncioerus,, OHl UMEIOT caMble DOJIbLIMEe IHEPIHH,
E > 108 5B, o6pasyiorcs B APYyTruX rajakTHKax.

3) Coaneunvie KJI (CKJI), renepupyembie Ha CoJHIIE BO BpeMsl COJHEYHBIX BCIBIIIEK.

4) Anomaavnvie KJI (AKJI), obpasyiomnuecss B Cosnednoii cucreme na nepudepun
reJIMOMarHuToChephl.

KocMmdeckre ay4nm caMbIX MaJblX I CaMBIX OOJBIINX 3Hepruil pasmmuaiorca B 10'° pas.
C noMompo TOJBKO OJHOIO THUIA ANMAPATYPbl HEBO3MOXKHO HCC/IEI0BATH TAKOH OrPOMHBII
JIMAIIa30H HEPruii, modromy i usydenus KJI ucrnob3yorcs pasHble MeTOJ/ibl U MPUOOPHI:
B KOCMHYECKOM TIPOCTPAHCTBE - C MOMOIIBIO ANMapaTyphl, YCTAHOBJIEHHOW HA CIYTHUKAX W
KOCMHUYECKUX paKeTax, B armocdepe 3eMJH - C MOMOIILI0 MaJIbIX IIapOB-30HI0B H OOJIBIITNX
BBICOTHBIX a3POCTATOB, HA €€ MOBEPXHOCTH - C MOMOIIBIO HA3EMHBIX YCTAHOBOK (HEKOTOPBIE
U3 HUX JIOCTHIAl0OT Pa3MepPOB B COTHU KBAJPATHBIX KHJIOMETPOB), DACHOJIOKEHHBIX JH00
BBICOKO B Topax, Jinbo riyO0oOKo 1o 3emJieit, jub0o Ha Oo/bIIuxX IiyOMHAX B OKeaHe, Kyja
MPOHWKAIOT YaCTHIRI BBICOKMX dHepruit. KJI mpu cBoem pacmpocTpaneHnn B MeyK3BE3HOMN
cpejie B3aUMOJEHCTBYIOT C MEK3BE3/IHBIM I'a30M, a IpHU MONAJJaHUM Ha 3€MJIIO - C aTOMaMH
aTrMocdepbl. Pe3ybraToM TakKux B3aUMOJIEHCTBUN ABISIOTCA BTOPUYHBIE YACTHIILI - ITPOTOHBI
1 HEHTPOHbBI, ME30HbI, JJIEKTPOHBI, TAMMa-KBaHTbI, HefiTpuHO. OCHOBHBIMU TUIIAMU JIETEKTOPOB,
KOTOPBIE UCIOJIB3YI0TCs npu u3ydennn KJI, aBisiiorcst poTodIMy/IbCHE U PEHTTE€HOBCKUE TLIEHKH,
MOHW3AIMOHHBIE KaMePhl, ra30pa3psiIHble CUeTUYNKH, CIETINKN HEHTPOHOB, UEPEHKOBCKUE U
CIUHTU/IANMOHHBIE CUETYUKH, TBEP/IOTEeIbHbIE TOJIYIIPOBOIHUKOBBIE J€TEKTOPDI, HCKPOBBIE H
npeitdoBbIe KAMepBHI.

1.1 TamakTm4ieckme KOCMUYECKUE JIydn

KOCMI/I‘{GCKI/IG JIy4du, IIpUXoAdiiue u3 I‘J'Iy6OKOFO KOCMOC&, raJlaKTU4YeCKHue u MerTaraJlakKTu4eCKue
KOCMUYECKUe JIydu 00/1a/[al0T OYeHb OOJIBIION dHeprueil. DTO MO3BOJIAET HCIOIH30BATH UX
AJId U3YUYCHUA AJEPHBIX peaKL[I/II'/JI, KOTOpbIE€ HE MOTYT 6bITb BOCITPOU3BEJACHBI Ha COBPEMEHHbIX
yckopuTesisix B jaboparopuu. [Insg usydenusi B3aumosmeiicteuii KJI Boicoknx suepruii ( F ~
10% 5B) ¢ BemecTBOM HCIOJL3YIOTCA HOHU3AIMOHHBIE KAJIOPHMeTPBl. DTH MPUOOPDI, BIEPBbIE
npeanoxkeraabie H.JI. ['pUTOPOBBIM ¢ COTPYIHUKAMU, MPEJACTABILIOT cOOOi HECKOJIBKO PSJIOB
AETEKTOPOB - MOHU3aIUMOHHBIX KaMepD HWJIM CHUHTUJIJIAIMAMOHHBIX CHETUYUKOB, MEXK/1Y KOTOPbIMHA
PaCIOJIOZKeH HOIVIOTUTE/Ib U3 CBUHITA 1N Kesie3a. Ha BepxHeit acTu KajopuMeTpa moMeIaeTcs
MUIIIeHD U3 JIEFKOTO BENeCTBA - yIJIepoia Wil aJioMunus. JacTura, maaonas Ha M0OBepXHOCTD
MOHUBAIMOHHOTO KAJOPUMeTpa, B3aUMOJIEHCTBYeT C sIpOM MHUIIEHH, 00pa3ys BTOPUUHBIE
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qacTuipl. VX 4mcesio cHadasia Bo3pacTaeT, TOCTUTasd HEKOTOPOTO MAaKCHMAJIbLHOTO 3HAYEHUs, U
3aTeM MOCTeNneHHO yObIBaeT O Mepe MPOABUZKEHNUS B TEI0 KaJTopuMeTpa. /leTeKTOpbl n3MepsioT
MOHM3AIMIO 10/, KAzKJIBIM CJI0eM morjioTuTesis. [1o KpuBoit 3aBHCHUMOCTH CTENEHU MOHU3AIUN
OT HOMEpa CJIOsI MOYKHO OIPEJIEIUTHh IHEPTrUi0 IMONABIIEH B KAJOPUMETD YaCTHUIBI. DTUMU
npubopaMu BHEpBbie B MuUpe ObL1 u3Mepen crekTp nepBuunbix KJI B amanazone suepruit or
~ 10" 10 ~ 10" sB. KJI B amanazone snepruit 10'' < £ < 3A10'° 5B mMeror rasaxtudeckoe
MPOUCXOKIeHNEe, UX IHEPTeTUIECKUl CIIEKTP MOXKHO ONUCATH CTEIEHHBIM 3aKOHOM

J(E) = J0- B~

Jliisi  um3ydeHuWsl XapaKTepUCTHK  sijiepHbIXx  B3aumojeiicreuii  KJI  odenp  Oosibimmx
SHEPruil HeoOXOJMMbI YCTAHOBKH € OOJIBINON ILJIOMIA/IbI0 PErucTpaluu, TaK KakK MOTOK
BBICOKOSHEPIreTUYIHBIX YacTUIll Kpaiine MaJj. VX Ha3bBalOT PEHTIeHOBCKUMH KaMepaMH.
9T0 mpuOOPHI € TJIOMAABI0 TOBEPXHOCTH O HECKOIbKHX COTE€H KBaJPATHBIX METPOB,
COCTOSIINE U3 PAJIOB PEHTTeHOBCKUX ILIEHOK, IepeMezKAIOIINXCsl CIOSIMHU CBUHIA. B pesynbrare
B3aumojieiicteus KJI ¢ wactunamu Bo3jyxa o0pasyioTcs Me30HbI, 4aCTh U3 KOTOPbIX 3aTeM
pa3MHOXKaeTcs B CBUHIIE, OCTaBJIsds ISITHA HA PEHTTeHOBCKOI 1mienke. [lo wuciy u Benuuunne
STHX HATEH, IJIOTHOCTH UX IOTEMHEHHS U 110 PACIOJIOXKEHUIO B PA3HBIX CJIOAX OIPeJIe/IsaeTCs
SHEPrus B3aUMOJICHCTBYIOIIEH YacTHUIbI U HAIIPABICHUE ee IIPUXOoJIa.

Lnpoknit atmochepHbiid
JIMBEHD

Puc. V-12-2. Poxenne mmpokoro armocdepnoro jusag (IIIAJT)
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Jna msydenna KJI ¢ smepruavm soimre 10 9B ncmosnbsyercs ¢BOCTBO 9aCTHIL BBICOKIX
SHEpruii co3jaBaTb OYeHb MHOTO BTOPHYHBIX YACTHI, B OCHOBHOM IPOTOHOB ¥ IHOHOB,
B pesyJbTare B3aMMOJCHCTBUA I[E€PBMYHON 4YacTHIbLI € sJpaMH aToOMOB B armocdepe.
O6aagaonme J10CTaTOYHO BBICOKOI HEprueil IMpOTOHBI U NMHOHBI B CBOIO OYEPEeIb SABJIAIOTCH
AICPHO-AKTUBHBIME 9aCTHIAMU U BHOBbL B3aMMOJCHCTBYIOT ¢ siIpaMH aTOMOB Bo3ayxa. Kak
sapszKennble (7F), Tak u Heifrpaibabie (7°) MHOHLI - 3TO HeCTaOUIbHBIC YACTHIHI CO BpeMeHeM
wum3an t ~ 1071 ¢ nag mokosmerocs 7wt ~ 2.6 - 1078 ¢ mra mokostmuxes wF. [Tnonbr
CPABHUTEJIBHO MaJIbIX SHEPIMil He yCHeBAlOT BCTYIUTh BO B3aMMOJCHCTBHE ¢ slJIDOM aTOMa
BO3/lyXa W MOTYT PacHacThCs HA Y-KBAHTHI, MOJOKUTEIbHbIE U OTPUTIATEIbHBIe MIOOHBI (u™),
neiirpuno (v) u antuneiitpuno (0): 7 — v+, 75 — pE + v + . M1oonsl Takyke ABAAIOTCA
HeCTaOUIBHBIMI YACTHIAMEI CO BpeMeHeM KIH3HH 1 IOKodmerocsa MooHa t ~ 2.2-107% ¢ u
pacmagaoTca 1o cxeme pt = e + v + . Cxema o06pa3oBaHmsl JTHBHS IpeJCTABICHA Ha PHC.
V-12-2.

laMMa-KBAHTBI U 3JEKTPOHBI (MO3UTPOHBI) 3a CUET JEKTPOMATHUTHOTO B3AUMOJIEHCTBUS
C aToMaMi BO3JlyXa AT HOBbIe raMMa-KBaHTHI W 3JIEKTPOHBLI. Takum obOpas3om B armocdepe
obpasyeTcs KacKaJl, YaCTHIl, COCTOAIINI 13 MPOTOHOB, HEHTPOHOB U MHOHOB (sIIEPHBIN KACKaT),
9JIEKTPOHOB (IIO3UTPOHOB) U Y-KBAHTOB (3JIEKTPOMATHUTHBII Kackas cMm. Puc. V-12-3).

Passutne
3Heprua Ha ogHy - PaccTosHune
SNEKTPOMArHUTHOM
yacTuuy MM GoToH B cpege

NaBUHbI

Pwuc. V-12-3. Ynpormennas cxema pa3BUTHS 3JEKTPOMATHUTHON JIABWHBI B CpeJie
(JIEKTPOMATHUTHBIN KACKAa,T)
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Buepsoie uBan nadaogan J[.B. Ckobenbibin B Konie 20-x rojgos. Kackaasl B armocdepe,
BBI3bIBAEMbIe YACTUIAME OOJIBIMUX SHEPTHl W 3aHUMAIOIINE OOIMIUPHLIE TLIOMIAIN, MOJTYYUIN
Ha3BaHue MHUPOKUX arMmocdepubix juHeit. Ouu Oblin OTKPbITHL (hpaniy3ckum dusukom [1.
Ozxxe u ero corpyaaukamu B 1938 roay. Beicokosneprerndnasi kocMudeckasi 9actumna odopasyer
JIWBEHb ¢ OTPOMHBIM 9HCJIOM BTOPHYHBIX YACTHI[, TakK, Hampumep, dactuna ¢ £ = 10! 3B
B pe3yJbTaTe B3aUMOJIEUCTBUIl ¢ aToOMaMé BO3JyXa BOJHU3U MOBEPXHOCTU 3eMJIU MOPOXKTAET
npuMepro 10 MJTH BTOPHYHBIX YaCTHUIl, PACIpPeJeJeHHBIX Ha OOJbIIOH MmIomaan. XoTs MOTOK
BbicoKOdHepreTuanbix KJI, nagaomux na rpanuiyy 3eMuoit armocdepbr, KpaitHe MaJl, IUPOKHEe
arMoc(epHble JIMBHU 3aHUMAIOT 3HAYMTE/IbHbIE TJIOMAIA U MOTYT ObITh 3aPErUCTPUPOBAHbBI C
BBICOKOI 3ppekTuBHOCTHIO. 151 9TOM 11e/IM HA TOBEPXHOCTH 3€MJIM Pa3MeNIaloTcs JeTEKTOPDI
JACTHI Ha IJIOMAN B JECATKH KBaJIPATHBIX KIJIOMETPOB, MPUYEM PErUCTPUPYIOTCI TOJTBKO
Te cOOBITUS, B KOTOPBIX cpabaThIiBaeT cpa3y HECKOJBKO jeTeKTopoB. [lupokuit armocdepnbrii
JIUBEHb MOYKHO YIIPOIIEHHO TPEJICTABUTH B BUJIE JIMCKA YACTHI], JBUKYIIErocs B aTMocdepe.
Ha puc. V-12-2 nokazano, Kkak Takoil JUCK YaCTHUIL ITHPOKOI0 aTMOC(EPHOro JIMBHS 11a/1aeT Ha
JIETEKTOPBI PErUCTPUPYIOIIEH YCTAHOBKHY.

Pervctpayuma WHUPOKUX
aTmochepHbIX NUBHEN

Puc. V-12-4. Perucrpanus mupokoro armocdepuoro jusast (IITAJI)

B 3aBUCHMOCTH OT SHEPIHH KOCMHYECKON YaCTHUIBI pa3Mep IUCKa (MomepedHblii pasMep
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JIUBHSI) MOXKET COCTaBJISITh OT HECKOJBKHX JECATKOB METDPOB JI0 KUJIOMETpPa, a ero TOJIIHHA
(IpOJOIBbHBIN  pasMep Il (DPOHT JIUBHS) - JECATKH CAHTHMETPOB. JaCTHIBI B JIHBHE
JIBUKYTCS CO CKOPOCTBIO, OJIM3KOH K CKOPOCTH cBeTa. UMCJIO 9acTwll B JIMBHE CYIIECTBEHHO
YMEHBIIAETCsI IIPH EePEX0/Ie OT MEeHTPa JUCKa K ero nmepudepun. [lonepednsiit pazmep mupokoro
aTMOoCGepHOTO JINBHS W YHCJIO YaCTHI[ B HEM YBEJIUYUBACTCS C POCTOM SHEPTUU MEPBUTHOM
YaCTHUIBI, KOTOpasg obpa3yeT 3TOoT JuBeHb. Camble Gosiblne HAOIIOaeMble Ha CEroIHANIHUI
TeHb JUBHH OT epBUYHBIX dacTull ¢ & ~ 10%° 5B comeprkaT HECKOIBKO MEJITHAP,I0B BTOPUTHBIX
qacTuil. V3Mepsiss MHOTUME JI€TeKTOPpAMU IIPOCTPAHCTBEHHOE PACIIPe/IeIeHue YaCTUIL B JIUBHE,
MOKHO Ha#TH WX IOJHOE YHCJIO W ONPEJIEJUTh SHEPIU0 HEePBUIHON YACTUIBI, KOTOPas JaHHbBII
JUBeHb 00pazosasa. Ilorox wactu ¢ sueprusvu E ~ 10?° 3B ouens man. Hanpumep, na 1 M2 na
rparnie arMocdepsl 3a 1 MJIH JeT nagaer JuIIb oaHa Jactuna ¢ £ ~ 10 3B. [lra perucrpanun
CTOJIb MaJIbIX ITOTOKOB HEOOXOIMMO UMeTh OOJIbIINE TLIOMAIN, IOKPBIThIE JeTeKTOPAMH, YTOOBI
3aperucTPUPOBATH JOCTATOUYHOE KOJIUUIECTBO COOBITHUI 3a pasyMHOE BpeMsl.
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Puc. V-12-5. Cnekrp raiaxrudecknx KJI. 2

Ha ruranTckmx ycTraHOBKax 1O PErucTpaiuu MIHPOKUX aTMOCKEPHBIX JUBHEH ObLIO
"mofiMano"HeCKOJBKO — 4acTul, uMeomux sHepruu cspime 10 3B (MakcuMasibHas

*http://wuw.astronet.ru/db/msg/1210273
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3aperucTpupoBaHHas B HACTOdAIIEe BpeMs SHeprus JacTunsl papHa ~ 3-10%° sB). Cymectsytor
mu KJI 6onee Boicokux suepruit? B 1966 roxy [.'T. Banenun, B.A. Ky3pMun n aMepuKaHCKHii
dusux K. T'peitzen BhicKazaau npeiooxenue, 4ro cuextp KJI npu smepruax E > 3 - 101
3B nosken obpe3aTbest M3-3a B3aMMOJIEHCTBHST BBICOKOYHEPIUYHBIX YACTHI] C PEJUKTOBBIM
m3aydennem Bceesennoii. Permcerpammsa Heckoabknx cobwiTHii ¢ smeprueit £ - 10%° 3B moxer
OBITb OObICHEHA, €CTM MPEeIOJOXKHUTb, YTO WCTOYHHKH STUX YACTHI] YJAJeHbl OT HAC HAa
paccroguust He Gomee 50 Mok (MmwumoHOB mapcek). B srom ciayuae BzamvogeiicTsuii KJI
¢ doroHaME PEJTMKTOBOIO HU3JAYYEHHsS [PAKTHYECKH HE OyJeT u3-33 MaJIOro KOJIMYeCTBA
GOTOHOB Ha IYyTH YACTHUIBI OT UCTOYHWKA K Hab/moaaTe 0. B obactu Beicokux snepruit KJI
HAOJII0aeTCsT HECKOJIBKO ocobennocteit. OHu mpepcrasiensl Ha puc. V-12-5.

1) Cuextp KJI ucuprrsisaer uziom npu E ~ 10" 5B (cm. Puc. V-12-5). IlokazaTe/b HakjioHa
cuektpa KJI mo mzmoma v ~ 2.75, ang gacTur, OOJBIINX SHEPTHil CIEKTP CTAHOBUTCI Kpyde,
v ~ 3.0. DT1a BaxkHasg ocoberHHocTh B crmekTpe KJI O6nr1a orkpoita C.H. Beprnoseim u I'.B.
XpHCTUAHCEHOM 1IPU U3YUYEHUHU CIIEKTPaA MUPOKUX armocdepubix junuit. HabsrogaeMblit u310M
B CIIEKTPE MPH TaKUX OOJILIMTUX IHEPIUIX MOKeT ObITh BbI3BaH H0j1ee ObICTPhIM BhixogoM KJI u3
Harrrei ['aTakTHKY 110 CPaBHEHUIO C YaCTHIIAMU MEHBIIUX SHEPTU WU MOZKET ObITH 00YCJIOBJICH
n3MeHeHNeM TPUPO/IbI X NCTOYHUKOB. BO3MOXKHO TakzKe n3MeHeHne XUMIIecKoro coctana K.JI
B 00J1ACTH H3JIOMA.

2) Ilpu sueprun uwactun F ~ 10'® 5B cuexrp KJI cranosurcs eme xpyue, 7 ~ 3.3. 910
nuanal3on sHepruit Ha Puc. V-12-5 ormeden kak “J10aprkka’. DTO BBI3BAHO, IMO-BHINMOMY,
TeM (aKTOM, 9TO B JaHHOM juarna3one suepruii KJI npenMyinecTBeHHO MeTaraJakTHYeCKOro
MPOUCXOXKIEHNS, UX CIIEKTP UMeeT IPYTOoil HAKJIOH.

3) Cmextp wactun ¢ £ > 10 3B cranosurca Gomee noiorum, v = 3.3. D10T 3bdekr
BbI3Bal B3aumoeiicrsuem KJI, umeromux sneprun E > 1012 3B, ¢ pesukrosbivu oTonamu, B
nporecce koToporo KJI repsroT 4acTh ¢BO€it SHEPIUH U 1epexo/iAT B 001aCTh MEHBIITUX IHEPTHii,
YTO JIeJIAeT CIEKTP 4YacTuil 00Jiee mOJOTUM.

4) Cuextp KJI ¢ smeprusmu cebime 10?° 5B MozKeT GBITDH HOJIy4eH JHIIb HOCe JTHTeTbHBIX
HAOTIOeHNil, KOraa OyJeT 3aperucTpUpoOBaHO JOCTATOYHOE KOJTUYECTBO COOBITHH € TaKUMHU
9KCTPEMAJIBLHBIMU JHEPIUSIMU.

st Toro, 4YToOBI CYNIECTBEHHO YBEJUYUTH HYHCJIO CJAydaeB PErucTpaiuu IMHPOKHUX
aTMochepHBIX JuBHEl oT JacTur ¢ snepruavu F > 1019 9B, B 6mmkaiiimie roapr mianupyercs
MOCTPOUTH TPU TUTAHTCKHE YCTAHOBKU C JeTEeKTOPaMH, Pa3MeINIeHHBIMH Ha IJIomaam Oosee
1000 xm?. C mX HOMONIBIO yuUeHble HaJeloTcs HOJYIHTL OTBeT Ha Bompoc o crekTpe KJI B
00J1aCTH CBEPXBLICOKUX YHEPIUil M 0 MAKCUMAJIHHO BO3MOYKHOW SHEPTHH KOCMUYECKUX TACTHUIL.
KJI cBepxBbicoKux Hepruit OyjayT yiepkuBarbcs B [ajakTuke ee MArHUTHBIMU [OJISIMH, €CJIA
pajuyc KPUBHU3HBI TPAEKTOPUU HYACTHILI MHOTO MeHbine pasmepoB [amaktuku. Vcnosbsys
COOTHOIIIEHHE MeKy Heprueil dactunsl (F, 5B), paamycoM KpUBH3HBI ee TpaeKTopuu 7 (
r ~ 10?% cM - pasmep [anakTuku) M HampsKeHHOCTbIO MarmutHoro mojs ( H =~ 1075 ),
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E = 300Hr, nonydnMm MakcuMaJibHyio SHepruio KJI, KoTopbie MOTYT y/iep:KUBaTbCd B Hallleii
lamakTuke: Fy,q.e ~ 10 5B. 910 roBoput 0 ToM, uto KJI 6osee BBICOKHX 3HEpruii MOTYT IMeTh
MeTaraJakTHdecKoe IPOUCXOKICHIe .

1.2 CouHeuyHBbIe KOCMUYECKNE JIydn

Comane caMo Takyke SIBISIETCS HCTOYHHKOM cosHednsix kocmudecknx jydeit (CKJT). CKJI
- 9TO 3apsi’KeHHbIe YACTUIIBI, YCKOPEHHBIE BO BCIBIEYHBIX mporeccax Ha CosHie 10
SHEPruil, BO MHOIO pa3 MPEBBIIAIONIAX TeIIOBble SHEPIHH YaCTHUI[ HA €ro IOBEPXHOCTH.
CKJI BuepBble OBLIH 3aperncTpupoBaHbl B Hadage 40-X roJ0B HOHH3AIUOHHBIMH KaMepaMu
- Ha3eMHBIMU PUOOPAMU, KOTOPbIE PErUCTPUPOBAJIM BBICOKOYHEPTETUIHBbIE MIOOHBI. UTO Ke
npeacrapisier coboit Benbimka CKJI? Acrponomsbr, Habmrogaomue 3a CoTHIEM, 3aMEeTUIN, 9TO
BO BpeMsI POCTa COJIHEYHOII aKTHBHOCTH B aKTUBHBIX 00JiacTsXx Ha moepxHoctu CojHIa, r71e
COCPEJIOTOYEHO MHOTO ISITeH W HMeeTcs CJIOKHag KoHdpuryparus ¢GporocdepHbIX MarHUTHBIX
moJjieil, HeOKMJaHHO BO3HUKAET SPKOe CBEUYEHUEe B ONTUYECKOM JIHala3oHe ciuekTpa. [IpumepHo
B 9TO Ke Bpems HabJojgaercs yBejundenue pajuonsiydenus CojiHIIA U OYEHb YacTO
MOsIBJIEHWE PEHTTEHOBCKOTO W TaMMa-W3JIy9eHUil, COMPOBOXKIAIONAX BBHIOPOC KOPOHAJIBHOTO
BEIECTBA, B BHJIE MOTOKA YCKOPEHHBIX 3apsi’KEHHBIX YaCTHIl. B HacTosImee BpeMs MOJIAraror,
YTO OCHOBHBIM HMCTOYHHKOM SHEPIUU COJTHEYHON BCIBIIIKU SBJIAETCHI dHEPTHs AHHUTUIAIIAH
COJTHEYHOTO MAarHUTHOTO IOJiSI B aKTHUBHOH obsacTH W obpa3oBaHHe HEHTpaTbHOTO TOKOBOTO
caos. 3apsikennbie dactunpl CKJI, yckopenubie B COJTHEUHON BCIBIINIKE, BHIOPACHIBAIOTCS B
MeXKILJIAaHETHOE MPOCTPAHCTBO W 3aTeM pacrupocrpansaiorcs B HeM. Pacnpocrpanenne CKJI B
MEKILJITAHETHOW CpeJie ONMPEeIeIsieTCsT YCAOBUSIMEI, KOTOPBIE CYIIECTBOBAIN B HEil 0 BCITBITIKH.
Eciu ycioBus ObLIM CIOKOWHBIMH, TO €CThb CKOPOCTb COJIHEYHOIO BeTpa He CJIHUIIKOM
OTJINYAJIaCh OT CpejHeil, ¥ MarHUTHOE II0Jie He UCHBITHIBAIO CYNIEeCTBEHHBIX (DIYKTyaIuii, TO
CKJI 6yayT pacupocTpaHSIThCA B COOTBETCTBHH ¢ 3akoHOM auddy3un, npudem auddys3us
BJIOJIb MArHUTHBIX CHUJIOBBIX JuHuit Oymer ompesjessiomeil. Eciaun npu Bcubimke na Cosrie
reHepupOBaHa MOIIHAST yIapHAasi BOJHA, TO YACTHIBI YCKOPSIOTCS Ha (PPOHTE BOJHBI TPHU ee
pacupocrpanenun B KopoHe CosiHIAa u B MexKiLtanerHoit cpeje. Haubosnee wacro CKJI ma
opbute 3emu HADJIIOMAIOTCS B TeX CIydasdx, KOT/Ia MAarHATHAs CAJIOBas JTUHUS, IepeceKaronast
MEeCTO BCIIBIIIKH, TPOXOIUT Yepe3 3emaio. CTaTHuCTUIeCKuil aHAIN3 THCIa 3aPErICTPAPOBAHHBIX
cobbrtuit CKJI ¢ sueprusivu 0oJjiee HECKOJIBKUX COTEH MEra’d/IeKTPOHBOJIBT HMOKA3BIBAELT, UTO
nanbosee dacro perucrpupytorcs CKJI, koropele ObLIN yCKOPEHBI BO BCIBIIIKAX, HMEBIITHX
MecTo Ha 3anagHom anMmbe (kpae) Corna. B mocseqame ropl MosiBUINCH JOKA3aTEIBCTBA TOTO,
YTO YCKOPEHUEe YACTUIL MOXKET IIPOUCXOIUTH Ha (ppoHTe yaapHOoit BoHbl BOu3u CostHia. Takum
00pa30oM, YCKOpEeHHbBIE YaCTUIIBI MOT'YT PErUCTPUPOBATLCA TaKKe W BJATH OT JIMHUU COeTNHEHHS

Shttp://astro.uchicago.edu/cosmus/projects/aires/iron200gev.gif
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BCIbIIKY U Hab/omaTend. Jloposbao vacto Benbiku CKJI nmpoucxogar Bo Bpems (opoOymi-
noHmkeHuit. [IoTok 3apszKeHHbIX YaCTHI], YCKOPEHHBIX BO BCHBIIMKax Ha CoOJIHIE, OrpOMeH H
HpeJICTaB/IsIeT yrpo3y Bcemy kuBomy. MaruurHoe mojie u armocdepa crnacaoT 3eMyio 0T TOR
qygoBuIHON pajmanuu. OJHAKO KOCMOHABTAM, OTIPABJISIONIUMCS B JAJEKHE KOCMUYIECKHEe
nyTenecTBus, Hanpumep K Mapcy, HeobxoauMo wuMeTh 3a0/1aroBpeMeHHyI0 WHQOPMAIUIO
O BO3MOYKHOCTH IIOSBJIE€HUS TaKUX COOBITHII, YTOOBI NPUHATH 3alllUTHBIE Mepbl. 3ajada
YCTAHOBJIEHHSI OCHOBHBIX 3aKOHOMepHOCTell Bo3HuKHOBeHus Benbinek CKJI, nporuo3upoBanmus
TAKUX COOBITUI PEIIAeTCH yIYeHBIMI MHOIUX CTPAH MUPA B T€YEHUE HECKOJIbKHUX JIECITKOB JieT. K
COKaJIEHUIO, BOTIPOC 0 3ab/1aroBpementnom rnporuao3uposanun CKJI u onpeesiennn nx OCHOBHBIX
XapaKTePUCTUK Ha OpOuTe 3eMJIN ele JAJeK OT PeIeHwusl.

1.3 Kocmuueckue jayum B MarauTocdepe 3emim

KJI, mpexkjie d9eM JIOCTUTHYTH TOBEPXHOCTH 3€MJIU, JOJIZKHBI MIPOATH 3€MHOE MArHUTHOE T10J1e
(maraurocdepy) u 3eMuy0 armocdepy. MarHuTHOe 1M0JIe 3eMJIH UMEET CJIOKHYIO CTPYKTYDY.
BuyTpennsig 061acTh MaranTocdepbl ¢ pa3MepamMu B HECKOJIBKO paaunycoB 3emin (Rp = 6378
KM) UMeeT JIUNOJIbHYIO cTpYKTYypy. Ha cropore 3emin, obpamiennoit K CoIHITY, Ha PACCTOSHUH
~ 10R cosiHedHBINl BeTep W 3eMHOE MArHUTHOE T0JI€ B Pe3yJibTaTe B3auMO/IeHCTBUS 00pa3yoT
CTOAYYIO yjaapuyio BosHy. Ha 3Tom paccrosinum cojiHedHblil BeTep o0TeKaeT MarHuTHOE MOJIe,
pasMblKas YacTh CHJOBBIX JIMHHA Ha mepejaHell (OCBEIIEHHOI) IpaHUIle MATHHUTHOTO IOJIS
3eMyn, U MEePeHOCUT UX Ha HOYHYIO CTOPOHY 3eMJIH, 00pa3ys XBOCT MarHuTocdepbl. XBOCT
MaruuToCQephl, COCTOAIINI U3 PA3OMKHYTBIX CHJIOBBIX JIMHHIA, TPOCTHPAETCS HA PACCTOSHEE B
HECKOJIbKO COTEH PAJINyCOB 3eMJIN.

Kocymmyeckue jiydn, momaiasg B TeOMarauTocgepy, ABUKYTCA B Hell CJIOZKHBIM 00pa30M, TaK
KaK Ha JIIOOYI0 3apsKeHHY0 YacTUIly B MATHHTHOM IOJie JeiicTByer cuia JlopeHna, paBHAs
F = (¢/c)[bv x B], rae ¢ - 3aps 1 9acTUIbL, ¢ - CKOPOCTH CBETA B BAKYYMeE, V - CKOPOCTH TACTHUIIbI,
a B - UHAYKOUA MAI'HUTHOI'O IIOJIA. BHaH F, MO2KHO OlIpeaeJInTh TPaCeKTOPUIO YaCTHUIbI U3
ypaBHEHUS

m(dv/dt) = (q/c)[v x B],

rjie m - macca dactunbl. Tak kak B cioxeEBIM 00pa3oM 3aBUCAT OT KOODJAWHAT TOYKH
HAOJIIOIEHNSI, TO BBIYUC/AEHUE TPAEKTOPWUH IBUKEHWS YACTHIBI B MArHUTHOM MOJie 3eMJIn
HEMBICJIUMO 0e3 HUCIIOJb30BAHUS MOIIHBIX BBIYUCIUTEIbHBIX MAIIUH U COOTBETCTBYIOIIErO
IPOrPAMMHOTO 00ECIIeYeHUs W CTAJI0 BO3SMOZXKHBIM TOJBKO B HAIIE BPEMSI.

Crpykrypa maraurocdepb 3emum. Ob6sactu 3axBara vacTull (pajualdOHHbIE MOsICA)
3aIITPUXOBAHbI B Hava/ie HAlero BeKa JIBUKEHWE 3aPsiKeHHBIX YaCTHUIl B M0JI€ MArHUTHOTO
nutosst 66110 paccmoTrpeno teeAcKuM yaeHbiM C. [Itepmepom. B MarauTHOM 1016 ABUMKEHUTE
YACTHUIIBL ONPEJIeISeTCs ee MATHUTHON YKeCTKOCTBIO 7y = pc/Zq, TJe p - UMIYIbC TACTHUIIb,
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a Z - 3apdJioBblii HOMep sjpa. dacTurpl, o0JaJaloniue OJUHAKOBOH YKECTKOCTBIO ¥, OyIyT
JIBUTATHCS B OJHOM H TOM Ke I0Jie OJIMHAKOBO. Pacuersl mokas3ajd, 4TO YaCTHIA MOMaJIeT B
JIAHHYIO TOYKY MarHUTOChEpbHI, ec/ii ee MarHuTHas KeCTKOCTh Oy/1eT PEeBOCXO/IMTh HEKOTOPYIO
MUHUMAJIBHYIO BEJIMYNHY, HA3bIBAEMYIO YKECTKOCTHIO T€OMArHUTHOTO O0PE3AHUS Vi TACTHUILHI,
uMeIe Y < VYmin, HOMACTh B JIAHHYIO TOYKY Maruutocdepbl TOJI JaHHBIM YIJIOM He
MoryT. OOBIYHO BeJMYMHA 7y BbIpazKaeTcd B Mera- miam B ruraBoiabrax: MB mmm I'B. B
MOJISIPHBIE PafiOHbl FeoOMarHuToCcephbl, B pailoHbl MATHUTHBLIX IOJIFOCOB ITPOHUKAIOT YaCTHIIBI
¢ o4eHb MaJibiMu 3HadeHusiME R. OHAKO 110 Mepe POJABHKEHHSI K T€OMAIHUTHOMY dKBATOPY
BEJIMYMHA Yy CYIIECTBEHHO YBeJWYUBaeTCd u jgocturaer 3Hadenuit ~ 15 ['B. Takuwm
obpaszom, ecam uaMepsaATh nmorok KJI, aBurasich oT moJiroca K 3KBATOPY, TO €ro BeJIuYnHa
OyJeT IOCTEeIeHHO YMEHbINAThCsA, TaK KaK MArHUTHOE Iojie 3eMJHu OyjeT MpernsaTcTBOBATD
UX HPOHUKHOBEHHIO. DTO SBJEHHE MOJYyUInI0 HaszBaHue muporHoro xoma KJI. Obmnapyxkenue
mupotHOoTo X0ma KJI mocaykmno mokazarenbcTBOM TOTO, 9To KJI gBASIOTCA 3apszKeHHBIMH
qactunamu. CBOCTBO reoMaruuTocephl MPOonyckarsb B JaHHY0 TOUKY KJI ¢ 2KkecTKOCTBIO JINIIb
BBITIE Ypnin UCTIOJB3YeTCsI A1t HaOaoaennit KJI B pasianyanbix jguanaszonax sxepruii. s atux
neseil cTaHIAPTHHIMU TPHOOpaMi (HEHTPOHHBIME MOHHTODAMH, KyOWYeCKUMH TeJIeCKOTaMHu,
pajino3ouamu u mp.) u3mepsior KJI B pailoHaX MOJISPHBIX, CPEJIHUX U 9KBATOPUATIBHBIX TIUPOT,
UMEOIINX PAa3IuIHbIe 3HAYCHAT Vinin -

Puc. V-12-6. Mozesh cTpoenusi paIualiioRHbIX TTOACOB 3eMin. *

Bcekope mociste  3amycKoB MepBBIX HMCKYCCTBEHHBIX CIYTHHKOB JeMun B 1958 romay
amepukanneMm /[:x. Barn Ammenom u coperckumu yuensivu C.H. Beprnosbim n A.E. UynakoBeim

‘http://www.astronet.ru/db/msg/1210273
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OBLIM OTKPBITHI BHYTPEHHUI M BHEIIHUI pajuallioOHHBIE Mogca 3eMJin. Pajaunanuonubie mosca
SIBJISTIOTCSI MArHUTHBIMH JIOBYIIKAMH /I 3apsiKeHHbIX dacTuil. Ecam wacTuna momajgaer
BHYTPb TAaKOW JIOBYIIKH, TO OHA 3aXBAaTbIBAETCH M YKUBET B Hell JIOBOJIbHO J10/110. [loaromy
B Pa/JIMaIMOHHBIX I0SCaX MOTOKHM 3aXBAaYeHHBIX YAaCTHIl OI'POMHBI 110 CPABHEHUIO C MOTOKAMHU
BHEe 1mosicoB. CxeMaTHdecKn paauallioHHbIe Mosica MoKa3aHbl Ha puc. V-12-6.

BuyTrpennuii mosic cOCTOMT B OCHOBHOM H3 IPOTOHOB M HAXOJIUTCHA Ha PACCTOSIHUU B
HECKOJIbKO TBICAY KHJIOMETPOB OT IOBEPXHOCTH 3€MJIM, €CJIH PACCTOSHUE OTCUYNTHIBATL B
9KBATOPHAJIBHON ILJIOCKOCTH. OCHOBHBIM MEXAHH3MOM, KOTOPBI I[OCTAB/IAET HPOTOHBI BO
BHYTPEHHUI PajualdOHHBII 105C, SIBJISIETCS MeXaHHW3M paclaja MeJJIeHHbIX HeWTPOHOB.
Heitrpousr obpasytorcst npu  B3ammojeiictBun KJI ¢ sipamMu  3/1eMeHTOB BO3/yXa. IJTO
HecTabUIbHBIE YaCTUIIBI CO BpeMeHeM Ku3Hu 10 MuHyT. YacTb HEHTPOHOB HMeeT JOCTATOYHYIO
CKOPOCTh, 4YTOOBI yiiTH 3a mpejesbl arMocdepbl (rpaHuma arMocdepbl DPACIONOKEeHA Ha
BeicoTe ~ 30 — 35 KM), momactb B 00JACTH T€OMATHUTHON JIOBYIIKH, TJe TPOUCXOJUT UX
pacuayi: n — p + e + v. V3Mmepenuss u pacderbl MOTOKOB HEHTPOHOB, HJIYIIUX BBEPX
n3 arMocepbl 3eMJIH, MOKa3aad, 9TO ITOT UCTOYHUK SIBJISIETCSI OCHOBHBIM MOCTABIUKOM
MMPOTOHOB BO BHYTPEHHWIl paJHallMOHHBIA mosic. MaKkcuMyM TOTOKa 3aXBavYeHHBIX MPOTOHOB
BHYTPEHHEr0 paJuanuoHHoro nosca (mporousl ¢ E>35 M3B) 3adukcupoBan HA PACCTOSHUH
npuMepao B 1.5Rgp. Buemnwuii paamanyoHHBINA IIOSIC COCTOUT B OCHOBHOM U3 3JEKTPOHOB
C dHEprueil OT HEeCKOJbKHMX COTeH KUJI03jieKTPpOHBOJIbT 10 ~ 10 M»sB. Ilorok 3jekrpoHoB
BO BHEITHEM PaJMAIMOHHOM TMOsiCe J3eMJIN CHJIBHO MEHSIeTCsl BO BPEMsl TEeOMArHUTHBIX
BO3MYyIIeHnii. BHenmmunii pauamuonnbiii mosc obpa3yercss u3 4acTUll MOHU30BAHHONW 000JI0UKH,
pacroJiaraionieiics BOKpyTr 3eMJIH, U 3JIeKTPOHOB COJTHEYHOrO BeTpa. Bo Bpems reoMarHuTHBIX
BO3MYIIEHUNH MAaJIOSHEPTeTUIHBIE 3JTEKTPOHBI YCKOPAIOTCS MATHUTOIUIAPOTHHAMUICCKAMHE
Bostramu (MI'/I-BostHamM#m ), pACHIPOCTPAHSIONUMUCS OT I'PAHUIIBI MAPHUTOCGHEDDI K IIOBEPXHOCTH
Bemun (1oapobree o npupoge MII-oan cm. crarbio M.U. [Tynoskuna “Cosneqnsiii Berep” B
TOM TOME).

MarauTtochepa 3eman He cHUMMeTpUYHA Ha JIHEBHOH M HOYHOII CTOpPOHAX, IOITOMY
00/1aCTH 3aXBaTa YaCTHUIL TAKKE PA3TUIHBI. DTO Pa3JTUUINe BBI3BAHO BO3JIEHCTBHEM COJTHETHOTO
BeTpa Ha reoMarHuTocdepy U OCOOEHHO CKa3biBaeTCs Ha ee BHemHux odjactdax. llosromy
CUJIbHAs aCUMMETPHUs B PACIIOJIOKEHUH 00J1aCTU 3axBaTa HaOJIIOAeTCs JIJIs YaCTHIl BHEITHErO
PaJMAIIMOHHOIO T0SICa U B 3HAYUTE/ILHO MEHbIEH CTeleHu JIjIs YacTUIl BHYTpeHHero nosca. B
mocjeHee BpeMs Bce O0Jiblllee BHEMaHHe MpuBiekaeT poyb KJI B armocdepHbIX mporeccax.
Xorg miaoTtaHocTh 3Heprum KJI mana mo cpaBHEHHIO ¢ COOTBETCTBYIONIUMHU BeJTUIUHAMHA
Pa3IUYIHBIX aTMOCGEPHBIX TPOIeccoB, B HEKOTOPLIX n3 HuX KJI urparor pemarontyio poab. B
3eMHOI arMocdepe Ha BbicoTax Menee 30 kv KJI siBjisiioTcst riiaBHbIM UCTOYHUKOM 00pa30BaHUs
nouoB. OT TJIOTHOCTH WOHOB BO MHOTOM 3aBHCSAT IPOIECCHl KOHJEHCAIMH U 00Pa30BaHUS
BOJSHBIX Kamesb. Tak, Bo BpeMsa (HopOyII-TIOHMKEHHIT YMEHbIIAeTCsd 00JAYHOCTh U yPOBEHD
Boinagenns ocajakoB. llocime Bembimexk #Ha Conume n npuxoga CKJI ma 3emutio Bemunna
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00JTAYHOCTH U YPOBEHb OCAJIKOB YBEJHYHBAIOTCA. DTU H3MEHEHUs KaK B IEePBOM, TaK U BO
BTOPOM CJIy4asX COCTABJIAIOT 3HAUYUTEbHYIO Beqmuuny - e Menee 10 %. Ilocsie BropzKenus
B HOJIIpHBbIE 00/1acTu 3em/id OOJIBIINX IMOTOKOB MAaJIOIHEPIETUYHbIX YACTUI[ OT COJTHEYHBIX
BCIIBIIIIEK HAOJII0/IaeTCsd U3MEHEeHUe TeMIepaTypbl B BepXHUX cjiosdx arMmocdepbl. KJI akTuBHo
YY4aCTBYIOT B 0Opa30BaHUYU I'PO30BOIO IJIEKTPUYECTBA. B HAacTOsIee BpeMsi aKTHBHO U3yYaeTCst
piugane KJI Ha KOHIEHTpanuio 030HA W HA JAPYrue Mporecchl B arMocdepe.

B pesyiabrare B3aummojieiicTBusi € sipamMu  aTMocgepbl epPBUYHbIE KOCMHYECKHE JIy4u
(B OCHOBHOM TIDOTOHBI) CO3JAIOT GOJIBINTOE YHUCJIO BTOPUYHBIX YACTHUIL - THOHOB, MPOTOHOB,
HEHTPOHOB, MIOOHOB, 3J€KTPOHOB, MO3UTPOHOB M (oTOHOB. Takmm 00pa3zoM BMECTO OJHOI
MEePBUYHON YACTHUIBI BO3ZHUKAET OOJBIIOE YHCJIO BTOPUYHBIX YACTHUIl, KOTOPBIE JEJIATCSI Ha
AJIDOHHYTI0, MIOOHHYIO ¥ 3JEKTPOHHO-(POTOHHYIO KOMIIOHEHTHI. Takoit Kacka/l IOKDbIBaeT
OOJIBIILYIO TEPPUTOPHUIO W HA3BIBAETCH HIUPOKUM aTMOChEpHbIM JuBHeM. B ojgHoMm akre
B3aUMOJEHCTBUST IPOTOH 00bI9HO Tepsier 50% cBoeit sHeprum, a B pesy/abrare B3auMoAeiHcTBIs
BO3HUKAIOT B OCHOBHOM HuOHBI. KaxKmoe mocseyroniee B3anMo/IeiicTBIe TePBUIHON JaCTHIIHI
06aBIgeT B KAacKaJl HOBBIE aJPOHBI, KOTOPBIE JIETIT MPEUMYIIECTBEHHO IO HAIPABIEHUIO
MEePBUYHON YaCTUIBI, 00pa3ysd aapoHHOe «aapo JuBHA. (OOpasyionumecs THOHBI MOTYT
B3aUMOJIEHICTBOBATD C sjipaMu aTMoc(epbl, a MOIYT pacuajarbes, (popMUPYs MIOOHHYIO H
9JIEKTPOHHO-(DOTOHHYI0 KOMIIOHEHTHI JINBHSA. AJIPOHHAS KOMIIOHEHTA JIO0 MOBEPXHOCTH 3eMJIN
MpPAKTUIECKN He JOXOIUT, IPEeBPAIAsCh B MIOOHBI, HEUTPUHO 7y-KBAHTHI.

1.4 BzammogeiicTBue KOCMUYECKUX JIyd€eil ¢ BEMIECTBOM

OCHOBHBIMH THIIAMH BSaI/IMO'ZLeI'?'ICTBI/IH ABJIAIOTCA:

1. Pomonoeaouwernue. B srom ciaydae GoTOHBI JIBUTAIONIAECS B CPEJIe B3aUMO/IEHCTBYIOT C
9JIEKTPOHAMH aTOMOB U 3aCTABJISIOT UX MEepeiiTh Ha DOJiee BHICOKUIT SHEpreTudecKuil yposenb. B
YaCTHOCTH, NP OOJIBIION SHEPIUH YACTUIBI, CTAJKUBAIONIEHCS C ATOMOM €r0 3JEeKTPOH MOZKEeT
OLITH BRIOUT ¢ opOuThl. Takoii mporecc Ha3bIBAETCs HOHU3AIMEH aToMa.

2. Komnmonosckoe paccesHue. ITo B3aUMOJIEHCTBIE COCTOUT B PACCESTHUN Y-KBAHTOB
Ha CBOOOJIHBIX 3JIEKTPOHAX cpejibl. [Ipu 9TOM YacTh SHeprum y-KBaHTa HMEPeaeTCs JJIEKTPOHY,
a caM Y-KBaHT W3MEHHUT HaIlpaBJeHHe CBOETO JIBUZKEHMUS.

3. Obpasosarue aNeKMPOH-NO3UMPOHHBIL Nap. Ecan SHEPrus y-KBaHTA MPEBBIIIAET
CYMMapHYI0 Maccy HOKOs 3JIeKTPOHa U MO3UTPOHA, TO IPU CTOJKHOBEHWH TAaKOTO Y-KBAaHTA C
aTOMOM WJIU SJIPOM BO3MOXKHO 0Opa30BaHUE 3JEKTPOH-IO3UTPOHHOII aphl, KOTOPble HAUUHAIOT
JIBUTATHCS B CPeJie U B3aMMOAEHCTBOBATD C JAPYTHUMH YaCTUIAMH W Y-KBAHTaMHU.

COBOKYHHOCTB 9TUX TMPOIECCOB IMPUBOAUT K O6paSOB&HI/IH QJIEKTPOMATrHUTHBIX JIABUH,
yCJOBHAS cXeMa KOTOpO# mpejicTaBiena Ha puc. V-12-2 m V-12-3.
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HekoTopbie npubopbl AJid pErucTpanum KOCMUYECKUX JIydeit

B nacrosiee Bpemsi cozano 060Jibinoe paznoobpasue npubOpoB, KOTOPbIE HCHOJIb3YIOTCs JI/Is
perucrpanuu dactui. OIHAKO UX OCHOBY COCTABJISIIOT MPHOOPHI, MPEJICTABISIONINE PA3IHIHBIE
BapUAHTHI MMPOCTEHNINX MPUOOPOB, KOTOPHIE MBI 3/1€Ch OIHIIIEM.

A. T'azonamosiHenusrii merektop. Cueruuk Ieiirepa-Mrouiepa.

[a30HaMo/IHEHHbIM LETEKTOP

NoHusupytowas
Yyactuua

Ycunutens
W CHETHUK
MMMY/1bCOB

C — eMKOCTb fieTeKTopa,
R — conpoTuBieHu e,
V — HanpseHue 6aTtapeu

Puc. V-12-7. I'a3oHamo/THEHHBII AETEKTOP /I PeTUCTPAIi KOCMUYECKUX JTydeil

Ha pwuc. V-12-8 mnpeacrapiaena BoJbT-aMIepHasi XapaKTePUCTHKA Ta30HAINOJTHEHHOTO
nerekTopa. Omnucanue OTJEJbHBIX YYaCTKOB JAHHOW 3aBUCHUMOCTH TOKa OT HAIpsKeHUs
HPUBEJICHO HHUZKE.

A - Be/lMuMHA HALPSXKEHUsI TAKOBA, YTO 4YaCTh JEKTPOHOB, HMOSBUBIIUXCS B PE3y/brare
MOHU3AIMHU aTOMOB BHOBb COEJIMHAIOTCs ¢ HOHAMU. TaKoil porecc Ha3bIBaeTCsl PEKOMOMHAINETH.

B - nampsikenue 10CTATOYHO BEJWKO, 9TO OBl MOYTH BCE JIEKTPOHBI YCIIEJIU JOCTUTHYTH
anoza. [Ipomecc pekoMOuHAIUK HE 3HAYUTEICH.

C - pabouasg ob0jacTb . ODJEKTPOHBI, JBHTAsSCh K AaHOAY IPUOOPETAIOT 3HEPTHIO,
JIOCTATOYHYI0, YTOOBI HOHU3UPOBATH HOBBIE ATOMBI. B pe3y/ibTaTe TOK MHOTOKPATHO BO3PACTAET,
ocTaBasiCh IMPOIOPIMOHAJIBHBIM YHUCJIY IIEPBUYHBIX YaCTHIl, BbI3BABIIUNX MOHU3aIuUI0. JlaTaukn,
paboTaroie B 3TOi 00/1aCTH HAIPIKeHUH HA3BIBAIOTCS TTPOTOPIMOHAIBHBIMEU A€TEKTOPAMH.

D - mamnpsizkeHwe Ha, CTOJBKO BEJIMKO, YTO UNCJIO BTOPUUHBIX IJIEKTPOHOB TlepecTaeT ObITh
IPOIOPIIUOHATBHBIM YUC/Y HEPBUYHBIX TACTHII.
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E - namps:kenwe Ha CTOJIBKO BEJIUKO, 4YTO Jitobas dYacCTHUIA, CIOCOOHAS HOHU3UPOBATH
aTOM, BBI3BIBAET OOJIBINONH UMIIYJIbC TOKA. DTOT PEKUM, HA3BIBAETCA PEKHMOM HACHIIIEHHSI.
Cuemuurxom Ietieepa Ha3wvieaemcs 2a30HANOAHEHHBIU demexmop, pabomarowuli 6
PEHCUME HACHIULEHUSA.

\g Ammnumydst ummymsca < <

|
| (04
d
: e
]
A B G D E

Beicokoe Hanpswmenue
Pwuc. V-12-8. Boapr-amiiepaas XapakKTepUCTHKa Ta30HATOTHEHHOTO JATINKA.

B. IlosrynnpoBOOHUKOBBII OETEKTOP

B TBEPAbIX TeJIaX 3apAzKEHHbIE YaCTUIbI KaK 1 B ra3e IMIPUBOAAT K O6paSOBaHI/HO BTOPUYHBIX
3apsKeHHBIX YaCTUI], KOTOPble MOKHO COOPATh € MOMOIIBIO JeKTPHYECKUX IMOJIell U CIeaTh
OTIEHKY XapaKTePUCTUK YACTHUIIBI, KOTOpas NOHU3UPOBAJIA TBepoe Testo. OMHAKO B OTJIHYHE OT
ra30B B TBEPJIOM TeJjie MO/ IeCTBHEM KOCMUYECKHX JIy4deil 06pa3yioTcs He 37TeKTPOHBI U HOHBI,
a 9JIEKTPOHbBI U JIbIPKU. FKCTh ele 0JHO OT/indre, KOTOPOe COCTOUT B TOM, 4TO HAa 0Opa3oBaHue
OJIHOM Taphl 3JIEKTPOH-JbIPKa 3aTPAYMBACTCS TOPA3/]10 MEHbIe SHepruu, yeM B rase. [loaromy
TOYHOCTH TIOJTYIPOBOJHUKOBBIX MPHOOPOB PETHCTPANNN OKAa3bIBaeTCs BbIlie mpuMepHo B 10
pa3, YeM Ta30HANOJHEHHBIX. EIe oJHUM HpemMyIIecTBOM MTOJYIPOBOIHUKOBBIX JIETEKTOPOB
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ABJIdeTCd UX KOMIAKTHOCTDL, YTO IIO3BOJIAET HX HCIOJb30BaTb Ha KOCMHYECKHUX allllapaTaX,

HIpEeINOYNTas UX Ta30HAIOJHEHHBIM. THNUYHBIN BHJ TaKUX HTPUOOPOB IPEJCTABICH HA PHC.
V-12-9.

TMoNyNPOBOAHWKOBbINM AeTeKTop glosiHpyiciiad
_ YyacTtuua

3onoto = Yeunnutens
1 CHETHMK
MMNyNbCoB

KpemHuid n-Tuna — 3

O6eaHeHHbIN CoM

KpemHuit p-Tvna

C — eMKOCTb fieTeKTopa,
R — conpoTuBieHu e,
V — HanpseHue 6aTtapeu

Puc. V-12-9. ITonynpoBOAHUKOBBIN JIeTEKTOP A PETHCTPANAA KOCMUYIECKHAX JIydeit

C. CuuHTN/IILSIIOHHBIA I1eTEeKTop

CHyHTH/LISIIHOHHBIE  JIETEKTOPHI  ABJSIIOTCS OJHUMHU W3 [EPBBIX HPUOOPOB, KOTOPHIE
HCIIOJIb30BAIUCDH /I (PUKCUPOBAHUSA 3apszKEeHHBIX YacTHIl. TakuMu npuOOpaMu IMOJIb30BaJICS
Pezepdopa Bo Bpems €BOero 3HAMEHHUTOrO SKCIEPHMEHTa II0 PACCEIHUIO -YaCTHUIl Ha
30J10TOM (boJTbre, B KOTOPOM OBLTO ITPOJEMOHCTPUPOBAHO HAJUUNE TTOTOKUTETHHO 3apIKeHHBIX
sgjpep y aromoB 3o0j0ta. [lockosibky KIIJI npeobpa3oBanusi 3Heprum dYacTwul, B CBeT B
COMHTUIJIADUOHHBIX KPUCTaAJLJIaX, COCTAaBJJAIOIIUX OCHOBY TaKHUX JE€TEKTOPOB Ma.l (OKOHO 5%),
TO UX 3(1)(1)6KTI/IBHOCTB 3aBUCHUT OT BOBMO2KHOCTH YCUJIUTH CBETOBOI CUTHAJI OT TUX KPpUCTaJIJIOB.
B macrogimiee BpeMsi Takme JIeTEKTOPBI UCIHOJIB3YIOTCA B COUYETAHUH C (DOTOYMHOXKHTEISIMH.
O6muit Bu1 Takoro mpubopa npejacrapiaeH Ha puc. V-12-10.
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Puc. V-12-10. CugHTH/LISIUOHHBIA AeTEKTOD /I PErHCTPALME KOCMUAYECKHAX JTydeit

K crnuHTHIIANHOHHEBIM JeTeKTOpaM MOYKHO OTHECTH U JAaTYNKH, B KOTODBIX CBET
BO30YKIaeTcs He 3a CYeT CTOJKHOBEHWS C aTOMaMHU CPebl, a 3a CUYeT TOT0, YTO CKOPOCTH
3apsyKeHHBIX YACTHI[ MOXKET OKAa3aTbCs OOJIbIIe CKOPOCTH CBeTa B cpejie jJaTduka. B 3Tom
c/lydae BO3HUKAeT TaK Ha3biBaeMOe 4YePEeHKOBCKOEe u3JjlydeHue ujiu usjydenue Basuioba-
Yepenkosa. Takue 1aT9nKkn HA3BIBAIOT 9€PEHKOBCKUME JaTankaMu. OOIuit nX By I aHAJIOTHIEH
JIDYTUM THUIAM CIAHTUJISAIMOHHBIX T€TEeKTOPOB.

D. Teneckon

[Ipuanun meiicTBUS TeIECKONOB IS PETUCTPAINN KOCMUYECKUX JIyUeil U HAIPABJIeHUS UX
MPUXOJA COCTOUT B TOM, YTO KOCMHYECKHE JIYIU MPOXOJIAT dYepe3 HECKOTbKO PAa3HOTUIMHBIX
JIETEKTOPOB, KOTOPbI€ YYyBCTBUTEJILHBI K PA3/JIMYHBIM THIIAM 9YACTUI. 3aTEM THII YACTHUILbI
OIPeJIe/IIeTCs 10 TOMY, COIPOBOXKJIAETCS WJIM HET CUTHAJ OJIHOIO JIETEKTOpa CUTHAJIAMU
apyrux. Takas 3aja4da ocymiecTsuMa 6J1aroiapsi COBpeMeHHBIM 3JIEKTPOHHBIM CXeMaM, KOTOPbIe
KOHCTPYHPYIOTCS € TAKIM PAcYeTOM, YTO Ha BBIXOJE CUTHAJ He PETUCTPUPYETCS, eCJu cOObITHe
He UMeeT HYKHOTO MpU3HAKA. 3aTeM JIaHHble C PA3JIUYHBIX JIETEKTOPOB 3allOMHHAIOTCS B
OTIePATUBHON MaMATH OOPTOBOTO KOMITBIOTEPA U BO BPEMS CEAHCA CBI3U TEePeIaloTcs Ha 3eMITIO
110 TeJIeMeTPpUYEeCKMM KaHaJlaM CB3u. B KadecTBe ipumepa Takoro rejeckona Ha puc. VI-12-11
NpUBEJIEHA YIIPOIIEHHAS CXeMa 7y-TeJIeCKOIa, ycranosjennoro na ciyruuke IMP-3. Tejeckomn
COCTOUT U3 YeThIpeX AeTeKTopoB [y — Dy4. PerucTpupyiorcd ToJbKO TaKue YacTUIBI, KOTOPBIe
BBI3BIBAIOT CUTHAJI OT JeTeKTOpoB [)i — D3 m He BBI3BIBAIOT CpabaTbiBaHUdA AeTeKTopa [j.
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Takas cxemMa PerucTpalii Ha3bIBAETCs CXEeMOW Ha AHTHCOBIAJEHUAX C JgeTeKTopoM Dy (cMm.
puc. V-12-11). Dra cxema ompeJieisieT CIeyolue CBOHCTBA JAHHOTO TeJIeCKOMA.

MonynposoaHuKoBbIE
AETeKTopbl

CUMHTUANALUMOHHBIM
AeTekTop

3awmra us
NNacTMKOBOro
< CUMHTUANATOpA Ha
aHTUCOBNAEHUAX

Dy

Puc. V-12-11. Vupoiennasi cxema, y-TeJjeckoiia, ycraHoBjeHHOro Ha cuyTHuke [IMP-3.
KOCMUYECKHUX JIy4del

Yron 3penus Tteneckoma 6 ompenenserca aerekropaMu D m Dy, DTO O3HAYAET, UTO
TOJBKO YACTHUIBI, HPHUIIEANIAe B Ipeaejax I[MOKAa3aHHOTO Ha PHCYHKE KOHYCa , MOLYT
NpUBECTH K CcpabaThIBAHUIO CHCTEMBI € 3allOMHHaHWeM coObiTus. /Jluamazon sueprumii, K
KOTOPBIM YyBCTBHTEJIEH TEJECKOII, OIPEJIEISIeTCS TeM, YTO YaCTHIIbI JOJIZKHBI OBITH JIOCTATOYHO
SHEePIUYHBI, YTOOHI monactb B D3, mpoiiag depe3 D u Dy, HO He CTOJIBKO HEPIrUIHBLI, ITOOBI
npoiTn eme u cam [z, uToObl momacTth B [y. CBoiicTBa YacTHIl U UX THUII, HA KOTOPLIE
paccuuTaH JAHHBI TEJIEeCKOI, OIPEIe/IA0TCd COIMOCTABICHHEM CHUTHAJIa C jerekropa D u
CyMMapHOTO curHaJja ¢ jerekTopoB D1 + Dy 4+ D3. Ilo Besmunne curnaga ¢ [y onpejessiercs
CKOPOCTb II0Tepsl SHEPIUU B JETEKTOPe Ha eJUHMIL JIUHbI 1yTH, T.e. Besmanna AFE/Ax. Tlo
CYMMAapHOMY CHI'HAJIY OT BCEX JETEKTOPOB (Kpome Dy) onpe/IeisieTcst MoTHAsI SHEPTUS TaCTUIIbI
E. ComnocraBigsa 3TH JBe YaCTHUIbI, MOYKHO BBISICHUTD THUII 9TON YACTHIILI U JPYTHE €€ CBOMHCTBA.
['pacduk 3aBucumoctu

dE
= 1B)

Ha3bIBACTCS IpadpUKOM HOHU3AIMOHHBIX MOTEPD.
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1.5 PacmpocTpaHeHne KOCMHUYECKUX Jiy4eii B rejimocdepe

Kocmudeckue Jiyunm npoHHMKAOT B Teanocdepy, B3aUMOJEHCTBYSI C COJTHEYHBIM BETPOM.
OdeHb SHepreTUYHbIE 3aPAKEHHbIE JAaCTHUIBI OCTAIOTCS HEU3MEHHBIMHU - OHH MPOXOJIAT CKBO3b
COJTHEUHBI BeTep, KakK ecjiu Obl ero He ObL10. Ho KocMuvecKkue JIydn Ipu yMepeHHBIX SHEPTIUsIX,
CKazKeM, O HECKOJIbKUX JeCATKOB PSB, YYBCTBYIOT €I'0O BJIMAHUE. He qyepe3 CTOJIKHOBEHUd, TaK
KaK I'a3 dBJI4€TCA CJAUITKOM pa36aBﬂeHHbIM JJId TTPAMBIX CTOJIKHOBEHUI JaCTHUI, KOCMHYE€CKUX
.queﬁ C 9aCTulaMu COJIHEYHOT'O BeTpPa. HO U3MEHEHUAd MAT'HUTHOT'O IOJIA JeJiaeT TPaCeKTOPUIO
KOCMHUYECKUX JIydeil ¢ yMEePEeHHBIMHU SHePTHAMHI CHJIbHO OTKJIOHEHHONH OT HpsSIMOil JTMHUN.

Mbr  MOXkeM TOHSATH 3TO € TOMOIIBIO 3JEMEHTAPHOTO ONHCAHUS PACIPOCTPAHEHUST
3apAKeHHBIX YaCTHUI[ B OJHOPOJHOM MAarHUTHOM Iiojie. Korjga MarHuTHOe II0Jie MeHSeTCs
BO BpPEMEHH, YaCTHI[A BCTPEYAECTCA C OBICTPO MEHSIONMUMUCSA JUHUSIMUA MATrHHUTHOIO IOJIS,
HAllPpABJIEHHbIMU BJI0JIb TPAEKTOPUU, KU 1LIOITOMY UMeeT HallpaBJIeHue PaclpOCTPAHEHUs,
KOTOPOE M3MEHSIeTCSI BCE BPEMsi. ITO TOBOPUT O TOM, YTO YACTHIIA PACCENBACTCS HA MATHUTHBIX
HEPABHOMEPHOCTIX TIOJI.

lajlakTuyeckue KOCMUYECKHE JIYyYW  pAaCCeMBAIOTCd HA  MArHUTHBIX — HAPYIIEHUSX
(HEPOBHOCTSIX ), PACIHPOCTPAHSIIONINXCST € COJTHEYHBIM BeTpOM. UHWCI0 TaKuX HapyIIeHuit
(HepoBHOCTEli) W3MeHsieTcst ¢ 1l-yleTHeli MepUuOJUYHOCTBIO COJNHEYHOW AKTHBHOCTH. [IMKIT
COJIHEYHON aKTUBHOCTHU JIOJZKEH OBITh YETKO YKA3aH M0 KOJUYECTBY TSATEH (3eJeHast KpUBasi).
3a sto/roe Bpemst HabJIIOIEHUST BCEMUPHON CeTH HEHTPOHHBIX MOHUTOPOB MOKA3aJ/I1, 9TO MOTOK
TaJJaKTHYECKNX KOCMHUYECKUX ﬂyqeﬁ nMeeT aHaJIOTUYHOE n3MEHEHne (KpaCHaH KpI/IBaH)Z KOoraa
YUCJIO COJIHEYHBIX IMATEH BBICOKOE, IMMOTOK TaJaKTHYECKUX KOCMHYECKUX ﬂyqeﬁ CHH2KaeTCdA, "
Ha00OPOT.

STO TaK Ha3blBa€Mad COJHEYHaAA MOAYJANUA TaJIaKTUICCKUX KOCMUYECKHUX JIy‘{eﬁ B CBA3U
¢ pacIpoCTpaHeHUEM SHEPreTHIHBIX YaCTHIl B IHHAMHYECKYIO cpey resnocdepbl. Maruuthnoe
nosie B resinocdepe CHIbHO BapbUpyeT (HCKPUB/ISETCS) B MEPUOJbI BBICOKON AKTHBHOCTH, T. €.
KOTJIa IUCJI0 COMHEUHBIX MATEH, & TaKzKe BCIBIIIKA U BBIOPOCHI BEIECTBA, ABISIETCS BBICOKHM
(nosbimreno). TypOy/aeHTHOE MEXKIIAHETHOE MAHUTHOE IOJIe OTKJIOHSET KOCMHYECKHe JIydu
ropas/io 6osee 3hpdekTuBHO, YeM B TEPUOJbl HU3KONH AKTUBHOCTHU, KOTJIa MarHUTHOE MOJIe
6oJiee mocTosgHHo. CuJibHbIE KOJIebaHusd MATHUTHOI'O IOJIS MIPUBOIAT HE TOJBKO K COKPAIIEHUIO
quCcJIa KOCMUYECKUX JIydeil, HIyImuX BO BHYTPEHHIO Tenocdepy U K 3eMiie, HO U U3MeHseT
WX SHEPreTUYeCKWil CHeKTp (Tak KaK YaCTHILI C MEHbINeil JHeprueil OKa3blBAIOT GoJee
CUJIbHOE BJIMAHHE, Y€M OYCHb dHEPreTUu4YHbIC ‘{aCTI/IHbI) 1 UX HallpaBJICHHE PaCIPOCTPpaHEHUA
(aHM30TPOMHS).

CosHne Takzke BJIUSIET HA PACIPOCTPAHEHWE KOCMUYECKHUX JIydeil 3a cuer paciioiozKeHUs
aKTUBHBIX 00J1aCTeil BOJIb €0 9KBaTOpa. DTo co3maer Heboabimue Bapuamnun KJI, cBsa3annbie ¢
JUTATETHHOCTHIO J10 27 JIHel COTHETHOTO Teproia BPAIeHUsl. 3a T0JT0e BPeMs CYIeCTBOBAHUS
MOJISIPHBIX IIAIIOK 3eMJIK KOCMUYECKHe JIy9d OCTABH/IN CBOU OTIEYATKH B IMOJISIPHBIX JibJaX. 1o
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THM OTIeYaTKaM MOYKHO MPOCJIEIUTh BAaPUAIMI KOCMIYECKUX JIydeil Ha TepPHo/iaX B THICAYN U
MuLTHOHEL JeT. [To coctoguuio Ha Hog6pb 2010 roga MBI He 3HAEM: MUHUMYM aKTHBHOCTH yIKe
1103a/11 WJIM ellle BIepeju, XOTs ¢ MOMEHTa Ioc/ie/jHero muaumyMma B 1996 rojy npomnuio dosiee
14 yer! Mogyasius KOCMIYECKUX JIyUdeil MOITBEPKIAET ITO, MOCKOJIbKY UX TOTOK B HACTOSIIEE
BpeMs BBIIE, YeM B MPOILILIX MUHUMYMAaX COJTHEYHON aKTUBHOCTH.

YiapHble BOJTHBI, PACIPOCTPAHAIONINeCS depe3 rejuocdepy n MeHSIoNe KOH(MUTY DA
MarHUTHOTO TIOJs, KaK MeXKIJTaHeTHble KOPOHATbHBIE BBIOPOCHI BEIIECTBA, TaKyKe YMEHbIITAIOT
HOTOK T'aJIAKTMYECKUX KOCMuYecKux Jyudeil. [Tonnmkenue mozxker pocrurars 3nadenuit B 20%.
Onu Ha3bIBalOTCs (POPOYII-NOHUZKEHUEM 110 UMEHHU aBTOPa (PU3MKHU KOCMUIecKuX Jydeit CkorTa
Qopbyma. [lonuzkenne moTroka KOCMUYECKHUX Jydeil 0OYCIOBIEHO paccessHueM KOCMUYECKHX
Jiydeil Ha yJAapHOi BOJIHE KOPOHAJIBLHOI'O BBIOpOCA.
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1 Jlekmnuga 13. MccaengoBaHnd OKOJIO3€MHOI'O IIPOCTPAHCTBA
C TIOMOIIBI0 KOCMIYECKHNX aIllIapaToB

1.1 CoBeTckue n poCCUCKHE KOCMUYECKNE AIIIapaThl

Buepsoie mereoposiorndeckue HaOsogenust u3 kocmoca B Coerckom (Coro3e MPOBOIUINCH
¢ Gopra wuckyccrBenHoro cuyTauka 3emun “Kocmoc-144" (“Mereop-17), samymenHoro 28
despaa 1967 roga ¢ kocmoypoma “ILmecenk”. Yepes jBa Mecsna Hadaaa GYHKIIHOHAPOBATD
sKcrepuMeHTabHag cucrema “Mereop” B coctaBe N1C3 “Kocmoc-154" u “Kocmoc-156". C 1969
rojla MeTeOpPOJOTHYeCKne CIIYTHUKH CTAJTH HA3bIBATHCS TaK »Ke, KaK U CHCTeMa B IIeJOM, -
“Meteop”.Hauasoch co3jianne HU3KOOPOUTAJIBLHON METEeOPOJOrHIeCKO KOCMHYECKON CHCTEMbI
“Meteop”. B nocsemytomem cucrema nonosnsiachk cunyraukamu “Mereop-2”, a 3arem “Mereop-
3.

KOHCTPpYKTHBHO CIIYTHUKW 3TOW CepuM COCTOSIN W3 JIBYX T€PMETHUYHBIX OTCEKOB. B omHoM
U3 HUX - TPpUOOPHOM, HAXOMAIIEMCS B HHKHEHl YacTH CIYTHHKA, PACIOJIOKeHa allapaTypa
JUI MeTeoHaOTofeHnit. B ApyroMm - sHeproammapaTHOM - pa3MelleHbl OCHOBHBIE CJIyKeOHbIe
CUCTEMbI: pa/uoTe/IeMeTpuiecKas, HPUOOPbl CUCTEMbl TEPMOPEryJIMPOBAHUS, XUMHYECKUE
6&TapeI/I CUCTEMBI JJIEKTPOIIUTaHUA. Ha 9TOM OTCeKe yCTAaHOBJIEHbI CHAPY2KHN 6OJIBH_[I/I€ IIJIOCKHEe
nanesm connednbix Garapeii (CB), KoTopble pacKpbIBAIOTCS TMOCJTE OTAEJeHUsT CITyTHHKA
oT pakeTbl-HOCHTEId. B ornmume or CB, KoTOpble OOBIYHO KECTKO 3aKpEILIAIOTCS Ha
KOPIIyCe CIYTHWKA WA aBTOMATHYUECKONW MEKILTAHEeTHON CTAHINU, MaHeId COJTHEUHBIX CHUCTEM
“MereopoB” - MOJBUKHBIE, OHM MOIJIM HOBOPAYMBATHCA TakK, 4r00bl COJIHIE TOCTOSIHHO
OCBEIAJIO 9YyBCTBUTEJIbHBIE JIEMEHTHI Oarapeil (3a HMCKIOYEHHeM, KOHEYHO, TeX IMePUOJIOB
BpeMeHu, KOorjga Be€Chb CIIYTHUK HaXOJUTCA B TEHH BGMJ'[I/I). TaKaH IMOBOPOTHasdA CUCTEMa U
OoJIbIlIag ILIOMAAb STHX OarTapeil B cOYeTaHWH € XUMHUYeCKHMH OydepHBIMHU OaTapesaMu
MO3BOJISLTA 00eCIIeunBaTh SHEPrONUTAHIEe BCeil alapaTypbl B PA3/JIMIHLIX PEXKUMAaX B TeUCHHE
MHOI'UX MeECAleB.

Jlnst BejleHMS KAadeCTBEHHBIX HAOJIIOJEHHMIT 3a IMOBEPXHOCTHIO 3eMJIHd HPOJAOJIbHAS OCh
CIYTHUKA, BJIOJIb KOTOPOW pPaCHOJIOKEHbI W OCH PErucTpupylomieid annaparypbl, MOCTOAHHO
HallpaBJIeHa K IEeHTPY IIJIaHETHI. HO 9TOT0 HEAOCTATOYHO - MPU ITOM CIIYTHUK OdOJIZ?KEH 6bITb
cTabUIM3UPOBaH IO JBYM ocaM. HadaibHoe ero ycrmokoeHue IOCJe OTJE/JIeHHS OT paKeTbl-
HOCHTEJISI U OpUEHTAINs ero OCeil MpouCXoadT ¢ MOMOIIbI0 MHUKPO/IBUraTe el ra3opeakTUBHOMN
cucteMbl. B jmanbHeiflmeM moJsieTe OpHeHTAIMA W CTaOWIH3ANMUSA CIYTHUKA OCYIIECTBIIIOTCS
C IIOMOIIBLIO KOM6HHHpOBaHHOﬁ SJIGKTpOMaXOBI/I‘{HOﬁ CUCTEMbI B COY€TaHUU C MOMEHTHBIM
MAarnvuTONIpUBOAOM, UCIIOJIB3YIOIMUM MalrHUTHOE I10JIe BeMJII/I. ,ZLHH KOHTPOJIA OpUEHTallun OCHU
CIYTHHKA IPUMEHSIOTCA JATUYNKHA TEILIOBOTO H3JIy4YeHHs 3eMJIH, KOTOpble MOIYT paboTaTb
HE3aBUCUMO OT TOI'0, HAXOJUTCA COYTHUK HaJ JHEBHON MW HOYHOW CTOPOHON HAIIEl IJIaHeTHI.
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Banycku “MereopoB” ¢ kocmoapoma “ILiecemk” ocymiecTBISINCH Ha MPHUIOJIAPHBIE
OKOJIOKpyToBbie opbuThl BeicoToit 950 KM (“Mereop-2”) mam 1200...1250 kM (“Mereop-3”) ¢
oMol pakerbl-Hocuress “Tlukion-3".

B cocTas 60opToBoii anmaparypsl ciiyTHEKA “MeTeop-2”, HapsTy co CayKeOHBIME CUCTEMAaMH,
BXOJIMIN: CKAHUPYIOMAasd TeJeBU3NOHHAS CHUCTeMa I OpAMOW mepesadn W300parKeHuii
00/IaYHOCTH ¥ C PEKUMOM 3aloMuHaHus uHGOPMAIUU B BHJIMMOM JHAINA30HE CIEKTPa C
paspemienriem 1 kM B 1noJsioce 0630pa 2200...3100 kM, wHdpakpacHblii pajuoMerp Jijis
MOJIyYeHUsl TEeIJIOBbIX mu300pakeuuit ¢ pazpemnienneM (0.8 - 1.5 KM M aKTHHOMETpHUYECKAs
annaparypa. TeneBusmonnble m mHMPAKPACHBIE CHUMKHU I[O3BOJISIOT BBISIBHTH OCOOEHHOCTH
CTPYKTYPHI MOJeil 00JaYHOCTH, HEAOCTYIHbIE HAOTIOIEHUSIM C HA3eMHON CeTH CTaHIuil, u
JIeJTATh BBIBOJIBI HE TOJIBKO O TIOJIOYKEHUH, HO U 00 BOJIIOIIH COOTBETCTBYIOMINX CHHOTTUYIECKUX
00bEKTOB ® BO3JYIIHBIX Macc. AKTHHOMETpUYECKasl annaparypa [IpeJHa3HAYeHa JiJId
U3MEpPEeHus PAJIMAINUOHHBIX TMOTOKOB, YXOASMUX OT 3emun. Vcmosb30BaHme KOCMHIECKOM
cucteMbl “MeTeop” HO3BOJISLIM 3HAYUTE/HLHO HMOBBICUTH KAYeCTBO M OINEPATHBHOCTH IPOrHO3a
MOTOI000PA3YIONINX MPOTECCOB HAJ cyineil u okeanaMu. Kpome TOro, ps BOIIPOCOB HE MOZKET
OBITH perieH Oe3 MCIOIb30BAHUS BO3MOXKHOCTEM, MPEI0CTABIIEMbIX KOCMUYECKOIl CHCTEMOIi:
nourn 80% mnameil maaHeTsl ocraerTcd “GesibIM HATHOM U1t HA3EMHBIX METEOPOJIOIMYECKUX
CTAHIIAMN.

Kocmuyaecknit anmapar “Meteop-3”

Kocmuueckuit anmapar “Mereop-3” Obl1  1pejgHasHader JJjisd  OIEPATUBHOIO IIOJIYYEHHUS,
nepegadn, 0OpabOTKM, pPErucTpanuid W PACIPOCTPAHEHUsST TOTPeOUTesIM B JTI000€ BpeMs
CYTOK THJIPOMETEOPOIOTHIYecKoil wmHMoOpManuu, a TakxKe HHGOPMAIUA O PaJHalliOHHO
00CTaHOBKE B OKOJIO3€MHOM KOCMHYECKOM ITPOCTPAHCTBE, COCTOSHUU MATrHUTOChEpPHl H
ozon0Boro cJjost 3emyn. Kocvmmueckuit anmapar (KA) mossossun nosydars 1iobajbHble 1
JIOKAJIbHBIE N300parkeHus: 00,IATHOCTH, MTOBEPXHOCTU 3E€MJIH, JIEIOBOTO M CHEZKHOT'O TOKPOBOB, &
TaKIKe JIAHHBIE JJIs OTPE/Ie/IeHUs] TEMIIePATYPhl BEpXHEel IPaHuIlbl 001aK0B. YCTaHABINBAaEMbIe
Ha ero yuudunupoBanuoii miardopme 17045 mpubopbl m3MepeHus CIEKTPAIbHON SPKOCTH
Semn u arMocdepbl B BUANMOM, HH(MPAKPACHOM, YJIbTPA(pUOIETOBOM U BBICOKOYACTOTHOM
JIMANa30HaX CIEKTPA OIPE/IE/IslIM BBICOTHBIE MPOMUIN TeMIEPATYPbl U BJIAXKHOCTH B HUKHE
arMocdepe, obiiee cojiepzKaHue 030Ha U €ro BEPTUKAJIbLHOE PACIpe/iesieHe, a TAKZKe COCTOSHIE
paauaIoOHHONR 00CTAHOBKU BI0Jb TpaekTopun mosgera KA. B coorBercTBum ¢ 3a/10:KEeHHOI
porpamMmoii mojiera cobpaHHble JaHHbIE HAKAIJIMBAJIUCH B OOPTOBOM 3allOMHHAIOIIEM
yCTpOiiCTBe W Iepe/laBajiuCh B TJIABHBIMI W pErHOHAJIbHBIE IEHTPHI MpueMa U 00paboTKH
nHMOpMAIIIH.

B cocras 6opToBoro nHpOpMaInOHHO-I3MEPUTETHHOTO KOMILIEKCA, BXOIUIN TEI€BU3NOHHAS
almaparypa, amnmaparypa g HoJdydeHus u3o0pakeHuil B uHEMpPaKpacHOM IHalla30He,
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MHOT'OKAHAJbHBIH CKAHUPYIOMUH wWH(pPaKpacHbIl CIIEKTPOPAJIHOMETp, allllapaTypa Jijis
PAIUAIIMOHHBIX ~ H3MEPEHUH, KOMILIEKC CIIEKTPOMETPUYECKONH — almapaTypbl  O30HHOTO
30H/IUPOBAHNS, PAJMOTEXHUUIECKAST allllaparypa CUCTeMbl cOOpa u Iepejadu JaHHBIX C
HA3eMHBIX M MOPCKHUX ILIaTGOpPM cOOpa JIaHHBIX, MEPeIaoNias almaparypa pPaJuoJuHuil u
3allOMUHAKIINE YyCTPOCTBA.

Kocmuueckue ammaparor  cepun  “Mereop-3”  Oblim  paspaboransl B Hayuno-
HCCJIeI0BATEIbCKOM HHCTUTYTe d1ekTpoMexanuku (HUMDM, r. Mcerpa, MockoBekoit obmactn).

Kocvmuueckue anmaparst “Mereop-3" BbIBOAMIMCH HA HPUIIOJISIPHBIE OKOJIOKPYT'OBbIE OPOUTHI
BoicoToit 1200 kM ¢ nomorbio pakerbi-Hocuteis “Lluksion-3". Ilepsoiit 3anyck “Mereop-37 Nel 27
Hos10pst 1984 rojia 3akoHYMICS aBapueil Ha y9acTKe 1MoJieTa TPeThell CTYIIeHN PAKeThbI-HOCUTEeJIs,
B pesysibrare dero KA ObL1 BeIBegeH Ha HepacdeTHyio opbury. Kocmmueckme ammaparsr Ne 1
n N2 gpnanuch mepexogasiMu oT “Meteop-2” k “Mereop-3”. Ha Gopry KA “Mereop-37 Neb
(15.08.91) B KavuecTBe JAOMOTHATETHLHOTO MOJIE3IHOTO IPY3a OBLI YCTAHOBJIEH O30HHBIH KapTorpad
TOMS (CHIA). Ha KA “Mereop-3" Ne7 B KadecTBe JOHOJHHTEJLHOIO MOJIE3HOIO IDY3a
ObLIM ycTaHOBJIEHBI dKcrepuMenTaabubiii MukpocunyTHuk “TUBSAT”, anmaparypa PRARE u
SKARAB.

Muxkpocnytauk TUBSAT paspaboran B TexHumdueckom yHHBepcuTeTe TI. DBepinHa
(Tepmanunsi) w OBLT TpeJHASHAYEH JJIsi HUCHOBITAHUN B YCJIOBHAX KOCMHYECKOTO MOJIETa
MUHHATIOPHO CHUCTEMBI OPHUEHTAIMK ITEPCIEKTHUBHBIX KOCMUYECKUX AllapaToB, KOTOpas
UCIOJIB3YeT 3BE3JHbIE W COJHEYHBbIE JIATYNKH W IJIEKTPOMEXAHUIECKHE WCIOTHUTETbHBIE
opraubl. Ha ©6opTy MHUKpOCHyTHHKA OB YCTaHOBJIEH PETPAHCJAATOP st ODecrevdeHmst
Jobutenbekoit pagunocsa3u. Macca cnyrauka 40 xr, pasmepnl 380 x 380 x 490 mMm. CKopocTh
ormenenns ot KA “Mereop-3” cocrasnser 0.5 m/c.

[Ipenusuonnast cucrema HaBuranuoHHbiXx wu3Mmepenunit PRARE  paspaborana dupmoit
KAN3EP-TPEJIE (r. Mronxen, ['epmanust) u npeHasHaveHa [JIs1 IPOBEJIEHHsI SKCIIEPHUMEHTOB
M0 BBICOKOTOYHBIM HU3MEPEHWsIM JAJbHOCTH W JOMJIEPOBCKUX CMEIIEeHUH ¢ MOMOIIBIO
PeTPaHCIATOPOB HazeMHBIX cranmmii. [Ipuwamun paborer cucrembr PRARE ocnoBan Ha
U3MEpEeHUH TI'PYIIOBOI 3aJepKKu U u3MeHeHUH (a3pl HecyIneil mudpoBbIX MHKPOBOJTHOBBIX
curnaJsios B auanaszonax S (2248 MI'n) u X (8489 MI'n). Macca annaparypst 18.5 kr.

Annaparypa SKARAB (spyroe nassaume: CPPB — Ckaunep Pajmanmonunoro Gasanca)
paspaborana Jlaboparopueii munamudeckoii mereoposiorun (1. [Tammzo, @panuus) coBMeCTHO
¢ HIIO “Ilnanmera” (r. Hoarompymmsiii, Poccust) uw HUMSOM (r. Ucrpa, Poccust) upu
TeXHUYIECKON 1 (pUHAHCOBOI MojepxkKe dpaHIy3ckoro kocmudeckoro arearcrsa KHEC. B
mporpamMMe IpuHIMAaIo yaactue Hemerkoe kocmuaeckoe areHTcTBo JIAPA, KoToOpoe oKa3nIBaio
TeXHUYECKYI0 ¥ (PUHAHCOBYIO 1OJIep)KKY Jlaboparopuun armocdepHbIX HCC/e0BaHmi,
OTBETCTBEHHOI 3a HA3eMHYIO COJTHEYHYI0 KaamOpoBky ammaparypbi. [Ipubop SKARAB 01
npe/iHa3HadYeH Jiig cbopa uWHMOpPMAINUU O COCTOSHUU PaJIUAIlMOHHOrO OajlaHCca CHUCTEMBI
“Bemng—Armocdepa”. C sroii menpo ammaparypa SKARAB mnpomssommia usmepeHus
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SHEPreTHYEeCKONl IJIOTHOCTU YXOJAIIEro HU3AyYeHHs OJHOBPEMEHHO B YeTHIpeX ydacTKax
CIeKTpa: JiBe IIHPOKHe CIeKTpaabHbIe IIOJOCHl IO3BOJILIOT TPOU3BOJAUTH H3MEPEHUs B
COJIHEYHOM ¥ TeIUIOBOI 00JIACTSIX CIIEKTPA, U3JIyYeHHOIO U OTPAYKEHHOrO 3emiieil (CosiHedHblit
kanas: 0.2 — 4.0 MM, o6muit kamax: 0.2 — 50.0 mxwm). /IBe Gostee y3kue mostochl (BHAMMBLIL
kanam: 0.5 — 0.7 Mmkm u kanaia okna: 10.5 — 12.5 MKM) mpuCTOCOOIEHBI [T ONpeIeIeHNnsT
00JIAYHOCTH, OJIHA U3 HUX COOTBETCTBYeT armocdepHOMY OKHY B mHpaKpacHoili obacTtu, a
JIpyTas MO3BOJSIET Pa3/IeTuTh BUAUMYIO i OJIM3KYI0 HHMPAKPACHYIO YaCTh COJTHETHOTO CIIEKTPA.
V3mepenuss paguanrOHHONO OajaHCa, IPOBOJAUMBIE HAa OOJIBIIOM OTPE3KE BPEMEHH, CHITPAJIN
OTPEJIEJISIONLY IO POJIb B IOHUMAHWUY SIBJIEHU, OTBEYAIONIUX 38 U3MEHEHUs 1 IBOJIOIUIO KJIUMaTa
Ha 3emsie. Macca ammaparypsr 40 K.

Puc. VI-13-1. Mereop-M - annapar HOBOi cepuu POCCUUCKUX METEOPOJIOTMYECKUX CIIYTHUKOB

OcHoBubie xapakTepuctuku KA cepuu “Meteop-3” Homep KA 1,2 3,5, 7 4, 6

Macca KA, kr | 1750 | 2150 | 2250
PacueTrnbie mapaMeTpbl OpOUTHI:
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HaKJIOHEHWNE mockocTu | 82.530 82.540 82.540
OpOUTHI
epHOI obpamenus, | 110.29 109.38 109.46
MHHY ThI
BBICOTA MaKCUMaJIbHAs, KM | 1266.0 1222.5 1223.7
BBICOTA MUHUMAJIbHAA, KM 1229.0 1193.6 1187.3

Pazmepsr KA, Mm:

JJINHA 6.5
JuaMeTp 2.4
MUPUHA € pa3BepHyThiMu | 12.7

COJIHEYHBIMHU DaTapesiMu

Cucrema opueHTanmun

Tun

AKTUBHAad, TPEXOCHAS TBUTATEIH-
MaxOBUKHM W KOPPEKTUupylomasa
JBUTATEeJIbHAA  yCTAHOBKA  HA
C2KaTOM Ta3e

TounocTs opuenTamun

He xyxke 20 yri.mMuH

TeneBu3moHHas yCTAHOBKA

[MMupuna noJsiocel | 3100
ob30pa TeJIeBU3UOHHOT
ammnaparypoit, Kkm

Pazpermaromiast 0.8x 1.5
CIOCOOHOCTH, KM

Tounoctnb npuBSA3KHT | 15

MOJIy9eHHBIX U300parKeHmuii,
KM

Cucrema 3amyckKa

Tun pakerbi-HOCUTE/ IS
Bpema aKTUBHOI'O
CYIIeCTBOBAHUSA

“[Tukon-3"
He MeHee 2-X JieT
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Koponac-lI u Koponac-®
Kommniekcusbrit mexxkayHapoasblit sxkciepuMeHT “KOPOHAC-I1*

Kowmmnekcubrii mezkpynapojanbiii sxkcnepument “KOPOHAC-11" (Kommiaekcuasie OP6uranbabie
Oxonozemunie Habmomenna Axrusnocrn Comnna — N3MUPAH) ! ocymectsasnca ¢ 6opra
cHenuaabHO pa3paboTaHHOrO JIJIsd TUX Iejieil HoBoro kocMmudeckoro amnmapara AYOC-CM-KU-
NK. TosioBHOit opranu3aiueii, OTBETCTBEHHON 3a peaJin3alliio HayIHOW TPOrPAMMBbI, SIBJISJICH
VuCcTHTYT 3eMHOr0 Marmermsma, moHocdepbl u pacupocrpanenus pagumoBoan AH Poccun
(UBMUPAH).

[TpoexT “KOPOHAC-1” pazsuBasics B pamkax mporpammel “UuaTepkocmoc”’. B moaroroske
HAYYHOI MPOrpaMMBbl, pa3paboTKe W H3TOTOBJIEHUI0 OOPTOBBIX MPUOOPOB U HA3EMHBIX CPEICTB
NPUHUMAIN yIACTHe OPTaHU3aIlud, yueHble n crenuaguctbl bonrapuu, I'epmanun, [loabirm,
Poccun, Ypannnr, Hexun n CioBakuu. [lo3ke K yuacTuio B peajiu3amnuy Hay IHON MPOTPAMMbI
“KOPOHAC-I” upucoe HUINCh, OpraHU3aliu, y9YeHble W CIENUAJIUCTBI TAKUX CTPaH, Kak
Anrmus, Bpasunus, CIITA, @panmnus n Anonns. Kocmuaecknit annapar “KOPOHAC-U1" 6511
Ipe/IHA3HAYCH I U3ydeHus (PU3UIECKUX IPOIECCOB, MPOTEKAIONUX HA IIOBEPXHOCTH U B
arMocodepe Comnna, a Takzxe aid usydenusa Hegap Cosaia. OCHOBHBIME HAyIHBIME 33/ 1a9aMu
KA apisiince:

1. BoisicHenne MexaHU3MOB IIepeHOca U HAKOILIeHUs SHEepruu B BepxHeit armocdepe CotHIA.

2. Ha ocHoBe KOMILIEKCHOIO HM3Y4Y€HHS COJHEYHOI BCIBIIIKH OIpE/Ie/IeHHe MeXaHu3Ma
BBIJIeJICHUS SHEPTHU M €r0 MeCTOHAXOK/IeHHe B aKTHBHOI 00/1acTH.

3. Ompejiesienne CIEKTPOMETPUIECKUMHI METOJAMU MapaMETPOB BCIHBITIETHON IMIa3Mbl HA
Pa3JIMYHBIX dTAllaX ee Pa3BUTHSI.

4. HabsroieHre B pa3JndHbIX JUAMA30HAX CIEKTPOB, BKJIIOYAs PaINOINANIA30H, BRIOPOCOB
IJIa3MbI BO BPpEM$ MOIIHBIX COJTHEYHBIX BCIIBIIIEK.

5. JletaspHoe n3ydeHne MEXaHU3MOB YCKOPEHHST SHEPIUYHBIX YACTUIL BO BPEMST BCIBITIEK.

6. Nzyuenune neap CoHIA METOAMHU T€JIHOCEHCMO/IOTHN.

[lepen comneunoit ¢dbusukoit crodar ase dyHIaMeHTaTbHBIe 3ajaun. [lepBag u3 Hux
cBsizana ¢ BHyTpenHuMm crpoenuem Cosiana. [IpoBojuBiimecs: josrue 10/l SKCIEPUMEHTHI
JIsBuca mo m3ydenuio BHyTpeHHero crpoenusi COJHIIA ¢ HOMOIIBIO PETUCTPAINH COJTHETHBIX
HEHTPUHO IOKA3a/d, YTO CYNIECTBYIOIIHE HAy4YHbIe TEOPUU JAIOT HEIPABUJIBHYIO KapTUHY
BHYTPEHHErO CTpOeHHs 3Be3J] u, B dactHocTh, CosHna. HeobxomamMm HOBBIN He3aBUCHMBIi
CIIOCOO MCCJIeIOBAHUS COJHEUHBIX Heap. VM cTan MeTo TeHoceiiCMOIOTHH, O3B0
0 CHEKTPY COOCTBEHHBIX KOjiebaHuil onpesesnsaTb npoduab temieparypsl BHyTpu CoJHIA,
CKOPOCTH BpAIIleHNsI, a TAKKe M0y 4aTh HHMOPMAIUIO O MATHUTHBIX HMOJISIX U HEOIHOPOIHOCTSX.

Bropas dynmamenranpias 3amada upoekta ‘KOPOHAC” — wucciemoBaHune COJTHEYHO

thttp://plesetzk.ru/index.php
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AKTUBHOCTH, €e MeXaHH3MOB U BO3/eiCTBUS Ha OKOJO03eMHOe IMPOCTPAHCTBO. B Hacrosdiee
BpeMs TMepel 4YeT0BEeYeCTBOM BCTaeT BCe OOJbINE IKOJOTUUECKUX IMPOOJIEeM, CBI3aHHBIX C
TeXHUYECKON JlesdTesibHOCTBIO YejioBeka. Ho 1pu nzydyenuun srux mpodsiem u mep 60pb0Obl ¢ HUMM
JIOBOJIBHO 9aCTO 3a0BIBAIOT O TOM, 9TO 3eMJist, ee arMocdepa, noHocdepa u Maraurocdepa He
SIBJISIIOTCST 3AMKHYTO CHCTEMOI W MO/IBePyKeHbl BHEITHEMY BJIMSHUIO, Tpek e Bcero CosTHI.
Hampumep, mpobieMy 030HHO# IBIPHI HAJIO U3Y4YaTh TOJBKO C YI€TOM BO3eiCTBUI aKTUBHOCTU
CosHIta HA O30HOBBIN CJIOM.

Nzygars CosiHie TOJBKO HA3EMHBIMU CPEJICTBAMU HEBO3MOXKHO, T.K. wuHMOpMAIus,
moJiydaeMasi B ONTUYECKOM JTHAINa30He HEJOCTATOYHA JIJI TOTO, 9TOOBI HPEJICTABUTH MOJIHYIO
KapTuHy (u3ndeckux nporeccoB. Kpome toro, koedanust arMochepsl 3emMan UMeT Ty Ke
JacTOTy, 4TO U moBepxXHOCTh Comana. C mesbio BCECTOPOHHETO W CUCTEMATHIECKOTO U3YUYeHnsd
Connna koMiieke ammaparypsl mpoekta “KOPOHAC” 6b11 cocTaBien TaKuM 00pa3oM, ITOOBI
OXBAaTUTH KaK MOYKHO O0Jee TMUPOKU TUAMA30H JIEKTPOMATHUTHOTO CIIEKTPA.

Kocvmmueckuit  ammapar AYOC-CM-KU-UK (“KOPOHAC”) 6bu1 paspaboran B KB
“FOxknoe” nm. M.K. {urenss w wmsroroBimen Ha HOKHOM MAIIHMHOCTPOUTETHHOM 3aBOJIE
(r. dwuenpomerpoBck, Ykpawna). OH mnpejgcraBisia coboii yHubHIMPOBAHHYIO TIATHOPMY
(6azoBpiit KA AYOC-CM), cocrogmiyio 3 KOMILJIEKCa 00eCIednBaoniX OOPTOBBIX CHCTEM U
97IeMEHTOB KOHCTPYKIIUU U SBJAMONIEiicss 6a30BOil /ST CO3MaHUs CIEIHATN3UPOBAHHbIX KA
yTeM OCHAIEHUsI YHU(DUIMPOBAHHONW MIAT(OPMBI CHEIUAJIBHBIM OOPTOBBIM KOMILIEKCOM B
COOTBETCTBUU ¢ Ha3HadeHHeM KA.

Puc. VI-13-2. Kocmuueckas obcepsaropust Koponac-11

B cocraB komiutekca mHay4uHoii annapatypsl npoekta “KOPOHAC-11" Bxoauu:
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1. KowmmiaekT amnmapaTypbl /Jid PerucTpaldid PEHTITeHOBCKOIO M TaMMa H3JIyYeHHs
Comuna. B ux uncie comnednsiii pearrenoBekuii Teseckon-koponorpad TEPEK (nmomyuenne
uzobpakenuss CoJlHIA B MSIKOM DEHTIEHOBCKOM U BHJIMMOM JIMALA30HAX JIJIMH BOJIH),
annaparypa ['EJIMKOH (kommiekcnoe wu3sydenue Benbimednoii akrupHocrn CosHIa B
DEHTTeHOBCKHX W TFaMMa-~JydaX C BBICOKHM BDEMEHHBIM W IHEPreTHYeCKHM paspereHueMm),
pertrenoBckuii crnekrpomerp VPUC (u3ydeHwe pPeHTIEHOBCKUX IIPEIBECTHUKOB BCIBIIIKH
B MSTKOM YHEPTreTHYecKOM JUalla30He W BPEMEHHOW CTPYKTYPHI KECTKOI'O PEHTTeHOBCKOIO
U3JIyueHUsI B UMILYJIbCHON (base Beublliku), peHTreHoBekuii cuekrpounossgpumerp PEC-K
(n3yuenne cosnednoii koponsi), annaparypa AVMOTEHECC (/Inarnoctuka DHepreTundeckoro
Cocrosinust ConmHednbix Bembimmek — KOMILIEKCHAs JUATHOCTUKA, TPOIECCOB BBIJIETEHUS U
paccenmBaHUs SHEPIHH B COJTHEYHBIX BCIBIIIKAX U OIpPE/Ie/IeHIe OCHOBHBIX IAPaMeTPOB ILJIa3MbI
BCIIBIIIEK ), AMILTUTY/IHO-BpeMeHHOl anaiu3arop ciekrpa ABC (uccienoBanue XapakTepuCTUK
MOTOKOB YKECTKOTO PEHTTEHOBCKOTO M TaMMAa-U3/TyYeHHUs] OT COJTHETHBIX BCIIBIIIEK ).

2. KommiekT annmaparypbl i perucrpanuu yiabrpaduosaeroBoro uiiydenus CoJiHIa B
cocrage yibrpaduoseroporo pagnomerpa CYDPP-Cn-K (n3mepenne WHTEHCHBHOCTH W3y YeHUST
Connna B gasiekoil  yiabrpaduoseToBoii  061acTH) W BaKyyMHOTO  YJIbTpadHoJeTOBOTO
cnektpomerpa BYCC (u3Mepenne CHeKTpasibHOIl XapaKTepUCTHKH MOHU3UPOBAHHON 00JacTH
u3snydenns COJTHIA).

3. Coaneunsiit  doromerp JINDPOC st wmccaemsoBanusg  rI00AJBHBIX — KOJIEOAHUIT
WHTEHCHBHOCTH  COJIHEYHOTO  W3Jy4YeHHsl C  BBICOKOW  TOYHOCTBIO  (pelmeHue — 3a1ad
reJINOCeHiCMOTIOT N ).

4. Couaueunsiii  pajguocnekrpomerp COPC  (uccieoBanme MeXaHH3MOB —TeHEPAIUH
COJIHEYHOTO pajuonsaydenus B auanaszone dactor 30 KI'm — 20 MI'm).

5. Cuekrpomerp kocmuueckux Jsydeii CKJI (u3ydenue BCI/IeCKOB KOCMUYECKUX JIydeil u
0ByCJIOBJIEHHBIX MU SIBJICHUIT).

6. TpexkommonenTHbiii MarauTomerp VIMATI-5 (perucrpanust MarHHTHOTO TOJIsT 3eMJIH B
MIAPOKOM JMHAMHUIECKOM JHAIA30HE).

7. Cucrema cbopa u nepeaadn Ha 3emaio Hay4uHoit madopmaruun CCHI.

Jlnst upuema undopmanuu ¢ 6opra KA ucmnoibp30Baauch Cjeayommue MpUeMHbIe Iy HKThI:
Hoiimrrpesnn, (Fepmannst), Tapyca (Mucruryr kocmuueckux wuccaenoBanuii AH Poccun),
Tponnk (UBMUWNPAH), Measexnu ozepa (OKB MSU). Ilepenaua komani st npubopa
JUOTEHECC ocymectBasinacs co cranmun [lancka Bec (Hexus).

B cocraB yHHbUIEPOBAHHOIO 00€CIEYHBAIONIETO OOPTOBOTO  KOMILIEKCA  BXOJIIN
KOMAHIHO-POTPAMMHO-TPAEKTOPHAS PAJINOIUHESI, CACTEMA JeKTPOCHAOKEHUs (COTHEUHBIe U
XUMHYECKHe 6aTapen ), IKCIePUMEeHTaIbHAsI COJTHEYHAsI SHEPrOYCTAHOBKA, CUCTEMA 00eCIIe e s]
TEIJIOBOTO PeXKWMa, CHCTeMa opueHTanuu u crabuimusanuun KA B mojere, mranru yis
pa3MerieHnsi aHTeHH U Hay4IHO#l almapaTyphl.

OcHoBHBIE CBeJIeHHSI O KOcMUYecKoM ammapate “Koponac-11".
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Macca KA, kr | 2298.2
Pazmepsr KA, m

JJINHA 5.0

JraMeTp B CJA0KEHHOM COCTOSTHUHT 2.3

JIMaMeTP € PAaCKPBHITHIMU HAaHEIsIMU COJIHeIHbIX Dartapeit | 12.8

Cucrema opueHTanumn

Tun

aKTUBHA, TPEeXOCHas

reoMerpudeckuii eHTp aucka CosTHIA, Y TJI. MIH

VcnoauTe TbHBIE OPTaHbl CUCTEMBI OPUEHTATIH Tpu YIPABJISIOTIAX
JIBUTATESI MaXOBUKA,
ra3osas peaKTUBHAS
cucremMa

Tounoctb OJTHOOCHO OpHUEHTAINT KA Ha | 10

CpOK AKTUBHOI'O CyHi€eCTBOBaHUA

He MeHee 1 rojga

Opbura LPULOJISIPHAS,
OKOJIOKPYTOBasi
Pacuernbie mapamMeTpbl Ha49aJbHOI OpOUTHI:
HaKJTOHEHHUE TLI0OCKOCTH OPOUTHI 82.4850
Iepuo1, OOpaIeHnus, MUH 94.755
BBICOTA MaKCUMAaJIbHASI, KM 539.8
BBICOTA MUHUMAJTbHAA, KM 498.5

Cucrema 3amycka

Pakera-nocurenn

11K68 (“Iukaon-3")

CraproBast macca PH ¢ KA AYOC-CM-KU-UK, roun

184.3

Koponac-®

Banymennbiii 31 wmroas 2001 T

nekabps 2005 rosa.

CryTHUK OBLT 3aIyIIeH Ha OKOJIO3eMHYI0 OPOUTY € BBICOTOI 0KO0 500 KM M HAKJIOHEHUEM

83 rpaJ.

2http://www.federalspace.ru/main.php?id=171
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Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

Hayunbprit komIiuiekc crnyTHHKa BKJOYaJ 15 mpuboOpoB, TaK UTO CIYTHHUK IIPEJICTaBJISII
c000if COTHEYHYI0O KOCMHYECKYIO 00OCepBATOPHUIO, KOTOpas padoTajga B aBTOHOMHOM pEe:KHMe
n yupasisiiach ¢ 3emun. [Ipubopst cuyraHuka uabmomaaun CosHIIE BO BCeM iHala30He
9JIEKTPOMArHATHOIO CIEKTPA - OT ONTHUYECKOTO JI0 TaMMa, U UMEHHO 9TO MO3BOJISET HA OCHOBE
MOJIYIEeHHBIX JAHHBIX MPOBOJWTH KOMILIEKCHBINH aHau3 sBjaeHnii wa CoJiHIIE W COJIHETHO-
3eMHBIX CBA3CHl.

Haubonee 3maunmbiM B coctaBe HaydHOil ammaparypbl cunytaunka KOPOHAC-®
ObL/I KOMILJIEKC PEHTI€HOBCKON aumnaparypbl, paszpaboranubiii u co3janubiii Puzndeckum
uucturyrom PAH B koomepamuu ¢ psiioM  Hay9YHBIX OpPraHW3aluii W yHUBEPCUTETOB
(UBMUPAH, HUAD MT'Y, UTI® PAH, U®M PAH). On npeanasnavasics 11 HCCIe0BAHNST
IIPOCTPAHCTBEHHO-BPEMEHHOI CTPYKTYPBI sABJCHUI COTHEYHON aKTUBHOCTH, MEXaHIU3Ma HaIrpeBa
COJTHEYHO# KOPOHBI, COTHEUHBIX BCIBIIIEK U BHIOPOCOB.

Puc. VI-13-3. Koponac-® na opoute

C wmakcumyma coanednoro mukiaa B 2001 romxy upubopsr coyranka KOPOHAC-O

- 181 —



KocMmuueckue s1aboparopun

3aperuCTPUPOBAIH CaMble MOITHbIE BCUBIMKHA Ha COJHIE W UX BO3/EHCTBHE HA OKOJO3EMHOE
KOCMHY€eCKOe TPOCTPAHCTBO.

Muorokaunajbabim criekrpogoromerpom JINOOC 3aperucrpupoBanbl COOCTBEHHBIE MO/IbI
robaababix  Kosiebanumit CosiHIIa B MIMPOKOM WANa30He JIJIMH BOJIH, WCCJIEI0BAHA WX
JIMHAMUKA, TOJy9YeHbl HOBBIE IKCIEPUMEHTAbHBIE JaHHBIE O MPOSIBJIEHUSIX ITHX KOJeOAHwMil
B HAOJTIOIAaeMOM W3JyYeHUHU, YCTAHOBJEH CYIIECTBEHHBI POCT AMILTHTY/IbI TJ00AJIbHBIX
KoJieOaHuil B yIbTpadhuOIeTOBOM U3y U€HUH.

MHuorokaHa/ibHbIi COJMTHEYHBIT PEHTIEHOBCKHIT TEJIECKON  SBJISJICS OJHUM U3 CAMbBIX
YHUKAJbHBIX HAYYHBIX MPUOOPOB B KOCMOCE 33 BCIO UCTOPHIO OTEYECTBEHHOI KOCMOHABTUKH.
C ero momorpo ObLIA BBRITIOTHEHA TMPOKast TporpaMva ucceposanuiit CoJrHiia.

3aperucTpupoBaHbl HanboJI€e MOIIHBIE 3a IIOCJIeIHIE IOJbl aKTHBHBIE cOObITHs Ha CoJtHIle
B OKTsa0pe-HOsiOpe 2003 roja, BBIOPOCH KOPOHAJIBLHOIO BemecTBa €O ckopoctamu 1o 2000
KM/C U COIyTCTBYIOIIUE UM SBJIEHUS (JIUMMUHIH, KODOHATbHBIE JBIPbI, KODOHAIbLHBIE BOJIHBI),
OCYMIECTB/IEHA JIOKAJIM3AIKUS U U3ydeHa MOPQOJIOrus MHOTOYUC/TEHHBIX AKTUBHDBIX SIBJICHUN.
Hab.ro1a/1ach mOBTOPsieMOCTh BBIOPOCOB W3 OJHUX W TeX K€ MArHUTHBIX KOH(UTypamuii Ha
CoutaIte, KOTOPBIE YCIIEBAIN BOCCTAHOBUTH CBOE MArHUTHOE TI0JI€ i CBETUMOCTH 33 BPEMST MEK Ty
COOBITHSIMU.

Ha ocnoBe mabmiomenunii He mMmeromuM B Mupe anajora crekrporenuorpadom PEC-K B
pesonanchoii suann MgXIT (8.42A) B cosHedHOii KOpOHE ODHAPYKEH U HMCCJIEIOBAH I1eJIbIil
KJIACC HOBBIX SIBJIGHUH - OBICTPOJMHAMHUYHBIX IJIA3MEHHBIX O0PA30BaHUN C TeMIepaTypaMu
m0 20 MJIH. TPaaycoB, TOIjIa KakK TeMIeparypa CaMoii COJTHEYHONH KOPOHBI COCTABJISET
1-2 wmmm.rpag. Mszobpazkennss W AWHAMHKA 3JTUX BBICOKOTEMIIEPATYPHBIX 00pPA30BAHMIA
moJiydeHsl BrepBble. OOpa3oBaHHS HMEIOT CaMyi0 PasHOO00Opa3Hyio (opMy - <TOpPSInX
00J1aKOB >, <IIAyKOB >, II€Te/Ib, PACIPOCTPAHSIONIUXCS BOJHOBBIX (DPOHTOB, 110C/I€/I0BATE/ILHO
3asKUTAIONNXCS] MATHUTHBIX apoK. Hab/Iroiennst STuxX SBAHUN OTKPBIJIA OJIUH U3 MEXaHU3MOB
HArpeBa, COJTHEYHON KOPOHBI B Pe3yJIbTaTe BbIJIE/JEeHUsT MArHUTHONH HEPIUU B MATHUTHBIX
KOHMUTYpAIUAX U TpaHCHOPMAINH €€ B SHEPIUIO MIa3MBbl.

YcraHoBieHa CBA3b OOHAPYKEHHBIX TOPIYUX TJIA3MEHHBIX O0pa30BaHUil B KOPOHE C
BbiOpocamMu  Macchl w3 arMocdepbl  CostHIa, KOTOpble HAOJI0JA0TCAd  KOPOHOrpadoM Ha
esporeiickom crytauke SOHO. Vmeruo 31u BEIOPOCH! BBI3BIBAIOT MArHUTHBIE OypU Ha 3eMiIe.

Habsmoiennss peHTreHOBCKMM TeJIECKOTIOM B peKuMe KOpoHorpada BrepBble TTO3BOJIMIN
MOJIYYATh JAHHbIE O JWHAMUKE COJTHEYHOIl KOPOHBI HAa PACCTOSHUAX 0 TPeX COJTHETHBIX
pamuycoB. B 3roit obmacTu, BaxKHON I MOHWUMAHUS WPUPOJIbI MHOTUX sBJEHHU, HO
HEHAOTIOMaeMoit  IPYTUMH  TPpUOOpaMU, BIEPBBIE PETHCTPUPOBATUCH BBIOPOCHI MacChl U
SPYITUBHBIE TTPOTYOEPAHIIHI.

[Mpubopamu cnyrauka KOPOHAC-® ¢ BBICOKHM BpeMEHHBIM W  CIEKTPAJIbHBIM
pasperieHneM B IMIMPOKOM 3SHEPreTHYecKOM jnana3oHe (OT ONTHKH [0 TaMMa) MOJyYeHo
OTPOMHOE KOJMIECTBO HOBOI MHMOPMAINH O PA3THIHBIX (PU3NIECKUX MPOTECCaX BO BCHBIIIKAX.
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OTO BpeMeHHBbIe, 3JHepreTudecKue, CIEeKTpaJbHble U MOJSIPU3AIMUOHHBIE XapaKTePUCTUKH
BCIIBIIIIEYHBIX U3/IYUEHHI, CIIEKTPhI YCKOPEHHBIX YaCTHIl, TAMMa, JITUHAU U T.]I.

Buepsble wusmepena JinHeliHasi 1OJIpU3AIUA  KECTKOIO PEHTIEHOBCKOI'O U3J1yYeHus
OT COJTHEYHBIX BCIBIIIEK, YTO SIBJISAETCA IEPBBIM IPAMBIM JI0KA3aTEIbCTBOM HE TOJBKO
CYIIECTBOBAHMUS CAMUX IIyYKOB YCKOPEHHBIX YaCTHI[, HO W MOATBEDP)KIEHHWEM TOr0, UTO ITH
YACTHUIBl YCKOPSIOTCI UMITYJIbCHBIM JIEKTPUUECKHAM II0JIEM, & He KAKHM-JTH00 CTOXaCTUICCKUM
MEXaHH3MOM.

SaperucTpupoBaHbl raMMa JITHUU BO BCIBIIIKAX, 10 KOTOPBIM OILPEJIETEHO COAEPKAHUE B
COJIHEYHOM aTMocdepe pPas/IMIHbIX XUMHYECKUX JIEMEHTOB U UX H30TONOB. B crekTpe ramma
M3JIyYeHnsT BCOBIMEK HaOJI0IaIach JUHUS OT 3aXBaTa POXKIEHHBIX BO BCIBIINKE HEHTPOHOB,
AHHUTUISIINOHHAS JIMHUS 3JIEKTPOHOB M IIO3UTPOHOB.

OcyrecTBaeHa perucTpalys BHICOKOSHEPIUIHOIO raMMa-U3/IyIeHHsT W IIOTOKOB HEHTPOHOB
OT MOIIHBIX Bembimek okTaOps 2003 roja, ompejesieH MepPBUYHBIN CHEKTP YCKOPEHHBIX BO
BCIIBIIIIKE POTOHOB ¥ MOMEHT UX BBIXOJA U3 COJHEYHOH KOPOHBI.

BroimosiHena  cmeKTpoCKONUYecKast —JAMarHOCTUKA — BCIBIIIEYHON IJIa3Mbl W aTOMHBIX
MPOIECCOB:  BIEPBBIE OMPEJEIeHb  a0COMIOTHBIE PEHTTeHOBCKHWE CJABUTH  PEHTTEHOBCKUX
CIEKTPAJIbHBIX JIMHUN B COJIHEYHBIX BCIBIMIKAX; abcomoTHOoe cojep:kanne K (kamus) u Cl
(xopa) B kopore CosHIa, OOHADYKEHbI CIIEKTPATbHbIE JIMHUA HOHOB AacTpOdU3MIECKOil
(COTHEYHOI) MIA3MBI JIJIs1 BBICOKMX 3HAYEHHH KBAHTOBBIX YUCE I, OTKPBIBAIOIIIE BO3MOKHOCTH
JIJIST HOBOT'O METOJa TeMIIepaTyPHON JUarHOCTUKU KOPOHAJbHON ILJIa3Mbl; OOHAPYKEHbI HOBbHIE
CIIeKTpaJIbHbIE JIMHUH U TPOBEIEHO WX OTOKIECTBJIEHIE; H3MepeHbl COTHU criekTpoB reswii(He)-
noyoouerx nonoB Ca XIX, S XV u Si XIII.

[IpoBoast W3MepeHUsl COJMHEYHBIX KOCMUYECKHX Jydeil BIOJb CBOeil OpOUTHI, CIYTHUK
KOPOHAC-® wucciaepoBai paJmaldOHHYI0 OOCTAHOBKY B  OKOJO3€MHOM KOCMHYECKOM
MPOCTPAHCTBE W JUHAMUKY IOBEIEHUsT MAarHUTOChEpPbl M PaIUAIlMOHHBIX IOSICOB 3eMJIM B
mepruoabl aKTUBHBIX siBjienuit Ha Cosane. Ha ocHOBe 3THX mM3MepeHnii n3ydeHbl TeOMarHuTHBIE
OypH M NPOHUKHOBEHHS SHEPIHIHBIX COJTHEYHBIX YaCTHUI] BHYTPb MarHUTOCKEpbl 3eMJIH.

Kommaexkcom CKJI cnyranka KOPOHAC-® nonyden HenmpepuIBHBIN Ps/I JAHHBIX O TIOTOKAX
COJTHEYHBIX SHEPIUYHBIX YACTHIL, HpHYeM JaHHble g dHepruil Boime 300 k3B gaBistorcs
YHUKAJIBHBIME, TaK KaK JIPYTUX U3MEPEHH B HACTOSIIEEe BpeMsi He CYIIECTBYeT.

Bo Bpemsi cuibHBIX MArHuTHBIX Oypb 3aperucTpupoBanbl  3hderTh  jredopmarn
MarauTocdepsl, JIBUKEHIE PAIUAIMOHHBIX HOSICOB BHYTPh MArHUTOC(EPDI U CBA3AHHOE C ITUM
IIPOHUKHOBEHME COJTHEUHBIX SHEPrUYHBIX dacTull. OOHapyKeH HOBBII 3ddekT, cocTodmnuii B
HCYE3HOBEHUH BHEITHEIO PAIRAIMOHHOTO MOSACA 3JTeKTPOHOB Ha TJIaBHOU (pa3e MAarHUTHBIX OYPb
npu sueprusx Boime 1.5 M3B.

Hapsiny ¢ w3BeCTHBIME BBICHITAHUSIMHU SHEPIUYHBIX YACTHI[ W3 MarHuTocdepbl B
nonocepy B TPHUNOJSIPHBIX 00/1aCTIX W B 30HEe DBpa3mjibcKoil aHOMaJ WU OOHAPYKEHBI
KBa3UCTAIMOHAPHBIE YKBATOPUAJIbHBIE BBICHIIAHUS, MPOUCXOXKIEHHE KOTOPBIX, MO-BUIMMOMY,
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CBA3aHO C OCOOEHHOCTSIMU TOHKOiI CTPYKTYPBI T€OMAarHUTHOTO TOJIS B STHX PErHOHAX 3€MHOIO
mapa. DTH BBICHIIIAHUS XapaKTEPU3YIOTCS 3aMeTHBIM yBeauwdenneM ¢dpona paauannu (Ha 20-
3010cTurarh 8 CyTOK.

C wucnoJib30BaHHEM COJIHEYHOI'O PEHTTeHOBCKOTO TeJeCKOIa IPOBEIECHbl HCCIeT0BAHUS
BepxHeill armMocdepbl 3eMIH 10 MONIOMEHHIO YKEeCTKOTO PEeHTTeHOBCKOro m3aydeHus: CosHIA
[P 3aX0JI€ U BBIXOjIe ciyTHUKA u3 Tern. OupesesieHbl BHICOTHBIE 3aBUCUMOCTH KO DuiueHTon
MOTJIONIEeHNsT PEHTTEeHOBCKOTO M3JIyUeHHs ¢ pa3pentenreM 10 BBICOTe, YIYYIIeHHBIM ITPUMepPHO
B 100 pas. V3ydena 3aBUCHMOCTH OT YPOBHS COJHEYHOW AKTUBHOCTH TIJIOTHOCTH W COCTaBa
3eMHOIT aTMocdepbl Ha BbicoTax 10 500 KM, OIpe/ie/IeHO COJIepyKaHie MOJIEKYISPHOTO a30Ta H
aTOMAPHOTO KUCJIOPOIA.

Jlng anamoruvHeIX HaOJIIOIeH B YIbTPadn0IeTOBOM JUAIIA30HE ¢ IOMOIIBIO PaIHOMeTpPa
CY®P u crnekrpodoromerpa BYCC paspaborana MeToJMKa ONPEIETCHHSA COAEPIKAHUS
MOJIEKYJ/ISPHOT'O KUCJIOPO/IA - OJIHOTO U3 OCHOBHBIX KOMIIOHEHTOB aTMOChepbi.

Bce »stm mabirofeHus 3akKIaJIbIBAIOT SKCIEPUMEHTAIbHbIE OCHOBBI JIJIT HOCTPOEHUS
COBPEMEHHON MOJIe/IN 3eMHOI aTMOC(EPHI.

TECHC-BA Crafl-adl

KoMyc-P®-2

MpuBopHbIA
repMooTCek

DOKA-OM

RT-2/ICZT
RT-2/5

ADY «Komnapyes

PerncTpHpy LM
6nok «Hatanes-2M»

Konyc-P®-01
3nexTpon-MA
BPM-O

RT-2/G B®3 MarHuToMeTpa

MuxrenH-Mg CM-8M Ha wTaHre

Puc. VI-13-4. Koponac-®oToH - nocaeHUil annapaT JaHHONH Cepum.

Famma-cniekrpomerpom 'EJIMKOH 27 nekabpsa 2004 roja 3aperucTpupoBaHO perdaiiiiee
coObITHEe - oOTpakeHHe OT JIyHBI THUrAHTCKOrO TraMMa-BCILIeCKa HEeHTPOHHOIT 3Be3JIbl,
MTO3BOJIMBIIIEE OIEHUTH SHEPTHUIO B3PhIBA HA HEHTPOHHOIT 3Be3/1e, KOTOpas cocTaBmIa 0Koo 1044
9pr, 4TO CYLIEeCTBEHHO IIpEeBbINIaCT MOIIHOCTH OIITHUYECKOI'O M3JIy4YeHHd BCEX CTa MUJLJIMAP/I0B
3Be3/ Hameil [ajakTuku. IDTO TepBOe B MHUPOBOIl NpakTHKe HAOJOIEHNE OTPAKEHUS
KOCMHUYECKOT0 TaMMa-BCILJIECKa OT HEDECHOrO Teja WM, APYTUMHU CJIOBAMHU, MEpBas JIOKAIWS
HeOECHOT'O TeJsia IPU MOMOIIH MPHPOIHOIO CBEPXMOIITHOTO MMITYJIHCA FaMMa-U3/TyYeHH.
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Pecypc u Pecypc-/1K
Kocvmnuecknii annapar “Pecypc-®”

Nudopmarusg o0 HAIUYMH U COCTOSHUU MPHUPOIHBIX PECYypcoB cymmu u MHUpoOBOTO OKeaHa
SIBJIIeTCs KpaiiHe HeoOXOMuMOil /1 CYIIeCTBOBAHHUS W pa3BUTUs UeoBedecTBa Ha ILTAHETE
Bemurst. O0s1a/1as 17100a/IbHOCTHIO OXBaTa W OIMEPATUBHOCTHIO, KOCMUYECKHE CUCTEMbI CTaJIu
o1eHb 3 HEKTUBHBIM CPEJICTBOM U3YUEHUST TPUPOIHBIX PECYPCOB 3€MJIH.

[lepBbIM mIarom mo u3ydeHUIo 3eMJIH U3 KOCMOCA CTaJI0 KocMu4ueckoe pororpaduposanue
3eMHOIl TTOBEPXHOCTH, KOTOpOe B HAallleil cTpaHe BIEpBble OBLIO OCYIIecTBIeHO 9 m 25 Mapra
1961 roma B xome moseroB Yerseproro u Ilgroro xopabseii-cuyTHHKOB. B manbHeifem oHO
CTAJI0 HENMPEeMEHHON YaCThi0 HAYYHBIX M HAPOIHOXO3SIICTBEHHBIX IPOIPAMM IIOJIETOB KaK
MUJIOTUPYEMbIX KOpabJieil, TaK U aBTOMaTHYeCKUX CiyTHUKOB cepun “Kocmoc”.

C 1mespio ILJTAHOMEPHOTO KCCJIeJIOBAHUA IPHUPOJIHLIX PECYypCcoB 3eMJIM U KOHTPOJIS
OKpyzKaomieil cpefpl Oblia co3faHa KocMuuecKad cucrema “Pecypc” 3, cocrodmias us
tpex mojacucteM — “Pecypc-O”, “Pecypc-®” u “Oxean-O”. Ha xocmoapome “ILmecenk”
OCYIIECTBJISLIUCH 3AIyCKH CHYTHUKOB, BXOadAmux B mojcucrembl “Pecype-@” u “Oxean-0”.

Kocvuueckue anmaparsr  cepun  “Pecypc-®”  mpoBoanaIn HMCCAEI0BAHUS TPUPOIHBIX
pecypcoB 3eMin (IIOYBEHHBIX, PACTUTEIBHBIX, BOAHBIX U JIp.). OHH MO3BOJISIN BECTH MOHCK
TeX Ie0JIOTHYEeCKHX CTPYKTYP, KOTOpble OOraThbl MUHEDPAJbHBIMU PECYypPCaMH OIpeIeIeHHOTO
BUJA. DTU CIYTHUKH OCYIIECTBJISIN KOHTPOJH 3a BOJO- U 3eMIEHOJTb30BAHUEM, CJIEIUATH
3a mocjeacTBusMu U IGPEKTUBHOCTHIO MEJIUOPATUBHBIX — Meponpusartuit. OuenuBain
9KOJIOTUYECKUE  MOCJIEJICTBUS  HAPOJHOXO3ANUCTBEHHON  JeATETHbHOCTH, KOHTPOJUPOBAJIH
COCTOsIHIE OKpyzKaromiei cpeasl u ap. Mudopmanus co cuyrauka “Pecypc-®” ucmosb3oBasiach
JUIST YTOUYHEHHST KapT TPYIHOMIOCTYIHBIX PailOHOB 3€MHOI0O Iapa.

Bamycku cnyTHUKOB cepun “Pecypce-@” ocymiectBiasiuch pakeroi-nocureseM “Coio3-Y” Ha
JUIMIITUYECKUE TPUIIOJIAPHBbIE OpOUTHI ¢ BbicOTO# arorest 250...275 KM, BbICOTOI Iepures
190...200 xm. Ilepswiit 3amyck “Pecypca” nHa KocMogpome coctosiics D centsops 1979
roja. llocyie BBIBeeHUsT Ha OpPOWTY € TOMOIIBIO OOPTOBOI KOPPEKTUPYIOIIEH JIBUTATE/IHHOM
yCTaHOBKH opMupoBajach pabodas opburta. Ee mnapamerpbl BbBIOMpAIUCH U3  YCJIOBHS
obecreveHns CILTONTHOTO MOKPBITUS MOBEPXHOCTH 3eMJIH MOJTOCAMH 3aXBaTa (hOTOAIIAPATYPBI
¢ HEOOXO/IMMbBIM MOIEPETHBIM [TEPEKPBITUEM.

Kowmiteke wucciieioBaresibekoii  anmnaparypbsl cuytauka “‘Pecypce-®1”7 cocrosti U3 Tpex
mupokodopMaTHBIX Tomorpadudeckux ammaparop KATD-200, KoTopble MO3BOJIAIN MOy YaTh
CHHXPOHHBIE CHHMKH IOBEPXHOCTH J3eMJIk ¢ pa3pemenueM g0 15...20 M, u JaBYX
JIMHHOMOKYCHBIX MHpoKodopMaTHbX anmaparoB KOA-1000 11 cIeKTpo30HAILHON CHeMKH
¢ paspemenuem g0 6...8 M. C momompio 3Be3gHOrO (oroarmapara MPOU3BOIUIOCH

Shttp://plesetzk.ru/index.php
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dororpadupoBanue 3Be37 s KOOPAUHATHONH NPHUBA3KUH OcCeil KOCMHYECKOI'O ammapara B
MPOCTPAHCTBE B MOMEHTBI OCYINECTBICHHUS CheMKH 3€MHON TOBEPXHOCTH.

“Pecypc-DP1”7 Mor HaxoauThCst HA opouTe 10 25 CyTOK, U3 HUX 4acTh Bpemenu (10 11 cyTok)
OH HAXOJIUJICS B JIeZKyPHOM pexkume. Vcnob30Banne JeKypHOro pekuMa, 03BOJISIIO TPOBECTH
b0 moBTOpHOE hpoTorpacdbupoBaHne 3a/[aHHBIX PAOHOB 3eMHO TTOBEPXHOCTH, JIN0OO MPOBECTH
¢doToCHEMKY HHTEpecyIonero paiiona BO BpeMsi BTOPOI'O IIPOX0/Ia, €CJIU IPU IEPBOM IIPOXO/IE 3TO
He yJIaJI0Ch U3-3a HeOIaronpusaTHBIX MeTeoyca0Buii. OTcHATHIe (DOTOMATEPUATBI JOCTABSIIUCD
Ha 3eMJII0 B CIIyCKAeMOM almapare.

Kocvuueckuit  anmapar “Pecypc-®2”7  ocyliecTB/isiyi CHHXPOHHYI0 MHOI'O30HAJIBHYIO U
CMIEKTPO3OHATBHY O (HJIH IBETHYT0) (DOTOCHEMKY TTOBEPXHOCTH 3€MJIH ¢ BBICOKHM Pa3PeIeHHeM.
B orimume or “Pecypca-®1” 31ech HCIOJB30BAJHUCh COJHEYHBbIE OaTaped, UYTO IMO3BOJIUIIO
YBEJIMIUTH BpeMs paboThl ciyTHHKaA Ha opouTe 710 30 cyToK. Kpome Toro, Ha 60pTy CIyTHHKA
BMecto ammapatoB KAT-200 w KPA-1000 Oblia ycTaHOBJIEHA BBICOKOMH(MDOPMATHBHAS
MHOro3oHasibHas ¢dorokamepa MK-4, koropas ocymiecrsiisijia ¢pororpadpupoBanme B 4eTbpex
30HaX crekTpa u3 mectn Bo3MoKHbIX. C momorsio MK-4 nosrygasm MHOTO30HAIBHBIE CHUMKA
¢ pasperenreMm 5...8 M, crnekTpo3oHa bHbE - 8...12 M. Anmaparypa CIyTHUKa MO3BOJISIIA
IpU HEOOXOIMMOCTH IPOBOJUTH MHOIO30HAJIBHYIO ChEMKY B COYETAHUU CO CIEKTPO30HAJIBHOM
1 1BeTHOU (oTOCheMKOil. YBequdeHHOe BpeMsda aKTUBHOro mojera ‘Pecypca-®2” mo3Bosmio
OCYHIECTBJISITh JIBYX-TPEXKPATHOE MOKPBITHE BCEil MOBEPXHOCTH 3eMjin 0e3 HMCIOJIb30BAHUS
jexkypHoro pexxknma. GoTrocHUMKH, MOJIyUdeHHBIE ¢ oMol “PecypcoB”, ucnoiab3yores Jis
KaprorpadgupoBanus 3eMHON ToBepxHOCTH B Macmrabe jgo 1:200 000 (“Pecype-®1”) u no
1:50 000 (“Pecypc-®@2”). C ux momomipio GbLH cTepThl “Oesible msaTHa” Ha Kaprax [lamupa u
Taup-Illang, gonomHeHb 1 yTouHeHB KapThl Yykorku, HoBoit 3emsn, Kypuibckux ocTpoBOB,
nycreiib Cpejiaeit A3uu, NpUIIOISIPHBIX PAIOHOB AHTAPKTHIBI.

Okean

Kocvmmnueckuii annapar “Okean-0O1”

ApTroMaTuuecKue crennaIu3npoBanbie KocMudeckue annaparst cepuu “Okean-017 4 (HXM
— HAPOJHOXO3SHCTBEHHBIN, MOPCKOIi) ObLn paspaboranbl B KB “HOzxkuoe” (1. [Inenponerposck,
YKpauHa) U MpeTHA3HAYEHBI JIJIsI IPOBEICHUsT OKeAHOTPADUIECKUX UCCIEI0BAHIN U3 KOCMOCA U
BeJIeHU JIeJIOBOI Pa3BeIKNU B MOJISIPHBIX MUIPOTAX HE3ABUCUMO OT TIOTOIHLIX YCJIOBUil, cCe30HA U
BPEMEHH CYTOK, C II€JIbI0 IOBBINIEHUsI 0€30HACHOCTU MOPEILIABAHUS U BHIOOPA ONTUMAJIBHBIX
MapIIPyTOB MPOBOJKH Cya0B Ha Tpacce CeBepHOrO MOPCKOrO MyTH C HEJABI0 MPOJJICHUS
HABUTAINU BILJIOTH 0 KPYTJIOTOIUIHOM.

DkcnepuMeHT npoBouicst Ha aByX ammaparax HX-1 u HX-2 (“Okean-9”), co3qaHHBIX HA

“http:/ /plesetzk.ru/index.php
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0aze KA tuma AYOC-3. IlepBbiii n3 3TUX CIYTHUKOB OBLIT BBIBEJIEH HA HMPHUIOJIAPHYIO OPOUTY
12 despana 1979 roma (“Kocmoc-1076”). B xoae npoBejieHHsI KCIEPUMEHTA MPOBOJNIACEH
oTpaboTKa IPUHIMIIOB U O0IIeil MEeTO/0JIOIMU 1OJIyYeHus oKeaHorpaduieckoit nndopmaiiyu
C IMOMOIIBI0O KOCMHUYECKHX CPEJCTB U HCIOJIb30BaHUs €€ B MHTEPecax HayKu U HAPOJHOIO
XO34MCTBA CTPAHDIL.

Kocmudeckue anmaparst HX  Oblim  ocHaAIeHbl CAaHTHEMETPOBBIM  OJISIPU3AIMOHHBIM
pamgumomerpom PAJIOH, wundpaxkpacasiM crmekrpoMerpoMm 174K1, doromerpoM-610KOM
upernoctu BII, anmaparypoit Bbi3zoBa abonentoB ABA wu cbopa undopmanmun BYKAS3-
KA, a takxke OJi0KOM ympas/jeHus paboToil wucciemoBaresbekoit ammaparypoit. Ha KA
HX-2 jponosHuTe/sibHO OBLI  yCTAHOBJIEH PAJMOJIOKAIIMOHHBI U3MEPUTEIb PACCEUBAHUS
(ckaTTepomerp).

B pamkax skcmepumenta “Oxean-O” ObLI0 3amyIieHO JiBa CIYTHUKA, HAa KOTOPBIX
0TpabaTHIBAIICH U COBEPIIEHCTBOBAIUCH MPUHIIMIIBI U METOIbl MOJTYUYeHUs] U HCIOJIH30BAHUS
okeaHorpadguieckoit mHdopmanuu. B uactHOCTH, OTpadaTHIBAJIMCh CPEJICTBA IMOJyYEHUsS U
rnepegadn peryasdapHoit mHdopMaIul 0O Je0BOi 00CTaHOBKE B MOJISIPHBIX 00J1aCTSIX.

KoncTpyktnBao kocvmumuecknit ammapar HXM coctonT m3 repmMeTwdHOro Kopryca ¢
depmamu I yCTAaHOBKU OOPTOBOIT alllapaTypbl, YeThIpeX HMaHeseil Ha KOTOPBIX Pa3MeIaioTCs
JIATIUKOBBIE YCTPOICTBA UCCAETOBATEIbCKON ammapaTyphl, ABYX OJOKOB HMaHes el COMTHEeTHBIX
Oarapeil, 3aKpeIJIEHHbIX Ha CIeNUaJbHOI MOBOPOTHOI TpaBepce, U HApPYzKHOU depMbl ¢
IPABUTAIMOHHBIM CTaOUIN3ATOPOM.

B cocras nccienoBarennckoii anmaparypbl KA HXM Bxoanam KoMmimieke paanodusnaecKoit
annaparypsl P®A, paanoreneBusuonnbiii kommiekc PTBK, CBY-cnekrpomerp m cucrema
“Konmop” ang cbopa JaHHBIX ¢ OYHKOBBIX CTaHIUH W UX Iepegadd B IEHTPHl IpHeMa
undopmalyu.

PajuoreneBu3nonublii KOMILJIEKC C TOMOIIBI0 MHOTI'OKAHAJIBHBIX CKAHUPYIOIIMX YCTPOHCTB
majioro paspemerus MCY-M ocymiecTBisii 3amoMuHanue, XpaHeHue, mTpeodpa3oBaHUe WU
nepejlady Ha Ha3eMHBbIe IYHKTHI BHAeonHMOpMAIUUI 00 00/IaYHOM IIOKPOBE U IOJICTHUIAIOIIEH
MOBEPXHOCTU 3eMJIH, TMOJYIeHHOU B BUIAUMOM U HH(MPAKPACHOM CIHEKTPAJbHBIX JIHAla30HaX.

OcnoBubie ommuuss HXM or HX, xpome wusMeHeHHsI cOCTaBa HCCJIEJI0BATETbCKOM
almapaTypbl, 3aK/JIOYaJUCh B W3MEHEHHHM COCTaBa U PACIOJIOKEHUs HEKOTOPbIX OJIOKOB
cayKeOHO anmapatrypbl ¢ HEIbI0 BLICBOOOXKIEHUS 00HEMOB BHYTPH T'€PMETHYHOTO KOPITyca
JUIST pa3MeIeHns NCCIeJ0BATeIbCKOM alllapaTyphl, & TaKzKe B J0pabOTKe CUCTEMbl YCIIOKOSHUI,
OPHMEHTAIIMH W CTAOHJIM3AIMU C IEJbI0 MOBBINIEHHsI € TOYHOCTHBIX XapaKTePUCTUK (BBEJIEH
HOBBIIl TPABUTAIIMOHHBIN CTAOMIN3ATOP ¢ MACCOil Tpy3a 12 Kr U yBeJudeHa JIUHA BBIIBHKHOI
mranry g0 17 merpo). Ha KA “Oxkean-OD” N2 jgonosHuTEeNbHO ObLIN  yCTAHOBJIEHBI
MHOTOKaHAIbHbIE CKAHUPYIOIHe yCTpoiicTBa cpeaHero pasperrenust tuna MCY-C.
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OcuoBuble xapakTepuctuku KA “Okean-01”

Pazmepst KA B cTapTOBOM COCTOSHUN, M

JJTIHA 4.99
JauaMeTp 2.4
Pazmepnst KA B paboyem cocrogHum, M
JIIMHA 21.52
HMIUPUHA IO MTaHEeJIsIM COJTHEYHBbIX OaTapeii 4.92
IIUPUHA 110 aHeJ M JaTYUKOBBIX yeTpoitcTs | 7.70
mupuna 1o naneasm PJIC BO 12.0
[Tomoxenne KA ma opbure OPHEHTUPOBAH IIPOJOJLHOH OChIO Ha

HEeHTP 3eMJIH

Cucrema opueHTAIIUH

TpexocHas, KOMOMHUPOBaHHAs, MarHUTO-
TPpaBUTAITIOHHAS

HcnonaurebHble OpPTraHbI CHCTEMbI

OpUeHTalun

ra3oBasi peaKTHBHAsI CHUCTeMa, CUJIOBOM
I'UPOCKOII, BbIJIBUXKHAS IITAHTA ¢ TPY30M

Pexxumbl paboThI CHCTEMBI OpHEHTAIHH

1.IlepBonavanbHOe YCIIOKOEHHTe
u IOCTPOEHHE opouTAIBHO
CUCTEMbI KOOD/IMHAT,aKTHBHbI i

pexknm.2.OpueHrannsg U cTabuIn3anns B
TedeHHe Bcero BpeMeHHm mojera KA,
IPaBUTAIMOHHO-THPOCKOTTHIECK Uit
peKUM.

Cucrema JIEKTPOIIUTAHU A

OpHEeHTHUpYeMble COJIHeUHBbIe OaTapen W
Oydepubie xumMudeckue darapeu

Cucrema TepMOpEryTHPOBAHUS

aKTUBHA, IBYXKOHTYPHAad,

ra302K1AKOCTHASI
Opbura MPHUTOISIPHAs,0KOJTOKPYTOBAS
Haxk/tonenune miockocT OpOoUTHI, IPaLyChl 82.5
[lepuon obpatenus, MuH 98
Bricora,km 650

Macca KA kr

re 6ostee 2000 (505K Macca ammapaTyphi)

Pakera-nocuresn

11K68 (“Iunkiaon-3")

CraproBast macca PH ¢ KA “Oxean-017,roun

183.9
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Myccon

Kocmuaeckuit armmapar “Myccon” http://plesetzk.ru/index.php

Kocmmuaeckuit reojesudeckuii komiieke (KI'K) “Myccon” permas 3ajady co3gaHust eIuHOl
reoJIe3NIeCKOil CHCTEeMBbl KOODJMHAT IIOBBIINIEHHONW TOYHOCTH Ha BCIO MOBEPXHOCTb 3EMJIH,
JlaJIbHERIIero yTouHeHus mapaMerpos (purypor 3emiin, ee rpaBUTAIMOHHOTO HOJIsl U YTOYHEHUST
reoJIe3MIeCKNX CBsI3ei MKy KOHTHHEHTAMH U OCTPOBAMHU 3€MHOT'O Iapa.

KA “Myccon” pazpaboTanbl 1 H3rOTaBINBAINCH B HayIHO-TTPOM3BOICTBEHHOM 00'heINHEHUT
OPUKJIATHON MexaHuKu, I. KpacHospck-26 (HbiHe 1. 2KKee3H0ropeK).

[TepBas mombiTka 3amycka KA “Myccon” B sauBape 1981 rojga okasanach HeymgadHOil — B
pesy/braTe aBapuu Ha y4aCcTKe BbIBEIEHUs CIyTHUK HA OPOUTY HE BBIIIEJ U CIOPE/I B MJIOTHBIX
ca0sx armocdepbl BMecTe ¢ pakeroii-nocuresem. [locienyromue mycku oo yenenmabivMu: 30
certsiopst 1981 roga mepsbiii “Myccon” 6ot BbiBemeH Ha opbury (“Kocmoc-13127). Beero na
OpOUTHI UCKYCCTBEHHBIX CIIYTHUKOB 3€MJIM BBIBEJEHO 13 ammapaToB JaHHOIl cepui.

KA “Myccon” saBisercs ocaoBabiM daementom KUK, Jlns pemenust 3aga4u noCTpOEHUsI
MHPOBOW  T'€0JIe3UYECKON  CeTH HUCHOJb3YIOTCS MeTOJbl OpOUTAJbHOH U  KOCMHUYECKOI
tpuanryasiiuu. C 3TOi 1Mesbl0 HA OOPTY CIOYTHUKA OBLIA YCTAHOBJIEHBI JIOTLJIEPOBCKAS
cucTeMa U3MepeHus paJuajbHON COCTABJISIONIENl CKOPOCTH, PETPAHCASITOD CUCTEMbI U3MEpPEHHUS
HAKJIOHHOW JaJbHOCTH, ONTHYECKHE YTOJKOBBIE OTpazkKaTead g Ha3eMHOH Jia3epHOi
almapaTypbl HW3MepeHusl JaJbHOCTH U CHCTEMAa CBETOBOW CHTHATU3AINU, II03BOJISBIINE
MPOW3BOUTH CEPUH BCIBIIMEK, (oTorpadpupyeMbx Ha3eMHBIMA (POTOACTPOHOMUIECKUMHU
ycraHoBKamMu Ha oHe 3Be3anoro neba. Ha KA “Myccon” Ne24 BmecTo cmcTeMbl CBETOBOI
CUTHAJIU3AIMH OBLT YCTAHOBJIEH PA/IMOTEXHUYECKUI KOMILIEKC “DJIEKOH”, IIpe/THA3HAYCHHBI{T J11sT
HABUTAITMOHHOT'O COIPOBOXKJIEHUS IIEHHBIX I'PY30B.

Yr1ouHeHne IPaBUTANMOHHOIO TIOJIsI 3€MJIU OCYHIECTBJIS/IOCH € MOMOIIBI0 BBICOKOTOYHOIO
PAJIMOBBICOTOMEPA, KOTOPBIN TPOU3BOJUT W3MEPEHUs ¥ IPEJBAPUTENHHYI0 00paboTKy
pe3yaAbTaTOB n3MepeHuii BICOT OT moBepxHOcTH MupoBoro OkeaHa ¢ moc/eayoIeil mepeadei
Ha J3emaio. B jasbHeiineM CIIyTHHKOBas aJIbTUMETpHA OOpadaTbiBajach COBMECTHO C
pe3yJibTaTaMi HA3eMHON I'PABUMETPUYCCKON CHbEMKH.

OHOBPEMEHHO € W3MEDPEHUsIMH C [OMOIIBI0 OOPTOBBIX 3AMOMUHAIONIMX YCTPOHCTB
OCYTIECTB/ISIIACH JOCTaBKA HA HA3eMHBIE aCTPOHOMO-TE0/Ie3NIECKHEe MMYHKTHI IIPOrPaMM PabOTHI
¢ KT'K (nmporpamMmbr HabJIIOIeHNS ).

KA “Myccon” cocTosti W3 TrepMOKOHTeiiHepa, B KOTOPOM Ha HpPHOOPHBIX pamMax ObLIN
pa3MeIeHbl clennaabHble U 00CTYAKHUBAIOIINE CUCTEeMbl 1 amnmapatypa. C MOMOIIbI0 CHCTEMBI
TEPMOPEryJIMPOBaHUsI B TePMOKOHTEHEpe [0JIep:KUBAIACh 3a/aHHbIE KJIUMATHIECKHE U
TeMIlepaTypHble YCJIOBHS, KOTOPble HEOOXOJMMBI JIJIi HOPMAJbHON PabOThl ANMmapaTyphl.
['epMokonTeiiHep ycTaHaBIMBAJICd BHYTPH KapKaca, Ha HapyKHOil OOKOBOHl IOBEpPXHOCTH
KOTOPOro pas3Memaanch (oronpeodpa3oBaTesii U KpENHJIUCh BOCEMb IaHeIeil COTHEeIHBIX
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Ooarapeii. [loBepxHOCTH Kapkaca HCIIOJIB30BaJiach B KadecTBe pajauaTopa  CUCTEMBI
TepMoperyupoBanus. B BepxHeii yacTu repMokoHTeiiHepa Kpemmaach depma, Ha KOTOPOii
YCTaHABJIMBAJIUCh MEXaHU3Mbl I'PABUTALMOHHOIO YCTPOWCTBA, MArHUTHBIA YCHOKOWUTEJ/b U
JIpyTHe 3JeMeHTHI CHCcTeMbl opueHTamuu. K pakere-nocurenio KA CTBHIKOBAICA € IOMOIIBIO
IIePEeXOJHUKA CHUCTEeMbl OTJeJIeHHd, KOTOpasd OCTaBaJlaCh Ha pakere, U aMOPTU3ALUOHHONI
depMbl, IpeIoXpaHsIoneil CIlyTHUK OT BO3/eiicTBUS BHOpaIUN.

Opuenranus, crabman3anus KA mocie 3amycka u moagepzKaHne HeIPpepPhIBHOI OpHeHTAINN
HPOJOJBHON OCH CIIlyTHHKA Ha HEHTP 3eM/d 0beclednBajach KOMOMHMPOBAHHON CHCTEMOI
OPHUEHTAINHU, CTAOUIN3AIUN U KOHTPOJIS HOJOXKEHHsI. JTa CHCTEeMa BKJOYaJa B ceds MarHuTO-
IPaBUTAIMOHHYIO CHCTEMY OPUEHTAIINN, OCYIIECTBISIONIeil CTabn/JIM3aInio yIJI0BOTO IBUKEHUST
BOKPYT IIPOIOJIBHOI OCH, MaxXOBHUK, cTabmrum3upyomuii KA oTHOCHTE/BHO OCH Kypca, CHCTEMY
OpHMEHTAINN aHTEeHHOil m1aTdOpMbI Ha MEeHTp 3eMJIM U CHCTeMY KOHTPOJIs IMooxkeHns KA.

OcHnoBubie xapakTepuctuku KA “Myccon”

Macca KA, kr
B CTAPTOBOM I10JIOYKEHUH ne 6osiee 1610
B pabo4eM COCTOSHUH ue 6osee 1530
Pasmepsr KA B crapToOBOM COCTOSHHUY,M
JTAHA 5.84
JIUaMeTp 2.36
Pasmepsr KA B pabouem cocTostHum,M

JJINHA, 17.77

JIMAMeTp 110 LaHe/sIM COJIHEYHbIX Oarapeit 7.50

[Tonoxkenne KA na opbure OPHEHTUPOBAH IPOIOJBHONR OCHIO
HA MEeHTP 3eMJIn,CTabMIn3uPOBAH
1o OuHopMmaJim K opoure

Cucrema opueHTanuu TpexocHas, KOMOMHUPOBAHHAS,
MarHuTO-I'PaBUTAIMOHHAS c
aBTOHOMHOM opueHTanuei
AHTEHHDI PaJMOBBICOTOMEPA
U CTADUIU3UPYIONMHUM MaXOBUKOM

Wcnonnurenbable OpraHbl CHCTEMbl OPHEHTAIINN CHUJIOBOIl  TMPOCKOII, BBIIBUKHAS
ITaHTa C TPY30M
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Pexxkumbl paboThl cCTeMBbl OpHEHTAINN a) MepBOHAYATIBHOE YCIOKOCHUE
I [OCTPOEeHHE  OPOUTATLHOM
CHCTEMBbI, KOO/ INHAT pekuM
OPWEHTAINU  BJOJb  CHUJOBBIX
JIAHAT MAarHHTHOTO 10JTs
Bemnm  6)  OpHeHTAIUS W
CTaOMTU3AIIN I B TeueHue
BCEro BpEMEHU AKTHUBHOTO
nojera KA, rpaButanunonno-
TUPOCKOMNIECKUI PeKIM

Cucrema 31eKTPONUTAHUST COJTHEYHBIE 171 Oydepubie
XuMu4ueckue barapen

Cucrema TepMOpPeryJIMpOBAHUST AKTUBHAS,IBY XKOHTY PHASI,
ra30KNIKOCTHAS.

Opbura HPUTIOJISIPHAS ,0KOJIOKPYTOBast

HAKJIOHEHHE ILJIOCKOCTH OPOUTHI,IPA/LyChl 73.6 m 82.6

nepuoji, obpanieHus ,MiuH 116

BBICOTA, KM 1500

Pakera-nHocuresnn 11K68 (“Hunkron-3)

CraproBas macca PH ¢ KA “Myccon”, Tonn 183.5

1.2 3BapyOexxHble CITyTHUKN
MeTteocat

Cepug MeTeOpOJOTHYEeCKUX CIYTHUKOB, CO3/MaHHAsd EBpomeiickuM KOCMIYECKHM areHTCTBOM
(ESA) 19 ucmonb30BaHUS B MEXKJYHADOJAHOI MporpaMme H3yYeHHs] TI0OATBHBIX
armocdepHbIx nporeccoB. OCymecTBIgeT CbeMKY 3¢MHOI MOBEPXHOCTU B OJIMZKHEM U JIAJIbHEM
NK-nanazonax. [lepsoiit ciiyrnuk u3 cepun “Meteosat” Obui 3amymen B 1977 rojy u Boiiesi B
UCTOPHIO, Kak “mepBasi Mmuccusi 3emuoro Habmogernuns EKA”. Tlocste Hero Obin 3amynieHsr eie
IITh KOCMAYECKUX allllapaToB, MOCJIeTHII U3 KOTOPBIX cTapToBast B 1997 romy. Haxongcer Ha
TeoCTAIIMOHAPHOI opbuTe HA BBICOTE 36 THICAY KUJIOMETPOB OT TOBEPXHOCTH 3eMJIH, CITyTHUKH
Meteosat obecmeunBaOT HEPEPLIBHBIM MOTOK JaHHBIX, KACAIOIMICI TTOMOJIHBIX YCJIOBHI IO
Bceit EBponie u Adpuke. B 2010 Meteosat-6,-7,-8 u-9 sapisiorcs skcmryaranuonabivu. Muccus
Meteosat 8, 9 zaBepmurcs B 2021 romy. Meteosat 8 [lara 3amycka: 28 asrycra 2002 .Tun
opbuThl:I'eocTanmoHaAPHBI.

Meteosat 9 /lara 3amycka: 21 gekadbps 2005 .Tum opbutsl: ['eocTarmonapHblii.
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Puc. VI-13-5. EBponeiickue reocranuoHapubie METEOPOJIOTHYECKHE CIIyTHUKU CEPUU

METEOSAT

POES

Cuyrauku cepun NOAA (National Oceanic and Atmospheric Administration, USA) seraror ¢
Hadasa 70-x 1o70B Ha BbicOTe Mpubau3uTeabHo 800 KM (CUnUTAeTCs, YTO TMEPBBIM CIIYTHUKOM
s1oii cepun Obu1 cnyrauk TIROS-M, sanymennstii 23 auasapst 1970 r.). Ha cnyraukax cepuu
NOAA ycranosiensl jgBa kommaekca mputopos: AVHRR (Advanced Very High Resolution
Radiometer) u KOMIUIEKT ammapaTypbl JJisi BePTHKAJIBHOTO 30HIUPOBAHUSA ATMOCHEDHI.
OcHoBHOIT 00beM uHGOPMAIME COCTABJIAIOT JaHHbie ckanupyiomero pajgumomerpa AVHRR.
Boux TOVS (Tiros Operational Vertical Sounder) ciay»kut st BepPTHKAJIBLHOTO 30HINPOBAHNUST
arMocdepbl. 30HT ABJIeTCS TPEXKOMIIOHEHTHO# CHCTeMOil, BKJIIOYAIOIIIEe:
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1). 4-x kanasnpubiii Birok Mukpososnosoro 3onauposanus (MSU): nabiogenne 0o61aaHbIX
PEruoHOB.
2). 3-x kanasubublii Baok Crparocdepuoro 3ouauposanus (SSU): onpejesnenne TeMieparypbl
crparocdepbl.
3). 20-u xanansuerii IK Somnx Beicokoro Paspemrennst (HIRS/2): onpeaenenne Beprukaabaoro
npoduIsg TeMIepaTyphl, COAEPKAHUS BOJIHBIX apOB H 030HA.

Jlanabie 1mOASIpHO-OPOUTAIBHBIX CIyTHUKOB NOAA HCHob3yorcsd st J0JIOCPOYIHBIX
IPOTHO30B TOT'0/bl, MOHUTOPHHIA aTMOCGEPHI U MOTOAHBIX ABJICHU, a TaKzKe JJIsi 00ecIedeHnst
Ge3onacHOCTH 1MOJeTOB (B T. 9. Jjisi ODHAPY’KeHUs OOJAKOB BYJIKAHWYECKOIO [MeIuia) |
6e30MaCHOCTH BOJHOTO TPAHCIOPTa (MOHUTOPHHI M HPOIHO3MPOBAHUE JIEJ0BOH OOCTAHOBKH).
Jlanuble, MOJyYeHHBIE CIYTHHUKOM, HAKAILTUBAIOTCA B OOpTOBOM 3V, a 3aTeM IepeIaloTcd B
IEeHTPHI npueMa JaHHbIX. B Hactosgmuit MmomenT B B PIITO/L Bemercsa mpuem JaHHBIX ¢ TSTH

NC3 cepun NOAA. D10 NOAA-15, NOAA-16, NOAA-17, NOAA-18 u NOAA-19.

Puc. VI-13-6. Mereoposiornueckue crnyrauku cepun NOAA (CIIIA)

Ob6sacTtu npumeHeHus nHboOpMaIUnI:

DKOJIOTHS:
a)oOHapyzKeHWe KPYIHBIX TMPOMBIIIEHHBIX BBIOPOCOB W MOHHTOPHHI WX JaJIbHEHIero
pacIpoCTpaHeH NS,
6)obHapyZKeHe KPYIHBIX COPOCOB 3arpPs3HSIIONINX BEIIECTB B BOJIOEMBI;
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B)oOHApPYZKEHHEe U OIEHKa MAcIITaboB KATACTPOMDUIECKUX HABOTHEHMUI;
') MOHUTODPUHT GOJIBIIAX PETHOHOB C MEJbIO BBISIBICHUs OMACHBIX HCTOTHUKOB 3aParKeHNS;
J[)MOHUTOPUHTI IbLJILHBIX OYPb.

MeTteopoJiornsi:
a)BOCCTAHOBJIEHHE BePTUKAJILHOTO HPOMUIs TeMIepaTypbl U BIAZKHOCTH aTMOCHEPHOro
BO3IyXa;
6)oleparuBHbIi IPOIHO3 YYACTKOB CUJIBHOIO IIUKJIOTEHEe3a;
B)BU3yaJbHOE OTOOPAKEHNE COCTOSHUS MOTO/Ibl U COCTABIEHHE CHHONTHYECKHX KapT;
F)OHGHK& COCTOAHHUA U KOHTPOJIb JUHAMUKHN CHEZKHOT'O ITOKPOBa.

CeJibcKoe U JIeCHOe X034iCTBO:
KOHTPOJIb 3a BOSHUKHOBEHHEM U PACIPOCTPAHEHHEM JIECHBIX U CTEIHBIX HOXKAPOB.

OxkeaHOJIOTHUST W THIPOJIOTHS:

a) OIeHKa JIeJI0OBOH 0OCTAHOBKH;

6)ornepaTHBHOE OTCJIEXKUBAHUE 30H 3aTOIICHUIl B EPHOJ] BECEHHETO MOJIOBOIbsI U TABOJIKA.
Xapakrepuctuku NOAA-15

Pasmepsl 0CHOBHOTO TeJia,M 4.2 | 1.88 (nnamerp)

Pasmepsl costneunbix barapeit,m 2.73 ,6.14

Macca, BeIBOgUMAasT Ha OPOUTY,KT 2231.7 (756.7 w3 HAOX
TOIJIUBO)

Pakera-nocurennb Lockheed Martin Titan II

JlaTa 3amycka May 13, 1998 Vandenburg
Air Force Base, CA

undopmalusa 06 opobure COJTHEYHO-CHHXPOHHAS

paccTosiHue OT TOBEPXHOCTH 3eMJIH, KM | 833

[IePUOJI,MUH 101.2

HaKJIOHEHWE, DAl 98.7

GOES

TeocranuoHapHble COYTHUKH Habojgenus 3a okpyxawomieit cpemoit (GOES) Bpamatorcs
BOKPYI' 3eMJ/IM 0[O0 TeOCHHXPOHHOI OpOuTe CO CKOPOCTHIO, COOTBETCTBYIOIIEH CKOPOCTH
BpalieHnss 3eM/id. JTO TMO3BOJISIET UM HENPEePbIBHO HAO/II0IATH 3a OHOI W TOi Ke Mo3uImei
Ha moBepxHocTH 3emun. Haxomsich wa Boicore 35800 kmmomerpos (22,300 muin) Hajx 3emeii
cuytaukn GOES-8 u GOES-9 obecneunBator wuHMOpMaIueii 0 COCTOSHUHM IOBEPXHOCTH
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Semin U oKpyzKarmorieit cpeabl depe3 Kaxkple nmosmdaca. Crayraukun GOES BbIBOggTCS Ha
reOCTAIMOHAPHY0 OPOUTY ¢ KOCMOIpPOMa Ha Mbice Kamnasepad.

B maHHBIE MOMEHT 9KCILUIYATUPYIOTCS JaHHbIE CILyTHUKH CEPUM:

GOES-11 (L) Bamyck: 07:07 03.05.2000

GOES-12 (M) Bamyck: 07:23 23.07.2001

GOES-13 (N) Bamyck: 22:11 24.05.2006

GOES-14 (O) Bamyck: 22:51 27.06.2009

GOES-15 (P) Bamyck: 23:57 04.03.2010 (rectupyercs)

Cuyrauku cepun GOES zamyckarorcs NASA ¢ 1975 roga. B macrosimiee Bpems CIITA
HO/IeP:KUBAET KU3HeesaTebHOCTh cuyTHuKOB GOES-10 u GOES-12. (GOES-9, paGoraer
JINIIb YACTHIHO U HCIOJb3yeTcss MereopoorndeckuM AreHCTBOM ZIIOHNM B Kav4eCTBE 3aMEHbBI
WX CIIyTHHUKA, KOTOPBI mpekparmi csoe cymecrBoBanne). GOES-11 coxpansiercss Ha opoute
B KadectBe 3amenbl s GOES-12 wim GOES-10 B ciyuae cbos B mx pabore. 24 Mas 2006
Ha opbury samymen cunyrauk GOES-13, Koropsliit B HacTosiIee BpeMsi HaXOJAUTCS B CTaIHH
MPOBEPOK U Oy/1eT 3aKOHCEPBUPOBAH. .

GOES-10 » GOES-12

Puc. VI-13-7. Mereoposiornueckue reocranuonapusie cunyraunku cepuu GOES (CIITA)

Ka)K,HbIﬁ U3 39TUX CIYTHUKOB BHJIUT HTOYTHU TPETH IIOBEPXHOCTH BGMIII/II OJIWH U3 HHUX
nabmogaer 3a Cemepuoit m FOxuoit Amepukoit m moutn Bcem ATIAHTHYECKUM OKEaHOM, a
JIpyroii 3a ocrasireiica dactbio CeBepHoit AMepukn n THXHM OKeaHOM.
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OcnoBubIME nHCTpYMeHTaMu Haboenns Ha GOES apisaiorcs npubopsl Imager u Sounder.
Imager npeacrasiger coboii MHOTOKaHAJIbHBIM HHCTPYMEHT, PETUCTPHUPYIONINNA OTParKeHHYIO
arMochepoil M MOBEPXHOCTHIO 3eMJIM COJHEYHYIO pajuanuio. Sounder cobupaer JaHHBbIE
JUIsl OIIpeJIe/IeHIsI BePTHKAJIBHBIX PO el TeMieparypbl U BOJSHOIO Tapa (BJIAKHOCTH) B
armocdepe, a TakzKe TeMIepaTypbl HA yPOBHE 00JIAKOB M PACIIPE/IETIeHUs] 030HA.

Cuyrauk GOES-N (ycosepuiencrsoBanubiit GOES) pazmepamvu 4,2x4,2x6,2 M 1 CTapTOBbIM
BecoM 3300 Kr mpeaHa3HadeH s pabOTHl Ha reocTalMoOHAPHON opbure BBICOTOI 35600
kM. Ha cuyrHuke, BbimosiHeHHOM Ha 6ase miardopmbl BSS-601, ycranoB/ieHa ojHa aHe b
COJIHeYHBIX Oarapeil Ha OCHOBE apCeHH/a Tajulusl, PACCIYUTaHHAs Ha BHIPAOOTKY 2,3 KBT (2
KBT K KOHILy pacueTHOro cpoka 3KcIuiyaranun). BeiBeqen na opouty pakeronocurenaem Delta
IV mpomssoacTsa Boeing.

3anyck mocaeaHero Ha jgaHublil MoMeHT cnyTHuKa cepun GOES cocrosgnca 4 mapra 2010
roga B 18:57 ¢ miaomaaku SLC-37B cranmuun BBC CIIHA “Mbic KanapepaJsi«
ITapameTpsl OpOUTHI CIyTHUKA I[OCJ€ OTAEeJeHusi coctaBuiau (B CKOOKax -
pacydeTHble):

Haxkronenue rpas 12.01(12)
Bricora B mepuree,km 6638(6623)
Bricora B amoree,km 35215(35177)
[Tepuoj,Mmun 747.8

1.3 CoJsiHeuHBIE KOCMUYECKEe 00CepBaTOPUN

SOHO

Crnyranx SOHO ° - cnenua nsupoBanHbIil CIyTHAK /15 MoTydenns n3obpazkennit Conma.
O011ne XapakTepuUCTUKU CIIy THHKA:

Pasmepsl ciryrHEKA,M 4.3 x 2.7x 3.7
[[Mupuna BMecTe ¢  COTHEYHBIMH | 9.5
barapesmu,Mm
Ob1ag Macca BO BpeMs 3aIlyCKa,KT 1850
CKopocTb Iepe/iadn JJaHHbIX 110 KaHaay | 200
TeJIeMeTPUN, KOUT /CeK
CkopocTb  mepejgadnm  JaHHBIX — u3 | 40
BOPTOBOIT TaMATH,KOUT/ceK

Shttp://infox.ru/science/universe/2008/11/12/sunspots_ print.phtml
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Croyrauk SOHO 6bun 3amymen 2 jgekabpsa 1995 roga (08:08 UT) ¢ momomnipio pakeThi-
nocurens Atlas II-AS (AC-121) ¢ koemoapoma Ha Mbice KaHaBepas HA CHENUATBHYIO OpOUTY
BOm3u Touku JmOpanuun wmexkay 3emseir u Cosanem SOHO  auzkercs Boxkpyr CosHina
BMecTe ¢ 3emuieii, MeIJIeHHO Bpamasch BOKpPYr neppoii Toukn Jlarpamxa (L1), B xoropoii
coBMecTHast cuyia Tarorenuss 3emuan u COJHIA yAEPKUBAIOT CIYTHHK Ha PaJIAyce 3eMJs-
Comnuna. IlepBas Touka Jlarpamzka HaxoauTCsd MPUOIU3HTENIHLHO 1.5 MUILIHOHA KHJIOMETPOB
or 3emsn (0kosio 4 pajumycos opours JIyusl) B Hampasienun K Cosuiy. B sroii Touke SO-
HO npousBoaur HenpepbiBHbIE HaOJITOJIEHHUS 3a Halllei JHeBHON 3Be310il. Bee mpempiayimue
COJTHEYHBIE 00CePBATOPUN HAXOAUINCH HA OPOUTAX BOKPYT 3€MJIM, HA KOTOPBIX UX HAOJIIOIEHUSI
MEPUOANIECKN TIPEPHIBAINCH, KOIAa OHW BXOIWIN B TE€HH 3eMJIN.

Puc. VI-13-8. Cosneunas obcepsaropust SOHO (NASA, ESA)

Nucrpymentsr SOHO
CDS (Coronal Diagnostic Spectrometer) KopoHaJbHBIH JHarHOCTHYECHIT CIEKTPOMETD
CELIAS (Charge, Element, and Isotope Analysis System) Cucrema amannsa 3apsiioBOrO H
M30TOITHOTO COCTABA TACTHUI
COSTEP (Comprehensive Suprathermal and Energetic Particle Analyzer) Ananunsarop gacruir
BBICOKO# sHepruu
EIT (Extreme ultraviolet Imaging Telescope) Yabrpaduoseropsiii Teseckon
ERNE (Energetic and Relativistic Nuclei and Electron experiment) ITpuGop s nposemenust
9KCIEPUMEHTOB TI0 BBICOKOIHEPTeTHIHBIM, DEIATHBUCTCKUM siTpaM U SJIEKTPOHAM
GOLF (Global Oscillations at Low Frequencies) ITpuGop wuccienoBanust rio6ajabHbIX

- 197 -



KocMmuueckue s1aboparopun

HU3KOYACTOTHBIX ocruasgnuii CosHma

LASCO (Large Angle and Spectrometric Coronagraph) IIlupokoyronabubiii u
CIIEKTOMETpUIECKuii Koponorpad

MDI/SOI(Michelson Doppler Imager/Solar Oscillations Investigation) MaiikeabconoBckast
JONTLIEPOBCKAs KaMepa JJId MCCAeTOBAHNS OCIA/LIATI

SUMER (Solar Ultraviolet Measurements of Emitted Radiation) IIpuGop mns usmepenus
yABTPadHOIETOBOrO U3JyUeHHs UCIYIEHHON pauanin

SWAN (Solar Wind Anisotropies) IIpubop st u3MepeHusi aHU30TPOLMU COJHEYHOIO
Berpa UVCS (Ultraviolet Coronagraph Spectrometer) YiabsrpaduoseroBsiii KOpOHAIbHbII
CIIEKTPOMETP

VIRGO (Variability of Solar Irradiance and Gravity Oscillations) Ilpu6op mis usmepenus
COJIHEYHBIX BO3MYIIEHUIT 1 TPABUTAIOHHBIX OCIIUJLISII

ACE

25 aBrycra 1997 r. B 14:39:53 GMT (10:39:53 EDT) co craproBoro kommiekca LC-17A Crannuu
BBC “Mpic Kanasepas” 6b11 Boinosnen myck PH “Delta 27 (Bapuant 7920-8) ¢ aMepukaHCKuM
nceaenosarenbcknm KA ACE.

Cormtacuo coobmniennio Ceknuu OnepaTuBHOTO yipasjeHus lleHTpa KOCMHYECKUX MOJIeTOB
nvenn [ommapaa NASA, KA ACE npucBoeHO MexKIyHApPOIHOE PErHCTPAIMOHHOE 0003HAYEHIE
1997-045A. On Takzxke moayuna Homep 24912 B karasore Kocvmaeckoro komangosanust CIITA.

Paszpaborka annapara ¢gpunancupobaiacb NASA B pamkax nporpammbl “Explorer”, npudaem
B KaJecTBe 3aKa34WKa BBICTYNHIa lIporpamma coOMHEYHO-3eMHBIX CBsi3eil — mojpa3jesenne
Yupapaenuss kocmuuaeckoit Hayku NASA. Croumocts KA — 111 muma |, ~205. D10 moceannii
KA cemeiicTBa “Explorer”, paspaborannbiii mos 3amyck cpeannM Hocuresnem “Delta”.
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Puc. VI-13-9. Conneunas obcepsaropust ACE (NASA, ESA)

CHYTHI/IK IIpeJHa3Ha4YeH [AJid perucTpanuu U uCCJaeJ0BaHuA COJTHEIYHBIX KOCMUYIECCKHUX ﬂyqef/i
HU3KUX SHepruil u rajaktudeckux KJI BbICOKuX sHEpruil, uMenmux ckopoctu 10 1500 kM /c.
Amnmaparypa ACE mo3BoJiuT TOYHO ONpeIeIuTh W30TOMHBINA 1 3JIeMeHTHBII COCTaB HECKOJIbKIX
THUIIOB KOCMAYECKOIl MAaTEpUN — BEIIECTBA COTHEYHONH KOPOHBI, MEXKILTAHETHON Ia30BOM CpeJIbl,
enie 0oJiee pa3peKeHHOI0 MECTHOI'O ME2K3BE3/IHOI'0 BEIIECTBA U MATEPUK U3 OT/JIAJI€HHbIX YacTeil
lamakTuku. 3agaqa onpejgennia u anrmiickoe Haspanne annapara ACE (Advanced Composi-
tion Explorer, YcoBepiiieHCTBOBAHHBI HCCIEI0BATENH COCTABA).

OcHoBHbIE cucTeMbl 1 NPUOOPHI, ycTranoBjaeHHbIe HA ACE

* Communication Subsystem: Primary Mission, S-band, DSN; (Ilogcucrema cBsisu u
KOMMYHUKAIUIT IEPBUYHON TeJeMeTpn)

* Communication Subsystem: NOAA - S-band @ NOAA Receiving Stations, TBD
(ITomcucrema cBsasu u koMmmyHuKamuii NOAA)

* Total Onboard Data Storage in Two Solid State Recorders — 2 Gigabits (2 ['urabaiirmbrit
HAKOIHUTEIb WHMOPMAIHH, COCTOSIIUI U3 JIBYX KPHCTAJLIORB)

* Primary Mission Downlink Rates: 78 & 6.9 kbps and 434 bps (IIpuemo-Ilepenarunk
MEePBUIHOI TeIeMeTpHN)

* NOAA Real Time Solar Wind Mission: 434 bps (ITpuGop peaabHOro BpeMeHn W3MepeHwusi
W Tiepeiadn JaHHBIX O COJTHEYHOM BeTpe )
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Kopnyc KA ACE umeer gmamerp 1.6 M m BbicOTy 1 M; Cioja He BKJIIOYEHBI 4 IaHEeIN
COMTHEUHBIX OaTapeil W MITAHIM MAarHUTOMETPA, YCTAHOBIEHHBIE Ha JABYX m3 HuX. Macca KA
— 785 kr, Bruodast 189 kr rommsa. Cojnednbie Darapeun odecreunBaior mMoniHoCTh H00 Br.
Annapar crabuamsupyercss Bpamienuem (5 06/MuH) BOKPYTD OCH, OJIHM3KOH K HAIPaBJIEHUIO

CERb

Connne-3emist. Bosbimast 9acth Hay9IHON ammapaTypbl pa3MelleHa Ha “COJHETHOH’ CTOPOHe
CILYy THUKA.

STEREO

STEREO (anra.Solar TErrestrial RElations Observatory)— muccus HACA no wusydvenuto
COJTHEYHO aKTUBHOCTH. [IBa O/iMHAKOBBIX KOCMHYECKUX allfiapara OblIu 3amyineHbl 26 OKTsOpst
2006 roma.Cucrema ycrpoeHa TakuMm 00pa30M ,9TO OJUH W3 CIIyTHUKOB OOTOHSIET 3eMJII0 a
JIPYTOil OTCTAaeT OT HeE.DTO MO3BOJIsIET MPOBOJNTH CTEPEOCKONMIIecKne nccenoBanus CoHIa
1 U3y4uTh 1M0/ipobHee (peHOMEH KOpOHATBHBIX BRIOpOCOB Macchl . 1o cocrognuio Ha 22 guBaps
2010 roga cnyruukavu STEREO 6b110 0TKpBITO 24 KOMETHI.

Puc. VI-13-10. Annaparer STEREO

CroyTHUKN OCHAIEeHbl NpubOpaMu, pa3pabOTAHHBIME  COTPYJHUKAMH yYHUBEPCUTETA
Munnecorst (University of Minnesota) coBmectro ¢ KoJuteKTuBoM [lapuzKckoii obcepBaropuu
(Paris Observatory).

Xapakrepuctuku KA
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Paszmep,m 1,14x1,22(6,47 npu
Pa3BePHYTHIX  COTHETHBIX
6arapesix)x2,03

Macca,kr 620
[Torpebigemast MOImHOCTH, BT 475
Ucxopsiiuii kKaHa1,KOUT/cex 720

Puc. VI-13-11. HoBas coaneunast oocepBaropust SDO

SDO

O6cepBaropust conednoi aunamuku, (anra.Solar Dynamics Observatory, SDO)— kocvudeckast
obcepBaropust HACA nist wsyuenns CosiHia, paccauTanias Ha b jgeT paboThl. Bela 3amymena
11 despans 2010 roga B pamkax mnporpammbl «2Kusab co 3Be3mnoii» (Living With a Star,
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LWS). Ieap mporpammbl LWS sBiisiercst pa3BuTHe HAYYHBIX 3HAHUIL, HEOOXOAUMBIX JIJIs
s dexTuBHOrO perrenus acneKToB CoHEUYHO-3eMHBIX CBg3€il, KOTOpbIE HENOCPeICTBEHHO
BJIMAIOT HA Ku3Hb u 00mecTBo. Henpio SDO sasisercsa nonnmanue Biausiaus CoJiHna Ha 3eMJII0
U OKOJIO3EeMHO€ IIPOCTPAHCTBO IyTeM U3y4eHUs COJIHEYHON aTmMocdepbl HA MaJibiX Maciirabax
BPEMEHU U TTPOCTPAHCTBA U BO MHOTHX JIJ/IMHAX BOJIH €JIMHOBPEMEHHO.

KiroueBbie xapakTepUCTUKN

Tumn opburs ['eocuuaxponnas opouTa

Bricora opbutsr,Km 36000

[Iepuo obpartneHus,gac 24

JlaTa 3armycka 11 despansa 2010 15:23:00
UTC

Kocmoapom “Kanasepan”

Pakera-nocuresn Arnac-5

Bpems muccun,jier d

CraproBasi macca,Kr 3100

[Tonesnas Harpyska,Kr 270

Tomtupo,Kr 1400

Hinode

Xunomy (st Xunoms, Boexox conmrna, o 3amycka - Solar-B)— gnoHcKuil HaydHBI CIyTHAK
Jutst ucestepoBannii B obsacru dusukn Cosnna. Cuyrauk 3amymien 23 cenrsiopst B 06:36:30 (22
cenrsiopst B 21:36:30 UTC) 2006roma ¢ KocMogpomMa Y THHOYPaA ¢ TIOMOIIBIO PAKeThI-HOCHTeIsT
M-V. OcHoBHast 3a1ada CIOYTHAKA COCTONT B OCYIIECTBJIEHUH BBICOKOTOYHBIX W3MEpPEHMI
MaJIbIX H3MEHEHHil HAIpPSKeHHOCTH COJTHEYHOTO MArHUTHOIO IOJis, KpOM€ TOrO B YHCJIO
HCCJIEeTOBAHUN BKJIKYEHO:

U3ydeHue JUHAMUKH COJTHEYHBIX MAUHUTHBIX IIOJIEH;

uccjegoBanue Bapuarnuii ceerumoctu CoJTHIIA;

n3ydeHne SHEPreTHKH COJTHETHOTO BETPA;

HCCJIeIOBAHUS IIPOIECCOB, MOPOK/IAIONIUX YIBTPAMDUOIETOBOE H PEHTI€HOBCKOE U3y deHue.
Hinode na 60pTy mMeeT Bcero Tpu OCHOBHBIX HAYUYHBIX HHCTPYMEHTA.

SOT (Solar Optical Telescope) CoaHeUHBINH ONTUYECKUIT TETECKON, NPEIHASHAYEH /I
U3MEPEeHUsT HAIPSIZKEHHOCTH MAarHUTHOTO 110J1s1 B (poTocdepe.

XRT (X-ray Telescope) PenrtreHoBckuii Teseckorn, NpejHa3HAYEH IS W3yYeHUsT COJTHEYHOI
KOPOHBI.

EIS (Extreme-Ultraviolet Imaging Spectrometer) YabrpaduoieToBblii  CIEKTPOMETP,
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InIpegHa3Haden JJid HU3MEPpEeHHAd CKOPOCTH YaCTul, HCIIYyCKa€MbIX COJIHLLGM, a TakKzKe OJI4d
usMepeHnud TeMiepaTypbl 1 IIJIOTHOCTH COJTHEYHOM IJ1a3MBbI.

Puc. VI-13-12. Kocmuueckasi obcepBaropusi Hinode

KiroueBbie xapakTepUCTUKN

Tun opbutwr CoJtHeIHO-CUHXPOHHAS
Bruicora opouTs,Km 682x689
[Tepuos, obpartenusi, Mux 98,5
Macca,kr 900
Ulysses
“¥iauee” —  kocmmueckuit  ammapar  coBmectnoro npomsBogactBa EKA  uw HACA,

npeHa3HAYeHHbIN /st u3ydenus: COJIHIA U, B KA4eCTBe JIONOJHUTETHHOM Muccun, FOmurepa.
Amnmnapar 6b1 3amynien B okTsiope 1990 roga (3amyck Obl1 3amianupoBaH Ha 1986 rom, HO
OTJIOKeH H3-3a KaTacTpodbl «Yestenmkepas). B obmmeii cioxuocTH ammapar mpopaboras
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6oJtee 17 jieT, 9TO B UeThIpe pa3a MPEeBBIIIaeT pacueTHBI CPOK IKCILIyaTanuu. Muccus anmnapara
ocdunuanbHo 3aBepinena ¢ 1 miog 2008 roga, Mo NpuInHEe HEJOCTATOYHON BHIPAOOTKH SHEPTHH,
HEOOXOAUMOIT U1 TOIePKAHIS OPHEHTAIIMHI allllapaTa Ha 3eMJII0. « YJIHCCY SBJIACTCH IePBbIM
annaparom, nzydatornum CoJlHIe He TOJIBKO M3 IUIOCKOCTH SKJIUITHKA (IKBATOPHAIBHON), HO
M CO CTOPOHBI MOJIFOCOB. DTO MO3BOJIET MOCTPOUTH OOJIee TOTHYIO MOJE/h OKOJTOCOTHETHOTO
MIPOCTPAHCTBA.

+ ESASIPL/NASA

Puc. VI-13-13. Kocmuueckast obcepBaropust Yamnce

KuaioueBbie xapakKTepucTukn

Pazmep,m 3.2x3.3x2.1

MOTITHOCTD TEPMOJIEKTPUUIecKoit | 10 285

ycTaHoBKH,BT

CKOPOCTD pabotsl | 10 1024

nepeaTInKa,ouT /cex

Macca,kr 370 (55m3 HEX HaydHAsS
anmaparypa)
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Metoapl 06pabOTKH JTaHHBIX

1 Jlekmma 14. Metoabl o00paboTkum KocMoOpu3mIecKnx
JaHHBIX

OjiHUM ©3 OCHOBHBIX 3JIEMEHTOB HCC/IEJ0BAHUsI KOCMUYECKOIO MPOCTPAHCTBA SIBJISETCS
00paboTKa JIAHHBIX, MOCTYHAMNUX ¢ 0DOPTA KOCMHYECKHUX allllapaToB. JTH JaHHbIE B (opme
U3MepeHuil, MPOBOAWMBIX OTIeIbHBIME mpubopamu Ha Oopry KA, a takxke B ¢opme
TeJIEeMEeTPUIECKHAX JTaHHBIX O COCTOSHHH CAMOIO CIYTHHKA U CPeIabl BOKPYT HErO, COCTABJISIOT
MePBUYHYI0 HHAMOPMAINIO, U3 KOTOPOH HEeOOXOIMMO BBIIEINTH HaydHyo mHMopmanno. Kak
PABUJIO, HAY YHbIe u3MepeHus Ha oopry KA mpeacTaB/isioTcs: B BUjie YMCJIOBBIX KOJIOB, KOTOPbIE
JUUTST Ka K00 TPpUOOPa MMEIOT CBO CMBIC/I U 3HAYEeHHEe. JTU KO/l HEOOXOIUMO peobpa30BaTh
B peasbHbIe jTaHHBIE. Kpome 3TOro, ganubie TPeOyeTcsl MPUBS3aTh K KOHKPETHOMY MOMEHTY
BpEMEHH H IIOJIO}KEHHIO CIyTHHKAa B IpocTpaHcTBe. llocie Toro Kak 9HCJIOBBIE KOJIBI
peoOpa30BaHbl B HAy4HbIE MaHHBIe, HX HEOOXOJMMO HHTEPIPETHPOBATH C TOYKH 3PEHHS
MOJie/Iel, KOTOPbIe W OTPAzKAIOT HAYyYHYIO CO/EPKATEJIHbHOCTH IOJIYyYEeHHBbIX JaHHbIX. [lis
aHaJIM3a HAYIHBIX JAHHBIX B HACTOsIIIEe BpeMs pa3paboTan 00/IbIIOH apceHa MaTeMaTHIeCKIX
AJITCOPUTMOB W TIPOTPAMM, C MOMOIIBI0 KOTOPBIX MPOW3BOIUTCS COMOCTABJIEHUE IOy IeHHBIX
JTAaHHBIX MaTeMaTHIeCKHM MOJeasaM. Bwmecre ¢ TeMm, IMOTOK JIAHHBIX B HACTOSINEE BpeMs
HACTOJBKO BO3pPOC, 4YTO JJid €ro oOpabOTKH IPHUXOJUTCS IOCTOSHHO H300peTaTh HOBBIE
METO/IbI, MOBBIMIAIONINE CKOPOCTH aHAJIM3A JAHHBIX M PACHIMPSIONHE 00bEeMbI OJHOBPEMEHHO
obpabarbiBaemoit madopmanun. [locko/ibKy MO/, KOTOPbIE€ COMOCTAB/IAIOTCS HAOJIIOaeMbIM
MPOTECCAM TAK Ke MEHSIOTCS U YCJIOKHSAIOTCS, TO MOCTOSHHO TPeOyeTCsl W CO3TaHne HOBBIX
aJICOPUTMOB H IIPOrpaMM B 3TOil obsacTu. B qaHHOIl JieKnun Oy/IyT ONUCAHBI caMble OCHOBHBI®
MEeTO/bl aHAIN3a SKCIEPUMEHTAIbHBIX JAHHBIX, KOTOPBIE HCIOJb3YIOTCSI B HACTOSINEE BpEMs
npu 0O6pabOTKe CIYTHUKOBOH MHMOpMAINK W HEOOXOAUMBIE /I BBIOJTHEHHS J1aOOPATOPHBIX
paboT 1o JIAHHOMY KYPCY.

1.1 Metoa HanMeHbBIINX KBAJApPaTOB

Haubosiee dacTo wmcmosb3yeMoil SMHOUPHUYECKONl MOJIE/IBIO HpU aHAJIU3€ JAHHBIX SBJIAIOTCS
MO/IeSIA, KOTOPbIe COTOCTABISIOT OJHUM IapaMeTpaM, KOTOpPble Ha3bIBAIOTCS HE3aBUCUMBIMU,
JIpyTHe H3MepeHHbIe IapaMeTpbl, KOTOpble HA3bIBAIOT 3aBUCUMBIMH, B dopme (yHKImIiT
3a/laHHOro Bujia. Ilpu 3T1OM cTaBuTCs 3ajiava BLIYUC/AUTH HEU3BECTHBIE HapaMeTpbl 3a/IaHHOM
PYHKIIMOHAJIBHOW 3aBUCHMOCTU U TPOBEPUTH JIOCTOBEPHOCTH HAJUYUS TAKOW 3aBUCUMOCTH.
3a1auu TaKOTO pojia B HACTOSIIEE BPEMS PETaioTCs ¢ MOMOIIBIO Pa3INYHBIX BAPUAHTOB METOA
HAUMEHBINX KBaJIPATOB.
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[IycTh mMeeTcss MOJIe/Ib UCCIEIYEeMOro MpoIecca oOIero BuIa

y(t) =Y Afu(t) + (), (7.1)

rae Ag - mapamerpsl Mojenu, a fs(t) - ctporo 3amannble GhyHKIUU BpeMenu, §(t) - caydaiiibie
oTkjIoHenus ponecca Y(t) or mogesu. IIpeanosokum, 4To HeOOXOAUMO OTHICKATH MOJIEb BUIA
(7.1), KoTOpast HAMIY9IITHM 00PA30M B KAKOM-JINOO CMbIC/Ie ONMUCHIBaIa Obl HAOOD M3MEPEeHHbBIX
sHavyeHuii nporecca y(t) B omnpejeseHHble MOMEHTbl BpeMenu t;, i = 1,..., N. I3MepeHnble
3HAYEHUsI MPOTecca 0003HAUNM 4epe3 ¥;, a depe3 d; 0603HAUUM 3HAUeHUs OTKJIOHeHuii 0(t;) B
MOMEHTHI BpeMenu t;. [Ipu 3ToM mpeamoiaraeTcs, 9To OTKJIOHEHUS 0; ABASIOTCS He3aBUCHMbBIMI
CAyYailHBIMA BeJIMYUHAMHE C HYJIEBBIM CPEJIHUM M OJMHAKOBBIMHU JUCIEPCUSIME. DTO O3HAYAET,
YTO BBIMOJHAIOTCS CJIEIYIOIIHE YCIOBUSI:

<& >=0; <&0;>=0, i#j; <& >=0" (7.2)

31ech CKOOKM <> O3HAYAIOT CTATHCTHYECKOE OCpeIHeHHe (MaTeMaTHdecKoe OXKHaHue)
COOTBETCTBYIONIUX BEeJUINH.

OOmuit TpUHIUI HAMMEHBIINX KBAJIPATOB COCTOUT B TOM, YTO B KadeCcTBe HAMTYYIIeil
Moziesin BbiOupaercst Mojesib Buga (7.1), mapamerpbl KOTOpPOi Aﬁo) YAOBJIETBOPSIOT yCJIOBHUIO,
410 (PYHKIUS ITUX TapaMeTPOB

N M 2

2 _ 1 — 52
O'(Al,...,AM)—mZ yi_;Asfs<ti> =0

=1

0 ..
AO0CTUT'a€T MUHHUMYMa IIPpU AS == Ag ) STa 3a/la4a CBOAUTCA K PpEHIeHUuIO CUCTEMbl JIMHEUHBIX
ajrebpanvecKnx ypaBHEHU CJIeIYIOIEero oOIIero Buia:

802(/11, ce ,AM)
0A,

Beruncirss IMPOU3BOAHbIE HAXOAUM:

=0, A, =0,..., M. (7.3)

0o N M
55 = 22 (- L AL ) =0, k=10

OTa cucTeMa ypaBHEHHiT MOKeT OBITh 3alicaHa B caemayiorieii hopme

Z [ ' fk(ti)fj(tz’)}Aj B ka(ti)yi, k=1,...,M,

]:]_ =
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I B MAaTpUIHON hbopme

QA =F, (7.4)

e A = (Ay, As, ..., Ayr), matpunia Q u Bekrop F nmeror cieayronnue s1eMeHTH:

N N
Qu = Y @) fi(t:),  Fe=> uiflt).
i=1 i=1

Pemrenne ypasnenus (7.4) MOXKHO 3alUCATDH TakK:
A=Q'F.

B mokoMmoHeHTHO#H 3alMCH 9TO COOTHOIICHUE BBITVIAIUT TaK:

M N
A= R (Yo wih(@)), =11, (7.5)
k=1 i=1

rae R, - Marpuunble sieMents Marpunsl R = Q™! o6parnoit k marpune Q.

BoeraucimM morpentHocTh ONEHKH mapaMeTpoB perpeccuu. st 3TOr0 BBeIEM CJieIyomnine
obo3HaueHna u oupefesnenus. Obosnaunm depe3 A,” ucrunuble KoddhdunumenTsr perpeccun
B MPENOJOKEHHH, YTO pacCcMaTpUBaeMas MOJeTb B JIeHCTBUTEJHHOCTH WMeeT MeCTo.
Kosddunuentsr Ay, moOaydeHHBIe B pe3yabTaTe BBIUYNCICHUNH ¥ yIOBJIETBOPSIIONINAE
coornomrenusiM  (7.5), OymeM Ha3BaTh ONEHKAMU HCTHHHBIX KOI(MQUINEHTOB perpeccuu.
[ToxcraBum BHIparkeHus Jjist y; w3 Mogesn (7.1) B IpeAnoaoKeHnn, 9T0 B Heil CTOAT UCTHHHbBIE

KO3 DUIUEHTHI Perpeccuu A,(CO) B (7.5). B pesyabrare nosyunm:

N M

M
Aj:ZRj’f Z(ZAgO)fs(ti)+5i>fk(ti) ., i=1,..., M,

k=1 i=1  s=1
[Ipeobpa3yst 9TO COOTHOIIEHNE HAXO/IAM:
M M N M
A=) > RuQuAY + > 6> Rufults), j=1,..., M,
k=1 s=1 i=1 k=1
B cuny Toro, uro marpumst R u QQ obpaTtubie Apyr Apyry, T.e.
M M
S5 R = b
k=1 s=1
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e Ope = 1, k=1,..., M u dys = 0, k # s, OKOHIATETLHO HAXOIHM:
N M
Ay =AY 4376 Rufults), j=1,...,M. (7.6)
i=1 k=1

B cuny yemoswmit (7.2) HaX0IuM:
0
< Aj >= A( )
J
[locneauee yciioBue o3Hadaer, 4To oneHKa A; sBisderca HecMemieHHOM. /laee nveem
2 _ 02 . 2
O'Aj =< (AJ _Aj ) >=0 Rjj‘

OTH ypaBHEHUsI MOYKHO UCIOJIH30BATH /151 BRIYUCAEHUIT B OOIIEM CiIydae, 0JIHAKO 00JIee MOIe3H0
paccMOTpeTh KOHKPETHBIE THIIBI MOJIeJiell, KOTOpble BCTPEYAIOTCS B JIAHHOM pa3paboTaHHOM
KocModusuaeckoMm mpakTHKYMe.

1.2 JluneiiHag perpeccus
ITocTpoenne onenkn kK03 PUNMNEHTOB perpeccuu

B OGonpmmucTBe J1abopaTopHBIX PabOT HEOOXOAMMO MCIOJIb30BATh METOJ HAMMEHBIINX
KBaJIPATOB JI/Is ONEHUBAHHUS HAKJIOHOB 3aBHCUMOCTH PA3JHIHOIO POJa IapaMeTPOB OPOUTHI
U JIBUKEHUSI CIIYTHUKOB OT BpeMeHH. DTo mpocrefimmuii Bapuant mozgenu (7.1).

[Ipesiosiokum, 4T0 pU3MIECKUil napamMeTp Y 3aBUCHT OT JIPYTroro (pusnveckoro mapamerpa
t (HampuMep, BpeMeHN W3MepPeHust y) CIIeY oMM 00pa3oM:

y(t) = At + B+ 6(t),

rie A u B - mapamerpsl mogenn. Cremyst o0IeMy perenTy, MOy daeM:
N

do*(A, B)
) =_92 . — At. — B)t, = .
aA ;(yl tl )tl 07 (7 7)
00"AB) 5§~y ati—B)—0 8)
op &l anmEen '
Bsejiem ciieryronime o603HadeHMsA:
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Torna ypasuenns (7.7) u (7.8) MOXKHO 3aIucaTh Tak:
O'%A + TB == CYT,
TA+B=Y.
Pemrast 9Ty cucremy ABYX JHHEHHBIX aireOpan<decKuX ypaBHEHUH HAXOIIM:
Cyr —YT
0% -T2’
B=Y — AT.

A:

Takune 3HaYeHNd MapaMeTPOB MOJEIN TPUHUMAIOTCS KaK HAWIYUIIHe IO MeTOMNY HanMeHbBITTHX
kBaApaToB. C MOMOIIBIO TAKUX BBIYUC/ACHUIT TPOU3BOIUTCS OINEHUBAHUE CKOPOCTH M3MEHEHUS
JIOJITOTHI BOCXOJISIIEIO y3Jia, apryMeHTa Iepuress U CKOPOCTU yObIBaHUs TOJIHOW SHEPIUU B
3aJa9aX MTPAKTUKYMa.

Beruucienue morpermHocTu ompeaeeHnsa Ko3(dUIIMeHTOB JIUHEINHON perpeccun

JIyist BRIYMCIIEHUST TIOMPENTHOCTH oTpeiesienust Koaddunuentos A u B npejcraBuM MoJ1y YeHHOe
JIUTsl HUX peleHrie B TAKOM BHUJIE:

1 1
A= =Syt
a%—TQN;y

T
B=—_ § y; — AT.
N 4
=1
O6o3nauuM 4yepe3 Ay u By ucruHabie 30a4eHus K03MO@UIUEHTOB MOJIE/IN, KOTOPble B OTINYNe
or A u B 6ynem mazpiBaTh onenkamu Ay u By. Ceasp mexnay Ag, By u A, B monydaercs,

ecIM B BbIpazkKeHus Ay A, B IOACTABATH BMECTO ¥; 3HAYCHHS U3 MOJECTH C YIeTOM CTyTaii HbIX
orkjonennii §; = §(t;). B pesysibrare momyunm

1 N
B:Bo—i—ﬁiz;éi

Kak yxke oTMedanoch, mpeanoaaraeTcs, 9To
1 < 1
F= L8500 L S
V20 P
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U KOPPEJISAIUT MeXKIy 0; U 0; IIPH © 7 j PaBHBI HYJIIO, T.€.
< 515] >= 0.

B sToMm cityyae MOXKHO BBIYHC/INTD CpejiHee 3HaYeHue U JIUCIIEPCHIO OIEHOK A n B. Boruncienng
JAIOT CJIEAYIONNNA pe3yabTaT

<A>=A), <B>=B,, (7.9)
2 2

Bejiudunbl 04 u 0 ¥ €cTh HOI'PEHIHOCTH BblYKUC/AeHUS KOIDMUIMEHTOB JIMHEHHON perpeccuu.

1.3 KsaagparuuHas perpeccusd

AnajorngaeiM  00pa30M  MOYKHO IOCTPOUTH OIEHKY IapaMeTpOB MOJETH KBaIPATHIHOM
perpeccun. Momenb KBaJpaTUIHONW perpeccui NMeeT BU/T

y(t) = At* + Bt + C +4(t).
Ypaaenus (7.3) B ciaydae Takoil Mojgesn GyIyT UMeTh CJIe/ Iy oI BI/I:

AT, + BTy + CT, = Y5,
AT3 + BT2 + CTl - }/1,
C =Y, — ATy, — BT}.

Ucknouass C' npuBouM ypaBHEHUS] K BULY
M1A+MoB:F1, MOA+M2B:F2, (7].].)
e

My =T, —T;, My=Ty—T} My=Ts—T\T,
Fy =Y, -T0Y,, F,=Y,—-TY,

a BestmauHbl 1), u Y, OIpe/e/dioTcs CJIeIYIOINIM 00Pa3oM:
1 & 1 &
T, =— t", m=1,2,3,4, Y, = — it o n=20,1,2.
v w2
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Pemenne ypapuennii (7.11) umeer cieayronuii Bu,y

_ MyFy — Mok

. 5 “MF 4 MF

MMy — M2’ — MMy, — M}

(7.12)

[Tapamerp mogesn C' npu 3rom Haxoaurcd u3 coornomenus C = Yy — ATy — BT7.

Takas MOJEJIb MOZKET OBITH MCIIOJIL30BaHA JJId OIEHKN OTKJIOHEHU I JOJITOTHI BOCXOOAIIIETO
y3Jia OT BEKOBOT'O JBUXKEHU .

1.4 Mogenb TApMOHUYECKOTO ITPOITECCA

B npukiaaj Hpx 3ajadax aHaU3a pas3HIHOIO Pojia (PU3MYECKHX U JPYTUX IIPOIECCOB YACTO
TpebyeTcsl BBIIAELISITH U3 MpOoIecca OOIIero BUIa TapMOHUYECKHE COCTAB/ILIONINE U ONEHUBATD
UX OCHOBHBIE XapaKTepuCTHKU. Momaeah OTHOMEPHOIO TapMOHHYECKOTO IIPOIECcca y(t) C
coOCTBEHHOT YacTOTON W UMeeT CJieyIOnuit Bu I

y(t) = Acoswt + Bsinwt + C' + 0(t). (7.13)

CortacHo 00IeMy TPUHIUAITY METOAa HAUMEHBITNX KBAIPATOB, YCJIOBUE JTOCTUXKEHNA (DYHKIIMH
0 MUHUMAJIbHOI'O 3HAYEHUSI UMEET BU/L

0o

8_A - A(l - CQ) - SQB + 2510 - 2Sy - 0,

0o

35 = B(14 Cy) — S2A+2C,C —2S, =0,
2

%%:C+A&+BQ—Y:Q

rme

1 & 1 &
Cy = N Zcos 2wt;, Sy = N ;sin 2wt;,

i=1
1
N i

sin wt;,

] =

1 N
01 = N;(:oswti, Sl =

1

—_
=

N N
% 1 . 1
Y = Nzy“ Sy = N;yislnwti’ Cy: N;%COSWLLZ'.

i=1

- 212 -



Pu3nKa 0KOJ03EMHOTO KOCMUYIECKOTO IPOCTPpaHCTBa

[Tocne uckmrouenns C' ypaBHeHHS A aMILTHTYA A uw B rapMOHMKH OHSTh HPUMYT BH/T
ypaBaenuit (7.11), B KoTopbIX Ko3bhUIMUEHTH GyIyT BHIUACIATHCA M0 HOPMYJIAM:

My =1-0Cy—282, My=1+Cy—2C3,
MO = _SQ - 20151,
Fy, =2[S, - SY], F,=2[C,—C\Y].

Pemtenne (7.11) 6yaer umers ot ke Bujz (7.12). [Tapamerp C 6yaer Boraucaarbes mo dhopmyiie
C=-AS, —BC,-Y.

CyMMapHaH AMILTATYda TapMOHUKHU 1 OIIEHKa HavaJIbHOI (1)&3[)1 UMEIOT BHU]L
B
AD = VA2 + B27 ¢ = arctg Z

DTa MOJeb MOXKET ObITh HCIOJIL30BaHA I ONEHUBAHUS MAPAMETPOB MOJETN OTKJIOHEHUSI
BEKOBOT'O JIBUKEHUS apryMeHTa Mepured u CpeJiHeil aHOMAJINH.

1.5 DBpruuciaeane morpentHocTeii n3MepeHns CJI0XKHBIX MapaMeTpPOB

OpHolt M3 3ajad HpaKTHKyMa BJISIETCS 3ajada BBIYHCIEHUsS TOTPEITHOCTel BEeJTUYNH,
KOTOPbIE SABJILIOTCH (DYHKIUSAMEU OT BEJIMYUH, U3MEPsEeMbIX HEIOCPEJCTBEHHO B KCIIEPUMEHTE.
Takue BemuwHbl Mbl OyJeM Ha3blBaTh CJOKHBIMH. B 3ajiadax 00 M3MepeHWH mapamerpa
Jo HENmoCpeJICTBEHHO W3MEpPsieMBbIMU B IKCIHEPUMEHTE BEJUYNHAMU SIBJISIOTCS TapaMeTpbl
OpOUTAIBHOTO JIBUKEHUs CIYTHUKA - apryMeHT IIepuresi, J0JI0Ta BOCXOJAIIEro y3Ja u T.I.
Cawm ke mapameTp Jo sBisgeTcs PyHKIMEH STHX BeJTUUINH.

[Ipejiosiokum, 4YTO U3MEPSEMbIil HapameTp p, sBJseTcs HEKOTOpoit dyHKimeit or
U3MepsieMbIX HEIOCPEJICTBEHHO B IKcnepumMenTe Bejudnd X;, ¢ = 1,..., L, T.e.

p:P<X1,X2,...,XL).

Hpe,ILHOJIO)KI/IM JdaJjiee, 4YTO HusMepdeMble HEIIOCpeACTBEHHO B 3KCIEpHMEHTE BeJIMYUHDBI

X, XapakTepu3yioTCs OIleHKAMH CpeJHuX 3HadeHuit X; W CcyMMapHO# CTaTHCTHYECKOi

1 npubOpHOil HOIPENIHOCTAMHU, PABHBIMU 0;, COOTBETCTBEHHO, T.e. 02 €CTh JUCIHEePCHS

(2
pa3bpoca, MOPOXK/IAEMOT0 HEKOHTPOJUPYEMBIMU BHEIIHUMU HPUYMHAMH M [OI'PENTHOCTHIO

mKaJjabl Tpubopos. Toraa B KavecTBe OIEHKHU TTapamMeTrpa p BhIOMpaeTCsT 3HAUEHWe

p:P<XlaX2a"'7XL)7
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U B CJlydae HE3aBUCUMOCTH CJAYyYailHBIX OTKJIOHEHUH OTJ/IeJIbHBIX BEJIUYUH X; aOCOTIOTHAS
MOTPEITHOCTh U3MEpPEHHs MapaMeTpa P OIpeIessaeTcs caeayoiei hopMyoii:

oP > , |oP [P P |*
= -1 . -1 . . ) 14
op \/‘aX1 o1 + X, o5+ -+ X, o7 (7.14)

X1=X1, Xo=Xs,..,. X=X,

OTtHOcHuTe/IbHAA MOTPEITHOCTD BBIYHCISETCS 10 (bopmy.ie:

olnP|?
0X;

op olnP|? ) olnP|?

L . 2
7 0X, it 0X,

'02+ 2

.O’L

X1=X1, Xo=Xo,....X1, =X,

Borauciienue norperrHocrteii n3MepeHus: mapamerpa Jo

B kagecTBe npumepa paccMOTPHM BBIYHC/IEHHE MOI'PEITHOCTH BBIYUC/IEHUS Jy 1O JAHHBIM O
A
J1oJIroTe Bocxosiero y3ia. CoorBercrByiomniast (hopmyia /jist OEHKH Jo TaeTCst COOTHOIIEHIEM

dQ 3 [GM  (Rg\® cosi 1
@2 ?2(7) e (7.15)
3ameTnuM, 94TO B 3Ty (HOPMYJTy BXOAAT CIAEAYIONIHE HEIOCPEeJICTBEHHO N3MepseMble TTapaMeTPhI:
¢ - HakJoHeHHWe, p - (OKAJbHBII TapaMeTp, M - Cpe/iHee JBUKeHHWe, W HAKJIOH rpaduka
JmHelnoi perpeccun R,,,;. Pajguyc 3emin Oygem caurarsh MOCTOSTHHONW BEJTMIUHON, HM3MEPEHHOT
¢ abcoyiioTHON TOYHOCTHIO. TO Ke camMoe OTHOCUTCH K 3SKCHEHTPUCUTETY €, KOTOPbIi
CUNTAeTCs BeJUYUHOI PAaBHOU HYJIIO, 9TO COOTBETCTBYET KpPYroBoil opOuTe. 3aMeTwM, 4TO B
paccMaTpuBaeMOM TPUOJIUZKEHUN BEJIHYHUHBI ¢, P, 1 CIUTAIOTCA MOCTOSAHHBIMA. OTHAKO aHAJIH3
JIAHHBIX TIOKA3BIBAET, YTO 3a MEePUOJ BpeMeHU, Ha KOTOPOM OIEeHUBAeTC s MapaMeTphl JIHHEeHHO
perpeccun, Bce 3TU IapaMeTPbl 3aMeTHO 3BOJIIOIMOHUPYIOT, OCOOEHHO, €CIM pPaccMaTPHBATh
JIOCTATOYHO OOJIbIITNE TPOMEXKYTKH BpeMenu. [1o3ToMy 3TH um3MeHeHus mapaMerpoB C TOYKHU
3peHNsT JAHHOTO MPUO/IMIKEHUsI CJeyeT CYATaTh CJOYYaiiHBIMU (HEeNmpeacKa3yeMbIMu, W st
[OCTPOeHHst ONeHKH Jo 10 bopmysie (7.15) B HUX cJieyeT MOJCTABIATH CPe/THIEe 3HAYEHUS STHX
BEJIMYWH, TIOJyYeHHbIe 32 BpeMs HaOTIOIeHns Ha BEIOpAHHOM WHTepBaJje BpeMenu. J[mg Maabix
IKCIEHTPUCUTETOB opOuT € ~ (), KOTOpble pacCMaTpUBAETCd B JIAHHOU 3ajiade HPaKTUKyMa,
BEJIMYUHDBI P U N SBJISAIOTCH 3aBUCUMBIMY M CBSI3aHbI COOTHOIIEHUEM

[TosToMy MpH BHIYUCIEHHH MOTPENTHOCTH OUeHKH Jo B dopmyry (7.14) ciemyer moacTaBasTh
JTUCIIEPCUIO U3MEHEeHN i TOIBKO BenduH n u 4. B dopmysy (7.15) BxoauT Takzxke napamerp R,
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JIMHeiTHOl perpeccuu rpaduka BeKOBOTO U3MEHEHU JIOJITOTHI BOCXOdIero y3aa. asa omenkn
ero MOTPENIHOCTH HeOOXOIMMO BOCHOJIb30BaThest (popmysnoii (7.10) ais onenku napamerpa A
JUHEHO! perpeccuu.

B pesyabrare mnosydaem ciaeayioniyio (hOpMyJy IS ONEHWBAHUS OTHOCUTEIbHOI
MOTPENTHOCTH Ja:

2 2 2 2
Og _ 0Ranl+§& o7 sin” 4
Ja R?

W3 3roit hopmyiibl ciiejlyer, 4To0 OTKJIOHEHHUS] B 3HAYEHUX ¢ MOI'YT HIPUBO/IMTH K CYIIECTBEHHbIM

(7.16)

i 9 n? cos? i
HOIPEINHOCTAM B M3MEPeHMH .Jy I CIIyTHHKOB Ha OpOMTAax OJIM3KUX K IOJISPHBIM, KOLJIA

cost << 1.
JIns apryMeHTa mepuresi HOTPEIIHOCTh BBIYUC/IAETCA 10 (popMyJIe:

2 2 2 cos2 i sin? i
o, Ogr,, 4907 07 cos?isin” i

— =\t =+ 2 7.17
Jo R? o T (1 —5cos?4)*’ (7.17)

a J71s cpefHeit anomaann o gopmysie:

2 . .9
o o 49 g2 02 cos?isin® i
/A R;nl + = 9 (7.18)
Jo R, 9n (1 —3cos?1)

3jecb 0; U 0, - HOIPEIIHOCTU U3MEPEHUs! HAKJIOHEHHUS U CPEJIHEro JIBUKEHUS, BKJIIOYAIOINe
cTaTUCTHYeCKuil pa3bpoc u3MepeHuit STUX BeJIMYMH, OR, 1, ORurps OReqn - HOTPEHIHOCTH METO/R
JIMHEHOI perpeccun Jjid COOTBETCTBYOINAX MapaMeTpOB.

1.6 ®duabTpaliud BpeMeHHbIX PsAJI0B

[Tox duibrpanueii  BpeMEHHBIX  PsSJOB  HOJAPA3yMeBalOT, KaK I[IPaBUJIO, JIMHEHHOEe
npeobpaszoBanue, TO3BOJdAIONEee U3MeHATh Dypbe-CIeKTp 3TOro psaga, yIaadad 4dacTh
FapMOHMYECKHUX €r0 COCTaB/Id0ImuX. [lycTh nMmeeTcss BpeMeHHO# JUCKPETHBIN Psiji N3MEpPEHUit
Uy, Uy, Usg,...,UN, TPOM3BEJICHHLIX Yepe3 paBHbIE HPOMEKYTKH BpeMeHH Af, HEKOTOPOIo
dbuznueckoro napamerpa u(t), H3MEHSIOIIEr0Cs CO BPEMEHEM:

uk:u(tk), tk:k‘At, k’:O,l,Q,...,N.

B srom ciaydae mon JMHEHHON CriIaKMBaoOIeil (HU3KOYAaCTOTHOW 10 00JIACTH TPOILYCKAHMUS)
dunpTpanmeil mopa3yMeBaT Mpeodpa3oBaHne CJIeAyONero odIero Bua:

Ue= Y Wiy, k=P....N—P (7.19)



Metoapl 06pabOTKH JTaHHBIX

3aech BemecTBeHHBIe HeoTpumnarenapuele umcaa W; > 0, j = —P,..., P Ha3pBaioT
ko3 durmenTamu PUILTPA, a 1Meaoe 9ucjao P Ha3bIBAIOT MOJYIINPUHONR OKHaA duabTpa. Hucaa
W 10JIZKHBI TaKzKe yJOBJIeTBOPATD YCJIOBUSM HOPMUPOBKU:

n CUMMETPUYHOCTH:

W;=W_;,j=—P,...,P

Kpome crimazkupatomeil min HU3KOYACTOTHONH (DUIBTpAIUN MPUMEHAIOT BBICOKOYACTOTHYIO
dbuabTpanmio, MO3BOJMIONYI0  VIAJIATh TPeHJbl ©U  10JI0COBYIO  duibrpanuio. [loj
BBICOKOYACTOTHON buabrpamueii moHMMaOT JuHEeiiHoe 1peoOpa3oBaHue, COCTOSIIEe W3
npeobpazoBanust (7.19) n MOCIEIYIONEr0 BHIYATAHUST TTOJIYYEHHOTO PsIia W3 HCXOMHOTO:

szuk—Uk, /{JZ—P,...,P. (720)

Baecy uncaa Uy onpepensiiorcs cootromenusvu (7.19). TlomocoBas dubrpanus cOCTOUT
B TNPHUMEHEHHH K MCXOIHOMY PSAY IOCTeI0BATENbHBIX ITPeodpPa30BaHnil HU3KOYACTOTHOIM
dumwbTpanuy ¢ MOJyIMUPUHON OKHA P 1 BBICOKOYACTOTHON (DUIBTPAIME C IOy IIHPUHON OKHA
Q > P. B ciyuae BBICOKOYACTOTHOW (pUJIBTPANUHA TOJYIEHHBI Psii COMEPKUT YACTOTHBIE
COCTABJISIONINE BBITIIE HEKOTOPOH XapaKTepHOil YacTOThl OTCeYKU (PUIBTPA, a IMOJOCOBOM -
B HEKOTOpOii orpaHwdenHoii obiactu (mosoce) wacror. B 3agadax JaHHOIO MTPAKTHKYMa
UCIOJIb3YEeTCsI CTIAYKUBAIONINN MM HU3KOYACTOTHBIN (PUIBTD.

[Ipu ucnosip3oBannu (GujabTPOB CJIEAyeT YUUTHIBATH, YTO MX HPUMEHEHUE COIPSAZKEHO C
YMEHBIEHUEeM JIJINHBI UCXOHOTO Psi/la HA BEJUYHUHY IMUPUHBI OKHA, paBHYIO 2P. D9TO BUIHO
W3 ONpeJe/IeHnii UX JIMHEHHBIX Mpeodpa3oBaHuii. IT0 0COOEHHO BayKHO MPH HCIOJIb30BAHUH
BBICOKOYACTOTHBIX (DUJIBTPOB, /IJI KOTOPBIX HMOJYIIHPUHA JOJIZKHA OBITh OY€Hb OOJIBIIONW, ITO
IPUBOJIAT K CYIIECTBEHHOMY COKPAIIEHHUIO JTUHBI HCXOTHOTO Psiia U, COOTBETCTBEHHO, K ITOTepe
TOYHOCTH WJIM HAJIEKHOCTU CTATUCTUYECKUX OLEHOK, 110JIy4aeMbIX HA UX OCHOBE.

B 3aBucumoctu ot Bbibopa Koddpdunuentror Wy duiabrpa pazimyUaor MHOXKECTBO
Pa3IMYHBIX UX BUJIOB CIJIAXKUBAIONINX (DPUIHTPOB, KOTOPBIE OMPEEISIOT MHOYKECTBO PA3THIHBIX
BHUJIOB I10/IaBJI€HUs] BBICOKOYACTOTHBIX COCTABJIAIONINX CIEKTpa MCXOIHOTO curHaja. Mbr
pPaccMOTPHUM JIUIIb TpH UX BHAa. JIpyrue Buabl (PUIBTPOB OMUCAHBI B PA3JHIHBIX yUeOHHKAX
U PYKOBOJCTBAX 10 06paboTKe JaHHBIX (CM. HampuMmep, [24, 25, 26]). 3amernm, uTo g neseii
3ajiaun 3, HeT OOJIbIION Pa3HMIbI B IPUMEHEHHU JII0O0I0 U3 NPUBEJIEHHBIX HUZXKE (PUIBTPOB.
BoJibiiryio poJib urpaer BbIOOD HOJIYIIMPUHBI OKHA JIJIsi MOJYYEHUs JOCTATOYHO HAJIeZKHBIX
3HAYCHMII MPOU3BOAHOI OT (pokaabHOrO mapamerpa. llogbop MOMYIMIMPUHBI OCYIIECTBISAETCS
HEIIOCPEJCTBEHHO BO BpeMsl pabOThl ¢ KOHKPETHBIM BPEMEHHBIM PsI/IOM.
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ITpsamoyroabHbIit GUIALTP

[IpsimoyroJibhbiit  DUJILTP OIpejiessieTcss BbIOOPOM  KOI(DDUIMEHTOB B COOTBETCTBUU  CO
CJIEJIYIOIIUM TIPABUJIOM:

Wy =wy, k=—P,... P (7.21)

W3 ycioBust HOpMUPOBKHE Cpa3y HAaXOHUM, YTO YUCJIO Wq JOJ2KHO OBITH CBA3AHO C HOJIYIMHPUHOM
OKHa (PUIBTPA CJACIYIONIUM COOTHOIIEHHEM:

1

=SSPt

['pacduku BecoBbix K03 burmenTos GuabTpoB npuseensl va puc. 2.1 (a,0,8).

Kocunycustit puasrp (Throkn)

Kocuuycustii buabrp (puc. 2.1.(6)) 3amaercst cegyomuMa COOTHOIIEHSIME

1 wk
szﬁ(ucos(ﬁ)), k=-P,... P (7.22)

Tpeyroabnslii puiabTp

Tpeyroabusiii buabrp (puc. 2.1.(B)) 3amaercst CJaegyOMAMHA COOTHOTTEHHSIMI

1
Wk:ﬁ<2P—|k—P|>, k=—P.. P (7.23)

baarogaprocTu

ABTOp BBIpazKaeT IpU3HATEIHHOCTDL Hpodeccopy Bemokonosy U.B.3a uero co3manus JanHoro
Kypca, gomnenty Kpammux A.B.3a momomb B opranum3anuu IpoBeeHus 3ausatuii. OTaeabHo
0JIAaTOJJAPUT CTYJEHTOB W MarucTpaHToB CamMapcKOro rocyJZapCTBEHHOTO a’3POKOCMHUYECKOTO
yuusepcurera YcroroBa Eduma, Cronspoa Imurpusi, Asapsickuna /lenuca u 'mmpanosa
Badapa 3a WHTEPAKTHBHOE W TBOPYECKOE OCBOEHUE JIAHHOTO KYypCa, MOMOIIh B BBHISBICHUN
OTIeYaTOK W COCTABJIEHUN JTONOJHUTETbHBIX TECTOB [IJIsl TPOBEPKH MOJTYIeHHBIX 3HAHMUIA.
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