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TeMHOe BellleCTBO, TIpaBUTALUS, BO3MOXHOCTb MeKrajakKThuyeCKUX
rosieToB ¥ Teopusi Bosibitioro B3pbiBa... M3yuenue TaiiH BceneHHOM 1og00HO
YTEHUIO 3axBaTbIBarollero poMaHa. Ho TOJIbKO ec/id Bbl XOpOLLIO [OHMMAaeTe
(GbuU3MKy, 3HaeTe, UTO CKpBbIBAeTCS 3a BCEMHU CJOKHbBIMA TepMUHAMM U
oripefieJieHUsIMUA. B caMbIX T0OJIOBOJIOMHBIX BOMPOCAaX HAyKM BaM I[TOMOXKET
pa3obpatbcst Hun [erpacc TalicoH — O[JUH W3 CaMbIX aBTOPUTETHBIX U B TO XKe
BpeMsi OCTPOYMHBIX acTpo(dU3MKOB Haillero BpeMeHd. OH 00/asaeT 0CcOObIM
JlapOM pacCKa3bIBaTh O CJIOXKHEUIINX HAyYHbIX TEOPUSIX MOHSATHO, UHTEPECHO U C
IOMOPOM.

HoBas kHura Hwia TalicoHa — 3TO ouepefHOe 3axBaThIBaroOlllee
MyTelleCTBUE B MUD COBPEMEHHOM HayKu. Bbl y3HaeTe 0 caMbIX MOC/IeJHUX
OTKPBITHSIX, CMOXKeTe MPOC/IeIUTh CeKYH/Ia 3a CEKYH/IOW pPoKJeHne BceneHHOM,
y3HaeTe HOBeHIlIMe JaHHble O TEMHOW MaTepuu U MpOUCXOoxAeHur 3emm. U
yToOBI TIOHSITH BCE 95TO, BaM He TIOHAJOOMTCS HHUKAKOTO CreruabHOro
oOpa3oBaHus: JOCTAaTOYHO JlayKe Cjierka Tofi3abbIToro Kypca cpefiHeld IIKOJIbI U
nMOOOIBITCTBA. A 3aKpbIB 3Ty KHWTY, BbI TOHMeTe, UTO acTpodu3uKa He Tak
CJI0XKHAa, KaK Ka3as0Chb! JTO 1MoJie3Hoe U yBJieKaTe/lbHOe UYTeHue [ij1s1 BCe CEMbH.
YuraiiTe, YTOOBI HE OTCTATh OT HAYUYHO-TEXHUUECKOI0 TTporpecca.
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Hun lerpacc TakicoH Hanucan HaCTOSIYI0, HayuHYH « Teoputo bosbiioro
B3pbIBa» [JIsl T€X, KTO CIeLINT.
JKypHan «Vanity Fair»

TalicoH — MacTep pauvoHanu3ald U ympomleHus. OH  Geper
YMOIIOMPAYUTE/IbHO CJIOXKHBIE MIeU U «Pa30upaeT» UX [0 OOITUKOB, [JOTIOTHSIS
KPaCOYHBIMU aJIJIETOPUSIMU U TIPUKOJIbHBIMU IITyTKaMH, U 3TH U/Ied CTaHOBSITCS
JNOCTYTIHBIMU JIaXKe 17151 HerpodeCcCroHaoB.

JKypuan «Salon»

OTa KHUTa paclInupsieT TPaHUIlbl HAIIIeTO pa3yMa.
Caum «Hackernoon»

['maBbl 3TOM KHUTH — nepepa60TaHHble CTaTbM K3 pa3jejid «BcenenHas»



B )KypHase Natural History:

I'naBa 1: mapt 1998 rozma u cents6ps 2003 roza
I'naBa 2: Hos16pk 2000 roza

I'naBa 3: okts16pn 2003 roza

['naBa 4: utonb 1999 roga

['naBa 5: utonb 2006 roga

I'naBa 6: okts16pn 2002 roza

['naBa 7: uronb/aBryct 2002 roga

['naBa 8: mapt 1997 roga

I'naBa 9: nekabpn 2003/sHBaps 2004 roga
I'naBa 10: okTsi6pb 2001 roga

I'naBa 11: deBpans 2006 rozga

I'naBa 12: anipesns 2007 ropa.

[nst Bcex, KOMy HEKOT/la UMTaTh TOJICTbIe KHW)KKH, HO BCE PAaBHO HY)KHO
MO/IK/TFOUUTHCST K KOCMOCY.



IIpegucioBue

B niociiesiHee Bpemsi He TIPOXOZIUT U Hefiesin 0e3 CeHCALMOHHBIX 3asiB/IeHHNA
O KakOM-TO KOCMHUECKOM OTKDBITHH, JIOCTOHHOM T'DOMKHX 3aroJIOBKOB.
B03M0OXHO, /Ie/lo0 B TOM, UTO HayKa O BCeJleHHOW HaKOHeLl-TO 3auHTepecoBasa
TexX, KTO OTBedyaeT 3a TMOAOOD MarepuasioB [jisi ras3eT, OFHAKO Mof00HOe
BHUMaHUeE TIPeCChl, CKOpee BCero, CBA3aHO M C TEM, UTO Yy TMPOCTBIX UWTaTesen
TIPOCHYJICST HayuHbIH anmeTutT. O6 3TOM CBUZIETENbCTBYET OueHb MHOTO€ — OT
pelTHUHra  HAyuUHO-TIOMY/SIPHBIX  Tejieriepefiau [0 yclieXa  Hay4HO-
daHTacTUUeCKUX (UIBMOB: TeTlepb WX CHUMAKOT CaMble 3HAaMEHHUThIe
PEXKUCCePhbl U TIPOJIOCEPHI, a IVIaBHBbIE POJIM WCIIO/IHSIIOT KWHO3BE3/bl TIepBOU
Be/IMUMHBI. A HeJaBHO B MOy BOLUIA W Ouorpaduueckrde KapTUHBI O
BBIJJAIOIIUXCS YUEHBIX — Telepbh 3TO CaMOCTOSITe/IbHBIN KaHp. Kpome Toro, Bo
BCEM MUpe IPOBOJATCS HayuyHble (ecTHBaM, KOHBEHTHI JIFOOWTeeld HayuHOU
(haHTaCTUKY U TT0Ka3bl JJOKYyMEHTa/IbHBIX HayUHBIX TeJleCepraroB.

Cambie 6osbiiie cOOpel B MICTOpUM KuHeMarorpada mpuHec/ia KapTHHA
3HAMEHUTOIO peXXUCCepa, [JelCTBHe KOTOPOW TMPOMCXOAWT Ha IUIaHerTe,
BpaIaloIelicsi BOKPYT Jajiekoi 3Be3Abl. VI TaM ofHa 3HaMeHHUTas aKTpHCa
urpaeT actpobuosora.

B Haim JHU paciiBeTa JAOCTUIVIA MHOTHE OTPac/iyd HayKH, OJHAKO OZHO W3
TepBbIX MECT HEeM3MEeHHO 3aHWMaeT acTpodu3uka. [lo-mMoemy, 51 3HaIO0 TIOUEMY.
KaxkjoMy 13 Hac [JOBOIW/IOCH TIOJJHUMATh 171a3a K HeOy U cripammBath cedsi, uTo
BCe 3TO 3HAUMT, KaK BCe 3TO YCTPOEHO — ¥ KAaKOBO Hallle MeCTO BO BCE/IEHHOM.

TeM, KOMy HeKOI[la BIWTBLIBaTh 3HAHUS O KOCMOCE Ha JIeKIUsX, W3
yueOHUKOB WM [JOKYMEHTaJbHbIX (WJIbMOB, OJHAKO BCE PpaBHO XOYeTCs
TIOJTYUUTh KpaTkoe, HO OCMBICJIEHHOE BBeJeHWe B HAyKy O BCEJIeHHOW, S
TpeZijlaral0  CBOIO KHUTY. OTa TOHKas KHIDKHIIA TIO3BOJIMT BaM CBOOOJHO
OPHEHTHPOBATLCSI B MUPE COBPEMEHHBIX TIPeCTaB/IeHUd W OTKDBITUM, HbIHE
COCTaB/ISION[MX HAyYHYIO0 KapTUHY BCesieHHOW. Ec/ii MHe yzanmoch BBITIONHUTE
TOCTaB/IeHHYI0 3a/lauy, Bbl CMO)KeTe BeCTU KYJIBTYpPHyHO Oecenly 1o Moel
TeMaTHKe, HeTlyIOX0 B/iafiest MaTeprasioM, a BO3MOXKHO, 3aXOTHUTe Y3HaThb OoJibIlLIe.

BcenenHas He 00s13aHa UMeTh CMBIC/T B BaIlIMX I71a3ax.

Hun [leepacc Taticou



1. Camas rimaBHasi UCTOpUA

Ho MHO20KpamHo ceou no/noxceHusi 8 Mupe MeHsis,

Om 6eCcKoHeuHblX 8pemMeH NOCMOSHHbIM MOAYKAM
noogep2asich,

Bcsikue 8udbl npotiosi couemaHull U pasHbix 08udiceHull,

B pacnonooiceHbsi OHU, HAKOHEY, NONadaiom, u3 Koux

Bcsi cosokynHocmb gewyjell nonyyuadch 8 menepewHem
gude...

Jlykpeyuti, ok. 50 2. 0o H. 3. (nep. @.
Ilempoeckoz0)

B camom Hauasie, nouty 14 MuisiapZoB JieT Ha3az BCe IPOCTPaHCTBO, BCe
BeIIleCTBO U BCSl SHEPrusi U3BeCTHOUW HaM BceneHHOU copep)kanuch B oObeme,
pasMepoM MeHbllle O/IHOM TPWIIMOHHOW oObeMa TOYKH, 3aBepliarolieil 3To
Tipe//I0’KeHue.

bblIO Tak »KapkKo, 4YTO BCe OCHOBHbIE CWJIbI IIPUPOABI, B COBOKYITHOCTH
onuchiBarole BceneHHy0, CJIWIUCh BOeAUHO. MBI 10 CUX TIOp He 3HaeM, Kak
BO3HUK 3TOT MUKPO-MHUHUATHOPHBIKA KOCMOC, OJHAKO U3BECTHO, UTO C TeX TOp OH
MOT TOJILKO pacimpsaTbCsa. beicTpo. CerogHsi Mbl Ha3biBaeM 3TO COObITHE
Bonbmmm B3pbIBOM.

B 1916 rogy DWHINTENH BbIABUHY/ OOIIYI0 TEOPUI0 OTHOCUTETBHOCTU —
COBpeMEeHHOe TIIpe/CTaBjieHue O T[paBUTAalL|UM, COIVIACHO KOTOPOMY Hanuue
BellleCTBa U SHEPTUU WCKPUBJIsSieT BOKPYT cebsi TKaHb MPOCTPAHCTBA U BPEMEHHU.
B [BaziiaThie rofibl MpOIUIOTO Beka Obla pa3paboTaHa KBAaHTOBasi MeXaHUKa —
CcOoBpeMeHHOe Tpe/icTaB/ieHre 0 MUKPOMUPe, MOJIeKy/aX, aToMax U Cy0aTOMHBIX
yactuiiax. Ho okaszanoch, 4to C ¢opManbHOM TOYKM 3peHUs 3TH [iBa
MHPOBO33pEHUSI HECOBMECTHMMBI JPyr C APYrOM, M 3TO 3acTaBUIO (HU3UKOB
HarlepeOOl TIBITaThCSI TPUMUDUTL TEOPUI0 Majioro C Teopueld OOMbIIOTO —
CO37,aThb e[UHYK0 U HeINpPOTUBOPEUMBYK) TEOPUI0 KBAHTOBOW TI'paBUTALUU.
@UHUIIHOM TMPSIMOX B 3TOU TOHKe MbI TTIOKa He JOCTUI/IM, 3aTO TOYHO 3HaeM, rje
CTOAT Camble BbICOKHe MpensaTcTBUs. OIHO U3 HUX — «TJIAHKOBCKAs 3pa» paHHeu
BcenenHoii. 3to nepuog c t = 0 1o t = 1073 cexkyH/pI (0fHa e CATUMUITAOHHO-
TPU/UIMOHHO-TPU/UIMOHHO-TPU/VIMOHHAA  [I0JI1  CeKyH[bl) Tiocjae bosblioro
B3pbIBA, 10 TOTO, Kak BceneHHas gocturna pasmepa B 107>° meTpa (ogHa
CTOMW/UTMAPAHO-TPUWITMOHHO-TPWIJTMOHHAs fosis MeTpa). Hemenkuii ¢u3uk



Makc [171aHK, B UeCTb KOTOPOTO Ha3BaHbI 3TH HEBOOOPA3UMO MaJible Be/TMUKHBbI,
B 1900 rozsy BbIABUHYJI W/leH0 KBAHTOBAHUS SHEPryUU U B 1[eJIOM CYMTaeTCs OTLOM
KBAaHTOBOU MeXaHUKHU.

[IpoTiBOpeune mexzay Teopueil rpaBUTALMM M KBAHTOBOW MEXaHUKOM B
Hallly 310Xy He NPUBOAUT HU K KaKUM MNPAKTUUECKUM OC/I0KHEHUSAM, [TOTOMY
YTO WHCTPYMEHTHI Y TPUHLIUIMBI 3TUX TEOPUM IIPUMEHSIOTCS K COBEpIIEHHO
pa3HbIM KjaccaM 3ajau. OziHaKo roHavasty, B MJIaHKOBCKYIO 3pY, Oosbliioe ObLIO
MajJleHbKUM, W Mbl TI0[]03p€BaeM, UTO 3T TeOpUU ObLIM BBIHYXKIEHbI, TakK
CKa3aTb, Ha/JlaJUTb COBMECTHYIO >KW3Hb. YBBbI, [JI1 HAaC TOKa OCTaeTCs TaWHOM,
KakuMu obeTaMyd OHM OOMEHsUIMCh Ha 1jepPeMOHUM OpakocoueTaHusi, TI03TOMY
HUKaKie W3BeCTHble HaM 3aKOHbI (PU3UMKKA He OOBSICHSIOT CKOJbKO-HUOYIb
[OCTOBEpHO I10BeJieHre BceyleHHOM B TOT IepUo/.

Tem He MeHee, Mbl MpejrosaraeM, 4YTO K KOHLy I1JIAHKOBCKOW 3pbl
rpaBUTAl[Usl BbIpBajach U3 OOBSATUM OCTaNbHBIX, TMO-TIPEXXHEMY €JUHBIX CHJT
npupoAibl U mpuobpesia HE3aBUCHMOCTb, KOTOPYH) TaK XOPOIIO OMUCHIBAOT
HaIlM HbIHeIIHUe Teopud. IlepeBanus 3a BospacT B 1072° cexkynspl, BeenenHas
MPO/I0/Kaja PaCLIMPsATHCS, KOHLEHTPUPOBaHHAsl SHeprusi pas30aBisiiachk, a To,
YTO OCTa/NOCh OT €JAMHBIX CWUJI, pa3/le/InoCh Ha /iBe CUIbL: «3/71eKTpocaalbyo» u
«CWIbHYIO siiepHyto». Eile mo3jgHee snekTpocnabasi cuia pasfenvnach Ha
9/IEKTPOMAarHuTHY®0 U Cnabyro sIepHyl0 Cujbl, W TIOJyUYATUCh UeThIpe
OT/Zie/IbHbIe CUJIbI, KOTOPbIe MbI 3HAeM U JTHOOUM:

* cnaboe silepHOe B3auMOZeliCTBHE KOHTPOIUPYET Pa/IM0aKTUBHBIN pacrnaf;

* CWIBHOE siflepHOe B3auMO/eNCTBYe CBSI3bIBaeT aTOMHOE S171po;

* 3JIGKTPOMAarH1THas Cujia CBSI3bIBaeT aTOMbI U MOJIEKY/IbI;

* @ rpaBUTAaLUA — CKOILJIEHUS BellleCTBa.

C momenma boabuwoz0 63pbiea npoulia 00Ha mpuwuiTuUOHHAA CeKyHabl




Bce 3T0 BpeMsi L0 HelpepbiBHOE B3aUMO/EWCTBHE BellleCcTBa B BHUJE
Cy0aTOMHBIX 4YacTWl] U 3Heprud B Bufe (OTOHOB (HE HMEIOIIUX MacChl
TIepeHOCUYMKOB SHEPrvM CBeTa, B paBHOU Mepe 4acTul] ¥ BosH). Bo BcenenHou
ObUIO TaK >KapKo, UTO (POTOHBI MOT/IA CIIOHTAHHO MPeoOpa30BbIBaTh SHEPTHUIO B
rapbl 4acCTHL| BelljeCTBa M aHTUBELeCTBa, KOTOpble Cpa3y aHHWUTU/IMPOBAJIH,
BO3Bpalljasi SHepru0 0bparHo ¢poToHaM.

[a-na, aHTHBeLeCTBO — 3TO He (haHTacTHKa. U ero OTKpbLIU MBI, YUeHbIe, a
He nmcatenu-¢aHTacTbl. Takvie MeTaMOp(O3bl MOJHOCTBIO OINKCHIBAET CAMOe
3HAMEHUTOe ypaBHeHue DifHmTeiiHa E = mc? — felicTBytomuii B 06e CTOPOHBI
peLenT, MOKa3bIBaloI1M, CKOJbKO BelleCTBa CTOMT TO WM HWHOE KOJIMYeCTBO
SHEPrUU U CKOJIBKO SHEPrUM CTOMT TO W/IM MHOE KOJM4YeCTBO BewlecTBa. B stou
(opmMyne ¢?> — 3To KBajipaT CKOPOCTU CBeTa, OYeHb OOJIBLLIOE UMCI/IO, KOTOPOE,
OyZlyur TOMHO)KEHO Ha MaccCy, TMOKa3bIBaeT, CKOJIbKO SHEPrMyd Ha CaMOM Jiejie
JlaeT HaM 3To rnpeobpa3oBaHue.

HerocpencTtBeHHO 1epes, BO BpeMsl U II0C/Ae TOrO, KaK CU/IbHOe W
57eKTpocsiaboe B3aMMOZelCTBUSI pa3opBajiM 3HAKOMCTBO, BceneHHasi Oblia
OypssitiiuM  Oy7TbOHOM W3 KBapKOB, JIETITOHOB M WX aHTUCOOpaTheB, a TakKXKe
0030HOB — uacTul], KOTOpble OOecrieunBarOT UX B3aumogelcTBue. CuuTaeTcs,
YTO TpeJCTaBUTE/NN BCEX ITUX CEMEWCTB y)Ke He JIeJIsITCS Ha UTo-To ellje 6omee
MeJIKOe UM 3JIeMeHTapHOe, XOTS y KaXKJOW W3 TaKUX YacCTHUL] eCTb HeCKOJIBKO
PasHOBUHOCTEM.

[a-na, aHTHBeL[eCTBO — 3TO He (paHTacTUKa. V1 ero OTKPbLIU MBI,
yueHble, a He TicaTen-(haHTacThl.



OObIUHBIN (DOTOH BXOAUT B ceMelCTBO 0030HOB. M3 j1enToHOB He-(pu3rKam
Jlydilie BCEro 3HAKOMBI, TOXKalayi, 3/IeKTPOH U, BO3MOXKHO, HEUTPUHO, a W3
KBapKOB... I'M, 3HaKOMbIX KBAapKOB y BacC, HaBepHOe, HeT. KakjoMy U3 I1ecTu
BU/IOB KBApKOB /lajii abCTpakTHOe Ha3BaHUe, He MMelolljee HUKAKOM 1ieJi — HU
dunonoruyeckor, HU Gunocodckol, HU Tie/laroruueckol, — Kpome lie/u
OT/IMYaTh WX JPYr OT Apyra. KBapku Ha3bIBalOTCS TaK: 6epxHull, HUMCHUL,
CMPAHHDIL, OUAPOBAHHDIL, NPeneCmMHbIlU U UCMUHHbILL.

A BoT 0030HBI, KCTaTd, Ha3BaHbl B UeCTb WH/UNUCKOTO YYeHOTro
[IlatbeHpanata bo3e. CnoBo «ienToH» 00pa30BaHO OT JpeBHErpeuyecKoro
«JIENTOC», UYTO 3HAYUT «MaJIEHbKU» WU «IerkKui». OQHaKO MPOUCXOXKIEeHUEe
CamMoro CJioBa «KBapK» ropa3/l0 UHTepecHee: €ro UCTOYHUK — JIUTePaTypHOe
ripousBesieHre. @u3uk Mroppent ['ei-ManH, koTopeii B 1964 rofy BbIJBUHYI
TUMOTe3y O CYI[eCTBOBAHUM KBAapKOB KaK COCTaB/SIFOIIMX HEWUTPOHOB W
TIPOTOHOB U B TO BPeMsI CUMTaJl, UYTO CEMeMCTBO KBAaPKOB COCTOUT BCETO JIUIIIb U3
TpPeX UJIeHOB, T03aMMCTBOBa/ WX Ha3BaHue u3 «[lomuHOK MO DUHHETraHy»
Ixetimca [Ikoiica, rae yaliKu BBIKDUKUBAIOT 3arafiouHyto ¢pasy: «Tpu KBapka
nJist Myuctepa Mapka!»

K uecTu KBapKOB MOKHO CKa3aTh O/IHO: Y HUX OYeHb TIPOCThle Ha3BaHUS —
WCKYCCTBO, KOTOpPOe TaK U He [1ajoCch XUMHUKaM, OuosioraM U 0COOeHHO
reoJsioraM, KOTOpbIe /1al0T Mpe/iMeTaM CBOMX U3bICKAaHUM Ha [TUBO 3aKOBBIPDUCTHIE
VMeHa.

KBapku — Te elje (pykThl. B oTiMuMe OT TIPOTOHOB, 00/a/aroL[UX
3/IEKTPUUECKUM 3apsoM +1, U 371eKTPOHOB, y KOTODBIX 3apsj paBeH —1, y
KBapKOB 3apsi/ibl AP0OHbIe, KpaTHbIe OIHOM TpeTu. V3/10BUTh OT/le/bHbIN KBapK
HeJb3si, OH BCer/ia LervisieTcsi 3a coceiHre. bosee Toro, cusa, CBsI3bIBaroILiast /iBa
(v Gonblile) KBapKa, JIMIIh BO3pACTaeT TIPU MOMBITKe UX pa3/ienThb, Kak OyaTo
OHU COeJJuHeHbl CBOETro pojia CyObsiiepHON pe3uHKOW. Eciu pacTaiuTh KBapKu
JOCTaTOYHO [la/ieKo, pe3WHKa JIOMaeTCs, U BbICBOOOXK/aeMasi SHeprusi Mpu
nomom E = mc? co3jaeT Mo HOBOMY KBAapKy Ha KaK[OM KOHILle — HauMHaii
cHavaJia!

KBapku — Te elije (GpyKThl. VI3/10BUTH OTZAE/bHBIN KBapK He/b3s,
OH BCer/a LIeIyIsieTcsl 3a COCeJHUe.

B KBapK-7enToHHYI 3py BceneHHasi Oblia Takasi TIJIOTHas, UTO CpefiHee
pacCTosiHAE MeXKy HeCBsS3aHHbIMU KBapKaMU ObIZI0O CPaBHUMO C PacCTOsSIHHEM
MeXy CBsi3aHHbIMKA KBapKamu. [Ipu TakuX YC/IOBUSIX MeXAY COCeJHUMU
KBapKaMU He MOIJIa YCTaHOBUTLCSI OFHO3HAUHasi CBsI3b, U OHU He 00pa30BbIBaIU
KOJJIEKTUBHbIE COO3bl, a CBOOOAHO mepemeljanicb. OO OTKPBITUM TaKOro



COCTOSIHUS BellleCTBa, CBOEro pojia KBAapKOBOI'O TJIaBU/IBHOTO KOT/IA, BIEPBBIE
3asBua B 2002 roay rpynma (U3MKOB U3 BpykxelBeHCKOM HaljMOHaIbHOU
nabopatopuu Ha JIoHr-Aiinenzie B mrate Horo-1opk.

EcTb Hajie)kHble TeopeTMYeCKHe yKa3aHWs, UTO Ha CaMOM paHHEM >Tarie
pa3BuUTUsS BceneHHOM — BO3MOXXHO, BO BpPeMsI OIHOTO U3 pa3/ieJIeHUM OCHOBHBIX
cul — UMesl MeCTo 3mu30f, Grarofapsi KOTopomy BceneHHasi cTajia HEMHOTO
ACMMMETPHUYHOM: YaCTHI] BeIlleCTBa 0Ka3aJ0Ch UyTh 0OJIbIIIE KOJTMUeCTBA YaCTHI]
aHTHBeI[eCTBa — MW/UIMAP/, OJlHA Ha MWUIMapA. Takou KpOIIEYHbIM MepeBec
eflBa /U yAajoch Obl 3aMeTUTb B TYIe TMPO/JO/DKABILEroCs CO3/aHus,
QHHUTWISIIMA W BOCCO3[]JaHUS KBAapKOB M AHTHUKBAPKOB, 3/€KTPOHOB WU
AQHTUS/IEKTPOHOB  (M3BECTHBIX KaK TIO3UTPOHBI), a TakKXe HEWTPUHO U
AHTUHEUTPUHO. Y BCSKOM IIa/IbHON YaCTULIBI OBLJIO TMTOTHO BO3MOXXHOCTEM HalTU
KOro-HUOY/Ib, C KEM aHHUTW/IMPOBATh, ¥ 3TO B 1[€/IOM Y BCEX T10/Ty4asioCh.

Ho Bckope Bce wu3sMeHw10Cb. Kocmoc mipofo/pkan paclIvpsATbCS U
OCTBIBaTh, CTaj y>ke OoJibilie HbIHelllHel Co/THeUHON CHUCTeMBI, M Temrieparypa
CTPEMUTE/IbHO yTasia HUKe TPU/IJIMOHA IPajlyCoB.

C momenma boabwoz0 63pbiea npoul/id MUW1/TUOHHAA 0o CeKyHabl

TeMriepaTypel ¥ TUIOTHOCTM  OCThIBIIeW BcenmeHHoOW Oblio  yke
HEe/IOCTAaTOUHO, UTOOBI BbITIEKaTb KBapKW, IO3TOMY BCe OHU pacxBaTaju
MapTHepOB MO TaHLIAM, CO37,aB KPEIMKyH HOBYIO CEMbIO TSDKEJ/bIX YaCTHL] MOJ
Ha3BaHWeM aZIpOHbI (OT APEeBHETrPeUeCKOr0 «XaJpoC» — «TYCTOW», «TOJCTBIN»).



[Tepexos OT KBAapKOB K aJpoOHaM BCKOpe TpHBe/ K TIOSBIEHUIO TIPOTOHOB U
HEWTPOHOB, a TaKXKe JPYTyX, He TaKUX 3HAMEHUTBIX TSKebIX YaCTUL], KOTOphIe
COCTOSIT M3 BCEBO3MOKHbIX COUeTaHWM KBAapKOB pa3HbiX BUOB. B IlIBeiiijapuu
(BepHeMcss Ha 3emsm0) Kosiaboparus ¢GusMkoB-sfepivkoB (EBponeiickuii
L[EHTP SZIepPHBbIX UCC/IeZIoBaHUM, O0sIblile W3BeCTHBIN nof abopeBuaTypoii [IEPH)
MOCTponsia OOJIBIIION YCKOPUTE/Tb, UTOOBI CTaJKWBaTh IIOTOKM aZIpOHOB B
MOMBITKE BOCCO3/aTh YCJOBMS, CyIleCTBOBABIIME Yepe3 MWIIMOHHYIO O/
CeKyH/ibl mocie Bosbiioro B3pbiBa. JTa camasi Oosiblliasi MallliHa Ha CBeTe
Ha3bIBaeTCsl, UYTO JIOTUYHO, bosbliiiol af[poHHbIN KoJiakep.

Jlerkasi acuMMeTpusi BellleCTBa W aHTHBellleCTBA B KBapK-IelITOHHOM
Oy/nbOHe CKa3ajach ¥ Ha aJpOHax, Ha Ceil pa3 3TO TPUBEJIO K TMOpPa3UTeTbHbIM
pe3y/bTaraMm.

BceneHHasi TIpo/i0/i’Kajia OCThIBaTh, U KOJTMYECTBO SHEPIUM, AOCTYITHOW /151
CTIOHTAHHOT'O CO3/lJaHUsI YaCTHL], YMeHbIIaA0Ch. B a[pOHHYI0 3py MUMOJIeTHbIe
(OTOHBI y)Ke He MOIVIM MCTONb30BaTh E = mc? jyisl co3/jaHKs rap KBAapKOB-
aHTUKBapKoB. Masio Toro, (OTOHBI, BO3HHUKABIIME TPU OCTAaTOUYHBIX
QHHUTU/ISILUSAX, OTAABajM  SHEPrur0  paciuupsitoieiicss  BceneHHolt U
OXJIXK/IATMCh HIDKe TI0pora, HeoOXOoAUMOro [jisi CO3[aHusi Tlap aJpOHOB-
aHTUAJPOHOB. Ha KaXkKblii MU/IMAp], aHHUTUISILIMHN, TTOPOKABLIMX MUJLIAAP]
($bOoTOHOB, OCTaBajCsi OAWH aJpPOH. JTUM-TO OJWHOUKAM W [OCTaloCh BCe
Bece/be: OHU CTa/lM MCTOYHMKOM Bell[eCTBa, U3 KOTOPOTO0 BO3HUK/IU TaJlaKTUKH,
3Be3/Ibl, IJIaHeThbl U TIO/IbIIaHbI.

Ecii 661 MeXX/y Bell[eCTBOM W aHTUBEIIIeCTBOM He ObIJIO TiepeBeca B OJIHY
YaCTMUKy Ha MHJUIMap/, BCS Macca BO BcesieHHOW aHHWUTWIMpOBana Obl, U
ocTasicsi 6b1 KOCMOC, COCTOSIIMM U3 POTOHOB U OO/bLIE HUUE20: «fia Oy/leT CBeT»,
JIOBeZIeHHOe JI0 Tipejiea.

H eom npowia cekyHoa




BcesieHHasl JOCTUITIA Pa3MePOB B HECKOIBKO CBETOBBIX JleTlH — MpuMepHoO
TakoBO paccTtosinue oT ConHila Ao O6mmkaiiimx 3Be3. [1o-Tipe)kHeMy ZI0BOJIBHO
)Kapko — MWIIMapZ rpajycoB — W TIPU 3TOM TeMIieparype TIPOZA0J/DKaeTCs
BbITI€YKA 3/IEKTPOHOB, KOTOPbIE TO MOSBJISIOTCS, TO UCUe3at0T BMeCTe CO CBOMMU
coOpaTrbsiMU-TIO3UTPOHaMU. HO B TIOCTOSIHHO PaCIIUPSIOIIEINCs U OCThIBAIOIIe
BcenenHori ux pAHU (TOYHee, CEKyH/bl) COUTEeHbl. 3aKOH, [eMCTBOBABILIMMI
CHauasia /yis KBapKOB, IOTOM [Jisl aJpOHOB, JeUCTBYeT U JJig 3JIeKTPOHOB:
B KOHLIE KOHL|OB OCTaeTCsl TOJbKO OJWH 3/IeKTPOH Ha MuMap. OcTanibHble
AHHUTWIUPYIOT C TTI03UTPOHAMU, CBOMMHM JBOMHUKAMM M3 aHTUBEIeCTBa, B MOPE
(GhoTOHOB.

[IprMepHO B 3TO BpeMsi Ha KaXK/bIi TIPOTOH «3aMOPa’KUBAETCS» 10 OHOMY
5/1eKTpOoHY. KocMoC ocCThIBaeT, Temrieparypa mnaZjaeT y>Ke HWXe CTa MUAJIJIMOHOB
rpajlyCoB, W TIDOTOHbI CBS3bIBAIOTCS C [APYTMMU TIPOTOHAaMH, a TaKXe C
HEWTpPOHAMU: TakK (POPMUDYIOTCS si/[pa aTOMOB M 3apoxzaercs BceneHHas, B
kotopoud 90 % simep — Bojopog U 10 % — renmit IrOC MU3epHOE KOJIMYeCTBO
JenTepust («TsDKeIoro» BoOpoza), TpUTHS (elje Oosiee TSHKEIOTO BOAOPOZA) U
JTUTHSI.

C momenma boabuwioz0 63pbled npoulio ysce dee MUHYymMbl




[Tocne 3toro eiie 380 000 et HUUero 0cobeHHOro C HAIIUM OyJITHOHOM W3
yaCTUL] He TIPOUCXOAWT. Bce 3TH ThIcAueneTUss TemriepaTypa [J0OCTaTOUYHO
BBICOKA, UTOOBI 37IeKTPOHBI CBOOOAHO neTany cpefid (OTOHOB, PACKU/bIBAsT WX
TyZ,a-CroZia 10 Mepe B3auMOJeUCTBUS JPYT C APYTOM.

OpHako 3TOM BOJILHULIE TPUXOAUT KOHeL], KakK TOJIbKO TeMIiepaTypa
Bcenennori omnyckaercsi Hwke 3000 rpagycoB (TIpUMEpHO BABOE HUXKE
TemriepaTypbl BuAuMON moBepxHOCTH CosHIla) U CBOOOJHBIE 3/I€KTPOHBI
HauUHAIOT MPUCOEAUHATHLCS K siipam. B pe3ynbrare 3TOro coro3a Bce KpPyrom
3a/vBaeT BUAWMBIN CBeT, HaBcerjla 3areuyarsieB B Hebecax, T7ie B 3TOT MOMEHT
HaXOJW/IOCh BCe BeIecTBO, M 00Opa3oBaHMe YaCTUI[ U aTOMOB B TEPBUUHOM
BceneHHoU 3aBepliiaeTcs.

B nepBeii mwumapy JeT BceneHHas mnpopo/pkana paclIUpATBCS U
OCTbIBaTb, a BeL|eCTBO CW/IOW TIpaBUTalMU CTATMBAJOCh B MaCCHBHbIE
KOHIJIOMepaThl, KOTOpble MbI 30BeM TajiakTUKamu. VX copMupoBasioch MoYTHU
CTO MWI/TMAPZO0B, B Ka)K/J0M — COTHU MWJIMAPZO0B 3Be3], B si/ipaXx KOTOPBIX LIeJ
TepMOsiIePHbIN CUHTe3. DTU 3Be3/Ibl, MacCa KOTOPhIX Obia TIPUMEPHO B IECSTh
pa3 Oonbiiie Maccel CosiHIlA, CO3[jaBali B CBOUX HeApax JaBjieHue u
TemriepaTypy, NPy KOTOPBIX BbIPAabATHIBAIOTCS JECATKHA XUMUUYECKUX JIEMEHTOB
TsDKeslee BOZOpPOJa, B TOM UHWC/Ie U Te, U3 KOTOPBbIX COCTOAT IIJIaHEThI U
BCEBO3MO)KHas! JKU3Hb Ha HUX, €CJIA OHA eCTh.

['amakTUK c(hOpMUPOBaAIOCh MOUYTH CTO MWIJTMAP/IOB, B KaXKA0W —
COTHM MWIIHMApZAOB 3Be3/l, B si/[paX KOTOPBIX Ile/l TepMOsiZiepHbIN
CUHTE3.

Ecmu OBl 5TH 3/1eMeHThI OCTaBa/IMCh TaM XKe, rae BO3HHMKI/IM, OT HUX He



ObUIO ObI pelInTe/IbHO HUKAKOTO TO/KY. O/IHAKO MacCHBHBLIE 3Be3[bl TO U JIeJi0
B3DBIBAIOTCS, ¥ UX XUMHUUECKU ObOorailjeHHbIe OIIIMEeTKH pa3/eTaloTcs To Bcel
rasaktuke. [Tocie feBITH MUIMAPAOB JieT 1oj00HOM Meropaliyd B HUUeM He
ripuMeuaTeibHoi 061acTy BeenenHo (Ha 3agBopkax CBepxcKorieHus [leBbl), B
HAYeM He T[puMevaTeslbHOW TranakTuke (Mieunsii I[lyTe), B HHueM He
rpuMeyvaresibHOM yroJsike (Pykas OpuoHa) poguiack HUUeM He MpuvMeuaresbHast
3Be370uka (CosnHiie). 'a30Boe o6sako, u3 kotoporo chopmupoBanock CosHile,
CoZiepyKasio CTOBKO TSKeJIbIX 3/IEMEHTOB, UTO UX XBaTUIIO Ha CJIOKHBIA apCeHasl
BpaILIAIOLUXCs TI0 opoUTaM HeGeCHBIX Tesl — HeCKOJTbKO KAMEHUCTBIX U Fa30BbIX
IJIaHeT, COTHU ThICSIY acTepOWJIOB U MWLIMapAbl KoMmeT. [lepBble HeCKOJIbKO
COTeH MWIIMOHOB JieT Ha 0Oosee KpyrHble Tela Tafial W Haauman
BCEBO3MOXKHBI MyCOp €O cCJyyadiHbIXx opbut. [Ipy 3TOM TpoucxXoAuIu
BBICOKOHEPTUYHbIe CTOJIKHOBEHUsI Ha OOJIBIIION CKOPOCTU, OTUET0 TTOBEPXHOCTH
KaMeHUCTBIX TIJIaHeT MJIaBUIUCh, U Ha HUX He MOIJIM 00pa30BbIBAaThCS CIIOKHBIE
Mosiekynbl. Korma B CosiHeUHO# cucTeMe O0CTajJoCh MeHbIlle CBOOOAHO
MyTelleCTBYIOLer0 BeleCTBa, IMOBEPXHOCTH IIJIaHeT Hauyalud OCTbIBaTh. Ta,
KOTOpYI0 MbI 30BeM 3emJjel, cpopMupoBasacb B Tak Ha3biBaemoM «llosice
3natoBnacku» BOKPYr CoJiHLIa — HAa TakOM pacCTOSHUM OT 3Be3/bl, 4TO ee
OKeaHbI OCTatoTCsi Mo Oosibleit yactu B >kuAkoM Bupe. Ecnu 661 3emnst Oblia
3HauuTesibHO Omke K CosHIY, OKeaHbl WCMAapWwidch Obl. A ecid  Obl
3HAUMTE/IbHO JlaJibllle, OHU 3amep3/iv Obl. B 060ux cinyuasix )KU3Hb B TOM BU/IE, B
KakoM MbI ee 3HaeM, He MOTJIa Obl 3aPOAUTBCSI.

Yepes [1eBSITh MW/UIMAP/JOB JIeT B HUUEM He MpuMeuaTeTbHOU
obnactu BeceneHHoti (Ha 3a/iBopkax CBepXckoruieHus []eBbl), B HUUEM
He mnpuMeuaTenbHOW ranakthke (Miyeunbii IlyTh), B HUuUeM He
rnpuMeuaresibHoM yrosike (PykaB OpuoHa) poauiack HUYEM He
ripyMeuaresibHasi 3Be3n0uka (ConHie).

B miybMHAX >KMIKMX OKEaHOB, OOrarbiX pa3/MUYHbIMM XWMHWUECKUMU
3/IeMeHTaMH, Oraroziapsi MexaHu3My, KOTOPBIM HaM ellle TIPeJCTOMT OTKPHITh,
OpraHUYecKHWe MOJIeKY/Ibl TPEBPATH/IMCh B JKUBLIE CYII€CTBA, CIIOCOOHBIE K
CaMOBOCIIPOU3BO/ICTBY. B 3TOM miepBOOBITHOM Oy/ibOHE MpeoOdsiaziany TPOCThIe
aHa’poOHbIe OakTepyuy — >KWU3Hb, OYpPHO pa3BMBAIOIIASICS B Cpeje, JIUIIIEHHOU
KUC/IOPOZla, OJHAKO BbIpabaThIBaIOIash XMMUUYECKW AaKTUBHBIA KHCIOPOJ B
KauecTBe TMPOAYKTA CBOEH >KU3HEAEeSTeJbHOCTH. OTH MepBble OHOK/IeTOUHBIE
OpraHu3Mbl HeIpeJHaMEPEeHHO HaChITUIM KHUCIOPOAOM armocdepy 3emiu,
boraTyro yIJIEKACIBIM Ta30M, W B pe3ylbTaTe OHa CTajia TPUTOAHOM JIJist
00HTaHUS a3pOOHBIX OPraHKU3MOB, KOTOpbIE, BO3HUKHYB, 3aTl0JIOHUIM U OKEeaHBI,



U CYIILY.
Te ke aTOMbI KMC/IOPO/A, KOTOPhbIe OOBLIYHO BCTPEUANOTCS B Mapax (B BHUJE
mosiekyn O,), B BEPXHUX CJIOSIX aTrMOC(epbl OObeAUHSIMCh T0 TPU U

obpa3zoBeiBai  030H (O3), KOTOpBIA CHAYKMUT IIWTOM, oObeperaromym

TTOBEPXHOCTh 3eM/IM OT OoJibliiell yacTu ynbTpadroneToBbix GortoHoB CosHIIa,
pa3pylLIaroL[UX MOJEKY/IbL.

YIuBUTE/NbHBIM pa3HooOpasveM >KW3HU Ha 3emsie — U, HaZlo lyMarh, ellle
rae-HuOyaL BO BceneHHOUM — Mbl 00si3aHbI M300W/IMI0 B KOCMOCe yrjepoja U
Oecurc/IeHHOMY MHOXECTBY TIPOCTBIX U CJAOXKHBIX YIJIEPOAOCOAep KaInX
MoJieKys. COMHeHHl ObITb He MOXKeT: pa3/InuHbIX MOJIEKY/T Ha OCHOBe yr/iepojia
ropaszio 0obIlle, YeM BCEX OCTa/bHBIX BU/IOB MOJIEKY/I BMECTE B3SIThIX.

OpHako XU3Hb OueHb Xpyrika. CiydaiiHble BCTpeur 3eMJIH C OOJBbIIMMH
3a0/TyJUBIITUMUCS KOMETaMU M aCTePOU/IaMH, UTO PaHbIIle C/Iy4asoCh CIUIONIb U
pSiZIoOM, TO U [ieJi0 BHOCWIW TIOJHEMINI XaoC B ee 3Kocuctemy. Bcero-to 65
MUJJTMOHOB JieT Ha3aj (MeHblile 2 % Bo3pacTa 3em/id) TPUMEpPHO TyAa, rje
Terepb HaxOoAWUTCS TonyocTpoB HOkaraH, Bpesasicsi acTepou], Maccod B
TPWIJIMOH TOHH, OoTuero rorubno 6osee 70 % 3eMHol (opel U dayHbI, B TOM
yKC/ie BCe 3HAMEHUThbIe OTPOMHBIE IMHO3aBPBI.

BruiMupanue. JTa 3Kojoruyeckasi KaracTtpoda /ajsa HallMM IpefKaM-
MJ/IEKOTTUTAIOIIUM ~ BO3MO)KHOCTb ~ TIepecTaTb  CAY)KUTb  3aKyCKOW IS
THPAHHO3aBPOB M 3allOJIHATh TOJILKO UTO OCBOOOAuBIIMecs Hullid. OfHa BeTBb
MJ/IEKOTIUTAIOIIUX C OOJIBIIIMM MO3rOM, KOTOPBIX MbI 30BeM TpHUMaTaMH,
9BOJTFOI[MOHKPOBAJia B pof, U BuJ, Homo sapiens, KOTOPOMY XBaTHJ/IO yMa, UTOOBI
1300pecTy HayuyHble METOAbl WU HWHCTPYMEHTAapuii — W CjieflaTh BLIBOJBI O
TIPOMCXOXKIEHUN 1 SBOJTIOLIMM BceneHHOM.

BbeiMupanue. JTa 3Ko/JIOrTMYecKass KaracTpoda fiasa Halum
TIpeJKaM-MJ/IEKOTTUTAIOI[UM  BO3MOXXHOCTb ~ T€PecTaTtb  CIY)KHUTb
3aKyCKOM [i/I1 ~ TUPAaHHO3aBPOB M  3allOJIHUTh  TOJBKO  UTO
0CBOOOJUBIIMECS HUIIIH.

A umo 6b1/10 00 8cezo 3moz20? Ymo npoucxodu/10 00 Hayajna ecezo?




O6 »TOM acTpou3uKyd TIOHATHUS He WMerT. TouHee, Halllkd CaMble
TBOPUECKHE UJIeH Ha STOT CYeT I0Ka He MOTYT OIepeTbCs INMpakKTUUeCKW HU Ha
Kakue SKCllepuMeHTa/bHble (hakThl. VIMEHHO TT03TOMY HEKOTOpbIe peTMrio3Hbie
moau He 0e3 BBICOKOMEPHSI YTBEP)K/JAIOT, UTO C Yero-To BCe JO/DKHO Obuio
HauaTbCsl — UTO 3/leCh HAJUIIO BO3/IEMCTBUE KAKON-TO 0COOEHHO MOIIHOMW CUJIbI U
JO/DKeH Obul ObITh KaKOW-TO TIEPBOMCTOUHHK, TIOJIOXKUBIIWN Hauaao BCEMY.
[TepBozBuraresib. C TOUKU 3peHUs uesioBeKa Bepyroliero 3To, 6e3ycioBHO, bor.

Ho, moxer ObiTh, BceseHHasi Obula Bcerja — B KAaKOM-TO COCTOSTHUM,
KOTOpOe HaM elle TMpejCTOMT omnpefenuTs? Hanpumep, cyijecTtByer
MHOXeCTBeHHasi BceneHHasi, HemnpepbIBHO TMOpoKjarouias zgouepHue? Wiy,
MOyKeT ObITh, BceneHHast B3sijla M BO3HUKJ/IA U3 HUUero? Vnu Bce, UTO Mbl 3HaeM
u mobuM, — He Oosee ueM KOMITbIOTEDHas MoOjie/b, CO37laHHas [ijisi 3abaBbl
KaKOK-TO CBEpPXpa3yMHOM PacOW UHOIJIAHeTSH?

[Togo6HbIe TIpe/TIo/I0XKeHUsI UHTepeCHBI C (prmocodCkoi TOUKU 3peHus, HO,
KaK [IpaBWIO, HUKOIO He Y/JOBJETBOPAIOT. 3aTO HANOMHWHAKOT HaM, YTO
HEBE)XXeCTBO — eCTeCTBEHHOEe COCTOsSIHWe CO3HAaHWUSI YUYeHOrO-MCC/e0Bare/is.
JItonu, KOTOpble CUUTAIOT, UTO BCE 3HAIOT, MO0 HUKOTAA He WCKamu, aubo
HUKOTJ]Ja He HaTbIKAJIMCh HAa TPaHULy MeXKJy W3BeJJaHHOW W HeW3BeJaHHOMU
BceyeHHOU.

JItomy, KOTOpble CUMTAIOT, UTO BCE 3HAIOT, MO0 HHMKOTJa He
WCKamy, /MO0 HUKOIZla He HaTblKalMCh Ha TPaHUIy MeXIy
W3BeJJaHHOU U Hen3Be/laHHOM BceneHHON.

O,ZLHaKO Mbl TOYHO 3HdEM KM MOXEM YTBEDXOdTb 0e30 BCIKHUX COMHEHHﬁ,
4uTo y BcenenHoii Obls10 Hadano. BceneHHas IMpoao/KaeT pa3BHUBATLCA. n Ad,



6Horpad)mo Ka)KOOIro dToOMd B HallleM OprdHU3Me MOXHO IIpoC/iednuTb [0
bosbioro B3pbIBAa W TepMOAAEPHBIX TOIIOK B HeAPdAX MdCCHUBHBIX 3Be€3[,
B30pPBdBHINXCHA Oojlee mATH MW/UVTHApA0B JIET Hdad3adnd. Mbl — cTaBmiasg >KHUBOU
3Be3/Has IbLIb, KOTOpOﬁ BcenenHas AdaJia CUIBbI ITIOCTHUYb CaMy CE6H, " MBI elje
TOJIBKO-TOJIBKO IMPpUCTYIINJIN K 3TOU 3ajaye.



2. Ha 3emJie Kak Ha HeDe

[Toka c3p Mcaak HproTOH He 3armucas 3aKOH BCEMUPHOI'O TATOTeHUs, HU Y
KOro He ObLJIO MPUYMH TOjaraTh, YTO y HAac JioMa JIeHCTBYIOT Te K€ CaMble
3aKOHbI (PU3KKH, UTO U BO BCel ocTanbHOM BceeneHnHoil. Ha 3emiie Bce 3eMHOe, a
Ha HeOecax — HeGecHoe. CorylacHO XPUCTHAHCKOMY BePOYYEHUIO TOW SI0XH,
Hebecamu ympa/sii bor, 03TOMy MBI, >Ka/lKhe CMepTHbIe, He B CUaxX ObLIH
NMocTUYb npoucxogsuiee Tam. Korga HbloToH paspymmn 3ToT (umocopckui
Oapbep, TMOKa3aB, UTO BCSIKOe [BW)KEeHHWe TIOCTWKUMO U TIpeficka3yeMo,
HEKOTOpble OOroc/ioBbl OOpYIIWIMCH HA HEro C KPUTUKOM, TOCKOJIBbKY
T10/1y4asioch, 4yTo TBOpLY B HallleM Mupe Heuero zenarb. HblOTOH paccyaus, 4To
Ta )K€ CWIa TATOTeHWs], KOTopasi 3acTaB/sieT Criesible sSI0JIOKM B HalllMX Caflax
najZiaTh Ha 3eMJI0, BeJleT U OpollleHHble TOf YIJIOM Tejia MO0 WX KpPUBBIM
TPaeKToOpusIM U HaripasssieT JIyHy 1o opbuTe BOKpPyT 3eM/u. 3aKOH BCEMUPHOTO
TsroteHusi HploTOHa Takke HaripaBiisieT 1o opburtam Bokpyr CosHIla TilaHeThl,
acTepou/ibl 1 KOMEThl U y/lep>KUBaeT Ha OpOWTax COTHU MUJTMAP/OB 3Be3[ B
Halel rajaktuke Myeunblii [1yTh.

YHuBepcanbHOCTh (DU3MYECKHUX 3aKOHOB — IVIaBHbIM [IBW)KUTEb HAYUHOTO
nporpecca. YW BceMupHOe TSTOTeHHWe ObIIO TOMBKO HauaaoM. TONbKO
ripeficTaBbTe cebe, Kakoe BOJTHEHHE OXBaTH/IO aCTPOHOMOB XIX Beka, KOrzia OHU
BriepBble HaripaBwid Ha CosHile /abopaTopHbie TMPU3MBI, paCIervisBIIIe
CBeTOBbIE JIyUMd Ha 1|BeTOBOM CrieKTp. CreKTpbl He MPOCTO KPacuBbI, OHU ellle U
copepxkar 6e31Hy uHpopmaiyu 06 00bekTe, U3MyUarollleM CBeT, B TOM UKCIe O
ero TemriepaType U cocTtaBe. XUMHUUYeCKHe 37IeMeHThI BbIJJalOT ce0sl YHUKATbHOU
110CJIe/JOBaTe/IbHOCTBIO CBET/IBIX W TeMHBIX I10/I0C, pacceKarolux crekrp. K
Be/iMyanileMy BOCTOPry M M3YMJIEHUIO YUeHbIX, XHMHUUYeCKWe CHUTHaTypbl
CosHIja OKa3anuCh TOUHO TaKUMU e, KaK U y j1abopaTopHbIX BeljecTB. [Ipu3ma
repectasia ObITb WHCTPYMEHTOM OJHUX JIUIIbL XUMHUKOB U TlOKasasa, UTo TMpHU
BceM pa3muuu 3emau M CosHila 1O pasmepy, Macce, TeMIeparype,
MeCTOTIO/IOKEHUI0 M BHEIIHEMY BHUJY COCTaB y 000MX OAMHAKOB — BOJIOPO/,
yI71Iepofi, KUCI0pPOZ, a30T, KaJbLIuM, »Keyie30 U Tak ganee. Ho raBHOoe paxe He
repeyeHb OOIMX WHTPEeMEHTOB, a TOHUMaHWe, uTO (OPMHPOBaHUE 3TUX
CriekTpanbHbIXx curHatryp Ha ConHue — Ha paccrosHuu 150 MUIIMOHOB
KUJIOMETPOB — OIpeJesisyIoCh TEMU >Ke CaMbIMU 3aKOHaMU (PU3WKM, UTO U Ha
3emie.

[TousTre 06 yHUBEPCAJBLHOCTU OKAa3aj0Ch TAaKUM TII0IOTBOPHBIM, UTO €ro
yAa/MoCh YCMeIIHO MPUMEeHUTh U B 00paTHYI CTOpOHY. [anbHeMIuii aHaniu3



CO/THEYHOTO CTeKTPa BbISIBU/ CUTHAaTypy HEU3BECTHOTO Ha 3emsie 3/eMeHTa.
[TocKo/bKy peub IIJla O COMHEYHOM Bell[eCTBe, HOBBIM 3/IeMeHT TOMyUuI
Ha3BaHUe «Te/iIuii» OT JpeBHerpeueckoro CjioBa «reauoc» — « CosHIe», — U JIUIIIb
1oTOM OBLT OTKPBIT B jaboparopuu. Takum obpa3om, Tesuii cTaj IMepBbIM U
e/IMHCTBEHHBIM 37IeMeHTOM U3 Tabmuiibl MeHie/leeBa, KOTOPbIH OTKPLIIM He Ha
3emrie, a B IDyrOM MecTe.

[TonsiTHE 06 YHUBEPCATbHOCTU 0Ka3aJsioCh TaKUM
TIJIOZIOTBOPHBIM, UTO €T0 yJa/0Ch YCITeITHO MPUMEHUTh U B 00paTHYIO
CTODOHY.

Wtak, 3akoHbl (DU3MKU [eWCTBYIOT 10 Bceld CoJ/IHEUHOM cHCTeMe — a Ha
npyrom koHile I'amaktuku? Ha gpyrom koHie BcenenHou? B nmpouwiom u B
OyaymeM? WX WUCObITBIBAIM W TIPOBEPS/IA IIIar 3a IIaroM. 3HaKOMbIe
XUMHUUeCKUe 371eMeHTbl OOHapyKWIMCh YW Ha Omkalmmx 3Be3nax. [anekue
JIBOMHBIE 3Be3/Ibl, Bpalllatollecs 1o opouTe pyr BOKPYT ApPyra, TOX0XKe, 3HAIOT
BCe 0 HBIOTOHOBCKHMX 3aKOHAaX TArOTeHHs. [IBOMHBIe Ta/laKTUKU, BUAUMO, TOXeE.

U1 uem fasbllie MbI 3ar/isiZibiBaeM B MPOCTPAHCTBO, TeM ITy0)ke CMOTPUM B
MPOLIOe — 3TO KakK CJOUCTBbIe 0CaJ0yHble TMOpoAbl [/ reosiora. B criekrpax
CaMbIX /IaJibHUX 00BeKTOB BO BcesleHHOM BU/THBI Te )Ke XUMUUeCKHe CUTHATYPhI,
YTO Y B HAIIMX OKPeCTHOCTAX B MPOCTPaHCTBe U BpeMeHU. KOHeYHo, B Jja/iekom
TIPOIIJIOM TSDKEJ/IbIX 37IeMeHTOB ObLJI0 MeHbllle, OHU BbIpabOTaNuCh, 1o Gosbliieit
yaCTH, TpUA B3pbIBaX 3Be3[, CJIeAYIOLIMX I[IOKOJIeHWM, OJHAaKO aTOMHble U
MOJIEKY/ISIDHBbIE  TIPOLIeCChl, CO3JaBlIMe 3TH CIeKTpajbHble CUIHAaTYpHI,
ONMCBHIBAKOTCA BCe TeMU ke 3aKoHamMu. B 4aCTHOCTM, TakK Ha3sblBaemasi
TIOCTOSTHHAsi TOHKOW CTPYKTYPhI, KOTOpasi Orpe/iesisieT OCHOBHbIe 0COOEHHOCTH
CIeKTPa/IbHOW CUTHATYPbl XUMUYECKUX 3/IEMEHTOB, He MeHs/1aCh, [10-BUIUMOMY,
MUJLJIAAP/BI JIeT.

BCHEKTan CaMBIX Od/IBHHUX 00LeKToB BO BceneHHoOU BUIHEBI Te
XKe XMMHUYeCKHe CHIrHaTypbl, UTO WM B HdAIIMX OKPECTHOCTAX B
IMPpOCTPAHCTBE U BpEMEHH.

Pa3zymeeTcsi, He y BCeX Bellled U IBJIeHMM B KOCMOCE eCTh 3eMHbIe aHa/IOTH.
BamMm, ckopee Bcero, He [0OBOJW/IOCH TPOXOJUTh CKBO3b 00JIaKO CBeTSIIeNCs
M71a3Mbl  TEMIIepaTypol MWIJTMOH TpaflyCoOB, W, pydYalOCh, Bbl HUKOIZAa He
pacK/IaHWBa/MCh Ha y/ulle C 4YepHOW Abipoi. [7laBHOe — YHHBepCaJbHOCThb
(br3MUeCKUX 3aKOHOB, KOTOpPbIE OIMMCBLIBAIOT Jla)ke TakKve He3eMHble OObEKTHI.
Koryla crieKTpasibHbIN aHa/i3 BIIepBbie TPUMEHUIN K CBETY, UCXOJSIIEMY OT



Me)K3Be3JHbIX 00/1aKoB, Oblla 0OHapy>keHa CUTHATypa, Y KOTOPOU ToXe He ObIIo
3eMHOTO aHanora. B Tabmuiie MeHgeneeBa Bpose Obl He 0Ka3aloCh
TIOJIXO/ISAIIeT0 MeCTa JJid HOBOro 37eMeHTa. Torza acTpodH3WKH MNpUyMaid
BPpEMEHHOe Ha3BaHUe «HeOynuli» — TycTh T100yneT, IOKa He yJaacTcs
pa3obpatbcs, uTo K uemy. Co BpeMeHeM BbISICHW/IOCh, UTO Ta30Bble 00/laka B
KOCMOCEe JI0 TOTO pa3peXkeHbl, YTO aTOMBI TIPOJIETAIOT OTPOMHbBIE PAaCCTOSIHUS, HU
C UeM He CTajKWBasiChb. B TaKWX yCIOBMSIX 3/71€KTPOHBI BHYTPH aTOMOB MOTYT
BbIZIe/IbIBaTh (POKYChI, KOTOpble He HabmoaroTCs B 3eMHBIX JIabOpaTOpHSsIX.
CurHatypa HeOy/vsl pUHA/|Ie)Kaia 00bIYHOMY KHUCIOPO/Y, IIPOCTO OH Besl cebst
HEeOOBIUHO.

YHuBepcanbHOCTh (PM3UUECKUX 3aKOHOB CBUZETE/bCTBYET, UTO,
€C/IM MbI BbICAJUMCS Ha APYTYIO TUIaHeTy C pa3BUTOW LIUBU/IM3aLIMeH,
TaMOILITHSISE HayKa OyleT omMpaThbCs Ha Te >Ke caMble 3aKOHbI, UYTO MbI
OTKPBLIM U [TPOBEPUIIU 31eCh, Ha 3eMie.

YHuBepcanbHOCTh (M3UUECKUX 3aKOHOB CBU/ETENbCTBYET, UTO, €C/IU MBI
BbICA/IMMCSl Ha [IPYT'yIO IJIaHeTy C Pa3sBUTOW LIMBWIM3alLliel, TaMOLLUHSS HayKa
OyzieT onmupaTbCs Ha Te >Ke caMble 3aKOHbI, UTO Mbl OTKPBUIM U TIPOBEPUJTH 371€Ch,
Ha 3eMsie, — jlake eC/IM MOJIMTUUeCKre 1 00I1leCTBeHHbIe YCTOU Y HUX OKaKyTCs
coBceM Jpyrumu. bosee TOro, ecau BaM  3aX0ueTcss IIOTOBOPUTH  C
Npulle/blaMyd, OHM COBEPLIEHHO TOYHO He TIOMMYT HU aHIVIMHMCKOIO, HU
(dpaHIy3CKOro, HU JlaXke KUTalCKOro. Ml HUKTO He CMOJKET Tpe/iCKa3aTh, Kak OHU
OTHECYTCH K PYKOIIO)KaTHIO, Jlake eC/Id OTPOCTKU y HUX Ha Tejle U BIIPaBAY
DYKHU: KaK K 3HaKy MUpa WM Kak K 00BbsIBJIeHUIO BOMHBI. Tak uTo jTyuiiie BCETo
o0I1IaThCsl Ha si3bIKe HayKu. Takas MombITKa Oblia mpeAnpuHsita B 70-e TO/bI
TIPOIIJIOTO BeKa, Korja Obuid 3amyieHbl  «[TuoHep-10», «[IuoHep-11»,
«Bosimkep-1» u «Bosimxep-2». Y 3TUX ueTbIpex KOCMHUECKUX 30HJI0B ObIO
JOCTaTOYHO SHEPryuu, 4YTOObl C TIOMOII[bI0 TPABUTALIUUA TJIAHET-TUTAHTOB
BbIpBaThbCsl 3a Tipefienbl ConHeuHoit cuctembl. Ha «IIvoHepax» 6buiu
yCTaHOBJ/IEHbI ~ 30/I0Thble  IUIACTUHKM C  BBbIIPaBUPOBAaHHbIMU  HayUHbIMHU
MMUKTOTPaMMaMH, u300pa)kaBlIMMU yCTpPorcTBO COMHEUHOW CUCTeMbl, Hallie
MeCTOIO/IOKeHVe B rajiakTuke Miteunsldd [1yTh M CTPyKTypy aroma BOZOpOZa.
«Boskeppl» Ha 3TOM He OCTAaHOBU/IMCh — HAa HUX JIETUT U 30J10Tasd
rpaMIlIaCTUHKA C 3alMCbI0 pas3/IMYHBbIX 3BYKOB MaTepu-3eM/id, B TOM 4YHCJIe
cepauebveHre uesioBeKa, TMeCHUM KWUTOB U u30OpaHHble MYy3bIKa/IbHbIE
KOMIIO3UL[MA CO BCEro Mupa, B YaCTHOCTH, Ipou3BefeHUss berxoBeHa u UYaka
Beppu. 310 czenano nociaHue 6osee yes0BeUHBIM, OFHAKO HESICHO, CIIOCOOHbI
MU Y11l UHOTIJIaHeTsIH pa300paTh, UTO OHU CJIbIIIAT, [JaXKe eC/IU TIPe/T0I0KUTh,



yTO y HUX BOOOIIe ecTh yiid. Mosi mro0uMast mapo/iusi Ha 3TOT XKeCT — LIyTKa U3
Tenernepefaun «Saturday Night Live» Ha kaHane NBC, rae rmoka3sanu
MTMCbMEeHHBbIN OTBET OT WHOIUIAHeTSH, 0OHapY>KUBIIWX KOCMUUYECKUW 30H[. B
3armcKe JIJAKOHUYHO roBopuinocsk: «IIpumiure emje Yaka beppu».

HayuHomy nporpeccy CrocoOCTByeT He TOJBKO
YHUBEpCaMbHOCTh (PU3MUECKUX 3aKOHOB, HO U CYIleCTBOBaHUE U
HEU3MEeHHOCTb (hH3UUeCKUX TIOCTOSTHHBIX.

HayuHoMy mporpeccy crocoOCTByeT He TONMbKO YHHUBEPCATbHOCTh
(U3MUeCcKUX 3aKOHOB, HO U CYI[eCTBOBaHMe W HEU3MeHHOCTh (PU3nueCcKux
TOCTOSTHHBIX. BejMurMHa rpaBUTAl[MOHHOM TIOCTOSTHHOM, OHA >Ke TIOCTOSIHHAasi
HetotoHa, wiu G, ompejensieT CUIy TPaBUTAl[MOHHOTO B3aUMOJeHCTBUSI B
HBIOTOHOBCKOM  YpaBHEHMM  BCEMHUDHOTO  TsAroTeHus.  HeW3mMeHHOCTb
IPaBUTALIMOHHOM TIOCTOSIHHOM B TeueHHWe OrPOMHBIX II€PUO/JIOB BpeMeHU
HeO/IHOKPATHO To/[Bepraju KOCBeHHOM mpoBepke. Eciu mpozenatb HeKOTOphIe
BbIUMC/IEHUS, MOYKHO OTIpe/le/IiTh, UTO OT I'PaBUTALIMOHHON MOCTOSIHHOW CU/IBHO
3aBUCHUT CBETHUMOCTH 3Be3/l. To ecTh eciu Obl BemurHa G B TIPOIIJIOM XOTh
HEMHOI0 OT/IWYajach OT HbIHEIlIHeM, KO/JIMUeCTBO SHEpPruM, Bbije/sieMon
ConHileM, W3MEHUOCh Obl TaK CWUJIBHO, YTO 3TO TPOTHBOPEUUIO Obl
UMEIOIUMCS Y Hac OHOJIOrMYeCKUM, KIMMAaTOJIOTUUeCKUM W Te00rudecKuM
JTaHHBIM.

BoT TakoBa 0/JTHOPO/IHOCTh Halller BceneHHOMN.

Camast 3HaMeHH1Tast MOCTOsTHHAs! — 3TO CKOPOCTh CBeTa. Kak HU HeCuCh, J1yy
cBeTa He 00roHuilb. A ouemy? He Gbu10 pOBeIEHO HU OFIHOTO SKCIIEPUMEHTa,
KOTOpPBINA ObI TOKa3as, YTO Kakoe-TO Tesio B 000l (hopMe JOCTUITIO CKOPOCTH
ceeTa. O6 3TOM rOBOPAT — M OMUPAIOTCS Ha 3TO — HaJleXKHbIe 3aKOHbI (DU3UKMU.
Ia, momo6HbIe 3asiB/IeHUST Ha TIEPBBIN B3IVIsAJ| KAXKYTCSI KOCHBIMU U y3KOJI0OBIMHU.
B mponuioM OT WMeHM HayKu He pa3 W He [iBa BbICTyMNalMu OTbsIB/IEHHbIE
peTporpajibl, W 3TO TIO/IOPBAJ0 peMnyTalui O/ecTImUxX HWHXEeHepoB U
nu3zobperareneii: «Mbl HUKOT[a He To/ieTUM», «IloseTbl HUKOTZIAa He YacTCst
orpaBJaTb KOMMepUyecKu», «Mbl HUKOI/Ia He paclienuM aTtoM», «Mbl HUKOra
He Tpeojo/ieeM 3BYKOBOWM Oapbep», «Mbl HHMKOTJ@a He TiomazeM Ha JIyHy».
OpHako y BceX 93THX 3asB/eHWM eCThb OfHA o0O0ljasi uepra: UM HUKOTZA He
MellaJ i yCTaHOB/IEHHbIE 3aKOHbI (DU3MKU. A KOT/la Mbl TOBOPUM, UTO «HHUKOTZA



He 0OrOHMM JTyd CBeTa», 3TO KaUeCTBEHHO MHOE BbICKa3biBaHHe. OHO OCHOBAHO
Ha (yHJaMeHTa/IbHbIX, TIPOBEPEeHHbIX BpeMeHeM (u3nuecKux TpuHIUMNaxX. Ha
JIOPOXKHBIX 3HAKaX /Ijisl 3Be37I0/IeTUYMKOB Oy/yIIiero 1o rpaBy OyZieT Harm1caHo:

CkopocTtb cBeTa —
He npocTto oT/inuHasi MbIC/Ib.
IJTO 3aKOH.

Y 3akoHOB (HM3UKH, B OTJIMUME OT OrPaHWYEHUM CKOPOCTHM Ha 3eMHbIX
Joporax, eCcTh OfIHa MpUsATHas uepTa: UTobbl UX COO/oaTh, He Hy)KHa HUKaKasi
TIOJIMIIUS, XOTS y MeHs Obula Korja-tTo (yTOOo/Ka € IIYTOYHOM HaAZAMMUCHEO
«[Tokopuch rpaBUTALIUMY.

Bce u3MepeHusi MOKa3bIBalOT, UTO M3BECTHble HaM (pyHJaMeHTaabHbIe
MOCTOSIHHbIE M COOTBETCTBYIOIME 3aKOHbI (PU3MKU He 3aBUCST HU OT BPEMEHH,
HU OT TIOJIOXKEeHHsI B TIPOCTPAHCTBe. ITO B OyKBa/IbHOM CMbIC/Ie YHUBepCabHbIe
TOCTOSIHHbIE BEJTMUWHBI.

MHorve npupojHble SIBIEHWS — pe3y/JbTaT OJHOBPEMEHHOrO [eWCTBUS
MHO)eCTBa (PM3UUECKMX 3aKOHOB. A 3TO 3auaCTyl0 OC/IOXHSIeT aHaiu3 U B
OOMBIIMHCTBE C/Ty4aeB TPeOyeT MOIIHBIX KOMITbIOTEPOB, UTOOBI BLIUMC/IUTh, UTO
MPOMCXOAUT, U TIPU 3TOM He pacTepsATh Ba)KHbIE TapaMeTphl cucTtembl. Korga
komeTa Illymetikepa-JleBu-9 B utosie 1994 rozia Bpe3anach B ra30Byr0 aTMoC(epy
FOnuTtepa, a mnoTOM B30pBanach, caMas TOYHasi KOMIIbIOTEPHAasi MOZeJb
YUMTBbIBAJIa 3aKOHbl TMAPOJWHAMUKH, TEePMOJAWHAMUKW, KHWHEMaTUKU U
rpaBUTAlUU. Emge O/ITVH HaIVISIAHBIA TipuMep CJIO’KHBIX (m
TPYAHOIPEeCKAa3yeMbIX) SIBIeHUM — Torofa M kaumar. OJHaKO B WX OCHOBE
nexxar Bce Te e (yHJaMeHTa/lbHble 3akOHBI. bonbioe KpacHoe msiTHO Ha
FOrirepe — TWUraHTCKMM aHTUIMK/IOH, OVIIYIOIIMM Ha TIPOTSDKEHWM Kak
MUHUMYM 350 71ieT, — yrpaB/iseTcsi TeMU >Ke (H3UMUeCcKUMM TIpolieccaMu, UTo U
Oypu U yparaHbl Ha 3emJie W elile rje-HUOyab B CoTHeUHOM cucTeme.

EcTb ¥ emje ofgHa pa3HOBUJHOCTb BCEJIEHCKMX HWCTUH — 3aKOHbI
COXpPaHeHUsl, COIJIaCHO KOTOPBbIM Kakasi-TO U3MepsieMasi BeJIM4MHa OCTaeTCs
Heu3MeHHOM 8 /100blx obcmosimenbcmeax. Tpu TNaBHBIX 3aKOHA COXpaHEHUS —
5TO COXpaHEeHWe MacChl U SHEPTUM, COXPaHeHUe TMHEUHOTO U YIJIOBOrO MOMEHTa
MMIY/bCa U COXPaHEHUE 3JIEKTPUUYECKOro 3apsijila. DTH 3aKOHbI JIEUCTBYIOT U Ha
3emsie, U Be3fie, KyJja HaM TIPUIIVIO B TOJIOBY 3ar/isiHyTh, — OT 1JapCTBa (PU3UKHU



YacTuL] 0 KPyITHOMacIITabHOU CTPYKTYphl BcesieHHOM.

TpI/I ITIaBHBIX 3dKOHd COXpPdHEHHA — 3TO COXPAaHEHHE MACChbl U
SHEpPruuv, CoOXpaHeHHe JIMHEeMHOI'0 1 YIJIOBOI'O MOMEHTA HMMIIYy/IbCd U
COXpdHEHHE 3JIEKTPUUYECKOI'O 3dpdad.

Ho xBacTaeMcsi Mbl HarlpacHO: /la’ke B par0 HeT COBepIlleHCTBa. [lesio B ToM,
YyTO Mbl He BUJUM, He OCs3aeM, He UYBCTByeM Ha BKYC UCTOYHMK 85 %
rpaBUTAlLIUM, KOTOPYH0 HamMepunu BO BceneHHOW. JTa 3arajjouHasi TeMHasi
MaTepusi, KOTopas He MposiB/IseT ce0sS HU B UeM, KpOMe T'DaBUTAI[MOHHOTO
BO3/IeliCTBUSI Ha BU/IMMOEe BeIleCTBO, BEPOSITHO, COCTOMT U3 3K30TUUECKUX
yaCcTHl]l, KOTOpble HaM ellle TPeJCTOMT OTKpbiTh. O/HAaKO HEKOTOpbie
acTpoM3UKU — UX MEHBIIMHCTBO — He yBepeHbl B 3TOM M Ipe/Iio/ararT, YTo
HUKAKOW TeMHOW MaTepuy HeT, Hy>KHO MPOCTO TMOANPABUTh 3aKOH BCEMHPHOTO
TsaroTeHus: HetoroHa. CTOUT A00aBUTh B ypaBHEHHE HECKOJILKO CJ/laraeMbIX, W
BCe COUIeTCS.

MpbI MeeM TIPaBO TOBOPUThH O 3aKOHe C YBepeHHOCThIO JIMIIb B
TOM /Maria3oHe YCIOBHM, B KakKOM 3TOT 3aKOH ObLI HWCIIBITAaH U
TIO/ITBEPIK/IeH.

B03M0yKHO, KOTZIa-HUOYIb MBI Y3HaeM, UTO 3aKOH BCEMUDHOT'O TSITOTEHUs U
rpaBJia HyXxJaeTcss B yTouHeHuMd. Huuero crpaiiHoro. Takoe yxke ofuH pas
6bu10. OOI111ast TEOPYSI OTHOCUTEILHOCTH, KOTOPYIO BbIIBUHY/ JWHIITeNH B 1916
ro/ly, pacIivpuia TPUHIUIBI rPaBUTAlMM HbIOTOHA, UTOOBI MX MOXKHO ObUIO
TIPUMEHATh K CBEPXMACCHMBHBIM TejlaM. 3aKOH BCEMUPHOIO TAroteHus: HeroToHa
TIpU TakoM 0060011leHnN TiepecTaeT AeiCTBOBaTh, O ueM caM HbIOTOH He 3Has.
OTtcrofa MopaJsib: Mbl UMeeM TIPaBO FOBOPHUTH O 3aKOHEe C YBEPEHHOCTBIO JIUIIb B
TOM /iMaria30He YCJIOBUHM, B KAaKOM 3TOT 3aKOH ObIJT MCIBITAaH U TIOATBEPXK/EeH.
Yem wmwpe auarna3oH, TeM MOLHee 3aKOH W TeM TOUHee OH OIMUCHhIBaeT
Muposjanve. B pomMamiHux ycnoBusix HBIOTOHOBCKMK 3aKOH TIpaBUTaLUA
pabotaeT mpeBocxoaHo. C ero momoIipio B 1969 rogy Mbl cietanud Ha JIyHy u
GrarorosiyuHo BepHY/IMCh Ha 3emsito. OJJHAKO eC/iv /iesi0 IOXOAUT 0 UepHbIX
OBID U KpYyMHOMAcITabHON CTPYKTypbl BceneHHoli, Ham TpeOyeTcsi oOiias
TeopUsi OTHOCUTeNbHOCTU. C JpyroM CTOpPOHBI, KOrZa Mbl IOZCTaB/IsIeEM
MaJleHbKMe MacChl W MaJleHbKMe CKOPOCTH B ypaBHEHHs OWHILUTeHWHAa, OHU
OykBa/lbHO (TOUHee, MaTeMaTHUeCKH) MpeBpalljaloTcsl B ypaBHeHUs1 HploToHA — U
3TO XOPOIIMM TOBOJ, OBITb yBepeHHbIMA B TOM, UYTO Mbl BC€ TOHUMAaeM
TIPaBUJIBLHO.



C TOYKM 3peHUs] YUYEHOTO YHHUBEpPCA/JbHOCTb (PM3UUeCKUX 3aKOHOB [ielaeT
KOCMOC Ha AuBO TIPOCThIM. Oco0GeHHO MO CpaBHEHWIO, CKa)keM, C TPUPOAOH
yesioBeKa, c(hepoil UHTepeCOB TMCUXO0JI0ra: 37,eCh BCe Topa3zo 3alyTaHHee.

B AMepuke MeCTHble IIKOJIbHbIE COBETbI OIpeJe/sitoT T0/I0COBAaHUEM,
Kakue TpeIMeThl TIpernofiaBaTtb. B HEKOTOPBIX C/yuasix pe3y/bTaThbl T0JI0COBaHUs
3aBUCAT OT MPUXOTEH KYJBTYPHOM, TOJUTUYECKOW WIA PeTUTMO3HOM MOJPbIL.
PasHuila B cucteMe YyOeX[eHW B pa3HbIX 4YacTaX I7laHeTbl TIpUBe/ia K
MOJIMTUYECKUM  pa3/MuusM, KOTOpble He BCerjla MOAJAITCSI MUPHOMY
yperyiupoBaHuio. A KpacoTa U Mollb (U3UUeCKUX 3aKOHOB B TOM M COCTOMT,
YTO OHU [JIeHICTBYIOT Be3/le U He 3aBUCSAT OT TOr0, KTO B HUX BEPUT, a KTO HeT.

WHaue roBopsi, BCe, KpoMe 3aKOHOB (hM3UKU, — He O0ojlee ueM MHEHHe.

KpaCOTa " MOIIb (bI/I3I/I‘—IECKI/IX 3dKOHOB B TOM U COCTOMUT, UTO OHHU
AEﬁCTBYMT Be3e 1M HeE 3dBUCAT OT TOI'O, KTO B HUX BEPHT, d KTO HET.

He To uTOOBI yueHble He CIOPAT APYT C ApyroM. Mel ciopuM. Eie kak. Ho
TMpU 3TOM Mbl, KakK TMpaBW/IO, BbIpaKaeM MHeHUsi 00 HWHTeprpeTaruu
HeJJOCTaTOYHBbIX W/IM [O0CA[HBbIX [JaHHbIX, HAXOAALIMXCS Ha IlepeJHeM Kpae
HalllMX Mo3HaHWW. Ecim ke B KaueCcTBe aprymMeHTa MOKHO TIPUBECTU TOT WU
VHOUW (U3NUeCKUM 3aKOH, SICHO, uTO crop OyneT KpaTKUM: HeT, BeUHbIii
JBUTATe/b Ballleld KOHCTPYKI[MW HUKOTZIa He 3apaboTaeT, MOCKOJbLKY HapylllaeT
XOpOLLIO TPOBepeHHble 3aKOHbI TepMOAuMHaMUKU. HeT, Hesb3s co3aTh MallWHY
BpeMeHU, UTOObI BepHYTHCS B TIPOIIIOe U yOUTh COOCTBEHHYIO MaThb [0 CBOEro
POXXJEHUs: 5TO HapyllaeT 3aKOHbl NPUUYMHBI U C/1eACTBUsA. V1 HeBO3MOXKHO
CIIOHTAaHHO B3MBITb B BO3[yX M BOCIIApWTH HAaJ 3emJied, He HapyllIWB 3aKOH
COXpaHeHH!s UMITY/IbCa, — JJa)ke eC/M CUJUILIb B T03e JIOTOCa (XOTs IpOoJenarh
Takou (POKYC B TIPUHLUIE BO3MOXKHO, €CJIM UCIYCKaTb MOIHbIA Y MOCTOSTHHBIM
TIOTOK r'a3oB).

3HaHUe 3aKOHOB ()M3MKW B HEKOTOPBIX C/yyasix MpUJaeT YBEPEHHOCTH B
cebe U TIOMOTaeT TPOTHUBOCTOSITH BHICOKOMEPHBIM HeBexkJaM. HeCKosbKo JieT
Ha3az s 611 B Kamdopuuu 1 3akasan B ogHoM Kade B [1acazieHe ualliky Kakao.
PasymeeTcsi, cO B30MThIMU CIMBKaMu. Ho Korzia 3aka3 MpUHECTH, s He YBUJeN
HU HaMeKa Ha CJIMBKU. A KOTZa s cKa3asn o(UlIMaHTy, YTO MHe Tofia/iv Kakao 6e3
C/IMBOK, TOT 3aBePUJI MeHs, UTO 51 UX IPOCTO He BUXKY, ITI0CKOJIbKY OHU YTOHY/IU B
kKakao. OfHako y B30UTHIX C/IMBOK OUeHb HU3Kasl TJIOTHOCTh, TMO3TOMY OHU
I/IaBalOT BO BCeX JXKUJKOCTAX, KOTOpPble MBbIOT JIIOAU. TaK 4yTo s IpefjioxKuil



ouLMaHTy Ha BbIOOp JBa BapuaHTa: JMOO KTO-TO 3a0bL1 TOJIOKUTH MHE B
Yalrky B30uTbIe CIUBKH, MO0 B 3TOM Kade AeiCTBYIOT ajibTepHAaTHBHbIE 3aKOHBI
busuku. Oduivanta 370 He yOequio, U OH B 3HAK MPOTeCTa TMPUHEC JIOKKY
B30UTHIX C/IMBOK, UTOOBI [l0Ka3aTb CBOIO MpaBoTy. Lllapuk C/MBOK, MOTPHITaB,
KakK MSUMK B BOJIHAX, 0/1IaronoiyuyHo BCIUIBLI Ha TTOBepXHOCTh. CaMoe UTo HU Ha
eCThb HaIvIsIZIHOE Jl0Ka3aTebCTBO YHHUBEPCATbHOCTH 3aKOHOB (DPU3UKU!

3HaHWe 3aKOHOB (DU3MKM B HEKOTOPbIX CAyvasx IpuzaeT
YBEPEHHOCTU B cebe M IOMOraeT TPOTHBOCTOSATH BBICOKOMEPHBIM
HeBeXXJaM.



3. /1a Oyger cBet

[Tocne bBosbiioro B3pbiBa [VIaBHBIM 3aHSTUeM BceseHHOUW  ObLIO
pacliMpeHue, OTYero KOHL[eHTpalLWs 3aro/HSBLIed IIPOCTPAHCTBO SHepPruuv
MOCTOSIHHO mnaziana. C KaxAbIM MrHOBeHHeM BcesieHHasi CTaHOBU/IACh YYTh-UyTh
Oosibliie, UyThb-UyTh XOJIOIHEEe U UYTb-UyTh TeMHee. MeXXay TeM Bell[eCTBO U
SHeprusi BMeCTe COCTaBJIS/IU CBOEro pojia MyTHBIM Oy/bOH, B KOTOPOM Illa/IbHbIE
3/IeKTPOHBI BCe BpeMsl pacCerBa/u BO BCe CTOPOHBI (POTOHBI.

[IpumepHo Tak Bce U uwio wenbix 380 000 sier. B 3Ty paHHIOKO 310Xy
dboTOHBI He ycrieBaqu [ja7ieKo yjieTeTb — Ha MyTU 00si3aTeNnbHO TIOTaZascs
9/1eKTpoH. Ecnu ObI B 3Ty 3M0Xy Ballieil 3azaueid ObIZIO TTOCMOTPeTb CKBO3b
BcenenHyto, y Bac Obl HUUero He BbIILIO. JIF0O0M 3aperucTprpoBaHHBLIN BaMU
(hOTOH 3a HECKOIBKO HAaHO— W/IM MIMKOCEKYH/I 10 9TOTO HaBepHsIKA OTPa3uics Obl
OT Kakoro-HuOyab 37eKTpPOHa MpsSMO Yy Bac Toj, HOCOM (OfiHa HAaHOCEKyH/a —
MWIIMapAHas o/ CeKyH/bl, a TIMKOCEeKyH/la — TPWIJIMOHHAsS 0/l CEeKyH/bI).
[TockosibKy TakoBO ObLI0 camoe 0o/bllioe pacCTOsTHUe, Kakoe MOTJia MpPOUTU
HeUCKa)KeHHasi “H(OopMalLus, npexkze ueM JOCTHYb BalllUX I71a3, Bcsi BeeneHHas,
KyZla HA TIOCMOTPH, Obljla TOTZA MPOCTO CBETSIUMCS HEpPO3payHbIM TyMaHOM.
Ceropnst ConHLIe ¥ OCTa/ibHbIe 3Be3/Ibl BBITVISIAST BHYTPU Ce0si TOUHO TaK Ke.

Temmneparypa BceneHHoM najaet, U 4aCTULbI ABMXKYTCSI BCe MeJJjleHHee U
MejjieHHee. I BOT B TOT CaMbli MOMEHT, KOrZJa TeMIleparypa BIlepBble
onycTuiach 3a KpacHyro otMeTKy B 3000 rpazycoB, 37€eKTPOHBI 3aMeJ/IUINUCh
POBHO HaCTO/bKO, UTOObI MX 3aXBaTbIBa/M IMPOJETalOIIe MUMO TMPOTOHBI, — U
TaK MUPY SIBUIKCh TOJHOLIEHHbIE aTOMbl. JTO MO3BOJWIO (POTOHAM, K KOTOPbIM
paHbliie BCe TIPUCTaBa/v, 0CBOOOAUTHCS U OeCIipensiTCTBEHHO TiepesieTaTh uepe3
BCI0 Bcenennyto.

Tak ronyuunacsi «kkocMuueckuii (hOH» — OCTATOUHbIN CBeT OCJIeNUTe/IbHOM,
packajieHHOM paHHeu BceneHHOW, — M y Hero ecTb TeMIlepaTypa, KOTOPYHO
MOYKHO U3MepUTh, OTIpe/ie/IMB, B KAKOW UaCTH CTIeKTPa HaXOAUTCs O0JIbIlle BCEro
doHoBbIX (hoTOHOB. KocMoc mipojo/mkan oOCTbiBaTb, M (DOHOBBIE (DOTOHBI,
pPOAUBLIMECS] B BUAVMMOM UYaCTH CIeKTpa, NPy paclumMpeHuy BceneHHoM Tepsiiu
SHEpPrul0 M COCKaJb3bIBAaJM BHHU3 IO CIEKTPY, MpeBpallasicb B WUH(pPaKpacHbIe
doronbl. CTaHOBACH c1abee, OHU BCe ke He TiepecTaBasiu ObITh (POTOHAMMU.

Kakoi1 uamna3oH y Hac ellle HWwke 1o crekTpy? C Tex mop, Kak ()OTOHBI
ocBoboaunch, BcenenHasi pacipwiack B 1000 pa3, Tak 4YTO CerofHs
kocmuyeckuid poH Toxke okasasncsi B 1000 pa3 xonopHee. @OHOBbIE (DOTOHBI,
pOAMBILIMECS B BUAUMOM [Auaria3oHe, Tternepb craad B 1000 pa3 wmeHee



9HEPruYHBIMUA U OKa3a/liCh B MUKDOBOJIHOBOM /Iaria30He — OTCHla U B3S/I0Ch
COBpeMEHHOe  BbIpaKeHHe  «pEeJIMKTOBOe KOCMHMUeCKOe MHKDPOBOJIHOBOE
u3nyuenue». Ilpoiiger 50 MWIMApAOB JieT — W acTpodu3uKu Oyayiero
HaITUIIYT O PeJTMKTOBOM Pa/IMOBOJIHOBOM U3TyUeHHUH.

Koryia uTo-TO packasieHO W CBETUTCS, OHO M3/TyuaeT CBET BO BCEX YaCTAX
CTieKTpa, HO TAe-HuOyab ob6si3arenbHO OymeT THK. OObIYHBIE JIAMITOUKH, B
KOTOPBIX TI0 CTapuUHKe eIlle eCTh HWUTb HaKa/IMBaHWs, AOCTUral0T IIMKa B
vH(ppakKpacHOM /uaria3oHe YW MMEHHO I[103TOMY CUMTAIOTCS He OueHb
3¢ deKTUBHBIMA HCTOUHMKaMU BHUAMMOro cBeTa. MHdbpakpacHoe H3/TyueHUe
HaIllM OpraHbl UyBCTB BOCIPUHMMAIOT TOJILKO KaK OIIYIIIeHHe Terjla Ha KOJKe.
CBeToivi0/IHasi PEBOJTIOLUSL B COBPEMEHHOMN TeXHOJIOTMH OCBellleHHs TT03BO/IU/Ia
10J/yYaTh UWCTBIM BUJMMBINA CBeT, He TpaTsd BaTThl Ha HEBHUJWUMbIE YaCTH
criekTpa. MIMeHHO 3TO M O3HauaroT Oe3yMHbIe Ha TMepBbIN B3I/ peKIaMHbIe
JIO3YHTH, KOTOpble TIMIIYT Ha yrakoBKe: «CBeToAuWoOAHas jamma B 7 BaTT
3aMeHsieT JiaMIly HaKasimBaHus B 60 BaTT».

CBeTosMogHasi PpEBOMIOLIUSI B COBPEMEHHOM  TEXHOJIOTMU
OCBeIlleHYs TI03BOJIWIA TI0yYaTh YMCTbIM BUJMMbBIM CBET, He Tpars
BaTThl HA HEBU/IUMbIE YaCTH CITeKTpa.

[TOCKO/MBKY peIMKTOBOE KOCMHUYECKOe H3/IydeHHe TPOU30LIO OT CHUJIbHO
HarpeToro BelleCTBa, CHEeKTpa/JbHbld MPO(UIb Y HET0 MMEHHO TaKOW, KakKou
ObIBaeT y CBETSIL[eroCsi, HO OCTHIBAIOIIErO Mpe/iMeTa: Te-TO Y Hero ecThb MUK, HO
CBETUTCSI OH M B OCTa/IbHBIX YaCTAX CIeKTpa. B JaHHOM ciiydae, IOMUMO MUKa B
00/1aCTH MUKPOBOJIHOBOTO W3/TyueHUsi, HaO/IoAaoTcs U (POHOBBIE PA/[MOBOJHBI,
U Mcue3arolijee Masioe KoyinuecTBO (hOHOBBIX (DOTOHOB O0Jiee BbICOKOW SHEPTUU.

B cepenuHe XX Beka y KOCMOJIOTHU (He MyTaTh C KOCMEeTOJIOTHel) ObIIo B
pacropsKeHUM CPaBHUTEIbHO Maslo JaHHBbIX. A KOrZa JaHHbIX HeJ0CTaTOYHO,
BO3HUKAET TIO/IHBIM-TIOJTHO KOHKYDUDYIOLIUX TUIOTe3, YeCTOMIOOUBBIX U
XUTPOYMHBIX. ['MIoTe3y 0O CylLleCcTBOBaHWH PEJMKTOBOIO KOCMHUUECKOIrO
u3/iyueHus: BbICKaszasna B 40-e roxapl rpynmna (u3uKoB Bo miaBe ¢ ['eopruem
['aMOBBIM — amepUKaHLIeM PYCCKOTO TNMpOUCXOJeHHs. OHYM OCHOBBIBJIUCH Ha
pabotre  Oenmbruiickoro  ¢usnka U cBsanjeHHWKa JKopxka  Jlemetpa,
onybnukoBaHHoW B 1927 roamy. Kcratu, vMeHHOo JlemeTpa CUMTalOT OTL[OM
kocMosioruv  bosbmioro  B3pbiBa. OfHAKoO TMEepBYHO  OLIEHKY  OXHZJAeMOM
TeMIlepaTypbl PeUKTOBOTrO U3/Iy4YeHUs CJefand amepukaHckue Gusvku Panbd
Anbdep u Pobept I'epman B 1948 roxy. VX BbIuMc/eHHs] ObIIM OCHOBaHBI Ha
Tpex CTOJNax:

1) ob111eit TeopuK OTHOCUTE/ILHOCTH JiHIITelHa (1916);



2) OTKpLITUM paciiupeHusi BceneHHOU, koTopoe cienan OaBUH Xabos
(1927);

3) [JOCTW)KeHUsIX JlabopaTOpHOM aTOMHOM (UM3UKM /10 U BO BpeMms
MaHX3TTeHCKOTO TIpOeKTa, KOTODbIN MpuBes K CO3[aHUI0 aTOMHBIX O0MO BO
Bpemsi Bropoli MUpOBOU BOMHBI.

I'epMan u Asnbdep monyunnu Temrieparypy BceseHHOHM, paBHYHO 5
rpagycam KenbBuHa. U, KOpOTKO roBOpsi, OmuO/ivch. TouHble u3MepeHUs
TeMIiepaTrypbl (JOHOBOrO MUKPOBOJIHOBOTO M3/1y4YeHUsl MOKa3alid, UTO OHa paBHa
2,725 rpasyca — WHOI/A TMIIYT MPOCTO 2,7 Tpajyca, a ec/lid Bbl HEOPeKHO
OTHOCHTeCb K 0LudpaMm, BaM MPOCTAT [Jaxe OKPyIJIeHWe TeMIlepaTypbl
BcenenHoi 10 3 rpazlycoB.

30eck Mbl HeHaoro ocraHoBUMcs. ['epMaH v Anbdep onvpaauch Ha
CKyZIHble JaHHbIe aTOMHOM (DU3UKH, TOJBKO UTO TOJyueHHble B jlabopaTtopuu, u
TIPUMEHSVIA UX K TUIOTeTUUeCKHMM YCJIOBUSM paHHer Bcenennou. Mcxons us
5TOr0, OHM SKCTPAroJIMpOBaav pe3y/abTaTbl Ha MWIIMApAbl JieT Brepes u
TIOCUUTA/IN, KaKOBa JO/DKHA ObITh TemrepaTtypa BcenenHoit cerogusi. U eciiu ux
MPOTHO3 XOTS Obl TpUO/MM3UTeNbHO HANlOMWHAN BEpPHBIM  OTBET, 3TO
MOpa3uTe/IbHbI TPUYM( UeJ0BeYeCKOro pasyMa M MpPOHMIATe/bHOCTU. OHU
MOT/IM OIIMOUTHCS B [IECSITh WM B CTO pa3 U BooOIIe Tpe/iCKa3aTh UTO-TO, Uero
HeT B Tipupofe. AMepukaHCKuil actpo¢dusuk [bx. Puuapn [oTT 3ametun mo
sTOoMy moBoAy: «[IpeackasaTb, uTo (hOHOBOE W3/Ty4yeHHE CYIIeCTBYeT, a MOTOM
BBIUMC/IUTHL €ro TeMIlepaTypy U OMIMOUTHCS BCEro B /iBa pa3a — 3TO BCe PaBHO
YyTO TMpejCKas3aTb, YTO Ha JIy)KallKy Iiepes; bejbiM JOMOM MpU3eM/IUTCA
nertaroijasi Tapenka auamerpoM 50 (yTOB, W OMIMOWUTHCS TOJNBKO B TOM, UTO
MaMeTp Tape/jK/ Ha CaMOM [iejie OKaXKeTCs 27 (yToB».

BriepBbie HerocpenCTBeHHO MPOHAO/IOAATE KOCMUUeCKOe MUKPOBOTHOBOE
u3yueHue yznanock B 1964 ropy, ¥ cienand 3TO COBEpIIEHHO CIy4aiiHO /iBa
amepuKaHCKUX ¢usnka — ApHo Ilensuac u Pobept YusicoH. OHu paboTtanu B
Tenedonnbix maboparopusix Bemna — wucciefoBaTesbCkoM — TOJpaszeieHuH
AMepuKaHCKOU TesiedoHHO-TeslerpadHON KOMIIaHWUA. B 1ecTuiecstbie TOAbI
TIPO MUKDPOBOJTHOBOE HW3/TyueHHe 3Ha/d BCe, HO TIOUTH HU Yy KOTO He OBIIO B
PacCIopsDKeHUM TEXHUKHU, TI03BOJISIIOIIEN ero 3aperucTpyupoBath. Jlaboparopuu
Bensa ObUTM Ha TiepeiHeM Kpae WHJyCTPUMA KOMMYHWKALIUH W TIpUAyMatd Jjist
3TOM 11e/1 0COOYI0 TIPU3EMUCTYIO POraTyt0 aHTeHHY.

HauneM c ToOro, 4YTO, €C/id BbI COOMpaeTeCh OTIIPAB/SATh WM NPUHUMATh



KaKOW-TO CUTHas, TIePBBIM ZIeJIOM HY)KHO M30aBUTHCS OT UCTOUHHUKOB TOMEX.
[TeH3wac U YWJICOH XOTelu UW3MepUTh (POHOBbIE TIOMEXH B CBOEM
MHKDPOBOJIHOBOM TpHEMHUKe, UTOObI 00eCIeunTh UYKCTYH0, JIMIIEHHYIO ITyMa
CBSI3b B 3TOM AuariazoHe. OHU He ObLTM KocMmojoramMu. OObIUHBbIE TeXHapHU-
Ky/IeCHUKU, OHM BCEro-HaBCero Ha/lakKWBaJu MUKPOBOJIHOBOM TNPUEMHUK U
HUUero He 3Ha/M Npo runore3nl 'aMoBa, ['epmaHa u Anbdepa.

[TeH3rac ¥ YWICOH U He JyMald MNP0 KOCMUYECKOe MUKDOBOJIHOBOE
H3/TyuyeHre — UM MPOCTO HY>KHO ObIJIO OTKPBITH //IT AMepUKaHCKON Tejie)OHHO-
Teserpa(HOM KOMITaHUM HOBBIM AMaria30H 4acToT.

[leHsuac W YWICOH W He JAyMaJd IPpO KOCMHYECKOe
MUKDOBO/THOBOE U3/yUeHUe — UM MPOCTO HY)KHO ObLIO OTKPBITh AJIsI
AMepuKaHCKOU Tesie)OHHO-Te/ierpad)HON KOMIIaHUM HOBBIW Jjuara3oH
4acToT.

OHM mpoBe/d 3KCIIePUMEHT U BBbIUIM U3 CBOUX [JAHHBIX BCE M3BECTHBIE
3eMHble M KOCMHYECKHe HWCTOUHUKHA TOMeX, KOTOpble CMOIVIA OIpeJe/uTh,
OJHaKO 4aCThb IIIYMOBOI'O CUTHAaJ/Ia HUKY/A He Jieflachb, U UCC/Ie[iloBaTe/ld HUKaK He
MOI/IM TIOHSTh, KaK OT Hee u30aBUThCS. B KOHIle KOHIIOB OHM 3arvisiHy/U B
TapejKy aHTeHHbI U YBHUJE/IH, UTO TaM TOCeNUIuch roaybu. Torma ydeHble
peLlWId, UYTO IIIyM, HaBepHOe, BbI3bIBaeT Oenblii [UIIeKTPUK (TOTyOUHBIM
TIOMeT), TOCKOJbKY CUTHAA DPerucTpUpOBAJICS OTOBCHOAY, Kyza Obl OHM HU
HampaB/syid fieTeKTop. [leH3wac W YWICOH OTUMCTWIA aHTeHHY OT 6esoro
[V3/IeKTPUKA, LIIyM HEMHOT'O CHHU3MUJICS, OJHAKO 3aMeTHbIW LIIYyMOBOM CUTHAJI BCe
e He ucye3. B craTbe, KOTOpYyIO OHU orybiukoBaau B 1965 rofy, ToBOpUIOCh
JINIIIb O HEMOHATHOMN «M30BITOUHOM aHTeHHOU Temriepatype» (A. A. Penzias and
R. W. Wilson. «A Measurement of Excess Antenna Temperature at 4080 Mc/s»,
The Astrophysical Journal 142 (1965):419-21).

TeM BpeMeHeM TpyTia MPUHCTOHCKUX YUeHbIX TIOf, pyKoBo/icTBOM PobepTa
[lukke cTpowia [1eTeKTOp, CrelWa/JbHO TIpe/[Ha3HAueHHbIM AJii 0OHapy>KeHUst
(OHOBOrO KOCMHMUECKOTO MMKPOBOJHOBOrO wu3nyueHusi. OfHAakKO y HUX B
pacriopsbkeHUM He ObIZI0 TaKUX peCcypcoB, Kak B Jlabopatopusix besna, mostomy
paboTa 11171a HeCKOJILKO MejijieHHee. V1 B TOT MOMeHT, kKorjia JJukke ¢ KoJijieraMu
y3Hanmu o pabore [leH3unaca ¥ YuacoHa, MPUHCTOHCKUE (PU3UKK Cpa3y TOHSIIY,
YTO 3TO 3a Habsofaemast U30bITOUHAsE aHTeHHasi TemriepaTypa. Bce cxoaunock —
Y BeJIMUKMHA 3TOW TemIiepaTypa, U TO, YTO CMTHaJI I11eJ1 CO BCeX CTOPOH, CO BCero
Heba.

B 1978 rogy IleH3snac W YWICOH TMOJy4YU/IM 3@ CBOE OTKPBITHE
HobGeneBckyto npemuto. A B 2006 rogy amepukaHckue actpodusuku IxoH K.



Masep u xopmk ®@. CmyT pazgenunu HobeneBckyro nmpeMuro 3a HabJirofeHue
(OHOBOTO ~ MHUKDOBOJIHOBOTO  KOCMMUYECKOTO  U3/yueHWss B  IIUPOKOM
CIIeKTpa/IbHOM Jyaria3oHe, B pe3y/brare KOTOPOrO KOCMOJIOTMS BbILIA W3
Tie/IeHoK, TepecTaB ObITh COOpaHWeM WHTePEeCHBIX, HO HelPOBepeHHbIX H/JieH, U
repeiia B 00/1acTb KOJIMUECTBEHHBIX TOUHBIX HayK, CTaB TIOJIHOL[€HHOM
OTPaC/IbIO SKCIIePUMEHTAa/IbHOU (PU3UKHU.

[ToCKO/IbKY CBETY HY)XHO BpeMsl, 4TOObI [JOMTU [0 HAC W3 OTJa/JIeHHBIX
yronkoB BceneHHOM, To, 3arisiHyB B IMTyOOKWI KOCMOC, Mbl Ha CaMOM /jiefie
BUJIMUM, YTO MPOUCXOAWIO MHOIO 3M0X Ha3ajd. Tak UyTO ec/iyd pasyMHble
obuTarenu JaneKkou-Janekol Ta/llakKTUKU XOTenu Obl U3MepUTh TeMIleparypy
(OHOBOrO KOCMUUECKOTO W3/Iy4eHUs] B MOMEHT, KOTOPBIM MbI celyac BU[IUM,
Mosyunnock Obl Gosbliiie yem 2,7 KenbBUHA, MOCKOABKY B 3TOT MOMEHT OHU
uny B 6oree Mosofiol BeenieHHOM, MeHbllie U »Kapue HbIHelllHeH.

[ToCKO/IbKY CBEeTy HY)KHO BpeMsi, uTOObI JOWTH [0 Hac Wu3
OTZa/IeHHBIX YrOfKOB BcesieHHOM, TO, 3arisiHyB B ITyOOKMI KOCMOC,
MbI Ha CaMOM JieJie BUJIM, YTO TIPOMCXOIA/I0 MHOT'O 310X Ha3as,.

OkasbiBaeTcs, 3Ty TUIOTe3y MOKHO mnpoBepuTb. Mojsiekyna nmanuga CN
(Korga-To ero WCMO/Ib30Ba/d KakK [eWCTBYIOLee BelleCTBO B COCTaBe rasa,
KOTOPBIM YMEpLLBJ/IS/IA TIPUTOBOPEHHBIX K CMEPTHOU Ka3HM) MOJ, BO3/JeHCTBUEM
MUKDOBO/THOBOTO W3/IyueHusi TepexoJuT B B030yxaeHHOe cocTosiHue. Eciu
MHKDPOBOJIHOBOE W3/lyyeHUe Terljiee, 4yeM Halle (h)OHOBOe pPeJIMKTOBOE, MOJIeKy/a
BO30y>KJjaeTcsi cuibHee. B paMkax Mojieni BosbIioro B3pbiBa MUKPOBOTHOBOE
u3yueHre, KOTOPDOMY TIOIBepraeTcs LMaHUJ B Janekux, Oosiee MOIOABIX
rajiakTUKax, ZI0O/DKHO OBITh Teruiee, ueM CEeTOJHS B Hallleil rajakTvke MeuHbid
[TyTb. IMeHHO 3Ty KapTUHY MbI U Hab/rO/1aeM.

IToppenars 3TO HEBO3MOXKHO.

A mouemy Hac BooOie uHTepecyeT Bce 310? Ileprie 380 000 et mocie
Bosnbiioro B3peiBa BceneHHasi Oblia Hempo3payHOM, MO3TOMY TIPOHAO/OIATh
BO3HUKHOBEHUE Bell[eCTBa ObIJI0 HEBO3MOXKHO, /laXke ec/id Obl MbI C BaMU CU/IeNH
B rnepBoM psify. Henb3si ObLI0 pas3iuuuTth, e HauMHAIOT (OPMUPOBAThCS
CKOTIJIeHUsI TajlaKTUK U MyCTOThl. UTOOBI KTO-TO YyBHZIET UTO-TO CTOsIIee,
dboToHbI 10/DKHBI OB OeCrpensTCTBEHHO TPOJieTeTh uepe3 BceneHHy0 U TeM
CaMbIM MOC/IY>KUTb [epeHOCUMKaMU UH(pOpMaL1u.



[TepBbie 380 000 sieT riocie Bosbitioro B3pbiBa BeeneHnHast Gbuia
Herpo3pauHol, MO3TOMY MPOHAb/OaTh BO3HMKHOBEHHE BelllecTBa
ObLIO HEBO3MOXKHO, Jla>ke eC/I Obl MBI C BaMU CHU/Ie/IU B TIEPBOM DSITy.

TpaHC-KOCMI/I‘-IECKOE IMMyTeleCTBUE KdXXIO0I'o q)OTOHa HauulHaeTCcsl B TOM
TOUKe, IJle OH HaJIeTe/l Hd HOCJ'IE,[[HI/Iﬁ JJIEKTPOH, OHYTHBMHﬁCH Y Hero Ha

MyTH, — B «TOYKe T[IOCTeHer0 paccessHusi». [lo Mepe TOro Kak (OTOHBI
OecripensITCTBEHHO ~ pa30eratoTcsi B pa3Hble CTOPOHbI, OHM  CO3[AIOT
PACIIUPSIOIIYIOCST  «ITOBEPXHOCTb»  TIOC/EJHEr0 paccessHus — TyOMHOMN

rpuMepHOo 120 000 sieT. ITO Ta caMasi MOBEPXHOCTb, HA KOTOPOU POJMIUCH BCE
aToMbl BO BcejieHHOM: 37€KTPOH TMPUCOEJUHSIETCSI K AaTOMHOMY SIIpy, H
KpOIIIeUHbI BLIOPOC 3HEPrUM B BUJEe (POTOHA y/eTaeT IMpoub B OypHYIO ayro
Jlajib.

K »sTomMy BpeMeHH HeKOTOpble o0OnacT BcemeHHOM yKe Hauaau
YIUVIOTHATBCSL OGnarofiapsi TpaBUTALIMOHHOMY TIPUTSDKEHUIO COCTABISIOIIUX HX
yacte. @OTOHBI, TTOC/IEJHUMH PACCeSBIIIMECS Ha 3/IeKTPOHAX B 3TUX 00/1acTsX,
VUMEIOT HeCKObKO Oosiee XOJIOAHBINA CTMEKTP, YeM Te, KOTOpbie PacCessiuch Ha
MeHee OOIUTENBbHBIX 3/IEKTPOHAX, OonrTarommxcsi B TyctoTe. Tawm, rae
HaKarulMBaeTCsl BeIeCTBO, pacTeT CUla TsKeCTH, Osarozaps ueMy Tyja
cTAruBaeTcsi elle Oosbllle BellecTBa. OTU 00/aCTU  CTald  3apOJbIlIaMU
CBEPXCKOIJIEHHWM TalakKTHK, a B JPyruxX 00/acTsX TO-TIPpeXXHEMY ObIIO
OTHOCHUTEJIBHO MYCTO.

Ecmu  coctaButh  MoApoOHYH  KapTy  (DOHOBOTO  KOCMUUECKOTO
MUKPOBO/THOBOI'O U3/Ty4YeHUsl, OKa)KeTCs, YTO OHa He COBCEM pOBHasi. TaM ecTb
y4aCTKM UyTb TeIlJlee M UyTb XOJ0[Hee cpegHero. Ecid u3yuuTbh 3TH
OTK/IOHEHUsI TeMmrepaTrypbl (OHOBOTO KOCMHUUYECKOTO WU3JyueHUs, TO ecCTb
MOMCKaThb 3aKOHOMEPHOCTH Ha MOBEPXHOCTU TIOC/IE€JHEr0 pacCesiHUs, MOXXHO
CZiesiaTh BBIBO/BI O CTPYKTYPe U COCTaBe BelljeCcTBa B paHHel BcesenHou. UToObI
Omnpe/ie/InTb, KaKk BO3HUKA/IW TaJaKTUKW, CKOMJIEHWUS W CBEpPXCKOIMJIEHHUS, MbI
OornMpaeMcsi Ha cCaMble TOUHble JlaHHble O (POHOBOM W3/IyYeHUH, MOIIHYHO
Karcy/ily  BpeMeHH, KoTopasg  JaeT  acTpodu3vKaM  BO3MOKHOCTb
PEKOHCTPYHPOBaTh UCTOPHIO BeeneHHou. VI3yueHne ero 3akOHOMEPHOCTEeN — 3TO
YTO-TO BPOZie KOCMHYECKOW (hpeHO/IOTMU: MBI OIlyMbIBaeM IIMIIKKA Ha yepere
HOBOPOX/IeHHOM BceneHHOU.

Ecnu comocTtaBUTh JaHHble (DOHOBOTO KOCMHUYECKOTO W3/IyUeHusl C
JPYTUMU HaOJTIOIeHUsIMM COBPEMEHHOM U JlaneKoi BceneHHOM, MOXKHO BBISIBUTD
BCEBO3MO’KHbIE dbyHAamMeHTa/IbHbIe CBOMCTBA  KOCMOCA. CpaBHuTe
pacripefiejieHlie pa3MepOB U TemrepaTyp TeIUIbIX M XOJIOAHBIX Y4YaCTKOB — U
CTaHeT TOHATHO, KakKoW Oblla CH/Ia T'PaBUTAI[Md B Te BpPeMeHa, KaK OBICTPO



HaKariMBajaoCh BeIeCTBO, U 3TO, B CBOK Ouepe/lb, MOJCKAKeT, CKOJBKO BO
BceneHHoit Ob1I0 0OOBIYHOTO BeIleCTBa, TEMHOTO Bell[eCTBAa U TEMHOUW SHEPTHHU.
A oTClofla MOXHO CZieslaTb HeToCpeJCTBeHHbI BBIBOZ, O TOM, Oyaer Jiu
BceneHHasi pacILIUPSITHCSL BEYHO.

OO6bIUHOE BeIIeCTBO — 3TO BEIIeCTBO, W3 KOTOPOTO COCTOUM BCe Mbl. OHO
YyBCTBUTE/IBHO K I'PaBUTAL[MH M B3aUMO/IEMCTBYET CO CBeTOM. TeMHOe BeIleCTBO
— 9TO TaWHCTBEHHas CyOCTaHI[US, UYBCTBUTE/bHAs K TpaBUTALMM, HO He
B3aMMO/IEHICTBYIOIasi CO CBETOM HHUKAaKMMU H3BECTHBIMH HaM CIIocobamu.
TeMHasi HePTHUsi — 3TO 3araJJ0OYHOE ZaBjieHre BakyyMa (TIyCTOTO TIPOCTPAHCTBA),
KOTOpO€e JIeMCTBYeT MPOTHBOMOJIOKHO I'PaBUTALIMM M BBIHYXKJaeT BceyeHHYIO
pacumpsThcst Bce  ObicTpee. Haiie  ¢peHonoruueckoe  o06c/enoBaHie
TIOKa3bIBaeT, UTO MbI TIOHUMAaeM, Kak Besia ceOst BcesleHHast B 310Xy TIOC/IeJHETO
paccesTHUs, HO OKa3bIBaeTCs, UTO 3Ta BcesieHHass B OCHOBHOM COCTOWT U3
CyOCTaHIIMM, O KOTOPOM HaM HUYero He u3BecTHO. O/lHAKO, HECMOTPS Ha Hallle
riybouaiiiiiee HeBEXXeCTBO, CETO/[HSI Y KOCMOJIOTHHM HAaKOHeI] TIOSIBU/IAaCh 3alleTKa,
TIOCKOJIbKY (DOHOBOE KOCMHMUECKOe W3JTyueHUe ITOKa3bIBaeT, U3 KAKOro IopTasa
BBIIITM MbI Bce. VIMEHHO 37ieCch (pM3MKa CTAHOBUTCS OCOOEHHO WHTEPECHOM,
UMEHHO TaK Mbl MOXXEM Y3HaTh, UTO TBOPU/IOCH BO BcesieHHOM U 70, U TOC/Ie
TOT0, KaK CBET B Hell oOpest cBobozy.

TemMHOe BeleCTBO — 3TO TaAWMHCTBeHHass CyOCTaHIMS,
YyBCTBUTE/IbHAsi K TpaBUTAllUd, HO He B3aUMO/eHCTBYIOIasi CO
CBETOM HUKAKHUMU HM3BeCTHBIMU HaM CIT0COOaMH.

Camo 10 cebe OTKpbITHE KOCMHYECKOTO MUKDOBOTHOBOTO W3/1yUeHust
BBIBEJIO KOCMOJIOTHIO U3 cdepbl Mudonorud. OHako uToObI TIPeBpaTUTh ee B
COBpEMEHHYI0 TOYHYI0 HayKy, MoTrpeboBanack MojpobHasi KapTa (HOHOBOTO
MUKPOBOTHOBOTO U3nydeHus. KocMosioru oueHb BBICOKOTO MHeHUs1 0 cebe. Eire
Ob1! Beib vx paboTa — BBISICHUTh, KAaKOBa MPUYMHA BO3HUKHOBeHHUs1 BceneHHOM!
Ho 6e3 fjaHHBIX UX OOBSICHEHUsS] ObUIM JIUIIb TUTIOTe3aMU. A TeTepb KaK[oe
HOBOe HabstofieHre, KaXk/iasi Kpymuila IaHHBIX CAYXKUT Cpa3y /IBYM IieJisiM: BO-
MepBbIX, [aeT KOCMOJIOTMM TaKyk >Ke IUJIOZOPOAHYIO TOYBYy M HaJeXHbIU
(dbyHaMeHT, KaK U y BCeX [PyIrMX TOYHBIX M €CTeCTBEHHbIX HayK, a BO-BTOPBIX,
OTCerBaeT TeOpUW, KOTOpbie JIKOAW BbIAYMBIBA/IM, KOTZA [JaHHBIX OBLIO
He/I0CTaTOUHO U HeBO3MOYKHO ObIJIO0 CKa3aTh, MPpaBbl OHU U/TU HET.



bes 3TOro HUKakas HdYKd HE MOXXET CUUTdTbCA BPEHOﬁ.



4. Mexy rajJakTHuK

[Tpy macmTabHOM WHBeHTapu3alluu BceneHHOW W ee COCTaB/SIOINIMX B
TIePBYIO0 ouepe/ib OOBIYHO TO/[CUUTHIBAIOT Ta/laKTUKU. [10 moc/ieqHUM OLleHKaM,
B Habsofaemoii BceneHHON WX TPUMEPHO CTO MWIIMApPZAOB. ['a/llakTWKK —
spKWe, KpacuBble, HAOWUTbIe 3Be3/aMU — YKpalllalOT TeMHbIe IyCThbie Oe3/HbI
TIPOCTPAHCTBa, OyATO ropofila — HOUHOM TMel3a)k Tof, KpbUuIoM camosieta. Ho
HACKOJILKO Ha CaMOM /Jiefie TIyCThbI 3TH IycThie 6e31HbI? (HaCcKoIbKO TTyCThI OIS
U Jjiyra Mexay ropogamu?) Eciu ramakTtuky OGpocaroTcsi B 1ia3a U yOexxgaroT
HacC, YTO BCe OCTa/JbHOE HEBa)KHO, 3TO HE 3HAUMT, UTO B MPOCTPAHCTBE MEXIY
rajlakTUKaM{d He TaWTCsd MHOTO Takoro, uTo TpyAHee mpoHabmomatk. He
VICKJIFOUEHO, UTO 3TO Jla’ke UHTepeCcHee U/IM BakKHee [I/Is1 SBOJIIOLMU BcesleHHOH,
yeM CaMU rajlakTHUKH.

Harmia co6cTBeHHast crivpasibHasi ralakTuka Mieunsiii [TyTh Ha3BaHa Tak 3a
TO, UTO U TpaB/a MoXoXKa Ha MOJIOKO, MPOJIMTOe Ha HOYHOe Hebo, ec/ii CMOTPeTh
Ha Hero C 3emM/JIM HEBOOPY)XeHHbIM B3r/sijoM. CaMO C/I0BO «TajlaKTUKa»
TIPOUCXOJJUT OT JIpeBHEIPeUeCcKOro «rajakToc» — «MOJIOKO». [IBe Halm
OmKaiiiliie COCeAKU-TallaKTHKH, PAacCTOsiHHe A0 KOoTopbhix MeHbie 200 000
CBETOBBIX JIET, MaJIeHbKHe 1 HellpaBU/IbHOM (hOpMbI. ITH KOCMUUYECKUe 00bEKThI
Habmoman ®epHaH MaressiaH BO BpeMsi CBOEr0 3HaMEHUTOTO KPYrOCBETHOTO
nyTtemiectBust B 1519 rogy u Harmmcan o6 3TOM B CBOEM CyZlOBOM >KypHase. B
yeCTb BEJIMKOTO MopeIuUiaBaTe/si Mbl HasBaiu wux boneimioe u  Maoe
MaresiaHoBO 00/1aK0, ¥ BUJJTHBI OHM B OCHOBHOM B HO>KHOM TO/TyIlIapuu B BUjIE
napbl 06/1aukoB Ha HebOe rJe-TO 3a 3Be3gamu. bivkaiiiiiasi rajakTuka Oosbliie
Hallle HaxXOJWUTCS B JIBYX MW/IJIMOHaX CBETOBBIX JIeT OT HacC, 3a 3Be3/aMu,
COCTaBJIIIIUMU  CO3Be3ave AHJpoOMe[bl. OJTa CIMpajibHas rajakTHKa,
WCTOPDUYECKW Ha3BaHHasi Benwkasg TymMaHHOCTb AHJpPOMEbl, HeCKOJbKO
MacCcuBHee U BABoe sipue MneuHoro I[lytu. IIpumMeuarenbHO, UTO BO BCEX 3TUX
Ha3BaHUSIX BOBCE He TOBOPUTCS O 3Be3fax: Mueunbii [lyTb, MarennaHOBbI
obmnaka, TymanHocTh AHJpoMe/ibl. Bce oHM ObUTM OKpellleHbI /10 M300peTeHus
Te/IeCKOIIOB, MO3TOMY JIFOAM He MOIJIM pasl/isifieTh UX B IOAPOOHOCTSX U He
3HaJ/IA, YTO OHU COCTOSIT U3 3Be3[.

[anakTvku — sipKye, KpacrBble, HaOUTbIe 3Be3ZlaMU — yKpalllatoT
TeMHble TyCTble Oe3fiHbl TIPOCTPAHCTBA, OyATO ropoja — HOYHOMU
nei3ax 1oz KpblJIoM caMoJieTa.



Interacting Galaxies Hubble Space Telescope = ACSMWFC - WFPC2

["asakTUKY, 3ameyaT/ieHHbIe TeeCcKornoMm Xab0iia

Kak pacckazaHo B 11aBe 9, ecid Obl He TesiecKorbl, paboratoiiuie B
pa3/IMUHbBIX AUaria30HaX CreKTpa, Mbl Obl ZI0 CUX MOP CUMTa/IH, UYTO B KOCMOCE
MeXXAy TajlakTUKamu nycto. OJHako Mpu MOMOILIYA COBPEMEHHBIX J1eTeKTOPOB U
COBpPEMEHHbIX TEeOpUM Mbl MCC/Ie[JOBa/IdM KOCMUYECKWe Jyra U Tois U
OOHapy>KW/M TaM CaMble pa3Hble «CKDBIThIe» OOBEKThI: TEMHYH) MaTepuio,
KapJ/IMKOBbIe Ta/IaKTUKU, TYCKJ/Ible TOyOble Ta/lakTUKU, yOeraroliye U3 raaakTuk
3Be3bl, B TOM UMC/e B3pbIBalOIIMecs, Be3jecylijue ra3oBble 00saka,
MOTPsICAlOIIMe BLICOKOSHEPTrHYHble YaCTULbl pa3HOr0 poOAa, 3araflouHyro
KBaHTOBYH0 SHEPIrvl0 BaKyyMa W pacKa/ieHHbIM [0 MWUIMOHOB I'Pa/lyCoB ras,
VICITyCKalOL[UI PEHTTeHOBCKHE JTyUH.

BrieuaT/ifirolL{uii CIMCOK: MOYKHO CKas3aTb, YTO BCE CaMOe WHTEepecHOe BO
BceileHHOM NPOUCXOAUT MeX/y rajlakTUKaMU, a He B HUX CaMUX.



Ec/u TiaTesisHO UCC/eloBaTh 000 06bemM MPOCTPAaHCTBa, OKAXKeTCs, UTO
Kap/IMKOBBIX Ta/lakTUK B HEM pa3 B JlecsiTh OoJbllie, ueM KPYMHbIX. Mosi TiepBast
Hay4YHO-TIOMY/ISIpHasi CTaTbsl, KOTOPYIO 51 Hamucaja B Hadane 80-X, Ha3biBajach
«[anakTvka U ceMb 'HOMOB» U Oblla MOCBsillleHa MUHUATIODHOMY CEMENCTRBY,
TIpOXKMBaKIleMy B Omkalmmx okpectHOcTsx MneuHoro [Tytu. C Tex mop
noO/MM30CTH  OT HAC HaCuMTaAu yxKe [IeCATKU KApPJIUKOBBIX —TaslaKTHK.
[TonHOKpOBHBIe OO/bIlIMe TaJaKTUKU CO/lep)KaT COTHU MWIIMApZAOB 3Be3[, a
Kap/JIMKOBble MOTYT COflepXaTb BCEro-T0 MWJ/UIMOH, a CJiefoBaTesbHo,
3aperucTpyMpoBaTh MX B CTO ThICAU pa3 CJjo)kHee. HeyauBuTeNbHO, UTO MbI /10
CUX TIOp OTKPbIBaeM WX TPSIMO y ceOsi TIofi HOCOM.

Ecmu TiatenbHO uccienoBath ar000d 006beM TIPOCTPAHCTBa,
OKa’)KeTCsI, UTO Kap/IMKOBBIX raJlaKTWUK B HeM pa3 B JlecsTh OoJibllle,
YyeM KPYITHBIX.

KapsukoBble ranakTUKH, rfje Oosibliie He pOX/AAKTCsS 3Be3fibl, 00bIYHO
TOXOXKM Ha KPOIlleYyHble CKyUHbIe TISITHBIKKU. EC/M >ke B Kap/IMKOBOU rajlakTHUKe
ellle BO3HMKAIOT HOBBIE 3Be3/bl, OHAa 00si3aTeslbHO OyzleT UMeTh HelpaBUIbHYIO
¢bopMy U, OTKDOBEHHO TOBOpS, BBIVIA/IETh He C/MILKOM MpUB/eKaTenbHO. Y
Kap/IMKOBBIX Ta/laKTUK eCTb TPW CBOMCTBA, Mellarolue uX oOHapyXuThb. Bo-
TIepBbIX, OHU OYeHb MajieHbKHe, WU WX JIeTKO 3aTMeBaroT CObOa3HUTe/bHbIe
ChUpasibHbIE rajlakKTUKK, KOTOPble COPeBHYIOTCS 3a Hallle BHUMaHUe. Bo-BTOpBIX,
OHU TYCK/ble, TOSTOMYy He T[IOMaZial0T BO MHOTHWE WCC/Ie[0BaHUs, T[7e
paccMaTpuBalOTCs OOBEKThI C SIPKOCTHIO BBIllIE HEKOTOPOro Tropora. A B-
TPeTbUX, Y HUX HEBbICOKasi TJIOTHOCThb 3Be37l, MO3TOMY OHHU IJIOXO BUJHBI Ha
dboHe cBeueHUs1 HOUHOM atMocdepsl 3eM/ U APYTUX UCTOUHMKOB. Bee 3TO Tak.
Ho moCKO/IbKY Kap/MKOBBIX TajlakKTUK ropas3fo 0osibille, ueM «HOpPMasbHbBIX»,
Hallle oripejieJieHue HOpMasbHOTO, TI0XKaayl, CTOUT NePeCcMOTPETb.

BO/MBLIMHCTBO  U3BECTHBIX HaM  Kap/JWKOBbIX TalaKTUK JlepXKarcs
nobnm3ocTy OT Gosiee KPYMHBIX Ta/laKTUK U BPALL[alOTCSl BOKPYT HUX 10 opbuTe,
Oyaro crnytHuku. O6a MareiaHoBbIX OO/laka — 3TO YacTb KapJIMKOBOTO
cemerictBa Mueudoro Ilytu. OfHako >KW3Hb TalaKTUK-CIYTHUKOB Tpy[AHAa U
ToJiHa oracHocTei. [TouTu Bce KOMMbIOTEPHbIE MO/Ie/IM UX OPOUT yKa3bIBalOT Ha
Me/l/iIeHHble W3MeHEHUs], KOTOpble B KOHLIe KOHL[OB TIPUBEAYT K TOMY, UTO
Oosblllasi  rajakTWKa CHavajga pacTep3aeT, a TIOTOM TIOMPOCTYy CbecT
He3a/1auwIMBOr0 KapJivKa.

lanaktuka Mueunsli IlyTh 3a mocnefHWNd MUWIMApA JieT JIMUHO
yuacTBOBasia 10 KpaiiHeli Mepe B OZIHOM aKTe KaHHMOa/sM3Ma — OHa TOIVIOTH/IA
Kap/IMKOBYI0 TajlakTHKy, UbM JKaJIKWe OCTAHKHU ellle 3aMeTHbl B BHUJE IOTOKa



3Be37l, BpAlLlaolllerocsi BOKPYT TajJlaKTUUeCKOro L[eHTpa 3a 3Be3/aMU CO3Be3[usl
Crpenblia. JTa cucTeMa HasbiBaeTcsi KapiukoBasi s/iMnTHUecKasl rajlakThka B
Crpesiblie, HO Jiyuliie ObLI0 ObI Ha3BaTh ee MPOCTO YKUH.

B n/10THBIX HeJjpaxX CKOMJIeHWH raJlakKTUK TO U [IeI0 CTaTKUBAKOTCS IBE-TPH,
a To U OoJsibllle KPYIMHBIX Ta/NaKTHK, MOC/Ie Uero OCTaeTCs TUTaHWYecKasi rpyza
00JIOMKOB: CIiUpasibHble CTPYKTYPhI, UCKa)KeHHbIe 10 TIOJTHOW Hey3HaBaeMOCTH,
CBEXXUEe ouaru 3Be37i000pa3oBaHUsl, IOPOXKeHHbIE IPOCTHLIMU CTOJTKHOBEHUSIMU
ra30BbIX 00J/IaKOB, U COTHU MUJUTUOHOB 3Be3/l, pa30pOCAHHBIX BO BCe CTOPOHBI U
TOJIBKO UTO BBIPBABIIIMXCS U3 TeHET rpaBUTaIUM 00enx rasakTuk. Hekotopele u3
9TUX 3Be3/[] MeperpyryupyoTcs U 00pa3yroT CKOTLIeHUsT HeTIPaBU/IbHOM (POPMBI,
KOTOpble MOKHO Ha3BaTh Kap/IMKOBBIMM rajakThkamu. [Ipoune Tak U ocTaroTCs
npenidoBars. [TpumepHo 10 % Bcex KpyNHbBIX Ta/laKTUK HOCSIT C/Ie/Ibl CePbe3HbIX
I'PaBUTALIMOHHBIX CTOJKHOBEHUM C IPYTMMH KDYITHBIMM Ta/laKTUKaMU, a Cpeiu
rajlakTUK B COCTaBe CKOTIeHUH 3Ta JI071si, BEPOSITHO, B TISITh pa3 OoJibIlle.

[Tpumepno 10 % Bcex KpYNHBbIX TaJaKTUK HOCAT CJiefbl
Cepbe3HbIX T'PAaBUTALIMOHHBIX CTOJKHOBEHWW C ADYTMMM KDPYITHBIMU
rajakTUKaMy, a CpeJu TajJakTUK B COCTaBe CKOIUIEHWH 3Ta Jo07s,
BEPOSITHO, B TISITh pa3 OoJibIlle.

Ha yx, Hacrosiasi msicopybka. CKOJBKO >Ke TajlaKTUUeCKUX OIIIMETKOB
OosiTaeTcsi M0 MeXXrajgakKTUueCKOMY MPOCTPAHCTBY, OCOOEHHO B CKOTIEHUSIX?
HeusBecTtHO. MI3MepUTh 3TO TPYAHO, TTIOCKO/IBKY OJMHOYHBIE 3Be3/bl TYCK/ble, U
10 OTZE/IbHOCTH MX He MpoHab/toaarhk. [IpuxoauTcst UCXOAUTh U3 HabmromeHui
caboro cBeueHUsi, KOTOpPOe WCIYCKaloT BCe 3Be3[bl BMecTe. B cyIiHOCTH,
HaOJTIOZIeHHsT CKOTJIEHWM Ta/laKTHK TI03BOJISTIOT 3aperuCTpUPOBaTh UMEHHO TaKoe
CBeUeHHe MeX/y Ta/laKTUKaMH, KOTOPOe MOKa3bIBaeT, UTO OpoAsurx 0e370MHbIX
3Be37l, BO3MO)XHO, CTOJIbKO K€, CKOJIbKO 3Be3/] B CAaMUX rajlaKTUKaXx.

[TogonbeM macjia B OrOHb: Mbl OOHApY>KU/IM (He Hapo4yHO) Goree fecsATKa
CBEPXHOBBIX, B30PBaBILIMXCS, KaK MbI T0jlaraeM, Zajieko OT CBOMX «POAHBIX»
ra/lakTMK. B 0OBbIYHBIX TrajlakTUKaX Ha KaXAyl B30pBaBIIYIOCS 3Be3y
TIPUXOAUTCST OT CTa ThICSAU [0 MHU/UIMOHA 3Be3/l, KOTOpble He B3pPbIBAIOTCH,
M03TOMY OJMHOYHbIE CBEPXHOBBIE, BEPOSTHO, BbIJJalOT CYIl[eCTBOBaHHUE IIeJIbIX
TIOMY/ISILUNA 3Be3]], KOTOPbIX Mbl He BUIUM. CBepXHOBBIE — 3TO 3Be3/Ibl, KOTOpbIe
B30pBa/IMCh MW pa3/ieTe/lMCb Ha MeJjpuaiiiiie KyCOukKd, U TpU ITOM HUX
CBETMMOCTb BPEMEHHO (Ha HeCKOJIbKO Hejlesib) BO3pOC/a B MWIIMAp/, pa3, Tak
yTO WX CTajJ0 BUAHO C JApyroro koHuja BcenenHoil. [loCko/bKy JecsiTOK
6e310MHBIX CBEPXHOBBIX — 3TO OTHOCHUTEBHO HEMHOTO, BEPOSTHO, MHOTHE W3
HUX eIl >KAYT, KOrja Mbl HUX OTKpPOeM, Belb OO/BIIMHCTBO MCC/IeOBAHUM



CBEPXHOBBIX OCHOBAHO Hd CHUCTEMdTHUUYECKHUX H&6JII-O,Z[€HI/IHX N3BECTHBIX
I'd/IdKTHK, d He ITYCTOI'O ITPOCTPaHCTBA.

CBepxHOBBIE — 3TO 3Be3/lbl, KOTOpbIe B30PBA/IMCh U pas/eTeuch
Ha Me/byaliliie KyCOUKH, U MPU 3TOM UX CBETUMOCTh BPEMEHHO (Ha
HECKO/JIbKO HeJleslb) BO3pOC/ja B MWUIMApA pas, Tak UTO MX CTajo
BU/JHO C JIpyroro KoHija BceneHHoi.

CKoruieHust Ta/lakTUK — 3TO He TPOCTO CyMMa COCTaBJISIFOIIUX UX Ta/laKTHUK
u OpofsTumx 3Be3.

M3mMepeHusi TIpU TIOMOIIM PEHTTeHOBCKUX TeeCKOTIOB TMOKAa3bIBalOT, UTO
TIPOCTPAHCTBO BHYTPH CKOTLJIEHUM 3arl0o/THEHO T'a30M, pacKajieHHbIM JI0 1eCSTKOB
MUJUTMOHOB TPa/lycoB. JTOT Ta3 TakKoW TOPSAYMM, UTO CAY)KUT MOIIHBIM
HCTOUHHMKOM DEHTreHOBCKUX Jiyuelt. Koryia 6orarbie ra30mM raaakTUKU TPOXOJST
yepe3 5TOT TOPSYMM Ta3, OHU JIMIIAIOTCS OosiblIell YacTu coOCTBEHHOTO rasa, a
3HAUWT, U CIOCOOHOCTH CO3/jaBaTb HOBbIE 3Be3/lbl, UTO OOBSCHSET MHOTHE
HaO/ro/IaTe/IbHble  0COOEHHOCTH TaKUX «000JpaHHbIX» TajakTHK. Ho ecim
MOZICYUTATh TOJIHYH0 MacCy pacKajJeHHOro rasa, TO B OOJIBIIMHCTBE CKOTIEHUM
OHa OKa)XeTcs1 O0/IbIlle COBOKYITHOM MaCChl BCeX Ta/lakTHUK B CKOTUIEHUU B LIe/IbIX
Jecsitb pa3. XyXe TOrO, CKOIUIEHUSI TOTPy)KeHbl B TeMHOe Bell[eCTBO, Macca
KOTOPOTO B JIeCsATh pa3 bosibliie MacChl BCeX OCTaIbHBIX (BUAMMBIX) KOMIIOHEHT.
WHbIMU C/l0BaMH, ecii Obl B Te/ieCKOMbl ObLJIO BUAHO He CBET, a MacCy, Hallu
JparoljeHHble TaJaKTUKA B CKOIUIEHUSX T[IOKa3ajuch Obl HeB3pauHbIMU
TOUYeUKaMU B TUTAHTCKOM rpaBUTUPYIOLLel cdepe.

Bce ocTanbHOe MPOCTPaHCTBO BHE CKOTJIEHU Hace/leHo rajlakTUKaMu, TTHK
paciiBeTa KOTOPBIX ZIaBHO Tipoiiies. Kak y>xe yrmoMuHan0Ch, CMOTPETh B /la/TbHUIM
KOCMOC — BCe paBHO YTO Te0JIory IVIsiIeTb Ha CJOMCTble OCaflouHble TOPO/bI,
KOTOpbIe K3/1araloT BCIO UCTOPUIO (hOPMUPOBaHUS TOP.

['anakTuku TYCKJ/IbI€ He€ TOJIbKO IIOTOMY, UTO 4O HHUX TdK [AdJ/IE€KO,
HO e111e U I1I0TOMY, UTO O0JIA SAPKUX 3B€3/] B HUX HEBEJ/IMKA.

PaccTositHUsI B KOCMOCe TaK OTPOMHBI, UTO CBeT [jojieTaeT [0 Hac 3a
MUJTMOHBI, @ TO U 3a MA/UTMap/sl JieT. Korna BeesieHHasi Oblia BABOE MOJIOXKe,
yeM ceifuac, Oblla IIIMPOKO pacCrpoCTpaHeHa OueHb TYCK/asi Pa3HOBUIHOCTh
OueHb rojyObIX Ta/laKTUK CpefiHero pasMepa. Mbl BUauM HX. OHU B3bIBAIOT K



HaM M3 [laJIeKOTO TIPOIIJIOT0 — Te camble «JajieKue-fJanekrie TraJaKTHKU».
lonyboii 11BeT — 93TO CBeueHWe TOJBKO UTO 0O0pa30BaBIIMXCS 3Be3f,
He/I0JITOBEUHbIX, TOPSTUMX, MAaCCUBHBIX U SIPKUX. ['a/laKTUKH TYCK/Ible He TOJIbKO
MOTOMY, YTO /10 HUX TaK [lajeKo, HO U TIOTOMY, YTO [0/ SIPKUX 3Be3[, B HUX
HeBenuKa. [Tomo6HO AMHO3aBpaM, KOTOphIe MPUIILIM U YIIIU, U eJUHCTBEHHbIE
WX TIOTOMK{ B Hallld JHU — 3TO NTHIBI, TYCK/ble roayOble rajakTUKH AABHO
BbIMEDJIY, HO, BEPOSITHO, UMEIOT aHaslor B COBpeMeHHOW BceneHHoil. Bce mu ux
3Be37lbl BbITOpeIM? A BAPYr OHU TIPEBPAaTHU/IMCh B HEBUAWMbBIE TPYIIb,
pa3bpocaHHbie TI0 Bceil BceseHHoW? Wau 3BOMIOIMOHMPOBAIM U CTalU
TIPUBLIUHBIMH HaM COBPEMEHHBIMM Kap/JMKOBLIMU rajlakTUKamMu? Wmu ux Bcex
MOMIOTWIA KPYTHble TajakKTUKU? DTOr0 Mbl He 3HAaeM, 3aT0 MOXXeM TOYHO
OrpeJie/IuTh UX MECTO B KOCMUUECKOM XPOHOJIOTHHU.

Ecnu MexxJy KpYITHBIMHU TrajlakKTUKaMU B KOCMOCe HaXOJUTCSI Tak MHOIO
BeIlleCTBa, MOXKHO OXKHUJATh, UYTO OHO OyJeT OoT4YacTh 3ac/IiOHSITh OT Hac
OCTa/IbHOM Tiei3ak. ITO U B caMOM jiefie MelllaeT HaO/MO[aTh camblie fjaneKue
o0bekThl BO BceneHHoM, HanpuMep, KBa3apbl. KBa3apbl — 3TO OueHb sipKue sifipa
rajiakTHK, Yell CBeT, Kak TpPaBUsIo, J0OMpaeTCs [0 HAllIMX TesieCKOTIOB, MPO/ie/iaB
no BceneHHoli myTh B MusuiMap/bl jieT. [10CKO/IbKY KBa3apbl — HeOObIYaiiHO
JlafieKve WCTOUYHUKU CBeTa, W3 HHUX [Oy4aloTCsl UJeabHble TMOZOIbITHbIE
KPOJIUKU /1J1si 0OHapy>KeHUs1 BCSTUeCKOT0 Mycopa B TIPOCTPAHCTBE MeX/Ty HaMHU.

KBa3aphbl — oueHb sIpKUe sifipa rajlakTHUK, Yell CBeT, KaK MpaBu/Io,
nobupaeTcs 0 HalllMX TeleCKOIOB, Mpofe/aB 1o BceneHHol NyTh B
MUJITAADP/IbI JIET.

N B camoMm [esie, eC/ld pa3/io)KUThb CBeT KBa3apa Ha CIleKTpajbHbIe
KOMITOHEHTBI, B HEM OKa)KeTCS TIOJTHBIM-TIOTHO C/Ie/JOB Ta30BbIX 00/1aKOB, yepe3
KOTOpbIe CBeT ycCries MpOuTH. Bce M3BecTHbIe HAM KBa3aphl, B KaKOW Obl 4acTH
Heba WX HMU OOHApY)KWIH, COJEpP>KaT B CBOEM CIEeKTpPe OTIeYaTKU
W30/TMPOBaHHBIX BOZIOPOJHBIX 00/IakOB, pa30pOCaHHBIX B IIPOCTPAHCTBE M
BpEMEHM.

OTOT YHUKAIBHBIM KaCC MeXKralakKTHUeCKUX 0O6BeKTOB OblT 0OHapy>keH B
BOCbMUJIeCsATbIe To/lbl XX BeKa U /10 CUX TOp OCTaeTCs IMpeAMeTOM aKTHBHBIX
vcciaenoBanui. OTKyza oHU B3sinuch? KakoBa coziepskaiiiasicsi B HUX Macca’?

CrekTphl BCeX U3BECTHBIX KBa3apOB COZep’KaT Cjefibl BOAOPO/a, a 3HAUMT,
obmaka Bojopoza ecTb Bo BcesmeHHol moBcrogy. M, Kak ¥ 0XKWJAI0Ch, UeM
Janbille HAXOAWUTCS KBa3zap, TeM O0oJibllle BOAOPOAHBIX 00/1aKOB HaK/abIBalOT
OTIIeUaTKU Ha ero crieKTp. HekoTopkle oTrmeuaTku (MeHee OJHOTO TpOL|eHTa) —
MPOCTO C/e/CTBHMe TOrO, UYTO JIyd Halllero 3peHusl TIPOXOAUT uepe3 ras,



cofiepsKallfuiicss B OOBIYHOM CIMpaNbHOM W/IM HeNpaBWIbHOW rajlaKTHKe.
Pa3ymeeTcsi, MOXXHO OXW/JaThb, YTO MO KpallHed Mepe HEeKOTOpble KBa3aphbl
OKa&)KYTCsI 110331 OOBIYHBIX T'a/IaKTUK, KOTOpPbIe Mbl He BH/IUM, IIOTOMY UYTO /10
HUX CJIMIIKOM Aaneko. OJHakKo Apyryve oObeKThl, MOI/IOalole CBeT KBa3apos.,
C Ta/laKTUKaMH He CITyTaelllb.

OpHako CBeT KBa3apOB HEPEAKO ITPOXOJUT CKBO3b 00/1aCTH TTPOCTPAHCTBA,
cofieprKallfie 4YyJOBHUIIHbIe WCTOYHWKWA T'PAaBUTAI[MHM, OTYEro BUAWMBINA 0OIMK
KBa3apa Karactpoduuecku uckakaeTcs. OOHapyKUTb 3TU UCTOUYHUKU 3a4acTyIO
HETIPOCTO, TIOCKOJIbKY OHH MOTYT COCTOSITh M3 OOBIUHOTO BeIl[eCTBa, KOTOPOe
HaXOJUTCSl CJMIIKOM J[ajeKo OT HaCc W TOTOMY OYeHb TYCK/JIOe, a MOTYyT
TIpe/ICTaB/IsATL COOOM CKOIJIEeHWs] TEMHOTO BeIlleCTBa — HarpuMep, OKOJIO
LIEHTPOB CKOIJIEHWM rajlakTuK. Tak Wik WHaue, rjje Macca, TaM U rpaBuTaius. A
r7ie TpaBUTALMs, TaM, COTJIaCHO O0Illell TeOPUM OTHOCHUTEbHOCTU DUWHINTeMHa,
Y UCKpUBJIEHME MPOCTPAHCTBAa. A WCKPHUB/IEHHOE MPOCTPAHCTBO BIIO/THE MOXKET
BeCTU cebs KaK OObIUHAs CTEeK/ISHHas JMH3a M W3MEHWUTb MYTh MPOXOASIIIEro
CKBO3b Hero cBeta. VI B caMoOM fene, Jjajiekve KBa3apbl W Lie/ible TajaKTUKU
BU/THBI HaM CKBO3b «JIMH3Y» U3-3a MAaCCUBHBIX 0ObEKTOB, OKA3aBIIIUXCS Ha JIyue
3peHMUs1 3eMHBIX TeJIeCKOMOB. B 3aBUCMMOCTM OT MacChl TakKOW JIMH3bI U
VCKDUBJ/IECHHOM T€OMETPUU Jiyuya 3peHMs] TCpaBUTAllMOHHAasi JIMH3a MOXET
yBe/IMUKBaTh, WCKaXkaTb W [aKe PpacIIervisiTb [JajeKUui HCTOYHMK CBeTa Ha
HeCKOJIbKO M300pakeHWi — TOUb-B-TOUb KPUBbIE 3epKajia B TTapKaxX pa3B/IeUeHHH.

Cpeay caMbIX /1ajieKMX M3 U3BEeCTHBIX HaM 0OLEeKTOB BO BcesieHHOH ecTh
Jlake He KBa3ap, a 0ObIYHas rajlakTHKa, uell c/1abblii CBET CYII|eCTBEHHO YCH/IeH
TOJI, IEMICTBUEM TDaBUTALIMOHHOM JIMH3bI, HAXOASIIENCS MeX/y HaMu. Tak uTo,
€C/TM Mbl XOTHM 3aI/IsiHYTh Ty/la, Ky/a He T03BOJISIOT 00bIUHbIE TeIeCKOITbl, HaM
TIPUZIETCS paCCUMThIBaThb Ha 9TU «MEXKrajJaKTUueCcKre» TeneCcKOIlbl — U C UX
TIOMOII[bI0 OOHOBJISATE PEKOP/IbI AA/IbHOCTH.

MeskranakTuyeckoe MpPOCTPAHCTBO — 3TO, KOHEUHO, O4YapoOBaTejbHO, HO
TY/IATH TaM BPEHO [i/isi 370pOBbs. [lake eciu ripeHeOpeub Tem (hpaKTOM, UTO
BallleMy TeryiOMy OpPTaHU3MY TIPUJIeTCSl 3aMep3HYTh HaCMepTb, UTOObI OCTHUYD
paBHOBecCHs C Liapsiierd Bo BceneHHoM Temriepatypou, paBHOU 3 KenbBuHa (—
270°C). U TeMm, 4TO K/IeTKM Ballleli KPOBM JIOMHYT, KOTJa Bbl 3aJ0XHETECh OT
OTCYTCTBUSI aTMocC(epHOro JaejieHus. Bce 3To 3aypsHble OMacHOCTH, He
TpeOytoiiiue ocoboro BHuMMaHusi. EcTh u Oonee 3K30TUUECKHe: HarpuMep,
MeJKrajaKThueCKoe MPOCTPAHCTBO MOCTOSTHHO TPOLIMBAOT BbICOKO3HEPIUYHbIe



CKOPOCTHBIE 3apsKeHHbIe CyDaTOMHbIe YacTULIbl. Mbl 30BeM UX KOCMHYeCKHMU
nyyamu. Camble BBICOKOSHEPTHMUHbIE uacCTUIlbl 00/afal0T 3Hepruedi B CTO
MUJTUOHOB pa3 0oJibIlle, YeM MOXKHO [JOCTUUb B CaMbIX KPYIHBIX YCKOPUTEJISX
Ha 3emsie. OTKyZa OHU OepyTcCsi, OCTaeTCsl 3arafikoi, 0JJHaKO OOJIBIIIMHCTBO W3
5TUX 3apsPKEHHBIX YaCTUIL] — 3TO MPOTOHBI, sijpa aTOMOB BOJOPO/a, U ABUKYTCS
OHU CO CKOpocThro 99,9999999999999999999 mnporeHTa CKOPOCTU CBeTa.
[lpyMeuaTenibHO, UTO KaXKjasi W3 3TUX CyD0AaTOMHBIX YaCTUL] WHOTAA HeceT
CTOMBKO SHEPIHH, UTO ee XBaTUT, uTOObI 3a0UTh B JYHKY MSIUMK il TO/Ib(a C
o060l TOUKU JTyKaliKu.

Ho camoe, noxkanyi, 3K30THUYeCKOe sIBIeHWe MexXAy (U cpeiu) ranakTvK B
BaKyyMe MpPOCTPAaHCTBa-BPeMeH! — 3TO OypJIslUil OKeaH BUPTYa/IbHbIX YaCTHI],
rap BelecTBa U AaHTUBELeCTBa, KOTOpble HEBO3MOXHO 3aperucTpUpOBarh,
TOCKOJIbKY OHU TIOCTOSIHHO BO3HMKAalOT U TYT K€ aHHUTWIUPYIOT. OTOT
ropa3uTe/ibHbIN  (DeHOMeH, TIpe/iCKa3aHHbIM KBAHTOBOW (DM3MKOM, Ha3BaIu
«9Hepruer BaKyyMa», M OHa IIPOSB/SIETCS B BH/E HAIPaB/J€HHOIO HapyXy
JlaB/ieHUsl, TIPOTUBOZEUCTBYIOIIEr0 TpaBUTAllMM, KOTOpOe TMpeKpacHo cebs
YyBCTBYeT Ja)ke MpPU MOJHOM OTCYTCTBMM BellleCcTBa. BeposiTHO, pacmmpeHue
BceneHHoli — BOMJIOIleHWe TEMHOW SHeEPrUd — OOBSICHSIETCS WMEHHO
BO3/leiCTBMEM SHEPIUM BaKyyma.

BeposiTHO, paciivpeHve BceneHHOW — BoIUIOleHWe TeMHOMU
9HEepPruu — 00BSICHAETCS UMEHHO BO3/IeHCTBHEM SHEPryr BaKyyMma.

Ia, B Me)XralakTHUeCKOM IIPOCTPAHCTBE U BIIpaBAy IPOUCXOAMT CaMoe
uHTepecHoe. U Tak Oyzet Bcerja.



5. TeMHoOe Bel1eCTBO

Camasi 3HaMeHUTasl U3 CUJ MPUPO/bl — TPaBUTALMSL — OTBeYaeT U 3a caMble
TIOHSATHBIE, U 3a CaMble 3araZiouHble TPUPO/HbIe siBleHHsA. UTOObI MOHSTh, UTO
3araZjouHoe «JWCTAHL[MOHHOEe BO3JeUCTBHE» TpPaBUTALMM KODEHWUTCS B
TIPUPOJHBIX CBOMCTBaX BCEX YaCTUL| BellleCTBA U CUIY MPUTSDKEHUS MeXAy
moObIMU  AIByMSI TeJlaMd MOXKHO OMUCaTh TIPOCTBIM  anrebpanuecKum
ypaBHeHHeM, T1oTpeboBasicsi caMblii  OeCTAIMM W B/IUATE/NBHBIM  YM
ThiCsiuesieTusi — reHut Vicaaka HbroToHa. A uTOOBI MOKa3arhk, UTO ellje TOUHee
[VICTaHLIMOHHOE BO3/|eMCTBUE I'PaBUTALIMU OMUCHIBAETCS KaK UCKa)KeHHEe TKaH!
TIPOCTPAHCTBa-BpeMeHU, BbI3BaHHOE JIIOObIM COUeTaHUEM BellleCTBa M SHEPruu,
norpeboBasicsi cambiii OMeCTAIMN U BAUSTENbHBIA yM TIPOIIOTO CTONETUS —
renuii AsibOepra OUHILTelHa. JDWHINTEMH TIOKa3aa, uTo Teopusi HbrOTOHa
HY)K7IaeTCsl B HEKOTOPOM BU/IOM3MeHEeHUU, YTOObI OMUcaTh rPaBUTALIUI0 TOYHO —
TO eCThb, Hallpumep, Ipe/CcKa3aTb, HACKOJbKO UCKPUBUTCS JIyU CBeTa, MPOXOAs
MHMO MAaCCHUBHOTO Tejla. YpaBHEHUsI DUHILTENHa CJI0)KHee HbIOTOHOBBIX, 3aTO
OHU TIPeKpaCHO OMMCHIBAIOT BEIleCTBO, KOTOPOe Mbl 3HaeM U Jitobum. Bce To
BellleCTBO, KOTOpOe Mbl BU/IUM, OIl[ylllaeM, OCsi3aeM, HIOXaeM U WHor/a ipobyem
Ha BKYC.

Kro Gyzner crefywoiyM B 3TON uepefie TeHHEB, HEM3BECTHO, HO MbI YXKe
TOYTU CTO JIeT JKAeM, KOorjla TIOSIBUTCS KTO-TO, KTO OOBSICHUT, Touemy
To/iaB/isitollee  OOMBIIIMHCTBO TpaBUTAI[UM, KOTODYIO MbI HaMepsiii  BO
BcenenHoii, — routu 85 mpoljeHTOB! — obecreunBaeTcst cybcTaHiuel, KoTopas
Oonbllle HUKAK HE B3aWMOJEMCTBYET C «HAIIIMMK» BEIIeCTBOM U SHeprueil. A
MOJKeT, U30bITOK rpaBUTALIMK BOOOIIe MOPOXK/eH He BellleCTBOM U SHepruel, a
YeM-TO KOHILIENTyaJbHO WHBIM? Tak WM WHaue, Mbl He uUMeeM 00 3TOM HHU
Maseiiiero mpeicTapieHusi. I HA Ha 1iar He MpUOMM3WIUCL K OTBeTy C 1937
roja, Korga mpobneMy «He[OCTarolleli MacChbl» BIepBble MPOAHaIU3UPOBas
aMepUKaHCKUW acTpo(dU3MK LIBeULiapckoro rnpoucxoxaenus ®pui Lpuku. OH
niperiofiaBan B KamM@poOpHUIMCKOM TeXHO/JIOTHYECKOM WHCTUTYyTe 0osiee COpoKa
nieT ¥ codeTtas riybouaiiiive To3HaHUS B (U3MKe KOCMOCA C UCKJTFOUMTEeTbHbIM
KpacHOpeureM U Mopa3uTebHON CTTIOCOOHOCTBI0 KDUTHUKOBATh KOJI/IET.

LIBUKY rccefioBal IBWKeHUe OT[e/bHbIX FajlakTHK B IIpefiesiaX OrPOMHOIO
CKOTIJIeHHs], PacCIio/IoXKeHHOTO Ha OO0JIBIIIOM pacCTOSTHUM 3a HalllMMHU COCeKaMU-
3Be3gaMu Mueunoro Ilyty, cocraBnsitoMu cossesgue Bosocsl BepoHuku (B
yeCTb JpeBHeeBpelckoM LapeBHbl). CkoruieHWe Bonoc BepoHuku, Kak Mbl
Ha3bIBaeM ero CerofiHs, — 3TO W30JMPOBaHHBIA T'yCTOHACeIeHHbIN aHCamMO/b



rajaktuk rnpuMepHo B 300 MWIIMOHAX CBETOBBIX JieT OT 3eMid. Thicsiua ero
rajakTUK BpalllalOTCSd BOKPYT L|€HTPA CKOILIEHWSI Ha TMepBbIM B3IV, JOBOJBHO
CyMaTolltHO, OyATO PO TYe/n BOKPYT VYibs. LIBUKM W3YUWI JBIDKEHHE
HECKOJIbKUX [IeCSITKOB Ta/laKTUK B KaueCTBe METOK TDaBUTALIMOHHOIO TIOJS,
KOTOpOe CBsI3bIBA€T CKOIUIEHWE BOEJWHO, W OOHApY)KWJ, UTO WX CpeaHss
CKOPOCTb Ha y/iMB/ieHUe BenuKa. [T0CKOMbKY BbICOKasi CKOPOCTb MPUTSATHMBAEMBbIX
Ten 00bIYHO OOBSICHSIETCSI OOMBINON rpaBUTaIel, [IBUKY MpeATonoXul, uTo B
LleHTpe CcKoruieHusi Bonoc BepoHVKM HaxOAMTCS Kakasi-TO TMraHTCKas Macca.
YroObl COTMOCTaBUTL TAKYHO OIIEHKY C pealbHbIM TIOJIOXKEHUEM [esl, MOXXHO
BBIUMC/IUTh CYMMY MacC BCEeX BUJMMBbIX rajlaKTUK B CcKorieHUd. M xots Bomockl
BepoHUKM CUUTAOTCS OAHUM M3 CaMbIX KPYITHBIX U MAaCCHUBHBIX CKOMJIEHHUW BO
BceneHHOM, BUAMMBIX Ta/JakKTUK B HEM HEAOCTATOYHO, UTOObI OOBSICHUTH
CKOPOCTH, KOTOpbIe nu3mepus LIBuku.

Hackonmbko Bce mioxo? Heyxend u3BeCTHbIE 3aKOHbI TDaBUTALlMM HAc
nogBeu? B ConHeuHOM cHUCTeMe OHH, OfJHAKO, AeMCTBYIOT OecriepeGoiiHO.
HbIOTOH mMOKaszan, UTO Bcerjla MOXHO OJHO3HAauHO PpacCYuTaTbh CKOPOCT,
KOTOPYIO [J0/DKHA TOAiep)KUBaTh TIIaHeTa, YTOObI COXPaHATh CTAaOM/IbHYIO
opbuTy Ha TOW WM WHOM AucTaHiuu oT CosHija, He yractb Ha ComHile U He
yneTeTh Ha Oosiee fanekyto opourty. OKa3biBaeTcsl, /i Obl MbI MOT/IM pa30TrHaTh
3eMJTt0 TI0 OpOUTe CO CKOPOCThIO OOJbIIle HbIHEITHeM B KOPeHb KBaJ[paTHBIM U3
nByx (1,4142...) pa3, Hallla IUlaHeTa [JOCTUINAa Obl «BTOPON KOCMHUECKOM
CKopoCcTH» U TOKMHy/nMa Obl CosiHeuHyI0 cucTeMmy. Te >ke pacueTbl MOYKHO
NIPUMEHUTh K CHUCTeMaM Topa3zfio Oosnee KpymHBIM, HampuMmep, K Hailei
rajaktike Muiieunbiii ITyTh, B KOTOpPOM 3Be3[bl ABWKYTCS TI0 OpOHTaM,
COOTBETCTBYIOI[MM TpDaBUTALlMM BCEX OCTa/bHbIX 3Be3/l, U K CKOIUIEHUSIM
rajakTvK, B KOTOPbIX KakK/jasi rajlakTHKa OLLyIaeT FPaBUTALUI0 BCEX OCTA/IbHBIX
rajakTuk. IMeHHO M03TOMY B 3alMCHBIX KHW)KKAaX DUWHIITeHAa Ha CTPaHUYKe C
dbopmynamu rosiBuIach anurpaMma B uecTh Micaaka HetoToHa (OHa TipuBe/ieHa B
kHure Karoly Simonyi, A Cultural History of Physics (Boca Raton, FL: CRC
Press, 2012)):

Seht die Sterne, die da lehren
Wie man soll den Meister ehren
Jeder folgt nach Newtons Plan
Ewig schwiegend seiner Bahn.

(B32asiHUume Ha 38e30bl, KOMOpble y4am, KaKk HAaooO CAyWAmbCs yyumesns:
Kaxcoasi 8eYHO U CNOKOUHO oOsudcemcsi cozndacHo pacuemam Hblomona no



cgoemMy npeOnucaHHoMy nymu.)

Ecmm Mbl, Kak 310 czaenan Lpuku B 30-e rofibl, U3yuynuM CKOTIeHHe Bosochl
BepoHMKH, TO OKa)KeTCsI, UTO BCe Ta/llaKTHKH, KOTOPbIe B HETO BXO/SAT, IBVKYTCS
CO CKOPOCTbIO 0O7bllle BTOPOM KOCMHUYECKOW [jisi 3TOro ckoruieHusi. OHO
JO/DKHO ObIZI0 OBICTPO pa3/ieTeThbCsl HAa YaCcTW, BCErO 3a HECKOJIIbKO COTeH
MUJJTMOHOB JIeT He [0/DKHO ObIO OCTaThCsi HU Cjefla OT HbIHEIIHero posi.
OpHaKo 3TOMY CKOILJIEHHIO Y)Ke 0osibliie ZIeCsiTH MUA/UTMAPZAOB JIET — OHU TTOUTH
YTO pOBeCHUKH C camou BcenenHoil. Tak B acTpodu3uke MOsiBUIach camasi
cTapasi Ha CerofiHs 3a/iaua 0e3 oTBeTa.

Ha mnpoTsvkeHUM [JeCSTUIeTHH, MpOIIeAIuX TIociae nybmukaimu pabot
LIBUKH, Ty >ke 0COOeHHOCTb BBISIBWIN U Y JPYTUX CKOTLJIEHUM TrajlakTHK, TaK uTO
peub UJIeT He 0 KaKOW-TO yAUBUTeNbHOU ocobeHHOcTH Bosoc Beponuku: 310
CKOIU/IEHHWe HU B YyeM He BMHOBAaTo. A K10 BUHOBAT? M uto? HeroToH? OH BHe
nofo3penu. [lo kpaviHeir mepe, noka. Ero teopum wusydamuce 250 et u
TIPOLLIY BCe NpoBepku. DWHIUTerH? HeT. KonoccanbHas rpaBuTanusi CKOIIeHU
rajlakTUK BCe >XKe He HACTOJIbKO BeJIMKa, yToObl TpeboBaTh MOTHOMACIITaOHOTO
npyMeHeHus1 0OIell Teopud OTHOCHUTENBLHOCTH OWHINTelHa, KOTOpPOW BO
BpemeHa LIBMKM MCIIO/THW/IOCH BCEro ABaALaTh jeT. Bo3MOXHO, «Hem0CTaroas
Macca», yJep>XuBarolllas rajJJakTUKy B CKorvieHn Bosocsl BepoHvky, 1 B camoM
Jiefie CyILecTBYeT, IIPOCTO B KAKON-TO HEM3BECTHOU HeBUAUMOU Gopme. CerofHs
MbI [IOBOJIbCTBYEMCSI BhIDA)KEHUEM «TEMHOE BellleCTBO»: OHO He HaMeKaeT, YTo
HaM 4ero-TO HeJOCTaeT, HO BCe »Ke IpejriosaraeT, 4To J0J/DKHA CyLeCTBOBaTb
Kakas-TO MHasi Pa3HOBU/HOCTh BellleCTBa, IPOCTO MbI ee ellje He OTKPbUIN.

EzfBa acTpodu3uKy CMUPWINCH C CyIlleCTBOBaHMEM TEMHOIO BellleCTBa B
CKOIUIEHWAX Ta/jlakKTUK, KaK 3arajka CHOBa 3asgBWjia O CBOEM He3pUMOM
npucyTcTBun. B 1976 ropy nokoiiHass Bepa PybuH, actpodusuk u3z UuctutyTa
KapHern B BaumvHrroHe, oTkpbuia IOXOXYH aHOMAaIMI0 MacC BHYTPU CaMHUX
CrMpajibHbIX rajakTuK. OHa u3ydyajsia CKOPOCTU BpalljeHUs 3Be3[ BOKpYT
L[EHTPOB Ta/aKTUK W CHayajsia OOHapy)Kula TO, UYTO M OXWjana: BHYTPU
BUJIMMOIO [TMCKA Ka)XK[OU rajJlakTUKW 3Be3[bl, HaXOAsALIKeCs Aajblle OT L[eHTpa,
IOBWKYTCs1 ObIcTpee, ueM OimxHUe. UeM fanbiiie 3Be3/ibl, TeM 0OJbliiie BelljeCcTBa
(3Be37 U rasa) HaxOAUTCS MeXJy HUMHU U LIEHTPOM TajlakKTUKH, TI03TOMY Y HUX
Bbillle opOuTanbHasi CKopocTb. OJHAKO 3a Tipefie/laMyd CBETSIerocs: JucKa
rajlakTUKA MOXXHO OOHapy>KUTh WM30/IMPOBAaHHbIE Ta30Bbie 00j/laka U HECKObKO



ApKUx 3Be3s. Bepa PybOuH mpociieauia ABuKeHHe 3TUX 00bEeKTOB, UCTIOIb30BaB
VX KaK MeTKHU I'DaBUTALMOHHOIO TI0JI BHE CaMbIX SIPKMX UYaCTel rajiakTuk, e
HeT BU/IMMOTO Bell[eCTBa, BHOCSAIETO BK/a[, B 0O0IIyl0 Maccy, u oOHapy»xusa,
yTo UX OpOUTa/TbHBbIE CKOPOCTU, KOTOPbIe MAO/DKHBI OBLTM 37€Chb, B TIyXOM
MPOBUHLIMK, T[IOCTEIEHHO YMeHbIIATbCsl C  yBe/IMYEHHWeM  pacCTOSHUS,
0CTaBaJ/IMCh MO-TIPe)KHEMY BBICOKUMM.

Ot mycThle 1o Oosbllleld uyacTH 00beMbl TIPOCTPAHCTBA — JlajibHee
3aX0/IyCThe KaXK[JOU rajlakKTUKW — COZlepKaT Tak Maslo BUJMMOIO BelleCTBa, UTo
aHOMa/bHO BBICOKHME OpOUTa/sbHbie CKOPOCTU 3Be3/-METOK HEBO3MOXKHO
o0bsichuTh. Bepa PybOuH coBepilieHHO 3aKOHHO TIPeATONoKWUIa, YTO B 3TUX
JanbHUX 00/1acTsX, faneKko 3a mpefiesiaMy BUAUMOTO Kpasi KaXKIol crivpanibHON
rajlakTUKH, HaXOJUTCS KaKas-TO pa3HOBHUHOCTb TEMHOIO BellleCTBa. biarozaps
pabotram PyOuH MbI Tereph Ha3bIBaeM 3TH 3araJjouHbie 00/1aCTU «rajio TEMHOTO
BellleCTBa». 3arajjouHble rajao CyL[eCTBYKOT y HaC MIPsIMO II0J HOCOM, 37ecCh,
0koJI0 MueuHoro Ilytu. PacxokgeHue MexAy COBOKYITHOM MacCOM BUWUMBIX
00bEKTOB U MacCo, KoTopasi 00bsicHsiIa Obl OOIIy0 TpaBUTAIUIO, HAIUIO BO
BCeX rajlakTUKax Y BO BCeX CKOIUIEHUSIX; MHOI/la OHU Pa3/IM4yaroTCs B HECKOJIBKO
pas, a MHOT/la — B HeCKO/IbKO CcOoTeH. B cpenHem no BcesleHHOM nosydaeTcsi, 4To
TeMHOe Bell[eCTBO B KOCMOCe obOecrieurBaeT MPUMEPHO B IIeCTh pa3 Oosbliie
rpaBUTaLIU, YeM BCe BUAMMOE BellleCTBO.

[anbHelllve UCCIe0BaHUS TI0Ka3aav, YTO TeMHOE BelLeCTBO He MOXKeT
COCTOSITb U3 OOBIUHOTO Bell[eCTBa, KOTOPOe MOUeMy-TO CBETUTCS TyCKJlee WU He
cBetuTCs BooOIie. K 3TOMy BLIBOAY TIOABOAST [[Be JIOTWUUeCKUe Ierodku. Bo-
TIepPBbIX, Mbl MOKE€M IPAaKTUYEeCKU C TOJIHOM YBEPEeHHOCTBbI) WCK/IOUUThH BCEX
3HAKOMBIX HaM KaHJWJAaTOB — B TOUHOCTU KakK I0/j03peBaeMbIX TIPU ONO3HAHUMU.
MoskeT ObITb, TEMHOE BeII|eCTBO 3ajeraeT B 4YepHbIX Abipax? Het, mbl ObI
HaBepHsKa OOHapy)XWIM Takoe OO/bllloe KOMUUeCTBO UEPHBIX [bIp TI0
rPaBUTAIL[MOHHOMY BO3/eMCTBUIO0 Ha OJvKaiiiiive 3Be3[bl. MOXKeT, 3TO TeMHbIe
obnaka? Het, oHu Obl TOI/IOLAanM CBeT JajeKuX 3Be3]] WM ellle Kak-TO
B3aMMO/IeHiCTBOBAJIM C HUM, a 0OPOMOpPsiZIoUHOe TeMHOE Bell[eCTBO TaK HUKOT/a
He TOCTyraeT. A MOXeT, 3To Opojsuue TUIaHeThbl, acCTePOUbl U KOMEThbl B
MeJK3Be3HOM (WJIM MeXKrajlaKTUueCKOM) IPOCTPaHCTBe, BeZlb BCe 3TU Tejla CaMu
He cBeTsTCsi? TpyAHO MOBepUTh, YTOOBI BO BeesieHHOM NMPOU3BOIUIOCH B IIECTh
pa3 Oonbllle MacCchl B BUje TIaHET, 4yeM B Buje 3Be3[. [losyuaeTcs, 4To Ha
KaXAyHo 3Be3/y B ['aymakTuke no/pkHO nipuxogutbesa 6000 FOnurepos, Xyxke TOro
— 2 000 000 3emenb. Ho, k mpumepy, B Haileli COMTHEUHOU CUCTEMeE BCe BMeCTe,
Kpome CoJHLa, BECUT MeHbLLIe OJHOM IIATOM TpoLieHTa oT Macchl CosHLa.

O cTpaHHOM NMPUPO/ie TEMHOTO BellleCTBa roBOPST U 0oJsiee MpsiMble JaHHbIe
— HaripuMep, COOTHOLIEeHWe rejivs U BOAopoJa Bo BceneHHOM. JTO uMcio Jjaet



Tpe/icTaB/ieHde O TOM, Kak BbIIVIsifiesia paHHsAs BcenenHas. Ilo gocraTtouHo
TOUYHBIM OLIeHKaM, B TIpollecce siIePHOTO CHHTe3a B IepBblie HeCKOTBKO MHHYT
rnocie bBosbilioro B3pbiBa Ha KaKble [AecsSTh sifiep Boaopofa (KOTopbie
TIpeJiCTaB/IsAI0T €000l MPOCTO TPOTOHBI) 00pPA30BajoCh OHO SIPO TeJusl.
PacueTbl TMOKa3bIBalOT, UYTO ecAd Obl B SiZIGPHOM CHHTe3e YyJacTBOBasa
3HAUMTe/IbHAs [10JIT TEMHOT'O BellleCTBa, OTHOILIeHHE T'e/isl K BOAOPOAY ObLI0 ObI
ropaszio Bbiiiie. I3 3TOro MOKHO CjieslaTh BBIBO/], UTO 0OJIbIlIasi YaCTh TEMHOTO
BeIIleCTBa, a Cjie/joBaTe/IbHO, OOBIIIMHCTBO Macchl BO BceneHHOM He yuacTByeT
B SI/IEDHOM CHHTe3e, a 3HAUWT, He TIOAXOJUT IO, OIpeje/ieHHe «O0OBIYHOTO»
BeII[eCTBa, KOTOPOe T0 CYyTH CBOei 'OTOBO YYaCTBOBATh B aTOMHBIX W SIZIEPHBIX
B3aMMO/IeNCTBUAX, (DOPMUPYIOIIUX BeI[eCTBO B TOM BHZIE, B KaKOM MbI €r0
3HaeM. DTOT BbIBOJ] — TEMHOE BeII[eCTBO U sA/IePHBIM CUHTe3 HUKAK He CBsS3aHbl —
HE3aBHCHUMO  TIOATBEPXKIAIOT M TIaTe/bHble  HabmomeHus  (HOHOBOTO
MHKDPOBOJIHOBOTO U3/TyUeHHUS.

TemHoe BEIIeCTBO — 3TO He IMPOCTO BeIEeCTBO, KOTOPOE IMMo4YemMy-
TO TeMHOe. HeT. 3T0 uT0o-TO IIPUHLUITMA/IBHO UHOE.

Takum O6p830M, HACKOJIBKO MbI MOXeM CyJAuTb, TEMHO€E BelleCTBO — 3TO HE
IMpoCTO  BelecCcTBO, KOTOPOE IIOUEMY-TO TEMHOE. Her. OTO  UTO-TO
IMPpUHLUITMA/IBHO HHOeE. TemHoe BelmeCcTBO CO34d€T I'DABUTALMIO II0 TEM JXKe
CdMbIM 3dKOHdM, UTO H oObIUHOE BemecTBo, HO Oosibllle HMKAaK cebs He
IMMposBJ/IAeT — He AejlaeT HUYero Takoro, 4YTo Mbl MOIJIN OBI 3dperuCTpupoBarh.
Pa3}7MEETCﬂ, 3Tad JIOT'HUKa yluep6Ha, IMOCKOJIBKY MBI H€ 3HdeéM, 4TO, CO6CTB€HHO,
TeMHOE€ BeIleCTBO coboi mpeacTaBJIsdeT. Ecmu mobasg  Macca co3adeT
rpaBuTalivio, cjiaeayer Jii U3 3TOro, 4To 3d o060 FpaBHTaI_[I/IEﬁ CTOMT Macca?
OTOr0 MbI He 3HaeM. Bo3moxkHoO, C BemeCTBOM-TO BCE€ HOPMAJIBHO, IIPOCTO MbI
He 10 KOHLd IIOHMMdeEM, UTO TdKOe I'DABHUTALIKA.

B pa3muuHbiX acTpodur3UuecKuUX Cpejax pa3MyaeTcsi U CTeleHb
HECOOTBETCTBUSI MeXJy TeMHbIM U OOBIYHBIM BeIlleCTBOM, OJHAKO 3TO
HEeCOOTBETCTBME CTAaHOBUTCSI 3aMeTHee, KOrja uMeellb [el0 C KPYMHbIMU
0o0beKTaMU — rajakKTUKaMU W CKOTUJIEHUSIMU TaJlakKTHUK. Y CaMbIX MajieHbKUX
00bEeKTOB — JIyH W TIUIlaHET — HHUKAKOTO HeCOOTBETCTBUsI He HabsromaeTcs.
Hampumep, rpaBuTaliusi Ha TOBEPXHOCTU 3eMJIA TIOJIHOCTbIO OObSCHSETCS
OOBIUHBIM BeI[eCTBOM, TI0 KOTOPOMY MbI XO/IuM. Tak uTO eC/u y Bac Ha 3emiie



130BbITOUHBIN BeC, TEeMHOE BellleCTBO TYT HU TIpu ueM. OHO HUKAK He BIUsIeT HU
Ha BpaiiieHue JIyHbl 0 opbuTe, HU Ha [[BKeHUe TuiaHeT BOKpyr CosHIja — HO,
KakK MbI yyKe BU/Ie/TH, ero TIPUXOAUTCS YUUTHIBATh TIPU pacueTax /IBWKeHUs 3Be3]|
BOKDYT LieHTpa ["ajlakThKu.

MoskeT ObITh, Ha TrajJakKTUUeCKUX MaciuTabax [eHCTBYIOT WHbIe 3aKOHbI
rpaButaiuu? Easa su. CKopee BCero, TeMHOe Bell[eCTBO COCTOUT U3 Bell[eCTBa,
TIpUPOJly KOTOPOTO HaM ellle TMpEeACTOUT pa3rajaTh, BelleCTBA MeHee
CKOHI[eHTPUPOBAHHOTO, YeM O0O0blyHOe. lHaue MbI 3aperucTpyupoBaav Obl
TPaBUTAL[MIO OT/AE/NbHbIX KOHI[eHTPHPOBAHHBIX CTYCTKOB TEMHOTO Bell[eCTBa,
UCTelpsirox BeeneHHY0: KOMET U3 TEMHOTO BellleCTBa, IJlaHeT U3 TEMHOTO
BeIlleCTBa, Ta/IakTHUK M3 TeMHOTO BellleCTBa. A HACKOIbKO Mbl MOXKeM CYIUTh, 3TO
He TakK.

3aTo MbI 3HaeM, UTO BellleCTBO, KOTOPOe Mbl BUAUM U /t0OKM, TO camoe, U3
KOTOPOTO COCTOSIT 3Be3/Ibl, TIJIAHEThI U XKUBbIe CYIl[eCTBa, — 3TO JIUIIIL TOHEHbKast
r71a3ypbh Ha KOCMUUECKOM TOPTe, CKDOMHBIE JIbJUHKHA B OTPOMHOM KOCMUYeCKOM
OKeaHe, COCTOSII[eM U3 Yero-To, KOTOpPOe BBIVIIAUT KaK HUUTO.

B nepBble nosiMWIIMOHA J1eT nocyie BosblIoro B3pbiBa — CyL[MKA MWL T10
CPaBHEHHUIO C XPOHOJIOTHeUM KOCMUYECKOM WCTOPUM, HaCuuThIBarollen 14
MUJITMApJOB JieT, — BeleCTBO BO BcesieHHOW yke Hayaso 00pa30BbIBATh
CT'YCTKHM, KOTOPBIM MPEJACTOSIZIO TIPEBPAaTUTHCS B CKOIUIEHUS] U CBEPXCKOIIEHUST
rajakTvk. [Ipy 3TOM B C/eAyromye TOJIMWIIMOHA JIeT KOCMOC YBeJAUYW/ICS
BAIBOe U TIpofio/bKan pactd. Tak uTo Bo BceneHHO# TMpOTMBOOOPCTBYIOT [iBe
CWIBI: TpaBUTAIUsI XO4eT, uToObl BCe CJUIUIOCh, a PacIIMpeHre — uToObI BCe
paccesyiocb. Ecmyv Bce cocuMTaTh, CTAHOBUTCS ITIOHSITHO, YTO TpaBUTALUS
O0OBIUHOTO BeIlleCTBAa B OJWHOUKY He BbiMrpasa Obl 3Ty OutBy. Eil Hy)kHa
TIOMOIIIb TEMHOTO BelllecTBa, 6e3 KOTOPOro Mbl KUK Obl — TO €CTh He KU Obl —
BO BcenenHoli, rge He ObLI0 Obl HUKAKUX CTPYKTYpP: HU CKOTUIEHUU, HU
rajlakTHK, HU 3Be3]l, HU [JIaHeT, HU JIFO/eH.

CKOJIBKO >Ke HY)KHO ObLJIO TpaBUTAllUM TEMHOTO BelllecTBa? B 1iecTs pa3s
Oosibilie, yeM fjaeT 0ObIYHOE BellecTBO camo 1o cebe. To eCTb UMEHHO CTOJIBKO,
CKOIbKO MbI OOHapy»kviBaeM BO BcesieHHOI. JTa OlleHKa He TOBOPUT HaM, UTO
Takoe TeMHOe BelleCTBO, a JIMIIb IOATBEP)KJaeT, YTO OHO M B CaMOM JeJe
UTpaeT poJib, KOTOPYIO He MOXKET ChITpaTh OJ[HO JIMIIb 0OBIUHOE BelleCTBO, KaK
HU CTapaucs.

Tak 4TO TeMHOe BellleCTBO — Halll 3aKa/bIYHbIM Bpar U JIHOTbIM Jpyr. Mbl



TIOHATHSI He MMeeM, UTO 3TO Takoe. JDTO HeCKOJIbKO pa3zpakaeT. Ho Ge3 Hero
Halll¥ pacyeThbl He [jat0T TOUHOM KapTHUHBI MUPO3ZaHUSI.

B o0ijeM u 11eIOM yueHbIX CMYII@eT, UTO TIPUXOAUTCS OMUPAThCs B
pacueTax Ha KOHLEIThI, KOTOPbIX Mbl He NOHMMaeM, HO HaJ0 — 3HAYUT Hao.
[Ipyuem TemHOe BeleCTBO — He IepBOe MpeNsTCTBUE TAKOro poja Ha IyTH
HayuHoro mporpecca. Harmpumep, B XIX Beke yueHble W3MepWIA 3SHEPIUIO
COJIHEYHOT'O CBeTa U M0Ka3a/iv, KaK MIMEeHHO OHa BJIMsieT Ha Halll K/IUMaT U CMeHY
BpeMeH Trofla, He TMO/03peBasi, UTO 3a BbIPAOOTKY 3TOM 3HEPTUM OTBeuaeT
TepMOs/lepHbI CHHTe3. B TO Bpemsi B mepeueHb CaMbIX JIYYIIUX THUIOTE3
BXO/W/1a, HarlpyMep, CMelllHas C Hallleld TOUKU 3peHus ujes, uto CosHLe — 3TO
ropsiitjasi rbi0a yrisi. B Tom >ke XIX Beke Mbl Habmranu 3Be3/ibl, U3MepPSUIA UX
CHEKTPbl U KJIaCCU(PULIMPOBAIM UX 3aJ0/r0 10 TOrO, Kak MOsIBU/IaCh KBaHTOBas
¢du3smka (370 Mpou3oiiio yxke B XX Beke), KOTopasi TT03B0JIM/Ia HaM pa300parhCs,
TIOUEeMY 3TH CIIeKTPbI BBIIVIIAAT TaK, a He UHaue.

3aKopeHesible CKeNTUKWA 3a4acTyl) CpaBHUMBAIOT CerofHsllHee TeMHOe
BeIleCTBO C runoTeTuueckuMm 3dupom: B XIX Beke cuurtanu, OyATo
KOCMUUECKUM BaKyyM T[IPDOHM3aH HeBeCOMOW TMpo3pauHoil cybcTaHIuel,
TIPOBOZSIIEN CBET, OJHAKO B HAIIIX JJHU 3Ta TeOpHs CrrcaHa co cuetoB. o 1887
roja, korja Anbbepr MaiikenbcoH u OzBaps Mopmu B YHuBepcuteTe Ketic-
BecrtepH-Pe3eps B KiuBieHje mpoBesiM CBOW 3HAaMEHUTHIM 3KCIIEPUMEHT,
TOKa3aBIINM, YTO HUKAKOTO 3(hupa HeT, yuyeHble ObUlM YOex[eHbl, UTO OH
CYIIeCTByeT, XOTs He ObIJIO HM €QUHOTO /l0Ka3aTeJbCTBA 3TOM THUIOTE3bl.
CuMTanochk, UTO TIOCKOMBKY CBeT — 3TO BOJHA, €My HY)XHa cpejia, UTOOBI
PaCIpOCTPaHATh CBOK HEPIUi0, MPHUMEPHO Kak 3BYKY HeobX0auMm BO3AyX WU
KaKoe-TO /Ipyroe BeljeCcTBO, B KOTOPOM PacIipoOCTPaHSIOTCs ero BoJiHbl. OfHaKo,
KaK BbISICHUJIOCh, CBET IIPeKPaCHO PacIipoOCTPaHsSeTCs B BaKyyMe KOCMUUYEeCKOro
TIPOCTPAHCTBA, I/le HET HUKAKOW CpeJbl-NlepeHOCUrKa. B ominure OT 3BYKOBBIX
BOJIH, TIPEACTABJSIIOLIMX CO0OlM KojebaHMsi BO3/lyxXa, CBETOBbIe BOJIHBI, Kak
BBISICHUIOCh, TIPeACTaB/SIOT CO00M CTryCTKM 3/1IeKTPOMAarHWTHOW SHEpPTruw,
pacCIIpOCTpaHSIOIIMecs: caMu coboi, 6e3 TOCTOPOHHEeH MOMOIITH.

OpHako He3HaHHe ObIBaeT pa3HbIM, U Hallle He3HaHWe TMPUPO/bI TeMHOTO
BellleCTBa — COBCEM He TO, UTO He3HaHWe TIPUPOJbI 3dupa. Iup ObLT CBOETo
pojia 3arviaTKOM Ha TOM MecCTe, I7le Mbl He 3Ha/JM POBHBIM CUETOM HHUYero, a
CylLlleCTBOBaHHWe TEMHOIO BelleCTBA — He TIIPOCTO IIPeATio/Io)KeHUe: Mbl
Hab/ro/1aeM, Kak OHO BO3/IeMCTBYeT Ha BUMMOe BellleCcTBO. MbI He BbIJyMasiu
TeMHOe Bell|eCTBO Ha ITyCTOM MecCTe, a CJeJlajd BbIBOJ, O ero CyllleCTBOBAaHWU Ha
OCHOBaHUM [JaHHbIX HabmrofeHuil. TeMHOe BeIeCTBO TaK ke peasibHO, Kak
MHOKeCTBO 3K30I/IaHeT, 0OHapy>kKeHHbIX Ha OpOMTaX BOKPYT Za/ieKUX 3Be3/l: Mbl
OTKPBLTU UX UCKJTFOUMTEbHO TIOTOMY, UTO 3aMeTW/IU UX BO3jelcTBUe Ha Oyieck



3Be3/l, a He TI0TOMY, UTO Hab/ro/ja/ii UX COOCTBEHHBIN CBeT.

TeMHOe BeIleCTBO TaK Ke pPeasibHO, KaK MHO>KeCTBO JK30TI/IaHeT,
oOHapyKeHHBIX Ha OpOMTax BOKPYT /a/IeKMX 3Be3/: Mbl OTKPbUIM UX
HCK/TIOUMTE/IbHO TIOTOMY, UTO 3aMeTH/IM MX BO37leMcTBHEe Ha Omeck
3Be3/l, a He TI0TOMY, UTO Hab/ro/ja/iu UX COOCTBEHHBIN CBeT.

Camoe CKBepHOe, UTO MOXKeT CJIYUYUTBCS, — ITO eC/IU OKaXKeTCsl, UTO TEMHOe
BellleCTBO BOOOIIle He BeIecTBO, a UTO-TO MHoe. MoxkeT ObITh, Mbl Hab/MHOaeM
BO3/IeliCTBUE CWM U3 JPYTUX u3MepeHU? MokeT ObITh, Mbl TaK OIIyIjaeM
OOBIUHYHO TpaBUTALMI0 OOBLIYHOTO BeIl[eCTBa, IepeceKarolero MemOpaHy
danTomMHOlM BcesneHHOM, npuMbIKawlleid K Hamel? Ecau ga, 3To Moxet
OKa3aTbCsd TIPOCTO OfHAa W3 OEeCKOHEUHOTO MHOXKeCTBa BcesieHHBIX,
COCTaBJIIIOIIUX MY/IbTUBEPC — MHOXKeCTBeHHYI0 BceneHHyro. Ha nepBbiii B3mvisi/
3TO Kak-TO CJIMIIKOM JWKOBUHHO M HerpaBpaornoZo6Ho. Ho pa3Be MeHee [UKO
3By4asiu IepBble MPeArooKeHus 0 TOM, 4YTo 3eMJid BpaiaeTcst BOKpyr CosHia?
W uro ConHLle — BCero JiviIb OJHA M3 CTa MWIIMApAOB 3Be3], B rajakTHUKe
Mneunbii Ilyte? WM uyto Mineunsii IlyTe — Bcero /umb ofHa M3 CTa
MW/I/IMApZ0B rajiakTK BO BceneHHOW?

Ho paxe ecnu ofHa U3 3TUX (paHTACTUUYECKUX TUIOTEe3 OKa)KeTCs BEPHOM,
3TO HMKAK He TOB/USIeT Ha TOT (DaKT, UTO yueT rpaBUTALIUM TEMHOTO BellleCTBa B
COOTBETCTBYIOLMX YpPaBHEHUSIX I103BOJIIET HAaM IIPEKpPaCHO pacCUYUTaTh XO[
dhopmMupoBaHUs 1 SBOIOLMHA Hallleld BceneHHOM.

[pyrue 3akopeHesble CKEITUKW 3asB/ISIFOT, UTO «Iyyllle OAWH pa3 YBUJETh,
yeM CTO pa3 yC/ablLATb»: 3TOT JKU3HEHHbIM MPUHLMUII  [PeKpacHo
3apeKoMeH/10Bas ce0si B CaMbIX pa3HbIX CUTYallUsIX, B TOM UHC/Ie B UH)KEHEPHOM
Jiesie, MeXaHuKe, PbIDOTIOBCTBE, a TakXKe MPU 3HAKOMCTBAx C MpeCTaBUTE/ISIMU
TIPOTUBOIO/IOKHOIO noJia. M, pasymeercs, cpeau »kutener Muccypu, KoTopbie
C/1aBSITCA CBOMM cKenTuLM3MoM. OZIHAKO B HayKe Bce MHaue. Hayka He cBoAUTCSA
K TOMY, UTOObI yOeAUThbCS B UeM-TO CBOMMM IJla3aMU: JIeJI0 HayKu — U3MepSiTh,
TIpUueM Jyuille BCero — UMEHHO He Ha 2/1a3, a TpPHU TOMOIM KaKUX-HUOYb
VHCTPYMEHTOB, TTOCKOJIbKY I7la3a Hepas3pbIBHO CBfI3aHbl C MO3IOM W BCEM €ro
Gara>kom. U yartiie Bcero 3TOT Oaraxk — CKJaj ripey0exx/ieHui, rpeipacCy/KoB,
yCTapeBLIUX Uer U OTKPOBEHHOU MpPe/B3TOCTH.

XOTs1 TeMHOe Be€IIeCTBO BOT YyXe TPpHU YeTBEPTH B€Kd COIIPOTUBJIAETCA



MoObIM HAaIlIMM TOMbITKAaM ero TpoHab/ofaTh, W3 WIPbl OHO HE BBIXOJUT.
OU3MKU-sepIIUKU  yOeXXIeHbl, UTO TeMHOe Bell[eCTBO COCTOUT U3 ellje He
OTKPBITBIX UaCTUILI-TIPU3PAKOB, KOTOPbIe B3aUMO/IEMCTBYIOT C BEI[eCTBOM TOJILKO
rpaBUTAI[MOHHO, a Oofbllle TMOUTH WIM COBCEM HUKaK He B/USAIOT HU Ha
Bell|eCTBO, HU Ha CBeT.

Ec/u Bbl CK/IOHHBI 3aK/IHOUaTh Mapu Ha (u3nueckue OTKPBITHS, COBETYIO
CTaBUTb Ha STOT BapuaHT. KpymHelime yCKOpUTeIM YacTWl, Ha 3emiie
TIBITAlOTC  BbIpAbOTaTh uacCTUIbl TEMHOW MaTepud, CTajKuBasi OOBIYHbIE
YacTULIbl U PETUCTPUPYS, TaK CKa3aTb, OCKOJKU. A cCreliUa/bHble T0/3eMHbIe
nabopaTopuu TMBLITAKOTCST 3aperMCTPUPOBATh YaCTULIbI TEMHOTO BelllecTBa
MacCMBHO — BJAPYr OHU 3ajeTaT K Ham u3 kocMoca? Crol 3eM/u CITy>KUAT
eCTeCTBeHHbIM IIIUTOM, He TIPOIMYCKAIIIUM U3BeCTHbIe KOCMUUeCKUe UaCTULIbI,
KOTOpbIe MOTYT 0OMaHyTh JaTUMKHW U BbIJ]aTh Ce0si 3a TEMHOe Bell[eCTBO.

KoHeuHO, MOXKeT 0Ka3aThbCsl, YTO BCE 3TO — MHOIO LlIymMa M3 HUUEro, OIHAKO
y TUIOTe3bl O HEYJIOBUMOM TEMHOM BellleCTBe eCTb W XOPOLIue TpeLie/leHThbI.
Hampumep,  CylljeCTBOBaHMe HEWTPUMHO CHauajda ObUIO  TIpefcKa3aHO
TEOPeTUYeCKU U JIMIIb 3aTeM TMOATBEPAUIOCh SKCIepPUMEHTa/IbHO, XOTS
HEUTPUHO B3aUMO/IEMCTBYIOT C OOBIUHBIM Bell[eCTBOM OueHb cjiabo. MOIIIHbII
NMOoTOK HeWTpuHO Cc CosHLA — MO [iBa HEWTPUMHO Ha Kaxjoe siApO Tesus,
BO3HUKIIIee M3 BOJOpPOZAa B XOJe TepMosiiepHOro cuHTe3a B siipe CosHua, —
VCTeKaeT C Hallero CBeTWIa, KOTOpOe HUKAaK He BJUseT Ha 3TOT IIOTOK,
TPOHK3bIBAeT KOCMHUYECKUM BaKyyM C OKOJIOCBETOBOM CKOPOCTBbIO, a 3areM
TIDOHUKAaeT CKBO3b 3eMJII0, Kak Oy/To ee He CylecTByeT. B pesynbrate uepe3
KaK/IbIi KBA/IpaTHBIM [IOMM Balllero Tejia KaKAYI CEKYH[y, HeM U HOUbIO,
TIPOXOZST CTO MUJUIMAP/IOB COMTHEUHbIX HEUTPUHO, HUKAK He B3aUMO/IeNCTBYS C
aroMaMu Bailiero opranvsma. Kazanock 6b1, HEHTPUHO HEY/IOBUMBI, OJTHAKO U UX
TIpU OMpejie/IeHHbIX YCIOBUSIX y[AeTCsl OCTAaHOBUTb. A OCTAHOBUTH YaCTULY —
3HAUYUT TaK WM MHaue 3aperucTpupoBarh ee.

He UCK/IHOUEHO, UTO YaCTUIIbl TEMHOTO BellleCTBa TOXKe MPOSIBJISIIOT cebsi B
pe3y/iibTaTe OueHb peAKUX B3aUMOJEWCTBUN, a MOXeT ObITh, BCe ellle
yAUBUTE/IbHEE Y OHU yUaCTBYIOT BO B3aUMOZEMCTBUSX MPUHIUITHATBHO HOBOTO
BUJla, TOMMMO CH/JBHOTO, €Jlaboro U 3/eKTpOMarHutHoro. Tpu 3TH
B3aUMOJENCTBUSL  IUIIOC IpaBUTAl[MOHHOE — 3TO BejMKas 4YeTBepKa
dbyHIaMeHTa/IbHBIX CU BceneHHOW, KOTOpasi OMMChIBaeT BCe B3aUMO/€HCTBUS
MeX/Ty BCeMU U3BeCTHbIMU HaM UaCTULIAMHU.

Wtak, BbIOOD siceH. JIubo HaMm ellle TIPeACTOUT OTKPbITh HOBOE
B3aUMO/eHCTBHE WIW KJ/IacC B3aUMOZENCTBUM, MPUCYILIMX YacTUL[aM TeMHOTO
BeIlleCTBa, U U3yUUTh UX, JIMOO YaCTULIbI TEMHOTO Bell[eCTBa B3aUMO/IeNCTBYIOT
Kak 0ObIYHbIe, HO HEBEpPOSATHO cJ1abo.



[TogBenem utoru. TemMHOe Bell[eCTBO OKa3biBaeT COBEPIIEHHO peabHOe
BO37lelicTBUe Ha Haill mup. IIpocTo MBI He 3HaeM, uTO 3TO Takoe. [Toxoke,
TeMHOe BeIlleCTBO He BCTyINaeT B CWIbHOE B3auUMOJENCTBUe, I03TOMY He
oOpa3yeT aToMHbIX sifiep. B ciaboe B3aumofieiicTBie OHO TOXKe He BCTYTIaeT, B
OT/IMUMe JjaXke OT HeyJIOBUMbIX HeUTPUHO. M B 3/1eKTPOMarHUTHOE TOXKe — TO
eCTh OHO He CO3/laeT MOJIeKY/l U He KOHLIEHTPUPYeTCsl B TUIOTHbIe Iaphl. Elre
OHO He TIOTVIOILIAeT, He MCITyCKaeT, He OTpakaeT U He paccenBaeT cBeT. Kak MbI
3HaIM C CaMOro Hayajia, TeMHOe BeIlleCTBO CO37laeT T'PABUTALIUI), KOTOPYIO
yyBCTBYeT 00bIUHOe BelllecTBO. Ho Ha 3ToM Bce. [IpoIiisio CTOMBKO J1eT, a MbI Tak
U He OOHapyXXWIM, UTO ellle OHO JiefaeT — U fenaeT nu. [loka TipujeTcs
JIOBOJIbCTBOBAThbCSI TeM, UTOOBLI TaIlUTh 3a COOOM TeMHOe Bell[eCTBO — 3TAKOTo
CTPAHHOTO HEBUMMOTO JIpyra, KOTOPOTO MOXKHO 3a/leliCTBOBATh, KaK TOJIBbKO
3TOrO NoTpedyet OT Hac BceneHHasl.

TeMHOe  BelleCcTBO  OKa3blBaeT  COBEPLIEHHO  peasnbHOe
BO3/IeMCTBYE Ha Halll MUp. [IpocTo Mbl He 3HaeM, UTO 3TO TaKoe.



\6. TemHas sHeprusa

Bot yx He ObUIO Tieuanu: B TIOC/IeAHUE [IeCATUIETHS Mbl OOHAPY>KUU BO
BceneHHOM Kakoe-TO 3arajlouHoe JiaBjieHWe BaKyyma, [POTHUBOIIO/IOKHOE
KOCMUUEeCKOW rpaBUTalvd. bosiee TOro, B KOHIle KOHIIOB 3Ta «OTpHIaTe/bHast
rpaBUTalUsi» TOOEAUT B TepeTAruBaHUM KaHaTa, TMOCKOJIbKY OHA 3acTaB/sieT
BceneHHYI0 5KCIOHEHLIMAAbHO PacIliipsThCS.

3a camble TOJIOBOJIOMHbIEe HJeu (Pu3MKu XX BeKa CKaKuTe
cnacub0 DUWHILTeNHY — OH BO BCéM BHHOBAT.

3a cambie TO/IOBOJIOMHbIe Hferd (GU3MKU XX BeKa CKaKuTe Cracubo
OUHIIITeNHY — 9TO OH BO BCeM BHUHOBAT. AibOepT DUHINTeNH B 1TabopaTopusix He
ObIBasi, He CTaBW/I OMbITOB, UTOObI M3yuaTh KaKHe-TO SIB/IEHUS, He UCII0J/Ib30Ball
cioxkHoe obopynoBaHue. OH ObUT UKMCTBIM TEOPETUKOM U TPEATIOUUTAl
«MBIC/IEHHbIe SKCTIepUMEHThI», KOIZa H3yuaelllb NMPUPOAY B BOOOpa)kKeHUM —
NIpUYyMbIBaelllb CUTYaLUi0 UM MOJIeJIb, a TIOTOM BbISICHSIELIb C/IeICTBUSL KaKOr0-
HUOYIb (dur3nueckoro TIPUHLIMIIA. B TIpeIBOEHHOU l'epmanuu
SKCMepyMeHTa/bHas (pU3MKa LieHW/Iach B IVla3aX yueHbIX-apuileB Ky/a BbIIlle
TeopeTUueckol. A (U3UKOB-eBpeeB MO Oosbllieli YacTh CUMATAIU Y4YeHbIMU
BTOPOrO COpTa, OJHAKO [0 TMOpbl [0 BpeMeHU [aBajd WM BO3MOXXHOCTb
«KOTIaThCsl B CBOEH mecoyHuile». M uTo 3To cTasia 3a rnecoyHuiia!

Eciu gusuk — Haripumep, DUHILTENH, — CTPOUT MOJe/b, KOTopasi JOJDKHa
Tpe/iCTaB/sATh BceneHHyo B 1je/I0M, TO MaHUITYJIMPOBAaTh C 3TOM MOZeJIbI0 — 3TO,
B CYLJHOCTH, BCe paBHO UTO MaHUIIyJIMpOBaTb caMoW BceneHHOM. A 10TOM
Hab/ro/1aTeNTu U 9KCTIIepUMEHTAaTOPbl UYT U CMOTPSIT, TIPOUCXO/ISAT JIU SIB/IEHUS,
rpe/iCka3aHHble 3TOM MoZenbto. Eci Mopenb HeBepHa WM TeOPeTHUKHU
OLIMOMMCh B BLIUMCIEHUSIX, IKCTIEPUMEHTATOPhI HalilyT HECOOTBETCTBUE MEXY
rpe/iCKa3aHusIMU MOZENIU U TeM, YTO TPOUCXOUT B peasbHOM Bcenennou. s
TeopeTHKa 3To Oy/ieT MPUUMHON CHOBA CeCThb 3a CTO/ U MO0 UCTIPaBUTh OLLIMOKU
B CTapoi Mogenu, mbo pa3paboTaTh HOBYIO.

OpHa W3 camMbIX MOIIHBIX W MacIUTaOHBIX TeOpeTHUecKuxX Mojenel B
WCTODUM HAyKU Yy)Ke YIOMMHa/sach Ha 3TUX CTPaHULIAX: 3TO 0OIjasi Teopus
OTHOCHUTEeNBHOCTH OMWHINTeHHa, mAyia jApy3edt mpocto OTO. OTO 6buia
BbIBUHYTa B 1916 rogy u MareMaTMuyeCKu OMUCHIBaeT, KaK Bce BO BcesieHHOU
[BIDKETCS TI0J, BO3JeHCTBUeM TIpaBuTalvu. Kaxzble HEeCKOJbKO JieT yYeHble-
9KCTIepUMEHTATOPbI N300peTaroT HOBLIM, ellle OGosiee TOHKUM COCOO TIPOBEPUTH



OTO wu numHu pa3 ybexxaarTcs, HaCKOJbKO OHa TouHa. COBCeM HeZlaBHO, B
2016 roay, Mbl CHOBa yOequIucCh, KakK MPeKPacHO OMUCHIBAIOT MPUPOAY 3aKOHHI,
KOTOpble TMOJapu/ HaM OMHIUTeWH: B CIeLMaJbHO CO3[AHHOU I 3TOro
o0cepBaTOpuUU OTKPBLIM TPABUTALIMOHHBIE BOJHBI (peub ujeT o JlazepHo-
uHTep(depoMeTpUUeCKOM TpaBUTAI[MOHHO-BOHOBOM  ob6cepBatopuu  LIGO,
pacriosiookeHHOM B X9Hdbopge, mTar BamumHrToH, ¥ JIMBUHICTOHe, IIITAT
Jlynu3uana). CylllecTBOBaHMe 3THX BOJIH Tpe/icKa3an DUHINTeMH, U 3T0 psibb, co
CKODOCTBIO CBeTa Tipo0eratoijas 10 TKaHU TIPOCTPAHCTBA-BpeMeHU U
BO3HUKAIOIAsi B pe3y/bTaTeé CU/IbHBIX TI'DABUTAL[MOHHBIX BO3MYILIEHUH,
Harpumep, CTOJIKHOBEHUS [IByX UEPHBIX JbIP.

MmeHHO 3TO yueHble U Habsonamu. [1epBbIMU yan0Ch 3aperucTpUpoOBaTh
rpaBUTAl[MOHHbIE BOJHBI OT CTOJIKHOBEHMSI YEpHBIX [blp B TajlaKTUKe,
Haxogsencss oT Hac B 1300 MU/UTMOHOB CBETOBBIX JIET, KOTOPOE TIPOM30IILIO
TorJa, Korja 3emsisi Oblsa 3acesieHa MCK/IHOUMTE/IbHO COHMOM OJHOKJ/IETOYHBIX
opranu3mMoB. [Toka 3Ta psibb pacxofuiach BO BCe CTOPOHBI, 3a cienyroiye 800
MWIJITMOHOB JIeT Ha 3emsie pa3BU/lach CJIOXKHasl KU3Hb — LIBeThI, JWHO3aBpBbl,
JIeTalle CyljecTBa, a TakXke KJacC T[I03BOHOYHBIX [10J Ha3BaHUeM
MJIEKOTIUTAoIIe. Y OHOTO TIOAK/Iacca MJIEKOTUTANIIMX Pa3BUIUCH JIOOHbIE
JI0O7IY, a B HAarpy3Ky K HUM — CIOCOOHOCTh K CJIO)KHBIM Pa3MbIIIUIeHUSIM. MBbI
Ha3bIBaeM S5TUX CylleCTB NpumaTamMu. OTAenbHasi BeTBb 3TUX IIPUMAaroOB B
pe3y/bTare reHeTUYeCcKoW MYTalluM Hayuyuiacb TOBOPUTb, M 3Ta BETBb — homo
sapiens — wu300pesia ce/libCKOe XO35MCTBO, IMBWIM3aLUIO, (unocoduo,
VICKYCCTBO U HayKy.

W BCe 3T0 3a roc/iejHUe [AeCAThb ThICAY JIeT.

M BOT HakoHel| OJVH y4YeHbIM, XUBILIMKA B XX Beke, BbIyMasa U3 TOJIOBbI
TEOPUKD OTHOCUTEJIbHOCTM W TMpejCKas3aj CyL|eCTBOBaHME TI'PaBUTALMOHHBIX
Bo/H. [lpouwio emje CTo J/eT — M MOABWIUCh TeXHHUYECKHEe MEeTO/bl,
TI03BOJISIFOLIME TIPOBEPUTh 3TO Tpe/CcKa3aHue, U MPOU30LLI0 3TO 3a CUMTAHHbIE
[JHA 10 TOrO, Kak IpaBUTaLlMOHHAs BOJIHA, MUaBLIAasCsl CKBO3b MPOCTPAHCTBO
1300 MuIIMOHOB J1eT, HaKaTU/Ia Ha 3eMJII0 — U ee yZal0Ch 3aperucTpupoBarh.

3apa3a oH ObUT, 3TOT DUHIIITEHH.

BONBIIMHCTBO Hay4YHBIX MOZe/eil MoHayany (opMy/HMpYHOTCS BuepHe — B
HUX OCTaBJIeH MPOCTOP /i MOATOHKU IapaMeTpOB, KOTOpas IO3BOJIUT JIyyllle
COOTBETCTBOBaTh U3BeCTHOW BceneHHou. B renumorneHtpuueckor BceseHHOW,
KOTOpyr0 onucan maremaTtuk Hukona Konepnuk, >xuBmmn B XVI Beke,



TJIaHeThl Bpalllajiich BOKpyr CoJiHLIA 1O WjealbHbIM OKPYXKHOCTSM. TO, UuTO
TI7IaHeThl BpaljaroTcst BOKpYr CoJjiHIja, COOTBETCTBYeT peanbHOCTH, Oosiee TOrO,
3TO OTPOMHBIM II1ar BIiepei 10 CPaBHEHUIO C «T'eOlleHTPUUeCKO» Mojenblo, Tae
BCe Bpalljajg0Ch BOKPYT 3eMJIM, a BOT C OKPYKHOCTSIMU KorepHUK MpoMaxHY/ICs
— BCe MulaHeThl BpamjatoTcsi BOKPYr CoJiHIA IO BBITSHYTBIM, S/TUIITUYECKUM
opbuTam, HO U 3TO JIMILIb NMPUO/IKEeHWe, Ha caMoM Jiejie hopMa OpoUT ciioXKHee.
B nenom KonepHUK BBIABUHY/ BEpPHYIO TUMOTe3y, U 3TO miaBHoe. [Ipocto
norpeboBasioch HECKOMbKO JopaboTath ee, uTOObI OHAa TOUHEee OMMCHIBajA
JIeCTBUTEIbHOCTb.

OpHako B C/lyyae TeOpUU OTHOCUTE/IbHOCTH, OCHOBHbIE MPUHLUIMBI 3TOU
Teoprud TPeOyrOT, uTOOBI BCe TPOUMCXOAWIO TOUb-B-TOUL KaK IIpe/cKa3aHo. B
CYII[HOCTH, MOXKET TI0Ka3aThbCsl, OyATO DUHINTEMH BBHICTPOWU/I KaPTOUHBLIM JOMUK:
[IBa-TPU MPOCTHIX MOCTy/IaTa AepykaT Ha cebe BCIO CTPYKTYpy. bosee Toro, korzaa
OuHiITerH B 1931 rogy y3Hasa o CyleCTBOBaHMM KHUTU «CTO aBTOPOB IIPOTHB
OunmTeiriHa» (R. Israel, E. Ruckhaber, R. Weinmann, et al. «Hundert Autoren
Gegen Einstein», Leipzig: R. Voigtlanders Verlag, 1931), on 3ameTun: «Ecimm 6b1
1 OIMOCsI, XBaTUIO ObI M OTHOTOY.

Tak ObLIM TTOCessHbI CeMeHa OIHOTO M3 CaMbIX YIMBUTE/ILHBIX JISTICYCOB B
HCTOpUM HayKu. B HoOBbIe ¢hopMy/bl rpaBUTALIUM, BbIBeJeHHble DUHIITEHHOM,
BXO/IWJIa TakK Ha3blBaemasi «KOCMOJIOTUUYeCKasi TOCTOsSIHHasi», KOTOPYH) OH
0003HauM/1 3ar/iaBHOM rpeueckoi OykBoM «asiMOma» — A. Hamuuue 3Toro usieHa
ypaBHEHUs] C MaTeMaTHUYeCcKOW TOUKH 3peHust Oblio He 00s3aTe/ibHO, HO
JOMyCTUMO, U [JobaBjieHHass B ypaBHeHHWS OMWHINTeHHAa KOCMOJOrHYecKast
MOCTOSIHHAsI TO3BO/Isi/Ia  TIOYUYUTh B KaueCcTBe peIleHuss CTaTU4yeCKYyro
Bcenennytro.

B Te BpeMeHa HUKTO W IIpe/iCTaBUTh cebe He Mor, uTo BceneHHas He
TIPOCTO CYIIECTBYeT, a ellle M YTOo-TO jJesaeT. [103TOMy elWHCTBEHHasi pojib A
CBOAMWMIACh K TIPOTUBOAEMCTBUIO TDaBUTALIMM B paMKaX MOJEeNU OWHIITeWHa:
KOCMOJIOTMYEeCKasi TOCTOSSHHas yAep)XuBajia BcejieHHYy0 B paBHOBeCHMM U
COTIPOTUB/ISI/IaCh €CTeCTBEHHOMY CTPEMJIEHUIO TPaBUTAL[MU C/IEMUTh BCe B OJIVH
MaCCHBHBIN KOM. B 3TOM cMmbicie DiHIITeMH n300pen BceneHHyto, KOTopasi He
OKUMaeTcsl ¥ He PacIIUpsieTcsl, YTO COOTBETCTBOBAJ/IO Tpeoba/iaBliiM B €ro
BpeMsi TIpe/iCTaB/IeHUSIM.

[TogobHO MAUMKY Ha BepIIMHE X0JIMa, KOTOPOMY J[0CTaTOYHO
nieryamIiero To/uKa, YTo0bl CKaTUTLCS B TY WM IPYTYIO CTOPOHY, WU/IH
KapaHzally, CTosieMy Ha OocCTpue, BceneHHas OWHINTeMHa
rpebbIBasia B IIaTKOM PAaBHOBECHH MEXy pacIIMpeHHeM W TIO/HbIM
KOJIJIaTICOM.



B panbHeiiiieM pycckuii ¢u3suk AsekcaHap PpuiMaH MaremMaThueCcKu
JloKa3an, uto BceneHHas JOWHIUTeliHa XOTh M cOanaHCUMpPOBAaHA, OJHAKO He
crabunbHa. [lof0OHO MSUMKY Ha BepIlMHE XO0jMa, KOTOPOMY /OCTaTOYHO
Jleryamiiero ToO/YKa, 4YTOObI CKaTUTbCS B Ty WIM [APYTyH0 CTOPOHY, WU
KapaHjiaily, CTosilieMy Ha ocTpue, BcesneHHasi JWHINTeiiHa TripeObiBasa B
LIaTKOM pPaBHOBECUH MeXX[y paclIVpeHreM U MOJIHbIM KOJLIarcom. bosee Toro,
Teopusi DUHILITeliHa Oblla HOBOM, a eC/id [aelllb ueMy-TO Ha3BaHWe, 3TO He
006s13aTeIbHO CyIL[eCTBYeT Ha CaMOM Jieie, TakK YTO DUHILTEH U caM TOHUMal,
yTOo ero «IIMOZa» Kak Cujia OTPULIATeIbHOTO TATOTEHUsT He UMeJla COOTBETCTBUS
B (husmyeckolr BceseHHOM.

OOb11jast Teopust OTHOCUTEILHOCTH DUHILITEMHA PaIMKa/IbHO OT/IMYAaiach OT
BCeX TMpeAbIAYLIUX TpeJCTaBAeHUM O TPaBUTALMOHHOM  TIPUTSDKEHUU.
OWHILTeHa He YyJoBaeTBOpsiia MbICAb Vcaaka HploOTOHa, uTO rpaBUTaLUs
HEeTOCTKUMBIM 00pa3oM JieicTByeT Ha paccTosiHuu (oHa U camoMy HblOTOHY
He HpaBwiack). [Tostomy B OTO rpaBuTauus cudTaeTcsl peakLjerd MacChbl Ha
MeCTHOe MCKpHWBJ/IEHWe TIPOCTPAHCTBA U BPeMEHH, BbI3BaHHOE KaKOW-TO JPYrou
MacCOM WM SHepreTuyeckuM mosieM. VHaue roBops, KOHL[€HTpaLWs MacChbl
BbI3bIBaeT HCKa)KeHHUs1 (BpoJe SIMOK) Ha TKaHU MPOCTpPaHCTBa-BpeMeHW. JTU
VCKa)KeHUs1 BeAyT ABWXKYL[MECS MacChl MO TaK Ha3blBaeMbIM Treofie3udeCcKuM
KPHBBIM, KOTOPbIe B HAllIMX I71a3aX BbIVISIAST KaK WCKPUB/IEHHbIE TPaeKTOPHH,
KOTOpble MbI Ha3biBaeM opOuTamMu. My/npeHbIM C/IOBOM «Treojie3udecKas»
MaTeMaTWKu 0003HauaroT Kparyaiilllee pacCTOsSIHUE MEXYy [BYMs TOUKaMHU Ha
KPUBOU MOBEPXHOCTH, TO €CThb B HAlleM C/lyyae 3TO KpaTyaulliee pacCTOsSIHHe
MeXAy ABYMsI TOUKAaMU WCKDUBJIEHHOM 4eTbIpeXMEpPHOW TKaHW MPOCTPaHCTBa-
BpeMeHu. [loxanyii, wussdiHee Bcex CGOPMYJIMPOBaJ OCHOBHYIO MBbIC/b
OnHIlTeliHa amepuKaHCKuUl (u3uk-teopetuk [xoH Apuubanbn — Yunep:
«BelllecTBO JUKTyeT NPOCTPAHCTBY, KAK UCKPUB/ISITHCS, TIPOCTPAHCTBO AUKTYET
Bell|eCTBY, KaK JBUraThbCsi». KcTaTy, Ha CcTapmux Kypcax s XOJu/l Ha CHeLKypC
I>xoHa Yusiepa 1o o0ireil Teopur OTHOCUTETBHOCTH (M TIO3HAKOMWJICS TaM CO
CBOel Oymyiiielt >keHO#), Ijle OH YaCTeHLKO 3TO ITOBTOPSLI.

B 11esiom 06111ast TeOpUsi OTHOCUTE/ILHOCTHU OTUCHIBAET ZIB€ PA3HOBUIHOCTU
rpaBuTaui. OfHa MpeKpacHO HaM 3HAaKOMa — 3TO CU/la TATOTEHUS] MeXAY
1oZi0pollIeHHBIM MSIUMKOM U 3emyielt uiu Mexxay CosHLeM U TijlaHeTaMu. A ellle
OTO npexckasana ApYyryr pasHOBUAHOCTb — 3araflodHOe aHTUTPAaBUTALIMOHHOE
JlaBjieHre, CBs3aHHOe C BAaKyyMOM CaMOTO MpOCTpPaHCTBa-BpeMeHu. JIsimG1a



obeperasa UCTUHHOCTh MPe/ICTaBIeHNI CaMOro DWHINTeHHA U BCeX IO eJUHOIO
(GU3MKOB ero BpeMeHU: CTaTyC-KBO CTaTUueCKou BceneHHOW — HeCTaOWIbHYHO
CTaThyeckyro BceneHHyio. A cuutath HecTabWUIBHOCTD €CTeCTBEHHBIM
COCTOsIHMEM (PU3MUYECKOW CUCTeMbl — 3TO HapyllleHHWe HayyHoro kpezo. Hemb3s
yTBepXK/aTh, uTo Lesasi BcemeHHas — 3TO KaKOW-TO YaCTHBIM CIy4dau, [I0YeMy-TO
yPaBHOBECHUBIIIMICS Ha BeKU BeuHble. B ucTopuu HayKku eiije He ObIBasio HUYEro,
yTo Besio Obl cebsi MoZ0OHBEIM 00pa3oM, TAaKOrO He JAalOT HU HaOJIOfeHUs, HU
BBIUMC/IEHUs], HU BooOpakeHue. Tak uro craTuueckass BcesieHHasi He uUMesia
HaJle)XKHOT0 MpeLje/ieHTa.

[Mpomwio 13 net, u B 1929 rony amMmepukaHcKuii acTpo@usuk SABUH Xabom
OTKpbLI, uTO BceneHHass HectairuoHapHa. OH OOHapyuwil — W TOATBePAWI
ybeuTeTbHBIMU JAHHBIMU — UTO UeM /lajibllle OT HaC HaXO/WUTCS rajiakThKa, TeM
ObicTpee oHa ygpasnsieTcsi oT Mneudoro [Tytu. To ecth BceneHHasi paciimpsieTcs.
Torga DUWHIUTEMH, KOTOPOrO C CaMOr0 Hayajaa CMyljajga KOCMOJIOThYecKast
TOCTOSIHHAsL, He MMeBIlas COOTBETCTBUM Cpeld CU/ TIPUPOAbL, U KOTOPbIU
OTOpYMJICS, 4YTO CaM YHOYCTWI BO3MOKHOCTb TMpeJiCKa3aTb paclIMpeHue
BceneHHoM, 0TMEN uzero 1sIMO/Ibl, Ha3BaB ee «BeMuaiiiiei ommbkoi» B cBoei
JKHA3HMU.

Ynanus iaM0/1y 13 cBoeli (pOpMyJibl, OH TIPUIKCA eli 3HaueHue HOJb: Bellb
ecy, mipegrnonoxkuMm, A = B + C, a notom y3Haemb, uto A = 10 u B = 10,
rojiyyaeTcsi, 4yto A mo-ripexxHeMy paBHO B 1uiroc C, Ttonbko C paBHO 0 u
TI03TOMY He HY>KHO B 5TOM YpaBHEHUHU.

Ho 3To Obln elmje He KoHell. TeOpeTHKH JeCATUNETHSIMU TO U JIeJio
u3BJieKau ssMO/y 13 dysiaHa U BepTeJid Tak U 3Tak, MpejcTaB/ss cebe, Kak ObI
BBIIVII|@/IM WX TUIOTe3bl BO BceneHHOM, re eCcTb KOCMOJIOrHYecKas
noctosiHHasi. [Ipoiiio 69 net, ¥ ydyeHble SKCT'yMUPOBAIU JSIMOAY B TOCTeHUIM
pa3. B Hauane 1998 rojia iBe KOHKYpHUPYIOILMe IPYIIbl aCTPOPU3UKOB C/le/1anu
rpoMkue 3asBieHus. OgHy u3 3tux rpynn Bo3miasasyi Con [lepamyTrep w3
HarmonanbHo mabopatopuu umenu JloypeHca B bepkiu B 1itare Kanudophus,
a BTopyto — bpatian IlImuar u3 obcepBatopuii MayHt-Ctpomno u CaiiuHr-
Cripudar B ABcTpanuu, Hemnojaneky ot Kaubeppel, u Ajgam Pucc wu3
YuuBepcuteta [I)koHca XornkuHca B bantumope B mtare Mspuniens. [lecsaTtku
CaMbIX [aJIeKUX CBEPXHOBBIX — 3TO PAa3HOBUJHOCThb B3DBIBAIOIIUXCS 3Be3[ —
OKa3a/JuChb 3aMeTHO TYCK/ee, YeM MOXHO ObIZIO OXKWZATh, UCXOASI U3 XOPOIIIO
M3yUeHHbIX 3aKOHOMEPHOCTel uX moBefieHus. [lomyunnock, uro vbo fanekue
CBEpXHOBbIe BellyT cebsi uHaue, uem Onu3Kue, MO0 OHU HaxoAsATCsi Ha 15 %
Janbliie, 4eM TIpe/iCKa3bIBajid OOILeNIPUHSTbIE KOCMOJIOTMUeCKUe Mofend. A
3HAUWT, OHU pa30eraroTcsi C YCKOpPeHUEeM, U «eCTeCTBeHHOe» O0bsiCHEHUe 3TOMY
SIBJIEHUIO W3BECTHO TOJIBKO OJJHO — SUHINTeMHOBCKas /iiMO/1a, KOCMOJIOTUecKast



TTOCTOSTHHASI.

1 korma acTpody3WK{d CMaxXHY/IH C Hee MblIb W TOACTaBWIA OOpPaTHO B
TepBOHava/lbHble ypaBHeHWs OWHINTeHa, OKa3ajoCh, UTO OHH Terepb
OTMCHIBAIOT Ty BcesieHHY10, KOTOPYHO Mbl Hab/rO/1aeM.

CBepxHOBbIe, KOTOpble u3yuanu [lepamytrep u LlImuar, ornpaBjanu cBoe
ydacThe B UCC/IeJOBaHUSX Ha BCe CTO. Kaxkmast U3 HUX B3pbIBajiaCh OJMHAKOBO —
C HeOOBIIMMY OTK/IOHEHUSIMU, — CKUTaa OJHO U TO K€ KOJIMYeCTBO TOTLIUBA,
BLICBOOOYK/Ia/la OZTHO U TO »Ke UCTIOJIMHCKOe KOJMYeCTBO SHEPruu 3a OfHO U TO
)Ke BpeMsl ¥ [0CTUrasa Ifpy 3TOM OJHOIO M TOTO »Ke MUKa CBeTUMOCTH. 1o eCTb
OHU CJIY>KUJTM CBOEr0 po/la MEPKOM, «CTaH/IapTHOW CBEUOW» [Jisi BbIUMCJ/IEHUS
KOCMHUUYECKHX PaCCTOSIHUW [10 Ta/llakKTHK, B KOTOPBIX OHU B30PBa/lMCh, B CaMbIX
JlaJIbHUX yroyikax BceneHHOM.

CraHpapTHble CBeYM KapAWHA/JbHO YIIPOLLAKOT BBIUKMC/IEHUS: MOCKOJIBKY
MOIIJHOCTb Y BCeX CBEPXHOBBIX OJMHAKOBAasi, TYCK/Ible HaXOJATCH Jajieko, a
sipkre 6mu3Ko. M3meprB uX SIPKOCTH (TIpOIIje TPOCTOr0), MOXXHO TOUHO CKas3arh,
Ha KaKOM PacCTOSIHUM OHU HaXOZSTCS OT Hac U Apyr oT japyra. Eciu Ob1 y Bcex
CBEPXHOBBIX Obljla pa3Has CBETMMOCTb, HAa OCHOBAaHUU OAHOMN /I SIPKOCTU
HeJb3si Ob1I0 OBI /leflaTh HUKAKWX BBIBOJIOB O pacCTosiHWU. TycK/iasi 3Be3/1a Moryia
ObI OKa3aTbCsl ¥ JIAMIIOUKOM Ha MHOTO BaTT BAA/M, U JIAaMIIOYKOM Ha MaJjio BarT
BO/TM3N.

[TpekpacHo. Ho ecThb 1 BTOpPO# criocob u3MepuTh pacCTOsSIHUE 10 Ta/laKTHK
— MOJCYMTATh CKOPOCTb WX yZAaneHus OT Hawero Mneunoro Ilyth, ckopocCTb
TOrO caMoro pasberaHusi, KOTOpOe HEOTheMJIEMO CBSI3aHO C pacIIUpeHueM
BcenenHoii. Kak mnepBbIM moka3an Xa006s, mpu paciivpeHuud BceneHHo
nanekre oObeKTHI yHansiOTCsS OT Hac ObicTpee, ueMm Onu3kue. Tak uro, eciu
paccunTaTh CKOPOCTH y/la/IeHHs rajlakTUKU (eLe O/Ha MpoCTas 3a/iauka), MOKHO
BbIBECTH PACCTOSIHUE 10 Hee.

Eciu 1Ba 3TUX UCIIBITAHHBIX METO/a /Ial0T /IJisi OAHOTO U TOTO ke 00beKTa
pa3Hble PACCTOSIHUSA, 3HAUWT, TJe-TO BKpasach oirmbka. JIubo m3 CBePXHOBBIX
TIOJTYYM/TUCH TIJIOXUMe CTaH/lapTHhIe CBeuw, 00 Hallla MO/ie/lb U3MepeHus TeMria
pacimpenusi BcesieHHOU Ha OCHOBaHMY CKOPOCTeU rajlakTUK HeBepHa.

Tak BoT, ommMbKa [JedcTBUTeNHHO BKpanack. OKa3anoch, 4YTO U3
CBEPXHOBBIX IIOJIyYarOTCSl BeJIMKOJIETIHble CTaHAAPTHbIE CBEYM, BblJeprKaBllive
CKpYTY/I€3HYIO TIPOBEPKY MHOTMX yUeHbIX-CKeIITUKOB, TaK UTO BapUaHT OCTasICs
TOJIbKO OJJMH: acTpo(u3uKWd moayunau BceneHHyr, KoTopas paclIMpsieTCs



ObICTpee, ueM Mbl JyMajd, U OT 3TOrO TajakKTUKW pa3bexanuch jAasbliie, 4eM
Tipe/icKa3biBaid pacueThbl. VI 0ObSCHUTL yCKOpeHHOe pa3beraHue He y[aBaioCh
HUYeM, KpoMe JIIMO/IbI — KOCMOJIOTUe CKOU TOCTOSTHHOWM DUHIIITeHa.

970 ObLIO TIepBOe TIPsIMOe CBU/IeTebCTBO, UTO BcesleHHYI0 MPOHU3bIBaeT
OTTaJIKMBAKOIasi CWJa, MPOTUBOCTOALAS TPaBUTaLMU, U MMEHHO I03TOMYy M
TIPUIIJIOCh  BOCKpecuTh msambay. Kocmonorvueckasi TOCTOsSIHHAsi BHE3aImHO
obpena ¢u3nueckuii CMbICI, el ToTpeOOBaOCh Ha3BaHWe, U HA ABAHCLIEHY
KOCMHUUYECKOW JipaMbl BbIIJIA «TE€MHasi SHEpPrusi». B 3TOM HMEHU y[auHO
COYeTAlOTCSI W 3aBeca TaliHbl, W Halle TIIyOOKOe HernoHWMaHWe TPUYUH
nipoucxoggaigero. B 2011 roay Ilepamyrrep, IMuaTr u Pucc nonyuuny 3a 31O
OTKpBITHE 3acTyxeHHy0 HobesieBCKyto TIpeMuto.

Camble TOYHBbIE pacyeTbl Ha CerofiHs IMOKa3bIBalOT, UTO TeMHasi SHeprusi —
5TO IVIaBHasl JOCTONpPHMeuaTe/IbHOCTh Halllel BcesleHHOM: OHa oTBeyaet 3a 68 %
BCeU MacChl-3Hepruu Bo BceneHHou — errie 27 % cocTraB/isieT TeMHOe BelleCTBO,
a 00BIYHOMY BeII[eCTBY OCTaeTCst BCero-To 5 %.

dopma Halllel yeTbipexMepHOU BcesieHHOM ompeziensieTcsi COOTHOILIEHUeM
MeX/ly KOJTMUeCTBOM BellleCTBa U SHEPruu, OOUTAIOIIUX B KOCMOCE, U TeMIIOM
paciliMpeHysi KOCcMoca. JTO COOTHOIIeHHe Jisi y#AoOCTBa MaTemMaThyecKux
3amuceil ycIoBUIMCh 0003HauaTh 3ar/iaBHOM rpedeckoi OykBoul «omera» — C;
ouepe/iHasi rpedeckasi OykBa, JiepyKaliiasi B y37ie BCe MUDO3/jaHUe.

Eciu B34Th IJIOTHOCTH BelljeCTBa-3Hepruu BO BceneHHOM U MOAenuTh Ha
TIJIOTHOCTD BellleCTBa-3HePIruu, KOTopasi Hy»KHa, UTOObI BCETo JIUIb OCTaHOBUTh
pacimpeHue (Tak Ha3biBaeMasi «kKpUTUUeCKasl TJIOTHOCTb» ), TIOTYUUTCSI OMera.

[TockobKy ¥ Macca, W 3Heprusi 3acCTaB/sAOT IPOCTPaHCTBO-BPEMsI
VICKa)KaTbCsl, TO €CTb UCKPUBJ/ISITHCSI, OMera TOBOPUT HaM O popme KocMoca.

Ecmu omera MeHbllle eQUHULIBI, TO peasbHOE 3HAYeHHEe MacCChbl-3HEePIuu
rajaeT HWKe KPUTUUeCKoro, W BceneHHas pacluvpsieTcss BeYHO, BO BCeX
HarpaBJ/IeHUsIX U BCe BpeMsi, MIpUHUMasi (opMy cejijia, TIpU KOTOPOM M3HaYaabHO
rapa’suie/ibHble JITMHUW PaCXOJSTCS.

Ecmm omera paBHa enunHule, BceseHHas paclmpsieTcsi BeYHO — HO
CKOPOCTb ee pacClUMpeHus] BCe BpeMsl yMeHbllaeTcs. B 3ToM ciaydae OHa
TJIOCKasl, U B Hell paboTaroT reoMeTpruUecKre 3aKOHbI, KOTOpPble MbI M3yuaju B
LIKOJIe: B UaCTHOCTH, TapaJsijiesibHble MpsiMble He IepeCceKaroTCsl.

Eciu omera 6oJibllie eIMHULIBI, TTapasi/ie/ibHble TMHUM CXOAATCs, BceneHHast
CBEpPThIBAETCS Y, B KOHLIe KOHL[OB, MpeBpalllaeTcsi B TOT >XKe OTHEHHbIM Liap,



KakuM Oblla BHauarse.

C Tex cambIX TIOp, Kak Xab06/1 OTKpbUT paciiiupeHye BceneHHOM, HU OHOM
IPyIllie SKCIIePUMEHTAaTOPOB HU pa3y He YAaJoCh IOJyYUTb OMEry, XOTb
CKOMBbKO-HUOYIb 6/3Kyto K equHuile. CymMMa Bceli MacChl U S9HEPTUU, KOTOPYIO
y[a70Ch 3aperucTpUpoBaTh IMpPU TMOMOLIM TeJIeCKOIOB, U JiaXe camble CMmeslble
SKCTPAroJIsALiuM C y4eTOM TEMHOIO BelleCTBa JaBaju B jyulieM ciayvae Q = 0,3.
CorsacHO 3TOM  3KCIIepMMeHTa/lbHOM KapTuHe BcesieHHass moJiydanach
«OTKDBITON» 17151 MHOOBIX TIeperoBOPOB U CKakajia B OeckoHeuHoe Oyzyiilee B
KOBOOMCKOM ceJijie.

Tem BpeMeHeM, HauuHas ¢ 1979 roga, amepukanckuii pusuk Asan ['yT us
MaccauyceTCKOro TexXHOJOrMUeCKOro WHCTUTYTa W Jpyrue yuyeHble paboTanu
Ha/l TIOTIPABKOM K TeopUM BoJIbIIoro B3pbiBa, KOTOpasi TO3BOJIsia U30aBUTLCS OT
HEKOTOPBIX HETPUATHBIX OC/JO0KHEHWW, He TMO3BOJSBIIMX TOMYUYATh MOJE/b
BcesieHHOM, HarlOJIHEHHOU BeLLleCTBOM U SHepruel Tak paBHOMEpHO, KaK Hallla.
dyHIaMeHTa/IbHBIM TT0O0UHBIN TIPOAYKT 3TOM TMOIpaBKU K Teopuu bosbIoro
B3pbIBa — OMera, Mpuo/mKaroiascs K equHuiie. He K ofHoit BTopoii. He K AByM.
He x mummmony. K egunutie.

BripoueMm, egBa /M Ha CBeTe Halllescsl (PU3MK-TEOPETUK, KOTOPbIA He
cormacuicsi Obl C 3TUM YC/IOBUEM, TIOCKOMBbKY OHO TIOMOTano OOBSICHUTH
rinobasibHble CBOMCTBa HbiHellIHel BcesenHoit BonbiivM B3pbiBoM. OfHAKO
OCTaBajlaCb O/lHa MaJieHbKasi TPYAHOCTb: COIVIACHO TIOIpaBKe, BO BceneHHOU
ObI0 BTpoe OOfbIlle MacChl-D)HEPrWH, 4YeM Hab/rofamd SKCIIepUMeHTaTOPBbI.
TeopeTrKOB 3TO He CMYTWIO: 3HAUUT, 3asiBU/IM OHU, 3KCIIEPUMEHTAaTOPhI IIJI0X0
VICKaJIH.

[To BceM pacuetaMm BUIUMOe BelljeCTBO obecrieuriBaeT He Oosbiie 5 %
KPUTUUECKOW TIJIOTHOCTH. A Kak ’Ke 3araZjouHoe TemMHoOe BelecTBo? Ero toxe
nocuntaau. Hu Torzma, HU ceityac HUKTO He 3HaJ, YTO 3TO Takoe, HO CBOW BKJIA[,
B OOIIyI0 CyMMy OHO TOYHO BHOCUT. TeMHOro BellleCTBa B TISITh-11IeCTh pa3
Oosbitie, uyem BuAMMOro. Ho u 3Toro eije wmajsio. OKCIIepUMEHTATOPHI
pacTepsUIiCh, a TEOPETUKU HacTauBaiu: «MimTe ganbiie». B Kaxjaom sarepe
ObLIM yBepeHbl, UTO B JIPyroM OIIMOArTCs, — TO0Ka He OTKPbUIM TEeMHYIO
SHepPrur. OTOro KOMIIOHEHTa XBaTW/IO, UTOObl B COYETAaHUHW C OOBIYHBIMU
BEIIeCTBOM M 5SHepruedd M TeMHbIM BelleCTBOM MOJHATh IIOTHOCTH [0
KDUTHUUYECKOW OTMeTKU. K BsllleMy Vy/IOBOJbCTBUIO KaK TEOPeTUKOB, TaK U
5KCIIePUMEHTAaTOPOB.

TeopeTUKH U 3KCIIePUMEHTATOpPbl BOEPBbIE TIPUIIIM K MUPY M COT/IaCHIO.
Okasasnocs, TpaBbl U Te U Jpyrue — no-ceoemy. OMmera u rnpasjia paBHa eIMHULLE,
Kak TpeOoBaiu OT BceseHHOW TeOPeTHKU, XOTS 3Ty BEJIMUMHY U He TIOMYUUTh
TIPOCTHIM C/IOXKEHWEeM BCero BelllecTBa, W OOBIYHOTO, M TEMHOTO, KaK OHU



rmpeariojidra/jin 110 HaMBHOCTH. CGFO,Z[HH B KOCMOCe He 0osblile BelecTBd, yeM
PaCCUYHUTBIBA/INA Ha6J'I}O,E[aTEJ'II/I. Hukro He 0XHWias, 4HTO B KOCMOCe eCThb CTOJIbKO
TeMHOM JHeprud, u TeM 0ojlee HUKTO He AyMdJl, UTO MMEHHO OHd CTadHeT
B€/IMKHMM MHUPOTBOPLIEM.

Yro ke 370 Takoe? HukTo He 3HaeT. Camasi mpap/ornoobHas fjorajika — 4to
TeMHasi SHeprus Tipe/icTaB/isseT €000 KBaHTOBOE CBOMCTBO KOCMUYECKOTO
BaKyyMa, KOTOpbIM BOBCE He IyCT, a TMOJIOH YaCTWL] U MX [BOMHUKOB WU3
aHTuBelllecTBa. OHM TO BO3HUKAKOT, TO aHHUTWIHMPYIOT, U TIPOUCXOJUT 3TO TaK
ObICTPO, UTO WUX He YCIeBalOT 3aperucTpupoBarh. [10TOMy-TO UX U MpO3BaIU
BUPTYya/bHbIMU UacCTUL[aMH — 3a 3(eMepHOCTb. Benvkoe Hac/ieque KBaHTOBOU
GbuU3MKM — Hayku O MUKpomupe — TpeOyeT, uTOObI MbI OTHEC/JUCh K 3TOU
TUIOTe3e O4YeHb cepbe3HO. Kak[as mapa BUPTya/bHBIX YaCTHL| OKa3bIBaeT Ha
OKpYy)Karolllee TIPOCTPAHCTBO  KPOLLIEYHOe JiaBjieHWe, KOorja HeHaZo0Jiro
BTOpraetcs B Hero. K cokasneHuto, ecyii OLIeHUTb CyMMapHOe OTTajIKUBarolee
«JlaB/ieHre BaKyyMa», KOTOpOe [arT 3a CBOK KPAaTKy >KW3Hb BUDPTYyasbHble
YacTULBl, pe3ynbTaT okaxeTcss 6omee uem B 100 pas Gombite, uem
5KCIIePUMEHTAaIbHO MOTyUeHHOe 3HaueHre KOCMOJIOTUUeCKOU MOCTOSIHHOW. DTOT
MHOXKUTe/Ib 00eCKypa)kvBarollle OTrpDOMEH: Tiepe/l HaMWd CaMoe KpYIHoe
pacxXoXKJeHre Teopry U HaOJIIoieHni 3a BCIO NCTOPUIO HayKHU.

Ia, Mbl TIOHATHSI He UMeeM, B ueM TYT Aesio. OfHakKo 3TO He abCoMOTHOe
HeBeXXeCTBO. TeMHast SHeprusi He MUUTCS TI0 BO/THAM HayUHBIX 3HaHUU 6e3 pysisi
1 0e3 BeTpU/I B BUJE XOTh KaKOW-HUOyAbL Teopuu. OHa oOuUTaeT efBa /i He B
camol THUXOW raBaHU Ha CBeTe — B SMHILTEeMHOBCKUX ypaBHeHUsX 0011leli Teopuu
OTHOCHUTEJIbHOCTU. DTO KOCMOJIOTUYeCKasi TOCTOsiHHast. OTo asmba. Uem Ob1 HU
OKa3asiaCb TeMHasl SHeprus, Mbl y)ke 3HaeM, KaK ee U3MepUTh U KaK pacCuMTaTh
ee BO3/IeiCTBUe B TIPOIIJIOM, HacTosieM U OyayijemM kKocmoca. Tak uTo
Be/Mualiiieid ommOKoW B >KU3HM OWHINTelHA ObLIO Kak pa3 OOBSIBUTH, UTO
nsmbza — ero BenMuaiiiiiast ommokKa.

Oxota B pasrape. Terniepb Mbl 3HaeM, UTO TeMHasi SHEPrusl CyIleCTByeT Ha
camMmoM [lefle, W TPYIIbl acTpPOGU3UKOB 3alyCTWIM MHOroo0elarolye
TIPOrPaMMBbI C I[e/TbI0 U3MEpPUTh PaCcCTOSIHUSI U POCT CTPYKTYpbl BceneHHOM Ha



OCHOBaHUWM [JIJaHHBIX C 3eMHBIX ¥ KOCMHUYECKUX TeJeCKOToB. JTHU HabOmoeHus
TI03BOJISIT U3YUUTh BO BCeX MOAPOOHOCTSX, KaK TeMHasl SHeprusi MoB/usia Ha
WCTOPUIO paciivpeHus BcesieHHOM, Tak UTO TeopeTHKaM OyzeT ueM 3aHSIThCS.
VIM oueHb HY)KHO OIpaBJaTbCs 3a TO, KaK OHM OIO30PWIUCh C OLIeHKOU
KOJINUeCTBa TEMHOMW SHEPTUU.

MoskeT ObITh, HaM HY)XHa Kakasi-TO ajgbrepHatBa OTO? MoxeT ObITh,
crefyeT KapAWHAIbHO mepecMOTpeTh OTHoLleHUss Mexay OTO u KBaHTOBOU
MeXaHUKONU? A MOXKeT ObITh, ellle He POJWICS TOT YMHUK, KOTOPKIM pa3paboTaet
TeOPUI0 TEMHOW SHepPIrum?

JIambga wu pacumpsitoijasicsi BceseHHasi TipyMedaresibHbI  TeM, UTO
OTTa/IKUBaroIL|asi CUjla BO3HUKAeT U3 BaKyyMa, a He U3 Yero-To MaTepyasbHOro.
Korza BakyyM paciuvpsieTcs, MJIOTHOCTb BellleCTBa M U3BECTHOM HaM 3HEPIUuM BO
BceneHHOM yMeHbLIaeTCsi — W TeM CU/bHee CTaHOBUTCS OTHOCHUTE/IbHOE
BO3/lelicTBUe J/1AMOABI Ha TOJIOKeHWe Jen B kKocmoce. UeMm cuiibHee
OTTa/IKMBalolllee faBjeHWe BaKyyMa, TeM BaKyyma Oosiblile, a yeM OoJibliie
BaKyyMa, TeM CHW/IbHee ero OTTaJKWBarollee /aBjieHre — 3TUM U 0OBsICHSeTCs
OeckoHeUHO Bo3pacTatolilee 10 SKCIIOHeHTe pacliupeHue BceeHHOIA.

A crnepoBaresibHO, BCe TO, UTO He CBS3aHO TPaBUTALMOHHBIMM Yy3aMH C
okpecTHOCTSIMU MueuHoro Ilytu, OyneT yaansTbCsi OT HAac C BO3pacTarolieid
CKOPOCTBKO — B paMKax YCKOPSIOL[erocsi pacliMpeHusi TKaHU IPOCTPaHCTBa-
BpemeHU. [lajsieKue rajakTUKH, KOTOpble Mbl cefidac BUIUM Ha HOYHOM Hebe, B
KOHIIe KOHIIOB CKDOKOTCSI 3a HeJOCTW)KUMBIM TOPWU30HTOM, MOCKOJBKY OymyT
yAansaTbCs OT Hac CO CKOPOCThIO Oosblile CKOpocTH cBeTa. [la-7a, Takoe
BO3MOXKHO, IIOCKO/JBKY 5TO He OHHM CaMU [BWXKYTCA 4Yepe3 KOCMHUeCKoe
IIPOCTPAaHCTBO CO CBEpPXCBETOBOM CKOPOCTBIO — 3TO TKaHb CamMoW BceseHHOU
HeceT UX. 3aKOHbI (PU3MKU 3TOT0 He 3arperaor.

ITporiseT OKOJIO TPW/UIMOHA JleT, U BCe JXUBOE B Halllel raJjakTHKe,
BepOsiITHO, He OyJeT 3HaTb, YTO CYI[ECTBYIOT W [Jpyrue rajakTuku. Bcs
Habmofaemast BeeneHHast cBefieTcsi K TOPCTKe OMU3KUX TO/TOKUBYILIMX 3Be37 B
nipefenax Mieunoro [TyTu. A 3a 3Be3[HOUM HOUBIO pacKuHeTcsi Ge3rpaHUyHast
MyCTOTa — ThMa Ha MOBEPXHOCTU Oe3/HBbI.

TemHasi sHeprus, (yHJaMeHTa/bHOE CBOMCTBO KOCMOCA, B KOHI|E KOHIIOB
muimT Oyayiiye TOKO/IeHUs BO3MOXKHOCTH TIOHSITh YCTPOWMCTBO BceneHHOM, ¢
KOTOpDOM OHM HMeIT fenio. Ecid coBpeMeHHble acTpO(U3MKU He OCTaBsIT
MoApOOHbIe 3alMCU MO BCel TajlakTHKe W He 3aKOMalwT WX Trae-Hubynb B
YAVUBUTE/IbHOW KariCyjie BpeMeHHW, PAaCcCUMTaHHOU Ha TPW/UIMOH JieT, y4deHble
TIOCT-aroOKa/IMIITUUeCKOM 3Moxu He OyAyT 3HaTh HUUYEro O rajakTHKax,
I7laBHelIe Qopme opraHusalyyd BelljeCTBa B HallleM KOCMOCe, a
clefloBaTe/IbHO, JIMIIATCSA [OCTyla K CaMblM HWHTEePeCHbIM CTpPaHULIAM



KOCMHUEeCKOH JipaMbl Halller BcesieHHOM.

A Teriepp NO3HAKOMBTECh — MOW CaMbli CTPALLHBIA COH: BAPYT U MbI TOXe
yrycKaeM U3 BUJly Kakue-To dyHJaMeHTa/lbHble CBOMCTBA, KOTOPbIMU 00/1a/iana
Bcenennass B nponuioM? Kakue CTpaHMI[bl KOCMUUYECKOW MCTOPUU TIOMeYeHbI
J/1s1 HaC TpU(OM «COBepIIeHHO CceKpeTHO»? Yero He XBaTaeT B HAILUX TEOPUSIX
Y HaIllMX YPaBHEHUsIX — BAPYT B HUX HeT TOro, 6e3 uero Mol OyZieM BbIHYXK/I€HBI
BEUHO BCJIeMy0 3a/laBaTh BOMPOCHI Oe3 OTBETORB?



7. KocMuueckas Ta0/mia

YToObl OTBETUTh Ha CaMble TPHUBUA/BbHBIE BOMPOCHI, 3a4acTyI0 TPeOYHOTCS
ryO0OKKe 1 OOIIUpHBIe 3HAHKUS 0 KocMoce. Ha ypoke XMMHU B IIIKOJIE 5T CITPOCHIT
yuuTesIsA, OTKY/Ia B3S/TMCh 3/IeMEeHThI U3 Tabmuiibl MeHjeneeBa. OH OTBETHII, UTO
u3 3eMHOM Kopbl. Crmacu6o. He comHeBaroch, uTo 00pasiibl it IIKOJEHOU
nabopaTopuy ObLIM B3SIThl UMEHHO OTTYZd. A OTKYy/la OHU TOSIBUIMCh B 36MHOM
Kope?

OTBeT HY>KHO MCKaTb B 001acTy acTpoHOMUH. Ho Tak M y»K HeoOXOAMMO
3HaTh, OTKY/la B3s71aCh M KaK pa3BHMBasiach BceseHHass, yTOObI OTBETUTh HA 3TOT
BOIpPOC?

Ia, HeobxoaMMoO.

Bo Bpemsi BosibIiioro B3pbiBa BbIpaOOTAIMCh JIMIIL TPU JIEMEHTA M3 BCEX
BCTPEYAOIIUXCS B IPUPO/IE.

Bo BpeMd bobioro B3PhbIBd Bblpa6OTaJ'[I/ICb JIMIIb TPU 3JIeMEHTA
M3 BCEX BCTpeUdrOIuXxcs B IIpUpoe.

A Bce ocTa/bHbIe BbITIJIaB/ieHbl B BBICOKOTeMITepaTypHbIX HeJpax 3Be3[ U
BO BpeMsl B3DbIBOB yMHUpAlOIIUX 3Be3fl, Osarojaps ueMy TMOC/eAYIOIIUe
TIOKOJIeHUs 3Be3/IHbIX CHCTeM CMOIJIA BOCII0/Ib30BAaThCA 3TUMH OorarctBamMu u
chopmMHpOBaTh MJ/IaHEThl, a B HallleM CJlydae ellle U JItofiei.

IIns MHOTWX Tiepyuojuueckass Tabmuila MeHzieneeBa — 3TO Kakas-TO
nosiy3abbiTasi AWKOBMHA, OTPOMHBIM I/IaKaT, pacuepueHHbIM Ha KBaZpaThl C
KaKMMH-TO 3ara/[ouHbIMH OyKBamMH, KOTOPbI OHHU TIOC/AeJIHUNM pa3 BUeTH Ha
cTeHe KabWHeTa XMMHH B IIIKOJIe. A MeXKIy TeM, 3Ta Tab/uila JO/DKHA CIYKUTh
KYJIbTYPHOW MKOHOM, CBUIETE/IbCTBOM YCIIEXOB HayKU KakK 00IIeuesioBeueCcKoro
HauWHaHUsA, JOCTUTHYTHIX M B JTaDOpaTOpUsiX, U Ha YCKOPUTE/ISAX YaCTHI], U Ha
rpaHuIlaX Heu3BeJaHHOTO BO BceneHHOW — Beib OHa TMpefcTaBiseT Co6oit
OpraHU3al[MOHHBIM MPUHIIUMIT XUMHUUYECKOTO TIOBeZIeHUsI BCeX 3/71eMEHTOB BO
BcesnieHHOM, 1 y>Ke U3BECTHbIX, U ellle He OTKPBIThIX.

N Bce Xe TO W Je/l0 Jaxe yueHble HET-HET Ja W COUTyT TalOuIly
MeH/iefieeBa 3TakuM 300T1apKOM HeBU/IaHHBIX 3Bepeil M3 /1eTCKOW KHIDKKU. A
vHaye pa3Be MO)KHO TOBepUTb, UTO HAaTPUM — sIIOBUTHIM pPeaKTUBHBIM MeTasll,
KOTODbIMi MOXXHO pe3aTb CTOJOBbIM HOXXOM, a UHCTBIM XJIOp — BOHIOUMH
CMEpPTOHOCHBIA Ta3, HO eC/JId UX COBMECTUTb, MOJYUUTCS XJIOPH[, HaTpUs —
Oe3BpefiHOe U Jaxe HeoOXoAWMOe [IIs1 JKU3HEeZeITeTbHOCTU COeJuHeHUe,



W3BECTHOE KaK I[OBapeHHas Coyib? A BOAopof C KucjaoposoMm? OpuvH —
B3DBLIBOOMACHBIN Tra3, [IPYroM 3aryCckKaeT IMpOLIeCChl OKUC/IEHUs, a BMECTe OHU
COCTABJISIFOT XKUAKYIO BO/lY, KOTOPOM TYIlIaT OTOHb.

Cpean BceX 3THUX XUMHUUYECKMX TOJIOBOJIOMOK MbI OOHapy>KMBaeM M
3JIeMEHTBI, Wrparolyde Ba)KHYH0 pOJb B >KU3HU Bced BceneHHOW, a MOTOMY
TI03BOJIbTE TIPEJCTaBUTh Tabvily MeHziesieeBa 1/1a3aMy acTpohur3MKa.
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Anpo Bogopozaa COCTOUT BCEro U3 OAHOr0 MPOTOHA, BOT IIOUYeMY 3TO CaMbIi
MPOCTOM W JIETKUM 3JIEMEHT, BO3HUKIIWM LIEJIMKOM W TIOJIHOCTBIO BO BpeMsi
bosibiioro B3peiBa. B mpupoge BcTpeuaroTcs 94 sjemMeHTa, OJHAKO UMEHHO
BOJIOPOJ], COCTaB/sieT Oojiee [JBYX TpeTell BCeXx aTOMOB B Uej0BeUYeCKOM
opranu3me u 6omee 90 % Bcex aTOMOB B KOCMOCe Ha Jit0ObIX MaciTabax BI/IOTh
no ConHeuHou cuctembl. B sijpe MaccuBHOW IuiaHeThl HOmmTep Bomopof
HaXOJUTCS TI0J] TAKMM JIaBJIeHHEM, UTO BefleT cebsi He Kak ras, a Kak MeTajll,
TIPOBOJSALLMNA 3/IEKTPUUYECTBO, U CO3[AeT MarHUTHOe [0jle — caMoe CUJIbHOe
cpeau Bcex MuiaHeT. Bomopop, OTKPbLT aHTTMUCKWNM XMMUK ['eHpu KaBeHguin B
1766 ropy, korga nposoaus skcnepuMmenTs! ¢ H,O (Bogopoz Hezapom moJyuuni
Takoe Ha3BaHMWe). OpHako acTpodu3uKU 3HalOT KaBeHjuilla Kak I1epBOro
y4eHOro, KOTOPbIM pacCyMTal MacCy 3eM/id, MOocje TOr0 Kak U3Mepu/ TOUYHOe
3HaueHWe T'PaBUTALMOHHOU TIOCTOSSHHOM B 3HAMEHUTOM HBIOTOHOBOM 3aKOHe
BCEMUPHOI'O TATOTEHUS.

B npupoje BcTpeuaroTcsi 94 snemMeHTa, OZJHAKO UMEHHO BOJOPOJ]



coctaB/sieT 0Oosiee AByX TpeTeli BCeX aTOMOB B Ue/IOBeUeCKOM
opranusMe u 6omee 90 % Bcex aTOMOB B KOCMOCe

1 nHeM, U HOUbIO, KaXKyH0 CeKyHAy 4,5 MusiMap/a TOHH CTPEMUTETbHO
JBWDKYIIUXCS sifiep BOJIOpO/ia TIPeBpalllaloTCsl B SHEPTHIO, KOT/la CTa/IKUBAIOTCS U
nipeBpalliatoTcs B renuii B siipe CosHila, TemriepaTypa KOTOPOro cocTaBsisieT 15
MUJITUOHOB TPaflyCoB.
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[enuii IMPOKO W3BECTeH KaK ra3 C HU3KOU IUIOTHOCTBI, KOTOPBIU
JIOBOJTLHO JIETKO pa300bITh, a €C/TH BAOXHYTb, OH BDEMEHHO TOBBIIIIAeT YaCTOTY
BUOpAaIMii TOMIOCOBLIX CBSI30K, TaK UTO HauMHAaeIllb MUINATh, Kak MUKKH-Mayc.
lenuii 3aHMMaeT BTOpPOe MECTO Cpeayd S7eMEHTOB M TI0 TIPOCTOTe, W TI0
pacrpoCTpaHEeHHOCTH BO BceneHHoW. XOTS MO pPacrpOCTPAaHEHHOCTU OH OY€Hb
OTCTaeT OT BOJIOPO/ia, BCe >Ke ero B ueThIpe pa3a Oosblile, UeM BCEX OCTa/IbHBIX
37eMeHTOB BO BceneHHoUW BMecTe B3aTbiX. OJWH K3 CTOJIIOB KOCMOJIOTHH
Bonbilioro B3pbiBa — IMpefcKa3aHue, uTo B J00OM 06/1aCcTM KOoCcMoca Teyui
cocrtaBsgeT He MeHee 10 % Bcex aroMOB, U UMEHHO B TaKOM KO/JIHWYeCTBE OH
BO3HUMK B OTHEHHOM Ilape TiepBuYHOM BceneHHou. [TOCKO/IBKY reydid Takke
MOTy4aeTcsi M3 BOAOPOZA B XO/le TEPMOSIIEPHOTO CUMHTe3a B HeApax 3Be3f, B
HEKOTOPBIX 00/1acTAX KOCMOCA, BEPOSITHO, re/ids Hakomuaoch 6Gosbie 10 %,
O/JHAKO, TI0 pacyeTam, ero He MOXKeT ObITb MeHbIIIe — HUT/le, HU B OJJHOM 00/1aCcTH
I'amakTUKH.

JleT 3a TpuAUaTh A0 TOrO, KAaK Te/JIMid OTKPbUIA W BBIJEIWIN Ha 3emile,



AaCTPOHOMBI 3aMeTW/IM €ro B CIIeKTpe COJIHEUHOM KOPOHBbI BO BpeMs I10JIHOTO
coyiHeyHOro 3atmeHus B 1868 rony. Kak Mbl y>ke oTMeyanu, Ha3BaHHe «Tejlui»,
YTO JIOTUYHO, 00pa30BaHO OT UMeHHU ['esioca — fipeBHerpedeckoro 6ora CosHiia.
A TIOCKOJIbKY IJIaBy4YeCThb Trejiisi B BO3Ayxe cocrasisgeT 92 % OT miaByuecTu
BOZIOpPOJia Y TpU 3TOM OH, B OTVIMUKMe OT BOJAOPOJa, He B3PbIBOOIACEH, reui
C/IY>KUT WJlea/IbHbIM Haro/IHATe/IeM [Jisi OTPOMHBIX (DPUTYPHBIX BO3ZAYLIHBIX
mapoB A1 Tmapaza B [lenb bnarosapeHusi, KOTOpBIM yCTpauWBaeT CeTb
yHUBepMaroB «Mbosiicu», — oTuyero «M>siicu» W CTala CaMbIM KPYITHbIM
norpebutesnem 3toro ra3a B CIIIA, ycTymnasi TONbKO apMUH.
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TpeTtuli Mo NpocToTe 371eMeHT BO BceleHHOU — IMTHI: y HEro B sifipe BCEro
TPpU TPOTOHA. JIUTHUM, KaK M BOAOPOJ W Te/ii, BO3HUK BO BpeMsi bosiblioro
B3pbIBa, OJJHAKO, B OTJIMUME OT T'ejTks, KOTOPBIM BhIpabaThiBaeTCs B HeJJpax 3Be3/,
JIUTAW pa3pyllaeTcsd B XOJe BCeX M3BECTHBIX SiZIePHbIX peakiui. Ele opuH
MPOTrHO3 KOCMOJIOTUM BOJIbIIOro B3pbiBa COCTOUT B TOM, YTO aTOMbI JIUTUS
COCTaBJIsItOT He 0Oosiee OFHOTO TIPOL|EHTa BCeX aTOMOB B JitoOoi obsacTu
Bcenennoii. Elije He yz1a0Cch HAWTH HU OIHOM Ta/IaKTUKH, Tl JTUTUS ObILIO ObI
Oosiblile 3TOTO BepxHero ripejiena, 3ajaHHoro bosbiiivM B3peiBoM. CoueTaHue
BEpXHero Tipejiesia JIUTUSI U HWKHEro mnpefena Teaus JaeT MOIHYK Mapy
KOHCTAHT [i/is1 TIPOBEPOK Pa3/IMUHbIX TAIOTE3 B paMKax KOCMOJ0ruu bosibiinoro
B3phbIBa.
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O/ieMeHT YI/Iepofi BXOAUT B OrPOMHOE€ KOJIMYEeCTBO pa3HbIX MOJIEKYT —
coeUHEHU C ero yvyactvueM BO BceneHHoOl 6osblile, ueM BCeX OCTabHbBIX
Pa3HOBU/THOCTE MOJIEKy/l BMeCTe B3SIThIX. YUUThbIBas paclpOCTPAHEHHOCTh
yryiepoia B KOCMOCe — OH BbipabaThiBaeTCsi B si/ipax 3Be37l, BbITEKAeT Ha UX
TIOBEPXHOCTH U B U300M/IMY U3BEPraeTCsl B rajlakKTUUeCKoe MPOCTPAHCTBO — HET
fydiiie 37ieMeHTa, YToObl CTPOUTh OMOXUMHUIO U pa3HooOpa3ue ku3Hu. Criefiom
3a HUM M0 PaClpOCTPaHEeHHOCTH C HeOOJBIIIMM OTPLIBOM UET KUCJIOPO[, — €ro
TOXXe MHOrO BO BcesieHHOW, W OH TOXXe BbIpabaTbiBaeTcsi B 3Be3Jax W
BLICBOOOXK/IaeTCsA, KOT/la OHU B3DHIBAIOTCS. YT/IEPOZ, U KUC/IOPOJ — TJIaBHbIE
WHTPeUeHThI U3BECTHOM HaM >KUBOW MaTepUH.

KpemHuii
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A Kak ke He M3BeCTHasi HaM >KrBasi MaTepusi? UTO MOXKHO CKa3aThb O >KM3HU,
OCHOBAHHOM Ha »37emMeHTe KpeMHUHU? B Tabmuie MeHgeneeBa KpeMHUIN
pacriosiaraeTcss MpsIMO TIOf, YIVIepO/IOM, TO €CTh, B TIPUHLIUIE, CIOCOOeH
co3/iaBaTh Takoe ke Ooraroe mopTdoaro monekysn. [IpaBaa, B KOHIe KOHILIOB, TI0
HaIllMM pacueTaMm, obeNT BCe-TaKu YI/Iepo/], OCKOMBKY BO BceneHHOM ero B
necsitb pa3 Oosbiiie, yeM KpemHUs. Ho 3TO He ocTaHaB/MBaeT mucaresei-
(aHTaCcTOB, KOTOpbIE [lep>KaT 5K300HOJIOTOB B TIOCTOSIHHOM HarpsDKeHUH,
TIPUIYMbIBasi pa3/IMUHbBIX KPeMHUM-OpraHuYe CKUX WHOTIJIAaHeTSH.

Hampuii
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Hatpuii He TO/ILKO BXOAUT B COCTAaB MOBapEHHOW COJIM, HO U MPeJCTaB/sieT
coboif Ha CerofHsi CaMblii PACMpPOCTPaHEHHbI CBETSIIUICS Ta3 B YIWYHBIX



¢doHapsix. HaTtpueBbie famIibl TOPAT AO/bIIE U sipue JamIl HaKaJWBaHUSI, XOTs,
BEpPOSITHO, CKOPO UX BBITECHSAT CBETOAMO/IHbIE, KOTOPbIE TIPH TOM >Ke MOIIHOCTH
ropaT spue W o0xogsATcs JereBne. HarpueBble JlaMribl  ObIBalOT — JIBYX
Pa3HOBUHOCTEM: JITaMITbl BLICOKOTO /laB/IeHHs, [arolilye >KeJITOBaTO-0esbili CBeT,
u Gosiee pefiKyie JIaMITbl HU3KOTO /laB/ieHUsi — opaHkeBble. CBETOBOe 3arpsis3HeHue
Heba B /r000OM cyiydae BpefHO /s aCTPOPU3UKW, OFHAKO, OKa3bIBaeTCH,
HaTpUEBbIE JIaMITbl HU3KOrO [laBJ€HWsS HEMHOIO Jyullle, TTOCKOJIbKY CBET,
KOTOPBIM OHH 3arpsi3HSIOT He0o, jierde BHIUECTh U3 U300pa’keHUM, TI0TyuaeMbIX
TeslecKoriamMy. IIpyMep COTpyJHHUECTBa TI'Pa’KJAaHCKOTO OOIeCcTBa U YUEHBIX
nojgan ropox TakcoH B 1mTare Apu3oHa — Omwkaiimuii kK HarjpoHanbHOM
obcepBatopuu KutT-ITUK KpyITHbIN HaceeHHBIM MYHKT: er0 MyHULIUIA/IATET T10
JIOTOBOPEHHOCTH C MECTHBIMU acTpo(dU3MKaMu 3aMeHUJ BO BCeX Y/IWYHBIX
(dhoHapsix JlaMrbl HaKaIMBaHWS Ha HAaTpUeBble HU3KOT'O JiaB/IeHUsl.

AmomMuHuu
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AsmromuHMM cocTtapisieT moutd 10 % 3eMHOM KOpbI, OJTHAKO JPEBHUE JIFOIU
€ro He 3Ha/IM, a HAIlMM IparpajiefijaM OH ObIT B JWUKOBUHKY. OJTOT 3/IEMEHT
yIalI0Ch BBIIEJTUTh U OIMCATh JIKIIL B 1827 rofy, a B 00MX0/ OH BOILIe/ JIUIIIb B
KoHIle 60-x rozoB XX Beka, Korjla Ha CMeHY >KeCTSHbIM KOHCEepBHbIM OaHKaM U
OJIOBSIHHOM (hosibre TMPHUIIUIA a/IFOMUHHEBbIe KOHCEPBHbIe OaHKM M, KOHEUHO,
anmoMuHKeBast ¢Gosbra (XoTs KOHCepBHbIe OaHKM MbI MHOTZIA TI0 CTaPUHKE 30BEM
)KeCTssHKamu). [lonMpoBaHHBIA — aTtOMUHUW — TMPAKTAUUYECKU WjleabHbIA
OoTpaXkaTelb BUJMMOIO CBeTa, II03TOMY CETrOAHS HMEHHO WM TOKPBIBAOT
OOMBIIMHCTBO 3epKaJl /IJIsl TeIeCKOIIOB.
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TutaH moTHee amoMuHUS B 1,7 pa3a u mipu 3ToM Oosiee uem B/BOe
nipouHee. [To3ToMy TUTaH, [|eBSThIN 110 PaClIPOCTPAHEHHOCTH 3/IeMEHT B 3eMHOM
KOope, B Hallld [HU TpeeTcss B JyuyaxX 3ac/y>KeHHOW C/iaBbl: eMy Hallllu
MHOKECTBO TpPUMEeHEeHWI, B TOM UHC/e B TIpPOTe3ax U B JleTajlsix BOEHHbIX
CaMOoJIeTOB, CJIOBOM, Be3/ie, T/ie Hy>KeH JIerKuii, HO OYeHb IMPOYHbIN MeTasll.

[Toutu Be3zse B KOCMOCEe aTOMbl KHUCJIOpOJa TPEBOCXOJSAT YKUCIOM aTOMbI
yrnepoga. [Tocsie TOro kKak Bce aTOMbI yI7iepojJia pacxBaTajau JOCTYIHbIe aTOMbI
Kuciopozia (copmMupoBaB TakuM 00pa3oM JIMOO YIVIEKUC/IBIM, MO0 yrapHbIH
ra3), OCTaBIINICS KUCOPOJ, COeANHSIeTCS C IPYTUMU 3/ieMeHTaMu, HaripuMep, C
TuTaHoM. CrieKTpbl KpPaCHBIX 3Be3[] TMOJIHbI CUTHATyp OKCH/la TUTaHa, KOTODbIH,
BIIPOYEM, BCTPEUAeTCsl U B 3eMHBIX 3Be3/laX, TTOCKO/IbKY 3Be3/uarbie carn@upbl U
pyOuHbI 00s13aHBI CBOMMH CBEpKAIOI[UMH y30paMU WMEHHO BKparjieHUsiM
OKCH/Ia TUTaHA B KPUCTA/I/TUUECKYIO PElleTKY.

Bosnee Toro, Genasi Kpacka, KOTOPOU TOKPBIBAIOT KYTi0Jia TeieCKOIOB, TOXe
COIepXXUT OKCHJT TUTaHA, KOTOPbI KO BCEMY TpoueMy TpPeKpacHO OTpakaet
MHGPAKPAaCHYI 4YacThb CIEKTpa, MO3TOMY BO3/AyX BOKPYT TeJjieCKOIa ropaszo
MeHbIlle HarpeBaeTCsi OT COJIHEYHOTO cBeTa. Houblo, KOTZa KYTOJ OTKPBIT,
TemriepaTypa BO3/lyXa B Kyrojie BOKDYT Tejieckora ObICTPO BbIDaBHUBAETCS C
TemrepaTypoii HOUHOTO BO3/[yXa, I03TOMY CBeT OT 3Be3[] U IPyTMX KOCMUUYEeCKUX
00bEeKTOB BUJIeH UeTKO U He3amyTHeHHO. CBoe Ha3BaHWe TUTaH TOIYUYWI He B
YeCTh KaKOr0-TO KOCMUUECKOTO 00BeKTa, a HeroCpeiCTBeHHO B UeCTb TUTAHOB
U3 JIpeBHerpeueckoii Mu@osoruu, XoTs TUTaHOM TakKe Ha3bIBAalOT CaMbIii
Gosbliioi cryTHUK CarypHa.
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JKene30 Mo HECKOIBKMM MapamMeTpaM CYUTAeTCsl B’KHEHWIIMM 3/IeMEHTOM
BO BcesilenHo#. MaccuBHBIe 3Be3/ibl BLIPDAOATHIBAIOT 3/IEMEHTHI B CBOEM siJIpe B
crefyrolleM MOPSiiKe: CHadasa Tejivi, TTIOTOM YIVIepOZ, KUC/IOPOZA, a30T U TaK
nanee 1o tabmuiie MeHgeneea. B sgpe jkene3a 26 MPOTOHOB W 10 MeHbIIIEH
Mepe CTO/IbKO >XKe HEMTPOHOB, U y HEro eCTh OHO 0COOeHHOe CBOMCTBO: Cpeu
BCEX AaTOMHBIX SiIep Y HEero MeHbIlle BCEro SHEPruM TMPUXOAUTCS Ha OJHY
yactully. M3 sToro ciemyetr mpoCTouW BbIBO/J|: €C/IM pacClleryisiTb aTOMBbI JKejie3a,
oHu OymyT Tor/IoNiaTth 3Hepruto. M ecnm co3maBarh aTOMBI XKejle3a B IIpoliecce
TEPMOSIZIEPHOTO CHHTe3a, OHHM ToKe OyayT Toriomiath 5>Hepruio. Korma
MaCCHBHbIE 3Be3/lbl BbIpa0aThIBalOT M HaKallJIMBAIOT ’Keje30 B CBOMX HeZpax,
OHU PUCKYIOT >)KM3HbI0. be3 MOIIIHOro MCTOYHMKA SHEePruu 3Be3/ja CXJ/IOMbIBAeTCS
1o/, COOCTBEHHBIM BECOM, ITPOMCXOAMT CTPAIIHBIM B3pPBIB — W II0JyYaeTCs
CBEPXHOBasi, KOTOpasi HeZIeJIF0 HaIMpOJIeT CUSET sipue MUJIMap/a 3Be3/.

T'aanuu
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Msrkui mMeTayl ra/ylid MJIaBUTCS MPU TakKOW HU3KOU TeMrleparype, UTo
roTeveT y BaC Ha JlaJJOHM, KaK MacIO Kakao. B ocrajbHOM, NOMHUMO 3TOrO
caZlioHHOro (PoKyca, ra/uii At acTpoM3UKOB HUYEM He WHTepeceH, Kpome
TOTO, YTO OH BXOAUT B COCTAaB XJIOpWJA Tajuiksi, KOTOPbIM MNPUMEHSIETCS B
9KCTIepUMeHTaxX 10 OOHapy)KeHWI0 Hey/JIOBUMBIX COJTHEUHBIX HEHTPHHO.
OrpomHBIi, Ha CTO TOHH, MOA3eMHbI 0akK C JXHUAKAM XJIOPUJIOM TasuIvs
HaXOJWUTCS IO/l TOCTOSHHBIM HAOMIOeHHeM: ydeHble >KAYT, Korja HeHWTPUHO
CTOJIKHYTCS C spaMu Ta/uyIusi W M0OpeBpaTAT MX B repManud. OT 3TOro
CTOJIKHOBEHUSI HCIYCKaeTCsl PEHTreHOBCKOe W3ydyeHue, U €ero-To "
PErucTpUPYIOT MPHUOOPHI KaXK/AbIH pa3, Korja HeUTPUHO TIomajaeT B sipo. Ilpu
TIOMOIITM TIOZIOOHBIX «TEJIeCKOTIOB» CriepBa OOHApY)KW/IHM, 4YTO Ha 3eMJIo
NpuieTaeT MeHbIle HEUTPUHO, 4YeM [pe/iCKa3blBaeT TeOopUs COJIHEUHOIO
HYK/IEOCHHTe3a, M STOT TMapaJloKC HeCKOIbKO [JeCATWIeTUH OCTaBajCs
HepelleHHbIM, [0Ka JIpyrue 3KCIepUMEHThI He TTI0Ka3a/id, YTO HEUTPHUHO TTPOCTO
yMEIOT Ha JIeTy MeHSTb CBOM TWI, TIpeBpalllasiCb B HEBUJUMOK JIJisl Ta/l/TMeBBIX
[leTeKTOPOB.

TexHeyuti
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OD/IeMeHT TexXHeI[UH PaJu0aKTHBEeH BO Bcex dopMax. HeyauBHUTebHO, UTO
Ha 3em/je OH BCTPEUAeTCS TOJBKO B YCKOPUTE/SIX YaCTHI], T/Ae €ero
W3rOTaB/MBAIOT TI0 TPeOOBaHMIO. 3a 3TO TeXHEIWH U TOJyYr/ CBOe Ha3BaHUe —
OT ZIPeBHEIPEUECKOI0 «TeXHETOC», «MCKYCCTBEHHbIM». I10 He BIO/IHE TTOHATHBLIM
MIPUUYHHAM TeXHEIMH 00uTaeT B aTMocdepax 0JHOro 0cob0ro moABHAa KpaCHbIX
3Be3/. Camo 110 cebe 3TO He CTPAIITHO, OIHAKO MTEePUO/] TIONyPACIiaZia y TeXHeLst
COCTaB/IsIeT BCEro /iBa MWUIMOHA JIeT, a 3TO TOpasZio MeHbIlle Bo3pacTa U
OXKM/Ia€MOM  TIPOZIO/DKUTEIbHOCTH  JKU3HM TeX 3Be3[, B KOTOPBIX €ro
oOHapy>kuBaroT. To eCcTb TeXHelMid MNPUCYTCTBYeT B COCTABe 3Be3/bl HE OT
POXK/JE€HHSI — MHAUe K HallleMy BPEMEHM ero ObI TaM y>Ke He 0CTa/loCh. A Kpome
TOrO, HE W3BECTHO HH OJHOI0 MEXaHW3Ma, KOTOPBIM MO3BOJIS/I Obl TEXHEILHIO
BbIpa0aTLIBAaTLCSA B HEZ[pax 3Be3/Ibl, a 3aTEM MPOCAUMBaThCS Ha IOBEPXHOCTD, I/e
MbI ero Hab/H0aeM, ¥ 3TO TPUBEJIO K POXKJEHUIO BCEBO3MOXKHBIX 3K30THUECKHX
TEOPHH, KOTOPBIM ellle TMPeACTOUT JOOUThCS KOHCEHCYCa B acTpO(MH3NUYECKOM
coobirecTBe.

Hpuoduti
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Wpuauii Hapsay C OCMUEM U TIJIaTUHOW — OJIUH U3 TPeX CaMbIX TSDKEbIX
(unTall — TUIOTHBIX) 3/IeMEHTOB B Tabsuile MeHzieieeBa: 1Ba Kyonueckux dyra
VIpUJUS, TO €CTh IPUMEpPHO 57 JIMTPOB, BeCAT KakK «BbIOMK», TakK UTO U3 UPUAUS
TI0/Ty4aroTCs yUIlFie B MUpe TIpecc-Tiarnbe, KOTOPbIM HUTIOUeM Jito0ble ouCcHbIe
BEHTU/ISITOPBI. Kpome TOro, UpyUiii — CaMblidi U3BECTHBIU Ha CBETE «bIMSILAUCS
MUCTOJIeT»: TOHKUU C/I0M UPUUS 3ajieraeT Ha 3HAMEHWUTOW MeJI-Tla/le0reHOBOU
rpaHULle TeoJIOTMYeCKUX TI/1aCTOB, BO3HUKILIEW 65 MWUIMOHOB JIeT Hasaj,
(CTapoXWiibl Ha3bIBalOT ee Men-TpeTuuyHoM). OTHIAb He C/IydalhHO HMEHHO
TOT/Ia BBIMEPJ/IA BCe CyXOITyTHBIE >KUBOTHBIE pa3MepoM 0O0JIbIlle CaKBOsDKa, B TOM
yrc/ie HallM ro0uMble  AWHO3aBphl. Ha TmoBepxHOCTH 3emM/id  UPUIWN
BCTPEUYaeTCsl PeJIKO, OHAKO JOBOJIbHO PaclpOCTPaHeH B 1€ CITUKAIOMETPOBBIX
MeTa//IMYeCKUX acTepoujiax, KOTOpble, Bpe3aBLIWCh B 3eM/I0, IpU yJape
WCTIapsUTUCh U PaCTbLISIZIM CBOM aTOMbI. Tak 4To, Kakod Obl HU Oblja Bailia
nmobumasi Teopus BBIMMpPAHUs [WHO3aBPOB, II€PBbLIM ITYHKTOM B CITUCKe
BEPOSITHBIX KaH/IUZATOB BCe paBHO OyzaeT acTrepou-yOuiilla pa3mMepoM C
OBepecT.

DUHWMeltHuu
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He 3Hato, Kak OTHECCSl K 3TOMy caM CTapyuHa AJib0epT, HO TOcC/e MepBbIX
WCTILITAaHUM BOJOPOIHOM OOMOBI Ha arosiie OHUBeTOK 1 Hos16psi 1952 roga B
Pa/IM0aKTHBHOM MYycCOpe OOHapy>KW/IM HOBBIH 3/IeMeHT, KOTOPOMY Jlalu HMs
«3UHIITeNHWI» . JIMUHO 51 Ha3Basl ObI €T0 «apMare/|ZIOHU».

Mexxay TeMm JiecsiTb 37eMeHTOB B Tabnuile MeH/ieneeBa ObIIM Ha3BaHbI B
yecTb HeOeCHBIX TeJl, Bpaljarouuxcsi BOKpyr ComHLa.

doceop
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dochop — CIOBO [JpeBHETPEUECKOrO TMPOUCXOXKAEHUS U O3HauaeT
«CBETOHOCHBIM»: TaK B JIDEBHOCTU Ha3biBaiu TulaHeTy BeHepy, Korja OHa
TIOSIBJISITIACh Ha TIpefi3akaTHOM Hebe.



Cenen

(r N

78.96

Se

Selenium
\_ J

Cenen IMOJ/JIYy4n/1 Hd3BdHHME€ OT CJ/IOBd «CenneHa» — Tak APEBHUE T'DEKH
HNMEHOBAJ/IN HYHy — W BCerga d4aCCOOUHPOBAJICA C 3JIEMEHTOM TeJlNIYpHUEM,
KOTOprﬁ Ha3BaH B UeCTb 3eMJIH OT JIaTUHCKOIO «TeJIIYyC».

IJepuil u naanaduti

4 )
58 140.12

e

Cerium




106. 4

Pd

Palladium
\_ J

1 suBaps 1801 roma wranbsHCKUM acTpoHOM [Dxy3errie I[Ihanm OTKpbLT
HOBYIO TIlJlaHeTy, KoTopasi BpaujaeTrcsi 1o opbutre Bokpyr ConHia B
TIO/03PUTE/ILHO LIMPOKOM MPOMexyTke Mexzay Mapcom u FOnurtepom. B
COOTBETCTBUU B Tpaviivell Ha3bIBaTh IJIaHEThl B UeCTh PUMCKUX OOrOB HOBOE
HebecHoe Tesmo HasBanu lLlepepoil B uecTh OoruHM ypoxkas. HayuHoe
C0o0011[eCTBO MPUIILIO B TaKOe BOJTHEHWE, UTO MePBbIA 37IeMeHT, OTKPBITHIM MOCe
9TOM JaThl, Ha3Baiu LiepueM. [Iporiio fBa rosja — v 6bula 06Hapy»keHa ellje ofHa
IJ1aHeTa, Bpalarolascs Bokpyr CosHIla B TOM Ke IIPOMeXXyTKe, 4to U Llepepa.
Ee Ha3Banu [lannafoii — B ueCTh pUMCKOM OOTUHU MyAPOCTH, — a 3aTeM, Kak U B
ciyyae ¢ Llepepol, fanyu COOTBETCTBYOLLee UMS IIePBOMY 3JIEMEHTY, OTKPbITOMY
nocsie 3Toro. OH HasbiBaeTCs nauiazuil. HeCKoybko fecsaTUieThii Crycrsi 3STOMy
decTuBan0 Ha3BaHWU TpUIle/ KOHell. BbUIM OTKDBITHI AECITKU TOA00HBIX
TIJIaHeT B TOM >Ke OpOMTa/IbHOM 30He, U TIaTe/bHbIA aHa/Iu3 MOKa3asl, UTo OHU
BO MHOIO pa3 MeHblle CaMbIX MajleHbKMX W3BeCTHbIX IUiaHeT. B ConHeuHOU
CUCTeMe HalUIM HOBbIM, TaK CKa3aTb, Y4YaCTOK 3aCTPOMKH, HaCeJleHHbIN
MeIKUMU 00/IOMKaM¥ KaMHSI ¥ MeTaJjljla HellpaBWiIbHOM ¢opmbl. OKa3anock, UTo
Llepepa u [lannaga — He mMyaHeThbl, a acTePOM/bl, U OOWUTAIOT OHU B TosICe
acTepou/Ji0B, B KOTOPOM, KaK Mbl Telepb 3HaeM, HaXO[ATCHA [eCATKUA ThbICIY
00BbeKTOB — a 3T0 HeMHOro 00JIbIlIe, UeM 371eMeHTOB B Tabsule MeH/ieneesa.

Pmympb




4 )
80 200.59

Hg

Mercury
N\ J

Metann pTyTh, KOTOpBIM TPU KOMHATHOW TemriepaType MpeObiBaeT B
YKUJIKOM 1 OBICTPOTEKYUYeM COCTOSIHWMM, Ha MHOTHX $13bIKaX Ha3bIBaeTCsl B UeCTh
riaHeThl MepKypuid, camoii ObicTpoii u3 muiaHeT COMHEYHON CHUCTeMbl, a Ta
TIO/TyUn/ia UMs B 4eCTb ObICTPOHOTOTO PUMCKOT0 O0ra-BeCTHUKA.

Toputi

g
90 232.04

Th

Thorium
\_ J

Topuii Ha3bIBaeTcsi B 4YeCTh Topa — MOTy4uero CKaHJWHABCKOTro Oora-
rpoMOBepKijla. B pHMCKOM I1aHTeOHE €My COOTBETCTBYeT MOTy4ui 6or-
rpomoBepkel| FOmuTep. Y kocmuueckuii Tesieckon umMeHH Xab6ma ¥ B camoM
nene — cinaBa HOmurepy! — yBuzen B MOMSPHBIX 00/acTSX 3TOW TUIaHETHI, B
TOJILLle TPO30BBIX Ty4, MOILHbIE 3/IEKTPUUYECKHEe Pa3psi/bl.




Ypau

4 )
92 238.03

Uranium
\_ J

Mosi nmtobumas miaHeta — CarypH (riocie 3emsu, KoHeuHo, HO CaTypH
C/IelyIOLIMI), OHAKO B YECTb Hee, YBbI, He Ha3bIBa/lM XUMUUECKUX 3JIeMEHTOB,
3aTo y YpaHa, HenryHa u IlnyToHa B Tabmuile MeHie/ieeBa eCTh 3HAMEHUThIE
KPeCTHUKHU. J7ieMeHT ypaH OblT OTKPHIT B 1789 rozly 1 Ha3BaH B UeCTb IJIaHETHI,
oOHapy>keHHOUW YuibsiMoMm [epiiiesieM Bcero 3a BoCeMb JeT /0 3Toro. Bce
M30TOMbl ypaHa HecTabW/IbHBI, OHU CTIOHTAHHO pacraflaloTcst Ha Ooree JjierKue
3/IEeMeHTbI, W S3TOT TIPOIIECC COTPOBOXKAAETCsS BBLICBOOOXK/IEHHWEM SHEepPTHHU.
[lepBasi B uictropuu atoMHasi Oom0Oa, MCIO/b30BaHHAsI B BOEHHBIX 1e/isiX, Oblia
co3zaHa Ha ocHoBe ypaHa. CoenuHeHHble [llTatei Amepuku cOpocunu ee Ha
XupocuMmy 6 aBrycra 1945 roga v rpakTuueCcKy CTep/iv 3TOT SAIOHCKUK TOpPOJ, C
maua 3ems. B anpe ypaHa — 92 mpoToHa, MO3TOMY ero IPUHATO CYMTAaThb
«CaMbIM KPYITHbIM» 3JIEMEHTOM, BCTPEUarOLMMCsl B IPUPOJe, XOTS B yPaHOBBIX
IIIaXTaX HaXOZST CJiefibl ellje 6osiee KPYITHBIX 37IEMEHTOB.

HenmyHuti




[237]

Np

Neptunium
. J

Ecmu YpaH 3acnyxuBaeT, uroObl B ero uecTb Ha3Bajud 3/eMeHT, TO U
Hentyn HuueMm He xyxe. O/IHaKo, B OT/IMUKEe OT ypaHa, KOTOPBIM ObLT OTKPBIT
BCKOpe TOC/e TUlaHeThl, HENTYHUM OOHApY)XW/IW JMIlb B COPOKOBbIE TOfIbI
TIPOIIJIOTO BeKa Ha LIUK/IOTPOHe B Bepkin — To eCTh COyCTs 1jesibix 97 jieT moce
TOrO, KaK HeMel[KMi acTpoHoM MoranH ['amse y3Han HenTyH B MSTHBIIIKE Ha
HeOOCK/IOHe, MOsIBJIeHWe KOTOPOTO B 3TOM MeCTe M B 3TO BpeMms TipejcKasas
dpaHiy3ckuii Matematuk JKosed ze Bepbe, u3yuaBIMii CTpaHHOE TOBefieHUe
YpaHa Ha opbuTte. HerityH B ContHeuHOM CUCTeMe HaxOUTCs cpa3y mocje YpaHa
— TaK U HeTNITyHul B Tabmuile MeH iesieeBa CTOUT Cpa3y 3a YpaHOM.

ITaymoHuti

,,
[244]
Plutonium
\_ .

Ha tuknorpoHe B Bepk/iv OTKpbIM (WM MOMYUYWIN?) MHOTHE 3/1eMEeHThI,



He BCTpevawlecss B MPUPOAE, B TOM UKUC/Ie TUIyTOHWUW, KOTODbIM CTOWUT B
Tabuile CeIyrOIIUM T0C/Ie HEeMTYHUSI M Ha3BaH B ueCTh [11yToHa, a OTKPbUI ero
Knaiim Tom60 B ApusoHckoii obcepBatopuu Jlaysmma B 1930 romy. OTO
OTKDBITHE BbI3BAJi0 He MEHBLIIYI0 CeHcaluio, yeM oOHapykeHue Llepeps 129
rojlaMu pasbiiie. [11yToH Obla MepBOii MyIaHeTOM, KOTOPYHO OTKPhLT aMepHKaHel],
U B OTCyTCTBUe O0osiee KaueCTBEHHBIX J[aHHBIX CUWTAIM, YTO 3Ta IUIaHeTa
COToCTaBMMa 0 pa3MepaM U Macce C 3emseid, a MOXeT ObITb, U C YpaHOM U
HenrynoMm. IlpeanpuHuManuce BCe HOBble TMIONBITKA TOYHEe W3MEepHUTh
rnapameTpnl IlnyToHa, ¥ MOJy4yanoCh, UYTO OH BCe MeHbIle W MeHblle.
[IpencrapnieHusi 0 rabapuTax 3ToW MJlaHEThl CTAOMIU3UPOBAIUCH JIUIITh K KOHITY
80-x rogoB XX Beka. Terepp Mbl 3Haem, UTO XOJIOAHBIA jeAsHOU [1ayToH — C
OOJIBIIIMM OTPLIBOM CaMbIi MaJjieHbKUM U3 [IEBSITU TI/IaHeT, OH JlaXke MeHbIIle, yeM
11eCTb CaMbIX KPYITHBIX JiyH B CO/THEUHOU CHhCTeMe. BBIIIO Kak ¢ acTeponiaMu:
BIIOC/IEICTBUM Ha BHelllHeM Kpae COJIHeUHOU cuUCTeMbl ObLIM OOHApY>KeHBI
COTHU HeOeCHBIX Ten C opOUTaMu, TOXOKUMHU Ha opbuty IlinyToHa, 4UTO
T10JIOKUJIO KOHeL| ero Kapbepe IuiaHeTbl. bojiee TOro, yueHsle OTKPBIIN paHee He
W3BECTHYIO 00/1aCTh, 3allO/IHEHHYH) MeJKWUMU JieISHbIMU O0beKTaMu, — Tak
Ha3blBaeMbl 1osic koMeT Koiirepa, K Kotopomy npuHagiaexuT u [lnyton. C
5TOW TOUKM 3peHUsi MOXHO yTBepkjaTb, uto llepepa, [lamnmaga w Ilnyton
riposie3y B Tabuily MeH/iesieeBa 1o Mo//IOXKHBIM IOKyMeHTaM.

HecTtabumbHbii 060TalieHHbIH My TOHUM Tak)Ke UCTI0b30BasICsi B BOEHHbIX
1ensx W Obul aKTUBHBIM WHIPEJUEHTOM aTOMHOM OOMOBI, KOTOpYHO
Coenunennbie Iltatel cOpocunmu Ha Haracaku Bcero uepe3 TpU [HS TOCTe
XUpOCHMBI, UTO U TIOJIOKUIO KOHel] Bropoii mMupoBoii BoitHe. Hebosbliue
KO/MUecTBa HeoOOrail[eHHOrO paZIM0aKTUBHOTO TUTYTOHUSI TMPUMEHSIFOT Kak
TOIUIUBO B PaJIMOU30TOITHBIX TePMO3JIeKTPUUYECKUX reHepaTopax (COKpalleHHO
PUTOT, a kak ke ellle) HA KOCMMUYECKUX 30HJIaX, KOTOpbIe OTIIPABJ/SIOT Ha
BHelllHWe Kpasi CO/THeYHOW CUCTEMBI, I7le MHTeHCMBHOCTH COJTHEYHOIO CBeTa
HACTO/IbKO HU3Ka, UTO UCI0J/Ib30BaTh COJTHEUHbIe OaTapen yxxe Hesb3s. [1onKuio
TUTyTOHUSI XBaTaeT, uTOObl CreHepUpPOBATh AeCSITh MU/UIMOHOB KUJIOBATT-UuaCoOB
TETUIOBOM SHEPruM, a 3TOT0 [IOCTaTOYHO, 4YTOObI OObIYHAsi 3MeKTprUYecKas
JIaMIIOYKa Tropejia OAWHHAALATh ThICAY JIeT — WIU JJis TPONUTAHUS OJHOIO
ye/ioBeKa B TeUyeHUEe TaKOro >Ke BpeMeHU, eCIu Obl Mbl MUTAIUCh s/IePHBIM
TOILJINBOM, a He MPOAYKTaMU K3 CyliepMapKerTa.

Hamie kocmMuyeckoe TIyTellleCTBHMe TI0  TepHOAMYECKod  Tabiwmie



MeH/iesieeBa TOAXOAUT K KOHIYy — Mbl TI0ObIBa/iM M Ha rpaHuijax CoyiHeuHoM
CUCTEeMbI, U fiaxke fasbliie. [To mpuurHaM, KOTOPBIX 5 TIOKA He TMOHKWMal0, MHOTHe
MO HeAo/F00/IMBAIOT XUMUKAThI, UTO OTYACTH OOBSICHSIET YIOPCTBO OOpIIOB
TPOTUB «XMMUMW» B Tuille. MoyKeT, [iei0 B TOM, UTO T'OJIOBOJIOMHbIE Ha3BaHUs
XUMUUeCKUX COeIMHEHW OueHb YK CTpalliHbl Ha BU/l. OJJHAaKO B 3TOM BHHOBAThI
XUMHUKH, 4 He XUMHUSI U He XUMUKATbl. JIMUHO S /TO0/II0 XUMHUKAThl — BO BCel
BcenenHoil. Befib M3 HMX COCTOAT U MOU JitOOMMbIe 3Be3/lbl, © MO JTyUIllHe

NPy3bsl.



\8. IITap — ugeanbHas popma

B kocMoce mouTu He ObIBaeT HMUEr0 OCTPOTO W YIVIOBAaTOTO — KpOMe
KPUCTa/IJIOB U 00/IOMKOB KaMHsl. B Tipupofie yacTo BCTpeYarOTCsl TpejMeThl U
CyIIecTBa yJUBUTENbHON (POPMbI, OFJHAKO OCOOEHHO MHOTO KPYIJIOTO: CITHMCOK
BCero I1apooOpa3Horo TpakThUuecKu OeCKOHeueH, OT MbLIbHBIX TTy3bIpei [0
Habroaemoii BeeneHHoM Kak TakoBoi. IIpocTeie u3nueckue 3aKOHbI QUeHb
CMOCOOCTBYIOT BO3HMKHOBEHUIO UMEHHO cdep, a He [PYyTUX reOMeTpruuecKux
dopM. DTO HACTOMBKO OUEBUJHO, UTO Mbl, KOTZA CTaBUM MbIC/IEHHbIE
SKCMepPUMEHTHI, 3a4acTylO0 MpeAriojaraeM, uto 4ro-To uMeeT (opmy cdepsl,
MMEHHO [IjIsi TOTO, UTOOBI Y/IOBUTh OCHOBHbIE TIPUHIIUIBI U 3aKOHOMEPHOCTH,
Jlake ec/iM 3HaeM, YTO Ha CaMOM /jiejie TIpeAMeT COBCeM He IapoobpaseH.
Kopoue roBopsi, ec/ii He OHKWMaelllb, YTO MPOMCXOJUT B Cy4ae c(epbl, Helb3s
TIpeTeH/I0BaTh Ha TO, UTO pa3bupaeliibcsi B 6a30Boi u3mke npeamMera.

Cdeprl B mprpozie CO3AAOTCS MO, BAUSHUEM Pa3/IMUHBIX CHUJI, HallpuMep,
TIOBEPXHOCTHOTO HAaTsDKeHUs, KOTOpOe XOueT, 4ToObl mpeAMeTbl ObLIM Kak
MO)XHO MeHbllle TI0 BCeM HarpaBieHUssM. [lOBepXHOCTHOe HaTs>KeHue
JKUAKOCTU, CO3Zatolliee MblIbHbIE My3bIpU, CTUCKUBAET BO3yX CO BCEX CTOPOH.
Llesib my3bIpsi — B CUMTaHHbIe MCHOBEHUsI OXBAaTWUTh 3a/laHHBIN 00beM BO3/yxa
TIOBEPXHOCTBI0 MUHUMAJIbHOM Ti1oMafd. Tak Mmy3bIph MOMYYUTCS MaKCUMa/IbHO
TIPDOYHBIM, TIOCKOJIbKY MbIJIbHOW TIUJIEHKE He TPUIETCS pPaCTATUBAThCA U
CTAaHOBUTHCS TOHBIIIE HACYIITHO Heobxoaumoro. [IpocTeie BBIUMC/IeHNS, KOTOPhIe
T0J|, CWJy CTapLIeK/IaCCHUKY, MOKaXYT, YTO eAUHCTBeHHasi (popMa, Jaroliiasi Iipu
3aZlaHHOM 00beMe MHHUMAJbHYIO TIIOIIa/lb 3aMKHYTOM MOBEPXHOCTHU, — 3TO
uneanbHass cdepa. bomee TOro, MOXKHO ObIIO OBl 3KOHOMHMTH MWJITHAD/IbI
JI0/UIapOB €XXeroflH0 Ha yMaKOBOUHBIX MaTrepuasaX, ecid Obl BCHO YIIAKOBKY U
[/isl TIepeBO30K, M B MarasvHax jiefiany mapoobpa3sHoil. CKaxkeM, CO/leP>KUMOe
GosibIiol KOpOOKU KYyKYpYy3HBIX KOJiedek [I/isi 3aBTpaKa JIerko yMeCTU/I0Ch Obl B
chepuueckyro Tauky paauycoM B 12 caHTumeTpoB. OfHAKO MpaKTHUeCcKue
coobpaxxeHusi OepyT Bepx: HUKTO He XOUeT TOHSThCS 3a I1apooOpa3HbIMU
MPOAYKTaMHU M0 MPoXo/iaM CyriepMapKeTa, eC/IM OHU CTy4YaiiHO yMaAyT C TOJIKU.

Ha 3emse u3roraB/ivBaTh IIaPUKU MOXXHO TIPOMBIIIEHHO — HarpuMmep,
eC/IA KaraTb OTMepeHHbIe /103bl PACIIaBJIeHHOT0 MeTasjia B MyOOKyH IIaxTy.
Kak rmpaBwIo, Karuisi, HEMHOTO TOKO/bIXaBIIKMCh, TPUHUMAaeT C(epruyecKyro
dbopmy, HO eli HY)KHO ellle HEKOTOpOe BpeMs, UTOObI 3aCThITh, MpeX/e 4eM
ynactb Ha AHO. Ha opbuTanbHBIX KOCMUUECKUX CTaHLIUSX, T7e BCe MpeMeThI
HUYEro He BeCST, MO)XHO TPOCTO aKKypaTHEHbKO OphI3raTh OTMepPeHHbIMU



KO/TMUeCTBAaM{ pacIl/IaBJIeHHOTO MeTajyla BO BCE€ CTOPOHBI, a TOTOM CITOKOWHO
)K/IaTh: IIIAPUKU OydyT BHCETb B BO3/[yXe W OCTbIBaTb M B KOHI|e KOHI[OB
TIPEBPATSATCS B HeabHble Chepbl — OBEPXHOCTHOE HATSDKEHUe CefaeT 3a Bac
BCIO pabory.

[lpocTble  BbIYMC/IEHUS,  KOTOpble  TOJ ~ CWIy  Jaxe
CTaplLIeK/IaCCHUKY, MOKaXyT, UYTO eJUHCTBeHHas1 ¢opMa, Jaroliiast Ipu
3aZlaHHOM  0o0beMe  MUWHMMANbHYIO  TUIOIIQ[b  3aMKHYTOMU
TIOBEPXHOCTH, — 3TO UJeanbHas cdepa.

KpyrHble KoCMHUUeCKHMe OOBeKTbI CTAHOBATCS KpYIVILIMH Omarofaps
CrOBOpY 3HEpPruu C rpaBuTanued. ['paBuTalusi — 3TO CWJIa, KOTOpasi 3aCTaB/IsieT
BeIIeCTBO CXJIOMBIBAaThCS TI0 BCEM HarlpaB/IeHHsIM, HO OHAa He Bcerjja obexx/iaer,
MOCKO/IbKY XWUMHUYEeCKHe CBSI3W TBEP/IbIX Te/l OUeHb MPOYHBI. ['MManau BbIPOC/IU
TIPOTHB 3€MHOTO TATOTeHMsl O/1aroapsi MPOYHOCTH KPUCTa/uIMUeCcKuX rmopog. Ho
Tpesk/ie ueM BOCXMIIaThCs Be/lMueCTBeHHbIMU FOpaMM Ha Cylle, C/ielyeT yuecCTb,
YTO pacCTosiHWe OT JHa TITyOOKOBOAHBIX OKEaHCKHWX BITaJMH [0 BepIIVH
BBICOYAMIIIMUX TOP COCTAaB/SIET MPUMEPHO [Ba/llaThb KWU/IOMETPOB, a AUaMeTP
3emsii — okosio 12 000 kusomeTpoB. Tak 4TO BCe 3TO T'MTaHTCKUE BBICOTHI U
IyOMHBI JIMIIL C TOYKKA 3PeHHs KPOIIEUHBIX JIIOAMIIEK, KOIIOMIAIUXCS Ha
TTIOBEPXHOCTH, a KaK KOCMUUeCKHM 00beKT 3eM/isl Ha yAuBeHHWe rafkas. Ecmm
Obl y Bac ObLI CyrepOrpOMHbBIM BeJIMKAHCKWM T1ajiel], ¥ Bbl MPOBeU Obl UM I10
3eMHOI TIOBEPXHOCTH (BMeCTe C ropaMyd M OKeaHaMH), 3eMJisi TIOKa3asach Obl
BaM TIJIaJIKOM, CIOBHO OwsbspAHbIf 1miap. IllukapHble goporwe rao0ychl, Ha
KOTOPBLIX BBIJIETVIEH 3eMHOM penbed, — 3TO rpybetiiiiiee mpeyBenvueHve. Bor
rnoueMy 3eM/isi W3 KOCMOCA BBIIVISAUT TOUb-B-TOUb HJeaqbHON cdepori —
HECMOTpPSI Ha BCe CBOMW TOpbl W [OJIMHBL, @ TakKXe Ha TO, UTO OHA CJierka
CIUTEOLL[eHA C TTOJIFOCOB.

K ToMmy >ke 3emMHbIe TOpbl — Cylljasg €pyH/ia MO CPaBHEHUIO C ropamMyd Ha
apyrux tenax CosHeuHOW cucteMbl. Camas BbICOKas ropa Ha Mapce — ropa
OnvMn — MeeT BbICOTY ToUTH 20 KWJIOMETPOB U IIUPHUHY Y OCHOBAaHUS — ITOYTH
500 kwnomertpoB. Ilo cpaBHeHMio ¢ Heu ropa Mak-Kunmu Ha Assicke —
HU3eHbKUU MypaBerHUK. KocMuuecKkuii MeTos; CTPOUTEeTbCTBA TOP OY€Hb MPOCT:
yeM MeHbllle TPaBUTALUsSI Ha TIOBEPXHOCTH OOBEKTA, TEM BBIIIE TMOTYUYaAOTCS
ropbl. 3eMHbIe TOpbl He MOTYT ObITb HAaMHOTO BbIIlIe TOpbl OBEpecT, HWHaue
HIDKHUE CJIOU CKa/IbHBIX MOPOJ, TIOAAAAYTCS U MPOCSAYT TOA, BecoM ropel. Eciu



rpaBUTALMsl Ha TOBEPXHOCTH TBEPJOro Teja J0CTaTOYHO HU3Ka, XUMHUeCKHe
CBSI3U B CKa/bHBIX TOpPOJiaX COMPOTUBJ/ISIIOTCS /IaBJIEHUIO COOCTBEHHOIO Beca
Topozi. A Toryia BO3MOKHA MPAKTUYeCKH Jirobast hopma.

IIBe camble 3HaMeHUThIe HebecHble He-cepbl — 310 Poboc u [eiimoc,
CryTHUKM Mapca, HeCKOJIbKO TIOX0KMe Ha are/lbCUHOBBIe 10/bKi. Ha ®oboce,

CpeJHUI IUaMeTp KOTOPOro Bcero 22 KWaoMeTpa, uenoBeK BecoM B 70 3eMHBIX
KWJIOTPaMMOB Becu Okl Bcero 115 rpammoB.

IIBe camble 3HaMeHUTbIe HebecHble He-cepbl — 3To Poboc u

Hetimoc, criyTHUKM Mapca, HeCKO/IbKO TIOXO)KHe Ha arebCHHOBBIE
NONBbKU.

B kocMmoce TIOBepXHOCTHOe HaTsDKeHHWe BCerJa 3acTaB/sieT Karuiio
YKUIKOCTU TIpUHKUMaTh (opmy cdepbl. Ecii BUAUIL MasieHbKOe TBep/j0e TeJio
TIOZI03pUTENbHO 111ap000pa3Hoil (OPMbI, PE30HHO TPEeAIONIOKUTb, UTO OHO
nproOpeJio ee B paciljiaBieHHOM COCTOSIHUW. Ec/M y Kariy uiv KOMKa BelljecTBa
oueHb OosIbIIIasi Macca, OHU MOTYT COCTOSITb MIPAKTUUEeCKHU W3 Uero yrofiHo, a YK
rpaBUTALUS IPOCIEAUT, YTOObI OHU CTa/IU I1ap000Opa3HBIMHU.



M - Marh pale




Henmoc

Bonbiliie ¥ MaccuBHbIe oO6silaka rasa B TajlakTHKe MOTYT CAMIMATbCS U
o0Opa3oBbIBaTh TIOUTH H7easbHbIe ra3oBble cepbl — 3Be3fbl. Ho eciu 3Be3na
OKa3bIBaeTCsl CJUIIKOM O/MM3K0 K JApyroMy OOBEeKTy €O 3HauMTebHOU
rpaBuTalMel, cepa UCKaXKaeTCst — BeIleCTBO 3Be3/ibl OTPhIBaeTCs OT Hee. Korza
sl TOBOPHO «CJIMIIIKOM O/IM3KO», TO UMeEI0 B BUAY «CJIMIIIKOM OJIM3KO K TIOJIOCTU
Porinia sgpyroro o6bekTa»: 3T0 00/1aCTh, Ha3BaHHAs B UeCTh MaTeMaTHKa J/yap/a
Porna, >xuBiero B cepefuHe XIX Beka, KOTOpPbIM M3y4as rPaBUTALMOHHbIE TIOJISI
B OKDECTHOCTSIX JJBOMHBIX 3Be3/. TeopeTruecku MonocTh Poiiia — 310 06bemHast
obo/siouka B BHjle TaHTeM, OKpY»Karoilas /o0ble gBa 00BeKTa, KOTOpbIe
JBWKYTCSL TI0 opbuTam Jpyr BOKpYT nApyra. Eciu razoobpasHoe BeljecTBO U3
OfiHOTO 0OBEeKTa BBIXOJUT M3 CBOel 00OI0UKM, OHO TaZiaeT Ha BTOPOM OOBEKT.



OTO CIVIOWIb M PSLOM C/ydaeTCsl y [JBOMHBIX 3Be3[, KOrZza OJHa W3 HUX
pa30yxaeT, CTaHOBUTCSI KDACHBIM TMTAHTOM U TIeperoJiHsieT CBOO M0JI0CTh Poriia.
Torzma ¢opma KpacHOro ruraHTa repectaeT ObITh chepuueckoll U HarlOMUHaeT
BBITSHYTYIO0 KOH(eTy-Tpro¢esnb. bonee Toro, To U feyio ciayvaercs, 4To OfHa U3
3Be37; B [lape — yepHasl Jblpa, I10JI0KeHHe KOTOPOW MOXKHO OIlpe/ie/IMTh TOJIbKO
10 TOMY, KaK OHa 0OZMpaeT CBOIO KOMIaHbOHKY. Crivpany rasa, TAHYIIUeCs OT
rUraHra 4yepe3 ero II0JOCTb Poma, pasorpeBarOTCs [O KOJIOCCA/IbHBIX
TeMIlepaTyp W CHayaja HaulMHAarT CBETUTHCS, a IOTOM MCYe3arT B Hezpax
YEpHOU [IbIPBI.

3Be3/ibl Ta/llaKTUKKW MileuHblid ITyTh 00pa3yroT OO/BINON TIIOCKWN IHCK.
CooTHolIeHre auaMeTpa K TOJIIUHE Y HErO COCTaB/IsIeT ThICSUY K OJIHOMY, TaK
YTO Hallla TrajlakKTHKa IUIOIIe CaMOro TUIOCKOTO O/iMHa Ha cBeTe. JTO JaxKe
Gosblile 1TOX0XKe Ha KaKyr-HUOy/b TOpTU/IbI0. HeT, auick Mneunoro ITyTtu TOuHO
He cdepa, OJHAKO, BepPOATHO, W3HauajdbHO Hamla ['ajakTvka To)ke Oblia
1rapoo6pa3sHoii.

Kak oHa cTasia TI0CKOM, MOHATb HeTPYAHO: TPeICTaBUM cebe, UTO KOTZa-TO
lanakTrka Oblyia OOJBIIMM I11apO0OpPA3HLIM 00/IAKOM KOJUIATICHPYIOIEro rasa,
KOTOpOe Me/IJIeHHO Bpalljasioch. IIpu Kosinarice 1ap Bpairiajics Bce ObICTpee U
ObicTpee — Kak (DUT'YPUCTBI, KOTAA OHU TIP>KMMAIOT PYKU K Tely, uTOObI
YCKOPUThL BpaillleHWe. ['ajakTHMKa eCcTeCTBeHHBbIM 00pa3oM CIUIIOIIMBA/Iach C
TI0JIFOCOB, a I[eHTPOOEXKHBIe CUJIbI TIPeIOTBPAILla/TH KOJUIATIC B I[eHTpe AucKa. Tak
yTO ec/id Obl KOJI000K yB/eKCs PUTypPHBIM KaTaHWUEM — B paHHEM [IeTCTBe, KOTza
€ro ellle He UCTIEeK/TH, — TIJIOX0M KOHel] y CKa3KHM HacTaJsl Obl ellle paHbIIle.

Bce 3Be3/bl, chopmupoBasiivecss B obsake Mneunoro IlyTy fo kosnarica,
BpAIIlAalOTCSl 0 IIMPOKHMM BBICOKOCKOPOCTHBIM OpOuTaM. OcCTaBIIMMCS ras,
JIeTKO HaJIMTIAOIIUM caM Ha cebst, OyATO B BO3/lyXe CTA/IKMBAIOTCS JiBe TOpsurie
3e(pMpUHBI, 3aCTpeBaeT B CepeiuHe [uWCKa U OTBeyaeT 3a BCe IOC/AeAYIOIIue
TIOKOJIEHUs 3Be3/l, B TOM uuc/e U 3a ConHue. B Hamm quu Meunsi [1yTh He
CXJIOTIBIBAETC M He  paCIIMpsieTCs, TIOCKOJIbKY TIpe/iCTaB/isieT  COOoM
I'PaBUTALIMOHHO CO3PEBIIYI0 CHCTEMY, T7ie 3Be3/ibl, BpalllaroIiecs Mo opouTam
HaJ| ¥ TI0Jl JUCKOM, MOYXHO CUMTaTh CKe/leTOM MepBOHauaIbHOTO CepruecKkoro
ra3oBoro obsaxa.

B nenom Bpaujaromuecss mpeAaMeThl YIUIOIIAKOTCS, M WMEHHO IT03TOMY
IiameTp 3eMJid OT MOJIr0ca JI0 TO/Cca MeHbllle, yeM AuaMeTp y 3kBaropa. He
OoueHb 3aMeTHO, Bcero Ha 0,3 %, npumepHo Ha 40 KuoMeTpoB. OfHAKO 3emiist



MaJsieHbKasl, 10 Oonbllieli yacTh TBepjas U BpalljaeTcsi coBceM He ObicTpo. B
3eMHBIX CyTKax 24 yaca, Tak UTO Hallla IJlaHeTa [epeHOCUT TO, UTO HAXOAUTCS y
Hee Ha JKBaTope, CO CKOpoCThbO Bcero-to 1600 kumomMerpoB B yac. CpaBHUM
X0Ts1 ObI TPOMa/IHY10, CTPEMUTE/ILHO Bpalllalolytocsi ra3oByto rnaaHeTy CarypH.
CyTtku Ha CaTrypHe 1p0oJIeTar0T BCEro 3a [jeCATh C [I0JIOBUHOW YaCoB, TaK UTO ero
9KBaTOp Bpaijaercss co ckopoctbto 35 000 KuiomeTpoB B yac, a guaMeTp OT
1oJiroca K mosrocy Ha nenbix 10 % MeHbllle, yeM B CepeiuHe: 3Ta pasHMULIA
3aMeTHa Jla)ke B MaJleHbKWH JTF0OMTeTbCKUM TeJieCKOI.

B 3eMHBIX CyTKax 24 yaca, TakK YTO Hallla [JIaHeTa MepeHOCHT To,
YTO HAXOAUTCS y Hee Ha S5KBaTope, CO CKOPOCTbrO Bcero-to 1600
KUJIOMETPOB B Uac.

CruitocHyThie cepbl TIPUHATO Ha3blBaThb CKaTbiMU chepousiamu, a cdepsl,
BLITSHYTbIE OT TI0JIFOCA K TIOMIOCY, — BBITAHYTHIMU cdeponiaMu. B 0ObIUHOM
JKU3HU TIPeKPaCHbIMH, TyCTh M HECKOJIbKO TPOTECKHBIMH IIPUMEPAMHM 00enx
reoMeTpuueckux GopM ciayKaT ramOyprep v XoT-0T COOTBeTCTBeHHO. He 3Hato,
KaKk BaM, a CTOMT MHe OTBe/aThb ramOyprep, Kak s Cpa3y >ke BCIIOMHHAIO O
Carypmhe.

YToObl OLIeHUTh TeMIT BpallleHusl [ja/leKuX KOCMHUeCKUX OOBeKTOB, MbI
BBIUMC/ISIEM CUIy [IeWCTBUSI 1IeHTPOOeXXHbIX Ccul. Bo3bmem, K TipuMepy,
my/ibcapbl. BpalljaloTcsi OHM CO CKOPOCTbIO 0oJbllie ThICSSUM OOOPOTOB B
CeKyHly, TaK UTO Mbl TIOHMMaeM, UTO CJieJlaHbl OHU He U3 OOBIYHBIX
CTpoiiMaTepuasioB — HMHaue pasjeTenuch Obl B K/IOukd. Bosee Toro, ecmu Obl
Mmy/ibcap Bpalljascs elle ObICTpee, Hy, CKakeM, co ckopocThio 4500 060poTOB B
CeKyH/ly, ero 5KBaTop JBHWrasncs Obl CO CKOPOCTbIO CBeTa, TaK UTO Cpasy
TIOHSATHO, UTO BeI[eCTBO IyJbCapa He Takoe, KakK y Apyrux 3Be3fl. YToOwI
npe/icTaBUTh ce0e My/bcap, HYy)KHO MbICJeHHO yTpamboBarh maccy CosHIla B
map pasmepoM ¢ ManxasTtreH. CioxxHo? Torza morpo6yiite Boo6pasuTh CTO
MUJJTMOHOB CJIOHOB B THOOWKe OT ryOHOM momagpl. UTOOBI [OCTHUL Takou
IJIOTHOCTH, IPUZETCST CKaTh BCe IMyCTOe TIPOCTPAHCTBO BOKPYT aTOMHBIX Si/iep U
MeXy S37eKTPOHaMM, BpalllaloluMucs 1o opburtam. [Ipy 3TOM TMOUTH BCe
5JIEKTPOHBI (OTpHULIATE/IbHO 3apsyKeHHbIe) OKaKyTCS TpMKaTbl K IIPOTOHAM
(TMIO/I0)KUTEIBHO 3apspKeHHBbIM) U TIOJIYYMTCSL L1ap U3 HEeWTPOHOB (HeWTpabHO
3apsKeHHBIX) C HeBOOOpa3uMoii rpaBUTal[iel Ha TTIOBEePXHOCTH.



Yrobbl mpeacTaBUTH cebe Mysnbcap, HY)KHO  MBbICTIEHHO
yTpamboBatk Maccy CosHia B 111ap pasmepoM ¢ ManxasTTeH. C/10)KHO?
Torga nonpoOyiiTe BOOOpasuTh CTO MUITMOHOB CJIOHOB B TIOOMKE OT
ryOHOl moMazibl.

[Tpy TaKUX yC/IOBUSIX TOPHBIN KPSDK Ha HEUTPOHHOM 3Be3/ie MOXKeT ObITb He
BbIIlIe TOJIIIVMHBI OyMa)XHOTO JIMCTKA, a Ha BOCXOXK/eHHe Ha Hero y Bac yujer
Oosibliie cul, ueM Ha 3eMse — Ha BOCXOXKZIeHUWe Ha TOpYy BBICOTOM MSTb ThICSY
KWIOMeTpoB. Kopoue roBopsi, Tam, T[e TrpaBUTaliUsl CWIbHA, BCE BBICOKOE
CK/IOHHO TIPOBAJ/IMBAaThCSi U 3aMOHATh HU3WHBI — TIPSAMO-Taku Oubneiickas
KapTHHA: «IIPUTOTOBLTe IyTh [0CIOAY, NpSIMbIMU CJle/laliTe B CcTenu cTe3u bory
HallleMy; BCSIKMM [10J1 [la HarOJIHWTCS, M BCSIKasg ropa U XOJM Ja TOHMU3ATCS,
KPWBU3HBI BBINPSIMSATCS ¥ HEPOBHbIe TIyTH CAe/atoTcs magkumm» (Vcais 40:4).
BoT oT/MuHbIM pelienT M3roToBieHus cdepbl! VIMEHHO MO3TOMY Mbl CUMTaeM,
YTO My/bCapbl — CaMble uzeanbHble cepnl BO BceneHHOM.

[Tpu n3yueHun GOraThix CKOTUIEHWH TajlaKTHK MX 00Ijasi popMa 0 MHOTOM
ropoput actpopusvkam. OAHU JiOXMaTble, Apyrve pacTsHYTbl TOHKHWMU
BOJIOKHaMH, a TPeTbU — CJIOBHO OTPOMHbIe JUCKU. HU OHO M3 3TUX CKOIJIeHUH
He TIPUHSIO CTaOWIBbHYH0 C TOUKM 3peHus rpaBUTaluU chepuueckyro (opmy.
Hekotopble U3 HUX TakK pacTAHYTBL, YTO COCTaB/AIOLINE WX TaJlaKTUKU He
cmornu 6bl 3a 14 MWIIMapzoB JieT — Bo3pacT BceneHHol — mepeceub UX U3
KOHIIA B KOHell. MBI fjejiaeM BBIBOZ, YTO CKOILJIEHHEe TaKUM POAUJIOCH, TIOCKOJIBKY
y B3aUMHOTO TIPUTSDKEHUS] MEX/y rajakKTMKaMW He XBaTWIO BPeMeHU, UTOOBI
TIOB/IUSATH Ha (DOPMY CKOTU/IEHUS.

OpHako ecTb U ipyrve CUCTeMbl, Harlpyumep, KpacuMBoe CKoruieHue Bomoc
BepoHuKY, C KOTOPBIM MBI [T03HAKOMW/IUCH B I71aBe O TEMHOM BellleCTBe, — OHU
cpa3y TOBOpSIT HaM, 4YTO CTaiyd I1apoobpasHbiMu Onarozapsi TrpaBHTaLUU.
ITosTOMY BCe rajakTHKU B UX IpejesiaxX ABWKYTCS B Pa3sHBIX Halpab/eHUsAX C
paBHOM BepOSATHOCTbIO. OJHAKO B TakOM Cjlyyae CKOIUIEHWe He MOXKeT
BpaLLaThCsl I0CTaTOUHO OBICTPO, MHAUYe OHO Obl CILIIOIIM/IOCH, KaK CIUTIOL{MIaCh
rajakTvka Mieunsii [1yTs.

Ckoruienue Bosioc Beponuku, kak 1 Miieunsiii [1yTh, ripesicTaBsieT coboi
3pesiyl0 TpaBUTALMOHHYIO cucteMy. Ha acTpodusnueckom >xaprose nojo0HbIe
CHCTeMbI Ha3bIBAKOTCSA PeIaKCUPOBAaBIIMMHU — 3TO O3HayaeT cpa3y MHOroe, B TOM
yuc/ie HeOXKUZaHHOe 00CTOSITeNTbCTBO, UTO CPeHSISI CKOPOCTh Ta/IaKTUK B TAaKOM



CKOTLJIEHUHU CJIY’)KUT TIpeKpacHOM mepoii o61ieil Macchl, HECMOTPSI Ha TO UTO B
00BbeKTax, IO KOTOPbIM BBIUMC/IIETCS 3Ta CPeJHSIA CKOPOCTb, COZEPKUTCS
BeCbMa MaJiagd 4YaCTb STOM MacChl. VIMEHHO MO3TOMY TpaBUTALIMOHHO
penakCUpPOBaBIlIMe CUCTEMbI TaK XOPOLIO BbIJJAKOT Ha/JUUYUE HECBETSIErocs
TeMHOro BelljecTBa. 51 Bam Oosbllle CKaxKy: eciv Obl He peakCUpOBaBILIKe
CUCTEMBI, Mbl Obl, BEPOSITHO, W TI0 CeM [eHb He OTKPbIIM Be3zecylijee TeMHOe
BeLL[eCTBO.

Camasi 6onbliiasi U coBepilieHHasi cepa Ha cBeTe — BceM cdepam chepa —
9T0 Bcs Habmogaemasi BcenenHasi. Kyma Obl MbI HM TIOCMOTpE/IH, TaJaKTHUKU
YAA/SIFOTCS OT HaC CO CKOPOCTBIO, TIPONOPLIMOHAIBHOM PacCTOSIHUIO 10 HUX. Kak
Mbl y3Ha/ld M3 TMEPBbIX I/laB, 3TO 3HAMEHUTBIM TIPHU3HAK pPaCUIUPEHUst
BceleHHOM, KOTOPBIM OTKpbUT 3ABUH Xab06s B 1929 roay. Eciu cBecTy BoeguHO
SUHIITEMHOBCKYK)  OTHOCUTE/IbHOCTb, KOHEYHOCTb CKODOCTA CBeTa WU
MPOCTPaHCTBEHHOEe pa3pekeHre MacChl U SHEPrUU Kak CjiefiICTBUE paClIvpeHus
BceneHHOW, B KaXKZJOM HarpaB/J€eHUM OT HAC Ha KaKOM-TO PACCTOSSHUU CKOPOCTb
yJlaJieHus rajJlakTUK JOCTUraeT CKOpoCTy cBeta. Ha 3TOM paccTosiHuu U fajbliie
CBET OT BCex OOBEKTOB TepsieT BCIHO JHEpPrUi0, He YCIieB [lo/ieTeTh /10 Hac.
[Tostomy BceneHHass 3a rmipeenamMy 3TOW C(epUUECKON «TPAHULIbI», B
CYLJHOCTH, HEBHUIUMA U, HACKOJIbKO Mbl MOXKEM CYIUTb, HEITOCTHKUMA.

Camasi Gosbiliast ¥ coBepilieHHasi cpepa Ha cBeTe — BceM chepam
cdepa — 310 BCs Hab/oaeMasi BeeneHHast.

CornacHO OJHOMY W3 BapHWaHTOB He TepsitOlleld TOMY/ASPHOCTH WZeU
MHO)XeCTBeHHOM BcesieHHOH, ee COCTaB/AIOT He OTAe/bHble BceneHHble, a
V30/IMpOBaHHble, He B3aWMOZENUCTBYIOLMe [Jpyr C JPYyroM KapMaHHbIe
TIPOCTPAHCTBA B TpejiesiaX OfHOM HerpepbIBHOM TKaHW MPOCTPaHCTBAa-BpeMeHU
— Kak OyATo MOpe, B KOTOPOM TIaBalOT KOpabsiu, HaxoAsiuecs Jpyr OT Apyra
TaK /lajieKo, UTO MX KpYIJIble TOPU30HTHI He TepecekatoTcsi. C TOUKM 3peHust
KaXkoro kopabnsi (6e3 JOTMOSHUTENbHBIX [JaHHBIX) OH — eIUHCTBEHHBIM B
OKeaHe, HO Ha CaMOM /ieJie Bce KOpaO/iv T/1aBaroT TI0 OJHOU U TOM >Ke Bo/ie.




Cdeprl — Ooraredinvii TeopeTUYECKWNW WHCTPYMEHT, TO3BOJISFOIIUNA
MIPUHLUMNMANBHO pelllaTh caMble pa3Hble acTpodusnueckuve 3azauv. OJHaKO
HeJb3s1 TBOPUTH cebe Kymupa u3 cepbl. MHe TO U /1e/i0 BCTIOMUHAETCSl CTaphblIid
AaHeKJOT O TOM, KaK [OBbICUTH Hajou. CrenuanucT-CKOTOBOJ CKaKeT:
«PaccMoTpuM palloH /10MHOUW KOpOBbI». VH)KeHep MpeaioxuT: «PaccMoTpum
KOHCTPYKLIMIO [JIOWIbHBIX amnrapaToB». A acTpodus3uK C XOAy HadHeT:
«PaccmoTpum cdhepuueckyro KOpOBY B BaKyyMe»...

B KaX/10H1 LIyTKe eCTb [J0JIs [PaB/bl.



9. He3puMBblii CBeT

Kak cmpaHHuka npugemcmayli mo, Wmo CmpaHHo.
I'opayuo, — Ha Hebe u 3eme
Ecmb MHO20e, umo u He cHu/i0ch dadce Hayke.

Y. Illexcnup. «"amaem» (nep. I1. 'Heduua)

flo 1800 rosa CrOBO «CBeT» 03HAYaA0 MCKIFOUMTENbHO BU/MMBIA CBeT
(MoMHUMO CBOero BTOpPOroO 3HaueHusi «Mup»). OpHako B Hauase 1800 roza
AHIVIMMCKUM aCTPOHOM YuibsiM [epliiesib 3aMeTU1 Terio, KOTOpoe MOT BbI3BaTh
JIUIIL  CBET, HEBUIWMBIM uesioBeueckOMy T/a3dy. [epiienb ObLT OMBITHBIN
5KCIIEPUMEHTAaTop — 3TO OH OTKpbUI IUlaHeTy YpaH B 1781 ropy, a Ternepn
VICCJIeZIoBa/l COOTHOLLIEHUE MeXKY COJTHEUHBIM CBETOM, LIBETOM U TETJIOM.

Hauan oH ¢ TOro, 4TO MPOMYCTUI COJTHEUHBIM JIyU CKBO3b IpU3My. B 3TOM
He ObUIO HUUETro HOBOTO. JTO Mpo/esibiBa elile c3p Mcaak Hetoton B XVII Beke,
YTO Y TI03BOJIM/IO €My IepeurCc/IuTh BCeM H3BeCTHbIe CeMb LIBETOB CIIeKTpa —
KpaCHBIM, OPaH)KeBbIH, »Ke/IThIN, 3e/IeHbIM, romy0oi, cuHUN 1 (hHOo/IeTOBBIN (fa-
na, «Kaxapli OXOTHUK >KejlaeT 3HaTh, rae cUAuT daszaH»). OpHako [epiiesnb
KOTTHY/I elle TyOyke U 3a/1a/icsi BOMPOCOM, KaKOBa TeMIieparypa KaKZoro liBeTa.
OH nocTaBu/ TepMOMeTPHI B pa3Hble YUaCTKU PaZyryd — U 0Ka3aaoCh, YTO, KaK
OH U OXHJasa, B I0J0CaxX pa3HOro LjBeTa TepMOMETPhI IOKa3bIBaly Pa3HYHo
Temrieparypy. (Hago otMeTuTh, UTO aCTPOHOMBI OKOHYATe/IbHO MPeBPaTU/IMCh B
acTpodu3uKoB uillb B cepeauHe XIX Beka, Korja CHeKTPOMeTp — OpyAue
¢u3UKa — Haua/ M MPUMEHSITh [Jisl PellieHHs] aCTPOHOMUYeCcKUX 3agau. A B 1895
romy ObIT OCHOBAaH TPeCTWKHbIM >XypHan «The Astrophysical Journal»,
T10/]3ar0JIOBOK KOTOPOTO T/acul: «MeXKIyHapoAHbI 0030p CITIeKTPOCKONHHU U
aCTPOHOMMUECKOW (DU3UKN».)



MR
A

YunesaMm I'epiesns

YToObI 3KCIiepuMeHT OblT KaueCTBEHHBIM, HEOOXOAUM «KOHTPOJIb», TO eCTh
v3MepeHue, TIPU KOTOPOM He OKUJaelllb TPOHab/ofaTh HUKAKoro 3d¢dekTa,
CBOEro pojia MpOBepKa TOTO, UTO Thl U3Mepsielllb, Ha «IyPaKOyCTOMUUBOCTbY.
CkaxkeMm, eCjid Bbl XOTWUTE y3HaTb, KaK B/WseT TMWUBO Ha THOJIbIIAHBI, HY)KHO
BLIPACTUTh BTOPOU TIOJIbIIAH, TOUYHO TAKOM >Ke, KaK TepBbIi, HO MO/IMBaTh €ro He
TTMBOM, a Bofiol. Ecyiu 06a 3acoXHYT — ec/iu Bbl yObeTe 000UX — aKoroJib TYT HU
nipu ueM. BoOT /17151 uero Hy>kHa KOHTPOJIbHasI TPYTITIa.

[epiiesib 3TO 3Ha/ U TOJOXKUI TEPMOMETD BHe CIeKTpa, PsifioM C KpaCHOU
TI0JIOCOM: Ka3asochb Obl, TaM [0/DKHa OBITh MPOCTO KOMHATHasi TeMrieparypa.
OpHako Bce OKasajioch MHaue. TemriepaTypa Ha KOHTPOJBHOM TepMOMeETpe
TIO/IHS/IACh a’Ke BhIIIIe, UeM B KPACHOM rosioce.



I'epitresib nmcait:

51 denaro 8bIB0O, UMO U KpACHbIL c8em He 0aem MAakCuMAaabHO20
menia; B603MOMCHO, MAKCUMYM Jexdcum 3ad npedeaamu 8uoumoll
pedpakyuu. B makom ciyuae uztyuaemoe menjio OOAHCHO NO KpatiHetl
Mepe omuacmu, eciu He NOAHOCMbIO, cocmosimb — 0a 6ydem MHe
no3eoneHo0  mak  6blpa3umbCsi — U3 He3puMo=20  c8emda;
a cnedosamenbHo, u3 jyuell, ucxodswux om ConHYya, HO HAOeAeHHbIX

maxKkum umny/ibCom, 4mo OHU yiice He 8UOUMbI 2/1(13_)112.

C yma coutu!

[epiiiesib HerpeZjHaMepeHHO OTKPbLI MH(paKpacHbIM CBET — COBEpIIeHHO
HOBYI0 YaCTh CIIEKTpa «HWKe» (MMEHHO 3TO 3HAUWT JIaTUHCKas MPUCTaBKa
«vH(pa») KPacCHOTo, 0 YeM U CKa3aHO B MEepPBOM U3 YeTbIpexX ero Ctared Ha 3Ty
TeMy.

OtkpeiTHe ['epiienst Ajsi aCTDPOHOMUM — BCE€ PABHO UTO OTKPbITHE AHTOHHU
BaH JleBeHI'yKa, KOTOpbIA YyBUjleJ «MHOXXECTBO OU€Hb MaJIeHbKUX >KUBBIX
3BEePIOLLIEK, MPEMU/IO CYeTSIUXCS» B KareabKe 03€pPHOM BO/IbI (0 UeM M Hanumcasl
B JlongoHckoe KoposeBckoe obiectBo 10 okTsbpss 1676 ropa). JleBeHTyK
OTKPBLT OJTHOK/IETOUHbIE OpraHU3Mbl — Oronoruueckyto Beenennyto. [epiiesns —
HOBBIU /IMana30oH CBeTa.

U To, 1 Jpyroe npsATasoCh OT HEBOOPY>KEHHOTO I71a3a.

Npen T'epiuens TyT ke ToAxBaTWIU apyrue ucciaenosarend. B 1801 roay
HeMellKui ¢u3uK U ¢dapmalieBT MoraHnH Bunbresibm PUTTep OTKPBUI ellle OfUH
[ivaria3oH HeBUAMMOro ceeta. OfHako Putrep BMeCTO TepMoMeTpa IOMECTHII 110
IIeMOTKe CBEeTOUYBCTBUTE/ILHOTO XJI0pU/ia cepedpa B KaXK/Iyt0 TI0JI0CY BUAUMOTO
CTIeKTpa, a TaKke B TeMHYyI 0071acTb Bo37e (hro/ieTOBOrO KOHIla criektpa. U,
KOHEYHO, XJIopu/, cepebpa B HEOCBell[eHHOM T0/I0Ce TIOTeMHeJ CUjibHee, UYeM B
(b10/1eTOBOM.

A uto cnepyer 3a (uonetoBbiM? I[lpaBuUnbHO — yabTpaduoneT, OT
JTATUHCKOTO «YJIETPa» — «/1aJIbIIIe».

Ecnu 3anonHUTh BeCh 3/1€KTPOMAarHUTHBIM CHEKTP OT HU3KOW 3HEPrud U
HU3KOM YaCTOThI 0 BBICOKOM SHEPTWMM U BBICOKOW YaCTOTbI, TTOTYUUTCS, UTO Y
Hac eCTb Pa/IMOBOJIHbI, MUKDOBOJIHOBOE M3/yueHHe, MHGpaKpacHOe H3/1ydyeHue,
BUIUMBIM  criekTp  (1[BeTa  pajlyru), y/AbTpaduo/eToBoe  U3IyueHue,
PEHTreHOBCKOe H3/lyyeHue U ramma-usnyuyeHve. CoBpeMeHHas LIMBUIM3aLUs
JIOBKO Halll/la TpUMeHeHHe KakJIOMy U3 [Juara3oHoB U B ObITy, U B
TPOMBIIIEHHOCTH, TaK UTO Terepb BCe OHU MPEeKpPaCHO HaM 3HAKOMBI.



[axe 1ioc/ie OTKPBITHS YAbTPa(uoeToBOro ¥ UHGpaKpacHOro U3TyueHUst
cnocobbl M3ydaTth He00 U3MeHWIUCh He cpa3y. [lepBbiif Teseckor st
HaO/TI0ZIeHUsT HeBUIMMOM YaCTH 3/IEKTPOMAarHUTHOTO CITEKTPa MOCTPOW/IN JIHIIIb
yepe3 130 sier. K TOMy BpeMeHU yyKe [AaBHO OTKDPbLIA W PaJUOBOJIHBI, U
PEHTreHOBCKOe W3/yueHue, W TaMMa-u3jiyueHue, a Hemellkuii ¢u3ukK [eHpux
[epr y>ke JaBHO TOKasasl, YTO pa3Hble BU/bI CBeTa OT/IMYAKOTCS Ha CaMOM Jiejie
/1L YaCTOTOW BOJIHBI B KaXK/IOW M3 MOJI0C CrieKTpa. bosee toro, umeHHo ['epry
TEepPBbIM TOHS/I, YTO Ha CBETe €CTh 3JIeKTPOMAarHWTHBIU CIiekTp. B ero uectsb
Oblla Ha3BaHa e[WHWIIA YaCTOThl ['epl] — KO/JMYeCTBO BOMH B CEKYHAY —
OIMMChIBarOIIIast F00bIe BUOpaI[, B TOM UKC/Ie U 3BYK.

HeroHsATHO 1oyemy, HO acTpohU3UKHU, Y3HaB, UTO CYIeCTBYIOT HEBUMbIe
[vara3oHbl CBeTa, /[ajeko He cpa3y Coo0paswid, UTO MOXKHO TITOCTPOUTh
TeIeCKolrl, uTobbl HabMIOMaTh 3TOT CBET OT KOCMHUYECKMX HCTOYHHMKOB. CBOIO
pOJib, KOHEYHO, ChITPAJI0 M TO, UTO [JOAT0 He MOIJIA TNpUAyMaThb
COOTBETCTBYHOIIME JeTeKTOpbl. O[HAKO OTUaCTH, BO3MOXKHO, BCe OOBSICHSIETCS
yesi0BeueCKOM 3aHOCUMBOCTBIO: KaK 3TO BcesieHHass MOCbLIaeT HaM  CBET,
KOTOpbIM He BUJSAT HalllM [WBHbIe 71a3a? bojee TpexcoT JjieT — CcO BpemeH
Tamunest o JaBuHa Xabbma — TesiecKombl CO3/IaBa/Ch C OJHOW-eIMHCTBEHHOU
Le/bI0: MOJyYuTb WHCTPYMEHT [I/I1  Y/IaBAWMBaHUSI BUAUMOIO  CBeETa,
YCU/IMBAKOLLIUM 3peHre, KOTOPbIM Mbl Hajle/iIeHbl OT TPUPO/bL. Teeckon — Julib
VHCTPYMEHT, BOCIIOJHSIIOI[MMA HEJOCTaTKA HalllMX OpraHoB UyBCTB U
TIO3BOJISIFOIIMM JTyullle TT03HAaKOMHUTBCS C JaneKuMu obnactsavu. Uem Oorbiie
Tesieckor, TeM Oosiee TyCK/bie 0ObeKTHl MOXKHO B HEro pasiiisi/ieTh; ueM Jiyullie
dbopMa ero 3epkasi, TeM ueTue M300pakeHHe; UeM UyBCTBUTE/bHee JeTeKTOPBI,
TeM TIJIOZI0OTBOPHee HabmromeHus. OJHAKO BO BCeX Cayuasix BCs MH(opmarus,
KOTOPYIO JlaeT TeiecKor acTpohur3uKy, MpuObIBaeT Ha 3eMJI0 Ha Jiyde CBeTa.

Bosee TpexcoT yieT — co BpeMmeH ['anunes no OnBuHa Xabbma —
TeJIeCKOTbl CO3/laBa/lMCh C OJHOMW-eIMHCTBEHHOW 1[e/IbI0: MOMYUYUTh
WHCTPYMEHT IS y/IaB/IMBaHUs BUIMMOIO CBeTa, YCUIWBAIOIIUN
3peHure, KOTOPbIM Mbl HaZieJIeHbI OT TIPUPO/IBI.

O,ZLHaKO HeOeCHbIEe COOBITHS HE CUMTAIOTCS C y,Z[O6CTBaMI/I ye/IoBeUeCKOU
CeTUaTKH. HanpomB, OHH, KdK IIpdBW/IO, HUCITYyCKAIOT OAHOBPEMEHHO pd3HOE
KO/IMYECTBO CB€TAa B PpPA3HbBIX [OWdIId30HdX. Tak uTo 0€3 Te/leckoroB C
AeTeKTOpdMH, HAaCTPDOEHHBIMH Hd BE€Cb CIIEKTD, aCTpOd)I/IBI/IKI/I HpE6bIBaJ'II/I OBl B



61a’keHHOM HeBeIeHMH 0 HEKOTOPBIX (peeprueCKUX KOCMUUECKUX SIBIEHUSIX.

BosbMmeM, K IipuMepy, B3PbIBAOLIYIOCS 3Be3Jy — CBEPXHOBYHO. ITO
JIOCTaTOYHO pACIpOCTpaHeHHOe BO BcesleHHOU BBICOKOSHEPrUYHOe COObITHeE,
COTIPOBOXK/jatoIIieecsi 0OM/IbHBIM BbIOPOCOM PEHTTeHOBCKOTO H3yueHus. IHoraa
Takue B3DbIBbI COTMPOBOK/AIOTCSI BCIIBIIIIKAMU TaMMa-yueid U yabTpaduoseTa,
Jla ¥ BUAMMOTO CBeTa CBepXHOBas /1aeT B M300M/TUH.

B3opBaBmmMicsd Tra3 ycreBaeT [IJaBHO OCTbITh, y/JlapHble  BOJIHBI
pacCemBarOTCsA, BUJUMBIN CBET TYCKHEET, @ KOMITAKTHbIM «0CTaTOK» CBEPXHOBOU
MpOJIOJKaeT CBeTUTbCSI B MH(PaAKpaCHOM  [uaria3oHe U HUCIyCKaTb
pPa/IMOMMITY/IbChI. BOT oOTKyza O6epyTcs mynbcapbl — caMble HaJe>KHbie
XPOHOMETPHI BO BceneHHOM.

BOJIBIIMHCTBO B3pPBIBOB CBEPXHOBBIX TPOMCXOJAT B JA/IeKMX TajlakKTHUKaX,
HO ecyii Obl B30pBasiach Kakas-HUOyIb 3Be3za B rpefenax MneuHoro Ilytu, ee
aroHMS COMPOBOXK/aMach ObI TAKUM SIPKUM CBETOM, UTO BCe YBHU/E/N Obl ee fake
Ge3 Teneckoria. XoTsi HUKTO Ha 3emsie He HaO/Oa/l HE3PDUMBIX PEHTT€HOBCKUX
W1 TaMMa-jiyuyed OT TIOC/AeAHUX [ByX (peiiepBepKOB, KOTOpbie CBEPXHOBbIE
YCTPOW/IM Ha TeppyuTOpWU Haieu ['amaktvku — B 1572 u 1604 romax, — eCThb
MHOTO CBH/IETE/ILCTB 00 X HEBEPOSTHOM BHUIMMOM CBeTe.

Jvana3oH [juH BOJMH (WM YacTOT), COCTaB/SIOIIAA KaXXAYH MOJIOCY
CTrieKTpa CBeTa, CW/IbHO BJIMSET HAa KOHCTPYKLUIKO YCTPOWCTB, KOTOpbIE €ro
pPErucTpupyroT. BOT T1oueMy HeBO3MOXHO TI0[j00paTh Takoe coueTaHUe
TeJieCKorla C  /IeTeKTOPOM, KOTOpOe OJHOBpEeMEeHHO Y/OBWIO Obl  Bce
0cobeHHOCTH TOAO0OHBIX B3pbIBOB. OiHAKO 000MTH 3Ty mpobreMy HeCI0KHO:
cobepute Bce HabO/ofleHHs1 WHTepecylolero Bac oObekra (MOXKHO
1103avMCTBOBaTh pe3ysbTarbl y KOJIJIEr) BO BCeX Juaria3oHax CBeTa. A MOTOM
MOCTaBbTe B COOTBETCTBUE MHTEPECYHOLIUM BaC HEBUUMBIM I10JI0CAM CIeKTpa
BUJUMbIe I[BeTa M CO3[aliTe OAHO MeTa-u300pakeHWe, OXBaThIBalOIl[ee BCE
nonockl. UmenHo sto Buaut xopau Jla @opxk u3 Tenecepuana «3Be3[HbIN
nyTh: Crefyroiiee MokojieHrWe». PacMpyB TakuM 00pa3oM /[uaria3oH CBOEro
3peHus, Bbl HUYEro He YIyCTHUTe.

bonbmmHCTBO B3PBIBOB CBEPXHOBBIX TIIPOUCXOAAT B [OdJ/IEKUX
rajidKTHMKdX, HO eCJ/I ObI B30pBdJ/IdCb KaKaH-HI/I6y,£[b 3Be3[d B I1peJejiaX
MiieuyHoro HYTI/I, €€ dIroHMsAa COIIPpOBOXIA/1dChb Obl TaKUM APKHUM
CBETOM, UTO BCe YBUE/IU ObI ee Adxe 0e3 Teyeckomna.

CHauana HY>XHO OIIpeae/InTb, KdKdd HWMMEHHO II0/IOCAd BBI3bIBAET Ballly
aCTpO(bH3Hq8CKy}O CUMIIdTHUIO, KW YyXeé IIOTOM MOXHO HAYMWHATL AyMdTb O
pa3Mepax 3€pKdJjid, O TOM, U3 KdKHMX MdT€PHA/IOB €I0 Ae/idTb, O TOM, KaKOM OHO



JIO/DKHO ObITh (DOPMBI U C KaKOW MOBEPXHOCTBIO, U O TOM, KaKOM MOHaZ00UTCs
natuuk. Harmpumep, Bo/iHA pPEHTTeHOBCKOTO U3y4YeHUs] O4YeHb KOPOTKasl.
[ToaToMy, 4TOOBI Y/IOBUTH €r0, HY>KHO CyTepI/iaJJkoe 3epKajo, WHaue ero
nedeKTbl UCKa3sT KapTuHy. Ho eciu HY)KHO Y/IOBUTH JJTMHHBIE Pa/IMOBOJIHBI,
3epKajio0 MOXKHO C/leflaTh XOTh U3 TMPOBOJIOYHOM CETKU, COTHYB €ee BPYUHYIO,
TIOCKONbKY JeheKTbl CceTKu OyAayT ropas3io MeHbllle [JIMH BOJH, KOTOpPble Bac
uHTepecytoT. Padymeetcs, BaM HY>XHO YBU/IeTh BCe JieTa/ly Balllero o0bekTa, TO
ecTh HabO/olaTh ero C BBICOKKMM TMPOCTPAHCTBEHHBIM pa3pellieHreM, TakK 4To
3epKasio JIO/DKHO OBITh KaK MOXKHO Oo7bllle — HAaCKOJIbKO Bbl MO)KeTe cebe
103BO/IMThL. HakoHell, Balll TeecKorl 0/DKeH ObITh ropasfio Oosbllie JJIWHEI
BOJIHBI CBeTa, KOTOPKIN Bbl COOMpPaeTeCh yJI0BUTb. DTO 0COOEHHO 3aMeTHO, Korja
peub UJIeT O paJuoTesecKonax.

PasuoTenieckomnbl, TepBbie B WCTOPUM TeJIeCKOIbI [iisi  HabstoeHus
HEBUJUMOTO CBeTa, — [UKOBUHHBIM TOABUJ obOcepBaTopuii. [lepBbiii
JIleMCTBYIOLLIMKA paZiuoTesIeCKOIT CO3/a/l aMepUKaHCKUU MHXeHep Kapn fHckui B
1929-1930 romax. 3OTO YCTPOMCTBO HEMHOIO HAalOMHWHAJ/IO T[epe/IBUXKHOU
opocuTesb AJjis1 aBTOMaTM3UPOBAaHHOIO Mo/vMBa. OHO [ep)kKajloCh Ha BbICOKUX
NPSIMOYTO/IBHBIX  MeTa/UIMYeCKUX T[OAIOPKAaX, CKpPeIlIeHHbIX JepeBIHHbIMU
TepeKkpecTbsMU U CHaOXKeHHBIX JiecaMU, U BepTesioCh Ha MecTe, Kak KapyceJsib Ha
KoJiecuKax. SIHCKUM UCII0/Ib30Baj U 3aracHble YaCcTy OT HeJJOpOroro aBToMOOu/Ist
«JKectsiHas JIu3su», oH xe «Dopa-T». CBor TpUALIATUMETPOBYHO KOHCTPYKLIO
AHCKMM HACTpOW/I Ha [JJ/IMHY BOJIHBI OKOJIO 15 MeTpOB, UTO COOTBETCTBYeT
yactote 20,5 merarepi. (Bce Bo/HbI NOAUMHSAIOTCS TIPOCTOM (hOpMyJie: CKOPOCTb
= 4acTtoTa X JjMHa BOJIHbL. ECIM Mpy MOCTOSHHOW CKOPOCTU YyBeIMYUBaellb
JJTMHY BOJTHBI, YaCTOTA BOJIHBI CHU3UTCSI — U HA0OOPOT, TaK UTO MPU YMHOKEHUU
9TUX JBYX BeJIMUMH CKOPOCTb BCerja I0Jy4yaeTCs OJHa M Ta e. JTOT 3aKOH
CrpaBe//IMB [Ji CBeTa, 3ByKa M Jae (aHaTOB Ha CTa/lMOHaX, Jearoliux
«BOJIHY», B 00111eM, /i Bcex OeryIux BOJIH.)



Kapn Axckun

C Touku 3peHust HauaibCTBa U3 TenedoHHbIX 1abopatopuii berna, koTopbie
nopyyuau SIHCKOMy cJiefiaTb Te/leCKOIl, ero 3ajaueii ObLI0O  M3yyaThb
BCEBO3MOJKHbIe IIyMbl U3 eCTeCTBEeHHbIX 3eMHbIX PaJJMOUCTOYHHUKOB, MelllaBliive
paguocs3u. OueHb MOXOXKe Ha 3ajaHue, Kotopoe Jlabopatopuu benna panu
[Ten3macy u YwiacoHy 35 JieT CIyCTl — BBIIBUTb MHKDOBOJTHOBOM IIIYM B
TIPUEMHUKE, UTO, KaK Mbl BbISICHWIU B IVIaBe 3, IPUBEJIO K OTKPBITHIO (DOHOBOTO
KOCMHYeCKOI0 MUKPOBOJIHOBOI'O U3/TyYeHUs.

[lepBbIM [EUCTBYIOLIMN PaJMOTeNeCKOIl CO37al aMepUKaHCKUMN
vwkeHep Kapn fAuckuii B 1929-1930 romax. OTO yCTPOWCTBO
HEMHOr0 HaroMHHaJI0 riepeBYKHOMN OpoCuTeslb L1



dBTOMdTHU3WMPOBAHHOI'O I10/IMBd.

T'oma aBa AHCKuMY cTapaTesbHO C/Ie[uIl 3a CTaTUYeCKUMU LIIyMaMH, KOTOpbIe
PEerucTpupoBaj CBOWM KYCTapHbIM yCTPOMCTBOM, U OOHapyXwi, 4TO
PaZIMOBOJIHBI [Jal0T HE TOJIbKO MeCTHbIe IPO3bl U Jpyryue U3BeCTHbIe MPUPOJHbIe
VCTOUHMKM Ha 3emsie: OHM HCXOAAT ellle W W3 LieHTpa rajakThukyd MieuHbiv
[TyTs. JTa obnacts Heba Tomazana B 1Moje 3peHusi Tesieckorna Kaxkabie 23 yaca
56 MMHYT — UTO COBIIaJiaeT C MepuojoM obpallleHust 3eM/U, a CeloBaTelbHO,
VIMEHHO 3a 3TO BpeMs LieHTp ['ajlakThKu CHOBa IornajaeT B TOUHOCTU Ha TO e
MeCTO Ha Hebe M OKa3bIBaeTCs IO/ TeéM >Ke YIJIOM U Ha TOW >Ke BBbICOTe Haj
ropu3oHToM. CBou pe3ynbTaThl Kapsn fHcKuii omybavkoBan mof, Ha3BaHUEM
«DJIeKTpUYeCKUe BO3MYILIEHUs SIBHO BHe3eMHOro mnpoucxoxjenus» (Karl
Jansky, «Electrical Disturbances Apparently of Extraterrestrial Origin»,
Proceedings of the Institute for Radio Engineers 21, no. 10 (1933): 1387).

970 Hab/oieHe 3HaMeHOBa/I0 POXKeHe pPaZiIioaCTPOHOMUKN — HO JaJibIlle
oHa pa3BuBasiachk 6e3 fHckoro. Jlaboparopuu Benna ganu emy Apyroe 3ajiaHue,
JIIIIUB BO3MOXXHOCTHU TIOXKMHATH TII0/IbI COOCTBEHHOTO 3T0XaIbHOTO OTKPBITHSI.
OpHako yepe3 HECKOJILKO JIeT aMepUKaHCKUM caMoyuka 1o uMeHu ['poyt Pebep
Y3 YuToHa B mTare VJIMHOUC TOCTPOM/ PaJUOTeNeCKOIl C AeBATHUMEeTPOBOU
MeTa/UTMUeCcKol Tapenkod B cobctBeHHOM JBope. B 1938 rogy PebGep
COBEpIIIEHHO He3aBUCUMO TOATBepAW/I OTKpbITHE FHCKOro, a 3aTeM MSThb JIeT
TIOCBSITU/I CO3/IaHUI0 KPYTTHOMACIITabHbIX KapT pa/inoHe0a.

Teneckornt Pebepa 6Obu1 Oecripelie/leHTHBIM [IIsi CBOEro0 BpeMeHH, OIHAKO
OueHb MaJIeHbKUM U TPyObIM TI0 CEerofHsIIIHAM CTaHZapTamM. To Jsu Jesno
CcoBpeMeHHbIe pajZiuoTe/iecKonbl. Bo IBope OHUM yke He ToMelatoTcsi — Oosiee
TOTO, JOCTUralOT  MCIIOJIMHCKKUX  pa3mepoB. [lepBeiM  mO-HacToOALLIEMY
TMTaHTCKUM DPaZoTe/IecKorioM Ha ruiaHete ctaq MK-1, 3anyieHHsit B 1957
rOfly: 3TO LieJIbHOCTa/lbHasl IOJIHOTIOBOPOTHAs Tapesika guaMmeTrpoM routd 80
METpPOB, KOTOpasi HaxoAuTcsi B AHIIMM, B obcepBatopuu [Ixkoapesi-baHkK mof
Manuectepom. bykBasibHO uyepe3 faBa Mecsia rocie otkpeitiss MK-1 CCCP
3aIyCTW/I TepBbld CIYTHUK, U OKa3aJoCh, UTO Tapesika u3 [Dxoppesn-BsHK —
UMEHHO TO, UTO HY>KHO, YTOObI OTC/IeXXUBAaTh Ha OpOWUTe 3TOT KpOIIEeYHbIN
mapuK C obopynoBaHueM: Tonyuuscs nporoturnt CeTu JanbHel KOCMUUeCKOM
CBSI31, KOTOPAasi CerofiHs M03BOJIsIeT HaM CJIe[IUTh 38 KOCMUUeCKUMU 30HZ,aMHU.

Camblii OostbIliol pajuoTresneckort B Mupe Obi1 moctpoed B 2016 roay u
Ha3biBaeTcsl «Cdeprueckuili paguoTeneckon C MATUCOTMETPOBOM amepTypoi»
(«Five-hundred-meter Aperture Spherical radio Telescope», unu npocto FAST).
OH Haxoputcst B Kutae, B npoBUHLMY ['yUWwKOy, U 1O TIOLIAAU TIPEBOCXOAUT
TpULaTh PyTOOMBHBIX TIo/el. Eciu nHomiaHeTssHe KOria-HUOy/Ib OTIpaBsAT HaM



CUI'HAJI, II€EPBLIMU 00 5TOM Y3HarOT KI/ITaI‘/JI]_[bI.

Eciu wuHomnnaHeTsiHe KOl",Z[a-HI/I6y,E[b OTIIPpABAT HdAM CHUI'HAJI,
ImepBbIMH 00 3TOM Y3HAIOT KI/IT&IZL[LI.

Y  paguoTenecKoroB  eCTb  pa3sHOBUAHOCTb — TaK Ha3blBaeMble
uHTephepoMeTphl, MpejcTaB/stoie coboii HabOpbl aHTEHH, pacCTaB/eHHBIX
psijamMy r7ie-HUOyIb B Ce/JIbCKOM MEeCTHOCTU M paboTaroluX CUHXPOHHO. B
pe3ysibTaTe 3JIEKTPOHHOIO COBMEILleHUs] CHUTHAa/I0B BCEX aHTeHH I10/y4aeTcs
elMHOe U300pakeHWe paIMOM3TyUaroInX KOCMAYeCKUX 00beKToB, 06/aaroliee
CBEPXBBICOKHMM MPOCTPAHCTBEHHBIM pa3pellieHreM. XOTs HeMMCaHbIM JIeBU30M
TeJIeCKOTIOB 3aZI0IT0 /10 WHAYCTPUM OBICTPOTO TIMTaHUS CTanu cjioBa «Uem
Oosibliie, TeM Jyullie», PafIMOUHTePhEPOMETPLI — HACTOSIINe BeUKaHbl Cpe/iv
TesieckonioB. OAWH #3 HUX — OueHb Oo/bilIONM HAOOp pa/iMOaHTEHH,
pacriosiokeHHbIN 6/13 Cokoppo B 1Tare Hbio-MeKCHMKO — Tak M Ha3bIBaeTCs —
Very Large Array — «OueHb Oosiblllasi aHTeHHasl pellieTKa» W COCTOUT u3 27
JIBaILIaTUTIATUMETPOBBIX aHTEHH, PAaCCTABJEHHBIX Ha pebCax Ha MPOTSHXKEHUH
35 KW/IOMeTpPOB TYyCTHIHHOW paBHMHBI. JTa 00cCepBaTOpPUsl HACTOMBKO, Tak
CKa3aTb, KOCMOTeHUYHa, YTO UrpaeT pPOJib 3a/JHero riaHa B HECKOJIbKMX HayuyHO-
dantactTuyeckux ¢unbMoB: «Kocmuueckas ogucces 2010» (1984), «KoHTakT»
(1997) u «Tpancdopmepri» (2007). Ectb Takke Very Long Baseline Array —
«AHTeHHast peleTka co CBepX/JIMHHBIMU 6azamu» — 10
JIBa/ILIaTUCEMUMETPOBBIX aHTEHH, pacCTaB/leHHbIX Ha npoTskeHun 7500
KWJIOMeTpOB OT ['aBaiieB 10 BUPrMHCKUX OCTPOBOB: OHU 00eCrieunBaroT caMoe
BBICOKOE paspellieHre CpeJid BCeX paJuoTeseCKOIOB B MUpe.

[nst uccmenoBaHus MUKPOBOJIHOBOTO U3/TyUY€HHs], CDABHUTE/IbHO HOBOU /IS
UHTEephEepOMeTPOB 3a/lauM, y HaC ecTh «ATakamMcKass OofbIllas aHTeHHas
pelieTka MWJIJIMMETPOBOrO JAuaria3oHa» (Atacama Large Millimeter Array,
ALMA), pacrionokeHHasi B Jjajiekux AHzax Ha ceBepe Uunu. ALMA HacTpoeHa
Ha [/IMHBbI BOJH OT [0/ed MWIIMMeTpa [0 HeCKOJbKUX CAaHTMMeTPOB U JaeT
actpodusvkaM BO3MOXHOCTb  HabmoaTh C  BBICOKUM  pa3pelleHueM
KOCMMWYECKHe SIBJIEHUS, KOTOPble He BU/JHO B JPYIMX Auaria3oHax: Harpumep,
TI03BOJISIET U3yuaTb CTPYKTYPY CXJIOTBIBAOIUXCS Ta30BbIX 00J/IaKOB, KOT/Ia OHU
TipeBpaIialoTcs B MHKyOaTopbl i 3Be3si. ALMA HecrpocTa pacriosioykeHa B
OJJHOM M3 CaMbIX 3aCyLUIMBBIX PErMOHOB 3eMJIM — Ha 4yeTbipex C MOJIOBUHOHU
KWJIOMeTpaxX BhbIllIe YPOBHS MOpsi, ropasfio Bblllle BAaXHbIX 007akoB. Boja



XOpoIlla, KOrjla TOTOBHIIL €y B MHUKPOBOJIHOBKe, HO /i1 acTPO(GH3UKOB OHA
Bpar, TIOCKONbKY BOJASHOW Tmap B arMocdepe 3emM/ld TaCUT UHUCThIE
MUKDOBOJTHOBbIE CUTHa/bl CO BCel ['aakTUKM M U3-3a ee MpejenoB. ITU JBa
(dheHOMeHa, HeCOMHEHHO, CBsi3aHbl: BOJjla — CamMasl paCripoCTpaHeHHasi MoJieKysia B
Hallleli muirie, ¥ MUKPOBO/THOBBIE TIeUKH Pa30rpeBaroT UMeHHO ee. C/I0KUTe JBa
Y [IBa, U BbI TI0MiIMeTe, UTO BO/A MOIJIOI[aeT MUKPOBOJIHOBLIE UacTOThl. [1o3TOMY,
€C/IM HY)KHO TIOYYUTh UHCThle HaO/IOfeHUs] KOCMHUUYECKUX OOBEKTOB, HY)KHO
MUHUMH3UPOBATh KOJTMUECTBO BO/SIHOTO Mapa MeKJy TesieCKoroM 1 BceneHHOM
— M 3TOTO U JJOOUIHCH co3aTen ATaKaMCKOM PelleTKH.

Ha  ynbTpa-KOpOTKOBO/THOBOM — KOHLIE  3/IeKTPOMarHUTHOIO  CIeKTpa
HaXOJATCS BBICOKOUACTOTHbIE U BbICOKOSHEpPrhuHble ramma-jaiyuyu C JIMHaMU
BOJIH, H3MepsieMbIMH B IIMKOMeTpax (TpUCTaBKa «IHUKO-» O3HauaeT OJHY
TPWITMOHHYI0 4YacTh). OHM Obu OTKphITEL B 1900 roay, HO M3 KOoCMOca UX
y4anocb y/AOBUTH /ullb B 1961 rogy mnpuv TMOMOLLM Tejeckorna HOBOU
KOHCTPYKLIUM, YCTaHOBAeHHOro Ha 6opTy cnytHuka HACA «3kcrimopep-XI».
Bce, KTO epecMOTpe/1 HayuHO-(paHTaCTUUEeCKOrO KMHO, 3HAIOT, UTO raMMa-Iyuu
BpeHbI fjii 370poBbs. OT HuX, uero gobporo, craHellb 3e/ieHbIM WU
MYCKY/IUCTBIM WM TayTHHA TIOMOJI3eT OT 3arsicTvd, fa Mano ju. Ho eme wmx
OueHb TPYAHO To¥iMaTh. CKBO3b OObIUHBIE JIMH3BI U 3epKajia OHU TIPOXO[ST, He
3aZiepXkuBasicb. Torma kKak ke ux HabmoAate? B HauuHKy Tesneckora Ha
«3Kcrutopepe-XI» BXOAMWI TaK Ha3blBaeMbli CLIUHTULIAITOP, KOTOPBIM B OTBET Ha
rorajarole B Hero ramMma-ay4yd MCIIyCKaeT 3/1eKTPUUYeCKU 3apsKeHHbIe
yacTulpl. ECiM U3MepUTh SHEPryur0 4acTHUl], MOXKHO CKas3aTb, Kakoro poja
BBICOKOSHEPTUYHBIN CBET UX CO3Zasl.



Okcruiopep-XI

Yepe3 aBa roga CCCP, Benukobputanusi u CIIA noanucamu IoroBop o
3arpellleHd UCTbITAaHUW SIIGDHOTO OpYXKWsi B aTMocdepe, KOCMHUUECKOM
TIPOCTPAHCTBE U MO/, BOAOH, ITOCKOJIBKY UMEHHO B 3TUX CpeJax siZilepHble OTXO/bI
JIETKO  pacrpoOCTPaHSKOTCA W 3arpssHAlOT TeppUTOPUI0 33  MpejenamMu
rocyZlapcTBa, KOTOpoe TMpOBe/0 MUCIbiTaHud. Ho B TO Bpems 1jia XOJIO0AHast
BOMHA, U HUKTO HUKOMY He noBepsil. CIIA mocTynmuau COrnacHO TPUHLUITY
«J0Bepsii, HO TIPOBepsiii», 0COOEHHO aKTyaJlbHOMY B BOEHHOe BpeMs, U
3aMyCTWIA HOBYIO CEpHI0 CITyTHUKOB — «Bema» — 3afiaueii KOTOPBIX ObIIO
y/7IaB/IMBaTh BCTIBIIIKKA TamMMa-ayuell, KOTopbie BO3HUKIU Obl, ecmu 661 CCCP
TalHO MPOBOAWIU sifiepHble UCIbITaHusA. CIIyTHUKU U MpaBAa PerucTpUpOBasIv
BCITBILIIKYA TaMMa-yuyeil — TpakThuuecKu exxeHeBHO. OfIHAKO pycckue Obuid HU



npu ueM. ['aMMa-/iyud MpUXoAwid U3 TIyOOKOrO KOCMOCa — M, KakK TOTOM
YCTAaHOBU/IU yueHble, 3TO ObLTM BU3UTHBIE KAPTOUKU KOPOTKUX, HO MOIIHBIX
B3DbIBOB Ja/IeKMX 3Be3[], TO U [e/0 MNPOUCXOAAIMX BO BceseHHOM: Tak
POAUIOCH HOBOE HampaBJeHWe B MOeM HayyHOM [JUCLUIUIMHE — TraMMa-
ACTPOHOMUSL.

B 1994 rogy ramma-ob6cepBaropusi uMeHu KomnToHa cfiesiana OTKpBITHeE,
CTOJIb K€ HeOKUJIaHHOe, UTO U OTKPBITHS CIIyTHUKOB «Besia»: yacTble BCIIBILLKH
raMmma-jayuderd y CaMmOu TTOBEPXHOCTH 3eMJ/IM. DTU BCIIbIIKHW MOTYyUYNUIN JIOTUUHOE
Ha3BaHUe «aTMoC(epHble TaMmMa-BCIbILKU». YTO 3TO — siiepHasi KaracTtpoda?
OueBHHO, HeT, pa3 Bbl Celyac yuTaeTe 5TU CTPOKU. He BCce mpupozaHblie ramma-
BCITBIIIKA ~O/JMHAKOBO CMEpPTOHOCHBI, 0Oosee TOro, He BCe OHU UMEIOT
KOCMHYEeCKOe TIpOMCXOXKJeHue. B JaHHOM Cjlyyae He MeHee IIATUAEeCATH
MOJI0OHBIX BCIIbIIIEK €XeJHEeBHO TIPOMCXOAAT B armocdepe 3eMau Haf
IPO30BBIMU O0jlaKaMU 3a IO CeKyH/bl 0 00biuHONW MomHuu. OTKy/ja OHU
OepyTcsi, TIOKa 3arajka, HO CaMble TPaBAOMNOA00OHbIe THUTIOTe3bl IVIACST, UTO BO
BpeMsi 3/IeKTpUuecko Oypu CBOOOAHbIE S7€KTPOHBbI ~ PA3TOHSIIOTCS /IO
OKOJIOCBETOBBIX CKOPOCTeH, a IIOTOM TOPMO3STCSI OKOJIO s/ilep arOMOB
arMoc(epsl U pOXKJAr0T raMMa-JIyuu.

CerofiHsi TejieCKOITbI HAaO/MIOZIAIOT BCe HEBUMMbIe YaCTH CITeKTpa — WHOTZA
c 3emsid, HO B OCHOBHOM M3 KOCMOCa, IJle 0030py He MellaeT TOI/IOIaroIast
3eMHast aTMocdepa. Terepp Mbl HabmromaeM COOBITUS OT HHU3KOUACTOTHBIX
Pa/IMOBOJIH B [IeCATOK METPOB /IJIMHOM OT THKA /10 TTMKA W [0 BEICOKOUACTOTHBIX
ramMma-jiyuyei, Ji/IMHa BOJIHbI KOTOPBIX He MPEBOCXOAUT OJHY KBa/PUIBOHHYIO
nonto  Metpa. Takasi Oorarasg mMmanuTpa TMOMOC CrieKTpa oOecrieurBaeT
HercyepriaéMblii MUCTOUHUK acTPO(PU3NUECKUX OTKPBITHM. XOTHTE BBISICHUTD,
CKOJIbKO Ta3a TauTCs MeX[y 3Be3]| B rajakThkax? Paguoreneckoribl 3HaHOT 3TO
nyuilie BceX. be3 MMKPOBOJTHOBBIX TeJ/IeCKOIIOB HUUEro HEeBO3MOXKHO y3HaTh O
(hOHOBOM KOCMHUYECKOM HM3/TyUueHHH, HEBO3MO)KHO TIOHSITh, UTO Takoe BobImoi
B3pbIB. VIHTEepeCcHO TIOJCMOTpPeTh, UTO [leJlaeTCsi B 3Be3/HbIX HWHKybaTopax,
pacronoKeHHbIX B IMIyOMHAX rajakTHYeCKUX ra3oBbix o00/akoB? O6pature
BHUMaHWe Ha TO, UTO /[e/JIaloT WHQPaKpacHble TelecKolbl. 3aHWMaeTeCh
W3/lyueHreM W3 OKPeCTHOCTeH OOBIUHBIX M CBEPXMACCHBHBIX UEPHBIX [bIp B
I[eHTpPe Kakou-HMOynb rasaktuku? K BammM yciyram yabTpadHo/IeTOBble U
PEHTTeHOBCKHWE TeIeCKOIbl. XOTHUTe II0/I000BaThCsl  BBICOKOIHEPTHUHBIM
B3DBIBOM TMT'AaHTCKOW 3Be3/lbl MacCoOu B COpPOK conHI? CrieauTe 3a pa3BUTHEM



COOBITUM B raMMa-TeJIe CKOIIbI.

Co BpeMEH  SKCII€pHUMEHTOB FepHIEJ'[H C CO/IHEUHBIMHU  JIy4YdMH,
«HEBUJMWMMBIMHK I/1d3y», Mbl IpOAe/1d/In ,Z[OJ'II"I/II‘/JI IMyTb KW TeEIIeEpb MOXXEM
ncciaeqoBarb BCEJIEHHy}O KdK OHd €CTb, d He KaKOM OHA KaXKeTCSl. FepH_IEJ'Ib OBI
HaMK T'OpAauJICH. Mbl O6p€J'II/I INoA/IMHHOE KOCMHUYEeCKOE 3peHHue, JIMIIb YBHUEB
HeBUAMMOE — OCJICIIMTEe/IbHYI0O COKPOBHUIHHULY 00OLEKTOB U HBHEHHﬁ,
IMMpoOUCXo4AIKnX BO BCEM KOCMOCE M BO BCe BpEM€EHd, KdKdd B MUHYBIINE B€Kd U
He CHW/IACb HayKe.



10. Mexay miaHet

W3naneka kaxeTcsi, Oyaro Hama ConHeuHass cucrteMa Tiycra. Eciu
3aK/IIOUUTE ee B cpepy — TaKyro 0O07blilyt0, UTOObI B Hee MoMeCTu/Iach opouTa
HentyHa, camou panbHeld IulaHeThl (HeT, He [lnyToHa, C 3TUM TMpUIeTCS
CMUDUTBCS), — 00beM, 3aHATbI camum CoJiHI[eM, BCeMHU TUIaHeTaMM U UX
CIyTHUKAMH, 3alMeT 4yTb OOJibIlle OfHON TPW/UTMOHHOM YaCTH OXBAaueHHOTO
rpoctpaHcTBa. OZjHAKO HAa CamMOM Jiejie OHa [JjajleKo He IyCTas: B IPOCTPaHCTBe
MeXXy TI/IaHeT COZlepyKaTcsi BCeBO3MOKHbIE 00/IOMKHU, KaMeIlIKH, Jie/isTHbIe Iaphbl,
MbIb, TIOTOKW 3apsDKeHHBIX YaCTHI] U /1a/IbHOOOWHBIE KOCMHUUYECKHE 30H/IbI.
Kpome TOro, mpoCTpaHCTBO TPOHW3aHO YY[OBUILIHBIMA T'DAaBUTALMOHHBIMU U
MarHUTHBIMU TOJISIMH.

Me)IylaHeTHOe MPOCTPaHCTBO HACTO/IBLKO He MyCTOe, YTO 3eMJisl, IBUTasiCh
o opbute co ckopocThio 30 KUJIOMETPOB B CEKYH[y, BCTpeuaeT COTHU TOHH
METEOPUTOB €XXKeJHEBHO — MOUTH BCe OHU He KPYyIHee TNeCUrHKU. Y routu Bce
CroparoT B BEPXHHUX CJIOSIX aTMOC(dephbl, TOCKOIBKY Bpe3aloTCsi B BO3/lyX C TaKOu
9Hepruel, uTo UCTapsroTCs OT coyAapeHus. Harn Xpyrnkuii 61osioruueCcKui BUJ
5BOJTFOLIMOHMPOBAJT IO, ITUM 3alllUTHBIM C/10eM. bosiee KpyTiHble METEOPUTHI — C
TeHHUCHBIM MSY pa3MepoM — pa30rpeBaloTCs OBICTPO, HO HEPABHOMEPHO U
3aUaCTyl0 pa3/ieTaloTcsi Ha MHOXECTBO MeJKMX OO/OMKOB, a y)Ke T[I0TOM
ucrnapsitorcs. Eije 6osiee KpymnHble METeOPUTHI 0OTOparOT 10 TIOBEPXHOCTH, HO
BCe ke JoJieTaroT /10 moBepxHoCcTH 3emid. Kaszanock 6bl, 3a 4 Mummapza 600
MUJTMOHOB 00x0710B BOKpYr CosHila 3eM/si Zo/bKHA Oblia MOJUUCTUTH BeCh
MyCOp Ha CBoeM opbutasbHOM myTH. OfHAKO KOTZA-TO BCe ObIZIO TOpa3zio XyKe.
B TeueHue nonymusidapza Jjiet nocie gopmupoBanys CosHLIA U ero IJlaHeT Ha
3eM/Il0 MaZjajio0 CTOMIBKO BCSIKOTO XjlaMa, YTO OT MOCTOSIHHBIX 3SHEPrUYHbIX
coyzlapeHUii, BbipabaThIBaBIIMX Teryio, aTMocdepa 3emsd Oblja packajieHa, a
3eMHasi Kopa — pacrjiaB/ieHa.

OmvH 0co6eHHO OO0MBIIIONH METeOpUT CTa/ll TIPUUMHON BO3HUKHOBEHUS
Jlyuel. [IpoObl JIyHHOTO TPyHTa, TO/yYeHHbIe aCTPOHABTAMU C «ATIO/UIOHA»,
MOKa3a/ii, YTO TaM HEOKUIaHHO MaJio Kejie3a U APYTMX MaCCUBHBIX 3/IEMEHTOB,
Y 3TO TOBOPUT O TOM, uTo JIyHa, CKOpee BCero, BbIpBajach 13 OeHOM esie30M
3eMHOM KOpbl U MaHTWHM MOC/€ CTOJKHOBEHHWS IO KacaTe/JbHOM C 3a/JIeTHOMU
TIPOTOIIaHeTOM pa3mMepoM ¢ Mapc. OpbuTanbHbI MyCOp, OCTaBIIUICS TMOCTe
3TOW BCTPeuH, CTYCTWICS U COPMUPOBAJI Halll Mpe/ieCTHbIM CIYTHUK C HU3KOU
MIJIOTHOCTBIO. [IOMMMO 3TOro CEeHCAIMOHHOTO COOBITUS, TIEPHOJ, TSDKEIOM
6omMOapMpPOBKH, KOTOPBIM 3eM/Isl riepeskriia BO MJlaZieHUeCTBe, He YHUKAJIeH /1Jist



TJIaHeT U JAPYruX KPYIHbIX HebOecHbix Ten CosHeYHOU cucTembl. Bce oHM
BbI/IepP>Ka/Tu TIOZI00HBINM HATUCK, U TIOBePXHOCTU JIyHbI 1 MepKypusi, Ha KOTOPBIX
B OTCYTCTBUE BO3/lyXa He ObIJIO U 3PO3WH, COXPAHUIU MHOTO CBUIETETLCTB TOU
TIOpbI B BU/IE KPaTepoB.

[Tpo6Gbl /lyHHOrO TpyHTa, IIOMyYeHHbIe AaCTPOHABTaMH C
«ATI0/1/10Ha», TOKa3aJ/iv, UTO TaM HeOXXUJaHHO Maslo »Kejle3a U JIPYyrux
MAaCCHBHBIX 3JIEMEHTOB, U 3TO TOBOPUT O TOM, uTO JIyHa, ckopee
BCero, BbIpBajiach U3 OeJHOM >Ke/le30M 3eMHOM KOpPbl M MaHTHH TTOC/Ie
CTOJIKHOBEHUS T10 KacaTeJIbHOW C 3a/IeTHOM IPOTOI/IaHETOU pa3MepoM
¢ Mapc.

[IIpamMbl OT KOCMHYECKOrO MyCOpa, OCTaBLIErocsi rnocsiae (GopMHUPOBaHUS
ConHeuHOW CHUCTeMbl, BUJHbI He TOIBKO B HeW CamMOU: MeXKIlJJaHeTHbIe
OKDECTHOCTH TaKXXe COjiep)KaT KaMHU BCEBO3MOXKHBIX pa3MepOB, BLIOWUTHIE U3
Mapca, JIywsl ¥ 3emMiIM oOTAaued II0C/JAe CKOPOCTHBIX  COYyZApeHUHN.
KomribroTepHble MOjleNii TiafieHuii MeTeopUTOB yOeauTenbHO TOKAa3bIBaloT, UTO
TIOBEepXHOCTHbIe KaMHU BO3Jie 30H yZiapa BbIOMBaeT BBEPX C TaKOW CKOPOCTHIO,
YTO OHU PBYT I'PaBUTALIMOHHBIE Y3bI C POJHBIM HebecHbIM TesioM. Eciu yuecTs,
CKOJIbKO Ha 3eM/II0 [oMajaeT MeTeOpUTOB MapCUAHCKOIO IMPOUCXOXKEeHU,
MOYXHO CJies1aThb BbIBO/J|, UTO Ha HAC €)XeroJHO ChIIIETCS JO0XK/Ab U3 ThICAYU TOHH
MapCUaHCKOW Mopozbl. BO3MOXHO, PYMEpPHO CTOJIBKO Ke JOCTUraeT 3eMJv C
JIyHBIL



Ob6patHast ctopoHa JlyHbl

B cylHOCTH, HaM He HY)KHO ObUIO jieTeTh Ha JIyHy, UTOOBI TOJYUYHTH
JIYHHBIA TPYHT. MHO)KeCTBO JIYHHbIX O0O/JIOMKOB T1a/Ilal0T Ha HaC CaMH, ITPOCTO
MbI X He BbIOMpaeM, U K TOMY >Ke BO BpEMeHa IPOrpaMMbl «ATIO/IJIOH» MBI eIlie
He 3Ha/I1 00 3TOM.

BOo/IBIIMHCTBO dCTepOXU0B B ConHeuHOM cUCTeme XXUBYT U pa60Ta}0T B
I[JIaBHOM I104Ce aCTepOnaoB, OoJ1ee UM MeHee TIJIOCKOH 30He Mexnay Op6I/ITaMI/I



Mapca u FOnurepa. [Io TpaguLMu KTO OTKPBUI acTepPOM[, TOT U Ha3bIBaeT ero
Kak XoueT. XyI0)KHUKH 00bIYHO M300parkaroT T0sIC aCTepOM/IOB KaK JTa0UPUHT U3
KaMEeHUCTbIX O00JIOMKOB, TIPOTSHYBIIMMCS IIMPOKUM KOJBIIOM B TIJIOCKOCTH
CosiHeuHOM cucTeMbl, OZIHAKO 00IIiasi Macca 3TOro Tosica COCTaB/sieT MeHee 5 %
Macchbl JIyHbI, KOTOpasi caMa COCTaB/IsieT UyTh Oosibliie TPOoLieHTa MacChl 3eMIIH.
Bpoge 6561 mycTsik. OfHaKO M3-3a HaKOIIJIEeHHBIX BO3MYIIIEHU OPOUT acTepou/ioB
cped HUX BCerja ecTb CMEpPTOHOCHAas TpyIma HebeCHbIX Tesl, UbHd
9KCI[eHTPUUeCKHe OpOWTBI  TepeceKaloT 3eMHyI0. IIpocTble  pacyeTbl
TIOKa3bIBaIOT, UTO OOMBIIMHCTBO W3 HUX B TeueHHe OM>KaMIlero MU/UTMOHA JIeT
CTONKHYTC C 3emsieil. AcTepouji [JuamMeTpoM OoJjibllle KWJOMeTpa Tpu
CTOJIKHOBEHUH TPHUHECeT 0CTaTOYHO SHEepPruH, UTOObI pa3pylIUTb KOCUCTEMY
3eMJTH ¥ TIOCTaBUTh OOMBIIIMHCTBO BU/IOB XKMBOTHBIX T10/] yTPO3y MCUE3HOBEHHUSI.
3T0 6bII0 OBI CKBEPHO.

AcTepou/ibl — He eIMHCTBeHHbIe HebecHbIe Tesla, OMacHbBIe /IS KU3HM Ha
3emsie. Ectb emle nosc Koirmepa: 5T0 Kuiamjasi KOMeTaMH KOJIbLIEBH/HAs
o0siacTh, HauMHAKOIIAsACA cpa3y 3a opburtoii HenTyHa u BK/touaroljasi B cebs
[TnyToH. Bo3Mo)KHO, OHa MpoJo/bKaeTcs 3a opbuty HenTyHa Ha paccTosiHUe,
paBHOe auctaHiuu ot HentyHa f0 CosHila. AMepUKaHCKUM acTpoHOM ['epap/
Kouirnep, poauBuviics B Hugepnanzax, BbIABUHY/I THIIOTE3Y, UTO B XOJIO[HBIX
rmyOuHax KocMmoca 3a opburtoii HernTyHa cOXpaHW/ICS 3aMODOXKEHHBIM MyCOp,
ocTaBlLMics 1ocsie ¢dopMupoBaHusi Co/iHeUHOM cHcTeMbl. [10CKO/IbKY TaM HeT
MaCCHBHBIX TIJTaHET W TlafjaTh HeKyza, OOMBIIMHCTBO 3TUX KOMeT OyayT
BpalllaThCs 1o opbute BOKpyr CoJHIIA ellle MUTUaP/bI JIeT.

AcTepou/ibl — He eIVMHCTBeHHbIe HeOeCHbIe Tesa, OMacHbIe s
>KU3HU Ha 3eMJie.

Kak u B 1osice acTepou/ioB, HEKOTOPhIe TeJsa 13 rosica Koiinepa Bpaiiiarorcs
M0 JKCIIeHTPUYeCKUM opOuTam, TepeceKaroluM OpOUThbl [PYruX TIJIaHeT.
Opbuty HenrtyHa nepecekaror IlnyToH u aHcambnb ero coOpaTbeB MOf
Ha3BaHWeM «ILnyTuHo». [Ipyrve o0beKThl U3 1osica Kolinepa osetaroT gaxke 0
BHyTpeHHUX obsacteii Co/THeUHOW CUCTeMbI U TepeceKatoT OpOUThI T/IaHeT Kak
nonaso. B ux uucno BXoguT U KomeTa ['anies, camasi 3HaMeHUTasi U3 BCeX
KOMET.

A paneko-zianeko 3a nosicom Koiirepa, Ha Moy T¥ K 6/bkaliimm 3Be3am,
packuHysach chepuueckasi pe3epBaiiusi KOMeT 110/ Ha3BaHreM o6sako Oopra — B
yecth SlHa QOopTa, Tro/VIaHACKOTO acTpodu3uKa, TIEePBbIM BbIJIBUHYBILIETO
runoTedy o6 ee cyllecTBOBaHWU. JTa 30HA TIOPOXKAAeT KOMEeThI C OO/bLIUM
Tepuo/IoM obpaitieHust — ropaszo 0osibllle, ueM uesioBeyecKas XKU3Hb. B otiuuue



oT koMmeT u3 mosica Koiinepa, komeTbl K3 mnosica OopTra MOryT Majarb BO
BHyTpeHHUe o0siacty CO/THeUHOUM CUCTeMBI 1Mo/ TF0ObIM YTJIOM U OTKY/la yTO/HO.
[1Be camMbIx sApkux KoMeTbl 90-X roJj0B MPOIIJIOrO BeKa — KoMeThl Xeiiia — bonma
u XsKyTakd — mpoucxoaunu u3 obnaka Oopra u B Omkaiiiiem OyzayiieMm He
BEPHYTCS.

Ecnu Obl Halllv 171a3a BU/Ie/IM MarHUTHBIe 1o/1si, FOnuTep Obu1 ObI B lecsTh
pa3 bosbiiie nosHoM JlyHbl. Bce Kocmuueckre kopabiy, KOTOpble OTHPaBSIOTCS
Ha FOnurep, JO/DKHBI KOHCTPYMPOBATbCA C YUeTOM 3TOW MOLIHOW cuibl. Kak
nokaszan B XIX Beke aHmuickuii gusvk Maiikn Papazeid, eciu NpPOTIHYTb
IIPOBOJIOKY uYepe3 MarHWTHOe I10Jle, Ha Hel CO037aeTCsl Pa3HOCTb IMOTeHLUasIoB.
[TocKo/IbKY KOCMHUYeCKHe 30H/[bl MeTa/yInyeckue U JIeTAT OueHb ObICTPO, B HUX
VH/JYLMPYeTCSd S/eKTPUUYeCKUM TOK. JTOT TOK FeHepupyeT CBOe MarHUTHOe
roJsie, B3aWMOJENCTBYIOLlee C MarHUTHBIM TI0JIeM Cpefbl, YTO TOPMO3UT
[IBIDKEeHMe 30H/a.

Korza st mogBoaus GanaHc B TocaeHUM pa3, BOKPYT IiaHeT B CosHeuHoH
CcuCTeMe Bpallajochk 56 CIYTHUKOB. A TIOTOM B OAHO IIpeKpacHOe YTpo
NIPOCHINIAOCh U y3Har, 4yTo BOKpYr CaTypHa OTKphLIM ellle AecsATok. Ilocre
9TOTO C/iyuasi 1 peliv/ H6osibliie UX He CUUTaTh. Terepb MeHsI UHTePeCyeT TOJILKO
OJHO: MHTEpeCHO /M TyJa HaBeJaTbCsi WIM UX TMou3dyuyaTb. [l0 HekoTOpbIM
rapaMeTpaM CIyTHUKM B COJTHEUHOM CUCTeMe ropaslo YAUBHUTe/IbHee IJIaHeT,
BOKPYT KOTOPBIX OHU BPALLIAFOTCH.

JIyHa, cnnytHUK 3emiy, nipumepHo B 300 pa3 MeHblle Co/HLa B JUameTpe,
Ho mipu 3ToM B 300 pa3 OGmke K Ham, mo3tomy CosHile u JlyHa Ha HeGe
O[VHAKOBOIO pasMepa — 5TO YHMUKaJbHOe COBIaJleHWe, KOTOPOro He
HabmofaeTcst 6onbllle HU B OJHOW Mape TlaHeTbl M CryTHUKA B CoHeYHOM
CUCTeMe: HVMEHHO T[I03TOMY [IO/IHble COJIHeYHble 3aTMeHusi Yy Hac TakK
dotorennuHsl. Kpome Toro, 3emssi yiep>kuBaeT JIyHy MpPUIMBHBIM 3aXBaTOM:
y JlyHbI OZJMHAKOBBIE TIepUO/IbI OOpallleHrs BOKPYT CBOeM OCU U BOKPYT 3eMJiu.
Bo Bcex Takux C/aydasgxX 3axBau€HHbIM CIIyTHUK BCerza MOBEPHYT K CBOeu
TJlaHeTe OJJHOM CTOPOHOM.

Cucrema cniytHUKOB FOmuTepa — KoMIaHusi 4yZakoB M opurrHanos. o,



Omkalimmii cnyTHUK FOTmUTepa, To)Ke HaXOAWUTCS B TIPUJIMBHOM 3axBare U
TI0/IBepraeTcs TIOCTOSIHHOMY MeXaHUueCKOMy HarpsyKeHUIo 13-3a
IPaBUTALIMOHHOIO B3auMofeWcTBusi ¢ HOmurepoM ¥ [ApyrvMMM CITyTHHUKaMH,
OTUero 3TOT Ma/IeHbKHH LIapUK TaK pa30rpeBaeTCs, YTO ero BHyTPeHHUE TTOPO/bI
I/1IaBATCS: HefapoM Mo nprHajieXuT peKops o ByJIKaHWYeCKOM aKTUBHOCTH B
Conneunoii cucreme. Ha cnythHuke IOnurtepa Espone crompsko H,O, uto

Onaromapsi MexaHM3My pa3orpeBa, TakOMy >ke, Kak u Ha Wo, nen mop
TMOBEPXHOCTBIO PacTasi/i v MOJIyUYW/ICS TeIIbiM OKeaH. Ec/m rjie-To0 U eCTh MOYTH
Takasl ke TOAXOAsas cpeja [/l pa3BUTHUSI )KU3HU, KaK Ha 3emsie, TO 3TO Ha
EBporte. OfuH MOW COTPYAHUK-XYAOKHUK CITPOCH/I, KaK Ha3bIBaIMCh Obl
vHOTUIaHeTsiHe C EBpombl — Heyxenu eBporeiipl? B orcyrcTBue 6omee
TOJAXOASAIIEr0 OTBeTa MPULLIOCH CKa3aTh «Za».

Cawmbiii Gosbiiioi criyTHUK ITnyToHa XapoH Tak BeMWK W TakK OMM30K K
[TnyTony, uto onu c [TnyroHOM 06a moiMasnu ApyT Apyra B MPUIMBHBIN 3aXBar:
WX TIepuojbl obpairieHus 1o opburte APyr BOKPYT Apyra U Mepuojbl oOpalijeHus
BOKDYT CBO€M OCH OJIMHAKOBbI. DTO Ha3bIBA€TCS JIBOMHOM TPU/IMBHBIM 3aXBaT —
3BYUMT KaK ellle He N300peTeHHbIN OOPIIOBCKUI TIPUEM.

CnyTHUKY TIJIaHET TIPUHSTO Has3biBaTb B UeCTb JpeBHerpeueckux
MU(OJIOTUUECKUX TePCOHa)Ke B J>KM3HU [IpeBHErpeueckoro aHajora TOTro
pUMCKOro 0Oora, B 4eCTb KOTOPOTO Ha3BaHa IulaHeTa. CBeTCKasi >KU3Hb Y
aHTUYHBIX OOTOB Obljla OUeHb 3allyTaHHas!, IO3TOMY HeZ0CTaTKa B MepCOHaXKaxX
MbI He UCTbITbIBaeM. EIMHCTBeHHOEe WCK/HOYeHUe 13 3TOro MpaBu/ia — CHYTHUKU
YpaHa, Ha3BaHHble B UeCThb Pa3/MUYHbIX [JIaBHbIX T€pPOeB aHIVIMKMCKOU
K/IaCCUUeCKOUW JUuTeparypbl. AHTJIMUCKUM aCTPOHOM YW/bsM [epiiiesib mepBbIM
oOHapy)Ku/1 TUIaHeTy, KOTopas HaXOAWTCS [lajbllle OCTalbHBIX, BUJUMBIX
HEBOOPY’KEHHBIM I71a30M, U ObI/T TOTOB Ha3BaTh €e B UeCTh TOTZAIIHEr0 KOpOJis,
KOTOPOMY BepHO C/y>kus. Eciu 6b1 capy YuiibsiMy 3TO yjanoch, CIIMCOK TIaHeT
BbIT/IsIZIeN Obl Tak: Mepkypuii, Benepa, 3emsis, Mapc, FOrurep, CarypH u ['eopr.
K cuacTeio, 3apaBOMBICME B0300/1a/iaio, U HECKOJBKO JIeT CIyCTs IlaHeTa
TIoJIyuym/ia Kjaccuueckoe uMs YpaH. OfiHaKo CIIyTHUKH ero ['epiiesb mpeaioxul
Ha3biBaTb B uecTh repoeB mnbec lllekcriipa u mosm I[loyma, ¥ 3Ta TpaauLus
cobsropaercs fjo cux nop. Cpeau 27 CriyTHUKOB YpaHa ecTb Apuaib, Kopaenus,
He3neMona, [)xynberTta, Odenus, [Topaus, [Tak, YmMOpuaibs u Mupasza.

ConHile TepsieT Bel[eCTBO C TIOBEPXHOCTH CO CKOPOCTbHO OoJibllle
MWJITMOHA TOHH B CeKyHJy. Mbl Ha3biBaeM 3TO COJIHEUHbIM BETPOM, KOTOPbIU
COCTOUT U3 BbICOKOIHEPTUYHBIX 3apsDKeHHBIX YaCTHI].

[ToTOK yYacTul] MUMTCSI CKBO3b TPOCTPAHCTBO CO CKOPOCTbIO B TBICSUM
KWIOMEeTPOB B CEKYH/ly W OTpakaeTCs MarHUTHbIMM TIO/IAIMM TiaHeT. Torga



YaCTULIbl YCTPEMJISIFOTCS MO CIUpaJd K CEeBePHOMY U HHKHOMY MarHUTHOMY
nosirocy, 6GombapAMpyIOT MOJeKylbl Tra3a W 3akuraloT B arMmocdepe
MHOTOIIBETHbIE TOMSpHble cUsHUsA. KocMuueckuii Teseckor nMeHu Xab6sa
3aperucTpupoBasa MojsipHble cussHUS y TomrocoB CatypHa v FOmurepa. A Ha
3eM/ie ceBepHbIe U HOKHbIE CUSIHUSI — aBpopa Oopeasiic ¥ aBpopa ayCTpajuc —
CMy’KaT TOCTOSHHBIM HAllOMWHaHWEM O TOM, KaK [peKpacHa 3alldTHast
atMocdepa.

[IpuHATO cCuuTaTh, UTO 3eMHas arMocdepa [JOCTHUraeT [eCSITKOB
KWJIOMETPOB OT MoBepXHOCTU. CITyTHUKU Ha «HU3KUX» OKOJI03eMHBIX OpOMTaX,
Kak TpaBWJIO, JieTaroT Ha paccrtosiHuu ot 150 1o 600 kuinomeTpoB OT 3eM/ivd U
TIPOXO/AT TOMHBIM 000pOT TpuMepHO 3a 90 MUHYT. /IbIIIaTh Ha TaKOW BbICOTE
HEBO3MO)KHO, OJJHAKO KOe-Kakue aTMOC(epHble MOJIEKY/IbI ellje BCTPeuarTcs — U
WX ZI0OCTAaTOUHO, UTOOBI MOCTENeHHO MCTOIATh OPOUTA/NbHYI0 SHEPrHi0 HUYero
He TI0/[03peBaroI[UX CIYTHUKOB. UTOOBLI MpeozoseTh COIPOTHB/IEHHE BO3/yXa,
CIyTHUKY HY>XHO MEPUOJUYECKU JieNlaThb PhIBKM, MHAUYe OH ymaJeT Ha 3eMJI0 U
CTOPUT B TIJIOTHBIX C/I0SIX aTMOC(ephI.

COJ'IHU"E TepseT BemeCTBO C ITIOBEPXHOCTHU CO CKOPOCTBIO OoJIblIIe
MW/IV/TMOHAa TOHH B CEKYHAY. MBI Ha3biBaeM 3TO COJIHEUHBIM BETPOM,
KOTOprfI COCTOMT M3 BBICOKOOHEPIUYHLIX 3dPAXKE€HHBIX YdCTHI].

AnbBTepHaTUBHBIM ~ CrIOCOO  OMpefie/iuTh, TAe  TPOXOJUT  TpaHHMIla
atMocgepbl, — 3a/aTbCsl BOMPOCOM, [Jleé TIJIOTHOCTb MOJIEKY/T aTrMOC(epHbIX
ra3oB paBHa IUIOTHOCTHM MOJIEKY/ Ta30B MEXIJIaHeTHOro MpocTpaHcTBa. Ilo
TaKOMy OIpeZieJIeHHI0 TOJIIIMHA 3€eMHOM aTtMoc@epbl COCTaB/sieT HeCKOJbKO
ThICSY KW/IOMeTpOB. ['opa3zo Bbillle 3TOro ypoBHs, Ha paccrosiHuu B 40 000
KUJIOMETPOB OT TOBEPXHOCTHM 3emiM (OfHa AecsaTasi paccTossHus A0 JIyHbI),
TIPOXOJAT OpOMTHI CITYTHUKOB CBSI3U. JTa BbicOTa M30paHa He TOJBKO TIOTOMY,
yTO 3eMHas arMocdepa TepecTaeT OKa3biBaTh Ha CIyTHUKMU CYyllleCTBEHHOe
B/IMSIHME, HO W MOTOMY, UTO Ha HEW CKOPOCTb CITyTHHKA TaKOBa, UTO OH
coBepIiaeT OAWH 000OPOT BOKpPYr 3eM/M POBHO 3a CyTKu. Korma opbura
W/leasibHO COIJIaCyeTCsl C TEMIIOM Bpall[eHUs1 3eMJIU, CITyTHUK CJIOBHO TTapUT Ha[l
OJTHOM TOUKOM, @ 3HAUWT, CJIY>KUT UZEaJbHbIM TepeJaTuMKOM CUTHA/I0OB MEeXIy
pa3HbIMU 00/IaCTSMU 3eMHOU TTOBEPXHOCTH.

3akoHpl HrloTOHa 0C000 Or OBApPUBAIOT, UTO, XOTA I'PABHUTALIMA I1JIAHETLI



cabeet, Korjla OT Hee yZaJsiellbCsi, HET TAaKOrO PacCTOSIHUSI, HA KOTOPOM OHa
Oyzer paBHa Hymto. I[TnaHera FOmuTep cO CBOMM MOIIHBIM TDAaBUTALIMOHHBIM
rojieM O/arorosiydHo OTpa)kaeT MHOKECTBO KOMeT, KOTOpble MOI/I Obl
HaTBOpPUTH Oejl, TOTaZy OHU BO BHyTpeHHIOH0 CosiHeuHyro cucteMy. FOmmrtep
CJTY>KUT Z1J1s1 3eMJTH TPaBUTAI[MOHHBIM LI[UTOM — MYCKY/IUCTBIM CTapIliiM OpaTom,
Gnarozapsi KOTOpoMy Ha 3emjie CIy4aroTcsl Jo/THe, M0 CTO MU/UTUOHOB JIeT,
1epuoJbl OTHOCUTEJBHOTO MHUpa M TOoKosd. be3 mokposutensctBa FOmnurepa
CJIOKHOM >KU3HU ObIIIO OBl HEMPOCTO CTaTh TaKOM, Kakas OHAa eCThb, MOCKObKY
OHa TMOCTOSIHHO HaxoAwiach Obl TI0[, yrpo3od BbIMHUDAHUS B pe3y/brare
KaTacTpo(uuecKkoro CTOJKHOBEHUS C KAKUM-HUOY/Ib METEOPUTOM.

Korma ™Mbl 3amyckaemMm B KOCMOC 30HJBI, TO TIpDAaKTHYeCKU BCerja
SKCIIyaTUpyeM TpaBUTALMOHHbIE M0/ [JpYrux IuiaHeT. Haripumep, 30H[
«Kaccunu», nobeiBaBiinii Ha CaTypHe, ABaXK[bl 3apYUW/ICS TPAaBUTALIMOHHOU
ToOMOI1IbI0 BeHepsbl, ofauH pa3 — 3eMu (BO BpeMsi 00paTHOTO TpoJieTa) U OfUH
pa3 — FOnurepa. Tpaekropuu OT MIaHeThl K I/laHeTe, HallOMUHAIOLIUE IyTh
OWIMapIHOTO I11apa, MHOTOKPATHO OTPa’Karoll[erocsi OT O0PTUKOB, BCTPEUAIOTCS
CIUIOlib W psAfoM. VHaue HaiM KpollleyHbie 30HJbl He CMOIU Obl HabpaTb
JIOCTaTOYHO CKOPOCTU W JSHEPTUM U J00parbCsi A0 1jeld — OJHUMHU JIMIIb
DPYKOTBOPHBIMU PaKeTHBIMU JIBUTaTe/ISIMU 37leCh He 000UTUCH.

B ToMm, uto Mexay maHeT B Haieii ConHeuHOW cucTeMe OosTaetcs
CTONMBKO MYycCOpa, Tereph BWHOBAT M 5. B Hos6pe 2000 roza acrepouj w3
ocHOBHOro mnosica 1994KA, koropbii OTKpbLIM [3Buz JleBu u KsponvH
[ITymetikep, Ha3Banu 13123-TalicoH B MO uecTb. MHe 3TO HeoObIualiHO
TIDUSITHO, OJHAKO OCOOEHHBIX TPUYMH 3a3HABaThCsl 3/leCb HET: acTepOU[IbI
YacTeHbKO HOCAT OObIUHbIE UesioBeuecKre MMeHa, Harpumep, [koau, appuet
v Tomac. Ha cBete ecTb fake actepouzibl MepnuH, xeiimc boug u Canra.
VX HacuuTbIBaeTCsl y>Ke COTHU ThICAY — TOTO U IVISIAW, Y HAC KOHUMTCS 3ariac
vMeH. He 3Haro, HacTaHeT /M TakOM [jeHb, HO S yTellarwChb, YTO MOU KOMOK
KOCMHUUYECKOr0 MyCOpa He OJVHOK — B MeXXIJIAHETHOM MPOCTPAHCTBE TOHbIM-
TIOJIHO XJlamMa, Ha3BaHHOTO B YeCTb JIF0flel, peasibHbIX U BbIMBILLJIEHHbIX.

A ellle s pafi, UTO B JJaHHBI MOMEHT MOU aCTEPOUJ, He JIETUT K 3emiie.



11. DK3011aHeTra 3eM/id

C Mecra Ha MeCTO Ha 3emjile MOXHO [epeMellaTbCsl I0-pPa3sHOMY: KOMY
HPaBUTCS TI/IbITh, KOMY Oerath, KOMY XO/UTb, KOMY T10/13aTh, — HO JIt0O0H U3 3THX
crioco00OB  JlaeT BO3MOXKHOCTb  TMOMH000BAaThbCA  BOMM3M  HeMcuepriaeMou
COKDOBHUIIHULIEN BCSIKWX 3€MHBIX [UKOBMH. TO 3aMeTWIlb >XWJKY PO30BOrO
M3BECTHSIKA Ha CTeHe KaHbOHA, TO YBU/MIIb, KaK OOXKbS KOPOBKA €CT T/ Ha
crebe po3bl WM KpaOWMK BbIKarbiBaeTCd M3 Tecka. Hamo  TO/BKO
TIPUCMOTPEThCH.

Ecmu migpeTe B WIIFOMUMHATODP B3/I€TarOLero caMoJjieTa, BCe 3TH JeTalu
ObicTpo uMcue3a0T. HMKakuxX BKYCHEeHbKMX Thed. HHMKakux mrOOOMBITHBIX
KpabukoB. BeIXoAMIllb Ha KpeliCepCcKyro BLICOTY KUJIOMETPOB B JIECATh — U yrKe
He y3Haelllb CeTKY KPYITHbIX aBTOCTPa/,.

Korma rmopHvMaellbCs ellle Bblllle, B KOCMOC, [eTajid IIPOAOJDKAIOT
npornagarb. W3 wiumtomuHatopa MeXayHapoJHOWU KOCMHUYECKOM CTaHIUY,
KOTOpasi MPOXOAUT Ha BbICOTe OK0JI0 400 KU/IOMETPOB, IHEM MOYKHO Pa3/IMuUThb
[Tapwx, JIoHZOH, Hbm—ﬁopK v JIoc-AH1Kesiec, HO TOJIBKO MIOTOMY, UTO B IIKOJIE
Ha ypoke reorpaduu Bblyuu/, TJe OHM HaxoAaaTcsi. Houblo KpymHbIE TOpo/a,
KOHEUHO, SPKO CBeTATCd. [IHeM, BOMNpeKu PpacrpoCTPaHEHHOMY MHEHWUIO,
Benukue nmupamuzibl B ['u3e, ckopee BCero, He YBU/MIIb, a Be/MKyt0 KUTanuCKYHO
CTeHy — U 1ogaBHO. OTUaCTU OHU He3aMeTHbI [TI0TOMY, UTO 10 L[BETY C/IMBArOTCS
C MOYBOW M KaMHEM OKpY>Karolero rneusaxa. M xotss Benvkas kuTarickast CTeHa
TSAHETCSl Ha ThICAYU KWJIOMETPOB, B LIMPUHY OHA BCEr0 METPOB C€Mb, ropasio
yiKke (beZepabHbIX aBTOCTPAZ B AMepHKe, KOTOPbIE eJle-efle Pas/IMunMBI ¢ 60pTa
TPAaHCKOHTUHEHTA/IbHOTO aBUa/laHepa.

C opOUTHI HEBOOPY>KEHHBIM T71a30M ObI/TM BUHBI KYOBI IbIMa OT TOPSIIIIAX
HeTsHbIX BhIlleK KyBeliTa B KOHIle TepBOi BOWHBI B [lepcu/iCKOM 3a/viBe B
1991 roay u ot ropsmux OarieH-6/M3He1[0B BceMHUPHOTo TOProBoro LieHTpa B
Heto-Mopke 11 centsabps 2001 roga. Kpome Toro, oTTyza BU/HBI TPaHHIbI
MeXXJy KOpUUHEBbIMU 3aCyIL/IMBbIMU 3eMJIAMU U 3eJIeHbIMU OpollaeMbIMU. BoT,
B 00111eM-TO, W BCe — JIFOX OOJIbIlle He COTBOPWIA HUUETO TAaKOTO, UTO MOYKHO
pa3/IMuUTh C BBICOTHI B HECKOJIBKO ThICSU KWJIOMETPOB. 3aTO SB/I€HUS TIPUPO/IbI
OTTYyZla BUJIHBI TIPEKPAcHO — HarlpuMep, Oypu B MeKCHKaHCKOM 3a/ivBe, JIeZI0XO0/
Ha ceBepe AT/JIaHTUKU, U3BEPKeHUs BY/JIKAHOB I7ie YTOAHO.

C Jlynsl, 0 koTopoii noutu 400 000 kunomeTpos, Hero-Mopk, Tapiwk u
oCTa/lbHbIe TOPOZA-0/1eCTKM He BU/HBI Ja)Ke KakK MejbJaiiiie HUCKOpku. Ho
Jlaxe OTTyla MOXXHO pasmisifieTb, KakK [ABWXKYTCH [0 I[IaHeTe KpYIHbIe



armMocdepHbie ¢ppoHThl. C Mapca, Korjla OH HaXoAUTCs OJvxe BCero K 3emiie —
Ha paccTOsSHUM TipuMepHO 50 MWIIMOHOB KWJIOMETPOB, — B OOJIbIION
MOOUTeNbCKUI TeeCKON MOYKHO paslyisiZieTh KpYyITHeHIllve TopHble Lenu COo
CHE)XHbIMY BepIIMHAaMU U KOHTYPbI 3eMHbIX KOHTHUHEHTOB. Eciu ke yseTeTh Ha
HenityH, 3a ueTbIpe C IOJIOBUHOW MU/UIMApAA KWIOMETPOB, — 10 KOCMHYEeCKUM
Maciirabam 3To coceiHsis ynuiia, — camo CoJHIle CTaHeT B ThICAUY pa3 TyCKJiee
u Oyzer 3aHMMaThb Ha Hebe TUIONIA[bL B THICSUY pa3 MeHbIlle, YeM Ha 3eMHOM
HeboCk/oHe. A Kak ke cama 3emsisi? OHa TIPeBpAaTUTCS B TOUYEUKY He sipue
TYCKJIOW 3Be3/Ibl U MIOUTH 3aTepsieTcst B cBeTe CoJHIIA.

B 1990 rogy kocMuueckuii arrapaT «Bosypkep-1» caenan m3-3a opoOUTHI
HentyHa 3HameHuTyro QoTtorpaduto, Ha KOTOpOM 3eM/si BBIVIIJUT, MO
BbIp@KEHUI0 aMmeprKaHCKoro actpodusuka Kapna CaraHa, Kak «0sefnHo-roy6ast
Touka». Y 310 oH 3emJie ellle noibCTUI. be3 noanucu Ha POTO ee ¥ He HAUTH.

Yrto Ob10 OBI, ecu Obl Kakue-HUOYb BbICOKOYMHbIe WHOIIJIAHETSHE U3
rmyouH BceneHHoi usyuanu Hebeca CBOMMU OpraHaMu 3peHHsi, COBepIIIeHHbIMU
OT TIpUPOAbI, /la ellle W C TIOMOIbI0 HOBEMIIMX OMNTHUYeCKUX TpUubOopOB,
TIOPOXKJEHHBbIX MX COBepLIeHHOM LuBWIM3aluvend? Kakve BHJVMble KauyecCTBa
Ti7IaHeThl 3eMyist OHU Obl OTMETH/TN?

[Ipexxgme Bcero, KOHeYHO, romyboii 1BeT. Boja mokpeiBaeT 0Oosee ABYX
TpeTel MOBEPXHOCTU 3eM/IM, U OJHO ee MOjyllapye MPakKTAYeCKU MOJTHOCTBHIO
3aHuMaeT Tuxuii okeaH. JIroboe pa3ymMHOe CYIIeCTBO, pacriojararolee
COOTBETCTBYIOIIUM O00OpYZIOBaHWEM UM 3HAHUSIMH, TIO3BOJISIIOIIUMU DPa3/iseTh
1[BET Hallleil TlaHeThl, HECOMHEHHO, C/iesiaio Obl BLIBOJ, O HaJMUUU BOJbI —
TpeTbell M0 paclpOCTPaHEHHOCTU MojeKynbl Bo BcenenHoi. Eciu 6b1 y ero
obopyznoBaHusi ObUIO [JOCTAaTOUYHO BLICOKOE pa3pellieHue, WHOTUIaHeTSHUH
yBuzien Obl He TipocTo OsieHO-ToMyOyI0 TouKy. OH paccMoTpes Obl U3pe3aHHbIe
KOHTYpbI OeperoB — siBHOe CBU/IeTeIbCTBO, UTO BOJla 3Ta XKU/IKasl. A ellle YMHbIN
VHOIJIaHeTSsHUH coo0pa3us Obl, UTO eC/iv Ha TlaHeTe eCTb JKUJKas BOJa, TO
TeMriepatrypa M arMocdepHoe [JaBleHWe Ha Hel T0NaflaloT BO BIOJHE
orpe/ie/ieHHbIe PAMKU.

B BuAMMOM CBeTe MOXHO ObUIO Obl pa3MMUWTL U IIAMKKA JIBAOB Ha
MOJIFOCax, pacTyllde W COKpalllawilydecs W3-3a Ce30HHBIX KosjebaHuit
TemrepaTypbl. A TakXe BBLIUUCIUTH Tepro/, obpailleHusl Hallleil TiaHeThl — 24
yaca: 3a Takoe BpeMsl B OKY/ISIPbI TIOMa/ja/iv Obl y3HaBaeMble y4acTKU Cyiiu. Eiije
VHOIJIaHeTssHe  pasryisifieid  Obl  KpyrnHble arMocdepHble (POHTBI U UX
riepeMelreHyst; TijaTeJlbHO U3YUUB TU JlaHHbIe, COOpaThsi M0 pa3yMy HaBepHsKa
HayuYUIUCh Obl OTIMYAaTh YepThl aTMOC(hepHBIX 00/1aKOB OT uUepT MOBEPXHOCTH
caMou 3eMJu.

A Temepsb Mopa NpOBepUTh BCe 3TO Ha MpakKTHKe. bvkaniias 5K301/1aHeTa



— OmKaiiilias TIaHeTa, Bpalllaloliasics BOKPYT Jpyroi 3Be3/bl, a He CosHija, —
HaXOJUTCS B coceqHelt 3Be3qHOUM cucteme Asiba LleHTaBpa, NMpUMepHO B
yeTbIpeX CBETOBBIX ToflaX OT HAac, KOTOPYH) BH/JHO B OCHOBHOM U3 FOXKHOTO
nonyiapus. PaccrosHue OT Hac /0 OOMBIIMHCTBA 3apervuCTPUPOBAHHBIX
9K30T/IaHeT COCTaBJIsSeT OT JIeCATKOB 0 COTeH CBETOBBIX JieT. SIpKOCTb 3eM/u
NIpUOIM3UTETHHO B MUJTMAP/, Pa3 MeHblile spkocTu CosiHIja, a TIOCKOJIbKY Hallla
TlaHeTa HaxoguTcsi oyeHb Omu3ko K ConHily, TO HabmomaTh ee
HEeToCpe/ICTBEHHO B TeJeCKOI, Y/IaB/MBAIOIIUNA BUJUMbBIA CBET, TMpaKTUueCKU
HEBO3MOXXHO. DTO BCe paBHO UYTO TIbITaThCs pasryisifieTb CBeT/AsYKa Ha
TOJITUBY/ICKOM CHeMOYHOM TIIONIa/iKe, T7le CBeTST MOII[HbIe MPOXKeKTophl. Tak
YTO, eC/IM MHOTIaHeTsIHe Hac U HalJyT, TO CKOpee BCero B pe3y/bTaTe MOUCKOB B
JpyTUX Auaria3oHaX, a He B BU/IUMOM CBeTe, HampuMep, B MH(GPAKpacHOM, T/e
Hallla SIPKOCTh TI0 cpaBHeHHIO ¢ CoJHIIEM HeCKOJIbKO Bbillie. Bripouem, MoxeT
ObITh, MX WHXKeHepbl MPU/IyMa/Id KaKyI0-TO MPUHLIUITHA/ILHO IPYTYIO CTPATeruio.

Brmkatitiast sk3or1aHeTa — Ovkaiiiias rjiaHeTa, Bpalllaroiasicst
BOKPYT [pyrod 3Be3iabl, a He CosiHLIAa, — HaXOAUTCSl TPUMEPHO B
yeThbIpeX CBETOBbIX TOflax OT HAac, B COCeJHEelN 3Be3[[HOM CucTeme
Anbda LleHTaBpa, KOTOpDY!0O BHJHO B OCHOBHOM U3 HDPKHOIO
TOJTy1Iapusl.

MoxeTr OBITb, OHM TIOCTYIIAIOT TakK, KakK OOBIYHO Je/lal0T HallH
coOCTBeHHbIE OXOTHUKM 3a TIJITaHETaMU: CMOTPST Ha 3Be3/Ibl U XKIYT, He OyaeT u
UX CBeT CJierKa JlepratbCsi yepe3 paBHble MPOMEXYTKM BpeMeHU. Eciu cBer
3Be3/Ibl MepUOANYeCKH JepraeTcs, 3TO BblZIaeT CYIlleCTBOBaHMWE TIJIAHEThI Ha
opbuTte, a)ke ec/ii cama IJlaHeTa OueHb TyCK/iasi U ee He BUJTHO.

Borpeky pacripocTpaHeHHOMY MHEHHIO, CTPOrO TOBOps, IJlaHeTa He
BpalllaeTcsi 10 opbuTe BOKPYr cBoeli 3Be3dbl. Ha camom fiesie mijiaHeTa U ee
3Be3/la BpalllaloTCs M0 OpOuTamM BOKPYT 001iero 1jeHTpa Macc. YeM MaccuBHee
T7laHeTa, TeM 3aMeTHee peaklys 3Be3lbl — U TeM Jierde 3aperucTpUpOBaTh
TI0/lepr¥BaHusl, KOTJja aHaM3upyellb ee cBeT. K HeCcyacTbio /ijis MHOTI/IaHEeTSIH-
OXOTHHWKOB 3a TJlaHeTaMH, 3eMJisi OUeHb MaJsieHbKasi, Tak uTo CoJiHI[e IIeBeTUTCS
e/lBa-e/lBa, UTo ellje CUIbHee 3aTPyJHSEeT 3a/jauy MHOTJIAHETHBIX UH)KEHEepOB.

Teneckonn  «Kemnep», kotopeii 3anyctuio HACA, crnenmanbHO
CKOHCTPYMPOBaH M HACTPOeH Tak, uToObl MCKaThb 3eMJIernoflo0HbIe TIIaHeThl



BOKPYT COJHIIENOA00HBIX 3Be3/l, ¥ MPUMeHsIeT TIPU 3TOM APyroil MeTo/ TIOMCKa,
YTO T03BOJIsSIeT CYIeCTBEHHO paCIlMpPUTh KaTasor 3K30r/iaHeT. «Keriep» uiieT
3Be3/lbl, Ubsl 00Il[as SIPKOCTb HEMHOIO TiaZiaeT uYepe3 paBHbIE ITPOMEXYTKU
BpeMeHU. B Takux cinyuasx «Keriep» 6/1arozapst TOUHOMY TIPHUIIENY Y/IaB/IWBAET,
KaK 3Be3/lla CTAHOBUTCS UyTb-UyTh TYyCKJ/ee, TMOCKOJbKY MpsSMO Tiepesi Hel
TIPOXOAUT OJjHA W3 ee MlaHeT. ITOT MeTOJ, TOXKe He T03BOJsieT BU/IeTh I/IaHeTy
KaK TakoByl0. Jla’ke KakMX-TO 0OCOOeHHOCTell ITOBEPXHOCTH 3Be3Zlbl TaK He
pasnnuuiib. «Keriep» MpoCcTo perucTpupyeT M3MeHeHHe CBETUMOCTH 3Be3/bl,
OJJHAKO 3TO TI03BOJIMJI0 HaM 00aBUTh B KATaJOT THICSYM SK30IIaHET, B TOM
yuce COTHU 3Be3[JHbIX CHUCTeM C HeCKOJbKMMHU TijiaHeTaMu. Kpome Toro,
JaHHble «Kerijiepa» MOMOratOT pacCuuTaTh pa3Mep 3K30IIaHeThl, Mepuoj ee
obpailleHUss ¥ pacCTOsTHUE OT 3Be3/bl. Takke MOXKHO C/ieflaTb 000CHOBAHHYIO
OLIeHKY MacChl TIJIaHeThI.

Ecnu BaM MHTepecHO, TO Koryia 3eMJisi poxouT riepes; CoHIleM — a Be/lb B
000 MOMEHT MOXKHO HalTH KaKyl0-TO TOUKY ['ajlakTHKH, OTKyZla OTKPbIBAeTCS
MMEHHO TakKOW BWJ, — Mbl OJIOKMpyeM OJHY [eCSATUTBICSUHYIO [0JIF0
rioBepxHocTH Co/HI]a U TeM CaMbIM HEHa/I0/NIr0 3aCTaB/sieM ero TyCKHeTh Ha
OJIHY [1eCSITUTBICSTUHYIO OOBIYHOM SIPKOCTH. YK KaK eCTh. TaK UTO MHOTUIaHeTsIHe
oOHapyXaT 3em/lt0, HO HHUYEro He CMOTYT y3HaTb O IIPOMCXOASIEM Ha ee
TIOBEPXHOCTH.

TyT Ha MOMOIIb TPUXOAST pajjuo— U MUKPOBOJIHOBOE M3/ydyeHUs. MoxkeT
ObITh, Yy HaIMX JFOOOIBITHBIX HWHOIUIAHETSH eCTh 4YTO-HUOyAbL Bpo/e
MATUCOTMETPOBOI'O pajiMoTe/ieCKora U3 KuTalckol npoBuHLuM ['yitwkoy. Eciu
OHM ellle ¥ CYMeIOT HaCTPOUTHCSI Ha HY)KHYIO UaCTOTYy, TO HaBepHSIKa 3aMeTsIT
3eM/lt0, TO eCTb 3aMeTSIT Hallly BbICOKOPA3BUTYIO LIMBW/IM3ALMI0 KaK OAWH W3
SApUaNIIIX UCTOYHHUKOB Ha HebGe. BcrioMHUTE, CKOTBKO Y HAC BCAKUX YCTPOMCTB,
KOTOpble TeHepHUPYHT paJo— W MHUKPOBOTHOBOE U3/lyueHHe: He TOJbKO
oObIUHbIE pajUoONepelaTUMKH, HO U TejeBUeHHe, MOOUIbHBbIE TesedOHbI,
MUKDOBOJTHOBbIE TI€UKH, MY/bThl, OTKPbIBAalOI[Me JBepH Tapakeld W MalllvH,
KOMMepuecKre pajilapbl, BOEHHbIe pa/iapbl, CITyTHUKU CBSA3U. MBI SIDKO CUsieM B
JNJTMHHOBOJIHOBOM /IMaria3oHe, W 3TO siCHee SICHOIO TOBOPUT, UYTO Ha Hallei
T7laHeTe TIPOMCXOJWUT UTO-TO HeoObIYHOe, TIOCKOJIBKY B €CTeCTBeHHOM
COCTOSIHMM MajieHbKHe KaMeHUCThIe MJIaHeTKH TIOUTH He U3/1y4aroT paJMOBOJIH.

Tak uto ecnu /OOOMBITHBIE MHOTI/IAHETSIHE HATIPABAT B HAIlly CTOPOHY CBOM
paZiuoTesieCKOIl, OHU, BEPOSITHO, C/le/Ial0T BbIBOJ], UTO Ha 3TOM MiaHeTe pa3BUTa
TexHoJioTusi. OZJHaKO eCTb OfjHa CJIO)KHOCTh: BO3MOJKHBI U [IpyrHe TOJTKOBAHUSI.
He uck/ItoueHo, YTO UHOIIAaHeTssHe He CMOTYT OTJIMUWTb CUTHasbl C 3eM/IU OT
CUTHAJIOB KPYIHbIX MyilaHeT COJIHEYHOM CHUCTEeMbI, TIOCKO/IbKY BCE OHU MOII[HO
W3/yvyaloT B paAMozaMarna3oHe, ocobeHHo HOmurtep. A MokeT, HabmromaTenu



MPOCTO  peIlaT, YTO Mbl KakKasi-TO HOBas Pa3HOBUJHOCTh CTPaHHBIX
Pa/IMOM3/TyYaroIIUX Ti/IaHeT. Vv MpuMyT paiiou3siyueHre 3eM/IH 3a COJTHeUHOe
U cJenaroT BbiBOA, uTo CoJiHIle — KaKasi-TO HOBas Pa3HOBHW/HOCTb CTPaHHBIX
Pa/IOM3/TyYaroIIX 3Be3.

B TakoM >’Ke TymnMKe OKa3a/MChb Halllk, 3eMHble acTpOhU3UKUA U3
KemOpupKckoro yHuBepcuTeTa B AHrmu. OHU u3yuyanu Hebeca IMpPH ITOMOIIU
pa/IioTeIecKoria — UCKaIu 000U CUIbHBIM UCTOUHHWK PaZIMOBOMH — U DHTOHU
XplOMIII C KoJiJleraMd OOHapy)KWIM OueHb CTpaHHOe siBJleHHWe — OOBEKT,
My/TbCUPOBABIIMMA C WCK/IIOUUTEBHO CTAaOW/IbHBIM TepHUOIOM UyTh OOJIbIle
cekyHzabl. Ero 3ameruna /I>kocenwH besn, KoTopasi Torza Oblla acrydpaHTKOM
Xproullia.

Bckope kosuterd bBem yCTaHOBW/IM, UTO MMMY/AbChl JIOXOAST OTKYZA-TO
u3janeka. Bo3HUK/IO Hernpeoso/MMoe WCKYIIIeHHe peluTh, UTO CHUTHal WMeeT
TeXHOJIOTMYeCKoe TTPOMCXOXK/IeHHe, UTO KaKasi-TO WHasl Ky/JbTypa UCITyCKaeT ero
1 TeM CaMbIM BbIJJaeT CBOIO ZiesiTelbHOCTb. Kak BcriomuHaeT bess, «y Hac He
ObIZIO I0KA3aTe/bCTB, UTO 3TU PAJMOUMITY/IbChI MCKIIOUATETHBHO TPHUPOAHOTO
TTPOUCXOXK/I€HHS. .. sl [IPOCTO XOTesa 3allUTUTh JUCCEPTAIUI0 TI0 KaKOW-HUOY/Ib
HOBOM TeXHHMKe, a MajieHbKUe 3e/ieHble uejlOBeUKH, BOT IVIyIieHbKHe, BbIOpaiu
MMEHHO MO0 aHTeHHY M MOIO 4acCTOTY, UTOObI cooOImuUThL HaM o cebe» (Jocelyn
Bell, Annals of the New York Academy of Sciences 302 (1977):685). OnHako He
TIPOIIIZI0 M HeCKO/IbKUX AIHeH, Kak besis1 00Hapy»kuia v Apyrye TTOBTOPSIFOIIHECS
CUTHaJIbI, UICXOZSAIINe U3 APYTUX TOUeK Hallleid rafakTukd Mieunsbiit [TyTe. Bemnn
1 ee KOJIJIETU TIOHSJIM, UTO OTKPBIIM HOBBIM K/IaCC KOCMHUECKHUX OOBEKTOB —
3Be3/lbl, COCTOSIIe W3 OAHUX HEUTPOHOB, KOTOpPble C KaXkAbIM 000pOTOM
HCITyCKalOT B HaIlly CTOPOHY WUMITY/IbC paZiioBo/H. [Toatromy Xesuin u benn u
Ha3Ba/Id UX My/IbCapaMH.

Ho oka3sbiBaeTcsi, paAuoIiepexBaT — He eAWHCTBeHHbIM Cr0ocob
KOCMHYeCKOro IIMHOHaXKa. ECTh ellle KOCMOXUMUSI.

XyUMHUUeCKMM aHa/mu3 atMocdep riaHeT — OypHO pa3BUBAIOIIASICS OTPaCb
COoBpeMeHHOM acTpodu3uKu. JIerko JoraziatbCsi, YT0 KOCMOXHUMHUS OIUPAETCs Ha
CTIEKTPOCKOIIMIO, aHa/M3 CBeTa TIPM TIOMOINM CIleKTpomeTpa. biaroaaps
WHCTPYMEHTaM ¥ MeTOZaM CITeKTPOCKOIHMCTOB, KOCMOXUMHKUA MOTYT Cjle/aTh
BBIBO/] O CYII|eCTBOBAaHMH »KHM3HM Ha 3K30IIaHeTe He3aBUCHMO OT TOTO, pa3yMHa
IV 3Ta JKWU3Hb M pacrioyiaraeT Jid OHa TeXHOJIOTUSIMH. JTa HayKa Tak JleliCTBeHHa,
TIOCKOJIbKY JI000H 371emMeHT, jitobasi MoJieKysa, rje Obl OHa HH HaXOJWIach BO
BcenieHHOM, MO-CBOEMY TIOIVIOIIAeT, UCITyCKaeT, OTPa)kaeT M pPacCerBaeT CBeT.
Kak Mbl y)ke 3HaeM, CTOWUT IIPOITYCTHUTb 3TOT CBET uepe3 CIIeKTPOMeTp, U
oOHapy)KaTcsi XapakKTepHble YepTbl, KOTOpble II0 TpaBy MOXHO Ha3BaThb
XUMUUeCKHMHM OTIIeUaTKaMH T1ajbiieB. CaMble HaI/sAHbIE OTIIEUATKA OCTAB/ISIOT



XUMHUUeCKUe BelljeCTBa, KOTOpbie CUIbHee BCero BO30y)K/1aroTCsl OT JlaB/ieHUsl U
TeMIiepatypbl cpefbl. B aTMocdepax rjiaHeT OueHb MHOTO TaKWX BellleCTB. A
ecmi Ha T1ulaHeTe Ooraras ¢uiopa u (ayHa, ee armocdepa HachlijeHa
ObvoMapkepamMu — CIIeKTpaJbHbBIMU CBUJETe/NbCTBAMU XU3HU. CKpBbITh 3TU
CBUZIETEeNILCTBA OU€Hb TPYAHO, KakoBO Obl HU ObIIO WX TIPOMCXOXKAEHUe —
OuvoreHHoe (BbI3BaHHOE OT/ENbHBIMKA BHUJAMUA WA BCEMH JKUBBIMU
CylL[eCTBaMHU), aHTPOIOTeHHOe (BbI3BaHHOE LIMPOKO PacrpoCTPaHEeHHbIM BUZOM
Homo sapiens) niu TeXHOreHHOe (BbI3BaHHOE HCK/IFOUMTEIbHO TEXHOIOTUEN).

JItobombITHEIE UWHOTUIAHETSIHE /IO/DKHBI  CO3/IaTh  CTIeKTPOMETD, UTOOBI
MPOYMUTATh HalllM OTTeYaTKu MasblieB, €C/M, KOHEUHO, Y HUX OT MPUPOAbI HeT
CMEKTPOCKONUUYeCKUX ceHcopoB. Ho rnaBHOe — 3emsisi 10/KHA TIPOWTU Tiepeq
CosnH1ieM (WK KaKUM-TO APYTUM UCTOUHHUKOM), UTOOBI ero CBeT MPOHU3a Hallly
atMocgepy W [olles [0 MWHOMJIaHeTsH. Toraa XWUMHUUecKue COeAUHEHUs! B
3eMHOM arMocdepe TMPOB3aUMOJAEUCTBYIOT C 3TUM CBETOM M OCTaBAT B €ro
crieKTpe Opocatolecs B 171a3a YepThl.

HekoTopble MosieKy/libl — amMMmuak, BOZQ, YIVIEKUCIbIM ra3 — O4eHb
pacrnpocTpaHeHbl BO BcesieHHOM U He CBsi3aHbl C HainuueM >Xu3Hd. OHaKo ecThb
Y MOJIEKYJIbI, KOTOPBIX CTAHOBUTCS OYeHb MHOTO UMEHHO B MPUCYTCTBUU XKUBBIX
opranu3MoB. Ha 3emrie cyiiiecTByeT sipkuii OoMapkep — MoJieKy/la MeTaHa, /iBe
TPeTU KOTOPOTO MPOU3BOJSATCS KaK MOOOYHBIN 3PPeKT KaKoW-TO JesiTe/IbHOCTU
ye/iOBeKa: MeTaH BbipabaTbiBaeTcs Mpu HedTeriepepabOTKe, BhIpAIlIMBaHWN PUCA,
THUEHUM CTOYHBIX BOZ, @ TaKKe B OTPbDKKE M KUIIIEUHBIX ra3ax J[OMalllHero
ckorta. OcTaBlytOCs TPeTh AT NPUPO/IHbIE UCTOUHUKM, B TOM UMCJIe THUIOLast
00JI0THast paCTUTELHOCTD U Ta3bl, BbipabaTbiBaemMbie TepMuTaMy. OZIHAKO B TeX
MecTax, TJie MajJo CBOOOAHOT0 KMC/IOpo/a, /s o0pa3oBaHUsl MeTaHa He BCerja
TpeOyeTcst xu3Hb. Kak pa3 ceiiuac acTpoOMONIOrUM BeyT >KapKuii CIIop O TOM,
KaKOBO TIPOMCXOJK/eHUe CJiefloB MeTaHa Ha Mapce ¥ OOW/IBHBIX 3aracoB 3TOTO
BelljecTBa Ha cnyTHUKe CarypHa TuTaHe, rje, HaJ0 MoJjiaratb, HeT HU KOPOB, HU
TEePMUTOB.

Eciv  vHOM/IaHeTsHe TOCMOTPST Ha Hallle HOUYHOe TIoJylliapue,
oOpailjeHHOe B TPOTHUBOMOJIOKHYIO CTOPOHY OT 3Be3/lbl, BOKPYT KOTOPOM MBI
BpalllaeMcsi, TO OHHU, BepOsITHO, OOHapy)kaT, UTO Ha Hallleli TJlaHeTe MHOTO
HaTpUsl, MOCKO/IbKY Mbl LIMPOKO MCIO/b3yeM HaTpUeBble JIaMIIbl [JIs1 YIUYHOTO
OCBellleHUs], KOTOpOe BKJIFQUAeTCsl Ha 3akaTe B ropofiax u npuropogax. OgHako
CcaMbIM SIDKMM TIOKa3aTe/ieM HajuuMsi ’KU3HU, CKOpee BCero, CIY)KUT BCe-TaKu
CBOOOHBIN KUCIOPOJ, COCTaB/ISIOIIMM TISTYIO YaCTh Halllei aTMocQephl.

Kak pa3 cefiuac acTpoOHO/IOTUM BeAYT KapKWUW CIIOp O TOM,
KaKOBO TIPOMCXOXKJeHHe CJIe[loB MeTaHa Ha Mapce U OOHIBHBIX



3dlldCOB 3TOr0 BelleCTBd Hd CIIyTHHUKE CaTypHa Turane, rage, Hajo
I1oJjiaratb, HeT HU KOPOB, HU TEDMHUTOB.

Kucnopog — TpeTud mo pacripoCTPaHEHHOCTH TIOC/e BOJLOPOZAA U Tesust
3/IEMEeHT B KOCMOCe — XMMWUECKU aKTUBEH M JIerKO CO3/jaeT CBA3U C arOMamu
BOZIOpOZa, yIVIepoza, a30Ta, KpeMHUs, Cepbl, keje3a U Tak fanee. VI maxe c
camum coboii. Takum o6pa3oM, uTOOBI KHUCIOPOZA, CYIIeCTBOBal B CTaOUILHOM
COCTOSIHUM, [TOJDKHO OBITh UTO-TO, UTO BHICBOOOXK/IAeT ero C TOM ke CKOPOCThIO,
C KakoW OH pacxofyeTrcs. 3[ecCh, Ha 3eMje, ero BbICBOOOXKIAIOT >KUBLIE
opranusMbl. @OTOCHHTE3, KOTOPLIM 3aHUMAIOTCSI paCcTeHHsI U MHOTHe OaKkTepuH,
co3aeT CBOOOAHBIN KUC/IOPOA B OKeaHax W B armocdepe. CB0oOOAHBIM
KUC/IOPOZl, B CBOIO ouepelib, obOecreurBaeT CyI[eCTBOBAaHUE JKU3HU C
KHUCJIOPO/IHBIM OOMEHOM BeII[eCTB — a 3TO U Mbl C BaMH, M TIPaKTHUeCKH BCe
CylL|eCTBa U3 L|apCTBa KUBOTHBIX.

Mebi, 3eM/siHe, y)Ke 3HaeM, KaKyl Ba)KHYIO DOJIb UrpPal0T 0COOEHHOCTU
XMMUUECKOTO COCTaBa Hallled T1ulaHeTbl U ee arMmocdepnsl. OpHako
VHOIJIaHeTssHe, KOTOpble 3aMeTSAT Hac u3Janeka, [JO0/DKHbI OyayT elre
WCTONKOBaTb CBOM HAaxOJKW W TIPOBEPUThH TUIOTEe3bl. [leMCTBUTETBLHO JIU
TIepUoAMUeCcKoe TosIB/IeHHe HAaTPHsI HOCUT TeXHOTeHHbIN XapakTep? CBOOOJHBIM
KUCJIOPOJ, OTpeZie/ieHHO uMeeT OuWoreHHyr0 Tmipupoay. A MetaH? OH Toxe
XUMHUUEeCKd HecTtabuseH ¢, KOHEYHO, OTYACTH BbIpabaTbIBaeTCsi M3-3a
aHTPOTOreHHbIX (PAKTOPOB, O/THAKO, KaK Mbl y>Ke BU/Ie/Id, UHOT/A TIOSIB/ISIeTCS U
B OTCYTCTBHE JKUBBIX OPraHU3MOB.

Ecmv uvHOIUIaHeTsiHe pelllaT, 4YTO XHMUUYeCKHe OCOOeHHOCTH 3eMJH
O[THO3HAYHO CBUJIETE/ILCTBYIOT O Ha/WYMKA Ha HEU >KU3HHU, TO, BEPOSITHO,
3a1aJyTCs BOIIPOCOM, pa3yMHa Jid 3Ta >KuU3Hb. [IpeAronokum, UHOIUIAHETSHe
Kak-TO O0OIaloTCs JApPyr C JAPYrOM W, BEPOSATHO, CUMTAIOT, UTO U JApyrue
pa3yMHbIe CyIIleCTBa TOXKe KakK-TO 0OIaroTcs. BeposiTHo, UMEHHO Torjla OHU
peLlar MnojC/yllaTb, UYTO TBOPUTCH Ha 3emMJie, IIPU MOMOLLX paJu0TeIeCKOIOB U
TIPOBEPHTh, KaKyl0 YaCTb 37IeKTPOMarHUTHOTO CIIeKTpa OCBOW/IM ee O0OWTaTesu.
C kakoii ObI CTOPOHBI MHOILJIAHETSHE HHU TIO[OLLIM — C XUMHYECKOM WU C
PaZIMOBO/THOBOM — OHH, CKOpee BCero, MpUAYT K OJAHOMY U TOMY ’Ke€ BBLIBOAY:
T7IaHeTa, T[e TaK pa3BUTa TEXHOJOTHS, [JO/DKHA ObITh HaceseHa pa3yMHBIMU
CylLeCTBaMH, KOTOpbIe, BepOATHO, pa3BjieueHus paJyd M3yudaroT, KaK yCTpOeHa
BceneHHass ¥ KaK TIPUMEHSITh ee 3aKOHbI pajy JIMYHOW BBITOABI M Ha Osaro
ob1jecTBa.

Ecimu elle BHUMaTe/lbHee TPUCMOTPEThCS K XMMHUECKHM OCOOEHHOCTSIM
atMocdepbl 3emMnH, TaM oOOHapy)kaTcsi W Jpyrue OMOMapkKepbl uelioBeKa —
CepHasi, yrojibHasi U a30THasi KUC/IOThI U ]pyrye KOMIIOHEHThbI CMOra OT CTOpaHusl



HWCKOIIaeMoOro ToIuiMBa. Eciy mo Bose diayudad M00O0MBITHRIE MHOIIAHETSHE C
COI.[I/I&JIBHOIZ, KYHbTypHOﬁ U TeXHOJOTMUEeCKOU TOUKHU 3peHud Oostee Pd3BUTHI,
UeM MbI, OHM HABEPHAKA HCTOJIKYHOT 3>5THU 61/10MapKepr KadK Y6EAI/ITEHLHOE
A0Kd3dTe/IbCTBO OTCYTCTBUA pa3YMHOﬁ ’KW3HM Ha 3emJie.

[TepByto sK30m1aHeTy OTKpbLIM B 1995 rofy, a ceiuac, Koraa s MUILY 3TH
CTPOKH, WX UMCJIO TIEpeBajMIO 3a TPU THICSUM, TIPUUEeM OOJBIIMHCTBO ObIIO
OTKPBITO B HEOOJIBIIIOM 3aKoy/nKe MeuHoro myTu B OKpecTHOCTsSX CoyiHeuHOM
cuctembl. Tak 4To BO BcesleHHOM uX ellle TOMHBIM-NIO/IHO. OfiHA TOMBKO Hallla
lanmakTvika cocTouT Oosee ueM M3 CTa MWIIMApPAOB 3Be3fl, a H3BeCTHas
BceneHHas BMelllaeT OKOJIO CTa MUJIMAP/I0B rajlakKTHK.

O,ZLHa TO/BKO Hamia ['ajakTMKa cocTouT Oosiee ueM W3 CTa
MW//IMApA0B 3Be€3d, 4 H3BeCTHAA BcenenHas BMEIdeT OKOJIO CTd
MW/VTHAPA0B I'd/IdKTHUK.

Haiy IOMCKY >XU3HM BO BceseHHON MOATA/NKUBAIOT HAC K IIOKMCKAM
9K30I/IaHEeT, U HEKOTOPhIe U3 HUX HAlTOMUHAIOT 3eMJTI0 — pa3yMeeTCs], He BO BCeX
NoApoOHOCTSAX, a B o6mieM. Ilo mocC/jIeqHUM [aHHBIM, HAa OCHOBAHHUH
9KCTPANo/ISIUA HBIHEIIHUX KaTajoroB, TOJLKO B rajakThke MieuHbldi ITyTb
HACUWTHIBAETCS OKOJI0 COPOKa MUJUIMAPOB 3eMJernofo0HbIX ruiaHeT. Korpja-
HUOyIb HaIllMd TIOTOMKH, HaBepHOE, pellaT WX II0CeTUTh — €eC/Jd He II0
HeO0OXOAMMOCTH, TO U3 TF0OOMNBITCTBA.



12. C ToukM 3peHHs KOCMoOCa

N3 gcex Hayk, 63paujeHHbIXx pOOOM Ueno8eyecKuMm,
UMEHHO dCMmpOHOMUSl cuumaemcsi camoll 8038blUWEeHHO,
camoli uHmepecHol u camoli nosne3Hol — U, HECOMHEHHO,
makoea oHa u ecmb. Beob 6/1a200apsi nO3HAHUSAM, KOmMopble
0asna 3ma HAayKkd, OmKpblima He MOoAbKO 8e1uyuHd 3emu...
HO Uudeu, KOmOpble OHA 8blpaxcaem, pacwupuiu Hawl
Kpy2030p, U HAWwu YMbl 60CNApUAU HAO KOCHbIMU,
Y3K0106bIMU Npedpaccyokamu.

Icelimc DeperocoH, 1757 2. (James Ferguson,
«Astronomy Explained Upon Sir Isaac Newton’s
Principles, And Made Easy To Those Who Have
Not Studied Mathematics». London, 1757)

3aZionro A0 TOTO, KakK KTO-TO MOHSI, uTo y BceneHHol ObLIo Hauaso, [0
TOTO, KaK MbI y3Ha/Id, UTO O/vKaiiiiias KpyIHasi rajlakThKa HaXOAUTCSA B JIBYX
MWIJTMOHAX CBETOBBIX JIeT OT 3eMJ/IM, 10 TOrO, KaK Mbl Y3Ha/M, KaK YCTPOEeHbI
3Be3/bl, U 0OHAPY)KU/IU, UTO Ha CBETEe eCTh aTOMbl, BOCTODP)KEHHOe BBe/leHHe B
mobuMyto HayKy, Bbiliediiee u3-mof mnepa /keiimca ®eprrocoHa, 3Byuaso
COBEpIIIeHHO UCKpPeHHe. Tak ke 3ByYMT OHO U B HalllM [JHA — eCJIU He CUUTATh
I[BETUCTOTO cjora, cBoiictBeHHOro XVIII Beky, 3T cjoBa MO ObITh
HamucaHbl Buepa. Ho KTo mpujiep>kuBaeTcsi mofo0HbIX B3rsiA0B? KTo cMOTpUT
Ha BCe C TOUKU 3peHUst KocMoca? He murpanTt, paboraromuii Ha ¢epme. He
paboTHUIIA C TeKCTUMBHOU (habpuku. U, KoHeuHOo, He Oe310MHbLINM, POOIIUNCS B
MycopHoM Oake B Tmouckax o0benkoB. HyKHO pacronaratb J0OCyTOM,
cBOOOJHBIM OT 3a00T 0 BDKMBAHUM, a 3TO POCKOIITL. Hy>XKHO )KUTh B CTpaHe, T/e
TPaBUTE/IbCTBO L[EHWT ITOMCKU MecTa uesioBeyecTBa BO BcenmenHou. HyxHo
)KUTh B 0011[eCTBe, I7le MHTe/IIeKTya/lbHble UCKaHWsl CTIOCOOHBI TiepeHecTy Tebsi
Ha repe/iHUM Kpaii HayuHbIX OTKPBITHHN U I7le HOBOCTU 00 3TUX OTKPBITHUSIX JIETKO
PacripoCTPaHsIOTCS.

[To 3TuM KpuTepusiM Jena y OOMBIIMHCTBA TPa)K[JaH TPOMBIIIIEHHO
PasBUTBIX CTPaH UAYT COBCEM HEILIOXO.

OpHako 3a 1o/j06HO0e KOCMUYeCcKoe MUPOBO33peHUe HaJlo TI/IaTUTh, XOTS 3TO
U He oueBUHO. Korza si mpoe3kato ThICSUM KWUJIOMETPOB, UTOObI MPOBECTU
HECKOJIbKO CeKYH/| B CTPeMUTe/IbHO ABWXKYILeUCs: TeH! JIyHbl BO BpeMsi TTIOJTHOTO



COJIHEYHOI'0 3aTMEHMs], TO UHOI/Ia yTpayuBaro Ipe/icTaBjleHre O MPOUCXOJSIeM
Ha 3emiie.

Korza st Hafjonro 3ayMbIBarOCh O pacluvpsioLeicss BceneHHOM, 0 TOM, Kak
ee TaJlaKTUKWA pasjieTarTcs JApyr OT [Jpyra, BCTPOEHHble B IIOCTOSHHO
PacCTArMBAIOLIYIOCSA YeTblpeXMEepPHYI0 TKaHb IPOCTPaHCTBa-BpeMeHU, TO UHOIJa
3abbiBat0 0 OecuncIeHHOM MHOXKeCTBe Jitofiel, KOoTopble XofsAT 1o 3emie 6e3
TMILY ¥ KPOBa, ¥ 0 TOM, KaK HEeIpOrOpLMOHATbHO MHOTO CpPeJli HUX JieTeu.

Korga g mnorpyxawoCcb B  UM3yuyeHUe [aHHBIX, IIOATBepP KaroIux
CyllleCTBOBaHHMe BO BcesieHHOW 3araZjouHOrO TEeMHOIrO BellecTBa M TeMHOH
SHEepPruu, TO TojYac 3abbIBato, UTO KaXKIbId ZieHb U KKy MUHYTY, Ha
TIPOTSDKeHUU BCex 24 4YacoB, 3a KOTOpbie 3eMJisi COBepIllaeT TMOJHbIM 0060pOT
BOKDYT CBOeM ocH, Iy yOUBalOT U TIOrubar0T BO UM UY)KOTO Mpe/iCTaBIeHUs]
o bore, a HekoTopbIe J/itoAx, He yOuBaroiIye Bo umMs [ocrosna, yOUBatOT BO uUMsi
HYXX/] U TIPUXOTeH MOJIUTUYEeCKUX [JOTM.

Korga s mpocriexuBaio OpOUTBI acTepoOW/IOB, KOMET U T[IlaHeT W
BOCXUIIAIOCh WX TUPYITaMU B KOCMUYeckoMm Oasere, xopeorpad KOTOpOTro —
rpaBUTalusi, TO WHOTZAA 3abbiBalo, 4YTO [IEHCTBUSI MHOTUX Jitofieid Tpy6o
HapyLIaloT JieJIMKaTHOe PaBHOBeCHe 3eMHOM aTMocC(hepbl, OKeaHOB U CYILH, U C
MOC/eACTBUSAMM 3THUX [EWCTBUM CTOJKHYTCS Halld [eTW U BHYKH, KOTOpbIe
3ar1aTsST 3a HUX CBOMM 3/I0POBbEM U 0/1ar0moyyreM.

N eme s uHOrAa 3abbiBato, UTO JIKOAU, Hajle/leHHble B/ACTbIO, DPeKO
OpocaroT Bce CUJIbl Ha TMOMOIIL TeM, KTO He MOXXeT TIOMOub cebe cam.

WHorga s 3abbiBato 060 BCeM 3TOM, MOCKO/BKY, KaK Obl HU ObUT BeJIUK 3TOT
MHDP — W B HalMX CepJlLax, ¥ B HallMX MBIC/ISIX, MU Ha HAIIUX OrPOMHBIX
1M poBbLIX KapTax — BceneHHas eirje Oosibilie. HEKOTOPBIX 3TO yrHETaeT, a MHe
JlaeT BHYTPEHHIOK CcBOOOY.

[TpencraBeTe cebe B3pOC/IOro, KOTOPBIM yTelllaeT pebeHKa BO BCEX ero
MeJIKUX HeB3roflax — TMPOJUTOe MOJIOKO, CJIOMaHHas WrpyllKa, pa3ouras
Ko/ieHKa. Mbl, B3pOC/ible, 3HaeM, UTO JIeTU He Mpe/CTaB/stoT cebe, uTo Takoe
HacTositast 6esja, MOCKOJBKY UX /IeTCKOe MHUPOBO33peHHe CWIBHO OrPaHWYeHO
HEeOITbITHOCTHIO. [leTu ellje He TIOHMMAIOT, UTO OHU He LieHTp BceyieHHOM.

A MBI, B3pOC/Ible, — XBATUT JIM Y HAC AyXy MPU3HAThCSI caMuM cebe, UTO U
MbI CTPa/laeM KOJJIEKTUBHOM y3K0/J000CThIO? XBAaTUT JIM yXy TPU3HAThCS, UTO
Hallld MBICJTU U TIOBe/leHUe OTpeJesisstoTCs yOeXXIeHHOCThIO, UTO Mbl — L[€HTD
Bcenennon? Kak BugHo, HeT. (OfHako CBUJeTe/NLCTB TOMY Macca.
[TpuriofHUMUTe 3aBecy Ha/J| Jt0ObIM OOIIleCTBEHHbIM KOH(JIUKTOM — PaCOBBIM,
STHUYECKUM, PeJIMTMO3HbIM, HAlAOHA/IbHBIM, KYJbTYPHbIM — U yBUJHWTE, KTO
JKMeT Ha BCe KHOIIKHU U JlepraeT 3a BCe pbluary: yejoBeuyeckoe cCaMOMHeHHe.

A Temepb TmpejAcTaBbTe cebe Mup, TAe Bce — a 0C0OeHHO /oAU



BIIUSITE/TbHBIE, HaZleJIeHHbIe BJIaCThiO, — 00/1a/1at0T IIIMPOKKMM MHPOBO33peHHEeM U
BEDHO OL|EHMBAIOT Halle MecTOo B Kocmoce. C TakoM TOYKM 3peHUsi Halld
npo0sieMbl KaXKyTCs OYeHb MeJIKMMH, a BO3MO)KHO, UX TPOCTO HET, — U MbI
MOJKEM DaJIOBaThbCsi CBOMM 3eMHBIM pa3/IMuusiM, He TIOBTOPSISI OLIMOOK CBOUX
TIPeJIKOB, KOTOpbIe UCTPeOJIs/N IPYT pyTa K3-3a 3TUX Pa3IUuMil.

B siuBape 2000 roga B TOJBLKO UTO MepeCcTPOEHHOM IJlaHeTapuu Xek/leHa B
Helo-Mopke 1110 KocMuueckoe 1oy noj HasaHueM «buseT Bo BceneHHyo»:
3pUTeM OTIPAaB/IS/IUCh B BHUPTya/ibHOE IyTelleCTBUE U3 IJIaHeTapys Ha Kpau
kocMoca. CrjeHapud 3TOro mpejcraBieHUs Hanvcand OHH [pysiH u CTuBeH
Corep, KOTOpbIe BIIOC/AeACTBUM YyuyaCTBOBa/d B CO3[JaHUM MUHHU-Cepuasa
«KocMoc: mIpoCcTpaHCTBeHHO-BpeMeHHasi ofucces», BbiyljeHHoro B 2014 romy
TesiekoMIiaHuel «Pokc» (BeaymyM ObLT Balll TIOKOPHBIN ciyra). Kpome Toro,
¥MeHHO OHM BMecTe ¢ Kapnom CaraHoM €037anv WCXOJHBIM MWHU-Cepual
«Kocmoc: mepcoHasbHOe IyTellecTBUe», KOTOpbi Bbiwies B 1980 rogy Ha
kaHasie PBS. Tak BoT, BO BpeMms 1m0y «buset BoO BceseHHYr0» 3puUTe/d CHayasa
ocMmarpuBaiv 3emsito, TTotoM — COJTHEUHYHO CUCTeMy, TOTOM HaOmofanu, Kak
CTO MW/IIMApZ0B 3Be37 MeuHoro myTH yMeHbIIAtOTCS U CKPBIBAIOTCA BAAIU U
TOJKe IpeBpalljaloTCs B ejie 3aMeTHbIe TOUKU Ha KyIl0Jie [JIaHeTapys.

ITocsie ipeMbepsbl He MPOLJIO U MecsLla, Kak S MOJyYu/ MUCbMO OT OLHOIO
npoeccopa-nicuxosniora u3 Jluru Ilmomja. OH wucciefoBas MNPUUMHBL, 110
KOTOPBIM JTFO/IA UYBCTBYIOT Ce0si HEMO/THOIIeHHbIMU U He3HauMTe/IbHbIMU. 51 1 He
3HaJ, YTO Ha CBeTe eCTh CIelUaauCTbl B Takux obnactsx. [Ipodeccop mompocun
paspeliieHus OTpalliuBaTh MOCeTUTeel [0 U Mocje 110y, YTOObl OLIeHUTb Mepy
VX Jlenpeccud Tiocje TipeficTaBieHus. «buner Bo BceneHHyro», mvcan
nipocheccop, BbI3Ba/l y HEro ocTpeliliiee olifyiijeHue COOCTBEHHON HUUTOXXHOCTHU
Y He3HAUUTEIbHOCTU — TaKoe ObIIO C HUM BIIe€PBbIe B XKU3HMU.

Kak ke Tak? Korza s cam CMOTPIO 3TO IpefCTaB/eHre, Kak U JApyrue Haliu
1110y, MeHs TeperoHAT PaZoCTh KU3HU, BOOAYLLEB/IeHHe U UHTepecC. A elje q
YyBCTBYHO Ce0si HACTOSIIIMM Be/IMKAaHOM — Bellb Mbl CyMeJIM OTpe/e/IUTh CBOe
MecTo BO BceneHHOU WCK/IOUUTENbHO Oarofiaps TOMY, UTO TPOUCXOJAWT B
yes10BeyeCKOM MO3re BeCOM BCero JIMIIb [10/ITOpa KUJIO.

[To3Bost0 cebe Tpe/To/IoKUTh, UTO B IAaHHOM CJiydae 3To mpodeccop, a He
s1, HeBepHO TOJIKOBaJI npupoay. HauHem ¢ Toro, uTo y Hero Obljia HeornpaBAaHHO
3aBbIllIeHHAasi CaMOOL[eHKa, pa3fyTas u3-3a yOeXx/eHHOCTHU B COOCTBEHHOM
Be/IMUMU M TIOANUTAHHAsI OBITYIOIMMU B Halllell KyJbType Tpe/|CTaBIeHUsIMHU,



yTO /IO SKOObI Ba)kHee BCero ocTalbHOro BO BceseHHoii. B ormpaBpaHue
rpoeccopa MOTy CKa3aTb, YTO COLIMATbHO-KYJIbTYPHbIE CH/IbI OU€Hb MOIHBI U
T03TOMY BCe MbI He 0Oe3 rpexa. 1 Toxke ObLT TaKUM — TIOKa B OJJUH TIPEKPACHBIM
JleHb Ha YpPOKe OMOJIOrvu He y3HaJl, UTO B OIHOM CAHTHMETDPe MOero KUIlleuHUKa
KUBeT U paboTaeT Oosbiile GakTepuii, yeM ObLIO U eCTh JitOflell Ha CBeTe C
Hayasia BpeMeH. Takoro pozia CBelleHUs! 3aCTaBJISIFOT KPelKO 3aJymMaTbCsl, KTO
(WM 4TO) TYT Ha CAMOM [ieJie [VIaBHBIU.

C Toro camoro AHs s CTaj CUATATh JIFOJel He BjacTeTMHaMU MPOCTPaHCTBa
Y BpPeMEHU, a 3BEHbSIMU BEJIMKOW BCEJIEHCKOW LeMUd — Lenu TeHeTUYeCKUX
B3aMMOCBSI3ed CO BCeMHU BUJIaMH JKMBBIX CYLLeCTB, U HbIHE CYLeCTBYIOLIUMHU, U
BbIMEPIIMMH, KOTOpasi YXOAUT B MPOIJIOe MOYTU Ha YeTblpe MUIMapAa JieT, K
TepBbIM OJHOKJ/IETOUHbIM OpraHu3MaM Ha 3emJie.

3Har0-3Haro, UTO BbI CeMuac iymaere: Mbl yMHee OaKTepH.

OTO HECOMHEHHO: Mbl YMHee BCeX >XUBBIX CYI[eCTB, Korzia Obl TO HU ObLIO
OeraBilvx, MO/3aBIIMX M TPeCMbIKaBIIUXCS o 3emsie. Ho uto 3T0 3HAUMT —
ymHee? Mbl rotoBuMm cebe muily. CouMHsIeM CTUXWA U MY3bIKYy. 3aHUMaeMcCsi
HayKoM U ucKyccTBoM. Heruioxo BiajjeeM maremMaTwkou. [lake e Bbl He
CU/IbHBI B MaTeMaTUKe, Bbl HaBePHSIKA yMeeTe CUMTaTh ropasfio JIyulle Camoro
YMHOTO IIMMIIaH3€e, a Be[lb OHU TeHeTUUeCKU TMOUTH UJeHTUUHbI Ham. Kak Obl
TIPUMAaTOJIOTU HU CTapajMCh, OHU TaK U He HayYW/IM IIUMIIaH3€e HU [e/IUTh B
CTO/IOMK, HU pelllaTh TPUTOHOMEeTPUUeCKUe 3a/jauu.

Ecmu 3a Takyr0 OrpOMHYKO Ha TepBbld B3IV, PasHULYY B MHTe/UIEKTe
MeX/ly HaMU U HalllMMU COPO/InYaMU-00e3bsiHaMU OTBEUAIOT TaKre HUUYTOXKHBIE
reHeTUYeCKUe pas/ivuusi, 3HaYUT, BepPOSITHO, Pa3HULIA B MHTeJ/IJIEKTe He TaK YK U
OTrpOMHa.

[TpencraBere cebe >XKMBOe CYIECTBO, Yell WHTE/IEKT TMPEBOCXOAUT Halll
HACTOJIBKO JKe, HACKOJIbKO Halll MHTeJJIEKT MPeBOCXOAUT VMHTEe/IJIEKT LIMMITIaH3e.
C TOuKM 3peHusi TaKoro OMOJOrMuUecKOro BHU/la BCE HAIM WHTE/UIeKTya/lbHbIe
JOCTW)KEeHUs] TpUBMalbHbL. VX Masiblllid He yyaT aa(aBuUT IO TeCeHKaM U3
«Ymuupsl Ce3am» — [Jii HUX CHUMAaKT Kakou-HUOy[b «bByneBckuii GynbBap»
C Har/SIAHBIMU ypoKamu 10 auddepeHivanbHbiM ypaBHeHUsM (ByrneBa anrebpa
— 9TO OTpac/b MareMaTWKH, [J[le T[epeMeHHbIM [PUIMUCHIBAIOT 3HAYeHUs
«HCTUHA» WIH «JIOXKb» — UX MPUHATO 0603Hauath 1 u 0. Ha Heli cTtpoutcs Bech
KOMITbIOTEPHbIM MHUD, @ Ha3BaHa OHa B UeCThb aHIVIMUCKOro mMareMatvka XVIII
Beka /xopmka Bynst). Hatm camble C/IoKHBIE TeOpeMbl, Halll Ccamble TTyOOoKUe
dunocodckue crucTeMsl, 1ie[jeBPbl HALLIKMX BbIAAIOIIUXCS XY 0’KHUKOB i1 HUX —
BCe PAaBHO YTO 3a/laHUsl B Haua/IbHOW LIIKOJIe: TIPUHeCelllb UX J0MOM, U ropzble
MaMa C TIarou TPUKPensT UX MarHUTUKaMU K XOJIOAW/IbHUKY. DTU CylllecTBa
OyayT usyuath CTuBeHa XOKWHTa (KOTODbIH celiuac 3aHuMaeT B KeMOpupKCKoM



YHUBEpPCUTETe Ty JKe [JO/DKHOCTb, UTO KOTJa-TO TIphHajjexkana lcaaky
HbIOTOHY), MOTOMY UTO OH HECKOJBKO YMHee OCTalbHbIX Jjtofeu. [louemy? Y
HET0 eCTb CIIOCOOHOCTH K TeopeThueCcKoi acTpodusrke U IPyruM IPOCTEHBKUM
BbIUMC/IEHUSIM — OH [JOBOJIbHO HEIJIOXO CUMTaeT B yMe, COBCEM KaK KPOIIKa
THUMMM, KOTOPBIM TOJIBKO UTO OKOHUWJI UHOMJIAHETHBIE SICETbKH.

Ecim 6b1 Hac OT[ensiia OT HallMX OMVPKaMIIIUX POACTBEHHUKOB B 1]apCTBE
JKUBOTHBIX HaCTOsII[asi TeHeTHUecKasi TIpoIiacTb, y Hac ObLIO ObI TTO/THOE TIPaBoO
pa/ioBaThCsi COOCTBEHHOW T'eHWaNbHOCTU. MBI 3arpocTo Moriv Obl 3aguparhb
HOCBI ¥ JlyMaThb, UTO Mbl OUeHb JZlaJIeKH OT CBOMX COOpaTbeB M CUJILHO OT HHUX
orinuaemcsi. OIHAKO TakoM TMpornactu HeT. HampoTuB, Mbl €/JUHBI C OCTA/JbHOU
TIPUPO/ION — He BBIIIIE U He HIKe, 8 BHYTPH.

XoTtuTe elje HEMHOKEUKO TMOHM3UThH CaMOOL[eHKYy? B 3TOM IipeKpacHO
TIOMOTalOT TIPOCThIE MapaJiieid 10 KOIMUeCTBY, pa3Mepy U MacIiTaoy.

Bot, k nipumepy, Boja. OHa Be3ze, ee MHoro, 6e3 Hee He 06olTHCL. B
00BIYHOM CTakaHe BO/bI — 250 MUUTUTUTPOB — MOJIEKY/T OOJIbIIe, YeM CTaKaHOB
BOZIbI BO BCEM MHPOBOM OKeaHe. KaK[blli CTakaH BOJbI, TPOXO/SIIAN uepe3
yesl0OBeKa W BOCCOEIUHSIIOIIMNCA C MHUPOBBIM OKEaHOM, COJEPXKUT CTOJIBKO
MOJIEKYJI, UTO XBaTHT, uToObI moameriat 1o 1500 IITYK BO BCe OCTabHbIE
CTakaHbl BOJbI B Mupe. Huuero He mofesaenib: B BoJle, KOTOPYIO Bbl TOJIBKO UTO
BBLITIU/IM, €CTb MOJIEKY/bl, MOObIBaBIIMe B Toukax Cokpara, UuHTHCXaHa U
’KanHb! 1” ApK.

A Bo3ayx? Be3 Hero Toxke He 060HTHCE. [IpyU 0[HOM-eJUHCTBEHHOM BJ[OXE
MBI BTSITUBaeM B ce0si 6oJibIlie MOJIEKY/I, UeM BIOXOB BO BCel aTMocdepe 3eMJIH.
OTO 3HAUYMT, UTO B BO3/yXe, KOTOPbIA Bbl TO/ILKO UTO BJJOXHY/IH, €CTb MOJIEKY/IbI,
roObIBaBIIHe B 1eTKux HaroneoHa, berxoBena, JInakosnsHa v bunmm Kupa.

BbIxoM Ha KOCMHYeCKMM MaciiTab. 3Be3q Bo BceseHHOM Gosibliie, uem
MeCYMHOK Ha /ro0oM TUisbke, Oosbllle, ueM TIPOIIO CEKYyHJ CO BpeMeHU
dbopmupoBanusi 3eMH, OOfbIlle, UeM C/IOB M 3BYKOB, ITPOM3HECEHHBIX BCEMU
HAaLlIMMU TpeJKaMU U COBPeMeHHUKaMU.

3Be3z Bo BcenenHoii 6orbiile, yeM MecUrHOK Ha JFOOOM TI/ISDKe,
Oosblile, YeM IPOIILJI0 CEKYH/] CO BpeMeHU (POpMHUPOBaHUs 3eMITH.

XoTtuTe 3arisHyTh B mponuioe? Kocmuyeckoe MHUPOBO33peHHE U 3TO
obecrieunt. CBeTy HY>KHO BpeMmsi, uToObI /0OpaThCsi 10 3eMHBIX 00CepBaTOpuii,
M03TOMY Bbl BUJIUTE TIPEIMEThI U SIBJIEHUS] He TaKWMU, KaKOBbl OHM celuac, a
TaKUMH, KaKUMU OHU ObUIM KOTZAA-TO — TIOYTU /10 CaMOr0 Hauajia BpeMmeH. B
rpefiejiax 3TOT0 TOPU30HTA IO3HAHUSI KOCMMUECKasi SBOJIIOLUSL TTOCTENEHHO
pa3BOpaurBaeTCs Miepesi HaMu, CJIOBHO Ha OOJIBIIIOM 3KpaHe.



XoTtuTe y3HaTh, W3 4ero Mbl coctouM? OmnATh Xe KOCMUYeCKas TOYKa
3peHusi JlaeT Kyfa Oosee MaciiTaOHBLIM OTBET, UeM BbI JyMaeTe. XUMHUeCKHe
3jieMeHTbl BO Bce/ieHHOM BBIKOBBIBAIOTCSI B IUVIAMEHW MAaCCHUBHBIX 3Be3[,
KOTOpbIe B KOHLIe KOHLIOB HAaCTUraeT CMepTh B BHU/e MOILHOIO B3pbIBa, OTYEro
rajJlakTUKM HaCBIIAalOTCAd XUMHUUYEeCKHWM apcCeHajioM /[ijidi BO3HUKHOBEHUS U
noji/lep>kaHusl >KM3HU B M3BeCTHOM HaMm ¢dopme. Pe3ynbrar? YeTbipe cambix
pacrpoCTPaHEHHbIX XUMHUUYECKH aKTUBHBIX 3/IeMeHTa BO BceneHHOW — BOJOPO/,
KUCJIOPOZ, yIiepod, U a30T — W eCTb YeTbIpe CaMbIX pPacrpoOCTPaHeHHbIX
KOMIIOHEHTa >XM3HM Ha 3emsie, TMpUUYEM YIVIEpOA, JIEKAT B OCHOBE BCeu
OMOXUMUMU.

MpI He nipocTo kvBeM BO BcenieHHOM — BcesieHHas )KUBeT B Hac.

[Tpu Bcem mpu TOM He HCK/TIOUEHO, YTO MbI BOOOIIle He OTCH/Ia, He C 3eMJIH.
ComnocTaB/ieHre HeCKOIbKUX He3aBUCUMBIX WCCJ/Ie/JOBAHUM BBIHYXK/IAeT yUYEeHbIX
IepeoCMbIC/IUTE MIPeJCTaB/IeHUsA 0 TOM, KTO MbI U OTKYZa B3s/IMChb. Kak MbI yxe
BUJIE/IM, KOTJja B IUIAHETY TOMa/laeT KPYIHBIM acTepon/l, Kopa B OKPEeCTHOCTSIX
MecTa yjlapa pe30oHHUpYyeT U BbIOpachkiBaeT B KOCMHUECKOe TPOCTPAHCTBO KYCKU
MopoAbl. A TIOTOM OHU MOTYT yJ/ieTeTb KyZJa YrOAHO W yracTb Ha MOBEPXHOCThb
apyroii riaHeTel. Kpome TOro, MHMKPOOpPraHH3Mbl OBbIBAIOT OYEeHb >KUBYUH.
3eMHbIe IKCTPeMO(U/IbI BIIOJTHE CTIOCOOHBI ITePeXXKUTh U Meperiajbl TeMITepaTypbl
U JlaB/ieHus, W pajJyaljdio, C KOTOPOW OHU CTOJNIKHYIMCh Obl BO BpeMs
KOCMUYeCKoro nepesiera. Ecim actepouny rnormaa Ha Kakyr-TO IIaHeTY, Te eCThb
’KWU3Hb, TO B TPEIIWHKAX KaMHeH, BbIOPOIIIeHHBIX B KOCMOC I10C/Ie COyZJapeHus,
BITOJTHE MOIJIU TIPSTaTbCst MMKPOOBI. Ho 1 3TOro Masio: o HOBeMIIIUM JaHHBIM, B
nepBoe Bpems mocyie (opmupoBaHus CoMHEUHOW cucTeMbl Ha Mapce ObLIO
MHOTO BO/IbI — M OH, BEPOSITHO, MOT' CTaTh KOJIbIOe/IbIO YKU3HU 3a/I0/IF0 10 3eMJIH.

Bce 3TO B COBOKYMHOCTM pHCYyeT IIPaBAOION00HYI0 KapTHHY: >KH3Hb
3apoAuiack Ha Mapce, a 1oToM TiepeOpasack Ha 3eM/t0. JTO Ha3bIBaeTCs
MaHcrepmus. A 3HauUuT, BCe 3eMJIsiHe, BO3MOXXHO — HO JIUIIb BO3MOXHO! —
TIOTOMKU MapCHaH.

Yem 6oJibllle KOCMOJIOTHUECKUX OTKPBITHH MbI COBEpIIIaeM, TeM CUJIbHee
OHM TIPUHWDKAIOT Hallle TMpeZicTaBleHre o0 cebe — U TaK MPOMCXOAUT BeKaMH.
Korga-To cumTanoch, uto 3em/isi aCTPOHOMHYECKM YHUKa/lbHA, HO TIOTOM
aCTPOHOMBI OOHAPY)KU/IM, UTO OHA BCErO JIMIb OJHA M3 TIAaHEeT, BPaIllatoIINXCs
BOKpyr ConHila. 3aTeM Mbl TIPEJTION0XKUIN, UTO YHUKanbHO CoJHIle, HO TIOTOM
y3Ha/u, uyTo GecurciieHHbIe 3Be3/ibl Ha HOUHOM HeOe — Toxke cosHIja. [ToToM Mbl



CUMTAa/Iv, UTO BCS U3BecTHas BceseHHast — 3T0 Haila rajaktvka Mieunsi [1yTs,
HO BITOC/Ie/ICTBUM OKa3aa0Ch, UTO GecurcieHHble TOUeUKH Ha Hebe — 3To JIpyrue
rajakKTHUKM, UCTIeIPUBIIIMe JaHAIIa(T U3BeCcTHOM HaM BceneHHOiA.

CeropaHsi mipolje MPOCTOr0 MPeANo/J0KUTh, YTO Halled BceneHHOW Bce u
orpaHnumBaetcsi. OJHaKO MHOTOUYMC/IEHHbIE TEOPUHA COBPEMEHHOW KOCMOJIOTUH,
a TaKXe IIOCTOSSHHbIe HAllOMUHAHWs, UTO HWYEro yHHWKaJIbHOrOo He ObIBaer,
TpeOyIOT OT Hac TOTOBHOCTH BBIJIeP)KaThb CJEAYIOIIYI0 araky Ha Hallu
Tpe/icTaB/ieHnsT 0 COOCTBeHHOW He3aypsiIHOCTHA: BO3MOXKHO, Mbl JKHBEM BO
MHO)XeCTBeHHOH BceieHHOM.

Kocmuueckoe MUpOBO33peHre caMo co0oM ciiefryeT U3 (pyHAamMeHTambHBIX
3HaHui. Ho /1e/10 He TO/TBKO B TOM, UTO ThI 3Haelllb. []e/i0 u B TOM, UTO y Tebs
eCTb MYZIPOCTb 1 BOOOpa)keHUe, TT03BOJISIIOIIMe PUMEHUTDb 3TH 3HaHUS K OLIeHKe
cBoero Mmecta BO Bcenmennoil. UTo ke 5TO Takoe — KOCMHUYECKOe
MHpoBo33peHHe? KocMuueckoe MUPOBO33peHHe — 3TO YMeHHe CMOTPEeTh Ha MUP
C TiepeJHero Kpasi HayKW, OJHAaKO OHO CBOMCTBEHHO He TOJILKO yueHbIM. OHO
JIOCTYITHO BCEM.

Kocmuueckoe MUPOBO33peHHe — 3TO CMUPEHHe.

Kocmuueckoe MUPOBO33peHMe — 3TO IYXOBHOCTD U Jlayke UCKYTUIEHHWe, HO K
PeJIMTUH OHO OTHOIIIEHUsI He MeeT.

Kocmuueckoe MHPOBO33peHHE JlaeT HaM BO3MOKHOCTh OZHOW MBIC/IBIO
OXBAaTUTHL U OOJIBIIIOE, U MaJIoe.

Kocmuueckoe MHPOBO33peHHe [I0OMOTraeT BOCITPUHSITh camble
Topa3uTe/ibHble M/Ied, HO BCe K€ YUMT CTaBUTh I'DAHMIIBI BO3MOKHOTO, MHAue
HaIll MO3T TIePEeroTHUTCS, U Mbl HAaUHEM BEPHUTh BCEMY TIOZPSII.

KocMuueckoe MUPOBO33peHHe — 3TO YMeHUe CMOTPeTb Ha MUD C
riepeJiHero Kpasi HayKu, 0JJHaKO OHO CBOMCTBEHHO He TOJIbKO yUeHbIM.
OHO /I0CTYITHO BCEM.

Kocmuueckoe MHPOBO33p€HHE YUHUT BUIETH BCEJ'IEHHy}O KdK OHa eCTb U He
CUMUTAThL ee y}OTHOﬁ KOJ'IbI6E]'II;KOﬁ, HpE,Z[HElBHaI—IeHHOI‘/JI AJIs1 BOSBHUKHOBEHUS U
COXpdHEHHA )KWU3HH; HET, Bcenennas — X0J/iogHoe, 1mycroe, oriacHoe MecCcTo, 1 3TO
3dCTaBJ/IA€T HAC I1epeCcMOTpPpeTb CBOM IIPpEACTdB/IE€HHA O LIEHHOCTHU 4Ye/I0BEUECKHX

CYILIeCTB JIPYT [/1s1 IpyTa.
Kocmuueckoe MMpPOBO33peHUe MOKa3bIBaeT, UTO 3eMJsisi — Cylijasl MbITMHKA.



Ho 3Ta nbUIMHKA HaM /10pOra, ¥ MoKa 4YTo Y Hac HeT APYroro Aoma.

Kocmuueckoe MUpPOBO33peHHEe BUIUT KPacoTy B IJlaHETaX U CIyTHUKAX, B
3Be3/laX ¥ TYMaHHOCTSIX — U TIPU 3TOM BOCTOPraeTcs 3aKOHaMU (PU3UKU, KOTOPbIe
1X C()OpMHPOBAJIU.

Kocmuueckoe MHUDOBO33peHHE TIOMOTaeT OTPEeLIMThCSI OT JKUTEMCKUX
00CTOSITE/IbCTB, BLIMTU 3a Mpe/ie/ibl TepBOOBITHLIX MOTpeOHOCTel B MuIlle, KPOBe
Y TI0JIOBOM TapTHepe.

Kocmuueckoe MUPOBO33peHUe TIOCTOSIHHO HallOMUHAET, UTO B KOCMOCE, TJie
HeT BO3/yXa, (hiarv He pa3BeBalOTCs: HAMEK Ha TO, UTO UCC/eJoBaHHe KOCMOCa,
BEpPOATHO, KMeeT Maj0 OTHOLIeHUs] K pa3MaxuBaHUIO TOCy[apCTBEHHbIMU
dbnaramu.

Kocmuueckoe  MHDOBO33peHME He  TPOCTO  MPHMBETCTBYeT  Hallle
reHeTUUeCKOe POZCTBO CO BCEM >KU3HBIO Ha 3emsie, HO LIEHUT U XUMHUYeCKOoe
pPOACTBO C /r000OM >KU3HBIO, KOTODYIO HaM ellje TIPeJICTOUT OTKDPbITh BO
BceneHHOM, 1 aTOMHOE POZICTBO cO BceneHHOM Kak TaKOBOM.

[Toxkanyii, Kak[OMy W3 Hac pa3 B He[le/it0, a Jyullle pa3 B [ieHb CTOUT
3a/lyMbIBaTbCsl O TOM, KaKhe KOCMHUYeCKHe UCTHHBI ellje He OTKDPBIThI U XKIYT
TOSIBJIEHUsT  BEJIMKOTO ~ yMa,  W300peTaTeslbHOTO  JKCTiepUMeHTa WU
y/IBTPaCOBPEMEHHOTO KOCMUYecKoro amnmapara. CTOUT 3a[yMaTbCs U O TOM, Kak
9TU OTKPBITUS TPeo0pa3sT KU3Hb Ha 3eMie.

be3 nmomo6HOro H060MBITCTBA MBI HUUEM He OT/IMYaeMCsl OT KaKoro-Hubyib
KpeCTbSIHUHA, KOTOPDOMY HeT HY)KAbl Bble3KaTb 3a T'DaHULIbl CBOETr0 OKpYra,
TIOCKO/IbKY BCe CBOM TMOTPEOHOCTH OH Y/JIOBJIETBOPSIET 3a CUET YpOXKasi, KOTOPbIi
nosyuaeT ¢ noneid. Ho ecsii ObI Tak Ziymanu BCe ero MPeKH, 3TOT KPeCTbsSHUH,
BEPOSITHO, >KUJI ObI B Melljepe Y TOHSIJICS 3a THIlel ¢ KaMHeM U JyOUHKOIA.

Mol xvBeM Ha 3em/e O4YeHb HE/IO/ITO, W Hallla 00s3aHHOCTh U Tepe[
camMumu Cco0OM, U Tiepefi TIOTOMKAMU — OTKPBITh [JOPOTY MCC/IeZIOBAaHUSIM, XOTSI
ObI MOTOMY, UTO 3TO Bece/ji0 U WHTepecHO. Ho ecTh u [pyrasi npuuvHa, Kyzaa
Oosiee yBakuTesibHas. B 7ieHb, Korjla Hallld TIO3HAHUS O KOCMOCE TiepecTaHyT
pacTy, Mbl PUCKyeM CKaTUTbCS K J€TCKUM Tpe/ICTaB/IeHUssIM O TOM, UTO MbI —
11eHTp BceneHHol 1 B OyKBa/IbHOM, U B TIEDEHOCHOM CMBICJIE.

B feHb, Korjja Halllv MO3HaHUsI 0 KOCMOCe TIepecTaHyT pacTH, Mbl
PUCKyeM CKaTUTbCSl K J€TCKUM TIpPe/ICTaB/Je€HUsIM O TOM, YTO Mbl —
11eHTp BceneHHol 1 B OyKBa/IbHOM, U B TIEDEHOCHOM CMBICJIE.

B 3TOM MpauHOM Mupe JItOAU U CTPaHbl, B/aiel0lue OPY>KUeM U KaJHble
JI0 pecypcoB, OyayT CKIOHHBI [IefiCTBOBaTh B COOTBETCTBHM CO CBOUMH
«KOCHBIMH, Yy3KOJIOOBIMU TIpeJpaccyikamMu». M Ha 3TOM HacTaHeT KOHel]



IMPpOCBEIEHUIO — IIOKA HE€ pPOAUTCA HOBAsAd KYJ/IbTYpd, KOTOpAdd HE€ HCIIyrdeTCd
KOCMHNUYE€CKOI'O MUPOBO33p€EHHKS, d CHOBA IIPDUMET €ro.



bJiarogapHocTu

Bourezie B 3Ty KHAT'Y OUepPKU HallvCaHbl B pa3Hble TOAbI, U 38 3TO Bpems
MHe yCepJHO IOMOTa/i HeCKOJbKO JIMTepPaTypHbIX PeJaKTOpOB, B TOM YMUCJIe
Onen TongeHcoH u OBuc JIsHr u3 xypHana Natural History. OHU ciiequnu,
yTOOBI 51 BCeryila rOBOPWJ/I, UTO AyMaro, U AyMas, uTo roBopro. MouM HayyHbIM
peJjakTopoM ObLT MOM JIpyT U Kosisiera 1o [IpuHcToHy PobepT JIFONTOH, KOTOPbIi
3HaeT Oosiblile MeHsI BO BCeX CaMbIX Ba)KHbIX 00macTsix. biarogapto Takxke betcu
JlepHep 3a coBeThI 10 OpabOTKe PYKOMUCH, KOTOPble 3HAUMTE/LHO PaCIIUPUIN
ee OXBar.



00 aBTOpe

Hun [lerpacc TaiicoH — acTpodu3UK, COTPYAHUK AMEpPHUKAHCKOrO Mys3es
ecTecTBeHHOM uctopuu B Helo-Mopke, rae oH Takke paboTaeT AUPeKTOPOM
[Tnanetapusi XeuzeHa. TallCOH — BBINYCKHUK MPECTHMXKHOU IIKOJIbI «BpPOHKC
CatieHC» C eCTeCTBeHHOHAYyUHbIM YK/IOHOM, OH TIOJIyUu/I CTereHb OakasiaBpa o
¢usvke B I'apBap/ie, a JJOKTOPCKYIO [JUCCEPTALUIO [0 acTPO(pU3MKe 3al{UTHII B
Konymb6uiickom yHuBepcuTeTe. 2KuBeT Ha MaHX3TTeHe C XKeHOU U JIeTbMU.

notes




IIpuMmeuanus




CBeToBOM rog — paCcCrosdHue, KOTopoe CBeT IIPpOXOAWT 3da OAWH 3eMHOM rona,
OKOJIO neCATH TPU/IJINOHOB KWUJIOMETPOB.



William Herschel, «Experiments on Solar and on the Terrestrial Rays that
Occasion Heat», «Philosophical Transactions of the Royal Astronomical
Society», 1800, 17.
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