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KOCMMUYECKMIA HAKTOP "M3BbITOYHOIO™ TEMJOBbIAENEHWUS

B HEAPAX 3EMJIU U TJIAHET

Ctatbs 4. Mpepnonaraemaa npupoaa tennonponssoasaulero ¢dpakropa

( PekomeHpgoBaHo akaf]. HAH YkpawnHbsi B. M. LllecTonanoBbiM)

KpiMm papioreHHoi eHeprii B Haapax 3emni fie "aopaTtkoBe” MKEPENo eHeprii, IKe Mae KOCMIYHE MOXOIKEHHS, MOAY-
JIOETLCSH MOJIOXKEHHAM i HanpsIMKOM pyxy CoHsl4HOI cucTeMu B lanakTuui. dakTopom, Wo NpU3BOAUTL A0 BUAINEHHS

eHeprii, MoXe OYyTU TeMHa MaTepis ranakTM4yHoro aucka.

Besides radiogenic energy, the "supplementary” energy source occurs in the Earth interior. This source is of cosmic ori-
gin and modulated by position and direction of the solar system motion in the Galaxy. Dark matter from the galactic disk

might be a factor leading to the energy release.

B npeaplaywimx Hawmx ctatbsx 1-3 [4-6] 6binun pac-
CMOTpPEHbLI acTPOHOMMUYECKME U TEO0NIOrn4yeckune
NPU3Hakn AeACTBMA B Hefpax 3eMIN U NNaHeT Uc-
TOYHUKA SHEPIrNUN HEU3BECTHOW NpUpoAbl (Ha3BaH-
HOIo 3[1eCb "KOCMMUYECKOM NeYvykKon™), ynpasnisieMoro
BHELIHMMWN NO OTHOLWIEHUIO K ConHeYHoW cucteme
KOCMUYECKUMU CUNamm.

B o6Luiunx yeptax cBOMCTBa "KOCMUYECKOR Ney-
KN" CBOASITCH K CriefyloLLeMY:

1. BbloeneHne "M3BbITOYHOW™ (KOCMUYECKOrO
MPOUCXOXOEHUS) SHEPIUN MOOYNUPYETCS MNNOT-
HOCTbIO pacnpefefieHns BellecTBa B NPOXo4MMOM
CONHeYHOW CUCTEMONM raslakTU4eCKoOM MpPOCTpaH-
cTBe (ancke). Hannune ckonneHuii BelecTtsa B OK-
pecTHoCTAX COJNIHEYHOW CUCTEMbl NPUBOAMT K YCU-
JNIEHNIO TEMNOBLIAENEHWS B NMNIAHETHLIX Heapax [4].

2. BospelcTBre Ha NnaHeTHbIE HeApa aHU30T-
POMNHO N MakcUMasibHO C TOW CTOPOHbI, B HanpasJe-
HUKN KOTopoW CoNiHeYyHas cuctema ABuxeTca B [a-
naktuke [5].

3. NHTEHCMBHOCTbL SHEpProBblAeNeHNs onpeae-
NAeTCs B3aUMHOW opueHTauUnerd HanpaBieHns aBn-
XEHNA 3eMNn B rafakTU4eckoM MpOCTPaHCTBE U
MAOCKOCTU SKITUNTUKN, & UMEHHO BCMNJIECKN SHEPro-
BblAENEHNS MPOUCXOAAT B TEX ABYX MPOTUBOMNONOX-
HbIX 061acTSX 3€MHO 0pOUTLI B [anakTuke, rae Bek-
TOp ckopocTk CONMHEYHOW cucTeMbl B lanaktuke
OKasblBaeTCsA fiexallluM B NIIOCKOCTU SKITUNTUKK [4].

4. [naHeTHble HeApa obnaaalT aKPaHUPYIOLLLN-
MW CBOMCTBaMW B OTHOLLIEHUW TEMNOMNPOU3BOASLLE-
ro ¢paktopa, KOTOpPbIA B 3HAYUTENLHOW Mepe Moro-
WaeTcs unmn ocnabeBasT Npu MPOXOXAeHUN Yepes
HUX [5, 6]. OTHOCUTESIbHO NONMHOE NOMOoLLEHWE (UK
ocnabneHne) NPoOUCXoanT TOJILLLER BelllecTBa, paB-
HOW NpUMepHO 1-2 pagnycam 3eMnun, HO 1 CNol Be-
LECTBA TONLLMHOM B HECKOSIEKO COTEH KUIOMETPOB
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MOMOWAET 3HAYUTENbHYIO AO0MI0 MPOHUKAOLLETO
CKBO3b HEI0 KOCMWYECKOro TennonporsBoasiLLEro
dakTopa.

5. VIHTEHCMBHOCTb, C KOTOPOW KOCMWYECKMUIA
TENIONPOU3BOAALLNA DaKTop B3aMMOAENCTBYET C
BELLLECTBOM MNAHETHbLIX HEAP, 3aBUCUT OT UX XUMMU-
Yyeckoro cocrtaBa (NnpeanosioxXnTeNlbHO — coaepXxa-
HUS BoAopoAa U xeneaa) [6].

6. MOLWHOCTL KOCMUYECKMX MNedyekK OOoSbLUNX
nnaHeT (3eMnsa U nNnaHeTbl-ruraHTbl) cBA3aHa 06-
LWEen aAng HAX CTENeHHON 3aBUCUMOCTbIO OT Macchl
nnaHetsl [6].

7. lNMpuUMeHnTeNLHO K 3eMfie yaeNbHOe Tenno-
BblAeNeHne Ha egMHULLY o6beMa COCTaBNSAET OKOJIO
20 BT/kM® (Unin 2-10-4 BT/cM3), T. €. IpUMepHo Mo-
JIOBUHY OT CYMMaPHOIro TensoBbIAENEHNS OT BCex
TennoBbIX UCTOYHMKOB. B agpe — 50 BT/km3, maH-
TMn — 10 B1/km3 [5].

Hannume Takoro MCTOYHWKA Tennia Mno3Bonser
rOBOPUTbL O MPUCYTCTBUM B OKpYXalolleM Hac ra-
NAaKTUYECKOM MNPOCTPAHCTBE HEKOEro marepualb-
HOro TenonpounsBoasLLEro dpakTopa, BO3AeNcTBNE
KOTOPOro U NPMBOAWUT K BblAeNIeHNIO sHeprnun. Oye-
BWAHO, YTO MMEILLNECH CBEAEHUSA O XapaKTepHbIX
0COBEHHOCTAX M3BbLITOYHOrO TEMJOBLIAEIEHNS,
NPOUCXOOALLErO B HeApax MNaHeT, Y)Ke AOCTaTO4YHO
AeTalbHbl A9 TOro, YToBbl 3aHATLCH MOUCKOM €ro
NMPWYMH, a Takxe caenartb onpeneneHHsle npenno-
JIOXXEHUSI OTHOCUTENBLHO TOro hakTopa, BINSHUE KO-
TOPOro NPUBOAMT K BbIAENEHWNIO SHEPTUN. ITO ABNA-
eTcs 3aja4ell JaHHOM cTaTby.

Mcxonsa M3 CBOWCTB "KOCMWMYECKOW Meykn™,
BMOJIHE OYEBUAHO, YTO NUCTOYHUKOM BHELLHWUX BNUS-
HUIA aBnsieTcsa okpyxatoulee COJNIHEYHYIO CUCTEMY
BELLLECTBO, NPUYEM MMEHHO TO BELLECTBO, KOTOPOE
COCpPenoTOYEHO B rajlaktTmyeckoMm gucke. Magect-
HO, 4YTO BelleCTBO B [anakTuke NpUCYTCTBYET B [BYX
dopmax — B BMAE "0ObIMHOIO™ BeLWECTBA (3BE34bl,
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rasonblneBble obnaka, NNaHeTbl U T. M., T. €. BCE, YTO
COCTOUT M3 MPOTOHOB, HENTPOHOB N 3NEKTPOHOB) 1
TaK HasblBAeMOW TEMHOW MaTepuun (Wnm, UHaye,
CKPbITOR Macchl). 30eCb Mbl OTPaHNyYUMCH Npeano-
naraemMbIiM BO3AeNCTBUEM CO CTOPOHbI TEMHOW Ma-
TEPUKN, NOCKONbLKY B HGU3NYECKON nuTepaType noc-
negHnx neT  HeoAHOKparHO  BblCKa3blBaJIUCb
NpPeanosioXXeHN OTHOCUTENIbHO TEMIONpPOn3BOaN-
LMX CBOMCTB B OTHOLLEHNM 3EMHbIX U MNAHETHbLIX
Hedp MMEHHO STOW KOMIOHEHTbI OKPYXaloLLero
ConHeynylo cuctemy BellecTtra [1, 7-11, 14, 16,
17, 28, 30, 31, 33 n ap.], TO ecTb ByaeM UCXoauTh
U3 TUNoTeskl, YTO MPOHUKaroLLasl B Heapa 3eMin n
rUl1aHeT TeMHasl Marepusi M eCThb TOT QakTop, KOTo-
PhIVI TPOU3BOANT BbifesieHue aHepru. Mbl cenvyac
He KacaeMCsl KOHKPETHbLIX MEXaHW3MOB SHEPIOBbI-
OeNleHNst, a CocpeloTOYUMCS Ha NPUHLUMNNaNbLHOR
npoBepKe AaHHOW rMnoTessbl.

Mapannenn mexpny cBoiicTBaMN TeMHOMR
MaTepun U OCOBEHHOCTIMMU "KOCMUYECKOMA ney-
Kkun". HabnoaeHNnaMn ycTaHOBNEHO (M0 0OCOBEHHOC-
TAM ABUXEHNSA 3BE3[), YTO BOSblLIas 4acTb BELLECT-
Ba Haweh [anaktuku npeacraBnser cob6oi
HEBMONMOE HEeUTO, MNoNyyYnBlLee HasBaHME TEMHOW
MaTepun (CKpPbITOM Macchl). CYMTaAETCH, 4YTO OHa
COCTOUT U3 HEKMX YacTuL, ciabo B3auMoaeicTBYIO-
WMX ¢ OBbIYHbIM BELLECTBOM (MPOTOHAMMW, HERTPO-
HaMmu, afieKTpoHaMn), o6nanaroLLnX BLICOKOW Mpo-
HUKalwLeh CNOCOBHOCTHLIO. CoBpeMeHHble
dUsnYeckne Teopnn NpenckasbliBaloT ASCATKU TU-
MOTETUYECKNX KaHOWMOATOB Ha POJib YacTUL, TEMHOWA
MaTepun (Tak HasblBaeMblid “3o00napk YyacTtuy”). [o-
WCKN YacTUL, TEMHOA Marepum W BbISICHEHWE ee
npupoabl ABASITCA ceiyac OAHUM U3 BaXXHEWLINX
HanpaBJIeHNA COBpeMeHHon dusnku. llpesarnosara-
emMble pusnyeckne CBOMICTBa HEKOTOPLIX U3 3TUX
4acTuL TakoBbl, 4TO [IOMYCKalOT 3Ha4YnUTe IbHoEe Terl-
JIOBBIIEJIEHWE UMM pY fonaflaHni B Helpa Jia-
HeT. HasblBaloT pasfinyHble MexaHW3Mbl TensoBbl-
nenexHva. [lng Hac celyac BaxHO, YTO C TOYKM
3peHns PU3MKKN B OKpYXalolleM Hac KOCMUYeCKOM
MPOCTPaHCTBE MOTYT BbITh Takne "CKpbITble™ YacTn-
Lbl, KOTOpPbIE, NOMNaAas B Heapa MNNaHeT, MOIyT TaMm
BbIAENATL 3HAYUTESBHYIO SHEPIUIO.

CyLLLeCTBYET HECKOJIbKO Pa3HOBUAHOCTEN TeM-
HOW Matepuu. 10 aHepreTnYeckKUM xapakrepucTtun-
KaM pasnmyaloT ropsayyo TEMHYIO Marepuio, 4actu-
LUbl  KOTOPOWA  ABMXYTCA C CYDOCBETOBbLIMU
CKOPOCTSMU, U XONOAHYIO TEMHYIO Marepuio, 4acTu-
Lbl KOTOPOW ABUXYTCH CO CKOPOCTSAMU Ha 3—4 no-
psfKa HUXe CKopocTu cBeTa. [NepBas pacnosioxeHa
NPEeNUMYLLLECTBEHHO B MeXralakTh4eCcKoM NpocTpa-
HCTBE W CYUTAETCHA OTBETCTBEHHOM 3a hpOpMUpOoBa-
HMe MaKpOCTPYKTYpPbl BCeneHHol (Ha ypoBHe cBep-
XCKOMMNEeHU ranaktuk). [NpefnonoXuTenbHO OHa
COCTOUT N3 TPEX YXXE N3BECTHLIX HAayKe COPTOB ("MNo-
KONIEHUN") HEWTPMUHO: SNEKTPOHHOIO, MIOOHHOIO,
Tay, a Takke COOTBETCTBYIOLIMX UM aHTU4YacTuu,
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B0O3MOXHO, NPUCYTCTBYIOT €Llle U Kakne-1o apyrne
yacTuubl. BTopasi cocpeaoTodyeHa NpenMyLlecT-
BEHHO BHYTPW OTAESMbHbIX FanakTUK U CKOMJIeHWiA ra-
NaKTuK, OKpyxasi ux B Buae rano. OHa onpedensieT
CTPYKTYpy BceneHHoil Ha ypoBHe ranaktuk u ux
ckomnneHnii. CocTaB ee HeusBecTeH W aBnsieTcA
npeameToM obcyXaeHns BecbMa 0BLINMPHOIo Yncna
crareli 1 npeaMeToM Noncka MHOMOUYNCIEHHbIX, 3a-
yacTylo KpalHe OOpPOroCTOSILLMX 3KCMepPUMEHTOB.
O6bl4HO NpegnonaratoT, YTO OHa COCTOUT U3 HEeKMX
cnabo B3aMMOLENCTBYIOLMX C OObIYHOW MaTepueii
MacCCUBHbIX 4YacTWuL, U3BECTHbIX Nod cobuparesib-
HbIM HasBaHWeM "BUMIMbI" (OT aHM. ab6peBnartypsl
WIMPs — weakly interacting massive particles — cna-
60 B3aMMOIENCTBYIOLLINE MACCUBHbIE 4YacTulbl).
Hala yactmua OTHOCUTCS K XONMOAHOW TEMHOM Ma-
TEepUN, TOYHEE K TOW ee YNbLTPaxonofHoOn (CBepx-
HNU3KOCKOPOCTHOI) 4acTu, KoTopas HacenseT ra-
NakTU4yeckuii guck.

TemHasa mMaTepust raiakTu4eckoro AUCKa
(TemHbIVi gucK). N3 aCTPOHOMUYECKUX OAHHbIX N3-
BECTHO, 4YTO pacnpegefieHne TeMHoi maTepun BO
BceneHHol B 3HaYMTENbHOM Mepe NOBTOPSAET pacrl-
pedeneHne oBbIMHOIO BellecTBa, KoTopoe Kak Obl
"BKpanneHo™ B Hanbosee NNoTHblE CryLLLEHUS TEM-
Hoil MaTepuu. CylecTBYIOT onpeaesfieHHble npea-
MOCLINKK CHUTATb CNPaBEeASINBLIM 3TO NMPeAnosioxe-
HMe W ONs BHYTPEHHEero CcTPOeHUs Hallei
[anakTukn. ECnm a10 Tak, TO TEMHas Marepus A0X-
Ha He ToJIbko hopPMUMpPOBaTh M’MraHTcKoe cdepuyec-
Koe rafio BOKpyr aucka [anakTtukn, Kak 3To 06blMHO
npennonaraeTcs, HO TakXe KOHLEHTpUpoBaTbCs K
ranakTM4eckor ninockocTn U 06pas3oBbLIBaTb B Hel
MIOTHbIE CKOMMEeHUs1 BellecTBa, MOBTOPSs, B Lie-
JIOM, CTPYKTYPY BUOUMOIO HaM 3Be3QHOro Ancka.

CylllecTBOBaHMEe TEMHOro Aucka clneayeTr 13
pPes3ynLTaToB YACEHHOro MOAeNNPOBaHU GopMU-
POBaHNS 1 SBOSIOLIMA Mepapxnuyeckoin CTpyKTypbl
ONCKOBbIX ranaktnk [35]. M3BecTHo, 4yTo Hawa la-
NakTuKa nofiBep)KeHa NoCTOAHHOMY MNPoLeccy poc-
Ta. OHa norfowasT ra3 U Kap/MKoBble rafakTuku-
CMYTHUKW N3 OKpYXalLero ee MnpocTpaHCTBa.
PeaynbTatbl YACNEHHOro MOAESNNPOBAHNS MOKa3bl-
BalOT, YTO B XO0[e 3TOro npouecca (ero HasbiBaloT
"ranaktuyeckuin kKaHHMGanuam") nornouiaemble
MeSIKMe ranakTukKn paspyLlarTcs, a coepXalliasacs
B HMX TEMHasi MaTepunst KOHLEHTpUpyeTcsl Npenmy-
LecTBeHHO B gucke [anakTukn. 3ToT TeMHbIA ANCK
nMeeT MNIOTHOCTb, COMOCTaBMMYIO C NOKaNbHOMA
MAOTHOCTbIO TEMHOro rano Haweil [anakTuku
(0,2-1,5 Pranes NPV Prane =~ 5:1072% r/cm?). Habnoge-
HUS OrpaHNYMBaIOT NOKaNbHYIO MAOTHOCTbL TEMHOIO
OMNcKa BENMYUHOW B 3 prye [26]. CymMapHada no-
KaslbHasa NMNoTHOCTL BellecTBa B AUCKE cocTaBnsieT
4,710~ r/cm3, T. e. 06blYHOE BELLLECTBO B HEM Npe-
obnagaert.

BaxHol 0COBEHHOCTLIO YacTul, TEMHOW MaTe-
pyK AMcKa ABASIeTCS UX CKOPOCTb. [10 OTHOLLEHMIO K
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3emMsie OHW ABUXYTCH CO CKOPOCTSMU MPUMEPHO
40-50 Km/C, TUNWUYHBLIMW ANA BelecTBa Hallnx 6.1u-
XaMLnX OKPEeCTHOCTEN, B TO BPEMS KakK CKOPOCTU
yactuu, rano (~300 KM/C) MHOroKpaTHoO NpeBbILLaT
ST 3HaYeHus. Marnble CKOPOCTU YacTuL, B TEMHOM
ANCKe MOTYT onpefensiTb NOBbILEHHYIO MHTEHCUB-
HOCTb "Bbl4eplblBaHUA" 3eMHbIM (1 NNAHETHbLIM) Be-
LECTBOM. HTOObI Npoxoasiias Yepes niaHeTy yac-
TULa TEMHOW MaTepun okKasanachb rpaBuUTaLWOHHO
3axBaYeHHOM, OHa OOJIKHA B XO4E CEepPUN CTOJIKHO-
BEHWW OTAATb YaCTb CBOEM KMHETUYECKOW SHEpPrumn
yacTuvuam niaHeTHOro BellecTBa ¢ TeM, YToObl ee
CKOPOCTb CTana HUXe cKopocTu 3axeata (11-15
KM/C ang 3emnun). Hem HMxe HadaslbHas CKOpOCTb,
T&M MeHbLLE CTOJIKHOBEHU HEOBXOAMMO NUCNbITaTh
YyacTULEe U TEM BbllLE BEPOSATHOCTL €€ 3axBara. ITU
oBCTOATENLCTBA CNOCOOCTBYIOT 60JIee UHTEHCUB-
HOMY 3axBaTy 4acTul, NAaHeTHbIMW HeapaMun (B
10-100 pas B cpaBHEHMW C YacTuLLamK rano [15]).

Taknum obpasoMm, ecnn Kakas-nmbéo n3 yacTtul,
TEMHOW MaTepun cnocobHa BbIAENATb SHEPTUIO MPK
nonagaHWn B NNaHeTHbIE He[lpa, TO Mbl 3HAEM, YTO B
ranaktmyeckom OUCKe Takume 4acTulbl MOryT ObiTb
CKOHLIEHTPUPOBaHBI, MPUYeM MMEHHO TaM HaxoasT-
cs OHM B 0cob0 "MoAroToBIEHHOM™ Af1s1 3TOr0 HU3-
KOCKOPOCTHOM COCTOAHUU. VIHTEHCMBHOCTL MOMI0-
weHus ("Bbl4epnbiBaHUS™) HaCTUL, HeApaMW NNaHeT
OyneT NOBTOPATL MNOTHOCTb pacnpefeneHns Jyac-
TUL, B NPOXOAMMOM CONHEYHOW CUCTEMOR TEMHOM
AUCKe, T. €. ero CTPYKTYPY, Tak Kak 4emM BoJblie Yac-
TUL, NonagaeT B Hefpa NNaHeTbl U3 OKpYXaloLero
MPOCTPaHCTBa, TeM BoJblie UX 1 nornouwaetcs. OT-
clofa cnefyer CBOWCTBO 1 "KOCMWYECKOW meyku”
(cm. Takxe [4]).

BeTtep yacTuy TeMHo# MmaTepuu. CuntaeTcs,
4yTO NpoaBmxeHne CONTHEYHOW CUCTEMBI CKBO3b 00-
Nako 4acTul, TEMHOW MaTepun OOJIKHO (pOpMUpo-

a)

Bemep
yacmuy  as
memHou

Mamepuu

Yo

HanpasneHue
08UXKeHUs

3emnu.e
lanakmuke

BaTb aHW30TPOMNMIO NOTOKA NPUXOAALMX K HAM Yac-
TUl. lNpeanonaraemble KMHeEMaTnU4YeCckKne CBOMCTBa
4acTuL, TEMHOW MaTepumn Kak rano, Tak U Aucka Ta-
KOBbl, 4TO CoJfIHeYHas cucTeMa AoMKHa ornepexarb
WX B CBOEM ABMXEHWUWU BOKPYI LEHTPalibHbIX Macc
[anakTukn. To eCTb cnefyeT oXuaath CyLLECTBOBa-
HWSI HEKOTOPOTrO HanpaBneHHOrO NPOTUB ABUXEHUS
ConHeyvyHol cucTemsl notoka ("BeTpa™) YyacTtuu, TeM-
HoWM MaTepun (puc. 1) [24, 25]. Bumn-BeTep — Tako-
BO OBLLENPUHATOE HAMMEHOBaHWe 3TOro NoToKa.

3amMeTuMm, 4TO "n3bblITo4HO.™ TennoBbiaeneHne
B MJIAHETHbIX HeApaXxX TakXXe aHU3O0TPOMHO U MakKCK-
MasibHO KakK pa3 ¢ "HaBETPEHHOWR" CTOPOHLI, T. €.
"NporpeB” coBepLUaeTcs ¢ TOW CTOPOHbI, B Hanpan-
NeHnn Kotopor ComnHeyHas cucTemMa ABUMXETCH B
[anakTuke (CBOMCTBO 2 "KOCMUYECKOM Nevykn™, nom-
poBHee cM. cTaTtblo [5]).

PokycupoBka ConHUeM noToka 4YacTuy
TeMHoV MaTepun. Takxe 3aBUCUMOCTb SHEPIOBbI-
OeNleHNs OT MPOCTPaHCTBEHHOW OpUEeHTaUMKn Npo-
SABNAETCH B TOM, YTO BCIJIECKN SHEProBbloeNeHNS
onpeaensTca B3auMHOM opueHTauuei Hanpaene-
HWS OBUXEHWS 3eMJIN B rafiakTU4eckoM MNpocTpaH-
CTBE W MNOCKOCTN SKIUMNTUKW, & UMEHHO MPOUCXO-
OAT B TEX ABYX NPOTUBOMNONOXHBIX 0OO1AaCTHAX 3€MHOWA
OpbUTHI B [anakTuke, rae BeKTop CKopocTn ConHey-
HOWM CUCTEMBI B [anakTUKe OKasbiBaeTCH NeXallum B
MAOCKOCTU SKIUNTUKN (CBOMCTBO 3 "KOCMWUYECKOM
Meyvykn”, M. puc. 2 1 ctaTbio [4]).

CaM ¢akT 3aBUCUMOCTM OT MOJSIOXEHUS MJIOC-
KOCTU SKNUNTUKN MOXET CBUAETENLCTBOBATL O
npouecce, npouncxoasiiem BHyTpM CONIHEYHOR CHC-
TeMbl, O BO3MOXHOM 3Ha4YNTENbHOM nepepacnpe-
OeNleHNN TEMHOW MaTepumn B ee npeaenax, 4To Mo-
XeT OblTb CBA3A@HO TOJIbKO ¢ caMUM COJNHLEM.
CoszpaeTca BnevyartneHne, 4To gaxe anM3ognyeckune
(exerogHble) nosieneHns CosnHuUa ¢ TOW CTOPOHbI, B

Puc. 1. BeTep yacTtuu, TeMHON Matepun: a) Obuiasa cxema GopMmMpoBaHng BeTpa ABuxXeHneM 3emnn B fanaktuke [36];
6) Koppenauus pacnpegeneHns naoTHOCTK NoToKa YacTUL, TEMHOW MaTtepun ¢ ABUXeHUEM 3eMnun B fanaktuke [24].
MNokasaHa kapTa Heba B ranakTU4eckumx koopauHaTax. MepuamaHbl — ranaktudeckasl Aofnrota, napannenn —
ranaktndeckas wmpota. lNnockocTb Manaktmkn (MnedHbli NyTb) NPoCcTUpasTcsa BAONb SKBaTopa. LieHTpanbHas Touka —
HanpaBfieHue Ha LeHTp [anakTnkn. 3Be3[04Koi NokasaHo HanpaBieHne ABUXeHUs 3eMnu B [anakTuke (HarnpasieHne
Ha anekc). 3alMBKOW (TEMHbIM LBETOM) — pachnpefeneHme MnaoTHOCTKM NoToka 4acTUL, TEMHOW MaTepun (OaHHble

YACSIEHHOTO MOAENNPOBaHNSA)
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Montoc ManakTukm

£T]0MI0C SKNMMTUKM

1=90° €=
HanpaeneHue v
neuxeHus ConHua |
B ManakTuke

B HaLly 3Moxy HanpaeneHus

MakcumanbHoe

Puc. 2. BzamHaa opueHTauma rnjiocKoCTU SKIUMTUKU, FafakTU4eckon
MAOCKOCTU N HanpaBneHns ABuxKeHNst CoTHEYHOM cUCTEMBI B Manaktuke [34].
CoBpeMeHHOMY HarpaBfeHWIo Ha LEHTp [anakTku COOTBETCTBYET ToYKa C
ranakTmyeckumMn koopamHaramm 1=0°, b=0°. OpreHTaums o6enx nnockocTemn
OCTaeTCsl HEM3MEHHOW OTHOCWUTESILHO APYr Apyra, B TO Xe Bpems BEeKTop
ckopocTu aBuxeHust COSIHEYHOW CUCTEMBbI BOKPYP LEHTpalibHbIX Macc
[anakTukM coBeplUaeT oauH OBOPOT BAOJb ranakTUYeCcKoW MIOCKOCTU B
MakcumanbHoe  SHeproBelAeneHne
MPOUCXOAUT TOrAa, KOrAa BEKTOP CKOPOCTU MOMaAaeT Ha MOCKOCTb SKITUITUKU

TedYeHne ranaktnmdyeckoro ropa.

HanpaBJIeHN KOTOPOW 3eMns (MNn Apyrasa nnaHe-
Ta) OBWXeTca B lanaktuke, NpuMBoAAT K obLlieMy
YCUNIEHNIO U3BLITOYHOIO TEMNOBbLIAENEHNS B Mna-
HeTHbIX HeApax. To ecTb YCUIEHUe MNPOUCXOAMT,
Koraa anekc (Toyka Ha HebecHoW cdepe, B Hanpas-
NeHnn Kotopol ConHeyHas cucTemMa OBUXETCH B
[anaktunke), ConHue 1 NNaHeTa BbICTPanBalTCA B
OLHY NIMHUIO. 3TO CTAHOBUTCS BO3MOXHBIM Kak pas3
TOJIbKO B T€ 3MOXW, KOrAa BEKTOp cKopocTu ConHeu-

IMomok yacmuy,

[nockocmb~ g
SKNUNMUKU <
bl L Ll

[BWKEHUS B 3MOXK,
Korzia NpoucxXoamnno

3HeprosbiaenexHune.”

HOW cucTtembl B [anaktuke nonagaer

Ha NIOCKOCTb SKIIMMTUKU.
[MonyyaeTcsa Tak, 4TO Nepuoamn-

yeckoe Halnyme KpyrnHoro Tena co

CTOPOHBI, C KOTOPOW NMPOMCXOANT BO3-

AelcTBhe, NPUBOOUT K YCUNeHuto, ho-
KycupoBKe BO3OeWCTBUS (NOToKa
4yacTuL, TEMHOR Martepuu, ecnum npu-
LepXnBatbcsl TMNOTE3bl, YTO Tenyo-
BblAeneHe NponsBoANT UMEHHO OHa)
(puc. 3).

[paBuTaumMoHHas ¢GoOKyCUpoBKa
NPOUCXOOUT ¢ TOObIM NOTOKOM NPUB-
xoAsier n3BHe B CONIHEYHYIO CUCTE-
MY MaTepuun. Ha JaHHbIF MOMEHT oHa
HabmopaeTcss LN aTOMOB refns u
4yacTuL, KOCMUYECKOM MblK, NocTyna-
IOLUMX K HAM U3 MeX3Be3[HOW cpelibl
[2, 3, 32]. K kakMM nocneacTBUAM 3TO
NPUBOAUT, BUOHO Ha puc. 4, rae noka-
3aHbl pesyNibTaThl YACTIEHHOro Mofe-
NINPOBaHWSA MJIOTHOCTU pacnpenene-
HUS aTOMOB Fefns, NOCTynalLWmnx 13
MeX3Be3Hol cpelbl B BNMXKHME OK-
pecTHocTM ConHua. B none taroteHusa
CofiHUa aToMbl OTKJIOHSIOTCS OT CBOe-
ro NPSAMONIMHERHOTO ABUXEHWS N NPO-
neTaloT MUMO Hero no runepdonnyec-
KUM TpaekTtopusiM. YHeMm Onmxe K
CoSIHUY OHUW ABUXYTCS, TEM CUJIbHEE
OTKNoHsTCA. [10TOK MeX3Be3AHbIX aTOMOB, OBWU-
XyLmxcs B ctopoHy ConHua, dokycupyercs cofi-
HEYHOR rpaBuTaumern n GopMUPYET CONMHEYHbLIN
rpaBUTALMOHHLIA KOHYC. Kak MOXHO BMAETH Ha
puc. 4, KOHUEHTpaLUKMs YacTul, BAOJb 3eMHO opbu-
Tbl 34eCb NPUMEpPHO B 3—4 pasa NnpeBbIWaeT Tako-
BYIO C HaBETPEHHOW CTOPOHbLI. Ha puc. 4 nokasaH
MOZJENbHbIA BapuaHT, Korga BeTtep YacTul, Hanpas-
JleH BOOJb NMIIOCKOCTU SKIUMTUKK. Ecin 6l 5TK vac-

lnockocmsb
S\ 3KnunMuKU

Puc. 3. BnusHue rpaBUTalMOHHONK GHOKYCUPOBKN CO CTOPOHBLI COJHUA Ha pacnpeaeneHne nNIoTHOCTU YacTul, TEMHOM
matepun B CofIHEYHOW cucTeme: a) MOTOK 4YacTuL, TeMHOW MaTepun napanneneH MNoCKOCTU SKIUATUKA, MAaHeThbl
npeobbiBaloT B 061aCTU NOBLILUEHHOM MAIOTHOCTU pacrnpeieneHns TEMHON MaTepun; 6) NOTOK YacTUL, TEMHOK MaTepun
nagaet nog yrfioM K MIOCKOCTU SKIUMTUKK, NAAHEThl HaXoaaTcs BHe 06nacTy NOBbLILLEHHOW NAOTHOCTU
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TUUbl Nagann Ha CONHeYHYIO CUCTEMY NepneHanKy-
NIAPHO K MIIOCKOCTU SKNUMTUKK, TO KOHLEHTpaLmMs
YyacTuL, BAOJIb 3eMHOM opbuTel 6bli1a 6bl 04MHAKoBa
N MPUMEPHO COOTBETCTBOBaNa TOW, KOTOPYI Mbl
HabnoaaeM B GOKOBbIX ToYKax opOUTbl B NEPBOM
cnyvae. Takum o6paszom, NNOTHOCTb YaCTULL HA 3eEM-
HOW opbuTe B 3TUX ABYX BapuaHTax OyneT pasfn-
yarbCs NpUMepHo B 1,5-2 pasa.

[MprmepHo Tak xe ConHUEg A0SHKHO KOHLEHTPU-
poBaThb U TEMHYIO Marepuio, NOCKONbKY rpaBuTaLn-
OHHO OHO BO3[elCTBYET OAMHAKOBbIM OOpPa30OM Ha
nobyo popMy Matepun. EAMHCTBEHHBIM KayecT-
BEHHbIM OTNIMYMEM B pacnpeaeneHum ee B CoJHeuY-
HOW cucTeMe ByAeT OTCYTCTBME NONOCTU B BNMXKAA-
KX okpecHocTax ConHua. OHa popMUpyeTcs Nno
NPUYNHE y4acTns oBbIYHOIO BellleCcTBa (aTOMOB re-
NINS) B 3N1eKTPOMarHUTHOM B3aMMOAENCTBUM, T. €.
"BbllyBaHMEM™ MEX3Be34HOro refing MOTOKOM
SJIEKTPOMArHUTHbLIX U KOPMYCKYNSPHbLIX U3NyYeHUA
CO CTOpOHbI CoNnHUa, a Takxe BO3AeACTBUEM ero
MarHMTHOro nosd. YTo KacaeTcs KOJIMYECTBEHHbIX
OTINYNIA, OTMETUM, 4YTO HabnopgaeMoe "U3bbITOM-
HOe" TeNNOoBbIAENEHNE BAOSIbL 3eMHOW O0pbuThl B [a-
NakTuKe pasnuyaetca B 2-3 pasa [4]. [1pn sTOM
yron nafeHus npeanonaraeMoro notoka 4yacTuu,
TEMHOM MaTepun Ha NMNIOCKOCTb SKNUMNTUKN U3MEHSA-
eTcsl B gnanasoHe npumepHo 0-60°,

OTN coobpaxeHnss OOBACHSAIT, MOXET OblThb,
npupoay 3aBUCUMOCTWU BbIAENEHUA SHEPTUM B HELL-
pax nnaHeT oT yrna Mexay NioCKOCTbIO SKIUMTUKK U
HanpaBneHnem ABMXeHWS CONIHEYHOM CUCTEMBI B
[anakTuke. O pokycnpoBke CONHLEM MOTOKa YacTuL,
TEMHOW MaTepun peyb NOET Takxe B paboTe [12].

CreneHHasi 3aBUCUMOCTb TellJIOBbiesiIeHUs
OT Macchl niaHetbl. Ha puc. 5, a n 6 nokasaHo
HECKOJIbKO TEOPETUYECKUX pacyeTHLIX Mofesiel 3a-
BUCUMOCTU WMHTEHCUBHOCTU MOIMOLLEHNSA YacTul,
TEMHOW Marepun HeagpaMn MNaHeT OT Macchl nna-
HeT. CpaBHUM 3TW pacyeTHble MOAENN C pealibHO
HabnogaeMor 3aBUCUMOCTBIO "M3ObLITOYHOIO" Ten-
noBblaeneHns ans 6osblinx nnaHeT CoJIHeYHOW
cucTeMsbl (puc. 5, 6). Bo Bcex cnydasx BUAMM OAMH
W TOT Xe CTEeNeHHOW 3akoH. Paznnuuna HabnoaaT-
CS NMWb B nokasaTene CTeneHn 1M mMaclutabHOM
MHOXWTESE, YTO eCTECTBEHHO, NOCKOJIbKY B KaX0M
M3 MOOEeNnel UCNoNb3YITCHA pPasHble 3HaYeHUs Kak
XapakTepUCTUK cCaMUX TMMNOTETUYECKUX YacTULL, Tak
M NapameTpoB cpellbl, C KOTOPOW OHWU B3aUMOLEN-
CTBYIOT.

MolHOoCTE "KocMUYeckux neyek”™ OonblUMX
nnaHet (3eMns U NnaHeTbl-rUraHTbl) cBA3aHa 06-
Wwen ans HUX CTENEHHOW 3aBUCMMOCTLIO OT Macchl
naaHeTbl (CBOMCTBO 6 "KOCMWYECKOW Neykn™), 4to
MOXeT roBOPUTL 0 BoJiee NONHOM MNOMMOWEHUN Ten-
nonpousBogsulero ¢akrtopa 6of5iee KpYMNHbIMK
nJaHeTamMm U O eQUHON ONs NNaHeT npupoae "ns-
ObITOYHOrO™ TenNoBbLIAENEHUA. ECTECTBEHHO Npeq-
nonaraftb, YTO 4eM MacCCUBHee nnaHeTa, TeEM C
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Puc. 4. MogenbHasa NnoTHOCTL pacnpeaeneHns aToMoB re-
nns MexaBesgHoli cpeabl B COIHEYHON cucTemMe (B Nioc-
KOCTHU, cofiepXallen ocb BeTpa) [32]. CoNHuE HaxoauTcH B
LIEHTPE CMCTEMbI KOOPANHAT, PACCTOSHUA AaHbl B aCTPOHO-
MUYECKUX eanHMuax. OKPYXHOCTb — opbuTa 3emnu.
CTpernka — 0Cb MeX3Be3[HOr0 renneBoro BeTpa. M3oamHu-
AMW MOKa3aHO COOTHOLLUEHME NIOKaNIbHOW NMIOTHOCTU K $Po-
HOBOW MNOTHOCTU 3a npefgenaMn COMHEYHON CUCTEMBI.
dokycupoBoYHbI KOHYC (focusing cone) dopmMupyeTcs 3a
CONHUEM C ThIILHOW CTOPOHLI. MOIOCTb Ha HaBETPEHHOM
CTOpPOHE — pe3ynbTaT MPOLECCOB MOHU3aLUn

OOJIbLLUMM KONMYECTBOM HacTUL, NIaHETHOro Belle-
CTBa CMOXEeT NPOB3aMMoAeACcTBOBaTL NPoXoAsLas
yepes Hee yacTula TeMHOW maTepuu, TeM Bhllle
CKOPOCTb 3axBarta ("BTopas KOocMu4yeckass™ CKO-
pOCTb), a cnefoBaTesfibHO, Bbille W BEPOSTHOCTb
3axBaTa.

3aBUCUMOCTL OT XUMUYECKOro COCTaBa.
OnpepneneHune Macchl YacTulbl. Kak MOXHO BU-
OeTb Ha puc. 7 n B paboTte [6], 4YBCTBUTENIbHOCTb
niaHeT K BHELIHeMY BO3eNCTBUIO BeCbMa pasnmny-
Ha W, BO3MOXHO, OMnpefensercs MX COCTaBOM
(nokaszaTenem ero 3nechb SABNSAETCH MIOTHOCTL).
[MpocnexmnsaloTcs BMNoMHE OTYET/IMBbIE 3aKOHOMEp-
HocTW. Bopopoaconepxaline nnaHeTbl-ruraHTsl U
WX NlefsiHble CNYTHUKWM U MIaHETbl 3€MHOW rpynnbl
BeOyT cebs no-pasHomy. Bo-nepBbiX, yAenbHoe
SHeproBblaeneHne (MMeeTcs B BUAY "M30bITOYHaA",
He panoreHHas, coCcTaBsiolas) B Hefipax niaHeT,
COCTOSILLMX MPEUMYLLECTBEHHO W3 BOAOPOAA, Ha
O[IMH-ABa Mopsifika NPeBbILIAeT TaKOBOE Y MNAHET,
KOoTopble BOAOPpOAa NpakTuyeckn He cofepxar. Ha-
Nee, HabnoJaeTcsa peskoe nageHne MHTEHCUBHOC-
T TennoBblAeNeHus ¢ nageHuemM obunua sToro
aneMeHTa OT MNNAaHeTLl K NNaHeTe, T. €. MOXHO npea-
NOJNIOXUTL KaKylo-TO CBSI3b MeXAy MHTEHCUBHOCThLIO
BbIASNEHUS Tenna u cojepxaHuemM sogopona. Xe-
JNlesokaMeHHbIe Xe MnaHeTbl MoKa3biBaloT UHYIO 3a-
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Puc. 5. BblageneHne "M3BbITOYHON™ (KOCMUYECKONW NMPUpoabl) SHEPrMK B HEApPAX MAAHET B 3aBUCMMOCTU OT UX MaccChl:
a) BblpaXeHHble B €QMHULIAX MOLLUHOCTU pacyeTHble 3Ha4YeHWsl CKOPOCTU 3axBaTa M aHHUTMASILUMW YacTuL, TEMHOM
MaTepuu, NoJlydaemMele B peaynbTaTe YMCAeHHOro MoAempoBaHis AN ONN3KUX Mo cocTaBy K 3emiie nnaHeT (Moaenm A
1 B pasnuyaroTca NpUHATBIMU NapaMeTpamMun 4Yactuu) [27]; ©) HabmwogaresibHble 3HaYyeHus "U30bITOYHOro”

SHeproBbIAENEHN B Heapax nnaaHeT COHEYHOW CUCTEMBI [6]

BUCUMOCTb. Mbl BUOUM, 4TO YeM Bosblue Xenesa B
CBOMX HeApax COAEPXMUT MiaHeTa, TEM UHTEHCUB-
Hee B HUX BblOensieTcs "M30bITOYHOE™ (He paauo-
reHHoe) Tennno. OCo6eHHO OTYETNIMBO 3TO NPOSIBNA-
eTcq B TOM, 4YTO YAEJ/IbHOE 3HeproBblAeNeHne
NPUHUMAET 3Ha4YeHns, BNM3KNe K HyJ1IEBbIM, UMEHHO
B TOW TOYKe, e NNaHeTHOe BELLECTBO NO CBOEMY
COCTaBy fiMLLIAeTCs Xenesa, T. €. COCTOUT UCKITI0YN-
TeNbHO N3 06e3XeNne3eHHbIX CUNUKaTOB.

Kak Bce aTO OOBACHUTb, UCXOASA U3 MPUHATON
31eCb MTMNOTESbI, YTO TEMOBLIAENAOLLNM HAKTOPOM
SABMSIOTCA YacTuubl TeMHOW mMatepumn? OObIYHO
npegnonaraercs, 4To TEMHas MaTepusi NOTOMY U He
BWAHA, YTO B3aUMOAENCTBYET C OObIYHBLIM BELLECT-
BOM NOCPEACTBOM JINLLb JBYX U3 YETbIPEX U3BECTHbLIX
dyHOaMeHTallbHbIX B3aUMOLENACTBUIA — rpaBUTaLn-
OHHbIM W TaK HasblBaeMbIM “cnabbim”. CTOJIKHOBEHUS
C Yactulamul [1aHeTHOro BeljecTBa Mpoucxoasit
oAl yrnpasJjieHneM cjaboro Baavmopaesictaus. OHO
ObIBaeT [ABYX BUOB — "CMINH3aBUCUMOE ™ n "CriHHe -
3aByicumMoe”. HacTuupl, paBHO Kak U COCTosILIME M3
HWX CBA3a@HHbIE CUCTEMbI — Sipa aTOMOB 1 CaMu aro-
Mbl, UMEIOT HEKOTOPYIO BpallaTeNbHYIO XapakTepuc-
TUKY (COBCTBEHHBIN MOMEHT UMIMYNbCA), KOTopas Ha-
3bIBa&TCH CMUHOM (OT aHr. spin — BpalleHue). Ecnm
B3aMMOJENCTBME MeXy YacTULLaMN TEMHOK mMaTe-
pUK 1 YacTuLL MM BELLECTBA MNNAHeT CNMHHE3aBUCK-
MOe€, TO OHO He 3aBUCUT OT Toro, obnagatoT Wan HeT
OT/INYHBLIM OT HYJI CMMHOM fi4pa aTOMOB MTAHETHOIO
BellecTBa. MHTEHCUMBHOCTbL Takoro B3anmMoaencTBms
MponopLMoHalnbHa KBafparty Macchl sapa-MULLIEHN.
Ecnn xe BzaumogencTeme CnnMH3aBUCUMOE, TO OHO
KaK pa3 3aBUCUT OT TOro, obnagaroT NN CMMHOM A4-
pa-MuLLIEHN aTOMOB MJIGHETHOIO BellecTBa. Baan-
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MOLAENCTBNE B TaKOM Clnydyae MponcxXoamT TOJIbKO €
TeMU SApammn, KOTopble CMHOM ob61adaloT.

CunTaeTtcs, YTO CrMH3aBUCUMOe B3auMomel-
CTBUIE MOXEeT Ha MOopsiaKV MpeBbilliaTb CBOeV MHTEeH-
CUBHOCTbIO B3aMOLEICTBUE, He 3aBUCsILLee OT Crn-
Ha. Tak BOT Kak pa3 Ha/maneM Win OTCYTCTBUEM
CrviHa y siiep aroMoB I/IAaHETHOIO BellecTBa IjlaHe-
Thl 3E€MHOU TPYIMBl W [JIAHETHI-TUraHThl (a Takxke u
CoJiHue) pafivkalibHbIM 06pa3om oTiimdaiotTcs, CosIH-
ue, I0nutep n CatypH 60/1blIel 4acTbio COCTOSIT U3
BoJlopoAa. HerntyH, YpaH v sieflaHble CIyTHUKA Takxe
coflepXar 3Ha4duTesIbHble ero KomdecTsa. Sapa Bo-
Jopoda (NPOTOoHbL! U AedTOHEI) crinHom objiafaioT u
yyacTBoBarb B CIAH3aBUCUMBIX B3aMOAEHCTBUSIX
MOryT. B TO Xe BpemMsi Ha IiaHeTax 3eMHOM rpynrbl
pPacrpoCcTpaHeHHOCTb N30TOMOB, UMEIOLLIMX HEHYJ1e-
BOU CrviH, HeBeJsika, T. €. OHW COCTOSIT 6oJibleit
4acTbio M3 BELecTBa, KOToOpoe B CIIMH3aBACHMbIX
B3anMOLIeiCTBUSIX y4acTusl He ripuHumMaer. [oapos-
Hee 06 5TOM U3noxeHo B padoTe [19]. EcTtecTBeHHO,
YTO B C/ly4ae CrMH3aBUCUMOTO XapakTepa B3auMo-
LelcTBUS C TEMHOM MaTepuer Bogopoacoaepxatine
NnnaHeTbl BYAYT 3axBaTblBaThb ee 60Jiee aKTUBHO.

[ToMUMO 3TOro YacTuubl TEMHOR MaTtepumn Mo-
ryT ¢ 60MbllIeR NHTEHCMBHOCTLIO B3aMMOAENCTBO-
BaTb C MPOTOHAMMW, YeM C HEATPOHAMKN NNIAHETHOIO
BelllecTBa [18]. Ecnun Bogopoaconepxalime niaHe-
Thl COCTOAT BObLLER YACTbIO U3 MPOTOHOB, TO Ma-
HETbl 3€MHOW PYNMbl — U3 NPUMEPHO PaBHOIO KO-
JIn4ecTBa NPOTOHOB U HEWTPOHOB.

B yem cocTonT BO3MOXHas ponb xenesa? Bo-
NepBbIX, XeNle30 ABNAETCH eAMHCTBEHHbLIM N3 TAXe-
JIbIX 3NEMEHTOB, PacnpoCTPaHEHHOCTb KOTOPOro
Befinka. A Mbl 3HaeM, 4TO NpuU onpeneneHHblxX ob6c-
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TOATENbCTBAX MHTEHCUBHOCTb 3axBaTta YacTul, nna-
HETOW MOXET ObITb MNpoNopuUnoHaNbHa KBagpary
Macchl 4ep 271eMeHTOB, U3 KOTOPbIX OHa COCTOUT
(c™m. Bblle). anee, pesynsrarthbl BbIYUCIIEHWIA NOKa-
3blBatoT [13, 20—23], 4TO WaHChl AN YacTULbl TEM-
HOWM MaTepum OblTb 3aXBa4E€HHOW NNAHETHLIMWU Hel-
paMu pesko (pe3oHaHCHO) Ha MopsiAKK Bo3pacTaloT
B cliydyae 6IM30CTM MX Macc Maccam saep XUMu-
YeCKUX SNEeMeHTOB MMaHeTHOro BellecTBa. ITO
BO3pacTaHne NpUMepHO COOTBETCTBYET ANanasoHy
Macc B npeaenax oT HeCKOSIbKMX 40 HECKOMbKMX CO-
TeH a. e. M. (aTOMHbIX eanHNL, Macchl). Baanmoperii-
CTBME C BELLLEeCTBOM MNaHeT CTaHOBUTCA OCOBEHHO
WHTEHCMBHbLIM (YCUNMBasACb AOMNOJIHUTENbHO B
10-300 pas) B cnyyae OGNM3KOro COOTBETCTBUSA
Macchl YyacTULbl aTOMHOW Macce Kakoro-nmbéo us
Hanbonee pacnpoCTPaHeHHbIX XMMUYECKMX afne-
MEHTOB MMaHEeTHOro BellecTBa.

Ina 3emMnm 1 Apyrux nnaHet 3eMHoOW rpynnbl
CKOpPOCTb 3axBarta 4yacTtuy, 6yaeTr Hanmbonbliuer B
cnyyae 61M30CTM UX Macc MaccaM sfep xenesa.
3TO ABNEHME NONYYNSIO Ha3BaHWe "Xefe3Hblin pe3o-
HaHC™ M OOCTAaTOYHO aKTUBHO McchemyeTcs, Mnoc-
KOJIbKY ecTb onpedesfieHHble OCHOBaHWSl, KakK U3
dUINKN a1eMeHTapHbIX YacTul, Tak U KOCMOJOr-
yeckne, B TOM 4uUCfie N AaHHble 3KCNepUMEHTOB,
npeanonaraTb Maccy 4YacTUL, TEMHOW marepuu
OIM3KOM K aTOMHbIM MaccaM XMMNYECKUX SN1eMEH-
ToB. TakuM o6pa3oM, CBsS3b Ter/IOBbIAE/IeHUS C
obunIMeM XeJie3a B Hepax ryiaHeT MOXeT sIBJSITLCS
yKkazaHnem Ha OJIN30CTb MacChl MAMOTeTUYECKOMU
Tervionpon3BoasLLed YyacTulbl TeMHOU Marepu K
macce sifiep xejiesa (BMNpoYeM, CYLLLECTBYIOT U He-
KOTOpble Apyrne MexaHn3Mbl TeNNOBbIASNEHNS, A0-
nyckaioLime ocobylo posib Xenesa).

TakoBO Halle o6bsCHEeHWe cBolCcTBa 5 "KOCMU-
yeckol neyku™.

BKpaHupoBaHue MJ1aHeTHbIM BeLleCcTBOM.
CeyeHue B3aumopgeiicteusg. Hactnua TeMHOW ma-
Tepun OyaeT 3ajepXaHa 3eMHbIMW HefipaMn, eCin
N3NNLLIEK ee KNHeTMYeCcKOoW aHeprumn 6yaeT nepeaaH
yacTuuam okpyxatwllleh cpefbl. 3aMenneHne Jyac-
TULL TEMHOM MaTepuM MPONCXOAMNT MpU CTONKHOBE-
HUAX C YacTULAMKW 3eMHOI0 BELLLeCTBa, Tak Kak ecin
0O CTONKHOBEHWUSI NPOTOH WM HEeNTPOH MOKOWSCS,
TO NOCNE CTOJIKHOBEHUSA OH MPUXOAUT B [IBUXEHKE,
nonyyasi oT HaneTeBLUel YHacTULLbl HEKOTOPYIO SHep-
ruio. lNMoaToMy yacTuUa 3amMeaiseTcs.

[Tonpobyem OoLEHUTL CTEMNeHb B3aUMOAENCTBUSA
yacTUL, C 3eMHbIM Bel,eCTBOM. KOIMYECTBEHHO OHa
BbIpaXaeTcq CeYeHUeM B3anMOAEWCTBUA 4YacTul,
TEMHOW MaTepuu ¢ HyKNoHaMM (T. €. MPOTOHaMK U
HelTpoHamK), naMmepsieMbiM B eguHMLLAX MmioLaau
(ero MOXHO MpPeAcCTaBUTbH Kak MAoLWaZKy BOKPYr
yacTuLbl-MULIEHN, MPONAN Yepes KOTopylo HaneTa-
loLLas YyacTmua AoKHa rapaHTUPOBaHHO MpoB3an-
MOJEeNCTBOBATh, T. €. YeM Oonblle aTa niolulaaka,
TeM BbllIE BEPOSATHOCTb CTOJIKHOBEHMUS).
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Puc. 6. 3axBat YacTuL, TEMHOM MaTrepun naHeTamMn 3a BpeMs
cywlectBoBaHMs CONMHEYHON cuctembl. BepxHune [nBe
33aBUCMMOCTU — OTOOpPaXeHWe Pe3ynbTaToB YWCEHHOO
MoaenupoBaHns 3axeata: 1 — no [37], 2 — no [29]. BHu3y -
Heobxoaumoe 419 obecnedeHns padoTbl "KOCMUYECKMUX NeYek”
MAaHeT KONMMYECTBO TEMHOW MaTepuu (B MpeanofioXeHun
AHHUTUAISILMOHHOTO MeXaHu3Ma TervioBbIAENEHNsT U ero
MOCTOAHCTBA BO BPEMEHW), MO AaHHLIM PUC. 5, 6

VCTOYHMKOM MHDOPMaLMKN 30eCk MOXET OblTb
NPOCTPaHCTBEHHOE pacnpefefleHne 30H Makcu-
MasnbHOro TEMIOBbLIAENEHNSA B 3eMHbIX Heapax. Kak
Mbl Y>Xe YCTaHOBWUIIW paHee [5], Habnaetcs onpe-
LeneHHast LWUPOTHast 3aBUCUMMOCTb, OBYCNOBJIEH-
Hasi, C OLHOW CTOPOHbI, CYLLLIECTBOBAHWEM BbiLeNIeH-
HOrO HanpaBfEeHUs, ¢ KOTOPOro NPenuMyLLeCTBEHHO
OCYLLLECTBISAETCS "NPOorpeBaHne”™ Hefip NNaHeThl, ac
OPYroil CTOPOHLI, SKPaHUPYIOLWUMW CBOACTBAMMU
reonornyeckor cpefbl, T. €. He MOJIHOW Mnpospau-
HOCTbIO 3€MHbIX HeAp ANS BO3AENCTBYIOWEro dak-
TOopa (4acTuy, TeMHOW martepuun). Kak pesynbrar, B
3eMHbIX Hefpax cpOpMUPOBancs NPUakBaToprab-
HbIl NOSIC pasorpeToro BellecTBa (NoapobHO 06
0COBEHHOCTAX 06pasoBaHNUs 3TOrO Mnosica U3Noxe-
HO B paboTe [5]). Ecnm 6bl 3emns Gbina NoyTH Npos-
pavyHoOl AN noToka 4acTul, TEMHOW maTepuu, To
ATOT Nosic Bkl Obl cNado BeIpaXeH, MOYTU He 3aMe-
TEeH, HO O0MKeH Bbln Obl pacnpocTpaHaTLCH B ca-
Mble myBokne 3eMHble cnoun. B npoTuBHOM cryyae,
ecnu 3emMnda cnabo npospayvHa, AaHHbIM Nosc Obin
Obl Pe3Ko NPOSIBSIEH B MPUNOBEPXHOCTHLIX CNOSIX, HO
Nno4yTu He NpocMmarpuBascs 6bl Ha MyOuHe. Mbl Xxe
HabnoaeM HeyTo cpefiHee. DKBATOPUASIBHBIA O-
pAYnZA NOSIC OTYETIMBO 3aMeTeH Aaxe BO BHYTPEH-
HeM 3eMHOM gape [5]. 3HauuT, YacTuupl B AocTta-
TOYHO BOJbLUNX KONMYECTBaxX NPOHUKAOT 1 Tyaa.

Kak 6b1510 0TMedeHo B nybnukauunn [6], MaHTusA
3emMnn noaBepraeTcs NPUMMEPHO B TpK pasa Bosee
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CNoW BelecTBa, paBHbli paguycy ConH-
La, NornoLLaeT NOTOK YacTUL, C cevyeHns-
Mu 10735 cMm2. B gpyrux UCTOYHMKaxX O1s
3eMnun JatoT OLeHKU cevyeHuli Ha ypoBHE
2,3-10-3% cm? [20] n 1032 cm? ang 6oib-
wunx nnaHet [33]. (Ana npumepa; Benndn-
Ha cevyeHus B3anMoaelicTBUS HEATPUHO ¢
yacTuLamm oBbI4HOro BelllecTBa CoCcTaB-
nset okono 1043 cM2, yTO COOTBETCTBYET
Npo3payHOCTN CNOsl BellecTBa, PaBHOMo

CooTHoLLeHWe yOEenNbLHOro 3HepProsbiAeNEHNA NNaHeTbI K 3emne

MnoTHocTs, rfem®

Puc. 7. CoOTHOLWIEHNE BbIAENEHUSA "M3OLITOYHOK™ (HE paanoreHHON)
SHEeprnmn Ha eAVHULY Macchl B Hepax MAaHET Mo OTHOLLEHUIO K 3emnie
B 3aBMCMMOCTU OT MX MIOTHOCTU (C BLIYETOM MPaBUTALMOHHOIO CXaTuns

ONS NnaHeT 3eMHON rpynnsl) [6]

aKTUBHOMY BO3JENCTBMIO B CPABHEHUU C APOM. To
€CTb MOXHO AonyckaTb ocnabneHne noroka Tenso-
BbIAENSIOLMX YacTUL, TEMHOW MaTepun B TpW pasa B
LeHTpe 3eM/iu B CPaBHEHMU C MOBEPXHOCTHIO.
SKcTpanonmpys aTo 3Ha4eHue Ha AMaMeTpP 3EMHOI0
lapa, MOXHO NpeAnofararhk, YTO ToJa BeLLEeCTRa,
paBHasa AvaMeTpy 3emin, ocnabnsieT NoToK YacTul,
TEMHOW Marepum NpUMepHO Ha NopsaoK. To ecTb
peyb MAeT 06 OTHOCUTENLHO MOJSIHOM MOMOLWEHNN
TOJILLEN BellecTBa, COOTBETCTBYIOLEN MPUMEPHO
AnameTpy 3emnu.

Takxe Mbl 3HaeM [6], 4To yaensHas UHTEHCUB-
HOCTb TEMJIOBLIAENEHNS HA €ANHKLY Macchl Bellle-
cTBa Heap JlyHbl M CAOYTHWKOB MJI@HET-IFMraHToB
NPeBbILLAET, Y 3a4aCTYIO 3HAYMTENIbHO, TAKOBYIO AN
3emMnun. Ha aTux Xe manblX NfaHeTax OTYET/IMBO
NPOCNIEXMBAIOTCH NX 3KBATOPUasbHbIE MOsICa BHYT-
PEHHE akTUBHOCTU, 4TO MOXET ObITb MPOUHTEPI-
PeTUPOBAHO KakK MpU3HaK paboTbl "KOCMWUYECKUX
nedek” [5, 6]. To ecTb MOXHO NpeAnonararb, YTO U
ToJla BELLECTBA B HECKOJIbKO COTEH KMIOMETPOB
yXe 3HaYNTENbHO ocnabseT NoTOK TeNONPOU3BO-
OSLMX YacTUL, TEMHOR MaTtepuu.

Jns nornouleHns yactuu, ¢ Maccamm, 6IM3KUMK
K Maccam s4ep XMMUYECKNX 3IEMEHTOB, TOJILLEN Be-
LecTBa, PaBHOW AmameTpy 3eMnu, B nuteparype
NPUBOANAT OLIEHKU Ha YPOBHE CeYeHUs B3auMogeli-
CTBUS 4acTUL, TEMHO Matepumn ¢ HyKNnoHaMmu (npo-
ToHaMM U HeilTpoHammn) okono 10738 cm?2 [10]. NyHa,
Nno aTUM Xe€ AAHHbLIM, CTAHOBUTCH HEMPO3padHol Ha
YpOBHe ceveHuii okono 6:-10-3% cM2; ana cpaBHEeHUS:
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251 \ 10" pagnycoB 3emnn.) To ecTb Mbl MO-

\ XeM [oCTaTo4HO YBEPeHHOo npeanona-

20 \ + Expia raTb, YTO TEMJIONPOU3BOAALLME YaCTULIb

151 \ TeMHOVVVI Marepun UMeloT ceyeHust B3au-
\ S rnomioome MOAEVICTBUS OKoJ10 10‘32—10-3‘i cM2,

10 P SN plries Ecnn cevyeHust B3auMOLENCTBUA G

cunukamos OKeneaHas HYKIOHaMmn (NPOTOHaMW U HEWTPOHaMM)

5] ] Hemryw | _ SO __ NNEHETE  [OCTATOuHO BEMWKY, TO TaKasi TeMHas Ma-

YpaH.—i—raH”Me'D'j oﬂyH—a@-‘ eprypuvi . — ! TEpUs Ha3bIBAGTCS CULHO B3AUMOZIGH-

DT B— —C3emna 0 cTBYIOLEH. 30eCb He MMeeTcs B BULY

0 1 2 aMapc 4 5 6 7,87  yuyacTMe B TaK Ha3blBAEMOM "CUSIbHOM"

B3aUMOAENCTBMM (OOHOM M3 4eTblpex
dyHOaMeHTalIbHbIX B3aUMOAENCTBUIA), HO
JNNLLb UHTEHCUBHOCTb, C KOTOPOW B3auMO-
helicTBMe npoucxoauT. [mnoTeTnyeckne
CWJIbHO B3aMMOAEeNCTBYOLWME MACCUB-
Hble YacTULbl TEMHOW Marepum NoayYnnn
ofllee HasBaHWe cuMMbl (abbpeBuarypa OT aHmM.
Strongly Interacting Massive Particles — cunbHO B3an-
MOAelCTBYIOME MACCUBHbIE YaCcTULbl TEMHOI Ma-
Tepuwn). YeTkol rpaHnubl Mexay CuibHO KU cnabo
B3aUMOAENCTBYIOLLEN TEMHOW MaTepuelt HeT, O0bIY-
HO 4acTUUpl C CeYEeHUsSIMU B3aMMmodeicTBus 6onee
10735 cM? yKe cUMTaloTCs CUIIbHO B3aWMOAENCTRYIO-
et TeMHoOM MaTepmeit. HacTtuubl ¢ 6o51ee HU3KUMHK
cevyeHnsIMN B3anMOAeNCcCTBUST YacToO Ha3bIBaOT BUM-
namm (Weakly Interacting Massive Particles — WIMPs).
Halua yacTuua OTHOCUTCS K CUMIMaM.

OTO OTHOCUTESNILHO CBOMCTBA 4 "KOCMUYECKOW
neykn”.

Bbieogbl. CBOCTBA JOMNONHUTENBLHOMO K paan-
OFeHHOI 3Heprmm KOCMUYEeCKOro UCTOYHMKA BHYT-
pPeHHeR aHeprum 3emMnn 1 nnaHeT ("KOCMUYECKOWR
rneykn”™) MMeloT MoNHOEe COOTBETCTBME B CBOMCTBAX
okpyxaiolelh COfIHeYHYIO cUcTeMy TeMHOW mare-
pun FanakTukyM, 4TOo MO3BOMSET 3aKNIOUYUTb, 4YTO
WMeHHO TeMHasl MaTepusl, ro-BUaANMOMY, SIB/IIeTCs
TeM BHeUIHUM 10 oTHoleHuio K COJIHeYHOoM crucTe-
Me aKTopoM, KOTOpbi NMPon3BoANT HarpeB ijia-
HeTHbIX HeAp, Kak 9TO paHee W npeanofiaranoch
MHOIMMW NccneaoBaTensMm.

Cpeown HanBonee BepOATHLIX cheayeT pac-
cMarpuBaTb YacTuLly, CBOWCTBaA KOTOPOW TakoBbl:
yacTula B3aMMoAencTByeT CMUH3aBUCUMO C Mna-
HETHbIM BelWecTBOM (NBG0 NpeAnoYTUTENbHO C
NPoOTOHaMK); ee Macca MOXET ObiTb GNM3KOW K
aTOMHO Macce Xenesa; cevyeHne B3anMoaeicTBmS
C 36MHbIM Bell,ecTBOM cocTasnseT 10-32-10-34 cm2,
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