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MOCKBA “MOJIOOAA MBAPONA" 1985
BBEJIEHUE

B 1O KHuUre pacCKa3blBaeTCA 06 OTKPbITUAX B aCTpOCbVIBVIKe nocneaHero BpeMeHM — O YepPHbIX
AblpaX, 0 Ha4asne paclunpeHnsd BceneHHOM 1 0 TOM, YTO ee XxaeT B 6y.qyu.|,eM.

Kaxabli untaTesib, KOHEYHO, CAbIWan Uan Yntan o YepHbIX Ablpax. O HMX YacTo roBOPAT B Nepegayax
no TenesnAeHuto, No pagmo, NULWYT B rasetax, B XypHanax M KHUrax pasHoro »XaHpa — OT HaY4HbIX
MOHOrpaduit A0 XyA0XeCTBEHHON N Aaxe AeTCKOW nuTepaTypbl. OTKyAa Takas NonynasipHOCTb?

[eno B TOM, 4YTO YepHble Ablpbl — 06beKTbl COBEpLUEHHO haHTacTMYeCKMe No CBOMM CBOMCTBaAM. “U3
BCEX U3MbILSIEHNI Ye/TI0BEYEeCKOoro yma, oT e4MHOPOroB 1 XxMMmep A0 BoAOPoAHON 60MbbI, HaBepHoe,
camoe (aHTacTMyeckoe — 3To 06pas UYepHbIN Ablpbl, OTAENEHHOM OT OCTa/IbHOIrO NPOCTPAHCTBA
onpeAeneHHon rpaHuLen, KOTOPY HUUYTO HE MOXET nepecedb; Ablpbl, obnagatmLler HaCTobKO
CU/IbHBLIM FPaBUTALMOHHbLIM NOJIEM, YTO AaXKe CBET 3a4epXMBAETCA ero MeEpTBON XBaTKOW; AbIpbl,
WCKPUBASIOLWEN NPOCTPAHCTBO U TopMo3alel Bpems. NogobHo egnHoporam n xmMepam, YyepHas Ablpa
KaxxeTcs 6onee ymecTHon B (haHTaCTUUECKUX pOMaHax uan B Mudax ApeBHOCTU, YeM B peasibHOM
BceneHHol. N TeM He MeHee 3aKOHbl COBPEMEHHOMN (PU3NKK PpaKTndeckn TpebytoT, 4Tobbl YepHble
AObIpbl CylecTBOoBaNM. BO3MOXHO, TO/IbKO Hawa ManakTuka CoOAep>XUT MUIMOHBLI nX” — Tak ckasan o
YepHbIX AblpaxX aMmepukaHckmuin dunsmk K. TopH.

K aToMy cneayeTt A06aBWUTb, UTO BHYTPW YEPHOM AbIpbl YAUBUTENbHLIM 06pa30M MEHAIOTCA CBOWCTBA
NMPOCTPaHCTBA M BPEMEHU, 3aKPYyUMBAIOLLMXCS B CBOEOOPA3HY0 BOPOHKY, @ B INyB6UHE HaxoauTcs
rpaHuLa, 3a KOTOpPOI BPEMsI U NPOCTPAHCTBO pacnaAaloTcsl Ha KBaHThbl... BHYTpM uepHoit Ablpbl, 3a
KpaeM 3Toi cBoeo6pasHoi rpaBMTaLMOHHON 6e34Hbl, OTKYAa HET BbiX04a, TEKYT YAUBUTENbHbIE
busnyeckme npouecchl, NPoABAATCSA HOBblE 3aKOHbI MPMPOAbI.

YepHble Ablpbl SBASAKTCS CaMbiMU MPaHANO3HbIMU UCTOUYHUKAMWN SHEPTrUn BO BceneHHon. Mbl, BEpOSITHO,
HabnogaeM UX B AaneKnx KBasapax, BO B3pPbIiBAKOLWMXCA SApax ranakTuk.

OHM BO3HMKAIOT TaKXe Mnocsie cMepTu 6oMblinX 3B8€34. BO3MOXHO, YepHble Abipbl B 6yAyLLEM CTaHYT
NCTOYHMKAMW SHEPTUWN A8 YesloBeYecTBa.

3amMeyaTesibHble OTKPbITMSA BblIM cAenaHbl acTpodusnkamm nNpm nyvyeHmn “bonbloro B3pbiBa” — Tak
Ha3biBaloT HabnogaemMoe pacwmpeHme Bcen BceneHHon. Korga n noyemMy Havanocb pacliMpeHue
BceneHHo? YTO nponcxoansio cpasy nocsje Havasna pacwmpenunsa? Kak n nodemy Bo BceneHHom
nosiBMI0Ch BelwecTtBo? Noyemy obpasoBanncb ranaktukm? beckoHeyHa nu BceneHHasa? Yto xaeT
BceneHHyto B fanekom byayuiem? — o6 3TOM roBopuTCcs B npeanaraemMon KHure.

Bo3HuKaeT BOMNpOC: No4YeMy Mbl pacckasbiBaeM O YEpHbIX Ablpax 1 0 BceneHHoM B LenoM B 04HOWM
KHMXKe? YTO y Hux obuwero, 4to nx obbeanHsaet? OTBET MOXHO CPOPMYSIMPOBATb OUEHb KPaTKO — C
TOUKM 3peHns GU3nkKn, obLMM ABISETCA CBEPXCUIIbHOE Nnone TAroteHus. U yepHbie abipbl, n
BceneHHas B Le/IOM B COBPEMEHHOWN HayKe UCCeAYTCS pensaTUBUCTCKON acTPOPU3NKON — BETBbIO
acTpodun3nKK, 3aHMMaKLWENC N3y4eHneM NpoLeccos, rae rpaBUTauMOHHbIE NOJIS CTOJb CUJIbHbI, YTO
pPa3roHST ABMXYLLMECS B HUX Tena A0 CKopocTen, 6An3knux K CKOpPOCTM CBeTa, TO eCTb A0
MaKCMMasibHO BO3MOXHbIX B MPMPOAE CKOPOCTEN. Hn B Kaknx Apyrnx obbekTax nons TAaroteHus He
AocturatoT Takmx 6onbwnx BennymH. Ho ectb n gpyras obwas yeprta, CBOMCTBEHHAS U YEPHbIM AblpaM,
n BceneHHol, — 3TO UX TAUHCTBEHHOCTb, 3araA04yHOCTb, HEO6bIYHOCTL? CBONCTBa UX KapAWHANbHO
OT/INYAIOTCS HE TONIbKO OT CBOMCTB NPEeAMETOB, OKPYXaoWmMX HAaC B 06bIAEHHOM XWU3HW, HO U OT
CBOWCTB MHOIMMX dursnyeckmx o6bekToB M HebeCHbIX Ten, KOTopble YacTo TOXe AAaSIeKO HE TPUBMASbHbI.

YeM TaMHCTBEHHEN 3aragka, yem rnybxe npobnema, tem 601blWINIA MHTEPEC OHA BbI3bIBAET U Y
CNeunaauncToB, N y BCEX NMHTEPECYLNXCSA HayKoM. A. DNHLWITENH, co3gaTenb oben Teopmn
OTHOCUTeNbHOCTK, Nncan: “Camoe npekpacHoe u rnybokoe nepexunsaHue, BbiNnagatollee Ha 4O
yenoBeKa, — 3TO OlYyLEeHWe TanHCTBEHHOCTM”. A 'y YepHbIX Ablp WU Y BceneHHOM BpsSa v HanayTcs
KOHKYPEHTbI MO 4YacTu UX 3arago4yHOCTU.



HakoHeL, ecTb elle 04HO HEMANIOBaXXHOe 06CTOATENLCTBO, NOBYyXAatoLee Hac pacckasbiBaTb 06 3TUX
npo6nemax BMecTe. M3BeCTHO, UTo BceneHHas paclmpsieTca. B aanekoM npoLwsioM naoTHOCTb MaTepum
BO BceneHHow 6bina KonoccanbHoi. HeBoo6pasmMMo OrpOMHbI 6bIAINM SHEPIUKM YACTUL, CUMbI UX
B3auUMOAENCTBUSA. B TaknX yCNnoBMAX NPOABAANNCE COBEPLUEHHO HOBbIE 3aKOHbI MPUPOAbI, KapANHaNbHO
MEHS/IUCb CBOWMCTBA [laXe NMpOCTPaHCTBa M BpeMeHU. Takoe COCTOsIHME NOSyUYno Ha3BaHue
CUHTYNSIPHOIO COCTOAHMSA. KakK y»e cKka3aHo, OHO 6bi110 Bo BceneHHol B npolwnoM. C ApYroit CTOPOHbI,
BHYTPY YEPHOW Ablpbl TAaKXe HEU36EXHO BO3HMKAET CUHIY/ISPHOE COCTOsIHME. M03TOMY MHOMAA YEPHYIO
Ablpy Ha3blBaloT labopaTopueit, B KOTOPOI B MUHMATIOpE MOAENMPYETCS NpoLsioe Halen BceneHHo.
HeyanBuTenbHO, YTO NpobreMaMun 3BoJIOLUMM BCceneHHoM 1 YepHbIX Ablp YacTo 3aHMMAIOTCA OAHU U Te
e yJyeHble (B YaCTHOCTM, WU aBTOP 3TUX CTPOK).

Ewe Ha py6exe XIII—XIV BeKOB NtoaM roBOpuIn:

“He paBan aBa 06bSICHEHUS, €CNM A0CTaTOYHO OAHOro0”; Mbl MOCYUTANM HEOH6XOANUMbBIM NMPUBECTU
HECKOJIbKO apryMeHTOB, 3aCTaBUBLUMX HAc 06beaANHUTb B OAHOM KHMXKE pacckas o npobnemax,
Kasanochk 6bl, CTONb pa3HbIX.

KHura npegHasHayeHa ansa Tex, KTo JIIbuT rybokne HaydHble 3aragkun. B Heli roBoputcst 06
OTAENbHbIX 0COBEHHOCTAX, CBOMCTBAX YEpHbIX Ablp U BceneHHoM, 0 TOM, Kak pelwatTcs 04HM
npo6neMbl M BO3HUKAIOT HOBble. KOHEYHO, NpM aTOM He CTaBUTCS LieNlb pacckasaTb BCe U ncyepnaTb
Bonpoc. Takas uenb 6bina 6bl HEBLINOHMMA A8 KHUMM Halero XaHpa. Ckopee aBTOpPY XOTEN0Ch C
NMOMOLLbIO OTAENbHbIX WTPUXOB CO3a4aTb 06pa3 TeX rpaHAMO3HbIX NPO6sIeM, KOTOPbIE pelleHbl Nan
peLaTcs pensaTUBUCTCKON acTpPO@U3NKON.

YACTDb I. HEPHbDIE AbIPbl
FNMABA 1. 4YTO 3TO TAKOE?

HEBUWOAMMbBIE MUPY 3BE3/bl

YepHas ablpa ABASETCSA NOPOXAEHUEM TArOoTEHUS. MN03TOMY MNPeabICTOPUIO0 OTKPbLITUS YEPHbIX AbIp
MOXHO HauaTb CO BpeMeH M. HbloToHa, OTKPbIBLIEr0 3aKOH BCEMUPHOIO TAMOTEHUS — 3aKOH,
ynNpasnsoWnii CUNoi, AeNCTBUIO KOTOPOI NoABepXeHo abconioTHO Bce. HU Bo BpeMeHa W. HbloToHa,
HW CerofiHa, CNycTs Beka, He obHapyXeHa MHas CTo/b YHUBEpCcanbHas cuna. Bce apyrve suasbi
(bu3nyeckoro B3anMoAenCTBUS CBA3aHbl C KOHKPETHLIMM CBOMCTBAMM MaTepun. Hanpumep,
3/1eKTPUYECKOE Mosie AeNCTBYET TO/IbKO Ha 3apsiXeHHbIe TeNa, a Tena HelTpasbHble COBEPLUEHHO K
HeMy 6e3pas/iMuHbl. W ToNbKO TAroTeHue abconoTHO LapcTByeT B npupoae. Mone TaroteHus aencrTeyeT
Ha BCE: Ha NIerkune YacTulbl U Tsxkenble (MpMUYeM Npu OANHAKOBbLIX HauasbHbIX YCIOBUAX COBEPLUEHHO
OAMHAKOBO), Aaxe Ha cBeT. To, UTO CBET NPUTArMBAETCA MAacCMBHbIMU Tenamu, npeanonaran eue U.
HbloToH C 3TOro akra, C NoOHMMaHUA TOro, YTO CBET TaKXe NMOAYMHEH CMNaM TAFOTEHUS, M HAaUMHaEeTCs
npeabIC-topus YepHbIX Ablp, UCTOPUSA NPeAcKa3aHuii NX NopasnTesibHbIX CBOMNCTB.

OAHWM U3 MepBbIX 3TO cAesan 3HaMeHUTbI hpaHLy3CKUIE MaTeMaTK 1 acTpoHoM M. Jlannac.

Mmsa M. JlTannaca xopoLwo U3BECTHO B UCTOPMWN HayKW. [pexae BCero oH ABSIETCS aBTOPOM OrPOMHOI0
NATUTOMHOrO Tpyaa “TpakTaT o HebecHOM MexaHuke”. B aTolh paboTte, nybnmkoBasLenca ¢ 1798 no
1825 rog, nm bbina npeacTaBsieHa Knaccuyeckas Teopus asuxeHns Ten ConHeYyHol cucTeMmsl,
OCHOBaHHas TOJIbKO Ha 3aKOHE BCEMUPHOro TAroTeHus HbloToHa. [Jo aTon paboTbl HEKOTOPbIE
HabnogaeMble 0CO6eHHOCTU ABUXEHMSA nnaHeT, JIyHbl, Apyrmux Ten CoNHEeYHON cucTeMbl He 6binun
NMONTHOCTbIO 06BbsICHEHbI. Kasanock Aaxe, 4To OHM NpoTMBOpeYaT 3akoHy HbtoToHa. M. Jlannac ToOHKUM
MaTeMaTUYeCcKMM aHaJn30M nokasas, YTo BCe 3TN 0COBEHHOCTM 06BACHATCA B3aUMHbIM MPUTSXEHNEM
HebecHbIX Ten, BAMSAHMEM TAroTEHUS NAaHeT APYr Ha Apyra. ToNbKo oAHa cuna uaput B Hebecax,
npoBo3rnaawasn oH, — 3TO Cuna TaAroteHus. “ACTpOHOMUSA, paccMaTpmBaeMas c Hambonee obLuen TOUKM
3peHuns, ecTb Benmkasa npobnema MmexaHukun”, — nucan . Jlannac B NnpeancioBun K CBOeEMy
“TpakTtaTty”. KcTtatn, cam TepMuH “HebecHass MexaHuMKa"”, Tak NpOYHO BOLLEALIMI B HayKy, 6bis1 BnepBsble
ynoTtpebneH um.



M. Nlannac 6bin Takxe 0AHUM U3 NEPBbIX, KTO MOHAN HEO6X0AMMOCTb MCTOPUYECKOro Noaxoaa K
06BbACHEHWNIO CBOMCTB CUCTEM HebecHbIX Ten. OH Bcnea 3a W. KaHToM npeanoXxun runoTesy
npoucxoxaeHns CoIHEUHOW CUCTEMbI U3 NepBOHAYanbHO Pa3peXeHHON MaTepuu.

FnaesHasa naesa runoTtesbl Jlannaca o koHaeHcaumn ConHua M NNaHeT U3 ra3oBoi TYMaHHOCTU U A0 CUX
nop CAY>XWUT OCHOBOW COBPEMEHHbIX TEOpUN NponcxoxaeHnss CoOnHEYHON CUCTEMBI. ..

060 BCEM 3TOM MHOMO MUCaNOCh B NTEpaType N B yyebHMKax TOYHO TaK Xe, Kak U 0 ropabix crosax [.
JNlannaca, KOTopbIA B OTBET Ha Bonpoc HanoneoHa: nodyemy B ero “HebecHol MexaHuke” He
ynoMunHaeTtcs 60or? — ckasan: “f He Hy)XJalCb B 3TOM runortese”.

A BOT 0 YeM 0 rnocnegHero BpeMeHu 6b1/10 ManNo NU3BECTHO, — 3TO O npeackasaHnnm MM BO3MOXXHOCTU
cywecrtBoBaHa HEBUAUNMbIX 3BE34.

MpeackasaHue 66110 caenaHo B ero KHure “M3noxeHune cuctem Mmpa”, solweawen B 1795 roay. B aton
KHUIe, KOTOPYIO Mbl 6bl CErOAHA Ha3Ban NONYASpHON, 3HAMEHUTbIN MaTeEMaTUK HX pasy He npuberHyn
K ¢opMmynam n yeptexam. Mnybokoe ybexaeHue l. Jlannaca B TOM, UTO TAroTeHMe AEUCTBYET Ha CBET
TOYHO TaK Xe, KaK 1 Ha Apyrue Tena, No3BO/INI0 eMy HanucaTb cneaylowme 3HaMmeHaTe bHble C/I0Ba:
“CeeTawasncs 3ee34a C NIOTHOCTbIO, paBHOM MJIOTHOCTM 3eMnn 1 gnameTpom B 250 pas 6onblie
Avametpa ConHua, He JaeT HU O4HOMY CBETOBOMY Jlydy AOCTUYbL HAC M3-3a CBOEro TAroTEHUS; NO3TOMY
BO3MOXHO, YTO CaMble Apkue HebecHble Tena Bo BceneHHoM oKasblBalOTCA MO 3TOW NPUYUNHE
HeBNANUMbIMKU,

B KHUre He NpMBOAMNOCHL A0KA3aTeNbCTB 3TOro yreepxaeHns. OHo 6bl1s10 OI'IY6J'IMKOBaHO MM HECKOJ1bKO
neT cnycrsA.

Kak paccyxaan . Nlannac? OH paccuuTas, Nonb3ysacb TEOPUEN TArOTEHUS HbIOTOHA, BETUUMHY,
KOTOPYIO Mbl Tenepb Ha3biBaeM BTOPOM KOCMUYECKOW CKOPOCTbIO, Ha MOBEPXHOCTM 3Be34bl. DTO Ta
CKOpOCTb, KOTOPYIO HaAo npuaatb Ntobomy Teny, 4tobbl OHO, NO6OPOB TArOoTEHNE, HaBceraa ynerteno oT
3Be34bl UM NaHeTbl B KOCMUYECKOe MpOoCTpaHCTBO. Ecnn HavanbHas CKOpOCTb Tefla MeHbLUe BTOPOM
KOCMUYECKOWN, TO CUJIbl TATOTEHMS 3aTOPMO3AT U OCTAHOBAT ABUXEHME Tesia M 3acTaBsAT ero CHoBa
nagaTtb K TAroteloweMy LeHTpy. B Hawe BpeMs KOCMUYECKUX NMOMETOB KaXAbllh 3HAeT, 4YTo BTopas
KOCMMYecKash CKOPOCTb Ha MOBEPXHOCTN 3eMan paBHa 11 kunomeTpam B cekyHAy. BTopas kocmumueckas
CKOPOCTb Ha NoBepXxHOCTU HebecHoro Tena tem 6onblie, yeM 6osblLe Macca U YeM MeHblue paguyc
3TOro Tena. Dt NOHATHO: BeAb C POCTOM MAcChl TArOTEHME yBEIMYNBAETCS, @ C POCTOM PacCTOSHUS OT
LeHTpa OHO ocnabesaer.

Ha nosepxHocTu JlyHbl BTOpasi KOCMMYecKas CKOpPOCTb paBHa 2,4 KMNOMeTpa B CEKyHAY, Ha
nosepxHoctTn Onutepa 61, Ha ConHue — 620, @ Ha NOBEPXHOCTU TaK Ha3blBAEMbIX HEMTPOHHbIX 3BE3[,
KOTOpble MO Macce NpMMepHO Takme xe, kak ConHue, HO MMEeT paanyc BCEro B AeCATb KUIOMETPOB,
3Ta CKOPOCTb AOCTUIAET NONOBUHbI CKOPOCTU cBeTa — 150 ThiCAY KMSIOMETPOB B CEKYHAY.

lMpeacrasum ce6e, paccyxgan . Jlannac, 4To Mbl BO3bMeM HebecHoe Teno, Ha NoOBEPXHOCTN KOTOPOIro
BTOpasd KOCMUYECKasa CKOPOCTb YXXe MpeBbllaeT CKOPOCTb CBeTa. Toraa CBeT oT Takow 3Be34bl He
CMOXET yNneTeTb B KOCMOC U3-3a nencrTensa TAFOTEHNA, HE CMOXET AOCTUYb AaNEKOro Habnopatens u
Mbl HE YBUAWUM 3Be34Yy, HECMOTPSA Ha TO, YTO OHa m3ny4aet ceeT!

Ecnn ysenunumsaTb Maccy HebecHoro Teéna, nobasnsas K HEMY BELLECTBO C TOW Xe caMmomn CPEAHEVI
NAOTHOCTbIO, TO BTOPasd KOCMUNYECKaA CKOPOCTb YBETNYNBAETCA BO CTOJIbKO X€ pa3, BO CKOJIbKO
BO3pacTaeT paanyc nnan anameTp.

Tenepb NOHATEH BbIBOA, cAaenaHHbil M. JTannacoM: 4Tobbl TArOTEHME 3a4€epXXano CBET, HaAo0 B3ATb
3Be34y C BELLeCTBOM TOW Xe MJIOTHOCTU, YTO 1 3eMns, a agmaMeTpoM B 250 pa3 6osblue CoNMHEeYHOro, To
ecTb B 27 TbiCs4 pa3 6osble 3eMHOro. JJencTBuTenbHO, BTOpas KOCMMYecKas CKOpOCTb Ha
MOBEPXHOCTWN TaKol 3Be34bl byaeT Toxe B 27 ThiCAY pa3 60blue, YeM Ha MOBEPXHOCTU 3eMnu, W.
NpMMepHO CpaBHSIETCA CO CKOPOCTbIO CBeTa: 3Be3ja nepecraHeT 6biTb BUAMMOMN.



2710 6b110 BNecTawmMM NpeaBMaeHNEM OAHOMO U3 CBOMCTB YEPHOM Ablpbl — HE BbiMNyCKaTb CBET, 6biTb
HeBuaumoli. CnpaBeasiMBOCTM paau Haao oTMeTuTb, YTo M. Jlannac 6bi1 He eAMHCTBEHHBLIM YUYEHbBIM U
dopmManbHO faxke He caMblM NepBbIM, KTO caenan noaobHoe npeackasaHne. CpaBHUTENbHO HEAABHO
BbISICHWNOChH, YTO B 1783 roay C aHaNOrMyHbIM YyTBEPXKAEHWEM BbICTYNasn aHMNMACKUA CBALLEHHUK U
reosior, oAVH U3 OCHoBaTesNel Hay4yHol cerncmonormn, x. Muuenn. Ero aprymeHTaumst 6bi1a o4eHb
noxoxa Ha aprymeHTaumio . Jlannaca.

Cenyac mMexay dpaHuy3aMn U aHrMyaHaMum uaeT MHorga nonywyTnivMBas, a MHorga cepbe3Has
nosieMmKa: Koro criepyeTt cuMTaTb NEPBOOTKPbIBATENIEM BO3MOXHOCTU CYLLECTBOBAHUA HEBUAUMbBIX
3Be3a — dpaHuy3sa l. Jlannaca vnu aHrnmdadmnHa Ix. Muyenna? B 1973 rogy M3BeCTHble aHIIMNCKNE
dusnkn-teopetnkn C. XOYKUHr v . DAINC B KHUMe, MOCBSLLEHHOW COBPEMEHHbBIM CneLManbHbIM
MaTeMaTU4YeCKnM BOMpoOCcaM CTPYKTYpbl MPOCTPAHCTBA U BpeMeHu, npusoaunu paboty dpHuysa I1.
Jlannaca c gokasaTenbCTBOM BO3MOXHOCTU CYLLECTBOBAHUS YepHbIX 3Be34; Toraa o pabore x.
Muuenna ewe He 66110 M3BeCTHO. OceHbio 1984 roga M3BECTHbIN aHMMMNCKUI acTpodusnk M
Puce,BbicTynas Ha kKoHdepeHunn B Tynyse, ckasan, 4To XOTS 3TO HE O4YeHb YA06HO roBopuUTb Ha
Tepputopun ®paHumMn, HO OH AO/KEH NOAYEPKHYTb, YTO NEPBbIM Npeackasan HeEBUAUMbIE 3Be3bl
aHrAnyaHuH x. Muyenn, n NpoAeMOHCTPUPOBas CHUMOK NepBOM CTpaHMLbl COOTBETCTBYIOLWEN ero
paboTbl. 3TO UCTOpUYECKOe 3aMeyaHne bbi10 BCTPEeYeHOo U annoANCMeHTaMm 1 ynolbkamm
NMPUCYTCTBYIOLMX.

Kak TyT He BCMOMHWUTb ANCKYCCUN Mexay dpaHLy3aMu 1 aHrIMYaHaMm o TOM, KTO npeackasan
MoJIOXXeHMe nnaHeTbl HenTyH no BO3MyLIEHUAM B ABMXEHUM YpaHa: dpaHuys Y. Jlesepbe mnu
aHrnmMyaHuH Ix. Agame? Kak M3BeCTHO, 06a yUYeHbIX HE3aBUCMMO MPaBUbHO YKasanu MonoXxeHne
HOBOW nnaHeTsbl. Toraa 6onblue NnoBesno dpaHuy3sy Y. JleBepbe. TakoBa y4acTb MHOMMX OTKPbITUIA.
YacTo ux AenatoT NoYTh 0JHOBPEMEHHO WU HE3AaBMCUMO pasHble ntoan O6bIYHO MPUOPUTET NPU3HAETCS
3a TeM, KTO rny6xe NPOoHUK B CyTb NPO6eMbl, HO MHOMAA 3TO MPOCTO Kamnpusbl GOPTYHBbI.

Ho npeasuaeHue M. Jlannaca u . Muubnna ewe He 6b1J10 HAaCTOSAWMM NpeacKasaHneM YepHOW Ablpbl.
Mouemy?

[eno B ToM, uTo BO BpeMeHa I Jlannaca ewe He 6bl10 U3BECTHO, YTO BbICTpee cBeTa B NpUpoAe HUYTO
He MoxeT aABuratbcs. O6orHaTb CBET B NycToTe Henb3sA! 310 66110 yCTaHOBAEHO A DUHLWTENHOM B
crneumanbHOM TeopuMn OTHOCUTENBHOCTM yXe B HaweM Beke. [Noatomy ana . Jlannaca
paccMmatpuBaemas UM 3BeBaa 6bisia TONbKO YepHOM (HECBETSALENCS), N OH He MOI 3HaTb, YTO Takas
3Be3aa TepsieT cnocobHoCTb Boobue kak-nmbo “obwartbcsa” ¢ BHeWHNUM MUpom, 4yto-nmbo “coobiatp”
AanekMM Mupam 0 NPoUCXoAALMX Ha Hel cobbiTUAX. NHblYM CnoBaMu, OH eLle He 3Has, YTO 3TO He
TONbKO “yepHas”, HO 1 “Ablpa”, B KOTOPYK MOXHO YnacTb, HO HEBO3MOXHO BblbpaTbCs. Tenepb Mbl
3HaeM, YTO ecnun U3 Kakor-To 06n1acTn NpocTpaHeTBa HE MOXET BbIATU CBET, TO, 3HA4YUT, N BoobLLe
HUYTO HE MOXET BbINTU, U TaKOW 06BEKT Mbl Ha3blBaeM YEpPHOW AbIPON.

[pyrasi npuumHa, n3-3a KOTOpoi paccyxaeHus . Jlannaca Henb3a cuMTaTb CTPOrUMK, COCTOMT B TOM,
YTO OH paccMaTpuBas rapBUTaLMOHHbIE MOAS OFPOMHON CUbl, B KOTOPbIX Najawliune Tena
pa3roHATCA 40 CKOPOCTU CBETA, @ CaM BbIXOAALINIA CBET MOXET ObiTb 3aZepXaH, U MPUMEHsAN nNpu
3TOM 3aKOH TAroTeHus HbloToHa.

A. DRHWTENH Nokasan” yTo Ass Takux nonemn Teopusa TAroteHns HblOTOHa HenpuMeHuMa, U cosgan
HOBYIO TEOPUID, CNpaBeaNNBYIO ANda CBEPXCUNbIX, a TaKXe And 6bICTpOMEHﬂPOLL|,MXCFI nonewn (,Cl,ﬂﬂ
KOTOPbIX HBIOTOHOBCKAdA TEOPUA TaKXKe HeanMEHVIMa!), M. Ha3Ban ee oben Teopmeﬁ
OTHOCUTENbHOCTU. VIMEHHO BbiBOAAMM 3TOM TEOPUN HAAO NOJib3aM BaTbCA AN1d AOKa3aTeENbCTBa
BO3MOXHOCTU CyLLEeCTBOBaAHUA YEPHbIX AbIp U ANA U3ydeHnsa unx CBOWCTB.

Obwas Teopnsi OTHOCUTENBLHOCTM — 3TO U3yMUTesNbHas Teopus. OHa HacTONbKO rnyboka u CTpoiHa,
YTO BbI3bIBAET YyBCTBO 3CTETUYECKOIO HACNaXAEHUs Yy BCSKOro, KTO 3HAaKOMUTCS € Hell. CoBeTcKkue
¢pwusmkn J1. NaHgay u E. Jlndwwny B cBoeM yyebHuke “Teopus nona” Hassanu ee “camMoii KpacMeon u3
BCEX CyLUeCcTBYOLWMX Pr3nyecknx teopunin”. Hemeuknin pmnsmk Makc BopH ckasan 06 OTKpbITUK Teopumn
OTHOCUTENbHOCTU: "5 BOCXMLLAKCb UM KakK TBOpPEHUEM ucKkyccTBa”. A coBeTckmin pusnk B. MMH36ypr
nucasn, YTo OHa BbI3bIBAET “...4yBCTBO... POACTBEHHOE TOMY, KOTOPOE UCMbITLIBAIOT, MAAS Ha caMble
BblAaoLWmMecs WeaeBpbl XMBOMUCKU, CKYNbATYPbl NN apXUTEKTYpPbI”.



MHOro4YnceHHble NOMbITKM MOMNYISPHOIO N3N0XEHUS TEOPUMN DIAHLWITENHA, KOHEYHO, MOTyT AaTb obLee
Bne4yaTtsieHne o Hel. Ho, 4eCTHO roBOPS, OHO CTOJIb XXE Mano MOX0XEe Ha BOCTOPr OT NMO3HaHWUS CaMoi
TEeopumn, Kak 3HaKOMCTBO C penpoaykumen “"CUKCTUHCKOM MaZoOHHbI” OT/IMYaEeTCs OT NepexmBaHus,
BO3HMKAKOLLEro Npy pacCMOTPEHUM NMOAJSIMHHMKA, CO3AaHHOMO reHneM Padasns.

N TeM He MeHee, KOraa HeT BO3MOXHOCTM 1I060BaHNSA NOASIMHHUKOM, MOXHO (M HY>XHO!) 3HaKOMUTbLCS C
[OCTYMHbIMW penpoayKUUsIMUK, nydlle xopownmn (a bbiBatoT BCskue).

NS NOHUMaHUS HEBEPOSITHLIX CBOWCTB YEPHbIX Ablp HAM HEOBXOANMO CKa3aTb KPaTKO O HEKOTOPbIX
cneacTemsax obuern Teopumn OTHOCUTENBbHOCTM DNHLITENHA.

rPABUTALMOHHbLIW PAOUYC

YeM xe oT/iMyaeTcsa Teopusa TAroTeHUS DMHLWTENHA OT Teopun HetoToHa? HayHeM ¢ npocTeinwero
cny4as. NpeanonoxnM, 4TO Mbl HAXOAMMCS Ha MOBEPXHOCTU CPepnyYecKon HeBpaLLaoLWencs nnaHeTb
N U3MepsieM CUly NpUTAXKEHUSA 3TOM NiaHeTon Kakoro-nmbo Tena ¢ NOMOLbIO NPYXUHHbIX BECOB. Mbl
3HaeM, YTO COrflacHO 3aKOHY HblOTOHa 3Ta cuia NponopuMoHanbHa NPoU3BeAEeHUI0O Macchl NNaHeTbl Ha
Maccy Tena n obpaTHO nponopunoHanbHa KBagpaTy paguvyca nnaHeTbl. Pagnyc naaHeTbl: MOXHO
onpeaenuTb, HaNpUMep, U3Mepssa AMHY ee 3KBaTopa U Aens Ha 24.

A 4TO FOBOPUT O CUNE NPUTSXKEHUA Teopus DMHWTeNHa? CornacHo e cuna byaet yyTouky 6onblie,
YeM BblUUCIeHHas No opMyse HbloTOHA. Mbl MOTOM YTOYHUM, UYTO 3HAYUT 3TO “UyTOUKy 6onbLlie”.

MpeactaBuM cebe Tenepb, YTO Mbl MOXEM MOCTENEHHO YMEHbLIATb PaanycC NAaHeTbl, CKMMas ee u
COXpaHsia Mpu 3TOM ee NosiHyto Maccy. Cuna TaroteHus 6yaeT HapacTaTth (Bedb paanyc yMeHblUaeTcs).
Mo HbloTOHY, MpU CKaTuW BABOE CU/a BO3pacTaeT BUeTBepO. [0 DIHLITENHY, BO3pacTaB HUE CUIbI
onsATb e B6yaeT NPOMCXOANTb YyTOUKY BbiCTpee. YeM MeHblie paanyc niaHeTbl, TeM 60/blie 3TO
oTninuue.

ECcnn Mbl COXXMEM niiaHeTy HacToNbKO, YTO MOE TAFOTEHUS CTAHET CBEPXCUIIbHBLIM, TO pasnmune mMexay
BESIMYNHON CUMbI, pacCynUTbiBaeMOM N0 Teopun HbIOTOHA, U UCTUHHBIM €€ 3HaYeHWEM, AAaBaEMbIM
Teopuen DNHLWTENHaA, HapacTaeT Ype3BblyaliHo. Mo HbITOHY, cMna TAroTEHNSA CTPEMUTCS K
6eCKOHEeYHOCTHN, KOorga Mbl CKMMaeM Teno B TOYKY (paanyc 6nmM30K K Hynto). Mo DUHWTENHY, BbIBOA
COBCEM ApYromn: cuia CcTpeMuTcs K 6eCKOHeYHOCTU, KOraa paanmyc Tena CTaHOBUTCS paBHbIM Tak
Ha3blBaeMOMY rpaBUTALMOHHOMY paanycy. STOT rpaBUTALMOHHbBIN paguyc onpeaensieTcs Maccomn
HebecHoro Tena. OH TeM MeHbLUe, YeM MeHblle Macca. Ho gaxe Ans rmraHTCKMX MacC OH OYeHb Marl.
Tak, 4na 3eMnu OH paBeH Bcero ogHoMy caHTumeTpy! fdaxe ansg ConHua rpaBUTauUMOHHbIN paanyc
paBeH TONIbKO 3 KunoMmeTpaM. Pasmepbl HebecHbIX Ten 06bI4HO MHOIMo 60/blUe UX FrPaBUTALNOHHBIX
paanycos.

Hanpumep, cpegHun pagmnyc 3emnu coctasnsieT 6400 kmnomeTpos, paanyc ConHua 700 Tbicay
KWIOMETPOB. ECnn e NCTUHHbIE pagnycCbl TeN MHOro 6onblle Nx rpaBUTaLMOHHBIX, TO OT/IMYME CUJT,
pacCYMTaHHbIX MO TEOPMN DIHLWTENHA U Teopun HbloToHa, KpaiHe Mano. Tak, Ha NOBEPXHOCTU 3eMu
3TO OT/INYME COCTaBASIET OAHY MUIIMAPAHYHO YacTb OT BEIMYMHBbI CAMOW CUJIbI.

Tonbko Korga paanyc Tena npu ero cxatum I'IpVIGJ'IM)KaETCﬂ K rpaBuTalMOHHOMY paanycy, B CTOJib
CUTIbHOM MNONETA roTEHNA pasindmna HapacTtakloT 3aMETHO, U, KaK YyXe roBo-pusiocCb, Npun pagnyce tena,
pPaBHOM rpaBUTaulMOHHOMY, UCTUHHOE 3HA4YEeHNE CUNblI NONA TAFOTEHNA CTAHOBUTCA 6eCcKOHeYHbIM.

Mpexae yeM o6CcyxaaTb, K Kakmm CNeiCcTBMSAM 3TO BEAET, MO3HAaKOMMMCS C HEKOTOPbIMU APYTrUMU
BbIBOAAMM TEOPUMN DUHLWITENHA.

CyTb ee 3ak/loHaeTcs B TOM, YTO OHa Hepa3pbIiBHO CBS3asia reoMeTpmyeckme CBOMCTBA NPOCTPAHCTBa U
TeyeHne BpeEMEHU C Cunamu rpaBuTaummn. 3T CBA3U CIIOXKHbI U MHOroo6pasHbl. OTMETMM MoKa Nu1b
TOJIbKO ABa BaXHbIX 06CTOATENLCTBA.



CornacHo Teopumn DIHLITENHA BPEMS B CU/IbHOM MOJIe TAFOTEHUS TEUET MeAJIEHHEN, YeM BpeMms,
n3MepsieMoe BAanun oT TAroTelWwmnx Macc (rae rpaButaumns cnaba). O ToM, UTO BPEMS MOXET Teub Mo-
pa3HOMY, COBPEMEHHbIN YnTaTeNb, KOHEUHO, Crblwan. M Bce Xe K 3ToMy daKTy TpyAHO NPUBbLIKHYTb.
Kak MOXeT BpeMs Teub Nno-pasHoMy? Befb COrnacHo HaliMM UHTYUTUBHbLIM NPEeACTaBlEHUAM BpeMa —
3TO ANNTENBLHOCTb, TO 0bLlee, YTO NpUcylle BceM npoueccaMm. OHO NoAO6HO peke, TeKYLLEN HEU3MEHHO.
OTAenbHble NPOLLECCHl MOTYT TeUb U BbICTPEE U MeANIEHHEE, Mbl MOXXEM Ha HUX BAUATb, MOMELLas B
pasHble ycnoBus. HanpuMmep, MOXHO HarpeBaHUEM YCKOPUTb TEYUEHNE XUMUYECKO peakLunmn unm
3aMOpa)KMBaHWEM 3aMeaIUTb XU3HEeAEeATeIbHOCTb OpraHM3Ma, Ho ABUXXEHWUE 3/IEKTPOHOB B aToMax npwu
3ToM 6yAeT npoTeKkaTb B NpexHeM Temne. Bce npouecckl, Kak HaM NpeacTaBASETCs, NOrPyXeHbl B peky
abCo/IOTHOMO BPEMEHU, Ha TeYEeHNEe KOTOPOi, Ka3anock 6bl, HAUTO BAUATb HE MOXET. MOXHO, No
HaWuM NpeacTaBfieHusaM, ybpaTb U3 3TOM pekn BoobLLEe BCE MPOLECChl, U BCE paBHO BpeMsa ByaeT Teub
KaK MycTas A/IMTENbHOCTb.

Tak cunTanocb B Hayke 1 BO BpeMeHa ApuctoTens, n Bo BpeMeHa WM. HbloTOHa, 1 no3Xe — BrnaoTb A0
A. DHWTEeNHa. BoT uTo nuweT ApuctoTesnb B cBoen KHure “®usunka”: “"Bpems, npoTekatLlee B ABYX
NOAOBGHLIX N OAHOBPEMEHHbIX ABUNXEHUAX, OAHO U TO xe. Ecnn 6bl 06a NnpoMexyTka BpeMeHU He
npoTeKann OAHOBPEMEHHO, OHW BCe-Taku 6biin 6bl 0AMHAKOBLI... CegoBaTesibHO, ABMXXEHUS MOTYT
6bITb pasHble N He3aBMCUMbIE APYT OT Apyra. U B TOM 1 B ApyroM cnyyae BpeMms abcosoTHO O4HO U TO

”

xe'.

Ewe BblpasutenbHee nucan N. Hbl0TOH, cuMTas, YTo roBOpuT 06 oyeBMAHOM: “ABCOMIOTHOE, NCTUHHOE,
MaTeMaTuyeckoe BpeMsi, B3aToe caMo Mo cebe, 6e3 OTHOLWEHMS K KakoMy-HUbyab Teny, npoTekaeT
eaAnHoobpa3Ho, COOTBETCTBEHHO CBOel cO6CTBEHHOM Npupoae”.

[doragku o ToM, UTo NpeacTaBneHns 06 abCconoTHOM BPEMEHM OTHIOAb HE CTO/Ib OUYEBUAHbI, MHOTAA
BblCKa3blBaNNCb M B AaBHMEe BpeMeHa. Tak, Jlykpeuun Kap B I Beke A0 Hallel 3pbl nucan B nosme “0O
~rr,

npupoae Bellein”: “BpeMa CyLLecTBYeT He camo no cebe... Henb3a noHnMaTb BpeMst caMo no cebe,
HE3aBMCMMO OT COCTOSIHUSA MOKOS U ABUXEHUA Ten”.

Ho TonNbKO A. DNHWTENH AOKa3an, YTO HUKAKoro abconoTHOro BpeMeHn HeT. TeyeHne BpeMeHun
3aBUCUT OT ABUXXEHUSA U, YTO Cenvac AN Hac 0CO6eHHO BaXKHO, OT NoNsa TAroTeHus. B cunbHOM none
TAroTeEHUs BCe npoueccol, abcontoTHO BCe, 6yayym caMmom pasHOM Npupoabl, 3aMeanfTCsa ans
CTOpPOHHero Habngartens 3TO U 3HAYUT, YTO BpeMs — TO €CTb TO obuiee, 4YTO NpucyLle BCEM
npoueccam, — 3ameansieTcs.

3ameaneHme 3To 06bIYHO HEBENKO. Tak, Ha NOBEPXHOCTW 3eMNIn BpeEMS MpoOTEKaET Mea/lIeHHee, YEM B
AaNeKOM KOCMOCeE, BCEro Ha Ty Xe& O4HY MUNNTMapAHYH 4acCTb, Kak U B Cflydae C BblYNCNEHNEM CUNIbI
TAroTeEHUA.

XoueTcs ocobeHHO NOAYEPKHYTb, UTO TaKOEe HUUTOXHOE 3aMeafIeHNne BPEMEHU B NOJe TAroTEHUA 3eM/N
HenocpeacTBEHHO U3MepeHo. N3MepeHo 3aMeaneHne BpeMeHn 1 B Nose TAroTeHus 3Be3n, XoTS 06bI4HO
raM OHO TOXe KpaVIHe Mano. B o4yeHb CMNBHOM MoOse TAroTeHUs 3aMessieHne 3ameTHo 6onblue 1
CTaHOBUTCS HeCKOHEeYHOo 6OJ'II:LIJVIM, Korga paaunyc tTefla CpaBHMBAETCA C rPaBUTAUMOHHDbIM.

BTopoi BaXkHbIl BbIBOA TEOPUN DAHLWITENHA COCTOUT B TOM, YTO B CUJIbHOM MOJIO TAFOTEHUS MEHSAIOTCS
reomMeTpuyeckme CBOMCTBa NPOCTpPaHCTBA JBKAMA0BA FrEOMETPUS, CTO/Ib HAM NPUBbIYHAS, OKa3blBAETCS
yXe HecrnpasensiMBoi. 3TO 03Ha4vyaeT, HanpuMep, YTO CyMMa Yr0B B TPeyrosibHUKe He paBHa ABYM
NpsiMbIM yriaM, a AINHA OKPYXXHOCTU HE paBHA PACCTOSHMIO €€ OT LeHTpa, YMHOXEHHOMY Ha 2nu.
CsolicTBa 06bl4HbIX reoMeTpruyecknx uryp CTaHOBATCSH TakKUMU Xe, Kak 6yaATO OHWM HayepyeHbl He Ha
NJI0OCKOCTU, @ Ha UCKPUBJIEHHOM MOBEPXHOCTU. [T03TOMY M FrOBOPSAT, YTO MPOCTPaAHCTBO “McKpuBaseTca”
B rpaBMTauUMOHHOM nosie. PasyMeeTcs, 3TO UCKPUBJIEHNE 3aMETHO TOJIbKO B CU/IbHOM MOJie TArOTeHMUS,
ecnun pasmep Tena npubaunxaeTcs K ero rpaBMTauMOHHOMY paanycy.

KoHeuHO, npeacraBneHuve 06 NCKPUBIEHUN CaMOIro NMPOCTpPaAHCTBA TaK Xe& TpyAHOCOBMECTUMO C HalWnMU
YKOPEHUBLWNMUCA UHTYUTUBHBIMU NpeaCTaBEHNAMU, KaK U NpeaACTaB/IEHNE O pa3HOM TEYEHUN
BpEMEHMWN.

CTonb Xe onpefeneHHo, Kak n o BpeMeHu, M. HbloTOH nucan o npocTtpaHcTee: “A6CoNtoTHoe
NPOCTPaHCTBO, MO CBOEW CO6CTBEHHOIN NpUpoae HE3ABUCUMOE OT BCAKOMO OTHOLIEHWUS K BHELIHUM



npeaMeTaM, OCTaeTcsl HEM3MEHHbIM U HEMOABUXHbIM”. TTpOCTPaHCTBO NPeACTaBAsANOCh eMy KaK Hekas
b6eckoHeyHas “cueHa”, Ha KOTOPOM pa3birpbiBaOTCA “CO6bITUA", HUKAK HE BAUSIOLWME Ha 3Ty “cueHy”.
Ewe nepBooTKpbIiBaTENb HEIBKINAOBOM, “"MCKPUBNEHHOW” reoMmeTpmn — H. JTobaueBCKknUiA BbiCKa3biBan
MbIC/lb O TOM, YTO B HEKOTOPbIX (DU3NYECKMX CUTYaLMSaX MOXET NposBnsaTbcsa ero — H. JlobauesBckoro —
reoMeTpus, a He reomMeTpus dBkNmaa. A. DUHWTENH CBOMMK pacyeTamu nokasasn, YTo NpoCTPaHCTBO
OeNCTBUTENbHO “NCKPUBASETCA” B CU/IbHOM MOJie TArOTEHUS.

DTOT BbIBOA TEOPUM TaKXe NOATBEPXKAEH MPAMbIMU 3KCNEPUMEHTaMMU.

MouyeMy Xe Mbl C TAaKUM TPYAOM BOCMPUHMMAEM BbiBOAbI O6LLEN TEOPUM OTHOCUTENBHOCTMU O
NMPOCTPaHCTBE U BpEMEHU?

[la noToMy, UTO MOBCEAHEBHbIN OMbIT YEIOBEUYECTBA, U AaXe OMNbIT TOYHON HAayKKU, HA MPOTSXKEHUM
BEKOB MMeJ Aef10 TOJIbKO C YCIO0BUAMW, KOrAa N3MEHEHMS CBOWCTB BPEMEHU M MPOCTPAHCTBA
COBEpLUEHHO HEe3aMeTHbI U MoCeMy MOJIHOCTbIO NpeHebperanvcb. Bce HalM 3HaHMSA OCHOBLIBAKOTCA Ha
NoBCeAHEBHOM OMbiTe. BOT Mbl M MPUBLIKAN K ThicAYeneTHen gorMe 06 abCcontoTHO HEM3MEHSIEMbIX
NMPOCTPaHCTBE N BPEMEHM.

Hactynuna Hawa snoxa. YenoBeyecTBO B CBOMX MO3HAHUAX CTOJSIKHY/I0Ch C YC/TOBUSAAMU, Korja
BIIMAHUEM MATEPUN HA CBOWCTBA NpoOCTpaHCTBA U BPEMEHU npeHe6peraTb Henb3sa. HecMoTps Ha
MHEPTHOCTb HalWlero MbilWNeHnAa, Mbl OJIKHbI MPUBbLIKHYTb K Takon HeobblvHOCTU. U Tenepb HOBOE
NOKONeHWe ntoaen Y>XXe ropa3ao nerye soCcnpnHMMaeT UCTUHbI TEOPUN OTHOCUTENBHOCTU (OCHOBbI
cneumanbHoOM TEOPUN OTHOCUTENBHOCTU NU3Y4atloT cenvac B UJKOJ'IE!), yeM 310 6bI10 HECKOSTbKO
aecatunetuni Ha3aj, Korga Teopuio DlHWTenHa ¢ TPpyAOM BOCNPpUHUMANn Aaxe CaMble nepenoBble YMbl

Coenaem eule oHO 3aMeyaHue O BbIBOAAX TEOPUM OTHOCUTENBLHOCTU. Ee aBTOp Nokasan, uto CBOWNCTBa
NMPOCTPaHCTBA N BPEMEHU HE TOJIbKO MOIryT MEHATbLCA, HO YTO MPOCTPAHCTBO U BPEMSA obbeamnHaoTCA
BMECTE B €4MNHOE Lenoe — YeTbipeEXMEPHOE “I'IpOCTpaHCTBO BDEMFI" NcKkprBnsgeTcs UMEHHO 3TO eAnHoe
MHOFOOGpaBVIe. KoHeuHO, HarnsgHble NnpeacTaBneHns B Takom l-IETbIDEXMEI’.)HOl‘;‘l CBEPXreoMeTpumn eule
6onee TPyAHbI U Mbl 34€Cb HE 6y.qu Ha HUX OCTaHaB/INBATbCA.

BepHeMcs K NONto TAroTeHMs BOKPYr cdepuyeckor Macchl. Tak Kak reOMeTpusl B CUSIbHOM none
TAFOTEHUSA HE3BKINAO0BA, UCKPUBAEHHAN, TO HaA0 YTOYHUTb, YTO TaKoe paganyC OKPY>XKHOCTH,
HanpuMmep, 3KBaTopa nnaHeTbl. B 06bI4HON reoMeTpmn pagmyc MOXHO ONpeaennTb ABOSKO: BO-MEpPBbIX,
3TO pacCTOsiHME TOYEK OKPYXHOCTU OT LeHTpa, BO-BTOPbIX, 3TO AJSIMHA OKPYXHOCTU, AefleHHas Ha 2nu.
Ho B HE3BKIMAOBOM reOMETPUM 3TU ABE BENIMUMHBI HE COBMNaAatT M3-3a “KPUBU3HbI” NPOCTPAHCTBA.

Mcnonb3oBaHWe MMEHHO BTOPOro MeToAa ornpeaesneHns paanyca Taroteolwero Tena (a He camoro
pacCcTosiHMA OT LIEHTPa A0 OKPYXHOCTM) UMEET paa npeuMyLllects. na usmMepeHus Takoro paavyca He
Hafo NpMBAMKATLCS K LIEHTPY TAroTewLmMx Macc. MNocneaHee BecbMa BaXKHO, HanpuMep, Ans
n3MepeHusa paavyca 3eMnu 66110 6bl BECbMa C/I0OXHO MPOHUKHYTh B €€ LIEHTP, HO HE OUYEHb C/I0XHO
N3MepuTb ANNHY 3KBaTopa.

[N 3eMnu U HET HUKaKoN HEOBXOAMMOCTUN HEMOCPEACTBEHHO M3MEPSTb PACCTOSAHWE A0 LeHTpa, Mbo
nose TAroTeHns 3eMn HEBEIMKO, U AN HAc ¢ 6osblueil TOYHOCTbIO CrpaBeavBa reoMeTpus IBKINAA,
a A/IMHa 3KBaTopa, AefIeHHas Ha 21, paBHa pPacCTOSHUIO 10 LieHTpa. B cBepxnioTHbIX 3Be34ax C
CUSIbHBIM MOJSIEM TAFOTEHWS 3TO, OAHAKO,'HE TaK: pa3sHuua B “paaunycax”, onpeaesnieHHbIX pasHbIiMK
cnocobamMu, MoXeT 6bITb BECbMa 3aMeTHOW Bosiee Toro, Kak Mbl yBUAMM fanee, B paae ciyyaes
LOCTUTHYTb LieHTpa TATOTEHUSI MPUHLMMIMANBHO HEBO3MOXHO MM03TOMY Mbl Bceraa 6yAeM MOHUMaTb Moz
paanycoM OKPYXXHOCTU ee ASIMHY, AeNEHHYI0 Ha 2.

PaccmaTpBaeMoe HaMu MoJie TATOTEHUS BOKPYr chepnyecKoro HeBpaLLatoLerocs Tesa noay4mno
HasBaHue nons LUBapuwunabaa, No UMEHM YUYEHOro, KOTOPbIN Cpasy Xe nocne co3gaHus DAHWTENHOM
TEOPUU OTHOCUTENIBHOCTM PELLW/ ee YPaBHEHUS AN JAHHOMO Cyvas.

Hemeukuit actpoHom K LUBapuwnaba 6611 04HUM U3 TBOPLOB COBPEMEHHOW TEOPETUYECKOM
acTpoduU3nKM, UM BbIMOSIHEH PAA LEHHbIX paboT B 06/1aCTU NPaKTUUECKOW acTpodU3UKN U ApYrUX



pa3aenoB acTpoHoMuMn Ha 3acegaHum MNMpycckon akageMmmmn Hayk, nocesieHHon namMatm K.
LLBapuwwnibaa, ymepllero B Bo3pacre Bcero 42 neT, Tak oueHmBan A. DUHLWITENH ero BKaj B HayKy:
“B TeopeTnyeckmx pabotax LUsapuwnibga ocobeHHO Nnopa)katoT yBEpeHHOoe BAajeHue
MaTeMaTUYeCcKMMM MeToAaMn UCCnefoBaHns M Ta NIErkoCTb, C KOTOPOM OH NOCTUraeT CyLecTBO
acTpoHOMM4yeckon nnn dusnyeckon npobnembl. Peako BCTpeyvatoTcs CcTonb rybokne matematmyeckue
NMO3HaHMSA B COMETAHMWN CO 34pPaBblM CMbIC/IOM M TakoW MMOKOCTbIO MbIWAEHUS, KaK Y Hero. IMeHHO 3Tu
AapoBaHus NMO3BOSINAM €My BbIMO/IHUTb BaXKHble TeopeTnyeckne paboTbl B Tex obnacrax, kotopbie
oTNyrMBanun Apyrux nccnegosartenein MaTeMaTmyeckMmmn TpyaHocTamMn. MobyantenbHON NpuyYnHOn ero
HEenCcsikaeMoro TBop4yecTBa, NoO-BMAMMOMY, B ropa3go 60/bliein cTeneHn MOXHO CYMTaTb paaoCTb
XYAOXHWKA, OTKPbIBaOLWEro TOHKYIO CBA3b MareMaTMyecKmMx NOHATUI, YeM CTpeMsieHMe K MO3HaHuUIo
CKPbITbIX 3aBUCUMOCTEN B npupoae”.

K. Weapuwunbi Nosy4mnn peweHne ypaBHeHNN DNHLWTENHa AN Nonsa TAroteHms cepuyeckoro Tena B
Aekabpe 1915 roga, yepes Mecsy, nocse 3aBeplieHns A. DnHWTenHOM nybnmkauum ceoen Teopumn. Kak
Mbl yXX€e FrOBOpW/IN, 3Ta TEOPUS OYEHb” C/I0XHA N3-3a COBEPLUEHHO HOBbIX, PEBOTIOLMOHHbBIX MOHATUNA,
HO, OKa3blBAETCs, ee ypaBHEHMUS ele O4YeHb C/I0XHbI, TaK CKa3aTb, YNCTO TexHu4decku. Ecnn copmyna
3aKkoHa TaroteHms N. HbloTOHa 3HaMeHUTa CBOEM K/1aCcCUMYEeCKOM NPOCTOTOM M KPATKOCTbIO, TO B C/yyae
HOBOW Teopuu ANs onpeaeneHuns noss TAroTeHMsa Hado peLlunTb CUCTEMY AECATU YpaBHEHURN, Kaxaoe us
KOTOPbIX CcOAepXUT COTHU (1) cnaraembix W 3To He npocTo anrebpanyeckue ypaBHeHUs, a
avnddepeHumanbHble ypaBHEHUS B YaCTHbIX NPOM3BOAHbIX BTOPOro nopsaka.

B Hawe BpeMsa Ans onepupoBaHus ¢ nofo6bHbIMM 3aga4amMm MCNOJIb3YETCA BECb apCEHaN 3NIEKTPOHHbIX
BblUNCIUTENbHLIX MawWwuH Bo BpemeHa K. WBapuwwnnbaa, pasyMeeTcs, HU4Yero noao6Horo He 6bI10 1
€4ANHCTBEHHBIMU MHCTPYMEHTAMU 6b15n nepou 6yMara.

Ho Hapo ckasaTb, 4To M cerogHa pabota B 061acTy TeEOpUM OTHOCUTENBHOCTU TpebyeT nHoraa AoArMx mn
KpPOMOT/IMBbLIX MaTeMaTnyeckmx npeobpasoBaHunii Bpy4dHyto (6e3 3N1eKTPOHHOW MalUWHbI), SBASIOLWMNXCS
4YacTo HYAHbIMU U OAHOO6PA3HbLIMK M3-32 OFPOMHOIMO KOMIMYECTBA YeHoB B popMmynax. Ho 6e3
YepHOBOro Tpyaa He obonTuCh. 51 YacTo npeanaratp CTyaeHTaMm (a MHOrAa acnupaHTaM U HayuHbIM
paboTHUKaM), NOKOPEHHbIM (PaHTaCTUYHOCTbIO 06LLeRn TEOPUM OTHOCUTENBHOCTM, MO3HAKOMUBLUMMCS C
Heln no yyebHWKaM 1 xxenawwmm B Helt paboTaTb, KOHKPETHO BbIYUCAUTbL CBOMMU pyKaMu XOTb OA4HY
CpaBHUTENbHO MPOCTYI0 BENNUYMHY B 3aj4a4ax 3TOM Teopuun. He BCe nocne MHOroAHeBHbIX (a MHOr4a u
ropasao 6onee gonrux!) BbIYNCAEHNI CTOSb XXEe rOPSYO NPOAOXKAIT CTPEMUTLCA NOCBATUTL CBOKO
XMW3Hb 3TON Hayke.

B onpasaaHue Takon “xecTkon” nposepku Ha NoboBb CKaxy, 4TO A Cam npowen yepes nogobHoe
ucnoiTanme. (Kcrtatm, cornacHo npeaaHusMm B 6bisible BpeMeHa 1 obblyHasa yenoseyeckas nob6osb
noasepranacb UCMbITaHUAM nogeBuramun.) B cTyaeHyeckme rogbl MOMM yuntenem no Teopum
OTHOCUTENIbHOCTK 6bIN1 U3BECTHBIN CNEeunanncT n O4eHb CKPOMHbIN Yenosek A. 3enbMaHoB. [nsa moen
AvnnomMHon paboTbl OH NOCTaBU NEpeao MHOW 3a4ady, CBA3@HHYHO C YAMBUTENbHbIM CBOMCTBOM MO
TAFOTEHUS — BO3MOXHOCTbIO “YHUYTOXUTL” ero B Nt060M MecTe No cBoeMy xenaHut. “Kak? —
BOCKJ/IMKHET untatenb. — Beab B yyebHMKAX CKa3aHo, YTO OT TArOTEHUSA B NpUHUMNE HeNb3s
3aropoauTbCs HMKAKUMM 3KpaHaMu, 4YTO BblAyMaHHOe daHTacTtoM M. Yanacom Bewectso “Kan-soput”
ABNSETCA YNCTENLWIMM BbIMbIC/IOM, HEBO3MOXHbIM B peanbHocTn!”

Bce 370 Tak, 1 ecnn oCcTaBaTbCa HEMOABWUXHbLIM, HanpuMep, OTHOCUTENbHO 3eMn, TO CUNY ee
TAFOTEHUSA HE YHUUYTOXMUTb. HO AeNCTBME 3TON CUSbl MOXHO MOJIHOCTLIO YCTPaHUTb, Ha4yaB cBO6OAHO
nagate! Toraa HacTynaeTt HeBecoMOCTb. B kabuHe kKocMmyeckoro kopabns ¢ BbiKOYEHHbIMU
ABuraTenamu, netswero no opbmute BoKpyr 3eMnn, HET CUJIbl TSXKECTU, BELLM U CaMU KOCMOHaBTbI
nna.atoT B KabuHe, He OLyLlas HUKaKOM TAXeCcTn. Mbl BCe MHOIro pas BMAEeNM 3TO Ha dKpaHax
TeNleBU30pOB B penopTa)kax ¢ opbuTbl. 3aMeTMM, YTO HMKaKOoe ApYyroe nosie, KpoMe Noss TAroTeHus, He
AornyckaeTt noAobHOro NpocToro “yHUUYTOXeHUs". DnekTpoMarHMTHOe none, HanpuMmep, Tak ybpaTtb
Henb34.

Co CBOMCTBOM “yCTPaHMMOCTU"” TATOTEHUS CBA3aHa CNoXxHelwas npobnema Teopum — npobnema
3Hepruun nons TaroteHms. OHa, N0 MHEHUIO HEKOTOPbIX (U3NKOB, HE peLleHa U A0 cux nop. dopmynbl
TEopMK NO3BONSAOT BbIYUCIUTDL ANA KAaKON-IMH0 MaccChl MOMHYHO SHEPTrUI0 ee rpaBUMTALMOHHOIO Nons BO
BCEM NPOCTpaHCTBe. HO HeNb3s yKasaTb, rAe KOHKPeTHO HaxoAMTCS 3Ta SHeprus, CKOMbKO ee B TOM



WM MHOM MecCTe NpoCTpaHcTBa. Kak roBopsAT GU3MKKN, HET NOHATUS MNJOTHOCTU rPaBUTALMOHHON
SHEPIrMM B TOYKaX NMPOCTpaHCTBa.

MHe B Moen LI,VII'IJ'IOMHOVI pa60Te NnpeacTtoasio nokasaTtb NpAMbIM BblHNCNEHNEM, YTO U3BECTHbIE B TO
BpeMA MaTeMaTU4YECKUE BblpaXXeHUA And nNAOTHOCTU SHEPIUKU rPpaBUTAUMOHHOIO Noss 6eccMbICNEHHbI
Aaxke ans HabnwaaTtenemn, He

NCNbITbIBaOLWMX CBOBOAHOIO NageHus, ckaxem, ansa Habnwogartenen, CTosawmMx Ha 3emne n SBHO
YyBCTBYHOWMNUX Ccnny, C KOTODOVI niaHeTa ux NputarnBaeT. MateMaTMyYeCcKMe BbIpaXeHUs, C KOTOPbIMU
MHE Npeacrtosano pa6OTaTb, 6binn ewe 6onee rPOMO3OKNMU, YEM YpaBHEHUA MNMOJIA TATOTEHUA, O
KOTOpPbIX Mbl FOBOpUAU Bbiwe. A Aaxe npocun A. 3enbMaHoBa AaTb MHe elle KOFO-HVI6YI.1b B
NMOMOLWHWKN, KOTODbIVI aenan 6bl 3TN Xe BbluMCNeHns napannenbHo, BeAb 4 MOr owmnbutbes. A.
3enbMaHoB BMOJIHE onpefesieHHO oTKasan MHe. “Bbl AO/KHbI 3TO caenaTtb camn”, — 6bIs1 ero oTBeT.

Koraa Bce yxe 6b110 No3aaun, a1 yBMAEN, YTO NOTPATUA Ha 3Ty PYTUHHYI paboTy HECKOJIbKO COTEH
yacoB. [oUTK BCe BbIUMCIEHMM MPULLIOCL NPOBECTM ABaX/Abl, @ HEKOTOpPbIE U 6oblue. Ko AHIO 3aWuUThl
Avnnoma Temn paboTbl CTpeMUTENIbHO BO3pacTas, NoAo6bHO CKOpOCTM CBOBGOAHO Najalollero Tena B
nons taroteHus. NpaBaa, Haflo 3aMeTUTb, YTO CyTb PaboTbl COCTOSSIa HE TOSIbKO B MPSAMbIX
BbluncneHusax. Mo xoay Aena Hafao 6bI10 ellle AyMaTb U pelaTtb NPUHUMUNNAsbHbIE BOMPOCHI.

2710 6blNa MOs nepBas nybnmkaumsa no obien Teopnum OTHOCUTENBHOCTH.

Ho BepHeMcs k paboTe K. LUBapulmnbaa. OH C MOMOLLbIO M3SALWHOMO MaTEMATMUYECKOro aHanm3a pewmns
3ajauvy ana chepuueckoro Tena v nepecnan ee A. DWHWTENHY ANS nepegaun bepanHckoi akagemuu.
PelueHne nopasunno A. DiiHIITENHA, TaK KaK caM OH K TOMY BpPeMEHM Moay4un nuilb NpubamxeHHoe
pelleHune, crpaBeaBoe TOMbKO B c/laboM nosne TaroteHus. Pewenune xe K. LWBapuwunnbaa 66110
TOYHbIM, TO €CTb CMpPaBeAIMBbLIM U AN CKOMb YrOAHO CUIbHOMO MOMs TArOTEHMSA BOKPYr chepuueckon
Macchbl; B 3TOM 6bIf10 €ro BakHoe 3HaueHue. Ho Hu A. DitHWTeMnH, HK1 cam K. LUBapulumnba Toraa eule
He 3Ha/in, YTO B 3TOM pELUEHUU COAEPKMTCSA HEUTO ropasao 6onbliee. B HEM, KaK BbISICHUIOCb MO3Xe,
COLEPXUTCA ONMUCaHUE YEpPHOI AbIpbl.

A Tenepb NPOAOSIKMUM pa3roBop O BTOPOI KOCMMUYECKON CKOPOCTU. Kakyto CKOPOCTb COrflacHo
ypaBHeHMAM DIUHLITENHA Ha40 NpMAaTh pakeTe, CTapTyioLWen C NOBEPXHOCTU MNaHeTbl, YTo6bl OHa,
no60poB CUMblI TATOTEHUSA, yNeTena B KocMoc?

OTBeT 0OKasancs YpesBblHalHO MPOCT. 34eCb CrpaBeannBa Ta xe opMmyna, YTO U B HblOTOHOBCKOM
Teopuun. 3HauuT, BbiBOA 1. JTannaca o HEBO3MOXHOCTU AJ1 CBETA YNUTU OT KOMMNAKTHOM TArOTELLEN
MacCbl NOATBEPAWICS TEOPUEN TAMOTEHMS DNHLITENMHA, COrNIaCHO KOTOPOM BTOpas KOCMMYeckas
CKOpPOCTb A0/MKHA 6bITb paBHa CKOPOCTM CBETa KaK pa3 Ha rpaBUTauLMOHHOM paauyce.

Cdepa c paanycoM, paBHbIM rpaBUTaALMOHHOMY, NOMyunna HassaHue chepsbl LBapuwmnbaa.

NMPEAOCKA3AHUE

WTak, cornacHo Teopun DHLWTENHA, Kak TO/IbKO pagnyc HebecHOro Tena CTaHOBUTCS pPaBHbIM ero
rpaBUTaUMOHHOMY paanycy, CBET HE CMOXET YUTU C MOBEPXHOCTM 3TOr0 Tena K gasiekomy
HabntoaaTento, To eCTb OHO CTaHeT HEBMAUMBIM. HO uMTaTenb HaBepHsKa yxe obpaTua BHUMAHME, YTO
3TO Ype3BblYalHO HeobblYHOE CBOMCTBO AasleKO He eAMHCTBEHHOE U3 Tex “yyaec”, KOTopble AO/KHbI
NPON30MUTKN C TESIOM, pa3Mepbl KOTOPOro CPABHAINCL C rPaBUTALMOHHBIM pagnycoM. CornacHo
CKasaHHOMY B npeabiayLleM pasgene cuaa TAroTeHMs Ha NOBEepXHOCTM 3Be34bl C PaANYyCOM, paBHbIM
rpaBMTaUMOHHOMY, AOJIXKHA CTaTb 6€CKOHEeYHO 60MbLLON, TakK Xe KakK U 6eckoHeyHOo 601bWMM AOIKHO
6bITb yCKOpeHue cBob6ogHOro nageHms. K yuemy sto MOXeT npuBecTtun?

YT106blI OTBETUTL HA 3TOT BOMPOC, BCMOMHMM CHa4vana, nodemy obbluHble 3B€34bl U NIaHeTbl He
CKMMAIKOTCS K LEeHTpY NoA AEACTBUEM TArOTEHUS, @ NpeacTaBnsatoT cobon paBHOBECHbIE Tena.



CxKaTHIO K LLEHTPY NpensTCTBYIOT CU/bl BHYTPEHHEro AaBNeHNs BelecTBa. B 3Be3nax 3To AaBneHue
rasa c oYeHb BbICOKOW TEMMEpPaTypoi, CTPEMSLLEECS pacluMpuUTb 3Be34y. B nnaHeTax Tuna 3emMau aTto
CUNbl HAaTSHXKEHUS, YNPYrocTW, AABAEHNS, TaKxKe NPenaTCTBYIOWMNE CKATUIO. PaBEHCTBO CU/T TAFOTEHMSA U
yKasaHHbIX NpOTUBOGOPCTBYIOLMX CU KaK pas U obecrneunBaeT paBHoBecue HebecHoro Tena.

MpoTMBO6OPCTBYIOLLNE TATOTEHMIO CUIIbI 3aBUCAT "OT COCTOSIHUS BELLECTBA: OT ero AaBfIeHUS U
TeMmnepaTypbl. [1pn ero oxatnn oHu yeenuumsatrotca. OQHaKo ecsin OKaTb BeLeCcTBO 40 KaKoW-TO
KOHe4YHon (He 6eckoHeuYHO 60/1bLION) NAOTHOCTU, TO OHU OCTaHYTCS TakXe KOHeYHbIMU. MiHave o6cTonT
aeno c cunoii TaroteHus. C npubnumxeHmem pasmepa HebecHOro Tena K rpaBUTaLMOHHOMY paanycy
TArOTEHUE CTPEMUTCS, KaK Mbl 3HaeM, K 6€CKOHeYHOCTU. Tenepb OHO He MOXET 6biTb YpaBHOBELLEHO
NpOTMBOGOPCTBYIOLLEN KOHEYHOM CUMOM AABMEHUS, U TENIO AOMXKHO HEYAEPXKMMO CKUMATLCS K LEeHTPY
noA, ero AenCcTBmueEM.

WTak, BaXKHENLINI BbIBOA TEOPUM DMHLUTENHA INacuT:
chepuryeckoe TeN0, paamyc KOTOpoOro paBeH rpaBUTaLMOHHOMY

paanycy m MeHblle, HE MOXET HaxXoAUTbCA B NMOKOE, AO0/IKHO COKMMATbCA K LEHTPY. “Ho no3BoJibTe, —
CNpoCuUT YntaTtenb, — €C/IN Ha rpaBUTAUMOHHOM paanyce Ccuia TAroteHus 6ECKOHeHHa, TO KakoBa OHa
CTAHET, KaK TOJIbKO T€/10 YMEHbLINTCA A0 pa3MeEPOB MEHbLIE MrPaBUTAUMOHHOIO paanyca

OTBET A0BOMILHO OYeBUaEH. [10 CUX MOP Mbl FOBOPUN O CUSIE TATOTEHUSA Ha NMOBEPXHOCTU
CTaTUYECKOro, He CKMMAIOLWErocs B laHHOE BpeMs Tena. Ho oHa 3aBUCUT OT COCTOSiHMA ABMXKeHUs. Kak
Mbl y>K€ FOBOPW/IM Bbille, NPy CBO6OAHOM MafeHUN HACTyMnaeT COCTOSIHME HEBECOMOCTU — CBO60AHO
nagatollee Tefo BoobLle HE UCMbITbIBAET AENCTBMSA MPaBUTALIMOHHOM CUibl. [TO3TOMY Ha MOBEPXHOCTU
CBO6OHO CXKMMAIOLLErocs Tena He OLLYLAeTCss HUKAKOM CUMbl TAroTeHns (1 BHe cdepsl
Weapuwnnbaa, 1 BHYTpU ee). YBieKaeMoe TAroTEHNEM BELLECTBO HE MOXET OCTaHOBUTLCS Ha chepe
Weapuwnnbaa (OHO UCMbITano 6kl Toraa 6€CKOHEUHYIO CUY TArOTEHUS). TeM 6o/1ee He MOXKET OHO
OCTaHOBUTbLCA BHYTpU cdepbl LBapuwmnnbaa. Jllobas yactmua, HanpuMep pakeTa, Co CKO/b YroaHO
CUNbHbIM IBUraTeNeM, OKasaBLUUCh OT TAOTEILWEro LEHTPA Ha PAacCTOSSHUM MeHbLLIE rPaBUTALMOHHOIO
paauyca, AO/KHA HeyAEepPXNMO NaaaTh K STOMY LEHTpY.

WTakK, Mbl MOJly4nsIM OTBET Ha BOMPOC O TOM, K YeMy BefeT 6eCKOHeYHoe HapacTaHMe rpaBUTaLMOHHOM
Cuibl C NpubnxXeHneM Tena kK cdhepe LBapuwunbaa: K KatacTpodUyYecKkoMy, HEYAEPKMMOMY €ro
okaTuo. ®U3MKKM Ha3bIBAKOT 3TO SIB/IEHME PENSITUBUCTCKUM KOJIJIancom.

TakuM 06pasoM, 4OCTAaTOYHO CXKaTb TESI0 A0 pa3MepoB rpaBUTaLMOHHOMO paanyca, a Aanblue OHO caMo
6yaeT HeyaepXnMo CKMMaTbCs. Tak BO3HUKAeT 06beKT, KOTOPbIM BNOCNeACTBUM NOyYnUS HasBaHue
YEepHOW Ablpbl.

OnucaHHbIA HaMK MPOLECC PENSITUBMCTCKOrO MpaBUTaUMOHHOIO Koslanca Bnepsble 6bi1 CTPOro
paccymTaH C MOMOLLbIO YPaBHEHWI 06Lei TEOPUN OTHOCUTENBHOCTM aMEPUKAHCKMMK u3nkamm P,
OnneHreiiMepoM v . BonkoBbiM B 1939 roay. Mx cTtaTbs aBnseTcs 06pasuLoM KpaTKOCTU U ACHOCTH
n3noxeHus. MoMHOCTbIO U CTPOro OMUCHIBAsH CyTb SBAIEHUS, OHA 3aHMMAET BCEro HECKOJIbKO CTpaHML,.

Nma P. OnneHrenmepa XoOpoLlO N3BECTHO He TONbKO (PU3MKaM, HO U LWMPOKOKM obwecTBeHHOCTHN. OH
y4yacTBoBan B CO34aHNM aMepUKaHCKOM aTOMHOM 60M6bl, B 1943 —1945 rogax Bo3rnaBfs/ 3HAMEHUTYIO
JNloc-Anamocckyto HayuyHyto nabopatopuio. Ho BnocneacTBum NOHS, KaKyk OMacHOCTb YesI0BEYECTBY
HeceT co3aaHue BoAOpPOAHOM 60MObI M FOHKA BOOPYXEHWUM, BbICTYNW/ 3a NCNOJIb30BaHNWE aTOMHOMN -
3HEepPrum ToNbKO B MUPHbIX Lensx n B 1953 rogy 6bin CHAT CO BCEX NMOCTOB Kak HebnaroHageXHbIn
amepukaHel.

Pa6oty P. OnneHreriMepa n . BonkoBa cnefyeT cuMTaTbh CTPOrMM npeackasaHMeM BO3MOXHOCTH
BO3HWKHOBEHUS YepHbiX Ablp. CaMo Ha3BaHuMe “depHas Ablpa” NOSIBUIOCH ropa3ao Mo3xe — B KOHLUEe
60-x rogos. Mpuayman ero amepukaHckmn dusnk . Yunep. [1o 3T0ro oHM n3BecTHbl 6b1m nog
pa3HbIMW MMeHaMu. Hanpumep, y Hac Mx Ha3sbiBaau “kKonaancapa-mMm”, 0AHaAKO BbISCHWUI0CL, YTO 3TO
CNOBO 3BYYMUT He o4YeHb 61aro3ByyHO NMoO-aHINMCKKN. BnpoyeM, ¢ Ha3BaHMeM “yepHas ablpa”, HecMoTps
Ha ero TOYHOCTb M 06pa3HOCTb, TOXE HbiBaNM Kasychl.



3aKOHYMM 3TOT pa3aen c/ieaylowmnM 3aMedaHmeM. YepHyto Ablpy MOXHO B MpuHUMMe caenaTb
NCKYCCTBEHHO.

[ns 3Toro Hago cxatb o6yl Maccy A0 pasMepoB rpaBUTALMOHHONO paauyca, Aasnblie oHa cama 6yaeT
CKMMaTbC4d, UCNbITbiBas FpaBVITaLI,VIOHHbIVI Kosinanc.

MNpaBaa, Ha 3TOM NyTW fieXaT OrpoMHblE TEXHUYECKME TPYAHOCTU. YEM MEHbLUYIO MAcCy Mbl XOTUM
NpeBpaTUTb B YEPHYIO AbIPY, TEM A0 MEHbLUMX Pa3MepoB ee HeEO6X0AMMO CXKaTb, MOCKO/bKY
rpaBMTaUMOHHbIN paauyc NpsMo NPoMopLMOHaneH Macce. Tak, Mbl 3HAeM, YTO FPaBUTALMOHHbIN
paavyc 3eMnn paBeH NPUMEpPHO OAHOMY CaHTUMETPY. A UTO6bl MPEBPATUTb B YEPHYIO AbIPY, CKAXEM,
ropy pa3MepoM B MUAAMApA TOHH, NMPULLIOCL Gbl €€ CKaTb A0 pa3Mepa aTOMHOro aapal

B nocnepywowmx pasgenax mbl YBUAUM, YTO BO BceneHHol 6onbline Macchl MOryT cCaMonpoum3BOJibHO
npeBpawaTbCda B YEPHbIE AblPpbl B X04€ ecTecTBeHHOM 3BontouMn. OgHako, npexage 4em roBopuTb 06
3TOM, NpoAOJIKMUM 3HAKOMCTBO C yANBUTENbHbIMU ocobeHHoCTAMMU YEPHbIX AblP.

rNABA 2. BOKPYI YHEPHOM AbIPbI

AbIPA BO BPEMEHM

Kak y>xe roBopumnochb, Teopus TAroTeHUs npeackasbiBaeT, YTO BpeMs TeyeT TeM MEAﬂeHHEVI, yem 6numxe
yacbl HAXOAATCA K rpaBUTAaUMOHHOMY pagnycy DTO O3HAYaeT, YTo, Kakue 6bl npoueccbl HM NpoTEKann B
CUNTIbHOM MnoJsie TAroTeHu4, [anekun ot qepHon Ablpbl Habnwpatenb YBUOUT UX B 3aMeOJIEHHOM TEMME.

Tak, ana Hero konebaHns B aToMax, U3nyyarlLwmx CBET B CU/IbHOM MoJie TAroTeHUS, NPOUCXOAAT
3aMeaneHHo, U MOTOHbI OT 3TUX aTOMOB MPUXOAAT K HEMY “NMOKpPaCHEBLNMU”, C YMEHbLUEHHOM
4acTOTOM DTO ABNEHWE HOCUT Ha3BaHWe rpaBUTALMOHHOINO KPACHOIro CMeLeHns (OHO MOCNYXKAo
OCHOBOM A/19 O4HOW N3 NPOBEPOK MPaBUIbHOCTU TEOPUM DUHWTENHA). 19 Hac cenyac BaxeH ToT
dakT, 4TO 3amMensieHne BPpEMEHM M MOKpacHeHue ceeTa TeM bonblie, yem 6nmxe 061acTb n3nyyeHus
pacrnofnaraeTcsa K rpaHuue 4epHom abipbl "(k cepe LWsapuwnunbaa). Tam BpemMs 3ameansert ceon ber, u
Ha CaMoli rpaHuue YepHOM Ablpbl OHO Kak 6bl 3aMupaeT ans ganekoro Habnwaatens 2ToT
Habnopatenb, cnegs, HanpuMmep, 3a KaMHeM, NajalLlWnM K YepHON Ablpe, BUAUT, KaK y caMmomn cdepbl
LBapuwmnnbaa OH NOCTENEHHO "TOPMO3UTCA” N NPUBANU3NTCA K rpaHULE YEePHOW AbIPbl LWL 3a
6eCcKOHeYHOo aonroe Bpems.

AHaNOrMYHYI KapTUHY YBUAMT Aanekunii Habnoaatenb Npu caMoM npouecce 06pa3oBaHWs YEpHOU
Ablpbl — KOFA4a Nnoa AeNCTBUEM TATOTEHUSI CaMO BELLECTBO 3Be3Abl NajaeT, YCTPEMIISAETCS K ee LeHTpY.
[ns Hero NOBepXHOCTb 3Be34bl SMLb 3a 6ECKOHEYHO A0JIFoe BpeMsi npubnuxaetcs Kk cdepe
LWBapuwwnnbaa, Kak 6bl 3aCTbiBasi Ha rpaBUTALMOHHOM paauyce. MNo3ToMy paHblue YepHbIE Ablpbl
Ha3blBa/IN elle 3aCTbiBLUMMY 3BE34aMU.

Ho 370 3acTbiBaHWE BOBCE He 3Ha4uT, 4To HabnaaTtenb 6yaeT BEYHO co3epLaTb 3acTbIBLUYHO
NOBEPXHOCTb 3BE3A4bl HA rPaBUTALMOHHOM paguyce. BCnOMHMM O 3aMeanieHun BpeMeHHu, o
NOKPACHEHMN CBETA, BbIXOASALIErr0 U3 CUIbHOIO rpaBMTaUMOHHOro nons. C npubnmxeHmem
NOBEPXHOCTU 3BE34bl K rpaBUTaUMOHHOMY paanycy HabnioaaTens BuauT Bce 6onee n 6onee
NOKPaCHEBLUW CBET 3Be34bl, HECMOTPSA Ha TO, YTO Ha CaMOl 3Be3Ae NPOoAOIKAKT POXAATHCA OOblYHbIE
oTOoHbI. MeHee 3HeprudHble (“nokpacHeslwne”) POTOHbI K TOMY Xe NpuxoasaT K Habnogatento Bce
pexe n pexe. MIHTEHCMBHOCTb CBETa Najaer.

K cdhakTy nokpacHeHus CBeTa n3-3a 3aMensieHnst BpeMeHn, 06yCcnoB/IEHHOr0 CU/IbHbLIM MOJIEM
TAroTeHus, NnpnbaBnseTcs ewe nokpacHeHMe ceBeTa us-3a Jdonnep-addekra. [JencTBntenvHo, Beab
MOBEPXHOCTb CKMMAIOLWENCA 3BE34bl HEYK/TIOHHO yaanseTcs oT Habnoaatens. A U3BECTHO, YTO CBET OT
yAansoLwerocs NCTOYHNUKa BOCMPUHMMAETCA TakxKe NOKpacHEBLUUM.

WNTak, coBMecTHoe aelicTBue [donnep-addekTta 1 3aMeaNeHnss BpeMeHN B CUIbHOM Mosie TAroTeHus
BeAEeT K TOMY, UTO C NpubIMXeEHMEM NOBEPXHOCTM 3Be3abl K chepe LUBapuwmnnbaa aanekui



HabntopaTenb BUAMT CBET Bce 6onee NOKpaCHEeBLWM U BCe MeHbLUeNn MHTEHCUBHOCTU — 3Be34a
CTaHOBUTCSA HeBMAMMOWN. Ee APKOCTb CTPEMUTCA K HYHO, U HXN B KaKME TENECKOMNbI €€ HENb34A YXe
06Hapy>KVITb lMpu 3TOM NOTyxaHUe npoucxoauT ANSa AaneKkoro Habnwapatens NMPaKTN4eCKn MrHOBEHHO.
Tak, 3Be3ga ¢ maccom ConHua nocfie Toro, Kak OHa, COXMeTCs A0 pa3MepoB yaBOEHHOIO
rpaBUTaulMOHHOIO paanyca, NOTyXHET AJiA BHELWWHENo Habnopatens 3a CTOTbICAYHYH A0/1K0 CEKYHAbI.

Henb3s 06HapyXuTb NOBEPXHOCTb 3aCTbIBLUEN Y rPaBUTAaLMOHHOIO paguyca 3Be3abl U
paavonoKauMOHHbIM MeTOA0M PagmocurHansl 6yayT 6€CKOHeUYHO A0Mro ABUraTbCS K rpaBUTaLMOHHOMY
paguycy U HUKOraa He BEepHYTCS K nocnaeleMy ux Habnwaartento. 3Be3aa A1 BHELIHEro
HabnogaTens NoaHOCTbIO “ncdesaeT”, n 0CTaeTca TONIbKO ee rpaBMTaunoHHoe none. BHewHui
HabnogaTenb HUKOrAa He YBUAWUT TO, YTO MPOM30MAET CO 3BE30M Noc/e ee CxKaTusa A0 pa3MepoB
MeHblle rpaBMTaLlMOHHOIo paanyca.

“Cron! — ckaxeT umTaTtenb. — O KakMX pasMepax MeHblle rpaBUTaLMOHHOIO pagmyca MOXHO
roBOpUTb, KOr4a caM NMpoLecc CKaTua A0 rpaBUTaUMOHHOMO paanyca pacTarmBaeTcs Ha 6€CKOHEYHbIN
CpOK? BeAb Mbl TO/IbKO YTO FOBOPW/IM, YTO 3BE34a 3aCTbIBAET NPU pasMepax, PaBHbIX rPaBUTaUMOHHOMY
paauycy. Koraa »xe oHa CTaHeT MeHblle rpaBMTauMOHHOro paauyca? lNocne 6€CKOHEeYHOro .A40NFOro
BpeMeHun?”

BOT TyT-TO 1 NpOABAAETCA OAHA U3 CaMbIX YAUBUTENbHbLIX N BaXXHbIX MCTUH, OTKPbITbIX TEOpUEN
OTHOCMTENIbHOCTU, — OTHOCUTEJIbHOCTb BPEMEHHbIX NMPOMEXYTKOB, 3aBUCUMOCTb UX OT COCTOSIHUS
ABUXeHMA Habnoaatens. BcnoMHUM, UTo yXe B creumanbHON TEOPUN OTHOCUTENLHOCTU, FAe poib
rpaBMTALUMOHHbIX MOEN HE YUMTLIBAETCS, OAMH U TOT XE MPOLECC C TOYKWN 3PEHUSA PasHbIX
HabntoaaTtenein MMeeT pPasMUHY0 ASIMTENBHOCTb: Yackl Ha 6bICTPO NeTAllein pakeTe UayT C TOUKK
3peHns Ha3eMHOro HabnaaTens MeasieHHee, YeM ero CO6CTBEHHbIE. DTO AAB/IEHWE MPOBEPEHO
HEMoCpeCTBEHHbIM (PM3MUECKMM" SKCMEPUMEHTOM. B crnyyae xe nageHuns K YepHoi abipe
OTHOCMTENBHOCTb A/IMTENBHOCTU NPOLIECCa .MPOABAAETCA B COBEPLUEHHO YAUBUTENLHOM BUE.
PaccMoTpuM Takoe siBneHune nogpobHee.

MNMpeacraesum cebe pag HabnwgaTenen, pacnonoXeHHbIX BAOb IMHUK, NPOAO/KAOWeEN pagnyc YepHom
AbIpbl, U HEMOABMKHbIX MO OTHOLIEHWUIO K Hel. Hanpumep, OHM MOryT HaXoOAUTbLCSA Ha paKeTax,
AsuraTtenu KoTopbix paboTaloT, He gaBas HabnoaaTensMm nagatb Ha YepHYo Ablpy. [lanee, npeactaBum
cebe eule ogHoro HabnoaaTens Ha pakeTe C BbIK/IIOYEHHbIM ABUratesieM, KOTopbln cBO604HO nagaeT K
yepHown abipe. Mo Mepe nageHuns OH MPOHOCUTCS MMMO HEMOABUXHbIX HabngaTenem co
BCEBO3pacTalLWeln CKOpoCTbio. Mpu NnageHnm K YepHou abipe ¢ 601bWOro pacCcTosAHMUSA 3Ta CKOPOCTb
paBHSETCSA BTOPON KOCMMYECKOW CKOpocTu. CKOpPOCTb NageHns CTPEMUTCS K CBETOBOW, Koraa
nagatouiee Teno npubnmxaeTcs K rpaBUTaLMOHHOMY paanycy. SCHO, YTO TeMN TeYEHUS BPEMEHU Ha
cBo604HO Najarolen paketTe C pOCTOM CKOPOCTM YMEHbLIAeTCs. 3TO YMEHbLUEHNE HACTO/IbKO
3HaYUTENbHOE, YTO C TOUYKM 3peHns Habnwagatensa ¢ Nobo HEMOABMXXHOWN paKeTbl A8 TOro, 4tobebl
nagatowunm ycnen aoctmub cdepsbl LLBapuwunnpaa, npoxoanut 6€CKOHEYHbIN MPOMEXYTOK BpEMEHU, a Mo
YacaMm nagatowero Habngatens 3To BpeMs COOTBETCTBYET KOHEYHOMY NPOMEeXyTKy. TakmMm obpasom,,
6eckoHeuHoe BpeMsa ogHOro Habnaartens Ha HENOABMXKHOM pakeTe paBHO KOHEYHOMY MPOMEXYTKY
BpEMEeHU Apyroro (Ha najamLlwen pakeTe), NpMyeM NpoMexyTKy O4eHb ManoMy, — TakK, Mbl BUAENH,
Ans maccol ConHua 3TO BCEro CTOTbICAYHAsA A0NS CeKyHAbl. YTo MoXeT 6biTb 60/1ee HarnsaHbIM
NpUMepPOM OTHOCUTENIbHOCTU BPEMEHHOM NMPOTSXKEHHOCTN?

WTak, no yacam, pacnosioXXeHHbIM Ha CKUMaKLENCs 3B8e34e, OHa 3a KOHeYHOe BpeMs CXKMMaeTcs A0
pa3MepoB rpaBMTaLMOHHOIO paauyca u 6yaeT Nnpoao/HkaTe CKMMaTbCS Aanblle, K ele MeHbLUINM
pa3mepaM. Ho panekui BHewHU Habnwogartenb, 3TUX NOCAeAHMX 3TanoB 3BOIIOLNM, KaK Mbl MOMHUM,
HUKOr4a He yBuauTt. A uto 6yaeT Bnaetb Habnogatenb Ha CKMMaloLWencs 3Be34e nocsie CBoero yxoaa
noa cohepy LWBapuwmnpaa? Yto 6yaet co 3se3non?

OTNoOXuM Ha HEKOTOpPOE BpeEMA 3TU BOMNPOCHI, a cenvac BEPHEMCA K BHELWIHEMY MO0 qepHoﬁ AblPpbl N
NMOCMOTPUM, KaK B 3TOM CBEPXCUJIbHOM Nnone ABUNXYTCA Te€Nla U paCnpoCTpaHAKTCA 1y4Yn CBETa.

HEBECHAA MEXAHUKA YEPHbIX OblIP



CornacHo HbOTOHOBCKOM TEOPUN TATOTEHUS Ntoboe Teno B rpaBUTaUMOHHOM MOJie 3Be34bl ABUXKETCS
nmbo No pasoMKHYTbIM KpMBbIM — runepbone nnm napabone, — nMb0 NO 3aMKHYTON KpUBOW —
annuncy (B 3aBUCUMOCTU OT TOrO, BeJIKa UM Mania HayanbHas CKOPOCTb ABMXKEHUS). Y YepHel Abipbl
Ha BO/NbLUNX OT HEe PacCTOSIHUAX MoJie TAroTeHUs cnabo, N 34ecb BCe sABIEHUS C 60MbLUOK TOYHOCTbIO
OMMCbIBAOTCS Teopmen HbloToHa, TO eCTb 3aKOHbl HbIOTOHOBCKOWM HE6EeCHOM MexaHWKK 34eCb
cnpaseanmebl. OAHAKO C NPUBAMXKEHNEM K YEPHOM Ablpe OHW HapyllatTcs Bce bonblle u 6onblue.

MO3HaKOMUMCS C HEKOTOPbIMU BaXXHENLIMMN OCOBEHHOCTSIMU ABUXKEHUSA TE/ B NOSE TATOTEHUS YEpPHOM
Ablpbl.

Mo Teopun HblOTOHA, €CNM CKOPOCTb Tesla MeHblUe BTOPOM KOCMUYECKOM, TO OHO ABMXETCA MO 3//IUNCY
OKOJ10 LeHTpasbHOro Ttena — tarotetowero ueHtpa (TL). Y annunca ectb 6nmxanwas kK TL Touka
(nepmnacTtp) n Hamnbonee yaaneHHas (anoactp). Mo Teopun DMHWTENHA, B C/lydYae ABUXEHUS Tena Co
CKOPOCTbIO, MeHbLLEl BTOPOM KOCMMYECKOM, TPAaeKTOpUs ero Takxxe nMeeT nepnacTtp 1M anoactp, HO oHa
yXXe He 3/IJIUMC; OHO ABUXXETCS MO He3aMKHyTon opbuTte, To Nnpnbnamnxascb K YepHOWN Ablpe, TO CHOBa
yAansscb OT Hee. TpaeKTopus BCA LEeIMKOM NeXUT B OAHOM MIOCKOCTU, HO B6AM3K YepHOW Ablpbl OHa
MOXeT BbIrNa4eTb BeCbMa NpUYyaamMBO, Kak, HanpuMep, HakasaHo Ha pucyHke 1. Ecau xxe oHa nexuTt
[OCTaTO4YHO Jasieko, TO BMA ee npeacTtasnseT cobor MeaneHHO NoBOpaYMBaoWNIACS B NPOCTPaAHCTBE
annamnc. Takon MeaneHHbIn NOBOPOT IANNTUYECKON opbuTbl Mepkypus Ha 43 yrnoBbiX CEKYHAbI B
cToneTne NocayXXmn nepebiM NOATBEPXAEHUEM NPABUIBHOCTM TEOPUN TAMOTEHNS DUHLWITENHA.

OyeHb MHTEPECHO PacCMOTPETb MPOCTENLLEE NEPUOANYECKOE ABUXEHME TeNa B Nosie YepHOW AbIpbl MO
KpyroBoi op6uTe. Mo Teopun HblOTOHA, ABMXEHME MO KPYry BO3MOXHO Ha Nto60M paccTtosiHum oT TL.
M3 Teopun DHLWITENHa cneayeT, YTo 3To He Tak. YeM 6amxe kK TL, TeM 6o/blue CKOPOCTb ABMXKYLLENOCS
No OKPYXHOCTWU Tena. Ha oKpy>XXHOCTW, yAaNeHHOW Ha NnosiTopa rpaBUTaLMOHHbIX paanyca, CKOPOCTb
obpauwatoerocs Tefna AOCTUraeT cBeToBOM. Ha elle 6onee 651M3KON K YEpPHOWM Abipe OKPYXHOCTH
OBUXXEHNE ero Booblle HEBO3MOXHO, M60 AN 3Toro eMy notpeboBanachk 6bl CKOPOCTb 6oblLUe
CKOpOCTM CBETa.

Ho, okasbiBaeTcs, B peasibHOW CUTyauun ABUXKEHUE MO OKPYXXHOCTU BOKPYT YEPHOW Ablpbl HEBO3MOXHO
M Ha B0MbLUMX PACCTOSIHUSX, HAYMHas C TPex rPaBUTALMOHHBIX PAANYCOB, KOrAa CKOPOCTb ABVMXKEHMS
COCTaB/ISIET BCErO MOSIOBMHY CKOPOCTU CBeTa. B ueMm xe npuumHa?

[eno B TOM, YTO Ha PacCTOSIHUAX MEHbLLE TPeX FPpaBUTALMOHHbBIX PaanUyCoB ABMXKEHME MO OKPYXHOCTU
HeycTonumBo. Manelilee BO3MYLLEHNE, CKOMbKO YrOAHO Marsblii TOMIYOK 3acTaBsAT Bpallatoweecs Teno
YIATU C opbuTbl U NNMB0O YyNacTb B YEPHYIO AbIpY, IM60 y/eTeTb B MPOCTPAHCTBO (HMYEro NOX0oXero He
npeaycMaTpuBaeT HbloTOHOBCKas “HebecHas mexaHuka”). Ho, noxanyi, caMoe MHTEPECHOE U
HeobblYHOe B HOBOI HEBECHOI MexaHMKe — 3TO BO3MOXHOCTb rpaBUTaLMOHHOMO 3axBaTa YepHO
AbIpOM Ten, npuaeTalowmx N3 KocMoca.

HanoMHMM, 4TO B HbIOTOHOBCKOW MeXaHuKe BCSKOe Teno, NpueTalLlee K TAroterwen Mmacce us
KOCMOCa, ONMnCbIBaeT BOKPYr Hee napabony wnun runepbony n (ecnm He “CTyKHETCS” 0 NOBEPXHOCTb
TAroTELWEeNn Maccbl) CHOBA yJ/ieTaeT B KOCMOC — rpaBUTaLMWOHHbIN 3axBaT HeBO3MOXeH. NHaue obcTont
Aeno B noJjie TAroTeHMs YyepHou Abipbl. KOHEYHO, ecnn npuaeTatoLlee Teso ABMXKETCS Ha 60/1bLIOoM
pPacCTOSAHMM OT YepHOW Ablpbl (Ha PacCTOSAHMKN AECATKOB rpaBMTaLMOHHbBIX paanycoB un 6osnblue), TaMm,
rae none TaroteHuns cnabo n cnpaBeannBbl 3aKOHbI MeXaHWKM HblOTOHA, TO OHO ABMXKETCS MOYTU TOYHO
no napabone nnu runepbone. Ho ecnn OHO NposeTaeT AOCTaTOYHO 6/M3KO OT Ablpbl, TO ero opbuTta
COBCEM He noxoxa Ha runepbony nnu napabony. B cnyyae, ecniv OHO BAaNM OT YEPHOM Ablpbl UMeET
CKOPOCTb MHOIO MeHblle CBETOBOW U ero opbuta noaxoanT 611M3KO K OKPY>XXHOCTM C pagnuyCcoM, paBHbIM
ABYM rpaBMTaLMOHHbIM pagnycaM, TO OHO 06epHEeTCs BOKPYr YEPHOWN Ablpbl HECKOJIBKO pas, npexae
YeM CHOBa YyJIeTUT B KOCMOC. DTOT c/lydai nsaobpaxeH Ha puUcyHke 2.

HakoHeu, ecnn Bpawawlieecs Teno NogonaeT BrAOTHYIO K YKa3aHHOMW OKPYXXHOCTU ABYX
rpPaBUTAUMOHHbBIX paanycoB, TO ero opbuta byaeT Ha 3Ty OKPYXHOCTb HaBMBATbCSH; TEI0 OKaXeTcs
rPaBUTALMOHHO 3aXBa4Ye€HHbIM YEpPHOW AblpOA M HUKOrA4a CHOBA He y/aeTuT B KocMocC (pucyHok 3). Ecnum
Teno NoAoMAET ewe 6amxe K YepHON Ablpe, OHO YNaAeT B YEPHYIO Ablpy M TaKXXe OKaXeTcs
rpaBUTaLUMOHHO 3aXBayYeHHbIM.



Mpexae yeM nepenTn K ApyruMm GU3NYECKNM SBJIEHUSM B MOSe TArOTEHUS YEPHOW AbIpbl, CAeNaeM ele
O[HO 3aMeyaHue, Kacawweecs BTOPOM KOCMUYECKOM CKOPOCTU. Mbl y)Ke rOBOPUAN paHblue, 4YTO A/1]
BTOPOM KOCMMYECKOM CKOpPOCTWU cripaBeasmBa popmyna Teopmn HbloToHa m Teno, obnagatollee Takon v
6onbluel CKOPOCTb, HaBceraa ynertaeT OT YepHON Ablpbl B KOCMOC. OAHAKO Mbl AO/KHbI cAenaTb

o

pic, 1 HC. 2

OrOBOPKY.

OueBMAHO, YTO EC/M TEN0 ABUXETCSA K YepHOI [blpe HENOCPEeACTBEHHO BAOMb paanyca, To, Kakyto 6bl
CKOPOCTb OHO HM MMEJIO, OHO BPEXETCS B YEPHYIO AbIpY U HE YNETUT B KOCMOC.

Bonee Toro, HaM Tenepb U3BECTHO, YTO eCcnn Teno byaeT ABMraTbCA XOTb U HE NPAMO MO pagnycy K
YepHol Ablpe, HO opbuTa ero NnponaeT Ha AOCTAaTOYHO 6M3KOM pacCTOSSHUU OT YepHOW Ablpbl, TO OHO
6yaeT rpaBMTaLMOHHO 3axBayeHo. CnegoBaTtesibHO, YTO6bI BbIPBATbLCA M3 OKPECTHOCTEN YepHON-AbIPbl,
Mano MMeTb CKOPOCTb Honblle BTOPOM KOCMUYECKOM, Haao ewe, YTobbl HanpaBneHne 3TON CKOpPOCTH
COCTaB/IS/1I0 C HanpaB/ieHNEM Ha YEPHYIO AbIpY Yron 60/blie HEKOTOPOro KPUTUHYECKOrO 3HAaYEHMUS.
Ecnu yron 6yaneTt MeHblle, TeN0O rpaBUTaUMOHHO 3axBaTUTCS, ecnu 6onblie (M CKOPOCTb paBHa BTOPOM
KOCMWYECKOW), TO YNETUT B KOCMOC. 3Ha4YeHWe 3TOro KpUTUYECKOro yrna 3aBUCUT OT pacCTOSHUS A0
YepHoU Ablpbl. YeM ganblie oT Hee, TeM MeHbLUe KPUTUYECKUI Yron. Ha pacCcTosSHUM HEeCKONbKUX
rpaBUTaUMOHHbBIX PaAMyCOB HaA0 YXe TOYHO “NpuuennTbCcsa” B YEPHYIO AbIpy, YTO6bl 6bITh €t
3axBay4yeHHOMN.

HakoHel, CKaXxeM HecKoJIbKO CnoB elle 06 04HOM Ba)HOM MpoLecce, BO3HMKAOLWEM Mpu ABUXKEHUN
Tes B MnoJsie YepHon Abipbl. Peub naet 06 nanyvyeHnn rpaBUTaLMOHHbBIX BOJIH. TEOpUSa TATOTEHUS
DWHLWTEWHa NpeAcKasbliBaeT UX CyLLECTBOBAHME.



YTo e NpeacTaBnsoT coboii 3T BOMHbI, HOCSLME CTOMIb 3K30TMYECKOe Ha3BaHue. OHKU NoAo6HbI
3/1eKTPOMArHUTHbIM, KOTOPbIE ABMAKOTCA 6bICTPO MEHSAIOLWMMCS 3/TIEKTPOMArHUTHbLIM MOJIEM,
“0TOpPBaBLINMCA” OT CBOEro MCTOYHMKA U PACMpPOCTPaHAIOWMMCA B NMPOCTPAHCTBE C NpeaesbHO 60/bLLoiA
CKOPOCTbIO — CKOPOCTbIO CBETa. TOUHO TakK Xe rpaBUTALMOHHbIE BOJIHbI ABAAIOTCA M3MEHSAIOLLMMCS
rpaBMTaUMOHHbLIM MoneM, “0TOpBaBLUIMMCS” OT CBOEro MCTOUYHMKA U NETALLMM B NMPOCTPAHCTBE CO
CKOpOCTbIO CBETa.

N3BeCTHO, UTO6bI 06HAPYXUTb 3NEKTPOMArHUTHYO BOJTHY, AOCTAaTOYHO B NMpUHUMME B3STb
3N1EKTPUYECKUN 3apsiXXEHHbIN WapuK U HabnoaaTh 3a HAM; KOrAa Ha Hero CcTaHeT najaTb
3NeKTpOMarHuTHas BOJIHA, WapuK NpuaeT B konebartenbHoe aBuxeHne. Ho 4Tobbl 06HapyXuTb
rpaBUTaUMOHHYIO BOJSTHY, OAHWM LUAPUKOM He 060iTUChL. MoTpebyeTcss MUHUMYM [iBa, NMOMELLEHHbIX Ha
HEKOTOPOM pacCTOSIHUKW ApYr OT Apyra (3apshkaTb UX 3NEeKTPUUYECTBOM, KOHEYHO, He HY>XHO). Mpu
naseHnn Ha HUX FPaBUTALMOHHONM BOJHbI LWAPUKK ByAyT TO HECKOMbKO CONMXKaTbCS, TO yAANSATbCS.
N3Mepsas M3MeHeHWe pacCTOsHUSA MeXAy HUMU, MOXHO OBHapY>XMWTb BOJIHbl TATOTEHUS. A noyYeMy
Henb3s 060MTUCL OHWUM LLAPUKOM? — MOXET CMPOCUTb YMTaTENb.

[eno 3aknwyaeTtcsa B cneaywoweM. Ecnm Ha wapuk He ,D,eVICTBYIOT HUKakKune NoCTopoHHUE CUbl, TO OH
HaxoauTcCsa B none FpaBMTaLI,VIOHHOVI BOJIHbl B COCTOSIHUM HEBECOMOCTW. Ha wapuke He owlyllaeTcs
HUKAKUX CUN TAroTe€HNA, N NO3TOMY HEBO3MOXHO O6Hapy>KVITb npoxoadawyr rpaBUTalMOHHYKO BOJTHY.
CuTyaumsa TOYHO Takas Xe, Kak y KOCMOHaBTOB B kabuHe KOCMMYECKOro Kopa6r|9| Ha Op6MTe. Haxopasco
B HEBECOMOCTU, OHUN HE MOTYT 06HaDY)KVITb n Tem 6onee M3MepuTb rpaBuTauMoHHoe none. [iga wapwuka,
Haxo4aAaCb Ha HEKOTOPOM OTAANEHNU, NOABEPraoTCA BO34ENCTBUIO Mons YyTb-4yTb NMNO-pPa3HOMY, U
MexXay HUMWU BO3HUKaEeT OTHOCUTENbHOE ABMXeHUE. BOT 3TO OTHOCUTENIbHOE ABMXKEHMNE N MOXHO
N3MEPUTDH.

B cnyyae anekTpoMarHUTHbIX BOSH ANsa ux O6Hapy>KEHVIFI He oba3aTesnbHOo 6paTb Aaxe WwapuKk —
CYLLECTBYIOT pa3Hble TUMbl 3/1IeKTPOMArHUTHbIX aHTEeHH. B cnyyae e rpaBuUTauMOHHbIX BOJIH
npunayMaHbl TOXeE pa3Hble KOHCTPYKUUN rpaBUTAUNOHHBIX aHTEHH.

Ho Bce BbIrNaanT OTHOCUTENLHO MPOCTO TOSIbKO TeopeTnyeckm. Ha camom gene B CKoNb-HUbyab
MPUBbIYHbIX 4718 HAC YC0BUSAX BO3HUKAIOLWME rpaBUTALMOHHbIE BOJTHbI KpaliHe crnabbl: OHM AOMXKHbI
M31y4YaTbCs NPU YCKOPEHHbIX ABMXEHUAX MAaCCUBHbIX Ten. Ho gaxke npu ABMXXeHUn HebecHbIX Ten
M3Ny4YeHME rpaBUTALMOHHbBIX BOJTH HUYTOXHO. Tak, Nnpu aBmxeHun nnadeTt B CONIHEYHON cucteme
M3Ny4yaeTcsa rpaBMTaLMOHHas 3HEprus, paBHas MOLWHOCTM BCErO JIMLb COTHU INEKTPUYHECKUX
namnoyek. XoTs 3TO YMCI0 M MOXET NoKasaTbCs 60/bMM MO HALWMM 3€MHbIM MEPKaM, OHO HUYTOXHO
MO CPaBHEHMUIO, CKaXeM, C MOLLHOCTbIO CBETOBOIro nsnydeHms CosHua, KOTOpPOE B CTO TbICAY
MUANMapA0B MUIAMapAoB pa3 6osblie (YMCNO 3anMCbiBAaeTCa eaMHMLEN C ABAALATLIO TPEMS HYISIMK).
MonbITKM e co3aaTb 1abopaTopHbIe U3Ny4YaTenm rpaBUTaUMOHHbBIX BOSIH MOKa U BOBCe o6peYveHbl Ha
Heyaaudy.

CkaxeM, MOXHO caenaTb usny4daTtesb rpaBUTaLNOHHbBIX BOJIH B BUAe 6bICTPO Bpallatowlerocs CTEpPXHSI.
Ecnun B3sTb cTanbHyto 60nBaHKy aAnmMHon 20 meTpoB, Maccoi 500 TOHH M packpyTuTb ee A0 npeaena Ha
pa3pbIB LEeHTPo6eXHbIMKM cnnamm (YacTtoTa BpalleHus npu 3T1om okosno 30 repu), To oHa byaeT
M3ny4aTb BCEro OAHY AeCATUTBICAYHYH MUTMAPAHOM MUITMAPAHONM AOMN 3pra B CEKYHAY.

MNpuBeaeHHbIe NPUMEPbI MOKa3bIBAKOT, HACKOAbKO TPYAHbI NOMbITKN 06HapyXeHUs rpaBUTaLMOHHbIX
BOJIH. B npaAMbIX 3KCnepuMeHTax Ha 3emsie 3Tu BOJSIHbI MOKa He 06HapyXeHbl, XOTS B Pa3HbIX
nabopaTopusax MMpa NOCTPOEHbI U CTPOSTCH YXKE AECATKM rPaBUTAUMOHHbBIX aHTEMNH, NpeAHa3Ha4YeHHbIX
ANS npueMa BOJIH TAroTeHUs u3 Kkocmoca. NMnoHepoM 3To paboTbl 6bl1 aMepuKaHCKuim
skcnepumeHTaTtop [. Bebep B koHue 50-x — Havane 60-x rogos. Y Hac B cTpaHe paboTa no co3gaHuio
rpaBUTAUMOHHbIX aHTEHH Hanbonee MHTEHCUBHO BeAeTCcs B MOCKOBCKOM YHUBEPCUTETE NoA
pykoBoACTBOM B. BparnHckoro.

XoTsl, KaK yXe cKa3aHo, C MOMOLLbI0 aHTEHH Ha 3eMJ/ie NOoKa rpaBUMTALMOHHbIE BOJTHbI HE 06HAPYXXEHbI,
04HAKO HEKOTOpble aCTPOHOMMYECKME HabOAEHUS MPAMO NMOKa3biBalT, YTO MPaBUTALMOHHbIE BOJIHbI
N3ny4atoTcs Npu ABMXEHUM HebecHbIx Ten. YTo xe 3To 3a HabnwoaeHus?

Jeno 3akniovaeTca B cneayroweM. Kak Mbl yXke 3HaeM, nNpu ABMXEHUU NNaHeT Win, HanpuMmep,
OBWXXEHWM 3Be3/ B ABOMHbIX 3BE€34HbIX CUCTEMAX M3ny4daloTCqa rpaBuTaulOHHBbIE BOJIHbI, YHOCALWLMNE



3HEpPruo. TU NoTepMU 3HEPrMm 06bIYHO OYeHb Masbl. Ho yeM 6onblie Macca ABUXKYLLUMXCA HEGECHbIX
TeN U MeHblUe PacCTosiHUE MeXAY HUMWU, TEeM UHTEHCUBHEE u3fydeHue. NoTepu SHePrun B CUCTEME
[IBOIMHOW 3B€3bl MPUBOAAT K MOCTEMEHHOMY CHAMXKEHUIO 3BE3A U YMEHbLLEHWNIO Nepuoaa nx
obpallleHnss BOKpYr LieHTpa Macc. KOHeUYHO, 3TO NPOUCXOAUT KpaHe MeAIeHHO, U TEM HE MeHee C
MOMOLLbIO CreumManbHbiX cnoco6oB HabnoaeHUs Takoe yMeHbLUEHWE Nepuoja B OAHOM C/lyyae yaanoch
3aduKcMpoBaTh, NpUYEM B TOYHOM COMMacUK C NPEeACKa3aHUSMU Teopum DitHIWITeHA. Mbl He 6yaem
34€ecb pacckasbiBaTb 06 aCTPOHOMUYECKUX HaboAeHNSaX NoApobHee, Tak Kak 3TO yBeso 6bl Hac
[laneko B CTOPOHY.

BepHeMcs K ABUXKEHMUIO Tena BOKPYr YepHOW AbIpbl MO Kpyrosow opbuTte. MNpu aTomM 6yaeT npomcxoant
M3NyyYeHune rpaBUTaLMOHHbIX BOJIH U MOCTEMNEHHOE YMeHbLUeHUe paanyca opbutsl. Tak 6yaer
npoAonXaTbCca A0 TeX Nop, Noka pagnyc He NpUMeET KPUTUUYECKOro 3HAaYEHUS TpeX rpaBUTaLNOHHbIX
paanycoB. Ha MeHbLIMX PacCTOAHUSAX, KaK Mbl 3HAaeM, ABUMXEHUE YxXe HeycTonumBo. CnefoBaTenbHo,
Teno, AOCTUTHYB KpUTUYECKOW opbuThl, cAenas ele HEeCKONbKO 060pOTOB U M3NYYMB HEKOTOPOE
KOJSIMYECTBO 3HEprun, “cBanmTca” ¢ 3Toro pacCTosiHUA B YEPHYIO AbIpY.

Kakoe obliee KOIMUYeCTBO SHEPIUMN U3NYUUT TENO B BUAE MPaBUTALMOHHbIX BOJIH 3a BCE BpeMs, MokKa
OHO ABMranoChb BOKPYF YEPHOM Ablpbl MO OKPY>XHOCTU C MEASIEHHO YMEHbLLIALWMMCS paanycom?
M3nyyeHne NponcxoamT, Kak Mbl BUAENM, KpaiiHE MAaNOUHTEHCUBHO, HO CaM MPOLIECC 3TOT ASIUTCS
fonro! Takum o6pasoM, MOHOE KOMMYECTBO M3/yUYeHHOI 3Heprum 6yaeT Bennko. YTobbl NokasaTs ee,
npuBeAeM Takoe CpaBHeHMe. M3BEeCTHO, UTO Mpu SAEPHbIX NPeBpaLleHnsaX, Hanpumep, Boaopoaa B
renuin unu B elle 6onee TsXKeNble 3N1EMEHTbI, OnNpeaeNieHHas A0S MacChl NPEBPALLAETCA B SHEPIMIO.
MakcuManbHO BO BCEX BMAAX Peaklmit 3Ta A0/ MOXET COCTaBMTb OKOJI0 OAHOMO MpoLeHTa. B cnyuyae
e U3/TyUYEeHMS rPpaBUTALMOHHBIX BOMH NPU ABVKEHUN BOKPYT YEPHOW Ablpbl U3/lyYaeTCca 3Heprus B
wecTb pas 6onbluie!

Mbl BUAMM, YUTO B NpUHLUMNE AaXe TakKuM I'IpOCTeVILUVIM cnocob6oM MOXHO 6b1s10 661 NCNONb30BaATb
YepHble AbIpbl KakK UCTOYHUK 3reprun. KOHeYHOo, NpakTUYecKkn Takas MallmHa rnoyTtu 6ecnonesHa. [leno
1 TOM, YTO rpaBUTaUMOHHbIE BOJIMbI KpaVIHe cnabo BBaMMO,D,EﬁCTBy}OT C BeLlecTBoM. MoaTomy
BblAeNakoLWyoCd B BUAE rpaBUTALUMOHHDBIX BOJIH SHEPTUIO 6b1710 6bI OUEHb TPYyAHO yN10BUTb U
MCNoJib30BaTb ANA NMPAKTUYECKUX HYXA: rPaBUTALUMOHHbIE BOJTHbI pacCenBannCb 6bl B KOCMWUYECKOM
npoctpaHcTee. B AanbHenweM Mbl yBUOAUM, YTO CYLWECTBYHIOT Apyrune cnocobbl NCMOb30BaHMS
rMraHTCKoM rpaBVITaLI,VIOHHOVI SHEPIrUN YEPHbLIX AbIP.

YEPHbIE ObIPbl U CBET

Mbl y>xe 3HaeM, 4YTo none TArotTeHuns BanseT Ha ceeT. OHO 3acTaBnseT MOTOHbI MEHATbL CBOKO 4aCTOTy U
WCKPUBSET TPAeKTopuio nyden. Yem 6aunxe K 4epHOW Ablpe, TEM CU/IbHEE UCKPUBJIEHUE TPAEKTOPUW.
Ha pucyHke 4 npuBeaeHbl NyTW ly4yen CBeTa, NCXOASALWMNX C pasHbIX pacCTOSHUIA OT YEPHOW Ablpbl
(nepneHAVKYNSIPHO K ee pagnycy). Mbl BUANM, YTO CyLLECTBYET KpUTUYECKasi OKPYXXHOCTb C paanyCcoMm
B MoOATOpa rpaBuTauMoHHbIX paanyca. (O Hen Mbl yXxe ynoMnuHanu B npeabiaywem pasgene.) o aton
OKPY>XXHOCTU (POTOH, yAEPXKMBAEMbIA HA OKPYXXHOCTM MOLLHbIM TAFOTEHWEM YEPHOW AblPbl, BMOHE
MoxeT ABuratbcs. OAHAKO 3TO ABUXXEHNE HEeYyCTOMYMBO. Manenwee Bo3mylweHne — 1 oH nmbo ynaget
Ha 4YepHYlo Ablpy, TM60 yneTuT B KOCMOC.

Hannuve KpnTUYECKOn OKPYXHOCTU ANa POTOHOB BEAET K TOMY, YTO CBET, NPOXOAALUNIA AOCTATOHHO
6113K0 K YepHOW Ablpe, ByAeT el rpaBMTaUMOHHO 3axBayeH (3To n3obpaxeHo Ha pucyHke 5). Jlyy,
NOAXOASALMIA BNIOTHYO K OKPY>XHOCTWU pasMepoM B NOATOPa rpaBMTaLMOHHbIX paanyca,
HeorpaHM4YeHHO HaBMBAETCA Ha Hee, a NoAXOAALWMI ewe 6nXe ynupaeTcs B YEPHYIO AbIpy.

Mpw ABNXEHNN OKONO YEPHOW Ablpbl MEHSETCH M YacToTa KonebaHunii CBETOBbIX BOSH. YeM 6nunxe
OTOHbI K YepHOW Ablpe, TeM CuiibHee BO3pacTaeT yactoTa konebaHuii. Npu yaaneHun oT YepHOn Abipbl
yactoTa konebaHuii CBETOBbIX BOJIH YMeHbLUaeTcs. Ha 3HauynTenbHOM pacCTOSSHMUU OT YepHOW Ablpbl 3TU
N3MEHEeHUs HeBEMKN U 3HaUUTEeNbHbI ToNbKO B6AM3KM cdepsl LWBapuwunnbaa.



“YEPHbIE AblPbl HE UMEIOT BOJ1IOC”

[lo cnX Nop Mbl FOBOPUN TOMBKO O YEPHbIX AblpaX, BO3HUKAKLWMNX MPU CKATUM ChHEPUUECKUX TEN U
o61aaaoWwmx NosToMy chepmyeck CUMMETPUYHbBIM MOMEM TAFOTEHUSA. A Kakasa YepHas Ablpa
BO3HMKAET MpU CKaTUWN He cchepUUECKOro, HanpuMep CrIlCHYToro, Tena? Mbl noka 6yaeM roBopuTb
TOMbKO O HEBPALLALMXCSA TeNax, 0CTaBMB BOMPOC O BPALLEHMM 40 CNeAyloLLEero pasaena.

UTak, o oxaTunsa Teso MMeno He chepuyeckoe rpaBmtaunoHHoe none. O3HavaeT sin 370, 4YTO
BO3HWKHET CMNJ/IIOCHYTas YyepHas Ablpa CO CMIOCHYTbIM MNONeM TAroteHnsa? Jonroe BpeMs OTBET Ha 3TOT
BOMNPOC Obls1 HEM3BECTEH, M 3Ty 33a4a4y peLnnm N1lb CPaBHUTENbHO HeAaBHO. Ha caMoM Agene HMKakux
CMTOCHYTbIX MK APYTUX HECUMMETPUYHbIX YEPHbIX Ablp CYyLLEeCTBOBaTb HE MOXET. [leno B TOM, UTO B
X0A4e OKaTus, Koraa pasMmepbl Tena npnbnunxarTcs K rpaBUTaLMOHHOMY paguycy, Npoucxoamt
WHTEHCMBHOE U3/TlyYeHNe rpaBUTaLMOHHbIX BOSIH. OKa3biBaeTCs, YTO NpU 3TOM BCE OTMYMUSA NONSA
TAFOTEHUSA OT CTPOroM CHEPUYHOCTU YMEHbLIAKOTCA U “n3nyvarTca” B BUAE rpaBUTALMOHHbBIX BOJIH.

B nepBblil MOMEHT NOC/Ie BO3HUKHOBEHUS YepHas Ablpa UMeeT AENCTBUTENIbHO UCKAXEHHYIo,
CMIIOCHYTYI0 POpMYy. HO 3Ta Ablpa HE MOXET COXPaHATbCSA MOCTOSHHO BO BpeMeHu. MogobHo ToMy, Kak
NnJieHKa MblJIbHOrO Ny3bIps, ecnun 6bl Mbl €ro pacTaHyAu, a NOTOM OTAYCTUAN, 6LICTPO NPUHUMAET
chepunyeckyo HopMy, TOUHO TaK Xe rpaHmua “McKaxxeHHon” YepHol Ablpbl 6bICTPO NpUHMMaeT
rnagkytr cgepuyeckyto popmy. Bece “nuwHee” nsanyyaercsa B Baae rpaBUTaUMOHHbIX BOJH. B
pe3ynbTaTe BO3HMKAET COBEPLUEHHO Chepnyeckn CMMMEeTpUYHas YyepHas Ablpa C COBEPLUEHHO
chepmyeckn CUMMETPUYHBLIM BHELWHMM NoJsieM TAroTeHus LBapuwmnnbaa, KOTOpoe XapakTepusyeTtcs

TO/IbKO OAHOM BENMYNHOM — MACCOM TArOTerLero ueHTpa.

TakuM 06pa3oM, UepHbIe Ablpbl MOMYT 6bITb U 60JblUME (MACCUBHbIE) U MaleHbKME, HO BO BCEM
OCTafibHOM OHU COBEepLIEHHO NOAO06HbLI ApYr Apyry. Bo3HWKaeT Toraa Bonpoc, a uto 6yaeT, ecnu
COKMMatolleecs Teno 06/1aaano 31eKTPUYEcKnM 3apsaaoM, To eCTb UMeNIo BOKpYr cebsl, NMoOMUMO
rpaBMTaLMOHHOIO, ELUE 3/IEKTPUUECKOE, NN MarHUTHOE, UK, HaKoHeL, Kakoe-nnbo eule none? byaer
/Y BO3HUKLLAA M3 3TOr0 Tena YepHas Ablpa Takxe 06/1aAatb 3TUMU NOASAMU?

MccnepoBaHme Bonpoca NpuBeNno K KparHe MHTepecHoMy BbiBoay. Okasanoch, YTO BCE BUAbI
dpusmyecknx nNonemn B xoae pensaTMBMCTCKOro Konnanca 6yayT nsnyyeHbol uan norpebeHbl B camom
yepHon Abipe. VIckntoveHne cocTaBnsieT TO/IbKO NOoJe 3/1IeKTpUYeckoro 3apsaaa. lNpu okatnm oHo, Tak
e Kak 1 chepuryeckoe rpaBMTaLlMOHHOE NoJe, BOBCE HE MEHSAETCS W OCTAeTCs BOKPYI BO3HUKLUIEN
YepHON AbIpbl.

UTak, npu penaTMBUCTCKOM KOJI1ance CKOJb YroAHO CMIOXXHOI0 HEBPALLAOLWErocs Tesa, OKPY>XEHHOro
3M1EKTPUYECKMM, MArHUTHbLIM U APYTMMU NOJSISMU, BO3HUKAET YepHas Ablpa CO CBONCTBaAMM, MOJSIHOCTbIO
XapaKTepusyembiMM BCEro AByMs mapaMeTpamm — Maccom, OT KOTOPOM 3aBUCUT Cusia BHELUHEro
rpaBMTALUMOHHOIO MOJIS, U SEKTPUYECKUM 3apsia0oM, XapaKTepM3yoWKWM anekTpuyeckoe none. Bece
Apyrve otnmuuTesnbHble 0CO6eHHOCTM MaTepun, KoTopas obpasoBana YepHyto ablpy, Kak 6bl ncyesator.
Hunkakune namMepeHus Uauv onbiTbl HA4 YEPHOW AbIPO HE MOMOryT OTBETUTb Ha BOMPOC, BO3HUKJIA K
OHa, HampuMep, 13 BelecTBa WM aHTMBeLlecTBa, 061aaano Nm BEWeCTBO MarHMTHbIM NofieM U T. 4. U
3TO CBOMCTBO “3abbiBaHMA"” BCEX NMPU3HAKOB OMNpeaensieTcs onsiTb Xe TeM, YTO HUKAKMe CUrHanbl 13
YEpPHOW Ablpbl BO BHELIHEE MPOCTPAHCTBO He BbIXOAST.

Ecnu Mbl OCTaBUM B CTOPOHE SIBNIEHWE 3/1eKTPUYECKOro 3apsja, KOTOpoe HeCyLeCTBEHHO Ana HebeCHbIX
Tesn, TO B Ka4YeCTBe XapaKTepuCTUKKN, onpeaenstowert CBOMCTBa YepPHOM Ablpbl, OCTAETCA TONIbKO ee
Macca. Bce yepHble Ablpbl 0AMHAKOBOM MacChl ABNSIOTCA TOYHbIMU KOMUSAMU ApYyr Apyra. Takas
6€31MKOCTb YepHbIX Ablp NOCNYXWNa NOBOAOM yXe 3HaKOMOMY HaM aMepUKaAHCKOMY PU3NKY-TEOPETUKY
0. Yunepy ckasaTb, 4YTO “4YepHble Ablpbl HE MMEIOT BOSIOC”.

YcraHoBneHne dakta 6e3nmkocTtn 6b1510 TPyAHOM 3adadeit. 3aech Toxe 6bi1a n CBOs NpeabiCTopus U
NCTOpUS, KaK 1 NpU TEOPETUYECKOM NpeacKasaHUmM YepHbIX Ablp.

YrnoMsiHeM nWb 0 ABYX paboTax, BbIMOMHEHHbIX B cepeanHe 60-x rogos. Mpu co3gaHunm nepeoi A 6bin
NVWb CBUAETENEM, @ BO BTOPOI NpMHMMan yyacTue caM. lMepeas pab6oTa 6bina caenaHa COBETCKUM
bu3nkoM akageMmnkom B. MH36yproM. OH paccMaTpuBas BOMPOC O TOM, KakoBo 6yfeT MarHUTHoe none
3Be3/bl, €C/IN ee CKUMaTb 40 BCE MEHbLUMX pa3MepoB. OKasanoch, UTO €Cn 3Be34y CKaTb MoUTH 40



rpaBMTaUMOHHOIO pagMyca U Ha 3TOM OCTaHOBUTbLCS, TO B6/IM3M CaMOM NOBEPXHOCTU 3BE34bl MarHUTHOE
rnosie HeobblYHO Bo3pacTeT. MNpu AanbHENRLWEM CKAaTUN TOYHO K rPaBUTALMOHHOMY paanycy
HanNps>XXeHHOCTb MarHUTHOIO NOAS Y MOBEPXHOCTU CTpeMuaack 6bl kK 6eckoHeyHocTu! Ho 310 abeypa! A
MOMHIO, C KAKUM NOABLEMOM M BOJIHEHMEM pacckasbiBan B. MMH36ypr 06 3ToM B ACTPOHOMUYECKOM
MHcTuTyTe uMenu M. K. LUTtepH6epra, a NOTOM C KakMM 3HTY3Ma3MOM Ceumnannctol obcyxaanm atm
BbIBOAbl. 3HauYeHMe paboTbl 66110 OrpOMHO. Beab ecnuv npeanosioXXeHne o HaAn4yMM MarHMTHOro nons y
yepHoOW Ablpbl BeaeT K abcypay (a Tak noayyunnock!), 3HaUYNT, HUKAKOro MarHUTHOMO MO Y YEepPHOM
Ablpbl HE MOXET 6bITb BoBce! Bce MarHMTHoe noJsie AO/MKHO 6bITb U3NYYEHO MK norpebeHo BHYTpU
Ablpbl!

3T0 6bI71 04EHb HEOXUAAHHbIN BblBOA, C KOTOPbIM CneunanncTtbl He Cpady OCBOUJIUCDL.

BTopas paboTa kacanacb BO3MOXHOCTM BO3HUKHOBEHMUS CMJTIOCHYTOM YepHOW Ablpbl. S TOrAa TObKO
4YTO OKOHYMN y4yeby n paboTan B rpynne, co3aaHHOM akageMukom A. 3enbaoBnyeM. MOCKONIbKY Ha
NPOTSXXEHUM YXKE HECKOSIbKUX JIET MEHS BOJIHOBana npobsemMa ChlOCHYTOW YepHOW AbIpbl, 1 pacckasasn
0 Hell MOeMYy pPyKOBOAMUTESO, @ 3a04HO M MOEMY CBEPCTHUKY, TOXE HauyMHaBLIEMY paboTaTb BO BHOBb
co3faHHol rpynne, A. lopowkeBuyy. Bce Tpoe Mbl BCECTOPOHHE Hayanu uccnenoBaTb Npobnemy.
Ctunnb paboTbl y Hac 6bis1 pasHbIil, N, yAauyHO AONONHSAS APYr ApYyra, Mbl BbIMOJHUAN 60blON 06beM
paborT.

Bckope 06Hapy»Xunnocb, 4YTto, ecnin 6bl BO3HWKAA CMJIIOCHYTas!, Kak pena, uan, HaobopoT, BbITAHYTas,
KakK orypeu, YyepHas Ablpa, TO CMIOCHYTOCTb MK BbITSHYTOCTb €€ A0XHbI 6b1K 6bl 6bITb
6€CKOHEYHbIMK! DTO 03HAYaEeT, HaNnpMMep, YTo B Clly4ae CM/IIOCHYTOCTU ANTMHA dKBATOpa YEPHOW AbIpbl
6bina 661 6eckoHeyHoN. Ho 3TO, KOHeYHO, abcypa! OTcioaa Mbl caenanu BbiBOA, YTO HUKaKUX
CMNIIOCHYTbIX UK BbITSHYTbIX Ablp 6bITb HE MOXET. BCce OTKIOHEHUSI OT CPEPUYHOCTUN AOJXKHbI,
M3nyyasiCb B BUAE rpaBUMTALMOHHbIX BOSH, Mcye3aThb!

O6e ynoMsaHyTble paboTbl oTAnYaeT ogHa oblwasa yepta: Mbl NPULLAN K BbIBOAY, YTO MOAS AOKHbI
M31y4yaTbCs B XO4e BO3HMKHOBEHUS YepHOW Ablpbl. TaKoW BbIBOA MOKAXeTCs Ype3MepHO cMenbiM. Beab
CcaM NpoueccC U3NyYeHUS Mbl HE pacCYMUTbIBaNKW, Mbl 3TOrO TOrAa ele NpocTo He MOru AenaTb, Tak Kak
He 6bIn co34aH COOTBETCTBYOLWMA MaTeEMaTMUECKNIA annapaT. Ho BbIBOA4 O pe3ynbTaTte npouecca
nsnyyvenuns 610 abcontoTHO HAAEXEH MOTOMY, UYTO MHOM Ben 6bl kK abcypay. DTO MHTEpeCBbI Npumep
TOro, Kak MOXHO AenaTb HaAeXHble 3aKNYeHUs 0 NOCNEACTBUAX SABNIEHNS, pacCUnTaTb KOTOpOe He
6b1710 BO3MOXHOCTU. TONBLKO LWECTb JIeT CAYCTS aMepuKaHCKmMin TeopeTuk P. Mpaic, a 3ateM n MHorune
Apyrue nNpoBesin pacyeTbl CaMOro npouecca nsnydyeHums nonen. OHN, eCTeCTBEHHO, MOSTHOCTbLIO
NOATBEPAWIN NPABUIBHOCTb HAaLMX 3aKIOYEHUN.

CneactemeM pacuyeToB P. Mpalica u ApyrMx aBTOpOB 6bI/10 YCTAHOBNEHME NOBOMLITHOrO hakTa: Bce
Nnosis, KOTOPbIE B MPUHLMMNE MOTYT BbiTh U3/TyUYEHbI, M3YYaOTCA AENCTBUTENLHO B XOA€
BO3HWMKHOBEHMA YepHOI Ablpbl. TONBLKO ABa BUAA UX HUKOrAa He U3y4yalTcs — 3To cdhepuyeckoe none
TArOTEHMA U ChepuyecKoe Mnose 31eKTPUUECKoro 3apaaa (ecnm TakoBoW ecTb). MMEHHO OHM OCTaloTCs
Yy BO3HUKLLEN YepHO Ablpbl. Ellle 06 0AHOM UCKIOYEHUN CKa3aHOo B CreAylollUeM pasaene.

Cpeaun du3MKOB M3BECTHbI “3aKoHbl Ynaxonma”. OHK B WYTOYHOM hopMe OTpaxatoT AaneKko He
WYTOYHbIE TPYAHOCTU, BO3HMKAIOLWME NPpU NpoBedeHUn hdU3n4eCcKMX IKCNepMMEHTOB 1 nNpu paboTe co
CNOoXHbIMK dusmyeckmmm npmbopamu. Nepebin U3 “3aKOHOB Ynaxonma” umtaeTcsa Tak: “Bce, 4To MOXeT
ncnoptutbcs, — noptutca”. Mo aHanoruun ¢ atuMm, P. Mpanc chopmynuposan cBOM BbiBOA Tak: “Bce, uto
MOXET U3NYy4UNTbCHA, — nany4daercs”.

B Hauane 3Toro pasgena Mbl CcneuvasbHO OroBapuBanu, YTO pacCMaTpUBaEM YepHble Ablpbl,
BO3HMKAKOLWME TONbKO U3 HEBPALLAIOLWMXCS Te/l. DTa OroBopka He cnydanHa. [jeno B TOM, 4TO
BpallalLeecs Teno Npu Konnance npuBoauT K BpallaloLlwencs YyepHon abipe. Kak mMbl yBuanm B
cnenywoweM paserne, BpalleHMe NpuBoANT K onpeaesieHHbIM U3MEHEHUAM B NoOJie TArOTEHUS N MO3TOMY
CNYXUT TpeTbuM (M nocnegHMM) napameTpomMm (MOMMMO MAcChbl M 3NIEKTPUYECKOro 3apsiaa), KOTOpbIi
XapaKTepusyeT YepHyto Abipy.

rPABUTALMOHHbIW BUXPb BOKPYI YEPHOW ObIPbI



Mo Teopun HblOTOHA, rPaBMTAUMOHHOE MOJIE HUKAK He 3aBUCUT OT ABUXEHUSA BellecTBa. Tak, nons
TArOTEHMSA HEMOABWMXXHOMO Lapa W BpallaloLerocs CoBeplieHHO 0ANHAKOBbI, €CIN TONbKO OAMHAKOBbI
nXx Maccol. Mo Teopun DUHLWITENHA, 3TO He TaK: MoMs TArOTEHUS pacCMaTpUBAEMBbIX LWAPOB 6yayT
HECKOJIbKO OT/INYATbCS. B ueM e oHO 3aktovaeTca?

Hanbonee HarnagHo (HO HECKOJIbKO YMNPOLEHHO) MOXHO cebe npeacTaBUTb 3TO OT/INUME, KaK eCcnu bbl
BOKpYr BpallatoLlerocs Tena Bo3HMKano nobaBoyHoe BUXpeBOe rpaBMTaLMOHHOE Mosie, yBeKatllee
3a coboil Bce Tena B Kpyrosoe ABuxeHue. [leno npoucxoauT Takmm obpasomM, kak 6yaTo cnoum
NpoOCTpaHCTBa MeAIeHHO BpaLLaloTCa BOKPYr Takoro tena, npuyeM yrnoBas CKOpoCTb UX BpalleHus
3aBUCUT OT PAcCTOSIHMSA: OHa Mana BAa/M M HapacTaeT C NpMbamXeHUeM K Bpalatowemycs Teny Ons
06bIYHbIX HEBEeCHbIX Ten 3Tn 3 deKkTbl HAYTOXHO Manbl. Mpolle Bcero nx obHapyXxuTb, NnomeLlas
B6113K Bpallalolerocs tena rmpockon. Ecnm Teno He BpalwaeTcs, TO rMpockon byaeT ykasbiBaTb
HEeN3MeHHOe HamnpasJ/ieHMe B NMPOCTPaAHCTBE MO OTHOLWEHUIO K Aanekmm 3se3aam. (LLinpoko nseectHo
MCNosb30BaHWEe MMPOCKONOB, HAaNpuMep, A1 OpUeHTauUnm KocMmyecknx kopabneii.) OgHako B6m3mn
BpallawLLeroca Tena rmpockon MenseHHo NoBOpaYmMBaEeTCs.

Tak, B611M3M NOBEPXHOCTM BpalLaloLWwencs 3eMIm rmpockon NoBopavYmMBaeTCs NPUMEPHO Ha AECATYHO
LOJ110 YII0BOW CeKYH-Abl B rod. KoHeYHo, Takasi HAYTOXHasi CKOPOCTb NOBOPOTa MMPOCKONa He MOXET
nomellaTb OPMEHTALMN KOCMUYECKUX Kopabneli. bonee Toro, akcnepuMeHTasnbHO 3TOT 3hdeKT noka u
He o6HapyXeH.

Y NOBEPXHOCTM HEMTPOHHbIX 3BE€3/, O KOTOPbIX Mbl Y>X€& roBOpuaun B rnaee 1, yrnoBasi CKOpOCTb
BpaLLeHMsI TMPOCKOoNa MOXeT 6bITb BeCbMa 60/1bLLIO, BCEro NNLWb B HECKOJIbKO pa3 MeHbLUe CKOPOCTH
BpalleHMs cCaMOW HEMTPOHHO 3Be3Abl. A CaMW HEWTPOHHbIE 3BE3Abl MOMYT BpallaTbCsl CO CKOPOCTbIO B
HECKOJIbKO AecAaTKOB 1 6onee 060poToB B cekyHay. TakmMm o6pa3omM, rmpockon B61M3n Takon 6bICTpo
BpallaoLwencs 3se3bl MOXET coBepLllaTb MHOMO 060poTOB B cekyHAy! UTo 6yaeT NponcxoanTb C 3TOM
BUXPEBOW KOMMOHEHTOWN MOS TArOTEHUS NPU PENSATUBUCTCKOM KoJinance 3Be34bl?

OKa3b|BaeTCF|, OHa He 6y,qu M3MEHATbCA TaK XeE, KaK HE MEHAETCA U cq)epmquKoe none TaroTeHus.

Buxpesoe none TAroTeHns 3se3bl NOHOCTbIO onpeaenseTcs BEHMHMHOVI, KOTOpPYHO d)M3VIKVI Ha3blBawOT
MOMEHTOM uMNynbca Tena. Ang 06bIYHON 3BE34bl 3Ta BENMYNHA NPpUMEPHO paBHa Npon3BeAEHUIO
CKOPOCTHK BpaWE€HUNA Ha 3KBATOpPE, MaCCbl 3BE€34bl N €€ paanyca.

TakuM 06pa3oM, Npu Kosnance BpallaloLerocs Tefa Bo3HUKAET Bpalllalollascs yepHas aslpa. YTo
O3HauaeT BpallleHne YepHoW Ablpbl? OHO 03HAYaET HaNnuMe BOKPYr UEPHON Ablpbl BUXPEBOro Noss
TArOTEHMS, OCTABLLErocs Nnocje Kojnanca, UK, Kak ero MHoraa HasblBatT, rpaBMTaLMOHHOIO BUXPS.
YeM 6mke K YepHOi Ablpe, TeM CUNTbHEE BUXPEBOE MoJie.

K uemy 310 NnpnBOAMUT?

Mpexae BCero BpalleHne HECKONbKO CM/IOWMBAET YEPHYIO AbIPY Y MOAOCOB, No406HO TOMY Kak
BpalleHue crowmBaeT 3eMnio 1 38e3abl. HanomHmnM, uto 6e3 BpalwleHnsa gopma Ablpbl 6bin1a 66l TOUHO
cepnyeckon. Ho He aTo rnaBHoe. be3 BpalleHns rpaBuTaunoHHas cuna obpawanaco B
6eckoHeYyHOCTb Ha cdepe LBapuwmnnbaa. OTa cdepa n 6bina rpaHMLEen YepHOW AbIpbl, UK, KakK
roBOpPAT GU3MKK, TOPU3OHTOM, U3-NOA KOTOPOro HUYTO BblIETaTb HE MOXeT. Npu Hanuyum BpaLlleHus
3TO He Tak. TaroTeHue obpallaeTca B 6€CKOHEeYHOCTb BHE rOPU30HTA, HA MOBEPXHOCTM, MOyUMBLUEN
Ha3BaHMWe rpaHuubl aprocdepsbl. [MoN0XKeEHNE 3TONM rpaHMLbl MOKa3aHO Ha pUCyHKe 6. OHa OTCTOUT TeM
Janblue OT rpaHuLbl YEPHON Ablpbl, YEM 6bICTpee BpalleHue, No Aasieko OT Hee OTOMTU He MoXeT. Ha
rpaHuue sprocdepbl U NOA HEW YXe HUKaKas Cua HE MOXET yAepXaTb NPOHMKLLIEee Tyaa NOCTOPOHHeEe
Teno B nokoe. OHO 6yaeT yBneKaTbCA BUXPEBbLIM MOJIEM B ABMXKEHMUE OTHOCUTENBHO YEPHOU AbIPbl.
OaHako B OT/IMUMeE OT Ten, HaxoAaswmxcs noa cdepoin Lsapuwmnpaa (B OTCYTCTBUE BpalleHus), rae
OHUW HeyAepXWMOo naganu K LeHTpY, 34eCb, NoA rpaHuuen aprocdepbl, BCe Tenla BOBEKAOTCS BO
BpallaTenbHOe ABUXEHWE BOKPYr YepHOW Ablpbl. [1pn 3TOM OHW BOBCe He 06a3aTeNlbHO ABUratoTCs K
LEHTPY: MOryT U NpubnmxaTtbCa K YepHON Ablpe, U YAANATbCS OT HEe, MOryT nepecekaTb rpaHuLy
sprocdepsbl, ABUrasiCb U BHYTPb W HapyxXy.

CI'IpaLIJVIBaETCH, KaK XXe rpaBuTaunoOHHasn cuna AEVICTBYET Ha HUX noa FpaHVILI,EIL/'I 3pFOC(bepr, €CNIn yxe
Ha rpaHuue BesiM4nHa €€ paBHa 6eckoHeyHOCTUN?



34eCb Mbl JOMKHbI HAMOMHUTbL TO, YTO Y>X€ FOBOPU/IM MPU 06CYXXAEHUU CUMbl TATOTEHUSA, AeNCTBYIOLWEN
Ha noeepxHocTu LUBapHwWWnbAa.

Cuna TaroteHus 6eckoHeYHa Ha rpaHuLLe TOIbKO AN8 HENOABWMXKHOIO Tena, a ecyin TeNno ABMXKETCS
YCKOPEHHO, TO cuna 6yaeT uHas. Mpu KpyroBoM ABUXEHUM BOKPYF YEPHOW AbIpbl B TOM Xe
HamnpaB/ieHUM, YTO N HanpaBfieHWE BpaLLEHUSI YEPHOWN AbIpbl, CUS1a U Ha rpaHunue aprocdepsl, U BHYTpU
ee oKa3blBaeTCcsl KOHEYHOW. Mo3ToMy Te TO MOXET BHYTPU FpaHuLbl sprocdeps! ABUraTbCs No
OKPYXHOCTW, He Najas Ha LueHTp. TakMM 06pa3oMm, Npu HaAnuMmM BpalleHus npeaen ctatuyHoctu (To
€CTb FpaHuua obnactu, rae BO3MOXEH NMOKOW Tena Mo OTHOLIEHUIO K YEPHO Ablpe) pe3Ko oTAnYaeTcs
oT cepsbl LBapuwnibaa B c/iydae OTCYTCTBUS BpaLLeHMs.

Mbl BUAWM, YTO FpaHuMua 3procdepbl BOBCE HE SIBASIETCS MPaHMLEN YEPHOW Ablpbl, pa3 U3-Moj 3TOM
NOBEPXHOCTN MOXHO BbIATM HapyXy. NOCMOTPUM, YTO Xe byaeT Npu AanbHenweM NpUbAMKEHNN K
yepHon Aablpe.

Mpoasurasicb Briy6b, Mbl JOCTUFAEM HAKOHEL, FPaHMLIbl YepHOW Ablpbl — ropu3oHTa. Ha aTol
NMOBEPXHOCTU U Noa Hel Teno (U Nobble YaCTULbl, U CBET) ABMXETCS TONbLKO BHYTPb UEPHON AbIpbI.
34ecb ABMKEHUE Hapy>Xy HEBO3MOXHO, U HUKaKas MHGOPMaLUsA HE MOXET BbINTU K BHELLHEMY
HabntoaaTento U3-rnoj 3Toro ropM3oHTa.

MNMeHHO NpOCTPaHCTBO MeXAy ropM30HTOM W MpeaesioM CTaTUUYHOCTU W Ha3biBatoT aprocdepoit. Tam
Cusla TAroOTEHUs 3acTaBsieT BCE Tefa KPYyXUTb BOKPYF YEPHOWN AbIpbl.

Ecnn MeaneHHo NpubamxaTb MMPOCKON K NOBEPXHOCTU 3procdepbl, ero yrioBas CKOpoCTb BpalLeHUS
6yaeT Bce yBeNnMuYMBaTbCs, CTPEMSACH Ha CaMO MOBEPXHOCTM K 6E€CKOHEYHOCTU (AN HEMOABMUXXHOIO
rmpockona).

Kak ke Ans BHelHero Habnoaatens 6yayT npoTtekaTh COObITUS NPU NafeHUM Kakoro-nmbo Tena c
60/1bLLOM0 PACCTOSIHUA K BpallaloLLeinca YepHon abipe?

Mapasa Ha YEPHYK Ablpy, TENO CHa4asla OTK/IOHUTCA B CBOEM ABUXXEHNN B CTOPOHY €€ BpalleHud,
nepeceyeT rpaHuuy aprocdepbl M NOCTENEHHO NPMBNN3NTCA K FOPU30OHTY. Ha ropusoHTe BCe Tena
VMEIT OA4HY M Ty Xe YIJIOBYH CKOPOCTb 0bpalleHmns, B kKakoe 6bl MECTO MOBEPXHOCTU FOPU30OHTA HU
nonano nagatuiee Teno. 3T0 OYeHb BaKHOe CBONCTBO BpalLaloLWencs YepHoi abipbl. B camon
aprocdepe yrnosasi CKOpoCTb ABUXEHUS Ten MoxeT 6bITb pa3Hoi, HO, Nonajasl Ha NOBEPXHOCTb
YEepHOW AbIPpbl, OHN UMEIDT YXXe OAMHAKOBYHIO YI/I0BYIO CKOPOCTb, BpaLLlaTcs BMeCTe C NOBEPXHOCTbIO
YepHoOW Abipbl, Kak 6bl NpunensieHHble K NOBEPXHOCTW BpallaoLerocs TBepaoro Tena.



/

Ons BHewHero HabnwgaTensa nonyyaemblii OT HUX CBeT 6bICTPO CTAHOBUTCS BCe 60siee KpacHbIM 1
MeHee MHTEHCMBHbIM, 3aTeM MOJIHOCTbIO 3aTyXHET, N OHU CTaHYT HEBUAWUMbIMU AJ1 BHELLHEro
HabntopaTens: 4To NpOUCXOANT NoA rOPU3OHTOM, OH He BNAUT. Ecnn xe cam Habnwogatens 6yaer
cB060AHO NajaTb BO BpaLLaoLWYOCs YEepHYO Ablpy, TO OH 38 KOHEYHOE BpeMS AOCTUITHET FOPU30HTa,
KaK 1 B Cny4yae Hepaljarowencs aolpbl, U 6yaeT npoao/mkaTe Nagatb BHYTPpb. OCTaBUM NoKa 3TOro
HabnoaaTens n BEPHEMCSH BO BHELLUHee NPOCTPAaHCTBO — B OKPECTHOCTb YEPHOW AbIpbl.

BpalieHune yepHoin Ablpbl HE MOXET 6bITb CKOJIb YrOAHO 60nbWwKM. [leno B TOM, YTO OHa He CMOXeT
BO3HWKHYTb, €C/I1 Tes0 BpawasnoCb CANWKOM 6bICTpO. JeNCcTBUTENbHO, NPWU CKaTUK Tena, 40CTaToOuYHO
6bICTPO BpaLLaoLWerocs, Ha 3KBaTOpPe BO3HUKAIOT LEHTPObBEXHbIE CUMbl, KOTOPbIE NPENSATCTBYOT €ro
CKaTUIO B MJIOCKOCTU 3KBATOpa. Teno MOXET NpoAo0/HKaTh CKMMaTbCH TONIbKO BAONb NoAocoB. Ho Toraa
OHO npesBpaTuTcs B “6AnH” pagnycom, MHOro 60/bWNM rpaBMTaLMOHHOIO pagmyca, u, cnegosaTesnbHoO,
HUKaKOW YepHOM Ablpbl HE BO3HUKHET. MakCMMaibHO BO3MOXHbIM BpalleHne YepHOW Ablpbl CTaHET
TOrAa, Korga CKOpoCTb BpalleHUsl To4ek ee akBaTtopa byaeT paBHa CKOpPOCTM CBeTa.

Y BpalLaloLWweincs YepHOM Ablpbl MEHSOTCS M 3aKOHbl HEGECHOM MeXaHWKWU. Tak, BCTIOMHUM sBlieHUE
rpaBMTaUMOHHOIO 3axBaTta Ten YepHol Ablpoi. Ecnun abipa BpallaeTcs, To nerye BCEro ew 6yayT
3axBaTblBATbCS YacCTWLbl, KOTOPble B6/IM3KN YEPHOM Ablpbl NETAT B CTOPOHY, NPOTUBOMOOXHYHO
BpaLleHMo, U C ropasao 60MblWNMM TPYAOM — YaCTUUbl, JIETALLME MUMO YEPHOW Ablpbl B CTOPOHY
BpalleHus. HarnaaHo MoxHoO cebe NpeacTaBUTb 3TO TaK, Kak eciun 6bl BUXpeBasi KOMMOHEHTa
rpaBMTaUMOHHOIO MO BOKPYr Y€pHOW Ablpbl AeiicTBOBana 66l MOA06HO Mpalle — ycKopss u
oT6pacbiBas TEM CaMbIM YaCTULbl, ABUXYLLMECS MUMO YEPHOWM AbIpbl B TY K& CTOPOHY, YTO U
3aKpy4YMBatOLLMUINCS BUXPb 3TOrO Mossi, U, HA060POT, TOPMO35 U 3axBaTbiBash YacTULbI, ABMXKYLUMECS
NpoTUB BUXPS.

Ewe oanH npumep naMeHeHus 3aKoHOB HebecHoM MexaHuKn. B cnyyae obpalleHnsa Tena rno Kpyrosom
opbuTe BOKpYyr MakcMMasibHO 6bICTPO BpallaloLWencs YepHOW Ablpbl B BUAE MPaBUTaLMOHHbIX BOJTH
MOXET M3NTYyYNTbCS B CeMb pa3 6osblue SHEPIMKN, YEM NMPU ABMXEHUM BOKPYT HEBpPALLAKOLWENCS YepHOWN
ObIpbl.



rMABA 3. SHEPIMSl U3 rPABUTALLMUOHHOMN BE3HbI

BE3AOHHDbIE YEPHbIE AbIPbl

Mbl y>k€ HEOAHOKPATHO rOBOPWU/IN, UTO U3MTyYEeHUE rPaBUTALMOHHbBIX BOSIH TEMIOM, KPyXXallMMCs 0OKOJ0
YepHOW Ablpbl, SABNASETCS CNocob0oM NonyyeHUst aHeprum. Ho 3To He ecTb CNOCO6 U3BNEYEHUSI SHEPTUN
N3 cCaMOW YepHOW Ablpbl, @ TOIbKO SHEPTUN, CBA3AHHOWN C KpyXallumcst TesioM. Beab B KOHLIE KOHLLOB
camo Teno (M YacTb rpaBUTALMOHHBIX BOJIH) NafaeT B YEPHYIO AbIPY, HE U3BMeKas, a yBenuuuneas ee
Maccy, a 3HaYuT, U SHEepruio.

Bo3HMKAET BOMPOC: a HeMb3a 1M NpUAYMaTb KakKoW-HUMBYAb MPOLECC, YMEHbLUALWMIA Maccy YepHo
AbIPpbl Y TEM CaMbIM YeprawLmnit ee sHepruw?

Ha nepBbIn B3rnsa 3Toro caenatb Henb3si, M60 U3 YepHOW Ablpbl HUYTO HO BbIXOAWUT, 3HAYUT, U3-NoA4
ropM30HTa HENb3S U3BJIEYb SHEPruio. DTO BEPHO. HO Mbl yNyCTU/IN B 3TOM PacCy>XAEHUN, YTO YacCTb
3Heprum (a 3Ha4uuT, U Macchbl) BpallaloLWENCss YEPHOW Ablpbl, CBSS3aHHAsi UMEHHO C BpalleHUEM,
HaxoauTcsi, o6pa3HO roBopsi, BHE YepHOI AblPpbl U 3aK/I0YEHa B BUXPEBOIM KOMMNOHEHTE ee nosas. Bort
3Ty “BpallaTesibHYK"” 4YaCTb SHEPIrUM N MOXHO, OKa3blBAETCS, OTHATb OT YEepPHOW AbIpbl, YMEHbLLUMB €e
Maccy. Kak aTo caenatb?

Mpeacraesum cebe cneayowmii akcncpunonT. B sprocdo-py 60nbLIoNM Bpawatowencs YepHon Ablpbl
nonagaeT pakeTa C BbIK/HOYEHHbIMU ABUraTens-nru. OHa ABMXETCS BOKPYr YepHOW Ablpbl B CTOPOHY ee
BpalleHus. B6n113n yepHo abipbl NMMNOT BKKOYAET peakTBHbIe ABUraTenu, Bbibpa CbiBatome CTpym
rasos. MOXHO Tak U3MEHWUTb ABWMXEHUE paKeTbl, YTO rasbl ynaayT B YUEpPHYIO AbIpYy, a pakeTa,
YCKOPUBLUNCb, C OFPOMHOM CKOPOCTbIO BbIIETUT U3 3procdepsbl, Kak 6bl BbibpoleHHas “npawon”
rpaBuUTauUMoOHHOro Buxps. OrpoMHas CKOpOCTb pakeTbl 6yAeT HaMHOro NnpeBbiWwaTbh Ty CKOPOCTb, C
KOTOpOM pakeTa noanertana K aprocdepe, n 6yaet HamHoro 6osblie, YeM N3MEHEHNE CKOPOCTH,
BbI3BaHHOe KpaTKOBpeMeHHoM paboTon asuratens. YTo xxe npousoLwso?

BCNOMHMM, YTO BOKPYF YEPHOW Ablpbl CYLWLECTBYET BpallaTebHbI rPpaBUTALMOHHbLIA BUXPb. PakeTHbIN
ABUraTenb 3aCTaBUN NepenTn pakeTy Ha TaKyl HOBYHO OpbuUTy, rae OHa, NoAxBayeHHast 3TUM BUXPEM,
6blf1a BbILWBbLIPHYTa C OFPOMHOM CKOPOCTbLIO U3 3procdepbl. SJHEprus, yHeceHHasi pakeTol, Nosly4yeHa oT
BMXpPS, TO €CTb OT “BpallatensHoi” sHeprum YepHoi Abipbl. BpalleHne yepHon ablpbl MpU 3TOM
yMeHbluaeTcsi. COOTBETCTBEHHO CTAHOBUTCS MEHbLUE M NOSHasi Macca YepHoli Ablpbl (Ha BENNYNHY,
YHECEHHYIO paKeTol). 3TUM-To cnocoboM M MOXHO “yepnaTb” aHEPrni0 M3 BpallaloLWENCs YUEPHOMN
Ablpbl.

CTonb HeobblUHbI MpoLecc 6bia OTKPLIT aHMUIACKUM PU3UKOM-TEOPETUKOM P. MeHpoy3oM. Ho
yepnaemas fnpu 3TOM TONbKO “BpalllaTenbHan” 3Heprus HaxoAuTCs, Kak NnoAYepKUBanocCh, B BUXPEBOM
noJie BHe YepHOW AbIpbl.

YT0 Xe KacaeTcs naowanm ropusoHTa, a OHa U XapaKTepu3yeT pa3Mepbl CaMOl YepHOW Abipbl, TO
OMMCaHHbIN NPOLECC NPUBOAUT K HEKOTOPOMY ee YBESIMYEHMIO, TaK KaK rasbl U3 ABuraTens pakeThbl,
yrnaBLIne B YEPHYIO AbIPY, BHOCAT B Hee AOMOSIHUTENbHYI0 MacCy M YBEIMYMBAKOT TEM CaMbIM ee
pa3smepsl.

Haunbonbliee Konn4ecTso “BpallaTenbHON” SHEPIrMN YEPHOWM AbIPbl pakeTa MOXeT yHecTu (npwu
OAMHAKOBOM NPOAONXUTENBHOCTN paboTbl ee ABMraTenien) B TOM Ciyyae, Korga ABuMratenu
BKJ1HOYAKOTCH Y CaMOro ropusoHTa. B aToM cnyyae nnowanb ropnsoHTa He MeHseTcsa (Takue NpoLecchl
NoNy4Ynnu HaseaHue obpatumbix). [oagobHbIe BKIOUEHUS ABUraTeNs Ha FOPU30OHTE MOXHO MOBTOPSATb
MHOrOKpaTHO, U TakMM 06pa3oM MOXHO OTHATb Y YEePHOU Ablpbl “BpallaTenbHy0” SHEPruo, HE MeHss
ee cobCTBEHHOro pasmepa.

Y10 e KacaeTcsd BONnpoca 0 BO3MOXHOCTU YMEHbLUEHUSA pa3MepoB ropu3oHTa B Kaknx-nnéo npoueccax,
TO Ha HEro Haao OTBETUTb OTpULATENbHO. Okasanocb, 4To naowanb FOPU30HTa qepHoH Ablpbl HUKOIAa
He yMeHbLIAaeTCsa HU B Kakux npoueccax. Ecnn xe BBaMMOAeVICTBYPOT Apyr C ApyromM HeCKOJIbKO Y€pHbIX
Ablp, TO CyMMa niowaaen nx FOPU30OHTOB HE YMEHbLLLUAETCA.



DTO O4YeHb BaXKHOE CBOMCTBO. M3 HEro, HanpuMep, CNeayeT, YTO HM NMpPpU KakKnxX BO3AENCTBUSX YepHas
Ablpa HE MOXEeT pa3aenuTbCs Ha ABe YepHble Abipbl. Ecin 6bl Takoe NpoM30LWI0, TO NPU COXPaHEHUM
3HEeprun cymma nnowanen ropusoHTOB BO3HUKLUNX AbIPp A0/HKHA 6blia 6bl ObiTb MeHbLUE NAoWaAmn
NCXOAHOW YepHol Ablpbl. CnepoBaTenbHO, Kak 6bl HX pasanpan YepHyto Abipy NpUANBHbIE
rpaBMTaUMOHHbIE CUJbl, KAKMMU 6bl ApyrnMmm cnocob6amm Mbl Ha HEe HU BO3AENCTBOBanu, “pasogpartb”
€e Ha 4yacTu Henb3s.

CnuBaTtbCsA Xe YepHble Ablpbl MOryT. HanpuMep, ABe ABUXYLUMECH HaBCTpeyy APYr APYry YepHble Ablpbl
cTankusakwTcsa “nob B n106” n cnueatotca B o4HY. Mpu 3TOM BO3HMKaKOLWAsA YepHasa Ablpa 6yaet umetb
nnowaab ropnsoHTa 60nbLUe CyMMbl NowWaaer ropu3oOHTOB CTaNIKMBAKOLNXCS AbIP.

NTak, HMKakune nNpouecchbl He YMEHbLIAT pa3Mepbl YEPHbIX AbIp.

YepHble Abipbl NOCNE CBOEro BO3HUKHOBEHUS ABNAIOTCH Kak 6bl 6€340HHbIMMK nponactamMu, KOTopble
HENb34 HNKAK YMEHbLWWTb, HETb3A HUYEM 3aNOJIHUTb U HENb3A HUYEM “3aTKHYTb" — OHM ABNIAKTCA
BEYHbIMU “Ll,blpaMl/I" B MPOCTPaHCTBE N BpPEMEHMNU, CNOCO6HbIMY TONBKO YBENYMNBATLCA 3a CHET
najatoLlero B HUX BewWwecTBa. 3TO BCe pacTyLlime rpaBUMTaUMOHHbIE 6e3aHbl...

Ha camoM pene, Kak Mbl YBUAMM B AajibHeNLWeM, BCe 3TO He CTO/Ib MpayHo. Bo-nepBbiX, YepHbie Abipbl,
HaxoAsilMecs B peasbHbIX YCNoBUsAX, 6narogaps CBOEMY OrpOMHOMY MOJIKO TArOTEHUS CMOCO6HbI
BbI3BaTb BeCbMa 6ypHble NpoLecchl, a, BO-BTOPbIX, KBaHTOBbIE MPOLEeCcChl (KOTOPbIX Mbl O CUX MOp He
Kacasncb) BHOCHAT KOPPEKTMBbI B HAPMCOBAHHYIO 34eCb KapTuHy. Ho 06 3TomM nogpobHee 6yaet
CKasaHo fanblue.

rPABUTALNOHHAA BOMBA

[o cux nop, paccMaTpmBast NPOLIECCHl BOKPYT YE€PHOW Ablpbl U CMOCO6LI U3BNEYEHUSI U3 HEE SHEPIUM,
Mbl Y6eANNNCh, YTO 3Ty SHEPIUI0 MOXHO MU3BMeUYb 60 B DOpMe N3NyUeEHMS FPaBUTALMOHHBIX BOJH,
n1Mbo B BUAE KMHETMUECKOW SHEpPrumn Ten, BbibpackiBaeMbix 13 aprocdepsl. Ho okasbiBaeTcs,
CYLLECTBYIOT elle 6onee yauBUTENbHbIE U HEOXMUAAHHbIE CNOCO6bI UCMOSIb30BAHMUA YEPHbIX Ablp Kak
reHepaTopoB 3HEepruu.

MpencrtaBmM cebe, 4TO Bpawatowascsa YyepHas abipa 06ayyaeTcs 3/1eKTPOMarHUTHbBIMKM BOSTHaMuU. YTo
npu 3ToM 6yaet nponcxoamTb? Ha nepBbii B3rNa4 HAYEro nHTepecHoro. Yacrtb BonH 6yaer
rpaBMTAUMOHHO 3aXBaTbiBaTbCs YepPHOW AbIpOl M HaBceraa B Hel ncyesatb. OcTanbHble, npoxoasawme
B6/1M3K YepHOI AbIPpbl, NCKPUBAT CBOM TPAEKTOPUM U YNAYT fanblue. MI3ameHeHne HanpaB/ieHus
pacrnpocTpaHeHuMs BOJIH Ha3bIBalOT paccesHneM. PaccesHHbie aneKTpoMarHnTHble BOJIHbI, YIAS BAASb
OT YEPHOW Abipbl, 6yAyT MMETb Ty XK€ 4YacTOTy, KaKyl OHW UMenu, Korga npubnmxanunuceb K HEN.
KoHeuHOo, YacToTa BOJIH Npu ABMXEHUU BO6IN3K YEPHOM AbIPpbl B CUJIbHOM rPpaBUTALNMOHHOM Mnone
MeHsanacb. Korga BOMHbI ABUranmcb K YEPHOW Ablpe, UX SHEPrnsa yBenmymBanacb, 4actoTa Bo3pacrana
— BOJIHbI UCMbITbIBaNM HOUONETOBOE CMELLEHNE. 3aTEM, NPU yAANIEHUN OT YEPHOMW Ablpbl, OHU
WCMbITbIBAJIN KPACHOE CMELLEHME, N B UTOre BAAIM OT YEPHOWN Ablpbl MX YacTOTa BO3Bpallanachb K
MCXO4HOMY 3HAUEHMUIO.

NTak, oblas KapTMHa nony4yaeTcsa creaytowen: npn obnyyeHnm YepHom Abipbl YacTb
3/1EKTPOMArHUTHbIX BOJIH NOMNagaeT B Hee, a YacTb pacCeEMBAETCH C TOW Xe 4acToToM, KoTopas 6biia 4o
paccemBaHus. MN3-3a TOro, 4tTo YacCTb MX HaBCeraa 3axBaTbliBAE€TCS YEPHOW AbIpOi, MHTEHCUBHOCTb
paccesiHHbIX BOJIH MEHblUE, YEM NepBOHayasibHass MHTEHCMBHOCTb 06nyyatoWwero nyyka.

MNMoka Bce BbIrNAAUT TpMBManbHO. HO BO3MOXHA, OKa3blBAaeTCH, CUTyaLnsl, KOraa MHTEHCUBHOCTb
paccesHHbIX 3N1eKTPOMarHUTHbIX BonH 6yaet 6onble, yem obnyvatowmx. Ang aToro HeobxoanMmo, Bo-
nepsblX, 4TO6bI YepHasa Ablpa Bpalwanacb, W60 TONbKO BpallaTesbHas SHEepPrusi MOXET OT Hee
oTbupaTbcsa. Bo-BTOpbIX, HE06X0AUMO, YTOObI YacTOTa 3NEKTPOMArHMTHbIX BOJIH, 06/1yYaloWwmx YepHyto
Ablpy, 6blna MeHblUe YacToThl BpaleHUs YepHON Ablpbl. B TakoM cny4dae paccesiHHble
3M1eKTPOMArHUTHbIE BOMHbI ByayT 601ee MHTEHCMBHBIMUY, YeM najatowme. ITOT NpoLecc yCuneHus
nony4yunn HaseaHue cyneppaavauuun. OH 6bin1 OTKPLIT akaaeMukoM . 3enbaosuyem. Cyneppaavauus,
Nno CyLecTBy, aHanorMyHa paHee pacCMOTPEHHOMY HaMW MpoOLECCY YBEIMYEHUS SHEPrumn Tena,
Bbl6pacbiBaeMoro u3 sprocdepbl U OTHUMaLWero “BpallaTenbHy"” 3Hepruo YepHon Abipbl (Npwu



cyneppaavauum Takxe oTHUMaETCs “BpallaTtesibHas” aHeprusa yepHon abipbl). CneayeTr OTMETUTb, UYTO
npu 061y4YeHMM BpaLLaloWencst Ablpbl 3/IEKTPOMarHMTHbIMU BOSTHAMW YCUTIEHNE X HE OYE€Hb BEJIMKO:
MaKCMMyM BCero Ha 4,4 npoueHTa.

flBneHne cyneppaaunaumm nposiBasieTcs npy o61yyeHnn YepHon Ablpbl HE TONIbKO 311EKTPOMarHUTHbIMU
BOJIHAMU, HO U. APYrMMU BUAAMU U3NydeHUn. Tak, 6yayT ycunueaTtbCsi, HanpuMMep, HU3KOYacTOTHbIE
rpaBUTaUMOHHbIE BOJIHbI, MajalollMe Ha BpallaoLyocs YepHyto Abipy. Mpuyem ycnosue
BO3HWKHOBEHWS Ccyrneppaavaumnm Anst BCEX BUAOB U3NYYEHUI OAHO U TO e — A0CTaTOYHO Masnow
[O/MKHa 6bITh YacToTa BOJIH. KO3 dUUMEHT ycuneHns ANns pasfiMyHbiX BUAOB U3MyYEHUIH OKa3bliBaAETCS
pasnuyHbIM. Tak, ANs rpaBUTaUMOHHbLIX BOSIH OH cocTaBnsieT 138 npoueHToB, TO eCTb ropasao 6osblue,
.4eM Ans 3N1EKTPOMArHUTHOIO U3NTyUYeHUs.

Ho BepHeMCs K 3N1eKTPOMarHUTHbLIM BOJSTHAM.

OKpYXW1M BpaLLAoLLYOCA YePHYIO AblpY UCKYCCTBEHHOW chepoit, oTpaxatoLei 31eKTpoMarHuTHbIe
BOJIHbI. MyCTb BHYTpY 3TOI chepbl UMEEeTCs XOTSA 6bl HUUTOXHOE KOJIMUECTBO 31EKTPOMArHUTHbIX BOJIH,
L9 KOTOPbIX BbIMNOJIHEHO YC/TOBUE BO3HUKHOBEHUS cyrneppaavaunn. TU BOJHbI, Naaas Ha YepHyto
AbIpY, YCUTMBAIOTCA U YXOASAT BAAJb OT YEPHOW Ablpbl. 3A€Cb OHW BCTPEYAOT OTpaxatoLllyto chepy,
OTpaxatoTCcs U CHOBA YCTPEMIISAIOTCSA K YepHOW Ablpe, rAe BHOBb yCuUnmMBaloTcs. Mpouecc nosTopsaeTcs
CHOBa M CHOBa, a 3HEprus YCUIMBAIOLWEroCcs U3NyYeHnss 1aBMHOO6pa3HO HapacTaer.

Ecnun B oTpaxarwen cepe caenatb oTBEpCTUE, TO YaCTb YCUANBAOWMXCA BOSIH ByaeT yepes Hero
BbIXOAMTb HApYXy, U TEM CaMblM Halla YCTAaHOBKa CTaHET reHepaTOpOM 3/1eKTPOMarHUTHOroO
M35y4yeHus, B KOTOPOM “BpallaTtesibHas” aHeprusa YepHow Ablpbl HEMOCPEeACTBEHHO TpaHCchopMmpyeTcs
B 3/1IEKTPOMArHUTHOE U3/yYeHue.

JonycTuM Tenepb, YTO HUKAKOro OTBEPCTUS B OTpaxkatollel cdepe HeT 1 BCs cdepa NOMHOCTbIO
OTpa)kaeT YCUINBAlOLLEECS S1IEKTPOMarHMTHoOe nanydeHne. Toraa NpoLEecC pocTa 3/1eKTPOMarHMTHOM
3HEpPrMn BHYTPU TaKoOW YyCTAaHOBKM ByAET KaTacTpodUUeckn NpoaosKaTbCs, Noka AaBleHMe U3NyYeHuUs
He pa3opBeT oTpaxatollyo chepy, ToO eCTb NPon3oNAET B3pbIB. [MoaobHas KOHCTpyKLUKUSA 6bina Ha3BaHa
rpaBMTaunoHHoM “6omMboin”.

OTMeTUM, UTO co3aaHue NoAo6HbIX rPaBUTALIMOHHBIX KOHCTPYKLWI, reHEPUPYIOLNX SNEKTPOMArHUTHYIO
3HEpruio, ceyac CoBepLIEeHHO HEMbIC/IMMO, TaK KakK Mbl HE CNOCO6HbI CO3/1aBaTb UCKYCCTBEHHO YepHble
[bIpbl MYTEM CBEPXCUSIBHOMO CXXaTWUS BELLECTBA, @ ECTECTBEHHbIE HAaXOANATCS, KaK YBUAMM OUYeHb Aaneko
B KOCMOCE.

3A KPAEM rPABUTALLMOHHOW BE3HbI

[lo cMX Mop Mbl rOBOPW/IM O MPOLIECCAX BOKPYT YepHO Ablpbl. O6paTuMcsa Tenepb K caMoMy
3axBaTbIBAOLWEMY U MHTPUrYtOLWEMY: NonpobyeM NoAOWTU K rpaHULLE YEPHOW Ablpbl — K Kpato 3TOM
6e340HHOM NponacTu (ee HeNb3s HUYEM 3aMoSHWUTL) U MNOMNbITAEMCS 3arnsHyTb BHYTPb.

BnpouyeMm, Mbl 3HaeM, 4YTO CA0BO “3arnsHyTb” 34eCb HEYMECTHO. YBMAETb, YTO MPOUCXOAUT BHYTPU
YEepHOW Ablpbl HEBO3MOXHO, AaXe AOCTUIHYB ee rpaHuubl. [1na 3Toro Heo6xo4MMo rnocnenosaTb BHYTPb
YyepHoW Abipbl. B NpMHUMNE 3TO BO3MOXHO, Hanpumep, nNpu NpocTtomM cBo6ogHOM nageHnmn (Haxoasachb B
KOCMMYECKOM annapaTe) B Nnosie TAroTeHMs YepHOW Ablpbl. 38 KOHEeYHOe cO6CTBEHHOE BpeMs Takoro
nagatwowero Habnoaatens oH AOCTUTHET ropm3oHTa 1 6yaeT NnpoAoxaTe nNagaTth Aanblue.

Ho Mbl yXe 3HaeM, 4To Takoe nyTellecTBue byaet MMeTb AN KOCMOHaBTa CaMble CEPbE3HbIE
nocneacTemsl. Beab M3 YepHOW Ablpbl HUYTO HE BO3BPALLAETCS, HUYTO HE BbIXOAUT BO BHELLHEE
NpocTpaHCcTBO. HMKOrAa He CMOXET BEPHYTbLCS U KOCMOHABT, KakoW 6bl MOLWHOCTbIO HU 06naganu
pakeTHble ABUraTenu ero annapata. OH He CMOXeT TakXe U NocnaTh HaM Kakoe-nmbo coobuieHne o
CBOMX HabnoaeHUsax (XoTs U MOXET NPoAo/KaTh NonyyaTb coobueHus oT Hac). M TeM He MeHee B
NpUHUMIME Takoe NyTelecTBMEe BO3MOXHO. YTO e XAET ero BHyTPU YepHOI AblpbI?



Mpexae yeM OoTNPaBUTLCHA BMECTe C KOCMOHaBTOM, BCMOMHMM €eLle OAHO rpaBUTaunNOHHOE SBfIEHNE,
XOpOLLO BCEM U3BECTHOE. Peub UAET O NPUIMBHBIX MPaBUTALMOHHbBIX CUAaX. 3TN CUJTblI NPOSABIIAIOTCA
NnoTOMY, YTO BCe Tena, HaxoAslwmecs B nosie TAroTeHMUs, UMelT HEKOTopble pa3Mepsbl. A nons
TAroTEHNA BCEraa HEOAHOPOAHbI, N pa3Hbl€ TOUKN NPUTATNBAEMbIX TE€/T UCMbITbIBAOT HECKOJTIbKO
Pas3nIMYHYO CUNY TATrOTEHUA.

MycTb TENO HaxoA4MTCS B NOJie TAroTEHUS NnaHeTbl. TOUKKN Tena, Haxoasawmnecs bamxe K niaHeTe,
6yayT ucnbiTbiBaTh 60/1€e CUbHOE TArOTEHWE, YEM TOYKM, OTCTOSAWME Aanblue. ITa pa3HOCTb CUN
TAFOTEHUSA N Ha3bIBAETCA NPUIIMBHON CUION, CTPEMSLLENCS PacTsaHYTb, pa3opsaTb Teno. MNpunmeHas
cvna TeM 6onblue, YeM pe3ye MeHsIeTCs NnoJsie TAroTEHUS OT TOYKM K Touke. Takasa “pa3HocTHaa” cuna
nposiBnsieTcs u npu ceoboaHOM NageHun Tena, u Npu nokoe. B 3TOM OTHOLIEHMN OHa Pe3KO OTINYaeTCs
OT AENCTBUSA CaMOro TAroTeHUs, KOTOPOe He MPOSB/SETCA B COCTOSAHMM CBOHOAHOrO nageHus.

PaszyMeeTcs, B 06bIUHbIX YC/TOBUSIX, CKaXKEM, B KabMHE KOCMUUYECKOro Kopabns, NeTawWwero BOKpyr
3eMnun, NpUINBHbBIE CU/bl HUYTOXHbI, HE3aMETHbI. He3aMeTHbl OHU 1 AN 06bIYHbIX TEN Ha MOBEPXHOCTM
3emnun. Ho oHM nponopuunoHanbHbl pasMmepam Ten. Mo3ToMy nNposBasoTcsa (M BeCbMa 3aMeTHO) Ans
BCeil 3eMNun, NoABepraloLLeincs TAroTEHNIO CO CTOPOHbI JTyHbl. PaccMaTpuBaeMble CUfibl Bbi3bIBAOT
NpUAMBLI B OKeaHax, OTKy[a M Mpou30LLIo UX Ha3BaHue.

Ho BepHeMcs K HabnwoaaTento, NnajawleMy B YepHyto Ablpy. [OMeCcTUM cHavana ero Ha NoBepxXHOCTb
3Be3/bl, KOTOPAs HaXoAMTCA B COCTOAHUU PENaTUBUCTCKOro Konnianca. MNpoTuBo6opcTBytoLLIME CUTlbI
[laBfIeHUs BeLLecTBa 3Be3/bl NPW 3TOM NPAKTUYECKU YXKE HE OKa3blBalOT HUKAKOro COMpoTUBIEHUS
HapacTalollleil rpaBuTaLmmn, NoBEpXHOCTb 3BE3Abl MepeceKaeT rpaBMTaLUMOHHbIN paanuyc U NpoaoIXKaeT
COKMMaTbCs Aanblie. MNpoLecc 0CTaHOBUTLCA HE MOXET, 1 338 KOPOTKWUI NPOMEXYTOK BpeMeHu (Mo vacam
HabntoaaTens Ha NOBEPXHOCTWN 3Be3Abl) 3Ta MOBEPXHOCTb COXMETCS B TOUKY, a NIOTHOCTb BELLECTBa
cTaHeT 6eckoHeuHoi. JocTuraeTcs, Kak roBopaT MUsMKK, CUHIYISpHOE COCTOsIHME. YeM OHO
XapakTepusyerca?

He BAaBasACb B TOHKOCTU, OTBETMM Ha 3TOT BOMPOC TaK: Npu npw6n|/|>|<eva| K CUHTYJTAPHOCTU
NPUINBHbIE FPaBUTALMOHHBIE CUJIbl CTPEMATCH K 6€CKOHEYHOCTU. DTO O3HavaeT, y4To nboe Teno (B
TOM yucne v Haw Boobpaxkaembii HabnogaTens) 6yaeTt pasopsaHo. To xe camoe oxunaaeTt un nwboe
Tesio, NajaloLLee B YEpHYIO AbIPY YXe Mocse CKaTusl 3Be3abl, OHO TakXe AOCTUraeT CUHIYNSPHOCTY.
MOXHO nun KaK-HVI6y,CI,b n3bexartb nageHnsa B CUHIyNAapHOCTb, €C/n TENO YXXe HaXoauTca noa
rOPU3OHTOM?

OkasblBaeTtcs, HeT. MageHne B CUHIYNAPHOCTb Hen3bexHo. Kak 6bl KOCMOHABT HM MaHeBpMpoBarn Ha
cBOel pakeTe, Kak 6bl HM 6bIN MOLLIHbI ABUrATENN, pakeTa 6bICTPO YNaAaeT B CUHIYNAPHOCTb.

Camoe “pgonroe” BpeMsi, KOTOPOE pakeTa MOXET NPOCYLECTBOBaTb BHYTPU YEPHOW Ablpbl NOCHE
nepeceyeHunss ropM3oHTa, paBHO NPUMEPHO BPEMEHMU, 3@ KOTOPOE CBET NPOXOAUT paccTossHUEe, paBHoe
pa3Mepy YepHOW Ablpbl. 9TO KOPOTKUIA MUr. NS Ablpbl C Maccoi B aecsaTb Macc ConHua MakCuManbHO
“nonroe” BpeMs CyLLeCTBOBAHUS paBHSIETCSA BCEro 04HOW CTOTbICSAYHOM A0N€e CEeKYyHAb.

YT10o6bl NpoCcyLLecTBOBaTh 3TO MakCMManbHO “gonroe” BpemMsi, KOCMMYeCKui Kkopabnb AoKeH
OCYLWECTBUTb CrieayowWmnin MaHeBp. MNMpy nageHnun B YEPHYIO AbIpY HYXHO BKJIHOYMTb Ha MOJTHYHO
MOLHOCTb ABUraTesib NMpu NoaseTe K ropm3oHTy Tak, YTo6bl MOYTU OCTAHOBUTLCS Y CAMOIro roOpmM30HTa.
Mocne aToro Heo6Xo0AMMO BLIK/IOYNTL ABUraTeNnb M AaTb kKopabnto cBob6oaHO nNagaTb BAOMb paanyca (oT
rOpM30HTa A0 CUHIYNSAPHOCTM). Bpems Takoro nageHus n 6yaeT MakCMMasibHbIM BPEMEHEM
cyliecTBoBaHus. J1tobble NOMNbITKM KOCMOHABTOB KaK-TO 3aTOPMO3UTb C MOMOLLbIKO BK/TIOYEHUS
ABuratens rnageHne BHyTPb YEPHOW Ablpbl MM NOMbITKM HanpaBuTb Kopabnb B opbutanbHoOe ABUXKEHME
NpuBeAyT TONIbKO K TOMY, YTO KOpabnb ynageT B CUMHIYNSIPHOCTb 3a 60/iee KOPOTKMIN MPOMEXYTOK
BpeMeHu (Mo yacaM KOCMOHaBTa).

Kak e Tak MOXET 6bITb? — CNpOCUT YnTaTesb. Hy, XOpoLlo, cornacumcs, 4to paboTta ABuratenei He B
COCTOSIHUM NMO60POTb OFPOMHYIO CUAY TAFOTEHWUSI BHYTPU YEPHOW AbIPbl M OCTAHOBUTL PAKETY, HO BCe
)Ke TOPMOXXEHME AO0/IKHO XOTb HEMHOIO 3aMeANInTb NafeHne, caenaTe ero 6osee NPOACIKUTENbHBIM? U
y>X TeM 60/1ee 3TO TOPMOXKEHNE HE YCKOPUT naseHus!



N TeM He MeHee BHYTPW YEPHOW AbIpbl 3TO BO3MOXHO. [leno B TOM, YTO, BK/OYaa ABUraTenu,
KOCMOHAaBT pa3roHsieT CBOK paKkeTy (Ha3oBeM ee A) MO OTHOLWEHUIO K cBOOOAHO Majatolen pakeTte
(pakeTa b). Ho Ha pa3roHsaloWeNcs pakeTe, Kak Mbl HANOMWUHaIM, BpeMs TeyeT MeanieHHee. A BHYTpH
YepHO Ablpbl 3TOT (haKTOp OKa3blBaeTCs pelwatowmM. PakeTa A Bce paBHO NajaeT B CUHTYISIPHOCTb.
Ho n3-3a TOro, YTo Yacbl Ha HEel LN CYLEeCTBEHHO MeA/lIeHHee C TOYKM 3peHust pakeTbl 5, TO 1 BeCb
NpoLecc nageHns 3aHan no YyacaM A MeHblue BpeMeHu. Mas meaneHHee, yacbl A “HaTU-KaOT” MEHbLUEe
CeKkyHa (Wnu ponen cekyHabl), TO eCTb C TOYKM 3PEHUSA 3TUX YacoB NajeHne bbiio MeHee
NpoAo/IKMUTENbHBLIM! BOT Takol napagokc.

BepHeMcsi Tenepb K npobieMe NpUAMBHLIX CU TAroTeHUs. [laBaTe CpaBHUM MpPUIUBHbIE CUJbI,
KOTOpble AECTBYIOT Ha KOCMOHABTOB B KabvHe KOCMUYecKoro kopabnsi Ha opbuTte BOKpyr 3eM/n 1 Ha
KOCMOHaBTa, NajaloLero B YepHYo AbIpy.

B nepBoM cny4yae npuamBHbIE CUJbl PACTAMMBAIOT TE/1I0 KOCMOHAaBTa COBEPLUIEHHO HE3AMETHbLIM 06pa30M,
X AencTems COOTBETCTBYHT AaB/EHUIO OAHOM ,El,eCFITVIMVIJ'IJ'IVIap,D,HOVI aone aTMOCCbepr.

MpuY NageHnm Xe B YEPHYIO AbIPY 3TV CUJbl OFPOMHbI AaXe elle Ha ee rpaHuue. OKasbiBaeTcs, Yyem
MEHbLLE Macca U pa3sMep Ablpbl, TEM 60bLUE NPUIMBHbBIE CUMbl HA TOPU30HTE. [15 Ablpbl C MAccoi B
Tbica4y mMacc ConHua NpUINBHbLIE CUJIbI COOTBETCTBYIOT AaBMIEHWNIO CTa aTtMocdep. Takue Harpysku
yesIoBEeYECKOoe TEJ0 YXe BblAepKaTb He MOXeT. /19 MEeHbLINX YePHbIX AbIPp NPUIMBHbLIE CU/bI HA
rpaHuue eule 60sblue...

Cﬂeﬂ.OBaTeﬂbHO, €CJIn YepHasa Ablpa MMEET MacCCy MeHbLIE TbiICAYMN COJTHEYHbIX, TO YENOBEK,
I'IpVI6J'II/I3VIBLIJVICb K HeVI, HE MOXET OCTaTbCA B XUBbIX.

PasymMeeTcsl, Npu NageHMmM KOCMUYECKOro Kopabns Aaxe B 0UeHb HOMbLIYIO YEPHYIO AbIpY, Ha rpaHuLe
KOTOPO/I1 YUE/TIOBEKY HE YrpOXaeT 0MacHOCTb 6biTb pa3opBaHHbIM MPUIMBHbBIMK CUNaMKn, Kopabnb B
KOHLIE KOHLIOB HAaYHET HeyAepXMUMO NnafaTbh K CUHTYASPHOCTU, @ TOrAa HEOrpaHUYEHHO HapacTallme
NPUANBHbBIE CUJbl BCE PABHO PaHO UM NMO34HO pa3opByT nboe Teno. TaknuMm 06pa3oM, He xenas
KOHUaTb M3Hb CaMOYBUINCTBOM, KOCMOHABT HE CTaHET Mo COH6CTBEHHOM MHULMATUBE NPOHNKATL B
UYEpHYIO AbIpYy.

Mbl pacCMOTPENM CTOSb YXACHbIA MbIC/IEHHbIA 3KCMEPUMEHT, UTOObI MOKa3aTbh CyTb OCHOBHOMO SAB/IEHUS,
BO3HMWKAIOLLIEro BHYTPU YEPHON Abipbl, — 6e3yAepXHblii POCT NPUANBHBLIX CWUJ1, 3aKaHYMBAIOLNXCA
CUHTYNSAPHOCTbLIO. MoYeMy 3TO TakK BaXHO?

[eno B TOM, UTO B OKPECTHOCTU CaMOM CUHIYNSPHOCTX OFPOMHbIE NMPUIMBHbIE CUJ1bl MPUBOASAT K
NU3MeHeHU GU3NYECKMX 3aKOHOB, YCTAHOBJIEHHbIX B YC/TIOBUSAX, AANIEKMX OT CTOMb 3KCTPEMasibHbIX. Mbl
NO3HAaKOMUMCSl C HEKOTOPbIMU U3 HUX BO BTOPOW YacTu KHUrn. Cemyac ToNbKO CKaXKeM, 4YTo B
CUHIYNSAPHOCTM MPOCTPAHCTBO M BPEMS HE TOIbKO “MCKPMUBNAOTCA” cubHeNnWwWmM o6pa3om, HO n
yTpaumBalT, BEPOSATHO, CBOW HEMpEepbIBHbIN XapaKkTep, pacnagatrTcsa Ha OTAeNbHble HegenuMble 6onee
NpOMeXyTKn — KBaHTbl. Mbl He 6yaeM geTanbHee OCTaHaBAMBATbLCS Ha 3TOM, BO-MeEpBbIX, MOTOMY, YTO
ynTaTenb U TakK, HABepHOe, yCTan OT NOMNbITOK NpeacTaBuTb cebe cTonb HeobbiYHbIE BELWM, a, BO-
BTOPbIX, MOTOMY, YTO TEOPETMKM €Lle CaMM TOJIKOM He 3HAKOT TOYHO, YTO TaM NPOMUCXOAUT. DTO CaMbli
nepeaHuin Kpan rpaBUTaLMOHHON NayKu.

Ho yxe To, 4TO AOCTOBEPHO M3BECTHO O “BHYTPEHHOCTU” YEPHOW AbIpbl, KpaWHE MHTEPECHO.
OTK 3HaHMS — nnog 60bLON N CNOXHOW paboTbl MHOMMX TEOPETUKOB B Pa3HbIX CTpaHax Mupa.

OpHa u3 cambix 60blLINX TPYAHOCTEN COCTOS1a B TOM, YTO6bI BbISCHUTB, YTO MPOUCXOAUT BHYTPU
yepHoW Ablpbl B peasibHOM Crly4yae, a He B KaKOM-TO MAeanM3npoBaHHOM cuTyauun. Yem oTnnyaeTcs
CNy4yan peanbHblli OT naeanmanpoBaHHOro? K ngeanmsaumm teopeTukm npuberaroT Ana Toro, 4tobbl
YyMNpOCTUTb YPaBHEHUS, KOTOPble OHM pelwlatoT. Hanpumep, npeanonaranu, YTo CkKMMaeTcsl naeanbHO
chepuyeckasn 6e3 Manenwmnii OTKIOHEHM OT WapoBon hopMbl 3Be3a4a. NS Takon naeanmsmpoBaHHON
3ajayun ypaBHEHUS HEM3MepuMOo npole, YeMm B obwem cnyyae. X yaanocb pewmnTtb U nccienosaTb
“BHYTPEHHOCTb"” BO3HMKaKLWeEN chepmnyecKon YepHOM Abipbl. HO gaxe nocne noayyeHust peleHms
notpeboBanncb AeCATUNETUS, YTOObI PU3NKM OKOHYATENbHO OCO3HANIN CTPYKTYPY 3TOWM
“BHYTpeHHOCTHN".



A B' AEeCTBUTENBHOCTM 3BE3a HMKOrA4a He MOXeT bbITb naeanbHo chepuyeckon. B xoae cxaTtums
OTKJIOHEHUS OT chpepMYHOCTM HapacTatoT. YTo ByaeT B 3TOM ciiyyae? MpsiMbie METOAbI peLleHuUs
YpaBHEHMN 34eCb NOMOYb He MO, OBLKNX peLlleHnii ypaBHeHU HeT. [Ins nonyyeHus oTBeTa
noTpeboBanochb HacTosILLEee MaTEMaTUYECKOE OCTPOYyMME.

Koraa 3HakoMuwbes ¢ nogobHoro posa pabotamu, Bceraa OCTaeTCa 3arafKon: Kak MOXHO A0AyMaTbCs
[0 CTOMb HeobbIYHOro NyTU peleHns Bonpoca? OueHb XopoLo 06 3TOM ckasan OTKpbiBaTelb 3aKOHOB
NNaHeTHbIX ABMXeHU U. Kennep: “TyTn, KOTOpPbIMX 04N NPOHMKAIOT B CyTb HEGECHbIX ABNEHUIA,
NpeacTaBNAOTCA MHE MOYTU CTOJIb Xe YAUBUTESNIbHBIMU, KaK N CaMWn 3TU aBfeHnsa”.

MepBblit ycnex 6bia AOCTUTHYT aHIIMNCKMM TeopeTuMKoM P, MeHpoy3oM. OH nokasan, uTo npu oxaTum
peanbHOro Heocepmnyeckoro Tefla BHYTpM 06pa3oBaBLUENCS YepHOI Ablpbl HEM36EXHO BO3HUKAET
CUHTYNSAPHOCTb, TO €CTb 06/1aCTb C 6€CKOHEYUHbIMU NPUANBHBLIMK CUTAMU TATOTEHUS.

HeB0O3MOXHOCTb n3bexaTb BO3SHUKHOBEHWUS CUHTYISIPHOCTU BHYTPUM YepHOW Ablpbl, Kak nokasan P.
MeHpoy3, cneayeT, No CywecTBy, n3 dakTta HEBO3MOXHOCTM HauyepTUTb Ha ByMare KapTy BCeW
cchepunyeckon 3eMnm Tak, uTobbl BCe TOUkU, 6IM3KME HaA MOBEPXHOCTN 3eMnn, 6binm 61M3KKM U Ha
KapTe. Mbl 3HaeM, YTO Ha eaMHON KapTe MUpa MbIC [lexxHeBa, HanpuMep, U Ansicka 4acTo
n306paxkarTcs Ha NPOTMBOMOJIOXKHbLIX KOHLAX KapTbl, a B AeNCTBUTENBHOCTU OHM pSaoM. BoT k aTomy
Xopowo 3HakoMoMy chakTy P. MNeHpoy3 OCTPOYMHO M CBes A0Ka3aTeNbCTBO.

Ho o6s3aTenbLHO n BCe Tena, ynaBlUMe B peasibHYH YEPHYLHO Ablpy, YNAAYT U B CUHIYASIPHOCTL? MHOro
TEOPEeTUKOB NbITanocb pa3obpaTbCsa B 3TOM. Mbl HAUMHanNM pewaTtb 3Ty Nnpobnemy BmecTe C A.
[JopowkesnyeMm B cepeanHe 70-x ronos, 3ateM paboTanu Hag Hel ¢ MonoabiM HU3MKOM A.
CTapobmMHCKUM M aMepuKaHCKMMK TeopeTukaMmm. Tenepb 3TOT BOMPOC B OCHOBHOM ncyepnaH — yaanocb
[0Ka3aTb, YTO NageHne B CUHIYNSAPHOCTb HEn3bexHo.

HanoMHMM eLle pas, YTo 0 BCEX COObITUSIX, MPOTEKAIOLWNX BHYTPU YEPHOW AbIpbl, HAabntoaaTeNb,
OCTaBLUMICA BHE ee, 3HAET, TaK CKa3aTb, TONIbKO TeopeTndeckn. OH HE MOXET MOJYUYUTb O HUX HUKAKMX
CBEAEHUN, HUKAKMX CUFHAN0B M3-MNo4 roOpu3oHTa YEpPHOW Ablpbl. BOT Kak MO3TUYHO roBOpUT 06 3TOM
3HaMEHUTbIN MHANKCKMI Punsmnk, xmeywmnin B CLLUA, naypeat Hobenesckoi npemun C. YaHapacekxap:
“Nccnenys siBNeHUs, CBSA3aHHbIE C FOPU3OHTaMKN COBbITUIN U HEBO3MOXHOCTbIO NepeaaBaTh Yepes HUX
MHbOpPMaUmMIo, S YacTo NOBTOPS/ NPo cebst ckaskKy O Npupoae, KOTOPYHo cablwan B MHaum net
naTbAecsT Hasaa. Cka3ka 3Ta Ha3biBanacb “He noTtepsinacb, a NpocTo nucyesna” u nosecrsoBana o
JIMUMHKAX CTPEKO3, XUBYLLMX Ha AHe npyaa. X NOCTOSIHHO My4yusia oAHa 3aragka: Y4To NPOUCXOAUT C
HMMM, KOrAa, CTaB B3POC/bIMU, OHM NOAHMMAIOTCS K MOBEPXHOCTM NpyAa, NPoOXoAsT yepes Hee U
ncyesatoT, uTobbl 6onblue HMKOrAa He BepHYTbCSA? Kaxaas NMUYMHKa, CTaBliasi B3pOC/on m
roToBsLWAsACs NOAHSTbLCS HaBepx, o6s3aTesibHO obellaeT BEPHYTbCS U pacckasaTb OCTaBLUMMCS BHU3Y
noapyraMm o TOM, YTO >Xe NMPOMCXOANT HaBepXy. Beab TONbKO Tak yAacTcs NOATBEPAUTb UK
OMpPOBEPrHYTb CAYXW, pacnpoCTpaHeHHbIe ASAryLwKon: 6yaTo 6bl IMUMHKA, NepeceKkaolas NoBePXHOCTb
npyaa v okasaBLlasics Mo APYryt CTOPOHY NPUBLIYHONO MMpa, NpeBpallaeTcs B yAUBUTENbHOE
CYLLECTBO C AJIMHHbLIM CTPOMHbIM TEIOM U CBEpPKaLWMMK KpblibaMu. Ho, BbIas 13 BoAbl, NMYMHKA
npeBpaLlaeTcs B CTPEKO3Y, KOTOpas, YBbl, HE MOXeT MPOHMKHYTb NOA MOBEPXHOCTb NpyAa, CKOJIbKO 6bl
OHa HW NbiTanack M Kak 6bl 4OJIr0 HX Napuna Haj ero 3epkajibHOM MOBEPXHOCTbIO. M B neTonucwy,
KOTOPYHO BeAYyT IMYMHKKN, HET HN OAHOM CTPOKM O JIMUMHKE, KOTopas Bo3BpaTuiack 6bl n pacckasana,
YTO XXe MPOUCXOAUT C TEMM, KOTOPblE Nepecekann rpaHuly nx mmpa. M ckaska okaHumBaeTcs xanoboi:

"Hey>enu HU oAHa M3 Hac, XoTs 6bl N3 XKaNoCTU K TeM, KOro Mbl 6pOCMAN BHU3Y, HE BEPHETCA U HE
packpoeT cekpeT?”

HET HUYEIO NPOLUE U CJNIOXHEE, YEM YEPHbIE OblIPbl

MTak, Mbl MO3HAaKOMUINCL C CbVI3I/IKOI7I YepHbIX AbIp, C TEM, UTO MPONCXOAUT B UX OKPECTHOCTAX U YTO
MOXET MPONCXOAUTb BHYTPU CaMux Ablp. YnTtaTenb, HaBepHOe, COrnacuTcs C TeM, YTO YepHbIe AbIpbl —
COBEPLWEHHO UCKNKYUTENDBHbIE 06beKTbl, HE MOX0XMWEe HMU Ha YTO, M3BECTHOE A0 CUX rnop. 3To He Tena B
06bI4YHOM CMbICNIE CNOBA U He n3nyyeHue. 3TO Ablpbl B MPOCTPAHCTBE U BPEMEHU, BO3HMUKAIOLWME U3-3a



O4YE€Hb CUNIbHOI0 UCKPUBMIEHUA NPOCTPAHCTBa U USMEHEHUA XapaKTepa TEYEHNA BPEMEHU B
CTpEMUTENTbHO HapacCTalWeM rpaBUTaulMOHHOM none.

B npeabiaywinx pasgenax Mbl B TO Xe BpeMs nokasanu,” 4To YepHble Ablpbl ABAAIOTCSH B HEKOTOPOM
CMbIC/NI€ N OYEeHb NMPOCTbIMK 06bekTaMu. IX CBOMCTBA HUKAK HE 3aBUCAT OT CBOWCTB
CKOJI1ancupoBaBLUero BelwecTsa, OT BCeX C/IOXHOCTEN CTPOEHUS BELLECTBA, ero aTOMHOM CTPYKTYpbl,
HaxoAsLWMXCSA B HEM DU3MYECKUX MNOJSIEN, HE 3aBUCAT OT Toro, 661710 N BELWeCcTBO BOAOPOAOM UMK
Xenesom u T. 4. Npu obpasoBaHMM YepHON Ablpbl AN BHELWHero Habnwoaatens Bce CBOMCTBA
CKOoNnancupoBasLlero Tena Kak 6bl MCYe3atoT, OHU HE BAIUSIOT HU Ha FpaHuLy YepHOM Ablpbl, HXU Ha 4TO
Apyroe BO BHELWHEM NPOCTPAHCTBE, OCTAETCA TOJIbKO rpaBUTaUMOHHOE MNofe, XxapakTepnsyemoe Anllb
ABYMS MapamMeTpaMnm — Maccoll M BpalleHueM (Kak Mbl yXXe roBOpuau, NpucyTcTene rnobanbHoro
3/1eKTpUYECKOro 3apsaa HeCBOMCTBEHHO HebecCHbIM obbekTaM). DTUM onpeaensTcs U dopma YepHOM
AObIpbl, U ee pa3Mepbl, U BCE OCTalilbHble ee CBOMNCTBA. Tak YTo C NOSIHOW onpeAenieHHOCTbIO MOXHO
CKaszaTb, YTO HET HMYEro NpoLle YepHOWN Ablpbl: YenoBeyeckoe Teno, HanpmMep, HECPaBHEHHO
C/I0XHee, — ero ABYMS YUCaMn, KaK YEpPHYIO AbIpY, HE OXapaKTepu3syeLllb.

Mo noBoAy Takol yaANBUTENbHON NPOCTOThI YEPHbIX Ablp aMepuKaHckuii dusmnk Kun Topu Kak-To
BOCK/IMKHYN: “lpeacTtaBbTe cebe, YTO Mbl MOMIN Bbl CYAUTb O BCEX OCOBEHHOCTSX XapaKTepa XXeHLUHbI
TONIbKO MO ee Becy u uBeTy Bonoc!”

Ho 1 HeT HMuero 6osiee CMNOXHOMo, YeM YepHas Ablpa, — Bellb Ue/I0BEUYECKOe BOO6GpaXKeHNe faxe He B
COCTOSIHUK NpPeACTaBMTbL cebe, A0 KaKol CTeneHM NPOUCXOAMT UCKPUBIIEHWE MPOCTPaHCTBa U
N3MEHeHWEe TeYEHNs1 BPEMEHMW, UTO B HUX BO3HUKAET Ablpa. M3yueHne puU3nKn YepHbIX Ablp NO3BONAET
pacWMpUTb HalWW NO3HaHUSA 0 hyHAAMEHTaNbHbIX CBOMCTBAX MNPOCTPaHCTBA M BpeMeHu. Kak Mbl
YBUAMM B AalibHENLLIEM, B OKPECTHOCTU UYEPHbIX Ablp BO3HUKAIOT, HanpuMep, KBaHTOBbIE MPOLECCHI,
o6Hapy>KMBaloLLINE CNOXHENLLYIO CTPYKTYpPY Tak HasbiBaeMoro dusnyeckoro sakyyma. Eule 6onee
MOLLIHblE (KaTaCTpoUUECKM MOLLHbIE) KBAHTOBbIE MPOLIECChI MPOMCXOAAT BHYTPU CaMoi YepHOW Ablpbl
(B OKPECTHOCTU CUHIYNSIPHOCTU). DKCNepUMeHTanbHOEe OTKPbITUE YepHbIX Ablp B nNpupose 6bi10 6bl
ype3BblyaiHO BaXHbIM A1 ECTECTBO3HaHMA. Mbl cMOrin 6bl M3yyaTbh HOBbIE 3aKOHbI, YrpasnsoLme
CBOWMCTBAMM NPOCTPAHCTBA N BPEMEHM B CUJIbHbIX FPABUTALMOHHbIX MOMSAX, HOBbIE 3aKOHHbI,
ynpasnsioumne ABUXEHNEM MaTePUM B HEOBbIUHbIX YC10BUsAX. O6pa3Ho roBops, YepHble Ablpbl — 3TO
[IBEpb B HOBYIO, LUIMPOYaliLIY0 06/1aCTb HaLLEro No3HaHMa GM3nMUYecKoro Mupa.

Ho Hackonbko peasibHbl YEPHbIE ,El,blpbl? Kak Mbl Y>Xe& roBopwuin, NCKYCCTBEHHO UX N3rOTOBUTL MOKa
Henb3s. OgHako BO3MOXHO, KaK OKa3asoCb, BO3BHUKHOBEHNE UX BO BceneHHoOI eCcTeCTBEHHbIM nyTeM.

FMABA 4. MOUCKW HEPHbIX AbIP

OHN AOJDKHbI CYLLECTBOBATD

To, YTO 3HAT acTPOHOMbI 06 3BOJIIOUMM 3BE3/, NMPUBOAUT K HEU36EXHOMY BbIBOAY: YEPHbIE AbIpbI
[AOJDKHbI BO3HMKATb B KOHLIE XXM3HM MacCUBHbIX HebecHbIX Ten. Kak e NpoTeKaeT UX 3BOIoLMS U
noyeMmy crefyeT CTo/Ib ONpPeaeneHHbI BbIBOA?

BewecTtBo 06bi4HOM 3Be34bl, N0A06HON HaweMy CosHUYy, HaX0ANTCS NOA AEACTBUEM ABYX
NPOTMBOMOMOXHbIX CUJ1T — TATOTEHUS], CTPEMSILLErrOCS CXKaTb 3Be34Y K LEHTPY, U AaBeHUS
packasieHHbIX ra3oB, CTPEMSALLNXCSA ee pacwmpuTb. MIX paBeHCTBO obecneymBaeT yCcTonunBoe
COCTOsiHMe 3Be3abl. Ho ropsiuast 3se3aa HenpepbiBHO M3y4YaeT SHEPrUt0 C MOBEPXHOCTU, N ecin 6bl 3Ta
noTteps He KOMMNeHCHpoBanack, TO 3Be3aa noTepssaa bbl CBOK TEMNOBYK 3HEPrUIO U CcTana Obl
CkMMaTbCs. O4HAKO 3TOr0 He NpoucxoamnT, M60 B6IM3KU LeHTpa 3Be3A4bl, rae TeMnepatypa A0CTaTOYHO
BenunKa, nayT TepMosiAepHble peakLumn, CONpoBOXAAILMNECS BblAENEHNEM OFPOMHON 3Hepruun. Mpun
3TOM afepHoe “ropeHune” npetepneBatoT cCHavasa BOAOPOA, renvin, a 3atem u bonee Taxenoie
3/1IeMeHTbl — YINepoA, KUCopoA U T. A. TepMoaaepHble peakumn U SBASIOTCH UCTOYHMKOM 3HEPrn
3B€3/, KOTOPYIO OHW U3/1y4yaloT B NMPOCTPaHCTBO.



C TeyeHneM BpeMeHM NcYepnbIBAETCS 3arnac S4€PHOro roproyero B 3ee3ae. MNpoaomKnTesibHOCTb
aAepHoro “ropeHmna” — 3Toro akTUBHOIO NMepuoaa XU3HW 3Be34 — ONpeaensieTcsa CKOpPOCTbio NOTepU
3HEPruM Ha U3lyyeHue 1 3anaca Mu ssiaepHoro Tormea. M To n agpyroe 3aBUCUT OT MacChbl 3BE34bl.
[Mo3TOMY M NPOAO/MKUTENBHOCTb XN3HW 3BE34bl ONpeaenseTcsa ee Maccon. 3Be34bl C MacCoM, paBHOM
COJTHEeYHOM, XUBYT okono 10 mmnnnapaos net. bonee maccmMBHble 3Be34bl XMBYT MeHblle. Tak, 3Be34a
Maccoi 3 macchl ConHUa XMBET 0AMH MUINMapA neT, a 3Be3aa Maccor 10 macc ConHua Bcero 100
MUJIJTMOHOB J1ET.

Korza vcuyepnaeTcsa Bce saepHoe TOMMBO, 3Be34a, NPoAo/Kas TepATb SHEPIUI0 HA U3NydeHue,
MocTeneHHo OxmMaeTcsi. Ecnim macca ee He npesblwaeT Maccy ConHua 6onee yem B 1,2 pasa, TO
CoKaTune 3aKOHYNTCA, Korga paanyc 3ee3abl COCTaBUT HECKOJIbKO ThbICAY KMJTOMETPOB. MnoTHOCTb
BellecTBa Npu 3TOM MOXeT AocTUrHyTb 10° r/om3. Takue 3830kl NOMy4Urv HasBaHWe Berbix Kaprmkos. OHM
YK€ JaBHO M3BECTHbI aCTPOHOMaM.

lMocne npespalweHns B 6enbin Kapnuk 3Be€34a OCTbIBaA€T, NMPAaKTUYECKN HE YMEHbLUIAsA CBOUX pa3MepoB.
[JaBneHune rasa, NnpenaTcTByloLLee ﬂ,aﬂbHEVIUJEMy oxatuio 6enoro Kapnuka, obecneunBaeTcs
KBAHTOBbIMU CJ1aMU, BO3HUKAKOLWNMN MeXay AO0CTAaTOYHO TECHO YNaKOBAHHbIMU 3/1EKTPOHAMWU MJ1a3Mbl,
cocTasnsatoLwemn 3Be34y. OTO AaBfieHNe B YC/I0BUSAX 3Be3bl HUKaK He 3aBUCUT OT TeMrnepaTypsbl ee
BewecTsa. [o3TomMy 6enbin Kap/IMK MOXET NMOJIHOCTbIO OCTbITb N MPEBPATUTLCA B l-IeprIl\/lI Kapnuk, He
M3MEHNB CBOEIro pasMepa.

Ecnu macca 3Be3abl 6onee 1,2 maccol ConHua, TO B XO4E ee CXKaTusi MI0THOCTb BeLlecTBa NpeBbICUT
10° r/cm3. Mpwy Takoit NAOTHOCTM BO3HMKAIOT SAEPHbIE peakLMm, NOrAOLWAoLWMe MHOMO SHEPrUN.
PaBeHCTBO cun TArOTEHWUS N AaB/IEHUSI HApPYLUAeTCsl, U 3Be34a HauYHeT CTPEMUTESNIbHO CXKMUMATbCS.

B npouecce 3T0ro oxatns MOXeT NPOU30NTU SAepHbIA B3pblB, KOTOPbIA Mbl HabnoaaeM Kak BCMbIWKY
cBepxHoBOM. Mpu 3ToM 3Be34a cbpackiBaeT 060104KY U NpeBpallaeTcs B TakK Ha3bIBAEMYIO
HEUTPOHHY0 3Be34Yy. Cuibl TATOTEHUS CKMMAKOT €e HaCTO/IbKO, YTO B LEeHTpe 3Be34bl NJI0THOCTb
CTaHOBWTCSA cpaBHMMa ¢ saepHoii, 1014—101° r/om3.

HenTpoHHas 3Be3ga — 3TO cBoeobpasHoe aTOMHOE S4P0 NONEPEYHMKOM B AECATOK KMIoMeTpoB. B
Takol 3Be34e sAepHble YacTuLbl — HYKJIOHbl — O4YeHb TECHO MpwuXaTbl APYr K apyry. Ecnm ee macca He
npesocxoauT aAse Maccbl ConHua, TO HYKJIOHHbIM ra3 cnocobeH KBaHTOBbIMU CUIaMM
BOCMpPENATCTBOBATb Aa/IbHENLWIEMY CXKATUIO 3Be34bl. TAKOBO KOHEYHOE COCTOSIHME 3TOM OCTbIBLUEN
3Be3abl. [paBaa, NnoHATUE X0s104a K HEMTPOHHOW 3BE34€e COBEPLUEHHO HEMPMEMIEMO C TOYKWN 3pEHUS
3eMHbIX NpeacTaBaeHnii. Beab B CTOMb NJIOT HOM rase Tenso HMKaK He AO0J/KHO CKa3biBaTbCs Ha
BEJINYMHE AaB/IEHNSs, AaXe eC/in TeMrnepaTypa rasa CoOTHM MUIJIMOHOB rpagycos. MoaToMy-To, XOTS
acTpodm3MKM YacTO Ha3bIBAOT HENTPOHHYIO 3BE34Y XO/I0AHOM, B €e LUeHTpe TeMnepaTtypa MoxXeT
[OCTUraTb COTEH MUJIMOHOB FPaaycoB, @ Ha NOBEPXHOCTU MUJITMOHA.

[lonro nckanu acTpoHOMbl HEMTPOHHbIE 3Be3/bl, HO 6e3ycnellHo. M 3To BNosfiHE 3aKOHOMEpPHO. 3Be3ay
paamycoM 10 KUOMETPOB U C TEMMNEpPaTypPOi MUSIMOH rPpaZyCoB MOX-H3 YBUAETb TOSIbKO B CaMble
KpYMHble TEIECKOMbl, €C/IM OHA K TOMY € J0CTaTo4HOo 6/1M3Ka K HaM. [lesio B TOM, YTO MU3/ydatowwas
MOBEPXHOCTb HENTPOHHbIX 3BE3[ OYEHb Mana W oK, Kak NpaBuIo, UCMYCKaloT BUAUMOrO CBETa B
MUJIJIMOH pas MeHblue Hawero ConHua. Ho ecnmn Mbl gaxe BUAUM Hel-rpoHHYI0 3Be34y, OCTaeTcs
BOMpPOC, KaK OT/INYUTb €e OT 06blUHbIX CNabbiX 3B€34.

HenTpoHHbIE 3BE34bl NbiTaUCb 06HAPYXUTb MO BO3AENCTBUIO NX TATOTEHUSA Ha bausnexawme 3se3abl.
B TecHOW oBONHONM cnucTemMe 3aMeTUTb C1abyto HEMTPOHHYIO HEBO3MOXXHO — OHa TOHET B SIPKOM CBeTe
cBoel coceakun. OgHaKo HEMTPOHHbIE 3Be34bl MMEIOT TaKylo Xe Maccy, Kak U 60NbWNHCTBO APYTrux
3Be34. ACTPOHOMbI CTa/ln UCKaTb B ABOMHbIX CUCTEMaX 3Be34bl C HOPMasibHOM MacColi, HO O4YeHb HU3KOMN
CBEeTUMOCTbO. O4HAKO 3T NOMbITKM HE YBEHYAIUCb YCMEXOM.

OTKPbIIM HENTPOHHbIE 3BE3[bl COBEPLUEHHO C/ly4YanHo B 1967 roay aHrnvmnckue pagmoactpoHOMBI
cnyctsa 33 roga nocne nx TeopeTnyeckoro npeackasaHmsa. Okasanocb, 4To B6/IM3M NOBEPXHOCTHU
HEeNTPOHHbIX 3Be3/, KOTopble 061a4al0T CUAbHBIM MarHUTHLIM NOMEM, eCTb aKTUBHbIE obnacTy,
n3nyyarwLune HanpasfeHHble NOTOKN paanoBOSH. Takaa akTuBHasa 06nacTb BpallaeTcs BMecTe C
NOBEPXHOCTLIO 3BE3Abl, U3/Ty4YaeT NyYOK Harnpas/eHHbIX PaANOBOJIH, KakK BpaLLaloWMNCs MpOXEKTOP.
3TOT Ny4yok 6exuT no Heby, 1, Koraa nonagaeT Ha 3eMt0, Mbl HabntoAaeM BCMbIWKN pagnonsnydeHuns,



KOTOpble MPOMCXOAAT Yepe3 paBHble MPOMEXYTKU BPEMEHM, COOTBETCTBYIOLIME NEpMoay BpalleHus
3Be34bl. DTV BCMbIWKN U 3apErNCTPUPOBANN aHINNNCKME PaanN0acTPOHOMBI.

BCnbIWKM pagnonsnyyeHms nynbCapoB — Kak Ha3BasuM HOBble KOCMUYeCKne 06beKTbl — cnefoBanu ¢
OYeHb KOPOTKMM NepuoaoM (OKOI0 O4HOM CeKyHAbl U MeHblle). TakoW nepuoa BpalleHns MoXeT 6bITb
NNWb Yy 3Be34bl, MONEepPeYHNK KOTOPON He Honblue HEeCKOSTbKUX AECATKOB KMNOMeTPoB. [eNCTBUTENbHO,
CTONb Xe 6bICTPO BpalatoLasncs 3se3ga ¢ gnametpom 1000 kunomeTpoB (Hanpumep, 6enbiin Kapvk)
6yaeT NpocTo pasopBaHa LEHTPO6EXHLIMU CUNAMU, N TONIbKO Y MasieHbKOW HENTPOHHOM 3Be34bl CTOJb
6bICTpOE BpalleHue elle He npeBbiwaeT npeaena NpoYHoCcTU. Tak 6610 AOKa3aHOo, YTo Nynabcapbl —
3TO HENTPOHHbIE 3BE3/blI.

Mynbcap — KOHEYHbIN 3Tan akTUBHOW XW3HWU 3BE3Abl HE CAMLIKOM 60/bLIOK MacChl, MEHbLLE MPUMEPHO
aByx macc ConHua.

Ho B peanbHOM BceneHHOM 3Be34Yy OKPYXKaET Mex3Be3A4HbIN ra3. OH nonagaeT Ha 3Be3ay,
pasorpeBaeTcs Npu yaape 0 ee NOBEPXHOCTb U UCMYCKaeT PeHTreHoBCKMe nyun. Ecnm HelTpoHHas
3Be34a BXOAMT B ABOWHYIO 3BE3AHYI0 CUCTEMY M U3 aTMOChepbl BTOpoin (HOpManbHOW) 3BE34bl UCTEKaeT
ras, To OH MOXeT nonazaTb B MoJjie TAroTEHUS HEMTPOHHOWM 3Be34bl. B 3TOM cnydyae NoToK rasa u
WHTEHCUBHOCTb PEHTIEHOBCKOI0 M3/TyYEHMS CTAHOBSITCA 0COBEHHO BeNNKKU. Takne “peluTeHOBCKUNE
nynbcapbl” Takxke 06HapyXeHbl B ABONHbIX CUCTEMAX.

WUTak, cylwecTBOBaHWE HENTPOHHbIX 3Be34 ybeanTenbHO AoKasaHo. Ho pacuyeTbl MOKa3biBalOT, YTO €Cin
3Be34a nocsie ucyepraHuns SAEpPHOro roproYero, CxaTus U BO3MOXHbIX NMPOLEccoB copackiBaHUs
BHeELWHNX 060/104EK UMEET Maccy, BCe elle NMPEeBbIWAtoLWY KPUTUYECKUI Npesen, paBHbI MPUMeEpHO
[ABYM COJIHEYHbIM MaccaM, TO AaXke AelCTBUE OFPOMHbIX CWUJ1 AAB/IEHUSA CBEPXMJIOTHOIO SAEPHOTO
BELLECTBA BCE Xe He CMOXET OCTaHOBUTb MPOLIECC CXKaTUSA, U NpeBpalleHne ee B YEPHYIO AbIpy B KOHLE
3BOJIOLMM CTAHOBUTCS HEN3BEXKHBIM.

MpaBaa, MHOrAa BbiCKa3blBasnacb MbIC/b, YTO, MOXET OblTb, MaCCUBHble 3BE€34bl B KOHLIE 3BOTOLNM
BblbpacbiBalOT B MPOCTPAHCTBO 60/bLUYI0 YacTb CBOENM MacChbl, @ OCTaTOK, 06/1aA4atowmin MacCcoih MeHbLLE
KPUTUYECKOWN, NpeBpallaeTcs B 6eNblil KapavK Unm HeMTPOHHYO 3Be3ay. Ho Takoi nyTb 3BoaAoLMmK
60NbLIMHCTBY YYEHbIX NPeACTaBAsSeTCS KpalHe NCKYCCTBEHHbIM U ManoBEePOSTHbIM. MO3TOMY Mbl
NPUXOAMM K 3aKJ/IIOUEHWUIO, YTO YepHbIe Ablpbl HEU36EXHO AO/IKHbI BO3HMKATb Ha MNO3AHUX CTaausX
3BOJIIOLMM MaCCUBHbIX 3BE34.

MoryT N1 Bo BceneHHOM cyllecTBoBaTh YepHbIe Ablpbl 4PYroro, HE3BE34HOr0 NPOUCXOXAEHNS?
BepoaTHee Bcero, Aa. U Mbl B fanbHeneM no3HaKoMMMCSl C STUMM BO3MOXHOCTSIMU, 4YacTo BeCbMa
NHTEPECHBLIMU N HeobblYaiHbIMK. OAHAKO BbIBOAbI O CYLLIECTBOBAHWUM HE3BE3AHbIX UEPHbIX AbIp ropasao
MeHee HaAeXHbl, YUEM O HEN36EXHOCTN BO3HUKHOBEHUSA YEPHbIX Ablp B XOA€ 3BO/OLMN MAaCCUBHbIX
3Be3a. bonee Toro, Kak Mbl yBUAWM Aanblie, N0 KpaHen Mepe oAHa YepHas Ablpa 3Be34HOro
NMPOUCXOXAEHWNS, BEPOATHO, YK€ OTKPbITa aCTpOHOMaMu. BoT noyeMy Mbl NoKa OT/IOXKUM 3HAaKOMCTB C
APYTMMWN HE3BE3HbIMU YEPHbIMU AblpaMu 1 06paTUMCS K BOMPOCY O MOMCKAaxX UepHbIX Ablp 3B€3AHOr0
NPOUCXOXAEHMS.

KAK UCKATb YEPHbIE AbIPbl?

[o Havana 60-x rogos, N0O-BUANMOMY, HUKTO M3 aCTPOHOMOB Cepbe3HO U He NbITasICs UCKaTb HU
HENTPOHHbIE 3Be3abl, HN TeM 6osiee yepHble Ablpbl. MoONYannBo nMpeanosiaranock, YTo 3T 06beKThI
CJZIMLLIKOM 3KCLEHTPUYHbI U CKOpee BCEro NpeacraBasioT cobom nuilb BblAYMKY TeOpeTuKoB. O HMX
Aaxke rnpeano4ymTann He roBopuTb. MIHOrAa rinyxo ynoMmHanocCb, YTO OHW, MOXET 6biTb, M MOrun
o6bpa3zoBaTbCs, HO, BEPOSATHEE BCEro, 3TOro HE NMPoncxXoauT. M BO BCSKOM Crlydae, eciim OHU eCTb, TO UX
Henb351 06HapyXuUThb.

CT0Nb CTpaHHble 06beKTbl HapyLanu NpuUBbIYHYO A5 aCTPOHOMOB KapTuHY BceneHHoli. Mo nosoay
YepHbIX Ablp 60AbWNHCTBO aCTPOHOMOB BOObLLE C COMHEHMEM MOKayMBanu ronosamu. Jaxe
06LenpuHATOro HasBaHMa Ans 3Tnux o6bekToB He 6b110. Cpeaun Tex, KTO HEe BEPU/ B BO3MOXHOCTb
CYLLECTBOBaHMSA YepHbIX AbIp, 6bl1 aCTPOHOM aHrIMYaHuH A. 34-AUHITOH (1882—1944). MNyTb ero B
aCTpOHOMMIO Knaccuyeckmin. OH HauMHan Kak acTpoHoM-HabnoaaTtens B puHBUUCKON obcepBaTopum,



MHOrO 3aHMMasiCa BOMPOCaMN CTaTUCTUKM 3BE3AHLIX ABMXEHUNA. B 1914 roay ctan AMpPeKTOpoM
obcepBaTopun KeMbpunaXCKOro yHMBEpCUTETa, M BCE €ro Hay4YHble MHTEepeChbl COCPeAO0TOUYMNINCE Ha
BOMpoOcax acTpodm3nku, KoTopas Kak pa3 B 3T0 BpeMs popMmnpoBasnacb Kak CaMOCToATEbHas HaykKa.

3acnyru ero B actpodumsunke TpygHo nepeoueHnTb. OH NepBbIM MOHAT OCHOBHbIE MPOLLECChl, KOTOpble
onpeaensaoT BHYTPEHHEE CTPOeHWe 3Be3/, BblABMHYJ1 BaXXHENLWYIO ALK O TOM, UYTO SHEPrus U3
rnybokux Heap 3Be34bl K MOBEPXHOCTU MEPEHOCUTCSH B OCHOBHOM MyTeM MeASIeHHOro “npocaynsaHusa”
CBETa CKBO3b HEMpo3payHbii ra3, a He KOHBeKLUMen, Nogo6bHO KMMsiweln Boae B KacTprosie Ha NanTKe.
Ewe B 1916 roay, Koraa o aaepHbIX peakuuax He 6b110 U NOHATUSA, OH NoKasas, YTO MCTOYHUKOM
SHepruun B 3Besfax He MoXeT ObITb MX NOCTENEHHOE CXKaTue C HarpeBaHMeM, Kak Toraa gyManu, a
LOJKHbI 6bITh Kakme-To rnybuHHbIe NpeBpalleHns matepumn, KotTopble A. DAANHITOH Ha3blBan
cy6aToMHbIMK. OH 3aHMMaNCs U3ydeHneM nynbcaumm 3Be3s, CTpOeHN-eM nx atmocdep U MHOTUMMU
ApyruMmu npobnemammn actpopusnku.

A. DAAVMHITOH OAHMM M3 MepBbIX MNOHAN FMYy6nHY U HOBM3HY obLen Teopun OTHOCUTENbHOCTU. OH
pyKoBoAMA aKkcneanumein, kotopas B 1919 rogy Bo BpeMsi NOIHOrO COSIHEYHOrO 3aTMEHMUS BrepBble
n3Mepwuna oTKJIOHeHWe nydein ceeTa B nose TaroteHmns ConHua B MOSIHOM COrnacMmn C NpeackasaHveM
Teopumn DHWTeNnHa. Ero Hay4Hble 3acnyrun 6bian obuwenpun-3HaHbl: OH 6b11 Npe3naeHToM JIOHAOHCKOro
KOPOJIEBCKOr0 acTpOHOMMYecKoro obuiecrsa, npe3maeHTom JIoHAOHCKOro dunsnyeckoro obuwecTsa,
npesnaeHToM MexxayHapoAHOro aCTpOHOMMYECKOro COlo3a, YIeHOM MHOMMX akaaeMuii, B TOM YMCie U
MHOCTpPaHHbIM ynieHoM-koppecnoHaeHToM AH CCCP.

M BOT 3TOT YeNOBEK HE MOI CBbIKHYTbCS C MbIC/IbIO O TOM, UTO AOCTaTOYHO MacCMBHas 3BE34a [0/KHA B
KOHLIEe KOHLIOB MOTEpPSATh YCTOMUMBOCTb U UCMbITaTb KaTacTpoduueckoe cxaTtune. Kak nuwet C.
YaHapacekxap, A. DAANHITOH cUYMTaN HEBO3MOXHbIM KOMIanc 3Be3abl, B X04e KOToporo “rpasvraums
CTaHeT TaKol CU/IbHOW, YTO yAYLUT U3NTyuyeHue”, To eCcTb BO3HUKHET YepHas ablpa.

Mo MHeHuto C. YaHapacekxapa, pe3ko oTpuuaTesibHas no3nums CToflb aBTOPUTETHOIO acTpOHOMa
3ajepxana pa3suTne pensaTMBUCTCKOM acTpoduU3nKKN Ha AecaTku neT. B uem 3geck geno? Nouemy
nepeaoBol U YYTKUI KO BCEMY HOBOMY YY€HbI HE MOHST U HE OUEHWU/ CTOJTb BaXXHOW naeun?

HaBepHoe, npaB coBeTCKuii actpodusnk M. LLIKNOBCKUI, cKasaBLlni, YTO A. DAANHITOH CNULLKOM
nobun 3Be3abl, KOTOPbIM OH OTAAN BCK CBO XM3Hb (XKWM3Hb OAMHOKOIO YenoBeka, pecnektabenbHoOro
cTaporo xonocrtsaka). OH NOCTPOMA TEOPMIO PaBHOBECUS U YCTOMUMBOCTM 3Be3/, a TyT Takas
KaTtacTpoda — Kosananc... 9Toro He MoxeT 6bITb, yTBepxaan A. D44MHITOH. NMpupoaa aonxkHa 6bina
“n3o06pectn” Kakoe-HNbYaAb CpeacTBO, NPeAoXpaHsaoLEee KOCMUYECKYIO MaTEPUIO OT TaKoro Xaslkoro
koHua! U. Wknoscknin cnpaBeanmBo 3akstodaeT: “He 3ps roBOpuUTCS, YTO HalUM HEAOCTAaTKU eCTb
NpoAoIXKeHNe HalMX 4OCTOMHCTB".

[axe B ropa3ao 6onee nosaHee Bpemsi, B KoOHUE 50-x rogoBs, koraa s yuynncs B MOCKOBCKOM
YHUBEPCUTETE Ha aCTPOHOMUYECKOM OTAENIEHUN, HUKTO M3 HaLLUMX NPOdeccopoB HM pa3y He ckasas
HaM, BO 4YTO NpeBpaLlaloTCad MAacCUBHbIE 3BE3/1bl MOCNE CBOEN cMepTu. MoXeT 6bITb, KaKylo-TO poJsib
34eCb Urpaso caMo NOHSTME CMEPTU, O KOTOPOM HE OUYEHb-TO XOYETCS U HEe NPUHATO O6bIYHO FOBOPUTD.
BoT 1 cmepTb 3Be34 6bina cBoero poaa “3anpeTHOM TeMOM Ans 0b6CyXxaeHus B NpuanyHoM obuiectee”.

K TOMY e 1 3K30TUKa YEepHbIX AblP, U C/IOXHOCTb MOHATMI ObLien Teopun OTHOCUTENTbHOCTU, He
6bIBLIEN B YeCTW y CTapLllero NokoaeHns aCTpOHOMOB, Urpasaun CBOK POJb.

OpHako B 60-e roabl psig OTKPbITWIA 3aCTaBu/l aCTPOHOMOB M3MEHWTb CBOW B354 Ha MHOMME MpPOLECChl
BO BcenieHHOo. Bblnn OTKPbITbl aKTUBHbIE AApa rafakTUK U KBasapbl, M3/yYyaBlumMe sHepruto 6osnee
MOLLHO, YEM ThbICAYM MUANMAPAOB 3Be34, Obl/1I0 06HAPYXXEHO PEIMKTOBOE PaAMOU3yYeHne, oCcTaBLleecs
BO BcefieHHOol OT NepBbiX MFHOBEHMIT Havasa ee paclumpeHus. MNocnie BCero aToro HEMTPOHHbIE 3BE34bl
N YyepHble Abipbl NepecTann KasaTbCs CTOJb YXK 3K30TMUYECKMMU 06bekTaMu. M HakoHel, B 1967 roay,
KaK Mbl y>e nucanu Bbiwe, 6bI/1M OTKPbITbl HEWTPOHHbIE 3BE3AbI — NyNbcapbl. HacTynuna ovyepeab
YyepHbIX Ablp. HO Kak ux 06HapyXuTb? Beab OHM He CBETAT M He OTpaxatoT cBeT?!

Y acTpoHOMOB, 04HaKo, yxe 6bln HakonneH onbIT N3y4YeHUNA HeENU3nydarowmnx 06beKkToB. Takosbl,
HanpuMmep, TEMHbIE MNblJIEBbIE TYMAHHOCTU. OHM BMAHbI Kak YEpHblE NATHA Ha q)OHe 3BE34 UIn
CBETALLMNXCA ra3oBbIX TYMaHHOCTEVI. Ho nbineBble TYMaHHOCTU ABMSAKOTCA MMraHTCKUMU MO CBOUM



pa3mepaM o6beKkTaMu, a YepHble AblPbl 3BE€34HOM0 NPOUCXOXAEHNS MMEIOT B NonepeyHnKe BCero
HaBCero AeCSATOK KMIOMeTpoB. U Tak Kak OHW BO3HMKAKT M3 MacCMBHbIX 3Be34, To 6nmxkanwas yepHas
Ablpa AokHa 6biTb pacnosioXeHa OT HAac Ha PacCTOSAHMM NopsAKa HECKO/IbKMX AEeCATKOB CBETOBbIX J1eT.
CnepoBaTtenbHO, BUAMMbBIE YITIOBbIE pa3Mepbl TaKOM YepHOW Ablpbl A0/MKHbI cocTaBnaTb 0,00000001
YrNOBOW CeKyHAbl, U1 YBUAETb €e KakK TEMHOE MATHbIWKO abCoNOTHO HEBO3MOXHO.

YepHasa Ablpa AOKHA OTK/IOHATE NPOXoAsiliMe MUMO Hee nyymn ceeTa. Ho uTobbl 3TOT addekT 6bin
[OCTaTOYHO 3aMeTeH, B3aMMHOE pacrnosioXeHne UCTOYHWKA cBeTa (kakon-nmbo ewe 6onee ganekomn
3Be3/bl), YEPHOW Ablpbl U HabnaaTens Ao/MKHO 6bITb N0A06paHO CTOMb cneumanbHbiM 06pa3oM, YTo O
C/y4YarHOM peanusaummn 3Toro cobbITsa Heyero u AymaTb.

OcTaeTcs UCnosib30BaTb TOT PaKT, YTO YepHble Ablpbl 06/1a4a0T MaccaMum, paBHbIMKM Maccam 60nbLLMX
3B€3[, @ CaMu COBCEM He CBEeTAT. MIMEeHHO Tak MOAOLWWM K NOMCKaM YepHbIX Ablp B 1964 roay
coBeTckune actpodmsunkmn O. NyceHoB un A. 3enbaosny. OHM NPEANOXMUIN UCKATb YEepHbIe Ablpbl B
CcoCTaBe ABOMHbIX 3BE3AHbIX CUCTEM, NPEANOSIOKMB, YTO €CTb CUCTEMbI, FAe OAHa 3Be34a HOpMasbHas U
CBETUTCA, a Apyras npeactaBnseT cobon yepHyto ablpy. O6a obbekTa A0MKHbI 06pallaTbCs BOKPYr
obLlero UueHTpa Macc. Ho yepHast Ablpa HEBMAUMA, TaK YTO BMAMMAs KOMMOHEHTa 6yaeT obpallaTbes
HakK 6bl BOKpYr “Huyero”.

KoHeuHOo, yBUAETL HENoCcpeaCTBEHHOE 0pbuTanbHOE ABUXEHUE 3Be3bl C 60MbLIOr0 PacCTOAHUA HeNb3s
HKM B KaKol Teneckon. OfHaKo MOXHO MCMOMb30BaThb CNeLnanbHblii METOA, LMPOKO PacnpoCTPaHEHHbIN
B acTpodusmke. Koraa 3sesga, ABurasicb no opébute, NpuBANXKAETCA K HAM, IMHUN B ee CrekTpe
cMellaloTcs B (hMONETOBYIO CTOPOHY, a Koraa yAansercs, — B KpacHy CTOPOHY. ACTpPOHOMaM AaBHO
M3BECTHbI TaK Ha3blBaeMble CMeKTPanbHO-ABOWHbIE 3B€3/bl, ABONCTBEHHOCTb KOTOPbLIX Gbl/la OTKPbITA C
MOMOLLbIO OMMCAHHOMO MeToda. B cnekTpanbHO-ABOMHbLIX CUCTEMAX, COCTOSALMX U3 06bIYHbIX 3BE34,
ecnv ofiHa 3Be34a ABMXKETCS K HaM, a Apyras — OT Hac, IMHMM 6yayT CMELIEHbl B MPOTUBOMOSIOXHbIE
CTOpOHBI. YacTo HabnoaalTcsa U Nnepnoamyeckme CMeLLeHUs NMHUIA B CNEKTPe TO/IbKO OAHOM 3Be3/bl, a
NIMHWIA B CMEKTpe BTOPOW He BMAHO BOBCe. Kaszanoch 6bl, TYT HAA0 3amno403pUTb HaNYMe YepHOW
Ablpbl. O4HaKO B 6OJIbLINMHCTBE ClyYaeB 3TO TPMBUAJIbHO OBbSACHSAETCSA TEM, UTO Apyras 3Be3/a XOTb U
CBETUT, HO 3aMeTHO crabee NepBoit; CBET ee TOHET B CBETE 'APKOM COCeAKM, U TOMbKO MO3TOMY OHa He
BUAHA.

CoBeTckue acTpom3anKn NpenoxXuam MCKaTb NOTyXLNE 3BE34bl B TAKUX CMeKTpasbHO-ABOMWHbIX
cucTeMax, B KOTOPbIX MacCa HEBMAMMOIO CMyTHMKA, BblYMCNEHHasa No HabnwgaeMoMy ABUXKEHUIO
BMAMMOW 3Be34bl, OKa3anacb 60sblUe MacCbl BUAMMOM COCeAKN. DTO 03Ha4vano 6bl, YTO CAYTHUK-
HeBMAUMKA sBNseTcs He 06blbHOM, a noTyxwen 3se3gon. 6o ecnm 6bl cnyTHUK 6b171 06bIYHON 3BE340M,
TO, MPEBOCXO0ASA MO Macce CBOK COCeaKy, OH M cBeTun bbl ap4ye ee, U He MOr 6bl 6bITb HEBUANM.

OaHako noTyxwas 3Be34a MOXET 6biTb U 6€/bIM Kap/IMKoM, N HEUTPOHHOM 3Be340M. [MoaToMy, UTO6bI
N3 06Hapy>XeHHbIX NOTYXLWWNX 3BE€34 BblAETNTb MMEHHO YepHble Ablpbl, HaAo 6bIN10 elle AoKa3aTb, YTO
Macca HEBMAMMOIO CNyTHUKa 6oMblUe KpUTUYecKkon Macchl (aBe Macchl ConHua). Kak Mbl yXe 3HaeM,
Macca 6enoro kapsmka He MOXeT npeBbiwaTth 1,2 Maccbl ConHua, a Macca HEWTPOHHOWM 3Be3abl — 2
Macchl ConHua. 3HaunT, ecin Macca noTyxwen 3se3abl 60/blle KPUTUYECKOro 3Ha4YEeHUA N COCTaBJISIET,
CKaXkeM, 5 CO/IHeYHbIX MacC, TO 3TO MOXET 6bITb TONIbLKO YepHas Ablpa.

Cnenys 3TMM yKa3aHuWsaM, y Hac B cTpaHe, a 3ateM B CLUA 66111 npeanpuHATbI MOUCKM YepHbIX Ablp B
CrneKTpanbHO-ABOMHbIX CUCTEMaX. HO 3TV NOMbITKW He NpuBenu K ycrnexy. Bo Bcex Noao3puresnibHbIX
CrneKTpanbHO-ABOMHbIX CUCTEMAX YAANoCb 06bACHUTb HEBUANUMOCTb CMYTHMKA €CTECTBEHHbIM MYTEM, HE
npuberas K YepHbIM AblpaM. [peanoxeHHbI crnocob nomcka okasascs CAMWKOM TPYAHbIM, TaK Kak
“yepHoTe"”, 06HapyXXeHHOM OKOJMIbHbIM MYTEM, NMOYTU BCerga MOXHO NpuayMaTb 06bACHEHME, NoYeMy
oHa 4vepHa. [la n Boobuie, "HEBMANMOCTL” CAYXUT NNOXUM A0KA3aTeNbCTBOM CyLLECTBOBAHUS Yero-
nn6o. 370 3BYyUnUT, N0A06HO CTapoW WYTKE O Ha3BaHUM gucceptaumn: “OTcyTcTBUE TenerpadHbIxX
cTon60B M NPOBOAOB B apXe0/0rMYecKnX packomnkax Kak A0oKa3aTeNbCTBO HalMunsa paanmocBssun y
ApeBHMX Hapoaos”.

BbISICHMNOCHL K TOMY €, YTO YKa3aHHbI crnocob 1 B MpMHUMME BPSiA /i1 MOT MPUBECTM K YCMEXY.
MpuumHa 3Toro 6bina CBSI3aHa C 0CO6bIM XapaKTepOM 3BOJIOLMM 3BE3[, B TECHbIX ABOMHbIX CUCTEMAX.
OKkasblBaeTcs, B XOA€e 3BOMOLMUM ra3 AOJKEH NepeTekaTb C O4HOM 3Be34bl Ha APYryto, U B pe3ynbTaTe
nepBoHayvanbHo 60/5iee MacCMBHas 3Be3/la, 3aKaHUMBas CBOK 3BOJIOLMIO U NPEBPALLAACh B YEPHYIO



Oblpy, NepefaeT YyacTb MacCbl MEHEE MACCMBHOM. B KOHLEe KOHLOB OKasblBaeTcsl, YTO BuaMMas 3Be3aa
obnapaeT mMaccol, 6onb

e, yeM Macca nNepBoHavyasbHO BO3HUKLLEN YEPHOM AbIpbl. Y TaKoW ABOMHON CUCTEMbI HENb3S
onpeaenuTb, NOYEMy CMYTHUK HEBMAUM, — TO JIn OH HOpMasbHas 3Be3aa, Ho cBeTuTca cnabee coceaku
(Tak Kak ero Macca MeHblle), TO I OH — MOTyXLWas 3Be34a U MOXET OblTb YEPHON AbIPONA.

Heob6xoanMo 6b110 HaNTK Takme uandeckmne sIBfIEHUS, B KOTOPbIX YepHas Ablpa nposseisina 6l cebs
aKTUBHO M OAHO3Ha4YHO. U Takoe saBneHue 6bIs1I0 HaAEHO — 3TO NaAeHue rasa B noJie TAroTeHus
YepHOW Ablpbl.

B Mex3Be34HOM MPOCTPaHCTBE MMENTCS 06LIMpPHbIE Fa30Bble TyMaHHOCTU. Ecnun uepHas Ablpa
HaxoAWUTCA B TaKoW TyMaHHOCTU, ra3 6yaeT najaTb B €e Mosie TAroTeHus. B nagawouem rase, Kpome
TOro, UMEEeTCs MarHUTHOE MoJie, a B Xo[e NaAeHUs pasBUBalOTCA TYPOYNeHTHbIE ABUXEHUSA. DHeprus
MarHWTHOMO NoJs rasa B XO4e NaAeHMsa A0/KHA NepexoanTb B Tenno. “HarpeTbie” 3/1eKTpoHbI,
[BUrasiCb B MarHUTHbIX MNOMAX, U3/yYaloT 3/1€KTPOMArHUTHbIE BOHbI. B6/1M3M ropu3oHTa YepHOi Ablpbl
BCTynaloT B Urpy apdeKkTbl 06L1ein TEOPUN OTHOCUTENBHOCTU. YacTb M3NyUYeHNss 3aXBaTbiBAETCS YepHO
Ablpoii. OCHOBHasA A0NS U3NyYeHUsl, BUANMAs AaneKkuM HabnoaateneMm, yxoamT C pacCTosHUSA B
HECKOJIbKO FPaBUTaLMOHHbIX rpadycoB. Tak, elle Ha NoasneTe K YepHoW Ablpe, A0 TOro Kak
NMpOBa/UTLCA B HEE, HArpPeThIN ras U3nydyaeT SHEPrUi0 B OKPYXKaloLlee NpoCTPaHCTBO. MoXeT 6bITb, 3TO
N3NlydeHne AOCTaTOUHO AN 06HAPYXEHUSA YUEPHON Ablpbl C 60/bLIONO PACCTOSAHUA?

Oblee KOINYECTBO U3Ny4veHus (MNun, Kak roBopsaT acTpoPu3nMKM, CBETUMOCTb) 3aBUCUT OT KOJIMYeCcTBa
nagarwowero rasa. B TMNMYHbIX ANna Mex3Be34HOW cpeAbl YC/10BUAX CBETMMOCTb rasa, najaroLero Ha
YEpHYI0 AbIpY, TOrO Xe Nopsaka, YTO U CBETUMOCTb HOPMasibHbIX, HE OYEHb APKUX 3BE34. DTO 3HAYUUT,
UYTO HAWTW TakMM cnocoboM yepHble Ablpbl 04eHb TPYAHO. OHKM 3aTepsiHbl Cpean OFPOMHOI0 KOJIMYecTBa
cnabbix Bee3a MNanakTuku. Npasaa, B NajaloWeEM Ha YEPHYIO Ablpy ra3e TypbyneHTHble ABUXEHUS
NpuMBOAAT K H6bICTPbIM KoNebaHUAM ApKOCTU C NPOAOIXKNTENbHOCTLIO BCMbIWEK OT COTbIX A0
OEeCATUTBICAYHbIX A0NEN CEKYHAbI.

CoseTtckuin actpodmsmk B. LLIBapuMaH uMeHHO TakmM cnocobom npeanaran B KoHue 60-x rogos nckaTb
yepHble Ablipbl. OH BMeCcTe CO CBOMMW TOBapuLlaMmu cosgasn B creumanbHoOM acTpoduanyeckom
o6cepaTopum AH CCCP uenbiit komnnekc Nnpmbopos Anst 3Tok Uenu noa HasBaHUeM “MHorokaHanbHbIN
aHann3aTop HaHOCEKYHAHbIX MMMNY/IbCOB U3MEHEHMS ApKOCTU”, nnu, cokpaweHHo, MAHUA. HasBaHune
0Ka3asioCb CUMBOJIMYHBIM. MHOrMe roabl YNOPHOro TpyAa Nno KOHCTPYKLUWM, CO34aHMI0 N OTnaake
npnbopoB, NpobHble HabnwaeHUs, HaKoHeLl, Noucku... B. LUBapuMaH 4onro wen armm nyTem
aKCrnepuMeHTaTopa NoYTn C MaHMakKanabHbIM YyNOpPCTBOM. o xoay Aena 6binn BbiMONHEHbI MHTEPECHbIE
HabnoaeHnsa pasHbix HebecHbIX 06beKkTOB. HO, yBbI, YepHble Ablpbl Tak 06Hapy»XeHbl U He 6bin...

YEPHDIE AbiIPbl OTKPbITbI?

B 1966 roay 6b11 NpeasioxeH ewe ognH cnocob nomcka YepHbix Ablp. YTo6bl €ro pasbAaCHUTL, OTBETUM
CHa4yana Ha BONpOC — MOYeMy CBETUMOCTb ra3a, Najatolero B YEpHYI0 Ablpy, OTHOCUTEBHO
HeBenuka?

[eno B TOM, 4UTO B MeX3Be34HOM NMpOCTpPaHCTBE Masna NJOTHOCTb rasa, 1, ciefoBaTeslbHO, ero Manao
nazaeTt Ha YepHyto Ablipy. A MOTYT /1M OCYLLECTBNATLCA B [anakTuke ycnoBus, Korga rasa nagaet
ropasgo 6onblie?

OkasbiBaeTcs, Aa. Takue ycnoBus MOryT OCYLLEeCTBAATLCS, €C/in, HanpuMmep, YepHas Ablpa BXOAUT B
COCTaB O4YeHb TECHON ABOMHOW CUCTEMbI, FAe BTOpas KOMMNOHEHTa SBSEeTCS HOpManibHOW 3Be340M-
rmraHTom. B 3TOM cny4yae ra3s u3 060/104Kn HOpMabHOW 3Be3Abl N0 AEeNCTBUEM TArOTEHUS KOMMaHbOHa
6yaeT K HEMY nepeTeKkaTb MOLHbLIM MOTOKOM. Mbl yxxe roBopuan 06 3ToM npouecce, Koraa obcyxaanu
peHTreHOBCKMe nyfnbcapbl B ABOMHbIX 3BE34HbIX CUCTEMAX.



a3 B TaKol ABOMHOW CMCTEME HE CMOXET MPOCTO YNacTb Ha YEPHYIO AbIpY. U3-3a@ Hanuums
op6uTanbHOrO ABMXEHMSA OH 3aKpy4mBaeTcsi, 06pa3sys BOKPYr YepHOI Ablpbl AMCK. BcneacTBue TpeHus
CNOEeB rasa npoucxoauT ero pasorpes Ao TemnepaTypbl 107 rpagycos (elle A0 TOro, Kak OH
NpoBaaUTCA B YepHYIO Ablpy). Npu Takoi TeMnepaType ras UCNyCKaeT peHTreHOBCKME NyUM.

CnepoBaTenibHO, YEPHbIE AbIpbl ClIeAYET NCKaTb KaK PEHTrEHOBCKME UCTOYHUKM B COCTaBe TECHbIX
ABOWHbIX 3BE34HbIX CUCTEM, IA€ OHM MOryT 6bITb HapsaAy C HEMTPOHHbLIMK 3BE34aMU. Takoe
npeackasaHue 6bl10 caenaHo akageMmkom . 3enbooBUYEM UM MHOM B 1966 roay, BCkope nocne
OTKpPbITUS NEPBbIX PEHTFEHOBCKMX NCTOYHMKOB U. LLIKNOBCKUI, caenaBLlUniA Takoe Xe npeackasaHue B
1967 rogy, noctpoun noapobHy acTpodmn3nyecKkyo KapTuHy NpoLeccoB, KOTOpble AOXKHbI
MPOUCXOANTb B UCTOYHMKAX PEHTITEHOBCKUX Sly4yeil B ABOMHbIX 3BE34HbIX CUCTEMAX.

[na noncka peHTreHOBCKMX UCTOYHMKOB Ha Hebe HeobXx0AMM BbIHOC PEHTIEHOBCKMX TeNecKonoB 3a
npeaensl atMocdepsbl, a Ana ANUTeNbHbIX HAabNOAEHWIA OHU AONXKHbI 6bITb YCTAHOBMEHbI Ha
WCKYCCTBEHHbIX CNYTHMKax (NONeT pakeTbl BeAb O4YeHb HenpoaomxkuTeneH). C NoMoLWbio Takoro
Tefnieckona, yCTaHOBJ/IEHHOro Ha CnyTHUKe “YXypy”, 6bian oTKpbITbl B 1972 roay peHTreHoBCKue
WCTOYHUKM B COCTaBE HECKOJIbKNX ABOWMHbIX 3Be34HbIX cucTeM. OHU-TO U 6biNn NoABEPrHYThI
NnoApoH6HOMY U3yUYeHUIO, B YACTHOCTU, C MOMOLLbLIO annapaTypbl, YCTAHOB/IEHHOMW Ha COBETCKUX
CAYTHUKaxX 1 NUAOTUPYIOLLNX KOCMUYECKMUX Kopabnsx.

Tak Hayanacb 3pa peHTreHOBCKOM aCTPOHOMUKU. DTa yBJleKaTeNbHas BETBb HayKuW 3acny>Xunpaet
HanuMCcaHUsa OTAENbHOM KHUIMM, N HE OAHOM, HO HaC ceiyac MHTEpPEeCYOT PEHTIEHOBCKNE UCTOYHUKN B
ABOWMHbIX 3BE3AHbIX cMcTeMax. Cpean HUX 6blin Takme, KOTOopble CTPOro NeEpMoANYECcKM MEHSIIN CBOIO
SIPKOCTb C NEPUOAOM OKOO CeKyHAbl. OHM 3aBEAOMO He MOryT OblTb YEPHbIMU AblpaMu. ITO
BpallaloLwmecss HeMTPOHHbIE 3Be34bl, 06/1a4at0WMe MarHUTHbLIM MOJIEM, MarHUTHbIE MOJIOCa KOTOPbIX He
COBMafaloT C NOJItoCaMn OCK BpallleHus 3Be3abl. a3 3a4ecb NajaeT Ha MarHUTHbIe Nosca BAOJb
MarHUTHbIX CUNOBbIX JIMHWUI, U B pe3yfibTaTe BO3HMKAET HamnpaB/ieHHOE PEHTIEHOBCKOE U3JTyYeHMe.
BpaweHune xe genaet 3T 06beKTbl Kak Obl BpallatoWMMUCS PEHTITEHOBCKMMN MpoXXeKTopamMn. Ho y
YepHO Ablpbl, KaK Mbl BUAENN, HET KaKUX-NMB0 aKTUBHbIX NSITEH Ha MOBEPXHOCTU, N OHA HE MOXET
NpUBOAUTL K SIBJIEHMIO NpoXekTopa. CryCcTKU ropsiyero rasa B rasoBOM AWCKe BO6AM3M YepHOW Ablpbl,
BpallasiCb BO BHYTPEHHUX 06nacTax, Mornu 6bl AaTb nNepuoanyeckme BCrblilwkn., OaqHaKo AOBOJSIEHO
6bICTPO 3TOT NEPMOA AOJIKEH CUSIBHO U3MEHUTLCS — BeAb CFYCTOK HE XXECTKO MPUKPENSIEH K 3TOMY
yeMy-TO BpalLaoLEMYCSl, — a U3-3a TPEHUS MOCTEMNEHHO NPUBAN3NUTLCA K 3Be3ae (B pesynbTaTte
nepuon obpalleHns yMeHbLIaeTcs).

TakuM 06pa3oM, YepHbie Ablpbl AO/KHbI HAX0AUTLCS CPeAN PEHTIEHOBCKMX UCTOYHMKOB B ABOMHbIX
cucTeMax, He aBnaWwmuxca nynbcapamu. OTMETUMM Npexae BCEero, YTo 3T UCTOYHUKKN He MOryT ObiTb
06bIYHbIMK 3Be3aaMU. Beab Ans Toro ytobbl ras Harpescs 40 TeMnepaTypbl, AOCTaTOYHOWN 4SS
NCNYyCKaHWUS PEHTTeHOBCKUX lyyei, rpaBUTaLMOHHOE NoJie, B KOTOPOM OH ABUXETCS, AOJIKHO 6biTb
O4YeHb Benmko. Taknmum nonssMu obnagatoT TOSIbKO KOMMNaKTHble (Cxaslumecs) “ymeplune” 3se3abl:
6enble Kapauku, HEMTPOHHbIE 3BE3Abl MU YepHble Ablpbl. HO Kak BblA€NUTb MMEHHO YepHble Ablipbl
cpean “ymepuwux” 3sesn?

Mbl 3HaeM, YTO HaZeXHbIM KpUTEPMEM ITOr0 SIBNSIETCS M3MepeHne macchl. Ecnn macca “ymepLiein”
3Be34bl 60MblUe KPUTUYECKOrO 3HAYEHUS ABYX COSTHEYHbIX Macc, TO 3TO YepHas Abipa. MI3mepuTtb xe ee
MOX>XHO MO opbuTanbHOMY ABUXXEHMUIO 3BE3[ B ABOMHOM cucteme. M BOT 0Ka3asocCb, YTO U3 HaWAEHHbIX
ABOMHbIX PEHTITEHOBCKUX MCTOYHWKOB NO KpalHen Mepe oanH obnagaet Maccon, 3HaunTenbHO 6onbluein
KPUTMYECKOrO 3HAYeHUs. DTOT UCTOYHWUK, PACMNOSIOXKEHHbI B co3Be3ann Jlebeas, nonyymn HaseaHue
Nebeab X-1.

HopmanbHas BuamMmas 3Be3ga B 3TOM ABONHOM CUCTEME ABNSETCA MAacCMBHOW 3BE€340M C MacCOM OKOJO
20 conHeyHbIX Macc. “YMeplasn” 3Besna, U3 OKPeCcTHOCTEN KOTOPOW UAET PEHTrEHOBCKOE U3/TyYeHne,
nMeeT Maccy okosio 10 conHeyHbIX Macc. OTO HAaMHOro 60MbLIe KPUTUHECKOro 3HAYEHUS.
MHorouncneHHble HOBblE UCCIeA0BaHMS AeNatoT 3TOT pe3ynbTaT Bce bonee HaaexXHbIM. Mbl MOXeM
No3ToMy € 60/bLUONM CTENEHBIO 4OCTOBEPHOCTM CKa3aTb, YTO B CUCTEME, B KOTOPYH BXOAUT UCTOYHUK
Jlebenb X-1, BEpOSATHO, OTKPbITa NepBas YepHas Abipa BO BceneHHoM.

PaccMOTPUM HECKOJIbKO NoApo6Hee MpoLecchl, MpoMcxoasilMe B 3Toi cucteMe. KOMMNOHEHThI ABOMHOM
3Be34bl 06paLlaloTca BOKPYr LeHTpa Macc C nepuoaoM 5,6 cyTok. YepHas Ablpa Maccoi okoso 10
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COJTHEYHbIX Macc NMpuUTArnMBaeT K cebe ras ns atmocdepbl “HopManbHON” 3Be34bl-rMraHTa Maccom OKOJ10
20 macc ConHua. 3TOT ras 3akpy4ymBaeTcsa opbuTtanbHbIM ABMXEHUEM, @ LEHTPOBEXHbIE U
rpaBMTaUMOHHbIE CUJIbl CMIJTIOLWLMBAIOT €ro B AUCK.

CTpyu rasa u3-3a TpeHMUsl COCEAHMUX C/I0EB ABWMXYTCS BOKPYF YEPHOM Ablpbl NO CXOASLWENCS K LeHTPY
cnupanu. OAHaKO CKOPOCTb ABUXEHUS K LEHTPY HAMHOIO MEHbLUE, YeM CKOPOCTb ABWXEHWS No opbuTe.
Tonbko Yepes Mecsil ra3 A0CTUraeT BHYTPEHHEro, 6amxanilero K YepHoi Ablpe Kpas AMcKa. 3aech, Kak
Mbl 3HaeM, opbuTanbHOE ABUXEHWE CTAaHOBUTCS HEYCTOMUYMBbLIM, U Fa3 CBaJIMBaETCs B YEPHYIO AbIpY.

3a BCe BpeMs NyTelwecTBUS B AMCKE ra3 HarpeBaeTcs TPEHMEM: B HapY>XHbIX CNOSX ANCKA ero
TeMnepaTypa BCEro HeCKONIbKO AeCSATKOB ThiCAY rpagycoB, a BO BHYTPeHHUX Yactax — 6onbwe 10
MWITMOHOB rpagycoB. Obwas peHTreHOBCKas CBETUMOCTb 3TOr0 rasa B TbiCSA4YM pa3 NpeBoCXoanT
nonHyto (BO Bcex obnacrax cnekrpa) cBeTuMocTb ConHua. OCHOBHas 4YacTb PEHTIEHOBCKOIO
n3ny4yeHus, Kkotopasa Habnogaetcs Ha 3emne, NPpUXOAUT U3 CaMblX BHYTPEHHUX YacTeln aucka
paanycoM, He npeBblwatrowmm 200 KMIOMETPOB. Paamep camoi YepHOW Abipbl 0K010 30 KMJIOMETPOB.

Elle oAHMM BaXxXHbIM loKa3aTeNbLCTBOM TOr0, YTO PEHTITEHOBCKOE U3/TyYeHMe B UCTOYHUKE Nebenb X-1
poXxapaeTca

B OYeHb Manon obnactn B61M3N YepHOM Ablpbl, ABASIOTCHA Ype3BblYaHO GbICTpble XaoTuyeckme
KonebaHnsa peHTreHOBCKOro U3/TyYeHUs, NPOUCXOoasilMeE 3a ThICAYHbIE 40K ceKyHAbl. Ecnn 6bl
nanyvarowmni 06bekT 6b1s1 6onblie, OH 6bl He MO CTONb 6bICTPO U3MEHATL CBOK SAPKOCTb.

TakoB aTOT YAMBMTEHbeIVI NCTOYHUK PEHTFEHOBCKNX nyqeﬁ, Haxo4SLWMNCA OT Hac Ha pPacCToaHNN
OKOJ10 6 ThbICAY CBETOBbIX JIET.

Co BpeMeHM OTKpbITUA MCTOYHUKA Jlebeab X-1 npowno 6onble aecatn net. OH TWwaTeNbHO U3YyYeH.
[MoyeMy Xe Mbl CTOJSIb OCTOPOXHO FrOBOPUM 0 “BEPOSITHOM” OTKPbITUM YEPHOWN AbIpbI?

MpepoctaBmMM COBO aMepuKaHCKMM crieynanuctam P. bneHadopay m K. TopHy. "B 06bluHON cuTyaumm
aCTPOHOMbl YBEPEHHO NMPUHAAKN 6bl 3TOT pe3ynbTaT, — roBOPSAT OHWU, — HO, MOCKOJIbKY B AAaHHOM
cny4ae pewaetcs cyabba NnepBoro OTKpbITUS YETOBEKOM YEPHON Ablpbl U MOCKO/IbKY TBEpAble
3aKI0YEHNS MHOrA4A pa3pyLlaloTCa CBOEBPEMEHHO HE 3aMeYeHHbIMU CUCTEMATUYECKUMU owmnbKamu,
aCTPOHOMbI MPOSABASAIOT OCMOTPUTENBHOCTL. [oKa He byaeT HalAeHO AOMNOSIHUTENbHOE, He3aBMCuUMoe
noAaTBepXaatowee AoKa3aTeNbCTBO — A0Ka3aTeNbCTBO CKOpee MoJSIoXUTEbHOE, YeM OTpuLUaTeNbHOE,
TUNa “yeMm Xe ele 3TO MOXET bbITb?” — OHW He XOTAT AenaTb BbiBOA, UTO Jlebeab X-1 —
OeNCTBUTENbHO YepHas Abipa”.

3a npouwegwmne rogbl OTKPbITO elle ABa-TPW UCTOUHUKE, NOA0BHbIX Jlebenw X-1 1 ABNALWNXCS
KaHAM4aTaMu B YepHble Ablpbl. HO MoKa Nullb KaHAnAaTaMu. ..

CKO/bKO BCErO YepHbIX Ablp B Halen Manaktnke? M ecTb M ONacHOCTb BCTPEYM C OAHON U3 HUX U
nageHus B 3Ty 6e3gHy?

TOYHO OTBETUTbL Ha NMEepBbIi BOMPOC TPYAHO, Tak Kak HEM3BECTHO, Kakasi YaCTb MAaCCUMBHbIX 3BE3] B
KOHLIE YXM3HW MOJSIHOCTbIO pa3pyLllaeTcs B TEPMOSIAEPHOM B3PbIBE B XOA4€ KoJlanca, a B Kakon 4acTu ux
BCE XX€ 0CTaeTCsl AOCTAaTOYHO MACCUMBHOE AP0, CXKUMAatOLEECs B YEPHYIO Ablpy. BOMbLIMHCTBO
ACTPOHOMOB CUYMTAIOT, YTO YEPHbIX Ablp B [anakTnke A0MXKHO 6bITb MHOMME MUISIMOHbI, €CITU He
MUIMapAabl.

YTo e KacaeTcsd BTOpPOro Bonpoca, To YntaTesb, HaBEPHOE, CaM yXe OTBETW/1 Ha Hero — OnacHoOCTU
cnyqaﬁHoro CTONNKHOBEHUA C YMepLIJem MaCCMBHOM 3Be340M HET HMKaKol. Beab 3Be34bl CTONb Aaneko
HaxoaAaTca Apyr OT Apyra B NPOCTPaHCTBE, YTO BEPOATHOCTb UX CTOJIKHOBEHNA COBEPLUEHHO
npeHe6pe>KMMa. Tem 6oniee HUUTOXHA BEPOATHOCTb CTOJIKBOBEBUA C q,quoﬁ ,ClblpOVI, KOTOpasa ropasao
MeHbLlle No pa3Mepy 3Be3abl. K TOMy Xe B UepHble Ablpbl MpeBpaTuiach TONIbKO OYEeHb Manas 4yacTb
BCex 3Be34 B [anakTtuke.



F’MrAHTCKUE YEPHbDIE AObIPbI

[0 cnx nop Mbl rOBOPUSIN O BO3HUKHOBEHUN BO BceneHHom YEPHbIX AbIPp 3BE3AHON0 NPONCXOXAEHUA.
ACTPOHOMBbI MMEIOT BCE OCHOBaHWUS npegnonaratb, YTO, MOMMMO 3BE3[HbIX YEPHbIX Ablp, €CTb eLle
Apyrue Aabipbl, MMeWne CoOBCEM MHYH UCTOPUIO.

Kak untaTtenb yxe 3HaeT, B Havasne 60-x roaoB Hawero Beka 6b1In OTKPbITbl HEOH6bIKHOBEHHbIE
HebecHble Tena — KBa3apbl. DTN 06bEKTbI HAXOAATCS AaneKo 3a npegenamu Hawen Fanaktuku. OHM
HeobblYaMHO MOLLHO M3/1y4aloT SHEPrUO, NX CBETUMOCTb MHOrAa B COTHW pas MpeBbllIaeT CBETUMOCTb
60nbLIKX ranakTuK. ¥Yxe camo no cebe 310 KparHe MHTepecHo. Ho acTpoHOMbI 6binin, 6ykBanbHO
nopaxeHbl, KOrga MM yaanocb YCTaHOBUTb, UTO OCHOBHas SHeprus B KBa-3ape usny4aercsa u3 obnactu
pa3MepoM MeHblle O[HOro CBETOBOro roaal

Onsa CpaBHEHNA HAaNOMHUM, 4YTO NonepeyvyHnK [anakTMKn — CTO TbICAY CBETOBbLIX J1eT.

Kak e yaanocb yCcTaHOBUTbL pa3Mepbl KBa3apoB? Beab BCe OHU TaK Aasieku, 4YTo B nobon Teneckon
BbIrNAAAT KaK 3BE3404YKN N HENOCPEACTBEHHO ONpPEAESINTb UX pa3Mepbl HEBO3MOXHO.

CoseTtckue acTpoHoMbl 0. Ecdbpemos un A. LLapos pewnnu 3Ty 3aga4vy KOCBEHHbIM nyTeM. OHU
06HapyXwWnn, YToO KBasap MOXET PEe3KO MEHATb CBOK SIPKOCTb 3@ BPEMSA MeHbLUee, YEM OAMH roA.
OnHOBpEeMEHHO K TakuM Xe BblBOAAM MpULLIM aMepuKaHckue Habnogatenn. 3HaunT, U pasMep
KBa3apa Ao/KeH 6biTb MeHbLLEe 0AHOrO CBETOBOro roga. B camom gene, ecnu 6bl OH 6b1n1 60nbLIE, TO
CBeT, BbllleAWWA N3 aanbHEN OT Hac ero YyacTtu, npuwen 6ol K HaMm 6osiee yeM Ha roa No3xe, Yem oT
61mxHMX YacTen. MNosToMy Aaxke Npu pe3KoM yBeSIMYeHUNn CBETUMOCTW KBa3apa Mbl 6bl Buaenm
OAHOBPEMEHHO CBET pPa3HOM SAPKOCTM OT pa3HbIX €ro YyacTeln: oT nepenHero Kpas Mbl Buaenu 6bl Spkum
CBET, a oT AanbHero cnabee, Tak Kak OH Bblwesn 6onee 4yeM Ha roj paHblue, Koraa MHTEHCUMBHOCTb
KBa3apa eule 6bina cnaba. 27101 cnabbli CBET CMelmBaeTcs B HaWMX npnbopax c ApKUM OT nepeaHero
Kpas (a NOpO3Hb UX YBUAETb Henb3s!), U3MEeHeHne ApPKOCTU BCEro KBasapa CMa3blBAeTCs, OHO He
pe3Koe, MOCKO/IbKY pacTArmBaeTcs BO BPEMEHM.

3HauuT, HECMOTPS Ha TO, YTO KBasap YAMBUTENIbHO MaNeHbKMN — BCEro Nnlb B ThiCAYy pa3 6onblue,
yem CosiHeYHas cucrema, — CBETUT OH Kak AecATb Tbicay Munnamnapaos ConHy! Takoro He MOXeT 6biTb
— eAWHOAYLWHO 3aK/AYMIN aCcTPOHOMBI (S MOMHIO 3Ty dpasy, CKa3aHHYI C TpUbyHbl CEMMHapa O4HUM
M3BECTHbIM MOCKOBCKMM aCTPOHOMOM, KOrga BCe siOMaaun rofoBy HaA 3aragkoin kBasapos). Ho kak “He
MoxeT 6bITb”, Koraa 3ToT “AMKOBUHHBLIN 3Bepb” 6bla1 NPAMO Nepej rnasamMmm acTpoOHOMOB.

MocnenoBan uenbl Kackag rmnoTes, 6obLlUel YacTblo 3K30TUYECKUX. N3BECTHbIE acTpOoU3NKM
Oxedpun n Maprapet bepbuax nucanu Toraa: “"CyllecTByeT Tak MHOIO NPOTUBOPEUYMBLIX MAEN
OTHOCUTENIbHO TEOPUM U MHTEpPNpEeTauun HabntogeHnii (KBa3apoB), YTO Mo KpaliHen Mepe 95
MPOLIEHTOB M3 HMX HEBEPHDI”.

CerogHs eAUHCTBEHHbIM KaHANAATOM, UMELWMM OCHOBAHUE NPETEHA0BATL Ha PoJib “"OCHOBHOIO
ABuUratena” B KBasa-pax, ocTajlacb rmraHTCcKas YepHas Ablpa C Maccoil B COTHU MUJINIMOHOB COJIHEUHbIX
mMacc. Pasmep TakoW Abipbl — MUNNWApA KUJIOMETPOB.

B TeueHune npoweawmnx ,EI,GCFITVIHGTI/IVI BbIACHWUJIOCb, YTO KBa3apbl — 3TO HeobblYHO aKTUBHbIE
n3ny4yawwme aapa 60nblIMX FranakTukK. Yacto B HUX Ha6mo,qar0ch MOLWHbIE ABUMXXEHUSA Fa30B. Camm
3BE34bl raJlakKTUKN BOKPYT TaKnX daep 06bIYHO He BUAHbI N3-3a@ OFPOMHOI0 pacCtodaHUAa n
CpaBHUTENbHO CNaboro Mx CBEYEHUS MO CpaBHEHUIO CO CBEYEHMEM KBa3apa. BbiSICHMAOCh Takxe, 4To
A4ApPa MHOMMX raaktTukK HarnoMMHaKT CBOEro poaa MaJleHbKMe KBa3ap4inkm n nposaBndaroT MHOraa
6ypHYI0 aKTMBHOCTb — BblI6pPOC rasa, U3MeHeHue SpKOCTU U T. 4., — XOTS U He TaKyl MOLLHYI0, KaK
HacTosWwme KBasapsbl. [laxe B sAapax coBceM 06blUHbIX raslakTuUK, BKOYas Haly COHBCTBEHHYHO,
HabnopaTCcs Npoueccsl, CBUAETENLCTBYOLWME O TOM, YUTO U 34eck “paboTaeT” maneHbkoe nogobue
KBasapa.

To, UTO B LEHTPE ranakTUKN MOXET BO3HUKHYTb MMraHTCKas YyepHas Ablpa, Tenepb KaXeTcs
€CTecTBeHHbIM. B caMoM gene, ras, HaxoAsAWMINCA B ranakTukax Mexzay 3se3Aamu, NocTeneHHo noja
[NENCTBMEM TArOTEHMSA [O/HKEH 0CEAaTb K LEeHTpYy, dopMUpysa OrpoMHoe rasoBoe o6sako. CxaTue 3Toro



obnaka uamn ero 4actm AO/KHO NpMBECTN K BOBHNKHOBEHUIO qepH017| Ablpbl. Kpome Toro, B
LUEHTPAaJIbHbIX YacCcTAaX rajlakKTuK HaxoadaTCAa KOMMNaKTHbIE 3BE3AHbIE CKOMJIEHNA, coAaepXXallne MUNIINOHbI
3Be3/4. 38e34bl 34eCb MOTYyT paspyLwaTbCs NPUINBHBIMU CUIaMU NPU 61mM3KNx MPOXOXAEHUNAX OKOJI0
yXe BO3HUKLLEN qepHon AbIPbl, @ A3 3TUX pa3pyweHHbIX 3B€3, ABUTradaCb OKOJ10 l-Ie[Z)HOl\/'I Ablpbl, 3aTEM
naga€eT B Hee.

MajeHve rasa B CBEPXMACCUMBHYIO YEPHYIO AblPY AO0/KHO COMPOBOXAATLCS SABAEHUAMMU, NOJOGHBIMM
TEM, 0 KOTOPbIX Mbl FOBOPW/IM B C/lydae 3BE34HbIX YepHbIX Ablp. TOMNbKO MPOLECChl 3TW HEeCPaBHEHHO
6onee MolHble. KpoMe Toro, 34eCh A0JIXKHO NPOUCXOANTL YCKOPEHUE 3apSXKEHHbIX YacTul, B
MepeMeHHbIX MAarHUTHBIX MOJIAX, KOTOPbIE MPUHOCATCA K YePHON Ablpe BMEcTe C NajatoLimMM rasoMm.

Bce 3T0 BMecTe 1 NpMBOAUT K SBIEHMIO KBa3apa M K aKTUBHOCTM ranaktuyeckux saep. Ntak, kpaliHe
BEPOSITHO, YTO CYLLECTBYIOT CBEPXMACCUBHbIE YepHble Abipbl. PpaHUy3ckmii nncaTenb XK. PBHap Kak-To
ckasan: “YuyeHbllt — 3TO YesloBEK, KOTOpbIN B 4YeM-TO NoYTKH yBepeH”. Ho s B cuny cneumduku ceoen
HayKWM aCTPOHOMMUM BO3AEpPXKascs 6bl OT TaKMX 3aK/IOYEHUI 1 noaBen 6bl UTOr CKa3aHHOMY cleaytoLlen
(pasoii: ToNbKo AanbHelwmne HabnaeHns BHECYT SICHOCTb B 3TOT BOMpPOC.

FNMABA 5. HEPHbIE AbiPbl U KBAHTDI

NYCTASA JIn NYCTOTA?

ByM, CBA3aHHbIN C YEpHbIMW AblpaMun, Ha4ancs B aCTPOHOMUK B kKoHUe 50-x — Havane 60-x roaos.
Mpoxoannu roabl, MHOroe NPOSICHANOCH B 3TOW 3aragke. CTana sicHa Hen36eXHOCTb POXAEHUS! YEPHbIX
Ablp MOC/Ie CMEPTU MACCUBHBIX 3BE3/; OTKPbISIM KBasaphbl, B LIEHTPe KOTOPbIX, BEPOSITHO, HAaXOASTCS
CBEPXMACCUBHbIE YepHble Ablpbl. HakoHeL, B peHTFreHOBCKOM UCTOYHMKE B co3Be3aun Jlebeas
06HapyXUKM NepPBYIO YEPHYHO Ablpy 3BE34HOM0 MPOMCXOXAEHUS. DUBNKU-TEOPETUKM pa30bpanmnch C
AVNKOBUHHbBIMW CBOMCTBAMWU CaMMX YEPHbIX Ablp, MOCTENEHHO MPUBLIKAM K 3TUM FPaBUTaLMOHHbIM
nponacTsiM, MOTYLLMM TOJIbKO 3arnaTbiBaTb BEWECTBO, YBEIMUMBASCb B pa3Mepe, U, Kasanochk 6bl,
06peyeHHbIM Ha BEYHOE CYLLEeCTBOBaHME.

HwnuTO He NpeaBeLlano HOBOro rpaHAMO3HOro OTKPbLITUA. HO Takoe OTKpbITUE, U3YMUBLLEE BUAABLUNX
BUAbl 3HATOKOB, NrPAHYNIO0 Kak rpoM cpeaun aACHoro Heba.

OKa3aJ'IOCb, UYTO YepHble Ablpbl BOBCE HE BeuYHbl! OHM MOTyT UCYHE3HYTb B pe3yJibTaTE€ KBAHTOBbIX
npoueccos, nayuwmx B CUJIbHbIX rpaBUTauMOHHBLIX NONIAX. Ham npnaeTcsa HadaTb pacCKa3 HECKOJIbKO
nsganeka, yTobbl cCaenaTb 60n1ee NOHATHLIM CYTb 3TOIo OTKpPbITUA.

HauHeMm c nyctoTbl. s pusmka nycToTa BOBCE HE ABASETCA MYCTOM. DTO He Kanambyp. Yxe agaBHO
YyCTaHOB/EHO, 4YTO “abCoMOTHON” NYCTOTbI, TO €CTb “"HUYero, HM4yero”, B npuHumne 6biTb HE MOXeT. YTo
Xe PU3NKM Ha3bIBAKOT My CTOTOM? MyCTOTOM Ha3bIBalOT TO, YTO OCTAETCs, Koraa ybuparT Bce YyacTuubl,
BCe KBaHTbI N06bIX pmamdecknx nosnen. Ho Torga HMYEro He OCTaHETCs, CKaXeT ynTtaTtenb (ecnun oH
[ABHO He uHTepecoBancs guankoi). Het, okasbiBaeTcs, octaHeTcs! OcTaHeTcs, Kak roBopsaT MU3nKK,
MOpe HEepOXAEHHbIX, TaK Ha3blBaeMbIX BUPTYasibHbIX, YacTuy n< aHTu4yacTuu. “YbpaTtb” BUpTyasnbHble
4YacTULbl YXXe HUKAK Henb3s. B OTCYyTCTBUM BHELWHUX nonen, To ecTb 6e3 coobLleHns aHeprum, oHu He
MOryT NPeBpaTUTLCSA B peasibHble YacTuubl.

Nnwb Ha KOpOTKMﬁ MUI B KaXA0W TOYKe NycToro npocCTtpaHCTBa NoABASAETCA Napa — 4Yactuua u
adHTM4YacCThua U TyT Xe CHOBa C/IMBAlOTCA, MCYHE3al0T, BO3BpallasaCb B CBOE “3M6pVIOHaJ'IbHOEH
cocTtosiHue. Pa3ymeeTcs, Haw ynpOLLI,EHHbIﬁ A3blK AA€T TO/IbKO HEKOTOPbIE 06pa3 Te€X KBAHTOBbIX
npoLeccoB, KOTOpble NpoucxoadaTt. Hanuume Mopsa BUPTyanbHbIX YacTUL-aHTUYaCTUL AaBHO
YCTAQHOBJIEHO MPAMbIMU d)MBM‘-IECKMMVI 3KCrnepuMeHTamu. He 6y,qu roBopuTb 34€Cb 06 3TOM, MHAY€ Mbl
6bl HEM36EXHO C/TULWIKOM OTKIOHUANUCH OT OCHOBHOW NIMHUMK paccka3sa.

YTo6bl M36€XaTb HEBOMbHbIX KanaMbypoB, hU3MKKN Ha3bIBAlOT MNYCTOTY BakyyMoM. ByaeMm Tak genatb v
Mbl.



[loCcTaTouyHO CUIbHOE MK NepeMeHHoe noJie (HanpuMep, 3/1eKTPOMAarHMTHOE) MOXET Bbl3BaTb
npeBpaLlleHme BUPTYasbHbIX YacTUL BaKyyMa B peasibHble YacTuubl M aHTUYaACTULbI.

NHTepec K Nnoao6HbIM NpoueccamM TEOPETUKN U SKCMEPUMEHTATOPbI NPOSBASIN AAaBHO. PaccMoTpum
NpoUEecC pOXAEHUS peasnbHbIX YacTUL, NepeMeHHbIM nosieM. IMEHHO TakoM Npouecc BaXeH B cnyyae
rpaBMTaUMOHHOrO NMons. MI3BeCTHO, YTO KBAHTOBbIE MPOLLECChl HEOObIYHbI, YAaCTO HEMPUBbLIYHbI AN
paccy>AeHuin C TOUKM 3peHuns “3apaBoro cMmbicia”. NMosToMy, npexae YeM roBopuTb O POXAEHUN
YacTuL, NEPEMEHHbIM FPaBUTALMOHHbBIM NOJIEM, NPUBEAEM MPOCTON NpuMep n3 MexaHuku. OH caenaet
NOHATHee JalibHenlee.

MpeactaBbTe cebe MaaTHUK. Ero noaBec nepeknHyT yepes 610K, NOATArMBas BEPEBKY UMM OMyckas ee,
MOXHO MEeHATb AIMHY noaBeca. TosIKHEM MasTHUK. OH HauyHeT KonebaTbes. Mepuoa konebaHui
3aBUCUT TOSIbKO OT ANNMHbI NOABECA: YeM AJIMHHee noAaBec, TeM 6osblue nepuos KosnebaHuin. Tenepb
6yAeM o4yeHb MeaSIeHHO NOoATArMBaTh BEpPEBKY. ANNMHA MassiTHUKA YMEHbLUUTCS, YMEHbLUUTCA U Nepuoa,
HO yBenuuutcs pasMmax (amniautyaa) KkonebaHuii. MeaneHHO BEPHEM BEPEBKY B MpPeXHEeEe NoNoXeHUE.
Mepunoa BEPHETCS K MNPEXHEMY 3HAUYEHUIO, NPEXHEN CTAHET U aMnauTyaa kKonebaHuii. Ecnn
npeHebpeyb 3aTyxaHneM KosiebaHnin BCneacTBue TPEHUS, TO SHeprus, 3akayeHHas B KonebaHusx, B
KOHEYHOM COCTOSIHUW OCTAHETCS MpPEXHel — Takon, Kak 6bls1a A0 BCEro UnKna U3MeHeHUs AJIUHbI
MasiTHMKa. HO MOXHO Tak U3MeHNATb ANIMHY MasiTHMKA, YTO Mocne Bo3BpalleHUs K UCXOAHOW ANUHE
amnnuTyaa ero konebaHuii 6yaet MeHaTbCs. [ 3Toro Haao noaepruBaTh BEPEBKY C 4acToTol BABOE
60nblle YacToTbl MassTHMKA. Tak Mbl MOCTYMNaeM, packauymBasiCb Ha Kauyesnsx. Mbl Onyckaem m
NOMXXMUMAEM HOMM B TaKT HallMM KadaHMsM, U pa3Max Kadyenen Bce yBennumBaeTcsi. KOHEUHO, MOXHO U
OCTaHOBUTb Kauyenu, ecnm noarnbatb HOrM He B TakT kKonebaHmsaM, a B "NpoTUBOTaKT”.

Moao6bHbIM e 06pa3oM MOXHO “packadumBaTbh” 3neKTpOMarHUTHbIE BOJIHbI B pe3oHaTtope. Tak
Ha3blBaeTCS NMOMOCTb C 3epKasibHbIMU CTEHKaMM, OTpaXkaloLNMMKN 3N1EeKTPOMarHUTHbIE BOMHbI. Ecnn B
TaKol NOMNOCTM C 3epKasibHbIMW CTEHKAMW U C 3epKasibHbIM MOPLUHEM MMEETCS NEeKTPOMarHMTHas
BOJIHa, TO, ABMras NOpLUEHb BMepes U Hasaa C 4acToToM, BABOE 60/iblle YacTOThl 3N1EKTPOMarHUTHOM
BOJIHbI, Mbl 6YAEM MEHSATb aMNNUTYAY BOJIHbI. [lBMrasi noplweHb B “TakT” konebaHUsM BOJIHbI, MOXHO
YBENUUYUTb aMNAUTYAY, @ 3HaYUT, N UHTEHCUBHOCTb 3/1IEKTPOMArHUTHOM BOJIHbI, @ ABUrasi NopLUeHb B
“NpOTMBOTAKT”, MOXHO racuTb BOSIHY. HO ecnun ABMraTb NOpLIEHb XaoTUYECKM — MB TaKT U B
“NpoTMBOTaKT”, — TO B CpeAHEM BCeraa noslyymTCs YCUIEeHME BOJIHbI, TO €CTb B 3/IEKTPOMarHUTHble
KonebaHus aHeprusa “HakaumBaeTcs”.

MycTb Tenepb B Hallel NosioCTM — Pe30HaToOpPe UMEKTCS BOJIHbI BCEBO3MOXHbIX 4acToT. Kak 6bl Mbl HU
OBWUrasn rnoplleHb, BCerga HanaeTcs BOJIHA, ANS KOTOPOM ABMXEHWE MOPLUHS NPOUCXOAMUT B TaKT.
AMMNUTYA@ U UHTEHCUBHOCTb 3TOW BOJIHbI BO3pacTyT. Ho yeM 60/ibllie MHTEHCMBHOCTb BOJIHbI, TEM
60/1blEe OHA COAEPXUT DOTOHOB-KBAHTOB 3/IEKTPOMArHUTHOrO nons. NTak, ABMXEHWE MOpPLUHS,
N3MeHss1 pa3Mep pe3oHaTopa, BEAET K POXAEHMIO HOBbIX (POTOHOB.

Mocne 3HaKOMCTBa C 3TUMWU MPOCTbIMM NPUMEPaMN BEpPHEMCS K BaKyyMy, K 3TOMY MOPIO BCEBO3MOXHbIX
BUPTYyanbHbIX YacTuu. [1ns NpocToTbl Mbl 6yaeM roBopuTb MokKa TosIbKo 06 OAHOM copTe YacTuy, — 0
BUPTYanbHbIX HOTOHAX — YacTULax 37eKTpoMarHMTHoro nons. OkasbiBaeTcs, npouecc, Nog06HbIN
pacCMOTPEHHOMY HaMM U3MEHEHUI0 pa3MepoB pe3oHaTopa, KOTOPbIM B KNacCcM4eckoln pusnke BeaeT K
YCUEHUIO YXKe nMetowmxcs konebaHnit (BonH), B KBaHTOBOM (PU3MKE MOXET NPUBOAUTL K “yCuneHuto”
BUPTYanbHbIX KonebaHW, TO eCTb K NpeBpaLLEHNIO BUPTYyasibHbIX YacTUL B peanbHble. Tak, U3MeHeHne
rpaBMTaUMOHHOIO MOMS CO BPEMEHEM A0/IXKHO BbI3blBaTb pOXAEHWE (POTOHOB C YACTOTOM,
COOTBETCTBYIOLLEN BPEMEHU U3MeHeHns nons. O6bl4HO 3TM 3P PEKTbl HAUTOXHbI, TaK Kak cnabbl
rpaBMTauUMOHHbIe NoAsA. O4HAKO B CUbHbIX NOMSAX CUTyaUMs MeHseTcs.

Ewe oanH npuMep: o4eHb CUIbHOE 3N1EeKTPUYECKOE NOoJie Bbi3bIBAET POXAEHUE U3 BaKyyMa nap
3apAXEHHbIX YaCTUL, — 3/1EKTPOHOB U NO3UTPOHOB.

BepHeMcsl U3 Halero KpaTkoro 3KCKypca B U3NKy MyCcTOTbl K YEPHbLIM AblpaM. MoryT M poXxaaTbes
YyacTuubl U3 BaKyyMa B OKPECTHOCTSIX YEPHbIX AbIp?

Oa, moryT. 370 6b1S10 U3BECTHO AaBHO, U B 3TOM He 6bI10 HNYEro CeHCaLNOHHOrO. Tak, npu ckaTtuun
NIEKTPUYECKU 3apPAXEHHOINo Te€/1la U NpeBPALLEHNN €ro B 3apAXEHHYIO HEPHYIO AbIPpY 31EKTPUYECKOE
nosie BO3pacCTaeT HAaCTOJZIbKO, YTO POXAAET 3/1IEKTPOHbI N MO3UTPOHLI. MonobHble npoueccbl ny4yanu



akageMuk M. MapkoB U ero yyeHukn. Ho Takoe poxaeHue 4acTul, BO3MOXHO M 6€3 YepHoi Ablpbl, HAA0
Wb N106bIM CNOCO60M YBENMUNTL 3NEKTPUYECKOE MNoJie A0 AOCTAaTOUHOW BENnUMHbI. Huuero
cneundunyecKoro Ana YepHoOn Ablpbl 34€Cb HET.

Akagemuk S. 3enbA0BMY NOKasas, YTo POXKAAKTCA YacTULbl U B aprocdepe BpaLlatoLwencs YepHom
Ablpbl, OTHMMas OT HEe 3Hepruio BpalleHus. Takoe aBreHne nogobHO npoueccy, OTKpbITOMY P.
lMeHpoy30M, O KOTOPOM Mbl FOBOPUAKU B rnase 3.

Bce 3T npouecchl Bbi3bIBAOTCA NOASMU BOKPYT qepHoﬁ AbIPpbl U NPUBOAAT K UBMEHEHUIO 3TUX nonen,
HO OHW HE YMEHbLWAKT CaMy YEPHYHO AbIpY, HE YMEHbLUAKT pa3Mepbl obnactu, OTKyAa HE BbIXOAUT CBET
n noboe Apyroe n3nydyeHume n 4actumubl.

OTKPbITUE XOYKUHIA

CeHcauMoHHOEe OTKpbITUE 6bI10 caenaHo B 1974 roay aHrnmMinckuM Teopetmkom C. XoyKMHIoM. B
yuyebHMKe no rpaBuTaunmM amepmkaHckmux gusnkoB Y. MmnsHepa, K. TopHa n . Yunepa, Bblwealwem
elle A0 YNOMSHYTOro oTKpbiTMs, 0 paboTtax C. XOyKWHra ckasaHo, YTo B HUX “NposABASETCA He TONbKO
OrpoMHas MHTynums, rnybruHa n pasHOCTOPOHHOCTb, HO TakXe W Aap HeObbIKHOBEHHOM peLMMOCTM B
NMpeoaosIEHNN THXENENWNX GU3NUYECKNX TPYAHOCTEN, B CTPEMJIEHNUM HAWTU N NOHATb NCTUHY”. C.
XOYKMHI nokasasn, YTo CyLlecTByeT KBAaHTOBbIN MPOLEeCC pOXAEHUS YacTUL, CaMO YepHOW AbIpoN, ee
rpaBUTAUMOHHBIM MOJIeEM, NPUBOAALLMNA K YMEHbLUEHWIO MacCbl U pa3Mepa YepHOW AbIpbl.

Ha nepBbif B3rNs4 3TO KaXeTcs yauBuTeNbHbIM. Beab npu obpa3oBaHum YepHOW Ablpbl BCE MPOLECChI
Ha OKuMalowencs 3eesae 6bICTPo 3amMennalTcs, “3acTbiBaloT” 418 BHEWHero Habnwoaatens,
rpaBUTaUMOHHOE MoJie Be3ae CTaHOBUTCH HEM3MEHHbBIM BO BpeMeHU. A Takoe nosie poxaaTb YacTuubl
He MoxeT. CneposaTesibHO, €civ BO BpeMs POPMUPOBaAHUA YEPHOM Ablpbl MEPEMEHHOE nose
npousseneT Kakoe-To (0O4eHb Masnoe) KOJIMYECTBO 4acTul, MOTOK 3TUX YaCTUL, OT BO3HUKAIOLWEN YEpPHOWN
AbIpbl, KaK 1 BCe npouecckl, 6yaeTt odeHb 6bICTPO 3aTyxaTb NO Mepe NpubanxkeHns NoBepxXHOCTH
3Be34bl K rpaBuTaunMoHHoOMy paanycy. C. XOYKMHI Xe YTBEPXAAET, YTO 3TO He TakK, MOTOK He 3aTyXHeT
coBceM, a byaeTt npogonkaTbCa n nocne obpasoBaHus YepHON Ablpbl. B ueM xe 3gecb aeno?

[leno B TOM, UTO BHYTPM YEpPHOI Ablpbl MOSe BOBCE HE 3aCTbif0. TaM HEM3MEHHOCTb BO BPpEMEHMU
HEBO3MOXHa, BCe BHYTPU Ablpbl 0683aHO ABUraTbCA, NaaaTh K LeHTpy. C 3TUM 06CTOATENbCTBOM U
CBSi3aH YAMBUTENbHbIN NPOLECC, OTKPbITbIA C. XOYKMHIOM. Mbl MOMHUM, UTO B 06bIUYHbIX YC/IOBUSIX B
BaKyyMe BUPTyasibHble YacTuLbl Ha MUI 06Pas3yoT Napy YacTula — aHTUMUacTULLa, KOTopble TYT Xe
CnuBaloTCa. B none TAroTeHns YepHoi Ablpbl 04HA U3 BO3HMKLLMX TakKMM 06pasoM 4acTul, MOXKeT
0Ka3aTbCA MoJ ropM30HTOM 1 ByAeT HeyAEPXMMO NadaTh K LEHTPY, a Apyras OCTaHETCs CHapyu.
Tenepb yxe 3Ta Napa He CMOXET C/IMTbCS HW Yepes MUr, HUKOrAa Booblle. YacTmua, okasasLiascs
CHapyXW, YNETUT B KOCMOC, YHOCS! C COBOI YacTb SHEPrMM YEPHOW AbIPbl, @ 3HAYUT, U YaCTb €e Macchl.

Takum o6pa30M, BO3HUKAET KBAHTOBOE MU3Ny4YeHNE YacTuly qepHon Ll,blpOﬁ. lMpaBaa, 3TOT npouecc
06bI4HO KpaﬁHe HUYTOXEH. CornacHo pacyeTam C. XOyKuHra 4yepHas Ablpa uU3nyyaeTt Kak 06bl4HOE
HarpeToe Tes0, HO Harpetoe A0 O4YEHb HebonbLon TemnepaTtypsbl. Tak, nanydyeHume qepHon Ablpbl C
Maccomn B OAHY COJIHEYHYIO MACCy COOTBETCTBYET TEMNEpPATYpE OAHA AECATUMUNIINOHHAA rpaayca. 70,
KOHEYHO, HUUTOXHOE usnyvyeHune. [innHa BosHbI BO3HMKAOLWMX ¢)OTOHOB COOTBETCTBYET pa3MepaM
qepHoﬁ Ablpbl B 10 KUNOMeTpoB. oTepsa aHeprum Ha Takoe nsnyyeHme rnosIHOCTbIo I'Ip6H66pe-)KMMa.

B peanbHbIX YCNOBUSIX CErOAHSILUHEN BceneHHOM NajeHme B TaKyo YEPHYIO Ablpy AaXke OTAesbHbIX
ATOMOB rasa M3 MeX3Be34HOro NMPOCTPAHCTBA M HUUTOXHbIX NMOTOKOB CBETA, MPOHM3bIBAIOLLMX
BceneHHyto, ropasfo 60sblle, YEM MOTEPU Ha U3JTydYeHMe. 3HAUUT, YEPHbIE AblPbl HE TOMIbKO HE
YMEHbLLATCS B pa3Mepax, HO pacTyT. YeM 6osblie YepHasl Ablpa, TEM MEHbLUe TeMnepaTypa ee
n3ny4yeHus. NMosToMy KBaHTO-BOE U3JTyYEHWNE TMIFaHTCKMX YEPHbIX Ablp U BOBCE NMPEHEBPEXMMO.

YEPHbLIE 1biPbl B3PbIBAKOTCA!



MpounTaB Npeablaywme absaubl, YMTaTENb MOXET YAMBIEHHO NOXaTb niedyamu: “CToNb MU3EpHOEe
aBneHune? NoyeMy ke OHO BbI3BasIO TaKyl 6yplo yaMBNEHUS M BOCTOProB cpean pmsmnkos?”

Mpexae BCero noToMmy, 4Yto A0 OTKPbITUA C. XOykuHra dusmkm 6ui1mn yBepeHbl — cTaTuveckoe none
TAFOTEHUS BHE YEPHOM AbIPbl HUKAK HE MOXET poXAaTb YacTuubl. [lepeMeHHOoe Xe rnose 3a ropu3oHTOM
BHYTPW Ablpbl “HEBMAMMO”, “Heocsa3aeMo” Ans BHelWHero HabnoaaTens, n 0 HeM, Ka3anocCb, MOXHO
3abbiTb. HO KBaAHTOBbIE MPOLECChl KaK pa3 B XapaKTEPHbl TEM, YTO YacTMLa MOXET OKa3aTbCsa TaM, rae,
C TOYKM 3pEeHUs Knaccuyeckorn dusmkm, ee HUKaK 6bITb HE AO/KHO. HanpuMmep, YacTnua MoxeTt
“Npoco4YnTbCA” CKBO3b IHEPreTUYecKkuii bapbep, Korga y Hee He XBaTaeT SHEPrMKU Ha ero NpeoaosieHme.
C. XoyKWHI nokasaJs, 4To Takoe CBOMCTBO KBAHTOBbIX YacCTUL, B Cllydae YepHbIX Ablp BeAeT K
KayeCTBEHHO HOBOMY 3 deKTy — KBAHTOBOMY MCMapeHuto YepHbIX Ablp MpenocrtaBneHHble camu cebe,
6e3 BHeLWHNX BO3AENCTBUIN, OHM MEASIEHHO MCYe3atoT, NPeBpaLLaloTCsa B TENIOBOE U3NTyyYeHue,
MeA/IEHHO 3aTAMMBAKOTCS B MPOCTPAHCTBE U BpeMeHU. MNpuHUMnmanbHas BaXXHOCTb OTKpbITUsa C
XOYKWHra coCTOUT MUMEHHO B TOM, YTO ONPOBEPrHYTO MpeAcTaB/ieHNne O BEYHOCTU YePHbIX AbIP.

Ho 370 elle He Bce. YeM MeHblle Ablpa, TeM 60/blel TeMNepaType COOTBETCTBYET €€ U3fyyeHue.

Mo Mepe yMeHbLUEHNA Maccbl YePHOW Ablpbl B XO4Ee UCMAapeHUs, ee TeMNepaTypa HapacTaeT, a 3HauuT,
M npouecc ncnapeHusa yckopsietcst Koraa Macca YepHoi Ablpbl YMEHbLLIUTCA A0 ThICSYN TOHH,
TeMnepaTtypa ee unsnydenus nosbicutca Ao 107rpagycos! Mpouecc ncnapeHns npespallaeTcs B
daHTacTMYeckunii B3pbiB. DTN NOCNEAHMNE TbICAYM TOHH, COCPEAOTOYEHHbIE B MUKPOCKOMNUYECKOM
pa3Mepe, Ablpa U3/y4YaeT, a Nydlle cKka3aTb, B3pbIBaEeT 3@ OA4HY AECATYIO A0S0 CEKYHAbI.
BblAeNMBLUAACS 3HEPrus 3KBMBaNEHTHA B3PbIBY OAHOI0 MUIIMOHA MEraTOHHbIX BOAOPOAHbIX 60M6! B
TakoM ¢aHTacTMyeckoM denepBepke UcYesaeT TO, YTO paHblUe Ka3anoCb BEYHOW rpaBUTaLMOHHOM
6e3aHoMN.

KoHeuHo, I'IpOM3Ol7ITM 3TO MOXET OYEeHb He CKOpO. PacyeTbl NoKa3bIiBAKOT, YTO €C/IN OTCYTCTBYIOT
BHELWIHNE BO3,Cl,el7ICTBVIF|,

TO 4YepHasa Ablpa 3Be34BOM MaccChl McnapuTca n B3OPBETCA B KOHLE 10%6-netHero nepuoga. Ctonb
6onbLion CPOK HEe MOryT npeacrtaBuUTb cebe paxe aCTPOHOMbI.

Ho, BEpOSATHO, 3TU NpoLEecCbl MOryT UrpaTb Ba)KHYt0 pofb B ganekoMm byayuwem BceneHHon. O6 3TOM Mbl
NOroBOPUM B CNeAYIOLWEN YacTun KHUMN.

BepHeMmca oT nocnegHux MFHOBEHMUIN XXU3HU LIepHOl‘;I Ablpbl HECKOJ/IbKO Ha3aj, K €e HOpMaJlbHOMY
COCTOAHUNIO N NMOCMOTPUM, KakKune 4aCTtuubl Npn 3TOM U3Ty4HaloTCA.

YepHas Ablpa poXAaeT He TOMbKO OTOHbI, HO U Apyrue YacTuubl. CpaBHUTENbHO 60/blINE YepHbIE
[bIPbl C MAcCOW B HECKOJIbKO COMTHEUHbIX 06/1aAat0T CTO/Ib HU3KOI TeMnepaTypoit, YTo MOryT
Npou3BOAUTbL TOMBLKO 6e3MaccoBble YacTuLbl.

DTW YacTuubl BCerga NeTsaT Co CKOPOCTbO CBETa U He MMeKT CO6CTBEHHOM Macchl Mokos. K HuUM
OTHOCATCS POTOHbI, 3/1IEK-TPOHHbLTE M MIOOHHbIE HENTPUHO, @ TaKXe UX aHTUYaCTMUbl U, HAKOHeL, eLle
He OTKpPbITbIE FPAaBUTOHbI — KBaHTbl FPaBUTALMOHHbIX BOJIH. YepHas ablpa C Maccon, TUMNYHOM AN
3Be34, poXxaaeT 0CoO6eHHO MHOro HEMTPUMHO (81 NpoLEeHT BCero NoToka) BCex COPTOB, 3aTeM (POTOHOB
(17 npoueHTOB) M rpaBUTOHOB (2 NpoueHTa). TOT GakT, YTO pa3Hble YacTMLbl U3/Ty4alTCs B pa3HbIX
KonmyecTBax, 06bsCHAETCS pasiMymMeM Ux CBOMCTB. HeMTpMHO ncnyckaetcst 60blie BCEro noTomy, 4To
X KBaHTOBOE BpalleHue (Ha A3blke KBaHTOBOW (PU3NKM — CMUH) MUHMManbHO (1/2), a rpaBuTOHOB
MeHbllUe BCero, Tak Kak ux CrnuH MakcmumarneH (2).

YepHble Ablpbl Manol Macchl MMEKT 60MbLLIYI0 TeMnepaTypy. Tak, TeMrepaTypa YepHbIX Ablp C MAaccoi
meHbwe 1017—10'%rpammos, Bbiwe 10°—101° rpagycos. 3Ta yepHbie Abipbl MOPOXAAIOT, MOMUMO
MepeUYNCAEHHbIX YacTULl, 3M1EK-TPOHHO-MO3UTPOHHbIE Mapbl. 3aMETUM, YTO Pa3Mepbl TAKUX YEPHbLIX Ablp
cocrasnatoT Bcero 107! caHtumeTpa — B 1000 pas MeHblle pa3Mepos aToMma.

Ewe MeHbLWwmMe yepHble Aabipbl C Maccol MeHblle 5*%1014 rpamMmmoB CNOCO6HbI n3ny4dyaTtb TakXXe MIOOHbI U
6onee Taxenble 2J1IEMEHTApHbIE YaCTULbl.



PasMep 3TUX YepHbIX Ablp YXXe MeHblle aTOMHOro sapa. KoHeyHo, Takue Kap/sMKoBble YepHble Ablpbl He
MOryT BO3HMKaTb B XOAE 3BONOLUMK 3Be34. HO ux nosisneHne 661710 BO3MOXHbBIM B AaSIeKOM NPOLUSIOM.
Ecnu B Hayane pacwumpeHus BceneHHoW, Koraa sewecTtso 66110 NNOTHLIM, 06pa3oBanncb Takune
“NepBMYHbIE” YEPHbIO AbIPbl C Maccol MeHblue 10%° rpaMMoB (TEopeTMUecKn 3TO BO3MOXHO, Kak
nokasanu 5. 3eNbA0BUY U aBTOP 3TOM KHUIM), TO BCE OHM AOJKHbI K HalWleMy BpeMeHW ncnaputbes. Mo
3TOW NpuUYnHE npouecc, OTKPbITbIM C. XOYKMHIOM, UMEeT O4YeHb Ba)KHOE 3HaYeHne 4719 KOCMOJO0ruu.,

Ckopee B nnaHe MeuTaHui (XOTS U CTPOro HayuHbIX) MOXHO NpeacTaBuTb cebe B oTaaneHHoOM byayliem
NCKYCCTBEHHOE N3roTOB/IEHME B KOCMOCE MasiblX YepHbIX Ablp. OHU Mornun 6bl akKyMynnposaTb
3Hepruo, 3aTpa4yeHHyo Ha UX U3roTOBNEHME, U 3aTeEM U3NyyaTb ee B 33[4aHHOM TeMMEe U C 3a4aHHOM
3Heprueit YyacTull, KoTopas onpeaensieTcs Maccol YepHbix Ablp. Tak, yepHas abipa ¢ Maccon 1013
rpamMMoB (Macca HebonbloN ropbl) 6yaeT ucnyckats 1017 apr B cekyHay Ha npoTsxeHun 10
MWUNNMapAOB NeT.

MHoOro elle HesICHOro B HOBOM siBeHUU. Hanpumep, HENM3BECTHO, UCNApPSIETCS /I Yepnas Ablpa COBCEM
6e3 ocTaTka

WM Ha ee MecTe 0CTaeTca YacTuuKa C TaK Ha3biBaeMol nnaHKosckoi maccon 107° rpamma. HesicHo,
MOXHO N1 HabnwaaTb Npouecc ncnapeHns YepHolxX Ablp BO BceneHHol. M KOHEeYHO, nNoka ToNbKOo
daHTacTMHeCKMMM NpeacTaBsaTCa Kakme-nnbo aKCnepmMMeHThl C YepHbIMKW AblpamMn B nabopatopum
dun3mkoB. OAHAKO yXKe TO, YTO U3BECTHO, 3acTaB/isieT N0-HOBOMY OCMbIC/IUTb MHOIME acrneKTbl
3BOIOLMN MaTepumn BO BceneHHoN.

Mbl 3aKaHUYMBaEM paccka3s O Ablpax B NPOCTPaAHCTBE M BpeMeHM. MeHblUue CTONEeTUS Hasaa Ntan He
TONIbKO MOHSTUS HE MMESIM O TOM, YTO 3TO TaKoe, HO Aa)xe He cMornu 6bl BOO6pasnTb nx cebe, ecnu 6bl
KakKoM-HMbyab aHTaCTUYECKMUIN NYTELIECTBEHHNK BO BPEMEHU MPUObLIN K HUM U3 HaLLEN 3MOXU U
nonbITanca pacckasaTb 0 NOA06HbIX Yyaecax NpMpoabl.

HageeMmcsl, 4TO Haw pacckas XOTb 0TYACTM 06BACHUN HEOObIYHYO NONYASPHOCTb TEMbI O YEPHbIX
Ablpax. M 3Ty yacTb AWSIOMMKN Mbl 3aKaHYMBAEM CTUXaMU NO3Ta, BblpaxaroLWwMMn OLLYLLLEHNE YesT0BeKa,
CTOJIKHYBLUErocs C O4HON M3 Bennyanwmx 3aragok npnpoabl, C TEM OFPOMHbLIM HOBbI” MMPOM, KOTOPbIN
BO3HMWKaeT Nocsie CMepTu 3Be34:

U 3Be34bl yMUParT BO BceneHHOM... 3Be34a yXoANT CJI0BHO B r/lybb cebsi, B nocrneaHeri Kpuke
BbIM/IECHYB BCE YyBCTBA... YX0ANT BHYTPb, BO TbMY, B HUYTO, OCTaBMB 6€34HY BPEMEHU-MPOCTPAHCTBA,
BOPOHKY Mpaka cpeau 3B€34HO rnblan. [07104HbIN 3€B y)Ke UHbIX MUPOB... Y10 [aHToB ag B CpaBHEHbE
Cc 3Tm agom! be3amosiBHoM 6e34HOM, 3aK/II0YEHHOHU B Ccihepy, rae BpeMsi rieperyTasoch C
rPOCTPaHCTBOM U BCE MyTU BEAYT K YHUUTOXEHbLIO. Yl TOSIbKO YEPHbIH BETEP BO BceneHHOM. 3acTbIBLUM
BETEP, CMEPY Ba 3BE34HOM Mbl/IN CTOUT HA CTPaxXe Ha Kpar BOPOHKHU...

M. KaTtbiC

YACTb II. K TPAHULUAM BECKOHEYHOCTMU

FMABA 1. BCEJIEHHASA NOCJIE B3PbIBA MUP, B KOTOPOM Mbl
XUNBEM

MyTewecTBys B MUP YepPHbIX AblP, Mbl CTOJIKHYNINUCb C, Ka3aaocb 6bl, HEBO3MOXHbIM — HapacTatoLlee
none TaAroteHMs 6ykeBanbHO NepeBoOpavYnBano CBOMCTBA NMPOCTPAHCTBA U BPEMEHWU, OTKpbIBas
BO3MOXHOCTb YAMBUTENbHbIX HU3NYECKMX MPpOoLECcCoB. Tenepb Mbl OTNPaBASEMCS COBCEM K APYTUM
rpaHvuam, oTnpasfsiemMcsa Baanb, B NPOCTOpPbl BceneHHoM, rae HeoXnaaHHO BHOBb CTa/IKMBaeMcs C
abcontoTHOM BNacTblo TAroTeHus. bonee Toro, Mbl CTasknBaeMmcs 34eCb C NOTpscaloWwmM pakTom —
Habnopgaemasn BceneHHasa asnsetca cneacrtesmeM bonbworo B3pbiBa, Nnpovclieawero okono 15
MWUNNMapAoB NeT Ha3aj, NpUYMHA KOTOPOro — TaMHCTBEHHAs CUHIYNSPHOCTb, NoAobHas ToM, YTo
NexuT B rnybuHe yepHbIX Ablp.



CTpeMneHune NoHATb MUP, B KOTOPOM Mbl XXMBEM, KOHEYHO, 6bIfI0 BCEraa, C TeX NMop Kak floaM Hayanm
MbICIUTb. MCTOpWS 3BONOLMM NpeacTaBeHuii o BceneHHoM MHTepecHa U noyunTenbHa. Ho 3HaKOMCTBO
C UCTOpUE He ABNAETCA Halwel uenbio. O6 3TOM HanMcaHO MHOIO MPEKPACHbIX KHUT.

ObpaTtnmcs cpasy K HalleMy BpEMEHU, K HallMM 3HaHUSM. Ecin Mbl 1 cTaHeM nHoraa obpawartbes K
NCTOPUMK, TO TOJIbKO K HOBeWLeln, a B bonee oTaaneHHoe NpoLusioe Hayku O BCel BceneHHoM,
Ha3blBaeMol KocMosoruen, byaem 3arnsaabpiBaTb He 4acTo.

Korga Mbl NblTaeMcs ,apssiTb, UTO NpeAcTaBnseT coboli BceneHHas, nepBoe, € YeM Mbl CTAIKMBaeEMCS,
3TO pacnpeaeneHne HebecHbIX Ten B NPOCTpaHCTBe. Hac 6yayT MHTepecoBaTh B MeEpBYHO ovepedb
caMble KpymnHble MaclTabbl, 4OCTYMHbIE aCTPOHOMaM, U Mbl HAYHEM C KPYMHEMLLIMX CTPYKTYPHbIX
eavHuL BceneHHo — c ranakTuk.

HanoMHUM yuTaTento, Yto Hawe CoNHLE BXOAMUT B COCTaB OFPOMHOM 3BE3AHON CUCTEMbI, KOTOPY!O
aCTpOHOMbI Ha3biBaloT ManakTmkoi ¢ 6onbwon 6ykBbl, UM MHOMAA ewe — Hawen MNanaktnkon. Obuiee
4YMcno 3Be34, COCTaBNALWNX FanakTUKy, OKOMO CTa MUANMapAoB.

Mopaenswowan YacTb 38e34 [anakTUKM 3anonHSeT 06beM, HaNOMUHAKLWMI NIMH3Y, NONEePEYHNKOM B
100 TbiCcsY CBETOBbLIX JIET U TONLWMHON 12 TbICAY CBETOBbIX SieT. BCMOMHMUM, YTO CBETOBOM rog — 3TO
paccTosiHue, NpoXoAnMMoe CBETOM 3a rog, pasHoe 1013 kunomeTpaM. B Mex3Be3HOM NpoOCTpPaHCTBE
HaxoAsaTCs pa3pexXeHHbIN ra3 u Nbifib, cobpaHHbie B 6onbluine obnaka. Obwas nx Mmacca coctaBnsiet
TONbKO 5 npoueHToB OT 0bLer Mmacchl 3Be34. NoMnmo aToro “ocHoBHOro Tena” NanakTmku, B Hen
MMeeTCs ele ofHa cocTaBnsowas chhepnyeckon hopMbl pagmycoM okonio 5—10 Tbicsy CBETOBbIX JIET.
B 3Ty cdepuueckyto cMctemy BXoaaT 3Be34bl, Kak NpaBu/io, MeEHee sspkue n bonee crtapble, YeM B
CMJIIOCHYTON CUCTEME.

Monoable ropsiune 38e3abl CMIFOCHYTOM CUCTEMbI, KOTOPYH MHOrAa Ha3blBalOT ANCKOM, CO6paHbl B
cnvpanbHble pyKaBa. DTU pyKaBa HAaUMHAOTCS Y LeHTpasibHbIX 06/1acTel ManakTnku m
pacKkpy4mMBaloLLENCS CNMPanblo MPOCTUPAIOTCA K €€ OKpauHaM.

Mo MMeHW cnupasnbHbIX PYKaABOB BCKO Hally ManakTUKy HasbliBalOT CNMpPasibHOW. B cnnpanbHbIX pyKaBax
MMEITCA MOLLHbIE CKOMJIEHNS ra3a — rasosble obnaka, rae NpouMcxoauT o6pa3oBaHue MOMOAbIX 3BE3.

3Be3Abl 1 ras gucka coBepLuatoT opbuTasnbHble ABMXXEHUS BOKPYT LEeHTpa Macc ManakTMKmM No noutu
KpyroBbiM opbutam. Hawe ConHue aABUXeTcs B ManakTMKe CO CKOPOCTb 0koo 250 KnnomeTpoB B
CeKyHAy u coBepliaeTt oamH o6opoT 3a 200 MMIANMOHOB NeT. 3Be3a4bl chepmyeckon cocTaBnsatowen
TOXe ABMXYTCS BOKPYF LEHTPa, HO MO OYeHb BbITAHYTbIM OpbuTaM, NPOM3BOSIbHO HAaK/TOHEHHbIM K
NJ0OCKOCTM AUCKA.

TakoBbl CTPYKTypa U MacwTabbl 60/1bLIOro 3B€34HOM0 ropoAa, Kak MHOMAA HasblBalOT Hally 3BE3AHYIO
cucTeMy.

3a npegenamu Hawern ManakTnkn HaxoasaTcs Apyrue 3ee3gHble ropoda — raJlaktukuy C ManeHbKoM
6YKBbI. BonbwnHCcTBO HabnwgaeMbix ranakTuk MMeeT pa3Mepbl, Tnb HEMHOIMMM yCTynakuwune Halen:
B AE€CATKU TbICAY CBETOBbIX NNET, N COCTOAT OHU U3 MUNTMApPAOB 3BE3A.

Bce 3Tn 3Be3a4HbIe CUCTEMbI HAXOAATCA OT HAaC Ha PacCTOAHUSAX, NPEBbILAWMX MUTTMOHbI CBETOBbIX
net. Tonbko 6nmxkanwne m prrIHEMLLIMe M3 HUX BUAHbI Ha Hebe HEBOOPYXEHHbIM NMa3oM B Bunae
TYMaAHHbIX MATEH, OCTaJibHblE AOCTYNHbI JIULb 6onbwMM Teneckonam. U3-3a OrpOMHbIX paCCTOﬂHVIVI
CBeuyeHue 3Be3/[ B HUX C/IMBAETCa B TyMaHHoe cusaHue. Jinwb B 6nmxanLwmMx ranakTMkax ¢ NoOMoLLbIo
prnHeVlumx TENECKONOB BUAHbI APKWE 3BE€34bl MO OTAENBHOCTU.

FanakTMKK pasnuyatoTcs No cBoum hopMaM, COCTaBy 3BE34, B HUX BXOASLUMNX, U MO XapaKTepy Mx
ABWXKEHUI. Mo 3TUM NpM3HaKaM acTPOHOMbI AENST raJlakTUKM Ha YeTblpe OCHOBHbIX TUMa.

Bonblwaga yacTtb ranakTmk — 3TO CrnpasibHble, noaobHble Hawen. Ho MMEKTCA, ralakKTUKn, B KOTOPbIX B
NMNH30BNAHOM AUCKE HET cnmpaneﬁl. VX Tak » Ha3blBalOT — J'IMH3006paBHbIe.



HakoHeu, HeMano ranakTukK, KOTopble BOO6LLE HE NMEIOT AMCKA U COCTOSAT LeSIMKOM u3 chepnyeckomn
cocTtasnsatowen. Ux HasbiBalOT aAAMATUYECKMMN 3a TO, YTO Ha oTorpadusax n B TesieCKon OHU
BbIMNAAAT 31IMANTUYECKUMUY OBasnlaMu. B 3TUX 3Be34HbLIX CUCTEMAX, KakK npasusio, Maso rasa u
npakTnyeckn HeT obnacten poXxxaeHuUs MOMoAbIX 3Be3A.

HanmeHee MHorouucneH tTun HEMNpaBWU/IbHbIX FaakKTUK. OHM NOXOXMKM Ha CnnpanbHble, TONbKO ApKKne
obnaka ckonseHMn MonoAbIX 3Be34 B HUX He BbITAHYTbI B CNpanun, a pa36pocaHb| B BMAe nATeH. Yacto
3TU ralakKTUKK cogepxxat 60nbLUOE KOIMYECTBO rasa.

Yxe 370 6ernoe 3HaKOMCTBO MOKa3blBaeT, HACKOJIbKO pa3Hoo6pa3eH MUp ranakTuk. ITo pa3Hoo6pa3me
BbICTYNaeT euwe pasnTesnibHee, Korga Mbl CpaBHMBAEM MacCCbl ra1aKTUK U UX pa3Mepbl.

HanoMHuM, yTo Hawa ManakTuka coctonT n3 100 MmnnnuapaoB 3Be34. KpynHenwne ranaktnkuy,
OTHOCSILLMECS K KJlacCy 3N/IMATUYECKMX, coAaepXaT A0 AECATU TbiCAY MUIIMapAoB 3Be34. B To xe Bpems
eCTb “Kap/nkKoBble” rafakTukKm, COCTOSILLIME BCEro U3 MUIIMOHA 3Be3A.

Kakylo ranakTukKy MOXHO CYMTaTb TUMNUYHOMN? TaKylo CpaBHUTENbHO 60MbLUYIO, KaK Halla, Wan 3aMeTHO
MeHbLlue?

OTBETUTb Ha 3TOT BOMPOC CTO/Ib e TPYAHO, KakK M Ha BOMPOC: KaKol ropos cuMtaTb TUMUYHBIM —
Takol 6onbwomn, kak MockBa, UM 3aMeTHO MeHbLINIA? Beab Ha oanH 60MbLIONK ropod NpUxXoaAnTCs
DEeCATKM ManeHbkMx. TOYHO Takas Xe KapTuHa B MUpe ranakTuk. Ha Kaxayr rmraHTcKyto cuctemy
npuxoamTcs 60J1bLLIOE KOSIMYECTBO Kap/INKOB.

Kak >xe pacnpepeneHbl ranakTMkun B NpOCTpaHcTee?

Okaszanocb, YTO 3TO pacnpeaeneHue KpanHe HepaBHOMepHoe. bonbllas YacTb MX BXOAUT B COCTaB
ckonneHnin. CKonaeHns ranakTmk CTosb Xe pa3HoobpasHbl MO CBOMM CBOMCTBaM, Kak M caMmu
ranaktnku. Ytobbl HAaBECTU B UX OMUCAHMKN XOTb KakKo-HMOYaAb NOPSAOK, aCTPOHOMbI MpuayManm
HEeCKO/bKO nx knaccudukaumii. Kak Bcerga B nogobHbIX criyvasix, HM o4Ha Knaccmdumkaums He MOXeT
CYMTaTbCS NOSIHOW. [ANs Hawunx uenen AoCTaTOYHO CKasaTb, YTO CKOMJIEHUS MOXHO pa3aesinTb Ha ABa
TUna — npaBuJibHblE N HEMPABUIbHbIE.

MpaBuNbHbIE CKOMAEHMNS YacTO OFPOMHbI MO cBoen Macce. OHU obnapatoT cepuyeckon opmon n B
HUX BXOAAT AECSATKM ThiCSY ranakTuk. Kak npaBuno, BCce 3TV rafakTUKK 3IMNTUYECKNE UK
JINH3006pasHbie. B LeHTpe HaxoasTCs ogHa WK ABE MMraHTCKME IMATUYECKME FaNaKTUKK.
Bnuvxanwee K HaMm NpaBUIbHOE CKOMJIEHNE HaxXoAMTCS B HanpaB/ieHnn co3sesanst Bonocbl BepoHuku
Ha pPacCTOSIHUM OKOJI0 TPEXCOT MUSISIMOHOB CBETOBbLIX SIET MU UMEET B NnornepeyHunke 6osee aecstm
MWNIMOHOB CBETOBbIX NET. ManakTUKM B 3TOM CKOMIEHUWN ABMXYTCA APYF OTHOCUTENbHO Apyra co
CKOPOCTAMM OKOJI0 ThICSYM KMIIOMETPOB B CEKYHAY.

[opa3go 6onee CKPOMHbI MO MaccaM HenpasuibHble CKOMNEHNSA. YNCN0o ranakTuk, B HUX BXOAALLNX, B
AECATKN pa3 MeHbLUE, YHEM B NPaBUNIbHbIX CKOMMEHUNAX, N 3TO rAa1aKTUKN BCEX TUMOB. CDopMa nx
HENnpaBuWbHada, UMEKTCA OTAEJIbHbIE CTYLWEHUA raNaKTUK BHYTPU CKOMEHUA.

Henpanmbele CKOonJieHnsa MoryT 6bITb 1 cOBCEM ManeHbKMU, BMNJIOTb A0 MENIKUX Fpynmn, COCTOALLNX
M3 HECKOJIbKUX raJlaKTUK.

YTto xe ganblie, B eule 6onee KPYMNHbIX MaCLUTaGaX, YeM CKOMNJIeHns ranakTuk? ECTb nn ckonneHus
CKOMNeHnM ranakTukK, ToO €CTb CBerCKOI'IJ'IEHMﬂ?

B nocnesHee BpeMs MCCNef0BaHUAMM 3CTOHCKMX acTpodusnkos S. ditHacTo, A. Caapa, M. MbiaB33pa v
ApYyrux, amepukaHckux cneumanuctos IN. Mubnca, O. Mperopu, J1. ToMnNcoHa NokasaHo, YTO caMmble
KpynHoMacwTabHble HEOAHOPOAHOCTM B pacrnpeaeneHnn ranakTuk HocaT “a4encToin” xapakTep. B
“cTeHKax siyeek” MHOro ranakTukK, UX CKOMJIeHW, a BHYTpM — nycrtoTa. Pa3mepsbl sueek okono 300
MWIJIMOHOB CBETOBbLIX NIET, TOJ/IWMHA CTEHOK 10 MUANMOHOB CBETOBbIX N1eT. bonblme CKONKeHus

rafakTMK HaxoasTCA B y3/1ax 3TOM SYEUCTON CTPYKTypbl. OTAENbHbIE DparMeHTbl AYEUCTON CTPYKTYpbI



1 Ha3bIBAlOT CBEPXCKOM/IEHUSAMU. CBEPXCKOMIEHUS YACTO MMEKOT CUIbHO BbITSHYTYO OpMy Hanoaobme
HUTEN unun nanwun. A elle aanbwe?

BOT TyT Mbl CTanKmMBaeMcs C HOBbIM 06CTOATENBCTBOM. 1O CMX MOP Mbl BCTPeYanuncb co Bce 6onee
C/TOXHbIMW CUCTEMAMW: MasieHbkue cnucteMbl 06pa3oBbiBanv 60MbLIYI0O CUCTEMY, 3TN 6ONbLUNE CUCTEMBI,
B CBOI o4vepenb, 06beanHANNCH B elle 6onblyo 1 Tak ganee. To ecTb BceneHHaa HanoMuHana
PYCCKY0 MaTpeLwKy. ManeHbkas MaTpellka HaxoanTcs BHyTpu 60NbLLON, Ta BHYTpU elle 6onbLuei.
Okaszsanocb, 4To BO BceneHHon ecTb Hanbonbluasa matpelwka! KpynHomacwrabHas CTpykTypa B Buae
“nanwn” n “auyeek” He cobupaeTcsa yxe B 60nee KpynHble CUCTEMbI, @ PABHOMEPHO B CpeaHEM
3anoJiHAeT NpoCTpaHCTBO BceneHHon. BceneHHas B cambix 60nblunx Macwrtabax (bonee Tpexcot
MWIJIMOHOB CBETOBbIX JIET) OKa3blBaeTCs O4MHAKOBa MO CBOMM CBOWCTBaAM — OAHOPOAHA. 3TO OYeHb
Ba)XHOe CBOWCTBO M 04Ha M3 3aragok BceneHHol. NoyeMy-To B CpaBHUTENbHO MesIKMX MacwTabax ecTb
OrpoOMHbIe CryCTKM BellecTBa — HebecHble Tena, nx cucrtemsbl, Bce 60see CnoxHble, BMI0Tb 40
CBEPXCKOMNEHUN ranakTuk, a B odeHb 60onblumx MacwTabax CTPYKTYpPHOCTb ncyesaeT. [MoaobHo necky
Ha nnsxe. [Naaa B611M3n, Mbl BUAUM OTAENbHbIE NECYNHKMU, MNAAA C 6ONbLIOr0 PacCTOSHUSA U
OXBaTblBasl B3rns40M 3HAUYMTENbHYIO Naowaab, BUAMM OAHOPOAHYIO MaccCy necka.

To, uTto BceneHHast ogHOpPOAHA, yAanoChb NpocneanTb BMIOTb A0 PacCTOSHUI B AEeCSATb MUIINMapaoB
cBeTOoBbIX NneT!

K pelueHunio 3araiku o4HOPOAHOCTM Mbl €LLE BEPHEMCS, a NMoKa 06paTMMCs K BOMPOCY, KOTOPbIN,
HaBepHO, BO3HUK y umTaTens. Kak yaaeTcs M3MepuTb CTO/Ib OFPOMHbIE PACCTOAHNUS A0 ranakTuK n mux
CUCTEM, YBEPEHHO roBOPUTb 06 MX Maccax, 0 CKOPOCTAX ABUXEHUS ranakTuk?

“"MEPHbIE MACLUTABbI” U APYTUE NHCTPYMEHTbI ACTPOHOMOB

HauHnemM ¢ paCCTOﬂHMﬁ. HecoMHeHHO, namepeHune paCCTOﬂHMﬁ B MWU/IJIMOHbI CBETOBbIX S1IeT U 6onee
ABNAETCA 4yaoM COBpeMEHHOVI HayKW.

Ewe B Hayane Hawero Beka 06 M3MepeHMn NoAO0OHbIX PAcCTOSIHUIA He Bbis1o U peun. Kak xe, ¢ KakMMu
“MepHbIMK NeHTaMM"” yaanocb NpobuTbcsi CKBO3b 3TM HEBOOOpasnMbie ganun?

370 6bI71 O4eHb TPYAHbIM HayyHbIK NyTb. War 3a warom, ctyneHbka 3a CTyNeHbKOW yaaBanocb
NnoCTeneHHO NpoABUIraTbCs B U3MepeHun Bce bonee ganeknx pacctosHui. Npu 3ToM cnegyrowmn war
BCerga OCHOBbIBAJICA Ha ycrnexax npeablgayLiero.

MNepBas cepbe3Has CcTyneHbka 6bina NpeoaosieHa elle B cepefiHe NpoLnioro Beka. PacctosaHusa no
Tpex 6u3KkmMx K HaMm 3Be3a 6blIn n3MepeHbl NpakTUYecku oAHOBpeMeHHO B Poccun, MepmMaHum u
Adpuke. CyTb MeTOA@ 3TUX U3MEPEHUI B MPUHLMMNE TaKas Xe, Kak U B USMEPEHUN PacCTOSIHUI Ha
3emne ¢ NnoMoLWblo ganbHoMepa. [lanbHOMEpPbl Tenepb BCTPOEHbI Aaxe B doToannapaTtbl U MO3TOMY
3HaKOMbI KaxaoMmy. MpuHumn paboTbl Takoro npubopa COCTOMT B TOM, YTO HamnpasB/eHME Ha
paccMaTpuBaeMblli NpeaMeT HECKONbKO Pa3nNnMyHO ANS pa3HbiX OKoleYvek AanbHoMepa. Ecnm nssectHo
paccTosiHMe MeXAy OKOLIeYKaMW U Yrofl U3MEHEHWS HanpaBfeHus, TO IerKO pacCUUTbiBAETCS
paccTosiHMe No nNpaBuiaM TPUroHOMeTpUKU. B ganbHOMepe 3TOT pacyeT BbIMOJIHAET NpocTeliee
MexaHn4ecKoe yCTpOMCTBO. YeM ganblie npeaMeT, TeM Ha 6onbliee pacCTOSHUE HaZ0 Pa3HECTU
OKOLLEeYKWN AanbHoMepa, YTobbl n3MepeHune 6bi10 AOCTaTOYHO HAAEXHbIM. PaccTosHne mexay
OKOLLeYyKaMn HasblBaloT 6a3mcoM, a caMm cnocob Nonyymn Ha3BaHME TPUrOHOMETpUYeckoro. MNpwu
NU3MepeHnn paccTosHUA A0 3Be34 ponb 6a3uca urpaet gnameTp 3eMHolN opbuTbl Bokpyr ConHua.
MN3MeHeHne HanpaBneHns Ha 3Be34y U3MepSEeTca C MHTEpPBAsoM B Noaroda u3s AnamMmeTpanbHO
NPOTMBOMNOMOXHbIX TOYEK 3eMHON opbuTbl. Ho gaxe npu TakoM orpoMHOM 6asnce naMeHeHune
HanpaBneHus Ha 6navxalwmne 3Be34bl MeHbLUE OA4HOM YI/I0BOM CEKYHAbI Ayrn, n Tpebyetcsa 6onblias
TWATENbHOCTb M BbICOKOE UCKYCCTBO M3MEPEHUIA.

BbisicHunochb, uto faxe 6nnxariwme 3Be3abl yAaneHbl OT HAaC Ha pacCTodaHune 6onblle CBETOBOroO roaa.



Co BpeMeHU NepBbIX U3MEPEHUNIN PACCTOSIHWIA A0 3Be34 NpoLwsio 6oMblue cToneTus. HecMoTps Ha
OrPOMHbIN NPOrpecc B TEXHUKE N METOAAX M3MEPEHUIA, N ceityac C MOMOLLbI TPUFOHOMETPUYECKOMO
MeToAa MOXHO YBEPEHHO onpeaensaTb PaccTosiHWe A0 3Be34 He 6osiblue CTa CBETOBbIX JIET.

Jo rpaHunL FanakTuku npu 3ToM eulle HeBOOGPa3VIMO AaneKko, a 0 Apyrnx raiaktnkax M roBOpuTb He
npunxoanTcs.

CriefyoLmin OrpoOMHbIN LWar no NecTHULUE, BeayLlen Baanb, 6bi1 caenaH yKe B Hayasne Hawero
CTONIETUA, W €ro NMOMOrNN CAENaTh 3Be3/bl, CUCTEMAaTUUYECKM MEHSAIOLINE CBOW BecK, — nepeMeHHble
3Be3/bl.

Hauano 6b1710 NON0XEHO aMeEPUKAHCKMM aCTPOHOMOM eHpUeTTon JIMBUTT, M3y4yaBLUEh NepeMeHHbIe
3Be34bl B OHOI M3 BAMXKAMILIMX K HAM ranaktuk — Manom MarennaHoBoM O6nake, BUAUMOM Ha HOXXHOM
He6ecHOM nonyLwapuu.

Yepe3 HeCKOobKO NeT Nocsie Hayana nccneaoBaHus oHa BbiicHMAA AobonbiTHENWNI dakT. ABaguaTtb
NSaTb 3B€34 0Ka3aJMCb NEPEMEHHbIMW, CTPOro NEPUOANYECKM MEHSOWNMMK cBOM bneck. MNMpuyem yem
6onble 6b1n1 Nepnoa n3MeHeHns brnecka, Tem apye 6bina cama 3se3pal I'. JIBuTT npuwna K
3aMevaTesibHOMY BbiBOAY: “TaK KakK 3TW NepeMeHHble 3Be34bl, BEPOSATHO, HAaX0AATCA Ha OAMHaKOBOM
paccTossHMKM OT 3eMnn (MOTOMY YTO BCE OHM HAXOAATCS B OA4HOM ranaktuke — Manom MarenniaHoBOM
O6nake. — W. H.), nx nepnoabl, 04EBMAHO, CBSA3aHbl C KOIMYECTBOM M3/ly4aemMoro nMm ceeta”.

3HayeHue 3TOro OTKpbITUS TPYAHO nepeoueHnTb. o nepuoay U3MeHesans SpKOCTU MOXHO Y3HaTb
CBETUMOCTb 3BE3]bl.

Mbl 3HaeM, 4yTo BUAUMBIN 6neck 3Be3abl Ha Hebe ocnabeBaeT o6paTHO NponNoOpUMOHaNIbHO KBaapaTy
paccTosiHMa A0 Hee. CpaBHMBas UCTUHHYIO CBETUMOCTb 3Be3A4bl C BUAMMbIM 61€CKOM, MOXXHO BbIYUCINTD
paccTosiHue!

Mpaeaa, ona Toro, YTobbl MOXHO 6bISI0 MO Nepuoay U3MeHEHUs! 6ecka 3Be34, U3y4YeHHbIX I, JINBUTT,
BbIYNCNATb PACCTOSAHME, HAAO0 3HATb UCTUHHYO CBETUMOCTb XOTSl 6bl O4HOW TaKoW 3Be34bl.

MepBas nonbiTka 3TO cAenaTh 6bina npeanpuHsaTa 3. MepuwnpyHroM. OH MOHSAS, UTO 3BE3AbI,
Habnoaaemble . JInBMTT B ManoM MarennaHosoM O6nake, TOUHO TaKMe Xe, KaK XOpOoLlO U3BECTHbIE
nepeMeHHble 3Be3/bl, Ha3blBaeMble Liedenaamm, B Hawen Manaktnke. bneck uedbena MeHseTca M3-3a
TOro, YTO OHU MYJSIbCUPYIOT. Tenepb Haao 6bI0 ONPeaeuTb UCTUHHYIO CBETUMOCTb XOTS 6bl O4HOM
uedeunabl. BoT TyT-TO 1 HaYanucb cepbesHble TpyAHOCTU. B okpecTHocTM CosiHL@ HET HU OAHOM
uedenabl, paccTosiHUe 40 KOTOPO HaAeXHO MOXHO 6b110 6bl ONpeaenuTb TPUrOHOMETPUYECKUM
cnocoboM U, 3Hast ee BUAUMbIN BECK U PacCTOSIHUE, BbIUMCANTbL UCTUHHYHO CBETUMOCTb.

Hauyanuce MHOroYMciaeHHbIE NOMbITKN OMNpeAeNieHNst PacCTOSHUI Ao Ledena Hawei ManakTnku. Nepsas
oueHKa, 6bina caenaHa caMmm 3. MepullnpyHroM. Ml He 6yAeM OMUCbIBaTb 34E€Ch CYTb UCMOMb3yEeMbIX
Mpy 3TOM XWUTPbIX KOCBEHHbIX MeToA0B. OTMETUM TONLKO, YTO U NepBasi, U MHOrMe nocieayloLme
NonbITKM 6bI/IM CTONb TPYAHbI, YTO MPUBEAN K pe3ysibTaTaM, COAEPXKALLUMM 3HAUMUTENbHbIE OLIMBKKN. DTK
OWMNBKM BbININ OKOHYATENBHO BbISIBIEHBI TOMIbKO B Havasne 60-x rofos. Ho paboTa 3Ta HacTONbKO
BaXxHa (peyb naeT 06 naMepeHun MacTaboB BceneHHoM!), UTO yTOUHEHMS NPOAO/KAOTCA A0 CUMX MOp.

lMocne Toro Kak ycraHoB/i€Ha UCTUHHAsA CBETUMOCTb XOTb OAHOM Ledenabl C U3BECTHbIM NEPUOAOM
n3MeHeHuns 6necka, ctano BO3MOXHbIM N3MEpPSTb paccTosHue Ao nbon uedenabl. JeicTBUTENBHO,
Tenepb M3BECTHa 3aBUCUMOCTb “Nepmos — UCTMHHas CBETUMOCTb” Ans uedeng. Ans onpeaeneHms
paccTtosiHua Ao nbon uedenabl 4OCTAaTOYHO MO HabnwAeHUAM onpeaennTb NepUoL U3MEHEHNS ee
6necka, 3aTeM Mo 3aBUCMMOCTU HAUTN UCTUHHYIO CBETUMOCTb U, CpaBHUBas C BUAMMbIM 61ecKom,
BbIUMCAUTb paccTtosHue. Ecnu uedenaa BXoamT B COCTaB Kakoro-nmbo ckonneHus 3sesg nnm
rasakTuku, TO TeM CaMblM ONpeaensieTcs paccTosHne n Ao HuX. Uedenabl 30ecb nCnonb3yroTcsa Kak
“cTaHaapTHble CcBeYn”, NCTUHHASA APKOCTb KOTOPbIX M3BECTHa. Mo3ToMy 1 BECb MeToA Noay4yunn
Ha3BaHWe MeToaa “CTaHAapTHOM cBeun”.



Ponb uedena B U3MEpEHUN pacCTOSAHUIM CTONb BEIMKA, YTU U3BECTHbIN aMEpPUKAHCKMIN acTpoHOM X.
Lennn Ha3Ban nx “camMbiMK BaXXHbIMMN" 3BE34aMU.

WCTUHHas cBETUMOCTb Ledeuns oYeHb BefMka — OHU B Thicsivy pa3 sipye ConHua. Moatomy uedenasbl
BWAHbI C 4OCTATOYHO 6OMbLUNX PACCTOSAHUIA, BNAOTb 40 15 MUNIMOHOB CBETOBLIX JIET. 3HAUUT, C UX
MOMOLLbIO MOXHO OnpeaenaTb pacCTosiHue A0 6AMXKanllMX ranakTuk.

Ho Hac nHTepecyioT elle 6onblume MacwTabbi!

[Ons nanbHeNLWero NpoABMXEHUS MPUXOANTCA AeNaTb elle OAWH Wwar. XoTenocb 6bl HATH
“cTaHaapTHble cBeun” 6onee apkne, YeM Ledenabl, 1 XOpoLOo BMAUMbIE C eLle 60bLNX PacCTOSHUN.
Okazanocb, YTo Takume “cBeun” ectb. Bokpyr ranaktmk obbi4HO HabnogaeTcs MHOro 3Be34HbIX
CKOMNEHWI, KOTOopble 3@ CBOKO (OpMYy MOJYUNSIN Ha3BaHME LLAPOBbLIX.

Koraa c nomoubio Ledeuna 6611m onpeaeneHbl pacCToaHMS A0 6amKakWmMX ranakTukK, CpaBHUAU
WCTMHHbIE CBETUMOCTU LLIAPOBbIX CKOMJIEHMM BOKPYF pasHblX ranaktuk. Okasanocb, 4To ecnu BbibpaTth
BOKPYI KaXAOWN ranakTUKu sipyalillee LWapoBoOe CKOMJIeHNEe, TO UCTUHHAA CBETUMOCTb 3TUX SipYanLLmXx
CKOMJIEHWNI NPaKTUYECKM OAMHAKOBA A1 BCEX ranaKTuk.

3HauuT sipyanLme WapoBble CKOMJIEHUS BOKPYT rafakTUK MOXHO UCMOJb30BaTh Kak “CTaHAAPTHYHO
cBeuy”, npuyem bonee sapkyto, 4eMm uedenasbl.

OTUM METOAOM MOXHO U3MepATb pacCTOsAHME BMNNOThb A0 WEeCTUAECATU MUIIMOHOB CBETOBbLIX NIET. A 3TO
3HA4YUT, YTO MOXXHO U3MEPUTb PaCCTOAHUE YyXe A0 6Amxxanwmx cKonaeHnn ranakTumk. Jansbuwe, yBbl,
wapoBbl€ CKOMJIEHUA pa3zinyaTb NOKa HEBO3MOXHO.

Cnepytowas cTyneHb — UCNOMb30BaHMe ewe 6onee Apkon “cTtaHAapTHOM cBeun”. BbISCHWUIOCH, YTO B
pPa3HbIX CKOMJIEHUSAX ranakTUK spyaniimne ranakTmku MMerT OANHAKOBY CBETUMOCTb — MPUMEPHO B
Aecatb pa3 6osblie CBETUMOCTM Haweln ManakTukm.

3Tn apyanwme “ctaHgapTHble CBeYM” NO3BOASIOT NPOABUIraThbCs YXe Ha MUAnMapabl CBETOBbIX NET.
TakoBa “necrtHmua MacwTaboB”, nCnonb3yemass aCTpOHOMaMn Ha Nyt B rnybb BceneHHoM.
A KaK U3MepsIT CKOPOCTU ABMXKEHUA Aaneknx o6bekToB?

PazymMmeeTcs, Ha pacCTOAHUAX HE TONIbKO 6namxanwmx K Ham ranakTukK, HO U 6onee oTaaneHHbIX He
3aMETHbl HWKaKne nepeMelleHnsa 3sesg n gpyrmx 06beKkToB Ha (bOHe HE6a, Mo KOTOPbIM MOXHO 661710
6bl BbIYNCAUTD CKOPOCTb NepeMeLleEHNda UX B NPOCTPaHCTBE Nonepek y4ya 3peHnA.

EAWHCTBEHHOE, UTO MOXHO U3MEpUTb, HO 3aTO CPaBHUTENIbHO MPOCTO M HaZeXHO, 3TO CKOPOCTb
NpubnMxXeHns K HaMm unu yaaneHnsa HebecHbix Ten. Takoe U3MepeHue AenaeTcs MeToaoM,
ncnonb3ytowmm addekT Jlonnepa, 0 KOTOPOM yxe yrnoMMHaNoCb B NepBoM pasgene kHurn. Korga
HebecHoe Teno nNpubnmxaeTca K HaM — CBET ero ronybeeT, Koraa yaanseTcs — KpacHeeT. M3mepeHune
CMeLLEeHNs IMHUI B CNeKTpe 3Be34bl K rolyboMy UM KpacHOMY KOHLY MO3BOJISIET BbIYMCAATb CKOPOCTb,
TOYHee, Ty YacCTb CKOPOCTU, KOTOpas HanpasseHa no “ny4vy 3peHus”. No3ToMy CKOpOCTH,
onpeaeneHHble nNo addekTy [lonnepa, aCTPOHOMbI Ha3blBalOT “Ny4eBbIMU CKOPOCTSAMU”.

HakoHeu, 06 N3MEPEHUNN MACChl FraJlakKTUK U CKOMAEeHui ranaktnk. Ee MoxHo onpeanennTb, NCNonb3ys
3aKOH BCEMUPHOIO TAroTEHUA.

MycTb Mbl HAaBAOAAEM, CKAXEM, SMIJTUNTUUYECKYIO raNiakTUKy. B Hell 3Be3abl ABUXKYTCS C
onpeaesieHHbIMU CKOPOCTSIMMU APYT OTHOCUTENbHO Apyra. Ecnun 6bl He 6b110 cun TAroTeHns, oHM Gbl
pasfeTenunch B NpocTpaHcTee. Cuiibl TArOTEHWUS, 06YCNOB/IEHHbIE O6LLEN MACCOM BCEMN rafakTUKM,
YAEPXMBAIOT UX OT pasberaHusi. UaMepuB OTHOCUTENbHbIE CKOPOCTM 3BE3/ B rasnakTuke (3TO MOXHO
caenaTb MeToAoM [onsiepa) 1 3Hast pa3Mep ranakTuky, MOXHO BbIUUCIUTL CUJIbl TAFOTEHUS, @ 3HAYMT,
M Maccy, ux cosgatollyto. Tak onpeaenstoT Macchl ranakTuk.



Mpwn n3mepeHnn Macc CKONAEeHUN ranakTuk NocTynatoT aHaaormyHbiM 06pa3oM, TONIbKO BMECTO
OBWXEHWUI OTAENbHbIX 3B€34 UCMONb3YHOT ABMXKEHWE rasiakTUK B CKOMJIEHUM.

Tenepb Mbl 3HaKOMbI B 06LMX YyepTax C TeM, KaK 6bIsIM MONyYeHbl YMCa, ONUCbIBatOLWME YCTPONCTBO
BceneHHon B 601blWMX MacliTabax.

Bo3HukaeT ewwe oanH Bonpoc. Kak ABMXYTCA B NPOCTPaHCTBE CKOMJIEHUSA ranakTuK N oTAEsNbHbIE,
AOCTaTOYHO yAasieHHble ranakTukmn?

OTBeT Ha 3TOT BOMPOC SABWUIICA BeNMYanwmnm OTKpbITUEM eCcTecTBO3HaHMA XX Beka. OKa3anocb, YTO Mbl
XNBEM B pacwmpﬂlou.l,eﬁm BceneHHoli. CkonneHns ranaktmk yOananTCca Apyr OT Apyra, BCe BEWECTBO
BceneHHol 66110 NnpuBeAEeHO B COCTOSAHME paclUMpeHNS TaMHCTBEHHbIM BONbLWMM B3pbLIBOM B anieKoM
NMpoLwJsioM.

BCEJIEHHAA AOJDKHA 3BOJIOLUMNOHUPOBATD

To, uTo BceneHHas, B KOTOPOW Mbl XXWUBEM, A0O/DKHA NM60 pacwmpsaTbes, nmbo oxnmaTbes, 6b110
npeackasaHo TeopeTMyeckn 3aMedaTesibHbIM COBETCKUM y4yeHbiM A. Opunama-HoM B 1922—1924 ropax.
Pa6oTbl A. ®puamaHa 6bisin CTPOro MaTeMaTU4HbI U OCHOBbIBASINCb Ha TEOPUWN TATOTEHUA DNHLITENHA.
Ho ans Toro 4tobbl NOHATL CYTb €ro OTKPbITUS, HET HaAO6HOCTN obpallaTbCs K CTPOron MaTemMaTuke.
Kak Bce Benmkoe, 3TO OTKPbITUE B OCHOBE CBOEN O4YeHb MPOCTO.

BcnoMHUM, NoyeMy He CXKMMaEeTCa N He paclumnpseTcs obblyHas 3Be34a. B Hel cunbl TATOTEHMS
YpaBHOBELUEHDbI CVIJ'IOVI, cosgatowemncs nepenagom OaBNEHUIN OT NAOTHbIX Heap 3Be34bl K pleﬂOVI
nosepxHoctn. Ho BceneHHasa ogHopoaHa B caMbiX 6onbmx MaCLLITa6aX, HUKaKOro nepenaja AaBneHnn
B Heil 6bITb HE MOXeT. 3HauuT, Tam €ANHCTBEHHOM Cyu.lECTBEHHOVI CWIOM OCTaeTcsl TAroTeHume.

MosTtoMy, ecnn npeactaBuTb cebe, UTO B KAKOM-TO MOMEHT OFPOMHbIE Maccbl BceneHHon B cpegHeM
HEenoABMXHbI APYr OTHOCMTESIbHO ApYyra U pacnpefeneHbl 04HOPOAHO, TO B CleAyOLWNin MOMEHT Moj
OeNCTBUEM TArOTEHUS OHU NPUAYT B ABUXEHWE, BELLECTBO HAYHET CXKMMaTbCs. B cpaBHUTENBHO
ManeHbKMUX CUCTEMAaX TAroTEHME MOXHO YPaBHOBECUTb KPYrOBbIM ABUXEHWEM Tes no opbutam (Kak B
Co/flHeYHOM CUCTEME) UIN XaOTUYECKUM ABUMXKEHUEM TeN MO OYEHb BbITAHYTbIM opbuTtam (Kak B
3NIMNTUYECKNX FanakTukax). Ho B orpoMHOM BceneHHOM 3T0 HEBO3MOXHO — MNpuULWIOCh 6bl 3agaBaThb
CKOpoOCTU, 6oNnblune CKOPOCTM CBETA, YTO 3arnpeLleHo 3aKoHaMu Npupoasbl.

CTauunoHapHoCTb Ans BceneHHo HEBO3MOXHa — TakoB 6bin BbiBoA A. ®OpmuaMaHa. Ho BceneHHas He
06513aTeNnbHO A0/HKHA MMEHHO CXXMMATbLCSA No4 AENCTBUEM TAroTeHus. Ecnm BHauyane 3agaTb BCEM
MaccaM CKOpPOCTU yaaneHus Apyr oT Apyra, TO OHa 6yaeT paclmnpsaTbCs, @ TAroTeHme 6yaeT ToNbKO
TOpMO3UTb pa3net. Takum obpasoM, 6yaeT nu pasneT UM cxaTme — 3aBUCUT OT HadasbHbIX YCNOBUNA,
OT PM3NKKM NPOLLECCOB, KOTOPbIE ONpeaennan HavyanbHble CKOPOCTM Macc. Tak 6bisia TeopeTnyeckn
OTKpbITa HeobxoAnMocTb rnobanbHoOM 3BoMOLMN BceneHHOM.

OTa naes 6bina coBeplUeHHO HOBOM, KpaliHe HeobblYHON. Pa3Hble cxeMbl cTpoeHus BceneHHoM
rocnoACTBOBasAN B HayKe, CMeHss Apyr Apyra Ha NpoTsXXeHWW BekoB. Ho Bce (MAn no4uTu BCe) 3TH
cxeMbl 06beaMHSAN0 0AHO — 3TO 6bIIM UMEHHO CXeMbl CTPOEHUS — He pa3BUTUS, 3BOOLMM,
CTaHOB/IEHMS, @ BEYHO HEU3MEHHbIN “MexaHn3M YyacoB BceneHHon”. Maes ctaunmoHapHOCTU BCel
BceneHHol ka3anacb camo coboi pasymeroweincs. Bo BceneHHOM MOran NponcxoauTb CAOXHEeNLWmne
NpoLECcChbl, HO OT Yero, OT Kakoro COCTOSHUSA U Kyaa AOJ/XHaA pa3BupaTbcs Bca BceneHHas?

Mbicnib 06 aBontoummn BCce BceneHHoN, npeacTaBnisaaack HeNenom, n ata MbiCib C 60/blWLINM TPYAOM
oBJlageBasia CoO3HaHUEM JaXe KPYMHbIX y4YeHbliX. B kadecTBe npnumepa MOXHO NpuBeCcTn camoro A.
DWHwWTerHa. TBopey Teopmn OTHOCUTENTIBHOCTN MOHMMas, CKOJb BaXKHa ero Teopus 418 KOCMOJIOrMu.
Cpasy nocne co3gaHusa obwen Teopmum OTHOCUTENBHOCTM OH CTasl BbISICHSATb, UMEIOTCS 1N Y YpaBHEHUN
Teopumn, NpUMEHEHHbIX KO BCel BceneHHoM, cTaTnyeckmne peLlleHus, To eCTb pelleHns, onucbiBatowme
COCTOSIHME, HE MeHSsIoLWeecsi Co BpeMeHeM. A. DIHLWTEeNHY Ka3anoCb O4YEeBUAHbIM, YTO HAA4O0 CTPOUTL
MMEHHO CTaTUYeCKylo, a He 3BOJIIOLMOHUPYIOLWYO Moaenb BceneHHol. Ho ypaBHeHus oblel Teopun



OTHOCUTENIbHOCTU B MPUMEHEHUN KO BceneHHol He AaBanu CTaTUYECKUX pelleHuii. Naes ctaTudeckoro
MUpa Kasanacb HACTOJIbKO MPUBMEKATENBHON, YTO A. DNHLWTENH He NOBEPUS CBOMM YPaBHEHUAM U
NblTascsa AaXe UX U3MEHUTb, YTOBbl OHW AaBanu CTaLuMOHapHOe pelleHne. Mbl Aasnbliue NoroBopuM eLle
06 37Ol ero nonbITKe.

MoyeMy xe naes ctTaTMMHOCTU BceneHHoM 6bina CToNb NpuUBeKaTenbHa?

Mo-BMANMOMY, 3TO NMPOMUCXOAMIIO MOTOMY, YTO OHa OCHOBbIBasacb Ha BUANMMON CTaUMOHAPHOCTH,
HEW3MEHHOCTN aCTPOHOMUYECKUX TeN N cucteM, 6yab To ColHEYHas cMcTeMa, 3B€34bl, 3BE3HblE
CKOMJIEHWNS UIWN FanakKTUKK. BonbHO MM HEBOMbHO HabnaaeMoe NOCTOSSHCTBO aCTPOHOMUMYECKUX
SIBIEHWMA BO BCEX M3BECTHbIX YesI0BEYECTBY MacliTabax pacnpoCcTpaHsifiocb Ha BClo BceneHHyto. OyeHb
yeTKko 06 3TOM CKasaHo elle y ApUcToTens B ero coumHeHum “0 Hebe”: “B npoaonxeHne Bcero
npoLleaLlero BpeMeHn, CorfiacHo 1eTONMUCSIM, 3aBELLaeMbiM MOTOMKaM OT MOKOSIEHUS K MOKONEHUIO, Mbl
He HaxoAMM cneaa U3MeHeHWUI HU BO BCEM yAaNleHHOM Hebe B LiefloM, HXM B OAHON M3 MOAXOASLLMX
yacten Heba”.

CeroaHs, B KOHUe XX BeKa, MbIC/lb O TOM, YTO BCA BceneHHas AO/MKHA 3BOMIOUMOHUPOBaATL, KaXeTcs
HaM eCTeCTBEHHOM. Mbl Tenepb 3HaeM, YTO HEU3MEHHOCTb 3BE34, APYIUX HebeCHbIX Ten U UX cucTem
TONIbKO Kaxyliasacs. Yenosek nx HabnopaeT B TeveHue CPOKOB C/TMWKOM KOPOTKUX, 4YTObbl 3AaMETUTH
3BONIOLUMIO, U3MEeHeHMe. Ho 3Be34bl pOXAAIOTCS, XUBYT U YMUPaIOT. [1pOA0/IHKUTENBHOCTb NX XU3HU
yacTo cocTasnsgeT Munnuapabl net. UICTOYHUKOM 3Heprum, MBHYHaEMOVI 3Be34aMU, ABNAKOTCA aAepPHblIE
peakuuun, naywme B X Hegpax. Jlrobon ncrtouHunk 3Heprum He BeyeH. KoHeyYHbl 3anackl ee n B cyyae
AAEPHbIX NUCTOYHUKOB. 3HauuT, n CosHue 1 3Be34bl BO3HUK/IN B KOHEYHOM MPOLUSIOM U UMEIKT CBOK
NncToputo.

Mbl HabnoaaeM cerogHa 6ypHble NPOLECCHI B3PLIBOB M 3BOJIIOLMKN B TaKUX MMIAaHTCKUX CUCTEMAX,
KaKuMn ABNAIOTCA ranakTuku. BelecTso, BXoAsALLIEE B rafiakTUKK, MOCTENEHHO nepepabaTbiBaeTcs B
AAepHbIX MpoLeccax, naywmnx B 3sesgax. Bogopoa npespallaerca B renvii, a 3ateM n B 6onee
TAXEsblE XMMUYECKNE DNIEMEHTHI.

UTak, cTaTMyeckas KapTMHa HenpueMsaeMa H1 AN KakMx aCTPOHOMUYECKMX CUCTEM, €C/IU TOSbKO
paccMaTpuBaTb AOCTAaTOYHO 60/bLUME NPOMEXYTKN BpeMeHu. Ecnun 6bl ceroaHs Haao 6b110 3aHOBO
CTpouTb Moaenb BceneHHolt, Heob6xoanMo 6bino 661 NoTpeboBaTb, UTO6LI MoAenb 6bina
3BOJIIOLMOHMPYIOLLEN, YTOObI B Hel BbIsI0 YKa3aHMe Ha 3noxy, Koraa Bo BceneHHoW Hayanocb
poXAeHne 3Be34, ranakTuk u T. 4.

Ho BepHeMcs K Hauyany Hawero Beka. Nepas pabota A. ®pnamaHa, AokasbliBatollas, YTo BceneHHas
AOJIXHA 3BONMOLUMOHUPOBATb, bbl/la NoaydyeHa pegakuuen Hemeukoro "®OM3nyeckoro XxypHana” B KoHUe
noHSa 1922 roga. A. DIAHWTENH 6bI1 HAacTONbKO y6exaeH B HE06X0AMMOCTU CTAaTUUYECKOrO peLleHns
ypaBHEHUI, ONnCbIBalOLWMX COCTOSsHNE BceneHHol, 4To nocumtan paboty A. ®pnagmaHa ownbo4Hon. B
cepeanHe ceHTa6ps 1922 roga pefakums TOro Xe XXypHaJsa nosayduna KpaTKyt 3aMeTky A.
DWHWTEMHa. B Hel OH, NO BblpaxXeHWto akagemmka B. ®oka, “"HECKONbKO CBbICOKA FOBOPUT, YTO
pe3ynbTaTbl ®puaMaHa Nokasanamcb eMy NOA03PUTENbHBIMM M YTO OH Hawen B HMX owunbKy, No
ncnpassieHUM KOTOpPOM pelleHne OpugmaHa NpuBoOAUTCA K CTauMoHapHoOMYy”.

A. ®puamMaH y3Han o MHeHMM A. DAHWTENHA M3 NMCbMa CBOero Kossierm no pabote B MNeTporpaae 0.
KpyTkoBa, 6biBLIEro B TO BpeEMA B KOMaHAMPOBKE 3a rpaHuuen. B gekabpe 1922 roga A. ®puamaH
Hanucan A. DUHLWTENHY NMCbMO, B KOTOPOM NnoapobHO mn3naran CyTb CBOMX BblYMCNEHUN, ybeamuTenbHo
AOKa3blBas CBOK NpaBoTy. NMCbMO 3aKaH4YMBANOChb C/IOBaMu:

“B cnyyae, ecnu Bbl couTeTe npaBuMbHLIMU U3/I0XEHHbIE B MOEM MUCbMe pacyeThbl, S npowy Bac He
O0TKa3aTb MHe B TOM, YTO6bl N3BECTUTb 06 3TOM pepakumio “dnsmyeckoro xypHana”; 6biTb MOXeT, B
3TOM c/lydae Bbl noMecTuTe B neyaTu NonpaBKy K BalleMy BbICKa3blBAHWMIO UM NpefocTaBuTe
BO3MOXHOCTb AJ1 NnepeneyaTkn oTpbiBKa M3 3TOro Moero nucbma”.

MuceMo 6110 NoNyYyeHo A. DUHLITENHOM U COXPAHWIOCh B €ro apxuBax, HO, NO-BUAMMOMY, OH He
npoyen ero BO BPeMsi UK He 06paTui BHUMaHWe, 6ylyun yBEPEH B CBOEI MpaBoTe.



B mae 1923 ropa tO. MNMpyTkoB BCTpeTMACA C A. DIMHWTENHOM B JleaeHe B 4OME N3BECTHOrO
ronnaHackoro ¢wusmka . DpeHdecta n B HeoaAHOKpaTHbIX 6ecenax Aokasan NpaBoTy BbIBOAOB
COBETCKOro matematuka. B nucobMe k cectpe B lNMeTporpasn ot 18 masa 1923 roga 0. KpyTkoB nuwieT:

“Mobenmn DHWTEeNHa B cnope o ®puamaHe. Yectb lNeTporpaga cnaceHa!”

Cpasy nocne 6ecep c 0. MpyTkoBbIM A. DUHLWITENH Hanpasun B “®unanyecknii xxypHan” sameTky,
KOTOPYO Mbl NPUBEAEM 34ECH MOSIHOCTbIO:

“K pabote A. ®puamaHa “"O KpuBM3HE NpocTpaHcTBa”.

B npeabiayuiern 3aMeTke S NoABEPr KPUTUKE Ha3BaHHYO Bbiwe paboTy. OAHAKO MOS KpUTUKA, Kak S
y6eaunncsa u3 nucbMa ®puamaHa, coobweHHOro MHe r-Hom MpyTKOBbIM, OCHOBbIBanNach Ha ownbke B
BblUMCNIEHUAX. S cunTalo pe3dynbTaTbl OpuamMaHa npasuibHbIMU U NPOSNBAIOLWMMUK HOBbIW CBET.
OkasblBaeTcs, YTO YpaBHEHUA Mo AOMYCKaT HapaAy CO CTaTUUYECKMM Takxke u AuHaMuyeckue (T. e.
nepeMeHHble OTHOCUTESIbHO BPEMEHU) LieHTpasibHO-CUMMETPUYHbIE peLlleHns Ans CTPYKTYpbl
npocTpaHcTea”. A. DUHWTENH B AaNbHENLWEM BCeraa nogyepkmBasn BaxHoOCTb pabot A. ®puamaHa B
CO34aHnNKN CoOBpeMeHHoMn KocMonormn. B 1931 rogy oH nucan: “lepBbIM... Ha 3TOT NyTb BCTYNUA
Opuaman”.

OTKPbITUE PACLUMPEHUSA BCENTIEHHOMN

[anekue 3Be3[1Hble CUCTEMbI — FaNakKTUKN U UX CKOMNEHUS — ABNAOTCA HaN60/bLUIMMN U3BECTHbLIMU
acTpoHOMaM CTPYKTYPHbIMU eaAnHULaMm BeceneHHo. OHM HabnoaalTCs C OFPOMHbIX PACCTOSAHUIN U
MMEHHO U3yUYeHMe UX ABUXEHUN NOCNYXMS0 HabntoaaTebHOM OCHOBOW MCCNeaoBaHNS KUHEMATUKMU
BceneHHol. NMMOHEPOM N3MEPEHUNS JTyUYEBbIX CKOPOCTEN Y ranakTuk 6bin1 B Havasie Hallero Beka
amepuKkaHckuii actpodusnk R. Cnandep. B To Bpems elle He 6blIM N3BECTHbI PacCTOSAHUSA A0 FranakTuK
M BENUCb 0XXECTOYEHHbIE CNOPbI, HAXOAATCS M OHU BHYTPWU Hallel 3Be34HOM cucTeMbl — ManakTuku —
WNn paneko 3a ee npeaenamun. B. Cnandep obHapyxun, 4to 60/bWMHCTBO ranaktuk (36 mns
M3MEpPEHHbIX UM 41) yaanseTcs U CKOpoCTb yaaneHuUs A0XOANT NoYTU A0 ABYX TbiCSY KM/TOMETPOB B
cekyHay. Mpubnmxanucb K BaM TONIbKO HECKONbKO ranakTuk. Kak BbISCHUNOCh no3xe. ConHue
OBUXXETCS BOKPYT LIeHTpa Hallel ManakTUKn co CKOpOCTbio 0KO10 250 KMIOMETPOB B CEKYHAY U
6onblasn Yactb “CKOpOCTEN NPUBAMKEHUNA" 3TUX HECKONbKNX BAMXAMLLINX rafakKTUK CBSA3aHbl MUMEHHO C
TeM, yTo CosTHLE celivac ABUXETCA K 3TUM 06beKkTaM.

UTak, ranaktukm cornacHo B. Cnanidepy yaananucb oT Hac. JInHum B nx cnektpax 6blain cMeLleHbl K
KpPacXXOMy KOHLY. DTO iB/IeHME NONy4Ymio Ha3BaHMe “KpaCHOro cMmeleHmnsa”.

B 20-e roabl 6bin MU3MEPEHbI PAaCCTOAHUA A0 ralaKTuUK.

B 1923 roay aMmepukaHCcKuii acTpoHoM 3. Xab6n oTkpbln nepsyto uedenay B 04HON 13 bamxanwmx K
HaM ranakTuk B co3se3amu AHgpomeabl. Yepes roa um 66110 OTKPLITO yxe 6onee aecatn uedens B
3TOW ranakTuke u ABaguaTb ABe uedenipl ewle B O4HOM ranakTuke B CO3Be3aAnn TpeyronbHuka.

Ledenabl 66111 OTKPbITEI M B ApYyruX ranaktukax. PacctosHus no stux uedena” a 3HauuT, 1 4o
ranakTuK, B KOTOPbIX OHWN HAaXo4ATCs, OKasanucb ropasgo 6onbwrMm, Yem pasMep Hawwen co6CTBEHHOM
Manaktnkn. Tem cambiM 6b1710 OKOHYATEIbHO YCTAHOB/IEHO, YTO rafakTMKNU — 3TO Aanekue 3Be3gHble
cucTeMbl, Noao6Hble HalLEeN.

[ns ycTaHOBNEeHMs pacCTOSAHMI A0 ranakTuK, NoMUMO Ledens, yxe B nepsbix pabotax
MCMNoMb30BasinNCb N Apyrne metoabl. Tak, OAHUM U3 TaKMX METOLOB SIBNSETCS UCMNOMb30BaHME sipYaniumnx
3Be3] B rajlaktmke Kak nHaukKaTopa pacCTossHMIN. Apyanwne 3Be3gbl, No-BUAMMOMY, NMEIOT
OLAMHaKOBYO CBETUMOCTb M B Hallen ManakTuke, N B Apyrux rafakTnkax, U no sTon “ctaH4apTHOM
cBeye” MOXHO onpeaensTb pacctosHue. Ho spyainine 3se3abl UMeoT 60/bLIYI0 CBETUMOCTD, YEM
uedenabl, MOryT 6bITb BUAHbI C 60MbLUMX PACCTOSHUN U ABNAOTCSA, TakuM ob6pa3om, 6onee MOLLHbIM
WHAWKATOPOM pPacCTOSHWIA.



CpaBHeHMe pacCTOSHMI A0 ranakTUK CO CKOPOCTAMWU uX yaaneHus (ckopoctu 6bln onpeaeneHsl ewe
B. Cnande-poM 1 gpyrmmm acCTpoHOMaMm 1 TOSIbKO MCAPABASANINCL 3a@ CUET ydeTa ABumxeHnsa ConHua B
ManakTmnke) no3sonuno 3. Xabbny yctaHoBuTb B 1929 roay 3ameyaTtefnbHyl0 3aKOHOMEPHOCTb: YEM
Janblue ranaktuka, Tem 6onblie CKOPOCTb ee yaaneHus ot Hac. OKas3anocb, YTO CylecTByeT npocras
3aBUCUMOCTb MeXAY CKOPOCTbIO yAaNleHMs ranakTukym U paccTosHMeM 40 Hee: CKOPOCTb NMpsiMO
nponopunoHanbHa paccrtosHuio. KoadpduumeHT NnponopunoHanbHOCTM Ha3biBalOT Tenepb NOCTOSHHOM
Xa66na.

CornacHo U3MEPEHUNAM 3. Xabbna ranakTnuku, Haxogauwmecsa ot Hac Ha paCcCTodaHMM OAHOIo0 MUJTUMOHA
CBETOBbIX NET, yAANAKTCA CO CKOPOCTAMU CTO CEMbAECAT KMJTIOMETPOB B CEKYHAY.

Co BpeMeHun oTKpbiTUa . Xabbna npowso 6onee 50 net. Hemamepmmo Bo3pocsia MOLWHOCTb
aCTPOHOMMYECKMX UccnenoBaHuii, n 3TM nccnenoBaHna NOATBEPANM 3akoH Xabbna — 3akoH
NpONOpPLNOHANbHOCTM CKOPOCTU YAANeHNs rasnakTuK UxX pacctosiHmio. OaHaKko okasasnoch, YTo
BE/IMUYMHA KO3 DMUMEHTaA NPONOpPLUMOHANbHOCTK 6bis1a 3. Xab6510M CMNBbHO 3aBbllLeHa.

Oeno 6b110 B TOM, YTO pPaCCTOAHUA A0 raNakKTuK 6binn onpeaeneHbl UM C owmnbkon. OHM bbinn
3aHMXEHDI pa3 B WeCTb-AeCATb. YAUBIATLCA 3TOMY HE NPUXOANTCS, VI60, KaK Mbl BUAenun, ans
onpeaeneHuna 6onbwmnx paCCTOFlHVIVI Hago I'IpOVITVI no CTyneHbkKaMm OJIVHHOW NleCTHULbI 1 oWwmnbKmn
BO3MOXHbI Ha KaxaoM CTyneHbKeE.

NaBHble NCTOYHUKM OLWNBOK 6bINKM yCcTaHOBAEHbI NuWb nocne 1950 roga, koraa Havan paboTtaTtb
KpynHenwni B To BpeMsa 5-mMeTpoBbI Teneckon obcepsatopum MayHT Manomap. B 1952 roay
amMepuKaHCcKkun actpodusnk B. Baage o6Hapyxun, 4To uedenabl TOro Tmna, KOTOpbIA MCNONb30Ban
2.Xabbn, B AeNCTBUTENbHOCTM NPMMEPHO B YeTbIpe pa3a sipye, YeM AyManu paHblue. DTO 03Ha4ano,
UYTO paccTosHMA A0 BanxKanwmnx ranakTnk, onpeaeneHHoe no uedenaam, B AeNCTBUTENBHOCTHU
npuMmepHo BABoe 6onble. Nocne A06aBOYHbLIX YTOYHEHM OKa3aa0Cb, YTO PacCToAHMA A0 6avxanwmnx
ranakTmK Hago yTpoutb. Owmnbka Ha 3TOM CTyneHbKe NecTHUUbI NoBekna 3a cobon owmnbkn n Ha
nocneayrowmx. Bce nsmepeHHble pacctosHusa n Ao bonee ganekmx ranakTuk Takxe MpuLnocb yTpouTb.

[lo ONVUCaHHOro U3MeHeHUs LWKasbl paCCTOFIHMl‘/'I Ka3anocCb, 4YTO BCE CcoCcegHNE raakKTukm 3aMeTHO
MeHblle Halwel. DTO BbIrNaaeno CTpaHHbIM. Tocne nepecMoTpa LWKanbl CTano SCHO, YTO MHOrmne
ranakTukKuy no pasMepaMm Takue XXe, Kak Halla, U gaxe 6onblie. Takon BbIBOA noakpennan
YBEPEHHOCTb B NPaBU/IbHOCTU NeEpPECMOTpPa WKasibl paCCTOﬂHVIVI.

B koHue 50-X rogoB BbISICHWIOCb, YTO €CTb CYLLECTBEHHbIE OWNMGKN N B MOCNEAYOWNX CTYNEeHbKax
NlecTHUUbI, BeayLleln B ganb BceneHHol. PaccTosiHus no 6osee ganekux ranaktuk, rae uedeunabl yxe
He BMAHbI, TOXe 6bln onpeaeneHbl Xab6nom c owmnbkon. MpuumnH 6bi10 ABe. NepBas cBs3aHa C TeEM,
yTO ANs onpeAesieHns, BUAMMOro 61ecka oYeHb cnabbix 3B€34 B APYrUX rafakTukax Hago npoBoAMTb
CpaBHeHWs Mx bnecka C M3BECTHbIMW CTaHAapTaMn. DTO OYEHb C/IOXHasa 3a4ava, M 0KasanocCb, YTo B
CTaHAapTHOW npoueaype U3MepeHunii UMetoTCsl MOrpPeLIHOCTH.

BTopas npuvumMHa HETOYHOCTEeN cocTosa B TOM, 4To 3. Xabbn owmnboyHO NpuHAn 3a spyariime 38e34bl
B AaJieKnx ranaktmkax (371 3Be34bl MCNOSb30BaaNCh UM KakK “CTaHgapTHble CBeun”) oUeHb sipkue
rasoeble o6naka MOHM30BaHHOro Bogopoaa. C Takux 60nblWNX pacCcTosiHUI 3Tn obnaka Bbirnaaenm
APKMMK TOUKamm, nogobHo 3Be34amM, UTO M Npueeno K ownbke. B pesynbTaTe WKana pacCTosAHMN A0
Aanekunx ranaktuk 6bia yBenmyeHa ewe npMMepHo B 2,2 pasa.

ECnun Mbl yuTeM BCe CKa3aHHOE, TO OKAXeTCs YTO BCE PACCTOSIHWUS A0 CaMblX AANIEKMX rafakTUK
6onblie, YeM aymMan 3. Xa66s, NpuMepHO B LIECTb-AECATb pa3. ToYHee cKkasaTb NOKa HEBO3MOXHO. Bo
CTONIbKO e pa3 oKa3aslaCcb MeHblle NoCTosiIHHas Xa66na, yeM cuntan cam 3. Xab6n. CornacHo
COBPEMEHHbIM AaHHbIM FanakTUKU Ha PAcCTOSIHUM OAHOMO MUJ/IIMOHA CBETOBbLIX fIET OT Bac yAanstoTcs
CO CKOPOCTSIMU OKOJI0 25 KUJIOMETPOB B CEKYHAY.

lMocne 3Tnx YTOHHEHMVI BEPHEMCA K NPpUHUUNNANIbHOMY 3HAYEHUIO OTKPbITUA 3. Xabbna ans Hawero
NMOHMMaHNA CTPOEHUA BceneHHol.

DTO OTKPbITUE MOKa3biBaio, YTO ranakTUKM yAANSOTCA OT HAac BO BCE CTOPOHbI U CKOPOCTb 3TOMO
yAaneHus NpsaMo NponopumMoHanbHa pacCcTosHUIO.



DTOT haKT Bbi3blBAET HEBOJIbHO YAUB/IEHME: NOYEMY UMEHHO OT Hac, OT ManakTUKK, NMPOUCXOAUT
pa3beraHuve Apyrmx ranaktuk. Heyxenu mbl HaxoauMcs B ueHTpe BceneHHOM?

Takon BbIBOA HenpaswieH. [1es0 B TOM, YTO raflakTUKM yAansTCa He TONbKO OT Hawen ManakTukm, Ho
W apyr ot gpyra. Ecnu 6bl Mbl HAXOAWNUCL B APYrOi ranakTuke, TO BUAENM 6bl TOUHO TaKyto Xe
KapTuUHY pa3beraHus, Kak U U3 Halel 3Be34HO CUCTEMDI.

YTo6bl MOHATL 3TO, NpeAcTaBMM cebe ABe raNakTUKK, yaanatolmMecs oT Hac B OAHOM HamnpaBieHuu,
npuyeM BTopas ranakTMka HaxoAUTCS OT HAc BABOE Jasblue, YeM NepBas M yaanseTcsa C BABoe
60/blUEN CKOPOCTbIO. [epeHeceMcst MbIC/IEHHO Ha 3Ty BTOPYH ranakTuky. OHa yaansieTcs oT Hallen, u
HabntoaaTento Ha Hell, KOTOpPbIi, eCTECTBEHHO, CUMTAET Ce6s1 HEMOABMXHBIM, KaXXeTcsl, UTo Halla
lanakTMka ABMXXETCS B NMPOTUBOMOSIOXKHOM HaMpaBfiEHMM C TOI Xe CKOPOCTbio. [epBas e ranaktunka,
HaxoAALlasacsa Ha NOoMANyTM MeXAy Hallell U BTOPOI rallakTUKOM, OTCTaeT OT Hee, a HabnwaaTento Ha
BTOPOW raflakTUKe KaXXeTCsl, YTO OHa yAaNfaeTcs OT HEe B Ty € CTOPOHY, UTO U Halla, HO C MeHbLluew
CKOpOCTbi0. CKa3aHHOE MOXHO MOBTOPUTL AN Nt06bIX ranakTuk.

3HaunT, C TOYKU 3peHuns HabntopnaTens B nobor ranakTnke KapTWHa BbIrNA4AUT TaK, Kak 6YD,TO
ranakTuku pa36erar0Tc;| MMEHHO OT HEro.

Mo>HO npeactaBuTb cebe elle oaHY MoAesnb A/ NOSCHEHMS CKa3aHHOro. Bo3bMeM 04HOPOAHBIN Wap U
3aTeM yBeNMUYMM ero pasmepbl, CKaxxeM, BABOe, Tak, 4Tobbl Wwap ocTtaBasacs no-npexHemy o4HOPOAHbIM.
SICHO, 4TO NpW 3TOM paccTosaHUA Mexay NbbiIMKM NapaMm TOYEK BHYTPU LWIapa TOXe yBenmyaTtcs BABOeE,
Kak 6bl Mbl 3TV TOYKWM HU BbIGUpann BHYTPpU Wapa. 3HaunT, Npu pasgysaHuun wapa, rae 6ol
HabnopaTenb HU HAXOAMNCA BHYTPU ero, oH 6yaeT BUAeTb OANHAKOBYHO KapTUHY YAaneHus oT Hero
BCEX TOYEeK BHYTpM wapa. Ecnm B3aTb WwWap HeorpaHMyeHHO 60MbLWOro pa3mepa, TO Mbl U MOyYUM
KapTWUHY, ONUCAHHYIO Bbille, He 3aBUCALLYIO OT NonoxeHunsa Habnogarens.

NTak, dpyHAaMeHTabHbIA haKT 3aK/l0UYaeTcss B TOM, UTO rajiakTMKu pasberatotca — BceneHHas
pacwmpaeTtca. 3To aBnseTcsa 6necrtalmm noaATeepXAeHMEM BbiBoAa Teopun OpuamMaHa o
HecTaunoHapHOCTM BceneHHow.

Wwnorpa 3apatoT CHELI,YFOUJMVI Bonpoc. MNycTb CKONNEHUS rafakTukK B CpeAHEM paBHOMEPHO 3arnofIHAIT

”ow

BClo BceneHHylo, Toraa cnpalumeaetcs: “kyaa”, “Bo uTo” pacwmnpsierca BceneHHan?

3TOT BOMpPOC HernpasuseH caM no cebe. BceneHHas — 370 Bce, YTO cywlecTsyeT. BHe BceneHHom
HuU4Yero HeT. lprMyeM HeT He TONbKO ranakTuK unm Kakon-nmbo Apyron Mmatepum, Ho 1 BoobLle HM4ero
— HW NPOCTPAHCTBA, HX BPEMEHWN. HeT Tol NyCTOThl, B KOTOPYK MOXHO pacwmnpsaTtbcs. Ho ans
pacwmpeHus BceneHHoM 1 He TpebyeTca HM4Yero BHe ee. NoACHUM 3TO Harns4HbIM MPUMEPOM.

MycTb nmeetcs 6eckoHeuvHas NAOCKOCTb, HA KOTOPY HaHECEHbl PAaBHOMEPHO TOYKN — raJlaKTUKW.
PacTtaHeM Tenepb 3Ty NJOCKOCTb BO BCEX HaNpaBleHUSAX paBHOMEPHO Tak, 4yTObbI pacCToaHNA Mexay
TOYKaMn yBeTMYNNIUNUCD. CI'IpaLIJVIBaETCFl, KyAa Xe pactdarmneaniacb NA0OCKOCTb? Beab oHa u Tak
npoctnpanacb 40 6eCcKOHeYHOoCTH. OueBUAHO, TaKOBbI cBoicTBa 6eCcKoOHeYHOCTH. YBenmums
6eCKOHEeYHOCTb BABOE, 6y,qu MMETb BCE TY Xe 6eCcKOHeYHOoCTb!

[aBaliTe HeHafoNro OTB/IeYEMCS OT rasiakTuk u BceneHHom um noroBopuM HEMHOIo o 6€CKOHe‘-IHOCTVI,
nbo 3TO NoHsATUE unrpaet Ba>|<He171Luy+o pPONb B HaWnX npeacraBieHnsax o BceneHHo.

BeckOHEeYHOCTb M3y4yaeTcsa MaTEMATUKON, TEM ee pa3fAesioM, KOTOPbIA Ha3biBaeTCs TEOPUEN MHOXKECTB.
BONbLWIMHCTBO U3 TEX, KTO HE 3aHMMasnCcsa 3TUM BOMNPOCOM crneunanbHo, nMeeT 0 6€CKOHEYHOCTM BeCcbMa
CMyTHOe (M HamBHoOE€) nNpeacTaBneHmne. MHTYMTUBHO KaxeTcsi, YTO 6€CKOHEYHOCTb — 3TO TO, YTO
MoJly4aeTcsl, eC/in HeEOrpaHMYeHHO NpoaoXaTb cyeT 1, 2, 3,... n T. a. 6e3 koHua. Kazanocb 6bi1, kakas
TYT ewie MoxeT 6bITb Teopust 6€CKOHEYHOro?

B pencTBuMTENbHOCTM CBOMCTBA 6€CKOHEYHOr0 BOBCE HEe ncyepnbiBaloTCA HEOrpaHNYEHHbBIM
npoaoskeHneMm cyeta. bonee Toro, 3Tn cBoncTBa 6eCcKoHeYHOo pa3H006pa3Hee n yamBuTenbHee nbbix
CBOWMCTB KOHEYHbIX Yncen n nx COBOKYI'IHOCTEI‘;I.



Mbl NO3HAaKOMUMCSI C HEKOTOPbIMU U3 HUX. HauyHeM C pacckasa, NpMnucbiBaeMOro 3HaMeHUToOMy
MaTematuky . Mnobepty.

MpeactaBuM cebe rocTMHULY C 6ECKOHEYHbIM YMCIIOM HOMEPOB, “NepeHyMepoBaHHbIX” MO NOPAAKY:
1,2,3...

Bce HoMepa 3aHATbI. [1034HO BEeYepoM npuesxaeT elle oaMH roctb. “CBO6OAHbBIX MecT HeT”, — rosopuT
eMy nopTbe. "3TO He urpaeT poau, — BCTynaeT B pa3rosop ynpasnsowmnii. — lMepecennm rocta us
HoMepa 1 B HOMep 2, roCTa U3 HoMepa 2 — B HOMep 3, rocTs U3 HoMepa 3 — B HOMep 4 U Tak Jdarnee, a
BHOBb NpuMObIBLLEr0 rocTss MOMEeCTUM B ocBoboamsLuMncs Homep 1”.

Cpeawn Houu npuesxaeT ewe 1000 rocten. “"CBo60AHBLIX MECT HET”, — roBOpUT UM NMopTbe. “HeBaxHo,
— BO3paxaeT ynpasnswowmi. Nepecenum rocta n3 Homepa 1 8 Homep 1001, rocts U3 HoMepa 2 — B
HoMep 1002 n Tak ganee, a BHOBb NpuObIBLUIMX rOCTEN NOMECTMM B ocBob6oamnBLUMECS HOMepa OT 1 Ao
1000".

He ycnenu Bce roctn pasonTuCb MO OTBEAEHHbLIM MM HOMepaM, KakK B FOCTUHMLY BBanMBaeTcs Tonna.
Ha 37ToT pa3 BHOBb NpubbLIBLLUNX 6ECKOHEYHO MHOMO, U Mbl 0603HaunM nx Al, A2, A3... "CBoboaHbIX
MecT HeT”, — roBopuT nopTtbe. “"HMuero cTpallHOro, — BCE TakK Xe CMOKOEH yNpaBAsOWNn. —
Mepecenum rocta U3 Homepa 1 B HoOMep 2, rocTta U3 Homepa 2 — B HoOMep 4, rocTs U3 Homepa 3 — B
HOMep 6 1 BoobLe KaX4oro rocTs 13 nocseayoLero HoMepa nonpocuM nepeexaTtb B HOMep C BABOe
6onbwunM umncnom. Toraa rocten Al, A2, A3... Mbl CMOXEM MocennTb B Homepax 1, 3, 5,...".

B 3TOM ncropuun HarnagHoO nokasaHo, YTo B 6€CKOHEYHOCTM YacTb MOXeT 6biTb paBHa LENoMy.
JenctButenbHo, 3anmwemM 6eckoHevYHoe YNCI0 YeTHbIX HOMEpPOB B Buae 6eckoHe4YHoro psaa, a noa
3TMM psSiAOM HanuweMm HoMepa rocten 1, 2, 3...

2,4,6,8,...1,2,3,4, ..

KaxaoMy YeTHOMY UYMC/y COOTBETCTBYET OAMH HOMEpP roCTA U HAa060pOT. 3HAUUT, YMCIO YETHbIX UMCEN
paBHO UWUCAY BCEX YMCEN HaTypasbHOro psaa. Ha nmepsblit B3rnsa 3T0 NPOTUBOPEUUT HaWEN UHTYULNUN,
Befb YeTHbIE YMCNa COCTABAAIT NNLLbL MNONOBUHY BCEX UMCEN. DTO AEUCTBUTENLHO Tak Ans No6ol
KOHEYHOM COBOKYMHOCTU uncen. Ho koraa Mbl NepexoiMM K 6€CKOHEUHOCTM, BCE MEHSAETCSA M YacTb
MOXET PaBHATLCS LIE/IOMY, B YeM Mbl HarnaaHo y6eannuncb, CpaBHUBAs HanuWcaHHbIE Bbille ABa psaa.

O noAobHbIX XXe CBONCTBaX roBOPST U Apyrue npuMepsbl, NpuBeAeHHble B WYTANBON nctopum .
MnbbepTa.

M3 nprBeAeHHbIX Bbille MPUMEPOB MOXET MOKa3aTbCs, YTO BCe 6ECKOHEUYHOCTHN, TaK CKasaTh,
OAMHAKOBbI, TO €CTb YTO JIl060€ 6€CKOHEYHOE MHOXECTBO 3/1IEMEHTOB MOXHO NepecymMTaTh C NOMOLLbIO
6€CKOHEUHOro psaa HaTypasbHbIX YMCEN, KaK Mbl 3TO CAENANN C YETHLIMU YUCNAMU.

Ho 210 He Tak!

3HaMeHUTbIN MaTeMaTuK I, KaHTop B NpoL/OM BeKe AoKa3as, UTO YNC0 TOYEK Ha OTpe3ske ﬂpﬂMOVI
CcoCUMTaTb HUKAKUM CrocoboM Henb3s. VX Henb3s nepeHymepoBaTtb C NOMOLbKO 6eckoHevHoro pana
HaTypasbHbIX YXUCEN, NpUnNncCbliBas KaXXAoM TouKe CBOM HOMEP, B KakoM 6bl nopsaake Mbl HA BbI6MpaﬂVI
3TW TO4UKK. Bcerga octaHeTcsl xoTa 6bl 04Ha TOYKa, Ha KOTOPYI He XBaTtuT HoMepa!

lMOHATb 3TO He Tak yX CNoXHo. B camom gene, npeacrasum cebe, YTO Mbl B351M OTPE30K €ANHUYHOMN
OJTINHBI U NOJTIOXEHME KaXA0M TOUKM XapaKTeEpPU3yeM pacCTOSHUEM e€e OT JIEBOr0 KOHLA, MPUHATOroO 3a
HOMb. DTN paccTosiHMS byaem 3anucbiBaTb B BUAE AECATUYHON Apobu. TouHee, NOSTIOXEHNE KaXa0om
TOUKM 3anucbiBaeTcsi, Booblie rosops, B Buae 6€CKoHe4YHOM AeCATUYHOM Apobun, y KOTOpOK nocne
3anaTon nmeeTcs 6€CKOHeYUHbI paa AeCATUYHbIX 3HaKoB. KOHEYHO, B UCKIIOYMTENbHbBIX CllyYasx Bce
3HaKW Ha4YMHas C HEKOTOPOro MOryT OKa3aTbCs HYSMW.



MpeacTaBuM Aanee, UTO BOMPEKW HALLEMY YTBEPXAEHUIO KOMY-TO Y/AanoCb NepeHyMepoBaTb TOUKMU
3Toro oTpeska. Toraa Mbl BbiMUWEM AECATUYHbIE APO6U, XapaKTEPU3YIOLLNE MONOXEHUS STUX TOYEK Ha
oTpeske, B NopsiKe UX HOMEpPOB B BMAe Tabnuubl. B nepBoii cTpouke 3anuweM 6eCKOHEUYHYO Apobb
AN NOMOXEHUA TOYKKN, MONYUYMBLLEN NEPBbLIA HOMEP, BO BTOPOI CTpoUke 6ecKoHeYHyo Apobb Ans
TOYKM, MOSYYMBLLEN BTOPOM HOMEp U T. 4. Hawa Tabnuua MOXeT BbIrMaAeTb, HanpuMep, Tak:

0,32869700833....
0,91967138452....

0,00063700114.....

MokaxeM, uyTo 06a3aTesIbHO eCcTb To4YKa OTpe3Ka, He Boweawas B 3TOT CNUCOK, U, cneaoBaTesibHO,
CNNCOK HEMNOMOH.

[ns Toro ytobbl 3anMcaTb AeCATUYHYIO AP06b, XapaKTepU3YyOLWYto NOI0XEHNE 3TOM TOYKM Ha OTpe3Ke,
NOCTYNMM cneayowmm obpa3oM. 3anunwiemM nepebiM 3HAKOM NOC/E, 3aNsTol B AECATUYHOM ApobHu,
nobyto undpy, oTaM4yalroLLyrCcs OT NepBOV UM@PbI Nocne 3ansaTon B NepBON CTPOYKE Hawen Tabnuubl
(To ecTb B HaweM npuMmepe He 3, a, ckaxeMm, 5). Bropyto umdpy B Hawen agpobu 3anmwem nobyro, HO
OT/IMYaOLYOCS OT BTOPOM UM@PblI BO BTOPOWN CTpouke Tabnuubl (B HalweM, npuMepe He 1); un Tak
panee, byaeM noctynatb 40 6€CKOHEYHOCTU., ICHO, YTO, Mbl NOJIy4YMM APO6b, KOTOPOI HET B HaLLEM
cnucke. [eNcTBUTENbHO, OHa He, COBMaAaeT C NepBOI CTPOYKOM, Tak Kak 3aBeaoMO OT/IMYaeTcs,
nepsasl uMdpa nocse 3anaToi, He coBnagaeT co BTOPOM CTPOUKOM, TaK Kak 3aBeAoMO OT/IMYaETCs
BTOpas umdpa nocne 3ansaTon m T. 4.

Touka, pacCTosiHMe KOTOPOW 3anncaHo 3Tol Apobblo”, nponylieHa B HaweM 6eCKoOHeYHOM Crucke u,
3Ha4yunUT, HE MMEET HOMEDPa.

Kaszanocb 6bl, MOXXHO HayaTb HYMepoBaTb C 3TOM TOUKM, a YXX MNOTOM AaBaTb HOMEpPA BCEM OCTasIbHbIM.
Kak WyTnuBo 3aMeyaeT roafaHackuii matematuk . ®pengeHTanb, MMEHHO TakK MOCTYMWU YesloBek,
nobueLliniics 06 3aknag cbectb 20 kapTodenuH. CbeB 19 M3 HUX M .UyBCTBYS C.ebs He .B cuax
NpornoTUTb NOCNEAHIO KapTodennHy, 3TOT YesIOBEK CO B3A0XOM 3aMeTun: “C Hee-TO MHe 1
cnepoBasno 6bl HauaTb”.

PasyMeeTcsl, eci HayaTb HYMepoBaTb C TOJIbKO UYTO yKa3aHol TOUKM, ocTaBlleica 6e3 HoMepa, TO TeM
e CrocoboM MOXHO HaWTK APYryto TOUKY, OCTaBluylocs 6e3 HoMepa BpM HOBOM cnocobe HyMepaLuu.

HaBepHoe, untaTenb HECKOJIbKO, yCTan OT HEO6XOANMOCTU CneanTb 3a HEObblYHbIM MOCTPOEHUEM, HO
YK O4YEHb OHO BaXHO, MU XOTESIOCb ero NpmMBecTn AJs Toro, Ytobbl AaTb XOTb HEMHOIO NMOYyBCTBOBAThb,
HaCKOJIbKO Heobbl4YHbIe CBOMCTBA Mbl BCTpeYaeM B LLapCcTBe 6€CKOHEYHOCTH.

WTak, Touek Ha eAMHNYHOM OTpe3ke I'IpFlMOVI 3aBegoMo 60ﬂbLLle, yeM 6ecKoHeYHbIX Ymcen
HaTypasibHOro paga. MateMaTuKun roBops4T, 4YTo 6eCKOHEeYHOCTb TOYEK Ha oTpe3kKe ﬂpﬂMOVI 6onee
MOLWHasA, 4Yem 6eCKOHEeYHOCTb uncen HaTypaJZibHOro psaaa.

3HauuT, 6eCKOHEeYHOCTN He BCe OAMHAKOBbIE. CPEAM HMX ecTb 6onee MOLWHbIE, TO €CTb 6onee 6oraTbie
2/1IEMEHTAMN, N MEHEE MOLLHbIE.

Kazanocb 6bl, KOIMYECTBO TOYEK Ha BCEN NMPSAMONM 3aBefoMo 6onblie, YeM KOIMYECTBO TOYEK Ha
eOMHWYHOM oTpe3ke. Beab 0Tpe3ok — yacTb NpsiMOM. HO Mbl y)Xe OCTOPOXHbI M MOMHWUM, YTO B LLApCTBe
6eCcKOHeYHOCTN Te3nc “yacTb MeHblle Lenoro” He paboTtaeT. U aelicTBUTENbHO, MOLLHOCTHU
6E€CKOHEYHOr0 YMcna To4eK NPsSIMOM M OTpe3ka OANHAKOBbI. ITO OANMHAKOBbIE 6eCKOHeYHOCTH!

Bonee TOrO, 6eCKOHEeYHOCTb UYMc/la TOYEK Ha BCEWM NJIOCKOCTM M faxe BO BCEM TPEXMEPHOM
NMPpOCTpaHCTBE TOW Xxe MOLWHOCTU, YTO N Ha OTpE3KE I'IpﬂMOVI. Bce 370 oanHakoBble H€CKOHEYHOCT!.
MoXeT BO3HWKHYTb NoA03peHNE, UTO pa3 MHOXECTBO TOUYEK BCEro 6ecKkoHevHoro NPOCTpaHCTBa He



6onblle MHOXEeCTBa TOYEK OTpe3Ka, TO BoobLle He cywecTByeT 6€CKOHEYHOro MHOXECTBa eue bonee
MoLHoro. W ata 6eckoHeYHOCTb Hambonbluas.

Ho 370 He Tak. MaTeMaTuMKM yMelT CTPOUTb MHOXeCTBa Bce bonee n 6onee MOLHbIE, TO €CTb CTPOUTL
BCce 60nbline n 6onbline 6eckoHeyHOCTU. HeT Hanbonblien 6€CKOHEUYHOCTU, 3TOT psa TOXe
6eckoHeyeH.

OcTtaHoBuMcH, no>|<any17|, B CaMOM Ha4ajie Hawero nyTtm B Mup 6eckoHeuHoCTEN. MyTewecTBne B HeM,
BO3MOXHO, N HE MEHEE YyBJIEKATE/IbHO, YEM NyTEWECTBNE B MUPE YEPHbIX AbIPp WX B AanaX BcenenHon,
HO 3TO BCeE XXe& A0opora B APYroM HanpaB/1€HUN YenoBEYECKNX 3HaHWN.

BepHeMcs K pacwmnpeHuto BceneHHow. MNocne BCero Cka3aHHOMO Hac yXe He yAMBASIET, YTO
6eckoHeyHast BceneHHas MOXeT 6€CKOHEYHO paclIMpSTbLCS U ANa 3TOro He TpebyeTcst Yero-To BHe
BceneHHol, yero-To “NOTYCTOPOHHEro”.

Mono6bHo ToMy Kak B nctopun MNinbbeprta 6€CKOHEYHOE YMCI0 NOCTOAbLEB MOXHO 6b110 BCEX
nepecenuTb TO/IbKO B YETHbIE HOMEpa, YBEIMYNB TEM CaMbiM BABOE PACCTOSIHME MEXAY HUMK, TaK 1 BO
BceneHHOM MOXHO YBEMNYNTb, CKaXeM, BABOE PacCTOSIHME MexXxAy rasakTmkamu, octaBasiCb BCe B TOM
xe 6eckoHeuHol BceneHHoM.

Ho BO3HMKaeT ele 0AMH BaXKHeNLWni BOMpoc: noyemy BceneHHas MMeHHO pacwumpsaeTtca? Yto npuaano
ranakTmkam ckopocTb? Elle pa3 HanoMHUM, 4YTO TEOPUSA TAFOTEHUSA HE OTBEYaeT Ha 3TOT BOMpocC.
FanakTnkn cenvac ABUXYTCA NO MHEPUUN, N NX CKOPOCTb TOPMO3UTCA TAFOTEHNEM.

K 3TOMy BOMpOCY, O MpUUMHAX, MPUBEALINX K pacluMpeHnto BceneHHoM, Mbl BEpHEMCS B MoC/eaHel
rnase.

HakoHeu, elle ogHO 3aMedaHue. MIHOoraa NpuMxoAMTCS CNbllWaTh YTBEPXAEHUE, YTO BCeACTBUE
paclmnpeHuns BceneHHON pacCluMpsieTCs BCe Ha CBETE: He TOMbKO ranakTuku pasberarTcs, HO U camu
rasakTMKN paclMpsIiOTCS, paclIMpSAOTCS OTAENbHbIE 3Be34bl, Hawa 3emnsa — Boobuwe Bce Tena. 370,
KOHe4YHO, HeBepHO. PasberaHune ranakTnk BoobLle HMKaK He BUSIET Ha OTAEeNbHble Tena. Kak B
pasneTatowlemcs obnake rasa OTAe/bHble MOIEKYJIbl HE PACLUMPSIIOTCS, TOYHO TaK Xe U B
pacwmpsolenca BceneHHOM rpaBUTaLlMOHHO CBSA3aHHbIE TeNa — rasakTuku, 3Be3abl. 3eMns — He
noABepXeHbl KOCMOJIOMMYECKOMY paclUMpeHuto. PasymeeTcsl, OHU MOTyT U paclIMpsATbCS U CKUMaTbCS,
HO 3TO BbI3bIBAETCA BHYTPEHHUMU MPUUYNHAMU — NPOLIECCaMM, KOTOPbIE MPOUCXOAAT BHYTPU 3TUX TeN.

PACLUNPAETCA NIN BCEJIEHHASA?

BbiBOA O pacluMpeHnn BceneHHoW aaneko He cpasy nonydun Bceobliee npusHaHUe. YK oYeHb
rpaHAmMo3sHa caMa uaesi 3B0OILUNKM BCEro OKpyXKatowero mupa. M aTa naea seaet KO MHOMUM
YANBUTESbHBIM U AANEKO UAYLMM C/IeACTBUSIM, HanpuMep, YTo B AAsIEKOM MpPOLUSIOM, KOr4a Ha4vyanoch
pacwmpeHune. BceneHHas 6bis1a He NOX0Xa Ha cerogHsALWHOK. Kak oTMeueHo B Hayasne rnasbl, Takas
nzes Bbi3blBasia MHOIO BO3PaXeHWn, 0T4aCTN B CUTY MHEPTHOCTM YeN0BEYECKOro MbIl/IEHUS, OTHaCTH
B CUNY NpeaB3sATbIX ncesaodunocodckmx coobpaxenunin. Kasanocb, ropasao nNpyBbiYHEE U CNOKOMHee
npeacTaBieHne O HE3BOJIIOUMOHMPYOLWEN, CTaunoHapHol BceneHHol. Bce 3To nopoamno
MHOMOYMCNEHHbIE MOMNbITKN AaTb Kakoe-TO MHoe 06bsacHeHMe HabngaeMoMy “KpaCHOMY CMeLleHun” B
cnekTpax faneknx ranaktmk, otnnyHoe OT ob6bsacHeHmn ero acddekTom onnepa. Toraa MoXxHo 6b110
6bl cuMTaTh rasiakTUKN He yaansiwmMMncs Apyr ot agpyra, a BceneHHyo He pacwmpsiowencs.

OueHb XOpOoLIO 3TO YMOHACTpOeHMe OoTpaXKeHo B Nnamdnete “3apaBbii CMbICa 1 BceneHHas” kaHaackoro
nucaTena-tMopucTa U yyeHoro-akoHomucrta C. JImkoka.

"B TeyeHWe nocneaHux neT, ToyHee Co AHS 06bHapoAoBaHWMSA 3TOM YXKaCHOM rmnoTesbl (0 pacMpeHnu
BceneHHol. — M. H.}... Mbl, KTO KaK MOI, NbITaJIMCb XWTb B 3TOM pacwmpstolenca BceneHHol, kaxaas
4YacTb KOTOPOW C KOLIMAPHOM CKOPOCTbIO yNieTaeT OT BCEX OCTa/IbHbIX YacTen! 3To HaNOMMHaeT HaM



TOro oTyasBLerocs BAH6AEHHOro, KOTOPbI BCKOYM Ha KOHSA M Mockakasn, Kak 6e3yMHbIl, B pa3HbIX
HanpasneHusax. Naes 6bina BennyecTBeHHas, HO co3haBana Kakoe-To owyuleHne Heygobcrea”.

MonbITkKM “OTCTOATL” CTauMOHAPHOCTL BceneHHOM MHOrga BCTpeyaloTcsa U A0 cuX nop. YTo xe umeer
MecCTO B AeNACTBUTENbHOCTM? HeT JIn Kakoro-1o pmM3anyeckoro npoLecca, He CBA3aHHOro ¢ pasberaHnem
rafakTUK, HO TaKXe BbI3blBaLEro NOKpacHeEHNEe KBaHTOB cBeTa — (DOTOHOB?

B npuvHUuMne Takne MexaHu3Mbl CYLEeCTBYIOT. YT106bI KBAHT KpacCHen, OH AO0J/1KEH OTAaBaTb SHEPTUIO.
DTO MOXET NPOUCXOANTb, KOrAa KBaHT, ANUTENbHO NyTeWeCcTBYS B- KOCMOCE, CTaJIKUBAeTCs C
SIEKTPOHAMU MeXX3Be34HoMN cpenbl, a B HEKOTOPbIX BaphaHTax rmnoTe3dbl — CTAJIKUBAETCA C APYTMMU
d)OTOHaMVI B MeXranaktmyeckom' npocTpaHcTBe. Bo Bcex noaobHbIX rMnoTesax, CbOTOH npu
B3aMMOAENCTBUMN TepsieT He TOJIbKO 3HEPruio, HO U U3MEHSET HarpaBJ/iEHUE CBOEro ABMXKEHUSA. 3HAUUT,
NOCTENEHHO KBAHTbI CBETA, AE€TALMNE OT raJlakKTukKm TO4YHO Ha Hac, npmo6peTar0T ABUMXKEHNE No
pacxogsdawmnMca TpaeKTopusamMm. V|306pa)KeHVIF| AaNeKnx ranaktnuk A0JHKHbl CTAHOBUTBCA Pa3MblITbIMU,
HEYETKUMMU.

Hwnuero nogo6bHoro He HabnogaeTcs. YXe no 3Toi npuymnHe 3ToT apdeKT He MOXeT 06bACHUTb
“KpacHoe cMelleHune ”. HeT HagobHOCTN roBOpUTb, YTO NpuK aToM noTpeboBanack 6bl haHTacTuYeckas
NAOTHOCTb MeXranakTUYeckon cpeabl, NOSIBUINCL 6bl Apyrue Habnoaaemble 3hdeKTbI.

B kauecTBe Apyroi) MbIC/IMMOro MeXaHU3Ma NokKpacHeHns HOTOHOB npeanaranu rmnoTeTuHecKni
npoLecc NoCcTeneHHOro pacnaga GOTOHOB C UCMYCKaHMEM Kaknx-To 4Yactuu,. CoBeTckmin pusnk M.
BpoHwTelH ewe B 30-e rogbl Nokasan, 4To ecnm 6bl Takon npouecc 1 cylectsosasn (NOTOM
BbISICHMNOCB, YTO ero HeT), TO BEpPOATHOCTb pacnaga ¢doToHa 6bina 66l 06paTHO NponopuMoHanbHa
yactoTe. 3HauuT, YeM b6onblle AnrMHa BOJIHbI POTOHA, TeM BbicTpee OH AonxkeH “KpacHeTb”. KBaHTbI
paAanoBOIH AOMKHbI 6bl KpacHeTb H6bICTpee KBAaHTOB BUAMMOIO cBeTa. TakuM obpa3oMm, KpacHoe
CMeLleHne CneKTpasbHbIX IMHWUA B paguMocnekTpax ranaktnk 6biio 6ol 6onblie, yem B BUANMMOWN
obnactu cnekTpa. B 60-x rogax 6binn npoBeAeHbl TOYHbIE HABAKAEHNS CMELLEHUS PaaVUONINHUK C
ONIMHOM BOMHbI 21 CaHTUMETP. 3Ta NIMHUA XOPOoLWO BUAHa B paAnocneKkTpax X0J104HOr0 Mex3Be34Horo
rasa BO MHOMMX APYrux ranakTukax.

Y Bcex 30 ranakTuk, Ass KOTOpbIX MPOBOAUINCH Ha6)'II-OD,EHVIf-I, KpaCHoe CcMelleHne B pagnoanana3soHe
OKa3anoCb TOYHO TAaKMM Xe, KaK Ansd BOJIH CBETa, BUAMMOIO rnasomMm.

CnepoBaTtenbHO, NpeanooXeHne 0 NOKPACHEHUN KBAHTOB NO MPUYUHE UX CTapeHUs NMOTHOCTbIO
oTnagaeTt.

EAVHCTBEHHBIM BO3MOXHbIM 06bSACHEHMEM KOCMOIOMMYECKOro KpacHOro cMelleHuns sasnsetcs acddekT
Jonnepa, BbiI3BaHHbIN paclumpeHneM BceneHHON.

MoauyepkHeM 34ech elle pas, YTO HECTaUMOHAPHOCTb BceneHHol 6bina npeackasaHa TeopeTnyeckn oo
€€ 3KCNnepmMMeHTaJIbHOIro 06Hapy>KEHMF|, N OTKPbITUE KPAaCHOro cMeweHna To1bKO noaATeBepAnNSIO 3TO
npeackasaHue. YanBnatbCa HALO HECYLLEeCTBOBAHMIO KPAaCHOMo CMEeLEeHNs U pacluUpeHnio BceneHHoM
(HECTaLI,MOHapHOCTb €e eCTb npgamoe cneacrsme CPYH,CI,aMEHTaﬂbeIX 3aKOHOB d)M3MKM), a
nopa3MTean017| XNBYYECTN KOHCEPBATUBHbIX B3rNs408B.

Ecnun 6bl HabnogeHns nokasanm OTCYTCTBUE CUCTEMATUYECKOIO CMeLEHNA NIVHWI B cnekTpax
ranakTukK, TO €CTb OTCYTCTBUNE HECTALMOHAPHOCTU BCEHEHHOVI, TO 3TO O3Ha4asno 6b|, UYTO 3aKOHbI
TAFOTEHUNA HY>XXAAKTCA B YTOYHEHUUN, UTO KaKadaA-TO HEM3BECTHAA yHUBEpPCasibHaaA Cula BO BceneHHol
MeLlaeT TAroTeHuo caenaTtb BceneHHyto HeCTaLLMOHapHOVI.

J1Io60MnbITHO, YTO Ha CaMo¥ 3ape COBPEMEHHOV KOCMO/10rum, elye 4o A. @puamaHa v 3. Xabbna,
ronbITKa BBEAEHNSI TAKOUM HOBOM CuJibl bbis1a caenaHa A. DUHLWTENHOM. O6 3TOM paccka3bIBaeTcsl B
cneayroulen rinase. Ham octaercsi T0/1bKO 406aBUTb, HTO HEKOTOPbIE COBPEMEHHbIE acTpOPdU3NKu
YKa3blBarT Ha BO3MOXXKHOCTb HaJindyns y OTAE€J/IbHbIX KBa3a-poB M raJlaktnk Hapsagy € KOCMOJIOTMHYECKUM
KpaeBbIM CMEeLEHNEM, BbI3BaHHbIM paclunpeHnem BcesneHHo, elje 06aBOYHOro KpacHoro CMeLLeHus,
BbI3BAHHOIO APYruMy MpUYNHaMu, Haripumep, CU/ibHbIM rpaBUTaLNOHHbLIM OJ1EM UIN [iaxe
HeU3BeCTHbIMU elye rnpoyeccamu. B npuHunne Takne siBJieHusi, KOHEYHO, BO3MOXHbI. OfHaKo aBTopy



KaxkeTcsi, 4To HabsiroaeHuns, rNnpuBoOANMBbIE B MOAAEPXKKY 3TUX UAEN, HE UMEIOT AOKA3aTe/bHOU CUJIbI U
MOryT 6bITb O6BSICHEHbBI €CTECTBEHHbLIM 1yTEM.

rMABA 2. MEXAHUKA BCEJIEHHOW BCEJIEHHAS B NMPOLUJIOM

®aKT pacwmpeHunsa BceneHHol 03HaYaeT To, YTO B MPOLLSIOM OHa 6blfla COBCEM HE NMOX0Xa Ha To, UTO
Mbl BUAWM CEeroaHs. Pas ranakTuKu yaansaoTcs Apyr oT Apyra, TO B NMPOLWWIOM OHWU A0SKHbI 6blaAn
NpaKTUYECKM COMpUKacaTbCsl, a elle paHbliue He 6bl/10 OTAENbHbIX ranakTuk. MNoaenms paccTosiHue
MeXAy ranakTMKaMu Ha CKOPOCTb UX yAasieHUsl, Nosy4yaeM BpeMs, NpoLllejllee C Havana pacluMpeHms.
Mbl. FOBOPUWAM, YTO rafiakTUKKU Ha PacCTOSAHUN MUINIMOHA CBETOBbIX neT (10!° KnnoMeTpoB) yaanawoTcs
CO CKOPOCTbIO OKOJO 25 KUTIOMETPOB B ceKyHAy. lNocne AefneHunsa nepeBoro Yncna Ha BTopoe nosyyvyaem
13 munnunapaos neT. Tak Kak Ansa BaBoe 6onee ganeknx raaakTuK U CKOPOCTb yAaseHusl B4Boe
60/blUe, TO U AN HUX MOCNEe AENEeHUs Mbl MOJTYYUM TO XE CaMoe UNUCIIO.

3Ha'-II/IT, BCe raJlaktTukm Ha4asim pasnertatbCs 13 MUnnnapaoB NeT Ha3aa. Mbl NMOMHWMM, OAHAKO, YTO B

onpeaeneHnn pacCtoaHnsa Ao raJlaktnk MoryTt 6bITb HEKOTOpble ownbku. |_|03TOMy B OLEHKEe BpEMEHMU,
npowejwero ¢ Havyana paclnpeHns, ToXKe eCTb HeEKOTopas HeonpeaeneHHOCTb. MOXHO cKka3aTb, YTo

3Ta 3n0xa OTCTOMT OT Hac B npowsomM Ha 10—20 munnmapnos ner.

B pacyeTax Mbl NpUHUMaNN, 4YTo ranakTukm ABUXXYTCA C MOCTOAHHBIMU CKOPOCTAMMU. B
OEeNCTBUTENbHOCTH CKOPOCTb paClUMpeEHNSA TOPMO3UTCA TATOTEHUNEM. OaHako Y4YeT 3TOoro obcTosaTenncTBa
Mano MeHdeT Yncna, npnBeaeHHbIE BblLUE.

MHTepecHO conocTaBUTb HAaNAEHHOE HaMUK BpeMs, NpoLlelwee C Havyasla pacllMpeHmns, C BO3pPacToM
oTAeNbHbIX 06beKTOB BO BceneHHon. Hanpmumep, BO3pacT Tak Ha3blBAaEMbIX LIAPOBbIX 3BE34HbIX
ckonneHni B Nanaktuke oueHnBaeTcs B 10—14 munnmapaos net. Bospact Hawel 3emnm n ConHua
okono 5 mmnnmnapaos nert.

Mbl BUAUM, UTO U BO3pacCT Hallen niaHeTbl 1, no-enanMmomy, Bo3pacrt CKOMJEeHWNI 3Be34 NNLb
HEMHOINNMM MeHbLUEe BpEMEHU, Npowealero ¢ Ha4asia paCllnpeHuns BceneHHo.

UTak, B npownom, 10—20 MunnmapaoB net Haszazg, B61M3M MOMEHTa Havasna pacClMpeHuns NIOTHOCTb
BewecTea Bo BceneHHom 6bin1a, ropasao 6onbuwe cerogHawHen. OTaenbHble rafakTUKn, OTAENbHbIE
3Be34bl N T. 4. HE MOIM CYLEeCTBOBaTb Kak M30/IMpOBaHHbIe Tena. Bcs maTepus Haxogmnach B
COCTOSIHMW HEeMNpepbIBHO pacnpeaeneHHoro 04HOPOAHOro BelecTsa. /b No3xe, B Xo4€ paclunpeHuns,
OHO pacnasiocb Ha OTAeNbHble KOMKW, YTO NpMBEO K 06pa3oBaHMio OTAeNbHbIX HebecHbIx Ten. K aTomy
BOMPOCY MbI eLle BEPHEMCS.

Cpasy xe BO3HUKaeT uenbin pPAan Apyrnx BonNpocoB: HACKOJZIbKO AOCTOBEPEH BbIBOA O Ha4yane
paclmpeHund, o CoOCToaHUN OFpOMHOVI NAOTHOCTWM BCEro BeWwecTBa (KaK roBopAT, O CUHIYNApHOM
COCTOHHVIVI), KaKune npoueccbl npoTeKkasin B 3TOM CBEPXNJIOTHOM BeLWECTBE, YTO 3aCTaBU/10 BELWECTBO
BceneHHol paclwWmnpaTbCAa, HAKOHEL, 4TO 6bIn0 o Havana paclimpeHnda, 40 MOMEHTA CMHFynﬂpHOCTM?!

PasymeeTcs, BCe 3TO 4Ype3BblYaliHO BaXXHO U MHTEPECHO, U Mbl MO MEpe N3/10XXeHUS pasbepem aTu
npob6nemeil.

rPABUTALINA NYCTOTbI

Hauano ncropumn Haquoﬁ naen o rpaentTaumm nycroTbl, Win, Ha COBpeMeéHHOM Hay4YHOM 4A3blKe, —
BaKyyMa, KOTOPYK Mbl U3/TOXNM B 3TOM naparpad)e, CBA3aHO BCE C TEM Xe KOHd)J'IVIKTOM mMexay
Tpa,CI,VILI,VIOHHOﬁ Bepoﬁ B HEM3MEHHOCTb BceneHHOM 1 ee HECTAaUMOHApPHOCTbIO, HEYMOJIMMO BblTEKatoLen
N3 TEOPUUN TATOTEHUA.



3aKOH BCEMUPHOIrO TArOTEHUS raacuT, 4YTo fobble MaTepunanbHble Tena NpUTarMBatoT Apyr gpyra. A
rpaBUTUPYET 1M BaKyyM? DTOT BOMNPOC B COBPEMEHHOWN um3mke 6bin NocTaBneH A. DUHIWITENHOM eLle B
1917 rogy. YTo Takoe rpaBmTaumns Bakyyma? lodyemy BO3HUK Takon Bornpoc? Kakue gaHHble
Pn3MYeCcKnx 3KCNepuMeHTOB MW acCTPOHOMUYECKMX HabnaeHni 3actaBuam ero NnocTaBuTb 3Ty
npobnemy? OkasbiBaeTcsl, HUKAKNX NPSMbIX AaHHbIX He 6bl10, @ TOYHEee roBOpS, UMEHHO OTCYTCTBMUE B
TY HOPY A@HHbIX O ABMXXEHWM ranakTuk npmeeno A. DHLWTENHA K MbICIM O rpaBuTaumMn BakyymMa.

[eno obcTtosno cneayrowmM obpasom. Bckope nocne cosgaHms obien Teopmn OTHOCUTENBHOCTU OH
nonbITancs NOCTPOUTb Ha €e OCHOBE MaTeMaTUYECKY MoAdeNb BceneHHol. 3To nponcxoanno Ao pabor
A. ®puamaHa, A0 OTKpbITMS O. Xab6/0M KpaCHOro CMeLLeHNs B CNeKTpax ranaktvk, U UM Bragena naes
CTALMOHAPHOCTU, HEU3MEHHOCTN MUPaA:

“Hebeca onsarca oT BEYHOCTM K BeYHOCTU”. OA4HAKO Mbl BUAEMN, YTO 3aKOH TArOTEHUS TpebyeT
HecTauupHapHoCcTU BceneHHoii.

YT106bl YPaBHOBECUTb CUJbl TATOTEHUA M CAENaTb MUP CTaUMOHapPHbIM, Ha40 BBECTU CUJbI
OTTa/IKMBAHWS, HE 3aBUCSLLME OT BELLecTBa. Mcxoas U3 Taknx coobpaxeHunin, A. DNHLITENH BBEN
KOCMMYUECKYIO CUY OTTalIKMBaHUA, KOTOpas Aenana MUp CTauMoHapHbIM. YckopeHue” KoTopoe
KOCMMYECKasa Cu/a OTTasIKMBaHUSA AO/HKHA COOBLWUTL TenaM, YHUBEPCasibHO, OHO HE 3aBMCUT OT Macc
TeN, a TO/IbKO OT PacCTOAHUSA, UX pasaensaioLLero.

A. DAHWTENH noKasan, YTo cuia OTTaJIKMBaHMSA AO/HKHA 6biTb MPONOPUMOHAsibHa PacCTOSHUIO, Mevyoay
Tenamm. KoaddunumeHT NnponopumMoHasbHOCTM Ha3biBalOT KOCMOIOMMYECKOM MOCTOSAHHOM.YTO6bI
BMEeXrasnakTU4yeCcKmMX NpoCcTopax ypaBHOBECUTb CUTY TATOTEHUS OBbIYHOW MaTepUn cunaMm
OTTaJIKMBaHMS, KOCMOOrMyeckas nocTtosiHHas AosmkHa 6bl 6bITb O4eHb Mana.

Mbl No3)ke 0CTaHOBUMCS BKpaTLe Ha BO3MOXHbIX CI)VISVILIECKVIX npnynHax BO3HNMKHOBEHUA CUN
oTTankmBaHus. Cenvac TobKO CKaXeM, 4YTO 3Ta NpUYnHa CBA3aHa C KBAHTOBbIMU nNpoueccaMu,
npoucxoadawmmm B BaKyyMe.

B npuHumMne cunbl OTTanknMBaHMS, €C/IN OHU, KOHEYHO, CYLLEeCTBYIOT B NpUpoAe, MOXHO 6b110 6bl
06HapyXuTb B AO-CTAaTOYHO TOYHbIX NabopaTopHbIX onbiTax. O4HAaKO ManoCTb BEINYMHDI
KOCMOJIOrMYeCcKolr, NMOCTOSIHHOM AenaeT 3agavy ee nabopatopHoro obHapy>XeHus coBepLleHHO
6e3HagexHon. [lencTBMTenbHO, Nerko noacymMtaTtb, YTO Npu cBo60AHOM NageHun Tesia Ha NOBEPXHOCTb
3emnn pobaBoyHOe yckopeHue, coobuiaemoe cunamm oTTankmeaHus, Ha 30 nopsakos (!) MeHbLue
caMoro yckopeHus csobogHoro nageHus. Jaxe B macwrtabe. CoNHEYHOM CUCTEMbI MM BCEW Halleln
[@anakTMKn 3T CUbl HUYTOXHO MaZb MO CPaBHEHUIO C CMNaMKM TAroTeHus, Tak, HETPYAHO NoACYMTaTb,
yTO yCcKopeHue, coobliaemMoe 3emne TaroteHmeM ConHua, paBHo 0,5 cM/c?. B To e BpeMs yCKOpeHue
KOCMWYECKOro OTTaNkuBaHua Mexay 3emneit n ConHueM B 1022 pas MeHbLle! PasymeeTcs, 3To
oTTankmBaHue (ecnm oHO ecTb BoObLLE) HMKAK He CKa3blBaeTcs Ha ABWMxXeHun Ten CoTHEYHOM CUCTEMDI
N MOXeT 6bITb 06HapyXXeHO TOMbKO NPU UCCeA0BaHUM ABUXEHUN CaMblX OTAaNIeHHbIX HabnogaemMblx
ranakTuk.

Tak B ypaBHEHUSIX TArOTEHNA DUHLWITENHA NOsiIBU1aCb KOCMOJIOrMyeckasl MoCTosiHHasA, onucbiBaroLas
Cu/bl OTTaNKMBaHMA BakyyMa. [JefcTBMEe 3TUX CUJ1 CTOJb XK€ YHUBEPCANbHO, KakK U CUJ1 BCEMUPHOIO
TArOTEHUS, TO €CTb OHO HE 3aBUCUT OT (PM3NYECKON NMPUPOAbI TeNa, Ha KOTOPOM MPOSIBNSIETCH, MO3TOMY
JNIOrMYHO Ha3BaTb 3TO AeNCTBME rpaBuTaLMen BakyyMa, XoTs 06bl4YHO NoA rpaBuTaumen noHMMatoT
MPUTSKEHME, a 34eCb Mbl UMEEM OTTaJIKUBaHMe.

Yepes Heckonbko sieT nocne paboTtbl A. DiiHWTeNHa 6blna co3haHa, Kak Mbl yXXe 3HaeM, Teopus
dpuagmaHa. MNMocne vero A. DNHLWITENH CTan CKIOHATBCS K MbIC/IN, YTO KOCMOJIOFMYECKYH NMOCTOSIHHYHO
He cnefyeT BBOAMTb B YPaBHEHUSA TAMOTEHUSA, €C/IN UX pelleHne .41 BCEero Mmpa MOXHO Nosy4YnTb B
6e3 3ToM NOCTOSIHHOMN.

[Mocne oTKpbITUA KPacHOro CMELEeHNS B CNeKTpax ranakTuk, AoKa3biBaloLwWero pacmpeHue BCEHEHHOVI,
Kakne-nmbo oCHoBaHUS npeanosnaraTtb, YTO B Npunpoae CyWweCcTBYHOT KOCMUYECKHNE CUJIbl OTTAaIKUBaAHUA,
otnanu. lNpasBaa, pelieHne, onucbiBarLlee pacu.mpmou.l,mﬁcn MUP, MOXHO NONYy4YnTb U ANA ypaBHeHI/IVI C
KOCMOJIOrMYeCKO NOCTOSAHHOM. N5 3TOro AOCTaTOYHO NpeanosioXXnTb, YTO CUNIbl TAFOTEHUA U
OTTallKMBaHUA HE KOMMNEHCUPYKOT TOYHO APYr ApYyra; Toraa npeo6na,qarou.taﬂ cuna lNpuBepeT K



HEeCTaHUMOHapHOCTM. DTO 6bIJ1I0 OTMEYEHO elle B NMoHepckux pabotax A. OpuamaHa. HabnogeHus
KpaCHOro cMelleHnst BoO BpeMeHa 3. Xabbna 6611y HegoCTaTouHO TOYHbI, YTO6bI ONpeaennTb, Kakoe
pelleHne oCyLecTBAsSeTCs B NpUpoAe: C KOCMOJIOTMYECKOM NOCTOSSHHOM uin 6e3 Hee. TeM He MeHee
MHOrmMe U3nKM C HENPUA3HBLIO NOrNAAbIBAAM Ha KOCMOJIOTMYECKYHO NOCTOSIHHYIO B YPaBHEHUSX,
NMOCKOJIbKY OHa OCJIOXHS1a TEOPUID U HMYeM He bbinia, onpasaaHa. Cam A. DHWTENH U MHOrMe gpyrue
dn3MKM NpegnoynTanm nucaTb ypaBHeHUs TaroteHms 6e3 Hee,, 1 OH gaxe Ha3Ban BBeAeHMe
KOCMOJIOrMYECKOW MOCTOSIHHOWM B CBOW ypaBHeHUs “caMoli rpyboii owmnbkon B cBoen XusHn".

Mbl YBUAMM B AanbHeENLWeM, YTo TO, YTO OH CUMTAN CBOEW OLUMBKOWN, HA CaMOM Jefe SABS/I0Ch NepBbIM
LArom K rno-HMMaHuo Npupoabl GU3nNUYecknx B3aMMoaeinCTBMIN 31eMEHTAPHbIX YacTuL, K MOHUMaHUIO
npupoabl NyCcToTbl — (pM3NUYECcKoro BakyyMa. Ho B Hayane Hallero Beka ero oTkas OT KOCMOJIOrMY€eCKol
NOCTOSIHHOWM Ka3aJiCsl eCTECTBEHHbIM.

OaHako kocMonorn 30-X rogoB He 0TKa3asiMCb CTOJb MOCMAELHO OT KOCMOMOrMUYecKon NocTossHHOM. [Ons
COXpaHeHUs ee y HUX 6bl/IN CEPbE3HbIE OCHOBAHWUSA. BCMOMHMUM, UYTO NepBble onpeaeneHns NoCTOSAHHOWM
Xab6na faBanu 3HauyeHUs, 3aBblllEeHHbIE pa3 B AeCATb. EC/iM 6bl Mbl C €€ NOMOLLIbI0 pacCcunTanu BpeMs,
npouiejllee C Hayana paclumpeHuns BceneHHoin, To noayunnau 6bl Bcero 1—2 munnunapaa neTt BMEcTo
NpaBUbHOIO 3HaveHuss okosio 10—20 Muanmapaos net. [Ba MunaMapaa ieT — CPoK OUYEHb KOPOTKUA.
Bo-nepBbiX, OH OKa3blBaCs Aa)Xe MeHblle Bo3pacTa 3eMnu. Bo-BTopbIX, UYTo ropasao 6onee
CYyLEeCTBEHHO, BO3PACT 3Be3/ M 3Be3[HbIX CUCTEM TOrAa OLWMB0YHO OLEHNBANCS B AECATb ThiCsaY
MWUNMApAO0B NIET, TO €CTb Ha YeTbipe nopsaka 6oblie BpeMeHU pacluMpeHuns BceneHHoi.

CeroaHsa Mbl 3HaeM, YTO BpeMsa C Hauasna pacluMpeHus 3aHnxeHo npuMepHo B 10 pas, a BO3pacT 3Be3a,
Haob0opoT, 3aBbllleH 6osiee YeM Ha [Ba nopsaka. M ¢ cerogHsALHeR TOUKM 3peHNSI HUKAKOro
NpoTMBOpeYMs Mexay 3TMMKU Bo3pacTtamu HeT. OaHako B 30-e roabl yKkasaHHoe pasnuuve
paccMaTpuBanoCh Kak CepbesHoe NpoTuBopeune.

Ons npueeneHns B COOTBETCTBME BPEMEHW paclumpeHns BceneHHon ¢ Bo3pacToM 3Be3y 6bina
npuveneyeHa KOCMosiormyeckas nocTtosHHas. Tak naesa yHMBepCcanabHOro KOCMMYECKOro oTTaskuBaHms
Hauana nepexwusaTb nepunoj “BTOpoin Monoaoctn”.

MocMOTpUM, Kak BBEAEHME KOCMOJIOMMYECKMUX CUJT OTTaNIKUBAHUSA MOXET MPUBECTU K PE3KOMY
MU3MEHEHUIO BPEMEHU paClUNpeEHNA BceneHHo.

MpennonoxuM, 4To KOCMONOrMyeckas NoCTossHHas OT/IMYHA OT Hyns. MNyCTb MUp paclimMpsaeTcsa oT
COCTOSIHUS! OYeHb BbICOKOM MIOTHOCTWU. Tak Kak BHa4ase NAOTHOCTb BellecTBa BE€JIKa, CUJbl
TAroTeHUA, nponopunoHasbHblE NOTHOCTN N TOPMO3AWME paCllnpeHne, MHOro 6onbwe cun
OTTanKMnBaHUA.

B xo4e paclumMpeHusi paHO UAWM MO34HO MJIOTHOCTb YNaAeT HAaCTONIbKO, YTO CUJIbl TAFOTEHMUS U
OTTa/IKMBaHWS CPABHAIOTCS. B 3TOT MOMEHT MUP MO MHepuuun byaeT pacwumpsiTecs 6€3 yCKOpeHus, C
MOCTOSIHHOM CKOPOCTbIO. EC/iM 3Ta CKOpPOCTb O4YeHb Mana, To o4YeHb A0NT0 6yaeT noaaep>KMBaTbCsl
MoYTK MOJIHOE PAaBEHCTBO CUJ1 TAFOTEHUS U OTTANIKMBAHUS WU, CIe40BaTebHO, NEPUOA MOYTU MOSTHOM
OCTaHOBKW pacCLUMPEHUS], UK, KaK ero HasblBaloT, 3aE€PXKM paclumpenusi, 6yaeT AnuTenbHbIM. 3aTeM
MAOTHOCTb BELLECTBA BCE Xe MOCTEMNEHHO YNaAeT U CUJIbl TATOTEHUSI CTAHYT MeHbLUE CU1 OTTasIKUBaHMS.
Tenepb MUp yxxe 6yAeT paclumpsiTbCsl YCKOPEHHO Mo AeWCTBUMEM CU OTTanikuBaHus. Moabupast
napaMeTpbl MOAENN, MOXHO cAeNnaTb 3aAepXXKy pacluMpeHust oueHb AnuTenbHOW. CornacHo 3ToM
rMnoTese 3ajepXka B paclumpeHum 6biia B npowsioM. CerogHs MMp pacluMpsieTcsl YCKOPEHHO.

Tak, BBeaeHune KOCMOJIOrM4eCcKon NOCTOSSHHOM pacTarmBae€T BpeMA pacCllnpeHna BceneHHol n MoxeTt
npuBeCTN €ro B COOTBETCTBME C BO3pPaCTOM 3BE3A.

OueHkM noctosiHHol Xab6na 6bnn nepecMoTpeHbl B 50-x rogax. Ewe paHblie, B koHLe 30-X rogos,
61710 YCTAHOB/IEHO, YTO NpeBpaLleHne BOAOPOAA B reinii IBASIETCA OCHOBHbIM MCTOYHUKOM 3HEPrUn
3Be34, a B 50-x rogax nocTpoeHa COBPEMEHHas Teopus 3BE34HOM 3BoMOLMK. Bce npoTuBopeuns ¢

BO3pacTaMu OTnasau, oTrnana u Heo6XoAMMOCTb B KOCMOIOMMYECKON MOCTOSIHHOM. Yke BO BTOpoit pas!



A B 1967 roay Hauvancs nepuog “TpeTben MoNo40CTM” naenm o KOCMOSIOrMYEeCcKor NocTtosiHHoM. K aTomy
BPEMEHW aCTPOHOMbI OTKPbIIN N UccneaoBann HeobblyaHble 06BbEKTbI — KBa3apbl, O KOTOPbIX Mbl
KpaTKO FOBOPU/IN B MEPBOW YacTu.

KBasapbl 4O CMX NOP XPaHAT MHOXECTBO TaliH U HepelleHHbIX NpobneM. Mbl OCTAaHOBMMCS 34eChb NULb
Ha ABYX 0COBeHHOCTSAX KBa3apoB. Bo-nepBbix, OHM 06n1aaatoT OrpoOMHON CBETUMOCTbLIO U BUAHbI C
paccTosHuM gaxe 60nblue, YeM Aanekune ranakTuku. Yem pganblie KBasap, TeM AO/KEH HbiTb MeHbLUe
ero Buaumblii 6neck Ha Hebe, ocnabneHHbIn 3TUM pacCcTossHMEM. B To e BpeMs KBa3apbl AOXKHbI
NOAYMHATLCA 3aKOHaM paclimMpeHns BceneHHoM 1 yeMm ganblie, TeM € 60nbLUel CKOPOCTbIO YAANATHCS
OT Hac, a 3Ha4uT, CUSIbHEee AO0JIKHO bbiTb B MX CNeKTpax “KpacHoe cMelleHne”.

NTak, npu U3yyeHuUn KBasapos, OXXNAANOCb, YTO YEM MEHbLUE UX BMANMBIN 6neck, TeM cu/ibHee
KpaCHoe CMeLlleHne.

Hwnuero nogo6Horo He o6Hapyxunu! na o6bSCHEHNS 3TOFr0 aMepuKaHckmne yyeHble B. MNeTpocsH, 2.
Canbnetep u M. LWekepc NpeanosioxXmnam, YTo BO3MOXXHON NPUUNHON OTCYTCTBUS 3aBUCUMOCTU MeXAy
BUANMBIM 6/1€CKOM KBa3apoB M KPaCHbIM CMeLLEeHMEM B UX CreKTpaxX MOryT ABUTbCS KOCMUYECKMe CUflbl
OoTTasiKnBaHus. MNoACHUM 3TO.

AMepUKaHCKMe y4yeHble nogdyepKkuBann, YTo KBasapbl, Kak NpaBuio, HabnoaaloTCa Ha OFPOMHBbIX
pacCTOsIHMSAX, FOpa3ao Aanblue, YeM CaMble AaneKkue rafakTuku, AOCTyMnHble Tesieckonam. Koraa Mbl
HabntogaeM kBasapbl C 60/1bLLIMM KPACHbIM CMELLEHWEM, TO eCTb Ha 60/IbLUIMX PACCTOSAHUAX, Mbl BUAUM
CBET, AaBHO UCMYLLEHHbIV. ECin OH NOKMHYN KBa3apbl B 3NM0OXY, COOTBETCTBYIOLLYHO 3a4epXKKe
pacwupeHnsa BceneHHoOM B TEOPUM C KOCMOJTIOMTMYECKOM MOCTOAHHOM, TO U Yy 6onee 6nunskoro, ny 6onee
[ANeKkoro Keasapa KpacHoe cMelleHue 6yaeT noyYTM Og4HUM U TEM Xe. DTO NPOUCXOAUT NOTOMY, YTO
HabntoaeHNS OTHOCATCS K Mepuoay, Kor4a MUp noYTn He paclumnpsncs.

[encTBuTeNnbHO, NYCTb CBET NOKWUHYM KBa3ap B 3MOXYy 3a4epXXKK paclumpenus. OH 40Aro naeT B NOYTH
He pacwupstolwelics BceneHHol n noaToMy He kpacHeeT. Korga 3ToT Jly4 HaxoAuTCs ele Ha nyTu K
HaM, u3 6osee 6M3KOro KBasapa BbIXOAMUT Jly4, KOTOPbI 3aTEM OAHOBPEMEHHO C MEPBbLIM YXXe B Hally
3MN0Xy AOCTUIHET Habnoaatens Ha 3emne. Oba nydya nayT BMecTe B NOYTM CTaLuMoHapHOW BceneHHoM U
He KpacHetoT. CBeT 060MX KBa3apoB O4MHAKOBO MOKPACHEET No3)e — MOC/e OKOHYaHUS 3MoXu
3aZepXXKU pacliMpeHuns, yxxe B pacumnpstoweincs BceneHHon. CneaoBaTenbHO, U OTHOCUTENBHO
6113KNIA, a NOTOMY SSPKMIN KBa3ap, U Aanekunih — cnabbin 6yayT obnagatb nNoyYTM OANHAKOBbLIM KpacHbIM
cMelleHneM. B pesynbTaTe MHOrne kBasapbl 6yayT o61agaTth NOXOXMMU KPAaCHbIMU CMELLEHUSIMU B
CcrneKkTpax, a BUAMMbI 6neck nx 6yaeT BeCbMa passiMyHbIM, U HUKAKOW 3aBMCMMOCTU MeXAy 3TUMMU
BE/IMUMHAMU HE OKAXETCS.

ApryMeHTbl B NoJb3y KapTUHbI pacluMpeHms BceneHHol ¢ AnnUTeNnbHOM 3a4epiKKoi B npoLuiom (a
3HAUUT, B MNO/b3Y CYLLECTBOBAHUS KOCMOIOMMUYECKON NMOCTOSIHHOM) NPUBOANIN COBETCKME acTPOU3UKK
N. Wknoeckuit n H. Kapaalies, UCrnonb30BaBLUNE ApYyrMe 0CO6eHHOCTM B CeKTpax KBa3apos.

Bbina nn B 4eCTBUTENBHOCTU 3a4€epXKa B pacwmpeHnn BceneHnHor B npownom? OTBET MOrnuv AaTb
TOIbKO HOBble HabnwoaeHus.

Co BpeMeHMu ANCKYCCUKM 3TOM NpobrieMbl NpOLLIO NOYTK ABaAuUATb NeT. [poBeaeHO MHOMO HOBbIX
HabntoaeHn kBasapos. [ocTeneHHO apryMeHTbl B MOJib3Yy 3a4EPXKN paclUMpPeEHNs Hadanm
“paccacbiBaTbCs”, Kak rOBOPSAT aCTPOHOMbI-NpodeccnoHarnbl Ha CBOEM XaproHe. HoBble HabnogeHus
nokKasasan, 4YTo OTCYTCTBME 3aBMCMMOCTU MeXAYy BUAUMbIM 6/1€CKOM KBa3apoB M KPacHbIM CMeLleHneM
CBSI3@HO C TEM, YTO UCTUHHas CBETUMOCTb MX OYE€Hb M OYeHb pa3HoobpaszHa. X HMKaK Henb3s
paccMmaTpuBaTh Kak “CTaHAapTHble cBeun” (B OTIMUME OT SpYanlLMX rasakTuK B CKOMIEHUAX) U
NO3TOMY HeNb351 0XMAaTb NPOSIBIEHNS pacCMaTpMBaeMoOM 3aBUCMMOCTU. TOYHO Tak Xe, Kak ecnu 6bl
Mbl B351/1M CBE€YM CaMOM pa3HO UCTUHHOWM SPKOCTU, TO UX BUAUMbINA BNecK HMKaK He XapakTepusoBan
6bl X paccTosiHue oT Hac.

Otnanun un Apyrue apryMmMeHTbl B N0OJib3y paCllnpeHnsa C BEAEP)KKOIZ, a C HMMKM oTnana n Heob6xoaMMOCTb
B CyWleCTBOBaHUn KOCMOJIOrM4yecKkom noctossHHon. OTnana YXXe B TDETMﬁ pas!



Ho, KaK roBopsT, AXWHHA, BbIMNYLLIEHHOro U3 BYTLINIKN, HENTErko 3arHatb 06paTHo. Maes o ToM, uTo
KOCMOJIOrMyecKas nocTosAHHas He paBHa HyJ1l0, OKa3anachk XMUBYYEN.

SICHO 04HO, UTO €CNM KOCMolornyeckasl NoCcTosiHHasA M OT/IMYAETCs OT HyJsis, TO OYeHb Mano. Ho
[0oKasaTb, YTU OHa TOYHO paBHa HyJ/O, NyTeEM HabAOAEHMUN, KOHEYHO, OYEHb TPYAHO. MOXET 6bITb,
OENCTBUTENIbHO CYLLECTBYHT KOCMUYECKME CUMbl OTTANIKUBAHUSA?

370 3acTaBnseT GU3NKOB 3aAyMaTbCs Haja NpMpoaol Takmx cun. MoapobHee Mbl 6yaeM roBoputb 06
3TOM B pasgene “lMoyemy BceneHHasa Takaa”. Ceiiyac OTMETUM TONIbKO, YTO SHEPrns B3aMMOAENCTBUS
BUPTYasibHbIX YacTul BakyyMa (06 3TOM Mbl FOBOPMAM B rnase “YepHble Ablpbl M KBaHTbI” B 1-11 yacTtn)
NpUBOAMT K TOMY, .4TO B MYyCTOTE MOXET 6bITb BCE BPEMSI XOTb M Manasi, HO OT/IMYHAsA OT Hy/s
NAOTHOCTb 3Heprun. CBOMCTBA BaKyyMa TaKOBbl, YTO -BMECTE C MJIOTHOCTbI SHEPIUM AOKHbI
NoOSIBUTLCS M HaTsHXKeHMS (Kak MOryT ObiTb HaTSXeHUa B ynpyrom tene). BoT npucyrtcreune atnx
HaTSXXEHWNI N MPUBOANT, KaK MOXHO NoKasaTb, K BO3HMKHOBEHWNIO YHUBEPCasbHbIX FPaBUTaLMOHHbIX
CWA OTTasIKMBaHUS, O KOTOPbIX Mbl FOBOPUIIN.

MoauyepkHeM, uTo BU3NKaM AANEKO ellle He BCE ACHO C NPUPOAOoI BaKyyMa.

B nocnegHee BpeMs passButue Teopum GU3MKKM 3/1IeMEHTapHbIX YacTuy, AeslaeT BEPOSATHbIM 3aKIl4veHme
0 TOM, YTO B Hally 3Moxy n B 0603pMMOM NPOLLSIOM CUMbl FTPaBUTaUNM BaKyyMa BpsAa U urpanu
3aMEeTHY0 po/b B aBonounm BceneHHon. Ho BoT B6/1M3M camoro Havyana pacwupeHus, B nepeble
MIHOBEHMS, BO3MOXHO, X posib bBbisia onpeaenstowein, CBOMCTBa BakyyMa Tam 6b1sin coBcem apyrue.
06 aTOM, KaK yXe CKasaHo, Mbl OrOBOPUM Aarnee, a 34eCb 3aMeTMM, YTO HacTano, No-BMaAMMOMY,
BpeMs “4yeTBepTOM MONIOAOCTM” naen o KOCMONOrMYeCcKor NMOCTOSHHOM.

HaBepHoe, y untaTens octanocb YyBCTBO KaKoOro-To CKenTULM3Ma No OTHoWeHUo K Chneunanmcram,
KOTOpbI€ TO HAaXOAST apryMeHTbl B N0/b3Yy MAEN O rpaBuMTaUMK BaKyyMa, TO HaxoaaT apryMeHTbl NpOTMB
Hee, TO ONATb 3a, U Tak MHOro pas. He noapbiBaloT NN Takmne konebaHusa Bepy B HAAEXHOCTb Hay4YHbIX
nccnenoBaHuin, Bepy B Hayky? O MOXO0Xel CUTyauuu. BbiCKa3ancs B yXe uMTMpoBaHHoM namdnete C.
Jlnkok: “He noaymaliTe, UTo s BbiCKa3biBalo HEBEPME B HaYKy UM HeyBaXK€HMe K Hel (B Hawu AHU 3TO
6b1710 Bbl TaK e YyA0BMLHO, Kak BO BpeMeHa Mcaaka HbtloToHa He BepuTb B CBaTyto Tpouuy). Ho Bce
Xe... Tak YyTo noaxBaTbiBaMTe CBOU KHUMXKMK, ClieanTe 3a pasBUTUEM HAYKWM U XAUTE Cleayowero
aCTPOHOMWYECKOro KoHrpecca”.

Hy 4TO X, €cnu oCTaBuUTb LWYTKWU, TO B UCTOPUN HAYKWN TaKOE MOJIOXEHUE U3BECTHO. K KakoM-HUbYab
Hay4YHOW naee NoAxXoAsT C pa3HbIX CTOPOH, HAa Pa3HOM YpPOBHE pas3BUTUSA GU3UKK, C PA3HOI CTEMEHbIO
BOOPY>XEHHOCTU. LLUTYpMyIOT cnoxHeiwyo npobneMy MHOMoO pas, noka He pewart ee. W, kak npaBuno,
3a Hel nosBnsarTCca npobnembl eule 6onee rnyboKne N CroXxHble.

3aragka BakyyMa OTHOCUTCS K Takoro poaa npobnemam.

BYAYLIEE PACLUNPAIOWEWNCA BCEJIEHHOMU

UTak, BEpOSATHO, KOCMOJIOrMyeckas NOCTOSIHHAsA He BAUSieT CerogHsa Ha pacwupeHue BcenenHon. byaem
CYMTaTb €e paBHOM HYJO, KaK 3TO nosiaran A. DWHLWTENH, N NOCMOTPUM, Kak byaeT npoTekaTtb
pacwupeHnuve B byaywiem.

PacwmnpeHne BceneHHOM NpoTeEKAET C 3aMealeHMEM MU3-3a TAroTeHus, u ans éyaywero ecrtb ABe
BO3MOXHOCTU. Ecnu TaroteHmne cnabo TopMO3nT paclumpeHune, To B byayuieMm oHo byaeT npoaoxkaTbecs
HeorpaHWYyeHHo. PaccTosiHMe Mexay CKOMJIEHUAMU ranakTUK HeorpaHMYeHHo yBenmumsaeTcs. Cuibl
TAroTeHns Bo BceneHHoM 3aBUCAT OT CcpeaHen NIOTHOCTK BewecTBa. (CpeaHeln Ha3bIiBAaeTCS MIOTHOCTD,
ecnu “pa3masaTtb” Bce HebecHble Tena, Bce obnaka rasa, BCe ralakTMKu paBHOMEpPHO Mo
MpOCTPaHCTBY.) YeM 6onblie cpeaHss NNOTHOCTb, TeM 6oMblle CUibl. 3HAYUT, NMPU AOCTAaTOYHO Masnomn
cpefHeln NNOTHOCTU MaccC paclumpernme 6yaeTt npoaomkaTbCsl Be4HO. HO BO3MOXHO, YTO MJIOTHOCTb
BeWeCcTBa CerogHs AOCTaTOYHO BeMKa, @ 3HauuT, BEJIMKO 3aMeasieHMe paclumpeHus. B pesynbraTte
pacwupeHne npekpawaercs B 6yayLeM U CMEHAETCS CKaTUEM.



CuTyaumsa 34ecb MNOMHOCTbIO aHaNorMyHa Toi, Koraa pakeTa, pa3orHaHHas Ao onpeaeneHHol CKopoCcTH,
[O/KHA MOKWHYTb HebecHoe Teno. Tak, CKOpPoCTb B 12 KMIOMETPOB B CEKYHAY AOCTaToYHa, YTO6bI
MOKMHYTb 3eMJII0 U YNIeTETb B KOCMOC, M60 3Ta CKOPOCTb 60Jiblle BTOPO KOCMUUYECKOW CKOPOCTU AN
3emnun. OQHaKo 3Ta CKOPOCTb HEAOCTAaTOYHA AN TOro, YTo6bl MOKUHYTL MOBEPXHOCTL ONuTepa, rae
BTOpasi KOCMMYECKas CKOPOCTb, KakK Mbl M1canu, 61 KUIOMETP B CEKYHAY.

Teno, 6polleHHoe Ha tOnNMTepe Co CKOPOCTbIO 12 KMOMETPOB B CEKYHAY BBEPX, NOC/e NoAbeMa CHOBa
ynazeT Ha Hero.

3HaunT, BO BceneHHOM Npu HbIHELWIHEN €€ CKOPOCTM paclinpeHmns (HbIHEWHEN NoCcTosiHHON Xab6bna)
€CTb KPUTMYECKOe 3HaYeHMe NIIOTHOCTM BeLLeCcTBa, oTAeNsolWee OANH Cy4Yyan oT Apyroro.

BblumcrieHnsa nokasblBalOT, YTO 3TO KPUTUYECKOE 3HaYeHne — AecsATb aTOMOB BOAOpoAa B CpeHEM B
O4HOM KY6VILIGCKOM MeTpe (MJ'IVI paBHOE KO/IMYECTBO APYyroro BeLLI,eCTBa) . Ecnu nctnHHoe 3HaveHne
NJ0THOCTM BO'BceneHHol 6onblue 3Toro, To paclmpeHne CMEHUTCA B 6YLI,YUJ,€M oKaTtuem, ecnun
MeHblEe, TO paClunpeHne Be4HO.

YTO nMeeT MecTto B AENCTBUTENbHOCTU?

Oka3sblBaeTcs, OTBETUTb Ha 3TOT BONPOC HE TakK-TO MPOCTO. [1n4 3TOro Haao yyecTb BCe BUAbl MaTtepumn
BO BCEHEHHOVI, nbo BCe OHM CO34al0T NoJsie TAroTeHUS.

YuecTb BelllecTBO, BXOASLLEE B 3BE3/bl, Fa/lakTUKN, CBETALLMIACA ra3 MOXHO (XOTs 3To TpyaHas
3ajayva). Ho, BO3MOXHO, MMEETCSi MHOIo TPyAHOHabM0AaeMO MaTepUnN MeXay ranakTukamu, Kotopas
He n3ny4daeTt (UK NIOX0 M3/yYaeT) CBET U He MorfoLwaeT ero.

YueT TakMx Macc, Kak UX HasblBalT — CKPbITbIX Macc, KpallHe TpyaeH.
Mo3TOMY TOYHOMO M MOJIHOMO OTBETA Ha MOCTABJIEHHbIN BONPOC HET A0 CUX MOop.

MOXHO cKasaTb Nullb creaytollee. ECnn yunTbiBaTh TOSIbKO CBETALLMECS FaflakTUKKU, TO CpeaHas
MAOTHOCTb BELlleCTBa BO BceneHHoM B TpuaLATh pas MeHbLIE KPUTUYECKOro 3HaueHus. Ecnm 6bl He
6b1710 TPyAHOHa6M0AaEMbIX (DOPM MaTepun, TO paclumpeHue BceneHHo npoaosxanock 6bl
HeorpaHMyeHHo.

NPOBJIEMA CKPbITOW MACCHI

ACTPOHOMbI MMEIOT CEPbE3HbIE OCHOBAHMSA NOLO3PEBATb, UTO B MPOCTPAHCTBE MEXAY ranakTukaMmu
MOXET 6bITb MHOIO TPyAHOHabNoAaeMbIX OpPM MaTeEPUM — MHOIO CKPbITON Macchl. MOXeT 6bITb,
HEBUAMMbIE OPEOSIbl CKPbITOM MACcChl OKPYXXAIOT AaXe OTAESIbHblE FanakTUKM.

OZHMM 13 NOBOAOB A/A TAKOro NMoA03peHUS ABAAIOTCA pe3ynbTaTbl UBMEPEHWNn MacC CKOMJIEHUA
ranakTtuk. ViamepeHusa npoBoasaTcsa cnegyowmm o6pasom.

MpaBWbHblE CKOMJIEHUS UMEIOT CUMMETPUYHYO POpMY, pacnpeaeseHme raJakTuk B HUX MiaBHO
CragaeT OT LeHTpa K Kpato, 1 NO3TOMY €CTb BCE OCHOBAHUS CYMTATb, YTO CKOMIEHUS HAaXOASTCS B
paBHOBECHOM COCTOSIHME KOrAa SHEPrusi ABUXEHUI rasakTUK ypaBHOBELLIEHA CU/0M B3aUMHOMO
TArOTEHUS BCEX MACC, BXOASALUMX B CKOMJIEHME. B 3TOM criyyae, Kak Mbl y)Xe rOBOPU/N B rfiaBe o
crnocobaxmaMepeHnst Macc, MOXXHO OMPeaenUTb CUITY TATOTEHMUS, @ 3HAYUT, M MOJIHYO MacCy BCEX BUAOB
MaTepun, BXoAsILLMX B CKOMIeHne, 6o BCe OHM YYaCTBYHOT B CO34aHMM MOJS TAFOTEHMS.

Takoe onpeaeneHune, BbIMOSIHEHHOE, HAaNpUMep,- AN CKOMJIEHUS rafakTuK B CO3Be34AUN Bonochl
BepoHWKK, NpMBOAUT K 3HaueHuto 2*1015 macc ConHua.



Ho MOXHO onpefenuTb Maccy CKOMAEHUs 1 ApPYyruM nyTeMm. [na 3Toro Hafo NOACYMUTaTb MOJSIHOE YMCAO
BCEX rafiakTuK, BXOAALMX B CKOMMEHNE, U MOMHOXWUTb Ha Maccy cpeaHen ranaktnku. Ecnm tak
caenaTb, TO MOJIyYaeTcs Macca pas B AECSATb MeHblle, YeM Npu OnpeaesieHnn NepebiM Crnoco6oM.

3HaHVIT, B CKOMAeHUWn AO0/1>XKHa 6bITb HeEBNAMMaA MaCCa MexXAay rajlaktMukamun, Kotopaa u cosgaeT
AONONTHUTENTbHOE NOoJ1E TArOTEHNA N YUYUTbIBAETCA B NEPBOM cnoco6e, HO He BXOAUT B ra/J1IakKTUKN "N He
y4yuTbiBaeTCs BO BTOPOM criocobe.

MopnobHble xe pe3ynbTaTbl NONYYHYAKTCA U NpU UccnenoBaHnn Apyrmx CKOMNEHUI ranakTuk.

KoHeuyHOo, Npu NpUMeHeHMM 060UX CMOCOBOB BO3MOXKHbI HEU36EXKHbIE OLWMGKN. HO Bpsia v 3TU oWNBKK
CTOJIb BEINKK, UTO MOFYT 06bSACHUTb BCE pacXoXAeHue B pe3ysbTaTax. TwaTenbHbli aHanms
MoKasblBaeT, YTo “CBaNuUTb” BCIO BUHY 3a MOJTyYeHWe nNapaaoKcasbHO 60/blUO MacCbl B CKOMIEHUAX Ha
NoZo6HbIE OWNOKM KpaliHe TPyAHO. MonyYeHHble BbiBOAbl 3aCTAB/AOT CO BCE Cepbe3HOCTbI0
OTHECTUCb K NMOMCKAM CKPbITO MaccChl, MPUUYEM HE TOJIbKO B CKOMIEHUSAX ranakTUK, HO A Mexay
cKonneHnsMu. B kako hopMe MOXET CyLecTBOBaTb CKpbITas Macca? MoxeT 6bITb, 3TO
MeXraslakTMUeckuin ras? Beab 06bEM NPOCTPAHCTBA MEXAY ranakTukamu ropasgo 6osblie o6beMa
MPOCTPaHCTBa, NPUXOASLLErOCs Ha ranaktTuku! Mo3ToMy MexXranakTUUecKuil ras, KoHUeHTpaums
KOTOPOro XOTSl U MHOIO MeHbLUe, UEM Yy rasa BHYTPM raflakTMK, MOXET B pe3ysibTaTe BCEe Xe AaBaTb
rMraHTCKMe Macchl.

MoavepKHEM, YTO MexXrasnakTUYeCcKUn ras sABnseTcs He eAUHCTBEHHbIM KaHANAATOM B CKpbITbl€ MaccChl.
OTn Maccbl MOryT 6bITb 06YCOBAEHbI M APYTMMU BUAAMU MaTepun. TaKyto BO3MOXHOCTb Mbl pa3bepem
panee. Tenepb Xe BEpPHEMCA K rasy M NOCMOTPUM, KaK €ro MOXHO 06Hapy»xuTb.

lMpexae Bcero HaNOMHWM, 4YTO ras BO BceneHHOM B OCHOBHOM COCTOMUT U3 Bosopoaa. CnepoBaTtenbHoO,
YTO6bI YCTaHOBUTb HaJIMYME rasa B MexranakTMyeCckoM NpoCcTpaHCTBE, HAZA0 UckaTb Bogoposa. B
3aBNCUMOCTU OT CbVIBVILIECKMX YCﬂOBMVI ras Moxet 6bITb B HEVITpaﬂbHOM N MOHU30BAHHOM CO-CTOAHUAX.

HayHeM C oueHKN BO3MOXHOIo KOJM4yecTBa HEVITpaﬂbHOFO BoAopoAda.

Ecnu cBeT 0T Aasfiekoro UCTOYHMKA MAET Yepes ras 0 HelTpasibHbIMM aTOMaMM BOAOPOAA, TO
NMPOUCXOAUT MOTOWEHME aTOMaMN U3NTYYEHUS Ha OMNpefesieHHbIX YacToTax. Mo aTtoMy noraoweHuto
MOXHO MbITaTbCsA 06HAPYXUTb HEWTPasibHbI BOAOPOA Ha OFPOMHbIX MPOCTOPAaxX MeXAy CKOMIEHUAMMN
ranakTuk. B KayecTBe MCTOYHMKOB CBETA MCMOJIb3YOTCA Aanekne KBasapbl. MNpeanpuHaTbie NOMbITKY
rnokasanu, YTo MeXxrasakTU4YecKoro Bo40OpoAa B HEMTpasibHOM COCTOSIHMM KpaliHe Mano. Mo mMacce ero,
Nno KpavHen Mepe, B AECSATKU TbICSY pa3 MeHbLUe, YEM CBETSLLEroCsl BELECTBa B rajlakTnkax.

TakuM 06pa3oM, MeXranakTUUecKmnii ras, eciv OH U ecTb, JO/KEH 6bITb MOHU30BAHHbIM, @ 3HAUUT, U
CUNBHO HarpeTbiM. Kak nokasbiBaeT aHanuns, Aas 3Toro HeobxoanMMbl TeMnepaTypbl 60/bLIe MUANOHA
rpaaycoB. He cneayet yaAnBNATbLCSA, UTO, HECMOTPS! Ha TaKyt TeMnepaTypy, 3TOT ras npakTUYecKu
HeBMAWM. []eno B TOM, YTO NJIOTHOCTb €ro OYeHb Masa, ras NpospayeH, U3nydyaeT Mano BUAMMOro
cBeTa. Ho Bce e 3Ta MOHM30BaHHas BbICOKOTEMMEpaTypHas niaasMa UcnyckaeT 4OCTaTOYHO MHOIO
YyNbTPadrONeToBOro U3NyYeHns n MArkKMX peHTreHOBCKUX Nyyeil.

Fopsiunii ra3 MOXHO UCKaTb MO yNbTPadbMoNeToBOMY M3Ny4YeHnto. ECTb 1 Apyrme cnocobbl NOMCKOB
ropsiyero rasa Mexgy CKOMeHUsMu.

OZHaKo BCe MeTOAbl 0Ka3asiMCb HE OYEHb YYBCTBUTESNbHBI. [OPSAYNA ra3 Mexay CKOMJIEHUSIMU
ranakTMKu 40 CUX NMop He o6HapyXeH. Bonpoc o KomyecTBe Takoro rasa, o ToM, 60/blUe n ero
yCpeAHeHHasi NI0THOCTb, YeM YCPeAHEHHas! MIOTHOCTb BELECTBa, BXOASLErO B raslakTUKKU, OcTaeTcs
OTKPbITbIM.

OGpaTMMCﬂ TeNepb K rasdy B CKOMNNEHUAX raaKTUK. PagnoHabnoaeHus NMoKa3bIBAkOT, 4YTO
HEVITpaﬂbHOFO BoAOpOAa B CKOMMEHUNAX HUYTOXHO Mano. OaHako € NoMoLLbo PEHTrEHOBCKNX
TENECKONOB, YCTAHOBJIEHHbIX Ha CNYTHUKaAX, 6611 06Hapy>|<eH FOpFI‘-IVIVI WOHW30BaHHbIN ras B 6oratbix
ckonneHmax ranaktmk. Okasanocb, YToO 3TOT ras HarpeT Ao TemrepaTypbl B MUIMOH rpaaycos. Ero
NMoJsIHaA MacCa MOXET AoXoAuTb A0 1013 macc ConHua. Yucno BHYWWTENbHOE, HO Mbl BUAENIN BblllE, YTO



nosiHasi Macca CKOMnieHns B co3ee3amn [leBbl ropasno 6onblue — npesbilwaeT 1015 Mmacc ConHua. Takum
obpasoM, Hannume ropsyero rasa B CKOMJEHUAX HUKaK He ncyepnbiBaeT NpobaemMbl CKpbITON Macchbl.

Heckonbko neTt Ha3ag y 3ToK NpecnoByTOM NpobneMbl BbIABUCS elle OAMH acrnekT.

B nocneaHee BpeMsa nosiBAsSieTCs BCE 60/blle CTOPOHHUKOB WAEW O TOM, UTO ranakTUKuU MOryT 6biTb
OKpPY>K€Hbl OFPOMHbBIMU MacCMBHbLIMU KOPOHaMK CNabo CBETALLMXCSA 06bEKTOB, KOTOPbIE MO UX CBEYEHUIO
06Hapy»XUTb KpaliHe TpyAHOo. DTO MOryT 6bITb, HaNnpuUMep, 3Be34bl HU3KOW CBETUMOCTU. Macca KOpoHbI
[O/KHA BANATb Ha ABUXEHWE KAp/IMKOBbIX raflakTUK — CMYTHUKOB OCHOBHOM ranakTUKu. MMeHHo no
3TOMY B/IUSIHUIO M MbITAOTCA 06HAPYXWUTb B HAaCTOsILLEE BPEMSI KOPOHbI ranakTuK. Bo3MoXHO, UTo yyeT
3TUX KOPOH CYLLECTBEHHO M3MEHUT OLEHKY MAcC ranakTUK B CKOMJIEHUAX U PELNT NPoBEMY CKPbITOM
Macchl. OHAKO B HACTOsLLEe BPEMS BOMPOC O KOPOHAX rasnakTUK eLle He peLleH.

Ham ocTaeTcs eule pa3obpaTb BONPOC 06 3K30TMYECKMX KaHAMAATax Ha posib CKPbITOMA Macchl, Takux,
KakK HENTPWUHO, rpaBUTaLMOHHbIE BOJIHbI, @ Takxke Apyrue Buabl Mmatepmn. K nogobHbIM 3K30TUYECKMM
BO3MOXHOCTSIM Mbl BEpHEMCS B rnase “HenTtpuHHaa BceneHHasn”.

[loka e noaBenemM UTor.

Ob6Lwas Macca CBeTsLWENCS MaTepPUN HeAOCTaToYHa, YTO6bI ee TAroTeHne 3aTOPMO3UNIO0 pacliMpeHmne
BceneHHol n obpaTtuio ero B cxatne. O CKpbITOM Macce Mbl MOKa 3HAeM C/IMLWKOM Mano. Ecnm oHa m
€CTb, TO ee NPMMEPHO CTOJSIbKO, YTObbl caenaTb 06y NAOTHOCTL MaTepun BO BceneHHol paBHOW
KPUTUYECKON, MOXET ObITb, YyTb H6osbLue.

BeposiTHee Bcero, Halweln BceneHHol NpeacTomT pacllMpeHne HeorpaHMYeHHoe nnun oveHb 6onblloe
BpeMs B byayLueM.

KPUBOE NPOCTPAHCTBO

Mbl ceityac yBUAMM, YTO BOMPOC O CpeaHel NNOTHOCTU MaTepum BO BceneHHo UMeeT peluatollee
3HaUeHMe He TOMbKO A8 NpobreMbl byayliero BceneHHom, HO U Ans NPo6ieMbl ee NPOTAXKEHHOCTH.
BO3MOXHO, 3Ta (hpasa BbI30BET HACTOPOXEHHOCTb Y unTaTens. Kak MoXeT BO3HUKHYTb Y Matepuanucra
BOMpPOC O MPOTSXXEHHOCTU BceneHHo? Pa3Be He ACHO, YTO MPOCTPaHCTBO BceneHHoW NpoaokaeTcs Bo
BCE CTOPOHbI BM/I0Tb A0 6ECKOHEUYHOCTH?

Kasanocb 6bl, noboe nHoe MHeHne BeAeT K NpeACTaB/IeHUI0 O CYLLEeCTBOBAaHNN KaKON-TO rpaHuLbl
MaTepuanbHOro MMpa, 3a KOTOPbIM HAYMHAETCA HEYTO HeMaTepuanbHoe. Ha NpoTSXeHUn AnNTeNbHOMN
NCTOPUM HayKu TONIbKO 6eCKOHEeYHO NpocTupatroeecs BO BCE CTOPOHbI MPOCTPAHCTBO NpeacTaB/isaoch
€ANHCTBEHHO NpUeMeMbIM A/ BCAKOro CTUXMMHOIO Matepunanmcra. ApryMeHTbl, AOKa3biBatowme 370,
61511 YeTKO cPOpPMYNMPOBaHbI eLle reHnanbHbiM punocodom apesHero Puma Jlykpeunem Kapom ase
Tbicsuun net Hasag. OH nucan B nosMe “O npupoae Belen”:

Het Hukakoro KoHUa Hu C 04HO¥ CTOPOHbI y BceneHHow, M60 nHavye Kpasi HermpeMeHHO oHa bbi umMesna.
Kpasi xx He MOXeT MMETb, OYEBUAHO, HUYTO, €C/IN TOJIbKO BHE ero HeT Hu4Yero, 4Tto ero otgesnsier, 4yrob
BUAHO

bblnio, Aokose cneanTb 3a, HUM Halun 4yBCTBa Crocob6Hhbl.

OTKPbITUE PACLUVNPEHWS BCE/TEHHON

Eciin X A0JDKHBI Mbl MIPU3HATL, YTO HET HUYero 3a BcesieHHO/.
OTKPbLITUE PACLUNPEHWS BCE/TEHHON

HeTt Hu kpaeB y Hee, S HET HU KOHUa, HU npeaena



U 6e3pa3/imyHoO, B KaKoU Tbl HAXOAMLLLCSI YacTa BcesieHHO !

OTKPbLITUE PACLUNPEHWS BCEJTEHHON

rae 6b1 Toi HU 66171, BE34€, C TOro Mecta, YTo Thbl 3aHMMaellb, Bce 6eCKOHeYHOM OHa OCTaeTCcs BO BCEX
HaripaBJ/iIEHNAX.

C Tex nop noAo6Hble apryMeHTbl 0 HECKOHEUYHOCTM U 6€3rpaHNYHOCTU NPOCTPAHCTBA aKKypaTHO
NMOBTOPANINCHE Ha MPOTAXEHUN BEKOB.

C cerogHsLWHeN TOYKM 3peHUs Takoe rnpeacraBsieHne KaxeTte” HanBHbIM. MepBbili yaap. No CTapbiM
B3rnsiaam 6bis1 HABECEH . TEOPETUYECKUM OTKPbITUEM BO3MOXHOCTU FrEOMETPUN, OTIMYHOM OT reoMeTpum
3BKNMAa, KOTOpas M3y4daeTcs B WKoe. 3To 6bl10 caenaHo BENMKMMM MaTeMaTUKaMM MPOLLIOro Aeka
H. JlobaueBckuMm, A. BoHH, .b. Pumagom, K. Fayccom.

YTo Takoe HeaBKAMAOBa reoMeTpus? Ecnm o6paTtuTbca K NaaHUMETPUM, TO, OKa3blBAETCS, NMOHATbL 3TO
ype3BblUyaiHO MPOCTO: 3BK/NAOBA, FrEOMETPUS U3yYaeT CBONCTBA reoMeTpuYeckmnx uryp Ha naockom
NoOBEPXHOCTU, HE3BK/INAOBA FEOMETPUSA U3YUYaeT CBOMCTBA Uryp Ha MCKPUBJIEHHbIX NOBEPXHOCTSX,
HanpuMep, Ha cdepe UK, cKaxeM, Ha ceanoobpasHoi MOBEPXHOCTU. Ha TaknX MCKPUBIEHHbIX
MOBEPXHOCTAX YXe& HE MOXET 6bITb MPAMbIX JIMHWUIA U CBOWCTBA FrEOMETPUUECKUX PUTYDP MHbIE, YEM Ha
MA0CKOCTU. MNpPsMbIE IMHUM 3aMEHSIOTCSA 34EeCb IMHUSAMU, KOTOPbIE ABASIOTCA KpaTyanwmnMm
paccTosiHMAMU MexAay ToukaMu. OHM Ha3blBalOTCS reoaesnyecknMmn nmHuamu. Ha chepe, Hanpumep,
reofieanyeckune JMHUM — 3TO AYrn 60JbLIMX KPYroB. [pUMEpPOM UX MOTYT CIYXWUTb MEPUANAHbLI Ha,
noesepxHocTu 3eMaun. Ha cepe Mbl MOXEM YEPTUTb TPEYrOSIbHUKM, CTOPOHbI KOTOPbIX ABMAKOTCS
reofle3anyecknMm, pucoBaTb OKPYXHOCTM, MOXEM U3yuaTb MX CBOWCTBA. Bce 3To nerko cebe
npeactaBuTb. TPYAHOCTU C NpeAcTaB/iieHUeM, BO3HUKAKOT, KOraa Mbl 06pallaeMcs .yxe He K [IByMepHO
NMOBEPXHOCTU, a K HE3BK/IUAOBY TPEXMEPHOMY MPOCTPAHCTBY. BTakoM NpoCTpaHCTBE CBOMCTBA NpU3M,
LApOB M ApYyruX Uryp OTAMYUAOTCS OT TeX, YTO Mbl M3y4yanu B LWKose. Mo aHanormm c NoBepxXHOCTAMU
Mbl MOXEM CKa3aTb, YTO TaKOe MPOCTPaHCTBO MCKpMBAeHo. OQHaKo 3Ta, aHanorua Bpsaa i NoMoXeT
HaM NpeacTaBUTb HArfs4HO UCKPUBIEHHOE TPEXMEPHOE NPOCTPAHCTBO. Mbl XXMBEM B TPEXMEPHOM
MPOCTPAHCTBE, BbINPbIFHYTh U3 HEr0 HE MOXeM (TaK .Kak BHE MPOCTPAHCTBA HUYEro HET), MO3TOMY
Henb3s crpalwmBaTh: “B ueM,u3rnbaeTcs Halle peasibHoe NpocTpaHcTBo?” CyTb KPUBU3SbI
NMPOCTPaHCTBA 3aK/OYAETCS B U3MEHEHMM €ro FrEOMETPUYECKUX CBOMCTB MO CPaBHEHUIO CO CBOWMCTBAMMU
MJ0CKOro NPOCTPAHCTBaA, rAe CrnpaBeasvBa reoMeTpusa dBKAnaa.

YuTaTenb, HaBepHOe, MOMHUT U3 pasjesna 0 YepHbIX Ablpax, YTo obwas TEOPUA OTHOCUTENBHOCTU
npuBOANT K 3aKJTIOYEHUIO 06 NCKPUBJTEHHOCTUN NPOCTPAHCTBA B CUJIbHbIX MONAX TANrOTEHUA, 06
M3MEHEHUN €ro reoMeTpPpNYECKnX CBOWCTB.

Korga mbl obpawiaeMcs K OrpoMHbIM NpocTopam BceneHHon, To yeM 6onbwnin MacwTtab paccmaTpmBaem,
Tem 6osiblue OxBaTbiBaeMas Macca BellecTBa U TeM CUJIbHEE MnoJie TaroteHms. B 6onbwimx macwrabax
Mbl AO/KHbI 06paWaTbCsa K TEOPpUM DNHLITENHA, AOIXKHbI YYUTbIBaTb MCKPUBJIEHME NPOCTPAHCTBA.

M 3pecb Mbl CTafiIKMBaeMCs C yAUBUTENbHbLIM ob6cToATeNnbLCTBOM. YTO6BLI NOHATH CYyTb HOBOIo ABNEHUA,
BEPHEMCA CHOBA K UCKPUBJIEHHbIM ABYMEPHbBIM NMOBEPXHOCTAM.

Bo3bMeM Kyco4ek naockoctu. Ecnu Mol GYAEM nob6aensTb K HEMY coceaHMne 4aCTh NJTIOCKOCTU BCe
6onbLiero pa3Mepa, To Nosly4ynMm BCHO MIOCKOCTb, HEOrPaHNUYEHHO NPOCTUPAOLLYHOCA B 6eCKOHEeYHOCTb.

Bbiaenum Tenepb Ha NOBEPXHOCTU LWapa ManeHbKuin KyCO4eK. Ecnun oH o4yeHb MaJl; Mbl Aaxe He
3aMeTUM ero MCKpuBJ1EHHOCTb. ﬂ,06aBVIM TeNepb K 3TOMY KYCOUKY coCeaHMUE, OXBaTbliBad BCe 6onblune
obnactu. Tenepb NCKPUBIEHHOCTb yXXe 3aMeTHa. lNpoaonxkas aTy onepaumio, Mbl YBUAMM, YTO Halla
NOBEPXHOCTb M3-3a KPMBU3HbI 3aMblKaeTCs cama Ha cebs, obpa3ysa 3aMKHYTYI0 cdepy. Ham He yaanocb
MPOAOJIXXUTb UCKPUBJIEHHYIO TakKUM 06pa3oM NOBEPXHOCTb HEOFPaHMYEHHO A0 6beckoHeyHoCcTM. OHa
3aMkHynacb. Cdhepa umeeT KOHEYHY0 Mowaab NOBEPXHOCTU, HO HE MMeET rpaHuL,. MNnockoe
CyLLecTBO, nonayliee no chepe, HUKOrAa He BCTPETUT NPensdaTCTBMSA, Kpas, rpaHuubl. Ho cdepa He
6eckoHeyHal!



Mbl HarnaaHoO BUAUM, UTO U3-3a 3aMKHYTOCTU MOBEPXHOCTb MOXET 6bITb 6e3rpaHMyHa, HO He
6eckoHeyHa.

BepHeMcs K TPEXMEPHOMY MPOCTPaHCTBY. OKa3blBAeTCH, ero UCKPUBIEHHOCTb MOXeT 6bITb NoA06Ha
NCKpUBIEHHOCTUN cdepbl. OHO MOXET 3aMblkaTbCs caMb Ha cebs, ocTaBasacb 6€3rpaHNyYHbIM, HO
KOHe4YHbIM No 06beMy (NoAo6HO TOMY, Kak cepa KOHe4vHa no nsowiaam).

KoHeuyHo, HarnsaHoe npeacTaBfieHne 34ecb KpaiHe TpyaHo. Ho Takoe MoXeT 6biTb. Tenepb HaM
MOHATHO, YTO apryMeHThbl B cTpodax Jlykpeuunsa Kapa HanpaBfieHbl NPOTUB OrpaHMUYeHHOCTU
NPOCTPaHCTBa KakMM-Nnbo 6apbepoM, HO He MPOTUB KOHEUYHOCTM 06beMa NPOCTPaHCTBa — Belb
MPOCTPaHCTBO MOXET 6blThb 6€3rpaHUUHbIM, HO KOHEYHbLIM M0 06bEMY.

Mogenw BcenenHon, MnocTpoeHHble A. ®puaMaHoOM, MOKasbIBaKT, YTO Takom CﬂyanI MOXET MMETb MECTO
B AeNCTBUTeNbHOCTU. [4ns 3TOro cpegHAada nAoTHOCTb BeWweCcTBa BO BceneHHow gonxkHa 6biTb 60nbLue
KpVITVIHeCKOVI. B 3TOM criyyae npocTpaHCTBO OKa3blBAeTCH KOHEYHbIM, 3aMKHYTbIM; TaKyt MoAesb
Ha3biBakoT SaKprTOVI.

Ecnu cpeaHas nAOTHOCTb MaTepun BO BceneHHOM paBHa KPUTUYECKOW, TO reOMeTpus MpoCTpaHCTBa
3BKAIMAoBa. Takoe NPOCTPaHCTBO Ha3bIBaOT MAOCKMM. OHO MPOCTMPAETCs BO BCE CTOPOHbI 40
6eckoHeuyHoCTU N 06BbEeM ero 6ecKkoHeuYeH.

HakoHel, ecnn NAOTHOCTb MaTepPU MeHblue KPUTMYECKON, TO reoOMeTpmus NpPOCTPAHCTBA ToXe
WCKpUB/IEHHasa. Ho B 3TOM cnyyae reomeTpusa nogobHa yxe He reoMeTpumn Ha cdepe, a reoMeTpun Ha
ceanoobpasHor NOBEPXHOCTU. DTO MPOCTPAHCTBO TaK Xe HeorpaHMYeHHO NpoCTUpaeTCs BO BCe
CTOPOHbI, He 3aMblkaeTcs. Ero o6bem 6eckoHeueH. Takyo Moaenb BceneHHOM Ha3biBalOT OTKPbLITON.
KakoB e Haw Munp?

HanoMHMM, 4TO A0 CUX NOP HEU3BECTHA HAAEXHO CpeAHSs NNOTHOCTb BeLlecTBa B NPOCTPaHCTBE,
HEN3BECTHO, 6onblie oHa KpMTVILIECKOﬁ MM MeHbLIE.

|_|03TOMy HEN3BECTHO, OTKPbITa JIM Halla BceneHHas vnu 3aKpblTa.

Maen BO3MOXHOCTU 3aKpbITOrO MMUpa C 3aMKHYTbIM MPOCTPAHCTBOM, KOHEUHO, OUeHb HeobbluHa. Kak u
naes ssosouMm BceneHHoi, atTa uaea ¢ TpyaHocTaMu npobusana cebe aopory. BospaxeHusa npotms
Hee oTYacTy 6biNn 06YCNOBEHbI BCEWM TOM e NHEPTHOCTLIO MbILLMEHMSA U NPeaB3ATbIMM
Co06paxeHns MK, a 0TYaCTN HEeJ0CTaTOUHOW 06Pa30BaHHOCTLI0O CTOPOHHUKOB YTBEPXAEHUS, YTO TONbKO
6eCKOHEeUHbI 06beM MPOCTPaHCTBa COBMECTUM C MaTtepuanm3mMom.

51 NOMHIO OAMH U3 TaKUX XapKUX COPOB B MOU CTyAEHYECKNE BPEMEHA, I'IpOXO,D,MBLLIVIVI Ha 6-M
Bcecoto3HOM coBelaHmn no BonpocaM KoOCMOroHmn B Mockse.

BoT untaTta n3 BbiCTynneHnsa ogHoro u3s gunocodos Ha ToM cosewaHun: “B camom gene, ecnu
NpeanosioXnTb, YTO BceneHHas KOHeYHa B MPOCTPAHCTBE, TO Cpa3y Xe Mbl CTajIkuBaeMcs C
HeobX0ANMOCTbIO OTBETUTb Ha TakMe HepaspellnMble BONPOChl: KaKk MOXHO npeactaBuTb cebe
KOHEe4YHYl0 B 06beMe BCceneHHylo, 4TO NIeXUT 3a ee npeaenamm...”

Kak BnanTte, aprymeHTaumsa 3gecb ropasao npuMmmTuBHee, yem y Jlykpeumsa Kapa v ocHoBaHa TOJ/IbKO Ha
o6pau.Leva1 K 34paBOMy CMbIC/Nly, YTO, KaK Yy>XXe& AaBHO U3BECTHO, HE ABNAETCA apryMeHToOM B Crope.

Hukakux naeanucTnyecknx BbiBoA0B U3 CbaKTa, BO3MOXXHOCTU 3aMKHYTOCTU NMPOCTPaHCTBa, KOHEYHO,
HE cneayert.

MaTepunanuamMm ncxoauT U3 pakta 06bEKTUBHOCTM NPOCTPAHCTBA, M3 TOr0, YTO MaTepuUst MOXeT
CYLLECTBOBATb TOJIbKO B MPOCTpPaHCTBE. "B MMpe HET HUUEro, KpoMe ABUXYLLENCA MaTeEPUn, U
ABMXKYLLAsICS MaTepUsl HE MOXET ABUraTbCs MHa4Ye, Kak B MPOCTPaAHCTBE U BO BpeMeHu” (B. W. JleHuH).
YcTaHOBMIEHWE K€ KOHKPETHbIX CBOWCTB MPOCTPAHCTBA, W, B YaCTHOCTU, HECKOHEYEH ero 06beM Uu
KOHEYEeH, — [1e/10 eCTECTBEHHbIX HayK.



XapakTepHa B. 3TOM OTHOLIEHWM peniMka akagemuka B. M'MH36ypra Ha 04HOM U3 HaY4YHbIX AUCKYCCUIA:
“He konnyectBoM Kybnuyecknx caHTMMETpPOB onpeaenseTtcsa ngeonorms!”

Moao6Hble Cropbl YWAX B NPOLUIOE, U AEN0 3@ HAYKOW — OnpeaennTb UCTUHHYHO CTPYKTYpPY MUpa.

NCKpVBIEHHOCTb NPOCTPAHCTBA ONpeAensieTCs CTeNeHb OTINYMSA MJOTHOCTM MaTepun oT
KPUTUYECKOro 3HaYeHUs. Yem cunbHee oTanumne, Tem 6osblue uckpmneHue. HabnoaeHns
NoKasblBaT, YTO €C/IN MJIOTHOCTb MaTEPUM M OTINYAETCS OT KPUTUUYECKON, TO HE OYEHb CUJTBHO U
WMCKPUBJIEHHOCTb CKa3bIBAETCSl TONIbKO HA OFPOMHbIX PACCTOSHUSIX BO MHOIME MUMapAbl CBETOBbIX
net. B 3aMKHYTOM npocTpaHcTBe BceneHHolM KpaTyaiiwas NMHUsS — reogesnyeckasl — OKa3sblBaeTCs
3aMKHYTOM, NoaobHo 6onbwoMy Kpyry Ha cdepe (HanpuMep, nogobHo akBaTopy). CKonb3s BAOSb
TakKoro nyTu, Mbl BO3BpaLLaeMCs B UCXOAHYH TOUYKY, TOYHO TakK Xe, Kak, ABUrasiCb Mo 3KBaTopy M
ob6orias 3eMnto, NPUXOAMM B UCXOAHBIV NMYHKT Halero nyTewecTBus.

Bo3MoxHO, 6yaylumne HabntoaeHUs NoKa)XyT, YTO NJIOTHOCTb MaTtepumn 60/blle KpUTUUYECKON U
BceneHHas 3aMKHyTa. B 3ToM cnydyae 06beM BceneHHOM KOHEYeH, HO BCE Xe OrpOMeH, pa3Mepbl
BceneHHo konoccanbHbl. [AnnHa “akBaTopa” — reoae3nyeckoi IMHUM, OXBaTbiBaloLLEN BCO
BceneHHyt, — HMKaK HE MeHbllie HECKOJIbKUX AEeCATKOB MUINMapAOB CBETOBbIX NIET, @ BEPOSATHO,
ropasno 6onblue.

KoHeuHO, eCTb He MeHblUMe OCHOBAHMS 0XWAaTb, YTO MNJOTHOCTb MaTepun BO BceneHHom He
npeBbIAET KPUTUYECKYHO N 06beM BceneHHom 6eckoHeueH.

B cneaytolleM pasgenie Mbl yBUAWM, UYTO Pasfivunme Mexay OTKPbITOW W 3aKpbIiTON BceneHHol He CcTosb
[paMaTUYHO, KaK 3TO Ka)KeTcs C MepBoro B3rnsaa.

TOPU3OHT

BceneHHas Ha4ana pacwupsATbCS 0KONO 15 Munanapaos NeT Hasagd. 3HauuT, BO BceneHHol He MoxeT
6bITb 06bEKTOB 60Nnee cTtapbix, 4eM 15 Mmnnmapaos AeT, He MOXET 6biITb NCTOYHUKOB, KOTOPbIE CBETAT
aonblwe 15 munnmapaos net. 310 06CTOATENLCTBO BeAET K BaXKHENLWEMY CNeACTBUIO — K HaMn4yuio
ropM3oHTa BUAMMOCTM BO BceneHHon. YeM ganbule OT HAacC HaxoauUTCs ranakTtuka, Tem 6osblie BpeMeHm
notpeboBanocb ceeTy, YTobbl gocTnyb Habnopgatena. CBeT, KOTOpbI CerogHsa AocTuraeT
HabnwopaTens, NOKMHYM ranakTuKy B AaseKOM npowwsiom. BceneHHas, Hadana pacwmpsaTbcs okono 15
MUANMapAoB NeT Ha3aa. CeBeT, BbileAWwnin N3 Kakoro-imbo MCTOYHMKA Aaxe. BCKope, Mocsie Havana
pacwunpeHnsa Mupa, yCneeT rnpouTu N1b KOHEYHOE paccTossHue BO BceneHHo — okono 15
MUNMAPAOB CBETOBbIX /ieT. TOYKM MPOCTpaHCTBa. BceneHHoM, nexalwime oT Hac Ha 3TOM pPacCTOSAHUM,
Ha3bIBalOT rOpU30HTOM Buanmoctu. Obnactu BceneHHOM, nexawme 3a ropu3oHTOM, CerogHs
npuHUMNuManbHo He-Habnaaembl. Mbl HE MOXeM yBUAeTb 6onee ganekue ranakTukm:, KakuMm 6ol
Teneckonamu Mbl N1 Habnwganu, CBeT OT raslakTUK MU3-3a ropM3oHTa NPOCTO He ycnesa A0 Hac AONTW.
KpacHoe cMmeleHne cBeTa HeorpaHM4YeHHO HapacTae I, korga Mbl Habnogaem o6beKT, nexaumn Bce
6numxe n 6amxe K, ropusoHTy. Ha caMOM ropmsoHTe oHO 6ecKkoHeYHo. Takuin 06pasoM, Mbl MOXEM
BUAETb TOJIbKO KOHEYHOE YMC/I0 3BE34 M ranakTuK Bo BceneHHon.

[o co3paHng Teopun paCLUMpﬂ}OU.LEVICﬂ BceneHHoOM nonbITKM pacCcMOTpEHNA 6ecKoHevHoro
NpoCTpaHCTBA, paBHOMEPHO B CpeAHEM 3aNOJIHEHHOIO 3BE€34aMU, HaTa/IKuBaJnUCb Ha No60onbITHBIN
napagokc. OH 3aknyaeTcs B cnegywouwem. B 6eckoHeyHOM BCEJ’IEHHOI‘/'I, 3anoJsIHeHHOWN 3Be€34aMu, nyd
3pEeHNa paHoO WM NO34HO BCTPETUT CBETALLYIOCA NOBEPXHOCTb 3Be34bl. B 3TOM cnyyae Bce HOYHOE Hebo
AO/IKHO CUATb, KaK NMOBEPXHOCTb ConHua v 3Be34.

MapagoKc nonyyunn HasBaHne hOTOMETPUUECKOrO, U MHOTME BblAQIOWMECS YMbl MbITANINCL €ro
paspeLmnTb.

Mocne co3gaHmsa Teopuu paclwmpsitowencs BceneHHol napagokc paspewmnncsa cam cobon. B
paclwmpsiowenca BceneHHoM ans Kaxaoro Habnwaatens ectb FOPU3OHT BUAMMOCTU. [03TOMY OH BUAUT
KOHEeYHOoe YMCo 3Be3/, BeCbMa pefko pa3bpocaHHbIX B MPOCTpPaHCTBE. Halw B3op, Kak npaBwuno,



CKOMIb3UT MUMO HUX WM BMNOTb A0 FOPU30HTA, HE YNMPasiCb HU B OAHY 3Be3ay. [103TOMy HOoYHOe Hebo
MeXxAay 3Be3faMn — TeMHoe. K TOMY Xe XWU3Hb 3Be3[ OrpaHuyeHa.

[OPU3OHT BMAMMOCTKN AeNnaeT AN HAaC He CTOMb CYLLeCTBEHHOW pasHMLy MeXAy 3aKpbITbiM U OTKPbITbIM
MUpoM. B obounx cnyyasax Mbl BUAMM OrpaHUYEHHYH0 YacTb BceneHHon ¢ pagnycom okono 15
MWUNNMapAOB CBETOBbIX NeT. B 3aMKHYTOM MUpe CBeT He ycrneBaeT 060MTN MUP K HAaCTOSALEMY BPEMEHMU,
W, KOHEYHO, HEBO3MOXHO YBUAETb CBET OT Halen cobCTBEHHON ranakTnkm, obolweallen BeCb Mup.
YBuaeTb “co6CTBEHHbIN 3aTbIIOK” HEBO3MOXHO B 3aMKHYTOM BceneHHOM. [Jaxke 3a BeCb Nepuog,
pacwmpeHuns OT CUHIYJIIPHOro COCTOSIHUA A0 CMEHbI paclUMpPEHNs CKaTUEM CBET yCneBaeT NponTH
TOJIbKO MOJSIOBUHY 3@aMKHYTOMO NMPOCTPAHCTBA M NULb Ha das3e oKaTUa CMOXET 3aKOHUYUTb MOJTHbIN
obxoa mupa...

FOPU30HT BUAMMOCTU ANSA Kaxaoro HabntogaTtens cBoi, rae 6bl OH HU Bbl1 BO BceneHHoi. Bece Touku
oAHOpPOAHOW BceneHHol paBHonpasHbl. C TEYEHMEM BPEMEHU FOPM30OHT KaXkaoro Habnoaarens
paclmpsaeTcs, K HabnoaaTtento ycnesaeT 4OX0OAUTb CBET OT BCE HOBbIX obnacTten BceneHHol. 3a 100
JIET paAnycC ropnsoHTa yBENYMBAETCS Ha OAHY CTOMU/IJIMOHHYIO AO/I0 CBOEN BENNYUHBI.

Ewe oaHO 3amevaHme. B6num3n camoro rOpn3oHTa Mbl B NpuHUUNE A0JIKHbI BUAETb BEWECTBO B
AaneKkoM npowsioM, Korga nJiotTHoCTb €ro 6bin1a ropasao 6onble cerogHsawHen. OTaeNbHbIX 06bEKTOB
TOoraa He 6bIJ'IO, a BeLLecTBO 6bIs10 Henpo3payHbIM 4119 n3nyvyeHns. K aToMy BOMpPOCY Mbl ele BEpHEMCH.

rNMABA 3. TOPAYASA BCEJNIEHHASA

OPU3NKA HAYHAJIA PACLUUNPEHMA

B npeablaywmnx rnaBax Mbl MO3HAKOMUIINCb C MEXAHWMKOW pacluMpeHns BceneHHoi. Ho MexaHuKa He
ncYeprbiBaeT BCEro, YTO HAC MHTepecyeT. Ha pasHbix 3Tanax pacwmpeHuns BceneHHoW B HeW
npoTekanu pasfindHble pusanyeckue npoueccbl. Mol 3HaeMm, 4to 15 MUIIMapAOB NIET Ha3aj, B Havane
paclmpeHuns, NIOTHOCTb MaTepun Bo BceneHHol 6bina orpoMHa. EctecTBeHHO, 4TO TOorga npoTekanu
(m3myeckmne npoueccobl, COBCEM HEMOXOXME Ha Te, YTO Mbl Habngaem ceroaHsi. OHM B MPOLUIOM
onpeaenuin CeroaHsilLHee COCTOSTHUE MUpa M CAeNnany BO3MOXHbIM, B YaCTHOCTU, CyLleCTBOBaHUE
XKU3HM.

®dun3nka NpoLeccoB B Havasne pacllMpeHnNs Bbi3biIBaeT OFPOMHbIN MHTEpec. Ho MoxeM nin Mbl YTo-nnbo
ckasaTb 06 3Tux npoueccax? Beab peub naet 6ykBanbHO O NEPBbIX MFHOBEHUSIX pacClUMpPEHUS, a BCe
3TO npoucxoamno 15 munnmnapnos net Hasag!

Oka3sblBaeTcs, MOXEM.

[leno B TOM, 4TO MPOMCXOAUBLLUME B NepBblie CEKYHAbI C Hayasna paclMpeHns nNpoLeccbl UMenn CTosb
Ba)kHble NMOCNEACTBUS ANs CEroAHsLWHEN BceneHHoOM, 0CTaBmMnm CToMb siBHble “cneabl”, 4TO MO HUM
MO>XHO BOCCTAHOBUTb XapaKTep CaMMX NpoLEeCcCcOoB.

BaxkHeWmMMM U3 HUX 6bINK gaepHble peakuum Mexay 3NeMeHTapHbIMW YacTuuaMm, NpoxXoamBLLME MPU
60NbLWOM NNOTHOCTU. Takme peakumn BO3MOXHbI Wb B CAMOM Havane paclMpeHuns, Koraa naoTHOCTH
OrpoMHbl. KOHEYHO, HUKAKMUX HENTPasibHbIX @aTOMOB M AaXe C0XHbIX aTOMHbIX s4ep Toraa He 6biio,
XMMUYEecKMe anemMeHTbl 06pa3oBanncb No3aHee B pesynbraTe aAepHbIX peakumin. Ho o atoro, B elle
6onee paHHen BceneHHol, 6bin nepuoa, koraa obpasoBanncb CaMu 3NEMEHTapHbIe YacTuubl. 34eCh
peyb UAET yXKe 0 BpEMEHax, UCUUCISAEMbIX HEBOOBPA3NMO MasnbiMU MIHOBEHMAMU — 10743 cekyHAbI,
Korzga nnoTHOCTU 6binun 6onblie 1093r/cm3. Takas NNOTHOCTL B HEBOOHpa3nMMoe uncnio pas 6onblue
NJOTHOCTM aTOMHOro sapa, kotopas “Bcero” 101> r/cm3. HaBepHoe, cTofb 06eckypaxuBatowmue ymcna
BbI3bIBAOT HEBOJIbHYIO Y/blbKY y umMTaTensa. Passe MOXHO 4To-1nb0 y3HaTb O Mpoueccax B Takux
YyCNnoBuSX, KOTopble abCcoNOTHO HEBOCMPOU3BOAMMbI B 3eMHbIX nabopatopusax?

MHoOro net Hasaj, Korga Mbl NUcCann Hay4yHyo MOHOFpaq)VIPO C akageMunkoM S. 3enbaoBUYEM U
npueoannu B Hewn KJ'IaCCM(bMKaLI,MI-O npoueccoB, NpoTeKaBWnNX B noaobHbIX YCNoBUAX 4yaoBULLHBIX



NJIOTHOCTEN, Mbl BCNOMHUAKX Napoanto Apkaams ABepuyeHko: “Uctopust MMASIH TEMHA U HEU3BECTHA,
YUY€eHble AENSAT €e TEM HE MEHEee Ha Tpu Nepuoaa: NepBbIi, 0 KOTOPOM HUYEro He U3BECTHO; BTOPON — O
KOTOPOM M3BECTHO MOYTU CTO/IbKO X€E, CKOMIbKO O MEPBOM, U TPETUI, KOTOPbIA NoCieaoBan 3a ABYMS
npeabiaywmuMmn”,

3a npouwejlwune ¢ Tex Nop NoyTu AsajuaTb NeT dusmnka warHyna aaneko Bnepesa, 1 Tenepb Aaxe o
npoueccax hbopMUPOBaHUS 3NEMEHTAPHbIX YacTUL B paclunpsitoeincs BceneHHol yxe MOXHO Koe-4To
ckasaTb.

YT0o e KacaeTcs aaepHbIX peaKu,Vleﬁ, npouncxoamBLlinx C nepBon Mo TPEXCOTYHK CEKYHAbI NOC/IE Ha4Yana
pacwmperHund, To 0 HUX MOXHO noBeaaTb NOYTU BCE C NOJIHOM onpeaeneHHocTbio. leno B ToM, 4YTo
cneacTemeM A0epHbIX peaKU,VIVI ABUNOCHb o6pasoBaHme XVMWYECKMX 3/1eMEHTOB BO BceneHHON.

PacueT aaepHbIX peakumnit JaeT BO3MOXHOCTb NpeAckasaTb XMMUYECKUIA COCTaB BELLECTBa, U3 KOTOPOro
(bopMUPYIOTCS ranakTUKK, 3Be34bl, MEX3BE3AHbIN ra3. CpaBHeHWe NpeackasaHusa C Habnio4eHUAMM
MO3BOJISET BbISIBUTb 3TW peaKkLUUK, a rMaBHOE — BbIACHUTb (PU3NUYECKUE YCNOBUSA, B KOTOPbIX OHU
npoucxoannu. Mbl 0OCTaBUM A0 AanbHENWmMX naparpadoB BbiISCHEHNE BOMPOCa 06 3K30TUUECKUX
npoueccax npu 1023r/cM3, 1 NOCMOTPUM CHavana, Kak npoTeKkanu saepHble peakuun Bo BceneHHolt B
nepBble CeKYHAbl U K YEMY OHW NpPUBEU.

XOJTOAHOE W1 T'OPAYEE HAYANO?

EcTb ABe NpUHLUMNMaNbHbIE BO3MOXHOCTU A1 YCOBUI, B KOTOPbIX NPOTEKANO Hauyano paclinpeHus
BewecTBa BceneHHol. 2710 BewecTBO MOrao 6biTb 1M60 X0NoAHLIM” NM60 ropsaumMM. Mbl yBUANM, 4YTO
CNeAcCTBUS AAEPHbIX peakunii Npu 3ToOM B KOpPHE OTAMYaloTca Apyr OT Apyra. IcTopuyecku nepBbiM elle
B 30-e roabl Hallero Beka 6blsla pacCMOTpeHa BO3MOXHOCTb XOJIOAHOMO Havana. Toraa siaepHas
dun3MKa Haxoamnach ellle B 3a4aTOYHOM COCTOSIHUM, HE 6bIN0 TeOopUM, KoTopast Morsa 6bl HaaeXHOo
paccunTaTb AAepHble peakuun. B 3TUX ycnoBusSX NpMHMMAasnoch, YTo BellecTBO BceneHHoM 6bino
CHa4yana B BUJle XONOAHbIX HENTPOHOB.

[Mo3)e BbISICHUNOCH, YTO Takoe npeanosioXXxeHne npmneBoanT K NpoTUBOpPEYNIO C HabnoaeHnaMu.

[eno 3akntoyaeTtca B cneaywoweMm. HemtpoH — HectabunbHas vyactmua. B cBo60gHOM COCTOSAHUM OH
pacrnajaeTcs 3a BpeMsi 0KOs10 15 MMHYT Ha NMPOTOH, 3/IEKTPOH N @aHTUHENTPUHO. Mo3TOMY B Xoae
pacwupeHnsa BceneHHoOM HENTPOHBI cTanu 6bl pacnagaTtbcs, ctanm 6bl BO3HMKATb NPOTOHbI. BO3HUMKLWINI
NPOTOH cTan 6bl COEANHATLCS C eLle OCTaBWMMCA HENTPOHOM, AaBasa S4p0o aToMa AenTepus. 3aTem
Aentepun ctan 6bl coeaMHATBCS C AeTepueM 1 Tak ganee. Peakumnsa yCnoXHeHUs aTOMHbIX saep ctana
6b1 6bICTPO MATM M NPOAO/IKATLCA A0 TEX NMOP, NoKa He obpa3oBanack 6bl anbda-yacTmua — 94po
aTtoma renus. bonee crnoxHble aTOMHblE A4pa, Kak NoKasbliBalT pacyeTbl, NPpakTUYeCKU HE BO3HMKaN
6b1. Takmm 06pasom, BCe BeleCcTBO NpeBpaTMaoCh bbl B renin. DTOT BbIBOA Pe3KO NPOTUBOPEUUNT
HabnoaeHnaM. M3BECTHO, YTO MOJIOAble 3B€3Abl U MEX3BE34HbIl ra3 CoCToAT B OCHOBHOM U3 BOAOPOAA,
a He u3 renus.

Takum o6pa30M, HabnoaeHus pPacnpoCTpaHEHHOCTU XMMNUYECKNX SJTEMEHTOB B Npunpoae oTBepraoT
rmnoTesy o Xono4HOM Ha4dane paclmpeHuna BceneHHol.

B 1948 rogy nosiBunace pabota I'. NamoBa, P. Anbdepa n P. XepmaHa, B KOTOpPOM Npeanarasncs

“ropsaumin” BapmaHT HadasibHbIX CTaau pacwmpeHus BceneHHon. MNpegnonaranocb, YTO B Havane
pacwuvpeHnsa TeMrnepaTypa BellecTBa 6bi1a BeCbMa BemKa.

OCHOBHas LeNb aBTOPOB rMMoTe3bl ropsyei BceneHHoM 3akntoyanack B TOM, UTo6bl, paccMaTpusas
AnepHble peakuMm B Havane KOCMOSIOrMUYECKOro pacluMpeHrust, NosyunTb HaboaaeMoe B HacTosLee
BPEeMSi COOTHOLLEHWNE MeXAY KOIMYECTBOM PasIMUHbIX XMMUYECKUX 3/1IEMEHTOB N U30TOMOB.

MNMoyeMy nepBoHavanbHO Npeanonaranochb, YTo BCE XMMUUYECKMNE SNEMEHTbI A0/KHbI 06pa3oBaThCa B
Hauyane paclwmpeHns BceneHHoi? [leno B ToM, uTo B 40-e rogbl OWMB60YHO CUMTaNN, YTO BpeMms,



npoTekLwee C Havyana pacwupeHus, coctasnseTt 1—4 munnuapaa net (Bmecto 15 MmanmMapaos neT no
COBpEeMeHHbIM oueHKaM). Kak Mbl 3HaeM, 310 6b110 CBA3AHO C 3aHMXXEHHbIMW OLEeHKaMM pacCToSHUN A0
rasiakTUK U NMO3TOMY C 3aBbllLUEHMEM NOCTOSIHHOM Xa66na. CpaBHUBasA 3To BpeMs (1—4)*10° net ¢
BO3pacToM 3emMin — nopsaaka (4—6)*10° net, aBTopbl Npeanonaranun, Yto gaxe 3eMnsa 1 niaHeTsl (He
roeops yxe o ConHue » 3Be34ax) CKOHLEHTPUPOBANINCh U3 NEPBUYHOIO BeLLeCcTBa, N BCe XMMUYECKue
anemMeHTbl 06pa3oBannCb Ha paHHen cTaaumn pacwmpeHns BceneHHon, nbo 6onblie OHM HUrAe He
ycnesanu obpasosaTbcs.

Tenepb Mbl 3HAaeM, YTO BpeMs paclumpeHus BceneHHoi 15*10°neT. 3emMna o6pasoBanach He U3
NepBMYHOIO BELWECTBa, a U3 BelwecTsa, npowejlero CTaguio S4epHbliX peakunin (HyKieocmHTesa) B
3Be3gax. Teopus HyKIeoCMHTEe3a B 3Be34aX YCNewHo 06bsACHAET OCHOBHbIE 3aKOHbI
pacnpoCcTpaHeHHOCTU 3/1IEMEHTOB B NMPeANOIOXKEHMNN, YTO NepBble 3Be34bl 06pa3oBannCh U3 BELLECTBA,
cocTosLero rnasHbIM 06pa3oM M3 cMecn BOAOPOAa U renns. BelwecTBo U3 cTapbiX 3Be3/ NepsBoro
nokoneHus, oborawieHHoe TAXeNnbIM1 31eMeHTaMu, BbibpacbiBasnocb B NPOCTPaHCTBO. M3 3Toro
BeLleCcTBa BO3HMKaIM HOBble 3Be3Abl, NiaHeTbl. Takum o6pa3oM, HeobX0AMMOCTb 06BACHEHUS
NPOUCXOXAEHUSA BCEX SNIEMEHTOB (B TOM YMCNE U TSHKENbIX — Xefe3a, CBUHLUA U T. A4.) Ha paHHen
CTaauun pacwmpeHuns BceneHHon otnana. Ho cyTb rMnoTesbl ropsdyen BceneHHon okasanach
npaBWbHON.

MHorve nccnegoBaTenn oTMeYanu, UYTo CoaepKaHue renns B 3Be3aax U rase Hauwein FanakTukm
ropasao 60/blle, YeM 3TO MOXHO O6BbACHUTbL HYKNE0CMHTE3OM B 3Be3aax. (MoapobHee 06 3TOM
rosopuTcs aanee.) CneaoBaTtefibHO, CUHTE3 refins A0/KEH MPOMCXOAUTL Ha PaHHEM 3Tane paclnpeHus
BceneHHot. Ho BCe e 0CHOBHbIM BeLLeCTBOM BceneHHoi 1 ceivac ABNseTCs BOAOPOA.

B Teopuu, npeasioxxeHHon . FaMOBbIM M ero coaBTopaMmn, OKa3biBAEeTCS, YTO paclunpstolLeecs
BelllecTBo BceneHHon npeBpallaeTcs B CMecb, 60MblUas YacTb KOTOpPol cocTtaBnsieT Boaopoa (70
NpouUEHTOB) U MeHbllasa — renuin (30 NpoueHToB). M3 3Toro BewecTBa No3xe n dopMUpPYOTCS 3BE3/bI
M ranakTuku. Mouemy e B TeEOpUM ropsiueit BceneHHol Bce BELLIECTBO He NMpeBpallaeTcs B renii, kak
3T0 6bIJ10 B BapuaHTe Havyasia B BUAE X0/104HOW HENTPOHHOM XNAKOCTU?

Bce neno nMeHHO B TOM, YTO BewecTBO 66110 ropsyunM. B ropsyem BellecTse MMeeTcsl MHOIo
SHEpPruyHbIX POTOHOB. VIMEIOTCS TaM TakXe NPOTOHbI U HENTPOHbI, KOTOPble CTPEMATCH COeAUHUTLCS B
aentepun. OgHako ¢OTOHbI pa3buBatoT AenTepuin, KOTOpbI 0bpasyeTcs Npu CANSAHUN NPOTOHA U
HelTpoHa, obpbiBas B CAMOM Hayane Lernoyvky peakumin, Beaylyto K cuHtesy renvs. Korga BeceneHHas,
pacwmpsscb, 4OCAaTOYHO OXxNaxgaeTcs (A0 TeMnepaTypbl- MEHbLUE MUAAnapaa rpagycos), TO
HEKOTOPOE KONMYECTBO AeNTEPUS YXKEe COXPAHAETCH U NPUBOAUT K CUHTE3Y renus. Mel nogpo6bHo
paccMOTpUM 3TOT NpoLecc Aanee.

Teopus I'OpFNEVI BceneHHol pgaer onpeaeneHHble NpeacKka3daHna O coaepXXaHum renmsa B 403BE3QHOM
BewecTee. Kak yxe ynoMUHanocb, pacnpoCTpaHEHHOCTb rensa AO/KHa 6bITb OKkos10 30 npoueHTOB Mo
Macce.

Ha runoTese MaMoBa MCCNenoBaHWsA pasHbliX BapMaHTOB Hayana paclvpeHns BceneHHol He
3aKOHUYMANCL. B Hayane 60-x roaoB 66K caenaHbl NoMbITKU BEPHYTLCSA K MOAEPHU3NPOBAHHOMY
BapuaHTy X004HOM BceneHHoM, KoTopbli NpeackasbiBasn NpespalleHme BCEro BEWECTBA He B renuii
(Kak B NpexHeM BapuaHTe), a B YMCTbI BoAopoA. Mpy 3TOM NpeAanonaranock, YTo ocTasbHble
aneMeHTbl POPMUPOBANNCL FOPA3A0 NO3XKE YXe B 3BE3AaX.

MepBOHavasbHO TEOPUM FrOpsiYEn U XONOAHON BceneHHON CBS3bIBasIMCh C MOMbITKAMM AaTb MOJIHOE
06bsICHEHWE PACNPOCTPAaHEHHOCTU XUMUYECKUX SJIEMEHTOB B J03BE34HOM BellecTBe. MomnbITKM
BbISICHUTb, Kakasi TeOpusi BEpHa, CHayasia HanpaeBAs/IMCb B OCHOBHOM MO MyTW aHann3a HabnoaeHni
pacnpoCTPaHEHHOCTU XMMUYECKMX 3/1IEMEHTOB. O4HaKo Takme HabnoaeHUs U B 0CO6EHHOCTU UX aHaNu3
OYeHb CJI0XHbl U 3aBUCST OT MHOMUX NMPeAnosioXeHnin. Ecnn 6bl Teopun MOXHO 6bIS10 MPOBEPSTL TOSTbKO
Mo pacnpoCcTPaHEHHOCTU XMMUYECKMX 3/IEMEHTOB BO BceneHHOW, TO BbISIBUTb UCTUHY 6bIs10 6bl CIOXHO.
Beab He Tak-TO MPOCTO pa306paTbCsl, CKOMbKO refinst U ApYrux 3JIEMEHTOB CUHTE3MPOBAHO B SIAEPHbIX
npoleccax B 3Be34aX, @ CKO/IbKO OCTasocb OT MPOLLECCOB B paHHel BceneHHoW.

K cuacTbto, ecTb Apyrov cnocob nposepku. Teopus ropsyen BceneHHoW aaeT BaxHeliwee
HabnogaTenbHoe npeackasaHue, KOTOpPoe ABNSETCSH NPSAMbIM CNeACTBUMEM “ropsye-cTn”. 310



npeackasaHue CyLllecTBOBaHMS BO BceneHHOM B Halwy 3MOXy 3/1EKTPOMarHMTHOMO U3JyvyeHus,
OCTaBLUErocsi oT TOM 3NO0XM, KOr4a BewecTBO B NMPOLW/OM 6bIs1I0 MAOTHBIM U FOPSYnM.

B npouecce KOCMONOrM4YecKoro pacluMpeHns BellecTBa TeMnepaTypa ero nagaet, najaeT u
TeMmnepaTypa M3/y4eHUs, HO BCE XE M K HACTOSALWEMY MOMEHTY AOJIKHO OCTaTbCs 3/IEKTPOMArHUTHoe
M3ny4yeHue C TeMnepaTypomn (B pasHbiX BapnaHTax Teopumn) oT gonen rpagyca Ao 20—30 rpaaycos rno
KenbBuHy (pun3nkm rosopat — KenbBMHOB).

Takoe nsnyyeHne, KOTOPOE AOSIHKHO OCTaTbCs C APEBHUX 3MOX 3BONOLUMN BceneHHol, ecnu oHa
OeNCcTBUTENBbHO BblNa ropsiyein, Noy4Ynno Ha3BaHWE PeNIMKTOBOro. 3TO Ha3BaHWe 6bl10 BrepBble
npeasoXeHo COBETCKMM acTpodmankom N. LLIKNOBCKMM. SneKTpoMarHMTHOE U3ydeHMe CO CTOb Mason
TeMnepaTypon NpeacTaBisieT cobon paAnoBOIHbI C AIMHOWN BOJIHbI B CAHTUMETPOBOM U MUNNTMMETPOBOM
AvanasoHax. Pellatowmm aKCnepmuMeHToOM No nNpoBepke Toro, 6bina nnM BceneHHas ropsyen nnu
XONOAHOMN, SABNAOTCS, C/ieAoBaTelbHO, MOUCKM TaKoro nsnydeHust. Ecnn oHo ectb, BceneHHas 6bina
ropsiuen, ecnm ero HeT — XOJI0AHOWN.

KAK BblJ1TO OTKPbITO PEJIUKTOBOE U3JTYHYEHMUE

NcTopuns OTKPbITUS PEIMKTOBOrO U3/lydeHUs BeCcbMa noyduTesnbHa. Yxxe B nepsbix paboTtax . [amosa,
P. Anbdepa, P. XepMaHa 6b1110 OTMEUEHO, YTO BO BCceneHHOM AO/MKHO OCTaTbCA OT paHHMX 3M0X
pPEeNUKTOBOE U3/Ty4eHne C TeMnepaTypoi O0Kono 5 rpagycos abcontoTHON wkanbl KenbBuHa.

Kasanocbk 6bl, 3T0 NpeAckasaHme A0/KHO 6bl10 06paTuTh Ha cebs BHMMaHWe acTpoduM3nKOB, a Te, B
CBOIO ouepenb, AOMXKHbI 6bI/IM 3aMHTEPECOBaTh PaAN0aCTPOHOMOB, C TeM UTO6bI MOMbLITATLCA
06Hapy>XUTb NpeackasaHHOEe U3NyyeHue.

Ho Hun4yero nogo6HoOro He Npounsowno. CTOpMKM HayKm 1 cneumanuctbl 4O CUX MOP ragatoT, noyemy
HUKTO HE MbITa/ICA CO3HAaTENbHO UCKaTb PEIMKTOBOE M3ny4deHue. MNpexae yem obpawatbCs K 3TUM
joragkam, gasaunTte npocneamm uenb akTuyeckux cobbiTuin, NpuBeaLlnX K CAMOMY OTKPbITUIO.

B 1960 roay B CLUA 6bina nocTpoeHa paagnoaHTeEHHA, NpeaHasHavYeHHas ans npueMa OTpaXKeHHbIX
CUrHanoB oT cnyTHMKa "Ox0”. K 1963 roay sTa aHTeHHa yxXe 6bina He HyxHa ansa paboTbl co
CNYTHUKOM, W ABa paamouHxeHepa, P. BuncoH u A. MNeH3uac, B nabopatopun komnanmm “benn”
peLwwwnn Ncrnosb3oBaThb ee A1 paanoacTpoHoOMMYecknx HabnwoaeHnn. AHTeHHa npeacTasnsna cobon
20-yTOBbIM pynoOpHbIM OTpaxaTenb. BMmecTte ¢ HOBEMWWM MPUEMHbIM YCTPOMCTBOM 3TOT
paavoTeneckon 6bis1 B TO BpEMS CaMblM YYBCTBUTEbHbIM MHCTPYMEHTOM B MUPE AN U3MEPEHUS
paAMoBOJIH, NPUXOASLWLNX N3 KOCMOCA C LUMPOKUX Nowaaok Ha Hebe. Teneckon npegHa3Ha4vancs B
nepBylO o4Yepeab A/ UBMEPEHUS PAAMOU3ITYHEHUS, POXAAIOLWErOoCs B MEX3BE34HOM CpeAeHallen
lanakTnkun. 3Ta paboTta goskHa bbina 6blITb MHTEPECHOW, HO B 06LWeM-To opanHapHoi cpean 60nbWoro
KOJIM4YecTBa paanoacTpoHoOMMYecknx HabnoaeHuin. Bo Bcskom cnydae, A. MNeH3smac u P. BuncoH He
cobupanncb NCKaTb HUKAKOE PeNIMKTOBOE U3Jly4YeHne, 4a U 0 CaMoin Teopumn ropsiyert BceneHHOM OHKU
TOrAa v C/ibIXOM HE C/ibIXMBasM.

[MepBble n3MepeHnsa NpoBOAUIIUCL Ha ANIMHE BOJIHbI 7,35 CaHTUMETpa.

[nsi TOYHOro U3MepeHusa pagnuounsnydyerms FanakTukm Heo6xoaMMo 6bINI0 yYeCcTb BCE BO3MOXHbIe
nomMexu. Takme NoMexm MoryT 6biTb pa3HOro poaa. Tak, UX Bbi3blBaeT POXAEHNE PaANOBOSIH B 3EMHOM
aTMocdepe, paavonsNiydyaeT Takxke M NMOBEPXHOCTb 3eMn. KpoMe Toro, noMexu Bbi3biBaloTCs
ABVKEHUEM 3MEKTPUYECKMX YACTUL, B @aHTEHHE, B YCUJIUTENbHbIX 3JIEKTPUYECKUX LIEMSIX U MPUEMHUKE.
Bce BO3MOXHbIE UCTOYHUKM MOMEX BblIN TWATENbHO NPOaHaN3NpPoBaHbl U YUYTEHbI.

Tem He MeHee A. lNeH3nac n P. BUICcoH C yAnUB/IEHWEM KOHCTAaTMpOBanu, YTo, Kyaa bbl UX aHTEHHA HK
6blna HanpasneHa, OHa BOCNPUHUMAET Kakoe-TO U3Ny4YeHne NOCTOSSHHONM MHTEHCMBHOCTU. DTO HE MOr/o
6bITb U3NyyYeHneM Hawen ManakTnkn, nbo B 3TOM Crlyyae MHTEHCMBHOCTb €ro MeHsanach 6bl B
3aBUCMMOCTM OT TOr0, CMOTPUT JIM @HTEHHA BAOJIb MJOCKOCTM MneyHoro MNyTtu nan nonepek. Kpome



TOro, B 3TOM ciiyyae 6nmxkanwme K HaM rasakTuKu, NoOXoXue Ha Hawy, Toxe nsnydanu bbl Ha AnnvHe
BOJIHbI 7,35 caHTUMeTpa. Ho Takoro ux msany4vyeHms ob6HapyXeHo He 6bis10.

OcTaBanocb ABe BO3MOXHOCTU: MNMH0 3TO “WYMAT” Kakne-To HeyYTeHHble noMexu, nmbo 3To
n3ny4vyeHue, npmxoasiiee U3 gasekmx npocTopos KocMoca. Moao3peHnsa nanm Ha BO3MOXHbIE NOMEXU B
aHTeHHe. Tak BO3HUWKNA “3arajka aHTeHHbl”. lpenoctaBmm ganee CnoBO OAHOMY M3 aBTOPOB
n3MepeHui, P. BUNCOHY, pacckasblBalolWeMy, Kak OHM MpoBeEPSSIN BO3MOXHOCTb MOMeX, BO3HMKAOLWMX
B aHTeHHe. “TakuM o6pa3oM, aHTeHHa y Hac oCTaBanacb €4MHCTBEHHbIM BO3MOXHbIM MCTOYHUKOM
M36bITOYHOrO WyMa... bonblas YacTb NOTEPb aHTEHHbI MPONUCXOAMIA B €e rOp/IOBMHE MaNeHbKoro
AnameTpa, koTopas 6blna caenaHa U3 XMMMYecKn YMCTOM Meaun. Mbl nccrnegosanu nogobHble
BOJIHOBOAbI, B 1abopaTtopum 1 BHECIM UCMPABJ/IEHNS B pacyeTbl MOTEPb 3a CYET HEUAEANbHOCTH
NOBEPXHOCTHbIX YCNOBUIA, KOTOPYIO Mbl 06HapyXuam B Takux BonHoBogax. OcTtanbHas 4acTb aHTEHHbI
6blna caenaHa u3 ckieBaHHbIX allOMUHUEBBIX JINCTOB, U, XOTS Mbl HE OXWUAANM 34eCb Kaknx-nmbo
HENpUATHOCTEN, Mbl HE MOMIN UCKJTIOYNTb BO3MOXHOCTM NOTEPb B MecCTax ckaenku. YTobm npoBeputb
3TO, Mbl MOMECTMAN Napy ronyber B To HebONbLION YacTM pynopa, r4Ae OHa ConpuKacaeTcs C TEMoun
kabuHon. Bckope oHM Nofo06HO CBOUM FrOpOACKMM cOBpaTbsiM NOKPbIIN BCHO BHYTPEHHOCTb 6enbiM
BeLLeCcTBOM. Mbl BbINYCTUAN rony6en n NoYNCTUAM BHYTPEHHOCTb @HTEHHbI, HO MOAYYUAM UL
HebonbllOe YMeHbLUeHNe TeMnepaTypbl aHTEHHbI.

B TeyeHne 3TOr0 BpeMeHu npo6neMa TEMNEPATYpPbl aHTEHHbI OCTaBanacCb HGDEUJEHHOVI.

BecHoln 1965 roga, 3aKOHUMB N3MepPEHUS MOTOKA, Mbl OCHOBaTENbHO NoyncTunim 20-dyToBbIN
PYNOPHbIV ' pedneKkTop 1 NON0XWUAN allOMUHUEBBIE IEHTbl Ha CKAenaHHble CTbikK. B pe3synbTaTte
TeMnepaTypa aHTeHHbl Aa)e HECKOJIbKO MoBbiCcNack. Mbl Takxe pa3obpann ropJoBUHY aHTEHHbI U
npoBepwusin ee, HO 06HapPYXWn, YTO OHa B nopsake. 3HaunT, n3bbITOYHOE U3nyvyeHue, hukcmpyemoe
paAmMoTeneckonoM, He CBsI3aHO C NoOMexaMu B aHTeHHe. OHO NpMXOAUT M3 KOCMOCa, NpuYeM CO BCex
CTOPOH C OAMHAKOBOW MHTEHCUBHOCTbIO”.

Oanbuwe cobbiTna, npusegwme K pasragke npobnembl, CBsA3aHbl Co cnydanHocTamu. I, MeH3sumac Bo
BpeMms 6ecenbl co cBouM npusatenem b. bepke 0 COBEpLIEHHO APYrMX BONpoOcax CAy4amHO YNOMsSHY O
3arago4yHoOM M3Ny4YEeHUN, MPUHUMAEMOM UX aHTEHHOW. TOT BCMOMHWJI, YTO OH CAblwan o goknage I.
Mnbnca, paboTaswero noa pykoBoACTBOM M3BECTHOrO ¢pmsnka P. [lnkke. B aTom goknage M. MNubnc
AKO6bI ynoMuHan o6 oCTtaTouHOM U3Ty4EeHUM paHHEN BceneHHom, KOTopoe cerogHs A0/IKHO MMeTb
TemnepaTypy okono 10 rpagycos KenbBuHa.

A. MNMeH3nac no3soHun P. [inkke, n obe rpynnbl BCTpeTunucob. P. lnkke n ero konneram . NMubncy, M.
Ponny n 1. YUNKUHCOHY CcTano sicHo, 4to A. lNeH3mac un P. BuncoH obHapyXmnm penmkToBoe UsnyyeHue
ropsiueit BcenenHol. B 310 Bpems rpynna P. [ukke, pabotaBwas B MNpuHCTOHE. cobmupanacb cama
HayaTb rOTOBMTL annapaTypy AN NoA06HbIX U3MEpeHUit Ha AJINHE BOJIHbI 3 cCaHTUMeTpa, HO He ycnena
HayaTb nsMmepeHus. A. NeH3nac n P. BUNIcoH yxe caenanu cBoe OTKpbITUE.

O panbHenweMm P. BuncoH rosoput: “Mbl goroBopunmcb 06 ogHOBpEMeHHOM nybnmkaumm aAByX NUCeM B
“AcTpodm13nyeckoM xypHane”: ogHoro us NprHCTOHa o Teopun 1 Apyroro us nabopatopuii “benn” o
HalMX U3MepeHusx n3bbiTKa aHTEHHOM TeMnepaTypbl. B HaweM nnucbMe ApHO U 1 He A0KHbI 6bln
KacaTbcsa Noboro ob6cyXaeHns KOCMONOrM4eckon Teopum NponcxoxaeHms GOHOBOIro U3nyyeHus,
MOCKOJIbKY Mbl He y4yacTBOBanu B aTon paboTte. O4HAKO Mbl CYUTANM, UTO pe3ysbTaTbl HalmX
M3MepeHUN He 3aBUCAT OT TEOPUU N NPEeACTaBASIT CaMOCTOSATE NbHbIN MHTEpec. TeM He MeHee HaM
6b1S10 MPUATHO, YTO TaliHa LWyMa, NOSBASIOLWErocs B Hallel aHTeHHe, cpeamn BCeX NPoYMX 06bsACHEHUI
MoOXeT 6bITb CBS3aHa C TaKMM Ba>XHbIM KOCMOJIOTMYECKMM siBneHneM. OgHaKo Halwe HacTpoeHue B 3TOT
nepmoa MoXHo 6b1710 Ha3BaTb OCTOPOXHbIM ONTUMU3MOM”,

2T ctatbm 6binm onybnukosBaHbl neTom 1965 roaa.

Mepsble HabntoaeHus A. MNeHsnaca n P. BuncoHa nokasasnun, Yto TeMnepaTypa peIMKToBOro M3fy4eHns
COCTaBNSieT 0KoJI0 3 rpafaycoB KenbBuHa.

B nocneaywouwue rogbl MHOrOUYMCAEHHbIE U3MEPEHUSA 6b1nn npoBeAEHbl Ha Pas3/INYHbIX AJIMHAaX BOJIH —
OT AECATKOB CaHTUMETPOB A0 nonen MUNINMETPa.



HabntoaeHus nokasanu, UTo CNEeKTp peIMKTOBOro M3y4YeHns COOTBETCTBYEeT dopMyne lMNnaHka, Kak 3To
N AOSKHO 6bITh ANA U3NyUYeHUs C onpedeneHHol TeMnepaTypoit. ITa TeMnepaTypa NpMMepHO paBHa 3
rpaaycam KenbBuHa.

Tak cny4anHo 6bis10 caenaHo 3aMeyvaTesibHOe OTKPbITUE Hallero Beka, AoKa3sbliBatollee, 4To BceneHHas
B Hayane pacwupeHus 6bina ropsden. 3a 3To oTkpbiTMe A. MeH3nacy u P. BuncoHy 6bina npucyxaeHa
B 1978 rogy HobeneBckas npemus no dusnke.

MOYEMY PEJIMKTOBOE U3JTYYEHME HE OTKPbIJZIN PAHbBLUE?

BepHeMcs Tenepb K Npobrieme, OTHOCALENCA K UCTOPUM HAYKX, HO KOTOPOW XMBO UHTEPECYHOTCA U
cneumanuctoel — GU3NKKN N acTpodusnkn. B ceoen kHUre “lepsble TpU MUHYTbI” U3BECTHbIN
amepukaHckui pusnk C. BanHbepr nuweT cneaytowee: “S xody nonbiTaTbCA pa3pewnTb 34eChb
NcTopunyeckyto npobnemy, Kotopas B paBHOM CTENeHM NpeacTaBaseTcss MHe 3arago4yHon n
nopasutenbHoli. ObHapyxeHune B 1965 rogy ¢doHa KOCMMYECKOro MUKPOBOJTHOBOIO M3yvyeHus (Tak
WHOrAa Has3blBAKOT PeNIMKTOBOE usnyvyeHue. — M. H.) 66110 04HUM U3 CaMbIX BaXHbIX HAY4YHbIN
OTKpbITMI ABagLaToro Beka. lNoyeMy OHO NpoOM30LW0 cnyyarHo? Unu, ApyrMMn cnoBaMu, NoYyemy He
6bI10 cMCTEMaTUYECKMX MOUCKOB 3TOr0 M3ny4veHns 3agonro o 1965 ropga?”

HanoMHMM, 4TO caMO NpeAcKasaHme CyLecTBOBaHus BO BceneHHON nsnyyeHus ¢ Temnepartypon
HEeCKObKO rpaaycoB 6bin0 caenaHo B KoHue 40-x — Havane 50-x rogoB — 3a 15 net go otkpbiTms A.
lMeH3maca n P. BuncoHa.

MoxeT, BCce A€o0 B TOM, YTO TOoraa He 6b110 4OCTaTOYHO YYBCTBUTE/IbHbLIX PaANOTENECKONOB,
CNOCO6HbIX ero 06HapyXuTb? Mbl YBMAMM Aanee, Yto 3TO, NO-BUAMMOMY, HE TaK. TaKoro e MHEeHUs
npuaepxmaetcsa n C. BartHbepr. Ho aeno gaxe He B 3TOM.

B ncropun dunsnkn MHOro NpMMepoB, Koraa npeickasaHue HOBOro SABieHMS Aenanocb 3a40/ro 40
NOSIB/IEHUS TEXHUUYECKNX BO3MOXHOCTEN ero obHapyxeHus. I TeM He MeHee, ecnu npeackasaHune 6bin1o
060CHOBaHHbIM M BaXHbIM, TO PU3MKM BCerga o HeM NoMHMAKN. Korga nossnasiiicb BO3MOXHOCTU —
npeackasaHue nposepsanock. C. BanHbepr npusoauTt npumep npeackasanus B 30-e roabl
CYLeCTBOBaHUS aHTMNPOTOHa — aHTM4yacTuubl sapa aToMma Bogopoaa. Toraa Gu3nMkKm He CMenn m
MeuyTaTb O BO3MOXHOCTU 06HapyXuTb ero B akcrnepumeHTte. Ho B 50-e roawbl, Korga nosBUInCb
COOTBETCTBYOLME BO3MOXHOCTH, 6bIsT MOCTPOEH crneuuanbHbll yCcKopuTenb B Bepknu aons nposepku
3TOro npeAckasaHus.

OpHako o cepeantHbl 60-x rogoB paaMoacTPOHOMbI AaXe HE 3HANM O PENIMKTOBOM U3TYYEHUN N O
BO3MOXHOCTU ero obHapyxeHus.

MoyeMy Tak Mosy4nnocL?

C. BanHb6epr HasbiBaeT Tpu NpuumHbI. MNepBas — 3TO TO, YUTO Teopus ropsyen BceneHHol co3aasanach
. FTaMOBbIM 1 ero cCOTpyAHUKaMM A5 TOro, 4To6bl 06bACHUTL pacnpoCTpaHEeHHOCTb B NpPMpoAe BCeEX
XVMWYECKMX 3/IEMEHTOB MX CMHTE30M B CaMOM Hadane pacwumpeHus BceneHHol. DTO oKa3anochb
HEBEPHbIM, KaK Mbl y>Ke€ roOBOPW/InN B NpeablAyLleM pasgenie, — TaXesble 3/1IEMeHTbl CUHTE3UPOBaHbI B
3Be34ax. TO/IbKO CaMble flerkme aieMeHTbl BeAyT CBOE NMPOUCXOXAEHNE C NepPBbIX MIHOBEHWUM
pacwmpenus. bblnn B nepBbiX BapMaHTax TEOpUU U ApPyrne HEKOPPEKTHOCTU. NoToM Bce 370 6biio
McrnpassieHo, HO B KOHLUe 40-x u B 50-e roabl HETOYHOCTW NOAPbLIBAIN AOBEPUE K TEOPUU B LIESIOM.

BTOpaﬂ NMPpUYNHa — noxasa CBsA3b MexXAy TEOPETUKaMn U aKCNepMMeEHTaTOpPaMu. I'IepBble He
NPpeAcCTaBNAJZIN, MOXET JIN PESTMKTOBOE U3Ny4YeHne 6bITb 06HaDY)KeHO C MOMOLWbIO MMeKLWKnNXca
HabnoaaTenbHbIX CcpeacTB; BTOpble He ChblWwaszn 0 TOM, YTO TaKoe nU3nydyeHune cnegyeTt nckartb.

HakoHel, TpeTba NpuUYMHa Ncuxonornyeckas. dusnkam u aCTpO(bI/IBMKaM 6bI10 04YeHb TPpyAHO
NMOBEPUTb, YTO pacyeTbl, OTHOCALLMNECA K NEPBbIM MMHYTaM C Ha4dana paclimpeHunsa BCGJ’IEHHOVI,



OeNCTBUTENbHO COOTBETCTBYHIOT UCTUHE. YK OYeHb BeNUK 6blf1 KOHTPACT MexAay NPOMeXyTKaMu BpeMeHu
— HECKOJIbKO MepPBbIX MUHYT N AECATKWU MWUIINAPAOB SIET, OTAENSAOWMe Ty 3N0OXYy OT Haleln.

Ewe oaHY NpuUYnHY, HA MOW B3NS4 CaMylo BaXKHyto, ykasbiBaeT A. [len3nac B CBOen nekuum,
Npo4YMTaHHOW npwu BpydeHun Hobenesckon npemun. [leno B TOM, 4TO B NepBbix paboTtax . FamoBa u
€ro COTPYAHMKOB M B nocneaytowmx pabotax, xoTa u 66110 CKa3aHO O HANM4YMWN PENTUKTOBOIO
M3Ny4YeHUs, HO He 6bI10 yKa3aHo, YTO ero MoXHo xoTs 6bl B npuHnuae obHapyxutb. bonee Toro, I.
aMOB 1 ero Konseru, No-BUAMMOMY, CUMTaNN, YTO 3TO caenaTtb Boobule Henb3s! BoT 4To roBBpBT A.
Mea3unac: “YT1o xe KacaeMmcs 06Hapy>XeHUs pesIMKTOBOro U3nyyeHus, To, No-BUAUMOMY, OHWU CYUTaNN,
4YTO B MEepBYO o4Yepedb aTo U3NydeHue NpossBUT cebsa Kak yBennyeHne nIoTHOCTU dHePruun. SToT BKIaa
B NpMUXOASALWMA Ha 3eM/io 06N COTOK IHEPrum AoKeH 6biTb 3aMacKMpoBaH KOCMUYECKUMW flydaMu a
CYMMapHbIM ONTUYECKUM n3nyveHnem 3ee3g. Obe 3TV CoCTaBNSAOLWNE UMEOT CPAaBHUMbIE MIOTHOCTH
aHeprum. MHeHue 0 TOM, YTO AeNCTBUSA TpexX COCTaBALWMX C NPUOAN3UTENBHO paBHbIMU SHEPIUAMU
Aenb-34 pasfaenuTb, MOXHO HalTh B nucbMe . FamMoBa, HanncaHHoMm P. Anbdepy B 1948 roay (He
onybnukosaHo: nobe3Ho npeacTtaBneHo MHe P. AnbdepoM): “TeMmnepaTypa KOCMUYECKOrO
npocTpaHcTBa, pasHasa 5° K, 06bsacHsAeTca coBpeMeHHbIM nsnydeHuem 3se3a (C-unknbl). EAMHCTBEHHO,
UYTO Mbl MOXEM CKa3aTb, 3TO TO, YTO OCTABLUAKACA OT UCXOAHOrO Tensa BceneHHon TemnepaTypa He
Bbiwe 5° K”. OHKY, NO-BMAMMOMY, HE OCO3HaBaIM TOro, YTO CBOeobpa3Hble cnekTpasibHble
XapaKTEPUCTUKN PEIMKTOBOIO U3/TyYeHUs AOMXKHbI BbIAENATb €ro cpean Apyrmnx sdgektos”.

B cneaytolleM sTane 3To UCTOPMM AOBENOCh Y4acTBOBaTb MHe caMoMy. [MoNy4YMnock Tak, 4To Havano
MOMX 3aHATUIA DU3NYECKON KOMCOMOOrMEN NPULLINIOCE Ha NepByto NooBUHY 60-X rofoB, HE3a401ro A0
OTKPbITUSI PENTMKTOBOrO U3/TydeHus. 8 Toraa TONbKO YTO 3aKOHUWU/T acrnmMpaHTypy MOCKOBCKOro
YHUBEpCUTETa Noj pyKOBOACTBOM A. 3e/bMaHoBa. Mo yumTenb MHTEPECOBasICS raBHbIM 06pa3oMm
MeXaHMKOW ABMXEHMSA MAacC B KOCMOJIOFMUYECKUX MoAensax 6e3 ynpoLlaowmnx npeanosioxXeHumin 06 nx
OAHOPOAHOM PAaCcMoNoXeHUN. Ero MeHblle MHTepecoBanu BOMNpPOChbl KOHKPETHOM (PU3NKK NPOLIECCOB B
pacwupsatolleincs BceneHHoi. O Teopun ropsayein BceneHnoi s Toraa novt HAYEro He 3Hai.

He3a[01ro 40 OKOHYAHWA acnMpaHTYpbl S 3aMHTEPECOBANCA CEeAYoLW MM BONPOCOM. Mbl 3HaeM, Kak
M3YYaloT rafiakTMKM pasHblX TUMOB Ha pasHbIX ASIMHAX BOJIH 1E€KTPOMArHUTHOro UsnyyeHns. Ecnu
3a4aTbCa OnpeAeseEHHbIMU NPEANONOXKEHMAMN 06 3BOMIOLMM rafiakTUK B NMPOLLSIOM U YUYeCTb
NMoKpacHEHME CBETa OT JaNeKnX ranakTuK M3-3a paclimpeHms BceneHHom, To MOXHO paccumnTaTh,
CKOJIbKO M3YYEHMA OT raflakTUK Ha Kaaol A/IMHe BOJHbI 6yaeT ceroaHs Bo BceneHHoi. MNpu 3ToM
HaJ0 YUYUTbIBaTb, YTO CBETAT HE TOJIbKO 3BE3/bl, MHOrME ranakTUKN UHTEHCUBHO U3MyYaloT
paAnoBOJIHbI METPOBOW U AELMMETPOBON AJINHbI.

S NpuHANCSa 3a COOTBETCTBYOLWME pacdeTbl. K TOMy BpeMeHU, 3aKOHUYMB aCnMpaHTypy, S Npuwen
paboTaTb B rpynny akagemuka 5. 3enb4oBuya, rae npexae BCero MHTepecoBasimcb MMEHHO (OU3MKON
npoueccos BO BceneHHo.

Bce pacueTbl 6bI5M BbiNOHEHbI BMecTe ¢ A. [JopolIKeBMUeM. B pesynbTate Mbl MOMYYMAN pacUETHbIN
CNEeKTP U3MydYeHUsa OT ranakTuK, TO eCTb TOMO U3MyUYEHUsi, KOTOPOE A0JIKHO 3anoMHATb CErOAHSALLHIO0
BceneHHyo, eCnn yunTbiBaTb TOMbKO U3MyUeHMEe, POAUBLIEECS, KOMAa BO3HUKM ranakTukmM 1 cTanm
CBETUTb 3Be3/bl. B 3TOM CneKkTpe N3yyeHus oUeHb MHTEHCUBHA A0MKHA OblTh 061aCTb METPOBbIX
paanoBOSH (TaK Kak paavoranakTukKyM CUbHO M3/1yYatoT Takme BoJiHbl) U 06/1acTb BUANMMOIO CBETa
(3Be3Abl AalOT €ro OYeHb MHOM0), @ B 061aCTU CaHTUMETPOBLIX, MUIJIUMETPOBLIX U €Lle HECKOJbKO
60/iee KOPOTKUX 3/IEKTPOMArHUTHbIX BOJSIH U3/TyUEHME AO0JIKHO BblTh MOHUXKEHHbIM.

Tak kak B rpynne, B KOTOpoi Mbl pa6oTanu (a Toraa oOHa COCTosi/la BCEro U3 Tpex YenoBek — Hallero
pykoBoauTtens, A. [JopolKeBMYa U MeHs), YCUIEHHO 06CYXAaMCb BapuaHTbl ropsiyei 1 Xo104HOM
BceneHHoOI, TO B CTaTbe, KOTOPYIO Mbl C A. [JOPOLIKEBMYEM MOATOTOBWUIMN AN1S MEYATH, Mbl K U3TYUYEHUIO
raflakTukK 4o6aBuan rmnoTeTMYECKOE U3NyUYeHne, OCTaBLLIEeCcs OT paHHel BceneHHoM, ecnv oHa B
LEeNCTBUTENBHOCTM 6bina ropsyein. 3To U3NydeHne ropsyent BceneHHOM AOMKHO UMETL ASIMHbLI BOSH
nopsiika CaHTUMETPOB Y MUISIMMETPOB U MPUXOANSIOCH KaK pas Ha Ty 061acTb ASIMH BOJSH, rae
M3NyYeHne OT ranakTuK NnoHuxeHo! MoaToMy pennkToBoe usnydveHve (ecnu BceneHHas 6bina ropsdeit!)
B 3TOl 061acTu ASIMH BOJIH JON7KHO BO MHOTME ThICSUYM U AaXe MUIJIMOHbI pa3 NpeBbIWaTb U3ydyeHue
N3BECTHbIX UCTOYHUKOB BO BceneHHow.



3HauuT, ero MOXHo HabngaTb! HecMoTps Ha TO 4TO obLlee KOMMYECTBO SHEPIrnn B PEIMKTOBOM
W31y4YeHUM CPaBHMMO C SHEpruen ceeTa OT ranakTuK, BOJIHbl PEIMKTOBOIo U3/Ty4YEeHUS NMEIOT COBCEM
APYTyt0 ANVHY BOJIHbI M MO3TOMY MOryT 6bITb 06Hapy»KeHbl. BOT 4TO roBOpUT B CBOEe HObeneBCcKom
nekuunmn A. MNeH3mac o nawen c A. lopowkesnyem pabote.

“MMepBoe ony6aMKOBaHHOE NPU3HAHUE PENIMKTOBOMO U3/Ty4YeHUSA B KadecTBe 06Hapy>XMMOro sBjeHns B
paavoamanasoHe nosiBuNocbL BecHon 1964 roga B kpaTkoi ctatbe A. P. Jopowkesuya n U. A.
HoBukoBa, o3arnasneHHol "CpeaHsas NAOTHOCTb U3NyYEHUSA B METaranakTMKe U HEKOTOPbIE BOMPOCHI
pensaTUBUCTCKON KOCMonornm”. XoTa aHriMMCKUIA nepesos NosBUIICS B TOM Xe rody, HO HECKOJIbKO
nos»e, B LUMPOKO U3BECTHOM XypHarne “CoBeTckasa ¢usmka — [Joknaabl”, ctatbs NO-BUANMOMY, He
npuBnekna Kk cebe BHUMaHMA APYrMX CNeLManmncToB B 3TOM o06nactu. B 3Ton 3ameyaTenbHOM CTaTbe He
TOJIbKO BblBEAEH CMEKTP PE/IMKTOBOIrO U3TyYeHUS KaK YEpPHOTE/IbHOr0 paAMOBOSIHOBOIO SABIEHUS, HO
TaKXXe 0TYETIMBO CKOHUEHTPUPOBAHO BHUMaHWe Ha ABaauaTudyToBOM pyrnopHOM pedriekTope
nabopatopuin “benn” B Kpoydopa Xunn kak Ha Hambonee noaxoAasileM UHCTPYMEHTE ANns ero
obHapyxeHus!”

Hawa cTtaTbs ocTanacb He 3aMeuyeHHOW HabnwaaTenamu. Hu A. MNeH3smac u P. BuncoH, Hu P. [Inkke un
€ro CoTpyAHUKM Ao onybnmKkoBaHUsS cBoux cTtater B 1965 roay o Hell HUYEro He 3Hanu, o Yem A.
MeH3nac HeOQHOKpPATHO C COXasleHMeM MHEe roOBOpwI.

PacckazaHHoe ele He ncyepnobiBaeT HED,OpaBYMEHMVI, CBA3AHHbIX C OTKPbITUEM PEJIMKTOBOIO
n3ny4yeHus.

OkasblBaeTcs, pe/IMKTOBOE U3slyvyeHne Morio 6biTb OTKpbITO ewe B 1941 rogy! KaHaackui acTpoHOM 2.
Mak-Ken-nap 6b11 0AHMM U3 TeX, KTO YCTaHOBMW/ CyLLEeCTBOBaHME MOSIEKYST B MEX3Be34HOM
npocTtpaHcTee. Cnocob, KOTOpbLIM NUCCNeaoBancsa Mex3Be3aHbli ras, 6bin cnegyowmnm. Ecnn ceet
Kakon-nnbo 3Be3abl Ha NyTU K HaM NPOXOAUT CKBO3b 06/1aK0 MeX3Be34HOro rasa, To atombl 1
MOJ1EKY/bl 3TOMO ra3a BbI3bIBAIOT NOrNOLWeEHNe CBETa 3B€34bl Ha CTPOro onpeaesieHHbIX A/IMHaX BOJH.
Tak BO3HWKAIOT B CNEKTPE NIMHUM MOr/IOWEHNA MEX3BE34HOro rasa.

MonoxeHne NUHUI B CneKkTpe 3aBUCUT OT TOrO, KaKoW 3/1eMeHT UAKN Kakas MONEKY/1a Bbi3blBau
nornoweHne, a Takxe eule oT Toro, B KaKkoOM COCTOAHUN HaxXoaAaTCA aTOMbl UM MONEKYbl.

B 1941 roay 3. Mak-Kennap aHanmsnposan JIMHUM NOroLWeEeHNs, Bbi3blBaeMble B CeKTpe 3Be34bl 2
3MeeHoOCLa MeX3Be34HbIMM MOJIeKyNaMu LmaHa (coeanHeHus yrnepoga n asota). OH npuwen K
BbIBOAY, YTO 3TU NMHUM (B BUAMMOM rna3oM 0651acTn cnekTpa) MOryT BO3HMKATb TONbKO NpuU
NMOrnoWweHnn CBeTa BpaLlaWnMMmMcs MonekynamMm unaHa. MNpuyem BpalleHne nx AoXKHO BO36yxXaaTbCs
M3ny4yeHneMm c Temnepatypon okoso 2,3 KenbBuHa. Hu cam 3. Mak-Kennap, HM KTO ApYyroi, KOHEYHO,
He noAyMasnu Toraa O BO3MOXHOCTM TOr0, YTO BpalleHMe MOJEKY/ Bbl3blBAETCS PE/IMKTOBbIM
nsny4veHuem. [la n cama Teopus ropsyein BceneHHol Toraa ewe He 6bina cosgaHa!l

ToNbKO NOCNE OTKPbITUS PENMKTOBOro n3ny4vyeHus 6oeinm onybnunkosaHbl B 1966 rogy Tpu paboTtbi: U.
LWknosckoro, Ox. ®unga v P. Tageywa, B KOTOpPbIX NOKa3aHo, 4To BO36yxaeHne BpalleHuns
MeX3Be3AHbIX MOMEKY uMaHa, Habntoaaslleecs No CNeKTpy 3Be34bl B CO3Be34MM 3MeeHoCLa, BbI3BaHO
PEIUKTOBbLIM U3/TYYEHNEM.

Takum o6pa3omM, ewe B 1941 roay 6b1710 06HaAPYXXEHO XOTb U KOCBEHHOE MPOSB/IEHUE PENNKTOBOI0O
N3NyYeHUst — ero BJIMSIHWE Ha COCTOSIHME BPaLLEHMs B MEX3BE3AHbIX MOMIeKyax uuaHa.

Ho v 370 ewe. ganeko He KoHeL UCTOpUn.

BepHeMcs kK npobreMe TEXHUYECKON BO3MOXHOCTMN OTKPbITUS PESTMKTOBOIO U3Ny4vyeHus. Bo3HukaeT
BOMPOC: KOrga TeXHWKa yxe nossonsina 310 caenaTtb? C. BanHbepr nuwer:

“TpyaHO OTBETUTb TOYHO, HO MOW KOJINErn-3KCrnepuMeHTaTopbl FOBOPAT MHE, YTO HabnaeHns Moram
6bITb NpoBeAeHbl 3340110 A0 1965 roaa, BO3MOXHO, B cepeanHe 50-x, a MoxeT 6bITb, AaXe 1 B
cepeauHe 40-x rogoB”. Tak nn 310?



OceHbto 1983 roga MHe NO3BOHW COTPYAHUK MHCTUTYTa obwen dusmkn T. LLIMaoHOB, C KOTOPbIM S A0
3TOro He 6b1s1 3HAaKOM, M cKasan, 4To OH xoTen 6bl NnobecefoBaTb MO BOMPOCaM OTKPbITUA PEMKTOBOIO
n3ny4vyeHus. Mbl BCTPETUINCH B TOT Xe AeHb, 1 T. LLIMaoHOB pacckas3an MHe, Kak OH B cepeanHe 50-x
roAoB Noj pyKOBOACTBOM M3BECTHbIX COBETCKUX pagnoacTtpoHoMoB C. XalikmHa n H. KaligaHoOBCKOro
NpoBOAW/T U3MEPEHUS PAAMOBOSIH, WeAWnX U3 KOCMOCa, Ha AJ/IMHe 3,2 caHTUMeTpa. DT U3MepeHuns
NpOBOAWINCH C MOMOLLBbIO PYNOPHOW aHTEHHbI, N0A06HON Tol, kKoTopas 6bls1a UCNosib30BaHa MHOMO NeT
cnycTta A. MNeH3mnacom n P. BuncoHoM. T. LLIMaoOHOB CO BCel TWATENbHOCTbIO M3Y4YlM/1 BO3MOXHbIE
nomexu. KoHe4YyHo, B ero pacnopshkeHun Torga He 6b1/10 ewe CTob YyBCTBUTENbHbIX MPUEMHUKOB,
KoTopble 6blIM NOTOM Y aMepPUKaHCKMX paamMoacTpoHOMOB. Pe3ynbTaTbl namepexnii T. LLiIMaoHoBa 6biau
onybnukosaHbl B 1957 roay B ero KaHAnMAaTCKON AMccepTaunm u B COBETCKOM XypHane “lpubopsbl n
TeXHMKA 3KCnepumMmeHTa”. BbiBO4 M3 3TUX U3MepeHuin 6bii1 TakoB: “Okasanocb, 4To abcontoTHas
Be/MUYMHA 3hPEeKTUBHOMN TeMNEpaTypbl paauonsnyyeHuns ¢oHa... paBHa 4° £ 3°K”. T. LmaoHoB
OTMeYasl He3aBUCMMOCTb MHTEHCUBHOCTU U3NYYEHUS OT HanpaB/ieHUs N OT BpEMeHU. XOoTs ownbkun
n3mepeHuin T. LLIMaoHOBa BENMKM M FTOBOPUTb O KaKoh-1nbo HagexHocTn umdpbl 4°K He npuxoauTcs,
Mbl MOHMMaeM Tenepb, 4To T. LLIMAaOHOB M3Mepsas UMEHHO pennKToBOoe ulny4veHue. K coxaneHuto, Hu
cam T. LLIMaoHOB, HWM ero pyKoBOAMUTENN, HXN ApYrne pagnoacTpoHOMbI, KOTOPbIM 6blsIN U3BECTHbI
pe3ynbTaTbl €r0 U3MEpPEeHUin, HUYEro He 3HasIM 0 BO3MOXHOCTM CYLLEeCTBOBaHUSA pefIMKTOBOro
M3y4YeHUs N He NpuAanu AO/HKHOIMo 3Ha4YeHus pesynbTaTaM 3TUX u3MepeHuin. x 4oBOIbHO 6bICTPO
3ab6binn. Korga B 1963 1 B 1964 rogax nocne BbIMOSHEHMS HawmX ¢ A. [JOpOLIKOBUYEM BbIYNCIIEHNN
Mbl XOAWNIN K MHOMMM COBETCKMM pagMoacTpo* HOMaM C BOMPOCOM: He U3BECTHbI I UM pe3ysbTaTbl
Kaknx-nnbo namepeHnn GoHOBOro pagmMonsyyeHns Ha CaHTMMETPOBbIX MK 6oiee KOPOTKUX BOHAX?
— HUWKTO U3 HUX He BCNOMHMA 06 naMepeHusax T. LLimaoHoBa!

3abaBHO, UTO Aaxe caMm aBTOp M3MEpPeHUNn He Npuaan UM AO/HKHOMO 3Ha4YeHUs He Tonbko B 50-X, UTo
nerko o6bACHUTL, HO Aaxe nocne onyb/IMKoOBaHUS OTKPbITUS PESIMKTOBOrO uUsnyveHuns B 1965 rogy A.
MeH3nacom u P. BuncoHoM. NpaBaa, B To Bpems T. LLiIMaoHOB paboTan yxe coBceM B Apyron obnactu.
Tonbko B 1983 roay B pe3ynbTate Nonycny4YanmHbiX pa3rosopos 661510 o6palleHo BHUMaHUE Ha cTapble
n3mepenus, n T. LLUMaoHOB BbICTYNMA N0 3TOMY NOBOAY C AOKIaAoOM Ha Biopo oTaeneHus obuwen
pu3mkm n actpoHommn AH CCCP. 270 6b1510 cnycTsa 27 neT nocsie caMmx usMepeHuin n 18 net nocne
onybnukosaHunsa pesynbtatos A. lNMeH3unaca un P. BuncoHa.

Ho paxe 370 ele He Bce. Korga aBTop 3aKaHuMBas 3Ty KHWUMY, OH Y3Has, uYTo 6bl/iv eLle U3MepPeHUs
AMNOHCKMX PaaMoacTpoOHOMOB B Hauane 50-x rogos, Koraa akobbl Takxe o6Hapyxunm doHosoe
nsnyyeHue. 3Tn paboThl, TaK Xe Kak 1 paboTbl T. LLIMaoHoBa, HW TOraa, HU MHOTME FoAbl CYCTA He
06paTnan Ha cebst BHUMAHWUA U He BbIIY NPAaKTUYECKM HUKOMY M3BECTHbI.

BoT kak npuuyanuea dopTyHa. U TeM He MeHee BCA 3Ta UCTOPMSA BECbMa NoyuuTesnbHa. YBUMAETb Kakoe-
160 ABNEHNE — ellle He 3HAaUYUT ero OTKPbITb. Hafo 0co3HaTh 3HaueHUe 0B6HapY>KEeHHOro, Haao
NpaBubHO ero 06bACHUTL. KOHEYHO, TYT UFPaloT posib U CTEUEHUE MHOMUX 0BCTOATENLCTB, M MPOCTO
yAaya. Ho ycnex HMKoraa He MpuUXoAUT COBEpLUIEHHO clyydaiHo. OH TpebyeT orpoMHoro Tpyaa,
60/1bLLUNX 3HAHMIA, HACTOMUMBOCTU N B caMoit paboTe, U B AOBEAEHMUM €e Pe3yNbTaToB 10 CO3HAHUS
ApYyrux.

NYTELWWECTBUE B AAJIEKOE NPOLWJIOE

PenukToBoOe u3nyyeHue He BO3HUKIO B Kaknx-nn6o MCTOYHUKAX, nogobHo CBETY 3BE€34 UK
paavoBOsIHaM, pOAUBLLUMMCA B paguoranaktukax. PeIMKToBoe nsnyydyeHune cyue

CTBOBAaJIO C CaMOro Havana pacwupenus BcenenHoli. OHO 6bI10 B TOM ropsiyem BelecTse BceneHHon,
KOTOpPOE pacClWNpSANoCh OT CUHIYISPHOCTH.

Ecnv nofacunTaTh 06LLYyI0 MIOTHOCTh SHEPTMM, KOTOPAs CErofHA COAEPXUTCH B PE/IMKTOBOM U3JTyUEHUH,
TO OHa okaxeTtca B 30 pa3s 60/iblUe, YEM MIIOTHOCTb SHEPIMUM B U3JTYUYEHUWN OT 3BE3/l, PAANOranakTuK u
APYrMX UCTOUYHUKOB, BMECTE B3ATbIX. MOXHO MOACUNTATL YMC/IO (POTOHOB PESIMKTOBOrO MU3JyUYeHUs,
Haxo4AWMXCSA B KaXA0M KybuueckoMm caHTumeTpe BceneHHol. OKasbiBaeTCs, YTO KOHLEHTpauUms 3Tux
doToHoB 500 WTYK B CM3,



HamoMHMM, 4YTO cpefiHaA NIOTHOCTL 06LIYHOMO BellecTBa BO BceneHHo okono 10-3%r/cM3, 3T0 3HauuT,
yTO, ecnu 6bI Mbl “pa3maszann” BCe BeLWECTBO paBHOMEPHO B MNPOCTPaAHCTBE, TO B OAHOM Kyb6M4ecKoMm
MeTpe 6bi11 6bl BCEro 0oAnH aTtoM Bogopoaa — Hanbonee pacnpoCTpaHEHHOro ssieMeHTa BceneHHon. B
TO Xe BpeMsl B KybnyeckoMm MeTpe CoaepXMTCa 0KO10 Mmnnmapaa GoTOHOB PesIMKTOBOIO U3/yYeHus.

Takum 06pa3oM, KBaHTbl 3/1EKTPOMArHUTHbIX BOJIH, 3TU CBOeobpa3Hble YaCTUYKUN, PacnpoCTpaHeHbl B
npupoze ropasao 6osblie, YeM 06bIYHOE BELLECTBO. PennkToBbiX hOTOHOB B MUnanapa pas 6onblue,
yeM TAXesblX YacTuL, NPOTOHOB. ECNK Mbl yYTeM, MOMMMO BOAOPOAA, U APYrMe XMMUYECKME SSIEMEHTI,
B COCTaB siiep KOTOPbIX BXOAST HE TOJIbKO MPOTOHbI, HO U HEUTPOHbI, TO 3TO NPAaKTUUYECKM HUYEro He
M3MEHUT B Halleil oLeHKe, TaK Kak BOAOPOA — MNaBHbI 3neMeHT B npupoae. Utak, 10° penmnkToBbiX
(bOTOHOB Ha OAHY TSXENyH YacTuly.

Mbl 3HaeM, 4TO CerofgHs B Ka)KA0OM KybMyeCcKoM CaHTMMeTpe MeXranakTUyecKoro NpocTpaHCTBa OKOJI0
500 doToHOB, NeTAWmnX C NnpeaenbHOM CKOPOCTbIO BO BCeX HanpasneHunsax. Kaxabii GOTOH nMeeT CBOo
3HEepru, COOTBETCTBYIOLYIO ero vYacTtoTe. Mpu TemnepaTtype 3° KenbBuHa 60AbWIMHCTBO (DOTOHOB
nMeeT sHepruio 1071° apr kaxabli. 3HaUUT, B KaXAOM Ky6UUECKOM CaHTUMETPE UMEETCS SHeprus
penuKTOBOro U3ny4YyeHunsl, paBHas npoussegeHnto 10°1° apr Ha 500, To ecTb 5 *10°13 apr. CornacHo
3aKOHY DWHLWITENHA KaXA0W SHEPTMN COOTBETCTBYET Macca. DHeprum 5*10713 apr cooTBeTCTBYET Macca
5 * 10734 rpaMmma. TakuM 06pasoM, B KaXAoM KybMUECKOM CaHTUMETpe B HallW AHN ecTb 5 o 10-34
rpamMma pesinkToBOro U3ny4deHus.

HanoMHWM, uTo 06bIYHOMO BELLECTBA Ha KaXablil Ky6UUECKUn CAaHTUMETP NpuxoauTcsa B cpeaHem 10730
rpaMma. 3HauuT, M0 Macce BeLecTBa B [iBe ThiCAYM pa3 60/iblle, YeM PEIMKTOBOrO MU3/yUYeHus.
Mo3ToMy, XOTS MO YMCNY WTYK POTOHOB ropa3ao 6osblie, no obuiei Macce 06blYHOE BELLECTBO CUSBHO
npeobiagaeT Haj PeNMKTOBbIM U3/lydeHMeM. Macca pefiIMKToBOro U3nyyeHns npeHebpexmmo mMana.

MpocneanMm, 4To 6bISI0 U C TEMU, U C APYTMMM YacTMLAMU B NPOLLSIOM.

B 0603pMMOM MPOLIOM HU T€ HU ApYrue 4yacTUUKU He poXAANnUCb U HE ucyesanu. 30ech HeobxoanMbI
HeKoTopble YTOYHEHUS. [TepBOe U3 HUX OTHOCUTCH K PEIUKTOBbLIM CbOTOHaM. CerogHsawHAa BceneHHas
npakTU4ecKn nNpo3payvyHa A1 penmMKTOBOro UsnyyeHus. ACHO, YTO pesInKToBbIe CbOTOHbI B COBDEMEHHOVI
BceneHHol B nogasnstoweMm 601blLINHCTBE He B3aMMO,D,EI71CTBy}OT C BEWECTBOM N HE MOTIyT U3-3a 3TOro
MEHATbLCA B Uncne. B ganekoM npownoM, Korga rnaoTHOCTb BeLWeCcTBa 6bina BE€JIMKa, 6bina Benvka u
TeMmnepaTypa. Bewectso BceneHHoM 661710 MOHN30BaHO U ABASSIOCH MOYTH OAHODOAHOVI nnasmon. OHO
Toraa 6bi10 Henpo3payHbIiM ANS U3nydeHns. PenmkToBble d)OTOHbI aKTMBHO B3anmMoAelncTsoBanm C
BewecTBoM. Ho ckonbko CI)OTOHOB B KaKOM-TO Manbli NMPOMEXYTOK BpEMEHU Nnornowanocb B ToNLLE
BELEeCTBa, CTO/IbKO Xe 3TUM ropsymm BelecTBOM U poxaasnoch! CywecTBoBaso, Kak roBopsrT,
paBHOBECUE Mexay U3slydeHUeM U BewecTBoM. N03TOMYy U B 3TOT Nepmnoa COOTHOLWEHNE — MUNNMapA
PENNKTOBbIX (bOTOHOB Ha O4AWH NPOTOH — OCTaBaJZI0OCb CNpaBeEA/INBbIM.

BTopoe yTO4YHEHME OTHOCUTCH K MPOTOHaM.

B cBoeM ganekoM npoLusioM, B CaMble NepBble MIHOBEHUS MOoC/e Havyana pacliMpeHus, Bo BceneHHol
6b1710 TaK ropsvo, YTo Npu TemnepaTtype 60/blue AECATU ThICAY MUNTMAPAOB rPaAyCcoB CTO/IKHOBEHME
YacTUL poXAaano NMpoTOHblI U UX aHTUYACTULbI — AHTUMNPOTOHbI, HEUTPOHbI MU AHTUHEWTPOHLI. KO BCEMY
3TOMY MbI elle BepHeMcsl. [Toka Mbl He 06pallaeMcsl K 3K30TUUYECKUM MEPBbIM MIHOBEHUAM, MOXHO
CUMTATb, YTO U PESIUKTOBbIE (POTOHbI N TAXKESbIE YAaCTULbl ABASIOTCS HE POXAALNMUCA U HE
ncuye3arLmnuMu.

MOMHS 3TO, OTNPaBMMCS B Npowwsioe. B NpowioM Na0THOCTb YMCA M TeX U APYrMX YacTuu, 6bina,
KOHe4YHo, 6osblue, YeM ceiyac, U BO3pacTasm 3T NAOCTHOCTM MpU YrNybaeHnun B nNpoLusioe B
0AMHAKOBOE KOJIMYECTBO pas. 3HAUNT, OCTAETCS HEU3MEHHbIM UX OTHOLWEHMWE: OAUH MPOTOH Ha
MuUnanMapa hOTOHOB.

Ho mexay d)OTOHaMM U TAXEeNbIMW YacTULaMn ecTb OrpoMHas pasHuua. Macca Tsxenbix Yyactuu Bce
BpeMs HensMeHHa. A aHeprug d)OTOHOB C pacluMpeHmnem BceneHHoM YMEHbLIAETCA N3-3a KpaCHOro
cMeLlleHnd. Pa3 MeHsaeTca sHeprusa, 3HaunT, MEHAETCHA M Macca KaXxaoro d)OTOHa (3Ta MaccCa UesIMKOM
CBdA3aHa C 3Heprmel7| €ero D,BM)KEHVIH). PaHblle kaxabin q)OTOH 6bIn SHEPIrNYHEE, a 3HAYUT, N TAXenNee.



B HeKOTOpbIii MOMEHT B MpPOLU/IOM CyMMapHasi Macca MUAaMapaa noTsxeneswmnx hoToHOB,
NPUXOASALLNXCA Ha OAWUH NPOTOH, CPAaBHMBAETCSA C MAccoi 3TOro NpoToHa.

B 3TOT MOMEHT B MPOLUIOM B KaxA0M KybuueckoM caHTUMeTpe Macca obbl4HOro BellecTBa 1 Macca
peNNKTOBOro U3Ny4YeHUs CpaBHMBaKOTCS. [poM30LLIo 3TO, KOraa NIOTHOCTL BellecTBa (M paBHas e
TOrAa NAoTHOCTb M3NnydyeHus) 6bina 10-20r/cm3, TeMnepaTypa M3nyyeHus 1 BelecTBa Toraa 6bia okoso
6 TbiCSY rpaaycoB. PennkToBoe nsnydyeHue 6b110 He paaAnoOBONHAMU, @ BUAMMbIM CBETOM. KOHEYHO, B
3Ty 3M0XY He 6bI10 OTAENbHbIX HEGECHbIX TE, OHU BO3HUKIIN CYLLECTBEHHO MO3Xe. A elle paHblue?

Ewle paHblle Macca pesiMKToBOro U3sly4eHmns npesocxoauna Maccy 06bIi4HOro BewecTaa!
BoT Takoe 6bis10 coBepleHHO HeobbluyHOe cocTosiHMe. Ero HasbiBatoT 3p017| CI)OTOHHOVI naa3sMmbl.

To, 0 ueM Mbl 6yaeM roBopuTb B NMOCNEAYIOLWMNX CTPOKAX, MOKAXETCs KaapaMu u3 daHTacTU4Yeckoro
dunbma. Mbl NOAONAEM K MOMEHTY Hayana pacllMpeHuUss Ha HUUTOXHbIE A0NU CEKYHAbl — MeHblue
OAHOW CTOTBLICAYHOW 40NN — N BCTPETMMCSH C COBEPLUEHHO HEObbIYHBIMU NpoLeccamu.

Ha paHHMX cTagusax pacluMpeHnss OCHOBHYO A0S0 MacChl hU3MUYECKON MaTepum BO BceneHHow
COCTaBNISIE€T CBET 1, aHaNU3UPYs 3Ty CTaZMI0, Mbl MOXEM Ha BPeMs 3abbiTb O HUYTOXHOM 40NN NPUMECH
K KBaHTaM CBeTa 4acTul, 06bIYHOMO BELLECTBA, TOr0 BELLECTBA, KOTOPOE UrpaeT OCHOBHYIO POJib B Halle
BpeMs, U3 KOTOPOro COCTOAT 3B€34bl, NAaHeTbl U Mbl CaMMU.

Mpoao/MmKMM NyTellecTBUE B MNPOLLIOE K CUHIYNAPHOCTU. HanpuMep, yepes o4Hy cekyHay nocne
Hauana paclimpeHuns TemMnepaTypa 6binia AecsaTb MUANNAPA0B rpafdycoB. MNpu MeHbLIEM BPEMEHMU
TemnepaTypa elle 6oblie. Npu Takon OrpoMHOM TeMnepaType NPOUCXOASAT NPOLIECCHI POXKAEHUSA U
QHHUTMAALNKN 3N1EeMEHTapHbIX YacTul. HanpuMmep, NpoLecchl POXAEHMSA Nap 3MeKTPOHOB U NO3UTPOHOB
NpW CTONKHOBEHWUWN SHEPIUYHBLIX (DOTOHOB M @aHHUTUAALNK Nap 3NEKTPOHOB U MO3UTPOHOB C
npeBpalleHMEM B KBaHTbl CBeTa — (DOTOHBI.

Ons poXaeHnsa napbl 3N1€KTPOHOB M MO3UTPOHOB HAA0 3aTPaTUTb SHEPIUI0, PAaBHYIO Kak MUHUMYM
CYMMe MaccC 3TUX 4YacTuu, YMHOXEHHYIO Ha KBaZpaT ckopocTu ceeTa (dopmyna E = MC2).
CnepoBaTtenbHO, Takne Npoueccbl MOryT UATW NULWb NPpW TeMAepaType Bbille AecATU MUIINnapaos
rpagycoB, KOrga MHOro KBaHToB cBeTa obnagaet nogobHbIMK sHEPrusaMn. CTONKHOBEHUS 3/IEKTPOHOB U
NO3UTPOHOB MOrYT BECTU K POXAEHUIO HEUTPUHO U aHTUHENTPUHO, BO3MOXHA Takxe n obpaTHas
peakums — CTO/IKHOBEHME HEUTPUHO U aHTUHEUTPUHO POXAAET Nnapy 3/71eKTPOH — MNO3MTPOH. Koraa
TeMnepaTypa eLle Bbille, BO3MOXHO poxaeHue 6onee TsKenblX YacTul: NPOTOHOB M @HTUMNPOTOHOB,
HEWTPOHOB U @HTMHENTPOHOB, ME3OHOB U APYrUX.

Mpw TeMnepaTypax Bbille AECATU TbiCSY MUINTNAPAOB rpaaycoB CyLIECTBOBaso NPUMEPHO B PaBHbIX
KONM4YecTBax MHOXECTBO COPTOB YacTul, (M B paBHbIX KONMYECTBAX UX aHTUYACTMUL), B TOM YUC/IE U C
60nbLIoi Maccoi. Mo Mepe pacliMpeHns TeMnepaTypa nagana, U SHeprum 4acTul, He XBaTtasao Aans
POXAEHUA Nap TSXKeNbIX YaCTUL, U @HTMYaCTUL, HAanpuMep, Taknx, Kak NMPOTOH U aHTUMNPOTOH. DTH
YacTmubl “BbiMMpanun”.

Mpu ganbHenweM yMeHbLIEeHUN TeMNepaTypbl “BbIMUMPAIOT” pasHble BUAbl ME3OHOB.

OueHb BaxHoe cobbiTne nponcxoamT nNpu BpemeHun okono 0,3 cekyHAbl NOCe Hayana pacwmpeHus. B
3TOT MOMEHT MPUCYTCTBYIOT KBaHTbl CBETA, 3N1€KTPOHbI U MO3UTPOHbI, HEUTPUHO U AHTUHENTPUHO (Ans
NPOCTOTbl Mbl FOBOPUM TOJIbKO 06 OA4HOM COpTE HENTPUHO — 06 3/IEKTPOHHBIX HEATPUHO).

Mpy BbICOKOW TeMMNepaType HENTPUHO U aHTUHENTPMHO NPEBPALLAIOTCS B 3/IEKTPOHbI, MO3UTPOHbI U
obpaTHo.

OnHako HEVITpMHO — 4YacTtuubl, O4YEHb cnabo B3aMMOAEVICTBYPOLIJ,VIe c Apyrmmm 06'bEKTaMM, Ana HKUX
Jaxke nJoTHOe BelecTBO Npo3payvHo. M BOT npu 0,3 CEKYHAbI Nocne Ha4vana paclnpeHnsa Bce
BELLECTBO BCGJ‘IEHHOVI, BKJll0OHaA U 3N1EKTPOHbI U MO3UTPOHbI, CTAHOBUTCA NPO3payHbIM ANA HeVITpI/IHO,
OHW NepecTarT B3aMMOAENCTBOBaTb C OCTaJIbHbIM BELWECTBOM. B AanbHENLEM UX YNCIIO He MEHAETCA, U



OHW COXPaHSATCA BMIOTb A0 HAWMX AHEN, TO/IbKO UX 3HEPrMsa AO/KHA yNacTb M3-3a KpacHOro
CMELWEHNA NpU paClUMPEHNN TOYHO TaK Xe, KaK TeMnepaTtypa KBaHTOB 2/IEKTPOMAarHUTHOIro Uany4eHusa.

Takum 06pasoM, B Hally 3Moxy Bo BceneHHOM, NOMUMO PESIMKTOBOIO 3/1€KTPOMarHUTHOMO U3MyYeHuUs,
OOJIKHbI CYLLECTBOBATb PEIMKTOBbIE HEUTPUHO U @aHTUHENTPUHO. DHEPIUA 3TUX YaCTUL AOXKHA
PaBHATLCS NMPUMEPHO 3HEPIUM KBAHTOB CErOAHSILUHErO PENIMKTOBOrO 3/1IEKTPOMArHUTHOIO U3NTyUYEeHUs, U
KOHUEHTpaLMs UX TaKXe NPpUMEPHO COBMaAaeT C KOHLUEHTpaumnel pefiIMKToBbIX KBAHTOB.

DKcnepuMeHTanbHoe o6HapyXeHUe peIMKTOBbIX HEMTPUHO MpeacTaBnsano 66l OrpoMHbIN MHTepec. Beab
[ANA HENTpMHO BceneHHaa npospayHa, HaunHas C AOoNei CeKyHAbl Mocie Havana paclnpeHus.
O6HapyXuB pennKToBoe HEWTPUHO, Mbl

Mornau 6ol HENMOCPEeACTBEHHO 3arfidAHyTb B Aa/1I€KO€E npolisioe BceneHHo, VIHCbOpMaU,VIIO (0] KOTOpOVI
HECYT 3Th YacCTuupbl.

K coxaneHnuio, obHapyxeHne HEUTPUHO CTOMIb HU3KUX SHEPTUI, KaKUMWU AONXKHbI 6bITb pennKToBbIE
HEUTPUHO, NOKa NPaKTUYECKN HEBbLIMOJIHMMas 3aja4ya.

B cBSI3W C 3TMM HAMOMHMM, YTO Ha HaLIMX rasax poXAaeTcs HEUTPUHHAS aCTPOHOMMUS. Mbl CTOUM Ha
nopore cMCTeMaTUYECKOro UCCnenoBaHNsl MOTOKOB HEMTPUHO, POXAAIOWMXCS NPU SAEPHbIX peakumax
B61M3M ueHTpa ConHua. 3TM HEWTPUHO MO3BONSOT HEMOCPEACTBEHHO 3arnsaHYTb B LeHTp ConHua, Tak
Kak Bcs Macca ConHua aAns HMx abconoTHO npo3padHa. HenTpuHHoe “npocBeunBaHume” ConHua
NO3BOMINT YTOUYHUTb HallM 3HAHMS O €ro BHYTPEHHEM CTPOEeHMU. TOYHO Tak Xe B byayLieM
acTpodmamkam NpeacTonT OCYLLECTBUTb HEMTPUHHOE “rMpocBeunBaHme” Hawen BceneHHoN.

MNTaK, Mbl MOCMOTpENn, UTo 6bIS1I0 BO BceneHHOM C BELWECTBOM U U3/lyUEHMEM B MepBYto cekyHay. Kak
HWN PaHTACTUYHA KaXeTCs BO3MOXHOCTb PacCUMTbIBaTh MPOLIECCHI B MEPBYHO CEKYHAY C Hauana
paclWpeHunst, Ho COBpeEMEHHasn Gu13nKa No3BOJIAET 3TO AeNlaTh C MNO/HON HAAEXHOCTbIO.

NMEPBbLIE NATb MUHYT

B n3BecTHOM NeceHke NoeTcs:

MaTtb MUHYT, NAaTb MUHYT, PazobpaTbcsa ecnu cTporo, Jaxe B 3TW NsATb MUHYT MOXHO caenaTb OYeHb
MHOro—IlepBbie NATb MUHYT B XWU3HW Hawelh BceneHHoN... OHM onpeaenun OCHOBHbIE ee
0COBEHHOCTHM, B TOM YUCNE U T€, KOTOpble NPOSBUINCE MUITMAPAbI 1IET CMYCTS, B Halle BpeMS.

Mpouecchl, KOTOpbIE MOC/EA0BaNM 3a YXXe PaCCMOTPEHHbIMW HAaMU NePBbIMU MITHOBEHUSIMU U KOTOpPbIE
NMpPOUCXOANSIN B 3TU MUHYTbI, MOJIHbIE ApaMaTU3Ma U AENCTBUS MPO3HbIX AAEPHBIX CUJ1, ONpeaenunm
CYLLECTBEHHbIE YepTbl XMMUYECKOI0 COCTaBa CerofHsWHel BceneHHoi.

Bnarosaps 3TMM npoueccam 3Be3abl 061a4atoT AOCTAaTOUHbLIM 3aMacoM iAEePHOM 3Hepruu. MoaToMy To,
YTO 3BE34bl CBETAT, TAKXKE €CTb C/IEACTBME pasrynia CTUXUii BceneHHo B nepeble NATb MUHYT
paclinMpeHus.

3Be3abl n apyrme HebecHble Tena BO3HMKAN M3 HebobLwol npumMecy 06bI4YHOIO BelecTeBa, 0 KOTOPOK
Mbl Ha BpeMa “3abbinn”, paccmaTpusas B npeablaywiem pasgene GOoTOHbl U napbl YacTmy, —
aHTuyacTumu,.

BepHeMmcs Tenepb K 3TOM He60bLWONM NpMMecH 06bI4MHOIO BelecTBa, KOTOPOe HaxoauTCsa B NepBble
OONM CeKyHAbl NOC/Ne Havyana paclmpeHuns B “Kunswem Kotne” HEMTPUHO N aHTUHENTPUHO, S1EKTPOHOB
M NO3UTPOHOB M CBETOBbLIX KBaHTOB. OKa3blBaeTCs NPOLECChl, B KOTOPbIX y4acTByeT 0b6bluyHOe
BELLECTBO, Ype3BblHaliHO YYBCTBUTENbHbI K TEM YC/IOBUSM, KOTOPblE rOCNOACTBOBANN B Nepsble
CEKYHAbI pacluMpeHuns. T npoueccsbl 06ycnoBUIM XMMNUYECKUIA COCTaB BeLLEeCTBa, U3 KOTOPOro MHOMO
no3xe, y>xxe B 3rnoxy, 613Kyt K Hawelr, GopMMpoBaNNCL ranakTUKMU 1 3Be34bl. N03TOMY XMMUYECKNI



COCTaB 3BE3HOr0 BeLeCcTBa C/YXUT YyBCTBUTENbHENLLMM MHAMKATOPOM (PU3NYECKNX YCIOBUIA B
Ha4yane KOCMOJZIOrM4YeCKoro pacimpeHund.

PaccMoOTpuM npouecchl, B KOTOPbIX Y4acTBYeT 06blYHOE BELLECTBO. B KAKOM COCTOSAHUM OHO HaxoauTca?

Mpexae Bcero npu TemnepaTtype cebiwe 10 MUANMapAoB rpaflyCoB He MOXeT 6biTb HENTPabHbIX
aTOMOB — BCE BELLECTBO MOSIHOCTbI MOHM30BaHO U SIBASIETCS BbICOKOTEMMNEpaTypHOM nna3moii. bonee
TOro, Npu NoAo06HOM TeMnepaType He MOryT CyLLeCcTBOBaTb C/IOXKHbIE aTOMHble sapa. CnoxHoe a4po
6b1710 6bl MOMEHTANIbHO Pa3buTO OKPYXAKOLWMUMM IHEPTUYHBIMU YacTMLaMK. MNo3TOMY TsXXeNnbiMU
yacTuLaMM BELLECTBa 0Ka3bIBAOTCSA HEWTPOHbI M MPOTOHbLI. DTU YacTULbl NOABEPraloTCs BO3AENCTBUIO
“KMMsLero Kotna” aHepruyHbIX 31EKTPOHOB, MO3UTPOHOB, HENTPUHO N AHTUHENTPUHO.

B3anmoneicTemne C 3TUMM YacTMLAMK 3aCTaBASIET HEMTPOHbI 1 NMPOTOHbI 6bICTPO NpeBpallaThCs ApYr B
Apyra. OTn peakuuMy yCTaHaBIMBAlOT paBHOBECUE MEXAY HEWTPOHAMKU M npoToHamu. Koraa
TemMnepaTypbl 4OCTAaTOUYHO BEMUKK, BOJblUE CTa MUAIMAPA0B MPaaycoB, KOHLEHTPALUN HEWTPOHOB M
NPOTOHOB 6YyAYyT NPUMEPHO PaBHbI.

B xoae pacwunpeHuns BceneHHOM C MOHMXEHNEM TeMnepaTypbl CTAHOBUTCA BCe 60nblue NPOTOHOB U
MeHblUe HEMTPOHOB. PaBeHCTBO KOHLEHTpaunii HapyLlaeTcs, NOTOMY YTO Macca HenTpoHa 6onblie
Maccbl NpoToHa M obpasoBaHMe NPOTOHA 3HepreTnyeckn 6osee BbIrOAHO, @ 3HAUUT, BEPOSATHOCTb
obpaszoBaHuna npoToHa 6onbule, yemM HenTpoHa. Ecnu 6bl peakunm NpoaoIHKanMCb N NOCE HECKOTbKMX
CeKyHA C Hayasna paclmpeHus, To Yepes3 HECKOJIbKO AECATKOB CEKYHA KOSIMYECTBO HEMTPOHOB CTasno 6ol
HUYTOXHbIM.

Ho cKkopoCTb peakuunmn pe3ko 3aBUCUT OT TemnepaTypsbl. C Y6bIBaHVIEM €€ YMEHbLUAETCA CKOPOCTb 3TUX
peaKLl,VIVI, M OHW MOYTU MpeKpaLLarTCca NOCNe NepsBbIX CeKyHA pacwmnpeHns. OTHOCUTENbHOe
coaepXxaHume HEVITDOHOB “3acTbiBaeT” Ha 3Ha4eHnn okoso 15 MPOLEHTOB OT BCEX TAXENbIX YaCTul.

Mocne 3Toro, Koraa TeMnepaTtypa nagaet 40 MUAMapaa rpajycos, CTAHOBUTCS BO3MOXHbIM
o06pa3zoBaHne NPOCTENLLNX COXHbLIX aaep. Tenepb SHEPrUM KBAHTOB W APYrMX YacTULL HO XBaTaeT ANns
TOro, 4tobbl pasbmBaTth CMOXHOE AApPO. Bce MMeLmnecs HeMTPOHbl 3aXBaTbiBalOTCA NPOTOHaMu, AaBast
CHauana AenTepuii, a NOTOM peakLmMmn C yyacTUeM AeNTepusa NpUBOAAT B KOHLIE KOHLIOB K ipaM atoMa
renuns. O6bpasyeTca Takxe ouyeHb He6OosbLIOE KOTMUECTBO U30TOMa renusa-3, aentepusa um nutusi.bonee
CNOXHbIX AAEp B 3TUX YC/IOBUSAX NPAKTUYECKU COBCeM He obpasyeTca. [leno B ToM, UTo obpa3oBaHue
TaKMX 3/1IEMEHTOB B CKO/IbKO-HUBYAb 3HAUMTENbHbIX KOMIMUYECTBAX MOXET NPOUCXOAUTbL B pesynbTate
MapHbIX CTONIKHOBEHMWIA aAep U YacTuL, YXXe UMEKLWMNXCA. DTO 3HaUUT, 4To obpasoBaHue bonee
CNOXHbIX AAEP MOXET HAaUMHATLCA MPU CTONIKHOBEHMU aAep rennua-4 ¢ HeMTpoHaMK, NPoToOHaMM UAN C
TEeMM Xe sapamMu rennsa-4. Ho 3TU CTONKHOBEHUSI He BelyT K 06pa30oBaHUI0 C/IOXKHbLIX S4ep C
OTHOCMTE/NbHOI aTOMHOW Maccoi 5 nnun 8, NOTOMYy UTO TaKUX YCTOMUMBLIX siaep HeT!

YKasaHHble€ NPUYMHbI BEAYT K TOMY, YTO CMHTE3 3/IEMEHTOB B Havane paclnpeHnst orpaHnyYmMBaeTcCs
TONbKO JIerkKUMU 3N1eMeHTaMn U 3aKaHumMBaeTcsa npuMmepHo depes 300 cekyHA nocse Havana
paclwuvpeHuns, Koraa temMnepaTypa nagaeTt HUXe Mumapaa rpagyCcoB M SHEprus 4yacTtuy yxe
HeaoCTaToYHa ANs sAepHbIX peakumin. Peakunun, npusBeawme K obpa3oBaHuio renms, nogobHbl TeM, 4TO
MpoOMCXoAsiT Npy B3pbiBE BOAOPOAHOM 60Mb6bl. O6pa3oBaHmne 31eMEHTOB TSXenee renms NponcxoanT B
3Be34ax yXe B Hawy 3anoxy. B 3Be3gax BewecTBo HAaXo4MTCA AOCTAaTOYHO A0/M0, U AaXEe HE OYeHb
6bICTpble peakummn ycnesatoT NponTn. CUHTE3 3/IEMEHTOB TSXeNee Xese3a NponcxoanT BO B3PbIBHbIX
npoueccax (BO BCMbIWKax CBEPXHOBbIX 3Be34). a3, npoweawmnn CTaanto HYKeoCMHTE3a B 3Be34aX,
3aTeM 4YacCTUYHO BblbpacbiBaeTCs U3 HUX B OKpYy>Katoliee NpoCTPaHCTBO NPy Mea/IeHHOM UCTEYEHUN C
MOBEPXHOCTM 3BE34 B Npu B3pbiBax. M3 3Toro rasa notomMm bopMUpPYHOTCS 3BE34bl NOCNEAYOLWMX
MOKONIEHUN N Apyrmne HebecHble Tena.

BepHeMcst K CUHTE3Y Nerknux 3f1EMEHTOB B Hauane KOCMOJIOrMUYecKoro paciumpeHms. Tak Kak nouTtn Bce
HEWTPOHbI MOLLIN Ha CO3AaHMe aTOMOB refinsl, TO HETPYAHO NOACYMTATb, CKOJIbKO 06pasyeTcs renuvs.
Kaxablit HEMTPOH BXOAUT B COCTaB aApa renva-4 B nape C NPOTOHOM, MO3TOMY A0S refvsa rno Becy
6yAeT paBHOM YABOEHHOI KOHLEHTPaLUnn HEWTPOHOB, TO ecTb 30 NpPOLEHTOB.

NTak, no ncreyeHnn NpuMeEpPHO NATU MUHYT C Ha4vasa paclMpeHns BeLLeCcTBO COCTOUT Ha 30 NPpoOLEHTOB
13 a4€ep aToMOB resima U Ha 70 NMPOLEHTOB U3 NPOTOHOB — d4€p aTOMa BoAOpOAa. Takol XuMn4eckui



COCTaB BeLecTBa OCTAETCH B AaJIbHENLLEM HEM3MEHHbIM, BM/10Tb A0 06pa3oBaHnAa rasnakTuk 1 3Be3a,
Koraa npoueccbl HEYKNEOCMHTE3a HAYMHAOT MATU B HEAPAX 3BE3A.

MoaTeepxaatoT nu HabnaeHNsa BbIBOA O XMMMYECKOM COCTaBe A03BE34HOMO BellecTsa?

CKOJ1bKO renind B NPUPOAE?

Fenusa odyeHb Mano Ha 3emne. Ho 370 cBA3aHO €O cneunduryeckMmMmm CBOMCTBaMM 3TOMO 31EMEHTA U C
TEMW yC/I0BUSIMU, B KOTOPbIX (DOpMMpOBasnachb 1 3BOOLMOHMpPoBana 3emns. l'ennii, 6yayumn odeHb
NeTYy4YMM N UHEPTHbIM ra3oM, NOKMHYN BewwecTBo 3emnun. OA4HAKO aCTPOHOMbI BUAAT €ro NoBCHOAY, XOTS
OH M 0YeHb TPyAHO HabnwaaeM 06bIUHBIMKM CpeACTBaMM CNeKTpasibHOro aHanusa.

Ero o6HapyxuBatoT B ropsumnx 3ee3gax, B 601bLINX ra30BblX TYMAHHOCTAX, KOTOPbIE OKPYXatoT
MoNoAble ropsune 3se34bl, BO BHEWHMX 06104kax ConHua, B KOCMUYECKUX lydaX — MOTOKax vacTtul
60NnbLWONM 3HEPrUM, NMPUXOAALMX K HaM Ha 3eMJTt0 U3 KoCcMoca. N'ennin okasancsa B camblX Aaseknx oT
Hac obbekTax BceneHHol — KBasapax.

BecbMa npuMeyaTesibHO, YTO rae 6bl ero Hm 06Hapy>KVIBaﬂVI, rnoyTK BCerga ero no mMacce okosio 30
NMPOLEHTOB, a cTasbHble 70 NPOUEHTOB CcOoCTaBngeT Bogopo. NpuMecs Apyrnx XMMNMYECKUX 31EMEHTOB
HeBenuka. [Jonsa nx MeHseTcs oT obbekTa K OG'beKTy, a gond rennda yanButTebHO NOCTOAHHA.

BCcrnoMHUM, 4TO UMeHHO 3TK 30 NpoUEHTOB renuns NpeackasbiBaloTCA B NEPBUYHOM BELLECTBE Teopuen
ropsiuen BceneHHoli. Ecnm 6onblias vyactb renms 6biia CMHTE3MpoBaHa B NepBble MUHYTbI paclimpeHuns
BceneHHol, a gpyrue, 6onee TsaxKesnble 31eMEHTbl CUHTE3UPYIOTCHA 3HAUYUTENBHO MO3Xe B 3Be34ax, TO
MMEHHO TaK W A0/KHO 6bITb — renus Besge okosio 30 NpoLEHTOB, a ApYruX 3/1IeMEHTOB NO-pasHOMY, B
3aBUCMMOCTM OT MECTHbIX YCIOBMA UX CUHTE3a B 3Be34aX M nocneayrouero sbibpacbiBaHnsa rasa 13
3B€3/ B KOCMUYECKOe NpPOCTPaHCTBO.

Bo BpeMsi siaepHbIX peakuuii B 3Be34aXxX refinii Toxe cMHTE3npyeTcs. Ho fons TaknuMm o6pasom
06pa3oBaBLUErocs resiMs Mana no cpaBHeHMIO ¢ 06pa3oBaBLUMMCS B Hayase paclumpeHus BceneHHo.

A Henb3s NN BCE Xe NpeanonioXnTb, YTo Bce Habnoaaemble 30 NpouUeHTOB renns ob6pasoBanncb TOXE B
3Be3aax?

HeT, 370 pewmnTenbHO HEBO3MOXHO. lMNpexae Bcero npu obpasoBaHun renms B 3Be3gax Bblaensercs
6onbllan sHeprus, 3acTasnsolWas 38e34bl MHTEHCUBHO CBETUTb. ECnun 6bl Takoe Konn4vecTeo renus
661510 B NpownomM obpa3oBaHO B 3Be34axX, U3NTYYEHHbIN UMW CBET C BbICOKON TeMnepaTypon AO/KEH
6b11 6b1 HAbNAaTLCS BO BceneHHOM, 4Yero Ha camMoM Aesie HeT.

K 3TOMy MOXHO Ao6aBuTb, YTO HabnAeHMS caMbiX CTapbiX 3Be34, KOTOpble 3aBef0MO (pOpMUPOBAUCH
M3 NEPBMYHOIO BELLECTBA, NOKa3blBaT, YTO B HMUX renuns Toxe 30 NpoueHToB. 3HaunT, NpakTUYeckn
BeCb renuin BceneHHon 6b11 CMHTE3MPOBaH B CaMOM Haudasie paclunpeHns Mupa.

Tak XMMWYEeCKM aHanu3 BelecTBa cerogHswHen BceneHHon paet npamMoe noarTeBepXxaeHune
NnpaBuIbHOCTU HaWlEro NOHMMaHMA NPoLECCOB, KOTOPbIE NPOTEKANN B NeEpBblE CEKYHAbI N MUHYTbI
nocne Hadana pacwunpeHunsa BCeEro sewlecrsa.

TPUCTA TbICAY NET 3Pbl ®OTOHHOMW MJIA3Mbl U HALLA 3PA

B nepeble 100 cekyHA pacwmpeHne B pacluMpsoLencs niasme NnpoMcxoamn ewe oAnH B1Ma npoueccos.
[eno B TOM, 4TO NMo npowecTsun 10 ceKyHA OT CUHIyAsSIPHOrO COCTOSIHUSA TemMnepaTypa Bo BceneHHom
ynana A0 HECKONbKUX MUNNMapAaoB rpafycos. [lo 3Toro Bo BceneHHoM 661710 MHOMO 3/1eKTPOHOB U
NO3UTPOHOB, POXAABLUMXCS MPU SHEPTUYHBIX CTOSIKHOBEHUAX YacTuL,. Ternepb 3HepPrusa CTOJIKHOBEHUS
yXX€ HefoCTaTovHa ANa UX pOXAEHUSA. DNEKTPOHbI U NMO3UTPOHbI, CTANIKMBAsACb APYr C APYrOM,



QHHUTMAMPYIOT, NpeBpallasck B GOTOHbI. Bcsi aHeprus, KoTopas coepxanacb B 3f1eKTpoHax U
NMo3UTPOHaXx, NepexoanT B GOTOHbI PESIUKTOBOMO U3MydYeHus.

MpoxoaaT MUHYTbI, TeMNepaTypa NPoAO/IKAET NaaaTh C pacluMpeHMeM. 3aKOHUUIACb aHHUTUNALMS
3/1IEKTPOHOB N MO3UTPOHOB, 3aTyX/IM SiAEPHbIE peakuMn B BeLLECTBE.

370 6bIAK NOCeAHNE aKTUBHbIE MPOLECCHI, MPOMUCXOAMBLUNE B ropsiveit paHHen BceneHHol. B Hell
CTano CAMULLIKOM X0JI0AHO (XonoAHee MUAnMapaa rpaaycos!), n 6ypHble NpoLecchl CTanyu HEBO3MOXKHbI.

3akoH4Yuncs 6ynHbIN beiepBepK XU3HM Mologon BceneHHoOM, U HAaCTYNuA ANUTENbHbIN Nepuoa
cnokoncTteus. OH npogoskanca okono 300 Teicsy feT.

HanoMHMM, 4TO B 3TOT Nepuoj paclnpsaoWasncs njiasMa BCe e 0YEeHb ropsda M NosIHOCTbIO
noHu3soBaHa. OHa Henpo3payHa A/ PeSIMKTOBOro U3/ly4YeHus, KOTOpoe Mo Macce NpeBoCXoanT
Henpo3payHylo nna3sMmy. B aTon cMecn nnasmbl 1 cBeTa MMetOTCS Hebonblime KonebaHus, KoTopble
MOXHO Ha3BaTb “(POTOHHbIM 3BYKOM”, TaK KaK yrnpyron cusion, ux Bbi3blBalOLWEN, ABNSETCA AAaBNeHne
cBeTa.

BoT 1 BCce MHTEpecHoe, 4To 6b110 B 3TY “TUXYK” 3noxy.

Tak npoaonXanocb 40 TOr0 BPEMEHU, KOraa TeMnepaTtypa ynana npuMMepHO A0 YeTbipex ThiCsy
rpafycoB. 3Ta TeMnepaTypa y>Xe AOCTaTOYHO HM3Ka, U1 MOHM30BaHHas MjasMa HauyMHaeT npeBpaLlaThCs
B HENTpanbHbIM ras. Kasanocob 6bl,

cobbITne 3TO He CTOJIb YX BaXHOE, HO OHO SIBM/I0OCb MOBOPOTHbLIM B AanbHenwen cyabbe BceneHHOMR.

[10 3TOro MOMEHTa MOHW30BaHHbI ras 6bla COBEPLUEHHO HENPO3payeH ANa PeIMKTOBOro U3fyyeHus.
Mocne npeBpalleHns rasa (a 370 B OCHOBHOM BOAOPOA) B HEMTPasbHbIN, OH NPaAKTUYECKU COBEPLUEHHO
npospaveH Ans NoAasaoLWen yact GOTOHOB PENIMKTOBOro U3nyyveHus. C 3TOro MOMEHTa PeMKTOBOE
N3NyyeHne OTAENUIOoCh OT BellecTsa. Bca BceneHHas ans Hero npo3payvHa. GoToHbI
pacrnpoCTpaHsOTCA CKBO3b BELLECTBO, KOTOPOE CTaHOBUIOCh BCE 60SIee paspexeHHbIM 1M3-3a
paclwmpeHus u ece 6onee Xoi0AHbIM, MPaKTUUECKU Ne NornoLasch.

Hy 1 noyeMy xe 3TO TaK BaXXHO? — MOXET CNpPOCUTb YnuTaTenb. [1es10 B TOM, YTO TONIbKO Tenepb U3
3TOro OCTbIBLUErO HEVITpaﬂbHOFO rasa MoryT d)OpMVIpOBaTbCH HebecHble Tena.

3a spoi HOTOHHOM NasMbl HACTyNaeT 3pa GOPMUPOBAHUSA CTPYKTYPbl BceneHHoM.

MOXHO cunTaTb, YTO Ha4YasloM COBPEMEHHON 3MOX1 B UCTOpun BceneHHol bbin npouecc obpa3oBaHus
OTAesNbHbIX MMraHTCKUX No pa3MepaM KOMKOB B NepBOHavasllbHOM, MOYTU O4HOPOAHOM BeELLEeCTBE,
KOMKOB, U3 KOTOPbIX BNOCNEACTBUM BO3HUKI/IN FanakTUKM U nx ckonneHus. O6pasoBaHne KOMKOB
NpoucxXoanso noa AenCTBUMEM CUA rpaBUTaLnmM, U BECb NPOLLECC NOAYYMI Ha3BaHME “rpaBUTaLNOHHOMN
HeycTonyneocTn”.

Ewe y . HboloToHa 6b11Kn BbiCKa3biBaHUSA O TOM, YTO OAHOPOAHOE BELLECTBO AO/HKHO COBpaTbCsa B KOMOK
WU B OTAENbHbIE KOMKW N04 BVSHUEM B3aUMHOIO TArOTEHMS vacTuyek. U. HetoToH nucan: “Ecnu 6bl
BCe BellecTBO Hawero ConHua n NnaHeT u BCe BellecTBo BceneHHoM 66110 paBHOMEPHO paccesiHo Mo
BCceMy Heby u Kaxaasa Jactmua obnagana 6bl BpPOXAEHHbIM TAFOTEHMEM KO BCEMY OCTasIbHOMY U eCnu
6bl BCE NPOCTPAHCTBO, NO KOTOPOMY 6b1/10 paccesiHo 3To BewecTBo, 6bis10 6bl TEM HE MEHEE KOHEYHbIM,
TO BCE BELLECTBO Ha Hapy>XHOM CTOPOHE 3TOr0 NPOCTPaHCTBa 6narogaps CBOEMY TAFOTEHMUIO
CTpeMunoch 6bl KO BCEMY BELLECTBY, HAaXOASALWEMYCS BHYTPU NPOCTPAHCTBA, U KaK CneacTBme ynano 6bl
B CepeauHy NOMHOro npocTpaHcTea u obpasosano 66l TaM ogHY 60nbLIyO chepnyecKkyto Maccy.
OaHako ecnu 6bl BewecTBo 6bi/I0 paBHOMEPHO paccesiHo No 6eCKOHeYHOMY MPOCTPAHCTBY, OHO HMKOr4a
He cobpanock 6bl B 04HY Maccy; 4acTb ero morna 6bl cobpatbCa B OAHY Maccy, a YacTb — B APYryto,
Tak 4To obpasoBanocb 6bl HeckoHeuHoe Yncno 6onbLlnMx Macc, pasbpocaHHbIX Ha 60MbLIMX
paccTosHMAX APYr OT Apyra no BCEMY 3TOMYy 6€CKOHEYHOMY MpOCTpaHCTBY. Tak Mornu obpasoBaTtbes
ConHue n HenoABWMXHble 3Be34bl”. 3HauYMT, O4HOPOAHOE BELLECTBO CTPEMUTCS Noj AeACTBUEM
TArOTEHUS pacnacTbCsA Ha OTAE/bHblE KOMKU. 3TO “CTpeMieHune” Meno MecTo C CaMoro Havana



pacwunpeHns ogHOPOAHOro BewecTtsa BceneHHoln. Ho oHO noyeMy-To He pacnanock! [leicTBuTensHO,
ecnu 6bl TaKOW Npouecc Nponsolen B CaMOM Hayane paclmpeHus BceneHHoM, To HUYEro noxoxero Ha
rasiakTUKu 1 3B8e€34bl NPU 3TOM HE BO3HMKIO 6bl. Beab BewwecTBo 66110 YyAOBULLHO MJIOTHLIM.
BO3HMKLLIME B HEM KOMKWN AOJIXHbI H6blN ObITb elle nnoTHee. Takoro Bo BceneHHoM Mbl He HabntopaeM.
Bo BCcsSIKOM cny4dae, He HabntogaeM B 60/blUMX KONMYeCTBax. ManakTMkmn obnagatoT CKPOMHON cpeaHei
MAOTHOCTbIO. 3HAUYUT, OHM BO3HUK/IM B 3MNOXY CPABHUTENbHO 6/IM3KYH0 K HaM, KOraa paclumpsiolieecs
BelecTBo BceneHHoM CTano 40CTaTOYHO pa3peXxeHHbIM. ToNbKO Toraa nposiBuaacb rpaBuTaLMoHHas
HeyCTOMYMBOCTb. [0 3TOro 4to-To Mewasno “cpaboTtatb” 3TOMy MeXaHU3My. ITO “UTO-TO"” 6bISIO
AaBNieHneM pennmKToOBOro N3y4YyeHus.

[aBneHune penuktToBbix OTOHOB OFrpOMHO. ECnu rae-To ciyyaHO BO3HMKAN CryCTOK Mia3Mbl BMECTe C
(pOTOHaMU PeNUKTOBOro U3MYyYEHUS, TO CUMbl TAFOTEHUS, KOHEYHO, CTPEMUITUCL YCUNUTbL 3TOT CrYCTOK,
B NMOJSIHOM COOTBETCTBUU C onucaHnem W. HetoToHa. Ho 3TUM cunaM npoTUBOCTOANIN MOLLHbIE CUJbI
[aBneHust GOTOHOB, AN KOTOPbIX Nfa3Ma 6blna Henpo3paydHoi. OHM pacnuxuBanu CrycTok, u
rpaBUTaUMOHHAs HEYCTOMYMBOCTb HE MOra NPOSIBUTLCS.

TonbKo nocne npeepalleHUs ropsayeit nnasMbl B HEUTPasbHbIA ra3 CTano BO3MOXHbIM NPOsiBieHUe
rpaBMTaLMOHHOMN HEYCTOMUMBOCTM. a3 Tenepb Npo3padeH A8 PefMKTOBOro M3nyyeHus. BosHUKLINI
KOMOK ra3a B XO4e CXXaTusi CU/laMU TATOTEHUSA HE UCMbITLIBAET CONPOTUBEHUS AaBNEeHNs (HOTOHOB, OHM
CcBO6OAHO BbIXOAAT M3 3aPOXKAAIOLLEroca CrycTka. TONbKO CU/bl Fa30BOr0 AaBfIEHUs MOTyT OKa3blBaTb
conpoTueieHne. Ho 3To AaBneHue ropasao ciabee GOTOHHOMO, U €CNM CrYCTOK AOCTAaTOYHO BEJMK Mo
pa3Mepy, TO CU/lbl Fa30BOrO AaB/ieHUA HE MOryT No6opoTh TAroTeHUeE. MNposABAsSETCS rpaBUTaLMOHHAN
HEeYCTOMUYMBOCTb.

Mpexae yeM No3HaKOMUTLCS C TEM, KaK KOHKPETHO MNposiBNSETCSA rpaBuUTauMoHHas HEYCTOVIHMBOCTb,
HaM npuaeTca O6paTMTbCF| K eLwe ogHoMn 3araake, BCTaBLUEN Ha nyTu nccnenosarenen.

FMABA 4. HENTPUHHAS BCEJIEHHASA

HEUTPUHO

HelTpuHo! 3Ta yacTuua yxe He pas NpenogHocuaa clopnpussl buUsmMkKaM, U oT Hee XAanu HoBbIX. Ho
TOro, Uto cnyuunock B 1980 roay, He oXxuaan HUKTO... Kap-TuHa, NpeacTaBluas nepes MblCeHHbIM
B30POM YUeHbIX, Ka3anack 6onee yeM chaHTaCTUUYECKOM.

OnHako nonbiTaeMcsi U3NOXUTb BCE MO NOPSAKY.

MepBbIiM clOpripn3oM 661110 camMo n3obpeTeHne 3Tol YacTmubl Wweenuapckum dusmnkom B. Maynu B 1930
rogy. meHHO Takoe cnoBo — “n3obpeteHne” ynotpebnser oavH n3 cosgatenen CoBpeMeHHon
HenTpunHom dun3mkn, akagemmk b. NMOHTEKOPBO, ONMUCbIBas TEOPETUYECKOE NpeacKasaHue
CyLeCTBOBaHUA HENTPUHO.

BcnoMuHasa To BpeMs, oH nuuweT: “TpyaAHO HaWTn cutyaumio, rae 6bl CnoBo “MHTyMUKna” Tak
COOTBETCTBOBANO XapaKTepy HAaYy4YHOro AOCTUMXEHUS, KakK B Cly4ae npeackasaHusa HenTpuHo B. Maynu.

Bo-nepBbix, 50 neT Hasaa 6b11M U3BECTHbI TONIbKO ABe “3neMeHTapHble” YacTuLbl — 31EKTPOH U
NPOTOH, U Aaxe uaes, 4Yto ANa Ayywero NoOHMMaHUs NpuMpoabl HE06Xo0ANMMO BBECTU HOBYIO YacTumuy,
6blna cama no cebe peBONOUMOHHOMN. ..

Bo-BTOpbIX, NpeanarasBLllasca 4yactuua, HEMTPUHO, A0MkHa 6blna 06nagaTb COBEPLUEHHO
3K30TMYECKUMU CBOMCTBaMU, N B OCOBEHHOCTN — OrpOMHOWN NMpPOHMKAKLWeEN CNoCOBHOCTLIO”.

B. Maynu “n3obpen” aTy yamBUTENbHYIO YacTuly Ans Toro, 4tobbl 06bACHUTL, KyAa AeBaeTCs YacTb
3Heprun, Bblae ngemMas npu pagnoakTUBHOM pacnaje sAaep C MCNYCKAHWEM 31eKTPOHOB. Takoln pacnaj
Ha3biBaloT 6eTa-pacrnagom.

[eno B TOM, UTO KOraa onpenensaoT SHEPruo NPoAYyKTOB 6eTa-pacna,qa paAnNOaKTUBHbIX 3/IEMEHTOB,
HanpuMmep Tpntna B renMH, TO U3MEPEHNA NOKa3blBakOT, YTO NOCNE pacnaga CyMMapHas aHeEpPrna Bcex



4yacTul, KOTOpble HEMOCPEACTBEHHO PErNCTPUPYIOTCA NpuGopaMum, pasHas B pa3HbiX akTax pacnaaa
TpUTUSA. NPONCXOANUT ABHOE HapPyLLEHME 3aKOHA COXPAaHEHUS! SHEPrUK, YACTb SHEPTMM BCE BpeMs Kyaa-
TO MCYe3aeT.

[Oaxxe Takne kopuden pusnkun, kak, Hanpumep, H. bop, cTanu roBopuTb, YTO B 3TUX Npoueccax
LEeNCTBUTENbHO HE COXpaHseTcs aHeprusa. U BoT TyT-10 B. MNaynu coBepwmnn ceoe “nsobpeteHne”. OH
NpeanosioXni, YTO HUKaKOro HapyLeHs 3aKOHa COXPaHEHUS SHEPIMN HE NPOMCXOAUT, a NpOCTo B
npolecce pacrnaza, KpoMe permcTpupyemblx npubopamm 4acTmuy, poXAarTcs 4YacTulbl elle 04HOro
copTa. OTU MMMOTETMYECKME YacTULbl OYeHb C/labo B3anMOAENCTBYIOT C 06blYHbIM BELLECTBOM U
nosToMy cBO60AHO yneTalT 13 nabopaTtopum, He perncTpupysacb dusmyeckumm npubopamm.
YneTteBlne 4actuubl U YHOCAT C COBOM HeAOCTaOLWY0 SHEPTUNI0, CO34aBas BUANMOCTb €€ YHUUTOXEHUS.
TanHCTBEHHbIE YacTULbl NONYYMUSIN HA3BaHNE HENTPUHO.

C Tex nop npowJso 6ofee nofyBeka, 1, Kak yxe roBopuiocb, HEMTPUHO MHOMO pas 03a4a4yMBano
u3nkoB. Tak, 0Kasanocb, YTO HEMTPMHO HE NPOCTo cnabo B3aMMOAENCTBYET C BELLECTBOM, KaK 3TO
nepeoHayvanbHo npeanonoxun B. Maynu, a paHTacTuueckn cnabo. OHo coBeplLleHHO CBO60AHO
MPOXOANT, CKaXeM, CKBO3b 3eMJ1H0, U He TONIbKO CKBO3b 3eMJ1t0, HO 1 CKBO3b COJHLIE, 3B€3/Abl, CKBO3b
nobble Tena BceneHHoM Kak CKBO3b MYCTOTY, KAk CBET CKBO3b OKOHHOE CTEK/0.

MMeHHO NO3TOMY 3aperncTtpMpoBaTb TakKMe YacTuLbl Ype3dBbiYaliHO TpyAHO. Tonbko B 1956 roay oHu
6151 HenocpeacTBEHHO O6HapyXXeHbl MO S4E€PHbBIM NMpeBpaLLEHUSIM, UMW Bbi3blBaeMbIM.

JanbHenwmne nccneqoBaHms nokasanu, YTo HEUTPUHO (BMeCTe C ero aHTuyacTMuen — aHTUHEUTPUHO.
Mbl He genaem B HalleM pacckase pasHuubl MexXay HUMW, Ha3biBasg UX e4UHbIM TEPMUHOM HEUTPUHO)
6bIBalOT, NO KpanHen Mmepe, TPEX COPTOB — S/1EKTPOHHbIE, MIOOHHbLIE U Tay-HENTPUHO. Kaxkabliii copT
y4yacTBYEeT TONIbKO B OnpefesieHHbIX, Cneunduyeckmnx oss Hero peakuymsx.

He cTaHeM nepeuncnsaTb 34ecb Apyrue yaAnBUTESbHbIE 0COBEHHOCTU HENTPUHO. OTMETUM TOMbKO, UTO
cBoeobpasne nx CBOMCTB 6bI/I0 HACTONBLKO 3araZlouHbIM, UTO, C OAHOW CTOPOHbI, DU3UKU TOSIbKO
YOAWBNEHHO pa3BoAMAN PYKaMU, HE B CUIaX MOHATL F1YBMHHbIE MPUUUHBI 3TOrO CBOeobpasmns, a C
[IPYroi CTOPOHbI, OHW MOYTM C MUCTUYECKUM BnaroroBeHmeM Bepunm (TouHee, 3TO MoAcKasbiBana uMm
HayuHas MHTyMUMA), UTO CTOMIb CTPAHHAas YacTuLa A0/KHa UrpaTk 0CoBYlo ponb BO BceneHHoit. Bor,
YTO rOBOPUIN U3BECTHblE (DU3NKM OKONO ABYX AECATUNETUI Ha3aAa.

[. Yunep, 6biBWUMIA Npe3naeHT AMEpUKaHCKOro pusnyeckoro obuiecrsa: "B HacTosillee BpeMs HET
HMKAKOro 06bSICHEHMS TOMY, MOYEMY HEWTPUHHbIE B3aUMOAENCTBMS Tak cnabbl MO CpaBHEHUIO C
3/1IeKTPOMArHUTHLIMW B3aMMOAENCTBMSIMU U MOYEMY OHWU TaK CUJIbHbI NO CPaBHEHUIO C
rpaBUTaUNOHHbIMK.

JliobonbITHO, UTO TONBKO OAHa 3Ta dpasa BbigeneHa [l. Yunepom B otaenbHyto rnasy (!) ero pabotbl
“HenTpuHo, rpasutaumna n reometpusa”. [insa cpaBHEHUs yKaxeM, YTo, HanpuMep, nepeas rnasa 3Toum
paboTbl cogepxuT 6onee cta CTpaHUL CO CIOXHENLW MU dopmynamu.

Akagemnk M. MapkoB, BHecwuii 60MbLlION BKNa4 B pa3BUTUE HEUTPUHHOWN Pu3nkn: “CoBpeMeHHUKY
TPYAHO ragatb, Kakoe UCTUHHOE MeCTO 3aliMeT HEWTpUHO B dusmnke byayuwero. Ho ceoncrea aTon
YacTUUbl CTOJSIb N1IEMEHTAPHbI U CBOeobpasHbl, YUTO eCTECTBEHHO AyMaTb, YTO Npupoaa cospana
HEUTPUHO C KakKUMUK-TO ryboKknMM, Noka ANs Hac He Bceraa sCHbIMK “uenamun”.

Heckonbko ganblie Mbl YBUAMM, 4YTO 3TO 3a “uenn”.

OTKpbITUS NocnegHero BpeEMEHM, 0 KOTOPbIX MONAET peydb, 3acCTaBnsalT € ewe 601blWNM BHUMAHNEM
OTHECTUCb K HEUTPUHO M NO-HOBOMY OLEHUTb COYEeTaHME TPEX BEJIMKMUX CYLLHOCTEN — rpaBuTauum,
HENTPUHO N BceneHHoM.

Ecnu rpaBuTtauna — rnaBHaga cuna, ynpasngawwas ABUXEHUEM MaTepUu BO BCEHEHHOVI, TO HeIZTpVIHO
cornaCcHo nocnegHuM AaHHbIM, NO-BUANMMOMY, MMaBHada 4Yactuua BceneHHol. UMeHHO 0 HEM, O
HEVITpMHO, HY>XXHO AyMaTb npexaje BCero, Koraa Mbl MblTaeMcAa NOHATbL, UTO ecTb BceneHHas.



CBOWCTBA BCEJIEHHOM

M3 npeablaylumx rnae YntaTesb yXXe 3HaeT HEKOTOpble BaXHenLwme CBOMNCTBA OKpYyXKatLwero Hac
MaKpoOMMpa, HAAEXKHO YCTaHOBNEHHbIE HAayKOW. NpuBeaeM 34ecCh ele pa3 HeEKOTOpbIE U3 3TUX
6eccnopHbIX hakToB, HEObX0ANMbIX ANS Hawwero obcyxaeHus. Mpexae BCero Mbl MOMHUM, 4YTO
paclwmpeHne BceneHHOM HauyMHanoCb CO CBEPXMIOTHONO COCTOSIHUS W BellecTBO Toraa 6biio
ype3Bbl4anHO ropsaymM. OT 3TOM 3MNOXM OCTaNOCh OCThIBLUEE PENIMKTOBOE U3JTy4YeHMe.

[anee, HaleXXHO YCTaHOB/IEHO, YTO B MaclwTabax MUAIMApA0B CBETOBbIX JIET HET 3aMETHbIX
HEOAHOPOAHOCTEN B pacnpeAeneHnn NAOTHOCTU BELLECTBA B NPOCTPAHCTBE, HET CBEPXCBEPXCKOMIEHU
ranakTuk. 3TO 3HAUYMUT, YTO B TaKMUX 6O/bLUMX MalUTabax HET OTAENbHbIX CTPYKTYPHbIX eanHuL,
BceneHHo. ITOT hakT 0CO6EHHO HaAEXHO YCTaHOB/IEH MO HAbAEHWNIO PESTMKTOBOIO U3NTyYeHUs;
ecnu 6bl CyLecTBoBanAn HEOAHOPOAHOCTM C pasMepaMu nopsaaKa Munavapaa CBETOBbIX NeT unm 6onee,
TO C pa3sHblX HamnpaBfieHWIl Ha Hebe penIMKTOBOE 3MEKTPOMArHUTHOE U3flydeHrne Npuxoamnno 6bl K HaMm C
pa3HO MHTEHCUBHOCTbLIO. []e/1o B TOM, UTO MOBbILLIEHHAsA MIOTHOCTb BEAET K MOBbILEHHOMY MOS0
TAroTeHMs. GOTOHbI PESTMKTOBOMO U3MyUYeHUS!, BbIXOAS U3 3TOr0 MOSA TArOTEHUS, TpaTAaT
[ONONHUTENbHYIO SHEPIUIO, TO ECTb “KpPacHEIT”, N 3HAUWUT, U3NTyUeHME C 3TUX HanpaBleHuin nMeeT
UyTb MEHbLLYIO UHTEHCMBHOCTb. A TaKOro pasfinuns UHTEHCUBHOCTU PESIMKTOBOrO U3MlyUeHUs He
HabntoaaeTcs, U, ciefoBaTeslbHO, MepapxMyeckas nectHuua CTPYKTypbl BceneHHoi He npocTupaeTcs B
6EeCKOHEUYHOCTb. TO eCTb B O4YeHb 60/blLUMX MacluTabax, HauMHas C y4acTKOB pasMepoM MpUMEpPHO B
COTHU MUW/INIMOHOB CBETOBbLIX NeT, BceneHHasa oaHopoaHa.

HanoMHuM ele, 4yTo HabnAeHUS BbISBUAN XapaKTepHble 0CO6EHHOCTUN KpYMNHENLWUX CTPYKTYPHbIX
eanHuy BceneHHon — cBepxcKonneHns ranaktmk. Okasanocb, YTO B TakMX 06pas3oBaHuAX rafnakTukm u
NX CKOMJIEHUS COCPeaoTOoYEHbl B TOHKUX CNoAX, 06pasyoLwmx CTEHKN s4eeK, BHYTPEHHOCTb KOTOPbIX
npakTuyecku nycra. MoXHO cKasaTb, YTO pacnpefeneHune raJakTnuk Bo BceneHHol HanoMnHaeTt
nyennHble coTbl. B pebpax “coT” NAOTHOCTb rasakTuk 0CO6eHHO Benuka.

NTak, HEKOTOpble BaXHble aKTbl CTPOEHUS 1 3BOJOUMWN BceneHHOolM yCTaHOBIEHbI HAAEXHO: 3TO
pacwupeHune BceneHHol, ee nepBoHavyasbHOE ropsiyee COCTOSIHME U HbIHELUHSIS SYencTast CTpyKTypa.

HEPELUEHHbIE NMPOBJIEMbI

Cpean 3Tux npobnem HenpeMeHHO NpUAETCS Ha3BaTb MEXAHMU3Mbl BO3HUKHOBEHUS CTPYKTYpPbI
BcenenHom.

Kak, koraa v noyeMy BO3HWKIIA HbIHELWHSS CTPYKTypa BceneHHoW? MoyeMy KpynHenwmne CTPYKTYpPHbIe
eaANHULbI BceneHHOW — KpyrMHble CKOMJIEHUS rafiaKTUK U CBEPXCKOMJIEHUS — MMEIOT UMEHHO Takue, a
He apyrve macwTabbl n dopmy? MocnenHe NATHaALATb JIET aCTPOUINKN-TEOPETUKN B COAPYXKECTBE C
HabnoaaTens M1 NbiTaJIMCb OTBETUTb Ha 3TW BOMPOCHI, HO A0 NOC/EAHEr0 BPEMEHWN HEMb3S 6bIS0
CKasaTb, YTO IJIaBHbI 3Tanbl Npouecca 06pa3oBaHUs ranakTuK M UX CKOMIEHUWN BbISICHEHDI.

[eno B TOM, UTO HEUTO OYEHb Ba)XXHOE OCTaBaslIOCb HEN3BECTHbIM. [log03peHNe O TOM, UTO B HALWIMUX
3HaHMAX 0 BceneHHoM ecTb Kakon-TO CYUJECTBeHHbIVI npo6en, 3apoAannocCb CpaBHUTENBHO AABHO, €We
TOoraa, Korgaa B aCTpOd)MBVIKe BO3HUKJ/1A TaK Ha3blBaeMas np06neMa CKprTOVI Macchbl, O KOTOpOﬁ Mbl
roeopuwnun B OAHOM 13 npeabiaywmx rnae.

HanoMHuM, yTo 3Ta npobnema 6bina YeTko chopMysiMpoBaHa B Hayane 70-x rogoB M COCTOUT OHa B
cnepymoweM. [IBUxeHne ranakTuk B UX CKOMAEHUSX MPOUCXOANT TaknuM 06pas3oM, YTo NpuUXoanTCs
npeanosiaraTb HaJiMumMe B NPOCTPAHCTBE MEXAY ranakTUKaMu Kakowh-To HEBMANMOM Maccbl. OHa CBOUM
TArOTEHUEM BAUSAET Ha ABMXYLIMECS 06beKTbl, HO Bosblue HMKaK ceba He nposBnseT. Takas xe
HeBMAMMas Macca oKpyxaeT, BepoATHO, U 6oNblune ranakTukm, 0 YeM MOXHO CyAUTb MO ABUXEHUIO
Kap/IMKOBbIX FanakTuK U Apyrux o6beKToB BOKPYr HUX. DTa HEBMAMMAS Macca 1 Nosyyuna Ha3saHue
TpyAHOHabnwaaemMon, nnm CKpbiTOM, Macchbl, N O NpUPOAe ee NpaKTUYeCKn HMYero He 6bi10 U3BECTHO.



HabntoaeHna nokasbiBanu, 4YTo CKprTOVI Maccbl B 061acTax CKOMAEHUS ranakTuk, AOKHO 6bITb pa3 B
20 6onblwe, 4eM BUAMMOWN Macchl, COCpeD.OToquHOVI B CaMuX rasakTukax. Ecnm mMacca Bcex ranaktuk B
TUNNYHOM MX CKOMJIEHMM COCTaBASET okosio 3 o 1013 macc ConHua, To Macca HeBMAMMOW MaTepum
oka3sbiBaeTcsl okosio 101> macc ConHua. HekoTopble cneunanunucTsl cyMTanu, rnpasaa, yto HabnoaeHus,
B KOTOPbIX NPOABNAETCA TAroT€EHNE CKprTOVI MacCCbl, HEAO0CTATOYHO HAAEXHbI, N CMOPbl BOKPYT 3TOINO
BOMNpOCa TO yTuxXasun, TO pa3ropajimCb BHOBb BMJiI0OTb 40 CaMOro nocnegHero BpeMeHNn.

HEWUTPUHO BO BCEJIEHHOM

Tenepb Mbl BO3BpalLlaeMcs K rnaBHOMY repoto Halwero noBecTBOBaHMSA — K HeVITpVIHO. K ckazaHHOMY B
Hauvasne rnasbl fo6aBum cnepywouwee. o nocnegHero BpeMeEHU cYUTanochb O6LLI,EI'IpVIHF|TbIM, 4yTO
HEVITDMHO HE UMEIT MaccChbl NOKOS U, NoA06HO CbOTOHy, BCeraa ABuXyTCA CO CKOPOCTbIO CBETaA.

[JaBHO 1M BHMMATENIbHO N3y4anucb MPOLECChI, B KOTOPbIX YYaCTBYIOT HEUTPUHO U KOTOPbIe MOTYT UrpaTb
BAXHYIO posib B aCTpodpusuke.

Bbln0, B 4YaCTHOCTKU, YCTAHOBJ/IEHO, YTO HEUTPUHO B NpOCTOpax BceneHHoM o4YeHb MHOMO, NOYTU CTO/b
K€ MHOI0, KakK U penMKTOBbIX 31€KTPOMAarHUTHbIX KBAHTOB — PEesIMKTOBbIX (DOTOHOB. Kak Mbl BUAENn B
npeablayLwen rnase, 4€10 B TOM, YTO HEUTPUHO, KaK U (POTOHbI, AOIXKHbI OCTaTbCA BO BceneHHom ¢
TOr0 HayasbHOro Nepuoaa paclmMpeHuns, Korga ropsyee niaoTHOE BeLeCcTBO MMeNIo OYEeHb BbICOKYHO
TeMmnepaTypy v 6b110 HENPO3paYHbIM He TOIbKO A1 CBeTa, HO U AN HENWTPUHO. Toraa npoucxoannm
6bICTpble peakunn NpeBpaLleHns Apyr B Apyra HENTPUHO, S1EKTPOHOB, 31€KTPOMarHUTHbIX KBAHTOB U
APYrMX afieMeHTapHbIX YacTul,. 3TN Npouecchl MOryT 6bITb HaAEXHO paccymMTaHbl METOAAMMU
coBpeMeHHOWN OU3NKKN, U pe3ynbTaTbl paCHETOB MOKa3blBalT, YTO NOC/E NepPBbIX AECATKOB CEKYHA C
Havana pacwupeHnsa BceneHHol ¢poToHOB B eanHuue obbema 6b110 NnpuMepHO BTpoe Honblue, YeMm
HEUTPUHO (BMeCTe C aHTUHEUTPUHO).

DTO OTHOLUEHME AN PENUKTOBbLIX (DOTOHOB M HENTPUHO OCTAETCS MPaKTUUECKN HEM3MEHHbBIM U BO
BpeMa nocneaytollei 3BoNoUnn BeceneHHoi, BAIOTh A0 HAWKUX AHEN. Mbl HE MOXEM CEeroAHs KakuM-
160 NpsIMbIM CNoCco60M PErmcTpMpOBaTh PEINKTOBbLIE HEMTPUHO, TaK KakK Y OUEHb Mana UX 3Heprus:
npu HY/1IEBOI Macce MoKos HEMTPUHO €ro 3HepPrua CoCTaBNseT oKoo 5*107* anekTpoHBoNbT (3B).
OaHaKo acTpodM3nKKM MOTYT NpeackasaTh, CKOMbKO UX AO/MKHO 6bITb. Kak y»e 0TMeuasnoch, B .KaXaoM
KyBUUYECKOM CaHTUMETPE COAEPXMUTCSA 0Koo 500 penmnKToBbiX hOTOHOB. PENNKTOBbLIX HEUTPUHO AOSKHO
6bITb BTPOE MeHbLUE, TO eCTb 0K0J1I0 150 yacTul B Ky6UUYECKOM CaHTUMETPE.

HanoMHWM Takxe, UTO KaXAbli PenKTOBbIN (DOTOH MMEET SHEPrni0 U COOTBETCTBYOLWYIO Maccy 10736
rpamMma, n, Takmm obpasom, NJIOTHOCTb MACChl PEIMKTOBOIO 3/IEKTPOMArHMTHOIO U3/Ty4YEeHUS COCTaBsSeT
0ko0s0 5 ¢ 1073%r/cm3. 270 npuMepHo B 2000 pas MeHblUe, YeM CPpeaHsist MJIOTHOCTb 06bIYHOMO BELLECTBA
BO BceneHHowm.

M3 cka3zaHHOro MOXHO cAenaTth BbIBOA, YTO MAOTHOCTb MACChl PE/IMKTOBOIO 3/1eKTPOMAarHUTHOIO
n3nyyeHus npeHebpexunmo Mana. To xe camoe MOXHO 6b110 6bl CKasaTb U O HEMTPUHO: CpeaHss
NJIOTHOCTb €ro Macchl (37O, pa3yMeeTcs, He Macca NoKos, a Macca, onpeaenseMas SHepruen Yyactmubl)
ele MeHblle, YeM MIOTHOCTb 3MIEKTPOMArHUTHOIO U3/Ty4YEeHUsl, — OHa COCTaBAseT okoso 1,5 ¢ 10734
r/cm3. Taknum 06pa3oM, posibio PEIMKTOBbLIX HEATPUHO B CErofHsLHen BceneHHon MoOXHO 1 BoBCe
npeHebpeyb — OHM HE TOSIbKO MMEIT HUYTOXHYIO CYMMapHY Maccy, HO elle U NpakTUYecKn He
B3aMMOAENCTBYIOT C OCTasibHbIM BellecTBoM BceneHHown. Mo kpaliHel Mepe, Takoe MHEeHME O ponun
HEWTPUHO B HbIHELWHEN BceneHHoM cywecTsoBasno y 60nblWNHCTBA cneumanncToB A0 BecHbl 1980 roaa.

HEWTPUHHbIA DKCNEPUMEHT

BecHon 1980 roga rpynna uccneposatenein ns UHCTUTYTa TEOPETUYUECKON .U SKCNEPUMEHTANIbHOWN
¢pu3nkn AH CCCP, Bo3rnasnsemas B. Jllo6umoBbIM 1 E. TpeTbsikoBbIM, onybnnkoBana pesynbTaTtbl
MHOrO/IETHUX KCMEPUMEHTOB, KOTOPbIE YKA3blBAlOT HA OT/IMYME MACChl MOKOS NEKTPOHHbLIX HEUTPUHO
OT Hynsa. (HanoMHMM, 4TO ANS KPaTKOCTU Mbl FOBOPUM TONIbKO 06 3NEKTPOHHbIX HEWTPUHO. A Kak
yNOMUHaNoCh, CyLEecTBYEeT eLle ABa copTa HEUTPMHO — MIOOHHbIE U Tay-HENTPUHO.) BepoaTHoe



3HauYeHMe MaccChbl NOKOS 3NEKTPOHHbBIX HENTPUHO, HaMAEHHOE B 3TUX SKCNEPUMEHTaX, COCTaBNAET
npuMepHo 6 ¢ 10732 rpaMmMa uMnu, B Apyrux eamHmMuax, 35 3B. 3To, B 4aCTHOCTU, 3HAYUT, YTO
3NEKTPOHHbIE HENTPUHO He 06513aHbl, KaK CUMTaNIOCh paHblle, ABUraTbCsA CO CKOPOCTbIO CBETa, OHU
MOTryT ABMIATbCA C JII060N CKOPOCTbIO, MEHbLLE CBETOBOM, @ TakKXe HaXoAUTbCS B COCTOSIHUM MOKOS.

XoueTcs NoAYEPKHYTH OFPOMHYHO C/TOXKHOCTb 3KCMEPMMEHTOB MO OMNpeAeneHN0 MacChl NOKOS HENTPUHO
M TOT DaKT, UTO CaMM IKCNEPUMEHTATOPbI HE CYUTAKOT MAacCy HEMTPUHO OKOHYATENbHO YCTaHOBIIEHHOW.
STa BenMuMHa ele 6yaeT NpoBepaTbCS U NepenpoBepsiTbes. OAHAKO €C/M NOJTyYeHHbIN pe3ynbTaT
noATBEPAUTCS, TO CNeACTBUS U3 Hero 6yayT upe3BblYaliHO cepbe3HbIMU, 0COHBEHHO AN aCTPOHOMUM.
Ckopee BCero no3ToMy TEOPETUKU He CTanu A0XKMAATbCS OKOHYaTEeNbHbIX Pe3ynbTaToB B NpoBepKe
BEJ/IMYMHbI MACChl HEMTPUHO U aKTUBHO CTanu UCNefoBaTb TO, YTO HYXXHO 6yAeT U3MEHUTb B HaLUMX
npeacTaBneHnsix 0 BceneHHol ¢ yueToM y HEATPUHO Macchl Nokos. KcTaTu, NosiBASIOTCS CO0bLLeHMs O
APYTrUX 3KCNepuMeHTax, roBopsmMx 06 OTIMYMM MACChl NOKOSt HEUTPUHO OT HyJis, MPUYEM HE TOSbKO
LANSt 9NEKTPOHHbIX, HO U ANSt APYTUX COPTOB HEWTPUHO.

CnepyeTt HaNnOMHUTb, YTO BO3MOXHble NOCNeACTBMSA AN acTpOodDU3NKM, BbiTEKAOWME U3 FTMNOTE3bI O
CYLLeCTBOBaHMN Y HEMTPUHO MacChbl MOKOS, paccMaTpmMBanmCb 3a40/ro A0 ob6cyxxaaeMbix
akcnepuMeHToB. Euwe B 1966 roagy cosetckmne dumsmkmn C. NepwitenH n 8. 3e1bA0BUT pacCMOTPENN
BOMpPOC O TOM, kak 6bl CKa3biBanacb 3nadnresbHasi Macca NOKOsi HEUTPUHO Ha pacCllMpeHnn BCen
BceneHHoln. BeHrepckne dusunkn I'. Mapkc 1 O. Wanaun Takxe naydanm BO3MOXHbl€ KOCMOSIOrnyeckue
CNeacTBMS NMPeanosioXKeHUs O HEHYNEBOM Macce MOKOS HEUTPUHO.

Ho Bce 3To 6bInKM, Tak cKasaTb, NepBble NPUKMUAKW, aHaNM3 pasHbiX BO3MOXHOCTeN. CUTyauus pesko
M3MEHUNacb Nocsie NpsAMOro 3KCrepmMMeHTa COBETCKMX DU3UKOB.

TeopeTuKn, BOOPYXXEHHbIE YKa3aHMEM IKCMEePUMEHTATOPOB, NOAHSINCh Ha HACTOSALWMMN LITYPM
npo6nemeil.

HEMTPUHHASA BCEJIEHHASA

CornacHo gaHHbIM, nonyyeHHbIM B UTD®e, HenTpmnHO B 20 ThiCAY pas sierye afnekTpoHa un B 40
MWITMOHOB pas nerye nNpoTtoHa. NoyeMy e TEOPETUKM CUUTAIOT, YTO 3Ta Sleryaniwas, Hu C YeMm He
B3aMMOAENCTBYIOLWAs YacTmua A0/XKHA UrpaTb ONpeaensoLwyo poib BO BceneHHon?

OTBeT NpocT: BO BceneHHoM o4eHb MHOIMO peIMKTOBbIX HENTPUHO. B Kybnyeckom caHTUMeTpe uX B
cpedHeM noyTu B Mmnnuapg pas 6onblue, 4YeM MPOTOHOB, U, HECMOTPS Ha HUYTOXHYIO Maccy, B CyMMe
HEWTPUHO OKa3blBaKTCS M1aBHON COCTaBHOM 4acTbio Maccbl Matepumn Bo BceneHHon. HeTpyaHo
NoACYMTaTb, YTO €CIM Macca NMOKOos! 3NEKTPOHHbIX HEMTPMHO paBHa 6 ¢ 10732 rpaMMa, TO TONbKO MX
cpefHsAs NAOTHOCTb (He yYMTbIBasi HEMTPUHO APYrMX COPTOB) COCTaBAseT npumepHo 10-2°r/cM3, a aTo
npumepHo B 10—30 pa3 npesblwaeT MJI0THOCTb BCEro Apyroro “He HEUTPUHHOro” Bewecrtea. M 3HauuT,
WMEHHO TAroTEHWE HENTPUHO A0MXKHO ObiTb MTaBHON AENCTBYIOLWEN CUION, onpeaenstowelnt 3aKoHbl
pacwmpenuns BceneHHol cerogHs. O6bl4HOE BELEeCTBO MO Macce, a 3Ha4YuT, U N0 rpaBUTALMOHHOMY
AENCTBUIO cocTaBnseT Tosibko 3—10 npoueHToB “npmMecn” K OCHOBHOM Macce BceneHHoM — K Macce
HEUTPUHO. MOXHO MO3TOMY CMesNo ckasaTb, UTO BceneHHasi COCTOMT B OCHOBHOM M3 HEWTPUHO, YTO Mbl
XXMBEM B HEWTPUHHON BceneHHoN. IMEHHO 3TOT BbIBOA Mbl UMENW B BUAY, KOr4a B Hadane rnasbl
roBOpW/InN 0 paHTaCTMYECKON KapTUHe, OTKPbIBLUENCS Nepes rinasamm yyYeHblX.

nOﬂyLIEHHbIﬁ BbiBOA UMEET ele 04HO MHTEPECHOE CNneacTBue.

Ba)kHEeNLIMM BONPOCOM, KacaloLlmnMcs 3BOSIOLNK BceneHHo, ABAsSeTCA BOMPOC O TOM, BYAET /I BEUHO
NpoAo/IKaThCsa ee paciumpeHme. OTBET, Kak Mbl 3HAaeM, 3aBUCUT OT TOrO, YEMY paBHa CpeaHAs
MAOTHOCTb Matepumn Bo BceneHHon: ecnm oHa 60/blile KPUTUYECKOro 3HaYEHUS, TO TArOTEHME 3TOM
MaTepun yepes Kakoe-TO BPEMS 3aTOPMO3UT pacluMpeHune BceneHHONM M 3acTaBUT ranakTukm
cbnuxaTbCs APYr C APYroM — BceneHHasi CMEHUT pacluMpeHne Ha CKaTue; ecrin Xe MIOTHOCTb MeHbLUEe
KPUTMYECKOro 3HAUYEeHWS], TO TArOTEHNE MaTEPUN HEAOCTATOUYHO A/ TOro, YTo6bl OCTaHOBUTL
pacwmpeHune, n BceneHHas 6yaeT pacluMpsATbCS BEYHO.



KpuTnueckas nioTHOCTb, MO COBPEMEHHbLIM AaHHbIM, paBHa, Kak roeopuaock, 1072° r/cm3. Elle HefaBHO
CYMTaNoOCh, YTO OCHOBHYIO A0JIt0 MJOTHOCTU BO BceneHHOM cocTaBnsieT 06blYHOE BELWLECTBO, AN
KOTOPOro M/IOTHOCTbL paBHa npuMepHo 3 e 10731 r/cM3, 3To 03HAuano, YTo MJIOTHOCTb MEeHbLUe
KPUTMYECKO U BceneHHasa AonXHa paclimpsiTbCs BEYHO. Ternepb Xe eCTb BECKME OCHOBAHUS CUMTaTb,
YTO MJIOTHOCTb TOJIbKO PESIMKTOBbIX 3/1IEKTPOHHbLIX HEMTPUHO NMPUMEPHO paBHa KpuTuueckoi 10729 r/cm3,
Cneayet BCMNOMHUTb, YTO, MOMUMO PENUKTOBbIX 3/IEKTPOHHbIX HEATPUHOM €CTb eLlle MIO-OHHbIE U Tay-
HelTpuHo. O6 nX Macce NOKOSi HNYEro He U3BECTHO U3 MPSIMbIX 3KCNEPUMEHTOB, OAHAKO U3 TEOPUM U
KOCBEHHbIX 3KCNEPUMEHTOB CNEAYET, YTO €C/IN OT/INYHA OT HYJI Macca NoKOoS 3NEKTPOHHbIX HENTPUHO,
TO, BEPOSATHO, OT/IMYHA OT HYNA WU Macca NoKos APYrnx COpToB HEWTPUHO. Mpnyem, BEpOATHO, Macchl
NOKOSi APYrMX COPTOB HEMTPUHO HE MEHbLLE MACChbl NOKOS 3/1IEKTPOHHbIX HENTPUHO. ECNK Mbl yUYTEM 3TO,
TO CpeAHsis NJIOTHOCTb MaTepuun Bo BceneHHOM oka)keTcst 60/blle KPpUTUYECKON. A 3TO 3HAUMT, YTO B
hanekoMm byaylleM, CKOpee BCero Yepes MHOrMe MUAnapAabl eT, paclunpeHne BceneHHon cMeHuTCs
CXaTUEM, M MPUYNHOM 3TOro “cunbHenwero” BbiBoAa okasanach “cnabenwas” s yactmy — HeWTpPUHO.

NMPOUNCXOXAEHUE NAJIAKTUK

BepHeMcst K BOMPOCY 0 NPOUCXOXAEHUN CTPYKTYpbl BceneHHol. B Hauane ee pacliMpeHus BeLLEecTBO
npeAacTaBnsano coboi Moyt 0AHOPOAHYH PACLUMPSAIOLLYIOCS ropsyeto naasMy. MNouyeMy xe 3Ta
OHOpOAHAaA NjasMa Ha HEKOTOPOM 3Tarne pacnanacb Ha KOMKW, KOTOpble pa3BuInUCh B HeGecHble Tena
N UX cucTeMbl? Kak NosBUIMCb 3a4aTKW CKOMIEHUI ranakTuk?

CornacHo MHeHu1o 60MbLWMHCTBA CrneunanmncToB NoA06HbINM Npouecc NponucxoanT ns-3a
rpaBUTAUMOHHOM HEYCTOMUYMBOCTU: ManeHbKMe CllyvyanHble HayasibHble YNIOTHEHWS BellecTBa CBOUM
TAFOTEHUEM CTAMMBAIOT BELLECTBO M 3@ CYET 3TOM0 YCUIMBAKOTCA — CryLllaroTcsa M paspacrtarTcs. 3TU
CryCTKM BelecTBa npu onpeaeneHHbIX YCI0BUAX MOMyT BblpacTu B 6oMblune KOMKU, Aalowme Havyano
CcKonneHnsaM ranaktuk. OCHOBbI TEOPUM, ONUCbIBAKOLWEN 3TOT npouecc, 6binmM cchopMynmMpoBaHbl elle B
1946 rogy coBeTCKMM (PU3MKOM, HbiHE akageMukoM E. Jindwuuem.

Tenepb Mbl MOXeM CYUTAaTb, YTO BO BceneHHoOM TAroTeHmne Hel\/'ITpI/IHO OKa3bIBAETCS BaXHENLLUUM
CbaKTopOM, N UMEHHO 3TO TAroTeEHME HaAo npeXxae BCero ydynTbliBaTb NMpU aHain3e pocta
HEOAHOPOAHOCTEN BellecTsBa Noa AeNCTBUEM FPaBUTALMOHHOW HEYCTOMYNBOCTU.

O6Llan KapT1Ha pocTa HEOAHOPOAHOCTEN NpeAcTaBNAeTCa creaytollein. B caMmblie nepsBble MIHOBEHUS
nocse Hayana paclwmpeHus BceneHHomn 6binm cnyyaitHble, OYeHb MasieHbKNe HEOAHOPOAHOCTU B
pacrnpefeneHnn NAoTHOCTM MaTepUn B NPOCTPAHCTBE. Mbl 3HAaeM, UTO CMYCTS BCEro OAHY CEKyHAY
nocsie Hayana paclmnpeHunst NIOTHOCTb BELLECTBA Y€ HEeJ0CTaTOUYHO BefMKa, YTO6bl MPenaTcTBOBaTh
cBO60OIHOMY MONETY CKBO3b HEr0 HENTPUHO BCEX COPTOB. HEMTPUHO B 3TOT NEPMOA UMEIOT ellle OYEHb
60/IbLUYI0 SHEPIUIO N NETAT CO CKOPOCTbIO, OYeHb 6/IM3KOI K CKOPOCTU cBeTa. [pn 3TOM, eCTeCTBEHHO,
WAET BblpaBHMBaHWE HEOAHOPOAHOCTEN, Co34aeTca 6osiee paBHOMEpHOE pacrnpeneneHne HeMTPUHO.
OZHaKo MPOUCXOAMUT 3TO TOMIbKO B MasiblX NMPOCTPAHCTBEHHbLIX MaclwTabax B paioHaxX, CPaBHUTENbHO
MasbiX MO SIMHENHbIM pa3MepaM HENTPUHHBIX CryLLEHUN.

[encTBuTenbHO, N3 CPaBHUTENbHO MENKUX CryLeHNii HEMTPMHO yCNeBatoT BblleTeTb U NepeMeLlaTbCs C
APYTMMU HEUTPUHO AOCTATOYHO BbICTPO, yCpeaHss, crnaxuBas Bce HeogHopoaHoCcTU. U yem 6onblie
MpoxXoAnT BpeMeHu, Tem 6onblue (Mo IMHENHOMY pa3Mepy) HEOAHOPOAHOCTN HENTPUHO yCneBawT
“paccocaTbca”. Tak 6yaeTt npoaomkaTbCsa A0 TeX Nop, NOKa HENTPUHO, TEPSIOLLNE SHEPIUIO BCeacTBue
pacwmpeHuns BceneHHON, He CTaHyT ABUraTbCs CO CKOPOCTbIO 3aMeTHO MEHbLUEN, YeM CKOPOCTb CBETa.
PacuyeTbl nokasbiBatoT, 4TO NpuMepHo Yepe3 300 neT nocne Havana paclupeHns CKOPOCTb HENTPUHO
ynageT HacToMIbKO, YTO OHM yXe He 6yayT ycneBaTb BblleTaTb U3 KOMKOB 60onblioro pasmepa. M Takme
KOMKMW, MAOTHOCTb B KOTOPbIX CHadasaa /inlb HEMHOIO MpPEeEBbIWAET CPEAHIO, MOMYT YCUINBaTbCA
TArOTEHMEM, CrylWwaTbCs M pacTu, NoKa cpeja He pacrnajeTcs Ha OTAesNbHble OkuMmarowmecs obnaka ms
HEUTPUHO.

MoXHO noacuuTaTb, Kakon 6yaeT Macca TakuxX HEMTPUHHbBIX 06n1akoB. MoCKoNbKY raBHbIM 06pa3om
Tonbko nepsble 300 €T NPOUCXOANIIO BbipaBHMBaHWE MAOTHOCTU U HENTPUHO ABUraInCh, C
OKOJIOCBETOBOWM CKOPOCTbIO, Mbl MPUXOAMM K BbIBOAY, UTO BblpaBHUBAHWE yCMesno NPOU30MUTHN B
yyacTkax C pasaMepamu, He npesbiwatowmm 300 cBeTOBbIX SieT. B 60nbwimnx MacwTabax, B HEMTPUHHbIX



crycrtkax 6osbluero 'pasmMepa, noBblWeEHHAs NMJIOTHOCTb HEMTPUMHO COXpaHsiiacb, M60 HEMTPUHO He
yCneno U3 HUX BblIETETb. 3aTEM CKOPOCTb ABUXEHUS HENTPMHO pe3Ko najasna, B3auMHOe UX TAroTeHue
NpMBOAMIO K YBETMYEHUIO NOBbILEHHON MNOTHOCTU, U 3TN CryLLEHUA Aanu Ha4vyano HENTPUHHbIM
obnakam. CnegoBaTenbHO, Macca 3Tux 061aKkoB onpeaennTcst KOM4YeCTBOM HENTPUHO, HaXOAUBLUNXCS
B chepe paanycom 300 cBeToBbix feT Yepe3 300 neT nocne Havyana pacwunpenns BceneHHom.

PacueT nokasbiBaeT, YTO TUNMYHAs Macca Takoro Hem-TPUHHOIro obslaka Bblpa)kaeTcs TONbKO Yepes
dyHAaMeHTanbHble KOHCTaHTbl NpUpoAbl: h — NOCTOsHHYO lNnaHka, ¢ — CKOpocCTb cBeTa, G —
MOCTOSAHHYO TATOTEHUS U OT — MAcCy NOKOS HENTPUHO. MepBble TP KOHCTaHTbl U3BECTHbI, U eCnn
MPUHATb, UTO Macca NOKOS HENTPUHO AENCTBUTENBHO paBHa 35 3B=6*10732 rpamMa, TO OKaXeTcs, 4YTo
Macca TUMUYHOro HEMTPUHHOIO obnaka cocTaBnseT npuMepHo 101° conHeuyHbIX Macc.

Tak 06CTOUT AEeN0 C MAacCoh HEMTPUHHbBIX 06nakoB. A kakoBa 6yaeTt nx dopma? Ewe 10 net Hasag A.
3enbA0BWY NOKa3asi, YTO B TaKOro poaa npoueccax Bo3HUKawwme obnaka Ao/KHbl 6bITb O4YEHb CUMBHO
CMTOCHYTbI, YTO N0 POPME OHM AOMXKHbI 6bITb MOX0XW Ha 6nMHbI. CoeaMHEHNE MHOXECTBA TaKmX
“6/IMHOB”, XaOTU4YHO PacrosIOXUBLUMXCS B NPOCTPAHCTBE, AACT B COBOKYMHOCTU KapTUHY FMMIaHTCKUX
HEBUAUMbBIX HEATPUHHBIX COT.

NTakK, K HaleMy BPEMEHM B NMPOCTPAHCTBE AO/HKHA BO3HUKHYTb sUencTasl CTpyKTypa HEBUAMMbIX
HENTPMHHbIX 0611aKoB. A YTO e 0b6bl4yHOEe BelwecTBo? B KakMe NpoCTpaHCTBEHHbIE CTPYKTYpPbI
cobepeTtcst oHO?

B Hauane pacwmpeHunsa obblyHOE BellecTBO (3TO BCe BelecTBO BceneHHoM, KpoMe HENTPUHO) ToxXe
6b1510 pacnpegeneHo B NpOCTPaAHCTBE MOYTU paBHOMepHO. Macca 3Toro 06bl4YHOroO BewecTsa, Kak Mbl
3HaeM (Un, TouHee, Kak Mbl ceinyac MMeeM OCHOBaHMWEe CcYMTaTb), BO MHOIO pa3 MeHblle CYMMapHOM
MacCbl HEUTPUHO, U B Ha4asIbHOM CTaAnW paclumpeHuns BceneHHoM 3TO BewecTBO HaXo4Ma0Ch B BUAe
ropsiyen nnasmol.

Ho, Kak Mbl Buaenu B npeablayLien rnase, no npowecTBnmM TPEXCOT ThICAY IeT nocse Havana
paclwmpeHmns 0bbl4uHOe BELWeCcTBO HAaCTOIbKO OX1aXAaeTCsl, YTO M3 COCTOSHMUS Nla3Mbl NpeBpallaeTcs B
HeMTpanbHbIl ras, gaBjeHNne KOTOPOro pesko nagaet, — 3TO NPOMCXOAMUT CyCTS MUIMOH NieT nocne
Hayana pacwmpeHus. 3aTeM X0N04HbIN HENTPasibHbIA ra3 HauMHaeT CrywaTbCa B MoJie TAroTeHus
BO3HMKAKOLWMX HEUTPUHHbBIX 061aK0OB, CTArMBAsACh K UX LeHTpanbHOM YyacTn. 1 UIMeHHO 13 3Toro
CryLlaroLerocsi HeMTpanbHOro rasa NocTeneHHO BO3HUKAKOT CKOMAEHUS ranakTuk, ranakTukm 1 3se3abl.
Tak kak 0bbl4YHOro BewecTsa rno macce B 30 pa3 MeHblUe, YeM HEUTPUHO, TO B HEBUAMMOM HENTPUHHOM
“6nmHe” ¢ Maccolt B 101> conHeuHbIX Macc o6pa3syeTcsa 60/blLIOE CKOMIEHME ranakTUK, Macca KoToporo
B 30 pa3 MeHblle, TO ecTb cocTaBnseT 3 ¢ 1013 conHeyHbIX Macc.

MonyyeHHble HabntopaaTebHOM aCTpOHOMMEﬁ AdHHbIE O

Maccax u popmMe 60bLNX CKOMIEHUI rafakTUK XOpOLWO COrNacyTcs C AaHHbIMU, NOSTYYEHHBIMU U3
NOAOBHbIX TEOPETUYECKMX MOCTPOEHMUN.

PEAJIBHOCTb N ®AHTACTUKA

Takum 06pa3om, OrpoMHOE MOpe HENTPUHO, CoObpaHHbIX B 0b61aka, B KOTOPbIX OHU ABUXYTCS CO
CKOpOCTbio nopsiaka 1000 KnI1oOMeTpoB B CeKyHAy, NO-BMAMMOMY, npeactaBnset coboin To camoe
“HeuTo"”, KOTOpOE paHblLe He Y4YMUTbIBANOCh NMpu UccnenoBaHnin BceneHHol n 6e3 KOToporo
HEBO3MOXHO 6b110 06BACHNUTL MHOTME BaXKHble ee YyepThl.

Kak roBopsT acTpodu3nKn-TeopeTrkm, Tenepb, NOCNE TOF0 Kak NOsSIBUIOCb OCHOBaHME BBECTM Maccy
NOKOS1 HEUTPMHO, MHOIO€ HEMOHSATHOE paHee BCTaso Ha CBOM MecTa. XOpoLOo No 3TOMYy MOBOAY CKa3sas
coBeTckuii actpodmsmk A. [lopowkeBund, nepedpasnpys nsBecTHbin adpopusm: “Ecnm 6bl Mmacca
HENTPMHO OKasasiaCb PABHOWN HysO, TO NPULWAOCH Obl BblAyMaTb KaKyl-1nMbo Apyryto 4acTuuy C Maccown
MOKOSl, OTJIMYHOM OT HYNS, U clabo B3aMMOAENCTBYIOLLYIO C OCTasibHbIMK YacTuuamm”.



Xo4eTcsl BEpUTb, YTO NPUAYMbIBATbL HOBYIO YacTULy HaM yXe He NpuAeTcs, TaK Kak NnoslyyeHHble
COBETCKUMU (PM3MKaMUM AaHHbIE O MAacce NOKOS HENTPUHO, NYCTb AaXe C HEKOTOPbIMU YTOUHEHUAMMU,
yXe B Heganekom byayuieMm nony4vat HadexHoe NoaTBepPXAeHME.

Bce e 13 0OCTOPOXHOCTU, KOTOpasi YMeCTHa, Koraa paccyXaeHus KacalTcsa Bcen BceneHHon, 3amMeTuMm
cnegymoulee.

Ta “3anacHas” yacTmua, 0 KOTOPOM rOBOPU/T B CBOEM MOSYLUYT/IMBOM 3aMeyaHmn A. [JOpOLLKEBMY, yXe
€CTb B apceHasie rmnoTes coBpeMeHHol hunsmkm. bonee Toro, TakmMx 4yacTmy Heckonbko! HasoBeM 3aech
Ans npuMmepa GoTuHo-4acTuuy, nogobHyto ¢hoToHY, HO o6naaatoLlyto Maccoi, rpa-BUTUHO —
aHasIorMyHyo rpaBMTOHY, HO Takxe obnajatolyto Maccoi. Tak YTo ecnm npaB okaxeTcs A.
JopolwkeBuny, To BceneHHas ycTpoeHa ewle 60siee AMKOBUHHBIM 06pa3oM M OKaXeTCSt He HEUTPUHHOM,
a nnbo, ckaxxeMm, GOTUH-HON, NMBO rpaBUTUHHOMN, NGO elle KaKON-HNBYab MHOMN.

McTuHa 34ech elle ganeko He yCTaHOBIEHA, N MHOMoe U3 TOro, 0 YeM Mbl pacCKa3blBaeM, ABNSETCA
nepegHUM Kpaem Hayku. [M03TOMy Mbl M CTapasucb OTAENUTb TBEPAO YCTAHOB/IEHHbIE CbaKTbl OT ewe
TOJZIbKO pelaeMbiX r|p06r|eM.

JleToMm 1982 roga n3BeCTHbIN aHrNMnckuin dusnk-teopeTnk C. XoykuHr cobpan B Kembpaunxe yskoe
MexayHapoaHoe pabodyee coBellaHmne ana 06CyXaeHns NpoLEeccos, NMPONCXOAMBLLUNX BO BceneHHoM Ao
NUCTeveHns NepBon CeKyHAbl C Havana pacwmpeHus. Mol 06 3Tux npoueccax 6yaeM roeopuTb AanbLue.
Kak-To No3aHMM Be4YepoM MoC/e HanpsXeHHON U MHTepecHon paboTbl Mbl MPOryanBaInCh C
akageMmkoMm M. MapKoBbIM MO Y3KUM yJl04KaM 3TOr0 CTapUHHOIO U, HaBepHOe, CaMOro 3HaMEHUTOroO B
MUpEe Hay4yHOro LueHTpa. Haw pa3roBop HeBOJIbHO 06paTUNCA K TOMY, HAaCKO/bKO aHTacTuyHa,
MHOroobpasHa n MHTepecHa KapTuHa BceneHHOM, KOTOPYIO Mbl 3HaeM cerofHs. Hackonbko 6oraye oHa
TON MeXaHUCTUYECKOM KapTUHbI ABUXEHUSA HeAeNUMbIX LWapuKoB, YTo npeacTtasnsanace U. HeloToHY,
TBOPUBLUEMY B 3TOM rOpoje HEeCKO/IbKO BEKOB Ha3aj.

1 HanoMHMN M. MapkoBY ero NpopoYecTBO O POSIN HEUTPUHO BO BceneHHol (NpuMBeaeHHOE B Hayane
rnaB.bl), U CKasasn, YTo TO, YTO Mbl, CNEeuManncTbl, 06Cy>K4aeM CerogHs Ha Halux BCTpeyax, ropasgo
(haHTacTMUHee BblAYMOK, BCTPEYaLWMXCS B HayYHO-(haHTacTUYecKkon nutepatype. Akagemumk M.
MapKoB OTBETWJ1, YTO HAYYHO-(paHTaCTUUYECKOI XyAOXKECTBEHHOW NUTEpaTypbl HE bbiBaeT. Jllobas
XyAoXecTBeHHas nuTepaTypa (HacTosiwas) Bcerga nocBsilLaeTca noasam, nx gywam. MNpu asTom
nucaTtenb MoXeT NpmMberHyTb K (paHTaCTMYECKMM CUTyaumusaM, 1 Toraa 3To nutepaTypa daHTacTmyeckas
(xopowas nnu nnoxas). Jltobble NOTyrn Ha “Hay4YHOCTb"” ABNSAOTCA ANSIETAHTCTBOM, N NUTepaTypa
nepecraeT 6bITb MNTEPaATYpPOl, He NpeBpaLLlasiCb Aaxe B Noaobue Hayku. A BOT HacTosiLLas Hayka
Bcerga cdaHTacTuyHa! M gna ee NnoHMMaHus, a TeM 6onee ANs ee pa3BUTUS HEOHBX0ANMMO He3aypsiaHoe
BOOOpaXkeHne, onepupyoLLlee TeM He MeHee CTpOrMMu hopMysiaMum, ONUPaLLMMUCA Ha HAAEXHbIA
dyHAAMEHT 3HaHUN. “TpyAHO N MHTEPECHO bbITb yYeHbIM”, — 3ameTun M. Mapkos.

YTo e kacaeTcs (baHTaCTMHECKOI‘;I nnTepaTypbl, TO OKa3anoCb, YTO aKaAEMUK HE TOJIbKO ABNAETCA
6onbwnM ee )'HOGVITEJ'IEM, HO M CaM NULLET B 3TOM XaHpe. Koraa Mbl. BepHYIMCb B MOCKBY, OH Aan MHe
no4ynTaTb CBOKO q)aHTaCTVI‘-IECKYPO NnoBeCTb.

Bo3Bpawascb OT paHTasum K peanbHOCTW, AaBalTe NoaBeAEM HEKOTOPbIA UTOr HALWIEro nyTewecTBms K
nepBbIM CEKYHAAM paclumpeHuns BceneHHoM. Mbl okasanucb CBMAETENAMU BYPHbIX NPOLECCOB ropsiyen
BceneHHon, HacToswero deriepsepka, NpuUBeALWEro K poXaeH1Uio MUPOB 1 K COBPEMEHHOW BceneHHoM.

CeroaHs Mbl XXnuBeM BO BceneHHol ¢ pasBMTON CTPYKTYpOM, C cucteMamm MupoB. B 3Be3gax mnaet
HanpasfeHHbI’

npouecc nepepaboTky BoLOPOAA B renuii n 6onee Tsxxesble 3/1eMeHTbl. 3anackl SAEPHOro roploYero
OFPOMHbI, MX XBaTUT Ha AECATKN MUMIMAPLOB fIeT. A YTO NOTOM? 3Be3A4bl HE MOTYT 6blTb BEYHbIM
aTpubyToM BceneHHoM, oHM noracHyT. OAMH U3 U3BECTHbIX KOCMoJioros, XK. JlemeTp, nucan:
“IBOIOLMIO MMPA MOXHO CPaBHUTL CO 3pennweM deiepBepka, KOTOPbIA Mbl 3acTafniv B MOMEHT, KOraa
OH Yy>X€ KOHYaeTCsi: HECKOJIbKO KPacHbIX YrosbKoB, nenen u AbiM. CToS Ha OCTbIBLUEM MNenJe, Mbl BUAUM
MeAJIEHHO yracaloliMe COMHUA U NbITaeMCs BOCKPECUTb MCUYE3HYBLUEE BESIMKOJIENNE Havyana MMpoB”.



O3HavaeT nm 370, 4YTO Byayulee BceneHHOM AO/MKHO MOXOAUTb HA Kakoe-TO nenenuuie, octaslleecs
rnocne BenumKoro noxapa?

KoHeuHo HeT! Mbl ewe obcyanm 6yayuiee BceneHHoM. Ho npexxae yeMm 3To caenaTtb, HaM NpUAETCS elle
pa3 NpnbNM3nNTLCA K CUHIYNSPHOMY Havany paclwimpeHnst BceneH-neHHoln. Ho 3TOT pas Mbl nogonaem K
CUHIYNApHOCTM ropasao 6nvxe, 1 3a4ecb HaMm He 060MTUCh 6e3 Kpbl1beB Hay4yHOW daHTasum (He
daHTacTmkmn!), Ton camon aHTasnun, 0 KOTOPOW resopuna akagemmk M. Mapkos.

FMABA 5. Y TPAHNU U3BECTHOIO

NMOYEMY BCEJIEHHASA TAKAA?

YTo npoucxoamnno Bo BceneHHol B6AM3N CAMOI CUHTYNSIPHOCTU NPKU TeMnepaTypax ropasao Bbiwe 1013
KenbBWHOB, paCCMOTPEHHbLIX HaMu B NpeablayLnUX pasaenax?

Mbl y>Xe NO3HAaKOMUNCh paHblle C TEM O6LUNMM METOAOM, KOTOPbIM MbITAOTCS BbISCHUTb, YTO
nponcxoanT B6M3M caMoOro Havyasa KOCMOJIOrMYECcKoro paclumpeHuns. ns atoro HaxoasaTt “cneabl” Tex
NpoLEccoB, KOTOPbIE TOrAa NPOUCXOANNU. Bbillle roBOpUIOCh, YTO ApKMM “cneaoM” NpoLeccos,
NPONCXOAMBLLNX B MEPBblE CEKYHAbI MOCNE Havyana pacllMpeHus, SBASIETCA XMMUYECKUIN COCTaB
[03BE3/1HOro BelwecTBa — Hanmume 30 NPOLEHTOB refinsl, BO3HUKLLErO B Ty AaneKyt anoxy. Tenepb
HaAo NoNbITaTbCS OTbICKATb MO BO3MOXHOCTU CTOJIb Xe sBHble “cneabl” ewe 6onee “apeBHUX”
NpoLEeccoB.

OkasblBaeTcs, 4YTO 3TMMK “cnegamun” aBns0OTCA PyHAAMeHTaNbHble cBOlcTBa BceneHHon. HauHeMm ¢
nepevyncrieHns nx, a 3ateM NOCMOTPUM, CNEACTBUMEM KaKMUX MPOLECCOB OHWU ABASIOTCHA U Kak
COBpeMeHHas HayKa nbiTaeTcs 06bACHUTb BO3HMKHOBEHME 3TUX 3araflOuHbIX CBOMCTB BceneHHON. Mol
yBUAUM, UTO 06BbSICHEHWE 3TO NOUCTUHE YAMBUTENBHO.

lMepBoe 3aragoyHoe CBOWCTBO — 3TO OrpoMHOE KONIM4eCTBO d)OTOHOB PENNKTOBOIO n3ny4vyeHunsa no
CPaBHEHWUIO C YNCIIOM TAXENbIX YacTul,. BCNOMHMM, YTO OTHOLUEHUE 3TUX YMCEN eCTb MUnaps K
eanHuue. MNoyeMy Takas rmraHTckas pasHuua?

Btopas 3aragka — nouyemy BceneHHas B 60onblimx MacwTabax odeHb ogHopoaHa? OAHOPOAHOCTb, Kak
Mbl 3HaeM, HaZleXHO yCTaHaBIMBAETCS N0 HabNOAEHUSIM PETMKTOBOIO U3/TyYeHUsl, MPUXOASLLEro K HaM
C pasHbIX CTOPOH U MMEIOLLEro OANHAKOBY MHTEHCUBHOCTb (He 3aBUCSLLYIO OT HanpasieHus). 3To
03Ha4yaeT, YTo B NMpOLLIOM, B MOMEHT, KOrAa nia3ma npespaTuiach B HENTPasbHbIl ras U No3TOMy
CTafia Npo3paYyHoli U KOrAa BbIWIN penukToBble MOTOHbI, HabnogaeMble HAMWU CEroAHs, TOUKN, AaneKo
pasHeceHHble B NPOCTPAHCTBE, UMENU OAMHAKOBYIO TeMnepaTypy. g Tol 3noxu Kaxaas Takas Touka
nexana Toraa BHe ropuM3oHTa BUAMMOCTU, OUEpPYEHHOr0 BOKPYr APYroi ToUYkK. Mo3TOMy TOUKM Bblin
NPUYMHHO He CBSA3aHbl, HE MOr/IN 3@ BPeMS paclumpeHus BceneHHon 0b6MeHATbCA curHanamu. Kak xe B
TakoM Cflyyae y HUX Noay4ymancb OgMHaKOBble TeMMNEpPaTypbl, €CNM 04HA TOYKA HE MOXET Aaxe 3HaTb,
Kakasa TemnepaTypa y Apyroin? 3ta npobnema nony4yuna HaseaHue “npobnembl ropnsoHTa”.

TpeTbsa 3aragka — noyemy cerogHs, cnycta 10—20 Munanapaos feT Nocse Havana paclwmpeHuns,
NJOTHOCTb MaTepuun BO BceneHHOM AOCTAaTOYHO 6/1M3Ka K KPUTUYECKOMY 3HAUYEHUI0, @ reoOMeTpuyeckme
CBOWCTBa NpPOCTPaHCTBa 6/1M3KN K CBOMCTBaM MIOCKOro NpocTpaHcTea? Bedb ecim B KAKON-TO MOMEHT
eCTb OT/InYMe NAOTHOCTU BeLlecTBa OT KPUTMUECKOrO 3HAaYEeHUs, TO C TEYEHMEM BPEMEHWN OT/INYME 3TO
yBennumeaeTca. [JeiCcTBUTENbHO, PAaBEHCTBO MJIOTHOCTM KPUTUYECKOMY 3HAYEHUIO O3HA4aeT TOYHbIN
6anaHc CKOpOCTU paclMpeHns n cun TaroteHus. Ecnm xe 1ot 6anaHc XO0Tb HEMHOIO HapyLUeH,
CKaxkeM, B NOJib3y TArOTEHUS, TO TOPMOXEHNE paclUMpeHus Bce cunbHee byaet HapywaTb 6anaHc ¢
TeueHneM BpeMeHu. Mo3ToMy, ecnu cerogHs NJIOTHOCTb MaTepun OT/IMYAETCA OT KPUTUYECKOM He bonee
YeM B HECKOJIbKO pas, TO B MPOLU/IOM TArOTEHUE N CKOPOCTb A0/KHbI 6b11M 6bITb cbanaHcMpoBaHsbl C
IOBE/IMPHOM TOYHOCTbIO. MOXHO NOACYUTATb, YTO CNYCTS CEKYHAY Mocne Havana pacwmpeHus 6anaHc
MOr HapywaTbcs He 6onee yeM Ha O4HY AECATUTBICAYHYIO MuanMapaHon gonu npouental OTkyaa
B3s1aCb 3Ta oBenmpHas 6anaHcupoBka?



HakoHel, elle ofHa 3araaka — no4yeMy, HECMOTPS Ha YAUBUTENbHYIO 0A4HOPOAHOCTb BceneHHol B
ouyeHb 60nblIMX MacwTabax, B MEHbLUIMX MacluTabax Bce Xe 6blN B NPOLIOM OTK/IOHEHUS OT
OAHOPOAHOCTU, HEGOSbLLME NepPBUYHbIE DYKTYaUMW, AABLUME 3aTEM HAYaso rajakTMKaM H Ux
cucteMaM? ITo NpobrieMa BO3HUKHOBEHMSA NEPBUUHbIX DAYKTyaUWUd, N HE KakMX-11Mbo, a Takux,
KOTOpble B 3M0Xy, 6/IM3KYI0 K Hallei, NpUBENN K BO3HUKHOBEHUIO OTAENbHbLIX MUPOB.K/0U K peLIeHuto
3TUX nNpobnem ganu ycnexm duUsmnkm aieMeHTapHbIX YacTul.

lMpocneanM, Kak 3TUM KIHOHUOM OTNMPAKOTCA 3arnopbl, OXpPaHAOLWME COKPOBEHHbIE TalHbI.
M3BecTHbI YeTbipe Buaa CI)M3M‘-I€CKVIX B3aMMOAENCTBUN:

CUNbHblE (MU SAepHble), aneKkTpoMarHuTHoele, cnabbole (06ycnosnmeatolwme, Hanpmmep,
paAMoaKTUBHbIA pacnai) U rpaBuTaumoHHble. COrnacHO COBPEMEHHbIM NpeaCcTaB/ieHUsaM 3TU BUAbI
B3aMMOAENCTBMIN NPOSBASAIOTCA KaK pa3Hble TO/IbKO NPU CPaBHUTENBHO MasibiX SHEpPrusax, a npu
60/1blNX — 06bEAMHAIOTCA B €ANHOE B3auMoAeincTBme. Tak, Npu aHepruax nopsaaka 102
rurasanekTpoHBosibT (M3B), YTo cooTBETCTBYET TeMnepaTtype 101> KenbBMHOB, 06beanHSIOTCS
3/1eKTPOMArHUTHbIE U cnabble B3auMoaeicTema. Mpu aHeprusax okono 1014 B uan temnepaType 1027
KenbBMHOB NMpOMCXOANT TaK Ha3lbiBaeMoe “Besinkoe obbeanHeHne”, korga cnmBatoTca CubHble, cnabble
W 3N1eKTPOMarHUTHble B3auMoaelicTBus. HakoHel, npu aHepruax okono 101° MB nnu temnepatype 1032
KenbBWHOB, BEPOSITHO, K HUM NPUCOEANHSETCSA M rpaBUTaUMOHHOE B3auMoaencTemne
(“cynepobbeagnHeHune”).

OcTaBuM noka B CTOPOHE BO3MOXHOCTb NocneaHero obbeanHeHns Bcex CUa M rpaBmtaumn 1
paccMOTpuMM, K KakuM CNeacTBMAM ANst KOCMOSIOrnK BeaeT Teopus “Bennkoro obvbegnHenms”.

HauHeM c nepBoW 13 Nepeunc/ieHHbIX Bbille NpobsieM. YntaTenb, BO3MOXHO, 6bl1 HECKOSIBKO YAUBIEH,
noueMy nepsas npobreMa cuMTaeTcs 3araakoi. YTo TyT HeOBbIKHOBEHHOrO, €C/iM Ha MUNAnapa
PENMKTOBbLIX (DOTOHOB MPUXOAMTCS OAHA TAXenas yactuua?

Heo6blYHOCTb 3TOr0 CTaHET OYEBUAHOW, €C/TM Mbl OTNPaBMMCS B MPOLWJIOE K TeMnepaTypam 1013
KenbBMHOB, KOraa, Kak Mbl 3HaeM, BCe BPEMS POXAAN0Ch M aHHUTMIMPOBAIIO OFPOMHOE KOJIMYECTBO
nap 4actvu 1M aHTuyactmu. Cpean HMX 6blIM U 31EKTPOHbI U MO3UTPOHLI, BbIIN MPOTOHbI K
@HTUMNPOTOHbI, HENTPOHbI U AHTUHENUTPOHbLI. MPUYEM POXAEHHbIX TakKMM 06pa3oM YacCTuUL, KaXAoro copTa
6b1J10 NMPUMEPHO CTONIbKO, CKOJIbKO PENMKTOBbIX (POTOHOB. “"Kunsawmn Kkoten”, KoTopbli Mbl
paccmaTpuBanu, cogepxan NpuMepHO 0ANHAKOBOE YMCNO YacCTUL, BCEX COPTOB U UX aHTUYACTUL.

Ecnun 6bl yncno TaxenbiX YacTuy n aHTnyacTuy, (Mx HasbiBatoT 6apmMoHaMn) 66110 B TOYHOCTHU
OAWHAKOBO A1 KaX[0ro copTa, TO B X04e pacluMpeHus oHu 6bl BCe NPOAHHUTM-TMPOBanu,
nNnpeBpaTUBLUMCL B PENIMKTOBbIE (POTOHbI U HEMTPUHO, U BO BCENEHHOMN, KpoMEe PESIMKTOBOrO U3JyvYeHuns
M HenTpuHo, Boobue 6bl HMYero He octanocb! He octanock 66l BewecTsa, M3 KOTOPOro NOTOM
dopmMmnpoBanmch 3Be3a4bl M NJIAHETLI U Mbl C BaMMW.

Ho nouyeMy-To YMCno YacTuL, U aHTMYacTuY 6bIJ10 HE B TOYHOCTM OAMHAKOBO, HO U HE CUSIBHO
OT/IMYaOCh APYr OT Apyra. Ha kaxable MUaMapa nap YacTuu-aHTMYyacTuL Npuxoamnack oaHa
“nUwHAS" TsHkenas Yactuual Munnmapa nap ¢ NoHWXeHWEM TeMnepaTypbl MPOAaHHUIMANPOBANMK, a 3Ta
“IUWHAS" YacTMua ocTanacb. M3 TakMx OCTABLUMXCA YacTUL M BO3HMK BECb OKPYXKalOLWM1 HAaC ceroaHs
MUp — MWUp 3Be34, MNaHeT, rasa.

OnATb Mbl BUAMM KaKyl-TO CTPaAHHYKO CUTYaUUO: Mhnnnmapa nap n oaHa nnwHAa4a Yactumua. OTKy,CI,a OHa
B3dAnacb N NO4YEMY OAHA Ha annmapn,?

B 3TOM 1 coctouT npobnema. [Jo HeAaBHEro BpeMeHM CYNTaNOCh, YTO ecnn “nnwHen” yactuubl He 6b1n10
C CaMoro Havasna, TO OHa W He MOXeT BO3HUKHYTb HU B Kakux peakumsax. CUnTtanocb, YTO HEM3MEHHbIM
ocTaeTcs “6apuOoHHbIN 3apsa” — Tak Ha3bIBAKT Pa3HOCTb YMCNA TAXKENbIX YacTUL U aHTU4YacTumL.
Teopwus “Benmkoro obbegmMHeHUs” NoKasasa, YTo 3TO He TaK, eCTb peakumun, KOTOpble HapyLLIakT 3aKoH
coxpaHeHunst 6apnoHHOro 3apsga. Ho B 3TUX peakumsax y4acTBYHOT CBEPXTAXKesble YacTuubl. 3TO Tak
Ha3blBaeMble CBEPXTAXENble XUITCOBCKNE N KaanbpoBOUYHbIE YacTuubl. Takne cBepxTsaXesible YacTuubl
MOryT POXAaTbCS TONIbKO MNPU 04eHb H0bLWINX SHEPIUSAX, MO3TOMY N peakumMn C USMEHEHUEM
6apMOHHOr0 YMcna MOryT yCrnewHO MATU TObKO Mpu ovYeHb '60nblnX aHeprusax. Ana npocToTsl



M3N0XeHMs, yTo6bl NOKasaTb M1aBHY naet, Mbl 6yaem roeoputb 06 04HONM CBEPX- . TAXKENO0M YyacTuue
— cBepxTshxenoM X-6030He. Macca 3Tol YacTuubl B SHEPreTUYECKMX 'eAMHULAX paBHa SHeprum
“Benukoro o6beanHeHnsa” — 1014 B (B 101% pas Taxenee npoToHa), TO ecTb X-6030HbI MOTYT

3 HEKTUBHO POXAATLCA NPU CTOSb 60/bLUIMX SHEPIUSIX, COOTBETCTBYIOLWMX TeMnepaType 1027
KenbBuHOB. Takne TemnepaTypbl 6bl1n Bo BceneHHom npu 10734 cekyHAbl NOCine Havana pacluMpeHus.
B a10 BpeMsa (M Npu ewe 6osiee BLICOKMX TEMNepaTypax) peakunm ¢ UsMeHeHneM 6apMOHHOro Yncna
6b11IM CTOJIb XXE& UHTEHCUBHbBI, Kak U ApYrne peakuuu.

CJ'IEAYPOLIJ,VIM BaXHbIM 06CTOSATENIbCTBOM SBNAETCS OTCYyTCTBME CUMMETPUN MeXAY YaCTuuaMm n
aHTM4yacTnuamun. 3To O3Ha4aeT, uYTo TeMMNbI peaKLLMVI C YaCTuuaMn " CoOOTBETCTBYHOLMNX peaKLLMVI C
aHTn4yactmnuamu, BoobLe roBops, HECKOJIbKO pa3/in4yHbl.

Tenepb Mbl MOXEM 06bACHUTb BO3HMKHOBEHME B X04€ pacluMpeHuns ropsivyein BceneHHoOM oaHOM
“NuwHen” yactnubl Ha MUANMapA nap YacTuu-aHTM4acTuu.

Mpu TeMnepaTtypax Bbilie 1027 KenbBMHOB BO BceneHHol 6bia cBepxropsyasi CMecb Bcex
dyHAaAMEHTaNbHbIX YacTuL, U TOYHO TaKOro Xe KONIMYEeCcTBa MX aHTMYacTUL, HaxoasawWwmnxcs B
TEpMOAMHAMMUYECKOM paBHOBECUM. HnKakoro nsbbiTka “NuwHmMx"” yactuy He 6bino. Ecnn 6bl He 6b110
pasnmuuns Mexay CBOMCTBaMM YacTUL U aHTMYacTUL M He 6bls10 peakunii ¢ HecoxpaHeHMeM 6apMoHHOIo
yncna, To Npu paclwmpeHnmn BceneHHOM K NageHnm TeMNepaTypbl BCE NMapbl TSAXEbIX YacTml, U UX
aHTM4acTuL NpoaHHUrMnauMpoBanu 6bl (Beab MX ogmMHakoBoe uncno!) n Bo BceneHHol He ocTtanock 6bl K
HalleMy BPEMEHU HN HEMTPOHOB, HM MPOTOHOB — BCE MpeBpaTUIoCh bbl B sierkne vyactuubl. He 6bin10
6bl B cerogHsawWwHen BceneHHoM ob6blYHOMO BellecTBa.

Ho B AelCTBUTENbHOCTM NpoucxoauT cnegyowee. Korga TemnepaTypa nagaet Huxe 1027 KenbBUHOB,
TeMn BCex npoueccos ¢ X-6030HaMM N X aHTUYACTMLAMM aHTU-X OKa3blBaeTCs MeAllieHHee, YeM TeMn
pacwmpeHus BceneHHOMW. OTn YacTuubl HE YCNeBatT aHHUIMAMPOBATL UM pacnagaTtbCs, N UX
KOHUEHTpaumMsa oKasbiBaeTcsa “3aMopoXeHHON”. ToNbKO No3Xe, Koraa nponaeT 4OCTaTOYHO BpEMEHMN,
oHM 6yayT pacnagaTtbCs. ITOT NPOUECC M ABNSAETCH Tenepb KAKYEBbLIM AN AallbHENLWero.

X-6030H, Kak 1 ero aHTuyactmua antu-X, MoryT pacnagaTtbCsi C HapylleHneM 6apuoHHOro 3apsaa,
npuyem X-4ya-ctmua u X-aHTuU4yacTmua pacnanatTcs He COBCEM OAMHAKOBO. B pesynbTaTte, Kak
NMOKa3blBaeT pacyeT, N BO3HUKAET MasieHbKUI U36bITOK YaCcTULL HaZl aHTUYacTMLaMu. PacueTbl 3Tu elle
HE OYeHb TOYHbI, HO OHM MOKAa3bIBalOT, YTO YNC/I0 BO3HUKAOLLINX TULIHMUX YacTuL, BEPOSITHO, 6/IN3KO K
OZHOW Ha MUNMapA nap YacTuu-aHTM4YacTuL. YacTmubl N aHTUUYACTULbI MPOAHHUTUAUPYIOT B XoAe
pacliMpeHuns BceneHHoOM, NpeBpa-TACb B KOHLE KOHLOB B (POTOHbI, KOTOpPbIE BMECTE C MMEBLUMMUCS TaM
(GOTOHaAMM U COCTaBAT PESIMKTOBOE M3NydeHne (HarnoMHUM, YTO BO BceneHHOM ocTaloTcs Takxe
HENTPUHO), a n3bbIToKk 6apnoHOB OCTaHETCHA. BOT OH-TO 1 aBNseTCcs 06blYHbIM BELECTBOM CEMOAHSILLHEN
BceneHHoN. ACHO, YTO YMCNO POTOHOB MO CpaBHEHUIO C “IMWHUMKN" YacTMuammn 6yaet NnpubnNmM3nTenbLHO
B Munnuapa pas 6onblie.

Tak pellaeTca nepsas npobnema.

O6paTtumca Tenepb K TpeM apyruM. CorsiacHo Teopum “Benmkoro obveamHeHus”, Bo BceneHHom npu
TeMmnepaType nopsaaka 1027 KenbBuHOB 1 60/ibLue 6b110 nose (ero HasbiBaloT CKaNAPHbLIM MOeM),
KoTOpoe obs1agano CBOMCTBaMM BaKyyMa, pacCMOTPEHHbIMM HaMu B pasgerne “paBuTtaumsa nyctoTbl”. B
YaCTHOCTM, Y 3TOro nons 66110 OrpoMHoE “oTpuuUaTenbHOE AaBfeHne” — HaTsXXeHue, paBHoe
NIOTHOCTM SHEpPrum camoro noss. Takoe nose noay4dnsio HaseaHue “IoXHOro Bakyyma”. Otanyme ero
OT UCTMHHOIO BaKyyMa, MOMMMO BCEro Npo4yero, B TOM, YTO COOTBETCTBYIOLWASA MNAOTHOCTb “IOXXHOIO
BakKyyMa” aHTacTM4eckn orpoMHa — okoso 1074 r/cM3. Mbl 3HaeM, 4To NMIOTHOCTU BakyyMa
COOTBETCTBYET KOCMOJIOrMyeckas NoCTOsiHHasa B YpaBHEHUAX TArOTEHUS DMHWTENHa. B Ty anoxy Takas
NOCTOSIHHasA (ee MOXHO Ha3BaTb BCnej 3a “10KHbIM BaKyyMOM” — “/I0)KHOM NOCTOAHHON”) Takxe 6bina
OrpomMHa.

B Hauane pacwupeHus, Npyu BpeMeHax MeHblue 10734 cekyHAbl, TeMnepaTypa Bo BceneHHol 6bina
Bbllwe 1027 kenb-BMHOB. MNOTHOCTL “NIOXHOro BakyyMa” 6bina 1074 r/cM3, HO NIOTHOCTb rOPSUNX
peasnbHbIX YacTUL U aHTU4YacTUL, 06bluHON MaTepumn bblna elle Bbiwe. MNo3ToMy Toraa HMKakK He
NposiBNSNNCb FpaBUTaLMOHHbIE CBOMCTBA “IOXXHOr0 BakyyMma” 1 paclumpeHue BceneHHol npoxoanno no
06bIUHbLIM 3aKOHaM. B xoae paclinmpeHus NAOTHOCTL 06bIYHOWM MaTepUM yMeHbLanack 1 npu 10734



CeKyHAbl NOC/ie Havyasna pacwmpeHns CpaBHAIacChb C MNIOTHOCTLIO “/IOXXHOIo BakyyMa”. Mbl y)xe Buaenu B
pasaene “IpaBuTauns NMycroTbl”, HACKONIbKO HEOObIYHbI FpaBUTALMOHHbIE MPOSB/IEHNS BaKyyMa. Ero
rpaBMTaUMs BMECTO MPUTSKEHUS Bbl3bIBAET OTTa/IKMBaHMe. Tak Clyunaoch 1 B “anoxy 1034” cekyHabl.
paBuTaUMOHHOE OTTasIKMBaHMe BaKyyMma 3acTtaBfisieT MMP paclUMpPSATbCS YCKOPEHHO. MN10THOCTb
“/TOXXHOro BakyyMa” NOCTOSIHHA, OHa HE YMEHbLUAETCsl CO BPEMEHEM, MO3TOMY YCKOpPEHMe pacLlunpeHns
TOXe MOoCTosAHHO. CKOPOCTb pacwunpeHus (CKOpPOCTb yaaneHus Apyr OT Apyra ABYX MPOU3BO/bHbIX
3/1IEMEHTOB CpeAbl) HenpepbiBHO HapacTaeT (BMeCTO 3aTyxaHusl C TeYEHNEM BPEMEHU, KaK 3TO umeet
MecTo 6e3 rpaBuMTauMu BakyyMa nog AENCTBUEM TAroTEHUS 06bIYHON MaTEpPUM), N OYEHb BLICTPO BCe
pa3mepbl BO BceneHHON HEBEPOATHO pacTArMBalOTCs U CTAHOBATCSA OFPOMHbIMW. DTa CTagus
YCKOPEHHOI0 pacllMpeHus nosyumnna HassaHue “pasaysatolleiica” BceneHHon. 3a nepuog ¢ 10734
cekyHabl no 10732 cekyHAbl C Ha4Yana pacliMpeHns Bce pasmepbl Bo BceneHHoit ysennumnuces B 1050
pas?

Ho cocTtosiHue “pasaysatoLlerica” BceneHHoON HeyCcToMuMBO. TemnepaTypa 1M NIOTHOCTb O6bIYHOM
MaTepun CTPEMUTENbHO YMEHbLUAIOTCS NPW TakoM pacluMpeHun. BceneHHasa cTaHOBUTCSA
nepeoxnaxaeHHon. MNMNoTHOCTb 06bIYHOW MaTepun CTaHOBUTCS COBEPLUEHHO NpeHebpexxnMon no
CPaBHEHMIO C MNJIOTHOCTBIO “/IOXXHOro BakyyMa”. B 3To BpeMs CTaHOBUTCS BO3MOXHbIM (pa30BbI
nepexoa u3 CoCTosaHUs “I0XKHOro BakyyMa” ¢ OrpOMHOM MNOTHOCTbIO, B KOHLLE KOHLIOB, B COCTOSIHME,
Korga BCS MJIOTHOCTb Macchl (M COOTBETCTBYOLWASA MIOTHOCTb SHEPrum) “/I0XKHOIro BakyyMa” nepexoant
B MJIOTHOCTb MaccCbl 06bIYHON ropsAYen MaTepumn, a NIOTHOCTb UCTUHHOMO BaKyyMa paBHa HyJsto Unm
OYeHb Mana. 3TO O3HayaeT, 3TO U3 SHEPruKn, 3aKJIUYEHHON Npexae B “/I0XKHOM BaKyyMe”, BO3HMKaeT
OrpOMHOE KO/IMYEeCTBO YacTuL M aHTM4acTuy obblYHOM MaTepun, obnagarowmx 601bLION 3Hepruen.
BceneHHasi BHOBb pasorpeBaeTcs 4o TemnepaTypbl okosno 1027 KenbBUHOB.

[eTanei aToro nepexoaa Mbl 34ecb KacaTbcs He 6yaeM. OTMETMM TOJIbKO, YTO pa3orpesB BceneHHom
NPONCXOAUT CNyCTsl, BEpOATHO, 10~32 cekyHAbl NOC/e Hayana paclmnpeHnst. 3a KopoTkoe Bpems, ¢ 10-
34 cekyHabl no KO-32 cekyHabl, BceneHHast HEBEPOSATHO YCKOPEHHO “pa3ayBaeTcs” U3-3a
rpaBMTaUMOHHOIO OTTaNKMBaHMA “NoXHOro Bakyyma”. Tak, ecnu 6e3 ctagmmn “pasaysatowierica”
BceneHHol 3TK paccTosiHus A0 BceneHHol yBenmumnmncb 6bl Bcero B 10 pas, To Npu Hannumm Takom
CTaann Npoao/KUTENbHOCTbIO ¢ 10734 cekyHabl Mo 10-32< ceKkyHAbl MUP 3a@ TO X€E BPEMS pacluMpuUTCcs B
10°° pas! Mocne 3Toro HauMHaEeTCs pacllMpeHne CorlacHoO 3aKoHaM Teopumn ropsiveit BceneHHom, ¢
KOTOPOW Mbl yXXe 3HaKOMbl.

Mpouecchbl CUHTE3a renuns U Apyrue npoLecchl, onMcaHHble HaMK, NPOTEKAOT MHOIFO BPEMEHMU CMYCTS
nocne ctaguu “pasaysatollenica” BceneHHon (cpaBHuTe: 1 cekyHaa — 300 cekyHA ANs CUHTE3a renuvs
n 10-34—10732 cekyHabl ANa cTaanun “pasgysatollenca” BceneHHol!) Tak, Kak onMcaHo B
COOTBETCTBYIOLIMX pasaenax.

Cragus “pasaysatowlenca” BceneHHON cpa3y peluaeTt BTopyto npobnemy n3 nepeyncrnieHHblX B Hayane
3TOro pasaena — npobnemy ropusoHTa. [eicTBUTENIbHO, BO3bMEM TOYKM, KOTOPble BHa4vane, A0 CTagmm
“pasayBaHuMa”, nexaTt oyeHb 6JM3K0 ApYr K ApYyry BHYTPU 06LWero ropusoHTa BUAMMOCTM AN TOrO
MOMeHTa. Mexay HMMK BO3MOXeEH 06MeH CurHanamm, BblpaBHMBaHWe TemMnepaTypbl U apyrue
rnpoueccol. 3aTteM, B pe3y/ibTaTe CTPEMUTENIbHOIO PacTSaXXeHUS B Xo4e “pa3ayBaHus” TOUKMK
OKa3blBaAKOTCS pa3HECEHHbIMU Ha MMraHTCKNE pacCTOsiHUS. B Hally 3Moxy OHW fieXaT Ha OFPOMHbIX
PaCcCTOSAHMUSX, 3aMETHO MPEBbILWALWMX PacCTOSAHUA A0 FOPU30HTA, €CNIN HE YUYNTbIBaTb CTaamm
“pasaysatowerica” BceneHHon. MNoaToMy nocrne “pasayBaHusa” 3TN TOUKM AENCTBUTENbHO HE CMOTyT
0bMeHATbCA CUrHanamum, Ho Ao “pas-gysBaumnsa” 310 6b1SI0 BO3MOXHO.

Mepexoa NAOTHOCTM “NIOXHOr0 BakyyMa” B MJOTHOCTb 06bIYHON MaTepUM B KOHLE CTaanu
“pa3gyBatowwenca” BceneHHon pelwaet TpeTbio npobnemy. “AHTUrpasmtaumna” “noxHoro sakyyma”
3acTaBnseT BO3HMKAOLWY0 U3 Hero 06bl4HY0 MaTepPMIO paclUMpATbLCA TOYHO co “cbanaHcMpoBaHHOW”
CKOPOCTbI0. MOXHO CKaszaTb, YTO MJIOTHOCTb BakyyMa B TOYHOCTW COOTBETCTBYET KPUTUUECKOM
NAOTHOCTM ANS TOM 3Mnoxu u nocne ¢as3oBoro nepexoga NAOTHOCTb MAaTEPUN, eCTECTBEHHO, Toxe byaeT
paBHa KPUTUYECKOM C OFPOMHOM TOYHOCTbIO.

Ob6paTtmMcsa Tenepb K YeTBepTOoi Npobneme — K nNpobneme BO3HMKHOBEHMS HEBOMbLUMX MEePBUYHBIX
pNyKTyaunii NNOTHOCTN, KOTOpPbIE AOSMKHbI BbIIN CyLLlecTBOBaTb B Cpeae cpasy nocjie OKOHYaHUS

cTaaum “pasgyBatowenca” BceneHHOW. TakMe HEOAHOPOAHOCTM AO/KHbI BO3HUKHYTh B pe3ynbTaTe
paccMaTpuBaeMbIX MPOLLECCOB YXe B CU1y KBAHTOBOW Npupoabl MaTepun. [lencTBuTeNnbHO, pacnag



“NI0)KHOro BakyyMa” B 06bl4HYI0 MaTEPUIO MOXHO CPaBHUTb C MPOLLECCOM KBAHTOBOro pacnaaa
paAvoaKTUBHOrO BellecTBa. B Takmx npoueccax Bceraa BO3HUKaOT HEBOsbLUME HEOAHOPOAHOCTH. Tak,
npv pagMoakTMBHOM pacnaje BellecTBa O4HM €ro YyacTu pacnajatoTcsl YyTb paHblue, Apyrue YyTb
nosxe. NoaobHoO 3TOMy KBAHTOBLIN pacnad “NOXHOro Bakyyma” B 0AHUX MecTax nNpounsoLuen 4yTb
paHblue, B APYrUX YyTb MO3Xe, U 3TO NPMUBEJIO K TOMY, YTO Nepexos K pacluMpeHunto Npu AenNcTBMm
TAroTeHUs obpasoBaBLUENCS ropsivYelt MaTePMN NPOUCXOAMIT B Pa3HbIX MECTaX B HECKOJIbKO pas/inyHble
MOMEHTbI BPEMEHU, YTO M MOBJIEKO 3@ CO60M BO3HUKHOBEHME HEBObLUINMX HEOAHOPOAHOCTEN
NAOTHOCTU. DTO €CTb He YTO MHOE, Kak NepBUYHbIE 3BYKOBble KosiebaHus, KOTopble NOTOM, Nnocse
ANNTENbHOWN 3BOOLMMK, N MPUBENN K BO3HUKHOBEHUIO FanakTuK.

Tak, Teopusa “pa3saysatollerica” BceneHHon 06bACHAET OCHOBHbIE 0COBEHHOCTU OKpYXatoLlero Hac
Mupa.

Ho aTa Teopusa AaeT uenbiii pag Apyrnx UHTEPECHEeNLINX NpeackasaHuni.

Mbl y>XXe roBOpuin, UTO UCUE3HOBEHME COCTOAHUS “NIOXKHOM0” BaKyyMa MOXHO CPaBHUTb C ha30BbIM
nepexonos.

siBneHune a3oBOro nepexoaa HaM 3HakoOMO, HanpuMmep, No NpoLeccy OTBEPAEHUS XUAKOCTH,
npeBpaLleHns ee B TBepAoe, KpUCTanIndeckoe coctosHue. MNMpu Kpuctannmsaumm >XMaKoCcTn BO3MOXHO
BO3HWKHOBEHME B pa3HblX MeCTax KpUCTalJIMKOB C pa3HOW OpueHTauueln ocen Kpuctaaanyeckomn
peweTkn. B pesynbtate B 3aTBepAEBLUEN XUAKOCTU BOMHUKAKOT pasHble 06n1actm — AOMEHbI,
Conpukacawwmecs apyr ¢ opyrom.

CornacHo HOBeWWMM pe3ysibTaTaM aHanmn3a NpoLeccoB B paHHeN BceneHHon, B xoae ¢a3oBoro
nepexoga B “pa3saysatollenics” BceneHHOW BO3HMKAKOT TOXE conpuKacarwmecs 4OMEHbI C pa3HbIMU
CBOMCTBaMn. Ha rpaHmMuax AOMEHOB BO3HUKAKT BCSKNE 3K30TUYECKME YacTuubl n 06pasoBaHus.
Hanpumep, TaM MOryT NOSIBAATLCA TaK Ha3blBaeMble MarHUTHbIE MOHOMONM. DTO YaCTULbI, HECYLLUNE
M30/IMPOBaHHbIA MarHUTHbIM 3apsia, NOA06HO TOMY, KaK 3/1IEKTPOHbI UM MPOTOHbI HECYT
M30/IMPOBaHHbIA 3N1EKTPUYECKUIN 3apsa. TONIbKO MarHUTHbIN MOHOMOJIb A0J/IKEH ObiTb CBEPXTSAXENbLIM, B
1016— 107 pas Tsxenee npoTtoHa! TakMe yacTULbl He MOTyT CO3/AaBaTbCA B COBpeMeEHHOM BceneHHom,
Ans nx obpasoBaHUs He XBaTaeT SHEPrum. MarHMTHbIE MOHOMOJIM 3KCNEPUMEHTANILHO NOKa He
OTKpbITbl. HO Ha rpaHMuax AoMeHOB B “pa3ayBatollencs” BceneHHOM nx A0MXHO 6biTb MHOro. [laBanTte
npocneamMm, 4to 6yaeT C BO3HMKLLIMM AOMEHOM B XO4€ Aa/ibHeENLWeN aBontounm BceneHHon.

[oMeHbl poxaatoTcs B “anoxy 1073* cexyHabl” nocrie Hadara pacLumpeHmns. W pasmep Kamaoro JoMeHa OKoro
10734 cBeTOBOM CeKyHpI, U okoro 10-24 caHTumeTpa. 3arem, B anoxy “pasaysaHus” BoeneHHo, ero pasmep
yBermumeaetcs B 10°C pas, To ecTb 40 102 caHTUMETPOB (HarnoMHMM, HYTO 3TO yxe 10 MATIMOHOB CBETOBbLIX 1eT! ).

Craaus “pasaysatolienics” BceneHHoi 3akaHuneaeTcs K 10~32 cekyHpl. [Mocrie atoro BoenerHan
paclumpsieTcs no Goriee NPUBbLIYHLIM 3aKOHaM, TOPMO35Cb OObIMHBIM TArOTEHVEM. PasMepbl B HEA K HaLLemy
BPEMeHI YBENMUYMBaIOTCA eLLE NPUMEPHO B 102° pas. 3HauuT, pasmep JoMeHa byaet npumepHo 10° caHTMMETpOoB.
370 KoroccarnbHoe umcrio — okoro 1033 ceetosbix riet. HanomHio, 4To pasmep Habrogaemon obracTu BeeneHHol
“Bcero” okoro 100 ceeToBbIX NeT! HUKaKoM curHan, BbinyLLEHHbIM BO BcereHHoi nocre crammm “ pasayBaHus” , He
ycresaeT npoiiTi Gorslue 1010 cBeToBbIX SieT. 3TO rOPU3OHT BUAYIMOCTU, O KOTOPOM Mbl FOBOPUSIA.

CnepoBaTtenibHO, €CNu AOMEHbl Kak cneacteme $ha3oBbiX NepexoaoB B AafieKOM NpoLwsioM BceneHHomn
CYLLECTBYIOT, TO OHN OrPOMHbI. Mbl XXMBEM B OAHOM U3 TakMX AOMEHOB, rae-To BHyTpwu ero. Crenku,
oTAaensowme “Haw” AOMeH OT APYruX, exaT OT Hac, BEpOSITHO, Ha paccTosiHum okono 1033 ceetoBbIx
net! BHyTpy JOMeHa pacnpenerneHme BelecTsa B 60mbLUmnx (Mo HaWmMM MepkaMm) MacluTabax oaHOpoaHo. Ha
CTEHKax MHOXECTBO MOHOMOMEN 1 APYron “9K30TMKKU” . A 3a CTEHKOW — OpYyron Mup.

He npaBaa 5, Mbl NPULLAN K UHTEPECHENLLEN U YOUBUTENbHOWN KapTUHe?

Hawa oaHopoaHas BceneHHas B HEBEPOSITHO 60MbLIMX MacwTabax Aaneko 3a rOpM3OHTOM BUAMMOCTU
CHOBa OKa3blBaeTcs HeogHopoaHoMn! Ta BceneHHas, 0 KOTOPOWM Mbl FOBOPWM/IN, €CTb “TONIbKO” Hall
[OMEH.



Kak He 06paTuTbCs 34eCb K OMNbITY NCTOPUM acCTpOHOMUUK. Bce cucteMbl MUpa, Co34aHHbIE B pasHble
3MO0XM, NPeETEHAOBaNM Ha OnNMcaHWe BCEro MMpa, Bceill BceneHHol, HO Ha Aene okasblBanuCb MOAENbIO
KOHKPETHbIX aCTpOHOMMYecknx cucteMm. Cnucrtema Mmpa Apuctotenst un Mrtonemest NpaBuUabHO
oTobpaxana 0cobeHHOCTM 3eMnun Kak HebecHOro Tena — ee WapoobpasHOCTb, ABMXKEHME JIyHbl BOKPYT
3eMnn. Bce octanbHOe B CMCTEME O0Ka3anochb oWwnbo4YHbIM, CnucteMa Mupa KonepHuka 6biiia Moaenbo
ConHe4yHoOWM cucteMbl. BceneHHasa Mepwens — Moaenb Hawemn FanakTuku. Tenepb, BNOMHE BO3MOXHO,
CBOWCTBA MMpa CKOMNIEHUN ranakTUK TakKXXe ONuCbIBatoT “"TO/bKO"” Hall AOMEH.

MoncTuHe HencuyeprnaeMbl CBOMCTBA OKPYXKatoLLel Hac MaTepuUn, U CTOJb XKE HeMcYeprnaemo
MOTYLLECTBO YeNnoBEeYeCKOro yma, No3Hatlollero ee CBOMCTBA.

Bce Bonpockl 3TOro pasgena Mbl 06cyxaanu Ha paboyeM coBellaHmm B KeMbpuaxe, 0 KOTOPOM
roBOPMOCH Bbille. M3 0CTOPOXHOCTM HaAo elle pa3 NoAUYEPKHYTb, YTO PacCKasaHHOe — CaMbli
nepeaHuin Kpai, Ha KOTOPOM BefeT 60i coBpeMeHHas Hayka. MHOroe ellle MOXET YTOUYHSATLCS, MHOroe
HEWU3BECTHO.

Tak, HEU3BECTHO, YTO BbI0 eLle BaMXKe K CUHTYASPHOCTA. SICHO TONbKO, UTO NMPU BPEMEHAX MeHbLUe
ueM 10~ cexyHap! MOCrie CUHTYISPHOCTM Pacriafarioch Ha KBaHTbl BPEMS! M MPOCTPaHCTBO. Ho YTo, Kak U
noYemMy NPOUCXOaMIo — 06 3TOM MoKa TOMbKO AorgaKu.

A yT0 6bI10 A0 Havana pacwmnpeHna? O6 3ToM AOCTOBEPHO HUYEro He U3BECTHO. MOXHO 6bIN10 6bl
npuMBecTM Koe-Kakme goragkum. Ho 3To noka ewle He Hayka. Ml netaTb Ha Kpblibsax paHTasum 6e3
TBEpPAOro yrnpasieHNs HayKOW B KHUIEe, KOHEYHO, MOXHO, HO 3TO YXXe B KHUre COBCEM MHOMO poaa, YeMm
AaHHas.

HA KPblJ1IbAX BPEMEHU

B Hay4yHOM TBOpYECTBE Kaxaoro dbusuka, B 0CoO6eHHOCTM hU3MKa-TEOPETUKA, BPEMSA OT BPEMEHMU
HacTynaloT Nepuoabl, KOrAa KaXeTcsl, YTo B TBOe 061acTu HeT 60/iblie MHTEpPEeCHbIX 3aaady. MNpo
Hawero dusnka-TeopeTuka J1. JlaHaay pacckasbiBaloT, Kak OH B MOIOAOCTU Xanosascs, uto noao6bHo
XOpOLLIMM AEeBYLIKaM, KOTOPbIE BCE YXEe 3aHSATbl UMK BbILLIM 3aMyX, BCE XOpOLIue, CTosLLME 3a4aun
Y€ pelleHbl U BPSA I MOXHO HAlTU YTO-HMBYAb AOCTOMHOE cpean ocTaBmnxcs. OH, KOHEUYHO, caM
OnpoBepr CBOE LYT/IMBOE 3aMeyaHne; UM MOoCTaBIEHO M PEeLLIeHO MHOIo 3aMeyaTesibHbIX 3aau.
Mofo06HO TOMY Kak Ha CMeHY BbILWEALIMM 3aMYy>X CUMNATUUHBIM AEBYLLKAM NPUXOANAT B 3TOT MUpP Apyrue,
elle 6onee cUMNaTUUHbIE, TaK N HA CMEHY PELIEHHbIM NpobieMaM BCTaloT HOBbIE, ellle bonee
yBneKaTesbHble.

BcnoMmnHaeTcs Takas nosioca B MOEN XU3HU: MHEe Ka3anocCb TOrAaa, YTo s 3aHMMarChb
HenepcrnekTMBHbIMK NpobnemMamun. 4 Kak-To nogenusncsa o6 sToMm ¢ ogHOM 13 Konner. Pasrosop
nepekmHyncs Ha byayuiee otaenbHblX HebecHbIX Ten. M oHa npeanoXxuia MHTepecHyo 3agady o
pacyeTe OCTbIBaHWS HEMTPOHHbIX 3BE3[ B 3K30TUYECKMX YC/IOBUAX OYEHb OTAaneHHoro 6yayuwero
BceneHHol. DTa COBMECTHO BbINOSIHEHHas HaMmu paboTa, COBMeCTHbIN aHanus paboT ApyrmMx yyeHbix 06
oTAaneHHoM byaylleM u COCTaBASET OCHOBY HalLero AanbHelLero pacckasa.

Mbl n3yyaem npowsioe, 4tobbl yylle NOHATb HacToswee n byayllee, a 6mM3koe N oTaaneHHoe
6yaylwee yenoseyecTtBa, byayuiee pasyma BO MHOMOM 3aBUCUT OT ByayLiero npmMpoabl, ot cyaeb 3emnu,
ConHua MNanakTtmnkun, BceneHHo.

MN3yueHne 6yayliero BcenleHHoM NpMHUMNMANBHO OT/IMYAETCS OT M3ydeHus npowsoro. Mpolsoe
OCTaBUJIO CBOM Cnefbl, U, 06HapyXMnBas UX, Mbl MPOBEPSIEM NPaBUIbHOCTb CBOMX MpPeaCTaBiEeHWIA.
KapTuHa 6yayLiero — aTo BCEro 3KCTPanonsuus, npsaMasi npoBepka 34eCb HEBO3MOXHA. U TeM He
MeHee cerogHs gyHaaMeHT HU3MUYECKUX U acTPOM3NYECKMX 3HAHWUI HACTONbKO MPOYEH, YTO
MO3BOJISIET C AOCTATOUYHOW YBEPEHHOCTbIO paccMaTpmBaTh oTAasieHHoe 6yayllee BceneHHoM.

OHO 3aBMCUT Mpexae BCero oT Toro, 6yaeT 1M OHa BEYHO paclmpsaTbes. PaccMoTpuM cHavana 6yayuiee
HEOrpaHMYEeHHO pacLMpSOLWENCca 04HOPOAHOW BceneHHONM € NAOTHOCTbIO, HE MpeBbIlLAaloWen



KPUTMYECKOro 3HadyeHuns. Kakue e npouecchbl NponMs3onayT B 3TOM HEOrpaHMYEHHO paclumpsoLencs
BceneHHon?

MepBbI N3 TaKMX NPOLLECCOB Ceryvac HM Y KOro He Bbi3biBaeT COMHEHUI — 3Be3abl B 6yayliem
noracHyT. CofiHLEe 3aKOHUYUT CBOK aKTUBHYIO 3BOIOLMIO YEPE3 HECKOIbKO MUNMapA0B feT 1
npespaTuTCcsa B 6enblii KapanK pa3Mepom € 3eMsto, KOTopbi 6yaeT NnoCTeneHHo OCTbiBaTb

3Be3abl MaccueHee ConHUA MPOXMBYT elle MeHbLIE N B 3aBUCUMOCTU OT Macchbl B KOHLUE KOHLOB
npeBpaTaTca nméo B HeﬁTpOHHble 3B€34bl C NONEPEYHNKOM BCEIro B AECATKN KNTOMETPOB, nn6o B
YepHbIE AblpPbl.

HakoHeu, BO3MOXeH KaTaCTpOd)VNeCKVIVI B3PbIiB B KOHLE XN3HEHHOIO NyTN 3B€34bl C NOJIHbIM €€
pa3pyweHueM. Tak, N0-BMAMMOMY, B3PbIBAlOTCA HEKOTOpPbLIE 3BE3/bl, Ha3blBaeMble CBEPXHOBbLIMMU.

3Be34bl MeHee MaccuBHble, YeM ConHuUe, XXMBYT A0JblUE, HO U OHM PaHO WKW MO34HO NpeBpaLLaoTCs B
OCTbIBLUME KaPJINKW.

B Halue BpeMsi BO3HMKAIOT W HOBblE 3BE3Abl U3 Mex3Be3AHoW cpeabl. OfIHAKO HAaCTaHET BpeMs, Koraa
HeobxoaMMble 3anackl SAEPHOI SHEPTUM U BellecTBa 6yayT UcuepnaHbl, HOBblE 3Be34bl POXAATLCA He
6yayT, a cTapble NpeBpaTATCA B XOMI0AHbIE T€Nla UM YepHble Oblpbl.

3Be3aHas apa 3BoJlouMn BceneHHol 3aKkoHUNTCA NpuMepHo Yepe3 10 neT. DTOT CpoK OrpoMeH, oH B 10
Tbicsu pa3 6osblue BpeMeHu, Npoleallero oT Havyana pacwmpeHns BceneHHoM Ao Hawmx gHen. A
Tenepb 0 cyabbe ranakTuk. 3Be3f4Hble CUCTEMbl — ranakTUKM — COCTOSIT U3 COTEH MUNMApAO0B 3Be3A,.
B ueHTpax rannakTnk, BEPOSITHO, HAXOASATCS CBEPXMACCUMBHbIE YepHble AblPbl, O YeM CBUAETENbCTBYHOT
6ypHble npoLecchl B raflakTMyeckmx aapax, Habnogaemole actpodpusmkamum. s 6yayuiero ranaktmk
CYLLeCTBEHHbl OUYeHb peAkne B Hawe BpeMs cobbiTus, Korga kakas-nmbo 3sesga B pesynbTaTte
rpaBUTAUMOHHOIO B3aMMOAENCTBNA C APYrMMK 3Be34amMum npunobpeTtaet 60bLIYIO0 CKOPOCTb, NOKMAAET
ranakTuKy M npespaLlaeTcs B MeXrasaakTuyecKoro cTpaHHMKa. 3Be34bl NocTeneHHo 6yayT nokmaaTtb
rafakTuKy, a ee LeHTpanbHasa 4acTb 6yAeT NOHCMHOMY CKMUMaTbCs, NpeBpaLasicb B 04eHb KOMMNAKTHOEe
3Be34Hoe ckonsieHme. B Takom ckonneHuun 3Be3abl 6yayT cTankmBaTbCsa APYr C APYroM, npeBpallaschb B
ras, W 3TOT ras B OCHOBHOM 6yzeT najaTth B LileHTpasibHYl0 CBEPXMACCUBHYIO AblpYy, YBEINUMBas ee
Maccy. 3Be3abl Takxke 6yayT paspywaTbCs NPUANBHBIMKU CUNaMK, NposieTast CANMWKOM 6/IM3KO OT 3TOM
YEepHOW Ablpbl.

KOHeYHbI 3Tan — 3TO CBEPXMACCMBHAs YepHas Ablpa, MNOrMoTUBLLAS OCTaTKM 3Be34 LeHTpasibHOM
YacTu ranakTUKKM, U paccemBaHme okosio 90 NPoLEHTOB BCEX 3BE3[ BHELIHMX YacTel B MPOCTPAHCTBE.
Mpouecc paspyLlleHns ranakTMK 3aKOHUYUTCS npuMepHo vepes 1012 neT, Bce 3Be34bl K 3TOMY BpEMEHU
[ABHO MOracHyT M NOTepsoT NpaBo MMEHOBATLCS 3BE34aMU.

Ans panbHenwWwmnx NpoLeccoB onpeaensiollelt sBNsaeTcs npeackasbiBaeMasi COBPEMeHHON GU3MKON
HecTabuNbHOCTb SAEPHOro BellecTBa. MiMeeTcs B BUAY, YTO NPOTOH XOTSI U OYEHb AOMT0 XMBYLLAs, HO
BCe Xe HecTabunbHas vactmua. Teopus “Bennkoro obbeanHeHns”, kKotopas npeackasbiBaeT 6ypHbie
npoueccsl B 3noxy ¢ 1073* cexyHabl no 10~32 cexyHap! nocrie Ha4arna pacLumpeHiist BcereHHoi, npeackasbisaet
1 HeoBXOAMMOCTb pacraaa MPOTOHa (a TakKe N HEMTPOHA B COCTaBE CMOXHBIX SAep, KOTOPbIA B 3TWX YCIIOBUSIX
TaK)Xe CUUTarca CTaburbHbIM). CpeaHee Bpems ero XM3aHW OLeHNBaETCs NpUMepHO B 1032 riet. KoHeuHbIn NpoayKT
pacnana NpoToHa — OAWH MO3UTPOH, U3MyYeHne B BUae I0TOHA, HEATPUHO U, BOSMOXXHO, OZIHA UMM HECKOSBKO
3rEKTPOHHO-MO3UTPOHHbIX Nap. XOTSA pacnan NPOToHa eLLe He HAOM Jarcs HENMOCPELACTBEHHO, Mario KTO 13
JM31KOB COMHEBAETCS B HEM3DEXKHOCTU Takoro npoLiecca.

WTak, npuMepHo Yepe3 1032 neT saepHOe BELLECTBO NONHOCTLIO pacnaaeTcs. V3 Mupa ncdesHy T dake noraclune
3Be3abl. Ho pacnan sinepHoro BeLLECTBa yrKe 330010 O TOro CPOKa HaHHET UrpaTb BaXKHYHO POrib B 3BONHOLMM
BcereHHon. Mo3nTpoHbI, BO3HUKAIOLLME NPY pacnaae HyKJIOHOB (3T0 obLLee HaszBaHWe NPOTOHOB Y HEMTPOHOB),
BHHUrUIMPYIOT C ANEKTPOHaMK, MpeBpaLLiasich B POTOHbI, KOTOPbIe BMECTE C (iOTOHaMK, MPSMO BO3HUKSHOLLMMU
npv pacnage HyKJioHa, Har PEBa0T BELLECTBO. TOrMbKO HEMTPMHO CBOBOAHO NOKMAAOT 38e34y U YHOCAT okorio 30
NPOLEHTOB BCEN 3HEPr 1M pacnaia.



Mpouecc pacnaaa 6yaeT noaAepXuBaTb TEMNEPATYPY YMEPLUMX 3BE3A U MJAHET HA YPOBHE XOTb U
HW3KOM, HO BCE & 3aMeTHO OT/IMUYHOM OT abCoMIOTHOroO Hyns. Tak, 6enble Kapauku, ocTbis 3a 1017 ner
[0 Temneparypbl 5 KernsBrHOB, OyayT NOTOM COXpaHsTh 3Ty Temneparypy 13-3a BblaeneHns SHeprv npu pacrage
BELLIECTBA BHYTPY MX. HelTpoHHble 3B8e3apl ocThiBaoT 3a 101° net 4o Temneparypsl okorio 100 KenbauHOB, nocrie
Yero pacnan BeLecTea B HUX Oy[eT nogaepkuearb 3Ty Temneparypy.

CnycTa 1032 rieT BCe AnepHOe BELLIECTBO MONHOCTLIO PACMaaeTcs, 38e30bl U NMaHETbI NPEBPATATCS B (IOTOHbI U
HEATPUHO.

Heckonbko MHas cyabba y paccesHHOro B NMpOCTPAHCTBE rasa, KOTOPbIN OCTAHETCs Moc/ie paspylueHus
rafakTuk (Mo Macce OH MOXEeT COCTaBUTb OKOJI0 OAHOrO MpoLeHTa BCero BelecTsa BeefieHHoM).
SlaepHoe BeLlecTBO 3TOro rasa Toxe, pasymeeTcs, pacnaaetcs yepes 1032 ner. OgHaKko B 3TOM Cryyae
MO3UTPOHbI, BO3HUKAIOLLIME NpY pacnage, yKe He By ayT aHHUIUIMPOBATh C ANEKTPOHaMM — WU3-3a KpaliHen
Pa3pPEKEHHOCTM asa BEPOSTTHOCTb BCTPEUM 3TUX YaCTULL YPE3BbIYaNHO Mara, U B pesyribTare obpasyercs
paspekeHHas aneK TPOHHO-MO3UTPOHHaA Miasma.

K aToMy BpemeHu, To ecTb yepes 1032 rieT, Bo BoereHHoM 0CTaHyTCA eLLe YEPHbIE Ablpbl, BO3HMKLLNE U3
MacCVBHbIX BBE3[ MOCTE MX YTracaHUsl, U CBEPXMaCCUBHbIE YepHbIE Ablpbl, 0Opa30BaBLUMECS B LIEHTPaX rarnakTvk (00
UX Cyab0e Mbl CKEKEM HEMHOT O MO3XKeE).

YTto e 6yaeT nponcxoautb Bo BceneHHoM nocne pacnaja aAepHoro BelecTsa?

B Ty ganekyto anoxy Bo BceneHHon 6yayT npucyTCTBOBaTb (POTOHbI, HENTPUHO, SNIEKTPOHHO-
NO3UTPOHHAA Naa3Ma n YepHble Ablpbl. OCHOBHAsA YacTb MaCChbl OKaXEeTCs coCpefoTOHeHHOM B hoToHax
M HelTpuHo. N60 MMEHHO B 3TK BMAbI MaTepun npespaTmuTca 0bblYHOE BELLECTBO Nocne pacnaja.
HauHeTcsa spa nanydeHus. lNpasaa, HA40 NOMHUTL, YTO 3TO U3NTyYeHWe, Ype3BblYaHO CUbHO
OCTbiBLUEE.

C pacwwupeHueM BceneHHoM NAOTHOCTb Macchl n3nyyeHns 6oicTpo 6yaeT nagaTbh, Tak Kak yMeHbLUAETCS
W NIOTHOCTb YMC/a YacTul, U SHEPrua Kaxkaoro KBaHTa (a 3HaumT, 1 ero macca). B otnmume ot
n3nevyeHuns cpeaHsaa NIOTHOCTb 06bIYHOM MaTepun B BUAE 3/IEKTPOHHO-MO3UTPOHHOM NMAa3Mbl U YEPHbIX
Ablp y6bIBaeT TONbKO U3-3a YMEHbLUEHUS UX KOHLEHTpauuum npu pacwmpenmmn BceneHHon. 3HaumT,
NJOTHOCTb 3TUX BUAOB Matepumn ybbiBaeT MeaneHHee, YeM MAOTHOCTb U3yvyeHus. Mo3ToMy KO BpeMeHwU
NeT NIOTHOCTb MaTepuu yxe byaeT onpeaensaTbCs rnaBHbIM 06pa3oM MacCcom, 3aK/IKOHYEHHOM B YEPHbIX
Ablpax. Ee 6yaet ropasgo 6onblie, 4eM B 3N1€KTPOHHO-MO3UTPOHHOM nna3sme. Ecan macca nokos
HEUTPUHO HE HOMb, KaK Mbl 3TO pa3bupanu Bbilwe, TO 3HaYNTENbHAA 40N MACCbl OCTAHErcs TakXxe B
HEUTPUHO. Ha cMeHy 3pe usny4dyeHus NpuaeT 3pa YepHbIX Abip!

Ho v yepHble Ablpbl He BeYHbl. B none TaroteHns B6M3M YepHOW Ablpbl MPOUCXOAMUT, KaK Mbl 3HAeM,
pOXAEHWE YacTuL,; NPUYEM Y YEPHbIX Ablp C Maccoi nopsiika 3Be34HOM 1 60/blle BO3HUKAOT KBaHTbI
n3nyyeHuns. Takon Npouecc BeAeT K YMEHbLUEHUIO MacCbl YEPHON AblPbl, OHa NMOCTENEHHO
npespaLlaeTcs B GOTOHbI, HEMTPUHO, FPAaBUTOHbI. HO Mpouecc 3TOT Ype3BblYaHO MeaseHHbI. CKaxeM,
yepHas Aplpa ¢ maccoii B 10 macc ConHua ncnaputcs 3a 10°° rer, a ceepxmaccmBHas YepHas [bipa, Macca
KOTOpOW eLlie B MUrrivapg pas Gorblue, — 3a 10°6 riet. W Bce e nocTeneHHo Boe YepHbIe Ablpbl NPeBparsiTcs B
N3ryYeHmne, U OHO BHOBb CTEHET JOMMHMPYIOLLIMIM MO Macce BO BceneHHomM, CHOBa HaCTynuT 3pa U3yYeHUs..
OpHaKo 3TO U3NyYeHne HECpaBHEHHO Boriee XoroaHoe, YeM N3ryYeHne B 3MoxXy pacnaga BewecTsa. Beneacreve
pacLuMpeHns BceneHHoM NIoTHOCTb U3IyYeHs], Kak YXKe rOBOPUIIOCh, NaaaeT ObICTpee MIOTHOCTU SIEKTPOH-HO-
MO3UTPOHHON NrasMbl, 1 Yepes 10190 ret cTaHeT JOMUHUPYIOLLIEN UMEHHO 3Ta Nriasma U1, KpoMme Hee, Bo BoereHHom
He OCTaHETCs NPaKTUYECKN HUYErO.

Ha ﬂepBbIVI B3rnag KaptuHa aposilounmn BceneHHol B oTAaN€HHOM 6y,CI,YIJ.I,EM BbIrNA4ANT BECbMa
necCMMNCTNYECKN N3-3a NOCTENEHHOIO pacnaja, Aerpagaunn, pacceaHus.

K Bo3pacTty BcenerHoit 1010 net B MMpe ocTaHyTCs NPaK TUYECKM TOMBKO AMEKTPOHBI M MO3UTPOHBI,
paccesHHbIE B NPOCTPAHCTBE C YXKacatoLLLEe HUYTOXHOM MIOTHOCTLIO:

oAHa YacTvua 6yaeT NpUXoANTLCS Ha 06beM, paBHbIi 1018° oGbemam Boen BUAMMON ceroaHs BoereHHoM.
OsHa4aeT M 310, YTOo B Oy ayLLEM 3aMpyT BCE NPOLIECCHI, He ByAeT NPOUCXOANTb aK TUBHbIX ABVPKEHWIA dM3NYecKmX



dopM MaTepmm, HEBOIMOXKHO ByOET CyLLECTBOBAHUE KaKUX-TMBO CrOXHBLIX CUCTEM, a Tem Boriee pasyma B Kakow
©bl TO HK Bbiro dopme?

HeT, Takoli BbiBOA 6b1n 661 HEBepeH. KOHEYHO, C Hallel CeroaHsWHeR TOYKM 3peHNs BCE NpoLecChl B
6yaywiem 6yayT Ype3BblHaNHO 3aMeAsieHHbl, HO BeAb W MPOCTPAHCTBEHHbIE MacwTabbl Toraa 6yayr
WHbIMW. HanoMHWM, 4YTO B CaMOM Hauvane pacwumpeHus BceneHHol, koraa Temnepatypa bblna npuMepHo
1027 KerbB1HOB, MPOUCXOAMIA MPOLIECCHI POXAEHIIS BELLIECTBA, TEKM BypHbIE PESKLIN, MPOAOIPKUTENBHOCT
KOTOpbIX Ucumcrianack 10~34 cexyHapl, a NpocTpaHCTBEHHbIe MacLuTabbl Gbinv nopsiaka 10724 caHTumerpa. C To4KK
3peHns NoAoBHbBIX MacLLTaboB 1 CBEPXOBICTPbIX MPOLIECCOB CEroaHSLLHME COObITUSI BO BeeneHHon, B TOM ymcre 1
HaLLla >KU3Hb, 9TO HEYTO HEBEPOSITHO MEIIIEHHOE N YPE3BLIYANHO PacTAHYTOE B NPOCTpaHCTBe. 10 MHeHuo
W3BECTHOr 0 amepyKaHcKoro dmavika [lancoHa, B rmobom otaaneHHoM OyayLiem BO3MOXHbI OyayT CroXHble dhopMbl
OBVDKEHWS MaTepUn U Ogbke pasyMHast )KU3Hb, NPaBaa, B HEMPYBBIMHBIX diopMax, U “ NyIbe xm3Hu byaer ouTtebcs Bce
MearieHHee, HO HUKOT 4a HEe OCTaHOBUTCST .

W 3Be3nbl ymmpaoT BO BeeneHHoN. ..
OrpomHa Houb.

W Tornbko YepHbIn BETER

Kauaet Hebo ¢ rerkon 6enon ntuuen...
OHa BarieTerna ¢ MarneHbKuxX rfaaoHen,
Korpa pebeHok ocosHan cebs,

W aToT Mup, 1 38e30pI, U CTOMETHS. ..
PoxaeHve 1 cMepTb BCEro Ha CBETE.
KOHEYHOCTb XM3HW.

BeckoHedHoCTb Heba.

HecyeTHbl cTam nTuy,

Yro kpyxar Bo BecenenHon,

Yactuupl ceeta B becnipenensHov 6esaHe.
OrpomHa Houb.

Moka pebeHok cnurT,

PoxpatoTcs ranak Tvku 1 noan,

W 3Be3dpl yMMpaoT B CTPaLLHbIX MYyKaX.
Moka pebeHok cnuT,

OGnMTLIN CBETOM,

MocrneoHM cBeToM ymepLUEn 38e3Apbl.
YT0 ocTaetca nocre yenosexka? —
Bonbluasa nTuua

C perckumu riasamu,

Yactuua ceTa B eAsgHOM MPOCTPaHCTBE.

M. Katbic

Hawa nbiTnnBas Mbic/b 3aneTena B HeBoo6pa3mmMo ganekoe byayuiee. B Takux AnvTeNbHbIX nosetax
BCEeraa MOXHO CTOMIKHYTbCSl C YEM-TO HEMPeAyCMOTPEHHbIM. MoKa y Hac peyb wia o npoLeccax,
KOTOPble BbITEKAIOT U3 HAAEXHO YCTAaHOBMIEHHbIX (PU3MYECKNX 3aKOHOB, O4HAKO B ByAyLUeM BO3HUKHYT
(bumsmueckme ycrnoBus, HEAOCTYMHbIE HAM B 3KCNepUMeEHTe (CBEPXHMU3KME TeMMepaTypbl, Masble
MAOTHOCTM U T. A.), U BNOJIHE BO3MOXHO MPOSIBJIEHNE CUJ, BO3HUKHOBEHWE MPOLLECCOB, COBEPLUEHHO
HaM MoKa HEM3BECTHbIX. A 3TW CUJTbl U NMPOLLECCHI MOTYT B KOPHE U3MEHUTb CUTYaLMIO.

BoT 04AMH U3 Taknx BO3MOXHbIX NPOLECCOB — pacnaj BakyyMma, ero npespalieHve B paclumpsoLencs
BceneHHoI B peanbHoe BELWECTBO. B NpoLuioM, B yNOMUHABLUYOCS Yxe 3rnoxy 10~34 cekyHabl nocne
Hauasna pacwmpeHunsl, BaKyyM — “JIOXHbIN BaKyyM”, KaK Mbl €ro HasbiBasn, — BEPOSTHO, YXe
pacnancs, nopoxaas 4Yactmubl U aHTu4acTuubl 60MbLWINX SHEPrnin. 3Ta 3Heprusa COOTBETCTBOBasNa
TemnepaType 1027 KerbB1HOB, a NIoTHOCTb BellecTea coctasnana 1074 r/iom3.

B coBpeMeHHOM BakyyMe (B TOM, YTO B NPOCTOPEYMM HA3bIBAETCHA NMYCTOTON), TOXE, BO3MOXHO,
3aKJllo4eEHa HEKOTOPAA NJIOTHOCTb SHEPIUn. HO, KaK Mbl BUAENN B pasgene “rpaBVITaLI,VIﬂ I'IYCTOTbI", OHa
€C/I1 1 eCTb, TO OYEeHb MaJsla U COOTBETCTBYET MJIOTHOCTU MAcCChbl He 6osiee yem 10~28 r/cm3, a MmoxeT
ObITb, AaXKe CYLLECTBEHHO MeHbLUEe. OBHapYXNTb TaKYH NIIOTHOCTb A2KE B aCTPOHOMUYECKUX HabMoAeHMsX
KpaViHe TpyaHo. Teopusi nonaraeT BO3MOXHbIM, YTO MAOTHOCTbL MacChl BakyyMa B JarnekoM OyayLLem Cka4koM
nepefiaeT B peanbHble YacTULbl M aHTUYaCTULIbI, JaBasi Ha4aro HOBbIM dm3nyeckm npoLieccaM PoavBLueecs npu



3TOM BELLIECTBO ByaeT, KOHEHHO, paspPeKeHHbIM, HO BCE XXe HECPaBHEHHO Boriee NIoTHLIM, YeM OCTaBLLEECS K TOMY
BpPEMeHUW paccesHHOE BCreaCcTBye paclumpeHunsi BeeneHHom “Hawwe” BeluecTBo [oaobHbIN “ das30BbIn nepexon’
BaKyyMa MOXET BblITb 4YpesBblHaliHO CyLLECTBEHHbLIM And cyaed BeeneHHol Tak, B NpUHUME STOT NEPEXO MOXKET
OCTaHOBUTb pacLumpeHune BeeneHHom 1 cMeHnTb ero ckarmem BHOBb BO3HUKLLNIA NpU 3TOM “ CBEPXUCTUHHbIN
BaKyyMm” Byaer obrnagarb rpaBUTaLMOHHBIMM CBOMCTBAaMM MPUTSDKEHNS, @ HE OTTalNKMBaHUS, KaK “ NMOXKHBIN BaKyym”
#AcHo, uTo ecrin paciumpeHne BceneHHoM CMEHNTCS CKaTneMm, TOo NpU 3TOM BCS HAPMCOBaHHasA Hamy KapTuHa
ByayLero BeeneHHol nameHutcs B KopHe. U etlie ogHo 3amedaHune Prcys ByayLee BeerneHHow, Mbl
npegnonarany, YTo HEMTPUHO BCEX COPTOB He 0BMaaaloT Maccomn NOKOs, TO eCTb NPEACTaBNAT COBON U3ryYeHue.
Mpegnonaranoch TakXe, YTO 3TU YacTULbl NOAOBHO POTOHAM UMEIOT Maccy TOMNbKO NOTOMY, YTO BCErJa ABMXKYTCS
CO CBETOBOW CKOPOCTLIO, a UX Macca NoKosi paeHa Hy o Ho, kak Mbl Buaernm B rnase “ HenTpuHHas BeeneHHast”,
BO3MOXXHO, Macca NoKOsi HEMTPUHO He paBHa HyIio. BrinaHua atoro dekta Ha ByayLume cyastbl BeerneHHom moryT
ObITb ABOSIKOrO pofa Ecriv macca Nokost HEATPUMHO OYeHb Mara, CKakeM, B COTHW ThICAY pas MeHbLLIE Macehl
ANEeKTPOHa, TO TArOTEHME, CO30aBaEMOE STOW YacTULEV B MacluTabax BceneHHon, Toxe O4eHb Maro U He OKasblBaeT
CErofHsi HUKaKOr 0 AECTBUS Ha TeMrbl pacLumpeHnst OgHako B oTaarneHHoM By ayLiem NroTHOCTb MacChl HETPUHO
Oyaet nanarb He Tak BbICTPO, KaK NIIOTHOCTb MacChl POTOHOB, a TaK e, KaK NIOTHOCTb MacChl OBbIYHBLIX YacTuLl, U
B ArEKTPOHHO MO3NTPOHHOW Mriasme ByAeT NOCTOsHHas Marnas MPUMECE HENTPUHO (M BHTUHEATPUHO), MMEIOLLIMX
Maccy MOKOS.

Ecnu e okaxeTcsi, YTO Macca NOKOS HEMTPMHO 6/n3Ka K npeackasbiBaeMoOMy BEPXHEMY BO3MOXHOMY
npeneny (npumepHo 0,00005 maccel anekTpoHa), TO CyMMapHas Macca BCexX 3TUX 4YacTul, BO
BceneHHOM nonyunTcsa ypesBbldaniHoO 601bLLON, @ CpeaHsas NAOTHOCTb BewecTBa NPeBbICUT
kpuTuueckyto (10722 r/cm3), u B ByayLem TAroTeHne HENTPUHO OCTaHOBUT paclumpeHne BeereHHoi 3To Moxer
CIMyYUTBLCA ropasao paHblLe, Yem PacraneTcs Bee SAepHOe BELLIECTBO, U AaKe paHbLLe, Yem NnoracHyT Bce 3Be3abl
Torpa B 6yayLiem BceneHHyro oxxumageT oxarue, paspyLUeHNe Npyu 3ToM HEGECHBIX TeN, BO3HUKHOBEHWE BHOBb
CBEPXMIIOTHOrO CBEPXIOPSHErO BELLIECTBA CO CBEPXOYPHBIMU GM3NUECKUMM MPOLIECCAMM.

Kak BuauTe, B 1l060M BO3MOXHOM CLieHapuun 3BooLmMM BceneHHomn ee byayliee npeactaBnsercs
3aXBaTbIBaKOLLE NH TEPECHBIM M MHOrOO6pPa3HbIM.

MpaBaa, BO BCeX BapuaHTax B OTAA/IEHHOM 6YLI,YLLI,EM BceneHHas GYLI,ET COBCEM HE MOXO0Xa Ha
OKpy>XakLwyr Hac cerogHsa JIn6o 370 cocTosiHME O4eHb pa3pexeHHoe N Xono4HoeE, nnbo oyeHb NIOTHOE
n ropsadee.

Hy uT0 e Mbl 3TO AO/DKHbI YETKO NOHMMaTb BceneH Hasi 3BOMOUMOHMPYET HenpepbiBHO lMpownoe ee
6b1710 BECb Ma cBOeobpas3HbIM M HE MOXOXWM Ha HacTosuwee byayulee Takxe 6yaetr BeCbMa OT/IMYHbBIM
OT BCEro, YTo Mbl BUAUM cerogHsa Hago Takxe 4eTKko MOHMMaTb, YTO Mpu 3TOM B ByAyuwleM HET HUYEro
daTanbHO HEN3BEXHOIrO A1 Pa3yMHOM XM3HU B LUMPOKOM CMbIC/I€ 3TOrO CNOBA. 3@ HUYTOXHbIM (MO
CpaBHEHWUIO C 3BoOUMEN BceneHHON) nepmoa uMBMAM3aunm 4yenoBevyeckas MbiC/ib OBflagena MHOrMMm
TariHaMu NpMpoAbl, 3aCTaBu/ia €€ 3aKOHbl CTYXUTb YEJSI0BEKY.

Ecnu Mbl 6yaemM goctaToyHo 61aropasyMHbl, UTO6bI cbepeudb XM3Hb Ha 3eMe B Hally 3Moxy 6ypHbIX
coumanbHbix noTpsiceHnin (a mbl B CoBeTckoM Coto3e BepMM, UTO Tak byaeT, u 6opemcs 3a 310), TO
TPpyAHO BOO6pPa3nTb, KAKOro Hay4YHOro MoryLiecTsa Mbl AJOCTUIHEM Yepes CTO, TbiCAYY, MUIMOH, @ TEM
6onee munnmnapabl neT. Yenosek (ONATb XXe B LUMPOKOM CMbIC/e C/I0BA) HAYYUTCA MCNONb30BaTb AN
cBoero 6nara Bce 3aKOHbl 3BOMOUMM BceneHHoM, HayunTca ynpasnsaTb MMU. Bbino 6bl HAMBHO
nonaratb, YTO BceneHHasa npurotoBuia Ha BCe BpeMeHa ANns YenoBeyecTBa bnarogatHble “TennmnyHblie”
YyCNoBMS ANs CywecTBOBaHMA. “Mbl He AOMXKHbI XA4aTb MUNOCTU OT Npupoabl. B3aTb UX y Hee — Hawa
3afaya”. OTu cnoBa M3BECTHOr0 eCTeCTBOMCNbITAaTENS, — ropAble C/i0Ba, AOCTOMHbIE YeNoBeYeCcTBa.
KoHeuyHO, npu ocyuwlecTBneHnn noaobHbix 3agay B MacwTabax BceneHHOW coBepLUEHHO NO-HOBOMY
obepHyTCa npobnembl oxpaHbl Npupoabl 1 Apyrue. Ho HECOMHEHHO TO, 4YTO ByAayulee obLecTBO HanaeT
cnocobbl MX pewnTsb.

MoAaxoAs K KOHUY Halero NoBeCcTBOBaHMS, XOTUM elle pas HanoMHUTb, YTO, KOHEYHO Xe, Cepbe3Hble
N3MeHeHus BO BceneHHow (Mo CpaBHEHUIO C HbIHELIHMM ee COCTOSIHMEM) BO BCEX C/Iy4Yasix MOryT
HayaTbCs OYEHb HE CKOPO HE TONIbKO B XUTEWCKMUX, HO U aCTPOHOMMYECKUX MacliTabax, Kak MUHUMYM
yepes AecAaTKM, @ MOXET 6biTb, ThICAYM MUNNINAPAOB JIET. DTO BO MHOMO pa3 60/blle HbIHELWHEro
BO3pacTa BUAMMOWN HaMu BceneHHoW, KOTOpol HMKakK He 6onblie 10— 20 MUANMapLoB IeT OT Havyana
paclmpeHus.



3ak/iroueHue

He MoxeT 6bITb 3aK/Il04EHNS B pacckase 0 npeaMeTe, 0 KOTOPOM Mbl Be/ln peyb. Pacckas o BeYHO
3BOIOLMOHMPYIOLWEN, BEYHO MONOAOM BCeneHHOM He TepnuT UTOroB. HO 4TO BCe Xe Xo4eTcs
cneumasnbHO NOAYEPKHYTh, Tak 3TO ocobeHHO 6ypHOe pa3BuTUE Haykn 0 BceneHHOM — KOCMOsOoruu,
MPUHOCSLLEN HOBblE YAUBUTESbHbIE OTKPbITUS U HOBble DyHAAMEHTasbHbIE 3HaHWSA. B 3Ty HayKy
cenyac NpMxoAuT HOBOE MOJI0A0€E MOKONEHME yUYeHblX, 6epyLumMxcs 3a peleHue elle HeaaBHo
“Hepa3pewmnMbix Npobnem”. Xouetcs, 4Tobbl OHU BbINIM BOOPYXXEHbI HE TONIbKO 3HAHMEM, HO U
BAOXHOBEHWEM, HaCTosILWeN BAOGIEHHOCTBIO B CBOE A€eS0.

OMMABJEHUE
BBeneHne
YACTbD I. HEPHBbIE AbIPbl Nnasa 1 YTto 310 Takoe?
HeBnanMble MUpy 3Be34bI
paBUTaLMOHHBIN paanyc
lMpeackaszaHne
FnaBa 2. Bokpyr 4YepHo# Ablpbl
[Obipa BO BpeMeHU
HebecHas MexaHWKa YepHbIX Ablp
YepHble Ablpbl U CBET
“YepHble Ablpbl HE NMEOT BonocC”
paBUTaALMOHHbBIN BUXPb BOKPYF YEPHOM Ablpbl
Maea 3 DHeprua M3 rpaBUTaLMOHHOMN 6e3aHbI
Be3noHHble YepHble Ablpbl
paBuTaumoHHasa 6omba
3a KpaeM rpaBuMTauMoHHON 6e3aHbI
HeT Hnyero npote 1 cnoxHee, 4eM YyepHble Ablpbl 54
FnaBsa 4. Noncku YepHbIX AbIp
OHM AO/MKHBI Cyllee rBoBaTh
Kak nckatb YepHble Ablpbl?
YepHble Ablpbl OTKPbITbI?

MraHTckme yepHble Ablpbl



FnaBsa 5. YUepHble Abipbl U KBAHTbI

Myctasa nu nycrota?

OTKpbITUE XOYKMHIa

YepHble Abipbl B3pbiBaloOTCA

YACTb II. K TrPAHULUAM BECKOHEYHOCTU
Fnasa 1. BceneHHasn nocne B3pbiBa

Mup, B KOTOPOM Mbl XXNUBEM

“MepHble MacwTabbl” n Apyrne MHCTPYMeHTbl aCTPOHOMOB
BceneHHasa gonkHa 3BOMOLMOHMPOBATL

OTKpbITUE pacwmpeHus BceneHHom

Pacwwupsetcs nu BceneHHasa?

FnaBsa 2 MexaHuka BceneHHo

BceneHHasa B npowaom

paBuTaLUMa NycToThI

byayuee pacwupstowerica BceneHHon

Mpobnema cKkpbITO Macchl

KpuBoe npocTpaHcTBO

FOpU30HT

Fnasa 3 Nopsiuas BceneHHas

®dusnka Havyana pacmpeHums

XonogHoe uin ropsyee Hayano

Kak 6b1s10 OTKPbITO PEIMKTOBOE M3/TydYeHue

MoyeMy penuMKToBOE M3/TydeHMe He OTKPbIIM paHblue?
MyTewecTBMe B ganekoe npownoe

MepBble NSATb MUHYT

CkosbKo renvs B npupoae?

TpucTa TbiCAY NET 3pbl POTOHHON NAas3Mbl M Hawa 3pa

FnaBa 4 HeiitpuHHaa BceneHHa



HenTtpuHo

CsolicTBa BceneHHom
HepelweHHble Nnpo6nembl
HenTpuHo Bo BceneHHom
HEeNTPUHHbLIN 3KCNEepUMEHT
HenTpuHHas BceneHHas
MponcxoxxaeHne ranakTnk
PeanbHOCTb U haHTacTuka
Fnasa 5 Y rpaHumu nsBecTtHoro
Mouemy BceneHHasn Takan?
Ha Kpblnbax BpeMeHu

3akno4yeHune



