


Mpupoaa 3HaTb He 3HaeT 0 ObINoM,
Eii uy>kabl HaLLW Npu3payHble rofpl,
W nepep Hei Mbl CMyTHO CO3HaeM
Cebs caMnx — 1LLb rPe30to NpUPoLbI.

MoouepesHO BCeX CBOWX AeTel,
CaepLuatoLLMx CBOM NOABUT BecnonesHblit,
OHa paBHO NprBETCTBYET CBOEN
BcenornowatoLeit ¥ MUPOTBOPHON 6e34HOIA.

®epop TroTueEB

Y10 Takoe Xaoc? 3T0 TOT MopsaoK, KOTOpbIiA Obin paspyLLeH npu
COTBOPEHUM MMpa.
CtaHucnas Exxn Jley,

MNpegucnoBue

[laBHbIM-1aBHO Ha CBETe He OblI0 HUYEro — HU 3eMW, HN Heba, HW MEeCcKa, HWU XOMOA4HbIX
BOJIH. Bblna TOMbKO 0fjHa HENPOrNISAHO YepHas 6e3aHa MMHHYHraran, K ceBepy OT KOTOPOM fieXxano
LlapCTBO BEYHbIX TyMaHOB Hwudbxeiim, a K HOry — LapCTBO BEYHOrO OrHs Mycnenbxeiim.
Mycnenbxeinm Obl1 XKYTKOW CTpaHOW Wcnenenstowero 3Hos, a B Hudibxeiime, HanpoTus,
rOCMOACTBOBa/IN NeAsHON X004 U Mpak. Mup npebbiBan B Xaoce, U Tak MPOAO/MKAIOCH AOArO.
HackonbKo fONro — cKasaTb He MOXET HUKTO, 60 BPeMsi U NPOCTPAHCTBO 34ANYECKUX MUKOB He
MMEET HMYEro o6bLLero ¢ abCTPakTHLIMU MOHATUAMU NPOTSHKEHHOCTU U ANNTENBHOCTU, KOTOPLIMM
MPVBLIKIN OMEPUPOBaTb Mbl C Bamu. Mwuthonornyeckoe NPOCTPAHCTBO HE TONbKO KOHEYHO, HO
ANCKPETHO M He eMHO00pPa3HO; OHO pacnafaeTca Ha M30/IMPOBaHHbIE KYCKWU, KOTOPbIE SBASHOTCS
NMB0 MECTOM Kakoro-Hubyab BaXKHOro CO6bITUA, NIM60 MeCcTOM npebbiBaHWsA repos. MoaTomy
COCTaBWTb KapTy MuUpa 344M4ECKMX MWUKOB PELLUMTENIbHO HEBO3MOXKHO, TaK KaK CTpaHbl, B HWX
YNOMVHaEMbIE, HNKaK He OPWEHTUPOBaHbI APYr OTHOCWUTENbHO Apyra. Mexay npoyvm, oTcrofa
BbITEKAET M TaKOW HEMasiOBaXHbIA MOMEHT, KaK OTCYTCTBME BHSITHbIX MPeACTaBNEHUA O Mupe
CBEPXYYBCTBEHHOM, WJIN MOTYCTOPOHHEM, 60 BCE MUPbI CKaHAWHABCKMX MWU(OB PaBHO3HAYHbI U
OAMHAKOBO peanbHbl. MUpy «3aecb-n-ceinyac» OHM HUKaK He MPOTUBOMOCTAB/IEHbI, & BO3MOXHOCTb
B HUX MPOHWKHYTb ONPeaensieTca NCKNKYMTENbHO HACTOMYMBOCTbLIO Feposi.

[pyruMn cnoBamu, MOBECTBOBATe/lb HE CMOTPUT Ha MpPeAMETbl M3BHE W He MbITaeTCH
1306pasnTb UX TaKUMK, KaKUMW OHW NPeACTaroT nepes HUM Ha camom gene. OH nomellaeT cebs
nocpeau Co6bITWI, BHYTPb MPOMCXOLALLErO, U He MbICIUT cebs BHe 3TOro eguHoro Lenoro. He
oTAenss cebd oT 06beKTa, OH COPTMPYET BELUM U COOLITUSA B MEPBYID ouepefb MO MapameTpy MX
3HauUMMoCTU. Co0BpaXKeHWst LOCTOBEPHOCTU UM HArMALHOCTU He UTPaKoT A/1 HEr0 HUKAKOM ponu.
Mopgo6Hoe OTCYTCTBME YETKOro MPOTMBOMOCTABNEHUS CYyObeKTa O06BLEKTY MOXHO HasBaTb
BHYTPEHHEN TOUKON 3PEHNS Ha NPOCTPaHCTBO.

A NOCKOMbKY MPOCTPAHCTBO 3AANYECKMX MU(OB NMLIEHO CBA3HOCTW W PacCbiNaeTcsl BO
(hparmeHTapHy'o Lenyxy, To feKnapaTuBHas U3HavasibHas MycToTa He MbIC/IUTCA BHE KOHKPETHOIO
HanonHeHns. MupoBas 6e34Ha, KakK BbICHAETCA Ha MEepPBbIX XXe CTPaHMLaX, BOBCE He Takas yX
MMpOBas, TakK Kak C ceBepa K Heil NpUMbIKaeT CTpaHa Mpaka ¥ X0/o4a, a C tora — LapCTBO OrHs.
Mo3TOMY U COTBOpPEHME OKa3bIBAETCA HE POXKAEHMEM M3 HUYETO, a 6aHa/IbHON NEepPeMLLOBKON YXKe
cywecTBytowero. C TaknM e ycrexoM MOXXHO pacrnopoTb CTapoe HerofHoe nnatbe W BbIKPOUTb
3 HEro HOBbI KOCTIOM.

Korga B LapcTBe TyMaHOB BAPYT HEOXUAHHO 3261/ XKMBOTBOPHbIA POAHMK [éprenbmump, B
6e3aHy MHHYyHraran oopyLwnancL Boapl ABEHaALATM MOLLHbLIX MOTOKOB. A XOTS CBMpPENbI MOpPO3
Hudnbxelima HemeIeHHO MpeBpaLlan BOA4Yy B Jief, UCTOYHMK MPOZO/MKan 6UTb He nepecTtasas.



NepsHble rbl6bl POC/IN KaK Ha APOXOKax, FPOMO3AACh APYr Ha Apyra 1 kapabkasch BBEPX, & Korja
Yy[OBULLHbINA NefOBbIM WMT BMMIOTHYIO MOAMNOM3 K OKPECTHOCTAM MycnenbxeliMa, ero orHeHHoe
AblXaHne PacTonuio BeKOBble fbAbl. PeilepBePK >XXapKMUX UCKP, OPbIZHYBLUMX M3 L,apCTBa OrHS,
CMeLLancsa ¢ Ta/loil BOLOM N BAOXHYN B Hee XMW3Hb. W Torga us 6e3gHbl MMHHYHraran meg/ieHHo
MOAHANACh WMCMOMMHCKas (urypa, nonvpas TSHXKeoW CTOMOMN HENOABMXKHbLINA Nef0BbIN NaHUMpb.
370 6bIN BenMKaH mup, nepeoe XKMBOe CYLLECTBO B MUpe. B nepBbIli ke feHb TBOPeHUs (ecnu
cumTaTtb poxkaeHve Vimmpa nepsbiM AHEM) Y HEro MO MbILWKOA BO3HUKIN Ma/lbUMK U [eBOYKa, a
O4Ha Hora 3a4asa C ApYrov LUeCTUrNaBoro CblHa-Be/IMKaHa. TakK Obl10 MONOXEHO Hayalo
YKECTOKOMY U KOBapHOMY M/1eMEHW BEIMKAHOB "PUMTYPCEHOB.

VIMup 1 ero noToMCTBO HYXAaIUCb B MULLE, HO BO Mpake, CTYXXe U Xaoce 6e3KM3HEHHbIX
MYCTbIHb MPOKOPMUTLCA ObINO BeCbMa NpPo6emMaTnyHo. MNo3aToMy 04HOBPEMEHHO C NPapoaUTENEM
BE/IMKAHOB M3 TalOLWero fibha MnosiBuiack rmraHTckas Koposa AyAymia, U3 BbIMEHW KOTOPOWA
XNbIHY/IX YEeTbIPe MOSIOYHbIE pekn. Ayaymna nacniacb BO Nbax U 061u3blBana ConeHble NefsHble
rblbbl. OHa TPYAUIACh TaK YCEPAHO, YTO K UCXOAY TPETbero AHA U3 rblbbl WarHyn ruraHt bypu,
npaoTew, Tpex 60ros — OanHa, Bunn v Be. bpaTbsl He »anoBav BNAaCTHOrO U XKeCTOKOro Mmumpa, a
MOTOMY BOCCTa/I NPOTWB NEPBOr0O W3 BENMKAHOB W MOC/Ee JOMTOA U3HYPUTENbHOW 60pbObI Yorn
ero.

ViMup 6bin CTONb OFPOMEH, YTO KPOBb, X/IbIHYBLUAA W3 €ro paH, 3aTonuia Becb Mup.
BenvkaHbl 1 kopoBa Ayaymna CruHynu 6e3 cnefa B OyLIYHOLWER CTUXUW, U TOMbKO O4HOMY U3
BHYKOB VIMMpa MOBE3N0: OH Ycnen MOCTPOUTb JI0fKY, Ha KOTOPOM M cnaccs BMEecTe CO CBOel
XKeHOW. boru-6patbsi B3S/MCL 3a MEepeycTPoMCTBO MMpa, MO0 BeYHbIA X004 U TbMa, LapusLune
OKpecT, 6blIn UM He no gywe. M3 Ttena ViMupa oHW caenanu 3eMil0 B BUAE MNIOCKOro AWCKa U
NMOMeCTU/IN ee NOCPeAn OrpPOMHOro Mops, KOTOpoe 06pa3oBanoch U3 ero Kposu. 3 yepena Mmnpa
OpaTbs M3roTOBUAN HEeOGECHBIV CBOJ, U3 €ro KOCTel COOPYAWM ropbl, 13 BOMOC CAeNanu Lepesbs,
13 3y60B — KaMHK, a U3 Mo3ra — obnaka. B cepefivHe Mypa oHW noctpounn Mugrapg — obutanuile
nofelt (B nepesofe MuArapf O3HavaeT «CpefHWiA [BOP»), & OKpavHHble 3eM/n Ha Gepery mops
OTBE/IN Be/IMKaHaM. [/14 3alumTbl OT BE/IMKAHOB OHU 06HeC/IM Muarapz BbICOKO CTEHOM, KOTOPYHO
caenann u3 BeK (UM u3 pecHul) Mimmpa. Kaxpgplil U3 YeTbipex YrnoB HeGecHoro ceoga 6oru
CBEPHY/IM B (hopMe pora 1 B KaXKAbl por nocaannv no BeTpy. M3 apKux UCKpP, BblNeTarowmx 13
Mycnenbxeima, OHNU U3rOTOBWAM 3BE3fbl U YKPacUIM MMM HebecHbId cBoA. YacTb 3Be3f Oblna
3aKperisieHa HenoABWXXHO, @ HEKOTOPbIM MO3BO/INN KPYXXWUTb M0 HEBY, YTO6bI MO HAM MOXKHO OblN0
y3HaBaTb BPeEMS.

MpaBaa, B APYrux 344MYECKMX NECHSX FOBOPUTCA, YTO HebeCcHble CBETU/IA CYLLECTBOBAIN U
paHblle, MO3TOMy paboTa 60roB cBefacb BCEro NMWb K YKasaHUKO TexX MeCT, KOTopble WM
Ha/1eXKasio 3aHATb.

ConHue He sBegano,
rae ero 4om,
3B€3Mbl He Begasu,
raoe UM CUATb,
MecsL, He Bedan
MOLL CBOEIA.

BHYTpPeHHSI TOYKa 3peHMs Ha MPOCTPAHCTBO NPOSBMSETCS, B 4aCTHOCTW, B TOM, YTO
reorpams B CKaHAMHABCKMX MU(AxX He CyLIEeCTBYET MOMMMO 3TUKW. Bce 6naroe Kyykyetcs B
LLeHTpe MuMpa, a 310 06pevyeHO HTUTLCA Ha ero OkpaviHe. J106OM npeaMeT aBTOMAaTUYeCKM
NoMy4aeT KayeCTBEHHYIO OLIEHKY B 3aBMCMMOCTM OT TOrO, A€ OH HaxoauTcs. B cepeanHe mupa
pacnonoxeH Mwuarap, a cTpaHa BenMKaHOB MOTyHXeliM nexuT Ha OTwm6Ge, TO eCTb PE3OHHO
NPeanonoXnTb, YTO OKpaMHa Mupa — 3TO cywa. Mexay Tem U3 Apyrux neceH cregyeT, 4yTo
OKpanmHa Mupa ecTb He YTO MHOE, KaK MOpe, OMOACHIBAIOLLEe 3eM/H0 KOJIbLOM, Ha [HEe KOTOpOro
ApemneT Yy[OBULLHbIA MUPOBOI 3Mell lopMyHraHa, Kycatowuii CBOi COBCTBEHHbI XxBocT. Ho
Korga 6oru oTnpaBnsatOTCSA B CTPaHY BENMKAHOB, UM KadXKAbl pa3 NpUX0AMTCA NepeceKkaTb MOPCKMe
nponmesbl. Mepudepns CkaHAMHABCKOV BCEIEHHOM NapafoKca/lbHbIM 06pa30M OKa3bIBAETCA CyLUEl
1 MOPEM OHOBPEMEHHO.



B ueHTpe mupa TOXe UapuT Bonuiowwas Hepasbepuxa. Kpome Mwugrapga, HaceneHHOro
NOAbMU, TaMm BbICUTCA YepTor 60roB Acrapf, a MMpPOBOe [pPeBO, ACeHb Wrrapacusib, MpoH3aeT
3eMHOW [OMCK B TOYHOCTW MOCpefuHe, MO0 ero KpoHa MpocTUpaeTcs Haj BCceM Mupom. B
NO34HENLLIMX XPUCTUAHCKNX MHTepnpeTaumsax fenaeTcsa nomnbiTka BO3HeCTU Acrapf Ha Hebeca, HO
3TU XKANTKME «Y>KUMKU W NMPLDKKWU» MOTYT BbI3BaTb /ML CHUCXOAUTENbHYIO YCMELLKY, MOCKO/bKY
Heb0 34AMYECKNX MUKOB HMYEM OT 3eM/IM HE OT/IMYaeTcsa. M XOTA B €BK/INLOBOM MPOCTPAHCTBE
COBMeLLLeHVe TpeX NPeLMeTOB B OLHOM M TOM XXe MECTe peLunTeNlbHO HEBO3MOXHO, CKa3UTesNei cuns
Henenuua HUYyTb He cMyLlaeT. MpocTo vepTor 60ros, 06UTaNNLLE NHOAEN U CBALLEHHOE epeBo He
MOTYT HaXOAUTLCA HATAE, KPOMe CepeanHbl Mupa.

Bpemsi ckaHAMHABCKMX MUOB TOXE (hparMeHTapHO M XKeCTKO MPUBA3aHO K COObITUAHOMY
pagy. Ecnn B Mype He NPOMCXOAUT HWUYEro, 3ac/y>XXMBAKOLLEr0 BHUMAaHUSA, TO U BPeMS CTOUT Ha
mecTe. OHO MPOCTO-HaNPOCTO HE MbIC/INTCA KaK TeKy4yas CyOCTaHLMs, HEMoABnacTHas BNAHNAM
N3BHE: €CNM MEeXAY ABYMS COObITUSMWU OTCYTCTBYET MPUYMHHO-CNELCTBEHHAA CBA3b, PacCTaBUTb
MX MO TNOPSAKY PEeLnTENbHO HEBO3MOXHO. CKaXeM, COBEPLUEHHO HEeACHO, B  Kakoii
XPOHOMOrMYeCKOW MOoCnefoBaTeNlbHOCTM [O/MKHbI pacnonaratbCs BM3WUT rpoMoBepXua Topa K
BennkaHy eiipogy, ero NoeauHOK C MUPOBLIM 3MeeM IOpMyHraHAoM 1 CpaKeHue ¢ KaMeHHbIM
NCNoNMHOM [pyHrHMpPOM. Boniee TOro, BCAKOe MOBECTBOBaHWE HEMELEHHO PacchbiNaeTcs Ha
OCKOJIKW, YXUBYLLE CAMOCTOATE/IbHOM YM3HbIO, @ MEPCOHAX TOro UM MHOTO MUga — NOYTK BCerja
(hurypa cratuyeckas, oToblBatoLas 3ay4eHHbI LMPKOBO HOMEP. Pa3BUTUA B HEN HET HU Ha rPOLL.
Hanpumep, MarHu, cbiH Topa, 3HaMEHUT TeM, YTO CMUXHY/T HOTY MOBEPXXEHHOI0 Be/KaHa C Lueu
oTua. OfiHaKo 37O 6bI10 HE ero AeTCKMM NOABUIOM, a NMOABMIOM BOO6Le. MarHu Bcera pe6eHoK u
BHE CBOEr0 MY>XECTBEHHOIr0 MOCTYMNKa NOnpocTy He cyulecTByeT. C Apyroi CTOPOHbI, 0Tel, 60ros
OfMH, No-BUAUMOMY, BCEraa CTapuK.

MpoLunoe, HacTosLee 1 Byaylee TOXe MIaBHO MepeTeKaloT ApYr B Apyra M 3ameyaresibHO
YKUBatOTC 60K 0 60K. O6 3TOM HEeABYCMbIC/IEHHO CBUAETENbCTBYET rpammaTrka 344MYecKnX
MWU(OB, Korga (OpMbl MPOLUESLIEro BpPEMEHW HEenpuHYXAEHHO 4epeayroTcd C  gopmamu
HacTosLero unn 6yayuiero. born XuByT He BO BPeMeHU, re COObITUS MOrYT NMOBEPHYTLCA Tak
WA 34aK, a B CBOEOOPA3HON HEMOABMXXHON BEYHOCTW, rhe BCe pacrnucaHo Kak no Hotam. OT
MPOCTLIX CMEPTHbIX UX OTAENAET abCOMOTHAA anNMyeckas AUCTaHUMA, KaK YAa4yHO BbIpasuaca O4uH
TOMIKOBbIA MCTOPUK. B Ty Aanekyto anoxy Bce Obl10 MHaYye U JaXe BPeMA TEKO NO-ApYromy.
psagywas rnbenb 60ro, 0603HAYEHHAA CKPEXELLYLMM CNOBOM «ParHapék», u3naraercs
BE/bBaMU-NpopuLaTeNbHULAMY Kak CoBbITVE, MPOUCXOAsLLee 3MeCb U ceiiyac, OAHAKO 3TO HUYYTb
He MPOTUBOPEUUT TOMY OOCTOSATENLCTBY, UTO KaTacTpo(e elle TO/bKO NPeACTOUT COBEPLUMTHLCS.
Opyrvmn  cnosamu, npownoe u 6yfayuiee nNpeAcTaBNsfMCG  OLWHAKOBO — pPeasibHbIMU, W©
nepemMeLLeHvie Mo BPEMEHHON OCU BUAENOCH CTO/b YK€ eCTECTBEHHbIM, KaK, CKaXKeM, MyTeLlecTBme
n3 Acrapga B VloTyHxeiim.

[0BONbHO NOAPOGHBIVA Mepeckas CKaHAMHABCKOIO MU(a 0 COTBOPEHUM MUpa NPeANPUHAT He
13 T06BU K UCKYCCTBY (XOTH MpayHas ¥ BENMYeCTBEHHAA M033UA CEBEPHbIX Car HE MOXET, Ha Hall
B3rnsf, 0CTaBUTb PaBHOAYLLUHbLIM Yesl0BeKA C XOPOLLUMM NUTEPATYPHbIM BKYCOM), HO TO/MBbKO /INLLb
A0N18 TOro, 4TOoObl Bbl, YMTaTeNlb, CMOIM MPOHUKHYTLCA 3anyTaHHON KOCMOrOHWEW [peBHUX.
[esHns ckaHAMHABCKMX 6GOroB U repoeB B [LOXPUCTUAHCKYHO 3MOXY MPUHATO HasblBaTb
34ANYECKMMU  MUamMK, NOTOMY YTO OHWM [OWAM [0 HAWMUX AHEA B ABYX /ATepaTypHbIX
namsTHUKax — «Mnagweii dane» n «Crapwen 3age». ABTopom «Mnagwein 3a4bl» CUATAeTCs
ncnaHgey, CHoppu CTypnycoH, KoTopblii B nepsoii nonosuHe XIII Beka cobpan BOegUHO U
CUCTEMAaTU3NPOBaST MUMbI, ObITOBABLUME B YCTHOM Tpaguumun. Bripoyem, HasbiBaTb €ro aBTOPOM
MOXHO C M3BECTHOMN HATSXKOW, 60 B Ty Nopy NOAOOHOro MOHATMA NPOCTO He CYLLEeCTBOBASO.
ABTOPCTBO «CTapLueil S4abl» He YCTAHOB/IEHO, PABHO KakK HEW3BECTHA 3TMMOJIONS CI0Ba «344ax»;
npegnonaraeTcd, 4YTo OHO MpoucxXoguT ot xyrtopa Ogaw, rae CHoppu BOCMUTbIBA/ICA, OAHAKO
[aNeKo He BCeX Y4YeHbIX Takoe TO/IKOBaHWe yCTpanBaerT.

KocmoroHmyeckne Mudbl 0 poXaeHWM Mypa 13 Xaoca 6bITOBa/IM B pasHOe BPeMS Y MHOTUX
HapofoB. [1loyTM BCe OHW MNPOHM3aHbI OLHUM W TEM e MOTUBOM: MW3HAYa/IbHbIN Xaoc
NPOTUBOGOPCTBYIOLLMX CTUXMIA (Kak NpasBuno, OFHA W BOAbl) NO Bose 60roB NpeTBopsieTcs B



GNaroyCTPOEHHbIM KOCMOC, a 6ecnopsiloK yCTynaeT MecTo CTPOroi rapMoHun. Hepeako TBOpel,
OTXOANT OT AeN, W TOrAa COBEepLUaeTCsi Mepexod OT MMGOMOrMYecKoro BPEMEHWM KO BPEMEHM
ncTopunyeckomy. pyrumm cnoBaMmn, MMp POX/IaeTcs He BO BPEMEHW, a BMeCTe CO BpeMeHeM. Ecnu
00paTUTbC K [peBHeAWMM nnactam (OnbkKnopa W MUGONOrMYECKUX NpPeACTaBNeHU,
06HapYXMTCA MOpa3nTeNlbHOE CXOACTBO KOCMOFOHMYECKMX CUCTEM, CO3[aBaBLUMXCS B PasHbIX
yacTsIX 3eMHOro Lapa. Pa3ymeeTcs, AeTa/lbHOrO COBMafleHWsi He OYAeT, OHAKO MarucTpasbHas
NNHWS BbICBETUTCA BMOJIHE OTYET/IMBO: APOCTHOE NPOTUBOGOPCTBO MOMSAPHbIX CUM, OXKECTOUEHHbIe
CXBaTKM GOroB 1 YyA0BWLL, YNOPSAOUYEHME NEPBO3AAHHONO Xaoca U YTOMUTENbHAsi MOBTOPSIEMOCTb
BCEX MnepemMeH. [peBHeernneTckas WAM WMHAYUCTCKas Ky/bTypHble Tpaguuum B 3TOM CMbICe
HWYYTb He OT/IMYAKOTCA OT aHTUYHOW. Mbl pelmnIn o0bpaTUTbCa K CKaHAMHABCKMM CKa3aHWsIM
TOMbKO NMLLb MOTOMY, YTO Ha HMX NEXMUT XYTKOBaTas neyatb S3bI4eCKOM MOAMHHOCTM, KaKoW He
Hailellb, HarmpuMep, B APEBHErPEYECKNX MU(ax, KOTOpble B XOAe MHOTOBEKOBONM KY/bTYPHOI
LLNAMGOBKNA M3PAAHO NOUCTEPANCL M BLIFMSAAT, TaK CKasaTb, MOCTHOBATO Ha (hOHE 34AMYECKUX
neceH. VicnaHAckmin yueHblin Curypg Hopganb Tak Hanvcan 06 04HON 13 KHur «Mnaglei 3aabi»:

«BugeHve TonbBM» — 3TO OHO M3 TeX BEYHbIX MPOM3BEAEHWIA, KOTOPbIE MOXHO UMTaTb
peGeHKOM cpasy e nocse GyKBaps U 3aTeM OMATb W OMNSTb HA BCEX CTYMEHSX Pa3BUTUS U 3HAHWS U
KaX/pblli pa3 HaxoAuTb HOBOE, 1 HOBOE, M HOBOE. dTa KHWra OAHOBPEMEHHO ¥ MPO3payHa, W
TPYAHOMOHMMAEMa, NPOCTa, KaK ronybka, U XuTpa, Kak 3Mesi, B 3aBUCUMOCTU OTTOr0, HAaCKO/bKO
rny6oKo uuTaTeNb NPOHUKAeT B Hee. V60, XOTS S3blYECKOE MMPOBO33PEHME HE MOHOCTHIO
PacKpPbIBAETCS B Hel, B GO/bLLEN LIENLHOCTM Er0 HE HANTU HU B KAKOM 1pYrOM NPOW3BEeeHMN.

Korga B 3noxy [1pocBeLLEHNA BOCTOPXKECTBOBa/la €CTECTBEHHO-Hay4yHas KapTuHa Mupa,
HauBHbIE MPeACTaBNeHUs APEBHUX OKa3aINChb MepeyvepkHyTbIMU. BceneHHas chenanacb o6pasuom
OOXECTBEHHOW rapMOHUW, BEYHbIM W  HEW3MEHHbIM KOCMOCOM, >KVMBYLUMM MO CTPOrUM
matemMaTnyeckuM 3akoHaMm. Ha usnete XIX Beka CTaiM [Jaxe NOroBapmeatb O KOHLE (PU3UKMK:
[leckatb, Bce (PyHAAMEHTa/bHbIe BOMPOCHI YXKE MONYUW/IM OKOHYaTe/lbHOe paspeLleHmne, nosToMy
OCTa/10Cb TONIbKO MPOMTUCL PYKOW MacTepa MO OTMOAMPOBaHHOMY [0 6necka cacafy, 4TOObI
YCTpPaHWUTb He3HauuTesNbHble LLepoxoBaTocTh. OHAKO OYeHb CKOPO M3 HEMPUMETHBLIX TPELLMH
MOBa/IN TaKOM [ibIM, YTO BCe 3faHue TPaAULMOHHON (PU3NKIN 0THYAAHHO 3aimxopaanno. OT BbInoro
NPEKPacHOAYLLNA He OCTa/loCh M cnefa. YHTHas BUKTOpPMaHCKad 3rnoxa MOHEMHOry yxofuna B
NpoLwnoe, M Ha CMeHy Knaccuyeckol Hayke XIX cTonetus sBuiacb HoBas (M3vka —
napafiokcasibHas, HenpuBblyHas M nyrawowas. lepemeHbl, MpPomM3oLLefiine Ha pybexKe BEKOB,
HernioXo OTPaXKEHbI B U3BECTHOM LLYTOYHOM YeTBEpPOCTULLIN.

Bbln 3TOT MUp rNy6OKOM ThMOI OKy TaH.

Na 6ypeT cBeT! N BOT ABUICA HbIOTOH.

Ho caTaHa Hefjonro »fan pesaHLua:

Mpuien SHWTERH — 1 CTaNno BCe Kak paHbLLe.

Pa3ymeeTtcs, 6b110 Obl HE/IeNno NPOBOAUTL NPAMYIO MapasifieNlb Mexay HaTyppuaocoNCKUMm
BO33PEHMAMN [PEBHMUX W [OCTUMXKEHMSAMW COBPEMEHHOr0 €eCTecTBO3HaHWA. OfHaKo A3blyecKas
KapTMHa Mupa npy BCeli CBOEW HaMBHOCTU W BGECXUTPOCTHOCTWU BbIFOAHO OT/INMYaeTCA OT
HenofBMXHOro U CKYYHOro KocMoca [eTepMMHUCTOB. OHa napajoKCasbHa, W3bICKaHHa W
nopasnTenbHO AMHaMUYHA. Mexay MpoymM, MbICAUTENN 6oiee MO3LHUX 3MOX BCerja 06unbHO
yepnann 13 honbknopa. Hanpumep, OAMH U3 camMbiX FNYBOKUX U OPUTMHABHBIX YMOB dnnafbl —
epaknuT TemHbli (VI B. [0 H. 3.), TOBOPUBLUWIA, YTO HEMb3SA ABX/bl BONTU B OAHY U TY Xe Peky,
Kak-To nposo3rnacun: «Cnegyet 3HaTb, YTO BOWHA BCeoObLLa!» PasymeeTcs, peyb 34ecb UOET He O
BOOPY>KEHHbIX CTO/IKHOBEHWSAX Ha nosie 6paHu, MOCKOSbKY OHW BCEro /MWL YacTHbIN Cryyai
YHUBEPCa/IbHOr0 3aKOHa: BCe CyLLiee — Niog 60pbobl, 1 caM MUP eCTb BEYHOE CTaHOBJIEHNE.

A3blyeckas HaTypduI0COpuUa faneko He CTOMb MPUMUTUBHA, KaK 3TO MOXET MoKasaTbCs Ha
nep.bIv B3rnsag. Ckaxem, MUbl 0 Hauase BpeMeH, Korfa BeeneHHas npebbiBana eLue B COCTOSHMMN,



6/IM3KOM K Xaocy, 06Hapy)XX1BatoT YAMBUTE/NbHbIE NEPeceyeHmnsi C HOBENLLNMM KOCMOJIOMMYECKMU
naesmn. Mpasga, COOTHOLLEHME Xaoca M KOCMOCa, S3HTPOMUN 1 YNOPSALOYEHHOCTM B COBPEMEHHbIX
KOCMO/IOTMYECKNX MOAENSAX POXKAEHNSA BCeneHHOM U3 HUYEro HeCKObKO MHOE: MepBble MIHOBEHNS
XXM3HWN Hallero Mmpa MbICNATCA KakK COCTOSIHME BbICOKOrO MOPsAAKa, a B Aa/lbHeiLleM 3HTponus
HeyfepXXMMO pacTeT. Bnpoyem, CyllecTBYeT M MPOTUBOMOMIOXKHAA TOYKA 3PEHUS: «MNepPBUYHbIN
aTOM», M3 KOTOPOr0 BO3HUK MUP, OblT XaOTUYeCKN OAHOPOAHbLIM COCTOSIHMEM, a BCA MCTOPUS
BcenieHHOM ecTb He YTO MHOE, Kak NPOLLECC ero CTPYKTYPUPOBAHNSA, 3BOOLMOHHOIO YC/TOXKHEHUS.
Tak WM nHave, HO (hyHAaMeHTa/lbHble BOMPOCbI ObITWUS BHOBb OKa3a/ICb B LEHTPE BHMUMaHUS
acTpPogM3NKOB 1 KOCMOJIOTr0B, pasyMeeTcs, Ha Apyrom YpoBHE NMOHUMaHWS.

CoBpeMeHHasA (M3nyeckas KapTUHa Mupa noTepsna HarnsgHocTb, ObIBLUYHO anb(on K
OMEro K/fiacCM4eckoW Hayku Mno3anpoLunoro cronietusd. Korga uuTaellb O KBaHTOBAHHOCTM
MPOCTpaHCTBa, KOPMYCKY/NSPHO-BO/IHOBOM — Aya/lM3Me WM NopasuTe/ibHbIX  MeTaMopdo3ax,
KOTOpble MPOUCXOAAT CO BPEMEHEM BHYTPU YepHbIX Ablp, HEBOIbHO BCOMMHAETCA PacKoM0TOe Ha
KYCK/ MPOCTPAHCTBO 344MYECKMX MUGOB WM YAMBUTENbHOE MUUUECKOEe BPeMs, He 3HaroLlee
pasnunii MeXxxay npowbiM 1 6yaywim. A COBMELLEHMe B OAHOW TOYKe Mupa Ntogel, yepTora
OOroB M CBALLEHHOrO MUPOBOrO JepeBa — YeM He BbIKPYTachl 3/leMEHTapHbIX YacTul, B (hU3MKe
MMKpommpa? YyaecHOMY BbiMapxuBaHuo BceneHHOM 13 NpocTpaHCTBEHHO-BPEMEHHOI MEHbI 1 ee
Hen36eXXHON rmbenun, Korga «BpemMeHn yxxe He OygeT» (cnoBa WMoaHHa Borocnosa), TOXe MOXHO
HanTV COOTBETCTBUSA B MMhaxX pasHbIX HapogoB. Mo3ToMy eBa M pa3yMHO CBbICOKA MOX/10MbIBaTb
NpeaKoB Mo Meyvy, CeTys Ha OrpaHUYEHHOCTb UX eCTECTBEHHO-HAYYHbIX 3HaHWIA. ELLle HEN3BECTHO,
4TO NpoLle — NPUAYMaTb HOBbI KOCMOMOTMYECKWIA CLEHapWA U NepBbIM AaTb OTBETHLI, MYCTb
NpueAN3NTENbHbIE WK faXe OWWO0YHble, HAa BOMPOCHI O (PYHAAMEHTa/IbHbIX 3aKOHOMEPHOCTAX
ObITUA. M1 KTO 3HaeT, ObITb MOXET, W3OLLPEHHbIE MOAENM MUPOYCTPOICTBA, HA KOTOpPbIe ropasja
COBpEMEHHast acTPom3mKa, NOKaKYTCA HaMM MOTOMKAM TaKMMMU XXe HEYK/THOXUMWN 1 faneKuMy
OT peasbHOCTM, KaKUMMW HaM BUASATCS KOCMOTOHUYECKNE NPeaCcTaBeHns ApeBHUX.

PaccTosaHusA, BepCTbl, MU

TOoT, KTO COTBOpPWUN MUP, CAenan HeCcObITOYHOW MeYTOW BCTpeun
COTBOpEHHbIX Ha pasHblX 3Be3gax. OH BO3BeN MeXKAy HUMK Mperpagy,
NoeanbHO NYCTY W HEBUAMMYIO, HO HEMpPeofo/MMYH: CBOE, a He
YenoBEYECKOe paccTOsHYe.
CraHucnas flem

B cTapuHy noan »Xunm Ha nnockoi 3emne. Huuero yamBuTENIbHOTO B 3TOM HeT, M6O
4eNOBEYECKOMY [/la3y 3eMHas MOBEPXHOCTb W BMAPSMb BUAUTCS Yyb6eratowleid 3a FOPU3OHT
OeckpaiHelii NMOCKOCTbHO, €CNM, KOHEYHO, MpeHebpeyb MoKaNMbHbIMKU Nepenagamu penbeda no
BbicoTe. MyTewwecTBYS N0 AOMHAM M MO B3ropbsM, Kynubl U cOnaatbl [peBHEro Mmpa MO Ha
COOCTBEHHOM OnbITe YA0CTOBEPUTLCS, YTO MOBEPXHOCTb 3eMAN NPeACTaBnsieT CO60M OrpPOMHbIN
NAOCKUIA 6/INH.

O[lHaKO cuMTaTb HalLMX AaneKnx NpeakoB HavBHbIMU MPOCTaKaMmn Obl10 Gbl OMPOMETUMBO U
HeaanbHOBMAHO. MPOCTO Hayka B Ty MOPY MOKa 4TO GapaxTanacb B MefeHKax. Pbixnyto rpyay
(hakTOB, rAe TOYHble HAONIOAEHUS WM NOPa3uUTENbHble AOrafKM NepemeXxanncb C YyAOBULLHLIMM
3abnyXaeHUAMK, ele NPeAcTosAno cucTeMaTmsmpoBatb. OTAeNeHe 3epeH OT M/IeBe — COBCEM He
Takas nerkas 3afaya, Kak MOXeT NoKa3aTbCA Ha NepBbIiA B3NS,

Ho ecnn 3peHne Hac He 06MaHbIBaeT M 3emMns [eCTBUTENIbHO NOCKasA, CneaoBano Obl
BbISICHWTb, KaK Aaneko OHa MpocTMpaeTcs. A MNOCKOMbKY HMKOMY W3 CMEPTHbIX He Yaanoch
[06paTbCs A0 ee Kpas W 3arNsHyTb BHU3, BMOHE NIOFMYHbIM Ka3anocb NpeanonoXeHne, Y4To 3Toro
Kpas HeTy BOBCE — 3eMHasl MOBEPXHOCTb HWUrae He KoH4yaeTcd. Ho GeckoHeyHoCTb — BecbMa
HEeYOTHOE MOHATWE, MNIOXO MOAAAMOLLEECs pauUMOHaZIbHOMY OCMBICNIEHMIO, W NKOAM  BCerga
CTPEMMUNINCH OT Hee M36aBUTbLCA. ECn e Kpald y 3eMnn BCe-Taku eCTb, YTO, CKXKMTE Ha MUNOCTb,



MOXET MomMeLLaTb MMPOBbLIM BOJAaM, CO BCEX CTOPOH OMbIBaOLLMM CyLLY, 6e3 ocTaTka U3nTbCH B
0e3fOHHYHO nponacTb? [lonoXkeHWe cnacas HeBGeCHbI CBOL, OMNPOKWMHYTBIA Hag 3emneld
MCNONMHCKOW Yallieil N COCTaB/IAOLWLMIA C Hell eanHOoe Lenoe. Taknum 06pa3oM, BeYHO YberaroLmia
FOPU3OHT OYfeT TeM MECTOM, e XpYCTa/lbHbliA Kynosn Hebec COefMHSETCA C 3eMHOW TBEpAbHO.
Mexay npounmM, OUONENCKOe BbIPAXKEHME «TBEPAb 3€MHas W TBepAb HebecHast» sBnseTCA
OTro/I0CKOM TeX BETX03aBETHbIX reorpatmyeckmx npescTaBieHuil.

NTaK, Mbl Xypo-6efHO pa3obpannch C YCTPOWMCTBOM BceneHHoi. Mony4mnoch KopbiTo ¢
MAOCKAM AHOM, NPUX/IOMNHYTOE KPbILKOWA HebecHOro cBoja. OcTanioch onpeaennTbest ¢ (hOpMoN 1
pasMepaMu 3TOM KOHCTPyKUMKM. OfHaKO Yy pa3HblX Hapo4OB MOPOW ObITOBa/IM AMaMeTpaibHO
MPOTUBOMOJOXHbIE MHEHWSA Ha 3TOT CYeT.

CkaxxeM, ipeBHUNE ernnTaHE, XXMBLUME B LO/IMHE Huna, 1 Wwymepbl, HacensBLLmne MeXaypeybe
Twurpa v EBfpata, nonaranu, 4to 3emns ropasgo NpoTsXKeHHee C BOCTOKA Ha 3anaf, YeM C cesepa
Ha tor. B cuny psiga UCTOPUYECKUX MPUYNH OHU BbINM AOBO/IHO HEMJIOXO 3HAKOMbI C 0buTaTensamMm
COMpefesibHbIX CTPaH, JIeXaBLUMX Y BOCTOUHbIX W 3amnafHbIX rpaHuL, UX LapcTB, a BOT HXKHbIE U
CeBepHble 3eM/IM JONro 6blIM AN HUX MOYTU MOMHON terra incognita. MoaTomy Lwymepam W
erunTaHam 3emnig pucoBasiaCb B BUAE MNPSAMOYIO/IbHOTO ALWMKA, BbITAHYTOr0 B LUMPOTHOM
HanpaB/feHUN. Y TPEKOB Xe YYBCTBO reOMeTPUYECKMX MPoNopuunii 66110, NO-BUAMMOMY, Pa3BUTO
Nydlie: No UxX MHeHUto, 3eMns NpeAcTaBsna coboin Kpyrny nauTy, pasymeercs, ¢ peuvei B
ueHTpe. Cylwly cO BCeX CTOPOH OMbIBa/IM BOAbl MOry4yeil pekum nop HasBaHwem OkKeaH, a
Cpean3eMHOe MOpe SBMIANIOCH €e XYAOCOYHbIM OTBETB/IEHWEM, CBOEro pofa anmneHguKcom,
NPOTAHYBLUMMCSH K LIEHTPY Mupa.

[peBHerpeyecknii UCTOpUK W reorpag ekatel MUNETCKUIA, XMBLUWIA 3a NATb BEKOB A0
Hayana XpUCTUaHCKOM 3pbl, aBTOP (hyHAAMeHTa/IbHOro Tpyfa «3emsieonucaHunes, KOTopbli foLlen
[0 HalWunx [Hei B OTpbIBKax, MOMbITAICA AaXKe BbIYUCAUTL pasMepbl 3TOW NauTbl. OH npuwien K
BbIBOAY, UYTO ee AMameTp He [O/DKEH NPeBbIWaTh 8 ThiCAY KUIOMETPOB; TakM 06pa3oM, nowlajpb
NNOCKON 3emnn 6yfeT paBHATLCA 50 MUNIMOHAM KBafpaTHbIX KWIOMETPOB. M XOTA UCTUHHAS
nnowaab Hawewn nnaHeTsbl B 10 pa3 60/bLUe, CMeeM nonaratb, YTO LUgpPbl, NOMYyYeHHbIE OTBXKHbLIM
ypoXkeHUemM MwneTa, NpeAcTaBsNNCL COBPEMEHHMKAM 4Yya0BMLLHbIMU. KOHEYHO, Kpyr — 6onee
COBepLUEHHas  qmrypa MO  CPaBHEHWD C  HeYK/OXUM  MPAMOYrO/IbHUKOM,  OfHaKo
CaKpameHTa/bHbI BONPOC, YTO YAEPXXMBAET 3eMHOIN ANCK Ha MecTe, No-MnpeXxHeMy octaBasncs 6e3
oTeeTa. [lpeBHME rpeku Bblnv He NIbIKOM LUWTbI U NPEKPACHO 3HA/IW, YTO BCE TSHXKE/ble Tesla UMEeoT
TeHAEHUMIO NafaTb BHU3,

— Ecnv nnockunin 3eMHOM ANCK AeNCTBUTENbHO CTOMb BEWK, — FOBOPUIN CKENTUKW, PaAOCTHO
noTupas Cyxme NafowKn, — TO MYCTb YBaXXaeMblil [ekaTeli 0ObACHUT HaM, HepasyMHbIM, Kakue
CWNbl 3aCTaBNAKOT €ro BMUCETb HEMOABMXKHO. ECNn >ke OH BCe-Taku CO CBMCTOM MPOBa/IMBAETCS B
MycTOTY, NOLOGHO BCEM OCTa/ibHbIM TeflaM, TO MOYeMYy Mbl HE 3aMeyaeM 3TOro CTPEMUTENbHOMO
nageHuna?

Mbl He 3HaeM, Kak OTBeYasn MepBbli aHTUYHbLIA reorpa Ha HeyaobHble BOMPOCHI
OMNMOHeHTOB. lpoLue BCero 6bIn10 CKasaTb, YTO 3eMHas TBepAb NPOCTUPAETCS BHU3 HEOrPaHUYEHHO,
HO 3TO cpasy e MPWBOAUIO Ha NaMATb MPOKNATYHD 6eCKOHEYHOCTb, OT KOTOPOW TONbKO YTO
ypanocb otgenarbcd. Kyga pasymHee Obl0 MpeanosiokuTb, YTO 3eMHOM AMCK MOKOUTCA Ha
4yem-H1byab NPoYHOM. IHAYCbI nomMeLLany 3emM/H0 Ha YeTbIpe CTonna.

— O4eHb XOpOLLO, — A3BUTENbHO LieAnnn Yepes ryby CKenTuKKM, — a Ha YeM CTOSAT CTONMbI?

— Ha ruraHTckux cnoHax, aTo faxe Ma/ble AeTV 3HatOT.

— A CNoHbI?

— A CcnoHbl, ga 6yaeT BaM M3BECTHO, MOMMPaKOT CBOMMM HOFaMu MaHUMpb WMCMNOAMHCKOM
yepenaxm.

— A yepenaxa?...

[ypHas 6ecKOHeYHOCTb pa3 3a pa3oM YMOPHO Bblie3asia 130 BCeX Ablp, U NpeAcTaBneHne 0
MOCKOI 3eMsie 3aroHsAM0 MbICIUTENS B 6€3HALEXHBIN TYMUK.

[aBainTe BCNOMHUM BeceNlyto CKasky Jlazaps JlarmHa 0 MOryLecTBeHHOM [KUHHe [raccaHe
AbpyppaxmaHe M6H XoTTabe poAOM M3 [ApeBHE ApaBuKn, BONE Cyaed O4vyTMBLUEMCA B



coBpeMeHHOW MockBe. T0BOPSAT, OH Obl/1 BECbMa BINATENIbHOW (PUIypoK Mpy 4BOPe MYAPOro uaps
ConomoHa, KoTtopblin npasmn 3000 neT ToMy Haszaf B [ManectuHe, HO YeM-TO He NOTpadmnn Kecapto.
No6Be0bunbHBIA Lapb (N0 npegaHuto, y ConomoHa 66110 700 >xeH 1 300 HaIOXKHULL) He cTan
LIEPEMOHUTLCA C OCNYLUHWUKOM 1 6€3 JONrMX pa3roBOpPOB NOBeNes 3aTOUMTb ero B MIMHSAHbIA COCYA,
KaKOBOI Hafnexano ytonuTb B MOPCKOA nyumHe. A 3000 neT cnycTts MOCKOBCKWIA LLIKOMbHUK
Bonbka KOCTbINBKOB C/ly4allHO HATKHY/ICA Ha 3aMLienyl0 KepaMUYecKyt MOCYAUHY BO BpeMs
YTPeHHero KynaHus. CKO/MIbKO XWBYT [KWHHbI, B TOYHOCTM HWUKTO He 3HaeT, HO XOTTabbly
OKasa/iCA Ha pefKoCTb 604PbIM 1 NOKNAAUCTbIM CTaPUKOM, & MOTOMY Cpa3sy Xe MpeasioxXun CBoemy
cnacuTento Maccy ycnyr. Bonbke npeactosn 3k3ameH no reorpagum, B KOTOPOW OH [OBOJIbHO
Me/IKO NfaBa, TaK 4YTO MOC/MEe HECKONbKUX CYrybo (opMasibHbIX TEeNOABVMXKEHWUI MPaBU/IbHbIN
MAOHEP W [eACTBUTENIbHBIN YNleH acTPOHOMUYECKOro Kpyka npu MOCKOBCKOM MiaHeTapum
MOAMaxHY/ B3aMMOBbLITOAHYHO CLESKY.

MofCcKa3KM HKUHHA — He (hyHT 13tomy. Bonbke foctanach MHausA, HO 06 ApaBUIACKOM Mope
1 BeHrabCKOM 3a/1Be, KOTOpble MOKOT 6epera 3TOro OrpoOMHOro NosyocTpoBa, 6eAHbI MasbUmK
HMYero ckasaTb He ycnes. Bonpekn COGCTBEHHOMY >XeMaHUK0 OH MOHEC HECYCBETHYHO Yyllb O
CTpaHe, fieXalleli Ha caMOM Kpato 3eMHOro AWCKa, U O COMpefenibHbIX 3eMAsAX, HaceNeHHbIX
NNewnBbIMA  NIIOAbMKU, KOTOpble MUTAOTCH MUCK/OUUTENIbHO CbIPOM pbl6o M ApeBeCHbIMU
LUMLLIKAMW.

Korpga e ero cnpocunu, 0 KakoM AWUCKE OH TONKYET WM pa3Be HeM3BECTHO eMy, YTO 3eMsis
nMeeT opmy Lwapa, Bonbka, NOBMHYACH XOTTabblvy, BbICOKOMEPHO YCMEXHY/ICA U MPOAO/HKa B
TOW XXe BeNepeunBor MaHepe:

— Tbl M3BOMULWb LWYTUTL Haj TBOMM MpefaHHenwumM yueHukom! Ecnmn 6bl 3emns 6bina
LLIAPOM, BOfbl CTEKA/IN Obl C HEe BHU3 U NIHOAN YMEPNN Obl OT XaXK[bl, & PAaCTEHNUS 3aCOXN. 3emns,
0 [LOCTOWNHeNLWwasn 1 6naropofHenLlas U3 npenojasartesieid 1 HaCTaBHUKOB, MMena 1 UMeeT (hopMy
MNOCKOr0 AMCKa Y OMbIBAETCA CO BCEX CTOPOH BE/IMYECTBEHHON PEKO, HasdbiBaeMol «OKeaH».
3emna NOKOWTCA Ha LUECTM CNOHax, a Te CTOAT Ha OrPOMHON Yepenaxe. BOT kak ycTpoeH mup, O
yuuTenbHuual

LLIyTKM WwyTKaMKn, HO 06bIBaTENbCKME MPEACTaBAEHMS O MPUPOAE BELLEn Ha pPeaKoCTb
XMBY4YM. PacckasblBatoT, YTO OfHaXAbl bepTpaH Paccen, BblAAKOLMIACA aHTIMACKUIA (rnocod u
matemaTuK, Yatan nyennyHyo neKumio no acCTPOHOMMK. U XOTS eno NPpOUCXOANI0 CPaBHUTENbHO
HeAaBHO, B Hayasle MPOLL/IOro BeKa, IEKTOp 6bln 06CTOATENIEH N HETOPONMB. PacckasaB 0 TOM, Kak
3emna Bpawaetca Bokpyr CosHua, OH He MpemMyUHY 3aMeTUTb, YTO Halle BEeNNKONernHoe AHEBHOe
CBETU/I0 SBNSAETCA 3aypsfHON 3Be34OM W, B CBOK O4Yepedb, TOXE [ABWKETCA BOKPYr LEeHTpa
ManakTnkun. Korga nekuus nofowusia K KOHLUY, U3 3aaHUX PSAA0B MOAHANACh MasieHbKas mnoXuias
Nejp v 3asBunNa, YTOo BCe, O YEM 3[eCb TO/IKOBAST YBAXKAEMbIA NEKTOP, — C/IOLLIHAsA YyLLb.

—Ha camom fene, — ckasana OHa, — Haw Mup — 3TO 60fbLIad NocKas Tapesika, Kotopas
CTOWUT Ha CMWHe TMraHTCKOW Yepenaxu.

— Hy xopoLuo, — ynbi6Hyncs Paccen, — a Ha Yem XKe [epXX1Tcsa Yepenaxa?

— Bbl 04eHb MPOHWLATENbHbI, MOIOLOW YesoBeK, — OTBeYasia MasleHbKas NnoXKunasa negu. —
Uepenaxa CTOMT Ha CMMHe APYroi yepenaxu, Ta — eLle Ha OAHOW U Tak Aanee, U Tak janee, U Tak
fanee.

HaBepHoe, KocmoroHus lekates ewe [onro 6bi1a 6bl B XO4y, €cnn 6bl He OTAe/bHble
focafHble menoun. HabnogartenbHble rpeku NOAMETUAN, YTO KapTuHA 3BE34HOr0 Heba OLwyTUMO
MEHSIeTCS BO BpeMS MyTELLECTBUSA C tora Ha ceBep. YacTb 3Be3[ YMN/bIBAET 3@ OXKHbIA FOPU3OHT, a
Ha CeBepe 3aroparoTcA HOBble CO3BE3AMSA, KOTOPbIE HEBO3MOXHO Pas3rnsafeTb B HOXKHbIX LUMPOTaX.
Hanpumep, lMonspHasa 3Be3fa Luar 3a LaroM B36GUpaeTcs BCe Bbile W Bbllle, U3 4Yero C
HeobX0AMMOCTbIO C1Ie0BAI0 3aK/KOUNTbL, YTO PaHO WM NO34HO OHA MOBMCHET NPSMO HaZ ro/IoBoi
nyTelecTBeHHMKa. Pa3ymeeTcs, rpekam OblI0 HEBAOMEK, 4YTO MOAO6GHOE COObITME MOXeT



COCTOATbCA TONbKO /MWL Ha CeBepHOM [MO/MKOCE, HO TEHAEHUMS rosopwia cama 3a Ceobs.
(CnipaBegnnBoCTM pasyn OTMETMM, YTO 3a NATb BEKOB 0 Poxgectsa XpucTosa lonspHas, To ecTb
anbha Manoin Meageauubl, He 6blna 6MdKaLLe K NONOCY 3BE3/0M, HO 3TV YaCTHOCTU Mbl 3[€Cb
onyctum.) C Apyroi CTOpOHbI, NPy Noe3gke Ha tor MNonspHas 3Be3fa Ha4YMHAeT CKOMb3UTb BHUS,
yB/ieKas 3a CO60iM CeBepHble CO3BE3AMS, & U3-3a HOXKHOIM0 rOPU30HTA BbIHLIPMBAIOT HE3HaKOMble
3Be3fpbl. Ha nuHMM 3kBaTopa (MOHATME CTOMb XKe YMO3PUTESIbHOE A1 APEBHUX TPEKOB, Kak U
CeBepHblin nontoc) MonspHas 38e3aa A0MKHA /leYb Ha CEBEPHbIN FOPU3OHT. Ecnn 661 3eMns Gbina
MNOCKMM [UCKOM, PUCYHOK CO3BE3AMIA MeHSNCA Obl KpaliHe He3HAYMTEbHO, YyTb-YyTb CMELLAsCh
no nepcnekTuee. 3Be3LHOe He6O BCIOAY BbIrNALeNo 6bl OAMHAKOBO, @ BbILLEOMNMUCAHHBIX CNOXHbIX
3BO/MOLMN He 6bINo Obl U B MOMUHE.

Mo3ToMy fpeBHerpeyeckunin ounocod AHakCcUMaHap, X1BLKiA noytu 3a 100 net go Mekares
M TOXe YypoxeHel MwneTa, NPeAnonoXua, 4YTO 3eMHas MOBEPXHOCTb WCKPUBAAETCA MO
Hanpas/IeHNO C tora Ha cesep. BMeCTo Kpyrniio nNAnTbl Yy HEro NOAYYWUICH UMIMHAP, NEXaLmia
FOPU30HTa/IbHO, Ha NOBEPXHOCTM KOTOPOro XWBYT Ntoan. Hajo ckasaTb, YTO MasioasuincKuin ropog
MwuneT 6bI11 caMOli HaCTOSILLEN KyNbTYpHOM MEKKO aHTUYHOIo Mupa, M60 CTapLUniA COBPEMEHHMK
AHakcumaHpa, ero 3emnsKk U yuutens danec, nepsblii NPeLCTaBUTENb LUKObI MOHUACKUX
HaTyp(unocogoB, TOXe MOHUMaI TONK B [ABMXKEHWU HebecHbIX cBeTwl. Mo npegaHuto, OH
npefcKasas CoNHeyHoe 3aTMeHne 585 roga 4o H. 3. OTKPOBEHHO roBOPS, HE COBCEM MOHATHO, Kak
eMy yfanocb 3T0 cAenartb, NoToMy 4to y Paneca Hawa 3emns uMena GopMy MJ0CKOro Amcka,
MNaBaloLLero Ha MoBepxXHOCTU GeckpaiiHero okeaHa. TeOpWIO COMHEYHbIX W JIYHHbIX 3aTMEHUI
rpekn paspaboTasiv 3Ha4YMTENbHO MO3Xe, TaK YTO OCTaBUM LOCTMXKeHUA Paseca MUIETCKOro Ha
COBECTM XPOHUCTOB.

LimnmHapuyeckas 3emns AHakcumaHgpa Obina 6eccrnopHbIM LWarom Brepes no CpaBHEHUIO C
nnockoi BceneHHol Mekates unn ®aneca, HO 1 OHa, YBbl, He Cnacana nosoxeHus. Kak n3BecTHo,
aHTUYHbIE TPeKn OblIM  MOPCKUM  HApPOAOM, OYeHb pPaHO OCBOMBLUMM W 3aCe/IMBLUMM
Cpesn3eMHOMOPCKOe MNobepexkbe Ha BCEM €ro MpoTsKeHWM — OT [MbpanTapCKMx CTOMMOB Ha
3anafe o 6eperos Masoit A3umn Ha BOCTOKe. BepTkune 0CTPOHOCbIe KOpabv 0TBXKHbIX MOPEXOA0B
He TONbKO NPOHMKAM Yepe3 LiernoyKy nNponvMeoB B UepHoe mope (FPekn HasbiBasiv ero IBKCUHCKMM
IMOHTOM), HO W BbIWAM B ATNAHTUKY, & B MOWUCKaX NereHjapHon ctpaHbl Tyne pobpasuch [o
BpuTaHCKMX 0CTpoBOB (3kcneguuma TNudes). Hepapom 6acHonmcel, 330M OAHaXKAbI CPaBHUI
CBOMX COMNEMEHHWKOB C NAryLiKaMun, 06/1envBLIMMK CO BCEX CTOPOH poAHOe 60/10T0. [ApeBHUM
rpekam, BCSl XXM3Hb KOTOPbIX Oblfa TECHO CBSi3aHa C MOPEM, eABa /M He KaXAabliA 60XWiA AeHb
[OBOAMIOCH NPOBOXATb YT/ble CKOPAYNKW B AasieKoe MnaBaHWe. BHUmaTenbHO Habnogas 3a
Kopabnsimm, NOKNAABLLUMMIW FaBaHb, OHW He eANHOXAbl UMENN BO3MOXHOCTb YA0CTOBEPUTBLCS, UTO
CY/[IHO He MPOCTO TaeT «B TyMaHe MOpPsi Fofly60M», a C/IOBHO Obl MPoONajaeT 3a CKAIOHOM X0/iMa Mo
4aCcTAM: CHayana M3 rnas CKpbIBaeTCsA Kopnyc, MOTOM — napyc, 3aTeM — BEPXYLUKN MayT. Tem, KTO
CNocobeH AymaTb, OCTaBa/lOCb CAenaTb 3/EMEHTAPHOE YMCTBEHHOe YCWWe, 4TOObl MPUATK K
BbIBOZY O LuapoobpasHocTM 3emnn. bonee Toro, kopabnu yckosnb3anu Mof ropy COBepLUeHHO
OAMHAKOBO, BHe 3aBMCUMOCTW OT Hanpas/ieHWs, B KOTOPOM OHW MblAu. [yTelwecTBre Ha tor
[iaBano B TOYHOCTW TaKOW Xe pe3ynbTaT, YTO M NnaBaHWe Ha BOCTOK WK 3anag. LinnnHapuyeckas
mogenb AHakcMaHapa 6blna He B cuiaX 00bACHUTL PaBHOMEPHBIA 13rMb NoBepXHOCTU 3eMan No
BCEM Hanpas/ieHVsM, a NOTOMY OKasanacb HeCOCTOATENbHOM. ['peKn cnpaBeanvBo paccyaunu, YTo
TOMIbKO MOBEPXHOCTb Llapa He MPOTMBOPEYUT BCEN CYMME HAKOM/IEHHbIX aHTUYHOW HayKoM
(hakToB.

MonaratoT, YTO MbIC/Ib O C(HEPUYHOCTU 3eMM Oblna BnepBble BbiCKazaHa COBPEMEHHUKOM
Cokpata dunonaem 13 TapeHTa. TO NPOM3OLLIZIO BO BTOPOI NOMOBMHE V BeKa A0 H. 3. A BENVKUIA
ApuctoTenb, XuUBWNA npumepHo 100 neT cnycTd, yXXe TBEpPAO 3Ha/l, YTO 3emMnsd — Lwap, U Jaxe
[06aBMN B KOMWKY aHTUYHOM acTPOHOMWUM CBOW COGCTBEHHbIA aprymMeHT. OH fgoragancsi, 4To
NMPUYUHON NYHHBbIX 3aTMEHWUI ABNSETCA OTOpacbiBaemas 3emsieil TeHb, KOrfja Hawa njaHeTta
OKasblBaeTca Mexay JlyHori u ConHuem. Mpuyem nonepevyHoe CeYeHne 3eMHON TEHW Ha AMCKe
JNyHbl Bcerga 6bIBaeT KPyr/biM, YTO MOXET MPOM30ATM TONIbKO B TOM C/y4ae, ecin 3emMns nmeet
(hopmy wapa. byab 3emns NAOCKMM AUCKOM, KapTUHa 6blia 6bl COBEPLLEHHO MHOM. [TOBOPAT, UTO



ApuUCTOTeNb faxe MNOMbITaICA BbIYUCANTL AJIMHY 3KBaTOpPa Halleil MnaHeTbl, B3SIB 3a OCHOBY
pasHuLy B nonoXeHuu lMonsipHoin 3ee3gbl B peumn v Ervnte. Y Hero nonyyunacb BenMyMHa,
npumMepHo pasHaa 400 000 cTagmes. Ecnv nepeBecT aHTUYHbIE Mepbl A/IMHBI B MPUBbLIYHYIO Ham
METPUYECKYIO CUCTeMY, TO B OAHOM CTagum okaxetca okono 200 meTpoB. Bo BCAKOM cryudae,
00/bLUMHCTBO MCTOPMKOB MOMaratdT, YTO 3TO MMEHHO TaK (aTTUYeCKWiA CTaAmin HacuuTbiBan 185
METPOB, & BaBWIOHCKMIA — 195 MeTpoB), XOTA MOJIHOM ACHOCTWM B 3TOM BOMpPOCe HeT. Tak Wam
MHaYe, HO AvameTp 3emsin, U3MepeHHbIM ApPUCTOTENIEM, OKasasicad BABOe 00/blUE COBPEMEHHOrO
3HayeHus.

A BOT JpatoceH KnpeHckuia, xuswimnin B 111 Beke Ao H. 3., nony4nn Kyaa 6onee HagexXHbIi
pe3ynbTar. /3 pacyeTtoB JpartoceHa CnefoBaio, UTO OKPY>KHOCTb 3eMHOrO Luapa cocTtaBnset (B
nepe.Boje Ha MeTpuyeckune mepbl) 39 700 KMIOMETPOB (COBPEMEHHbIE BbIYMC/IEHUS AatoT noYvTtn 40
000 KunomeTpoB). Pe3ynbTaT JpartocheHa yaanocb Cnerka noanpasuTb TOMbKO B KOHUe XVIII
CTONETUA, YTO He MOXET HE HaCTOPOXKWUTb BAYMUYMBOIO MUCCNefoBaTe N, MOCKObKY NWHCTPYMEHTHI,
KOTOPbIMM MO/b30BA/ICA TPEYECKUA aCTPOHOM, Obliv Ha PeaKoCTb NPUMUTMBHBL. OH KU3Mepsn
BbicOTY CoO/NHLA Hap ropu3oHTOM 21 WIOHA, B [ieHb NIETHEro COJHLECTOAHUA, KOraa nonyaeHHoe
CBETU/I0 Hanbonee BbICOKO MOAHUMAETCH B Hebe. VI3mepeHus NpoBOANANCE B OAWH U TOT Xe AeHb B
[BYX ernneTckmx ropogax — CueHe (coBpemMeHHbI AcyaH) 1 AnekcaHLpuK, KoTopas pacnonoxeHa
Ha 800 kunomeTpoB ceBepHee. B CneHe BepTUKaIbHO BOTKHYTasA B 3eM/IK0 Masika He [aBana TeHu,
n3 vero cnegyeT, 4to CofHUe B TOT fAeHb CTOS/I0 TOYHO B 3eHMTe Hag CueHoil. A BOT B
AJeKcaHpun KOPOTeHbKas TeHb 0BHapPYXXMnach, YTO COOTBETCTBOBA/IO MOMOXEHWNIO NOMYLEHHOTO
Co/Hua Ha 7 € IMLLIHUM TPajycoB KoXKHee 3eHUTa.

byab 3emna nnockoin, ConHue v B CueHe, U B ANEKCaHAPUM CTOSNO Obl B 3eHUTE
OAHOBPEMEHHO, NMOCKOJIbKY PacCTOfHME MEXAY 3TMMU ropojamMu CPaBHWUTE/IbHO Hebosbluoe. A
KO/Ib CKOPO YAaNnoCb BbISIBUTL pPasHULY B A/IMHE TeHW, 3TO 03HAYaEeT, UTO MOBEPXHOCTL MMAHETLI
MeXAy ropofamun UCKPUBEHa, Tak Kak nankn B CueHe 1 AnekcaHapun oKasaamcb nog yriom gpyr
K Apyry. HecnoxHblii pacyeT NokKasblBaeT, YTO ec/in pasHuua B 7 rpagycosB cootseTcTBYeT 800
KnnomeTpam, To pasHuua B 360 rpagycos (NOMHbIA 060POT MO OKPY>XXHOCTK) AAaCT BEIMYMHY OKOMO
40 000 kmnomeTpoB. [NMOHATHO, YTO ecn M3BECTHA [A/IMHA OKPYXXHOCTW, He COCTaBUT Tpyda
paccumTaTtb [AuameTp Lwapa, ero obbem M nowanb €ero MoBepxHOCTW. [lonepevyHuK 3emnu
coctaBnsieT npumepHo 12 800 KunomeTpos, a nnowadb cdepbl C TaKUM AMAMETPOM OKaXKeTcs
paBHOI NpMepHO 500 MUNIMOHAaM KBaApaTHbIX KN/IOMETPOB.

Mexay npo4nm, 4esioBevecTBY KPYMHO MOBE3/0, YTO pa3Mepbl 3eMan He 0CO6EHHO BESTMKM.
Byab Hawa nnaHeta 3HauMTeNbHO 60/bLUE, BUA 3BE34HOM0 Heba Npu nepemeLleHn Ha HECKObKO
COTEH KWIOMETPOB MPaKTUYeCKNU He MeHsncs Obl, a Kopabnu ycneBaan Obl pacTasTb B
aTMOChepHON AbIMKe, NPEeXAe Yem CKpbIncs Obl 3a rOPU3OHTOM MX Kopnyc. [a v rpaHuLa 3eMHOM
TeHW Ha aucke JTyHbl Bbirnsgena 6ol B 3TOM Cyvae neanbHO NPAMON NMHKER. YrafaTb Ha rnas ee
HUYTOXHYIO KPWMBM3HY ObINI0 Obl pelunTeNnbHO HEeBO3MOXHO. Hago nonaratb, YTO U pa3BuTUe
acTPOHOMMYM MoLws1o Bbl TOr4a COBCEM MO-APYroMy, a NpeAcTasfieHre 0 WapoobpasHOCTU NJIaHeTbl
BO3HWK/O 3HAYMTENIbHO MO3XKe.

Ecnn 6bl BceneHHas ucuepnbiBasiacb 3eMseil, ApeBHME TPeKu paspelunnv Gbl OCHOBHOM
BOMpoc Kocmonorum eule 6onee 2000 net Hasag. OfHaKO CyLLECTBOBA/IO ellle U He60. MOCKOoNbKY
OblNO  HEOMNPOBEPXKMMO [0Ka3aHO, 4YTO 3eMnsa  WMeeT  cihepuyeckyto  (opmy, CnefoBaso
NepecMOTPETb TPaAMLMOHHbIE MpPeAcTaB/eHns 0 HebecHOM cBoge. Mogesnb OMPOKMHYTON Yallu
chanm B apXxmB, a ee MeCTO 3aHsna nosas cgepa, 0XBaTbiBaloLLas 3eMHOM Llap CO BCEX CTOPOH.
MOHATHO, YTO AMameTp Takoi ctepbl AO/MKEH ObiTb 60/blle AvameTpa 3emnn. Becb Bonpoc
3aKN0YaeTcs B TOM, HaCcKO/bKO 60/bLe. [pyrumm cnosamu, fanieko nn fo Heba? Pacxoxas 6aiika
0 TOM, YTO 3TO HEMHOIO BbILle, YeM Opes fIeTaeT, YXKe He paboTana. YTO MHTEPECHOro MOXHO
yBUAeTb Ha Hebe? Kpome fedaTesibHO nyTewlecTBYHOLWMX Mo Hebocsogy ConHua u JlyHbl, Ha Hebe
NMEIOTCH eLlle HernoABMXHble 3Be3fbl. TOYHEee, OHM CMeLLAKTCs BCe pa3oM, Kak OyATo HebecHas
chepa yB/ekaeT nx 3a co60i, coBepLUas Kaxaple 24 yaca MosHbIi 060poT BOKpYr 3emnn. Ho gpyr
OTHOCUTE/IbHO ApYyra 3Be3/bl HEMOABVKHbI, @ PUCYHOK CO3BE3AMIA BCErga OanH 1 TOT Xe. U yepes



rog, n yepe3 10, n yepe3 100 neT MX MOXHO OTbICKaTb B TOYHOCTM Ha TOM Xe camMOM MeCTe.
CknafblBaeTcs Bneyat/ieHue, YTo 3Be3fbl NpULNUIeHbl K HeGecHOM cepe, KOTopas HeyCcTaHHO
BEPTUTCA BOKPYT 3eM/u.

OfHako HabnwogaTb ApeBHME NO6UIN 1 3ameyaTb ymenn. OHU [aBHO OOHApPYXWiu, 4To B
00/1bLLIOM 3BE3IHOM CEMECTBE MMEHTCA CBOWM Herocefbl, KOTOpble He CUAAT Ha MEeCTe, a MeyyTcs
Kak yropesble, Bbl4epumBas C/IOXKHble NeTiieobpasHble 3ursarv Ha npoTsxkeHun roga. ConHue v
JlyHa, KOHEYHO, — OHW CIMLLKOM BENNKK, YTOObI CUMTaTh MX 3Be3gaMun. Hy 1 elle Takmx TOponbIr
POBHO NATb — MepKypuii, BeHepa, Mapc, FOnutep 1 CatypH. 'pekn CTann HasbiBaTb 3TUX BEYHbIX
CKUT&/IbLiEB MMaHeTaMu, 4YTO B MepeBofe O3HavaeT «bnyxgatowme». Okaszasnocb, 4YTO Mpw
13BECTHOM CHOPOBKE MOXHO [iaXke OrnpeesMTb OTHOCUTE/bHbIE PACCTOSHUA MEXAY HUMW.

Bnwxke Bcero K 3emne, GeccrniopHo, Haxogunacb JyHa, MOCKO/bKY BO BPeMS COJSIHEYHbIX
3aTMeHWn nponnbiBania Mexay 3emneid M ConHuem. PaccTosHMA [0 APYrUX MAaHeT MOXHO
paccunTaTb, UCXOASA M3 OTHOCUTESIbHbIX CKOPOCTEN UX ABWXKEHMS Ha (POHe HEnoOABVKHbLIX 3BE3[,.
[0 OMbITY N3BECTHO, YTO Yem 6VKe NpeaMeT, TeM ObICTpee OH ABMKeTCA. [TuLa BbICOKO B Hebe
napuT Be/MYaBO W HETOPOM/MBO, a OKa3aBLUMCb HW3KO Haj 3em/eidl, NPOHOCMTCA MOLOGHO
CTPEMUTENIbHOW Cepoil MONHMKU. UTaK, packnaj ApeBHUX FPeKOB BbIrNAAeN Crefytowmm o6pasom
(no mepe yBennuyeHns paccTosiHUA oT 3emnn): JlyHa, Mepkypuia, BeHepa, ConHue, Mapc, KOonutep
n CaTtypH.

Tak BO3HUMK/IA reoLeHTpUYecKas MOAeNb, KOTOPYH 00bIYHO CBA3bIBAOT C UMeHeM Knasams
[MTonemesn, [ApeBHerpeyeckoro acTtpoHoma, >kuBwero B |-II  Bekax H.3., co3gatens
(hyHAaMeHTa/IbHOro TpakTata «A/ibMarect». B LeHTpe MUpO3[aHns HemnmoaBMXHO MOKOWUIach
3emsif, a BOKPYr Hee 06paliasimcb Mo MnpaBU/IbHBIM OKPY>KHOCTAM BOCEMb B/IOXKEHHbLIX OfHA B
Apyryto cep, Hecylmx Ha cebe JlyHy, ConHue M NATb M3BECTHbIX K TOMY BpeMeHMW njaHeT. Ha
BOCbMOM C(hepe pacnonaraimcb HeMOABMXKHbIE 3Be34bl. UTOObI 06BACHUTL BECbMA CMIOXKHbIN MYTb,
KOTOPbIA MMaHeTbl COBepLUatoT Ha (POHe 3Be3f, lToneMein MpeanonoXus, 4To OHM BLOGABOK
[BVDKYTCS MO MEHbLUMM KpyraMm, CLEenIeHHbIM C COOTBETCTBYHOLLEN Cepoid. TV AOMONHUTE bHbIE
OpOUTbI MONYYNN Ha3BaHWE NULMKIIOB.

A Henb3a NN BbIYUCNIUTL He OTHOCUTE/IbHOE, a abCOoNTHOE PaccTosHUe XOTA Obl [0
HEKOTOPbIX HeGeCHbIX Ten? Ecnn He cunTaTb nonynereHgapHoro Apucrapxa CaMoccKoro, AKoobl
MOCTPOMBLLErO refIMOLEHTPUYECKYHO MOAEe/Nb 3a NOATOPbI Thicaun fieT Ao KonepHuka, Brepsble
N3MepeHneM pPacCTosHUA 40 JIyHbl 03a60TU/ICA BbIAAKOLMIACA aCTPOHOM aHTUYHOCTU [unnapx,
Xuswnii Bo Il Beke o H. 3., noytun 3a 300 net go MNTonemes. BCMOMHMM, YTO BO BPEMS NTYHHbIX
3aTMeHUIn Ha aucke JlyHbl HabMOAAeTca KOHTYP 3eMHOW TeHW, KOTOpbIi Bcerga (npv /to6bIX
3aTMEHMAX) MpPeAcTaBnseT CO60M OKPY>KHOCTb. M0 M3rmby Kpas 3eMHOI TEHW MOXHO CYAWUTb O
Be/IMYMHE ee MOMepeyHoro CeveHWs Mo CpaBHeHW0 C pasMepamu JlyHbl. Ecam fonycTtuTh, 4yTo
ConHue HaxogmTca ot 3emnu ropasfo fanblue JIyHbl, MOXKHO paccumMTaTtb, KakK AasieKo OT 3eMan
[O/MKHa ObITb pacrosioXkeHa JIyHa, 4To6bl TeHb 3eM/IM YMeHbLUWMACh A0 Hab/oaeMbIX pasMepoB
(pa3mepbl 3eMv HaM M3BECTHbI). MMNNapx npuLlen K BbIBOAY, YTO paccTosHue 1o JlyHbl B 30 pas
OonblUe 3eMHOr0 AMamMeTpa; ec/in MPUHATb BESIMYMHY AMaMeTpa Halleil nnaHeTbl, HangeHHYH
AparocheHom (12 800 KnnomeTpoB), TO paccTosHme 40 JTyHbl cocTaBuT 384 000 K1IOMETPOB.

3TO COBepLUEHHO 6/mMcTaTeNbHbIA  pe3ynbTaT: M0  COBPEMEHHbIM OLEeHKaM, CpefHee
paccTosHue mexay JlyHoin n 3emnein coctaensieT 384 400 KMNoOMeTpoB, MeHssicb oT 356 610
KWUIOMETPOB B nepuree (Touke MUHUMaNbHOIO yaaneHns) o 406 700 KMNOMETPOB B anoree (TOUYKe
MaKCMManbHOro yfaneHus). I noaTomy s rotoB COrfacuTbCA C PEBM3MOHEPaMI OPTOAOKCA/IbHOM
NCTOPUYECKOI BepCcun, KOTOPbIE HACTamMBatOT Ha TOM, YTO M3MEPEHUS TAKOrO YPOBHSA TOYHOCTM He
MOI/IM ObITb BbIMOJHEHbI PaHblle 3noxu Bo3poxkaeHusd. bonee Toro, gaxe B XVII ctonetum
nogo6Hass TOYHOCTb Oblna apXMCNOXHON 3afgaveil. COBEPLUEHHO HEMOHATHO, KakuM 06pa3om
[PEBHME TPEKN YMYAPAINCH TOYHO U3MEPATb YI/ibl MeXAy HebecHbIMU Tenamu npy NMOMOLLM Tex
NMPUMUTUBHBIX UHCTPYMEHTOB, KOTOPbIE MMENIUCL B UX PacropsxeHun. A yXKe He roBOPHO O TOM,
YTO ANA TOYHbIX aCTPOHOMMYECKMX HabMKOAEHWUIA COBEPLUEHHO HEOOXOAMMbI Yacbl C CEKYHAHOM
CTPenkou, Torga Kak n3obpeteHHble B EBpone Ha m3nete CpefHUX BEKOB MeXaHW4ecKue 4achl
[ONroe BPEMSi He MMeNn JaXe MUHYTHOW. Mexay Tem Ham pacCkasbiBatoT, yTo lmnnapx c



YMOMOMpPa4nTeNbHON TOYHOCTBIO paccyMTa NPOLO/MKUTENBHOCTL TYHHOro Mecsaua — 29 CyTok 12
4yacoB 44 MUHYTbI 2,5 CeKyHAbl (AeCTBUTENbHAA BeNnuMHa — 29 CyTOK 12 yacoB 44 MUHYTbI 3,5
CEeKyH[bl). Kak OH cymes olmMOUTLCA BCEro Ha OAHY CeKyHAY (M KakK CUMTasl MOSIOBUHKUN CEKYHL),
He 1Mes MeEXaHNYECKMX YacoB, UCTOPUSA YMa/lunBaeT.

XPOHMKM COOOLLAKT, YTO PacCTOsHUS MeXAy reorpauyecKumMmn nyHKTaMum JIpatocteH
M3MepAN Mo CKOPOCTY BepOMIOXKbUX KapaBaHOB, a Yr/bl nogbema ConHua onpesensn ¢ noMoLbHo
BPbITOM B 3eM/1H0 Nasikn. Moxoxe Ha npasay, 60, CKaXXeM, Y CpeiHEBEKOBbLIX MOHI0/10B eANHULIEN
[JIMHBI CUUTANICA AHEBHOWN KOHCKUIA nepexof. KOHeYHo, NOCTOAHCTBO Y TaKon eANHULbI U3MEepPeHUS
bonee YemM COMHUTENbHOE, XOTS 6aTbIPpOB YMHIMCXaHa OHa, BUAMMO, BMNOJHe ycTpavBaia. Ho Beap
MOHIo/laM [jae B TO/I0BY He MPUXOAWI0 MEPUTb OKPY>XHOCTb 3emnu! Bona Baila, oAHaKo C
aHTMYHOW acCTPOHOMMEN YTO-TO He BCe Tak MPOCTO, eC/N, HanpuMep, APEBHEPUMCKUIA apXUTEKTOP
BuTpysuii (I B. 40 H. 3.) 3Ha/1 NepUOLbl reNIMoLeHTpUYeckmx (To ecTb BOKpYr CosHLa) obpallieHuni
nnaHeT nyyuwe KonepHuka.

KocBeHHbIM apryMeHTOM B M0JIb3Yy CNPaBeAIMBOCTI HALLMX PACCYXKAEHUI MOXKET MOCY)KUTb
COBEPLUEHHO MeLLepHbIA YPOBEHb KOCMOJIOTMYECKUX MpPeLCTaBleHniAi B paHHECpeLHEBEKOBOM
BusaHTun. TpoceelleHHbIn  Bu3aHTMel, Kocbma WHAmkonneT (Ko3bma WHAMKOMONMOB),
MPU3HaHHbLIA  CNeyuanncT no  CpefHEBEKOBOM  KocMmorpadguu, nonaran, 4Tto  BceneHHas
npeacTaBnseT coboi NPAMOYrO/bHLIA  AWMK, OMbIBaEMbIA BOZamy BeNUKOA pekn OKeaH.
HebeCHbIn CBOJ, NOAAEPXKMBAETCS YETbIPbMA OTBECHLIMU CTeHamu. 3Be3/bl, N0 MHeHMIO KoCbMbl,
€CTb He UTO MHOe, KaK Ma/leHbKMe TBO3ANKM, KOTOPbIMY HaLLMUIroBaHa KpblILLKa 3TOrO fALLMKa, a Nno
yrnam cei HeBpasymMuTe/IbHON KOHCTPYKLUMM NMOMELLAIOTCA YeTbipe aHrena, nponsBogsLmne Betep.
Mexay npoumm, YnoMsiHyTbln KocbMa Xun B VI Beke y»xe HOBOI 3pbl, TO ecTb yepe3 900 net
nocne Apucrtapxa u yepes 700 — nocne JparocdeHa. A Beab BusaHTna — 310 BocTtouHad Pumckas
MMMNepus, HeKOra BXOAMBLUAsA B COCTaB NPOCBeLLEHHOro Pax Romana, KOTOpGIiA, B CBOKO 04epesb,
HacnefoBan rpekam. B otanume ot 3anagHoi PvMckor vmnepuu BusaHTUS He nogseprasnachb
OMyCTOLUIMTENbHBbIM Haberam BapBapCKMX MJIEMeH, Aa U BPEMEHW C MOMeHTa nageHus Puma (476
rof) nNpowsno 4YyTb Aa MaseHbKo — okono 100 net. Hy nagHo, pacCMOTPeHWe HeTpaauLUOHHbIX
NCTOPUYECKMX BEPCUIA He BXOAUT B HalUM 3afayn. ITO NPOCTO 3amMeyaHMsi, YTO HasblBaeTcs, Mo
nosoay...

WNTak, 3a 100 ¢ NMWHUM NET A0 Hayana XPUCTUAHCKOW 3pbl aCTPOHOMaM yAanocb M3MepuTb
paccTosiHue 40 J1yHbl, NMPUYEM OYeHb TOYHO. A UYTO MOXHO CKas3aTb O ApYrnx HebecHbIX Tenax?
HackonbKo Janeko OHW pacnosiokeHbl OT 3eMn? Yxke ynoMuHasLumiica Apuctapx CaMoCCKuiA
(V=111 BB. 0O H.23.) nonbiTasicAd BbIYUCIUTL paccTosHMe oT 3emnn o CosHua, HO noTepnen
(hpnacko. MaTemaTyecKme PacCyX4eHns rPeyeckoro acTpoHoMa 6blin BrosiHe 6e3ynpeyHsbl, a BOT
WHCTPYMEHTbLI, MMEBLLNECS B €ro pacrnopsXkeHuun, HUKya He roAuanch, No3TOMy MnonyyeHHasa UM
Be/IMUMHA OKasasaCb MeHblUe WCTUHHOrO pacctosHus noytn B 15 pas. (Brnpoyem, MHoOrue
NCTOPWKMA COMHEBAIOTCA B peaslbHOM CyLLeCTBOBaHUM ApucTapxa U He 6e3 OCHOBaHWIA nosarakoT,
4TO eMy NPUNUCaHbI JOCTUMXKEHNS eBPOMNENCKNX acTpoHOMOB X VI Beka.) PesynbTaT Apxumesa 6bin
3HauUMTeNbHO Nydie (2/5 oT AelCTBUTENIbHON BENNYUHBI), O4HAKO CMe BecbMa HaCTOPaXMBaeT,
nockonbky aaxe MoraHH Kennep B XVII Beke ¢ 3TOi 3afayeil He CNpaBUICS — BbIYMCNIEHHOE UM
paccTosiHMe 0Kas3aioch elle MeHblue. Kak 6bl TaM HU 6bi10, He60 OTOABUHYNOCH B HECYCBETHYIO
Janb, a BceneHHad okasanacb ropasfo 6osblue, YeM MOT/IM MOMBIC/IUTL Camble Aep3Kue YMbl
aHTUYHOCTW.

Mocne Mvnnapxa u lMTonemesi B aCTPOHOMUYECKUX HayKax HaCTynun 3acTtoil. CTarHaums
npogo/HkKanacb CBbILe MOMyTOpa ThICAY NeT, BNAOTb A0 Hadvana XVI Beka, Korfga nosbCKuia
CBAWEHHMK Hukonai KonepHUK nNpeanoXxun HOBYK MOAENb MWPO3[aHUsi C HEMOABMXKHbLIM
ConHueM B UEHTpe, MOMYYMBLUYKO Has3BaHWe refMOLEeHTPUYEeCKon. CornacHO 3TO MOAENw,
naaHeTbl Bpallanncs BoKpyr CosHLa No nNpasuibHbIM OKPYXXHOCTAM, @ UX YMC/0 YMEHbLUWMIOCh A0
wectn (Mepkypuid, BeHepa, 3emns, Mapc, KOnutep, CaTypH). JTyHa Xe, CTPOro ropopsi, notepsna
CTaTyC NONHOLIEHHOM MMaHeTbl U NpeBpaTuiach B €CTECTBEHHbIN CNYTHUK 3eMin. XOTS MOAenb
KonepHuka 6bl1a 3HauMTeNbHO NPOLLe NTO/IEMEEBOM M JaBaia HECKONBbKO Nydllne pesynbTaTbl, ee
Ha npoTsxeHuu noutn 100 neT cepbe3Ho He BocnpuHumanu. MNepenom npounsowen B XVII Beke,



Korfa cHavana UTa/ibaHCKM acTpoHOM [anunneo anunein cymen pasrnsagetb B Tesieckon (KOTopblii
OH XXe cam 1 n306pen B 1608 rogy) cnyTHUKK KOnuTepa, a BCnep 3a HUM BenvKkuia MoraHH Kennep
BHeC norpaBkn B cxemy KonepHuka. [MpoaHanun3vpoBaB 6nectawme HabnwogeHus Mapca,
BbINO/IHEHHbIE ero yymTenem, AaTCKUM acTpoHoMoMm Tuxo bpare, Kennep npuvilen K BbIBOAY, YTO
eJMHCTBEHHAas reoMeTpuyeckas qurypa, Kotopas WaeaslbHO OTBeYaeT 3TUM HabMoAeHUAM, —
anunc. Utak, B mMogmduumpoBaHHo mogenn KonepHuka niaHeTbl CTain 06pallaTbCs BOKPYT
ConHua no anaunTuyeckum opbutam, a CosiHUe MepeMecTusiocb B OAMH U3 (DOKYCOB 3TOrO
anaunca.

Bonee Toro, Kennep 06Hapy»Xun, 4To MeXAy CPeAHUMW paccTosHUAMU nnaHeT oT ConHua u
nepvofamu nx obpalLeHns CyLLeCcTBYET NPOCTOE MaTeMaTMYeCKoe COOTHOLLEHME. TakM 06pas3om,
CTa/10 BO3MOXHbIM BbIYMC/IUTb OTHOCUTE/IbHOE pacCTosiHME mMexay CONHUEM 1 NH06oM 13 nnaHer.
K coxaneHuto, 3T0 Majio YTo fasasio, NOTOMY YTO Y CXeMbl, NpeaioxeHHol Kennepom (BnosHe
HaJeXXHON 1 3aMeyaTeNbHO COracyroLLenca ¢ HabntoAeHNAMM), HanpoYb OTCYTCTBOBa/I MacLuTad.
MOXHO ObI/I0 CKasaTb, YTO, CKaxkeM, CaTypH pacnonoxeH ot ConHua B 10 pa3 ganblue 3emau, HO
Yemy paBHO 3TO PacCcTOSHME B KWIOMeTpax — TaiHa, MOKpbITas Mpakom. A BOT ec/im Obl YAanoch
KaK/MM-TO CMOCOOOM BbIYMUC/IUTL PACcCTOSHME MeXAy 3eMsieil 1 No6oi 13 NnnaHeT, y aCTPOHOMOB
cpasy Obl MNOABUACS B pyKax Heob6XoauMbli MacluTab. [leno 6b110 3a ManbiM — NpuayMaTh Takou
Ccrocob.

[ns  onpefeneHns paccTOAHWA  MeXAy HebGeCHbIMW  Tellamy  UCMOMb3YKT — ABMIEHWE
napannakca. Mapannakc — o4eHb NPOCTast WTyKa. Ecnn paccMaTpyBaTb CBOI COOCTBEHHbIN MaseL,
Ha (PoHe MecTpblX 060eB MpaBbiM W fIEBbIM [N1a30M MOOYepPesHO, NIerko ybeamTbCs, YTO B TOT
MOMEHT, KOrfia Bbl 3aKpblBaeTe OAMH r/1a3 1 OTKpbIBaeTe LPYroi, nasew, CMeLaeTcs Ha HeKoTopoe
paccTosiHMe OTHOCUTENBbHO (POHa. Yem 6/1mke pacrnofioXKeH K rnasam nasew, Tem 6onbLue 6yaeT 3To
cmewleHve. CyTb ABNEHWUA NIEXUT Ha MOBEPXHOCTU: MOCKO/bKY rfas3a pasHeceHbl Ha HEKOTopoe
paccTosHWe Apyr OT Apyra, Bbl CMOTPUTE Ha NPeAMEeT KaX/bIM r/1a30M NoZ ornpeseieHHbIM YT/10M.

ToT Xe camblil nogxop 6e3 Tpyda NPUMeHUM U K HebecHbIM Teflam. PasymeeTcsi, mooyepesHo
mopratb rfnasamu, rnsgs, CKaxem, Ha JIyHy, COBEpLUEHHO O6ecCMbICNIEHHO, MOCKO/bKY OHa
pacrnosnoXeHa CAULIKOM fJaneko. A BOT ecnM fABa acTpoHOMa, pasfefieHHble PacCTOfHUEM B
HECKO/IbKO COTEH KW/IOMETPOB, 6yayT O4HOBPEMEHHO HabMO4ATb Hall eCTECTBEHHbIA CMYTHUK Ha
(hoHe 3BE3AHOr0 Heba, NYHHbIM Napasnakc Nerko 06HapPY>XUTCA. HYXXHO TOMbKO [J0OroBOPUTLCS,
OTHOCUTE/IbHO KaKoWi 3Be3/bl OYAYyT BECTUCH HAOMOLEHNS, 1 TOra NePBbIiA aCTPOHOM YBUAUT Kpai
NYHHOTO AWCKa Ha OLHOM Yr/IOBOM PacCTOSAHUM OT 3apaHee BblOpaHHOM 3Be3fbl, & BTOPOW,
COOTBETCTBEHHO, — HA MHOM. [a/iblle — yXKe [efl0 TEXHUKW: eCNU U3BECTHbl CMelleHne JTyHbl
OTHOCWUTE/IbHO 3BE3JHOr0 (POHA W PacCTosHME Mexay ob6cepBaTtopusaMu, TO C  MOMOLLGHO
HEC/IOXKHbIX TPUrOHOMETPUYECKUX (DYHKLMIA MOXHO paccymTaThb paccTosHue A0 JyHbl.

B Xxope Takmx HabntofeHWn Obio YCTAHOBMIEHO, UTO Be/MYMHA JIYHHOro mnapasnakca
COCTaBNsieT 57 MUHYT Ayru, uam okono 1 rpagyca gyru (nosHas OKPY>KHOCTb HacuuTbiBaeT 360
rpagycos; B OfHOM rpafyce cofepXmtca 60 MUHYT, a B MUHYTe — 60 cekyHa). CmelleHune B 57
MWUHYT SYr U3MEepPUTb OYeHb /IErKO, TaK KaK OHO paBHAETCA MPUMEPHO ABYM BUAVMBIM AuameTpam
nonHoi JlyHbl. PaccTosiHMe, BbIMMCNEHHOE C MOMOLLbIO Napajiakca, MoKasaso XopoLuee
coBMnafeHve ¢ uugpamm, rnosyyYeHHbIMU CTapbiM MPOBEPEHHbIM METOAOM — MO 3eMHOW TeHW BO
BPEMS TYHHOr0 3aTMeHMS.

A BOT C njiaHeTamu BbllUna HeyBsi3Ka. befla B TOM, YTO OHWM PacnooXeHbl CIMLLKOM [aNIeKo,
NnoaToMy napasnakTU4eckoe CMeLLeHWe CTO/Ib He3HAYUTENIbHO, YTO €ro He y[aBasiocb M3MepUTb
BNNOTb 40 Havana XVII ctonetus. 3agaya 6b11a yCNeLwHO peLleHa nocne n3obpeTeHns Teneckona B
1608 rogy. Bo Btopoit nonosuHe XVII Beka fABa (paHLy3CKMX acTpoHoma, »XaH Pue u
[>xoBaHHU KaccuHU (MTasibsiHeL, N0 MPOUCXOXAEHUIO), BbIYUCINAM MapaIIaKTUYECKUM METOA0M
pacctosHue oT 3emnn o Mapca. HabnwofeHus nNpoBOAWINCL OAHOBPEMEHHO B [lapmke u
®paHuyscko MeBraHe. Mogenb Kennepa nonyymna HakoHeL, BOXAENEeHHbIN MacLuTab, nocne Yero
MOXHO 6bIf10 6€3 Tpyda paccumTaTb BCE OCTaslbHble PacCTOSHWUA BHYTPWM CONHEYHON cucTembl. B
yacTHocTM, KaccuHu onpegenun, 4to pacctosHuve ot 3emam o ConHua coctasnser 140
MW/JIMOHOB KMoMeTpoB. [ns XVII Beka 3T0 04eHb Hensioxas TOYHOCTb, TaK Kak OH OLINOCA BCEro



Ha 10 MWUNNMOHOB KWTIOMETPOB. TeXHMKA He CTOs/1a Ha MecTe, U B nepBoi nonosuHe XVIII Beka
pe3ynbTar KaccuHu 6bin nognpasnieH fo 152 MUNIMOHOB KUTIOMETPOB (COBPEMEHHOE 3HayeHue —
149,6 MWNNNOHA KWIOMETPOB). 3Ty BENMUYUHY BMOCNEACTBMM Ha3Ba/IM  acTPOHOMUYECKON
eauHuLen  (a. e.) U CTan LUMPOKO NPUMEHATb B KAYECTBE CBOEIO POAa MeXMN/IaHETHON BEPCTHI.

ConHeyHas cuctema npuobpena BrneyaTndlOWMe pasMepbl: Harnpumep, PaccTosiHue OT
CornHua fo CatypHa cocTaB/fiSieT nMoyTu NonaTopa Munanapaa KUIoMeTpoB, YyThb /I HE BAECATEPO
bonbLUe, YeM A0 3emn. A Korga aHrMACKMin acTpoHOM Bunbsm epuiens oTKpbin B 1781 rogy
YpaH (HEBOOPY>KEHHBIM [/1a30M 3Ta MNJlaHeTa He BUAHA, MO3TOMY APeBHWE HUYEro He 3HaIM O ee
cyllectsoBaHuM), Co/MHeYHas cucTeMa cpasy >Xe rnogpocna noytv BABoe (Mexay YpaHom U
ConHuUEM NeXMT 0KOMo 3 MUINMapA0B KUNomeTpoB). B 1846 rofy paHLy3CKuiA acTPOHOM YpbaH
YKoseth JleBepbe 06Hapyxunn HenTyH, a amepukaHew, Knaing Tom6o B 1930-M — [1yTOH, AEBATYHO U
nocnefHio nnaHeTy. Takum obpasom, ConHeYyHas cucTemMa CHOBA YBE/IMYMIACh B [Ba pasa, Mo
MnyTtoH otgensaoT ot ConHLa NoYTH 6 MUNIMAPA0B KUIOMETPOB, UM 0KO/0 40 aCTPOHOMMUYECKUX
efnHuL,. A ee fnamveTp OyaeT COOTBETCTBEHHO paBHATLCA 12 munivapgam kunometpos (80 a. e.).
Nyuy cBeTa, KoTopblin nponeTaeT 300 ThbICAY KUNOMETPOB B CEKYHAY W [06eraeT 3a CeKyHAy C
4eTBepTbIO 40 JlyHbl 1 33 8 MUHYT A0 ConHua, noTpebyetcs 0KOMo 12 YacoB, YTOObLI Mepeceysb ee
N3 KOHLA B KOHeL,

Monpobyem 6osee HarnsagHO nNpeacTaBUTb cebe OTHOCUTESIbHble MacliTabbl COMHEYHOM
cuctembl. Ecnm m3obpasnte ConHue B BuAe 6unbapAHOro wapa (MpMMeEpHO 7 CaHTUMETPOB B
AvameTpe), Torga o Mepkypus — 6nvxkaiweri Kk ConHUY nnaHeTbl — 6yfeT B TakoM Maclutabe
noytn Tpu mMeTpa (280 caHTMMETPOB), a A0 3eMan — YyTb GO/bLUE CEMWU C MOOBUHON METPOB.
MnaHeTa-ruraHT KONuTep OTOABMHETCA Ha paccTosHMe 0Ko/o 40 MeTpoB, a fo MNnyToHa npuaeTca
COBEPLUMTbL MPUIMYHYIO MPOrysnKy, MOCKOMbKY OH 6yaeT nexatb B 300 metpax oT ConHua.
Pa3mepbl 3em/in B 3TOM MacLuTabe coctasBaT Bcero 0,5 MunnmMmeTpa, Tak UYTo pasrfisfeTb Takyro
MbI/IMHKY CMOXET TONbKO YENOBEK C HEMIOXMM 3peHuem. oaTomy fydlle ee caenarb HEMHOMO
nobosblue: MycTb BeMYMHa 3eMnv OyfLeT COOTBETCTBOBATb pasMepy CTaHAPTHBLIX Hapy4HbIX
yacoB. Torga B 3ToM Macwtabe nonepedyHuK ConHua OyaeT paBHATHCA YABOEHHOMY CpefHeMy
4eI0BEYECKOMY POCTY, a pacctosiHme Mexxay 3emnei n ConHuyem coctasuT 400 MeTpoB. MnyToH e
OyfeT 1 BOBCe He pPa3rnisfeTb, MOCKO/bKY OH YAQINTCS Ha pacCTosHUe B 15 KMMOMETPOB.

OfHako op6uTa MnyToHa — OTHIOAL He caMas fanekas Touka ConHeyHon cuctemsl. Korga B
1684 rogy BeNUKWIA aHIIMIACKUIA Yy4eHblid Vicaak HbHOTOH OTKPbIN CBOW 3HAMEHWUTBIA 3aKOH
BCEMUPHOr0 TArOTEHWS, COrNIaCHO KOTOPOMY Tena NPUTArMBatoTCa Apyr K Apyry ¢ CUION, Npsamo
NPONOPLMOHaIbHOM NPOM3BEAEHMIO UX MacC 1 06paTHO NPOMNOPLMOHANILHON KBafpaTy paccToSAHMS
MeXay HumK, mofens Kensepa npuobpena matematvyeckoe 060CHOBaHME. YUdeHble MOMy4unu B
PYK/ HAAEXHbIA WHCTPYMEHT, MO3BONAIOWMIA BblYMCNATL Nt0Oble OpOWTLI, JaXe ecnn Teno
HabntoAaeTCa Ha He6OMbLLOM OTpe3Ke CBOe TPaeKTopuni. ACTPOHOMOB AaBHO 3aHUMaI KOMETbI —
XBOCTaTble roCcTbW, BpeMs OT BPeMeHW MOosBASOLWMECS HAa HebocBoge. [pyr M COBPEMEHHMK
HbtoToHa SaMyHA Fanneil ycMoTpen B NOBEAEHMN HEKOTOPbIX KOMET OTHET/IMBYIO MEPUOANYHOCTb
N NPeAnonoXun, 4To OHU ABWKYTCA BOKPYr CoOfiHUA MO O4YeHb CU/IbHO BbITSHYTHIM Op6uTam
(annuncam ¢ 60MbLUNMM 3KCLEHTPUCUTETOM, KakK FOBOPAT aCTPOHOMbI). Mannein paccumtan opouty
OfJHOWM 13 TaKUX KOMET K MpefcKasan, YTO OHa BHOBb BepHeTcs B 1758 rogy. Yepes 16 net nocne
ero cCMepT npefckasaHue [annes cObLIOCH: KOMeTa AeNCTBUTENbHO MOsBMIACh Ha Hebe B
yKa3aHHbIA UM rof 1 C TeX NOP HOCUT ero UMS, PerynspHo BO3BpaLLasch Kaxable 75 nnu 76 ner.

B Touke cBoero nepurenus (6nwkanweii K ConHuy) KomeTa [annes OKas3blBaeTCA BHYTPU
opbuTbl BeHepbl, a B athenmn (TOUKe MakcMMasibHOro yganeHus ot ConHua) yXOoAuT Aaneko 3a
opouty HenTyHa — Ha 5 C AMWHAM MWNIMAPAOB KUMoMeTpoB. OfHAKO CYLLECTBYKOT Tak
Ha3blBaeMble [0/Ir0-NepuoNYecKne KOMETbI, KOTOpble 06paljatoTcsi Mo TaKMM  BbITAHYTbIM
opbuTam, 4To BO3BpaLlatoTcd K COMHUY pa3 B HECKONbKO CTOMETMIA, a TO U TbicAYeneTnin. B
cepefuvHe MPOLUNIOro BeKa roffaHACKMin acTpoHoM AH XeHapuK OopT BbICKasan NpesnooxXeHue,
4TO AaeKo 3a OpOUTON MIyTOHA NEXUT OrPOMHOE 06/1aKO KOMET, OTKY/a OHW BPeMsi OT BPEMEHM
NMPOHUKAOT B OKpecTHOCTM ConHua. B Takom cnyyvae guameTp COSIHEYHOM CUCTEMbI MOXKET
pocturate 1000 MunnnapAoB KUOMETPOB M faxe 60/bLUE, UM LECATKOB ThICAY aCTPOHOMUYECKNX



efnHuL,. B Hawm gHW runoTe3a OopTta NpakTUYecKu npe.BpaTuiack B Teoputo. MNoapo6HbIin pacckas
0 nnaHetax COMHEYHOW CUCTEMbI M HeBecHbIX Tenax, exawmx 3a opowuTtoi [nyToHa, Bbl,
ynTaTesb, CMOXETe HainTK B rnasax «KosbLo BOKpyr ConHua» 1 «[eBsiTb Un LecaTb?».

WNtak, K Hayany XVIII Beka BONpoC O pasMepax CO/HEYHON CEMENKM Obin NPaKTUYEeCKU
peLleH (pasymeetcs, 6e3 Tpex NocnefHuX naaHeT, KOTopble Oblin 06HapYXKeHbI Moke). OCTanoch
pasfenaTbecs ¢ HENOABVXXHbIMU 3Be34aMu, pa3 1 HaBCera BbISICHUB, YTO OHW COOO0 NPeACTaBNAOT.
UTO OHM Takoe: BCEro NuWb TOYKM Ha CHHEPUYECKOM TBEpPAM, NeXalleln Yy caMblX rpaHuL
CO/HEYHON cUCTEMbI, KaK Monaraiv [peBHWE, WM OrpoMHble HebGecHble Tena, YAaleHHble Ha
4yJOBMLLHOE paccTosHue? lMapannakTMyecKuin MeToj, 3amevaTenlbHO cebs 3apeKOMeHJ0BaBLUMIA
NPV BbIYUCIIEHNN PACCTOSHUIA MeXAY MiaHeTamu, 34ecb SBHO He paboTas, MOCKONbKY HU Y OAHOM
3Be3fbl He YAanoChb 3aperncTpupoBaTb CKOMbKO-HUOYAb 3aMETHOro CMelleHus. [axe ecnu
Habntofartenei pasgensno paccTosHue, paBHOe AvameTpy 3eM/in, NPOMEXYTOK MeXAy COCeAHUMM
3Be3[jaMM He MEHSI/ICA HU Ha MOTY.

Bripouem, ocTaBanach elLe 0fHa BO3MOXXHOCTb. [onepeyHunK Hallel nnaHeTbl He AOCTUraeT U
13 TbICAY KWNOMETPOB, HO BeAb 3eM/s, KaK WU3BECTHO, He MOKOWUTCH Ha MeCTe, a CTPEMUTENIbHO
NEeTUT CKBO3b NYCTOTY BOKPYr ConHua. MpoTMBONOMNOXKHbIE TOUKW 3eMHOW OpOUTBI pasHEeCeHb! B
npocTpaHcTBe NoYTH Ha 300 MUNIMOHOB KU/IOMETPOB. PeLlieHre HanpalumBaiock caMo CO60i: ecnu
B KaKO-TO BeYep HaHEeCTM MOJIOXEHME 3BE3[, Ha KapTy, a NOTOM CAe/aTh TO Xe caMOe POBHO Yepe3
nonrofa, To aCTPOHOM OyfeT HabnoaaTh 3Be34H0e HEOO U3 ABYX TOUYEK, pa3feneHHbIX OrPOMHbLIM
paccTosiHMeM, NPeBOCXOAAWMM B 23 TbhicAYM pa3 MOMHYH A/IMHY 3eMHOro Auamerpa.
CooTBeTCTBYIOWMM 06pa3oM A0/DKeH YBENMUMTLCA W Napainakc. 3a rof 3Be3fa OnuvLeT
KPOXOTHbIN 311UNC — CBOEro pofa W300paxeHwe 3emMHOM opbuTbl B MWHMATIOPE, a YrioBoe
paccTosiHMe OT Kpas 3TOro 3/1/Mnca Ao ero LeHTpa Kak pas u 6yaeTt napaniakcoM 38e3fbl.

[na nnaHeT NoJo6GHLIA MeToZ He TOAMTCS, NOTOMY YTO OHW MPUXOT/IMBO NETASIOT NO Heby
Ha MNPOTSXKEHUW roja, MackuMpys TeM caMbiM MapajinakTUYeckoe CMeLleHre, Bbl3blBaeMoe
aBkeHviem 3emnn. OTAenvTb COOGCTBEHHOE [ABVDKEHWE MNJaHeTbl OT ee napaiiakca — 3ajaya
HENOCU/IbHOM CNOXHOCTU. A BOT 3Be3/bl B TeYeHWe rofa NpPakTUYeCKyU HeronBMXKHbLI, MO3TOMY
06HapPY)XUTb Y HUX NapannakTUYecKoe CMeLLeHMe BrOJSIHE peasibHO. Jlormka Bpofge Obl BrosiHe
be3ynpeyHass, 04HaKo 3Be3AHbIX MapasnakcoB BbIABUTbL He yaanocb. Ha gBope y»xe AaBHO CTOAN
XIX BeK, HO aCTPOHOMbI, KaK HW O6UIUCb, TaK U He CMOI/M ONpPeaennTb XOTA Obl YYTOUHOrO
CMELLEHNSA HN Y OZLHOW 3Be3[bl.

Cutyaumsa cknafpblBanacb BeCbMa HernpuaTHas. KoHeuHo, BCerfja MoXXHO NpPeAnonoXuTb, YTO
BCe 3Be3Abl 6e3 WCKMOYEHUS HaxXOAATCA Ha OLHOM WM TOM >Ke paccTosHUM OT 3emnu. Torpga,
pa3ymMeeTcsi, 3Be3AHbIX MapasiakcoB He OyfeT, MOCKO/IbKY MNapaifiakTUYecKoe CMeLLeHune
BO3HMKAeT TO/MIbKO B TOM C/y4yae, €C/iM Mbl CPaBHMBaeM [MOJIOXKeHMe 6/IM3KOro npegmMeTa C
MONIOXEHNEM OTHOCUTENbHO fJanekoro. OAHako runoTesa TBepAOro HebocBOAa, WM TOHKOW
cepryeckoin 060/104KKM, Ha MOBEPXHOCTM KOTOPOW pacnonaratoTcs 3Be3fbl, BbIrnsgena BecbMa
COMHUTENbHO. 3Be3[bl A0BO/IbHO CU/IbHO Pa3/IMYaroTCca Mo APKOCTM, U YTOObLI B 3TOM ybeanTbCs,
[OCTaTOMHO MNPOCTO TNIAHYTb Ha HOYHOe Hebo. KnaccuduuymposaTb MX MO 3TOMY MapameTpy
Hayuu/MCb eLle ApeBHWe Tpeku, pasfeNinB BCe 3Be3[HOe HacefieHue Ha 6 BenvuuH (3Be3ga 1-i
BennunHbl B 100 pa3 spuye 3Be3dbl 6- BeIMUMHBI). MOHATHO, YTO C M306peTeHMeM Teseckona
3Be3[HOr0 MoKy NpubbINo, Tak Kak NosBMIac BO3MOXXHOCTb HabM04aTh 3Be3/bl, He pasnymMmble
HEBOOPY>KEHHbIM r1a30M. UMCNo 3Be34HbIX BENMUYNH Cpasy Xe U3psaHO nogpocno. PasyMHO 6bI10
NPeAnoNioKMTb, YTO UCTUHHAA CBETUMOCTb BCEX 3BE3[ JIEXKUT B [0BOMbHO Y3KMX Npegenax, a
pasHULa B UX BUAUMOI APKOCTM OOBACHAETCA UCKNHOYMTENBHO pacCcTosHUeM. C Apyroi CTOPOHBI,
Henb3s ObII0 COPOCUMTL CO CYUETOB M MPOTMBOMOJSIOKHOE COOOPaKEHWe: BCe 3Be3fbl Jiexar
NMPUMEPHO Ha OAHOM M TOM >Ke PacCTOAHMM OT 3eM/n, a BOT CBETAT COBEPLUEHHO MO-pasHOMY, Kak
NaMnNoYKKN 60/bLUIEN N MEHbLUEN MOLLLHOCTW.

KoHuenuusa paBHOYAaleHHOCTU 3Be3[, C TPECKOM MpoBanfiachb, KoOrga acTPOHOMbI
forajanncb 00paTUTbCA K CTapUHHBIM  3Be3[HbIM KaTasioram. [lepBbiM  CMCTEMATUYECKM
KaTasiormsmpoBarb 38e3/bl ctan F'munnapx, a Mronemet NPOAOIXKUN ero TPYZAbl, OCTaB1B NMOTOMKaM
(hyHOaMeHTaNbHbIA TpakTaT «A/bMarectT», B KOTOPOM 3afMKcupoBaHbl KoopauHatbl 1000 c



NMWwHUM 3Be3f. B 1718 rogy yxe 3HaKOMbIA Ham JamyHA [Fannei, m3dydas 3Be3gHOe Hebo,
HEOXXNAaHHO 06HAPYXXWUN, YTO KaK MUHUMYM Tpu 3Be34bl (ApKTYp, MNpoumoH n Crupnyc) HaxoasdTcs
COBCEM He TaM, e Ux OTMeTWUNM ApeBHME Tpeku. PacxoxaeHue Obino CTO/b BEMKO, YTO 06
OLUMOKe He MOr/io 6bITb M peyn: Hanpumep, ApPKTYyp OTCTOAN Ha Lenblid rpagyc OT YKasaHHOW B
«AnbMarecte» TO4YKU. Mbl MOMHUM, YTO rpafyc — 3T0 PacCTOsHUe, BABOe MpeBbiLlatoLLee AMameTp
NONHOW JTyHbl. OCcTaBasiocb NPeLNoNoXKNTb, YTO 3Be3Abl, KaK 1 NnaHeTbl, 06/1a4at0T CO6CTBEHHbLIM
[BWKEHVEM, TOMbKO WX [BMXKEHWE HECONOCTaBMMO MefJIeHHee, ecnn ApPKTypy notpeboBasiochb
6onee nonyTopa TbICAY /1IeT, YTOObI CMECTUTLCS HA OAWH Tpajyc.

MoncKM 3Be3AHbIX NapasinakcoB NPOAOC/IHKUANCE, HO NePBbLIA YCnex NpuLIes K acTpoHOMaMm
Tonbko B 30-x rogax XIX Beka, Korga Tefieckonbl U acTPOHOMMUYECKME WHCTPYMEHTbI CTau
3HaunTeNbHO coBeplleHHee. B 1838 rogy Hemeukomy actpoHomy ®puapuxy Bunbrensmy
Beccento ygpanocb onpegenntb napaiiakc 61 Jlebegd, rogom nosxe onybnvKoBas CBOW
pesynbTaTbl aHriM4aHnH Tomac MeHgepcoH (OH m3ydan nonoxeHue anbdbl LleHTaBpa), a 1840
rogy Coo6LLMI O CBOMX HabMIOAEHUAX SAPKOV 3Be34bl berv pycckuii actpoHoM Bacunuii AkoBnesumy
Ctpyse. CrnipaBefMBOCTM pafun CnefosBasio Obl OTAaTb NasbMy MepBeHCTBA MMeHHO CTpyse,
MOTOMY YTO OH 3aKOH4YM/ paboTy paHblle BCex — B 1837 rofy, OA4HAaKO HECKO/IbKO 3ano3jan C
nybnvkauueid. 3Be3fHble pacCTOSHNA OKasaIMCb HEBOOOPa3MMO OrpOMHbIMU. Jaxe 6rvxanas K
ConHuy 3Be3fa — aba LieHTaBpa (Ha camoM fene, 3To TpoliHasA 3Be34a, U 65nmke Bcero K ConHuy
NeXWT TPEeTWUiA, cnabblii ee KOMMOHEHT — [IpoKcMMa, 4TO MepPeBOAUTCA Kak «OnvdKaiias)
HaxoauTCcAa Ha paccTtosHun 4,3 CBETOBOrO rofa. MexnnaHeTHas BepcTa — acTPOHOMUYeCKas
eMHNLA — Y)Ke He roguTcs ANs Takmx NPoCTOPOB, NO3TOMY aCTPOHOMbI MOJb3YHOTCA MEX3Be34HOM
MUein — CBETOBbIM rofoM. CBeTOBOW o4 — 3TO pPaccTosiHME, KOTOPOe flyd CBeTa, JIETAWNIA €O
ckopocTbto 300 ThICAY KMIOMETPOB B CEKYHAY, NPEOA0NEeBaeT 3a rof. BCnoMHNUTE, YTO CBETOBOMY
nyyy TpebyeTcs BCEro 8 MMHYT, 4TO6bI fo6exaTb A0 ConHLa, U 0KOMO 6 4acoB, YTOObI 4OMYATLCS
po nyToHa, a Ao 6nwkaield 3Be3dbl eMy NpUXOAUTCS NON3TW cebiwe 4 neT. Ecnm yrogHo,
MOXXHO MOMbITaTbCS BbIPA3UTb 3TO PAcCTOSiHWE B KUIOMETpax: MOCKO/IbKY OLMH CBETOBOMN rof,
NPUMepPHO paseH 9,5 TPUNIMOHA KWUTOMETPOB, TO paccTosHue 40 MNMpokcumbl LieHTaBpa cocTasnseTr
0K0no 40 TpunnnoHoB Kunometpos (40 000 000 000 000 Km).

Ecnm BCNOMHUTBL Hawly Mofefib ¢ 6UnbApAHbIM LWapoM Ha mecTe CosiHua, 3emneil B ceMu ¢
MOSIOBMHOW MeTpax OT Hero 1 MayToHOM Ha paccTosiHMmM 0Koo 300 MeTpPOB, TO B TaKOM MacluTabe
anctaHumsa mexay ConHuem u 6nmkaiiiein K Hemy 3Be3foVi 6ydeT paBHSATbCS nouty 2000
KNNoMeTpoB. A B Mofenn, rae 3emns 6biia BENMUMHONM C Hapy4Hble Yackl, a MNayToH Haxoawncs B
15 kunometpax OT Hee, gobpatbcs A0 lMpokcumbl LleHTaBpa OygeT BecbMa Mpo6riemMaTnyHo,
MOCKO/IbKY 3TO paccTosiHMe cocTaBUT OKoMo 100 ThICAY KWIOMETPOB — fBa C MOSIOBUHOWA
KPYrocBeTHbIX nyTellecTBua. Ewe 6Gonee HarnagHolii npumep npugyman OAUH MOCKOBCKWIA
nekTop. OH B3N KyCOYeK Mefna 1 06bsABM ero «MjaaHeTo 3eMns», a BUCALLYIO Ha CTeHE JOCKY —
ConHuem. OT gocku fo Mena 6bl1 BCEro OAuMH MeTp, NPU3BaHHbIA M306pa3nuTb aCTPOHOMUYECKYHO
eavHuly — 150 MUNNMOHOB KWMOMETpoB, pasgensiolmx ConHue u 3emnto. «CKOMbKO B 3TOM
MacliTabe [0 6nvKaiLlen 38e34bl?» — CNPOCUN NEKTOP Y chaylwlateneid. Ayamtopus ctana pobko
BbICKa3bIBaTbCA. KTO-TO MPesnonoxus, YTo 3Be3La OKaKETCA B COCeHEM Mepeysike, HO Hanbosee
peLunTeNbHbIe CTOSNN 3a FOPOACKME OKpanHbl. Mexay Tem 3Be3fa Haxoaunack B Apocnassne (Mnu
nbom apyrom ropoge, yganeHHom Ha 300 kunomeTpoB). Euwle pa3 nogyepkHeM, 4TO 3TO
onmkanwas K ConHuy 38e3fa.

BecceneBckas 61 Jlebeas okasanachb eule fanblle — B 11,1 cBeToBOro rofa, a Ao bern,
KoTopyto mnsydan B. A. CTpyse, 6b1710 27 CBETOBbIX NeT. TakoB MacLUTab 3Be3[HbIX PaCCTOSHMWIA.
Mocne onpegeneHvs MepBbiX NapaiiakcoB Yy GamkaiimMx 3Be3f  Noayunna  LUMPOKOe
pacrnpocTpaHeHe elle OfHA MeX3Be3fHad MW — napannakc-cekyHfga, WM napcek. Mapcek
(NK) — 3TO paccTofHWe, Ha KOTOPOM 3Be3fa Npu ee HabNHOLEHUM C MPOTMBOMOOXHBLIX TOYEK
3eMHOI OpOUTBLI M3MEHSIET CBOE BUAMMOE MOJIOXKEHWE Ha OAHY YI/I0BYHO CeKyHAYy ayru. Vinn eue
NpoLye: paccTosHue, C KOTOPOro 3emMHas opbuTa BUAHa Nog YriomMm B O4HY CEKyHAY ayru. OauH
napcek paseH 3,26 cBeToBOro roga, 206 265 acTtpoHomu4yeckum eamHuuyam wnm 30,857 X
1012kunometpam (4yTb 60nblwe 30 TPUANMOHOB KWUNOMETPOB). PacctosHue [0 [MpoKCUMbI



LleHTaBpa coctasnseT 1,3 napceka, fo 61 flebegs — 3,4 napceka, a go berm — 7,8 napceka.
Hanpawwusanca BbIBOL, 4TO 3Be3fbl — OTHIOAb He 06e3pa3vepHble TOYKM Ha HebocBofe, a
TMraHTCKMe CO/HLA, BO BCEM MOAO6HbIE HaleMy pPOAHOMY CBETWU/Y, TONbKO YAaseHHble
4y[O0BULLHO [&1EKO, HA PacCTOsAHNE, N3MepPSAeMOe MHOTUMI CBETOBbLIMU FrOfamu.

BblUMCINB MCTUHHOE pPaccTosiHWE A0 3Be3fbl, MOXXHO paccuMTaTb ee CBETUMOCTb, TO eCTb He
BUAUMYIO 3Be3LHYK Be/IMYMHY, a MOLMHHYK CWIY ee CBeTa, KOTOPYH MNPUHATO HasblBaTb
abCOMIOTHOM 3BE3[HOM BENMYMHON. BronHe BO3MOXHa WM 06paTHas npoueaypa: MbICNEHHO
MOMECTMB 3Be3fYy Ha /It060M MPOU3BOSILHOM PACcCTOSHWUMW, MOXHO ONpefeinTb, HACKONbKO SPKOIA
OHa OyfeT KasaTbCA 3eMHOMY Habntogatento. AGCOMOTHON 3BE3A4HOW BeNIMUMHOM Ha3bIBAETCH
APKOCTb 3Be3fbl Ha pacctosHum B 10 nmapcek (32,6 CBETOBOro roja); pasymeercs, 3Be3fpl
pacrnpegenstoTcs B MPOCTPaHCTBE HEPaBHOMEPHO, HO eC/Y Mbl BbICTPOUM MX B PS4 Ha YKa3aHHOM
ONCTaHUMK, TO CMOXEM CpaBHMBAaTb WX [eACTBUTENbHYK CBeTUMOCTb. Hawe ConHue Ha
paccTosHuM B 10 napcek 6b110 6bl BeCbMa €n1aboil 3Be3404KOIN ¢ abCOMOTHON BennUunHoi 4,9, a
Cupuyc — camas Apkas 3Be3fja Hallero Heba — CBETUN Obl MOYTU TaK >Ke, KaK CBETUT Ha CBOEM
mecTe (2,7 napceka, Uy oKono 9 cBeToBbIX NIET). Ero abcontoTHas 38e3gHast BeIMUMHa COCTaBNAeT
1,4, n3 yero cnefyeT, YTO UCTUHHAA CBETUMOCTb Cupuyca NpeBbIaeT COMHEYHY B 25 pas.
Pa3ymeeTcs, 3TO fanieko He npegen: rony6on ruraHt [eHeb (0 Knaccax 3Be3f Mbl MOroBOpuM B
CNnefyroLLeil rnaee) npesbilwaeT no cBeTMMocT ConHue B 270 ThiCAY pa3; OH He BbIFNALUT
0CO6EHHO APKMM TOMIbKO /MWL NMOTOMY, YTO HaxOAWUTCA OT Hac O4YeHb fdaneko (6onbwe 3 Thicay
CBETOBbIX JIET).

Opyrumu cnosamu, BUAMMBIA GMeCK 3Be3fbl €LLe HUYEro He rOBOPUT O KOJIMYECTBE CBETA,
KOTOpOoe OHa n3ny4aeT. CosHLEe CBETUT Ype3BbIYainHO SIPKO, MOCKO/bKY PacnooXeHo 6yKBasbHO B
ABYX Warax. Cupuyc spye Berv n3 cosse3ansa JInpbl MPYMEPHO B YeTbIpe pasa, a NyTeBoAuTeNbHas
MonspHas 3Be3fa — camas Tycknas M3 HUX (B LecTb pa3 cnabee Bern). OfHako ecnm Obl Mbl
Npou3Beny MepeoLeHKy LEHHOCTe M BbICTPOMAM 3TW 3Be3Abl Ha OAMHAKOBOM PacCTOSHUM OT
3em/in, TO NepBOe MEeCTO YBepeHHO 3aHsna 6bl MonspHas 3Be34a, Ha BTOPOM MeCTe OKasasnach Obl
Bera, Ha TpeTbem — Cupuyc, a BenimkonenHoe CosHue cTano 6bl 6e3HaLeXHbIM ayTcaigepom.

Korga B cepefjuHe no3anpoLu/ioro Beka yAanocb OMpefe/inuTb PaccTosiHue 40 6/vmKanwmnx
3Be3/, HeMe[/IeHHO BO3HWMK BOMPOC, KaK Aa/eK0 OHW NpocTupatoTcs. HeBOOPYXXEHHbIM r1a30M
MOXHO YBWAETb OKOMO LUECTM ThbICAY 3Be3f, HO Korpa lanmneil nocMoTpen Ha He6o B CBOKO
NPUMUTUBHYIO 3pUTENTbHYIO TPYOBY, OH Cpasy XKe 06HapYXXu/1, YTO 3Be3[bl MOHATbIKaHbI Kyaa ryuie.
MpocTo MHOrMe NpeacTaBUTENM 3TOMO CNaBHOMO CEMECTBA HACTONLKO Cnabbl, YTO PasrnageTb UX
6e3 NoMOoLLM Tefneckomna HeT HUKAaKOM BO3MOXHOCTW. COBpeMeHHas acTpOHOMMWYEecKas TeXHWUKa
No3BO/ISIET pa3nnyaTh 38e34bl 25-i BeNMUMHbLI. Kpome TOro, y)Xe BO BpeMeHa "epLuens cTaso AcHo,
4TO 3Be3/bl PacnpeaenstoTcs B NPOCTPAHCTBE OYeHb HEPaBHOMEPHO. Ecnn NnocMoTpeTb Ha Hebo B
TEMHYIO 6€3/TyHHYK0 HOYb, MOXHO 3aMeTWUTb c/laboe TyMaHHOEe CBeYeHWe, OMosCbIBalLLEE BeCb
Heb0CBOJ, OT ropu3oHTa A0 ropusoHTa. K coXaneHuto, ipKue rOpPOACKME OFHW He MO3BONAKT
pasrnafeTb €ero kKak cnefyet (3NeKTpumKaums, C TOYKM 3peHUss acTpoOHOMA, BOO6Le
COMHUTENbHOE 6/1aro), HO rae-HNbYAb B AEPEBEHCKON MNYLLM MOXHO 6€3 60/bLIOro Tpyaa YBUAETb
MArKO CBETSALLYHOCA MOMIOYHYIO NOJOCY, NepeceKaroLlyro HoYHoe He60. [peBHME rPeky HasblBan
ee galaktikos («MneuHblid, MONOYHbLIN»), a pUMAsSHe — via lactea, 4To B GyKBa/JlbHOM MepeBoae
O3Ha4aeT «MJIeUHbIA NyTb». MPOMCXOXKAEHNE 3TOr0 Ha3BaHUA CBA3AHO C aHTUYHLIM MUKOM O
CTpye MO/OKa, KoTopas 6pbi3Hyna Ha Hebo M3 rpyan 60rnHM lepbl, XeHbl 3eBca, Korga OHa
OTNUXHY”Na OT cebs mnageHua Mepakna.

B HanpaeneHun MneyHoro MyTn MOXHO HacuuTaTb ropasfo 60sblue 3Be3f, Yem B /H00O0M
JpYyron 4actm HebocBofa, No3ToMy [epllenb pPe30HHO MNPeanonoXua, UTO 3Be3fbl He
pacnpesensoTcs paBHOMEPHO, a CcobpaHbl B KOMMAKTHYK CTPYKTYpY, MWMEILWY (opmy
[BOSIKOBbLINYK/0M IMH3bI. 10 MHeHUIO "epLuens, Halla 3Be3gHas cuctema (BNOCIeACTBUN ee CTan
HasbIBaTb ["af1aKTKOW) Morna cogepXarb 0kono 300 MUIIMOHOB 3Be3[, U UMETH B NnonepeyHnke 15
TbICAY CBETOBbIX NleT (He 3abyaeM, YTO MepBble 3Be3AHble Napaifakchbl OblN M3MePEHbI TOMbKO
yepe3 16 net nocne cmeptu Mepiens). CerogHsa Mbl 3HaeM, YTO Hala ranakTrka MneuHblin MNyTb



(vnm npocTo ManakTuKa € NPOMUCHON 6YKBbI) 3HAUMTENBbHO 60/bLUE: ee anaMeTp cocTasnseT 100
TbICAY CBETOBbIX JIET, & KO/IMYECTBO 3Be3f fAoxoaut Ao 200 muninapLos (BNpoYeM, YMUC/IEHHOCTb
3BE3[JHOr0 HaceneHus, Mo OLeHKaM pasHbIX aBTOPOB, KONe6eTCs B LUMPOKKX npegenax — ot 150 1o
400 Mmnnnapaos 3Be3f).

3pecb HeobxoauMMo cpenatb HebO/bLIoe OTCTYM/IEHMEe W paccKasaTb YWTATEN0, Kakum
06pa3om 6b1M BbIYNCNEHBI 3TV MapameTpbl. MOCKObKY NapaiiakTUYecKoe CMeLLeHne ¢ 60/bLwnM
TPYAOM YAaeTca W3MEpUTb [axXe Yy OnvmKallumx 3Be3f, ONpeAeneHve napaninakca y 0ObekTos,
yhaneHHbIX 60nee yem Ha 100 CBETOBbIX JIET, CTAHOBUTCA NPaKTUYECKN HepaspeLLunmMoi 3afaqueil.
Mapannakc — 370 Be/IMYMHA, NPON3BOAHASA OT COOCTBEHHOIO ABMXXEHUA 3BE3[bl, MO3TOMY MOHATHO,
YTO YeMm Ja/iblle 3Be3[a HaxXOAWTCA, TeEM TPyLHee Y/OBUTL ee MepemelleHre rno Hebocsogy. He
BOaBasfCb B [eTa/n, CKaXeM, YTO aCTPOHOMOB Bbipyyuna Tak HasblBaeMas LedengHas LUKana.
Llethenjamn HasblBatOTCS MyNIbCUPYIOLLME MEPEMEHHbIE 3Be3/bl, KOTOPbIE CTPOro MepuoanYecKut
MEHSIIOT CBOI 6/1eCK Ha OAHY-ABe 3Be3/HbIX BENMUMHbI (MOLLHOCTb M3/y4eHNs Bo3pacTaeT B 2,5-6
pa3 Mo CPaBHEHUIO C MUHWMYMOM). Bo00OLLe-TO pas3/iMuHbIX MepeMeHHbIX 3Be3f CYLLecTBYeT
MHOXECTBO; OfjHa W3 CaMbIX M3BECTHbIX — 3TO KPACHbIA rMraHT OMUKPOH KuTa, OTKPbLITHIN eLle B
KoHue XVI Beka HemeUKUM acTpoHoMom [asugom Pabpuumycom. 3Ta 3Be3ha B HECKOMLKO pas
MeHsieT CBOW 6/1eCK C nepuofomM 0Kono 11 mecsiues, No3aToMmy ee Hassai Mupoii (B nepeBoge C
natblHW — «yamBUTeNbHasA»). OfHaKo Havbosbluee 3HaYeHWe A1 acTPoPU3NKOB  UMEKOT
KOPOTKOMNepUOAMYeCKMe nepemMeHHble 3Be3fbl C MepuogoM OT CYTOK Ao mecsiua (06bIMHO OKOJ0
Hepenn). ViIMeHHO TakoBa AenbTa Liedes, MeHstowasn 61eck ¢ nepmogom 5,37 CyToK, KoTopas fana
CBOE MMS$i BCEMY CEMENCTBY NOA06HbIX 3BE3/.

B Hayane npownoro Beka aMepuKaHCKUA acTpoHOM [eHpueTTa JIMBUTT 06Hapyxwmna
NpaBWUIbHYIO 3aBUCUMOCTb MEXAY CBETUMOCTHLIO M MEPUOLOM HEKOTOpbIX Ledens. Yem Gonblue
Obln nepuogd, TeM 60/bLUE 3HEPTUN 3Be34a M3/yyana B eAVHULY BpeMeHW. BbluniciivB MOLLHOCTb
N31y4YeHNs Mo 3aBUCUMOCTM «MePMoj — CBETUMOCTb», YYeHble CMOI/IN paccymMTaTb PaccTosHue [0
ueensbl. CHayana 66111 YCTaHOB/IEHbI OTHOCUTESIbHbIE PACCTOSAHWA (BO CKOJIbKO pa3 O4Ha 3Be3fa
Onvke nnn fdanblie ApYroi), a 3aTeM 1 abCoNtoTHbIE, C YYETOM Jy4eBO CKOpPOCTU Ledens (B
CMEKTPe 3Be3/bl, NPUOAMKAIOLWEACA UM YAANSIOLWENCA N0 Ny4vy 3PEHNS MPOMCXOANT CMeLLeHne
CMEKTPA/IbHbIX NMHWIA). ACTPOM3NKM MONMYUUIN HALEXHbIA MaclwiTab. A COBCEM HeAaBHO Ha
NMOMOLL aCTPOHOMaM MPULLIN CBEPXHOBbIE OnpeaesieHHoro tuna (Tuna 1a), CBeTUMOCTb KOTOPbIX
NEeXWUT B 0YeHb Y3KMX npegenax. O6 aTux 3Be34ax, NOMYyUMBLUNX Ha3BaHUe «CTaHOAPTHbLIX CBEYEN,
noApo6HO pacckasaHo B rnase «M TbMa npuLna.

K Hayany XX ctonetms mMup HeBoobpasnmMo pactumpuscs. CTano OKOHYaTeNbHO SICHO, YTO
ConHue — ofHa M3 MHOrMX COTeH MWINNAPAOB 3BE3[, HaCeNAwLwmMx Hawy [anakTuky, npuyem
[aNeKo He caMas npumeyatesibHas. B 3Be34HOM HOMEHK/IATYPe OHO YMCUTCS 3aYPALHBIM XKENTbIM
Kapnukom knacca G. [la 1 nexuT, K TOMY Xe, OTHIOAb He B LIeHTpe, Kak cuuTa, Hanpumep,
epwens, a Ha nepudepmun MneyHoro MyTu, B 04HOM U3 €ro CnvpasibHbIX PYKaBoB — B 26 ThiCAYax
CBETOBbIX NeT OT uUeHTpa [anakTuku (npumepHo 8 Kunonapcek). HarnsgHo BoobpasvnTb 3Tu
NnoAaBnAloLLIMe MPOCTOPbI BeCbMa Henlerko. Ecnm Mbl ymeHblwnM BCHO COMHEYHYKO cCUCTEMY [0
pa3MepoB MecUMHKK, TO 6nmkaiwas 3se3aa MNpokcrma LieHTaBpa OKaXKeTcsl B 3TOM MacluTabe Ha
PaccTOAHUM OA4HOro MeTpa, a PaccTosHue A0 LeHTpa [ManakTMKM cocTaBUT MOYTU 9 KUTOMETPOB.
Ecnun >xe BCMOMHUTb MOAEeNb € GunbapaHbIM LWapoM Ha mecte ConHua, pasmepbl MeyHoro MyTu
OyayT paBHATLCA 60 MUNIMOHAM KWUIOMETPOB — BE/IMUMHE, BMOJIHE CONOCTaBMMOM C PacCTOSHUEM
ot 3emnn go ConHua.

OpHako BceneHHast He mcyepnbiBaeTCs ranakTukom MneyHbii MNyTb. Ecnn 6bl Ham yaanoch
MOKMHYTb ee npefenbl, Nepes Hamy pacnaxHynocb Obl HeOOBATHOE MYCTOe MNPOCTPAHCTBO,
HeNpoHMLaeMas yrosibHas YepHoTa, NIMLIEHHas CKONbKO-HUOYAb 3aMEeTHbIX 06bEKTOB. W TONbKO Ha
paccTosHnM 0Kosio 200 ThbICAY CBETOBbLIX /IET OT Hallero 3Be34HOro OCTPoBa Mbl Obl 06HAPYXMNN
[Ba KNOYKOBATbIX TyMaHHbIX 06pa3oBaHWA HenpaBuibHOW (opMbl — bBonbwoe u  Manoe
MarennaHosbl 06naka. OHM XOpOLWO BUAHbI Ha Hebe HOXXHOrO nonywapus B BUAe [ABYX
GenecoBaTbIX NATEH U BbIMNAAAT KakK M30/MpOBaHHble (parMeHTbl MneyHoro MyTtu. Briepsble mx
onucan OANH 13 YY4aCTHUKOB KPYroCBETHOro nnasaHus depHaHa MarennaHa. MpsamMoro oTHoLLeHNs



K MneyHomy TyTu OHW He UMEIOT: 3TO [iBe CaMOCTOATe/NbHbIE HEeGO/bLUNE ranakTUKKW, LOBO/IbHO
benHble 3Be3famu. Manoe MarensiaHoBo 0651ako nexnT B 160 TbicAyax CBETOBbIX /1T OT Hac, a
Bonblloe O0TOABUHYTO elle Aanblie — noyt Ha 200 TbicAY CBETOBbLIX N1eT. X0oTa MarennaHosbl
o6n1aka 3aMeTHO ycTynaroT MneyHomy yTu B pasmepax, B HUX 0O6HapY»XeHbl BECbMa F0O0MbITHbIE
06bekTbl. Hanpumep, B bosnbwom MarenniaHoBoMm 06/1ake pacrnonoxeHa 3se3fa S 30/10ToM PblObl,
obnagaroLlas HanbosbLIe WM3BECTHOW CBETUMOCTbIO. HEeBOOPY)EHHbIM [/1a30M OHa He BUAHA,
NMoTOMY 4TO MMeeT 8-10 3Be3[HYH BeNNYMHY, HO ee abCoMoTHAsA CBETUMOCTb MPEBOCXOAUT
COMHeYHbIN 6neck B 600 Thicay pa3! A B Manom MarennaHoBoM 06/1aKe HaxoAsTCs COTHU YXKe
3HaKOMbIX HaM Ledens, KOTOpble cuCTeMaTuyeckn wusydana [eHpueTTa JIMBUTT B Havane
MPOLLIOro Beka.

Ecnm 6bl Mbl NOCMOTPENIM C TaKOrO PacCTOAHMS Ha Hawy COGCTBEHHYH rafiakTuKy, TO
yBUAENN Obl BHYLUNTE/bHbIA CNNPabHbIA AUCK, OTAAIEHHO HaNMOMUHAKOLWMIA GeLLeHO KpyTALwmiAca
BOAOBOPOT (hopMy [ABOSIKOBBIMYK/IOA NMH3bI WAW BepeTeHa OHa NpuobpeTaeT npu B3rnage c
pebpa). OgHako MneuHblil TMyTb U MarennaHoBbl obnaka — 3TO elle Janeko He Bce. B 2 ¢
MOMIOBMHOM MWMOHA CBETOBbIX /IeT OT MseyHoro [lyTu NexuT cnupaibHas ranaktuka
AHApoMefbl, 3HAYMTENbHO MPeBOCXOAfLlas Hally Mo macce W KonuyecTsy 3Be3n. OHa BuAHA
HEBOOPY>KEHHbIM [/1a30M Kak cnabast 38e3f04Ka 5-/ BeNIMUMHbI U 3HAUMTCA B KaTasiore Meccbe nog,
Homepom 31, noatomy nonyuyuna HaseaHne M31. (LLlapnb Meccbe — 3HAMEHUTBIV (paHLLy3CKuIA
aCTPOHOM, OAHVWM W3 MepBbIX HAYaBLUMIA COCTaBNATb KaTalor TyYMaHHOCTeA W 3BE3AHbIX
CKOMIEHWIA.)

anaktuka AHgpomMeabl, MneyHblid MyTb, MarennaHoBbl 06naka, cnvpanb B TpeyronbHuKe
(M33) 1 MHOXeCTBO rasiakTUK rMomeHblle (06WmMM ymcnoM okono 40) BXOAAT B COCTaB Tak
Ha3blBaeMor MeCTHOIA rpynnbl ¢ AMAaMeTPOM CBbILLe 3 MUIIMOHOB CBETOBbLIX NIET. B npegenax 10
Mnk (meranapcek, T0O eCTb MWIJIMOHOB Napcek), unu 6onee yem 30 MWINIMOHOB CBETOBbLIX JIET,
pa3bpocaHO OKO/MO [AMXKUHbLI aHanornyHelx rpynn. A B 15 Mnk (noytn 50 MUAIMOHOB CBETOBLIX
NET) NIEXXUT KPYMHOEe CKOMJIeHVE B CO3Be34MN [leBbl, HACUMTLIBAIOLLEE HECKOJIbKO ThICAY ralakTHK.
TakuMm 06pa3om, Hawa MecTHas rpynna NpuHagneXxuT K elle 6onee MaclTabHON CTPYKTYpe,
KOTOPYHO NMPUHATO Ha3blBaTb /IOKa&/IbHbIM CBEPXCKOM/EHNeM ranakTuk. Ero gnametp coctasnset 30
Mnk, a TonwmHa — okono 10 Mnk (100 m 30 C AUWHUM  MWNIMOHOB CBETOBbLIX /T
COOTBETCTBEHHO0). LIeHTpOM  3TOro  MCMO/IMHCKOIO  raflakTMYecKoro obnaka  ABMSETCH
BblLLEYMNOMSAHYTOe CKOMieHne B [lese.

anakTMka MneyHblil MyTb IOTUTCA Ha CaMOM Kpat0 IOKa/IbHOrO CBEPXCKOMJIeHMs. A elle
fanblwe, Ha pacctofgHum B 90 MnK (CyeT WMAET yXKe Ha COTHM MW/IJIMOHOB CBETOBbIX JIET),
HaxoguTca ropasfo 60nee KpyrnHoe CKOMJieHWe B co3se3gun Bosocbl BepoHuku, B cocCTas
KOTOpOro Bxoaut 60sblie 10 TbicAY ranakTuk. o Bceid BUAMMOCTWU, OHO MpefcTaBnseT cobow
4acTb eLle OfHOr0 rMraHTCKOro ralakTUYeckoro CBEepPXCKOM/eHUs, KOTOPbIX B MocneiHee Bpems
OTKPbITO HECKO/bKO AeCATKOB. Takum 06pa3oM, OHM BEHYAKOT COBON MepapXuio CTPYKTYP Hallel
MeTaranakTukn (Habnogaemor Yact BceneHHoM). TOMbKO Ha PaccTOSHUAX MOPSAKA MHOTMMX
COTEH MW/INIMOHOB CBETOBLIX JleT BceneHHyl0 MOXHO paccMaTpuBaTb KakK CpaBHUTESIbHO
OLHOPOAHYIO CTPYKTYpY, KOTOpas COLEPXKMUT [LECATKM MUNNNapAoB ranaktuk. CoBpemeHHas
acTpogmanka pacnosnaraeT BbICOKOTOYHOW COBEPLUEHHOM annapaTypoi, KoTopas No3BOJISET BECTM
Habno4eHns B caMOM LUMPOKOM Auana3oHe BOSIH — OT METPOBbIX PagMOBOMH A0 raMma-fyyei.
MomMnMO TPaAMLMOHHBIX OMNTUYECKUX TeNecKornoB LUMPOKO MPUMEHAKOTCA WH(PaKpacHble W
PaAOTENecKorbl, a TakXe LeTeKTOpbl PEHTreHOBCKOro W raMma-unsny4veHus. BypHo pa3BuBaeTcs
HENTPUHHASA aCTPOHOMUA. YUeHbIM CTa/li AOCTYMHbI HEBOOOPa3MMble PACcCTOAHMUSA, M3MEpPSEMble
10-12 munnuapgamm CBeTOBbIX JIET, KOrga Myup Obi1 eLLe MOJSIOL U CBeX, a NepBble rafiakTUKM efsa
ycnenn copmmupoBatbCa. TakMM 06pa3oM, pasmepbl Habno[aemMoin Yactu BceneHHON MOXHO
OLIEHUTb NPUMEPHO B 6 ThICAY Merarapcek.

Korga mbl CMOTPUM Ha fanekue 3Be3dbl WAW ranakTuku, cnefyet UMeTb B BUAY, YTO Mbl
nepemeLLaemMcs BCNATb MO BPeMeHHON ocu. Ecnm fo Cupuyca 0Kono 9 CBETOBbIX JIET, Mbl BUAUM
ero Takum, Kakmm OH Obln 9 CBETOBbLIX fIET Hasag, MOTOMY YTO CBET MMEET KOHEYHYH CKOPOCTb
pacnpocTpaHeHus. Jlyum KpacHOro ruraHta betenbreitse u3 cosse3gus OpuoHa NycTUIUCL B



aopory eule B CMyTHOe BpeMs, KOrja Ha pocCUinCKoM npectone cuaen bopuc MoayHos. LLlapoBble
3Be3/Hble CKOM/IEHNS B LEHTpe anakTUKN BEPHYT Hac B NOCNeLHWUIA NeAHUKOBbINA Mepuog, a CBeT
TYMaHHOCTU AHApoMeAbl Obl1 UCMYLEH B Te BPEMeHa, Korfa Hawmn 06e3baHOMN0L00HbIe NpeaKu
BCTaBa/IM Ha [jBe HOrM 1 06TaumBasn nepeble KaMHU. CaMble fanekne 06beKTbl Halleil BeeneHHOM
NoCbl1al0T CBET M3 3MOXW, YAASIEHHOW B MPOLUIOe Ha MHOrve mMunavapibl net. CoHEYHON
CUCTEMbI M NNaHeTbl 3eMns Torja eLle He 6b110 U B MOMUHE.

YTo6bl BOOUMIO, B XKMBbLIX 06pa3ax OLEHUTb pa3Mepbl HabNHOAaEMON YacTn BceneHHOR, nnm
MeTaranakTuky, MbICIEBHHO YMEHbLUIUM 3eMHYyl0 opbuty (ee guamerp 300 MWNIMOHOB
KWNOMETPOB) A0 pa3mMepoB BHYTPEHHeW 3/1eKTPOHHON 060/104KM B KNacCUYeCKOM Mofenn atoma
Bopa (ee pagnyc paBeH 0,53x10-8cm). Torga Gnvkaliwas 3Be3fga pasmMecTUTCS XOTS M Ha
He60/IbLLIOM, HO BMOJIHE MakpocKonuyeckoM pacctosHum B 0,014 MunnmMmeTpa, paccTtosiHie [0
LeHTpa anakTnkm coctaBut 10 caHTMMETPOB, a nonepevyHnk MneuHoro yTn 6yaet paseH 35
caHTUMeTpam. ManakTuka AHLPOMeAbI OTCTYMUT Ha LiefbIX LWEeCTb METPOB OT 6OPOBCKOro aTtoma, a
paccTosiHWe [0 LeHTPasibHOW YacTu CKOMEHMS ranakTuK B co3Be3guu [eBbl, Kyda BXOAUT Halla
MecTHas rpynna, 6yaet nopsaka 120 meTpoB. Paguoranaktuka JSlebegb A (0o Hee 600 MUINMOHOB
CBETOBbLIX JIET) «ybBeXMT» B 3TOM MacliTabe Ha [Ba C MOMIOBMHON KWU/IOMETPa, a A0 [AaNeKoid
paguoranaktkn 3C 295 npuaeTtcs waratb U WaraTb — Kak-HUKakK 25 KunomeTpos. B obuiem,
3eMHOW Luap rpoMageH, Kak ¢ napocom rosopusna ofgHa yumTelbHULAa HauaibHbIX K1accos. ..

3Be3/Hbli1 NaHOMNTUKYM

— [a... XXusem, >kvBeM — a 3ayem? TaliHa BEKOB. 1 passe nocTwur
KTO-HWOYb TOHKYK HUTEBWUAHYIO CYLLHOCTb CBETUN?
BukTop lNeneBuH

BHe BCAKOro COMHeHMs, camble MpYMeYaTelbHble 1 PacrnpoCTpaHeHHble 0ObEKTbl Hallel
BceneHHo — 310 3B€3/bl, MO3TOMY MMEET CMbIC/T Ha4YaTb Pa3roBop O ee «06UTaTeNsAX» UMEHHO C
HUX. Mup 3Be3q nopaxaeT CBOMM pasHoobpasvem. Cpean HUX eCTb 3Be3fbl-rUraHTbl K
3Be3[bl-Kap/IMKW,  3BE3[bl-KONNEKTUBUCTLI,  MpegnouniTarowme  cbmBaTbCa B CTau, MU
3Be3[ibl-aHaXOPEeThI, XMBYLLNE B rOPAOM OAMHOYecTBe. MHOrve 38e34bl 00pa3ytoT Tak Ha3blBaeMble
KpaTHble CUCTEMbI U3 ABYX U/ TPeX 3Be3f, KOTopble 06paLlatoTCcA BOKPYT OOLLEro LIeHTpa TAXECTH
Ha CpaBHUTENbHO HebO/bLIOM paccTosHUM Apyr oT gpyra. OfHW 3Be3Abl NOAO06HLI TEMHbLIM
npuspakam, NOTOMY YTO CBETAT B UH(PPaKpPacHOM AuanasoHe, a Apyrne cUAKOT B AECATKN U COTHU
TbICAY pa3 Apye Hawero ConHua. M ToMbKO NO OAHOMY napamMeTpy — Mo Macce — OHU He OYeHb
CUNbHO pasnuyaroTcs Mexay coboii: ot 1/10 maccel ConHuya o 100 conHeyHbIX Macc. 3Be3fpl
MoyTK Kak /04N — OHM POXAAKTCA, B3POC/EKOT, CTAPATCA U yMUparoT. HO ecnn OfHW YXOAAT B
MUP MHOI TUXO 1 HE3aMETHO, TO KOHUMHA APYrMX CONPOBOXAAETCA FPaHANO03HbIMA KOCMUYECKNMM
KaTakim3Mamu, MnonyyMBLUMMW Ha3BaHWe B3PbIBOB CBEPXHOBbIX. Takue 3Be3fbl BWAHbI Ha
PacCTOAHNAX BO MHOIME MWIIMOHbI CBETOBbLIX /1IET, @ UX APKOCTb MPEBOCXOAUT camoe 6orartoe
BOOOpaXeHNe: HecTepnuMbliAi 6/1eCK CBEPXHOBOI 3Be3[bl 3aTMEBaeT COBOKYMHOE CUSIHWE COTEH
MWUNINAPA0B 3Be3[ LIeN0N ranakTuKu.

Kak M3BECTHO, HMYTO He BEYHO, W K 3Be3faM 3TO OTHOCUTCA B MONAHON Mepe. Kaxgou
OTMepeH CBOW CPoK. OAHW 3Be3[bl XUBYT SPKO M NPasgHUYHO, Cropas B CYMTaHHbIE MWUINOHBI
net. Korga no 3emne pasrynnsanv gnHO3aBpbl, X eLe He 6b110 Ha cBeTe. DtheMepHOe BbIThe ITUX
6ab04eK-NoJeHOK YKNafblBaeTCs B OAHO KOPOTKOE ranakTuyeckoe MrHoBeHue. [pyrue eyt
pasMepeHHOe HETOPOMN/IMBOE CYLLEeCTBOBaHME W OYAYT XXUTb [JONr0: BPEMS XWU3HW 3Be3d, YyTb
MeHee MacCuBHbIX, Yem ConHue, MOXeT gocturate 25 mMunIMapfos net (Hawa BceneHHas
poAunacb BCEro okono 14 munnvapfos net Hasagd). CosHue 3aXKrnocb NPUMEpHO 5 MUNIMapL0B
NeT Hasaf W CerofHs ABNAETCA «MY)KUMHOM B MOMHOM pacuBeTe Cu», Kak rosapusas KapicoH.
MofobHO Nupuyeckomy repoto [aHTe, OHO YCMeno MNPOWTU 3eMHYI0 XXM3Hb BCEr0 Wb [0
MonoBMHbI. HekoTopbIM 3Be3fjam YrotoBaHa Henerkas cygpba: Korga OHW crnansaT [oT/ia CBOe



ALlepHOe roproyee, TO MNPEBPATATCA B YepHble Ablpbl — YAMBUTENbHbIE 0OBEKTHLI, 06najatoLLme
BeCbMa CTPaHHbIMW W [axe Myralowmmy CBOMCTBaMU. MMyTb K LEHTPY YEpHOM Ablpbl — 3TO
collecTsse BO af, popora 6e3 BO3BpaTa, MOCKOMbKY CW/bl TATOTEHWS Ha €e MOBEPXHOCTU
[JOCTUraloT TaKUX BESIMYMH, YTO [aXe CBET He B COCTOSIHUM BbIOpaTbCA Hapyxy. YUynosuiyHas
rpasutauus nofob6HO TsXKeNon HafrpobHOWM NMTe HaBcerfja OTropaXKUBAeT YepHYH Ablpy OT
Hallero Mupa. Bnpoyem, o YepHbIX Ablpax Mbl B CBOE BPEMS ELLEe NMOroBOPUM.

MepBoe, 4TO GpocaeTcs B rnasa gaxe nNpu 6ernoM B3rnsge Ha HoYHoe Hebo, 3TO OTUHeTIMBas
pasHuUa Mexzay 3Besfamu B Gnecke n uUBeTe. [peBHWE TPeku, Kak Mbl MOMHUM, pa3buin BCHO
3Be3[HYI0 MYO6/IMKY Ha LIeCTb K/1accoB, KOTOPbIE MOMYUYUIN Ha3BaHME 3Be3[HbIX BENMUMH. 3Be3[pl
nepBoli BeNnyMHbI B 2,512 pasa sipye, YeM 3Be3/bl BTOPOI BEIMUUHDI, 1 TaK fanee. Takum o6pas3om,
3Be3bl LUECTOM BeNUYMHbLI cnabee 3Be3f nepsBor BennumHbl B 100 pa3. MOMUMO BUAUMBIX
3BE3/HbIX BE/IMYMH, CYLLECTBYIOT BE/IMYMHBLI aOCOMIOTHBIE, O YeM S YXKe Mucan B NpefblayLueit
rnase, MO3TOMY MOBTOPATLCA He 6yay. Mo cyTu fena, abcontoTHas 3Be34Has BeIMUMHa eCTb TO XKe
caMoe, YTO M CBETUMOCTb 3Be3fbl (e 0ObIYHO BbIpXAOT B eAuHUUax cBeTUMocTM CosnHua u
0603HayvatoT 6yKBOM L), TO ecTb MOSIHOE KOMMYECTBO 3HEPruun, n3yvaemMoe 3Be3f0iN B eAuHULY
BpemeHU. 3Be3fbl MO 3TOMY MapameTpy CW/IbHO PasHATCA. HanomHio, 4TO CBETUMOCTb [leHeba
MPEeBbILWAET COMHEYHYHO B 270 ThbicaY pas3, a 6neck S 301070l Pbibbl B Bonbwiom MarennaHoBom
o6nake npesocxogut cBeTMMOoCTb ConHua B 600 Thicay pa3. Cpean ApYyrux ApKuMX 3Be3f, Hallero
He6a MOXHO YNOMsAHYTb AHTapec (asba CkopnvoHa), betenbreise (anbtha OpuoHa) n Purenb
(6eta OpuoHa), CBETUMOCTU KOTOPbIX MPEBbILLAKOT COMHEYHYO B 4 ThicAYM, 8 TbicAY U 45 ThbicAY
pa3 COOTBETCTBEHHO. C ApYroi CTOPOHbI, CBETUMOCTb Kap/IMKOBbIX 3BE3[, MOXET, B CBOKO OYepesb,
ycTynatb cBeTUMOCTM CO/HLA B ThICAYN M JECATKMN ThiCAY pas.

YBUAETb pasHULY B LIBETE HEBOOPY>KEHHbLIM [/1a30M YAAeTCH TOMbKO Y OYEHb APKUX 3BE3[.
CkaxeMm, AHTapec 1 beTenbreiize 6yayT KpacHbIMK, Kanenna — »entoil, Cupuyc — 6enbiM, a Bera
— rony6oBaTo-6e10i. A BOT HEGONbLLIOW NHOBUTENLCKUIA TENECKOMN U AaXKe NPUNYHBIA NONEBOM
OMHOK/Ib 3aMETHO YNy4yllaT KayeCTBO KapTWMHKKW. LIBeT 3Be3fpbl, a cnefoBartefibHO, U ee CMekTp
OnpeaenatoTCs TeMMepaTypoit ee NMOBEPXHOCTHbIX CoeB. Mpy Temnepatype 3—4 TbiCAYN rpagycoB
KenbBuHa 3Be3fa OydeT KpacHOW, npu 6-7 ThicAuax rpasycoB MpuOBpPeTeT OTYET/INBBIN
YKeNToBaTbIi OTTEHOK, a ropsymne 3Be3fdbl ¢ Temnepatypoit 10-12 TbicaY rpafycoB CUSOT GefbiM
Wnu  ronyboBaTbiM CBETOM. B COBpPEMEHHON acTPOHOMUWM WMEKTCA HafeXHble W BMOJHe
006bEKTUBHbIE METO/bl M3MEPEHUA LBeTa 3Be34, C MOMOLLbI KOTOPbLIX MOMyHatoT BeIMYUHY NOS,
Ha3BaHWEM «MokKasaTefb LBeTa». Kax[omy 3HayeHVIO [MoKasaTens LBeTa COOTBETCTBYeT
onpeAeneHHbIN TUN CnekTpa.

MMPUHATO BbLIGENATb CEMb OCHOBHbLIX CMEKTPaSibHbIX K/1acCoB, KOTOpble 00603HayatoT
natuHckummn 6ykeamm O, B, A, F, G, K u M. 1ns nyLieit TOYHOCTM KaXKAbIN CNeKTpasibHbIA Knacc
pa36ut Ha 10 noaknaccoB (0T O 40 9 C POCTOM B CTOPOHY YMeHbLUeHUs TeMmnepaTypbl). Takum
06pa3om, 3Be3fja Co CnekTpoM B9 Oyget 6mke MO CNeKTPa/bHbIM XapaKTepUCTUKaM K CNekTpy
A2, yem, Hanpumep, K cnekTpy B1. 3ee3apl knaccoB O — B rony6ble (Temneparypa NoBEPXHOCTU —
npumepHo 100 — 80 TbicaY rpagycos), A — F — 6enble (11 — 7,5 TbicAun rpagycoB), G — XenTble
(npumepHO 6 ThicAY rpagycos), K — opaHxeBble (OKOM0 5 ThicaYy rpagycos), M — KpacHble (2—-3
TbICAYY FPafycoB).

Hawe ConHue OTHOCUTCA K CnekTpasibHOMY Knaccy G2 (TemnepaTypa ero noBepxXHOCTHbIX
C/I0EB — OKOJI0 6 ThICAY rpajycoB) N CUMTAETCS, KaK 3TO HU 0OUAHO, Kap/IMKOBOW XENTOW 3Be30W.
Bripoyem, pa3vepbl 3TOr0 Kapaunka BrosiHe NpuanyHble — avametp ConHua cocTasnifeT okoso 1,4
MW/IMOHA KUIOMETPOB.

HekoTopble 3Be3fbl MOryT MEPUOAMYECKM MEeHATb CBOW 6Gneck. B nepeoi  rnase
pacckasblBa10Ch O Ledengax, NynbCUPYOLWMX NepeMeHHbIX 3Be34ax, KOTOpble MHOr4a HasbiBatoT
«Masikamy BceneHHoM», Tak Kak 61arofaps UM yanocb NOCTPOUTb HaAEXHYHO LKAy, C NOMOLLbH0
KOTOPO aCTPOHOMbI Hay4u/IMCb ONpefensTb PacCTOAHWUSA 40 faeKUX 3Be3f U APYruX ranakTuk.
Liedpenabl NpefcTaBnstOT COOO0M XeNTble CBEPXIUraHTbl C TEMMEPaTypoil MOBEPXHOCTY NPUMEPHO
Takomn e, Kak y ConHua. Ho cBeTAT OHM ropasfo fpye, NOTOMY YTO MOLHOCTb UX W3NYy4YeHUs
MPeBOCXOAUT COJIHEYHYHO B [ECATKM Thicay pas. [lepuofguueckoe u3MeHeHuWe 6r1ecka 3Be3fj



Nof06HOro TMNa CBA3aHO CO COXHbLIMU PU3NKO-XUMUYECKUMI NPOoLIeCCaMm B UX Hefpax, No3ToMy
MX NMPUHATO Ha3bIBaTb UCTUHHbLIMW, NN (U3NYECKMU, MepeMeHHbIMU. 3Be34a Mupa 13 co3Be3aus
KnTa ToXXe OTHOCUTCA K YMCy HACTOALMX MEPEMEHHbIX, XOTS NepPUoL U3MeHeHUs 6recka y Hee
ropasfo 6osbLuUe 1 cocTaBnseT npumepHo 11 mecaues (y Leens — oT CYTOK [0 Mecaua).

OfHaKo BCTpeyaroTCs NepemMeHHble 38e34bl, KonebaHna 61ecka KOTOPbIX HUKAK He CBSA3aHbl C
OCOGEHHOCTAIMM MX BHYTPEHHEro CTpoeHus. MNpumepom Takoi 3Be3fbl sAensetca Anronb (6eTa
Mepcest), KOTOPYH B CTapvHy HasblBa/IM «rN1a30M [AbsiIBOMA» U «BypAanakom». Ee SpKoCTb
M3MEHSETCA Ha Lie/yto 3BE34HYI0 BENNUNHY KaXKAble TPOe CYTOK 6e3 Tpex yacoB. ['peku nomeLLanm
6eTy Mepcesi B ronosy Meay3bl FOProHbl — XXYTKOr0 K/bIKaCTOro YyA0BULLA B XXEHCKOM 00/114be 1
CO 3MesiMV BMECTO BOJIOC. B30p 3TOI KpbInaToin TBapy Npespallai BCe XKMBOE B KaMeHb. AJr0/b
OTHOCUTCH K YMCNY TaK Has3blBaEMbIX 3aTMEHHbIX [BOWHbLIX 3B€3f, MOTOMY YTO MPUYMHBI
MepeMeHHOCTN ero 671ecka NPUHUMNUaNbHO MHbIE, YeM Y fenbTol Llehes nnm ommkpoHa Kuta.
Bokpyr Anrons obpauiaeTtca cnabas 3Be3fa — BTOPOM KOMMOHEHT [BOMHOM CUCTeMbl, opbuTa
KOTOPOW NEXWT B OAHOW MIOCKOCTU C 3eMHO opbuToli. Korga oHa okasblBaeTcs Mexay ANronem
1 3eMnelt Ha Nlyde 3peHNs 3eMHOro Habngatens, TO YaCTUYHO ero 3aTMeBaeT. Takum 06pasom,
WHTEHCUBHOCTb W3Ny4YeHUs ANrons B [eCTBUTENbHOCTA He YCU/IMBaeTCA U He ocnabeBaeT, a
OCTaeTCcA CTPOro MOCTOAHHOW. [MPOCTO-HaNPOCTO Ha MNYTW PacnpoCTpPaHeHWUs CBETOBbLIX Jlyyel
NnepuoaNYecKn BO3HMKAET NPEnATCTBME.

Pe30oHHO NpeanosioxumTb, YTO pa3 Temreparypa NOBEPXHOCTM KPACHbIX 3BE3[, CNeKTPasibHOro
Knacca M B [Ba C /IMLWIHUM pa3a MeHbLUe CO/IHEYHOM, TO OHW [O/DKHbI CBETUTb OYeHb CNabo.
OfHaKo Ha camOM [iefie BCe OKa3aoChb [afIeKo He CTO/b 3/1eMeHTapHO. HekoTopble 3Be3fbl Knacca
M (ckaxem, «netawas» bapHapha) LeCTBUTENbHO TNEKT efBa-efBa, XOTSH HaxXOAATCA COBCEM
6nm3ko o1 ConHua (paccTosiHve [0 BapHapAbl cOCTaBnsieT OKO/I0 6 CBeTOBbIX JieT). Ho MHorme
Apyrve, 6e3ycnoBHo, rnonafarolme B TOT XKe CaMblii CNeKTPaslbHbIA KMacc, FOpAT OYeHb APKO,
HECMOTPA Ha 3HauuUTeNbHYK YaaneHHocTb oT ConHua. Hanpumep, AHTapec B CKoprivoHe U
BeTenbreiize 13 co3se3gms OpmMoHa — KnacCuyeckune KpacHble 38e3/bl — He TO/IbKO UMEKT BUAUMYHO
BE/IMYNHY MeHbLUe eUHWLbI, HO 1 06/1a4alT 60/bLIOA COOCTBEHHON CBETUMOCTbIO. MOLLHOCTb
n3nyyeHnst betenbreiise NPeBOCXOANT CONMHEUYHYIO B 8 ThbiCAY pas. MOHATHO, YTO CTO/b BbICOKas
CBETUMOCTb CPaBHUTENbHO XOJIOAHON 3Be3Abl MOXET OOBACHATHCA TONIbKO €€ WUCMONMHCKUMM
pasmepamMmu. M XOTs NOBEPXHOCTb KPaCHOr0 rmraHTa Harpeta BCero b Ao 2—3 TbICAY rpagycos,
CyMMapHasi UHTEHCMBHOCTb CBETOBOrO MOTOKa OyfeT BeCbMa 3HaYMTeNbHOM MO CPaBHEHWUIO C
ConHueM. MNycTb KBagpaTHbIA KAMOMETP NOBEPXHOCTU beTenbreiie CBETUT OTHOCUTENILHO €nabo,
HO TaKuMX KBaApaTHbIX KWIOMETPOB Ha Te/e 3Be3/bl HAaCUMUTLIBAETCA Ha NOPAAKM 60/bLLUE, NO3TOMY
MOLLLHOCTb €€ MU3/Ty4YeHNs BO MHOTO Pa3 MPeBbICUT COJTHEYHYIO.

B 1920 rogy yaanocb M3MepuThb AnaMeTp beTenbreiise. XoTs 38e3/bl AaXKe B CaMble MOLLHbIE
TeNnecKonbl BUAHbI Kak 6e3pa3MepHble TOUKW, Bbln NpuayMaH OCTPOYMHbIA METOA, BbIYUCIEHUS UX
pasmepoB. [leno B TOM, 4TO Jlyunm CBeTa, NpUXofAwMe K 3eMHOMY Habnwogatento oT
NMPOTUBOMOMOXHbIX TOYEK 3BE3AHOI0 AMCKa (KOTOPbIA Mbl HE BOCMIPUHMMAaEM Kak AMCK), 06pasyHoT,
TEM He MeHee, HEKOTOpbIA Yron Mmexay Cco6oi. PasymeeTcs, W3MepUTb €ro BefNyUHY
HernocpeACTBEHHO HEBO3MOXHO, HO CBETOBble Jly4W, HaknafgblBasacb [pyr Ha Apyra,
NHTEP(epUPYIOT MeXay Cob0M, TaK YTO C NMOMOLLLKO 0co60ro npubopa (MHTepdepomMeTpa) MOXKHO
N3MepUTb pe3ynibTaT MOAOOHOI0 C/OXKEHWA U BbIYMCIUTL BEIMUMHY Yria. 3Has 3TOT yron wu
paccTosiHMe [0 3Be3fbl, MOXHO 6e3 0cob0ro Tpyda paccuMtaTb ee [eNCTBUTENbHbIA AMameTp.
KOHeuyHO, MeTof MMeeT CBOM orpaHuyeHus (yron He LO/MKEH OblTb McCYesaroLe MasibiM), HO BO
MHOTMMX C/lyyasix OH UCMPaBHO PaboTaeT 1 BECbMa HEMNI0X0 cebs 3apeKOMeH0BalN.

BbluncneHHbIE  Takum  06pa3oM  MnonepevyHnK beTenbreiize  nopaxan BOOGPaKeHMe.
Okasanocb, 4YTo OH nouty B 350 pa3 6onbwe avameTpa ConHua WM coctaBnseT npumepHo 500
MWTIMOHOB KW/IOMETPOB. HanoMHMM umTatento, 4to opbuta Mapca nexuT B 220 MUNIMOHAX
KnnometpoB oT ConHua. Ecnv 6bl yaanocb NMOMeCTUTb 3Ty 3Be3fdy Ha MECTO Halero CBeTu/a,
NMOBEPXHOCTHbIE crion hoTochepbl beTenbreiize pacnpocTpaHUInch 6bl Aaneko 3a opbuty Mapca, n
BCe 4eTblpe MiaHeTbl 3eMHOM rpynnbl (Mepkypuii, BeHepa, 3emnsa n Mapc) norpysunuce 6bl B
3Be3Hble Hefpa. [NosepxHoCTb beTenbreiise byaet nouty B 120 Thicay pa3 60/bLUe NOBEPXHOCTM



ConHua, No3ToMy Bps4 NN CTOUT YAMBNATHLCHA, YTO ee CBETUMOCTb B HECKO/IbKO ThbiCAY pas
MPEBOCXOAMT COMHeYHyt0. O6beM 3TON KpacHOW 3Be3abl B 40 MUAMOHOB pa3 6o/blle 06bema
ConHua. HecmoTpsa Ha CTONb (haHTacTM4YecKue pasmepbl, Macca beTenbreise oLeHMBaeTCA BCEro
Nk B 12-17 COMHEYHbIX Macc, TO eCTb ee CpefHAA NAOTHOCTb A0/MKHA ObITb HUYTOXHO MasoN.
KpacHble CBEpXrMraHTbl, BHYTPU KOTOPbIX MOrYT MOMECTUTLCA HECKONbKO M/aHETHbIX 0pouTt
CO/HEYHON CUCTEMbI, MOXHO CPaBHUTb C OFPOMHBLIMU My3bIpAMU. ECAM cpefHAs MAOTHOCTb
CO/IHEYHOrO BelecTBa paBHa npumMepHo 1,4 r/cmM3(noytn B nonTopa pasa 60/blue MI0THOCTM
BOAbl), TO Y TaKMX YyLOBULLHO pa3fyBLUMXCA MY3blpeli OHa BYAET B MUI/IMOHbI Pa3 MeHbLLE, YeM Y
BO34yXxa.

BeTenbrelize — OTHIOAb HE YHUKYM Cpefu 3Be3f. BCTpeyatoTes KpacHble CBEPXIUraHTbl CTOMb
HeBOOOPa3nMO OrpoMHble, YTO 3Be3Abl BpoAe AHTapeca wan beTenbreitse MOKaXYyTCs PAAOM C
HYMU CYLMMU KpoxXamu. Hanprmep, ancunoH Bo3Hnyero npeBocxoauT B pasmepax anbgy OpuoHa
Mo MeHbLLUEN Mepe BMATEPO, HO Mbl €ro Jaxe He BUAUM, NOTOMY YTO WM3/ly4eHWe 3TOr0 MOHCTpa
NoYuTU LENNKOM NEeXUT B UHMpakpacHoi obnactu criekTpa. OBGHapyXuTb €ro yfganocb u3-3a
NMPUCYTCTBUA SIPKOr0 CMYTHUKA, KOTOPbIA MEpPUOAMYECKN 3aTMEBAETCA 3Be3[0M-HEBUANMKOIA.
3AncunoH Bo3HnYero SBnseTCA MH(paKpacHbIM CBEPXTMIaHTOM C MOMEepeyYHKOM B 3,7 Muinnapaa
KnnomeTpoB. Ecnv nomecTuTb ero Ha Mecto ConHua, OH 6e3 Tpyda «nporioTUT» rnepeble 6 NaaHeT
(Mepkypwuii, BeHepy, 3emnto, Mapc, FOnutep n CaTypH) v 3anonHUT CONHEYHYHO CUCTEMY BM/OTb
[0 opbuTbl YpaHa. [pyras 3se3ga atoro tvna — VV Ledes A — nulib HEMHOTMM YCTYMaeT B
pa3mepax CBOeli ToBapKe 13 co3se3ans BosHmnyero. Ee nonepeyHunk 60sblue arameTtpa betenbreiize
B TPU C NMWHUM pa3a. MoncKn 38e34-HeBUANMOK CBSi3aHbl C 60/1bLUMMW TPYAHOCTSAMMU, MOCKO/bKY
3eMHas aTMocgepa MoYTM HermpospayHa N8 MHPPaKpacHbIX Ny4yeid; Kpome TOro, co6CTBEHHOe
TEennoBoe u3nyyeHne 3emau racuT Tenno, Npuxopsiiee M3 KocMoca. TeM He MeHee YAanochb
N3MepUTL TEMMEPATYpy HEKOTOPbLIX 3BE3[, KOTOPble CBETAT B MHMpaKpacHOM Auana3oHe. OHa
HaxoauTca B npefenax 800 — 1200 rpagycoB KenbBWHA, YTO, KOHEYHO XXe, O4YeHb mano: 800
rpagycos — 3TO TO/IbKO-TO/MILKO TeMnepaTypa KpacHOro KasieHus. TeMHble W XO/oAHble
cBepxruraHtel Bpoge VV Llees wunm  ancunoHa Bo3HUYero [Jo/MKHbI 6blITb  MYCTbIMU
paspeXkKeHHbIMU MUpaMu, NOTOMY YTO MX HAYMHKa pa3masaHa No KonoccaibHOMY 06bemy. Ecnn 6bl
KaK1M-TO Yy[OM YAaioCh MepeHecTn BELLeCTBO 3TUX 3Be3[ B 3eMHYHO 1abopaToputo, ero cpesHss
NIOTHOCTb NMOYTK He OT/IMYanach Obl OT BakyyMma.

Konb ckopo B npupode WMEKTCHA KpacHble TUraHTbl W CBEPXTUraHTbl, eCTeCTBEHHO
NPeanonoXnTb, YTO JO/MKHbI CYLLECTBOBATb M KpaCHbIE KapauKu, nonagatolme B TOT XKe CaMblil
CNeKTpasbHbI Knacc M. BCnoMHUM XOTS 6bl «NeTALYO» 3Be34y bapHapaa, pe3Bo ABMXKYLLYHCS
nMo HebocBOA4Yy CO CKOpOCTbiO 60nee 10 yrnoBbIX CEKYHA B ro4. 3TO OYEHb MHOr0, MOTOMY YTO
COOCTBEHHOE JBWKEHWE 3Be3[, U3MepseTCs, Kak Nnpasuio, ropasfo MeHbLUMMU BeMYMHaMKU (0KOMO
OAHON CeKyH/bl B FOA UK elle MeHblLe). Bblgarowlasca nerkoarnetka 06s3aHa CBOMM Ha3BaHWMEM
amMepuKaHCKOMY acCTpoHOMY 3JaBapay bapHapay, KoTopblit OTKpbin ee B 1916 rogy. KpacHble
KapavKu, 3amMeTHO ycTynatowme no macce CONHLUY, OTHIOAb He Ny3blpu, & BMOJIHE YBECUCTbIE
MOJIHOLIeHHbIe 3Be3bl. bonee TOro, CN/IOWbL Y PALOM OHU 3HAYMTENbHO MIOTHEe Hallero CBeTuUna.
Hanpumep, KpacHblii Kapnvk Kptorep 60B nerue ConHua BCEro B NATb pa3, XOTA ero 06bem
cocTasngeT 1/125 vactb conHeyHoro. CnefoBartesibHO, ero CpPeAHas NA0THOCTb AO/IKHA PaBHATLCA
35 r/cm3, uTo B 25 pa3 npeBocxoanT nioTHocTb ConHua (1,4 cm3) 1 B nonTopa pasa — nJ0THOCTb
nnatuHel. [Jaxe Takoe TBepAoe HebGeCHOe Tefo, Kak Halla pofHas MiaHeTa, MMEET CPefHIoH
NAOTHOCTb nopsiaka 5,5 r/cM3(NMOTHOCTb KaMEHHbIX NMOPO/ 3eMHOM KOopbl cOCTaBNsAeT 2,6 r/icm3, a
K UeHTPy 3emMnn OHa JocCTuraeT BefnuuHbl 11,5 r/cM3), To ecTb ycTynaeTr Kprorepy B LIeCTb C
JIMLLIHMM pas.

B ckobkax 3ameTumM, 4YTO MNJIOTHOCTb BCEX HEOEeCHbIX Ten (M MpefenbHO paspeXxeHHble
rasosble My3blpy Bpofe AHTapeca W beTenbreitse 34ecb TOXe HE UCKIOYEHME) CTPEMUTESIbHO
pacTeT MO HanpaeneHWO K LeHTpy. YTtobbl ConHue MOrfo CcTabunbHO CyLlecTBOBaTb, He
CX/I0MbIBasACb NOA AENCTBMEM CWU/T rpaBMTaLMK, NIOTHOCTb €ro LEHTPa/lbHbIX 06MacTell AO/MKHa
pocturate BennuuH nopsagka 100 r/cm3, 4TO NpeBbIWaeT MAOTHOCTbL MAaTWHbI B NATH pas.
MoHATHO, 4TO B LeHTpe Kprorepa 60B aHanornyHblin nokasatenb No KpanHel Mmepe Ha [Ba nopsigka



bonbLue.

OfHakKo NMIOTHOCTb KPAaCHbIX Kap/MKOB — (DOPMEHHbLIN MYCTAK Ha (DOHe KapivKoB 6enbiX.
benble Kap/MKM — 3TO Ma/eHbKMe W O4YeHb ropsune 3Be3fbl, MNpPeACTaBnstoWmMe Co6oW
3aK/IUNTENbHBIA 3Tan 3BOMOLUMN HebeCHbIX CBEeTUN Bpoge Hawero ConHua. TemnepaTypa wx
MOBEPXHOCTHBIX C/I0EB KOME6NeTCs B LUMPOKUX Mnpefenax — OT 5 TbICAY rpafycoB Y «CTapbiX»
XOMOAHbIX 3Be34 0 50 TbICAY Yy «MONOAbLIX» U ropsaumx. 1o macce OHM BMOJHE COMOCTaBVMbI C
CosHuem, a BOT MX MOMNepevyHUK, Kak npasunso, He npesbiwaeT guameTpa 3emnu (npyumMepHo 12 800
KWNOMETPOB). TakuM 06pa3oM, MX CpeaHss MIOTHOCTb AOCTUraeT BenvyuH nopsaka 106r/cm3u
MPEeBbILLAET COMHEYHYKD B COTHWU ThicAY pa3. OavH KybuyecKuidi caHTUMETP BellecTBa 6enoro
Kapimka MOXET BECUTb HECKO/IbKO TOHH. [lepBblil Genblii Kapank 6bin OTKpbIT B 1844 rogy
®pugpuxom beccenem, Korga OH HEOXWUAAHHO OBHapPYXWn aHOMasMn B ABMXeHUM Cupuyca —
cCaMOil ApKOW 3Be3fbl Hawero Heba. Ero TpaekTopusi N0 HEMOHATHOW MpPUYMHE MEepUOAMNYECKN
OTK/IOHANAacb OT CPeAHEero MnosoxXeHus, noatomy beccenb npeanonoxun, 4to Cupuyc BXOAUT B
[BOMHYIO CUCTEMY, TO €CTb MMEeT MacCMBHYHO 3Be3fy-CMyTHWK, a 0b6a CBeTuna obpallaroTcs
BOKpPYr o6Lero LeHTpa Macc. B 1862 rofy B okpecTHOCTAX Cupuyca yaanoch pasrnsferb TYCK/oe
NATHBILIKO, N C TeX NOp APKUIA KOMMOHEHT 3TOI ABOMHON cucTeMbl HOCUMT ums Cupuyca A, a ero
He3HauMTeNbHbIA TEMHbIN cocef, Nony4nn HasBaHwe Cupuyca B.

Cupuyc B — paneko He cambliA MefKWMiA NpefcTaBuTeNb Monynauuy 6enbiX Kap/nkos.
MocKosbKy ero cBeTMocTb B 300 pa3 MeHbLLUe COMIHEYHOM, a TeMnepaTypa NoBePXHOCTU AOCTUraeT
8000 rpapycoB KenbBuHa (Temnepatypa ConHua — 5800 rpagycoB), He cocTaBnsieT 60/bLioro
TPyAa BblUMCINTL ero pasmepbl. Paguyc Cupuyca B fo/mKeH 6biTb 0KOM0 20 ThICAY KUIOMETPOB
(Ha 5 TbICAY KWMIOMETPOB MeHbLle HenTyHa, HO BTpoe 60/bLle 3emsn), a MOCKO/IbKY ero macca
coctaBnseT 95 % maccbl CosHLa, TO CpeAHsas NIOTHOCTL ero BewecTsa paBHAeTca 105r/cm3.

Pasymeetca, Cupuyc B — OTHIOAb HE WUCKNOUUTENIbHOE ABMeHMEe. Bekope Obl1 06HapyXeH
CBEPXMNIOTHbIN CNYTHUK lMpounoHa, noyTtun BAgoe ferde CosHUa, a 3aTeM HaxoAKN X/TbIHYN Kak 13
pora u3obunmna. Ha cerogHaWHM aeHb 6enbiX KapiMKOB 0OHapY>KeHO A0CTaTOMHO MHOro (XOTS
MOUCKN 3TUX Ma/IEHbKUX TYCK/bIX 3Be3[ COMPSXeHbl C HeMabIMU TPYAHOCTAMU), U O
npeaBapuTeNbHbIM OLEHKaM Ha WX [OMK NPUXOAUTCA HECKOMbKO MPOLEHTOB 3BE3[ Hallei
[ManakTnku.

HecmoTps Ha 4yfoBuMLLHbIA pa3bpoc 3Be3AHOr0 HaceneHWs Mo napameTpy MAOTHOCTM — OT
noyTy MOJIHOTO Bakyyma [0 BeNNYMH, CPaBHUMbIX C MIIOTHOCTLKO aTOMHOrO Afpa, MacChbl 3Be3f
pa3NNyaroTca He odeHb cubHO — OT 0,1 maccbl ConHua 4o 100 conHeyHbIX Macc. Takum 06pasom,
camas TshKenas 3Be3fa MacCMBHee CaMOW fIerkoil BCero B Thicavy pas. MNpuyem crefyeT UMeTb B
BMAY, YTO Ha KpaHWX NOMKCaX LUKabl NOMELLAETCA CPaBHUTENIbHO HEMHOIO 3BE34HOM My6MKK,
TaK Kak mMacca Mofasnisitollero 60/blIMHCTBA 3Be3f Konebnetcs B npegenax 0,2-5 COMHEYHbIX
mMacc. Macca — upe3BblUailHO BaXKHasi XapaKTepPUCTUKA, MOCKO/bKY Onpefdenser He TOMbKO
3Be3AHbIin modus vivendi, HO 1 ee NeYyasibHbIN QUHA, @ B U3BECTHOM CMbIC/e — AaXe NMOCMEPTHYHO
cyab0by 3Be3abl. Ho 06 3BoNHOLMN 3BE34, Mbl B CBOE BPEMS NMOrOBOPUM OTAE/NbHO.

A Kak 3Be3gy B3BecUTb? ECiM CO CBETMMOCTbIO, MOKasaTefieM LBeTa W CNeKTpasibHbIM
Knaccom, onpeaenstolmmM XMMUYECKNA COCTaB U TemMMepaTypy MNOBEPXHOCTU HeGECHOrO Tena, Mbl
Xy[0-6e4HO pa3obpanncb, Kak Bce-Taku OnpefenvTb ero maccy? HeszameHUMbIM U 6e30TKa3HbIM
MHCTPYMEHTOM B MOAOO6HbIX CyYasX SBNAKOTCA Y)Ke 3HaKOMble HaM ABOMHbIe 3Be3Abl. [leno B ToM,
4TO U3MEPUTbL MacCy OAMHOYHON 3Be3[bl MPAKTUYECKN HEBO3MOXHO. KOHEYHO, MHTEHCUBHOCTb ee
6necka 1 CNeKTp MOryT pacckasaTb O MHOrOM, MOCKOJIbKY 3aBUCAT OT MacChl, HO BCE XKe XOTesloCb
Obl 3HaTb 3Ty BENMUYMHY HaBepHsKa. K cyacTblo, yoex/aeHHble aHaxopeTbl Bpoge Hawero ConHua
BCTPEYaroTCA CPaBHUTENIbHO PeAKO, Tak Kak B0/bLUMHCTBO 383/ NPEANOUUTAIOT XXUTb B APY>KHOM
KONnekTMBe. Yaule BCero 3T0 MapHble [BOWHbIE CUCTEMbI, pPeXe — TPOWHbIE W  [axe
yeTblpexkpaTHble. Co34aTb KOHCTPYKLMIO 13 TPEX UNWN YeTbIPeX 3Be3[, BeCbMa HeNerko, nockobKy
Takne CMCTEMbl OKa3blBAKOTCA AUHAMUYECKMU HEYCTOMYMBBLIMU. UTOObI CAenatb MX CTabu/ibHbIMM,
TpebyeTcsa CO6GNOCTM psAg YCMOBWIA. TPETUI KOMMOHEHT AO/MKEH 06pallaTbCid BOKPYr TECHOM
[BOMHON CUCTEMbI MO [OCTAaTOYHO LUMPOKON Opbute, HUKOrAa He NpubMXascb Ha paccTosiHue
MeHblLue 8 — 10 paanycoB BHYTPEHHEN «ABONKM». OH caM, B CBOK 04Yepefb, MOXET ObITb 4BOMHOM



CUCTEMOW, 1 Toraa ABe 3TW Napbl OyayT BOCMPUHMMATbL APYr Apyra Kak ToueyHble 00beKTbl. B
MepBOM C/yyae Mbl IMeeM TPOMHYHO 3Be3/y, a BO BTOPOM — YETbIPEXKPaTHYHO. 13-3a 0COGEHHOCTEA
MPOLIECCOB 3B€3[1006pa30BaHMsA CUCTEM OO0/bLLEN KPaTHOCTM B NPUPOAE He CyLlecTBYyeT. [BOiHbIe
3B€3/bl 00pALLLAtOTCS BOKPYF 0OLLEr0 LIEHTPa TSHXKECTU — TaK Ha3blBaeEMOro 6apuLeHTpa, NOCKO/bKY
KaKaasi U3 HUX TSHET OflesiN0 Ha cebs, «pacKaumBas» COCeKY CBOMM FpaBUTALMOHHbLIM MOJEM.
Mo3ToMy, ecin U3BECTHbI MEPUOAbLI 0OpalLleHNst 3Be34 U PacCTOSHMS OT HUX A0 GapuLeHTpa, He
COCTaBMT 60/bLLOr0 TPyAa OAHO3HAYHO BbIYMC/INTL MaCcCy KaXKAoi 3Be3/bl.

CnepyeT ckasaTb HeCKO/IbKO C/I0B O M/I0CKOW [AmarpaMme «CrekTp — CBETUMOCTb» (U
«TemrepaTtypa — CBETMMOCTb»), MOTOMY YTO aCTPOHOMbI LUMPOKO €t MoJb3ykoTcs. MOCKO/MbKY
BMNepBble Auvarpammbl TaKOro Tuna Ctaiv NPUMEHATb AatyaHuH 3. MepullnpyHr n amepukadey, .
H. Paccen, nx 06bI4HO Ha3bIBatOT AuarpaMmamu epuinpyHra — Paccena. Ha ropusoHTanbHOM ocu
3TOW AmarpaMmbl c/ieBa HarpaBo OT/IOXKeHbI CreKTpasbHble Knaccbl 0T O o M, TO ecTb B NOPsAKe
ybblBaHMS TemnepaTtypbl. Ha BepTMKaibHOW OCU CHM3Y BBEPX pacnofnaralTcs CBETUMOCTM, UK
abCoMOTHbIE 3BE3[Hble BENYMHBLI, MO Mepe WX BO3pacTaHus. HesaBucMmo Apyr OT gpyra
epuLINpyHr 1 Paccen 06HapY>Xnnm aMNMPUYECKYO CBA3b MEXAY TeMMepaTypoi U CBETUMOCTBIO.
Kak npaBwno, 3ge3ga TeM fipye, YeM OHa ropsuee, XOTH, KOHEYHO, 6bIBAIOT M WCKIHOYEHUS
(BCNMOMHWTE KpacHble CBEpXruraHTbl). HO B CpeAHeM 3Ta 3aKOHOMEPHOCTb paboTaeT COBCEM
Hennoxo. [lo3TOMy 4YeM JfieBee JNIEXXWUT CMEKTPabHbIA  Knacc McCnefyemMoin 3Be3fbl  Ha
rOpPU30HTa/IbHOM Ocy (CnefoBaTenbHO, YeM 60/blUe ee TemrepaTypa), TeM Bbllle OHa B36MpaeTcs
MO BEPTMKa/IbHOM LLUIKase abCOMOTHbIX 3BE3AHbIX BEIMYNH (CBETUMOCTMW).

Takum 06pa3oM, GOMbLUMHCTBO 3Be3f PacrofioXWINCL MO AMaroHaiM B BUAE LUMPOKOM
Nosiochl, nayLlen OT BepXHEro NIeBOro yrna AvarpaMMbl, TAe Nexany ropsyve n spkue 3sesfapl, K
HVXXHEMY MpaBOMY Yrny, HaceNeHHOMY XO/IOLHbIMU W TYCKIbIMW KPAacHbIMU Kap/iMkamu. 3Ty
LUMPOKYHO AMaroHasIbHYHO IEHTY Ha3Ba/In I1aBHOW NOC/eA0BaTeIbHOCTbHO.

3Be3fbl, fleXawe Ha rnaBHOM MOCNeAoBaTeNlbHOCTI, pacronaraloTcs He abbl Kak, HO
NOAUYMHAKOTCA  OnpefenieHHbIM  npasunam. Cpasy e BbiSIBUIacb  B3aMMOCBS3b — MeXAy
TeMnepaTypori 3Be3fdbl U ee paguycoMm, MOCKO/IbKY OKasalioChb, YTO 3Be3fa C OnpefeneHHOM
TemrnepaTypor NMOBEPXHOCTU HE MOXKET ObITb CKO/Ib YrOAHO GO/bLUOW, a 3HAYNUT, U ee CBETUMOCTb
TOXe YKNafblBaeTCs B HeKue (PUKCMPOBaHHbIE NapameTpbl. Kpome TOro, CBETMMOCTb CBf3aHa C
Maccoit 38e3fbl. Ecnv ngtu BLONb MNaBHOM NOCMef0BaTe/IbHOCTU OT CNeKTpaibHbIX KnaccoB O — B
fo K — M, To maccbl 3Be3f HenpepbiBHO yMeHbLuatoTcs. CkaxeM, y 3Be3f Knacca O macchbl
[OCTUraloT HECKO/bKMX [eCATKOB CO/IHEYHOW, TOrfa Kak Yy 38e3f Knacca B oHu He npesbiwatoT 10
macc ConHua. Hawe ConHue, Kak 1U3BeCTHO, MMEET CNeKTPa/ibHbI Knacc G2, N03TOMy OHO OyaeT
Haxo4uTbCA MOYTU B CepefuHe rNaBHOW MOC/efoBaTe/lbHOCTU, HEMHOIO O/MXKe K ee npaBoMy
HIDKHEMY Kpato. Y 3Be3[, 60/1ee MO34HMNX KNacCOB MAacChl 3aMETHO MeHbLLIE CO/THEYHOM; Hanpumep,
KpacHble Kap/aMku cnekTpasibHOro knacca M nerve ConHua B 10 pa3. Pu3MUeCKy0 NPUUMHY BCeX
3TUX 3aKOHOMEPHOCTEN yAaNoCh NOHATb TOMLKO MOC/E CO3A4aHNS TEOPUM TEPMOSAEPHbLIX PeaKLMiA.

OfHaKo Ha rfaBHyH Moc/efoBaTe/lbHOCTb MOoMafaeT faneko He BCe 3Be3[HOe HaceneHue.
KpacHble ruraHTbl U CBepXruraHTbl (MX TPaAWLMOHHO NPUHATO HasblBaTb KPACHbIMU, XOTA Cpeau
HUX eCTb W XXeNTble 3Be3/bl) 00pa3ytoT OTAeNbHYI0 BETBb, KOTOPas LUMPOKOW NOMOCON pacTeT oT
cepeauHbl FNaBHOM NOCNef0BaTelbHOCTU M YXOAMT B NPaBblii BEPXHWIA YroNn anarpamMmmbl. Ham yxe
XOPOLLUO 3HAKOMbI 3TW 3Be3[bl C OFTPOMHOW CBETUMOCTHIO M HWU3KO TEMMEPaTYPOil MOBEPXHOCTH.
Ha (oHe OCHOBHOW MaccChbl 3B€3[AHOI0 HACENEHWNS TMIaHTOB CPaBHUTE/IbHO HEMHOIO. A B HUKHEM
NEeBOM YI/y AuarpaMMbl pasmMecTUINCh 6enble KapavKu — ropsiume 38e3fbl C HU3KOW CBETUMOCTLHO,
4YTO roBOPUT 06 KX OYeHb Ma/blX pa3mMepax. 3aberas HEMHOrO Briepef, CKaxem, 4to Gesble
Kap/IMKN MpeacTaBsoT CO60M 3aKOHOMEPHbIA (IMHa/IbHBIA 3Tan 3BOSIIOLMM HEKOTOPbIX 3BE3[,
TepMmosfepHble peakumMn B UX Hefpax [aBHO YXXe He MAYT, U OHW MeAsleHHO OCTbIBalOT. WTaKk,
HanpaluMBaeTCsl BbIBOA, YTO W KpacHble ruraHTbl, W O6efble Kap/MKM — 3TO CBOEro pofja
NMPOV3BOACTBEHHbIE OTXOfbl, OMpefesieHHas CTagusa 3BOMOLUMM 3Be3f[, MOKUHYBLUMX [/1aBHYHO
nocnefoBarefibHOCTb. A MOCKOMbKY BOMPOCbl >XM3HW W CMEpPTU — OAHWM U3 Hambornee
XXMBOTpPEMNeLLYLLMX, HacTano BPpeMsi NOBAVKe NO3HAKOMUTLCA C POXKAEHVEM M 3BOMHOLMEN 3BE3A,



Mo coBpeMEeHHbIM MpPeaCcTaBeHNAM, 3Be3/bl POXAAKTCA BHYTPY ra3oBO-MblIeBbIX 00/1aK0B,
KOTOpble  HAYMHAIOT  CXKMMATbCA MOL  [eCTBMEM  COOCTBEHHbIX TpPaBUTALMOHHBIX  CUIL.
Mex3Be3fHas cpefa TOMbKO Ha NepBbld B3NS4 KaKETCA HUYEM HE 3arofIHEHHbIM MYCTbIM
MPOCTPaHCTBOM, a B [AeACTBUTE/IbHOCTN OHa COAEPXUT 3HAYMTE/IbHbIE KOMMYECTBA rasa W Mbliu,
KOTOpble pacnpeenstoTcs BeCbMa HepaBHOMEPHO. BosibLue BCero rasa v nbliv KOHUEHTPUPYETCS B
raNakTUYeCcKMX CNupabHbIX pyKaBax, U 34ech XXe 06HapY)XXM1BarOTCS Tak Ha3blBaeMble accoumalmm
MOSIOAbIX 3B€3f, 4YTO ABMASETCH [AOMNOMHWUTENbHBIM aprymMeHTOM B MOJb3Y WX POXAEHUA U3
ra3oBo-MblNeBbIX 0671aK0B. MOMUMO MONEKYNSPHOr0 BOLOPOAA ¥ aTOMapHOro refins, Takme obnaka
COZiepXKaT MeJIKMe 4acTuLbl KOCMUYECKON MblIN, CNOXKEHHble 60/iee TSHKENbIMK 3nieMeHTaMu. A
XOTS HUKOMY eLLle He yAanioch OT Havana [0 KOHLA NpocneanTb Bee (has3bl (hOpMMPOBaHUS 3Be34bl, B
caMoM 06LLEeM BMAe 3TOT NPOLLECC MOXHO NPeACTaBUTb CeLyoLM 06pa3om.

Mocne 060c0O6/1EHNA M YNIOTHEHUS (PparMeHTa o6/1aka HacTynaeT (asa ero ObICTPOro
okatua. TNOTHOCTb CrycTKa CTPeMMTeSIbHO pacTeT, a ero Mpo3pavyHOCTb HEYKIOHHO Majaer,
MO3TOMY HaKar/MBatoLLeecs Terna0 He MOXET ero NOKUHYTb, U CTYCTOK HayMHaeT pa3orpeBaThbCs.
Pagunyc Takoli MpoTO3Be3fbl HAMHOIO MPEBOCXOAMT paaumyc COnHUA, HO OHa MPOAO/MKaeT
OKMMATbCA, MOTOMY YTO [aB/eHWe rasa W TemrepaTypa BHYTpUM o06naka He B COCTOSAHUU
YPaBHOBECUTb FpaBUTaLMOHHbIE cubl. Koraa TemnepaTypa B LEHTpPe NpOTO3Be3Abl AOCTUraeT
HECKO/IbKUX MW/IZIMOHOB rpajycoB, B €e Hefpax BCMbIXMBAOT TEPMOSAEPHbIE pPeakuun CUHTE3a.
TemnepaTypa 1 AaBneHne NPOLO/MKAKOT PacTu, U HACTyNaeT TaKO MOMEHT, KOrAa OHW HauyMHaKT
3(P(heKTUBHO MPOTUBOLENCTBOBATL CU/laM rpPaBUTaLMOHHOIO CxaTus. MpoTo3se3fa CTaHOBUTCA
MONHOLLEHHOIA 3Be3/10/ 1 I0BO/IbHO BbICTPO «CaAUTCS» Ha FMaBHYH NOCNEA0BATENIbHOCTb.

UTobbl «npobexaTb» CamMytd paHHIOK (hasy CBOell 3BOMIOLMM, 3Be3de TpebyeTtcs
CpaBHUTENIbHO HEMHOro BpemeHW. CKOpOCTb MOSIB/IEHMS Ha CBET 3aBMCMT OT Beca M/adeHua.
TsKenble 3Be3[4bl POXAAtOTCA ropasfo ObicTpee nerkmx. Hanpumep, y Hawero ConHua, no
HEKOTOPbIM OLEHKaM, YLIA0 Ha 3TO Aeno npumepHo 30 MWAAMOHOB NeET, a 3Be3fbl, BTPoOe
MPeBOCXOSALLME ero Mo Macce, BbICKaKMBaKOT Kak M3 NYLLKN — BCero nLwb 3a 100 Tbicay net. A BOT
Y KpacHbIX Kap/IMKoB, Macca KOTOPbIX Ha MOPSLOK MeHbLUE CO/THEYHOM, POAbl PacTArMBatoTCs Ha
COTHW MWNIMOHOB NET, HO 3aTO W >XMBYT Takue 3Be3dbl HaMHOro Aosblie. Macca 3Be3fpl
onpegensieT He TOMbKO 06CTOATENLCTBA €e MOSB/IEHUS Ha CBET W MepBble Lary B 3TOM MUpe, HO U
HaknafblBaeT BMACTHbI OTNeYaToOK Ha BCHO ee MocneayroLlyto cyasby. Ho cHadana pasbepemcsi C
npoueccamn, MPOTEKAKOWMMN B 3BE3AHbIX Heapax, KOTopble 06ecneyvBaldT HOBOPOXAEHHON
6e36e/HOe CyLLeCTBOBaHMe.

Jllobas 3Be3da NpeAcTaBnseT  COO0M  caMOperynvpylowpuincs  SAepHbId  peakTop,
obecneumBaroLnii  ANUTENbHOE M CTabWbHOE MPOM3BOACTBO 3Heprun. B 3Be3aHbIX Heapax
HabmparoT 060pOThI peakLMn TEPMOSAEPHONO CMHTE3a, B XOA€e KOTOPbIX BOAOPOA MpeBpaLLaeTcs B
refinia, a TOT, B CBOKD OYepepb, MO3TanHO TPaHC(HOPMMPYETCS BO BCe 60/ee TSXKENbIe 3NEMEHTLI.
OCHOBHOI1 AfepHbI LKA 3Be34bl — 3TO NpeBpaLleHne BOAOPOAa B refinid, NOTOMY YTO BOAOPOAA B
MPOLEHTHOM OTHOLLEHUN B ee cocTaBe 60sbLue Bcero. Hanpumep, Hawe ConHue, 61arononyyHo
MPOXMBLLEE Ha 6e/0M CBETe OKOM0 5 MUNAMapgoB NeT, COAePXMT YyTb 6onblie 80 % Bogopoaa.
OcTanbHble 20 % NpUXOAATCS Ha renuini U apyrve, 6onee TsKenble 3MEMEHTbI, HO renus,
pa3ymeeTCsi, HeconoctaBumo 6Gonblue. TpaHchopmaums Bogopoda B rennii B OCHOBHOM
OCYLLECTBNISETCA 4Yepe3 TaK HasblBaeMblii MPOTOH-NPOTOHHbLIA LMK, & MOCKO/IbKY OH O4YeHb
MeANEHHbI, TO 06ecneunBaeT cTabuabHOe ropeHne 38e3abl Ha NPOTHKeHUM 10 MunnnapaoB net. B
[ebpy PU3NKO-XMMMUYECKMX MPOLLECCOB, COBEPLLAOLLMXCA B Hefgpax 3Be3f, Mbl HE MOe3eM, a
OTMETVM TO/IbKO, YTO BPEMS XXM3HW 3BE3[bl HA [NTaBHON MOC/eA0BaTENbHOCTY (TO €CTb MEpMog, ee
OTHOCUTE/IbHO CMOKOMHOIO CYLLECTBOBaHMS) 3aBUCUT B MEPBYIO OYepedb OT ee MCXOAHOM Macchl.
Hawemy ConHuy 1 NoA06HbIM eMy 3Be34am YrotoBaHa 4onras U pa3mMmepeHHast XXu3Hb (He MeHbLLe
5 MMNAMapAaoB NeT), a KpacHble KapavKm NPOXXUBYT eLLe JONbLue.

Jllobas 3Be3fga nNpeacTaBnsieT CcOO0M  packaieHHbI Mna3MeHHbIA  wap (renveBble U
BOAOPO/AHbIE NMa3Mbl, KakK BbIpaXXatoTCsi acTpothm3nKm), a OyLuyroLme B ee Heapax TeEPMOSAEPHbIe
peakL 1 UrparoT ABOSKYHO PO/b: BO-MEPBbLIX, MOAAEPXKMBAOT HA HEO6X0AMMOM YPOBHE AaB/eHNE U
TemnepaTypy, KOTOpble MPOTMBOCTOAT rpPaBUTALMOHHOMY CXaTuk, a BO-BTOPbIX, 060rawiatoT



3Be3y TSHKEbIMU 3/ieMeHTaMun. CpefHUIA XMMUYECKNIA COCTaB HapyXXHbIX C/IOEB 3Be3/bl BbIMISANT
npumepHo Tak: Ha 10 TbicAY aTOMOB BOZOpOZa Mpuxoautcs 1 TbicAya aTOMOB renus, 5 aToMOB
Kucnopopga, 2 atoma a3oTa, oAuH atoM yrnepoga v 0,3 atoma »enesa. OTHOCUTENbHOE CofepXXaHune
OPYrux 3MeMeHTOB elle MeHblle. OAHaKO HaKOMMeHWE THKENbIX 3/1eMeHTOB (a 6e3 HuxX
HEBO3MOXHO BO3HUKHOBEHWE MN/aHeT 3eMHOro Tuna W, No BCeW BUAMMOCTW, XXWU3HW) Hambosee
aKTMBHO MPOMCXOAMT B MacCMBHbIX 3Be3Jax, KOTOpble OWYTUMO Tsxenee ConHua. enmin B
LleHTpax TaKuX 3Be3] HauyMHaeT MpeBpallaTbCAd B 3/1IEMEHTbl Yr/iepoAaHoro uukna (yrnepog,
K1CNopof, asoT M T.[.), @ OHW, B CBOK O4epefb, TPaHCHOPMMPYIOTCS B ellle 60/ee THXKesble
aNemMeHTbl BNIOTb A0 >kenesa. Hawe ConHue, Kak M3BECTHO, CPaBHUTENbHO HEOO0/blUas 3Be3fa
(KenTblil KapMMK crekTpanbHOro knacca G2), M pacyeTbl MOKasbIBaOT, YTO e€can 6bl OHO
nepBoHavanbHO Ha 100 % cocTosno M3 Bogopoda, emy noTpebosanocb 6bl He MeHee 20
MWNINapPL0B NeT, 4To6bl LOCTUYL COBPEMEHHOrO COOTHOLUEHMS BOAOPOLA, rFenuns u Apyrux
3NeMeHTOB. Mexay TeM COMHEUHbIA «BEK» HaCUMUTLIBAET He 60/bLUe 5 MUNNnapLoB netT. Kakum xe
o6paszom CosHUY yAanocb CTO/b ObICTPO 060raTUTLCA TSHKE/bIMU 3/IEMEHTAMU, EC/IN ero Macchbl
[191 3TOr0 ABHO HEJOCTaTOUYHO?

UTobbl OTBETUTL HA 3TOT BOMPOC, HY)XHO MOCMOTPETb, YTO MPOMCXOAUT CO 3BE3[aMU Ha
rnaBHoM nocnefosaTeNbHOCTU. Kak Mbl MOMHMM, HaxXOAACb Ha [/IaBHOM MOCNef0BaTeNbHOCTH,
3Be3fa CTabunbHO U3/y4aeT Ha MPOTSXKEHWUU [O/ITOro BPEMEHUW, W ee MOJMOXKEHNE Ha guarpammve
«CMEKTP — CBETMMOCTb» He MeHsieTcsl. OiHaKO pacxXof BOAOPOLHOr0 TOMMBA, MOAAEPKUBAIOLLNI
TepMosLepHbIe peakuun CUHTe3a B Heapax, HEOAMHAKOB Y pasHbIX 3Be3f. 3Be3fbl, CPaBHUMbIEe C
CofiHUeM no macce, >XMBYT BeCbMa 3KOHOMHO, MO3TOMY 3arnacoB BOZOPOAa UM XBaTUT HaLO/ro.
KpacHble Kapnmkun — eLe 60/bLIMe CKPArn: 6epeXkHO cUMTas KaxXAblid FPOLL, OHW MPOXUBYT BABOE,
a TO 1 BTPOe-BYETBEPO o/bLue Hawero ConHua. A BOT MacC/BHbIe 3Be3fbl — BENMKNE TPaHXUPbI U
MOTbI: CaMble TSHKe/ble U3 HUX OYAYyT HaXOAUTLCA Ha F/laBHOM NOCNef0BaTe/IbHOCTU BCErO NWLLb
HECKO/IbKO MW/ISIMOHOB /1ET. BypHas XW3Hb B MOJIOAbIE FOAbI MPUBOAUT K paHHeW CTapocTy.

UTO >Xe NponCXoamnT CO 3Be3L0W, Korfa Becb (Mv NOYTU BECb) BOAOPOA B €€ fApe BbIropaeT?
Korga BogopogHOe TOMAMBO MOAXOAUT K KOHLY, A4PO 3Be3[bl HauMHAeT CXMMAaTbCA, a ero
Temnepatypa CTpemMuUTe/NIbHO pacTeT. B pesynbTate (opmmpyeTcsa O4veHb MOTHasd W ropsyas
o6nactb, cocToslas M3 renms ¢ HeGONbLIOW MNPUMeCHI0 60nee THXKeNbIX 3/1eMeHTOB. a3 B
NoA0BHOM COCTOSIHUW Ha3blBAETCA BbIPOX/AEHHbIM. B LeHTpasibHOM YacTu aapa saepHble peakuum
MpPaKkTUYecK OCTaHaBIMBAKOTCA, HO [OBOMIbHO aKTWBHO MNPOAO/HKAOT MNPOTeKaTb Ha ero
nepudepun. 3Be3fa HauyMHaeT ObICTPO pa3byxaTb, MYyXHYTb Kak Ha [ApPOXOKax, a ee pasmepbl U
CBETMMOCTb 3HAUYUTE/IbHO YBENNYMBAKOTCH. 3Be3fa CXOAWUT C [N1aBHOW MOCNefoBaTe/lbHOCTU U
npeBpaLwaeTcs B KpacHbIi FMraHT C TemnepaTypoil MOBEPXHOCTW OKOMO 3 ThiCAY FpadycoB
KenbBuHa.

OfHako B UEHTpa/lbHbIX  06MacTAX  pacnyxiwlerd  3Be3dbl  Fenvwin  NpoaomkaeT
TpaHChopMMPOBaTLCA B YI/NEPO4 WM KUCIOPOZ BMOTb [0 CaMbIX TXKENbIX 3MeMEeHTOB. UTO
Npon3oiaeT, Koraa renveBoe TOMMBO TOXE 3aKOHUMTCS, KaK BOAOPOA Ha npeAblayllem aTane?
[anbHenwmnin xoa cobbITUIA 3aBUCUT OT MepBOHaYaNbHOM Maccbl 3Be3fbl. Ecnn oHa Obina
HebonbLION Bpofe Hawero CofHUA, BHELWHMWE cnouM cOpacbiBaloTCs, 06pasys nniaHeTapHyo
TYMaHHOCTb (pasnetarolieecs 06/1aKko rasa), B LlEHTPe KOTOPOW 3aropaeTcst Y>Ke 3HaKOMbI Ham
Oenblil KapaMK — ropsyas 3se3fa pasMepom MNPUMEPHO € 3eMSIK0 M C Maccoil nopsigka Maccol
ConHua. CpefiHss NIOTHOCTb BeLLecTBa 6e/10ro Kap/imka coctasnseT 106r/cm3.

benble KapnvMkM — BecbMa /I060MbITHbIE 00bEKTbI. [peAcTaBnss co6oi, Mo cyTu Aena,
MepTBYIO 3Be3gy (TepMosfepHble peakuuy [aBHbIM-AaBHO COLUIN HA HEeT), OHW MPOAO/HKAIOT
13NyyaThb, a FpaBUTaLMOHHOE CXKaTue TEM HE MEHee He B Cu/iax NpeofonieTb NPOTMBOAENCTBYHOLLEE
eMy BbICOKOe [aBfieHne. Cpasy >Xe BO3HWMKaeT BOMPOC: OTKyda 3TO AaBneHue OGepeTcs, ecnu
TemnepaTypa BHYTPeHHUX 06nacTeli 3Be3Abl CpPaBHWUTENbHO HEBbICOKA (AENCTBUTENbHO Tak), a
TepMosLepHbIe peakumu npukKasaim JoNro Xutb? Bo BCeM «BUHOBATbI» NapafoKCa/ibHble 3aKOHbI
KBaHTOBOW MexaHWKW. [log AelcTBMEM rpaBuTauun BELLECTBO 6enoro Kapnivka YnnaoTHSEeTCS
HaCTO/IbKO, 4YTO aTOMHble ffApa OyKBa/IbHO BTUCKMBAKOTCA BHYTPb 3/1IEKTPOHHbLIX 0060/104eK
COCEAHNX aTOMOB. ONIEKTPOHbI YTPauMBalOT UHTUMHYKO CBSi3b CO CBOMMW POAHLIMW aTtoMamu w



HauMHaOT CBOOOAHO MYTELLIECTBOBATb B MEXATOMHbIX MYCTOTax Mo BCEMY NPOCTPaHCTBY 3Be3[bl, B
TO BpeMs Kak rofible sgpa 006pasyloT YCTONUMBYIO XKECTKYH) CUCTEMY — Hekoe nogobue
KPUCTa/IMYECKON peLLeTKN. Takoe COCTOAHME Ha3blBAeTCA BbIPOXAEHHbIM 3/IEKTPOHHbIM ra3oMm, v
X0TA 6efbli KapaMK MPOLO/HKAeT OCTbIBaTb, CPEAHSS CKOPOCTb 3MEKTPOHOB YMeHbLUAThCA He
AyMaeT. 10 3aKOHam KBaHTOBOW MeXaHUKW, Yem 6/vmke Apyr K Apyry HaXxoAATCA 3/1eKTPOHbI, TeM
CU/bHee LO/MKHbI Pas/inyaTbCs MX CKOPOCTW, M3 Yero credyeT, 4To 6o/blias YacTb 3/1EKTPOHOB
OyfeT ABuratbcs o4eHb 6bICTPO. MocnyLaem (U3NKOB:

Takoe KBAHTOBOMEXaHMYECKOe ABMXKEHNE HNKaK He CBA3aHO C TeMHepaTypoﬁ BeLlecTBa, OHO
CO34aeT [aB/ieHue, Ha3blBaeMOe [aB/IeHWEM BbIPOXKAEHHOIO 3/1EKTPOHHOrO rasa. Y 6enbix
KapJ/INKOB MMEHHO 3Ta ChJia ypaBHOBELLMBAET CUMY UX CO6CTBEHHOW rpaBuUTaLnn.

Takum 06pa3oM, Gefble KapMKU Kak Obl «BbI3PEBAOT» BHYTPU KPaCHbIX FUFAHTOB W
NpeacTaBnAT CO60M 3aK/MOUNUTENbHBIA 3Tan 3BOMOUMM BGOMbLUMHCTBA 3Be3f. OTO MepTBble,
MOCTEMEHHO OCTbIBAKOLLME MUPbLI, BHYTPM KOTOPbIX BECb BOAOPOA BbIrOpen, a sAepHble peakuum
npekpatunncb. Mexzay npoumm, B OTAaleHHOM ByAyLleM Takas He3aBuUAHas yvacTb MOCTUMHET W
Hawwe CosnHue. Kak nokasblBatoT pacyeTbl, MPUMEPHO Yepe3 5—-6 MUNIMapa0B IET OHO COXOKET BECb
BOZOPOZ W NPeBPaTUTCA B KPAaCHOro rMraHTa, yBe/IMUYmnB CBOK CBETUMOCTb B COTHM pas, a paguyc —
B AE€CATKW. JIH060MbITHO, YTO NOAOGHYO 3BO/OLMIO HALLErO CBETWUNA NpefcKasan MepbepT Yannc B
poMaHe «MaluvHa BpeMeHU». Ecnn Bbl, unTatenb, NMOMHUTE, ero MyTelweCcTBEHHUK MO BpeMeHU
yBUAEN B AaleKOM Byayuiem orpomHoe 6arposoe CosHLe B NonHe6a, nosucllee Hag MyCTbIHHbIM
mopeM. OTKPOBEHHO rOBOPS, Y3//IC HEMHOrO O6MULLYPU/ICA, MOCKOMbKY pacnyxiee CosnHue
AOMKHO 6bIN0 HAarpeTb MOBEPXHOCTb 3eMAN [0 HECKOMBbKMX COTEH rpagycos no Llenbcuto, Tak uto
MyTeLlecTBOBaBLUMIA BO BPEMEHUN U3XKapWcs Obl 32KMBO BMECTE CO CBOMM HEYK/HOXUM arperaTom.
Ho He 6ygem LennaTbcs K KNaccuky no Mefodam. Ha ctagum KpacHoro ruraHta ConHue npoXXueeT
HECKO/IbKO COTEH MU/I/IMOHOB JIET, & NOTOM COPOCUT 060/104KY M NPeBpaTUTCa B 6e10ro Kap/imka.

A Kak noBefeT cebsi 60/1ee MaccuBHas 3Be3[a Nnocne ucyepnaHusa renna? Ecam ee HavanbHas
macca bbina 6onbLue 8 — 10 COMHEeYHbIX Macc, B LeHTpe 3Be3fbl (hopMUpYeTCs /TyKOBULe0bpasHoe
AP0, COCTOALLEE U3 TSHKENbIX 3/IEMEHTOB, OKPYXXEHHbIX CNOSIMM 13 6osee Nerknx. B HeKoTopbIi
MOMEHT TaKoe S4p0 TepsieT YCTOMUMBOCTb U HAUMHAET KaTaCTPOPUUECKM CXXMMATLCS. ITO ABNEHME
MPVHATO Ha3blBaTb FPaBUTALMOHHbLIM KONTancoM. B 3aBMCMMOCTI OT MaccChl gapa ero LeHTpaibHas
yacTb MO0 MpeBpaLLAETCA B CBEPXM/IOTHbLIA 06BLEKT — HEMTPOHHYHO 3Be3Ay, NMM60 Konnancupyet
«[10 yrnopa», 06pa3ys YepHyto ablpy. Yyao0BuLLHAA rpaBUTaLMOHHasA 3HEPrus, KOTopas BblaenseTcs
B X0fe CXaTus, CpbiBaeT 060/104KY M BHELLHIOK YacTb f4pa, BblOpacbiBas UX HapyXXy C BbICOKOM
CKOpOCTbto. poncxoanT rpaHAMO3HbIA B3pbIB, COMPOBOXAAMOLLMIACS POXKAEHVWEM CBEPXHOBONA
3Be3fbl. Ham He W3BECTHbl KOCMWYECKME KaTaknM3mbl 00/ee MacliTabHble, Yem BCMbILLKM
CBEPXHOBbIX; B TEYEHMEe HEKOTOPOro BPEMEHW Takas 3Be3fda CBETUT sApye Lol ranakTUKW.
MocTeneHHO cOpoOLleHHas ra3oBas 000/104Ka OCTbIHET W 3aTOPMO3NUTCA (B MEX3BE34HOM
MPOCTPaHCTBE MHOIO PaspeXKeHHOro rasa), a Co BpeMeHeM COPMUPYET ra3oBO-MblfieBOE 06M1aKo, B
KOTOPOM YAeNbHbI BEC TSHXKENbIX 31EMEHTOB 6yAeT BeCbMa OLLYTUM. OOBACHAETCA 3TO TEM, YTO B
TeYeHne CBOEN KOPOTKOW, HO GYPHOIA XXM3HM MacCCKBHas 3Be34a ycrnena HakonmuTb MHOMO TSHKESbIX
3/1IeMEHTOB BMNJIOTb [0 >Ke/fe3a, HEKOTopas YacTb KOTOPbIX Y/eTena B MeX3Be34HOe NpOoCTPaHCTBO
BO Bpemsi B3pbiBa. Korga rasoBo-nbifieBoe 061ak0 HayHET KOHAEHCMPOBATbCS MO AeNCTBMEM
rpaBUTALMOHHBLIX CWA, BHYTPU HEro MOXET BCMbIXHYTb HOBasi 3Be3da. [1ogo6Hble 3Be3Apbl,
POAMBLUMECA HAa PYMHaX MPEXHWX, NPUHATO Has3blBaTb 3BE3A4amy BTOPOro MOKOMEHWS, U Halle
ConHug, Noxoxe, Kak pa3 0THOCUTCS K YACNY MMEHHO TaKmnX 3Be3[.

Takum o6pasom, B Npupofe HabMAaeTCs HEKOTOpas MPEeeMCTBEHHOCTb: MacCUBHbIE 3Be3/pbl
MepBOro MNOKONMEHWS rMOHYT, oborawjas MeX3Be3gHOoe MNPOCTPaHCTBO TSKE/bIMU 3EMEHTaMMK,
KOTOpbIE CMyXaT CTPOUTENbHbIM MaTepuasioM A8 3Be3f BTOPOro MOKO/eHWs. Bce xumuueckume
3NleMeHTbI TsHKesiee rens 06pasoBaIvCh B 3BE3AHBbIX Heapax B XOAe TepMOALEPHOro CUHTE3a, a



camble TAXKENble 3/1eMeHTbl BO3HUK/IM NPU BCMbILIKaX CBEPXHOBLIX. Y 3eM/In eCcTb Xene3Hoe A4po,
Ha KOTOpPOE MPUXOAMTCH OKOMIO TPETM ee MacChl, TaK YTO MOXXHO MPUBIN3NTENBHO MPUKUHYTH,
Kakoe KOJIMYECTBO >Kenes3a BbIM/HOHYNAa AOMCTOPUYECKass CBEPXHOBasA 5 MWNMAPLO0B /NIET TOMY
Hasaj. Bce, UTO Hac OKpy)KaeT Ha 3emsie, fa U caMa 3emna — 370 3Be3HOe BELLEeCTBO, AOCTaBLUIeecs
Ham B HacneacTBo. MOXHO CKasaTb, YTO AfepHble peakLuu B Heapax 3Bes3q — rnaBHas NpuyvHa
pa3HoO6pa3ns OKpyXKatoLlero mvpa. B fganekom npowwsiom BO BceneHHOM TsXKenbIX 31eMEeHTOB
OblNO ropasfo MeHblle, 4Yem ceivac, O YeM CBUAETE/IbCTBYHOT [aHHble HabnoaaTeibHOM
acTpoHomuu. CMeKTPOCKOMUYECKME WCCNeA0BaHUA MOKasav, 4YTO 3Be3gHas MybnvMka CUIbHO
pasnnyaeTcAd MO CBOEMY XMMWUYECKOMY COCTaBy. Hanpumep, ropsuve MacCUBHble 3Be3fbl,
KOHLEHTPUPYIOLLMECS B ralakTUYeCKOR NIOCKOCTU, B HECKO/IbKO [LECATKOB pa3 6orave THXKenbiMu
a/leMeHTaMK, YeM 3Be3/bl LIapPOBbIX CKOM/EHWI, NeXallmx 0KOo LeHTpa ManakTuku.

Benbllwka CBEPXHOBOM — O4YeHb pefKoe siBfieHWe. 3a MOCMeAHION ThICAYY fleT B Hallel
["anakTnke BCMbIXHYNO BCEro Tpu CBepxHOBbIX — B 1054 roay, B 1572 rogy u B 1604 rogy.
CsepxHoByto 1572 rofa, BCMbIXHYBLUYK B co3Be3ann Kaccuonew, Habnogan AaTCKuiAi aCTpPOHOM
Tuxo bpare. B nepnof makcrMyma CBOero 6necka oHa cusna sipye BeHepbl. CBepxHoBas 1604
rofa yctynasna B ApKOCTY 3Be3fe Tuxo bpare, HO BCe e 1 OHa B MakCUMyMe 6/1ecka conepHuyana
¢ FOnutepom. OHa 3axrnacb B co3Be3aun 3meeHocla, 1 ee Habntoganu MoranH Kennep u Manvneo
anuneid. Yto Kacaetcsa ceepxHoBol 1054 roga, TO O Heil COXPaHMANCb YNOMUHAHUA B KMTaNCKMX
XPOHUKAX, M3 KOTOPbIX CreAyeT, YTO OHa Oblna BMAHA AaXKe [AHeM, a B MakcMMyMe Onecka
MHOTOKpaTHO npeBocxoguna BeHepy. CerogHa cuutaetcs, yto KpabosupHas TyMaHHOCTb B
co3ge3ann Tefbla U HaxogAaWwmiica B Held nynbcap (6bICTPO BpaLLaroLasca HeWTPOHHas 3Be3/a)
SABNAOTCA OCTaTKamy cBepxHoBol 1054 roga. KpaboBmaHas TyMaHHOCTb — 06/1aKo KNy6sLLerocs
rasa, NpoHM3aHHOE pBaHbIMU HUTAMU, — XOTb U Mef/IeHHO, HO BMOJIHE OTHYET/IMBO Pacnon3aeTcs no
Heby. Kaszanocb 6bl, HMYero OCOGEHHOro, HO MOCKO/IbKY PacCTOsiHME A0 3TOM TYMaHHOCTU
NPEeBbILLAET 4 ThICAYM CBETOBbLIX /IET, 3TO 03HAYAET, YTO CKOPOCTL pasfeTa ee ra3os gocturaet 1500
KWNOMETPOB B CeKyHZY. Mexay TeM CKOpOCTb OObIYHbIX ra30BblX TYMaHHOCTeW B Hallel
anakTuke He npe.biwaeT 20-30 KMIOMETPOB B CEKYHAY. TO/IbKO YYAOBULLHBIA NO CUe B3pbIB
MOr COO6LLMTb Macce rasa CTo/Ib BbICOKYH CKOPOCTb.

XOTA BCMbIWKA CBEPXHOBLIX — fB/IeHWe BecbMa pPefKoe, Mo Mepe COBEPLLEHCTBOBAaHMA
TEXHUKM aCTPOHOMMYECKMX HaBGMOAEHMIA UX CTann 0OHapyXXMBaTb BCe Yallle M valle. ManakTuk
HaCUMTbIBAETCA [JeCATKN MWINMapLoB, W rhe-HWOyAb CBepxHOBas 00s3aTeNlbHO BCrbIXHET. A
MOCKOMIbKY B MakCUMyMe CBOero 651ecka OHW CrnocOoOHbl 3aTMeBaTb ranakTuKy, B KOTOPOIA
38KIUCb, UX MOXXHO YBUIETb Ha TaKMX PacCTOAHUAX, KakuUe TOMbKO [LOCTYMHbI COBPEMEHHbIM
Teneckonam. Hanpumep, cBepxHoBas S AHAPOMe/bI, BCMbIXHYBLUAsA B 3TON ranaktuke B 1885 rogy,
nvena abCoMTHYH 3BE3AHYI0 BeMUYMHY MUHYC 19, M3 4Yero cnefyet, yYTto ee CBETUMOCTb B
TeyeHne KOPOTKOro BpemeHu B 10 munnvapfos pas npesbiwana ceeTumocTb ConHua. Ee paxke
MOXHO 6b1/10 BUAETb HEBOOPY)XXEHHbIM I1a30M Kak O4eHb Cnabyto 3Be304KY 6-/ Be/IMUMHbI, a Beflb
TYMaHHOCTb AHAPOMeAbl OTAENAT OT Hallei [anakTUKM NodTu 2 C MOMIOBMHOW MUNMOHA
CBETOBbIX NeT. B Halwm AHWN B ApYrnx ranaktukax OTKPbIBAOT HECKO/IbKO AEeCATKOB CBEPXHOBLIX B
rofd.

XOTA BCe BCMbIWKN CBEPXHOBBIX NPEACTaBMAIOT COO0A (PUHAMBHBIN 3Tan >XWU3HU 3BE3[pbl,
aCTPOHOMbI BbIAENIAT HECKO/IbKO UX TUMOB B 3aBUCHMMOCTI OT XapakTepa CrekTpa U CBETUMOCTMN.
OOGbIYHO FOBOPAT O ABYX TUMax 3TUX peakux 3se3fn. CBepxHOBble | TMMa — cTapble N He OYeHb
MaCCVBHble 3Be3[bl, BCMbIXWBAKOLME KaK B 3MMNTUYECKMX, TaK U B CNUPA/IbHbLIX raslakTUKax.
MOLLUHOCTb  M3Ny4YEeHUS CBEPXHOBBLIX 3TOr0 TWMa O0COOeHHO Benvka. CeepxHosble Il Tuna
CBA3bIBAKOT C MOMOALIMM MaCCUBHbIMW 3Be3[amMu, ObICTPO «MPOGEXKABLLMMI>» CBON 3BONHFOLMOHHbIN
nyTb. MIX 0OHapy>XMBalOT B pyKaBax CMMpPa/ibHbIX rafakTuK, rae npoo/HKatoT UATW NpoLecchl
3Be3/1006pa30oBaHuA, a B 3//IMNTUYECKNX ralakTKax OHU He BCMbIXMBAKOT HUKOT Aa.

OT CBepXHOBbIX CfeAyeT OT/MYaTb 0OblYHble HOBble 3Be3dbl. OHW  BCMbIXMBAKOT
CpaBHUTENbHO YacTo (0Kono 100 BCMbIWEK B rof B Hallei [ManakTuke), a MOLLHOCTb U3YYeHWS
3TWX 3BE€3[, B ThICAUYMN N [AECATKN ThICAY MeHbLUe. Bce 6e3 UCKNHYeHNA HOBbIE SABNAKOTCSH TECHBIMM
[BOMHbIMW CMCTEMAaMM, KakK MpaBW0, COCTOAWMMM U3 GENoro Kap/ivka M HOPMasibHOW 3Be3fpbl.



MHnumaTopom B3pbiBa 00bIYHO CTAaHOBUTCA G€Nblid KapauK, CropesLUas 40TNa 38e34a, OT KOTOPOW
OCTa/ICs TONbKO Menen LaBHO NPEeKPaTMBLLMXCA TEPMOSLEPHBIX peakuunid. V3-3a 61130cT Mexay
KOMMOHeHTamM/ [BOAHOW CUCTEMbl BELLECTBO MOBEPXHOCTHbLIX C/I0EB CMYTHMKA MepeTekaeT Ha
Oenblil KapanMK, U KOrga ero Hakan/jvMBaeTCAd MHOro, TePMOSAEpHble PeakuuMnm MOryT 3aXKeybCs
BHOBb. poLecC HOCUT BCMbILEYHbIA XapakTep W HarnoMWHAeT B3PblB MMraHTCKOM BOAOPOLHOM
60oM6bl. Ha MpOTSHKEHUU HECKONbKMX YacoB WM CYTOK 3Be34a LOCTUraeT mMakcumyma 6necka, a
3aTem Ao/rve Mecsiubl UnuM aaxke rofdbl MefneHHo yracaeT. Macca copoLueHHO 060104KM BCerga
3HAUMTE/IbHO MeHbLLE MacChl CaMOI 3Be3fbl, TaK UYTO OHAa He paspyLuaeTcs MNpu B3pbiBe, Kak
CBEpPXHOBasA, a OCTaeTCsA B Le/IOCTU U COXPAHHOCTU. TMPUHATO cunTaThb, YTO HOBble TepstoT 1/100
000 cBoel Macchl, TOrja Kak y CBepXHOBbIX | TMNa 3TOT nokasate/b Konebnerca B npegenax ot
1/10 po 9/10, a y cBepxHoBbIX Il Tvna — ot 1/100 go 1/10. Mo npoLlecTsuMM OMNpeseneHHOro
BPEMEHUN HOBas 3Be3[ja MOXET BCIbIXHYTb MOBTOPHO (MHOrAa 3TO MPOUCXOAUT Yepe3 HECKO/bKO
pecATuneTnin). CBepxHoBble 3Be3/bl MOBTOPHO He 3a)KMratoTCs HAKOT Aa.

WTakK, nocne KaTacTpogMyeckoro B3pblBa MAacCMBHON CBEPXHOBOW OCTAeTCA KPOXOTHbIN
CrYCTOK 4Yy[OBMWLLHOM MNOTHOCTM — TaK Ha3blBaemMasi HEMTPOHHasA 3Be3da. Ecnv HaumHka 6enoro
KapnkKa npeacTaBnseT COO0A BbIPOXKAEHHLIA 3MEKTPOHHLIA ra3, TO B HEWTPOHHOW 3Be3fe
CBOGOAHbIX 3/1EKTPOHOB HeT. Ee Macca HacTO/IbKO BE/IMKA, YTO fAaB/eHne 3/IeKTPOHHOrO rasa He B
cunax npoTMBOCTOATL HApacTaroLleMy rpaBUTaLMOHHOMY CXaTuio. O6pasHO roBOps, 3/MEKTPOHbI
«BAAB/NBAOTCA» B MPOTOHbI, B pe3ynbTaTe Yero MNPOTOHbI NPeBpaLlalTca B HEWTPOHbI. 3a
NCK/TIOYEHNEM BHELLHMX CI0EB HEMTPOHHOM 3Be34bl (KOpPbI), ee BELLECTBO COCTOUT B OCHOBHOM M3
HEMTPOHOB M OYeHb HeBONbLUIOrO KO/MM4YecTBa MPOTOHOB W 3/1EKTPOHOB. [laBlieHMe B LEHTpe
HENTPOHHOM 3Be3[bl 4OCTUIaeT CTO/b BO/bLUMX BEIMYMH, YTO MOXET B HECKOJIbKO pa3 MpeBbIllaTh
NNOTHOCTb aTOMHOro fgpa. PasymeeTcs, aTOMHOe SAPO TOXE MOCTPOEHO W3 MPOTOHOB U
HEMNTPOHOB, HO TaM Ha HUX AENCTBYHOT TO/bKO SilepHble CUMbl, & B C/lyYae HEMTPOHHOM 3Be3/bl K
HUM [06aBNSeTCa TsHKeNelwnid rpaBuTalMoHHBbIA npecc. MOXKHO CkasaTb, YTO HEMTPOHHas 3Be34a
npeacTaBnseT coboi CNAoLLIHOe aTOMHOE A4PoO.

YT0Obl CKOMbKO-HNOYAL HarnsgHo BOOOPa3vUTb YYAOBULLHYK TECHOTY Heap HENTPOHHOW
3Be3/lbl, BCMIOMHMM, YTO pa3Mep aToMa CocTaBnseT B cpegHeM 10-8cM, a pasmep aTOMHOrO sapa —
10-13cm. Takum 06pa3oM, SAApO MeHblle atoma B uenoM B 100 ThicAy pa3, a MOCKO/bKY
NpaKTUYeCKM BCA Macca aTomMa CocpefoToYeHa B fape, 00bIYHOE BELLECTBO COCTOUT MOYTU YTO U3
nycToTbl. N5 CpaBHEHMS: Ha OTpe3ke mexay 3emnerr u ConHUeM YnskeTcs 4yTb 6onbwe 100
CO/IHEYHbIX AMAMETPOB M MOYTU 12 TbICAY MOMEPEYHMKOB 3eMSM, TOrAa Kak MeXAy aTOMHbIM
SAPOM 1 GV KaMLLEen 3NEeKTPOHHOM 060104Koin (opbuTtoin) 6e3 Tpyaa pasmectatcs 100 Thicauy
aTOMHbIX Aaep. Ecnn Mbl NpUTUCHEM ffpa BNAOTHYH APYr K Apyry, MAOTHOCTb BeLecTBa
BblpacTeT B 1015pa3 v MNpeBbICUT MIOTHOCTb aTOMHOro sigpa. MA0THOCTb HENTPOHHOW 3Be3Abl
oueHuBaetcd B 5 x KO15r/cm3, a 310, MeXay Npo4YvM, HeCKOIbKO MUMNNapA0B TOHH. Mpu macce
nopsiika [BYX CO/IHEYHBbIX MacC MOA0OHbIA 06bLEKT OydeT coBepLUeHHOW Kpoxon — 10-15
KWOMETPOB B AMaMeTpe.

CTpyKTypa HEMTPOHHOM 3Be3/bl BECbMa C/I0XKHA U NI0X0 n3yyeHa. Kak BefeTt cebsi BeLecTBO
NpU NAOTHOCTAX, NPEBOCXOAALLMX ALEPHYH), MOXHO TONbKO rafatb. MpeanoXeHO HEeCKOMbKO
MOZe/ei, ONUCbIBaOLLIMX CTPOEHNE HEMTPOHHBIX 3B€3[, HO BCE OHW OKa3blBalOTCA B TOW WU/IM UHOM
CTENeHW runoTeTnyecknmun. Cneymanuctbl eauHOAYLLIHbI TONbKO B OAHOM: HEMTPOHHas 3Be3fa
NMEET C/IOUCTYIO CTPYKTYpPY. MNMOBEPXHOCTHbIN COW — 3TO MN1a3ma, 3aXBaTbIBatOLLas NpuieTaroLLme
M3 KOCMOCa PensiTMBMUCTCKME 4YaCTWLbl, KOTOpPble ABWralOTCA MO CAMpansM BAOMb MarHUTHbIX
CUNOBbIX JIMHWA W WHTEHCMBHO W3/y4alOT B PEHTreHOBCKOM AmanasoHe. [anee waet Cow,
VNMEIOLLMIA KPUCTANININYECKYIO CTPYKTYPY, a BCNe[ 3a HUM — COW U3 TSHKENbIX Aep, HEMTPOHOB U
3NeKTPOHOB. Elle rny6xe pacrnonaraloTca NAOTHO YrNakoBaHHble HEMTPOHbLI, a B CaMOM LiEHTpe
HaxoauTca A4p0 U3 KBapK-T/IHOOHHOM nnasMmbl. 10 HanpaBneHWKO OT MOBEPXHOCTU K LEHTPY
NAOTHOCTb Bo3pacTaeT oT 4,3 x 1011r/cm3a0 1,2 x KO15r/cm3.

TunnyHasa Moaenb HEMTPOHHON 3Be3/bl MPeACcTaBnseT COO60M CMOMUCTYIO NYKOBULY: BHELLHSAS
Kopa W3 3/1eKTPOHOB W afep, BHYTPeHHss Kopa (CBepXTeKyume HEMTPOHbl, AApa C U30bITKOM
HEMTPOHOB W 3/1EKTPOHBI), BHELLHEE S4PO0 (CBEPXTEKYUME HENTPOHLI, CBEPXNPOBOAALLME MPOTOHBI,



HOPMaJibHble 3/IEKTPOHbI) Y BHYTPEHHE SA4PO0, OKOM0 KOTOPOro CTOMT 60/bLIOI 3HaK Bonpoca. 1o
HEKOTOPbIM [aHHbIM, HEMTPOHHAs MaTepus MOXET TaM MpeBpawaTbCs B KBapKoBYH. Kak
N3BECTHO, HENTPOHbI M MPOTOHbI COCTOAT W3 KBapKOBbIX TPUMIETOB. puM HE O4YeHb BbICOKOW
NNOTHOCTW KBapKW NETrKO YAEPXXMBAKOTCSH BHYTPU HETPOHA 3HEPrueil CUIbHOro B3anMOAencTBuS,
HO B LEHTPe HEMTPOHHOM 3Be3fbl, r4e M/IOTHOCTb 3allKasMBaeT, OHW MONY4alT BO3MOXHOCTb
MPOHUKATb B COCELHIOK YacTully, TO eCTb HayMHalT CBOOOLHO NYyTeLlecTBOBATb BHYTPU
CBEPXMN/IOTHOM 06nacTn. KBapKoBble TPUMNIETbI Pa3Ba/IMBatOTCA, M TOrfa Takoe BELLECTBO cneayeT
paccmaTpuBaTh Kak KBapKOBbIM ra3 Uan XMUAKOCTb. Mo pacyeTaM TeOpeTUKOB, KPOME 0ObIYHbIX N—
N d-KBapKOB (BEPXHETr0 U HWXHErO, M3 KOTOPbLIX MOCTPOEHbI HYKNOHbI — NPOTOHbI U HEATPOHBI) B
TakoM rase O6GHapy>KMBAKOTCA B OO/IbLUOM KO/MYECTBE TaK Ha3blBaeMble S-KBapKW (CTPaHHbIE),
KOTOpble BXOAAT B COCTaB TAXE/bIX 4YacTuL, — rMnepoHoB. [M03TOMY Takue KBapKOBble 3Be3[bl
MPUHATO Ha3bIBaTb «CTPaHHbIMUY». (O CyObALEPHbIX YaCcTMLAX, B TOM YMC/e O KBApKax U MIHOOHAX,
NnoApO6HO paccKasbiBaeTCs B rnase «Kupnuym MmposgaHuns.)

TaK, B COOTBETCTBMM C HEKOTOPLIMM MOLENISIMU CHavasla PoXKAaeTcs 00blYHAA HETPOHHas
3Be3[a, a rnocsie Toro Kak BeLLeCTBO B ee Heflpax COBepLUUT Mepexof B KBapKOBOE COCTOSIHUEe, OHa
3BO/IIOLMOHMPYET B KBapKOBYHO 3Be34y. Bripoyem, NOIHOW ACHOCTY B 3TUX BONPOCAaX HeT.

PasymeeTcs, O6Hapy)KUTb HEWTPOHHYK 3Be3dy NyTemM ONTUYEeCKUX  HabngeHui
HEBO3MOXKHO. FfepHble peakuun BHYTPU HUX He MAYT, MO3ITOMY W3Ny4yeHWe TOXKEe OTCYTCTBYeT.
Kpome Toro, niowagb NOBEPXHOCTU HEMTPOHHOM 3Be3/bl HACTO/IbKO Mana, YTo ee BUAMMbINA 61eck
OyAeT MMeTb COBEPLUEHHO HUUTOXHYHO BEIMYMHY. HO ecnim OHa BXOAMT B ABOWHYIO CUCTEMY, TO
XapakTep ABVKeHMst 0ObIYHON 3Be3[bl MOXET BblAaTb MPUCYTCTBME COCEAKN-HEBUAMMKMN. OfHAKO
OTKPbITUE MPULLAO, KakK 3TO 4acTo ObIBaeT, COBCEM C [pPYroi, HEOXXMAAaHHOW CTOPOHbI. Bo BTOpPOIA
MosI0BMHE MPOLLIOr0 BeKa YAanoCh 3aperucTpupoBaTb MOLUHbIE WUCTOYHWKW PagnounsnydeHus,
WHTEHCMBHOCTb KOTOPOro MepuofMyeckn MeHsnacb co BpemeHeM. B 1967 rogy [xxocenuH benn,
acrnmpaHTKa aHrIMACKOro  pafMoacTpoHoOMa JHTOHM  XblouLa, C/lydaiHO  O6HapyXuna
COBEPLUEHHO HeOObIYHbIN PafMOUCTOYHUK, KOTOPbLIA WU31y4as B WUMMY/IbCHOM pPEeXUMe CTPOro
nepuognyeckn — kaxzable 1,33 cekyHAbl. Yepes KOPOTKOE BPeMsi Hall/v elle TPpU UCTOYHUKA C
TaKUMN >Xe KOPOTKMMU WHTepBasiamMu. Korga Bepcusi 06 WCKYCCTBEHHOM MPOMCXOXAEHUM
CUrHafoB otnasa (noHayany 3aroBOPWAM O BHE3eMHbIX LMBUAM3ALMAX W [aXe BO3HMKNA
HeboMblas nNaHWKa), OCTaNCs eAMHCTBEHHbI BapuaHT — €eCTeCTBEHHOE MPOUCXOXKAEHNE
pagvonmMnynbCoB. 3arafouHble PafVOUCTOYHUKW MOMYYUIN Ha3BaHME NyNbCapoB W [0BOJSILHO
CKOPO ObINM 0TOXAECTB/EHbI C ObICTPO BPALLAKOLLMMUCA HEATPOHHbLIMU 3BE34aMU.

Ecnv B3dTb 3Be3gy C napameTpamu Hawero ConHua (guametp okono 1,4 mMunivoHa
KWOMETPOB 1 Meprof, 0bpalLeHns BOKPYT ocu 25 CYTOK) M CNpeccoBaTth ee BeLeCTBO B 06beme ¢
pagunycom okoso 10 KMNOMETPOB, TO 3KBATOpUa/ibHas CKOPOCTb NPY YCN0BMM COXPaHEHUS MacChl
4y[0BULIHO YBeNnUnUTCA — npumMmepHo B 100 Thicad pa3. A nepuof BpalieHus B MUIMapabl pas
YMEHBLUMTCA U COCTABUT ThICAYHbIE [O/N CeKyHAbl. lMpaBaa, nynbcap, HageHHbln Benn, nven
nepuof 3amMeTHO 60MbLUMIA, HO BCe pPaBHO 3TO OYEHb Ma/leHbKas BeNYMHA, COBEPLLEHHO
HeTUNMYHas AN HebecHbIX Tes. Mexay npoymm, nynscap B KpaboBuaHoOW TyMaHHOCTW COBepLUaeT
30 060pOTOB B CEKYHAY, UTO Y>Ke BeCcbMa 6/IM3K0 K pacyeTHOM BeIMYMHE, a Ny/bcap B CO3Be3LUU
Nncnukm nmeet nepunog 0,00155 cekyHabl. MOHATHO, YTO CTO/Mb BLICTPO BpaWaTbCA MOrYT TO/bKO
TaKue Tena, IMHeliHble pa3Mepbl KOTOPbIX M3MEPAIOTCA AeCATKaMM KUIOMETPOB. A eCn 3TO Tak, TO
nepej Hamy He YTO MHOE, KaK HEeTPOHHbIE 3BE3bI.

C peKopAHO KOPOTKMM NepuogoM MMNYNbLCOB Mbl pa3obpannch. OCTanoch BbIACHUTL, OTKYAa
GepeTcsi CTOMb MOLHOE paamnounsnyyeHmne. BepxHuil cnoi HEMTPOHHOW 3Be3[bl NPeAcTaBseT coboi
nnasmy, MPOHU3aHHYK MOLLHbIM MarHUTHbIM MosieM. 3apsXKeHHble YacTuLbl ABUraloTCA BAOSb
CUNOBbIX JIMHUA U B KOHLE KOHLOB OKa3blBalOTCA B 00/1aCTV MarHWTHbLIX MOMKOCOB, OTKYyAa
BbIOpACbIBAOTCA Y3KOHArNpaB/eHHbIE MYyYKM YacTUL, C BbICOKOW 3HEpPrueri — TaK Ha3blBaeMble
[PKETbI (OT aHIINACKOTO jet — «CcTpysa»). CTpeMUTeIbHOE BpaLleHne 3Be3/bl NPUAAET BblieTatoWwmnm
4yacTuuam [OMONHUTENbHYKO 3Hepruto. 3 pacyeToB cfiefyeT, UTO CXaTue 3Be3fbl MPUBOAUT K
YBE/IMYEHMIO ee MarHUTHOIO MO/, MO3TOMY, 3Has ero cpefHee 3HauYeHne y 00bIYHbIX 3Be3[, MOXHO
BbIUYMC/NTb, KaKMM OHO OKaXKETCS Yy HETPOHHOI 3Be34bl. MarHuTHoe nosne BbipacTeT B 1012pa3 u



COCTaBUT KonoccanbHy BennunmHy 108— 109tecna. Hy a NOCKOMbKY MarHUTHBIA MNOMOC He 06513aH
nexkaTb Ha 0cu BpaLLeHns (reorpauyeckmin Nonrc 3eMam TOXe He COBMAAaeT C MarHUTHbLIM) MKeT
OyfeT onucbiBaTb KOHYC. Mbl YBUAMM MyfibCap B TOT MOMEHT, KOTAa OH «CMOTPUT» MPAMO Ha
3emnio. B cnefyrolliee MrHOBEHME OH «OTBEPHY/CA», & 3aTEM LMK/ MOBTOPSAETCA BHOBb.

Brniocnenctemm Kpome pagmonynbcapoB 6biiv 06HaPYXKeHbl PEHTTeHOBCKUE Mynbcaphbl, a
TaKXXe€ WMCTOYHMKM MOLLHOFO MNOTOKa ramMma-usnydeHns (MIMI-UCTOYHWMKKM) C TOW XKe Ccamo
CTPOroi NeproanYHOCTLI0. PEHTIeHOBCKME Ny/bCapbl ABNAKOTCA KOMMOHEHTaMW TECHbIX ABONHbIX
cucTem. BelecTBo 3Be3/bl-COCEAKM MEPETEKaeT Ha €ero MoBepxXHOCTb MOf4 AENCTBMEM CUN
rpaButauumn (310 SBMEHNE Ha3blBaeTCA aKKpeuwuein), OTKyda M YepnatoT 3HEPruio BblieTarolme
(hoTOHbl. OAHaKO M3nyyaTb B PEHTTEHOBCKOM [uana3oHe MOryT W OAMHOYHbIE HEWTPOHHbIE
3Be3abl. CoBceM HefaBHO, B 90-X rofgax NPOLLMOro Beka, Obiiv 06HapYXKeHbl CEMb PaANMOTUXUX
HEMTPOHHbIX 3Be3[, C 9KCTPEMaslbHO 6OMbLUMM OTHOLLEHWEM PEHTreHOBCKOrO MNOTOKa K
onTuyeckomy. CHavyana nNpeanofiodXWIn, YTo BO BCEM BMHOBAT MEXaHW3M akKpeuun: XoTs Yy
OAMHOKON HEMTPOHHON 3Be3Abl HET cobpaTa, OHa MOXET 3axBaTbiBaTb MEX3BE3[HbIA ra3, B
pe3ynbTaTe Yero ee NOBepXHOCTb Pa3orpeBaeTca A0 MUIMOHA rpafycoB M HauMHaeT U3nyyaTb B
PEHTreHOBCKOM AmanasoHe. OfHako no psagy nNpuYMH 3Ta rMnoTesa He MNOATBEPAWNACh.
HelTpOHHble 3Be3dbl POXAAOTCA O4YeHb ropsunMmu  (TemnepaTtypa MOBEPXHOCTU COCTaBNSET
nopsgka MmunnvMapga rpagycos), a 3aTeM NnocTerneHHO OCTbIBalOT, HO [aXe Yepe3 COTHM TbiCAY NeT
nocne PoXXAeHUs ee TemrnepaTrypa MOXET NpeBblwaTb MWINNOH rpagycoB. M03TOMy, BeposTHee
BCEro, Mbl BMAMM CEMEPKY MOMOAbIX N FOPSAYMX HEWTPOHHbLIX 3Be3f. Bce OHWM pacnonoXeHbl
CpaBHUTENbHO Hepaneko OT 3emnn (npumepHo 120 napcek), M3 Yero MOXKHO 3aK/HuUUTb, UTO
Co/flHeyHast cucTema B HacTosLLEee BpeMsi MPOXOAUT vepe3 061acTb HeAaBHEro 38e34006pa3oBaHus
(Tak Ha3blBaeMbIli nosic Mynaa).

WNTakK, Ha 3aKaTe CBOEI >M3HW 3Be3fa cOpacbiBaeT ra3oByto 000/104KY, a ee A4p0 HauMHaeT
CTPEMUTENBHO CXMMaTbCA. Ecnm ero macca 6bina meHblle 1,4 maccbl ConHUA, rpaBUTaLMOHHbIN
KOnnarc oCcTaHOBUTCA Ha CTagum 6enoro Kapivka. Ecnm macca agpa Haxogutces B npegenax 1,4-3,0
CO/THEYHOW MacCbl, OHO CKOMNancupyeT B HEMTPOHHYHO 3Be3fy. Ecnm e S4pO elle maccuBHee
(6onee Tpex macc ConHLa), BO3HUKHET MPOBa/T B HEBEAOMOE — 3arafjouHblii 00bEKT Noj Ha3BaHNEM
«yepHasa [fblpa». KpuTtuueckyro BennumHy B 1,4 maccel CofHUA MPUHATO HasblBaTb MpPesesiom
YaHgpacekapa, No MMeHW UHAUACKOTO (I13nKa-TeOPETHKa, pacCUMTABLLEro 3TOT napameTp.

Moj YepHOW [bIPOi cnefyeT MOHWMaTL 006/71acTb MPOCTPAHCTBA-BPEMEHMW, MOHOCTHIO
3aKpbITYI0 A1 BHeWHero Habnwopgatens. W3-nog  rpaBMTaUMOHHON  KPbILWKK, HaBcerja
NPUXIONHYBLUEN pa3faBNeHHYI0 3Be3AYy, He MOXET BblOpPaTbCA HapyXXy HU OAUH CUTHas, B TOM
ynucne M nyy ceeta. MNyTb BHYTPb YepHOM [blpbl — AOpora B OAMH KOHel: 060 npegmer,
NPOBaMBLUMICA B €e HEMOCTUXKUMYHK NMy4YuHy, uMcuyesaeT GeccnefHo. oaToMy uyepHas Ablpa —
OYeHb METKMIA TEPMUH, OTPAKAIOLMIA camyto CYTb 3TOT0 HeBpasyMUTE/IbHOTO 06bekTa. BeyHoe
YMNOKOEHMe CBETOBbIX KBAaHTOB Ha AHE rpaBUTaLMOHHOM MOrW/bl OOBACHAETCA CPaBHUTENbHO
npocTo. Yem maccuBHee Teno, TeM 6GO/blue 3HePruv Hafo 3aTpaTuTb, YTOObl OTOPBATLCA OT €ro
noBepxHOCTU. YTo6bl pa3opBaTb MyTbl 3eMHOM0 MPUTSXXEHWUS (COMTU C OKOM03EMHON OpbUTbI),
KOCMWUYECKMIn Kopabnb A0/MKeH pa3BuTb CKOPOCTb 11,2 KWUOMeTpa B CeKyHAy. JTa BenyMHa
Ha3bIBaeTCA BTOPOW KOCMMUYECKOM CKOPOCTBIO, UM CKOPOCTbIO YoeraHus. Ha nosepxHocTv ConHua
oHa coctaBuT 700 KMNOMETPOB B CEKYHAY, & BOT CKOPOCTb YberaHus Ans YepHOWN Ablpbl paBHa
CKOPOCTM CBETa, NO3TOMY MOKUHYTb €e HYTPO He MOXET HUYTO.

HenoaroToBneHHOMY 4MTaTe/Il0 MOXET NOKa3aTbCA CTPaHHbIM, YTO HEe TakoW YXX 6e3ymMHO
TSXKENbIA 00bEKT (CBbILIE TPeX COMHEYHbIX MacC) HaBcerfja OCTaHaB/IMBaeT CBETOBbIE /y4M.
[MouyeMy B TakOM C/lyyae MacCUBHble 3Be3fbl 3arnpocTo M3/y4yaroT cBeT? OAHako [eno TyT He
CTONbKO B MacCe Kak TakOBOM, a B TOM 06beme, B KOTOPbIA 3Ta macca nomelleHa. Ecnm 661 Mbl
CTa/IM OKMMaTb 3eMsito, GepexXxHO COXpaHsas ee MOJIHYK Maccy, TO YyBuAenn Obl, Y4TO BTOpas
KOCMMYecKass CKOPOCTb HEYK/I0HHO pacCTeT, XOTS Macca MiaHeTbl He MmeHseTcd. Korga paguyc
3eMnn yMeHbLINTCA A0 9 MM, a NNOTHOCTbL ee BellecTBa BbipacTeT Ao 1027r/cm3(Ha 13 nopsakos
60/blle MIOTHOCTM aTOMHOrO f4pa), CKOPOCTb YberaHMs Ha ee MOBEPXHOCTW CPaBHAETCA CO



CKOpOCTbIO cBeTa. IMocne 3Toro Npecc MoOXKHO CMOKOWHO OT/IOXMTL B CTOPOHY. CorniacHO o6Luel
TEOpUU OTHOCUTENbHOCTW, 3eMns C 3TOM0 MOMEHTa HaYyHEeT HeyAep>XMMO KOoniancuposatb
CaMOCTOATE/IbHO, MOKA Ha ee MeCTe He 06pa3yeTCcsi MUKPOCKOMUYecKas YepHas blpa.

TepMyH «4epHast Ablpa» BBEN B Hay4HbI 06MX0A aMepuKaHCKuin mnsnk IxoH Yunep B 1969
rogy, XOTf NpeAcTaBfeHVe 06 MCKIKYUTENIbHO MAaCCMBHBLIX Tenax, He W3/yyarolmx no 3Tou
NPUYMHE CBETa, BOHMK/IO MHOTO paHblue — elle B KoHUe XVIII Beka. B 1783 rogy KeMOopumKCKuia
npenojasate/ib U acTPOHOM-NHO6UTENb [KOH Mwuuen npeanonoxus, Yto B MPUPOLE LOKHbI
CYLLECTBOBATb KOMMAKTHblE W TAXenble HebeCHble Tena, Ha MOBEPXHOCTM KOTOPbIX CKOPOCTb
yberaHus npeBbICUT CKOPOCTb CBeTa. UMCNEHHOe 3HaYeHWe pagnyca, npyv KOTOPOM CKOPOCTb CBeTa
YpaBHMBAETCSA CO BTOPOIA KOCMMUYECKOIN CKOPOCTLIO, HETPYAHO paccunTath A41s 160oro Tena, ecim
N3BECTHA ero macca. ATy BeIMUMHY NPUHATO Has3blBaTb rpaBUTALMOHHBLIM pagnycom (rg), U oHa
Nerko BblumcnseTca no gopmyne rg = 2GM/c2, rge G — rpaBuTauMoHHas MOCTOSHHasA, a C —
cKopocTb cBeTa. B cnyyae 3emnu, Kak roBOpuioCh Bbllle, FPaBUTaLUOHHBIA paguyc COCTaBuUT 9
MM, ana ConHua oH 6yfeT paBeH 3 KUIOMeTpaM, & O4YeHb MacCuBHbIe Tena (MopsgKa HECKOMbKUX
mMunnnapgos Macc ConHua) 6yayT MMeETb FpaBUTaLUOHHBIA pafnyc, NPeBOCXOAALLMIA pa3mepsbl
ConHeyHon cuctembl. ogobHOro pofa CBEPXMACCMBHbIE YepHble [blpbl, KakK CYMTaloT
acTpom3nKK, BCTPEYatoTCA B A4pax CnvpaibHbIX rafakTuk.

UepHas ablpa — CTpaHHbIN 06beKT. Ecn 3arnsHyTh B e TEMHOE HYTPO, TaM He 06HapYyXXUTCA
JaKe MalewmnX Npu3HaKkoB BeLLECTBa, a TO/IbKO NOJHasA MycToTa BMAOTb 4O CaMOro LeHTpa, rae
CUOWUT TaK HasblBaeMas CUHIYNSAPHOCTb — Ge3pasMepHas ToYKa C 6GEeCKOHeYHO 60/bLUOiA
NNOTHOCTbIO, B KOTOPO COCpefoTOYeHa BCA Macca YepHON Ablpbl. Ha 3TOT (pakT KOCBEHHO
YKa3bIBaeT ¥ BbILLeNpuBefeHHas opmyna: ecny 6bl YepHas Ablpa 6blia paBHOMEPHO 3arofiHeHa
BELLEeCTBOM, TO Macce 6bln 6bl NPoMopuMoHaneH 06beM, a HUKaK He paguyc. Bripoyem, oco6o
YyBCTBUTE/IbHbIE NIOAM, Yyparolimecsd GeCKOHEYHOCTU B /0ObIX ee MMOoCTacax, MOryT cuuTaTb
CepALEBMHY YepHOM Ablpbl HEKMM CBOEOOpa3HbIM KBAHTOM MPOCTPaHCTBa C AnmameTpoM 10-33cm
(Tak HasblBaeMas MaHKOBCKad A/iMHa). Torfga naoTHOCTb HEBOOOPAa3MMO CTMCHYTOrO BeLlecTBa
OyfeT  BblpaxaTbCAd  ypes3Bbl4allHO  60/bLUMM, HO  BCE-TAKM  KOHEYHbIM  YWCIOM  —
10-93r/cm3(nnaHKoBCKass MAOTHOCTb), MO3TOMY MaTepus, MPOr0YeHHas YepHOM AbIPOi, He
CTSHETCHA B TOYKY C HY/IeBOM Pa3sMepHOCTLIO, HO 3aiMET HACcTO/IbKO KPOXOTHbIA 06beM (nopsaka
10-99cm3), KOTOpLIN U 06LEMOM-TO Ha3blBaTb Kak-TO HeNoBKO. O60 BCEX 3TUX HEMpoCTbIX BeLlax
noapobHO paccKasblBaeTCs B «MepUHaTa/bHbIX» [NaBaX, MOCBALWEHHbLIX POXAEHUIO HalLen
BceneHHoli («Bceobbemntowiasd MHAAUMS», «M Tbma npuwna», «MHumoe Bpemsi CTuBeHa
XOKUHra»).

Ecnn BOKpYr YepHOiA [blpbl HA PaCCTOSAHWUM ee rPaBUTaLMOHHONO paanyca BbICTPOUTb HEKYHO
YC/OBHYIO C(pepy, OXBaTbIBAKOLLYK CUHIYNIAPHOCTb CO BCEX CTOPOH, Mbl MOAYYUM (DU3UYECKYHO
rpaHuLy 3TOro YAMBUTENbHOrO 06beKTa, Ha3blBAEMYH) TFOPU3OHTOM COOBLITWIA, WK  Ctepoi
LBapuwimnbaa, NO0 WMMEHU W3BECTHOrO HEMELKOro actpogusvka. Bce, 4TOo Haxogutca nop
FOPU30OHTOM  COObITUIA, NPUHLMNMANBHO HEAOCTYMHO, M60 B pamMkax o0OLeid Teopum
OTHOCUTE/IbHOCTW BPeMS TECHeWLMM 06pa3oM CBA3aHO C MPOCTPAHCTBOM U HaMpAMYHO 3aBUCUT OT
CWMbI TAXKECTU. BaXKHO MOAYEPKHYTb, UTO FOPU3OHT COOLITUIA OTHIOAb He SBMSETCA peasibHOW
MOBEPXHOCTHIO CKYKOXMBLLEroca 00beKTa, HO NpeacTaBseT co60M YCMOBHYO rpaHuLy, HaBcerga
OTZE/MBLUYIO Hall NPOCTON W MOHATHLIA MUP OT NOTPOXOB YEPHOW Ablpbl, FAe HapyLLAOTCA BCe
N3BECTHbIE (DU3NYECKME 3aKOHbI.

IMOCKO/IbKY XOf, BPEMEHW 3aBMCUT OT CWJ/bl TSXECTU (YeM MacCuBHee Tesio, TeM Mef/ieHHee
TeyeT BPEMSi Ha €ro MOBEpXHOCTU C TOYKM 3PEeHWUs YAaNeHHOro Habnogartens), no Mepe
NPUGIKEHUA K TOPU3OHTY COBbLITWIA Yackl 6YAYT HENPepbIBHO 3aMef/IATh CBOM X0f, MNOKa CTPESKM
He 3aCTbIHYT B MO/HON HENoABWXHOCTW. Ha ropusoHTe cobbITUA BpeMsi OCTaHaB/IMBAETCS BOBCE,
HO TOJ/IbKO C TOYKW 3peHNs BHELLHEro Habnoaarens. Kak roBopar (usmku, n060My CKO/b YrOA4HO
Ma/IoMy MPOMEXYTKY BPEMEHM HAa FOPU30HTe COOLITUIA COOTBETCTBYET CKOMb YroAHO 60/bLUION
NMPOMEXYTOK BpeMeHU B 6eCKOHEYHO YaanleHHOW ToUKe. Ecin yepHas Ablpa He BpalaeTcs, paguyc
ropu3oHTa COObITMIA B TOYHOCTW paBeH ee rpaBMTaLMOHHOMY pafuycy, a BOT Y BpalatoLmxcs
YepHbIX Ablp OH MeHbLUe rpaBUTaLMOHHOIO paguyca. Moxanyid, CTOUT elle pa3 HanoMHUTb, YTO



FOPM30HT CO6GBLITMIA — 3TO CBOEro pofa MonynpoHULaemMas MembpaHa, KoTopas [onyckKaeT
nepemMeLLeHie MaTepuasibHbIX Ten TO/IbKO B OAHOM-EAMHCTBEHHOM HarpaB/ieHUN — K LEHTPY
YepHOW AblIpbl, TAe LapsT HeBeAOMble HaM 3aKOHbl KBaHTOBOW rpasutauuu. Ecnn mbl 3abepemcs
Mof TFOPW30HT, YTOObI NOMOBOMBLITCTBOBATL, KaK BbITIAAUT CUHTYNAPHOCTb, BEPHYTHCA Ha3aj
OyfeT yXe HeBO3MOXHO. bonee Toro, pacckasaTb 0 TOM, YTO MMEHHO Mbl TaM YBWUIENN, TOXe He
NoMyYnTCsa, MO0 HUKAKOW (DU3NYECKNIA CUTHAN He CyMeeT BbIOpaTbCA M3-MoL HEBUAUMOW, HO
BMOJIHE peaslbHOM KPbIWKK. XOTS MH(OpMauus — MOHATUE WAealbHOe, HO OHAa HerpeMeHHO
npegnonaraeT Ha/Myve MaTepuasibHOr0 HOCUTENS, a OH-TO Kak pa3 u 6yaeT HaBcerja NoXOpPOHeH
noA ropnsoHToM. CUHIYNAPHOCTL CO BCEMM ee 3arafikaMu HafeXXHO YKpbiTa OT B3r/1940B U3BHE U
YMOPHO He AaeTcs B pyKWU. bor He TePMUT rofio CUHTYNSPHOCTK, LWYTAT (OU3UKN.

EfBa M1 He B KaXK4OW KHVDKKE MO KOCMOJIOTUI NPUBOAUTCA NPUMEP C NyTeLleCTBEHHUKaMMU,
OKa3aBLUMMUCS B OKPECTHOCTSAX YEPHOM Ablpbl. Mbl TOXe He CTaHeM OpUTrMHa/IbHUYaTb U ABUHEMCS
Nno NPOTOPEHHON JOpOoXKe. MTak, npeactaBum cebe, UTO Ha OpobUTE BO3/NE YEPHOW AbIPbl KPY>XUT
KOCMUYECKMIN KOpab/ib, OT KOTOPOro OTAENseTcs ChycKaembliA MOAY/b C aCTPOHaBTOM Ha GopTy.
OTBaXHbI nccnefoBateb 3a4a/1CA LeSbl0 NMPOHUKHYTL MOA FOPU3OHT CO6LITUIA, YTOGLI BAOb 1
nonepek W3y4nTb MOTPOXa YEpHOM Apblpbl. YUTO YyBUAAT €ro CNyTHUKWU, OCTaBLUMECs Ha 60pTy
Kopabnisi, U 4TO YBUAUT OH caM? SKMUMaX KOCMUYECKOro Kopabns ¢ yaMBIEHNEM OOHapYXXUT, UTO
no Mepe NPUGIKEHNA K TOPU3OHTY COBLITUIA CKOPOCTb MOAYNSA NajaeT NouTh A0 Hyns. C KaKLou
CEKYH/OM OH [BMXXETCA BCe Mef/leHHee N MefJieHHee, ene MoJ3eT, KaK COHHas Myxa, BM/IOTHYHO
3aBMCHYB Haf, FOPM30HTOM, HO HWKaK HE MOXET ero repeceyb. SKMMNaxy KOCMUYECKOro Kopabss
TaK HUKOrAa u He [0BefeTCs YBUAETb, KaK MOAY/b HbIPSET Moj ropyusoHT, NOCKOMbKY ANS 3TOro
HY>KHO 3aTpaTuTb 6ECKOHEYHO B0/bLLOE BPEMS.

MpeanonoXum, 4YTO acTPOHaBT EXEMUHYTHO OTNpPaBAseT CUrHajJl CBOWM CMYTHUKaM,
OCTaBLIMMCH Ha 6opTy Kopabna. CHauana CUrHasbl WCNPaBHO CMeAytoT Apyr 3a LPYroM, HO C
HEKOTOPOro MOMEHTa WHTEepBa/ibl MeXAY HVMMW HauMHalOT Heyaep)XUmo pacth. Moaynb Kak
MPUKNEEHHbIA BUCUT BNPUTBLIK K FOPU30HTY, a CUTHa/Ibl NPUXOJAT BCE pexe U pexe. U Bapyr
C/TOBHO HOXOM OTpe3a/1o — NoJiHas TULWMHA. CNYTHUKM HALEro OTBaXKHOr0 NepBonpoxoua MoryT
JOXKUTb [0 TNY60KMX CeAuMH, HO TaK W He YCnblwar o4vepefHOro curHana. YTobbl ero
3aperncTpmpoBatb, MM MPUWIOCL Obl XXAaTb LENYyH BEYHOCTb. A MeXAy Tem acTpoHaBT B
CMyCKaemMoM MOAy e NPOA0/HKAeT UCTPABHO, KXY MUHYTY, NOCbINAaTb CUrHa 3a CUTHA/IOM. ..

Tenepb nepemecTumcs Ha OOpT MOAYNsS M MOCMOTPUM Ha MPOMCXOALLee rnasamu
acTpoHaBTa. OH 6e30 BCAKOro Tpyaa nepecekaeT ropusoHT COObITUIA U NOrPYXXaeTcs B HEBEAOMbIE
Heapa YepHoi Ablpbl. MNpaBaa, TOPXKECTBOBATbL eMy MPUAETCA HeA0Nro, MOTOMY YTO MPUSIMBHbIE
CWU/bl CHaYyasa BbITAHYT ero Tes0 Ha MaHep cnareTTu, a MOTOM MCKPOLUAT B MESIKYK0 BEpMULLENb.
CyTb MpUAMBHOIO 3(PMeKTa 3aKI4aeTcd B TOM, UTO [paBUTALUMOHHbIE CWUIbl C Pa3HOM
WMHTEHCMBHOCTbIO BO3AENCTBYIOT Ha AMAMETPa/IbHO MPOTUBOMOMOXKHbIE TOYKM MPOTSXKEHHOIO
obbekTa. Ha 3emne mbl 3TOro He 3ameyaeM, MOTOMY YTO ABYXMETPOBbIA Mepenaz Mo BbICOTE
MeXy MaKyLKOW M NSATKaMu CAMLIKOM Man, Y4ToObl OTHOCUTENbHO Cnaboe 3eMHOe TAroTeHue
MOrno cebs NposiBUTL. VIHOe Aeno — yepHas Ablpa C ee Yy[40BULLHOW rpaBuTaumeit. [Jga meTpa nog,
FOPM30HTOM COGLITUIA — KONOCCa/lbHOe pPaccTosiHMe, MO3TOMY 4esioBeyeckoe Teno Oyaet
HEMUHYEMO pa3opBaHO Ha 4YacTu. OfHaKO CTO/b BbIPAXKEHHbIN MPUANBHOW 3PdeKT HabnogaeTcs
TOMbKO Y HEOOMbLUMX YepHbIX Ablp. ECAM e Hall acTPOHaBT HbIPHET MOA FOPWU3OHT COObLITUI
CBEPXMACCMBHON YepHOM Ablpbl (NOpALKa MWIIMOHOB U MUINMAPL0B COMHEYHbIX Macc), C HUM
POBHbIM CYETOM HUYEro He ciayumTca. OH CMOXET B MOMIHOM Mepe HacnaguTbCsi OTKPbIBLUMMCA
nepes HWM 3pefvLLeM W CBOMMW COOBCTBEHHLIMW [fla3amy YBUAWUT HaKOHeL, MPec/ioBYTYHO
CUHTYNSIPHOCTb, TONbKO BOT pacckasaTb 00 3Tol cheepum OyaeT Hekomy. Haxopgscb nof
rOPU30HTOM COGbLITUIA, OTMPaBUTL CUTHA/T HapyXy HET HUKaKoW BO3MOXHOCTW. Cyabba Hallero
MyTeLeCTBEHHNKA MNeYasibHa: BHYTPW YepHOM [Ablpbl BCe AOPOrM BeAyT B Pum, TO 6uwb K ee
LEHTPY, MNO3TOMY paHO WX MO34HO MPWIMBHbIE CW/bl BbIPACTYT HACTO/IbKO, 4TO emy
Heca06poBarb.

MepeBapuTb MOAOGHbIE BeLWM HENpPOCTO. 3A4paBblii  CMbICT HAaUYMHAET HeMe/leHHO
NpoTecToBaTh, KOrAa peyb 3aX0AMT O TakMX 00beKTax, Kak YepHble Ablpbl. HO YTO Takoe 34paBbiit



cMbICN? VIHTeNNeKT YMHOW 06e3bsiHbl, KOTOpas pocia B 3eMHOW 6uonormyeckon Huwe. K
COXA/IEHWIO, NOAMHHBIA MUP, MUP YYLOBMWLLHLIX TEMMEpPaTyp U HEBOOOPAa3UMbIX AaBEHUN, He
MMEET MNepeceyeHNn C HalMM >XUTEACKMM OMbITOM. Bnpoyem, MOKOMHOMY OTe4YeCTBEHHOMY
acTpomsnky WM. C. LLKNOBCKOMY B CBOe Bpems YyAasiocb NpUAyMaTb HEMIoXyK aHaloruto,
MO3BO/IAIOLLYIO 60/1ee UM MeHee HarnsgHO Boo6pasnTb HenpeLCcTaBUMOe.

VIHTepecHy0 aHanornio MOXHO NPOBECTU MeXAY MNepexofoM OT >KU3HM K CMepTu Ans
KaXX4Oro WHAMBMAYYMA W MPOXOXKAEHVWEM KaKoro-nmbo o6bekTa 4epes  LUBapLLUNIbLOBCKUI
pafnyc BHYTPb HEKOTOPOW YepHOWN [Apblpbl. [OAOOGHO TOMY, Kak C TOYKM 3PEeHUsi BHELUHero
Habntofatens nocnefHee COObITUE HUKOrZa He NPOM30AAET, C TOYKM 3PEHUS WHAMBUAYYMA,
BepHee CKa3aTb, ero «si», CO6CTBEHHas CMepTb HeNpeACTaB/Ma U B 3TOM CMbIC/IE TOXE HUKOTAa He
npovsonget. Cnefyet OTMETUTb, YTO B 3TOW aHaNIOMMN NOHATUS «BHYTPEHHUA» U «BHELLHUIA» Kak
Obl  MeHATCA  MmecTaMu. EciM B «aCTPOHOMMYECKOM»  C/lydae  MUp  C  €ero
MPOCTPAHCTBEHHO-BPEMEHHBIMY COOTHOLUEHUAMM OMPEAE/AeTCs BHe OKPYXatoLMX YepHble AbIpbl
LUBAPLLLNIbAOBCKUXCHEP, TO B  «MNCMXOOMONOrMYECKOM» peaslbHOe CO3HaHWe WHAMBUAYYMA
HaxXo4MUTCA BHYTPW Hero, 6yAy4n HepaspbiBHO CBA3aHHLIM C ero «si». ABTOP 6bin 6bl pag, ecnv Obl
(hmnocodbl-NPoheccMoHabl Pa3BUN 3TY aHAIOTUIO <...>

MOXeT OblTb, 3TO MPOSICHWNO Obl HEKOTOpble [0 CUX MOP HepelleHHble NPO6EMb
B3aIMOOTHOLLIEHWS| UHAVBUAYYMA N OKPYXKAHOLLETO MMpa, YacTbi0 KOTOPOro OH SIBNSETCS. A noka
Kak He BCMOMHWTb CTUXWU CenbBUHCKOrO, HamucaHHble fleT TpuAuaTh Hasad, B KOTOPbIX
pasBuBaeTCs 6NM3Kas naes:

MopymaiiTe, Kak 3T0 XOpOLLO...

Ham TonbKo >XuTb! Hurge n Hukorga
Mbl He YBUAMM CO6CTBEHHOrO Tpyna.
Mbl ymMUpaeM TO/bKO Ans ApYrux,

HO 411 ce6S Mbl YMEpPeTb He MOXKEM.

BepHemcsi K HawyM KOCMWYECKMM MyTeLlecTBEHHNKaM. MTak, aKunax Ha 6opTy Kopab6ns
BUAUT MPULWINTLIA K YEPHOIN Ablpe MOAY b, MOTOMY YTO XOA BPEMEHM Ha FOPU30HTE COOLITUN, C
TOYKM 3peHMst Aanekoro Habnwogatens, 3ameansercsd 6eCKOHeYHO (MOXHO CKasaTb, UTO BpeMms
OCTaHOBWNOCbL). Bpems pacTsiHynocb, Kak MaeanbHbIi PE3VHOBbIN LLUHYP M3 LLUKOMbHOIO y4yebHuKa
(3K, U He B cunax nepeteyb OT OAHOrO MrHOBEHMSI K [pyroMmy. BpemeHu 6onbliue He
CYLL,eCTBYET, OT Hero octasiacb TO/IbKO OfjHa HECKOHYaeMO [JIMHHaA cekyHAa. Kak ckasan noat: «M
MOMYCOHHbIM CTpefikam fieHb/ Bopouatbea Ha umdgepbnate,/ VI gonblue Beka Anutcs AeHb, /W He
KOHYaeTCs 06bATbe». OLHUM C/TIOBOM, CMOTPETH COBEPLLEHHO He Ha YTo.

A BOT naccaxvp MOAYNs, eCin BbIrNSHET B OKOLLKO, HA060POT, YBUANT YPEe3BbIYaiiHO MHOTO
nHTepecHoro. C NerkocTbi MPOCKOMb3HYB MOJ FOPU3OHT COGLITUA M COBEPLUEHHO 3TOr0 He
3aMeTUB, OH Ha4yHET CTPEMUTENbHO MOrpyXaTbCa B Hegpa YepHOW Abipbl. KaHTOBCKOe 3Be3[4HOE
Heb60 Haf ronoBoVi BGyAeT CbLEeXMBATLCA, MOKA He CTaHeT OYKBa/lbHO B OBYMHKY, a MacCaxupy
MOKa&XKETCA, UYTO OH CNYCTMACA Ha [AHO WCMOMIMHCKOrO Konogua. YyaoBuuiHas rpasuTaums
CKpPY4MBaeT NPOCTPAHCTBO BCE TYXKe, a Bpems 3a npeenaMmn YepHon fAblpbl Masio-noMany HauMHaeT
YCKOPATb CBOW Ger. 1 BOT OHO YXKe NeTUT BCKadb, U rofdpl, BeKa U TbICAYENeTUS Me/bKaloT Kak B
Kanerigockone. HussepxkeHve B ManbCTpeM NPOLO/MKAETCS, XYTKMIA 6yNaBOUHbIA MPOBaa B HAYTO
BCe 6/1Ke M B6NMdKe, a BPEMS NPEBPATUIOCH B OYLLYIOLLMIA BUXPb.

3a cumTaHHble JONN CEeKYHAbI MO CBOMM 4Yacam MyTELLUeCTBEHHUK YBUAUT Aanekoe Gyayliee
BceneHHoli. OH yBMANUT, Kak cropaet 3emns B Xxpomocdepe pacnyxiwero ConHya, CI0BHO He 6bIno



5 Munnnapgos net, Kak yxe camo ConHue copacbiBaeT CBOKHO rasoByto LWyOy 1 npespaLlaetca B
Oenblil KapnK, Kak racHyT Y yMUPAKOT 3Be34bl. Bca uctopms BceneHHON ynoXxuTes B ucyesaroLLe
Ma/lbliA MUT, @ CTpena BPeMeHM, eLLe COBCEM HefaBHO YXOAMBLUAs B BEYHOCTb, COXXMETCS B TOUKY.
Bce rpsgyLime cobbiTvs 4O KOHLA BPEMEH NPOV30MAAYT pa3oM U BAPYT.

OfHaKO CTPaHHOCTM YepHbIX Ablp HAa 3TOM He KOHYaloTCA. Bpems BHYTpW YepHON [Abipbl
MOXET BbIKMAbIBATb TakKWe KOJMIEHLA, YTO TONIbKO [AepXucb. Hampumep, MpoCcTpaHCTBEHHas U
BPEMEHHas KOOpAUHATbl MOryT MOMeHATbCA MecTamu. Ecnm Obl naccaxupy MoAyns, C TOYKK
3peHns 3KMNaKa KOCMUYECKOro Kopabns, KakMM-TO Yy[OM YAanoCb MPOHUKHYTb MOA FOPU30OHT
COObITMI (BONYCTUM, 3KMNAK LOXKNLAETCA 3TOr0 COObITUA GECKOHEYHO LOr0), TO A4J19 BHELUHErO
Habnogartens (B JaHHOM C/ly4yae 370 3KMNaXK Kopabsisf) naccaxvup MOAYNsA ABUrancsa Obl yr>ke He B
MPOCTPaHCTBE, & BO BPeMeHW. ACTPOHABT BHYTPW He-BpalLatoLLeincs YepHOM Ablpbl YBUAUT He
TO/MbKO APYrYHO BCENEHHYIO, MPUUYMHHO He CBA3AHHYHO C Halllei, HO 1 CBOe COOCTBEHHOE ByayLLee.

Ecnmn e yepHas [blpa BpallaeTcs (04eHb TPYAHO BOO6Pa3nTb TOUEUHbI 0OBEKT C HY/IEBOM
Pa3MepHOCTbIO, KOTOPbIA KPYTUTCA BOKPYr COOGCTBEHHOW Ocu), OHa MpuobpeTaeT elle Gonee
HeoOblYHble CBOCTBA. B 3TOM cfyvae pafuMyc ropu30oHTa COObITWMIA CTAHOBMTCA MeHbLLUE
rpaBUTaLMOHHOIO pagmyca, M cgepa LLUBapulimnnbia OKasbiBaeTCA BHYTPU TakK Ha3biBAEMOM
aproctepbl, KoTopas npefcTaBiseT CO60M BUXPeBOe rpaBUTaLMOHHOe nonie. Bce Tena, ek
3axBayeHHble, 0O6peyYeHbl Ha HEYCTaHHOe [ABVKeHVe. EcnM acTpOHaBT HbIPHET MOJ FOPU3OHT
COObITMIN BpaLLAIOLLENCA YEePHO [Ablpbl, OH CMOXET YBWAETb HE OAHY, @ MHOXECTBO ApYyrux
BCE/IEHHbIX, MPUYMHHO He CBA3aHHbIX C Haleil. bonee Toro, MHorve U3k He 6e3 OCHOBaHWIA
nosiararoT, YTO Ha [He 3TOro YrosibHO-YepHOro BOLOBOPOTA pacrnaxmBaeTcs KOpUAOp, BeAyLLMil B
TaK HasblBaeMyto Gefyto Ablpy — YepHYH [AbIpY, BbIBEPHYTYIO Hau3HaHKy. BellecTBo, 3aTaHyTOe
noA, rOPU3OHT COObITWMIA HEHACBLITHOW YepHOW AbIPON, TYT XK€ BbIOPACbIBAETCA B MapaifiefibHyHo
BceneHHyt. W. [. HoBumkoB, pykoBoauTenb LleHTpa TeopeTuuyeckol acTpouavKi npu
KoneHrareHCKOM yHMBepcuTeTe, NMULIET: «Bce, Y4TO NonajaeT B YepHYH [Ablpy, OKa3bIBAETCH B
[pyroi BceneHHOIA. .. eLle [0 TOro, Kak 6y4eT NornoLweHo YepHOM fblpoii».

Takve 4epBOTOYMHbLI  (wormholes Mo-aHrMIACKK),  COeAMHAIOWME  MeXay Co60M
N30/IMPOBaHHbIE MUPbI, NMPUYMHHO HE CBA3aHHbIE APYr C APYroM, Y4YeHble YCNOBWINCL Ha3blBaTb
KPOTOBbIMW HOpamMu. Ecnn cpaBHUTb YepHYK Ablpy C MPEeucnogHeir, ¢ NOcnefHUMU Kpyramu
[aHTOBa afja, TO BbIXOA M3 Hee MOXHO Yrnofo6uTb 34emy WK, NO KpainHel Mepe, YUCTUNLLY.
OfHaKo MOTEHUMa/IbHbIA MYTeLeCTBEHHMK, MPOCKO/b3HYBLUMIA MO KPOTOBOW HOpe B APYryto
BCE/IEHHYIO, He CMOXET MoAeNnTbCA BreyateHusMn 006 YBWAEHHOM, MOCKO/IbKY TOHHEb,
Beqylumin B 6enyto Ablpy, — Aopora ¢ OAHOCTOPOHHWM [BMXXKEHMeM. BepHyTbCsi Hasad emy He
MO3BOJIAT 3aKOHbI (PU3NKMN.

Heob6xo4umMo OTMEeTWUTb, 4TO BCe 6e3 WCK/YEHUS YepHble [Ablpbl HepasnyvMMbl Kak
6nmn3HeLbl-6patbs (Mnm cecTpbl). OHKU BCe HA OAHO L. KakoBbl 6bl HY OblIM HaYasbHble YCN0BUSA
nX (hOpMMPOBaHUSA, pasHOObpa3ve ncTameaeT 6e3 crefa, U Ha BbIXOZe BCerga rnosiyyaeTcs aBTomar
KanawHnkosa. JTto6as yepHas Ablpa XapakTepu3yeTcs BCEro NMLIb TPEMSI napameTpammn — Macco,
Yrn10BbIM MOMEHTOM (CMMHOM) M 3/IEKTPUYECKUM 3apSA0OM, U BCE, YTO B Hee MPOBa/IMBAETCS, TOXE
yTpaunBaeT NHAMBUAYaANbHbIE XapaKTEPUCTUKN.

Ecnn ewe 20-30 net TOMY Hasaj YepHble [Ablpbl CUMTAIUCL W3ALLHOW TEOPETUYECKOW
CMEKynsUMen, a B UX peabHOM CyLLeCTBOBaHMMN OblN0 NO3BOMNTENbHO COMHEBATLCS, TO CErOAHS
99 % acTpou3NKOB YOeXAEHbI, YTO YepHble Ablpbl YXKe OTKPbITbl, X0TA Hobenesckas npemus 3a
X 0OHapY)KeHMe MNokKa HUKOMY He npucyXaeHa. Mpoue Bcero HabnoaaTb YepHble Ablpbl B TECHbIX
[BOMHBIX CUCTEMAX, COCTOALLMX M3 HOPMa/IbHON OMTUYECKON 3Be3[bl Y HEBMAMMOIO KOMMOHEHTA,
Ha NOBEPXHOCTb KOTOPOr0 NepeTekaeT BELECTBO 3Be3/bl-COCeKM. Mpy 3TOM BOKPYT YEPHON Ablpbl
obpasyeTca TaK Ha3blBaeMbld aKKPELMOHHbLIN [UCK, MOXOXWUWA Ha KPYTAWMIACA BOLOBOPOT.
BeluecTBO MafaeT Ha YepHYH Ablpy MO CY)XKMBAOLENCH CNMpaaun, a CKOPOCTb €ro ABVMXKEHMSI BO
BHYTPEHHMX YacTAX aKKpPeLMOHHOro AMCKa LOCTUraeT OFPOMHbIX 3HAYeHWUIA, BIM3KNX K CKOPOCTU
cBeta. [a3 pasorpesaeTcd [0 COTEH MWIIMOHOB rpajycoB, W YepHasd [blpa HauMHaeT MOLLHO
M3/ly4aTb B PEHTIEHOBCKOM Auana3oHe. OCHOBHOE BblfefleHNe 3Heprum npoucxXoamT 3a40/ro Ao
TOro, Kak BELLECTBO CKPOETCS MOZ FOPU3OHTOM COObITWUIA, MO3TOMY PEHTITEHOBCKOE W3/yyYeHue



MOXET ObITb 3apermcTpupoBaHO BHELHWM HabntogateneM. o psagy napamMeTpoB OHO 3aMETHO
OT/IMYAETCA OT PEHTIEHOBCKUX [KETOB (BbIOPOCOB) HEMTPOHHBIX 3Be3f, TaK YTO 34eCb BMOJSHE
BO3MOXeH AndhepeHUManbHbIA  anarHo3. K Hactoswemy BpeMeHVW O6Hapy)keHo cBbiwe 20
PEHTrEHOBCKMX OOBEKTOB B Ma/IOMACcCUBHbIX [ABOWMHbLIX CUCTEMAx, KOTOpble CUMTalOTCA
KaHAuAaTamu B YepHble Ablpbl. ECN XKe K 3TOMY CUCKY A06aBUTb CBEPXMACCUBHbIE YepHble Ablpbl
B Af4pax ranakTuk, Torha ux 4nmcno npeBbICUT TPU COTHMU.

Bce yepHble Ablpbl MOXHO pas3fennTb Ha Tpu Tuna: 1) YepHble Ablpbl ¢ Maccoi oT 3 go 50
CO/IHEYHbIX Macc, MpeAcTaBnsAlOWMe COOOM MPOLYKT 3BOMOLUMM  MAcCUBHbIX 3Be3f; 2)
CBEpPXMaCCUBHbIe YepHble Ablpbl B A4pax ranaktuk, gocturarowme 106— 109macc ConHua; 3) Tak
HasblBaeMble NepBUYHbIE YepHble Ablpbl, 06pa30BaBLUMECA HA PaHHUX CTaAMsAX XU3HW BceneHHOIA.
CBOMM  MOSIBIEHWEM Ha CBeT OHM  06s3aHbl  /IOKa/IbHbIM  JedopMaumsaM  METPUKM
MpOCTPaHCTBA-BPEMEHW B MepBble MOMEHTbI Nocne bonblIOro B3pbiBa, 3340Ar0 4O TOro, Kak
32Krnncb nepsble 3Be3fbl. [MOCKOMbKY YepHble Ablpbl MOCTENEHHO UCNapATcs (MexaHusM Ux
KBaHTOBOr0 mcnapeHus 611 npefckaszaH CTUBEHOM XOKWHIOM), 40 HalWX OHEA MOrn [OXUTb
nepBUYHbIe YepHble Ablpbl TOLKO € Maccoi 6onee 1012kr.

B 3ak/1t0ueHue 3TOM rnaBbl — HE6O/bLIAS LTaTa U3 KHUMN «ACTPOHOMUS: BeK XXI».

WNTak, 6narogaps KOCMUYECKMM UCCNef0BaHUAM M BBELEHWIO B CTPOA KPYMHbIX Ha3eMHbIX
TENEeCKONOB HOBOrO MOKOMIEHMS! OTKPbITbl COTHW MAaCCMBHbLIX W 4Ype3Bbl4aliHO KOMMAKTHbIX
00bEKTOB, HabNtofaeMble CBOWCTBA KOTOPbIX OYeHb MMOXOXM Ha CBOMCTBA YEpPHbIX AbIp,
npeacKasbiBaemble 00LLEi TeOpUe OTHOCUTENNbHOCTN DUHLUITENHA. MOXHO HafeAaTbes, UTOo <...> B
bnvxanwne fecaTuneTns OyaeT OKOHYaTeNlbHO [A0Ka3aHO CyLeCcTBOBaHME YepHbIX [Ablp BO
BceneHHoli. OTO npuBedeT K MPOpbIBY B MOHWMaHUM MPWPOAbI MPOCTPaHCTBA-BPEMEHU W
CYLLHOCTU rpaBuTaLuu.

Koe-uTo 0 34paBoOM CMbIC/1e

NexnTprch-ka MHe Jo6bITb

To-YaBo-He-Mo>keT-bbITb!

3anuium cebe Ha3BaHbe,

UT00bI B CNeLUKe He 3a0bIThb!
JleoHng ®dunatos

UenoBek, BrepBble COMPUKOCHYBLUMIACA C KapTMHON MUpa, KOTOPYH PUCYeT COBPEMEHHas
(hm3rKa, MM ¢ KOCMONOTrMYECKMU MOZENSMI 3BOJIIOLMMN Halleld BceneHHOM, NOpo UCNbITbIBaET
CaMblii HACTOSALLUMIA WHTENNEKTYaNbHbIA LWOK. EMy HauMHaeT Ka3aTbCfi, YTO Y4yeHble HaMepeHHO
rPOMO3AAT HeNnenocTb Ha HenenocTb, CIOBHO CTPEMATCA NepeLLeroniaTe Apyr Apyra, — HacTo/bKO
3Ta KapTMHA He BMNUCbLIBAETCA B MNPUBbIYHbIE MNPEACTaBMEHNA O pealbHOCTU. HeBONbHO
BCMOMWHAETCA W3BECTHOE BbICKasblBaHWe Hwibca Bopa Mo MoBOLY OYepefHOW 3aKOBbIPUCTOWA
rmnotesbl: 3Ta uges, 6e3ycnoBHo, 6e3ymHa, HO BeCb BOMPOC B TOM, JOCTATOYHO /I OHa 6e3yMHa,
4TOObl 6bITb WCTMHHOW. Mexay Tem bop BOBCe He Bais/i fAypaka, a BCEro /b XOTes
MOAYEPKHYTb TOT OECCMOPHbLIN (haKT, YTO COBpPEMEHHas (M3MKa BbIXOAUT HAa Takue YPOBHU
MOCTUXKEHUS PeaslbHOCTU, KOTOPble Hanpoyb MMLIEHbl HArnsgHOCTU M He WMEKT aHalorni B
MOBCEeLHEBHOM >XUTENCKOM OnbITe.

3a (pacaiom 06bIAEHHOCTY NPAYYTCH HEYIOBUMbIE TEHW, YCKO/b3atoLLMe OT BCEX U BCAYECKMX
onpeseneHnin. Korga mbl roBOpyvM, 4TO BOT 3TOT MPeAMET 3e/1eHOro LiBeTa, 3TOT — KPacHoro, a BOH
TOT — CUHEro, Ka&XA0My WHTYWTUBHO MOHSATHO, O YeM uieT peyb. OfHaKO B AeACTBUTENbHOCTU
HMKAKOro CUHEro LiBeTa HeT, eCTb TO/IbKO CTPOro OnpefesieHHas A/1MHa BOJIHbI 3/1EKTPOMAarHUTHOMO



n3ny4veHus. Myena nam cTpekosa BOCNPUHUMAKOT CUHWIA LBET COBEPLUEHHO MHa4e, MOCKOMbKY WX
(haceTOuUHbIN rna3 no-Apyromy ycTpoeH 1 cnocobeH BUAETb B YNbTPaMoNeTOBOM AnanasoHe. Mx
CUHWIA 1 Hall CUHWIA — 3TO 3eMNs 1 He60. CTPEKO3UHBIN CUHMIA LIBET HaBEPHSsIKa OyAeT Kyda 6orave
OTTEHKamMy W MOMYyTOHaMW, XOTA AJIMHA BOJSIHbl COOTBETCTBYIOLLEr0 y4yacTKa CrekTpa B 060uMX
Cyyasix OCTaHETCS B TOYHOCTM TOM e camoil. CyObeKTUBHas KapTMHa MUpa CrioLlb U PSAAoM He
MMEET HNYero o6LLEro C M3HAHOYHOM CYTbHO Beleid, MPUHLMNMANLHO HEAOCTYMHbIX 06blAEeHHOMY
BOCNPUATMIO, KOTOPOE PYKOBOACTBYETCA COOOPAXKEHUSIMI 3A4paBOro CMbicna. OpraHbl YyBCTB — He
30/10TOV KNHOUMK U He BO/LLEOHAs OTMbIYKA, & BCEr0-HaBCEro YA0OHbIN MHCTPYMEHT, MOMOTatoLLiA
OMONOrMYecKMM BMAaM NPUCNocobuTbea K cpefde o6utaHus. CoBpemeHHast (hM3mKa Bce fasblue
YXOAMT OT HarnsgHoCTW, OMepUpys KaTeropusMu, KOTopble MOryT ObITb afeKBaTHO OMUCaHbl
TONbKO Ha $3blke CTPOron martemaTuku. Elle CcoBcemM HeAaBHO aTOM pucosai B (hopme
MUHMWATIOPHOW COMTHEYHOM CUCTEMbI: MONOXUTENIbHO 3apSHKEHHOE SAPO0 B LEHTPE B Po/u
KPOXOTHOrO CBETW/A MU OTPULIATE/NIbHO 3apPSXKEHHbIE LLIYCTPbIE 3/1EKTPOHbI, KPYTALLMECS Hanogobue
nnaHet BOKpYyr sgpa. CerofHA Mbl 3HaeM, 4YTO 3Ta WAWIIAYECKas KapTUHKa He WMeeT C
peasibHOCTb HMYEro o6LLero. Bo-nepBbiX, 3NEKTPOHbI HE MOTYT pacnonaraTbCa Ha NPON3BO/bHbIX
opbuTax BOKPYr f4pa, a BbIHY)KAEHbl 3aHWMaTb >XECTKO (PMKCUPOBAHHbIE YPOBHW, KOTOpPbIE
OnpefenstoTCs SHEPrUeid, NMEIOLLECA B PpacropsXXeHUM TOro UM UHOIO 3NeKTPoHa. OTYacTh 3To
HarnoMWHaET NIECTHMLY: CKaKaTb CO CTYMEHbKM Ha CTYMEeHbKY MOXHO CKOJIbKO YrOAHO, & BOT BUCETb
MEXAY HUMWN — U3BUHUTE-MOABMHbLTECH! BO-BTOPbIX, 3N1EKTPOHbI COBCEM HE MOXOXXMW Ha TBepAble
NyaHeTbl-LapuKKM, XOTS Mbl U FTOBOPUM, YTO 3/1IEKTPOH BpaLlaeTcs BOKPYr aapa. Ha camom fgene Hu
0 KakOM [ABMXXEHMW B MNPUBLIYHOM MOHMMAHUN 3TOrO C/oBa 3[eCb HE MOXET OblTb W peun:
3NEKTPOH He KPYTMTCA KaK 3aBefeHHbI, HO HaxOAWUTCA B HEKOTOPOM OMNpeAeneHHOM COCTOSIHMMU,
KOTOpPOE OMUCBLIBAETCS CMOXHON BOMHOBON (hYHKUMER. VIHbIMKM cnoBaMu, Mbl MMEEM MPaBo
rOBOPUTb TO/bKO /INLLL O BEPOSTHOCTMW MPedblBaHWA 3/1EKTPOHA B TON UM UHO TOUKe.

N He cnewmTe BOCKAMUATb, YTO 3TOr0 HE MOXET ObITb. BblBaeT BCSKOE, M €CAn Tak
Ha3blBaeMblil 3ApaBblii CMbIC/T OTKPOBEHHO MacyeT, 0TKa3blBasiCb OTAENATb 3epHa OT NMeBes, 370
eLe He NoBOA, YTOObI BbIOpACchIBaTb B MYCOPHYH KOP3MHY F0/I0BO/IOMHbIE Hay4HbIe MNOCTPOEHNS.

MOXXHO BCMOMHWTbL 3MNM1304 U3 NOBECTM 6paTbeB CTpyraukmx «YNnuTKa Ha CK/IOHE», Koraa
MepeL (0OAWH U3 rNaBHbIX repoeB) 6e3ycreLlHo NbITaeTCs NoNacTb Ha MPUEM K AMPEKTOPY HEKOEro
3arafjoyHoro YnpasneHUs Mo fenam He MeHee 3arago4vHoro Jleca. Kum, HavyanbHUK [lepeua, ero
yTeLWaeT 1 roOBOPUT, YTO CO BPEMEHEM Bce 0bpa3yeTcs, a Korga lMepel B cepauax KpUumuT, 4To aTa
Henenas CEKPETHOCTb eMY Y)Ke MOMEepPeK ropaa M OH XKenaeT 3HaTb XOTS Obl TaKyd MasoCTb, Kak
[AVNPEKTOP BbIFSANT, TO NONYYaeT UCUEPNbIBAKOLLIAIA OTBET.

— Kakoli? HeBbICOKOro pocTa, pbiXeBaTblid <...>

— A Ty3uK roBOpPUT, YTO OH CYXOMNapblil 1 HOCUT A/IMHHbIE BOMIOCHI, MOTOMY YTO Y HEro Het
O[ZLHOrO yXa.

— OT0 Kakoii ewe Ty3nk?

— LLlodpep, 51 ke Tebe pacckasbliBal.

KumM »en4yHo 3acmesncs.

— OTkyga wodep Ty3MK MOXeT BCe 3TO 3HaTb? Cnywaid, Mepumnk, HeMb3s Xe ObiTb Taknm
[l0BEPUMBbLIM.

— Ty31K roBOPUT, YTO BblN Y HEro LWOoMePOM 1 HECKOJIbKO pa3 ero Bugen.

— Hy 1 ut0? BpeT, BeposATHO. A 6bi/1 Y HEro cekpeTapeM, a He BULEN ero Hu pasy.

— Koro?

— OupekTtopa. A fonro 6bin y HEro CekpeTapeM, Noka He 3aluUTa guccepTalmun.

— W Hu pasy ero He Bugen?

— Hy ectectBeHHO! Tbl BOOGpaXkaelLb, YTO 3TO Tak MPOCTO?

— MogoxXam, 0TKy/a Xe Tbl 3HaeLlb, YTO OH PbDKeBaTbli 1 Tak fanee?

KrM nokayan rosoBsoi.



— [lepymK, — cKasan OH Nackoso. — [yuleHbKa. HUKTO HMKOrda He Buaen atoma BOAopoAa, Ho
BCe 3HAIOT, YTO Y HEro eCTb OAHa 3/1IEKTPOHHasA 060/104Ka OMpefesieHHbIX XapaKTepucTuK 1 a4po,
COCTOSILLEe B NPOCTEMLLEM C/TyYae U3 OAHOIO NPOTOHa.

Bo MHOroMm 3HaHWUW MHOrO Mevyann, roBOPUAN HaluM MyApble Mpefku. [na 4vero nonycry
anennvpoBaTb K 34paBOMYy CMbICNy? ECNM Hekoe TeOpeTUYecKoe YTBEepXAEHWe UeinkKom W
MOMIHOCTBIO COrnacyeTcs € OMNbITHbIMU AaHHbIMU, €ro cneayeT Npu3HaTb BEPHbIM, & He 3aHMMaTbCA
MYCTON CXONaCTUKOW. IocTpoeHa Kpenkas v HafeXHas Mofenb, U MoKyfa OHa paboTaeT — Yero X
Bam 601e? lNMepecTaHeT paboTaTb — ee MeCTO 3alMeT Apyras. Hayka He penurus, ee He yBleKaeT
cakpaMeHTa/IbHbIN BOMPOC «4TO eCTb UCTUHA». Hayka He npefiaraet OKOHYaTe/IbHbIX PeLLeHni, a
CTpouT Mofenn. Ho npu 3Tom He criefyeT 3abbiBaTb, UYTO /it06as MOAenb pacrnsbiByata W
HeCOBEepLUEHHA; OHA HW B KOEM C/lyvyae He peaslbHOCTb, a TO/IbKO €e OTreyartok, U 60opoBCKas
MOZe/lb aTOMa HAYYTb He MoX0XKa NOAJ/IMHHbINA aToM.

W ecnn nonynapmsaTtopbl OT UKL TOMKYIOT O Ayaan3Me CBOMCTB, M3HAYa/IbHO MPUCYLLMX
BCEMY HacCeNeHMI0 MWKPOMMPA, HY>KHO BCerga MOMHMUTb, YTO 3TO He 6Gonee yYeM hurypa peum.
Henb3a ckasartb, 4TOObl OHW CWIbHO MOrPEWWIv MNPOTUB  WUCTWMHbBI, TMOCKO/IbKY 3/1EKTPOH
[eCTBUTENbHO BefeT cebs Kak 3arnpaBCKMil (DOKYCHUK, B MTHOBEHME OKa MEHSAOLWMIA 061nYbe: TO
06epHeTCs BOIHOM, a TO OT AyLUM NPOLEMOHCTPUPYET CBOM KOPNYCKYNApHbIe CBOWCTBa. Ha caMoM
fene BCeEMY BWMHOW HaluM YAyLUNMBble CTEPEOTUMNbl, KOTOPble MMEKT K NpMpoAe Belleiln camoe
KOCBEHHOE OTHOLLEHWE. DNEKTPOH He ABMSAETCA HU BOJSIHOM, HU 4YacTULEid, NOCKONbKY WM3HaHKa
BeLleld TBOpW/IaCb He MOf YeNOBeKa; 3/IEKTPOH — BCEro-HaBCEro 3/1EKTPOH, ABYMKWN FAHYC,
BeAyLuiA cebs Tak, kak emMy npegHavepTaHo. B ogHMX ciyyasx OH BbICTyMaeT Kak 4yacTuua, a B
APYrMx — Kak BOJIHa, OCTaBasiCb NPV 3TOM HEMOCTVXKUMOWN Belblo B cebe C (MKCUPOBaHHOMN
Maccoi, oTpuLaTe/lbHbIM 3apSL0M Y NONYLENbIM CIIUHOM.

Teopusi oTHOCUTENILHOCTU AnbbepTa JMHLWTEeNHA (Kak creuunanbHas, Tak M 00LLas) Toxe
MPOTUBOPEYUT HalleMy MOBCEAHEBHOMY OMbITY. ECM Bbl, 4yuTarteNib, CMOCOOHbI HarffsgHo
BOOOPa3nTb UCKPUB/IEHHOE TPEXMEPHOE MPOCTPAHCTBO, TO YeCTb BaM W XBasa, HO 60/bLUMHCTBO
NoJer K TakMM MofBuraM peLunTesisHO He rotoBo. Mexzay TeM KpuBM3HA NPOCTPaHCTBA BO/IM3K
MacCCVBHbIX HEBEeCHbIX Tesl — 6eCCnopHbIA (PaKT, UTO He efUHOXAb! OblI0 NPOLEMOHCTPMPOBAHO
9KCMEePUMEHTaIbHO. A 3aKOH CNIOXEHWUS CKOPOCTE B CreuuasbHON Teopunm OTHOCUTENBHOCTU?
Ecnn BoAMTENb «KOMEWKM» efeT CO CKOpOCTbio 60 KMNOMETPOB B 4ac, a BefoCcMneguct — co
ckopocTbto 30, NpuyeM 06a OHWM ABUXKYTCA B OLHOM Hanpas/ieHWK, TO faXe YYeHWK HavasibHOW
LUKONbI 63 TpyAa BbIYUCIUT UX CKOPOCTb APYr OTHOCUTENIbHO Apyra.

A Tenepb NpeAcTaBbTe KOCMUYECKWUI KOpab/ib, NETAWMIA BAOMOHKY 32 CBETOBbIM /Iy4OM CO
CKOPOCTbHO 250 ThICAY KMNOMETPOB B CEKYHAY. HanoMHIO Ha BCAKUIA c/lyyaid, YTO CKOPOCTb CBeTa B
nyctoTe pasBHseTca 300 ThicAYaM KUIOMETPOB B CeKyHAY. Bonpoc: ¢ Kakoi CKOpPOCTbHO CBETOBOWA
My4yok yberaeT OT Kopabna? Yenosek cO CpefHVMM 06pa3oBaHMEM MOXET MogymMaTb, YTO €ro
JepXaT 3a fypaka, M0 OTBET, Ka3anoch Obl, HanpawmBaeTca cam coboli — 50 TbiCAY KMIOMETPOB B
CeKyHAy. OfiHaKko He TyT-TO 6bino! 3MepmB CKOPOCTb flyda CBETa, Mbl MOMYYMM, KakK 3TO HU
CTpaHHo, Te e camble 300 TbICAY KMIOMETPOB B CeKyHAY. boniee TOro, ynoMaHyTbIi KOCMUYECKWA
Kopab/ib MOXET BMPUTLIK NPUGN3NTLCA K CBETOBOMY 6apbepy, HO CKOPOCTb CBETA, M3MEepPEHHas Ha
ero 60pTy, BCe paBHO HE M3MEHWUTCA HW Ha MOTY U 6yAeT no-npexHemy cocTaensaTb 300 ThicaY
KW/IOMETPOB B CEKYHAY.

[eno B TOM, 4TO CKOPOCTb CBeTa B MYyCTOTe — BenMuMHa abCoMOTHaA, 3TO Of4HA M3
(hyHAaMeHTa/IbHbIX KOHCTaHT. Elle 605ee nopasuTesibHO, YTO 3Ta CKOPOCTb OT/IMYAETCS CTPOrvM
MOCTOAHCTBOM. W13 KUTECKOro OnbITa Ham U3BECTHO, YTO NIH06OE Teso, ABMUTatoLLLEECs MO MHepLMu,
pa3 3aTOPMO3MBLUMCb, HE CMOXET HabpaTb NepBOHAYasIbHYH0 CKOPOCTb. CKaXXeM, BMHTOBOYHAS
nyns, npobvsB HasblIeT [IOWMOBYIO [OCKY, MONETUT Mea/ieHHee. A BOT CBeT BefeT cebs
COBEpLUEHHO MHaye. Ecnm nocTtaBuTb Ha MyTW CBETOBOrO /lyda CTEKMSAHHYK NpPU3MY, CKOPOCTb
CBeTa YMEHbLUWUTCH, MOTOMY YTO B CTeK/le OHa MeHbLle, Yyem B nycTote. OfHaKO CTOUT TOJbKO
CBETOBOMY /lydy BbIPBaTbCs Ha CBOOOAY, Kak ero CKOpoCTb BHOBb CKa4YKOOOpa3HO BO3PacTeT A0
300 TbICAY KMNOMETPOB B CEKyHAY. B nycToTe cBeT BCcerga pacnpoCTpaHAeTCca C OAHOW U TOW XXe



CKOPOCTbIO, U MOB/MSATH HA Hee NPUHLIMMNALHO HEBO3MOXKHO.

C [pyroii CTOPOHbI, BCe Tefla, MMetoLLIMe HeHY/IEBYHO MacCy MOKOSi, MOTYT [BUraTbCs TOMbKO
CO CKOPOCTSIMU, MEHbLUVMM, YeM CKOpPOCTb CBeTa. W uyeM 6bICTpee TakKoe TENo [BVXKETCS, TeM
Gonblue BO3pacTaeT €ro macca W TeM MefdsieHHee WAYT YCTaHOBNEHHblE HAa HEM uYachbl.
TeopeTUYecKn MOXHO pa3orHaTh 3/IEMEHTAPHYHO YacTuLYy, HanpyMep NPOTOH, A0 TaKO CKOPOCTH,
YyTO ero Macca MNPeBbICUT Maccy BCei Halleil ManakTuku. MpuHSTb MOAOGHOE YTBEPXKAEHME
HENerko, 0fHaKo B AEWCTBUTENbHOCTM TaK OHO M eCTb. [MpMBbIYHbIE MPeACTaBNEHUs O NPUPO/E
BeLLe/ 0Ka3blBaOTCS HECOCTOSTE/bHBIMY MPY CKOPOCTSX, NMPUGANKAOLLIMXCS K CKOPOCTM CBETA.

N Henb3s crpaluMBaTth, Nodemy NpuUpoAa MoCTyMnuia MMEHHO TaK, a He MHaue, NoAo6HbIi
BOMPOC [aseKo He BCerda KOppekTeH. POBHO C TeM >Xe YCMeXOM MOXHO CMpOCWTb, MoYemy
CKOPOCTb cBeTa paBHsieTcss 300 ThicAYaM KU/IOMETPOB B CEKYHAY, a He ApYyroii BennumHe —
GonbLueli UM MeHblUeid. MOXHO MOMHTEPECOBaTLCS, AN Yero MpUpoae Boo6LUe NOHaA06KN0Ch
OrpaHnuMBaTh CKOPOCTb PACMpPOCTPAHEHMSt CUrHana HekKoeil npeaenbHol BenuuuHoiA. Modemy
MaTepuanbHble Tena He MOryT MepeMeLlaTbCsl CO CKO/b YrOAHO GO/bLUOM CKOpocTbio? Bee 3To
COBEpPLUEHHO MNYCTble BOMPOCHI, HE WMeEIoLMEe MpaBa Ha CyLIeCTBOBaHMe. [Mouemy, nodemy...
Tonoub Bofy B CTymMe MOXHO [0 MOcuHeHus. Mo KouyaHy fAa no kanycte! Tak YCTPOeH Mup, U
nepefienatb €ro HWKOMY elle He YAaBanocb, UYTO Obl HM FOBOPUAM MO 3TOMY MOBOAY
OPTOAOKCA/IbHbIE MAPKCUCTBI.

3aKOH COXpaHeHUst aHeprim Gbin chopmynmposaH 6e3 Manoro 300 neT TOMY Hasafl, HO 10 CUX
MOP HWYEro He U3BECTHO O MeXaHM3Max paboTbl 3TOr0 3aKOHa. MpPOCTO BCe MPOLECChl MPOTeKaloT
TakK, UTO 3Heprus coxpaHsetcs. CTO/Mb Xe Henenbl PACCYXKAEHUs 0 TOM, YTO 6bIN0, KOrga Mupa He
6b110. MeXay NpouMM, 3TO MOHWMaNIK elle ApeBHME. BnakeHHbli ABFYCTMH B CBOE BpeEMS
roBapuBasl, UTO MUP Gbl/l COTBOPEH He BO BPEMEHM, a BMECTE CO BPEMEHEM, MO3TOMY TONKOBATh O
CYLLLECTBOBAHNI Yero 6bl TO HY 6bINI0 10 MOMEHTA «HOJMb» HE MMEET HUKAKOro CMbIcna. UTo TyT
CKaXKellb? [0M10BacTblii GblN MOM, U COBPEMEHHbIE aCTPOMMU3NKM NOAMNULLYTCS MO KaXKAbIM €ro
C/I0BOM.

K coxaneHuto, ecTb BOMPOCHI, He MMEIOLLME Npasa Ha MoCTaHOBKY. [oka Hayka b6apaxTanacb
B NefEHKax 1 crnpaluvBana Nnpupoay 0 ABMEHNAX MPOCTbIX U NPUBbIYHbLIX, OTBETbI 3ByYa/I BNOIHE
OCMbICNIEHHO. MacwiTab 4efioBeYeCcKUX npuTA3aHWiA Obln B Ty MOPY COMOCTaBMM C  ero
COOCTBEHHBbIM MacLUTaboM. OfHAKO 3aKOHbI NMPUPOAbLI MEHAKOTCA 40 HEY3HABAeMOCTM, KOrja Cufibl,
nona 1 paccTosiHUA BbIXOAAT 3a MNpejenbl Hallero noscegHeBHOro onbita. CTouo0 HaMm CnpoCUTb,
yem ABNAETCA MaTepus — YaCTULLE WM BOMHOMW, OTBET OKA3a/1CA HACTONIbKO HEOXMAaHHbIM, YTO
pacCyfoK OTKasblBaCA €ro MpuHATb. Mbl HacTavBa/M Ha XECTKOW albTepHaTuBe, HO C TOYKMU
3peHuns Npupoabl BONPOC B TakKoW (hOpMy/nIMPOBKe Obl1 NnLIEH CcMbicna. CrneflyeT pa3 v Hascerja
YCBOWTb, UTO BceneHHas cosfaBanack He pagy Hac, Mbl TOMIbKO MOBOYHLINA NPOAYKT ee 3BOJIOLUM,
a NOTOMY OTBETbI, KOTOpble HaM NPenogHOCUT NPUPOAA, He 00653aHbl YKNaablBaTbCs B /IH0OE3Hble
Hallemy cepauy cxembl. CrnpalmBaTb TOXE Haf0 C YMOM.

Y amepukaHckoro daHTacta PobepTta LLeknn eCcTb 3aMevaTesibHbIi pacckas, Ha3bIBatoLMIACA
MPoCTO M CO BKYCOM — «BepHbIi BONpoc». Hekas MoOrywectBeHHast ranakTuyeckas paca,
[aBHbIM-[aBHO KaHyBLUas B HebbITMe, NOCTPOMNA YHUKANbHBIA arperar, 3HaloLLMiA BCe Ha CBeTe.
OH Mor oTBeTUTbL Ha MIt0BON BOMPOC, ecny TOT NOCTaBfieH NpaswbHO. CNyXOM, Kak W3BECTHO,
3eM/15 MOMHUTCSA, W JIErMOHbI 3HTY3MACTOB GOPO3AAT KOCMUYECKME MPOCTOPbI, He Tepsas HaLeX[bl
OTbICKaTb NlereHgapHblin OTBETUMK. HEKOTOpPbIM 3TO yAaeTcs, U Torga Te, KoMy yblGHynach ygava,
crewar 3agaTb Mygpor MawvHe Bornpoc 0 Camom BaxHom. KTo-TO cnpawuvBaeT o 6arpsHLe,
KTO-TO — O 3aKOHEe BOCEMHAALaTW, a KTO-TO — O >XM3HU U CMepTu, Kak [lactepHak y CTanuHa,
MOTOMY UTO Y KaXA0ro Hapoza CBOM COBCTBEHHbIE NPeLCTaB/eHns 0 Npupoje Belleil. OfHaKo Bce
XOLOKWN HensbexxHo TepnaT dmacko. K coxaneHunto, OTBETUMK CBA3aH KOPPEKTHO MOCTaB/IEHHBIMM
BOMpocaMu, a Takue BOMPOCbI TPEOYKOT 3HAHWI, KOTOPbIMW CrpallMBaloLLMe He pacnonararor.
3aflaTb TONKOBbIA BOMPOC OKa3blBAeTCA MOYTM HEBLIMOMHUMON 3afaveil. 3eMnsHaM TOXe He
noBe3no.



OTBETUMK NpeAcTaBUCS UM GenbIM 3KpaHOM B CTeHe. Ha mx B3rnsf, OH 6bln KpaiiHe npocT.

— OueHb xopowo. OTBETUMK, — 06paTUACA JIMHIMaH BbICOKUM CMabbiM r010COM, — YTO TaKoe
XWU3HL?

["onoc pasganca B UX ronosax.

— Bonpoc nuueH cMmbicna. Mof «KW3HblO» ChpaluvBatoLMiA  NoApPasyMeBaeT YacTHbIiA
(heHOMeH, 0OBACHUMBIIA NALWb B TEPMUHAX LIENOrO.

— YacTblo Kakoro Lienoro ABASeTCA XU3Hb? — cnpocun JIMHrmaH.

— [JaHHbI BONPOC B HacTosLel (hopmMe He MOXKET paspelumnTbes. Cnpalumnsatowmii Bce eLle
paccMaTpUBAET «KM3Hb» CyObEKTUBHO, CO CBOEI OrpaHNYeHHOM TOUKIM 3pEHUS.

— OTBeTb e B COOCTBEHHbIX TEPMUHAX, — CKasa MoppaH.

— ¢ 1L 0TBEYaKD Ha BOMPOCHI, — FPYCTHO NpousHec OTBETUHKK.

HacTtynuio monyaHue.

— Pacwmpsetca nn BeceneHHasa? — cnpocun MoppaH.

— TepMUH «pacLUMpeHne» HENPUIOKMUM K JaHHOW cuTyauun. Cnpaluvsatowpnic onepupyet
NOXKHOW KOHUENLueli BeceneHHoOM.

— Tbl MOXeLLb HaM CKa3aTb XOTb YTO-HUOYAb?

— %1 Mory oTBeTUTb Ha /060 NPaBWILHO MOCTaB/IEHHbLIN BOMPOC, KacaroLMiAcs MpUpoabl
BeLLein.

OfHVM CNOBOM, He3afauNVBbLIM 3B€30MNPOX0ALAM He notapTuno. OHK cyaunu Aa psanuimn
Tak M 34akK, HO TOMIKY OT UX YCUNIA BbINo YyTb. [MOCNEAHSS NOMbITKA BbIFNsAeNa TakK:

— Y10 ecTb cmMepTb?

— £ He Mory onpeenvTb aHTPOMOMOPU3M.

— CmepTb — aHTponomMopdu3sm! — BOCKIMKHYN MoppaH, 1 JTuHrMaH 6bIcTpo 06epHyncs. — Hy
HaKOHeL-TO Mbl CABUHY/NUCL C MeCTa.

— PeaneH nn aHTponomopgusm?

— AHTPOMOMOP(IN3IM MOXKHO KNacCUPULMPOBaTL 3IKCMEPUMEHTANIbHO: KaK A — JI0XHble
UCTWHbI UK B — YaCTHbIE UCTUHBI — B TEPMUHAX YaCTHOWN CUTYaLUK.

— YT0 346ecb NpUMEHMMO?

— W 10 1 gpyroe.

Huuero 60/1ee KOHKPETHOTO OHM He f06UAnCh. [onrve Yyackl OHWM Myunnn OTBETUMK, MyUNN
cebs, Ho NpaBaa YCKoMb3asia BCe falblUe U AasibLue.

HeconoHo xe6asLun, repom 0T4aNMBarOT 4OMOW. BOT KakK KOHYaeTCs pacckas:

OfMH Ha nnaHeTe — He OOMbLUOM U HE Masloil, a KakK pa3 MOAXOASLLEro pasmepa — >XAan
OtBeTUMK. OH He MOXET MOMOYb TeM, KTO NMPUXOAUT K HeMY, M60 aaxe OTBETUMK He BCECUEH.

BceneHHada? XXusHb? CmepTb? barpsaHen? BocemHaguatb? YacTHble UCTUHbLI, NOMYUCTUHBI,
KPOXW BE/IMKOro BOMpoca.

N 6opmoyetr OTBETUMK BOMPOCHI Cam cebe, BepHble BOMPOCHI, KOTOPble HUKTO He MOXeT
MOHATD.

W Kak ux noHATL?

UTo6bl NPaBMIbLHO 331aTb BOMPOC, HYXKHO 3HaTb 60/bLUYHO YaCTb OTBETA.



Ecnmn ¢ rpexom nonosam Ham yAanoch Hallynatb KOe-Kakume 3aKOHOMEPHOCTM MUKpOMMpa U
[@Ke KOe-4YTO 3KCMepuMeHTalbHO NPOBEPUTb, 3TO eLLe He 03HAYaeT, YTO Mbl NOYYMM OTBETHI Ha
BCe NPOK/SATbIe BOMPOCHI. Mo/ IMHHasA Npupoja BeLLein Bce paBHO He JaeTcs B PyKu, U Heaapom Jles
[aBngosny JlaHfay pBan 1 MeTasl, Korga rotoBua K neyatu nonynspHyro 6polutopy «4HTo Takoe
Teopust OTHOCUTENBHOCTU?». «3ITO XKe He Ne3eT HU B KaKune BOpOoTa, — KUNATWUACA OH, 06paLlasch K
cBoemy coaBTopy HOpuio Bopucosndy Pymepy, — [BOe NPOXOAMMLEB MbITAIOTCH Y6eanTb
npocTaKa, 4YTO OH 3a rpuBEHHMK pasbepetcs B nNpobneme». Pasymeetcs, JlaHaay 6bin abCoOMOTHO
npas. AHaiorns u meTaopa — BeLM XOpPOWME, HO WM OHU paHO WM MO3L4HO HauMHaOT
npobykcoBbiBaTb.  [lpM  BCEM  >XeNaHWM  Mbl  HE  MOXEM  HarnsgHo  BOOOpasvTb
MPOCTPaHCTBEHHO-BPEMEHHYHO MeHY B 06/1aCTW MNaHKOBCKUX [/IMH WM CBEPHYTbIE B TOHYaMLLMe
TPY6OUKN AOMNONHUTENbHbIE U3MEPEHNS, MOTOMY 4YTO HOmo sapiens — 3TO BCEro-HaBcero ymMHas
06e3bsHa, CyMeBLUAas 0B/aLETb PeUbIO U NMOHATUMHLIM MbILLIEHNEM. Halin opraHbl YyBCTB XeCTKO
npuBA3aHbl K 6MOTONY MOf Ha3BaHWEM «MfaHeTa 3eMns», rAe Hac pacTWiM U NecToBaaM Ha
NPOTSHKEHUM 3 MUINWMAPLOB NleT. Bbllwe ronosbl He NpbIrHELWb, U NOTOMY peasibHas Mogonseka
MMPOYCTPOIACTBA, OCTalOLaACA TaliHOM 3a CeMbH) MeyaTsiMK, Ch/OWb U PSAOM MOXET ObiTb
noKasaHa TO/IbKO MaTeMaTU4eCKu.

Mwup (hyHKUMOHMPYET NO YHMBEPCAbHbIM 3aKOHaM, WUMEHYeMbIM 3aKOHamu MpPUPOAbl, W
mMaTeMaTuKa BbICTYNaeT B Po/n NYTEBOAWUTENS MO HeyesloBeYeCKUM 061acTaM Mupa. HTennexT,
ChopMMPOBaBLUMIACA B 3eMHOW OMONMOrMYECKON HMLIE, Ha KaKAOM Lary nacyeT nepea
napazfokcamu, KOTopble HeMb3st YKYCUTb, MOHIOXATb UK B3ATb B PyKY. [/ TOro, KTO NpoBa/InCS B
YepHY0 AbIpy, NPOCTPAHCTBO MPMOOPETaeT BUA BPEMEHW, MOCKOSbKY OH HE CMOXXET BEPHYTbLCH
Hasaf, NofO6HO TOMY KakK HEBO3MOXKHO [ABWMraTbCs BCMATH MO OCWM BPEMEHW, TO eCTb B MPOLU/OE.
Boo6pa3nTb HarnsgHo TaKyrt) KapTWHY HeNerko, OfHAKO MaTeMaTuKa, Kak HUTb ApuagHbl,
MO3BONSAET NPOHUKHYTL B Takue 3aKOY/IKM MUPO3LaHus, Kyaa 3akasaH nyTb NPOCTbIM CMEPTHbIM.
MpaBaa, HEKOTOpble YYeHble YTBEPXKAAKOT, UTO PpasdMparoTcsd B MOAOOHbLIX BeWax CTOMb XKe
HENPUHYXXEHHO, KaK pas/inyaloT Ha BKYC COMIeHOe WM Kucnoe. Ha camoMm [enie OHWM HEMHOro
NyKaBAT: B [EMCTBUTENbHOCTA OHWM MOHMMAKOT BCEr0 NMLLIbL COOTBETCTBME TEOPUM W OMbITHBLIX
pe3y/bTaToB.

®du3mMka C MaTEMAaTUKOA — 3TO Yy3Kasd TPOMUHKA Hag nNponacTsiMu, HefoCTYMHbIMU
4eN0BEYECKOMY BOOOPaXKEHMHD. UenoBeK TaK YCTPOEH, YTO XXaXKAET OKOHYaTeNlbHbIX UCTWH, HO B
Hayke HeobXxoguma cAepXXaHHOCTb. Mup OTKasbiBaeTcA OTBeYaTb Ha BOMPOCbI O CBOEl
OKOHYaTe/IbHOM CYLHOCTW, 1 Mbl TEPSEMCS, KOrAa Y3Haem, YTO abCOMKOTHbLIA BaKyyM BOBCE He
MyCT, a 3Heprus MOXeT ObITb OTpULaTENbHON. Mexay NpoyYvM, MMEHHO B 3TOM KOPEHUTCH
BMAOBOE OT/IMUME MEXAY BepoW W 3HaHuMeM. Bepa Bce 3HaeT Hamepej, Yy Hee, KakK Yy /IOBKOroO
Lynepa, BCerja crnpstaHa B pyKaBe KO3blpHas KapTa. A Hayka OTYET/IMBO CO3HAeT CBOE
HeCcoBepLUEHCTBO. MaTeMaT/Ka MOXET MHOI0e, HO Aa/1eKo He BCe.

K coxaneHuto, 1 maTemaTuka He BCerga Bbipy4yaeT, MO0 HET HNKaKOol YBEPEHHOCTH, YTO MUP
no CBOei Npupoae mMaTemMaTvyeH. KOHEYHO, 3TOT XMTPOYMHbIA KO NO3BONSET MHOrAA Nony4vaTb
OTBETbI Ha NPaBW/IbHO MOCTAaBNEHHbIE BOMPOCHI, HO 3TO elle He 03HayaeT, YTO MaTeMaTUYecKue
CYMBO/Ibl BCKPbLIBAIOT CyTb Bellell. KOHEYHO Xe, Mbl HE CTO/Ib HaMBHbI, YTOObl NEpPeYepKHYTb
MaTeMaTUYecKnii NoAxo4 B NPUHLMME, Mbl TOMbKO MOAYEPKMBAEM CYrybo MOACOOHYH pPosb
mMaTemMaTUKN KaK MO03HaBaTeNbHOro OpyAWs, MOMOratOWero AoCTWMYb onpeaeneHHon uenn. O
TOXAECTBEHHOCTN 00bEKTa MO3HAHMA N MHCTPYMEHTA NO3HaHMS peun 34ecb HeT. CTaHucnas Jlem
Tak Hanwucan 06 aTom:

MaTemaTuKa CKopee CTaHOBUTCS YeM-TO BPO/E NECTHWLIbI, MO KOTOPOI MOXHO MOAHATLCS Ha
ropy, XoTsi camMa OHa BOBCE He MOX0Xa Ha 3Ty ropy. <...> Mo (oTorpadum ropbl MOXHO, MPUMEHSS
COOTBETCTBYIOLLMIA MacLLTab, ONpeaenuTh €e BLICOTY, MajIeHNe CKIOHAa U TaK fanee. JlecTHMUA
TOXXE MOXET HamM MHOTO€ CKas3aTb 0 rope, K KOTOopoii ee npucioHunn. OaHaKo BOMPOC O TOM, YTO_a
rope COOTBETCTBYET MepPeKnafMHaM NeCTHULbI, He UMeET CMbicia. Befb OHU cnyXaT Ans Toro,



yTOGbI 06PAThCS 40 BEPLUMHbLI. TOUYHO TaK XKe HEBO3MOXHO CrpaliMBaTb O TOM, SIBASETCS MK 3Ta
NECTHULA «UCTUHHOV». OHa NULIb MOXET ObITb NyYllei unn XyfLleli Kak opyane AOCTUMXKEHUSs
Lenu.

3onoTble cnosa. Mo cyTn fgena, pedb 34ecb MAET O TOM, YTO HalM MOAENN, eCNN [aXKEe OHU
MCNpaBHO paboTatoT, 3aMeyaTe/lbHO COrNacytoTcs C ONbITOM U Ja0T NpefcKasyeMble pe3ynbTaThl,
MOrYT OKa3aTbCs BCEro b 6/1e4HON TEHbIO HEMOCTVXKMMOW peasibHOCTU. 1 3TO ele B /lyyLUem
cnyyae. A BAPYr KOrga-HUOYAb BbIACHUTCS, UTO BCE HalLUM MOAENW, HarMWYKaHHbIE FO/I0BO/IOMHOIA
MaTemMaTMKOM, He WMElT POBHbIM CYETOM HMKAKOr0 OTHOLIEHMS K MUpY Bewein? Takyto
Ma/IoNpUATHYIO NepCrekTUBY TOXe crefyeT WMEeTb B BUMAY Ha BCAKWIA cnyvail. U XoTs
nparMaTu4eckunini acnekT Hay4HbIX TEOPWUM OT 3TOr0 HWYYTb He MocTpajaeTt, OyAeT BCe e A0
rNyovHbl Lyl OOMAHO CO3HaBaTb, UYTO YefIOBEYECTBY HUKOrfa He CYXXAEHO Mpoapartbcs K
NnepBOOCHOBaM ObITUA. DTOT r1yBOKO (MIOCOMNCKMIA BONPOC OCTPOYMHO 0ObIrpas y)Ke 3HaKOMbIi
Ham PobepT LLeknw.

B ero 6nnctatensHoM poMaHe «O6MeH pa3ymMoB» eCTb HeGO/MbLLAA rNaBa, MOCBSLLEHHAs TaK
HasblBaeMOMy VIckaeHHOMY Mwupy — 3bI6KOM M NPUYYLAMBOMA WM3HAHKE CKYYHON peasibHOCTW.
Mo3B0/IMM Ce6e HECKO/bKO LUTaT.

...UTaK, 6narofjaps ypaBHeHMsM PuMaHa-Xake Oblfa, HaKOHEL, MaTeMaTU4ecKu A0KasaHa
TeopeTnyeckass Heo6X0oAMMOCTb  TBMCTEP-MaHHOBOM MPOCTPAHCTBEHHOW 30HbI  JIOTMYECKON
fedopmaumi. 3Ta 30Ha MOMyYmna HasBaHue VICKaXeHHOro Mwupa, XOTS Ha CaMoM fene He
MCKaXKeHa N MMPOM He SBNSeTCS.

W nanee:

Hekuii myapel, ogHaxXabl cnpocun: «YTto 6ygeT, ecnv 5 BOMAy B VickaxeHHbIn Mup, He nmest
npeaB3ATbIX UAein?» [laTb TOYHbLIN OTBET Ha TaKoi BOMPOC HEBO3MOXKHO, OHAKO Mbl MoN1araem, 4to
K TOMY BPEMEHW, Kak MyjpeL, OTTyja BbliAfeT, npeas3aTble Uaen y Hero nossarcs. OTCyTCTBUE
ybexxieHVin He camas HafleXHas 3awuTa.

HekoTopble CUMTAIOT BbICLUMM AOCTUXKEHWEM WHTENNEKTa OTKPbITUE, UTO PeLunTeNbHO BCe
MO>XHO BbIBEPHYTb HaM3HAHKY W MPEBPaTUTL B CO6CTB€HHy}O NPOTMBOMOMOXHOCTb. Mcxoaa us
Takoro gonyuweHuns, MOXXHO nourpatb BO MHOIMe 3aHATHbIE UTPbl; HO Mbl HE MPU3bIBaEM BBOAUTb
ero B WckaxeHHoM Mupe. Tam Bce [AOrMbl OAMHAKOBO MPOW3BOJbHbLI, BKAKOYasa [OrMy O
NPOn3BOJIbHOCTW A0rM.

He Hapeica nepexutputb ckaxeHHbI Mup. OH 60nbLUe, MeHbLUe, AIMHHEE U KOPOoYe, YeM
Mbl. OH Hefloka3zyeM. OH NPOCTO eCTb.



To, UTO yXKe eCTb, He TpebyeT [0Ka3aTeNbCTB. Bce [0Ka3aTeNbCcTBa CYTh MOMbITKMA YEM-TO
cTaTh. [l0Ka3aTenbCTBO WUCTUHHO TOMbKO A/1 CaMOro cebsi, OHO HE CBWETENLCTBYET HU O YeEM,
KPOMe Ha/IMuus JOKa3aTe/bCTB, @ 9TO HUYEr0 He [JOKa3blBaeT.

To, UTO eCTb, HEBEPOSTHO, MBO BCE OTUYXKAEHO, HEHY)XKHO 1 FPO3UT PaccyaKy.

BO3MOXHO, 3TU 3amedyaHusi 06 VICKaXeHHOM Mwupe He WMET HUYero O6LIero ¢
MckakeHHbIM MupoM. Ho nyTeLecTBeHHNK NpeaynpeXxaeH.

KOHEeUHO e, S8 WYTUT, HO, KaK M3BECTHO, B KaX/0ii LLYTKE BCerfa ectb A0S WYTKU. Mup
0Ka3a/ics ropasfo C/OXHEE, YeM Hallu [AOMOPOLLEHHbIE NMPEACTABMEHNS O HEM, N 06 3TOM HU Ha
MUHYTY He creflyeT 3abbiBaTb. PasyMeeTcsi, MHe MeHbLLUe BCEro XOTenoCh, YTOObI Bbl, YUTATENb,
noaymanu, 6yaTo npupoaa Hermo3HaBaeMa. S NPOCTO-HAMNPOCTO MbITaNCA NOAYEPKHYTh, UTO HYXHO
TPEe3BO OLIEHMBATb CBOM BO3MOXHOCTU, @ He 3aHUMATbCS [ELLIEBbIM LIANKO3aKNAaTebCTBOM.

Knpnuum mmposgaHus

XBasa TOMY, KTO MepBblii Hayan HasblBaTbh KOTOB W KOLLIEK
UenIoBEYECKUMUN UMEHaMM,
KTo hfan  >KyKaM HasBaHWA TOUYMNbLIMKOB, MOTUIbLLIMKOB W
[POBOCEKOB,
KT0 no>Kku YaiiHble yKpacun 6yKsamu 1 BEH3ensmu,
KTo0 rpekoB pasfenun Ha ApeBHUX U Ha MPOCTO MPEKOB.
Hukonaih OnelnHnKoB

AHTUYHbIE unocodbl nonarain, 4YTOo (PyHAAMEHT MUPO3[aHUSA CNOXEH W3  YeTblpex
OCHOBHbIX 3/IEMEHTOB — 3eMJIM, BO34yXa, OTHA W BOAbl. Bennkunii Apuctotens [o6asun K 3TOi
KOMOMHaUMW MATYHO CYLLHOCTb — TaK Ha3blBaeMYH KBUHTICCEHLMIO, U3 KOTOPOI AIKOObI MOCTPOEHbI
apupHble Tena. OH cuuTal, 4YTO BELLECTBO MOXHO [p0oOUTb OGECKOHEYHO, TaK HUKOrga u He
[o6paBWINCG [0 TOW Menbyailleir KPYNUHKK, KOTopas Y)Ke He MoAAaeTcs [AaNbHeinlleMy
[pOo6/IeHNI0. Y NPsAMble aTOMUCTbI He COr/lalliaincb C KOpuUgeem BCEX HAyK, HacTansas Ha TOM, YTO
maTepusi COCTOUT M3 aTOMOB — KPOXOTHbIX HeAeNMMbIX 4acTul, NpebbiBatoWMX B MOCTOSAHHOM
[BVKeHUM (CNOBO «aTOM» B GYKBa/SIbHOM MEPeBOAE C FPeYecKOro 03HayaeT «HeAeMMbIin»). Ty
NOe NOAAEPKMBAIN Takue BbISAIOLLMECS MbICAUTENN APEBHOCTU, Kak [eMOKpUT, Snukyp u
JleBKMNM, HO NOCKO/IbKY aHTUYHasA HayKa 6blia HACKBO3b CMEKYIATUBHON 1 60sM1ach 3KCNepuMeHTa
Kak YepT nafaHa, TONIKY OT 3TUX YNPaXHEHWU B CYeCnoBuu 6b110 YyTb. Jaxe Korga aHrmicKumi
ectectBomcnbiTatesis JkoH JansToH B 1803 rogy nokasan, 4To XMMUYEecKue BelllecTBa Bcerja
COEZIMHAIOTCA B OMNpefe/IeHHbIX MPOonopLmsaX, MHOTOBEKOBOI CNOP MeXAY ABYMS LLUKO/IaMU BCe eLLe
He Obl/1 OKOHYATE/IbHO PeLLEH B M0JIb3y aTOMUCTOB.

Brnpoyem, B N03anpoLL/ioM Beke nofasstoLLee 60/bLUMHCTBO YYEHbIX YXKe He COMHEBa/1I0Ch B
KOPMYCKY/IAPHOM CTpoeHuu BewlecTtBa. K KoHUy XIX cTtoneTtus, korga Axxosed [I>XoH TOMCOH v3
TpuHUTU-KONNempKa B KeMopuoKe OTKPbII 3/IEKTPOH, CTA/I0 NOHATHO, YTO aTOM UMEET CIOXKHYHO
BHYTPEHHIOK CTPYKTYPY W He AB/AETCA 3/1eMEHTapHbIM KUPMMUYMKOM MUpo3daHusd. Ho Kakum
06pa3oM 3M1eKTPOHbBI 1 NPOTOHbLI (HEMTPOH BbIN OTKPLIT TONLKO B 1932 rogy [xeriMcom YaaBnKoM)
pacrosiaraloTca B aTome Apyr OTHOCUTENbHO Apyra, 6bifo COBEpPLUEHHO He ACHO. CKaxXeM, Nopg,
KenbB/H cumTan atom cepuyeckmm 06pa3oBaHMEM, MO BCeMY 0ObLEMY KOTOPOro paBHOMEPHO



pacripefenieH MoIOKUTENbHBIA 3apsaf, a BHYTPU Cepbl B CTaTMYECKOM PaBHOBECUMW HaxOoAAaTCs
OTpULATE/IbHO 3apsXKeHHbIE 3/1eKTPOHbI. HO y)XXe 6YKBa/IbHO Yepes HeCKOJbKO NieT Peseptops He
OCTaBW/ OT 3TOW MOAENN KaMHS Ha KaMHe.

OnbIT aHrUACKOro (m3vka Obln CpaBHUTENBHO NPOCT. OH 06CTpenvBaj TOHYaWLLYHO
30/10TYH0  (pONbIY MYYKOM a/ib(Pa-yacTul, NeTAWwmMX co CKOPOCTbi0 20 TbICAY KW/IOMETPOB B
CeKyHLy. Aub(a-n3nyyeHne — 3T0 MACCUBHble TMOJMOXUTENbHO —3apsKeHHblE  YacTuLbl,
MCMYyCKaeMble HEKOTOPbIMW HYKAMAaMuM B NPOLECcCe pajmoakTMBHOrO pacnaga. Pesepdopaa
3aHVMan BOMPOC, HACKONbKO CUIbHO OTK/IOHATCS 4YacTuubl, MPOiASsA 4vepe3 30/10TYHO (ONbry.
KapTuHKa nonyymMnacb BecbMa NtOOOMbITHAA. Kak u cnefoBasio oXxuaaTb, 60/blias 4acTb
anbha-yacTuL, npobuna onbry HasbINeT, NPaKTUYECKN He OTK/IOHUBLUUCH UM OTKIOHMBLUUCH Ha
He3HauuTeNbHbIA yron B 2-3 rpagyca. Ho HeKOTOpble YacTULbl OTK/IOHAIUCH ropasfo 3aMeTHee —
Ha 90 rpafycoB n 6onbLUe, a OTAeNbHble HEMHOTE U BOBCE OTCKaKMBaIM Ha3af, Kak OT/IeTaeT oT
CTeHbl 6POLLEHHbIA MAY. CKNafblBasioch BneyvaT/ieHne, YTO aTOMbl TOHYaLWEN NIEHKN MOTYT ObITb
Cepbe3HbIM MPEnATCTBMEM Ha MYTW CTPEMUTENbHO JETALWMX MACCUMBHbLIX afbga-yactul. 3TO
Ka3a/10Cb COBEPLLEHHO HEBEPOATHLIM: C TAKUM e YCreXOM MOXKHO Ob1/10 NPeAnoioXUTb, YTO NINCT
BaTMaHa CrocobeH 0CTaHOBUTb BUHTOBOYHYHO MYJHO.

N 1yt Pesepdopaa Bapyr oceHwno. OH BOCMOMNb30Ba/ICA MPUMEPOM, YTO HasbIBaeTCH, U3
JpYroi onepbl — NPeLCcTaBun, Kak BefleT ce6s koMeTa B OKpecTHOCTAX ConHua. Monas B MOLLHOe
rpaBMTaLMOHHOE MOfIe Hallero CBETWIA, OHa MOXET CW/IbHO W3MEHWUTb TPaeKTOPUIO MOJeTa,
cfienatb, HanpumMep, BUTOK W ypaanuTbea oT CofHUAa B CaMOM HeoXugaHHoOM HarnpasneHun. C
[PYro CTOPOHbI, FpaBUTaLUOHHOE B3aMMOLENCTBUE MeXAy 00beKTaMu MWKPOMMPA HACTO/bKO
MaJ10, YTO ero Bpsg, i1 UMEET CMbIC/T MPUHMMATL BO BHUMaHMe. Torga, 6bITb MOXEeT, BHYTPWU atoma
[EeACTBYIOT  Kakume-TO  [Apyrve  Cu/bl,  HanpuMep  3/1eKTPOMarHutHble?  Anba-vactmua
[eNCTBUTE/bHO 3apshKeHa MONOXMTE/IbHO, HO BOT Gefla: caM-TO aTOM 3/IeKTPUYECKN HelTpaneH! A
YTO ecNn BHYTPUATOMHbIA  3apsaf  pacnpefeneH HepaBHOMEPHO? Befdb KomeTa  TOXe
B3aVIMOZENCTBYET He CO BCEM CONIHEYHOM CUCTEMON, a TONbKO C ee LeHTpasibHbIM 3BEHOM —
ConHueMm. W Pesepdopg goragaics, UTo HeNnpOTUBOPEYMBO OOBACHUTL Pe3ynbTaT 3KCrepuMeHTa
MOXHO TO/IbKO OHUM-AMHCTBEHHbLIM CMOCO60M. ATOM COCTOUT M3 NOMOXKUTENBHO 3apsXKEHHOro
A4pa 1 oTpULLaTENIbHO 3apPSXKEHHbIX 3/1eKTPOHOB, KOTOPbIE BOKPYT Afpa BpallaroTcs, Kak niaHeTbl
BOKpyr ConHua. lpuvyem aTOMHOe A4PO MHOrMO MeHblue atoma B uenom (Kak u CosnHue
3HauYMTeNbHO MeHbLUe CONMHEYHOW CUCTEMBI), XOTSA MOYTK BCA Macca aToMa CoCpefioToueHa Kak pa3
B aTOMHOM fape. oaToMy Te anb(a-yacTuubl, KOTOpble MPOMeTeNn B OT S4pa, MOYTK He
MOABEPr/INCb €ro BAVUAHUIO, & BOT YaCTULbl, 3aXBaYeHHbIe A4POM, OTK/IOHUIUCL OYEHb CUMBbHO. A
MOCKO/IbKY aTOM 3a UCK/HOYEHMEM AApa MPaKTUYECKN MyCT, KONNYECTBO OLLYTUMO OTK/IOHMBLLIMXCA
yacTmy, 661710 BeECbMa He3HAUUTE/IbHbIM.

CerofHs Mbl 3HaeM, 4YTO pasMep atoma COCTaBnsieT B cpefHeM 10-8cwm, a pa3mep aTOMHOro
agpa — 10-13cm. PasHuMua Ha nsatb nopsagkos, To ectb B 100 Thbicay pa3! 3apafgbl NpoToHa U
3/1IEKTPOHA NPOTMBOMOMOXHbBI MO 3HAKY U paBHbl B abCONFOTHOM BbIPaXXEHMK, a BOT Macca NpoToHa
NPeBOCXOAUT Maccy 3neKTpoHa B 1836 pa3. B anekTpuyeckn HelTpasibHOM aToOMe YMCI0 NPOTOHOB
COOTBETCTBYET UMCY 3/IEKTPOHOB, HO NPOTOHbLI COBPaHbI B UcYe3atoLe MasioM 06beme (a Beflb Tam
eLe eCTb HENTPOHBbI, MPEBOCXOAALLME 3/IEKTPOHbI MO Macce NPMMEPHO Ha TY XXe CaMyto BENINUUHY),
B TO BpPeMS KaK 3/1EKTPOHbI pacnpeAeneHbl No BceMy aTomy. Takmm 06pa3oM, MOMOXUTENbHbINA
3apag W MnouvTM BCA Macca atoma npefesibHO CKOHLEHTPUPOBaHbI, a OTpULAaTeNbHbIA 3apsaj,
pacrblfieH, «pa3MasaH» Mo BCEMY NMPOCTPAHCTBY KPOXOTHOW «CO/THEYHOW CUCTEMbI».

PasymeeTcs, nnaHeTapHas Mofefb aTtoma, npeasioxxeHHas Pesepdopgom B 1911 roay, He
oCTanacb HEM3MEHHOW [0 CEeroAHsLWHEro AHs. lMepBble Cepbe3Hble MOMPaBKU B HEe BHEC/N eLle
Hunbc Bop v Bonbgradr MNaynm, n ¢ TeYeHMEM BPeMEHM aTtoM CTasl BCE MeHbLle WU MeHbLLe
HanoMuHaTb CO/IHEYHYKO cucTemMy. Bo BTOpO MONOBMHE NPOLUNOFO BeKa BbIACHUIOCL, YTO
HYK/IOHbl aTOMHOro fgpa (CoBpemMeHHas (hM3MKa CUYMUTaeT, YTO MPOTOH M HENTPOH — 3TO [Ba
3apsfoBbIX COCTOSIHUS OAHOM W TOW >Xe 4YaCTWLbl — HYK/IOHA) BOBCE HE WCXOAHble Kupnuyu
MUPO3JaHunsi, a MOCTPOeHbl B CBOK OYepelb M3 0COObIX CYyObAAepHbIX YacTuL, — KBApKOB. DTOT
TepmuH npugyman Mioppeld enn-MaHH, TeopeTuK 13 KanmopHUIACKOro TEXHON0rMYeckoro



WHCTUTYTA, NO3aMMCTBOBaBLUMI 3BOHKOE C/IOBEYKO Y [hkeimca [pkolica, aBTopa 3ayMHOW BeLyu
«MomMnHKN no ®PuHHeraHy». B 1969 rogy 3a wuccregoBaHMe KBapKOB OH Obln yAOCTOEH
Hob6eneBcKoi npemumu.

Kak mbl BUaMM, 0T CO/IHEYHON CMCTEMbI MOYTU HUYEro He OCTaNoCh. M1 XOTA CerogHs Ham
NPeKpacHo N3BECTHO, YTO peasibHbIN 3IEKTPOH COBCEM HE MOXO0X Ha N/IaHeTY, a eC/v ero U MOXHO
C YeM-TO CpaBHUTb, TO CKOpee C HeKMM pa3mbITbiM 006/1aKoM, 061afaroLWmMM  CIOXHbIMU
CBOMCTBaMW, 3TO HWYYTb He YyManseT LEHHOCTU MNpeasioXkeHHoW Pesepgopgom mogenn. He
MOLNEXMNT COMHEHWMIO, YTO CaM aHIIMACKUIA YYeHblii B NOMHOM Mepe OTAaBan cebe OT4YeT B
NPUBN3NTENBHOCTM  COOCTBEHHOM aHasorum, XOTA He WMeNn TMOHATUA HU 0 NpUHUMNe
HeonpezeneHHoCTY eli3eH6epra, HX TeM 6onee 0 KBapkax "enin-MaHHa.

Tem He meHee Mofenb Pesepdopga cpasy Xe CTONKHYNacb C Cepbe3HbIMU TPYAHOCTAMU.
[MOCKO/IbKY 3M1eKTPOH MNpebbiBaeT B NMOCTOSAHHOM [BMXKEHUW, TO OH, MO CYTW Aena, NpeAcTaBnser
COO0I ABWKYLLMIACA 3NEKTPUYECKUIA 3apsf, KOTOPbIA HENPEepbIBHO pacTpayvBaeT 3Hepruto, nbo
OBWKyWMca 3apsg  o0b6si3aH  mM3nyvatb. CrefoBaTenbHO, 4epe3 O4veHb KOPOTKOE Bpems
06ecCMNEBLUNIA  3NEKTPOH, 6e3dapHO  pa3ba3apuBLUMIA  CBOW 30/10TOW 3amnac, [O/MKEH [0
CY>KUBAOLLLENCA cnupany obpyLumnTbes Ha a4po. Apyrumu cnosamu, atom Pesepdopga npesenibHo
HecTabuneH, OH 0653aH MOrMOHYTL B CUUTAHHbIE JONM CEKYHAbl. BbIX04 U3 3TOro HernpuaTHOro
MOJIOXEHNSA HaLLIe/ BENMKWIA faTyaHH Hunbe bop, 0AWH 13 co3faTeneil KBaHTOBOW MEXaHUKN.

OfHakKo cHadvala Kak cnefyeT pasbepemcs CO CTpOeHWeM aToma. B npocTeilem cnydvae
aTOMHOEe S4p0 COCTOUT W3 OfHOrO-eAMHCTBEHHOro MPOTOHA. Tak YCTPOEeH, HanpuMep, aTom
BOAOPOAA: MOMOXMUTENbHO 3aPSHKEHHBIA MPOTOH B LEHTPE M HECYLUMIA OTpuuaTeSibHbIN 3apsij
3N1EKTPOH, PacrosioXXeHHbI Ha OpbuTe BOKPYr NPOTOHA. B Lenom atom BOAOPOAA 3/1EKTPUYECKM
HelTpasieH, Tak Kak Noc Ha MUHYC B UTOre AaeT Hy/b (HaNnOMUHAEM, YTO XOTS 3/1EKTPOH 1 MPOTOH
pasnmnyaroTca no macce B 1836 pas, wux 3apafbl MO BefMUMHe paBHbl). VTak, CTPYKTypy atoma
NPOCTOro Bogopoza (NpoTus) MOXXHO 1306pasnTb rpauyeckn cnefytowmm obpasom: JH. EamHmla
BHM3Y C/ieBa OT XMMWYECKOro cumsona Bogopofa (H) o603HayaeT aTOMHbI HOMEp 3/1EMEHTA,
KOTOPbIA COOTBETCTBYET YWC/Y NMPOTOHOB B AAPe (& MOCKO/IbKY aTOM 3/1IEKTPUYECKN HeWTpasieH,
3/IEKTPOHOB Ha OpbuTax POBHO CTO/LKO >Ke, CKOMbKO MPOTOHOB). EAMHMUA BBEPXY CneBa — 3TO
MacCOBOE UMCO0, OTpaxKaroLLee KONMYeCTBO HYK/IOHOB B siipe (TO eCTb MPOTOHbI NJIKOC HEUTPOHDI).
B cnyuyae 06bl4HOrO BOAOPOAa, NPOTMS, HEWTPOHOB B SiAPe HET, NMO3TOMY aTOMHbIA HOMep W
MacCOBOE YMC/I0 PaBHbI MeXAY CO60M.

Ecnn go6aBuTb B S4p0 00bIMHOr0 BOAOPOAA HEATPOH, Mbl MOMYUYUM €r0 U30TOMN — [AeNTepuia,
nnn TSHXenblin Bogopod. Torga ero dopmyna 6yaet BbirnageTs Tak: 1 1H. ATOMHbIA HOMep
Mo-fnpeXxHemMy paBeH eAuHuULEe, MO0 KOIMYECTBO NPOTOHOB B AAPe He M3MEHWU/IOCh, @ BOT MacCoBOe
YMCNO BBIPOC/NIO BABOE, MOCKO/IbKY K MPOTOHY [006aBUICA He MMelWuiA 3apsfa HeWTpoH. Y
BOZOPOAA eCTb eLle OfUH U30TOMN — TPUTUI, POPMY/a KOTOPOro 3anuLeTcs crefytoLlmm o6pasoMm:
3 1H. Jlerko BuaeTb, YTO B iApe TPUTUA COAEPXKATCA 2 HEWTPOHa 1 1 NpoToH (MaccoBOe YMC/O
paBHO TPEM), a BOT aTOMHbIA HOMepP ONATb XKe He N3MEHW/CA, TaK Kak MPOTOH BCe elle npebbiBaeT
B rOpAoM OfMHO4YecTBe. W NpoTuiA, N JedTepuid, U TPUTUIA XUMNYECKM COBEPLLEHHO MAEHTUYHBI 1
NpeacTaBnAT COO0M OAWMH W TOT >Ke 3/1eEMEHT — BOAOPOA, NOTOMY YTO XMMMWUYECKME CBOWCTBA
3/IEMEHTOB CBA3aHbl C BA/IEHTHbIMW 3/IEKTPOHAMW, & WX KOMMYECTBO BO BCEX Tpex Chyyasax
COBEpPLLEHHO OAMHAKOBO (4MC/I0 NPOTOHOB PaBHO YNC/Y 3/1EKTPOHOB).

NTakK, XMMWYeCKre 3NeMeHTbl, WUMEILIME OAMHAKOBbLIN aTOMHbIA HOMEpP, HO pa3Hble
MaccoBble 4KCna, HasblBalOTCA u3oTonamu. Vnu ewe npouie: M30TOMbl — 3TO A4pa aToMOB,
pasinyaroLLMecs YNCIOM HEMTPOHOB, HO COofepXKallie OAMHAKOBOe KOIMYECTBO MPOTOHOB. Bcee Tpu
nnocTacy BoAopofa — NPOTWIA, AeNTepuini N TPUTUIA — BYAYT 3aHMMaTb OAHY W Ty Xe SiYeiKy B
Mepnognyeckoin cucTeme 3neMeHTOB. A Ternepb MOoMbITaeMcs NMPUMEHUTb NOYyYeHHbIE 3HAHWS Ha
npakTuke. Kak W3BECTHO, MPUPOAHbLIA YypaH COCTOWUT M3 CMeCcH Tpex W30TOMNoB — YypaH-238,
ypaH-235 1 ypaH-234, npuyem Ha Jonk ypaHa-238 npuxoautca 6onee 99 %. BoT ero dopmyna:
238 92U. ATOMHbIA HOMep YypaHa-238 Bblpaxaetcsi yucnom 92, cnefosatefibHO, B €ro sgpe
cogepXxutca 92 NpoToHa, a BOT CyMMapHOe KO/IMYeCcTBO MPOTOHOB UM HEMTPOHOB paBHsAeTCS 238.
UTob6bl y3HaTb, CKOMbKO B fiipe ypaHa-238 MMeeTcs HeTPOHOB, HY)XHO BblYeCTb M3 60/bLUEr0



ymcna mMeHbluee: 238 MUHYC 92 paBHO 146. MTak, HETPOHOB B Afpe ypaHa NoyTu BABOe 60/bLLe,
4yeM MPOTOHOB. TO >Xe caMOe OTHOCUTCA W K [ABYM [APYrMM €ro u3otonam, TO/IbKO KO/MYeCcTBO
HEMTPOHOB B MX fapax OyaeT HEMHOro MeHblle. Bce Tpu nsoTona NpUpoAHOro ypaHa 3aHVMaroT
OAHY Y TY Xe KneTKy epnoanyeckoin cUCTeMbl 31EMEHTOB M coepyaT 92 nNpoToHa (MX aTOMHbIVA
HOMEp OfMH W TOT >Ke). Takue neperpy>keHHble HeWTpOHamy siApa BecbMa HecTabuibHbl U
CMOCOOHbI CamMOMNPOW3BO/IbHO pacnafatbCs. ATO ABMEHME Ha3blBAETCA PALVNOaKTUBHBIM pacnafom u
COMPOBOXJAETCA TeHepauuet XeCcTKoro usnydveHus (pasfMyHble BapuaHTbl PagvoakTUBHOIO
pacnaga Mbl pa3bupaTb He CTaHeMm). Mexay npoymm, SAPO TPUTWSA, B OT/IMUME OT AenTepus U
06bIYHOr0 BOAOPO/A, TOXKe HecTabuibHO, MOTOMY YTO UMEET M36bITOK HEMTPOHOB.

BepHemcs K atomy Pesepdopfa, KOTOpbIA He WMMeeT npaBa Ha CyllecTBoBaHMe. Kak
COXPaHWUTb XXM3Hb 3MEKTPOHY, KOTOPbIA pacTpayunMBaeT 3Hepruto, obpallascb BOKPYr aTOMHOro
fapa? Kak yXe roBOpWiocb Bbllle, pelleHWe 3Tol npobnembl Hawen Hunbc bop. OH
NMOCTY/IMPOB&/], YTO 3/IEKTPOH pacrofiaraeTcsd He Ha NH60 NPOM3BO/IbLHON OpbuTe, a TOMbKO Ha
TOIN, KOTOpas NIEXMT Ha HEKOTOPOM BMOJSIHE OMpefesieHHOM pacCTOsHWM OT agpa. [ABurascb no
TaK1UM paspeLleHHbIM o0pbuTam, 3/eKTPOHbI He U3/yYatoT, a CefloBaTe/IbHO, He TEPAIOT 3HEPTHUIO.
VicnyckaHve vy NOrnoLieHne 3HEpruv MPOUCXOAUT MPU MEPECcKOKe 3/1eKTPOHa C OpbuTbl Ha
opbuTy, NpryeM BeCbMa BaXKHO TO 06CTOATE/ILCTBO, YTO 3Ta 3HEPrusi KBaHTOBaHa, TO ecTb pa3buta
Ha CBOEro pofa MopuMu. ONEKTPOH CTPEMUTCA 3aHATb B aTOMe Hambonee BbIrOAHbIA B
3HEPreTMYeCKOM OTHOLLEHMW YPOBEHb, T ero 3Heprust MMHUMabHa. UeM 61vke opouTa NeXmnT K
A0PY, TEM MeHbLUEe 3Heprus y HaxoAsALLEerocs Ha Heil anekTpoHa. Ecnm 6nvkaiiwas K sapy opbuta
OKa3blBaeTCA Y)XKe 3aHATOW, 3/MEKTPOH B3NeTaeT Ha 00siee BbICOKYHO OpOUTY, HO ANS 3TOr0 emy
HeobX0AMMO MNPUOBPECTU  JOMONHUTENIbHYIO 3HEPTUO, TO €eCTb MOr/JIoTUTb KBaHT CBeTa
(3NEeKTPOMArHUTHOrO M3nyyeHus). MICNyCcTUB KBaHT 3/IEKTPOMArHUTHOINO W3/y4eHUs, 3/1EKTPOH
MOXET CMYCTUTLCA 3TAXKOM HUXKE.

BaXXHO NOMHWUTL, YTO BCe 3TW OpOUTbI — Kak 6/1M3KMe, TakK U [afiekue — OTHIOAb He
MPOU3BO/bHBI, a MPeACTaBAAT CO60M XECTKO (PUKCUPOBAHHbIE 3HEPreTUYEeCKMe YpPOBHWU. B
M3BECTHOM CMbIC/le CUCTEMY 3/IeKTPOHHbIX 0060/104eK (WA OpbUT)  MOXHO  yrnofobuTtb
06bIKHOBEHHOI NecTHMLE. YTo6bl NOAHATLCA BBEPX MO CTYMEHbKaM, HY>XXHO COBEPLUUTL PaboTy, TO
eCTb 3aTpaTuUTb HEKOTOPYH 3Hepruto. CnycK BHU3 [aeTcsa HeCpPaBHEHHO /ierye, HO BUCETb MEXAY
CTYNeHbKamu BCe PaBHO HeNb3sA: B KaXKAblA OTAENbHO B3ATbIA MOMEHT BPEMEHMW BepXxo/a3 06s3aH
3aHMMaTb BMOSIHE KOHKPETHYH CTYMeHbKy. BHyTpuatomHas fecTHuUa (PUKCUpoBaHa CTOMb XKe
XKECTKO. DNEKTPOH, MOrNOTUBLUMNIA KBAaHT 3M1EKTPOMArHUTHOIO M3MydeHns (HanOMUHaeM, YTO 3TO
CTPOro OTMEPEHHas MopuuAa 3Hepruu), nonayyaeT BO3MOXHOCTb LIArHYTb Ha CNefyroLLyto
CTYyNeHbKy, 160 ero 3Heprusi Bo3pocna. Mepoli 3TOW 3Hepruy OyAeT pacCTOsHUE MeXAay
CTyneHbKamu. Yem 60nbLUe 3Heprum NpuobpeTeT 3/1EKTPOH, TEM Bbille OH CMOXET BCKapabKaTbCs.
O[fHaKOo 3/MeKTPOH Bcerfa MeuyTaeT BEPHYTbCA Ha MEPBbI 3TaX, TaK KaK 3TO camasi BbIFOAHas
no3numsa. OH MOXET cpa3y CBaJIMTbCA Ha UCXOAHbIA YPOBEHb, U TOrAa SHePrus UCNyLWEeHHOro UM
3NEKTPOMAarHMTHOIO M3/yyeHnss OyfgeT B TOYHOCTM paBHA TON, KOTOpass 6Gblna MepBOHaYasibHO
nornowieHa. A BOT €C/IM OH 3aCTPAHET MnocepeauHe, TO ero W3nydeHne OyaeT AaBaTb WHYHO
3Hepruo, a cnefosartesibHO, U A/IMHY BOSHbI. WTak, 3Heprus, npuobpetaemas unv TepsemMas
3/1IEKTPOHOM, OMpefenseTca pacCTOAHMEM MeXAY CTyrneHbKaMu.

BbicBoOOAMBLIAACA M3 aTOMa 3HEPrus MOXET ObiTb 3aperucTpupoBaHa. A MOCKO/bKY
KaKAbIA XMMUYECKUIA 3/IEMEHT MMEeT, TaK CKasaTb, CBOM YHWKa/bHbIA HAbop CTYNeHeK, CNeKTpbI
N3Ny4YEeHNs pa3/IMyHbIX BELLECTB OYAYyT B BbICOKOW CTEMEHW MHAMBUAYaANbHbI. [pyrumu cnoBamu,
KKObIA  XMMWUYECKNIA 3M1IEMEHT MMEET CBOK BU3UTHYHO KapTOYKY, 4YTO O4YeHb Ha PyKy
acTpomankam. M3yyas cnekTpbl ganeknx 38e3f, MOXHO NAEHTUMULMPOBATL COAEPKALLMECSH B HUX
XNUMUYECKNE 3/IEMEHTDI.

WTakK, Mbl NPULWAN K BbIBOAY, YTO BOPOBCKMIA aTOM HUYYTbL HE NMOXO0X Ha aTom Pe3sepdopaa.
C Opyroi CTOpOHbI, K peasibHOMY aTOMy OH TOXE WUMEET BeCbMa KOCBEHHOE OTHOLLEHWE, MOTOMY
4yTo aTom bopa (aTom, KOTOpbIA nocTponn bop, Kak MOeTcs B M3BECTHON MeCHe, NapoanpyHoLLE
3HAMEHMTOe aHI/IMIACKOe CTUXOTBOPEHWE) — He 6onee YeM y06Has MOZe/b, NMO3BO/AIOLLAA NMOHATb
CyTb MPOLECCOB, COBEPLLAIOLLMXCA B MUPE 3/IeMeHTapHbIX YacTuy,. OgHako npexae YeM neperiTu K



(hyHAAMeHTa/IbHbIM ~ KApMMYaM  MUpOo3daHns  (CMpedb  BbILIEYNOMSAHYTbIM — 3/1EMEHTaPHbIM
yacTmuam), HeobXoAMMO XOTS Obl KOPOTKO OCTAaHOBWUTLCA HA TMPUHLMME HeomnpeLeseHHOCTH,
KOTOPbIA SBNSETCA aNbdOil U OMEroi KBaHTOBOW Teopuw. ECin BblhatOWMIACA HEMELKUIA (PU3MK
Makc MnaHk npeanonoxun B 1900 rogy, YTO HWKaKOe 3/1EKTPOMarHUTHOE 13nyyeHne (BUAMUMbINA
CBET, PEHTreHOBCKME JlydW, a TaKXKe BOJIHbl JIOObIX [/IMH) He MOXeT reHepupoBaThbCA C
MPOU3BOSIbHON WMHTEHCUBHOCTLIO, HO HEMPEMEHHO [AO/MKHO [03MpoBaThbCs NOPUMOHHO (MnaHK
HasBal 3TW NOpPUMM KBaHTamu), TO APYroim 3HaMeHWUTbIM Hemel, BepHep [eli3eH6epr,
cthopmyIMpoBas CBOV OCHOBOMOMArarLMIA MPUHLLMN.

CornacHo npuHUMny HeonpegeneHHocTn Meit3eH6epra, HEBO3MOXKHO B OHO U TO XXe Bpems
TOYHO M3MEpPUTb KOOPAUHATBI YacTuLbl U ee CKopocTb. CyTb paccyzieHuin IelizeH6epra noHATb
HeTpyAHO. Ecnn Bbl XOTUTe MNpefckasaTb, KakMM 06pa3oM WU3MEHATCH MOJSIOKEHWE M CKOPOCTb
yacTULbl, Bbl JO/MKHbI YMeTb MPOW3BOAUTL TOYHbIE M3MepeHUs 34ecb U ceirvac. CoBepLUEHHO
OYEBMAHO, UYTO A1 3TOrO Bbl AO/HKHbI HANPaBUTb Ha YacTULY MYYOK CBETa, U YeM Kopode OydeT
[JIMHa BONHbI CBETOBOrO My4yka, TEM TOYHee BaM YLACTCA paccyuTaTb KOOPAUHATHI 4acTuUpbl.
OfHako, ucxoasa u3 rmnotesbl MnaHka, CBET HeMb3A 403MPOBaTh NPOW3BO/ILHO MasibIMU MOPLMUAMMU,
60 y HEro MUMeeTCs HeKUi HefeNUMbIA (pparMeHT — OAUH KBaHT. TMOHATHO, YTO 3TOT KBaHT
HENpeMeHHO BHECET BO3MYLLEHME B TPaEKTOPMIO YacTUUbl M Henpenckasyemo MOMeHSeT ee
CKOpPOCTb. UT00bI JO6UTLCA 6OMbLUE TOYHOCTU B M3MEPEHUWN KOOPAMHATLI YacTULbl, Bbl CTaHeTe
yKOopauvBaTb AJIMHY BO/MHbI, U TOr4a 3Heprus KBaHTa aBTOMaTMYeckn BO3pacTeT. ([/IMHa BOSHbI
CBA3aHa C 3Heprueli KBaHTa 06paTHO MNPOMOPLMOHAILHON 3aBUCUMOCTLIO: YeM Kopoye AvHa
BOJIHbI, TEM Bbllle 3Heprus.) CnefoBaTtenibHO, CKOPOCTb cpasy Xe yBenmumTca. CTUBEH XOKWUHT,
OAVH 13 CTONMOB COBPEMEHHOI TeOPEeTUYECKOW (N3MKM, NULLET 06 3TOM Tak:

MHbIMX CNOBaMK, YeM TOYHee Bbl MbITAETECh M3MEPWUTb MONIOXKEHME YaCTULbl, TEM MeHee
TOUHBIMK  OYAYT W3MEPEeHWs ee CKOpPOCTWM, W HaobopoT. [eiiseHBepr nokasan, uTo
HEeonpeAeNeHHOCTb B MOMOXEHUW YacTHLbl, YMHOXEHHast Ha HEONpPeae/leHHOCTb B e CKOPOCTY W
Ha ee Maccy, He MOXET ObITb MEHbLLIE HEKOTOPOIO UICMA, KOTOPOE Ha3blBAaeTCs Ceitvac NoCTOSHHON
MnaHKa. 3TO YMC/O HEe 3aBUCUT HU OT Crocoba, KOTOPbIM M3MEPSETCS MOSIOXKEHME UM CKOPOCTb
YacTULbI, HX OT TUNA 3TOM YaCTWLbl, T. €. MPUHLMM HeonpeaeneHHocTn [elizeH6epra SBNSETCS
(yHAaMeHTaIbHbIM, 06513aTe/IbHbIM CBOACTBOM HaLLIEro MUpa.

MpUHUMN  HeompefefieHHOCTN  MMeeT  [Jafiekouaylime C/eAcTsus, B TOM  yucie W
(unocogpckoro  xapakrepa. OKOHYaTe/IbHO Hakpblnacb MefAHbIM  Ta3oM Aep3kasd Meuta
AETEPMUHMCTOB, KOTOpPbIE Ha FoNy6oMm rnasy 6pannch NpeackasbiBaTh Oyayllee BeceneHHoM, ecnv B
NX PaCropsHKEHUM OKaXYTCA TOYHblE KOOPAMHATbI BCEX COCTaBNAOWMX ee 4vactuy. Crano
MOHATHO, YTO CYOBEKT M OOBLEKT MO3HAHMSA He MOryT CyLlecTBoBaThb Apyr 6e3 gpyra v Hascerja
NnoBs3aHbl OHOW BEPEBOUKOMN.

IMPUKOCHYTLCA K 00BEKTY, HUYYTb ero He BO3MYTKMB, Cymen Obl pa3se yto Tocnogb bor, HO
Mbl 6€3)Ka/l0OCTHO BbIHOCUM €ro Ha CBaJIKy UCTOPUK, MO0 CKa3aHO: He CrefyeT YMHOXaTb YUCO
CyLLHOCTel cBepx HeobxoanmocTu (Ywunbsim OKKaM, CpefHEBEKOBbIA aHMNMACKUA (uraocod).
Moaxopn Okkama (Mnn «6putBa OKKama») B 20-X rogax npoLUIoro Beka 6bin B3AT Ha BOOPY)XXEHME
Hunbcom Bopom, BepHepom [elizeH6eprom, 3pBuHOM LlpeauHrepom u TMonem [Aupakowm, B
pesynbTaTe 4Yero KnacCU4eckas MexaHuka YCTyrnusia MecTO KBaHTOBOW Teopuu, BO NaBy yrna
KOTOPOM Obl/1 MOIOXEH MPUHLMN HEONPeAEeNeHHOCTH.

KBaHTOBas MexaHuKa pa3 1 HaBcerga rnepeyepkHyna AeTepMUHU3M, HA KOTOPOM MOKOMMach
cTapas (pM3MKa, W BHECNa B HayKy HeW30eXHbl 3M1eMeHT HerpeackasyemocTn. Beckpbinas u
Mn/10CKas 0fHO3HaYHOCTb YCTYNW/Ia MECTO BEPOATHOCTHOMY MOAXO0A4Y.

3Has WCXOLHble MapameTpbl CUCTEMbI, Mbl Y)K€ HE MOXEM rapaHTMpOBaTb BrOJIHE
OnpeAeneHHoro pesynbrara, a roBOpPMM fiMLb O TOM, YTO cucTema 6yAeT HaxoAUTLCA B TOM WK
MHOM COCTOSIHUM C HEKOTOPOI BEPOATHOCTbLID. ITO BbII0 HACTO/ILKO HEMPUBBLIYHO U YANBUTENBHO!



[axe Takoil epeTnK W PeBONKOLMOHEP, KaK Ab6epT OWHLITENH, OfHaXKAbl B CBA3M C 3TUM B
cepguax 3asBus, 4To Bor He urpaet B KOCTU. TeM He MeHee OO/bLUMHCTBO Y4YeHbIX Cpasy ke
MPUHANM  KBAHTOBYKD MEXaHWKY, TMOCKO/IbKY OHa JaBasla MNpeKpacHOe COorfacoBaHne C
9KCMEPUMEHTOM.

3 npuHUMna HeornpegeneHHOCTU CambliM HEMnocpeiCTBEHHbIM 00pa3oM BbITeKaeT Tak
Ha3blBaeMbI KOPMYCKYNSPHO-BOMHOBOW Ayanu3m. JTio6as yacTuua MOXET 3anpocTo 06epHYTHCS
BOJIHOW, M HA060POT: CyTb BELLEi, KaK HW CTPaHHO, YCKO/b3aeT OT CTPOrnx (opmMynpoBOK.
CkaxeM, 3M1eKTpOMarHUTHOE U3Ny4YeHre pacnpoCcTpaHseTcs B BUAE (PUKCUPOBAHHbLIX MOPLUIA, Unn
KBaHTOB, 4TO YybeauTeNnbHO MpogeMoHCTpupoBas Makc [MnaHk. OAHako B COOTBETCTBUMM C
MPUHLMNOM HeornpefeneHHOCTH MelizeH6epra POTOHbI (KBaHTbI 31IEKTPOMarHUTHOMO M3/1y4eHuns) B
TO e camoe Bpems BefdyT Cebf Kak BOJSIHbl, He VMelowwme OnpeLeieHHOro MoJIOXKeHUs B
NPOCTPaAHCTBE, HO «pa3MasaHHbIe» M0 HEMY C HEKOTOPbIM pacnpefenieHnemM BeposiTHOCTU. CBeT B
[JAaHHOM Cnyvae — OTHIOAb He WUCK/IKYEHWe; TOYHO TaK >Xe BeAyT cebs BCe Mpoume YacTuubl,
KOTOpbIE MPUHATO Ha3bIBaTb 3/1leMEHTaPHbLIMMU.

PU3NKN HEMHOTO /TYKaBAT, KOra roBOPAT, YTO 3/1EKTPOH BpaLLaeTcA BOKPYr aTOMHOro f4pa,
NMOTOMY YTO B [AENCTBUTENbHOCTM HU O KaKOM [BMXKEHWW B MPUBLIYHOM MOHUMAHUM 3TOrO C0Ba
30eCb He MOXET OblTb W peun: 3MeKTPOH He KPYTUTCSH, KaK 3aBefeHHbll, HO HaxoauTcs B
HEKOTOPOM OMpefeIeHHOM COCTOSIHMK, KOTOPOe OMUCLIBAETCSH C/IOKHOM BOHOBON (hYHKLMEN.
VIHbIMK cnioBamu, Mbl IMeeM MpaBo FOBOPUTb TO/IbKO /INLLL O BEPOATHOCTM MPebbiBaHWSA 3/1eKTPOHA
B TOV W/IN MHOW TOUKE.

3aKOHYMM Ha 3TOM Hall KOPOTKMI 3KCKYPC B KBaHTOBYHD MEXaHUKy W rnepeinfem K
PacCMOTPEHUIO 3/1eMEHTAPHbIX YaCTUL, KaK TaKOBbIX.

Ecnv OTOH nnv 3neKTpoH B6eCCNOPHO 3/1EMEHTAPHbI, TO 3TOr0 HUKAK He CKaXKellb 0 HA4YMHKe
aTOMHOI0 fiapa — MNPOTOHaX W HEWTPOHAaX, MOCKONbKY OHU WMEKT CNOXHYK BHYTPEHHIOH
CTPYKTYpY. O6e 3TK YacTuLbl NPeACTaBNAT COO0M KBapKOBble TPUMETbI, TO CTb NMOCTPOEHbI U3
bonee (PyHAAMEHTa/IbHbIX KMPNUYei — KBapKOB, TeX CaMbIX KBApPKOB, 3a OTKPbITUE KOTOPbIX
Mtoppeli Fenn-MaHH 6bin yaocToeH Hobenesckoi npemun. OfHaKo 060 BCEM MO NOPALKY.

OCHOBHbIMM CBOMCTBaMU BCeX 0€3 WUCK/OYEHUS 3/IEMEHTapPHbIX YacTul, ABNAIOTCA Macca,
3apsag 1 cnyH. Macca YacTulbl COCTaBsSeT YacTb ee MOMHON 3Hepruu, NoToMy YTO Macca — 3TO
BCEro Nuwb apyras ee ¢opma. Macca MOXeT ObiTb NpeobpaszoBaHa B 3HEPruo, U HaobopoT;
B3aMMOCBA3b MeXAy 3TUMMK [BYMS CTOPOHamMu OAHON Medann Nerko BWAETb B 3HAMEHMWTON
(hopmyne AnbbepTa iHWTENHa E = mc2, rge E — 3Heprusa, m — mMacca, a ¢ — CKOpPOCTb CBeTa.
OfHM YacTuLbl UMEKOT Maccy, a Apyrve ee nuLleHbl. Hanpumvep, (M3nKn roBopsAT, 4TO Macca NnokKos
(pOTOHa paBHAETCA HYM0. DTO NPOCTO-HAMPOCTO 03HAYaeT, YTO MOKOALWMXCA (POTOHOB B MpUpoLe
He cyllectByeT. OcTaeTcq [06aBMTb, UYTO pacrpefesieHne YacTul, no maccam He MOAYMHSETCA
HVKaKOW BHATHOW 3aKOHOMEPHOCTM.

INeKTPUYECKWNIA 3apsf — TOXE 3HaKOMbI 3Bepb. C 3apsgoM Aeno 06CTOUT B TOYHOCTU TaK
e, KaK U C MacCcoi: OfHM YacTuLbl ero HecyT, a Apyrue — HeT. YacTuubl, He NMeloLMe 3apsaaa,
CUMTAOTCA 3NEKTPUYECKM HEMTpanbHbIMW. B oTnume OT macchl, 3apsif OblBaeT [ABYX BWAOB —
MOMOXKUTENbHBLIA U OTPULATENbHBIA; 3apsdbl BCEX 3/IEMEHTApPHbIX 4YacTuL, KpaTHbl 3apsgy
3/1IEKTPOHA, 3a UCK/HOYEHNEM KBapPKOB, 3apsf KOTOpPbIX KpaTeH 1/3 3apsaaa aneKTpoHa.

CnuH 3MeMEeHTapHOM 4acTuubl NPeACcTaBNsSeT COO0M HEKWUIA BHYTPEHHWUA MOMEHT ee
BpaLLEeHMs 1 NPOMOpLUMOHaIeH NOCTOAHHOM MnaHka. Ecnm yacTuua He BpallaeTcs, ee CrH paBeH
HynMto. M3 coobpakeHWUin HarnsgHOCT MOXHO NpeAcTaBUThL cebe yYacTuubl B BUAE MasleHbKUX
BO/IYKOB W/IN LUAPUKOB, BpalatoLLmMXCca BOKPYr CBOeW OCW, HO Bcerga cnegyet MOMHWTb, YTO
nofobHas KapTuUHa cyrybo ycroBHa U He MMeeT C peaslbHOCTbI0 HU4Yero obuero. B KBaHTOBOM
MUpPEe 3/1eMEHTapHbIE YacTMLbl HE MMEIT CTPOro onpeaeneHHoM ocu BpalleHus. CnuvH YacTuupbl
[laeT HaMm MNpeAcTaB/ieHVe O TOM, KaK OHa BbITAAUT, €CiM NOCMOTPETb Ha Hee C pasHbIX CTOPOH.
CTunBeH XOKUHT NPUBOAMT XOPOLLINIA NPUMEpP Ha 3TOT CYeT.



Yactuua co cnmHoM 0 Noxoxka Ha TOYKY: OHa BbIrNAAMT CO BCeX CTOPOH OAMHAKO0BO. YacTuuy
CO CMMHOM 1 MOXHO CPaBHWTb CO CTPE/ION: C pasHbIX CTOPOH OHAa BbIMNALMT MO-pPasHOMY W
NMPUHUMaET TOT e BUA NMLWb NOCce NOAHOro o6opota Ha 360°. Yactuuy €O CMUHOM 2 MOXHO
CPaBHWUTbL CO CTPESIOi, 3aTOYEHHON C 06enx CTOPOH: /I060e ee MOMOXKEeHME MOBTOPSETCA Noc/e
nonyobopota (180°). AHaflorMYHbIM 06pa3omM vacTuua ¢ 60/ee BbICOKMM CMMHOM BO3BpaLLaeTcs B
nepBOHaYa/lbHOE COCTOsIHWE MpPY MOBOPOTE Ha €eLle MeHbLUYH 4acTb MOMHOro 06opoTta. ATO BCe
[lOBO/IbHO OYEBUAHO, & YAUBWUTE/NbHO [APYroe — CYLLECTBYIOT YacCTWLbl, KOTOPbIE MOC/Ee MOSIHOMo
060poTa He NPUHUMAKOT NPEXHUIA BUA: UX HY)KHO ABaX/bl MOSHOCTHI0 NOBEPHYTL! [TOBOPAT, UTO
TaKue YacTuubl 06nagatoT cnnHom 1/2.

Bce n3BeCTHbIe 3/1eMEHTapHbIE YaCTMLbI MOXHO Pa3fe/inTb Ha fBe rpynnbl B 3aBUCMMOCTY OT
BE/IMYMHBI CMWHA, KOTOPbIA OHW HecyT. Ecnm cnunH BbipaxkaeTcs uensim yncnom (0, 1, 2 M T. 4.), TO
TakKune YacTuLbl HasblBatOT 6030Hamu, a ecnv nonyuensim (1/2, 3/2, 5/2 n 1. a.) — hepMmoHamu. 3Tn
Ha3BaHMs 00pa3oBaHbl OT (haMWInA [ABYX W3BECTHbIX (DM3MKOB-TEOPETUKOB CaTueHfpa bose u
SHprKo Pepmu. Bee BelecTBO BO BeeneHHOM NOCTPOEHO U3 (hepMUOHOB — YacTUL, C NOyLenbIM
CMVHOM, & CWNbI, AENACTBYIOLLME MEXAY YacTMLaMM BeLLeCTBa, Co34atoTcst 6030HaMu, MeLWUMM
LleNIoYNCNEHHBIA cnH. CnNUH 3MeKTpoHa cocTasnseT 1/2, noatomMy OH nornafgaeT B rpynny
(hepMM1OHOB.

B 3aBMCMMOCTM OT WX OTHOLUEHWS K CWIbHOMY B3aMMOAENCTBMIO (O YeTbIpeX Tunax
(hyHAaMeHTa/IbHbIX B3aVMOENCTBUIA pedb Yy Hac Brepeau) (epMmoHbl, B CBOK O4epeab,
nofpasfenstoTcs Ha ABa cemeicTBa. Te (bepMUOHbI, KOTOPble MPUHUMAKOT y4acTue B npoueccax ¢
CUNbHBIM B3aUMO/ENCTBMEM, Ha3bIBAKOTCA KBapKaMu (MPOTOHbI M HEMTPOHbLI COCTOAT U3 KBAPKOB),
a BCe OCTa/lbHblE, B CU/bHbIX B3aUMOLEWCTBUSAX HE YUacTBYIOLLME, — NENTOHaMWU. 3NEKTPOH BXOAUT
B CEMEWCTBO /IENTOHOB; KPOMe HEro Tam MOMELLaKTCA eLlle NATb YaCTUL, — 3/1EKTPOHHOE HENTPUHO,
MIOOH, MIOOHHOE HEeWTPUHO, Tay-HEMTPUHO M Tay-nenToH. KBapKOB TOXe HaCuMTbIBaeTCs LUECTb
pa3HOBMAHOCTEA — M-KBapK, d-KBapK, C-KBapK, S-KBapkK, t-kBapK W b-kBapk. Takum 06pasom,
KMpNuyamMmn MMUpO3faHusi, CTPOUTENbHbIMW 6/10KaMXU  MaTepun, KOTOPYHD Mbl MOBCEMECTHO
Habntogaem, SBNATCA 12 pyHAaMeHTaNbHbIX YacTuL, — 6 KBAPKOB 1 6 IENTOHOB.

Cpean 6030HOB, SABASAIOLWMXCA MEPeHOCYMKamy (hyHAAMEHTa/IbHbIX B3aMMOAENCTBUA 1
CO3JatoLWwmx CUsbl, JeCTBYIOLLME MEXAY YacTuLaMU BellecTsa, Hanbonee 13BeCTHbI (DOTOHbI, 8
Pa3HOBUAHOCTEN [/IHOOHOB, 3 BMAA THXKE/bIX BEKTOPHbIX 6030HOB (W+-6030H, W--6030H W
Z0-6030H) 1 NOKa eLle He OTKPbITbIA rPaBUTOH.

OcTaetcs A06aBMTb, 4YTO B COBPEMEHHOM TEOPMM MOAA YacTMUbl BbICTYNaOT Kak
Me/nIKoMacLTabHble BOJIHbI COOTBETCTBYHOLUMX MOMei. Hanpyumep, 3feKTpOMarHMTHOe U3fyyeHune
MOXET BOCMPUHMMATLCA M Kak BO/HA (CKaXXeMm, B C/lyvae pajmMoBOSIH), U Kak yacTuua (KecTkue
raMmMa-kBaHTbl). ECnv AnnMHa BOMHbI 3/1IEKTPOMArHUTHOTO W3/yYeHUS 3HAYMTEIbHO MPEBbILLAET
pasmepbl Nprbopa, TO OHa PErncTPUPYETCS Kak HerpepbIBHAsA BOJIHA, TO eCTb Berylme KonebaHus
3NIEKTPUYECKOr0 U MarHUTHOro nosneii. B NnpoTMBHOM cny4ae (Npy Masion AnMHe BOMHbI) Nproop
(hMKcupyeT CBET B BUAE OTAENbHbIX KBAHTOB — JOTOHOB. TOraa roBopsiT Y>Ke He O [/IMHe BOJHbI, a
06 3Heprumn poToHa. Knaccmyeckunin npyMep KopnycKynspHO-BOSIHOBOMO Ayasin3ma.

®epMUOHbI, M3 KOTOPbIX MOCTPOEHO BELLECTBO BcCeneHHON, — OTHIOAb He 6e3y4vacTHble
CTaTUCTbl Ha 3TOM nNpasgHuKe >XM3HW. OHW B3aMMOLENCTBYIOT MeXay Co60i, a B ponu
MepeHOCYNKOB B3aMMOLEWACTBUA (MU CUA, OeACTBYHOWMX MEXAY 4YacTuLaMu  BeLLecTBa)
BbICTYNalOT 6030HbI. YTO6bI CO3[4aTb BCE MHOroobpasve SBEHWI, NpUpPoLe NOTpeboBanoCh
KPYr/ibIM CYETOM YeTbipe Turna B3aMMOAENCTBUA — 3MEKTPOMArHUTHOE, Cnaboe, CuibHOe (Un
AAEPHOE) U rpaBUTaUMOHHOE. IMEKTCS Cepbe3Hble OCHOBaHWA nonaratb, YTO MepBble TPU TUNa
B3aMMO/ENCTBUIA NPW HEKOTOPbIX YC/IOBUSX MOFYT 00BLEAUHATLCSA B Of4HY CUNY, a pa3fe/ibHO OHWU
CYLLECTBYIOT TO/IbKO NPU HU3KUX YPOBHAX 3Heprun. K HacTosLemMy BpeMeHM NOCTPOeHa MOZEfb
3NeKTPOCN1aboro B3aMMOAENCTBUA (3NEKTPOMArHMTHOE + Cnaboe), a YacTuLbl-NEPEHOCUNKIN 3TOW
efIMHOIN CUMbl 06HAPY)XXeHbI 3KCNEPUMEHTa/ILHO (TPU BUAA TAXENbIX BEKTOPHbIX 6030HOB). Teopus,
06beauHsAIOWas TpU cunbl B 0AHY (3neKTpocnaboe B3avMOAECTBME + CU/IbHOE), Ha3bIBAeTCH



Teopueln BENIMKOro 06beUHEHNS, OAHAKO MOTPEBHbIA AN 3TOr0 YPOBEHb SHEPrUiA HEeAOCTYMEH
COBpPeMeHHbIM yckoputensam. IMpu ele 60nee BLICOKMUX 3HePrmsax cobrparoTcs BOELUHO BCe YeTbIpe
CWNbl NPUPOAbI. Takne ycnoBus CyLecTBOBa/IM B OYeHb FOHO BceneHHOM, Korga Mup eLle To/IbKO
BblNapXmBas 13 HEObITUS.

Pa3bepem 4eTbIpe TMNa yHAaMeHTa/IbHbIX B3aMOLENCTBUIA MO NOPSAKY. DNEKTPUYECKME U
MarHWTHble  AB/IEHUS  MMelT  06Llee  MPOMCXOXAEHVWE U OMUCLIBAOTCA B pamKax
3N1eKTPOMArHMTHOIO B3aMMO/ENCTBUSA, KOTOPOE TaK WM MHavye CBA3aHO C OOMEHOM Wu
n3nydyeHnem (HOTOHOB (KBAHTOB 3/1EKTPOMArHUTHOIO W3/lydeHns)). BrepBble 370 nokasan
BblAAKOLLMIACA aHTNMIACKMIA mn3nK dyxkeimc Makceenn ewe B 1873 rogy. neKTpoMarHUTHbIE CUMbI
[ENCTBYIOT TONbKO MeXAy 3apsXKeHHbIMW 4YacTuuaMu (O4HOVMMEHHbIE 3apsifibl OTTa/IKMBAKOTCS,
pa3HOMMEHHbIE — MPUTATMBAKOTCA). Paano, TeneBnaeHne, COTOBas CBA3b U MHOrve Apyrue yaobHble
M MOofe3Hble BeWM HembICAMMbl 6e3 (DeHOMeHa 3/1eKTPOMarHeTnsma, MOCKOMbKY 3TU CWbI,
OCHOBaHHble Ha MPOTUBOOOPCTBE [BYX MOMAPHbIX Havas, CroCOOHbI PacnpOCTPaHATLCA Ha
3HauuTeNbHbIe PacCToAHWUA. Bosiee TOro, aToMbl U MOJIEKY/IbI, U3 KOTOPbIX MOCTPOEHO BELLECTBO,
TOXe 00f3aHbl CBOMM  CYLLECTBOBaHMEM  3/1EKTPOMarHUTHOMY  B3aMMOAENCTBUIO.  Cunbl
3NIEKTPOMArHUTHOTO MPUTSXKEHUS  YAEPXKUBAKOT 3/1eKTPOHbI BHYTPU aTOMOB, 3aCTaBfiff WX
BpaLaTbCAd BOKPYr aTOMHOro sgpa. B ponv nepeHocuMKa 3MeKTPOMarHUTHLIX CWJT BbICTYMaeT
6e3maccoBas YacTuLa co CnMHoM 1 — hoToH (PU3MKM roBOPAT, UTO Macca NOKos POTOHA PaBHAETCH
HY/10).

B3aumopgeicTere Mexay [BYMS 3apsXKeHHbIMM yYacTuuamu (NPUTATMBAKOTCA OHU WK
OTT&/IKMBAKOTCH, B [aHHOM Cny4ae poSiM He WrpaeT) MpefcTaBnseT co60iM pesynbtaT 0bmeHa
60MbLUMM YNCIOM TaK Ha3blBaeMbIX BUPTYa/IbHbIX POTOHOB. B 0T/IMUME OT «peasibHbIX» YacTULL, UX
BUPTYa/ibHble CECTPbl MPUHLMNMAIBHO HeHabMto4aeMbl, UX HEBO3MOXHO 3apermctpupoBatb Npu
nomow [fetektopa. OSCHMM cKa3aHHOe Ha npumepe. Boobpasvm cebe HEKWA 3aKpbITbIl
KOHTelHep, BHYTPWY KOTOPOro HUYEro HeT, — HU U3NyYeHUs, HU BelecTBa. [pyrumm ciosamu, Tam
COLEPXMTCA TONbKO BakKyyM, abcontoTHas nyctoTa. HO 4ToObl YA0CTOBEPUTLCS, YTO KOHTEHep
[eACTBUTE/NIbHO NYCT, Mbl LO/DKHbI OCBETUTbL €ro HYTPO — nocnatb Tyda ny4y cBeta. A MOCKO/bKY
CBET PacnpoCTPaHSAETCA C KOHEYHONM CKOPOCTbHO, MPOLECC M3MEPEHMst 3aliMeT HEKOTOPOE BPEMS.
CkasaTb C MOSHOW OMpeaeneHHOCTbI0, YTO KOHTEHEP MYCT, Mbl CMOXEM TO/IbKO B TOT MOMEHT,
Kor[a BEpPHYBLUMIACA U3 KOHTelHepa CBETOBOW MYyYOK AOCTUIHET Halero getekropa. Mpu atom y
HaC HET HUKAaKON YBEPEHHOCTW, YTO KOHTelHep OCTaBasiCA MYCTbIM BCE BPEMS Ha NPOTSA>KEHUN
npoueaypbl  U3MepPEeHMs. He WCKMOYEHO, 4TO 3Heprus BakyymMa Morfa KonebaTbcs
(thnyKTynpoBaTb) OKOMIO HY/NA, MOPOXKAas KOPOTKOXMBYLLME YACTULbI-NPU3PaKK, KOTOPblE TMOHYT
paHbLLe, YeM Mbl ycreBaem MX 3acedb. OHW BbIHbIPUBAKOT U3 MYCTOTbl U BHOBb NPAYYTCA B Hel
HaCTO/IbKO CTPEMUTE/NIbHO, YTO Mbl HE MOXEM OOHapYXMTb WX B MNPUHUMNE, A2Ke ec/un
pacrofiaraéM CamoOi COBEPLUEHHON W3MEPUTENbHON annapaTypoil. TakuMe YacTulbl MPUHATO
Ha3blBaTb BUPTYa/IbHbIMU.

PasymeeTcs, He BCe (POTOHbI BUPTyanbHbl. KBaHTbl CBETa, KOTOPbIE BbICBOOOXAAIOTCS B
pesynbTaTe nepexoja 3/MeKTpoHa ¢ OpbuTbl Ha OpOMTY, NPeACTaBNSAOT COOOIM BMOSIHE peasibHble
(hOTOHbI. AHANIOrMYHbIM 06pPa3oM MpY COyAapeHUN peasibHOro ()oTOHa C aTOMOM 3/1EKTPOH MOXET
MepeckounTb Ha 60/ee yaaseHHYHO OT fgpa opbuty. B 3aTtom cnyyae aHeprus (hoToHa 6ydeT
nornoLieHa. Mtak, noabITOXMM: 3/1EKTPOMarHUTHas cunia AencTBYeT MeXAy BCEMW YacTuLamu,
HECYLLIMMWN 3M1EKTPUYECKNIA 3apsifd, a ee MNepeHOoCcUMKamy ABMSKTCA BUPTYaibHble (OTOHbI. A
MOCKO/IbKYy Macca MOKOs (JOTOHa paBHAa HY/MHO, 3/EKTPOMArHUTHOE B3aMMOENCTBUE MOXET
nepegasarbCs Ha 60/bLUNE PACCTOAHMS.

Cnaboe B3aMMOMENCTBME OTBEYAeT 3a HEKOTOPblE MPEBPALLEHNA B MUPE 3M1EMEHTapPHbIX
yacTuy,. XOopowwuiA mpumMep Cua 3TOr0 TuUNa — Tak HasblBaeMblil GeTa-pacnaf HecTabusbHbIX
aTOMHbIX SiAep, B pe3y/ibTaTe KOTOPOro BHYTPUSAEPHbIA HEWTPOH MpeBpallaeTcs B NPOTOH, a U3
f4pa BblNETAKOT 3/1EKTPOH U aHTUHENTPUHO. B cnabom B3aMMOAENCTBMM Y4aCTBYHOT BCE YacTuLpbl
CO crnvHOM 1/2 (TOo ecTb BCe (DEPMUOHBI), a ero NepeHoCcHNKamm ABNAKOTCA TSXKeSble BEKTOPHbIE
6030HbI cO crnMHOM 1 (W+-6030H, W--6030H M Z0-6030H). OCKO/IbKY BEKTOPHbIE GO30HbI —
ype3BblYaiiHO MacCKBHbIe 4YacTuubl (OHM Tsbkenee npoToHa noyt B 100 pa3s), cnaboe



B3anmMogeincTamne ah(heKTUBHO TONbKO Ha CBEPXMa/IbIX PacCTOsHUSAX nopsigka 10-16— 10-17cm. Kak
y)XXe roBopunoch, cnaboe B3avMOAENCTBUE YAAN0Ch 06bEANHNUTL C 3N1EKTPOMArHUTHLIM. 3TO 6bI10
cllenaHo B cTaHAapTHoOM mogenu BaiH6epra — Canama, 0 KOTOPO NoApOo6HO pacCKasblBaeTcs B
rnase «/ Tbma npuwina». Cnaboe B3anMOAENCTBME MEET CaMOe HEeNOCPeLCTBEHHOE OTHOLLEHME K
TEePMOSIAEPHbIM pPeakuuaM, B X04e KOTOPbIX BOLOPOA B 3Be34HbIX HeApax npeBpallaeTca B renvn, a
TaKXXe K HEKOTOPbIM ApYrMm npoLieccam, CONpPOBOXKAAOLLIVIM 3BOJIHOLMIO 3B€3[, pPa3HbIX TUMOB.

CunbHoe (Mnn SAepHOe) B3aUMOLENCTBUE YAEPXKUBAET KBAPKM BHYTPU HYK/IOHOB, & NPOTOHbI
1 HETPOHbI — BHYTPWU aTOMHOIO 5i4pa, NPeojonesas CUsbl KY/IOHOBCKOTO OTTa/IKMBaHUS (MPOTOHbI
MUMEIT OAHOVMMEHHbIA 3apaf). Kak Mbl MOMHWM, CYLLECTBYeT LIeCTb pa3HOBMAHOCTER (1n
apoMaToB) KBAapKOB — W-KBapK, d-KBapK, C-KBapK, S-KBapK, t-KBapK M b-kBapk. WX Ha3BaHus
06pa3oBaHbl OT aHIIMIACKNX CMOB UP — «BBepPX», down — «BHU3», charm — «o4yapoBaHue», strange —
«CTpaHHbI», truth — «npaBauBbIi» 1 beautiful — «npekpacHbIi». Buanmo, (PU3NKOB YyTOMUAN
NaTblHb W FPeYecKnid, U OHN PeLInN Ha3BaTb (hyHAAMEHTa/IbHble KAPMUUMA BEPXHUMU, HUXHUMN,
04YapoBaHHbIMKW, CTPaHHLIMW, NPaBAMBLIMU W NPEKPacHbIMKU YacTuuaMu. MPOTOHbI U HEATPOHbI
NpeLCcTaBNAT COO60M KBAPKOBblE TPUM/ETLI, OAHAKO B MX COCTaB BXOAAT TO/IbKO KBapKu [BYX
apomatoB — und. MpOTOH NOCTPOEH M3 [BYX U-KBapKOB ¥ OAHOr0 d-KBapka, a HeMTPOH — U3 ABYX
d-KBapKOB 1 OAHOrO U-KBapKa. A NoCKO/bKY d-KBapK YyTb YBECUCTee U-KBapKa, HEMTPOH HEMHOIO
TshKenee NpoToHa. PasHuua B UX 3apsagax (MPOTOH 3apsikeH MOSIOXKUTENBHO, & HEMTPOH 3apsfa He
MMEET) TOXe OOBLACHAETCA OCOOGEHHOCTAMM BHYTPEHHEro CTPOEHUS, TaK KaK KBapKuM HecyT
APOGHbIN 3neKTpuyecknin 3apag (2/3 n -1/3). Taknum 06pa3om, 13 TPeX KBapKOB, ABa U3 KOTOPbIX
MUMEKT 3apsgd nac 2/3, a ognH — MuHyc 1/3, nonyvaeTcs NPOTOH € 3apsgoM +1. A HEeMTpoH
COCTOUT M3 OAHOrO KBapKa C 3apsagoMm 2/3 n AByX C 3apsafoM MyHyc 1/3, noatomy B pesynbrare
BbIXOAMT HOMb. 13 KBapKOB ApYrux TUNOB (CTPaHHOro, 04apOBaHHOr O, b 1 t) TOXEe MOXHO CTPOUTb
4aCTULbl, HO OHWN OKa3bIBAKTCSA HECTAOU/IbHBIMM M BLICTPO pacnajatoTcs Ha NPOTOHbLI U HENTPOHDI.

Kpome TOro, Kaxzplil KBapK MOXET HaxOAWUTbCA B TPeX Pas/IMyHbIX COCTOSHUAX, KOTOpble
MPUHATO Ha3blBaTb LIBETOM (KPacHbIW, XXEeNTbln 1 3eneHbli). PasymeeTcs, B AeACTBUTENIbHOCTU
HMKaKoro LiBeTa y KBapKOB HeT, 3TO MPOCTO YAO0OHbIE O6LLENPUHATbLIE 0603HAYEHNSA X CBOWCTB.
AneMeHTapHble YacTULbl COCTOAT U3 KBApKOB pa3HbIX LBETOB, HO BCErfga B TakMX KOMOMHaUMAX,
4TO6bI B pe3y/ibTaTe nosyynnach becuBeTHas yactuua. Hanpumep, TPUNET «KPaCHbIN + 3eneHbll
+ CUHUA» OKaXETCA NPOTOHOM WM HEATPOHOM. C HalnMumeMm Yy KBapKOB LiBeTa TECHO CBSI3aHO
SIBMIEHNE TaK Ha3bIBAEMOro KOHMaiHMeHTa KBApKOB («HEBbINETaHUS», «yAepXXaHUs» B NepeBoae C
aHrnminckoro). [leno B TOM, YTO KBapKM HMKOIAa He BCTPEYatoTCA 130/IMPOBaHHO, a CyLLECTBYHOT B
TECHOM Koorepauuu fpyr ¢ APYyrom, B BUAE Y)Ke 3HAaKOMbIX Ham KBapKOBbIX TPUM/IETOB.
OG6HapyuTb OTAeNbHO B3SITbIA KBAapK He YAanocb MokKa ele HMKoMy. Ecnm 6bl KBapK B3gymarn
060C06UTLCA M XKUTb CaMOCTOSATENIbHO, OH MOMEHTa/lbHO Mpuobpen 6bl LBET, YTO 3anpeLyeHo
YCNOBMSIMM 3alaumn: KOH(haiHMEHT 0053blBaeT WX YAEPXKMBATLCS B OECLBETHLIX KOMOWHaLWSX.
MpaBaa, NMpY OYeHb BLICOKUX 3HEPrusiX CU/IbHOE B3aMMOJENCTBME 3aMeTHO OcnabeBaeT, 1 Torga
KBapKM Ha4MHaKOT BECTU ceba MoYTU KakK CBOOOAHbIE YacTuubl. Takas KBapK-r1t0OHHas Mnasma
CYLLeCTBOBa/IA HA PaHHMX CTaAMAX XXWN3HW Hawlel BceneHHOM.

KBapku yaepxuBalOTcd B Tpunaetax 3a CYeT  YaCTUL-MEPEHOCYMKOB  CU/IbHOIO
B3aMMO/ENCTBUA — IMHOOHOB (0T aHrAMIACKOro glue — «Knein», «KnemTb»), KOTOpble CKIEMBAOT UX
MeXay COO0. NMI0OHbI UMEKOT HYNIEBYIO MacCy W CMUH, paBHbIN efuHMUE. B oTanume oT Bcex
NpPoYMX TUMOB B3aMMOAENCTBUM, SAEPHbIE CUMbI HE 0CNabeBatoT Mo Mepe YAaleHUs KBapKOB Apyr
OT Apyra, a HanpoTuB, PacTyT. [MIIOOHbI MOXHO YNoA06UTb TYrMM pPe3nHKam, COeAMHSAIOLMUM
KBapKn Mexay cob6oid. Moka oHW pacnonaraoTcs 60K 0 60K, pe3viHKN BUCAT CBOOOAHO, MO3BONASA
KBapKaM 4yBCTBOBaTb Ce6si CPaBHWUTENbHO BO/ILIOTHO. HO CTOMT MM MOMbITaTbCA OTOABUHYTLCA
Apyr OT Apyra, Kak pe3vHKU HeMe/leHHO HaTArMBatoTCS MU BO3BPALLAtOT O030PHUKOB B MCXOLHOE
NMonoXeHne. HAfepHble CUbl 3PQEKTUBHbI TOBKO HA OYeHb MasibIX PacCTOAHUAX MopsgKa
10-13- 10-15caHTMMETPOB.

Ham ocTanocb pacCMOTPeTb YeTBEPTbIN TUM (PYyHAAMEHTa/IbHbIX CU/T — FPaBUTaLMIO, KOTOpas
HOCUT YHMBEPCAIbHbIA  XapakTep W 3acTaBiseT Tena MPUTArMBATLCA  Apyr K Apyry.
paBMTaLMOHHOE B3aMMOfecTBMe — camoe cnaboe W3 BCeX: Cuia  3M1eKTPOMarHUTHOrO



OTTa/IKNBAHMS MPEBbILIAET CTArMBAIOLLYIO CWly rpaBuTaUMU npumepHo B 1043pa3. OpHako
cnabocTb rPaBUTALMOHHOTO B3aWMOAEWCTBMSI C JIMXBO MCKYMAeTCss OrpOMHbIMK  pa3Mepamu
He6eCHbIX Tef, COCTOSLLMX M3 aCTPOHOMMYECKOTO KOMIMYECTBA YacTuL,, MO3TOMY CU/bl FpaBUTaLUN
MeXAy nnaHeTamnm WM 3Be3gamy MOTYT faTb O4YeHb GO/bLUYI BennuKHy. Kpome TOro, ecnw
3NEKTPOMArHMTHbIE CU/bl JeACTBYIOT TONbKO Ha 3apsXKeHHble 06LEKTbI, TO rPaBUTaLIMA OKa3biBAET
BAISIHIE Ha BCe 6€3 UCK/H0UEHMS Tena U YacTuLbl Hallieit BceneHHo, 061aaaroLLme Maccoid.

MepeHOCUMKOM TPaBUTALMOHHOTO B3aMOENCTBMS SIBMISIETC MOKa €llle He OTKpbITas
yacTuLa rpaBUTOH, KOTOpast JO/MKHA UMETb HYNEBYHO MaccCy MOKOSi U CMUH, paBHbIA AByM. Kak 1
3NEeKTPOMarHeTU3M, rpaBUTALMOHHOE B3aMOo/elicTBIe NPeaCcTaBnseT co60i AanbHOAENCTBYHOLLYIO
cuny (hoTOH ToXe 6e3maccoBas YacTuua). [loCTpoeHMe KBaHTOBOW TEOpUM TrpaBUTALMY
COMPSXKEHO € GOMbLUMMK  TPYAHOCTAMWM,  MOITOMY  TPABUTALMOHHbIE  CUMbl  HEPEeKo
paccMaTpUBalOTCS Kak MPOSiIBNIEHNE METPUKU NPOCTPaHCTBa-BpeMeHN. CKaXKeM, B pamMKax 06LLel
TEOpUM OTHOCWUTENbHOCTM TPaBUTALMS 3KBMBAIEHTHA WCKPUBMEHWIO MPOCTPAHCTBA-BPEMEHMN.
Moapo6Hee 06 3TUX HEMPOCTbIX BELLAX Mbl MOrOBOPVM MO3XeE.

B 3aK/oYeHVMe OCTaeTCs CKasaTb, UTO Y KaX/oi 3/eMEHTApHOM YacTulbl €CTb CBOS
aHTMYacTMLA — CBOEro pofa 4acTuua-ABOMHMK, o6nafjatollas Tol e MaccCoil, HO 3apsiAoMm
MPOTMBOMOMIOXHOIO 3Haka (ecnM  YacTUua 3apsfa He WMeeT, TO €e aHTUMOA  HeceT
MPOTVBOMOJOXHbIA CMUH). TpK CTONKHOBEHWM YaCTWLL U aHTUYACTML, NPOMUCXOAUT UX B3aVMHOE
YHUUTOXEHUE (aHHUTUNALMS) C BblJeNeHUEM OFPOMHOrO0 KO/MMYecTBa SHepruu. Yalle Bcero
KOHEYHbIM MPOAYKTOM aHHUTUNSLUMM  SBMSOTCS  (DOTOHbI U MWU-Me30Hbl. O  yYacTuuax W
aHTMYACTMLIAX Mbl TOXE eLLle He pa3 NoroBopPUM BMOCNEACTBUM.

9x0 bosbLlioro B3pbiBa

W TOMAVHCOH B3rNAHyN Hasaj v yBuaan B HoUm

3Be3/bl, 3aMy4eHHOI B agy, 6arposble yuu.

W TOMAMHCOH B3rNsSiHYN Bepeq 1 yBuaan CKBo3b 6pef

3Be3/bl, 3aMy4€eHHOIA B aay, MONOYHO-0enbIi CBET.
Pepbapa KunanHr

B koHUe nepBOM [NaBbl pacCkasblBa/loCb O TOM, YTO 3Be3fbl He pacnpefensoTcs B
MPOCTPAHCTBE PaBHOMEPHO, HO 06pa3yloT 60s1ee UM MeHee KOMMaKTHble CTPYKTYpPbI (FranakTukm),
KOTOpble, B CBOK 04epefb, BXOAAT B COCTaB CKOM/IEHUIA U CBEPXCKOMIEHWI, NPOCTUPatOLLMXCA Ha
[ECATKA MUIIMOHOB CBETOBbLIX NieT. Hawa Manaktuka (MneyHbli MNyTb) SBASETCA OAHUM U3 TaKMUX
3Be3[HbIX OCTPOBOB W HacuuTbiBaeT npumepHo 200 mwunnmnapgos 3ee3g (ot 150 go 400
MWINapL0B, MO pasHbIM oOueHkam). Ecnv  cmoTpetb Ha Hee C  pebpa, OHa WMeeT
yeyeBMLLEOOPa3HYO (POPMY [BOSKOBbLIMYKMNON NINH3bI, @ B N/aHe, NpW B3rNs4e CBEPXY, BbIrNALNT
Kak MIOCKUA [OUCK CO CrYCTKOM B LIEHTPe M OTXOAALMMW OT Hero CnupaibHbIMU pyKaBamu.
"anakTVKa UMeeT [OBOJSIbHO C/IOXKHOe CTPOeHMe. B Hell NPUHATO BbIAeNATb A4p0, uan 6angk (oT
aHrMnckoro bulge — «BbINYKNOCTb, B3AYTME»), AUCK W rano (ranakTUYecKyro KOpOoHy). HAapo
NpeacTaBNseT co60i KOMMAKTHbIV ChepruUecKnii KOMMOHEHT, OKPYXXatoLLMIA ranakTUUYeCcKnii LeHTp,
rfie HaxoAMTCa CBepXMacC/BHas YepHas Ablpa C Maccoi OT ABYX [0 TPexX MUIMOHOB Macc ConHua.
MMNOTHOCTL 3BE3AHOMO HaceneHMs OKOJO LieHTpa MaflakTMKM BeCbMa BbICOKA: €C/I B OKPECTHOCTAX
ConHua Ha 16 Kybuuyeckux napcek NPUXOLMTCA BCEro OfHa 3Be3fa, TO B LIEHTPe B OLHOM
KyOn4ecKkoM napceke cogepxuTca npumepHo 10 Tbicay 38e34. OgHaKo NAOTHOCTL 3834 B 6anmxke
ObICTPO MajaeT no Mepe yAaeHNs OT LIeHTPa: Ha PaCCTOAHUN HECKOBbKMX ThICAY CBETOBbIX JIET OH
yXKe MpakTUyecKu HepasnnyuvMm. B sagpe npeobnagatoT crapble 3Be3fbl C HU3KUM COAepXKaHuem
TSXKENbIX 3/1EMEHTOB, a ero mMacca oueHusaeTcs B 20 MUNNAPA0B COMTHEUYHbIX Macc.

Bonee nonosuHbl Maccbl ManakTnkn (okono 60 munavapaos macc ConHua) NPUXoAMTCS Ha
MNOCKUA [OUCK, BHYTPU KOTOPOrO MHOrAa BbIAENAHOT TOHKYH M TOJMCTYK 4acTb. lonepeyHuk
ranakTnyeckoro gmcka (1 lanaktnku B uenom) coctasnset 100 Tbicay cBeToBbIX net, uam 30



Knnonapcek (30 KrK), a ero To/lmMHa Konebnerca B WMPOKUX npegenax — ot 300 go 3 Tbicay
CBETOBbIX JIleT. B 06nactu LeHTpa OH TOHbLUE, a K nepudepun 3aMeTHO paclumpseTcs. Ouck
COLEPXMUT MHOr0 MOMIOAbIX 3BE34 W M/OTHble Ob6naka rasa M MblIM — o4yarn aKTUBHOIO
3Be34006pa30BaHus, Ha KoTopble npuxoauTcs 4o 10 % ero macchl. ManakTU4eckuii AUCK HEBEPHO
npeacTaBnATb cebe Kak CM/OLIHYIO FOMOreHHYH0 CTPYKTYpY Harnofobue Konieca WUan NINH3bI, Tak
KaKk OH pacrnafaeTcsa Ha CnupasibHble pyKasa, Cpeau KOTOpbIX NMPUHATO BblAenatb Aga (MHOrga
yeTblpe) 60MbLUINMX Y MHOXeCTBO MasnblX. COMHLE pacnosiokeHo B 26 ThbiCAYaxX CBETOBbIX /eT
(npuMepHO 8 KMK) OT LeHTpa [anakTUKM 1 CoBepLuaeT BOKPYr HEro MosHblii 060poT 3a 220
MWJIMOHOB NIET, NIETS CKBO3b MYCTOTY CO CKOPOCTbIO 250 KMIOMETPOB B CeKyHAy. Ecnm cumntathb
OAVH 060pOT BOKPYT LIEHTPa raslakTUyecKMM rofomM, To Bo3pact COMHEYHOR cucTembl cocTaBuT 20
ranakTMyecKMx NeT — WMEHHO CTO/IbKO BWUTKOB OHa Ycrnesia HakpyTUTb C MOMEHTa CBOEro
0bpa3oBaHus.

Pasymeetcs, COMHUE He OAMHOKO B CBOEM HeyCTaHHOM KPY)XXEHUW — BCe 3Be3fbl AMCKa
06paLLaroTCA BOKPYT rasiakTuyeckoro LeHTpa. Opbuta ConHua NpakTUYecKn Kpyrosas u NeXxuT B
NNOCKOCTUN ranakTMyeckoro amcka (scero B 20 CBETOBbLIX rofax OT HEro rno BepTuKaam), no3aTomy
n3yyeHune aapa MneyHoro Myt conpsXkeHo CO 3HAYUTENbHbIMU TPYAHOCTAMU. OHO OTrOpPOXeHo
OT Hac 3Be3faMu AMCKa, HaXOoAAWMMUCA 6AmKe K Aapy, a TakKe MOLLHBbIMU ra30BO-MbleBbIMU
o6fiakamy, KOTOpble He MPOMyCKatoT CBET OT CTPYKTYP ralakTMYecKoro LeHTpa. OnTUYecKum
Hab/IIOAEHNAM [AOCTYMHO TONMBbKO OXBOCTbE anakTuKK, a caMoe MHTEPECHOe CNpsSTaHO OT 3eMJIsH
NNOTHOM ra30BO-MblEBOM 3aBecOi. BOT ecnn Obl HaM KakUM-TO YyOM YAanocb B3MbITb Haf
NNOCKOCTbH MneuHoro MyTu, Mbl 6bl YBUAENM TaUHCTBEHHBIN 6aniX BO BCEM ero Bennkonenuu. K
COXa/IEHUI0, NOA06HAsA MepcreKkTnBa He CBETUT AaXe HawuM fasiekuM noTomkam, néo CosHue B
CBOEM OpOUTa/IbHOM [BVXKEHUW NMOYTU He OTK/IOHSETCS OT MIOCKOCTU ralakTUYecKoro akeartopa. B
Hally 3MoXy OHO JIETUT B MPOMEXYTKE MeXZAy CrnvpaibHbiMU pykaBamu [Mepces n CTpenbua,
Me/IeHHO NpubmKasch K pykaBy Mepces.

Kpome niockoro Aucka v LeHTpasibHOro B34yTusi B obnactu sgpa, lanaktvka obnagaet
cepryecKnM rano, KOTOpoe OKYTbIBaeT ralakKTUYeCKyo JIMH3Y Hanogobue obnaka. ACTPOHOMbI
[aBHO 3aMeTW/IM, YTO HEKOTOpble 3Be3/bl He MJbIBYT PasMepeHHO W HEeTOPOMAMBO B MIOCKOCTU
AMCKa, a CHYKOT B CamblX pa3HbIX HarpaefeHusiX, NMPOHM3bIBas ero HackBo3b. CK/afblBaeTcs
BMeYaT/ieHne, YTO OHW 3aro/HAKT BeCb CHEpUYecKMin 06beM, Kyfa MOrpy>KeH ranakTuyecKuii
AMCK, 00pa3yst rUraHTCKUiA 3NAUncoug, NPOTAHYBLUMIACA Ha COTHM TbICAY CBETOBbLIX NieT. ano
HacenslT cTapble 3Be3/bl, KOTOPbIM OK0/0 10 MunAnapfoB NeT OT pofy, TO eCTb OHW BABOE
crapwe ConHua. OaHa YacTb 38e3/ NpeanoYnTaeT XnTb B rOPLOM OAMHOYECTBE, a ApYyras BXOAUT B
COCTaB TaK Ha3blBaeMbIX LLAPOBbIX CKOMJIEHWI, KOTOPbLIX HacuMTbiBaeTcA 0Koo 200. B kaxaom u3
HUX cofepxuTca oT 10 Thicay 40 3 MWUZIMOHOB 3BE3[, UTO COCTaBnsieT He 6onee 1 % Bcex 3Be3q,
rano. TlOMMMO LIAPOBbLIX CKOMJIEHWA W OAWHOYHLIX 3B€3[, B raNlaKTUYeCKON KOpOHe
06Hapy>XMBalOTCA ra3oBble 06/1aKa U Kap/MKOBble FranakTUKK, obutarolme Ha paccTosHuy B 150
KnK ot MneuHoro MyTn.

XO0Ta CymMMapHas Macca 3Be3[, ra/sio He npesbILWaeT, No-suauMomMy, munimapga macc ConHua,
ranakTMyeckas KOpoHa ropasfo yBecucTee Halleil [anakTvku. Ha 3TO yKa3blBalOT HeKOTOpble
0C06eHHOCTU BpaLLeHWUs MedHoro MyTn 1 xapakTep ABVMXXEHUA ero CNyTHUKOB. MpegnonaraeTcs,
4TO GONbLUAA YaCTb MacChl rafio CBsi3aHa C TaK Ha3blBaeMoW TEMHON maTepueil (U CKPbITOM
maccoit). O npobiieMe CKPbITON Macchbl pacckasblBaeTCs B rfase «/ Tbma npuLuia.

Hatwa ManakTka OTHOCUTCA K YMCNy CMpaibHbIX FaNakTUK, KOTopble, MO Kraccugukaumm
aMePUKaHCKOro acTpoHoMa JBuHa Xabbna, NPUHATO 0003HavaTb OYKBOM S (OT aHIMIACKOro
cnosa spiral, KOTopoe Bps4 N HYXJaeTcs B nepeBofe). Bce cnvpanbHble ranakTUKM COCTOAT U3
chepryeckoro M MNJIOCKOro KOMMOHEHTOB, TO €CTb M3 fApa W AWUCKa, MpUyYeM AWUCK UMeeT
BbIP@KEHHYHO CMMPasibHYI0 CTPYKTYpY. Kak npaBuio, OCHOBHbIX CNMPa/ibHbIX PyKaBoB OblBaeT
[Ba, HO MOXeT HacumTblBaTbCs M 6onblle. B 3aBUCUMOCTM OT (JOPMbl CMMPasibHbIX BETBEW U
pa3mMepoB Gasigka BHYTPY ralakTvK TUna S BbIAENAT HECKO/IbKO nogTunos — Sa, Sh, Sc n Sd. B
3TOM pAgy cnupabHble BETBI CTaHOBATCS BCe 60/1ee KI0YKOBaTbIMU, a pa3mMep A4pa YMeHbLUIaeTCs.
Cnvpa/ibHble pyKaBa TOXEe MOryT ObITb OPWMEHTUPOBAHbI MO-Pa3HOMY: B OLHUX CAy4yasxX OHWU



HauMHalTCA HEeMoCPeACTBEHHO OT A4pa, a B APYruxX LEnsTcA 3a KOHLbl TO/NCTOW 3BE3JHOM
MepembluKK, MNepecekatoLllell LEHTPaIbHYK0 4YacTb raslakTUKW. Takas MepeMblyKa HasblBaeTcs
Gapom, K TOorga ranakTuka nonagaet B Kateroputo SB (spiral + bar). anaktuku c 6apom
NMoApasfenatoTca Ha Te XKe caMble YeTbipe noATuna. IMeroTca cepbe3Hble 0CHOBaHWUSA rnosararb, YTo
Haw MneyHbli MNyTb 06nafaeT HebO/bLUOK NepeMbI4KO, KpaiHe TOYKM KOTOPOI OTCTOAT Ha 3—4
KNK OT LEHTpa, a MO CTPOEHWIO ChnupasibHbIX BETBE W pa3vepam 6Ganmpka 3aHVMaeT
MPOMEXXYTOUYHOE MONOXEHMe MeXAY noaTunamun b u c.

CnupasnbHbIX ranaktuk 6onblie Bcero (cbiwe 50 %), a cpefy BCeX OCTa/IbHbIX MPUHATO
BbIAENATb raNakTUKN 3/INIUNTUYECKINE, IMH30BUAHbIE U HENPaBU/bHbIe. DNUNTUYECKUE FaaKTUKN
MoyTWM He cofepXaT MeX3Be34HOro rasa W He WMeKT MAOCKOro aucka. o cytu fena, OHW
npeLCcTaBNAT CO60M OAHO CNIOLIHOE SAPO, (PopMa KOTOPOro BapbMpyeTCs B LUMPOKMX Npeenax —
OT MpPaKTUYeCKN WMAeasbHOro LWapa A0 3IMNCoUAa Pas/IMyHON CTeMeHW CrIKOCHYTOCTU. Xab6n
npucsonn um nutepy E (elliptical no-aHrnniickm), a cteneHb YNaoLEHHOCTY BblpaXxkas B apabCcKmnx
umdpax. Takum 06pa3om, TymaHHOCTb EO 6yaeT LIapoBMAHOW ranaktukoin, a E6 npuobperter
(hopmy BepeTeHa. JIMH30BMAHbIE TalaKTUKM 0603Ha4at0TCA NaTUHCKON 6yKBoK L (0T aHrMinckoro
cnoBa lenticular — «4BOSIKOBbIMYK/IbIV») U BHELLHE BECbMa MOX0XMW Ha 3NIUNTUYECKMNE, NOCKO/bKY
BHYLUMTE/NbHOE AP0 Npeobnafaet Haj TOHKUM 3BE34HbIM AVCKOM, BHYTPWU KOTOPOro, Kak npasuno,
He yAaeTcsa pasrnsafeTb HUKaKMX CTPYKTYPHbIX 06pa3oBaHuii. HenpaBu/ibHble FanakTUKM — 3TO
K/I04KOBaTble pBaHble 06/1aKa, 3aMeTHO YCTYyMaroLLMe No Macce raaktmkam apyrux Tunos. bonblue
BCEr0 OHW MOXOXW Ha GechopMeHHble KIISKCbl, BHYTPU KOTOPbIX MOXXHO MHOrAa OOHapy>XWTb
HeyCTONuYMBbIE U KOPOTKMe crnvpasibHble pykaBa. B knaccugukaumm Xab6na oHM 0603HavatoTes
Kak Ir unm Irr (irregular — «HenpaBUIbHbIE).

MommMO pazHoobpa3ns hopM, MHOTUe ranakTUKK 06/1a4at0T BeCbMa 3aMETHON aKTUBHOCTbIO.
OHW B3pbIBAKOTCA N CTATKMBAIOTCSA, BbITATMBAsA U3 Te/N CBOMX CECTep A/IMHHIOLIME CTPYW rasa u
3BE3[JHOr0 BELLeCTBa, UK, HA060POT, CIMBAIOTCS B TECHBIX 0OBATUAX HANOA06Me NOMNOBLIX KIETOK
MoZ MWUKPOCKOMOM. HeKoTopble M3 HUX M3MTydaloT B pafuojuanas’oHe U BblOpacbiBalOT U3 CBOMX
aKTUBHbIX A4ep MOLHblE [KETbl MPOTAXKEHHOCTbD B HECKONbKO ThICAY CBETOBbLIX JeT.
XpecTomaTuiiHbIn Npuvep — paguoranaktTuka Jlebefb A. B oNTUYECKMX Nydax OHa NpeacTaBnseT
coboii 00beKT 17-i1 3BE3AHON BENMUYMHLI B BMAE [ABYX €€ 3aMeTHbIX MATHbIWeK. Ho 310
BreyaT/ieHne 06MaHuMBO, NOTOMY YTO B [eMCTBUTENIbHOCTU UX CBETUMOCTb B 10 pa3 60/bLue, YeM
y Hawel anaktukn. Cnaboit e 3Ta cucTemMa KaXKeTcst TONbKO NLWb NMOTOMY, YTO yAa/ieHa 0T Hac
Ha 600 MUINMOHOB CBETOBLIX NeT. OAHaK0, HECMOTPS Ha CTO/b BHYLLNTENbHOE PacCToAHWe, MOTOK
pafnon3Ny4yeHns B MeTPOBOM Auana3oHe oT Jlebeasa A WCKNHOUMTENbHO BENVK M BpeMeHamu
MPeBbILLAeT COMIHEYHOE pafuomnsydeHvie. A Befb paccTosiHue oT 3emnm Lo ConHua cocTasniser
BCero-HaBCero 8 CBETOBbIX MUHYT...

B3anMmogeicTare ranakTuk Crob U pagoM pafukanbHO MeHSieT UX CTPYKTypy. Hanpuwep,
[Be Crnvpa/ibHble ranakTMKW MOryT CAUTbCA BOEAMHO, MOPOAMB 3NIUNTUYECKYH, a Oonblumne
rafakTky, He MOMOPLUMBLUNCL, 3anpoCTO MPOriaTbiBalOT MasleHbKUe, YBennuymBas TeM CambiM
CBOI pa3mep. Hawwa ManakTrka — TOXe AaseKo He BeretapmaHew,. ACTPO(M3MKM NoararoT, YTO OHa
obpasoBaiacb B pe3yfibTarte C/AMAHUA HECKO/IbKUX CPaBHUTENbHO HeBONbLUMX TanakTuK, Aa W
cerogHs MneuHblin TyTb AepXUT yX0 BOCTPO, MbITasCb BCeMM MpaBAamy W HerpasjaMu
NPUCOEANHUTL BOCEMb Kap/IMKOBbLIX rafakTuK, HaXOAALMXCSH B ero G/kaieM okpyXeHun. A
yepes 2-3 MunAMapha netT emy CYXAeHO nobpataTbCAd C rasakTuko AHAPOMeAbl, KoTopas
HaXOA4MUTCA Ha PacCcTOAHUM ABYX C MOSIOBUHON MU/IZIMOHOB CBETOBbIX JIET U NIETUT B HALly CTOPOHY
CO CKOpOCTbHO 120 KNIOMETPOB B CEKYHAY.

O MecTHoW rpynne, Kyja BXOAUT Hawl MneuHbli MyTb BMECTe C rafakTukoi AHApoMesbl,
ranakTMKoin B TpeyronbHWKe M YeTbIpbMs AeCATKaMU rafakTUK nomenbye, Mbl yXke nucanu. 3ta
rpaBUTaLMOHHO CBA3aHHAasA CUCTEMa, UMeKoLLasd B MonepeyHnke npumepHo 1 Mnk (meranapcek,
MW/IMOH Mapcek), ABMSETCA, B CBOK O4Yepefb, YacTbiO JIOK&/IbHOr0 CBEPXCKOM/IEHUS B CO3BE3ANU
[eBbl, KOTOpPOe OTCTOMT OT Hac Ha 15 Mnk. Mexay Tem B [leBe pacrionaraetca TO/bKO A4p0
NNOKa/IbHOrO CBEPXCKOMJIEHNS, CAMO e OHO, M0 OCTOPOXHbIM OLeHKam, NpoTaHynock Ha 30 MK
(no gpyrum faHHbIM — Ha 60), a ero TonwuHa cocTaenser He meHee 10 Mnk. JlokanbHOe



CBEPXCKOM/IeHWe WMeeT (opMy 3/1IUMNconiaa, a YuCio ranakTukK, B HeM COofepxalimxcs,
npnénmsnTensHo oueHueaeTcd B 20 TohicAy. B nocnegHve rofbl OTKPbITO HECKOJSIbKO [eCATKOB
CBEPXCKOMNEHNA. HEKOTOpbIE MX HUX MOpaXatoT CBOMMMW pa3mepamMu, Kak, Hanpumep, rmraHTcKas
Lienb ranakTuk, NPoTaHyBLIasca oT co3se3aua Mepced o lMeraca v Pbibbl nout Ha 400 Mnk
(6onbwe munnnapAa CBETOBLbIX /1IET). ITO YXKe He MPUBbLIYHLIA 3nauMncout, a ckopee 6ychbl,
HaHU3aHHble Ha BETBALLYICA HWUTb. B wvepapxum MeTaranakTMyeckKux CTPYKTYP MOLOOHbIE
KOHT/10MepaTbl 3aHUMAKOT NOYETHOE NepBOe MECTO.

CkaszaHHOe He O03HayaeT, 4yto Te3uc PpuamaHa 06 M30TPONMHOCTM M OLHOPOLAHOCTU
BceneHHOM oKasanca HecoCTOATeNbHbIM. HecMoTpsi Ha BepeHuLbl rafakTuK, BAOMb U MOMepeK
nepecnavBatowx bonbwoin Kocmoc, B 06bemMax MNPOTSHKEHHOCTbID B COTHWM  Meranapcek
MPOCTPaHCTBO HabntogaeMoli BceneHHOM BCce paBHO He WMMEET BblfefIeHHbIX HanpasnieHuin. U
TOMBKO MPY YMeHbLUEHWN MacluTaba y[aeTcs pasrnaferb AYeucTble CTPYKTYPbI, FAe MN/OTHbIe
Y4acTKM YepeayrTca C TMraHTCKMMU NycToTaMu. [ocnyLuaem cnewmnaincTos:

O6Ll.l|aﬂ CTPYKTypa HanoMWUHaeT N4YenmHble COTbl UMW MbI/IbHYHO MEHY, TOJIbKO OHa 6onee
pasmblTaA, 6e3 OnpefeneHHOro YeTKOro pUCyHKa. Y3nbl A4veek O6pa3OBaHbI CBEPXCKOMMEHNAMN
ranakTuK, a BHYTPWN fYeeK ranakTuK novtu Het. JuameTpbl TaKUX AYeeK AOCTUraloT HECKObKUX
[lecATKOB Meranapcek. [biTadcb NpeacTaBUTb cebe CTPYKTYPY BceneHHoM B 3TWMX TUraHTCKUX
MacwTabax, BaXXHO MOMHWUTb, YTO OHa He CTaTuyeckas: BceneHHas paclinpaeTcsd, ee 4actu
yaanAwTca Apyr ot gpyra, nosTtomy AYEiKm YBENMNYMNBAKOTCA, KaK U OTAENbHbIE CBEPXCKOM/IEHNA
ralakKTuK.

ApyrMn cnosamu, Hall MWP HeEMpepbiBHO 3BOJIOLMOHMPYET. HabnogeHns o4HO3HaYHO
CBUAETE/NIbCTBYIOT, UTO fAYeucrtad CTPyKTypa BCe Bpems  [LedOpMUPYeTCA:  «MOCTbI»,
nepebpoLUeHHbIE MEeX[Y CBEPXCKOMMNEHUSAMW, XY[etT W pacTArMBatoTCA, a CTEHKM S4eek
MaJs10-MoMasly UCTansaroT Y Mef/IeHHO pacnosizaroTcs. BeeneHHas npefensHO HecTauyMoHapHa, OHa
BCA — POCT ¥ CTaHOB/EHWE, 1 00 3TOW ee JUHaMUKe, 0OHapyeHHoM noytn 100 neT Hasad, NpULLIo
BPeMsi MOroBopuTb. HO CHavana — HeCKO/bKO C/10B O KBasapax.

ATO CNOBO — TpaHCAUTEpaumMs aHrMACKOTo TepPMMHA quasar, KOTOpbIA, B CBOK O4epespb,
npefcTaBnseT coboli abbpeBmaTypy TepMuHa quasi-stellar radio source, 4TO MepeBOAUTCS Kak
«3Be300M0A06HbIN PagnonCTOUHMK». MepBblii KBasap Obll OTKPbLIT B 1963 rofgy aMepuKaHCKUM
pasMoacTPOHOMOM TO/TAHACKOrO MNpoucxoxaeHua MapTtuHom LLmuatom. TouHee rosops,
O6Hapy>xeH OH Obln Tpems rofamy paHblle K 3Haumncd B 3-M KeMOpuIXKCKOM KaTanore nop
Homepom 3C 273 B Bufe cnaboii 38e3404KM 13-1i BeNMUMHbI B co3Be34un [esbl, a LLMnAT nepsbim
06paTun BHUMaHWe Ha YAMBUTEIbHbIE 0COGEHHOCTU €ro CreKkTpa. OMUCCUOHHbIE NIMHUW B CMIEKTPE
3Be3abl 3C 273 noHavany HUKak He yaaBasiocb OTOXAECTBUTL C IMHUAMMU U3BECTHbIX XUMUYECKNX
aNemMeHTOB. B KOHUe KOHUO0B LLIMMAT coobpasusi, Y4TO 3TO BOBCE He KakOW-TO HOBbIA 3/1EMEHT,
HEBEAOMbIA COBPEMEHHONM (DU3MKE, a NIMHUW CaMbIX OObIYHbIX XUMUYECKMX 3/1EMEHTOB, KOTOpbIE
HaCTO/MIbKO CW/IbHO CMeLLeHbl K KpacHOMY KOHLY CMekTpa, 4YTO W3MEHWIUCb [0 TMOJSHOM
Hey3HaBaemocCTW. 3psgHo nonomas ronosy, LLIMMAT cymen naeHTU(UUMPOBaTL IMHUN BOLOPOAA,
MNOHN30BaHHOI0 MarHus 1 HEKOTOPbIX APYrnX 3/1EMEHTOB.

Ho ecnn BennMuMHa KpacHOro CMELLEHUS CTO/b BEMKA, TO 3TO O3Ha4aeT, YTO 3arafouHbIN
0OBEKT yaanseTca OT Hac C PaHTaCTUYECKOM CKOPOCTbIO — 60/1ee 40 ThbICAY KUIOMETPOB B CEKYHAY.
B Takom cfiyyae pacCTosiHMe [0 Hero A0/HKHO ObiTb HUKaK He MeHblue 620 MnK, TO ecTb noyTu 2
munnvapga cseToBbiX net. ([0 KpacHOMY CMeLLeHW0 OMpefenstoT CTeneHb YAaneHHOCTU
aCTPOHOMMYECKMX 0OBEKTOB; peyb 06 3TOM NOMAET UyTb HKe.) Ha ranakTnky 3C 273 NoXoX He
OblN, HO YBMAETb HA TaKOM PacCTOSAHUWU OTAE/bHYH 3Be3fy, Kak Obl IPKO OHa HW CBETWU/A, B
MPUHLMNE HEBO3MOXXHO! ocne Toro Kak 6111 06Hapy>KeHb! eLLe HEeCKObKO MOA0OHbIX 06bEKTOB,
APKO CUABLUUX B BUAMMOM U pafmofmnanasoHe 3MeKTPOMAarHMTHbIX BO/H, UX Ha3Ba/IM KBasapamu —
3Be30-M0A0OHbIMM MCTOYHMKAMW WHTEHCUBHOIO PagvounsnyyeHus. B Hawwim AHW M3BECTHO YXKe



cBblle 20 TbiCAY KBas3apoB, MHOrMe W3 KOTOPbIX SPKO CBETAT e4Ba /I He Ha BCeX A/IMHax
INEKTPOMarHMUTHbIX BOMH — OT PEHTIEHOBCKOI0O A0 pagnoanana3oHa.

[pyras xapakTepHas uyepTa KBa3apoB — MepeMeHHOCTb MX 6/iecka C NepuojoM HEeCKO/bKO
MEeCsLEB, 4YTO T[OBOPUT O YpPe3BblYAMHOM KOMMAKTHOCTM 3TUX O0O0bEKTOB. EcCnM 6bl OHWU
npeacTaBnAann coboii OrpomMHbIe 3Be34HbIe OCTPOBa Hanogobue ranakTuk, To UX 6/1eCK HU B KOEM
C/ly4ae He Mor Bbl MEHATLCS NEPUOAMNYECKMN, MO0 CUHXPOHMU3MPOBATL «PaboTy» MUNNAPA0B 3Be3[
NPUHUMNNIBHO HEBO3MOXHO. CrefioBaTeNbHO, KBaszapbl — 3TO CM/OWHble HebecHble Tena,
KaKnMu, Hanprmep, SBAsoTca 38e34bl. CUHXPOHHOCTb NepeMeH YKasblBaeT TakXKe U Ha TO, YTO UX
MoMepevyHNK He MOXET ObITb 60/bLLE OAHOrO CBETOBOrO rofa. BbipncoBbIBaeTCA BeCbMa CTpaHHas
KapTuHa: 0OBbEKT YCTYMaeT No pa3mepamM ralakTMke B COTHWU TbICAY pas3, a CBETUT MPU 3TOM Kak
fobpas COTHA ranakTvk. M XoTa Mx pasmepbl, MO BCE BEPOATHOCTM, 3aMETHO MNPEBOCXOAAT
AnameTp COHEYHON CUCTEMbI, MO KOCMUYECKMM MepKam 3TO BCE PaBHO HUYTOXHO Maso. Kctatw,
B pajmofmanasoHe n3nydyaeT He Gonee 1 % KBa3apoB, a B CMEKTPax MHOMMX W3 HUX, KaK YXKe
FOBOPW/IOCL, MOXXHO OOHapY>XUTb He TONbKO PEHTIEHOBCKME /YU, HO N XKECTKME ramMMa-KBaHTbl.
Bce KBasapbl — OYeHb [peBHVWE 06pa30BaHMA W PacrofioXKeHbl 4pe3BblYalHO [aneko, Ha
PacCTOAHMAX B COTHU MW/IIMOHOB N AaXe MUNNapAbl CBETOBbIX /1IET, a BO3PacT CambIX BETXUX
BMOJIHE COMOCTaBMM C BO3pacTOM BceneHHo 1 gocturaet 13 MUNIMapaoB neT.

KakoB & WCTOYHMK CTO/Ib MOLLHOFO 3/1EKTPOMAarHUTHOIO M3/y4YeHUs, NMpUYeM Ha BCeX
JAJIMHAX BOMH cpasy? BOoMbLUMHCTBO CMELMasMCTOB CXOAATCA Ha TOM, YTO KBas3apbl NPeLCTaBnfoT
COo0O0Ii CBEPXMACCHBHbIE YepHble AbIPbl, KOTOPbIE XKa4HO MOr/0WAl0T BELLECTBO M3 OKPYXXAHOLLEN
cpefpbl. 3apshkeHHble YacTWubl, 3aXBayeHHble rpaBMTaLMen YepHOW [plpbl, PasroHATCA [0
OONbLUMX CKOPOCTEN, YTO NPUBOAUT K MHTEHCMBHOMY 3/1EKTPOMarHMTHOMY M3/1y4eHunto. BelecTBo
nagaeT Ha MOBEPXHOCTb YEpHOM [AbIpbl MO CY)XXMBAKOLLECcs cnupain, hopMupys akKpeLMOHHbIN
ANCK, BHYTPM KOTOPOr0 CKOPOCTb 4YacTML, Pa3OrHaHHbIX MOMEM TArOTEHWS, MPUOMXKaeTCs K
CKOpPOCTW CBeTa, a TemnepaTypa B LieHTpa/lbHON YacTu amcka gocturaet 100 ThbicaYy rpagycos Mo
KenbBuHy. Mo HanpaBneHuto K nepudiepuy Aucka Temnepatypa nagaeT, MO3TOMYy KBasap
OAHOBPEMEHHO WM3My4aeT B LIMPOYailLUeM AuanasoHe 3/1eKTPOMArHUTHbIX BOAH — OT
MH(PaKPacHOro U3y4YeHns n BUAUMOrO CBeTa 40 KOPOTKOBO/HOBbLIX PEHTIEHOBCKMX (POTOHOB W
XKECTKMX ramma-KBaHTOB. MOLHOe MarHMTHOe MOoNe 3axBaTblBaeT 3apsHXKeHHble YacTuubl W
AOMNOMHUTENBHO MX 3aKpyumBaeT, (hOPMUPYS MKETbl — Y3KOHaNpaBieHHbIE My4KKW, CBOEro pofa
(hOHTaHbI, KOTOPbIE BbINIETAIOT C NOMOCOB C OKO/IOCBETOBOI CKOPOCTLIO M NPOCTMPAOTCA HA COTHM
ThiCAY CBETOBbIX NleT. B3aMmogeincTBysi ¢ MeX3Be34HbIM ra3oM, YacTULbl [KETOB CTaHOBATCA
NCTOYHMKOM PaanoBO/IH.

B anoxy kBa3apoB NO/IHbIM XOAOM LUEM NPOLECC POXKAEHUA FalakTUK, NO3TOMY MaTepuana
BOKpPYT 6b110 BAOBO/b. CBEPXMACCMBHbIE YEPHbIE AblPbl MUTAIUCb B TY NOPY OTMEHHO, a MOTOMY Y
CBETUNNCL WCK/HUNTENBHO SIPKO. OfHaKo 4epe3 HEKOTOpOoe BpeMst MM MPULLIOCH MOATAHYTb
PEMELLKN N CecTb Ha AMeTy. TaknuM 06pa3oM, KBas3apbl MOXHO pacCcMaTpuBaTb KakK OnpefeNieHHbIN
aTan B XKM3HM CBEPXMACCMBHbLIX YEpHbIX Ablp: HeJapoM MX, Kak MpaBuio, 06HapyXuBalT Ha
pacCcTOAHUAX B ThICAYM Meranapcek, y CamblX rpaHul, Habniogaemoit BceneHHoi. He cnepyet
3abblBaTb, YTO CBET OT CaMblX [aNieKMX KBa3apoB /eTe/l K 3eMHOMY HabMHoAaTento MHOrue
MUNNapAbl NeT, MO3TOMY Mbl BUAMM WX TaKUMW, KaKUMWU OHW Obinv B paHHel tHoCcTW. Hapgo
nonaratb, YTO CErofHA OHWU YXXe [aBHbIM-4aBHO MOYMEPWM CBOW anmneTUTbl U MUPHO XXMBYT B
fApax CrOKOMHbIX ranaktuk. Ho nogo6Hoe coobpakeHVe MMEeeT U 00paTHYH Cuy, NO3TOMY
cnegyeT MOBHMMATE/lbHEEe MPUCMOTPETLCS K HaweMy OGavKaiLLeMy OKPYXXEHWUIO — Befpb
BceneHHas, Kak M3BECTHO, M30TPOMHA 1 OAHOPOAHA. MNSANLWb, U HARAYTCA HENOAAIEKY OCTbIBLUNE
KBa3apbl-npu3pakn, CeBLUNE Ha FrONOAHbLINA Maek. Mexay NpounmM, Takue 06beKTbl AeNCTBUTENLHO
CYLLLECTBYIOT — BCMIOMHUTE O CBEPXMACCUBHBIX YEPHbIX Ablpax B A4pax ranakTuk.

UTob6bl Bbl, yMTaTeslb, MOrnuM cebe NPeAcTaBUTb 3anac XXM3HEHHbLIX CU/ HOHbLIX KBa3apos,
npouutMpyeMm npogeccopa MOCKOBCKOIO WHXXeHepHO-pu3nyeckoro uHctutyta (MUeU) C. T.
Py6uHa.



Kctatn, aHepruu, KOTOPYK CpefHWid KBasap W3/yyaeT 3a CeKyHAy, XBaTwno 6bl Ans
obecneyeHns 3eMv 3MEKTPUYECTBOM Ha MWINVapabl NeT. A OLUH PeKOPACMEH, C HOMEPOM S
50014+81, n3nyyaet cBeT B 60 TbicAY pa3 MHTEHCMBHee Bcero Hawero MneyHoro [yt c ero
COTHe MuNInapLoB 3se3s!

MocTaBMM Ha 3TO MaKOPHOM HOTE TOUKY U NepeiijeM K 06CYXXAEHUIO BOMPOCOB, CBA3aHHbLIX
C 3BO/OLMEN BCeneHHOIA.

Cap WNcaak HbIOTOH, CHOPMYNMPOBaBLUMIA 3aKOH BCEMWPHOIO TArOTEHWUS, Monaran
BceneHHylo  0gHOPOAHOM, OECKOHEYHOM B MNPOCTPAHCTBE W HEU3MEHHOW BO BPEMEHM
(cTaumoHapHoil). Kocmoc [eTepMUHUCTOB MNPeLCTaBnisf COO0W BefIMKONENHO OT/IKEHHbIA 1
6e3YKOPU3HEHHO (DYHKLUMOHWPYIOLLMIA 4acOBOM MeXaHW3M, e pPaBHOMEPHOE KPYXKEHWe CBETWN
MOAYMHSAETCA CTPOrMM MaTeMaTU4ecknM 3akoHaM. Mogenb CTaluMoHapHOW BceneHHOW Kasanach
MPOCTOM, NIOrMYHOM, BHYTPEHHE HENPOTUBOPEUMBOI, a NOTOMY 6/1aronoy4yHO A0XKMAAa 4O Havana
XX Beka. pocTpaHCTBO, B KOTOPOM COBEpPLUASICA XOL MWPOB, MbIC/IUIOCH EBKIUAOBbLIM, TO €CTb
NNoCKMM. O reoMeTpPUYECKMX KYHLUTIOKaxX Ham MpeAcTouT OTAe/bHbI pa3roBop B MOCNeLYHOLLMX
rnaBax, 3[eCb XK€ HarMoMHIO BaM, YMTaTelb, YTO TAKOe M/I0CKOEe MPOCTPaHCTBO. B mpocTpaHcTBe
EBkNnaa yepes TOUKY, NeXallyto BHe MPAMOA, MOXHO MPOBECTU OfHY W TONbKO OAHY MPAMYIO,
napannenbHyt0 AaHHON (3HaMEHUTLIN NATbIA NOCTyNaT), a CyMMa YrioB TpeyrosibHMKka pasHa 180
rpagycam. 3T0 camoe O06bIYHOE MNPOCTPAHCTBO, C KOTOPbIM Ham MNPUXOAUTCH CTa/KMBaTbCA
exxefHeBHO. OTHOCKTE/NbHO BO3pacTa BceneHHOM eanHCTBA B TOBapULLaxX He Obl10: O4HM nonaranm
MUP COTBOPEHHbIM B HEMOCTVMXKUMOM [JeMUYPruYecKOM akTe, a [Apyrue Aymanu, 4YTO OH
CyLlecTByeT BeyHO. OZHMM CNOBOM, MPOCBELLEHHAA NybMKa Ha pybexke BekoB o6wTana B
GecKpaliHei cTaumoHapHOW BceneHHOW, CyLLECTBYHOLLEA HEOrPaHWUYEHHO A0NTO.

OfHako 6ecKOHeYHOCTb — nyraeT. Paccyfok nacyeT nepef nofo6HbIMM KaTeropusamu, moo
OHW He TO/bKO NNLLUEHbI HarMsiAHOCTU, HO W TPeLaT MHOrOYMC/IEHHbIMU HeyBsA3KaMu. KOHeYHO,
BCErja MOXHO CNenuTb NOAXOAsLLY0 MeTadopy, U Torfa Bce Bpofe Obl BCTaHET Ha CBOM MeCTa.
Bbina, Ckaxem, Takas KpacuBas BOCTOYHasd MpuTya: «[laseko-faneko Ha Kpak CBeTa BbICMTCH
OrpoMHas asiMa3Has ropa, LOCTaloLLlas CBOel BepLUMHON [0 camoro Heba. Pa3 B ThicAdy /€T Ha
BEPLUMHY 3TOW ropbl caguTcs MasieHbKas MTUYKa, YTo6bl NOTOUUTL KOB. Korga nTuuka croumT
ropy 40 OCHOBaHWs, NPOMAET OAHO MFHOBEHWE BEYHOCTW». KTO CMOPWT, CKa3aHO M3ALHO U CO
BKYCOM, HO Ha CamMOM fiefie 3TO BCEro /IMLLUb WM03UA NOHUMaHWA. MOHATHO, YTO paHOo UK NO34HO
nTUYKa fo6epeTcs 40 OCHOBaHWSA ropbl, XOTA el NpMAETCA 3aTpaTUTb O4eHb MHOIO BPEMEHU U CUN.
Tak 4To HeBOOOPa3MMOCTb BEYHOCTU HUKY/A HE [ief1acb, OHAa NPOCTO OTOABUHY/IACh B HECYCBETHYHO
Jab.

MpuTUM NpUTYaMKU, HO Yy MOJLENN CTalMoHapHOW BceneHHON, 6eCKOHEUYHOW BO BPEMEHU U
NpocTpaHcTBe, ecTb Kyaa 60/ee cepbesHble HefoCTaTKU. Ecnm 6bl [eno orpaHnyMBanoch TOMbKO
MCUXO/IOMMYECKON HernpuemMIEMOCTbIO KaTeropum GecKOHEYHOro, Ha MOJOOHYK MefioYb MOXHO
ObIN0 6bl CMOKOWHO 3aKpbITh rnasa. befa B TOM, 4TO NOCTynat O BCENeHHON, CyLlecTBYHOLLEN
HeorpaHNMYeHHO [0/Ir0, HaTa/IKMBAeTCA Ha HepaspewMoe MpOoTUBOpeune. BeyHOCTb MOXHO
yrnogo6uTb reoMeTpuyeckom NpsMoi, KoTopas NPoCcTUpaeTcs B 06e CTOPOHbI — 1 B MPOLU/IOE, U B
oyayulee. pyrumu cnoBaMm, OHa He MMEeT HW Havana, HY KoHua. Ho B TakoMm c/iyyae B 10601
MPOU3BO/IbHO BbIGPAHHbLIA MOMEHT BpeMeHW (HarpuMep, CerofHs) BceneHHas yxxe CyliecTByeT
6eckoHeyHo ponro. CnefoBaTenbHO, BCE MPOLECChI, B HE MponcxoaaLme, AO/MKHbI AaBHbIM-LaBHO
3aBepLunTbea U BceeneHHas o6s3aHa NpebbiBaTb B COCTOAHUM HEKOEro abCcoNtOTHOrO PaBHOBECKS.
OflHaKO acTpoHOMUYeCKne HabNoLeHNS HEONpPOBEPXXMMO CBUAETENbCTBYIOT, YTO MUP BCE BPEMS
3BO/IIOLMOHMPYET, NPUYEM 3BOOLMOHMUPYET LOCTAaTOYHO 6bICTPO. Korga Mbl CMOTPMM B Teneckon,
Mbl 3arnsfblBaeM B Jasiekoe npowinoe BceneHHol v BuAMM, 4To 10 MUNInapLoB NleT Haszaj OHa
Oblfa COBCEM He TaKOM, KakK cerofHs. CKaxuTe Ha MUMOCTb, OTKY/Aa B3ATLCSA 3BONIOLLMK, CNIN Y HaC
3a CMWHOM HeUcuMUCIMMOe KOMMYeCTBO NeT? Mbl y)Ke He roBopvM O TOM, YTO BEYHOCTb MO
OnpeseNieHNIo He MOXET BbITb MCYeprnaHa — Ha TO OHa U BEYHOCTb. TOrja Kak Xe OHa yMmyZpuiach



[0M0N3TK A0 HaLUWX OHER?

He nyudwe o6CcTOoMT Aeno n ¢ 6eCKOHEYHOCTbIO B MPOCTpaHCTBe. B 1823 rogy HemeuKwui
acTpoHom [eHpux Onbbepc ony6nukoBas paboTy C  KPUTUKOW MOAeNn BGECKOHEUHOW
cTauMoHapHo BceneHHoil. OH paccyxpan cnefyrolmm obpasom. CHayana chopmynupyem Tpu
npenocbINKK: 1) NPOTSHXKEHHOCTL BceneHHOW 6eCKOHeYHa; 2) 4Mcno 3Be3f ToXe BGeCKOHeYHo, U
OHW paBHOMEPHO pacrpefesieHbl B NMPOCTPaHCTBe; 3) BCe 3Be3/bl MMEKOT B CPefHEM OAMHAKOBYHO
CBETUMOCTb. Hy 4TO >Xe, BMO/MHE pa3yMHble NPeAnocblikA. A Ternepb MNOCMOTPUM, YTO Y HAcC
nonyuntcs. MeoicnieHHO nomectuB Co/HeYHYK cucteMy B UeHTp, Onbbepc pasgenvn Bce
MPOCTPaHCTBO 3a ee Npefenamm Ha paf KOHLEHTPUYECKMX Cnoes, uam cdep. BceneHHas ctana
HanoMmuHaTb NyKoBuLy. MycTb cnoli B nexxut BTpoe Aanblue cnost A. Torga o6bem crost B 6yaet B
9 pa3 60s1bLUE, YeM 06beM c1oa A (32=9), TaK Kak 00beMbI C/IOEB BO3PACcTalOT NPOMNOpPLUOHAIbHO
KBaJpaTy pacCTOAHUA KaXOoro cfoa oT LeHTpa. Ecnv 3Be3fbl paBHOMEPHO «pa3mMasaHbl» Mo BCEM
cnosim (npegnocelsika 2), To ciokt B, vein 06bem B 9 pa3 6onbLue o6bema cnos A, 6yfeT cofepXarb
B feBATb pa3 6osble 38e34. C Apyrol CTOPOHbI, CBETMMOCTb OTAE/bHbIX 3Be3f YObIBaeT
NPONOPLUMOHATIbLHO KBagpaTy pacCTOsHUA, U3 Yero criefyeT, YTO SAPKOCTb KaXKAoW 3Be3fbl cnos B
npu yCnoBUM MX PaBHO CBETUMOCTU (Npeanocbinka 3) coctaBuT (1/3)2= 1/9 ApKOCTW OTAENbHOM
3Be3abl cnos A. Ho Beab 3Be3f B c/ioe B npu aToM poBHO B 9 pa3 6onblue! Apyrumu cnosamu,
CBETUMOCTb C/10eB A 1 B 6yfeT coBepLUeHHO UAEHTUYHOM, U COoMHeYHas cuctema noslyymT OT 3TUX
C/I0eB paBHOE KO/IMYECTBO CBeTa.

Ta Xe camas KapTWHa cnpaseaivea U A1 BCex APYruxX CN0OeB, a NOCKO/bKY UX KONYECTBO
6eckoHeyHo (rmpegnocblika 1), TO He60CBOA, LO/MKEH CUATb HECTEPNUMBIM G/1ECKOM AaXKe HOUbHO0.
Hebo npeBpatutca B OAHO CMOWHOe ruraHtckoe CofHUe, Yero B [eCTBUTENbHOCTU He
HabnogaeTcs.

Onbbepc NpefnonioXun, YTo CBET, MAYLUMIA K Ham OT Janekmx 3Be3f, ocrabeBaeT M3-3a
MOrNOLEHNA B MblEBbIX 06/1aKax, PacnonoXeHHbIX Ha ero nyTu. OgHaKo 3TOT KOHTpaprymeHT
TOXEe HEecoCTOATe/IeH, NOCKO/bKY 06/1aKka LO/MKHbI NOCTENEHHO HarpeTbCs Y CO BPEMEHEM HayaTb
CBETUTLCA CTOMb Xe APKO, Kak 1 camu 3Be3/bl. EAMHCTBEHHAA BO3MOXHOCTb PaspeLlnTb napajokc
Onbbepca (ero eLe Ha3bIBAOT POTOMETPUYECKNM MapafoKCOM) COCTOMT B AOMNYLLEHWM, YTO YMC/IO
3B€3[, BbIpaXXaeTCH KOHEYHOW BE/IMYMHONA.

[pyroin napafokc, NOMy4YMBLUMIA Ha3BaHWE FPaBMTaLMOHHOrO napafokca, WAK napagokca
3eenurepa, 6a3npyeTca Ha 3aKOHe BCEMUPHOIO TArOTeHNUs HblOTOHA.

BCMOMHMM, ynTaTtesb, 4YTO, COrNacHO 3TOMY 3aKOHY, Tefla MPUTArMBaKOTCA APYr K Apyry C
CWNOIN, NPAMO NPOMOPLUMOHILHOW MPOU3BELEHNIO MX MacCc M 06paTHO MPONOPLMOHABLHOM
KBafpaTy pacCcTosiHUA MeXAy HMMU. A NOCKO/IbKY 3Be3[bl He pacnpefeneHbl CTPOro paBHOMepPHO
Ha (PUKCUPOBaHHbLIX PacCTOAHUAX ApPYr OT Apyra, TO nepenagbl NAOTHOCTU Cpefu 3Be3LHOr0
HaceNieHMss HeMWHYeMO MPVBEAYT K TOMY, YTO OHW paHO WM NO34HO cobepyTca B Kydy. Mexay
npoynM, 3TOT BbIBOA CrpaBefMB WM [N15 KOHEYHON cTaumoHapHoi BceneHHoi. [MpaBga, cam
HblOTOH nonaran, 4TO KOHUenuus G6GecKOHeYHON BceneHHOM MNO3BONSIET M36exaTb 3TOro
napagokca, NOTOMY 4YTO 6eCKOHeYHOe YMCM0 3Be3f, pacrnpefeneHHbIXx 60/nee WAM  MeHee
PaBHOMEPHO, HMKOrA4a He CTAHETCA B TOYKY, TaK KaK B 6GECKOHEYHOM MpOCTpaHCTBe HeT
BblAeNleHHOro LeHTpa. CoxXpaHUIoCh Aaxke ero NUCbMO K Puyapay BeHTn Ha aTy Temy.

PasymeeTcs, cap Vcaak 3ab61y»aasncs, 0 YemM XOpPOLLO Hanucasn ero 3eMnsak CTuBeH XOKUHT B
KHUre «Kpartkas ncTopus BpeMeHU»:

3TN paccyXaeHWs — MpuMMep TOro, Kak Jflerko MonacTb BMApOCaK, Befs pasroBopbl O
6ecKoHeyHoCTW. B 6eCKOHEUYHON BceneHHOoM N6yt TOUKY MOXKHO CUMTaTb LIEHTPOM, TaK Kak Mo
06e CTOpPOHbI OT Hee 4Mcno 3Be3f OeCKOHeYHO. JIMwb ropasgo Mo3Xe MOHsAAM, 4TO 6onee
npaBWbHBIA NOAXOA — B3STb KOHEUHYHO CUCTEMY, B KOTOPOI BCe 3Be3Abl NadatoT Apyr Ha Apyra,
CTPEMSACb K LEHTPY, M NMOCMOTPETb, Kakue 0yayT U3MeHeHUs, ecnv A00aBnsThb ele W elle 3Be3f,
pacnpesenieHHbIX MNpUeIN3MTeNIbHO PaBHOMEPHO BHe paccMaTpuBaemoil 06nactu. o 3aKoHy



HblOTOHa, [OMONHUTENbHbIE 3B€3fbl B CPEAHEM HUKAK He MOBMMSIOT Ha MepBOHaYaslbHble, T. €.
3Be3/bl OyAyT C TOI Xe CKOPOCTbIO NafaTh B LEHTP BbiAeNeHHOM 06nacTu. CKoMbKo Gbl 383/, Mbl
HW 006aBUNM, OHK BCerga 6yayT CTPEMUTLCSA K LIEHTPY. B Halle Bpemst U3BECTHO, UTO GECKOHEYHas
cTaThyeckass mMoaenb BceneHHOW HEBO3MOXHA, €CNM rpaBUTALMOHHbIE CUbl BCErfa OCTatOTCS
CUNTaMK B3aMMHOTO NMPUTSKEHMS.

Takum  o6pa3om, cTaumoHapHas Mofenb  OecKOHe4yHol  BceneHHOW  OKasanacb
HepaboToCNOCO6HOM, MOTOMY 4YTO He COOTBETCTBOBasia Hab/ofaTe/lbHbIM AaHHbIM. Ho ecnm
BceneHHas MMeeT KOHeYHble pasMepbl, HeMeA/leHHO BO3HMKAET CaKpameHTa/lbHbIA BOMPOC: a YTo
XXe HaxoAuTcs 3a ee KpaeM? BbIXOL W3 MOMOXEHWUS Hallen BeMKWUA HemeLKuid msuk AnboepT
AiHWTeNH, Korga B 1915 rogy ony6nnkKoBas TEOpWIO, KOTOpasi CEerofHs HasblBaeTcs 0OLLei
Teopueir oTHocuTenbHOCTM (OTO). OH  NpPeAnonoXun, 4TO CBA3YIOLWMM 3BEHOM  MeXAy
rpaBuTauuelt u NPoOCTPaHCTBOM-BPEMEHEM ABMISETCA reoMeTpust. ITO Oblna NOLIMHHAA PeBOOLMA
B (DM3MKe: B paMKax OOLLeA Teopum OTHOCUTENbHOCTWU MPOCTPAHCTBO-BPEMS MbICANIOCH He
MNOCKMM, KaK CYATaIN UCMOKOH BEKOB, HO UCKPUBMIEHHLIM MOJ, BAVSIHWEM pacnpefeneHHbIX B HEM
Macc M 3Hepruii. JTO NIerko MOHATb M3 NPOCTON aHanorun. MatepuanbHble Tena WUCKPUBNAKT
MPOCTPaHCTBO-BpeEMS,, MOAOOHO TOMY KaK YBECMCTbIA LUAPUK BbI3blBa€T MPOrn6G pacTsHYTON
MNEHKU WM Pe3NHOBOr0 fiMcta. Ha Takol WCKPWBIEHHOW MOBEPXHOCTM LUapuK HOMep [Ba
MEHbLLE MacCbl Y)Ke He CMOXET ABMUraTbCA NPSMOMIMHENHO 1 PaBHOMEPHO: OH NMB0 CKaTUTCA B
AMKY, 00pa30BaHHYI TSKE/bIM LLAPUKOM (NMPUTAHETCA K Hemy), MO0 M3MEHUT TPaeKToputo
CBOEro [ApwkeHus. lMogo6HbIM 00pa3oM OBCTOMT [eN0 UM C HeGeCHbIMM Tenamu: Hanpumep,
opbuTanbHOe ABVKEHME 3eman 06YCNOB/IEHO BOBCE He rpaBUTaLMOHHBLIM NpUTSHKeHWeM ConHua,
HO 0COGEHHOCTAMW METPUKU NPOCTPaHCTBa-BpeMeHW. KpaTyailyM paccTOSHUEM MEXAY ABYMS
TOYKaMy B UCKPWBNEHHOM MPOCTPaHCTBe OyfeT He MpsMas, a Tak HasblBaeMas reofe3nyeckas,
bonee BCEro COOTBETCTBYHOLIAS MPAMOA NMHUM B 0BbLIYHOM MAIOCKOM MpOCTpaHCcTBe EBKAunga.
Takum 06pa3om, rpaBuTaLms B 06LLell TEOPUN OTHOCUTEILHOCTM pacCMaTpyBaeTCa Kak CnefcTaue
NCKPVB/EHNSA MPOCTPaHCTBA-BPEMEHWN, a MaTepus He BMIOXKEHA B NYCTOW SLWMK, FAe Bpems u
MPOCTPaHCTBO XXMBYT CaMOCTOSATENIbHO, HO 06pasyeT C HWMW HepaspblBHOE efMHCTBO. Ecnn u3
BceneHHoI BbIHYTbL BCHO MaTEPUMIO, BPEMEHU M MPOCTPaHCTBa TOXE He OyaeT.

C reofie3anyecKoin NMHNEN HaBepHSIKa CTa/lKMBaca Kaxiblil. Korga aBvanaiiHep coBepLuaeTt
AMTENbHBIV nepeneT (Hanpumep, M3 MockBbl BO BnagnBoCTOK), TO AgUcneTyep 3afaeT nuaoTam
MapLUpYT, KOTOPbIA NpofieraeT OTHIOAb He N0 NPSAMOIA, a Mo Ayre 60MbLLIOr0 Kpyra, KOTopas Kak pas
N 6yneT reofe3nyeckoin NuHMen. TakuM 06pa3oM, BbIXOA M3 NIOMMYECKOro TynuKa Obln HageH.
XoTs BceneHHas KOHeYHa, HO B TO Xe camoe BpeMsi 6e3rpaHuyHa, nofo6HO TOMY Kak He UMmeeT
rpaHnL, NOBEpXHOCTb cdepbl. PasymeeTcs, HarnsgHoO BOOOPasUTb 3TO HENMEerko, HO MOXHO
NPUBEerHyTb K ABYMEPHON aHanoruv. Ecnm Ha NOBEpPXHOCTM C(epbl XXMBYT TMNOTETUYECKME
MNOCKME CYLLECTBA, He MOAO3peBaloLLME O TPETbEM U3MEPEHWM, TO OHM HUKOrAa He 06Hapyxat
Kpas CBOeil BCeneHHON, XOTA OHa WMMeeT BMOJIHE KOHEYHble pa3mepbl. [OBEpXHOCTb cepsbl
OnNuUcbIBaeTCA reoMeTprein bepHrapaa PvMaHa, B KOTOPOI MapanenbHble IMHAM NepecekatoTces, a
CyMMa Yr/fioB TpeyrosibHuka 6onbiie 180 rpagycos. Kpusr3Ha NpoCcTpaHCTBA 3aBUCUT OT CpefHei
NNOTHOCTW MaTepun BO BceneHHOi. Mpn HEKOTOPO KPUTUYECKOW BENYMHE NNOTHOCTU KPUBU3HA
CTAHOBWTCA MONOXMTE/IbHON, M NPOCTPAHCTBO BceneHHOW 3aMblKaeTcs camo Ha cebs, obpasys
YeTbIPEXMEPHYHO runepcdepy, aHaIOrOM KOTOPO B TPEX M3MepeHusX OyfAeT MOBEPXHOCTb Msva
VW LEeTCKOro BO3AYLLUHOMO LWapuKa. VI3BeCTHbIN aHrNnACKniA (nsnk xeiMc [JpkmHe Tak Hanucan
06 aTOM:

BceneHHasd, un3obpaxaemas  Teopueld  OTHOCWUTENIbHOCTM  OWHLITEMHa,  nofobHa
pa3gyBatoemMycs MblIbHOMY My3bipto. OHa — He ero BHYTPEHHOCTb, a NfeHKa. MoBepXHOCTb
ny3blpsi ABYMEPHA, a My3blpb BCeNeHHOM UMEET YeTbipe U3MEpEeHWs: TPU NPOCTPAHCTBEHHBIX W
O4HO — BPEMEHHOE.



O reomeTpumn Mypa Mbl 6yeM roBOpUTH €LLle He pa3 B MOC/eAYOLMX r/1aBax.

WTaK, (oTOMEeTpUYecKnii napafokc Moyynn npekpacHoe paspelueHune. BceneHHas
OWiHWTeliHa KOHeYyHa (XOTH He MMeeT rpaHuu), noatomy napafokc Onbbepca CHMMaeTcs cam
co6oil. OaHako, HeCMOTPS Ha MPOpPbLIB MOWUCTMHE PEBOMOLMOHHOIO XapakTepa B MOHVMaHUM
NpvpoAbl NPOCTPaHCTBA W BPEMEHW, €ro MOfAeNb OcTaBalaCb CTaLMOHAPHOW, NO3TOMY
rpaBUTaLMOHHBIA NapagoKe NPOLO/MKaS BUCETb Haf Hel AaMOK/IOBbIM MeyoM. Yem 6bl HU Bblna
rpaBuTauMs Mo CBOEM CYTW — B3aMMOLEACTBMEM TArOTEHOLMX Ten WM NPOSBIEHWEM METPUKM
MPOCTPAHCTBA-BPEMEHU, — MaTepusl, 3amnosIHAOWEAA KOHEYHbIA 00beM, [O/MKHA HEMUHYEMO
CTAHYTbCA B TOUKY. UTOObI CNAcTW CBOKD TEOPUIO, DHLUTEH Obln BbIHYX/EH BBECTU B YpaBHEHUS
TaK Ha3blBaeMbli 1IMOAa-YNeH — KOCMOJIOrMYECKYt0 NMOCTOSIHHYHO, KOTOpas MPOTUBOCTOAIA Chiam
BCEMUPHOTO TArOTEHUS, 3MMEKTUBHO «pacTa/iKMBad» MaTeputo. 3JTa 3arajjoyHas cuia He
nopoXaanacb KakvM-iM60 WCTOYHMKOM, HO Oblfla BCTPOEHa, BMOPOXEHa B camy CTPYKTYpYy
npocTpaHCTBa-BpeMeHU. [0 SWHWWITENHY, YHMBEpCabHasA Cuna OTTaIKMBaHUA B TOYHOCTM
YpaBHOBELLMBAET NPUTSHXKEHWE BCE OCTabHON matepun. Hago ckasaTb, YTO SWHLUTEAH CBOHO
NAMO6AY TepreTb He MOT, MPeKPacHO MOHKMMAs, YTO OHAa eCTb He YTO MHOe, Kak 60r 13 MalluHbl,
runote3a ad hoc (gns gaHHOro cnydast), U BMOCNEeACTBMM Ha3blBasl BBEAEHNE KOCMOOrMYECKOW
MOCTOSAHHONM CamOi 0O/bLLONV OLWNOGKOW CBOEN XM3HW. W [eiiCTBUTENIbHO, OYEHb CKOPO OT Hee
npUWIOCh OTKasaTbCs. Bnpoyem, paccTaBaHMe C NPOTMBHOW NAMOGA0A NPOLUIO  BMOJSHE
6e360/1e3HEHHO.

CraumoHapHas mofenb HLITENHA NPoCyLecTBOBa1a HeAoro. MNeTporpagckuii MateMaTnk
A. A. dpugmaH B 1922-1924 ropax yb6eauTeNbHO MOKasas, YTO YypaBHEHMsi 0OLLen Teopuu
OTHOCUTE/IbHOCTU  [JONYCKAKOT, MO KpaihHeln Mepe, HECKO/IbKO HEeCTauMOHapPHbLIX —PeLUeHWiA.
BriocneAcTBMM BbISCHWUIOCh, YTO HEMOABWIKHAA CTaTMyecKas MOAenb JiHLITeliHa Hen30eXxXHo
NepexoanT B HECTALMOHaPHY0, TO eCTb BceneHHas AomkHa MMbo paclumpsATbes, MO0 CXKMMATLCS.
CnpaBen/iMBOCTN pagn crnegyet OTMETUTb, YTO 3a HEeCKONbKo neT fo dpuamaHa, B 1917 roay,
ronnaHACKuiA - actpoHoMm bunnem pge CuTTep TOXe NPeoXUA  AUHAMUYECKYIO  MOZesb
paclumpstoLLeics BceneHHoM, HO OH paboTan ¢ uaeanbHbIM NYCTbIM MPOCTPAHCTBOM, TOrda Kak
®puamaH KpyTu-BepTen peasibHYO MOAE/b, Hano/HeHHYH BellecTBoM. O6 wnpeax CutTepa
(BecbMa N0A0TBOPHBIX Y HAMHOMO 060rHABLLMX CBOE BPEMS) A PaCCKaXKy YyTb MO3XKe.

®prgmaH NPeanonoXun, YTo MUP B LLESIOM MPeacTaBnseT coboi He TO/IbKO OAHOPOAHYHO, HO
N N30TPOMHYHO cpeay, TO eCTb TaKyH, B KOTOPOI OTCYTCTBYIOT Bblfe/NEHHbIE HanpaBieHus. JT0
OblN BeCbMa NPO30PAMBBIA Te3nc, MOTOMY UYTO B AENCTBUTENIbHOCTU [eN10 06CTOMT UMEHHO TaKUM
obpasoMm. [pynnbl W CKOMMEHUA TanakTUK  [AeACTBUTENIbHO  CO34al0T  YYBCTBUTENbHbIE
HeOHOPOAHOCTW, HO TO/IbKO HA OTHOCUTE/IbHO G/IM3KMX PaccTosAHMAX. ECin ke pasom NOMEHSATb
macwiTab v BblgennTb B 06beMe HabM4aeMoin YacT BeeneHHOM (MOMHMM: ee MPUHATO Ha3bIBaTb
MeTaranakTukoin) Ky6 co ctopoHoi nopsaka 300 — 1000 Mnk (meranapcek), TO Mbl YBUAUM, YTO
KpynHoMacluTabHast CTPyKTypa BceneHHOM OTnn4yaeTcsi BbICOKOM CTeneHbid OAHOPOAHOCTUN U
M30TPOMHOCTU. Teopus PpuamaHa rnacuT, YTO CTaTMKa HEMUHYEMO CMEHSIETCA AUHAMWKOMN,
npuyemM AUHaMUKONM BMOJHE OMpPeAeNneHHOro CBOWCTBA — raakTUKM U CKOMMEHWUSA FanakTUK He
MMEIT MpaBa HaxoAMTbCA B [MOKOE, HO [JO/DKHbl pas3feTatbCAd CO  CKOPOCTbKO, MNPSMO
MPONOPLMOHA/IbHOM PacCTOSAHUIO MeXAY HUMMK. B 3TOM 3aK/ouvaeTcs CyLIECTBEHHOE OT/M4Me
mofenn ®puamaHa OT cueHapus CuTTepa: B BblKMagKax ronnaHAcKoro actpoHoma BceneHHas
pacLUNPSEeTCs 3KCNOHEHLMaNIbHO, TO ECTb C YCKOPEHWEM.

PeweHne ®puamaHa cHavana 66110 MPUHATO B WTLIKK (B TOM YMC/e U CaMUM SUAHLLTEAHOM),
HO BEMIMKMIA (IM3NK ObICTPO MEPecMOTPEN CBOK TOYKY 3peHMs. BOT 4TO Mbl YUMTaem B CTaTbe
AnbbepTa SMHLITENHa, ony6MKoBaHHOM B 1923 roay:

B npeablaylieii 3aMeTKe st NOABEPr KPUTKKE HasBaHHYHO Bbille pa6oTy (pa6oTa dpuamaHa
HasblBasacb «O KPUBU3HE NPoCTpaHCcTBax». — J1. LL). OpAHako Mos KpUTKKa, Kak s y6eamncs u3



nucbmMa ®puamMaHa, COOGLIEHHOr0 MHEe r-HOM KpyTKOBbIM, OCHOBbIBa/laCb Ha OLLUNOKE B
BblUMCNEHMAX. A cuMTalo pesynbTaThbl . DpuAMaHa NPaBUIbHBIMIA 1 NPOMUBAIOLLMMMI HOBbINA CBET.
OKa3bIBaeTCsl, UTO YpaBHEHWS MONS AOMYCKAOT Hapsidly CO CTATMUYECKMMU TaKKe U ANHaMUYecKue
(TO ecTb MepeMeHHble OTHOCUTENILHO BPEMEHM) LEHTPa/IbHO-CUMMETPUYHBIE PELLEHUS ANS
CTPYKTYPbI MPOCTPAHCTBA.

Pefikoe MMCbMO, M3 KOTOPOro 3ameyare/bHO BMAHO, KTO ecTb Xy. PuU3MK HOMep OAWH He
MOCTECHANCA MYyB/IMYHO NPU3HATL CBOKD OLINOKY, U3 Yero CriefyeT, YTOo OH He paccmaTtpuBasl CBOU
3HaMeHUTble YpaBHEHUS KaK WCTUHY B MOCNeHel MHCTaHUMMW BPOe BETX03aBETHOrO AeKaiora
(pecatb 3anoBefeit, nonyyeHHble Mowuceem Ha rope CuHail U3 pyK B PyKuM OT TBOpLA BCEro
CyLLlero).

PewieHne ®dpugmaHa o3Hayano, 4Yto BceneHHasa He TOMbLKO KOHEYHa B MPOCTPAHCTBE, HO U
MMena Haydano BO BpeMeHW. Hauano mMupa [O/MKHO NeXaTb B 0CO60M TOUKe — CUHTYNSpHOCTU (0T
NnaTMHCKoro singularis — «0C0O6bIM, OTAENbHbIN®»), TAe KPWBM3HA MNPOCTPaHCTBa-BPEMEHU
CTaHOBMTCA BECKOHEYHOM, a caMn NOHATUA BPEMEHM M MPOCTPAHCTBA YTPaumBatoT BCAKUMA CMbIC]T.
Martepus, CTUCHYTas B TOYKE C HY/IEBON pPasMepHOCTLbIO, AO/MKHA UMETb GECKOHEUYHO 6O0MbLUYHO
NNOTHOCTb M TemnepaTypy. 3a4aBaTbCsi BOMPOCOM O TOM, YTO 6bINI0 paHbLLe, YTO MPeALLecTBOB/I0
CUHTYNAPHOCTW, He MMEET HWKAKOro CMbiCfia, MO0 HUKAKOro «paHblLUe» MPOCTO-HAMpPOCTO He
cywiectBoBasio. CoObITMS, KOTOPbIE Mbl HAbNIOAAEM CErofHs, HUKaK He COOTHOCATCA C TeM, YTO
MMeno MecTo A0 bonbluoro B3pbiBa, Korfa BeeneHHas B ofHOYache BbINOPXHYa U3 HebbITMA. Kak
YAYHO BbIPa3n/ICs KOrAa-TO W3BECTHbIA OTeYeCTBEHHbIM kocMonor A. b. 3enbpoBuy, «6bino
BpeMsi, KOrga BpemMeHW He O6blno». [103TOMYy Mbl MMeeM [MO/IHOe MpaBO BOCMO/Ib30BATHCA
3HaMEHUTON «bpuTBOM OKKama» (He cnefyeT YMHOXaTb UYWUCNO  CYLLHOCTEM  CBepX
Heobxo4MmocCTH), Aabbl 0TCeYb HenogobaroLme Bonpockl. o MOMeHTa «HO/b» (Cupeyb bonbLuoro
B3pblBa) He ObINO HW BPEMEHW, HW MNpoOCTpaHcTBa. OTYaCTM 3TO HAMOMUHAET S3bIYECKYHO
KOCMOTOHMIO PEBHUX, KOT A HEMOABMXKHAA BEYHOCTb TpaHC(HOPMUpPYeTCa B 60MKOe NCTOPUYECKOe
BpeMS.

HecTaunoHapHble pelieHns ®pugmaHa npegnonarardT TPpU BapuaHTa pasBUTUS COOLITUIA.
MepBbli BapuMaHT: KpPMBM3HA NPOCTPaHCTBA HyneBas (CpefHAs NIOTHOCTb matepun BceneHHoN B
TOYHOCTM paBHa KPUTUYECKOW MIOTHOCTK), TO ECTb TPEXMEPHOE EBK/IMA0BO MPOCTPAHCTBO, aHanor
KOTOPOro — MJI0OCKOCTb, PacLUMpPSETCAa HeorpaHW4eHHO. BTOPOi BapuaHT: MPOCTPaHCTBO UMeeT
MONOXUTENbHYIO KPUBU3HY (CPeAHAs MIOTHOCTb MaTepUM MpPeBbILLAeT KPUTMUYECKYIO MIOTHOCTD),
NMo3TOMy MMUp MpPeAcTaBnseT COO0M KOHeYHYH0 Mo 06beMy, HO 6e3rpaHU4Hyt0 runepcgepy,
pasfyBaroLlytocs Hanogobme AeTCKOro BO34YLUHOMO LWapuka UM MblIbHOrO My3bips. MOCKONbKY
NNOTHOCTb BELLECTBA BblLLE KPUTUYECKON, paHO UM MO3AHO PacLUMpeHue NPeKpaTnTCs U CMEHUTCS
okatvem (pasneT BellecTBa OCTaHOBAT CWAbl rpaBuTauuu). TpeTuii  BapuaHT: KpUBM3HA
MPOCTpaHCTBa oTpuLaTenbHas (CPeAHss MNOTHOCTb MaTepun MeHbLUe KPUTUYECKON NAIOTHOCTH),
NMoaToMy, Kak M B MepBOM BapviaHTe, MUP PacLUMpPSAeTCA HeorpaHW4YeHHO, TONbKO ero gopma He
nnockas, a npeacTaBnseT coboil ncesfoctepy wnv runepbonomi, aHasoroM KOTOpbIX B ABYX
N3MEPEHUSX SIBNAETCA MOBEPXHOCTb ceana. Takaa BceneHHasd OMMCbIBAaeTCA reoMeTpueit
NobayeBCcKoro, rae cymma yrioB TpeyrosibHuKa MeHblle 180 rpafycoB, a Yepes TOUKY, Nexatlyro
BHE NPSIMOiA, MOXKHO MPOBECTU CKOMbKO YrOAHO MPAMbIX, NapannenbHbIX JaHHOMN.

Becbma N060NLITHO, YTO TeOpeTUYeCKMe BbiKaakM ®PpuamaHa n Cuttepa NPULLIACG Ha TO
BpeMs, Korfa HabnoaarenibHad aCTPOHOMMUS Mao-nomMaly Hakanavsana faHHble 0 TOM, YTO Halla
BceneHHasd, BOMpekn Mofenn DWHLWITEHa, OTHIOAb He CTauuMoHapHa, a HenpepbiBHO
3BOMOLMOHMPYET. Bce Havanocb € TOro, YTO amMepuKaHCKWUiA acTpoHOM BecToH Cnaidep Ha
npotsykeHun 10 net  (HaumHas ¢ 1912 roga) TepnenmBo (hoTOrpadMpoBasl  CMEKTPbI
BHEraNaKTMYeCKMX TYMaHHOCTEN. B Ty Mopy eLle HWUKTO He 3Ha/, YTO B AECTBUTENIbLHOCTU OHWU
NpeLCcTaBNAT CO60M rUraHTCKMe 3Be3fHble OCTpoBa Hamnofobue Hawlel [anakTuku n nexar
HeBOOOpa3nMo paneko oT MneyHoro MyTtu. Cnaidep 3agancd Lenbk BblYUCAUTL UX Ny4eBble
CKOpPOCTW, TO €eCTb YCTaHOBWUTb, MPUOAMKAKOTCA OHW K Hawel [anaktMke wnauM, HaoboporT,
yAanaTca OT Hee. B cBOMX pacyeTax OH OMMpascs Ha [aBHbIM-4aBHO W3BECTHbINM 3((eKT



[onnepa, KOTOpbIA, nonarato, BaM, uyuTaTe/lb, 3HAKOM He TaK XOpOLIO, Kak amMepuKaHCKOMY
acTpoHomy. Nocemy caenaro Hebo/bLLIOe OTCTYM/EHNE.

ABCTpUiACKMIA (hn3amk KpuctmaH [Jonnep OTKPbIn 3MEKT, Ha3BaHHbIA BMOCNEACTBAM €ro
NMeHeM, OYeHb AaBHO — elle B 1842 roay. HaBepHOe, ero MOXHO 6b1/10 06HaPYXXNTb U paHbLLe, HO
TaK XX YCTPOEH YenoBeK — CNJIoLWb U PALOM Mbl CMOTPUM, HO He BUAMM. MCUXONOrn YTBEPXAAHOT,
4YTO BCEMY BWMHONM Cneuugrka Hallero BOCMPUATUS, KOTOpas MpeanoyMTaeT OTTa/IKMBATLCA OT
XOPOLLO 3HAKOMbIX BeLleld M OTKPOBEHHO UIHOPUPYET BCE HenpuBbIYHOE. 3a AePEeBbAMUN Yesl0BEK
He BuAMT feca. Kak Obl Tam HM 6blIO, HO pacckasbiBatloT, yto Knog MoHe, ogvH u3
OCHOBOIMOJIOXKHMKOB MMMPECCUOHN3Ma, Oblal NepBbIM XYAOXKHUKOM, 06paTUBLUMM BHMMaHWE Ha
3HAMEHUTBLIN NOHAOHCKMIA TyMaH. MOKOMeHWs BpuTaHLEB faxe He MOoAO03peBain, YTO B WX
OpUTaHCKOIN aTMocepe, NepeHachILeHHON MebYaiLlLMMMN YaCcTUYKaMK YIS, NPOUCXOANT He YTO
COBEpPLLEHHO 0C06eHHOe. Ho BOT ABWU/CA YyXKecTpaHeL, C He3aMbl/IEHHbIM /1a30M U C XO4Y Hanucan
KapTMHYy «MocT Batepnoo (3hekT TymaHa)», KoTopas OyKBalbHO Mepenaxana HaJMEHHbIX
OCTPOBUTSH.

C apektom [onnepa geno o6CToMT B TOYHOCTU Tak Xe. Ecnm mmMo Bac no Liocce
MPOHOCUTCS MallMHa C BK/IKOYEHHOW CUPEHOM, TO MO Mepe ee NPUBIMKEHUS TOH CUrHana 3BY4UT
BCe BblLLe, HO CTOMT eli C BamMy MOPAaBHATLCA, Kak 3BYK Cpasy »e NnajaeT Ha Lienyto OKTaBy U 3aTem
(no mepe ypaneHus) cTaHOBUTCS Bce 6oniee 6acoBUTLIM. TO >Ke caMOe MOXHO Habnogatb Ha
CTaHUMOHHOW nnatgopme: ryfokK npuonvmkatrowwencs aNeKTpUYKn yrnopHo ne3eT BBEPX, HO Korga
OHa NposieTaeT MMMO, TOH TyfKa CKa4Ko0bpa3HO MEHSIETCA C BbICOKOro Ha HU3KMiA. CyTb ahekTa
NeXWUT Ha MOBEPXHOCTU, MO0 3BYK — 3TO YepefoBaHME CXKaTU M paspeXxxeHWin Bo3ayxa, a
paccTosiHMe OT OAHOW 06/1aCTU CKaTuA [0 APYrOil eCTb He YTO MHOe, Kak [/MHa BO/HbI. Yem
OonblUe ANMHA BOJIHbI, TEM HWXKE 3BYK, @ YeM BOJIHA KOpOYe, TeEM 3BYKOBOW TOH Bblille. Ecnin
MCTOYHMK 3BYKa (B [AHHOM C/lydae — 3/1IEKTPUYKA) LBWKETCA MO HanpaB/eHWI0 K Bam, TO Ha
efVMHULY OMHBbI NPUXOAUTCA OO/bLUEe YMCIO BOSIH — BOMIHOBOM «4acTOKO/» CTaHOBUTCS 60nee
TeCHbIM. ECM e UCTOYHUK yfanseTtcsd, TO KapThHa OKas3blBaeTCA NPSMO MPOTMBOMOMOXKHON —
[0JIMHa BOJSIHbI HayuMHaeT pacTh. TakMM 06pa3oM, AJIMHa BOJHbI, WCMYCKaeMOW WCTOYHWUKOM,
3aBUCUT He TO/IbKO OT CBOMCTB UCTOYHMKA, HO U OT €r0 CKOPOCTM.

CBeT, KaK 1 3BYK, TOXXe MMeeT BO/IHOBYIO MPUPOAY W NpeacTaBnseT coboi KonebaHua (unm
BO/IHbI) 3/1IEKTPOMAarHUTHOIO Nons. VIHTepBan 4acToOT, BOCMPUHUMAEMbIX YE/IOBEYECKMM [/1a30M
(BMaMMas 06nacTb CMEeKTpa), NEeXUT MeXAY KpacHbIM CBETOM C [AJ/IMHOM BOMHbI 740 HM
(HaHOMETPOB, NN MUNNMAPAHLIX JONel MeTpa) U (HMOMETOBLIM CBETOM C A/IMHOM BOMHbI 400 HM.
[IMHHOBOTHOBOE MH(hpakpacHoe 13/lydeHne Mbl BOCMIPUHMMAEM KaK Tenso, pacnpocTpaHstoLLeecs
OT HarpeTbiX Ten, a HambonbLUE ASIMHON BOMHbLI 06M1adaldT PaAMOBO/HbI, NeXaline B KpariHel
npaBoO 4acTW  3NEKTPOMArHUTHOrO crnekTtpa. OO6GnacTb KOPOTKUX BOMH  MpefcTaB/ieHa
YNbTPauONeTOBbIM, PEHTFTEHOBCKMM W FaMMa-m3nyyeHnem (Mo Mepe YMeHbLLEHWS A/INHBI BOMHbI).
TakvmM 06pazom, 1 ramma-yyun, 1 BUAMMbIA CBET, N PaLMOBO/HbI ABAKOTCA MO CBOEW (HM3NYECKOM
NpUpoLe 3NEeKTPOMAarHUTHLIM U3NYYEHWEM U Pa3INYatoTca MeXAy COO0M TOMbKO MULb /IMHOM
BOJIHbI, UM 4aCTOTON KoNebaHWi B CeKyHAY. YeM Bbllle YacToTa KosiebaHuiA, TeM MeHbLUe A1HA
BOJIHbI, 1 HAO60POT.

B onTnyeckom gmanasoHe HanmbONbLUYH A/IMHY BOMHbI MMEET KPacHbIA CBET, CNejoM uayTt
OpaHXXeBbIiA, YXEeNTbI, 3eNeHbli, ronyoon, CUHWUIA U PUONETOBbIN — CaMblii KOPOTKOBO/IHOBbLIV B
BMAMMON 06nacTn crekTpa. ECAM UCTOYHWMK CBeTa [BWXKETCA MO HamnpaB/leHW0 K Ham, TO
paccTosiHMe MeXay rpebHAMU Crefyowmx Apyr 3a [APYroM BOSIH YMEHbLUMTCH, a 4acToTta
KonebaHMin COOTBETCTBEHHO BO3pacTeT. B pesynbTaTe BCE IMHUM CMECTATCA K (PUONIETOBOMY KOHLY
CMeKTpa Ha OfHY W Ty e BefMumHy. MOXHO CKa3aTb, YTO CBET NPUGAMKatOLLENCA K Ham 3Be3/pbl
HeMHOro norony6eet. Mpu yganeHun obbekTa OT HabnogaTens BO3HWUKAET MPOTUBOMNO/OXHANA
KapTUHA: MHTepBa/l MeXay rpebHAMU BOSIH YBE/IMUMBAETCH, & YacToTa KonebaHuii nagaet. JInHum
CMeLLAKTCA B KpacHYK 4acTb CMEeKTpa, W CBET y/eTatolleil 3Be3dbl NpuobpeTaeT KpacHOBATLIN
OTTEHOK. Takum 06pa3oM, B MEpBOM C/lydae Mbl UMEEM (PUOSIETOBOE CMELLEHNE, a BO BTOPOM —
KpacHoe. BennumHy CMeLLeHWs CpaBHMBAKOT C MOJIOXKEHWEM JIMHUIA B CMEKTPe HEemnoABUMXHOMO
NCTOYHMKA.



BectoH Craiihep npoaHanvMavpoBas criekTpbl 40 ranakTMk W MNpuwien K BbIBOZY, YTO
60/bLLUAsA UX YaCTb OT HaC yAanfeTcs, NPUYeM C 0YeHb 60/bLUIMMU CKOPOCTAMMU — NMOPSAAKA COTEH U
[akKe TbICAY KWUIOMETPOB B CEeKyHAY. ITOT (DakT ero BecbMa 3auvHTPUroBasl, MOCKO/bKY Kyaa
ecTeCcTBeHHee 6bl1/10 6b1 06HAPY>KUTb Xa0TUYHBIA Pa3bpoc B HaNpaBneHUN X CKOPOCTel. Ecnmn Bbl
40 pa3 nogbpocuTe MOHeETY, KpailHe MasloBepOsTHO, YTO OHa 35 pa3 noapsag yrnageT op/ioM BBepX.
Takune (hOKyCbl NPOCTO-HAMPOCTO 3anpeLleHbl Teopueli BeposSTHOCTEN. A yeM 6osbLie 13MepeHWit
nposogun Cnaidep, Tem 60see CTpaHHas CKiafdblBasacb KapTvHa, MO0 BenMYMHA KpPacHoro
CMeLLeHMs pa3 OT pasa pocna. MonoxeHne ycyrybnanocb Tem, YTO aMepuKaHCKUIn aCTPOHOM, Kak
Mbl MOMHUWM, MOHATUA HE MMeN O BHEraslakTUYecKon Npupofe CBOMX OOBLEKTOB: OH CUMTan KX
TYMaHHOCTSIMU, PacnofioXXeHHbIMY B Halleld ManakTuke.

Korpa B cepegunHe 20-X rofioB MPOLL/Oro BeKa yAanoch foKasaTb, YTO TyMaHHOCTM Criaindepa
B [AENCTBUTENIbHOCTM He 4YTO WHOE, KaK OrpOMHble 3Be3fHble OCTPOBa, fieXallue [aneko 3a
npegenamy MneuHoro lMyTu, AplwaTs ctano nonerde. Konb cKopo y 00bekTa 0OHapYyXmBatoTcA
Cpa3y [Ba HeoOblYHbIX CBOMCTBA — aHOMa/lbHas CKOPOCTb WM HETUMWYHOE MECTOMOJIOXKEHME, —
MOXHO paccuMTblBaTb, 4YTO MeEXJY HWMMK CYLLeCTBYeT Kakad-TO cBf3b. PaboTy Cnaidepa
MPOAO/KUAN  [pYyrie acTPOHOMbI, W 4Yepe3 KOPOTKOE BPeMSi Y HUX B pyKax Yxe Obin
BHYLUMTE/bHbIA CMUCOK BHEralakTMYeCKUX TYMaHHOCTEN C pa3IMyHbIMK MOKa3aTeNsaMmy KpacHOro
CMellleHns. Bnepsble ygava ynbibHynacb B 1929 rogy Hawlemy CTapoMy 3Hakomuy OABUHY
Xab6/1y, KOTOPbIA BOOOLLE-TO 6GblN HOPUCTOM MO 06pPa30BaHUIO, a aCTPOHOMMUEN YBMEKCSA MO3XKE.
CpaBHvBas Mexgay co60i CKOPOCTW TalakTUK, OH OOHapy>Wu/i NPOCTYH) 3aKOHOMEPHOCTb: YeMm
Janblle Ta WM MHasA raslakTuka pacrofiokeHa, TeM ObICTpee OHa OT Hac ygansetcs. Opyrumu
C/loBaMK, CKOPOCTW TaflakKTUK MPAMO  MPOMOPLMOHA/IbHBI  MX  PacCTOAHUMKO  OT  3eMHOr0
Hab/roAaTens, YTo BbIpaXXaeTCA COOTHOLIEHNEM V = Hr rae v — CKOPOCTb YAaNleHns, I — pacCTOsiHME
OT raflakTnky o 3emnun, a H — KoahMUMeHT NPOnopLMOHanLHOCTH, BNOCNEACTBUN NOMYUMBLUNIA
Ha3BaHWe NOCTOsAHHOW Xab6na no nepsoii 6ykse ero amununm (Hubble).

Hafo ckasatb, 4to Xab661y KpyrnHO nose3no. CBOM 3aKOH OH BbIBe/ M3 HabMOAeHWs 3a
ranakTvkamu, OTCTOALMMU OT Hac BCero Ha 1-2 MunnmnoHa napcek (Meranapcek, unv Mnk), Torga
KaK CerofHs U3BeCTHO, UTO Ha TaKUX CPaBHUTEIbHO HEGO/bLUMX PACCTOSHUSAX ero 3aKOH paboTaer,
MArKO rOBOPS, HEBaXXHO, MOCKO/MbKY O6/M3KME TranakTUKU «MOBA3aHbl» CUiamy rpasuTalum.
MpeanonoXue, 4YTO Camble ApKWe 3Be3Abl APYrMX FanakTMK (CBEPXHOBbIE W HOBbIE) WMEHOT
NPUMEPHO O[MHAKOBYK) CBETUMOCTb, OH CPaBHUBA WX YCPeAHEHHYH) abCOMOTHYHO 3BE3AHYHO
BE/MYMHY C BUAMMbIM OGNECKOM W B pe3ynbTaTe Mnoayynsi O4YeHb OONbLUYK  BENUUUHY
KoahdmumeHTa — nopaaka 400-500 KMNOMETPOB B CEKYH/Y Ha Meranapcek. Bfob6aBok B TO Bpems
paccTosHUA A0 GAKaMLWMX ranakTUK OblIM BbIYUCIEHbI OYEHb HETOYHO: KOrja B CepeauiHe
MPOLUNOro BeKa MepecMOTpeNin LWKany MeXranakTUYecKUX PacCTOsHWIA, Gnavbkaiiue ranakTuku
NpULNOCL OTOABWHYTbL BABOE Aa/iblLUe, a camble Jasekue YBEIMYUIN CBON «OTpbIB» B 6-7 pas.
CTOMT N1 Mocne 3TOro yAMBAATLCA, YTO Xabbn owmbea B CBOMX pacyeTax MoYTW Ha Mopsaok?
CerogHsilLHee 3HayeHWe ero MOCTOSHHOM, BbIYMC/IEHHOE HA OCHOBE COBPEMEHHbLIX METOAMK U C
MOMOLLbKD BeCbMa YyBCTBUTENbHOW arnnapaTtypbl BpoAe OpPOUTAbHOrO 30HAA YW/IKMHCOHA,
COCTaBNseT /1 KMIOMeTp B CEKYHAY Ha Meranapcek.

CnefyeT MMeTb B BWAY, UTO TaflakTUKW [ABWDKYTCH XaOTWMYECKWU, B CaMbIX pPasHbIX
Hanpas/fieHNAX, B TOM 4uC/e U norepek fiyda 3peHusi. MOHATHO, YTO Takue COOCTBEHHblE KX
CKOPOCTK, MOJSyYMBLUME Ha3BaHWEe MeKYNAPHbIX, HE AO/MKHbI MPUHUMATLCA BO BHUMaHMe. 3akoH
Xabbna paboTaeT TO/MbKO C pafuasibHbIMU CKOPOCTAMMU, YCPEAHEHHbIMWU MO OONbLUIOMY YKCYy
ranakTuK, HaxogsaWMXca Ha OAMHAKOBOM PacCTOSHUM OT Hac. VIMEHHO MO 3TOW MNPUYMHE OH
NPaKTUYeCKN He roauTea Ans 6/IM3KMX raakTuK, TaK Kak MX JlydeBble CKOPOCTU CPaBHUTENIbHO
HeBenMKuW. N03ToMy HEO6XOAMMO OTAENNTL CKOPOCTb, 06YCNOB/IEHHYHO Xab6/10BCKUM yaaNieHUeM,
OT WHAMBUAYaNbHOW (MEKYNSPHOM) Ny4yeBOM CKOPOCTM, KOTOpas MOXeT ObiTb BecbMa
3HauMTenbHOW. Hanpumep, MecTHas rpynna NeTuT Kak efuHOe Lenoe B CTOPOHY CKOMIeHWs
LleHTaBpa co CKOpOCTbHO cBbile 600 KMIOMETPOB B CEKYHAY. A BOT YeM [asibLe HAaXOAUTCA Ta Un
MHas ranakTuka, Tem 6onblue ee xab6n0BCKas nyyeBasi CKOPOCTb M TeM MeHbLUM/A BKnag B ee



3HaYeHne BHOCUT NUHAMBUAYaASIbHAA CKOPOCTb ranakTuku. TakuM 06pa3oM, HafexXHee BCero 3akoH
Xab6na BbINOMHAETCA Ha paccTosHMAX cBbie 200 Mnk (200 mMunIMOHOB napcek), a Ans
onpeaeneHns pacCcTOAHNIA [0 6/IM3KMX ralakTUK flydLle noib30BaThCs LeeniHOM LUKAON.

Kasanocb Obl, camble TOUYHble 3HaYeHUS PacCTOAHWI 3akoH Xabb6na [O/MKeH AaBaTb A/1A
caMbIX [JaneKMX rafiakTukK, Of4HaKo 3TO He COBCeM Tak. [efno B TOM, UYTO BelMYMHA KPacHOro
CMeLLEeHNA Y [afeknx OOBEKTOB HACTO/IbKO 3HAuMTeNlbHa, YTO MPW pacyeTax [aeT CKOPOCTb
yAaleHNs, NPeBbLILAKOLLYI0 CKOPOCTbL CBeTa. MM03TOMY B pacyeT CKOPOCTei Hambonee yaaneHHbIX
06BbEKTOB (HampuMep, KBa3apoB) HY>KHO BHOCWUTb MOMPaBKW, MPeAyCMOTPEHHbIE CreuuabHOiA
Teopuei OTHOCUTENbHOCTW, W Torga opmyna npuobpeTaeT 60/ee CAOXKHbLIA BUL (Mbl ee
NMPUBOAUTL He cTaHeMm). ocTosHHaa Xabbna — (PyHAameHTa/lbHasd KOHCTaHTa, M BaXHOCTb ee
[aNbHENLLIEro YyTO4YHeHUs OYeBMAHA, NOCKO/bKY OHAa TeCHeMWwum 06pa3om cBsizaHa C BO3pPacToOM
Haleil BceneHHON. ECnM MbICNIEHHO «NPOKPYTUTL» [BWKEHUE ranakTWK BCMATb, Mbl NPUAEM K
TaKOMy MOMEHTY, KOrfla pacCTOsHME MEXAY HUMMW OblI0 HUYTOXHO MasibIM. BcA maTepusi CTAHeTCS
B TOYKY, N BceneHHas MpekpaTuT CBOE CYLLECTBOBaHME B HblHeLHeM Buae. CO6CTBEHHO roBopS,
nccnepoBaHus Xab6na Bmecte ¢ pabotamn ®puamana, CutTepa U Apyrnx TeOPETUKOB NOCTYXUN
OTNPaBHOM TOYKON [N CO34aHMsA MoLenn Bonblioro B3pbiBa, COrNacCHO KOTOPOM Y HaLlero mupa
OblN0 Hayano BO BpemeHW. 10 COBpeMeHHbIM [aHHbIM, BO3pacT BceneHHoW oueHuBaeTca B 13,7
MUnnuapaa net.

Mexay npoymMMm, u3 Xab6/10BCKOro 3akoHa MNpPOWCTEKaeT JIHOOMbITHOE COO6paKeHMe
MWUPOBO33PEHYECKOr0 XapakTtepa. [1OCKONbKY CKOpPOCTb CBeTa — MakKCMMa/lbHas W3  BCeX
BO3MOXXHbIX CKOPOCTEM, LO/MKHbI CYLLECTBOBaTb 00bEKTHI, YAa/leHHble OT HaC HACcTOMbKO Aaneko,
YTO CBET, UMW UCNYLLEHHbIN, HUKOr4a He AOCTUTHET 3eMHOro Habnogatens. ApyrvuMu cnosamu, y
aCTPOHOMMYECKNX HabMHOAEHMIA Ha BOSTHAX NHOO0IM A/IMHBI UMEETCA HEKUIA (PU3NYECKUiA Npeaen, 3a
KOTOPbIA MPOHWKHYTb B MPUHLMMNE HEBO3MOXHO. HeyMo/nvMMble 3aKOHbl NMPUPOAbLI O4epyMBatOT
[OCTYMHYO HalMM npubéopam 061acTb naeanbHO NMYCTOW, HO HEMPeOLO/IMMON rpaHULLER, MOITOMY
COBEpPLLEHHO BECCMbIC/IEHHO CrpaLlnBaTh, ECTb 33 POKOBbLIM PYOEX0M Kakune-nmb0 06beKTbl U UX
Tam HeT. Mbl UX BCe paBHO HUKOrfa He yBUAUM, MO0 rOPU30HT COObITMIA — OYeHb BaXKHOE MOHATUE
B KOCMO/IOTMN — OTCEKaeT POAHOE «Halle» OT MPOKNATOro Mupa YMCTOraHa Kyaa HafexHein
YKeNne3HOro 3aHaBeca COBETCKMX BpPeMeH. «Tam, nof ob6nakamu, — BEYHOCTb», — FOBOPW/ repoi
CeHT-OK3torepu, nposeTtas 3a LUTYPB/IOM BETXOM 3TXEPKN Haf CMI0eM CM/IOWHOW 061a4HOCTK,
Moz KOTOPbIM FPOMO3AUNNUCHL CKaIUCTbIe pebpa MupeHenckmx rop.

BennumHbl KpacHOro CMeLleHus, U3MEepPeHHble Y AaneknX rafakTUK WU KBas3apos, AaBaivi
HaCTO/IbKO BbICOKME CKOPOCTK, YTO BNOPY ObINI0 YCOMHUTLCS B CNPaBea/IMBOCTU 3aKoHa Xabbna. B
1928 rogy v3mMepunan nyyeByro CKOPOCTb ranaktukm NGC 7619 n nonyumnn pesynbtar nopsika
3800 KM/IOMETPOB B CEKYHAY, a K Havany 60-X rofoB NpoLLIOro BeKa 6binv 06Hapy>KeHbl 06BEKTHI,
CKOPOCTb KOTOpbIX gocturana 40 TbICAY KMUIOMETPOB B CEKYHAY, TO eCcTb 6osblie 1/8 ckopocTu
cBeTa. /IMEHHO C Takol CKOPOCTbIO yaanseTcs oT Hac KBasap 3C 273, oTKpbIThIA B 1960 rogy. Ho
3TO ObINN eLLe LBETOYKM, MOTOMY YTO YXKe O4eHb CKOPO, B 1965-M, Halwn KBasapbl C BEIMYNHON Z
= 3,5 (Be/iMUMHA Z XapaKTepu3yeT KpacHOe CMeLleHMe CMNeKTPasibHbIX JIMHWIA). 3TO 6blna
4yyfoBULLHAA, (aHTacTMYecKas BeNMYMHA, MO0 KpacHOe CMeLLeHMe MepBbiX KBa3apoB He
npesbiwano 0,36 n Bcerga 6bIN0 MeHbLUe efuMHULbI. B criekTpax TakuMx KBa3apoB Hab/oaatoTcs
fanekve ynbTpafuoneToBble IMHUW, CbexaBlUMe B BUAUMYK 4YaCTb CMeKTpa M3-3a OrPOMHOI0
KpacHOro cmelleHus. Ecnn 6bl He (JeHOMEH KpacHOro CMeLLeHMsi, OHW Obl HMKOrga He
06Hapy)>XMBaIMCb, MOCKO/IbKY 3eMHas aTtmoctepa MOIHOCTbK MOT/OWAeT Yy/bTpafuoneToBble
nyuun. FonnaHAckuiA pagmnoacTpoHoMm MapTuH LLMnaT, paboTtaswwinii B KanmgopHUm 1 OTbICKaBLUWIA
3TOT YHWKa/IbHbIA KBa3ap, BbIYWMCAWA, YTO €ro CKopocTb cocTaBnseT 81 % CKOpoCTU CBeTa
(NpMepHO 243 TbICAYM KMNOMETPOB B CeKyHAY). CO BpemMeHeM cYeT Nofo6HbIX 00BHEKTOB MOLLen
Ha coTHWU. CaMblli AaneKknii Ha CeroAHALIHMIA [eHb KBa3ap HaifeH npu BennunHe z = 6,43, 13 4ero
CNeflyeT, YTO CKOPOCTb ero yaaneHus BNIOTHYH NPUBMKaeTCs K CKOPOCTM CBeTa U paBHseTcs 288
TbiCAYaM KW/IOMETPOB B CeKyHAy. PacctofHue [0 3TOro KBasapa cocTtasnifer 13 Munivapos
CBETOBbIX /IET, BO3pacT BceneHHOM Ha MOMEHT M31y4eHNs UM cBeTa Obln paBeH 880 MuiMoHam
net (B Hawm AHU — OKONO 14 MuANMapLoB NeT), a ee pasMep B Ty nopy He npesbiwan 0,14 ot



COBPEMEHHOro. Ho Kakum 06pa3oM ruMraHTCKMe OObLEKTbl, COMOCTaBMMbIE MO MacCe C Hallein
["a1aKTUKOI, MOTYT MnepemeLLaThes € TaKMMK (PaHTacTUYeCKMMK cKopocTammn? Kakas cuna npugaet
MM CTO/Ib HEBEPOATHOE YCKOpeHue? YToObl OTBETUTb Ha 3TV BOMPOCHI, Hajo pa3obparbes C
(hr13r1YecKo NPUPOLOI KPaCHOIO CMELLEHNS.

Mocne TOro Kak JABUH Xabbn chopmynmpoBan CBOW 3aKOH, OT CTaUMOHApHOW MoAenu
MPULLNOCL 0TKa3aTbCA pa3 U Hascerga. CTaso ACHO, UTo BeeneHHas npefcTaBnseT coboi COXKHYH
ANHAMUYECKYIO CTPYKTYPY, KOTOpas HenpepbIBHO 3BOMOLMOHUPYET. ManakTuky pasberaroTcs, Kak
TapakaHbl, KOrfa nocpefn HOUM 3aXOKellb CBET Ha KyXHE, NPUYeM CKOPOCTb UX YAaleHUs pacTeT
NPONOPLUMOHATILHO PacCTOAHMIO, Ha KOTOPOM 3TWU ralakTUKWM OT Hac Haxogsatca. Ecnm Kakas-To
raslakTvika pacro/io)eHa BABOe [Ja/ibLle OT Hac, Yem [pyras, TO U ABurarbca oHa OyfeT B [Ba pasa
ObicTpee. KcTtatu, cnefyeT uUMeTb B BUAY, YTO pasberaroTca He 3Be3fbl U JaXe He OTAeflbHble
ranakTUKK, a CKOMeHNs ranaktnk. CKaxXeM, ranaktuku, Bxogawme B coctaB MeCTHOW rpynnbl,
paccTaBaTbCs ApYr ¢ ApYrom He cnewar. bonee Toro, MHOrMe U3 HUX Ha0GOPOT CONMKAIOTCS, Kak,
Hanpuwvep, raiaktnka AHApomesbl U Haw MneyHbl MyTb, KOTOpPble NETAT Ha BCTPEYHbIX Kypcax
CO CKOpPOCTbIO 120 KMIOMETPOB B CeKyHAY. [eno B TOM, YTO paclumpeHne BceneHHOM Kak Lenoro
He CKa3blBaeTcs (eCNM roBOPWUTL COBCEM CTPOr0 — MPaKTUYECKN HE CKa3blBAeTCH) Ha [BUKEHUM
006BEKTOB, CBA3aHHbIX CUaMK rpaBuTaLun B eanHY0 cucteMy. MecTHas rpyrnna Kak pas sBnseTcs
TaKoM rpaBMTaLMOHHO YCTONYMBOIA CUCTEMOA.

Ho ecnu ckopocTb pasberaHus fanekmx ranaktuk npsMo nNponopumoHasibHa pacCTOAHUIO 40
HUX M NOA0OHAas KapTuHa yapydarolle 04HO06pa3Ha, B KaKyl CTOPOHY HW MOCMOTPW, BO3HMKAET
PE30HHbIN BOMPOC: He HAXOAMMCS /1N Mbl B TaKOM C/y4ae B LieHTpe BceneHHoin? Ecnm ConHeyHoi
CUCTEME B 3TOM CMbIC/Ie OTKPOBEHHO He MOBe3N0 (Kak M3BECTHO, OHa Mpo3dbaeT Ha 3afBOpKax
MneuHoro MyTu), Torga, 6bITb MOXET, XOTS Obl Halla [ManakTuKa ABASETCA LeHTPOM MUPO3JaHna?
Takoli BbIBO HaBepHSKa MHOTUM corpen 6bl AyLly, MOTOMY YTO aHTPOMOLEHTPU3M CUAUT Y Hac B
neyeHkax. YBbl, MPUAETCA Bac, umTaTeNb, pa3oyapoBaTb: MepBasi 0COOGEHHOCTb [/106a/1bHOrO
pacLumpeHus BceneHHONM Kak pa3 B TOM W 3aK/0YaeTCs, YTO OHO He MMEET BbIfeNIeHHOro LieHTpa.
370 NoHMMan ewle PpugMaH, Korga npessiokun Ha cyf noYTeHHenWwen ny6mkn ceoto Mogesns. OH
NCXOAMN W3 [BYX OYEBUAHbLIX MOCbINOK: BO-MEPBbIX, BceneHHas M30TponHa M OAHOPOAHA Ha
00NbLUMX PACCTOSAHUSAX, & BO-BTOPbIX, TO Xe Camoe YTBepXXAeHWe CripaBes/IMBo A1 Ntobor apyroin
ee TOYKN. VIHbIMM CoBaMK, B Kakoii Obl 13 ralakTUK HW OKasasics HabnoaateNb, OH BCOAY YBUANUT
YAVBUTENbHYIO KapTUHY pacLumpstoLleiics BceneHHOM, a ero co6CTBEHHAs rasiakTuKa MoKaKeTcs
emy HenoABVXHbIM LleHTPOM MUpa.

CkasaHHOe /Ierko nosiCHUTb Ha npumepe. Eciv B3ATb PE3VMHOBLIN LLHYPOK C 3aBA3aHHbIMU Ha
HeM y3enkamu 1 pacTsHyTb ero, NpPeanonoXum, BABOE UM BTPOE, TO PacCcTosHME MexXAy napoii
COCefHMX Y3/10B YBE/IMYMTCA B TOYHO TaKOe Xe KOMMYecTBO pa3. Ecin e BblbpaTh OAMH Y3e10K B
KayecTBE TOYKM OTCYETa, TO CKOPOCTb YyAaneHus Apyrux ys3noB OygeT pactv  npsmMo
NPONOPLUMOHATILHO PacCTOAHUIO A0 HUX. MOXHO 06paTUTLCA U K ABYMEPHOW Mofenn. Bo3bmem
[ETCKNIA BO3AYLUHBIVA LLIAPMK M HAHECEM Ha ero NOBEPXHOCTb MeTKW. 0 Mepe HalyBaHMS LIapuKa
METKMN CTaHYT Pacnon3atbCs B pasHble CTOPOHbI, HO MNPV 3TOM HU OAHA W3 HUX He ByAeT 3aHUMaTb
NPUBNNETMPOBAHHOIO LEHTPa/IbHOrO0 MOMOXEHUSA, @ PAaCCTOSHUA MEXAY HUMW HayHyT pacTu
COrNacHoO BCe TOMY >Xe MPOnopuMOHasbHOMY 3akoHy. MTak, nepBas O0COGEHHOCTb pacLUMpeHus
3aK/I0YaeTcs B TOM, YTO BCe ero CyobeKkTbl (TO eCTb raslakTuKM) COBEPLUEHHO PaBHOMPAaBHbI, a
BblA€NEHHBIN LEeHTP, OT KOTOPOro OHW pa3beratoTcsi, OTCYTCTBYeT.

BTopas 0CO6EHHOCTb pacLLUMPEHNS HaM Y)Ke 3HaKoMa. He ToMbKo camu ranakTuku (He roBopst
yKe 00 OTfeNbHbIX 3Be3fax WM MNjaHeTax), HO AaXe WX CKOMJeHWs NpeLcTaBasT Ccobow
CTabunbHble CUCTEMbI, MOBA3AHHbIE CUIaMK FpPaBMTaL MK, MO3TOMY paclunpeHre BceneHHon nx He
3aTparvBaet. pu pacTArMBaHMM Pe3VHOBOMO LUHYpa PacCTOSAHUSA MeXAY Y3enkamy pacTyT, HO
BOBCE HE MOTOMY, YTO OHW CKOMb3SAT BAOMb HUTWU. BCe Aeno TOMbKO N1LWb B YNPYrmx CBOMCTBAx
Pe31HbI, @ Camu Y3/ibl 6eXaTb HUKYAa He yMatoT.

OTcloga BbITeKaeT M TpeTbs OCOOGEHHOCTb paclumpeHus BceneHHol. Ero Hepegko
NPeLCTaBNAT Kak pasberaHne rafiakTvk B MPOCTPAHCTBE, YTO COBEPLUEHHO HEBEPHO, MOCKO/bKY B
[AAHHOM C/lyyae OTCYTCTBYET [BUKEHME «Hero-To B YeM-TO». MOXHO CKa3aTb, UTO 3TO pacnyxaHue



CaMoro MpoCTPaHCTBa, XOTA U Takoe YTBepXKAeHWe OyfeT BCEero Nvlb MeTadopoid, MOTOMY YTO
MPOCTPaHCTBO BCENEHHON He pacLuMpsieTcs B HEKWUM BHELUHWUA MO OTHOLUEHUIO K HeMY O6beM.
Ecnm BOCNonb30BaThbC TePMUHONOIMEN ViMmaHymna KaHTa, 3TO pacluMpeHue MnpocTpaHCTBa an
sich, To ecTb B cebe camom. BoobGpasuTb HarfsggHo nofobHOe HEeBO3MOXHO, MGO ANs 3TOro
npuwiocb Obl HapucoBaTb 3aMKHYTYHO Ha cebsi ciepy B 4YETBEPTOM MNPOCTPAHCTBEHHOM
N3MepeHnn.

TakuM 06pa3oM, M3 3MOXalbHOr0 OTKPbITUA Xabbna M paboT (HU3MKOB-TEOPETUKOB
CNefoBasio, YTO Hawa BceneHHass, MO BCel BEPOATHOCTM, MMEET KOHEYHbIi 06beM M pofunack B
HEKWUI HYMb-NYHKT BpemeHn. Vnn, ecnim roBopuTb 6osiee CTPOro, B TOYKE «HOJb» MPOWU30LLIO
pOXAeHWe TPOWHW, MO0 MaTepus, MPOCTPAHCTBO W BPeMsi He MOryT CyLLeCTBOBaTb MOPO3Hb.
OcTaeTcs pa3obpaTbCsi, KaK MMEHHO pa3BMBaINCL COOLITUA B 3TOW OCOOOW CUHIYNISPHOW TOYKE.
Briepsble 3TMM BOMPOCOM BCEPbE3 03a60TU/ICA GeNbrMnCcKnUin acTpoHOM XKopx dayaps Jlemertp,
KOTOpbIA B 1927 rogy BbiCcKasa NpeanosioXXeHne, YTo B HYNb-MYHKT BPEMEHW BELLECTBO U 3HEPrus
Oyayulein BceneHHoM npefcTaBnsnM Co60M HEKWIA CBEPXMIOTHBLIA CrycTOK — CBOEro popga
«KOCMMYECKOE ANLO». B Ccuny HEeM3BeCTHbIX MNPUUMH CAYYMICH KaTaCTPO(MUECKUIA B3pbIB,
pa3mMeTaBLUMIA MaTepuio BO BCe CTOPOHbl, WM OCKO/IKM 3TOr0 BCEMMPHOrO KaTakim3ma Mbl
Habntofaem Ao cux nop B BuAe pasberaHns ranaktuk. JleMeTpoBckas Mogens BceneHHOW Obina
(hM3nYecKon aHanornen TeopeTUYECKMX BbIKNALOK PpuamaHa wuam CutTepa, HO MpyU 3TOM
OKaszaaCb MpoLLe M MOHATHee abCTPaKTHbLIX MOCTPOEHUI BbICOKONOOLIX MaTemMaTuKoB. Mo3aTomy
aHrNACKUIA acTpouank ApTyp CTIHAM SLAWMHITOH CAeNaics ee pbsHbIM MponaraHAMCTOM, a
yepe3 HeKOTOPOe BPeMs ee OXOTHO B35/1 HA BOOPYXXEHWE M OCHOBATe/lbHO Pa3Bu/l aMepuKaHCKUi
YUEHbIA PYCCKOro NpPouUCXoXxaeHus [eopruidi  AHTOHOBMY [amoB. C €ro /Nerkom pyku
HecCTalMOHapHas MoJenb ropsidelt BceneHHOM nonyynna HassaHve Teopuy Bonbluoro B3pbiBa U
nocne Hems6eXHOW, HO HeOOXOLMMOW pPeTyLIN OcTaeTcs B 60MbLIOM Xo4y 4O cux nop. MamoB
npeanoXun ceov cueHapuini B 1948 rogy Bmecte ¢ Konneramv AnbdepoM 1 beTe, UTO roBOpUT 0
XopoLleM 4yyBCTBe toMopa ["eoprns AHTOHOBWMYA, MOCKOMbKY hamunnn Anb-tep, bete n Mamos
YAVBUTE/IbHO HaroMWHalOT MepBble OYKBbl rpedeckoro anasuTa. WHorga Teoputo [MamoBa
Ha3blBatoT a, A, y-TEOpWEN, Ha YTO, NO-BUAMMOMY, OH M pacCUUTbIBa.

Cypsa no Bblkiafkam [FamoBa, Temnepatypa W MAOTHOCTb BHYTPUM KOCMWYECKOro Anua
[O/MKHbI ObIIN NPEBOCXOAMTb BCE MbICIMMbIE NPEAesbl, HO Y)Xe 4epe3 OAHY MUHYTY nocne
BonbLuoro B3pbiBa Temnepatypa ynana go 109- 1010rpaaycoB KenbBuHa, a MPOTOHbI Y HEATPOHI,
OCTaBLUMECS MOCMe aHHUTUASALUMK C aHTUNPOTOHaMW W aHTUHeNTpoHamu (06 3TOM noapobHee
OyfeT pacckasaHO HUXKe), Havyam 06beMHATLCS B A4pa AenTepus, TPUTKUS, Tenns n IuTnus. 1ot
npoLecc MONy4nsl Ha3BaHME MEepPBUYHOIO HYKNEOCUHTEe3a, M [amoB CyMeNl MNokasaTb, 4TO
Hab/loaemMoe CerofiHs COOTHOLLUEHWe BOAopoAa M renms (npumepHo 75 n 25 % CcoOTBETCTBEHHO)
BO3HWK/O B NePBbIE Xe CeKyHAbl nocne bonbLoro B3pbiea. Mo ero pacyeTtam, 38e34bl 3a BCE BpeMS
CyLLecTBOBaHMS BceneHHoN He mornm «HapaboTtaTtb» 60nee 1 % resms, 4To COBCEM HE NMOXOXE Ha
Te 24-25%, 0 KOTOPbIX HEeABYCMbIC/IEHHO FOBOPAT aCTPOHOMUYECKUe HabnoLeHns. Takum
06pasom, Teopus ropsyeid BceneHHoOW nonyymna ewe OAvH LOMONHUTE/NbHBIA aprymMeHT B CBOHO
nosb3y.

Bce 370 04YeHb XOPOLLO M AaXkKe 3ameydaTesibHO, HO HacTaslo BPpeMs B3ATb HEroAseB K HOITHO U
XECTKO CnpocuThb B Ayxe Mwuxanna >KBaHeLKoro: a novemy, co6CcTBeHHO? Moyemy He 3HaBLUee
rops n nevyasi KOCMUYECKOe ANL0 BAPYT CAENanoch HeCTabuibHbIM M B30pPBa/ioCh? Heyxxenu 3ato
Takas 4yTOo4YHas apeMepmaa, KOTopast pacCbinaeTcs B MNbifb OT Maseilero NpuKOCHOBEHNA? Ecnm
e ANLL0 6bIN0 BCe-TakM YCTOMUMBOWM CTPYKTYPOiI, 6e36e4HO NPOXMBLUEA MHOTME MUNUAPAb! NeT,
TO CneayeT BHATHO OOBACHWUTL, Kakne HeBefOMble CUbl NOABUIIN OeAHSKKY MpoAenaTb vepeay
BHe3anHbIX MeTamopo3.

Bonpocbl, 4TO 1 roBOPUTb, apXUTPYAHbIE, MO3TOMY (IU3UKN-TEOPETMKIN NPEAIOXUAN B CBOE
BpEMA HeMasio Mofefiel, B KOTOPbIX He MbITbeM, TaK KaTaHbeM MbITa/IMCb CBECTU KOHUbI C
KOHLamu. BoT, HanpumMep, Tak Ha3blBaeMblii r1nep6boInyeckmin cLueHapmin: BeeneHHas nsHavaibHoO
npegcraBnsna cobor 0671aK0  Ype3BblYaiHO  Pa3peXXeHHOro rasa, KOTOPbIA  NOCTENEeHHO
KOHAEHCMPOBAICS M Pa3orpeBasics Mof BAUSAHMEM FpaBUTaLMOHHbLIX cun. Korga ras CTsiHyncs B



MNOTHBIA CrycToK, LeHTPOOEXHOe [Ae/CTBME BbICOKOM TemnepaTypbl W [AaBfEHWUA MepesioMuio
rpaBuTaLMOHHOE CXaThe 1 BELLECTBO HOHOM BceneHHoW 6pbI3HY/I0 BO BCe CTOPOHbI, MOL06HO TOMY
KaK CTpysi ropsyero napa BblleTaeT W3-Mof NPUTEPTON KPbIWKK YalHWMKa, CTOSLLEro Ha OrHe.
Takum o6pa3om, BceneHHas HauMHAeT CBOK >KM3Hb MOYTU B abCONHOTHOM BaKyyMme, a MoToM,
nepewarHys (asy MaKCMMa/lbHOM MJIOTHOCTW, BHOBb BO3BPALLAETCH B COCTOSHWME MYCTOTHI.
vnepbonunyeckas BceneHHas ONMUCbIBAeTCA reomeTpueld PumaHa, a ee paguyc KpUBW3HBI
Konebnetcs B LUMPOKMX npefenax — OT MAUHMMYMa B MEPUOf CkKatusi O MakCMMyMa B Mepuof
paclumpeHns. OHa HauMHaeTCa C MYCTOTbl U KOHYaeTCA MYyCTOTOW, a CTagus KOCMUYECKOro siua
OKa3blBaeTCA KOPOTKUM MPOMEXYTOYHbIM 3TanoM Ha (hoHe HeobpaTMMbIX MOMAPHbLIX MEPEMEH.
MwuHycOM Takoli MOAEeNN OKa3blBalOTCA HeobpaTUMble COCTOSHWUSA, pPa3HeCeHHble MO pasHbIM
KOHL,aM BPEMEHHOM LLKasbI.

fvnoTtesa nynbcupytoLleld BceneHHOW fMweHa 3TUX HefocTaTkoB. OHa MpPaKkTUYeCKM
COBMafaeT CO BTOPbIM pelLeHVEeM ypaBHeHW ®PpuamaHa (CM. Bbllle) M NpeacTasBnseT coboi
BEYHbIA KOnebaTeNbHbIA MPOLEecC MeXAy COCTOSHMEM CBEPXBLICOKOM MAOTHOCTM U (ha3oi
MaKCUMa/IbHOr0o paclumpeHuns. Korga cunbl BCEMUPHOrO TATOTEHMS (MPW YCNOBUMW, YTO CPeaHss
MNOTHOCTb MaTepUM Bbllle KPUTUYECKON MNNOTHOCTX) OCTaHOBAT pas3fieT ranakTuK, KpacHoe
CMeLLeHNe NOMEHSETCA Ha (DMONETOBOE M ralakTUKM BHOBb YCTPEMATCA APYr K Apyry B 00bATUSA.
XMUYecKme peakLmmn TOXe NOMEHSIOT CBOW 3HaK, U TSXKe/ble 3/IEMEHTbl HaYHYT pacnafarbca Ha
6onee npocTble. Apyrnmun cnosamu, Korga BeeneHHas onsaTb COXKMETCS B TOUKY, OHa BHOBb OyaeT
COCTOATb U3 OAHOr0 BOAOPOAA.

Ecnm nexo4uTb U3 COBPEMEHHbIX MpefCcTaBNeHWin, BceneHHas nocne CBOEro pPoXKAeHUs U3
CUHTYNAPHOCTU Nepexmnna KpaTKOBPEMEHHbIN 3Tarn CBepXObICTPOro pasgyBaHUs — Tak Ha3blBaeMbIi
NHMNALMOHHBIN nepurog (peyb 0 HeM MOWAET B CnedytoLLein rnase). Mocne oKoOHYaHUS MHQASLMK
OHa MepeLia B PeXum MNpPonopLMOHa/IbHOro Xab6/10BCKOro paclUMpeHuns, KakoBOM Nepexoq u
BOCMPUHMMAETC HaMu Kak bonblioin B3pbiB. Ha pybexe aTux ABYX 3Mox 3arafjodHoe rose c
OTpULAaTENbHbIM [LaBNeHNeM, YPaB/stoLLee He MeHee 3arafouHOV MHMAALMEN, NprKasano Joro
XWUTb, & BbICBOOOAMBLLAACA IHEPrus MOpoAmna KUNAWMA 6yNbOH 3NEMEHTapHbIX YacTul, YTO U
pa3orpeno HOBOPOXAEHHYHO BceneHHy0 [0 3anpesenbHbIX Temneparyp.

OfHako Mogenu MOJensiMu, HO BCE XXe XOTenocb Obl Yero-HMbyabp 6onee peasbHOroO, YTO
MOXHO rowgynatb pykamu. KpacHoe cmeLleHune, 6eccrnopHo, 0 MHOrOM 3acTaB/isieT 3a4yMaTbCs, HO
3TO BCErO0 /INLLb FreOMeTPUs, K TOMY XKe He 0YeHb NpocTasa A/1s NOHUMaHus. A BOT ec/n 6bl YAanoch
OTbICKaTb HEKWIN MaTepuasnbHbIiA Cnep ropsyero Havana BeeneHHol, Torga 6bin 6bl COBCEM APYroi
pasrosop. . A. NamoB, aBTOp Teopuu B0oMbLLOro B3pbIBa, eLle B KOHLe 40-X rofl0B NPOLL/IOro Beka
npefckasbiBasl, 4To BceneHHas [o/mKHA ObITb PaBHOMEPHO 3amnofiHEHa  Pajuoun3/yyveHViem
MWUNIMMETPOBOIO ManasoHa ¢ Temnepatypoit ot 25 go 5 rpagycos KenbsuHa. [eno octaBanoch 3a
Ma/ibIM — 06HaPY)KNTb TaKoe U3NTy4YeHue.

B 1964 rogy amepukaHckume uavkm ApHO [leH3mac M PobepT BWNbCOH, COTPYAHWKMU
nabopatopun benna, MCMbITbIB/IM CaMblii  YYBCTBUTENIbHbIA HA TOT MOMEHT [AETEKTOp
CBEPXBbICOKOYACTOTHbIX BoMH (CBY-getekTop). CnpaBea/iMBOCTM pagu CreayeT ckasaTb, YTO OHU
He UCKan HeKoe HeBEeJOMOE PaaMou3NyyeHmne, a 3aHMMaancb OTNaAKON annapatypbl Ans paboThbl
no nporpaMme CrMyTHWKOBOM CBA3W. [N TecTMpoBaHMsi Oblna BblbpaHa BOSHA A/IMHON 7,35
CaHTUMETpPA, Ha KOTOPOW He U3/yYas HU OAWH W3 U3BECTHBLIX MCTOYHMKOB. AHTEHHA, NMEBLLIAACS B
pacriopsbkeHun [MeH3maca M BunbcoHa, Oblna 3amevatesibHas, M MO3TOMY OHW OblIN KpaliHe
YAVBNEHbI, KOrga 0OHapyXXwnu, YTO OHA MOCTOSAHHO (MKCUPYET MOCTOPOHHWIA paguoLlym, OT
KOTOPOro HWKakK He yfaBasiocb M36aBUTLCA. ITOT LWYM Obl1 MOHOTOHHbLIM M POBHLIM U He 3aBUCEN
HW OT HarpaB/eHWs aHTEHHbl, HW OT BPEMEHW CYTOK, CNefoBaTeflbHO, ero UCTOYHMK [OJSIKeH
pacronaratbCs 3a npegesiamy 3eMHOW atmocgepbl. bonee Toro, OH He MEHANCA [aXe B TeYeHue
roga (a sefb 3emna netut no opbute BOKpyr CoOMHUA), M3 Yero CnefoBaio 3aKNiUUTb, YTO
MCTOYHMK W3NYYEeHNS HaxXOAMTCA He TO/MbKO 3a npegenamMu CONMHEYHOM CUCTEMbI, HO U 3a
npegenamu anakTuUKK, NMOCKO/bKY MO Mepe ABWXKEHUA 3eM/IN [EeTEKTOP MEHSIET OpuveHTauuio B
npoctpaHcTBe. Mo MpoHun cyabbbl, ABa APYruxX amepukaHua, Pobept Oukke u xum nbnc,
rOTOBW/INCL MCKaTb (DOHOBOE M30TPOMHOE W3/y4YeHMe € TemnepaTypoli Huxe 10 rpagycos



KenbBrHa BNO/HE LieneHanpaBneHHo, HO MeH3nac 1 BunbCoH, onepaTBHO CO06Pa3mB, YTO K YeMy,
COOGLLMAN O CBOMX pe3y/NbTaTax paHbLUe.
CTmBeH XOKUHT MULLET M0 3TOMY NOBOAY:

[vkke 1 Mn6C roToBUINCH K NMOUCKY Takoro n3ny4veHus, Korga MeHsunac u BunbcoH, y3HaB
0 paboTe [kke n Mnbnca, CO06Pa3NIN, YTO OHU Er0 YrXKe HaLLIN. 33 3TOT 3KCMepUMeHT lMeH3mac 1
BunbcoH 6611 ygocToeHbl Hobenesckor npemmmn 1978 roga (410 6bIN0 HE COBCEM CnpaBefnvBo,
€C/IM BCMOMHUTL 0 [nkke v Nnbnce, He roBops yxke o Mamose!).

BrnocnenctemMm  MUKPOBOIHOBOE (DOHOBOE M3NYyYeHWe YAaloCh 3aperncTpupoBatb U Ha
Apyrux gnvHax BonH — ot 0,5 muniumetpa 4O HECKONIbKUX [eCATKOB CaHTUMETPOB. MTor
MHOTO/IETHUX HabNMtOLEHWNIA CBOAWCS K TOMY, YTO OHO UMEET TEMNI0BYHO NMPUPOAY U COOTBETCTBYET
M3y4eHNIO abCoNMIOTHO YepHOro Tesfa npu TemnepaTtype 2,7 rpagyca KenbBuHa (TOYHOe
COBpPeMeHHOe 3HauyeHue — 2,725 K). Ero crnektp He MNOX0X Ha CNeKTp W3/y4yeHWs 3Be3[,
pagvoranakTuk v Apyrmx BO3MOXHbIX NCTOYHUKOB, & ero MUHTEHCUBHOCTb MPAKTUYECKU UAEHTUYHA
npy Hab/IIOAEHNIN pa3HbIX YHaCTKOB HEOECHOI Chepbl, TO eCTb OHO U30TPOMHO M OAHOPOLHO, YTO U
Tpe6oBanocb fokasatb. CoBeTckuin actpouamk WM. C. LUKNOBCKUIA Npeasioknn HassaTb
3arafloyHoe M3NnyyeHue «PefIMKTOBbIM», U C TeX MOp 3TOT TEPMMUH LUMPOKO MPUMEHSAETCH, XOTH
othmumaIbHOE ero HasBaHue — KOCMUYECKUIA MUKPOBOTHOBbIN (DOH.

UTo e Takoe pennKTOBOe 13/yYeHne, 1 0TKYAa OHO B3asock? Korga okono 14 munnvapios
NeT Hasaj B pe3ynbTaTe 4YyLOBULLHOIO B3pbiBA POAMIUCL MPOCTPAHCTBO, BPEMA W MaTepus,
BceneHHas noHavasny 6blna KAMALWMM CYrnOM W3 MPOTOHOB, 3/1EKTPOHOB, (POTOHOB (CBETOBbLIX
KBaHTOB) W HENTPWHO, KOTOpble OYpPHO B3aMMOAENCTBOBAIN MeXAy C060iM. Bce MpoCTpaHCTBO
HOBOPOXAEHHOV BceneHHOW ObII0 3ano/HEHO CMIOWHOW HEenpo3payHoi cpeaon B Buae
BbICOKOTEMMEPATYPHON MOHN30BAHHON Nniasmbl. 10 Mepe paclumpeHus BceneHHOM Temnepatypa
nagana, n korga oHa onyctunack Ao 3000 rpagycos KenbBuHa, CTasio BO3MOXKHbIM 06pa3oBaHue
CTabunbHbIX aTOMOB. [POM30LLNO, Kak roBOPSAT acTPOPU3MKIU, OTAENEHNE N3/TyHEHNS OT BELLECTBA,
MOTOMY UYTO OHO MPaKTUYECKN He B3aMMOAENCTBYET C HeTpasbHbIMU aToMaMKn. BceneHHas cTana
NPO3payYHoON ANa U3NYYEHUS, U OHO NOMYYMIO BOSMOXKHOCTb PacnpoCcTpaHATbCA CBO60AHO. MHOraa
3TOT MOMEHT Has3blBalOT 3MOXOW MOCNefHero paccesHus. TemnepaTypa W3/lydyeHUs MPOLO/MKana
MOHMKATbCA B XOfe AabHEeNLlero paclivpeHus BceneHHOW, HO €ro CrekTp coxpaHwunca 6e3
MN3MEHEHWIN 0 HaLUMX JHEN KaK HanOMMHaHKE O ropsYMX AeHbKax Hallero muvpa. BoT aTu octaTku
ObI1/T0/ POCKOLLK 1 0BHapPYXXUNK 6yayLime HO6eneBCKue naypearsbl.

He 6yaer npeyBenMyeHWeM CKasaTb, YTO OTKPbITME MWKPOBO/IHOBONO ()OHA WMEso
(hyHAaMeHTa/lbHOe 3HayeHMe W MO0 CBOEN BaXHOCTM BrOJIHE COMOCTaBMMO C OTKPbITUEM
paclnpeHns BceneHHol. B KpbILWKY CTauMoHapHOM Mofenn 6bin 3abuT nocnegHuid reosab. Bo
BTOPO/ MnosfoBMHE XX Beka ropsyas mMofenb Bonblwioro B3pbiBa NpeBpaTuiacb B CONUAHYHO
NOMIHOMPaBHYHO Teoputo. Akagemuk A. b. 3enboBnY Tak cKkasan 06 aTom B 1984 rogy:

Teopusi BonbWOro B3pbiBa B HACTOAWMIA MOMEHT He WMMEET CKONbKO-HNOYAb 3aMETHbIX
HeaocTaTkoB. A 6bl AaXe CKasasl, YTO OHA CTOJb XKEe HAEXHO YCTaHOB/eHa U BepHa, CKOJlb BEPHO
TO, 4YTO 3eMna Bpawaetca Bokpyr ConHua. O6e Teopuu 3aHUMaNN LEeHTPaIbHOE MECTO B KapTUHe
MUPO3JaHnsi CBOEro BPeMeHW, U 06e MMenn MHOro MPOTUBHMKOB, YTBEPXKAABLUMX, YTO HOBblE
naewn, 3aloXeHHble B HMX, abCcypAHbl WM NpoTMBOpeYaT 34paBoMy CMbIcy. Ho nogo6Hble
BbICTYM/IEHWSI HE B COCTOSAHMU NPENATCTBOBATL YCMEXY HOBbIX TEOPUIA.

PasyMeeTcsl, yBaKaeMblil akafleMUK HEMHOFO SlyKaBW/, MOTOMY YTO Aaxe Ha ConHLe 6biBatoT
MATHa, W Teopusi BOMbLIOTO B3pbiBA B 3TOM CMbIC/IE OTHIOAb He WCK/tOUYeHMe. OueHb CKOpO



BbISICHUMOCh, UTO, HECMOTPS Ha BCHO CBOK MNPEACKA3aTeNbHYH CUY, OHA TOXE He fMLIeHa
HEe0CTaTKOB, HO 06 3TOM — B C/eAyHOLLEV rnaBe.

Bceobbemntowasa nHpnayma

B vronbyaTbIX YyMHbIX BOKaax

Mbl NbeM HaBa>KAeHbE MPUUMH,

Kacaemcs KproubsimMn ManbIx,

Kak nerkas cMepThb, BENYMH,

W Tawm, rge cuenmamcb 6upronbKu,

Pe6eHOK MonyaHbe XpaHUT -

Bonbluas BceneHHas B No/bKe

Y MaJleHbKO BeYHOCT U CNUT.
Ocun MaHgenswtam

B 6ykBanbHOM NepeBo/ie C NaTbIHM CI0BO «MHMAALMA» 03HAYAET «B3AyTUE». EfBA NN HYXKHO
0OBSACHATb, YTO MEPEnpPOM3BOACTBO OYMaXHbIX AEHEr WM  WHbIX MAATEeXHbIX CPeAcTs,
[0NyCKatoLmMX 6eCKOHEYHOe TUPAXMPOBaHKE NOCPESCTBOM MeYaTHOro CTaHKa, NPAMUKOM BefeT K
BbILLEYMOMSAHYTOMY B34yTWIO, W60 nycTas Gymara, CTOslas rpowwu, HeMeAseHHO MPUXOAUT B
NPOTUBOpPEeYNE C peasibHbIM NPeA/IoKeHEM TOBAPOB. Bripoyem, rpaxxaaHe Halleld CTpaHbl 3HaKOMb!
C VH(AUMEeRn He MNOHacnbllwKe: ¢ camoro Havana 1990-X OHa BUCMT Haf FOMOBOW Kaxaoro
3aKOHOMOC/YLLIHOrO  POCCUSHUHA Hanmofobue [amoK/ioBa Meya, a eXeMeCAUHble CBOAKM
YKM3HEPaLOCTHO COOOLLAOT, HACKOBKO yCrnen MNOXYAETb ero KOLEeNeK 3a OTYETHbIV Nepuog.

ACTPOM3MKOB 3IKOHOMUYECKUE Heypaauubl 3aHMMaloT  Maso, OAHaKO COBpPeMeHHas
KOCMO/Orns C FOTOBHOCTbHO B3sla Ha BOOPY>KEHWE COMMAHbLIA TEPMWH, MOMYTHO BEPHYB eMy
nepBoOHaYasibHbIA CMbIC/. ECM B 3KOHOMWKE MH(IALMSA BCEro NMWb Kpacusas MeTagopa, TO B
KOCMONOIMK NOA Heil NOHMMAEeTCA peasibHbIN (hM3NYECKMIA NPOLLECC — CTPEMUTENBHOE pa3fyBaHue
BbIHbIPHYBLUEFO W3 CUHIYNSAPHOCTM HOBOPOX/AEHHOIO0 MNPOCTPaHCTBA. JOTO 3aKOHOMEPHbIA U
HeoOXO0AMMBbIA 3Tan B UCTOPUM OYeHb PaHHel BceneHHOW, MPUHUMNNATbHO OTAMYatoWMincs oT
CMEHMBLLEIO €ro TPUBMaIbHOIO pPaclUMPEeHNs, O KOTOPOM MOAPOGHO paccKasbiBasiocb B
npeablayLuein rnase. HemeaneHHO BO3HMKAET BONPOC: A5 Yero (wmsnkam NoHagobmnoch BBOAUTb
[OMNOMHUTENBbHYKO CYLHOCTb, €CNM cTapas fobpas Teopusi BonblIOro B3pbiBa, Kasanocb Obl,
HEMNoXo 06bsCHANA BCce Habnwgaemble (hakTbl? Befb Aae 3HAMEHWUTbIA aHTIMACKUIA YYeHbIR
®pen Xokin, epetMk OT acTPOPU3NKA U OPUTMHANbHBIA MbICINTENb, YCEPAHO Pa3BMBABLLMIA
TEoputo CTauMOHapHON BceneHHO, B KOHLE KOHLOB CAANCA M MPUHSA KOHUENuuo Bonblioro
B3pblBa.

[leno B TOM, 4TO B pamMKax TPaAMLMOHHON MOAENN He CMOT/IN HaliTW pa3peLLeHnst HECKObKO
BeCbMa BaXXHbIX KOCMONOrMYeckmux npobnem. pexae BCero 370 TaK HasbiBaemasi npobnema
FOpPM30HTa YacTuy, U npo6nemMa NAOCKOCTHOCTW. Kpome TOro, cTaHAapTHas MoOAenb He AaBana
OTBETa Ha BOMPOC, 4YTO ObII0O A0 BONbLWIOrO B3pbiBa, W He YyMmena O0OBLACHUTbL Pa3MEepPOB
Habntogaemoin BeeneHHol (ecnn Teopusi bonbLLOro B3pbiBa CripaBefvMBa, TO BceneHHas fo/mkHa
ObITb MHOIO MEHbLLE). ATW AocafHble HeYBA3KM MOLO6GHO 3aHO3aM TOpYann M3 Tena CTaHAapTHOM
Teopun, 1 MHOrMe KOCMOMIOTM OTKPOBEHHO 3aKpblBa/In Ha HWX rNasa, nonaras, 4To C TEeYEHWEM
BPEMEHMN OHU KaK-HMOYAb caMu cob6oi paccocyTtcsi. OfHaKo COObITMS MOBEPHY/UCL TaK, YTO U3
HUYTOXHbIX Mefoyeli BbIPOC MPUHUMNMATBLHO MHOM CLEHapuiAi MPOMCXOXAEHMS Hallero mMupa.
HeuTo noxoxee B CBOe BPeMsi MPUK/KOYMIOCH C BblAAKOLIMMCA HEMeUKMM (r3MKkoMm Makcom
M1aHKOM, KOTOPOro MbITa/IMCb OTrOBOPUTL OT 3aHSATUIA TEOPETUYECKONM (IM3MKOW, MOCKO/bKY 3Ta
HayKa MpaKTUYecKu 3aBepLuUeHa. TOMbKO OTAeMbHbIE NATHLILLIKMA OMPaYatoT ee CBET/IbIE FOPU30HTI,
FOBOPW/ MY Hay4eHHbIN YKU3HLKO YUNUTENb, AN1S YEero Xe NonycTy TPaTUTh Bally SlyyLLne rofdbl Ha
OecToNKoBOe HaBefeHve rnaHua? MnaHK, Kak M3BEeCTHO, He MOC/YLUaNCcs: BCKOPe OH MpPeanoxXu
rMNoTe3y KBaHTOB W BblBE/ CBOK 3HAMEHUTYHO MOCTOSIHHYH, MOMIOXKMB TEM CaMbIM Ha4yasio HOBOW,
HEK/aCCMYECKON (hn3nKe.



Pa3bepem HeyBsA3KM Teopun BonbLIoro B3pbiBa Mo nopsaky. HauHem ¢ npo6siembl ropusoHTa
yacTuy. ACTPOHOMMWYECKME HabO/MIOAEHNA MOKasblBalOT, UTO BceneHHas UCKIHOUMTENbHO
OfHOpofHa B 60/bLUMX MacliTabax. Temneparypa PefMKTOBOrO W3/y4YeHUs, Kak Mbl MOMHUM,
COCTaB/ISEeT B cpefHeM o0Kono 3 rpagycoB KenbBuHa (2,725 K), npuyem OTK/IOHEHMS TemMmepaTypbl
OT CpefHero 3HauyeHMa MO pPas3/IMYHbIM HanpaBleHNSAM COBEPLUEHHO HUYTOXHbI — OHU He
MPEeBbILIAIT OAHOW CTOTbICAYHON (10-5). PaccTosHMA, LOCTYMHbIE COBPEMEHHLIM TenecKomnam,
YKNaAbIBAKOTCA B BENNYMHY nopsaaka 10 Munnnapaos CBETOBLIX /IET, U HA 3TUX NPOCTPaHCTBAX Mbl
Hab1t04aemM B TOYHOCTU TO XKEe CaMOe — MOPasnUTeIbHYH «BbIrTAXXEHHOCTb» KOHTPACTOB N/IOTHOCTMU.
Mo coBpeMeHHbIM NPeACTaBeHNAM, UCTUHHBIA pa3mep BceneHHOM MHOrOKpaTHO MpeBbILaeT ee
HabNto4aeMyr0 4acTb, KOTOPYH MPUHATO HasbiBaTb MeTaraiakTUKoi. MOoCcKoMbKY Hayano mupa
COCTOANIOCh NpUMepHO 13-14 MwuanvMappoB neT TOMY Hasaf, CBET OT [Ja/leKMX OOBbEKTOB
3/leMEeHTapHO He ycren [0 Hac AobpatbCs — eMy MPOCTO He XBaTWIO BpPEMEHW. 3Be3fbl U
ranakTvKy, pacrosfioXKeHHble 3a TOPU3OHTOM COObITMIA  (ECNM  TakoBble TaM  WMEHTCSH),
NPUHLMNNAIBHO HEAOCTYMHbI, 60 CKOPOCTb CBETA — MaKCUMa/IbHO BO3MOXHAsA U3 BCEX CKOPOCTEN.
Ho BHYTpWM ropu3oHTa BCe 4YacTWubl MPUUYMHHO CBA3AHbI ApYr C ApPYrom, TaK KakK OHU
[aBHbIM-[aBHO YXKe ycnesin 06MeHATLCA MeX Ay co60l He06X0AMMOI MH(opMaLMei.

3akaBblka B TOM, YTO Teopus bonbLIOro B3pbiBa He B COCTOSHUN OOBACHUTL, KaKUM 06pa3om
3TOT 06MEeH MOr COCTOATLCA. TOPU3OHT npupacTaeT (M BCerga npupactaa) co CKOPOCTbO CBeTa, a
B3aMMO/ENCTBME MeXAy 4YacTuuamu B MOSIHOM COOTBETCTBUM C TEOpMENn OTHOCUTENbHOCTU
Hen30eXXHO OCYLLECTBMISETCA CO CKOPOCTAMM HECKOJIbKO MeHbLMMK. KOCMOoMorn Tak v MuULLyT:
rOPU30HT YacTuL, Bcerga OyfeT paclumpAaTbCsl ObICTPee B3aMIMHOIO pPacCTOSHUA MeXay ABYMA
Npo6HbIMM  YacTuuamu. [losyyaetcs, 4TO TEMNJOBOE paBHOBECME (2 ero CyllecTBOBaHMe —
HENPeNoXHbI PaKT) HUKOMM 06pa3oM He MOr/I0 6bITb JOCTUIHYTO B paMKax CTaH4apTHON Mogenn
3a UCTeKwue 14 Munnnapzios ner.

Korpga BceneHHoit 66110 300 ThicAY NeT OT poAy, TeMnepartypa nnaasmbl CyLLEeCTBEHHO Yyrana,
M Hayanocb 06pa3oBaHVe HeWTpasbHOro BoAopofa. W3nyyeHue OTAennnocb OT BellecTsa, W
()OTOHbI MONYYNIM BO3MOXHOCTb GECMPensTCTBEHHO PacnpoCTPaHATLCA BO BCE CTOPOHbI. ITOT
MOMEHT BPEMEHM MPUHATO Ha3biBaTb 3MOX0 PEKOMOUHALMW, NN 3NOXON MOCNEAHEr0 paccesHus.
IMOHATHO, YTO pa3Mep roOpu30HTa B TY [asieKyto nopy Obln 3HAYMTENbHO MeHbLUE HblHewWwHUxX 10
MW/INAapL0B CBETOBbLIX JIET W COCTaBMAN NPUONU3NTENbHO oAMH Meranapcek (1 Mnk). Takum
06pa3omM, Ha MOMEHT peKOMOMHaLMK Terna0BOe paBHOBECWME MOF/I0 YCTAHOBMTLCA Ha MacluTabax,
He npesblwaowmx 1 Mnk. CerogHs y4yacTOK TakKoW BeNMYMHbI MMEET Ha HeboCBOAE Yr/0BOWA
pasMep OKO/I0 2 TrpajycoB, CnefoBaTeflbHO, Mbl BrpaBe OXWAaTb 3aMeTHbIX KonebaHui
Temnepatypbl PefIMKTOBOrO M3/ydeHus, 3ano/niHawoLLlero BeeneHHyo. OfHaKo acTpPOHOMUYECKME
Hab/IOAEHNS  MOKa3blBAOT BbICOKYHD CTereHb W30TPOMMM Ha BCEX YINOBbIX MacluTabax:
TemnepaTypHbIii nepenag, Kak Mbl MOMHWUM, He NPEBbILLAET TPEX CTOTbICAYHbIX (3 X 10-5).

MoMMMO BCero npoyero, B pamkax CTaHAQPTHOM KOCMOJIOTMYECKOM MOAenu ocTaeTcs
HeroHATHbLIM caM MexXaHW3M NepBOHaYasIbHOro Ton4yka. Kakas cuia npusena Myupbl B ABUXKEHNe?
BbiTb MOXeT, BceneHHas BO3HWMKNA B pe3y/bTare YyJOBULLHOIO MO MOLLHOCTU TepMOALepHOro
B3pblBa HEM3BECTHOW MpupoAbl? Bedb B KOHLE KOHL0B, CTaHAapTHas KOCMOJOrMYyecKas MOAeNb,
KoTopasa co3faHa Tpydamu . A. ['amoBa 1 ApYyrnx yyeHblX, Tak N Ha3blBaeTcA — Teopus BonbLLoro
B3pblBa. HO npu 6nAmKailleM pacCMOTPEHUM HEMELIEHHO BbISCHSETCS: B3PbIBHbIE MEXaHW3MbI
MPaKkTUYecKn HU4Yero He AatoT. [pu B3pbiBe (XMMUYECKOM WM TEPMOSLEPHOM — 3HAYEHUS He
MMeeT) BO3HMKAIOT pasHWMLA [aBfeHWiA W HeOAHOPOAHOEe pacrpefesieHne BeLLecTBa: B OfHY
CTOPOHY €ro ynetaet 60/bLUe, B APYryt0 — MeHbLUe. KpomMe TOro, HenmpemMeHHO CyLLecTByeT ocobas
TOYKa — LIeHTp B3pbIBa.

B peanbHOM >ke BceneHHOW Huyero nofo6HOro He HabMO4AeTCsA: OHa Ha PefKoCcTb
O[HOPO/Ha, a HeKas BblAeNeHHas TOUKa, KOTOPYH MOXHO 6bIfIo0 6bl OTOXAECTBUTL C LIEHTPOM, He
06HapyxuBaeTca. Ye ynomuHaswwuiica C. . PybuH, npodeccop MNDW, nuwet no stomy
nosoay:



3T0 BCe paBHO, Kak ecny 6bl Hawla 3emns nmMena naeasbHyro (opMy Lapa C «ropaMmu» He
6onee 40 MeTpoB BbICOTOW. [lNs cpaBHeHUs: anameTp 3emin npumepHo 1,2 x 107meTpoB. TpyAHO
ObIN10 6bl TOr4a NOBEPUTL B CTYHaNHOCTb €€ MPOUCXOXKAEHNS.

He MeHbLle X10MOT Yy CTaH4APTHOM KOCMOJSIOTMYECKOW MOAEeNN BO3HWKaeT M C Tak
Ha3blBaeMoM MPo6/1eMoii NIOCKOCTHOCTU. STOT HECKO/IbKO HEYK/HOXMIN 060POT 03HAYaeT, YTO Mbl
XXMBEM B NMPaKTUYECKM NNOCKOM MUPE, OMUCbIBAEMOM reoMeTpueii EBKnaa, KOTOpYHo BCe U3ydanu
B WKone. Kak M3BeCTHO, (hM3MYECKOe MPOCTPAHCTBO MOXET ObITb WCKPWBNEHO MOA BVSHUEM
rpasutaumn. Co6CTBEHHO roBops, 00Las Teopuss OTHOCUTENBHOCTY JiHLUTENHa paccmaTpuBaeT
rpaBuTaumio Kak CBOero pofa OTpaXKeHne METPUKM NPOCTpaHCTBa-BpeMeHN. Boobpasntb HarnsgHo
WCKPUB/IEHHOE TPEXMepPHOEe MPOCTPaHCTBO HEserko, OLHAKO 3TO MOXHO 6e3 Tpyda chenatsb,
06paTVBLINCL K COOTBETCTBYHOLLMM [ABYMEPHbIM aHasioraMm. [MOBepXHOCTb Cthepbl NpescTaBnseT
CO0O0l 3aMKHYTOe [BYMEpPHOe MPOCTPAHCTBO KOHEYHOW MNoWwann, KOTopoe, TeM He MeHee, He
MMeeT rpaHuy. lunoTeTuyeckne obuTaTenn Takoro mupa (3TO MIOCKME CYLLECTBa, TPeTbe
N3MepeHne UM HeBEeLOMO) MOTYT NnepemeLLatbecs B /11060M M36paHHOM Hanpas/ieHUn, pa3 3a pasom
nepecekas Of4HW W Te >Xe TOYKW, HO HUrge He obGHapyxaTr Kpas cBoeli BceneHHoil. Cdepa ¢
pacTylwyM pagmycom OyLeT HerioXvM aHaioroM pacLUMpSAOLLErocs 3aMKHYTOrO TPexXMepHOro
npocTpaHcTBa. MofobHas HeeBKINLOBa NMOBEPXHOCTb OMUCLIBAETCA reoMeTprein PumaHa, a cymma
YIN0B TpeyronbHWKa Ha Heli 6onblie 180 rpagycoB. HeeBknugoBa reomeTtpusi J1o6a4yeBCKOro
pean3yeTcs Ha NOBEPXHOCTM runepboonaa nam ncesLochepbl — CIOXHOW N30MHYTON CTPYKTYpbI,
HanomuHatoLLell NOBEPXHOCTb cefna. Takue BCeneHHble OyAyT OTKPbITbIMKW, & CymMMa YrnioB
TpeyrosibHuKa B HUX 6yaeT meHblue 180 rpagycoB. HakoHeL,, BO3MOXeH NPOMEXYTOUYHbIN BapuaHT
— HEUCKPWBNEHHasA NJIOCKOCTb, ONMUCbIBaeMas reomeTpueli EBknnga. Kak 1 B cnydae CNOXHOM
NoBepXHOCTN J106a4eBCKOro, 3TOT NIOCKUA MUP BYAET OTKPbITbIM U GECKOHEYHbIM MO M0LaAN.
AHaNOrMyHbIM 06pa3oM MOXET ObITb MCKPMB/EHO (UM OCTaBaTbCA MIOCKUM) 1 Halle TPeXMepHoe
MPOCTPAHCTBO, B KOTOPOM Mbl XXMBEM.

MpOCTpaHCTBO peasibHOM BceneHHOW Ha GOMbLUMX PAaCcCTOSAHMSX, CPABHUMbIX C FTOPU3OHTOM
4acTuL, KakK Y>Xe roBOPM/IOCb, MPaKTUYECKN MNIOCKoe. PazyMeeTcs, 3TO He UCK/IOYaeT Y4acTKOB
NOKa/IbHOW KPWBU3HbI, 0COGEHHO BOAM3WM KPYMHbLIX TArOTEHOLMX Macc, HO B KOCMOMOrMYECKMX
MacliTabax OTK/IOHeHWe reoOMeTpUK Hallero Mupa oT reoMeTpun EBKnaa COBEPLUEHHO HUYTOXHO.
eomMeTpMsi MNpOCTpaHCTBa CaMbIM  HEMOCPeACTBEHHbIM 00pa3oM CBf3aHa C  BEMYMHOM,
0603Ha4YaeMoi rpevyeckoil OyKBOW ?, KOTopasi SBNSETCA OTHOLLUEHWMEM CpeAHel MNOTHOCTU
BELLLECTBA HaLLEero mupa K KpUTUYeCKO NNoTHOCTK. Ecnm ? paBHa eauHuLE, TO Hawa BeeneHHas —
naeanbHO Mnockasa CTpyktypa. Ecnim Y 60nblwe efnHuubl (MIOTHOCTb Hawero Mupa Bblle
KPUTUYECKOW), TO BceneHHass MO AOCTMXKEHMM HEKOTOPOro MaKCUMaslbHOrO paguyca HauHeT
OKUMaTbCA Mof AeWCTBMEM rpaBuTaumn. B aTOoM cnyyae paHO wav no3gHO Bonbluoi B3pbiB
cMeHuTCs bonbwnm Kpaxom (v bonblwnm XpycTom), a BeceneHHasi BHOBb 06paTMTCA B TOUKY U
nponager B CUHTYNApHOCTU. Ecnm ?  MeHblle eauHuubl  (NIOTHOCTb  BceneHHOW  Huke
KPUTUYECKOW), MUP ByAeT pacluMpsTbCA HeorpaHWYeHHO AO0Mro, a NAOTHOCTb BELLecTBa CTaHeT
NoCTeneHHO Najatb.

3vepeHns, NpoBeeHHbIe B NOCNEAHME rOfbl, MOKa3aan, YTO 3Ta BENMUYMHA OYEHb BM3Ka K
eMHNLE, XOTH, BEPOATHee BCEro, He paBHA € B TOYHOCTM (M3MePeHUs MOKa elle He BMOJIHE
HageXHbl). BOT TyT-TO 1 BCTaeT B MOJHbIA POCT NpecnoByTas npobnema NaoCKOCTHOCTU. 3Has
NPUBNN3NTENBHYIO BEMYMHY MapaMeTpa ?, MOXHO 6e3 60/bLIoro Tpyda paccyuTarb, KakvMu
[O/MKHbI ObITb HaYaslbHblE YCNOBMS OYeHb paHHein BceneHHOM, YTobbl MPUBECTU K CErOAHSLLHUM
Hab/rofaembIM 3Ha4YeHUAM. U cpasy >xe 06Hapy>KmBatoTCs POpMeHHble vyaeca. Mpountupyem M.
B. CaxuHa, aBTOpa YBnekaTeNbHOW KHUMM «COBpPEMEHHas KOCMOMIOrMA B MOMY/SPHOM
N3NT0XKEHNN»:



Bo3bMem napaMeTp ? NpUMepHO paBHLIM eanHMLLe, ckaxkem, 0,5 nnn 1,5. NocmoTprm Tenepe,
KakMM OH [O/DKeH ObITb B pa3/nyHble 3NoXu 3BonouuyM BceneHHOM, KOTopble Obinn [0 Hallei
anoxu. B anoxy pekoMOuHaumMn otamume Q OT eAuHMUbI YXKe He A0/HKHO npesbiwath 0,001,
Bonbluee oTMuMe NPUBENO Obl K TOMY, YTO CErofgHs ? paBHAN0Cb 6bl 10 mnu, ckaxem, 0,1, 4To
Nerko msMepumo. B 3noxy HykneocuHTe3a oTavume Y OT eAuHULbI He [O/MKHO MpPeBbIWAaTh
0,00000000000000001. B 60nee paHHIOK 3M0XY KBapK-rMHOOHHOM Nia3Mbl 0TMYMe Q OT eAuHMLbI
«NpSATaIoCb» B 21 3HaKe nocse 3ansToi. B n1aHKOBCKMA MOMEHT (3TO CaMOe Hayaslio Hallero mupa,
0 KOTOPOM Mbl ele norosopum. — J1. L) 3TO oT/mume Bblpakanochk BennumHoin 10-60. OTKyada
MOTYT B3ATbCA TakuMe HayaslbHble YCoBUA?

OpyrvmMn  cnoeamu, CKNafblBaeTCsl Breyat/ieHue, 4TO WCXOAHble napaMeTpbl  Obln
MOLOrHaHbl C HeObIBA/IOM TOYHOCTbLIO: B MPOTUBHOM C/lydae Mbl HU 33 Kakue KOBPUXKKN He Cymenu
Obl MOMYYNTb CErOfAHSLLUHEA BeMYMHLI NoKasaTens ?. HecnyyailHO HEKOTOpble acTPO(M3NKK
rOBOPAT O TOHKOM HAacTpOWKe mapameTpa MAOTHOCTU. YTO M TOBOPWUTH, KapTWMHa HenpuATHas,
3acTaBnAoLWas BCepbe3 3a4ymMaTbCs O TBOPLLE BCEro CyLlero. Mexay Tem CTporom Hayke Kak-To He
K 1LY 3aHUMaTbCA MYCTOMOPOXHUMU PACCYXKAEHUSAMM O BbICLLeM pasyme. 310 yaen ¢puiocodos u
6orocnoBoB. Ho eCTb /I BO3MOXKHOCTb He 0TAaTb KOCMOJ/IOTMIO Ha OTKYI Teosioram?

Cnewy Bac, uuTartenb, YCMOKOWUTb — TakKyl) BO3MOXHOCTb HaM B MONHOWA Mepe AaeTt
NHDNALMOHHBIN CLeHapuili poXKaeHWs BceneHHOW, O KOTOPOM yXKe [aBHO Mopa MoroBopuThb
nogpobHee. OH NErkKo W HEMPUHY>XKAEHHO CHWMaeT W MpobieMy ropu3oHTa, M npobnemy
NNOCKOCTHOCTU, N Ky4dy Apyrnx npo6sem, nog rpy3oM KOTOpbIX M3HEMOrasa Knaccuyeckas Moenb
BonbLuoro B3pbiBa.

WTak, uTo >Xe Takoe KOCMOJIOTUYecKas MH(NAUMA M YeM OHa OT/IMYaeTCs OT CTaHZapTHOro
pacLUMpeHns, KOTOPOe Mbl MPOAO/HKaeM HabngaTb CerofHd B BMAE KPACHOIO CMELLEHWS B
CMeKTpax fJafeknx ranaktuk? NHQasuma — aTo nepuof KatacTpouyeckn 6bICTPOro pasgysBaHus
MPOCTpaHCTBa B HaYa/lbHOM (ha3e >M3HW Hawleil BceneHHol. CkasaTb, YTO 3TO pasgyBaHue 6b110
CTPEMUTE/IbHBIM Y MUMOJIETHBIM — HUYEro He CKasaTb. Ero npojo/mKuTenbHOCTL YKNa4blBaeTCA B
Mcyesalolle Manble CPOKW: WHMNAUMA Hayanacb, Korfja BO3pacT BceneHHoW coctasnsn
10-43cekyHfpbl, a 3aKoH4YMMacb, Korga oH goctur 10-37cekyHAbl. B Havane vH(AsUMM pasmep
BceneHHol 6b1n1 4yTb 60/1bLLUe 10-33CM, YTO CONOCTaBUMO C MIAHKOBCKOW A/IMHOM, @ B MOMEHT ee
OKOHYaHus paBHanca npumMepHo 0,1 cM (B ApYrvx WHMAALMOHHBIX CUeHapuax 3Ta BenyuHa
KonebneTcs OT 0O4HOro A0 TPMALATM CAHTUMETPOB), TO €CTb €€ AMaMeTP BbIPOC MO MeHbLLEN Mepe B
1027pas.

Nerko BuMAeTb, 4YTO MNepBOHAYasibHOE pacLUMpeHne HOHOW BceneHHOM npomMcxoauno co
CKOPOCTbK, MHOrOKpaTHO MpeBbILLAtOLLEe CKOPOCTb CBETA, MOCKO/IbKY MNaHKOBCKUE AJIMHA W
BpemMs CBA3aHbl MeXAy c060ii: 3a 10-43ceKkyHAbl CBET ycreBaeT MPONTM pacCcTosiHWE He GOonbLue,
yem 10-33cMm. HeyXTO Mbl HaKOHEL, OrpoBeprav camoro JWHWTelHa? He 6ygem CcnewuTs,
ynTatenb. B AeACTBUTENbHOCTN HMKAKOro MPOTMBOPEYMs 34eCb HET M B NMOMUHE, MO0 Teopus
OTHOCUTE/IbHOCTN OrpaHNY/BaeT CKOPOCTbIO CBETA TO/IbKO MepeMelleHne maTepuasibHbIX Ten, HO
POBHbLIM CHETOM HUYETO HE FOBOPUT O CKOPOCTM pacLUMpeHns caMoro NpocTpaHCTBa Kak TakoBoro.
lMoka 4YacTuubl BeLLlecTBa MPOLO/MHKAKOT ABUraTbCA CO CKOPOCTAMMW MEHbLUMMW, YeM CKOPOCTb
CBeTa, 00BLEMMIOLLEMY MX MPOCTPAHCTBY NO3BOIUTENbHO MYXHYTb CKOJ/Ib YTOAHO ObICTPO: CKOPOCTb
ero pasfyBaHusi OrpaHmyeHa TOMbKO NWLWb KOMMYECTBOM AOCTYMHOW 3Hepruun, obecneynsaroLLen
YNOMSHYTOE pasfyBaHue.

Mexay npoyumm, BBefeHWe OfHOro-efMHCTBEHHOrO [OMO/IHUTENIbHOrO napameTpa —
VNHMNALMOHHOIO PaCLLUMPEHNS MO IKCMOHEHTe — aBTOMATUYECKM pa3peLLaeT NpPoKIATYo npobnemy
ropusoHTa. B cBOe Bpems Mbl MOCTY/IMPOBA/IM, UYTO TOPU3OHT BCerga pacTeT ObICTpee, YeMm
YBE/IMUMBAETCA PacCTOAHME MeXAy ABYMA Toukamu (UM ABYMS YacTuuamu) B MPOCTPaHCTBe.
OfHako BCKOpe nocfie poXaeHus BceneHHOW 3TO YCM0BUE, OYEBUAHO, He BbIMOHANOCh.
Boo6pa3nm cebe KpoLlleyHyro HOHYH0 BceneHHy nopsgka nnaHKOBCKOW ANMHbI — 4YyTb Gosee
10-33cMm. BHyTpM 3TOr0 AoMeHa euwe A0 Havana NHNAUMKA - ycnenn  YyCTaHOBUTLCH
TEPMOAVMHAMWYECKOe paBHOBECME W MpPUUMHHAA cBA3b. Korpga HacTynaeT ¢hasa uHpAALuu,



NPOCTPAHCTBO CTPEMUTE/NIbHO pa3roHAeTCs, OyKBa/lbHO MyXHET KaK Ha ApOoXOKax, B pesy/ibTare Yero
MUKPOCKOMMWYEeCKass 0JHOpPOLHas 06/1acTb NOYTM MIHOBEHHO YY[OBULLHO BbIPacTaeT B pa3mepax.
O6beM JoMeHa pacTeT 3HauYMTeNlbHO ObICTPee, YeM pacCcTosHMe ropn3oHTa. K MOMEHTY OKOHYaHMS
MH(AALMM OH COCTaBseT MpUMepHO 1 cMm3, v BHYTpWM 3TOi 06nactu BceneHHas sBAseTCS
«rNafKoi», 6e3 3aMeTHbIX KOHTPAcTOB MJIOTHOCTW, TeMMepaTypbl U AasneHus. B fanbHeliwem
NHMNALMA CMEHAETCS CTaHAAPTHLIM PacLUMPEHVEM, U TOPU3OHT YacTuL, NPOLO/HKAET HETOPOMN/INBO
pacTu, [oCTuras K Hallemy BpemeHW BefuyuMHbl nopsgka 1028cm. lMpu 3aTOM BCe 4YacTuubl,
3anofiHaoLWye HabnogaeMyo YacTb BceneHHOMN, elle A0 Havana MHGASUMK ycnenu yCTaHOBUTb
MeXay CO00 MPUYMHHYKO CBA3b. [JOMEH, paspoclUMiicid B Xofe CTaHAAapPTHOrO pacluMpeHus,
COXpaHseT TO COCTOAHME, KOTOPOe CHOopMMPOBASIOCH BO Bpems MHMAALMKU. KOCMOMOrn roBopsT,
4TO BCA COBPeMeHHas BceneHHas HaXo4MTCA BHYTPU OAHOM NPUYNUHHO-CBSA3aHHON 061aCTy.

AHaI0rMYHO peluaeTcs M npobsiemMa MNIOCKOCTHOCTU. CerofHa MpoCTPaHCTBO Hallel
BceneHHOM npakTUYecKn NaocKoe, HO [0 3MoXM UHGNALUM napameTp ? Mor OLWyTUMO OT/IMYaTbCS
OT eAuHULbI B NO6YI0 CTOPOHY. Kakoi Obl HY Oblna KpuBM3HA MUpa BOIN3N TOUKM «HOSMb», B
(pMHasie Mbl BCE PaBHO MOTyYMM MOYTU MAOCKYHO MOAE/b, MOTOMY YTO MH(NALMOHHOE pacrnyxaHue
BbIrTXKMBAET KOHTPACTbI MJIOTHOCTU. JTO /IETKO YBUAETL Ha MPOCTOM npumepe. MpeanonoXxum,
4TO MapameTp NAOTHOCTM 40 Havana MHQAAUMK 6bin 3amMeTHO 60/bLle eauHuubl (? > 1). Torga Mol
rnosly4aem TOMOJIONNI0 3aMKHYTOr0 NPOCTPAHCTBa, TO eCTb BceneHHas 3KBMBa/IEHTHA NMOBEPXHOCTYU
cthepbl. MNpu pasgyBaHWM LWapa ero paguyc pacteT, U eciv BblbpaTb Ha ero MoBepxHOCTU
[0CTaTOYHO MasleHbKYH 0611acTb, ee KpMBM3HA OYLET MPaKTUYECKN HEOTIMUYMMA OT HYNA. B KOHLE
KOHLOB, MOBEPXHOCTb 3eM/IN MPeACTaBseTCcd HaM COBEPLUEHHO MIOCKOW. Ecin XKe BCMOMHUTD,
YTO B HEKOTOPbIX MOAENAX UHMAALMKN (O PasfINYHbIX UH(AALMOHHBIX CLEHAPUAX Mbl MOroBOPUM
YyTb HWXKE) MNepBOHaYaslbHbIA KPOLLEYHbIA [OMEH, COMOCTaBMMbIA C MaHKOBCKOW [AJIMHOM,
pa3gyBaeTcs [0 acTpoHOMM4eckol BenmumHbl 101000cm, To Habntogaemasi BcenenHas (Mnm
MeTaranaktuka), AMameTp KOTOpPOW npuMepHO paBeH 1028cM, OyAeT COCTaBNATb HUYTOXHYH
4aCTb rMraHTCKon MeraBceneHHON. MOHATHO, YTO B 3TOM C/lydae MUKPOCKOMUYeckas 06/1acTb, He
npesbliwarowas HKO-10004acT MCMNOAMHCKONO Lapa, 6yaeT BOCMNPUHMMATLCA KaK WAeasbHO
nnockas. Takum 06pa3oM, HeT HUKaKoiA Heob6XOAMMOCTM MOCTYMPOBaTb OCOOble HavasibHble
YCNOBMS, KOTOPble BMOCNEACTBMM 06ecnevnsin noytu Hynesyto KpusnsHy BceneHHoW. MapameTp
MNOTHOCTM MOT MPVHUMATL /06bIE 3HAYEHWUA OKOJI0 TOYKM «HOJMb», TaK KaK BCEOOBLEM/IOLLASA
NHPIAUMA HEMUHYEMO BbIFAAUT BCe HEPOBHOCTU W CchenaeT MNPOCTPAHCTBO MPaKTUYeCKU
MN/IOCKAM.

BepHemca K Hayany WHMNAUMK, B 3NOXY O4YeHb paHHei BceneHHoR, Korga ee Bo3pacT
coctasnan 10-43cekyHabl. Kakue cunbl pa3orHaam npocTpaHCTBO 40 HEBOOBGPA3UMbIX CKOPOCTel U
YBENNUMIN €r0 06beM Ha MOpAAKM MOpsAAKOB? YTobbl OTBETUTb HAa 3TOT KaBep3HbIA BOMpOC,
YUYEHbIM MPULLIOCH BBECTU [OMOSIHUTE/ILHOE MOHATUE 06 WH(IATOHHOM MOJe, KOTOPOE HepenKo
TaKXXe Ha3bIBAKT CKaIAPHbIM nosieM XUrrca v COCTOsiHMEM (hasibLUMBOrO, UM NIOXXHOrO, BakyyMma.
MyraTbCst 3TOr0 He CTOMT, NOCKO/bKY ANS 06BACHEHUA 3arafKn CKpPbITOM MacChl ¥ TEMHOW 3HEPrum
(peub 06 3TMX (PpeHOMeHax Yy Hac Brepeay) BCe PaBHO TaK WM MHadve NpuaeTca npuberatb K
ycnyram HOBbIX MOfeil, HEM3BECTHLIX COBPEMEHHONM Hayke. B [e6pu BbICOKOW (PU3NKM Mbl He
nosiesem, [MOCKO/IbKY —afleKBaTHO pa3obpaTbCAd B 3TUX Bewax 6e3 BecbMa C/I0KHOrO
mMaTteMaTMyecKoro arnrnapara He nNpeAcTaBnseTcd BO3MOXHbIM.  OTMETUM  TO/IbKO, 4TO
rMNOTETUYECKOE MH(IATOHHOE Mosie 06/1a4aeT OYeHb CTPAHHBIMK U [aXe HEMHOrO MyraroLumu
XapaKTepuCcTUKaMu.

Obpatumcs K HarnagHomy npumvepy, fabbl B OKMBbIX 00pas3ax NpoWICTPUPOBaTH
nonoxeHwue gen. MpeactaBbTe cebe 3aCHEXXEHHbIN FOPHbINA CKI0H, N306MYHOLLMIA HEPOBHOCTAMU U
NOKa/lbHbIMW MepernagaMu BbICOT. Bbl CKaTbIBaETe CHEXOK W MyCKaeTe ero BHU3 MO CK/IOHY. Eciu
CHEr [OCTaTOYHO B/A@KHbIA, CHEXOK Ha4yHET ObICTPO YBEMYMBATLCS B pa3mepax, MoKa He
npeBpaTuTCA B rpoMajHbliA KOM. [poLecc pa3BMBaeTCA MO 3KCMOHEHTE — Yem 60sblue AuaMeTp
CHEXKa, TeM ObICTpee OH pacTeT. Hall runoTeTUYeCKMin CKIIOH 3aKaHUYBaeTCA MPONacTbio, U Korja
CHEXHbIA KOM [JOCTUTHET Kpas 06pbIBa, TO B NO/IHOM COOTBETCTBUW C 3aKOHaMW (PU3MKK NONMETUT
BEPTMKa/IbHO BHM3 C HapacTaroLlei cKopocTbio. OKa3aBLUMCL Ha AHe, OH BApe6esry pa3obbercs,



NPUYEM YaCTb KMHETUYECKOW SHEPTM CHEXXHOMO KOMa YIAET Ha HarpeB OKpY)KatoLLeit cpeabl.

Tenepb BepHeEMCA K WH(MNATOHHOMY MO0 C €ro 3arafloMHbIMU  XapakTepuCTUKamu.
Bo-nepBbIX, 3T0 CKa/IAPHOE M0oJie, TO €CTb MOJIE HUKAK He OPUEHTUPOBAHHOE B MPOCTPaHCTBE, B
OT/INYME, CKaKeM, OT 3NeKTPOMArHMUTHOro. B Hem OTCYTCTBYKOT CW/OBble NWHUW, & €ero
HanpshKeHHOCTb  BClOAY OAuHakoBa. C  HEKOTOPbIMM OroBOpKaMuM €ro MOXHO YrnofobuTtb
FOMOreHHONM CybCTaHUMN Bpofe TAry4vero pacteklierocs mefa. Bo-BTOpbIX, MH(NATOHHOe nose
XapaKTepu3yeTcs nNpefesibHO CWIbHBIM  OTPUUATE/IbHbIM — AaBNIeHMeM, KOTopoe OyKBaslbHO
«pacTa/IKMBaeT» BeLLeCTBO, MpeojonieBass CUNY rpaBuTaumn. B cTaHgapTHOM ropsyeit mogenu
BonbLoro B3pbiBa NJOTHOCTL MaTepuu MafaeT no Mepe yBen4YeHWUs pasMepoB BceneHHOM, YTo
BMO/IHE eCTeCTBEHHO, TaK KaK 3HepreTuMyeckas MIOTHOCTb OMpPeAenseTcs HaJMYHOM 3Hepruen,
nofeneHHon Ha o6bemM. A BOT MHMNATOHHOE Mnosie (To 6UWb (aibLUMBBIA BaKyyM) BefeT cebs
napafioKcaslbHO: ero 3HepreTUyeckas MNIOTHOCTb MO Mepe pa3fyBaHWsi OCTaeTCs MOCTOSHHOW,
MO3TOMY 3HEpPrus, ynpasnsoLwas pacrnyxaHveM MpPOCTPaHCTBa, He TO/IbKO He YMeHbLUaeTcs, a
HanpoTWB, pacTeT No 3KCMNOHeHTe. O4HAKO HUYTO He BEYHO MO SIYHOW — COCTOSIHME BeLLecTBa C
HapacTaloLWMM OTpuLATE/IbHbIM [JaBNEHNEM KpailHe HeYCTOUMBO, a MOTOMY AO/MKHO HEMUHYEMO
MOMEHATL PeXVUM paclumpeHus. Pasza WMHPAALUMM  CTPEMUTENIbHO CXOAMT Ha HeT, W BCH
noTeHUManbHas 3Heprus PasbLUMBOro BaKyyMa NpeBpaLaeTcs B KUMALWMIA Cyn U3 HOBOPOXKAEHHbIX
3NleMEHTApPHbIX YacTu, pPa3orpeTbii [0 BbICOYAMLWIMX Temnepatyp. [pyruMu cnosamu, c
OKOHYaHMEM 3MOXMN MHPAALMM POXKAAETCA 06blYHasA MaTepys B BUAE ropsyeit nnasmbl.

[aBaiiTe elle pa3 NporynsemMcs no 3aCHeXXeHHOMY FOPHOMY CK/IOHY M CHOBa NOUrpaemM B
CHEXKW. B 3TOi yao6HOV MOAenn aHasioroM WHMAATOHHOIO MNOAs, 3ano/HSAOWEro Bce
MpoCTpaHCTBO, OyAeT CHer Ha CK/oHe. bnarofaps cny4yaidHbIM KBaHTOBbIM (DIYKTyauusaM Halle
nosie MOXET MPUHUMATb CaMble pasHble 3HaYeHMs! B pasIMYHbIX 06nacTax. Obpa3oBaHMe CHEXKa
ABNSETCA WMMEHHO TaKOM KBaHTOBOM (ykTyaumeidl. [loka CHEXOK MOKOUTCH, HUYEro
npYMeYyaTelbHOro He NPOUCXOAWT, HO CTOMT eMy ABMHYTbCS BHWU3 MO CKAOHY, KaK OH Cpasy e
HauMHaeT CTpPeMWUTeNbHO pacTu. WHMNaToHHOe Mose, pasfyBatoliee  HOBOPOXAEHHYHO
(hNyKTyaumto, CTPEMUTCS 3aHATb NOMOXKEHME, B KOTOPOM €ro 3HEPrus MUHMManbHa. B TOUHOCTM TO
XKe camoe MPOMCXOAUT M CO CHEXHbIM KOMOM: Tepsis 3HEpPrui U 4YyaoBMLLHO pacnyxas, OH
[OCTMraeT HakoOHel, Kpas 00pbiBa W Ba/MTCS B MPOMNacTb, a BCA HAKOMAEHHass UM 3Heprus
TpaHCOPMUPYETCA B KUHETUYECKYH) SHEPTUI0 pasneTarolmxcsi YacTul,. [oka CHEXHbI KOM
MyTeLlecTByeT N0 FOPHOMY CK/IOHY, MHNAUMA BCe BPEMS NPOAo/KaeT HabupaTb 060pOThbI, HO
CTOMT €My KOCHYTbCA [AHa YLWEenbs, KaK 3Heprusi MHGNAaTOHHOrO MoNs CKYKOXWUBaeTcs Ao
MUHMMYMa, 160 MagaTb 60nblue Hekyda. MpoucxoauT pasorpeB BceneHHOW, M Kak pa3 3ToT
MOMEHT BOCMPUHMMAETCA HamK KakK bonbLUOi B3pbIB.

MnaTo, N0 KOTOPOMY KaTMUTCS Hall CHEXOK, OTHIOAb He FNafKWil NOAMPOBaHHbLIN CTON 6e3
Cyyka W 3a[OpVHKKW, a MOBEPXHOCTb, MMetoWas Kyga 60see CnoxHbii penbed. JloKanbHble
nepenagbl BbICOT B BMAE Pa3HOr0 poja KOYeK U HEOXMAAHHbIX MPensTCTBUIA HEM3OEXHO BHOCAT
OLLYTVMbIE BO3MYLLEHMS B TPAeKTOPUIO CHEXHOro Koma. Kpome TOro, Takmx KOMKOB (4mTail —
KBaHTOBbIX (D/IYKTYyaLn) Ha CKIIOHE UMEETCS BEIMKOE MHOXECTBO: OfHW NeXar 61mke K 06pbIBy,
Jpyrve pacnonaraloTcs fasblie OT Hero. M ecnm oTAeNbHbIM CHeXKaM YAaeTCsi CpaBHUTE/IbHO
OecnpensTCTBEHHO CKAaTUTbCA MPAMUKOM BHU3, TO Apyrne 06peyeHbl NeTNATb M NpbiraTb «Mo
[ONVHaM ¥ MO B3ropbsiM», HaA0Nro 3acTpeBas B AMax U ryooKMX BbiboMHaX. TOYHO Tak Xe BeayT
cebs W peanbHble KBaHTOBble (DAYKTyauuyu — 3apoAbluy OYAYLIMX BCENEHHbLIX: OAHU W3 HUX
NepeXunBaroT KPaTKOBPEMEHHYIO MHMNALMIO (MHPASUMS, KaK Mbl MOMHWM, MPOAO/IKAETCA A0 TeX
Mop, MOKa CHEXHbIA KOM [ABWXETCS MO Nnato), Apyrve pasfgyBaroTcst [0 CUX MOp, a TPEeTbu
MOMEHTa/IbHO CX/IOMbIBAKOTCH, HE YCMeB KakK credyeT BblpacTW. Takum 006pa3om, B Hallem
pacnopsKeHNM OKa3blBAeTCA LieNblil aHCaMb/lb BCENEHHbIX BMECTO OfHOMN-eAMHCTBEHHOM, Kaxaas
CO CBOMM HabOPOM YHWKa/IbHbIX CBONCTB.

JTOT CcuUeHapuiA, NONYYMBLUMIA Ha3BaHWE BEYHOW, WM XaOTMYECKON, WHMDNAUMK, Obln
npeanoXxeH B cepeanHe 80-x rofoB NMpOLUIOro Beka BblAatoWwMMCa aMeprKaHCKMM acTPO(U3MKOM
AHfpeem JInHae, 6bIBLUMM HaWMM COOTeYeCTBEHHUKOM. MOMUMO BCEro NPOYEro, Mogesb BEYHON
MHDNALMX  3aMedaTeslbHa TeM, YTO MNO3BONMSET M30aBUTLCA OT MPOKIATMS  COBPEMEHHON



KOCMOJIOTUWN — aHTPOMHOro NpuHuymMna. Bnpoyem, 06 aHTPONHOM MpPUHLMIE pedb Y HAc NouAaeT B
Cnefylowmx rnasax, 34eCb >Xe OTMETUM TONbKO, 4TO (PyHAAMeHTa/lbHble KOHCTaHTI
(rpaBMTaLMOHHAA MOCTOAHHAA, Macca 3/1IEKTPOHA U Ap.) Y caMW 3aKOHbI MPUPOAbI, YrpasnsatoLme
MoBefeHVeM HaLlero Mupa, YAMBUTENbHbIM 00pasoM [0MyCKat0T BO3HWKHOBEHME COXHbIX
CTPYKTYp BOOOLLE WM PasyMHON >XU3HW B YaCTHOCTWU. Ecnm ux BeNMUMHY crerka noAnpasuThb
(coBCceM u4yTb-UYyTb, HAa HWYTOXHYK AOMK0 MpoueHTa), BceneHHasa npeobpasvTca paguKasibHO.
CKkaxxeM, Npyv MHOM COOTHOLUEHMW MacC MPOTOHA W 3/1eKTpoHa 06pas3oBaHWe CKOJIbKO-HWUOY/b
C/IOXHBbIX CTPYKTYP CTaHeT MpUHUMMUAIbHO HEBO3MOXHBbIM.  Mexay Tem Habniogaemoe
COOTHOLUEHNE — TOfbIA 3MNUPUYECKU (PaKT, HE BbIBOAWMbIA W3 TEOPETUYECKMX MOCTPOEHUI.
ByATO 6Gbl KTO-TO MYAPbIA, JaIbHOBUAHDBIV 1 NPeLYCMOTPUTENbHBIN, TLLATeIbHO B3BECUB BCe Pro et
contra, cneuuasbHO Mofo6pan BenMUMHbI (PYHAAMEHTa/IbHbIX KOHCTaHT TakMM 06pa3om, YTOoObl
HeAPY>KENHOOHbIA  KOCMOC — cAenancsd  «rocTeNnpuUMMHBIM»  ANs  YenoBeka. A BOT wujed o
OeCUMCNEHHOM MHOXECTBE BCE/IEHHbIX, Pa3HAWMXCA MO CBOMM MapaMeTpam, aBTOMaTU4ecKu
CHMMAEeT 3Ty npobriemy.

CnpasefIMBOCTN pagy OTMETUM, YTO rnnoTesa 06 MHPAALMOHHOM 3Tarne B UCTOPUM paHHENR
BceneHHoil 6bina BrnepBble BbiCKa3zaHa OTEYECTBEHHbIMU YuyeHbiMW 3. Bb. MnuHepom n A. A.
CtapobuHckum ewe B 60 — 70-x rogax npOLIOro BeKa, HO OcCTanacb, K COXa/eHMHO,
HeBOCTPe60BaHHOM Hay4YHbIM CO06LLLECTBOM. CaM TEPMUH «MHMNALMA» NPESSIONN aMePUKAHCKMIA
(m3nk AnaH Iyt B 1981 rogy, 1 OH e MOCTPOUN NEPBYHD MHMNALUMOHHYIO MOAENb Ha OCHOBE
CBOe0bpasHOro (ha3oBOro nepexoja, Bbi3BaBLUErO Mepeox/iaxaeHve HOM BceneHHoR. 3aech He
MeCTO NMoApobHO pa3bupaTtb NYTOBCKUIA CLEHAPUIA, MOCKO/bKY OYeHb ObICTPO BbISACHU/IOCh, YTO OH
He paboTaeT, TaK Kak JaeT B (puHase 04eHb HeOLHOPOAHYIO BCeneHHyto, Yero B AeliCTBUTENIbHOCTM
He HabnogaeTca. A BOT mofenb A. [. JinHae Obina NviieHa 3TUX HefoCTaTKOB, YeM cpasy Xe
3aBoeBa/1a HeObIBa/YHO MOMYNAPHOCTbL: €CW paHbLle UHMAALMOHHBIA CLEHapuiA Criowb 1N pagom
NPUHMMANCA B LUTbIKWA, TO CErofHA 6O0/bLUMHCTBO (PM3NKOB M aCTPOHOMOB MEPELLIN B PAfbl €ro
CTOPOHHMKOB. 3 KpacuMBOW, HO LIAaTKOW TUMNoTe3bl WHMNALMOHHOE Havano BceneHHoiA
NnpeBpaTuioCb B MOMHOKPOBHYKD HAY4YHYH Teoputo, [OMYCKaloLWYyH OMbITHYHO MNPOBEPKY.
Kocmonorusa, ObiBlwas A0 HeAaBHEro BPEMEHW AUCUMMAMHONW B 3HAYUTENbHON  CTeneHu
CMEKYNATUBHOW, Mas10-MoMasly CTaHOBUTCS CTPOroM 3KCMepPUMEHTa/IbHON HaYKOIA.

Kak Mbl NOMHMM, Teopusi MHQASUMM MOCTYNMPYET HaMuMe HUYTOXHBIX WM3MEHEHWA B
NNOTHOCTW MaTepumn paHHel BceneHHOM. MOCKoNbKY 06beM HOBOPOXAEHHOIO MUPa CONOCTaBUM C
pasMepamMm 371eMeHTapPHbIX YacTuL, pasyMHO MPeAnoioKMTb, YTO KBaHTOBble (DYKTyauumn Urpanmv
B TO BpeMsl BecbMa CYLLEeCTBEHHYI ponb. lMpuHuMn HeornpegeneHHocTn BepHepa [Meli3eH6epra
rNacuT, YTo Mbl HE MOXXEM OHOBPEMEHHO BbIYMC/UTL TOYHYKO KOOPAMHATY YacTuLbl U ee UMMY/bC
(npomn3BefeHve CKOPOCTK Ha Maccy). pyrumu cnosaMu, 3HepPrus 1 nosioKeHne YacTuLbl HUKOTAa
He MOryT ObiTb W3MEpPeHbl TOYHO, WM 3TOT MPUMHUMM B MNONHOA Mepe MNPUIOKUM K MePBbIM
MIHOBEHUSAM >KU3HW BceneHHoOW (Wwap NeTnseT Mo CK/AOHY, a He KaTtUTCA MPAMUKOM BHW3).
CyMMapHbIn 3(eKT KBaHTOBbIX (YyKTyalun MOPOXAAET KpoLwleyHble nepenafbl MAOTHOCTH,
KOTOpble pacTyT B MpoLecce pasfyBaHUA MU CTAHOBATCS 3apojbliamy OyayLmMx ranakTuk u 3e3g,.
Ho oTctofa ¢ HeM36eXHOCTbIO CNefyeT, YTO PesIMKTOBOE U3/TyYeHWe AO/HKHO COXPaHWUTbL NamsTh O
TeX COObITUSAX, CBOEr0 pofa «OTMeYaToK» B BUAE TEMMEPATYPHbIX KOMebaHWi MeXay pasinyHbIMu
TOYKamy NPoCTpaHCTBa. [LoNroe BpeMs U3MepUTb 3TOT TeMNepaTypHbI pa3bpoc He yaaBanoch — He
XBaTasio YyBCTBMTENbHOCTI annapatypsbl. [popbiB npounsowwen B 1992 rogy, Korga aMmepuKaHCKuii
cnyTHUK COBE (Cosmic Background Explorer) un poccuiickuii  «PennkT-1»  06Hapy»Xuim
TemnepaTypHble  (DAYKTyaumu (OHOBOIO  u3/lydeHusi. WX BeMYMHA OKasasaCb  KpawviHe
He3HaunTeNbHOW (TemnepaTypa PeIMKTOBOr0 W3NYy4YeHWUs COCTaBseT MpUMepHO 2,7 rpagyca
KenbBrHa, a OTKNOHeHMsA OT cpefHero He npesbiwann 0,00003 rpagyca KenbBuHa), nosaTtomy
COBCEM He YAMBUTE/IbHO, YTO paHblle MOAOOHbIE M3MEPEHUst OblM COMpPSXKEHbI C HeMaslbiMU
CNOXHOCTAMKW. Tak WAM  MHa4ve, HO UHMNAUMOHHaA Teopua  Mofiyunna  HafeXHoe
3KCMEPUMEHTa/IbHOE MOATBEPXKAEHME.

Hayano TpeTbero ThbiCAYeNeTMss 03HaMeHOBA/IOCb HOBbIMW  JOCTMXKeHuAMW.  [locne
NoNyTOparoAnYHbIX HabMOAEHUA N aHanM3a AaHHbIX, MOMYYEHHbIX C MOMOLLbH KOCMUYECKOA



obcepBaTopun WMAP, 6blna npeactaBneHa ropasfo 6onee nogpobHas KapTa pacnpefeneHus
TemnepaTypbl Pe/IMKTOBOrO U3/lydeHns No BceMy Hebocsogy. AHrnuiickas abopesvatypa MAP
o3HayaeT Microwave Anisotropy Probe, 4YTO MOXHO MEPEBECTM KakK «MWUKPOBOJIHOBbIN
aHM30TPONHLIA 30HA» (Mnn wyn), a 6ykea W paobaBneHa B 4YeCTb acTPOPU3MKa YMUNKMHCOHa,
KOTOPbIA Obl1 UHALMATOPOM MpPOeKTa, HO He [AOXKWI [0 ero OKOHYaHus. Kpome Toro, tap —
NO-aHrIMACKN «KapTa». LIeHHOCTb KapTbl Y UNKUHCOHA TPYAHO NepeoLeHnTb. AHaNN3 NOMYHEHHbIX
[aHHbIX WM MOCNefylollee KOMMbIOTEPHOE MOAENMPOBaHME MO3BOIMN  BOCCO34aTb KapTUHY
POXAEHMA U pa3BUTUA BCeneHHON, YTOYHWUTL ee BO3PacT U COCTaB. ITO 3NOXaslbHOe CObbITVE
npomsowsio 13,7 munnmapga net Hasag (naoc-muHyc 200 MWASIMOHOB JET), YTO MO3BOAWO
MOCTaBUTb TOYKY B GECKOHEYHbIX Cropax O TOM, KOrfa UMeHHO BO3HWKNa BceneHHas. Ypaanocb
OKOHYaTe/IbHO BbISAICHWUTb, UTO MPOCTPAHCTBO BCeNeHHOM reoMeTpuyecKn MNOCKoe, U TOYHO
paccumTaTb Of4HY M3 (yHAAMEHTa/IbHbIX KOHCTaHT — MOCTOSAHHYHO Xab6/1a, 0TpaXKatoLLyto CKOPOCTb
paclumpeHns BceneHHoit. Cygs no AaHHbIM 30HAA YWIKUHCOHA, 3Ta BEIMYMHA cOcTaBnsieT 71
KWNOMETP B CeKYHAY Ha OfMH Meranapcek pacCTosiHWs (BCMOMHMM, 4TO OAMH napcek — 3,26
CBETOBOr0 rofa). [pyrmmu cnoBamu, y4acToK pasMepom B oauH Meranapcek (1 MUAINMOH napcek)
KaDKAYH0 CeKYHAY npupacTtaeT Ha 71 KMnomeTtp.

YCTaHOB/EHO, YTO BceneHHas, ocTbiB Mocne bonbLloro B3pbiBa, 40Nr0e BpeMs OCTaBanach
TEMHON U XONOAHON. lMepBble 3Be3/bl, MO YTOYHEHHbIM AaHHbLIM, HayaM (HOPMMPOBATLCA Yepes
400 MmMNNMOHOB NeT nocne bonblworo B3pbiBa, U CTOMb paHHEE WX MNOSIBAEHME NMULWIHWIA pa3
CBUAETENLCTBYET B MOMb3Y CYLLECTBOBAHWUSA CKPbITOM Macchbl (MM TEMHOM MaTepuu), KOoTopas
CBOVMM rpaBMTaLMOHHbLIM MONEM cobupana pa3MasaHHyH MaTepuo B KOMKM. Kopouye rosops,
MH(NALMOHHAA Mofenb MNokasana cebs HafeXHol paboTocnocobHO Teopwen, 3amedaTesibHO
COrNacyroLeiics C OnbITHbIMA fJaHHbIMW. A MOCEMY WMEET CMbIC/T NPUINAAETLCA K Hei
NoBHUMaTe/NbHee, NPOC/eAMB 3Tan 3a 3TarnoM UCTOPUIO Hallell BeeneHHON.

Mo CcoBpPeMeHHbIM MNpeAcTaBneHnsM, BceneHHas poxpaeTca B pesynbTaTe Ciay4aiiHOl
KBaHTOBON (PNyKTyauuu, BbiNapxmeas U3 CUHTYNAPHOCTU — Ge3pasMepHOi TOUKM, B KOTOPOM
KpUBM3HA MPOCTPAHCTBA-BPEMEHM 6GecKoHeyHa. [MNOTHOCTb BeELWeCTBa B 3TOM TOUKE TOXE
AOCTUraeT OGECKOHEYHO 60MbLUMX BEMMYMH, a MNPOCTPaHCTBO M BPeMs 06pallatoTcsi B HYfb.
[pyrumy cnosamu, HW MPOCTPAHCTBA, HW BPEMEHM, HU BELLECTBA B MPMBLIYHOM MOHUMAHWUW B
CUHTYNISIPHOCTU HEe CYLLECTBYeT, a BCE W3BECTHblE 3aKOHbl MNepecTatoT paboTatb. He unmeeT
HMKaKOro CMbICNa CrpaLunBaTh, YTO 6bI10 paHbLLe, MO0 paHbLLe HEe BbIN0 HAYErO: CUHIYNSPHOCTb —
3TO npegenbHas rpaHnLa, PYOMKOH, KOTOPbIA Henb3s nepeitu. XoTenocb Obl cneumanbHo
MOAYEPKHYTb, UTO OMMCAHHBbIA CLEHapUii POXAEHNS BCeneHHON NPaKTUYeCKM «U3 HUYEro» — He
nycTble (haHTa3nmM (HU3NKOB-TEOPETUKOB Ha POBHOM MECTE; OH OMMPAaeTCsi Ha CTPOrue Hay4Hble
pacyeTsbl.

YuTaTenb YXKe CTONbKO pa3 CTONKHY/CS C BbIPaXXEHMEM «KBaHTOBble (UIYKTyauumn», UYTO Y
HEro HaBepHsiKa AaBHbIM-4ABHO BEPTUTCSA Ha A3blke BOMPOC: YTO 3TO 3a 3BEPb TaKOW U C YeM ero
eaaT? Kakvm 06pa3omM 13 3Tol CydaliHOM ManocTu, No CyTW Aena, 13 NyCTOTbl MOXET BO3HMKHYTb
OrPOMHbIi MMP C NaHeTaMu, 3Be34amu 1 ranakTukamm?

Nogn, panekne oT OM3UKK, CKIOHHbI NonaraTb, YTO BaKyyM — 3TO NOSIHOE OTCYTCTBME Yero
Obl TO HY 6bl10. MeXay TeM U3 TEOPUM 3NEMEHTAPHbIX YacTUL, C HEOOXOAMMOCTbLIO CnedyeT, UTo
(hn3nyeckunii Bakyym OTHIOAb He MyCTOTa, & MUHMMa/IbHas 3HEepPrus noneii U YacTuy, He paBHas
Hynto. OH OyKBa/bHO HaapLIMpOBaH TaK Ha3blBaeMbIMU BUPTYaSlbHbIMM YacTMLaMK, KOTOpble
POXAAKTCA Napamy Kak 6bl U3 HUYero (Hanpumep, 3M1eKTPOH U ero aHTUNOA NO3UTPOH), OT AyLUK
pe3BATCA Hanofobue 6aboyek-nogeHoK 1 Yepe3 MIHOBEHWE TMOHYT B aKTe aHHUIUIALUN, OCTaBuB
namsaTtb 0 cebe B BMAE KBaHTa CBeTa — (JOTOHA. BpemMs MX XKU3HM HACTONbKO Masio, YTO HEe MOXET
ObiTb M3MepPeHO B MpuHUMne. J1I060A W3MEpPUTENbHbIA MNPOLECC OrpaHUYeH €ecTeCTBEHHbIM
(h3nyecKUM Mpeaenom — CKOPOCTbHO CBETa, a BUPTYaslbHblE YacTWLbI, BbIHbIpUBas M3 MyCTOTbI,
paspyLUatoTCs TaK 6bICTPO, YTO HMKOI A HE MOryT HabMAaTLCA HENOCPEACTBEHHO.

Mexay npoymm, TOT (haKT, 4TO «MyCTOe» MPOCTPAHCTBO HE MOXET ObITb aOCONKOTHO MYCThIM,
C 0YEeBMAHOCTbIO BbITEKAET M3 3aKOHOB KBAaHTOBOW MeXaHWKW. Ecnm 6bl Bakyym Obl/l COBEPLLEHHO



nycT, 3TO 03Ha4as1o bbl, YTO BCe MONSA (3M1EKTPOMarHUTHOE, rpaBUTALMOHHOE N NPOY.) B HEM B
TOYHOCTM paBHbl HyM0. OfHAaKO BenvyMHA MONS M CKOPOCTb €ero W3MEHEHWs CO BpeMeHeMm
aHa/I0rMYHbI NOMIOXKEHWIO N CKOPOCTU YacTuLbl, @ MPUHLMUM HeonpegeneHHOCTU MeliseHbepra, Kak
M3BECTHO, 3arpeLlaeT OfHOBPEMEHHOE 3HaHMe 060MX NapaMeTpoB: YeM TOYHEe M3BECTHA OfHa Y3
3TUX BENIMYMH, TEM MeHee TOYHO WM3BECTHA BTOpad. He ABa ropoLlka Ha JIOKKY — NpUXoAUTCH
BblbMpaTb  4TO-TO  0AHO. [Mocnywaem CimBeHa  XOKWHra, M3BECTHOTO  aHr/IMINCKOro
(h13mKa-TeopeTunKa:

CnefioBaTeNlbHO, B MYCTOM MPOCTPAHCTBE MOME He MOXET MMETb MOCTOSHHOTO HY/EBOro
3HaueHus, TaK Kak Torga OHO VMMeNno 6bl M TOYHOE 3HaueHMe (Hy/b), U TOYHYH CKOPOCTb
U3MEHEHUs (TOXE Hy/b). [lo/MKHa CyLLIECTBOBaTb HEKOTOPasi MUHMMasbHAs HeonpeaeneHHOCTb B
BE/IMYMHE MONS — KBAHTOBbIE (hIYKTyaLunU. TN IYKTyaLum MOXHO cebe npeacTaBuTh Kak mapbl
YacTWL, CBETa WM TpaBMTaLMM, KOTOPblE B KAaKOW-TO MOMEHT BpPEMEHM BMECTE BO3HMKAIOT,
pacxoasTcs, a MOTOM ONsATb CONMXKAIOTCA U aHHUTUNUPYIOT APYT C APYroMm.

Takve yacTuLbl ABMAIOTCA BUPTYaSIbHBIMUA <...>, B OT/IMYME OT PeasbHbIX BUPTYaSbHbIE
YacTULbl HeNb3st HabMKAATL C NMOMOLLBIO AETEKTOPA PeasibHbIX YacTul. Ho KOCcBeHHble 3(heKTbl,
MPOU3BOAMMbIE  BUPTYa/lbHbIMM — YacTMLAMK, HampuUMep HeGOMblLUME W3MEHEHUS  SHEpruu
3N1EKTPOHHbIX OPOUT B aTOMaX, MOXHO U3MEPUTb, W pe3y/bTaTbl YAWBUTENIbHO TOYHO COT/IacytoTCs
C TEOpPeTUYEeCKUMM NpeAcKasaHusMU. T[pUHLUMN  HeonpefeneHHOCT MNpeAcKasblBaeT TaKXke
CYLLLECTBOBaHME aHa/IOMMYHbIX BUPTYaSibHbIX Map 4acTWL, MaTepum, TakuxX Kak 3/eKTPOHbI MW
KBapkn. Ho B 3TOM c/lyyae OAMH ufneH napbl 6GyAeT 4acTWULEeid, a BTOPOM — aHTUYaCTULEN
(AHTWMYACTWLIbI CBETA U FPABUTALIMN — 3TO TO XKE CaMOE, YTO M YacTULbI).

OfHako HemefNeHHO BO3HMKaeT BOMPOC. 3aKOH COXPaHEHUS 3Heprun 3anpeLlaet ee
Nnosly4yeHne U3 HUYero, a Mbl, NPeANON0XKMB POXKAEHNE YaCTUL, U3 NYCTOTbI, 3TOT 3aKOH Bpoje Obl
Hapywunu. JlapuMkK OTKpbIBaeTca MpocTo. [Ad Hayana pacCMOTpMM, KakK BefdeT ceb6s
ANEKTPUYECKNIA 3apaf NPV POXAEHWUU Napbl 3/eKTPOH — MO3MTPOH. MONHbIN 3apsg ocTaeTcs
paBHbIM HY/IKO, MOCKO/IbKY MUHYC (3apaf 3M1eKTpoHa) Ha natoc (3apsg no3uTpoHa) B utore gaet
Hy/Nb. [pOCTO B TeUeHMe O4YeHb KOPOTKOIO BPEMEHU CYMMapHbIA HYy/NeBOW 3apsif pas3feneH Ha [ge
paBHble MOMOBUHKM — MONOXUTE/IbHYO U OTpuLaTe/lbHy0. Heuto nogobHoe mpoucxoauTt u C
3Hepruert YacTuL: 3NeKTPOH UMEET MOMOXKMUTENIbHYIO 3HEPruto, a ero aHtumyactmya (Mo3mTPOH)
pacronaraet, B HEKOTOPOM CMbICNE, PaBHbIM KOMMYECTBOM OTpULIATENbHON 3Heprun. Takum
06pa3oM, MosHas 3Heprus BCce paBHO OCTAETCS HY/IEBO B MOMEHT POXAEHMS W MOCNeAYHLLEro
B3aMMOYHUUTOXEHNSA BUPTYaNbHbIX YacTuL,.

Mono6HbIE COOOPAXKEHMS NPUMEHUMbI U K POXAAIOLLIENCA 13 HUYero BeeneHHoi. Ha nepsbiii
B3rNsf, Mbl CTa/IKMBaEMCA C HepaspewlMbIM NapagoKcoM, MO0 AOCTYNHas HabMAeHMsIM YacTb
BceneHHOM coaepXXUT acTPOHOMUYECKOE KO/IMYECTBO YaCTUL, U3 KOTOPbIX MOCTPOEHO BELLECTBO.
OTKyga oHu Bce B3sncb? OTBET MPOCT: B COOTBETCTBMM C KBAHTOBOI TEOPMEN 4YacTuLbl MOTYT
pOXAATbCA M3 3HEpPruM B BUAE Map 4vacTuya — aHTMyacTmua. XopoLwo, HO OTKyfa 6Gepetcs
YMOMOMpaynTenbHoe KOMMYECTBO 3Heprun? MaTepus, HanonHswowas BceneHHyto (nnaHeThl,
3Be3[bl U raflakT1KN, cobpaHHble U3 YacTuLy), 061a4aeT NONOXKUTENIbHON 3HEPT e, HO B MUPE eCTb
ele 1 rpaBuTaums, 3HEPrns KOTOPOW OTpuuaTenbHa, MO3TOMY CyMMapHas 3Heprusi BceneHHoM
paBHa HY/H0, Kak W ee 3M1eKTPUYecKnin 3apsas (KOMYecTBO MPOTOHOB U 3/1EKTPOHOB OAMHAK0BO). Ho
4TO UMEETCH B BUAY, KOrfa roBopsaT 06 OTpULAaTE/IbHON 3HEPrm rpaBuTaumnmn?

Ewe pa3 npountnpyem XoKuHra.



BewecTBo BO BceneHHoM 06pa3oBaHO U3 MOSIOXMUTESIbHOM 3Heprun. Ho Bce BeLLECTBO Camo
ceba npuTArMBaeT Mof AeicTBmeM rpasuTaumun. [pa 6/7M3KO pacnoioXeHHbIX Kycka BellecTsa
06/1a1a10T MeHbLLIEA 3Heprueit, YemM Te XXe iBa KYCKa, Haxoaawmecs Janeko apyr ot gpyra, notomy
4TO A/19 PasHECEHUS UX B CTOPOHbI HY)XXHO 3aTPaTUTb SHEPIM0 Ha MPeoAosieHne rpaBUTaLMOHHOM
CWNbI, CTPEMSLLENCA MX COeAnHUTL. CneaoBaTelbHO, 3HEPTUS rPaBUTALMOHHOIO MOMS B KAKOM-TO
CMbIC/e oTpuuaTesibHa. MOXHO MoKasaTb, YTO B Clydae BCeneHHOR, NpyMepHO OAHOPOAHON B
MPOCTpaHCTBe, 3Ta oOTpuuaTenbHas rpaBMTaLMOHHAas 3HEPrMs B TOYHOCTM  KOMMEHCUpYeT
MONIOXMTENBHYIO 3HEPIUIO, CBA3AHHYIO C BELLEeCTBOM. [103TOMY NnosHas aHeprus BceeneHHON paBHa
HYNO.

Becbma O6G0OMNLITHO, YTO KO/MYECTBO MOJMOXMTENbHON 3HEPIUM  MOXET  YABOMTLCA
napannenbHO YABOEHUIO OTPULATENbHOM, MOCKOMbKY [ABaXKAbl HY/b — BCE paBHO Hynb. [Mpwu
CTaHJAPTHOM PacCLUMPEHUN CKE HEBO3MOXHO, MOCKObKY MO Mepe YBenuyeHus BceneHHoN
NNOTHOCTb 3HEpPrnv nagaeT. A BOT B 3MNOXY MH(AAUMKU, KaK Mbl MOMHUM, NAOTHOCTb 3HEpPruu
(hanblUMBOrO BaKyyMa OCTaeTCs MOCTOSIHHOM, HECMOTPS Ha YBeNMueHue pasMepoB BceneHHoiA.
MoaToMy Npu YABOEHWM AMameTpa Hallero mupa BABOe BbIPaCTyT W MOMOXKUTENbHAA 3HEpPrus
BELLECTBA, W OTpuMLATeNbHAsA 3HEPrusi rpaBuMTauuy, a CyMMapHas 3Heprusi BceneHHoi 6ypet
MO-NPeXHeMy pPaBHATBCA HY/MO. A MOCKONbKY B (ha3e pasfyBaHWs pa3mepbl BceneHHON
YBE/INYMBAKOTCA SKCMOHEHLMAIbHO, Ha MOPSAKM MOPSAKOB, TO M 006Liee KONMYECTBO 3SHEPruM,
noTpebHoe Ans 06pa3oBaHMA YacTWL, TOXEe Yy[0BULLHO BO3pacTaeT. BoT BaM, uMTateslb, U OTBET
Ha BOMPOC, KaKNMM TakMM 4YyaecHbIM 06pa3oM BCS MaTepus, 3amofiHAoLLas CerogHs BceneHHyto,
Morfia YMeCTUTbCA B KPOXOTHOM 06beme, COMOCTaBMMOM C MNJTAaHKOBCKOWA A/IMHOM. OHa Tam 1 He
Aymania NMoMewatbCs: Korga WMH(AaTOHHOe Mone ynano A0 MWHMMYMa, BCSl 3amaceHHas B HEM
NoTEHLMaNbHAsA SHEPT S YLLUIA HA POXAEHME 3/IeMEHTAPHbIX YacTUL.

BepHemcsi K Hauany Hayan, K MNepBbIM MFHOBEHMSIM XKM3HM Hallero mupa, Korga OH
TONbKO-TOMbKO FOTOBWU/ICA BbIMOPXHYTb 13 KOCMOMOTMMYECKO CUHTYNSAPHOCTN. Haao ckasaTb, Y4TO
CUHTYNAPHOCTb — BECbMa HEYHTHOe MOHATME, MOTOMY KakK W300MyeT 4acTOKO/IOM OYeHb
HENPUATHbIX 6ECKOHEYHOCTEN: GECKOHEYHO Masiblii 06beM, GECKOHEYHO 60/bLUMEe MAOTHOCTD,
macca 1 Temnepartypa, 6eCKOHeuHas KpuBM3Ha NPOCTPaHCTBA-BPEMEHM M MPoYee B TOM Xe AyXe.
®Pun3nMKN HecnyvyanHo He NOBGAT GECKOHEYHOCTEW, MOTOMY YTO BCHOAY, FAe OHWM MOSIBNAKOTCA,
HauMHaeTCs CBUCTOMNACKA: 3aKOHbl OTKa3blBalOTCA paboTaTb, (HOpPMy/bl TEpsSOT CMbICA, a
HeNpOTMBOPEYMBbLIE OMMCaHWSA Pacrnon3atoTca Mo LweaM. B TakoMm cnyyae Henb3s N Nonpobosathb
060MATUCb BOBCE 6€3 CUMHIYNAPHOCTEN, BbIKUHYTb WX, TaK CKasaTb, Ha CBasiKy uctopun? Begb
pasroBop uAeT 006 uncuyesawolle MasblX NPOCTPAHCTBEHHO-BPEMEHHbIX —MacliTabax, rae
Knaccuyeckas (umsmka HbtoTOHa — JHLITENHA YXKe He paboTaeT M rae 6e3pasfenbHo LapsT
3aKOHbl KBAHTOBOM MEXaHWKW. BblTb MOXET, NMPOCTPAHCTBO W1 BPeMS, NOAOOHO 3apsigy, CIMHY MK
MarHMTHOMY MOMEHTY, TOXE WMEHT HeKui npeaen AenMMOCTW, TO €CTb, APYFMMWU CrioBamu,
KBaHTOBaHbI? Brnpase 1 Mbl cAenaTtb Takoe A0NYLLEHNE?

A nouemy 6bl, B KOHLE KOHLIOB, 1 HET? BNosiHe BEPOATHO, YTO B MPUPO/E CYLLECTBYET HeKas
HefenMmas K/eTouyka MNpOCTPaHCTBA, CBOEr0 poja MUHUMaIbHOE pacCTOsHWE, KOTOpoe He
nofAaeTcs AanbHeiiemMy apobneHunto. Ecnv feno 06CToUT UMEHHO TaK, TO HU OAHO TeN0 He MOXKET
CX/IOMHYTLCA B 6Ge3pasmepHy0 TOuYKy. W 3Be3na, v BceneHHas B Uenom 6GyayT B 3TOM Clyyae
KonnancmposaTtb A0 HEKOTOPOro mnpefena, Moka He YNpyTca B HEMpeofoNMMbIn py6ex, n Toraa
BHYTPW YepHOI Ablpbl OYAET CUAETb HE CUHTYNSPHOCTL C €8 YTOMUTE/IbHbIMU GECKOHEYHOCTAMM, a
CBOE0OpasHbIi KBaHT MPOCTPaHCTBa, 3NEeMEHTapHbIi 06bemM AguameTpom 10-33caHTUMETPOB.
MoCKoNbKy MpeofoneBaTb 3TO PacCTOSHWE ChefyeT OAHMM Maxom (B MPOTUBHOM Ciyyae Mbl
OKasaicb Obl B HEKOTOPbIA MOMEHT MOCPeAM HEeAeNMMOro OTPe3Ka, YTO HEBO3MOXHO MO
OnNpeAeneHunio), TO JO/MKEH CYLLLECTBOBATb M KBAHT BPEMEHW — MUHUMa/IbHAA A/IMTENbHOCTb /THObIX
npoLeccoB. HecnoxXHbIii pacyeT MOKa3bIBaeT, YTO OHa cocTaBnseT nopsgka 10-43cekyHp, 1 06e 3Tu
BE/IMYMHDBI, MOMYYMBLUME Ha3BaHMSI MIAHKOBCKOM A/IMHbI M NNAHKOBCKOTO BPEMEHW, HaM YXKe



XOPOLLO N3BECTHBI.

MNaHKOBCKME BEIMYUHDI, OTT/IKMBAIOLWMECA OT PYHAAMEHTaIbHbLIX KOHCTAHT — NMOCTOSAHHOW
MnaHka, CKOPOCTW CBeTa W rpaBUTALMOHHON MOCTOSHHON, — HEM3BEXHO MPUBOAAT Hac K eLe
OAHOMY Ba)XKHOMY MOKa3aTe/l0 — MakKCUMaJbHO BO3MOXHOW MIOTHOCTU MaTepun B HYNeBOWA
MOMeHT. Tenepb OHa Yy)e He 6eCKOHeyHa, XOTA M HeBoObpasumo Bennka — 1093r/cm3. JT1a
Be/IMYMHA MPEBOCXOAMT BCAKOe BOOOpaXKeHWe, MO0 MIOTHOCTb aTOMHOrO fApa Ha (POoHe 3TUX
aCTPOHOMMYECKUX LM(p CMOTPUTCS efBa M He abCOMOTHLIM BakyyMOM. [10CTaTOYHO CKasaTb, YTO
[ecsaTb COMHeYHbIX Macc (a ConHue — 3TO 3Be3fa CpefHeli BeNMYMHbI C AvameTpoM okono 1,4
MWUN/IMOHA KU/TIOMETPOB) 6e3 Tpyda YMecTaTcs B 06beme, BMOSIHE CONOCTaBMMOM C SAPOM aTomMa
BogopoZa. TemriepaTypa Takoro CBepXMJIOTHOrO CrycTKa TOXe 3allKaJMBaeT 3a BCe MbIC/IMMbIE
npegesnbl U cocTasnseT npumepHo 1032rpagycos KenbBuHa.

CMbIC/T npesesibHO BO3MOXHbIX MIaHKOBCKMX BE/IMYMH 3aKIHOYaeTCHd B TOM, YTO HUKaKue
MHble napameTpbl (MeHbLUWE, eCv pedb UAET O A/MHE U BPEMEHHbLIX MPOMEXYTKax, 1 60onbLUne,
eC/ Pas3roBOp 3aXOAMT O MoKasaTenfx MI0THOCTM M TeMMepaTypbl) He MOTyT CYLLecTBOBaThb B
npuHuune. Hanpumep, Heneno cnpawmBaTb, 4TO npoucxoamno 4depe3 10-45cekyHp nocne
BosbLioro B3pbiBa, MOCKO/IbKY TaKMX MOMEHTOB BPeEMEHW MOMPOCTy He 6bino. Mbl gocTuriv
Hayana Havasl M YTKHYINCb B HEMPOHMLAEMYHO NeperopoAKy: Aasiblue MyTu HeT, M0 MpuBbIYHbIE
npeacTaBneHns 0 MPOCTPaHCTBE Y BPEMEHW YTPaunBarOT BCAKWIA CMbICI. B 061acT NNaHKOBCKNX
BE/IMYNH OTCYTCTBYET MOC/eA0BaTe/IbHOCTb COOLITUA, TaM HWYEero He MPOUCXOAUT, MU MOTOMY
BpeMeHM Hekyga Teuyb. [MpOCTpaHCTBO TOXE TepseT CBA3HOCTb, O6paliascb B KWNAWMIA Xaoc
BCMbIXMBAKOLMX N raCHYLWMX My3blpbKOB. YBUAETb 3TO MYTHOE BapeBO Mbl He B CWMax, Tak Kak
macLuTabbl, 4OCTYMHbIE COBPEMEHHbLIM YCKOPUTENAM, NexXar B npefenax 10-16 caHTMMETPOB, a Ha
TaKMX PaccTosAHMAX MNPOCTPaHCTBO-BPEMS MPOAO/HKAET OCTaBaTbCA NafkuM. UTobbl BOOUMIO
NNLE3PeTb M/IAHKOBCKME MacliTabbl, Ham NpULWIOCL 6bl  YBEIMYUTL  YYBCTBUTENIbHOCTb
annapatypbl B 1017pa3. I BOT Torga Mbl yBMAENM Obl KBaHTOBbLIA OKeaH, Npeb6blBaloWMA B
COCTOSIHUM NEePMaHEHTHOr0 XaoTUYeCKOro Oyp/ieHWs, 4YTO-TO BPOAE BOJHYIOLLENCA MOPCKOWA
CTUXMM, KOTopast GecrnpepbiBHO FOHUT BOSHY 3a BOMHOW. OfHAKO C 60/1bLIOIN BbICOTbI OTAENbHbIX
BOJIH He pa3rnsfeTb — OKeaH NpeacTaBiseTcs CNOKOMNHOA BOAHON rnafbto. W ToNbKO CNyCTMBLLNCHL
MOHWKe, Mbl CMOXKEM YBUAETb Yepesy ObICTPO GeryLmx neHHbIX 6apallKoB.

B Mukpomupe, Ha ypoBHE NIaHKOBCKMX BEIMYMH NPOCTPAHCTBEHHO-BPEMEHHOM KOHTUHYYM
paspyLuaetcs 6ecroBOpPOTHO, & NPOCTPAHCTBO W BPeMS HaYMHAKOT MEHUTLCS. B 3TOM HeoObIYHOM
MUpPe HeT HUKaKOW OnpeAeneHHOCTW, HET BblAENEHHbIX HampaBfeHWin WUAK NocneaoBaTeNbHOCTU
COObITWIA, M MOTOMY aMepUKaHCKUIA r3nkK K. A. Yunep L0BOMbHO YAa4HO Ha3Bas1 ero KBaHTOBOWA,
WA NPOCTPaHCTBEHHO-BPEMEHHOW, MEHON. MpoCTpaHCTBO M BpeMsi 06peTatoT AMCKPETHOCTb, a
MOHATMS «paHbLUe» WU «NO3XKe» YTpaumBatoT BCAKWUA CMbICN. [epXaBMHCKas peka BpemeH
pas3bunacb Ha OTAeNbHble Kanau. W nnwb Korga U3 HUYero BAPYr BbINbIBAET HEYTO (CnydaliHas
KBaHTOBas (P/IyKTyaLus NepeXxxmBaeT CTPEMUTENIbHOe Pas3fyBaHWe), POXKAAKTCS MPUBbIYHbIE HaM
NPOCTPaHCTBO N Bpems, a BMeCTe C HUMU — HoBaA BceneHHasa. Xaoc nopoaun Kocmoc. Takum
06pasom, poxaeHve BceneHHOM TOXAECTBEHHO POXAEHMIO MPOCTPAHCTBA-BPEMEHN.

CnpaBefMBoCTM  pagn  Heo6XoAMMO  OTMETUTb,  4YTO  KBaHTOBbI  XapakTep
NPOCTPAHCTBA-BPEMEHN He UCTUHA B NOCMEAHEN MHCTaHLMK, a BCEro /INLb rMnoTesa, NyCcTb Aaxe
bonee mnn MeHee ybeauTenbHad. MexXay Tem [afeko He BCE Y4eHble COrfacHbl C TaKoi
MOCTaHOBKOIA Borpoca. MHorne (onM3nkun cepbe3Ho COMHEBAKOTCA B TOM, YTO NPOCTPAHCTBO-BPEMS U
rpaBuTauma BooOLLe NoAAa0TCA KBaHTOBaHMIO: BMOJIHE BEPOATHO, YTO 3TO CYrybo Kraccuyeckue
006beKTbl. [leflo B TOM, 4YTO poOXAeHWe BceneHHOM u3  KBAHTOBLIX (IyKTyaumum (Mnm
NPOCTPaHCTBEHHO-BPEMEHHOW MeHbI) [O/MKHO OMMUCLIBATLCS 3aKOHaMW He CYLLECTBYHOLLEA Ha
CErOAHSWHNIA [eHb Hayku — KBAHTOBOW Teopuwm rpasutaumm. OfHaKo CHOpMyIMpoBaTb 3TW
XWUTPble 3aKOHbI, XOTS Obl JaXe Ha TEOPETUYECKOM YPOBHe, MOKa elle HUKOMY He yAanocb. IT0
3afjaya rpaHAMOo3HOM CMOXKHOCTW, U COBCEM HE Cy4yaillHO BedyliMe Y4eHble MOMELLalT ee Ha
nepBoe MEeCTO Cpean AecsiTKa TPyAHeNLWMX Npo6aeM coBpeMeHHOM Gnankn. M. B. CaXXnH NULLET:



Obuwaa Teopus oTHocuTenbHocTM (OTO) — pensTUBUCTCKAA Teopus rpasuTauumn  —
NPUHLMNWATIBHO OT/IMYAETCS OT TEOPUWN 3MEKTPOMarHUTHOIO MONA U WU3BECTHbIX MONEN ApYyrux
Bngos. OTO cBA3bIBAET reoMeTpPM0 NPOCTPaHCTBa-BPEMEHM CO CBOMCTBaMM maTtepun. Moatomy
MOCTPOEHME KBAHTOBOM rpaBUTaUMM  3KBUBAMIEHTHO MOCTPOEHUIO KBAHTOBOM FEOMETPUK
NpPOCTPaHCTBa-BpeMeHW. [pyM 3TOM BO3HWMKAET MHOIO0 YMCTO TEOPETUYECKMX (CKopee [axe
(hopMmasibHO-MaTeEMaTUYECKMX) TPYAHOCTEN.

Opyrumun cnosamu, HEO6XOAUMO KakMM-TO 06pa3oM yBSi3aTb KBAHTOBbLIA MOAXOL C 06Lei
Teopueil OTHOCUTENBHOCTM NPU ONWUCaHWU ABNEHWIA MUKpoMUMpa. W 4ToGbl He 3anyTaTb Bac,
ymTaTeNlb, OKOHYaTeNbHO, MOMbITalOChb KOPOTKO W3N0XWUTL CYTb Npo6neMbl, He BAaBasCb B
maTeMaTuyecKre TOHKOCTW.

KBaHTOBbI M KMaCCUYEeCKMIA MNOAXOAbI OT/MYAKOTCA MpUHUMIManbHO. [Mpy onmncaHum
[BVKEHUA 4YacTULbl KaccuMyeckas (u3nka OorepupyeT MOHATUEM ee TPaeKTopuM, Torja Kak
KBaHTOBbIA MOAXOJ HacTaMBaeT BCEr0 /Wb Ha BEPOSTHOCTU OOHapYXXeHWs uYacTuubl (B
COOTBETCTBUW C NPUHLMMOM HEONpeAeneHHOCTN — YeM TOYHee BbIYMC/IEHA CKOPOCTb YacTuLbl, TEM
MeHee TOYHO M3BECTHO ee MECTOMOMOXKEHME). Ha KnaccnyecKoM A3blKe Mbl FOBOPUM, YTO 3M1EKTPOH
[BVKETCA, a BOT Ha KBaHTOBOM A3blKe TaK CKa3aTb Hefb3d. [paBuibHee roBopuTb, YTO 3/1EKTPOH
Haxo4muTCs B ONpPeAeNeHHOM COCTOSIHUM, OMUCLIBAEMOM HEKOel BO/THOBOM (YHKLMEN, AaroLuel
BEPOATHOCTb NPebbIBaHWS 3/1EKTPOHA B TOM WM MHOM MecCTe. B nmepBoM criyyae ypaBHeHWe
ABVKEHUS aBnsieTca  AnQdepeHUManbHbIM - YpaBHEHMEM W NIETKO pellaeTcs, a BO BTOPOM
TpeboBaHve AMdepeHUMPYEMOCT He  BbINOMHAETCA. MartemaTK — CKakeT, 4YTO Takas
BEPOATHOCTHAA TPaeKTopus HeanddepeHLmpyema.

Mo3Bosito cebe eLle oAHY unTaty u3 kHurn M. B. CaxuHa (ecniv Bbl, YntaTesb, He 03a004eHbl
(hopManbHbIMU BbIKNagKaMu, MOXETE Nerko MPonycTUTb 3TOT ab3au):

NTak, B KBaHTOBOV MeXaHWKE TPAeKTOPWS 3aMEeHSIeTCs MOHATMEM BEPOSTHOCTW HaliTy
yacTuly. B Teopuu Mons MOHATUE YaCTWLbl 3aMEHSIETCS MOHATMEM BeMMUMHBLI nons. OHo
XapaKTepuayeTcst aMnaUTyaoi, ha3oit 1 YacToTol. B KBaHTOBOV Teopuu Mons aMnauTyaa, dasa u
4acToTa KaKoro-NnGo Moss 3aMeHSIOTCS MOHATUEM BEPOSITHOCTU TeX XKe Be/IMUMH. B 06Lueli Teopuu
OTHOCWUTENBHOCTM POMb MOMSt UrpaeT reoMeTpusi MPOCTPaHCTBa-BpeMeHW. B Heli Heo6xoaumo
paboTaTb C BEPOSITHOCTbIO MMETb KaKyro-1nm6o reometputo. Ho B OTO reomeTpust fOmMKHa 6bITb
anddepeHUMpyemMoidi, a B KBaHTOBOW rpaBWTaLMKM, KaK Mbl BUAENM Ha NPUMEPE TPaeKTopum
YacTuLbl, 37O, BOOGLLE FOBOPS, He Tak!

MonyyaeTcs, Hawna Koca Ha KameHb. Teopusi OTHOCUTENbHOCTM W KBaHTOBas MeXaHWKa
YMOPHO HE >KenatT CTbIKOBATbCA Ha YPOBHE MNaHKOBCKMX BENNYMH. W ecnn Korpa-Hubyab mx
YAACTCS HEnpOTMBOPEUYMBO MOBA3aTb, TO TEYEHWE BPEMEHW B MUKpPOMUpe OyAeT OMnMCbIBaTbCA
cBoe0Opa3HOi  BOMHOBOM  (DyHKLMEN, 0003HaYaloLlel BEPOATHOCTb MNPOTEKaHWA HEKOEro
NMPOMEXYTKa BPEMEHM, XOTS 3TO 3BYYMT, MSAFKO TOBOPS, HECKOMbKO HeobbluHO. Bripouem,
paspeLleHne napafoKCOB KBaHTOBOW rpaBuTaLMK, BO3MOXHO, He 3a ropamu. OfHa M3 HOBeWLIMX
(hM3NYECKMX TEOopWil — TakK HasblBaeMasi Teopus CyMnepcTpyH — MOXO0Xe, O6eLlaeT CHATb
HeyCTpaHUMble MPOTUBOPEUNS MEXAY KBAHTOBOV MEXaHUKO 1 06LLEel Teopreil OTHOCUTENBHOCTY.
OG6 3Toli BeCbMa NOBOMbITHOM TEOPUM Mbl MOrOBOPMM B CNEAYIOLLEN TNaBe.

A NoKa Ans onMcaHus POXAEHWS HaLIero Mupa U3 HUYEro NPUXOAMTCS MpPUB/EKaTb caMble
o6LMe naen o KBaHTOBOW 3BOMOUMM BceneHHoM Kak uenoro. Mpu 3TOM JO/MKHbI BbIMOMHATLCS
HECKO/bKO YyCnoBuiA. Bo-mepBbix, 4TOObI tOHas HeonepuBLuasicds BceneHHas BbIMOpPXHyna W3
nycToTbl 6e3 3aTpaT 3HePrum, ee Macca A0/MKHa PaBHATLCA HYMKO. YyTb Bbille S YXKe nucan, uTo
NOMIOXMTENbHAA 3HEPrus MaTepuy CKOMMEHCMPOBaHa OTPULATENbHOW 3HEpPruein rpasuMTauun, a
NOTOMY MOSHas 3Heprusi BceneHHoM (a 3Ha4MT, U ee mMacca) OKasblBaeTCA PaBHOM HY/HO. 3aKOHbI



COXpaHeHUs B [aHHOM C/lyyae He HapyllalTcA. AHa/I0MMYHO Aen0 06CTOUT U C 3NEKTPUYECKUM
3apsagoM. HakoHel, BepOATHOCTb POXAEHUS BCENeHHOW W3 HU4Yero BblUMCNSETCA MNOLOGHO
nof6apbepHOMY MPOXOXKAEHUIO a/b(ha-4acTuLbl B pesy/bTaTe Mnpouecca TYHHenMpoBaHus. YTo
30ecb UMeeTcH B BULY?

Korga noTeHUMasnbHbIN 3HEpreTUYeckuii 6apbep MHOMO BbILe 3HEPrMM 4acTuubl, OHa,
Ka3aocb Obl, HX B KOEM C/ly4yae He CMOXeT ero npeofonetb. OAHAaKO KBaHTOBblE (PIyKTyauuu
BaKyyMa 3aCTaB/isitOT MepecMOTPeTb 3TOT BbIBOA. [MOCKO/IbKY B COOTBETCTBUM C MPUHLMMNOM
Heornpese/ieHHOCTU MOJIOXEHWE W SHEPTUIO YacTMLbl HEBO3MOXHO YCTaHOBUTbL OAMHAKOBO TOYHO,
Mbl 0053aHbl MPUHMMATb BO BHMMaHWE KBAHTOBble 3PYEKTbI, HEWU3BEXHO BAMAIOLME HA ee
nosegeHune. PaHO MM NO3AHO 3HEPrus YacTuLbl CyYaliHbIM 06pa3oM CKa4yKo0bpas3HO YBeNUUTCS
N CTaHeT OTHOCMTENbHO 6OMbLUON, B pe3ynbTare Yero NoTeHuMabHbIn 6apbep OyaeT NpeodosieH.
Mojo6HbIN  (beHOMEH [ABMXKEHWS MoBepx 0GapbepoB M3BECTEH B  (DM3MKe Kak npouecc
TYHHENMPOBaHWA. HeuTo B TOM e fyXe OfHaXAbl NPUK/OUNIOCE U C Hallein BceneHHOM: X0TA ee
MONHaA 3HEepPrus paBHANAChb HYMO, C/yyaliHble KBaHTOBble (IYKTyauuu MO3BOAWAN el
TYHHENMPOBaTb B CYLLECTBOBAHME U3 HUYETO.

NTaK, BbIHBIPHYB W3 NPOCTPaHCTBEHHO-BPEMEHHOM MeHbl, HOBOPOXAeHHas BceneHHas
HEKOTOPOe BPeMs pacrnyxasiia Co CBEPXCBETOBOM CKOPOCTbO (TEOPUS OTHOCUTENbHOCTM, Kak Mbl
MOMHMM, 3TOr0 He 3anpeLyaet, M60 OrpaHNYMBAET CKOPOCTb MEepeMELLeHNs MaTepuasibHbIX TeN), a
Korfa sHeprus MHPAaToOHHOro Nonsa ynaia Ao MMHUMYMa, NPOMN30LLIO POXKAEHWE BELLLECTBA B BUJE
ropsiyein nnasmbl. VIH(Asums 3aseplumnnacb, CMEHMBLUMCH OObIYHBIM pacLUMpPeHVEM, KOTOPOEe Mbl
Hab04aem Mo Cen [eHb.

PoxxaeHne BceneHHoO 13 KBaHTOBOW NeHbl NOCPeLCTBOM TYHHENIbHOMO Nnepexofa oTcTansaeTt
TEopusi BeYHON (MM XaoTUYECKON) MHPnauMmM AHgpes JinHae. PasymeeTcs, TepMUH «BeyHas
VHNALNSA» HeNb3s TONIKOBaThb B OYKBa/IbHOM CMbICNe. H(PAALMOHHAsA CTaans BeYHa POBHO B TOM
XXe Mepe, B KaKOW BEYHbI, CKaXXEM, 3/IEMEHTAPHbIE YaCTULbI, XOTA KaXK4as U3 HUX POXKAAeTCA U B
CBOI cpoK norunbaet. Hawa BceneHHas Haxoamnachk B MHNALMOHHON (hase BMOMHE KOHEeYHoe (M
OYeHb HENPOAO/HKUTENILHOE) BPEMS,, HO MMUpPO34aHue OAHOW TOMbKO Halleid BceneHHoOW He
ncyepnbiBaeTca. BCeneHHbIX CyLECTBYET BEIMKOE MHOXECTBO, OHU HEMPEPLIBHO BbIHbIPMBAOT 13
MPOCTPAHCTBEHHO-BPEMEHHOW MeHbl 32 CYET KBAHTOBbIX (PNYKTyauuu. ITOT MPOLECC ClydaeH,
XaOTMYEH N He MMEET HWM KOHLA, HW Havana. OfAHW BCE/EHHble CX/I0MbIBAtOTCS, efBa YCMeB
POAUTLCS, APYrue pacTyT, 0CTaBasCh MYCTbIMU U MEPTBbLIMM, MOCKO/IbKY 3aKOHbI B HUX TaKOBbl, YTO
3anpeLatoT BO3HUKHOBEHWE CNOXHbLIX CTPYKTYP, TPETbM NPeBpaLatoTca B CBOEro posa (haHTOMbl,
Mb0 NULLEHbI BPEMEHWM W pas3BUTMSA, a 4YeTBepTble 3amosIHAKTCA 3Be3famu, ranaktukamm u
nnaHeTamu. Mo cYacTAMBOMY CTEUYEHMO 0BCTOATENLCTB Mbl XXMBEM MMEHHO B TakKoil BceneHHOM.
Monpobyem NOSICHUTL MeXaHU3M BEYHOW UHMAALMMN HA KOHKPETHOM MpUMepe.

B nnaHKOBCKMIA MOMEHT BpeMeHu (10-43cekyHf), elle [0 Havana UHMNALMK, rsnyeckue
npoLueccbl  ycrenuM pacnpocTpaHUTbLCA  MakCMMyM Ha  PacCcTosiHMEe  MIaHKOBCKOW  [JIHBI
(10-33caHTUMeTpoB). TONbKO B TakOM 3/1EMEHTapHOM 06beMe K Hadany UHMAAUUKA MOT/o ObITb
[OCTUMHYTO TepMOAMHaMM4yeckoe paBHoBece. OfHaKO (hakTuyeckue Maclitabbl BceneHHOM He
06513aTe/IbHO A0MKHbI OrpaHMuMBaTLCA NIAHKOBCKOW [A/IMHON; BMOSIHE BEPOSTHO, YTO OHMW Oblnn
HaMHOro 60sbLLUe U NPeAcTaBNAM co60 Habop KpoLLeYHbIX 061acTeid, Kakaas U3 KOTOpbIX nmena
pasmep, NpueAn3NTeNbHO paBHbIA 10-33caHTMMeTpaM. Bee 3T 06nacTu 6b1in M30AMPOBaHbI ApYT
OT Apyra, NOTOMY YTO CBETOBOMY CUrHasly MOMPOCTY HE XBATWU/I0 BPEMEHW NMPOHUKHYTb U3 OLHOM
obnact B Apyryto. CneposatefibHO, (U3MYECKMe YCNOBUA B pasHblX 00/1acTaX 3aMeTHO
pasInyaINCb, MEHAACh OT 06/1aCTU K 06/1aCTM XaOTUYECKU. DHEPreTryeckass MaoTHOCTb BHYTPU
3/1leMEHTAPHBIX K/IETOYEK TOXE CYLLECTBEHHO pasHM/IaCh.

BcnoMHuMm ele pa3 6ecnopsgoqHo pasbpocaHHble CHEXKU Ha TOPHOM CK/IOHe: OfHW nexar
nouTW y caMoro Kpas nponactu, a Apyrve yaaieHbl OT Hee Ha 3HauuTeNlbHOe paccTosiHue. B
OrPOMHOM OONbLUNHCTBE C/Ty4aeB CHEXHbIA KOM GeCnpensTCTBEHHO CKaTbIBAETCA BHWU3 U JIErKO
[OCTUraeT TOYKM MUHMMYMA. B Takux «BnaronosyyHbix» 061acTaX WHMNALMA 3aBepLuaeTcs
CPaBHUTE/IbHO 6bICTPO (KaK Mbl MOMHUM, OHa MPOLO/HKAETCA A0 TeX MOp, NMOKa CHEXOK HaX04UTCS
Ha Mnato) U CMeHseTCcsa GaHa/IbHbIM pacLunpeHnemM no 3akoHy ®puamaHa — Xab6na. Ho kapTuHa



OC/IOXHSETCS TeM, UYTO OTAe/lbHble KOMKMW MOJ, BAMSHUEM Cly4YailHbIX KBaHTOBbIX (DYKTyaumu
MOryT nMepemeLlatbCad W B MPAMO MPOTUBOMOMIOXKHYK CTOPOHY, [OCTUras HeBoobpasvMbIX
CKOpPOCTEN, MOCKO/bKY MPOLECC pasfyBaHUS pa3BMBAeTCA MO 3KCMNOHeHTe. B Takmx o6nactax
NHMNALMA He 3aBepLUNTCA HUKOTJa.

YTo6bl BOO6Pa3nTb 3TO CKOMbKO-HNOYAb HarfsgHo, NpeAcTaBbTe cebe Pe3svHOBLIN NUCT UK
NOIMITUNEHOBYIO NMIEHKY, pacyepUeHHYI0 Ha KNeTKM Hanogobue waxmaTHOM AOCKW. Kaxpoe u3
nosien, COOTBETCTBYIOLWMX B [AHHOM C/lyqae 3/1EMEHTApPHOMY [M/1aHKOBCKOMY 00beMy, MOXHO
PacTAHYTb KaK YrofHO CW/IbHO WK, HA060POT, OCTaBUTb B HEMPUKOCHOBEHHOCTWN. B pesynbrare
Mbl MOMly4MM 3anyTaHHbIA KOHrOMepaT, COCTOAWMA M3  (hparMeHTOB eAMHOro  Lesoro,
AehOpMMPOBaHHbIX  Cyryoo  MHAMBUAYanbHO.  «CMOKOWHbIA»  y4yacTOK, TFAe  MH(Asums
[aBHbIM-aBHO MpuKasana [ONr0 >XWTb, MOXET OblTb OKPY)XXeH OGecUMC/IeHHbIM KONYEeCTBOM
obnacTel, HaxOAAWMXCA B COBEPLUEHHO pa3HbIX pPeXuMmax: B OLHWUX pas3fyBaHue Ccpasy Xe
3ax/1ebHynocCk, a B APYrux NpoLo/HKaeTcs 40 CUX nop.

Moatomy pasmep Habnwogaemoii HblHe BceneHHol (MeTaranakTuku), COCTaBASHOLMIA
1028caHTMMETPOB, YTO MPUMEPHO COOTBETCTBYET 10 MUMapAaM CBETOBbIX JIET, MOXKET OKa3aTbCA
HWYTOXHOM YacTbl0 MMPO3LaHNs B LIe/IOM. Tam, 3a rOpU30HTOM COOBITUIA, XXMBYT-MOXMBAIOT MUHble
MUPbI, HUKaK He COOTHEeCeHHble C Halleli BceneHHOW. VI XOTA (hopmMasibHO OHW C HEK CBfA3aHbl
6eccnopHbIM (PaKTOM O6LLHOCTU NPOUCXOXAEHUSA, C (IM3UYECKON TOUKN 3PEHUS OHW ABNSAKOTCA
«BeLlaMu B cebe», M0 He MMEKOT HMKAKOro KacaTe/lbCTBa K Hallelh BceneHHo. CueHapuii BeUHOMN
CTOXaCTUYeCKON (BEPOSATHOCTHOMN) MH(IALMMN OMUCLIBAET BCE BO3MOXHbIE BCE/IEHHbIE, KOTOPbIE B
3BECTHOM CMbIC/le CYLLECTBYHOT «TAe-HNBYab» B NPOCTPAHCTBE.

A. A. CTapobuHCKuiA, u4neH-koppecrnoHAeHT PAH © rnaBHbIA Hay4HbI COTPYAHMK
WHcTuTyTa TeopeTnyeckon usmkm nm. J1. [. JlaHgay, 3a4aetca npocTbiM BOMPOCOM:

KakoBo npakTunyeckoe 3HaueHne BCero aToro? Mbl He MOXXEM BUAETb 3TV APYr1e BCEEHHbIE,
MO3TOMY K HOBbIM HabnoaaTeNlbHbIM 3(i)eKTaM 3TO He NPUBOAUT (MM Mbl ELLEe He Hay4nInuCh X
HaxoauTb — CreayeT MpuU3HaTb, YTO LeNbHAsA TeopeTnyeckas KapTMHa MeTaBCeeHHON elle He
paspaboTaHa). OgHaKO C M1POBO33PEHYECKOM TOYKM 3PEHNS SICHO, UTO BCE ropsyve npegblaylme
ANCKycCMM 06 «OAHOKPATHOM POXXAeHUWM BceneHHoW» Obinn HavBHbIMKU. CTano fCHO, YTO Halla
BMAMMas BceneHHas eCTb MLWLb OfHA U3 BO3MOXHbIX peann3aLmii BCENEHHbIX, KOTOPble NOCTOSHHO
nponcxogsaT B MeTaBCeNieHHOM B pasHbIX MecTax NpoCTpaHCTBa (M AaXe B HEKOTOPOM CMbIC/E B
pasHbIX BPEMEHax — BPeMS B APYrMX BCENEHHbIX, BOOGLLE roBOps, He 0683aHO KOPPENMpPoBaThb CO
BPEMEHEM B Hallieit BceneHHoN).

KOpoTKO MOAbITOXMM CKa3aHHOe. POXAeHue KNacCMYecKoro MnpoCTpaHCTBA-BPEMEHN W3
KBaHTOBOW MeHbl ObIN0 CNeACTBMEM CNy4YailHON KBaHTOBOW (hiyKTyauuu, a BO3pacT BceneHHOW
cocTaBnsn Torga npumepHo 10-43cekyHn. AvameTp BceneHHoi B Ty nopy 6Obln YyTb 60/bLUe
10-33caHTMMETPOB, a MOTHOCTb 3TOr0 MMKPOCKOMMYECKOrO CrycTka AocTurana YyAoBULLHON
Be/iMuMHbl — 1093r/cm2(TaK HasblBaeMas MIaHKOBCKad MIOTHOCTb, MaKCUMa/bHO BO3MOXHAasA B
npupoge). Temnepatypa ToXe Oblna nof crtatb — okono 1032rpagycosB KenbBuHa. B xopge
NUHDNALMKW,  MPOAO/IHKUTENBHOCTL  KOTOPOW  COCTaB/isifia  HECKO/IbKO  MJIAHKOBCKUX — BPeMeH
(10-43- 10-37cekyHf), Temriepatypa MeHs/acb B OYeHb LUMPOKUX Mpefenax, ObICTpo najas fo
Hynd. CTpeMuTenbHOe pasfyBaHue BbIFIaAWN0 MNPOCTPAHCTBO WM CAENasio ero npakTuyecku
OHOPOAHbLIM MO BCEM Harpas/eHUAM. Jroxa UHPAAUUN — 3TO B OCHOBHOM XO/04HasA CTafums,
3/7IEMeHTapHbIX YacTUL, eLlle HeT, a MaTepus npeacTaBneHa CKanapHbIM NHPIATOHHBIM MOEM.

Korga wH(pnaToHHOE Mone AOCTUIIO0 MUHUMYMa MOTEHUMANIbHOW 3HEepruun, npou3oLo
POX[EeHWe BeLLEeCcTBa B BUAe ropsyvein nnasmbl U3 KBapPKOB, MHOOHOB, 3/IEKTPOHOB U UX aHTUYacTuL,
BceneHHas BHOBb pasorpenacb A0 BecbMa BbICOKMX TemrepaTyp nopsaka 1026— 1029rpasycos
KenbBrHa. DKCMOHEHUMaIbHOE pa3fyBaHMe CMEHMWI0Cb 0ObIYHBIM HETOPOM/IMBLIM PacLUMPEHNEM
Nno 3aKoHy Xab66na, 4TO BOCNPUHMMAETCA Hamu Kak Bosnblioil B3pbiB. PaHHSAs BceneHHas



npefcrasnsna Ccob0M CBOEro poja ropsyuMiA  KBapKOBbIA  CyM: BbICOKas TeMmrneparypa
NpensTCcTBOBaa UX 00bEAMHEHUNIO, & MOTOMY KaXKAbI/ KBapK XXM/ CaMOCTOATE/IbHOW YKU3HbHO. 10
Mepe nafeHusi Temrnepatypbl OHW Hava/M O0O0bLeAMHATLCS B HYK/IOHbI, TaK KakK CyLecTBOBaHMe
KBapKOB B BMAe CBOOOAHbIX YaCcTuML, MPY OTHOCUTE/IbHO HU3KMX TeMnepaTypax HeBo3MOXHO. Korja
BceneHHas octbina npumepHo o 1011- 1012rpagycos KenbBrHA (€€ BO3PacT B Ty MOPY COCTaBAN
10-4cekyHf1), CBOOOAHBIX KBApPKOB B MPUPOAE He OCTasIoCh — BCE OHW 00BbeAVUHWUANCH B MPOTOHbI U
HEMTPOHbI. ITOT NPOLIECC NPUHATO HasblBaTb OGAPUOCUHTE30OM, WM KBAPKAAPOHHbLIM (ha30BbIM
nepexofoM. K aTomy BpemeHu MpoCcTPaHCTBO OHOM BceneHHOM npeBpaTuioch B MyCTYHO Kally 13
NMPOTOHOB, HEMTPOHOB, 3/IEKTPOHOB, HEMTPUHO U (DOTOHOB, & TaKXKe MX aHTu4yacTuy. OfHako BOT
YTO NHOOOMBITHO: €CIM YaCTUL, U aHTUYACTUL, MO OKOHYaHWM MH(AAUMK BbiNo MOPOBHY, TO OHU
HEMUHYEMO A0/DKHbI OblIM 6bl B3aMMHO YHWUTOXMWTHLCA B MPOLLECCe aHHUTMNALMKU, U Torga
CTPOUTENBLHOIO Martepuana, HeobxoAMMOro 419 06pas3oBaHusA 3Be3f, ralakTvK Aa M Hac C Bamu,
3leMeHTapHO He XBaTuio Obl. Jpyrumu cnoBamu, MoYemy MPOM3OLLIO HapyLleHWe CUMMETPUM
MeXZay YacTvuamm n aHTuyactTmuaMmn?

NTak, 3aKOHbl MpUpoAbl OAMHAKOBbLI 419 4acTWL, M aHTU4YacTuL, a NOTOMY Hernoxo Obl
pa3obpartbCs, Kakum 06pasoM BO3HWK GapUOHHbLIA M30bITOK. Ha BCAKWIA crnyvail 3ameTuM, 4TO
OKOHYaTe/IbHOrO OTBETa Ha 3TOT BOMPOC HET, UMEETCA HECKO/IbKO Bepcuil, 60nee uinm MeHee
ybeanTenbHbIX, N KaX4as U3 HUX TPebyeT MpUBMIEYEHNS CNOXHOIO MaTemMaTW4yecKoro annapara.
[Mo3TOMY OrpaHNyYMMCs YNPOLLEHHOW MOZESbIO, KOTopast, OAHAKO, MOMOraeT NOHATL CyThb fena.

BBeefeM runoteTnyeckoe rnose, OAMHAKOBO B3aMMOLENCTBYIOLLEE KaK C YacTuuaMn, Tak U C
aHTM4acTMuamm, 1 0603HauMM ero rpedeckor 6ykeoi 0. M306pa3um ero rpaduyeckun, B Buae
napabonbl. Heprua nons 6yLeT MakCMMa/bHON Ha ee BETBAX M MUHUMaIbHON B 06/1acTV AHa, B
TOYKe, Nexalein Ha ocu abcumcc. [ns HarnsagHoOCTM MOXHO MpefcTaBuTb cebe amy wam
KaKoW-HMOYab COCYA, CKaXXeM, Nuany Wan pacluMpsIoLLMACA KBepxy (yXep C OKPYr/biM AHOM.
[MOMEeCTMM Ha BHYTPEHHIOK CTEHKY MWasibl LWapUK WU MPUMEM, YTO ero 3Heprus Tem 60sbLue, Yem
BblLLIE OH pacnosioxeH. CKaTbIBasACb KO AHY MWasibl, LLIAPUK TEPAET SHEPTUIO.

Tenepb BCMOMHWM, YTO B MOMEHT POXAEHWA Hallei BceneHHOW NAOTHOCTb 3Heprum 6biia
BeCbMa BenvKa. B panbHeillem OHa BCe Bpems Nafgana, CTPEMSACb K HY/M0, a 3HEeprus nons
Nnepexoanna B 3HEPrui0 PoXKAAKLWMXCA 4YacTuy,. B Hawel mofeny aHTU4acTuy, JO/HKHO ObITb
HEMHOro MeHblle. Ho Kak 3Toro fobutbcsi? peanonoXxum, 4To 4acTuubl POXKAAKTCA Npw
[BWKEHUM NONSA NO N1eBOM YacTy napabosbl, a aHTUYacTULbl — No NpasBoi. KapTuHa npogo/mkaet
OCTaBaTbCs BMOMHE CUMMETPUYHON: HN YaCcTULbl, HA UX GAN3HELbI-aHTUNOAbI HE UMEKOT POBHbIM
CYETOM HMKAKMX NPENMYLLECTB, MOCKO/IbKY KBaHTOBasA (hyKTyauus — 3apoAblll Halleld BceneHHoM
— C paBHOW BEPOSTHOCTLIO MOXKET BO3HMKHYTb KaK Ha /1IeBOI, TaK M Ha MpaBoW BETBU. A Tenepb
NMOCMOTPUM, YTO NPOM30MAET AasbLUe.

O6 3TOM X0pOLLO M NPOCTO pacckasbiBaeT C. I". PyouH:

MOMEHT UCTWUHbI HAaCTYMaeT MMEHHO NPU POXAEHUN Halleil BceneHHOW. Ecnm Mbl XXMBEM BO
BceneHHoM, cnyyaliHO pOAMBLLEIACS HA IEBOIA BETBM, TO MPOMCXOANNO criegytouee. Mone HaunHaeT
ABUraTbCS BHU3 U MOPOXAATb YacTULbl. 3aTEM OHO «MPOCKAKMBAET» MOMOXKEHWE MUHMMYMa U
3abmpaeTca Ha MpaByl BeTBb Mapabofibl, HO YaCTb €ro 3HEPruM YXXe OTfAaHa yacTuuam, U OHO
NMOAHUMETCA HMXKE Haya/lbHOro 3HauvyeHus. M03ToMy, KOrja HauMHaeTCs [ABMXKEHME 06paTHO K
MUHUMYMY NOTEHLMANbHOM 3HEPrK, NOME MOPOXAAET aHTUYACTMLIbI B MEHbLLEM KOIMYECTBE. ITK
3aTyxatowiye KonebaHus NPoJOKalTCA [OBOMbHO [ONT0, Y CYMMapHOe KOMIMYecTBO 4acTul,
KOHEeYHO, He OyfeT coBMajaTb C KO/MMYECTBOM aHTMYacTML, — MNPOCTO MOTOMY, YTO CBOWM
POXXAEHNEM Ha NIeBOV BETBM NMOTeHUMana BeceneHHas Hapywmna CUMMETPUO TEOPUN. DTO MMEHHO
TO, Yero mbl 1 gobmeannce! Kctatn, ecnm 6ol BeeneHHas ciyyaiiHo pogunack Ha NpaBoii BETBU, TO
Y Hac AOMMHMPOBaN Bbl aHTUYACTULbI. Mbl COCTOSIN Obl U3 @aHTUYACTML, HO, KOHEYHO, Ha3blBa/IN
Obl X «4acTULLAMMN».



N TbmMa npuwna

BeTep Ham yTeLleHbe NpuHec,

1 B nasypwm nouysnm Mol

Accupuitckue Kpblnbs CTPEKo3,

Mepebopbl KONeHYaT Ol ThMbI.
Ocun MaHzensLwtam

Mpedblgylwias rnasa MOYTU LEUMKOM 6blia MOCBALEHA [aieKOMy MPOLLIOMY  Hallei
BceneHHoi. KapTrHa BbIpMCOBLIBAETCS CTPaHHas, Heslenas v HEMHOIO nyraroLlas: orpoMHbIA MUp,
HaceneHHbIi 6ecUMC/ieHHbIM MHOXECTBOM 3Be3f, W rafakTuK, BO3HUK OYKBa/IbHO W3 HUYEro,
NPaKTUYeCKM W3 MYCTOTbl, U3 KAKOW-TO HUYTOXHOW KBAHTOBOW (ykTyauun. OfHako U B
COBPEMEHHOM COCTOSHUM BceneHHOW ToXe XBaTaeT CTPaHHOCTER, U NepBoe MeCTO Cpeau HWUX No
npaBy MPUHALNEXWUT 3arafike CKpbITOM MacChl, KOTOPYHO Ha3blBAKOT TakKXXe TEMHON MaTepuen, u
TEMHOW 3Heprum (He NyTaTb CO CKPbITO MAcCo).

HabntofeHna ABYX NoCnefHWX LecATUNETUIA MoKasaan, YTO Ha A0/ 06bIYHOro BMAMMOIO
BeLlecTBa — MPOTOHOB, HEWTPOHOB, 3MEKTPOHOB M (DOTOHOB — MpUXOAUTCS He 60nee 4 %
rpaBUTaLMOHHON  Maccbl-3Heprunm  BceneHHoW  (TO  eCTb  MacCbl-3HepruuM,  Co3faroLLei
rpaButauuoHHoe nose). OcTaibHble 96 % — 3TO Hekas 3arafovyHas cybcTaHums, KoTopas He
M3/ly4aeT M He MNOr/nowaeT cBeTa, a ee MNPUCYTCTBME MOXHO OOHapy>XMTb TO/IbKO /Wb MO
CO34aBaeMOMYy €0 rpaBUTaLMOHHOMY No/o. OHa HWKaK He B3aMMOLEWCTBYET C OObIYHOWA
maTepuent, Tak YTo AMUTET «TeMHas» CneayeT NPU3HaTb He COBCEM YAaYHbIM: C TAKUM XKe YCMEXOM
ee MOXHO ObIfI0 Ha3BaTb «MPO3PAYHON» WU KHEBUAUMOMN». [pyrMmn CnoBaMu, BENMYECTBEHHbIN
X0pPOBOZ, HEOGECHBIX CBETW, KOTOPbIA MCMOKOH BEKOB U3YyYasii JOTOLUHbIE aCTPOHOMbI, Ha MOBEPKY
OKa3a/ICAd HMYTOXKHON HaABOAHOW YacTbHO ailcbepra, MOKOSALIENCS Ha HE3PUMOI TEMHON rNblbe
HeBeflomMo 4ero. O (hr3nMyeckoW npupoge 3TOro GecnnoTHOro, HO BECbMa YBECUCTOro npu3paka
COBpPeMeHHasi HayKa He MOXET CKa3aTb HW4Yero onpegeneHHoro. bonee Toro, COBCEM HefaBHO
BbIACHW/IOCb, YTO TEMHAsA U3HAHKA Hallero Mupa HeoHOPOAHA 1 pacnajaeTcs, B CBOK O4vepelb, Ha
[iBe KOMMOHEHTbI, BECbMa Pa3/IMyHbIe NO CBOMM CBOMCTBaM: TEMHYIO MaTepuio (OHa XKe — CKpbITas
macca), COCTaBNALLYIO NMPUMEPHO 25 % CyMMapHON MacCbl-3HEPrn, U TEMHYH 3Hepruto (71 %).
OfHako 060 BCeM M0 MOPALKY.

MepBbIi 3BOHOYEK, CBMAETENLCTBYIOLWMIA O TOM, YTO He BCe NafHO B AaTCKOM KOPOJ/IEBCTBE,
npo3seHen ewle B 1933 rogy, Korga aMepukaHCKWIA acTPOHOM LUBEMLAPCKOro NPOMCXOXAEHMS
®puy LIBUKKM 3agyman M3MepWUTb MOMHYK Maccy rpynnbl rafaktuk rno ux csetuMoctu. OH
MOCTYNMA NPOCTO: MOACYMTaN KONMYECTBO 3BE3[, B KXKAON ranakTuke v YMHOXWU 3TO YMCNO Ha
CpefHIOI Maccy 3Be3fbl. Kasanocb 6bl, HafeXXHbl U NPOBEPeHHbIN MeToh. OfHaKo [Apyrou
MOAXOA, OCHOBaHHbI Ha 3aKOHe BCEMUPHOrO TATOTEHWA W OLEHKe CKOPOCTel 3Be3d, Aan
HeconocTaBMMO 60/bLUYHO BE/IMYMHY Macchl. LIBUKKM nogmeTu KpaliHe Nt060MbITHbIE aHOMa/IUK B
OBWKEHUM OTAeNbHbIX ranakTUK BHYTPU CKOMAeHusi. Jlobas cnyyaliHO B3siTasd ranakTuka
[BUranacb Takum o6pasom, C/I0BHO 06Las Macca CKOMEHUS 3HAYMTENbHO MPeBOCXOAMNa CyMMy
Macc BXOJALMX B HEro ranaktuk. MocKobKy Cein u3psaHbIi «L0BECOK» HEBUAMM U MOXET ObiTb
O6Hapy>XeH TO/MIbKO MO XapakTepy rpaBMTaLMOHHbLIX BO3MYLLEHWIA, LIBUKKW MpPeasiokun HaseaTb
ero TEMHOW maTepuei.

B T0 Bpemsa Hay4Has 0O6LLECTBEHHOCTb OTpearnpoBasia Ha NpesnoxeHne LIBUKKN [LOBO/bHO
BANO, U TONbKO 40 NET CNyCTA O CKPbITOM Macce 3aroBOpUIn BHOBb. B 70-X rogax npoLusioro Beka
aHoManMu, MofO6Hble TeM, Kakuve O6Hapy>XW/ aMepuKaHCKUA acTPOHOM, ObiNN BbISBNEHbI B
CnupasibHbIX ranakTukax. Kak n3BecTHO, CnvpaibHble raflakTUKK B OT/IMYME OT ranakTuK 4pyroro
TMNa (3NNMNTUYECKMUX N HenpaBW/bHbLIX) BPaLLatoTCA, OLHAKO 3TO BpALLEeHMEe He WMEEeT HWUYero
06LLEero ¢ BpaleHneM LeTCKOro BO/YKa UKW oMbl [anakTKa He ABMASETCA CM/IOLHBIM TBEPAbIM
TE/IOM, a COCTOMT U3 [eCATKOB MUINNaPLO0B 3Be3f, KaKaas M3 KOTOpbIX ABVKETCS cama Mo cebe,



ONUCbIBasA 3aMKHYTYHO KPUBYKHD BOKPYr ranakTuyeckoro ueHtpa. OTclofa cnefyet, 4to B
COOTBETCTBUW C 3aKOHaMV HEGECHOM MexXaHWKN CKOPOCTb 3Be3fbl N0 Mepe ee yaaneHus OT LeHTpa
[O/MKHa nagatb. Bo BCAKOM cnyyae, nnaHeTbl COMHEYHON CUCTEMbI Be4yT Ce6s MMEHHO TakK: YeMm
Janblue nnaHeTa otcTout oT CosHLa, TeM HUXKe ee opbuTasibHas CKOPOCTb.

A BOT [BWXeHMe 3Be3[ B CNUpasibHbIX rafakTMKax Mo HEMOHATHOW MNpUYMHE 3TOMY
HENPeoXXHOMY 3aKOHY He MOAYMHAETCH. ACTPOHOMMUYECKME HAbMOLEeHUSA CBUAETENbCTBYHOT O
TOM, YTO CKOPOCTb BCEX 3Be3[, HauyMHasa C HeKOTOpPOro PacCTOAHWA OT LeHTpa, CTaHOBUTCA
MOCTOSHHOW BENMYMHON. Kak paspewunTb 3Ty MaonpuATHYIO cuTyaumio? Monoxa pyKy Ha cepaue,
BbIGOP Y Hac HeBenMK. OAHO U3 ABYX: MO0 MacChl raakTUK OLEHNBaKOTCA HEBEPHO, MO0 3aKOHbI
HblOTOHA He YHMBEpCa/IbHbI U MOTYT NpY ONpeAeneHHbIX YCOBMAX HapyLlaTbes. BTOpoi BapuaHT
BbIFNALUT C/IMLIKOM 3KCTpaBaraHTHO M 60/bLUMHCTBOM YUeHbIX BCepbe3 He pacCMaTpuBaeTCs, X0TA
OTAE/IbHbIE ePeTUKN OT (PU3VKM [OMYCKAKT TaKylo BO3MOXHOCTb. CKaXeM, M3paunibTAHUH M.
MuWNbrpoM  CpaBHUTENbHO  HEAABHO  MPefioKWN  TUMoTe3y,  MOMYYMBLUYKO — Has3BaHue
MOAN(ULMPOBAHHOM HbOTOHOBON AnHamnkn (MOHL). CornacHo 3TOi runoTese, ABVXKEHME
3Be3[, 06/1aK0OB MEX3Be3[HOro rasa v Apyrnx 06beKTOB BO BHELLHUX CMOAX CNUPa/IbHbIX FraakTUK
MOAYMHAETCA He 3aKOHY HbtoTOHa, a 60ee 06LLEMY 3aKOHY, KyAa HbIOTOHOBA MeXaHVKa BXOAUT
KaKk YaCTHbIA Cnyvail. YCKOpPeHHOe [BWKeHue 3Be3f O0O0bACHSAeTCs TeM, 4YTO Ha 60/bLimX
PacCTOAHMAX OT raflaKTUYeCKOro LeHTpa 00blYHbIA 3aKOH HbHOTOHA He BbIMOHAETCS, NMOCKO/bKY
Cvna TArOTEHNA NPUOBPETAET MHYIO BENTNUNHY.

TemM He MeHee 6O0/LLUMHCTBO CMELMASIMCTOB TOYKY 3peHus Munbrpoma He pasfensior.
MoganpumunpoBaHHas AUHaMUKa HE TOSIbKO TPELIMT MHOXECTBOM OTKPOBEHHbLIX HATSXeK, HO U’
MI0X0 COrflacyeTcs C faHHbIMU HabnoaaTeNbHOM acCTPOHOMUK (Tak, OHa He B cuiax 06bACHUTb
XapakTep [BVXEHWA BeLLeCcTBa B CKOMIEHUAX ranakTuk). Moatomy noytv Bce acTpodusnKu
CK/TIOHHbI 06BACHATL aHOMaNNK B ABVXKEHWMN 3BE3[, NPUCYTCTBMEM HEBUAUMON (TEMHOI) MaTepuu,
KoTopas Nofgo6HO OrpoMHOMY CepuyeckoMy 00/1aKy OKYTbIBaeT KaXAyH ranakTuky. PacueTbl
MoKas3blBatoT, YTO B CNy4yae Hallel ranakTuku guaMeTp Takoro rano Jo/mkeH 6biTb He MeHee 300
TbICAY CBETOBbIX JIET, TO €CTb B TPW pasa NpPeBoCXoauT avametp MneyHoro Mytu.

Ho kakoBa BCe-Takun (hu3nyeckas Npupoaa aTol HeoObIYHON Cy6CTaHLMK, Ha 400 KOTOPOWA,
KakK Mbl MOMHUM, nNpuxoanTtcs 25 %, — B LWWECTb C /IMWHUM pa3 60/bLue, YeM 00bIYHOMO BELLECTBa,
n3nyyarowero ceet? Bo-nepsbiX, KaHAMAaTaMn Ha pofib HOCUTENEN CKPbITOM MacChbl MOTYT ObITb
KOMMaKTHble Tena, Tak Ha3blBaeMble MACCUBHblE aCTPOPU3NYECKME KOMMAKTHble 00BLEeKTbl B rano
anakTkm — Massive Astrophysical Compact Halo Objects (MACHO). K uncny Takmx TeMHbIX
06pa3oBaHNin OTHOCATCA YepHble Ablpbl, KOPUYHEBbIE Kap/IMKK, CTapble HEWTPOHHbIE 3Be3fbl,
o6naka 13 €nabo B3anMOLENCTBYHOLLMX YaCTULL U, BOSMOXHO, 6enble Kap/nMKn. Bce OHM He JO/MKHbI
CBETUTLCH, B MPOTUBHOM Cyyae uX Obl JaBHbIM-4aBHO 06HapYXunn. KopuyHeBble Kapivku — 3To
HeYTO cpefHee MeXAy rasoBbIMW MJiaHeTaMU-ruraHTamm n HeboNbLUUMWU NIErKUMI  3Be3[aMu.
Macca Takoro 06bekTa He [o/mkHa npesbiwaTe 10 % maccbl CoMHUA, MHaye BHYTPU HeEro
BCMbIXHYT TepMOSALEPHbIE peakuun, KOTopble MPUBEAYT K W3NydYeHWHO CBeTa. YepHble Abipbl U
HEWTPOHHbIE 3Be3fbl, MNPETEHAYIOWMe Ha pPofb KOMMAKTHbIX OOBLEKTOB, TOXE  [O/DKHbI
Y/[I0B/IETBOPATH ONpeAesieHHbIM YCNoBMAM. [NMepBble He MMEIOT npasa ObITb CIMLIKOM MacCUBHBLIMU,
MOCKOJ/IbKY M3/lydeHMe OT MajatoLlero Ha HUX BellecTBa Hemef/leHHO BblJacT MX C rOfI0BOWA, a
BTOPblE AOMKHbI MMETb BECbMA COMMAHDBIA BO3PACT, TaK KakK TOMbKO CTapble HEMTPOHHbIE 3BE3ApbI
MPaKTUYeCKn He U31y4atoT U MOTOMY HEBUAMMBI.

Mop AencTBMeM CU rpaBUTaLMM TEMHAA MaTepusi pacrpeaenseTcs HepaBHOMEPHO, NONPOCTY
roBopsi, CKy4mBaeTcsi, MOLOOGHO OObIYHOM MaTepuu, U acTPOHOMbI M3y4aloT XapakTep 3TOro
pacnpefeneHns  pas/iMyHbIMA  METOJaMu — MO0 KPWMBbIM  BPALLEHUS  ranakTuK, UX
KpynHoMacLuTabHOW CTPYKType, rpaBUTaLMOHHOMY IMH3MPOBaHUIO U TakK ganee. Mo nocnegHnmM
MOHMMAETCS BO3HWKHOBEHME NIOXKHbLIX M300PaXKEHWUIA, TaK Kak MOMs TAFOTEHWUS CKPbITO Macchbl
NCKaXKalOT TPAeKTOPUIO [ABWKEHWUS CBeTa OT JaleKMX WCTOYHMKOB. OfHako HabnoaeHus
MOKasblBalOT, YTO OAHUX TONbKO KOMMAKTHbIX OOBLEKTOB SBHO HEAOCTATOMHO A/ YCMELHOro
paspeLleHns npo6siemMbl TEMHOW Matepun. [103TOMY (DM3MKW, 3aHUMAKOLLMECH WU3YYEHWEM
3NeMeHTapHbIX YacTULl, NonaratoT, YTO (DEHOMEH CKPbLITON MacChl CBS3aH B MEPBYO oYepedb C Tak



HasbiBaeMbiMn WIMP — Weakly Interacting Massive Particles (cnabo B3anMOLeiCTBYHOLLMMU
MacCVMBHbIMM YacTuuamn). ITU TUNOTETUYECKMEe YacTuLbl MOKa He O6HapyXXeHbl, U TO
06CTOATE/ILCTBO, YTO OHWM KpaiHe €nabo B3aMMOLEWCTBYHOT C BeLLECTBOM, CO3f4aeT 60/blume
TPYAHOCTW 4151 JOKa3aTeNbCTBa MX CYLLECTBOBaHUA. Takme YacTuLbl MHOrAA Ha3blBatOT XONOLHOM,
NN HepensiTUBUCTCKON, TEMHON MaTepueit, NMOCKO/IbKY OHW [BMXKYTCS CO CKOPOCTAAMU, MHOIO
MEHbLUMMU, YeM CKOpOCTb cBeTa. OfHAaKO WX HEeTOPONAMBOCTb C JIMXBOW MCKyMaeTcs BecbMa
MPUIMYHON BECOMOCTbIO, MO0 Macca cnabo B3aMMofencTByroWmMx Yactuy B 1000 n 6onee pas
MPeBOCXOAUT Maccy aTtoma BOA0pPOZa.

KcTtatu, noM1mo X0no4Ho BO BcenleHHOM NPUCYTCTBYET U ropsvas TeMHas mMatepusi B BUAe
PE/IMKTOBBLIX HEMTPUHO C HEeHYNeBOW MAacCOi MOKOSA, HO MX BKMaj B MOJHYK TpaBUTaLMOHHYHO
MacCy-3Heprut0 He MpeBbILLAeT MOyTOpPa NPOLEHTOB. Kak Mbl BUAUM, paboTbl Y acTpO(M3NKOB
eLLe HenoyaTblil Kpal, HO COMHeBaTbCA B peaslbHOM CYLLLECTBOBaHUM TEMHOWM MaTepun CerofHs yxe
He NPUXOAUTCS, MOCKO/IbKY MMEHHO OHA BHOCUT OCHOBHOIA BKNaf, B Maccy ranakTuk.

Ho ewwe 6o0nee 3arafoyHbIMX CBOWCTBaMW 06NafaeT TeMHas 3HEPrus, Ha [O/M0 KOTOPOM
npuxoantcs 71 % MOMHON Maccbl-3Heprun BceneHHoM. B 0T/MuMe OT CKPbITO Macchl, OHa He
CKyumMBaeTCs Mof [e/iCTBMEM rpaBuTaLumW, HO CTPOro paBHOMEPHO W OAHOPOAHO 3anosiHAEeT BCe
NPOCTPaHCTBO BceneHHON, NofobHO mAeanbHOM CMOWHON cpefe, U BCOAY W Bcerja uUmeet
MOCTOSHHYIO NNOTHOCTb. MNOTe3a TEMHOW 3Heprun (KoTopas, CTPOro roBops, ctasa B Hawu LHU
MosIHONpaBHOM Teopueid) nosieunack B 1998 rogy, Korga 4se MeXxayHapoaHble rpynnbl aCTPOHOMOB
coo6LMAM 06 OTKPBLITUKN YCKOPEHHOrO paclunpeHns BceneHHoW. STOT (yHAaMeHTaNbHbIA (akT,
3HaYyeHMe KOTOPOro TPYAHO MEepeoLeHNTb, Obl1 YCTaHOB/IEH MPW HabMIOAEHUAX 3a AafeKumu
CBEPXHOBbIMM  3Be3faMu  orpegeneHHoro Tuna (Tuna la). Takme CBEPXHOBblE UMEOT
WCKNIOYNTENbHO BbICOKYHO CBETMMOCTb, COMOCTaBMMYK) CO CBETUMOCTbIO LefbIX ranakTuk, B
KOTOPbIX OHW BCMbIXUBAIOT, @ MOTOMY XOPOLUO BUAHbI HA MEXTa/laKTUYeCKMX paccTosHusax. Kpome
TOr0, YHUKa/IbHO OCOOEHHOCTbLIO CBEPXHOBBIX TWMa la ABASETCA TOT (PaKT, YTO MX COOCTBEHHAS
CBETMMOCTb B MakCMMyMe 6/1ecKa NIeXXUT B 04eHb Y3KMX npegenax. JpyrvMu cnosaMu, MOLLHOCTb
M3y4eHUst 3Be3f 3TOM0 TUMa MNPaKTUYECKM WAEHTUYHA, W MOTOMY WX MPUHATO HasblBaTb
«CTaHAAPTHbIMK CcBeYamu». W3 LIKONbHOIO Kypca (M3MKM WM3BECTHO, YTO MOTOK CBETOBOMO
n3ydeHnst yobiBaeT 06paTHO MPOMOPLMOHANILHO KBaApaTy PacCTOSHWUA OT WUCTOYHMKA. Takum
06pasom, n3mepsas Ha 3emne 61eCK CBEPXHOBOW, BCMbIXHYBLLEN B JaeKO ranakTuke, U cpaBHMBas
ero C peajibHoM COBCTBEHHOM CBETUMOCTHLIO MCTOYHMKA (KOTOpas W3BECTHA), MOXHO BbIYMCINTb
paccTosHne A0 06bekTa. OCOO6EHHO BaXKHbl BCMbILIKMA CBEPXHOBbLIX TWMa la B O4YEHb AaIEKUX
ranakTukax, NOCKO/bKY CTaHOBATCS 3HAUMMbIMU KOCMOJIOTMYeCKMe 3(EKTbI Y MOXHO He TO/IbKO
OnpeaennTb MOCTOSIHHYK Xab6na, HO M M3MePUTb MapaMeTp MAOTHOCTM BceneHHoR, TO ecTb
YCTaHOBUTb €€ reOMeTPUIO.

HabntogaTenbHble faHHbIe MO CBEPXHOBLIM TuMa 1a, HAKOMMIEHHbIE K HAaCTOSILLEMY BPEMEHN,
MO3BOJIAKOT C BEPOSATHOCTLIO 99 % yTBepXaaTh, UTO BceneHHas pacLumpseTcs YCKOpeHHO. MNpuyem
BeCbMa /I060MbITHO, YTO PEXMM CTaHAAPTHOro Xab6/10BCKOr0 pacLUMpPEHMsi MOMEHS/CA He BYepa U
He CerogHs, a no KpaiHein Mepe HECKO/IbKO MUNNAPAO0B NeT Ha3af. TOYHYO JaTy Ha3BaTb TPYAHO,
HO €ecnn BepuUTb apxMBHbIM (HOTOCHMMKaM 3BE3AHOr0 Heba, Hambonee yaaneHHas OT Hac
«CTaHAaPTHas CBeYa» ropuT Ha paccTosHUM B 10 MUINMApA0B CBETOBbLIX /IET OT MaHeTbl 3eMis.
Ee cBeTUMOCTb MAeanbHO BMMCLIBAETCA B MapaMeTpbl (hprAMaHOBCKOA MOAENN, U3 Yero cneayet
3aKN4unTb, 4To ewe 10 muninaphoB neT TOMy Hasag BceneHHas npogo/mkana paclumMpaTbes
KflacCMYeckn — B MOIHOM COOTBETCTBUM C 3aKOHOM Xab6na. OfHako xapaktep 6riecka 6onee
MOJIOfbIX CBEPXHOBbLIX He MO3BOJIAET YCOMHUTLCA B TOM, YTO 7—8 MWUN/IMAPLO0B NeT Has3aj TeMHas
3Heprus Bo3o6nagana Hag cmnamm rpaBuTaumy U BeeneHHas ctana paclumpsaTbes ObICTpee.

CknafplBaeTcsi  Breyat/ieHMe, 4TO  [AMHAaMUKOM  MUPO3LaHUSA  YNpaBiseT  HeKoe
«pacnupatoLee» none. Noka 06beM BceneHHOM cpaBHUTENbHO HEBENUK, rpaBuTaLmst SP(EKTUBHO
NPOTUBOAENCTBYIOT PacLLUMPEHNIO NPOCTPAHCTBA, HO PaHO WM NO3J4HO HACTYMaeT Takol MOMEHT,
Korfa njoTHOCTb BELLECTBa NafgaeT HuKe HEKOTOPO KPUTUYECKOW BEIMYMHBI U NONE, MAOTHOCTb
KOTOPOro CO BPeMEHeM He MEHSETCS, HaYMHaeT BCe 3HEPrvyHee pasgyBaTb NPOCTPaHCTBO. Bosnee
TOro, TEeMM paclMpPeHnss OKasblBaeTCd B TOYHOCTM TakMM, YTO 3acTaB/iseT BCMNOMHUTb



NPeCNOBYTYIO «/1AMOAY», KOCMOJIOMMYECKYHO NMOCTOSHHYO, KOTOPYH SWHLUTENH BBE/N B YPaBHEHWS
06LLeil Teopun OTHOCUTENbHOCTM elle B 1917 rogy. BceneHHas QitHWITelHA Oblna CTaTUYHOW, W
nambéna-yneH nNoHagoouncs emy Ans Toro, YTobbl YpaBHOBECUTb CTAMMBAIOLLYIO CUJTY FpaBmUTaLmm
yHVBepCa/lbHbIM KOCMO/IOTMYECKUM OTTa/IKUBAHWEM: B MPOTUBHOM Clyyae BCSA MaTepus LO/MKHA
HEMMHYeMO cobpaTbcsl B Kydy. Cam SUHLUTENH CBOKO «1saMBAy» TepreTb HE MOr 1 BrOCNeACTBUN
Ha3blBa/1 BBEAEHME NAMOa-uneHa «Camoii 60/bLUOKA OLLUMOKONW XU3HM». OfHAKO Noc/e Toro Kak B
1922-1924 rogax NeHUHrpaAckmin matematnk A. A. ®pramaH Hallen HectauuMoHapHOe peLueHue
YPaBHEHNI DNHLUTENHA, a aMepUKaHCKMIA aCTPOHOM JABMH Xab6n B 1929-M 06Hapy»mn KpacHoe
CMeLleHe B CMnekTpax [JaflekMx ranakTtuk, CTalo ACHO, 4To BceneHHas ¢ MOMeHTa CBOero
POXAEHWNA HENpPepbIBHO 3BOJTOLMOHUPYET, U NP0 HEYA06HY «1ambay» 61arononyyHo 3abbinu.
3abBeHMe pacTAHYNoCb 6osblue Yem Ha 40 fieT, U TONIbKO Ha py6exe 60 — 70-X rofoB NpPOLLIOro
BeKA& O KOCMOJIOFMYECKON MOCTOSAHHOM 3aroBopuiM  cHoBa. M3 paboT  OTeYeCTBEHHbIX
(hn3nkoB-TeopeTnkoB O. b. uHepa, A. A. CtapobuHckoro, HA. b. 3enbjoBMya M HEKOTOPbIX
Jpyrux cnefoBaso, YTo BaKyyM MOXET 061aaaTb HEHYNeBOW aHeprueidl. B aTom cnydae runotesa
KOCMOJIOTMYECKOM MOCTOSHHON 3KBUBA/IEHTHA MNpeACcTaBneHnto 06 maeasbHO OAHOPOAHON cpefe,
PaBHOMEPHO 3anofiHAoLLE BClo BceneHHyto. CBOWCTBa TaKOW cpefbl BeCbMa HeOObIYHbI: ee
[aBfieHVe BbIpaXXaeTcA OTPULATENbHOW BeNIMUYMHOM, a MNAIOTHOCTb HEU3MeHHa BO BPEMEHU W
npocTpaHcTee. A KO/b CKOPO faBneHne oTpuuatesibHo, TO NPy NOCTOAHHON NNOTHOCTY OHO OyaeT
co3faBaTb aHTUrPaBUTALMOHHDBIA 3MEKT, YCKOPAS paclumpeHne BceneHHoOW. MMo3ToMy BrosiHe
BEPOATHO, YTO TEMHAsA 3HepPrus ectb He YTO MHOe, KaK MposiB/ieHMe BakKyyMHbIX MOSei ¢
oTpuLaTeSIbHbIM AaBNIEHNEM.

Bam 370 HMYero He HanoMWHaeT, yuTaTenb? Torga BEpPHUTECh K Havany MpOoLUION rNasbl, B
KOTOPO peyb LWMa O KOCMOJIOTMYECKON WH(ISUMM — Mepuofe CBepXObICTPOro paclumpeHus
HOBOPOX/EeHHON BceneHHOW. MMNoTeTMYecKoe MHMNATOHHOE none, 3PQPEeKTUBHO pa3jyBaBLUee
MPOCTPAHCTBO OKOMO TOYKU «HOSMb», WUMENO TOYHO TaKMe >Ke XapaKTepUCTUKN — MpefesibHO
CU/IbHOE OTpuUaTeslbHoe [aBfeHWe WU NOCTOAHHYIKO M/IOTHOCTb, HE MEHSAILLYHOCA CO BPEMEHEM.
[Mo3aTomy Mbl Bnpase NpPeanonoXunTb, YTO MHGIATOHHOE MOJMie HUKYAA He AenocCb, a NPoJosKaeT
NpUCYTCTBOBaTb B Halleil BceneHHoW. Torga TemHas 3Heprus Kak pas v OydeT TakMM Mofem,
HaxofAWMMCS B MUHUMYMe CBOEro noTeHuuana. Mexay npoyvM, OTCHOAAa BbITEKAET BaXKHOe
CnefcTBMe: 3MoXa WHMNAUMM KayeCTBEHHO COBEPLUEHHO aHasorMyHa TOW, K KOTOPOW Halla
BceneHHasa npubnmxaetcs cerogHs. beccnopHo, pasHuLa MeXxzay HAMKU eCTb, HO OHa HOCUT Cyry6o
KOMIMYECTBEHHbIN XapakTep. MOHATHO, UTO Ha 3ape UCTOPWK, B CTaaun pasayBaHWs BCE 3HAYEHMS
KPMBU3HbI NPOCTPaHCTBA-BPEMEHN W 3((EKTUBHOW MIOTHOCTU 3HEPrnM OblNM B KOOCCA/IbHOE
4yncno pa3 6onblue, Yem ceiivac, HO NPUHLMNNAIbHBIX OTAIUWI MEXAY 3TUMK [ABYMS 3NMOXaMKn He
ycMaTpuBaeTcs.

WNTak, o 1998 rofa MoXKHO 6bI/10 C YBEPEHHOCTHLH FOBOPUTL O TPEX KOMMOHEHTax maTepuu,
PaBHOMEPHO 3aro/IHAOWMX MPOCTPaHCTBO BceneHHoW. Bo-nepBbiX, 3T0 00bl4HOE BeLLECTBO —
MPOTOHbI, HENTPOHbI U 3N1EKTPOHbI, M3 KOTOPbLIX NOCTPOEHbI 3BE3Abl, NNAHETbI U Takasi MasiocTb, Kak
Mbl C Bamu. BO-BTOpbIX, 3TO TaMHCTBEHHas TeMHasa MaTepus (CKpbiTas Macca), COCTOALLaA U3
HEPENATMBUCTCKMX YacTuL, He M3ny4arollas CBeTa M MpPaKTUYECKM He B3avMOECTBYHOLLAA C
006bIYHbIM BELLLECTBOM. HaKOHeLl, B-TPETbMX, 3TO «OCTATOUHOE» U3MYUYEHNE — PE/IMKTOBbLIE (DOTOHBI
N HEATPUMHO, COXPaHMBLLMECA KaK OTrOI0COK FOpPAYero Havana Hawero mupa. He o6Hapy)XeHHble
[0 CMX MOpP rPaBUTOHbI N HEKOTOPbIE ApYrve YNbTPapensaTUBUCTCKME YaCcTULbl TOXE NonajatoT B
3Ty KaTeroputo. 3TW TPU WUMOCTaCU MUPO3JaHUA 0becreynBatoT BCEMUPHOE TATOTeHMe, a BOT
yeTBepTas KOMIMOHEHTa, Ha [O/I0 KOTOPOW MPUXOAWUTCA [Be TPETW MOSIHOW MNIOTHOCTK
COBpPEMEHHOV BCeneHHO, BbisiBieHA COBCEM HeLABHO M CO34aeT (DeHOMEH YHUBEPCASIbHOro
KOCMOJIOTMYECKOr0 OTTasIKMBaHUA. Tak 4To Ccyabb0i Mupa ynpasnseT Hekas CrniowHas cpeja C
MONOXUTENbHOM MOCTOSAHHON MNOTHOCTBLIO U OTpULLIATENIbHBIM AaBNEHMEM, NMPUYEM B a6COMHOTHOM
BbIPa&XXEHUW 3TV [1BE Be/IMYUHBI PaBHbI MEXY COOOM.

OTHOCMTENbHO (DM3MYECKOW MPUPOALI 3TOIN 3arafO4HON CYO6CTaHLUMM Mbl Ha CErOAHSALIHWIA
[leHb He MOXeM CKasaTb NoyTW Hu4yero. Ecnv TpakToBaTb ee Kak CBOEro pofga KOCMOJIOrMYecKyro
MOCTOSHHYIO, Mbl HEU30EXHO YNUPaemca B HOBE/IMPHYKD TOYHOCTb WCXOAHbIX MapameTpoB, Ty



caMyt0 TOHKYIH HaCTpOMKY, KOTopas [aBHO Hasasfa B 3y6ax. [lonyyaercs, 4TO HadalbHas
noTeHUManbHas aHeprns BceneHHoW Gblna paccuMTaHa HacTObKO 6e3yKOPU3HEHHO, YTO MO Mepe
MoCNeayoLLero «CrnoKOMHOro» paclUMpeHns cymena 06ecrneymnTb Takyo KPUTUYECKYHO MI0THOCTb
Hallero Mmwupa, KOTOpas cfhefasia MpoCTPaHCTBO MOYTU  WAeallbHO  M/IOCKUM.  «[lovemy
aHTUrpaBUTaUMOHHOE [eliCTBME TEMHOM 3HEPrUM MPOSBMIOCH /MWL B TO BPeMs, Korga craim
BO3HMKaTb TanakTUKM?» — CnpawinBaloT HEeKoTopble acTpouavku. [lpaBfa, 3TW  HeyBA3KK
CHMMAOTCH B CLEHapuu XaoTuyeckoil uHpnaumm A. L. JIHAe: KOCMOMornyeckas nocTosiHHas
MOXET MPUHUMATb pasHble 3HaYeHWs, U TONbKO TaM, rAe CYLLeCTBYIOT 3Be3[bl, FalakTuku U
BOOOLLE C/MOXKHbIE CTPYKTYpPbI, OHA NPUOGPETaET TaKyto BEIMUMHY, KOTOpas AOMNycKaeT nosiBieHue
BOMpOLUAKoLWero cyobekTa. Jpyrumy cnosamu, TeMHas 3Heprus HepaBHOMEPHO pacripefeneHa B
NPOCTPaHCTBE, a MOTOMY BEPCUIO OOXECTBEHHOr0 MPOMbIC/IA MOXHO CO CMOKOWHOW [yLloi
3aKpbITb. B TeX yronkax Mupo3faHus, rae 3HavyeHue KOCMOJIOTMYEeCKOW MOCTOSHHOW Mo BOne
CNenoro cny4vas OKasaslocb MHbIM, CnpawmBaTb O HOBENVPHOA MOArOHKE napameTpoB MOMpoCcTy
HEKOMY.

Mexay TeM [aneko He BCe U3MKM FOTOBbI COrNMacuUTbLCA C TaKO NMOCTaHOBKOW Bomnpoca u
nonaratT, YTO NIOTHOCTb TEMHOI 3HEPTUM UMEET He BaKyyMHYHO NPUPOAY Y MOXKET CO BPEMEHEM
MeHATbCA. CkaxxeM, ameprikaHub! Non CTeiHxapAaTt v Puuapa Kongyann gymaroT, 4To Nnoj MacKom
TEMHON 3HEPrum nNpsYeTcs 0c060e KBAHTOBOE MO/e, KOTOPOE MOXET MPUHUMATL MepeMeHHble
3Ha4yeHus. B namaTb 06 aHTUYHbIX MbIC/IUTENAX OHU Ha3Ba/IM €ro KBUHTICCEHLMEN. KaK M3BECTHO,
[PeBHME CUMTaIN, YTO CaraemMbiMy MUPO3LAaHNSA ABNAKOTCA YeTbIpe CTUXUW — 3eM1S, BOAA, OTOHb U
BO34YX, HO HEYrOMOHHbIA ApPWUCTOTeNb AOMOMHWA 3Ty HOMEHKNATypy MATOM CYLHOCTbIO —
KBUHT3CCEHLMEN, M3 KOTOPOI SIKOObI COCTOAT aMpHbIe Tena. B cnopbl BbICOKOM0ObIX TEOPETUKOB
Mbl COBATbCS HE CTaHeM, a OTMETUM TO/bKO, YTO BONPOC O (DM3MYECKOM NPUPOLE TEMHOW 3Hepruun
MoKa elle BecbMa AasleK OT OKOHYaTeNbHOro paspelleHus. Tak WM MHaye, HO Befylias posb
TEMHOW 3HEprum B 3BOMOLMN BCeneHHOW B HalWM AHW COMHEHWUIA YXKe He Bbli3biBaeT. UeM Obl OHa
HW ABANacb HA MUKPOCKOMMYECKOM YPOBHE — 0COGO0W 3Hepruein Bakyyma Wi reoMeTpuyeckum
pafivKasiom, BNIOXEHHbIM B MUPO34aHNe, — HO (DaKT OCTaeTcs (DaKTOM: Ha NPOTSXKEHUN HECKONbKNX
MWUNVAPAO0B NeT Hawa BceneHHas paclumpsieTCcs YCKOPEHHO, U TOH 3TOMY pPacLUMpeHuto 3afaeT
MMEHHO TeMHas 3Heprus — Hekas CybcTaHUMs C oTpuuaTeNbHbIM [aBfEeHNUEM W MOCTOSHHON
NNOTHOCTbHO.

Mcxoas w3 BbllLeCcKa3aHHOr o, BCHO UCTOPUIO BceneHHOM MOXKHO pa3buTb Ha YeTbIpe 3NoXu w1
onucatb YeTbIPEXUEHHOW hopmynoi cnegytoulero suga:...AC(N) — ®N — ®M - [C... MNepsoe
3BEHO 3TOW (popMynbl 0603HaYaeT (hasy uHpnaumMm (byksa «M» B ckobkax), a coveTaHue «C»
YKa3bIBaeT Ha AeCUTTEPOBCKUIA XapaKTep paclumpeHns. XoTs 0 rofnaHACKoOM acTpoHome Bunneme
CutTepe Mbl YXKe YNoMWHaNM, HeOOX0AMMO chenatb Hebosblioe NosicHeHWe. OH 6bl1 OfHUM U3
MePBbIX YYEHbIX, MPU3HABLLMX OOLLYI TEOPUIO OTHOCMTENBHOCTM, OfHAKO CTauMOHapHas MOAenb
ANHLITeHA ero He ycTpamBana. BceneHHas DHLLTENHA ONKCbIBanacb PUMaHOBOM reoMeTpuein u
npefcTaBnsna coboli YeTbIpeEXMEPHYHO rnnepctepy, aHa10rom KOTOPOI B TPEX M3MEPEHUAX MOXET
ObITb MOBEPXHOCTb PE3MHOBOW Kamepbl UM BO3AYLUHOMO LWapuka. Takas BceneHHas 3aMKHYTa Ha
cebs 1 He UMEET rpaHuLL, XOTs ee 06beM KOHeueH. JTyd cBeTa, eC/ivi OH He BCTPeYaeT NpensTCTBUN,
pacrnpocTpaHsics Obl B TaKOW MOZEeNN MO OKPYXXHOCTM (TOYHee, MO reofe3vyeckor IMHUK, Mo
KpaTya/luM MyTeM MeXAy ABYMS TOYKaMM Ha MOBEPXHOCTU Cepbl ABASETCS MMEHHO Takas
KpvBas).

CuTTep nNpeanoXun AMHaAMUYECKYHD MOAEeNb MYCTOW W HEMPEPbIBHO pPacLUMPSIOLLENcS
BceneHHOM, MOX0XYH Ha BO3AYLUHbIA LWApuK, KOTOpbIA BCe Bpema HagysatoT. 1o mepe
pas3gyBaHusl [AMaMeTp LuapvMKka MOCTOSIHHO pacTeT, a ero reoMeTpus, MNpoAo/Hkas OCTaBaTbCs
PUMaHOBCKOI, BCe 6oniee M Goniee NpubAMKaeTcs K reometpum EBknnpa. [pyrumm cnosamiu,
MPOCTPaHCTBO B TaKON BceneHHON cTaHOBUTCA BCe GO/ee MIOCKMM, a /lyd CBeTa [BUXKETCA He Mo
OKPYXXHOCTK, a MO HernpepbIBHO paclumpstoLeiics cnupanun. OgHako CuTTepy KpYmnHO He MoBesJio.
OH CNMLLKOM CU/IbHO Onepefunn CBOE BPeMms, U ero rmnoTesa ocTasacb B NaMsATV COBPEMEHHMKOB
M3ALWHLIM M OCTPOYMHbIM MaTemaTU4yeckKum Kasycom. BceneHHas CuTTepa paclumpsinacs Mo
3KCMOHeHTe (TO eCTb B FeOMETPUYECKOI NPOrPeccumn B 3aBUCUMOCTM OT BPEMEHW), YTO B Ty nopy (B



1917 rofy) NpOTUBOPEUMNO HabMOAEHUAM. A BOT MPeLoXKeHHas HECKONbKUMU rofamu nosxe
moZenb A. A. dpuamaHa HacTamBasia Ha TOM, UYTO OOBEKTbl ydandlTcs Apyr OT Apyra co
CKOPOCTbIO NPSAMO NPOMOPLMOHA/IbHOM PACCTOAHUIO 0 HUX.

CerofjHs Mbl MOHWMaeM, YTO 3TO NPOTMBOpPeune MHUMOoe. N dpugmaH Obin He Aypak, u
CuTTep TOXe He nanTeM WM Xneban: KaxablA Obl1 NO-CBOeMY MpaB. B 3noxy WH(AsUmMm
MPOCTPAHCTBO POC/I0 3KCMOHEHUUaNbHO — B MO/IHOM COOTBETCTBUM C Bblknagkamu Cutrepa. A
Korfa aHeprus nossi, pacnuparoLlero BeeneHHyto, ynana o MUHUMYMa, PEXXUM pPacLLUMPEHNs cpasy
Xe nomeHsnca. M Ha crtagum msnydenus (PU-hasa), korga BceneHHas Obina packasieHHbIM
CrYCTKOM ropsyein nnasmbl, WU Ha CcTagum pekombuHaummn (PM-hasza), Korga W3snyyveHue
OTAENWNOCH OT BELLECTBa, Hall MWUP PacLUMPANCSA MPOMOPLMOHATbHO — MO 3aKOoHY dPpuimaHa —
Xab6na. A BOT Korpa BceneHHas U3psgHo nogpocsa u ocTblia, TeMHas 3HePrus cHoBa BCTynua B
CBOM npasa. HecKonbkO MUNIMAPLOB IET TOMY Hasaf HacTynu/a anoxa LOMUHUPOBaHWUS TEMHOWA
3Heprumn, KoTopas MNpPOLO/MKaeTCAs 40 CUX nop, u BceneHHasd CHoOBa Havana paclUMpsATLCS
YCKOPEHHO. A TMOCKO/IbKY M0 CBOMM [MHAaMWYeCKUM MapamMeTpaM COBpPEMEHHas 3rnoxa MoyTu
HAYEM He OT/INYaeTcs OT CcTagun MHpnaumm, A. A. CTapoOMHCKUA Npefioxui HaseaTb ee
AecnuTTepoBcKol (abbpematypa [AC B npaBoii YacTv (hopMyIbl).

Mexay npoymm, npobnema TEMHOW 3HEPrMM MMEET BeCcbMa JIHOOOMbITHLIA PUIOCOPCKNIA
acriekT. [0 TOro MOMEHTa, KakK Cuia YHVUBEPCASIbHOrO KOCMOJIOrMYECKOro OTTa/IKMBaHWUA CTania
OOMUHMPYIOLWLEA, a BceneHHas Hayana pacluMpsATbCA YCKOPEHHO, YCMeno Mnpou3oATU MHOro
pasHbIX COObITUIA. [pexae YeM BbINTU Ha PEXNM YCKOPEHHOTO PacLUMPEHUs, MUP NEPEeXuns anoxy
nHpnsuum (AC(N) — ctaams), dasy manydeHusa (PU-ctagns) n hasy LOMUHMPOBAHUS TEMHOWN
marepun (PM-cTagms), Korfga usnyyeHvie oTAeNnnock OT BellecTBa. CnefoBaTeNbHO, Mbl UMEEM
MOJIHOE MPaBO MPeLANONOXMUTb, UTO M (hase MHPAALMUM B IEBOIN YacTU POPMY/bI NPeSLIECTBOBA/IN
HeKue cobbITuS.

A. A. CTapobMHCKMiIA NLLET:

Bce 4 cTagum n nepexofbl MeXAY HUMW, BK/IKOYEHHble B 3Ty (hopMmyny, MOryT ObiTb
paccuMTaHbl TEOPETUYECKW W WCCMefoBaHbl MO CYLLECTBYIOLMM HabMoLaTeNbHbIM  [aHHbIM.
OflHaKO MOXXHO /1N AymaTb, YTO 3Ta Lienb 3aK/oYaeT B cebe BCHO 3BOMOLMIO Hallein BeeneHHoN B
npownom un 6yaywem? lNonaraio, 4to HeT. Kak pa3 HaobopoT, 3amevaresibHas KayeCTBeHHas
aHanoruna mexay AC(M) — n AC-ctagmsmmn, 06baCHEHHas Bbille, NOACKA3bIBAeT HaM, YTO 3Ta LieMb
— NINWb MaNileHbKNIA KYCOYEK Yero-To CYLLECTBEHHO OO/bLUEr0, MOXET ObITb, fake 6ECKOHEUYHOTO.
MocMoTprM BAOMb (hOpMYnbl Cripasa Haneso. Mbl BUAMM, 4To nepeg AC-ctaguein bbina fIMHHAsA 1
pa3HoobpasHas npefbiCTopus. Torga ecTeCTBeHHO oxugats, 4to n OC(M) — cTagna nmena ceoro
npeabicToputo (MHOroToume cniesa oT popmynbl). Tenepb B3r1sgHeM crieBa Harnpaso. O4YeBUAHO, YTO
AC(N) — cTagua 6blna HeyCTOMYMBON, NMepBMYHAA TeMHas 3Heprua pacnaiacb B Apyrue (B TOM
yncne B 00blYHbIE) BUAbI MaTepuun. IoyeMy TOrja COBpeMeHHas TeMHas 3Heprus o6s3aHa ObiTb
CTabu/IbHOW 1 He MOXKET NnpeBpaLwaThcs B Apyrve BuAbl Matepun B 6yayuieM (MHOroToumne cnpasa
oT hopmy/ibl)?

PasymeeTcs, NpoAomKnTeNbHOCTb AC-CTagnv MHOFOKPaTHO MpeBblllaeT (asy WHMAALMK,
MOCKO/IbKY KBAHTOBbIE CUCTEMbI C MEHbLLIEV MOHOM 3Hepruein ropasgo 6onee yctomnumsbl. Yto xe
KacaeTcs  [AOUHMNAUMOHHOM  WCTOPUMM  Hawero Mupa, TO OOMbLUMHCTBO  COBPEMEHHbIX
KOCMOJIOTMYECKUX MOJe/ein 3anpeLaroT MHOroToume crnesa OT (hOPMYy/ibl M HacTamBalT Ha
BO3HWKHOBEHUN BceneHHoit wn3 Huyero (from nothing). OpHako, no MHeHuO A. A.
CtapobuHcKoro, cyuectByet 6ecymc/ieHHoe MHOXECTBO APYrux cueHapues, B KoTopbix AC(N) —
cTagum npeaLectsyeT HeuTo. OH MULLET, Y4TO BMecTe ¢ A. b. 3enbAoBrYeM OHY CHOPMYIMPOBASN
MPAMO MPOTMBOMO/OXKHYIO KOHLENUUIO POXAeHNsA BeeneHHoM «m3 vero yrogHo» (from anything),
OfHaKo, BBUAY KpalHero ee 3KCTPEMM3Ma, He paccMaTpuBaeT ee NogpobHo. OfHWMM C/OBOM,
MOMbITKMA y3HaTb, YTO NPeALIecTBOBa/I0 (ase MHMAALUM, He MPeKpawatoTcs, N ObiTb MOXET, Hac



XOET Ha 3TOM MYTU ele MHOIO MHTEPECHbIX OTKPbITUA. Tak WM MHaye, HO MUP OKasaics
HEN3MepUMO CI0XKHEN, YeM MPeACTaBAN0Ch YUEHbIM eLle Kakux-Hnoyas 30 neT Hasas,

A 4TO MOXHO CKa3aTb 06 0T[afleHHOM 6yayLLeM Hallein BceneHHON? YTo BeK rpsaayLmnin Ham
roToBUT? Ha 3TOT BONPOC CYLLECTBYET HECKO/bKO OTBETOB, MO0 (hM3Myeckas Mpupoga TEMHOM
3HEPrumM — o CUX MNop TaiHa 3a CeEMbIO nevaTaMu. B npocTeiem criyyae, eCim 3HepPrus Bakyyma
MOMIOXKUTE/IbHA U He MEHSIeTCH CO BpemeHeM, BceneHHas OyaeT pacluvMpAaTbCs HeorpaHW4eHHo.
HouHoe He60 HayHeT Mano-nomany MycTeTb, TaK Kak BCe 60/blle 06LEKTOB OYAeT YXOAWTb 3a
FOPU3OHT COObITUIA, U Yepe3 10-20 MUNNMAPAOB NET B PacNoOpPsHKEHUM YenoBeyecTBa OCTaHYTCH
Hawa [anaktuka (MnedHblin TMyTb), cocefHsAs TyMaHHOCTb AHAPOMeAbl Aa elle HEeCKOJSbKO
ranakTvK M3 Tak HasblBaeMoli MecTHoW rpynnbl. Yepes 1014neT nepectaHyT pPOXAaTbCs HOBble
3Be3[bl N BO BCenleHHOW OCTaHyTCA TOMbKO Tena, MoYTU He AatoLime CBeTa, — 6esible U KOPUYHEBbIE
Kap/IMKW, HEMTPOHHbIe 3Be34bl U YepHble Ablpbl. HO B KOHLIE KOHLLOB MOracHyT 1 YMPYT BCe 3Be3[bl,
1 Yepe3 10371eT B HENOMEPHO pa3fyBLUEMCS KOCMOCE Hefb3a 6yAeT HaTU HUYEro, KPOME YepHbIX
AbIp N 3N1eMeHTapHbIX YacTuy,. Ho BeAb HUYTO He BEYHO. 3a CYET KBAHTOBbLIX NPOLLECCOB YepHble
[blpbl BCE-TakKM W31y4aroT, XOTA M OYeHb MeAJIeHHO, a MOTOMY paHO WAW MO34HO OHU TOXe
ncnapsTca. AT0 CoObITME MPOM30MAET, Korfga BospacT BceneHHoit coctaBut 10100neT, un BCe
MUPO3JaHNe OKaXKETCA 3aro/IHEHHbIM YPe3BblYANHO pPa3PeXeHHbIM ra3oM M3  CTabu/bHbIX
3/1eMEHTAPHbIX YacTUL, — 3/IEKTPOHOB, TPEX COPTOB HEMTPUHO W, BO3MOXHO, MPOTOHOB. Mup BHOBb
CTaHeT NYyCT, Kak 6ubneickas 3eMnd B Hayasne Hadasl, MOCKONbKY PacCTOSHME MeXAy ABYyMS
yacTuuamm 6yaeT HaMHOrO NMPEBOCXOAUTL pa3Mepbl COBPEMEHHOI BceneHHOiA.

Uto 1 roeoputhb, gyliepasgupatolee 3penuile. OQHaKo 3TO elle UBETOYKWU, MOTOMY 4TO
CYLLLECTBYIOT KyZa 60/1ee KaTacTporyecKme CLeHapun Halero fanekoro 6yaywero. OAvH U3 HUX
MoKasblBaeT, YTO B Mupe BOOOLLE HWMYero He oCTaHeTcA. [eno B TOM, YTO ecinm 06bl4HOe
paclumpeHvie BceneHHOW B BUAe HEMNPepbiBHONO NPUpPOCTa ee MPOCTPaHCTBAa He MNOopoXKaaet
HUKaKnX CWN, AeNCTBYIOLMX Ha (M3NYEeCcKue Tena, TO TeMHasd 3Heprus BeAeT cebs COBepLUEHHO
MHaye. YCKOpPeHHOe pa3fdyBaHWe aHa/loTMyHO MOSB/IEHUIO HEKOE CWbl, pacTArMBaroLLein Bce
06beKTbl. CerofjHa ee BenMumnHa ncyesaroe Maia — B 1030pa3 cnabee TArOTEHUA Ha NOBEPXHOCTM
3emnin. Ecnu yckopeHue 6y[eT HeYK/IOHHO HapacTaTb MO 3KCMOHeHTe, TO, B KOHLE KOHLOB, [efo
3aKOHUUTCH He TOMIbKO paspyLueHreM BCeX (PU3NYECKUX Tef, HO JaXe 3/eMeHTapHbIX YacTul, U3
KOTOPbIX MOCTPOeHa BCA MaTepus. BceneHHas npeBpaTtuTCA B pacryxaroLee HUYTO, OMyCTeeT B
caMoM OYKBaJIbHOM CMbIC/e C/ioBa. JTa MofesNb, NosyymBLUas HasBaHve bonboro paspbisa (Big
Rip no-aHrnuiickun), 6blna npegnoxeHa B 2003 rogy B crtatbe P. P. Konggenna, M.
KamuoHkosckoro n H. H. BaitHb6epra «®aHTOMHas 3HEpPrus M KOCMUYECKWUIA KOHEL, CBETax.
OfHakKo He BCe TaK 0e3HaAeXHO: Apyrve acTpou3nKnM, Hanpumep yXKe 3HaKOMbIn Ham CTuBEH
XOKWHT, nonaratoT, YTO paclUMpeHne paHo UM NO3LHO CMeHUTCH oxkaTneM. OTKPOBEHHO roBoOpS,
nogo6Has MepcrekTmBa TOXe He CY/IMT Ye/loBEeYECTBY HMYEro XOPOLLUero, HO 3TO YXXe OTAe/bHas
necHs.

Bnpoyem, rpsagyLive rogpl TaaTca BO Mrfe, KakK O4HaX/bl Hanucasa KnacCuk, a notoMy He
CTaHeM rafaTb Ha KogeiHOM ryue, HO 060pOTUMCS NMLOM K Mpownomy. B npepabigyLient rnase
NMoMUHanacb Teopusi CynepcTpyH, KoTopas Bpoge Obl HENPOTUBOPEUMBO YBA3bIBAET B O4HO Lie/oe
KBaHTOBYID MeXaHWKY W OOLLYI TEOpuK OTHOCWUTE/IbHOCTW. HacTano Bpems MnoroBopuUTb O Hel
nogpobHee, TeM 60/1ee YTO CTPYHHbIE TEOPUW B PasHbIX M3BOAAX CErOAHA BecbMa MonynspHbl U
OYeHb XXMBO 06CYXKAA0TCS.

[ns Hayana BCMNOMHMM O 4YeTblpex Tunax QyHAaMeHTa/bHbIX B3aMMOAENCTBUN —
3/1eKTPOMAarHMTHOM, CU/IbHOM, CNaboM ¥ rpaBUTaLMOHHOM, MO 3HAKOM KOTOPbIX Pa3BMBAETCS 3TOT
HECOBEPLUEHHbI MMp. BKpaTue HamnoMHIO Bam, uuTaTe/lb, 4YTO 3/EKTPOMArHeTu3Mm Obin
ncuepnbIBaroLLe OnucaH aHrIMNCKUM gusnkom xerimcom Makcsennom B 1873 rogy. Ecnm 6bl He
aTa Cuna, NOCTPOeHHad Ha NPOTMBOOOPCTBE [ABYX MOMSAPHbLIX Havan (3apsafdbl OAHOr0 3Haka
OTT&/IKMBAKOTCH, & Pa3HOMMEHHbIE — NPUTATMBAKOTCS), HN aTOMbl, HW MOJSIEKY bl HE CMOrN Obl
cyliectsoBatb. XuWMUA U OMOMOrMA TaK WM MHAyYe CBOAATCA K  3/1eKTPOMarHUTHOMY
B3aMMOeNncTBuI0. TeneBuaeHne W pafguo, 6Gnarogaps KOTOpPbIM Mbl Y3HaeM O LyHamn B
MHpoHe3mKn, ackanafax HegoouTbix Tannmbos B MpefAropbax MMHAYKYLWa WAK O4epefHOM B3feTe



LUeH Ha He(pTb Ha MWPOBbIX PbIHKAX, TOXe 0053aHbl CBOMM CYLLECTBOBaHMEM (DEHOMEHY
3/1eKTPOMarHeTu3ma.

CunbHOe B3aMMOJENCTBME YAEPKMBAET MPOTOHbI M HEWTPOHbI BHYTPU aTOMHOrO £4pa,
NPOTUBOAENCTBYS CUNaM KYOHOBCKOIO OTTa/IKUBaHWSA, a TAKXKE CKNenBaeT BOEAMNHO CyObaaepHble
4acTMUbl — KBapKW, U3 KOTOPbIX MOCTpOeHa BCs MaTepus. Cnaboe B3aMmogelncTeue (cnabee ero
TOMbKO TPaBUTALMOHHOE) OTBEYAeT 3a MPeBpaLLeHVs 3MIEMEHTAPHbIX YacTUL, B MUKPOMUPE W
HEKOTOpble BUAbl PaAMOAKTMBHOIO pacnaja.

HakoHeL, rpaBMTauMOHHOe B3aumofeiicTBue (OHO camoe cnaboe ©3  BCeX —
3/1eKTPOMAarHMTHOE OTTa/IKMBAHWE NPOTMBOMOJOXHBIX 3apSA0B MPEBLILAET CTATMBAOLLYKO CUITY
rpasutauun B 1043pas) BbIHYXXAAET Tena NPUTArMBaTLCA APYr K APYrY U UMEeeT TO/IbKO OAUH 3HaK
— Maccy (4TO Takoe «Macca» U 0TKyfa OHa 6epeTcs, He 3HaeT HUKTO). HO 3/1eKTpOMarHUTHbIe CU/bl
[ENCTBYIOT TO/IbKO Ha 3apsbkeHHble O0ObLEKTbI, a rpaBuTauus — Ha Bce Tena 6e3 UCKIoYeHus,
obnafaroLme mMaccoi. A MOCKO/bKY MakpOCKOMUYeCcKne CTPYKTYPbl MOYTU BCErAa 3MeKTPUYECKM
HEeMTpa/lbHbl,  CMNAa  BCEMUPHOTO  TAFOTEHWS  MNpuobpeTaeT  ONpedensiowyld  pofb B
KOCMO/IOMMYeCcKNX maclutabax.

MepeHoCUMKaMM 3/1EKTPOMArHUTHOrO B3aVIMOAENCTBUA ABNAKOTCA (POTOHbI (EC/IM TO4Hee,
BUPTYa/IbHble ()OTOHbI), CUILHOTO — FNHOOHbI (OT aHIIUIACKOrO glue — «KNei», «KNenTb»), naboro
— TaK HasblBaeMble TKesble BEKTOPHble 6030HbI (W+-6030H, W--6030H 1 Z0-6030H). A BOT
rpaButauus CToMT B 3TOM pPsAgy OCOOHAKOM, MOTOMY YTO MEPEeHOCYMK TpaBMTaLMOHHOIO
B3aVIMOAENCTBUA — TUMNOTETUYECKUA [PaBUTOH — [0 CUX MOpP He O6HapyXeH. [loaTomy
rpaBUTaLMOHHOE MOfie  OMNWCbIBAETCA B pamkax OO6Len TeopuuM OTHOCUTE/IbHOCTW  Kak
WCKPVB/IEHHbIA  YeTbIPeXMEPHbIA  NPOCTPaHCTBEHHO-BPEMEHHOW  KOHTUHYYM.  KpuBu3Ha
MPOCTPaHCTBa ONpeAenseTcs HalM4meM Macc, a camm 3T MacChl, Kak Yy)Xe roBOpu/ioCb Mpexne,
nepemeLLaroTCs He Mo MPSMOiA, a Mo TPaeKTOPUAM HauMeHbLUEN A/IMHBI — re0Ae3NYECKUM JINHUSM.
BcnomHum npoctort npumep. ECnv NONOXKUTL Ha 31aCTUYHLIA PE3UHOBLIN JINCT YBECUCTbIN
MEeTaIIMYECKUNIA LLapVK, pe3nHa npocsaeT, ob6pa3oBas AMKY. Ecnv Tenepb B3ATb LWapUK MOMEHbLLE
1 Nonpo6oBaTh ero NPoOKaTUTb MUMO TSXKENOro Lapa, OH UK CKaTtuTcs B yrnybneHve (NpuUTsaHeTcs
K TSOKENOMY Luapy), WAM OMULLET OKOMI0 HEro HEKOTOPYH KpWBYK, 4YTO OydeT 3aBUCETb OT
CKOPOCTM JIErKOro Lapvka W pacCTosHUA Mexay HuMW. Yem 60/blle macca, TeM CUbHee
NCKPUBNSIETCS MNPOCTPaHCTBO. [pyrMmin Ccrnoeamu, Cuna rpaBuTauuMn 3KBUBaIEHTHa WU3rnMoy
NPOCTPaHCTBA-BPEMEHMN.

OcrtaeTcs 106aBNTb, YTO 3/1EKTPOMArHeTU3M U rpaBuTauma ABNA0TCA AabHOLENCTBYOLLMMU
cunamn, a cuibHoe U cnaboe B3aMOAENCTBUA 3((EKTUBHBI TO/ILKO Ha MaslbIX U CBEPXMasbIX
paccToaHuax (10-13—- 10-15caHTmeTpoB 1 10-16— 10-17caHTUMETPOB COOTBETCTBEHHO).

B 1967 rogy B (PV3MKe 3MEeMEHTApHbIX YacTWL, MPOM3OLLIO0 3HAaMeHaTe/lbHoe COObITue.
AwmepukaHey, CTuBeH BaiiH6epr v aHrnmMyaHuH A6ayc Canam He3aBMCMMO [pyr OT Apyra
nokasa/iv, 4YTO 3/1eKTPOMarH1THoOe ¥ cnaboe B3aUMOAENCTBUS UMEIOT efMHYI0 MpUpoay u obuiee
nponcxoxaeHue. Nopo3Hb OHM BbICTYNAKOT TOMbLKO MPU CPaBHUTE/ILHO HU3KUX TemnepaTtypax, a
npu Temneparype nopagka 1015rpafycoB CTaHOBATCA HepasMyMMbIMU, OObEAUHSAACL B
anekTpocnabyto cuny. M3 mogenn BaiH6epra — Canama cnefoBasno, YTo B JOMO/HEHNE K (DOTOHY
CYLLECTBYHOT eLle TPW YacTuLbl, KOTOPble ABNAIOTCA NepPeHOCYMKaMmn €1aboro B3auMogelcTBums, —
y)Ke 3HaKOMble HaM BEKTOPHbIe 6030HbI («4y6/1b-Be NKC», «Ay6/b-Be MUHYC» U «3€T HOJMb»). Mpn
BbICOKMX YPOBHSAX 3Hepruu, COOTBETCTBYHOLWMX Temrnepatype 1015rpagycoB KenbBuHa (@
Temneparypa, Kak U3BEeCTHO, CTb /INLb Mepa Konmyectea sHeprun), W-— n Z-4actuupbl Ha4nMHaoT
BECTU cebs TOUHO TaK XKe, kak 6e3mMaccoBblii (JOTOH. ITO HAMOMUHAET NOBeAEHMWe LapuKa Npu urpe
B pyneTKy. CTuBeH XOKUHT MULLIET:

Mpy BbICOKMX 3HEPruMsiX (TO eCTb NPy GbICTPOM BPALLEHWI KONeca) Lapuk BedeT cebst nouTy
OINHAKOBO — 6e30CTaHOBOYHO BpallaeTcs. Ho Korga KOMeco 3aMefnMTcs, SHeprus Liapuka



YMEHbLIAETCS M B KOHLE KOHLOB OH MNPOBA/MBAaeTCs B OAHY M3 TpUALATM CEMM KaHaBOK,
MMeroLMXCA Ha Konece. VIHbIMM cnoBamm, NPy HU3KMX 3HEPTMSX LIAPUK MOXKET CYLLECTBOBATb B
TPUALATA CEMU COCTOSIHMAX. Ecnn Gbl Mbl Mo4emy-nn6o Mornn HabnoaaTh WAPUK TOMbKO Npu
HU3KMX 3HEPTUSX, TO CYMTanM Bbl, UTO CYLLECTBYET TPUALATL CEMb Pa3HbIX TUMOB LUAPUKOB!

10 net cnycta TeopeTuuyeckas mofenb BaliHGepra — Canama 6necTsale NoATBepAMnach
3KCMEPUMEHTA/IbHO: BblNY HaAeHbl TPW TUNA TAXENbIX BEKTOPHbIX O030HOB, NMPUYEM UMEHHO C
TEMU MapaMeTpamMu, KOTopble MpefcKa3blBa/IMCh. Y CMeX NMpPeB3oLUen BCe OXMAAHUA, U CErofHA no
npaBy CUMTAeTCs, 4TO 3HAYMMOCTb Mogenn BaiH6epra — Canama, NOMy4YmMBLUEA Ha3BaHWE
CTaHJAapPTHOM MOZENN, BMO/HE CpaBHMMa C JOCTUXKEHUAMU BenMKoro Makcsenna, 06beAMHMBLLETO
B CBOE BPEMSI 3/IEKTPUYECTBO U MarHeTu3m.

Ho ecnn anekTpomarHeTv3M 1 cnabble CUibl CYTh BE CTOPOHbI O4HON Meaanun, Toraa, 6biTb
MOMXET, U CU/IbHOE B3aMMOLENCTBUE ECTb HE UTO MHOE, KaK PasHOBUAHOCTb HEKOei 06LLein cubl? U
B CaMOM [efe, CTaHJapTHas MOJeNb NpeAcKasbiBaeT, UTO Npu eLle 60/iee BbICOKUX TeMMepaTypax
(okono 1028rpafycoB) [O/MKHO NPOU30MTM 0ObEAMHEHME CU/ILHOTO U 3/1eKTpOoCcnaboro
B3aVMOAENCTBUIA. POTOHBI, TIHOOHbI U BEKTOPHbIE G030HbI HAYMHAIOT BECTU CEOA WAEHTUYHO W
CTaHOBATCA BCE «HA OA4HO NULO», Kak Tpu mnoctacu Teopua — bor-oteu, Bor-cbiH 1 bor-gyx
CBATON. epeHOCUYMKOM 3TOr0 YHWMBEPCA/IbHOTO B3aUMOLEWCTBUS LO/MKHA OblTb TaMHCTBEHHas
yactmua Xurrca (unm X-6030H), KOTOpas Noka eLle aKCnepuMeHTasIbHO He 06HapyeHa. OfHaKo
(M3NKN He TepatoT HagexXAbl, YTO BOonblIOW afpOHHbIA Konnahgep — KPYMNHEAWWin B mMupe
YCKOPUTENb 3/1eMEHTapHbIX YacTuL, MOCTPOEHHbIA Ha Gepery YKeHeBCKOro o3epa M 3anyLieHHbI
oceHbto 2007 rofa, MOMOXET paccTaBUTb BCE TOUKWN Hag «i». Mexay NpoYnmm, XUrrcoBCKMiA 6030H
npumeYaTesnieH eLe 1 TeM, YTO HagensieT Maccoi Bce OCTa/lbHble YacTULb.

NTaK, Tpu B3aVMOAENCTBUA M3 YeTbipeX — 3/1eKTPOMarHUTHOe, CU/bHOe U cnaboe — npu
OnpeeneHHbIX YCNOBUAX CAMBAKOTCA BOEAMHO A0 MOHON HepasMuMMOCTU. Takue YCnoBus
CYLLEeCTBOBA/IN B OYeHb paHHel BceneHHOW, Korga ee BO3pacT MCUMCAANCA MUKPOCKOMUYECKAMM
JonAMK cekyHAbl. CHavana oT 06Lero cTeona OTAENWMOCH CU/IbHOE B3aUMOENCTBME, a 3aTeM
3N1eKTpocnaboe, KOTOPOe, B CBOKD OYepespb, M0 Mepe najeHus TeMneparypbl pacrnanocs Ha craboe
3N1eKTPOMarH1MTHoe. Teoputo, NPeTeHAYHOLWYI0 Ha 00beanHEHNe BCeX TPeX CUN (OHa, YBbI, ellle He
MOCTPOEHa), NPMHATO Ha3bIBaTb TeopMen Bennkoro 06beanHEHNS.

A Kak 6blTb C rpasuTaumein? Jlormka MoOACKasbiBaeT, YTO MpW Temnepatypax Mopsaka
1032rpagycoB OHa A0/MHKHa HEMMHYEMO BNWTLCA B TPOWCTBEHHbLIV COHO3, MPEBpPaTMB YCEYEHHOE
TPWO B NOIHOLIEHHBIN KBapTeT. 3aKaBblka, OfHAKO, B TOM, YTO €C/1 TPY CUJIbl B paMKaxX KBaHTOBOM
MexaHMKn 6e3 0coboro Tpyaa 0O0bLEAMHAIOTCS B efAuHyt0 cuny (M0 KpaiHel mepe, cyry6o
TEOPeTUYeCKn), TO rpaBuTaums B 3Ty (OPMYNy He /fie3eT, YMNOPHO He >Xenas MnoanLaBaTbes
KBaHTOBaHMt0. OHa NPOJO/MKAET 0CTaBaTbCs MATLIM KO/IECOM B TeJfiere, U Nnpu nonbIiTKe COBMECTUTb
KBaHTOBbIA MOAX0L C 06Llell Teopuei OTHOCUTENbHOCTM M30 BCEX LUENel Cpasy Xe HauuMHatoT
BbINOM3aTb HeNenble 6ECKOHEYHOCTM. TaK UTO 3MNUTET «BENMKas» MPUMEHUTENIbHO K TEopuu
06beIHEHNS TPEX CU TPELUNT M3BECTHON HATSXKKOW: BTUCHYTb rpaBMTaL IO B MPOKPYCTOBO /I0XKe
rMNOTETUYECKON eANHON Cynepcubl HAKaK He yaaeTcs.

Mexay Tem Cnocob, MO3BONAIOWMIA HEMPOTUBOPEUMBO MOBS3aTh  rpaBuUTauMiO  C
3NIEKTPOMArHeTn3MoM, Obln MpPeLioKeH ewe B Havase npoLwsioro Beka (0 ABYX Apyrux
B3aMMOAENCTBMSAX — CUIbHOM 1 CNaboM — B TO BPEMS HUYero He 3Hann). B 1919 roagy matematuk
Teogop Kanyua Hanucan OWHLWITEAHY NUCbMO, B KOTOPOM MOAPOGHO W3M0XW/ CBOKO WAEHD
006beIHEHNS 3MIEKTPOMArHUTHBIX W FPaBUTaLMOHHbIX CWUA. KakK WM3BECTHO, Teopus JWHLUTENHa
chopmynMpoBaHa B pamkKax MpefCcTaB/ieHNs O YeTbIpeXMEPHOM MNPOCTPaHCTBE-BpeMeHn (Tpu
NMPOCTPAHCTBEHHbLIX  WM3MEPEHUA MOC  O4HO BpeMeHHoe). Kanyua npegioXxun BBeCTU
[OMOSIHUTENbHOE  MPOCTPAHCTBEHHOE  M3MEpeHMe WM MNOCTPOUS  MOAeNb  MATMMEPHOro
NPOCTPaHCTBA-BPEMEHN (YeTbipe NPOCTPAHCTBEHHbLIX U3MePEHUs MOC OAHO BPEMEHHOE), NPUYEM
CyMen MoKasaTb, YTO ero nATMMepHas MOofeNb WAEHTUYHA YETbIPEXMEPHOM Mofenn SUHLITelHa
NAKC 3MEKTPOMAarHeTu3M. Jpyrumu cnosamu, B Teopun Kanyubl NSToe M3MepeHne npocTpaHCTBa
«OTBEY&/I0» 338  3/IeKTPOMarHeTU3M: OH  [0Kasa/l, uYTO BBefEeHWe  [OMNOJIHUTENIbHOIO



NPOCTPaHCTBEHHOI 0 N3MepPeHNs 3KBMBA/IEHTHO BBEAEHMWIO 3/IEKTPOMArHeTu3ma.

Mo SWHLUTENHY, rpaBUTaLMs, KaK Mbl MOMHUM, €CTb MPOSB/IEHNE METPUKM YETbIPEXMEPHOO
npocTpaHcTBa-BpeMeHn, a Kanyua Halen HeKBaHTOBOE, TeOMETPUYECKOE pelleHve A
aNleKTpoMarHeTu3ma. /13 ero Teopum cnefoBasio, YTO rpaBuTaums B MUPe NATU U3MEPEHUIA enHa, a
B YeTbIpeXMepHOM MpPOCTPaHCTBE-BPEMEHN JMHLUTEHA OHa BbICTYMNaeT B (popMe [ABYX Cun —
rpaBUTaLMOHHOW N 3N1EKTPOMArHUTHOM.

Mogenb Kanyubl 6blna 6e3yrnpeyHa ¢ MaTeMaTUUYeCKO TOUKWN 3peHUs, O4HaKO cofepxxana
CYLLLECTBEHHYIO HeyBsi3Ky. EMy He yaanocb 06bACHWUTL, MoyemMy NAToe M3MepeHue MpoCcTpaHCTBa
HMKaK cebsl He NPOSBNAET B HALLEM peaslbHOM YeTblpeXMepHOM Mupe. Mbl NOMbITAEMCS YCTPaHUTb
3TOT Npo6esn, NPUGErHyB K HECNIOXHOIN aHaornun.

11060l LWHYpP, KaHaT WK LWMaHT, BHE BCAKOrO COMHEHMS, ABMISETCA TPEXMEPHbIM TeIOM —
UMAMHgpoM. Ecnm Mbl ByaeM paccmaTpuBaTb TakoW UWMAMHAP C  AOCTAaTOMHO  60/bLUIOrO
paccTosHUA, TO Ha NepBbIil NAaH BbICTYNUT B NEPBYIO O4epeb ero AAvHa, NOCKO/bKY ABa ApYrux
n3MepeHns (BbICOTa U LUMPKUHA) CUIbHO YCTYNAloT eil B pasmepax. MocMOTpUTe Ha YeloBeYECKMIA
BOMIOC W/ HUTb NayTWHbI: 3TO TOYHO TakMe XKe UWINHAPLI, KaK U TONCTbIA KaHaT, O4HaKo ABa
N3MePeHUs Mo NPUYNHE UX MaIOCTVU HaAMW NPaKTUYECKW HE BOCTIPUHMMAOTCS. MayTuHa uim Bonoc
BbIFSAAT OAHOMEPHON NUHNEN.

BrionHe BO3MOXHO, YTO MPOCTPAHCTBO Halleli BceneHHOM opraHW30BaHO aHalIoMMyHoO: Tpu
MPOCTPAHCTBEHHbIX W3MePeHMsi PacTAHYTbl [0 KOCMOJIOrMYECKMX MacliTaboB, a 4eTBepToe
HacTONbKO Mano, YTO He «10BUTCA» AaXe C MOMOLLbH0 CaMOi YyBCTBUTENbHOW N1abopaTopHONA
TEXHWKW, HE TOBOPSA Y)Ke 0 TOM, YTOObl YBUAETb €ro MPOCTbIM r1a3oM. Mbl He MOXeEM pasrisgeTb
YeTBEPTOE M3MepeHMe NPOCTPaHCTBa Halleil BceneHHOW POBHO MO TOM XKe NpUYKHE, MO Kakol He B
COCTOSiHAM  YBUAETb  AOMOSIHUTE/IbHbIE  U3MepeHust  TOH4Yalweid HUTW. HoO  ocTaBascb
MPUHLMNUATILHO HeHabMt04aeMbIM, OHO BCe XKe NposABseT cebs B 60/bLUMX MacLiTabax Kak cuna
3N1eKTpOMarHeTu3ma.

Npen Kanyupbl 6biiv pa3sutbl B 20-X rogax NPOLLIOTO Beka LWBEACKMM MaTeMaTuKOM
Ockapom KneiHOM u nonyymnu HasgaHue Teopum Kanyubl — KneilHa. [Jonroe BpPeMsi OHM
NPeACTaBNANMNCE YMO3PUTENbHBIMA  CMIEKYNIALUUAMW, He MMEHLMMM OTHOLLEHUA K peaslbHOMY
(hM3n4eCKOMy MUPY, OLHAKO B HAalUM [JHW CTaiM BecbMa MonynsipHbIMU. [leno B TOM, YTO €C/u
3NIEKTPOMArHeTU3M MOXET ObiTb 0ObACHEH MpPUBIEYEHWEM  [LOMOSIHUTE/ILHOTO  M3MEpPEeHUSs
MPOCTPAHCTBA, TO HeNb3s 1M TOYHO TaK >Xe NOCTYNUTb WU C APYrMU BUAAMU YHWUBEPCAIbHbIX
B3aMMO/ENCTBUIA — CU/bHBLIM U CNabbiM? BbITb MOXET, OHM TOXE CBSA3aHbl C HEKMMMW NOTaeHHbIMU
N3MEPEHUAMU, NeXalMMmM 3a rpaHbio Hallero BocnpuaTua. Torga KapTuHa MUpo3gaHus cpasy xe
yrpoLLaeTcs, npuobpetast CTPOMHBIA 1M 3aKOHYEHHbINM BUA. Ha30BeM 3TV KOMMAKTHble CKPbITble
N3MePeHNs BHY TPEHHUM MPOCTPAHCTBOM, a TPY 60/bLUMX U3MEPEHNS — NPOCTPAHCTBOM BHELLHUM.
Ecnm CTpyKTypa BHELUHEro MpoCTPaHCTBa OMpefenseTcs cuiamy rpasutaumy, 10 hopma
BHYTPEHHEro npocTpaHcTBa OyfeT cBA3aHa C TpeMs ApYrMu B3aMMOAENCTBUAMU — CnabbiMm,
CUNbHBIM U 3/1IEKTPOMArHUTHbIM. MMOHATHO, YTO Takoe efUHOe OnucaHue BCeX CWUM MPUPOAbI Ha
A3bIKe reOMeTPUN NPeACcTaBAeTCA BeCbMa MPUBIeKaTe/IbHbIM.

OfHakKo CHayana HY)XXHO [aTb OTBET Ha [jBa O4eHb Cepbe3HbIX BONpoca. Bonpoc nepsbIii: Kak
YCTPOEHO BHYTPEHHee NPOCTPaHCTBO, KaK OHO BbIFAANUT Npu 6mKailem paccmoTpeHun? Bonpoc
BTOPO: ecnn BceneHHas MHOrOMepHa, TO MOYeMy TO/IbKO TPW MPOCTPAHCTBEHHBLIX U3MEepPeHUS
pasgy/iMcb 40 KOCMOOrMYecKMX macLutabos?

Pasbepemca no nopsaky. Bo-nepBbiX, BHYTPeHHee MPOCTPaHCTBO A0/HKHO ObiTb OYeHb
MasieHbKMUM. 10 BCeil BEpOATHOCTW, €ro pasmep /IEXWUT B 06/1aCTW MaHKOBCKUX A/MH (OKOMO
10-33cm). Bo-BTOpbIX, HECMOTPS HA CBOKO MalOCTb, OHO HE JO/DKHO UMeTb rpaHuy,. B npoTvBHOM
C/lyyae 3/IeMeHTapHble YacTuLbl, JOCTUIHYB Kpasi, Besn Obl Cebsi TOUHO TaK >Ke, KaK LuapuKu Ha
MOBEPXHOCTU CTOMA: OHW CKATWUNCL Obl BHM3. Crief0BaTe/IbHO, BHYTPEHHEE MPOCTPAHCTBO A0/IKHO
ObITb OAHOBPEMEHHO WM KOMMAKTHO, M CBEPHYTO, TO eCTb 3aMKHYTO CaMO Ha cebs. HakoHel,
BCMOMHMM O TOM, 4YTO KpWBM3HA MpOCTpaHCTBa (B [LAHHOM C/lyyae peyb WAET O BHELUHEM
MPOCTPAHCTBE) TECHeNLMM 06pa3oM CBA3aHa C rpasutaumeit. ECnn 6bl BHyTpeHHee NpoCTpaHCTBO
OblNO TOXE WCKPWB/IEHO, 3TO BbI3BAI0 Obl AOMOJHUTE/bHbIE TPABUTALMOHHbIE 3PMEKTbI. A



MOCKO/IbKY Mbl WX He HabnojaeM, OCTaeTcsa NPeAnosioXMTb, UYTO BHYTPEHHee MPOCTPaHCTBO
BL06aBOK KO BCEMY [0/MHKHO ObITb NIOCKUM. HO pa3Be MOXHO BOO6pa3vTb urypy, Kotopas byaet
B OZIHO 1 TO Ke BPeMSI CBEPHYTOW U MI0CKON?

UTtobbl pa3obpatbCA B 3TON 4aye, 06paTMMCA K ABYMEPHONM aHanoruu. MycTb npumMepom
NIOCKOr0 MPOCTpaHCTBa OYAeT O0ObIKHOBEHHbI OYMaxHbIA nUCT. K COXaneHuto, Yy Hero ecTb
yeTblpe Kpas, a Hawa 3ajaya B TOM W COCTOWUT, YTOObI OT 3TMX KpaeB M36aBUTLCA. Jlapumk
OTKpPbIBAETCA NPOCTO. ECNM CBEPHYTL NNCTOK B TPYOKY, OCTAHYTCA TONLKO [Be He3aKpbITble rpaHm
Ha MPOTMBOMOMOXHBLIX KOHLAaX ob6pa3oBaBLlerocs uUnnvHapa. CoefuHWB WUX CTbIK B CTbIK, Mbl
nofy4YnM Urypy, HanoMUHaroLLyt0 6y6InK nav NoHYMK. B reomeTpum Takas urypa HasblBaeTcs
TopoMm. Tononorus — pasgen MareMaTuku, usyvalowmii  Hambonee oOlWmMe  CBOMCTBA
reoMeTpuyecknx  uryp, — yTBepXJaeT, 4YTO Npu  MNOAOOGHOrO  poja  HenpepbIBHbIX
npeobpa3oBaHnsX, KOTOPble Mbl TO/IbKO YTO NPOAenan, MOBEPXHOCTb SMcTa GymMarn ocTaeTcs
MNOCKON. I XOTA Ha nepBblii B3rnag y Topa ¢ 6yMaXKHbIM /IMCTOM OO6LLEro COBCEM HEMHOrO,
MOBEPXHOCTb 6Y6/IMKa — XOPOLUNIA NPYMeP KOHEYHOT O M/I0CKOro NPOCTPaHCTBa.

MoMumo BCEro mpoyero, Mofenb O6ybnmka AaeT Hemnoxoe MpeAcTaBneHMe O TOM, MOYeEMy
[OMNOMHUTENbHbIE U3MEPEHMS NPOCTPAHCTBA OT HAC CKPbITbl, NPUHLMNNANIBHO He HabnLaemMbl. Y
Topa 1MetoTCa ABa AnameTpa. MepBblil AnamMeTp — «BOMbLLIOW», 3TO ANaMETP OKPYXKHOCTU, KOTopas
obpasoBanach, Korga mMbl NpeBpaTuAN NpsaMyo 6yMaxKHyo TpyOKy B 3aMKHYTOE KO/bLO. AvameTp
HOMEpP fABa MHOr0 MeHblLle — 3TO, MOMPOCTY FOBOPS, TOMAWMHa TPy6KW. Mpeanonoxum, 4to
OONbLUOIA AMaMeTp UMeeT acTpoHOMMYecKue pasmepbl U cocTaenseT 1030cMm, B TO BpeMsi Kak
Manblii gnameTp He npesbiwaeT 10-30cM. Torga rMnoTETMYECKOMY CYLLECTBY CpefHero pocTa,
obuTaroLLeMy Ha MOBEPXHOCTH Topa, OyAeT KasaTbCs, YTO ero MUp OLHOMEpPEH.

WTaK, Mbl OTBETUAM Ha BOMPOC, KakKUM 06pa3oM BHYTPEHHEe MPOCTPaHCTBO MOXET ObiTb
OAHOBPEMEHHO M/IOCKAM U CBepHYTbIM. OcTaeTcqd pa3obpaTbCsi C  NPUBWUIErMPOBaHHbLIM
MOMIOXKEHMEM TPex 60MbLUMX U3MEePEeHUIA. MoyeMy TOMbKO TPU MPOCTPAHCTBEHHbIE KOOPAMHATLI
Hallero Mupa pacnyx/M Kak Ha Jpoxokax, a BCe MpoyMe OCTaICb  CKYKOXXEHHbIMM
KpoxoTynbkamn? [pyrumu cnosamu, novemy bonblias BceneHHas TpexmepHa, a He [ABYMepHa
WK, CKaXKEM, YETbIpEXMEpPHa?

BcnomHum cueHapuii XaoTuyeckol MHGAsumMm Angpes JInHae, 0 KOTOPOM Lfa pedb B
npegblaywiein rnase. UTobbl HarnagHoO NPOAEMOHCTPMPOBATb  HEPaBHOMEPHbIA  XapaKTep
pasfyBaHVWs B pasHbIX [AOMeHax (Mam o6nactax) BceneHHol, Mbl Torga BOCMOMb30Ba/IMCh
aHasorveii ¢ NOAN3TUIEHOBOIN NNEHKON, Pa3bUTOoi Ha CBOEro poja LaxMaTHble KNeTKK, Kaxaas 13
KOTOPbIX MMEET MMaHKOBCKWIA pa3mep. DT Nons BeAyT cebs cyrybo MHAMBMAYabHO. B ogHUX
NHDNALMS 3aKaHYMBAETCA CPaBHUTENBHO ObICTPO, B APYTMX MPOAO/IKAETCA HEOrPaHNYEHHO LONTO,
a TPeTbM 1N BOBCE MOMEHTa/IbHO CX/IONbIBAOTCA, €ABa YCMeB POANTLCS. [MONNITUNEHOBYHO MIEHKY
MOXHO PacTArmBaTb Kak YrofHoO M B NtOObIX HanpaBneHUsX, NO3TOMY B pe3ynbTaTe Mbl NOAYyYUM
Habop 3M1eMEHTapHbIX KNEeTOYEeK pasIMYHOro pasmepa 1 hopmbl.

TOYHO TaK »ke 06CTOUT Aeno v ¢ npeobnagaHMem Tpex namepeHnin. OAHY LaXMaTHYH KNeTKy
B HalLeid MOAENM MOXHO PacCTAHYTb PaBHOMEPHO, M OHA MO OKOHYaHWM UHMNAUMM BCE PaBHO
OCTaHEeTCs NNOCKOCTbI, TOMbKO 60/bLIEr0 pa3mepa. A ApYryt MOXHO NpeBpaTUTb B TOHYalLLYHO
HWUTb, A/IMHA KOTOPOI GyfeT MpeBbllaTh €e LUMPUHY B aCTPOHOMMYECKOe umcno pas. Mypasei,
NON3yWMWiA BAONb TaKOW HWUTW, BMOSIHE CNpaBeAnVBO COYTET, YTO €ro MuUp MMEET TO/IbKO OAHO
MPOCTPaHCTBEHHOE M3MEPEHUNE — A/IMHY, NOCKO/IbKY LUMPUHA 06paTuiack NPaKTUYECKN B HYb.

B cueHapuy XaoTMYeCKO WMH(NAUMM Hawa peanbHas (uanyeckas BceneHHas siBNseTcs
Masioli YaCTbt0 OFPOMHOrO Lenoro — Mera— unn MeTaBceneHHoN (B aHrN0s3bIYHON NUTepaType
ncnonb3yetcs TepMrH multiverse No aHanorum ¢ universe — «BCeneHHas»). «Tam BAan, 3a PeKoi»,
[ANEKO 32 FTOPU3OHTOM COObITUIA, CYLLECTBYIOT MHbIE MMPbI C APYTMM YMCIOM NPOCTPAHCTBEHHBIX
N3MEPEHWNA, Pa3BEPHYBLUMXCS A0 KOCMOOrMYecKnx macwtaboB. OHM HMKAK HE COOTHOCATCS C
Haluei BceneHHON, 1 gaxke Bpems B 3TUX APYrMX BCENEHHbIX HEe 0653aHO KOPPeNMpoBaTh C HaLLWM.
Bblpaxasicb CYKOHHbIM A3bIKOM CTPOrO/ HayKu, Mbl C BamMy >KMBEM BHYTPU OAHON
MPUYNHHO-CBA3aHHOM 06/1acTK, pa3 U HaBCerAa OTrOPOXKEHHOM OT OCTa/lbHbIX AOMEHOB, FAe NpaBaT
6an coBcem Apyruve (hu3M4yeckme 3akOHbl. Ham npocTo NoBe3no: ecnm Obl YNCNO «OOMbLUMX>



M3MEePEHNIN PaBHANOCh ABYM U YeTbIPeM, MHTEPEeCcoBaTbCA YCTPOMCTBOM MUPO3LaHNSA, BEPOATHee
BCcero, ctaso Obl MNPOCTO HekoMy. [10 CYaCT/IMBOM Cly4YaliHOCTM Mbl POAWANCH B MUpE,
Jonyckarollem 06pa3oBaHue CNOXHbIX CTPYKTYP; TOYHEe roBops, TO/bKO B TakOM MWpe Mbl U
MOI/I POLAUTLCH, MO0 BCEMIEHHbIE C UHBIMW 3HAYEHUAMU PYHLAMEHTa/IbHbIX KOHCTAHT cpaboTaHbl
He MPOo HAaC — BCMIOMHUTE O HOBE/IMPHOW HACTPONKe UCXOLHbIX NapameTpoB.

CTonb npucTanbHbIi UHTepec K Teopun Kanyubl — KnellHa u npob6neme CBEPHYTbIX
(CKOMMaKTUPULUMPOBAHHBIX, KaK FOBOPAT (PU3NKM) U3MEPEHWIn OTHIOAb He GnaXkb M He urpa B
oucep, NOCKONbKY OHN MMEKOT CaMOe HenoCpeACTBEHHOE OTHOLUEHWE K CTPYHHbIM Mogenam. Mpu
TemnepaType nopsigka 1032rpagycoB BCe YeTbipe B3aMMOAENCTBUA — 3N1EKTPOMarHUTHOe, cnaboe,
CU/IbHOE U rpaBUTaLMOHHOE — LO/MKHBI CAUTLCA B YHUBEPCAbHYIO efuHyto cynepcuny. OfHaKo
TPaAMLUMOHHOE NpefcTaBneHne 06 3/leMeHTapHbIX YacTUuax Kak O TOYeYHbIX O0ObeKTax He
MO3BOMAET HEMPOTMBOPEUMBO MOBA3aTb OOLLUYHD TEOpU0 OTHOCUTEIbHOCTM C  KBAHTOBOM
mMexaHukor. B 1984 rogy usnkn Maiikn F'puH 13 JIoHgoHcKoro KymH-Mapu konnemxa n I>KoH
LLiBapy, 13 KannthopHUIACKOTO TEXHOOMMYECKOro WHCTUTYTa MoKasanu, 4YTo npobnema nerko
peLLaeTcs, ecin 1306pasnTb MUP 3IEMEHTAPHBIX YacTuL, He B BUAE KPOLLEYHbIX cdep, a B hopme
MPOTAXKEHHbIX 06BLEKTOB, CBOEr0 poda HWUTeW, Uan CTpyH (Strings), MMeloLMX ynpyrie CBOCTBa.
MpaBaa, Bnepsble 0 CTPYHaX 3aroBOpUN eLle B KoHLe 60-X rogos NpoLuUsioro seka, Ho Ao 1984-ro
CTPYHHbIe MOAE/NN OCTaBa/INCb OTKPOBEHHOM 3K30TUKOM, He 60/ee Yem BeCTSLLEN Urpoii yma.

Ecnv pacTaHyTb 3M1aCTUYHYKO PE3VMHOBYHO JIEHTY, HanpsXKeHHOCTb BHYTPU Hee pe3Ko
BO3pacTeT. HO CTOWUT TONbKO ee OTMYCTUTb, Kak CWUbl YNPYrocTU MOMEHT/IbHO BEPHYT fIEHTe
NCXOAHYHO (hopMy. HeuTo nogo6Hoe NpomcxoauT u co CTpyHoW. Mo Mepe nageHus TemnepaTypsbl
Hanps»KeHHOCTb CTPYHbI PacTeT, 1 KOorja Temneparypa onyckaeTca 3ameTHO Huxe 1032 rpagycos,
OHa HeMef/IeHHO CXKMMAeTcd B TOYKY. VIMEHHO MO3TOMY 3/1eMEHTapHble YacTULlbl, KOTOPbIE MbI
Hab/iloaem CerofHs, BefyT cebsl Kak ToveyHble 06beKTbl. OfIHAKO Ha CamMOM [iefie B OCHOBE OCHOB
MUPO3JaHns NeXxaT He3puMmble CTPYHbl, YNPYruid Xapaktep KOTOpbIX MOApasyMeBaeT, YTO OHU
MOryT BUOPMpPOBaTh Hanofobue ruTapHol CTpyHbI. Takum 06pa3oM, BCe 3leMeHTapHble YacTULbl —
KBapKW, 3/M1EKTPOHbI, NPOTOHbI — CYTb HE YTO WHOe, Kak BMOpauMu 3TUX KPOLLEYHbIX CTPYH,
NPOLO/NbHbIN pa3Mep KOTOPbIX COMOCTaBMM C M1aHKOBCKOM AnnHoM (10-33cm). Yem Kopoye fiMHa
BO/Hbl, TeM Bbllle ee 3Heprus. A MNOCKO/bKY 3Heprus 3KBMBa/leHTHA Macce (BCMOMHUTe
3HAMEHUTYHO 3MHLITEAHOBCKYO hopmyny E = mc2), To MOXHO 6e3 TpyZa COMOCTaBUTb JJIMHY
BOJIHbI M €& 3HEepruo ¢ Maccoil. Moatomy KonebaHusi CTPyHbl C Pas3/IMYHOM 4acTOTOW MOryT
MHTEPNpPeTNPOBAaTbCA KaK pas/fiMyHble YacTuupbl. MOA0OHbIA HEeCTaHAAPTHLIN MOAX0[ 3aMevartenieH
TeM, YTO AaeT BO3MOXHOCTb pacCMaTprBaTh BCE 3/1eMEHTapHbIe YacTuULbl B BUAE OL4HOIO 1 TOr0 XKe
(hyHAamMeHTaIbHOro 06beKTa — CTPYHbI. [pyras npusnekate/ibHas 0CO6EHHOCTb CTPYHHbIX TEOPWIA
COCTOUT B TOM, YTO B3aMMOAENCTBME MEXAY YaCTULAMMN U3SALLHO N HEMPUHYXXAEHHO 00bACHSETCS
pa3BasiMBaHVEM CTPYHbI Ha YaCTU U COeJMHEHNEM OTAE/bHbIX ee PparMeHTOB.

WNTak, BCe W3BECTHble HaM KUPNUYMKM MUPO3LAHUSA MOXHO YNogobuTb  3BYKawm,
BO3HMKAIOLLMM MpU KoNebaHUAX TMTapHOR CTPYHbI, U Torga BceneHHas o6epHeTCs rpaHAvo3HON
CUM(DOHWEN, BENMYABO BbIM/bIBAIOLLEA U3 HE3PUMOro HnuTo. UTo 1 roBopuTb, Breyatnsowas u
3axBaTblBalOLLas AyxX KapTuHa, NpuBoAsLlas Ha nNamaTb nepsbii onyc ®dpugpuxa Huywe —
«PoxpaeHne Tparegum u3 gyxa My3blkM». B ckobkax 3aMeTVM, YTO CTPYHHble Teopuu Yalle
VMEHYIOTCA Teopuein CynepcTpyH, NOCKO/bKY OHU 06/1afatoT TakK Ha3blBaeMOWN CynepcMMMETpUEN,
00beAVHAIOWEN YacTMLUbl C UenbiM CrMHOM (Hanpumep, (OTOHbI) M NOAYUENbIM  CMHOM
(Hanpumep, 3NeKTPOHbI) B eJMHYI0 CXeMY, HO Mbl B 3TV (h13NYeCKre Lebpu He Noesem.

Befa B TOM, YTO YNOMSAHYTble CTPYHbl YNOPHO He XKenawT 3By4yaTb B MPOCTPAHCTBE Tpex
M3MEepPEeHN, a NOTOMY TEOpus CYMepcTpyH CnpaBef/iMBa Kak MUHUMYM B [eCATUMEPHOM MUpe
(o4HO BpemMeHHOe M [eBATb MPOCTPAHCTBEHHbLIX M3MEPEHWUIA, MPUYEM LUECTb U3 HUX CBEPHYTHI U
CKpbITbI OT HabnoAaTens no NpUYMHe MMKPOCKONUYECKMX pasMepoB). Kak 1U3BeCTHO, Ha rMTapHOW
CTPyHe YMeLlatoTCs Ko/ebaHUs TO/bKO C HEKOTOPOW BrOJSIHE OMNpefAenieHHON AMHOW BOJHBbI,
MOTOMY UTO €€ KOHLbl XeCTKO 3akpensieHbl. CynepcTpyHbl TOXe KOnebnoTcd He abbl Kak,
MOCKO/IbKY OrpaHW4yeHbl BHYTPEHHUM MPOCTPAHCTBOM — LUECTbIO CKPbITBIMUA  U3MEPEHUAMMU,
3aMKHYTbIMX Ha cebs. [103TOMY [/ MHbI BOJSIH, paspelleHHble Ha CTPyHe, OMpeaenstoTcs



CTPYKTYPOI 1 pasmepaMu BHYTPEHHEro MpoCTpaHcTBa. Takum 06pa3oM, CTPYKTypa BHYTPEHHErO
MPOCTPAHCTBA UIrPaeT BeLYLLYH PO/ib B 0OCO6EHHOCTAX TeX CUJI, KOTOpPble Mbl Hab/H0AaeM.

O6cCTOoATENbHbIA Pa3bop CTPYHHbLIX TeOpui (@ WMX Ha CErofHALIHWA [eHb MPeasIoKeHO
[0CTaTOYHO MHOTM0) He BXOAMT B Hawwm 3aga4yv. OTMETUM TOJIbKO, YTO, CKaXKeM, Tak Ha3blBaemast
M-Teopus, ABNAIOLLAACA NPAMON HaCNeAHULEA Pa3INYHbIX TEOPUIA CYNepCcTPYH U BeCbMa CerofHs
MoOnNynapHas, HakNafblBaeT [OMOMHUTENbHbIE OrpPaHUYEHWs Ha YMCMO MPOCTPAHCTBEHHbIX
N3MePEHNn. ATa Mofesb, NOCTpoeHHas B 1995 rogy npoteccopom MPUHCTOHCKOro yHMBEpCUTETa
SLBapLOM YUTTEHOM, NMLLIEHa SBHbIX MPOTUBOPEYUMIA, NO BCEW BUAUMOCTH, TONbKO B NPOCTPaHCTBE
11 nnmn 26 n3mepeHunin. Bnipoyem, y Teopum CyrnepcTpyH ecTb He TO/IbKO ropsyme NOKIOHHWKM, HO U1
He MeHee APOCTHble MPOTUBHMKM, CPaBes/IMBO nosfaratoLme, 4To Uae0 0 MHOTOMEPHOCTY Hallel
BceneHHoN crnefyeT 4McinMTb MO BELOMCTBY Cepbe3HbIX TPYAHOCTEN 3TOW mofenu. [pyrum ee
CYLLLECTBEHHbIM HEOCTaTKOM (HECMOTPSA Ha Maccy LOCTOMHCTB, O KOTOPbIX He YCTatoT HarnoMuHaThb
anosioreTbl CTPYHbI) ABNSETCA HEBO3MOXHOCTb 3KCNEPUMEHTa/IbHOM NMPOBEPKM (MO KpaiHel Mepe,
B 0603prMoM OyayLiem). [a v BooOLLEe, OTKPOBEHHO rOBOPS, TeOpUs CYNepCTpyH NoKa eLle BecbMa
M BeCbMa Janieka OT 3aBeplueHus. paBaa, MHOTME PU3NKK He TEPAKT Haf4eX[bl, YTO CTPYHHbIA
MOAXOA PaHoO WM MO3A4HO MO3BOSIUT MOCTPOUTL YHUBEPCAIbHYHO TEOPUIO, KOTOPYHK MPUHATO
Ha3blBaTb Teopueli Bcero (no-aHrnninckn — Theory of Everything, cokpatieHHo TOE).

MHumMoe Bpems CTuBeHa XOKUHra

HeT, He nyHa, a CBeT/bliA undepbnaT
CuseT MHe, 1 Yem 5 BUHOBAT,

Y10 cnabbix 38e34 A OLLYLLA0 MIEYHOCTH?
W BaTloWwKoBa MHe NPOTVBHA CMECh;
KoTopblil Yac? ero cnpocun 34ech,

A OH 0TBETMN NOBOMbLITHLIM: BEYHOCTb.

Ocun MaHgenswtam

WNTakK, CTPyHHble TeOpMN Pa3HOro TO/IKa MPEeTEeHAYIT Ha HenpoTMBOPEYMBOE 00bEAUHEHME
KBaHTOBO MeXaHMKW C 0OLLeil Teopueli OTHOCMTENIbHOCTM W BpoAe Obl NO3BOMAIOT HaBcerga
136aBUTLCS OT HA30MMBbLIX CUHIYNAPHOCTEN C UX HeyAO6GHbIMM GeCKOHeYHOCTAMM. OfHaKO Mbl
y)XKe UMeNn Cnyyain yaocToBepuTLCS, YTO, HECMOTPS Ha 6GeCcCnopHbIe NKOCHI, TEOPUS CyMepCTpyH
OTKPOBEHHO  MpPOOYKCOBbIBAET, KOrga  TWMTCA CBECTM BCe  MHOrOUBETME  MMpa K
O[JHOW-e[INHCTBEHHOW  (PyHAAMEHTa/IbHOM  CYLUHOCTM — YNPYroh OAHOMEPHOM  CTPYHE,
3annyTaBLLUE B MHOrOMEPHOM MPOCTPaHCTBE. 103TOMY MHOTME CNeLMaNCTbI NbITatOTCS OTbICKaTb
Apyrve BapuaHTbl 06X04a CUHIYNSPHOCTW, Mpeanaras CBOM COOCTBEHHbIE CLEHapun 3BONHOLMK
BceneHHoN, He CBsA3aHHble C rOMOBOMIOMHOV reomeTpuei. [onb Ha BbIAYMKW XWUTpa, W
albTEPHATUBHBIX KOHCTPYKUWIA MPeANoXeHO BEIMKOE MHOXECTBO, HO MOAE/b BblatoLlerocs
OpuTaHCKOro (msmka-teopetnka CtmuBeHa XOKWUHIa, CTaBALWAs BO rMaBy yrna NOHSATAE O MHUMOM
BPEMEHM, 3aCNYXXMBAET, Ha MO B3rNsg, OTAeNbHOro pasrosopa. OAHaKO NpeXxae YeM TOMKOBaTb O
MHMMOM BPEMEHMU, Haf0 KaK crefyeT pa3obpaTbCsi CO BPpEMEHEM 00bIKHOBEHHbIM.

Bpemsi — BooGLLe 3aragoyHas KaTeropus. VICNOKOH BEKOB Nt0Aeli 3aHMMan BONPOC, YTO OHO
co60oi npeacTaBnseT BOAM3N — HEMPENOXHbINA 3aKOH, YNPaBASOLWMIA ABMXXEHNEM MUPOB, UN Xe
HEKMIA MCMXONMOrMYECKMNIA KYHLUTIOK, MOCPEACTBOM KOTOPOrO Halle CO3HaHWe ynopsgoynBaeT
MOTOK NOCTYNaLLMX N3BHE OLLYLLIEHWNIA?

Ewe coBcem HefaBHO — YyTb 60n1ee 100 neT Hasag — Aaxe 60/bLuMe yYeHble He COMHEBA/INCH
B abcontoTHOCTM BpeMeHW. Llndep6naTtbl, pa3bpocaHHble MO Heo603pvMoli BceneHHo, Bcrogy
MoKasblBa/IM OAMH N TOT e yac. Mypo3gaHye pucoBasiocb B BUAE NMyCTOro 6e3pasMepHOro fALLmMKa,
rAe BENMYaBO Kpy)kaT nMfaHeTbl W 3Be3fbl, MOAYMHAACH HEYMONMMbIM 3aKOHaM HebGecHOW
MexaHWKn. CHXPOHM3MPOBATb Yachl, pacTblKaHHbIE Kak MOMasio No 3aKoynkam 3TOr0 FMraHTCKOro
ny3bIps, ObIN0 NPOLLE NAPEHOI pPenbl — NAOHYTb U PacTEPETh.

Teopus OTHOCUTENBLHOCTY He OCTaBW/a OT 3TUX HaMBHbIX NPeACTaBAEHNI KaMHS Ha KaMHe, 1



CErogHs Mbl 3Haem, YTO MUP YCTPOEH MHOro CroXxHee. Vges abcontoTHOro BpeMeHu (Kak,
BMpOYeM, M abCONOTHOrO NPOCTPAHCTBA) NpUKasaia LONro XWTb. Yacbl ABYX Habnwogatenei,
Haxo4sALWMXca B pasHbIX CUCTeMax OTcyeTa, He 00s3aHbl coBnagatb. CerofHs MpocTPaHCTBO U
BpeMS He paccMaTpvBarOT W30NMPOBAaHHO, & OOBLEAMHSAIOT B YHMBEPCA/bHBIA YeTbipeXMepPHbI
KOHTUHYYM «POCTPaHCTBO-BPEMS», KOTOPbIW, B CBOKO O4epefb, HEOTAE/IMM OT MaTepuasibHbIX Tef,
3anonHsaWyx BceneHHyo. ECnM HekMM 4ydecHbIM 06pa3oM K3BMeYb M3 MUPO3LaHWUA Bce
HanoNHsALWMe ero Beln, BCKO MaTepuio [0 MOCMeAHEen 4acTuubl, TO NPOCTPaAHCTBO U BpeMms
aBTOMaTUYECKW NPEKPATAT CBOE CYLLECTBOBaHME. Bnipoyem, NpoHULATENbHbIE NIIOAN MOHUMAIN 3TO
N paHblle. MHe yXe MpPUXOAMNIOCL LUTUPOBATL XPUCTUAHCKOrO duiocoda bnaxeHHOro
ABryCTVHa, KOTOPbIA FOBOPWU/I, YTO MMP OblN COTBOPEH He BO BPEMEHM, a BMeCTe CO BpeMeHeM. B
cBOei «/icnoseam» OH nNucan:

Ecnmn e paHblle Heba M 3eMM He Bblo BPEMeHW, TO 3a4eM CrpaLluBaTth, YTo Thbl Aenan
Torga. Korga He 6b1710 BpEMEHH, He 6bIo 1 Toraa.

ABCTpa/IMnCKMin  (hn3nk-TeopeTuk Mon [eBuc B kHUre «O BpeMeHW» cobpan boratyro
KONNeKUMo aopm3MoB O NPMpoe 3TON 3arafO4HON Cyb6CTaHUMM — MOPO ePHUYECKUX, MOPOi
OTKPOBEHHO HeslerblX, a NOPOW UCKIOUYNUTENBHO Fy6oKMX. MpoumnTUpyemM HaBCKUAKY HEKOTOpbIe
N3 HUX.

Mwuctnk XVI Beka AHren Cunesuyc: «Bpemsa co3gaHo TO60K cammm, 3TO 4Yacbl B TBOEW
ronose. B 10T Mur, Korga Tbl nNepecTaHeLlb JyMaTh, BPEMSA TOXE PYXHET 3aMepPTBO».

[peBHepuMcKuii NoaT Tut Jlykpeuuii Kap: «M TOUHO TaK XXe BpeMsi He MOXET CYLLIECTBOBATb
camo no cebe, HO NNLIb M3 [BWXEHbS BeLleli No/ydyaemM Mbl OLLYLLEHUE BPEMEHWU. HUKTO,
MpU3HaeMcs, He OLLYLIAeT BpeMs camo no cebe, HO 3HAeT O BPEMEHM NLLb MO ABMXKEHLIO BCETO
MpoYero».

Enuckon [xeiimc Ywep (1611 roag): «Hayano BpemeHM BbiNaio0 B HOYb HakKaHyHe 23
OKTA6pst 4004 roga A0 HOBOW 3pbi».

Haanuck Ha cTeHe TyaneTa: «BpemMs — 3T0 NPOCTO 0fHa HEMPUSTHOCTb 3a APYroit».

XpucTraHckumin asTop AragoH: «axe Bor He MOXET U3MEHUTb NPOLLOE».



bxopmk Ywnep, ¢u3mnk: «Bpemsa — 3T0 cnocob, KOTOpbIM Mpupoja He [aeT BCemy
coBepLuaTbcs cpasy».

YuUTpoy, Toxe Qu3nK: «Bpems — aT0 NOCPeaHNK MEXAY BO3MOXHbIM 1 OCYLLLECTBUBLUMMCS».

[eBunc mor 6bl BCMOMHUTL U HenpeB3oiaeHHOro Jibtomca Kapponna. Korga Anmca 3a Yallkom
yas cKasana, YTo NIFOOMT Henjoxo NPoBecTU Bpems, Ge3yMHbIV LLinsina BO3MYLLEHHO 3aKpuyant:
«Mwb yero 3axotenal Ecnm 6bl Tbl 3HaNa CTaprka Bpems, Kak 3Hat0 ero i, Tbl 6b1 06 3TOM AaXke He
3aMKHynacb. Ero He nposegellb! He Ha Takoro Hanana!»

HakoHeu, OcTtan beHfep, KOTOpOro [leBnc HaBepHsKa He 3HaeT: «Bpems, KOTOPOe Y Hac ecTb,
3TO [ieHbI'M, KOTOPbIX Y HaC HET».

O[iHaKo LWYTKK B CTOPOHY. Bpems, ecnun K HeMy Kak cnegyeT NpUCcMOTPETLCS, OKa3blBaeTCs B
BbICLLUE CTerneHn HeBpasyMUTE/IbHbIM NOHATMEM. MMoYeMy Mbl MOMHUM MPOLLIOE, HO HE MOMHUM
Oyayulero? Moyemy, cnpawimBaeTcs, B NPOCTPAHCTBE MOXHO MepemMeLLaTbCcs B t0O0M >KenaeMoM
Hanpas/ieHUn, Mo BCeM TPeM €ero OCAM, WM KOOpAuHaTam, Torja Kak Bpems MPUHUMNUaIbHO
OA4HOMEPHO W Bcerga TeyeT M3 npownoro B 6yayulee? CyllecTBYeT faxe MOHATUE «CTpesibl
BPEMEHU», TMpPUYEeM TMPUHATO BbLIAENATL TPU ee COCTaBNAloWMe — TepMOLMHAMUYECKY!HO,
KOCMOJIOTMYECKYHO W MCUXOMOTMYECKYHO CTPeny. Y AMBUTEbHbIM 06pa3oM BCe OHW Hanpas/ieHbl B
OAHY CTOPOHY. YenoBeKy C y/nuLbl 3T BOMPOCbI MOTYT MOKa3aTbCA MPasfHbIMU U JINLLEHHBIMU
CMbICNa, 60 Hawa 6e3yc/ioBHast BOB/IEYEHHOCTb B MOTOK COObITUIA NPeACTaBNAETCA eMy YeM-TO
caMo €060 pasymeroLmmes. Mexxay Tem 3aragka «CTpesibl BpeMEHU» — 0fHa U3 TPYyAHEALWnx, n
OKOHYaTe/IbHOTO0 OTBETa Ha BOMPOC, MO4YemMy BpPeMsi Te4yeT B OAHOM BMOJHE OMpeaeneHHOM
HanpaB/fIeHUN, He CyMeN HainTK NOKa €LLLEe HUKTO.

[eno ycyrybnserca TeM, YTO 3aKOHbl HAyKW He OT/IMYal0T NpoLwsioro ot 6yayuiero. Eciu
roBoputb 60NMee CTPOro, OHWM HE MEHSIOTCA B pe3ynbTaTeé HapyLlUeHWs TakK Ha3biBaeMo
CPT-cummeTpun. byksoii C 0603Ha4atoT 3aMeHY YaCTULLbl aHTUYaCTULER, BYKBOW P — 3epKanbHoe
OTPaXeHWe, Koraa NeBoe M MpaBoe MEHSTCA MecTaMun, a OykBoil T — M3MeHEeHWe HanpaBneHns
[BWKEHNSA BCeX 4acTuL, Ha 0bpaTHOe, TO eCTb MOBOPOT BPeMeHW BCMsATb. VHbIMM crnoBamu,
(hn3nyeckne npouecchbl, NpoTeKalolime B Halleil BceneHHOW, He M3MEHSATCA HU Ha WOTY, ecnu
nomeHsTb napametpbl C, P 1 T Ha obpaTHble. C Apyroii CTOPOHbI, €C/IN 3aKOHbl HayKu CTO/b
PaBHOAYLLUHbI JaXe K TPOMHON KombuHauum onepaunii C, P u T, Mbl BNpaBe NpeanonoXuTb, YTO
OHW TOYHO TaK XXe He [JO/MKHbI MEHATLCA U MPW BbIMNOIHEHUN OLHOW-eMHCTBEHHOW onepauun T.
O[HaKo COBEpLUEHHO OYEBUAHO, YTO MEXAY ABWKEHMEM Brepes W Hasa BO BPEMEHU NEXMUT
AUCTaHUMS OrpoMHOro pasmepa. Papioposas dallka, ynaB CO CTO/MAa Ha KaMeHHbI Mon,
HenpemMeHHO pa30bbeTcA BApPe6Gesrn, U HUKOMY A0 CMX MOP He A0BENOCh HabnaaTb 06paTHON
nocnefoBaTe/lbHOCTM COObITWIA, KOTAa OCKOMIKM COBMPatoTCS BOEAMHO, a Lie/leXOHbKas Yallka BHOBb
BCMpbIrMBaeT Ha cTo/s. lMogo6HOe MoBeAeHME [AMKTYeTCS BTOPbIM HayasioM TepMOAMHAMUKMK,
KOTOpOe rnacut, Y4to B /11060 3aMKHYTOM cucteMe 6ecnopsgok (Uin SHTPOMKUS, YTO TO XKe camoe)
BCerfja BO3pacTaeT CO BPeMeHeM. B M3BECTHOM CMbIC/ME 3TOT NYYLLIMIA U3 MUPOB MOAUMHSETCS
3HaMeHMTOMY 3akoHYy Mepdgu, cornacHo KoTopomy 6yTepOpof Bcerfja nafaet Mac/ioM BHUS.
YuTaTento, TATOTEHOWEMY K HAy4YHOW CTPOrOoCTW, MOXHO MPEeAsoXUTb HECKOMbKO WHYHO
(hOpMYNIMPOBKY 3TOr0 LUYTOYHOrO 3aKOHA: U3 [IByX PaBHOBEPOSTHBIX COOLITUI BCErAa NPONUCXOANUT
Hanbo/ee HeNnpuATHOE.

NTakK, 3aKOH HeyObIBaHWA 3HTPOMUW, UM YBeNMYeHUe Gecriopsfka C TeYeHUEM BPeMeHW,
NEXWT B OCHOBE TepMOAUHAMUYECKON CTpenibl. Kocmosnornyeckas cTpena oTpaxaeT paclumpeHune
BceneHHOM, a ncuxonornyeckas ornpegensieT Hawe CYObEKTUBHOE OLLyLLUeHWe BpeMeHu. A
MOCKO/IbKY OHa 3afaeTcd TepMOAUHAMMWYECKON CTPeNno M MOoAYMHEHA e, Mbl 3arnOMUHaeM



COObITMS B TOM XXe MOpsifiKe, B KAKOM PacTeT 3HTponus. VIMEHHO NMO3TOMY Mbl MOMHWUM NPOLLJIOE, a
He 6yayLLee.

MepBoHa4YalbHO, K  MOMeHTYy  bonbworo B3pbiBa, BceneHHasd  npebbiBasia B
BbICOKOYNOPSAA0YEHHOM COCTOSIHUM, HO MO Mepe TOro Kak 3rnoxa CMeHsnacb 3MOXOil, a mup
NnopoXKaan CTPYKTYpPY 3a CTPYKTYPOi B BWUAe 3Be3f, MIaHET U ranakTuK, SHTPOMUSA HEYKIOHHO
pocna. Ha nepBblIii B3rnsg, Mbl CTaIKMBaEMCS C HEKOTOPbIM NPOTUBOPEYMEM, MOCKOSbKY 3BO/HOLUS
BceneHHon BOOOLLE W 3BOMOLMA OPraHMYecKOro Mupa B 4YacTHOCTM (He TOBOpPS YXe O
CTaHOB/IEHUN pa3yma Ha nnaHeTe 3emsif), Ka3asocb Obl, HE COMMacyloTCa C YBe/NNYEHVEM
becrnopsigka. Beab KM3Hb pa3BmBasiacb OT NMPOCTOr0 K CIOXHOMY M B KOHL,E KOHLL0B NMPOn3Besa Ha
CBET YAMBUTENbHbIA WU COBEPLUEHHbIA MeXaHW3M — roMeocTaT BTOPOro pofa, Kakum sBseTcs
4eloBeYeCKMin Mo3r. EfBa i KTO-HMOYAb CTaHeT CMOpWTb, YTO YeNOBEK 3HAUYUTE/IbHO CNOXHEe
bakTepun. Tem He MeHee 3TO MPOTMBOPEYME MHMMOE, MO0 JNOKa/IbHas YMopsL0YeHHOCTb
HernpeMeHHO COMNPOBOXAAETCA POCTOM 3HTponuu. CTuBeH XOKMHI NPOUNMKOCTPUPOBaT 3TO
06CTOATENLCTBO BeCbMa HarnagHo. OH nuLeT B «KpaTKoi UCTOPUN BPEMEHU:

Ecnu Bbl 3aMOMHUTE KaXk[0€ C/OBO W3 3TOW KHVDKKM, TO Balla NamsTb MOMYYUT OKOMO ABYX
MWZIMOHOB €IUHNL, MH(OPMaLMK U MOPSAOK B Ballleil rofoBe BO3pPacTeT MPUMEPHO Ha [ga
MUIMIMOHA eAuHWL. Ho noka Bbl uYMTanu 3Ty KHWUTY, MO KpaiiHeli Mepe Thbicsiua Kasopwii
YrOpsAOUYEHHOM  9HEPrM, KOTOPYHD Bbl MOAYYMNM B BuAe MWLM, NPeBpaTUINCL B
HeYnopsiA0UYeHHY0 3HEprnio, KOTOPYHO Bbl Nepeaan B OKpYXKatoLLWiA Bac BO3AyX B BUAE Tensa 3a
CUET KOHBEKLMW 1 NOTOBbIAENEHNS. Becrnopsaaok Bo BeeneHHol BO3pacTeT Npy 3TOM NPUMMEPHO Ha
ABaauaTb MW/IMOHOB MWMOHOB MWANMOHOB MW//IMOHOB eAMHWUL, YTO B A€CSTb MWIMNOHOB
MW//IMOHOB MU/IIMOHOB Pa3 MPEBbILLIAET YKa3aHHOE YBENMYEHKE NopsiKa B BaleM MO3ry — 1 3TO
MPOU30IAET NMULLL B TOM C/lyYae, eC/W Bbl 3aMOMHITE BCE 13 MOEIn KHUXKKMW.

Takum 00pa3oM, Hawe CYO6LeKTVBHOE OLLYLIEHWE BpEMEHW — €ro Heymosumas
MCUXONOrMYeckas CTpena — 3afaeTcs  CTPesoli TepMOAMHAMWYECKOW, W BTOPOE Hauvano
TepMOAUHAMUKM NPU TakoM NOCTaHOBKe BOMpOCa CTaHOBUTCA MOYTU TPUBUa/IbHLIM. Becrnopsagok
pacTeT CO BpeMeHeM, MOTOMY YTO Mbl M3MepsieM BpeMsi B TOM HarpasfieHuu, B KOTOPOM pacTeT
becrniopsgok. Jlormka BnonHe 6e3ynpeyHas. OcTaeTcs TONbLKO pa3obparbCd, MOYeMy WU
KOCMO/IOFMYecKas, U TepMOAMHAMMYECKasA CTpena TOXe HanpasfieHbl B OAHY CTOPOHY. Jlapuuk
OTKpbIBaeTca npocTo. Ecnu BceneHHas 6ydeT paclUMpATLCS [0CTATOYHO [OAr0, TO K TOMY
BPEMEHU, KOrfa pacluvpeHne CMEHWUTCS CKaTueMm, Bce 3Be3fbl 6/1arononyyHo CropsT, a YacTuubl
pa3BaIATCA Ha 3/MeMeHTapHble Kupnuyu. Apyrumu cnosamu, BceneHHas OKaXeTcs B KpaiHe
HEynopsA0YeHHOM COCTOSIHUKW. HO ans 3BOMIOLMKU OPraHWYeckoro Mupa W CyLlecTBOBaHWS
Pa3yMHOW >KU3HW HEOOX0AMMa, KaK Mbl MOMHWUM, CW/bHAas TePMOAMHAMUYecKas CTpena, NoToMmy
4TO BCE XKMBOE MOTPe6MseT NuLLy, KOTOpas BbICTYMaeT B POSM HOCUTENs YNOPSAA0YEHHON (hopMbI
3Heprumn. XXm3Hb NepeBoAnT ee B HeYNnopsALOYEHHYIO (hopMy, NpeBpaLlas 3Heprui NMLLM B Teno.
Takum 06pa3om, Ha CTafuun CXKaTWs CYLLEeCTBOBaHME CNOXKHBIX CTPYKTYP HEBO3MOXHO, M60 Mup
OT/IMYAETCA MpPeAebHON HeyrnopsaLOYEHHOCTBI0 U He COLEPXMUT HeOo6XOAMMOro CTPOUTENIbHOMO
maTepuana. BLo6asok B (hase oxaTus TemnepaTypa U faBneHune 6yayT HEYKIOHHO pacTu, Tak YTo
nobas opraHmkKa HeMUHYeMO NOrMBHET B NIaMeHy MUPOBOTO NoXapa.

CnpaBef/IMBOCT  pagy cnedyeT OTMETUTb, 4YTO HEKOTOpble Y4YeHble paccMaTpuBatoT
HOBOPOX/AEHHYIO BceneHHy0 KakK npefenibHO  HEeYrnopsifoYeHHYH  CTPYKTYpy. Ckaxem,
3HaMEHUTLIN GenbrMincKuiA UMK PycCcKOro npoucxoxaeHus Wnbs Mpuroxuin nonaraet, yto
nctopus BceneHHoW € MOMeHTa bBo/blIOrO B3pblBa €CTb HE 4YTO WHOe, Kak npoLecc
3BO/IHOLMOHHOIO YC/IOXXHEHNS HEKOEro «MepBUMYHOrO0 aToMa», KOTOPbIA Obln ee 31eMeHTapHbIM
Xa0TUYeCKN OLHOPOAHbLIM COCTOSIHMEM. A [OCTYMHble HabOMOAEHNIO Y COBEPLUEHHO GECCMOpHbIe
NpoLecchbl TePMOAVHAMUYECKON Aerpafalimy Halero Myvpa HOCAT Cyry6o SIoKa/lbHbI XapakTep 1
HA B Maneiilleli CTeNeHNn He BAMSIOT Ha cyabby BceneHHoi. Mo TpuroxuHy, npouecchbl



camoopraHusauuy GyayT MNPOAOMKATbCS HEOrpaHWuYeHHO [0Nro, MOKa B KOHLUE KOHLIOB He
BOCTOPXKECTBYHOT Haf Cu/aMy BCEMIEHCKOro pacnaga. OfHako 60NMbLUMHCTBO (WM3MKOB C
MPUrOXMHBIM PELLNTENIbHO HE COrMacHbl U PacLiEHMBAKOT WCXOAHOE COCTOsHWE BCeneHHOM Kak
MPUMepP BbICOKOYMOPSAOUYEHHOW CTPYKTYpPbl. Tak UK MHaye, HO BOMPOC O CTPeNe BPEMEHM MOKa
eLlle OYeHb aNeK 0T OKOHYATeNIbHOTO paspeLleHuns. A BaM, YMTaTe/lb, eCIM XOTUTE pPa3obpaTthbes B
npobneme 6osee OCHOBATENIbHO, PEKOMEHAYI YBNeKaTeNbHY0 KHWMKKY CTuBeHa XOKMHra
«KpaTkasi ucTopusi BpeMeHn».

BepHemca K BapuaHTy 06Xx0fa CUHIYNSPHOCTW, NpPeasioXXeHHOMY XOKMHIrom. 3aberas
HEMHOTO Briepes, OTMedy, YTO ero CLueHapuil HarmuykaH ro0BO/IOMHON MaTeMaTUKOW U MOTOMY
OYeHb HENpPOCT ANA MNONYNSPHOro WM3NOXeHWA. [axe Yy CneyuanuctoB, cobaky CbeBLUMX Ha
pa3/IMYHbIX MOLensX BceneHHoOW, NOpol OnycKalTcA pPyKW, KOrha OHW MNbITalTCA pa3obparbes B
MOCTPOEHUSAX OPUTAHCKOro TeopeTuka. Hanpumep, W3BECTHbIN OTeYeCTBEHHbIM (M3nK HA. A.
CMOpOAMHCKNIA OTKPOBEHHO MULLET, YTO MPOAAET elle HeMasio BpeMeHW, NMoka 3aMaHuMBas Wy
MHOroobeLaroLas naes XoKMHra CTaHeT CKOIbKO-HUOYb MOHATHOM.

CraHfapTHy0 Mogenb BceneHHOR, 06peMeHeHHY CUHTYNSPHOCTbIO, MOXHO rpaduyecku
1306pa3nTb B BUAE MEPEBEPHYTOro KOHYyca, MOCTaB/IEHHOIO Ha ocTpue. BepTukaibHas OCb Ha
Takoi fuarpamMme 6yaeT 0603HayaTb Bpems, a ABe B3aMMHO MepneHAUKYNSpHbIe FOPU3OHTaIN —
MPOCTPaHCTBO Hallero mupa. BepLunHa KOHYca COOTBETCTBYET TOUKE «HOJIb», MOMEHTY POXAEHUSA
BceneHHOM «13 HUYero». J1erko BMAETb, YTO U MacCLUTabHbIA (hakTop, TO ecTb pasmep BceneHHOM,
TOXe pPaBHANCA B TO BpeMs HyMo. C TeyeHMeM BpeMeHU AMaMeTp OKPY>KHOCTU HerpepbiBHO
pacTeT, MNOCKONbKY BceneHHas paclumpsetcs. TakuM 06pa3oMm, Hall nepeBepHYTbIA KOHYC MOXHO
NnpeLcTaBUTb Kak Habop Cpe30B pas/IMYHOro [AMameTpa, Kax[bld M3 KOTOPbIX COOTBETCTBYET
HEKOTOPOMY BIOJIHe OMpeAe/ieHHOMY MOMEHTY BpeMeHW. Yem AasbLue B NpoLusioe (CBEpXY BHW3 MO
BEPTUKa/IbHOW OCK), TeM MeHblle pasvep BceneHHOW, Noka B BepluMHe KoHyca (TO ecTb B
CUHTYNIAPHOCTN) OH OKOHYaTe/lbHO He 06patuTcA B Hyflb. WTak, mepes Hamu CBOEro pofa
KOHYCO06pasHbIiA XNIE6HbI 6aTOH, COCTOALLMIA U3 OTAENbHbIX TOMTUKOB X/1e6a.

O[fHaKO CUHTYNAPHOCTb, KaK Mbl MOMHUM, He MPOCTO 6e3pa3mepHas TOUKa, HO MCYe3aroLLe
Manblii 06beM, NeXawnini B 061acTM NNaHKOBCKUX AnH (10-33caHTMMeTpoB). HanomHio, 4To
KBaHTOBblE (DYKTYyauuu, KOTOPbIMUA Mbl JIErKO npeHebperaeMm B «O0/bLLIOM» MUPE, CTaHOBATCA
BecbMa 3HauMMbIMK Npu MaciTabax nopsgka 10-33caHTUMETPOB. N1aHKOBCKYHO ANMHY NyY CBETa
nepecekaet 3a 10-43ceKyHfbl, CnefoBaTe/lbHO, Mbl MOXEM paccMaTpuBaTb 3Ty Be/IMUMHY Kak
CBOEro pofa «KBaHT BpeMeHW». Takum 06pa3oM, cama MaTyllka Mpupoa BbICTaBuia Ha Hallem
nyTW poraTtky, 3anpeljatolme NPoBOAUTL TOYHbIE M3MepeHUs. MopsSAoK Beleid, 3a10XKeHHbIV B
NCXOAHYIO CTPYKTYPY MUPA, 0Ka3blBAETCS CU/IbHEE HALLUX XXenaHWii. Ho Konb CKOpPO NPOCTPaHCTBO
1 BPEMS He MOTYT ObITb (DU3MYECKN U3MEPEHbI HUXKE NIaHKOBCKOMO Nnpezesna, T0 HeACHO, UMEeoT
Nof0OHbIE BENMUYMHBI XOTb KakOM-1n60 (hM3MYeCKUd CMbICn. ECnn Ha BepluMHe KOHyca
GeCCMbICNIEHHO paccy»aaTb O MPOCTPaHCTBE, TO B TOYHOCTU TO XK€ CaMOe CrpaBef/IMBO W AN
BPEMEHW Y Hayana Havan.

BepHeMca K Hallein guvarpaMme-KOHYCy, rae BpPemsi ABVMXKETCA BEPTUKabHO BBEPX, a
MPOCTPaHCTBO Pa3BOPAYMBAETCA FOPU3OHTA/IbHO W OMMUCLIBAETCA OKPY>KHOCTbIO C MOABMXHbIM
ANamMeTpoM. Y nNMaHKOBCKOro npegena, TaM, rAe OECUMHCTBYKOT KBaHTOBblE (IYKTyauuw,
NPOCTPAHCTBO M BPEMS OKOHYATE/IbHO TEPSHOT BCAKUM (IU3NYECKUIA CMbICI, U Mbl Y)XKe HE UMEEM
rnpasa roBoOpuTb, YTO BPEMSA NON3ET BBEPX, @ MPOCTPAHCTBO NPOCTMPAETCA rOpM30HTa/IbHO. Bpems B
Takon MOZENIN NMONHOCTLIO TEPAET MPUCYLLYIO eMy CreLnpUKY, 1 ero yXke HeBO3MOXHO OT/IMUUTb
OT [APYrux NPOCTPaHCTBEHHbIX pa3mMepHOCTei. VIHbIMM cnoBamu, Korga pasvep BceneHHoOW 6bin
MeHbLUe TMJIaHKOBCKOro npefjena, BpPeMeHW B HaweMm MPUBbIYMHOM  MPeACTaB/IEHUN  He
CyllecTBOBa/I0. B TemMHOTe, Kak M3BECTHO, BCe KOLIKW Cepbl, MO3TOMY BpeMs B 06/1acTu
MMIaHKOBCKUX AJIMH CTAHOBUTCH MOJIHOCTbIO 3KBUB&/IEHTHbLIM MPOCTPAHCTBEHHbLIM W3MEPEHUAM,
obpa3ysi BMeCTe C HUMMK YeTblpexXMepHyro ciepy. M Tonbko Korpa BceneHHas nepelwsarHyna
NNaHKOBCKWIA Npefen W cTana HeyaepXMMO pacTWh, KBaHTOBble (YKTyauuu noTepssv CBOe
OCHOBOMO/IaratoLLee 3HaueHve, a MPOCTPaHCTBO ¥ BPeMs 06pen pas/inyHble CBOMCTBA.



XOKMHT Mpeanonioxunn, 4to BeeneHHasa y Havana Hadan 6blia HaCTONbKO NMPOCTa, HAaCKO/bKO
3TO BO3MOXHO. HO UTO MOXET 6bITb npoLle cdepbl? 03TOMy Mbl peLlnTeNibHO 1 6eCNOBOPOTHO
yrpasfgHseM BepLUMHY B Halleid MOAEeNV MepeBepHYTOro KOHYCa M 3aMeHsieM ee HVDKHUM Kpaem
OKPYroW Yawm unu ciepbl. C TOUKU 3peHnst BPUTAHCKOro TEOPeTHKa, MPOCTPAHCTBO-BPEMS HUXKE
NNaHKOBCKOW [/IMHbI HanoMUHaeT ciepy, 1 BceneHHass, Takum 06pa3oM, He WMEET HMKaKoro
Hauana, B TOM CMbIC/IE, YTO OHA He MMEET Kpast Un rpaHnLbl.

[ns HarnggHocTn obpaTvMcs K ABYMEPHOR aHanormu. MocMoTpute Ha OObIKHOBEHHbIN
LUKO/IbHLIA  rN00YyC, 3Ty HECOBEPLUEHHYHD MOJenb 3eMHOro lwapa, W npeActaBbTe cebe Ha
MrHOBEHWE, YTO ero KOXHbIN Montoc OyAeT TOUKON poxxaeHus BeeneHHON. Mofo6HO TOMY Kak OT
OpOLUEHHOr0 B BOAY KaMHs MO 3epKany npyda pacxogsTcs Kpyru, Tak M OT YC/IOBHOM TOYKW,
NPUYPOYEHHOW B [aHHOM ciy4vae K HOXKHOMY MOMOCY Hallero He6oMbLIOro LWapuka, BeceneHHas
HauMHaeT YBEPEeHHO paclmMpsATbCs. [Mpyu 3TOM pacCTOsiHME OT OKPYXXHOCTUM K OKPY)XXHOCTW,
NpoBeieHHOe N0 MepuanaHy, 6yaet oTpaxaTb pocT BceneHHOM ¢ TedeHMeM BpemeHW. MOHATHO,
YTO KaXAbli nocnefyowmin kpyr 6yget 60/blue Npefblaywlero, noka pacnyxaHue mupa He
AOCTUrHeT 3kBaTopa. C 3TOr0 MOMEHTa OKPY)XXHOCTM HayHyT pa3 3a pa3oM YMeHbLUAaTbCA B
AMameTpe 1 B KOHLEe KOHLLOB OKOHYaTeNbHO COMAYT Ha HeT B Touke CeBepHOro nontoca. M xota B
Takoi Mogenn BceneHHas aBTOMAaTMYECKU NPMOOPETaeT HyNeBble pasmepbl Ha 060MX Montocax, o
HEYK/OXKMNX  CUHTYNAPHOCTAX MOXHO 61aronoflyyHo  3abbiTb.  [OCKO/IbKY BCE TOYKM Ha
MOBEPXHOCTU Cc(epbl abCOMOTHO PaBHOMPaBHbI M HUYEM HE OT/MYAKOTCS ApYyr OT Apyra, Y
pacTyLein BceneHHol B cueHapuy CTuBeHa XOKWHIa OTCYTCTBYET Hekas 0cobas Touka (Cupeyb
CUHTYNAPHOCTL), B KOTOPOI Hapylwanuch Obl BCe CTaHAApPTHbIE (M3MYECKMe 3aKOHbI. [OCTUIHYB
MakCMMyMa Ha 9KBaTOpe, LUMPOTHbIE OKPY)XXHOCTVM HAYMHAKOT Cpasy >Ke YyMandTbCs, Moka He
CTAHYTCS B TOUKY Ha CeBepHOM Nostoce. W X0Ta Ha nontocax pasmep BceneHHO paBeH Hyno, 3TK
TOYKM (BMOMHE, BMPOYEM, YCNOBHbIE) OYAYT CUHIYNSPHBLIMUA TOMbKO MO OMpefeneHnto, Kak
FKOXHbIi 1 CeBepHbIi MNOMOCa Ha MNOBEPXHOCTM 3eMHOF0 Liapa. 3akoHbl (M3nKK 6yayT
BbIMO/IHATLCA B HUX C TaKOoW Xe HEeMpUHY>KAEHHOW NerkocTblo, Kak OHW BbINOHAKTCA Ha HOXHOM
1 CeBepHOM MO/KOCAX NaHEeTbl 3emns.

K coXaneHuto, CTONb M3ALLIHOE W TNafKoe OnucaHWe WCTOpPWUM Hallero mupa Tpebyet
BBEJEHNS MHUMOrO BPeMeHW. W XOTS BblpaXXeHMEe «MHMMOE BPEMS» 3BYYMT, ObiTb MOXKET,
HECKO/bKO AMKOBATO, OHO, TEM HE MEHee, SB/SETCA CTPOTMM HayUHbIM NOHATUEM. ECIM YMHOXNTb
n6oe 06bI4HOE (MW AECTBMTENIbHOE) YMCI0 CaMO Ha Cebsi, Mbl NOMYUYNM B pe3y/ibTaTe BHATHOE
nonoXutesnbHoe uncno. (Ckaxem, ABa, YMHOXEHHOE Ha [Ba, AaeT YEeTbIpe, N B TOYHOCTM TO XKe
camoe MoflyyaeTcs Npu YMHOXeHUN — 2 Ha — 2.) OfHaKo CyLecTByeT 0Co0bIii Knacc umncen (Mx
MPUHATO Ha3biBaTb MHMMbIMW), KOTOpble MPUY YMHOXEHUWM Ha Ccebs [alT oTpuuaTenbHYH
BeNMUMHY. Hanpumep, MH1Mas eanHuLa (06bIYHO ee 0603Ha4at0T OYKBOW «i») NPU YMHOXEHWUN Ha
cebs gaeT MuHyc 1. IHorda ee onuCbIBalOT Kak KOPeHb KBagpaTHbI M3 MUHYC eanHULbI. B Takom
npeaenbHO YCNOBHOM MUpE C KaTeropumein BpemeHu B 061aCTV MAaHKOBCKMX AMH MPOUCXOAAT
YAVBUTENIbHbIE MEeTamMop®o3bl: OHO HaBCerfga yTpauvBaeT M3HayabHO MpUCYLLMe eMy CBOMCTBA
AMTENBHOCTM M HauMHaeT HamoOMWHaTb MPOTSHKEHHbIE MPOCTPAHCTBEHHbIE M3MepeHus. B
CymepKkax NpeaMeTbl yTpaumBatOT CBOE /MU0, CTAHOBSACb MOXOXUMW APYyr Ha Apyra BnaoTb A0
MOJIHOW HEPa3NNUYMMOCTMI.

W TonbKo No Mepe pocTa MacluTabHoro gaktopa MHMMoe Bpems CTrBeHa XOKMHIa obpeTaeT
CBOKO HenoBTOpPMMOCTb. OHO KakK Obl POXAAeTCs Ha POBHOM MECTE, He3aMETHO BbIM/biBas M3
NPOCTPAHCTBA M CTPAXMBAA C CEOA HEHY)KHYHO MULLYPY €ro NPOTSXKEHHOCTH.

Ha nepBblil B3rnsag cueHapuii XOKUHIa MOXET MOKa3aTbCsi HECEPbEe3HON MaTemaTnyecKol
3a6aBoil. Ero ronoBo/NOMHbIe BbIK/IaAKN HaNnOMUHAKOT U3BECTHYHD NPUTYY O 6€3yMHOM MOPTHOM,
KOTOpbI LULET BCEBO3MOXHbIE OAEXAbI, HAMAIO He 3ab60TACb O TOM, KOMY OHW MOTYT NPUATUCHL
Bnopy. Cknag roToBoV MPOAYKUMM AaBHbIM-AaBHO 3aBa/ieH Pa3HOO0OpasHbIM TPAMbEM, KOTOPOe
MOXET MOfOMTW KOMY YrogHO — OCbMWHOTY, KeHTaBpy, €AMHOpOry wnu Kapakatuue. OH
ncnoseayeT HaCKBO3b (DYHKLMOHa/bHBIA MOAXOM: KaXas M3 OEXEK COBEpLUeHHa cama Mo cebe,
HO peanbHOro Cy6beKTa, KOTOPbI MOT Obl HATAHYTb Ha CBOM BMOIHE KOHKPETHbIE Teneca TOT WK
WNHOW AWKOBWHHbIA Hapaf, Ha rOpM3OHTE He ycmaTpuBaeTcs. BesyMHOro mopTHOro poAHWT C



MaTemMaTKOM YCTaHOBKa Ha BHYTPEHHIOK HEMPOTUBOPEUMBOCTL: KOCTHOM MOXET ObITb KaK YrogHo
Hefen, HO ec/i OH CKPOEeH B NOJIHOM COOTBETCTBUW C MpaBWiamMyi KPOMKM U LUNTLA, TO YXKE TeM
caMbIM MMeeT NpaBO Ha CyllecTBOBaHWe. KoMy B AENCTBUTENIbHOCTM MOXET MPUrOAUTLCA Ceit
KPUBOIA 6anaxoH, pon He Urpaer.

PacckasblBalOT, 4YTO OfHaXAbl BblgalOWMACA pycckuii matematvk I, J1. Yebblwes
BO3HaMepusIca MpoYnTaTb MnapudkaHaM JIeKUMI0 O MaTemMaTUyeckon Teopun KOHCTPYMPOBaHWS
ogexabl. KsopyMm 6bin Benuk. Mocnywars MUPOBYHO 3HAMEHUTOCTb ABUINCH NTyULLMe 3aKPOULLMKK,
MOZe/Ibepbl W 3aKoHOZaTeNM Mof. 3aTavMB [blXaHWe W HaBOCTPUB Nepbsi, PabOTHWKW Wbl
pacKpbIy CBOM B/I0KHOTbI U 3aMNCHbIE KHKKK. YebblleB Havan nsganexa.

—ocnoga, — ckasan OH, — NpUMeM /18 MPOCTOTbI, YTO Ye/IOBEYECKOE TeNo UMeeT (hopmy
Lapa.

OcTanbHble C110Ba OH JOroBapvBas B NycTOW 3a.

LLYyTK/A WyTKamMu, HO MaTeMaTWKM TOXe He fIbIKOM WwunTbl. K Teopnn CTmBeHa XOKUHra
CMeuNaInCTbl OTHOCATCA BIOJIHE CEPbE3HO, XOTA W MOHMMAKOT ee C MATOr0 Ha [ecAToe.
eHWanbHbIA GpuUTaHeL, rnonaraet, YTo B AEWCTBUTENILHOCTU MUP >KMBET MO 3aKOHaM MHUMOrO
BPEMEHM, a TaK Ha3blBaeEMOE pea/lbHOe BpeMsi — BCEro /Wb (UKLMA, KOKMMOCTb,
6aboyka-ofHO4HEBKa, NopxaroLas Haf, MOBEPXHOCTbIO TSXKESbIX U HEBO3MYTUMbIX HEMOABUXHbIX
BoA. o ero rny6okomy yb6exkieHuno, peasibHOe BpemMs, OTCUMTbIBAEMOE HaLLMMM XPOHOMETPamMK, B
OKPECTHOCTAX M/IaHKOBCKMX BEMIMYMH MPeobpaxaeTcsd BO BPeMs MHWMOe, W Torja HeyfnoOHble
CUHTYNAPHOCT MOTYT ObITb /IEFKO BbIYEPKHYTLI M3 UCTOPUM Halleil BceneHHoW. PeanibHoe Bpems,
C KOTOPbIM Mbl MPUBLIKAN UMETb [e/10, OKa3bIBAETCA Ha MOBEPKY MCUXOMOMMYECKUM BbIBEPTOM,
yAO6HOM NpUAYMKOMW, (haHTOMHbIM M300peTeHMeM Halleld MCUXMKM, a Ha [He MWpOo3LaHus
PaBHOAYLLHO MOKOWUTCA Bellb B cebe — MHMMOe Bpems. Bnpoyem, npefocTtaBuMm Ci0BO CaMOMy
XOKUHTY.

MOoXeT 6bITb, CNeA0Baio Gbl 3aKIYUTb, YTO TaK Ha3blBAEMOE MHMMOE BPEMS — 3TO Ha
CamMoM fiefie BPEMS peasibHoe, a TO, YTO Mbl Ha3blBaeM peasibHbIM BPEMEHeM, — NPOCTO M0 HaLLero
BOOGpaXKeHMA. B aeicTBMTENbHOM BpemMeHM y BceneHHOWM ecTb Hauano M KOHeL, OTBevatoLue
CUHIYNSPHOCTSAM, KOTOpPble 06pasytoT rpaHuULly NPOCTPaHCTBa-BPEMEHN U B KOTOPbIX HapyLLAOTCS
3aKOHbl HayKu. B MHUMOM € BPEMEHW HET HW CUHTYNSPHOCTER, HU rpaHuLl. Tak 4To, ObITb
MOXET, WMEHHO TO, 4YTO Mbl Ha3blBaéM MHUMbIM BpeMEHEM, Ha caMom fene Gonee
(byHAAMEHTaNbHO, @ TO, YTO Mbl Ha3blBaeM BPEMEHEM peasbHbIM, — 3TO HEKOe CYObLeKTUBHOE
npefcTaBfeHne, BO3HUKLLEE Y HAc MPW MOMbITKaX ONWUCaTh, Kakol Mbl BUAMM BceneHHyto. Befb
<...> Hay4Has Teopusi eCTb NMPOCTO MaTeMaTuyeckas MOAENb, MOCTPOEHHAs HaMK [N ONUCAHWS
pe3ynbTaToB Hab/ofeHUIA: OHa CYLLECTBYeT TO/MbKO Y Hac B ronose. [03ToMy He MMeeT CMbICna
CnpawmBaTb, YTO Xe peasbHO — «AeCTBUTENbHOE» BPEMS U/ BPEMSI «<MHUMOE»? BaXkHO NiLLb,
KaKoe 13 HVX 6onee NoAXoauT ANst ONUCAHUS.

MoaBoas 4epTy MOA PacCyXXAEHUSAMU Aep3KOro OpuTaHua, OCTaeTcsd OTMETUTb, UYTO He
MMveroLas rpaHuy, rnagkas BceneHHast XOKMHra, HECMOTPS Ha BCHO CBOKO MPUBEKATENbHOCTb,
MMeeT MO KpaiHein Mepe OAWMH CYLUECTBEHHbI HEeAOCTAaTOK: MPAaKTUYECKW MOMHOe OTCYTCTBUE
[0Ka3aTe/lbHON 3KCNnepuMeHTaNbHOW 6a3bl. Mpu 3TOM HET HUKAKMX OCHOBaHWIA CYMTaTb, YTO B
0603pMMOM ByayLLEM Takne AoKasaTeNnbCTBa NosBATCA. Bnpoyem, 3TO He caMblil CTPaLLHbIA Fpex,
MOCKO/IbKY  fIbBMHAas  [JONS  WHbIX  KOCMOJIOrMYECKMX  MOMENen TOXe He  MoAfaercs
9KCMEePUMEHTaIbHON NpoBepKe. Teopus XaoTMYeCcKoW WHMauuM AHapes JluHae SBNseTcs,
noXanymn, cHacT/IMBbIM UCK/IKOYEHMEM B 3TOM psifly, MO0 3ameyaTesibHO COrnacyeTca ¢ nocneaHUMm
AOCTMKEHVAMU HabNKO4aTeNbHON aCTPOHOMMN.

C [pyroi CTOpOHbI, NpeAcTaBNeHne 0 TOM, YTO NMPOCTPAHCTBO M BpeMs 06pa3ytoT rnagKyto
3aMKHYTYIO MOBEPXHOCTb, AaeT 6oraTyto Muwyy ANS pasMbllLNeHWA OTHOCUTENbHO ponn bora B
XXM3HW BceneHHoW. ®rnocoticKnin NoTeHUman aToin Moaenu TPYAHO nepeoueHnTb. EaBa n He Bce



KOCMO/IOTMYECKME CLiEHapUM, NOCTYNIMPYIOLLVe POXAEHWE MMpa «M3 HUYEro», NyCTb HESIBHO W C
6ONbLUMM CKPUMOM, HO BCE-TaKU [JOMYCKaloT CyLLECTBOBaHMe TBopLia.
CTuBEH XOKMNHT MULLIET:

Ecnu >xe BceneHHas [eNCTBUTENbHO MOMHOCTHIO 3aMKHYTa U HEe UMEET HW FPpaHnLL, HW Kpaes,
TO TOrfa y Hee He JO/HKHO ObITb HY Hayasa, HMU KOHLA: OHa MPoCTo ecTb, 1 Bee! OcTaeTca nm Torga
mecTto ans Co3gatens?

ELLle OAUH CLEHapUii NPOUCXOXAEHNS Hallel BceneHHOM NpeaioXnn aMepuKaHcKuiA (msnk
JIn CmonuH. Mo ero MHEHWI, HOBble MMPbI MOTYT POXAATbCs BHYTPU YepHbIX Ablp. O uYepHbIX
Ablpax, 9TUX YrofbHbIX MeLKax MUPO3[aHus, Kyda MmaTepusi nposanuBaeTcs 6e3 BO3Bparta,
MOAPOGHO paccKasblBaoch B rNaBe «3Be3AHbIi MaHOMTUKYM», MO3TOMY He 6yay MOBTOPATHC.
HarnoMH0 TO/bKO, YTO CTaANs YepHOli Abipbl — 3aKOHOMEPHbII 3Tan 3BO/HOLUN OYeHb MACCUBHbIX
3Be3d. Korga 3Be3fa CXKWraeT CBOe siiepPHOE TOM/AMBO, BHYTPEHHee [aBleHME YXKe He MOXeT
MPOTVBO/EICTBOBATL CUMAM FpaBuUTaLIMKM, U HeGecHoe Teno 06pPYLUMBAETCS BHYTPb Cebsi. Takoe
KaTacTpo(h1Ueckoe cxaTue Noayynsio HasBaHWe rpaBUTALMOHHOrO Konnanca. OfHaKo He TOMbKO
3Be3/lbl U NHbIE MACCUBHbIE 06BEKTbI MOTYT BbITh UCTOUHMKOM YepHbIX AbIp; TEOPUS UHAAALMM
NpeackasbiBaeT, YTO Ha paHHWMX CTaAusX 3BOMOUMM BceneHHo, B (hase pasfyBaHWsl, [OMKHbI
6bINIM BO MHOXXECTBE (OPMUPOBATLCS NEPBUUHbIE YEPHBIE AbIPbI.

Cwvnbl TAFOTEHWSI BHYTPU FOPU30HTA COBLITUI YEePHOI AbIPbl HACTONBKO BE/INKU, YTO KOManc
MPOAO/KAETCA [0 TeX Mop, MOKa MMOTHOCTb BELLECTBA He CTaHeT 6EeCKOHeYHO 6obLioit. Camo
c060Ii pasymeeTcs, UTO 06BEM, 3aHATbIN CKMMAIOLLMMCS BELLLECTBOM, 06PATUTCS MPU 3TOM B HY/b.
BHYTPW YEpHOIN [Ablpbl CUAMT YXKE 3HAKOMas HaM CUHIYNSIpHOCTb — 6Ge3pasMepHasl Touka ¢
6EeCKOHEYHO GO/bLLOV MNOTHOCTLIO M KPUBM3HOW MPOCTPaHCTBA-BpeMeHW. MpOCTPaHCTBO YepHOI
AbIpbl — 9TO [0pora B HUKY/A, 6e3[0HHbIV 1 YepHbIii Kak Bakca NpoBas, 13 KOTOPOro He B Cuax
BbIPBaThCS HM OfHA YacTuua. [axe CBET CTaHOBUTCS BEYHbIM €€ TMIEHHUKOM, W60 MOLLb
rpaBuTaLIMK 33 FOPU3OHTOM COBbITUIA MPEBOCXOAUT BCE MbICMbIE NPEAenbl.

O[IHAaKO TEeopWsi OTHOCUTENIbHOCTU, KaK M3BECTHO, HE YYMTbIBAET KBAHTOBble 3PDEKTbI, a
MOTOMY OYeHb CKBEPHO paboTaeT B MaclUTabax, MeHbLLMX, YeM NIaHKOBCKas AnHa. Mexay Tem
PONb KBAHTOBbLIX (DIIYKTyaLMM HWKe MNIAaHKOBCKOrO Npeaena, Korga camyi MOHSTUS BPEMEHU U
MPOCTPAHCTBA OKOHYATE/bHO YTPaUMBaOT (IU3NYECKMNIA CMbIC/, CTAHOBUTCA onpeaensitoLLeit. To xe
camoe CrnpaBef/IMBO W [ KPUBU3HbI MPOCTPAHCTBA-BPEMEHWU. VIHBIMU CMOBaMi, Mbl BrpaBe
MPeanoNoXnTb, YTO HUKAKOW CUHTYNSPHOCTU C €8 YTOMUTE/bHbIMUA BGECKOHEUHOCTSMU BHYTPY
YEPHO [bipbl HET, a Takue MNapameTpbl, KakK TMIOTHOCTb BELIECTBa W  KPUBM3HA
MPOCTPAHCTBA-BPEMEHM, AO/MKHbI ObITb OrpaHUYeHbl HEKOTOPbIM KPUTUYECKUM 3HaueHueM. Ho
eC/IN TPaBUTALIMOHHBIV Konnamnc B 06/1aCTWM MNaHKOBCKUX [/IMH CXOAMT Ha HET, TO BMOJIHe
BEPOSITHO, UTO MPOCTPAHCTBO BHYTPU UEPHON AbIPbl MOXET MOABEPrHYTHLCSA CTPEMUTENbHOMY
pa3ayBaHWto. MOMHUTE UHMAALMIO, Ha NOPSAAKM NMOPSAKOB YBEMNUMBLLYIO 06bEM HOBOPOXK/EHHOM
BceneHHoI? Teopuns YTBEPXK/AAET, UTO HEUTO NOA0GHOE MOXKET NMPUKIOUMTLCS U C YUEPHOIA AbIPONA,
KOrAa Ko//arc ecTeCTBeHHbIM 06pa3oM BblJOXHETCS.

O[IHaKO Mbl HEME//IEHHO CTa/IKMBAEMCS C HepaspeLLMbIM MapafoKcoM. ECnm npocTpaHCTBo
BHYTPW YEPHOI Ablpbl HAUMHAET MYXHYTb KaK Ha [JPOXOKax, TO ero 06beM [0/HKEH MHOTOKPATHO
BbIPACTM 33 OYeHb KOPOTKUIA MHTEepBan BpemMeHW. K MOMEHTY OKOHYaHWUS MHMAALMM OH MOXET
NErko MpeBbICUTb pas3Mepbl HabnoaaemMoli YacTu BceneHHOM, ecny pasgyBaHWe MPOAOMKaNoch
[0CTaTOYHO [ONrO.

Ho ¢ apyroit CTOPOHbI, YepHas Ablpa — 3TO UCTVHHAS Bellb B Ce6e, U3 KOTOPOIA HNYTO, AaXxe
CBET, HE YMeeT BbIGpaThCs HapyXy. J1t060e pacliMpeHue, Kak Obl BEIMKO OHO HU 6biNo,
HEMPEMEHHO A0/MKHO 6bITh OFPaHNYEHO BHYTPEHHUM 06BEMOM YEPHOI AbIPbI, €6 FPABUTALIMOHHBIM
paanMycom. A MOCKO/bKY FOPU3OHT COBLITUI YepHOl Ablpbl HE WAET HU B KaKoe CPaBHEHUE C
pasmepamu MosiHoi BceneHHOM, TO COBEPLLEHHO HEMOHSITHO, KakKUM 06pa3oM CTO/b FPaHAMO3HbII



06bEM MOXKET YMECTUTLCA BHYTPU KPOXOTHON (PUTHONIBKMN.

UTobbl pazgenarbCs C 3TUM NapajokcoM, Ham BHOBb MpUAETCA NPUBErHyTb K ABYMEPHON
aHanorun. lNpeactaBum cebe AETCKUIA BO3AYLUHbIA LIAPUK, MO MOBEPXHOCTM KOTOPOro MON3eT
MNOCKaTUK — KPOXOTHOE pa3yMHOe CYLLECTBO, He 3HAaKOMOE C TPeTbMM M3MepeHMeM. B Halueld
MOZeNN NOBEPXHOCTb BO3AYLUHOMO Lapa COOTBETCTBYET TPEXMEPHOMY MPOCTPaHCTBY BceneHHOMN.
C TOYKM 3peHus MI0CKaTUKa, YepHas Ablpa B ero MMpe — 3TO BCEro-HaBcero HebosIbLLION Yy4acToK
MOBEPXHOCTU, HEMPOr/ISAHOE KaK CMOJb MATHO, KyAa eMy HeT goctyna. CoBepLuvB nyTeLlecTsme
BOKPYr NATHA, MNOCKaTUK 6e3 Tpyfa BbIACHUT, UYTO YepHas [blpa WMMEEeT BMOSIHE KOHEYHble
pasMepbl. Tenepb BOOOpasUM, YTO rpaBUTALMOHHbLIA KOMManc BHYTPWU MIOCKON YepHON [Apblpbl
[aBHbIM-[aBHO 3aBepLUMU/ICA, U OHa MepeXxxmBaeT (asy CTPeMUTENbHOro pasgysaHus. pu 3Tom
pesnHa BO3AYLUHOIO LUapuMKa BHYTPU FOpU30HTA COOLITWIA PacTArMBaeTcs He B ABYMEPHbIA MUP
NN0CKaTUKa, a BCMYyYMBAETCA B Harpas/eHWW, NpsMO NepreHAMKYNSPHOM MOBEPXHOCTU Luapa.
MecTa Ansa Takoro pasgyBaHusi 60/see 4eM [OCTaTOYHO, MO3TOMY [JO4YEpHsi  BCeneHHas,
POXAAKOLLAACA Ha HaWMX ria3ax, MOXET NIerko NpeB30oWTN B 06beme MaTepuHCKyt. OfHaKo 415
MNOCKaTUKa 3TOT MPOLECC OCTAaHETCA TailHOW 3a CEeMbO MevaTsaMu, MO0 ero HecoBepLUEHHOMY
3PEHUIO AOCTYMHbI BCErO /INLLb ABa U3MEPEHNS ero CKy4HOro Mmnpa. OH He YBUANUT POBHLIM CHETOM
HMYEro HOBOrO: nepep HUM OyAeT Ha30MNMBO MasiuMTb BCE TO XKE HEBbIPa3UTENbHOE MATHO, XOTH B
[eNCTBMTENIbHOCTM OHO Y)Ke [JaBHO pa3BepHYN0Ch B OrPOMHYHO BCE/IEHHYIO.

HeuTo nofo6HOe MOXET MPOMCXOAMTb WM B Halleil peanibHON TpexmepHon BceneHHon. Mo
OKOHYaHWM Konnanca NpocTpaHCTBO BHYTPW YEPHON Ablpbl HAYMHAET HEYAEepXXUMO PacLUMPATLCS,
N 4Yepe3 HECKONIbKO MrFHOBEHWIA MO ranakTUYeCKMM YacaM HOBOWICMEYEHHbIVi MUP TOPXKECTBEHHO
BbIM/IbIBaET U3 HebbITWS, PoX4as MOMYTHO CBOM COBGCTBEHHble MNPOCTPaHCTBO U Bpems. K
COXa/IEHWI0, HaM He CY)XX[AeHO ObITb CBMAETENSAMM 3TOFO 3axBaTblBatOLLEro 3penuwa, nogobHo
TOMY Kak M/10CKaTUK Mpy BCEM XXEaHUN He MOXET MPOHUKHYTbL B TpeTbe U3MepeHue. BeeneHHyto,
BHYTPM KOTOPOA uYepHas pAblpa Mepewsia B WMHMNAUMOHHBIA PEXUM, Mbl BMpaBe Ha3BaTb
MaTepUHCKON (M1 POAWTENbCKOM), a OTNOYKOBABLLYKOCA OT HEe «MOMIoAYXY» — AOYEPHENR, Mnu
mnageHyeckoin. O6e 3T BceneHHble OyAyT CBsi3aHbl CBOEOOpPA3HOW MYMOBUHOW, TPYOKOW
NPOCTpaHCTBa-BPEMEHW, AMaMeTP KOTOPO COMOCTaBUMM, MO BCEA BUAUMOCTM, C MIaHKOBCKOM
[NIHOWA.

OfHakKo nynoBMHa MOXET M 060pBaTbCS, MOCKO/bKY YEpPHblE Ablpbl NYCTb MEASIEHHO, HO
MCNapsaTCs, Tepsas MacCy 3a CYeT KBAHTOBbIX (IYKTyauuu BO3/7e CBOMX FpaHuUL. [OpU3OHT
COObITUI HEYKNOHHO CbLEXMBAETCA, KaK LUArpeHeBas KOXa, M KakK TO/IbKO OH CTaHeT MeHbLue
MNaHKOBCKOr0O Npeaena, YepHast Ablpa 3PMEKTUBHO COXMETCA B HY/Ib, 1 BCSIKOE COOOLLEHNE MEXAY
POACTBEHHbIMM BceneHHbIMM npekpatuTcs. MaTb UM MnafeHel, 3aXMBYT CaMOCTOSATE/IbHOM
XW3HbH. MpaBaa, HeKoTopble (U3UKWM YTBEPXKAAKOT, YTO KBAHTOBblE 3(PEKTbI MPUOCTAHOBSAT
ncnapeHne 4YepHol [Ablpbl BO37€ MNIAHKOBCKOrO MNpefdena, HO NPUHLUMNUANbHOINO 3HaYeHUs 37O
06CTOSATENLCTBO He MMeeT. JIonHyna CoeguHAOWAas UX NynoBMHA MAM OCTalacb B LENOCTU W
COXPaHHOCTU, He UrPaeT HMKaKoW ponun: 06e BceneHHble BCe paBHO M30/IMPOBaHbI APYr OT Apyra u
BeAyT cebs Kak BMO/IHE CaMOCTOSATE/NbHbIE CYLLECTBa.

B panbHelilem pouvepHsis BceneHHas MOXET MOWTM MO cTomam CBOeli Mamawu. Korga
pasfyBaHve MPeKpaTUTCs, a SHeprns UHMIATOHHOrO MOMs ynadeT A0 MUHUMabHbIX 3HAYEeHW,
npomsoriget bonbloin B3pbiB, M A0YKa MNepeigeT B PeXWM CTaHAApTHOro Xxab66/10BCKOro
paclumpeHus. [locne OKOHYaHUA  MHGAAUUM  (AYKTYaumMnm MAOTHOCTM B HOBOPOXKAEHHOM
BceneHHOM cTaHyT KOCMOMIOMMYECKN 3HAUMMbIMK, YTO MPUBEAET K (DOPMUPOBAHMIO MEPBUYHbIX
YepHbIX Ablp. HekoTopble M3 HMX TOXKE Ha4yHYT B CBOK OYepedb pa3fdyBaTbCsi, TaK YTO Ha CBET
MOSIBUTCS y)Ke TPeTbe MOKO/IEHNe MUPOB. B M3BECTHOM CMbIC/e 3TU HOBbIE MUPbI OYAyT YyXKe
BHYKaMW NepBOHaYa/IbHOM POAUTENbCKOV BceneHHOW, KOTopble MO MPOLUECTBUM BPEMEHWN TOXE
MoYTN HaBepHsKa AagyT NOTOMCTBO.

Takum 06pa3omM, Mbl NPUXOAUM K MPUHUMNUQIBHO WHOW KapTvHE MMPO3LaHusi, KOTOPYH
MOXHO 6blIfI0 6bl Ha3BaTb rNobanbHOW BceneHHo. MnobanbHas BceneHHas npeactaBnseT coboi
CNOXHbIA  aHCaMbnb  MMPOB M HaMmOMWHAET  BMHOMPagHyK  rposgb.  HekoTopble
BUHOMPaAMHbI-BCENEHHbIE MOBS3aHbl MEXAY COO0 MYMOBUHOW Yepe3 YepHble Ablpbl, KOTOPbIE He



ycnenu nmoka WCNapuTbCA, a [Apyrue [aBHbIM-LABHO >KUBYT W30/IMPOBAHHO, HO BHYTPU
OO0NbLUMHCTBA OTMPLICKOB MPOLO/MKAKT POXAATHCA MEPBUYHbIE YEPHbIE AbIPbl, KOTOPble pa3 3a
pas3oM aloT MYTEBKY B XKU3Hb BCE HOBbIM W HOBbIM FeHepauusiM BCENeHHbIX. pyrumu cnosamu,
rnobanbHas BceneHHas crnocobHa HenpepbiBHO CaMOBOCMPOU3BOAUTLCA. Takoe HeyTOMUMOe
MOYKOBAHME MOXET MPOLO/HKATLCA HEOrpaHWYeHHO [O/ro, MO3TOMY MOXHO CKasaTb, 4TO
rnobanbHas BceneHHas He MMeET Havana BO BpeMeHUW. Ecnv BereTaTvBHBbIN LUK/ He NpeKpaLlaeTcs
HW Ha MFHOBEHME 1 paboTaeT Kak Yvachl, TO rnobanbHas BeeneHHas Oy4eT XNUTb BEYHO.

PasymeeTcs, Kaxaas OT[eNbHO B3sTas BUHOrpaguHa (WA LOMeH, NpefcTaBnsatowuii coboi
NOKa/IbHYt0 BceneHHyo, HafeXHO W30/IMPOBaHHYHO OT CBOMX CO6paTbeB) MOXeT 06nafatb
COOCTBEHHbIM YHUKa/IbHbIM HabopoM (M3NYeCKUX MapameTpoB. VX POAHUT TOMBKO O6LHOCTb
NMPOMCXOXAEHNA, TaK CKasaTb, ronoc Kposu. O4HN MUPLI, He YCMNEB Kak CreayeT pasgyTbCs, cpasy
XK€ HayHyT KOJIMancupoBaTb, CX/IOMbIBaACb B TOUKY, a Apyrve 6yayT, HaobopoT, 6e3ynep)kKHO
pasgyBaTbCsi, MOTOMY YTO UHMAALUSA PacTeT Mo 3KCMOoHeHTe. Cpean BCEX MbIC/IMMbIX BCEIEHHbIX
0643aTeNbHO HaligeTcs XoTA Obl 0fHa, rAe WH(AALUMOHHOE pacluMpeHne BOBPEMS MpPeKpaTuTcs,
nopoauB (hyKTyaummn NAIOTHOCTK, KOTOPble BMOCNEACTBUAM AafyT HA4asio C/OXHBIM CTPYKTypam —
ranaktmkam 1 3sesgam. Mo CcyacT/IMBOM CNY4aHOCTW, Mbl XXMBEM KakK pa3 MMEHHO B TaKoOM
BCeNeHHON. Ecnm Obl (PyHAAMeHTa/lbHble KOHCTaHTbl MMENN [pyrve 3HauyeHus, 3Ta KHVDKKa
HVKOrja He 6bl/1a Obl HarmcaHa.

Pa3mMHOXatoLMecs MOYKOBAHWEM  BCE/IEHHble OTHIOA4b He  SBNATCA  6M3HeLaMu.
eHea/lOrMYeckoe pPOACTBO He WMMEET K WX TOHKOW CTPYKTYpe POBHbIM CYETOM HUKaKoro
OTHOLIEHUA. MrpoBble NOCTOSAHHbIE — HEe MoWCeeBbI 3aroBeaw, 3anmncaHHbIe Ha CKpyKansx. bor He
rOBOPWUJT U3 TOPALLEro KycTa C MOIHOMOYHbIMW NPeACTaBUTENSIMN N30PaHHOIO Hapoaa, U MO3ITOMY
()yHAaMeHTa/lbHble  KOHCTaHTbl ~ MOrYT  MPWHUMaTb  MPOW3BOJIbHbIE  3HayeHusi.  Yucno
MPOCTPaHCTBEHHbLIX W3MEPEHWUIA, Pa3BepHYBLUMXCA [0 KOCMOIOTMYECKMX MacLuTaboB, TOXe He
006513aHO OrpaHMuMBaTLCA LM(POA «TPU» N MOXET OLYTUMO BapbUpPOBaTHCA B OTAENbHO B3ATbIX
NOKa/IbHbIX My3blpsAX. [axe BpeMs BHYTPM MOYKYHOLLMXCA BUHOTPagMH MOXET BbIKUAbIBATb
YAMBUTENIbHbIE KONEHLA M TeYb KakK 60r Ha AyLly MooXKuT.

Mbl He MOXeM 3arnsiHyTb BHYTPb YepHOW [Ablpbl, NOTOMY 4YTO BCe, YTO COBepLUaeTCs 3a
rOPU30HTOM COOGbLITUIA, MOL HENPOHWULAEMOM KpPbILWKOWA cepbl LLBapuwnnbia, npeacrasnser
coboli abcontoTHyto terra incognita. Ho ecnmn Jin CMonnH npas, M Hawa MeTaranakTuka, crpedb
Habntofaemas BeeneHHas, Bbiynuaach B CBOe BPeMs U3 NMePBUUYHOA YePHOW AbIpbl, Mbl UMEEM HU C
YEM HE CpPaBHMMYK BO3MOXHOCTb M3yyaTb ee MOoTpoXa W3HYTPW, MPOCTO-HAMPOCTO WUCCNeays
CTPYKTYPY OKPY>KaKOLLLEro Hac Mupa.

Ham ocTaeTcqd OTBETUTb Ha OAWMH-€AMHCTBEHHbLIN CaKpameHTaslbHbliA BOMpoc. Mo cambiM
CKPOMHbIM OLIEHKaM, Macca Halleil BceneHHoi cocTaensieT npumepHo 1022macc ConHua. Ho ecnm
BceneHHaa CTO/Mb yBecucTa, TO Kakum 06pa3soM 3TO M306W/Me BELLECTBA MOXET YMECTUTLCHA B
KPOXOTHOM 06beMe NepBUYHONM YepHOI Ablpbl? Ha camoMm fefne HUKaKuM NapafoKCcoM 3ech Aaxke
He naxHeT. BCNOMHWM, YTO TBOPEHWE MUpa «MU3 HUYEro» MpearnonaraeT paBHOBECME MeEXAY
OTPULATE/IbHOM 3Heprveil rpaBuMTaumMnm M MONOXUTENbHON 3Hepruelnt BellecTBa. A MOCKO/bKY
oTpuLaTeNbHas rpaBUTaUMOHHasA 3HEPTUS B TOYHOCTU KOMMEHCUPYET MONOXMUTEIbHYHO 3HEPTUIO,
CBA3aHHYKO C Maccoi, fJaBas B MTOre Hysb, Macca [oyepHeld BceneHHOM MOXeT 6blTb BecbMa
60/bLUOIA. HOBOPOXAEHHBIN MNafeHeL, MOXET 6e3 0c060ro Tpyzaa nepepacTy CBOEro pPoAUTENs.

Ha 3TOM MOXXHO 6b1/10 6bl MOCTaBUTb TOYKY, HO COBCEM HEAABHO aHIINACKUIA (U3NK Bapbyp
npeacTaBun Ha Cyd MOYTEHHeWwelr NyoAMKM HalyMeBLUYK KHUFY noj HasBaHueM «KoHel,
BpeMeHU». B Heil OH BO3HaMepwWCcs [oKasaTb, YTO HUKAKOro BPEMEHU B MPUPO/E He CYLLECTBYeT, a
nocnefoBaTe/lbHOCTb COObITUIA, KOTOPbIE Mbl MPUBLIYHO pacnosaraeM BLO/b BPEMEHHOM OCK, eCTb
He YTO UHOe, KaK MHEPLMA HALLIEro MbILL/IEHWS, HE MMEOLLAas C peasibHOCTbIO HNYero 06LLero.

3710, NOXaNym, camast pagukaibHas 1 3KCTpaBaraHTHas runoTesa 0 NPUPOAE BPEMEHU, U MOVA
pacckas 0 Pas/IMyHbIX KOCMONOrMYEeCKUX Mogensx Obln Obl HEMOMOH, ecnn Obl A He yaenun
KOHUenuuu 6GOINKOro aHrMyYaHWHa XOTS Obl HECKONbKO CTPOK. Teopus bapbypa noapo6HO
paccMmoTpeHa Padgannom HygenbMaHOM B YBneKaTe/lbHOW cTaTbe «HOBEWLMIA MyTeBOANUTENb MO
BpeMeHW», ony6/MKOBaHHOM B [ABYX HOMepax XypHana «3HaHue — cuna» 3a 2002 rog, u Bbl,



ymTaTenb, 6e3 Tpyaa MOXKETE C Hell 03HAKOMMUTLCA. H Nepeckaxy ee BKpaTLe.

Bapbypa 3aHMMalOT He peasibHble (PM3NYECKMe 0OBLEKTbI, & OTHOLLEHUS MeXay HumMKU. Ecnu
Mbl BO3bMEM TPW TOYKM W COEAMHUM WX MNPSAMBIMA [IMHUAMMK, TO MOMYYUM TPeyrosibHUK
onpefeneHHoro Buga. 10 M 6ygeT 6apbypOBCKUM «COOTHOLLEHMEM», KOTOpPOE OMuCbIBaeT
CUCTEMY U3 TPeX ToYeK. ECnun B CneayroLmin MOMEHT BPEMEHW NOMOXEHNE TOYEK B NMPOCTPAHCTBE
N3MEHUTCS, TO U TPEYrofibHUK NPUMET MHON BUA. 3TO HOBOE «COOTHOLLEHMe» OYAeT UMETb YXKe
ApYrue XapakTepucTUKW.

Tenepb 0603HaYVMM J/IMHY KaXK4OW M3 CTOPOH HALLero TPeyrofibHWKa HeKOTOPbIM YMC/IOM.
MocTpovM MPOCTPAHCTBO C TPEMS OCAMU KOOPAMHAT N Ha KaXA0M OCKM OTNOXMM OLHO U3 3TUX
yncen. Y Hac NOMyynTcA OfHA-eAMHCTBEHHas TOYKa B MPOCTPaHCTBE, KOTOpas, camo Cco6oii
pasymeeTcsi, OyfeT OTpaxaTb He peaslbHOE [MOJIOXKEHWE WCXOAHbIX TO4YeK, a BCero /uLlb
COOTHOLLUEHWe MeXay Tpems 06bekTaMu. Ha30Bem Takoe YC/IOBHOE MPOCTPAHCTBO (C (hU3NYecKUM
NPOCTPAHCTBOM OHO HE MMEET HUYEero o6LLero) KOHpUrypaumoHHsIm, nan K-npoctpaHcTsoM. Bee
nocneaytoLye COCTOSHNUSA CUCTEMbl U3 TPeX OOBLEKTOB Ha MPOTSXKEHUW BCE ee uctopumn oyayT
OMUCbIBAaTLCS COBOKYMHOCTHIO TOUEK, ONpeaeneHHbIM 06pa3oM pacTbiKaHHbIX N0 K-NpoCcTpaHCTBY.

Mojo6HYO onepauuio MOXHO Mpofenatb C KaX4oM U3 peasibHbIX (DU3NYECKMX 4YacTUL,
HanonHawwmx BceneHHyto, ¥ Torga BCE OHM  3aiMyT MO/IOKEHHOE WM  MeCTO B
KOH(MrypaumoHHOM npocTpaHcTBe. bapbyp Has3blBaeT CBOE BbIMbILL/IEHHOE MPOCTPaHCTBO
MnaTtoHned B 4YeCTb BEIMKOr0 rpeyeckoro uiocoda, KOTOPbIA, KaK WM3BECTHO, HacTaMBall Ha
pea/lbHOM CYLLECTBOBaHUM O6LUMX MOHATUIA (YHMBepcanuid). Mo MnaToHy, maTepuanbHbiii MUp
ABNseTCsA 6/1eIHOM KONMe BENMKONEMHOIo M1Upa e, ero yuepoHbIM nogoomem.

Ecnm 661 MUp MOAUMHANCA 3aKOHaM  K/lacCMYeCKOW MexaHWKM HbloTOHa, Kaxzgoe
nocnegyroulee ero COCTOsHMEe OfHO3HA4YHO BbITEKANI0 Obl U3 npefblayllero. Takas KapTuHa
MMPO3LaHns Nosyymna HaseaHve LeTePMUHUCTCKON U Oblia B 60/bLLIOM XO4Y BMAOTb 40 Havana
MPOLUNOro CToNeTus. Bblgarowmincs gpaHLy3cKniA aCTpoHOM 1 matematuk Mbep Jlannac B cBoe
BpemMs faxe Opancs BblUMCIUTL Oyayllee BceneHHOW, eciv B ero pacrnopsikeHun OyayT TOUHble
KOOpAMHATbl BCEX 3/leMeHTapHbIX YacTuy. B mMupe HbloTOHa Habnogartenb, HaxoAswmincs BHe
MnaTtoHMn, mor 6bl yKa3aTb MOCNeA0BaTENbHOCTb BCEX 6apOYpPOBCKMX TOYEK U COEAMHUTL KX
TpaekTopven, B pe3ynibTaTe 4Yero y KaxAonm TOUYKM MNosBMMACb Obl «UCTOPUS» CO CBOWUM
CO6CTBEHHbIM NPOLW/bIM U 6YAYLLIMM.

K coXaneHuto, Mbl XMBEM B BEPOSTHOCTHOM MUVpe, KOTOPbIA YNpaBnseTcs KBaHTOBbIMU
3aKoHamu. TpyvHUMN  HeonpedeneHHOCTM  HaknadblBaeT — (PyHAAMEHTa/bHbIA  3arpeT  Ha
OJHOBpPEMeHHOe OrpejenieHe KOOPAMHATbI M CKOPOCTU 3/1EMEHTAPHOM YacTuubl: YeM TOYHee
N3MEPEH OAUH MapameTp, TeM MeHee TOUYHO MOXET ObITb paccumMTaH Apyroi. MoaToMy TOUKM Ha
KapTe [1aToHUK, OTpaxkaroLL e NoOXeHWe YacTUL, B KOH(MIypauMoHHOM NpocTpaHcTee bapbypa,
CnefyeT 3aMeHWUTb BEepPOATHOCTAMU. HO Torfa KapTuHKa cpasy ke NoTepseT pe3koCTb: BMECTO
(PMKCUPOBAHHBLIX TOYEK Mbl YBUAUM Jerkyt [bIMKY, ApoXalliee MapeBO Haf pacKasleHHbIM
acthanbToM. CoeaMHUTL UX XECTKOW TpaekTopuel (HanmcaTb «MCTOPUIO») OKXKETCH PeLumnTeNibHO
HEBO3MOXXHO.

Ho nouyemy >Xe Mbl BCE-Takn BOCMPUHMMAEM BPEMS, €CN B [AEACTBUTENbHOCTM €ro HeT?
Bapbyp yTBepXAaeT, UTO «BrneyvaT/ieHne N3MeHEHNIA BO3HUKAET 3[4eCb /ILLb NOTOMY, YTO B Hallem
MO3ry CObMpaeTcs HECKOMbKO NOPLMIA MHOPMALMIN O PasNIYHbIX NONOXKEHUAX (MU COCTOSAHMUAX)
OAHOro 1 TOro e 06beKTax. 10 ero MHEHMIO, 0TKa3 OT KaTeropuv BpeMeHU No3BOJISET He TOIbKO
136aBUTLCA OT CUHTYNAPHOCTE C MX HarpoMoXKaeHvem 6eCKOHeYHOCTel, HO U pa3 U Hascerpa
pasfenarbes C ero HeYK/IXMMKU cTpesiamy. Bo Bcex Npoumx KOCMOIOMMYECKUX CLEeHapUsxX Bpems
TeyeT M3 NPOLNoro B 6yayllee, NoToMy 4YTo BeeneHHas nmena Havano. Ho B MnatoHun bapbypa
«MOMEHT HOJ/Ib» OTCYTCTBYET MO ONpefesieHnto, MOCKO/IbKY BpeMs W3 Hee BblHYTO. Ecnv B
MnatoHMn Ans Tpex TO4YeK UMeeTCA Hekas ocobas KoHgwurypauus Anba, rae Bce 4YacTulbl
Haxo4AaTcs B OAHOM MecCTe, TOrja TO >Ke camoe Crnpasef/MBO W AN BceneHHoOM B uenom.
«bonbLlwas» MNnaToHus Toxe [0/KHA UMETb CBOK KOH(Urypaumio Anbda, 0COOYHO BbILENEHHYHO
TOYKY, KOrja Bce YacTuubl BceneHHON Haxo4aTcs B O4HOM MecCTe.

Bapbyp nuLueT:



NaHgwadt BHeBpeMeHbs PacKpbIBaeTCsl, Kak LIBETOK, KO BCEM APYrM TOukKam, KOTOpble
NPeACcTaBNsOT COGOM BCENIEHCKME KOH(UIYpaLMM CamblX PasHbIX pPasMepPoB U CHIOXKHOCTU.
Bo3moxHO, (hopma MnaToHMM TakoBa, YTO CMOCOGCTBYET YCUNIEHHOMY TEUYEHUH) BEPOSITHOCTHOM
«MeHbl» B CTOPOHY TeX KOHA(Urypauuii, KOTOpble COAEPXaT «MaMsTKW» CBOEro O06LIero
MPOUCXOXAEHNS U3 TOUKU Aflbha.

OfHVM CNOBOM, BpeMsi, C TOYKM 3peHust Bapbypa, — 3TO (paHTOM, GECnOTHbIA Npu3pak,
MPOAYKT Hallleii HECOBEPLLIEHHOM NCUXMKW. Mbl BOCMPUHUMAEM €ro Kak NMoToK, MMEIOLLWIA BNo/He
onpefeneHHoe HanpaB/ieHWUe, TONMbKO NMLb MOTOMY, YTO CaMi SIBNSEMCS HEOTHEM/IEMOW YaCTbio
3TOr0 MMpa, ero G6e3ycroBHLIM MOPOXAEHMEM. VICTUHHas BceneHHas nuMileHa BPEMEHW, ero
MPUBHOCUT TyAa Halle GECTONKOBOE CO3HaHWe, KOTOpOoe BCEM MpaBAaMu U HempaBAamMm TLIMTCS
YrNsgeTb B HEBEJOMOM fI0 60NN 3HAKOMOe, HaMsMBas ()pauHyto Mapy Ha OCbMUHOra, W MOTOMY
OMMUCbIBAET MUP CYry6o NpuGIM3NTENLHO.

UTO MOXHO CKa3aTb Mo 3ToMy noBogy? MoaaBnstollee 60MbLIMHCTBO (I3MKOB OLEHUBAOT
naev Bapbypa BecbMa CKEMTWUYecKu, CpaBeAnMBO Mofaras UX MycToil MaTeMaTnyeckoli 3a6aBoii,
HAabopoM 6MECTALIMX CXONMAaCTUYECKMX MNapafoKcoB. He noxaneeM MecTa W MPOLMTUPYEM
13BECTHOr0 aBCTpa/IMIACKOro TeopeTuka Mona [eswca.

Bapbyp, rpybo roBops, yTBepXXAaeT, YUTO BPeMsA Ha CamMOM [efle He CYLLECTBYeT. A roTos
COrNacuThbCA, YTO NPOCTPAHCTBO U BPEMA — He camble MocnefHue peasbHOCTU. BO3MOXHO, UTO
noACcTMNaoWas X peanbHOCTb NpeacTaBnseT coboi Hekoe «MPE-NpoCTpaHCTBO-BPEMS», U3
3/IEMEHTOB KOTOPOro MOCTPOEHO Halle HabnogaemMoe NpPOCTPaHCTBO-BpPeMs, MOLOGHO TOMY, Kak
Hab/loaeMoe HaMUn BeLLeCcTBO MOCTPOEHO M3 MUKPOYACTWL, KOTOpPble, B CBOK O4Yepedb, MOryT
OKaszaTbCA MNOCTPOeHHbIMU U3 TMPE[-yacTuy, 13 ewe 60nee (PyHAAMEHTabHbIX KUPNUYUKOB
matepum — CYnepcTpyH — WAM 4Yero-T0 B 3TOM poge. [Mogo6HO uvacTMuam BeLLecTBa,
NPOCTPAHCTBO-BPEMS TOXKE MOXKET OKa3aTbCA NPON3BOAHOM KOHLLEMNLMEIA.

N TeM He MeHee, Ha 0CTaTOYHO 6O/bLLOM YPOBHE, B MacLUTabax Makpo— U Merammpa, 310 To
camMoe MpPOCTPAHCTBO-BPEMS, KOTOpPOe HaMm 3HakoMo. OT Hero Henb3s MpoCTO OTAenaThCsl C
MOMOLLIbIO MaTeMaTUKU... B CBOE BPeMs, [0 MOSIBNEHUS TEOPUIA OTHOCUTENBHOCTU U TATOTEHUS, B
onpefeneHHbIX Kpyrax Gbl0 MOAHO FOBOPUTh, YTO BPeMsi — 3TO MPOCTO M/IOA YEN0BEYECKOro
CO3HaHWs, MPOM3BOJHAS OT HALLEro OLLYLIEHWS MOTOKa COBbITWIA, UTO OHO KaKUM-TO 06pa3oMm
CBS3aHO C TEeM, UYTO MO3r CMOCOGEH BOCMPUHMUMATL COBLITUS TOMbKO B HEKOW «TeMnopasnbHOi
MOCNeA0BaTeNlbHOCTU». HeMb3si 0TPULLATh, UTO BPEMS — 3TO MOTOK, HO 3TO He YMCTO YEe/I0BEYECKOE
1306PETEHME WU KAaTEropus Co3HaHUs. [ns (r3nka BpemMs 1 NPOCTPaHCTBO BMeCTe C MaTepuelt —
3TO YacTb TOW CTPYKTYpPbl, C KOTOPO/ POXAaeTcs caMa BceneHHas WM, TOUHee, M3 KOTOPOI
co3fiaHa BceneHHas. F0BOPUTb, UTO BPEMS HE CYLLIECTBYET, MPOCTO 6ECCMbICTIEHHO.

BOT Tak, KOPOTKO M scHO. MBallka noiiget rynsatb, a Butbka GyaeT Aoma cuieTb, Kak
roBopuna OfHa pabouye-KPecTbsiHCKas Mama, pasfocafoBaHHasi MOBEEHVEM CBOEro CTapLUero
ChiHa.

Ham ocTanochk pacnneBaThCsi C TaK Ha3blBAEMbIM aHTPOMHbLIM MPUHLMMOM, MOC/E YEro Mbl
nepeiiieM K 6Gonee  XKMBOTpenellywmM Bonpocam. O6  yaAVMBWTENbHOW  HOCTUPOBKE
(pyHIAMEHTabHbIX KOHCTAaHT, IOBENMPHOW MOAFOHKE WCXOAHLIX NapamMeTpoB MUPO34aHUs Ham



CNyYanoch YNOMsIHYTb He eIUHOXAbI, U Bbl, YBaXXaeMblii UATaTeNb, AOMKHbI MOMHUTbL, YTO HE TaK
CTpaLLeH YepT, Kak ero ManotT. Kocmonornyeckme Mogeni, NocTynmpyoLLye MHOXECTBEHHOCTb
MUPOB (Hampumep, Teopusi XaoTUYecKoW WHGNsUMKM  AHgpes JiHAoe WM 6e3yaepykHo
noykyrowascs rnobanbHas BceneHHas JIn CMonMHa), MO3BONSKOT BbIGPOCUTH Ha CBasIKY
HabMBLLIYIO OCKOMUHY runoTe3y TBopua, M60 OHW MoCnea0BaTeNbHO 1 HEMPOTMBOPEYMBO PeLLaloT
BOMPOC O TOHKOW HAaCTPOIKe MPOBbIX KOHCTaHT. OfiHaKo He Oy/aem 3aberaTb Brepes,.

TepMUH «aHTPOMHBIA NPUHLMN» OblN BNEpBble NPeAIoXKeH NpodeccopoM KemopuaKcKoro
yHuBepcuteTa bpaHaoHoOM KapTepoM, O4HUM M3 KPYMHEALWNX acTPOPU3MKOB HaLLEro BpeMeHW.
Brnpouem, npoHuuaTtensHble 04U obpalianv BHMMaHWe Ha MopasuTeNbHYH BblBEPEHHOCTb
(hyHAaMeHTa/IbHbIX KOHCTaHT 3af01ro fo KapTtepa. Tak, ewe B Havase 50-X rofos NpoLusioro Beka
3HAMEHWTBIN aHTIMACKNIA acTpon3nk ®pep, Xoiin 3a4aica BOMPOCOM, KakMM 06pa3oM poXaatoTcs
YINepos U KWUCNopog B 3Be3fHbIX Hefpax. EMy yaanocb nogMeTuTb NtOBOOMbITHOE YMCNEHHOE
COOTHOLLEHME MeXAy CyMMapHOW 3Heprueil Tpex anba-vacTuy, (Mnu, 4TO TO XXe camoe, faep
renns) U ypoBHEM 3Heprum sapa yrnepoga. Ytobbl Npu cansHnM Tpex anbga-yacTuu, obpasoBancs
yrnepog, aTa BenMyMHa [LO/MKHa COCTaBNATb 7,7 MerasneKTpoHBofbTa. Bnocnegctsuu aToT
KBaHTOBbIA 3heKT Obln 0OHAPYXXEH 3KCMEPUMEHTaNbHO. A UyTb MOKE BeMKMA Monb [upak
YNOBUN elle OAHO YAMBWUTENbHOE COBMafeHVe Mexay pasvepamu Habnogaemoit BceneHHOW u
CW/0iA rpaBMTaLMM B HEld, XOTSA 3TW BENIMUMHBI HUKaK He CBsA3aHbl ApYr C APYrOM.

He MeHee wuHTepeceH M TOT (DakT, 4YTO MJIOTHOCTb Hallero mupa BecbMa 6/M3Ka K
KPUTUYECKOA MAOTHOCTM. EcAm 6bl BennMumMHa ? 6blla HECKONbKO MEHbLUE KPUTMYECKOWA,
paccesiHHOe BeLLEeCTBO, HaXOAALLeecs B OYeHb PaspeXXeHHOM COCTOSHUW, MPOCTO He ycneno Obl
cobpaTbCsi B MacChl, He06XxoaMMble Ans hopmmpoBaHns 38e3a. C ApYroil CTOPOHBI, ecin ? 6onbLue
?Kp, TO, HA06OPOT, KOHAEHCALMS MONLET YCKOPEHHLIMW TeMMNaMu, M XX13Hb BO BceneHHoM (unm,
ec/iv roBopuTb 60M1ee CTPOro, CH0XKHbIE CTPYKTYPbI) 3N1EMEHTAPHO HEe YCMEEeT BO3HUKHYTb. U yX
TeM 60/ee He XBaTWO Gbl BPEMEHWN A/1 3BOMIHOLMM OpraHMYeckoro Mupa, Kotopas Ha 3emne, Kak
13BECTHO, MPOAO/MKANACh HECKOMbKO MUNNNAPA0B NET.

Ecnm yeennuntb B 100 pa3 4yMCrieHHOe 3HayeHWe rpaBMTaLMOHHON MOCTOSHHOW, TO BO
CTONbKO >Xe pa3 cokpaTutcs Bpems Xu3Hu ConHua. MoHATHO, 4To 50 MWMANMOHOB NET SBHO
HeAoCcTaTo4yHO, 4YTO6bl Ha MnaHeTax CONMHEYHON cucTeMbl BO3HWMKNA 6uoctepa. Mpu Apyrux
3HAYEHMAX KOHCTaHTbl 3/1EKTPOMarHMTHOrO B3aMMOAENCTBMA MOTEPSieT CTabWbHOCTb MPOTOH —
(hyHAaMeHTa/IbHbIN KMPNUY MUPO34aHns, a eC/in Mbl BA0OABOK HEMHOIO «MOAMPaBMM» KOHCTaHTbI
CW/IbHOTO M CNaboro B3anMOoAEeCTBIIA, 06K BCeneHHOM 3MEHNTCA A0 Hey3HaBaeEMOCTW.

OTHOLWeEHMS MacC MpPOTOHA, HENTPOHa W 3MeKTPOHa MeXAy COo60iM TOXe WUMEKT
onpefenstoLlee 3Ha4YeHne U 419 COBPEMEHHON CTPYKTYpbl BCENeHHON, 1 And NOSBNEHUS B Hel
XN3HW. CKakem, Macca HeWTpOHa MpeBbIaeT MacCy MPOTOHA Ha HUUYTOXHO Manyr BEIMYMHY
(nopsigka 10-3m?). Ecnm Mbl BCEro-HaBCero yaBoum aTy BeIMUMNHY, aTOMbl XMMUYECKMX 3/1EMEHTOB
NOTEPAOT CTabMIbHOCTb. TOYHO TaK >Ke YBENMYeHMe MacChl 3/1EKTPOHA BCEr0 NMb B TPY pasa
npvBefeT K pacnagy sgep aTOMOB BOAOPOAa — CamoOro pacrnpoCTPaHEHHOro 37eMeHTa BO
BceneHHoiA.

Pa3MepHOCTb  OKPY)KAlOLLero Hac MpocTpaHCTBAa TOXe [faeT 6Goratylo nuwy Aans
pas3MbILLNEHNA. TP NPOCTPAHCTBEHHBLIX M3MEPEHNS 06ecrneymBatoT YCTOMYMBOE ObOpaLleHne Ten
Apyr OKo/Mo fgpyra: nvMbo Teno CTabwnbHO ABWXKETCA MO 3nauncy (B 4YaCTHOM C/yyae, Mo
OKPY)XHOCTK), MO0 YynetaeT B 6GECKOHEYHOCTb MO MapabonmMyeckor WAn runepboaMyecKon
TpaekTopun. A BOT B YeTbIPEXMEPHOM MUpe MEpUOAMYECKOe ABVKEHME MO 3aMKHYTON opbuTe
HEBO3MOXHO: MNfaHeTa WM ynafeT Ha LEHTpasbHOe CBETWNO, WM HEMEL/IEHHO YNeTUT B
OECKOHEYHOCTb. ITO 03HAYaeT, YTO B MMPE YeTbIpeX MPOCTPAHCTBEHHBLIX M3MEPEHWIA HE MOXET
CYLLLECTBOBATb YCTOMUMBBIX NMAHETHLIX CUCTEM, [ABMXKEHWUS 3/1EKTPOHOB BOKPYI aTOMHbIX Sfep W
T. N. Bca matepus paccbinaetcd B npax. A B MMpax C YMC/IOM M3MEPEHUI MeHbLUE TPEX aTOMbI
yTpaunBatOT CMOCOOHOCTb M3Ny4YaTb B HEMPEPLIBHOM CMEKTPe, MOCKO/bKY 3MEKTPOHbI HE MOryT
TaM coBepLUaTb HeOOX0AMMbIE /18 3TOr0 OpOUTa/IbHbIE NEPEXOAbI.

CnucoK TOHYalLeld KCTUPOBKM (DYyHAAMEHTa/IbHbIX KOHCTAHT HENpepbIBHO pacTeT MU



CErogHs yXxe JOCTUM MOUCTUHE YCTpaLLaroLein BeNMYnHbI. MNoHeBOMNe 3ayMaeLlbCs Hag TeM, YTO
KTO-TO MYZPbI N NPesyCMOTPUTENbHBIVA CO3HATENIbHO OTLLINGOBa MUPO3SaHue, Aabbl B HEM MOT
BbIPacTy YenioBek. B HalleM pacrnopsiKeHUN MMeeTCA TpW BapnaHTa 0TBETa Ha 3TOT BOMPOC.

BapwaHT nepBbliii. 3aKOHbI NPUPOLLI COTBOPEHbI BbICLUMM pa3yMoM. TeopeTnyecku nogobHas
CUTyaums BrOSHEe BO3MOXKHA, MO3TOMY He CTaHeM OTBepratb ee C rnopora. B KOHLUe KOHLOB,
CO3/aeM XKe Mbl B 3eMHbIX /1a60paToOpUsX UCKYCCTBEHHbIE NUTATE/IbHbIE CPeabl ANS BblpallyBaHns
MOSIE3HbIX MUKPOOPraHM3MoB, U KTO 3HAeT, KakuX eLle ycnexoB [06beTCs GMOTEXHONOIMSA Yepes
napy-TPOMKy TbicayeneTuid. MNpasga, He COBCEM MOHATHO, KakvM 06pa3oM 3TOT FMUNOTETUYECKUNIA
BbICLUWIA pasyM YMyApwWCS YUeneTb B NiamMeHn BCENEHCKOro noxapa, Korga Hall MyUp BbIHbIpUBa
13 HEOLITUSA, U Te OH HAXOAWCA 1 YeM OblN 3aHAT, KOr4a Mupa eLle He 6b110. C ApYroi CTOPOHbI,
CBepXxpasym — OH 1 B ApuKe cBepxpasyM, a Halle fefo Tensybe — 06ragun Horu u ctoi. OfHako
Cepbe3Hble YYeHble HauyMHaT MOPLUMTLCS, KOrha peyb 3axXO4uT O G0XKeCTBEHHOM npombicie. C
MOMOLLbIO BMeLLATeNbCTBA CBEPXbECTECTBEHHBLIX CU/1 MOXHO 6€30 BCAKOro Tpyda OOBACHWUTH
noboe fBMeHVe, HO Torja Hayka MPUKaXXEeT [LONr0 >XUTb. ECTeCTBEHHO-HAy4HbIA NOAXO4, B
OT/IMYMe OT Bepbl, CKMOHEH WCMoBeAoBaTb MPUHUMN OKKama: He CneayeT YMHOXaTb 4MCio
CyLHOCTel cBepX HeobxoaumMocTu. [103TOMy OCTaBMM BapvaHT HOMep OfMH Teosoram W
6orocnosam. BbiCLuMe CUIbl YNCAATCA NO UX BELOMCTBY.

BapuaHT BTOpOI. ECn Teopus Bcero Ha ceete (Theory of Everything, cokpaweHHo TOE)
OyaeT Korga-Hmbyab NOCTPOEHa, BMOSIHE BEPOSITHO, UTO YMCMEHHbIE 3HAYEHUA (hyHAAMEHTabHbIX
KOHCTaHT MosilyyaT eCTeCTBEHHOe WM pa3yMHOe 06bsCHeHWe. Korga ydyeHble NOMMYT, YTO Takoe
macca, 3apsig, CrnH 1 NpPoYne N3HAHOYHbIE CYLLLHOCTM MMUPO3AaHus, ObiTb MOXKET, YAAaCTCA OTBETUTb
Ha BOMPOC, MOYEeMY OHW MPUHMMAOT MMEHHO Takue, a He Apyrve 3HaueHus. Torga aHTPOMHbIN
MPVHUMN MOXHO OyaeT CHATb C MOBECTKM AHS. M-Teopusi, O KOTOPOW paccKasblBasiocb B
npeablayLLUmMX rnaBax, CerogHs npeTeHAyeT Ha MHOroe, OfHaKOo 0 (MHULLIA NOKa eLue Aaseko.

BapvaHT TpeTwuii, Hambonee nwOGE3HbIA Hawemy cepauy. Ecnm  muposgaHue  He
ncyepnbiBaeTcsd HabMOAAeMON 4acTblo BCeneHHOR, eciM OHM BO MHOXECTBE POXKAAKTCH U3
KBaHTOBbIX (hYKTyalMn MPOCTPAHCTBEHHO-BPEMEHHOW NeHbl (MO JIMHAE) WMAM U3 MEPBUYHbIX
yepHbIX Ablp (Mo CMoNKHY), TO Hawa BceneHHas nepecTaeT 6bITb YHUKaNbHON U eJMHCTBEHHOW B
cBoeM poge. PyHAaMeHTaNbHble KOHCTaHTbl MOFYT MPUHMMATb B 3TUX OECUMCNEHHBLIX MMpax
Nto6ble NPOM3BO/bHLIE 3HAYEHWS, @ XKU3Hb WM pa3yM BO3HMKAKOT TOMbKO B TEX BCEMEHHbIX, rae
CYLLECTBYHOT MOAXOAALME ANA HUX ycnoBus. MpaBaa, Koe-KoMy MOXET MOKas3aTbCsi, YTO npupoga
Ha PeaKoCTb HEIKOHOMHA: HaropoAuTb 3TakKyktd MPOPBY MWPOB, YTOObI B HEKOTOPbIX U3 HUX
3aKrnacb MCKopka pasyma. Ewe JMHWTeH roBopwa, 4To Bor He urpaet B KocTh. Mexay Tem
YAMBNATLCA TYT HeyeMy, W60 Npupoda — CNenor KOHCTPYKTOP, M pacTOMUTENbCTBO SBMSETCA ee
MMMaHEHTHOW 4epToii. 3 MWUAIMOHOB MKPUHOK BbKMBAET BCEr0 HECKO/bKO ThICAY, a AEePeBbS
KaKAbIi rof, BO MHOXECTBE pacCcenBalOT CeMeHa, YTOObl HEKOTOPbIE M3 HUX MOLWAM B pocT. Ha
Bonpoc «[loyemy Halwa BceneHHas TakoBa, Kakoli Mbl ee BUAWM?» cnegyeT OTBeT: «Ecim Obl
BceneHHaa 6blna gpyrow, Hac Obl 34ecb He 6bin0!» 3TO U ecTb (JOPMYIMPOBKA aHTPOMHOrO
npuvHUMNa.

Boo6Le-To aHTPOMHbIA NPUHLMN CYLLECTBYET B ABYX (DOPMYIMPOBKaX — CNaboi U CUbHOIA.
Cnabblii aHTPOMHbIA NPUHLMM HacTaMBaeT Ha TOM, YTO pasyMHas XKU3Hb BO3HWKAET TONbKO Tam U
TOrfa, rae v Korga Ans Hee MMeKTCS Noaxoasiwiye ycnosus. CKaxem, COBPEMEHHAs KOCMOOMNS
YTBEPXAAET, UTO BceneHHas BO3HMKNA OKOMO 14 MunamapaoB neT TOMY Has3af M MpoCyLLecTByeT
ele AOCTaTOYHO A0/r0. [oYeMy Mbl XXMBEM CPaBHUTENbHO HEAaNeKO OT MOMEHTA ee POXAEHUS?
Napuvk oTKpbIBaeTCs NpocTo: 10 MMAMapA0B NET Hasaf 3Be34 BTOPOro NMOKOEHNS C XMMUYECKIM
COCTaBOM, HEOOXOAMMbIM ANS MOABMEHUSA CNOXKHbIX CTPYKTYP, ele He Oblf10, a Yepe3 HECKO/bKO
[ECATKOB MUIIMAPAOB NIET BCe OHM CropsT 6e3 ocTaTka, M pasyMHast XXM3Hb Hallero Tuna CTaHeT
HEBO3MOXXHOW.

CUnbHbIA  @HTPOMHbIA  NPUHLUMM  F1aCUT, YTO  3aKOHbl MPUPOAbI W NapameTpbl
(hyHAaMeHTa/IbHbIX KOHCTaHT TaKOBbl, YTO AOMYCKAKT BO3HUKHOBEHME Pa3yMHOM XU3HWU. VHbIMK
CNoBaMun, MMpP 3aTOYeH Mof 4enoBeka. OTKPOBEHHO roBops, 06e BEepCUM aHTPOMHOIO MpUHLMNA
YTBEPXKAAKT MPaKTUYECKM OAHO U TO XKe, HO BCEe-TaKM ero CuabHas MnocTacb M3PSAHO OTAaeT



Teneonornein. lonyyaetcs, 4TO BCA TUraHTCKas MalUVHEpUs  MWUPO3[aHust  3adyMaHa
VCK/MIOUNTENBHO paay Hac ¢ Bamu. C Takoi hopMynMPOBKOI NPUMMPUTLES Henerko. Kpome Toro,
HEM0X0 Gbl BHECTW OJHO CYLLLECTBEHHOE YTOUHEHME.

Korga Mbl FOBOPUM, YTO MpW APYrMX rnapameTpax (yHAAMeHTa/lbHbIX KOHCTAaHT BO
BceneHHOM HeBO3MOXHbI CIOXKHbIE CTPYKTYPbl W XXWU3Hb, CNefoBano 6bl 006aBUThb: XW3Hb B
M3BECTHbIX HaM hopmax. A Bedb [Aaxe GEKOBas XWU3Hb Ha nyaHeTe 3emnst 06/1aaeT OrpOMHbIM
afanTUBHbLIM NOTEHLMANoM. [J0CTaTOYHO BCMOMHUTL O TakK Ha3blBAEMbIX «HYEPHbIX KYPUMbLLIMKAX»
— TOpsYMX reisepax Ha AHe OKeaHOB. OHM SBNSKOTCS HACTOSILLMM PAcCafHMKOM XXU3HU, XOTS
TemnepaTypa Bofbl B6/M3N KypunbluvKa gocTuraeT 300 rpagycoB no Lienbcuio Npu AaBneHun B
HECKO/IbKO COTeH aTmocdep. UTO YK TyT rOBOPUTb O TMMOTETUYECKMX BHE3EMHbIX OpraHuM3max,
et 06MeH BELLLECTB MOXET CTPOUTLCA Ha NPUHLMMNAILHO UHOWM XUMYECKOI OCHOBE.

Mexay npounM, NPUPOAHO-KIMMATYeCKMe YCNI0BUS Halleli NaHeTbl MEHSIOTCA B OYeHb
LUIMPOKMX Mpefenax, uYTo He MelaeT 3eMHbIM OpraHuM3MaM MpPeKpacHo ceGsi YyBCTBOBATb M Ha
nonoce, U Ha 3KBaTope. TemnepaTypHblii ONTUMYM — [eno BKyca. HWIbCKOMY Kpokoaumny
MPULLNOCL 6bl HECNAZIKO 3@ MONSPHBLIM KPYroM, a GenbiM MeBesaM, MOpPXXaM U THNEH M efBa N
MOHPaBWINCb Gbl TPOMMKW. Ecnn 6bl Genblii Measeab YMeNn pacCyiaTb JIOFMYEcKM, OH
HenpeMeHHo NpuLLEeN 6bl K BbIBOAY, YTO My/Apas NpMpo/a cneLuanbHO No3aboTuack 0 TOM, YTO6bI
emy, 6enomy mMeapefto, 6b110 XopoLlo. He npusean ocnoab XUTb B 3HOMHOW NYCTbIHE, FAe AHEM
C OFHEM He ChbiLLELLb BKYCHbIX 1 MOME3HbIX THOMEHEN, a COMHLIE NaNUT HemunocepaHo. To nn 4eno B
POAHbIX NeHaTax: NPoX/naHas BOANUKA, CBEXWIA BETEPOK U NOYrofoBas NofsipHast Houb ...

MoagBoas MTOrM 9TOW rNaBbl, NOAYEPKHEM eLlle pa3: Mes O MHOXECTBEHHOCTW BCENEHHbIX
eCTeCTBEHHbIM 06pa3oM paspeLuaeT nNpPo6nemMy HOBENMPHON HACTPOMKM  yHAAMEHTa/bHbIX
KOHCTaHT, MO3TOMY FPOMO3ZKYH 1 HEYK/IOXYH rMnoTe3y Bora MOXHO CO CMOKOWHO COBECTbIO
61aronony4Ho CNpoBaanTb B YTW/b.

Konbuo Bokpyr ConHua

Ha pganekoii 38e3ae BeHepe

ConHue nnameHHein 1 3010 TUCTEi,

Ha BeHepe, ax, Ha BeHepe

Y [iepeBbes CUHUE INCThA. ..
Hukonaii 'ymunes

Ecnu 6bl BceneHHas ncyepnbiBasachk ranakTukamm, 38e3gaMu U npourMm YepHbIMU Ablpamu,
Mbl MOF/IM Obl CMENI0 MOCTaBWUTb 34eCb TOYKY. OfHAKO B MUPE WMMEHTCA ele W niaHeTbl —
KOMMaKTHbIE HecamoCBeTALLMeCa Tefa, obpaljarolimecs BOKPYr 3Be3f, M Ha OLHOM U3 TaKuX
HebeCHbIX Ten XMBeM Mbl C Bamu. CnoBO «nnaHeTa» B MepPeBOfe C FPEYECKOro O03Ha4aeT
«bnyxgarowan». [lpeBHue rpeku eLle 3a HeCKO/IbKO BEKOB A0 PoxaecTsa Xpuctosa 3aMeTuv, 4to
B OOLIMPHOM CeMeliCTBe HEMOABWKHbLIX 3Be3J eCTb CBOW Hemnocefpbl, BblYepyMBatOLiMe Ha
HebOCBOZEe 3anyTaHHble KpuBble. AHTWMYHbIE aCTPOHOMbI 3HaM MATb ONyXAAaWMX 3Be3n —
Mepkypwuii, BeHepy, Mapc, FOnutep n CatypH. Bmecte ¢ JlyHoit 1 COMHUEM OHW COCTaBMsIN
KOCMOC aHTUYHOIO MMpa, a cthepa HeMmoABMKHBIX 3Be3[, BeHYasa 3TOT CTPOWHbIN apXUTEKTYPHbIN
aHcaMb/1b Harnogo6wve Kynona. 3emss, caMo cob6oid, 6blna LEHTPOM MUPO34aHUS.

Brnocneactenn BenukosenHas naTepka NorosiHUAach elle TPems BeYHbIMWU CTPaHHUKaMu —
YpaHoMm, HentyHoM u [ayTOHOM. 3Ty TpouLy Henb3d pasrfisifeTb HEBOOPYXKEHHLIM [/1a30M,
MoaToMy OHa Oblna 06Hapy)XeHa CpPaBHWUTENbHO MO3A4HO — MOC/e M300peTeHns Teseckona. YpaH
OTKpbIN B 1781 rofy aHrMACKWIA acTpoOHOM Bunbam epwenb, HenTyH B 1846-M — (hpaHLy3
YpbaH Xosedh SleBepbe, a MnyToH — amepuKkaHel Knaig Ywnbsm Tom6o B 1930-m. Mpasaa,
MAyTOHY NO pAAY NPUYMH CErofHS OTKa3bIBAKOT B NpaBe Ha3bIBATLCA NAHETOM M MOMELLAOT ero B
0CO6YH0 KaTeropuio Kap/iMKoBbIX MIAHET UM TPaHCHENTYHOBbLIX 0ObEKTOB.

B Hawwm AHW fake LUKOMbHUKM MaALmMX K1acCoB 3HAOT, UTO BOKPYr Yero BepTUTCA.



LieHTpanbHoe MecTo B CO/THEYHOW CUCTEME MPUHALNEXMUT HaLleMy JHEBHOMY CBETWUNY, a NaHeTbl
06paLLaroTCA BOKPYT HEro no BbITAHYTbIM OKPYXXHOCTAM — 3/1/IMMNCaM.

MpaBunbHO HapucosaTb OpPOWTLI MaHeT yAanocb faneko He cpa3ly. Cam cospgatesb
reNMOLLEHTPUYECKON CUCTEMbI MONLCKMIA acTpoOHOM Hukonain KonepHwK nonaran, 4to opbuTbl
nnaHeT NPeLCTaBNAT CO60M NpaBusbHblE OKPY)XHOCTU. W Tonbko cnycta 100 ¢ AvwHKMM NeT
JPYroi 3HamMeHWTbLI acTPoOHOM, HeMel, WoraHH Kennep, cymen nokasaTb, YTO e4UHCTBEHHas
reomeTpuyeckas urypa, cornacyrowasnca ¢ HabnrgarenbHbIMU faHHbIMKU, eCTb 3auUnc, a ConHue
pacrosiaraeTcsi B OffHOM W13 ero PoKycos.

OTHocMTenbHO pasvepoB ConHUA TOXe CyLeCTBOBa/IM  pasHble MHeHus. Hawmbornee
OTYasiHHble ApeBHErpeyeckune yMbl 4OMYCKaan, YTO OHO MOXET ObITb BEIMUMHONM C A(UHBI, @ OLUH
MygpeL, Aep3HYBLUMIA NpefnonoxuTb, 4To COMHUE YX HMKaK He MeHblue [1e/10nmoHHECCKOro
MoslyocTpoBa, Obl1 WM3rHaH C MO30poM. Pa3ymeeTcs, WCTWHHbIE pasmepbl COMHLA HECKOJIbKO
bonbLue. M XoTs B 3Be34HON HOMEHK/IATYPe OHO 3aHMMaeT CKPOMHOe MECTO, YMC/ISCb 3aypsLHbIM
XenTbIM Kapinkom Knacca G, ero pasmepbl BecbMa BHYLINTENbHbI. Juametp ConHua cocTasnset
0K0/10 1,4 MWUNNMOHA KUNOMETPOB (AnameTp 3eMau 418 CpPaBHEHWA — 4yTb 60/blue 12 Thicay
KWNOMETPOB), M B HeM 3akniouveHo 999/1000 Bceit maccbl ConHeuHoi cuctembl. CpepgHee
pacctoaHue oT 3emnn o ConHuya — 149 MWANMOHOB KWIOMETPOB. ITY BEIMUMHY MPUHATO
Ha3blBaTb aCTPOHOMWUYECKON efuHUUEeN (a. €.), U OHa CNYXMUT ANA U3MEPEHUs MeXMNaHeTHbIX
paccTosiHniA. ConHue — ogHa 13 200 MMNNMapaoB 3Be3[, Hacenawmx Hawy ManakTuky (MneyHbli
MyTb), ¥ pacrnonaraeTcsd BMeCTe CO CBOMMW [eBATHIO MfaHeTaMU Ha 3a[BOpPKax rasakTUyecKom
cnupanu, B 26 TbicAYax CBETOBbIX /IET OT ee LieHTpa.

MpucmoTprMcs K CTpoeHnto COMHEYHOM CUCTEMbI MOBHUMaTeNbHee. KpoMe YeTbipex niaHeT
3eMHoW rpynnbl (Mepkypuid, BeHepa, 3emns n Mapc), yeTbipex rasoBbiX ruraHtos (KOnwutep,
CatypH, YpaH, HenTyH) n BO MHOrom Bce elle 3arafoyHoro lMnytoHa, B cocTaB CO/HEYHOIA
CUCTEMbl BXOAAT TaK HasblBaeMble Maslble M/aHeTbl, 06pasytolme nosc acTepougoB Mexay
opbutamn Mapca 1 KOnutepa, a Takxke KOMETbl Y METeopbl, MPUIETaIOLWME C JANIEKUX ee OKpauH.
Tam, 3a opbutamu HenTyHa n MnyToHa, Ha AeCATKM aCTPOHOMMYECKUX eUHNL, MPOCTUPaeTCA Nosic
Koinepa — ckonwle KapaMKOBbLIX MAaHET U KaMeHHbIX W NefsHbIX 06/T0MKOB Pa3MyHbIX (POPM U
pa3mepoB. ELLe gabLue NeXxxuT orpoMHoOe cepryeckoe 06/1ako NPOTOMIaHETHbIX Te/l, Ha3BaHHOE B
YecTb ro/iIaHACKOro acTpoHomMa o6niakom Oopta. OTTyAa K Ham MPUXOAAT A0/ronepuoanyecKme
KOMeTbl. HakoHel, Yy 6onbliMHCTBA nniaHeT CONHEYHON CUCTEMbI WMMEKTCS eCTeCTBEHHble
CNyTHUKKN (Kpome Mepkypus 1 BeHepbl). Y KOnutepa K HacTosLeMY BPEMEHW HaCUUTbIBAETCH
cBblwe 60 cnyTHUKOB, Y CaTypHa ux 56, y YpaHa — 27, y HentyHa — 13, a y lNnyToHa — 3. Y Mapca
Bcero Aga cnytHuka (®oboc n [eimoc, 4TO B MNepeBOfe C IPEYECKOro O3HayaeT «CTpax» U
«y)Kac»), a Hala crtapylika 3emns cymena 063aBeCTUCb TOIbKO OAHUM-€AMHCTBEHHBIM — JTYHOWA.
Ho 3ato OGnmxaiwas cocefka 3emny CMOTPUTCA BeCbMa BHYLUMTE/IbHO Ha (JOHe Apyrux
CMYTHMKOB, YCTyNas Nno pasMepam TO/bKO TPeM KpynHelwnm cnyTHuKam Konutepa (Ho, MaHunmes,
Kannmcto) n cnyTHnky CatypHa Tutany.

Y ppeBHUX pumnasH MepKkypuid (OH ke rpedeckuin 'epmec) cumtancs 60rom TOProenu, a
MOCKO/IbKY a/ib()0i1 1 OMEroil TOProBbIX CLENMOK BCerga obl10 HafyBaTeIbCTBO (He 06MaHeLlb — He
npojallb, roBOPAT B HapoAe), TO MO COBMECTUTENbCTBY 3TOT YLUbIA 6O NOKPOBUTENLCTBOBA
nayTam U MOLLEHHMKAM.

Kak n nopgo6aet 6OMKOMY M pacTOPONHOMY ToOpraily, KOCMWYECKUn MepKypuin 3eno
MpPOBOPeH: OH 06eraet BoKpyr ConHua Bcero 3a 88 CyToK, 1 ero rof, Takum 06pasom, B YeTblpe C
NNLWHUM pas3a Kopoye 3emHoOro. PacctosHue o Mepkypusa oT CofHLA MEHSEeTCAa B LUMPOKUX
npegenax — or 46 go 70 MWANMOHOB KW/IOMETPOB, COCTaBnAd B cpegHem 58 MWANIMOHOB
KNNOMeTPOB. JIerko BuAeTb, YTo opbuTta MepKypusi HanoMmHaeT No (Hopme CUIbHO BbITAHYTIA
3N/IMNC, YeM 3aMETHO OT/IMYAETCA OT MOYTW KPYroBblX Op6WUT Bcex Apyrux nnaHeT COHeYHOW
CUCTEMbI. INNUNTUYHOCTb OPOUTLI HEBGECHOrO Tena NPUHATO BbipaXKaTb Yepe3 ee IKCLEHTPUCUTET
— OTHOLUEeHWe 6O/bLUOI 1 Manoi nonyoceli opbutsl. B cnyyae Mepkypus aTa BennyrHa pasHa 0,2,
TOrla Kak 3KCLEHTPUCUTET 3eMHOI opbuTbl B 10 C MMLLIHMM pa3 MeHbLue (MpumepHo 0,017). Kpome
TOro, opbuta MepKypus OWYTUMO Hak/IOHeHa K 3KIUMTUKE — MI0CKOCTU 3eMHON Op6uTbl. YTon



HaK/10Ha cocTasNAeT 7 rpagycos. 10 aTUM ABYM napameTpam — CTerneHu 3KCLEHTpUCUTETa U yrny
HaK/OHa K 3KIMNTUKE — NepennitoHyTb MepKypuid yaanocb Tonbko MnyTony (0,25 n 17 rpagycos
COOTBETCTBEHHO).

3-3a 6nm3ocTn K ConHUy MepKypuia nonyyaeT B LWeCTb pa3 60/bLue COHEYHOrO CBeTa Ha
eauHVLY nnowaan, yem 3emnd. B nepurenmm — ToUKe MUHUMAa/LHOTO yaaneHusa ot ConHua —
TemrepaTypa €ro OCBELeHHOM MnoBepxHocTn cocTaBnseT 430°C, a B adenmm — TOukKe
MaKCUMa/bHOro yaaneHus — onyckaetcs fo 290 °C. Ha HO4YHOM CTOPOHE MiaHeTbl Temneparypa
nagaet Ao MuHyc 170 °C. TToCKONbKY cpefHAA NIOTHOCTb MepKypua MOYTU Takas >Ke, Kak Yy
3em/n, y Hero JO/MKHO ObITb XXene3Hoe AAP0, KOTOpoe, Mo pacyetam, 3aHUMaET MOYTU NONOBUHY
o6bema nnaHeTsbl.

C nosepxHOCTM 3emin MepKypuil [OBOMbHO TPYAHO Habnwgatb B Teneckon (B CpPeaHux
LIMPOTaX OH HEMJIOXO BWAEH TO/bKO B JIETHWE MeCALbl), MO3TOMY COCTaBUTb MO-HaCTOALLEMY
HafeXXHble KapTbl MaHeTbl U YTOYHUTb ee (IU3NYECKMEe XapaKTePUCTUKN OKa3aioCb BO3MOXKHbLIM
nocne TOro, Kak OKpPecTHoCTM 6avkaiweld K COMHUY MiaHeTbl NOCETU/T KOCMUYECKUIA 30H[,
«MapuHep-10». MepKypuii HEBENNK M OYeHb ropsad, OH YCTynaeT 3emse B NOMepeyHnKe noytu B
Tpu pasa, a no obbvemy — B 14 pa3. AunameTp Mepkypus paBHsetcs 4880 Kunometpam, a macca
coctaBnset 5,5 % ot maccbl 3emnn. Cuna TSHXKECTU Ha ero NOBePXHOCTU BTPOE MeHbLLE 3eMHOW, 1
MY)>XYMHa CpefHero pocrta Becun 6bl TaM NpuMepHO 25 Kunorpammos. Cpeaun nnaHeT COMHeYHOM
CUCTEMbI MeHbLUe MepKypus TONbKO faneknin MnyToH. Y MepKypus o6Hapy)eHa 4pe3BblYaiHo
paspexeHHas rennesas aTMociepa, co3jaBaemas CO/THEYHbIM BETPOM M COAEpXKallas HUUYTOXHOE
KONNYEeCTBO BOAOPOAA, Crefdbl aproHa M HeoHa. Ee pasneHne y noBepxHOCTWM nniaHeTbl B 500
MWUINNAPA0B pa3 MeHblle [aBNneHWs BO3Ayxa Ha 3emsie Ha ypoBHe mops. 30HA4 «MapuHep-10»
BbISIBU/T TaKXXe Hasmuve y MepKypus OYeHb €n1aboro AunonbHOro marHUTHoro nons (8 100 pas
cnabee 3eMHOro).

Ha npoTshkeHWM [OMroro BPeMeHW acTPOHOMbI CuMTanun, 4to MepKypuin, Kak u JlyHa K
3emsnie, Bcerga o6bpawleH kK ConHUy OLHUM MofiyllapveM, TO eCTb BpalaeTcs BOKPYr OCU
CUHXPOHHO C ABWxeHuem BOKpyr ConHua. OpHako B cepefuHe 60-X rofoB MpoLLIoro Beka C
MOMOLLbIO PaAMONOKALMOHHBIX UCCNEeL0BaHWI OblI0 YCTAHOBNEHO, YTO MEPUOA BpaLleHNs caMol
ropayeit nnaHetbl CONHEYHOW CUCTEMbI COCTaBNAET OKOMO 59 CyTOK, cnefoBaTenbHo, MepKypui
COBepLUaeT NOJHbIA 060pOT BOKPYr OCM 3a [jBe TpeTu CBOero roga. o forvke BeLeid, CoNHeYHas
rpaButaums [o/mMKHa Oblia AaBHbIM-4ABHO 3aTOPMO3UTb €ro OCeBOEe BpalleHWe, HO KOJb CKOpO
3TOr0 He NPOM30LL/O, BO3HUK/IA CO6Na3HUTEIbHAA T1MoTesa, YTo MepKypuidi Hekorfa Bpaliancs
BOKpYr BeHepbl 1 TOMbKO CPaBHWUTE/IbHO HeAaBHO Obl OTTOPrHYT 60/iee MacCUBHbBIM HebGECHbLIM
TenoM. Bo BCAKOM criyyae, MaTemMaTUYeCKOe MOZENMPOBaHME ero OpouThl He UCK/TKOYaeT BapuaHTa,
4TO B Ja/IeKOM MPOLU/IOM OH 6bln CNYTHUKOM BeHepsl.

HasBaHHas B 4eCTb ApEBHEPUMCKOM 60rMHM N6BM U KpacoTbl (Y rpekoB — Adpoauta),
BeHepa — 6nvkalilas Hawa cocefka cpeay 6onblnx nnaHeT (HavMeHbLUee paccTosHWe OT 3eMun
— BCero 39 MWIIMOHOB KU/IOMETPOB) U CamMOe APKOe CBETU/I0 HA HOYHOM Hebe nocne JlyHbl. OHa
cuseT B 13 pa3 Apye Cupuyca, KOTOPOMY MPUHAANEXUT MOYETHOE MepBOe MEeCTO spyaiLlen
3Be3abl. bneck BeHepbl HACTOMLKO BEMWK, YTO NPU M3BECTHOM HaBblKE €e MOXHO MHOrAa BUAETH
ke AHeM, Ha (hoHe rosyboro Heba. ATO 0ObACHSETCA Tem, 4TO BTOpas oT Co/HUa nnaHeTa
YKyTaHa TO/ICTEHHOI aTMocdepHol wwy6oi, B 100 pa3 60see MOLLHOM, YeM aTtmoctepa 3emu.
[a30BbIi MOKPOB BeHepbl, MPOHM3aHHbIA HECKONbKUMMK CNosSIMU  06/1a4HOCTH, 3aMeyaTe/lbHO
OTpaXXaeT COMHEYHbIN CBET.

UeCTb OTKPbITUS BEHEepUaHCKOW atmocdepbl NPUHALNEXWUT HallemMy COOTEYECTBEHHUKY
Mwuxauny Bacunbesmdy JlomoHocoBy. Habnogas B 1761 rofy npoxoxiaeHve BeHepbl Mo
COJIHEYHOMY [MCKY, OH 3anuca: «osBuacs Ha Kpato ConHua nynbipb, KOTOPbLIA TeM SABCTBEHHEE
YUMHSANCA, YeM 6vdke BeHepa K BbICTYMN/IEHUIO NPoxoauna. Bekope OHbIA Nynbipb MOTEPANCS, U
BeHepa okasanach BApYr 6e3 Kpas...» JIOMOHOCOB cfeflaf BbIBOZ, YTO «niaHeTa BeHepa OKpy»keHa
3HATHOO BO3AYLLHOK aTMoceporo... Kakosa 06/1MBaeTCA OKO/O HaLLEro Lwapa 3eMHOro».

BeHepa HaxoguTca noutM B nontopa pasa 6nmke K ConHuy, yem 3emns (108 n 149
MW/IJIMOHOB KNJIOMETPOB COOTBETCTBEHHO), & MOTOMY MOJY4YaeT OT LLeAPOT HALLEro CBETWA B [iBa C



NosIoBMHOM pasa 60sbLle Tenna. Mo cBovM pasMepam BeHepa v 3emns — NoYTU G6M3HELbI-CECTPbI:
nornepeyHnK BeHepbl LLb HEMHOTUM YCTYNaeT AnaMeTpy 3eMaun 1 coctaBnseT 12 104 kmnomeTpa
(0,95 3emHOro anameTpa, KOTOpbI paBeH 12 756 KMnomeTpam), a ee Macca paBHsieTcs 81 % Macchl
3emnu. MonHbii 060poT BOoKpyr ConHua BeHepa coBepluaeT 3a 225 3eMHbIX CYTOK, a BOT Nepuog,
ee BpaLLeHNs BOKPYr OCU HEeCKO/bKO 6onblle — 243 aHA. Hu ogHa gpyras nnaHeta CO/IHEYHOM
CUCTEMbI He KPYTUTCA BOKPYI CBOel OCM CTO/b HETOPOM/IMBO, BeHepa — 6eCCNOpHbLIN peKopacMeH
Mo 4YaCTW CaMOro Me[J/IEHHOro CyTOYHOrO BpaweHus. BpaobaBoK OHO  COBepLUaeTCs
LLINBOPOT-HAaBbLIBOPOT, B CTOPOHY, MPOTUBOMOMIOXKHYKO €e OpOUTaIbHOMY [BWKEHUIO, 4TO
BOOOLLE-TO He YHMKasbHOe CBOWCTBO BeHepbl. CkaxeM, YpaH u [INyTOH TOXe BepPTATCA B
06paTHY0 CTOPOHY, HO OHW MPOZE/bIBAIOT 3TO, JIeXa MPaKTMYeCKn Ha GOKY, B TO BpeMs Kak 0Cb
BeHepbl Mo4Tn nepneHAMKYNIspHa NA0CKOCTM Op6uTbl. Takum 06pa3oM, OHa efVMHCTBEHHasd W3
MNaHeT, KOTOpas «OeNCTBUTENbHO» BpawaeTcsd HaobopoT. Pa3obpaTbCcid Kak cneayet B
0CO6EHHOCTAX CYTOYHOrO BpalleHus BeHepbl yAanocb CpaBHUTENIbHO HeAaBHO — B Havasie 60-X
rofl0B NPOLLINOro Beka, Korga Ctann LWMPOKO NPUMEHATLCA METOAbLI paAnonoKaLuuy, no3somsLLne
3arnsHyTb NoA ee NAOTHbIA 061a4HbIN MOKPOB.

[o nonetoB K BeHepe mMepBbIX KOCMWYECKMX 30HLOB MHOIMe nucaTenv-haHTacTbl
npeLcTaBNANN cebe Hally 6MKaALLYHO COCeKY 3TakMM TPOMUYECKUM paemM, 3HOMHbIM U AYLUHbIM
MMUPOM, MOKPbLITHIM HENpoasHbIMU  KYHINAMU. BO BRaXXHOM cympake 6eckpaliHell CefbBbl
NPATINCL MeP3KMe TBapW, 3aHATble HernpepbIBHLIM MOXUpaHueM cebe Nofo6HbIX. B oTinume ot
Apsxnoro ymupatowero Mapca, BeHepa pucoBanacb HEKOTOPbIM Y4eHbIM M/afLleil CecTpoi
3emin, Kakoil oHa Oblna B [asiekne reosiormyeckmne arnoxu, MHOr0 MWIIMOHOB /IET TOMY Hasaf.
[pyrve HacTamBann Ha TOM, YTO HUKaKOW Cylln Ha BeHepe HET U B MOMUMHe, a BCHO MOBEPXHOCTb
nNaHeTbl 3aHMMAET C/OLLIHON OrPOMHBI OKeaH.

PeaflbHOCTb OKas3anacb KyAa Mpo3anyHein U HeoXxuiaHHeil. BbiscHMNOCL, 4TO aTMocdepa
«benonuueit Kpacasuubl» (Tak HasbliBanv BeHepy acTpoHoMbI [peBHero Kutas) Ha 96,5 % coctout
N3 YrNeKncnioro rasa v noytu Ha 3,5 % — 13 asota. A Ha JONK0 BCEX MPOYMX rasoB — KMUCI0poaa,
BOAAHOrO Mnapa, OKMUCW W [BYOKWUCU Cepbl, aproHa, HeoHa, refins n KpUnToHa — MPUXOAUTCA He
6onee 0,1 %. MNMpasaa, cnefyeT UMETb B BUAY, YTO MOCKO/LbKY BeHepmnaHckas atMoctepa B 100 pas
MOLL{Hee 3eMHOM, a30Ta TaM COAePXMTCA NPUMEPHO BNATePO 60/bLUe, Yem B aTmocdepe 3emnn. Ha
MOBEPXHOCTU MNaHeTbl, MOA4 YYAOBULHBLIM 06/1a4HBIM  MOKPbLIBA/IOM, LapUT  HebbiBasias,
ornylwmnTenbHas xapa B 460-470 rpagycoB no Llenbcuto. MNpu Takol TemnepaType NnaBsATCS
HeKoTopble MeTa/lbl. [lJae Ha OCBELLEHHOW CTOpoHe MepKypus HEMHOro npoxnagHeld. N xoTs
MOLLHbIA 06MaYHbIA CMOW TOMLWMHOW B HECKONbKO [ECATKOB KWIOMETPOB OTpaxaeT 77 %
MajatoLlero Ha Hero COJIHEYHOTrO CBeTa, MepeHacbllleHHas [BYOKMCbIO Yrnepofa armocdepa
CO3/aeT Ha NOBEPXHOCTY BeHepbl CUIbHENLLIMIA NapHUKOBbLIN 3(PMEKT, 3a CHET Yero TemnepaTypa u
AOCTUraeT CTOMb BbICOKMX 3HAYyeHWi. 10 TOI e NpuuMHe OHa YAMBMTENbHO CTabuibHa U He
3aBMCUT OT LUMPOTbI MECTHOCTU. TO/IbKO B BbICOKOrOPHbLIX palnoHax HEMHOro npoxnajHee — Ha
HeCKO/1bKO [eCATKOB rpajycos.

O6nayHbIi  CNORN, cofepKallMii  KanefbKW  KOHLEHTPUPOBAHHOW  CEPHOW  KUC/MOTbI,
NpocTMpaeTca 40 BbICOTbl 70 KWUIOMETPOB, a B CaMbIX BEPXHUX CNOSX aTMOCHepbl MPUCYTCTBYHOT
TaKXXe COMAHAasA WM MnaBMKoBas KWUCNOTbl. O6MaYHbIN CNOM BpaLLAeTCAd Kak eAuMHOe Lenioe, HO
ropasgo 6bicTpee camoii NnaHeTbl, Aenas MosHbIn 060poT 3a 4-5 cyToK. M03TOMYy Ha BbICOTax
OKO0/0 60 K1/IOMeTPOB NOCTOAHHO AYHOT yparaHHble BeTpbl CO CKOPOCTbiO 100 METPOB B CEKYHAY
(360 Km/4). A BOT B6/IM3M NOBEPXHOCTM MNJIaHETbI CKOPOCTL BETPa NafaeT [0 HECKO/IbKUX METPOB B
CeKyHAy, HO NOCKO/bKY aTMoctepa BeHepbl B 50 pa3 nioTHee 3eMHOI M BCEro nvib B 14 pas
yCTynaeT B MJIOTHOCTU BOfAe, TO AaXe BeTep CWoii 1 MeTp B CeKyHAy — BecbMa Cepbe3Hoe
ncnbltTaHne. [asneHve atMocdepbl Ha NoBepxHOCTH BeHepbl npeBocxoamT 3eMHoe B 90 pa3 (90 m 1
6ap COOTBETCTBEHHO), & Ha [He KaHbOHa [uaHbl 3aperncTpupoBaHo AasneHue B 119 6ap. Jaxe Ha
BbICOYAMLLIMX FOPHbIX MUKaX BTOPOW MiaHeTbl, AOCTUraloWwmx 11 KnioMeTpoB BbICOThI, AaBleHue
coctaBnseT 45 6ap, 10 ecTb B 45 pa3 60/bLle, YeM Ha 3emsie Ha ypoBHe mops. OLHUM C/NOBOM,
BeHepa — 370 MUp MCNenenstoLLero 3Hos, MpoAyBaeMblii HACKBO3b pacKa/leHHbIMU BeTpamu Wt
HaBcerga NpuAaBneHHbIA TSXKENON YrNeKUCon Wy60i, Mano yCcTynarowein no NA0THOCTM BOZE.



Pa3ymeeTcs, H1MKaKas XXW3Hb B NMPUBbLIYHbIX HaM (DOpMax He CMOXET YLeNeTb B paCKa/leHHOM MeK/e
BTOPOI MnaHeTbl. benonmuas KpacaBuua KUTAMCKMX aCTPOHOMOB OKasasacb Ha MOBEpPKY Camol
HaCTOSALLEA FeeHHOW OFHEHHON.

3a HeJonrnin BeK 3eMHOM KOCMOHaBTUKM OKPECTHOCTM BeHepbl NOCETUIM OKONO TpuauaTtu
aBTOMaTUYeCKNX CTaHUMIA. TepBble CrycKaeMble annaparbl 6blIM paccymTaHbl Ha MakcMMasibHOe
[aBneHne oKono 7 6ap, a MOTOMY ObICTPO paspyLLaINCh eLle B BEPXHUX CNOSX BEHEPUaHCKOM
aTMocepbl. HO MMEHHO € UX NOMOLLbIO YAa/I0Cb YCTaHOBUTL ra30Bblil COCTaB 06/1a4HOr0 NOKPOBa
Hallein 6nvkaiiweri cocefkn. OTeyYeCTBEHHbIE 30HAbI «BeHepa-13» n «BeHepa-14», coBepLUMBLUIME
B 1982 rofy MArkyt nocafiky Ha rnoBepxXHOCTb MaHeTbl, CyMenn npopabotaTb OKOMO 2 4YacoB B
yOUIACTBEHHOM K/MMaTe BeHepbl. AHa/iM3 rpyHTa NokKasas, YTo MUHepasbl, craraiowme Kopy
nnaHeTbl, BO MHOrOM MOAO6HbI 3eMHbIM 6a3anbTaM, BCTPeYaloWMMCS Ha [HEe OKeaHCKMX
rny60KOBOAHbIX BNafuH. AMEPUKAHCKWIA 30HA «MarennaH» 3a YeTblpe roga paboTbl Ha opouTe
BeHepbl (1990-1994 rofpbl) coctaBun v nepefan Ha 3emso NogpobHble KapTbl €e MOBEPXHOCTU.
Penbed) BTOPO nNnaHeTbl CMOXEH W NpeAcTaBAseT CO60A O6LUMPHBLIE XOSIMUCTbIE PaBHWHBI,
nepecevyeHHble MHOMOUUCIEHHbIMY TPAAaMK, HaNnoOMUHAKOWMMK CPeAMHHO-OKeaHNYeCcKe XpebTbl
Ha 3emJie, a TaKXXe BbICOKOrOpPHbIE M/1aTo BY/IKAHUYECKOr0 NMPOUCXOXAEHMS.

BynkaHuyeckas akTMBHOCTb BeHepbl COMHeHWIn He BbI3blBaeT. Ha ee MNOBEPXHOCTM
06Hapy>KeHbl AeCATKN ThICAY BY/IKAHOB, MPUYEM HEKOTOpPbIE N3 HUX gocTuraroT 100 KUOMEeTpoB B
nonepeyHrKe. Bo3MOXHO, YTO OTAe/bHble BY/IKaHbl NPOLO/MKAKOT M3BEPraTbCs 40 CMX MOP, HO UX
KO/INYeCTBO CPaBHUTE/IbHO HEBENMKO. BbIiBIEHbI U COBEPLUEHHO YHWKa/bHble DOPMbI pefbeda B
BUAE OYeHb TONCTbIX WM MeAJIEHHO pPacTeKaloLMXCA f1aBOBbIX MOTOKOB — TaK Ha3blBaeMble
BY/IKaHbI-0/IMHbI. A BOT METEOPUTHBIX KpaTepoB Ha BeHepe oyeHb Masio — 0koso 900, TO ecTb He
bonee ABYX Ha MWIIMOH KBafpaTHbIX KWIOMETPOB. [/1f cpaBHeHUA: Ha Mapce Ha Takon ke
MNOLWaaN HacUYMUTLIBAETCA MOYTU MNONTOpacTa KpaTepoB, a Ha JlyHe — OKO/I0 YeTbIPEXCOT.
Mo-BMAMMOMY, 3TO 06BACHAETCA TeM, YTO B HefasleKoM npoLusiom (npumepHo 500 MUINNMOHOB NeT
Ha3aj) ee MOBEPXHOCTb MpeTepriesia cBOeobpa3Hoe 0OHOBNEHME: ApPeBHME MOpPOoAbl CO Crefamu
METEOPUTHON 6OM6apANPOBKU ObIN 3a1UTbl MOMOAON NaBoW. [ONONHMTENbHbIM apryMeHTOM B
NoMb3y MMEHHO TaKOro CUeHapus SBNSETCA OTCYTCTBME Ha BeHepe NposiBNEHWUI TEKTOHWUKW NANT,
TUMNUYHbIX Ana 3emam unmn Mapca.

MoaTomMy B MocC/fefHee BpeMms CTana BecbMa MOMYNAPHOA runoTesa TaK Has3bliBAEMOro
«BHE3arnHOro BY/IKaHW3Ma», Npu3BaHHas OOBACHWUTL YHUKa/bHbIE KIMMATUYeCKMe OCOGEHHOCTU
BeHepbl. CorfacHo 3Tol rmnoTtese, OTCYTCTBME KOHTUHEHTa/IbHOIO Apeida npuBeno K TOMy, 4To
Me//IeHHO Hakan/uBaBLUeecsi MOoA3eMHOe Tenao OKOM0 NOoAymuninapfa NeT Hasaf B OofHoYache
BbIN/IECHY/IOCb HapPYXXy Yepe3 AeCATKM TbICAY OAHOBPEMEHHO BO3HMKLUMX BY/NKaHOB. B aTMoctepy
nnaHeTbl  MOCTYNWNO  YyAOBWULLHOE  KOMMYECTBO  YI/IEKUC/OTbI,  PacKpPyTWBLLEE  MaxOBUK
MapHMKOBOr O 3(h(heKTa. Pe3ybTaToM 3TUX NPOLIECCOB CTa/I0 MCHE3HOBEHWE BOAbI Y CTPEMUTENIbHOE
MOBbILLEHNE TeMMNepaTypbl.

OcTaetcs 106aBUTb, UTO Y BeHepbl He OOGHapY>XeHO MarHUTHOrO MO U pPagnaLMOHHbIX
MOSICOB, HECMOTPS Ha Ha/IM4Ke XKeNle3Horo fapa paamycom B 3000 KMIOMETPOB M MOLLHON MaHTUK
3 pacnnaB/eHHbIX MOPOL, 3aHUMatoLLeld 60/bLUIYIO0 YacTb 06beMa MaHEeTbI.

UeTBepTas nsaHeTa 3eMHOM rpynnbl Noayynsia UMs LpeBHepUMCKOro 6ora BoiHbl Mapca,
KOTOPbIA MepBOHaYaslbHO Obl1 XTOHWYECKMM GOXECTBOM MNOAOPOAMS W AWMKOW MpUpOAbI.
["peyeckoe CNOBO «XTOHOC» O3HAYaeT «3eM/s», & XTOHUYECKUMU CYLLECTBAMMN NPUHATO HasblBaTb
NOPOXKAEHUA 3eMHbIX HeAp, C U36bITKOM HafeNeHHbIe ee NPON3BOANTENbHON CUNOW. [06/1eCTHbIM
BouTeneM Mapc caenanca Modke U B TaKOM KayeCTBe Oblil OTOXAECTB/IEH C APEBHErpeveckum
Apecom, MOKPOBUTENIEM KOBapHOW M BEPOSIOMHOI BOMHbLI pafW BOWHbI, B TO Bpems Kak AdwuHa
Mannaga onnUeTBOPAIA BOMHY YECTHYIO U CpaBes/IMBY!HO.

Mapc pacnonoxeH ot CosHua B nontopa pasa fasblue 3emn, no3ToMy MapCUaHCKuiA rof
BABOE [0/blUEe 3eMHOr0: ero NpoAO/HKUTENbHOCTL COCTaBNsAeT 687 3eMHbIX CyTOK. Kpome Toro,
opbuta Mapca obnafaet LOBO/ILHO 3aMeTHbIM aKcueHTpucuTeToM (0,09), Tak UTO paccTosHMe [0
yeTBepTOA nnaHeTbl OT COMHUA MEHSeTCA B OWYTMMbIX npegenax — o7 250 MWUAIMOHOB
K1NOMeTPOB B adenium o 207 MUISIMOHOB KUIOMETPOB B nepurennu (y 3eMnn COOTBETCTBYHOLLME



BE/IMYMHbI paBHbl 152 1 147 mMunnnoHam KunomeTpos). CpedHee paccTosHue Mexay Mapcom u
ConHuem coctaBnset 227,9 MUNINOHA KUIOMETPOB.

OC006eHHOCTM MapCUaHCKOM Op6bUTbI MPUBOAAT K TOMY, YTO KaXKAble [Ba roga (ec/iv TouHee,
TO Yepe3 kaxable 780 gHein) 3emns 1 Mapc 0KasblBalOTCA Ha MUHUMaIbHOM PacCTOSAHUU ApYr OT
Apyra, Kotopoe Konebnetcst ot 56 go 101 MunnmMoHa KMnomMeTpoB. Mofo6Hble CONMMXEHUA NnaHeT
MPUHATO Ha3bIBaTb MPOTUBOCTOAHUAMM. ECM e pacCToAHME MeXAy HMUMU CTaHOBUTCA MeHbLUe 60
MWJIMOHOB KUIOMETPOB, TO FOBOPAT O BE/IMKOM MPOTUBOCTOSAHMKN. Takoe COObITE MOBTOPSETCS
yepes Kaxable 15-17 ner.

MonepeyHuk Mapca coctasnsgeT 6800 KUNOMETPOB, TO ECTb OH MOYTWN BABOE MeHbLLe 3eMIIN.
Mo Macce OH ycTynaeT Hallei nnaHeTe B 10 pas, a No NoLwagn NoBepXHOCTU — B TPW C MOSIOBUHOWA
pasa. MapcuaHcKme CyTKM YyTb-4yTb AJIMHHee 3eMHbIX (24 yaca 39 MUHYT M 23 yaca 56 MUHYT
COOTBETCTBEHHO), & Yro/l Hak/OHa 3KBaTopa K M/I0OCKOCTUM OpbuTbl paBHAeTcs 25 rpagycam, 4to
BCEro Ha fa rpagyca 6onblue, yem y 3emnn. OfHako B OT/IMYME OT Halleidl nnaHeTbl Ce30HbI B
CEBEPHOM M HOXHOM Monywapusax Mapca MMerT pasHyt MPOAOIKUTENbHOCTb, YTO 0OBACHAETCS
3aMeTHOW BbITAHYTOCTbIO ero opounThbl.

OfgHum cnosoM, Mapc Mo MHOrMM napaMeTpam O4YeHb MOXO0X Ha 3eM/to, 3HaYMTenbHO
bonble, 4vem nobasa gpyras nnaHeta COSMHEYHOW CUCTEMbI, MO3TOMY OH BCerfa Bbi3blBaJI
MOBbILLEHHbIA MHTEPeC Y 3eMNAH. X0[ paccyKaeHuid 6bl1 npefenbHO NPOCT: ecniv Ha 3emne BO
BPEMS OHO NbILWHbLIM LBETOM pacLBefia Xun3Hb, TO pa3Be MOXHO UCK/IUYNTb, 4TO U Mapc fBnseTcs
obvTaeMoin nnaHeTol? A KO/lb CKOPO OH, MO BCeW BEPOATHOCTM, CTapLue 3emnu, TO TaM BMOJIHE
MOXET CYLLEeCTBOBaTb BbICOKOPA3BUTasA LMBUM3ALMA, HAMHOrO OnepefuBLUas B TEXHUYECKOM
OTHOLLUEHUM 3eMHyt0. Korga B KoHLe XIX BeKka UTanbSHCKUIA acTPOHOM [koBaHHWM CKuanapennm
Co06LM/1, YTO HEOAHOKPATHO BWAeN Ha MOBepxXHOCTM Mapca ceTb A/IMHHBLIX TEMHbIX JMHWUNA,
CBA3bIBAIOWMX MONAPHbIE W YMepeHHble 30Hbl MaHeTbl, amepukaHel, [lepcusanb Jlosenn
HeMe4/IeHHO MPeAnoNioKNA UX WCKYCCTBEHHOe MpoucxoxaeHve. Bcned 3a yyeHbiMU K geny
NMOAKMUYNANCL NUcaTenu, oT Aywn MnaecHyB Macna B oroHs. OyaposaHve Mapcom pocno He no
[HAM, a Mo yacam.

epbepT Yansic Hacenun YeTBepTYO MaHeTy OTBPAaTUTENIbHbIMU TMFAHTCKUMU CIN3HAMU C
My4yKOM LLynanbLeB BOKPYr K/OBOOOPa3HOro pra. IopoXaeHwWe COBCEM WMHOW 3BOMOLMM, OHU
OblN  BONMOWEHMEM [OMOF0 padymMa C HayuCTO OTCEYEHHON 3MOLMOHANbHON  Cepoi.
BbICOKOMEPHO 1 NPe3pUTeNbHO B3UPaIM OHN C KOCMUYECKMX BbICOT Ha GECTO/IKOBOE KOMoLUeHne
3eMHO »XM3HW. Halla nnaHeTa MHTepecoBana 3TUX PasyMHbIX FOIOBOHOMMX MCKAOUUTENbHO Kak
HemcuyepnaeMblii MULLEBOW PeCYpPC, Kak oyepeHON (POpnoCT Ha NYTU UX HEOLONMMOW 3KCMaHCUK.
HamHoro onepexas 3eM/IitH B TEXHUYECKOM OTHOLUEHMW, OHM 6e3 Tpyda MOCTPOUIN OrPOMHbIA
MeXMNaHeTHbIA (10T, N Ha pybexe BeKOB (poMaH Yasnnca «BoiHa MyMpoB» Obli HanucaH B 1898
rogy) MapcuaHckmne KOCMUYeCKMe Kopab/m nocbinasvck Kak ropox Ha MHOroCTpajaibHy 3emto.
HenoBopoT/iMBblE apMUX €BPOMENLIEB OKa3a/ICb He B Cunax MPOTUBOCTOATb WCMOIMHCKAM W
Heys3BMMbIM 60€BbIM TPEHOXXHMKAM, pasdlyM HaroBasl BCE OKpPy)Katollee CMepTOHOCHbIM
TENNoBbIM flydoM. ["opofa NpUXOoAWnM B 3aryCTeHWe, a >Kefie3Hble JOPOrv 3apactasm COPHOM
TpaBoi. HacTynan koHel, cBeTa. YenoBeyecTBO cracfa C/Ay4YanHOCTb: MapcuaH noryeunu
6e3BpeaHble 419 NOLEA 3eMHble MUKPOOPraHU3Mbl, MOTOMY 4YTO Y Ceb6s Ha POAMHE OHWU KWK
MPaKTUYeCKU B CTEPW/IbHBIX YCMNOBUAX, MOYTW MOMHOCTHHO YTPaTUB WUMMYHUTET, TaK Kak eLle
MHOIO BEKOB Hasaj UCTpebunn Bce WHMEKLMOHHbIE U napasuTapHble 60Ne3HU. YauBUTENbHAS
OecneyHocTb N5 BbICOKOPA3BUTOM LMBWM3ALMN, OCBOMBLUEN MNWUNOTUPYEMblE KOCMMUYECKME
MoneThl...

MPUHUMNWANBHO WHYK0 TPAaKTOBKY CTO/IKHOBEHUS [ABYX MWPOB MPeanoxusi Aekcen
HwnkonaeBny ToncToi B haHTacTUYECKO noBecTn «AanuTa» (1923 roa). OH oTnpaBnseT Ha Mapc
[BYX 3HTY31acTOB — MHXeHepa Jlocs 1 KpacHoapmeiua Mycesa. Mocne KOPOTKOro MeXnnaHeTHOro
nepeneta annapat, NOCTPOEHHbIA Ha CpeAcTBa pecny6nukn (rae AeHbrn, 3uH?), 61aronosyyHo
BbIC&XXMBAET OTBAXKHbIX MYTELLIECTBEHHUKOB Ha MOBEPXHOCTL KpacHou nnaHeTbl. Mapc nog nepom
TONCTOrO Hey#epXXMMO KaTUTCA K 3akaTy. OTOT ApAX/blA, YMUPAKOLWMA MUP [LaBHbIM-LaBHO



6e3aapHO pacTpaHXXMpWA Hacneave BeNMKOro NpoLLIoro, U Tenepb BbiCOKas KynbTypa, CO3jaHHas
YMOPHbIM TPYAOM [EeCATKOB MOKOSIEHWIA MapcuaH, npebbiBaeT B rNy60KOM ynagke. Bbicoxiuve
KaHa/1bl, MOKUHYTbIE XXUTENAMWN ropoa, pas3pyLUeHHbIe 40 OCHOBAHWNA rMraHTCKue BO4OXpaHUImMLLA
— Ha BCeM /IeXKUT neyaTtb pasopa 1 3anycTeHus.

MMOMyYTHO BbISACHAETCA, YTO CBOMM HeObIBa/IbIM KY/IbTYPHbIM B3/1€TOM MapcuaHe 0053aHbl
BbIX0ALUam ¢ nnaHeTbl 3emns: 20 TbICAY NET Ha3ad, Korga nereHgapHas ATnaHTnaa, packonoBLLNCh
Ha 4acTu, KaHyna B MOPCKYH NMy4nHy, CBUpenble Marauntibl — BEPXOBHaA KacTa aT/laHTOB, OTHEM
N MEeYoM HacaXpasLlas LMBUAM3ALMIO MO BCEMY MUPY, — Haya/M MOKMAATb POAHYHKO MNaHeTy.
CkBO3b OKeaH Majaroulert BOAbl, B AbIMYy W Mene, OHX YyneTain B MUPOBOE MPOCTPaHCTBO B
OPOH30BbIX, UMEBLUMX (HOPMY SiiLa, KOCMMYECKUX annapatax. MapcuaHckue NeTornucu Toro
BPEMEHW pacCKasblBaKT:

CopoK [Heli 1 copoK Houein nagann Ha Tymy CbiHbl Heba. 3Be3ga TanueTtn Bcxoguna nocne
BeyepHel 3apy M ropena HeoObIKHOBEHHbIM CBETOM, Kak 3/10i rna3. MHorve u3 CbiHOB Heba
nagaam MepTBbIMU, MHOTVE YOUBAINCL O CKaslbl, HO MHOTVE AOCTUIN MOBEPXHOCTU TyMbl U Bbinn
XXUBBI.

Mpefkyn MapcuaH HasbiBasin TymOM POLHYIO MilaHeTy, a KpoBaBas 3Be3ga Ta/llueTn — 370
3eMna Ha MeCTHbIX Hapeumax. Mpuiensubl BCnaxaam rnonis 1 3acesn ux AYMeHeMm, npopesaiu
becnnofHble MapCuaHCKMe paBHUHbI CETbIO KaHal0B W BO3BENM LMKIONMYECKME MOCTPOMKMN.
Bmecte ¢ HumMM npuwnio Benvkoe 3HaHWe, 3anncaHHOE LUBETHbIMWM MATHAMW B [PEBHUX
MaHyCcKpunTax.

MocnaHubl CoBeTCcKoi Poccuy 3acTtanv COBCEM ApYryko 3anoxy. Ecnm Bocnonb3oBaTbCs
TepMuHosiorvein JibBa Hukonaesmya Mymunesa, M3BECTHOrO OTEYECTBEHHOIO UCTOPMKA, MapcuaHe
OKOHYaTe/IbHO 1 GecroBOPOTHO PacTepPs/IN NacCUOHAPHOCTb U BNa/v B CyLWMiA Mapa3m. Mogo6Hoe
COCTOSIHVE, KOrja OOLLecTBO MNpefesibHO aTOMM3MPOBAHO, a XXW3HEHHAs 3Heprus ero 4seHoB
Konebnetcs BO3/e TOYKM 3amMep3aHusi, MPUHATO HasbiBaTb (Pa3oi 06CKypaumm. OCKOMKN BbICOKOW
KyNbTypbl UCTNEBAIN B MblIbHBIX KHUFOXpaHWIMLLAX, a BfacTb Oblna y3ypnupoBaHa Ky4Koin
LUMHUYHBIX ON1rapxoB. MNpocToi Hapog nposstan B HUwete. CamMo cO60i pa3yMeeTcs, YTO repoi
rpaXXaaHCKOW BOMHbI, OTCTaBHON KoMAamB [yceB, MmoTeprieTb Takoro 6e3obpasusi He mor. OH
ONIAHY/ICA OKPECT, W ero Aywa cTpafaHnsaMun ya3BfieHa ctasa. boeBoli KOMAMB 3aTesis1 BOEHHbIN
nepeBOpPOT, U MoHavany (opTyHa emy GnaronpuaTcTBoBasia. HO BCKope fena Mowin BpasHocC.
ONpOKMHYB  pbIXN0e  OMojYeHWe MOBCTaHLEB, MpPaBUTE/IbCTBEHHbIE BOMCKA Mepewn B
PeLInTe/IbHOEe HAaCTyMN/eHWe, U HalMM TeposM MPULLIOCH CMEWHO YHOCUTb HOru. BKAOUUTb
YETBEPTYHO NaHeTy B cOCTaB Poccuinckoin defepaumm, K CoXXaneHuro, Tak 1 He yanoch.

Co cTpaHuy «MapCcuMaHCKMX XPOHUK», BbIWEAWNX W3-Noj nepa  aMepuKaHCKOro
nucatens-gaHtacta Pes bpagbepu, BCTaeT o4veHb pasHblii Mapc. HO B camMbIX MPOH3UTENbHbIX
HOBe/1ax 3TOro LMKIa Mbl BUAMM BCE TO XKe CaMOe — XPYIMKYH M3bICKaHHYIO KYNbTYpPY, TMOHYLLYHO
nog canoraMmn 6ecLepeMOHHbIX 1 Heobpa3oBaHHbIX KOOHUCTOB C 3eM/IN. DT Kpenkue n 6oapble
pebsTa MpeKpacHO 3HAKT, C KakKol CTOPOHbI Yy OyTepbpoda macno, a Maneiilee nposiBNEHME
WHTENINIMTEHTHOCTU BbI3bIBAET Y HUX 3[0POBbLIA XMU3HEYTBepXaaoWwmnii  cMex. OHWM  Becesno
paccTpesiMBaroT UrpyLLeYHble MapCUaHCKME rOPOAKN, AaBHbIM-AaBHO MOKUHYTLIE UX XUTENSAMN, 1
HeBecoMble (hapopoBble GalleHKN 6e33BYYHO pacchinatoTcs B Mblib. BbiMuparowme abopureHsi
KOEe-KaK [0XMBAlOT CBOWA BEK B CaMbIX FNYXMX W HEAOCTYMNHbIX YrofiKax MaaHeTbl, U TOMbKO
PELKO-PefKO MOXHO YBWAETb CTPEMUTESNbHblE OENOCHEXHble MapyCHUKU MapcuaH, pexylume
OCTPbIMW (POPLUTEBHAMU KpacHble MEeCKN MapChaHCKMUX MYCTbiHb. A Ha MepekpecTKax Aopor, Kak
rpmbbl Mocne [OXAA, BblpacTalT YpoanvBble OWAOHBWM, OTKPbIBAKOTCA COCUCOYHbIE MOA
aIANoBaTbiM/ BbIBECKaMU M yp4aT TsdKe/lble IPY30BUKKU, HEYK/IHOXe pa3BopadnBasch B 061aKax
TOHKOW OpaHXeBOW Nblin. OAHUM CI0BOM, NMOBTOPAETCA BE/IMKWIA aMepUKAHCKWUIn (PPOHTUP, B
pe3y/nibTaTe KOTOPOro CruHyna n pactasna 6e3 cnefa yHuKasibHasa KynbTypa Liefioro KOHTUHEHTA.

A KakoBa 4eTBepTas MnaHeTa B AeMCTBUTENIbHOCTU? YTO npeacTasnseT cobol peasibHbIi, a
He BOOGpaaeMbli Mapc? [0 HefaBHEro BPEMEHM Ha 3TW BOMPOCbl HE OblN0 OTBETA. YUeHble
(haHTa3MpoBa/M KTO BO YTO ropasf. Mapc — mepTBas nsaHeta, ropopunu ogHu. Ecim tam n 6bina
YKWM3Hb, TO OHAa Nornéaa COTHN MUIIMOHOB /1ET Ha3ag, Korga no 3emse pasrynnsaimn LOMOTOMHbIE



Aulepbl. Huuero nogo6bHoro, Bospaxanu Apyrue. A 4to NpuKaxeTe Aenatb C Pa3BeTB/IEHHOW CETbIO
KaHanoB (Mexay npoynM, 4o 50 KUIOMEeTPOB LUMPUHOIA!), KOTOpPbIE COEAUHAIOT NONAPHbIE LIANKN C
YMepeHHbIMW wrpoTaMn Mapca? He MogneXxuT COMHEHWMIO, YTO 3TO CNOXHble MPPUraLMOHHbIe
COOpPYXKeHUs, nepepacnpefenstowine AparoLeHHY0 MapcuaHCKyto Brary. bpen cvBoli KoOblibl,
KMNATUANCL CKENTMKW. TaK HasbiBaeMble KaHasibl — 3TO BCEro-HaBCero eCTEeCTBEHHbIE Pas/ioMbl
MapCUaHCKOI Kopbl. A KTO cKasasl, 4To Mapc — CypoBbIil 1 APEBHUIA MUP, BONPOLUA/IA 3HTY3UACTbI.
BbITb MOXET, 60/1blUAasA ero 4acTb — OKeaHbl, CKOBaHHble fleffiHbIM NaHuupemM, a MpecrioByTble
KaHa/lbl — MPOCTO-HANPOCTO TPECHYBLUMWIA Nef NN PacTUTENbHOCTb, MUTaeMas Noa/ieHON BNarou.

OTHOCUTENbHAA ACHOCTb MPULLIA UL C HAYa/IOM 3MOXU KOCMOHABTUKM. [epBble e 30H[b,
[o6paBLUMecs [0 YeTBePTONW NaHeTbl, 3aperncTpUMpoBaIn Ype3BbIHaiHO PaspeXXeHHY aTMochepy,
MOJIHOE OTCYTCTBME CKO/IbKO-HMOYb KPYMHbIX BOAOEMOB 1 MHOTOYUC/IEHHbIE CleAbl NHTEHCUBHOM
MEeTEeOpPUTHON 60MbapanpoBKM. CerofHs, Korga B OKpecTHOCTAX Mapca (M Ha ero noBepxHocTu B
TOM 4KC/e) NO6bLIBA/I0O MHOXECTBO aBTOMaTUYECKUX CTaHLMIA, Mbl MMEEM NPaBo MOABECTM MepBble
npeasapuTensHble UTOrK. I ecnm naccax NOnynsipHoOro KuHoaktepa ®dwuamnnosa O CUX MNOP
ocTaeTca 6e3 oTBeTa («ECTb /M XM3Hb HAa Mapce, HET /M XXU3HU Ha Mapce — 3TO MoOKa Hayke
HEN3BECTHO»), TO OTHOCUTE/IbHO LIBETEHMS A6/10Hb MOXHO BbICKa3aTbCsA 60/iee onpesesieHHO.

Mockonbky Mapc nony4vaet ot ConHua B ABa C NIMWHMM pa3a MeHblUe Terna, YemM 3emns,
CpeAHeroaoBas Temrneparypa Ha ero noBepxHOCTU cocTaBnseT MUHyc 60 rpagycos Llenscusa. U
XOTA NETOM Ha 3KBATOpe CTONOUK TEPMOMETPA MHOT Aa NOAHUMAETCA Ha HECKO/IbKO rpajycoB BbiLLe
HYNs, CYTOYHbIe nepenagbl TeMnepaTypbl OFPOMHbI U LOCTUIalOT HECKO/IbKUX LECATKOB rpagycos.
Hanpumep, B KO)XKHOM NOMyLIApUN Ha NATUAECATON napanneny Temnepatypa B pasrap OCEHWU He
NnoAHMMaeTcs Bbille MUHYC 18 rpagycos no Lienbcuio B NosgeHb Y NajaeT HoYblo 40 MUHYC 63
rpagycoB. CTOMb 3HAUYMTENIbHBIA pasMax TeMmnepaTypHbIX Ko/ebaHW Ha MPOTSXKEHUU CYTOK
0OBbACHAETCA KpaliHell PaspeXXeHHOCTbK) MapCuaHCKOW atmocgepbl, coctoswei Ha 95 % u3
yrnekucnoro rasa. Ha gono asorta u aproHa npuxoautcea 2,5% m 1,6 % COOTBETCTBEHHO, a
coflep>xaHvie Kucnopoga He npesbiwaet 0,4 %. Ha ceBepHOI NONSPHON LIanke 3aperncTpupoBaHbl
NCKMIOUYNTENbHO HU3KMe Temrepatypbl nopsgka muHyc 138 rpapycos Llenbcus. ATmocgepHoe
[iaBneHne Ha nosepxHocT Mapca B 160 pa3 MeHbLLE, YeM Ha 3emne Ha ypoBHe Mops. TONbKO Ha
QHe cambIX FNy6OKMX BNaauH OHO «nojpacTaeT» BABOe. MapcmaHcKas aTmocepa Ype3BblvaiiHoO
cyXxa W NOoYTWM MOJIHOCTHIO JiULLEHA BOAAHBIX MapoB. Bpo6aBok Ha Mapce neprognyecku
BCMbIXMBAKOT CU/MbHENLWNe O6ypu, NOAHMMAKOWMe B BO3LYX MuAAMapfbl TOHH nblan. WX
NPOLO/MKUTENBHOCTL AoXoauT A0 100 cyToK, a CKOpOCTb BeTpa focTuraeT 70 KMIOMETPOB B Yac.

TakuMm 06pa3oM, COBpeMeHHbIi Mapc — 3TO O4YeHb CYpOBblA MWP, WU TOBOPUTL O
CYLLLECTBOBAHMMN CKO/IbKO-HUOYAb CMNOXHbBIX (POPM XWU3HWU B TaKMX 3KCTPEMa/IbHBIX YCI0BUAX, MO
BCEM BEPOSATHOCTM, He npwuxoauTcd. C Apyroin CTOPOHbI, He criefyeT 3abblBaTb, YTO >KM3Hb
OT/IMYAETCA HEOObIKHOBEHHOM MIACTUYHOCTHIO M BbICOKUM afjanTUBHbLIM MOTEHUMaNoM. Ham yxe
C/ly4aNocb YrNOMMHaTbL O COOOLLEeCTBax OpPraHU3MoB, BE/IMKOMENHO Ce6s YyBCTBYHOLMX BOIM3M
«YepHbIX KYpPU/bLLMKOB» Ha OKEaHCKOM [fHe, rae Temneparypa focturaet 250-300 rpagycos
Llenbcus. HekoTopble 3eMHble 6GakTepuy MOryT 00XOoauTbCcA 6e3 Kucnopofga WM BbDKMBATb B
KucnoTax u wenodvax. Teepaas NOBEPXHOCTb 3eMn U MUPOBOI OKeaH — INLLb He6O/bLLIAs YacTb
06XKMTOro Mupa, a ryboko B Hejpax Halwleld MnaHeTbl MPOLBETAET CAOXHAsA 3KOCUCTeMa
MUKPOOPraH13mMoB, MOYTW He COO0OLIAKLAAcs C BHELWHWM MUPOM. 10 MHEHMIO HEKOTOPbIX
YUeHbIX, KOMIMYeCTBO OPraHun3mMoB, OOOCHOBABLUMXCHA MOA 3eM/IE, 3aMeTHO MNpeBbIaeT 4UCI0
HaseMHbIX obutaTeneir. Cnopbl MHOrMX 6GakTepuil MOryT B TeYeHWe [/IMTE/IbHOrO BpeMEHM
BbDKMBATb B KOCMOCE, YTO OblN0 He pa3 [0Ka3aHO 3KCMepuMMeHTasIbHO. Pa3yMeeTcs, »XeCTKUN
YNbTPaUoseT NX yOMBAET, HO TOHKOI0 3aLWMUTHOrO C/I0S MNbIK, Kak NMpasuo, OKa3biBaeTCs BMNOJHE
[0CTaTO4HO, YTOObI OLLYTUMO NOBBICUTL UX XXU3HECTOMKOCTb.

[M03TOMY COBEpPLUEHHO HE WCK/IKOYEHO, YTO B MAPCMAHCKOM TPyHTe MOTYT O6Hapy>XMTbCH
NPUMUTUBHBIE (DOPMbI XKU3HW, OCOBEHHO €c/IM y4YecTb TOT (PakT, 4YTo Boja Ha Mapce vmeeTcs.
HWwKHWIA cnoi nonspHbIX Wwanok KpacHOM nnaHeTbl TOMLWMHOW B HECKO/IbKO KWU/IOMETPOB C/IOXEH
3 00bIYHOI0 BOAAHOIO /ibJa, MePeMELLaHHOrO0 C Nbl/blo, @ CBEPXY OHU NMPUKPbLITbI TOHKOW NIEHKOM
3amep3LUeit YrieKncnoTbl. 3TO TakK HasblBaeMblil «CYXOM Nefd», KOTOPbIA HaBEPHSIKa XOPOLIO Bam



3HAaKOM, uuTaTeNb: €ro LWMPOKO WCMOMb3YKT B JIETHIOW Kapy, 4TOObl Yyb6epeub OT
NPeX4eBPeMEHHOro TafgHUSA HEKOTOpble MULEBble MPOAYKTLI, HarnpuMmep MOpPOXKeHoe. Mexay
NMPoOYMM, CE30HHbIE M3MEHEHUA MONAPHbLIX LUAMNOK CBA3aHbl KaK pa3 ¢ UCNapeHMeM 3TOro TOHKOro
(okono 1 meTpa) BepxHero cnosi. Kpome TOro, B HEKOTOPbIX 06/1aCTAX MO4 NMOBEPXHOCTLIO Mapca
[O/MKHa  pacnofiaratbCa  MHOTMOKW/IOMETPOBas  TOMWA BeYHOW  Mep3noTbl. O  Hannuum
KpMoNUToC(epbl  CBUAETENbCTBYIOT, B  YaCTHOCTW, HEKOTOpble OCOOEHHOCTU  CTPOEHMS
reo/iorMyecknx CTPYKTYp Ha noBepxHocTM Mapca. A CpaBHUTENbHO HEAABHO TeOopeTU4ecKue
BbIKMAAKM  MONYYUNIN  HafeXHOe  3KCNepuMeHTalbHOe  MOATBepXAeHue.  AMepUKaHCKUIA
KOCMUYecKuin 30HA «Mapc Opumcceit», 3anylueHHbIn B anpene 2001 roga, o6Hapy»xun Ha 60-Mm
rpagyce tHOXXHOW LUMPOTbI OFPOMHBIV OKeaH MOAMNOBEPXHOCTHOrO BOASHOrO NbAa. bonee Toro, no
MHEHMIO HEKOTOPbIX YYEHbIX, B MapCMaHCKOM rpyHTe Ha rnybuHax ot 100 go 400 meTpoB Boja
MOXET HaxOAWUTbCA [aKe B XXWAKOM COCTOSAHMW: B MPOTMBHOM Cflydae TPYAHO OOBACHUTH
NPOMCXOXAeHNE cneumpuryecknx 60po3s Ha CTeHKax KaHbOHOB M KpaTepos. paBaa, He COBCEM
MOHATHO, KaK MNPV XXYTKUX MapCUaHCKMUX XO0nojax, MpOMOpaXuBalowWwmX TrPyHT Ha napy
KWNOMETPOB  Brybb, MOXET COXpaHWUTbCA kuakas Boga. C  Apyroin  CTOPOHbI, BOAU3W
MarmaTuMyecKmx ovaros, KOTOpPbIX Ha Mapce [OCTaTo4yHO, fief MOXET MNaBUTLCA, MEPEXOis B
XNAKYHO hasy.

Heckonbko 06ecKypakmBaeT TOT (pakT, YTO CryCKaeMble annapatbl amepuKaHCKNX
«BUKWHIOB», COBEPLUMBLLME MATKYHO MOCAAKYy Ha MOBEPXHOCTb Mapca U Ha MNpOTSKEHUU
HECKO/IbKUX JIET M3yyaBLUMe COCTaB aTMOCHEepPbI, METEOYC/IOBUS N TPYHT, He 0OHapPYXXWUW ClesLoB
OpraHviky, Kotopass Morsa 6bl 6bITb NPOAYKTOM XXMU3HEAEATENbHOCTU MUKPOOpraHn3moB. OfHako
BMO/IHE BO3MOXHO, YTO KOHCTPYKTOPbl CaMOXOAHbIX YCTPOWCTB MPOCTO-HANPOCTO HEBEPHO
BblOpann HanpasfeHne MOUCKOB. Ecnv MUKpPoObl npsayyTca rnyboko B TpyHTe, «BUKUHIU»
3/IEMEHTapHO He CyMenu 6bl MX OTbICKATb.

Takvm 06pa3om, BOMPOC O MapCUAHCKOW XXM3HU MOXHO COPMY/NMPOBATh B TPEX BapuaHTax:
1) Ha Mapce HMKOTAa He ObINo XM3HW; 2) Ha MOBEPXHOCTU M/IAHETHI XKNU3HN HET, HO OHa MOXET
CyLLlecTBOBaTb B ee Hefpax; 3) cerogHs Ha Mapce >KM3HU HeT, HO OHa CyLLIeCTBOBa/1a B MPOLLIOM,
NMO3TOMY MOXHO OTbICKaTb ee cnefbl. C nepBbiM BapuaHTOM Bce ACHO. OTHOCUTE/IbHO BTOPOro
BO3MOXKHbl pa3Hble MHeHWsi, HO 4YTOObl YBEPEHHO pacCyXaaTb O MOAMNOYBEHHbLIX 6GaKTepusx,
Heob6X0AMMbI AONONHUTENbHbIE UCCNeA0BaHMSA. A BOT TPETUIN BapuaHT NpeacTaBnseT 6ecCnopHbIi
MHTEPEC, NOCKO/IbKY MHOTME YyeHble Y6eXKAeHbl, YTO B Aa/leKOM NpoLUioM BoAbl Ha Mapce 6b1/10 B
n36bITKe. 10 HEKOTOPbLIM pacyeTam, 4 MUNInapaa fieT Hasaz, ee Obi1o faxe 60/bLUe, YeM Ha 3emie.

O6 3TOM CBUAETENLCTBYIOT rpPaHAMO3HblE KaHbOHbl W BbICOXLUME peYHble pycna, BO
MHOXECTBe BCTpevalLlimecas Ha noBepxHocTM Mapca. HekoTopble W3  HUX  LOCTUrartoT
200-K1MNoMeTpoBOW LUMPUHBI MPW A/IMHE HECKO/bKO ThICAY KMIOMETPOB. Jaxe Moryyas AMasoHka
— camasl NONHOBOAHAasA peKa Hallel nnaHeTbl — BbIFSAUT Ha 3TOM (hoHe A0BO/bHO 6n1eAHo. Kyaa
Morna nogesatbCs BOAa, CpopmMpoBaBLUAsA 3TW TeosIorMyeckre CTPYKTYPbl, BO3PACT KOTOPbIX
OLeHVBaeTca B 3 Munnnapga net u 6onee? Mexay Tem MIaHETONOrNM HE UCK/OYaoT, YTO B Ty
[aNeKyro 3noxy O6LUMPHble pailoHbl CeBepHOro nonywapnsa Mapca Oblin MOKPbITbI OKEAHOM
KNNOMETPOBOV rNy6uHbl. MepTBbIX MapCUaHCKNX 03ep TOXE HaliAeHO BUAMMO-HeBUAMMO. O4HO 13
HUX ObI/I0 CPaBHUTENbHO HEJaBHO UAEHTUPULMPOBAHO aMePUKaHCKUMK reosioraMmn. Ero pasmepbl
MOryT ropasuTb Camoe 60ratoe BOOOpaKeHWe: Mo MJ/IOWaAM OHO BrOJIHE COMOCTaBMMO C
CyMMapHOiA TeppuTopurein Texaca n MeKcrKu, a rnybrHa aToro MOHCTpa focTurana 2 KUnoMeTpoB.

Tak 4TO Xe BCe-Taku cTpacnock ¢ Mapcom? CueHapueB KatacTpodbl NpUAYMaHO BeNNKoe
MHOXeCTBO. Hanpumep, ¢paHLy3CcKuii acTpoHOM >Kak Jlackap nonaraet, YTO Yron Hak/ioHa ocu
BpaLLleHMs Mapca K NiocKoCTU ero opouTbl eCTb BeNMYMHa nepeMeHHas. CerofHs, Kak U3BecTHO,
MapCcuraHCKas 0Cb HaK/IOHeHa K 3KIUMTUKE Mog yriom 25 rpafycos, TO eCTb BCero Ha fpa rpagyca
00/bLUe, YeM Yrosl HakloHa 3eMHON ocu. o MHeHuto Jlackapa, 6 MWIMOHOB /eT Ha3af 3Ta
Be/IMYMHa cocTasnana 47 rpafycoB. Mapc nexan npakTuyeckn Ha 60Ky, 1 ero noatoca nosyyanu
MaKCUMYM COJIHEeYHOro Tensa. MonspHble Wanku pactasim nosHOCTbIO, U B aTMOCHepy MaaHeTb!
MOCTYMW/IN OTPOMHbIE KOJIMYECTBA YI/IEKMUC/IONO ras3a U BOAAHbIX MapoB. YT/IeKMcnoTa obecneunnia
NapHWKOBBIN 3(h(heKT, a BOAAHbIE Napbl CKOHAEHCMPOBA/IUCH M BbINain Ha MOBEPXHOCTb, 06pa3oBaB



OKeaH NyOMHONM B HECKO/IbKO KW/IOMETPOB. JlacKap CUMTAeT, YTO Ha NpPOTsHXKeHUn nocnegHunx 10
MWN/IMOHOB NET YroN HaK/oHa MapChaHCKOM 0CK K MNOCKOCTW 3KMNTUKNA HEOAHOKPATHO MEHSCS
B OYeHb LWMPOKUX npegenax — oT 13 pgo 47 rpagycoB. [MpuumHO TOMY OblNO MOLLHOE
rpaBuTaLMOHHOE none Gavxaiwmx coceaeii Mapca, B nepsyto odepeap — KOnutepa. YeTsepTas
nnaHetTa HanoMMHaeT AETCKMI BOMYOK WM Ny B COCTOSHMM HEYCTOMYMBOIrO paBHOBECUS, Ha
KOTOpble OKa3blBalOT BO3AENCTBME W3BHE. Mapc BCe BpemMs «MAAWeT», WM MNoaca MNAaHeTbl
nony4YardT TO M3ObITOK, TO HEAOCTAaTOK COMHeyHoro Tenna. CerofgHs Ha Mapce neaHVMKOBbIN
nepuog. Mexay npoymm, Mo MHEHWIO (hpaHLly3CKOro acTPOHOMaA, 3eMHas OCb TOXe Morsa Obl
«npblratb» B3af-Brnepem, ecnm 6bl He CTabUNN3UPYIOLLLEE BIMSIHUE JTyHbI.

[pyryto Bepcuio KatacTpombl MNPeAsioKM Hall COoOTevyeCcTBeHHUK AsekcaHap [MopTHOB,
CTaTbsl KOTOPOro 6blna onybnnkoBaHa B PeBpasibCKOM HOMEPE XYypHana «3HaHue — cunax» 3a 2004
rog. Mapc Hepeako HasbiBatoT KpaCHOW nnaHeTol, U B 3TOM Ha3BaHWM HET HUKaKOro
NpeyBeNMYeHNs: ero NOBEPXHOCTb AENCTBUTEIbHO UMEET KpacHOBaTbI OTTEHOK M3-3a BbICOKOIO
COAepXXaHMs B MapCMAHCKOM rpyHTe TaK HasblBaeMbIX KpaCHOLBETHbIX MNeckoB. BoT 3tu
COBEPLLUEHHO HEeOoO6blYHblE KpacHble Meckn Mapca, HanoMUHatoLMe NO LBETY KPOBb, KaK pa3 u
3amHTepecoBann [MopTHOBa. [leno B TOM, 4YTO W KpacHbI LBET KPOBW, W KpacHbIA LBET
MapCMaHCKMUX MNECKOB OObBACHSAETCA OAHOM WM TOW Xe MPUYMHOW — OBGUIMEM OKcuia XKenesa.
FemMornobuH, npuaatowmii KpoBM Cneumuyecknii LUBET, COAEPXWUT OKCWUA >Kenesa, a €ero
TPeXBa/IEHTHbIE OKUC/IbI B BUAE NECKa U NbIAM MOKPbIBaOT NOBEPXHOCTbL Mapca. NopTHOB NULLET:

AMepUKaHCKMe CTaHUMKN nepefaiv CBefeHNs 0 XMMUYECKOM COCTaBe MapCHaHCKOro rpyHTta
M KOPEHHBIX FOPHbLIX MOPOA. ITU AaHHbIE YKa3blBatOT, YTO KPACHbLIN MapCUaHCKUIA TPYHT COCTOUT
M3 OKCUAOB W TUAPOKCMAOB XKenesa C MPUMECHI0 XENe3UCTbIX FUH U CyNb(aToB KanbUusa u
marHus. Takoli Habop MUHEpPasoB XapakTepeH ANA LWMPOKO PasBUTbIX Ha 3emse KpacHOLBETHbIX
KOp BbIBETPMBAHWS, BO3HMKAIOLWMX B YC/IOBUSAX TEMIOr0 Kavmara, obunus Bogbl U CBOGOAHOrO
Kucnopoga atMocepbl.

B npownbie reonornyeckme 3noxu, Korga Ha 3emse rocnofAcTBOBan TEMSblA U BNAXKHbIN
OpaHXXeperHbIN  KNUMAT, KpacHOLBeTbl OblNM pacnpoCcTpaHeHbl ropasfo LMpe W, BeposiTHO,
MOKPbIBa/IY MOBEPXHOCTb BCEX MOYTU KOHTUHEHTOB. CyMMapHas MOLLHOCTb 3eMHbIX KPacHOLBETOB
[JOCTUraeT HECKOSIbKMX KW/IOMETPOB, HO TO >Ke CaMOe MOXHO BMAeTb M Ha Mapce: cnow
MapCMaHCKON «p)KaBYMHbI» OLEHMBaeTCa B 3-5 KWMIOMETPOB. Mexay NpoYMM, HU Ha OfHOM
nnaHete CONHEYHON cucTeMbl, Kpome 3emnn n Mapca, Nofo6Has «pXKaBuMHa» He BCTPevaeTcs.
Mpyn 3TOM XOPOLUO M3BECTHO, YTO KPaCcHOLBETHbIE MOPOAbI Ha 3emsie MOrM 06pa3oBaTbCA TOMLKO
nocne TOro, Kak B armocgepe Mossuaca CBOOGOAHBIA Kucnopod. Ho 3akaBblka B TOM, 4TO
NpaKTUYeCKM BeCb KMCNopoh 3emHoi aTtmoctepbl (a ero Tam 21 %), MMeeT OMOreHHoe
NPOMCXOXAeHNe, TO eCTb 00pa3oBasica B pe3y/ibTate 6UOChepHbIX npoueccos. ApyruMu cnosavu,
KUCMOPOJ, — 3TO MPOAYKT M MOPOXAEHME >XMU3HW. ECIM YHUUTOXWTb BCHO PacTUTENbHOCTb,
CBOOOAHbLIM KUCNOPOA YNEeTYYUTCS MOYTU MrHOBEHHO. OH BHOBb COEAMHUTCA C OpraHM4ecKumm
BeLL,eCTBaMu, BOMAET B COCTaB YrNEKNCOTbI U OKUCINT XKENe30 FOPHbIX MOPOA,

OTKypaa e B3siflaCb MapcuaHCKas «pykaBuvHa», eC/N CoAepXKaHue Kucnopoga B atmochepe
YETBEPTOW MNaHETbl COBEPLUEHHO HUYTOXHO — He 6Gonee 0,4 %? Takoro ero Koam4yectsa SIBHO
HeAoCTaTOuHO Ans 06pa30BaHMsA MOLLHOMO C/10si KpacHOUBETHbIX nopof. CrefosartesibHO, 3Tu
Mopo/bl OYeHb APeBHME 1 CHOPMUPOBASIUCH TOrAa, Korga cB0604HOro Kucnopoga 6110 MHoro. OH
ObIN M3BAT U3 MapPCUAHCKON aTMOCHEpPbI 1 OKUC/IU XKeNe30 ropHbIX Nopos, 06pa3oBaB 3HaMeHUTbIe
KpacHble Mecku. Pa3BeTBfieHHas peyHas CeTb HEOMPOBEPXMMO CBUAETENbCTBYET 06 M306Mnnn
BOAbl B [A&/1EKOM MPOLLIOM. Pe3tome: CTO/Mb MOLLHbIA CMOW  «pXaBuuHbl» Ha Mapce mor
BO3HMKHYTb TO/IbKO MPU COBMECTHOM AENCTBMM BOAbI M CBOGOAHOrO aTMOCHEpPHOro Kucnopoga B
YCNOBMAX TEnjaoro Knumara. A MOCKOSIbKY KWCMOPO4 B TakUX KOIMYECTBAX AO/HKEH WUMETb
OroreHHoe NponcxoxXxaeHve, Ha Mapce Hekorza LWymesnu neca.



YT0 e npounsowwno? Uto norybmno xmnsHe Ha KpacHoi nnaHete? MopTHOB NonaraeT, 4Yto Ha
NnoBepxHOCTb Mapca pyxHynn 06/10MKM ero TPeTbero crnyTHMka — TaHatoca. OgHako 060 BCeM Mo
nopaaky.

Y MapCUaHCKMX KpacHbIX MeCKOB eCTb YHMKa/lbHad 0CO6EHHOCTb — OHW MarHWTHbI. Hepeako
NX TaK M HasblBalOT — MarHUTHbIE KpacHOUBETHble neckn Mapca. A BOT 3eMHble KPacHOLBETHI,
CTpaHHbIM 06pa3oM, He HamarHu4YeHobl. B yem e TyT geno? Ewle pas nocnywaem MopTHoBa:

JTa pe3kas pasHMLa B (PU3MYECKMX CBOMCTBaX OOBACHAETCA TeM, YTO NPV OLMHAKOBOM
Xnmmyeckom cocTase (Fe203) B KauecTBe «Kpacutens» Ha 3emse BbICTYNaeT MUHepan remMatut (oT
FPEYECKOr0 «remMaTtoc» — KpOBb) C MPUMECHIO NIMMOHMTA (TMAPOKCUE Xenesa), a Ha Mapce
npeobnafaeT OYeHb PefKMin B 3eMHbIX MOpoAax MWUHepas MarreMuT, KpacHasi MarHUTHas OKMCb
Xenesa, MMelLas XMMUYECKWn COCTaB remaTmnTa, HO KpPUCTA/IIMYECKYHO CTPYKTYPY MarHUTHOro
MuHepana marHetuta (Fe304).

FeMaTuT M IMMOHUT — LUMPOKO PacnpoCTpaHeHHble PyAbl XKefesa, a MarreMmut obpasyercs
n3pefKa MNpPU OKUC/IEHUWM MarHeTuTa, €eCcfiv COXPaHSAKTCA €ero nepBuYHas KpucTanmyeckas
CTPYKTypa W MarHuTHble CBOMCTBa. Mpw HarpeBaHun Bbiwe 200 °C MmarremuT npeBpaLLaeTcs B
remMaTuT U CTaHOBUTCS HEMarHUTHBIM.

Marremut cumTanca Ha 3em/e MUHEPA/IOM PefKUM L0 Tex rop, Moka f He 06HapyXXu/, 4To
TeppuTopusa AKYTUM OYKBaJIbHO 3acblfNaHa OrPOMHbIM KO/IMYECTBOM MarHWTHOW OKUCK XKenesa.
370 6bIIN KPaCHO-OYpbIA NECOK MW CTSXKEHUA Pa3nnyHO (hopMbl. HO CBOICTBA 3TOr0 MarreMuTa
OblMM  HeOObIYHbIMW: MOCNe MNPOKaIMBaHMS OH OCTaBa/ICd  MarHWTHbIM, MOZOOHO ero
CUHTETMYECKOMY aHanory. f onucas ero Kak HOBYHO MUHepa/lbHYH PasHOBUAHOCTb W Ha3Bal
«CTabWUNbHBIM MarreMmToM». BO3HWMKAM BOMPOCHLI: MOYEMY OH OT/IMYaeTCA MO CBOWCTBaM OT
«0ObIYHOrO» MarremuTa, NnoyemMy ero Tak MHOro B HAKYTWM, HO HET CPeAy MHOTOYMC/IEHHbIX
KpacHOLBETOB 3KBATOPUa/IbHOI 30HbI 3eMn?

OcTaeTcs 06BbACHUTL, OTKY/AA B3A/ICA CTabU/IbHbLIA MarreMuT, fa ele B TakMX KOonmyecTBax.
[MOPTHOB MULLET, YTO OH JIErKO 06pasyeTcs Npy NPOKa/IMBaHNM IMMOHUTOBLIX KOP BbIBETPUBAHWS,
KOTOpbIX B AKYTUM 0OYeHb MHOro. CnefoBaTenibHO, HY)XXHO WCKaTb WCTOYHUK BbICOKOM
TemnepaTypbl. MoHayYay y4yeHble TPeLiniv Ha JIECHbIE MOXapbl, HO 3TO He OOBACHSANO POBHbLIM
CYETOM HMYEro: fieca ropsT NoBclofy, B TOM YMC/e U Ha 3KBATOPE, @ MarHUTHOW OKMCK XXefe3a TaMm
WK BOBCE HET, WM HUYTOXHO Masio. Pasrajka npuLLsia, Kak 310 4acTo 6blBaeT, C HEOXMAAHHOW
CTOPOHBbI.

B GacceliHe cnbupckoii peku Monuraid 6bin 06HaPY)XKeH TMraHTCKWUIA METEOPUTHbLIN KpaTtep
0K0/10 130 K/1IOMETPOB B MornepeyHnKe, BO3PacT KOTOPOro, N0 MHEHWIO CMELNaINCTOB, COCTaBSET
35 MunnnoHoB neT. paHAMo3Has KatacTpoga MmpousoLlia Ha pybexke [BYX TeolorMyeckKnx
NnepuoLoB KaiHO30MCKOIN 3pbl — 30LEeHa U 0/IMroleHa, Korga gnopa v gayHa 3emnn npetepnenu
3HauUTeNIbHbIE M3MEHEHWSA. B 4aCTHOCTK, rpaHMua 3TUX 3MoX OTMeyeHa AMBepreHumeil eauHoro
CTBOSIA NPUMATOB W MOSB/IEHWEM MNeEPBbIX 4e/10BeKO0OpasHbIX 06e3bsAH. BnonHe BeposTHO, YTO
OAHOW M3 NMPWUYMH, NEPEKPOMBLLEN NNLO HaLlel MiaHeTbl, CTana METEOPUTHAA aTaka 13 KocMoca.
MpegnonoxutensHo Monuraickuii actepoung gocturan 8 — 10 KUNOMETPOB B AMaMETPe U NIeTeN Co
cKopocTblo 0Kono 30 KunomMeTpoB B cekyHAy. OH npobun arTmocdepy HackBo3b, a
BbICBOOOAMBLUAACA MpW yAape 3Heprus Oblia CTONb BeNMKa, YTO MOMEHTa/IbHO pacnsasunia
HECKO/IbKO ThICAY KYOUYECKUX KWJIOMETPOB TOPHbIX MOPOJ, MNepemellaB BOeAUHO 06a3aibThl,
rPaHNTbI U 0CaL0YHbIe OTNIOXEHUSA. B pagnyce HECKO/IbKMX ThICAY KUIOMETPOB BCe Cropesio A0T/a,
McnapuinMcb BOAbl 03ep WM pPeK, a MOBEePXHOCTb MJIAHETbl HA 3HAYMTE/IbHOM MPOTSXKEHUN
npoXapunacb, Kak KOCTb B OTHE.

A Tenepb BCMOMHMM, 4YTO HEMOCPEACTBEHHO 3a opbuToM Mapca pacnonaraetcs Mosc
acTepouoB — OFPOMHBIA PO MWHMATIOPHBLIX MAaHeT M 06/IOMKOB HENpaBW/IbHON (hopMbl,
obpaatowmxcs Bokpyr ConHua mexay opoutammn Mapca 1 FOnutepa. Camas 60nbLuast U3 MasblxX



nnaHet — Llepepa, oTkpbiTas ewe B 1801 rogy, vmeetr auameTtp okono 1000 KuioMeTpos, HO
nogasnsioulee 60/bLUMHCTBO HebeCHbIX Ten B MOsice acTepOMAOB ropasfo MeHblle — OT COTeH
METPOB [10 HECKONbKMX KMIoMeTpoB. Ha Mapce BbisiB/IeHbI Cfiefibl UHTEHCUBHON METEOPUTHOM
OOMOapAMPOBKN;  OAHMX TONBKO TUFaHTCKMX KpaTepoB, KaxXAblii U3  KOTOPbIX 6onbLue
MonurainckKoro, HaCUMTbLIBAETCA Ha €ro NMoBepPXHOCTU 6onee COTHU. Takum 06pa3oM, Mbl Bripase
MPesnonoXnTb, YTO MarHUTHble KpacHOUBeTbl Mapca 00653aHbl CBOMM  MPOUCXOXAEHVEM
CUNbHENLEMY MPOKa/IMBAHUIO €ro rpyHTa B pe3y/ibTaTe acTepouiHoro ygapa. PaspexkeHHas
aTMocepa YeTBepTON MaHeTbl TOXe MONy4YaeT ecTeCTBeHHOe 00bACHEHWE, MOCKO/bKY rasbl Npu
BbICOKMX Temneparypax MpeBpallaloTcs B niasMy U yneTyyuMBatOTCA B KOCMOC. A KWUC/OPOA,
06HapyXnBaeMblil CerogHs Ha Mapce B HUYTOXHBLIX KO/NMYeCTBax, MOXHO CMefio HasBaTb
PE/IMKTOBbIM: 3TO Y60rne octaTKum TOro KMCNopofa, KOTOpbIA HeKorfa nopoamna YHUUTOXeHHas
XW3Hb.

Y Mapca MMetoTCs fBa KPOXOTHbIX CMyTHUKA — Pob6oc 1 [leMoc («CTpax» U «yXKac» B
nepeBofe C rPeyveckoro), KOTopble BPaLLatoTCs BOKPYr MATEPUHCKOW MaHeTbl HA OYeHb HU3KUX
opbutax. WX NponcxXoxgeHwe OKOHYaTe/lbHO He YCTaHOBNeHO. B CBOe BpeMsi W3BECTHbIN
OTeyeCTBEHHbI acTpodm3nk M. C. LLKNOBCKMIA faxe BbiCKasan runotesy, yto Poboc MOXeT
NMETb MCKYCCTBEHHOE MPOMCXOXAEHME, OfHAKO BMNOCNEACTBUM ero runotesa He MoATBEpAUIAaCh.
M0 MHEeHWIO 60/bLUMHCTBA YUeHbIX, CNYTHUKM Mapca 3axBayeHbl UM U3 nosca actepongos. OHY
NnpeLCcTaBNAT CO60iM HebeCHble Tefla HernpaBW/IbHOW (HOPMbl C MOYTU KPYroBbiMWU OpOUTaMK.
$060C HaNnoOMMHAET KapToeMHy AIMHON 26 1 LWIMPUHOIA 18 KnnomeTpoB. Pa3mepsbl [eiimMoca eLe
MeHblwe — 16 M 10 KWIOMETPOB COOTBETCTBEHHO. [eliMoc o6pallaeTca BOKpyr Mapca Ha
PacCTOAHUN OKOJIO 23 ThICAY KUIOMETPOB, a BOT P06OC CTE/IeTCA COBCEM HU3KO: ero OTAENAIT OT
nnaHeTbl YyTb MeHee 6 TbICAY KWUIOMETPOB. [lepuof ero obpalieHWss O4YeHb Masi — 3a OfHM
MapCuraHCKMe CYTKM OH YycrieBaeT TpuKAbl 060rHyTb Mapc. ©060C ObICTPO npubaMXKaeTcs K
MaTepUHCKOIN nnaHeTe, W BMOJSIHE BO3MOXHO, YTO OH [OBOJIbHO CKOPO (MO acTPOHOMWUYECKUM
MepKam, pasyMeeTcs) fepeceyeT TaK HasblBaeMblil npegen Powa, TO eCTb HEKOTOpOoe BrO/HE
onpeAeneHHoe KPUTUYECKOe pacCTosiHMe (CBOe A1 KaXAoro HebeCHOro Tena), Ha KOTOPOM
rpaBUTaLMOHHbIE CU/bI Pa3PbIBAKOT CMYTHUK Ha YacTw.

Ha Mapce npegen Powa npoxogut B 5 TbICAY KWIOMETPOB OT MOBEPXHOCTM MJIAHETHI,
noatomy ®060cy OCTanoch YyTb Aa ManeHbKo A0 6eccnaBHOW, HO LUYMHON rmbenu. Mo oueHkam
CMeunanncToB, Tpareus NPUKIOYUTCA NPUMePHO 4epe3 40 MWANMOHOB NeT U OydeT UMETb
KaTtacTpoduyeckme nocnefctsmns. Korga 06/10MKU CyTHUKA PYXHYT Ha Mapc, ero noBepxHoCTb
pasorpeeTcs A0 BbICOYAMLIMX TemnepaTyp, a OCTaTKM aTtmocepbl B BMAE MNasmbl YeTAT B
MWPOBOE MPOCTPAHCTBO.

MopTHOB NULLET:

Kak BMAMM, Ha3BaHWS [N CMYTHUKOB BblGpaHbl OYeHb YyAauyHO: Mapc HaxoauTcs nop
CTpaxom ¢ Y>kacom Bnpugady. A agymato, uto y Mapca 6blis1, N0 KpaiHei Mepe, ellie OANH CMYTHUK,
QNS KOTOPOro Nydllee Ha3BaHMe — TaHaTOC, CMepTb. TaHATOC Bpallanca Ha 6onee HU3KOI opouTe,
yem ®o60c. OH OblN 3aTOPMOXKEH MIOTHOM MapCMaHCKOM aTMOCepold, NpoLuen Yepes3 npeaen
Polua, 1 ero 06/10MKN YHUUTOXMIN Ha Mapce Bce »wuBoe. OCKOKM 3TOI CTpalUHOl acTepouaHOM
aTaku — KYCKW MapCUaHCKOI Kopbl — gonetenn Ao 3emnu. JT060MbITHO, YTO KpaTepbl Ha Mapce
00pa3ytoT NIMHEHO BbITAHYTbIE 30HbI W CReAyloT ApYyr 3a ApYroM, Kak crefbl aBTOMaTHbIX
oyepefein. BO3MOXHO, TaK OTpaKalOTCA HampaB/leHWsl «FMaBHbIX YAapoB» MafdaBLUMX ApYyr 3a
Apyrom 06/10MKoB TaHaroca.

UTO MOXHO CKasaTb Mo 3ToMy noBogy? Bepcus [MopTHOBa, 6e3yCNOBHO, 3aClyXWBaeT
BHUMaHWs, MOTOMY YTO 3aMeyaTe/lbHO OGbSCHAET Pa3HO06pasHble HECTHIKOBKM B HEAABHEM
reonormyeckom npowsnom KpacHoit nnaHeTbl. C  OAHOM CTOPOHbI, CyXWe KaHbOHbI W
[OVICTOPUYECKME PEYHbIE [JO/MMHbI, MPOMbITblE PENIMKTOBbIMW BOAAMU, a C APYro/i — MepTBbIi



NYHHbIN Nei3aX, He OCTaB/MSOLMIA reoioram HM euHOro LwaHca. Korga 06/10MKK paspyLLUEHHOr0
CNYyTHWKA CnaiuinM BCe >KMBOE Ha MNOBepXHOCTM Mapca, MPOM3OLLNI0 HamarHuyveaHue
KpacCHOLBETHbIX MOPOJ, & OCTaTKM MapCMaHCKOM atmocdepb! NpeBpaTuNChL B FOpsYyto nnasmy v
paccesnncb B MeXMIaHeTHOM npocTpaHcTBe. C KOCMUYECKMX BbICOT CMYCTUIUCL YOUACTBEHHbIE
X0/1044a, W 3a CUMTaHHbIE MUJIMOHBI f1eT Mapc NpeBpaTuICca B 6e3)KN3HEHHYIO MYCTbIHIO.

Mexay npouymm, Hawla nnaHeTa TOXE 3HaBala HenydllivMe BpeMeHa M He YycTaBala
LiapaxaTbCAd M3 KPalHOCTM B KParlHOCTb. Ha NpOTsHXKeHUM MNocnefHuX [ABYX MWISIMOHOB NieT
XKECTOKME OflefleHeHNsI C 3aBWAHOW perynspHOCTb0 CMEHS/INCH TEMIbIMU  MEX/eAHUKOBbAMM.
Okono 10 TbicAY NeT Haszaf, B TaK Ha3blBaEMblA MaKCUMYM TO/IOLEHA, NESHUKN OKOHYaTe/bHO
pacTasnn M cpegHerogosad Temreparypa ynpsMo Mosie3na BBepX. 3a CPaBHUTENbHO KOPOTKOe
BPeMS OHa BbIpOC/a BeCbMa 0CHOBATEe/IbHO, MPEBLICMB Ha 3-5 rpagyCcoB COBPEMEHHbIE 3HaYeHUs. B
Ty Mopy BCe KAMMaTuyeckme nosica 6oiim capuHyThl Ha 800 — 1000 KMNOMETPOB K CeBepy, U Ha
LUMpOTE COBPeMeHHOro MypMmaHcka LWymenu Aaybopasbl. ycTbiHA Caxapa Oblna LBeTYLLEi
CaBaHHOM, Ha NMpocTopax KOTOPOM LWunanu TpaBKy Heo603puMble CTafa KOMbITHBIX, & B WIUCTOWA
XXIKe TennblX BOLOEMOB MIECKaIMCb KPOKOAWMNbI 1 6ereMoTbl. HO pa3Be KTO-HWMOY/Ab CerofHs 06
3TOM NOMHUT? [ena AaBHO MUHYBLUWX AHEN, NpefaHbs CTapuHbl F1y60KOiA. ..

3acnyxvBaeT BHUMaHWA paccka3 AsekcaHgpa [lopTHoBa O [JoneTeBLUMX [0 3emau
(hparmeHTax MapcraHCKoW Kopbl nocne nageHus TaHatoca. MeTeopuToB pogom ¢ Mapca 13BecTHO
HECKO/IbKO AECATKOB, YTO Y)Ke caMO Mo cebe HaBOAMT Ha onpefefieHHble pas3mblluieHuns. CerogHs
MX MapCUaHCKOe MPOUCXOXAEHNE COMHEHWUIA MPaKTUYeCKN He Bbl3blBAeT, MOCKO/bKY M30TOMHbIN
COCTaB pefKnX rasoB aTUX HeGeCHbIX Ten WAeHTM4YeH cocTaBy atMmocgepbl Mapca. Ho meteoput
ALH84001 BecoM OKOM0 2 KWIOrPammoB, HalfeHHbI B AHTapkTuae B 1984 ropy, Bbi3Bas
HaCTOALLYI0 CeHcaumto. TLiaTeslbHOE M3y4YeHWe HaxOAKW NoKasano, YTO YNOMSHYTbIA MeTeopuT
UCNbITaN CUNBbHOE YAapHOe BO3AeNCTBME OKOMO 16 MWNIMOHOB NeT Hasaf, a Ha 3em/to nonan
CpaBHUTENbHO HefaBHO (13 ThicAY neT Hasaf). Bece 6bl HMYero, HO MCCNefo0BaHNE ero BHYTPEHHEN
CTPYKTYPbI C MOMOLLbIO CKaHUPYIOLLErO 3/1EKTPOHHOINO MUKPOCKOMa MO3BOSIU/O BbISIBUTL B Tene
He6eCHOro roctd BecbMa  crieuuuyeckme  JeTann,  HaNoOMWHAKOLWME  OKaMeHeIoCTy
MWKPOOPraHN3MOB. Mo  XapakTepy  XUMWYECKUX  OTNOXKEHWIA,  BHYTPU  KOTOPbIX
«3aKOHCEPBMPOBaHbI» BOakTepun, yyeHble MPULLIN K BbIBOAY, YTO WX BO3pacT coctasnseT 3,6
MUNMapaa fieT, To eCTb 6eCCNOPHO OTHOCUTCA K MOMEHTY MpebbiBaHMA METeopuTa B MapCraHCKMX
nopogax. Mpasfa, cneumanmcToB CMyLLAaeT TOT (aKT, YTO MMNOTETUYECKME MapCUaHCKMe 6akTepum
B 100 — 1000 pa3 ycTynatoT B pa3mepax KX 3eMHbIM aHasoram. MuKpobuosorn noXxumarT
nneyamu: B CTO/Ib MasioM O0ObeMe He CMOryT YMECTUTbCA BHYTPUK/IETOYHbIE OpraHensibl,
HeobXoauMble 418 UX XKN3HeLesATe/lbHOCTU.

Pa3mepbl «MapCUaHCKMUX» 6aKTepuin BMOMHE COMOCTaBUMbl C 3eMHbIMW BMpYyCamu, HO
nocnefHne He WMEKT KNETOYHOW CTPYKTYpbl M He MOryT CYyLecTBOBaTb CaMOCTOATeNbHO. C
[PYroi CTOPOHbI, B KaKOW CTENeHN MOXKHO [J0BEPATb MUKPOOMOOram, ec/in pedb MAET O 3aKOHax
yy)koin asontouun? OAHMM CNOBOM, BOMPOC OCTaeTCA OTKPbITbIM: K HAaCTOSLLEMY BPEMEHWN B
PacropsHKeHUN 3eMHON HayKU WMEETCA OAWMH-eANHCTBEHHBIA CBUAETE/lb BHE3EMHOMN XKMN3HW,
BeCbMa, BNPOYeM, HEHAEXHbIN.

Matas nnaHeta COMHEYHOM CUCTEMbl MO MpaBy HOCUT MMS BepPXOBHOro 6ora w3
APEBHEPUMCKOrO NaHTeoHa. Onumnuew, KOnuTep, OH XXe rpeyeckunin 3eBC-rpoOMOBEPXKEL,, CYPOBbIiA,
HO CrpaBefMBbIiA TOCMOAMH: €My HWYEero He CTOWUT LWapaxHyTb CMEPTOHOCHbIM MepPyHOM Mo
NapLnBOMY Hecnyxy, Kem Obl TOT HM Obll — YEIOBEKOM WM €LLE KaKON MHON GOXbel TBapblO.
YTo6bI cnenntb oanH KOnuTep, notpe6osanock 6bl 318 3emenb — UMEHHO B TaKOe KOMIMYECTBO pas
OH MpeBoCXoAuT 3emsito Mo Macce. I XoTa OH B [iBa C NMLLIHKMM pa3a YBECUCTee BCEX OCTa/lbHbIX
nnaHet COMHEYHON CUCTEMbI, BMECTE B3ATbIX, HEO6X0AMMO He MeHblue 1047 KOnNuTepoB, UTOObI
BbINENUTb OAHO-eAMHCTBEHHOEe ConHue. Avametp HOnutepa MNpeBOCXOAWUT 3eMHOM B 11 pa3 u
cocTaBnseT novtn 143 Toicaum Knunometpos. Kak n nogobaet natpuapxy nnaHeTHOro CEMenCTBa,
OH N/bIBET MO HeBY C MPUINYECTBYIOLWMM ero caHy AOCTOMHCTBOM, BaJIbsXKHO U HETOPOMMBO, B
COMPOBOXJEHMN MOYETHOIO 3CKOPTa U3 CBOMX 63 CMYTHWKOB, COBEpLUAas MOJHbIA 060pPOT BOKPYT
CornHua 3a 12 6e3 masnoro fieT. Llapcteytowmm ocobam ¢ Onmmna crnewwmnTb HeKyaa, y HUX Bnepeau



BEYHOCTb.

KOnutep BO3rnNaBnfeT CMNWUCOK ras3oBbIX TMraHTOB, KOTOPble pasUTeNbHO OT/MYalOTCA OT
nnaHeT 3eMHOIN rpynmnbl. Bo-MnepBbiX, OHW OYeHb BEMKWM U MACCUBHbI: HA UX OO NPUXOAUTCS
99,5 % Macchbl BCeIl M1aHETHON ceMbl. BO-BTOPbIX, OHW COCTOSAT B OCHOBHOM M3 BOAOPOAA U Fenns,
MO3TOMY CPefHSAS NIOTHOCTb BELLECTBA MIAHET-TMraHToB MPUGIMKAETC K MNOTHOCTW BOAbl — OT
0,7 r/cm3y CatypHa go 1,6 r/cm3y HentyHa. CpeaHsisi NIOTHOCTb MaHeT 3eéMHOM rpymnmnbl MHOIO
Bbilwe ¥ Konebnerca ot 5,5r/cm3y 3emnm pgo 3,9 r/cm3y Mapca. B-TpeTbuX, OHW JILLEHBI
OTYETNIMBOW rpaHK, pasfensiolleil atmocepy M MOBEPXHOCTb MaHETbl: MX MOLLHAsA rasoBas
060/104Ka MNaBHO MEPEXOAMT B OKeaH XXMAKOro MOJIEKYNAPHOro Bogopoja. HakoHel, Bce
NaHeTbl-TMraHTbl OKO/NbLIOBAHbI, HO eC O 3HaMEHUTBLIX Konbliax CaTypHa Hac/bllaHbl BCe, TO
aHasiormyHble obpasoBaHusA y HenTyHa, tOnutepa M YpaHa 6bliv 06HApY)XXeHbl CPaBHUTENIbHO
HefaBHo.

LlapcTBeHHbIM KOMMTep CMOTPUTCA BeCbMa BHYLUMTENbHO AaXe Ha (JOHE CBOMX ra30BblX
cobpatbeB. Hanpumep, CaTypH, Ma/io YCTynaroLmin eMy B pasmepax, B TpU C IMLLHKM pasa jerye
tOnuTepa. Bugnmas noBepxXHOCTb MNATOM M/aHeTbl — 3TO C/AOW CMJIOWHOW 06/1a4HOCTU Y3
yepeayoWwmnXcs TEMHbIX W CBET/IbIX MOACOB, OKpPaLUeHHbIX B pasHble LiBeTa 1 NpocTmparoLwmxcs ot
aKBaTopa 10 COPOKOBbLIX Mapasineneil CeBepHON M HOXKHOWN WMPOTLI. MecTpoTa WMPOTHBLIX MOSCOB
0OBACHAETCA MPUMECHIO Pa3/INYHBIX XUMUYECKUX COeAMHEHNIA. ToXanyii, caMast U3BeCTHasa AeTab
Ha noBepXxHoCTN KOnuTepa — Tak Ha3blBaeMoe BosbllOe KpacHOe MSATHO, OBasibHOe 06pa3oBaHue
nepemMeHHbIX pPa3MepoB, PacrofIOXKEHHOE B HXKHOM TPOMUYECKOW 30He. B HacToslliee Bpems ero
pasmepbl cocTaBnsaoT 15 000 x 30 000 KMMIOMETPOB, TakK UTO BHYTPM KPAaCHOrO NATHA MOXHO 6e3
TPyZAa YNoXuTb 60K 0 60K ABa 3eMHbIX LUapa. ACTPOHOMbI HAOMOLAIOT 3TY 3araflouHyH0 CTPYKTYpY
Ha npoTsxeHun 300 ner.

HeKkoTopble Y4eHble CUMTa/IM KpPacHOe MATHO TBEPAbIM W [OCTATOMHO JErkuM TE/oM,
MnI1aBaloLLMM B BEPXHUX CMIOAX arMoC(epbl, HO CUA 3KCTpaBaraHTHas Bepcus He Halina
noATBePXAeHMA. 10 COBpPeMeHHbIM MpeAcTaB/ieHnaM, bosblioe KpacHOe MATHO — 3TO CBOOOAHO
MUTPUPYIOLLMIA aTMOCKEPHbIV BUXPb aHTULMKIOHUYECKOTO THNA, O4HAKO O NPOUCXOXAEHUN 3TOr0
BUXPSA M NPUYMHAX ero nopasuTenbHOW CTabUIbHOCTW MAAHeTONOMNM He MOTYT CKasaTb HUYEro
OrnpeLesieHHoro.

HecmoTps Ha CBOKHO YBECUCTOCTb, KONuUTEp OYeHb Pe3BO BpallaeTcs BOKPYr OCW. TOMHbIN
060poT coBepLLaeTca BCero 3a 9 yacos 50 MMHYT, Tak YTO MPOAO/HKUTENIbHOCTb HOMUTEPUAHCKUX
CYTOK He npeBbiwaeT 10 yacoB. A MOCKO/bKY MaHeTa MpeactasnseT cob60i HeTBephoe Teso,
CKOPOCTb OCEBOr0 BpPALLEHWA PA3HUTCA B 3aBMCUMOCTU OT LUMPOTbI, MO3TOMY 3KBaTOPUa/IbHbIE
30HbI BpaLlaroTca bbicTpee MonspHbIX. CMeHbl BpemMeH roga Ha tOnuTtepe He ObiBaeT, TakK Kak
MIOCKOCTb ero 3KBaTopa MPaKTUYeCKN NIEXWUT B MIOCKOCTU OpbuTbl (Yron Hak/ioHa COCTaB/seT
Bcero 3 rpagyca). Kak y)>ke rosopu/iocb, OCHOBHbIMW KOMMOHeHTaMun KOnuTepa, cnaratoLymm Teno
NNaHeTbl, ABNAOTCSA BOAOPOA U rennid B cooTHowweHun 80 1 20 % cooTBeTCTBEHHO (MO mMacce). Mpw
3TOM UCCNeA0BaHNSA C NMOMOLLbIO KOCMUYECKUX 30HA0B MOKasain, YTO BEPXHWUIA CNOM 061a4HOCTH,
Mo BCE BEPOSATHOCTW, COCTOUT U3 MEPUCTbIX aMMMUaUHbIX 06/1aKOB, & HWKe HaxoauTCs CMeCb
BOAOPOAa, MeTaHa M 3aMep3lmMX KPUCTa//IOB ammuaka. 3a CYeT KOHBEKTMBHbLIX MPOLLECCOB B
aTMoccepe HOnuTepa opMupyeTcs CUCTEMa YCTOMUMBBLIX 30Ha/IbHbIX TEYEHWIN B BUAE CUMbHBIX
BETPOB, AYHOLUMX B O4HOM HanpasfieHun. CKOpPOCTb UX BeCbMa 3HauuTeNbHa U Konebnetcs ot 50 0
150 mMeTpoB B CekyHAy. Y KOnutepa 06Hapy>KeHO MOLLHOE MarHUTHOE MoJie, Mo HanpsiXXeHHOCTH Ha
NMopsAoOK MNPEeBOCXOAsLlee MarHWTHoe none  3emnn.  [naHeTy  OKpYXatT NPOTSXEHHble
pafuaunoHHbIe Mosca, a LWneid marHutocgepbl HKOnuTepa MOXHO 3aMKCMpOBaTb faxe 3a
opbuToi CaTypHa.

KOnuTtep pacnonoxeH ot ConHua BNATEPO Aasiblie, YeM 3emsid, Ha paccToaHun okono 800
MWJIMOHOB  KWIOMETPOB, MO3TOMY Temneparypa BHELIHero 0671a4HOro MOKpPOoBa TUraHTCKOM
naaHeTbl He NogHUMaeTca Bbile MuHyc 130 rpagycos no Llenscuio. OgHaKo TensioBoe nsnydeHue
ero HeAp BABOE MPEBbILIAET MPUTOK COMIHEYHOrO Tenna, YTO FOBOPUT O C/IOXHbLIX MNpoLeccax,
coBepLUalOLLMXCs B ry6uHax nnaHetobl. C rny6buHON faBneHVe M Temnepartypa CTpeMUTesIbHO



pacTyT, LOCTUras o4yeHb 60/bwMX BennumH. B 1995 rogy okpecTHocTM HOnwuTepa noceTun
aMepUKaHCKUIA 30H[ «["anunneo», CnyckaeMblil annapat KOTOPOro Cymen C NMOMOLLbH0 napalutoTa
NMPOHUKHYTb B aTMOC(epPY ra3oBOro rmraHta BnAOTb 4O ry6uHbI 156 KMIOMETPOB, B pesynbTare
4ero Ob1IN NOMYYeHb! LieHHbIe [aHHble O BHYTPEHHEM CTPOEHMM MNaHeTbl. A caM 30H[, BrepBble B
NCTOPWM BbILeN Ha opbuTy BoKpyr HOnuTepa u o 2003 roga wsyyan MiaaHeTy n ee CNyTHUKK.
Mpueedy uuTaty M3 (QyHAaMeHTabHOro Tpyda «ACTpoHOMUA: BeK XXI», BbIMYLWEHHOrO K
175-netunio FocyaapcTBEHHOIO aCTPOHOMMYECKOro MHCTUTYTA UM. T, K. LLITepH6epra.

Ha ocHOBe [aHHbIX, MOMYYeHHbIX KOCMUYECKMMW 30HAaMU, N TeOPeTUYECKMX PacyeToB
MOCTPOEHbI MaTeMaTUyecKre Mogeny 061a4Horo nokposa Konurtepa v YyToYHeHb! MPeacTaB/eHns o
ero BHYTPEHHEM CTPOEHUUN. B HECKONbKO YNpOLLEHHOM BUAe KOnuTep MOXHO MpeacTaBUTbL B BUAE
060/104€K C MNNOTHOCTbLIO, BO3pacTatoLLeli Mo HanpaBneHUo K LeHTPY nniaHeTbl. Ha gHe atmocdepb!
ToNwWwmMHoM 1500 KM, NAOTHOCTb KOTOPOW ObICTPO pacTeT C [NYOUHOM, HaxoguTcs CoW
ra3o-XuAKoro Bogopoda TonwwmHoW okono 7000 km. Ha yposHe 0,9 paguyca nnaHeTbl, rae
naBneHne coctaensietr 0,7 M6ap (To ectb B 700 000 pa3 6o0nbwe 3emHoro.— J1. L), a
Temnepartypa okono 6500 K, Bofopos NePexoanT B XKXUAKO-MONEKYNAPHOE COCTOSAHME, a eLLe Yepes
8000 KM — B »XMAKOe MeTa/l/IMyecKoe COCTOsHWEe. Hapsaay ¢ BOAOPOAOM W Fefivem B COCTaB C/I0eB
BXOAUT HebO/bLLIOE KOMMYECTBO TSXKENbIX 3/1eMEHTOB. BHyTpeHHee Aapo anametpom 25 000 KM —
MeTa/I/IOCU/INKATHOe, BK/KOYalOLLee TakXe BOAY, aMMMaK M MeTaH. Temnepatypa B LeHTpe
cocTasngeT 23 000 K, a gasneHne — 50 M6ap. lMoxoxxee cTpoeHne nmeet n CaTypH.

fAcHo: KOnuTep — 3TO MUp, TaK OT/IMYAOLWMIACA OT Hawero, 4to 6bino0 Obl Yepecuyp
OMPOMETYMBO C MOpora OTBepraTb BO3MOXHOCTb CYLL,ECTBOBAHUA HEOObIYHLIX (DOPM >XKU3HU B
HeApax OrpoMHoNM nnaHeTbl. B atmocepe HOnuTtepa 06Hapy>eHbl KWUCMOPOA, a30T W Yrnepos,
NMpuUYeM COAepXKaHue KUCopoLa, MO HeKOTOpbIM OueHKaMm, MOXeT B 5 — 10 pa3 npesblwaTh
CONMHeYHoe. W XxoTA MOWMCKM BOAbI Aat0T CcaMble NPOTUBOPEYMBLIE pPe3y/bTaTbl, BOMPOC O
NPUCYTCTBUW BOAAHBIX MapoB B aTMOC(epe NATON NiaHeTbl OKOHYaTeIbHO He pelleH. Bo BCAKOM
C/lyyae, HaIM4Yne KOPOTKOXMBYLLMX Ky4eBblX 00/1aK0B B OKPECTHOCTAX BO/MbLLOr0 KpacHOro naTHa
3aCTaB/IfAeT 0 MHOrOM 334ymaTbCs.

HuuyTb He MeHee MHTEpPeCHbI N 60MbLUNE CMYTHUKN KONUTEpa, KOTOpble NMPUHATO HasblBaTb
rasivneeBbiMy, B YeCTb OTKPbIBLLEro UX B Havase XVII Beka UTanbsHCKOro (rsnka 1 acTpoHoma
Fanuneo Manunes. VIx vetbipe — Mo, EBpona, MNaHnmven n Kannncto, npuuem MaHuMes — camblii
6onblwon cnyTHUK B CONHEYHON cuCTeMe; OH MPEBOCXOAMT MO pasmepaMm Aaxe MepKypuid.
OfHako B HacTosLLee BpeMs NPUCTaIbHOE BHUMaHWe 60/bLUMHCTBA YYeHbIX MPUB/EKAET BTOPO U3
rannsieeBblX CMyTHUKOB — EBpONa, Kak BO3MOXHbIA KaHAMAAT Ha posfib KOMblGenm npocTenmx
(hopM >K13HW. [Jeno B TOM, YTO NOBEPXHOCTb 3TOM HEOO/bLLON NNaHeTbl (ee AMaMeTp YyTb MeHbLLIE
NYHHOr0) NMOKPbITa MOLLHOW NeAsHOM KOPOI CTOKMIOMETPOBOM TOMLLUMHbI, & NOA HE NEeHNBO KaTuT
BO/IHbI CIJ/IOLUHOW OKeaH >XWAKOM BOAbl, rybuHa KOTOPOro MOXET focTuraTb 50 KUIoMeTpoB.
MofneaHbI OKeaH npeAcTasnseT coboi CBOEro poga MaHTUO EBpONbI, Npryem BrosiHe BEPOSITHO,
4YTO BOAA B HEM Temnnas, MOCKO/IbKY MOAOrPEBAeTCA MOCTYnatolWwmMM M3 Heap MNaHeTbl Tersom.
TakvuMm 06pa3om, BTOPO ChyTHUK HOnuTepa — eAMHCTBEHHOE, Kpome 3emsin, HebecHoe Teno
CO/IHEYHOIN CUCTEMBI, HE UCTbITbIBAOLLLEE HEXBATKM XXUBOTBOPHOI Baru.

CpepHsas nnoTHOCTL EBponbl MpubAMXKaeTcs K MAOTHOCTM MJIaHET 3eMHOM rpynmnbl ©
coctasnset okono 3 r/cm3. CnegosartenibHO, 80 % ee Macchbl NMPUXOAATCA Ha CU/IMKATHbIE MOPOAbI,
cnararouime pasorpetoe s4po, a 20 % — Ha BoAAHON nef (KMAKas BOAHO-NefsHas MaHTUS Nc
neposas Kopa). J1e[oBbliA NaHUMPb MAaHETbl MOKPbIT TYCTOM CETbHO TPewmH M pa3ioMoB, YTO
roBOPUT 00 aKTMBHbIX TEKTOHMYECKMX NpoLeccax, npoTekawowmx B Hegpax EBponbl. KpynHble
TPELWMHbI NPOCTMPAKOTCA Ha ThICAYM KWIOMETPOB, a WX wWupuHa Konebnetca ot 20 go 200
KWIOMETPOB. He MCK/OYEHO, YTO B TEMN/IOM MOAMaHUMPHOM OKeaHe BTOPOro crnyTHWKa KonuTepa
MOTYT CYLLeCTBOBaTb MPOCTeiLIne (opMbl XXM3HU. HeKoTopble yyeHble NnosaratT, YTo Hambosee



OnaronpusaTHble YCNOBUS AO/KHbI CKMaAblBaTbCA He B OKEaHCKUX rnybuHax, a B 06nacTu
TEKTOHWYECKMX Pa3/IOMOB Ha MOBEPXHOCTY MaHeThl. [leno B TOM, YTO M3-3a MPUANBHOTO 3gdeKTa
FOnuTepa TpeLMHbl MNepuoMYecKn CyXarTca M paclumparoTca. B nocnegHem cnydae Boja
NOLHMMAETCA MOYTM 4O CamMOi MOBEPXHOCTU, U TOrAa ee TOJLLY HauMHaeT NPOHUKaTb COMHEYHbIN
CBET, HEOOXOAUMBIA A/151 MOAAEPXKAHUS XKN3HN.

[Opyroii cnyTHUK KOnutepa — o — HemHOro 6onblue JIyHbl M NpumeyaTesieH aKTUBHbIM
BY/IKQHWU3MOM, KOTOPbIA CTUMY/NMPYETCS MPUIMBHLIM BO3AEACTBMEM MATEPUHCKOM MiaHeTbl U
rpaBUTaLMOHHBIMU BO3MYLLEHMSAMU ero 6amkaiumx cocefieit — EBponbl 1 MaHumega. Ho noutw
LIE/IMKOM COCTOMUT U3 FOPHbIX MOPOA, a AeCATKMN LeCTBYIOLLMX BY/IKAHOB BblGpachIBatoT napbl Cepbl
1 CEPHUCTBLIV ra3 Ha BbICOTY B COTHW KMIOMETPOB CO CKOPOCTLIO 1 KMIOMETP B CeKyHAY. [oaTomy
Mpn BeCbMa HU3KUX CPefHUX 3HAYeHUAX TeMnepaTypbl Ha noBepxHocTn Ho (MuHyc 140 rpagycos
no Llenbcuio) TaM MOXHO O6GHapy)XUTb ropsume nATHa pasMepom OT 75 o 250 KuiomeTpos,
Temnepatypa KoTopbix gocturaeT 100-300 °C. Camble KpynHble CNYTHUKK KOnuTepa — KannmcTto u
["aHVMeq — HaMoMoBMHY COCTOAT M30 Nibaa. [vameTp Kaniucto noyuty paseH gnameTpy Mepkypus,
a MaHyMe[ NpeBoCXOAMT ero no pasmepam.

LLlectas nnaHeTa CONHEYHOM CUCTEMBI, U3BECTHAs C rNyOOKON ApeBHOCTY, Oblna Ha3BaHa B
YyecTb puUMCKOro 6ora CaTypHa, KOTOPOro MPUHATO OTOXAECTBNATb C rpeyeckum KpoHOocoM.
CaTypH UMen CKBEPHYIO NPUBbLIYKY FN0TaTb CBOMX HOBOPOXAEHHBIX AeTel, 160, No npescKasaHnio
en, ero JO/MKeH BblN NMNWNTL BNACTUM COOCTBEHHbIN CbiH. M36eXaTh nevyasibHOW y4acTu yaanoch
TONbKO Mnagwemy, 3escy-HOnutepy, BMeCTO KOTOporo Ped, XeHa CaTypHa, MOACYHYNMa MYXy
3aBEPHYTbIN B MNeNeHKy KaMeHb. Bo3myas, HOnutep yyuHUA [BOPLOBbIA MEPEBOPOT, a
MpoXopnnBoro poautens cébpocun B Taptap. B crapuHy KpoHoc-CaTypH CUMBOIM3MPOBA
HeyMOo/MMOe BCenokupatroLLee BpeMs. JIMYHOCTb, YTO U FOBOPUTL, Ma/IONPUATHAsA, XOTSA U CbIHOK C
nanatuei To)e He 0COGEHHO LiepeMOHU/ICA. Tak YTO NO3T UMeS MOJIHOe NPaBo Hanmcath:

A K MONMHOYM BOCXOANT Ha BOCTOKe
MepTBeL CaTypH 1 bneLleT, Kak CBUHELL.
MNouncTwnHe 3/10BeLn U >KECTOKN

Teou gena, TeopeL!

Mogo6Ho HOnutepy, CaTypH npeacTaBnseT co60i OrpOMHbIA ra3oBbli LWap, CTPEMUTENLHO
BpaLLaroLwminca Bokpyr ocn. CyTKM Ha noBepxHocTn CatypHa npogomkarotcst 10 yacoB 40 MUHYT.
XoTa CaTypH He O4YeHb CU/IbHO ycTynaeT KOnutepy B pasmepax (ero guameTp Bcero Ha 20 ¢
He6O/MbLLMM ThICSY KMIOMETPOB MeHbLLIE, YEM Y Llaps nniaHeT, U cocTaBnseT 120 500 KMIomeTpoB),
OH B TPV C JINWIHMM pa3a Jilerye Hero, oAHako B 95 pa3 maccuHee 3eMnv. DTO 0OBACHAETCH
YHUKa/IbHO HWU3KOW CpefHell MIOTHOCTbI0 LUECTOM MMaHeTbl: OHAa MeHbLUe MIOTHOCTU BOAbl U
coctasngeT 0,7 r/cm3 npotus 1,33 r/cm3y HOnuTepa, TO eCTb MOYTU BABOe HMKe. CaTypH He
CMOCOGEH YTOHYTb AlaXKe B KEPOCUHE.

CatypH yaaneH ot ConHua novtn Ha NonTopa MUAMapaa KUIOMETPOB — BAECATEPO AasibLie
3emnn, NO3TOMY Ha eauvHULY nnowaan oH nonyyaet B 90 pa3 MeHbLUE CO/IHEYHOro Tenna, a ero
TemrepaTypa Ha rpaHuLe BepxHein 061a4HOCTI He npeBbilaeT MUHYC 120 rpagycos no Lienbcuto.
OfHaKo TennoBOe M3Ny4YeHWe ero Heap BABOE MPEBOCXOAMT MOTOK 3HEPrvun, NosyvaeMbld UM OT
ConHua. CaTypH — BOAOPOAHO-TeNMEBbIA LIap, HO B OT/MuMe OT HOnuTepa OH COLEPXMUT
3HauNTENbHO 60NbLUE BOAOPOAA MO CPaBHEHMIO C renveM — 94 % n 6 % COOTBETCTBEHHO (MO
06bemy). Opbuta 3TOr0 XONOAHOrO TUraHTa MpPeAcTaBNSeT CO60M MNOYTM  NPaBUbHYHO
OKPYXXHOCTb, & NOJIHbIA 060p0T BOKPYr Co/HLA OH coBepLuaeT 3a 29 ¢ MoJIOBUHON NeT.

3HameHUTble Konbua CaTypHa BnepBble OBGHAPYXXWN rOANAHACKWMIA (MUK X aCTPOHOM
XpucTunaH TMolireHc Bo BTopoit nonosunHe XVII Beka, a elle YeTBepTb Beka CrnycTs (hpaHLly3CKUin
aCTPOHOM MUTA/IbAHCKOro npoucxoxaeHns [hk. KaccuHu cymen pasrnsgetb TEMHYH LUefb,
pasfendlowyo ApKoe M0CKoe KONbLO HafBoe. BHELLHIOK YacTb 3TOr0 FMraHTCKOro OXXepesbs,
MPOCTUPAIOLLErocs MoYTM Ha MWIIMOH KWIOMETPOB, Ha3Ba/iM KOMbLOM A, a BHYTPEHHIOWO -
KonbuomMm B. Bnocneactsun yaanock BbIIBATH elle YeTbipe Konbua — C, D, E n F, a B 1980-1981
rofax amMepukKaHCKMe KOCMMYecKue 30HAbl «Bosmkep-1» U «Boamkep-2» nepefann Ha 3emso
CHUMKW CaTypHa 1 ero Kosew, C BbICOKMM paspeLleHrieM. Ha 3Tux CHUMKax OTYeT/IMBO BUAHO, YTO



Konbua CaTypHa COCTOAT M3 MHOIUX ThICAY OTAENbHbIX Y3KMX Koneyek. Cuctema Konew,
ONOACHIBAIOLLAA LUECTYIO MMAHETY, — 3TO MUpUadbl KaMeHHbIX W fefdHbIX O06/10MKOB Camoii
pasIMYHOM BEIMUMHBI U (HOPMBbI.

CatypH cToNb e nonocart, Kak 1 KOnutep, HO 13-3a HU3KUX TEMNEPATYP, BbIMOPaXKMBAOLLMX
napbl ammmaka ¢ 06pa3oBaHVeM rycTOro TymaHa, ero LUMPOTHbIE Mosica BUAHbI He TakK OTYET/INBO.
Bnn3 ceBepHOro nontoca O06HapPYXXMBAETCA FMIFaHTCKUIA aTMOCHEPHbI BUXPb OBa/IbHON (OPMbI
pasMepoM C 3eM/io, NOMY4YMBLUMIA Ha3BaHMe bBonbLIOro KopuyHeBOro nstHa. B armocdepe
CaTtypHa AyHT CU/bHbIE 30Ha/IbHbIE BETPA, CKOPOCThL KOTOpbIX — 0T 100 go 500 MeTpoB B CEKYHAY
B 3aBMCUMOCTM OT WMPOThI. Mogo6Ho KOonutepy, CaTypH 06n1afaeT MOLLHBLIM MarHUTHBIM MOJEM,
0Cb KOTOPOro0 COBMajaeT C OCbi0 BPaLLeHNs NNaHeThI.

3 56 nyH CaTypHa HanbonbLUNIA MHTEPEeC NPeacTaBnseT ero KPYnHenwmnin CnyTHUK — TuTax,
HEMHOIO YCTynarowWmin MaHnuMesy, HO NPeBOCXOAALLMIA Mo pa3mepam Mepkypuil. Ero guametp
coctaBnger 5150 KWIOMETpPOB, HO pas3rnageTb [JeTaM  Ha MOBEPXHOCTU MaHeTbl  He
npeacTaBnseTcs BO3MOXHBIM M3-3a MIOTHOW aTMocqepbl, AaB/feHvWe KOTOpoW B MoniTopa pasa
bonbLUe, Yem Ha 3emsie Ha YpoBHe Mopsi. ATMocepa TuTaHa MOYTU LLe/IMKOM COCTOMT M3 asoTa
(98,4 %), a Ha goN0 MeTaHa NPUXOAUTCS BCero b 1,6 %. Kpome Toro, B Heil 06Hapy>XMBatoTCs
NpVYMeCK Nnporada, 3taHa, aueTUIeHa, aproHa, renvs, OKUCK U ABYOKUCK Yrniepoaa v HeKOTopbIX
Apyrux rasos. Temnepatypa BEpPXHMX aTMOC(EPHbIX CNOEB NpubAmKaeTcs K MuHyc 120 rpagycam
no Lenbcuio, Torga Kak Temneparypa NoBEPXHOCTU MaHeTbl MHOTO HUXe U COCTaB/saeT MUHYC
179 rpagycoB, 4YTO OOBACHSETCA CBOEOOPa3HbIM aHTUMAPHWUKOBLIM 3PMEKTOM (rycTor TymaH
paccemBaeT M OTPAXKAeT COMHEeYHble Nyyn). Mexay npounm, ecnv 6bl YeNoBEK KaKMM-TO YyaoM
OKasasica Ha TuTaHe, OH, MO BCE BEPOSTHOCTK, CyMen Obl 3arpocTO MNapuTb B €r0 OYeHb MNIOTHOW
aTMocwepe, NpULENMB K pyKaM Kpblibsi HANogobme rpedeckoro Vikapa, NOCKOMbKY Cuna TSHXKECTM
Ha MOBEPXHOCTU KpyrHeliLein nyHbl CaTypHa B CeMb pa3 MeHbLLIE 3eMHOIA.

[0 HepaBHero BpPeMeHW Yy4eHble MnonaraiM, 4To Mof 061ayHON LWy6or TuTaHa MOXKeT
CKpbIBaTbCA OKeaH KWIOMETPOBOW TFNyOMHbI M3 3TaHa, MeTaHa W a30Ta, OfHAKO [aHHble,
NnoslydyeHHble aBTOMATUYEeCKON CTaHumel «KaccuHU», MOCceTVBLUE OKpeCcTHOCTM CaTypHa U
CLlenaBLLUENnCa ero MCKYCCTBEHHbIM CMYTHWKOM, 3aCTaBW/IM NMEPeCMOTPETb 3TO MHeHWe. B Hauvane
2005 roga «KaccuMHu» oTcTpenuna 30H4 «lHoireHe», KOTOpbIiA Bowen B aTMoctepy TuTaHa U C
MOMOLLIbHO NapaLlioTa COBEPLUM/T MATKYHO NOCaAKY Ha ero noBepxHocTb. OKasasioch, YTO XXUAKOCTH
Ha TwTaHe BecbMa Herycto: noka YAanoCcb HaWTU JiMWb CPaBHUTENbHO HebOo/bLuve
YreBoAOPOAHbIE 03epa B paiioHe CeBepHOro nostoca. flocne «npuTUTaHMBaHUA» «[HOMreHca» ata
nnaHeTa cTasia eJUHCTBEHHbIM CMYTHUKOM B CONHEYHOW cucTeMe (He cumtasi, pasymeertcs, J1yHbl),
Ha MOBEPXHOCTb KOTOPOM OMYCTM/ICS KOCMWUYECKWI 30HA. A CTaHums «KaccuHM» MpoaomKaeT
MCNpaBHO TPYAUTLCA Ha opbuTe CaTypHa [0 CUX nop.

[o BTopoilt nonoBuHbl XVIII Beka HUKTO M HUKOFAa He MOSBASNCSA Ha CBET MOf 3HAKOM
YpaHa, 160 Halm Npeaku He Befasn O CYLLECTBOBaHWUM 3TOro HebecHoro Tena. CeflbMas nyiaHeTa
ConHeYHo cmucTeMbl 6bina OTKpbITa B 1781 rogy aHriMyaHnMHOM Bunbsamom [Mepluenem, 3a U4TO OH
YLOCTOWU/ICA 3BaHWA NPUABOPHOIO acTpoHOMa € oknagom B 200 ¢yHTOB. HOBMYKA NOYTY Cpasy e
OKPEeCTUNN YpaHOM, UYTO Obl/I0 BMOJIHE eCTECTBEHHO: pa3 CaTypH npuxoautcs KOnuTepy poaHbIM
nanow, To oYepesiHyHo NNaHeTy CnefjoBaslo Ha3BaThb B YECTb AefYLUKN.

YpaH Kpyxutcs BOKpyr CofHUA Ha pacCTOfiHMM OKOM0 3 MWANMapA0B  KWIOMETPOB,
coBepLlas MnosHbIA 060poT 3a 84 rofa CO CKOPOCTbKO MOYTUM 7 KWUIOMETPOB B CEKYHAY
(opbutanbHas CKOpocTb 3eMn — 29 KU/TIOMETPOB B CEKYHAY). HMYero yanBuTensHOro B 3TOM HeT,
160 YeM fasnblue nnaHeTa oTcTouT oT CoNHLA, TeM MeJ/IeHHee OHa BpaLlaeTca — Tak r1acut TpeTui
3aKOH Kennepa. A BOT 0CeBOe BpallleHMe YpaHa BMOJIHE YHUKa/IbHO: MJIOCKOCTb ero 3KBaTopa
HaK/NOHeHa K N0CKOCTM opbuTbl nog yrnom 98 rpafgycoB, Tak YTO OH BpallaeTcs BOKPYr OCK
NpPaKTUYeCKN nexa Ha 60Ky. Mo3ToMy MPOAO/MKUTENLHOCTb AHS M HOYM Ha CefbMOI NnaHeTe
HaMHOro NpeBbILLIAET Mepuos ee 0ceBoro BpalleHusa. CofHLe, KOTOpoe C MOBEPXHOCTU YpaHa
BbIFNAAUT APKOW 3Be3[40M, MeA/IEHHO, B TeyeHMe 21 3eMHOro rofa, MogHMMaeTcs B Hebe, a
[IOCTUTHYB 3€HUTa, ewle 21 rof HETOPOM/MBO MON3ET BHW3, MOKA He CKPOETCA 3a FOPU30HTOM.
HacTynaet 42-neTHsAa HOYb. Tak 06CTOUT [e/10 Ha Nontocax, rae NPOAO/HKUTENbHOCTb AHA Y HOUK



cocTtaBnseT no 42 roga. Ha wwpote 30 rpagycoB AeHb U HOYb ANATcA no 14 net, a Ha wupote 60
rpagycos — no 28. lNepuog oceBoro BpalleHNs YpaHa paBHSETCA B cpegHeM 15 yacam, OLlyTMMO
MEeHSACH B 3aBMCMMOCTU OT LUMPOTBI.

Kak n gpyrve nnaHeTbl-rUraHTbl, YpaH npeacTaBiseT co60/ OrpoMHbI rasoBbli LWap, Ha
85 % cocToAwmin M3 Bogopoaa, Ha 12 % — m3 renmst n Ha 2,3 % — M3 MeTaHa. Ero cpegHss
MNOTHOCTb /ML HEMHOTO MPEeBbILLAET NIOTHOCTb BOAbI 1 cocTasnseT 1,3 r/cm, a macca B 14,5 pasa
bonblue maccol 3emnun. Mo pasmepam ceflbMas MiaHeTa 3aMeTHO ycTynaeT HonuTepy u CatypHy,
0AHako ee avameTp (0Kono 51 120 KMNOMETPOB) B YETbIPE pa3a NPeBbILLAeT 3eMHON. YpaH — 04YeHb
XOMOAHbIN MUp. TemnepaTypa ero noBepxXHOCTN NMOYTU HE MEHSETCA MO LWMPOTE, HO 3HAUYUTENIbHO
KonebneTcsa B 3aBUCUMOCTY OT Fy6uHbI — 0T MuUHYC 210 rpagycoB Llenbcus Ha ypoBHe BepXHel
obnayHocT fo MuHyc 170 rpagycoB B nofgobsayHom cnoe. B oTanume OT ApYrux rasoBbixX
TMraHToB, YpaH MpakTUYeCKN He WMEET BHYTPEHHMX WUCTOYHMKOB Tenjia. Y CcefbMOW MiaHeThl
06Hapy>KeHO MOLLHOE MarHWTHOEe Mosie U [eBATb OYeHb Y3KUX W MOTHbIX KOMel, Mo4YTh He
OTpaXaroLLMX COSIHEYHOro cBeTa. [0 HACTOAWEro BPeMEHW B OKPECTHOCTAX YpaHa nob6biBas
OAMH-eJUHCTBEHHbIA KOCMUYECKNIA 30H[, — «BOoAKeP-2», CTPEMUTENIbHO NPONETEBLLNIA MUMO HEro
AHBape 1986 ropa.

A 4TO MOXET CKasaTb Hayka O MOTpOXax /iexallero Ha OoKy feaywkn? B kHure
«AcTpoHOMUSA: BEK XXI» Untaem:

CornacHo mMofenv BHYTPEHHEro CTpoeHUs YpaHa, B LigHTpe TemnepaTtypa nnaHeTbl JO/MKHA
ObITb HWXKe, YemM Yy KOnutepa n CaTypHa, HO Bbiwe, Yem Yy 3emnu, — okono 7200 K, a gaBneHue
OK0/1I0 8 mMunnnoHoB 6ap. Hapg 60/bLUMM S4POM, COCTOALWMM U3 METa/IOB, CUIMKATOB, /IbJ0B
ammyiaka n MeTaHa 1 3aHumMarowmm okono 0,3 paguyca niaHeTbl, LO/MKHA HAXOAUTLCA MaHTUA Y3
CMecu BOASAHOIo U aMMMa4yHO-METaHOBOrO Nb0B. Ha ypoBHe 0,7 paguyca OT LieHTpa HauMHaeTcs
rasosast 060/104Ka 13 BOLOPOAA U renus.

YpaH CONpoBOXAAKT 27 CMYTHUKOB, KPYMHEWLUMIA U3 KOTOPbIX, TUTaHWS, UMeeT AnameTp
1580 knnometpos. CpefHss cyTouHaa TeMneparypa noBepXHOCTU CNYTHUKOB, Ha 60 % COCTOALLMX
130 Nbfa, UCKNYMTENbHO HM3Ka — MeHee 60 K (MmnHyc 213 rpagycos no Lienscuto). BogsHoi neq
npu Takol TemnepaType NpeBpaLLaeTcs B TBEPAbIV MUHepa.

HenTyH 6b1n OTKPLIT B 1846 rofy «Ha KOHYMKe nepa» (hpaHLy3CKMM acTPOHOMOM JleBepbe.
OO6HapyXvB aHOMasiMn B OpPOUTAIbHOM [BMXKEHUW YpaHa, OH MPeArosiokusl, 4Yto Ha CefbMyto
nnaHety CONHEYHON CUCTEMbl OKa3blBaeT B/INAHME HEU3BECTHOE MAacCUBHOE Teno, M TOYHO
paccunTas ero nosnoXeHne Ha HebocBofe. PYKOBOACTBYACh BblYMCNEHUAMU J1eBepbe, HEMELKME
acTpoHombl anne v [ _pe 6e3 Tpyga OTbICKa/M BOCbMYIK MaHETY, KOoTopas O6Hapy>uiach B
TOUYKe HebecHOV ctepbl, YKasaHHON NPO30pP/MBLIM (hpaHLy30M. ITO ObIIO MOSHOE TOPXECTBO
K/lacCMyecKor MmexaHukn HbloToHa.

HoByto nnaHeTy pelleHo 6bino HasBaTb HenTyHOM (OH )Ke rpeyeckuii MoceingoH) B YecTb
[PEBHEPUMCKOrO NMOKPOBUTENS MOPCKOW CTUXuW. oseneBarowmin 6ypamm HenTyH npuxoguncs
poAHbIM Gpatom HOMuWTepy, BMeCTe C KOTOPbIM OH MOAENWN TOCMOACTBO HAaL MWUPOM Moc/e
HU3BEPXKEHNUSA TUTaHOB. [0 Xpebuo eMy [OCTaoCb B yAen MOpe, Torja Kak BeHLEHOCHbIN
rpomoBepxel, ob6ocHoBancs Ha Onumne W CTan YnpaBnATb TOPHWMKU BbICAMWU. WX TpeTuii
eJMHOYTPOOHBIN OTNPbLICK — YXKacHbIA Ang (gpyroe ero umsa — MayToH) — NoCennnca Bo «MpadHbIX
NponacTax 3eMn» U CAeNacs BNajblKon LapcTBa MepTBbIX.

C MOMeHTa OTKPbITUS BOCbMOI MiaHeTbl CONHEYHOW CUCTeMbl MPOLWIO 60/bLle nonyTopa
BEKOB, HO OAMH HEMTYHOBCKMI rof MUHET Tonbko B 2011 rogy, Tak Kak HenTyH, yAaneHHbIn oT
ConHua Ha 4 ¢ nonosBuvHOW mMunanapga kunometpoB (Mam 30 aCTPOHOMUYECKUX efuHWLY),
CoBepLUaeT MOSHbIA UMKN 32 165 3eMHbIX neT. Mo cBOMM (DM3MYECKMM NapameTpam OH Masio
OT/IMYaeTCA OT YpaHa, HEMHOIO YCTynas emMy B pasmepax (guameTp HenTyHa coctaBnser noytu 49
530 K1IOMETPOB), HO OLLYTMMO NPEBOCX0AA NO Macce (17 Macc Hallel NnaHeTbl), YTO 0OBACHAETCA



ero 6onbluUein cpeaHein NNOTHOCTLIO (NpumepHo 1,64 r/cm3). OT ConHua HentyH nonyyaet B 900
pa3 MeHblue Tenna, yem 3emns. OfHAKO B OTAMYME OT CMNOKOMHOrO YpaHa WMHTEHCUBHOCTb
TENI0BOrO W3/y4eHNe Heap BOCbMOW MaHeTbl MOYTWM BTPOE MPEBbLILIAET MPUTOK COSTHEYHOWA
3HepPrum n3BHe. ATOT (PEHOMEH CBA3bIBAIOT C PacrafoM THXENbIX PaAVOHYKINAOB B AAPe NiaHeTbl.

WN3-3a OrpomHOW ypaneHHOCTM HenTyHa W3y4veHWe €ero MOBEPXHOCTM COMPSHXKEHO CO
3HauUTeNbHLIMU - TpyAHOCTAMWU. OfHako TrONb Ha BbIGQYMKM XuTpa. Bocnosnb3oBasLunch
YHUKa/IbHbIM  B3aMMHbBIM  Pacrofio)keHnem 3eMaM UM MIaHeT-TMraHToB, KOCMWUYECKWIA 30H[
«Boapkep-2» ymyapunca npockonb3HyTb B 1989 rogy Ha pacctoaHum 5000 KMIOMETPOB OT
HenTyHa, cymeB pa3rnafetb HeKOTOpble AeTain ero 061a4Hoi Wy6bbl. B HOXHOM nonywapum
nnaHeTbl 06Hapy>XXeHO BosbLLOe TEMHOE NATHO pa3MepoM ¢ 3eMAt0, CTPEMUTENBLHO ApeldytoLlee B
3anagHoM Harnpas/ieHMn CO CKOPOCTbIO 325 MeTpoB B CekyHAy. Betpa, gytowme B atMocgepe
HenTyHa, ToXe He (DYHT M3OMY: UX CKopocTb gocturaer 400-700 mMeTpoB B CeKyHAY. 3eMHble
yparaHbl, CpblBatoLLMe KPOBN C JOMOB 1 OMPOKMbIBAIOLLME XeNle3HOLOPOXKHbIE COCTaBbl, HA 3TOM
(hoHe He 60s1ee Yem NacKOBbLIN MOPCKOM 6pK3. Y MnaHeThl BbIABIEHO MarHUTHOe MNose, B ABa pasa
ycTynaroLee no MOLLHOCTM MarHUTHOMY MO/ YpaHa, a Takke CUCTeMa KOJel, HeKoTopble 13
KOTOpbIX NPeLCTaBNAT cO60l He3aMKHYTble 06pa3oBaHus Hanogobue apok.

Kak 1 Bce oCTa/ibHble ra3oBble MMraHTbl, HenTyH — BOLOPOAHO-TeNVEBbIA MUP, NMPUYEM Ha
[ONK0 renuna npuxoautca He 6onee 15 %, a MeTaHa M TOro MeHbLle — 0K0/10 1 %. Cneunannctel
npegnonarat0T, 4To Mof 0671a4HbIM CM0EM NIEXUT OOLUMPHBLIA BOAAHOW OKeaH, HaCbIWEeHHbIN
NOHaMW PasINYHbIX XMMUYECKMX 3/1EMEHTOB.

B. . CypavH, 0anH 13 aBTOPOB PaboTbl «ACTPOHOMUS: BEK XXI», MULLET:

3HauMTeNbHOE KOIMYECTBO MeTaHa, Nno-BUAUMOMY, COAEPXKUTCA rnyoxe, B NefAHON MaHTUK
nnaHeTbl. Jaxe npu Temneparype B TbiCAYW rpafycoB npu gasneHun B 1 M6ap (0AWH MWINOH
6ap, T. €. B MUNIMOH pa3 60/bLUe, YeM Ha NoBepxHOCTM 3emnn. — J1. LLI.) cMecb BOApl, MeTaHa U
amMMmaka MOXKeT 06pa3oBbiBaTb TBepAble /bAbl. Ha [ONK0 ropsveil negsiHON MaHTWKM, BEPOSTHO,
npuxogutcs 70 % maccbl Bceir nnaHeTbl. OKono 25 % Maccbl HenTyHa [JO/MKHO, MO pacyeTam,
npuHagnexarb SApY, COCTOSLLEMY M3 OKUC/IOB KPEMHWSA, MarHusi, XKenesa n ero COefuUHEHWiA, a
TaKXXe KaMeHHbIX nopod. Mogenb BHYTPeHHero CTPOeHWs NnaHeTbl NMoKasbiBaeT, YTO AaB/ieHNe B ee
LieHTpe oKono 7 Mb6ap, a TemnepaTypa — okosio 7000 K.

Y HenTyHa umeetcs 13 CNyTHUKOB, HO Hanbosiee NpumMeyaTesieH KPynHeMWwuni u3 HuX —
TPWUTOH, MeKLLMIA B nonepedHnKe 2705 Kunometpos. O6pallascb BOKPYr MaTEPUHCKON NaHETbI
Ha paccTosHuM 355 ThbICAY KWIOMETPOB (NMPUMEPHO TaKOe >Ke paccTosHWe oTgenseT JIyHy ot
3emsin), OH efLUHCTBEHHbIA M3 BCEX CMYTHWKOB HenTyHa [ABMXXeTCA N0 opbute B 06paTHOM
Hanpas/neHnn. Temnepatypa NoBepxHOCTN TpuUTOHA He npesbilwaeT 38 rpasycos KenbBuHa (MUHYC
23 rpagyca Llenbcus) n npeactasnseT co60i TpewmHOBaTYH0 paBHUHY, HAaMOMUHAIOLLYIO AbIHHYHO
Kopky. MpegnonaraeTcs, 4To NOZ NefOBbIM NaHUMPEM TOMLLMHON 0KoMo 200 KUIOMETPOB NEXUT
BOAHbI OKeaH 150-KM110MEeTPOBOM YyOUHBI, HACbILLEHHbIA aMMUaKOM, METAHOM W COMAMM.

OfHako camas Oonbluas 3arafjka TpuTOHA — 3TO €ro BY/IKAHWMYECKAs aKTUBHOCTb.
Cneumanmcram MNPULLNOCL Jaxe NpuaymaTtb CrneuuasbHbll TEPMUH — KPUOBY/IKAHU3M, TO €CTb
BY/IKAHW3M MPU HU3KUX TemnepaTypax, M60 HUKOMY B TO/I0BY He MO0 NPUATKA, YTO HaCKBO3b
npomMepswe Mupbl Ha 33ABopkax CONMHEYHON cucTeMbl MOryT o06/1afaTb XOTb  KakOW-TO
BY/IKAHWYECKON aKTMBHOCTbIO. [lpefcTaBbTe cebe relisep, B3/amblBalOLLMIA a30THbIA nej Ha
MOBEPXHOCTU M/aHeTbl 1 B3NETAOLWMIA HA BbICOTY 40 8 KMnoMeTpoB. IMpn aTOM To/WMHa CToN6a
TOXe BecbMa Hexwnasd — oT 20 MeTpoB [0 2 KWIOMETPOB. BcrnopxHyslwas B nofHebecbe CTpys
paseemBaeTca BeTpamu (y TpuTOHA eCTb paspexeHHas armocgepa, cocroswas M3 asoTa,
He6Oo/bLLOro KOMMYeCTBa MeTaHa M BOLOPOLA) WM MpeBpaLlaeTcs B LUMendbl, TAHywmecs Ha 150
KW/IOMETPOB.

TpuToH Ha 70 % cnoxeH 13 cunmkatos 1 Ha 30 % 130 NbA0B, B COCTaB KOTOPbIX BXOAAT a30T,



OKWCb yrnepoga n meTaH. KpMoByikaH13M BHATHOTO 06bACHEHWS NMOKa He NOy4Ynsi, HO HEKOTOpbIE
y4eHble NOaratoT, YTO OH MOXET ObITb CBA3aH C MPWIMBHLIM Pa30rpeBOM MOBEPXHOCTY M/1aHeThl,
a TaK>Xe C NPOHMKHOBEHWEM COTHEYHOM pafuaLmmn Yepes nosynpospayHble BEPXHUE CNOU NbAa.

Mo cpaBHEHUIO C TPUTOHOM, KOTOPLIA INLLb HEMHOTUM MeHbLUe JTyHbl, Hepeunga, nmetoLas
B MOnepeyHrKe Kakue-To >kasikme 340 KWUIOMETPOB, CMOTPUTCA COBEPLUEHHOM KPOXOd. TeM He
MeHee 3TO TPeTWW N0 BeNNYMHE CNYTHWK HenTyHa, npexzae BCEro WHTEPECHbIA Tem, 4To
obpalaeTcs BOKPYr MaTepPMHCKOM MJiaHeTbl MO  4Ype3Bbl4aHO  BbITAHYTOW opbuTe C
3KCLeHTpucHTeTOM 0KO/o 0,75. Takne op6uTbI CMIOWb U PAAOM BCTPEYatoTCs Y KOMET, KOTopble
TO npubnmxkatoTcs K ConHUYy, UcTamsas B MiaMeHy ero XpoMocepbl, TO yeTaloT BO MpaK U X010z
Janeknx okpamH CONHEYHOM CUCTEMBI.

[eBATb NN OecAaTb?

— CKadkwu, Foru, ckonbKo ByfeT veTbipeXkbl aga?

— CeMb, yunTensb.

—[pge-To Tak, ['oru, rge-To Tak... CeMb, BOCEMB...
AHekaoT

[eBATas nnaHeta KPY>XXWUTCS B TaKOl HECYCBETHOW Jann, UTO pasrfisfeTb ee B Hebecax Ao
Hadana XX CTONeTns Oblf0 PeLunTelbHO HEBO3MOXHO. [laxke CBETOBOMY flydy, mpoberatoLlemy
paccTosiHue oT 3emnn g0 ConHLa BCEro-HaBCcero 3a BOCEMb MUHYT, TpebyeTcs NATb C MOJIOBUHOM
4acoB, YTOObI C TPEXOM Momnosiam Aonon3tu Ao MaytoHa. MayToH OTbICKa/IM COBCEM HeaBHO — B
1930 rogy, U C MOMEHTa €ro OTKPbITUA MPOLUNO HeMHOrMM 60/ee Tpex C MOOBUMHOM
MAYTOHOBCKMX MecALEeB, MO0 NO/HbIA 060poT BOKPYr CosHUa 3Ta HeboNbLIas 1 0YeHb XO04Has
nnaHeTa COBepLUAET MOYTU 3a 246 3eMHbIX fieT. UeCTb OTKPbITUA [EeBATOM U CaMO MasieHbKOM
nnaHeTbl COMHEYHON CUCTEMbl MPUHAANEXUT aMepukaHCKOMYy acTpoHoMmy Knaigy Tom6o,
KOTOpPOMY B Ty MNopy efABa-efiBa CTYKHyN0 24 roga. OfHako cyabba MNnyToHa Kak-To cpasy Xe He
3apanacb. begHsAry To BblwWnbGanM C MO30POM U3 Y/IEHOB MJIAHETHOrO CEMencTBa, TO BHOBb
npuHMMann 06paTHO Mog rPoOM PYKOMJecKaHWin. 3Ta 6eCToNKoBas 4exapfa MpOLo/Kaiach
[OBONbHO A0nro, noka B aerycte 2006 roga Ha [eHepanbHO accambnee MexayHapoaHOro
aCTPOHOMMYECKOro coto3a B [pare WyMHble feneratbl 60/bLUMHCTBOM FO/I0COB OKOHYaTE/IbHO He
AULWNAN MHOTOCTPadanbHbIi [1yTOH NOYETHOrO CTaTyca KnacCUYeCcKon NnaHeTbl U He MOMECTUN
ero BMecTe CO CMYTHUMKOM XapOHOM B rpynny TakK Ha3blBaeMbIX TPaHCHEMTYHOBbIX OOBLEKTOB
(THO). OCHOBHbIMM NPUYMHAMK CTO/b BO3MYTUTENbHOW AUCKPUMUHALMM CTanN Masible pa3mepsbl
[eBATOW MNNaHeTbl M HEKOTOPble OCOGEHHOCTM ee opbuTbl. MNYTOH — caMas MasieHbKas MnnaHeTa
ConHeuHoi cuctembl (Bcero 2300 KMNOMETPOB B AMaMeTpe, TO eCTb B MONATOPA pas3a MeHbLLE
JyHbl), 0gHaKo nnowaab ero nosepxHoctn (17,9 MAH KM2) BNOJHE COMOCTaBMMa C TeppuTopurei
Poccun.

MnNyToH, eAMHOKPOBHLIN GpaT 3eBca-tOnuTepa u lNoceingoHa-HenTyHa, 6bl1 MOBENUTENEM
LlapcTea MepTBbIX, a CaTypH 1 YpaH NpuxXoannncs emy oTLOM M Aef0M, MO3TOMY OH 3aMeyaTesibHO
BMUCANICA B CEMbIO CaMbIX [asiekuX nnaHeT COMIHEeYHOW CUCTeMbl. [peBHWE rpekn CUUTaIn ero
peakum 6oravyoMm, M60 emy MpUHAZIEXaIn He TONMbKO AyLM YMEPLUUX, HO M HECMeTHble
COKPOBULLA, TasLWMECA B 3eMHbIX NyOuHaxX. Y BnafAblKu aHTUYHOro dpeba Obino 1 Apyroe Ums —
Aung, nam afiec, UTo NepeBOANTCA Kak «Be3BUAHbINY», «HEBUAUMbIV», «y)KacHbIi». Korga B 1978
rogy amepuvKaHckuin acTpoHom [hxeiiMc KpucTtu o6Hapyxun y MiyToHa eCTeCTBEHHbIN CMYTHUK,
ero noyTy cpasy >e OKpPecTuI XapoHOM B YeCTb MU(IMYECKOrO0 SI0A0UHMKA U3 LLapCcTBa MepPTBbIX.
STOT XMypbIA 1 HENPMBET/INBLIA CTapMK, 06/1a4YEHHbIN B BETX0E py6KLLEe, NEepeBo3na yMePLLMX MO
BOAaM MOA3eMHbIX peK, KOTOopblX B Aufe 6bl10 MNOMHLIM-NOMHO: OYpHbIA CTUKC, OrHEHHbIN
®ereToH, JleTa — peka 3a6BeHUS 1 HEMpOrnsgHo-4epHbln KounT. YBbl, HO BCE Ha CBeTe umMeeT
CBOHO LIEHY, a NOTOMY TpyAWUNCA XapoH OTHIOAb He 6ecnnatHo. MomMHMTe BpoACKOoro, ynTartesisb?

TLWEeTHO Apaxmy BO pPTy TBOEM WLLET YrPHOMbIA XapoH,
TLETHO HEKTO TPYOUT HaBepxy B CBOIO AyAKY NMPOTSXKHO.



Mocbinato Tebe 6e3bIMAHHbIN NPOLLAbHbIV NOKIOH
C 6eperoB Hen3BeCTHO KakuXx. [la Te6e 1 He BadKHO.

MpaBga, Nocndg AnekcaH4pOBMY HECKO/IbKO mnoropsumics, 6e360)KHO B3BMHTWB Mnaty 3a
npoe3s. MoKONHWKY JeliCTBUTENBHO COBa/IM AEHEXKY NOZ A3bIK BO BPeMs norpedasibHoro obpasa,
OfHaKo 3TO 6blla He MOSIHOBeCHas Apaxma, a 060/ — Mefikasi cepebpsiHas UM MefHas MOHeTa
[LOCTOVHCTBOM B OAHY LLECTYHO ee YacTb.

imeHeM Bora cMepTy XOPOLUKIA MUP He Ha30BYT. Mo cpaBHeHMIO ¢ 3emneld IyToH nonyyaet
B MONTOPbI ThICAYM pa3 MeHbLUe CO/THEYHOro Tersa, NO3TOMY Ha ero NoBepXHOCTW BCerfa uaput
negaHas CcTyka — oT MuHyc 220 pgo muHyc 240 rpagycoB Llenscua. py TakMx HU3KUX
TemrnepaTypax 3amep3aeT faxe a30T, 00pa3ysa KpymnHble npo3payHble KPUCTaI/Ibl 4O HECKO/IbKMX
CaHTUMETPOB B norepeyHnke. OObIYHbIA BOAHBINA e[ TOXEe MOXXHO HaiTu Ha IMayToHe, Npasja, B
He6OoNbLUNX KonmuyecTBaxX. B HEKOTOPbIX palioHax BCTPeYaeTCs 3aMep3LUMil YrapHbliA ra3 — OKUCb
yrnepoga. MyTeLecTBeHHUKY, CTYNUBLLEMY Ha MOBEPXHOCTb AEBATON MiaHeTbl, OTKPOETCH Nensax
NOTPACAOLLEN KPacoTbl, YAMBUTE/bHLIA MWD COBEPLUEHHbIX FEOMETPUYECKMX (PopM Hanogobue
nefisHbIX yepToroB CHexHoli KoponeBbl M3 ckasku MaHca XpuctuaHa AHAepceHa. Mogo6Ho
ManbuyMKy Kalo, OH [aKe MOXEeT MOonbITaTbCA CMOXWUTb CMI0BO «BEYHOCTb» W3 MPO3payvHbIX
KpuCTannoB, M60 rae, Kak He Ha [nyTOHe, MOXXHO B MOSIHOM Mepe OLWYTWUTbL ee LapCTBEHHOe
paBHOAYLIME? YTO/bHO-YepHOe HebO Haf ronoBoi B TU(O3HOM ChbIMW 3Be3[, HarpoOMOXAeHue
BEKOBbIX /bOB MNOJ HOraMu W OFPOMHbIA XapoH, HEMoABMXXHO BUCALLUMIA B 3eHUTE, Kak
HarnomuHaHue o TLUeTe BCero CyLero.

MAyTOH uccnegoBaH M3 PyK BOH MJIOXO, MOTOMY YTO HA CErofHALWHWA [eHb 3TO
efUHCTBEHHass nnaHeTa CONHEYHOM CUCTEMbI, [O KOTOPOM MOKa elle He Jo6paics HWU OfLUH
KOCMUYeCKMIN 30HA. MoneT K MNiyToHY — BeCbMa CI0XHas TeXHUYecKast 3afa4a, NockKosbKy LUeCTb
MWNNMAPLOB KWUIOMETPOB, OTAeNALWMe AeBATYIO nnaHeTy oT ConHua, NPeabasisoT MakCMMyM
TpeboBaHU M K npobrneme pagmocBsian C aBTOMATUYECKOW CTaHUMe, M K 3/1eMeHTam ee
3HeprocHatxeHus. CTaHfapTHble CO/MHEYHble 6artapey Ha TakOM OFPOMHOM  PacCTOSHUU
COBepLLUEHHO 6ecnonesHbl. Tem He MeHee B siHBape 2006 rofa K MnyToHy cTapToBas aMepuKaHCKMWi
annapaT «New Horizons», KOTOpbIi [JO/MKEH BCTPETUTLCA C MOBENUTENEM XONOAHLIX MUPOB B
none 2015 roga. Ecnmn Bce cnoxuTcs 61aronoslyq4Ho, KOCMUYeCKUA 30HA, MPOAOIKAT MOSET, BCe
fanblue yxofs ot ConHua. Ero HoBO# Lie/blo CTaHYT 06beKTbI Nosica Koinepa — amopdHoe 061aKo
HaCKBO3b MPOMOPOXKEHHbIX NlefAHbIX MNbl0, fexallee 3a opbuTon MayToHa.

B 1988 rogy y [eBATON nnaHeTbl Oblna OGHapy>KeHa O4YeHb pa3peXXeHHas aTtmocdepa,
NPeLnonoXnTeNbHO CoCTosAWas M3 as3oTa, MeTaHa, aproHa W HeoHa. [aeneHue 3TOW NOYTK
HEBECOMOI [bIMKN COBEPLLUEHHO HUYTOXHO, YTO, OAHAKO, HE MELUAET NPOTEKAHWMI0 XMMUYECKUX
peakuuii. Mof BAUSAHMEM CONHEYHOrO BeTpa aToMbl a30Ta, Yr/epofa, BOLOPOAA W Kucnopoga
B3aVIMOZENCTBYIOT MeXAy CO00M, NopoXKaas CHOXKHble OpraHu4veckue coefuHeHus. Ocefas Ha
MOBEPXHOCTb M/aHeTbl, OHW OKpalIMBalOT ee B XKeNToBaTo-po30Bbln LBeT. Ho Hambonee
npumeyaTesibHas 0CO6eHHOCTL aTtMoctepbl MayToOHA — ee Ce30HHbIe MeTaMOopPdO3bl, CBA3aHHbIE CO
CMeHOM BpemeH roga. Mo mepe npubavxeHns K CofHUY TemnepaTtypa HauyuMHaeT pacTu, 4To
NMPUBOAMT K MCNAPEeHMIO a30THOIO /bja U «pacnyxaHuo» atMocdepbl. Ho ctouT MyToHY yneTeTb
oT ConHua nopganblle (ero opbuTta npefcTaBNsAeT COO0M CUMBHO BbITAHYTLIN 31IUMC), Kak
Temnepatypa Heme[/IeHHO MajaeT, a rasbl BHOBb KOHAEHCMPYHOTCSA U BbIMagatoT Ha NOBEPXHOCTb
nnaHeTbl B BUAE KPUCTAINIOB a30THOrO nbfa. HacTynaeT Ce30HHbIA NleJHUKOBbIA Mepuos, u
aTMoc(yepa Ha AONroe BpeMs yneTyynBaetcs 6e3 cnefa. Takum ob6pas3om, MNyToH — eUHCTBEHHAs
nnaHeta CONHEYHON cUCTeMbI, aTMoctepa KOTOPO MepUOUYECKN POXAAETCA U TMOHeT, Kak y
KOMET BO BpeMs X ABVKeHWA BOKpYr CosHua.

MapameTpbl opbuTbl MyTOHA TOXE 3ac/y)KMBatOT BHUMaHMS. B MOMEHT ero OTKpbITUSI OH
pacnonarancs AocTaTouHO Aaneko oT ConHua, no npaBy 3aHUMMas MecTO AeBATOW nnaHeTbl. Ho
MOCKO/IbKY ero opbuTa MMeeT BecbMa 3HauuTeNbHblA aKcueHTpucuTeT (0,25, TO ecTb 3aMeTHO
bonbLue, Yem aaxe y Mepkypus), pacctosiHve fo MnytoHa oT ConHua Ha NPOTSXEHUW ero rofa
MEHSIETCA NoYTK B ABa pa3a — oT 29,6 a. e. B nepurenum 1o 48,8 a. e. B apenun. Taknum obpasom,



Bpems OT BpemeHU yTOH oKa3biBaeTcs 6/mke K ConHuy, YeM HenTyH. Uepes 6/IMXKHIOK TOUKY
CBOeli op6uThI MNyTOH nNpoLuen B ceHTs0pe 1989 roga v Tenepb NPOAO/MHKAET YAANATLCA B CTOPOHY
ahenna (Touka MakcMMasbHOro yaaneHus ot CosHua), KOToporo AOCTUIHeT b B 2112 rogy, a
nepBbli NOMHbLIA 060pOT BOKPYr Co/HUA Noc/ie CBOEro OTKPbITUA 3aBepLUMT NnWb K 2176 rogy.
Bpho6aBok op6uta liyToHa CU/IbHO HAaKMOHeHa K MAOCKOCTWU aknunTuku (17 rpagycos, Ha 10
rpagycoB 6onbLue, Yem Y MepKypust), 4TO Tak)Ke HETUMUYHO 415 60NbLIMHCTBA NAaHeT COMHEYHOM
CUCTEMBI.

OceBoe BpalleHMe [eBATOW NnaHeTbl TOXE WMEeeT CBOM OCOBGEHHOCTW. YTon Mexay
NNOCKOCTLIO 3KBaTopa MyToHa 1 ero opouTasiIbHOM NIOCKOCTLIO COCTaBNsAeT 32 rpagyca, No3ToMy
npu ABUXKEHUM MO opbuTe OH MepekaTbiBaeTca ¢ 60Ky Ha 60K, KaK KO/M060K. B 3TOM CMbIC/e OH
HEMHOro HanoMuHaeT YpaH, XOTA Yy MOCMefHEero, Kak Mbl MOMHWM, OCEBOE HaK/IOHEHWe eLle
bonbLUe: cefbMas MnaHeTa PaKTUYECKM NEXMT Ha OOKy. MonHbIA 060poT BOKpYr ocu MiyToH
coBepLUaeT 3a 6,4 3eMHbIX CYTOK, a ero CNyTHWK XapoH 060payvBaeTcs BOKPYr MaTepUMHCKOM
nnaHeTbl B TOYHOCTM 3a TO Xe camoe Bpemsa. Kpome TOro, opbuta XapoHa nexut B
3KBaTOPMa/IbHON NNOCKOCTK IMNYyTOHA, NO3TOMY OH BMAEH TO/IbKO C OAHOr0 NOMyLapua 1 HUKOraa
He CKpbIBaeTCA 3a FOPU30HTOM. A TMOCKO/bKY paccTosHue mexay [ayToHOM ¥ XapoHOM He
npesblwaetr 19 400 KnIOMETPOB, C MOBEPXHOCTWU [11yTOHa ero CnyTHUK CMOTPUTCA BecbMa
BHYLUWTENbHO: ero BUAUMbIN AnaMeTp B CeMb pa3 60/bLue AnameTpa JTyHbl Ha 3eMHOM Heb60CBOze.

Hazo ckasatb, 4To MNyToH 1 XapoH NpeAcTaBNAa0T CO60M COBEPLUEHHO YHNKA/IbHbIN TaH4EM
cpean Aapyrux nnaHeT CofHeYyHon cuctembl. OHWM OYeHb 61M3KM Mo pasmepam (2300 u 1200
KWNOMETPOB COOTBETCTBEHHO) M PacrofiokeHbl Ha He6O/bLIOM pacCTOsHUKU [pyr OT Apyra.
COOTHOLLEHME KX MacC TOXe ABNAeTCA GecrnpeLefeHTHO BbICOKMM, MOCKONbKY IMNyTOH BCero B
BOCEMb pa3 Tskenee XapoHa. [ns cpaBHeHus: JlyHa, KOTOpas TPaguUMOHHO CYMTaeTCs BecbMa
KPYMHbIM CNyTHUKOM, B 81 pa3 nerye 3emnu, Aa 1 pacrosioKeHa ropasgo fasbile. AHaIOTMYHbIe
COOTHOLUEHUA Macc Apyrux nnaHeT COMHEYHOM CUCTEMbI U UX CMYTHUKOB Aal0T HEeCcornocTaBUmo
MeHblUMe BennuuHbl. CKaXem, crnyTHUKM HOnutepa (He rosopsa yKe O ChyTHMKax Mapca)
YCTYNatT emMy Mo Macce B HECKO/IbKO TbicAY pa3. C Apyroi CTOpoHbI, MAyTOH 1 XapoH OLyTUMO
pa3iMyatoTca No napameTpy cpefHel NA0THOCTM, YTO NO3BOMSET 3a4yMaTbCst 06 MX HE3aBUCUMOM
NpoMcxXoXaeHnn. MoatoMy 60/1bLUIMHCTBO aCTPOHOMOB MO1aratoT, YTo MAyTOH 1 XapoH — ABOHaS
Kap/IMKoBas niaHeTa.

COBOKYMHOCTb BCEX 3TUX 0OO6CTOATE/IbCTB — UYpe3BblYaliHO BbITAHYTas opbuTa [AeBATON
MNiaHeTbl, CUIbHO HaK/IOHEHHAas K 3KNUMTMKE, ee OYeHb Hebosbluve AMameTp M Macca, Hanmuue
KpailHe HeCTaHAapTHOro CMyTHWKA — B KOHLE KOHLOB NOGYAMNM CMEUNaINCTOB PeLUUTENbHO 1
6ecnoBOpPOTHO U3rHaTb MAyTOH 13 yncna nnaHetT COMHEYHON CUCTEMbI U MOMECTUTL €ro B CNNCOK
06bekToB nosica Korinepa (OrK).

YuTaTenb yXKe CTONbKO pa3 BCTPETW/CA Ha CTPaHMUAxX 3TOM KHWUIU C TPaHCHENTYHOBbIMU
o6bekTamu (MM 0b6bekTaMmn nosica Koinepa, YTo NPakTUYECKN O4HO U TO XKE), YTO HaCTal0 BPeMS
MOroBOPUTL O AaNIEKMX OKPECTHOCTAX COMHEYHON cucTeMbl 60nee 06CTOATENbHO. ECnn Bbl HEKMIA
MeX3Be3[HbIN CKuTanel, nocMoTpen Ha COMHEYHYHO CUCTEMY CO CTOPOHbI, OH Obl YBUAES, YTO OHA
OKpY)KeHa ChepvyecKUm 061aKOM MNPOTOMNIAHETHBLIX Tesl, POEM KaMeHHbIX W fiefsHbIX [/bl6
CpaBHUTENIbHO HEBONbLUNX pa3MepoB. o HEKOTOPLIM OLEHKaM, MX TaM HaCUMTbIBAETCH HECKO/IbKO
MWUNNAPAO0B, & CyMMapHas Macca 3TUX HebGeCHbIX Ten comnocTaBMma ¢ maccoi Honutepa. 3Ty
chepryeckyto 060M104Ky, yaaneHHyt Ha 20-50 TbiCAY acTPOHOMMYECKUX eanHuL, oT ConHua,
Ha3sa/ o6nakom OopTa B YeCTb ee MepBOOTKPbIBATENSA, MO/TAHACKOrO acTpoHOMa HAHa XeHapuka
Oopta. BcnomHuM, YTO 0fHa acTpoHOMMYecKas eamHuua (1 a. e.) — aTO cpefiHee pacCTosHUe OT
3emnn fo ConHua, coctaenstoLlee 0kono 150 MUANIMOHOB KUMOMETPOB. Takum 06pa3om, 06/1ako
OpTa pacnonoXeHo 4yaoBuLIHO faneko — B 20-50 TeicAY pa3 ganblie ot ConHua, Yem 3emns.
[axe MnyToH HaxoAMTCA B ThICAYy pa3 6avke, NOCKONbKY atennin ero opomTbl NEXNT «BCEro» B
50 acTpPOHOMUYECKMX eAuMHMLAX OT Hallero cBeTwna. Takue pacCTOfHUA Y)Ke He MMeeT CMbicna
N3MepATb B KWIOMETPax, NOTOMY YTO OT 06WMAMNA HyNei HaumHaeT pséuTb B rnasax. [abbl Bbl,
ymTarteNlb, MOIN CKOMbKO-HMOYAb HarfsgHo npeacTaBuTb cebe 3TU MPOCTOPbI, AOCTAaTOYHO
CKasaTb, UTO LeHTpasibHaa yacTb 06naka OopTa /IEXUT B MOIOBMHE CBETOBOMO roja OT 3eMHOro



Habntogatens. Npokcuma LieHTaBpa, 6/1mkaiiias K Ham 3Be3/a, HaXOAMTCA BCEro /iMlb B BOCEMb
pa3 fasblue.

HebecHble Tena, coctaBnstowme obnako OopTta, MeA/eHHO BpawatoTcs BOKpyr CosHua,
coBepLUast NOSHbIA 060POT 328 HECKONIbKO MWAIMOHOB NeT. ACTPOHOMbI NojararoT, YTO MMEHHO
OTTyda, C panekoin nepudepunt  CONHEYHON  CUCTEMbI, MNPUXOAAT TaK  HasblBaeMble
[ONTONepUoAnYecKne KOMEeTbI, KOTOpble [ABMXKYTCA MO 4pe3BblYaiiHO BbITAHYTHIM 0pbuTam C
nepurennemM Hmxe opomnTbl Mepkypus. Ipn 3TOM TOUYKa UX MaKCUMa/lbHOIO YaaneHus TepseTcs B
HECYCBETHOW fann — B ThICAYaX UK faXKe LecATKaX TbICAY aCTPOHOMUYECKMX eanHuL, 0T CONHLa.
HakoHel, opbuTbl NIaHeT nexar npuénM3nTeIbHO B O4HON NIOCKOCTM (NIOCKOCTU KIUNTUKK), a
KOMETbl /IETAT Kak 60r Ha Aylly MONOXWT — MOA CaMbIMW MPUYYAAMBLIMUA Yrnamu, U3 Yero,
CO6CTBEHHO, U 6bIN clenaH BbIBOA 0 Chepuyeckor gopme obnaka OoprTa.

Ho kakas cvna BbITa/IKMBAET NiefsiHble 06/IOMKM C MX CMIOKOMHbIX OPOUT, 3aCTaBAA MOMEHATb
MOYTU KPYroBYK TPAeKTOPUIO Ha 3NNUNTUYeCKyto? [0 HefaBHero BPEMEHM CUYUTANIOCh, UTO
aHOMa/IM B [BWKEHWE HEKOTOPbIX 006BbeKTOB 06/1aka OopTa BHOCUT CYMMapHOE rpaBuUTaLMOHHOE
BO3JeNCTBME eABa N He BCeX 3Be3f MeyHoro MyTu, NMOCKO/bKY A0/rOnepuoanyeckme KOMeThbI
paBHOMEPHO pacrnpefenstoTcsd no Hebocsody. OfHaKO HECKOMbKO /eT Hasah amepuKaHCKUiA
acTpoHom [xoH Marese BbICTYNWA C CeHCAUMOHHOW rMnoTe3oi. TllaTenbHO NpoaHaIn3npoBas
TpaekTopumn 82-x Hanbosiee XOPOLUO M3YYEHHbIX [AOMTONepuoanyecknx KOMET, OH mpulen K
BbIBOAY, YTO B pacnpefefieHny UxX TpaeKTopuin 0OHapY)KMBaeTCca OTYHeTMBas U36MpaTe/ibHOCTb.
MpUMEPHO TPETb 3TUX KOMET MPUXOAMT NPEUMYLLECTBEHHO C O4HOW CTOPOHbI, NO3TOMY FOBOPUTL
0 paBHOMEPHOM pacrpefenieHnn He Npuxoautcs. BLobaBok BCe OHW MMEKOT aTUMNUYHbIe OpOUTLI —
CIMLUKOM KOPOTKME MO CPaBHEHMIO C opbuTaMun Apyrnx KomeT. o MHeHuto Martese, NpuYnHOiA
Nnofo6HOro aHOMasibHOro MOBEAEHUA SBNSETCA He CyMMapHas rpaBuTauMs 3Be3f, a BAUAHME
HEKOero MacCWMBHOrO Tena — [ecAToil nnaHeTbl COMIHEYHOW CUCTEMbI, KOTOpas BbITa/KMBaeT
KoMeTbl U3 obnaka OopTa no HanpaeneHuto K ConHuy. CornacHo ero pacuyetam, 3Ta MaHeTa B
HECKO/IbKO pa3 yBecucTee HOnutepa v NpsAYeTCs B CaMO cepAleBUHe 06/1aka, Ha PaccTOSHUM
NPUMEPHO 25 TbICAY acTPOHOMUYECKMX eauHuy, (okono 0,4 CBETOBOro rofa), coBepLuast MosiHbli
06opoT Bokpyr ConHua 3a 4-5 MUIINOHOB NeT.

Kpome TOro, opbuta runoTeTUYECKOn naaHeTbl, M0 BCel BEPOSATHOCTW, CUIbHO HaK/IOHEHa K
MJIOCKOCTN 3KNUMTUKK, & CaMa OHa BpallaeTcsa PeTporpagHo, TO ecTb B HampaB/ieHUK, NPAMO
NMPOTUBOMOMOXHOM [BWKEHUIO GO/MbLUMHCTBA NiaHeT CO/HEYHOW cucTeMbl. Opbuta ¢ Takumu
napameTpamMu 0/KHa ObITb HECTabWIBLHOM, MO3ITOMY MNnaHeTa «MKe» [koHa MaTese He poaHas, a
npuwias: oHa He Morfa ChopMMpoBaTbCs BHYTPW [a30BO-MbINEBOr0 AWUCKA, KOTOpbIA 4 C
MONIOBUHOW MUNMapaa NeT Hasaz Nopoaun BOCbMePKY K/lacCUYecKuX nnaHeT — oT Mepkypus o
HentyHa BkntounTenbHo. CneaoBaTenbHO, «HeMpaBWibHas» [AecaTas MnaHeTa  M3HayanbHO
npefcTaBnsna coboin 6e3gOMHYK0 CTpaHHMLY, 6My)KAABLUYHO B MEX3BE34HOM MPOCTPaHCTBE, U
TOMbKO CPaBHUTE/IbHO HeAaBHO Oblna NpuronybneHa 1 yaodepeHa, Korja cryvanHo okasanachb B
OKpecTHoCcTAX ConHua.

BripoyeMm, paccyxpaatb BCepbe3 0 [ecATon MnaHeTe B 06nake OopTta noka He MpuUXoauTcs,
MOCKOJ/IbKY peaibHO ee HUKTO He Habfojan — OHa CYLLECTBYET WCK/IIOUMUTE/IbHO «Ha KOHUMKE
nepa» [pkoHa Mate3e. A BOT B nosice Koinepa, KOTOpbIA HauyMHaeTCA MOYTU cpasy Xe 3a
opbutammn HentyHa n MnyToHa, B NnocneaHee BpeMsi 06HapPYy>XXEHO HeMaIo NnaHeT. AMEPUKaHCKII
actpoHom xepapg Koinep ewe B 50-X rogax M1MHyBLLIEr0 BeKa BbIABUHY/ FMMNOTE3Y O TOM, YTO Ha
3aaBopKax CONIHEYHOIN CUCTEMbI CYLLECTBYET OOLUMPHBIA NOSIC acTeponaoB HOMep Aga (B OT/MuMe
OT XOpOLLO W3BECTHOr0 Mnosica acTepougoB Mexay opbutamm Mapca n HOnuTepa), KOTOpbIN
NPOCTUPaeTCa Ha MUNNNapAbl KWIOMETPOB M NOCTENEHHO CXOAMT Ha HET, OCTaBNsAs MeXay coboi 1
o6nakom OopTa BHYLUMTE/NIbHLIA MYCTON MPOMEXYTOK. [onroe Bpems runortesa amepukaHua
ocTaBasiacb He 60/1iee YeM W3ALLHOM WUrpoil yma, noka B Havane 90-X rofoB MPOLUIOro Beka 3a
opbuToin MnyToHa He 0BHAPYXXWM HECKO/IbKO NefsHblIX 06/10MKOB. C Tex Mop CyLecTBOBaHMWE
nosica Koinepa ctano 6eccrnopHbIM (hakTOM, a CMIMCOK TPaHCHENTYHOBbLIX 06bLEKTOB rof OT roga
HEYK/TIOHHO MOMOJHAETCA HOBbIMU MPeACTaBUTENAMMU.

Ecnn obnako OopTa ynogobuTb fanbHemy MogMOCKOBbIO, TO nosc Koiinepa, nexalmin Ha



paccTosHum oT 30 go 100 acTpoHOMUYECKUX efuHUL, 0T ConHua, 6yaeT MogMOCKOBLEM BIMXKHUM.
Mo oueHKaM CreLmannucToB, OH MOXET HAaCUMTLIBATb COTHU ThICAY UAWN AaXKe MUMNNOHbI NeAAaHbIX
N KaMeHHbIX /b6 camoro pasHoro pasmepa. TaHfgem [MnyToH — XapoH TOXe YroAwun B YUCNO
06beKTOB nosica Koinepa, NMWMBLUNCL CTaTyca K1acCUYecKon niaHeTbl, O YeM Mbl B CBOE BpeMst
yKe nucanu. FpuumMHOn TOMy CTann Masble pasMepbl A4eBATOW MnaHeTbl (guameTp [nyToHa
Bcero-Hascero 2300 KW/IOMETPOB, B MO/TOpa pasa MeHblle, 4YeM Y JIyHbl) M OCOBEHHOCTW ee
OpOUTbI (BbIPaXXEHHbIN 3KCLEHTPUCUTET M 3aMETHBIA HAK/IOH K NIOCKOCTU 3KUNTUKN).

CepbesHble npobnems! y nyToHa Hadanmnce B 2003 rogy, Korga rpynna amepuKaHCKnx
acTpOHOMOB BO rfaBe ¢ Maiknom BpayHom 06Hapyxuna B nosce Koinepa [0BOMbHO SPKUA
006bEKT, MONMYYMBLUMIA KaTanorosbiin Homep 2003UB313. B 2005 rogy yaanocb paccumtaTb €ro
OpOUTY ¥ BbIYMCINTL pPasMepbl HOBOIM MnaHeTbl. OKa3asoch, YTO OHa ABVKETCS MO Ype3BblYaiHO
BbITAHYTON OpbUTE M CErofHs HaxoAMTCA B TOYKE MakCUMa/bHOro yaaneHus ot ConHua, Ha
paccTosHUM 97 acTPOHOMMYECKMX eAMHML. A BOT KOrja OHa AOCTUIHET nepurenvs, 1o 6ygert
pacrosiaratbCs BTpoe 6/ve — NoYTY Ha TakoM XKe pacCcToaHuy ot ConHua, Kak 1 MayToH. MNpasaa,
3TO MPOU3OMAET eLle He CKOpO, MOCKO/bKY 3eHa (MMEeHHO Tak Ha3Ban CBOK MaHeTy bpayH, B
YeCTb repOMHM W3BECTHOrO Cepuana O >XEHLMHEe-BOWMHE) COBepLUaeT MOJHbIA 060pOT BOKPYr
ConHua 3a 650 net. No oueHkam bpayHa v ero rpynnbl, AMaMeTp 3eHbl AO/HKEH COCTaBNATL OKO/O
3000 KnnoMeTpoB, YTO Cpasy >Ke NnocTaswo MNayToH B HEJTIOBKOE MOJIOXeHWE, MO0 ero nornepeyHuK
3Ha4MTeNbHO MeHbLUe. BaobaBok rpynna bpayHa oTKpbina elle fBa ApkMx 06bekTa nosica Kovinepa
Ha paccTosHUM 51 acTPOHOMMYECKON efuHMUbl OT COMHUA, /Wb HEMHOro YCTynawowmx B
pasmepax [AeBATON nnaHete (npumepHo 70 % ee anameTpa).

A Korja BbIICHUNOCh, YTO NOMepeyHnNK 3eHbl, BO3MOXKHO, OnpesesieH HeBepHO, a UCTUHHbIE
ee pasMepbl MOryT B [Ba C AMWHUM pasa MnpesbliwaTs guvameTp [ayToHa, CTpacTM M BOBCe
pasropenncb He Ha WYTKy. C Kakoi TakoW, CnpalivBaeTcs, CTaTM Mbl [O/KHbI CUMTATb €ro
[eBATOM M nocnegHein nnaHetol CONHEYHOM CUCTEMbI, eCM MHOro Aablle BOKpyr CosHua
obpataetca Kyga 6onee BHyLIMTeNbHOe HebecHoe Teno? He npolle n 6e3)KanoCcTHO BbIYUCTUTD
He3afau/IBbIN MYTOH W3 APY)KHOIR NIaHETHON CeMbW, NepPeKBaI(MLMPOBAB ero B 06beKT nosica
Korinepa? OCo6eHHO ecnin y4ecTb, YTO Y 3eHbl HaifeH CNYTHUK, Ha3BaHHbIA Mabpurenoin B YecTb
BEPHON MOAPYrM OTBaXHOW BOUTENbHULUbI. B CKOOKax 3ameTUM, 4YTO BMOCNEACTBUU 3eHy
repevMeHOBa/IN B DpUAY — LPEBHETPeYeCKYr0 OOTVMHIO BPaX/bl U pa3fopa, ype3as ee nornepeyHnK
[0 2400 kunomeTpoB. TeM He MeHee OH Bce paBHO 6onblie [nyToHa, AMameTp KOTOpPOro
coctaBnseT 2300 kKm. [abpueny TOXe BbIMEPKHYNM M3 CBATLEB — CerofHs OHa Ha3blBaeTCH
AuncHomueld. Mexay npoumMm, MMeHHO Apupaa noccopuna Adpoanty, AduHy 1 Fepy, 6pocmB Ha
CTON 3HaAMeHUTOe S6/10KO pa3fopa C HaAnucblo «pekpacHeliweri», YTo NPMBEN0 K TPOSHCKOM
BOVHe. XOpOLLO, YTO Y FPEKOB ObII0 TaK MHOIO 6OrOB...

B Hauvane 2004 rofga amepmKaHCKWIA KOCMUYECKUIA Teneckon «CnuTuep» OTbICKaa B Mnosice
Koinepa elwe oAHy nnaHeTy, KoTopas ceivac HaxoauTcs B 13 mwunnmapgax KuioMeTpos OT
CosfHua, TO ecTb BABOe Aa/blue, Yem IMnyToH. Kak 1 3eHa-3puaa, oHa ABMXKETCH Mo 6e360XHO
pacTAHYTOMY 3/7IUMNCY, coBepLuas oauH 06opoT BoKpyr ConHua 3a 10 500 net. Ee achenuii (Touka
MaKCUMa/lbHOr0 yfaneHuns) SO/MKeH NiexaTs B 130 Munnvapaax KWUIOMETPOB OT Hallero CBeTWNa,
4TO cocTaBnseT 0koo 900 aCTPOHOMMYECKUX eIMHNL,, MO3TOMY pa3mepbl nosica Kowinepa cnegyert,
no BCeW BUAMMOCTM, YBENUNTL KaK MUHUMYM Ha NopsiAoK. HoByto nnaHeTy HasBanm CeaHoN — B
YeCTb 3CKMMOCCKON OOrMHW OKeaHa W MOBEUTE/IbHULbI MOPCKMX >KMBOTHbLIX, & €e AuameTp
oueHnBaeTcqa B 1800 knnomeTpoB. Cpean ApYrmux Haxof4oK «HYNeBbIX» FOA0B eCTb ellle HECKO/IbKO
npumeYaTeibHbIX 06bEKTOB: MnaHeTbl-kapnkn 2003EL61 1 2003FY9, nouty He ycTynaroujme
MnytoHy B pasmepax, u Ksasap ¢ nonepe4yHmkom okono 1300 kunometpos (KsaBap — 310
00XKecTBO-cO3uAaTeNlb Y WHAeLUeB nnemeHn ToHrea). epBas M3 3TMX MNNaHeT MMeeT (opmy
3N/IMNCOMa BPaLLEHNS N NYTeLLeCTBYET B COMPOBOXKAEHNN [1BYX CMYTHUKOB.

Mosc Koinepa 3arafan acTpOHOMaM Hemano 3arafok. Hanpumep, BbISCHUNOCL, YTO OH He
pefeeT NMOCTeneHHO, Kak rnosaran ero nepBooOTKPbIBATESb, & PE3KO U HEOXUAAHHO 00pbIBaeTCA Ha
HEKOTOPOM — O4YeHb 60/bLIOM — paccTosHMM OT ConHua. o MHeHWIO cneumanmncTos, NofobHoe
«YCEKHOBEHME» OOBSACHAETCA B3PbIBOM CBEPXHOBOW 3Be3[bl HEMOAA/IEKY OT Hallero cBeTuna, B



pesy/ibTare Yero BCA OKpauHHas YacTb ra3oBO-Mbl1eBOr0 06/1aKa, NOCNYXXMBLLENO MaTepPUanom Ans
(hopmupoBaHms nnaHeT COMHEYHOW CUCTEMBI, OKa3asacb HaYUCTO BbIMETEHHOW. MepBOHaYanbHOE
npeactaeneHne o nosice Kornepa Kak O MIOCKOM [AUCKE MPOTOMJIAHETHbIX Ten (B OT/inumMe OT
cepmnyeckoro obnaka OopTa) TOXe, MO-BUAMMOMY, CnefyeT Mpu3HaTb OWMO0YHBIM. CKaxem,
opbuTa 3eHbl-Opufbl He TOMbKO CUIbHO BbITAHYTA, HO Y HAaK/IOHEHa K MI0CKOCTU 3K/IMMTUKKN MOg,
yrnom 44 rpagyca, a yron HakjaoHa opouT ABYX ApyrMx 00beKToB nosica Koinepa, OTKPbITbIX
rpynnoii bpayHa, cocTaensieT 28 rpafycoB. A ecniv BCNOMHWUTb, YTO W opbuTa lMnyToHa TOXe
NEXWT BHE NNOCKOCTM OpOUT BCeX OCTa/lbHbIX nniaHeT CONMHeYHONM cucTeMbl (npasga, y MayToHa
3TOT Yron MeHblle — Bcero 17 rpagycoB), TO YXe TOMbKO MO 3TOMY napameTpy ero cregyet
NCKMOUYNTB M3 CMINCKA KNAaCCUYECKUX MaHerT.

TakvnmM 06pa3omM, opbuUTbI efiBa M He BCex 00bEKTOB nosica Korinepa HakMoHeHbI K NI0CKOCTU
9K/IMMTUKW COBEPLUEHHO NPOW3BO/LHO, YTO PELLUMTE/IbHO MPOTUBOPEYMT FOCMOACTBYHOLEN HbIHE
Teopumn 06pasoBaHUs naaHeT ConMHEYHOM cucTembl. ECnm cyamTb No OpTOLOKC/IbHOMY CLEHapuIo,
NNaHeTbl POXAAINCL M3 MIOCKOrO ra3oBO-MbIEBOTO AUCKA, KOTOPbIA OKPY)XXasl CO3PEeBatOLLY0 B
ero ueHTpe 3Be3gy - Oyaywee ConHue. OpfHako HoBelwue HabnogaTe/lbHble [faHHble
HeonpoBEPXXMMO CBUAETENLCTBYIOT, 4TO nosic Koiinepa — HWKakoW He MOSC WU ero Henb3s
paccMaTpuBaTth B Ka4yecTBe MI0CKOro gucka. CKopee BCEro, OH NMpeacTaBnseT coboi cepnyeckoe
06pa3oBaHue, HanoMuHaroLlee ropasfo 6onee yaaneHHoe o6sako Oopta. Torga Hawa ConHeyHas
CUCTEMA, eC/IM NOCMOTPETb Ha Hee M3BHE, OYfeT MOXoXa Ha MaTpellky WAM NyKOBULY: OfHa
6onblas cgepa (o6nako OopTa), BHYTPM Hee cdepa nomeHblue (nosic Kovinepa) u, HakoHeL,
ConHue 1 BOCEMb MIaHET, NIeXaLMX NPakTUYecKn B OAHOW NIOCKOCTHU.

Crapas Teopusi IPOUCXOXKAEHWS MIaHeT Tako KapTUHbI He AaeT, MO3TOMY B NOCNeAHME oAbl
HEKOTOpble aCTPOHOMbI CTa/IM aKTUBHO Pa3BMBaTb MPUHLUMMNANIBHO MHOW CLeHapuiA, NonyyMBLINNA
Ha3BaHVe ONMrapxXmyeckoro. B pamkax 3TOi BepcuMM rnaBHasi posib OTBOAUTCS TaK HasblBaEMbIM
nnaHeTam-onmMrapxam, KOTopble CUIO0N CBOEW rpaBMTaumy CyLLECTBEHHO MOB/USAN Ha MOBeAeHWe
Apyrnx HebecHbix Ten. MNocne poxpaeHnsa CofiHUA, K1acCUYecKMX MaHeT M MosicoB acTepouzoB
npouecc popmupoBaHns COMHEYHOM CUCTEMbI OTHIOAb He 3aBepLunics, a Npojo/mHKan Habmpatb
060poTbIl. AcTepoufbl OYPHO POC/M U MO MepeceyeHn HEKOTOPOro Mpefena Hadaim 3HeprmyHo
npuTArnBaTL K cebe Apyrue Tena, npespawiascb B 60nbwne nnaHetbl. Cepreit nbuH B cTaTbe
«bypHas 6uorpagus fecaToi nnaHeTbl», ONy6/IMKOBAHHONM B MIOHBCKOM HOMEpE XXYpHasa «3HaHue
— cunax» 3a 2006 rof, Noapo6HO M3naraeT CyTb OIMrapXnMYecKoro CLueHapus.

Mo yb6exxaeHnIo aBTOPOB 3TOI HOBOW TEOPUM, TaKOM e NPOLECC OAHOBPEMEHHO MPOUCXOANN
Ha okpanHe CONHeYHOI cucTembl, B nosice Kovinepa. B pesynbTaTe, Kak NOKasblBalOT pacyeTbl U
KOMMbIOTEPHbIE CUMYNALUKN, BHYTPU CONHEYHOW CUCTEMbl AO/MKHO Obl10 06pasoBaTbes 20-30
06bEKTOB pa3mepom ¢ Mapc, a Ha OKpanHe — MPYMEPHO CTOJIbKO >Ke 06BEKTOB PasMepoM C 3eMto.
Mpy TaKOM KONMYeCTBE OHW A0/HKHbI Oblv ObITb AOCTATOUMHO 6/IM3KK, U 3TO C HEOOXOAMMOCTbLIO
BbI3bIBA/I0 MCKaXXeHMEe WMKM opbuT gpyr pgpyra. [BVKeHWe «ONUrapxoB» CTaHOBMW/IOCH
Xa0TMYECKNUM, OHW «BbILUBbIPUBAN» APYr [Apyra C YCTOWYMBBLIX OPOUT, PaCMONOXEHHbIX B
MAOCKOCTN 3KAMNTUKK. YacTb M3 HUX Mpu 3TOM BOOGLLEe yxoaumna u3 COMHEYHOW CUCTEMbI B
MeX3Be3HOe MPOCTPaHCTBO, CTaHOBACb «0Oe340MHbIMU» MJIaHETaMKu, «MiaHeTapaMm», Apyrue,
OCTaBLUMeCs, NMpuobpetasn opouTbl, HAKNIOHEHHbIE MOA CaMbIMU «AUKUMU» YriaMU K MI0CKOCTY
3KMNTUKK, N TEM CaMbIM B CBOE COBOKYMHOCTU CO3AaBa/iv Chepuyeckoe 06/1ako AuaMeTpoM B
1000 acTPOHOMMYECKMX eAMHULL, a TO U 6onee. B aToM 06nake, TakuM 06pa3oM, AO/MKHbLI MO Cei
[leHb CyLLecTBOBaTb He TOMbKO «Masble MnaHeTbl» Tuna [nytoHa wnn 2003UB313, HO u
HEKOTOpble U3 YLENeBLUNX «MepBUYHbIX ONNTapXoB». CTOPOHHUKMU TaKOro CLEeHapus HaferTcs,
YTO CO34aBaemble Ceildac TeecKombl, MpefHa3HayeHHble [A/19 LUeneld  CBOEBPEMEHHOrO
npegynpexaeHus 3emnnm 06 acTepouAHOM OMacHOCTW, MO3BOAAT MNapaslie/lbHO MPOWN3BECTM
CUCTEMATUYECKUIA MOUCK TaKUX «ONIUrapXxoB» N HaWTU «AeCATYH, OAMHHAALATYIO, ABEHaALATYHO U
TaK fasee» niaHeTbl BEMUYUHON C 3eM/t0 UIn Jaxe 6onbLue.



Hy 4TO X, NOXMBEM — YBUANM...

A Kak obcTouT [efno ¢ nnaHetamu BO3ne Apyrux 3se3n? Begb ecnn Hawe CornHue,
npeAcTasnstoLlee CO60M 3aypsafHYHO >KeNnTylo 3Be3fy CrekTpa/ibHoro knacca G, Cymeno
063aBeCTUCb BHYLUMTE/IbHbIM CEMENCTBOM M3 BOCbMU KMaCCUYECKUX M1aHeT U [eCATKOB ThICAY
Pa3HOMACTHbIX acTeponOB N NIAHET-Kap/IMKOB, TO NOTMYHO MPEANONOKUTbL, YTO Y APYruX 3Be3[
TOXE MOTYT ObITb CBOM COOCTBEHHbIE MNaHETbl. A MOCKO/bKY [N1aBHbIM NMPUCTAHULLEM XW3HU BO
BceneHHol ABNAOTCA UMEHHO MaHeTbl (BO BCAKOM Cryyae, Tak CK/IOHHbI AymMaTb GO0/MbLUMHCTBO
O1O0/I0roB), NOUCK BHECO/IHEYHbIX M/IAaHET MpUobpeTaeT 0co6Yyt akTyanbHOCTb. [paBaa, BbIBOS, O
HenpemMeHHOW «MPUBA3KE» XM3HU K MOBEPXHOCTW MfaHeT cfeflaH Ha OCHOBE Hallero Becbma
CKYAHOrO onbiTa (>KM3Hb 13BECTHa Ham B OAHOM-eJMHCTBEHHOM 3eMHOM BapuaHTe), HO rajaHue Ha
KOeMHON rylle elle MeHee MNIOAOTBOPHO. KOHEYHO, BMONMHE BEPOATHO, UTO XWM3Hb MOXET
3apoamMThCa faxe B MeX3Be3[HOW cpefe (B CBOE BPEMS aHI/IMNCKWUIA acTpoumank Ppen Xoin
Hanmcas Ha 3Ty TeMmy (DaHTaCTMYECKMIA poMaH Moj Has3BaHueM «YepHoe 0611aK0»), OfHAaKO
nofo6Has runoTesa 6yneT elle 6onee cnekynaTMBHOW. C naaHeTamMmu BCe XKe KakK-TO fCHee — TOMY
NnpYMepoM Halle CO6CTBEHHOe CyllecTBoBaHue. [103TOMY eCcniM Mbl XOTUM 3HaTb, HACKOJ/IbKO
pacnpocTpaHeHa »X13Hb BO BceneHHoOi, cnefyet cHavana pasobparbcs ¢ NiaHeTHbIMU CUCTEMaMK Y
APYrux 3Be3f.

[0 HeflaBHero BpeMeHy MHOrMe yyeHble nonaranu, Yto niaHeTbl — BeCbMa PefKoe fBleHne B
Kocmoce. TakoW B3rns4 C OYEBUAHOCTbIO BbITEKAS M3 TEOPUU TMPOUCXOXKAEHWUS MnaHeT
aHrnuickoro actpoHoma J[hxkuHca. CornacHo 3TO Hekorga MonynspHoOW Teopuu, MNNaHeTbl
ConHeyHON cucTeMbl 06pa3oBa/iCb M3 A3blKa COMHEYHOrO BELLECTBA, KOTOPbIA Oblf BbIXBaYeH
rpaBUTaLMOHHBIMK cuiamm npoxoameiiein Mumo CosHUA MaccuMBHON 3Be3fbl. CTpys BeLLecTBa,
BbIM/IECHYBLLASACA B KOCMOC, UMefia BepeTeHo06pasHyto (hopMy — C YTOJILLEHVEM B LieHTpasibHOM
4aCcTW WU CPaBHWUTENbHO TOHKUMMK KOHUamu. MMoatomy 6nwkaive K CONHUY nnaHeTbl 3eMHOM
rpynmnbl 1 Hanbosnee yaaneHHble Bpoge MayToHa u apyrux o6bekToB rnosca Kolinepa HeBenvKmM no
pasmepam ¥ Macce, a B UeHTpe CONMHEYHON CUCTEMbl OOOCHOBAINCL ra30Bble TUraHTbl. A
MOCKO/bKY COMMKeHMe 3Be3f — COBbITVE HE TONBbKO CNy4aiiHOe, HO U KpaliHe peakoe (BO BCAKOM
cny4ae, Ha 3agBopkax MneuHoro TyTu, rge HaxoauTcs Hawe COMHUE), POXKAeHWEe MNNaHeTHbIX
CUCTEM COBepLIaeTCcA Becbma HeyacTo. [paBfa, cerogHsa Teopusi [pKuMHCa NpeacTaBnseT B
3HAUMTENIbHON Mepe WCTOPUYECKUA WMHTEpPeC, TaK Kak Ha CMeHy el npuilen WHOW CLeHapwii:
MpaKTU4YeCKM OLHOBPEMEHHOe BO3HWKHOBeHVEe nnaHeT u  ConHua U3 Bpaularollerocs
ra3oBo-MblNeBoro o6naka. Kak 6bl TaMm HM 6bl10, HO TEOPUM OCTAKOTCA TEOPUAMU, & Mbl XKE/laeM
3HaTb HaBepHSKa, CYLLECTBYIOT /X MNIAaHETHbIE CUCTEMbI Y APYTNX 3BE3[.

PasymeeTcs, npsAMoe OMTUYeCKOoe HabMoAeHWe nnaHeT BO3fe APYruxX 3Be3f HEeBO3MOXHO
[aKe CerofHa n BpsAs4 N 6yaeT BO3MOXHO B 0603pyMOM ByayLleM. M XOTA HayYHO-TEXHUYECKUI
Mporpecc nocrewlaeT Bnepes CEMUMUIbHBIMU LLAraMu, CyLLECTBYIOT 3amnpeTbl NPUHLMMNANLHOTO
xapakTtepa. naHeTbl, KaK W3BECTHO, MNPeLCTaBNstOT cobOoM HebecHble Tena, KOTOpble CBETAT
OTPaXeHHbIM CBETOM CBOEro COJ/HLA, MO3TOMY MX 61ecK Ha (OHe CUAHMA MaTepUHCKOM 3Be3fbl
MPaKTUYeCKn Hepasimumm. PasrfisafeTs YyTOUHYHO UCKOPKY Ha (DOHE NOMbIXaroLLEro KocTpa A0 CUX
rnop He yfaBanoch eLle HUKOMY. Bo3MOXHO, 4TO B LieHTpe MneuHoro MyTw, rae 38e3sbl consaroTcs
B TECHblE CTau, BU3yaslbHOE OTCMEeXMBaHWE MNaHeT He MpeAcTaBnseT 0CoObIX TPYAHOCTENR, HO Ha
nepudepun Hawein anakTMky ukcaums nnaHeT Yy COCeAHUX 3Be3 0b6opaynBaeTcs MoyTw
HepaspeLlunmoii 3afadeil. CnvpasibHble pykasa MneuHoro MyTu, B 04HOM M3 KOTOPbIX Mpo3sbaeT
Hawe ConHue, oTCTOAWee OT LeHTpa [anakTkM Ha 26 TbICAY CBETOBbIX JIET, HE MOryT
MoXBacTaTbCA BbICOKOM MIOTHOCTLIO 3BE34HOIO HaceneHWs. OTO OTHIOAb He [onnaHaus, He
Benbrus n He ponuHa aHra, rae MlOAWM CUAAT APYr y Apyra Ha rosioBax, a ckopee AKyTUS vau
YykoTKa. B Hawmx ranakTMyeckmx LUMPOTax OYeHb MHOrO0 CBOGOAHOr0 Mecta. HarnomHio Bawm,
ymTaTeslb, YTO Aaxe 6nvKaLLne 3Be3/bl ieXXaT HeBOOOPa3MMO AaseKo: paccTosHue Ao MpoKCuMbl
LleHTaBpa (KCTaTw, «NpoKCHMa» B MepeBofe C NaTbiHM 03HayaeT «Ovxaiias») coctaBnseT 4,3
CBETOBbIX r0ja, 3HaMeHuTasa «/1eTawan» 3e3fa bapHapaa otctout ot CosHua Ha 6 CBETOBbIX JIET,
a Ao Cupuyca — camoin ApKoWi 38e34bl Hallero Heba — MOYTN 9 CBETOBbIX JIET.



Ecnmn B3ATb Ky6 CO CTOPOHOM B 10 CBETOBbIX JIET, TO B HEM B JIyuLLeM C/ly4ae MOMecTATCS
[Be-Tpy 3Be3fbl. A BOT B 3ayps4HOM LUAPOBOM CKOMJIEHUW, NeXallem Henoganeky OT LeHTpa
lanaktvkn (B coctaBe MneyHoro IMyTn Takmx ckonneHuid okono 200), Ha 100 Ky6uyeckmx
CBETOBbIX /1T MPUXOAUTCA HECKO/IbKO COTeH 3Be3f. [/10THOCTb 3BE34HOr0 HacefieHns Tam B
HECKO/IbKO TbICAY pa3 Bbllle, N HOYHOE HEeBO B Tex KpasiX A0/KHO ObiTb HEOObIKHOBEHHO SIPKUM.
WTak, mofyepkHeM elle pa3: MPsAMOe ONTUYeCKOoe HabNIOLeHWEe BHE-COSIHEeYHbIX MaHeT (uiu
3K30M/1aHeT, KaK UX CTa/In Ha3blBaTb CErofAHA) He NPeACTaBAeTCA BO3MOXHbIM.

Ho ecnm 3K30niaHeTy Henb3f O6HapY)XUTb HEMOCPeLCTBEHHO, TO, ObITb MOXET, B
PacropsPKeHNM COBPEMEHHON aCTPOHOMUM MMEKOTCS KOCBEHHble METOAbl WX BbISBNEHMS? B
HacTosLLee BpeMs TakuX MEeTOLOB MPeAJ/IOXEHO HECKOSIbKO — aCTPOMETPUYECKMIA cnocob, MeTof
Ny4YeBbIX CKOPOCTel, HabnoAeHne TPaH3UTOB M HEKOTOpble Apyrne. A He CTaHy BAaBaTbCA B
TEXHWUYECKME LeTain U MO KOCTOUKaM pa3bupatb KaXKblil U3 3TUX NOAX0A0B, & OTMeYY TO/bKO, YTO
OONBbLUMHCTBO COBPEMEHHBLIX METOLOB OOHAapY)XXeHMSi 3K30M/JaHeT OCHOBbIBAETCA Ha Yy4yeTe
rpaBUTaLMOHHBIX BO3MYLUEHWUI B ABWMXKEHWM 3Be3f. [eno B TOM, 4YTO /1l060e MaccuMBHOe Teno
(Hanpumep, nnaHeTa), Bpallascb BOKPYr 3Be3/bl, BO3AENCTBYET Ha Hee CU/IOM CBOErO TArOTEHUS.
Mpy 3TOM njiaHeTa Kak Obl C/ierka NoATArMBaeT 3Be34y K cebe, a MoCKO/bKY 3a CYET ABVKEHUS No
opbuTe OHa MEepuoaMYecKn OKasblBAeTCH MO pasHble CTOPOHbI OT CBETWNa, TO M 3Be3fa
MepuoAMYECKN CMeLLAeTCa B pasHbIX HamnpaBneHUsX MNOA [LEeACTBMEM rpaBuTaLMu MNIaHeTbl.
[pyrvMun cnosamu, ecnuv niaHeTa ABvKeTCs No opouTe BOKPYr MaTePUHCKOW 3Be3/bl, TO U 3Be3/a,
B CBOK Ouepefb, He OCTaeTCs HernoABWKHOW, a OMNUCbIBAET KPOXOTHYH OKPYXXHOCTb B
MPOCTPAHCTBE MOA BAUSHWEM CU/T TATOTEHUSI CBOEr0 €CTECTBEHHOrO CNyTHMKA. TakuM 06pasom,
oba Tena B LeNCTBUTENbHOCTU BpaLLalOTCA BOKPYr O6LLEro LeHTpa macc, KOTOpbIA acTPOHOMbI
Ha3blBatoT 6aPULEHTPOM.

Pa3ymeeTcs, macca MNfaHeT HUYTOXKHO Masia MO CPaBHEHWIO C MAacCcOi 3Be3fbl, MO3TOMY
pasmax ee KonebaHuin BecbMa HeBenuMK. Ckakem, CofiHUE MOL BO3LENCTBMEM MPUTSIKEHUS
FOnuTtepa (a aT0 camas MaccuBHas nnaHeTa) KonebneTcs OTHOCUTENBHO LeHTpa Macc COTHEUYHOM
CUCTEMbI CO CKOPOCTLIO BCero 12,5 meTpa B cekyHay. [na 3emnun nnu BeHepbl 3Ta BENNUMHA eLle
MeHbLLEe 1 cocTasnseT npumepHo 0,1 mMeTpa B cekyHAy. MOXHO cKa3atb, UTo COMHLUEe YyTb-4yTb
NMoKayMBaeTcs Npu [ABWXKEHWM MaHeT Mo CBOMM opbwutam, a 6apuueHTp CONHEYHON CUCTEMbI
NeXUT, Takum o006pa3oM, BHYTPW Hawero cBetuna. [lo caMoro HefJaBHEro BpeMeHU
4yBCTBUTE/IbHOCTb ~ annapatypbl, WMEHLEeNca B pPacnopsXKeHun acTpOHOMOB, 6blfa  SIBHO
HefoCTaTOuHa, YTOObl 0OHAPYXXUTL NIerkne HebecHble Tena 'y Apyrux 3se3f. V1 XoTa Takue nornbITKu
HEO[HOKPAaTHO JAenancb, BCe OHW HAxXOAWMUCb Ha Npefene 3KCNepUMEHTa/IbHOW TOYHOCTM U
nozsepraincb 060CHOBaHHOMY COMHEHMUIO.

MMonoXxeHne M3MeHMNOoCL TOMbKO B Hayasie 90-X rofoB MPOLUIOro Beka, KOrga MosiBUIUCH
CNEeKTPOMETPbI HOBOrO MOKOJIEHUS, MO3BO/SABLUME TOpPa3fo TOUYHee M3MepsATb JlydeBble CKOPOCTU
3Be3n. UTo Takoe nyyeBas CKOpocTb? Ecnv y 3Be3gbl MMeeTcsa CNyTHUK (4pyras 3Bes3fa wau
nnaHeta), TO MNpU ABVKEHUW BOKPYr 6GapuueHTpa /yveBas CKOPOCTb 3Be3fbl (CKOPOCTb ee
NPUBIVXXEHUA UNW yaaNeHnst OT HabnogaTens no nyyy 3peHus) 6yaeT UCNbITbiBaTb KONebaHus ¢
nepuoaoM, paBHbIM Nepuogy O06palleHnI0 3Be3dbl BOKPYr LeHTpa macC. YyBCTBUTENIbHOCTb
annapaTtypbl B KOHUe XX CTONeTusi BbIpoC/ia, MO KpalHeln Mepe, Ha MOPSAOK, TaK YTO CTalo
BO3MOXXHbIM HaX04MTb BHECO/IHEYHbIe M1aHeThbl, CONocTaBMMble Mo Macce ¢ KOnuTepom.

MoMMMO acTPOMETPUYECKOTO METOAA U METO/A IyUeBbIX CKOPOCTEN, CYLLECTBYET €lle OAuH
Cnoco6 O6HAPYXXEHWUs 3K30MMaHeT — TaK HasblBaeMoe Hab/ofeHre TpaH3uToB. Ecnn noiimathb
MJaHETY B MOMEHT €€ MPOXOX/EHNS MO ANCKY 3Be3/bl, MOXXHO HE TO/bKO BbIUMC/IUTbL €€ Maccy, HO
1 onpefennTb pasmepbl (06beM), a CnefoBaTeNlbHO — paccuMTaTb MNIOTHOCTb. PasymeeTcs,
Pa3NIMUUTL TEMHbI KPY)XXOK Ha TOYEUHOM JVCKe 3Be3/ibl HeMb3s ([aXKe B CaMblii MOLLHbI TENECKON
3Be3/bl BbIrNAAAT 6e3pa3mMepHbIMU TOUKaMU), OHAKO U3MEPUTb HEBOMbLLIOE YMEHbLLIEHME NOTOKa
CBETa OT 3Be3[bl BMOJIHE BO3MOXHO. K COXaneHuto, MEeTof Hab/MofeHUs TPaH3UTOB TPebyeT
BbINO/IHEHMS  OCOObLIX YCMOBWIA: MNnaHeTa, ee 3Be3fa W 3eMHOW HabnogateNb [AO/MKHbI
pacrnonaratbCsi B OfHO/ MAOCKOCTM (B MJIOCKOCTW KEMepoBCKOW Op6WTbl, Kak FoBOPSAT



acTpoHombl). Takad yfaya BbiNagaeT CPaBHUTENILHO PefKo, MNO3TOMY Ciydau HabngeHus
TPaH3UTOB MOXXHO OYKBa/IbHO MepecymTarth Mo naibuaM. TeM He MeHee OBUMHKA CTOUT BbIJENKMU,
160 TO/MIbKO C MOMOLLbKO 3TOr0 MeTofa YAaeTca U3yUnTb Psf, BXKHbIX XapaKTepUCTUK 3K30M/IaHET,
M3MEepPUTb NX Paguyc 1 Laxe UCCNeaoBaTh CBOMCTBA UX aTMochep.

MepBbli ycnex BbiNal Ha [OM0 LIBeWLapckux acTpoHomoB M. Maiiopa n [. Ksenoua,
KOTOPbIM MOBE3/10 O6HAPYXXWUTb MIaHeTy BO3/e CONMHLENOA06HON 3Be3fbl, 0603HAYeHHON B
Katasiore Kak 51-a B co3ge3gum [Meraca (51 Peg). 310 3HaMeHaTe/lbHOe COObITUE MPOU3OLLIO B
1994 rofy, 0fHaKO XapaKTepuCTUKM MEepBOI 3K30MIaHETbl OKa3a/ICh HaCTO/IbKO HEOXMAAHHBLIMMU,
YTO Y4eHble pewwnan 3agepatb MybnMkauuio, 4TOObl Kak crefyeT MepenpoBepuUTh CBOU
pesynbTathl. K 1995 rogy Bce COMHeHWs oTnasu, U OTKPbITUE Bblynnaock. HoBad nnaHeTa y 51
Meraca nopaxana BOO6paxeHue. Ee Macca NpUMepHO paBHsANack Macce KOnuTepa, a pacctosiHue oT
MaTepUHCKON 3Be3abl cocTaBnsno scero 0,05 acTPOHOMUYECKOM eauHUUbl, TO ecTb B 20 pa3s
MeHbLUe, YyeM oT 3emnn fo ConHua (1 gadxke noytn B 8 pa3 MeHblUe, yeM oT ConHua fo Mepkypus).
MnaHeTa coBepliasa MOMHbIA 060pOT BOKPYr 3Be3gbl 3a 4,2 CYTOK — TakoBa Oblna
NPOAO/KNTENLHOCTL ee rofa. Ws3-3a 6/1M30CTM K CBETUY Temrepatypa ee MOBEepPXHOCTU
npesbiwana 1000 rpagycos no KenbBuHY.

CkasaTb, YTO Hay4HblA MUP OblSl MOBEPrHYT B COCTOSIHME LUOKA, — HUYEro He ckasatb.
MnaHeTHas cuctema 51 lMeraca okasasacb COBEPLUEHHO HenoxoXkelk Ha COSIHEYHYK CUCTEMY.
OceHbto 1995 roga Maiiop 1 KsenoL, A0N0XWAN 0 CBOEM OTKPbITUM Ha KOH(epeHuun B tanuu, a
NNaHeTbl YCNOBUAMCL HasblBaTb MO WMMeHM 3Be3dbl C fobasneHMeM OykBbl «b» ansa nepsoii
Hal[EHHON nnaHeTbl, «C» — [ANF BTOPOM W Tak fanee. lNMoHavasy acTpOHOMbI Tewwmn cebs
HaZeX 0N, 4TO LUBEALapLeB Yropasamno HaTKHYTbCA Ha KaKyl-TO aHOMavio, HebbiBasyto
PeAKOCTb B MUpe MjaHeT, OAHAKO MNOCNefylolme HaxO4KM 3acTaBuiM B3rMIAHYTb Ha BeLn
no-vHomy. OyepeaHas 3K30M1aHeTa MMesa Maccy BUYeTBEpPO 60/bLLIYHO, YeM Y KOnuTepa, a nepuog,
ee o0pallleHns BOKPYr MaTepuMHCKON 3Be3fbl (TO ecTb rof) okKasaics eule Kopoye — 3,3 CYTOK.
BriocnenctemMm nnaHeTbl MOLOOGHOrO TUMa CTa/lM HasblBaTb «rOpAYMMM OnNuTepamu». pasga, B
1996 rogy amepukaHckuM actpoHomam . Mapcu u M. batnepy Bpoge 6bl yaanocb 06HapYXUTb
NJaHETHYIO CUCTEMY, OTYacTM HarnomuHawolwyr CONHeYHylo, Y 3Be3fdbl UNCUIOH AHAPOMeb
(?And), ofHako 60nee BHMMaTE/IbHbINA aHa/IM3 NoKasasl, YTO CXOACTBO 3TO Kaxylleecs. B cucteme
?And BOKPYr MaTepUHCKOI 3Be3fbl KPY)KaTcs TPU BeCbMa YBECMCTble MaHETbl, MpPUYeM Macca
Onvkalen U3 HUX HEMHOrO MeHbLUe Maccbl KOnuTepa, a ABe Apyrue TsXKesiee Hallero rasoBoro
rMraHTa B [Ba W 4YeTblpe pas3a COOTBETCTBEHHO. [epBas (camas nerkas) nnaHeta — TUMWYHbINA
«ropsunii ronuTep» ¢ pagnycom opoutsl 0,06 a. e., a BOT [Be ApYrue nexar Ha BrosiHe NPUAnNYHbIX
pacctosHnax — 0,9 n 2,5 a. e. OiHAKO 0pOUTHLI ITUX JANIEKMX 3K30MIaHET HE UMEKOT HUYEro 06LLero
c op6butamm nnaHeT COMIHEYHOM CUCTEMbI, MOCKONbKY 006/1a4al0T BECbMa 3HAYUTE/IbHbIM
aKcueHTpucuTeToM. K COXaneHuto, onsaTb HeyBA304YKa. CNMCOK BHECOTHEUYHbIX MIAHET NPOAO/ KA
HEeYK/IOHHO MOMOoMHATLCHA, U K cepeanHe mapta 2007 rofa HacuuTbiBanioCcb YyKe 182 3Be3fpl,
0b6peMeHeHHbIe MnaHeTamu. A MOCKO/IbKY B HEKOTOPbLIX CUCTEMAaX YAanoCb 06HaPYXXUTb HECKO/IbKO
nnaHeT, NX o6LLEee KONNYECTBO NpeBbicKno yncao 200.

Takum 06pa3oM, Ha CErofHSLLIHUIA AeHb aCTPOHOMbI pacrnonarakT MyCTb OrpaHWYEHHOR, HO
BCE XXe [0CTaTOYHO OOLUMPHON CTATUCTMKOW, HA OCHOBaHMM KOTOPO MOXHO YTBEpXAaTb, YTO
npumepHO 4 % 3Be3f, 61M3KMX K CoHLY NO CNeKTpasibHbIM CBOMCTBaM, 06/1aaat0T NiaHETHbIMM
cUcTEMaMM UM OAMHOYHBIMW NaHeTaMu. Y YyTb 60/1ee ropsayunx U YyTb 60/1ee XONOAHbIX 3BE3[,
Knaccos F n K (HanoMHuM, 4To Hate CosiHLEe OTHOCUTCA K Knaccy G) nyiaHeT 06Hapy»KeHO COBCeM
Mano. PazymeeTcs, 3TO He 03Ha4aeT, UTO Y ropsaunx Genbix 1 ronyobiX 38e3[ MnaHeTbl OTCYTCTBYHOT
B leICTBUTENBHOCTU; NPOCTO METOZ Ny4YeBbIX CKOPOCTEN He YHUBEPCA/IEH U M/I0X0 paboTaeT, ecu
3Be3[ja IMeeT HECMNOKOWHYHO (hoTochepy.

Ho camas rnasHas npobnema 3ak/04vaeTcd B TOM, UTO MPaKTUYECKM BCE HOBOOTKPbITbIE
9K30MMaHeTbl WX MNaHeTHble CEMeCTBa AEMOHCTPUPYIOT pasunTesibHoe oTanune oT COSIHEYHOM
cucTeMbl M ee nnaHeT. TONbKO B €AMHWMYHBIX Cy4vasx YAanocb O6HapY>XUTb M/aHeThl,
obpaLaroLmecs no KpyroBbIM WM MOYTM KPYroBbIM OpbUTaM Ha [OCTAaTOMHOM YAaNneHWu OT
MaTepUHCKON 3Be3fbl. Bce mpoune nnbo KpyTATCS, Kak 6e3ymHble, BIPUTLIK K CBOEMY COJHLLY,



pasorpeBascb [0 COTEH W TbICAY rpagycoB (a BeAb peyb MAET O ras’oBbIX rMraHTax pasmepom C
KOnutep, a T0O K 60fblle), MO0 HAXOAATCA Ha Pe3KO IKCLEHTPUYECKMX opbuTax, 6osblue
HanoMUHaroLWMX opbuTbl KOMeT. YTO 6bl Bbl CKa3a/v O MNiaHeTe, B HECKO/bKO pa3 NPeBOCXOAsLLEN
no macce HOnuTep, KOTOpas TO MPUOAMXKAETC K MaTEepPUHCKOWA 3Be3fe MOYTU BMIOTHYH, TO
ynetaeT 3a opouTy HenTyHa? A MeXay TeM UMEHHO TaK CMJoWb M PAAOM YCTPOEHbI NiaHeTHbIe
CEMEICTBA YYXXMX COJHL,

B nocnefHee BpemMsi aCTPOHOMbI 3aroBopu/iM 06 «OYeHb ropaumx tonutepax». OfHa Takas
nnaHeTa, B NonTopa pasa npesblwarowas Konutep Mo macce, Oblna CPaBHUTENIbHO HeLaBHO
O6Hapy)keHa Yy 3Be3bl CONHeYHOro Tuna. OHa pacrnosiokeHa Ha paccTosHuMM 3,3 MWUIIMOHA
KnnometpoB (0,02 a. e.) OT poanTeNbCKON 3Be3/bl (CpeaHee paccTosiHne Mepkypus oT ConHua — 58
MWJIMOHOB KW/IOMETPOB) M 06paLLaeTcs BOKPYr Hee 3a PEKOPAHO KOPOTKMA CPOK — 1,2 CyTOK.
MatepuHckas 3Be3fa C MOBEPXHOCTU 3TON YHUKaNbHOW MNaHeTbl BbIMSAMT Kak HeBOOOPasMMO
OrPOMHbI, MbIWYLLMIA KcnenensowmmM orHem wap (B 50 pa3 60sbLe B nonepevHuke, yem ConHue
Ha 3eMHOM HeBOCK/I0He).

Heob6bluHble  MNJaHeTHble  CeMeCcTBA  APYrux  3Be3f  PewuTeslbHO  MpoTMBOpeYar
06LLENPUHATON Teopun 06pa3oBaHUsA NIAHETHBIX CUCTEM, COriacHO KoTopol CosHUe W NnaHeTbl
POAUSINCL U3 Ta30BO-MbINEBOr0 AMCKA MPaKTUYeCKW OAHOBpPeMeHHO. Bce nnaHeTbl COHEYHOM
CUCTEMbI pacnajaloTca Ha fge 60/blune rpynmbl: CPaBHUTENbHO HebOo/bLUMe TBEPAbIe LWapUKK C
BbICOKOW M/IOTHOCTLIO, CIOXEHHbIE CKa/lbHbIMU MOPO4aMW, W ra3oBble TMraHTbl, Ybf CPeLHss
MNOTHOCTb Masio OT/IMYAETCA OT MJIOTHOCTU BOAbl. PasHuua mexay O60nbwumy 1 MasbiMU
nnaHeTaMn OOBACHAETCA TeM, 4YTO Tra30Bble [UraHTbl POXAAINCb B LEHTPaIbHOW YacTu
MpoTO3Be34HOro 06s1aKa MyTeM MOCTEMEHHOr0 Ha/MMaHUA OrPOMHbIX Macc rasa Ha nepBUYHOe
nefjsHoe S4PO, a Masble MaaHeTbl (hOPMUMPOBAIUCL Ha ONVMKHEN W JanbHel nepudepun
ra3oBo-MblNEBOr0 AMCKa, rhe BellecTBa Obl10 BecbMa Herycto. O6pa3oBaHMe MiaHeT 3eMHOM
rpynnbl MbICIUTCS Kak pe3ynbTaT MHOFOKPaTHbIX CTOMIKHOBEHWA W CMVSHWUIA TaK HasblBaeMbIX
nnaHeTasumanein (NNaHeTHbIX 3apofpllleid) € NOCNefyloWUM UX pa3orpeBoM 3a  CcyeT
PafMOaKTUBHBLIX 3/IEMEHTOB, OCEBLUMX B AApax TBepAblX nnaHeT. [MOoCKoNbKy nepBUYHOE
ra3oBo-MNblfieBoe 0671aK0 MMeNo (HopMy BpaLLAOLLErocs BOKPYr BEPTMKalbHOM OCU AUCKa C
YTO/ILLEHNEM B LiEHTpPe, OpbuTbl BCEX MJIAHET [LO/MKHbI MPeAcTaBnATb CO60M MOYTU NpaBU/bHbIE
OKPY>XHOCTM U NeXaTb B OAHOI MNOCKOCT. BO BCAKOM Crydae, Tak rnacut 06LLENpUHATas Teopus
nnaHeToo6pazoBaHms.

Mexay TeM 3K30MnaHeTbl U 3K30MNJaHETHble CEMECTBa YNOPHO He XKenatoT BNUCbIBATLCA B
CUI0 MAWNTMYECKYIO KapTUHY, NO3TOMY acTpou3MKaM ¥ NaaHeTosioraM NpuXoanTCs NoAbICK1BaTb
apyrne 06bAcHeHMst. W ecn HeoOblYHblE CBOWCTBA MEPBbIX BHECOMHEYHbIX MaHeT MoHavany
paccMaTpUBa/INCh Kak HeKas aHOMaIvs, TO HOBble OTKPbITUS NMOOYXAAKT 3a4yMaTbCs O TOM, YTO
aHOMa/IMein, ckopee BCEro, cnegyet cumtatb Hawy COMHEYHYK cucTemy. UT06bl 06BACHUTH
(heHOMEH «ropsuMX HOMNUTEPOB», Obla NPEAIOXEH MeXaHU3M MUrpauuu, NpeacTaBNAoLWMA coboi
Me[/IeHHOe Crosi3aHue NjaHeT C BbICOKUX OpOuT, rae OHW MepBOHAaYasibHO 06pa3oBanCh, Ha
OpOUTbI HU3KME, OKOM03Be34Hble. TO 06CTOATE/NILCTBO, UTO OHWM HW B KOEM C/lyvyae He MOr/u
POAUTLCS B HEMOCPEACTBEHHOM 6/IM30CTM OT MaTEPUHCKON 3BE3Abl, FA4e U HaXOAATCA MO Celi AeHb, Y
O0NbLUMHCTBA M1IAHETO/IONOB COMHEHWIA He BbI3bIBaeT. JOMNONHUTE/IbHLIM apryMeHTOM B MOJb3y
«[ANIEKOTO»  POXAEHWS  «TOPSAYMX  HOMUTEPOB»  SBAAKOTCA  O0OHApY>EHHblE  aCTPOHOMaMW
ra3oBo-nblneBble 06/1aKka B CTagum popMupoBaHuns nnaHeT. O6LIMPHas 30Ha BOKPYT 3Be3[bl BCerja
4MCTO MOAMETEHa, CBOOOAHA OT NbIAN U rasa, MOTOMY YTO MJIOTHOCTb 3BE34HOMO U3/yYeHUs 3[eCb
HaCTO/IbKO BbICOKa, YTO Harpoyb BbIMETAeT BECb MyCOp Ha nepudgeputo. Moatomy matepuan, u3
KOTOPOro hopmMmpytOTCH HU3KOOPOUTa/IbHbIE «TOPSYME HOMUTEPbI», MOXKET HaxXOAWUTLCA TOMbKO Ha
PacCTOSHUN HEe MeHblUe MATM aCTPOHOMWUYECKUX eAuMHUL, OT POAUTENbCKOW 3Be3fbl. Mo Bcei
BUAMMOCTM, MeXaHU3M MUrpauuy BK/IKOYAETCA O4YeHb paHO, a COObITUS pPa3BMBAIOTCA BeECbMa
CTPeMUTENbHO: efiBa YCMNeB POAMTLCH, MIaHETbl HAYMHAKOT CKOMb3UTb MO MOMIOFOM Cnupasnm K
CBOEMY COJIHLY, NOKa NPUMBHbIE B3aMMOAENCTBUSA 3Be3/bl U NMAaHETbl HE CTaBUNN3NPYIOT OpoUTY
«ropsiyero tonuTepa» BMJIOTHYK K 3Be3fde. Bnpouem, BNOSHE BO3MOXEH W ApPYroin cueHapui:
rpaBuTauMs MaTepPUHCKOM 3B€3Abl MOCTOAHHO TOPMO3WUT MaHETy, MOKa Ta He PYyXHEeT no



CY>KUBAIOLLIENCSA Cnupann Ha CBOe COJTHLE U He CrOPUT B ero Hegpax.

MPUTUCHYTbIE BM/IOTHYKO K POAUTENbCKONM 3Be3fe, ra3oBble MMraHTbl SBAAKTCA HACTO/bKO
3aypafHbIM SBMIEHNEM, YTO OCTAeTCA TO/IbKO pa3BecTu pykamu. deHomeH COMHEYHOW CUCTEMbI HE
Haxo4uUT BHATHOTO O0O0bACHEHWA. [OKTop (M3nKo-matemaTtnuuecknx Hayk J1. KcaHdgomanuty,
COTPYAHUK VIHCTUTYTa KOCMUYECKUX uccnefoBaHnini PAH, nuweT 06 3ToM cnefyowyM o6pasom:
«BHeCcoNHeYyHble MnaHeTbl npegiaratoT TeOpPeTUKaM CTO/IbKO BOMPOCOB, YTO BMOPY BCHO TEOPWIO
06pa3oBaHNA MNyiaHeT nucaTb 3aHOBO. A HaMBHbIA BOMPOC: MOYEeMy MUrpauMnm HeT B Hallel
Co/HeYHon cucTeMe? — UM flydlle He 3afiaBaTb». TeM 60/iee He CTOUT CrnpaliMBaTh CreLnaIncToB
0 Opyrux u3anyeckux mnapameTpax ak3onnaHet. [MpuHMMasa 3a Touky oTcyeTa COSIHEYHYHO
CUCTEMY, Mbl Brpase MPeAnosioKNTb, YTO CPeAHAA MIOTHOCTb asoBbIX FMIaHTOB BO3/E YYXKMX
COMHL, (ropsuve OHW WA XONOAHble — MPUHLUMNUAILHOIO 3HAYEHUA He WMeeT) [LO/DKHA
YKNafblBaTbCA B 3HAKOMble BEMIMUMHBI, M0 OTINYAKOLLMECS OT MIOTHOCTM BOAbl. OAHaKo He
TYT-TO 6b110! CpefHAS MNNOTHOCTb MAaCCUBHBIX 3K30MMaHET «M/1aBaeT» B OYeHb LUMPOKUX Npesenax
— OT NOJOBWHbI NAOTHOCTK KONMUTepa [0 HECKONbKKX MAoTHOCcTen CaTypHa. Hanpumep, ogHa 13
TakMX NaHeT, owyTnmo yctynawowas Konutepy B AuameTtpe, OCHOBaTe/IbHO NPEBOCXOAMT €ro rno
macce, M3 4ero cfiefyet MpPeanosiokKnTb, YTO OHA 00/1afaeT YBECUCTbIM AAPOM U3 TAXKesbIX
3/1leMEHTOB, Ha KOTopoe npuxoautcs Ao 0,7 macCbl HOBOM 3K30MaHeTbl. Ma30Bble ruraHTbl B
CO/HEYHOIN cucTeMe He MOryT NOXBacTaTbCs CTOMb MAOTHLIM SAPOM, TaK 4YTO B CTaHAAPTHOW
TEopuK MPOUCXOXAEHNSA NNAHET 3TOT (PAKT He HAXOAUT BPa3yMUTEIbHOIO OO BACHEHUS.

PeHOMEeH «ropsAYnX HOMUTEPOB» aCTPOIU3NKKL C TPEXOM MOMosiaM 06bACHUIN, HO OCTaKoTCA
ele «xOM0fAHble HOMUTEPbI», CMMOWbL W PAAOM OMNUCbIBAKOLLME BOKPYr MAaTepUHCKOW 3Be3fpbl
HaCTO/IbKO PacTAHYTbIe 3/IUMNCbI, KOTOPble 60/bLUe NPUCTasn LONTOMEepUOSUYECKUM KOMETaM,
BPeMS OT BpEMeHM Yy/eTaloWwum B HUKyAa. MNpaBaa, KOMMbOTEPHOE MOAENMpOoBaHMe Bpoge Obl
MOMOI/I0 NPOMUTL CBET Ha 3BOJIIOLMIO MMNAHETHON CUCTEMbl UMCUAOH AHApOMenbl («ropsavnii
tONuUTEP» Ha HU3KOW OpbuTe 1 Be AaneKue MnaHeTbl C OTYET/IMBLIM 3KCLEHTPUCUTETOM 0pouT). C
[PYroii  CTOpPOHbI, MOZenu MofensM pPo3Hb. Hanpumep, COTPYAHUKM  BalIMHITOHCKOrO
yHuBepcuteTa B CUaT/e NoYemy-TO MPULLIN K BbIBOAY, YTO GO/bLUMHCTBO 3K30MIAHET, CXOAHbIX
no pasmepam ¢ 3emneii (Ha BCAKWIA Cny4ail Ans CNpaBKW: HW OfHa Takad MnaHeTa noka 4YTo He
Habnoganacb, M60 UX O6Hapy)KeHWe NEXWUT 3a npefesiaMmy COBPEMEHHbLIX acTPO(U3NYECKUX
MeTO/0B), AO/MKHbI 6bITb BOAHLIMU MUpamu. OHM TacoBa/IN pa3/INyHble CLEeHapun NiaHeToreHesa,
N KaKAbIA pa3 Ha Aucriee BO3HUKAIM YeTblpe 3eM/enofo6Hble niaHeTbl, caMas MaleHbkas w3
KOTOpbIX Oblfa BNATEPO MeHblUe 3emMnn, a camasd 6osnbliafd — B 4YeTblpe pasa Gosblie. Mpwu
KOMMbIOTEPHOM MOJE/IMPOBAHUM Ha 3TUX BUPTYasibHbIX 3eM/SX HaKan/JMBasioCb HEeBepOATHOe
KonnyecTBo BoAbl — B 300 pa3 6onblue, YeM Ha peasibHON 3emMne, Tak YTO BCSA MX MOBEPXHOCTb
[0/MKHA 6bITb NOKPbITA BNEeYaTSoLWmMM OKeaHOM MHOTOKU/IOMETPOBOM TNY6UHbI.

Kctaty, a 4To MOXHO CKasaTb O MOMCKax MiaHeT 3eMHOro Ttuna? YBbl, HO MPaKTUYECKU
HMYero, TaK KaK 4yBCTBUTENbHOCTb METOAA Jly4yeBblX CKOPOCTEN MO3BONAET  HAAEXHO
06Hapy>XMBaTb TONbKO MNMaHETbI-rMraHTbl (MNaaHeTbl BO3/1E MyNbCapoB, O KOTOPbIX peyb MOnAeT
HVKe, — PeAKOe 1 CYACT/IMBOE UCKNIOYeHMe). CaMas MasieHbKas U3 HeflaBHO OTKPbITbIX 3K30M1aHeT
BpallaeTCqd BOKPYr KpacHOro Kap/ivka — 3Be3fbl CMeKTpasbHOro knacca M c Temnepatypoi
NOBEPXHOCTUN 2—3 ThbicAYM rpagycos KenbsuHa (y Hawero ConHua — 6 Tbicay). MNpeanonoXxxmTensHoO
OHa ABNAETCA TBEPAOW, TO eCTb COCTOUT M3 CKa/IbHbIX NOPOL, KakK 3emns, a ee mMacca OLEeHUBaeTCs
NPUMepPHO B 7,5 3eMHOI Macchl (3aMeTHO MeHblLUe, YeM Y HenTyHa nnn YpaHa). Bce 6bl HUYero,
0HaKo, K COXa/leHUt0, 3TO ONATh MNsiaHeTa Ha HU3KOW opbuTe (NpaBAa, No NPUYMHE CPaBHUTENBHO
HebO0/bLIMX Pa3MepoB Ha3BaTb ee HMUTEPOM» Kak-TO A3blK He MoBOpayMBaeTcs). Bokpyr cBoero
TYCK/Oro COMHLAa OHa obpatlaeTtcs 3a ABoe cyToK (1,94 AHA) U HaXOAUTCA OT HEro Ha PacCcToAHUM
TPY MUNNIMOHA KMNOMeTPOB — B 50 pa3 6nmke, yem 3emns oT ConHua. W X0TS KpacHbIA Kap/ink —
He yeTa HalLemy XXapKoMy CBETWU/TY, OH BCE XKe Pa30rpeBaeT NMOBEPXHOCTb CTPEMUTE/IbHO NETALLEN
nnaHetbl 4o 200—400 rpagycos no Lienscuto. XXm3Hb 3eMHOro Tuna TaM eAga /i BO3SMOXXHa.

OpfHako 0T4yamBaTbCA BCe XE He CTOWT, MOCKO/IbKY CTaTUCTMKA BHECO/IHEYHbLIX M/aHeT
faneko He nonHa. CKaxem, HeMaNbliAi MHTEpec npeacTaBnseT cucTema 3Be3gbl HD37124 B
co3se3amu Tenbla, rae 06HapyXeHbl TPY MIaHeThl, KaX4as U3 KOTOpbIX BABOe nerye KOnutepa, a



pagmycbl Ux opbuT pasHbl 0,5, 1,7 1 3,2 a. e. A NOCKO/IbKY 0CO60M TECHOTbI B CUCTEME 3Be3[bl U3
co3ge3ansa TenbLa He HabNIOLAETCA, TaM BMO/IHE MOXHO MPEAMNOoN0oXKUTL HAIMUME MNJIaHET 3eMHOI0
TMna. To e camoe OTHOCUTCA W K 3Be3ge 47 bonbwoi Mepaseauubl, Y KOTOPOW O6HapY>KeHbI
MacCVBHble M/1aHeTbl, HanoMuHatowme CatypH u HOnuTep, ¢ BeCbMa CXOAHbIMK MapameTpamu
opout. CnegoBaTenibHO, BO BHYTPEHHEN 06/1aCTVM 3TON CMUCTEMbI HE WMCK/IHOUYEHO CYLLECTBOBaHME
naaHeT 3eMHOro Tuna.

OfHako (hakT ocTaeTcsa (haKTOM: CTPOeHNe OpoUT NoAaBnAoLWwero 60/1bWNHCTBA IK30MNaHeT
faKe OTHafIeHHO He HanoMuHaeT COMHEYHYK cucTeMy. BRoTHYHO MPUTUCHYTblIE K CBOWUM
CO/HLAM pacKasieHHble ra3oBble Lapbl UK yberaroume no HeBOOOPa3NMO PacTAHYTbIM 31IUMNCaM
NefsHble TUraHTbl He WMeKT Huyero obwero c nnaHetamy CoNHeYHOW cucTeMbl. Ecnm
NPeLNoNoXnTb, YTO BO BHYTPEHHUX 06/1aCTAX HEKOTOPbLIX 3K30M/TaHETHBLIX CUCTEM OCTaeTCA MECTO
ON19 3eM/IENOA0OHBIX MNaHeT, TPYAHO MPeAcTaBUTb, KaKMM 06pa3oM OHM CMOTYT YueneTb, 160
MUrpaLms rmraHToB K 3Be3fe HEMUHYEMO NPUBELET K KaTacTPoghnMyecKoMy nepeceveHnto opouT.

[aXe aHaTOMUSA YYyXXMX ra30BbIX FTMraHTOB NPUHLMNUaIbHO UHasA. MHorve n3 HUX obnagarT
MacCVBHbIM APOM W3 TSHKE/bIX 3MEMEHTOB, Ha KOTOpoe npuxoautca fo 70 % Bceid macchl
nnaHeTbl. 3aMeTHO ycTynas B pasMepax Hawemy HOnuTepy wunv CatypHy, Takue HEeTUNUYHbIe
3K30MNaHeTbl OLLYTUMO MPEBOCXOAAT UX Mo Macce. B CONHEYHOW c1ucTeMe HUYero nogobHoOro He
BCTpeyaeTca. Bce aTu 3arafku, BMeCTe B3fiTble, MPUBOAAT K BeCbMa MeyalbHOMY BblBOAY 06
YHVUKa/IbHOCTU  Hallel MMIaHeTHOW cucTeMbl. [lnaHeTbl 3eMHO  rpynnbl  obpawjatoTcs Mo
YCTONYMBLIM Op6UTaM M B MPUHLMMNE CMNOCOOHbI BblTb KOMbIGENbIO XW3HW. [NaHeTbI-rUraHThl
HECMELUHO KPYXaTca B OTAAIEHUM M HUKOMY He MeLLatoT; 60siee TOro, CyLEeCTBYeT TOUKa 3peHUs,
COrNIaCHO KOTOPOM OHW BbINOHAOT BaXKHYK 3aWUTHYHO (YHKLUIO, MPUKPbIBas BHYTPEHHUE
NNaHeTbl OT HEOXMAAHHBIX aTak OnacHbIX HebecHbIX Ten. [eno JOXOAWUT A0 TOro, YTO HEKOTOpbIE
acTpogu3nKN NorosaprBaroT 0 CBOe0OPa3HOM BapuaHTe aHTPOMHOro NPUHLMNG, B COOTBETCTBUMN C
KOTOPbIM BO3HVKHOBEHME XM3HW Ha 3eM/ie TeCHEMLLIMM 06pa3oM CBA3aHO ¢ KonuTepom.

ACTpPOHOMMSA Kak HayKa pa3BuBasiacb Noj 3HaKOM HapacTaroLleli geueHTpanunsauum. CHavana
Mbl Y3Ha/IM, 4TO 3eMns He SABNSETCA LEHTPOM MUPO3LaHus, a npefcTaBnseT cobor BecbMa
CKPOMHOEe HebecHoe Teno, HeYTOMMMO CHytoLlee BOKpYr ConHua. 3aTeM BbISICHWMIOCH, YTO Halle
BE/IMKO/ENHOE CBETU/IO, 06OXECTB/ISIEMOe, NPEBO3HOCMMOE 0 HebeC 1 AapyroLLee YKN3Hb BCAKOM
TBapW, — 3aypsAHbIN XXeNTbI KapavK CnekTpanbHOro knacca G, KakoBbiX B cOocTaBe MeyHOro
MMyTn HacuMTbIBaeTCA TbMa-TbMyLLaA. [la 1 pacnonoXeHO OHO OTHIOAb He B LieHTpe ManakTuku, Kak
OMPOMETYMBO Monarain HekoTopble acTpoHoMbl XVIII cTonetus, a 060CHOBaA/IOCH Ha ee fJaNleKuX
3alBOpKax, rfe 3Be3f pas-fABa 1 064encs, Mexay ABYMS MblIbHbIMA CNUPabHbIMU pyKaBamn. A
Ternepb HaM TFOBOPAT, YTO AUCK MneyHoro lMyTu, 3Ta CKpyyeHHas B Tyroi ysen 4yaoBuLLHas
Knsikca ¢ nonepedyHnkom B 100 TbICAY CBETOBbIX /IET, €CTb HE YTO WHOe, KaK OfHa W3 COTeH
MWUNINAPAO0B FranakTWK, paccbinaHHbIX N0 He0603pMOoK BeceneHHOM.

Mbic/b 06 YHWKaNbHOCTM COTHEYHON CUCTEMbI NMPOLO/MKAET CUAETh, KaK 3aH03a, M3PALHO
0TpaB/As aCTPOHOMaM >XXM3Hb. KcaHpOMannTh nNuwweT:

Bce KpynHble nnaHeTbl COMHEYHON CUCTEMbI UMEKOT MOYTU KOMMaHapHble (PacnonoXKeHHbIe
B OAHONM NIOCKOCTW) CTabuibHble OPOUTbI C HU3KUM 3KCLEHTPUCUTETOM, MCKIHOYAOWMM UX
KaTtacTpogmueckne conmkeHmsi. ConHeYHas cuUCTeMa — 3TO CUCTEMA C HWU3KOW 3SHTPONueEN
(BbICOKOI YCTOMYMBOCTbLIO). HO MMEHHO BLICOKOSHTPOMUIAHLIE CUCTEMbI 3K30MMAHET, B KOTOPbIX
BbDKMBAKOT NNLLb CaMble MacCVBHbIE Tena, MOryT OKasaTbCA HOpPMOW. ConHeYHas cuctema morna
0KasaTbCsi COBCEM [pPYroi, Yem Ta, B KOTOPOM Mbl XMBEM. VK, MOXET ObiTb, Mbl XKNBEM B HEN
MMEHHO MOTOMY, YTO OHa He NMOX0Xa Ha Apyrue?

B 3akntoueHme ocTaeTcs cKasaTb, YTO MepBas 3K3o0mnsiaHeTa bblna 06HapyXeHa He 1994 rogy,
a Ha HeCcKoNbkKo /flieT paHbwe — B 1990-m, KOrga amepuKaHCKWA acTPOHOM  MOJIbCKOro
npomcxoxaeHns Anekc BonbuywaH (BonyaH B Apyroi TpaHcAuTepauvu) Hampasun  CBOM



pafmoTenieckon Ha cnabblil nynscap PSR 1257+12, Haxofdawmiica Ha pacctosHum 1300 CBETOBbIX
net ot 3emnn. o cBoeli (hM3MYeCKOM NpUpoge Mysbcapbl SBASKOTCA HEMTPOHHLIMU 3Be3Lamu,
KOTOpPbIE UCMYCKAOT MOLLHBIE, CTPOro Neproanyeckne MMMy nbCbl 31EKTPOMArHUTHOIO U3/TyYeHUs.
[MepnognyYHOCTE MMMY/BLCOB Y KaXKAOro nysbcapa CTPOro MHAMBUAYalbHA U OObIYHO NEXWUT B
npegenax ot 640 MMNynNbCOB B CeKYHAY A0 O4HOrO MMMy/bca 3a NATb CeKyHA. CTpeMuTeNbHO
BpallatoLLasnca HeTPOHHasA 3Be3fa MpefcTasnseT COO0M, MO CyTW fena, TMraHTCKWIA MarHuT, a
BLOMIb NPSMOM, COEAMHAIOLWEN MOoMica 3TOF0 MarHuta, KOTOPbIA KPYTUTCS Kak Yropesibli,
BbIIETAIOT TaK Ha3blBaemble [HKETbl — MOLUHbIE CTPYW packaleHHON nnasmbl M (POTOHOB.
MepeMeHHOCTb 611ecka 06bACHAETCA NPOCTO, TaK KaK MarHUTHBIA NOMKOC He 0653aH fieXaTb Ha 0CK
BpalleHus (MarHWTHbIE Motoca 3eM/IN TOXeE He COBMaZJatoT C TOUKOM reorpauyeckmnx nostocos).
Bbinetarolas 3MeKTpoMarHMTHas CTpys OMMCbIBAaeT KOHYC BOKPYr OCW BpalLeHus, a Mbl BUAUM
nynbcap TO/MbKO B Te MOMEHTbI, KOrja OH «CMOTPUT» NpAMo Ha 3emsto. Yepe3 MrHOBEHME OH
OTBOPaYMBaeTCA MU YXOAUT B CTOPOHY, C TEM YTOObI ONATb BEPHYTLCSA CNYCTH HEKOTOPBbIA, CTPOro
(PMKCMPOBaHHbIM MPOMEXYTOK BPEMEHW.

IMOCKOMbKY Mepuof NynbCcapoB WCKNHOUMTENbHO cTabuneH (Bnnotb 0 10-14cekyHp),
NYYeBYHD CKOPOCTb HENTPOHHOM 3Be3[bl MOXHO W3MepUTb C TOYHOCTbO [0 1cm/c, 4To
COBEPLUEHHO HEeAOCTYMHO A/19 06bIYHbIX 3Be3[. ELLe TOYHee MOXHO OnpeseinTb ee NepuoguYecKoe
CMelLLeHne npu obpalleHnn BOKPYr 6apuLeHTpa, MO3TOMY Y My/ibCcapa He COCTaB/seT 60/1bLIoro
Tpyfa 00Hapy)XuTb MNaHeTbl C Maccoil nopagka 3emin. Ho NocKosbKy CyLeCTBOBaHWE MNIaHeT Y
MyNnbCapoB HWKOMY He MOr/I0 MPUBUAETLCA [LaXKe B KOLIMapHOM CHE, acTPOHOMbI MOMpoCTy
MaxHY/ Ha HUX PYKOM.

A BOT Anekc BonbLliaH HapyLumn Tpaguumio 1 He nporagan. AHanm3 Bapuaumin nynbcapa ¢
4acTOTOW MMMY/LCOB 6,2 MUNNUCEKYH/bI NOKa3a/, YTO BOKPYr HEMTPOHHOW 3Be3/bl 06palatoTCs
LefbIX TPWU MNaHeTbl, MacCbl KOTOPbLIX BMOMIHE conocTasuMbl ¢ Maccoi 3emnu (0,02, 4,3 n 3,9
M,,CO00TBETCTBEHHO). Op6UTLI, N0 KOTOPbIM OHW [ABMXXYTCS, NMOYTU KPYrosble 1 coctasnsaoT 0,2,
0,4 n 0,5 a. e. MMepvogbl obpalleHns Toxe npuvemnemble — 25, 66 1 98 cyTtok. lNMpobnema
3aKNo4aeTcs B TOM, YTO COBEPLUEHHO HEMOHATHO, KakMm 00pa3om 3TW MJiaHeTbl CMOI/N
6n1aronony4yHo MepeXxuTb B3pbIB CBEPXHOBOM, MO0 HEWTPOHHAs 3Be3fa eCTb He YTO MHOe, Kak
NPOAYKT B3pblBa 00bIYHON 3BE3/bl Ha M3NeTe ee XXN3HWU. B3pblB CBEPXHOBON — 3TO YYLOBULLHbIN
KaTak/M3M, KOTOPbIA A0/MKEH Oblf «BbIrNaauTb» MOAYMCTYHO OKPECTHOCTM 3Be3fbl, TaK u4TO
NNaHeTbl 3/1EMEHTAPHO He MOrn yueneTb. ACTPOU3MKM MpefnonaratT, YTO Henogaleky oT
B30pBaBLLENCS CBEPXHOBOM KOrfa-To HaxoAunach Aapyras 3Be3fa, BeLLeCTBO KOTOPOW MOCTENeHHO
nepeTekasio K nynbcapy (nynbcap — BeCbMa MacCUBHOEe TeNo), a COM/W, OCTaBLUMECA He Y [ern,
CKOH/EHCUPOBA/INCH B MNJIAHEThI.

UTo6bl pelmnTb, HACcKO/bKO YHMKasibHa CO/IHEYHas CUCTEMa, HYXXHO NPOAO/MKATb MOUCK
9K30M/1aHeT, 1 B MepBYHO o4vepefb — 3eMnenofobHbIX. ECTb OCHOBaHMA Mofaratb, YTo rpsagyliee
JecATuneTe AO/MKHO 03HaAMEHOBATLCA HOBbIMWU HaxoAKamu. ®paHLUy3bl HaMepeBatoTCs 3anyCcTUTb
Kocmuyeckmin cnyTHUK COROT, cneumanbHO npefHa3HayYeHHbIn ans HabniogeHns TPaH3WUTOB, a
amMmepVKaHCKNA opbutabHblid Teneckon «Kennep» 3a YeTbipe roga paboTbl CMOXET MCCNeaoBaThb
okosi0 100 TbicaY 3Be3. EBponeinckoe KOCMUYECKOe areHTCTBO 3an/1aHMpoBasio 3amyCK CMyTHUKa
«[lapBuH», NPeACTaBMSAIOLWEro COO0M CUCTEMY U3 LUECTM OpPOUTa/IbHbIX TENeCKOornoB, KOTOPbIN
HaLeNeH Ha MOMCKM XMMUYECKNX NMPU3HAKOB XXU3HW Ha Apyrnx nnaHetax. OcTaeTcs HafesTbCs, UTo
KOMIMYECTBO paHo MK NO34HO NeperfeT B KaYecTBo.





