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NPEAUCNIOBUE

ACTPOHOMMSt BCTYIMUIA CEMOAHA B HOBYIO 3IIOXY KPYITHEHLIMX
oTKpEITUiA. B mocnenHue roasl Halgenbl rMmiaHeTsl BHe CONMHEeUHOM
CHCTEMBI, COOpaHLI TIOUTU HEOMPOBEPXKUMbIE 10KA3ATENLCTBY CY-
TIECTBOBAHUA YEPHbLIX JIblP, OOHAPYXKEHO BCEMUPHOE aHTUTATOTE-
Hue. CTonb IEXPLIX HA PEBOJIOLNOHHBIE OTKPHITUS JIET B UCTOPUH
ACIPOHOMMY HHMKOrAA eule He 6niBaio. Ha HaIMX riaa3ax IpCBHSs
HayKa MepeXUBaeT HeOObIYAHBINA BINIET, U 3TO CTaJIO BO3MOXHBIM
6arogapa MOUIHBLIM HA3¢MHbLIM U OPOUTANBHBIM TEJIECKONAM HO-
BOTO MOKOJIEHUS, KOTOPBIE HEOOBHAWHO PACLUMPUIIM BO3MOXHOCTH
ACTPOHOMUYECKHX HABMIOAEHUH.

Ha ouepean rpaHAUO3HBIC 33Jau4M 3ARTPAILHETO i, ke obcc-
IneYeHHbIE COBEPLLUCHHONW HabmonaTenbHOM TEXHUKOM, 1 caMast yB-
JieKaTeibHasg CpeAM 3TUX 3agady — NOMUCK XHM3HM Ha OPYrux
IU1aHETaX.

B 3T0i1 KHUTE YnTaTENL HAKAET KPATKHUA pacckas O HOBeWInX
COOBITHSIX B ACTPOHOMHUH HALUMX OHEH, O TONTOXAAHHBIX U HEOXU -
JAHHBIX HAONIOAATERBLHBIX OTKPBITHAX, O NIEP3KKUX HACAX U TUNOTE-
32X aCTPOHOMOR.

Matepyan KHMI'M OXBaTBhIBAE€T LIMPOKHI KpYr TeM. Mbl TOBOpUM
00 3Bomoumun BeeneHHoit, o ranakTukax, 3BC3Max, YCPHBIX JIbIPAX,
CKPBITOH MaTepHH, O MOWCKAaX BHE3eMHOM XW3HU, ONMUPASICH Ha
TBEPIO YCTaHOBJIEHHBIE HabtonarebHble PakThbi.

3aTeM MBI NEPEXOAUM K KOCMOJIOTMHW, TIPEaAMETOM KOTOpPOWH
CIIYXXWT CaMblii 60161110/ 0OBEKT HayKU — Best BUAMMas BeellenHag.
B cospemennoit Bceneunoit nouru 0e3pazaciblio FOCTIOACTRYET
BCEMUPHOE aBTUTATOTEHHE, TOMBKO UTO OTKPHITOE 110 HaboeH ! -
SIM BCTIBILLIEK CBEPXHOBBIX 3BE3/L B YAANEHHbBIX FATAKTUKAX.
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AHTUTATOTEHHE CO3MACTCA KOCMUIECKUM BAKYYMOM, U 3TOT Ba-
KYYM — He MYCTOTA; €ro 3HEPrus 6oJiblile CyMMapHOH YHEPTHM Beex
Jpyrux popM MaTepul Ha COBPEMEHHOM CTaTUY 3BOJTIOIUM MUPA.

OnHako YUTaTeNb BipaBe CMPOCHTD. KaK MOXHO U3yuath GUn-
YeCKUE XapaKTEPHCTHUKH aCTPOHOMHYECKHUX OOBEKTOB, YIATCHHBIX
OT HAC Ha TaKHe IPOMafHBLIE PaccTOSHUA. Bedb gaxe CBEeT MACT K
HAM OT OJYKAMIIEH 3BE3IbI OKOJIO YEThIPEX JIET. A OT JaReKHX raia-
KTHUK CBET WIET K HAM MIITWAP/ILI JIeT.

ACTPOHOMWMS OTJIMYAETCS OT JJabopaTopHoii GU3UKU: eciu u-
3UK PU UCCIICAOBAHUY OOBEKTa MOXET NTPUOIM3INTBLCA K HEMY, Ha-
TpeTh, CXATh €ro U JaXe pPacwWIeHUTh Ha YacTH, TO ACTPOHOM He
MOXET HENIOCPEACTBEHHO BO3ACICTBOBATE HAa OOBEKT Y BCE, UTO OC-
TAETCS ACJATh — 3TO PETUCTPUPOBATHL pa3TUIHBIC BULBI M3TYYCHMST
oT Hero. IloaToMy acTpoHOM NpU aHAIM3E pe3y/IbTaToB Habsione-
HUi Yallle BCEro pelliaeT Tak Ha3bIBaeMylo 0BpaTHYIO 3a1auy, KOTIa
Mo HAGMIOMAeMBIM CEACTBUAM HEKOTOPOTO MpOoLecca He0OX0AMMO
CVAUTH O MPUINYECKUX ITIPUYUHAX, €I0 MOPOIUBILINX.

XOTst acTpOHOMBI TIpK KcelIenoBaHNU 00beKToB BeenenHoit Ha-
XOASATCS B POJTU IACCUBHBIX HabmiogaTe e if, HaleXKHOCTH BLIBOIOB O
buznveckol NPUPoAe ACTPOHOMUUECKUX OObEKTOB TAPAHTUPYETCST
NpUMEHEHUEM COBPEMEHHBIX BbICOKOA(M(MEKTUBHLIX METOZOB M
CpeIcTB HAOMOACHUH B OYeHb LUIKPOKOM NUANA30HE CIEKTPa 3MeK-
TPOMATHHUTHBIX W3YyWeHHH: OT raMMa—KBaHTOB IO PANMOBOINH,
BKJTIOYAs OTITHYECKU I, WHMPAKPACHLIA, YIETpahHONETOBbIH U DEH-
TI¢HOBCKUIt 1HATIA30HKL.

Ecnu no cepenvabl npoiioro BeKa acCTpOHOMBI HaGIionaiy He-
00 Nuillb B ONTUYCCKOM AMania3oHe (ANMHA BOJIHbI A, MEHSETCS OT
3500 no 7000 aHrcTpeM, TO €CTh BCETO B IBa pa3a), TO R HACTOsIIIEE
BpeMs1, 6aronapsi BEIHOCY aCTPOHOMMUECKHX TeJIECKOTIOB 3a pe-
Jeabl 3eMHOi aTMochepbl Ha KOCMUYECKUX allTaparax, YAaeTcs uc-
CNeNOBaTh acCTPOHOMMUECKHE OGHEKTEI B HEM3MEPUMO OOJIbLIEM
[Hana3oHe, KOraa JTHHA BOJMHbI PErMCTPHUPYEMOIo M3jlydeHUsT Me-
HsieTcsl He B Ba pa3a, a B 10" pas; ot ramma xeanToB (A = 10" cM) 10
paguososH (A= 10°cM).

Hanpumep, n3yyas depHbie Obipbl B ABOMHBIX 3BE3IHbIX CHCTE-
MaX, AaCTPOHOMBI UCTIONB3YIOT PEHTTEHOBCKMIA THana3oH (A =1 aHr-
ctpeM win 10°cM) coBMecTHO ¢ onTudeckuM (A=5X10"cM) u
PALMONUAITA30HOM,



CneaoyeT 0coBO MONYEPKHYTh, YUTO K HACTONIEMY BPEMEHHM B
Pa3HBIX CTpaHaX BBelcHA B CTpoil nioxwHa 8—10 MeTposbIX
ONTHYECKUX TEAECKONOB HOBOMO TOKoOJIeHUs, a 3hPEeKTUBHOCTD
¢oTONPHEMHHKOB MHOTOKPATHO BO3pOC/a Onaroliaps ucnonb3oBa-
a0 T13C—MarpH1y, KoTopbie perucTpupytoT 10 90 ¢poToHOB K3 Ka-
Xkabix 100, ymaBiux Ha NPUEMHHMK HATYUEHUS,

OrpoMHblii [POTpecc NOCTUTHYT B NOCNEIHWE TOAB ¥ B panuo-
ACTPOHOMMU: HAMIPUMED, UCNOAL3YsE METOR MHTEPGHEPOMETPUU CO
CBEPXUIMHHOM 6a30#, yaaeTcs JOCTUYL YISIOBOTO pa3peileHus B
1000 pa3 BrllIe pa3pemaoieii crrocobHOCTH 3HAMEHHTOTO KOCMU-
4yecKOoro Teyieckona Xab0: ¢ 3epkajloM IMaMeTpoM B 2,4 MeTpa.

st ureHUs1 3TOH KHUTH He TpebyeTcs Kakux-JIHubo crieunaib-
HBIX 3HAHW {1, BLIXOASILINX 32 paMKH OBBIMHOM IHKONBHOMK GHU3NKU 1
aCTPOHOMMU. Mbl CTapaiuch rOBOPUTH ML O CAMOH CYTHU Jiesa, HE
BXOASL B TEXHUUYECKHE MOAPOOHOCTH M HE TMeperpyxas TeKCT mMate-
MaTUUECKIMHU GOPpMYNaMuU; T¢ HEMHOTHE (hOPMYJIbl, KOTOPbiE Y HAC
BCE XK€ PUBOMSTCSA, TI0 CYWIECTBY IIPOCTHI U HATISIHBI.

B KoH1le KHUTH TIOMEILIeH COCTARIEHHbIH M31aTeJIbCTBOM CI0BA-
PHUK, NOAICHSTIOIINIA TJaBHbIE U3 UCTIONB3YEMbIX ACTPOHOMUYECKUX
NOHSITHIA U TEPMHHOB.

ABTOpHI 61aro4apHEI KoJLleraM B MockoBCKOM YHUBepcureTe
JI. 1. Kopoukuny, /1. B. lansnoby, 10. H. Edpemony, ®. A. Luuu-
HY, KOTOpPhIC MPOUYWTAIA OTIE/AbHBIE YacTH PYKOIMUCH W clenany
MHOXECTBO LIEHHbIX 3aMEYaHU.

[OcynapCTBEHHBII ACTPOHOMMYECKH I HHCTHTYT

uM. I1. K. IHtepnbepra

Hions 2003 .



nhaBsa 1

ACTPOHOMWYECKAS KAPTUHA MUPA

HUcToku acTpoHOMKMH

HackanbHble acTpOHOMWYECKUE PUCYHKU, BCTpevatommecs B
Pa3HBIX YACTSX CBeTa, ObUIM IEpBOI MONBITKOMN YenoBexa 3aneyar-
JeTb U OCO3HATb KapTUHY MUpa, B KOTOPOM MBI XHBeM. JIpesHue
Maiisl YepTUNY TAKKME PUCYHKH OoJjice uIecTH THICsYETeTU Has3al.
[TaTh ThiCAY XET Ha3a/ MOSIBUTHCH NEPBbie ACTPOHOMUYECKHE 3aMU-
cu 8 Erunre, BaBunoune, Kurae.

B apesHeuHIuitckoi «Pursene», uTo 3Ha4UT «KHUT2 TUMHOB»,
MOXHO HalTH OINMCAHUE — OIHO U3 CAMBIX [IEPBRIX B UCTOPHM Ye-
JoBeyecTsa (X BEK 10 H. 3.) — Bceil BeeseHHOM Kak ¢ ATHOTO 11e10-
r0. CornacHo 3TOMy OMUCAaHUI0, BeeneHHas ycTpoeHa He CIIMIIKOM
cioxHo. MNMpexne Bcero, B Hel uMeerca 3emis. OHa npelcTapisger-
csl «OBUIMPHBIM NIPOCTPAHCTBOM» M IMEET BUIL 6E3rpaHUYHOMN TLTO0-
CKOIl MOBEPXHOCTH. ITd NMOBEPXHOCTb MOKPHITA CBEPXY HEGOM. A
HE00 — 3TO «TONTyHOit CBOI», YCESTHHBIN 3Be3naMU. MexXy HeOOM U
3emrneit — «CBETALIMIICS BO3AYX».

OueHb NOXOXH Ha 3TY KapTHHY ¥ paHHUE ITPEACTABICHTS O MA-
pe y APEBHUX [PEKOB ¥ PUMJISIH — TOXE TUIOCKAsl TOBEPXHOCTD TIOA
KYTIOJIOM Heba.

Ot HacTosIeH HayKU 3TO ellie 0UYeHb Aaneko. Ho 3aMevarennHa
U rpaHuyO3HA caMa Leib — 06bATH MBICTEIO BCIO BeeneHnyto. OT-
crofa OeperT UCTOKY YBEPEHHOCTb B TOM, YTO WEJIOBEYECKMI pa3ym
CIIocobeH OCMBICIUTD, MOHATE U BOCCO3MATH B CBOEM BOOOPAXKEHUH
MOJHYIO KapTUHY Mupa. Hayka o MUpe B LeNOM cKiIablBaNach no
Mepe TOro, Kaxk N0 HaKoTieHHe KOHKPETHBIX 3HaHMi o 3eMie,
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ConHnue, JIyHe, TUTaHETaX, 3BE3/1aX, 4 3aTEM yXe U O TAaKTHKax M UX
CUCTEMAX.

Mup Apuctorens

B VI Beke n10 H.3. [Tudarop yunn, uyto 3ems wapoobpasxa. do-
Ka3aTEALCTBOM 3TOMY CNYXMNia, HarpyMep, Kpyrias TeHb Halueit
NINaHEThL, nanaloias Ha JIyHy Bo BpeMmst JIyHHBIX 3aTMeH Ui, [Tapme-
HWI, a 332 HUM U ApUCTOTENb, BCIO BCeneHRYI0 cUMTAN tapoodpas-
HoH, chepryeckoit. Ha 3Ty MBICIb HaBOIUT He TOJNBKO OKPYT/biii
BUI HEOOCBOAA, HO U KDPYIOBLIE CYTOYHBIE ABMXKEHUA HEOGECHBIX
CBETII.

B uenrtpe Mupa Apuctorens noMeltaer 3emmo. Boxpyr Hee pac-
nonaratoteas Comdue, JlyHa v M3BECTHBIC TOrAa NATh IUIAHET —
Mepxypuii, Benepa, Mapc, IOnutep n CatypH. KaxxmoMy n3 atux
TEN COOTBETCTBYeT CBOSL cepa, oOpallarolascsd BOKPYT Halleit
TutaHeTsl. Teno TPUKPENIeHo K cBoelt cdepe U TOTOMY OHO TOXe
JBHXETCst BOKPYT 3eMuid. CamMoil ynaneHHoO# chepoit, OXBaTBIBAIO-
el Bce OCTANBHEBIE, CIATANIACh BOCbMAst, Ha KOTOpOIi pacnojara-
AMCh 3Be3nbl. DTa cdepa Toxe oOpaulaeTcss BOKPYT JeMnd B
COOTBETCTBUM C HAGIOMAEMbIM CYTOYHMM ABMXEHHEM Heba.

ApHCTOTENb YT, YTO HeGecHble cdepbl, Kak caMUu HeGecHble
Tesa, CAeNaHbl U3 0coboro HebGecHOro Matepuana — 3dupa. dhnp
— 3T0 TISITas CTUXUS, T. €. KBHHT3CCEHLMs!, MOCIC 3¢MN, BOAbI, Or-
Hsl M Bo3ayxa. OH He UMEET CBOWCTB TAXECTH WJTH JIETKOCTH M Cylle-
CTBYET B BEYHOM KPYrooGpa3sHOM JABHXEHWM,

Cucrema fMronemen

Takast reoueHTpHyecKas KapTHHa MUPa LIapyiia B yMax Jitoaei Ha
MPOTAXEHNY ABYX ThiCSMeNeTHI — BMNOTH Jio 31oxu Komnepuuxa.
3ameuateibHOE €€ YCOBEpLIEHCTBOBaHME ocyLlecTsut Bo I Beke
Haruei apul [TTonemeid, acTpoHOM | Teorpad, XUBLIUM B AnekcaH-
apuy. OH co31an CTPOrylo MaTeMaTUUYECKYI0 TEOPUIO JIBMXEHWS
TJTAHET M HA €€ OCHOBE MOT BEChMA TOYHO BBbIYUCIIATH BWIWMBIE [TO-
JIOXEHUS CBETUJ1 HA HEOE — TIe ORW HAXOmATCsT ceivac, rie 6bUn
pasbliie Y Ilte OKaXyTcs notoM. [Lis Bocpousseaens Bcex TOHKHX
IeTajteit IBUXEHHS TUTAHET 110 HeGy K TIPEXHUM TSITU KOHUEHTPH -
4YecKUM HebGecHbIM chepaM NPHIIOCh NOGABWTH HOBBIE, LIEHTPHI
KOTOPBIX YX€ HE COBMNAANH C LICHTPOM 3EMIU.
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Puc. 1.1. Knapauit [TTonemeit
(2-11 BeX HOBOH 3pBI).

TakuM M306pasun ero Ge3bIMsH-
HbI ERpONENCKUI WUTIOCTPATOP, X1B-
MU MHOTO BekoB criycTd. [ITonemeit
ObUL aCTPOHOMOM, acTpoJIOTOM, TIeo-
rpacdoM 1 punocodoM. Tournle matsl
ETO POXIEHUST 1 CMEPTH HE WIBECTHHI.
IMonararoT, 4to OW NIPOXUI 78 JeT u
ymep B 141, a MoxeT 6biTh, B 151 Tony.
Ponom on ¢ BeperoB Huna, u B genkre
Huna, B Anexcanapuu, ycrpown o6-
CEPBATOPHIO HA KpbIIE OZHOrO U3
KPYNHLIX xpaMoB. CobpaHue €ro acT-
POHOMMYECKHX TPYIOB HA3BIBACTCS
«AJTbMarecT, B apaOCKOW TpaTHLIUM.
Caum aBrop HasbBal ero «CUHTAKCUC.
ACTpOHOMBI BOCTOKA COXpaHWIH 3TOT TPYI TTOCAE NAJEHUA aHTUYHON 1TH-
BATW3ALMK, ¥, GIarogapst UM, OH CTall AOCTYTIEH BceMy MUpY. Bosiee Toics -
YENETUS «ATTBMATECT CITYXKUIT HCTOYHHUKOM 1Ie HHEUIITHX aCTPOHOMMYECKUX
HaHHbIX. OCBATIEHHBI aBTOPUTETOM KATOIIMUECKOM LIEpKBH, OH OBLT CBO-
JTOM OOLICTIPUHATLIX CBeAeHUH O KOCMOCE M MECTE B HEM USNOBEKA. YXe B
HOBeitite BpeMeHa [toneMes OBBHHAMY (Kak CYHTAIOT CTICLHATHCTHI, 63
JIOCTATOYHBIX OCHOBaHMIT) B Hay4HOM IIarare: AKo6hl OH 3aUMCTROBAT —
6€e3 CCHUTOK Ha MEPROMCTOYHUK — 3BE3THBIM KaTaI0L, COCTARNEHHEIH paHee
[UnmapxoM, ApYTUM 3HAMEHHTBIM aCTPOHOMOM APEBHOCTH.

Cnopbt Boxpyr TTtoeMes POJOIXAIOTCA U IO CUX TOP; OO AOXOAUT
TIOPOM Y IO COBCEM B310PHLIX uaei. Hekorna npekpacHblii MATeMATUK, a
HBIIle HEOEIBIIBECTHRIN MUCATENE: KBA3MUCTOPUYECKUX HeBLLIMLL (M3 CTEH
MoOCKOBCKOrO YHMBEPCUTCTd, YBEI) YTBEPXKALCT, UTo HUKakoro TIronemes
HMKOTJIA He GbLN0, A eT0 TPYJ — cpenHesekonad noaneaka. Ho Her xyna 6¢3
100pa: KTO M HE BUAES «AJIbMATECT» CBOUMMU [JIA3aMM, TOT CEUYAC CHUMET
Cro ¢ NOJKH M C NOYTEHUEM M BOCXMILEHUEM NIPOYTET WIH, 11O KPaHeH Me-
pc, [IPOJNMCTACT.

Y [lroneMest Kaxnast IUIaHETA YYACTBYET B HECKOJbKHX KpPYro-
BBIX JBHXEHHSAX, 3 HX CIOXEHHUE U JJacT BUIHMBIE [TYTH HEGECHBIX
Ten. TTTonemeit nucan, 4To «HabmonaeMble HeGECHEBIE SIRIEHUS BOC-
fIPOM3BOJATCHA HEUIMEHHBIMY KPYTORBIMU ABUXEHAAMMY,

QCHOBHBIE BpalllcHUS HAa3bIBATUCL LUMKIaMU, a TOO0ABOYHBIC
IMULIMKJIAMH; WX TUCITO JOXOIWIO 10 55 B HEKOTOPbIX BAPHUAHTAX.
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B cepeaude XTV Beka (a 310 OB BeX yBJIEYCHUS TEXHUYECKUMH
u3obpereHuaMu B EBpore) vacoBbix e Mactep u3 IMaayu masro-
TOBUJT HE TIPOCTHIE YACH], & TO, YTO HA3BIBAJIM acTpapuyMoM. Koneu-
HO, 3TH Yachl IOKa3bIBAJIKH BpeMS U MPUTOM C JOBOJIBLHO BBICOKOK
ToyHOCTHIO. HO 3TO He Bece: acTpapuym BOCIPOM3BOAWI BUIMMbIC
niepeMetenust Comuua, JIVHE M Tiianet o HeGecHow cdhepe. U Bee
3TO B NOJIHOM COOTBETCTBMH C ACTPOHOMUUECKUMP 3HAHUSIMH TOW
310xU. IT0 ObUIA B JIeUCTBUTEJBHOCTH BITOJIHE YAABILASICA TIOILIT-
Ka [OoCTPONTH HEWCTBYIOIYIO MOIEAb BeeneHHOoI, TO ecTh 3T0 6bLT0
BoCIipoM3BeaeHue BceseHHOU B AeiiCTBUM MOCPEACTBOM YAacOBOTO
MeXaHU3Ma.

MHorouMciaeHHbe UenasoLmnecs Apyr 3a Apyra KoJjeca acTpa-
pvMyMa BOCNPOU3BONWIH CBOMM BPAIIEHUEM LIUKITBI M SMULUKIEI
Itonemest, Tak YTO BCY 3Ta YacoBasl MallIFHA TIpeIcTaBsEIa co60lo
cuctemy [ITonemes «B MeTaNNE», KaK cKa3anK Okl MHXEHEPHI.

Mounenn BceneHHoit, TMonoGHble acTpapyyMy, HaDISIOHBIM U
OYEBHAHLIM 0Dpa3oM 1EMOHCTPUPOBATU A10D0OMY Ye10BEKY Hebec-
HYIO MEXAHUKY, YCTPOHCTBO U ABHXEHUE MUpa.

Cucrema Apuctortensg—TlitonemMes — 310 Toxe MoAesb BeeleH-
HOU, HO B OTJIKUHME OT ACTPApUyMa, OHa BOCMPOU3BOIAUT MHUP B T€O-
peTUiecKoM BUOe — B BUIe uucen, tabawu, rpacdukos. OHa
NO3BOJISIET BIUMCAUTE HAMEPEA NyTH HEDECHBIX TelT, ¥ TAKUE Teope-
THYECKHUE TIPEJICKA3ZAHUS [TPOBEPHIOTCA IIOTOM IPAMBIMHM aCTPOHO-
MHYECKUMY HaOMIOAEHUSAMH. DTH MpeacKa3aHUd HEU3MEHHO M C
XOpOWEH TOUHOCTBIO MOATBEPXAATINCH, U MOENb ¢ HEMATIOH MONb-
300 cIyXuNa JIOAM Ha IPOTSDKEHW U YEThIDHAILIATH BEKOB (ECTH
cuuTtath oT [1ToneMest).

B coBpeMEHHOM Hayke TOXE CTPOAT TEOPETUYECKHE MOAEAM
BceneHHOM, man KocMoJioTHIecKye Moaenn. OHM OIUCHIBAIOT YXKe
He COJIHEUHYIO CHCTEMY C €€ TUIAHETAMM, a BECh MU 3Be31 U ralak-
THK, CTaBIIMI HOCTYTIHBIM acCTPOHOMMYECKHM HaOIOAeHUAM; O
HUX peyb MOIeT Aaslee B rnase 4.

KonepHHWKOBCKasi peBONIOLUA:

refnoueHTpuyeckas BeenexHan

He6ecnas Mexanuka [TroneMest 6bu1d CIOXHOM, HO HE 'POMO3/I-
Koit. B ee clIOXHOCTH ecTb CBOs JIOTUKaA, CBOSI TapMOHNA U JaXe
kpacota. Ho, cyns 1o scemy, npupoaa OpeanoyuTacT npocToTy.
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3ty npocroty Mupa pasranan Konepwunk. CHavana B 15151 B
«MaoM KOMMeHTapHM», a 3aTeM U B CBOEH IIABHOM KHMWIE, BEI-
ureameit B ron ero cmepth (1543), KonepHuK npeiox reamo-
UEHTPUUSCKYIO CUCTEMY MUpa. Ero xHWra Hocujia CKpOMHOE
Ha3BaHKE «O BpalleHUsIX HEGECHAIX
Tes». Ho 3To BbIio nep3koe u pemmv-
TEILHOE HUCIIPOBEPXKEHHE APUCTO-
TEIEBCKOTO B3MJIsLA HA MYUP.

Puc. 1.2. Cucrema mupa Konepuu-
Ka, K4K OHa HarAaHO M300paxcHa B
ero xuure. CoJlHLE 3[eCh B LIEHTPE Op-
6ut Mepkypus, Bevepnl, 3emiun, Map-
ca, IOnurepa u Catypra. BuemHuit
Kpyr — cdepa HEeTOABIKHBIX 3B¢3.

Baaroaapst KonepHUKY MBI Y3HaIH, 4T0 He 3eMist, 2 CoaRlie 3a-
HHUMACT LEHTPAIbHOEC TIOIOXEHWE B IUTaHETHOM cUcTeMe. TIpu aToMm
OCHOBHBIE YePTHI ABUXEHHS IUTAHET IIOAYUIUTH CaMOE ECTECTBEHHOE
OOBSAICHEHHE. 3eMJIS XK€ HUKAKOM HE LeHTp MUpPA, a OAHA M3 psAno-
BBIX MuaHer, oOpamatomuxcs Bokpyr Condua. Tak Bce CTANO Ha
CBOW MecCTa, U TIpocToe ycTpoiicTBo CoJTHeUHOIl CHCTeMbl OKa3a-
JIOCh PacilO3HAHHBIM.

Puc. 1.3. Hukonatt KonepHuk

(1473—1543).

TaxyM oM ObLI, BEpPOSTHO, BO BpeMeHa
HamnucaHug «Manoro KOMMEHTapHUs».

B 1973 1. acTpoHOMH! BCEero Mupa
npa3yaHoBaIM S00-JIeTHe BEAHKOrO YIEHO-
ro. bonbiune TopxecTBa 6pu1M B Bapinase,
MO «Hally» CTOPOHY XCJIE3HOro 3aHaBeca,
M JUT CORETCKHX ACTPOHOMOB 3TO Owlia
penJaifiias 1o TeM BpeMeHaM BO3MOX-
HOCTb JIMUHO BCTPETUTLCS C 3aTTaIHBIMU
KOJUIEraMH, KOTOPbIX IaBHO M XOpOIUO
3Ha.fllfl 0 UX KHHUIAM U CTAaThsIM.

Cnasgo, uro KonepHux 6bIT Mok,
HE MpaBha /sivu! — TOBOpWIMA HaM HOBhIC
Npy3bsl.
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C 5TOro BpeMeHH CJOXHAS KAPTUHA HeOeCHbIX cdhep U LIHKIOB
oToNLIa B npouwtoe. Hawanachk HOBAsl 3110Xa B U3yYEHUU U IOHMMaA-
Huu Beenernoit. [Tpomonkanack oHa Moyt 0SITh CTOJNETHIH, BILIOTh
N0 BTOPOM PeBOIOLMY B aCTPOHOMUU, KOTOPas MpULLIAch Ha 20-e
rogel XX Beka. [Tocne KonepHuka Mb1 yXxe HE MOXCEM paccMaTpH-
BaTh HaLLly 3eMJLIO KaK KAKOe-TO 0coDoe MeCTO B IIPOCTpaHcTBe. Ha-
11le TIOOXEHHE B MUpE HUYEM 0COObIM He BBIIEIEHO — 3TO O6lliee
YTBEPXKIEHVE HA3bIBAIOT NpUHLUMTIOM KonepHuKa.

Puc. 1.4. Uorax Kennep
(1571-1630).

MareMaTnueckuii TANAHT U TPOHMLA-
TEAbHOCTb ACTPOHOMA BMeCTe ¢ Heobbl-
YaiHbiM TpyloniobMeM M ycepaveMm
MO3BOAMIM MY U3BIEHbL U3 OMPOMHOKR
IPYALl ChIPOro Marepvana HaGMoneHWIA
ILPOCTHIC ¥ CTPOIHBIE 3aKOHBI ABMXKEHMSI
nnaHeT, [naBHblif U3 HUX TNacUT, KAXAas
IUIaHeTa OBpal@eTcs Mo SAIMNCY, B OI-
HOM M3 (POKYCOB KOTOPOIO HAXOAMTCA
Connue.

B Ilpare noK4a3nBalOT OKPYDIYIO CTE-
Hy ctaporo cofopa, BGAWIM KoTOpOTO
swi toraa (B 1609 r.) Keruiep. B nornepeu-
HOM CEUeHHMH OHa TIPEACTARNAET COBOW
SJUIMAC; 3Ta ee HOpPMa, KOTOPYIO aCTPOHOM BHMMATEALHO W3Y4YWI, W Ha-
TOJNKHYAA €70, KaK FOBOPAT, Ha MBICJIb 0 KOCMWYCCKUX IIUMCAX, KOTOpbIC
3aMEHWIH, C TEX MOP ¥ HaBCeraa, UMKIILI ¥ 3MHIHKIE! TTronemest.

B Fpary on npuexan BbINYCKHUKOM TIOOWHIEHCKOTO YHUBEPCUTETA,
YTOOBI 3aHATL MECTO ACCUCTEHTA NpH Tuxo Bpare, 3HAMEHWTOM ACTPOHOME
(1 6OBLIOM BENBLMOXE) TEX JIET, H NOCAC GE3BPEMEHHOIN KOHYMHEI NMATPO-
Ha B 1601 1: yHacneaoBa1 OT Hero NoMeTHbIi THTY IMnepaTopekoro Mare-
MaTuKa,

HMmnepatop CesimicHHo# Pumckoit Umnepun Pynonsd Bropoit He
CJIMLLKOM MCITPABHO IUIATHIL XAI0BAHHE HayYHbIM PaGOTHUKAM M B Pe3y.1b-
Tare cunbHO 3anoaxan Kemnepy [lorosapusam, wro UmMneparopckoMy
MATEMATUKY IPUXOAUIIOCH TTOIPaBaThIBATE HA XH3HB COCTalIeHHEM 3aKa3-
HBIX TOPOCKOIIOB,

OH 6BUT JIOTEPAHNH, H PENTVTHO3HbIE FOHEHUSA, OBOCTPSIBIIKECS BpeMsT
OT BPEMEHU, 3aCTARIISIIA €0 MePee3xKarTk ¢ MeCTa Ha MECTO; OH U yMep B JIO-
pore, mepebupasch w3 Slunua B basapuio,
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3aMeyaTesibHO, YTO 3310J1ro a0 KornepHuka, B cepeamHe 111 Beka
JIO H. 3., nieto mBikcHUA 3emuid Bokpyr CoitHOa obcyxiaan Apuc-
Tapx CamoccKWit. DTa uaest BHoBb Bo3HMKI1a B X1 B. H. 3. Ha BocTto-
Ke B Tpynax 3suMiioneancta bupynu. Ho oHa 3asoeBana ymbl
Jutns 6naronaps KonepHuky u ero knure. M 310 HecMoTps Ha nep-
KOBHBIH 3arpeT, KOTOpblii Obul HanioxXeH Ha yueHue KomnepHuka B
1616 1. u meitcrosan (hopManbHo) no 1828 rona.

[lobene HOBOrO B3rMNsiia Ha MHUP B OYeHB 3HAUMTETBHOM CTETICHI
cnocobeTBoBANY yeunug Tannnes. B 1632 . BbILLIO €T0 U3NOKEHHE
cucteMbl KorepHuka, KHUTa «[Iuaior o ABYX TIABHEMHIIMUX CUCTE-
Max MUpa», HAITUCAHHASA ACHO U rpocto. OIHO M3 NPEeCTYTUICHHH, B
KOTOPBIX MHKBM3ULIMSA 0OBUTsUIa Tanunesi, kacanoch GOpMbt K CTU-
Jisi ero coyrHeHwin. Bo3myiiano, 4Tto oH MUIIET TaK, YTO 3TO MTOHAT-
HO OOBIKHOBEHHDBIM JIIONAM.

Puc. 1.5. lamuneo Tanuneii
(1564--1642).

MarteMaTuK, (PU3MK, aCTPOHOM, MbIC-
avtens. JTamuieil OTKpbIN 3aKOH NHalNeHuH
TEN B MOJE TAXECTH: BCE Tesla MajaloT ¢
ONYHAKOBBIM YCKOPEHMCM HE3aBUCUMO OT
UX COOCTBEHHOM MACCHI U pa3Mepa, eCclu
HUCKIIOYHTE COTTPOTURICHHE BO3IyXA.

OH YYWICA MEAULMHE B YHHUBEPCUTETE
ITu3bl, HO, KaK CUMTAIOT COBPEMEHHBIE UC-
'TOPMKM HayKH, Bpsil JIM Opocasl NipeaMeThl ¢
BepxHero spyca [lnzaHckoit GawHn. On
HabJIoaan B YHUBEPCUTETCKOM COBOPE KA4aHWS JIOCTPbl U 34METHIL, YTO
NEePUO KOAeOaHWI He 3aBHCUT OT UX pa3sMaxa. [loTOM OH HanexXHO npoBe-
PWI 3TOT (haKT B TaOOPATOPHBIX HKCIIEPUMEHTAX C MASITHHKOM.

OH Bpsia JIY BOCKITHKHYIT: «A BCE-TaKW OHA BEPTUTCSH» NoC/Ie 0ObsiBie-
HUA eMy OOBMHMTEIBHOTO BepaukTa. Ho «ynpamblit Tameli», kak HasBan
ero TIyIuKWH, HAaBEPHAKA TaK AyMaJl B TOT MOMEHT.

Hcaaxk HploToH, poaMBLuuiics B roa cMmeptd Tamwies (1642),
rpespatiwl ydeHue KornepHuKa B TO4HYIO HayKy. OH OTKpbUI 33aKOH
BCEMUPHOTO TATOTEHUS U HA 3TOM OCHOBE CO3AN TEOPHIO JIBUXE-
HUA HeBecHBIX Te. [1puMenuTensHo K ConHeuHol cucteMe Hebec-
Has MexaHuKa HBIOTOHa OTKpbUIa NPUYHHY, TIO KOTOPOil 3emasi 1
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Puc. 1.6. Ucaak HrioTon
(1642—1727).

Ero rnaBHbIif Ty «MareMaTHueckye
Hayana HaTypasbHOI durocodumn»,
OIy6IMKOBaHHLI B 1687 romy, conepxan
OTKPRITHIE UM, U BCEM TeTlepb U3BECTHBIE,
TPU 3aKOHA KJTACCUYECKOH MeXaHUKH M
3aKOH BCeMUpHOro TaAroTeHus. Wnes
BCEMUPHOTO TATOTEHWSI MOCETHNA €ro,
KOTZa OH YBUJAET MaaeHWe CO3PEBLICTO
sabnoka. Tak racur serenaa, pacckasaH-
Has Bonsrepy miemannuueii Hoetotona, a
MOXET OBITb, U COYMMHEHHAsI BEIMKUM
BOJIBHORYMLIEM, OT KOTOPOIO €€ Y3Hai
BECb CBET.

W 3s1HbIiA 1 MPOCBEIMEHHbIH BEK BH-
[1eJ1 B 3TOM ICTOPHH NPO3pavHy0 aJLUTero-
pu1o: cama [Ipupopga maput cBoeMy M30paHHHMKY 3peJiblii TUION OT JApeBa
MO3HAHMS,

«Hauana» CyltiecTBYIOT B IPEBOCXOAHOM PYCCKOM TIEPEBOIE aKaIeMUKa
u anmupana A. H. KproroBa, KoTophbiii nepenpoBepill BCe MaTeMaTUYECKHE
BeIxy1anku HeloToHa, nepeyepTit BCe ero 4epTeXu K Mo XOmy Jeia ycTpa-
HMJT HEMAJIO MEJTKUX OTPEXOB, a TIABHOE — Jall ACHBIN KOMMEHTapHit K
KJIIOYEBEIM MECTAM 3TOro YyHAAMEHTAILHOIO Tpyla. B OCHOBE OCHOB Me-
xaHUKH HEIOTOHA IeXUT npeacraBieHue 06 aGCoNOTHOM BpeMeH# i a6Co-
JIIOTHOM TIPOCTPAHCTBE, KOTOpPLIE CYLIECTBYIOT CaMM MO cebe U OCTaloTCH
BCET/A U Be3lle HeM3MEHHBIMU IO CBOMM CROMCTRaM. Tax Bce W IyMaT noc-
Jie HeloToHa, nokKa He mpuilen DAHIITERH,

Bvin amom mup xpomewnoil meaoli okymad.

Ja 6ydem ceem! — u aom sguncs Hoionon.

Ho camana ne doa20 dcoan pesaHiua:

[puwen Jianwmelin, u cmano ace Kax panvule.

(DonpKiIop GU3HKOB)

TUIAHETBI ABWXKYTCST TIO CBOMM OpOMTaM — UX YAEPXKUBAET HA 3aM-
KHYThIX opoyTax cwia TaroreHust CojiHIA. 3aMKHYTbIE OpOMTBI MO-
TYT OBITE UACATLHO KPYTOBBIMU, KakK y ApuctoTens ¥ [Tronemes.

B ob6uiemM ciydae opOUTHI ABISIOTCS HE OKPYXHOCTSIMH, a 3JI-
JIUINCAMHU. DIUTUIICAMM, HO HE OYeHb CUJIBHO OTIWYAIOUIMMHUCA OT
OKPYXHOCTeH, U SIBIAIOTCS B AEHCTBUTEIIBHOCTH OPOUTHI 3eMITH U
IUIAHET, DJLIMOTUYHOCTh TU1AHETHBIX OpOMT OTKpbLLI elne B 1609-
1619 tr. Kerutep. SMmupUyeckye 3aKOHbI ILUIAHETHBIX ABUXCHUI
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Kennepa — kxpynHeiilnee HabmogareabHoe oTKphiTUe KonepHu-
KOBCKOI4 310X B aCTPOHOMM M.

HruroToHoBCKOE TATOTEHWE — 3TO MOMCTUHE CHNA, UYTO ABUXKET
MupaMi. OTpoOMHOE pa3HOOOpa3ue SBJICHUI IIPUPOALI — OT IBHXKE-
HUS wiaHeT CONHEYHOV CUCTeMBI IO pa3beraHust ranakTHK Bo Bee-
JIEHHOH TPEKPacHO OITUCEIBAETCSI HBIOTOHOBCKOH MEXaHMXOU 1t
TeOpHeit TArOTEHYSI. '

Mup 3Bean

ConHeyHas cucteMa — 370 ¢lle He Bca BeesnecHHas. Ectb Bens
ewne ¥ nanexue 3pe3nbl. O HuX KomepHuK He BHICKA3EIBAaeT B CBOEM
KHUIe HUKAKOTO orpeaeleHHOro MHeHusi. OH IpoCTO OCTAaBISET UX
Ha TIpeXHeM MecTe, Ha faibHelt cdepe, TIe OHW ObUIN Y APUCTOTE-
J1si. OH JIMILUB CYesI HYXKHEIM J106aBUTD (M COBEPILIEHHO NPABHILHO),
YTO PACCTOSIHUA JO 3B€3/ BO MHOTIC pa3 OoMbHIe pa3MepoB MJIaHeT-
HBIX OpOUT.

Kaxk u B Ki1accuueckoil ApeBHOCTH, BeeleHHast B LeOM MBIC/IH -
nack y KonepHuka 3aMKHYTBIM HIApOOGPa3HBIM HPOCTPAHCTBOM,
OTPaHUYEHHBIM 3TO Chepoii.

B xopotlyto ACHYIO HOUb, BHE CYMEpEK U 0e3 JYHHOrO CBeTa, B
KaXI0€ MIHOBEHVWE Ha BMAMMOM IOJOBUHE HeGA MOXHO YBHUIETD
HEBOOPYXEHHBIM I7Ia30M OT JIBYX JO TPeX ThicAy 3Be3n. B crimcke,
cocTtasneHHoM Bo 11 Beke 10 H. 3. 3HAMEHMTBEIM aCTPOHOMOM JpEB-
HoctH TunmapxoM v nononxHenHoM no3aHee TTToneMeeM, 3HaUUTCH
1022 3me3nel. Iepenuii, mocneaHuin aCTpOHOM, TTPOM3BOAUBILINIA (B
XVII Beke) Takue IoacyeThl 6€3 MOMOIIM TEJIECKOIa, JOBET UX YMC-
10 1o 1533, 3Be3M0YETHI, KOHEYHO, HE TONBKO CUHTAIH 3BE3/(bI, HO
1 OLIEHUBAIM BeJIMUMHY KX 6JIecKa, U3IMEPAIH KOOPAUHATLI HA He-
OecHoil cdepe. ITo Heerkasa paboTa, Tak YTO HEYAUBUTENBHO, YTO
3a MHOTWe BeKa TPYIOB JO H300peTCHUsI TesleCKOIla aCTPOHOMBI
CMOTJIM 3aHECTH B KaTaJIOTH HEMHOI'MM 00Jibilie TIOJIOBUHEI 3BE3N,
BUIUMBIX HEBOOPYXEHHBIM IJIA30M Ha CEBEPHOW HeGecHOM noay-
cohepe.

VXe 8 IpeBHOCTH MOJO3PEBAIU N O CYINECTBOBAHUY BOJIBIIOTO
YUCNA 38€3/1, He BUIMMBIX rTa30M. JleMOKPHUT rOBOPHII, YTO Gesteco-
BaTas MOJIOCA, NPOTAHYBIUAACS Y€pe3 Bce HE0O, KOTOPYIO MBI HA3bI-
raeM MireunwiM IlyTeM, ecThb Ha caMOM Iejie COeNUHEHUE CBETa
MHOXECTBa HEBUIMMbIX IO OTHEJIBLHOCTU 3Be3ad. Criopsl 0 npupone
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Mieuroro Ilytu ripogo/sKanuck Bekamu. PeleHue — B ITONb3y 10-
ranku JeMoxpura — npuuwio B 1610 T, xorma Tamuneit coobimn o
[1EPBbIX OTKPBITHAX, CACAAHHHIX ¢ MOMOLILIO Tesieckona. C IoHAT-
HBIM BOJTHEHUEM M TOPAOCTHIO OH MUCAN, YTO TeTleph YAANOCH «Clie-
JIATh JOCTYNHBIMH IJ1a3y 3Be3dbl, KOTOpbie paHBII¢ HUKOrAa He
ObLTM BWIMMBIMM M 4YMCJIO KOTOPBIX, T10 MEHBINIEH Mepe, B ASCSTh
pa3 GOJIbINE YHUCIIA 3BE3NT, H3BECTHEIX HANPERTIE».

[Tocie 3TOrO OTKPHITUA BaXHELICH 3ana4eid aCTPOHOMUU CTAJIO
usyyenue Mieusoro ITyTH, 3Toro ruraHTCKoOro cobpaHHs 3Be3,
KoTophle [amiei yBHIEN B CBO# TeIECKO. YCHIUS TIOKOJSHMM Ha-
OmoaTeneii ObUIM HalieJeHbl Ha TO, YTOObI Y3HATb, KAKOBO MONHOE
gucio 38e3n Miegroro [IyTd, onpeneauThk €ro AeACTBUTENBHYIO
GOpMY U rPaHUIIBI, OLEHUTb PA3MEDHI.

JIvwik B XIX Beke ypanock NOHSITE, YTO 3TO eIMHAs CUCTEMA, 3a-
KJroyaolnast B cebe M Bce BHAMMBIE TIa30M 3BE3IbI, U OTPOMHOE
Ypcao Opyrux 38e31. Ha papHBIX paBax ¢o BCEMM BXOIUT B 3Ty CU-
ctemy U Hante CoJHle, a ¢ HUM 3eMis v niiadetsi. [TpudueM pacro-
JIaraloTCcsl OHW Ja/IeKO HE B LIEHTPE 3TOTO MHpa 3Be3ld, a Ha €ro
OKpaunHe.

l'mnotesa bpyHo

Wpen o Tom, yro Hawe CosHIle — pguoBast 38e31a, HO TOJbKO
camas 611M3Kas K HaM, 6bUTa BbickadaHa JIxxopnano BpyHo B 1584 .,
etue no orkpbiTuii [amunes. Ero counHenne HasbiBanock «O 6ecko-
HEYHOCTH, BCEJICHHOM U MUPax» ¥ COIEPKATO COObpaxeHUs o bec-
KOHEYHOCTH HPOCTpaHCTBa BceneHHON, 0 MHOXEeCTBEHHOCTH
obuTaeMblx raHet. Ecny KomepHuk ykaszan Mecto 3eMie OTHIOADL
He B UeHTpe Mupa, To BpyHo 1 ConHie JIUILWT 3TOi TPUBWIETUN.
Ou CKa3aJl, 4To COJ'IHLIB JIUIBb OTHA U3 BEJIUKOI0O MHOXECTRA 3BE3
BceneHwoii.

KoHeuHo, 3To ObUIM TOJBKO NOTAAKW, [MIIOTE3LI, HE MMEBILE
roa, cobo# HUKAKOU HabIoAATEIbHOM OCHOBhI. OHHU, BO BCAKOM
clyyae, He IPOTUBOPEYNITH HUKAKUM (akTaM HayKu. D10 JIMIIb He-
06XonuMoe, HO He AOCTATOYHOE, YCIIOBHE NPaBWILHOCTH uaed. Ha
TOTHALIHEM YpOBHE Hayku TUMoTe3sl BpyHO Helb3a ObLIO MpoBe-
PMTb — ITOITBEPAUTE WU ONPOBEPIHYTh IMyTEM IPAMEBIX aCTPOHO-
MUYECKHX HabmoneHuil. B 3ToM 6buia Mx c1abasi cropona. InasHoe,
OJHaKO, ObIIIO BOBCE HE B 3TOM.
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OKa3bIBaeTCsl AXKE HENPOBEPEHHbIE HA ONBITE WIEH H MPEAro-
JIOXEHUS MOTYT BBITh MCKITIOUHTENBHO BAXHbL.

Slpkue TMIOTE3bl, HAEY HeoObIYaHHON CMEIOCTH CMOCOOHLI pe3-
KO Pa3NBUHYTB YMCTBEHHbIH Kpyrosop Jogei. Tak u npousonuio ¢
rumore3oit bpyHo.

lopy30HTR MUpa cTaIM UHLIMK ocae BpyHo. Takoro npocTuTh He
Mmorid. OH 6bU1 coxxeH B 1600 rony Ha [nowaay Lipetos B PuMe.

Heckonbko net Hasaa [Mana Pumckuii MoanH Maeen 11 npuxu-
Man B BaTuKaHe y4acTHUKOB MPOXOAMBINETO B PYMe HayuHOro KOH-
rpecca. Marematux B. U. ApHoawa cnpocwt y Hero: [anunaeit
HEeNABHO OMPABAAH LIePKOBbIO; HE F10pa I OnpasjaTh U JXxopaaHo
Bpyno? IMontuduk oreetvn: Moyemy 651 M HET, HO IOKAXWUTE CHa-
yaJia CyLUECTBOBAHHE XH3HM HA APYTHX TLUIAHETAX.

Pa3 ConHue — ofHa w3 3Be3a BceneHHOM, To Torma u mpyrue
3Be3/1bl TOXe BMOJTHE MOTYT GBITH oaocOHb! COMHITY W HMETh CBOM
TUIAHETHLIE CMCTEMbl. A Ha IPYTMX [UIAHETaX TOXE BO3MOXHA
3KM3HB... TONBKO B caMble TIOCNEAHME FOB! CYIIECTBOBAHUE ILTAHET
BHe ColHEYHO cHCTeMbl ObLU10 HAIEeXKHO 10KA3aHO NPSAMbIMU acT-
POHOMWYECKUMHU HABIIOAEHUSAMH, ACTPOHOMHUS BILIOTHYIO TI0HO-
11113 K HAyYHOMY TIOUCKY BHE3EMHOIX XXU3HU. DTO OHA U3 TNABHBIX
TeM Halllel KHUTH (rnasa 2).

Cwmenas tunotesa bpyHo nopomiia Henslif Kackan rmopasurelb-
HbIX C1eACTBUNA. Cpely HUX K BNOJTHEe KOHKPETHLIE U B BhICLIEH cTe-
fIcHW MOJIE3HBIC U1t ACTPOHOMUM 3adayH M nepcrnekTunbl. M3 aToii
FUIOTE3bI BBITEKANA, B YACTHOCTH, RO3MOXHOCTb OIIEHKH PaccTosi-
HUH O 3BE31.

NeicteurensHo, ConHile Takoe GoNLIIOE U IPKOE TOABKO MOTO-
MY, 4TO OHO OJIM3KO K HaM. A Ha Kakoe pacCTOAHHE HY)XHO OTOABH-
HYTb Halle AHEBHOE CBETUJIO, YTOORI OHO BBITASKAENO Obl TaK, Kak,
HarnpuMep, 3se3na Cupuyc?

OrtBeT Ha 3ToT Bonpoc nan lofireHc B cepennne XVIl Beka. OH
CpaBHWJ 6S1ECK 3TUX IBYX HEOCCHbIX TeN, Y 0Ka3anock, 4to Cupuryc
HaXOOUTCS OT Hac B COTHU THICAY pa3 aaiblle, yeM ConHue. osa-
Hee 3Ty OLIEHKY YAANOCh YAYYLUUTh, KOLAA BEIICHWIOCH, YTO CHpH-
yc He o4deHb TIoxox Ha ColHile, OH MHOTO sipue caM ro cebe. o
COBpEMEHHbBIM pacyeTaM paccTosuve 10 Cupuyca 2,6 napcex, 4To
COCTaBIAET NPUOAU3UTENBHO 8 CBETOBBIX JIET, TOTJa KaK paccTosi-
Hue 1o ConHua — 8 CBETOBBIX MHHYT.
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Mneunntit Myrs — Hawa [anakTuka

TMo Mepe usyyeHuss MneuHoro [TyTH CTanu NOCTENeHHO BHIPH-
COBBIBATHCS OCHOBHHKE YEPTHI €70 CTPOEHUST, KAK THrAHTCKON 3Be30-
HOU CHCTEMEBI. DTy 3BE3OHYI0 CUCTEMY HA3bIBAlOT ellie Hameh
Tanakruko#t. Oxa3zanocs, uto [anakTnka uMeeT BechMa NMPaBIITBHYIO
bopmMy, HeCMOTPA Ha BUAMMYIO KITOUYKOBAToCcTh Muteuroro Tyrn, Ha
BecmopsanoYHOCTh, ¢ KOTOPOH, KaK KAXeTCs, paccessHbI 3BE3IbI 10
HeOy.

TpM TNABHBIX CTPYKTYPHBIX DJIEMEHTA BHIZENAOT B [ANaKTHKe.
310 OUCK, chepruecKkast MOACUCTEMa U Talo — cM. puc. 1.7. duck
TIOXOX Ha JIBE CIOXCHHEIE XpasiMU TapesKi. OH 06pa3oBaH 3Be3na-
MU, KOTOPhIE BHYTPK 3TOr0 06beMa ABWXYTCS IO TTOYTH KPYTOBBIM
opbutaM BOKpyr ueHtpa lanaktuku. /IpaMeTp mucka cocraBiseT
NPUOINIUTETBEHO CTO THICSY CBETORKX JieT. UKC/10 3838 B IUCKE —
OKOJIO CTd MHWLTHAPAOB.

Puc. 1.7. Cxema cTpoeHus Haiueii [anakTuku.

Ha 90% no macce oHa COCTOMT U3 TEMHOTO BELUECTBA, KOTOPOE 3amo-
HAET OrpOMHBI 06beM C NONEPEHHHKOM NIPUOGIUIUTEABHO B AECHTD AUA-
METPOB 3BE3XHOINO AUCKA lamakThkd. B AUCKe paznnyaloT HEHTPaIbHOE
YIUIOTHEHHE, KOTOPOE Ha3blBAaeTCs OALIXEM, a B CAMOM LIEHTpPe BCeil CU-
CTEMBbl HAXOIUTCS YEPHAst IbIpa — HU TO, HU TEM 60aee Apyroe He n3obpa-
XEHO Ha 3TOW IpocTeitiuel cxeme.
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B chepnueckoit (B JEHCTBUTENBHOCTH, CJAETKA CIUTIOCHYTOM C
MOMIOCOB) ToACHCTEME [ANaKTHKM TOXe OKOMO CTa MWIIMAPAOB
38e3q. OHM ABUXKYTCS He TIO KPYTOBBIM, A TIO CHIJIBHO BBITAHYTHIM
opoutaM, IT10CKOCTH ITUX OPOKUT NMpPOXonAT Yepe3 ueHTp [anakTu-
k. [lo pa3HbIM HampaBleHUAM MNOCKOCTH OPOUT pacrpee/ieHbl
Goree MM MeHee paBHOMepHO. Jduametp chepuueckoii moacucre-
Mbl 61130K K AUAMETPY AUCKA.

Coeprueckas NoICUCTEMA U BIIOXKEHHBIH B HEE AUCK TIOTPYyXKe-
HBI B IOYTH chepryecKoe Tato, pa3Mep Kotoporo pas B 10 6osbiie
pa3MepoB IHcKa. B rao Her 3Be31. OHO COCTOUT M3 CKPBITRIX MAcc,
WJTH, KAK Yalile ce#ttlac ropopsT, TeMHOTO BewecTBa. U3 raio He uc-
XOAMT HUKAKOro cBeTa. TeMHOE BElCCTBO He/lb3sl YBUAETh, OHO
TIPOSBAISIET CeOA TOIBKO CBOWM TATOTEHUWEM — MO 3TOMY 3(eKTy 0
€T0 CYLUECTBOBAHUH U Y3HAIM.

OrtkpbiTHe rano [anakTHky v OGHAPYXEHHME TEMHOro BellecTBa
— cobbiTue 70—80-X romoB GOraToro aCTPOHOMMYECKUMU (M He
TOJIbKO) OTKPHITUAMH XX Beka. 3HaueHue 3TOr0 OTKPLITUA CTaHET
OCOBEHHO SCHbIM, ECITH CKa3aTh, YTO MACCa TEMHOTO BEIeCTBa B ra-
J1o TanakTuky B aecaTh pa3 60bille CyMMapHO# MACCHI BeeX 3Be3f
aucka v chepuyeckoi moacucteMbl. Puanveckas Mprupoaa TEMHO-
ro BeLIEeCTBA — OCTPaA U eile 04eHb JaleKast OT pelueHUs npobie-
Ma COBPEMEHHON aCTPOHOMUK M KOCMOJIOTUH (TNaBa 4).

Xab6n n BTOpPan PeBONIOUMA B ACTPOHOMMM:

Bcenennas — MMUp ranakTik

K Hagany XX Beka rpanuibl HadmooaeMow BeeneHHo# pa3npu-
HYAUCh HACTONTBKO, YTO BKJTIONAIM B cebs1 BCIO 3Be3AHYI0 (6e3 rano)
lanakTrky. MHOTHE CYMTANIM TOINA, YTO 3Ta OIPOMHas 3Be31Has CH-
cTeMa U ¢CTb BeCb MUP. DTo GbIIA pacnpoCTpaHeHHasA TOYKa 3pe-
HUA;, K Hel CKIOHAACA, HanpuMmep, OMHIITCHH, B CBOMX
pasMeruieHusax (1916—17 rr.) o HoBOM KOCMOAOTHH, KoTopast 6bl
CTPOWIACH Ha OCHOBE TOMLKO YTO CO3MaHHOMK UM 0BLIEl TEOpHU OT-
HocuTenbHocTU. Ho HOBBIE Teneckonkl, nocTpoeHHble B 1920-¢ ro-
NI, OTKPbUIW Tlepe aCTPOHOMAaMM COBEPILIEHHO HOBbIE FOPH3OHTHL.
OKa3a1och, 9T0 3a nMpeaeaaMy [AnakTUKy MMp He KOHYaeTCs,

B 1924 r. SauH Xa60n pokazan, yTo 3HaMeHUTasE TYMaHHOCTb
AHAPOMENLI HAXOOWTCS BHe TAaKTMKKU U NIPEICTaBRIAET Coboli r1-
FaHTCKYIO CUCTEMY 3BE31l, CPABHUMY10 ¢ [AnakTHKo# no pazMepam.
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EMy ynanoch cnenartb To, 4To 3a TPHCTa JIeT 10 Hero caenan Ta-
MVNER — PasTUInThL OTAC/BHEIE 3BE3AB TaM, [Ae A0 3TOro BUAEIU
b Genecoratbie obnaka. Kak lanvneit oTkpsin 38e31b MaeyHo-
ro TTyTu, Tak Xa66n oTkpsin 38e3mbl TyManHocTH AHIpoMens:. Ec-
Ju Tanunero 6bUT0 JOCTATOYHO TENECKONa NHAMETPOM B 3 CM, TO
Xa661y noTpeGoBaICA TENECKOIl C 3ePKANOM, AHAMeTp KOTOpOTo
6BUT UYTh M He B CTO pa3 0oablIe U COCTanmsuI 2,5 M,

Puc. 1.8. Teneckon obcepBaTopuu
Maynt Buncoda B Kamudpopunu. Qua-
MeTp ero 3epkata — 100 qokMoB, T. e.
2,5 Metpa. On 6611 mocTpoeH B 1917 1.

B 192429 1T. ¢ ero noMolibio 3a-
BUH Xa0G0x cpeyan CBOM 3HaMEHUTHIE
OTKPRITHUS, MOJOXMBLIKE HAYANO HO-
BOH 370XV B 2CTPOHOMUH.

3a HECKONBKO JIeT paboThl Xabom
CMOT YCTAHOBUTbL UCTUHHYIO (DU3U-
b 4eCKy10 Npupony ABYX MI0XUH 61U~
XaMIIMX K HaM BHEralaKTHYeCKUX
TYMAHHOCTeW, KOTOpbleé OKA3aJUCh
TAKUMH Xe 3BE3THBIMU CUCTEMAMM,
XOTA W He CTOJIb KPYNHbIMY, KaK Hawia laraktuka 1 TyMaHHOCTb
Anapome/ibl. OTH TYMAHHOCTH CTAIW Ha3bIBATH ranakTukamu. Cra-
HOBWJIOCK AICHO, uTO BCesieHHaa — 3To He MUP 3Be3l, a MWD Tanak-
THK, W Halla cobcTBeHHas [anakTuka OTHIOND HE LEHTP 3TOrO MUpa.

JlansHeMiMe HaGMIOACHUS TANAKTUK NOKA3AJIU, YTO OOMbLIKMH-
CTBO WX, 2 MOXET ObITh U NPaKTUHECKH BCe, COOpaHbl B pa3/IMuHbIe
KOJLIEKTUBbI, HaCUNTHIBAIOLIHE OT HECKOJILKHX CAMHUIL JIO COTEH M
THICSIY TANIAKTUK PAINTHONM MacChl M pa3MepoB. OTH arperarsl Ha-
3BIBAIOT TPYILIIAMH W CKOILIEHUSIMH TATAKTHK.

Hawa lanaktuka sMmecte ¢ TamakTuko AHAPOMEbl ¥ TpEMs
ecATKaMu MeHee KpPYITHBIX rajlakTHK obpasytor MecTHyto rpyrimy.
MecTHas rpyfina BXOIUT B CKOTIIEHUE FIaKTUK B JleBe, a 3To cxorn-
JIEHHE COCTABJISET BMECTE C HECKONbKUMU JIPYTUMM fIDUMEPHO Ta-
KWMH Xe CKOIUIEeHUAMH CHCTeMY, KOTopasl HasbiBaeTcsi MecTHBIM
CBepXCKOIUIEHHEeM. MeCTHOe CBEpXCKOIUISHHE HE MMEET 4YeTKO
ouepyeHHOM GOpMBI M B 11€J10M NPEACTaBISeTCS HECKOJIBKO YIITO-
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meHHBIM. Ero HanbonbLumit pazMep ROCTHTAET HECKOMLKNX MUAIN-
OHOB CBETOBbIX JieT. [1pMOIU3UTENILHO TaK Xe€ YCTPOESHHL U Apyrue
CKOTUICHHST ¥ CBEPXCKOTLIEHUSI MTAKTHK.

CBepXCKOTICHHS — CaMbleé KPYIHbie 06pa3oBaHUs, KOTOphIE
Habnonaiorcss Bo BeenenHoil. Kakue-nnfo cucreMbl 6Gonbiiero
MaciTaba MPocTo OTCYTCTBYIOT. Tak 4TO MepapXusi aCTPOHOMMMEC
KUX CUCTEM He IPOAOJLKAETCA K CKOJb YTOAHO OONbIIKMM MacIITa-
0aM, OHa OTpaHWYeHa MacurraboM CBEPXCKOTIIEHWIA.

UckinounTtenbHoit BaXHOCTH (QaKT COCTOUT B TOM, YTO CKOILIE-
HMS$t I CBEPXCKOTLUIEHMS PACTIPEACTEHE! B IPOCTPAHCTBE PaBHOMED-
HO. DTO 03Ha4aeT YTO MUP TATAKTUK OXHOPOAEH B CpedHeM Mo
OOJIBLLIMM MacLITabaM.

Ecau MpICTieHHO BRIIEMNTD B 00BeMe BeenenHo obaacTv ¢ pas-
MepoM B 300 MWLTHOHOB CBETOBEIX JIET (MM 6oJ1ee) U MOXCUUTATE B
KaXJ1I0[ U3 HUX YUCJTO FAJTAKTUK, TO 3TO YUC/I0 OKAXETCH rpakTHye-
CKV OIMHAKOBBIM JUTA BCeX TakuX obsacreit. To ke camoe OyIeT u
OpU NOACYETE CKOTLIEHWM U CBEPXCKOUIEHMIA.

O6weM norepeyHUKOM B 300 MWITHOHOB CBETOBBIX JIET, HAYH-
Hasl C KOTOPOTO pacfipedeicHNe TalaKTUK MPEACTaRAAETCA B cpel-
HEM DPaBHOMEPHLIM B MPOCTPAHCTBE MUpa, HA3LIBAIOT SYEHKOMN
OTHOPOIHOCTH Bo BeeneHHoIA.

Takoro pona NoAcYeThH N03BOSIOT ONPEAETNTD CPEAHION TLIOT-
HOCTh BellecTBa Bo Beenernosi, [ 31010 HYXXHO 3HaTh Maccy Be-
IECTBA B AYeiKe OXIHOPOIHOCTH. DTa Macca eCTh CyMMa Macc BCeX
raJlaKTUK B 3TOM 06beMme.

KoHeuHo, u3MepnTh Maccy KaxXIOW OTIebHOW raJakTHKW B
[aHHOM 00beMe HEBO3MOXHO. Ho, 3Has YuCNO 3Be31 M MACCY 3Be3]1
B TUIIMYHOM ranakTHKe, Takylo OLIEHKY BCE M€ MOXHO CAe/1aTh.

B pe3synerarte monyyaercs, 4To B CpeIHEM Ha KaXIble DECATD KY-
BUUECKUX METPOB MPOCTPAHCTBA MUPA MpPHUXOAMTCS oauH (1) atoM
BOJAOpOAa.

Eci BbIPA3uTh 3TY BEJIUYUHY B €AMHILIAX IOTHOCTH Macchl, TO
OKaXETCS, 4TO OHA COCTABRNACT NpubIM3uTenbHo 107 r/cm’. Dra He-
MBICJIUMO Manas TUIOTHOCTh TOpa3fio MEHBIIE, YEM OCTaTO4Hasi
NAOTHOCTH I'a’a B 1y4YLUMX 1a60PaTOPHbLIX BAKYYMHEIX YCTAaHOBKAX.

TakoBa cpeflHAS MIOTHOCThL CBETALIErOCA BEUIECTRA 3BE31, €CITH
MBICJIEHHO «pa3Ma3aTh» ero paBHOMEPHO TI0 00BEMY sSTYeiKU OAHO-
POIHOCTH.
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Tak Kak Macca TEMHBIX I'A10 FAJIaKTHK pa3 B IecATh O0JIbILe Mac-
Chi MX 3BE3]l, TO TEM XK€ ITyTeM TOJTYUUM CPEHION TIIOTHOCTE TEM-
HOTO BEIECTBA B MUpe Ha ypoBHe 107 r/em’.

OIHOpPOAHOCTL pacTipenesieHys TalaKTHK O3HAYAET, YTO HU Of-
Ha W3 HUX He aRigeTcsd LeHTpoM Mupa. Wiu, aTo To Xe caMoe, Kax-
ast U3 HUX MOTJIA BBl CUUTATHCA LIEHTPOM MUPA. A 3TO 3HAYMT, YTO
HHUKAKOIO LIEHTPA B MUPE HET.

CoBpeMeHHBIM HaOJIIOIEHUSIM OOCTYNIEH 00beM MHUPa ¢ paauy-
COM B J€CATh MIWUIMAPIOB CBeTOBbIX JIeT. K1 Mbl HaxoAUMCS UMEHHO
B LieHTpe 3Toro cdepuieckoro o6beMa TONEKO NOTOMY, YTO JaJlb-
HOCTb JEWCTBHS TENECKOIIOB He 3aBIUCUT OT HATIPARIECHMUS B NpoO-
crpaHcTBe. Ho Hamre cobcTBeHHOe MOJNokeHWe Bo BceeneHHoi
HUKAK He BbigesieHo. BceleHHas BHITIAINT OOMHAKOBO U3 JIIOOOI
TOYKH [TPOCTPAHCTBA, U 11000l HabionaTeNb BURMT e TaKOU Xe,
KaKoW BUIIVIM e¢ Mbi.

Eciu B ConHewHOo# CHCTeMe He 3eMJisl 3aHUMAET LIeHTPAIbHOE
MecTo, a B TanakTiike He CollHLEe HAXOAUTCS B €€ LIEHTPE, TO B MUpe
Xa66na ueHtpa Her Boobie. Tak mpuHuun KornepHunka okasanca
PacTIpOCTPaHEHHBIM Ha BeCh HabIogaeMblid HhlHE OTPOMHBII MUD.

VInBUTENBHO, HO 06 OAHOPOAHOCTH MUPa B LEJIOM pacCyXIajlu
3aJI0/ITO /10 TOTO, KaK AJST 3TOr0 MOABUAKCE HabMIoaaTeIbHbIE OCHO-
BaHus. HarnsinHeiik oOpa3 OMHOPOAHOCTH MUpa MOXHO HAiTH y
IMackanga, OH roBopuII, YTO MUP 3TO LIAP, ITOBEPXHOCTH KOTOPOTO
HUT/E, a UEHTP BE3IE.

Eute 1 3a Thicsay sieT no fackanst paccyxnaim o coepe 6e3 rpa-
HULI ¥ C UEHTPOM B j11060# TOYKe. DTy MeTa(hopy TONKOBAIH M KaK
MoJieJIb YMOIOCTUTIaeMOro MUpa U kxak o6pa3 bora Bcenepxurens
MHPpa.

TIpuMeHuTensHO K BeeeHHO 3TH paccyXaeHUs! TUTATHCH SB-
HBIMU WM HEABHBIMM NPEANONOXEHUAMU O MAKCUMAbHOMN NMpo-
CTOTE TIPUPO/IBL.

DToi naBHel TpaauLMM crnefioBad yxe B XX BeKe DHHIOTelH,
a 3a HUM M AnekcaHap AnexcaHnposud PpuaMan, co3gaTens Teo-
PHH KOCMOJIOTHYECKOTO paciiuperusi. Ouu ctponsin mopenun Bee-
JIEHHOW, B KOTOpBbIX TpEeXMEPHOE INPOCTPAHCTBO ABJISAETCA
opHoporHbiM. Ilpy 3ToM neppas KocMoaoruyeckast pabora SitH-
wreitHa (1917 1) u pa6oret @punmana (1922—24 rr.) GLUIN CRENAHBI
euie 10 oTkpeITHH Xa66i1a.
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Hrak, ecnu oTRiIeyYbest OT TaKUX deTalei M (10ApodHOCTEH, KaK
ranakTHKH, UX CKOTLUIEHHS U CBEPXCKOIUIEHMSI, U B3TJISIHYTH Ha Bee-
JIEHHYIO LIKPe, OXBATUB MBICJIEHHLIM B3IJSIOM Cpa3y BCE MHOXEC-
TBO KOCMUYECKHX CTPYKTYP, TO OHA NMPEACTAHET NCPEIl HAMU BCIOTY
OIMHAKOBOM — «CIUIOUIHOM» U onHopomHoi. Oco3HaHue Beeneu-
HOM KaX OZHOPOIHOIO MUpPA TUIAKTUK — PELIUTEALHBINA 1IAr B Ha-
YK€, TI0 3HaYeHWIO BMNOJHE collocTaBuMbii ¢ KonepHukoBckoi
PEBOJIOLIMEHA.

Mup B AuHamuke

Xa66ry MpUHAJUTEXUT W APYroe, He MeHee 3HAYUTC/IbHOE OT-
Kpbitde. Habniogas rajakTmkyl BOKDYT HAac, OH OOHapyxun B
192729 IT., 4TO 3BE3AHBIE CUCTEMBI HE CTOAT Ha MECTE, a IBUXKYTCS
W TIDUTOM Bce (KpOMe CaMBIX GJIM3KWX, TaKUX Kak TyMaHHOCTh AH-
JIPOMeIbl) YAANSIOTCS OT HAC M APYT OT ApyTa.

Pa3Geranue ranakTvk 6bU1O HalleHO TIO CMeKTpaM NpHHUMae-
MOTO OT TaJIAKTHK cBeTa. OKa3anoCh, YTO CHECKTPAJbHBE JTUHUM
CABVHYTHI B CTOPOHY 60J51IUX JUTMH BOMH, TO €CTh B CTOPOHY Kpac-
HOTO y4aCTKa CHEeKTpa. DT0 HBIHe 3HAMEHUTOE KOCMOJIOTHYECKOe
«KPACHOC CMEILICHYIEY.

Takoit cOBUT CITEKTpa/IbHBIX JHHUK BO3IHMKAET BCErAa, Koraa
PacCTOSTHUE MEXIAY UCTOUHHKOM W MTPHEMHUKOM CBETa BO3PACTACT,
— 210 3PdekT Jornnepa, Xopolo N3yYeHHbI B PU3UKE U MCTIONE-
30BaBLUHICA B acTPOHOMUH eulle U j1o Xab6na Ansg HaMepeHus CKo-
pocreit HeOeCHBIX TeA.

DTO OTKPHITUE O3HAYANO, YTO MHP FaJIAKTMK HAXOAWUTCS B CO-
CTOAHWH OBLLETO pacLlIMpPEHU. PaciupeHne npoc/ieXXnBaeTcs cei-
Yac 10 PacCTOSTHHIE OKOJIO NECATH MWLIMADAOB CBETOBHIX JIeT. DTO
caMoe TPaHAMO3HOE MO TIPOCTPAHCTBEHHOMY Macirtaby siBjleHUe
npupoasl. O HeM TOBOPST, KAK O PACLIUPEHHH BceneHHoiA.

DT10T KOcMUYecKHii eHoMeH ObLT MpeickasaH B Teopud Opua-
MaHa, CO3JaHHOW 32 HEeCKOABKO JIeT IO OTKphITUS Xabbna, B
192224 rr. U3 Teopun PpuaMaya cACIOBANO, YTO MUP TATAKTHK
CYHIECTBYET He BEYHO, OH BOSHUK IPUGAU3NTENTBHO AECITh MMIUTH-
apzos JieT Ha3an. [TocieqHsst BeiayiHa — 3TO BO3pacT MMpa. Mup
B 1IEJJOM CTaplie KaXIoi U3 3BE30 WIM [AJIAKTHK, 3TO CAMBIN JJTU-
TEIBHBIA MPOMEXYTOK BPEMEHM, peallbHO W3MEPEHHBIH B COBpe-
MEHHOU Hayke.
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KoHedHo, He cTyuaiiHO MPOCTPAHCTBEHHBIN pa3Mep Habmoaae-
MOFXO MMpa TajlaKTHK NpeACTaBsger coboit BO3pacT MMpA, YMHO-
XeHHBI# Ha CKOpoCcTh cBeTa. Pa3 MUp cCyllecTBYeT JAecATH
MWLTUAPIOB JIeT, JIyIU CBeTa, KOTOPhie MBI IPUHUMAaeM, HEe MOTJIU
ObITb UCNYLICHBI PaHbLLE, YEM AECATh MULIMAPIOB JIeT Ha3an, Ouu
MOTJIW TIPOITH 3a 3TO BpeMs TIyTh He GoJbllie AecaTy MIWLIHAPAOB
CBeTOBbIX JIET. [T Ha caMble JaneKue U3 TOCTYITHRIX HAOII00eHHU -
M UCTOYHHKH CBETa — THTAHTCKME FalaKTUKK M KBa3aphl, Mbl BU-
JWM, TAKUM 06pa3om, BceneHHylo, kakoH oHa Oblla OKOJO OeCSATH
MWUTHAPIOB JIET HA3a/l.

MoOXHoO cKa3aTh, YTO MUP FAIAKTHK, HAGMONaeMBIit ¢ TOMOIIBIO
COBPEMEHHBIX TENECKOIIOB, IMPEACTAcT Mepel HaMU HE TOJNBKO B
MPOCTPAHCTBE, HO U BO BpeMeHU. MBI peasibHO BUAUM «JeThIpex-
MEpPHBIH KyG» MUpa, TPU UIMEPEHUSI KOTOPOTO COCTARISFOT MAKCH-
MaJIbHbl€  MPOCTPAHCTBCHHBLIE PACCTOSIHMA, a YETBEPTHIM
U3MEPEHUEM CITYXXHT BO3PACT MUPA.

KaHyH TpeTbel pesonioumu B aCTPOHOMMM?

Ho kakoit 6yner crieaytouiasi, TpeThsl pPeBONIOLUS B aCTPOHO-
muu? M koraa oHa npousoiiner? INMo-HacTodieMy KpynHble riepe-
BOPOTH! B HayKe HEBO3MOXHO IPelBUACTDL 3apaHee.

e : . ‘ ,4 :

Puc. 1.9. Cnienyanskas actpodpmsmnueckas obceppatopuss PAH na Ce-
BepHoM Kaskaze. Haxopsmumiica 3mech TenecKomn ¢ AMaMeTpoM 3epKana B
6 MeTpOoB Gul1 IocTpoeH B 1973 romy U 10 HETABHETO BPEMEHH OCTaRANCS
caMbIM KPYTTHLIM B MUpE.
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Puc. 1.10. Paauoteneckon PATAH-
. 600 ¢ nnameTpom konkua 8 600 MeTpoB.
3aech 6611 HAYATLI W YCOEIHO BEAYTCS
j 10 CUX Mop cUcTcMaTHYecKUue Habmoae-

* HHA PETUKTOBOIO UATYUCHUS.

Onnako B nocleIHWe Todbl BCe
6onee u bojaee 3peeT olllyllleHUE, 4To
MBI CTOMM Ha [IOpOTe HOBLIX OUCHB
3HAYUTENbHbIX, TOMCTHHE PEBOJIIO-
LHOHHBIX TTEPEMEH.

[TopasuteneH, mpexne BCETO,
OBICTPO pACTYIUMHA apCeHAN acTpo-
HoMM4eckoi Texuuxu. Ecin B pac-
TIopskeHNH Xa661a ObUT TelecKon AMaMETPOM OBa C TOJOBUHOMW
METPa, TO YK€ TNOYTH TPH AECSATKA JIET JEHUCTBYET 1IIECTUMETPORBIH
teneckon (Ha CerepHoMm KaBKase), a HeaBHO BBeJIeHBI B CTPOif 1Ba
TEJIECKOMNA IHAaMETPOM JeCsATh MeTpoB (Ha [ABaifax) ¥ HeCKOJbKO
TE/eCKOITOB INAMETPOM BOCEMb METPOB.

Ha cramuu KoHCTpyMpoBaHUs HaxoAgTcsl ellle ropa3no Gonee
KPYNHbIE MHCTPYMEHTBL. DTO TEJIECKONbE C CUCTEMOM 3epKaT, a He
€O CIUTOWHBIM 3epkayioM. Tlo cBoeit 3pQeKTHBHOCTH Takue MH-
CTPYMEHTHI SKBUBAIEHTHBI TEJISCKONAM C IUAMETPOM CIUIOIIHOTO
3epKajia B TPMALATH U JAaXe CTO METPOB.

Tonbxo OBUH MPOLIEHT CBETa, MAa-
IaoLero Ha 3€pKajJio TeNecKomna,
men B Jeno Bo BpeMeHa Xa6G6ra.
DheKTMBHOCTD COBPEMEHHEIX TIPU-
€MHHKOB CBETa Ha OCHOBE NpubopoB
C 3apsIIOBON CBA3BIO JOCTHTAET NOY-
™ 100%.

ACTpOHOMUYECKUE HAOMIOACHHUS
pemyTca N3 KocMoca. Ha opbure Ha- B
xoauTcs XabbnoBCKMM KOCMUIECKHIA
TENECKOT.

CreuMalu3npOBaAHHBIE KOCMH-
yecKkne o6cepBaTOpUM HAOMOJAoT |
BcenenHyto B peHITEHOBCKUX ¥ raM -

Puc.1.11. BamHs ogHoro U3
asyx 10-MeTpoOBLIX Tenecko-
Ma-Jry4dax. noer-6ausHenon Ha Iapaiisx.
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ACTpOHOMMST TIOMCTHHE CTaJla BCEBOJHOBOI, KaX NoBOpMI 00
atom U. C. LLiknoBckuit. HabmoaeHHAM AOCTYTICH HE TOJALKO BUAN~
MBI CBET, HO TAKXKE YILTPahUONEeTOBOS U UHGPAKPACHOE U3/Tyy4e-
Hue HebecHbIX Tes. Bech OTPOMHBIN JOMana3oH TIPMHUMaeMBbIX
ceifiyac 3NeKTPOMArHUTHLIX BOJIH MPOCTUPAETCSA OT PALHOBOJH JO
raMMa-srydeif. PexopaHo skecTKHe TaMMa-TTydi UMEIOT SHEPTHIO 10
Heckonbkmx 3pr (~1 T5B). B Habm0aeHUSIX KOCMUYECKUX 1ydel, TO
eCThb TIOTOKOB HE BOJIH, & YACTULl U3 KOCMOCA, PETHCTPUPYIOTCS
3HEepruu, KOTOpHIE ellle B MWIIMapl pa3 Bellile. BaxHeiimue ceeae-
HMS O MKpE HecyT HeUTpuHo, mcnyckaemeie COJHIIEM U IIpU
BCTIBILLIKAX CBEPXHOBHIX 3Be31. Hemasro (2002 1) mocTiDKeHUs Ha-
OalomaTesiei 8 acTPOM3UKE BHICOKUX DHEPIUit ¥ B HEUTPUHHO# ac-
Tpou3uke otMeueHkl HoGeneBckoit pemueit.

Puc.1.12. KocMuyeckuil Teneckon uMeHu Xab61a ¢ A1aMeTpoM 3¢pKa-
na 2,4 Metpa. Kpaiinss neBas neTajih — OTKPbITast KPHILLIKA TENECKONA.

B acTpoHOMHUU CTPEMHTEITHHO HAKATUIMBACTCS <«KPUTHYECKAS
Macca» HOBbIX HHCTPYMEHTOB HEMBICAUMOI paHee MOLLHOCTH W HO-
BbIX TEOPETHYECKMX UIeil. B HeBUIaHHOM DaHee TeMIle BO3HUKAIOT
BCE HOBEIE MPOGNEMBI, Of[Ha OCTpee W TpaHauo3Hee mpyroi. 06
5TOM M NMOMIET peyb Janee B Hallleil KHure.



Mhaea 2
XXU3Hb BO BCEJIEHHOM

OT poMaHTHYECKON — K PeanucTudecKon
NOCTaHOBKE 33aAaYu

CeroiHs MBI 3HaeM JIMIL OIHO MeCTo BO BceneHHOI, rae ecThb
KM3Hb M LUBUAM3ALMA — 3TO HAlUa poaHas IiaHeTa 3eMis. Bue-
3eMHbIE DOPMbI XU3HU U, TeMm Oonee, BHE3eMHBIC LIWBHUITH3ALIUHA
MOKa He OTKPBITEI. MexXIy TeM, Ye0BeKa BCeraa ocTpo UHTEPeCOo-
Ban BOLIPOC — OJMHOK JIM OH BO Bcenennoit, ecTh Jim XXU3HL BHE
3emMim, KTO ABASETCST TROPLOM XW3HW — OOBEKTHBHO PA3BUBAIO-
e MaTepUaNIbHbLE MMP 1M BCeCUNbHLIM Bor, coznasmimii ye-
JIOBEKA N0 ¢BOeMy 00pasy u norobuio?

KU3HL U pa3yM SBIAIOTCS BbicieH GopMOi OpraHn3alny Mate-
pyn. Ouandeckue ¥ XUMHYECKWNE TIPOLIECCH], POUCXONSIIUE B KU -
BBIX OPraHU3Max, B BhICOTEil CTENEHW CJIOXHBI, YIOPANOUYEHH W
rapMoHUUBLL. HecMOTpsa Ha BRIDAIOLIUECS ZOCTHXEHUS COBPEMEH-
HOW OMOJIOTUM. NMPAKTUUECKOE 3aBepIIESHUE TPOTpaMMBl pacluud-
POBKY TE€HOMa 4YernoBeKa W pAna JAPYyrUX OpPraHuiMoB, TaifHa
TIPOMCXOXKIEHUST XU3HY U, TeM Oonee, pasyMHON XM3HN 110Ka He
pasranada. Pasraake 3moil TAlHBI TPHUPOIB! 6yIeT cmocobCTBOBATD
OTKPBITUE XOTA OB OAHOIO MpUMeEpa BHe3eMHOM Xu3nu. Kpome To-
rO, TPYAHO NCPEOLIEHUTHL OMPOMHbIE COLUATTEHEIE NOCTENCTBUS OT-
KPBITUS BHE3eMHOW XW3HU W KONOCCAUILHOE 3HauYeHHE 3TOro
OTKPBITUA [UNS1 Pa3BUTUS HAYKN U TEXHUKMU.

[ToaToMy yuyeHbIC, OnMpasichk Ha HOBeHLUME MOCTUXEHWS HAyKU,
TEXHUKH U TEXHONOMMH, MHTEHCUBHO 3aHUMAIOTCA TONCKAMMU XHU3HH
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3a npegenaMu 3eman. B koHue 50-x romos npoiLioro Bexa 6s110
OCO3HAHO, YTO PA3BUTUE TEXHOAOrUYECKON AeSTETBHOCTY UEIOBEKA
MAET CTOJTb CTPEMUTENTBHO, UTO €C/IM BO BeeleHHOH ecTh UMBUIM3A-
L{MM, KOTOPbIE XOTH Obl HA THICSYH JICT CTApIlie HAILEH, TO MBI MO-
XeM HabmoaaTh ¢ 3eMAM pe3yNbTaThl UX ResITEJbHOCTH Kak
«KOCMUYECKOE Uylo», HEOOBACHUMOE ¢ TOUKU 3PEHHSA €CTECTBEH-
HBbIX ﬂpl/[‘ll/IH, BBI3BAHHBIX U3BECTHBIMU CDM3M'-ICCKMMM 3dKOHaAMU.

HeitctButensHo, 32 nochegrue 100 neT (OTpe3oK BpeMeHW,
OYEHb MaJIblii [TO CPABHEHUIO CO BPEMEHEM CYLLIECTBOBAHMSI YEJIOBe-
Ka KaK 6uonornyeckoro suaa ~10° 1et) 4e/10BeHECTBO MPOWLTO NYTh
OT NMapoBO# MALUWHBI A0 [10JieTOB B KOCMOC M KIOHUPOBAHMUS KI-
BOTHBIX.

Pe3yneraTel TEXHONOTWUIECKON HEesTEIEHOCTH Ue/IoBeYecTBa B
TEUEHHE MOCACLYIOILETO CTONETUS HEBO3MOXHO Mpeayranath, HO
COBEPLIEHHO OYEBHIHO, UTO YXe B KOHIIE 21-TO BeKd AeSITETbHOCTh
yesoBeyecTa GydeT 3aMeTHOH 11s Habmonateneii, pacnonoxen-
HbIX BOIN3M BIUXAMIIIUX 3BE3.

K ugee «KoCMHYECKOTO Uyas MPUMBIKAET TaK Ha3hIBAEMBIH Ma-
panokc @epmu, chopMyaUpoBaHHbLi B 1950 roay BeLIAIOLUUMCS
UTABSIHCKUM PHankom D, Pepmu. Eciiu LMBUIV3ALKKT Ra IPYTHX
maaHeTax BecencHHoWM pa3BMBAIOTCS TAKUMM K€ CTPeMUTEbHBIMM
TeMNaMU, KaK 3¢MHas LIUBWIM3ALMA, TO 32 BPeMs CYLLLECTBOBAHUSA
(~4,5 mwutuapaa fer) 3emist MoxXHA Gbi1a HEOOHOKPATHO Tloce-
1LATHCHA MHOIUIAHETAHAaMU. Mexay TeM Ha BOmpoc «[jie oHU?» HaM
MPUXOINTCS Pa3BOAMTh PYKAMH.

HUKaKUX JOCTOBEPHO YCTAHOBJIEHHBIX CNEIOB MOcelleHUs 3eM-
JI BHE3EMHBIMU aflfiapaTaMM M cylllecTBaMd He obHapyxeHo. H3-
BeCTHbIe MU(bBI O JIETAIOIUMX TAPESIKaX, 'yMaHOMAAX W 3axBaTax
Jrioner 3eMAU MHOILUTAHETHRIMM KOPadAsTMU OTHOCATCS AnbOo K Tex-
HOJIOTHYECKO JSATEIIbHOCTH YEJIOBEHECTBA, YAllle BCETO, K 3anyc-
KaM 3eMHBIX KOCMWYEeCKHX amnmaparoB, Jubo Kk obiactu
TICUXHATPMM, MOCKOJbKY 3TOI HaBA3UMBOM UIEEH 4acTO CTpanaloT
He BITOJIHE 370POBbIE JIOAHU.

OnTmMUcCTHHECKHE HAREXAbI

W aoess MEOXECTBEHHOCTH OGUTaeMEIX MUPOB BO BeesieHHOWM Gbi-
Jla BeCbMa NoNy/sIpHO# Ha MPOTAKEHUYU TIPAKTUUECKH BCE UCTO-
PHYU 4YenoBeuecTBA., OCOBEHHO LUMPOKOE PACNPOCTPAHEHUE 3TA
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nies [oNyJnia nocie KoTrepHUKOBCKOMN PeBOIOLIMH B ACTPOHOMUU
(cepenuna 16-ro BeKa), KOTOpast JIMLIWIIA 3eMAIO MPUBUJIETMPOBaH-
HOTO MOAOXEHUs, KaK teHTpa BeeneHHoiM. Ecim 3eMns — psgosas
TUTAHETA, TO MoYeMY ObI HE CYILIECTBOBATE APYriM TUTAHETAM B He-
OOBLATHBIX NpocTopax BeeneHHOM, HA KOTOPLIX €CTb XKU3Hb, B TOM
yucse pasyMHaa? Dta MbICb Ka3aiack BIOJIHE ecTecTBeHHON. [lo-
3TOMY MHOTHE YUeHble M PUI0cO(bl aKTHBHO NponaraHaupoBaayu
UIEIO CYLUIECTBOBAaHUS BHE3EMHBIX JOPM XU3HU U BHE3CMHbLIX LU~
BUIM3ALMNA.

DHTY31a3M B OTHOIMEHUU CYLICCTBOBAHUSA BHE3EMHON XM3HU
0COBEHHO CWILHO BO3pOC, Korjia B 1877 rojy UTanbsiHCKUIA acTpo-
HoM Ckuanapeinm, a 3aTeM aMepUKaHCKUI uccienoBaresab Jloyain
BbICKA3a/l4 CEHCALMOHHYIO TUMOTE3Y O CYLIECTBOBAHUM «KAHAOB»
Ha Mapce.

Habmonasn 3Ty KpaCHY10 TUIaHETY B TEJICCKOI, OHM NOAMETUIU
HaU4YME JUTHHHBIX, TOHKUX W MOYTH OpPAMONUHEHHBIX 0bpa3oBa-
HUIi HA ee TIOBEPXHOCTH, KOTOpbie ObUTY HA3BAHBl KAHAIAMH.

WNaesa 06 HCKYCCTBEHHOM MPOMCXOXIEeHMHM KaHanoB Ha Mapce u
CYLLIECTBOBAHWH TaM pa3syMHOH XW3HKM OBICTPO OBRJANENa YMaMH
Jioneii. OTa unes nojayunia jasHeillee pa3BUTHE TIOCAE OTKPHITUS
CE30HHBIX M3MEHEHMIH Ha MOBEpXHOCTM Mapca, KOTophie yyeHhie
cepelMHbl TIPOLJIOTO BEKA CBALIBAY ¢ HATMUWEM TEPEMEHHOTO
PACTUTENBLHOTO NOKpoBa. TTosgBUIAaCh faXe cnelLuaibHas Hayka —
acTpoOOTAHUKA, SHTY3WACTOM KOTOPO# ObLT U3BECTHLIA COBETCKU
acTpoHoM Tuxos.

Pa3sovapoBanus

‘VBBI, BCE 3TH CMEJTbIE 1 POMAHTUYHBIE TUNOTE3bI HE NOATBEPAU-
JIKCh [IPAMbIMU KOCMHYECKUMH HcchneaoBaHlusiMu Mapca. Okasa-
JI0Cb, YTO «KaHIbl» — 3TO UEMNOYKH TIATEH, KOTOPhiE H3-3a
CyOBbEKTUBHOIO BOCIDUATUS Y€AOBEYECKHUM IAa30M IIpK HaG/mone-
HHM B TeTeckon ¢ 3eMau NPeACTalIsINCh KaK NPAMbIE THHHUM, a ce-
30HHBIE M3MEHEHUA Ha MNoBepxXHOCTM Mapca cBasaHbl ¢
aTMochEepHOM LIMPKYIALUENA LUK N, BO3MOXHO, BYJTKAHUYECKOrO
nernna. HUKakyX caeoB XY3BK Ha nopepxHocr Mapca nmoka He
0OHapyXeHO.

YuyeHble ucnbITalK Kecroyantllee pa304apoBaHHWE B CepeavHe
70-x rogoB MpOLLTOro Beka, KOTAa fepBbie NAaHOPaMbl TOBEPXHOCTH
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Mapca, nepelaHHbIe Ha 3eMJITI0 TeIeBU3HOHBBIMH JaTUUKAMN ame-
PHKAHCKHX KOCMMYECKMX CTaHIui Bukuar-1 1 Bukuur-2, Beica-
XEHHbIX Ha Mapce, He ToKazany HU XUBBIX, HU OKAMEHEJIBIX
pacTeHul 1 XUBOTHLIX. [ToBepxHocTy Mapca, chsitas BOAW3N, OKa-
3anach 6e3:KUBHECHHOM NYCThIHEH (pUcC. 2.1)...

Puc. 2.1. MapcuaHckuit neif3ax (CHWUMOK ¢ 60pTa aMEPHKAHCKOIO
MOCalOYHOIO KOCMMYECKOr0 annapara ¢«BHKHHI»).

He MeHee xecToKoe pa3ouapoBaHke B OTHOILEHUN CYIIIECTBOBA -
HUsl BHE3EMHOIM XXU3HHW Y4eHble UCITRITAIU B KOHLIE 60-X rogos npo-
LUIOr0 B€Ka B CBA3M C OTKphiITUeM myibcapoB. B 1967 ropy
acripaHTKa npodeccopa Xniouma [xoceauH benn B 3HaMeHUTOH
Kapennuincxoit nabopatopuu KeMOpUIXKCKOro yHUREpCUTETA
(AHTJINST), IPOBOMIA PAIMOACTPOHOMUYECKWE HAaOIYOACHUSA, 3apeTH-
CTPUPOBAJIA CTPOTO NMEPUOANYECKHUE (IEpUOa OKOJIO | CEK) KOpOT-
kue (amuresibHocTh ~ 0,05 cek) panvouMmyanChl, MAyLIME U3
KocMoca. CtabMabHOCTh nepUoaa CIEJOBAHUS STUX HMITYSILCOB
ObUTa HEOObIYAIHO BLICOKA. OTO BBI3RAIO CEPbE3HbIE NON03PEHMS B
VICKYCCTREHHOM MPOUCXOXICHUH PARHOUMITYIILCOR.

[Tonroga aHrnniicKue aCTPOHOMbBI A€PXATH B CEKPETe CHEJaH-
HOE MU OTKpbITHE — BeCTipenieieHTHSIN Cly4aii B ACTPOHOMUYEC -
KOMA TIpaKTHKE.
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JInilb KoTia OHU YOSIHIIUCH B TOM, UTO UMTYJIBCHI UAYT OT 00b-
€KTa, PacrioIOXEHHONO Jajieko 3a npeaenamu CONHEUHON cucTe-
Mbi, ¥ HE CBI3aHbl C CUTHAjJaMyd BHE3EMHOW UMBHUIU3AUMH,
PE3YALTATHI HABIOACHUIT 3TOr0 00beKTa, KOTOpbIM ObLl Ha3BaH
[yJbCapom, 6uUIM ONMyOIMKOBaHB!, OKA3A10Ch, YTO CTPOTO TIEPHO-
JIMYECKUE UMTIYABCHI PANUOMITYUEHNsT NCNYCKaoTess GbICTpo Bpa-
wakmoleica, CUIBHO HaMArHMYeHHOH HeHTPOHHOM 3BE3/0N
pannycoM oKosio 10 KM U fUTOTHOCTBIO B COTHH MUJIIMOHOB TOHH B
KyOUYECKOM CAHTHMETPE.

OTKPBITHE HEHTPOHHBIX 3BE3M CTANO PEBONIOLIMOHHBIM MPOPbI-
BOM B (PU3MKe W PEIATHBACTCKOM acTpOPH3UKe, 3a 3TO OTKPBITHE U
32 pa3paboTKy HOBLIX METONOB HAOMOAEHUN B pagHOaCTPOHOMUM
npodeccop XU 6uum ynoctoed Hobenesckoit npemun. OgHako
B IAHHOM CJTy4a¢ aCTPOHOMBL €LLE Pa3 BhIHYXIAEHB! ObLIM CMUPHTL-
¢S € (haKTOM OTCYTCTBUS «KOCMUUECKOrO YyAd»>, CBA3AHHOIO C JIesi-
TEAbHOCTbIO BHE3EMHbLIX IMBUIN3ATINA.

B ouepenHoit pa3 acTpOHOMBI BRIHYXISHBI ObUINM OTKA3aThCS OT
WJEeH «KOCMUYECKOro yyna», koria B 1979 rony aMepMKaHCKUM ac-
TPOHOMOM MAproHoM ¢ COTPYAHMKAMHU ObUTU OTKPLITHI CTPOrO Ne-
PUOANYECKHE HEPEMELLEHHS IMHMIA N3TYy4EHUS BOAOPO/IA U TeJTHs B
OMTHYECKOM CHIeKTpe YHHKaNbHOTo 06beKkTa SS433.

B cnekTtpe 3Toro 3se31006pasHoro o6beKTa NPUCYTCTBYIOT TPY
CUCTEMBI JIMHH I WTYYeHUsl: OJTHA U3 HUX HETIOABIOKHA W TIpHMeEp-
HO COOTBETCTBYET J1abopaTOpHOMY MONOXEHHUIO, 4 JIRE APYrUe nepe-
MCLLIAIOTCA B CMHIOIO U KPacHYIO 4acTh CTIEKTpa ¢ nepuonoM 162,5
CYTOK Ha OTPOMHYI0, HUKOTAA Panee He HAOMIONABLIYIOCH BeJIMuli-
HY OKOJIO Thicsiuu anretpeM (1 anrctpem paseun 10° cm).

Crporas 1epHOAHYHOCTh H OTPOMHaA AMIUTWTYIA TepeMellle-
HUI «TTOABMXXHBIX» JAVHHUI JaNK OCHOBaHUS 1Isl FUMOTE3b! 00 UC-
KYCCTBEHHOM [TPOHUCXOXICHUY 3TOro smieHusi. BeuTo BRICKA33HO
1IpeANOJ10XEHIE, YTO B JIAHHOM Citydae Hekast OUeHb Pa3BHTas LUN-
BUAU3ALIMS CHTHANIUT HaM JIY4OM OYE€Hb MOLLHOIO NEpeCTpauBae-
MOTo Jladepa.

OnHako nanbHeiivie HabAoNeHUs TI0Ka3ald OTCYTCTBHE 3HA-
YUTENLHOM NOIAPU3AUNY B «NOJBMXKHDBIX» JUHUSAX H1ydeHud (j1a-
3ep Xe DaeT NOJIPU30BAHHOE MOHOXPOMATHYECKOE HUTYYEHHE), &
riepuol 162,5 cyTok v 60nbluasg aMILTMTYIA NepeMelieRuil TMHUH
1o cnexTpy 66UTH OOBSICHEHBI BITOJIHE «[IPO3audecKOii» NPUUHHON
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~— npeneccueil y3koHanparJIeHHBIX BHIOPOCOB BEUIECTRA, BbIPbIBA-~
omuxcst co ckopoctTaMu 80000 KM/c U3 LIEHTpadbHbIX YacTei ra3o-
BOrO OMCKa (AaKKpPeHUVWOHHOro NMCKA) BOKPYT YEpHOM Oblpbl B
JBOITHOW 3BE3MHOI CHCTEME.

OTKpBITHE ONITHIECKUX 3aTMEHMIT B 06beKTe SS433 ¢ nepuogom
13,1 cyrok, caenanHoe B 1980 rony, 1o3BoIMiIO OKOHYATENALHO [0~
Ka3arth, YTO SS433 arusgeTcs IBOHHON CUCTEMOTH, U OOBACHUTL BCE
CMEKTpAJIbHbIe 0COGEHHOCTH ITOr0 OOBEKTa ECTECTBEHHLIMH Y-
YYHaMH, 6€3 TIPUBICYEHUS TUTIOTE3HI O BHE3EMHOM LIMBUJTA3ANUH.

O6nekT SS433 okasancd NepBbLIM NMPUMEPOM TaK Ha3biBaeéMoOro
MUKPOKBA3apa — TeCHOM NBOMHON 3BE3AHOW CHCTEMEI, COACPXa-
el HOPMATBHYIO 3Be31Y U YEPHYIO IBIPY, OKPYXKEHHYIO IUCKOM U3
BelllecTBa, IMOCTaBIAEMOro CIyTHUKOM -— ONTHYECKOM 3Be3nOil,
TpHYeM U3  LEHTPAIBHBIX YacTeld ITHCKA  BBIPLIBAIOTCS
Y3KOHAMPaBieHHbIE BbIOPOCHl BhICOKOCKOPOCTHOTO rasa (IKeThl).
Takux MMKPOKBA3apoB K HACTOAHIEMY BPEMEHM HACYUTHIBACTCS B
TanaxTHke yxXe OKONO JecsaTKa.

TaxuM 06pa3oM, K B 3TOM CJyuae HanexXAbl Ha OOHapyxXeRue
«KOCMHUECKOI'0 UyJia» He ONPABIAINCE.

OzxHa M3 NoceaHUX CeHCalMil npo3Byyana COBCEM HENABHO, B
1996 roxy, korna amepnkaHckuil yaenslit 1. Mak-Keit ¢ corpyanu-
KaMu coobums 06 oTKprITuu B Meteopute ALH84001, npuneres-
weM Ha 3eMnio ¢ Mapca, oKaMEHENbIX OCTATKOB APEBHUX
MUKPOOPraHU3MOB BHE3EMHOTO TIpoucXoxaeHus, ONHAKO pa3Me-
PRI 3THX OakTepuii okazanuch B 100—1000 pa3 MeHblIe 3¢MHBIX.

DyHKUMOHUPOBIHWE BAKTEPUI CTOAL MAJIOTO pa3Mepa TPYAHO
OOBSICHIUTD B PAMKaX COBPEMEHHOI MoJTeKyNsipHo# Guosorun. Psa
YUEHBIX BO3PaXXaeT MPOTUB THIIOTe3bl 00 OPraHNeCKOM MPOUCXOX-
JIEHUH CTPYKTYP B MAPCHAHCKOM METEOPUTE, KOTOPBIE BbLIM OTOX-
JECTRIIEHB! C OKAMEHE/1bIMU BAKTepHUSMU.

{loatomy, xots coobiuenue Mak-Kes crumynupoBasio ¢puHaH-
CUPOBAHME aMEPUKAHCKOW MPOrpaMMbl KOCMUUYECKHX UCCNENoBa-
HMIT Mapca, Bonpoc 0 HalHUMK OKAMEHEJbIX OCTATKOB BHE3EMHOM
XKHU3HH B MAPCHAHCKOM METEOPUTE ITOKA OCTAETCH OTKPHIThIM.



JHTY31a3M HeuccaKaem

CyLUeCTBYeT NOrOBOPKA: «[IECCUMHCT — 3TO XOPOIIO HHMOpMU-
poBaHHbBLA onTAMUCTy, CHenys eil, MOXHO CKa3aTh, 9T0 K HACTOA-
HieMy BpeMeHU YUeHbie CTOJb XOpollo WHGMOPMUPOBAHEL O
TPYRHOCTSIX, CBA3AHHAIX ¢ OOHapyXXeHUeM NPOABASHUA BHE3ECMHbBIX
LIMBWIH3AUMH, YTO MHOTHE U3 HUX YXe 0YeHb OCTOPOXHO BBICKA3EI-
BAIOTCA O BO3MOXHOCTY CYLUECTBOBAHUA BHE3EMHbIX DOPM KXH3HU.

B 3T70M oTHOIIEHNM BeCbMA MTOKA3ATEIEH NPUMED BBUIAMOMIETO-
CSI COBETCKOTO acTpodu3unka, wieHa-koppecrnonaeHta AH CCCP
. C. lknosckoro. B 1962 roay, B nEproM U3NaHUU CBOEH 3ameya-
TCIBHON KHHTU «BeesleHHast, XW3Hb, pasyM», OH BeCbMa ONTHMHC-
TUYHO OLEHUBAN IIePCTIEKTUBBI MEX3BE3OHON pPAaAMOCBA3M C
BHE3EMHBIMU LIMBWIN3ALMUSIMMA Y BOBMOXHOCTH aCTPOHOMHYECKUX
ITOUCKOB CJTeA0B BHe3eMHOM XU3HU. OOHaKo yepes YeTBepTh BeKa B
LIECTOM U3IaHUM ITOM KHUITH OH NOAYEPKUBAEET, YTO, HECMOTPSI Ha
HEV3MEPHMO BO3POCLIYIO MOLIb HALIUX TEJIECKOIIOB U TIPUEMHUKOB
UITy4eHUs MPAKTUYECKH BO BCEM JIHAMA30HE 2J1EKTPOMArHUTHbIX
BOJH, HUKAKUX «KOCMUYECKMX Yynec» OOHAPYXHTb HE YAATOCH.

Mesx ity TeM, TTOCKO/IbKY 00pa3oBaHMe 3Be3 H IUIAHETHBIX CHC-
TEM BOKPYT HUX UIET RO BeeseHHOM HEMPEPhIBHO, MOXHO OXMAATh,
YTO pa3Hble OYarv Xu3Hu 8o BeeneHHON MOTYT UMeTh BO3pacT ot 15
MITTVAPIOB 10 HECKONBKUX COTEH MMITMOHOB JeT. TToCKOBKY
BO3pacT 3eMIK COCTaBnfeT 4,5 MWILIMAPIOB JIET, 4 BO3PACT 36MHOM
XKU3HV 0KOJ10 3,8 MuUIMapaa aer (BO3pacT UejloReKa OKOJIO 1| Mwir-
JTMIOHA JIeT) MOXHO OXWIATh HANMWUUs Bo BeeneHHOM LMBIIN3ALIMMA
ropa3fo GoMNbLIEro BO3pacTa U HECPABHEHHO 0oiee NPOABURYTHIX B
TEXHOJIOTUYECKOM OTHOIUCHHY, YEM 3eMHAS IIMBUJTM3ALIHA.

MMeHHO AesaTebHOCTh TaKUX IMBUITK3A1MA U IOJDKHA [TPUBO-
IUTh K ABJICHUIO «<KOCMHUMYECKOI'O uyjiay. IT0CKONBKY HUKAKWX «KOC-
MHYECKHX Uyaec» He 06HapyxeHo, HIknoBCkni NOAYEPKIBAET, YTO
Momyande KocMoca — 310 (yHAaMEHTANbHBIA HAONI0MATE I bHBINA
$aKT, TpeOyoLHi 00bACHEHHUS ; BO3MOXHO, 4TO XU3Hb Ha 3eMiie —
OueHb PeiKoe, YHUKAIbHOE, 4 MOXET OBITb M e IMHCTBEHHOE SIBJIC~
HUe B Haulei lamakTuxe.

JApyryio MbIcss B 3TOM HanpabjieHWH BBHICKA3bIBAET Npoeccop
TyTyKOB: BpeMsi XKU3HI BLICOKOPA3BUTHIX LIMBWIM3ALIMI 110 KAKUM~
TO MPUYMHAM OY€eHb KopoTKoe (~1000 ner), no3ToMy UHBHIU3ATIMN
TTOrubaloT paHbllie, YeM OHYU YCITERAIOT BCTYITHTb B KOHTAKT APYT C

35



npyroM. He Bce yueHbIe pa3nenstorT 3TH NeCCUMUCTUYECKHWE B3TISI-
nei. HanpuMep, akaneMuk Kapaaiiues cuuTaeT, 4To Hey/lagyM noycKa
BHE3€MHbIX LIMBHIM3ALMHI BbI3BAHb] PALOM TIDHUYUH.

{lepnaa NpUUKHA CBA3AHA C TEM, YTO CONBIIWHCTBO 3KCHEpU-
MEHTOB MpearoJiaraeT MOUCKW BHE3eMHBIX LIMBUIN3AUWH, 0806~
HBIX Halleil. Ho HaifTH uMBuAM3alnio, 110000HYI0 Hallleil, KpaiiHe
MAJIOBEPOSITHO.

Bropasi npuYMHa CBfI3aHA ¢ HEBO3MOXHOCTHIO ONMCAHMS BO3-
HWKHOBEHHS U 3BOJIIOLIMY LIUBIIM3AHUI Ha KOCMOJOTHYECKU 3Ha-
YUMBIX HHTEpBajlax BpEMEHU: HANpUMEpP, Mbl HE MOXEM
TPEACKa3aTh PasBUTHE 3¢MHOA LIMBWIM3ALMH Ha MWLIMapA JIET
Briepeld, a 6¢3 3TOro TPYAHO NMPEeACTaBUTL PEAIbHBIE HabAroaaTe b-
HBIE NPOABIEHUSs OONbIIMHCTBA BHE3EMHBIX LMBUIM3aLMii. B cBA3K
¢ 3tum Kaprauies npeuraraer MpuHATh KaK aKCHOMY: CYLIECTBYET
OT/IMYHAS OT HyJ/IS BEPOSSTHOCTE BOSHUKHOBEHHUS XH3HU Bo BeeneH-
HOW, W HET TMPUHLMITHANIBHAIX TPUYHH, OFPAHUYUBAIONIUX YPOBEHD
€e pa3BUTHS.

Tpersst NPUYMHA COCTOMT B TOM, YTO, TIO-BUIUMOMY, MBI CJMLLI-
KOM NepeoLiEHUBAaEeM HaUIl 3HaHUst 0 PU3NKe U CTpYKType BeeneH-
HOH, KOTOpaf Ha caMOM HeJie MOXET ObITb YCTpO€Ha HaMHOro
CNOXCHEE, UEM MBI O Hell iyMaeM. Yxe TOT (aKT, 4T COBpeMEHHAas
aCTPOHOMMUS MOXET M3Y4aTh TULLE OK0JIO 3% OKpyXaloleit Hac Ma-
Tepuu, a 97% matepuu Bo BeeneHHol npeacrasnsgeT coboii CKpbl-
TYI0 MaTepHIo, KOTOpasi MPOSBISET ce6d JMIUb TPABUTALUMOHHBIM
B3aMMOIEHACTBUEM, MTO3BOJISIET OXKUIATh CAMBIX SK30THUECKHX U HE-
OXWIAHHLIX TIPOSRIEHU# BHE3EMHBIX LIMBUIH3ALIMIA,

Hanpumep, MOXHO OXUIATh HUTHYHST BHESEMHbIX IIMBUIIN3ALNiA
B MUPE 36PKaibHOIO BELIECTBA WK LUUBWMAM3ALNIK, OCYILIECTRIISIO-
KX CBA3b ¢ Haulel BcencHHON Yepe3 npocTpaHCTBEHHO-BPEMEH-
HblE TYHHENU U T. I1.

HecMoTtps Ha Beck ApaMaTU3M NOAOXEHHA C PodaeMoi Nomc-
Ka BHE3EMHOM XU3HM, B caMBIE MTOCNEAHUE TOIbl Y YIEHBIX BHOBb
MOABWIKCH HAEX/IH Ha YCIEX B pelleHMN ITOM, KaK BRIACHUIOCH,
OYEHL HETMPOCTON U YPE3BBIYAHO XHUBOTPENEHIyLeH NMPoGIeMBI.
OTH HaleXMbl CBA3aHbI C HEAaBHUM OTKPBITUEM TUIAHETHBIX CUCTEM
Yy MHOTUX OJIVDKalIIMX 3BE31.

O HOBeHIIUX MOAXONAX K TIPOOJIEeMe TOUCKA BHE3EMHOW XHU3HH
MbI U XOTHM PaccKa3laTh B JaHHOM IiaBe.
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Tpn TMRa UMBHAK3AUMNA

CornacHo Kapaamesy, Bo BeeneHHoit MOryT cyiecTBOBRaTh LIM-
BUIM3ALUU TPEX TUIMOB, Pa3TUYAIOLIMXCS IO YPOBHIO TEXHONOTVYE-
CKOrO Pa3BUTHA:

1. UMBUIM3aLMU, YPOBEHB Pa3BUTHR KOTOPHIX OJIU30K K 3€MHO-
MY: eXeCEeKYHIHOe noTpebiieHne shepruy nopsaska 10” spr.

[1. IvBUAM3aUMY, KOTOpPBIE OBAACITA SHEPTUEH, NTyUaeMoit
CBOEH 3Be3A0M: €XECCEKYHAHOE NOTpeGIeHre SHEPTUH paBHO CBETH-
mocty Comnna (~4X%10% apr/c).

II1. LiuBunu3auvu, oBnafeBlIMe SHepTHei B MacioTabe CBOeif
FAJIAKTHKY; eXeCeKYHAHOoe noTpedieHue ~ 10" 3pr

Tlpu coBpeMEHHOM Pa3BUTHH TeXHHKW Habmiopateau ¢ 3eMiu
MOTYT OGHApYXXHUTb CUTHA/IBI OT BHE3¢MHBIX TMBIUTM3aLMiA 11 Tua
Iaxe TOrAa, KOraa OHM yIajieHb OT HaC Ha pacCTOsHM Mmopsinka 10
MWUIMOHOB CBETOBBIX JIET (pa3Mephl MECTHOI TPyTNbl TATAKTHK,
BKJIIOYalOLlell Hanly [anakTuky, rajaktuky AHapomenbl u Tpey-
roimsHUKa, bosiioe 1 Manoe MarejutaHoBE 06/13aKa W eLie OKONO
JIECATKA KaPIVIKOBbIX TaJIaKTHK).

CurHainl xe ot BHe3eMHBIX tmBwiu3alui 111 Tmna Moryt 66ITH
3aperucTPUpPOBAHBl COBPEMEHHBIMH 3EMHBIMH TEXHUYCCKMMM
CPEACTBAMM BILIOTDb IO pAaCCTOSIBMIA B |0 MUITMApAOB CBETOBBIX JIET;
TO €CTh, BKJUIOYASI CAMbI€ YIATEHHBIE 13 U3BECTHbIX OOBEKTOB MeTa-
TAJTAKTUKW.

Ilo ouenkam LIknoBckoro, uusumu3auuu | TUma MOTyT GbITh
oGHapyxXeHbt ¢ paccTosHUE 10 100 cBETOBBIX JIET (MIOJIHOE YUCIO
3Be31 B 00beMe TAKOro paguyca cocranisier nopsiika 10000). A no
OLIEHKaM aMEpPUKAHCKOro acrpoHoma Jpelika, €C/JIM UCAONb30BATH
rurantckmit 300-MeTpoBBIit pamuoreneckon B Apecn6o (ITyap-
TOo—PHKO) 1 MAKCUMATbHO BO3MOXHbIE COBPEMEHHBIE 3HEpPreTHYEe-
CKMe 3aTpaTthl (MOMIHOCTH panuonepenaTauka ~ 1000 KUnoOBarT),
MOXHO MOCBUTATE OGHAPYXHMBIE CUTHATBI K BHE3eMHBIM 1IMBHJIH-
sanmamM | Tuna, pacnosoxeHHbIM Ha paccrogHusx no 6000 cseto-
BBIX JIET.

Fpe n Kak uckath?

BOBHMK&CT, OIHaKO, BOTIPOC — B KAKOM HalNpapjicHAN, U Ha Ka-
KO 4YaCTOTe UCKATb pPainOCHTHAIBI OT BHE3EMHbIX uusnnmauuﬁ‘
Arta npobiiema aeTanbHo oocyxnaercs 1lknoBckum.
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B uyacTHOCTYM, OTMeuaeTcs, YTO MCKATb CHTHAIbl LIMBUWIN3ALM
HYXHO OT 3B€3/1 TO3AHMX CIEKTPAJIbHbIX KJIACCOB COTHEYHOTO TUNA,
KOTOPBIE MeA/IeHHO BPalialoTCs TTO CpaBHEH IO C TOPSTIMI 388343~
Mu, [1o MHeHuto LHIKI0BCKOro, 3TO CBUIOETENLCTBYET O CYLIECTBO-
BAHMH TLNQHETHOM CUCTEMBI, KOTOpas NpH cBOeM (hOpMUPOBAHHH
B3s(1a Ha ce0sl OCHOBHYIO YacTh BPALLEATEIbHOTO MOMEHTA 3Be3Ibl.

Kak ormeuaeT LLkn0BCKUH, MaJIbie CKOPOCTH BpALLCHHUS! 3BE3/1
MO3HETO CIEKTPATBHOIO KJ1acca MOTYT ObITh TAKXKE BbI3BaHBI [10Te-
pell 3TUMU 3B€32aM1 MOMEHTA BpALLEHUS NPH UCTEUEH UM 3aMarin-
YEeHHOTO 3BC3JHOTO BeTpa. DTa TMUMOTe3a ObUIa BblCKa3aHa
panuy3ckumM yueHsrM Uaumanom.

Borpoc o Bri60pe NOAXOAAIICH ARNHBI BOJAHbLI PAAUOU3NYUEHUs
TIPU TIOUCKE CHTHANOB BHE3eMHEIX LIMBILTH32LIMI BIIEPBLIE 0OCYX-
nancsa B pabote KokkoHU u Moppucona B 1959 rory. ABTOpSI fipen-
JIOXWTH TPOBOZWUTH IMOMCK CHTHAJIOB Ha JUTMHE BOJHBI 21CM,
COOTBETCTBYIOLUEH 3HAMEHUTOM JIMHWUU U3TYUEHUS HEUTPATBHOro
BOIOpOHA.

OTa IVHVS TPURLUITHAIEHO BaXKHA TSl U3YUEHUST pacTipejiese-
HHS BOAOPONA B raflakTUKaX ¥ OHA ZOJKHA GbITH XOPOILLO U3BECTHA
BHE3eMHbIM HUBIIH3amsimM 1—111 TUnos.

Kapnaiues npejaoxun takxe HCMNOAb30OBATL T MEX3Be3AHOW
PAIUOCBA3M [UTMHY BOJHBL 1,5 MM, COOTBETCTBYIOLLYIO MAKCUMYMY B
pacripeleneHHH SHEPrii peIMKTOBOTO TPEXTPAAYCHOTO DATHOU3TY-
YeHUs] — OCTATKA OT JIEPBUUHOrO Bosblloro B3pbiBa, COMPOBOX-
Iasiuero obpasobaHue HabiionaemMoil Beenennoti. Eciv BHeseMHas
LUBHITU3ALIMS 3HAYNTEABHO TIPOABUHYTA B CROEM Pa3BUTHH, TO OHa
JIOJIKHA 3HATh O CYLUIECTBOBAHUY PEJIMKTOROTO M3NTydYEHUS.

Noucku Opatbes no pasymy

IlepBbie HAGIIOAEHUS C LIENBIO NTOMCKA UCKYCCTBEHHbIX palyo-
CHTHaJI0B OT 3Be31 ComHeyHoro Thna T KuTa u € BpunaHa 6b601H BLI-
nosiHeHsI B 1960 rony JpeiikoM Ha crietManbHO pa3paboTaHHOM s
370# HeN anmnapaTtype, paboraioilieit Ha ITMHe BOMHbI 21 cM (TTpo-
eKT «O3MA»). OT 3THX 3BE34, PACTIOIOXKEHHBIX OT HAC HA paccTost-
HUY 0KO0j10 11 CBCTOBAIX JIET, MCKYCCTBEHHBIX CUTHAIOB He ObLIO
oOHapyXeHo.

B CosetckoM Corode noA0BHbIE HABTIOAEHUS 6bLAM BbITOIHE -
HEI yieHoM-koppecrioHaeHToM AH CCCP Tpouukum ¢ coTpyiHm-
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KaMM, KOTOPbIC UCCACROBAIY 12 38€3/ COJHEUHOIO THMA, YianeH-
HLIX 0T 3eMIM Ha paccTosiAua 10—60 cBeTOBRIX JIeT.

PesysbraThl 3THX HaOMIONEHUN TAKKe OKA3AJINCh OTPHLIATENb-
HBEIMU. B aanbHeitlieM, NOChUIAIM CEHUATBHBIE PATHOCHIHANBI K
3BE311aM M 3BE3NHBLIM CKOTUICHHAM, a TAKXe TUChMEHHbIE TIOCTaHMS
Ha GOPTY MEeXIUIAHETHBIX CTAHLMil, HanmpUMEp, aMepPHUKAHCKMUX
craHuuii «[1uoHep» n «Bosurxep».

Beina copMupoBana criedanbHas MeXAyHAPOIHAs TIPOrpaM-~
Ma NIOUCKA BHe3eMHbIX uuBuu3anmi (SETT), a 8 MexaynaponHom
ActponomuueckoM Corwose obpasosaHa crietmansHast Komuceus no
nporpaMMe NMoKcKa BHE3EMHBIX UMBHIM3AIIMY,

B 1974 rony amMepUKaHCKKE aCTPOHOMEI OTITPABIIK pajlioIoc-
NaHKe B CTOPOHY cO3Be3dus [epkysiec K ILapOBOMY CKOIUIEHHIO
M3, copepxallieMy OKOJIO CTa ThICAY 3BE3/T. JKCIEPUMEHT TIPOBO-
JAWJICST C UICNOJTb30BAHUEM THFaHTCKOTO 300-MeTpoROTro paguoree-
ckorna B Apecu6o.

Tlocianue 6pu10 coctarnerno Hpeitkom w1 OnansepoM. OHo co-
NEPXUT B 3aKORUPOBAHHOM Brae Ludps! oT 1 go 10, aToMHble YnC-
J1a HECKOJILKHX XMUMHUUYECKYX 3IEMEHTOB, cXeMy Mojekynbl JJHK 1
4YUCI0 aTOMOB B Hell, (PUTYPY YenoBeKa, YUCIEHHOCTh JII0NeH Ha
3emue, Bua CONHEYHOM CUCTEMbI, CXEMY PAINOTEIECKONIA B Apecu-
60. Uzo0paxeHusi nepelaBaiychk IO NPUHLMNY TeJIEBU3MOBHOMN
pa3sepTky. OHU COCTOSNAN W3 73 CTPOK, B KAXIOM U3 KOTOPLIX ObI-
JI0 [0 23 TOUKM. DTH H300pakeHUsA NEpesaBanvch B BUJE NOCHEN10-
BATETLHOCTH  PABUOUMNYIBCOB, UYUCAO  KOTOPEIX  PaBHO
TIPOM3BEAEHHIO ABYX TIPOCTBIX uncen: 23x73=1679. Koraa noce-
JTOBATEIBHOCTb PAAMOMMIYABCOB OYIET NPUHSTA BHE3EMHOM LIWBU-
JIA3aIMel, ee MOXHO OYACT pazioXHTh HAa CTPOKHA €IMHCTBEHHBIM
CrnocoGoM M IMOCTPOMTD TEJIEBU3UOHHOE U300paXKeHHe.

3710 MocaaHKe OTIIPARISUIOCHE MHOTOKpPATHO. [loitaer oHO K 3Be3-
nam B ckorieui M 13 nuis yepe3 25 Teicay JeT. Tak BeJIMKU pac-
cTostHuA Mexay ConHueM M Ipyrdmi 3Be3aaMu [anaxtuku, 4o
Haxe pa/foCHUTHA/IAM, JIBUTAIOLUMCS CO CKOPOCTBIO CBeTa, Tpeby-
JOTCSl ECATKM THICSY JIET, YTOObI UX MPEOAOJICTD.

Elue oaHo crelMaibHOE paTMoNocIaHue K YEThipeM OJnKai-
KM 3BE3JIaM COJIHEUHOTO TUTIA, yoanteHHBIM oT CoJiHua Ha 55-70
CBETOBBIX JIET, OBLIO OCYLIECTBICHO B PaMKax MeXIyHapoaHOTo
npoekia «KocmMuyeckuii 3BoHOK» B 1999 roay ¢ panuonokaropa
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Llenrpa mansHeidt kocMudeckoit cesu3u B Esmatopuu (Kpeim, Yxpa-
uHa). B 3ToM mocnaHmm, Hapsmy ¢ OCHOBHBIM HayuyHbIM TEKCTOM,
CONEPKANOCH OKONO 50 THICHY JIMYHBIX MOCAAHUN IPAXAAH Ha aHT-
JIMHCKOM f3blKe, MIPUHATHIX K OTIIPARKE 3a HEKOTOPYIO Iaty, YTo
cTano prHaHCOBLIM 6a3HCOM peaii3aLuy [MPOCKTa.

CrnemyeT ynoMsiHyTh TaKke M O NepBoM AeTckoM Ilocimanum K
BHE3CMHBIM LUWBHAM3AUMAM (npoekT «3apaBcrsyit, Tanakrukas,
LIECTb 3BE3M CONHEYHOro THMa Ha paccTosHmsax 40—70 cBeToBbIX
NeT), KoTopoe 6bLio peannsosaHo B 2001 rony B Poccnn ¢ ncnons-
30BaHWEM YKpauHckoro 70--metpoBoro pamvoreneckorna LlenTtpa
JanbHed KOCMUYECKOU CBA3N.

B Teuenue mocneJHUX COpoKa JIeT MOMCK PATHOCHTHAIOR UCKYC-
CTBEHHOTO MpoUCXOXAeHUs U3 Kocmoca mpoBoAWica MHOTMMU pa-
AH0aCTPOHOMHYECKMMH OGCepBAaTOPUAMM PsiIa CTPaH: ABCTpanns,
Hunepaanaw, Kanaga, CCCP, CLUA, ®panuns, OPI, SInoxHus u
Ap. Pe3ynbsraThi 3TUX NOMCKOB {10Ka OTpULATEIbHbI. B Hacrosillee
BPEMSA Ha pajiMoTeNecKorie B Apecubo, Hapsiay ¢ paboTaMu no oc-
HOBHLIM HAayYHBIM MTpOrpaMMaMm, BeiyTcsi HepepblBHbIE HAOMIONe-
HUS HebGa B palMOAMAMA30HC C Le/blo [TOUCKA BHE3EMHBIX
ITMBUITA3ATIVIN.

B pamkax cnieunansHoit nporpamMMel SETI@HOME nannbie Ta-
KUX HabMogeHUi MOTyT ObITh NOJYyYeHH JUTST 0OpabOTKN JIOOLIM
xenatotuM o cetu UuTtepHer. CneayeT nNoq4epKHYTh, YTO 3TO 3a-
343 €O MHOMMMM HEU3BECTHBLIMH M [IOTOMY OYEHb CJ0XHA M HEO-
MpeAciieHHa: HeoOXOAUMO 3HaTh HarpaBlIeHWE, pPalioyacTory,
LIAPUHY MOJIOCHI, COCTOAHME TIONAPU3AIUMN PAAUOUITYYEHHUS, Xa-
PAKTepP BO3MOXHOW MONYNSIUMY CUTHaia U T. TI. B naHHOM ciyyae
BHOJTHE YMECTHA TIOFOBOPKA «TTOAU TYa, HE 3HAIO KyJa, Hailan To,
HE 3HAIO 4TO». TeM He MeHee, POMAHTHYECKMH HOPbIB CMEFIBIX HC-
cjienoBareseil, BIOXHOBJIEHHBIX MIeer Nnoucka OpaTeeB Mo pa3ymy
Bo BceneHHoi, 10CTOMH YyBaXEeHUSI U BCAYECKOTO TOOLIPEHUsT —
CJMILIKOM BEJIMKA 116Ha BO3MOXHOTO TOJIOKUTENLHOIO PE3VJILTATA
TAKHX MOUCKOB.

BrpoyeM, B 3TOH CBS3M yXe pa3faloTcsl Iojocid OCTOPOXHLIX
JMOACH: a HE TIPMBJIEYEM JTK MBI, TTIOChLIAast CUTHANH K APYTUM 3Be3-
JIaM, BHUMaHUE arpecCUBHBIX BBICOKOPA3BUTHIX UMBILTM3ALMNHT, KO-
TOPbIE HAYHYT XECTOKYIO KOJIOHU3AUMIO HAllleH poaHOW M YIOTHOM
MJIaHeTHI?
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JvickyccuM ma 3Ty TeMy MOYT B HAYYHOU TUTEpaType, B [IyOJIUY-
HOM Mpecce U, KOHEYHO Xe, B HayuHO—baHTaCTUYECKUX POMaHax U
KHHODHIBMAX.

B nocneanne ronss, B CBA3U C OTKPHITUEM TLIAHETHRIX CHCTEM Y
MHOTHUX 3B€3j1, MOABMUIIACH YHUKANbHAS BO3MOXHOCTB DojIee pean-
CTWUHO peuiath npobieMy NOMCKa BHEe3eMHOM XU3HU. YueHble Ha-
AeoTCs, YTO B TedeHUe Onuxaiwux 10 ner ¢ noMoubio
KOCMHYECKUX MHTEPHEPOMETPOR YIACTCS CHATH CMEKTPbl MJIAHET
BOKPYT IPYTUX 3BE3/1. DTO ITO3BOJHUT OCYILECTBUTD TIOMCK KMCJIOPO-~
Ia U 030HA B X aTMOoc(epax — BEPHBIX ITPU3HAKOB OPraHMUeCcKUX
(OPM KN3HH.

[Mpexne 4eM MepeHTH K HIIOKEHHUIC HOBEHIIINX PE3YNLTATOR B
5TOM HallpaBAcHMM, PACCMOTPUM COBPEMEHHBIE TIPEICTARIEHMs O
KUIHHU, pa3yMe, UHBIIHIALIHH.



MoroBopuM 0 XW3HW

Mu1 MHOTOKpaTHO YTIOMUHATH BNIOMHE OYEBUAHBIE JUTS KAXIOTO
YEJIOBEKA TOHATHUS «KU3Hb», «padyM», <«UMBWIM3aUMS». OmHaKo,
qTO TaKOe XM3Hb? KaKOoBbl OCHOBHbIE CBOUCTRA XHBOTO BEIECTRA?
KaxoBbl Npu3HaKy pa3yMHoil Xu3HHU? YTo Takoe UMBUIM3ALUA?
Bce 3TH NOHSATUSE CTONB CAOXHBI, YTO CTPOFOrO ONPEACTEHUA NX
JaTh HEBO3MOXHO.

Ha npuMepe 3eMHOM XKU3HU MbI OIMLIEM BaxXHel1Ine NnpUu3Ha-
KU XUBOI MaTepuyl ¢ TOMKY 3pEeHUsT COBpeMEHHOMH MOJIEKYNSipHOM
6uonoruu. Cpazy oTOBOPUMCS , UTO MOCKO/bLKY Mbl HAMEPEHb! B Ha-
el KHUre OrycaTh COBPEMEHHbIH peaTuCTHUHbIN NIOAXOML K NPO-
OneMe TIoMcKa BHE3EMHOM XN3HH, MBI He O6yaeM (aHTa3uPORATh O
DA IMIHBIX HEOEJTKOBBIX (hOPMAaX XH3IHH, KOCMHIECKOM Pa3yME W
T. II. — OCTaBMM 3TU Kpacupbie haHTazuu wig Cranucnana flema,
HelcTBUTEIBHO, YTO KOHCTPYKTHUBHOTO Mbl MOXEM cKa3aTh O KOC-
MMYECKOM pa3yMe, €C/ik AaXe He 3HAeM, CYUIECTBYIOT JU XOTs Obl
TIPVMUTHUBHBIC (DOPMBI XKHU3HN BHE 3eMiau?

B cTaphIX LIKOJBHBIX YUeOHUKAX IO OMONOTUU XH3Hb OTIPEIeIIs -
J1ach, KAK CIOCOO CYLUECTBOBAHMS OCJIKOBbLIX TEJI, OCHOBAHHbLIA Ha
obMeHe BelllecTB. 3TO SBHO HEMOIHOE OrpedeNieHue, MOCKOIbKY
0OMEH BCUICCTBOM M DHEPTHEH MOXET MPOUCXOAUTD MPYU XUMHYEC-
KHX peaKUMAX 4 B HEXUBBIX CHCTEMAaX, COCTOSIILHX U3 CAOXHBIX OP-
raHUECKHUX MOJIEKYJI.

C TOUKU 3peHHMs] COBPeMEHHOU OHOIOTMM TN4BHbIC KauecTBa
XKW3MU — 3TO CaMOBOCTIPOM3IBOAMMOCTE U roMeoctai. Camosoc-
TIPOU3BOAUMOCTb — 3TO CIIOCOOHOCTL KMBOIO OpPraHM3Ma K pas-
MHOXEHMUIO, POXKICHVIO ¥ BbIPALIMBaAHUIO ce€0C NTOA0OHbIX.
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[omeocTas — 3TO CTPEMIIEHME XXUBBIX OPrAaHHU3MOB K COCTOSHUIO
YCTOIYMBOro paBHOBECHUS U OO0OCODIEHUIO OT BHEIHEN cpeanl NpU
HATTMYUH oOMeHa 3Heprueit U BelllecTROM ¢ Heto. MIMenHo Giiarona-
P TOMEOCTA3Y XUBOM OpraHU3M CYLUECTBYET BO BHEIUHEW cpeae,
CBOMCTBA KOTOPOH MOTYT 3HAYUTENbHO UIMEHSITRCS.

Peakuns opraHM3Ma Ha CTpecChl — CWIbHBIE BHEILUHUE BO3AEH-
CTBHSA, MOXCT GbITh ABOAKON — PE3UCTEHTHOI (CONPOTHURISIOWICH-
cfl) W TojepaHTHOW (moguuHaoueiics). Ecin BHelwlHue
BO3JEICTBYSA OTHOCUTE/IbHO HEBEJIMKM, PE3UCTEHTHAS PeaKLIMsl Op-
raHu3Ma CTPEMUTCS TIOAICPKATh TOMEOCTa3 ITyTeM BIpabOTKH pe-
AKUMIT COMPOTUBIAEHUA WIMEHEHUSIM OKpYyXaloilel Ccpedbl.
HanpyiMep, B XapKyio [10r01y YelloBeK MOTEET, YTO JTO3BOJSCT eMy
TIONNEPXUBATH MOCTOSIHHYIO TeMIIEPaTypy Tena.

Ecnu BHeLIHYE BO30EHACTBUA OYEHb CUJIbHbI, OPTaHW3M XEPTBY-
eT roMeoCTa30M PalM COXPaHeHUsl TMaBHOTO — XKM3HEeHHbIX Mpo-
LECCOB, W MEPEXONUT B COCTOAHUE aHA0M03a, KOTAA BCE MPOLECCHI B
OpraHu3Me CHIbHO 3amemistioTest. Hanpumep, measeas 3uMO# Bria-
naer B cnsuky. OueBUIHO, YTO €CNM BHEIUHKWe BO3OEHCTBUSA Tipe-
IOENBHO CUJIbHBI, TO HU PE3UCTEHTHAS1, HU TOJNIEpaHTHAA peaxkuuu
OPraHK3Ma He [IOMOTYT, U OPTaHU3M NOrMOHCT.

MonexynapHsie MexaHu3Mbl

PaccMOTpUM KpaTKO OCHOBHBLIE MOJIEKYNSAPHBIE MeXaHHM3Mbi
(YHKIIMOHUPOBAHUS XUBOH MaTepum. [lpexne Bcero, momyepk-
HEM, 4TO [TOMBITKM OOHAPYKUTb B XKMBBIX OPraHW3MAX, HaTIPUMED B
KITETKAX, 0c060e 6HOR0THYECKOE BEUIECTBO H T0JTe OK23IMCh Oe3y-
CMEHBIMU: BCE XWBBIE OPTAHU3MBI COCTOSAT U3 ATOMOB, MOJIEKYJT U
CBSI3aHHBIX ¢ HUMH TONEH SLIEPHAIX, CIa0biX U 3NeKTPOMArHUTHbIX
B3anmoneicTenit. Hukakoif ocoGoit «GHooTHYeCKoN cyGcTan-
LKMH», HIKAKOTO CIICUWANBHOIO «GHOMOJIA» He CYLUCCTBYCT. 2Ku3-
HEHHBIN Tipouecc (yHXUMOHUPYET Onaromapst OTPOMHOMY
KOJIMUECTBY OOBIMTHBIX XUMUYECKUX PEaK Ui,

Cpeau orpoMHOTO pa3HOOOPA3US XMMUYECKUX BEILECTB, BXOI-
UIMX B COCTAB KUBBIX CYLUECTB, OCOBOE 3HAYEHUC UMEIOT IBA TUMA
GUOJIOTHYECKUX MMOJIMMEPOB — Oe/IKY M HYKICHHOBLIE KUCJIOTHI.
CrpykTtypa OenkoB OueHb CIoXHA. BaxHemimm XUMITUECKUM dJie-
MeHTOM, obecreunBaouMM dhyHKUMOHVpOBaHWe GeJTKOB, SARIACTCS
yIiepol.
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Tlo3ToMy, Kak roBOpsIT, 38MHasl XU3Hb SRNAETCA OPraHU4ECKOM,
TO €CTh, TOCTPOEHA Ha YTIIeponHO# ocHoBe. O6CYXAal0TCA Apyrvie,
He yriaepoaHbie GopMhl XH3HU, HaNpUMEp, HAa OCHORE KPEMHMUS
(HanoMHUM, YTO COBpPEMEHHbBIE JOCTHXEHUSI B 00JaCTH KOMIThIO-
TEPHBIX N HHPOPMALMOHHBIX TEXHONOTHA OCHOBAHLI Ha MCMOMb30-
BaHWY CBEPXYNCTONO KpeMHHUA). OnHaKO HayyHOTO O00OCHOBAHUA
BO3MOXHOCTM CYIIIECTBOBAHWSI KPEMHHUEBBIX (JOPM KW3HH NOKa He
CYHIECTBYET.

InaBHbIE COCTaBNAOLIMNE GETKOB — 3TO BoJiee TPOCTHIe OpTraHU-
4eCKHe MOoJEKYIbl, Ha3blBaeMble aMUHOKKCIoTaMu. U3 Kypca xu-
MHY Mbl 3HaeM, 4TO KUCJIIOTBI — 3TO BElECTBA, CMOCOOHBIE B
XUMWIECKUX peakuysix otaasath ipotod (H'), a ocHoBanns — ne-
LIECTBA, PUCOSANHSAIOLIUE NPOTOH.

Bcero v3BecTHO okouo 100 TUITOB aMUHOKUCIIOT, OHAKO B XK-
BhIX OPTAHM3MAaX CUHTE3UPYIOTCA OeIKM, OCHOBaHHBIE NI HA 20.
Bo3MOXHOCTY CUHTE3a GE/TKOB Ha OCHORE Takoro KoJMiecTsa aMu-
HOKHCJOT TIPaKTUUECKH G6e3rpaHUYHbBL; KOMOMHUPYS aMUHOKHCITIO-
Thl Pa3HbIX THIIOB, MOXHO MNMOAYYaTh PalNuHble OENKH, YHUCIO
KOTOPLIX [IPEBOCXOAMUT TOJIHOE YWCNO aTOMOB BOo BcereHHoid
(~10"). B opranmimMe B3pocJIOro ueoBeKa COIePXMTCS OKOA0 Ofl-
HONO MWJUTMOHA TUTIOB 6EIKOB.

Benku aBngooTcs TeMy paGOYNMH TeRaMI, KOTOphIe obecrieun-
BAIOT CTPYKTYPY M (pYHKUMOHUPOBAHUE XUBOTO opranu3ma, OfHa-
KO 111 0BecTieyeHVsT pocTa OpTaHU3Ma, MOISPXaHUA TOMEoCTa3a
W, [AaBHOE, AIS PEARU3ALMI CAMOBOCIPOUIBONHMOCTH OpraHu3ima,
HeobXonMMO HEeNpepLIBHOE BOCNPOU3BOACTBO, CUHTE3 GeKOB Ha
OCHOBE HEKOTODPBIX CTPOTHX H YIIOPSITOYEHHBIX MPABUI. DTH TTPaBH-
J1a CHHTe3a 6eJIKOB 3aMucaHbl B XUMUYECKOM CTPYKTYpE OLHOIO U3
TUTOB HYKJIEHHOBBIX KHCIOT — JE30KCUPHOOHYKIIENHOBOKH KMCO-
Tt (AHK).

Jlpyroii TUf HYKJIEeMHOBEIX KUCJOT — PUOOHYKITEMHOBAS KUCJ10-
Ta (PHK) cnyxnt mns nepedoca nHdopMalud M CHHTE3a OEJTKOB.
CuNHTe3 6enKOB AB/ISIETCA LEHTPATbHLIM COOLITUEM B XH3HU KJIETKH
J11060r0 OpraHu3aMa.

Kak nHoraa ropopsit OMONIOrM, B CYLIHOCTH, XM3Hb €CTb CNOCO0
CYLI1ECTBOBAHMS annapata GENKOBOro CUHTE3A,

Kak u3BecTHO, TeHeTHYecKas (HacielncTReHHas) WHhopMauns
3anmcaHa B ueny monekysst JHK B Bune nocnenosatensHoctn
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fonee MPOCTBIX MOJIEKYJT — HYKJICOTUAHBIX OCTATKOB, COACPXALLKX
O[HO U3 YEThIpEX OCHOBAHMIA; aneHUH (A), ryanut (G) — nypuHoO-
Bble OCHOBaHUA, 1{TO3uH (C) i TUMUH (T) — NUPUMIIWHOBbIE OC-
HOBaHWSl.

Kak yxXe oTMEUAI0Ch, OCHOBAaHMS OTIM4YAIOTCH OT KMCIOT TEM,
YTO NMPY XUMUUECKUX PEaKIMsX OHU NPHCOeANHIOT npoToH (H').

Otkpsitwe YotcoHa U Kpuka

B 1953 rony Jx. Yotcon u @. Kpuk, Boocjeactsuu Hobenes-
CKHE f1aypeathl, IpeaIoXuin Morenb crpoedus Monekyns JIHK B
dbopme KBOHOMN cripany (puc. 2.2).

B monexyne AHK nBe cnupanbhble NOJVWHYKICOTUIHBIE LETA
3aKPYYCHB! BIIPaBO BOKPYr ofbIei ocu. TomMMepHEIH OCTOB CMK-
pansHo# Uer IHK cocTouT U3 Yepenylommnxea ocTaTtkoB pocdarta
M caxapa Ae30KCUpub03bI.

Puc. 2.2. Monesns crpyxtypil Mosiekyasl IHK no Yorcony u Kpuky.

Mouiekyna IHK — 370 aBoitHas CIMpaTh, COCTOAMAS U3 ABYX IIOIHY-
KJICOTWIHBIX Leneit, 3aKpyYeHHbIX BripaBo. K Gokxam crimpanedt opuKper-
fIeHb! MOJIEKY.Tbl OCHOBAHMIA: ABYX YPUHORbIX (aA€HMH W TyaHWH) M IBYX
NHPUMHUAUHOBBIX (THMUH H LIMTO3UH).

Uudopmanust 0 HACIEACTBCHHBIX CBOWCTBAX OpraHU3Ma 3alMMcaHa B
BYIe pamIfyHbIX KOMOMHALIME ITHX OCHOBAHUIA.

[lypunoBsble ocHOBaHUS (A ¥ G) 1 NMUPUMUANHOBBIE OCHOBAHMS
(T u C) npuxpernneHs ¢ GOKOB criupalell K NOAUMEPHOMY OCTOBY
Ha OJIMHAKOBOM PACCTOAHUY RPYT OT APYTa.

TIpH 3TOM TIPOTYB KAXKAOTO OCTaTK4 TYPUHOBOIO OCHOBAHUSA OL-
HOW CNUPANbHOIl MOAMHYKJIEOTHAHONA LEMU HAXOMUTCS OCTATOK
NMUPMMUIUHOBOrO OCHOBaHWST IPyrov cnupamsHoi menu. Undop-
MallMOHHOE conep)kaHue o0eux cnupanbHbix uenedt JHK naeHTuy-
HO, TAK K4K KaxXJas M3 HMX COACPXHT TOCIEAOBATETbHOCTE
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HYKNEOTUIOB, CTPOrO COOTBETCTBYIOIIYIO NOCIEI0BATENbHOCTU
HYKJIEOTHIIOB APYroM Lienu, 61aroaapst oopa3oBaHUIo TaK Ha3blBac-
MBIX YOTCOH — KpHKOBckux map G—C n A-T.

Bce peakuuu 06MeHa BENIECTB B KJIeTKAX OPraHN3Ma oCylUecTB-
JISTIOTCH N0 KOHTPOJIEM OCOOBIX OeNKOB — OUOKATAIUZATOPOR
(bepMeHTOB), CTPYKTYpa KoTopblx 3anucaHa B JJHK B puae reHoB
(red — 3TO eAMHMIIA HACIEOCTREHHONH WHPOPMALUH, ONpeilesaio-
1ast XAHHBIH TIPU3HAK XWUBOTO OPTAHU3Ma, WHBIMU CITOBAaMH, TeH —
310 yvyactok uenu JJHK, ucnonb3yeMbrit anst KogupoBaHUs OelKoB
OTIpeNIEIEHHOTO TMMA). DTa 3amuch Tepenaetcs mo cxeme: JJHK —
PHK — Benok.

Cuavana uxhopMauus, 3al1MCAHHAA B BU/E YEPEIOBAHUS HyK-
JIEOTHIIOB Ha OAHOM U3 nByX cridpaibHbIX uened JHK, nepenucei-
BacTCI H4 MOJIEKYJLY TaK HasbisaeMoil uHdbopMmalmonHoit PHK
(MPHK) — npoucxoayuT npouece TpaHCKPUITUMY (neperyHChIBAHUS
uHpopmauun). Ha cnenytomem 3tane B pubocome HPHK B3anmo-
IEUCTBYET C Tak Ha3blBaeMoil TpaHcnoptHoi PHK (TPHK) 4 npo-
WVCXOMUT TPAHCISILIASL — CUHTE3UpYeTCs BENOK.

Bornblioit BKTag B UCCNENOBAHHE CTPYKTYPhl U (PYHKLUHOHUPO-
BaHW$ pUOOCOMEI KaK MOJIEKY 1BIPHOW MAllIMHBI, OCYLIECTRISIONER
YITOPSIIOYEHHEII cCUHTE3 6enka, OB caenaH poCCUMCKUM YUEHbIM
akaneMukoM A, C. ClIHpUHBIM.

FeHeTHYeCKui Kog

Wudopmanus, samucaiHas Ha cniipaibHblx Henax JJHK, nomxk-
Ha GHITH ONpeleleHHHM 06pa3oM 3aKOIMpOBaHA. MBI 3HaeM, uTo
MaTeMaTU4YeCKNil KOA MOXET OBITh IBOMUHBIM (YepenoBaHUE HYJIEH
W €AMHMIL, UCTIOJb3YEMOE B IPOIIECCOPAX COBPEMEHHBIX KOMTTbIOTE -
POB), TPOUYHBIM U T. M.

Brieprbie paciuphpoBKa re HETMYECKOro K0aa Gblia BhIIIONHEHA
BbijarowmMest busukom [ A, TaMOBBIM (POCCHUCKUM VUEHBIM,
smurpuposasiuM B CLLA) B 1954 roayv.

B ob1meit popme BONPOC 0 TeHETHYECKOM Koze ObUT peliueH Kpu-
KOM ¢ Kojuteramu B 1961 rony.

OKa3aoch, YTO TEHETUYECKUI KOJI TPUILNETEH, TO €CTh Kaxnas
KOmHpyiollas eAMHALA — KOHAOH, COCTOHT M3 TPeX HYKJICOTHIOB.
[locnenoBaTebHOCTH KOLOHOB OIpeneNsieT IO0CIeI0BaTe1bHOCTh
AMHHOKHCIOTHBIX OCTATKOR B HENIKaX.
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Kak yxe OTMEUATIOCH, OCHOBaHUI, TI0O KOTOPKIM Pa3TUYAIOTCS
HYKJ1€OTHIBI, BCero detbipe. Yncao Ke aMUHOKUCNIOT, BXOAIUUX B
6enku, parHo 20. TakuM oGpa3oM, HeOBXOAUMO YETHIPHEMST OCHORA-
HHYSIMY 3aMTUCATh IBAALIATE AMUHOKUCTOT. OTCioNa ClemyeT, ITo Te-
HETHUYECKUH KOA [IOJIXKEeH ObiTb TPUIINETHLIM, fIOCKOIbKY MO
OIHOMY OCHOBAHMIO U Naxe No ABYM (4 X4=16) BapuaHTOB 3aMHCH
HeIOCTATOUHO, & 1O TpeM (4 X 4 X4=64) — 1ocTaTouHo, ¢ 60ablUMM
3anacomM.

K 19635 rony reseTnyeckuii KoJ ObUT TIOHOCTEIO pactiudpoRaH.
Crano sicHo, 4To KaXA0h aMUHOKUCIOTE COOTBETCTRYET OT OLHOLO
IO LLIECTH KOJOHOB, TO €CTh FEHETHUECKUH KO 0ONATaeT CBOCTBOM
n36bIToYHOCTH. CliegayeT NomYepKHYTh, YTO B TO BpeMs KaK OIHOM
AMWHOKUCNOTE MOXET COOTBETCTBOBATH OT OAHOIO A0 WIECTU KOAO-
HOB, KAXJIOMY KOJTOHY COOTBETCTBYET e IMHCTBEHHA AMUHOKVCTO-
ta. TlopasuTeabHo, YTO 3a HEOONBLIUMH HCKIOUEHUSAMU, BCE
KHBbIE OpPraHU3ME] Ha 3emMiie, OT NMPOCTEHILNX M APSBHENIAX CU-
He—3eNeHbIX BOIOPOCTel 10 UeloBeKa MMEIOT ONMHAKOBBI reHe-
TUYECKHU il Koo,

Pennukauna AHK

CriocoBHOCTb KNEeTOK XHROTO OPraHy3Ma MOICPXUBAThL BbICO-
KYtO YNOPSJI0UEHHOCTh CBOEH OPraHu3aliny OTPEeNesisIeTCst TEHETH-
ueckoil uHbopmaumed, sanucaHhoi B JHK, ¥ HenpepbIBHBIM
CHUHTE30M COOTBETCTRYIOLKIX GeKoB. Ho 3TOTO eule He 10cTaTOWHO
LT TIOTHOLIEHHOTO (PYHKIHOHUPOBaHWA XUBOro opradusMa. [lo-
MMMO LeJIeHAIPAaRNeHHOIo CHHTE3a GENIKOR HEeOOXOAVMO, YTOOLI
caMma JIHK 6bu1a cnocoBHa K caMOBOCTIpOU3ROICTRY. Ha siznike Mo-
JeKynapHoOi 6uonornu npouece camoBocnpuspoactsa JAHK nasbi-
BAETCS PEIUTMKALINE.

HWmenHo 6marogapsa penavkaumn JHK Bo3MoXHO pazMHOXe-
HME XHBBIX OPraHW3MOB, flepelaya HAaCJAEACTBEHHBIX CBONHCTB OT
MTOKOJICHUS K NTOKOJIEHUIO U Pa3BUTHE MHOCOKIIETOYHOTO OPTaHU3-~
Ma W3 OT1000TBOpeHHON stitiekneTku. st peruimkauuu JHK tpe-
OyeTcs yyacTMe MHOrvx BUOOB GeikoB., BT Oedkd, Kak M Bce
Npyrue, 3aKOAMPOBAHBET B HYKJNEOTUAHOW MOC/IEI0BATENBHOCTU
JHK. Taknm 06pa3zoM, B XHBOM OPraHU3Me pealu3yeTcs BaXHEH-
wasi Uisl XKu3Hu obpatHas csass: AHK opravusyer 6uocuHTes Hen-
KOB, KOTOpBIE B C80¥0 ouepens cUHTe3upyror JHK.
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Monens crpoenusa AHK B dopMe aBoiiHO#M cnupany, Npewio-
XeHHast YOTCOHOM ¥ KpuKoM, O3BOIUIIa TOHSTS TIPUHIIMIT YIBOE-
Hus JHK. YnBoeHue MpOMCXOAMT TOTOMY, YTO [ABE CIHpaibHbIE
LIEITU PacXOISITCS, 2 NMOTOM KaXIasl UEMb CAYKHUT MaTpULIEA, Ha KO-
TOpO# ¢ NOMOUIBIO 0COBBIX hepMEHTOB CcoOHpaeTcs nonobHas en
HoBas cnupanbHas Lenb JHK. B pesynsrate sBMecTo oaHoit JHK
00pasyloTcsl ABe, HEOTIMUYVMBIE TIO CTPOCHMIO OT POAVTENLCKOM
mosekynst JJHK.

ToyHocTh cunTesa (perunkaiMu) HoBoit JHK Ha 6ase poau-
Tenbckoit JIHK—Marpuinl oueHEs BeTHka, uro obecrieynBaercs Ha-
JIMYMEM  CMEUMANlbHLIX  MEXaHU3MOB,  OCYIUECTBAAIOUIMX
KOPPEKLIHIO, TO €CTh YCTPAHSIOWNX OIMOKH PETUTUKALIMY,

CyTb MEXaHU3Ma KOPPEKLUUH 3aKTIOYAETCSl B TOM, YTO TIPH CHH-
Te3e [BaXIBl MPOBEPSAETCS COOTBETCTBME KAXIOTO NpHCOeaWHsIE-
MOI'0 HYKJICOTHHA. OOVH Pa3 Tepel BICTIOYEHUEM ero B COCTaB
pacTylleit Lienu, a BTopoil pa3 Neped TeM, KaK BKIIIOUUTL Clleqyto-
IOHI HYKJ1IeoTUI. B uTore JOCTUraeTcst OUMCTHHE paHTacTUYecKas
TOYHOCTL: B IIPOLIECCE BOCIIPOU3BEACHNA [eHOMA MNEKOMUTAoLLE -
o, coctosiutero u3 JAHK mnvnHoit B 3 Mmuniiavapaa nap HyKneoTHIoR,
BO3HHWKAET B cCpelHeM He Hosee Tpex omuook(!).

OTKpbiTME pnb03NMOB

B 1977 roay 6bl1a OTKpbITa MPEPBIBUCTOCTb NEHOB Y CITOXHbIX
OIHOKJIETOYHBLIX U MHOTOKJICTOYHBIX OPraHU3MoOB, B KJICTKAX KOTO-
PBIX MMEIOTCS siIpa (3YKapHOT). BeISCHMITOCH, UTO TIOC/eIOBATENBb-
HOCTb T€HOB, KOLUpYylOILasi HOaHHY [OCNEA0BaTENbHOCTD
AMWHOKMCIOT B GelTKe WM HYKJIEOTHIOB B PHK, ne Bcerna snaser-
cs HerpepblBHOM. OHa MOXET CodepXaTb BCTaBKH, KOTOPHIE ObUTH
Ha3BaHbl MHTPOHAMH U KOTOPBIE HE KOAUPYIOT OEJI0K.

Oka3zanock, yto PHK, coaepxauias HHTpOHEI, MOXET Cama OCY-
IMECTRAATL CEJACKTUBHYIO Peakuuio Mo yAaleHUI) WHTPOHOB M
CILIIHBKE COOTBETCTBYIOLIMX KOHIIOB.

TakuM 06pa3oM, GHONOTUYECKUMI KaTATH32TOPaMy MOTYT ObITh
He TOJILKO G6€/KH, HO i PHOOHYKIEHHOBbIE KUCNOTHI. Takne kartanu-
3aTOPHI NORAYUUITH HA3BaHHE PUOO3VIMOB.

O1KpbiTHE PUOO3UMOB MO3BOJAU/O MMO-HOBOMY pPacCMOTPEThb
IBOJTIOLIMIO XXKU3HHU Ha 3CMJIC W OTBETUTD HA BOIPOC: € YEro HaYa1aCb
XHW3Hb Ha 3emile — C BENKOB W C HYKJIEWHOBBIX KACTIOT.
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Kak u3BecTHO, GEJIKU, B OTAUYKE OT HYKJIEHHOBBIX KUCIOT, HE
MOTYT CaMOBOCTPOM3BOAMTLCHA, 4 HYKJIEWHOBHIE KWUCJIOTLI A0 OT-
KPbITUSE PUOO3IUMOB CUMTAINICE HECTIOCOOHBIMM KaTATM3MPOBATh
XUMUYECKHE PEeaKlIMU, HeoBXonuMbIe /151 CAMOBOCHPOU3BOACTBA.

IMocne oTkpbiTUA pUBO3UMOB ObUIa BHICKA33aHA TMIIOTE3A, YTO
1ICPBOHAYAITLHO Ha 3eMIIE BCe XK€ NOsIBUJIMCH HYKJIEUHOBRIE KMCIIO-
Thbl, KOTOPbi€ ONHOBPEMEHHO MOTJIH CAYXUThL U hepMeHTaMM (NpaB-
J1a, He oueHb 3¢ bexTBHBIMH). TTo Mepe IBONMOHMH C TOMOIIBIO
pub03MMOB 6bUT BRIpaboTaH HOBEIN KJjlacc 6uornonuMepos — 6es-
KOB, Y10 W IPUBEJIO K PA3BUTHIO COBPEMEHHBIX (HOPM KU3HHU.

Bot uto nuuiet akageMuk Cripud o pon PHK: «CospeMeHHas
xu3Hb — 310 PHK, nepeaasiuag yacte CBOUX reHETHYECKUX (PYHK-
LIKH pOXACHHOMY €10 Xe poacTBeHHOMY nonuMmepy — JITHK, v cuH-
Teaupywouas 6erku and  Bceodbemnolero 3d@eKTuBHOrO
GYHKUAOHUPOBAHUSA COACPXKAILUX €€ KOMIIOHEHTOB — KJIETOK M
MHOTOKJIETOYHBIX OPTAHU3MORBY,

BoccraHOBNEHWE FEHETMHECKMX ﬂOBpE)KAeHMﬁ

DBOMIOLMS XU3HU Ha 3emsie nUla nol JeicTBHEeM ABYyX $aKTo-
pOB: MyTalMi (M3MEHEHUS CTPYKTYPbl) FEHOB U JADBUHOBCKOTO €C-
TeCTBEHHOTO 0TOOpaA. B faHHOM cilyyae Mbl ©MeeM IpKUH IpUMeEp
TOI'0, KdK OFPOMHAas COBOKYITHOCTb CJTYYaiiHbIX [POLIECCOR NpUBEna
K POPMUPOBAHMIO B BEICILIEH CTENEHU PETYAAPHBIX ¥ COBEPIIEHHbIX
CYLIECTB (CTOXacTMYECKH IeTepMUHU3M, KaK FOBOPAT GUONIOTH).

[TpMynHOi MyTanMii MOTYT CIYXKUTh KAaK OLUMOKM MPH perivKa-
11¥11, TaK K BO3ACHCTBUS BHEUTHUX (DAKTOPOB — pa3Hbie BU/IKL 06.Ty-
JeHUs, XMMHUUECKHE BO3NEUCTBHS U T. 1.

BaxHeiuum dakropoM, obecrneyuBaolluM U3MEHYUBOCTh
JIHK, siansteTcs Takke Tak Ha3biBaeMast TeHeTHYeCKaa peKOMOMHa-
LH1S, TO eCTb NepepacnpeaeieHne reHeTUYECKOro MaTepuana, rnpu-
BOIOAILEE K BOSBHUKHOBEHUIO HOBBIX KOMOMHALIN TEHOB.

2KuBble opraHu3Mbl 061a0aI0T CBOIWCTBOM BOCCTAHABJIMBATD NO-
BpexacHus, BosHukiuue B JHK B pe3ynbraTe BO3AcHCTBHA pa3ivy-
HbIX MytareHHbIx <hakropos. OHU, KaK TOBOpSAT GHONOIH,
OCYLIECTRIASIOT peltapaluio reHeTUYECKUX NOBPEXACHUWNA,

Bonsiioi Bkian B pericHue npobieMbl penapaiimu BHec Ipod.
B. H. Coiidpep. Peakuuu penapativi gecbMa pa3sHo00pa3Hbl — OT
OLICTPOro yCTpaHeHNs Pe3Y/AbTATOB MYTAr¢HHOTO BO3ACHCTBUA (10

49



TOFO, KaK KNETKM OpTaHW3Ma BCTYTISIT B HOBYIO (hazy IENEHUs) Mo
PacTAHYTOTO BO BPEMEHH TPOLIECCA, KOTOPbII CO3/IAET HOBLIE CITe-
HHMaNbHBIE (EepMEHTBI, NOMOTAIOUIME YCTPAHUTHL BO3HUKILUEC MMO-
spexaenust JHK.

B nocneaHeM ciiydae peaxilns pernapauiud MOXET pPealu30Bbl-
BaTBCH YXE TIOC/IE TOTO, KAK KJIETKU 3aKOHYWIIN I€IEHUE.

BronHe BepoaTHO, UTO NMPOLECCH! penapaluy reHeTUYecKuX Mo-
BPEKACHUIL UTPATH PELIAIOLLYIO POJib B IBO/MIOLIMY XU3HH Ha 3eMne.
Kak noxaszanu 1a6opaTopHbie IKCNEPUMEHThI TTO UCKYCCTBEHHOMY
cuntesy JHK, BrImonHeHHble aMEpUKAHCKUM YueHbiM KpoHbep-
roM B cepefinie 70-X TOAOB, TOJIBKO TOCHE BBEACHHMS B PEaKLIMOH-
HYI0 CMeCE (DepPMEHTOR pernapalluy yIanoch HojyYuTh HOPMATTLHBIE
AByHUTEBKIE MoJeKyabl AHK, 6e3 BeTBalLuxca caxapothocgaTHbIX
HUTEN.

3T0 ¥ NO3BOIUIO MPENTONOXKHUTD, YTO HA PAHHHUX CTAAMSX 3BO-
JIIOLIMH XW3HY Ha 3emsie posib GepMEHTOR penapaluuu ob1a oueHb
BEJINKA.

O MexaHu3Max 3apOXACHHUS XW3IHWU

MBI O4€Hb KPaTKO OITUCAIH OCHOBBI (PYHKIIHOHUPOBAHUS XU-
BBIX OpPraHu3MoB Ha 3eMje. Bonpoc 06 3BOTIOLIMHN U B OCODEHHOC-
TH, 3apOXIEHUU XW3HW Ha 3emyie — 3TO OTHeNbHasg OoybmHIas
npo6aeMa, Bee ellie JaneKass OT OKOHYaTebHOTO pelleHUS.

[To-BUIMMOMY, Ha CaMbIX PAHHUX CTaIMsX BOLOLAV 3eMil,
KOTJa e€e BO3pacT COCTABJSUT BCErO HECKOJNBKO COTeH MWLUIMOHOB
JIeT, BHAYane B BOAHbIX OacceiiHax npu oNTMMAaIbHOM TeMneparype
(OPMUPOBUTUCH CIIOXKHBIE MOJICKYJISIDHBIE COSCIMHEHHUS.

Cepbe3HBIM OCHOBaHHMEM AJIS TAKOM THIIOTE3k! SIBNSAETCS TO, HTO
K HACTOAIILIEMY BPEMEHU PAZ0aCTPOHOMUYECKUMM METOAAMM B KO-
CMUUECKOM MEX3BE3AHOW cpelie, COCTOSIEN U3 NbUiM ¥ ra3a, oT-
KpPBLITO MHOXECTBO TUIIOB CJAOXHBIX 9—13 aTOMHBEIX OpranMyeckux
MOJTEKYT, BKIIIOYAS MOJICKYIThI 3THJIOBOTO CITMPTA U JAXKC MOTXEKYTbl
AMMKHOKVCAOTHI (FTMLMH), KOTOPBIE SBASIOTCS KOMITOHEHTaMU Gen-
KOB.

Taknm oBpa3om, Jaxe B XecTOUaNWITUX SKCTPEeMATBHBIX yCJio-
BUSIX MEX3BE3IHOM cpelbl NpU CpelHEH KOHUSHTPALMKU BELIECTBA
nopsaaka 1 atoma Bojopoaa B KyDUUECKOM CAHTUMETPE (KOHLICHT-
palus BELIECTBa B aTMocdepe y MOBEPXHOCTH 3eMiin ~ 10" aToMoB B
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KyOUUeCKOM CaHTUMETPE) U TeMIepaType, 6IM3KOoi K aBCOMOTHO-
MY HY/I0, [1PY OOYUEHUM KECTKOM KOCMUYECKOM panualueii, no-
BUAMMOMY, H4 TIOBEPXHOCTHX NMbUTHHOK OCYUIECTRIISICTCS CHHTE3
CJIOXHBIX OPTAHHYECKAX MOJIEKYIL.

D710, a TAKXKE PE3YALTATHL IPAMbIX J1A6OPATOPHLIX KCTIEPUMEH-
TOB 110 MOAENVIPOBAHUIO (PU3NKO—XMMUIECKHUX YCJIOBUIM Ha TiO-
BEPXHOCTU paHHe 3eMIM, Ta€T OCHOBaHUS NMPEANOTOXUTb, YTO Ha
PaHHUX CTAAKSX 3BOJIOUMU 3eMJIHU Ha ee NOBEPXHOCTH BIOIHE MOT-
M MATH XUMUYeCKHE PeaKIWH CHHTE32 CAOXHBIX OPTaHUYECKHX
MOJIEKYT.

OfHaKO NOHSITH, KaK COBEPIIWIICH CKAaYOK OT HEXHWBOI OpraHni-
yeckon MaTepuy K XUBoit dopme, obnagaolieil CBOICTBAMM CaMO-
BOCIIPOM3BOACTBA M TOMEOCTa3a, NMoKa He ynaercsi, Brlne yxe
OTMEUaiioCh, YTO HOBEHIIMEe HaHHBIE MOJEKYIAPHONH Ouonoruun
NO3BOASIOT IPEAIOIAraTsh, YT0 BHaYale Ha 3emie chopMUPOBAINCH
He 6enku, a monekyasl PHK, koTopeie, 06/1anaa cBoifctBaMu ¢ep-
MEHTOB, NpUBENU K CHHTE3Y Moiekyn 6eaxos, [IHK u aaree — co-
BPEMEHHbIX (HOPM XH3HH.

Xvmuueckas cTpyktypa Monekyasl PHK ropasgo mpolue, yeM
6enkos v J1HK. Oanako naxe nepexoa oT HeXMBOW MaTEPUM K 11pO-
creiitunm MonekymtaM PHK — aTo ruraHTCcKu#i KauecTBeHHBII CKa-
YOK B 3BOJIOIHM MaTepUU, W KAK OH TIPOW3OLLEN [OKa HESCHO.
Pewenue 3Toii pyHaaMeHTaI6HOK NpobaecMbl — Je10 Oyayluux jia-
60paTOpHBIX XWMHKO—OHONIOTHYECKUX BKCIICPUMEHTOB.

fwnoTtesa naHcnepmuu

Kak otMeuaeT akaneMuk IapMoOH, NpUHIIUITHANLHBIM BOMpoc B
1IpOB/IEME 3APOXIACHUSA XHU3HU — 3TO MOUCK XMMUUECKNX CUCTEM,
6osee nmpocTteix, yeM PHK 1 JIHK, Ho KoTophle MOMIU GhbI XpaHUTh
CBOIO XMMMYECKYIO MpeAblCTOPUIO U 0BeCNeunBaTh MOCTYNATE b-
HYIO IBOAIOLIMIO CBOMX CBOWMCTB 33 CUET XHMUYECKUX W3MEHEHUIH B
HOCHUTENAX WH(POPMAIIUH.

B nocneaxue roabl ObLIO BEIACHEHO, YTO CIIOCOOHOCTBIO K O1HO-
HanpaBleHHOH XUMUYECKOH 3BOIIOLMH IO KHBI 001a1aTb HE TO/Ib-
KO OGMOAOrUMYECKHME OpPraHu3Mbl, HO M NOCTATOYHO TIPOCTbIC
XUMHYECKHE CUCTEMBI, HE HMEKIIUE CNEIRalbHBIX HOCUTENel O1-
onoruveckoi HbopManuy. MHbIMY CJIOBAaMU, €CTECTBEHHBIN OT-
60p MOXCT NPOUCXOAMTb He TOJLKO B CJIy4ae 3BOJIOLIMU XHBHIX
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OPTaHU3MOB, HO W B HEXMBEIX, HO CHELMPUUECKUX XMMUYECKUX
CHUCTEMAX.

TlapMOHOM OBLI0 NMOKA3aHO, YTO B CUCTEME, COAepXaUIeH XUMU-
YECKH HEB3aUMOAEHCTBYIOILHE ABTOKATAIM3ATOPHI, KOTOPhIE KOH-
KYPHPYIOT 33 OJIWH M TOT XK€ BUJ «ITULLIH» , TPH YMEHBIICHUM OObeMa
MULLY BO3HUKAET PEHOMEH «ECTECTBEHHOIO OTOOPAa», TTPUBOIHIITIFH
K «ITIPOTPECCHBHOM IBONIOUWU» dBTOKATAIU3ATOPOB.

TakuM 06pa3oM, NEPBUYHLINA €CTECTBEHHLIA OTOOP HA paHHEH
CTaIMHK 3BOMOLMH 3eMiu Mor nipoucxoauts 6e3 PHK 1 IHK. TTo-
3TOMY MOXHO NpeAroiaraTh, UTo npebuoruueckas ¢asa ecTeCTBEH-
Horo otbopa A0 mogwieHus nepenx Mojiekyn PHK 3aHuMana se
MWUIHAPABI, a Vb AeCATKU MULTUOHOB JIET TOCE OXTaXIeHUST
TIOBEPXHOCTH paHHE! 3eMIH U NOABACHUSA B HeH NPUPOAHBIX BOJ, B
KOTOple HIJIM XUMHWYECKUE peaKUuWu M TMOSIBJAJIUCh U UCUE3aTHU
fIPOTOTHITRL XXM BBIX OPraHU3MOB.

Kpuk 1 Opresut B 1973 rony, Besten 3a AppeHuycoM U LivosakoB-
CKVM, JUIS OObSCHEHHUS 3apOXIEHNs! XKU3HU Ha 3emiie NpeIoX I
MMNOTE3y HAMPaRJIEHHON NaHCTIEPMHH (3aHECEHMM CIOP XKU3HH Ha
3eMJI10 B3 KOCMUYECKOTO MPOCTPAHCTBA).

[pexaronaraercs, 4to rae-To B rybuHax BeeneHHO# B pe3ynbra-
T€ OIHOTO WIN HECKONBKUX YPEe3BbIYAKHO MAJIOBEPOSTHBIX ITPOLIEC-
COB 3apPOAWIMCH TPUMHTHUBHEIC (OPMB XW3HH, KOTODBIC B
faneHeHlIeM 6bITM 3aHeceHbl Ha 3eMJII0 KaKHM-i1H00 CrocoboM
(ManalowuMH KOMETAMY, METEOPUTAMH U T. T1.).

IMockonbKy B NaHHOM CITyyae B TIpOLIECCE eCTeCTBEHHOT0 0T60pa
Y4YACTBYET He oJHA 3eMiisl, a BcA BeeseHHast, [aHChl 3apOXICHUST
XWBOM MaTepuu 3HAUUTENIBHO BhIe. JIerko BUAETL, OOHAKO, UTO B
IUIIOTE3€ HATIPABJIEHHOM MaHCIIEpMUM NPobieMa 3apoXIEHUT KU3-
HW He pelIaeTcs, OHa UL TTePeHOCHTCA ¢ 3eMIIM B APYTYIO TOYKY
BceneHHoi.

B nocieaHyue ToAbl THIOTE3E O MPOUCXOXISHUM 3apoabluICH
xU3HW B KoCMHYECKOM MPOCTPAaHCTRE YIAENSETCS cepbe3HOE BHU-
manue. Hanpumep, akaneMHK 3aBap3UMH YTBEpPXKIAeT: «TIPOMCXOXK-
JIEHNE XU3HH OKOHYATENILHO BhITeCHEHO B KocMoc». A akaneMHK
CoOKONOB MOTYEPKUBACT, YTO UpeABAKTEpHATbHEIE OPTAHU3MBI HaM
BOBCE HEU3BECTHDI.

Hexoroprie ¢dynocohsl naxe MPEANoONaraloT, YTO 3apOablIiIy
SKH3HU CYILIECTBYIOT BEYHO B 3BOTIOUMOHUPYIOLIEH BCENeHHOM.
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C atiM Henb3s corniacuThes. JeCTBUTENRHO, COBpEMEHHAS KO-
CMOJIOTHS YUUT, uTo BeeneHHas HectallMOHapHa ¥ 15 MWUIHapnoB
JieT TOMY Ha3all OHAa HaXOAWIACH B CBEPXTUIOTHOM M CBEPXTOPSAYEM
COCTOSSHUH, TIPH KOTOPOM HE MOTAIU CYILECTBOBATh JaXe BAeMeH-
TAPHbIE YACTULIHIL.

Bonee Toro, naxe rrociie Bonbiioro B3psiBa W HaYaIa pacuinpe-
Hust BeceneHHO# OLIN nepHon (IOpsSAKa HECKOJIBKUX COTEH MWIIU-
OHOB JieT), Korma BceneHHast cocTosIa B OCHOBHOM JIMUIL H3
BOJIOPOJIA U refiusg ¢ HeBoMbIIoH TpuMechio aeittepus 1 mutus. Ha
3TOM CTAIMM Pa3BUTUS BCeJICHHON XM3HbL TAKXKE He MOTJa 3apo-
JIUTBCS, MOCKOJIBKY BO BeesteHHON He OBLTO TIXENBIX 3JIEMEHTOB U,
TXaBHOE, YTIEPOaa — OCHOBHOIO KOMITOHEHTA OPTAHHYECKON XU3-
Hu. Taxenbie AeMEHTHI NosswiInCch Bo BeesleHHOI, KorTla ee BO3-
pact 6bLT 6/M30K K 1 MWuTHapay fet. B 3ToT mepuon 13 rnepBUIHON
BOZOPOAHO—TENHEBOH Ia3Mbl (OPMHMPOBAIMCEH 3BE3AbI fIEPBOro
[TOKOJNEHHs. TePMOSIAEPHBYA CUHTE3 XTMUUECKHX 3JIEMEHTOB B He-
IIpax 3TUX 3BE3] ¥ TIOCIEeMYIOMMe B3PBIBb! CBEPXHOBBIX MPUBEIH K
oboraureHuIo BeeneHHON TAXeNbIMU 271eMEHTAMM, 4TO CO3AANIO0 YC-
NOBUS [UTA 3aPOXACHMHST XKH3HH.

Taxum 06pa3oM, ruroTe3a O CYIUECTBOBAHMHW BEYHbIX 3apOIbI-
e XXMU3Hu Bo BceneHHoM SIBAETCA HEMPUEMIIEMOIi ¢ TOUKHM 3pe-
HHS COBPEMEHHON KOCMOJIOTHH.

O NpPONCXOXAEHNM FeHETU4YECKOro KOAQ

Bonute yxXe yrnoMHUHAJIOCE, YTO TeHETHYECKHM KOX 36MHBIX XH-
BbIX OPFaHU3MOB MOUTH YHHUBEPCAIEH B TOM CMBICJIE, YTO €0 OC-
HOBHasi YacTb ONUHAKOBa s BceX (hopM XKU3HH Ha 3emne. JIunrb
LIS HEKOTOPBIX 3K30THYECKMX CUCTEM TPaHCIISTIMKM (CHHTe3a 6ei-
Ka) HaitneHbl CNabble OTKIIOHEHUS B TEHETHYECKOM KOJIE.

[To MHeHITIO GONBIMHCTBA GMONOTOR, TEHETUIECKU T KO IBUII-
¢S TIPOAYKTOM JOOUOJOTHIECKOM MOJIEKYNSIDHON 3BOJIIONINH U ITPO-
JOJIKaT YACTUYHO 3BOJIIOLMOHUPOBATH B AaJIbHEHLIEM.

TUnoTesst BOSHUKHOBEHWS TEHETUYECKOTO KOa KaK CTOXacTH-
YeCKOro MpoLecca MOJIEKYIAPHOH 9BOJIIOIMH, YUUTHIBAIOT Cleayio-
1€ BO3MOXHOCTM:

2) cBOMCTBA TEHETHIECKOTO KOIa MOTJIH OBLITh TIpeA3aiaHb! (PU3M-
KO—XUMUYECKMMU [1apaMeTpaMi B3AHMOACHCTBYIOIHX KOMIIOHEHT
M YCIOBU UX B3IAaUMOIEHCTBIA;
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6) oHM MOTrNH ObITE OTOOPaHDBI, KAK aAlITUBHbIE, CPeAN MHOTHX
ANBLTCPHATMBHBIX BAPMAHTOB,;

B) CBOWCTBA TEHETUYECKOrO KOMA OBUTM (DHKCHPOBAHBI ClTyJai~
Ho. Hanipumep, B 1968 rogy KpHK mpeanoxuin MiioTesy «3aMopo-
KEHHOro ciiyyasi», OH npennojioxXuwi, 9To B MPOLECCE 3BOJIOLUN
6bu1a 3aduKcupoBaHa nepBas cyJyaitHasi, Ho JOCTATOYHO YIORTE-~
TBOpUTENIbHAS CUCTEMA KOIMPOBAHUS, JTa CUCTEMa B lanbHedleMm
OB12 pasMHOXEHA W TIOHBEPTJIACH IBOMIOLIMOHHOMY YCIOXHEHHIO 1
ONITUMM3AUMH.

Kak nyrem cnyyaiinbix OtyxknaHuii B IIpOCTPAHCTBE U BPEMEHHU
cbopMHUPOBANCS reHETHUYECKIH KOX B COBpEMEHHOM BUIE, TTOKA OC-
TaeTCs 3araakoi. AACHO 1ML TO, YTO reHETUYECKMA KO NMpPeaCcTaB-
JIsIeT coO0OW He ciyvyaiiHeIii Habop, a BBICOKOOPraHM30BaHHYIO
CUCTEMY COOTBETCTBMIL, TIONICPXUBACMYIO CIOXKHBIMU MONEKYITSAP-
HBIMW MEXaHU3MAMM.

Kak ormernn Kpuk, «reHeTUIECKHI KOI — 3TO KJTIOY K MOAEKY~
JIIpHOM GHOJIOTHHM, MOCKOABKY OH NMOKa3biBaeT, KaK ABa BENMKHX
S13bIKA [TOJUIMEPOB — SI3BIK TTOJIMHYKIEOTHIOB M A3bIK TIONUNENTY~
0B (6eTKOB) CBSI3aHBI MEXOY COBOT».

EcTecTBeHHbli4 0TGOP

IMocte BO3HNMKHOBEHHS NEPBBIX MPOCTERLIMX XUBBHIX OPraHN3-
MOB, THIIA CMHE—3eJICHKIX BOJIOPOCIci, KOTopKie HhYHKIIMOHKHPOBa-~
ST, Koraa atTMocdepa 3eMITH ObL1a HACKILIeHa YTIEKUCITBIM Fa30M, 1
B Hell NpaKTHYeCKU OTCYTCTBOBAT MONCKYAAPHBIA KMCIOPON (Tak
Ha3bIiBacMas, aHa3p06Haﬂ JXH3Hb — XKHU3Hb B OTCYTCTBHE KUCTIOPO~
I1a), Havyay paboTaTh TAPBUHOBCKHUIT MEXAHU3M ECTECTBEHHOTO OT-
6opa.

DTOT MeXaHM3M B NMPOCTEWINEM CITy4yae BKJIIOYAeT TpM S3Tarna:
ciyqaliHOe NosIB/ieHMe MYTAUMi B reHe; W3MeHeHMe Toi OHoory-
YecKOU (PyHKLMH, KOTOpasi OMpPENecAsieTcsl STUM MEHOM; 3aKperuie-
HHE M3MEHEHWsI, eCAM OHO OaeT MpeuMyllecTBa B Gopbbe 3a
CYIIECTBOBAHME ( BLLKMBAIOT Haubonee Npucnoco1eHHbIE).

OnHako, Kak NoguyepkuBaeT axaseMuK CKylaueB, Takasl Mpo-
CTeillIasi CXeMa MPUIoaHa JUIIb B TOM C/Tyyae, KOTaa MyTaLus MpH-
HOCUT HEMEIUIEHHYIO BhIrONly 3BOJIIOLMOHYpYIOLleH ocobu. OHa He
paboTaeT, eciy TOSIBACHYE TIONE3HBIX CBOHCTB IPOMCXONNT JIMIT
focAe NOCAEAYIOWUX MYTaLUI B AAHHOM WIW IPYTWX TeHax.
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B psize ciyuaes ecTecTBeHHBIA OTOOP B ero MpocTeiilieM BapH-
AHTE MOXET HE CNIOCOOCTBOBATE, a TIPETISITCTROBATE TIPOTPECCY 3BO-
mouun. Bee 310 3aMenisier GUONOTHYESCKYIO SBOIOLMIO.

B niociaeanue roasl 6MonoraMu 061N TPEMIOXEHE MEXaHU3MbI
NEPEXIIOYEHUS PEXUMOB CYILIECTBOBAHUSA OMONOrWUECKOi nomnyJs-
LM, KOTOPbIE NTO3BONSAIOT YCKOPUTD e 38os1ouM10. Peuk nier o Tak
Ha3biBaeMbIX T— Y K—cTpaTerusx 8 Xu3HW 6HOTOrHIECKOM TTONMy/Is-
unu. CTpaterust TUNA r NpeRnogaraeT OypHoe pasMHOXEHHUe U KO-
POTKYIO TPOACNKHTEIBHOCTE XH3HU ocobeil, a cTparerus Tuna k
COOTBETCTBYET HU3KOMY TEMITY Pa3MHOXEHUA U MPOAOIIKHUTETbHON
KU3HU.

B caywae r—crparerMM CMEHa TMOKOMEHHI fIPOUCXOIUT dallle,
TIO3TOMY BEpOSATHOCTL (POPMUPOBAHUSA HOBBIX CBOMCTB Yy ocoleil
BbllLie, YeM B ciiyvae k—crparerud. [lepeximouyeHue r—~ U k—crpate-
M MOXET NPOUCXOUTSH CIIYJAaHHO, IPU 3TOM BbIXHBAIOT Te 0cobH,
KOTOpbIE BbIGPAnK cTpaTeruio, 60/1ee COOTBETCTBYIOUIYIO YCIIOBUSM
KOHKPETHOU cpenbl obuTanus. Takoe TepexmouyeHue crpareruit
MOXET OCYNIECTBAATLCS CIEUNATbHBIM NEHOM WM TPYTIION [€HOB.

Tlo MHenuio Ckynauesa, LEHTPATLHYIO POSib B PEATH3ALIUY TIE-
PEKIIOUEHYS CTpATEMMI UTPAIOT aKTUBHBIE (DOPMBI KUCIIOPOIa B Op-
raHn3Max. MexaHu3M MmepeknioueHUs T— U K—CTpaTeruit nosponseT
YCKOPUTb GUOOrMYECKYIO 3BooLUI0. Brioine BO3MOXHO, 4TO B
NPUPOAE CYIUECTBYIOT U APYTUE MEXAHV3MBI, MPUBOMILIHE K YCKO-
pPEHUIO 3BOTIOUHH.

Kak noguepkuBaeT akajeMHK AJITYXOB, KJlacChJecKasi TapBuH-
CKasi cXxema 3BOJIIOIIUH, TPaKTYIolias o0pa3oBaHue GUONOTMUECKNX
BHIOB KAK BEPOATHOCTHDIIT IPOLECC, B IOCAEAHME IOIbl IEpecMaT-
puBaercsi. C pa3pdTHEM PFeHEeTUKY HaKalUIMBAeTCs BCe 60mbiLe (ak-
TOB B T10JIb3Y TOIO, 4TO 0Opa30BaHie OHOIOTHLECKUX BUOB A0/DKHO
ObITH CKAYKO0Opa3HbIM, CBA3AHHAIM C KOPEHHON NepecTpoiKkoi re-
HOMa OpTaHK3Ma, a He TTPOUCXOINTD B BUJE INUTENLHOIO agafiTHB-
HOTO fipOLECCa NOCTENEHHBIX 3aMELLEHMI OTAEILHBIX FE€HOB.

Popocnoeubie aepeBbs XWBbLIX OPraHu3mos

B 1977—79 ropax Giarogaps ycrexam 3KCTepUMEHTANIBHOM H Te-
OPETUYECKON MOREKY/IIPHONM GHONOIMM Hayanach MaccoBas pac-
wydpoBKa MOCASAOBATENIBHOCTEY aMMHOKMCIOT B Genkax M
riocienoBarensHocTell nyrieorunos s J{HK u PHK.
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K nacrosiiieMy BpeMEHU HaKOTUIEHEI OTPOMHBIE MEXTyHapOI-
Hble 6aHKM JaHHBIX O MMJUIMOHAX 'eHOB U COTHSX ThICAY GENKOB.

Pacuimdposka HYKIEOTHAHBIX TIOC/Ae/10BATENLHOCTENH [EHOB
MIO3BOJISAET U3YYUTDH IIPOLIECC SBONIOLUMU XU3HU Ha 3eMite ¢ TOUKU
IpEHHUS MONEKYJ/ISIPHOTO YPOBHS OPraHU3alIMK XHBOI'O BELICCTBA.

HsBecTHO, 4TO MHOTHE MYTallMM F'eHOB COCTOAIT B 3aMeHe JIMILb
OIHOMO WIH HECKOJBKUX HYKJICOTMIOB, MPU 3TOM BOJbiias yacTb
Te€Ha oCTaeTcsl HeM3MeHHoW. UeM paHblle TIOSBWIMCH MYTALMOH-
HBle pavIMYMs ABYX T€HOB, TeM Bofbille pazmuuMii OHH HAKOMSAT.
[TostoMy aHAIM3 CXOACTRA TOC/AEIOBATEIBHOCTE MaKPOMOJEKYJH
(OHK, PHK u 6emkoB) mo3Bonser mocTpouTs UX pUIoreHeTHYEC-
Koe (T. €. pOJOCJIOBHOE) NePeBO WK, KaK rOBOPAT HU0A0MH, Ocylile-
CTBUTE (PUITOTCHETHYECKHM T aHATUS,

Pesy/braThl TAKOMO aHATHM3a MO3BOJIWIH aMEPUKAHCKOMY yie-
HoMy [YAMeHY NOCTPOMTb QUIOrEHETMYECKHE NEPEBbS LI HEKOTO-
PBIX TCHOB M 6ETKOB OT BLICUTHX TIPUMATOR M YeJIOBEKA.

W3 3TUX NaHHBIX cneayeT, 4YTo Hanbonee BIM3KUM K HEeTOBREKY B
3BOIIOUMOHHOM CMBIC/Ie ABJsSeTCH IuMnan3e, OLUEHKH IToKa3bIBa-
fOT, UTO CBBILIE 99% HYK/IEOTUIOB ¥ FEHOMOB Y€10BEKA H LINUMITAH-
3¢ OAMHAKOBBI. [€HOMbI LIMMMaH3e W 4YeJoBeKa CYUISCTBEHHO
«p2a30NUTHCE» TIPUMEPHO 5— 10 MUJTHOHOB JIET TOMY HA3a4.

Nporpamma «feHoM 4yenosexa»

B TeyeHve MOCHEAHETO ASCSTUIETUS JOCTUTHYTHI OTPOMHBIE YC~
MeXY B MEXIYHapOJHO mporpaMme «[EHOM YesioBeKa», IOCBSIIIEH-
HOIf pellleH110 TIpobsieMbl KapTUPOBaHUs ICHOB YenoBeka. Kak yxe
OTMeYaI0Ch, TeH — 3T0 yJacTok Mosexyinsl JJHK, xonupyrommii
onpeaeieHHsIi 6enok. Yuco redoB B coctaBe JIHK yenoseka oko-
710 50—60 ThHICSTY, UTO CocTamBisAeT TONbKO 3% o6uiei amubl JHK;
pO.JIb OCTANLHBbIX 97% TIOKa HEesICHA.

B xaxoit Kiterke yenobeka coaepxurca 46 mosiexyn IHK, ko-
TOpHIe pacrpedeNicHH B 23 napax XpoMocoM. XpOMOCOMBI — 3TO
CTPYKTYPHI, [10 KOTOPBIM paclipeae/eHa mojiHas Moiekynda JHK.
Yucmo XpoMoCcoM 3aBUCHT OT TIPUPOIBI XUBOIO OpraHu3Ma. B rpe-
nmenaax Kaxaon xpoMocombl JJHK mnpencraBneHa omHO#M AdHeHORM
NBOMHON CIIUPAIBIO TMFAHTCKOTO pa3Mepa — Kaxas U3 HUTEH cnu-
PATM COOEPXUT COTHY MUJUTKOKHOB HYKJIEOTHIOB.

CyMMapHas andHa Bcex 46 monexkynr JHK B omHoit xieTke
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yesioBeKa paBHa OKOJIO 2 MeTpoB. [loNHas Xe a1MHa BCeX MOMEKy
JTHK B Tesie B3poCToro genoBeka, cocrosero u3 3 10” xierox,
coctannsier 10" kM, YTO B THICSTUY pa3 MPEBLIILAET PACCTOAHUE OT
Contua ao 3eMau.

B reHome yenoseka ¢ TOMOLILIO YETHIPEX OCHOBAHUI 3amucaHa
KOIMPOBKA COCTaBa CHHTE3UPYEMEIX OEJIKOB, a TaKKe UHCTPYKUMH
0 TOM, KaK KJIETKaM BbIXWRBATb, KaK PEarvipoBaTh Ha BHEITHUE BO3-
NefcTBUA, KaK BYIET MPOMCXOIUTE Pa3BUTHE Tella YeTOBEKA 1 MHO-
YO IPYTUX CBeJeHWi 0 PyHKIIMOHUPOBAHWH OpraHUu3Ma.

TTosoMKa reHHbIX MVHCTPYKIIUI BeneT K MyTatmsaM. Eciu Myta-
HUY NPOUCXOIAT B IEHEPATWBHBIX KJIETKAX — CTIEPMAaTO30MIAX WIH
AHLIEKNETKAX YeNOBeKa, TO MyTallMu TIEPENAIOTCA CIERYIONIUM 10-
KOJIEHUAM.

Llens npoexTa «I€HOM ueyioBeKa» COCTOUT B BIICHEHHUY TIOCJIe-
JIOBATeJTLHOCTH OCHOBaHUIt Bo Bcex MoJiekynax JHK B kneTkax ue-
noBeka. KpoMe Toro, 10/DKHa ObITE YCTAaHOB/IEHA JIOKAIU3ALLUS BCEX
F¢HOB, YTO NOJUKHO TIOMOYb BBISICHWUTB IIPUYMHBI HACAENCTBEHHBIX
3a60NEBAHUI M OTKPBITh MYTH K UX NEYEHMIO,

B BEITONHEHUM npoekTa «[EHOM YenoBeKa» 3ameiCTBOBAHO He-
CKOJILKO ThICAY YUEHbIX: O6U0ON0ros, XHMHUKOB, MATEMAaTHKOB U Qu-
3MKOB, a TAKXKE YYEHBIX B 00/1aCTH TeXHWYECKHX HayK. DTO OOMH U3
CaMbIX AOPOTOCTOAILIMNX HAYYHBIX TIPOEKTOB — €TI0 CYMMapHasi CTo-
MMOCTDb COCTABJISIET MHOTME MIULIKApAB! A0JUapoB, K HacTosimieMy
BPEMEHM NMPAKTNYECKH TIONTHOCTHIO pactiidpoBaHa TIONHAA MocTe-
aosarenbHOcTh JIHK venoseka.

Ihasnas 3anaua wiccnenoBaHuit — W3yyuth Bapuaumu IHK B
Pa3HBIX OpPraHax ¥ KJAETKaX OTAENEHBIX UHAMBUAYYMOB Y BEISIBUTD
TeHCTHYEeCKHE padIdyusg MeXIy HUMM. AHAIHA3 TaKMX Pasidyuii
MTO3BOJIMT TIOCTPOMTE MHAMBHAYAILHLIE TEHHBIE TIOPTPETHI JIIOOEH,
ITO AACT BO3MOXHOCTD JyYlie Jeyuth 6one3Hu. KpoMe Toro, Takoi
AQHAIU3 NO3BOJIMT BHIABUTH Pa3Uymsl MeXay NOIYISIIUAMU U BbI-
SBUTH reorpadmyeckue paifoHbl MOBBIILIEHHOTO PHCKA MOpaXeHHA
TeHOMa JIIoJei.

Wccnenosanus TeHOMa YeJIoBeKA U TEHOMOB [PYIMIX OpTaHM3-
MOB, HATIPUMED, MBILLEH U T. T1. TIO3BOJISIT JIy4Ille TIOHATH BOJTHOIINI0
OPraHUYECKOTO MUPA.

B 4acTHOCTU, WCCIENOBAHMS reHOMa apXeoOaKTepuli (APeBHUX
6GaKTepuif, rPUHALICXAIINX K TUMY TaK Ha3bIBaeMBIX TIPOKAPUOT, B
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KJIETKAX KOTOPHIX HeT siiep, HO €CTh OAWHOYHBIE ABYHUTEBbIE MOJIE-
kynbl AHK) nokasanu, yto 3T¥ 6aKTeEpUm NpeacTaBagdIoT Co60if oT-
JIEJbHYIO BETBb Ha 9BOJIIOUMOHHOM ((PWUIOreHeTUYECKOM) Jepene
JKMBBIX CYSIICCTB Ha 3emiie,

Taxum obpasom, Grarogapad reHOMHbBIM MCCJIEIOBAHUAM CTANO
F4CHO, 9TO B XO€ 3BOIIOLMH XH3HM Ha 3eMiie CHAYA1a BRIIEITWINCD
TpeIcTaBUTENIM apXer, HMeLIMX KNeTKH 6e3 anep, a o3xe — 3y-
KapHoT (COCTOALIUX U3 KIIETOK C SAPAMU), BK/LIOYAS YEIOBEKA.

TeHOMHBIMU HCCIIEI0BaHUSMHM OBUIO BRIABICHO TAKXe COBMAJE-
HHE HYKJIEOTHIHBIX NOCNeNOBATE/IbHOCTEH ¥ HEPOACTBEHHbLIX BU-
HOB. DTO [aeT OCHOBAHUA NPEANONIOKHUTL, YTO B Tpollecce
3BOMIOLN Y TIPOUCKOIKIT NEPEHOC T€HOB OT OAHOTO BUIa K APYTOMY.
Hanpumep, oxazanoch, YTO reHOMbL YEJOBEKA M MbILIK BEChMa
ONU3KU — UX HYKJIEOTWIHLIE NOCIENOBATENLHOCTU CORMAIAOT 6O~
Jiee yeM Ha 90%.

Cuctema opraHmyeckoro mMupa Ha 3emne

PaccMoTpuiM Termeph OOLUYIO CUCTeMY OPraHHYeCKOro Mupa Ha
3emiie, KOTOpast OOpa3oBaNach B pesyiasraTe UATENbHOK (~3,8
MUWLIMAPAA JET) BONIOLUKY.

IIpyHLMNYATBLHOE CXONCTBO [eHETUUECKOTO KONA, OpraHu3aliuin
MaKpOMOJIEKYJT, & TakoKe GHOXMMIIECKOTO anfapara CuHTe3a Geka
CBUJIETENBCTBYET O €AWHCTBE fIPOMCXOXICHHS BCeX JKUBBIX Opra-
HHM3MOB Ha 3emile. BUooru npeanoIaraioT, YTo y XuBbIX OPTAHH3~
MOB OBUI OfIMH OOWMH Tpefok — «rporeHoT». YUTo oH coboi
TIPENCTARIISUI, IOKa OKOHYATENLHO HEU3BECTHO.

Kak cyutaer A, C. CnupuH, yHUBEPCAILHBIM TIPEILIECTBEHHN -
KOM XHBBIX OPTAHU3IMORB («IPOTEHOTOM») MOIJIO OHITH CBOEODpa3-
HOE «KOMMYHIbHOE» COOOLIECCTBO KOMOHUA — aHcaMmOned PHK,
CYLIECTBYIOIIUX W PA3MHOXAIOIIVIXCA Ha TBEPABIX U TefieobpasHbix
TIOBEPXHOCTAX NEPBOOHITHOI 3eMu.

Bo BTOopoii nonosuHe XX BeKa yAaI0Ch YCTAHOBUTE, YTO BCE KH-
BBIE OpPraHU3MBbi, UMEIOINME KIIETOYHOE CTPOEHHEe, MOTYT OBbITh OT-
HeCeHbl K OHOK U3 MBYX IPYIUT: IPOKAPHOTaM M dyxapnoTaM. Kak
yXE OTMEYaoCh, y IPOKAPHOT KIETKH YCTPOSHBI MIPOILE, YEM B CY-
qae 3YKapHOT. OHU He UMENOT fapa. Knetky 3ykapuoT He TOSMbKO
HMEIOT $iIPO, HO M 00/1a1a10T BJIEMCHTAMW, KOTOPbIE OHN He MOLJTH
NOJYYHTB OT MPENKOB COBPEMEHHBIX TIPOKAPUOT.
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Buonoru cHUTAOT, YTO COBPEMEHHAsA 3YKApHOTHAR KIEeTKa BO3-
HBUKJIA B Pe3ybTaTe MIUTCIIBHBIX U MHOTOKPATHBIX CIUSHUEK Gonee
MIPOCTRIX OPraHu3mos. Tlpoliece BO3HUKHOBEHUsE Bonee CAOXHBIX
OPraHU3MOB 32 CHET CJAHAHMA RAECKONBKUX MPOCTHIX HA3biBACTCS

CUMOHOTEHE3OM.,

Ha puc. 2.3 npuBeneHa cxema 3BOMOUKUA OPraHHIecKoro MUpa
3eMJid CcOracHo Teopyu cCMMOUOoTEHE3A.,
IMpeanonaraetcsi, UTO OOMIUA TIPEAOK 3EMHBIX XXUBHIX OPraHW3-
MOB <«TPOTeHOT» Jajl HAYaN0 TPEM CAMOCTOATENLHBIM BETBAM 3BO-
JIOUHMOHHOIO JepeBa, HasWBacMbIM JOMeHaMu. BblLIcAROT TpH
noMeHa: 6AKTEPHH, dpXer M SYKAPUOTH.

Uapcreo Tpubit

MuoroknetouHne
b

}

ORHOKAETONHbIE

rpubKy

4

Hafiyapcteo EUCARYOTA

Uapcveo KusoTHue

Mo3BoHOYHHE

}

Becnogsonpanme

}

MHOrOXNSTOUHHE  KUBOTHHE

}

OAHOKAETOHHBE  XTYTUKOBHE.
PECHUYHGIE, W Ap.

_t

________ -

PopmnpoBatue
2YKAPUOTHON  KNETKK

nyprypHbie

( lapereo Baxrepwu )

Hasuapctso PROCARYOTA

Uapcteo Pacteuwa

/ Bucume pacvenus \

Gypbie  3enensie KpacHsie

MHOrOWIETOMHYE  BOAOPOCAN

!

ORHOKNETONHYE  BOAOPOCIH

3eNeNne  KpacHo€

0 3HR0CUMEMO3 C  PAINMUHBIMA l
IBaKTepnﬂMM [ uuanoﬁuomamm

rpynna  Prochlorum

( Uapcrso tiwanabuontsr )

/

llepBudKbIE KNeTkM

Puc. 2.3. Cxema 3BONOLMK OPTaHPIECKOTO MMpa 3eMIIM Ha OCHORE

TEOpPUH CUMOUOTEHE3A.
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K HacTros1eMy BpeMeHK B CUCTEMe OpraHU4ecKoro MMupa 3em-
JIW, C Y4ETOM COBPEMEHHOTO M UCKOIAeMOro MaTepmaila, BbIACISIOT
OT 4 710 26 Tak HA3BIBaEMBIX HAPCTB (HanpMep, HapCTBO OaKTEPUH,
LIApCTBO XUBOTHBIE U T. It.), oT 33 o 132 tunoB., or 100 no 200 kiac-
COB, 4 0611Ee YUCJIO BUIOB OLICHUBAETCA B HECKOJIbKO MULTMOHOB.
Teopus v NpakTHKa KlacCUPUKAIMHA OpTaHHYECKUX 0OBEKTOB 110~
Jlyyusia Ha3BaHHe TaKCOHOMMUH,

Ha pwuc. 2.4 upusenena cncrema KnacCH{piKaumm XNBbIX Opra-
HH3MOB Ha 3emie, BKIouatoniass UMneputo (Ku3db), 1Ba Haguap-
cTBa (nOSNEepHble OPraHU3MBI — [POKAPUOTH M SIPEHBIE
OpraHu3Mbl — 3YKapHOThI) U NATh UAPCTB (L1apcrsa 6akTepuid, 11u-
AHOOMOMT, pacTeHUid, TpHOOB ¥ XHWBOTHBIX). HaanapcTso npoxapu-
OT (JOSIICPHHBIX OPraHM3MOB) TIogBWIoCch Ha 3emie 3,8—3,1 mmpa.
JIeT TOMY Ha3aJl. 3T0 OOHOKIETOUHBIE i MHOTOK/TETOUHBIE (KOJTOHH -
abHBIE GOPMBI) OPraHW3MbL, HEe UMelonive 000COOACHHOTO sIpa.

Knetku 1ipokapvoT UMEIOT CTeHKY, a FreHeThueckas uHdopMma-
118l COCPENOTONEHA B CIUHCTBEHHON XpoMocoMe. Pa3Meprl rpoka-
puot coctasasioT o1 0,015 mxm 10 20 cM (KonmoHUATbHBIE HOPMKI).
Baktepuu nosismmch Ha 3emie 3,5—3,8 MuwuMapaa Jet ToMy Ha-~
341, a UMAHOOHOHTHI — 3,5 MW/LIMAp/a JIET TOMY Ha3al.

brarogapsi HaIMYUIO XNOpOodUIING, LMAHOOHOHTH SRISINCH
nepBuMU POTOCUHTEIUPYIOUIMMU OPraHW3MAMM, IIPOU3BOIAIMMU
OMOreHHLIH MOJIEKYIApHBIN Kncnopoa B atMocdepe 3emin (KOTo-
pas BHA4YAJe COCTOSUIa B OCHOBHOM U3 YITEKMCIOIO Tasa).

Haauapctso sykapoT nosBuiIochk Ha 3emite 1,5—1,7 Muwnmap-
IOB NET TOMY HAa3af, TO €CTh 3HAYMTEJbHO IO30Hee HAMLAapCTBa
npoxapuoT. HaguapcTBo aykapuoT — 3T0 OQHOKJIETOYHBIE U MHO-
TOKJIETOUHBIE OPraHM3MBI, PA3nC/IsIIOLMECs HAa TPY LIapCTBa; HapCT-
BO pACT¢HMH, LIAPCTBO I'PUCOB W LIAPCTBO XHBOTHHIX. PazMeppl
3yKapuoT cOCTaBsioT oT 10 MKM (oaHOKJIeTo4YHbIE) A0 33 M (kuTO-
ob6pasnbie) u naxe 100 M (BbICOTA HEKOTOPLIX IePeBLEB).

Pacreunss — 370 pa3HOOOpa3HbIE, ITABHBIM ODOpa3oM, HENo-
IBVWKHbIE OPTaHM3Mbl, UMCIOIIME BEPXYILIEYHEIH pocT. [ns pacte-
HHAW XapakKTepeH (POTOCUHTE3 — [OTIOUICHHAEC SHEPIUHM CBETa U
BblOEJIEHUE MOJIEKYNSIDHOTO Kucioponda. KpoMe Toro, pacteHust u3s
HEOPraHMYECKHX COeIMHEHU I CO30AI0T OpraHu4ecKue.

Tpu6nI COYETAIOT CBOIICTBA KAK PACTEHMIA, TaK ¥ XHBOTHBIX. Ux
CXOJCTBO C PACTEHUSIMH: HENMOIBWXHOCTb, BEPXYILEYHBIA POCT W
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WUmnepua
X3y
Hanuapcmo Hanuapcrao
ncmnepﬂue oprauwaw ﬂnepnue opraHuamu
pcm Llapcm apcm uapcmo uapcmo
Baxvepuw Livano6uoHTL Pactenna Tpm6u )Kuaomue

Puc. 2.4. Cncrema knaccuduxalliy XKMBEIX OPTAHU3MOB Ha 3eMIie.

pa3MHOXeHUe ¢ MOMOILBIO ciop. B To Xe BpeMs, y rpvboB, Kak U y
XKUBOTHBIX, OTCYTCTBYET (DOTOCHUHTES.

JKMBOTHbIE — 3TO OMHOKJIETOYHBIE 1 MHOTOKJICTOYHBIE Opra-
HK3MbI, 001ANAIOIIME CAETYIONUMM TTPU3HAKAMUA:

1) NMUTaHKUe OCYLUECTRIAECTCA FOTOBEIMU OPTaHMUYECKUMU 1PO-
OYKTAMU NYTEM WX 3ar1aThIBAHUR,

2) KNETKH XWBOTHBIX He UMEIOT LIE/UTIOIO3HON 000JIOUKK U pas3-
JIUYHBIX MUTMEHTOB, CBOKCTBEHHBIX PACTCHUAM;

3) XuBOTHBIC NOABMXHBI NGO HA NPOTSIXKEHUN BCeit XHU3HH,
JIUOO Ha OTACJIbHBIX BO3PACTHLIX CTAIMSIX.

PasMHOXeHME XHUBOTHLIX NPOUCXOAUT NBYMSL CIOCOGaMM: TIO-
JIOBBIM H $€COOJBbIM (NYTEM AeJeHys] UK TIOYKOBAHNA).

Pa3ym u venosek

Ha shicuicit cTylieHM pa3BUTHI XUBOTHLIX HAXOUTCA YeJIOBEK,
KxoTophiii o6nanaer pasymoM. PasyM U UHTENNEKT SBJISIOTCS CaMbl-
MM COBEpIIEHHBIMH U3 U3BECTHHIX POPM CYIUECTBOBAHMS MATEPUM.
PasyMHast IeaTEbHOCTD BHIPAXAETCS] B TOM, YTO ENOBEK C MIOMO-
IEIO0 CUCTEMRI BRICILICH HEPBHOM JEATENIBHOCTU MOXET CTPOUTH MO-
A€M  OKPYXAEIOUEro MuWpa, HaAKaliuBaTh M 3alOMMUHAThL
MHGOPMaUMIO O BHEIIIHEM MUPE.

CpasHeHNe MOIEAV BHEIUHELO MYPa ¢ HaKOIUIeHHOW HHDOPMa-
LIMEil MO3BOMIET YENIOBEKY BLIPAOATHIBATL CTPATETHIO NOBEACHMA,
€caMoobyyaThCs H, B KOHEUHOM CYETE, OCYLLECTBIATS CUCTEMY NOBE-
JNEHYECKMX aKTOB, HANIPARIEHHBIX HA YJORJIETBOPEHUE CBOWX IO-
TPeObHOCTEiA,

B xnure [lIxnoBckoro «BceneHHas, XU3Hb, pasyM» NpOaHTIA-
3UPOBAHB TAKXKE PYHKIMOHABHEIE OTIpeIeICHUS XH3HU U pa3yma,
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HE 3aBACALINE OT KOHKPETHOIO HOCHUTEH XUIHEHHBIX NPOLIECCOB U
OCHOBaHHBIE Ha UAesiXx KHOEPHETHKN M TEOPHUH YTIPABICHUSA CAOX-~
Hbix cvicTeM. C GYHKIMOHANIbHOMK TOYKY 3PEHUS, TIaBHbIE OCODEH-
HOCTH XW3HU M Pa3syMHOI AeATeNIbHOCTH ~— 3TO HAKOILIeHME,
nepepaboTKa UHAGOPMALLMY W YIIPaBieHue MPH HATTMYKKY 00paTHOM
CBSI3H.

Kax y yesoBeka NosiBUICH Pa3yM, TO eCTh CIOCOOHOCTH K TIOHU-
MaHUIO U OCMBICJIEHUIO, NIOKA He coBceM AcHo. HecoMHeHHo, 910
MOSBIEHHE Pa3yMa O3RAYANO KAYECTREHHO HOBBIV 3Tall B pa3BUTUM
MaTepuu BO BeesleHHOH MO cxeMe «HeXHBasi MaTepust — XU3Hb —
pa3yMHasi XXKU3Hb». BblIIE yXXe OTMEdIOCh, YTO, COMAACHO AAHHDIM
duoreHeTHYECKOTO aHATH3a, SROJIOUUOHHEIE TMYTH YelloBEKa M
Hauboee 61M3KOro K HEMY BBICLIETO JIPUMAarTa — IWMITIAH3e, pa3o-
HUTUCh 5—10 MIWLTHOHOR JieT ToMY Ha3zal, YTo MOCIysK/I0 TOMYKOM
K MOSABIEHUIO Pa3yMa y IPEBHEr0 yesioBexa?

OBONIOLUNOHHDIN XapaKkTep pasyma

CospeMeHHas OMONOTHA, U3yyas HEHPOOHUOIOTHBEeCKHE OCHORBI
BBICIUEH HEPBHOM ACITEC/IBHOCTH MEIOBEKA, IIOAYEPKUBALT, YTO Cy-
tHeCTBYET MHOTO CBEACHUI, CBMARTETBCTBYIOIMMKX O HAIVIUMH Y KN-
BOTHBIX CBOWCTB BBLICIIEN HEPBHOM J€ATEIBHOCTH, KOTOpbIC paHee
CYMTATMCH IPUCYINNMI JIMIIE YEAOBEKY.

OKa3ajiock, YTO MHOTOE U3 TOro, YTO pPaHee CYUTANIOCH CMELHU-
GUYHBIM 1UIA YeJIOBEKA M CBA3LIBAIOCH C €T0 0COOBIM COLMATILHBIM
pa3sBUTUEM, B TOM WM VHOW CTETIEHW MIPHCYILE M XHBOTHBLIM, TO
€CTh UMeeT 0611Me HepoBHOIOTHYECKHE OCHOBBI. 3TO, pasyMeeT-
Csl, HE OTPUITAeT HAYYUA Y YENOBEKA KAUECTBEHHO HOBBIX CBOMCTB
10 CPaBHEHUIO C APYTHMMH BbICUTUMH KUBOTHHIMH, HO CTaBUT BO-
MpOC O IPaBOMEPHOCTH CYIMIECTBYIOLUIHUX HbIHE KPUTEPUEB CIICLIM-
duyHocTH N uenoBeka. KpoMe ToOro, 3To NOAYEPKUBAET
9IBOMOLHOHHBIH XapakTep OPpMUPOBIHUA Pa3yMa UeOBEKa.

Jlo nocnenHero BpeMEHYU OECCNOPHBIM NPOSIBIEHUEM CHELH-
(PUYHOCTH MO3ra YelIoBeKa CYUTAIACH CTPYKTYPHAst M (bYHKIIHO-
Ha/JbHas aCUMMETPHSI KOpbl Gonbluux noxyapui. [lpaBoe
TIOyLIApUE CBR3LIBACTCS C NPOCTPAHCTBEHHO—CUHTETUYECKOM Je-
ATEJBLHOCTBIO, JIEBOS — C PEYEBO U aHATUTHYECKOH. OnHAKO B 1MO-
cliefHee BpeMd HAKOMIEHb! YO6eoMTeNlbHBE J0Ka3aTelbCcTha
OYHKIMOHATBHOK ACCUMETpUU MO3Ta U y XUBOTHHIX. bBonee Toro,

62



KAK M Y M104eH, Y XUBOTHBIX CTEMCHb ACUMMETPUIX MO3Ta pa3Has
JUIS MY XKCKHUX W XKECHCKUX 0cobeil.

TMoxanyil, Haubonee cneMPuueckoil 0COGeHHOCTHIO Ye10BEKA
MBAAETCYH ero peyenast crocodyoctb. BHonorn cUATaOT, 910 CETO-
JTASI HET OCHOBaHUT 1sT 6€30roBOPOYHOIrO MPN3HAHKA CYLIESCTBO-
BAHMUS SA3bIKA Y XUBOTHBIX. Kak npaBuio, AKVCTHUECKWUE CUTHATBI
KUBOTHBIX OTpaXaloT He COOBITUST BHEINHEro MUpa, a SABIAITCA
NTPOSRNICHUAMY WX BHYTPEHHETO COCTOSIHMA. JINWb B peAKUX Cliyya-
SIX AKYCTUHECKHE CUTHAAbl XUBOTHBIX O3HAYAIOT TE€ UAW UHBIE CO-
6uiTHSL BHEWHEro Mupa. K MX YHCITY MOXHO OTHECTM CHTHATHI
ONacHOCTH 06e3baH, cneurdBUHbIC N0 3BYYaHUIO TIPH MOSIAICHHU
TPEeX XMLUHHKOB: 3MEH, eorapaa v opna. CanuTaercs, 4TO 3HAKOBhIE
CHUCTEMbI, KOTOPBIMH B COCTOSIHUM MOJNL3OBATLCA 00e3bsiHbl (He-
CKOJ/IBKO COT 3HAKOB), MOXHO COIOCTABUTH C YPOBHEM DPAIBUTUS
23 neTHEro pebeHKa.

OnucadHble CXOACTBA B IIPOABJIEHUSIX BhICUICH HEPBHOM Jesi-
TEJILHOCTHU YENOBEKA U KUBOTHBIX CBUACTEIIBLCTBYIOT O TOM, YTO pa-
3yM YeNoBeKa €CTb Pe3YJIbTAT MAUTCHBHOW 3BOAOUMM [104
XeCTOKHM NpeccoM ectecTBeHHOro otbopa. [lo-sunuMomy, peina-
FOLLYIO POAbL B QOPMUPOBAHHH pa3yMa ChIFrpan Tpyd, OMHAKO He UC-
KIIOYEHO ¥ BIHAHHWE APYIMX (akTopoB (M3MEHEHMUE BHELIBMX
YCJIOBHM#, HAKONUBIIUECH BHYTPEHHIAE NMPUYUHBI A T. I.).

Uuennnsauua

OnpeneneHtblif ypOBEHb, CTYMEHb OOLICCTREHHOTO DPa3BUTUSA
MaTEpUANBHON U NYXOBHOM KYNLTYPhl COOOWIECTBA IOASH HA3hiBA-
€TCs UMBUAN3ALUEHA, ACTPOHOMKI YaCTO MO LIUBUITM3ALUE i TTOHM-
MAloT He 3TH KavecTBa Pa3BUTOTO COOOIIECTBA JOdEM, a CAMO
pa3BHuTOe co06mecTBO, obnaaaoilee 3TUMH kauecTsaMu. K Hacto-
ALeMy BpEMEHH YeNoBedecKan IIUBUITH3ALSA JOCTUTIIA BeCbMa BbI-
COKOTO YPOBHS Pa3BHTUSI, N JIEATENbHOCTL YEAOREKA YK€ CTala
KOCMUYECKHM (haKTOpOM (cM. Bbie). Temnbl pasBUTHs ueioBedec-
KO LIMBUIU3ALIUY CTONB BEWKY, YTO MBI HE MOXEM ITPEICKa3aTh e
COCTOsIHUe faxe Ha 100 et BoepeL.

M1 XpaTko ONKUcand COBPEMEHHOE COCTOSIHVE NpoOIeMbl 3eM-
HOU Xu3HW. Msel yGemumich B TOM, YTO 3¢MHas XW3Hb HacKBO3b
MpoHU3ata 3poniouueit. Tlogasnsionlee GOMLLIMHCTBO OMO:I0TOB,
OMMPAYCh HA HOBEHILUC JOCTUXEHUS MOJIEKYISIPHOI BHOTOTHI U
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FeHETUKU, CUMTAIOT, YTO XH3Hb Ha 3emiie BO3HUKIa 0K0/10 3,8 Miia-~
JIUAPIOB JIET TOMY Ha3aa €CTECTBEHHBIM ITYTEM, B pE3y/ibTaTe Pa3Bu-~
THA U CaMOOPTraHU3aUMH MATEPUHU C OAHON CTOpPOHBI U, C ApYron
CTOPOHLI, CNOXHOIO, BO3MOXHO HETUHEHHOrO CTATUCTUUYSCKOro
MEXaHW3Ma eCTECTBEHHOro 0Tbopa — COBpeMeHHOH MOTUPHUITUPO-
BaHHOH BepCHHM OapBUHOBCKOIO ecTecTBeHHOro orbopa. Ilo mMepe
P23BUTHA HAYKH BCE MCHbILIE OCTACTCS MECTA HEe KpeallnOHU3MA B
BGHOJIOTUH, TO €CTh UICH Pa30BOTO, 60XECTREHHOTO TBOPEHUS XU3~
HU Ha 3emne.

TlpvBeneM, B 3aKNIO4EHWE 3TOTO naparpada, BbICKA3BIBAHME
aKageMuka [ArMMoBa o6 3BOMIOLUY XW3HH Ha 3emiie: «B uctopnn
DPa3BUTUSA XHU3HU HA 3eMJic BPeMsa OT BPEMEHH HACTYIIANN M€ PUOLBI
CTPEMUTENILHBIX KAYECTBEHHEIX UBMEHEHWI, CBA3aHHbIX C POsTRIC~
HUEM NPUHIHANKHATBEHO HOBBIX 3BOMIOIUOHHBIX BO3MOXHOCTeR. Ca-
MbI¥ TIEpBOHAYAJIBHBIA MEPUOL — MEPEXOA OT MOJIEKYISIPHOMH
¢opMbI ce OpraHU3alUM K KIETOYHOMH. 3a 3TUM NOoCeA0BAIA BO3-
HUKHOBEHHE KJIECTOUHOTO A1pa, nepoe 000OLIECTRICHUE PA3HBIX
TeHOMOB U npeBpaLleHUe MEPBUYHO He34BUCHMEBIX «0co0eit> B Op-~
TaHeJUIbl OAHOI KIIeTKHW (TUIACTUIBLI U MUTOXOHAPUHM), 00beIUHEHWE
KJIETOK B MHOTOKJIETOMHBIA OpPraHM3M, BOSHUKHOBEHHC OUOMEXa-
HHM3MOB (IJ1a3a, KpbUIbsi, KOHEYHOCTH), NOSABJICHWE OPraHU3MOB ¢
OCMBIC/IEHHEIM NOBeJeHUEM, HAKOHEL, TIOSBCHUE YEIOBEYECKOTO
pa3yma.

MexXay OTEENBEHBIMY 3BOMIOUUOHHBLIMY «OTKPBITUSIMUY TIPOXO-
OWJIH UHOTAa COTHU MUWUIHOHOB JIET, TH MMTaHTCKYE MTPOMEXYTKH
BpeMEHH GBI 3aMOJIHEHB OTHOCUTENLHO MEUICHHBIM BUAOU3ME-~
HEHHUEM BHOIOrMUEeCKHX CHCTEM, BUA00OPA30BAHHEM».

Ho eciu Xu3Hb Ha 3eMJIE BOZHUKIIA ECTECTBEHHAIM IYTEM, f1PU
HATMYUY TOOXONAIMUX YCIOBUN IS ee 3apONJICHUSI, TO MOXHO
OXUMATh CYIIIECTBOBAHUA XU3HU U HA APYrUX IUIAHETAX.

PaccMoTpuM cOBpeMEHHOE COCTOSIHME 3TOI TIpOGIEMbI.



Mnanetol BO BcenenHon

HeoOGxonMMbIM YCJIOBHEM CYMIECTBOBAHMA XM3HHM BHE 3eMM
ARNISETCS HAIMYUE TUTAHETHBIX CUCTEM BOKPYI MHOTHX 3Be31 [anax-
THUKW. J10o TIOC/IeAHEro BpeMEHH NaXe B 3TOM BOTIPOCe He GbUIO AC-
HOCTU. Y HEKOTOPBLIX OJIMXAHIIMX K HaM 3Be3/l aCTPOMETPUCTAMWT
6bUIM 3aM0B03PEHBI TIEPHOANMECKUE OTKJIOHEHHUS] OT COOCTBEHHBIX
ABVDKEHWNA, KOTOPbIE MOT'YT ObITH BbI3BAHEI HUTHYHEM MAIOMACCUB-
HBIX TEMHBIX CIIyTHUKOB, OXHAKO NOCIEAYIOIME TIATEIbHBIE Ha-
GJIIONCHMS HE NMOATBEPANITU 3TH PE3YALTaThl.

Tak obcTosiny gena ¢ 0mHON U3 bANXaMuMX K HaM 3Be3l, yaa-
JIeHHO# OT 3eMJIM Ha pacctosiHne 1,8 mapcex — 3HAMEHUTOM JeTd-
e 3pe3noil bepHapna. ¥ 5Toii 3Be31bl aMEpUKAHCKHI aCTPOHOM
Ban ae KaMn 3anono3pvin Hamaue TeMHOTO CyTHUKa Maccoi pag-
Hoii 1,5 Maccnl FOmmTepa, o6paliallerocs BOKpYr BUIMMOM 3B€3AbI
c riepnonoM 24 rona. K coxaienuio, nocrieayomve HabmoaeHus He
TIOATBEPAMITU STHX TIONO3PCHUH.

Curyaums c maHetaMy BHe COTHEYHON CHCTEMDB CTa1d NPOAC-
HATHCA JIULIb B NOC/eAHUE TOIBI, a TIEPRbIE 0OHAJICKUBAIOIUE pE-
3yJALTaThl NpULUIK B 1991 roay U3 COBEPIIEHHO HEOXMIAHHOM
00JIaCTH HAYKK — PEeIITUBUCTCKOW acTpOU3MKY, 3aHUMAIOIIECS
M3yueHueM HEMTPOHHBIX 3BE3N U YepHBIX AbIp. [TiaHeTs! 6BLTH 06-
Hapy>XeHb! OKOJIO ITyJILCApOB — OBICTPO BPALAIOLIMXCS CJIBHO Ha-
MATHWYEHHEBIX HEUTPOHHBIX 3BE3/.

MbI onuiieM HoBeidlllie pe3ynbTaThl Noucka TuiaHet BHe Co-
HEYHOI CHCTEMbl (MX €lllc Ha3bIBaloT 3K3oIUlaHeTamu). OmHako
BHAYaJie pACCMOTPHM BOTIPOC O TOM, UTO Mbl TOHUMAEM NOJT TUTAHE -
TaMU H KaKOBLI COBPEMEHHbIE METOAbI UX MOHCKA.
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Yto Takoe nnaHeThbi

Tloa miaHeTaMu OOBIYHO MOHUMAIOTCS TEMHBIC CTAlIMOHAPHBIE
Teda OocTaTodHO Maioi Mmacchl (MeHee 0,01M_, 3neck M manee
M, — macca Conxua), Ipy KOTOpOil B Helpax Tejaa M3-3a HU3KOH
TEMTTIEPATYPhI HE MOTYT 3aKEUbCs TEPMOSIIEPHBIE UCTOUHHKH 3HEP-
THU.

Wnrepsan macc ot 0,01 1o 0,08M,, cooTBeTCTBYET TaK Ha3biBae-
MBIM KOPUYHEBBIM KapJiMKaM — oBheKTaM, Y KOTOpbIX TeMNepaTy-
pa HeAp HEAOCTATOYHA [UISl 3AKUTAH U TCPMOSLACPHbIX PEAKLIWiA, HO
KOTOPbIE CBETSITCS 33 CUET RbIAEIEHUSI IHEPTUM TIpH TPABHTALMOH-~
HOM CXaTyU, KopU4HEBbIH KapAUK — 3TO €1le HE 3Be31a, HO YXe He
IU1aHEeTa, TIOCKOJIBKY, 001aast 3HAUMTETEHbIM 3aacoOM FPaBUTALM-
OHHOU 3HEepTHH, OH MOXET CBETUTLCA 32 CHeT IpaBUTALHOHHOTO
CKaTUsl OYeHb LIUTENbHOE BpeMd. Ui KOPUYHEBOrO KapjuKa C
maccoii MeHee 0,08M, — 6onbie 10" net, 4To GIU3KO KO BpeMeHN
cyllecTsoBaHus BeenenHoid.

TIpex e yeM nepexoanTh K OIIMCAHUIO METOOB NMOUCKA TUTaHET
BOKDYT 3Be3[, paccCMOTPUM KpaTko cBolicTBa muaHeT CoHeYwHOH
cucreMul. MasecTHo, yto ConHeuHas cUCTEMA CONEPXHUT 9 ILTaHET,
OCHOBHBIE XaPaKTEPUCTYKH KOTOPLIX TPUBEACHE! B TabmHue 2.1.

W3 Tabnuupl BUAHO, 4TO [UTAHETbl TAK HA3bIBAGMON 3€MHOM
rpynnbl {Mepkypuit, Benepa, 3emisi, Mapc), 6nvixaitive k CosH-
1y, OTJIMYAIOTCs! CPABHUTEIIBHO MAJloN Maccolt W BHICOKOM cpenHei
IUIOTHOCTBIO ~4—5 r/cm’. 3a uckmoyenueM MepKypis, UIaHeTb!
3eMHOM TPyNnbl UMEIOT aTMOCc(hephl, COCTOSIIIUC U3 YTIEKUCIOro
rasd, a3oTa, KUCIopoaa U Apyrux cpaBHUTEILHO TSKELIX TA30B.

ATMoOCdepbl 3THX IL1aHET HE COREPXAT BOAOPOAA, JIETKOTO ra3a,
KOTODHI B CW1y CPaBHWTEJILHO CJ1aBGoOro rpaBHTAIIMOHHOTO TIONA
TU1aHET 36MHOM rpYNbl 1 OTHOCHTEILHO BHICOKON TEMIEPATYPhl UX
[OBEPXHOCTEH, YCITEN YAETYUMThCSl B KOCMHUYECKOe MPOCTPAHCTBO
3a ~ 4,5 Mpa. et — BpeMd cyulecTBoBaHNs CoIHEYHO! CHCTEMBL.

B oTiuuMe OT MuaHET 3eMHOM TPYINNki, MAAHEThI~THTAHThI
(KOrmrep, CarypH, ¥paH, Henrryn), Hanbonee ynaneHnwre ot CoH-
1a, UMEIOT BOMBLLYIO MacCy (B IECATKW M COTHM pa3 MpeBbiLIAI0-
1Yo Maccy 3eMJH), CPaBHHTETLHO HU3KYIO TIoTHOCTE (1—2 r/eM’)
U 001a0a10T MOIIHBIMY aTMOCdEPAMHU, COCTOALLIMMHY NIPEUMYLIeCT-
BEeHHO U3 Bogopoaa (90% 1o uMciy aToMoB), renus (~10%) m apy-
rUX TA308.
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Tabitnna 2.1
OCHOBHBIE X4paKTepUCTUKY TUTaHeT ColHE THOI CHCTEMBL,

Boremasn CpenHss
Op6uT. Pamuyc Macca pen Konwy.
OTYOCE | repnot, | (8pan. | (s waccax ot t hyr-
OpOUTHI, * paa. HOCTB,
IOILbI 3emun) [ 3emuu) . | HMXOB
a.c. r/cM

Mepkypnit| 0,387 | 0,241 | 0,380 0,055 5,4 0

Bewepa | 0.723 | 0,615 | 0,950 | 0,815 5,2 0

3emas 1,000 1,000 | 1,000 1,000 5,5 1

Mapc 1,523 1,881 | 0,532 | 0,108 3,95 2

fOnurep | 5,202 | 11,862 | (1,18 318 1,34 28

Catypu 9,539 | 29,458 9,42 95,1 0,70 30

Vpan 19,182 | 84,014 | 3,84 14,5 1,58 20

Hentyn | 30,058 | 164,793 | 3,93 17,2 2,30 8

Tryron | 39,44 | 247,7 | ~0,50 | ~0,017 | 0,7(D) 1

{TpumMeuaHust: 1 ACTPOHOMHUYECKAA EAHHHUIA (2. €.) — CPEAHEE PACCTO-
strte o1 3eman o Comnua, pasHa 150 mMmn. xM wiu 1,5 X10" eM;

paguyc 3emiu paseH 6370 km;

Macca 3emMmu pasya 6 X107 r = 3X10°M...

OcobHsikoM ctouT TlryToH, KOTOpBIN, SBASSICL caMoil yaaieH-
Ho#t oT CoJTHIIA TUIaHEeTOR, UMEET CPABHHUTEILHO MATYIO MAaccy U
60JIbIUOM DKCLUEHTPUCUTET OPOUTHI.

Bce nnaueTsl, kpoMe Mepkypusi 1 BeHeprl, UMEIOT CITYTHWKH,
YHUCIO KOTOPBIX KOJEOIETCSI OT OaHOro (cucreMbl 3emus — Jlyha,
TLiyton — Xapon) no 30 (Caryph).

Kpome Toro, Bce 1aHeTsI—FUTAHTBI OKPYXEeHbI TOHKHMH KOJIb~
UAMM W3 MEJIKMX YacTHILl BEIUeCTBA PasMEPOM OT METPOB 10 JoJci
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MuuMeTpa. OcoBeHHO BeYaT/ sIioWe B TeJIECKON BHAHO 3HaMe-
HuTOe Konbllo CarypHa. CyliiectsoBaHue Konew Bokpyr FOmnuTepa,
VYpana u HentyHa 66110 06HapyeHO HabaoaeHUsMH ¢ DOPTOB KO-
CMUYECKHX aTlNapaTos.

DKCUEHTPUCUTETBI OPOUT GONBINKMHCTBA TuiaHeT CONHeuHol
CHCTEMBI 61M3KU K HYMIO, W 1ML Y Mepkypust u [L1yToHa 3KcueH-
TPUCHTETEI OPOMT 3HAUUTENbHBI: ¢ = (,2]1—0,25, Bce opOUTEI M1a-
HET N€XAT B OAHOM MJIOCKOCTH — MIOCKOCTH KAUNTHKU. 3eMHOM
3KBATOP HAKIIOHEH K MIOCKOCTH 3KIIMIITUKHY Ha yron 23° 27°. Opou-
TaJIbHble nepuons! twiaHeT CoTHEUHOM CUCTEMBI HAXOASTCH B rpe-
aenax ot 0,24 no 248 3eMHbIX JIET, & pa3Mepsl BObIIMX MoJIyocei
op6ut muaHet mMeHatoTes oT 0,39 n1o 39 acTPOHOMUYECKWX eAUHULL
(a. ¢.). Bce mnateTsl o6painaiorcsi Bokpyr ConHlila B OTHOM Halpas-
JIEHU MU,

Kak uckatb njlaHeTbl BOKPYr 38e34

PaccMoTpUM Terepn, Kak OyaeT BoIrisaAeTh CoHeuHass CHCTeMa,
ecnu ee HaboxaTh ¢ Onukaiumx 3se3n. B chepe panvycoM S nap-
cex (16,3 cBeToBOro rona) HaxooaTcst 53 3BE34bI, U3 KOTOPHIX 40 —
KpacHble KapJAUKH HU3KOW CBETUMOCTH.

Ecnu Mb1 otHecem ConHeuHyI0 CUCTEMY Ha PAacCTOsiHUE 5 map-
cek, 1o ConHue (KapiuK criekTpaisHoro kiacca (G2) GyneT Buiris-
IeTh, KaK 3Be3na 4-ii 3Be3gHO BeMMYUHLI, JerKo BHAUMas
HEeBOOPYXEHHBIM I11a30M, a Haubojiee KpynHad ruiaHera FOmnurtep
OyaeT pacronoxeHa Ha paccTosTHUU | yriosoy cekyHanl oT CoHIa
1 OyneT B MujuiMapa pa3 chabee CollHLA, TaK KaK OHa CBETUT TUUIb
OTPaXEHHBIM CONTHEYHEIM ¢BeToM, OcTanbHble MNaHeTsl OyayT BHI-
Hbl elle clabee.

Paspeuiaroiias crocodHOCTb COBPEMEHHBIX KPYTTHbIX HA3¢MHBIX
TEJIECKOMOB, B KOTOPbIX MPUMEHSIOTCS A1ATITHBHEIE CUCTEMBI, KOM-
neHeupyiowue arMocdepHuie UCKaxerus, gocturaet 0,1 yrmosoi
ceKyHARl. Pa3peinaiomas crnocoGHOCT KOCMMYECKOTO TeNeckona
Xa6611 ¢ 3epkaiom aMamerpom 2,4 M ayuiite 0,1 cekyunnl. [Mostomy
NPUHIMIHATBHBIX OrPAHUYEHHIA 1Is1 IpIMOro HabNloAeHHUs Hau-
60Jjiee KPYITHBIX Y YAATEHHBIX OT LEHTPATBHON 3Be3/bl TUTAHET He
cymectByeT. HyXXHO TONBKO CHABHO (B MUMLTMOH pPa3) YMEHBIIUTH
PAacCesTHHBLIA CBET, TIOPOX/3aeMblil CBETOM SAPKOM LEHTpasbHOM
3Be3bl B Tefeckone. sl 3Toro HYXXHO MCITONb30OBATH TEIECKOM B
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peXuMe KOpoHorpaga — rpubopa, ¢ NOMOLLLIO KOTOPOro MpoBO-
JSITCA BHE3aTMEHHbIE HaOMIONEHUST CONTHETHOM KOPOHBI (KOPOHA B
MMJUTHOH pa3 caabee ConmHna).

Takue KopoHorpacbuyeckue HabIIOAECHUA 3BE3L NIPOBOIATCH B
nocaeanne roasl. C UX IOMOLIBIO yYXXe YAATOCH PelluTh 3a1aTH, 60-
Jiee sierkue, yeM obHapyxeHue NIaHeT, HanpyuMep, Noy4YeHs! ofl-
THYeckUe W300paxeHus NMpOTOTIAHETHBIX JMCKOB BOKpYr psia
Gnuxaiumx 38e3d, XOTophle ObIIM OTKPLITHI TTO CBEYEHMIO B MH-
dpaxpacHbix nyuax o cepeadue 80 romoB ¢ GopTa cneLUUANW3IUPO-
BaHHoTO criytTHuKa MPAC.

Onnako 3agaya NpsaMoro HabloaeH st ITaHET BOKPYT 3Be31, XO-
TS B IPUHLIMINE W pa3peuiuma, HO 3HaYUTeNbHO Gonee TpyaHa s
peann3aliviy, ueM 3amava oOHapyXeHHS KOPUIHEBLIX KapUKOB H
MPOTOMNAHETHHIX ANCKOB. CBA3aHO 3TO C TeM, UTO OJIECK MJAHET,
CBETSIOUXCH OTPAXKEHHEIM CBETOM LIEHTPAJIbHO# 3Be3kl, B COTHHU 1
THICSIYM Pa3 MEHbLLE, 4EM O1eCK FIPOTOMIAHETHLIX AUCKOB KU KO-
PHUYHEBBIX KapiaKkoB. [1o3TtoMy nis npsMoro HabnioaeHus MiaHeT
JONXHbl TIPUMEHSITLCA OCOOBIE METombl, BKIOYasd KOCMHYECKUE
3KCTIEPUMEHTHI. BBUay uckouuTensHo 60bLIokH TPYIHOCTH Npsi-
MsIX HabTroneH Uik TUTAHET aCTPOHOMBI 10 MOCAeIHETO BpeMeHH! UC-
f10Tb30BANU KOCBEHHbIE METOASL.

[TepBbiit U Haubonee paHHU MeToA OOHAPYXKEHMsl ILIaHeT —
ACTPOMETPHYECKHIA, 0 KOTOPOM MbI yKe YNOMHHANH Bblite. Tlnane-
T4 Y 3Be3/a 00palilaioTcs BOKpYr obiitero ueHTpa Macc. Ilpu Macee
TUTAHETBI TopsAnka Macchl KOtmTepa 1 opOUTATBHOM TIEpHOAE OKO-
1o 12 NeT aMrumTyaa NepROAUYECKHX OTKIOHEH It 6,113K0i1 3Be3bl
OT OPAMOJIMHENHOR TpacKTOpHM, OOYCHOBIEHHON COBCTBEHHBIM
NBUKEHNEM 3Be3abl B TanakTHKe, H0MKHA coCcTasnaTh ~ 107 yraoBoit
CEKYHARBI.

BTa BeMMYUHA CNWIIKOM MaNa TS TOTO, YTOOLI GLIThL YBEPEHHO
3aperHcTpUpOBaHHON ¢ noBepxHocTd 3emam. Takue cMeuweHus
TPYAHO 3apeTMCTPUPORBATH U C MOMOIIbIO HOBOIO KOCMWUYECKOTO Ka-
Tanora fUNMapKoc, TOUHOCTb KOTOpOro ~ 2 X 107 ceKyHIpI.

OnHaxo OyayumiMe KOCMUYECKHE ACTPOMETPUYECKHE DKCTEPH-
MeHTHI, Haripumep, nipoext TAMS, npewioxennbiit EBponeiickum
KOCMMYECKWUM areHTCTBOM, MO3BONAT HaEXHO perMCTpUpOBAaTh Ta-
KHE Majlbie YTJIOBBIE CMCIUEHUS 3BE3/, BbI3BAHHbIE MPUCYTCTBUEM
IUTAHET BOXPYT HUX.
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Btopoit cnocob — 3atMenHbIi. OciabieHune cBeTa 3Be31bl PU
TIPOXOXAEHHH KPYITHOW TUIAHETHI NO €€ IWCKY MOXET HOCTHraTh
oko0 [%. HyxHo TonbKo HabnosaTh MHOTO 3Be3d, YTOO Bbile-
AUTH Te NAGHETHBIE CUCTEMBI, ¥ KGTOPBIX MIOCKOCTH OPOUT A0CTA-
TOYHO OAM3KR K Jiyuy 3peHud. B cinyuae zarmenusa Connua
H0uuTepoM NPONOAKUTENLHOCTL 3aTMEHUI COCTABUT OKOJO 27 ya-
COB, a TIepMOA CNEIOBAHNUA 3aTMEHWI — niopsinxa {2 jieT, NpH ry-
6yrHe 3aTMenuit ~ 0,01 3Be30HOI BEAHYNHEI.

TakuM 06pa3oM, JUIA pellieHNs] TAKOM 331441 HYXKHO HabaogaTh
€ BECbMA BLICOKOM TOUHOCTBIO COTHU OIMKaiiluyX 3Be3] Ha 1POTsl-
JXEHUU JEeCSITKOB JieT. TaKas 3ajaua BecbMa TPY/AHa, HO BITOJHE pea-
JiM3yeMa ¢ MOMOLULI0 COBPEMEHHDBIX 4BTOMATHU3WPOBAHHbBIX
HAa3eMHBIX ¥ KOCMMYECKUX TelecKonoB. HeaaBHO TaKUM 3aTMeH-
HBIM METOJIOM yXe OTKDPLITH TUIaHeThl okosio 38e3n HD209458 u
OGLE-TR-56.

Tpetnit croco0, NPeATOXEHHBIW COBCEM HEAABHO, COCTOUT B
HabnrogeHUH 3((}eKToB IPABHTALMOHHOTO MUKPOIVMH3INPOBAHHUS
3BE34 TeMHbIMK TeJamy rano lamaktukun. Ecau teMHoe Teto rano
JanakTMKR MMeEeT MIaHETBLI—CMYTHUKMY, TO KpUBas Oaeckd, obyc-
JIOBNIEHHAN TPAaBUTALIMOHHBIM MUKPOTUH3WPOBAHUEM, TO ecTh WC-
KPMBNCHHUEM JIYYCH CBETA OT JaNcKOoit 38e3asl QaoHd, ByreT UMETh
HECKOJIBKO Y3KUX MaKCUMYMOB, HaNOXEHHBIX Ha OCHOBHYIO KpH-
BYIO Onecka. 3To N03BOMSIET ONPEALASTL NAPAMETPLI TUTAHET.

YeTBepTbiit cnoco0, KOTOPLIN B NOCHEARNME TOAkl YXe NpUBeJl K
ycriexy — CNEKTpanbHbli WaH, TouHee FoBopsi, ROMIEPOBCKUH. OH
OCHOBaH Ha TOYHOM M3MEPEHMY CMELIEHMI JIMHUNA B CNEXTpe
06LIYHOI 3BE3nbI WM WU3MEPEHHUM BpPEMEHM HApUX0Aa UMITYJILCOB
PAOMOUBNYIEHHA Y TIyIbcapa — HEUTPOHHOM 3Be31H.

TOHHOCTh OOBIYHBIX U3MEPEHHMM JIyHECBBIX CKOPOCIER 3BE34 MO~
paaka 1 kM/c. CkopocTs opouTaibHOTO JIBMXKeHNs1 CONTHIIA BOKPYT
obliero ¢ miaHeTaMu 1leHTpa Macc ~ 13 m/c. B a1y Benuuuny
12,5 M/c BHOCSIT rPaBUTAUMOHHbBIE BO3MYLeHUs oT KOnutepa. Mo-
ITOMY 18 MOMCKA [IIaHET BOKPYT 3Be3A AOMIEPOBCKUM METONOM
TpedyeTcsl yBeJnYeHUe TOYHOCTH M3MCPEHWII CKOPOCTEH 383 10
HECKOJLKUX METPOB 8 CEKYHIY.

B nocienHue roapl, 6raronapst 1pUMEHEHMIO COBPEMEHHBIX Bbl~
COKOMDGEKTUBHBIX TBEPHOTENbHbIX MAHOPAMHLIX (POTONPUEMHK~
ko8 (N13C—MaTpuil) U CIEUHATEHBIX METONOB U3MEPEHUST TVYEBHIX
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CKOpPOCTe#l ¢ MCIIONB30BaHMEM BONBIIOTO YUCNTA (HECKOABKHX CO-
TEH) JIMHMIA MOrJOlICHUs B CIIEKTPE 3BE3MIb! VAANIOCH JOBECTH TOY-
HOCTb M3MEDPEHHUSA JYYEBbIX CKOPOCTEH 3BE3O CIEKTPAJIbHBIX
knaccoB G-K 10 HECKOMBKUX M/CeK.

TouHOCTb ONpeaeSeHUs A0TEPOBCKUX CABUTOB UMITYFLCOB pa-
AUOUITYUSHAS NMYILCAPOR JOCTUTACT TIOPSIKE CRHTUMETPA B CEKYH-
Iy BBHIAY UCKIIOUUTENBHO BBICOKOH CTROMJILHOCTY Ilepuoja
OCEBOIO BpAlEHUS JIYAbCApA U GOJILILIONW ANMUTENBHOCT BPEMEHU
HaORONCHUIT — OpANKa 1ecaTKop JeT. Bee 310 1 no3poanno o6Ha-
PYXUTB TIPMCYTCTBUE TEMHBIX CIYTHUKOB — IUTAHET BOKPYT Heid-
TPOHHBIX U OOBIYHKIX 3BE3[T.

NnaHerbl BOKPYr HEWTPOHHbIX 3BE3],

HeiTponHiie 38e3nb1 00pa3yIoTCs HA TIO3MHUX CTAOUsAX SBOMIO-
LMK 3Be3A, MAcChl XKeNe3HbiX sNep KOTOPhIX He npesbiaior 3M..
BbricTpoe cxaTue (kosutanc) XeJle3HOro spa 38e34bl, COMPOBOXTIA-
eMO€ BCIBILIKOI CBEPXHOBOI, TIPUBOAUT K 00Pa30BaHUIO HEHTPOH -~
HOI 3Be30bl paaMycoMm OKoJjo 10 KM M JTJIOTHOCTBIO BECUIECTBA,
JOCTHUIaIOlLEeN COTEH MUWUIMOHOB TOHH B cM’. TIpH CKaTHW CILIBHO
BO3PACTAOT YIIOBast CKOPOCTh BPALIEHUS Y HAMPSXEHHOCTb Mar-~
HuTHOro noaa (1o 10 raycc). MHorue HeifTpOHHbIE 3BE3/IbI ABNSK-
10TCd  paruotnyibecapaMu. CTpPoro TIEpUOAUYECKHE HUMIYIbChI
paATUOWTYYEHUS TyNbCapa CBA3aHbl ¢ IPe0Opa3OBaHUEM €r0 IHEP-
T'YY BpallieHVST B HAMPABJICHHOE PaUON3NyYCHUE.

[Mynbcap npesicrarngeT coboi cROeoGPa3Hble, OUEHb CTAOIIb-
HBIE YaChl: MEPUOLIUYHOCTD CJICNOBAHUS PATUOMMIYIECOB OAMHOHU-
HOTO nynbcapa (nmepyofbl MYJIBCAPOR Nexar B Tpemesax oOT
HECKOMBKUX MUTHCEKYHI 10 HECKOJbKMX CEKYHI) Ha DOALIIMX
MHTepBalax BPEMEHH CTa6MIBbHA ¢ TOUHOCTRIO Tydmie 107 cex 3a ce-
KYHOY, TO €CTh BBIIIE, YeM CTABWILHOCTE COBPEMEHHBIX aTOMHBIX
cTaHIapTos 4acToThl! [l03TOMY eciy nmyjabcap U ero CyTHUK (3Be3-
[a WM fUlaHeTa) BpallaioTes 0KO/I0 00LIEro HeHTpa Macc, 10, U3Me-
pas LOTIEPOBCKME CIHBUTY B 4aCTOTE CJICIOBAHUS HMIYJBCOR
TIyNbcapa, MOXHO 0OHAPYXUTL NTPUCYTCTBHE BOKPYL HEro CITyTHUKA
W OfPeIeAUTEL HEKOTOPBIC €0 TTapaMeTPhI.

TlepBrIii panvonynbcap B IBOWHON cucTeme ObLt OTKPHIT B 1975
rofly aMEpUKAHCKHMMHU yYyeHpMY XaacoM y TenopoM, yIocToeH-
HbiMU BriocneacTsuy Hobenebcko ipeMHH.
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Ucnonslya becnpeuedeHTHO BbICOKYIO CTabMABHOCTL YACTOTHI
CNeIOBaAHUsS] PaIMOMMIY/bCOB OAWHOYHOIO TIY/IbCapa, ITH Uccjie-
JIOBaTeNu AETATbHO U3YYWIH PENSTUBUCTCKHAS 3ddeKThl B OpOu-
TATBHOM JOBMXEHUM Tyiabcapa PSR1913+16, ToyHO u3Mepuau
Macchl 00eMX HENTPOHHBIX 3BE31, U3 KOTOPBIX COCTOUT ABOMHAS CU-
CTema, U JOKa3aIM, YTO YMEHbUIEHME OpOUTANLHOIO NMEPHOAa ITOH
CHUCTEMHI BBI3B2HO UITYYEHUEM €10 ITOTOKA rPaBUTALIMOHHBIX BOH.

Ha6monaeMas BeTUYHHA 3TOTO MOTOKA € TOYHOCTRIO Ayuine 1%
corJiacyercsl ¢ TeOPETHUYECKOM, KOTOPAsl ONPEnesIeTCst 110 hopMyJie
DUHIITERHa UM M3IYy4eHUSR TPABUTALIMOHHDBIX BOJIH B pamkax 06-
(el TEOpHU OTHOCHTENBHOCTH.

B nanwHeimeM GbI10 OTKPLITO MHOTO PAANONYAbCAPOB B JIBOU-
HbIX CUCTEMAX, COIepXallMX B KaUeCTBe CMYTHHKOB HEAKTUBHEIE
HEeUTPOHHBIE 3BE3/bl, OEIIbIC KAPIUKY U MACCUBHBIC 3BE3bI PAHHUX
cnexTpatbHbIX KinaccoB B. Ceimac u3 ~1500 M3BeCTHRIX panno-
mynbcapoB TIpuMepHo 100 BXOISIT B COCTAB ABOHBIX CUCTEM.

BonblGKM CIOPIIPU30M ANt ACTPOHOMOR CTal0 OTKphiTHe B 1991
roay y nynscapa PSR1829-10 TeMHoOro cnyTHUKa, HHXHsis TpaHULIa
Macchbl KOToOporo pasHa 10,2 Maccer 3eMu, U KOTOPbIi o6palacTcst
¢ neproaoM 184,4 3eMHBIX CYTOK. JTO OTKPHITHE CIENAHO IPYITTOit
AHTIMHACKUX aCTPOHOMOB U ObUIO HACTOJBKO HEOXWIAHHBIM, YTO
BONBIIMHCTBO YUECHbIX CHaualla He MOBEPUIO B KOPPEKTHOCTL MH-
TeprnpeTauuy M3MeHeHUH Neproaa nyabcapa, Kak HaTHume CITyTHH-
xa. OpHako gaNbHeHUIMe HaGMOTeHUsA MOATBEPAWIM BBLIBOL O
HAJIMYMH TUTAHETHI BO3JIE ITYNThCapa.

OT1kpbiTue B 1992 rogy nmiaHeTHOH CUCTEMBI U3 IBYX [UIAHET Y
nynscapa PSR1257+12, a B 1993 rogy rianern y nyiscapa PSR

Tabnuua 2.2. XapakTepUCTHKY CUCTEMBI U3 ABYX TUIAHET BOKPYT TTYJIL-
capa PSRI1257+12.

[apamerp [epvas nnanera | Bropas ninanera
OpbuT. tepuox,
CyTKH 66,54 98,21
OKCLUEeHTPHUCUTET 0,020 0,024
opOUTHI, e
HuxHuit npenest Macesl 7.25-10°M.. 5,97-10°M,,
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3232242057 okoH4aTEALHO YOEIWIO 4CTPOHOMOB B CYLIECTBOBaHUH
[UTAHET, OOpAlLAIOUXCS BOKPYT HEUTPOHHBIX 38e31. B Tabmine 2.2
MPUBEAEHBI XapaKTePUCTUKH CHCTEMBI M3 IBYX ILTAHET, 06pallao-
WMXCA BOKPYT nyibcapa PSR1257+ 12 (nepyon ocesoro BpauieHust
6,2 MUITMCEKYHBI).

BugHo, uTo HMXHME TIpeAeibl 1 Macchl obenx IUIaHeT TpH-
MepHO BiIBoe Gonblie Macchl 3emm (3X10°M,), a opGUTAbHBIE
nepvoabl 6J1U3KM K nepuony Mepkypus (88 cyTok).

O npoucxoxgeHun nnaHer

BOKpyr HeﬁTpOHHMX 3se3n

[poucxoxaeHue TUTAHET BOKPYT HEUTPOHHBIX 3BE31 TPYIHO ITO-
HATb. B3pbIB CBEPXHOBOK 3Be3/1bl, CONPOBOXAABUINI O6pa3oBaHUe
HEHTPOHHOM 3Be3/1bl, IODKEH ObUT PA3PYUINTD IUIAHETHYIO CUCTEMY,
ofOpailasiuIyiocs BOKpYr MnpeacBepxHoBoi. TlostoMy mnaHetTHble
CUCTeMbl, Habn101aeMBbIE BOKPYT ITyJTbCapoOB, BPsill AW MIPENCTABISIOT
CODOI «OTapXu» OT TNEPBUUHBIX TUIAHET, OOpAIlaBlIMXCA BOKPYF
OGBLIMHBIX 3BE3.

B nactosiiiiee rpeMst HauGonee NOMyasApHbI B THITOTe3bl 06pa-
30BaHUA NIAHET BOKPYT HEVTPOHHBIX 3Be30. O6e OHM mpenmnonara-
10T, 4TO Tyabcap oOpa3oBaiCcs B NBOMHOI 3Be3nHoO#M cucteMe. B
NePBOi THINOTE3e NPEANOJATAcTCA, YTO B Pe3YJILTATE OJHOIO Mepe-
TEKaHWs BelllecTBa CIIYTHHKA HA HENTPOHHYIO 3BE3NY BOKPYF TO-
cleHein  oOpa3oBaics  MACCHMBHBIA  AMCK,  JajbHewuias
(dbparMeHTalIUSL KOTOPOTO TNMpHUBEAa K OOpa’oBaHWIO 3apOAEILICi
NJaHeT U aanee — K MjiaHetaM. Bo BTopoit runorese npeamnonaraet-
€A, YTO CIIYTHHK He STONHOCTBIO NepeTeKacT Ha HERTPOHHYIO 3BE31Y,
KOTOpasi, TeM He MeHee, CUILHO PACKPYUHUBAETCA, aKKyMYJIMPYsl Op-
OUTANBHEIN YIIIOBOM MOMEHT IPU NEPETeKAHUM BELIICCTBA.

ChopMHPOBaHHLIN ObICTPO BPALIAIOHIMACS paagnonynbcap 1c-
NYCKAeT MOLUHBIN NOTOK PEeNSTUBMCTCKUX YACTHL (peNsTUBUCT-
CKMH BeTep), Noj JEUCTBHEM KOTOPOIO CTIyTHHK — OObluHAS 3BE3MA
HArpeBaeTcst U UCIapseTcd, TaK 'ITO ero Macca yMeHbIIIaeTcs A0 Be-
JIMYMHDI TU1aHETHOM MAcChL B Nosibay 3TOM runoTessl CBUAETENILCT-
BYIOT HaOIIONEHUsT ABOMHBIX PAIMONYIECAPOB.

Y MHOTHX M3 HMX MEpHOIbl OCEBOrO BpallieHUs: Mkl (MOpsaka
HECKOJIBKMX MIWUTMCEKYHIT), 4 MACCHE CIIyTHUKOB — BeJIbIX KApJIMKOB
TaKXe BEChMA MA/IbI, TIOPSANIK2 HECKOJILKHX COThIX Macckt CONHLA.
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Y oTaenbHBIX ABOKHbBIX PAAHONY/ILCAPOB HABMIONAIOTCA 3aTME~
HWS B PRIHORMATIA30HE, BBI3BAHHBLIE MOTIOIIEHUEM PATUOU3NTYYE-~
HUS Mnynbcapa NPOTSKEHHOW pacuIupsioweiicss atMocdepoid,
chopMUpOBAHHON U3 BELIECTBE UCIAPSIOLIErOCs CYTHUKa — 6e-~
JI0TO KapjmKa.

TocTosiHHoEe 06ITyYeHHE MOBEPXHOCTH MAaHETHI IOTOKOM Peisi~
TMBUCTCKHUX YaCTHLL (C sHeprusmum 6onee 10" 98) npy noHois Moul-
HOCTH KOPMYCKYASPHOTo MATyYeHns mynscapa ~ [0™ spr/c (uto Ha S
nopsiakoB 6oblie ¢BeTUMOcTU CONHLA) MCKITIOUAET BOIMOXHOCTh
CYLIECTBOBAHMSA Ha 3THX 3K30TUUECKHUX IUTAHETaX KaKUX-THGo M3-
BECTHbLIX HaM (POPM KUIHW.

MnaveTs BOKPYr 38e3A CONMHEMHOro TWNa

(ax3onnaneTsl)

B TeueHue NOCNEAHUX JTeT OMUCAHHBIM BLIMIE NOTLIEPOBCKHAM
METOAOM ObLY OTKPbITb) MAAHETEl Y MHOIMHUX 3BE31 CONHEYHOrO TU-
na. INepsast 38e3ma, Y KOTOPOIf e LIApDCKUMH yueHbIMH Maitopom
u KgenoseM B 1995 rony yranoch oTKpBITh TadeTy, 6uia 51 [Mera-
ca (puc. 2.5).

CyecTByeT NPUHLUMMKANBHBIA Npeaen TOMHOCTH W3MepeHUs
JIy4eBbIX CKOPOCTER 3Be3A, CBA3AHHBLIA ¢ HECTABWILHOCTBIO UX aT-
Mocdhep. Hanpumep, B atMocdepe ConHEa CyHIeCTBYIOT MeJIKOMAc-
1wTabHble KOHBEKTUBHEIC ABMXKEHMS Ta3a co ckopocTsaMu (0,3—3)
KM/C, YTO MPUBOAUT K U3BECTHOMY SIBACHUIO rPaHYIALINN 1OBEPX~
HocTb CofHlia IPH HabNIOZCHUH B TeNeCKOM BbINISIAMT COCTOS LUE
M3 OrPOMHOT0 YMC/a CBET/IBIX K TEMHbIX [PaHyl pa3MepoM ~1,3 yr-
TIOBBIX ceKyHIBI (~ 1000 kM), HAMOMIUHAIOIIUX PUCOBLIC 3EpHA.

Yucno rpaHyn Ha NoBepXHOCTH CoHLIA cOCTAaBASAET HECKOIbKO
MWLUIAOHOB, TO3TOMY NPH CNEKTPpaNbHBLIX Ha6J1]0IleHMﬂX BCEro AUC-
Ka 3Be3/Ibl XaoTH4YeCcKHWe KOHBEKTUBHBIE IBUKEHUS B ee aTMocdepe
YCPEOHSAIOTCA.

OnHaKo MTOCKOIbKY Xa0THYECKUC CKOPOCTH Nopsiaxa 1 kM/c, ao-
CTHYb TOYHOCTU UIMEPEHUSA NYUEBLIX CKOPOCTEN Nyunie, 4eM He-
CKOJBKO M/c, Bpsil AM Bo3MoxHo. B atmochepe ConHua Takxke
HaOMIOAIOTCA PeTylspHbIE MENIKOMACIITAOHBIE KOse0aTeThlbe
IBUXCHMSA Ta3a co cxopocTsamu nopanka 0,5 kM/c n mepuomom 295
ceKyHA. XOTA OHU TaKXe YCPEAHHIOTCS NpPU HABGNIOASHUU AUCKA
3BE31bI, 3TO OTPAHNIUBAET NPElC/IbHYI0O TOYHOCTb H3MCPEH M.
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[eTanbHoe u3yyeHHe CTAOWIBHOCTU JYYEBBIX CKOpPOCTEl
3BE3A—KAPANKOB [IOKA3410, YTO BHYTPEHHEE XaOTUYECKOE N3MEHe-
HMe JIYYEBBIX CKOPOCTEI ITHX 38€34 3aBUCUT OT UX CKOPOCTEil Bpa-
UIEHUS1 U COCTARMsIET 15 M/c s Hanboiee BLICTPO BPRLIAIOIUHXCSH
3pe3p, (nepuod epaiieumst 10 qHeif) u 3 M/c Ins MeaTeHHO Bpauiao-
umxest 3ge3a (nepyion spamenns 30 aHeH).

MzsecTHO, uTO nepuonbl BpallieHUst 3Be3n kiaaccoB F—K tem
Bombile, yeM Gonbile WX Bo3pacT. [103ToMY 3Be3ALI—KAPIUKHY, BO3-
pacT KoTopsix 6onee 3 MUUIMApIOB JIeT, Haubojee NOAXOAANT Mg
NOMCKA [UIAHET JOTUICPOBCKUM METON0M, Tak KaK BHYTPEHHAS CTa-
OMJIBHOCTH UX JTyYeBBIX CKOPOCTEH yulue S M/c.

Ha puc. 2.5 — 2.6 npyseneHb KPUBLIE IYUEBbIX CKOPOCTEN HEKO-
TOPLIX 3BE3/, Y KOTOPLIX OOHApYKEHBI NJIaHeTsl. TOUHOCTHL onpee-
JNIEHUss  aydesbiX ckopocteit cocrtapasier 4,70-7,44  M/c.
[NonyaMnautyna uaMeHeRus yueBbIX CKOPOCTei, OOYCNORIEHHAA
MTPUCVTCTBUEM TUTAHETHI BOKPYT 3BE3AbI, OKOAO 50 M/C, YTO MHOIO
Bonbine olMOOK HABTIOASHUIA.

<
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v
. Ckopocrn
>

T
4

N ul! x:u _0‘0 l‘),s 1e
Bpems Bpems

Puc. 2.5. Kpusan ayueBhix Puc. 2.6. KpuBas yyesbiX CKO-

CKOPOCTEW 3Be3Abl CONHEMHOTO
Twna 31 Neraca, AeMOHCTPUPYIO-
11281 HATHYHC BOKPYT 3TOM 3BC31bL
I1aHerbl ¢ Maccoi Gonece 0,44
Maccht Onatepa 1 opOUTaNbHbIM
NECPHOAOM 4,23 CyTOK.

pocteii 38e316l {6 JleGeas B. Opbwi-
Ta ee TiaseThl viMeeT GoabIloOf
akcueRTpucuTer (€=0,69), nosromy
dopma KPUBOW CUSIBHO OTNHUAETCH
OT CHHycoMaatLlioi. Macca naane-
o1 Bonec 1,61 maccwr FOnuTepa.

Takum 00pa3oM, BbIABNECHHME MIAHET B JAHHOM C/y4ae MOXHO

CUUTATb BECbMA HAKCKHBIM.

K HacroqnieMy BpeMEHH OTACAHHBLIM BBIIIIE HOMIEPOBCKUM Me-

TOLOM NJAHETHbIE CUCTEMbE OTKDPbITHE IPUMEPHO Y CTa OUIXaiLimux
3BC3],. Y psna 3sean (Hanpumep, £ AHIpoMenbi) OTKPBITH TDIaHETHBIE
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CUCTEMbI], COCTOSIIME U3 IBYX—TPEX TJIaHeT Pa3HbIX Macc. MBI BbI-
Opanu 8 3pe3d COJIHEUHOTO THITA C Hanboee XapakTepHbIMU Mapa-
MeTpaMu wiadeT. JlaHHbie 0 HUX NpUBEIEHBI B Tabmuue 2.3,

OpOuTaibHbBIe TICPUOABI TUIAHET Jiexar B mipenenax 3,3—1092
JHEM, COOTBETCTBYIOAE 6OABIIVE NMOMYOCH OPOMT COCTABIAIOT OT
0,04 10 2,1 a. e. DKCUEHTPUCUTETHI HEKOTOPBIX OPOUT 3HAUUTENBHO
oosbie, yeM B caydae ConHeyHoil cuctembl. HuxXHue npenenbl
MAcC THIaHET ([T0~-BUAKMOMY, 9T0 MAaCcChl Haubomnee KPynHLIX TnaveT
M He UCKITIOUEHO HaJIMUKe HOJBILOrO YHCia MéHee MACCHBHBIX) CO-
crasasuor 0,44—6,73 mace tOnutepa.

TabGnuua 2.3
XapakTepHUCTHKH [UIAHCT BOKPYT 3BE31 COIHEYHOTO THMA.

Op6ut. | Monyamnautyna | 3keuedr- | m sin(i)
3Be3ga |mepuod,| Jy4eBeIX CKOpPO- | PUCHTET | (B Maccax
CYTKH cTeit, M/c opoutbsl | KOnutepa)
47 Uma 1092 473 0,09 2,38
16 CygB| 802 50,3 0,68 1,67
70 Vir 116,5 316 0.40 6,73
pCrB 39,6 67 0,03 1,1
355p'Cnc| 14.65 75,9 0,04 0,85
€ And 4,62 71,9 0,15 0,61
51 Peg 4,231 56,0 0,01 0,44
1 Boo 3,3125 468 0,00 3,66

Ha puc. 2.7 npuBeneHa rucrorpaMMa pacrpeiesieHust Macc
CNYTHUKOB Y 3BE31—KAPJIMKOB CNIeKTpaNbHbIX KiaccoB G—K. Bua-
HO, 9TO XOTst YCJIOBUSA JJis1 0OHAPYXEHUS MACCHBHBIX CITYTHUKORB Y
3Be30 Nydwe (60/blle COOTBETCTBYIOLIASA AMILTUTYAA M3MEHEHHWS
JIy4eBBIX CKOPOCTEH 3Be3/bl), HAMOONbLIEE YNCIIO OOHAPYXEHHBIX
CMYTHUKOB JICXKUT B WHTEPBANle CPABHUTEITBHO MAJTBIX TIAHETHBIX
macc (0—10 macc I0nurtepa). 310 CBUAETENBLCTBYET O TOM, UTO pac-
NPOCTPAHEHHOCTh TLIAHETHBIX CHCTEM Cpeld 3BE3/l CONHEUHOIrO
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2 4 6 8 10 12 14 16
msin(i), 8 Maccax lOnuTepa

Puc. 2.7. Tiscrorpamma pacrpenesenus No MaccaM CIIYTHHKOR ¥ 3Be3]1
CONHCYHOrO TUNMA. Yncno 06HApYKEHHBIX MAIOMACCUBHEIX CIIYTHUKOB C
1mnaHeTHbiMU Maccamu (<10 macc fOnuTepa) HanGo.ablIee, XOTH YCA0BHS
UX OGHAPYXECHUs HauxXydulde. DTO CBUAETEJILCTBYET O GOnpLIOW pac-
NPOCTPAHCHHOCTU TU1AaHETHBIX CUCTEM BOKPYI 3BE31.

TUMA BECHMA BEJINKA, He HHXE, YEM paclipoCTpaHEHHOCTD IBOMHBIX
U KPATHBIX 3BE3]1, KOTOpad cocTarnseT ~50%.

Taxum o6pa3oM, HOBeMIlIMEe HAOONATENBEHbBIE AaHHbIE CBUJIE-
TEJILCTBYIOT, UTO BaXHelnlece HeoOXOMUMOE YCIOBHE CYyIIECTBOBA-
HUS XU3SHU BHe 3¢MJIM BHINOJHACTCHA: IUIAHETHHIE CHCTEMSI
CYILECTBYIOT BOKDYI MHOTHMX 3Be31 ¥ MX YUCJI0 B [A7IaKTHKE COCTAB-
nsieT He MeHee 10% orT obulero uncna 38e3n, To ecTh nopsaka 10
MWLIHMApaoB. ECTeCTBEHHO TIPERNONATATh, YTO KOJNYECTBO TUTAHET,
y KOTOPBIX YCAOBMSI NPUTOAHBI IUIS 3apOKIEHUs XH3HU, OONKHO
OBITH MHOTO MEHBLIE.

CeoMcTBa 3K30NNaHeT

[MepeitneM Teneps K paCCMOTPEHUIO CBOMCTB OTARJIbHbIX TUIAHET
sHe ConneuHol cuctembl. CBOMCTBA ITITAHETHI BOKPYT 3BE3Mbl
47UMa 6m3ku K cBoiicTBaM lOnmTepa. OpOUTATLHBIN nepyon
3TOI IUIAHETHI 3 roja, SKCLEHTpUCHTET opbuThl € = (),09, Resinuvixa
GoJb0ld noyocH opbuTkr 4 = 2,1 a. e., HUKHUI 1Tpeien MacChl
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cocrapiger 2,4 Macce! KOnuTepa. Ha xpuBoit niyueBbIX CKOpoCTei
47 UMa HeT IpW3HAKOB HATUYUS APYIUX ITJTaHeT (KOTOPBIE JOLK-
HbI IPUBOJUTb K OTJIMYHIO KPHUBOI JIy4eBBIX CKOPOCTEI OT KBa3HCH-
HYCOWTATEHON (hopMBI).

[1aHeThI—TUTAHTRI, KaK CHEOYET U3 TEOPUM WX OOpasoBaHu,
JIOJCKHBT (DOPMMPOBATLCA 32 TIPEIeNaMy PACCTOTHUA OT LIEHTPaTb-
HO# 3BE3/1b, COOTBETCTBYIONIETO KOHCHCALIMM JThAd, ¥ UMETD 1104-
TU KPYroBbie OpOUTHI ¢ pasMepoM BOJBLION MMOAYOCH, Mo KpalHeH
Mepe, B HECKOJILKO aCTPOHOMMYECKUX eavHuil. Bonbuias nonyock
opOuTEl LIa IWUaHeTh! Y 38e3abl 47 UMa HeckoNbKo MeHbIle, 9eM
CIIeIyeT W3 Teopur. Bo3MOXHO, UTO 1ociie 00pa30BaHMs U3 BEILECT-
Ba MMPOTOTLNAHETHOrO JAWUCKa, TUIAHETa Y 3BEe3k OABEPIIach Opou-
TAbHOM MUIDAIlMM BHYTPM 3TOTO IHMCKAa W MpUOIU3MNAck K
LECHTPANLHON 38E3IIE.

[ats rwnadet U3 TabmuLbl 3 ¢ MaccaMu nopsaaxa Maccel KOnvre-
pa UMeloT llepnoabl MeHee 40 1HeH, OTKyna CAeayeT, YTO pANHYCH] UX
opbut MeHee 0,23 a. ., T. €. MOYTH BABOE MEHBILIE Paanyca OpOUThI
Mepkypusi. B Tpex cnydastx opOMTaIbHBIE MEepHOAbl MMTAHTCKHX
fJIAHET ¢ MacCoit nopsinka Macek FOnutepa cocrapnsitor 3—4 nHs,
T. €. paauychel opouT iopsaka 0,04 a. e., UTo B AecsiTh Pa3 MEHbLIE pa-
auyca opbutsl Mepkypusi! Takum obpa3oM, 3kcTpeMalibHas Oau-
30CTh THT'AHTCKHX IL1aHEeT K UEHTPAIbHOM 3Be3Ne — BeckhMa
PacIIpOCTPAHEHHOE ABJIEHHE B MUpE TUIAHETHBIX CUCTEM BOKPYT
3pe31, COJTHEeYHOro TUIMA. DTOT HOBBLIH HaGniomarenbHblil dakr
TIPUHUWITHAIIBHO BaXeH 11 TOHUMAaHUS MeXaHU3MOB hOpMUpPOBa-
HUS TUIAHET U3 TIPOTOTUTAHE THERIX 001AKOB BOKPYT 3Be3].

HoBbIM (haKTOM, TAKXE MMEIOILIMM OOIbILOe 3HAUEHWE JUTST KOC-
MOTOHUYECKMX TEOpHH, ABMSAETCSI OOHAPYKEHHE 3HAYMTEILHBIX
3KCUCHTPUCUTETOB OPOMT THraHTCKUX ILTAHET ¥ 3Be3l, HANPUMeEp,
70Vir u 16CygB. Ctonp GOJILATUE IKCLEHTPUCUTETL OPOUT T'MTaHT-
CKUX TUIAHET MOTJIM MOABUTHCA B Pe3ynbraTe HEUCTBUS IBYX MeXa-
HU3MOB. B nepBoM ciyuae, OIBUXEHWE 3apoAbllued IUIaHeT B
NPOTONAAHETHOM IWCKE IOPOXNIAET B HEM CTIUPAJIbHLIE BOJIHBI
IUIOTHOCTH, 0OpaTHOE IpaBUTALMOHHOE BO3IEHCTBUE KOTOPBLIX Ha
MJIAHETY YBCJIUUMBACT SKCLIEHTPUCHUTET e€ opObuThl. BO BTOpOM city-
yae GONbIION SKCLIEHTPUCUTET OPOUTHI TIAHETHI IOCTHTAETCS B pe-
3y/N1bTaTe OCHACTBUA TIPAaBUTALLMOHHBIX BO3MYINEHHI CO CTOPOHBI
DPYTUX TTAHET CUCTEMEI.
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B 3T0i1 CBR3M BaXXHO OTMETUTH, 4TO ecniu 661 HO0mutep B ConHey-
HOW cHCTeMe UMEN OpOUTY ¢ GOMBLINM SKCUEHTPUCHTETOM, €10 Me-
peMEHHOe BO3IMYIUAIOILEE TPaBHTAUMOHHOE BO3ACHCTBHE Ha
TIJIAHETH 3¢MHOMK MPYMNbl TPUBEA0 Obl K MX BhUICTY M3 CoNHegHOM!
cHCTeMBL, ¥ Xu3Hb B CojtHeuHOM cUcTeMe 6bUIa OEI HEBO3MOXHOM. ..

Takum 06pa3oM, MPOCTOM «B3ESA, CO CTOPOHb> HA TLIAHETHBIE
CUCTEMBI BOKPYT 3Be3ll COTHEYHOTO TUMa TIO3BOJISIET HaM TiTyOxe
TIOHSITB MJIAHETHYXO KOCMOTOHHUIO Y NPoGaeMbl, CBI3aHHbIE ¢ CyILie-
CTBOBaHUEM BHE3EMHOM XKW3HU.

Hosenwme OTKpLITUS

HccnenoBanue 38e34, Y KOTOPbIX OTKPBITHI TUIaHETHBIE CHCTe-
Mbl, MOKA3LIBAET, YTO 3T 3BE3/AbI HMEIOT YBEJIUUEHHOE KOMUIECTBO
TAXENbIX 27eMeHToB. T1o-Buarmomy, oboramienue TsKeabMy 31e-
MEHTaMH crocobGCTRYET 06Pa30BAHUIO TU1AHETHBIX CHCTEM M3 Nep-
BUYHBIX FA30TILUICBBIX IMCKOB BOKPYT 3Be3/1. Takue IMCKY OTKPBITHI
y MHOFHMX Mojoabix 3Be3d Tanakruku. HanpuMep, onHa U3 caMbIX
SIpKUX 3Be3Nl ceBepHOro nonywapus Bera (o JIupel) uMeer npoTo-
TUIAHETHBIA TMCK, KOTOPBI ObIA1 OTKpBHIT ¢ 60pTa MHGpPaKpacHOM
KocMUuecKoit o6cepeatopui 1RAS. 3atem ator npoToriaHeTHbLH
AUCK BOXPYr Beru, a Takxke AUCK BOKPYI APYroi sipkoi 3Be3abl —
®omasbrayra 6601 32aperMCTPUPOBAH M B ONITHYECKOM IHATIa30HE C
NOMOIBIO CTICHMATLHON anmapaTyphl, IIPAMEHSAOINElHCS TIPH Ha-
OJIIOACHUSAX COTHEUHOM KOPOHBI,

C 6opTa KOCMMYECKOro Teneckorna Xaboy MpoToruiaHeTHbIE
JUCKU OBUTU OTKPBITEI BOKPYI MOJOABIX 3BE3M, MPOCLUPYIOLLAXCS
Ha SIpKME TYMdHHOCTM. B 3TOM ciiyyae MpoToruiaHeTHBIE AUCKU
BUJIHBI KaK TEMHEIE KPYKKH MIIH JUIMTICH Ha SIPKOM (DOHE TyMAaH-
HOCTM.

OTMETHM HECKOJIHKO OTKPBITHI B OGJIACTH UCCIIEMOBAHUSA BHE-
COJIHE'HBIX [LTAHET, COSIAHHBIX B CAMOE IIOC/ENHEE BpeMs.

C noMouIbIO KOCMMYECKOTO TesiecKoTa Xab0IT ynanocs ooHapy-
XUTb NPUCYTCTBHE aTMOChephl, colepXalieil HaTpyi, 1MpH U3yde-
HUK ABUXEHUs IUTaHeThl Ha doHe 3Be3nb HD209458 (puc. 2.8).

[Tpu 3aT™MeHVU 3BE3NBI TUIAHETONH U3NTyueHWe 3BE3NbI TIPOCBEYH-
BaeT aTMoc(epy NIaHeThl, YTO K JAET BO3MOXHOCTE AETEKTHPOBATh
atMocdepy Y ee XMMUYECKUIA COCTaR.

3Be3na HD209458 6;1M3ka no crexTpayibHOoMY Kiaccy K ConHLy
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W PaCiONIOKEHA OT HAC HA PACCTOAHWM OKOJ0 150 CBETOBBIX JieT B
cosBe3nuu Ieraca. B 1999 rony y 310# 3Be3pl HOTIEPOBCKUM Me-
TOIOM OhLlla OTKphITA THaHeTa Maccoit 0,7 Macchl IOnuTepa, nepu-
om oOpallieHus KOTOpoii OYeHBb KOpOTKUi (3,5 AHS), TAK UTO 3Ta
MacCCHBHas TUIaHETa pacrojioXeHa oYeHb OJTM3KO K LEHTPATbHOMN
3e3ne. BriocneacTBuu 6bUT0 OOHApPYXEHO, YTO 3Ta IUIaHETa pery-
JIIpHO 3aTMeBaeT 3Be3lly, TAK KaK IJIOCKOCTh OPOMTHI TUIaHEThI
OAM3KA K ydy 3peHMs. ITU 3aTMEHUS HaOMI0AIMCh KakK Ha3eMHbI-
MM TeJIECKONMAMU, TaK Y KOCMUYECKUM TeneckomoM Xaoon.

TouHocTh HabMOAEHUH ObUla OYEHDL BLICOKOMK. ITO MO3BOAWIO
onpeaesuts paguyc adersl (R=1,35 R lOnurepa) u no dopme
KPUBOM 3aTMEHUA CAEJIATh 3aKIIOUEHUE, YTO V TUIAHETHl HET KOJNblia
(Thna xonsia CatypHa) ¥ HeT CITyTHHKOB pa3Mepamu Gobliie, 4eM
3emud.

B 1O Xe Bpemsi, UCKJIIOYMUTENLHO BBICOKAasi TOYHOCTb KPMBOIf
671ecka Npy 3aTMCHUU TIO3BOJISIET 3aKJIIOUUTDb, YT Y TWIAHETHI eCTh
IUIOTHas atMocdepa, cocToAIlast W3 aTOMOB BOJOPOHA. 310 CBA3aHO

Jeesna

MNnaxeta

Avmocthepa nnaHeTsi
LEGEE
AN

OpbuTanbHoe ABMXEHWE NnaHeTH

3atMeHne nnatetoW Bes aTMocdepsl

3aTtMenue nnaretod ¢ atmocdepod

» Bpems

Puc. 2.8. 3arMeHHe 3Be3abl U1aHeTOM. BHM3y oKa3aHa KpaBasl U3Me-
HeHUs Onecka 3Be3nanl. TlmaHeta Bokpyr 3Beanbl HD209458 okpyxena
MPOTSXKEHHO! BOAOPOAHOIM aTMOochepoil. B HenpepbIBHOM criekTpe, rae
BH/IHA JIV b ITOBEPXHOCTH IUIAHETHI, IIyOWHA 3aTMECHUS 3BE31bI IUTAHETOMH
cocrapnser {,5%. Habmoaenus B TMHUM TOTIOUIEHUS BOOPOA MOKA3bI-
BalOT 3HAYUTENBLHO Gonbiylo ry6uny 3at™Merua (15%) Beuay SombIIMX
pa3sMepoB BOIOPOMHOM aTMOChepb! [LTaHeThI.
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C ITOTEPEii BEIICCTRA IUIAHETON BBU/Y BRICOKOI TEMEPATYPhI €€ No-
BEPXHOCTH, KOTOPas CWJIbHO HarpeBacTcsl WaAyYeHWeM OMU3Koit
3pe3anl. [locneayouive HabioaeHUs MO3BOJIAT OINPEAEANTb NOJ-
HBIA XUMHUYECKUI cOCTaB aTMOc(ephl 3TOM MIAHETEI,

[Tnanypylorca cneuMansHble OpOrpaMMbl MOUCKA 3aTMEHMM
3830 MJIaHEeTAMU KaK HA3EMHbIMU, TaK U KOCMUYECKUMU METOoMa-
MHU. ITO TIO3BONUT ONPENENUTh He TOJLKO MacChl, HO U PaINyChl
NAAHET, ACTEKTUPOBATh aTMOChepbl BOKPYT HUX U OMPEALNATbL UX
XUMUYECKHNA COCTaB.

HccnenoBaHusiMy Ma3epHOIo HIYYEHHs MAPOB 80Abi 17 38e34 C
TJIAHETHBIMU CUCTEMAMM Y TpeX (€ AHApoMeaHl, € Dpunana n Jla-
nada 2185) saperucTpHpoBaHa JIMHUS UATYUEHUA. XapaKTepHasT AN
monekya Boabl. Camble 3aMETHbIC MPU3HAKU BOAL! ObLIH HAMACHM B
cucteMe € AHapomensl (paccrosinne — S0 CBETOBBIX JIET). Y 3TOM
3B€3[b1 ObL1a OTKPhITA MIAHETHAA CUCTEMa, COCTOSLLAS MX TpeX
naHer ¢ Maccami 0,7; 2,1 1 4,6 macc KOnurepa.

Bee atu mAaHETbI—MUTaHTbl COCTORT B OCHOBHOM M3 ra3a, Mno-
no6Ho KOnuTepy. Hainuue npu3HAKOB BOLSI CBUACTENBCTBYET, YTO
BOKPYT 3TO# 3Be3anl 0OpallaloTcsi, TIOMUMO TUTAHTCKUX THIAHET,
TAKXKeE TUIAHETh! 3eMHOI0 TUIIA C TBEPAOII NOBEPXHOCTbIO, KOTOPLIE
OOHapYXHUTh JOMNEPOBCKUM METOAOM MOKA HEBO3MOXHO.

Hakonen, cnenyer OTMETUTb HelaBHee OTKPhITHE TI1aHEeThl Mac-
coil B 8,1 Macc FOnurepa, oGpalaouielicss He OKOIO 3BE3AbI~KAp-
JWKa (KaK 3TO UMEET MECTO B TOJARIAIOMIEM OOJILIIUHCTBE
cydaes), a OKOJO0 3Be3qbl—ruradTa (i ApakoHa).

Pasmepel 37100t 38e3nb! B 13 pas npeBbiaioT pasMepsl Conuila,
ee Macca Heckosbko 6omblie Macebi Conduia. Boapact 31oit 3pe3abt
7 MWLIHAPLOB JIET, TO €CTb OHA 3HAYMTEALHO cTapuie Haliero CofH-
11a ¥ Npeacrasaser coboi Hanre CoHLE 2,5 MUILIMADAA TIET CTIYCTSL.

Takum 06pasomM, BGOMBUINHCTBO ILIAHETHLIX CUCTEM, OTKPBITBIX
BOKDYT 3BE3/1, HE TTOXOXUW Ha CONHEYHYIO CUCTEMY: MACCUBHEIE T1J1a-
HETbI—TUTAHTH YacTO PACTIONOXEHD] OYeHD 61M3KO K LEHTPATbHOMU
3Be3le (MX HA3BIRAIOT TOPSIYUMU (OTIUTEPAMM), 2 MHOTUE MACCUB-
Hbi€ MIaHETHl UMEIOT CHITBHO DJUTUTITUYECKHE OPOUTHI.

BrniosiHe BO3MOXHO, YTO 3TH OCOBEHHOCTH OTpaxaloT 3hdeKTbl
HaGMOJATEABHOM CEIeKLUMU: MACCUBHBIE MJIAHETH HA KOPOTKOfIe-
PHOIHYECKUX OPOUTAX MPOCTO JNerye obHapyXUTh DOIUIEPOBCKUM
METOZOM.
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L7 OKOHUATENBHOIO BBISICHEHUA CTPYKTYDBI H JUHAMUKH BHE-
CONHEYHbIX [1IAHETHBIX CUCTEM M NOUCKA BHE3EMHOM XU3HHU HEOD-
XOAUMO OCVIIECTBHThH HOMCK [UTAHET 3EMHOM MacChl BOKPYT 3Be31.
DTa CcnoXHast, HO B BbICIIEN CTCNeHW BaxXHasd 3aaava, Oyaer pe-
LIAThCS € TOMONIBIO CIIELIMANBHEIX KOCMUYECKUX TENECCKOTIOB ¥ UH-
TepdepoMeTpoB, KOTOPBIE MBI ONUILIEM HUXE.

Kak nobeaurs monuanme Kocmoca

NTak, coBpeMeHHbIe HAbMIOACHHA NOKA3bIBAIOT, UTO ILIAHETHDIE
CHUCTEMBI CYHIECTBYIOT Y MHOIMX 3Be3/ [anakTMKH, YUCIIO KOTOPBIX,
TIO-BUTUMOMY, DOCTUTaeT HeCKOJbKUX MWwuinapaos. Uucso mna-
HETHBIX CUCTEM, B KOTOPbIX X0TA Obl OAHA MaHeTa 6buta npuronHa
JUISL KU3HU (KAK B CJTy4ae CONHEUHOM CUCTEMBI), MOXET OhITh Cylle-
CTBEHHO MeHbLUE 3ToM BemMunHbLl. Ho, naxe ¢ yuetom atoro dakra,
MOJIHOE YHUCIO TUIAHET B [ATAKTHKE, HA KOTOPLIX MOIYT CYIIECTRO-
BaTh YCNOBUS, OJaronpusiTHbIS LIsi 3aPOXIAEHUS XU3HU 3eMHOrO
TUMNA, JO/LKHO COCTABISATD AECATKN MUJJIMOHOB.

[Touemy xe Mbl 10 CUX TTOpP, HECMOTPS HA HEU3MEPUMO BO3pOC-
1IYIO MOILb HALIMX HaGMI0IATCIBHBIX CPEACTB BO BCEX 3/1eKTPOMAr-
HMTHbIX J4alla30HaX, HECMOTPH Ha ClCUMaNbHbIE TLIATE/ILHbIC
MOUCKM, HE YIIOBMIM CUTHAIOR BHE3EMHBIX IUBWIN3auuit? Nodemy
JIO CYIX TIOP MBI Be MMeeM YOEUTENbHBIX CBUASTENLCTB MOCEIEHUS
3eMiY BHE3eMHbBIMH CYLLIECTBAMU?

Kak yxke oTMeuanoch, 3TOT OTHIOAb HE PUTOPHYECKHIT BOIPOC
6nn nocrasneH Lknosckum B 1985 rony. Ha Bonpoc «moyemy Ko-
cMoC Momuut?y [LIKIOBCKMI OTBETHIT TAaK: CKOpEE BCETO, 3eMHas
LWBUIN3ALUS SBASETCS YHUKANbLHOR H TIPAKTUUECKM &IUHCTBEH-
HoH BO BceneHnHoii. HIknNoBckUK paccMaTpuBal 1BE OCHOBHbIE
PUUUHLL MomuaHuss Kocmoca: aubo ycaoBus IUIA 3apOXIECHUS
KU3HU U, TeM Oojiee, pa3yMHON XHU3HU, YPE3sbIYAiHO crierudmny-
Hbl N KpailHE PEAKO Peanu3yioTcs Ha IMiaHetax BceneHHoM, Tu6o
TP HOCTATOUHOM pacpoCcTPaHEHHOCTU KHU3HHU Bo BeeneHHOIT Bpe-
Ml CYLLIECTBOBAHUA Pa3yMHBIX POPM XU3IHU (BHE3EMHBIX LUBWIHN-
3alHii) OTHOCUTENLHO KOPOTKO — HE IIPEBLIIIAET COTHU ThICSY JIET.

IepeurcnumM BynyilMe KOCMUYECKHE IKCITEPUMEHTHI MO O0HA-
PYXXEHHIO HOBBIX I1AHETHbIX CHCTEM BOKPYT 3Re3/L ¥ IOUCKY NPOSB-
JICHUH XU3HM Ha HUX, KOTOpbIE ITOMOIYT YEJIOBEUECTBY Jlyylle
OCO3HATh CBOE MeCTO BO BceneHHOi,
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B TeyeHue oymxaidiux sty et OyayT peaiu3oBaHbl HA3eMHBIE
vHTep(hepOMETPHUECKUE CUCTEMBI Ha 0a3e KpyriHeHILuX TenecKo-
1oB HOBOTO NMoxojaerHus (10—merpoBrie Teaeckonnl Keka 8 CLUA,
reneckon VLT KOxHo-EBponeiickoit o6cepBatopuu U apyrue). Itu
CHCTEMBI obecneyaT acTpOMETPUIECKH I TOKCK MUIAHET BOKPYT GJIU-
KaALIMX 3BE31 MYTeM M3MEePEHHS YX MOJA0KEHN N C TOUHOCTHIO JTyd~
e OAHOM YIJIOBONH MUINVCEKYHIIDBI.

B Havane 21-ro Beka ®paHiyackoe KocMuyeckoe AreHTCTBO
TUTAHKUPYET 3aMyCcK KOCMUYeCKoro annapata (Corot) ¢ 11eNb10 BbICO-
KOTOUHBIX (POTOMETPUIECKUX HAGIIOAEHMIA 3aTMEHHI 3BE3/ OKPY-
XaoWKUMU ux riaHetaMu. B 2007 rony npeanosiaraeTcs 3anyck
raKoro Xe KOoCMMuecKoro ammapara (QaavdrroH) Esponeitckum
KocmuyeckuM AreHTCTBOM.

B Tedyenwe Onuxkailunx 15 seT psaaoM CTpaH TUIAHMPYETCH 3a-
MycK KOCMWYeCKUX WHMPAKPACHBIX UHTEPPEPOMETPOB (MIPOEKThHI
Darvin, Terrestrial Planet Finder u ap.). 3t uHTepdepomMeTphl no3-
BOMIAT HENOCPCACTBEHHO YBUAETH TLIAHETH BOKPYT 3BE3A, B TOM
‘TUC/Ie W TIIAHETHI 36 MHOTO THITA, M €CTh HAlIEX/1a IAXE CHATD CTIeK-
TPbl 3TUX TUIAHET, UTO MHOIO TpydHEe, YeM MPOCTO MOJAYUUTH UX
M300pAXEHMS.

IMaBHast 3a71aua CNEKTPATbHBIX HAaONIOACHU TUIAHET — TIOUCK
SITHYIN M TIONIOC KUctopona M 030Ha. [loueMy MMEHHO Kuciopona u
030Ha? [leno B Tom, 4TO KUCJIOpoa B aTMochepe — BepHBIN MPU3HA-
K HAJIMYUS XXM3HU Ha olaHeTe. KHcaopox — XMMHYECKH OIeHb aK-
THUBHBIH 2IEMEHT K JIETKO BCTYNAET B COCNMHEHNUA C PATUYHbBIMU
BCLLECTBAMU TIOBEPXHOCTH TUTaHeThl. Tlo3ToMy mns MoasepxKaHust
BBLICOKOM KOHLEHTpaUuM KUciopoaa B atMocepe TpedyeTcs He-
HPEPLIBHO JAEHCTBYIOIUMI UCTOYHUK €ro NOCTYIUICHNS. Takum wc-
TOYHUKOM B aTtMocdepe 3eMiau SABIAETCS XHU3HEAeATeIbHOCTh
pacTeHHWi, OCHOBaHHas Ha (POTOCHHTESE.

B TedycHue IWIMTENBHOW UCTOPUM 3eMJIM XKU3HEACSTETLHOCTD
pacTeHUit O4UCTUIIA 3EMHYIO aTMOCdepy OT YITIEKMCIOFO ra3a v Ha-
cLITHIa ee kucnoporoM. Kak ormerun IlixtoBekuii, ecny 6m xus-
HeAeATEe/ILHOCTh pacTeHui (KoTopas NOCTaBisSeT B ATMOCKHEDPY
3emnu exerogHo ~ 10" TOHH YUCTOrO KUCI0pOoaA) NPEKPaTIIIACh, TO
3a 0ueHb KOpoTKoe BpeMs (~10" JIET) XMMHMUeCKU aKTUBHEIE MoJie-
KyJIbl KUCTIOPOAa BCTYMUAM ObI B COSMHEHUS ¢ BELLECTBAMU TO-
BEPXHOCTH 3eM/IM M KMCIOPOA HcYe3 Ol A3 3eMHOM aTMOCc(ephl.
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INosyyeHHe NpAMbIX U3006paXeHUH MaHeT OyaeT BO3MOXHO
TaKXKe B KOCMHYECKOM 3KCIIepUMeHTe «(DoMaibrays, MpeuloXeH-
HoM actpoHomaMu TAUUI MT'Y. OcHoBHas uaes 3KkcriepuMeHTa —
UCTIONBL3OBAHKE CYTIEPIIANKUX, TO 8CTh 001aJal01UX OUEHb BLICO-
KUM KAYECTBOM TTOSMPOBKHU, 3epKall, U3TOTORIEHHEIX IO CfIeIHANE-
HO#l TEXHOJIOTUM W TIO3BOJISIIOLIMX CHU3UTh YPOBEHDb PacCesHHOrO
CBETA B TEJIECKOTIE HA 4 MOPSAKA N0 CPABHEHUIO C OOBIYHON ONITH-
Koii. HakoHelr, B GivxaifiieM NecSTHIETUH PSIOM TpyNTI TUTaHUpY-
eTcsl TNPONOJIKEHWE CNEKTPATbHBIX AOMIEPOBCKUX HabGmoneHui
MHOTHX COTEH 3831 CONHEYHOTO TUITA ¢ LENbIO MOKCKA MIAHET, a
TAaKXe MOUCK TUIAHET BOKPYT 3Be3n No HabmogeHusMm sddexkton
rPaBUTAHMOHHOTO MUKDOJXUH3UPOBAHUS.

Byxem HajiegTHCS, 4TO FIOCIHE TIPOBENEHUA OITUCAHHBIX IKCITEpH-
MEHTOB, YEJOBEYECTBO CMOXET NMOCMOTPETh Ha NpobsieMy XH3HU
BHE 3EMIIH He TaK NIECCUMIMCTWHO, KaX ceiiuac.

MpoexT «/lapBun»

OTKpBITHE AOTUTEPOBCKHM METOAOM IUIAHETHLIX CHCTEM Y 60/Th-
WOTO YMCJIA 3BE3N TO3BOJSIET PEAIbHO MOCTABNTL 3a1avy MPSIMOTO
HaOMIOMEHUA MNAHET M NMOUCKA NPOABRIEHNI XNU3HM Ha Hux. Kak
yX¢ OTMEYANOCh, OCKOJIbKY IMAAHETHI CBETAT OTPAXEHHBIM CRETOM
LEHTPABHOM 3Be3/lbl, UX CBETUMOCTb B OMNTUYECKOM NUAINA30HE
CIIeKTpa 10/DKHA COCTARIATH Nopsaka 107, To ecTb 0gHy MywLIMApI-
HYI0 JIONIO OT CBETUMOCTH 3BE3Mbl.

SlcHO, 4TO B 3TOM cay4yae HabJORATD IUIAHEThL OYeHb TPYAHO —
OHM OGYKBANBHO TOHYT B PACCESTHHOM CBETE, CO3NABAEMOM B peaib-
HOM TEJIECKOTIC U3NTyUYEeHWEeM LIEHTPAJIbHOU 3BE31bI.

Y106b! HabIFONATH TUTAHETHI BOKPYF 3BE3A, HYXHO APEeOaAoeTh
PSN YPE3BRIYANHO TPYAHEIX DpensaTcTBHiA. Cpel HUX rhaBHble —
3TO OYeHb MAJIBIH KOHTPACT IUI2HET HA (hOHE MIIYy4eHHS 3BE3Abl Y
PaccesHHOTO CBETA B TEJICCKOINE, a TAXXXKe MaTbie YIIOBbIE PacCcTos -
HYS IUIAHET OT LIEHTPAIBLHBIX 3BE3N.

TunuuyHoe paccTosiHie s 6U3KVX 3Be31 — NOps/IKa COTON U
TRICAYHON NOMH YIOBOH CEKYHAB! (UTOOB! HA TUTAHETE ObLNa XKHA-
Kas BOJIa, HEOOXOIUMas sl BOSHUKHOBEHHS XHU3HH, HEOOX0AUMO,
YTO6B! MUiaHeTa OhUIa He CHITbHO YAANCHA OT UCHTPAIbHOW 3BE3AbI
— He Aanee 12 aCTPOHOMUMECKUX eVIHULL).

Takum 06pa3oM, 3a1a9a COCTOUT B TOM, YTOObI CUIBRO (B COTHY
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TBHICSAY pa3) YMEHBILUTD BAHSAHUE CBETA LIEHTPATbHOMN 383/ U pac-
CESTHHOTO CBETa B TEJIECKOTIEe, 4 TAKKE B COTHH Pa3 YBEJIUUMTS pas3-
PELAIOIIYIO CNIOCOBHOCTE HHCTPYMEHTA.

Koxuenumua npoexra

IlepBas 3agaua — yBeNUUCHUE KOHTPACTA fUIAHET — PElIaeTCs
nepexoioM U3 BUAMMOrO B HHMOPAKPACHEIH JMana3oH criexrpa (rue
KOHTPACT TUTAHET B ThICAYY pPa3 BhILIE) ¥ IPUMEHEHHEM CTICUMaIb-
HbIX MEP 110 YMEHbILIEHMIO PACCEAHHOTC CBETA (MCIONTb30BAHME Te-
JIECKONIa B peXuMe KopoHorpada, KOTOPBIA NpUMeEHsieTcs Npu
HaONIOACHUSIX Ype3BbIYaifHO C1aB0KOHTPACTHOM CO/THEYHON KOpo-
Hbl). KpoMe Toro, mpuMeHsieTCsl peXXuM HabnioaeHui, ipu KoTo-
POM SIPKOCTh USHTPATbHOM 3Be3Abl TACUTCA HE € [IOMOILUbIO ee
T€OMETPUYECKOTO IKPAHMPOBAHHMSA, 2 ONTUYECKNM cnocoboM, oc-
HOBAHHBIM Ha SIBICHUU UHTepdepeHIIMU cBeTa (peXHM TaK Ha3bi-
BaEMOT0 MHTEPPEepOMETPA € 3aAHYIIEHUEM).

Bropas 3anaya — yBeJAM4EHUE paspetlaiolest crocobHOCTH —
peuiacrTes ¢ UCTNOIB30BaHUEM HE OIHOIO, a HECKOJIBKHX TENECKO-
OB, pa3HEeCEHHbIX Ha PACCTOSHUSA B IECATKH M COTHMA METPOB U pa-
DoTtalolMx, KaK €IMHBIA MHCTPYMEHT B peXuMe nHTepdepoMeTpa.
Paspemaroniagd crioCOOHOCTh TEJIECKOTIA OMPEAENIeTCT BOHOBOM
MpUponoH cBeTa. Mbl 3HaeM, YTO CBET — 3TO MOfIepeyHbIe Koebda-
HUS BICKTPUYECKHUX ¥ MATHUTHBIX F10J1€§i, KOTOPbIE PACIIPOCTPARSA-
10TCA B MMyCTOTE C MpeiensHO BO3MOXHOM ckopocTeio 300 000 xM/c.
JnnHa BOJHB TYIX KOJeGaHWi 111 MaNyYeHMsT B BUIMMOM AKaria-
30He (OT CHHETO J0 KPACHOIO KOHLIOB CTIEKTPa) COCTARMSACT B Cpe/i-
HeM okosio 5500 anrctpem (1 aHrCcTpeM, KakK yXe YNOMWHAJIOCh,
pasen 10 cm). baaronapa siBneHuo AnpakiiiM 3JEKTPOMATHNT-
HbBIX BOJIH Ha KParo OOBEKTHBA U300paKeHNE 3BE3/1bI — TOUKM TTONy-
YaeTcd B BUIEC KPYyXKa HCHYJAEBOro AMamMeTpa (rnaBHbIM
MHPPAKLACHHBIA MAKCUMYM) M CUCTEMBI UEPENYIOLIUXCS CBETJIBIX
U TeMHBIX Kofied. PasMep LigeHTpajisHOro KpyXKa OIpeneseT paspe-
LIAOLILYIO CIOCOOHOCTD TejIecKoma.

Paspemarouas criocoOHOCTb TeAeCKONa onpenessieTcs OTHOLIe-
HMEM [LIMHBI BOJIHEI CBETOBOTO MANMTYYEHHS A K AMaMeTpy TeAecKona
D, v ans resieckona ¢ oObeKTVBOM IaMeTpoM 14 ¢cM paBHa OMHOM
YTJIOBOH CeKYH/IE (HaTIOMHMM, YTO Pa3peLiualoias CrnocobHOCTb He-
BOOPYXEHHOIO YeJI0OBEUECKOro miasza B 60 pa3 xyxe v COCTaBjsieT
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0k0j10 | MUHYTHI). ECIU MBI BO3bMEM TEJIECKOST C AUAMETPOM 00B-~
€KTUBA B 14 METPOB, TO €TO TeOpeTUUSCKas pazpeliaronias cnocod-
HocTb Oyaetr B 100 pa3 ny4ie, 10 ects cocrtaBut 0,01 yrnoBoi
CEKYH/IbI.

OKa3blBaeTcs, YTOOBI MOJTYYHMTH TAKOE BHICOKOE YIJIOBOE paspe-
tIeHyve, BOBCE HE 0653aTeILHO U3rOTaRNMBATD CTOJIb 601bILON U 1O~
porocToatuil 00BekTUR. MOXHO UCHTONB30BATEL HECKOIBKO MANTBIX
(Hanpumep, D =14 cM), HO pa3HEeCEHHBIX HAa PacCTOSIHNE OKOJIO 14
METPOB.

Torga, cobupas cBeT OT 3TUX 0OBEKTUBOB B ONHOM MECTE U MC-
MOJIB3YA SIBIEHUE HHTEPPEPEHLMH CBETA, IIyTeM CITEHHATbHON Ma-~
TeMaTHYeCKoN 06pabOTKY MPUHUMACMOTO CUTHANA MOXHO TakKkKe
JOCTHUYL BBICOKOTO YT/I0BOro pa3peumieHus B 0,01 yI1oBoi CEKYHIIRL.

HMeHuo Tako# MHTEpEPOMETP U TIPCANTONATAETCH WCTIONBL30-
BATH JJTST HAONMIOAEHWST TIIaHeT BOKPYT 3Be31. Ho HyXHO Tipu 3TOM
MMETh B BHIY, UYTO HCKaXEeHWs U300paXeHuH 3Be3abl Y [U1aHET, Bbl-
1BAHHBIC HECTAOUIBHOCTBIO 3EMHOM atMocdepsl, CUIBHO 3atpyi-
HSIIOT TIONyYeHHE BBICOKOTO YIJIOBOTO pa3pelleHus Tipu
Habonenuax ¢ nosepxHocty 3emn. [Mostromy mhHTepdepomeTp
st HabAoeH M TINAHET BOKPYT 3BE3M MOJDKEH paboTaTh 3a npete-
JlaMu 3eMHO atMocdepsl, B KOCMHYECKOM TIPOCTPAHCTBE.

Tlockonsky B MHGPaKpacCHOM AWAIA30HE CTIEKTPA, HA IUIHHAX
BOJIH B IECATKM MMKPOH, TL1aHETa He TOJIBKO CBETUT OTPAXKEHHBIM
CBETOM 3BE3/IbI, HO W caMa U3myuaeT (TIpy TeMITepaType TIaHeThl B
[eCATKY rpanycoB llefibcra MaKCHMyM TEIUIOBOTO UTYYEHUS TL1a-
HETHl JIEXNAT B MHOPAKPACHOM NWATia30HE), a CBETUMOCTB LIEHT-
paIbHOM 3Be3lbl MallaeT, KOHTPACT IIaHEThl B WHMPAKPACHOM
nuamnasone B 1000 pa3 Boiilie, weM B OMTHYECKOM JMANa30HE CIIeKT-
pa (coctasasier He 107, a 10°). [ToatoMy nepexorx B MH(BPaKpacHsIi
JMafa30H CYILECTBEHHO o0jeryaeT HaOnioNeHus IJIaHET BOKPYT
3Be3,

OnHako B 3TOM c¢jlydae MOABNATCA ApyTHe TpyaHoctH. [Tpexne
BCEro, B AaJCKOM WH(ObPaKpaCHOM AMara3oHe CNeKTpa CaM Tee-
CKOTI ¥ BCS [IpUEMHAs anmapaTypa umyyaoT 3Hepruio, KoTopas Co-
3[IaeT AOMQIHUTENBHLIA (GOH ¥ 3aTPYIHACT HabMIONEHWS IUIaHET.
TlosToMy Teneckon M fipueMHOe 060PYAOBAHUE NIPU HABNIONEHUSX
B MH@PaKpacHOM AMATNa3oHe AOIKHBI ObITh OXIAXICHBI 10 BO3-
MOXHO 0oJiee HU3KHX TeMITepatyp, nopsiaka — 240°C.
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OcyuiecTBUTL CTOJIBL TIYOOKOE Y, TIaBHOE, CTAGUNIBHOE OXJTaX-~
JEHWE OUEHb HETTPOCTO.

Bropas TpyaHocTh CBS3aHA € TEM, 4TO B MHAPAKPACHOM AUana-
30HEe UHTEHCUBHO H3NYYAET MEXIUIAHETHAS MbUTb — MEJIKMe TBep-
JABbIE YACTHLOBI — OCTATKY PA3pPYIUMBUIAXCS KOMET W ACTEPOHAOB,
KOTOPBIE JIETAKOT NO CBOMM OPOUTAM B MEXIITAHETHOM ITPOCTPAHCT-
Be, PEUMYILIECTBEHHO Mexay opbutamu Mapca v FOnutepa. B Bu-
JIMMOM IMANIA30HE 3TA MEeXTIIAHETHAS IThITL TPOSRASET ce6s1 B BUIE
XOPOUO H3BECTHOIO SRICHNA 300MAKAIBHOTO cBeTa. YTOOh yMeHb-
IWUTL BIinAHUE (POHA NHPPAKPACHOTO M3NYYEHUS, BHI3BAHHOTO
MEXTUTAHETHOW TBLTBIO, KOCMMYECKUN UHTepdepoOMeTp ROKEH
GBITh 3anyllieH HE HAa OPOMTY BOKPYT 3eMUIM, & Ha OKOJOCOTHEYHYIO
opbuTy, TpubIN3NTENRHO BOTH3H opOuTh HOmHTepa.

Camadg TOHKasl U ICJTUKaTHag mpodlieMa — 3TO SKCTPEMANBHO
CWIBHOE YMEHbIIEHHE UHTEHCUBHOCTH W3NYYEHUS LIEHTPANBHON
3Re3lBl M paccessHHONO ceTa. Haubonee shdexTnpHOe pelenue
3TOi1 TPOOJIEMLI COCTOUT B CIIEAYIOIICM.

C noMOIIbio CNELHANLHOIO ONITHYECKOTO YCTPOUCTBA (TaK Ha-
3bIBAEMOW TTOYBOJTHOBO# TUTACTHHKW ) ATEKTPOMarHHUTHbIE Koyreha-
HUA, TIaJalOUME HA OOHO I[Lieuo—Teneckon wHtepdepoMmeTpa
C/IBUTAIOTCH Ha [MOJOBHUHY TEPHOAa O CPABHEHUIO ¢ SIICKTPOMAT-
HUTHRIMU KOJeGaHKaMY, TIOCTYNALMMHK Ha Bropoe mieuo. Tlpu
CROXEHUH 3TH KOJIeOAHWA TACATCA, YTO MPUBOAMT K 3aHYJICHUIO
VHTEHCURHOCTH [JTARHOTO LUEHTPATLHOTO N300paxeHnst Andpakium-
OHHOU KapTUHBI 3Be3Abl. B To e BpeMs, NOCKOMBKY IUIAHETHL pac-
MOAOXEHL HA HEKOTOPOM YIIOBOM PACCTOSHMU OT 3BE3OHS, WX
U300PAKEHUS He racsiTCs, YTO M MO3BOMSET PEFUCTPUPOBATh U300-
paXeHus IaHeT BOJIU3Y 3BE3NbL.

Bopw0a ¢ paccessHHbLIM CBETOM B TEJECKOTIE MIET TIO pAly Ha-
npasjaeHnit. Bo-mepBbiX, UCTIONB3yeTCH CHELMATbHAS, Cyneprian-
Kag OITUKA C OUEHb BBLICOXMM KayeCTBOM MOJUPOBKU, KOTIA
OCTATOYHAST NIEPOXOBATOCTD 3epKaJl M JIUH3 B JIECATKU PA3 MEHBIIE,
deM B 0ObITHOR onTviKe. Bo-BTOphIX, B TejecKone MPUMEHSETCS
crneuranbHasa cxeMa Kopodorpada Jlvo, B Kotopott cHauana ¢ 1o-
MOILBIO OTACTRHOM THH3BE (TMH3BI DaGpU) cTponTcst N300paXKeHHE
oObekTHBa. CBET, PacCessHHbIM Ha Kpdid OObEeKTHBA, OTCEKAETCS
cnennanbHoi anadparmoit (simadparma Jluo) v 3aTem, Nocsie TAKO-
TO YCTPAHEHUST OCHOBHOM YaCTU pacCessHHOTrO CBETa B TEJIECKOMeE,
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CTPOMTCH U300paxkeHHe 3Beiabl. Bce 3TM Mephbl, BMeCTe B3sSITble,
MO3BOJAIOT YMEHBIINUTE UHTEHCUBHOCTh PACCEAHHOTO CRETA B JI&-
CATKH U COTHU THICSY pa3, UTO W JAEJAeT PEaTbHbIM MOLYy4aTh U300-
paXeHHd TIAHET BOKPYT 3Be3[ U daXe CHMMATh CIIEKTPbl 3THX
ILTaHET.

CnexTpbl aTMoCthep nnaHet

J111 TOMCKA CNENOB XKU3HU Ha [1aHETaX BOKPYT 3Be3l Heobxo-
VMO CHSATB CTIEKTPH 3THUX IUIAHET C AOCTATOYHO BHICOKUM CIICKT-
paabHbIM paspetieHHeM (A/AN > 20), uTo6GB! 3apernCTPUpPOBAThH
JIVHUH MOMOWEHUS BOAB, KUCJIOPOAA, O30HA H YIJIEKHUCJIOTO Tasa B
X aTMocdepax. B HHppaKpacHOM AuanasoHe CrekTpa, B odJacTH
7-20 MKM (MUKpOMETp), HanbOJIEe CUILHO B TEILIOBBIX CIIEKTpaX
arMocdep IDIaHeT 3EMHOI0 TUIA MPEACTARIEHb! IMHKMA TTOMIOLIe~
Hus Boasl H,O (nonoca noriaouieHust BGnusu A =8 MxM), o3oHa O,
(JInHua nornouieHU Ha A=9,6 MkM) U yriekucnaoro raza CO, Ha
A=15 MKM.

Ha puc. 2.9 npencrapaeunl CHEKTPH! TEMUIOBOTO UANYUCHUA aT-
Mocgep Benepot, 3emun m Mapca B MH(DPAKpACHOM JMana3oHe,
BunHo, uTo B cnekTpax aTMocdep Bexepsr 1 Mapca, KoTopble
MIPaKTUYCCKW NALIECHEL KMCJIOPOJd U COCTOSIT B OCHOBHOM M3 YIJIE-
KUWCITOTO Ta3a, HabMI0AAcTCA ML b CUIbHAS NMHMA NTOTJIOLEH U YT-
JIEKMCIOTO ra3a. B TO Xe Bpemsi, B cIIeKTpe aTMoctephl 3eMiiH,
TTOMUMO JIMHWY YIJIEKMCIOTO ra3a, HabmioaaeTcs 3aMeTHass THHUS
TonToieHMst o30Ha O,, YTO oTpaXaeT MPUCYTCTBME B aTMocepe
3eMJIM 3HAYUTENIBHOTO KOJIMYECTBA KUCIOPOAA (JIMHHH MONEKYNsAp-
Horo kHcopoaa O, PACTONOXEHB! R ONTHUYECKOM NMANa30HE CIIeK-
Tpa).

Kpome Toro, B MHOpaKPACHOM CHeKTpe aTMocthepbl 3eMIH Ha-
GmofaeTcsl cWikHasi nojioca norjolle HMs flapos Boas! H,O, uto oT-
paxaeT HIMIME HA TOBEPXHOCTU 3eMJIH XHAKOM BOAbLl. TaKuM
06pa3oM, UHGPaAKpACHBIH cTiekTp 3eM/IH [PSMO YKa3biBACT Ha Ha-
JIM4Ke TPHHOMITNATBHO BAKHEIX AN PYHKUNOHUPOBAHUS OpTaHMT -
YECKON KM3HKM KOMIIOHEHT: XKWAKOM BOABI, KHCIOpOZa M
YTJIEKHCIIOTO rasa.

B To Xe BpeMs B criekTpax BeHepbl 1 Mapca, rae upakTuuecku
OTCYTCTBYIOT XHUIK4AA BOAA W KUCIOPOA, HET JMHUW [OIJIOILEHUS
TIAapOB BOIBI MU KUC/IOPOA.
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Puc. 2.9. Cnextpbl atMocdep 3emiin, Vet |
Mapca u BeHepbl B UH(paAKpACHOM AUA-
nasoHe (10 FOPU3OHTAbHOI OCU — JJIMHA
ROJIHBI, MKM).

B cnexrpe atmocdepbi 3eMan BuaHA
CUJIbHAA AUHWsI morioweHus o3oHa O,,
CBUICTENLCTRYIOMIAS O HATUUUU BOBLLIO-
TO KOJIMYECTRA KNCIOPONa.

Takum obpasoM, Habmonas WH-
¢bpakpacHsle cnexTpbl iAaHer Boxpyr [
3B€3/1, MOXXHO OPOBOAUTD INArHOCTH- e romeoww
KY XMMUYECKOTO COCTAaBa UX aTMOCHED W IE/aTh BLIBOIbE O HATHYMY
WK OTCYTCTBHH OPTaHUUECKUX (GOPM KU3HH Ha HMX.

®oTtocunTes

CoppemenHas atMocdepa 3eMIn cOCTOMT Ha 21% W3 Moneky-
JISPHOIO KUCTIOPOAA, Ha 78% K3 MONEKYJISIPHOTO a30Ta, HeGOTbLLION
npuMecu yoiekucnoro raza (0.03%) W apyrux 3aeMeHTOB (aproH
0,9%, sonopoa 0,1%, ueon 0,0015%, reanit 0,0001%). Cnoit 030Ha
HaxoAuTcsl Ha BhIcoTe 35—60 KM, ero 06beMHOE ComepXaHme Co-
crasnget Bcero 0,00006%. O30H nosiBAseTCH B pe3yabTaTe paznoxe-
HUSI MOJIEKYIAPHOTO KUCT0pona fTpH (POTOXMMWYECKUX PEaKITUAX:

O,+ hv - O+ O,
(hv — 3Heprusa KBaHTOB COJJHEYHOIO CBETR), ¥ ITOCNELYIOIIIFX TPOM -
HbIX B3aUMOJIEUCTBUSX:

0+0,yM— 0,+ M,

rie M — Hekoropast TpeThst MOJICKYJIa. B pesynsrate peakiuu:

O,+hv— 0O,+ O
O30H IOTJIOL{AET YALTpayoneToBoe usiyuenue CoslHiIa B Auaria-
3one 2000--3000 aHrcTpeM; B MTOrE, 3TO MATYYEHHE Pa3orpeBacT
BepXHUii cioli atMocdepbt 3emitd,

Kak yxe oTMeuanoch, COBpeMEHHBUA XUMHUIECKII COCTaB 2TMO-
cheput 3emnu obpazosancs Graronaps akTUBHOH OESTEILHOCTH
XUBbIX OPraHU3MOB M, fIpeXie Bcero, Onaronaps porocuutesy. Po-
TOCUHTES 3AKJTI0YAETCd B MPeoOPA3OBAHUM U 3aTIACAHNH COMTHEYHOM
SHepIrvu. B pesynbrate U3 NPOCTHIX BELECTB — YITCKUCIONO ra3a u
BOIbl — CHHTE3UPYIOTCH YTAEBOAbl U BEIIEIJSICTCS MOJNEKYNSPHBIN
KUCHOPOA.
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HmenHo sirrenue POTOCHHTESa NPUBEIC K paAUKATLHOMY Tipe-
00pPa30BaHNIO HAUICH MHAHETH] B NIPOLECCE €€ IBOMIOUMH,

ATmocdepa 3eMITH Ha paHHMX CTaJIHSIX €€ IBONMOUWH, JIO TTOAB-
feHust (POTOCUHTEIUPYIOILNX OPraHU3MOB ObLIA pa3peXeHHOoR U
COCTOsL1A FTABHBIM 00Pa3oM U3 VIVIEKMCIIONO ra3a U aMMUaKa.

IpuobpereHHass B Tpoliecce SBOMOLIUU, bosiee 2 MUTHAPIOB
JieT TOMY Ha3afd, CMnocoOHOCTb PACTEHUI K BBLIENCHUIO MONEKYSP-
HOTO KHC/TOpo/ia YBEUYUNA COACPXAaHME KACIOPOAA TPAKTHYECKH
OT HyAs1 B ApeBHeit atMocdepe 3emtn no 21% B HacTosiee Bpems.

B nepuron 3nauntensHoro nopsimeHUs O, B atmMocdepe 3emiu
TIPOU3OILLIO OKUCIEHHE COeIMHEHHI XeTela, cepbl, MapraHua Ha ee
TOBEPXHOCTH, NPH ITOM HA TAKUE MPOLIECCH OKUCISHUS YULITO 60~
nee 95% Kucaopona, BLIENIEHHOTO (POTOCUHTEINPYIONIMMIA Opra-
HYI3MaMH 3a BCIO UCTOPHIO 3eMHOM BHoCcdhepHI.

Tlo Mepe BospacTavun comrepxanus O, B atmocdepe 3eMIM 3Ha-
YUTEJHHO YBEJIHYKIOCH CoAepXXaHUe MONIEKYISipHOTO a3ora Garo-
Iaps okHciaeHWIo ammuaka. Kpome toro, mpouecc ¢otocuHTe3a
MPUBENT K 3HAYHTEIBHOMY, 6ojice ueM B 100 pa3 yMeHbLICHUIO CO-
IEPXAHUA YTJCKUCIOro rasa B atMocepe. B utore nepsoHayaibHO
pa3pexeHHasl armocdepa 3eMIM IPEBPaTUIACh B [IIOTHYIO BTOPHY-
HYI0 aTMocdepy, COCTOSIIYIO M3 330Ta W KHCIOpOa ¢ Hebombuwoi
OPUMECHIO YINIEKUCIOro rasa.

UpesBeryaiHO BaXHO, 4TO (POTOCUHTETMYECKOE 0O0Opa3OBaHNE
O,, conpoBoxuaomeecsi rornomniedneM CO,, B codyeTaHUn € no-
SIBUBLIEHCS] BO3MOXHOCTBIO a3pOOHOTO NBIXAHUS Y )KUBOTHBIX, KOT -
Ila ocyulecTBisieTcsi oBpaTHBIW Tpoliecc — norpedbaenne O,,
cornposoxnawuieeca BbuieneHueM CO,, puBeno K o6pa3oBaHUI0
3aMKHYTRIX LHKIOB dopmuposarusi O, u CO,. CoyetaHme 3THX
LIMKJIOB JaeT BO3MOXHOCTh BOCMONHATH comepx)aHue kak CO,, Tak
u O,. Yyactue 3Tux UUKJIIOB B 6ANHOM HMKIIE «DOTOCUHTES — IbIXa-
HHUe» O0ECTIeYNRAET MOCTOAHHOE FIOCTYTUICHUE S3HEPTUM B OHocde-
py 3emnu.

PeanucTyeckas NoCTaHOBKA 3apaym

NOMCKA BHE3EMHOMN XU3HW

MEI yOoeIUITUCh, YTO TMHUH 030HA, TTAPOB BOAbl U YIJIEKUC/IOTO
rasa B HHfbpaKpaCHOM CHIEKTPE TUTAHCTHI ABJISAIOTCA APU3HAKaAMH
NpoABJACHUS XUIHCACATCIABHOCTU OPTAHU3MOB U, NMPEXIE BCETO,
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pacTeHHi Ha noBepxHOCTH fnanethl. [lepeiiieM Tenepb K onuca-
HUIO MPOEKTA KOCMUYCCKOTO WHGpakpacHore wHrepdepoMmeTpa
«JlapBuH». TTpoeKT Ha3BaH BWMEHEM BBIJAOMICTOCS AHTIUIACKOTO
yueHoro Yapnb3a lapsrHa, rMTOCKOJBKY [ABHAST UESib HTOTO MPoeK-
Ta — [TOVICK CJ1eIOB OPraHUYECK O XM3HU Ha TLAAHETAX BOKPYT 6u-
KanuIux 3Be34.

[TpoekT «/lapBuH» Obin 000GpeH U HAYYHONU U TEXHOJIOTHIEC-
Kovi mpopaboTku B herpane 1997 roga EsporneiickuM KOCMUUECKHUM
areHTcTBoM. [Ipednonaraercs 3anyck Ha opOWTy BOJIU3M OPOUTHI
FOnuTepa naTy WK I1eCTH HHGPAKPACH bIX TEJIECKOTIOB C 3epKaIOM
IuaMmeTpoM 1,5 MeTpa.

Kaxnblit Teseckorn BbIBOOUTCS Ha OpOUTY CROMM HOCUTENEM U
pacroNioXeH Ha OTIUENBHOH YNpaBasieMO#l CTaGWIM3UPOBAHHON
naatpopme. TenecKornbl pacnonaraioTes No OKPYXKHOCTN Iuamer-
poM 50—100 mMeTpoB, rpnyeM TBEPAOH CBS3N MEXIY TeiecKomaMu
HET — BCE OHM HAXOATCA B CROGOIHOM ABUXEHUU HA CBOMX NJAT-
¢dopMax.

Crabuauiauusi OTHOCUTENLHONO MOTOXEHHUST TEAECKONOB OCY~
OIECTBASIETCA € [OMOLULIO CTELMATLHBIX 3JISKTPUYECKUX YCT-
POMCTB, a KOHTPOJb OTHOCUTETLHOTO MONOXEHUs! TENeCKOTIOB
TPOUCXOAAT ¢ FIOMOUIBIO JA3EPHLIX CUCTEM C OBPATHOMN CBSI3bIO C
OrpOMHOIt To4HOCTBIO 0,1 Mukpomerpa (107 canTHMeTpa).

s ONOHUTENILHOTO KOHTPOINA CTAaOUITBHOCTH OTHOCUTE b~
HOTO TNOKOXEeHMNS TEJIECKONOB K CUCTEME OCHOBHBIX TEJAECKOIIOB 32~
IIYCKAETCH OTAENbHbLIA HEeOOoNbIIOW cMelWanbHBIN  COYTHHK,
KOTOPBIA MO3BOJTUT fAepXaTh ONTHIECKHE OCH BCEX TEIECKOMOB B
CTPOrO OJAMHAKOBOM HAMPaBNEHUMU.

HNznyyeHue ot nccnaenyeMoii 3se3abl, codpaHtoe BCEMH Teae-
CKOTIAMH, RaTIpABAAETCA B LEHTPATLHLIF KOCMUYECKMI annapar —
ONTUYECKUI GNIOK, KOTOPBI TAKKE JIETAST CBOGOAHO HA CBOEH
natdopmMe 1101 KOHTPOJIEM CACISILIMX CUCTEM U B KOTOPOM TOTOKH
OT BCeX PabouuX TENECKOMOB CKAANBLIBAIOTCH. AHAIU3 UHTepdEepeH-
LUMOHHOW KapTWHbI, NIOMYYEHHOW B PE3Y/IBTATE TAKOTO CJOXKCHUS,
MTO3BO/TACT JOCTH'Ub YTIOBOIO pa3peiicHUA B HECKOABKO ThICAYHbIX
YT10BOM CEKYHbL.

[MTockoabKy cucTeMa TelnecKOTIoB B JAHHOM cilyuae paboTaeT B
pexuMe HHTephepOMETpa € 3aHYJIEHUEM UEHTPANILHOTO MAKCUMY-
Ma AMPPAKUMOHHOIO M300paXeHWs 383kl (CM. BhIIIE), CBET OT
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HEHTPAIBLHON 3BE3[bl TACUTCSA, YTO TMO3BOJAET HENOCPEACTBEHHO
pervucTpupoBaTh H300paXeHUs FUTaHeT-

Becb kocmuueckmit uHTepdhepoMeTp paboTaeT B MHdpaKpacHOM
nuana3oHe criekTpa (A = 7+20 MKXM), TIO3TOMY W TeJieCKOTIb, ! TIpH-~
EMHMKY u3NyyeHus oxtaxaalorces go temrepatyput 30K (—240°C).
OxjlaxaeHHe MACCHBHOE, ¢ TIOMOUIBI) IHCKOOOPa3HbIX panuaTo-
POB, OXBaTHIBAKOIIMX TeNECKONB! (puc. 2.10).

Peanusauus storo npoexra nnanupyercsa B 2010~201S ropax. B
TEYCHHUE YETRIPEX JeT paboThl KOCMMUYECKXOro mHrepdhepoMeTpa
MPEANONAraeTCA NOAYIHTE H300paKeHHUs MUTAHETHBIX cUCTEM Y 120
3Be3]1, yAaNeHHBIX OT 3emiti B Nipenesiax 20 nmapcek ¥ OTKPHITS ia-
HeThi, TONoOHbIC 3EMAE fiI0 Macce U pasMepaM.,

IIpeanonaraeTca TaKkxe MOJNYYHTb MHMPAKPACHBIE CHEKTPBHI
BCeX [1aHET, OTKPBITHIX 0K0J10 50 3Be3n v caesiath bosee riaybokmit,
€ JIy9UIUM PajpeuIEeHUEM, CIEKTPOCKOTIMYECKMI anann3 IJIAaReT-
HBIX cucTeM y 20 3Be3d, rae rutaHeTsl, nogooHbie 3eMne GynyT ot-
KpuIThi. ByaeT ocyluecTsien TIOMCK NMHUNA 030HZ, NapoB BOAM U
VIIEKHUCITOTO Ta3a B TEIUVIOBBIX CIIEKTPAX 3TUX IUTaHET ¢ LIEITbIO 00Ha-
PYXEHYS NPOSIBIEHNI OPralkMYecKOM XU3HM.

Puc. 2.10. CxeMa KOCMUIECKOTO IKCMEpUMcHTa «lapBuH», TIpelHa-
3HA4YEHHOTO IS IOUCKA MIPOABJIEHH I OpraHMYeCKOoi XH3HU Ha TUTaHeTax
BOKPYL MHOTUX 3Be311; § TENecKonoB AMaMeTpoM 1o 1.5 M oGreHHEHH B
CIAHHYIO CHCTEMY.

92



TpoexT «JlapBMH» paccMaTpMBaeTCA KaK MEPBbIi LIar Ha MyTH K
pa3paboTke M 3aMycKy KocMuueckoro MHdpakpacHoro nurephepo-
MeTpa C/IeAYIOIETO TTOKOJEHHSA, ¢ CYIUeCTBEHHO 00ablueil 6a30ii
(paccTosTHHEM MexXy TeAeCKONaMHM) — MNOpsaKa HECKONBKUX ThI-
¢4 xunoMetpos. [Ipu 3ToM 1WIaHUPYETCS YBEJTWYMTD ANAMETD pa-
00YUX TENecKomnoB W WX YMCAO HACTOABKO, YTO MNOAHAH
cobuparoiilas NAOUIAAL TEIECKOIOB OYAET COCTARNIATH OKOJIO OIHO-
ro KBafpaTHONO KHaoMeTpa. B 3ToM cnyvae MOXHO BYAET He TONb-
KO JeTAJIbHO W3YyYWUTb CHOEKTPbl FJAHET, HO N TMOMYYUTh
H300paxeHuss MX MOBEPXHOCTEN ¢ paspelnerieM okono 100 k.,

st ycKOpeHWS peann3aliny npoekta «JJapRuH» npeanonaraer-
cn OObEAUHUTL €ro ¢ KocMuueckiM npoektom TPF (Terrestrial
Planet Finder — nckartens aHeT 3eMHOTO TUNA), pa3pabarhiBae-
MBIM aMepUKAHCKUM KOocMUUYeCKUM areHTCTBoM (NASA). [MasHaa
sagauya TPF — mouck njaaHeT 3eMHOTO THTIa BOKPYT 3Be3J1 ¢ JA0CTa-
TOYHO TETHIBIM KJIMMATOM, XUAKOH BONOW u atMocdepoid, conep-
Xateil MonexkynapHbld KMcaopoa. 3To OyAer, kaK W B Cydae
npoekTa <«JapBUH», KOCMWYeCKMH WHEPaKpacHbd UHTepdhepo-
MeTp. paboTaoIINIA 8 peXUMe 3aHYAEHUs TIaBHOTO MaKCMyMa Iu-
(PPaKUMOHHONI KAPTUHBI Y COCTOSIIIIKI U3 YETBIPEX TEJIECKOMOB C
3EpPKAIOM I1aMeTpoM 3,5 MeTpa.

EcTe nu xu3nb Ha Mapce, HeT nu Xu3uu Ha Mapce...

TToroBopHM TEMEPD O TIOMCKAX XKU3HU BHE 3eMaU B ConHeuHOM
cucteMe. K coxaneHulo, NPUXOAUTCS TIPU3HATH, YTO TIOKA B 3TO#
061acTU ycnexu mpaKkTHYeCKu HyNeBble. Tak UTo 0 CUX [TOP OCTaeT~
CA aKTYANBHON M3BECTHAA CeHTeHUUd aptucta Punpmiosa B 3Ha-
MEHMTOH KuHOXOMEIMY Dmyiapa Pa3zaHosa: HayKe He M3BECTHO,
€CTb JTM XU3Hb Ha Mapce. To xe camoe MOXHO CKa3arh OKa U 1Mpo
OPYrie TUTaHEThl COTHEUHON CUCTEMBI.

Mapc

Hau6onee obelnatowieit B cMbicnie TIEPCTIEKTUB TIOMCKA BHE3EM-
HOW XW3HW TPaIWUMOHHO CUMTAETCA IUlaHeTa Mapc — oaHa u3
miaHeT ConHeyHoW cucTeMsl. Mapc — 4YeTBepras 1Mo yaameHHOCTH
ot ConHua rnadera, MPUHAJIEXALIas K rpyine iaHeT 3¢MROro
THN2, TO €CTb 00JafalolinX BhLICOKOK CpeAHEN TNIOTHOCTLIO
(3,92 r/cM’) ¥ CPABHUTENBLHO HEGONTBLION MACCOt.
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Macca Mapca B Ae€BSiTh pa3 MEHbLIE 3eMHOM, €ro 3KBATOPUASb-
HBIA paavyc paBeH 3397 KM, 4to BABOe MeHbile paapyca 3eMan
(6370 xm). YcropeHMe cBOOOAHOroO NaneHWs Ha NOBEPXHOCTH Map-
ca 376 cM/C’, TO ecThb CHAA TIKECTH Ha Mapce BTpoe MeHbLIE 3eM-
HOW, a BTOpasli KOCMHMYECKasl CKOPOCTh COCTABISIET 5 KM/C,

MapcHaHCKue CYTKU fIoUTY paBHbl 3€MHBIM, a 3KkBaTop Mapca
HAKJIOHEH MOYTH HAa TAKOM e yToJ K fnockKocty opoursl (24°56°),
Kak ¥ y 3emiun (23°27°). [loaToMy Ha Mapce Habaionaercst ¢cMeHa
BPEMEH roJa, IMoxoxast Ha 3eMHylo (puc. 2.11).

Opoy¥Tta Mapca uMeer 3ameTHbii 3xcuenTpucntet (€ = 0,093,y
op6uThl 3eman € = 0,016), ee Hoabinag noayocs pasHa 1,52 actpo-
HOMHYECKOU eIHHULIE], T. €. Mapc pacnonoxed 8 1,5 pasa ganbuie
ot Conrua, yem 3emas.floaromy Mapcuancknit roa gaurea 687
3eMHBIX CYTOK, a MOBePXHOCT, Mapca 8 cpefHeM IHAUYMTETBHO RO-
JIODHEE 3€MHOR: €CAU CPEOHSIT TEMITepaTypd MOBCPXHOCTU 3eMNH
cocTapnsier akono 289 K (+16°C), 1o cpennss Temnepatypa Io-
BepxHocTH Mapca 3ameTRo Huxe: 214 K (—59°C).

AtMocdepa B6aM3IM NOBEpXHOCTH Mapca uMeeT 1IOTHOCTb B
160 pa3 MeHpIIE 3eMHOM M COCTOUT Ha 95 % U3 YINMCKUCHOIO 1233, Ha
2,5% w3 a30Ta, ¢ NPUMECHIO OPYTUX ra3oB (aproH, KUCIOpoI, Boaa
uap.).

Puc, 2.11. Mapc n 3emas — sun ¢ 60pTa KOCMUUECKOTo Kopatis ¢ o~
HOTO M TOro x¢ paccrositius. JduaMerp Mapca BaBoe MEHbUIE 3EMHOTO.
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B cBs13M ¢ pa3pexeHHOCThIo aTMochepbl Mapca U HU3KOH Tern-
JIOTIPOBOIHOCTBIO IPYHTA riepenaabl THEBHOW U HOYHOH TeMIepary-
phl Ha TIOBEPXHOCTU Mapcea oueHb BeNMKHU. Tax, Ha SKBarope
MaKCUMATBHAsE TEMIIEpaTypa fueM jgocturaeT +5°C, a HOYBIO Ia-
Jaet g0 —100°C. Camas HwmsKkast TeMIeparypa Habnonanach Hal
3UMHEN nosasipHoi mankoit Mapca: —138°C.

TakuM oGpa3oM, TEMIEPATYpHbI pexkum Ha Mapce, 3a ucknio-
YyeilMeM CaMBbIX XOJNIOMHLIX MECT, COOTBETCTBYET B CpeHeEM 3MMHCH
AuTapkTuze, a atMochepHOe IaBJicHUE TAKOE Xe, KAKoe Habmoaa-
eTcsl B 3eMHOH atMocgepe Ha BhICOTe TMpuUMepHO 15—30 kM Hax
YPOBHEM MODSL.

3HAMEHUTHIE TIOJAPHBIC 11ANKY HA Mapce coCTOSIT U3 3aMep3-
IEro yrieKMCaoro ra3a (Xopouro W3BeCTHbLIM HaM CYXOil jiea) U BO-
AsHoro neaa. MapcHaHCKHiA TPYHT — B OCHOBHOM MENKO
pa3apobieHHbId MaTepyal — PEerojliT, B COYCTAHUU C KaMHSMU
pa3HbIX pasMepoB. B cocTaBe MapcHaHCKHX Mopoa 60bLIE OKKCIOR
3Kee3a Mo CPABHEHHIO € 3eMHbIMY NOPOAAMU; 3TUM OGBSICHAETCS
KpacHbIi useT Mapca.

Ha nosepxHocT Mapca MMeeTcsi MHOTO rop BY/IKAHWYECKOTO
TPOUCXOXNEHUS BhICOTOM A0 28 KM. CTOns BHICOKWE TOPBI MOTYT
CYUIeCTBOBATH OJIarojiaps MeHbUIeH cvne TskecTu Ha Mapce no
cpaBHeHHIO ¢ 3eMileit. Ha paHHeN ctanuu oOGpasosanus Mapc moa-
Beprcst UHTEHCUBHONW 60MOapAKPOBKE aCTEPOUAAMH H KOMETaMU.
Tlo3ToMy TOBEPXHOCTE [TOKPHITA MHOXECTBOM KPaTEPOB.

Kpome Toro, Ha Mapce Habnionalorcsi pasHooOpa3HbIE CITe/Iht
DPO3MHU; MIOHBY, XOJIMBI U TIPOBAJIbI, JIOJIMHBE, KOTOPLIE MOTJIY ObITh
MPOPLITH TOTOKAMH JTaBEl, NEAHUKAMU, CENEBLIMH [IOTOKAMM U Ja-
XKe XUIKoW Bomoi. YacTh monuH Ha Mapce MOXeT MpPEACTARNATD
CODOM BHICOXIIME PYCa PeX.

Bce >1i nanHbie 6bU1M NOJYYEH bl HCCAER0OBAHUAMI Mapca ¢ I1o-
MOLLBLIO KOCMUYECKMX arnapaTos (puc. 2.12).

PaccMoTpuM Teneps HOBeliIIWe TaHHbIE, KOTOPbIE MMEIOT OTHO-
UIeHKe K IToMcKaM XU3HU Ha Mapce. JIns dopMypoBaHUs opraHu-
YeCKOM KM3HU HEeoOXOUMKI TPU TNaBHBIX YCJIOBMSA Ha IUIaHeTe:
TNIOAXOIALIMHA TEMIIEPAaTYPHBIA PEeXUM, HalM4Yue KUCAopona B 10-
CTaTOYHO MNOTHOM aTMOochepe N XNIKOoM BoIel. YueHbie yXke JaBHO
NOJIO3peBaTU HATWYHE OrPOMHOTO KONMUECTBA BOAAHOrO JbIa B
NIOAMOYBEHHBIX CNOAX MOBepxHOCTH Mapca.
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Puc. 2.12. U3BiiTHCThle MPOTSLKEHHbIC 00pas3oBaHisl Ha TIOBCPXHOCTH
Mapca, 4pe3BHIaiHO TOXOXME Ha BHICOXIIKE Pyc/a peK.

CoBceM HenaBHO C MOMOLULIO ACTEKTOPA BhICOKO3HEPIUYHBIX
HENTPOHOB, YCTRHORIEHHOTO DPOCCUNCKUMU YUeHBIMH (Tpymimna
npop. MutpogaHoBa) Ha GOPTY aMEPUKAHCKOH KOCMUYECKOM
craHimuu Mapc—Onucceil, yranock 1oka3sarth MpUCyTCTRHE Ha Map-
Ce TOJICTOTO CNOSl MOANOYBEHHOTO Jbaa. TakuM o6pa3oM, Boaa Ha
Mapce ecTb, 1 IPUTOM B OOTBIIMX KOMUYECTBAX, KOTOPHIX BIIONHE
JIOCTATOYHO NS OOLSICHEHMS TIPOMCXOXAEHWS BHICOXIIMX pYCen
peK. B HacTosLIee BpeMsl CYILeCTBOBAHUE KUIKOH BOAbI Ha TIOBEPX-
HOCTH Mapca HeBO3MOXHO, T. K. OHa OBICTPO BbIKUNIEET {IPH TAKOM
9KCTPEMANbHO HU3KOM aTMOChepHOM JaniteHrnd. OAHAKO HaTUYHe
BBICOXIIMX DYCEJI PeK NO3BOMSAET NPEANOIOXHUTD, YTO MUWLIMAPIb]
neT Hazan Mapc nmen osiee TOTHYIO aTMOCHEPY Y XKHUIKYIO BOILY.

I'noTHas atMocdepa Mononoi raHeTel Mapce criiaxuBaia pas-
HULIY HOYHOI X IHEBHOM TeMTIEPATYDhl HA €T0 NOBEPXHOCTY, 4 Nap-
HUKOBbIH 3(heKT, obycioRNeHHEINR BRICOKUM cofepxatneM CO, B
atMocepe, YBEIUYMBAJI CPEAHIOID TEMIIEPATypy [OBEPXHOCTH
Mapca 1o +30 +350°C. T103TOMY BIIOJIHE BO3MOXHO, YTO B 3KBATO-
PUANBLHKIX palioHax Mapca Obuin yeioBus, 051aronpusaTHbIE 51 32-
poXaAeHUS XM3IHH. Ha nepBbix mopax 274 XH3Hb 332pOXAANach B
OTCYTCTBME KMCIIOPONA B AaTMOCHEpE U TaK Xe, KaK B clTydae 3eMH,
RHOCHJIA aHA3POOHBIA XapaKTep.

B03MOXHO TaKXe, UTO B JATbHEN1IeM NeITETbHOCTh XKUBEIX Op-
TaHW3MOB oboraTiia atMoctepy Mapca MoJIeKy sIpHBIM KHCIOPO-
JIOM, YTO MOTJIO NMPHUBECTH K PA3BUTUIO HE TOJILKO PACTUTEILHBIX, HO
U XUBOTHBIX (hOPM XU3HHM HA Mapce.
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Ilo xako#-To, ROKA OKORYATEJbHO HE BLISCHEHHOM NpUYHHE
(traBHbIM 06pa3oM, U3-32 OTHOCMTETBLHO MATOil Macchl TUIAHETHl U
TIOTEpU €i0 3HAUUTENBHOM YacTW aTMocdepbl ¥ NapoB BOIbl) Kiu-~
MaTuyecKue ycaopus Ha Mapce IipeTepnesy KapAMHaJbHbIE U3Me-~
HEHMS!, H B HacTosiniee BpeMsl YC/AOBMS Ha STOW IJIAaHETe cTalu
TaKWMH CYPOBLIMHY, KAK MBI UX HabmonaeM.

OTCyTCTBHE 3aMETHOTO KOJIMYECTBA MOJIEKYJIIPHOTO KHCAOPOAa
B CHUIBHO pa3pexeHHOi atMmocdepe Mapca, a Takxke OTCYTCTBHE
KMAKOM BOAbl HE NO3BOASIOT NPEANONAraTb HATMYMUS CIOXHBIX
thopM opranrmeckoi Xu3HN Ha Mapce B HacTosulce BpeMa. Mox-
HO JIMILb AbITATHCS NCKATh XUBLIE MUKPOOPraHU3MBbl B TOYBEHHOM
cnoe Mapca,

MmenHO Takas 3ajaua peluanach B 1976 roay ¢ nomouibio Koc-
MHYECKUX annapaToB cepuy «BUKUHI», BbICAXEHHBEIX HA TNOBEPX-
Hoctn Mapca. ITopraTHBHblE aBTOMAaTU3UPOBAHHLIE XMMHYECKUE
naboparopuu annaparoB BukuHr—1 ¢ BukuHr—2 ocylmecTsuimn
AHaU3 3a0paHHBIX Ha HOPT 3TUX annapaToB Npod rpyHTa Mapca.

[haBHast uens MCCAEIOBAHUIA — MOUCK MUKPOOPraHW3MOB B
MAapCUaHCKOM TpyHTe. B TiepBOM 3KCIIEPUMEHTE MApPCUAHCKUI
TPYHT NIOMELLANCA B FEPMETHUYECKU 3aKPLITYIO KaMepy ¢ atMocde-
pOii, NOXOGHOM MapcyaHCKO, HO YacTb aToMoB yrepona C' 6bL1a
3aMEHEHA pPaIMOAKTUBHBIM H3oTonoM yraepoxa C", npu 3Tom
TPYHT OCBEILAICA CBETOM, NTOAOOHLIM COJIHEHHOMY.

3aTeM IpyHT HarpeBaicsl, TpearonaraeMblie MUKPOOPIaHU3Mbi
PA3NAraIUCh U €CJIM B HeM ObUIM MW KPOOPraHW3MBl, YCBOHBLIWE B
pesyastate GOTOCHHTESA YINEKUCIIBIA Ta3 ¢ pafuoaKTHBHLIMK U30-
Torramn C, To IpUGOpPH! AOMXHbI BLLUIH bl 3aperMcTpPHpOBaTh ye-
BOEHHbIA PpPaAMOAKTUBHBIN yriepon. 3ITo JOKa3biBalo Obl
UCMOJIb30BAHUE MHUKPOOPTaHU3MaMK (POTOCUHTESA.

DTOT HKCMNEPUMEHT B 3EMHBIX YCIIOBWSIX TIPOBOAMNCS MHOTO-
KPaTHO W BCET/AA 1aBal TTOJIOXHUTENbHBIE PE3YITAThl, DKCIePpUMEH-
Tl € MAapCUAHCKUM [IPYHTOM Oblld HEoMpeneneHHbIMU:
PAJUOAKTUBHbLIM YMIEpOA WHOTNA PETUCTPUPOBAICH, 4 MHOTAA —
HeT. TTo3ToMy OKOHUATENBLHEIH BLIBOA B AaHHOM Cliy4ae CACNIATh He
yAanoCh., Pe3yabTaThl BYX APYTMX 3KCTIEPUMEHTOB ¢ KOHTPONILHOU
KAMEPOik TAKXKE OKA3ANNCh HEOTIPEAENEHHbIMU U, CKOPEE, OTPHItA-
TenbHBIMU. Pewlatoninii ynap no HagexnaM o0HApYXUTb MUKPOOP-
raHuW3MEl B IpyHTe Mapca HaHec YeTBEPTbId DKCMEPUMMEHT, B
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KOTOPOM HCIOJIb30BAJICH Ta3oBEI xpoMarorpad, COeIUHEHHbIN C
Macc—crnekrpoMeTpoM. O6pasert MapcMaHCKOTo IpyHTa HarpeRajics
W obpa3ylonpecsd NpyH 3TOM Ta30BbIe MMPOAYKTHl Pa3IoXEHHUsL BO3-
MOXHBIX MUKPOOPraHU3MOB aHATM3UPOBAIUCE.

B TecTOBBIX 3KCTIEPUMEHTAX ¢ 00pa3LiaMy TPYHTa U3 AHTapKTH-
Ibi 3TUM METOAOM BCErna 0OHAPYXHMBAIOCH 1O ABANIIATH Opranmye-
CKHX COENIMHEHWIT — IMPOIYKTOB Pa3IOKEHUS XUBbIX OPTaHU3MOR.
B 10 Xe Bpems npH aHanu3e rpyHTa Mapca 6510 3aperucTprupoBa-
HO BhLACACHHE KUCJIOPOAA, BOASHOIO Napa W YIIEKUCIIOTo Ta3a. HO
HUKAKHUX OPraHUYECKUX COeIUHeH Wit 0OHapyXeHo He GBLTO.

INockonbKy nobbie u3BeCTHbIE HAM (POPMbI XH3HU MPU Pa3o-
XCHUU BBHIIEISAIOT OPTAaHUUYECKWE a30BHle BEUIECTBA, MOXHO 3a-
KIIIOUUTh, YTO NUOO KOJUYECTBO MHUKPOOPraHU3IMOB B MECTax
nocanku BukuHra—1 ¥ BUKnMHra—2 GbUIO HUUTOXHO Mano, JH60
XHBBIX MUKPOOPraHU3MOB Ha Mapce BooGlIe HET.

O BO3MOXHOCTH CYUIECTBOBaHMA Ha Mapce okaMeHeNbIX HCKO-
AaeMBIX MUKPOOPTAHU3MOB MbI Y3Ke TIMCANU B HAYaJle STOH INABHI,
KOTfa YIMOMHHAIM O MAPCHAHCKOM METEOpHTE, NMPWIETEBILEM Ha
3emumo. K HacrosiieMy BpeMEHU B 3TOM BOIPOCE TaKXe HET SICHO-
ctv. Bynem HageaThesl, UTO OynyiHe SKCIEPUMEHTH Ha TOBEPXHO-
cTh Mapca ¢ NoMOLbLIO CIyCKAeMbIX annapaToB, a TakKXe ¢
TIOMOILIBIO KOCMOHABTOB BHECYT 0O0/IbILIYIO SICHOCTb B BOTIPOC O CY-
[LIECTBOBAaHUY XW3HU Ha Mapce.

Benepa

Jpyras nnaHeta, KOTOPY0 MOXHO PacCCMaTPUBATh B CBSI3U C T1O-
MCKaMM BHE3eMHOM XH3HW — 3T0 BeHepa. BeHepa — BTOpasi oT
ConBua IUIaHeTa COJTHEYHO# CUCTeMbl, OHA pacIiofioxXeHa Ha pac-
ctogaHuu 0,72 acTpoHOMHUECKOMH eauHUUE! oT CoaHua, TO eCTh HA
30% 6auxe x ConHity, yeM 3emnst, BeHepHaHCKUIA rof COCTARNSAET
0,62 OT 3eMHOTO 1M 225 3eMHbIX CYTOK, TIEPUOLL OCEBOrO BPAILIEHUS
OuUeHb BEMK — 243 3eMHEIX CYTOK, pyieM BeHepa Bpatiaetcs Bo-
KDY CBOEH OCH B HarnparieHWH, IIPOTHBONOIOXHOM OpOUTAILHO-
MY BPAILHCHUIO. '

Macca Bereprt 6nu3ka k Macce 3emnu (0,82 Maccu 3emnu), pa-
ANYC TaKkXe 6J130K K 3¢eMHOMY (0,95 3eMHoro pannyca). DKCLEHT-
pucuteT opbuTel BeHeprl oueHs Man (€=0,007). YckopeHue cuist
TSKECTH Ha NOBEPXHOCTH Benepsl cocTamsier 887 cM/cex’.
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HaknoneHue 3xBaropa BeHepbl K SKXIMNTHKE BecbMa Mallo
(611M3KO K 3,5°), NMO3TOMY TaM TNMOUYTH HE MPOUCXOIUT CMEH BpeMeH
roza.

XoTs 110 CBOMM pa3MepaM U Macce BeHepa bauska k 3emie, oHa
PE3K0 OTIMYAETCA OT 3eMIM 110 PUIHUECKHUM YCIIOBHAM Ha MOBEPX-
HocTu. TTpexne Beero, arMocdepa Benepbi coctout Ha 96% w3 yr-
JIEKUCJIOTO Ta3a M Ha 4% W3 aioTa U UMeEET IUIOTHOCTL BOJIU3HN
NMOBEPXHOCTY npuMepHO B 100 pa3 Boile, ueM y 3emun (1/15 nuor-
HOCTH BOJIbI!), 2 TeMIepaTypa NOBEPXHOCTH BeHeph! oueHb BBICOKA:
okono +500°C. Takoe BBICOKOE 3HaYeHHE TeEMNEPATYPLI NIOBEPXHO-
CTH HE MOXET ORITh OOBICHEHO TONBKO 3((EKTOM HATPeBa CONHEU-
HbIM U3NYYEeHHEM, TTOCKOJNBKY 3TOT 3((EKT OTHOCUTENBHO C1abo
3aBUCHT OT paccTosiHUsI TulaHeThl 10 ConHua: 3¢ pekTnBHAS TEMITe-
paTypa TIOBEpXHOCTH TLIAHETBI 00paTHO MPONMOPUHOHATTEHA KOPHIO
KBapaTHOMY U3 PACCTOSHUSI.

[MaBHasi MPUYNHA CTONb BhICOKOI TEMIEpaTyphl MOBEPXHOCTH
BeHepb! — yxe ymoMUHaBLIKIACA MapHUKOBbLA 3¢deKT: Monekynl
YTIIEKUCITIOTO Ta3a, U3 KOTOPOTo B OCHOBHOM cocromt atmocdepa
BeHepsl, Npo3payuHbl Wisl COMHEUHBIX JTY4Cit B BUTHMOM BHANa30He
CIIEKTpa U HENpO3payHbl Ui% HHGDPAKPaCHOrO U3Ty4eHUs, KOTOPOe
WCTIYCKAETCA HAaTPETOM MOBEPXHOCTHIO IUIAHETHI.

B 1975 roay cryckaeMble annapaThl COBETCKHX ABTOMATUYECKUX
MEXTIAHETHRIX CTaHLit Benepa—9 u BeHepa— 10 coBepLIIN MAr-
KYK0 NOCAIKy Ha HOBepXHOCTb BeHephl 1 nepeaanu Ha 3emMmio Telie-
BU3UOHHBIC H300pAXXEHUSI €¢ MMOBEPXHOCTH. DTO ObLIM IMepBhle B
MUpe U300paXeHWsT, IepPeaHHbIe C MOBEPXHOCTH APYTOM TUTAHETHI.
[TorepxHocTs BeHephl oxkazanack cocrosilleid U3 KAMHEM, TUIMT H
PBIXJIOTO TPYHTA; MMEKTCSt CBUAECTEILCTBA TEKTOHUYECKOW aKTHRB-
HOCTHU KOpHIL.

Puc. 2.13. O6wmit Bun BeHepsl ¢
€¢ CIUIOIIHLIM OBJJAYHKIM TTOKPOBOM,
COCTOSIIIIMM B OCHOBHOM W3 Kamneflck
CepHOH KHCJIOTbl (CHUMOK B yjbTpa-
dHoaeToBBIX Jydax ¢ 6opTa KOCMHYe-
cKoro Teyeckona Xa66n).
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BeHepa noKpbITa IUIOTHBIM 00JAYHBIM CNOEM K IO HACTYIUIEHUS
3pbi KOCMUYECKHX UCCIICAOBAHUI 6bis1a HEAOCTYITHON MPSIMBIM Ha-
BMIo0CHUSM.

[TofpoOHbIC KAPThi MOBEPXHOCTY Benephl ObUIM NOJYYEHDBI KaK
€ TMOMOILBIO MPSIMBIX 10CAN0K aBTOMAaTUYeCKUX KOCMUYECKUX ar-
f1apaToB, TaK U C UCNOJIB30BAHHEM PANUOJOKALIHOHHBIX METOIOB.

Penred BeHepbl cooepXUT pPaBHUHHBIE OONACTH, TOPHI, HU3-
MEHHOCTH M KpaTephl, KaK YAapHOIO, TaK ¥ BYJKAHWYECKOTO Npo-
UCXOXHEHUS.

Puc. 2.14. CHuMok nosepxHocTd BeHephi, nosyueHHbiit CoBeTckoi
ABTOMATHYECKON MEXTUTAHETHOM cTaHHci «BeHepa—14».

[11aHcoB 0OHapyXUTh Kakue-1160 Clielbl Xu3Hu Ha BeHepe He-
BeJIMKM; Ha TTOBEpXHOCTH BeHephb! HET XHAKOM BOJIbI, a BEPXHUIi 06-
JIAYHBIN cnoét aTMOCHEpBI COCTOMT, B OCHOBHOM, M3 KaIleJieK
cepro# kucnotsl. [Tpu TeMmneparype 500°C B Taxux YCAOBHSIX Kpaii-
HE MAJIOBEPOSITHO OXKIATH MPOSIRNEHUS KaKuX-JIN60 HOpM XKHU3He-
NEeATeIbHOCTY Ha TTOBEPXHOCTU 3TOH XApKOW MNaHEThI.

Apyrue nnaxets! ConHeYHON CHCTEMbI

VYenoBust 114 3apoXIeHHS OpraHHUueCKHX GopM XU3HU Ha Apy-
IMX TUIAHETAX COIMEYHOM CUCTEMBI €ilie XyXe: Yy MepKypus Temne-
paTypa noBepXHOCTH MeHsieTcs oT +500°C B monueHs o — 170°C B
MOJIHOYD, K OH TIPAKTHYECKH JinlieH aTMocdepsl, ¥ FOnuTepa, Ca-
TypHa, ¥Ypana U HenrtyHa Temrepatypa BepxHero o6NnayHoro cnos
atMocdephl M3-3a YIANEHHOCTH 3THX TU1aHeT OT CoJHLA He TTOIHU-
MaeTcs Boiie — 140°C, a Temneparypa noBepxHocty [LiyroHa co-
crasiseT okojo —230°C.

CnyTHukn nnavet

B nocienHue roabl 06CyXaaeTcs BONPoC 0 BO3MOXHOCTH Cylle-
CTBOBAHHSA KaKUX-~JTMG0 hopM XU3HK HAa CIIYTHHKAX ILiaHeT. Biaaro-
1apsi KOCMHYECKUM MCCIIENOBAHMAM TIJIRHET COTHEYHOMH CUCTEMBI Y
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MHOTHX U3 HUX OTKPBITO MHOXECTBO PA3IMUHLIX CITYTHHKOB. B Ka-
Hyn 2002 rona MexnyHapoanbiit ActpoHomuueckuit Cowo3 yTeep-
IAJ1 U3BECTHBIE CTTYTHUKY TLTAHET.

Ceifuac U3BECTHO, YTO KOmuTep uMmeet 28 cnyrHukos, CaTtypH —
30, Ypan — 20, Hentyn — 8, Mapc — 2, 3emus u [TayToH no omHo-
My CIIYTHHKY, a MepKypuii n BeHepa CyTHUKOB He umetoT. Ilpn
3TOM YNCJAO OTKPBITHIX CTIVTHWKOB TIAHET—THTAHTOB TOCTOSTHHO
pacteT. TakuM 06pa3oMm, BCEro B COTHEYHOM CUCTEME U3BECTHO OKO-~
J10 90 cnyTHuKOB M1aHeT. Ha psine kpynHbix crivrHikos KOnivrepa 1
CatypHa umeeTcst aTMocdepa, a TEMIIEPATYPa HX MOBEPXHOCTH JI0-
CTaTOYHO BLICOKA B CWIY MOLIHOW TEKTOHWYECKOW aKTUBHOCTH.
T4 aKTUBHOCTE CBA3AHA C IBUXEHUEM CITYTHUKOB I10 SJUTKATHYEC-
KHMM OpOMTaM Ha CPABHUTENLEHO HEe6GO/bIIOM PACCTOSIHUM OT LIEHT-
PaNBHOW MAacCUBHOWM TLTIAHETSI.

Bo3HHKaOIKe MPY 3TOM NepeMeHHbLe AeOopMalyy TeIa CIyT-
HUK4, Bbi3BaHHBIE HEHTPAILHOW TUTAHETOM U COCEAHWMM CITyTHH-
KaMHW, NPUBOIST K B3aUMHOMY TPEHMIO €r0 pa3fWYHbIX CJI0€B,
BbLIEJICHMIO TEIUIA M K TEKTOHHMYECKONR aKTUBHOCTH.

Taxum obpa3oM, XoTs B JaHHOM CITydae MOTOK COTHEUHOM panu-
AWM BECbMa CKYICH, OTHOCHUTEJBHO BLICOKAd TeMnepaTtypa Mo-
BEPXHOCTU CTIYyTHWKA [OJIEPXVBaeTCsl TElJIOM, WAYIUM M3 €ro
Heap.

Ho

BriepBbie TeKTOHWYECKas aKTHBHOCTL ObLTa OTKpbITa Ha Mo —
crytHuke [Onurepa. [Mpu nceneno-
BaHWH JaeKHX TUIAHET—TUTAHTOB ¢
NOMOLIBIO AMEPUKAHCKUX aBTOMa-
TUYECKHMX MEXTUIaHETHBIX CTaHUM
ITuonep», «Bosgmxep» n «Twmnei»
¢ 1972 1o 1989 roap! ObUTH LETAILHO
U3YYEHbI HE TOJILKO MNOBEPXHOCTH
3TUX TUTAHET, HO W WX CITYTHUKM U
KOJTbLIA.

Oxazanocs, yto He ToNikko y Ca-
TypHA WMeeTCst KOJLLUO M3 CPaBHHU-
TELHO MEJKMX TBepPAhIX Tell.
OBUTAIOUINXCS B SKBAaTOPUATBHOW Puc. 2.15. Mo — obunii BuI.
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TUIOCKOCTH IUIaHeThl. KOblia UMEIOTCS My APYTHX THTAHTCKMX TUTa-
reT — HOnuTepa, Ypana  Henryna. [ToMuMo Kosel, y rutaHeT—Tu-
TaHTOB GBLUIO OTKPbITO MHOTO HOBBIX CITYTHHKOB, a MOBEPXHOCTH
MHOTHX CILlyTHUKOB ObUIU NETAIHO U3YYEHDL.

Cnytauk FOnmrtepa Mo useeT snauntensHyto macey (Ha 20%
6osbiie Maceol JIyHbl), ero omamerp 3630 kM (amameTp JlyHnbi co-
crasnsieT 3476 KM), cpelHsis TUIOTHOCTB 3,55 r/em’ (pHc. 2.15). Ye-
KOpeHME CBOBGOIHOTO MANCHUS I0CTATOYHO Benko — 181 cm/cex’.

Ha Ho of6HapyxeHs! TeiCTRYIONIME BYJIKaHbI ¢ BBIGpPOCAMU U3
NIapoB CEPbi, CEPHUCTOTO ra3a, CyibGOUAOB, a TAKKE U3 CUIIMKATHBIX
MarM. Mo uMeeT pa3peXeHHylo aTMocdepy, B COCTaB KOTOPO# BXO-
JUT IBYOKUCH CEPbI.

Cpennsia TeMrieparypa IoBepXHOCTH cocTapiifgeT okoJto — 120°C,
HO B HEKOTOPBIX paitoHaX, 0OCOBEHHO BOIM3U NEHCTBYIOLIHX BYKa-
HOB, TEMIEPATYPA CYLICCTBEHHO Bhillie, U gocturaet +(80 +130) °C.

O6BIyHast OpraHUYeCcKasl XXU3IHb B TAKWX YCJIOBHAX BPSI AM BO3-
MOXHA.

EBpona

OmHaKO ecTb CMYTHHKM, HA KOTOPbIX MMEKTCS OCHOBAHHUS
fipeanojarath Hannume XusHu. K Hum otHocures cnyTHHK FOnn-
Tepa EBpona. [NaBHas oco6eHHOcTb EBpPOMEBI COCTOUT B TOM, UTO
BCsl €€ MOBEPXHOCTb MOKPHITA TOJACTHIM CJI0EM BOISTHOTO JIbIA.

[ycTas cetb IMHUIK Ha NosepXHOCTY EBPOITKRI HATIOMUHAET MU-
dbuueckue kaHaabl Mapca, Ho eciy B ciydae Mapca ruinoTesa o Ka-
Haltax He T[OATBEpAMSIack, TO B clyyae Espomnsf ceTh
MIepeCeKAIOLMXCA IMHUA — TPELHH B JIeAstHO# 060/To4Ke — BITON-
He peanbHa. [Iyamerp EBponbl 3138 xm, a cpeIHsa IJIOTHOCTL
3,01 r/cm’, Macca BaBoe MeHbine Maces Ho.

B Heapax EBponbl BbIAENACTCsSI 3HEPTUsA TIPWIHBHLIX B3aUMO-
geiictBuil. CoueTaHue 3TOro GakTopa ¢ BEBICOKMM JIaBICHMEM JIEs -
HOM KOpbI TIPUBOAUT K TOMY, uTo Ha EBpoIle mom ToNCThIM CI0eM
Jb1a (ToaaHoit ot 60 10 200 KM) UMEETCA OKeaH U3 XXUAKOH BOJbI
IJ1yOMHOM B HECKOJIBKO 1ECATKOB KUJIOMETPOB.

TexToHNYecKHE NMPOLECCHI BHI3IBAOT OOPA30BAHUE TPEILMH B
nenstHOM NMaHLIMPE, 10 KOTOPHIM XUAKAS BOJa NOAHNMAETCS HABEPX
¥ BHIOPACHIBACTCA Ha MOBEPXHOCTH CryTHUKa (puc. 2.16). Manupa-
foLLasicsl BOJAAa OBICTPO 3aKMIIACT B TIOUTH Oe3a1MocdepHOIl cpeae U
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3amep3aeT. McnapuBLuasica 4acTh BOAb! B BUIE CHEra BbINagaeT Ha
TOBEPXHOCTD,

JIHO ToINETHOTO OKeaHAa CIIOXKEHO, NO-BUIUMOMY, U3 CHJIMKAT-
HbIX TIopoA. Eciu B cuaMKaTHOM noaBoaHol kope EBpornbl uMelor-
CH JECHCTBYIOWMIME TIOABOAHBIE BYJKAHbI, TO 3AeCh B pe3yjbrare
TEPMOXUMHYECKOTO CMHTE3a MOIYT BO3HUKATb CJIOXHbBIE XUMUYEC-
KHe MOJIEKY/bl.

B nocienyee BpeMst BbICKA3bIBAIOTCS TUITOTE3bI O BO3MOXHOCTH
CYiIECTBOBAHHA XH3HH B NTOINESAHOM OKeaHe EBporntsl, O0beM oke-
aHa EBporbl 6,iM30K K 06beMy 3€MHOTO OKeaHa.

Tlpu YCKOpeHUH CBOGOAHOTO naneHH Ha nosepxHocTH Epponbl
132 cM/cex’ hapieHue Ha 1iHe oKeaHa EBporTet Takoe ke, Kak Janie-
HUE 3eMHOF0 OKeaHa Ha rybuHe 4 KuioMeTpa.

B 5TUX YCI0BHAX, HECMOTPS HA MPAaKTHUYECKW MOJHOE OTCYTCT-
BUE COMHEUHON pagHauuu U GoTocuHTe3a, BOMM3K OeiCTBYIOMIMX
TIOIBOHBIX BYJIKAHOB Ha EBpone MOT/TM 3apoanThest, MO KpaiiHei
Mepe, MTPUMUTHBHBLE GOPMBI XU3HH. B 3T0M cBSI3U ripeanonaraeTt-
€5 OTNPaBUTh B OYIyHINX KOCMUYECKMX MUCCUsX K EBporie okeaHo-
TpapUueckyio annaparypy Wi pelieHHs BONpoca O HATUYMH
OKeaHa W3 XUIKOK BOAbI MO/ ICOAHBEIM naHuupeM Epponbl v novc-
Ka C/1e10B XU3HH HA 3TOM 9K30TUYECKOM OOBEKTE.

byneM HaieATbCSl, YTO JaJIbHEMIINE YITyGleHHble CCenoBa-
HUs Mapca BeHepbl u pﬂﬂd CIOYTHYKOB TUIAHET—FWIAHTOB C [IOMO-
5 . b0 KOCMHYECKWX amilapaToB
" 21-ro BeKa (BK10Yas BBICAJKY KOC-
MOHABTOB Ha Mapce) nposiCHAT BO-
MpOoC O CYLIECTBOBAHUH BHE3EMHOM
A KW3HU B CONHEYHOM cucTEME.
PaccMoTpeHue naHeT CoHeu-
& HOM CHCTEMbl ITOKa3BIBAET, 4TO
AL ML Maiast Yacth OT HX TIOJTHOTO
Wi uyicna (oHa IUTaHeTa, 3eMils, U3 e-
{. BATU) TIPUroaHa JLTsi BO3IHUKHOBE-
MY HVSI U PA3BUTUS KU3HH.

i . TeMIEpaTypHBIA peXUM OCTANTb-

Puc 2. l6 ancTOK nosepx- HBIX TUIAHET CJMILIKOM CYpOB IUid
HocTH Esponsi. Buana cnoxsag TOro, 4Tobbl Tam Morna (yHKuuo-
CIPYKTYpa JIEASIHBIX TPEUIUH. HUPOBATE XU3Hb.
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DTOT BBIBOA HYXHO NPUHUMATh BO BHUMAaHUE TIPHM TIOUCKAX
XKU3HU Ha IUTaHETAX, 00pallaloLMXCS BOKPYT APYTrUX 3Be3.

Mb! paccMOTpenH Takoe YAMBUTENBHOE W TI0Ka OKOHYATENLHO
He MonsiToe sirnenue INpupoasl, kak xX13Hb. bynyun onTUMHICTaMu,
MBI YBEPEHEI B TOM, YTO YEJIOBEYECTRO CO BpEMEHEM HAIET BHE3EM -
Hbie GOPMbL XW3HW U CMOXET Pa3rafarh CyLLIHOCTh U TTPOUCXOXIe-
HME 3TOM CNoXHeHIEelk U B BbICLIEH CTeNeH COBEPILEHHOM (hOpMBI
CaMOOPTraHU3alW{ MATEPHY B 3BOJXIOIIMOHUDYIONLEiH BeceneHHON.

TlepeitneM Temepb K pacCMOTPEHMIO YEPHDBIX AbIp — HE MEHee
YAUBUTENBHOH U YHHKRIBHOW (POPMBI CYIIICCTBOBAHMSI MATEPUH,



naBa 3
YEPHbIE AbiPbl BO BCEJIEHHOM

Hapexabl, pazoyapoBaHusa, ycnexu

HcTopus npeacka3aHuii ¥ NIOUCKOB YEPHBIX AbIP OAHA Apama-
TU3Ma U JI0 CUX TIOp OKOHYATENIbHO He 3aBepilena. B 3ToM oTHOmIE-
HUK MpobieMa YEepHBIX AbIP CXONHA ¢ MPOOJIEMOI BHE3eMHBIX
LMBWIM3ALMIA, C TOM JIMLUB PA3HULICH, YTO B Cydae BHE3EMHBIX 11V~
BUITM3ATIMI UMEETCSt TTOJTHOE SAMHONYILIHE Cpear HpH3HKOB M aCTpo-
HOMOB B TOM, YTO 3TH LUMBWIM33LUHH MOTYT CYLIIECTBOBATH, HO TIOKA
€HIE He OTKPBITHL. A B C/Ty4ae YePHbIX JBIP CIOXUIACh MaPaa0Kcatb-
Hasl CUTYaLUs: aCTPOHOMBI [TOYTH YBEPEHbI, YTO UEPHBIE AbIPLI OT-
KpbITbI, B TO BpeMA KakK MHOrHe ()U3HKH He BepsaT B HX
cyiiecrBoBaHue. CIULIKOM YK YIMBUTEJIBHb U 3K30TUYHBI CBOMCT-
Ba 3THX NMOUCTUHE 3KCTPEMAJIbHBIX OOBEKTOB, YTOOBI MOXHO BBIIO
JIETKO TTOBEPUTH B WX CYIIIECTBOBAHHE.

Panuue npeactaBneHus

Ilon yepHOH ABIPOI NOHHMAETCH 00AaCTh NPOCTPAHCTBA—BPE-
MEHM, ik KOTOPOM BTOPasi KOCMUYECKask CKOPOCTb PaBHA CKOPOCTH
cBeTa B BakyyMe €= 300000 km/c. TakuMm o6pa3oM, TpaBUTALINOH-
HOE ITOJI€ YEPHOM ABIPEI CTONAb CHILHO, YTO U3 HEE JAXE CBET, CAMBIH
OBICTPBIH B TIPUPO/IE TTEPEHOCYUK SHEPFUNA, HE MOXET BBIPBATHCA.

HanoMmHaWM, 9TO BTOpas KOCMHYECK4s CKOPOCTb — 3TO CKOPO-
CTh, KOTOPYIO JOJXHO HWMETh HEKOTOPOE TeJio (KOCMHYECKHI KO-
pabinL, Monekyna aTMocdepsl U T. I.), YTOObI TNPEOACNIETh CHILY
DPUTSAXKEHHUSA MACCUBHOTO Te/1a H YIETETh Ha BECKOHEUHOCTS.
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WHorza ee Ha3biBaloT mapabouiecKod CKOpPOCTRIO, TAK Kak
OOBEKT, UMEIOIINI 3Ty CKOPOCTb, ABMKETCS IO TPACKTOPUHM, OU3-
koM K nmapatosie. B acTpOHOMUY 4aCTO UCTIONB3yeTCsl HeBNaro3ry-
HbIH TEPMHMH <«CKOpPOCTb yberaHusi». MBI, B OCHOBHOM, OyieMm
UCTOTB30BaTh TEPMUH «BTOpAst KOCUMYECKas CKOpOCTh». s 3eM-
JIM BTOpas KOCMUYECKas CKOPOCTh paBHa 11,2 kM/cek.

BriepBble TepMHH «yepHas Ablpa» Obl1 BBEACH B YIIOTpeO/ieH e B
1968 romy W3BeCTHHIM aMepukanckum dvdvkoM k. Yuisepom.
Hpes yepHOM AbIpBI, KAK 06BbEKTa, HEBUAMMOIO A8 Habaonares s
W3-33 TOr0, YTO CBET HE MOXET BhIPBATHCS 3 HETO. BOZHUKIIA TTOCTIE
oTKpbiTHs HeloToHOM B 1687 roay 3aKoHa BCEMHPHOTO TATOTEHMS.
CornacHo 3TOMy 3aKOHY, Tena ¢ MaccaMy M ¥ m MpUTATUBAIOTCS
APYT K APYTY C CHIOH, 0OPATHO MPOIMOPUMOHATILHOR KBaIpaTy pac-
CTOSTHUS T MCXIly HUMU:

F=GMm/r,
rae G= 6,67 X 10™ emM’/(r-cek’) — OCTOSHHAS TPaBUTALIMM.

B 1783 rony aHrnuiickuit acTpoHOM —TKOOUTENb, CBALIEHHUK W
Te0JI0L, OJMH U3 OcHOBaTe e ceiicMoiorny, [xoH Mutuenn B 1te-
pernucke co CBOUM APYIOM, 31aMEeHUTHIM busukom [T KapeHoumem
[TPEANONOXKA, YTO B TIPUPOINE DOJXKHBI CYIUECTBOBATE TENA, TS KO-
TOPbIX CKOPOCTh, HEOOXONUMAS ANk IIPEOJONEHYSI TPAaBRTALIMOHHO-
ro NPUTSTKEHHS, TIPEBLIITAET CKOPOCTh cBeTd. [103ToMYy Takue Teiia
JNOJDKHBI OWTH TEeMHBIMH, HEBUOWUMBIMH JUIS HabIOatessi, XOTs
OHM MOTYT IPOSIBAATL Ce0s CBOMM IPABUTALIMOHHBIM BO3ACHCTBUEM
Ha ApYrue OOBEKThHI.

MuTtuens oTMETHI B 3TOH CBA3H, YTO HOOOOHBIN TEMHBIA OOLEKT
MOXHO ObITO OBl OOHAPYXMUTh TIO JBHXKEHWIO BTOPOH 3Be3lbl B
ABOWHHOM cucTeMe. 3aberas Brepell, OTMETUM, YTO UMEHHO TaKVUM
CIIOCOB0OM B HacToflluee BpeMsl M OOHAPYXMBAIOTCS PCATBHBIE KAH~
AnaaThl B YepHbIe AbIPSI(!).

TToangHee, B 1798 roay, dpanuysckuii yyenntii I1. Jlannac B cBo-
el KHuTe «M3s0XeHre CHCTEMBL MUPA» TAKKE BLICKA3AM ¥ 0DOCHO-
BaJl, OCHOBBIBASICH Ha HCMOJIL30BAHWHU 3aKOH2 TsiToTeHuss HeoToHa,
Wel0 CYLIeCTBOBAHMS TEMHBIX Test Bo BeeseHuon. Kak 370 yacro
ObIB4eT B HayKe, paboTa MHTUenna okazanach He3aMedeHHoM, u
MIMTENRHOE BpeMsl OCHORATEJICM I'MITOTE3bl CYILIECTBOBAHMNS TEM-~
HBIX 3Be3I cuuTancs Jlarac.,

Hanpumep, B 1973 romy usBeCTHble aHDIHHCKUE (H3UKH

106



C. Xoykunr u I Dnumc B ¢cBoOeH KHUTE, MOCRIUCHHOW MaTeMATHIC-
CKOMY OTTHCAHWIO CTPYKTYPH TIPOCTPAHCTBA—~BPEMEHH, LIMTHPOBA-
au Jlammaca B CBA3M ¢ BO3MOXHOCTBIO CYIUECTBOBAHUS TEMHbIX
ase3n. Omxako 10 neT cryctd, B 1984 rofy, Ha HayyHOlt KOHdepeH-
ouu B Tyny3e u3BeCTHBIM aHrMHACKKMIA actpodusuk M. Puc Boccra-
HOBHWJI CNpaBELTHBOCTD ¥ TNIPOLMTHPORAT pabotry Murdemna.
Cefidac oGWENpU3HAHHO, YTO NPencKa3aTeNsiMU TEMHBIX 3B€3% Obl-
JIM ABA YYEHBIX: aHIMYaHuH MuTtdean u dhpanuys Jlamnac. dror
TIPUMEpP WIMIOCTPUPYET, HACKOJBKO CHILHO CyAb0a YUEHOro 3aBH-
CHAT OT KanpHu30B (GopTYHDL...

Jinst BLIBOMA XapaKTepUCTUK TeMHBIX 3Be31 Mutduemn u Jlannac
UCTIOJ30BANY NOHATHE BTOPOH KOCMHUYECKOM CKOPOCTU. DTA CKO-
POCTR BBIYUCIACTCS U3 YCJI0BHS PABEHCTRA HYJIIO CYyMMB] KWHETHYE-
ckoit E u noreHuuatbHOU U 3HEprdu Tena; B 3TOM Ciaydac Ipu
yxolle Ha HECKOHEWHOCTD OT TATOTCIOMIETO Tea TpobHoe Teso Gyner
UMETb HYIIEBYIO CKOPOCTD!

U+E=—GMm/r +mV*/2=0.

OTCro1a HAXOAUTCS BRIPAXEHHME JUTSI BTOPOR KOCMHUYECKOM CKO-
poctu V.,

V,= 2GM/n)".

TloacraBys GopMaNbHO B BEIpAXKEHWE LISt RTOPOI KOCMUUECKO
CKOPOCTH BMECTO V, BEIMUMHY CKOPOCTH CBETA C, MOAYUHUM PAJIMYC
TEMHOFO TeJja T IIpY 3anaHHOM ero Macce M:

r=2GM/c’.

g Tena Takoro paamyca Npy 3anadHou macce M RTOpas Koc-
MUIUeCcKast CKOpOCTh PABHA CKOPOCTY CBETA, TIO3TOMY TaKoe TeJO By-
IET HeBUIMMBIM.

Tak octynanu MuTyent u Jlanmac Tipy BEIYHCACHUH XapaKTe-
PUCTUK TEMHOTO Teaa. OoHAaKo 5Ta NMpoleaypa HellpaBOMeEpHa Mo
1BYM ITPHYMHAM. Bo-TiepBrix, Npu CKOPOCTH, OIIN3KONK K CKOPOCTH
CBETa, KMHETUUECKAS HEPTHSA OIIHCHIBAETCH DoJiee CIOXHOW, Tak
Ha3LIBAEMOM PEJIITUBICTCKOM (hopMysioil. Bo-8TOpBIX, BEIpaXeHHE
IUTS TIOTEHUMANBbHOMR 3HEPIUM Ha TeX PACCTOSTHUAX, The NOCTUIA0T-
CA CKOPOCTH, 0JU3KME K CKOPOCTY CBETa, NOJLKHO ObITh 3aMEHEHO
6osee CIoXHOI hopMYNOH. OCHOBAHHOW HE HA UCTIONIb30BAHUM 33-
xoHa HbioToHA, a Ha TIPMMEHEHHH O01Liei TEOPUH OTHOCUTETLHO-
ctu (OTO) DitHinTeiHa, KOTOpas 060011AET HBIOTOHOBCKUI 3aK0H
TATOTCHUS HA CAYYald CUJIbHEIX MPABHTALIMOHHBIX NIOJIEN U TPAKTYET
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IpaBUTAUMIO KaK S(DDEKT UCKPUBIIEHUS NIPOCTPAHCTBA—BPEMEHM.
Ecnu Bce CRENaTh IMPaBUWIbHO U ITPOBECTH COOTBETCTBYIOLHME BbIYH -
CJIEHWst, TO Mbl TIONYIUM BbIpAXEeHUE IS paguyca TeMHOro Tena,
Ha3bIBACMOTO I'PaBUTALMOHHBIM PAaAXYCOM I, KOTOPOE B TOUHOCTH
COBIIAJaeT € BHIpaXEHUEM, TIONyJeHHBIM MuTue oM 1 Jlannacom.

[lopa3sutenbHo, uTo X0Tsi MuTuenn u Jlamwiac ucxoowiu K3 He-
BepHBIX (PUINUECKUX MPETNOCHLIIOK, OHY MOJYYWIN abCOMIOTHO
MPaBUJIbHbIIf OKOHYATENIbHBIA pe3yabTaT, NOCKOABKY OIIUOKH B Bbl-
paXxeHnusx mnsa KHUHETUYECKOH U HOTCHL[MaJleOﬁ 3ﬂepmﬁ B TOYHO-
CTH CKOMITEHCHPOBAIY APYT ApYTa.

CoBpeMeHHble npeAacTaBAEeHUs

Muryenn u Jlamnac, NpoBoaA BBIYMCAEHUS A1s1 OMpeneneHUs
paavyca TEMHOTO Tefa, ellle He 3HAJIK, YTO CKOPOCTh CBeTa SBJIsieT-
¢ NpelebHOM CKOPOCTBIO PAacTpOCTPaHEHUsl B3aUMOAEHCTBUS B
npupoje. [TosToMy coBpeMeHHasi KOHUETLMS Y€PHO IbIPbI, OCHO-
BaHHasl H4 pelleHuw ypaBHeHHit OTO DiiHllTeitHa, ropasno rayo-
e TOM, YTO ObUTIA TPEANOXKEHA STUMU FeHNATTBHBIMU MbICIUTEIAMMU
18-ro0 BEKa: He TONBKO CBET, HO HUKAKO#H APYro¥ CUrHan, HMKaKoe
(hu1314eCKOE TeNO He MOTYT BbIPBATLCA HApYXKy M3 YePHO# IbIPhI.

Bonee Toro, nockoneky, cornacHo OTO, xon BpeMEHM 3aBUCHT
OT CUJTBL TSLKECTH, C TOUKM 3PEHUS DaeKoro Habonartens TeueHue
BPEMEHHU BOJIM3U UYEpHO#M AbIphl GECKOHEYHO 3aMEUISETCA M BCe
nporecchl A1 BHelrHero Habonarens 3aCThIBAIOT.

DTO 03HAYAET, YTO €C/IK Mbl TOLLTIEM K YEPHOM IbIPe KOCMHYEC-
KW Kopabnib ¢ KOCMOHABTaMHI Ha 6opTy, TO 1O Mepe ero npuonm-
XKEHUSl K YEPHOH ObIpe Mbi, Haxo4scb Ha 3emie, YBUAUM, YTO
KOpaGuib SyaeT 3aMe/UIsATh CBOE ABUXEHHE.

C TOUKM 3peHUs JaNeKOro HabaoaaTens KOCMUUYECKKIT Kopadab
OCTAaHOBUTCA BOAM3M YEPHON AbIpbl M HUKOIIA HE IMPOHUKHET
BHYTDb, IOCKO/MbKY BpeMsl B6IU31 YepHOii AbIPbl OCTAHOBUNO CBOH
X0 1A BHEIHero Habmonareas (puc. 3.1). JlioboMy cKo/ib YrOIHO
MaJToMy NPOMEXYTKY BPEMEHHW BONU3M YEPHOW IBIPbI COOTBETCT-
BYET CKOJIb YTOHO 60JbILION [IPOMEXYTOK BPEMEHM B CHCTEME OT-
cyeTa, CBA3aHHOM ¢ aneKuM HabaronareneMm.

Ecnu Teneps o6paTUTL CUTYaUUIO M MOCMOTPETh, YTO YBUIUT
KOCMOHZBT M3 OKHa KOCMMYecKoro kopabiss, 3aBHciluero BOAW3U
YEpPHOM AbIPb, TO OKA3BIBAETCS, UTO [UTS HETO COOBITHS BO BHELIHEH
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Fopn30HT
COBRITUIA

Puc. 3.1. 3aBUCHUMOCTH BpeMeHH
ABUKCHKHA KOCMKUUECKOIQ Kopabas K
YEepHOI AbIpe OT PACCTOSIHHUAL AO €€
LEHTPA C TOUKH 3PEHHs 3¢eMHOFO Ha-
6nioaarens (1) ¥ ABMXYLIETOCA KOC-
A MOHaBTa (2).

C TOUYKHM 3peHUS 3EMHOTO HAON10-

AT KOCMHYECKHIT KOpabirb HUKOT -
1a He TPOHMKHET BHYTPH uYepHoit
JBIPBL.
2 C TO4KU 3peHUA KOCMOHABTa OH
TIPOHMKAET BHYTpb HEPHON OBIPHL 32
KOHEeYHOe BpeMs (MyHKTHPHOE U306-
paxexue Kopabis).

[opn30HT cobbiTnit

Bpema ABUXEHUA Kopabna

o Pacctoadue
r " DO Y4epHOW pbIphbl

BceneHnoit npoberalor B 94pe3BblUaifHO YCKOPEHHOM TEMIIE: MpaK-
TUYECKH B OTUH MMT CBOErO BPEMEHM KOCMOHABT, 3aBUCLUMIT BOIW-
31 YepHOH MIBIPH, YBUAWT BCe OECKOHEUHO TNPOJOKUTEILHOE
pa3suTUe BHellHe#dl Beenennoid. Ilpasna, aHeprisi ¢pOTOHOB, NPH-
HHUM4eMBIX KOCMOHABTOM W3 pHellHe# BcejieHHOM, CMECTHTCS B
BBICOKO3HEPrETUYHYIO 00J1acTb CIEKTpa, 1 KOCMOHABTY IOTpedy-
J0TCS CIIELUAIbHbIE IPUGOPBI, YTOOLI HAbIOAATH BeeNeHHYTO.

KocMoHnasT yBHOWT, KaK paciyxaeT Haule COJHIC, CTAHOBSCH
KPAaCHBIM TUTAHTOM, KaxX 3eMJI UCITAPSETCA B TOPSYUX COITHEUHBIX
JIyyax, IOCKOQJIBKY OHA CKOJIB3HT MO BEPXHUM CIOAM ATMOCHepbl
ymuparoniero ConHua, kak ot CoNHIa OTHENseTCs] BHELHAA BOIO-
ponHas 060,104Ka ¥ OHO NPEBPALIAETCS] B OCTHII KapJIUK — CIIOBOM,
KOCMOHABT YBHAMT Oyaymee Hawei Beenennori(').

Taxum obpa3oM, YepHas Iblpa «4YBCTBYET» HE TONLKO NTPOILIOE,
Ho ¥ 6yayuiee. T1o3ToMy HEYTWBUTENIBHO, YTO, B CBSI3H C OTKPLITHEM
B TI0C/IENHYE TOAbl 6OJBIIOIO YUCNa KaHAUNATOB B YEPHHIE IHIPHI,
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YUEHBIE CEPLE3HO PaCCMATPUBAIOT MPUHLIHUITHATLHYIO BO3MOXHOCTh
CO3/IaHH1$ MAIUMHBI BpEMEHMU.

Ho o710 enlte #e Bce M3 MoucTmHe HaHTACTUUMECKWX CBOMCTB uep-
HhiX Ablp. B TO BpeMs KAk, C TOUKH 3peHHs AAIeKOTo HabmonaTes,
KOCMMYECKUI KOpab/ib OCTAHOBUTCS WM HUKOTIA HE TMPOHUKHET
BHYTPS YSPHOH NbIPHL, ¢ TOUKHK 3pEHUSA CaMOTO KOCMOHABTa, CHOs-
11Iero B MAAAI0LEM Ha YEPHYIO AbIpy KOopabiie, KOCMUYeCKUid Kopab-
Jib CBOOOAHO TIPOHHKAeT BHYTPh YEPHOU IBIPHI, HE UCMBITHIBAS
KAKUX-NUOO0 OpenaTCTBUi.

ITpyu 3TOM KOCMOHaBT YBUJIMT BHYTPEHHOCTb YEPHOI ABIPbI K
LICHTPATBHYIO CUHIYISPHOCTL — 060acTb ¢ POpPMasIbHO DecKOoHey -
HOM JIOTHOCTBIO, KY/I4 CXANOCh HCXOTHOE BEUICCTBO, oOpalytollee
YepHYIO AblpY (W TIE UAPAT 3aKOHBI KBAHTOBOM rpaBuTanK). OmHa-
KO nepeaaTh Kakyr—I1H60 uHpopMaunio 000 BceM yBUIEHHOM Ha-
PYXY KOCMOHaBT He CMOXET, TTOCKONBKY JITOOBI caenaTh 3TO, OH
ROJIKEH ObUT 6b1 NOCIATh CUTHA CO CKOPOCTbtO 00/IbILEH CKOPOCTU
CBETa, YTO 3alpelleHo 3aKOHAMU (PU3MKH,

y  PoToHHan chepa

CUHrynapHoOCTb

Ffopu3oHT cobbiTUiA

Puc. 3.2. Cxema HeBpalaonieiics 4epHo#M abiphl.

CHHIYASAPHOCTB, Kya CXANach UCXOAHAA MATEPUA, OKPYXEHa chepu-
4YECKUM MOpU30IITOM COOBITHIL. BOAu3M ropusoHTa coObITHI# HaxoauTcA
doToHHaA cdepa — 00NacTb APOCTPAHCTBA, Ide 3aXBaUCHHbE (OTOHbI
JIBUIAIOTCS BOKPYT YEPHOH JBIPLI 110 3AMKHYTbIM TPACKTOPUSIM.

Tlo Mepe npubGMMXEeHHUs! KOCMOHABTA K YePHOM AbIpe Ha HETO BCe
clibHee OyIyT ACUCTBOBATL MPHUJIMBHBIE CHIBI, OOYCIOBAEHHBIE
PA3HOCTERIO CUJT ITPUTSXKEHUA, TEUCTBYIOLIMX HA PAa3HBIE YACTU €10
Tesla; 3TU CUIIBE CTPEMSITCA Pa30pBATh KOCMOHABTA.

BHyTpH 4YepHOU Ablpbl BO3MOXHO TOJNBKO IBUXEHUE, MPUUEM
IBVXEHWE K LIEHTPY, PA3BEPHYTHCA HA34/ M BEIPBATLCA U3 BHYTPEH-
HOCTH YEPHON AbIPbI KOCMUYECKHUIT KOpabib HUKOrIa HE CMOXET.
BoT yx ne#CTBUTENBHO CTONPOLIEHTHASA OTHOCUTENLHOCTD: ¢ Hallteit
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e *° Janeko ot 4epHOW ObIpbl

e * 0 o ® .
. hd . .
[} L] o
. . / 3Bes3pbl Halwel
[ ] -
¢ BceneHHom
o . .
[ ] . R Py
[} [ ] °
() [ ] [ ]

® -
° BHYTPU YepHOW asipbi
o4 rOPU30HTOM
cobbITUN

3Be3asl apyrov
BcenexHoit

3Be3nb Hawel
BceneHHoOW

Puc.3.3. [purasch 1oi ropu30oHTOM COOBITHI Herpatuaioneitcs ep-
HO#M MBIPSI CO CKOPOCTBIO, BIM3K0M K CKOPOCTH CBETA, KOCMOHABT YBUANT
cBo¢ Gymyiice U ApyTyio Beenennylo, a uepHas Anlpa NposasiaeT ceds B BU-
A€ TCMHOIO KOAbUA Ha HEBOCKIIOHE, pA3ICASIOWETO BHEIDHIOK W BHYTPEH -
Hioto Beeneudbie.

TOYKM 3PEHUSI KOCMUYECKUI Kopabsib BcTan BOIW3W YEPHOM OBIPHI,
4 ¢ TOYKM 3peHHs] KOCMOHABTa OH Y€ AABHO MPOHUK BHYTpL. O
BHYTPEHHOCTH YE€PHOM ABIPH BHEUIH M HaOMoaTelk HUKOTA HU-
yero He y3HaeT. B crA3M ¢ 3TMM YHWKaJIbHBIM CBOHCTBOM YEpPHOM
AIBIDBI BO3HHMKIIO IIOHSATME TOPU30HTa coObITMil, [Ang HeBpawaro-
11eACA UePHOM AbIPHI PASUYC FOPU30HTA COOBITHH [}, paBeH TpaBUTa-
UHOHHOMY pajtvycy I, ANsl BpallAIOENCsi YePHOW ABIPBI Iy < [,

Bce, 4To pacnonoxeHo ¥ IPOACXOAUT NOA TOPU3OHTOM COOBI-
THit, s I < I, HeAOCTYTHO pajlekomy Habaronarenio,

W3 onbiTa Hatltel XU3HUY Mbl 3H2eM, HTO TAaKOE FOPU3OHT BUJIK-
MOCTH: HaAnpuMep, n3-38 KPURUIHBL] [IQBEPXHOCTH 36MHOIO HIiapa
HaboxaTes BUAUT JUllb HEGObIULYIO YaCcTh OKEaHa.
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_Ocb spawenun
[

Oprocdepa

Puc. 3.4. CxeMaTiyeckoe H300pakeHHe Bpanlarollieiica YepHOi ABIPHI
B pa3peae.

Cnesa: [OpU30OHT COBBITHIT OKPYXeH 3procgepoii, B XOTOpoi TeNna, ya-
CTHUB! U (hOTOHBE HEMPEPBIBHO ABUTAIOTCS, MOAXBAYEHHLIC BUXPEBhIM
rPaBUTALIMOHHLIM NOAEM YEPHON ABIPHI.

Cnpaga: Jlyu ceeTa, Npoxoas Mt BOIM3K BpawialoILeiicst YepHOI bl-
pbl, 32BHXDACT CBOE ABUXEHME.

TosToMy npu nosiBNEHUA KOpadis U3-MoJ FOPU3OHTA OH BULUT
CHayasia ero MauThl, a 3aTeM OCTaJIbHBIE JCTANH Kopityca. Bee, uto
PACTIONAOXEHO 01 TOPU3OHTOM, Hab/IoNaTeNI0 HE BUAKO.

TOpU30HT COBBLITHIA — ITO TAKO Xe rGPHU30OHT, HO B NPOCTPaHC-
TBe COOMTHH: I AaleKOro Habmonarens: JOCTYMHBI JWILbL COObI-
THS BHE TOPU30HTA, WA T > I, 2 COOBITUA, TPOUCXOALIME «TIOI»
TOPU3OHTOM, IS I' < T, EMY HEAOCTYTIHbI.

U yx coBceM nMopa3suTe/ibHbIM CBOMCTBOM YEPHOM NbIPE] RS-
eTCA TO, YTO €C/TH CUCTEMY KOOPIMHAT NMPOCTPAaHCTBA—BPEMEHHU BHE
YEPHO ABIPLI NPOIOMXHUTL NOL FOPU3OHT COOBITUH, TO C TOUKU 3pe-
HHS JAJIEKOro, HEMOABMXHOIMO HabNIoAaTesNsi IpU Mepexole Yepes
FOPM30HT COBBITNI TPOCTPAHCTBEHHAS MU BPEMEHHAsT KOOPDIOWHATEI
MEHSIOTCA MECTaMU.

Ecnm Ghl KOCMUYECKOMY KOpabiio, ¢ TOUKM 3peHUs AIEKOTO
Habnwogarens, yaaroch NPOHUKHYThH MO TOPU3OHT COORLITUA (Ha-
npuMep, Tocie Toro, Kak Habnwaaresib Npoxaain 6ul 66CKOHEYHO
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BHOJIbLIOE BPeMsl), TO KOCMOHABT C TOYKH 3peHUA 1aneKoro Hablio-
AATes1 ABATANCSH BB yXe He B UPOCTPAHCTBE, a Bo BpeMeHH(!). JBu-
rasch BHYTDH HeBpalliaoleiics yepHOM AbIPhl, KOCMOHABT YBAIUT
apyryto Beesennyto U naxe csoe 6yayiuee (puc. 3.3). Ewe 6osee He-
OBbIYHBI CBOUCTBA BPALAIOIIUXCA YEPHIX JBIP: Y HUX PasINYC TOpU-
30HTAa COOBLITMII MeHBbILE IPABUTALIMOHHOTO pamMmyca, IpU STOM
rOPU3OHT COOBITUIA MOMEIeH BHYTPb TaK Ha3bIBaeMOM 3procgeps,
COJIEpXallleli BUXPEBOC TPABUTAIIMOHHOE T1071e (puc. 3.4).

ITon meicTBHEM 3TOTO BUXPEBOIO MOJNA BCE Tella, NOMEINEHHbIC
B 3prochepy, TONKHBI HETTPEPRIBHO ABUTATECA. M3 aprocdepsl Bpa-
[MAOUIEHCA YepHOH ObIPhl MOXHO U3BNEKATh 3HEPTUIO, NpUYEM C
OrpoMHOi 3¢ubeKTURHOCTBIO, B COTHH pa3 NpeBocxonsinei s3dpdex-
TURHOCTE BbUIEJICHUSA SHEPTUM [TPU TEPMOSLIEpHBIX peakumsaX. Ecin
uepHas IbIpa BPALLAOIUAACS, TO, IBUTASICH ITOA TOPUIOHTOM COObI-
TUI, KOCMOHABT MOXET YBIIETH IAXe HE OTHY, 2 MHOTO Apyrux Bee-
JeHHbIx. Clenyer OTMETUTh, OAHAKO, YTO B Cjlydae Bpallalolieiica
4EePHOM JIbIPbI BHEIHUE BO3MYLIIEHYS MOTYT [IPUBOIUTE K HEYCTOM -
dUBOCTY €€ RHYTPEHHEN CTPYKTYPBI MPOCTPAHCTBa—BpeMeHn. 11o3-
TOMY BO3MOXHOCTDB TTyTELIECTBUA MO pa3HbiM BeeneHHBIM BHYTpHU
BpAWIAIOUIEHACS YSPHO IbIPbl KAXETCS IpOGNeMaTHUHOWN,

MHoOrIa BBICKA3LIBAIOTCS OMACEHMs: 4 HE MOTYT JIM YepHhIE
ABLIPBI, 3T MOHCTPb! BeesleHHoil, CBOMM YyTOBULIHBIM FPaBUATANM -
OHHbIM MPUTTXEHUEM TOMIOTHTE 3eMI0 U ec obHTaTelieit? DTh
ornaceHusi abCOMIOTHO Oe30CHOBATENbHBL. DddexTs!, crieunduy-
HbIiC U1 YEPHBIX JIbIp, HAYWHAIOT CKA3BLIBATCH JMIIL HA PacCTos-
HUSAX BCET0 B HECKOJIBKO TPaBUTALIMOHHBLIX DPallycoB, TO €CTh
BOJIU3N YEpHOM AbIpH. Ha 60JbIIMX PACCTOSHUAX IPABUTALMOHHOE
noJie 4YepHOM JIbIPbl NPAKTHYECKH HE OTJIMYAETCS OT HBIOTOHOBCKO-
ro, i Bo3acicTBHE YepHbIX Ablp [aakTvku U BeeneHnoit Ha 3emtio
HUYECM HE OTJIMYACTCA OT BO3NCWCTBUSI 3BE3]l, TO €CTh HCYe3awoule
Mano. JloCTaTouHO ¢Ka3aTh, UTO PACCTOSIHUA OT YEPHBIX IBIP IO
3eMIM COCTAB/AIOT COTHW MW/UIMAPIOB UX IPABUTALMOHHBIX pa-
JIUYCOB.

Pewenne LBapuwunbpa

OnucaHHBIE CBOMCTBA YEPHBIX ABIP CTONB Cl)aHTaCTW{HbI, 4YTo B
BO3MOXHOCTDb CYLLICCTBOBAHMST 3TUX YOUBUTCABHBIX 00BEKTOB Ji (97
CTBUTEJ/IBHO BCPUTCA € TPYIAOM.
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B TeueHMe MHOTHX JeCATHIETHIA CPEIW YUE€HLIX HIYT OXECTO-
YeHHbIe CNOPhl O TOM, CYLUCCTBYIOT JIH IEpHLIE ObIPb! B PUPOE.

B nocnennne roasl, 110 XKpaiiHeit Mepe acTpOHOMBI, Bce 60bLLIe
CKJIOHSIOTCSI K MBICJIM, YTO Ha, A€HCTBUTEIBHO, YepHble AbIPbI CY-
1eCTRYIOT. OHAKO MYTh K TAKOMY BBIBOY OKA3A!ICS BEChbMa TePHU-~
CTHIM.

Ctporasi HayYHasi TeOpYA YEPHBIX JAblp, OCHOBHbLIE BbIBOABI KO-
TOPOit Mbl UINOXWIH Bbillle, MOSIBUIACH TUllb B Hauvade XX Beka
nocne nosenerns OTO BiimuTeiina. B nexadpe 1915 roaa, sckope
nocje nyéavMKauMnu SMHITEHOM CBOEA 3HAMEHUTOM OOLIEH Teo-
pPUA OTHOCUTENBHOCTU, HeMeLKui acTpoHoM K. Lsapiunvnba mo-
JIYIMJ TouHOe peleHue ypaBHeHuit OTO ans rpaBUTalLMOHHOTO
nons chepudecKU—CUMMETPUYHOTO HEBPALLIAIOUIETOCH Tea.

B o6iem cnywae rpaButanmsa B OTO onuChBaeTcs HE OMHUM
ypaBHEHUEM, KaK B 3aKoHe Hb1010HA, a AecaToio AamddepeHuma b-
HBIMH HEJTMHEWHBIMM YPABHEHUAMU B YACTHBIX TIPON3BOAHBIX BTO~
poro nopsigka, ¥ NONYUUTh TOUHLIE PELUEHUS! 3TOI CUCTEMBI
YpaBHEHUI OUYEHD TPYAHO.

OnHako, B YacTHOM cllydae cTporo cepuiyecKH—CUMMETpIY-
HOTO MPaBUTALMOHHOLO NOJIS TOYUHOE PElLeHUE NOAYYUTh MOXHO. B
peweHye, noaydeHHoe 1IBapuunbaoM, BXOIUT Kak (yHIaMeH-
TaNbHbLIH MapaMeTp TPasMTAUMOHHBIN panuyc I,=2G M/c?, koto-
Db TaKXe Ha3bIRAIOT IIBAPULLMILAOBCKUM PALUYCOM.

TlosepxHOCTb € paauycoM ’

I, oTmensiowas AOCTyNHylo /
YacCTh NPOCTPAHCTBA—BPEMEHH
OT HENOCTYNHOM JUIST 1aneKOoro /
HaOMOJATENs1, HA3KIBAIOT TaK-
xe cepoit Lsapuuninaa.

To ects chepa Hisapu-
IIUTbAA — 3TO TOPH30HT CO-
ObITHiA JUIS HeBpaiatoleiics
4epHOU AbIpbl. ®oToHHan

CornacHo pPEMEHUNIO OKPYXHOCTb
{IBapmuuniena, cuia mpurs- Puc. 3.5. Jlyuv creta B6AN3W vep-
xeHus F obpaiaercs B 6€Ccko- 110t abipHt 3arnbaioTest, ABUTAIOTCA TIO
HEYHOCTb B IBYX CJYYasiX: KPYTOBBIM TPAcKTOPHMSAM W JaXe 3aca-
korzgar=0ur= I,. CBHIBAIOTCA B YEPHYIO NbIPY.
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OcoBeHHOCTD (KaK Yalie roBOPAT — CHHIYIAPHOCTL) TIipU I = 0
UMEET MECTO TaKXe M AR KNACCHIECKOro 3aK0Ha TAroreHust Hulo-
TOHa. B noxannsoueM 60IbLIMHCTEE Clly4aeB OHA HeCYIeCTBEHHA,
HOCKONBKY B CITyYae peaibHbiX (PU3MYECKUX TET, UMEIOMIUX HEHY-
JIeBbIE pa3MEPhI, PACCTOSIHUC T HUKOT/1A HE IOCTUTACT HYAS, TAK KaK
TEN1a CONPUKACaIOTCs CBOMMM TTOBEPXHOCTAMM.

[opazno Gonee CyLWECTBEHHON SRNSAETCA CUHCYJSPHOCTL OpH
I =[,, ¥ MMEHHO OHa OMPEAETACT ONUCAHHBIE BLILIE IKIOTHHECKHE
CBOMCTBA YSPHBIX ObIP. [TpU I' = I, CNNa IPUTAXEHNA TAKXKE CTAHO~
BUTCH PaBHOI 6eCKOHEUHOCTH. [1py 3TOM paccTosiHue T OTIIMIHO OT
Hynst. Hampumep, s Maccbt paBHO# 10 coTHEUHBIM MaccaM, BENK-
UKHA FPABUTALMOHHONO paauyca paBHa 30 KM. 3HaYUTEALHLIH 0Ob-
eM TipocTpaHcTRa (pasuycoM 30 km mng M = 10M,) oka3biBaerca
OTIE/IEHHBIM OT BHELUHETO HalnoaaTe st 6eCKOHEYHKIM MOTCHUH~
albHbiM 6apbepOM, e CHJia nputTsxenus F = oo,

MMeHHO atoT ¢akT (F = o0) i MpUBOIHUT K TOMY, UTO AAXKE CBET
He MOXeT BhIPBATLCH CO LIBAPLUILIKILAOBCKON NOBEPXHOCTH, a XOA
BpeMEHU Ha 3TOW MOBEPXHOCTU (TOPM30HTE COOLITHIT) oCcTaHARNN-
BaeTCs UTA AANEKOTO llabnionaTens (puc. 3.5).

CxenTuum3m ycunusaercs

BHHMATENbHbIA YUTATENb, ONHAKO, OJLKEH MOAMETUTD HEOODI-
YHOCTb ASHCTBUSL GECKOHEWHO GOJIBLIOW CHITbI DU T = T, eCIA fUTs)
Janexoro Habmonatens F= oo, To wis Tena, CBOOOIHO TTafaOWEero
Ha YEPHYIO AbIpY (BCLIOMHMM NPUMEP ¢ KOCMUYECKUM KopabieM,
NpUBEIEHHBIN BbILIE) ChITa TPUTsXKeHUs F He mocThTaeT GeckoHeu-
HO SourbLoro 3Hauenus. [losToMy nanatotlee TeNO AOCTUTACT LEH-
Tpa 4epHOM IbIPhl 32 KOHEYHOE BPEMs MO CBOMM YacaM. Takum
00pa3oM, CHRIYNSIPHOCTE MOXET DBITh YCTPAHEHA BhIOOpOM CUCTE-
Mbl oTcueta. [lostoMy cdepa Lsapuminibia 310 He TBEpAAs Mo-
BEPXHOCTh, a NI b, KAK COBOPSIT, KOOPAURATHAS OCOOEHROCTb.

Ha 370 06paTH/ BHUMAaHNE 3aMeuaTesIbHblA AHTIMHCKMIA acTpo-
U3k ApTyp DUIMHTTOH, KOTOPbLIA TTIOKA3a, YTO, HCITIOIb3YS KO-
OpIOMHATHOE IMPeoOpa3oBaHHE, MOXHO YCTPAHUTBH CUHTYSPHOCTH
Ha TOPU3OHTE COOLITHIf YePHOM AbIPbI. 3TOT M3BECTHBL acTpOPH-
3MK, CO3aTellb OCHOB HAYYHOH TEOPHU BHYTPEHHETO CTPOEHUS U
SBOJIOIMY 3B€311, BCEIIa OTKANKAICSH Ha PellleHUe CAMbIX aKTyajlb-
HbIX IIPOGNEM (PU3NKW U ACTPOHOMUU.
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Hanpumep, DaIUHTTOHY MPUHANJIEXUT YECTh TIEPROTO HANEK-
HOTO orpenesieHHs OTKJIOHEHHS JIy4eil CBETa 3Be3/1 B I[pABUTAUMOH-
HoM noyie CoJIHL@ YTO NaHHBIM Hab0AEHMH NOJHOTO CONHEYHOrO
3aTMeHHs. OKazanoch, YTo 3T0T 3dheKT BABOE GONBLIE, UeM [Ipe/-
CKa3blBATOCh HBIOTOHOBCKOI TEOpMeE(l rPaBUTAllMM W B TOYHOCTU
cornacyeTcst ¢ mipenckasanvieM OTO, uto 6buo Tpuymdbom OTO
DiHITEHA.

TeM He MeHnee, HECMOTPS Ha CBOIO TOHKYO (hU3HYECKYIO UHTYU -
LU0 W BPOXIECHHYIO CITOCOBHOCTE YyBCTBOBATh HOBOE B HayKe, Jj1-
JAMHITOH 1O KOHWAa CBOeid XW3HM HE BEpWI B BO3MOXHOCTb
CYIIECTBORAHUSA YepHbIX Ouip. B suBape 1934 rona Ha 3acenaHuwm
Anrmuiickoro KoponeBckoro ACTpPOHOMHYECKOTO OOLLIECTBA NOCTIE
3aMeyvaTesIBHOro JOKJala MOI0A0r0 MHANKCKOro yyeHoro Yanpa-
ceKapa O CYLUIECTBOBAHHH NPERETbHOM Macchl 6ejIoro KapymKa, OT-
Ky/la CJIeI0BaNA BO3MOXHOCTL CYUIECTBOBAHUA HEATPOHHOMN 3BE3bL
Y YepHOM JIbIpBl, DIANHITOH, TIPU3HaBast Pe3ynsTaThl paboTsl YaH-
JIpacexkapa NpaBWILHLEIMH, TEM HE MeHee, MoauepkHyt: «H nymaro,
YTO A0JIKEH CYLLIECTBOBATh 3aKOH [1pupoabl, KOTOPBIH Obi HE A0NY-
CKaJ1, YTOBLI 3B0NIOLMS 3Be3/5] LA CTONb aOCYPAHBIM CNOCOOOMY.

Maxe Benuxkuit DitHLITeHH, co3natens OTO, U3 xotopoit cie-
ayet peinenue HIpapuuinisna, npusHaBasi PaBUNBHOCTbL U MaTe-
MATHYECKYIO KPAacOTy 3TOTO PETIeHUdA, C OOJAbIIUM COMHEHUEM
OTHOCHMICA K BO3MOXHOCTH PEANbHOIO CYILUECTBOBAHHS UYEPHBIX
JeIip B npHpone. B cBoei padote, onydnnkoBaHHo#H B 1939 rony u
MOCBSILIEHHON BBIACHEHUIO BOIPOCA O TOM, AONYCKAIOT JIU Pealib-
Hble HUNYECKUE MOEIY CYLLIECTBOBaHUE CHHIYsipHOCTH LHBapli-
UIMJIbAA, OH TpUUIE K CJeAYIIIEMY BEIBONY. «OCHOBHBIM
PE3YILTATOM MPOBEACHHOI'O UCCIEAOBAHNA ABSIETCA UETKOE TIOHM -
MaHHE TOTO, YTO B PEATbHOM MUPE OTCYTCTBYIOT LIBAPLILIMIILIOB-
CKHUE CUHTYIISIPHOCTH».

TakuM 00paszoM, uaes YepHO# IbIPbl KaK peatbHoro thusnyec-
KOO 00BEKTA ¢ BOMBUIMM TPYIOM Npobuiania cebe aopory. B 1939
TOAYy aMepuKaHckue ydyeHble OmmnenreiiMep, Bonkon u Chaitnep,
PacCMOTPEB CXaTHe (KOJU1arC) 3BE3/bl ¢ MCMOAB30RAHHUEM TEOPHH
rpaBUTauUK B pamMkax OTO, mpumiv K BbIBOXY 0 HEU3IDEKHOCTU
(hopMUpOBaHIA YEPHOM ObIPbI IIPH KOJLIATNCE SApa 3BE3IbI JOCTATO-
YHO 601bI1I0H Macchl (D0ab1e 2—3 COMHEUHBIX).

Bor yro Hamucamu OnmeHreriMep i CHaillep B aHHOTAaUUM K
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CBROE CTaThe: «ITOC/1e UCTOLIEHUS BCeX HCTOUHUKOB TEPMOSIEPHOM
SHEPTHM TOCTATOYHO MACCHBHAA 3Be3la MpeTepreBacT KOJUIANC...
Byemnuit Habmonarenb RUINT, YTO 3BE31a CKWUMAETCS A0 CBOETO
TPABUTALIMOHHOTO PaHYCa».

Janee B ¢cTaThe OHM NMOAYEPKYMBAIOT, UTO B TO BpEMs KaK BHEII-
HUiT HabmoaTe)b Oy/IeT BUIAETH, YTO MOBEPXHOCTH KOJLTATICUPYIO-
el 3Be3nbl npuoamkaercs K chepe HiBapuiunnbsia y 3acThIBaeT,
JUIs HabmomaTens, ABUXYLIErocss BMECTE C KOJUTAalICUpYyoILeii Mare-
pHeEN, HUKAKOTO «3aCThIBAHMS» He OYeT, M 3Be3a KOJUIAIICUPYET B
JepHYIO IbIPY 33 KOHeuHoe BpeMs. HecMoTps Ha nogarieHue 3toil
KpacUBOl U yOenUTeILHOM paboThi, COMHEHUs! B OTHOLIEHMH TEO-
PETHUECKOY BO3IMOXHOCTH CYILECTBOBAHMA YEpPHbIX JbIp BO Bce-
JIeHHO ocTapanyucs BIIOTh 10 60~x ronos 20-ro Beka.

Haxe Ix. Yunep, BHeciiii 6onbiioid BKian B passutie OTO u
TEOPUIO YEPHBIX NbIP, B cBOeH nybnukanuy 1958 rona sce emte yr-
BEPXIAA, UYTO, ECMH UCTIONB3OBATH GOJIEE PEATUCTIUECKOS YpaBHe-
HKE COCTOAHUSA KOJUTANCHPYIOLIETO BELIECTSA, TO MOXHO OAYYNATh
PE3YABTATHI, Ka4€CTBEHHO OTIMYHBIC OT TeX, YTO OLIIM MOJTy4eHb!
OrmnmedreiivepoM v CHaliiepoM OTHOCUTENLHO GOPMHPOBAHUSA
YEPHBIX ABIP TIPH KOJUIANce MaCCUBHBIX 3BE3IL.

A n3pectubiii pusuk PeitnMad, yuenuk Yuniepa, B CBOUX 3Ha-
MeHUTBIX PEeTHMaHOBCKMX JIEKLMUAX YTBEPXKAAET, 4TO 3863423, 0Opa-
30BaHHAA HE M3 MACATH3APOBAHHOIO, a U3 «PeaibHOIO BEUIECTBAY,
He MOXeT KOJUTATICUPOBaTh BHYTPh CBOSH KPUTHUECKOW MOBEPXHO-
¢TY. Jluuis B mekabpe 1967 ropa Yunep npu3Han TeOpeTMYECKYIO
BO3MOXHOCTH 00Pa30BaHUS YepHBIX AP TPH KOJUIAfCe siaep 3Be3a
JOCTATOYHO OOJBIFOA MACCHI.

CKeﬂTHI.IMSM CMEHAEeTCqd JHTY3Ma3MOM

OclabieHHIO CKEeNTULIN3MA B OTHOIIEHMH BO3MOXHOCTH CyLIe-
CTBOBAHMUSA YEPHBIX JBIP Y MHOTUX HHIUKOB M aCTPOHOMOB COCOD-
CTBOBANO OTKPHITHE aMEPHUKAHCKUM aCcTPOHOMOM MapruHom
HImnarom 8 1963 rony 3HaMeHHTHIX KBA3aPOB — OYEHb AKTHBHBIX
Ajep ranakTuk.

DTH aKTUBHBIE Apd UANYYalOT G0Jiblile I3Hepriy, 4eM ux poau-
TEILCKUE TANAKTHKM, U U OOBSICHEHHST 3TOTO SIBEeHUS Gbina npen-
JIOXeHa TUIToTe3a HecPepudecKoil akKpeun (TO €CTh BbIITAACHNsA)
BElIECTBA HA CBEPXMACCHBHYIO YEPHYIO IBIPY.
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Cogerckne yuensle akanemux $1. B. 3eqabaosuu U npodeccop
WN. 1. Hosukos B 1964 roay nepsbiMy NPELIOXKIU METOA OLIEHKH
MACChI CBEPXMACCUBHOMK YEPHOI /ABIPBI B AAPE FUIAKTHKH, OCHOBAH-
HBIH Ha cpaBHeHNM Habnw1aeMoi CBETUMOCTH 4/Ipa € ero, TaK Ha-
3bIBAEMON BANMHITOHORCKON CBETMMOCTBIO, TIPU KOTOPO# cHia
TATOTEHUST YPaBHOBENIMBAETCS CUITON IABIEHUS UTYyYeHUs.

Oxasanock, YTO MAacChl KBA3apoB [PEBLILIAIOT COTHU MHLTHO-
HOB W MWJURMAPIIBL COTTHEYHBIX MACC, 8 PA3MEPhl ITMX KOMIMAKTHBIX
06BLEKTOB, OLIEHMBAEMEIE 10 GLICTPOMY HW3MECHEHWH CRETUMOCTH,
0YeHb Mankl — MeHble 0,01 napceka (1 napeek = 3x10"™ cMm), uto
COCTaBRISIET BCETO OKOJNO THICAYW COOTBETCTRYIONIMX MPABUTALIMOH -
HEIX PaIUyCOB.

NockonbKy ycToitynBoe CTATHIYECKOE COCTORHUE CTOIb MACCUB-
HOfO N KOMNAaKTHOro o0beXTa OOBSICHUTL OMeHR TPYIHO, VYEHbIE
CTANV TNPURACKATL BAA OOBSCHEHWS TMPUPOALl KBA3APOB MOAENb
CBEPXMACCUBHOW YEPHBO# BIPhl, KOTOPas, KaK BOOCIACACTBMM BbI-
ACHWIOCH, BIIONHE ONPaBRaTa UX OXKUIAHUS,

Nocne otkpeiTust B 1967 roay panmonyibeapos — HEUTPOHHBIX
3BE34, CKeMTHIL3M MHOTUX YYCHBIX MO TIOBOAY CYUIECTBOBAHWS
YepHBIX AbIP KAK-TO O4YE¢Hb OLICTPO CMEHUACH 3HTY3HAIMOM. B ca-
MOM JIgNe, paiuyc TUIIUYHON HEHTPOHHO 3BE34k] BCETO B TPH pasa
6oJbLIe pagIyca YEPHOM ARIPhl TAKOM Xe Maccet (~1M.).

Nostomy xa3a10Ck, YTO AOCTATOUHO «YYTh-4YyTH» NOIKAThH Hell-
TPOHHYIO 3Be3Ny, YBEIWUMB ee maccy 10 3M_, uroGsi oHa ckonfan-
CHMPOBA/Ia B HEPHYIO ABIPY.

B 1963 rony asctpanmiickuii MateMatuk P. I, Kepp nonyuun to-
4YHOE YaCTHOe pewieHHe ypaBHeuit OTO, onmceiBatolee Bpatiawn-
mylocs 4YepHylo Abipy. B 1967 rooy Bbluia B cBeT niepsas
MOHOTpadUs 1o peIATHBHCTCKOI acTpodn3uke, onyGiHKoBaHHas
3enbnoBnyeM U HoOBUKOBBLIM, B KOTOpOH OBLIa MOCNENOBATEJILHO
PaccMOTPEHA TEOPUA YEPHBIX AbIp (B 3TOJi KHUIE aBTOpLI €LIe He
WVCMOMBIOBATIH TEPMUH <«UepHasd AbIpa», a HPHMEHSITH TOHATHS
«KOJINATICUPYIOLIAsl 3Be3Na». <«3acThiBllasg 3Be3na»). B 1983—88
rofax Obi1 ONYONMKOBAH Ppsii CNeUMATbHBIX MOHOTpaduil mo
TEOPUUM YEPHAIX OblP, M3 KOTOPBIX CREAYET OTMETUTL MOHOIrpaduio
Hopukonra u ®ponoBa, a Takxe kuury J. B. [ansuona,

C 3T0TO Teproaa PpuNyecKass U MaTeMaTHYeCKasl TeopHs yep-
HBIX ABIP CTA1a AKTHBHO PAIBUBATHCA.
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OTxpbitne XoyKuHra

M3 0cobbix JOCTVXEHRIA B TCOPHH YE€PHbIX AbIP CJAEAYET OTME-
TUTH OTKPBITHE KBAHTOBOIO MCHAPEHUS YEPHBIX JIBIP, CIENTAHHOE
3aMevateNbHbIM aurnuiickM pusnkom C. XoyknuHroM B 1974 roay.
Oxazanock, YT0 BBUAY TUTAHTCKOIO MCKPUBJIEHHS TNPOCTPAHCT-
Ba-—-BpPEeMEHH BOIM3N TOPU3OHTA cOOBITUI UuepHON AbIphl U3 pu3n-
YeCKOIo BaKyyMa IOMXHBI POXIATECH pPElbHbIE YACTHUHI,
TaBHBIM 06pa3oM, (POTOHBI.

IToatoMy YepHas abipa UATYYaeT (POTOHBI C HEKOTOPOI TCMITE-
paTypoii, Tem GolTee BLICOKOM, YeM MEHBIIE MACCA YEPHOM IBIPHI.

MOTOHBY, PONUBIIKECST MPY KBAHTOBOM HCHAPEHNU TePHOM b~
Dbl, YHOCAT 3HEPIUIO, MOCKOJALKY POXIEHHE peaitbHoro ¢horoHa
MTPOUCXONNT HE B TOYHOCTH HAa TOPU3OHTE COBBITUM (C KOTOPOro HU-
YEero HEe MOXET YIETETh), 4 C HEKOTOPON MAJIOit OKPECTHOCTH ropu-~
30HTA, OTIpeaeNsieMoit IUIMHOM BoHb! [le Bposiig yacTuib (Wi, Ha
SI3bIKE KBAHTOBOM MEXaHWKM, COOTHOIUCHHEM HeoripeNeSIeHHOCTH
MEXIY KOOPAMHATON M UMITYILCOM YACTULIBT).

JIns MAacCHBHBIX YEPHBIX ABIP, ¢ Maccoil 6ostee 10" rpamm (Mac-
ca cpenHeit ropbl) BpeMs! KBAHTOROro uenapeHus Gonbtue 10" net —
BPEMEHM CYLLIECTBORBAHUS BCeNeHHOM, MO3TOMY UCapeHe YyepHoi
AbIPSL 3BE3MHOI MACCHI MPEHEOPeXHMO Mato. OnHAKO BCe YepHbie
OBIPBI ¢ MEHbIIEH MaCCOM UMEIOT BpEMeHa KBAHTOBOTO MCMapeHus
meHee Bo3pacta BeenienBoi. TTo3ToMy, eciii B MOMEHT POXACHHUSA
BcelleHHOM M3-32 CUNBHBIX OeOpMALMIT METPUKH FPOCTPAHCT-
Ba—BpeMeHH POPMHPOBATNCH IEPBUYHEIC YEPHBIE ABIPLI, TO IO HA-
1MEeM NOXH JONXKHB ObIJIM NOXUTH TUIIL YepHBIE NBPhI ¢ MACCOMI
6osiee 10" rpamm.

fipeackasanmne 3enbposnya U Cannurepa

[MapannenbHO C TCOPETHUECKUMU UCCICAOBAHUAMU (PUINKH
YEPHBIX OLIP ITPOBOTHIUCH PAOOTHI TI0 U3YUEHHIO UX HAboAaTEN,b-
HBIX IposiBieHu . B 1964 rony 3ennnoBuyeM U He3aBucumMo Canmu-
TepoM (CLIA) 6biiv onyGnvkoBaHbLl 3aMedaTeNibHbIE paboThl, B
KOTOPBIX OBLTIO OKa3aHOo, YTO NP HECPEPHUIESCKOi aKKpeuvy (Bhi-
NAaneHNH) BEINECTBA Ha YEPHYIO ILIPY MOXET BBIIEHSTHCS MMraHT-
CKast DHEprUsi, MOPSAAKA JECATH MPOLEHTOB OT mc’ — 3HEPTUN
NOKOA MAMAOIIEro BEUIECTRA, YTO B AECSATKH Pa3 BbLIE, YEM B CITy-
yae 3HEProBLUIENCHUSA TIPU TEPMOSIEPHBLIX PEAKUHSX,
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BewectBo, ABUrasics K YepHOR ReIpe, HocTUraeT BOIU3H ropH-
30HTA CODBITHI OTPOMHO# CKOPOCTH, ONM3KOM K CKOPOCTH CBeTA.
CTOJIKHOBEHHE W B3aUMHOE TPEHHE BBICOKOCKOPOCTHBIX TIOTOKOB
BeIIeCTRA NPUBOAUT K PA30TPEBY Ta3a 10 TEMNEPATYp B COTHU MUi-
JTMOHOB TPaAyCOB ¥ TUTAHTCKOMY BBLIEJIEHUIO DHEPTHH.

DTa 3HEPrUsi MOXET UITYYAThCd B PEHTTEHOBCKOM IUAMNA30HE
CMEKTPa M PETMCTPUPOBATLCA € BOPTOB KOCMUYECKHUX arnIapaToB
(3eMHas armocdepa Henpo3payHa [ peHTreHOBCKOTO HTYYeHMs,
HAYILETO U3 KOCMOCa). PeHTTEHORCKOEe HamydeHHe QopMUpyeTcs
TIPM BBICOKHMX TCMIIEpaTypaX U UMeeT 0YeHb KOPOTKYIO /UINIY BOJI-
HBI ~1 aHTCTpeM (ONTHYECKOE URTy4eHUC UMEET JUTHHY BOJIHbL{ OKO-
mo 5000 anrctpeM). Takum oDOpa3oM, XOTS caMma 4yepHas ObIpa
HEBUAUMA, MOXHO HAONOIATL PEHTTCHOBCKMNA OpPCOJT BOKPYT Hee,
0OYCNORIEHHBIN akKKpelnei BellecTsa.

B padore HoBukoBa u 3enbaosuia 6bUI0 TAKXKE OTMEYEHO, YTO
JIBOIHBIE 3Be3/Ibl ARIAIOTCS OUEHB yA00HKIM UHCTPYMEHTOM HCCE-
JIOBAHMS1 YepHBbIX ABIp MO ABYM NpuuMHaM. Bo-mepBriX, HOpMab-
Hasl ONTHYeCKasl 3B¢3/1a B IBOIMHOM CHCTeMe, coacpKalleid YepHYIo
Ablpy, aBnasercss 3PHEKTUBHBIM UCTOYHMKOM BEHIECTRA, KOTOPOE
TIMTACT MPOLECC aKKPELMU Ha 9epHyIo Abipy. Bo-BTopbix, Hayuas
ABUWXECHME ONTUYECKOMK 3Be3Ibl METONAMM KiaccHueckoi HeGecHoH
MEXaHWKM, MOXHO OMPEeaeIMTh MAaCCy KOMIAKTHOI'O OOBCKTa U TEM
CaMbIM MIEHTHMDUIINPOBATE €T0 KaK KaHIWIATA B UePHbie ObIPHL.

Tak kak pazMepbl OpOMT OONBUIMHCTBA ABOHHBIX CUCTEM MHOTO
6oble rpaBUTALIMOHHOTO PAaguyca 4epHON OBIPHI, NP U3YYeHHH
JBIKEHUS 3BE31 MOXHO WCIIOIb30BaThL 3aKOH TAroreuust Hetorona.

Kak otnnuutb YepHylo Abipy

OT HEWTPOHHOW 3Be3fbl?

B nBoiiHOI CUCTEME BCLIECTBO, WCTCKAIOWEC W3 HOPMANbHOM
OTTUYECKO 3BE3[Ibl COMHETHOTO THTA, OOpa3yeT RpaLIAIOLIUIiCs
JUACK BOKPYT 4ePHOU ABIPEI (pMc. 3.6). Teopyst AKCKOBOH aKKpeLy
(BBIMAZCHKUA) BEWECTRA HA HEUTPOHHALIE 3BE3Ibl U YepHBIE AbIphl B
JIBOUMHBIX cHCTeMax Oba pa3BuTa B 1972-73 roasl H. U. Lllakypoi
n P. A. Cionseseim, k. ITpuHDiom u M. Pucom, U. 1. HoByxopbim
n K. Toprom.

CKOpocTh JBIXKEeHHS BEWIECTBa BO BHYTPEHHUX YacTSAX TAKOro,
K4K €T0 Has3blBAIOT, aKKPEUHOHHOIO AMCKA AOCTUraeT OrpOMHOID
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JHTEHCMBHOCTL  N3DYYRHUS

OpGuTanbHbléi Nnepuos

Puc. 3.6. Cnesa — Moaeab PEHTIEHOBCKON ABOIHOM CHCTEMBI ¢ Mpe-
(ECCHPYIOILMM aXKPELUMOHHBIM IMCKOM BOKPYT PEJISITHBUCTCKOro 06BEK~
ta. CopaBa — HabIORATENbHLIE MIPOSBIEBHSt PEHTIEHOBCKON IBOHHOM
CHCTEMBI, NO KOTOPbIM OMNPEAEsICTCA Macca HEUTPOHHOU 3Be3b1 WM Yep-
HOW AbIPEI; KPUBa# W3MEHEHUS [IOTOKA PEHTICHOBCKOIO UIIYHEHUS C 3a-
‘CMEHUHSMH DEHTTEeHOBCKONO MCTOUHMKA ONTHYECKOM 3Be3dOH, KpHBasi
U3MCHEHMUS OLITHYCCKOTO B:18CKa CUCTEMBS, OBYCIOWIEHHas AehopMaiHei
OLITHYECKOHA 38e3bI 8 110/1€ TAXKECTH PelSITUBHCTCKOTO 0OBEKTA, KpHBast
TIYMEBbIX CKOPOCTEH ONTHYECKOM 3Be3dbS M KPUBAA JIYYEBBIX CKOPOCTEH
PEHTICHOBCKOTO TTyJIbCapa (IT0KA3AHA MyHKTUPHOMW JWHUER).

3Ha4YEHMsI, GIM3KOTO K CKOPOCTH cBETa, B3auWMHOe TpeHue Croes
AUCKA, 00YCAORTEHHOE BA3KOCThIO, [IPUBOAKT K pa3orpesy rasa jio
TEMINEPATYPhl B COTHU MIJUIMOHOB I'PAlycoB, U MOIHOMY BbIIeNe-
HHIO 3HEPTUU B PEHTIEHOBCKOM IHAara30He cnektpa. Y3-3a Ba3Ko-
CTY BHYTPEHHHE 4acTU JMCKA TOPMO3SITCH, 4TO oGecneyMBaer
BRITAJEHME BELIECTBA IMCKA HA HYepHYIO AbIpY. OCHOBHOE BBIAENE-
HWE 9HEPTUM B BUIE KBAHTOB PEHTTEHOBCKOTO HATYYEHHS [IPOUCXO-
JUT 3af0ITO J10 TOTO, KaK BELIECTRO JOCTUTHET rOPU3OHTA COOBITHIA
UEPHOI ABIPBI, YTO TO3BOJIAET HANTYUEHUIO YXOAUTHL Ha GECKOHEUHO-
CThH K BbLIT 3aPerHCTPUPOBAHHBIM BHELTHUM HaBII00aTeNIEM.
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Konuuecteo mMnynbcor 3a 0,1 CeK.

Bpema B Ge3pa3MepHX ERAHHLAX

Puc. 3.7. SIaneHue peHTTEHOBCKOIO MyNbCapa B PEHTTEHOBCKOH ZBON-
Hoil cucteMe HerX-1, comepxameit GbICTPO BpALLAIOILYIOCS CHJIBHO Ha-
MArHMYEHHYIO HEWTPOHHYIO 3BE3AY.

®a3a CTPOro NEPHONHYECKMX M3MEHEHMA MHTEHCUBHOCTH PCHTICHOB-
CKOPO M3NYIEHUSA TIYIbCAPA AEPXKHTCA MOCTOAHHOM HA NMPOTSDKEHUM CBBHLUE
30 JIeT, YTO CBUACTENBCTBYET O HATTHYMY Y HEWTPOHHOM 3Be311bl Habmoae-
MOH MOBEPXHOCTH.

Ecan xe UEHTPANbHBLIM OOBEKTOM ABJIAETCH HE YePHAas AbIpa, a
HeUTpOoHHas 3Be31a, TO BbIFIAACHUE BELIECTBA U3 JUCKA MIET Ha ee
MOBepXHOCTb. [1pW CUTEBHOM MarHUTHOM ITOJie BELLECTBO W3 BHYT-
PEHHUX YacTeil [ucka MEPeTeKaeT BAOJIb CHAOBLIX JUHWR MONA K
MAarHUTHBIM TIO0caM. TaM OHO CTANKMBAETCS C TIOBEPXHOCTHIO
HENATPOHHOM 3Be34bl, pa30rpeBaeTCs 10 TEMITEPaTypPhbl B COTHU MUJI-
JIKOHOR [PAAYCOB U 00pa3yeT ropsiyve peHTIEHOBCKUE [IATHA.

H3-3a BpameHNss HEHTPOHHOI 3Be3M1b HAGMIOAaTeNb BUANT 3¢h-
(eKT MasKa: ropsuye NsaTHA TO BUAHBL 11 HabmojaTtens, TO dKpa-
HUDYIOTCS TEIOM HEUTPOHHOM 3Be3AbI . [To3TOMY aKKpeuupyomas
HEWTPOHHAs 3Be31a C CUIbHBIM MATHUTHBIM [10/1EM NTPOsABISAET ce6s
KaK peHTreHOBCKMIA myNbcap: OT Hee HabnonaTes CTporo Nepuo-
NWIECKNE UMITYJIbCET PEHTTEHOBCKOTO M3MYUEHHSI, CIEAYIOLINE C
TIEPHOROM BpallleHus 3Be3Mbl1 (pyc. 3.7).

Eciu Xe MarHMTHOE noJie HeRTPOHHOM 3Be3lbl ciaboe, BellecT-
BO M3 BHYTPEHHUX YacTel A¥CKa NOCTHTAET 3KBaTopa HEUTPOHHOM
3Be31bI, 00pa3yeT TAM ropsiYMi TOrpaHUYH B CJIOM Y HAKATINBACT-
Csl Ha MOBEPXHOCTH.
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Puc. 3.8. PenTreHoBek#uit 6apcrep 1-ro thna:
KOPOTKME U MOIUHBIE BCMBILIKU PEHTIEHOBCKOTO MTyUeHUs.

Ecnyt TemM11 BEINAACHNS He OYEHb BENUK, BEWIECTBO, HAKOILIEH-
HOE Ha NOBEPXHOCTH, MOXET HCITLIThIBATE TEPMOSIIEPHBIH B3PbIB.

310 MPUBOIKT K ABIEHHIO PEHTIeHOBCKOro 0apctepa 1-ro Tvna:
KOPOTKMM M MOIUHBIM BCNBLILIKAM PEHTIEHOBCKOTO U3NMy4eHMs,
paciipeeieHHbIM HEeperyJisipHO BO BpeMeHHU (puc. 3.8).

TakuM 006pa3oMm, PEHTICHOBCKUUl Mynbcap W PEHTIEHOBCKMI
BapcTep 1-ro THMA ABAAIOTCS XapPAKTEPHLIMUI TIPU3HAKAMU aKKpe-
uMpyloled HeUTPOHHOW 3Be3dsl ¢ HaAOGMI0AaeMOil TOBEPXHOCTLIO.
CriemyeT MOQUEPKHYTE, HTO 3TO JAHILbL AOCTATOUHLIE, HO OTHIOAb HE
1teobX0AMMble DTPY3HAKH HaM4usi HaGmooaeMoil MOBEPXHOCTH,
TIOCKOMBKY OHM TIPOSIBASIOTCS HE V BCEX HEWTPOHHbIX 3B€31.

Y aKKpeuupylollUX YEpHBIX OBIP ABNEHHS PEHTIEHOBCKOTO
nyJbcapa WiIK peHTIeHoBcKoro 6aperepa 1-1ro THMa He 10IKHbBE Ha-
Omonatecs, NOckonbKy, cormacHo OTO (Obweit Teopun OTHOCH-
TENLHOCTH), YHEPHBIE ABIPB! HE HMEIOT HABNI0IaeMOl} TTOBEPYXHOCTH,
a UMEIOT JIUIIb FOPU3OHT COOBITHIA,

OTkpbitne uctouHuka Jlebeps X-1

BONBIIVHCTRO OTIUCAHHBIX BbIILIE TEOPETUIECKUX MPEACKAZAHUM
VT aKKPEUMPYIOLLMX HEUTPOHHBIX 3BE3[E Y YUEPHBIX ABIP ObLTO CHE-
JIAHO O HACTYIUICHWs 3Pbl PEHTIEHOBCKON aCTPOHOMMWM, HAYAJIo
KOTOPOH CBSI3LIBAIOT € 3aMyCKOM Ha OpOMTY BOKPYT 3eMJld [IEpBOro
CTIEUMATTU3YPOBAHHOIO AMEPUKAHCKOTO PEHTTEHOBCKOTO CITYTHUKA
«UHURU» B 1971 romy. ITepBrifi peHTTeHOBCKNWIA NCTOYHHK, pac-
NOJIOXKEHHBIY 32 MpeAcTaMM COJTHEUHOW CUCTEMB], 3HAMEHWTHIM
006wekT Ckoprivon X-1 61 oTKpHIT B 1962 rony ¢ 60pTa aMepuKaH-
CKOW pakeTbl «A3podu». OAHAKO M4CCOBOE HCCAEIOBAHUE KOM-
MIAKTHBIX PEHTIEHOBCKMX MCTOYHHKOB B JBOWHBIX CcHUCTEMax
Havanock ¢ 1971 roga.

OmHMM U3 NEPBLIX ObLT OTKPHIT KOMOAKTHbIH peHTICHOBCKHU
uctouHuk JleGeap X-1, KOTOPBIM OKa3aics BXOTALINM B TBOMKYIO
CUCTEMY C OPONTAJIbHBIM NEPHOAOM 5,6 AHSI, COAEPXALLYIO MACCHB-
Hyto (M = 30M.) ropsigyio 3Be3/1y.
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AHTIMICKME acTpoHoMBbl BeGcrep 1 MapauH y, He3aBUCHMO,
aMepUKAHCKMH acTPOHOM BONTOH BLINOAHWIM CNIEKTPOCKONUYEC-
Kue HabAIeHUsS onTuueckoit 3Be3abl B cucTeMe JleGeab X-1 v no
JNOMJIEPOBCKMM CMELLIEHUAM JIMHUU B €€ CIISKTPE ONpelcIUAN TaK
HaspiBaeMyo @yukumo macc f(m), xotopas aBngeTcs abcomor-
HbIM HUXXHWM FpEeNeaoM U1 MacChl PEHTIEHOBCKOTO UCTOUHUKA:

m,> f(m) = 0,2M,,.

O71a OYHKUUS MacC oKa3alach MHOTO GoJiblie, YeM JUIs Beex
JAPYTUX ABOMHAIX CHCTEM C PEHTIE€HOBCKHMMH HCTOYHHKAMM (HX CTa-
JIN Ha3bIBaTh PEHTIEHOBCKAMU [BOWHbBIMU CUCTEMAMM).

B 1972 roay Jliothiii, CroHsieB ¥ Yepenalryk OOHapyXHWITH OfITH-
YyeckUe U3MeHEHUs CBeTUMOCTH cucTeMbl Jlebeab X-1 ¢ nepuonom
5, 6 oHA, BLI3BAHKBIE MPUIMBHON AedopMaLiMel ONTHYECKOM 3Be3-
IIbl ¥ ec OPGUTANbHBIM O6paleHHeM (3GEdEKT 3UUICOMIATTBHOCTH
3Be3asl). OnTuueckas 3pe30a B peHTIeHOBCKOW OTBOUHOU CUCTEMe
M3-32 CBOMX OONBIIMX pa3MEPOB Yaille BCETO MMeeT Hecdepnuec-
KY10, 3JUIMIICOMAIBHYIO U AAXe IpyLueBAnHyo dopmy. Hactu 3res-
Ibi, GMU3KHE K PEHTTEHOBCKOMY UCTOUYHWKY, MPUTITHBAIOTCS WM
CWIbHEE, YTO NPHUBOAMT K Ae(DOPMALMH 3BE3ObI. 3eMJI TAKXKE HC-
TIBITBIBAET NPWINBHOE BO3AEHCTBME CO cTOPOHbI JIyHbl M CofHua,
YTO BBI3bIBAET XOPOLLUO U3BECTHRIE SBIEHHS MOPCKUX MPUIHBOB.

[To aMruInTyAe M3MEHeHUsI CBCTUMOCTY U GyHKLUM Mace f(m)
YA&I0Ch OLIEHUTh MACCY PeHTTEHOBCKOIO HCTOYHUK? m, > 5,6 M,

CrienanbHbie TILATETbHbIE TIOUCKHW TNEepUOANIECKUX Tyjbca-
1IN} PEHTIEHOBCKOTO MANYMeHUs OT HCTo4HMKa JleBenb X-1 He no-
Ka3aNn SsBjJEHUs PEHTIeHOBCKOTO TMyJahcapa: OT OObeKTa
Ha0bNo[aNuch AUillb MpperyisipHble W3MeHeHWss PEeHTIEHOBCKOTO
M3TyyeHHst Ha BpeMeHax BIoTh 0o 10” cekyuanl. He 66110 06Hapy-
XKEHO M SIRJIEHMS PEeHTIEHOBCKOTO Bapcrepa 1-To THTIA.

Bonkluags Macca M OTCYTCTBME NPU3HAKOB Habaoaaemoi no-
BEPXHOCTHN AT CEPBE3HKIE OCHOBAHUst caUTaTh O6BeKT Jlebeas X1
«KaHauaaroMm Nel» B YepHBIE ABIPHI.

CHOB2 NeCCUMM3M...

TO. YTO ﬂCpBblﬁ XK€ ACTAITBHO HUCCIEAOBAHH bl KOMITAKTHbLMA
peHTr‘eHOBCKHﬁ NCTOTHUK MO BCEM MMPU3HAKAM OKA3UICA KaHIWaa-
TOM B ME€PHEBIE AbIpbl, BCEITIO B YYEHBIX DONBIION ONTTUMU3M U Ha-
nexabl Ha TO, 4YTO lla.ﬂbHCﬁ].LlPIe Ha0J1100eHU S pPEHTreRHOBCKMX
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JIBOUHBIX CHCTEM TIPUBEAYT K OOHAPYXEHHUIO 3HAUUTENBHOTO YUCIa
KaHaMaaToB B YepHbie NbIpbl. flogaBuiacs yBepeHHOCTD, YTO CKOpO
OyIyT MOJy4eHbI OKOHYATEIbHBIE NOKAIATENLCTBA CYUIECTBOBAHUS
qyepHBIX AbIp. ONHAKO, KaK 3TO 4acTo ObIBaeT B HayKe, BCEM 3TUM
ONTUMMCTHYCCKHM NPOrHO3aM HE CYXICHO OLUTO OTipaBIATLCS TaK
OBICTPO, KaK 3TOTO XOTENOCh.

Ha npotskeHuu ueansix 11 net obwekr Jlebens X-1 ocrapancs
eJIAHCTBEHHBIM YU3BECTHBIM KAHAWIATOM B YePHBIE ARIPEL.

Bce ocTaibHBIe (HECKOJIBKO IECSATKOB) PEHTIEHOBCKYME MCTOY-
HUKU B JIBOMHbIX CUCTEMAX NMPH ACTAIBHOM KUCCIICJOBAHWM OKa3a-
JTUCHL TGO PEHTICHORCKUMM NMYJIbCapaMU, W60 PEHTICHOBCKUMMU
GapcTepamy 1-ro THNA, a K3MEPEHHbBIE MACCHL TEX U3 HUX, /151 KOTO-
PHIX YAAIOCH 3aperUCTPUPOBATH JIONJIEPOBCKUE CMEIEHUS TUHWIA B
CeKTpe OMTUYecKoi 3Be3ibl, He NpeBblLa 3M,, — TeopeTuyec-
KOO BEPXHEro Npeaeia MacChl HEUTPOHHOM 3BC31bI.

Mup KOMNAKTHBIX PpEHTIEHOBCKMX HCTOUHUKOB B IBOHHbBIX CH-
cTeMaxX OKa3alcsl COCTOSILIMM CIUIOLIb W3 HEUTPOHHLIX 3BE3l, U
TONBKO OOMH 00beKT — Jlebean X-1, kak penxuil u GecLeHHBIV
OPWITHAHT, Obl1 OTOXIECCTBICH C KAHIUIATOM B YEPHBIC ARIPHI.

TTo3TOMY y yUeHbIX CHOBA 3apOIMTACh COMHEHUSE — TTOYEMY, He-
CMOTPST Ha HATHYWE CTOTb MOLHBIX W 3(hDeKTUBHBIX CPENCTB MC-
CAEROBAHWMA, B PEHTICHOBCKUX IBOHHBLIX OTKPBHIBAIOTCA JUILD
HEWTPOHHBIE 3Be3/1b{? MOXeT ObITh, YEPHBIX ILIP BOODILE He Cylie-
CTByeT B npuposne, a oobeKT Jlebear X-1 arasercs He OBOMHOM, a
TPOMHOK CHCTEMOIi, conepxatieil HENTPOHHYIO 3BE3/Ly CO CIAbLIM
MarHUTHLIM NoJieM?

Takasi Mozenn cucreMbl Jlebenb X-1 Oblna npemnoxeHa B 1974
rofy rpyfifioi aMepuKaHCKUX U aHIIMIICKNBX acTpOHOMOB. [Tpenno-
jarajiock, uto cuctema JleGens X-1 cocTOUT U3 IBYX MAacCUBHAIX
HOPMAaJNbHBIX 3Be3 U HEMTPOHHOM 3Be311bl ¢ Maccoii B 1,5M,,. boib-
iag pYyHKUBS MACC CUCTEMbI OTPaXaeT CYMMAapHYI0 Maccy Heii-
TPOHHOM 3Be3lk1 U BTOPOY MACCHUBHOI ONTHYECKOMN 3BE3lbl 3TOU
TpoitHO#M cucteMbi. C MOSIBACHUEM MOAETU TPOWHOM CUCTEMBI TS
obnexTa Jlebenb X-1 HamexXnbl OTKPHITh YEPHBIE AbIPbl CUJILHO OC-
JIaGITU, ¥ MEPBOHAYAIBHbLH PAROCTHBIN OITUMM3M B 3T0#i 0bnacTu
CMEHUJICS YEPHBIM TIECCUMU3IMOM. YepHEIe NLIpbI BHOBL OKA3ANUCH
TEMU «HEYJIOBUMBIMU MCTUTENSTMU» , KOTOPBIE HAKA3bIBANIH Y4E€HBIX
34 UX UPE3MEPHYIO CAMOHANESITHHOCTD,
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DonroXaanHbid yenex

Jluws cayera 11 net, B 1983 rony, kaHanckoi yyeroit 3HH Kay-
JIU C COTPYOHMKAMY YIANoch NpOOUTE Opelb B TOM CTeHE U OT-
KDBITh BTOPOTO KaHIW/AaTa B yepHbie abiphl, LMC X-3, npnyeM He
B Hauie# TanakTuke, a B Opyroii, 6auxaiilueil K HaM rataxtuke —
boabuioM Mareananosom O6iake, yaaleHHOM OT HAC HA paccTosi-
HMe 55 kwjionapcex.

Haszeaune LMC o3Hauaet Large Magellanic Cloud. PeHTreHoB-
ckas aBoiiHag cucteMa LMC X-3 cOCTOMT U3 MacCUBHOH ropsiuei
ONTUYECKON 3Be3Mbl ¢ MAccoit B 6M, U PEHTIEHOBCKOTO UCTOYHUKA
¢ Maccolt okosio 9M . OpOuTansHbiil nepuos cucteMsl 1,7 oHs1. M3-
MepeHHas PyHKIMA mace BecbMa Besiuka f,(m) = 2,3 M...

TloueMy xe MOUCKH YePHBIX JBIP R TEUEHHE MEPBOTO ACCATIIIC-
THS1 3pbl PEHTTEHOBCKOW aCTPOHOMMH OKa3alnHuCh CTOJb Hedddex-
TUBHLIMM? Kak BLISSCHWIOCE BMOCAEACTBHU, 3TO NPOW3OLLIO
TIOTOMY, UTO aCTPOHOMBI HCKAM «TaM, TJIe CReTNIO». [leNio B TOM, 4To
COT/IaCHO TEOPMH 3BE3JHON 3BOJIOIUM, N1BOMHBIE 3BE3Ibl OOPA3y-
J0TCS U3 MEX3BE3/THOIO Fa3a U NbUIH TaK, UTO Yalle BCETo 3BE3/Ibl —
KOMIIOHEHTHI Maphl UMEIOT 6JIN3KHE MACCHI.

[TockobKY YepHbI€ NbIPbl 0Opa3yloTCs W3 HaHBo1ee MACCHBHBIX
3BE31, 4CTPOHOMBI NPEANOJATAJH, YTO YEPHLIE JIBIPbI HY)XHO HCKATD
B T€X PEHTrEHOBCKUX JBOMHBIX CUCTEMaX, Y KOTOPbIX MAcChl OITH-
YyeCKMX 3Be31 HanGoaptive. M oHu npocunTtanuce! [pupona oxasa-
nack, KakK BCerla, 3HAYUTENbHO CHOXHee HALUHX MOMAEJBbHbIX
MpeacTaBIeHN O Hel.

K n3ymMieHHIO acCTPOHOMOB OKa3a/loCh, 4YTO Haubojiee 4acto
4YepHBIe NBIPhl BCTPEYAKOTCS B PEHTTEHOBCKUX ABOWHBIX CUCTEMAX
CO CMYTHUKAMY — MAJOMACCHBHBIMM XOJIOMTHBIMU 3Be3aaMH. XOTA
JIoNsi ABOMHBIX CUCTEM € DONBIIOI pa3HHLE B MACCaX KOMIIOHEHT
OTHOCHTEJTbHO HEBETUKA, U3-3a GOJNbIIOT0 BpeMEHN 3BOJIIOLIMH Ma-
JIOMACCUBHOIO CMYTHWKA JUIMTEJIbBHOCTb CTAAVH PEHTITCHOBCKOM
JIBOWHOW CHCTEMBI B TAKUX CHiyvyadX 3HAUMTENBHO OoJibiIe, YeM B
clly4ae CUCTEM C MACCUBHBIMHM 3BE3IAMH.

Kaxk ToNbKO acTpOHOMBI 3TO NOHSUIH (TIEPBLIMY B TAHHOM CJIY-
Yae OKA3THCh aMePUKAHCKHE acTPOHOMBI MaKKJIMHTOK U Pemuir-
Japa, Koropeie B 1986 romxy OTKphUIM 4E€PHYIO AbIPY B
MaJIOMacCUBHOU peHTTeHOBCKO# ABOITHOI cucteMe A0620-00), or-
KPBITUS YEPHBIX ObIP B ABOHHBIX CHCTEMAX CTAIH CJIELOBaTh OJHO 32
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apyruM. Ecnu 3a nepeeie 11 €T 3pbl peHITCHOBCKOI aCTPOHOMUU
ObUT OTKPBIT I OAMH KAHAKIAT B YEPHBIE JILIPBI, TO 32 YIOCHERY-
otue 20 1eT yucao KaHaMIaToB Boapociio no 18.

B cpenHeM B ron usMepsercs Macca |—2 KaHAMAATOB B YepPHbIS
JIbIDBI, TIPHYEM 8 TIONABNISTIOILEM OOJTBIIAHCTBE C/TyYaes B TaK Ha3bl-
BAa€MBIX TPAH3UEHTHBIX (TO eCTh BPEMEHHDLIX) PEHTIEHOBCKUX 1IBOM-
HBIX CHCTEMAX — PEHITCHOBCKUX HOBRIX, CO CMYTHUKAMHU —
MaJIOMACCUBHLIMU XOJIOTHLIMU ONTHIECKUMH 3BE3AAMM.

Hapsiny ¢ yenexamMu B MOMCKAX peajibHbIX KAHAUIATOB B YCPHbIE
;bIPBI 3BC3NHOM Macchl (¢ MaccaMn B 5—15 M), B TeueHue rrocnen-
Hero AecaTUIETUsl HaMETHIIC HACTOSAILMI NPOPLIB B OTKPLITUM U
MCCIIEJOBAHNH CBEPXMACCUBHBIX Y€PHBIX IIbIp B SApax TANakTHK (C
MACCaMM OT MUJUIYIOHA JI0 MUJUTMAPIOR CONHEYHBIX Macc). 1o asn-
XKEHHIO ra3a U 3Be31 BOMM3H LApa rajlaKTUKH YOaN0Ch OLIEHUTDb Mac-
Chl IPAMEPHO COTHU KAHAKWAATOB B CBEPXMACCUBHBIC YEPHBIC HBIPbI
B SIIpAX ranakTyK.

Bosblyio posib B 3TUX UCCICAOBAHUAX ChIrPAl KOCMMYECKMEH
TedecKor uMeny Xab6sia, a TAKKe Ha3eMHbIe TeJeCKOMbl HOBOTO
nokonenun - 10-merpoboie Teneckonsl Keka B CIIA, Teneckor
VLT (Very Large Telescope — OueHpb 6onbuio#i teseckon) MHOx-
Ho~ Esporieiickoit o6cepraropyu B Ui v T 11.

[TonmHoe YNCI0 KaHAUAATOB B UEPHNBIE ABIPHI (3BE3IHON MACChl U
CBEPXMACCUBHBIX) B HACTOSILLEE BpeMsl [TPEBHILIACT COTHIO. 3aMeya-
TCJIbHO, YTO BCE 3aperHCTPUPOBAHHBIE HADMONATEIbHBIE IPOSTBIIE-
HHUSI U3BECTHBIX KaHIMIATOB B YepPHBIE NbIpbl COTNACVIOTCA C
npenckasadnamu OTO.

Kak ynauHo Bbipaszuics akaneMuk B. JI. TuH30ypr, 310 cinsHO
YKpETUISIET Hallly YBE PEHHOCTh B PEAIbHOM CYILIECTBOBAaHUH YEPHbIX
Ablp B nipupose. Tlo3ToMy acTpOROMbI, padymMeeTcst, C HEKOTOPOK
HATSXKOW, B HACTOsIIIIE® BPEMS YTIOTPEOIAIOT TEPMHH «YepHas! Jbl-
pa» BMECTO ©0Jlee OCTOPOXHOIO BbIPAXEHUA «KaHAMUAAT B YEPHbIE
HBIPB». XOTH BCE HeoOXOIMMbIe YCiI0Bus, TipenckasbiBaemeie OTO
AR HAOTI0NATEIbHBIX TPOSTRIEHU I YEPHBIX ORI BHITTOJHAIOTCS, 10~
CTATOUYHBIX KpUTEPHEB OTOOPA MOKa He CYLUECTRYET, YiueHbIe UHTEH-
CUBHO paboTaldT Hal OPUIMHANBHBIMH KOCMWYECKUMU WU
Ha3eMHbIMH TTPOEKTAMU, KOTOPbIE B OvokaiiieM OyayuieM (MOXHO
HANEeSATLCS, B TeUeHKe GIMxXalUIero necsTHIETHST) ITO3BOJIT MOJTy-
YUTb AOCTATOYHBIC HabMIoNATENBREIE KPUTEPUH OTGOPA.
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MOXHO HafesIThCs, UTO PEeATU3alMs STUX MPOEKTOB MO3BOIUT
OKOHYATEIBHO 10KA3aTh CyLIECTBOBaHWE YEPHBIX AbIp BO BceeseH-
HO#. TIoMCK YepHbIX ABIP NPEACTARNACTCA OCODEHHO MHTPUTYIOWIEH
poodJieMoii BBUAY TOTO, YTO B MOC/CAHHE TOARI NPEILIOXKEHBI pesisi-
THBHUCTCKUE TEOPUH rPaBUTALWHU, OT/InYHbIE oT OTO DitHIuTeiiHa, B
KOTOPbIX OTBEPraeTcs CyLEeCTBOBAHUE YEPHEIX ABIP.

HaripuMep, Kak cieayer U3 pabor akaneMuka JIoryHoBa H Nnpo-
deccopa [puuryka, ecnu BRECTH B ypaBHEHUS, OITUCHIBAIOIUUE Tpa-
BUTAllMOHHOE ITOJIE, 4WiEH, OOYCJIORNEHHLIH HEHyMeBOU Maccoit
MOKOS paBUTOHA (KBaHTA IPAaBUTALIMOHHOTO M10J151), TO FOPU3OHT
CODBLITHIL MCUYE33ET, M KOJUIATICUPYIOIHIT 06HLEeKT GONIBLION MAcChl
(6onee 3M,) MOXET UMETH HAOTIONAEMYIO MOBEPXHOCTb, DTOT BBI-
BOJI PATUKANTBHO OTIMYaeTcs oT npeackazanuii OTO.

OKOHY4TeILHOE CJIOBO B PELUEHHH 3TOrO CHOpa TIPUHALIEXUT
ACTPOHOMUWYECKUM HaOMoaeHUsIM. [103ToMy nanbHeiliiue Habo0-
MATEALHBLIC HPOrPAMMDI IO UCCASAOBAHUIO KAHAMAATOB B YepHEIE
ABIPBI TIPEJICTABNSTIOTCA BECbMa TepCIeKTUBHBIMU,



Kak o0pa3yloTcs YepHbie Abipbl

W3 u30)KeHHOro ACHO, YTO ISl TOrO, YTOOH 06Pa30BATL Yep-
HYIO JBIDY, HYXHO CXaThb TENO Maccsl M A0 HekoTopo#t KpuTHdec-
KO# TLIOTHOCTH TaK, YTOOBI PaAMyC CXKATOro TeNa 0KAa3asiCsl pABHbIM
€T0 I'PABUTALUMOHHOMY pansycy T, = 2GM/c’. BennuuHa 310l KpH-
TUYECKOM TJTOTHOCTU TeM MEHbLLE, TeM DoibLie Macca YepHOH Ibl-
pbl. JeiACTBUTENbHO, TIAOTHOCTh Teja paBHA ero Macce, ICJIEHHOM
Ha 06beM. TakM 06pa3oM, KpUTHYECKAS MIOTHOCTL OGPATHO MPo-
NMOPUMOHATBHA KBAAPATy MacChl YePHOM LBIPHI, TOuHbIE BhIYUCIE-
HUSA JaI0T CACAYIOLLYIO (DOPMYINY IS KPUTHIECKOU MIOTHOCTH:

P, = 2% 10" (M_/M)’r/cm’.

N9 TUNUYHOI YepHOM ABIPHI 3Be31HOM Macenl (M = 10M,) rpa-
BUTALUUOHHBIA paguyc paned 30 KM, a KpMTHYECKast TUIOTHOCTh CO-
craiager 2x10" r/cMm’, To ecT, ABECTM MMWUIMOHOB TOHH B
KYOUIECKOM CAHTUMETpE, DTa MIOTHOCTh O4YEHD BEJIMKA 110 CpaBHe-
HUIO €O CPEAHEN ILIOTHOCTLIO 3eMiH (5,5 I/cM’), OHa paBHa MoT-
HOCTH BEHIECTBA aTOMHOIO siapa.

14 yepHoit Abpsl B siape rataktikn (M =10"M.) rpaBuTaLut-
oHHBI# pamyyc paBen 3X10°cM = 200 a. €., 4TO B 13Th pa3 GoblLe
paccrosiius ot ComHila jio ITayroHa (npuMepHo 40 a. e.). Kputnue-
cKas [UIOTHOCTb fIpU 5ToM pasHa 0,2 X 107 r/cM’, uTo B HECKONLKO
pa3s MeHbLIE [I0THOCTH BO3AyXa, paBHoit 1,3 X 107 r/em’ ().

s 3eman (M=3X%10"M,) rpaBUTaLMOHHBI pamdyc 6IM30K K
9 MM, @ COOTBETCTBYIOLIAS KPUTHYECKAS TUIOTHOCTb 4YAOBULLHO Be-
nuka: P, = 2X107 r/cy’, uTo Ha 13 MOPSIKOB BbIIUE TIOTHOCTH
ATOMHOTO s)1pa.

129



Ecay MbI Bo3bMeM HeKU i BooBpakacMblil chepryecKuid rnpece
U Oy/1eM CKUMaTh 3eMITIO, COXPAHAS ee MACcCy, TO KOTIa Mbl YMeHb~
M paamyc 3emiu (6370 KM) B YeThIpe pa3a, ee BTopas KOCMHYec-
Kasi CKOPOCTB BO3pAacTeT BIBOE Y CTaHeT paBHoM 22,4 kM/c. Eciv xe
MBI COXMeM 3eMITIO TaK, YTO ee paauyc CTAHET paBHBIM MIPUMEPHO
9 MM, TO BTOpasi KOCMUYECKASI CKOPOCTh MIPUMET 3HAYEHUE, PABHOE
CKOpOCTH cBeTa € = 300000 kM/c.

Hanblie npecc He TIOHANOOUTCS — CXATas IO TAaKMX Pa3MepoB
3emg yxe cama OyaeT CKUMAThes (B CHCTEME OTCYETA, CBI3aHHOM
CO CKUMAIOILUMMCS BeleCTBOM). B KOHIIe KOHILIOB, HAa MECTE 3eMITH
oOpa3zyetca YepHasi AbIpa, PAIUYC TOPU3OHTa COOBITHMI KOTOPOii Oy~
eT 61M30K K 9 MM (ecad npeHedpeys BpalieHHeM o0pa3oBaBILEHCs
YepHOI ABIPBI).

B peanbHbix ycnoBusiX, pasyMeeTcs, HUKAKOI'O CBEPXMOLIHOIO
nipecca Het. Posb Takoro npecca nrpaer rpaBdtauus. UMeHHO noa-
TOMY YEPHbIC AbIPHI MOTYT OOPAa3OBbIBATLCS JIULIL MPU KOLIANCe
BHYTPEHHMX JaCTel BEChMa MACCHBHRIX 3BE3)], Y KOTOPhIX TPABUTA-
LIMs JOCTATOYHO CWIbHA, YTOObI CXATh BELECTBO 10 KPUTHYECKON
TLIOTHOCTH.

dsoniouus 3Be3n

YepHbie AbIpbI 00pa3yrOTCS HA KOHEUHBIX CT4AUAX 3BOJIOLUH
MACCHUBHBIX 3Be3l. B Helpax OOBIYHBIX 3BE3I UILYT TEPMOSIEPHLIC
peaKLVK CUHTE3a XMMHYECKHUX NIEMEHTOR, B PE3YJIBTATE H4Ero Bblje-
NIETCST OrpOMHAs HEPTUs Y TIOINEPKUBAETCS BHICOKAS! TEMITEPATY-
pa 3Be3IHBIX Hellp (IECATKM ¥ COTHW MIJUIMOHOB TpaaycoB). Cwibl
TPABUTALIMM CTPEMATCS CXaTh 3Be3ly, a CHJbl JABNEHHA TOpsIYero
ra’a v UINyYyeHUsl IPOTUBOCTONT 3TOMY cXaThio. TlosToMy 3Be3na
HAXOAUTCSH B FMIPOCTATUYECCKOM PABHOBECHUH.

Kpowme Toro, B 3Be316 MOXET Cy1LleCTBOBATH TEILIOBOE PaBHOBE-
CHe, Korna TeMIl SHEProBbIIEIeH s, 00YCIOBIEHHOTO TEPMOsAEp-
HbIMY peakUMsIMH B ee LIEHTPE, B TOYHOCTU P4BEH MOLIHOCTH,
V3AYYaEMOit 3BE3NOU ¢ roBEPXHOCTU. TIpU CKaTUM U pacuIMpeHUr
3Be30bI TEIL10BOC PaBHOBeCHE HapylaeTcs. B craumonapHoil 3pes-
JIe MeXIy 3af1acamMy NoTeHUMansHoM sHepruu U U TensIoBoit sHep-
UM JIBIDKEHUS YACTHII ra3a E;ycTaHaBAMBAETCSl TaK Ha3bIBaeMoe
BUPHAIbHOE COOTHOLLIEHUE!

2E, =-U.
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TakAiM 006pa3oM, ecy 3Be3/la CTauWOHapHA, TO ¢ paBHOBECUE
VCTAHABAMBAETCS TAK, YTO fIOTEHLIMAALHAS 3HEPIUs 3BE31bL (3REP-~
rMA rpaBUTalUOHHOra CXaTus) O a6CONIOTHON BeTMMHHE BCeTAa
BABOE 60.IbLIE TENJIOBOW 3Hepruu. CNeAoBaTeNbHO, CTALMOHAPHAS
3BE3NA «CUAUT» B I1yOOKO NOTEHUUATLHOU SIME, ITO CITOCOBCTRYCT
ce yCTOMIMBOMY CYILIECTBORAHHWIO M pa3BUTHIO. Hanipumep, B 1RO~
HoW 3BE3MHON CUCTEMe NPU NEPeTeKAHUW BELLECTHA OHON 3Be3abl
11a IPYryio 38e31a MOXeT noTtepsiTh 6onee 50% cpoeit Maccw. OmHa-
KO 3Be3AHBIH OCTATOK TIPU 3TOM HE Pa3BAINBAETCH, 4 COXPaHACTCA
KaK FPABUTALIMOHHO CBH3aHHbI# 00BEKT UMEHHO ITOTOMY, FTO 3aNnac
TPaBATAUYOHHOW 3HEPTUM ¥ 3Be3Ibl CYLLECTBEHHO 6OMblLE 3af1aca
€e TENNOBOH SHEPIUM.

baarogapst ToMy, YTO OTpULIATEC/IbHAST NOTEHIIMANBHAA 3HEPTUSA
3Be3/Ibl O aBCOMIOTHON BenHduHe BABOe 6osbille €€ TENNOBOK
3UEPruUu, 3Be30a 00TANACT YIAUBUTENBHBIM CBOUCTBOM — OTpULIA-
TETBLHOW TEMI0eMKOCTHI0. OObIUHBIE TeNla UMEIOT HONIOXWTENLHYIO
TETUIOEMKOCTh: HATPETbIA KYCOK Xeesd, OCTLIBAs, TO CCTb, TEPHS
OHEPTHUIO, MOHUXACT CROK TEMNEPATYypy. ¥ 3Be3Mh Xe BCE HA0bO-
POT: YyeM GOJbIITE OHA TEPAET SHEPTUU B BUAE HITYYEHUs, TEM BbILLIS
CTAHOBUTCS TEMIIEPATYPa B €€ LIEHTPE.

DTa CTPAHHAS, HA NCPBLIA BITA1, OCOOEHHOCTE OORIUHBIX 3BE3A
HaXOIUT NPOCcTOoe OOLACHEHUE: 38€311a, U3Tyuas, TEPSIET IHEPLUIO H
NPH 3TOM MeUIEHHO CxMMaeTcst. TIpy ckaTum noTeHuuanbHas
AHEPrUst MPEBPALLAETCS B KMHETHUECKYIO SHEPTUIO MALSHUST CI0EB
3BE3ABL, W Hellpa 38e3abl pasorpesatotTcst. [lockonawKy noreHuMans-
H4si 3HEPTUS 3BE3/bI IO MORYIO BAROE BOJILLITE TENNOBOMW, TEIIIOBAsI
3Heprus, npuobpeTaemasi 3Be30i B Pe3yabTaTe ¢e CXKATUst, BABOE
QoNbLIE TOM 3HEPTUM, KOTOPas TEPSICTCSI B BUIC UTYYCHYISI 3BE3/TB.
B urore TemilepaTypa Help 3BE3AbI CTAHOBUTCS TEM BhLIIIE, YEM
00JIbIIE OHA MOTEPSRET HHEPTUM.

3peck YMECTHO BCITIOMHUTD 33,144y O TaJleHUU UCKYCCTBCHHOTO
CTIYTHMKA Ha 3eMJI0: U3-3a MOTEPDL SHEPTHU HA TPEHUE B 3EMHOH
atMocgepe CnyTHUK NO CIUPATH IPUBANKACTCA K 3eM1e, IPU ITOM
€r0 CKOpPOCTh, 4 CNEAOBATEALHO, U KUHETUUECKAS SHEPTUS, HE yObl-
BA€T, a PACTeT, HECMOTPA Ha MOTEPU U3-3a TPEHHUA. 34eCh, KAK U B
Clyyac 3Re3Abl, SHEPIETUHECKUE TIOTEPH CNYTHUKA H3-32 TPEHUS ¢
JINXBOUW KOMTICHCUDPYIOTCST 9HEPryei, KoTopas UephaeTcst U3 noTeH-
UNATBHOM 3HEPIUK FPABUTAL{MOHHOIO 11O,
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bBnaromapsi oTpuuUaTebHOH TEIUIOEMKOCTH B HEAPax 3Be3/bl
OCYLIECTBIISIETCST HENPEPbIBHBI TEPMOSTIEPHbIM CUHTE3 XUMHUEC-
KHX 3JIEMEHTOB, MIOCKOJIBKY TEMIIEpaTypa Hellp MEINeHHO, HO HEYK-
JIOHHO MOBBIIAETCS,

Hanpumep, peakuus mpeoOpa3oRaHUsT ROIOPOAA B TENHIT B HbI-
HewHeM Co/iHUE MIRET OPU TeMIepaType |5 MWLUIHOHOB Ipanycos.
Korma, yepes 4 mwumapaa jet, B ueHtpe CoJiHLIa Bogopon Bech
TIpeBPATUTCH B Tejnii, JUTA NalbHelIero CHHTE3a aTOMOB YIs1epoaa
U3 aTOMOB resivsi NOTpedyeTcs 3HAYNTENBHO §0,1¢¢ BbICOKAS TEMIIE-
patypa, oxoio 100 MWLUIHOHOB rpallyCcoB (dJEKTPUYECKUIT 3apan
anep requst BaBoe 6osblie, YeM Aaep Booopona, U YToObl COMU3NTL
aAapa Tesusi Ha pacctosHue 10" cm Tpebyetcs Topasno Gonbuias
Temrepatypa). UMeHHO Takas TeMnepaTtypa 6yaer obecnedeHa 61a-
roapsi OTPYUATEIbHOM TeT10eMKOCTH COJTHLA K MOMEHTY 32KMIra-
HUSI B €70 HEApax TePMOSACPHON peaklMy TIPEeBpalicHUs Teiusl 8
yrjaepos.

Bennie Kapnuku

Eciu Macca 3Be31bl HEBEIMKA, TAK YTO Macca e¢ sApa, 3aTPOHy-
TOTO TCPMOSIICPHLIMM TPeBpalIeHUaMU, MeHee 1,4M,, TepMosinep-
HBIH CUHTE3 XMMWUYECKUX DJIEMEHTOB MOXET NPeKpaTUThCST U3-3a
TaK Ha3b(Ba&MOTO BbIPOXAEHHUSA NEKTPOHHOTO ra3a B sLape 3BE3Abl.

JLTS 501eKTPOHOB CTIpaBe ) THB npuHLMN Ilayiau, corimacHo KoTo-
POMY B OfHOM 3HEPIETUYECKOM COCTOSIHMM MOXeT HaXOMMTHCSH
AUIb OAWH 34eKTpoH. TlosToMy paciipegefieHMe 3JEKTPOHOB [0
3HEPrUsiM B BELLECTBE C BBICOKOI TMJIOTHOCTBIO U AOCTATOYHO HU3-
KOV TEMTIEpaTypoii ONuckIBaeTCsi 3aKoHOM MepMu, a He Kilaccuue-
CKUM 3aKOHOM BosbliMana, Takoil 3/IeKTPOHHbINM ra3 Ha3bIBaeTCH
BbIPOXIEHHEBIM M CBOMCTBA €T0 HE COBCEM OObIHbI. B TacTHOCTH,
AABJIEHUE BLIPOXIEIIHOTO Ta3a 3aBUCUT OT TUIOTIIOCTH, HO 11€ 3aBH-
CUT OT TEMIIEPATYPhl, MOCKOJBLKY 3HEPrHsl KBAHTOBBIX ABWXEHUH
371eKTPOHOB MHOTO BOJIbLIE SHEPTUH UX TETUIOBOTO ABMKEHHSA.

Bricokoe nanneHHe BhipOXAEHHOTO 3JIEKTPOHHOrO rasa, oby-
CJIOBIIEHHOE KBAHTOBEIMH, a HE TETUIOBBIMH JBUXEHUSIMH 3JIEKTPO-
HOB, >(PpPEeKTUBHO NPOTUBOAEHCTBYET CWJIaM TIpaBUTALLUOHHOFO
cxatus. TIockoAbKy AaBRfcHUE BRIPOXICHHOrO BElECTBA He 3aRH-
CHT OT TEMIEPATYPhI, IOTEPsi SHEPTUU 3BE310M B BUIE MIANTYyYEHUST
HE NMPUABOIUT K CKaTuo ¢ sapa. CnenoBareslbHO, He MPOUCXOIUT
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rPaBUTANIMOHHOE CXXAaTHe, M rpABUTALIMOIIHAS 3HEPTUsl HE BbLACASI-
eTcsl B Ruae no6aBouHoro Terua. IoaroMy temricpatypa B 3BOJIO-
TIMOHUPYIOIIEM BBIPOXICHHOM siIpe He pacTeT, 4To MPWBOOMT K
fipePLIBAHUIO LIENOUKHN TEPMOAAECPHLIX PEAKLINH.

BHewHsst BonopoiHasi 060104Ka, He 3aTPOHYT4sl TEPMOSLIEPH bl-
MU PeAKUMAMU, MEVIERHO OTHENNETCA OT SAPA 3BE3Abl, VAAIHETCS
OT Hero v obpasyeT NJAaHeTAPHYI TYMAaHHOCTb, CBETSILIYIOCS B JIU-
HUAX U3yCHHUSI BOIOPOAA, NSl H JIIPYTUX 3NMEMEHTOB.

LleHTpalblioe KOMTIAKTHOE U CPABHUTCIILHO FOPSYCE SIAPO NPOo-
3BOJIIDLIMOHMPORABLIEH 3BC3Abl HEOONBIIOW Macchl TIPEACTaBAsNET
co060¥i BeJTblit KapHK — OOLEKT C PAINYCOM, PaBHBIM paanycy 3eM-
g (~10° kM), Maccoi menee 1,4M, M cpenHeil JIOTHOCTBIO NOPsi-
Kd TOHHBI B KYOUUECKOM CAHTUMETDE.

Benvle KapmMKy Ha0AH0A2I0TCS B OOAbLLIMX KONUUECTRAX. KX no-
anoe uncio B Tanakmike aocturaet 10, 1o ects okono 10% or Beeit
Macchl Habnonaemoro BelectBa fanaktuku (puc. 3.9).

TepMOsLIEPHOE FOPEHME B BBIPOXAEHIIOM Ge10M Kapiauke MOXeT
ObITb HEYCTOMIMBLIM U IPUBOAWTE K S7IEPHOMY B3PBIBY JOCTATOTHO
MAacCCHUBHOTO OEJTOro Kapauka ¢ Maccoit, 6J1M3KOM K Tak Ha3blBAEMO-
MY yaHapacekapoRckoMy nipeneny (1,4M.).

Jle10 B TOM, UTO, KaK YXXe OTMe-
Ya10Ch, A4BACHUE BHIPOXIEHHOrO
BCILIECTBA HE 3aBUCUT OT TeMTIEpaTy-
pel. EciM no Kakoii-to cayuafditod
NPMUYMHE B JAHHOW TOuYke Oesoro
KapJiiKa TeMTiepaTypa cjierka BO3-
PacTeT, 3T0 NPUBEAET K YBEJUUCHUIO
TEMNA BLUICICHUS TEPMOSINCPHON
JHEPFUU W NaJbHEHIDEMY pOCTY
Temneparypbl. Ilockonnky namne- Puc. 3.9. MnanerapHast Ty-
HUE HE MCHSETCS, Ta3 HE PACUINPA- MaHHOCTbL ¢ O6eNbIM KapJIHKOM B
€Tcs, He coBeputaeT pabory NpoTyB LEHTpe.

CHUJI TPABUTAIIMU U HC OXN1AXKIACTCH.
Takoe HueM He OrPaHMUSHHOE BO3PACTAHUE TEMIEPATYPL! [IPUBO-
IUT K SIIEPHOMY B3pbiBY GEI0r0 Kapjuyka.

Y OObIYHBIX, HEBBIPOXAEHHBIX 3BE3M FOPSTYKil ra3 pacuIupsieT-
col, coBepliacT paboTy NPOTUB CWI TPABUTALUU U OXIANKIAETCS,
YTO O0ECIIEYMBAET YCTONYMBOE CYLILECTBOBAHMC 3BE3/IbI.
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TepMosiaepHbIE B3PbIBBI BEbIX KAP;TMKOB C MACCAMM, BIM3KUMM
K 4aHAPaCceKapOBCKOMY Mpeaeiy, NMPUBOIAT K SBICHWIO BCIbILILIEK
cBepXxHOBoIX | THNA, Y KOTOPBIX B CITEKTPE HET NIMWHUIA BOJOPOAA, 4
TONBKO JIMHWM TeNUs, YTAEposia, KUCAOPONa W APYTUX CPABHHUTENb-
HO THXEABIX 3IEMEHTOB.

HedTpoHHbie 3B8e3Ab!

Hrak, 3Boniouust 3Be3fbl ¢ HEOOABUIOR MACCOW, B HECKOIBKO
COJTHEYHBIX, KOT/Ia Macca ee saapa Mewee 1,4M,, MpUBOIUT K (op-
MMPOBaHHIO 6e10r0 Xapauka. MBl Be3ne Noa4epkuBaeM, YTO HyX-
HO paccMaTpuBaTh UMEHHO Maccy MPO3BONIOLHOHUPOBABLIETO
sapa 3Be3idbl, MOCKOJbLKY BHEWIHSISI BOAOPOAHAasi 00010UKa MOXET
OBITB NOTEPSHA PA3HLIMU CTIOCOOAMH B TIPOLIECCE €€ SBONIOIVHN: U3-
3a o6MeHa Macc B IBOWHON cucTeMe, U3-3a JABACHUS padauvu U
WMCTEYEHHA B BUAE 3BE3IHOIO BETPA, U3-3a JCHCTBNS PANMYHBIX He-
YCTORUMBOCTEN HA HEKOTOPHIX CTAAMSIX IBOIONMH 3BE3AHI, U T. M.

Yto x)e npouzoiiner ¢ 6oee MacCMBHON 3Be3NOi, Macca npo-
IBOMOLIMOHMPOBABILUCTO AApa KOTOpoi Tpepbiiact 1,.4M,? Ecau
AAPO 3B€31bI BRIPOXKIEHO, TO NPU NPUOIKEHUH €r0 Macchl K Mpe-
neny 1,4M. 06brdHOE BOIPOXAEHME DICKTPOHHOIO Ia3a B 94pe cMme-
BSIETCA TAK HA3BIBAEMbBIM DEMATUBUCTCKIIM BBIDOXKIEHUCM.

KBaHTOBbIE ABHXEHUSA BBEIPOXIEHHBIX 3/IEKTPOHOB CTAHOBATCS
TAKMMU OBICTPBIMK, YTO UX CKOPOCTH NPUOIMXKAIOTCH K CKOPOCTH
cBeTa. [TocKonbKy CKOpOCTh CBETa CTABUT Mpeaea HapacTaHHIo CKO-
POCTE ABUKEHUSA JIEKTPOHOR, YIIPYTOCTb ra3a MAAAET, €ro crocoo-
HOCTb TIPOTWBOHEHCTBOBATbL CHJIaM fPABUTALIMW YMEHbBIIAETCS, U
3Be3/1a UCMILITHIBACT TPABUTALIMOHHBII KoJsutanc. Bo BpeMsi Kosunar-
Ca AIEKTPOHBI 3aXBATHIBAIOTCS [IPOTOHAMM, U ITPOUCXOAHT HCHTPO-
HU3AOMA BELIECTBa. DTO BeAeT K GOPMUPOBAHMIO M3 MACCHUBHOTO
BBIPOXJIEHHOIO 91pa HEHTPOHHOM 3BE3/Ib1.

Ecym ke ucxoaHasi Macca 3Be3fHl BelMKa, ripessiiraer 10M,; to
B €€ siIpe TOCTHUTAeTCA BEICOKAST TEMNEPATYPA, U BEIPOXKIEHKE dEK-
TPOHOB B A1PE 3B€3/1bl He POUCXOAUT Ha MIPOTSKEHWH BCei ee 3BO~
souuu. B 3ToM ciyuae paGoTaet oTpuiatensHas TEMNoeMKOoCTh: o
Mepe NMOTePY SHEPIUM 3BE3A0I B BUAE HINYUECHUS TeMIepaTypa B ee
HEAPAX pacTeT, ¥ UICT HEIPEPHIBHAS LICTTOYKA TEPMOSIJIEPHBIX Peak-
LM rpeBpaltieHnsl BOROPOA2 B TEJIHI, TefTU B VITIEpOl, YT/Iepoaa B
KUCOPOL M TaK Jfajiee, BILTOTE A0 3HEMEHTOB TPYTLITHL XEJe3a.
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Peaknips TepMOSIAEPHOTO CUHTE3A SIIEP HIEMEHTOB, B0Jiee TaXe-
JIBIX, UM XKENe30, UIET YXE HE C BbLACNCHUEM, a C NOMMOIeHWEM
sHepruu. [ToaToMy, ecnu Macca sapa 38e34bl, COCTOSAIEro B OCHOB-
HOM M3 3JIEMEHTOB [PYIIbl XEA€3a, MPEBbILIACT YaHIPACEKAPOB-
ckuif npenen 1,4M,, HO MeHpUIe TaK HA3BIBAEMOTrC [fipenena
OrnmeHreitMepa—Bosikosa ~3M,, TO B KOHLIE AAepHOI 3BOIOUMY
3BEe34bl IPOUCXONUT TPABUTALIMOHHBIH KOJLNATIC AIPA, B PE3YKTATE
KOTOPOTO BHEUIHSIS BOJAOPOAHAN 0BOI0YKA 3BE3ABI cOPACHIBAETCH,
YTO HabmogaeTcss KakK BCIBIIKA CBEPXHOBOM 3Be3ant Il Tvna, B
crieKTpe KOTopoit HabmofatoTest MOIHbIE JMHUM BOAOPOA.

Kosnaric Xene3Horo 40pa TPUBOIUT K (POPMUPOBAHUIO Heli-
TPOHHOM 3Be3abl. B HeHTPOHHOI 3Be30e CUJIaM rPaBUTALIMOHBOTO
TIPUTAXEHWS MTPOTUBOLEHCTBYET IPAIUEHT IABNIEHUST BbIPOXKIEHHO-
TO HEUTPOHHOrO BellecTBa. OrpoMHAIE CUbl AaBNEHHS BLIPOXAEH-
HOro HEHTPOHHOTO BEILECTBA ODYCAOBIEHB! TEM, IO HEHTPOHDI,
K4K Y 3JIeKTPOHD!, 06120210T NONYLENThIM CTTUHOM M NOAUNHSIOTCS
mpuaumny {laynu, cornacHoO KOTOPOMY B JAHHOM 3HEPTETHYECKOM
COCTOSTHUM MOXET HaXONWUTLCA TOMBKO ONVH HEWTPOH.

TlpY CXATHM MACCUBHOTO fiApa 3Be3[bl. JOCTHUrilUeil mo3nHei
CTALUU HBONIOLIMU, TEMIIEPATYPA MOOHWMAETCS 10 THTAHTCKUX 3Ha-
YeHWU, JOCTHAralomMUX MWITHAPAOB rpalycos, KOria sapa aToMoB
HAYMHAOT Pa3BATMBATLCS HA HEATPOHSE M MPOTOHLI. [IpoToHs: 1o-
[JIOLLUAIOT 3MEKTPOHBI, MPERPAILAIOTCH B HEUTPOHBI, HCITYCKAS NPH
3TOM HEHWTpUHO. HelTpoHE! Xe, COracHO KBRHTOBO—MEXaHUYEC-
KOMY NIpUHUMITY [1ayau, Mpu CWIbHOM CXaTHM HaYyMHAIOT 3P deK-
TUBHO OTTAJIKUBATLECA APYT OT APyra.

Koraa Macca koJuiaficupyioliero sapa Mexbuie 3M,, ckopocti
HEUTPOHOB 3HAUMUTELHO MEHbBLITE CKOPOCTH CBETA U VIPYTOCTH Be-
liecTa, obycrmoneHHas 3hdEKTUBHBIM OTTANKUBAHUEM HENTPO-
HOB, MOXET YDAaBHOBECHThb CWJIbI TPaBUTALU W TIPUBECTH K
00pa30BaHNIO YCTONUNBOI HEHTPOHHO 3B€34bI.

BrepBble BO3MOXHOCTb CYLIECTROBAHUS HEHTPOHHBIX 3RE31 Obl-
na npenckasada B 1932 tojy BLAAILAMCS COBETCKHUM (DHUINKOM
Jladnay cpasy NOcNe OTKPLITUS HEATPOHA B Ja6OPATOPHLIX BKCDe-
PUMeHTaxX. Paguyc HEHTPOHHOM 3BE31b! OJIM30K K 10 KM, ee cpeHss
TUTOTHOCTB COCTAB/IIET COTHY MWLINOHOB TOHH B KYOUUYECKOM CaH-
TUMETPE.
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Yepubie Abipbi

Korma Macca KoJL1ancupyiowero syipa 3seanst 6obiue 3M, (co-
BpeMeHHoe 3HaycHue npeacaa OnnexreiiMepa—Bonkosa mis Mac-
Cbl HEUTPOHHOM 3Be3dbl, npeackasbisaemoe OTO), To, cornacHo
CYUIECTRBVIOIIMM TIpeIACTABACHUSIM, 00pa3yioiasics HeWTpoHHaA
3Be3a, OCThIBAs, KoanalcupyeT B YepHywo Abtpy. Konnancy Heit-
TPOHHOM 3RE3/bl B HEPHYIO ABIPY CITOCOOCTRYET TAKXE OBpPATHOE Na-
ZEeHWE 4YacTh o0O0ONOUKH 3Be3nbl, COpPOLWICHHOW TIpU B3pbiBe
CBEPXHOBOM.

Hentponyas 3Besia, Kak npaBHio, ObICTpPO Bpaiuaeicsi, Mo-
CKOJ1bKY NOpoaAuBLUas ee 00bYHas 3Be31a MOXET MMETh 3HAYMTEITb-
HBlit yriaosoi MomenT o, rne I — MoMeHT MHepuuu 3ge3nbl (1 =
0,1 MR?), ® — yr10Bas cKopocThb ee Bpauienys. Koraa aipo 3se3abl
KOJLIANCUPYET B HEHTPOHHYIO 3BE3/Y, XapPdKTEPHbIE Pa3MEphl 3Be3-
Abl yMeHbmatotest or R = 10°+10°km a0 R = 10 km.

C yMmeHblueHueM pa3Mepa 3BE3bl YMEHBIIAECTCS €€ MOMEHT
viHepumu 1. [nsi coxpadeHMs MOMEHTa KONUYECTBA ABUXEHWA 0 -
Ha pe3KOo BBIPACTH CKOPOCThb 0CEBOT0 BpallleHust. BcmioMHWM, Kak
yobICTpsieres BpalWicHUEe PUTYPUCTA HA JIbAy, KOTAd OH NPUXUMAET
pyku k Teny. Hanpumep, ecnv CosTHLIE, BpALLAIOLLEECH ¢ MEPHOIOM
OKONO MecsNa, CXaTb A0 Pa3MepoB HEUTPOHHOM 3Be3ilbi, TO U3 yC-
Jiopna 1,®, = 1,®, noayunM, 4TO NepUoa BpailleHUA YMEHBLIUTCS A0
10" cexyHIbI.

[lockonpky npu 06pa3’oBaHMY HEUTPOHHO 3BE3ABl pasMEpB
yMmeHbluatorest ot 10° 10 10 kM, H3 YC/IOBUSI COXPAHEHMH NOTOKA
maruuTHoro nons: HR;’ = H,R/, rae H, =100 Taycc, R, =10° xm,
MOJYYMM, YTO MArHUTHOE [M0j€ HEATPOHHOW 3BE3Abl PaguycoM
R, = 10 KM JocTHTaeT oveHb Gonbimx Beanunn H,= 10" Tayce.

OauHOYHbIE HEATPOHHbIE 3B8e3bl MPOABAAIOT ¢e0s KaK paauo-
nyAbCapbi — MCTOMHUKU CTPOro MEPHOAMYECKUX MMMYJILCOB pa-
IMOUINYUCHUS, BOIHUKAIOUIUX TIpU Tpeodpa3oBaHHUM IHEPTHHU
ObICTPOro BpallieHUWa HEUTPOHHOI 3Re3abl B HafpaRNeHHOE palno-
nanydeHre. B DBOMHBIX CHCTeMax aKKpEeUUPYIOLLUE HEATPOHHLIE
3BE3AbI AEMOHCTPUPYIOT (PEHOMEH PEHTIEHOBCKOINO Mybcapa W
peHTreHOBCKOro 6apctepa [-ro Tuna (CM. BhIILE).

Y 4epHO# AbIPbI CTPOTO MEPUOANUECKIX TIYIIRCAUNH UITYUECHUSA
0XMAATh HE IPUXOANTCH, NOCKOILKY YepHas Abipa HE UMEET Ha-
6monaeMoli 1H0BCPXHOCTN U MArHUTHOTO NOJSL.
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Kak yacro Bbipaxatotcst GHIUKU, YEPHBIE TBIPhI HE UMEIOT «BO-
J10C» — Bee 11014 U Bce HEOAHOPOAHOCTH BOJIM3U FOPH3OHTA CODLI-
TMHA UINYYAlOTCs TIpH  GOPMUPOBAHUY YepHOM JBIpH U3
KOIMAriCUpYIOLLUENH MaTepUK B BUIE MTOTOKA IpaBUTALHOHHBIX BOTH.

B utore, y o6pasoBaBliliciicd 4epHOM AbIPbl HMEIOTCA AMITb TPU
XapaKTePUCTHKH: MAcca, YTJTOROM MOMEHT H SJIeKTPUYECKI 3apsi.
Bce WHIMBHAYANbHBIE CBOMCTBA KOJLTANICHPYIOLIETO BEIIECTBA TIPH
00pa3oBaHUM YEPHOU ABIPLI 34OBTBAIOTCS: HANPUMED, YepHbIe b~
PRI, 0Opa30ORaBIIHECST U3 XKele3a W M3 BOIbI, UMEIOT TIpH TIPOYMX
PABHBIX YCAOBHSX aBCOIHOTHO OJIMHAKOBbIE XAPAKTCPUCTHKHY.

Kaxk nmpenckaswibaet OTO, 3B€30b1, MACCHI XKeJIE3HBIX AAEP KOTO-
pBIX B KOHLE 3BOJTIOLHH NIPEBBIILAIOT 3M. , MCITIBITHIBAIOT HEOTPaHM -
YeHHOe CxXaTue (pelsMTUBMUCTCKMM KoJnanc) ¢ obpa3oBaHueM
YyepHoil Nbipkl. IT10 oObsICHSETCS TeM, 410 B OTO cuiibl TpaBuTa-
LHH, CTPEMALUUECS CXKATb 3BE3MY, ONPCALAAIOTCA MJIOTHOCTHIO
IHEPTUM, A [PY IPOMAIHLIX TMJOTHOCTAX BELUECTBA, JOCTUTAEMBIX
MpPU CKATHM CTOJb MACCUBHOTO Spa 3BE3lbI, [NIABHBLIA Bijan B
[IOTHOCTH 3HEPIMY BHOCHT YK€ HE SHEpPIMS ITOKOS YaCTHlIi, & 3Hep-
st KX ABUXEHUA Y B3AUMO/ICACTBUS.

Monyuaetcs, aro 8 OTO gaBneHue BetllecTBa [IPU OUYEHD BOJIb-
LIYX ILTOTHOCTAX KaK Obl CaMO «BECHT»: 4eM GOJIbILIE KABACHWE, TeM
60JTbIITe IUIOTHOCTR SHEPTUHM U, CIEA0BATEIRHO, TEM OOJTBILIE CHTHI
TPAaBATALIMU, CTpeMsilliiecsl CXaTh BellecTBo. KpoMe Toro, mpu
CHUIbHbIX IPABATALIMOHHIX T10J151X CTAHOBATCH NMPHHUATTUATBEHO Ba-
XKHBIMU 3DeKTEI NICKPUBISHUS MPOCTPAHCTBA—BPEMEHU, YTO TaK-
XK€ cnocoOCTBYET HEOrPaHUUECHHOMY CXATWHIO SApa 3BE3Abl U
NPEeBpPAteH IO €ro B YePHYIO ABIpY (puc. 3.10).

B 3aknioueHue OTMETUM, YTO YEPHbIE ObIPhI, 0Opa3oBaBLIdecs B
Hally 310Xy (HanpuMmep, YepHag ublpa 8 cucteMe Jlebenp X-1),
CTPOTO FOBOPS1, He SIBJIAIOTCS] CTOTIPOLIEHTHLIMY Y€PHBIMU ABIpaMiA,
TIOCKOJIbKY M3-3d PESITUBUCTCKOrO 3aMEUICHUA XOlla BPEMEHU 1N
NAJIEKOTO Hab/oaaTe T TOPU3OHTRI COORITUI y HUX eule He cihop-
MWPOBANUCE. [TOBEPXHOCTH TaKKX KOSUTATICHPYIOLIMX 3BE3M BBITIIS-
IST JUISL 36MHOI'0 HAGA0aTe s KaK 3aCTbIBLINE, DECKOHEYHO J0NT0
PUONTUKAIOTIIUECS K CBOMM FOPU30OHTAM COGBITUIM.

YTo6BI uepHble ABIPhI U3 TAKUX KOMJIANCUPYIOIIHX OOBEKTOB
¢chOpMUPOBATUCH OKOHYATCILHO, Mbl AOKHbI NPOXNATh Bce Gec-
KOHeuHO DonblLOe BpeMsl CyLIeCTBOBaHUS Halueit BcenreHHOM.
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3Be3na manoi 3eesna cpenHen MaccusHan
Macchl MacChl 3Beapa

i l i

® L ®

Benoih kapnnk HerTtpoHHas 3se3na YepHaqa pbipa
R = 10000 km R =10 km R = 30 km
M =08 M, M=14M, M =10 M,
p=1r71/c™m p=10°v/cw p = 10" T/om

Puc. 3.10. O6pa3oBanue 6e10T0 KapsiHKa, HEUTPOHHOM 3BE3ME U Yep-
HOM AbIphl U3 3BE3] pa3HbIX Macc.

HanoMHuM, 4TO CPEeaHas MUIOTHOCTE Y€pHOH JIbIPhl ONMpPeIeTIeTcs Bhl-
paxenuem p,, = 2X10"(M,/M)’r/cm’.

CrepyeTr rToI4epKHYTh, OTHAKO, YTO YXE B TIEPBble CEKYHIIBL Pe-
JISTHBUCTCKOTO KOJUIAINCa MOBEPXHOCTh KOJLTANCUPYIOLIEH 3BE3IBl
JUIS HabIoaTesNst ¢ 3eMITH TIPUBAUXAETCH OYeHb 6IM3KO K TOpU-

30HTY COOBITHI, U BCE TIPOLIECCHL Ha 3TOH NOBEPXHOCTU GECKOHEU-
HO 3aMeLJTAIOTCA.



Kak uckatb YepHbie Abipbl

Kak yxe oTMeuanoch, U3BECTHO TPU THIA YEPHLIX AbIDP:

1. YepHble nbIpkl 3Be30HOM Macchki M= 3 + 50 M., oGpa3yrouie-
351 Ha TIO3IHUX CTAIUAX IBOJIOLIMI MAaCCWBHBIX 3Be31l.

2. CBepXMacCMBHBIE 4YepHble IbIpbl B sfipax TrajiakTUK
(M = 10°+10"M_.).

3. TlepBUuHBIe YepHbIe ABIPBI, C(OPMUPOBABILKECS HA PAHHUX
cTagusx obpasoBaHus BeenenHoi. Kak yxe orMeyanoch, 10 Hallei
INOXHM JAOSIKHEI OBUIM NOXWTH NMINL YEpPHBbIE ABIPHI ¢ Maccoi
M >10" rpaMM BBUIY J€iCTBUSA KBAHTOBOTO MEXAHM3MAa MCHape-
HHUSA, TIPELIOXEHHOIO XOYKHHIOM,

C Ha6mIonaTeTLHON TOYKH 3PEHNUS O TIEPBUYHBIX UepHBIX ABIpaxX
H3BECTHO OYEHb MAJIO.

B nocneaHee BpeMs oOcyXIaeTcss BONPOC O CYIIECTBOBAHWHU
e pHBIX ABIP MPOMEXYTOUHBIX Mace M = 10°+ 10'M... Taxue yepHble
IOBIPBl MOTYT CYILECTBOBATb B OKOJI0SJ€PHBIX OONACTAX TaJaKTHK
WIH B LIEHTPAaX MACCUBHBIX 1APOBBIX 3Be3AHBIX CKOrLTeHUi. [Toka
OKOHYATENbHO BOTIPOC O CYIECTBOBAHNHM YEPHBIX AbIP TIPOMEXYTO-
YHbIX MACC HE PelIcH.

C acTpOHOMMUECKOW TOUKH 3peHHs, YTOOBI OOHAPYXHUTHL Hep-
HYIO JLIPY, HY>XHO!

1. Uameputs Maccy M o6bekTa.

2. Moka3saTthb, YTO ero panuyc He MpeBbIUAeT PaBUTALIHOHHOIO
panuyca T, = 2GM/cC’.

3. Tloay4duTs HaGmOIATETEHBIE CBUAECTENLCTBA TOTO, ITO ¥ 00Bbe-
KTa HeT Hab/TI01ae Mo MOBEPXHOCTH, @ UMEETCS «{IPAKTUYECKU» TO-
PU3OHT COOLITHH.
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Macchl UePHBIX AbIP UBMEPSIOTCH HAAEXKHO MO ABUXEHUIO Ia3a U
38e3/1 BOWM3Y HUX. Tak Kak B GO/ILUINHCTBE CAYYaeR XAPAKTEPHbLIE
PACCTOSHUSA BEJAUKU (I > rg), INs OTpeaeseHUusa Macc YepHBIX Iblp
IOCTATOYHO MCMOAB30BaTh 3aKOH TArOTeHUST HbloToHA.

B nocnenHee Bpems NOSIBUIACHE BO3MOXHOCTb U3MEPHTb MACCHT
OIUHOYHBIX YEPHHIX ABIP 110 3(hPEeKTaAM rpaBUTALLHOHHOIO MUKPO-
JNHH3uposatus. Korna 1yy cBerta oT jialicKoi 3Be3an oHa Npoxo-
ANT BOAN3U Gofte GIU3KOM YepHOI ABIPBI, OH UCKPUBISIETCS B €€
PABUTALIHOHHOM MOje. 310 NPUBOLUT K BO3PACTAHUIO U MOC/Eny-
JoiIeMy TTAAe HHTO 6J1eCKa HANEKOMN 3Be3Ihl.

JAnTeNBHOCTD TAKOTO U3MEHEHUS BitecKa NPY MUKPOJIUHIBUPO-
BAHUU MPOMOPLIMOHANLHA KOPHIO KBAAPATHOMY U3 MAacChi Nepef-
Heii YepHO JAbIPLI W TIpY ee Macce B 6M | MMeeT BeTIWHY MOpsIKa
rona. Uamepasa 5Ty ATHTeAbHOCTh, MOXHO OLEHUTbh MacCy YepHOM
JeIpel. Cenyac yxe UMEIOTCA OIIEHKH MAcC TPeX YepHbIX TBIP, Bbi-
MOMHEHHbIE TAKUM CITocoboM: M = 6M,..

Paauychl MCPHLIX ALIP U3MEPSTh 04eHb TpYAHO. [1oka ucnonsiy-
JOTCST JIMIbL OTHOCHTENbHO TpyOble (r < 10+ 100r,) KocBeHHbIE
OLEHKUW: N3ydecHUE MOILHON PEHTTEHOBCKOR CBETUMOCTHY ¥ CNEKTPA
PEHTTe HOBCKOTO U3JydeHUsi NPU BLITIAIEHNY BEILIECTBA HA YepHbIe
ABIPLI, aHAJTU3 UIMEHEHUS CBETUMOCTH B PEHTICHOBCKOM AMAMA30-
He, UCCAeA0BaHMe IPoPWIEH CNeKTPAJIbHbIX JJUHUH B PpEHTTEHOB-
CKOM OVana3one U T. .

Iloka acTpoHOMblI HE MMEIOT NOCTATOYHBIX KpUTEpUeB 0TGopa
4epHBIX AbIP, HO CleAYET NOAYEPKHYTh, UTO BCE HEOOXOAMMbIE KPH-
Tepuu, chopMyapoBanHble Ha ocHoBe OTO, BBITIONHAKOTCS JIA
BCEX U3BECTHHIX KAHAMATOB B YEPHAIE bIPHI.

YepHbie Abipbl —

00beKTbl acTpoHoMuueckux HaGniogeHnit

Ocob0 OroBOpUM, KaKo¥ CMBICT ACTPOHOMBI—~HAOTOAATENIN
BK1AObLIBAIOT B MNOHATUE «HCPHas Ablpa». Xora YCPHLIE ALIPbI «I10Y-
TH» OTKPLITHI, OKOHYATEIbHbIX JOKA3ATELCTB UX CYIUECTBOBAHUA
BO BcenenHo# noka He nonyueHo. TeM He MeHee, aCTPOHOMBL ¢ He-
KOTOPOW HATSIXXKOM NIPUMEHAIOT TEPMUH «4€pHas AbIpa» K TEM Mac-
CHBHBIM ¥ KOMITAKTHBIM OOBEKTAM, IUTS KOTOPBIX BCE U3BECTHBIE K
HACTOSLIEMY BPCMEHH HabiionaTeNbHbIE MPOABIEHHUS COMMacyOTCs
¢ npeackazaHusmu OTO 115 yepHbIX abip.
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[pu 310M rraBHBle HABAIONATENLHBIE KPUTEPHU TS UepHBIX
HBIP Cheaylolive:

1. YepHble ObIpbl 3BE3AHON MACChl — B GOJIBIIMHCTBE CIIy4aen
MoCJioAOLIHE BEIIECTBO COCEAHEN 3BE3Abl KOMTAKTHBIE OGBEKThI
B ABOMHBIX 3Be3OHLIX cUCTeMaX: Ookas Macca (M > 3M.), Mo~
Hoe (ceeTuMoctb L= 10"+ 10” apr/c) peHTIeHOBCKOE MATyUYEHUE
[IPU OTCYTCTBUH SIBACHHIW PEHTTEHOBCKOIO MyAbCapa WM peHTre-
HOBCKoro b6apctepa -ro THna, a Takxke Mabii (I <10-+100r,) pa-
OUYC, OLEHWBAEMBIN, KaK NPaBUNO, MO OhICTPbIM H3MEHEHWAM
KECTKOTO PEHTTEHOBCKOTO M3NyueHHs Ha BpeMeHax 10°—-10° ce-
KYHABI.

B peHTreHOBCKUX IBOMHBIX CHCTEMAX TakKe HabroJaeTes ABe-
HUE PEHTIEHOBCKOro 6apcTepa 2-ro TUMa, KOTOPOE BLI3BAHO MTPOSIB-
JIEHVEM HCYCTOMYMBOCTH B aKKPEUMOHHOM IUCKE BOKpYT
KOMIMaKTHOTO O0OBEKTa M HE CBSI3AHO ¢ €ro Hab/onaeMoi rmoBepx-
HOCTbI0. PeHTreHOBCKMiA OapcTep 2-ro TAna Nerko OTTHYHUTh OT
bapcTepa |-ro THMa mo XapakTepHOil 3aBUCHMOCTH TeMIepaTypbl
PCHTIEHOBCKOTO UTYUEHUA OT [0 HHTEHCUBHOCTH.

2. CBepXMacCHBRbIE YEPHLIC JBIPhI B SAPAX TANaKTHK — GOJb-
mas Macca (~10°+ 10'°M,), 6omblioe OTHOLWEHME Macchl K CBETH-
mocTH (M/L>10+1000) nna siaep CNOKOMHBIX TajakKTUK WITH
NIOJTHAsA CBETMMOCTB, OJM3Kas K 3LIUHTTOHOBCKOMY TIPEAEITY s
SiIEP aKTUBHBLIX TUIAKTHK, a TaKXe Majblil paauyc, olleHWBaeMbli
10 BBICTPBIM U3MEHCHUAM UTYUCHHS MITH C IOMOIILIO MIPAMBIX H3-
MepeHuil pa3mMepoB A1epHOU 0BNacTH METOAAMH BbICOKOTO YTJI0BO-
ro paspelueHus.

HabnonarensHbie vcCIeI0BAaHUS YEPHBIX JBIP BEIYTCS B ABYX
HarpasBleHUsIX.

1. [1oMCKYU MACCUBHBIX KOMITAKTHBIX O0OBEKTOB — KaHIWJATOR B
YepHble ObIPbl. 31eCh K HACTOSTLIEMY BpeMeHHM vMeeTcd Gorbluoii
yeIeX: YUCI0 KAHAUIATOB B YEPHLIC IbIPb! (B PeHTTeHOBCKHX 1BOH-
HbIX CUCTEMAX U B SIApax rallakTuK) yxe npesbiuiaet 100.

2. TToucKu TOCTATOWHbIX KPUTEPHEB, IO3ROJAIOIINK OJHO3HAY-
HO CYIUTb O TOM, YTO Hal/AeHHbIC KAHAKAATLI B YePHAbIE IbIPh] ABJIS-
I0TCA peafbHLIMUA YEPHBIMH IbIpaMH. 30eCh MHOTO TPYAHOCTEN, HO
€CTb TpOoTpece M BOMBIIME HANeX Ibl BO3NAraloTcA Ha Oyayllue Koc-
MUYECKHE DEHTTEHOBCKYE, UHTEpdepoMeTpUIecKHe U TPaBUTAN-
OHHO—BOJTHOBbIE 3KCIIEPUMEHTEI.
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3aberag Bnepen, OTMETUM, YTO HA OCHOBE COBPEMEHHbIX Habl0-
ACHUH ¢ yyeTOM HAaOMOZATENBbHON CeeKIMY MOXHO 3aKJTIOUHTH,
4Tto B Halleii [anakTuke, coctoswmeit u3 10" 3Be3n, uMeercsa ~10"°
BEIBIX KAPAUKOB, ~10° HEHTPOHHBIX 3Be31 U ~ 10’ YePHBIX ALID.

Onpepenetne Macc 4YepHbIX Bbip

B A4pax ranakTuk

Cy11ecTBYIOT 1Ba OCHOBHEIX CIToco6a ONpeleneHus Mace saep
TATAaKTHK.

L. B npeqnonoxeHuu, 4To IBUXEHWE Ta3a U 3Re3 BOJIV3N aipa
KOHTPOIUPYETCS. €r0 IPAaBUTALIMOHHBIM II0JIEM, MEXAY CKOPOCTSA-
MH V 3BE3], WIK Fa30Bbix O0JAKOB, OKPYXAIOWUX AP0, ¥ UX pac-
CTOSIHMEM T OT SIIpa JOJIXHO BBIMOJIHATLCSA COOTHOLIEHHME V' ~T |
crenyloliee U3 3aKoHa TaroreHus1 HplotoHa.

C MoMOoLLBIO COBPEMEHHEIX HAGMI0aTeTbHBIX CPEICTB (KOCMHU-
YeCKMid Teneckon Xab6m, KpynHele Ha3eMHBIE TENECKOIbl HO-
BOTO MOKOJIEHUA C CUCTEMAMH KOMIIEHCAUMUM ATMOCHEPHLIX
UCKAXKEHWH, MEXKOHTUHEHTAIbHbIE PalHOUHTEphEpOMETPHI JUI
HabodeHUI MeraMasepoB U T. [1.) BO MHOTUX CNIY4asaX YAaeTcs He-
MOCPEICTBEHHO YBUIETH JBVIXYIIMIICS ra3, a B clIyyae siapa Haluew
TANaKTHKY, ¥ OTAENbHEIE 3BE31b1 BONM3Y Aapa.

[Mo3ToMy Macca sipa HAXOAMICS TIPAMBIM HCIIOMb30OBAHUEM 3a-
KOHa TaroteHus1 HeloToHa.

2. Bropoii MeToA OLIEHKM MAacCHl Alpa FATAKTUKM OCHOBAH Ha
rKTOTE3E, YTO CBETUMOCTD SApa 6/TN3KA K 3JIMHITOHOBCKOMY Ipejie-
JIy, TIPH KOTOPOM CWa NaRTIeHWs1 MaiydeHHs YPaBHOBEIIMBAET CIUTY
rPAaBUTALMOHHOTO NIPUTXKEHNS S/(pa. ¥ FaNakTUUECKUX Haep Hau-
GONBLIYIO CBETUMOCTh HMEIOT KBasapsl — 10 107+ 10" spr/c (cetu-
MocTb siapa Haiuei Faaxtku < 10* apr/c). OueHKa Macchl o 3Toii
ruroTe3e s KBasapos naer M, > 10°M.,.

Kak yxe oTMeUanoch, Takoik MeTon OLIEHKA Macchl KBasapa GbLi
BIIEpPBDie NMpeIoxXeH 3enbaosuyeM H HoBukossIM B 1964 L.

OnpeaeneHne Macc 4epHbiX Ablp

B PEHTreHOBCKWUX ABOWHLIX CUCTEMAX

PenTtreHoBcKas IBOiHAS CUCTEMA COCTOMT U3 HOPMAJIBHOI OTI-
THUYECKOM 3Be3/1bl M AKKPELIMPYIOLLEH YEPHOM AbIPbl WIX HEHTPOH-
1#0# 3Be3abl. [TocKombKy BOM3U HEHTPOHHBIX 3Be3/1 M YSPHbIX JAbIp
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rpaBUTALMOHHBIC N10J11 OYEHb BEJIMKH, 8 CKOPOCTD IBUXEHHUS BELLE-
CTBa OJTU3KAa K CKOPOCTU CBETA, CBOMCTBA 3THX OObLEKTOR OMUChIBA-
J0TCS 3aKOHAMU He OOLIYHOM, a PeIITUBUCTCKOM (kK. [loatoMy
HEWTPOHHEIE 3Be3Abl H YePHBIE AbIPb! IIPHHATO HA3LIBATL PeasiTU-
BUCTCKYMU 06BEKTAMM.,

Onruyeckas 3Be3na Je(OpMHPOBAHA B TPABUTALKMOHHOM [MONe
PEAITUBUCTCKOro 00BEKTA U UMEET rpylieBUaHYI0 hopMy. [1oBepx-
HOCTb Ae(POPMUPOBAHHOIM 3BE3/(bl GJIM3Ka K NOBEPXHOCTU TAK Ha3bl-
BaeMoil nonocty Poma — ob6nactv, Lae rpaBMTallOHHOE NOJe
3Be34bl Mpeodnanaet. EcanM yactuua BLIXOAMT 32 fIpEAEIbl NOAOCTU
Polua, oHa yXe NpUHALIeXUT Bcell OBOWHON CHUCTEME B 11eJIOM M
MOXET NOMacTh HA BTOPYIO 3BE3AY W3-33 COBMECTHOIO AEMCTBUS CUN
I'PaBUTALIMOHHOIO TMPUTSXEHUST U LEHTPOOEXHbIX CUI, O0YCIOB~
JIEHHBIX OpOWTAIBLHbIM BpalleHWeM cucTembl. [ToaToMy onTudec-
Kag 38e31a UCTEKAET HA PENSITUBMCTCKHUIT 06BEKT, BOKPYT KOTOPOIO
00pa3yeTcst aAKKpeLIMOHHBIN TVCK.

PaccTostHUS 10 PEHTTEHOBCKHUX ABOMHbLIX CUCTEM OYEHb BEJIVKH,
1103TOMY KOMITOHEHTH PEHTIEHOBCKOM ABOKHOM CUCTEMBI pa3/ieihb-
HO He BHUAHB! — CHCTEMa BUIHA KaK OJMHOUHLIN TOUEUHbIf OOBEKT.
[1o AoNAEPOBCKUM CMELLUEHUAM NMHMIT B CLIEKTPE ONTHYECKOU 3Be-
3Bl UBMEPSIETCS KPUBAA ee JIyYeBbIX CKOpOCTeH, a ¢roToMeTpuyec-
KHe HabIoNCHWS TTO3BOMSIOT [OCTPOUTE KPHBYIO OJieCKa CHCTEMAI.

[Tpu opOUTaANLHOM ABKHXKEHUM B IBOMHOW CHCTEME 3Be3a IBU-
JKETCS1 TO HABCTPeyy 3eMHOMY HabiloIaTe o, TO YAUTAETCA OT HEro.
Koraa 38e31a NBUXETCS HAaBCTpeyy HabniogaTeto, u3-3a AeUCTBUS
sddexTa [loTepa TMHMU B CIEKTPE 3BE3/IbI CMELIAIOTCA B CUHIOID
YacTb CTIEKTpa, a KOrla 3Be3la yaalsercd, JUHUU CMELAIoTCA B
KPACHYIO YaCTb CNEKTpa.

Te, XTO BCTpeyYaIu CBOVIX POICTBEHHUKOB Y Ipy3eii Ha XeNe3HO-
LIOPOXHOM BOK3aj€e, 3HAIOT, YTO MpH NpUOIMKEHUY JJIOKOMOTHBA
3BYK €ro IyAKa CTAHOBUTCA BCE HOJIEE BHICOKUM, a [(IpH YAATCHAU
JIOKOMOTHBA 3BYK TYAKa Pe3K0 NOHUXKAETCA. DTO TAKKE €CThb MPOsIB-
JeHUA 3¢ deKTa Jonnepa — 3ByK, KaK M CBET, NIPEACTARIsAET COOOIM
KoJIebaHUs, PETUCTPUPYEMast 4acTOTa KOTOPBIX 3aBUCHUT OT CKOPO-
CTU UCTOUHUKA OTHOCHUTEAbHO HABIIOATENA.

Ecnu cBeT peHTre HOBCKO# IBOMHON CHCTEMBI ¢ TOMOWUILIO CTTIEK-
Tporpada pa3ioXuTh B CTIEKTP, TO, U3Mepsaa JOTUTEPOBCKUE CMeELlle-
HUS JIUHUNA B CACKTPE ONTUUECKOW 3BE3Ibl MOXHO IOCTPOUTH
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3aBUCUMOCTB €€ CKOPOCTH BROL JIy4Ya 3pEHHSI OT BpDEMEHU, KOTOPas
Ha3bIBAETCA KPUBOH JIyYeBBIX CKopocTel, U3Mepss xxe ¢ MoMomIsio
IEKTPOOTOMETPA MONHBIA MTOTOK OTITUYECKOTO H3TyUeHHsl PEHT-
FeHOBCKOM ABOMHOM CHMCTEMb), MOXHO TIOCTPOUTH 3aBUCHMOCTB
3TOrO NOTOKA (MJTH, KaK roBopsIT, 651ecKa) OT BpeMeHU, KoTopas Ha-
3bIBAETCST KpUBOM Dhecka.

Moaenb peHTreHOBCKOM ABOMHOM CHUCTEMBI, UCTIONB3YeMast TIPU
VHTEPIPETALINM e¢ ONTTHYECKON KPUBOIi B1ecKa U KPUBOW Jy4eBbIX
CKOpPOCTeil, YYUTBIBACT UeTbipe MPUYMHLI U3MEHEHUs] OMTHYECKUX
XapaKTepUCTHK.

Bo-nmepBbix, 3GdeKT SNIUINCOUTATEHOCTU ONTUHECKON 3B€3b],
OH CBs13aH ¢ aedopMauuedt ee GopMbl B TPABUTALIMOHHOM I10J1e Yep-
HOW ALIPBI; BO-BTOPHIX, IDDEKT «OTpaKeHUs», CBA3AHHBIN ¢ Npo-
IPEBOM ONMTUUECKON 3BE31bl MOIHBIM PEHTTEHOBCKHM U3Y4ECHHEM
AKKPELUPYIOLLETO PEJIITUBUCTCKOTO OOBEKTA U OpOUTANIBHBIM JBU-
XEHHEM KOMTIOHEHT; B-TPETbUX, B3aUMHbIE 32aTMEHUA KOMIIOHEHT;
B-YETBEPTHIX, NPELIECCUIO0 AKKPELIUOHHOTO IUCKa (AKKPEUVIOHHABIM
IUCK MOXET ObITh HAaKJIOHEH K MJIOCKOCTH OpOVTHI U MeMLIEHHO
MPELLECCHPOBATD, TOTAA B PA3HLIX OPOUTATBHBIX UMK1aX BKIAA AUC~
KA B CYMMAapHbI# [IOTOK GYAET pasnuyuHbIM).

BpheKTH 3UIHNCONIUTBHOCTH W «OTPAXEHUST» ObUTH BIEPBbLIE
oOHapyXeHbl B PeHTTEHOBCKUX ABOUHBIX cucTemax Jlebear X-1 u
Tepkynec X-1 coBeTckuMu acTpoHoMaMu B 1972 rony. 3 3dhdek-
Thl OKa3aIUCh TUITMYHBIMHU OIITHUYECKUMU MPOABACHUSMU pEeHTIE-
HOBCKHMX ABOWHBIX CHUCTEM, OHHU TIOMOTAIOT OCYLUECTBJIATH HX
HaJIeXHOE OTOXICCTRIICHUE,

K HacTosiieMy BpeMeHU ¢ 60pTOB CNEeLNaNU3YPOBAHHBIX PEHT-
TCHOBCKMX CHOYTHUKOB OTKPBITBI MHOTME COTHM PCHTIEHOBCKHX
JBOMHBIX cucteM. KocMudeckre peHTIeHOBCKUE U Ha3eMHbIe Ofl-
THYecKUEe HABNIOLEHMs B IaHHOM Cllydae TIPEKPacHO LONONHSIIOT
JpyTr Jpyra: Hajly4le MOIIHOTO PEHTIEeHOBCKOTO UCTOTHUKA (CO
CBeTUMOCTBIO B COTHHM ThICSAY pa3 TNPEeBbULAIOEH CBETUMOCTb
CosHIla) yKasbIBaeT Ha NPUCYTCTBUE B ABONHON cHCTEME MACCHB-
HOTO 0OBeKTa MATBIX pa3MepoB (MeHee paguyca 3eMian), a COeKT-
panbHble M GOTOMEeTpUueckue HaseMHble HabaoneHUsA
ONTHYECKOTO CIIYTHUKA TIO3BONSIOT H3MEPUTH MaCcCy PEHTTEHOB-
CKOTO UCTOUHWKA. ECAH ero Macca npeBbiitiaeT 3M.,, OH MOXET Cuid-
TAThCSl KAHAUIATOM B YEPHbIE /IbIPbI.
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TakuM 06pazoM, K HACTOSILIIEMY BPEMEHM Pa3BUT MOLLUHbII ar-
NApaT UCCNEJ0BAHUA PEHTTEHOBCKWX IIBOMHBIX CHUCTEM, KOTOpBINA
NO3BOJISIET IMONYYaTh HAMeXHble OUEHKM MAace pPeSTMBUCTCKHX
OOBEKTOB, B TOM UNCHE, YEPHBIX AbIP.

06 onpepeneHu pagvmycoB “YepHbiX Abip

3ajnaua NpsiMbIX Ofpene/ieHUit pavycoB CBEPXMACCHBHBIX uep-
HBIX JBIP B fiIpaX FAIaKTHK He KaXeTcs 6e3HanexxHoi. BBuay cBoMX
OTPOMHBIX MACC, YePHBIC AbIPHI B SAAPAX OJAU3KHX TAIAKTHK UMEIOT
yTIOBLIE pa3Mephl, Gonee 10° yriosod ceKyHaul. BTo menaeT mep-
CMEKTUBHBIM CO3AaHUE COOTBETCTBYIOLIMX KOCMUYECKUX UHTepde-
POMETPOB 151 MPSIMBIX W3MEPEHUI PAIUYCOB FTOPU3OHTOB COOBLITHIA
YePHBIX ABIP WIN, 110 KpaliHell Mepe, partiycoB MocheaHey ycTom-
YMBOH OPOUTHI IS HUX (A1 HERPALUAIOLICHCS YEPHO ABIPHI paiu-
yc TioceHell yCTOWUUBOL OpOVTHEI paBeH TPeM TPaBUTALIMOHHAIM
paauycam).

B 4acTHOCTH, IPaBUTALIMOBHBIA PANNYC Y UePHOL ALIPHI B SApE
Hauresi Tanaktuky (M, = 2,6X10°M,,) cocrarnster 8X10° kM wan
0,05 a. e. COOTBETCTBYIOLIMIA YTTIOBOI pa3Mep JUIS PACCTOSHUA 0
nentpa [anaktvky B 8 xunonapeek cocTarmset 6 X107 cexyHp..

VYrnoBoll pazMep rpaBUTALKOHHOTO paauyca YepPHOI IbIPHL B S~
pe ranakTikyn TyMaHHOCTE AHAPOMEABE DM MACCE YEPHOH ABIPHI
M, =7,5%X10'M,, cocrammsieT 3X 10" ceKyHzp!.

DTU BEJUYKHBI BIOJIHE MOTYT ObITh K3MEPEHB! OYAYILIHMH NTOKO~
JIEHUAMYU KOCMUYeCKHX HHTepdepoMeTpos. Hanpumep, mnauupye-
MO€ YIJIOBOE pa3pellleHHe aMEepHKAHCKOro pEHTIEHOBCKOTO
KOCMUuecKoro MHTepdepomeTpa 6yaer Aocturars 107 ceKyHpl.
Yrnosoe paspelreHue poccuitckoro untepdepoMeTpa Panuoact-
poH Gyner nopsaka 10° cexyHasl B panuoamnanasose. Peannsauus
ITUX [HPOEKTOB TNAHUPYETCH B BAMXKAHIIEE AECATHIETHE.

ITpuMeHeHe TAKUX MOUIHBIX TEXHHYECKMUX CPEACTB K UCCIIENO-
BAHHIO SLAEP TAJIAKTUK B OyIyIeM JACT IPHMHLUMNHANLHYIO BO3MOXK-
HocTh Habnonats Quanyeckue npouecchl BOAU3IU TOPH3OHTA
coObITUH. [TpUMEHEHHE COBPEMEHHBIX METO/OB TOBHILLIEHMS YIJI0-
BOCO paspereHusi, B TOM YUCHe MEXXKOHTUHEHTANbHBIE PaTH0acT-
POHOMUYECKHE HaDIMOACHNA, MMO3BOJAECT JaTh NOKA NTULIL TpyOble
OTPAHWYEHHA HA PAIUYCHl YEPHBIX OBIP B SApax TaNakTvK:
r <10°-10'r,,.
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HenaBro ¢ 6opta amepukaHckoro cnytHiKa «CHANDRA» Gpi-
JI0 OBGHAPYXEHO 3HAUUTENBHOE (B TIATh pa3 32 BpeMsi At = 10 MUHYT)
U3MEHEHUE UHTEHCHMBHOCTU PEHTICHOBCKOTO MATYYEHUS SiApa Ha-
wedt lanaktuku. B 3TOM cryyac MOXHO OLEHHUTD pazMep obNacTH,
U3Tyvyarouleid peHTreHOBCKUH TIOTOK BOJM3M YEPHOH IObLIphI:
I < CAt, uTo cocTaBnser Beero 20r,. Taxum 06pa3om, paauyc mac-
CUBHOTO KOMIIAKTHOTO TeJa B sApe Haulei [anakTuku He TNpesbl-
waer 20 rpaBUTALMOHHBIX PALMYCOB, UTO NOAKPEIUIAET BHIBOI O
CYIECTBOBAHUM TaM YEPHOH IBIPH.

BrICTpoe M3MEHEHNE HHTEHCUBHOCTU U3IY4EeHNST TaKKe HaOMo-
JACTCH JUIS SIACP HEKOTOPBIX AKTUBHBIX FAIaKTUK, 3HAYUT MX XapaK-
TEPHBIE pa3Mephi He MpeBbILIAOT BeTUUnHbI CAL. Ecniv Gb pasMepb
HTyHaowei 061acTi 6bUTH BETUKH, U3TTY4EHHE OT Pa3HbIX YacTel
ofacTu ycpenHsuioch Obl, U OBICTPOE N3MEHEHNE UTYUEHUS OBLIO
6bI HEBO3MOXHO: U3BECTHO, YTO 3Be3bl MEPLIAIOT, @ IUTaHEThI — HET,
TIOTOMY YTO YTJIOBbIE PA3MEPhi ILTAHET MHOIO BOJTbILIE, YEM 3BE3].

Hanpumep, B sape aktuBHOM ranakTik Mkn478 no naHHBIM,
MONYYEHHBIM CO CMYTHUKOB, HAOMOJATUCh KOPOTKME BCIIbILIKH
PEHTTEHOBCKOrO M3Ny4eHUsl Ha BpeMeHax nopsiaka S00—800 cek.
Torma paauyc supa 3Toi ranaktvku I < CAt = 1,5x10" cm. TTo-
CKOJIbKY MACCa YEPHOI IbIPhI 31eCh paBHa 6% 10'M,,, COOTBETCTBYI0-
Wi CPABMTALMOWHKIA pamuyc paBeH 1,8%X10" cm. Orcroma
IIenaeTcs BoIBO, UTO YepHas Abipa B fiApe ranakTuki Mkn478 spis-
€TCS BpalllaloNIeNCst, 103TOMY TOPU3OHT COORTHI B JIAHHOM CITyqae
MeEHbIlIe TPaBUTAIIMOHHOTO paauyca (1).

Jpyrast BO3MOXHOCTb OLleHKM paauyca YepHOM AsIpsl B 8Ap€ Ta-
JIAKTUKY CBSI3aHA € M3YUYEHHWEM DENXUX SBIEHUN W3MEHEHUS Ha-
6/1105aeMOro U3NyUeHHUs1 AP CIIOKOMHBIX TAIAKTUK, CBSI3aHHBIX C
MPOJIETOM U Pa3pyLUCHUEM BOIM3U YEPHOM ABIPHI OTAENbHBIX 3BE3
TAJIaKTUKH. Beero X HacTosIlieMy BpeMeHU HACUMTBIBAETCS 5 TpaH-
3MEHTHBIX (TO eCTh BpEMEHHBIX) S1ep rAIaKTHK.

Tlpu mponeTe 3Be3mBl BOIM3YM CBEPXMACCUBHOUN YepHOM ABIPHI
M0OCNea0BaTeIbHO NPOUCXOIAT CAeAYIONINE ABISHUS: nedopManus
3Be3]Ibl, €€ pa3pylueHKe, BBhIMANEHWE YyaCTH BEIRECTBA 3BE3IbI HA
YEPHYIO OBIPY € MOCNENYIOMIMM 3aXBaTOM M, COOTBETCTBEHHO, Ipa-
BUTALIMOHHBIM 3HEProBBIACNcHUEM,. YacToTa paspylieHUs 38e3d
BOJIM3M CBEPXMACCHBHOM YepHOU ABIPHI B s1ipe MATAKTHKU COCTaB-
nser | 3pe3na 3a 10° neT Ha CPENHIOIO FATAKTHKY.
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ITockonbKy TeMmmepaTypa COOTBETCTBYIOLLEIO AKKPELMOHHOTO
JVICKA Ha TPEX TPaBUTALIMOHHEIX paguycax coctamnsger ~3X10°K,
SHEPrOBBIACTIEHUE NMPOUCXOOUT B XKECTKOM YJIETPapHONETOBOM U
MACKOM PEHTIEHOBCKOM JIMATIa30HAX CTIEKTPA.

B ciyyae uepHBIX JILIP 3BE3NHON MACCH NPSMble HIMEPEHUS HX
PaIUYCOB MPeaCTaBNsIOT COB0 MPaKTUUECKH Ge3HANEXHYIO 3a/1a4y,
[TOCKOJIBKY YTJIOBOM pasMep YepHoil Osipul ¢ Maccoit 10M,, pacno-
JIOXEeHHOM Ha TMIIMYHOM DPACCTOSIHMM | KHiomapcex cocTaBiseT
HUYTOXHO Manylo BeluumHy ~2X 10" yrioBoit cekyHabl. Kpome
TOTO, BBMY BEICOKOM IUIOTHOCTU BEILECTBA BO BHYTPEHHWX HACTAX
aKKpELMOHHOTO AMCKa OnvKaitiuye OKPecTHOCTH YEpHOM IbIPbI
MOTYT OBITb B TPUHLINIIE HEHAONIOAAEMBI.

ITosToMy L1st OEHKY paiuycOB YEPHRIX JbIP 3BE3THOMH MACCHI
[IPUMEHSIOT KOCBEHHbIE MeToanl. Hanbonee npocToil v HanexHuIH
METOJ1 OLIeHKH OCHOBaH Ha ONpeiesieHHH MUHIMATBHOIO BpEMEHU
U3MEHEHUs PEHTIEHOBCKON cBeTMMOCTH. Hampumep, B ABOitHOM
cucreme Jlebeap X-1 MUHUMAIBHOE BPEMS DEHTTEHOBCKNX U3MEHE~
HUIf B HU3KOM COCTOSTHUM CCTEMBI, KOrIa PeHTTeHOBCKUIA CIIEKTP
KECTKHIT U cTeneHHoi, AL=10" cexyHurl. Toraa MOXHO OLECHUTHL
XAPAKTEPHbIC PASMEPbI HCTOYHMKA:

r < cAt =300 xm = 10r,.

B 3akimroyeHHe, ele pa3 nog4epKHeM, YTo B OTIHYHE OT HEH-
TPOHHBIX 3B€3M, Y aKKPEIUPYIOIIUX UEPHBIX IbIp HE JOJPKHO Ha-
6momarecsl  ABJIEHHMA  DEHTIEHOBCKOro  Nyfbcapa  WIH
PeHTIEHOBCKOIo 6apcTepa 1-ro Tumna, TOCKONbKY YePHBIE IHIPhI He
06manaloT HaGMoIaeMEIMH TOBSPXHOCTSAMHU.

OT aKKpeLMPYIOLIMX YEPHBEX IblP MOXHO OXUJIATh JIMLIb OBICT-
POTO UPpPEryisipHOro U3MEHEHUs] PEHTTEHOBCKOTO MTYYeHHUS Ha
BpeMeHax BIUIOTh A0 3HAYEHUIA rJ ¢ =10" ceKyHIbi 1151 YEPHBIX ALIP
3BE3HOM MACCHhL.

CBepxMacCHBHbIE YEPHble AbIpbl

B AApaX aKTUBHbLIX TaNaKTUK

[anakTKy B 60LITUHCTBE CITyYaeB UMEIOT B LEHTPATBHBIX Yac-
THX KOMITAKTHBIE CTYIIEHHS 3Be3A M Ta3a, KOTOPbIE FIPHHSITO Ha3bl-
BaTh suipaMu (puc. 3.11).

Cpenu rajlakTHK BBUIEJETCS] CPABHUTENEHO HEMHOTOUUCICHHAS
(~1% OT 0DLIETO YKUC/1A) TPYHIIA FAAKTHUK C aKTVBHBIMY SIIIPAMM.
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B akTUBHBIX fiApax HaGOMAIOTCS MOLIHBIE HECTALIMOHAPHEIE
TIPOLECChI, NPUBOASIIHE K BLICOKOH CBETUMOCTU A4ep BO BCEX AUa-
MA30HaX criekTpa. XOTs rajlakKTHKW ¢ aKTURHBIMU SLIPAMUA CPABHH-
TEJLHO HEMHOTOYUCIIEHHB!, UX U3YYeHUE NMPUHUUITHATIBHO BaXXHO
IISE BBISICHERHS TIPUPOMBT FA/IaKTUYECKUX SIACP.

Bce ranakTuku ¢ aKTUBHBIMY siipaMM OKA3BIBAIOT U3MEHEHMUST
OINTUYECKOTO UIJIYHEHMS sllep HAa BPEMEHAX OT HECKOJNbKHX CYTOK
10 MHOTHX fetT. [To MaKCUMAaILHOM CKOPOCTU M3MEHEHMIt (MUHHU-
MATBEHOMY BpeMeHW M3MeHeHU Al) olieHUBaetTcs xapakTepHBI
pasmep nmanyuawomeit obnactm I < CAt, KoTopblii cOCTaBIgeT
3x10"+10" cM, To ecTs Menee 0,1 mapceka. Beuny croms Manoro
00beMa, B KOTOPOM BbLAENSIETCS TMTaHTCKAash 3HEprus, TpebyeTcs
MIPUBJICUEHUE OCODBIX MEXAHW3MOB SHEPTOBBIIEACHHUS,

OIHMM M3 TAKUX MEXaHU3MOB IIPUATO CUUTATH BhINAJCHHUE Be-
LHECTBA 3BE3/ M r'a3a HAa CBEPXMACCUBHYIO YEPHYIO AbIPY, Pacroio-
XEeHHYI0 B sape TanakTuku. [lockonbKy 3()@PEeKTHBHOCTD
3HEProBLUICJIEHUSA NIPY 3TOM Ha [1Ba fIOPSIAKA BbIlle, YEM TPU sOep-
HBIX peakUHsX, MEXaHU3M aKKpPELMM BEHECTBd Ha YEPHYIO AbIpY
HauboNee YacTo MPUMEHSETCS U OObSICHEHUS THTAHTCKOM CBETH-
MOCTH KBa3apOB M SLIEP AKTUBHbIX TAIAKTUK.,

MourHoe UTydeHHE AOpa AKTUBHOW TFalaKTHKW 3aTPYNHSIET
NpIMoe U3yYyeHUe ABMXKCHHS OTAENBHEIX 3BE30 WU ra3oBbIxX 00Ja-
KOB BOJIM3M 514Apa, HEOOX0AUMOE U OLCHKHU €ro Macchi. OiHako B
JaHHOM CJTy4ae MOXHO U3yvaTh JRU-
XeHHe ra3oBhIX 00JIAKOB BOJIM3H S~
pa  TaJlaKTUKW  OTOCPENOBaHHO,
Habomas MPodWI JIKHUIA nanyde-
HUST B ONITUYECKOM CIIEKTpe siJpa v
U3y4as ux u3MeHeHus. [a3oBbie 00-
J1aKa BOMU3Y iApa ralaKTUKY ABUIa-
IOTCA 110  PpazIMYHBIM  OpbUTam
(KpYTOBBIM, SJUTMTITHYECKUM U T. TL.)
C pa3HbIMU CKOPOCTSIMU. YeM 60Mb-
1II€ Macca sipa FalakTUKK, TeM 60Jb-
e TpH 3a0aHHOM pacCTOSHHUM OT

paJibHAA TraflakKThKa ¢ XOopouo
Slpa CKOPOCTH JIBWKEHHA TA3OBBIX g ioayonyiiy aipoM, B LCHTpE
obnakor. C yBeTUUEHUEM pPacCTosI-

KOTOpPOro HaxoaurtcAa CBEPXMac-
HU I' CKOPOCTH Tra30BbIX 061akoB B CUBHas YepHas avipa.
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cpeaHeM YOLIBAIOT MO KeTUIEPOBCKOMY 34KOHY Vi~ r", 4TO MO3BO-
JISIET OUEHHUTb Maccy sUIpa;

M.=nvr/G,
rae rapameTp 1=1-3 yuuTbIBaeT MOENb ABKXCHUS Fa30BbIX 001a-
KOB (U1 ABYXEHHUS NO Kpyrosoii opbute n=1).

B cooteeTcTBYM © 2bdpekToMm [Jomnepa, ABUXKEHHUE Ira30BOro 00-
Jlaka BONU3Y A4pa TanaKTHKM MPUBOIMT K CMEILEHUIO CreKTpaTh-
HbIX JIMHWUH, W3J1y4YaeMBIX o0O0JMakoM, OTHOCUTEJTBHO WX
TaBOPATOPHBIX TTONIOXECHUIN. [Lnsi 061aKOB, ABUTAIOIIUXCA BIONb Jy-
Ya 3peHMUs, 3TU JIOTUIEPOBCKHUE CMELLICHWA MAKCUMATBHEIL, T 061a-
KOB, IBHATAIOIIIUAXCS TIONEPEK JIyya 3peH s, OHU ONU3KH K HYJIO.

B utore 3MUCCMOHMAA JIMHUA OT BCeX 00JIAKOR, ABUTAKOLIIAXCS
BOKPYT siApa ranaktuky ymmpsercs. Mo mvpuHe THHUN MOXHO
OLICHUBATb CPETHECTATUCTUUECKYIO CKOPOCTb ABMXKCHUSE OBIAKOB
rasa BOJIN3Y sAapa ralakTUKH.

YToOB! OLIEHUTL Maccy SApa HYXHO 3HATH CPEAHEE PaCcCTOAHUE
Ta30BbIX 06J1aKOB OT SLIpA FAIaKTUKU. ITO MOXHO CAENaTh ABYMS
cnocobamy. MoXHO MOCTPOUTE TEOPETHUYECKYIO MOIENb simepHO
001aCTW ¥ CPaBHUTE TEOPETUUECKOE CTIEKTPAILHOE paclpeaeaeHUe
MHTEHCUBHOCTH ¢ HabaonacMbiM. Tak MoCTynan U3BECTHBbIN COBET-
ckuil actpodusuk JIu6ait, KOTOPLI BBITTONHII NEPBHIE OLEHKU
Macc SNep aKTUBHbBIX FUIaKTHK.

MeHee MonenbHO 3aBUCUMBIM METOAOM onpeaenieHus T, Impo-
KO NPUMEHACMbIM B HACTORIIIEE BPeMS, SIBTSIETCA TAK Ha3biBaeMblid
METO IXOKAPTUPOBAHMUS 40pa FaNaKTUKHW, KOTOPbI MCNOJb3yeT
MHPOPMALINIO O 3aNa3abiBAHUH U3MEHEHU I UHTEHCUBHOCTH JIMHU
UINMYISHHNS] OTHOCUTENBHO U3MEHEHWH HHTEHCHBHOCTY HEMpPEphIB-
HOTO CHEKTpa.

M3-3a HECTALMOHAPHBIX TIPOLECCOB BOMM3K f/pa TATaKTHKM,
UCHTPAILHBII MCTOUHUK W3NYYCHUS SBASETCA CUJIbHO MEpeMeH-
HBIM. OTO U3IYYEHHE HATPEBAET M BO30YX/IAET OKPYXKAIOMIUE SAPO
rasosble 06/1aKa, YTO TIPUBOAWT X 3aMETHBIM M3MEHEHUsIM B HX
3MUCCHOHHOM CIIEKTPE.

Ecnu obnaka pacnofioXeHbl B cpefiHeM Ha pacCTOSTHUV I OT sA-
pa, TO U3MEHEHWS B YaCTOTaX UX SMHCCUOHHbIX IMHWIA JOMKHbI OT-
CTaBaTh OT U3MEHEHU I HENPEPhIBHOTO CNEKTPa EHTPaIbHOTO SIpa
Ha BpeMs, pasHoe BpeMeHW Tponera At XeCTKMX MOHHM3YIOWKMX
KBAHTOB SIOpA 11O TA30BLIX 00J1aKO0B.
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Torma paccrosiHue T ra3oBbLIX 00JaKOB OT SiApa OLUCHURBACTCS
npocroil popmynoii: = CAL. o sToMy 3HaYeHH© I MOXHO
OLEHHTH M MacCy LEHTPATLHOTO AP FAIAKTHKU M,

Bnepsoie 3dgwpexT 3ana3zanBaHvs 6601 OTKpLIT JI10THIM M Yepe-
nantykoM B 1972 roay. K HacTomumeMy BpeMEHW C UCTIONB30BAaHUEM
onucaHHoro 3¢dexrta, HalexKHO onpelesicHbl MAacChl MPUMEPHO
Tpex AecATKOB siIep TalakTUK, KOTOPBIE JIEXAT B IWana3oHe
10'+10"M... B Ta6auue 3.1 npUBEaEHB! MACCHI YEPHBIX ABIP B SAPaX
AKTUBHBIX FATAKTVK, HailleHHbIe No 3¢hdeKTy 3ana3apiBaHN.

Oxasanock, YTO MeXIY CBETUMOCTHIO SAPa aKTHBHOM TaTakKTHKU
U €r0 MACCOM CYLECTBYET CTATUCTHUYECKAS 3aBUCUMOCTD: YeM GoJTb-
llle Macca siapa, TeM Gosblle OnTHYeCcKask CBETUMOCTb.

Maccbl CBEPXMACCHBHbIX YepHbIX Abip

B8 Aapax «HOPMaNbHLIX» FanakTUK

B cnyuae «HOpManbHbIX» FalaKTHK, Y KOTOPBIX ONTHYECKOE U3~
JIyYeHHUe siiep HEBEJIMKO MO CPABHEHMIO CO 3BE3THOI KOMIMOHEH-
TO#, MOXHO HETOCPEACTBEHHO HAOMIONATEL NBIXKYLIIMECH 3BE3ALI U
ra3 B61M3U g4pa. 310 AaeT BOZMOXHOCTD NOJYYMTbL Hanboee Ha-
JIEXHbIE OLIEHKU MAcC YEPHBIX IBIP.

C 60pTa KOCMMYECKOTO Teseckomna Xad6,1 ¢ BbICOKMM YTIOBLIM
Pa3peLleHHEM B HECKOJIBKO COTBIX CEKYH/IbI B IOCNEAHUE TOIbI ObI-
JIA OTKPBITBHI Ta30TbUIEBbIE JUCKU BOKPYT SIEP MHOTWX TIAKTHK,
BPAIAIOLLMXCSA MO KeMIEPOBCKOMY 3aKOHY, KOrAa CKOPOCTU B AMC-
Ke OnHChIBAOTCS (HOpMYJIOH vVi~r', Panuychl 3THX CTPYKTYp JeXaT
B fIpeAenax OT HECKONMbKNX JECSTKOB 10 HECKOMBKMX COTEH MapcekK.

Ha6monast pacnipeaeiesue JyyeBbIX CKOPOCTEI TIYTEM MCCNENO-
BaHM$l IOMJICPOBCKHUX CMELUEHHI TMHHIA ATYIeHHST, OTIPEeNsTioT
MAccCy, BOKPYT KOTOpO#l BpalllaeTcs AUCK.

BO3MOXHOCTb TIPAMOTO HaGJIOACHUA OKOJOSIIEpHON ob1acTH
NO3BOJISIET TaKXe OUEHHTb OTHOLIEHUE MacChbl K CBETMMOCTHU
M(r)/L(r) (rae M u L. — B COHEYHAIX eAMHMLAX) U CPABHMTD €ro ¢
COOTBETCTBYIOLEH BEIWUMHOW IUTA BHEUTHUX YacTell TaNaKTUKU
(M/L =1+10).

TlepBoit ranakTUKOM, y KOTOPO! OKOOSACPHBIN Ta30TbiiesoH
JIVICK UCTTONB30BAICS IS OfIpEeeHUsT MACCHI suIpa, ObINa ranakTy-
ka M87. AmepukaHckuit actpoHoM X. @opa ¢ coTpyaHuKaMu B
1994 roay oOTKpbLT AUCKOOOPA3HYIO CNUPAILHYH) Ta30TbUICBYIO
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Ta6nuua 3.1. Macchl CBEpXMACCHBHbIX YEPHBIX AbIP B IAPAX AKTHBHBIX
ra1aKTHK, ONIpeicNeHHbIe METOIOM 3XO—KapTUPOBAHHUS.

Haspanue 3anasasiRanve M., Paccrosnye,
00BeKTa Teoms JTHU (10'M.) Minc
3CI120 43,8 3,1 138
Aknl20 38,6 19,3 135
F9 17,1 8,7 200
Mrk79 18,1 10,5 91
Mrki10 19,5 0,80 148
Mrk335 16,8 0,39 107
Mrk509 793 9,5 144
Mrk590 20,5 1.4 109
Mrk817 15,5 3,7 131
NGC3227 10,9 49 21
NGC3783 4,5 1,1 39
NGC4051 6,5 0,14 17
NGC4151 3.0 1,2 20
NGC5548 21,5 6,8 70
NGC7469 5,0 0,76 67
PG0804+762 100 21,9 430
PG0953+414 107,1 15,5 1118
np“MeanHc: Teem — XapakTCpHOS BPCMSA 3and3blBaHVA NMEPEMEHHO-

CTU UIMPOKOW KOMIIOHEHTH! JIMHUM UITYYEHHSS BOAOPONA OTHOCUTEIBHO
MepeMEHHOCTH HENpPephIBHOTO crekrpa, M, , — Macca LIeHTPaTEHOM Yep-
HOM IBIPHL.

1 Mnc = 3,26 MiWwUIHOHOB CBETOBBIX JIET.
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CTPYKTYPY, PaauycoM OKoJO | yrjioBoil cexyHan! (73 nmapceka), OK-
pyxatotiyto sapo M87,

CrekTphl, TONYy4YeHHBIE B PA3HBIX YACTSIX ITON CTPYKTYPS MOKA-
31U, YTO OHA BPALLIACTCS 110 KETUIEPOBCKOMY 3aKOHY, IpUYEM JTyde-
Bbi€ CKOPOCTH B JBYX NHAMETPAIbHO MPOTHBOMOJOXHbBIX TOYKAX
cTpyKTYph! V= 1500 xMm/c Ha paccTossHUM T = (0,25 yr/10BOM CeKyH-
el (18 mapcek) ot aapa. OTcoaa HalwKA Maccy gapa
M,=(3,2+0,9)X10°M,, M OTHOWEHUE MAaCCHl K CBETUMOCTH
M/L>110, MHorO 60Jb11IE, YEM IJ151 BHEsLAEpHBIX 001aCcTel ranak-
TUKH, YTO TOBOPUT O 3HAYMTEIBHOM M3OBITKE TEMHON MATCPUMU 110
CPaBHEHUIO CO 3BE3MHOH KOMIIOHEHTOM B sifipe.

OueHEeHHas CpeiHsfa IUIOTHOCTb TEMHOTO BEIECTBA B U3MEPEH~
HOIf SIEPHOIl 06NaCTH TATAaKTUKM cocTasnsier ~10'M./nc’, yto B
CTO MUJLTHOHOB pa3 BEILIE TUIOTHOCTH 3Be3] B oKpecTHOoCTsIX ConH-
11a B HalleH [amakTuke u B CTO pa3 Gosiblle ILIOTHOCTU 3Be3[ B Ca-
MbIX [IOTHBIX U3BECTHBIX 3BE3IHbIX CKOTIIEHHAX.

Bce 3Tv gaHHbIC AAI0T OCHOBAHMA YTBEPXKIaTh, YTO B SLAPE rana-
KTMKM M87 HaxomUTCA CBEPXMACCUBHAs YepHas Nblpa, aKKpeuus
BELIECTBA Ha KOTOPYIO SIBJISIETCH OTBETCTBEHHOM 32 MHOTOYVICAEH-
Hble BUIBI aKTUBHOCTHU siapa M87.

K HacTodiieMy BpeMEHU TaKUM METOROM OFIPEIC/€Hbl MacChl
HECKOJIbKUX JACCATKOB Aifiep TalakTHK.

Brloarowvecs pesynbTaThl 110 UBMEPEHUIO Macc YepHBIX JbIp B
spax rajlakTHK ObUTH MOMyYeHbl B IOCHeHUE TOABL TPYNoi ame-
PUKAHCKHMX aCTPOHOMOB BO IJaBe ¢ JIX. MopaHOM IpH U3Yy4eHUH
KOMIIaKTHHIX Ma3¢pHbIX UCTOUHUKOB METONOM MEXKOHTUHEHTA/Ib-
HOW panuoacTpOHOMMH.

CyTb MeTOoIa COCTOUT B MCITONB30BAHWM MHOTHX TEJIECKONOB,
pasHeCeHHBIX HA MEXKOHTHHEHTANLHBIE paccTOsTHUA M paboTalo-
IIUX B peXuMe equHOro uHtepdepoMeTpa. Takoil MeToJ1 TO3BOJIAET
TMOMyYaTh OFPOMHOE pa3pellueHue, ayuyiie 10° cexynapl.

Oxa3anock, YTO BHYTPU Ta30MbLIEBBIX AMCKOB, BpaLIAOMIUXCS
BOKPYT SiIEP HEKOTOPEIX TANAKTUK, HAOII0BAIOTCS] KOMITAKTHBIE 06—
JTACTH, U3 KOTOPKIX HabNI0AAK0TCA Y3KHE U 04eHb MHTEHCUBHBIE NN -
HUU UITYIEHUS, XapaKTepHBIE s Ma3epoB, ¢ KOTOPbIMU (DU3MKH
paboTtaloT B JabopaTopusx (Masep — TO Xe€ caMoe€, YTO M Jiasep,
tonbko B CBY—muanasoHe). /lng paGoThl Ma3epa Hy:xKHO ocoboe
BO30YXIE€HHME aTOMHBIX YPOBHEHN pabouero BelecTBa.
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Oka3bIBaeTcs, TaKue Xe MPoLecChl MOTYT IIPOUCXOIUTE HE TOJb-
KO B JJAOOPATOPHBIX YCIOBUSIX, HO U B KOCMOCE.

Hab6mogerus snpa ramaktuku NGC4258 ¢ GecripeieieHTHBIM
yTJ0BEIM pa3dpetucHueM 200 MUKPOCEKYH U CIIEKTPAILHEIM pa3pe-
wieHyeM 0,1 kM/c BRSABHIH, YTO 17 KOMIAKTHBIX MA3EPHBIX UCTOY~
HUKOB, U3NYYAIOLIMX YPE3BYANHO Y3KHE TMHUH BOJSTHOTO Mapa Ha
IJIMHe BOJTHBL 1,35 cM, pacrnonoXeHsl B IUCKOOOPa3HOi 000I0uKe
pammycoM ~10" cM, RUIMIMOIT TOYTH ¢ pebpa U BpawaoLieics no
KEIUTEPOBCKOMY 3aKOHY.

Buytpenunuit opoutansHeiti nepuon 800 net, BHelHMA — 2200
JeT. HaknoHeHHe ocu aucKa K aydy 3penud i = 89°. Macca 1eHT-
PAIEHOI YepHOM AbIpHI paBHa 3,5%10'M., (puc. 3.12).

XOTsl RHYTPEHHSIS 4aCTb TUCKA Bpallaercd ¢ nepuojoM 800 e,
OTPOMHAST TOUYHOCTb H3MEPEHUS TIONOXEHWIT Ma3epHBLIX MCTOYHH-
KOB IO3BOJIN/IA H3MEPHUTb UX YIIOBOE MEpeMeLLieHHe Ha KapTHHHOM
TLTOCKOCTH 32 HECKOIBLKO JIET HaOM0OeH Ui, DTO JaJ10 BO3MOXHOCTD
HE3aBHCHMO OTPEACSIUTL PACCTOSHME 0 SIAPA TAIaKTUKH C TOYHO-
cTbio 4%. K HacTosiiiemy BpeMeHY 3THM METOIOM HCCAedoBaHb 7
rajakTdK, Macchl aJep KOTOphIX JieXaT B  IIpelenax
(10°+3,5X 10"YM..

B oxpecTHOCTSIX siiep ranakTMK JBUIAaeTCa He TOALKO ras, HO W
3Be3BL. Y JaiexuX TAIaKTUK He TIPEACTABIAETCS BO3MOXHBIM Ha-
611101aTh ABMXEHUE OTAEAbHBIX 3BE3, HO MOXHO U3YyYaTh pacrpe-
nefieHue cpeaHel qucnepcui (pa3dpoca) ckopocTeit MHOIMMX 38€31,

Puc. 3.12. Moseky IpHb1ii (a30BBIH IUCK C KOMITAKTHBIMU MA3EPHBI-
MM UCTOYHHKAMH BOKPYr CBEPXMACCHBHOM epHO# IBIPLI B LEHTPE TafaK-
Tuk NGC4258. (Ix. Mopau u 1p.)
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Hab/onas JOIVIEPOBCKOE YUIMPEHUE NUHUIT MOLJIOIIEHNS] B CyM-
MapHOM CTeKTpe OKOJIosiAepHOoif 001acTu.

Kaxnas 3pe3fa B OTACNABHOCTY UMEET CPABHUTENBHO Y3KUE -
HUM MOTAOHICHUSA B CBoeM criekrpe. OIHaKo, IMOCKOJIBKY 3Be3N
MHOTIC ¥ KaXIAS U3 HUX JBMXETCS CO CKOPOCTSMY OT JECATKA J0
MHOTMX COTEH KM/C, JIMHUY MOIJIOLIEHHUS] B CyMMapHOM CIIEKTpe
BCEX 3Be3 YIUPAIOTCS: yeM OIIMXKE K AIpy, TeM OoNblle AMCTIEpCHsA
CKOpOCTEH 3Be3X W TeM OoJibllie WUpWHA JUHHUIA TIOTJIOLEHUS B
CYMMApHOM CIICKTpe 3Be3I.

ITo 3aKOHY HapacTaHusl MMCNEPCHM CKOPOCTE 3BE3L K UEHTPY
TaJIaKTHKH MOXHO OLIEHHTH Maccy ee siapa. B nocneaHue roanl Ta-
KUe paboTHI 10 U3MEPEHHUIO MACC AP FAIAKTUK BELYTCA HA KOCMHU-
yeckoM Tejieckome Xa6on ¢ momMoublo AByX npubopos: FOS
(cnextporpad ciabeiX 00BEKTOB) — criekTporpadga ¢ MIHHHOM
BxoaHo#M mensto u STIS (Space Telescope fmaging Spectrograph) —
MHOTOUIEJEBEIM CIEKTPOrpadoM BLICOKOTO pa3pellieHust.

TakuM MeTOIoOM M3MEPEHBl MACChI HECKONBKUX IECATKOB SAep
ranmakTvik. B tabmyie 3.2. npuBeeHnl MacChl YEPHBIX JbIP B SLIPAX
HEKOTOPHIX «HOPMAIBbHBIX» TaJaKTUK, OMpeJIeNeHHbIe TT0 JIBHXE-
HHIO Ia3a u 3Be31,

CsepxmaccupHas YepHaa Abipa

B AApe Hawel ManakTmku

Anpo Haured TATakTUKM PAcTONOXEHO TOPa3fo OAMXKE K HaM,
4eM ApYIHe ralaKTHKU, NIOITOMY 3/1eCh YIAEeTCs Pa3iiNdaTh OTLENb-
HBIE 3Be3/bl U AETATHHO U3YyYaTh MX ABMXEMUE OKOJIO S4pa, YTO NO-
3BOJISIET JATh Hanbosee HaXEXHYIO OLIEHKY €ro Macchl. Jra 3a1aya
oueHb HempocTas. [lockonbKy sapo Haiueit [anakTHKM CKpBITO OT
3eMHOT0 HabmoIaTeNss MOIUHBIM CJIOEM MeX3BE3IHOW MbUIH, OHO
He BUAHO B OMNTUYECCKOM [IMANa30HE M TOJMBLKO B MHPpaKpacHOM
JIMATa30He, Ui KOTOPOro MbuUlb NTPO3padHa, MOXHO HEMOCPEACT-
BEHHO YBUIETD 3B€3bI BOJIU3M SIpa.

KpoMe TOro, yrobBl J€TaNbHO IMPOCACAUTL IBVXKECHHS 3BE3l,
Haubonee GIM3KUX K AApY, HyKHO Habmonars sigpo Tamaktuxu c
MaKCHMMAbHBIM YIJIOBBIM pa3pellleHHEM — B HECKOJIbKO COTEIX Ce-
KYHIIBI.

[MosTOMy WIS M3ydeHUs1 ABUKEHMST 3BE3]l BONW3U suEpa HaleH
TanakTuku MCNoNb3yOTCS KDPYITHEUIIHE HAa3eMHBIE TEJECKOMEl W
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Tabnuua 3.2. Maccest cBepXMaCCHBHBIX YEPHBIX AbIP, ONPEIEAEHHbIE 10
KMHEMaTuKe rasa ¥ 3Be3A.
M;(bulge) — 3Be3nHan BenuymHa Ganloka ralakTUKM, 6, — OUCTIEPCHS
ckopocTeit 3Be3n 6anmka, M, , — Macca UEHTPanbHOI YEPHOM JBIPHI.

unakTiKa Paccrosinue, M, VR M.,.
Mnc (bulge) KM/ (10'M,)
Milky Way 0,008 -17,65 103 0,18
NGC221=M32 0,81 -15,83 75 0,25
NGC224=M31 0,76 -19,00 160 4.5
NGCS821 241 -20,41 209 3,7
NGC1023 11,4 -18,40 205 4,4
NGC1068 15,0 -18,82 151 1,5
NGC2778 22,9 -18,59 175 1,4
NGC2787 7,5 -17,28 140 4,1
NGC3115 9.7 -20,21 230 100
NGC3245 20,9 -19,65 205 21
NGC3377 11,2 -19,05 145 10
NGC3379 10,6 -19,94 206 10
NGC3384 11,6 -18,99 143 1,6
NGC3608 229 -19,86 182 19
NGC4258 7,2 -17,19 136 3.9
NGC4261 31,6 -21,09 315 52
NGC4291 26,2 -19,63 242 31
NGC4342 15,3 -17,04 225 30
NGC4459 16,1 -19,15 186 7,0
NGC4473 15,7 -19,89 190 11
NGC4486=M87 16,1 -21,53 375 300
NGC4564 15,0 -18,92 162 5,6
NGC4596 16,8 -19,48 152 7.8
NGC4649 16,8 -21,30 385 200
NGC4697 1,7 -20,24 {77 17
NGC4742 15,5 -18,94 90 1,4
NGC5845 25,9 -18,72 234 24
NGC6251 93,0 -21,81 290 53
NGC7052 58,7 -21,31 266 33
NGC7457 13,2 -17,69 67 0,35
1C1459 29,2 -21,39 340 250
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MPUMCHSIIOTCS UH(PpaKpacHbIe TAHOPAMHbIC NPUEMHUKN WTyte-
HYsl, 3 TAKKE CNEliMallbHbie METOAbI KOMIIEHCALMK AaTMOCHEPHBIX
HVCKaXeHMI U300paxeHHsl.

HMEHHO ¢ KUCIONb30BAHMEM TAKUX MOWHBIX HAONIOAATETEHBIX
CpEACTB B MOCHEIHES BPEMA YAATOCh MONY4UTh Haubonee ybeau-
TeJIbHbIE CBUAETENLCTBA HATHYUA CBEPXMACCHBHON YepHOW ObIpHI,
Maccoi OKOMO0 TPeX MIUIMOHOB COMHEYHbIX Macc, B Axpe Haweil la-
JIAKTHKH.

HabnoneHns Hauanuck ¢ 1992—-93 rogos AByMs rpyfnamu He-
MELIKUX ¥ aMEPUKAHCKUX YueHbix. OKa3anoch, YTO 3B¢34kI BOININ
sapa [anakTWKy 3aMeTHO TiepeMeIaloTes, pudeM CKOPOCTh ABU-
XEHHU 3Be3 B cpeaHeM Bonbuie a1 3Be3n, 6osee OAU3KUX K APy
(pric. 3.13). Beita Mi3MepeHa aucnepcust CKOPOCTeN COBCTBEHHBIX
asuxeHuit 90 38e31 Kak GYHKLUA pacCToSHUSA Io siapa FatakTHku,
KOTOpasi FIpEKPACHO COLNACYETCS ¢ AMCTIEPCHE J1yueBbIX CKOPOCTEM
3TUX 3Be3l, W3MEPEHHBIX CNEKTPAThHEIM METOAOM, MO AOTUIEPOB-
CKHM CMELIEHUAM JIMHUIA MOTIOWEHUs.

A.M.Ghez
L 71 ]
04 o® -J
[ YepHan awipa +
~ 02 Iy -]
< 7
8 fhe 3 ]
. s o 1
£ o ®* ]
€ [ be o195
-012 [~ "B a 19% -
X + 1997 J
04 o' 7
TV TP BN PP B
0,4 0,2 0 -0,2 -0,4
Ao (yrn. cex.)

Puc. 3.13. Habmomaemuie B 1995—1997 rr. ABHXEHMS 3Be3n BONU3N
CBEPXMACCHBHOI YepHOM OBIPH Maccoi ~3X10°M,, B tleHTpe Hamreit [anak-
iy, A0 1 AS — yrnosuie paccrostus. (Jes u ap.)
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DTO N0Ka3bIBACT, YTO paclipedclieHue CKOpocTel 3Be3d BOIU3U
Spa U3IOTPOITHO, YTO COTNACYETCH ¢ TEOPETUYECKUM paclipencsnie-
HUEM.

CpaBHeHMe HabMoIaeMoro pacrpeaeieHust IMCIEPCUN CKOpPO-
CTeif 3Be3n BOMM3HU sSIpa C TEOPETHUECKUM MMO3BOIMeT AaTh HAXeX-
HYIO OLICHKY MACCH! YEPHOM ALIPEl B LEHTpe Haiueit TanakTuky,
KoTopasi cocTammsieT 2,6 X10°M, (HamoMHuM, yTo M, o3Hauaer
Macca CoxHua).

HekoTtopbie Hanbonee Oim3kue K Sapy 38e3nb (B npenenax 0,01
mapceKa) ABUTAIoTCS CO CKOPOCTAMM, npesbiiuatowumu 1000 km/c.
ACTpoMETpHYECKYE TIepeMELUeHUS TpeX 3Be3 BOIN3U sipa [anak-
THKH 0Ka3alMCh KPUBOJIUMHENHAIMU, YTO JAT0 BO3MOXHOCTh OIpe-
HENUTb He TOJBKO CKOPOCTHM 3THX 3Be3/1, HO U UX YCKODEHUS Ha
OpOUTAX, BbI3BAHHBIE NIPUTIXEHUEM saApa [ATaKTUKIL.

B camoe mocneaHee BpeMst Mo HabnomeHusiM 1992—2002 roxos
YIAIOCh [TOCTPOUTh OPOUTY ABKXEHUsI OMHON 3Be30bl (S2) BOKPYT
CBEPXMAaCCUBHOM YepHoOH JIbiphl B sifipe TanakTuku (puc. 3.14).
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Puc. 3.14. Habmonaemas B 1992—2002 r.r. opduta 3Be31bI S2 BOKpYT
CBEPXMACCHBHOM YE€PHOM IbIPpbl B IEHTpe Hatuei fanaxTuxu.
A0, n AS — yrossie paccrostvst, (Ulonens v np.)
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OpOuTaNBLHbBIN IEpHUO OKA3AICA paBHBIM 15,2 rona, MUHUMATL-
HOE PacCTOSIHUE OT YEPHOI JbIpsI pasHo 0,6X10° mapcex (120 a. e.),
4YTO MWL B TpU pa3a Bonblie paguyca CoTHETHOM CUCTEMBL.

Macca yepHO# AbIpbl, HE3ABUCUMO ONPEAETIEHHAsA N0 TPEThEMY
3akoHy Kerepa, pasHa 3,7X10°M,, 4TO XOpOIUO COMIACYETCH €
TIPEXHAMU OIpeaeIEHUAMU.

OueHeHHasa Ha OCHOBE 3TUX JaHHBIX IJIOTHOCTD B siape [anakTi-
K1 Ha 18 nopsikoB 6onbilie cpeaHeli MITOTHOCTH 3Be3 B OKOJIOCOJ-
HEYHOM OKPecTHOCTM M Ha 12 MOpsLAKOB MpPEeBLILIAET ILIOTHOCTH
3Be3/i B CAMbIX TIJIOTHBIX U3BECTHAIX 3BE3AHBIX CKOIUTEHUSIX.

3Ta TINOTHOCTD CTOJTb BEIMKA, UTO CIH Obl B rieHTpe [AakxTHKY
CYLLIECTBOBA/IA HE CBEPXMACCUBHAS YEpHas IbIpa, 2 CKOIIEHUE OT-
JIEJTBHBIX TEMHBIX Tell (6eThIX KapITUKOB HU3KOM CBETUMOCTH, HEeW-
TPOHHBIX 3BE3 U YEPHBIX ALIP 3BE3THOM MACChI), TO 3TO CKOILIEHHE
Beero 3a 10° 1eT MCmapuioch 6bl (DACCESIIOCH) 3a CYET KOJUIEKTMB-
HBIX B3aUMOAEHCTBUM OOBEKTOR WITH CKOJLTATICUPOBAJIO OB B CBEPX-
MAaCCHBHYIO uepHY10 Abipy. [1locKonbKy Bo3pacT [anaxTuky nopsaka
10° ner, Monean saapa [ATakKTHKY B BUIIE CKOILIEHUS OOBEKTOB JI0J1-
’KHa GBITE OTBEPrHYyTa.

ChnenoBate/lbHO, B cityyae Haluei [anakTHKY J0Ka32HO MpsiMbl -
MU HaGONEeHUSMM, UTO CBEPXMACCUBHBINH KOMITAKTHBIA U TEMHbIH
OOBEKT B €€ LEHTPE JOKEH ObITh He CKOTUIEHVEM 3BE3, a €IUHbBIM
TENOM pannycoM MeHee 20 TpaBUTaLMOHHbIX PAIHYCOB.

Ecnu 310 He YepHas Okipa, To uTo 370 Takoe? Bymyuve Habmo-
JIeHUA 1pd Halllel [AnakTuky ¢ MOMOLLBI0O KOCMHYECKOTO PEHTIE-
HOBCKOTO MHTePdEPOMETPA C YIIOBBIM pa3pelieHHeM 107 ceKyHIs!
ITO3BOJIAT HETIOCPEACTBEHHO Habmomath NMpouecchl akKpeLuun Be-
LIecTBA BOIM3M STOTO CBEPXMACCUBHOIO M UPE3BLIYaHHO KOMIAKT-
HOTo 00BbEKTa Y1 OKOHYATENbHO PELIMTh BOTIPOC O CYLLIECTBOBAHUH
YEPHOM AbIPbl MAcCOM OKOJO TPEeX MU/UTMOHOB COJIHEUHBIX MAcC B
LeHTpe Hallel [anakTuku.

Hoee#ume AaHHbIE

no 3Be3fAHbIM YEpHLIM AbipaM

[lepeiizeM Tenepb K paCCMOTPEHMIO HAGII0OATE/IbHOTO CTATyCa
YEePHBIX JbIP 3BE3HOM MACChl, KOTOPBIE M3YYaloTCsi B PEHTTEHOB-
CKMX IBOMHEBIX cHCTeMax. YepHEIe IbIphl OOHapyXUBAIOTCS B PEHT-
FEHOBCKHX IBOMHbIX CUCTEMAX ABYX TUIIOB:
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1. KBasucraumoHapHble peHTTEHOBCKYE JBOWHBIE CUCTEMEI CO
CMYTHUKAMU — MACCUBHLIMU FOPSIUMMH 3BE3NAMH CHEKTPAIbHbIX
knaccoB O-B (cucremnt Cyg X-1, LMC X-1, u ap.).

2. TpaH3ueHTHBIE (TO €CTh BPEMEHHEIE, BCIILIXMBAIOLUE) PEHT-
reHOBCKMe ABOMHbIE CHCTEMbI — PEHTICHOBCKHME HOBBIE, CO CITyT-
HUKAMU, MAJIOMACCYUBHBIMHI XOJIOAHBIMM 3BE3NIAMM CNEKTPANBHBIX
kyaccoB A-M (cucremer A0620-00, V404 Cyg u np.).

XapakTepHO# 0COBEHHOCTHIO TUITUYHON PEHTTeHOBCKOH HOBOM
SBJISETCS HATMYWE PEHTTEHOBCKUX BCITBILLEK, KOTa pEHTTEHOBCKAS
CBETMMOCTb cUCTeMbI L, OBICTPO (32 HECKOJIBKO CYTOK) YBEIHUMBA-
€TCS OT OYeHb Manol BeTHYHHBI (MeHee 10°—10" 3pr/c, cnmokoiinoe
cocTosiHUe cUcTeMbl) 1o 107—10” spr/c B MakcuMmyMe. B 310T Mo-
MEHT PEHTTEHOBCKMI HCTOYHUK CTAHOBUTCS OTHUM M3 CaMbIX SIpP-
kux B Famakrike.

3aTteM peHTreHOBCKasA CBETUMOCTb CUCTEMbI CIANAET B TEUEHHE
HECKOJIBKWX MeCAIIEB K HCXOHOMY YPOBHIO, Ha KOTOPOM OHa Nnpe-
OBIBAET B TeUeHUE HecKoNbKHX JNleT. MlHorna, cnycra 2—3 Mecsa,
HaBMIOAAIOTCA BTOPUYHBIE BCIIbILIKHY.

Bo BpeMst peHTTeHOBCKOM BCIBIIIKM HaOMONAETCHS BCIBINTKA
ONTHUYECKOIO H31ydeHH!s, BEI3BAHHAS [IPOTPEBOM MOILLHBIM PEHTTe-
HOBCKUM H3TyUYeHUEM NOBEPXHOCTH ONMTHYECKOM 3BE3IbI ¥ aKKpe-
I{MOHHOTO THCKA BOKPYT PEJISTUBMCTCKOTO 0OBEKTA.

3TO NO3BOJISET IPOBOANUTL HAZEXHOE OTOXACCTBICHUE PEHTTE-
HOBCKOTO HCTOUHUKA C ONTHYECKOM 3Be310i, HanoMHUM, 4T0 BBK-
Iy OYeHb MAJOTO YIJIOBOTO PACCTOSTHUSI MEXIY KOMIIOHEHTAMM
PEHTTEHOBCKOM J180iHOM cuctembl (MeHee 107 ceKyHInl AyTH),
JIBOIHAs CUCTEMA BUAHA KaK OJUH OOBEKT.

B CNOXOMHOM COCTOSIHMM PEHTTEHOBCKAA CBETUMOCTb Malia,
3()(EKTH PEHTTEHOBCKOTO IPOIPEBA HE3HAYUTEIIBHEL, U B OIITHYE -
CKOM CIMEKTpe OABOMHOU CHCTEMEI BHIHLL JMHUH MOMJIOLIEHUS OTI-
TUYECKOH 3BE3/Ibl, 2 TAKKE JIMHUM UITYUYCHHST BOAOPOIA, Leius U
JIPYTHX 3JIEMEHTOB, XaPAKTEPHBIE JUTST BPALIAIOLHETOCS aKKPEIIMOH-
HOro AucKa. B cocTaBe peHTreHOBCKMX HOBBIX BCTPEYAlOTCH Kak
HEHTPOHHEIE 3BE3/IBI, TAK Y YepHbIE JbIPhI.

3amycK NMepBOro CHeHaTU3UPOBAHHOIO PEHTIEHOBCKOTO CITYT-
Hrka UHURU 8 1971 roay rnpuse, Kak yXe 0TMEYaIOCh, K OTKPbl-
THIO OKOJIO COTHH PEHTTEHOBCKWX IBOHHEIX cHcTeM. K Hacrosiiemy
BpeMEHH, O/1aromaps 3amycKy psiia CIIyTHUKOB HOBOIO TIOKOJIEHHS
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U3BECTHO HECKO/LKO ThiCAY PEHTTEHOBCKUX ABONHEBIX CHCTEM B Ha-
wei [anakrike ¥ Apyrux 6IMxXanuIMx raiakTukax,

K HacTosuieMy BpeMeHH U3MePEHBI Macchl Y 18 uepHbIX aAbip B
PEHTIEHOBCKMX ABOMHBIX CHCTEMAX, KOTOPhIE JeXaT B AUana3oHe
(4-16) M. (tabanua 3.3). Ha puc. 3.15 npuBeneHa 3aBMCUMOCTE
Macc 19 HeUTPOHHBIX 3834 U 18 YepHbLIX AP OT Macc CTTYTHHUKOB B
PEHTICHOBCKHX ABOMHBIX CHCTCMAX.

Ta6anua 3.3. MapaMeTpbl IBOHHBIX CUCTEM C YEPHBIMU JAbIPAMU.

P,, — opbuTanbHbll nepron, M, M, — Macchl HepHO# IBIPH ¥ ONTH-
4ECKOM 3831 COOTBETCTBEHHO.

Cucrema Pors M. M, |Paccrostmue, [pumey.
IHU M) M) CB. roanl

Cyg X-1 5,6 16 33 6000 CTaI[UOH.
LMC X-3 1,7 9 6 160000 CTALHOH.
LMC X-1 42 7 22 160000 CTaUKOH.
SS433 13,1 1 19 15000 CTaLtMOH.

A0 620-00 0,3 10 0,6 2000 TPaH3HEHT.
GS 2023+338 6,5 12 0,7 12000 TPAH3HEHT.
GRS 1124-68 0.4 7 0.8 6000 TPaH3HUEHT.
GS 2000+25 0,3 10 0,5 6000 TPaH3UEHT.
GRO J0422+32 0,2 10 0,4 6000 TpPaH3NEHT.
GRO J1655-40 2,6 6,3 2,4 7000 TPAH3UEHT.
H 1705-250 0,5 6 0.4 9000 TPAH3UEHT.
4U 1543-47 1,1 5,4 ~2.5 3000 TPAH3UEHT.
GRS 1009-45 0,3 4,1 0.6 6000 TPaHIUCHT.
SAX J1819.3-2525] 2,8 9,6 6,5 30000 TPAH3UEHT.
XTE 1118+480 0,17 6.8 ~0,3 6000 TPaH3UEHT.
GRS 1915+105 33,5 14 1,2 36000 TPaH3WEHT.
XTE J1550-564 1,54 9,6 ~1 6000 TPAH3UEHT.
XTE J1859+226 | 0,38 10 ~0,7 6000 TPAH3UEHT.
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W3 pucyHka BMJHO, YTO HET 3aBUCMMOCTH MAcCC PeJSATHBHCT-
CKHMX OOBEKTOB OT MacC MX CIYTHMKOB: 1 HEHTPOHHBIE 3BE3bl, U
YepHBIE ObIPHI BCTPEYAOTCA B IBOMHBIX CUCTEMAX CO CIIYTHUKAMU
pa3Hoii Macchl. Takxe HeT 3aBUCHUMOCTH MeXIy MacCOi YEpHOM Ibl-
pbl U Maccolt CMYTHUKA B PEHTTEHOBCKMX IBOMHBIX cHcTeMax. B
3TOM CMBbICJI€ TECHBIE TBOMHLIE CUCTEMBI C HEUTPOHHLIMM 3BE3IAMH
W YCPHBIMM IhIpaMM TIOAOOHKI KIACCHYECKMM TECHLIM JIBONHbBIM
CUCTEeMaM, TOe BCTPeyaoTcs NIo6ble KOMOMHALIMM KOMIIOHEHT.
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Puc. 3.15. Macco! peIaTHBUCTCKUX 0ObEKTOB Kak (hyHKIMS Macc cnyT-
HUKOB B ABOMHbBIX cHcTeMax. CBETIIbIE KPYXKH — PEHTIEHOBCKHE ITyJIbCa-
pbl, TEMHBIC KPYXKM — PpaIHOINy/IbCaphl, KPECTUK — PEHTTEHOBCKUMN
6apcrep 1-ro Tuna. CpeT/ibie TPEYrONLHUKH COOTBETCTBYIOT YUEPHBIM JhIPAM
B KBA3MCTALIUOHAPHBIX PEHTIEHOBCKMX JBOWHBIX CUCTEMAX C MACCHBHBIMU
ropsiYnMH 3Be31amMu. YepHble KBAAPATUKY — YEPHEIM AbIPAaM B PEHTIEHOB-
CKMX HOBHIX.
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Hakomnenue cBemeHmii 0 Maccax peiaTUBUCTCKUX OOBEKTOB B
JMBOMHBIX CUCTEMAX YKPETUISIET HALy YBEPEHHOCTb B TOM, YTO Yep-
Hbl€ OLIPbI CYIIECTBYIOT. [IeiCTBUTENLHO, BO BCEX CIlydasix, KOraa
yAAETCA HAZEXKHO M3MEPHTh MAcCy peHTTeHOBCKOIO IylbCapa, pa-
JUIOMYJLCapa WM peHTTEHOBCKOIo Gapcerepa 1-ro Tmna (19 o6bek-
TOB — HEUTPOHHBIX 3Be3/1), MACCA TAKOTO KOMITAKTHOTO OOLEKTa,
obnanawoliero HabMonacMoit MOBEPXHOCTRIO, He NMpeBbLaeT 3M,
— abCoIIOTHOTO BEPXHEro Mpeaeia Macchl HEHTPOHHOM 3BE3/bI,
npenckasoisaeMoro OTO DitHreitna. Takum obpa3zoM, B MoJTHOM
cornacuu ¢ OTO, u3MepeHHbIe MAacChl HEUTPOHHBIX 3BE3/, HE Mpe-
BHIHIAIOT TEOPETHYECKOTO BepxHero npeneita 3IM, ().

B 10 Xe Bpems, HM y oxHoro (1) n3 18 MacCHBHBIX KOMMAKTHBIX
PEHTTeHOBCKHUX HCTOYHUKOB B IBOKHBIX CUCTEMax He HabogaeTcs
(heHOMEHOB PEHTIEHOBCKOTO HYJIbCApa, Ppanyuo myJscapa WA peHT-
TeHOBCKOIO BapcTepa |-ro Tvma, Takke B ojiHOM cotnacuu ¢ OTO.
Taxum o0pa3oM, HY OBUH U3 18 U3BECTHBLIX MACCHBHBIX KOMITAKT-
HBIX PpEHTTEHOBCKUX MCTOYHHUKOB B IBOMHBIX CUCTEMAX HE MOKA3bI-
BAeT MPU3HAKOB Hab1101aEMOii TOBEPXHOCTH.

BosbiIoe 4MC/I0 MACCUBHBIX KOMINAKTHBIX 00bEKTOB (1 8) netaet
3TOT BBIBOL BechbMa 3HaTMMbIM. [loguepkHeM Takxke, UTo Habmona-
10TCS1 M 60Jiee TOHKHe padMyusa B HabMoAATESIbHLIX POSIBIEHHAX
AKKPEIMUPYIONX HEHTPOHHLIX 3Be3 W YEPHBIX ObIP, CBSI3AHHBIE C
¢opMoli CIEKTPOB HX MITYYEHHA. DTH PAVTHIMS TAKKE COIJIACYIOT-
¢ ¢ npeackasanuem OTO, 910 HENTPOHHHE 3BE3JBI UMEIOT HabTIO-
JAEMYIO ITOBEPXHOCTD, a YEPHBIE IBIPHI TAKOBRIX HE UMEIOT, @ UMEIOT
JULIL FOPU3OHT COOLITHII. 3HAYMMOCTH BhIBOJA 00 OTCYTCTBHMM Y
MACCUBHbBIX KOMITAKTHLIX OOBLEKTOB HAO/IIONAeMBbIX TTOBEPXHOCTEN
OyzeT BO3pacTaTh MO Mepe MANbHERIIero HaKoIUleHUs Habmona-
TCABHbIX JaHHBIX O MaCCaX PCIITUBNCTCKNX 0OBEKTOB.

TToatoMmy manbHeilmmne HaGMOOeHUsT U UCCASHOBAHKUSA peHTIe-
HOBCKHX ABOVMHEIX CHCTEM MPEJCTAB/AIOTCA B BhICHIEH cTeneHu
NMEePCIIeKTUBHBIMHI AT OKOHYATEABHOIO PEIIEHUS TIPOGNEMBL CYTIle-
CTBOBAHHSI YEPHBIX LIP BO BeeneHnoi.

DNlemorpaua yepHsix Abp

Beuzny Gonsiroro yicna (cBbiltie 100) MaCCUBHBIX KOMNAKTHBIX
OGBEKTOB ¢ WM3MEPESHHAIMM MAacCaMii W OLICHEHHBIMH paiuycamu
(KaHIUIATOB B YepHBIE ABIPHI) B IIOCAEAHUE TOABI TOMYYAET PA3BUTHE
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HOBO€ HaIpaBRleHHE B acTpoPu3uke — aeMorpacdus YEpHHIX Abip.
Kak u3BecTHO, AeMorpadusi 00bIYHO U3ydaeT pasHbie BUAbI HapoO-
JIOHACENeHUST 3eMJIM U CBA3b MEXITY HUMU.

AHANOTHYHO, IeMOorpagusa YepHbIX Ablp UCCNEYET CTATUCTUYE-
CKHe CBOMCTBA 3THX OOBEKTOB, HX CBA3b C APYTUMHM 00BbexTaMH Bee-
JIGHHOW — 3Be3JaMM, 3Be3OHLIMM arperatamMi, rajakTHKamu
pa3HBIX TMIIOB M T. T,

Tpexne Bcero, CcyMMUpyeM OCHOBHBIE HabMiOqaeMble XapaKTe-
PUCTUKHU YEPHBIX JbIP 3BE31HOM MACCHI M CBEPXMACCHBHDBIX YEPHbIX
nw1p. K HactosmeMy BpeMeny (Main 2003 roga) uaMepeHb Maccn 18
YEpHBIX JBIP B PEHTTEHOBCKHMX ABOMHBIX CUCTEMAX, KOTOPbIE NeKaT
B wHTepBase (4+-16)M,. PATMYChI STUX «TSDKETBIX» PENITTHBUCTCKHX
o6wekToB He npesbimaloT 3000300 xM, yro coctaraaer 10010
IPaBUTALIMOHHDBIX PAIHYCOB.

H¥ ouH 13 31UX 18 «TSXETBIX> KOMITAKTHBIX OOBEKTOB — KaH-
IVIATOB B YepHbIE Abipbl, B coracuu ¢ OTO, He npossiseT npu-
3HAKOB HAOJTIOMAEMO# TTIOBEPXHOCTH — PEHTIEHOBCKOTO IyJTkcapa,
paauoIyNbCapa WX peHTTeHOBCKoro 6apctepa [-ro TMma. B 1o xe
BpeMsi, KOMIAKTHble O0BEKThl — HEHTPOHHBIC 3BE3Ab, 1151 KOTO-
pbIX HaGUTIOIAI0TCA IPU3HAKK HabmonaeMol nosepxHocTH (19 06b-
€KTOB), MMEIOT Macchl, He npespluawommne 3M, — abcomoTHOro
BEPXHETO Mpelae/ia MacChl HEHTPOHHOM 3BE3/Ibl, MTPeACKa3LIBAEMOTO
OTO. TakyM 06pa3oM, HEHTPOHHEIE 3BE3AbI M YUEPHEIE ALIPHI pA3NTH -
4ai0TCA He TOJILKO I10 MaccaM, HO KU N0 HAOMOAATETbHLIM NPOSBIIC-
HUSIM B TIOJTHOM KOJIMYECTBEHHOM COTMacui C ApencKasaHueM
OTO: B61M3H 3HAUCHMS Macchl 3M,, HabIoaeTcs pa3phiB B Hado0~
JATebHBIX ITPOSIBIEHUSAX PESIATUBUCTCKUX OOBEKTOB.

K mato 2003 roga wamMepeHbl MAcChl OKONO COTHU CBEPXMAacCHB-
Hbix (m,= 10°+ 10"'M,,)) koMnakTHbIX (F <10 100 I,) 0bbEKTOB B A1~
pax TajJakTUK. bBonbuIoe OTHOIEHWE MAacChl K CBETUMOCTH
MO3BONSET 3aKIIOUNTD, UTO SIPA ITUX FATAKTUK HE MOTYT ObITb CKO-
TUICHUSIMY OOBLIYHBIX 3BE3]1,

B simpax aByx raaktuk — Haueit U ranaktnku NGC4258, rae
yAQ10Ch HAbI10AATh ABHXKEHUS 3B¢3N ¥ KOMITAKTHbIX Ma3epHbIX UC-
TOYHWKOB HETIOCPEICTBEHHO BOJIV3Y sipa ¢ HAMGOJIBIUM YTITIOBBIM
pa3pelieHUEM, H3MEPEeHHAA IUIOTHOCTD BELLECTBA, 3aKN0YEHHOTO B
snepHoi obnacty, npesbumaer 10"M,/nc’ ans sapa Hawei Tatak-
™KK ¥ 4,9X10°M,/nc’ ana snpa ranaktikm NGC4258.
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Pamuyckl CBEpXMacCHBHEIX KOMIAKTHBIX OOBEKTOB, U3MEPEH-
HbIE M0 GLICTPBIM U3MEHEHUSM CBETUMOCTH, HE MPEBBILLIAIOT He-
CKOJIBKUX FpaBUTALMOHHBIX PanuycoB. B YacTHOCTH, panuyc siapa
Hauuel [ATakTUKK, OlleHEHHBIH TI0 OBICTPBIM U3MEHEHUSIM er0 peH-
Tr€HOBCKOH CBETHMMOCTH, He NpeBbiluacT 20 rpaBUTALIMOHHBIX pa-
JHYCOB.

B simpax pana akTUBHBIX FAJIaKTUK LUMPUHA ITPOMHIS TUHHUH XKe~
71€3a Ha SHEepruu 6,4 K103/1eKTPOHBOJTBT COOTBETCTBYET CKOPOCTH
BpALIEHMS Ta3a BO BHYTPEHHUX YacTAX aKKPELIMOHHOTO AUCKaA 1O-
paaka 100000 km/c wiu 1/3 CKOPOCTH CBETA. 3TO CBUNETEINLCTBYET
0 YPE3BbIYAMHONW KOMITAKTHOCTH CBEPXMACCHBHOTO Tena B slpe Ta-
NAKTUKW.

KpoMe Toro, mnpokas KOMNOHEHTA JIMHUY Xele3a B JaHHOM
cTydae CMellleHa B HM3KO3HEPTHUHYIO YacTh CTeKTpa Ha 3HAuM-
TeJbHYI0 BENMYMHY. EClTU 3TC cMelieHue 00yC/IORICHO rpaBUTaLIV -
OHHbIM CMeIUIeHWeM B TIOJe TSXECTH  1LEHTPAJIbHOrO
CBEPXMACCUBHOTO OOBEKTA, TO PAAMYC 3TOro 06bEKTa HE MPERbIINA-~
€T 3—6 rpaBUTALIMOHHBIX PANUYCOB.

Bee atm HabmiomaresipHble JaHHBIE CHWJIBHO YKPETUISAIOT HAlLY
YBEPEHHOCTb B PealbHOM CYIUECTROBAHHUM YEPHbLIX AbIP 3BE3THOM
Macchl M CBEPXMACCUBHBIX YePHBIX ALIP BO BeeieHHOIA.

CBepxMacCHBHLIE YepHbie AbIPhI

PaccMoTpuM ieMorpaduio cBepXMACCUBHBIX YepHBIX AbIp. Cy-
MECTBYET KOPpesilUS MEXAY Maccoil CBepXMAacCHBHOH uyepHON
JBIpBl M MaccoW Gayaxa ranakruke (puc, 3.16). Batmx — aro cde-
PHYECKOE CTYILIEHWE CTapHIX 3Be3l MaJloif Macchl BOIM3U A4pa, ABU-
TAFOLLMXCS C BOJIBLUKMY CKOPOCTAMU B COTHU KM/C. 3BE3/bI OaJTIXa
MMEIOT BO3pacT, OTM3KMii X Bo3pacTy BeeneHHoIM.

Macca HeHTpaIbHON CBEPXMACCHBHOM YePHOM AbIPHI B AIAPE Ia-
NaKTUKM cocTtansieT npubnmaurensHo 0,12% maccnl 6anaxa. Ha-
nudke NOJOGHON KOppeasiltng CTABUT CEPbe3HbIE OrpaHUYEHMS Ha
MeXaHU3Mbl 00Pa30BAHHS CBEPXMACCHBHBIX YePHbLIX IbIp. B yact-
HOCTH, NPEICTABNSETCS BITOJIHE BEPOSITHON MOJENb pOCTa CBEpX-
MACCUBHOU YepHOM OBIPEI B pe3y/sTaTe CAUAHNS MEHEee MaCCUBHLIX
0OBEKTOB M AKKDELIMM BELIECTBA B MEPAPXUMYECKUX MOAEIX (op-
MUPOBaHVS TATAKTUKU, KOTHa TATAKTUKA obpasyetcs TyTeM o0be-
JWHEHWS PAaa MEHbILIWX ralakTuk.
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Macch CBepXMACCUBHBIX YEPHBIX JbIP HE KOPPEJIUPYIOT C Mac-
CaMU rayakTAYECKUX AUCKOB, KOTOPbIE COCTOST U3 3Be31, boee MO-
JIoObIX, YeM 3Be3bl 6aiaxa ranakTuku. [nsi smep akKTUBHBLIX
TAJIAKTHK CYLUECTBYET KOppeNAlMsA MeXIy Maccoil HeHTpansHOW
CBEpXMAaCCUBHON YepHOR ABIPEI ¥ CBETUMOCTBIO sIpa: CBETUMOCTD
S0pa BO3pACTACT C MACCOR YESPHO ALIPDIL.
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Puc. 3.16. Koppensiuus MexXay MACCOIN CBEPXMACCUBHOM YEPHON ABLIPbI
B LCHTPE ra1KTUKH U Maccoii ee 6anaxa. Macca HeHTpanbsHON uepHO# Ibl-
pBI cocTasnsieT okolo 0,1% ot Maccht 6amKa FanakTHKU.

Jna sinep HOPMAJIbHBIX TaNaKTUK KOPPETALHSA MeXAy Maccou
LIEHTPAIbHOW YePHOM ABIPbI i PEHTIEHOBCKOM Uil HHQPaKpacHOM
CBETUMOCTBIO siipa cabo BeipaxeHa. OfHaKo Habnoaaetcs rpybas
KOPPEASLMUA MEXY MaCCOH CBEPXMACCHBHOI YePHOM AbIPbL U CBE~
THUMOCTBHIO Siipa W Bcei TAJaKTHKW B paIvoAWana3oHe, Ha CaHTH~
METPOBBIX BOJTHAX.

TaxuMm 0O6pa3oM, 3HAYMTENBHAS [TOMHAS PAIMOCBETUMOCTE rajia~
KTMKH B CAHTUMETPOBOM AHAaIa3oHe (TaK e, KaK U XOpoillo pa3By-
ThIA O TaNaKTHMKM) SBASETCS YKAa3aHUEM Ha Haauyue
CBePXMACCHBHOIf YepHOI MBLIPHI B ee eHTpe. ITocKonbKy cTaTuCTU-
Ka paoMorajakTHK BecbMa 6oraTa, 3TO MO3BOJAET KOCBEHHO Olle-
HUTb MAacChl OONbLUIOTO YHUCAA SIAEp TafakKTUMK ¥ MOCTPOUTH
pacrnpeneieHne CBepXMACCUBHBIX YEPHBIX IbIP TIO MaccaM B HIMX-
Hel yactu BeeneHHoii.

[lonHadA TLIOTHOCTh MACCHI CBEPXMACCHBHBLIX YEPHBIX IIHIP B JIO~
KanbHOM BeeneHHO#M, olleHeHHAs U3 HCCNEIOBaHUS Aep HOPMaTbHBIX
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ranakTHK, cocTapnsieT ~5X10°M,,/Mnc’ wm ~4 X10*r/cM’, uto co-
TJIaCYeTcst C OMHOM MTOTHOCTBIO MACChl YEPHLIX ABIP, BLIBEACHHOM
M3 aHanu3a HabMIORCHUH Alep AKTUBHBIX TAIAKTHK Ha OONBILMX
PACCTOSIHUAX.

B nocaentee BpeMst Bce 6oJiee yTBepXIacTcs TOYKA 3pEHUS, UTO
NPaKTHYECKN BCE TAAKTUKN UMEIOT B CBOMX SLAPaX CBEPXMACCHB-
HbIE YepHble Abpbl ¢ Maccamu oT 10° o 10°M,. YepHsle ABIPBI
MEHBLIMX Macc, BO3MOXHO, TAKXE MPUCYTCTBYIOT B f/lpaX HEKOTO-
PHIX TAIAKTHK, HO WX MacChl IOKA TPYIHO U3MEPUTS.

38e37Hble YepHbie Abipbi

PaccMoTpuUM Teneph AeMorpadmio YEPHLIX AbIp 3Be30HOIM Mac-
cbl. Ecnm B ciyvyae siiep TaJaKTUK BbISIBIISIETCS SBONIOLHOHHAA
CBSI3b MEXIY CBEPXMACCUBHOM YepHOIT Iblpoi M BaigkeM rajakTi-
KM, COCTOALINM U3 CTAPbIX MAIOMACCHUBHBIX 3BE3]I, TO B Cllyuae 4ep-
HBIX Oblp 3BE3NHOW Macchl B OBOWHBIX CUCTEMAX HeoGXOAHMMO
pacCMOTPETh CBA3b YEPHLIX IBIP C TAK HA3bIBAEMbIMU 3BE3TaMK
Bonwga-Paite (WR).

TTo coBpeMeHHBIM TIpeICTARISHUM, 3Be3abl WR | THNa Hacene-
HUA [anakTMKM (TO €CTh KOHUEHTPUPYIOLIMecs BOIM3Y ramakTude-
CKOM TNJIOCKOCTH) STBJSIOTCH OOHRKEHHBIMH TEIMEBBIMH SLAPAMM
fIEPBOHAYANbHO MAaCCUBHBIX 3B€3l, TIOTEPABLIMX OCHOBHYIO YaCTh
CBOMX BOJOPOAHBIX OGONOYEK MO0 BCAEICTBHE MepeTeKaHWs Be-
1eCTBa B JBOMHEIX CHCTEMAX, INGO B pe3yabTaTe MHTEeHCHBHOM 1O~
TePH MacChl B BUIIE 3BE3IHOTO BETpA.

3Be3IHBIN BeTEp — 3TO palHATbHOE UCTEUEHNE aTMOChEpPD 3Be -
3B, B CNTYY4€ MaCCHMBHBIX 3BE311 BbI3BAHHOE IMIaBHBIM 06pa3om JaB-
JNeHueM u3nyvyeHus. 3me3nsl WR, kak MacCUBHble, TOpSMHE,
HEBBIPOXIECHHBIE, B OCHOBHOM [ESIUEBEBIE 3BE3Abl, HAXOASALLHECS HA
MO3AHEH CTAUK IBOUOLIMH, IOTXHGI B3PbIBATBCH KaK CBEPXHOBLIE
1 (GOpMUPOBATH B Pe3yIsTaTe KOJLUIaNca CBOUX YIepoIHO—KMCAO~
POIHBIX sLA€P HEHTPOHHbIE 3BE3LI WM YepHbIe JBIphl. B crnekrpax
TAKUX CBEPXHOBBLIX He HAGMI0AaeTCs IMHUI BOAOpOAa, a MPUCYTCT-
BY1OT JIMLLB IMHHU €U U yIepoaa.

TTpou3BOAKTENSIMU HEHATPOHHBIX 3BE30 W YEPHBIX RBIP MOTYT
OBITH He TONBKO 3Be3nkl WR, HO W IpyriHe MaCCUBHEBIE 3Be3Nbl, Ha-
MIPUMED, KPACHLIE U TO/1YOBIE CBEPXTUTAHTHI HOPMATLHOIO [TOBEPX-
HOCTHOIO XMMHYECKOro COCTARa.
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B yacTHoCcTH, 3HaMeHWTasA, CBepxHOBas 1987A, BCnbixHyBILAas B
1987 rony B bonabimom MarennarnoBoM 06J1ake, CBsI3aHa C KoJJlan-
COM suIpa rojyboro cBepxruranTa B31.

T1oCKOMBKY MBI H3ydaeM MacChl peJISITUBUCTCKMX OOBEKTOB HCK-
JOYNTEIBHO B OBOMHBLIX CUCTEMAX, CPARHCHUE MACC HEMTPOHHBIX
3BE3] Y1 YEPHDBIX Jibip ¢ MaccaMu 38e31 WR ¢ X yIJie poaHO—XKHCA0-
ponHpix (CO) sinep ABIsETCA KOPPEKTHBIM, ITOCKOJBKY B ABOMHOM
CUCTEME MO BIMAHUEM TMPUTLIKEHUs BTOPOH 3Be3Ibl MacCCHUBHAas
3BE31A BCErIA OBICTPO TepsieT CBOKO BOAOPOAHYIO 000JIOYKY W Npe-
Bpalaetcs B 3Be3ny WR.

B 607blIMHCTBE 3BOJIIOLIMOHHBIX CUEHAPUEB ISl TECHLIX ABOM-
HBIX CHICTEM, COAEPXAUINX MACCUBHYIO 3RC3Y, TIOCAEAHSIS, B KOHNE
KOHLOB, nopoxaaeT 3Be30y WR, KoTopast, B3pbIBasich KaK CBEPXHO-
Bas, 0bpaszyeT HEHTPOHHYIO 3B€3AY WIH YEPHYIO NbIDY.

Takum 06pa3oM, COBpeMEHHBIE JaHHbIE TTO3BOSSIOT 3AKITIOYHTH,
YTO BCE HEWTPOHHBIE 3Be3/lbl U YEPHbIE AbIPHI B PEHTIEHOBCKHX
IBOMHBIX CHCTEMAX W GOJNbILAA YACTh PANUOITYJTECAPOB B ABOMHBIX
cHcTeMax obpasyiorcs B pesyibrate konnanca CO-saep 38e3n WR.

Kak BugHo 13 puc. 3.17, pactipenesieHde Macc pesitTHBUCTCKUX
00beKTOB B NBOMHBIX CUCTEMax He SIBIAETCS HENpephlBHBIM, a
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Puc. 3.17. PacnpenencHiie Macc pensiTUBUCTCKUX 06bekToB M, U Macc
TIPEACBEPXHOBBIX, NPONSBOAUTENEN peaaTHBUCTCKUX 0ObexToR (CO-a1ep
3Be3n Bonbda-Paite B KoHite 3BOTIONMH).
Maccbl BBIPAXEHDb! B COJTHEYHBLIX EAHHULAX.
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MMEET JIBA MaKCUMyMa (siBjseTcs GMMozanbHEIM). Macchr 19 Heii-
TPOHHBIX 3BE3J JIeXaT B y3KnX npeaciax (1—2)M., cpenHee 3Haue-
HHME MacChl HEHTPOHHOM 3Be3abl pasHo (1,351 0,15)M.,.

HaMepenHbie 3HaUeHWs Macc 18 YepHBIX IbIP B ABOIWHBIX CUCTE-
Max Jiexar B nipegenax (4—16)M,,. CpenHee 3HauyeHue MacChHL Yep-
Hoit abipbl coctaBasieT (8—10)M... B nHrtepBaie Macc (2—4)M,, B
IBOWHBIX CHCTEMAax He HabnwogaeTcs HW HEWTPOHHBIX 3BE3l, HU
YEPHbIX AP, XOTS YHCJIO PENSTUBUCTCKUX OOBEKTOR ¢ H3MEPEHHBI-
MM Maccamm yxe npubmikaercs K 40.

MOXHO noKa3aTh, YTO 3TOT NPOBa]1 B pacrpeacicHNU Mace pe-
JIATHBUCTCKUX OOHEKTOB HE MOXET OBITH Bbl3BaH BIUAHHEM HabT0-
IaTeJTbHOM CeNleKMM. Y Hac eCTh BCE OCHOBaHMS CUMTATh NPOBal B
pacnpenejicHM Mace PeJIATUBUCTCKUX OOBEKTOR B 3TOM JiMANa30He
peansHBIM. 110 KakoH-TO IyGOKOH IPUYIHHE B NPUPOLE HE poxXaa-
IOTCS QUEeHb MaccuBHbiC (> 2M.) HelTpoHHbIe 3Be3anl (xots OTO
OOTNYCKaeT Maccy HEMTPOHHOM 3Be3bl BILUIOTH A0 3M..) 4 Manomac-
cuBHble (<4M,) uepHbIe ABIPHI.

B nocneaxee BpeMs NOABUWIMCH HAGTIOAATE/TLHBIE JAHHbIE, CBU~
NETENBLCTBYIOIUIUE O TOM, YTO BCIBIIIKH CBEPXHOBLIX, COMPOBOXAA-
oumne komnancsl CO-anep, pacnpeiefeHbl MO CBETHMOCTIM B
MaKCUMyMe TaKXe OMMONANbHO: UMEIOTCS JBa KITACCA ITUX CBEPX-
HOBRIX THNa Ib/c (HOpMaTbHBIE U APKUE CBEPXHOBLIE), pa3lUvalo-
LLIKECS MO CBETUMOCTH B MAKCUMYME Ha MOPSAJAOK BEJIMYMHBI,

Paanuune B pacripenesie HUAX MaccC PeIITABHCTCKUX OOBEKTOB U
nx mnpeawectseHHUkoB — CO sizep 3Be3s WR maer ocHoBaHus
MPeANONOXUTD, YTO NPUPOIY PENSITUBUCTCKOTO 00beKTa (HEHTPOH-~
Hast 3BE3[a WIN YepHas AbIpa) orpeaesiseT He TOAbKO Macca npen-
11eCTBEHHUKA, HO W JPYrue ero napameTpbl — MAarHWTHOE MoJe,
BpallleHWE U T. I,

B mocaennue roasl Bce Gonee yTBepXAaeTcsl TOYKA 3peHMs O
TOM, uto kosancel CO-spep ObicTpo Bpaulatoimmxcs 3se3n WR,
CBfI3aHHbIE C 00pa3oBaHMEM TIpeaeNbHO OLICTPO BpalAIOIMXCS,
TaK HA3BIBAEMbIX KEPPOBCKUX YEPHBIX ObIP B PA3HBIX FAIAKTHKAX,
MOryT GBITb MCTOYHWKAMU 3HAMEHUTHIX W TTOKA 3arallOTHBIX TaM-
Ma—BCIUIECKOB, MPU KOTOPLIX 34 BPEMA B HECKO/1bKO CEKYHA Bblle-
JAETCA FMrAHTCKAs SHEPrus B ramMMa—auanasoHe ~10" spr Dto
coctapnsieT okono 10 poiieHTOB OT HEPTUH, BbLALISEMOT TIPU aH-
HUTHIALMY LEOif COMHEYHOMK MACChI.
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OUEHKU, ClIeIAHHbIC HAa OCHOBE ONMCAHHBIX HAOMIOAATENbHBIX
JDaHHBIX, TIOKA3bIBAOT, YTO TIOMHOE YUCIIO YEPHBIX JbIP 3BE3XHOM
macchl B TanakThke JO/DKHO cocTasmsith ~10, To ecTh Macca, 3a-
KIIIOYCHHAsA B YEPHBIX ABIpax coctannser ~10°M,, wnu okono 0,1%
ot BMIWMOro BemecTBa JanakTuku. Takum o6pa3oM, cyMMapHas
Macca YEPHBIX AbIP 3BE3/IHOWM Macchl Ha /Ba 1opsiaka Gosbuie Mac-
Cbl CBEPXMACCUBHOMN UEPHO# ALIPHI B siape TanakTux.



HakaHyHe OKOHYATENLHOrO OTKPbLITUS

HabmroneHus nokasntBatoT, YTO BCe OOHApPYXEeHHbIe K HACTOS -
ueMy BpeMeHu PENITUBUCTCKUE OOBEKThH 3BE3XHONW MacChl pasjiu-
YaloTCA HE TONBKO MO MaccaM, HO W Mo HabniogaTenbHbIM
MposiBieHuAM B tofiHoM corntacviu ¢ OTO. Ecan y pensatusmcTcKO-
ro o0beKTa ecTh HPHU3HAKH HalmioaaeMol MOBEPXHOCTH, TO €ro
Macca Beeraa He apesbiulaet 3M, — abconioTHOro BEPXHETO Tpesie-
Jla Macchl HEATPOUHOI 3Be31blL, rpenckasnpaemoro OTO, Eciu ke
Macca pensITUBUCTCKOTO 00beKTa Mpesuiiuaet 3M,, To, B TIOTHOM
cormacuu ¢ OTO, y 06bekTa HeT Npu3HakoB Haboxae Mol nosepx-
HOCTH.

Bboabuioe YUCNO penATUBUCTCKUX O6HEKTOB C HAXEXHO H3Me-
PeHHBIMU MaccamMy (18 YepHbIX ABIP U |9 HeHATPOHHLIX 3Be3n) Je-
JIAET 3TOT Pe3Y/IbTaT BECbMA 3HAYUMBIM, XOTH OH, PazyMeercs, eiife
OKOHYATENIbHO He JO0KA3BIBAET CYLIECTBOBAHUE YEPHEIX AbIp. [1o-
CKOJIBKY 1I0CTaTOYHBIX KPUTEPHEB OTOOPA YepHBIX ALID CPEny pensi-
TUBUCTCKUX OOBEKTOB MOKA HE CYIUECTBYET, MB ellle He MOXEM
CYUTATH, YTO YePHbIe AbIPbl OTKPBITLI. ACTPOHOMEI (10 3TOMY TOBO-
JIy TOBODSIT, 94TO UEPHBIE ABIPHE «[TOYTH OTKPBITHI»,

McTopus mccnepoBaxuii 3se3q

CuTyalus B JTaHHOM CJiydae nogo0OHa Toi, KOTopast MMeJia Mec-
TO A0 HEJABHETO BPpEMEHHW B NOHUMaHUU QU3UKY 3Be3N. JeficTBu-
TE€JBHO, B TeUeHHEe ThICAUYEIETUH JIIOIU CMOTPEIN Ha 3BC3AbLI U HE
3HAJ/IU, [TOYEMY OHH CBCTAT. B nauane MPOLLTOro BEKa okrrosana To-
YKa 3pCHUA, YTO 3BE3ABI CBETAT 3a CHET BbUICIIEHWUA SHEPTUU IPABU-
TAaUHNOHHOIO CXAaTHs.
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OTKpbITHSA [E0IOTOB NOKA3aIY, OOHAKO, YTO BO3pacT 3eMIiU CO-
CTaBJISICT HECKOABKO MWLIHAPIOB JIET, B TO BPEMs KakK 3araca rpa-
BUTAIIMOHHON 3Hepruy CoAHLA XBATAET JIAITH HA CTO MWUTHOHOB
JieT, uTobbl 0beceunTh ero HabsogaeMyo cBeTHMOcCThb. [loaTomy
OT TUMOTE3kI TPABUTALMOHHOTO 3HeproBuiAenen s B Heapax CojH-
L2 TIPUILIIOCh OTKA3aThCA.

HecMoTps Ha HenOHUMMaHVE MeXaHW3Ma BbLIEJICHWS SHEPTUH
BHYTPH 3Be3[], HayKa O 3Be3/1aX — 3Be3Has ACTPOHOMMS — yCrell-
HO pa3BUBAIachk: ObUIA OTKPbITA 3aBUCHMOCTb «CIEKTP—CBETH-
MOCTB» IJTS1 3B€3], Ha3BaHHAs TI0 UMEHAM e¢ TIEPBOOTKPRIBATENCH
IuarpaMMmoit [epuinmpyHra—Peccena. brlia Taxoke OTKpbITA 3aBH-
CUMOCTH «MacCa—CBETUMOCTD» LT 3BE3/, Ha OCHOBE aHANMW3a Ha-
OmoneHUI OBOUHBIX 3B€31 U T. 1.

Cxoxasi CUTyallusl YMeET MECTO B HACTOSIIIIEE BpeMsl U C YEPHbI-
MH JBIPAMU: Mbl UMEEM MHOTO HaBGMI0AATeARHEIX JAHHEIX 10 Mac-
CUBHBIM M  Ype3BblYaMHO KOMMAKTHBIM OO0bLEKTaM, HO
OKOHYATENBHO UX NpUpOo/a TIOKa E1UE HE BEIICHEHa — 3TO AeJio Oy-
IYIIUX 3KCIIEPUMEHTOB.

JIiIs nocae co3maHuA DHHIITEAHOM CITELIMaNbHOM TEOPYWH OT-
HOCUTEIBHOCTH W BBIBOIA UM 3HAMEHMTOM (GOPMYIbI, CBA3LIBAIO-
et Maccy M oHeprmio E = mc’, DIIMHITOH MPEANOAOXWI, YTO
3BE3/Ibl MOTYT CBETHTS 33 CUET BBUIEIICHUS SHEPTHH TIPA TEPMOSLIED-
HBIX peakUHsX. OH OTMETHI, YTO MAcca s1/ipa ATOMa TeJIUs, COCTOsI-
LLIEro M3 ABYX TNPOTOHOB M JBYX HEHTPOHOB, NPMMEPHO HA OIWH
MPOLIEHT MeHBILE, YeM CyMMapHass Macca JIBYX MPOTOHOB W ABYX
HEUTPOHOB, B3AATHIX IO OTAEIBHOCTH.

OTa pa3Hula, HasbiBaeMasd AeHEKTOM Macchl, OOYCIOBREHA
CWJTbHBIM € PHBIM B3aHMOACHUCTBHEM YacTUL siapa. OHa M JOJDKHA
BBIICJIATHCS IPU TEPMOAACPHBIX Peaklusix B Heapax 3se3n. OnuH
TIPOLICHT OT SHEPIUH TTOKOST BEIIECTBA — STO OTPOMHAsl BEIUUMHA.
3armac simepHoit sHepruy obecneunsBaer cBeueHre ConHila Ha Tipo-
TAXECHUU MHOTWMX MWUIMAPIOB JIET,

Tak, Ha KageCTBEHHOM YPOBHE ObUIA TIOHATA IIPHPOLA HCTOYHH-
KOB 3HepruM 38e31. OaHako MpU 3TOM OCTaBAJIOCh MHOTO HesICHO-
ro. [Tpexae Bcero, oleHKU OXUIAEMEBIX TeMMEePaTyp B HEZpax 3Be3,
CedyIoI1e U3 YCITOBUS PABHOBECHUS 3B€31IbI, IPMBOAWIM K CPABHHU-
TeJbHO HHU3KUM 3HayeHUsIM. Hampumep, TteMriepatypa B LEHTpe
CoJHLIA COCTABTIAET OKOJTO 15 MUJUTHOHOB IpadycoB.
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B 1o xe Bpems, uUTOGBI TIPEONONETH MOTEHUNATBHBIN Oaphep,
OOYCNORACHHBII 3NEKTPOCTATUYECKMM OTTAIKUBAHUEM MBYX TIpO-
TOHOB, U COMH3UTH J1BA [IPOTOHA Ha paccTosinue ~10"" cM (xapak-
TEPHOE pACCTOAHWE ANEPHOTO B3auMoaeHcTBHA), TpedyeTcs
TEMTIEPATYPa B MUWLIHAPA PalyCcoB.

[louemy xe, HECMOTPS HA CPABHUTENLHO HUSKYIO TEMIIepaTypy
B He/lpax 3Be3[, TaM 3(P(HEKTUBHO NIPOTEKAIOT TEPMOAAEPHLIE peak-
umn? OTeeT Ha 3TOT Bonpoc 6k 1aH [aMoBbIM. biarogaps KBaHTo-
BbIM  3ddekTaM 3NeMeHTapHble YacTHUB C  HEKOTOpo#
BEPOSATHOCTBIO MOTYT MPEOA0JIETh TIOTEHLUAILHEIN Gapbep (coBep-
LLIUTh TaK HA3bIBAEMBIN TYHHETBHLIIA, WU MON0aphepHBIi rTepexon)
MPH CPEAHMX SHEPTYSIX UX IBUXEHUA, MHOIO MEHBIINX BEJMUUHBI
HOTEHUUAIBHOTO 6aphepa.

Ho v niocne pasranku 3TOM TaliHBI MHOTOE B (bU3MKe 3BE3N OC-
TABATOCH HESACHBIM. JTuLlb B 50-x — 60-x ronax nNpoluioro Beka TpeM
bu3nkaM U actpodu3MKaM, BIIOCIEACTBUM HOOEJEBCKMM Jiaypea-
TaM, . Bete, Y. Paynepy u C. Yanapacekapy yoanoch OKOHUATENb-
HO DacnyTaTh LIEMOYKY TEPMOSUIEPHBIX IPEBpallleHHi B Hedpax
3pe3l. B 3Besgax Mamoit Maccsl, Tna Haulero CojHIa, TepMostaep-
Hblff CHMHTE3 MIET, B OCHOBHOM, B BMIE TaK Ha3biBa¢MOIO TIpO-
TOH—IIPOTOHHOTO LIMKJIa, B MAaCCHUBHBIX 3Be3aXx — B BUIE
YTAEPOAHO—A30THOTO LIMKJIA.

Ho xak 3KcnepiMeHTAbHO IPOBEPUTH ITH TEOPETHYECKHE pac-
yeThl? MHOTOYMCICHHBIE HabIONaTeNbHbIE TaHHBIE IO UCCNEN0Ba-
HMIO Macc, PaIMyCOB, TEMIICPATYp 3Be3l, XMMHYECKOI0 COCTARa UX
atMocdep, pa3HOOOpa3HbIE CTATUCTUYECKUE UCCICAOBAHMSA 3Be3]
pasHBIX TMMOB U BO3PAcTOB, B OCOBEHHOCTH, auarpaMM [epriu-
npyHra—Peccena 4ns1 IAPOBBIX H PACCEAHHBIX 3BE3AHBIX CKOIIE-
HMIA, a2 TakXKe TeopeTHYecKHe pacueTbl BHYTPEHHErO CTPOSHHA M
3BONIOLIMH 3Be31 KOCBEHHO nonTrepxianu uaen bere, Payepa u
Yaugpacexapa O TEPMOSACPHOM CHHTE3E B HENipax 3Be3.

OaHako NpsMbIX JOKA3aTeNbCTB 3TUX MAel He GbUIO (MonHas
AHAJIONHMSA C COBPEMEHHBIM CTATYCOM YepHbLIX ObIp). JIKLlb B HaYane
60-x rogos amepukaHckuil pusnk P. I 3BUC TIpeU1oXuI U peain3o-
BaJl CMESblii 3KCIIEPUMEHT IO AETEKTUPOBAHWUIO HEHTPUHO OT
ConHua.

B 2002 roay eMy, COBMECTHO C ATIOHCKUM KOJUTEroif, 6blia pu-
cyxneHa HobGencrckasa npeMus.
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B uem cocrout cytp uaeu J3suca? HeiiTpuHO poxmatoTcs ipu
TEPMOANCPHbIX peaklusix B HeIpax 3Be3] U SIBIAIOTCS MPSIMLIMH
CBUIETENAMH 3THX peaklUWit. Brarogaps cBoeMy O4eHb MAJIOMY
B3AMMONEUCTBHIO CO 3BE3AHLIM BELIECTBOM HEUTPHMHO, B OTIHYHE
OT (POTOHOB, CBOOOIHO BLIXOMST U3 HeAp 3BE3ABI.

Ecnu 3mu HENTPUHO 3aperUCTPUPOBATE, TO MOXHO HETTOCPEACT-
BEHHO HaBMIONaTh Helpa 3BE3/(bl B «HEUTPUHHBIX JIydax> U TeM Ca-
MBIM TIONYYNTh TIPSIMBIE CBUAETENBCTBA HAIUYUA TEPMOSAEPHEIX
fnpeppalleHuif B Heipax 3Be31.

Bee 310 BepHO, HO OKa3aloCh, YTO IMOTOK HEWTPWHO BBICOKOI
3HEPTMU, 3aperUCTPUPOBAHHEIM Ha ycTaHoBKe J{3BHca (pacmono-
KEHHbIX ITy6oko mox 3emiieii 400 KyboMeTpOB YeTHIPEXXITOPHCTOro
yrieponaa, MpUMEHsIEMOTO B XMMUYUCTKE), B TPM Pa3a MeHbile, YeM
TEOPETUUECKUY [OTOK COMHEYHBIX HEHUTPHHO, PACCUHTAHHLIA B
PaMKax CTaHJIapTHOHW Mojenu BHYTpeHHero crpoetns CoitHua.

Peructpalsi HM3KO3HEPTHMYHBIX HEHUTPUHO, BLITIOJNHEHHasi
TIO3[IHEE TPYIINAMH POCCHACKMK N UTATLIHCKUX yueHBX (B Poccuun
3TOT SKCNIEPUMEHT NPOBOIMTCS Ha TATNINI—TepMaHHEBOM 1ETEKTO-
pe, DACTIONOXEHHOM Ty60KO Moa ropoit B bakCcaHCKOM yiense,
NOJ PYKOBOICTBOM akajieMuka Marseesa), TaKXe MoKaszaia, YTo
HabmogaeMbifl TOTOK BABOE MEHbILIE TEOPETUYECKOIO.

TakuM 06pa3oM, XO0TA Ha KaYeCTBEHHOM YPOBHE HATV4YUe Tep-
MOSIZIEDHOTO CUHTE32 B HERPAX 3BE3/l pericTpauyveii HeATPUHO OT
ConHua 6bUI0 MOATBEPXKAEHO, KOJMHYECTBEHHOE PACXOXAEHUE B
2—3 paza MexAy pe3ylbTaTaMH HabtoACHUI U Teopuel COXpaHsi-
JIOCh Ha MPOTAXKEHUU HECKOJIBKMX NECATUNCTHIA.

Y nuiub coBceM HeZaBHO, B fiekabpe 2002 rosa, MoABUIUCH CO-
ofLeHKs 006 OTKPHITUK TaK HA3BIBACMBIX OCUMIUISIIUIN HEWTPUHO B
JIaBOPATOPHBIX 3KCMEPUMEHTAX, YTO MO3BONUIO OOBACHUTH YKa-
3aHHOE PACXOXKICHUE MeX Ty HabIlONCHHSIMH U TeOpuell M OKOHYa-
TeJBHO, Ha YPOBHE CTPOroro KOJNWYEeCTBCHHOrO COBMNaICHUA
10Xa3aTbh TEPMOSIIEPHYIO NPUPOLY 3HEPrOBLLICTEHUSA B HEApax
ConHua.

OKazanock, 4To 3JIeKTPOHHbIE HEHTPHHO, K KOTOPBIM ObLTH YyB-
CTBUTEJIbHBI IETEKTOPhI B ONIMCAHHBIX 3KCITEPUMEHTaX, Ha yTH OT
entpa ConHua 10 3eMJTH UCTIBITHIBAIOT MPEBpALLIEHNS B HEHTPUHO
IPYTHUX THTIOB — MIOOHHbIE U TAy—HEMATPUHO, K KOTOPbIM UCTIO/b-
30BAHHEIE JETEKTOPBI HEUYBCTBUTEILHBI.
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C y4eToM nipeBpalleHUH (OCUMLIALNI) HEUTPHHO H3MEPEHHEbIE
TIOTOKH KaK BEICOKOIHEPIMUHBIX, TAK 4 HU3KOIHEPIUIHEIX HEATPU-
HO B TOYHOCTH COTJACYIOTCSt C TEOPETUUECKMMU, PACCYHTAHHBIMU
JUTS CTAHIAPTHOM CONTHEYHOI Moaenu. Tak yTo MOXHO CUUTATh, YTO
Julib B koHue 2002 roga TepMosnepHas Nnpupoaa 3Heprosuiaee-
Hug B Heapax CosiHia 6bU1a OKOHYATENIBHO A0KA3aHa, U MBI TeNnepb
TBEPIO 3HAEM TIpUPONY 3BE3.

Kpurnyeckue IKCMEPUMEHTLI ANA YEpHLIX Abip
AHAJIOTUYHAA CHUTYaUMs B HACTOSIIUEE BPEMST HMELST MECTO U ¢
. YepHBIMH AbIpaMiA. XOTA YePHBIC AbIPB! «[TOYTH» OTKPHITH! M HAKO-
IUIeH Gorathlif SMITUPHYECKMI MaTepHasl 10 3TUM YHMKanbHBIM
00BbEKTaM, HEODXOAUMO NOXAATHCS PE3YALTaTOR KPUTHUYECKHUX IKT-
NIEPHUMENTOB Y HaOMONe W Uist TOro, YTOoObl OKOHYATENBHO A0KA-
3aTh CYLLECTBOB2HME YepHLIX Ablp BO BceneHHoil. [lepeuncianm
BaxHel e HanpaRICHUS TaKKUX UCCIeJOBaH M.

1. Ucnonb3oBaHHE KOCMUYECKUX UHTEPGHEPOMETPOB C YITIOBRIM
paspeiuenneM 10 107 cekyHab! (HanprUMep, ONMCAHHOIO BbIMIE PeH-
TreHOBcKoro wHteptepomMerpa). [lockoneky yrosoit pasmep rpa-
BUTZLIMOHHOTO paauyca CBEPXMACCHBHOI 4epHOM AbIphl B siApe
Haiei TAnakTHKY cocTarisieT 6X 10 cexyHnpl, a B sipe FaakTHKK
AnzgpoMeasl ~3X10° ceKyHIbl, ¢ MOMOLUBIO TAKUX HAOAOREHUIT
MOXHO OYHET HEMOCPEACTBEHHO U3YYaTh MPOLECCH TAACHUS BelLe-
CTBa BOJIM3W FOPU3OHTA COBLITUI CBepPXMACCUMBHOM YEPHOI! AbIPLI.

Tlpu HanMuMK ropU3OHTa COOLITUH CBETUMOCTD NTOPLIMIA Bellle-
CTBa, MAJAIOWINX HA LEHTPAILHLIA 0ObEKT ¢ NOCASAHER ycTofun-
BOit OpOMTBbI, JOMXHA MOHOTOHHO OCJaGeBaTh M CTPEMHMTBCS K
Hyj0. TIpn HamM4uuMu HabMoNaeMOoi HOBEPXHOCTY YAAP MTAAAIOUIUX
NMOPUUIA BEUIECTBZ 00 3TY NMOBEPXHOCTH ROKEH NPWBOIUTH K TIOSB-
JICHUIO SIpKUX BCITBILLIEK.

H3yueHue pacripenencHus ApKOCTH, TEMIEPATYPHL H MO CKO-
pOCTE B UEHTPANbHBIX YACTIX aKKPELMOHHOTO JAMCKA IO3BOJIAT
OVEHNTb XapaKTEPNCTUKN METPUKH MPOCTPAHCTBA—BpeMeHU BOIU-
31 LEHTPANTbHOTO OOBEKTA M CPAaBHUTB UX C COOTBETCTBYIOIIMMH
0XUIAEMBIMY XaPaKTEPUCTHKaMU. MOXHO HAdEeAThCA, YTO B TAKMX
UCCJIEAOBAHUSIX YOACTCS OKOHYATE/ILHO 10Ka3aTh, YTO CBEpPXMAc-
CHMBHbIE Te/1a B SAPAX FATAKTHK SABJASIOTCS IeWCTBUTETRHO YEPHBIMH
IsipaMu B cMbicie OTO.
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2. TloucK M HccenoBaHye rpaBUTallMOHHO—BOMHOBBIX BCILle-
CKOB OT CJTUSTHHS YepHBIX ABIP B IBOAHBIX CHCTEMAaX C ITOMOLLIbIO Na-
3epHBIX TPaBUTAUHOHHO—BONHOBLIX 2ZHTEHH HOBOIO INOKOJICHUS
(LIGO, LISA 1 1. 11.). 9pa rpaBUTallMOHHO— BOTHOBOW aCTPOHOMUU
yXe 1o cyuecTpy Hactymmna. Corcem HenasHo B CLIIA BBeneHa B
CTpOM rpaBUTALMOHHO—BOJHOBas aHTenHa LIGO (Laser
Interferometer Gravitational Wave Observatory — OGcepBaTOpUst
Nla3epHOro rPABMTALMOHHO—BOIHOBOrO MHTepdepoMerpa). Ceiivuac
UIOyT paboTbl MO BBIBEAEHUIO ITOH AHTEHHBI HA pEXVM paboTHl ¢
PACYETHOI UyBCTBUTEALHOCTBIO ITO OTHOCHUTENbHBIM JedhopmaLiuaM
METPHKH TIPOCTpaHCTBa—BpemMenu Al/l = 107

Cornacro OTO, ycKOpEeHHO ABWXYWHECS TPAaBUTHPYIOIIHE TeIa
BbI3bIBAIOT U3MEHEHMS METPUKU NIPOCTPAHCTBA—BPEMEHU, KOTOPBIE
PaclpoCTPaHAIOTCH B NPOCTPAHCTBE B BUAC ITONEPEYHBIX Koneba-
HUWH CO CKOPOCTBIO CBETA. DTH KonebaHusr Ha3blBalOTCS [PaBUTaLIM-
OHHHIMH BosiHamu. Eciim aBa o0bekTa 06pasyloT ABOMHYIO CHCTEMY,
WX YCKOPEHHOE JABMXEHHE IT0 OpOHTE BLI3BIBACT U3YUEHHE IPaBU-
TALMOHHBIX BOJIH, UTO BEACT K NOTEPE SHEPrMH ABOHHOH CHCTEMOM
U, KaK CJIEICTBUE, K YMEHBIIEHHIO PACCTOSIHUSI MEXIY KOMITOHEH-
TAMUM CUCTEMBI ¥ YMEHLLIEHNIO OPOUTATBHOINO fliepuoga. MMeHHO
TaKoe YMEHbLIEHUE OPOUTANTLHOTO NEPUOAR, B IOJHOM COOTBETCT-
BHU ¢ ipeackazanem OTO, HaGmonaeTcsi B 3HAMEHWTOM JBOHHOM
panuonynscape PSR 1913+16, coctodiieM W3 ABYX HEHTPOHHBIX
3Be3m.

Eciv KOMNoHeHTaMU TeCHOR 1BOMHOMH CHCTEMBI SIBSIOTCS ABe
YepHbie ObIPHl (3 TEOPUS NPEACKA3BIBAET CYIIECTBOBAHUE TaKNUX
JIBOWHBIX CHCTEM), TO, Glarogaps TioTeépe 3HEPrMM Ha W3IydeHHe
rPaBUTALIVIOHHLIX BOJIH, 1B YE€PHKIE AbIPbl CUCTEMBI GYAYyT MOCTe-
NEHHO COMKATHCA U, B KOHLIE KOHIIOB, CONBIOTCA, YTO TIPUBEIET K
WHTEHCHBHOMY U3YUEHHIO TTOTOKA IPABHTALIMOHHBIX BONH. 3aBH-
CUMOCTDb 3TOr0 NOTOKA OT BPEMEHM NPEACTARIAET COOOH CAOXKHYIO
OCUWDTHPYIOLLYI0 (GYHKLMIO BPEMEHU, KOTOPYI0 MOXHO Paccyy-
TaTb TeopeTHueckU. CpaBHEHUE TEOPETHUECKOI «KPUBOH HllecKa» B
JTy4axX TPaBUTALIMOHHBIX BOJIH C HabmomaeMoi aeT BO3MOXHOCTb
BOCCTAHOBUTb JHHAMMYECKYIO KAPTHHY TPOCTPaHCTBA—BPEMEHH
BOMM3N CAUBAIOLUMXCH YEPHBIX ABIP U MONYYUTh JOCTATOUHBIE KPU-
TEPUM TOTO, YTO HPOLIECC CIAWSTHUS TIPOUCXOAUT UMEHHO B CHCTEME
U3 IBYX UEPHBIX AbIP.
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H3-3a upe3BrryaiiHoON ¢/1a00CTH TPABUTALIMOHHOIO B3aUMoJei-
CTBUSl CO3MAaHUE AHTEHHHI WIS MpUEMa TPABUTALUOHHBIX BOJH
IpeAcTarngeT coboii 04eHb CIOXHYIO U JOPOTOCTOSILIYIO TIPOGIIEMY.
3agaya co3gaHMsi IpPaBUTANMOHHO-BONHOBHIX AHTEHH C HYXHOW
YYBCTBUTENBHOCThIO pellianack B psine crpaH (CIHA, WUtanua, Tep-
MaHus, Sinouus) B TedeHue nociaenHux 10 net. Ceifuac oHa 6an3Ka
K 33BEpUIEHHIO, ¥ B BIVXAWIITHE IOkl HEJIOBEYECTBO HAYHET OCBaH--
BAThH NPUHLIMTIHAILHO HOBBLIA KaHai HHGOpMALIUUA U3 KOCMOCa —
KaHaJl TPABHTAIIMOHHBIX BOJTH.

CoBpeMeHHble HauboJee BHICOKOYYBCTBUTENLHBIC TPaBHTALIM-
OHHO~—BOJIHOBBIC AHTEHHBI CTPOSATCS HA 6a3e nasepHbIX uHTepdhe-
poMeTpoB. [l1aBHad 3aaya IpH 3TOM — HU3MEPHTH C MAKCHMAJIBHO
BO3MOXHOW TOYHOCTBIO OTHOCHTENbHEIE NeOpPMAlMd METPUKH
A\, rae Al — U3MeHEHUE PACCTOAHUA MEXIY NPOOHBIMU TeNaMH,
pasHeCEHHRIMU Ha PaccTOsTHUE |, BBI3BAHHOC TIPOXOXICHUEM Tpa-
BUTAUMOHHBIX BosIH. OObIYHO abcoumoTHast BennuMHa AedhopMalinn
Al oueHs Mana, MHOTO MEHBIIE Pa3sMepoB aTOMHOTO siapa ~10 ™ cM.
[penen To4HOCTH M3MEPEeHUM 3Mech OMpeNeseTcs] KBAHTOBBIMU
adpdexramu. TNosroMy pr COITAHMU PaBUTALLUOHHO-BOJTHOBLIX
AHTEHH NPUMEHSIOT GONTBLINE 3HAYeHHS 5a30BOTO paccTOAHMS | Me-
KOy MPOGHBIMU TesiaMu, HeM Bombiite |, TeM MEHBLUHE OTHOCHTETB-
Hble U3MeHeHUS Al/l MOryT 6bITh M3MEPEHDL.

Yro6hl JOCTUYb HEOGXOMMMOIll YyBCTBUTENBHOCTH Al/l = 107,
HeoOX0IMO WUCITO/TL3OBATE 3HAYCHUSA | B COTHU U THICAYH KUITOMET-
POB, YTO TEXHNYECKU CAENATh MPAKTUYECKHU HEBO3IMOXHO. [ToaTomy
BO3HUKIIA Wesl NCTIONh30OBATD Ja3epHLIl MHTEPHEPOMETD, B KOTO-
pOM MepeMelieHHe CBOBOIHO NOABEIEHHBIX OTPAXAIOLIWX 3epKani
W3MEPAETCS TTyTEM aHAT3A MHTephePEeHLIMOHHO KapTHHBI, chop-
MUPOBAHHON JIA3¢PHBIM JIYYOM, OTPaXEeHHBIM OT IBYX 3e¢pKai. Ko-
3¢ OHUNECHT OTPaXXeHMsI NPUMEHSAEMbIX 3EPKan o4yeHb BEIHUK, H
Ja3epHBIA IyY OTPaXaCTCs OT HUX COTHH U THICAYH pa3, IpakThiye-
CKH He ocmabesasi. Ecain paccrosHue MeXay 3¢pKanaMu |, To 6naro-
Japsi MHOTOKPaTHOMY OTPAXEHMIO CBETA CyMMapHaa IIMHA NYTH
CRETOBbLIX BOJIH YBEJIMYUBAETCS 10 3HAYEHUS HOPSAJIKE COTHH 1. 310
U NO3BOJIAET IOCTUYL TPEOYeMOM YyBCTBUTENBHOCTH IPABUTAIHOH -
HO—BOITHOBOW aHTEHHH!,

IpaBuTanoHHOE 1O/IE MPUHUMTTHATEHO OTIIMYAETCA OT NoaeH
JIPYryuX TUMOB (3A€KTPOMArHUTHOIO, SIICPHOTO U T. 11.) TEM, YTO OHO
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MOXET OBITh JOKAJILHO (B ONHOM TOYKE MPOCTPAHCTBA) YCTPAHEHO
BbIOOPOM CUCTEMBI oTcYeTa. HampuMep, eciiu Mul caeM B cBOOO.-
HO majalomuil MQT, TO OXaXKeMCS B COCTOAHNN HEBECOMOCTH —
cwia mpUTsKeHust 3eMan ucuyesHeT. [103ToMy KOCMOHABTEL Ha Op-
OUTE BOKPYT 3eMJTU XUBYT B COCTOAHUH HEBECOMOCTH. ORY UCTTHI-
THBAIOT JIMIIb OUEeHb HeOOJblIMe NPWIMBHbIE BO3NEHCTBUA CO
CTOPOHbI 3eM/1UL: Pa3HbIC 4aCTH TE1a KOCMOHABTA PACHONOXEHB! Ha
Pa3HbIX PACCTOSTHUSX OT 1LIEHTpa €M/ U TIOTOMY MCITHITEIBAIOT
cJIerka pa3Hblie PaBUTALIMOHHBIE MPUTAXeHUA. BBHY HeGoNbLINX
pPa3sMepoB KOCMOHABTA I10 CPAaBHEHMIO C €0 PACCTOSTHUEM [0 1IEHT-
pa 3eMJIM BeTWYMMHA 3THX TIPHIMBHBIX BO3ACHCTBUI BECbMa Mana,
HO OHa OT/JWYHA OT HyJNsl.

[lepeMeHHOE TPABUTALIMOHHOES TIONE TPABUTAITMOHHOW BOJIHBI
TaKXe BO3ACHCTBYeT Ha IIPOGHbIE TeNa NPUINBHBIM criocoboM. [1o-
3TOMY MIS PEerucTpany rpaBUTALMOHHO—BOJHOBOIO M3/yYeHus
HeoGX0oAUMO VICTIONB30BaTh HE OJTHO, A ABA IL1eYa 1a3epHOro HHTep-
bepoMeTpa, NepHeHAUKYIAPHbLIE APYT K APYry. AMEpUKAHCKANA Na-
3epHasi HUHTepdEepOMEeTpHYECKas  I'PaBUTAIMOHHO—BONHOBaS
aHTeHHa LIGO cocToutT W3 IOBYX B3aMMHO MepPNEHANKYIAPHBIX
ied. Kaxaoe ruie4o npeacramiaer codoii Tpydy C BLICOKUM BaKyy-
MOM JUTMHOH oKkono 4 xuwioMeTpoB. Ha KoHIax Tpy6 moaBeIleHbl
TpOGHBIE Tejla AHTEHHb! — OTPaXalolIne 3epKAIa C OFPOMHLIM KO-
3dbPpuureHToM oTpaxenus. Ha 3T 3epxana mamaer jsiyu ¢BeTa OT
MOLIHOTO BBICOKOCTAOMILHOTO Jladepa. Ilociae MHOTOKpaTHLIX OT-
paXeHMil OT MOXBELUEHHbIX 3epKajl Ny4y¥ CBeTa UHTep(EpHPYIOT.
AHaJIH3 TEMHBIX U CBETJIBIX MONOC WHTEeP(EPEHIITMOHHOM KapTUHBI
MTO3BOJNISIET C OTPOMHOI TOYHOCTBIO M3MEPUTL OTHOCUTEbHEIE fie-
peMellcHus Al IIpoOHBIX Tea — 3epKal.

SddexTuBHAA ITHHA NyTH, NPOAIEHHOro JJy9OM CBeTa Ja3epa
TPU €10 MHOTOKPATHbBIX OTPAKEHUSX OT 3epKan uHTepdepomeTpa,
COCTaBJISIET HECKOJIBKO COTEH KWJIOMETPOB. DTO U 10O3BOJISIET A0C-
TUYH OTPOMHOI UYBCTBUTENIBHOCTH aHTEHHSI. Ha nepBbix nopax 31a
YyBCTBUTENLHOCTb HocTUraeT Al/l = 107, a B 6ymyieM npennosara-
€TCa yBEJMYMTE ee 110 3HadeHus 10, Oxuaaercs, UTo NpH TaKoi
JYBCTBHUTENBHOCTH MOXHO BYAET PETUCTPUPOBATh JOCTATOYHO Yac-
TO (HECKOJILKO pa3 B I'0]}) IpaBUTALIMOHHO—BONHORBIC BCTIIECKH OT
CJAVSIHUST 4epPHBIX IbIP BO MHOIUX YOANEHHBIX TTaKTUKAX Haiei
BcenenHoit.
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3. ObHapyxeHHe ¥ HecaeJOBaHHe ABMXKEHUST panHoOTy1bcapos B
JIBOMHBIX CUCTEMAX C YepPHBIMM AblpaMu. Kak yxe oTMeuanock, pa-
JHOTNYJIbCAp B ABOWHON CUCTEME MPeICTaRIsAeT CoB0i, C ONHOMH CTO-
POHEL, MpOBHOE Tej0 B TOAE TAXECTH BTOPOH KOMIIOHCHTBI
CHCTEMDI, C APYTOi — 3TO OYEHBb CTAOMJILHLIE Hackl HA OpOUTE.

Ecnu 6yner oTKpHIT paIMOITyNbcap Ha OpOHUTE BOKDYT YepHOMH
MBIPE, TO B Cliyyae Bpal{alomicicd YepHOM ABIPLI THIATENLHLIE UC-
CACIOBAHMSL IBHKECHUA PAAHONY/IbCapa NO3BOJSAT H3MEPUTH METPU -
KY MPOCTPAHCTBA—BPEMEHH BOJTM3HM YEPHOW IBIPEI U WccledoBaTh
3¢deKThl, crieuudUyYHbIE IUTS BPALIAIOUWXCA YSPHBIX ABID.

Ecnu xe moBe3eT elle Golblile, ¥ IUIOCKOCTh OpOUTHI palMo-
TyJIbCapa BOKPYT YepHOH ObIphl OGYAET OIIM3Ka K JTydy 3peHUsl, MOX-
HO Byaer Hab/moaaTsh 2PPeKThi rPABUTALIMOHHOLO JIHH3UPOBAHHA B
JBUXEHUU MYILCapa MpyY TIPOXOXKIECHUH €ro PalUOUITYYEHUS B OK-
PECTHOCTH FOPH30HTa COOLITHIT U 2procepbl YePHOM ALIPHL.

Ceiiyac u3BecTHO npuMepHo 1500 panmonyascapos, M3 HUX
okono 100 Bxomar B ABOITHBIE cCTeMBL. CIYTHUKAMM H3BECTHBIX
NBOMHBIX PAJMOINY/ILCAPOB SIBISIOTCH HEAKTHBHBIE HEHTPOHHEIE
3BE3/1bl, GBI KapJIMKH, MACCHBHbIE FOPSTYME 3BE3/bl, 8 TAKXKE fUla-
HeThl. Paguomysiscapbl CO CMYTHUKAM¥M — YEPHBIMM JbIpAMU 110Ka
HE OTKPbITHI.

Teopus mpeacka3biBaeT, 4TO Ha KAXAYIO ThICAYY PANUOIYJIbCA-
POB JOJDKEH MPUXOIUTLCS OXMH TYJIhCap B Nape ¢ YepHOIl AbIPO.
Ceityac oTkppiTo yxe 1500 mynbcapos, NMpU4YeM OTKPBITHST HOBBIX
MYJTLCApOB MPO/IOIXAIOTCS, U YWCITIO M3BECTHBIX TTYIBCAPORB Herlpe-
PBIBHO pacTeT. MOXHO HaReATHCSA, YTO OTKPHITHE PaJuoiyibcapa B
JIBOMHO#M CHCTEME ¢ YEPHOM ABIPOii YXE HE 32 TOpaMHu.

4. HabmoneHrus v MHTepripeTanus 3ddhexToB rpaBUTALIOHHOTO
MHUKPO/IMH3UPOBAHUSA ANEP FANAKTHK 3Be3naMy 6osee 61U3KUX ra-
JaKTHK — PaBUTALMOHHBIX JIUH3. YIJIOBOE pa3pellieHe 3TOro Me-
tona jgocturaer 10° ceKyHabl, 4TO MO3BOASET U3Y4aTh CTPYKTYpPY
OMMXAMIIUX OKPECTHOCTEW YEPHBIX AbIP B SIPAX FA1aKTUK.

Ceilyac M3BECTHO HECKOJbKO AECATKOB NPUMEPOB TAK HA3bI-
B4€MOI0 IPABUTALMOHHOIO JUH3MPOBAHMS, KOra UCKPHUBJICHHE
Jiyueil cBeTa AANCKOW rajlakTHKK B PaBUTALIMOHHOM NoJie Oonee
6JIM3K0i raNaKTHKH WIH CKOIUIEHYS TATAKTHK IIPUBOAUT K TOSTB-
JIEHUIO HECKOJIbKUX OTITUYECKUX U300PaAXEHHUN («1yXOB») NaIeKOi
rajlaKTHKH,
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Eciin panekag ranakTuKa HecTalMOHapHa, M3ydas 3anasabiBa-
HVIE U3MEHEHHS CBETUMOCTU OJHOIO «1yXa» OTHOCUTEIBLHO APYroro
Ha BpeMeHax B ro/lsl, MOKHO He3aBHCUMO OIMpPeNeaTh ITOCTOTHHYIO
Xa66n1a H B 3axkoHe paciunpe M BeeneHHoM), MOcKOAbLKY Y4l CBe-
Ta, 00pa3ylolIne pasHbie «IyXW», TPOXOAAT pasHbie MyTH Bo Bee-
JICHHOW.

TloMyMO noATOBpEMEHHOH NMEPEMEHHOCTH, «IyXW» NAJIEKOU Ta-
JJAKTUKV UCITLITHIBAIOT TaKXe Gojee GbICTPYIO NEPEMEHHOCTb Ha
BpeMEHaX MOPAIKa Mecsia, DTa NepeMeHHOCTb CBS3aHa ¢ SIRAEHMU-
€M MUKpOIMH3uposaHusl. [lepeqHsis raiakruka — [PaBUTALIHOH-
Hasi JUH32 SIBASETCH He CIUTOUIHBIM TEAOM, a COCTOMT M3
MUWITHAPAOB OTAEAbHbIX 3Be3], ABUTAIOLIMXCSA [0 CBOUM OpOMTaM
BOKDYT LieHTpa raaktuky. [TosToMy mnockocts, B KOTOpO# pacro-
JIOXeHa JaneKkast FaTaKTUKA, NOKPbITA TOJEM Y3KUX W TIPOTHKEH-
HBIX 06pa30BaHUl (KayCTUK), Ha KOTOPHIX KOO HLMEHT yeUIeHus
cBeTa JANeXON ralaKTUKY W3-3a TPAaBUTALWOHHOTO JMH3UPOBAHUSA
PE3KO BO3PACTaeT BO MHOTO pas,

Koraa sipo JaJieKoi rajJakTWKY Wiy KBa3apa repecekaercsl Ta-
KKUM 0Bpa3oBaHUEM, MPOUCXOAUT KPATKOBPEMEHHOE YCHACHUE €ro
bnecka, W HaGMIONATEND BUAMT SIRIEHUE MUKDOXWH3UPOBAHUA —
ObICTPOE BO3pacTaHUE W 3aTeM maneHue 6liecKa «1yxoB» OaleKow
ranakTku. M3 aHanu3a KpuBoi 6ecka MpyU MUKPOJIMH3UPOBAHKU
MOXHO BOCCTAHOBWUTb pacnpenencHue SpKocTH B OIvixalmx ok-
PECTHOCTAX SApa FATAKTUKHU U TEM CAMBIM OMNPEIEINTD €r0 YINOBLIS
pa3aMephbi ¢ OFPOMHOM TOYHOCTbIO Nopsiaka 107 cekyHIbL.

5. JleTanbHble UCCReAOBAHNS CNEKTPOB, UHTEHCHUBHOCTH, NOJI-
PU3AUMN A U3MEHEHWH pEHTTeHOBCKOrO U raMMa—HU3NyYeHUs OT
AKKPELMPYIOLIMX YEPHbIX AbIP C MOMOUILIO OPOUTANTBHBIX OGCepBa-
TOpHIA HOBOIO MoKojeHuA. B yacTHocTH, M3 TakMx HabnwoaeHui
MOXET DbITh NIONY4eHa yHUKANLHASA WHGOPMALIMA O BPALIEHUU YeEp-
HbLIX JBIp U O CTPYKTYpe NPOCTPaHCTBA—BPEMEHH BOIU3N FOPUIOH-
T4 CODBITUH.

Y akkpeuupylolux YepHbIX AbIP YacTo HabmoaaioTesi ObICTphie
K3MEHECHUS CBETUMOCTH Y KBa3UTEpUOIMUYECKUe (HO He CTPOro fe-
PMOAMUYECKHE) OCUHISILUMU UHTEHCUBHOCTU PEHTTEHOBCKOTO M3-
JyYeHWd. 3TO [103BOJAET MH3Y4YaTh CBOMCTBA OIMXaNIIWX
OKPECTHOCTEH UepHKIX AblP, HEMOCPEACTREHHO BONM3U ropy3oHTa
COObITHIA.
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B cBfI3U C 9TUM ITIaHUPYeTCs 3afYCK Ha OPOUTY BOKPYT 3eMiH
CITelManu3upoOBaAHHON PEHTIEeHOBCKOM obcepBaTopuu Aist Habao-
AEHUI aKKPEUUPYIOTIUX HEHTPOHHEIX 3BE31 U YepHbIX JAbIP C MaK-
CUMAaJILHO BO3MOXHBIM BPEMEHHBIM Pa3pelieHUeM.,

6. PyrHHOEe HaKoI/IeHUe CBEAEHMIN O MaccaX YepHbIX Oblp M
HEWTPOHHBIX 3BE3/1, CTATUCTHYECKOE CPaBHEHHUE pAVTHUWH B Ha-
OJTr0naTeNIBHBIX MPOSBJIEHUAX aKKPELMPYIOLMX HEUTPOHHDIX 3BE31
W YEPHBIX IhIP.

Kak noka3selBaeT ofbIT NpenbLaytMX NCCAEA0BaHMIA PENSTUBU-
CTCKUX OOBEKTOR, B CPEOHEM B rof U3MepsieTcsi Macca 1—2 yepHbix
ablp U 1—2 HEUTPOHHRIX 3Be3] B ABOUHBIX cHcreMax. [1o3ToMy Mo-
XKHO OXHIATH, UTO yepe3 20 JIeT YUC/I0 pendTUBHCTCKUX OOBEKTOB B
JBOMHBIX CUCTEMAX C U3BECTHLIMHW Maccamu YABOUTCS M ByneT 6u-
3KO K COTHE (ceryac 3TO Yucio 6IM3Ko K copoka). Toraa, B cuny
BO3pOCINENO YHCNA U3YUYEHHbIX PEIATHBUCTCKMX OOBLEKTOB, 3HAYU -
MOCTbh BBIBOZOB O CTATUCTMYECKOM pazIMdUU HabGnodaTelnbHbIX
TMIPOSIBJIEHUH aKKPELUPYIOILUX HEATPOHHLIX 3BE3J W YCPHLIX AbIp
CYLIECTBEHHO BO3pacTeT.



B0o3MOXHbI /iM NyTEeWecTBUS BO BpeMeHH?

CBOWMCTB2 YepHBIX ABIP CTONb SKCTPEMATbHET M (DaHTACTHYHBI,
YTO ¢ UX OKOHYATEJILHBIM OTKPHITHEM M HCCJIEIOBAHMEM MOXHO
O0XMJIATh HACTOSLLIETO NMPOPHIBA B TTO3HAHWUU HOBBIX (DyHIAMEHTATb~
HBIX CBOMCTB MATEPUH W TIPOCTPAHCTBA—BPEMEHH.

O uLeHTPanbHOIA CUHIYNRPHOCTH

Oco6eHHO BaXHO HCCNEA0BATh MPUPOAY CHHIY/ISPHOCTH B LIEH-
Tpe YEpHOU ALIPHLI, Kyaa ckolancuporaia (B Naj2louiei cucteMe
oTcyeTa) oOpasylolnas YepHylo 1bipy Matepws. TLIOTHOCTh BemecT-
Ba B CUHIYJIAAPHOCTH (hopManibHo GeckoHeuHo Benuka. OQHAKo U3
COOOpaxXeHUI Pa3MEPHOCTH MOXHO MpeaAnoaraTe, YTo Ha Tak Ha-
3bIBAEMBIX TZTAHKOBCKMX MacIuTadax, mopsuka 10 cM (310 Ha iBa-
OUATh NOPSAKOB MEHbIE Pa3MEPOB aTOMHOIO siApa) OOGBIYHAs
Teopys rpaBUTalMH, onuckiBacMasa OTO, yxe Hecripaseiuba. Ha
CTOJTh MATBIX MaclTabax JOJIKHBI IapHTh 3aKOHbBI KBAHTOROI rpa-
putauuu, Teopys KBaHTOBO# IPABUTAlLIMM €lli¢ HE CO3/IaHa, XOTS B
nocnesHue ToIbl GU3MKU B 3TOM HanparIeHUU NMpUnaraior 601b-
IUé YCHIUA.

XapaKTepHast [LIOTHOCTb MaTEPUM HA MIAHKOBCKUX MAcIUTabax
nopsizka 10” r/em’, uto Ha 80 MOPAIKOB GoMblile TUIOTHOCTH BEILE-
CTBa aTOMHOTO fAApa. XapaKTepHOe TUAHKOBCKOE BpeMs TIOPAAKA
10™ cexyuner. Ha BpeMerax MeHee 107 ceKyHIbF MOHsITME HETIpe-
PHIBHO TEKYHIETO BpPEMEHU TepsieT CMBICH, TaK XK€, KaK TepsioT
CMBICJ KJIACCHYECKHE MPUYHHHO—CIeCTBEHHBIE CBA3U. [ToaTOMY B
LEHTPE YSPHOW AMPHI, TIe HapaT 3aKOHB KBaHTOBOW TPABUTALIUM,
W3BeCTHAs HaM (U3HKa yKe HENPHMeHNUMA.
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Bo3HHKEET BOMPOC: KaK K& Mbl MOXEM CTPOUTH TEOPHIO YEPHOM
IBIPBI, HE 3HaA 3aKOHOB HOBOW hU3HKK?

B 1aHHOM chyyae cracaer 10 06CTOSTeILCTBO, YTO HIeHTPATBHas
KBAHTOBASI CUHTYJSIPHOCTE C TOYKH 3peHUs YIANIEHHOTO HETTOABIIK-
HOTO Habnonare/ist HAXOAUTCA B OyayilieM 1O OTHOLIEHUIO K [pex-~
WECTBYIOUIUM M HapyXHLIM CJOSIM TTpOCTPAHCTBA—BpEMEHH
YepHOit Abipbl. C/le0BaTENIbHO, € CBOMCTBA, KaK Obl HEOOLIUHBI
OHU Hi OBLIN, He RIMAIOT Ha GOPMUPOBAHHME TOPU3OHTA COOBITHI U
OCHOBHO# YacTU BHYTPEHHEW CTPYKTYpbl TIPOCTPAHCTBA—BPEMEHH
YepHOU Ibipbl. ECNU ke paccMOTPeTh He TOJbKO BPEMCHHBIE, HO U
TIPOCTPAHCTBEHHBIE MAcIITabpl YEPHOU IBIPEI, TO BBIROI O MpUMe-
HHMMOCTH KJIACCHYECKOIA, HE KBAHTOBOW TEOPUM PABUTALIMM K ONH-
CAHUIO OCHOBHBIX CBOWCTB YEPHBIX ABIP e Gojiee YCUIUBaeTCA.

HdeHcTBUTEABHO, pa3MePHl H3BECTHBIX YePHBIX IBIp IEXAT B Ipe-
JieNiax oT AeCATKOB KWIOMETPOB 10 AECSITKOB MWLIAAPIOB KUJIOMET-
poB. DT0 fosiee YEM Ha cOpPOK MOPSIAKOB 0OMblIE TLTAHKOBCKOTO
pa3vepa 10 cM, Ha KOTOPOM HAYMHAKOT CKa3LIBaThCS 3aKOHBI
KBAHTOBOW IpasuTalUN.

B nociienHye Toan pa3BUBAKOTCS TEOPHU DNEMEHTAPHBIX YACTHIL
B MHOTOMEpPHbIX MPOCcTpaHCTBax. B HeKoTOpbIX BapuaHTax 3ToM Te-
OpMU XapakTepHblil MaclTad, HA KOTOPOM BO3MOXHO TNPOAB/ICHHE
3¢ deKTOB KRAHTOBOW rPaBUTALIMU, 3HAYUTEIBHO 0OJ1bIIIE IIAHKOB-
ckoro ¥ 6maok x 10" cM. Onnaxo maxe 70T MaciuTab Gonee yem
Ha 20 TopsIKOB MEHBLIE PA3MEPOB U3BECTHBIX YepHbIX AbIp. [Tos-
TOMY OKPECTHOCTH TOPU30HTA COBBITUH 1 NONARIAION[AS YACTb BHY-
TPEHHOCTH YEPHOH [BIPbl C OIPOMHOIl TOYHOCTBHIO MOIYT ObITH
ONMCaHbl KJIACCUYECKOM, He KBAHTOBOW TEOpHEH IPAaBUTALIMM B
pamkax OTO.

0 nyTewecTBusAX BO BpPEMEHM

M OCTAHOBMMCS JIMILbL HA OMHOH MpobGieMe, HENOCPEACTBEH-
HO CBI3aHHOM ¢ (PM3UKOI YEPHBIX ABIP ~— Ha NpOOJIeMe MyTeleCT-
BUA BO BpeMeHU. BoJibilioil BKIIaA B Mpo6ieMy MallMHBI BPEMEHN
BHEC M3BECTHbL aMepukaHckuii dn3uk K. TopH u poccritickui ac-
Tpodu3uK, wieH—KoppecrionneHT PAH HoBukos.

MBI yXe YHOMHHAQTH O TOM, YTO FOPH3OHT COOBITHIT YepHO#M ObI-
pbl «4yBcTBYET» Oynyuice. Ecny Obl ¢ TOUKH 3peHHs JANEKOro Ha-
6monarensi KOCMOHABT HOMAJ BHYTPh YEPHOIA AbIPHI, IO TOPU3OHT
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COOLITUM, TO OH OBl IBUTANCH K KBAHTOBOM CHHIYJIAPHOCTH yXe He
B MPOCTPAHCTBE, 2 BO BpeMeHW. [IBHTasick K KBAHTOBOU CUHTYNSAp-
HOCTU, KOCMOHART B CllyYyac HEBpAILAIOLLEHCS YEPHOHR AbIPbI, YBH-
OAT CBoe Oyayuuee WM Apyryro BeeneHHyto, pacTioflIoOXEHHYIO IO
OTHOUIEHMIO K Hawel BeesrlenHoi B abconroTHoM GynyuieM. YToOb!
nomacTh B 31y BeeneHHyio 06bIYHBIM CIIOCOO0M, B OTCYTCTBHE Yep-
HOM ABbIPbl, KOCMOHABTY He0OX0IMMO ObiJIo Obl JBUraThCS CO CKOPO-
CTBIO BoJIBLLIE CKOPOCTH CBETA, UTO 3alpellieHo 3aKoHaMH (hU3UKH.

B CBA3M ¢ BO3MOXHOCTBIO CYLUIECTBOBAHUS BO BceaenHoM
CBEPXMACCHBHBIX YEPHBIX JIBIP, BOMPOC O TIYTELIECTBHH B TIPO-
CTPaHCTBe—BpEMeHH, B ApYTHE BeeneHtbie, He KaXeTcs Ype3MepHO
auTacTHYecKUM. BCIOMHMM, YTO CpeHSIs IVIOTHOCTS YEPHOMN JTbI-
PBI B MWITHAPABI COJHEYHBIX MAacC MeHbllle TUIOTHOCTH BO3NyXa.
TToatoMy euie B 80-X roflax npolLIOro BeKa BO3MOXHOCTD ITyTellie~
cTBHSA B IpyTue BeeneHRble uepes cRepXMACcCHBHEIE YePHBIE IbIPhI B
SAPaX raTaKTUK BCEPBE3 00CYXKIANaCh PAAOM YUYCHBIX.

HApyras BO3MOXHOCTL IyTEUIECTBUS BO BpeMeHH (B Oymyiuee)
CBSI32HA C UCTIONKh30BAHNEM OBICTPOTO ABHMXEHUS KocMoHaBTa. Kak
cenyeT U3 TEOPUM OTHOCHTENBLHOCTH, MHTEPBAT BPEMEHW MeXAy
IBYM$ COOBITUSIMY Pa3/iMyeH B pa3HbIX CUCTEMAX oTcyeTa. Bpemsa B
CUCTEME OTCYETA, ABIKY11IEVCA OTHOCUTENTLHO HAOMIONATE)IS, TEUET
MeIJIEHHEe, UEM B CUCTEME OTCYETA, B KOTOpOi HaGMoaaTeIb MOKO-~
uTCs. DTOT 3P DeKT IKCTIEPUMEHTAIHHO NipoBepeH. HekoTophie ya-
CTHIIBI KOCMIUECKUX Ayueii, Npunetatollnx n3 Kocmoca Ha 3emnio
€O CKOPOCTbIO OYeHb OJIM3KOH K CKOPOCTH CBETA, MMEIOT OYeHb Ma-~
Jioe COGCTBEHHOE BPEMS XKU3HH, TEM He MeHee, OHM TPOJIETaloT Or-
POMHBIE PACCTOSIHMS BBHAY TOTO, YTO C TOUKU 3PEHMS 3EMHOI0
HaboaaTe s Xon BpEMEHH B CUCTEME OTCYETA, CBA3AHHOI ¢ 4acTU~
e, CHIBHO 3aMemiseTca. HanpuMep, BpeMs XH3HW HeliTpoHa B
COCTaBE KOCMHYECKHX JIyueil M3-3a TAKOIO 3aMe/LIeHIA X0Na BpeMe-
HM yBeIMuUBaeTesd ¢ 15 MuHyT 10 30 ThicaY JIeT.

B cBsI3M ¢ TaKuM, KaK roBOPAT, PEASTUBUCTCKHM 3aMEANIEHUEM
XOa BpeMEHM (TO eCThb XapaKIEPHbIM [UISI CKOPOCTEM HNBHKEHMS,
BJIM3KHX K CKOPOCTH CBETA) YACTO PACCMATPUBAETCA W3BECTHBIN Ma-
PAIOKC GIIM3HELOB.

[TpeacraBum cede AByX GIU3HELIOB, POAUBIUIMXCS OAHOBPEMEH-
HO Ha 3eMJie, ONHH U3 KOTOPBIX Ha MOIIHOI pakeTe OTIPaRIseTcd K
KakoU-JIMOO0 3Be3le CO CKOPOCTBIO, OJH3KOH K CKOPOCTH CBETA.
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TMoceTnB 3Be3ny, 6aM3Hen BO3Bpalaerca Ha 3eMato U oOHAPYXH-
B3€T, 4TO ero 6par cWibHO NOCTapes Mo CPaBHEHMIO ¢ HUM. TakuM
a0pa3’oM, KOCMOHABT—ORMK3HEL, NOACTAB CO CKOPOCTHIO, OIM3KOoH K
CKOpOCTH CBeTa B KOCMU4ECKOM [IPOCTPAHCTRE U BEPHYBIIMCH HA
3eMitio, oKasancst B OyIymeM, TO eCTb COBEPUIILT T1yTellIeCTBHE He
TOJILKO B MPOCTPAHCTBE, HO U BO BPEMCHM.

TlockombKy X0 BpeMEeHH 3aMeluisieTcs TAaKKe M B TPaBUTaLlMOH -
HOM ITOJie, NapanoKc 6IU3HELIOB BO3MOXEH U (IpW NYTeIlecTBUM K
TeaaM C CWIBHBIM I'PDaBUTALIMOHHBLIM MOJIEM, HATIPUMEP. K HEM-
TPOHHAIM 3B€34aM M YEPHBIM ABIpaM.

BonominmM HAIMET0 KOCMOHABTA, 3aBUCLIETO BOJIM3H FOPU3OHTA
COOBITUI 9epHON ALIpBE. Kak MB! ykKe OTMeYalid, 13-3a 3aMeIIeHUs
xolla BPEMEHM BOAM3H YEpHOM AbIpbl, TAKOW KOCMOHABT YBUANT W3
WTIOMWHATOPA CBOEro Kopabiis, Kak COOBTHA BHELLUHeH BceneH-
HOM 1po6eraioT B Ype3BbIUaitHO YCKOPEHHOM TeMITe.

Ecnu tenepb KOCMOHABT BKIIOUWT ABUTATENM CBOETO XOpadnsa
Ha TIOJIHYIO MOWIHOCTB, MPEONOCET TIPUTSIXCHUEC YEPHONH ABIpPHI
(3TO B IPUHUMIIE BO3MOXHO, T. K. KOCMOHABT HaXOIUTCs BHE TOPH-
30HT4 COOBITHIY) U BepHETCS Ha3ag Ha 3eMJito, OH OOHApPYXUT, YTO
Ha 3eMiie yXe HaCTYTIHIIO qaJleKoe Gyayliice W Bee ero poIcTBEHHU -
KV JaBHO YMEDJIH.

Tapanokchsl 6AM3HENOB, CBSA3aHHBIE C OBICTPLIM ABHXKEHUEM U C
CWIbHbIM TPABUTALIMOHHEIM TOJIEM B HEKOTOPOM CMEIC/IE 3KBHBA-
JNICHTHMB Opyr Apyry. KocMoHaBT—0n1n3Hell, OTIPaBIsIsICh CO CKOpO-
CThI0O OaM3KOo K CKOpPOCTM cBeTa K JANeKOil 3Be3ne, 4YTOOBI
BEPHYTbCSl HA3aA Ha 3eMJTIO M NOTIACTL B OyAylilee, 10KeH CHaYana
DP230THaThCA IO BbICOKOH CKOPOCTH, 3aTeM, IIPM NOMUIETE K 3Be3de
OH JOJDKEH 3aTOPMO3UTLCHA OO0 HY/ICBOU CKOPOCTH, 3aTeM CHOBA pa-
30THATHhCA OO BHICOKOU CKOPOCTU B NPOTUBONONOXKHOM Hanpansie-
HUW (K 3eMae) u nanee, py MouteTe K 3eMAe CHOBa 3aTOPMO3UTHLCsE
0 HYJIEBOMH CKOPOCTH.

Ilpn Takux U3MEHEHUNIX XapaKTepa CBOEr0 ABUXKEHHSI KOCMO-
HaBT HCMHITBLIBAET ACHCTBYE MOILUHBIX YCKOPEHHWM, 4TO, COMIACHO
ob1ueii TeopnH OTHOCUTENBHOCTH DHHUITERHA, SKBUBANEHTHO [Ieii-
CTBUIO CWIBHBIX MPaBUTALIMOHHBIX NTONEH. UMEHHO T03TOMY Habe-
raet 60./1bl1as Pa3HUIA B WHTEPBAIAX TIPOLIEALIIErO BpEMEHH.



YauBuTenbHble CBOMCTBA YEPHOI Ablpbl

Dusuka nNpocTpaHCTBa—BPEMEHY BHYTPU Bpallaloieicst dep-
HOWM IBIPBT OYEeHb CIIOXHA, U MHOTHE JETATH 31€Ch OKOHYATEIBHO He
BhIACHeHb!. [1ocne rpaBUTaLIMOBHOrO KoJiarnca o6bekTa u 06paso-
BaHUSsI YEPHOI ABIPLI, €€ BHEllIHee rpaBUTALIMOHHOE T10J1e aCUMITTO-
THYESCKU  npubnuxaeTcs K  OpedesbHOM  paBHOBECHOM
KoHduUrypaiuy — nomo Keppa—HplomeHa. BTo nosie He 3aBUCHT
OT KOHKPETHOW TIpupoabi BEWIECTBA, U3 KOTOPOro oOpa3osanack
yepHasl Abipa, U XapaKTePU3yeTCs UL TPeMs NapaMeTpaMu: Mac-
COM, YTJIOBBIM MOMEHTOM U 3NEKTPHUIECKUM 3aPSAOM.

IpaHwla YepHOIt AbIPHI, €€ TOPH3OHT COObITUI, HE COTEPKUT Be-
ILIECTBA M He SIBSETCS TBEPIOM ITOBEPXHOCTHIO, 4 IPEACTABISIET CO-
60l UL KOOPAUHATHYIO 0COOEHHOCTL B NPOCTPAHCTBE~BPEMEHM.
Kak o6pasHo Beipasvnuck HoBrkos 1 Dponos, uepHas abipa — 310
Y HE TEJI0, U HE U3lyYeHUe, OHA NpedCcTaBuseT coboi cryctok rpa-
BUTALVH.

TopU30HT COOBITHIA YEPHOI IPH — 3TO MPaHULIA MEXITY Paiiu-
YHBIMY CUTHAJIAMM, IBHTAIOLTUMUCS CO CKOPOCTBIO cBeTa. OMHM U3
HUX MOTYT YITH OT YEPHON NbIPHI Ha MPOCTPAHCTBEHHYIO GECKOHE-
YHOCTb, IPYFUe He MOTYT.

CMOXeET i CUTHATT OT YepHOI IBIPH! YITY HA MPOCTPAHCTBEH-
HyI0 6ECKOHEUHOCTh — 3aBUCHT OT 00AaCTH NPOCTPaHCTBa—BpEMe-
HU, KOTOpasi JIeXUT B OyayllleM MO OTHOILEHHIO K HMCTOYHMKY
currasia. CrefoBaTe/IbHO, NBWXEHNE TOPU3OHTA COOBITHIT YepHOW
JILIPBI 3aBUCHT HE OT TOTO, YTO MPOU3OLIIO C HUM B IIPOLLIOM, a4 OT
TOTO, UTO NPON3OUIET ¢ HUM B Bynymiem (). Ty HEOOBIYHYIO OCO-
GEHHOCTD TOPU30HTA COOBITHI YepHOIT HRIpbl — ero CMOCOBHOCTD
«UyBCTBOBaTb» Oyayuiee, PH3NKU MHOILAA HA3LIBAIOT «T€0JIOTMYec-
KO¥i» TIpUPOAOT TOpU30HTA.

Ecnu roBOpUTE O BHYTPEHHOCTH BPALIAIOILEHCS YEPHOH AbIPHI,
TO CTPYKTypa W CBOHCTBA MPOCTPAaHCTBa—BPEMEHU BHYTPH Hee B
CUITBHO CTETTEHH 3aBUCST OT CYIbOBI CaMoit UepHOI AbIPBI B 6eCKO-
He4YHOM 6yayLleM BHELIHEro HabatonaTes, HalpUMEp, OT BO3MOX-
HBIX CTOJIKHOBeHU{ UEepHON NBIpHI C NPYTHMH 0OBEKTaMHU, OT
KBaHTOBOTO MCIIApeHUsl YSPHOM AbIphl W Jaxe OT Oyaywero Bceil
BceneHHoii.

Kak orMedator HoBukos U ®ponoB, B TaKWX 00CTOATENBCTBAX
(DU3UKHU-TEOPETUKH YYBCTBYIOT ce051 BECbMa HEYIOTHO...
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O maimHe BpeMeHM

TockonbKy epHbIe TBIPBT, CKOpee BCeTo, CYHIECTBYIOT, TTyTelle-
CTBHE BO BPEMEHM NMPUHLUMHANBHO BO3MOXHO. OTNPaBUBILKCH HA
KOCMHUYECKOM KOopafnie BHYTPb CBEPXMACCHBHOM YepHOMR IbIPHI B
siIpe TANAKTHKU, OTBAXHBIA KOCMOKRABT yBUAUT Oynymiee. Ho rpu
5TOM OH HE CMOXET BEPHYTLCS Ha3all U He CMOXET IlepefaTh HaM
KaKyl0-TH00 WHGpopMatHo 06 yBUICHHOM WM Oyayiem, Crenarp
3TO €My IOMELIAeT TOPU3OHT COOBITHI YE€PHOI ObIpbI.

TakyM 00pa3oM, peIMBIUKUCE MYTEILIECTBOBATL BO BDEMEHU BHY-
TPU CBEPXMACCUBHOU YEPHOUW IBIPbl, KOCMOHABT 0OpeKaeT ¢ebs Ha
CaMOYOUIACTBO — OH HUKOIJA He BEepHETCA Ha3a)l, B Haury BeeneH-
HYyt0, a TIPU MPUOAUKEHUH K UEHTPAILHONA CUHTYASPHOCTY OyaeT
pa3opBaH MPWIMBHBIMU crlamu. B To xe BpeMst s HabmonaTenei
¢ 3eMJIM OH HHAKOIIA He repeceyeT FTOpU30HT COOLITHI U He NPOHU-
KHET BHYTpb YEPHOI AbIpbl. HezaBHAHAS y4acTh — OTBAXHBIM KOC-
MOHABT Jaxe B KHUry pexopnos [MHHeca He mnomameT Kak
TIEPBOITPOXONEIL.

OTO DitHiuTelina TaKCKe NOMYCKAET CYHIECTBOBAHUE KOMMAKT-
HhIX 0OBEKTOB 6€3 TOPU30HTA COOLITHIL. 119 2TOro HYXHO, YTOOBI
00BeKT ObLT chOpMHUPOBaH He U3 OOBYHON MaTEPUH, & U3 3K30TU~-
YECKOM, TaK Ha3bIBaéMOH, BaKyyMOITogoOHO MaTtepun, obnanaro-
et OTPYLATE/ILHBIM JaBIeHHEM U aHU3OTPOITHBIMH CBOWCTBAMU.
DUINKIN—TEOPETUKH CUUTAIOT, YTO CHOPMHUPOBATEL TAKOH OOBEKT, B
MPUHLMIIE, BO3MOXHO. Toraa mosy4yaercs KOMNAKTHBI 06BeKT 6e3
TOPW3OHTA COOBITUI, KOTOPBIA MPUHSITO HA3bIBATE «KPOTOROH HO-
pO¥» WM TIPOCTPAHCTBEHHO—BPEMEHHBIM TYHHEJIEM.

Kak 3T0 H yAWBHMTEIBHO, HO CYIUECTBYIOT METONbI HabAwone-
HUH, TIO3BOJIAIOLIHE TTO KpUBO# OJIecKa ITpU MHUKPOJIMH3UPOBAHUM
nanexoi 3se3npl PoHa 6osee 67IM3KUM KOMIIAaKTHBIM 06BEKTOM 0TO-
XIECTBATHL 3TOT OOBEKT C «KPOTOBOH Hopoi». Ceifuac mMoucku
«KPOTOBBIX HOP» aKTHUBHO BENYTCS ACTPOHOMAMH.

C noMouibi0 TaKOFO MPOCTPAHCTBEHHO-BPEMEHHOTO TYHHEJS
MOXHO, B IPHUHIIUIIE, CKOHCTPYMPOBATh YCTPOHCTRO, KOTOPOE Oyner
yKe HacTofmed MamuKoi BpeMeH. HampuMep, 4enoBeK MOXeET
BOWTH B TYHHEJIb, [Jie BpeMs TeyeT Ha3aj [10 OTHOLLUEHHIO KO BpEME-
HY BO BHEILIHEM MPOCTPAHCTBE, U 3aTeM OH OKAXeTCs B IPOLLTIOM,
BhlIA yepe3 ycThe TyHHeNs. C TIOMOLIBIO MTOIOOHOTO YCTpOiiCcTBa
MOXHO IMyTCINECTBOBATD U B Oynyliee.
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HoBHKOB CpaBHYMBACT ITOTOK BPEMEHH C TeYEHUEM pekn. Bmanu
OT CHWIBHBIX MPaBUTALIUOHHBIX T10JIEIl BpeMd, MONO6HO BOJAE B CBO-
OOMHOM peKe, TeueT OIMHAKOBO BO BceM IMPOCTPAHCTBE OT MIPOLLJIO-
o K OyAylemy.

O1HaKo B CIJILHOM TIOJe TATOTEHWS MPOCTPAaHCTBO—BpPEMST MO-
XeT ObITL OYEHL CWIBHO HCKPHUEBIEHO, MOAOOHO TOMY, KaK BOIa B pe-
Ke, BCTpeyast MpensTCTBUS, CHIBHO HCKPURIISET CBOE TEUEeHUE.

H3-3a neiicTBMA CHIILHOTO I'PABUTALHOHHOTO IIOASI MOXET JIAXE
BO3HMKHYTb «TYHHE/b B CYNEPIPOCTPAHCTBE» («KpOTOBAsA HOPa»),
KOT/IAa YacCThb «[TOTOKA BPEMEHU» OTHEJISIETCS, BXOAUT B «TYHHEb» U
TeYeT B IIPOTUBOIOJIOXHYIO CTOPOHY, BbIXOAA M3 «TYHHEJS» B NPO-
oM. TakuM 06pa3oM, TIoll BARSHHUEM CHITBHOTO TP2ABUTALIMOHHO-
ro mMons MOXer 06pazoBaThCH TaK Ha3biBaeMas «MeTasd Xoaa
BpeMeHH» (puc. 3.18).

A

Bpems

MpocTpaHcTBO

Prc. 3.18. V13-3a BaManus cuibHOTO TPaBUTALIMOHHOYO TIONN Tela Mac-
¢hl M TeueHVe BpeMEHU NCKPURNSETCA M 00pa3yeTcsl «NETIst XONa BPEMe-
HH», KOraa cOOBITHSA BO3LEHTTRYIOT APYr HA JpYra «M0 Kpyrys.
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AHaNoTMYHasT CUTYalusT UMeeT MECTO B TeKyMIei Boje: NMpu Ha-
JIMYMM 3HAYUTENBHOTO NIPETSITCTBUSA, TEYEHVE MOXET HE TONBKO UC-
KPUBJISITbCSI, HO M 0OOpa30BBIBATE 3aBUXPEHUS, TIOPOXIAIONINE
BOPOHKMU.

B 3THX 3aBUXpeHUSIX BOAA ABUXKETCS MO KPYTY, MOL06HO TOMY,
KaK M0 KPYTY TeueT BpeMsl B «IIeTie XOAa BpeMeHH».

Ecinu yenoBek MyTewlecTBYyeT BO BpeMEHW M HalpaBseTcs B
NPOIUIOE, 3TO 03HAYAET, YTO OH JENACT «JIETIIO X0/a BpeMeHu». B
«TIETJIE X012 BpeMeHU» COOBITUS Y)KE He MOTYT ObITh pasesieHb! Ha
rnpouuioe ¥ 6yayiuee.

Bce coOBITUSI B «TTETE X0Aa BPEMEHM» BO3AEWCTBYIOT ApYr Ha
Ipyra «no Kpyry». [103ToMy B MaliHe BpEMeHW, Tae peal30BaHa
«IIeTNs X0/1a BPEMEHM», CETOOHSILIHUE COOBITHA ONPEACISIOTCA He
TONHLKO TIPOHUTLIM, HO ¥ Oyaymum (1).

HoBuUKOB TakXe BnepBble CHOPMYAUPOBAT NPUHLMI CaMOCOT-
JTACOBAHHOCTYU JUT MalllMHBI BpeMEHU, KOTOpBI B HacTosiulee
BpeMsl CUMTaeTcst OBIUENPU3HAHHBIM: MPH HATHYUM MALIUHBT Bpe-
MEHM CETONHALIHUE COOBITUA A0/KHB! OBITh COTTACOBAHBI HE TOJTb-
KO C TIPOLUTLIM, HO U C GYAYLUKM.

Ilpu nyreutecTBUM B OyAylee NPUHLUMMTUANBHBIX TPOGJIEM He
Bo3HMUKaeT. IIpobneMbl BO3HMKAIOT NMPH MyTEILECTBUY B MTPOLLIOE.
Tpexae Bcero, cenyer UMETH B BAAY, YTO TaKOM NyTELIECTBEHHUK,
0KAa3aBLIKCH B NPOLLTIOM, caM o cebe MOAoXe HE CTAHET, BBUAY
JENACTBUS BCEMOTYLLUETO 3aKOHA HEYObIBAHWA SHTPOMNUU.

CrapeHue opraHu3aMa dejloBeKa €CTh cllencTBue hyHIaMeHTalb-
HOrc TEpMOIMHAMMWYECKOTO 3aKOHA HeYOBIBaHMA Oecropsiaxa B op-
raHu3Me, XapakTepu3yeMoro Takoi (pH3Mvyeckoit BEIMUMHOM, KaK
3HTponus. HakonneHHast opraHu3MoM 33 BpeMsi ero XU3HU 3HTPO-
1A HE MOXET GBITh YMEHbIIIEHA OITHUM U3MEHEHUEM HalpaBJieHUs!
Te4eHHs] BpeMeHHU.

Ho, ouyTUBILUCH B IPOLLIOM, MyTELLECTBEHHUK MOXET BCTpe-
THUTh CAMOTO ce6s1 MOJTOIOTO M faXe CBOENo OTLA, MaTh, NeayIuKy U
6abywky. OH MOXeT Jaxe ToMacTh B STMOXY, KOTAa OH elle He Po-
mnce (1),

B nocnegHue rogsl B HayqdHO# JIUTEpaType 06CY:KIaeTcst BOTIPOC
0 TOM, KakK OyayT paborats 3aKOHBI (PU3UKH MMPU HATUY KUK MALLIMHDL
BpeMeHi. OOCyXKnaercsi, B TOM YUCIE, H TaK Ha3bIBACMBIN «apa-

JIOKC JeMyLIKH».
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OH cocTouT B chenyfoiieM. «Eciv 4enoBek MoXeT BEpHYThCST B
TIPOLIUIOE, OH MOXET BCTPETHTh CBOErO HENYLIKY, KOTOpblil elie
0YeHb MOJIOL.

OH MOXeT YOUTh CBOETO ZENYIUKY U TEM CAMBIM CIEIATh HEBO3-
MOXHBIM COOCTBEHHOE POXACHHES.

XoTs Takoe ybuiicTBO TTOPOXIAET abCOIIOTHYIO DECCMBICTHLLY,
3TO COBBITHE B [IPUHIIMIIE BO3MOXHO, ITOCKOJILKY Y€/I0BeK 001anaeT
ornpeacaeHHO! ¢cBo0ONOM BOMK (MOXET MOCTYITATh TAK, KaK MY 3a-
OJraropaccynurcs).

JeACTBUTENRHO TH HATMYME «[APA0KCd AeIYHIKH» CBUACTENb-
CTBYET O TOM, HTO MYyTEILIECTBUE BO BpeMEHM HepeabHO? Beas nmo-
naB B TMPOLLIOE W YHHYTOXHUB IEAYLWIKY — TIPUYHHY CBOETO
POXIEHUSA, COOBITHS, KOTOPOE YXXE CBEPUIMIOChH, NYTEHIECTBEHHUK,
Kasaiock Obl, HapyliaeT (pYHAaMEHTAIBHBEIA NPUHUMA HaykKy —
TIPUHLIMIT TPHYHHHOCTH.

HOBUKOB cUMTAET, UTO ITO He TaK. [1OCKONBKY B MallINHE BpeMe-
HH KpoMe OOLIYHOTO BIIMSHHS TIPOLLIOTO Ha Oymyluee, Oyayiuee
TAKXKE BAMSET Ha IIPOULIOE, BCE COOLITUS MPOUCXO/IAT TaK, YTO ITO
BIMSHYE MPUHUMAETCA B pacueT.

OxnaKo ¢ Tex 1op, KaK COBbITHE YXXe TIPOU30IILTO (Mol COBMECT-
HBIM BJIMAHHEM MPOLIOTO U OYAYMIEr0), OHO YXe He MOXET ObiTh
MepeaeiaHo, Hoo «T0, UTO PEATbHO CIIYYHIIOCH, HEBO3IMOXHO OTME-
HYTb». YUEHbIE CUUTAIOT, YTO ONUCAHHOE BhilllE YOUICTBO ACRYINKH
C MOMOILbBIO MALIMHBI BPEMEHM TaKXKE, MTO-BUINMOMY, HEBO3MOX-
HO, TTOCKOJIBKY CBOGOJIA BOJIM YeJIOBEKA IMPU UCTIONB30BAHUHM Ma-
IIKHBI BpeMEHY 6YAET KaK-TO OrpaHUYeHa 3aKOHAMM (PM3UKU.

HoBukoB npuBoaMT B 3TOMH cBsi3u BhicKadbiBaHue K. TopHa:

«...Yr0-TO HOMIXHO OCTAHOBUTE BAUIY PYKY, €CJIM BBI ITOTIBITAE-
Tech yOUTb Baulero nega. Yro? Kak? OTBeT (€CAU OH €CTb) JAAEK OT
OYEeBUIAHOCTHU, TaK KaK OH CBsIdaH CO CBOﬁOJlOﬁ BoJiy uesonexa. Co-
BMECTUMOCTb CBOOO/ILI BOJIU M CTPOTOIO (PM3NYECKOro 3aKOHA yXa-
CHO ¢MyTHas NpobJieMa axe B OTCYTCTBME MAllKHbl BpEMEHM»,

IMpuBeaeM 3aK10uHTeNbHOE BbiCKa3biBaHHE HOBUKOBA MO TO-
BOIIY MaLLUHbI BpEMEHM: «X04Y eIle Pa3 NOA4EPKHYTh, YTO ECJIA Ma-
IMHA BPEMEHU U OyIeT KOrAa-HUOYAb CO3aHa, TO, TIO-BUIAHMOMY,
TOJLKO B OTAANIEeHHOM OynyiueM. ITpeacToMT pelrdTh ellie MHOTO
MPHHLUMIIMANBHBIX [TPOOJIEM, HE TOBOPSL yKE O IPOMAHbIX TEXHHYE-
CKUX TPYAHOCTSIX...»
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MBI XOTHM 3aKJIFOUMTB 3TY TVIaBY LIATATON U3 HelaBHEro ob3opa
Hobukosa u ®posioBa, NOCBAILEHHOIO YePHBIM AbIPAM:

«HT0 KacaeTcs NpaKTUIECKON PeasiM3aliii HOBbIX UIEH, MbI XO-
TeNU OBl 3aKTIOYUTH 0630p HAMMOMUHAHKWEM O TOM, UTO B cepelMHe
XIX Beka naxe Takasi MpakTHYecKas (Telepb) Bellb, KaK 3JeKTPU-
YECTBO, Ka3a1aCh HayuHON abcTpakiUe.

Korzna 6putaHckuil npeMbep—MHUHHUCTP TOTO BPEMEHM CIPOCHIL
dapanes o MpakTHUeCKOH 1IEHHOCTU snekTpruecTsa, Oapaneit oT-
et Korna-HuGyne Balie rpaBUTENLCTBO BBEACT HA HErO Hallor
Byayum onTUMMUCTaMU, Mbl BEPMM B OTPOMHbIE MEPCNIEKTUBBI B HO-
RO 00J1acTH BPUINKU U aCTPOGH3UKY YEPHBIX JBIP».

ABTOPBI 3TOI KHUTM MOJHOCTbBIO COTJIACHDI € 3TO ONTUMHUCTH-
YeCKOW TOYKOW 3pCHUS Ha YEPHbIE IABIPbL.



Mhaea 4
BOJibLIOW B3PbIB

Pa30eranue ranakTuk

Hayka o BceneHtoit

YepHble ABIPEI M KOCMOJIOTHS — JIBE HOBBIE U, HECOMHEHHO, Ca-
Mble YOUBWTEJbHBIE OONIacTH MCCASIOBaHMM, KOTOpble MOpPOLMiIa
SUHIITEHHOBCKAA OOUlast TEOpUs OTHOCUTENBHOCTU. B 3T0ii mape
pedb MoAAET 0 KOCMOJIOrMYeCKOM HayKe, 0O beKTOM U3y4eHUST KOTO-
poit gpnsietca BeeseHHast Kak Hesoe.

BceneHHas, paccMatpyuBaeMasi Kak eMHOeE Lesioe, — uzniec-
KAsi CUCTEMA CO CBOUMH OCOOBIMU CBOMCTBaMM, KOTOPBIE HE CBO-
IATCA K CyMME CBOWCTB HaCEJISIOLIMX €€ aCTPOHOMHYECKHX Te.
ODTU CBOKCTBA TIPOARISIOTCH B SIBACHVIX CaMblX OOJNBILIUX IMPoO-
CTPaHCTBEHHO—BPEMEHHBIX MacluTaboB. [llaBHOe U3 3THX CBOWCTB
— BceoblLiee pa3deraHUe rajlakTUK, O KOTOPOM MBI YK€ YIOMUHAIH
B (IEPBOi4, BBOXHOI ri1aBe.

BceneHHast — caMblif KPYIIHBIA MO MaciuTaby OOBEKT HayKMu.
OH, O4YCBHMITHO, CYIUCCTRYC! 8 EAWHCTBCHHOM OK3EMIUTAPE. H3 3Tux
OOCTOSTENLCTB CHEAYET PSI OCOGEHHOCTEM KOCMONOTUU KAaK HAYKY,
[eiicTBuTebHO, BeeneHHYI0 MOXHO TOMLKO HABMIOAATh, SKCIIEPH-
MEHTHPOBATh C HEIO HEBO3MOXHO (YTO, KOHEUHO, TOJBKO K Jydlle-
My). HUKakux Apyrux BceJIeHHBIX HAM HE AaHO, U CPABHUBATh HAIY
BcenenHyio He ¢ YeM. DTUM KOCMOJOTHS OTJIH44ETCs, HAIIpUMED,
OT (PM3UKM 3MEMEHTAPHRIX YaCTHLl, KOTOpasi u3ydaer OOBEKTHI,
MMEIOIIVECS B IIPUPO/IE B OOJIBIIOM KONMYECTBE Y IOMYCKAIOLIMe
PasHOOOPa3HOE FKCTIEPUMEHTHPOBAHUE.
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Ere onHO# 0COGEHHOCTBIO HaYKH O BeesleHHOM saBsieTCst 6113~
KO€ pOICTBO € PUIOCOPCKUMU UAEAMU U UCKAHUSIMHU, C 1ONLITKA-
MU OCMBICIIUTE MECTO UeJiOBeKa B MUPE.

U, TeM He MeHee, KOCMOJIOTHS. — 3TO BCE Xe HACTOSIIast ecTeC-
TBEHHO—HAy4YHasl AMCLUMIUIMHA, B KOTOPOH TIABHOE — KOHKPETHBIE
dakTbl, a N106bIE TEOPETUYECKUE BBIBOALI MOTYT CYMTATHCS TIpa-
BUJILHBIMM TO/IbKO TOTAQ, KOTAa OHU NMPOBEPSHB! U MOATBEPKIASHL
MPAMBIMH aCTPOHOMMYECKMMH HaDTIOICHUSIMU.

OCHOBY COBPEMEHHOH KOCMOMOTUU COCTABIACT TEOPUS, CO-
3XaHHas AJIEKCAaHAPOM AJekcaHapoBuyeM OpUIMaHOM B
1922—24 rt. DTa TEOPUS TIOTHOCTHIO NOATBEPXKACHA BCEIl COBOKYTI-
HOCTBIO UMEIOLUXCA ceiyac HabmoaaTenpHbIX JaHHBIX 0 BeeneH-
HoM Kax uenom. FEe miybnHa, OorarctBo (Puanueckoro
COICPXaHUSl pacKpPBIBAIOTCA BCE TOJIHEE C KaXIbIM HOBBIM Ha-
0/1101aTENILHBIM OTKPHITUEM B KOCMOJIOTUM.

Puc. 4.1. AnexcaHap ANleKCaHIpOBUY
dpuaman (1888—1925).

Ero nea, Anexcanap MpaHoBHY, cly-
XU MO MEAUUMHCKON YacTH MpH poTe
IBOPLOBBIX I'peHaep ¥ HUMET KBAPTUPY
npy 3uMHeM [opue. B peBoslOUNOH-
HoM 1905-M 6yayiunit KocMOJIOr, a Torad
TMMHA3MCT U aKTHBHUCT COLMaN—AEMO-
KpaTHYECKOTO IBMXKEHHA, TIpSiTal Ha
KBapTHpe ledd Nayky peBOMIOLHOHHBIX
IPOKJIAMALUN.

Oreu kocMonora, AnekcaHap AJek-
CaHApOBHY, GbUT apTHCTOM MapUUHCKO-
ro 6aneTa, Mo3xe COYMHAA OaneThyro
MY3BIKY IUISI TOU Xe Tpynmbl. [1aBHbIM
AUpHKepoM B MapuUHCKOM GbLT Apyroi
zIen KocMmonora, UrHatuil Bosuek, Toxe
U3BECTHBIH TOTAAa KOMIIO3UTOD, DPOAOM
u3 Mopasuu.

3HaTOKOM My3biKu ObIT v cam ®punMan. Ha dunapMoHnyecKx KoH-
ueptax B 3ane JIBOPAHCKOTO cofpaHHS €r0 BHUAENH CUIAUIMM B MEPBBIX
pAIaX ¢ NApTUTYPOil B pyKaxX — ¥ B paHHeH MOJIOZOCTH, U B 3peible TONbI.

Bymyuu nupekropoM IlasHoit pusudeckoit (reodpnsnueckoit) obcep-
BATOPUM, OH OTBEYAT 33 MPOTHO3 nOroasl. OIHAXIL BHIXOMMN GhiCTPHIM
warom w3 3nanug Ousnko—TexHuueckoro MHCTUTYTa B COCHOBKE H Ha
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BOMPOC BCTPEYHOrO 3HAKOMOFO, KyJa OH Tak TOPOMHTCsl, OTBETUI Ha be-
ry: «B o6cepBaTopuio Ha Baclihe BCKHMii, NMopa BblIaBaTh [POrHO3 NOTO/1bI
Ha 3aBTpa, a 6e3 MeHsT OHU elIe TO HAMPOTrHO3UPYITH TIPOrHO3 NOroLb!
OBI;1 TOrAA CKOpee U3SIWHBIM UCKYCCTBOM, YeM TEXHOJIOrUEH, 0COOEHHO
KOTAa UIyT aTMocdepHbie GhpOHTEHI.

CaMbrit rpaHanosHbii TporHos OpuaMana okasancs 6€301MHG0YHBIM:
MHP ACUCTBUTEABHO paciunpsieTcs! Macrab 3Tolt PUTYpHI 6bUT B YYeHOM
MHpe ¢ CaMOTO HAYa1a OYEBHUIEH, HO HUKTO HUKOTIa HE Ha3bIBaJl €ro «Be-
JIMKHMM COBETCKMM y4yeHbiM». Boabiag CopeTckag SHIMKAONEAUS TAYXO
TOJIKOBA/I2 O KAKHX-TO €ro MACONOTHIeCKHX 3abayxkaeHusax. Yepes 12 net
roc/e ero cMepTd (Za-0a, B Thicsi4a ACBATBCOT TPUALATH NPOKIATOM) Ha
Dpuamana 66110 3aBeneno aen0 No.5355: ero pa306iaynny Kak «rjlaBaps
AHTUCOBETCKOW OaHIbl YUCHBIX-Ca00TaXXHUKOB». [IBOC M3 €ro y4eHUKOB
ObLAU PACCTPESTSHDL.

B 1960-70-¢ roamwr akanemuk f. b. 3eapnosyda MHOTO caAeAa L [1pO-
marasab Hayusoro Hactenus Opunmana. Cronerve OpuamaHa npasiHo-
Banu B Jlenunrpane B 1988 roay ¢ GOJbUIMM pa3MaXoM, BpeMeHa
MeHANKCH. TOABKO YTo GBLT OCROBOXAEH U3 cobiiku Caxapos, M OH cKa-
341 HA MEXAYHAPOAHOMH robuieHoi KoHdepeHIMH: « MBI Rce eLne Haxo-
OMMCS B COCTOSTHUHM MOTPACEHHUS OT TOTO, 4TO CACNTAHO 3THM YENOBEKOM».
DOpUAMAHOBCKAS KOCMOJIOTUSI CTAJ1A YACThIO COBPEMEHHOW MUPOBOH
KYJIBTYPbI.

T1aBhoe y dpunMaHa — Teopusi KOCMOJIOTHYECKOIO pacliMpe-
HUSA. PpuaMaH CMOT MPeACcKA3aTh STOT MPAHIMO3HBIA KOCMHYEC-
KUl (PpeHOMEH U JaTh eMY MOJHOE MATEMATHYECKOE OTTHCAaHUeE.

B mocnennue roabl ARIEHUE KOCMOJIOTHYECKOTO pacUIMpeHUs
yacTo HaseiBaloT bonbluiiM B3psiBoM. B xoay Takoke M MeHee obilee
MOHMMaHKE 3TOTO TePMMHA: O] HUM UHOTAA IOJPA3yMEBAIOT Ca-
MbIE MEPBBIE, HAYATBHAIE CTAIMH KOCMOJIOTHUECKOro PACIIMPEHHUS.
A UHO¥ pa3 — U caM PHU3UIECKHA MEXAHU3M (10 CHMX TIOP HE pa3ra-
IaHHBIH ), HiIarogaps KOTOpOMY 3TO pacIHUpEHUe HaYanock, Mul 6y-
JNeM 3ECh MO/Ib30BATHCS ITUM TEPMMHOM B €r0 CAMOM LIMPOKOM
3HAYEHUU.

Kpatkaa UcTopus KOCMONOrUU

CoBpeMeHHasE KOCMOJOIUS GepeT Hauano B MEPBLIE JeCSITUNe-
THa XX BeKa. DT0 6bUTa 0c06as 310Xa B HCTOPUM HAyKH. Torna 6bl-
SN CO30AHBI TEOPUSt OTHOCUTENLHOCTH W KBAHTOBAA MeXaHMKa,
coctannsoie GpyHIaMeHT Bceil (DU3NKH.
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3a UcTeKIIME C TeX MTOp NeCATUIETUS KOCMOJIOTUS MPOoLLIa MyTh
OT MePBLIX TEOPETUIECKUX TIOUCKOB, KOTOPbLIE TOYTH BCEM KA3ATUCh
TIOHayay cOBePUIEHHO abCTPaKTHBEIMU U ITPOU3BONBHBIMU, €CITH He
(GaHTACTUYECKUMH, K FPaHOWO3HBIM HaGMIONaTelbHbIM OTKPLITI-
M, K (hOpMUPOBaHUIO HOBOIf GoraToi comepXaHWeM U XOPOLIO
06OCHOBaHHOI KAPTHHBI MUPA.

HUctopus KOCMONOTHM CKIIAJILIBACTCS, €C/1M TOBOPUTh COBCEM
KPAaTKO, U3 TPEX KPYIMHEMIITHX COOLITHI. DTO OTKPBITHSA, KOTOPBIE N
onpeaenuIn aMuo Hayku o Beenennoii k Hauany XXI Beka.

Tlepsoe U3 Tpex BaxHeMNX OTKPBITHI cnenaHo DIBUHOM Xab-
610M: B 1929 1. oH 0BHapyXWI pa3beraHue rajakTik, KOTOpoe Te-
nepb NOHUMAIOT Kak Bceoblliee paciuupeHue BceneHHoit. Bropoe
COOBITHE — DEFUCTPALNST PERUKTOBOTO U3NMyUeHUsl, PaBHOMEPHO
3aMONHAIOLIETO BCE NPOCTPAHCTBO MMPA; 3TO OTKPHITHE GbUIO che-
naHo B 1965 r. ApHo Ilensuacom U Po6eptom Buncorom (HobGenes-
ckas npeMusi 1976 1.}, HakoHel, TpeThe M caMoe CBeXee COOLITUE —
OTKPbITUE KOCMHYECKOrO BAKYyMa IBYMS TpyIaMH acTPOHOMOB;
3TO NMPOH30LLIO COBCeM HemaBHO, B 1998-99 rm.

3aMeyvaTenbHO, UTO BCe TPY KPYNHe e HabnoaateabHbIe OT-
KPBITUST OBLIN 3apaHee TpelncKalaHbl TeopeTMKaMH. Pacumpenne
Beenentoii 610 npeackasano ®puamanom B 1922 1. PenvixroBoe
H3MyYeHUe ToXe 6bIno npeackasaHo — 3710 3acnyra [eoprus AHTo-
HoBHya Tamona (1940—50-¢ roast). CyLuecTBoBaHHE Xe KOCMHUec-
KOro BakyyMa npeasuaen SiHiurtedH (1917 ).

TpeasuacHue SHHITENHA AO/bILE BCETO XIANO0 CBOETO Habmo-
IaTeJLHOTO NOATBEPXAcHNA. Kak U nojaraeTca B MICTOPUM CaMBIX
BaXHBIX OTKPBITUIE, OTKPBITME BaKYYMa OKa3aloch HEOXWIAHHBIM
noyTH L1a Beex. HeoxunanHbIM, HO NajleKO He CaydalHbIM — 3TO
OBUT pe3yNbTaT MHOIONETHUX XOPOWIO TIpoayMaHHBIX YCWIHN M
TUATENbHO Pa3paboTaHHBIX HABMOAATEAbHBIX TIPOrpaMM, XOTH M
HaUeIeHHRIX TTIOHayany Ha Oosiee CKpoMHble 3agaun. Henbssa cka-
3aTh, UTO KOCMOJIOTY GBITH COBEPLIEHHO HE NIOArOTORNEHBI K 3TOMY
cobuiTiio. CKOpee HMKTO HE MOT NIPEACTaBUTh cebe, YTo cyandy
SHUHINTEHOBCKOM MAEU YAACTCH BBIACHUTE YXKE CeHIac U TIPUTOM ¢
TaKo# BLICOKOMH CTENeHbO HAIEXHOCTM.

KocMuueckuii BakyyM DMHIITEHHA, WIM KaK Celvac HepeIko
TOBOPSIT, TEMHASl IHEPTHA, — CaMbIil 3arafnoyHblii HpeHoMeH hu3u-
KU 1 KOCMOJIOTUH.
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Cummetpuu Bcenenvoi

JlarHss, yXonsamas K UCTOKAM KJIACCUYECKOI HayKn Tpaanims
TpUTKUChiBana BceeleHHOH B LieloM He TOIBKO OXHODOIHOCTE, HO
TaKKe BEYHOCTb H HEU3MEHHOCTh, KaK BaXHEHITAE, HEOTheMIEMbIE
e¢ CROMCTBA. DTO OBLT HEOBBIYAHHO TTPOYHBIH SMEMEHT OOIIETO MU-
PONOHYIMAHMS, BBIPAOGOTAHHOIO MBICJIUTENAMM MHOTUX IOKOJE-
HUH. Takoi B3[NMAA HA MUpP TIUTANCA MOEIMM HECOTBOPHMOCTH
Bcenennoii. Bekamu cuutanoch, 4TO HAyuHBIA MOAXOR TpebyeT
MPU3HAHUS ee TOXIECTBEHHOCTH CeOe CaMO#M BO BCE BPEMEHA.

Ho oTkyna 0GbeKTUBHO MOTIIO GBITb M3BECTHO, YTO KOCMOC CTa-
TnyeH? Kakue akrbl peanbHOro Mupa ykasbiBau Ha 31o?

Ha 3Ty MbIcTb HABORWIIO, HECOMHEHHO, CO3EPLIAHUE 3BE3IHOTO
He6a, 110 BUOUMOCTH, BEYHOTO M HEM3MEHHOro. JTO BIIeYaTIeHUE,
KaK MBI ceifuac MOHWMaeM, 0OMAHYMBO, OHO JIVUIL BBOOMUT B 3a-
OIyXIEHHE, eCNTU pacnpOCTPaHATh €r0 Ha oblllee ycTpoiicTtso Bee-
JIEHHON. ACTPOHOMaM JaBHO YX¢ OhUIO U3BECTHO, YTO OYEPTAHUSA
CO3BE3AUIT MOCTENEHHO MEHSIOTCA CO BpeMeHeM. Ho urober 311 u3-
MEHEHUSs CTATU 3aMETHbL U OYEBHUAHBI, TPeOYIOTCH BEKA U ThiCSI4YC-
snerud. Ilo cyrd, npeacraBieHre O HEM3MEHHOCTH Mupa OBLIO
TUTIOTE301, KaK U TIPEACTABJICHUE O er0 MPOCTPAHCTBESHHON OHO-
ponHOCcTH. Ckopee, 3TO ObUIO ClleACTBHEM INYB0oKO# ybex1e HHOCTH
B MaKCUMAJILHOM COBEPLIEHCTBE M MPOCTOTE YCTPONCTRBA KOCMOCa,
€ro UIeafbHOW CUMMETPUU.

JeAcTBUTENEHO, OMHOPOOHOCTh IIPOCTPAHCTBA O3HAYAST PABHO-
TIPaBHOCTB ¥ OAVHAKOBOCTH BCEX MECT B MHUpE, UK BCEX €T0 TOYEK,
€CJTM TOBOPUTH MaTeMaTH4YECKH. DTO CUMMETPUS OTHOCHTENBHO M¢-
DEMELLCHUHI, WK CABUTOR B ITPOCTPAHCTBE OT OJHOW TOYKU K JHO-
6ol Apyroii: MUp Be3e OAUH U TOT X6, Kydd HA B3LJISHM,

A HEUSMEHHOCTh MDA BO BDEMEHU O3Ha4aeT PABHONPAaBHOCTD U
ONVHAKOBOCTh BCEX 3I10X, BCEX MOMEHTOB B UCTOPUM Mupa. D10
CUMMETPUST OTHOCUTE/IBHO CABUTOB I10 BpeMEHH OT OJHOTO MOMEH-
Ta K MOOOMY ApyroMy: MMP BCETIa OJWH M TOT X€, k0204 Ha HETO HU
TTOCMOTPH. .

Kak Mhl yxxe roBopyIii, OMTHOPOITHOCTS MHPa — 3TO TErepb yXe
HAJIeKHO YCTAHOBNEHHBIM acTpoHOMMYeckwit (haxkt. Pacnpenene-
HUE FTAKTUK,, CKOIUIEHMH 1 CBEPXCKOIUIEHU B TIpocTpaHcTBe Bee-
JIEHHO# paBHOMEPHO B CpelHEM no OoJbluMM Maciurtadbam (300
MMWJLTMOHOB CBETOBBIX JIET ¥ BospIe — I 1).

195



YT0 *Ke Kacaercsi CHMMETPUM BO BPEMEHH, OHA He TTOATBEPAU-
Jach B HaOGNIOmeHMSX MUpa FanakTukK. HampoTus, HabnoeHHA
Xa661a nokasanu, YTO paclpeneeHde raJlakTiK B IPOCTpaHCTRe
OTHIOJXL He CTATHYHO, TATAKTUKH HAXOASATCS B COCTOSTHUU JIBILXE-
HMS, OHM YAATISIOTCS ApYT OT Apyra.

Cratuyeckuit mup?

O pasderaHuy rajlakTiK CTal0 H3BECTHO, KaK MBI Y2K€ TOBOPUITH,
K KoHLy 20-x TogoB XX Beka. Ho nepBasi KocMoJIornyeckas Teopmsi
DiiHiuTelya ObLia CO3OaHa 3a AeCsITh JIeT 10 3T0TO, ¥ €€ aBTOp TBep-
JIO IepXXaJICsl BEKOBOM KOCMONIOIMYE€CKON TPalMiMy, TPAJULMU He-
uaMeHHoCTH Bceenennoit. Ccebllagch Ha JOCTYMHbIE Toraa
ACTPOHOMUYECKUE CBEAEHUS, DHUHIUTCHH B ACHCTBUTEILHOCTH HU
Ha MUHYTY HE COMHEBAJICS B CBOCH anpropHoii ycTaHoBKe. [JaHHbIE
Xe, 0 KOTOPbIX OH YIOMUHAN B paGote 1917 £, Ha nene He UMeIH
MPSIMOTO OTHOLUEHUS K KOCMOJIOTMUYECKOM TIpodsieMe.

Puc. 4.2. AnbbepT SHHLITEHH
(1879—1955).

Ha sroit doTorpagmu oH He Takon
VX MOJIOAOH M 3aMETHO YCTanblif. 310
1940-¢ roam B [Npuncroue. Mocne mu-
POBOIO YCTéXa B MOJJIOAOCTH OH MHOTO U
Ge3pelynsTaTHO padoTan Hag CO3daHm-
€M CAMHOU TCOPUM BIAUMOILUCTBUM,
KOTopast cCoeAHHsLIa Bbl OOLUYID TCOPHIO
OTHOCUTEJILHOCTU C 3JEKTPOMArHETH3-
MoM. HapewraBiumii ero B rofsl BO#HEI B
Tpuncrore [ A.TaMOB Buzen B £ro no-
MallHEM KaGUHETe MHOXECTBO JTHCTKOB
C TEH30PHBIMM (hOPMYIaMu, Pa3bpocaHHbBIMU BCIOIY Ha CTONAX H Kpeciax.
3710 6LUIM OUYEpEAHBIE BADUAHTHI €IIMHON TEOPUM Noi1a. Ho DHHIITEH HU-
KOI1a HC TOBOPHJT Ha 3Ty TEMY.

TamoB npuBo3nn eMy Ha akcnepTH3y W3 BaiiMHTTOHa pasniyHbIe BOCH-
uble npoektel Mopckoro dota CUIA, our wx BMecTe obcyXaanu no obe-
Ia, a MoToM I'yJuUlM U OeceloBand 0 HOBOCTAX Haykv. Oppsaxan [amos
pacckasasl DUHIITEHHY O TOM, YITO CBEPXILTOTHASI 3B€3/1a C HYIEBOM MOMHOM
3HEpPTHEH (KUHETUYECKON TUIIOC MPpaBUTALMOHHON NMOTEeHUMATbHON) Moraa
OBl POIMTLCS «U3 HUYETO» 663 HApYLIEHHS 3aKOHA COXPaHEHMSI SHEepIruu,
Dro ObLIa uaes U3BeCTHoro TeopeTka MopnaHa, toraa COBCEM CBEXasl,
DiHurTeHa oHa nopaswia. OH OCTAHOBWICH M LOIIO CTOSUT B 33AyMUMUBO-
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cTH. OHU KaK pa3 MEPEXOAUIIN OiHY U3 VML ¢ OKHBICHHBIM ABIDKEHHEM,
N aBTOMOOMIM WM CTOSUIM, MIJTH MEIUIEHHO M aKKypaTHO Mx 00be3xamu. Te-
TIepb MBI PACCYXIaeM YXe He 0 POXIEHUH 3Be3l, a LieJibIX BCENEHHBIX — U3
1IMYETO, U B MACCOBOM TIODALIKE.

M Bce e TeopeTUK OCTpa OlUYIIAN HeOOXOINMOCTh PEeaIbHBIX
4CTPOHOMHYECKHX (PaKTOB, Ha KOTOPbIE OH MOT Obl ofepeThes. «Ca-
MOE BaXHOE U3 BCETO, YTO HAM W3BECTHO W3 OMNBITA O pacrpeieie-
HUH MATEPUN. 3aKJIIOYAETCS B TOM, UTO CKOPOCTU 3Be3]l OUYEHD MANbI
MO CPABHEHMIO CO CKOPOCTBIO CBETd», — NUIUET DUHIITCHH, U Ha
NepBbIX HECKOMBKUX CTPAHHIIAX CBOEH CTaThi OH elile naTh (!) pa3
yIHOMUHAeT 00 OIHOM H TOM X€ — O PAaBHOMEPHOCTH TIPOCTpaH-
CTBEHHOTO pacripelie]IeHusT «HETIONBWXHLIX 3Re3M» (TIPSIMO Kak y
KonepHuka), o0 ManoCTH CKOPOCTEH 3BE31 110 CPAaBHEHHIO CO CKOPO-
CTBIO CBET4, O «HE3HAYUTEJILHOCTH CKOpocTeit 3Be3n» U T.1. Ho ne-
10, KaK BITOCJIEACTBUM BLISICHWIOCH, BOBCE He B 3BE3IaX.

Pabora IitHiteiina 1917 rona 6b1a iepBo# NOTILITKOM TipHMe-
HITB 00111Y10 TEOPHIO OTHOCHTEIILBHOCTH K KocMoJioTHu. Ho 3Ty Te-
OPUI0O HYXHO Obll0 cHauwana co3fats. Kak HbioToH U3006pen
MCXAHUKY BMECTE C TEOPUEI TATOTEHHUS LISl ONMMUCAHUA JIMHAMUKHY
ConHeuHoM CUCTEMBI, TAK JIHIUITEITH U300pen obiilyto TEOpUIo OT-
HOCUTEIbHOCTH 1151 OTTMCaHMst BCeil BeeneHHOM (M He TONbKO 1A
371010). Teopus IHIOTENHA — TIPSIMOE NPOIOIKEHNE, PA3BUTHE U
obo61eHne reopru HerotroHa, B 061ueii Teopri OTHOCUTETLHOCTH
HBIOTOHOBCKAS MEXaHWUKA U TEOPUS TITOTEHHS CONEPXATCS B Kauye-
CTBE YaCTHOTO WM NpeAeIbHOTO CAyYast — 3TO Cydall MaJIbIX CKO-
pocreii ABMXXEeHUST U CJ1abbIX rosei TaroteHyd. B obuieM ciyyae B
TeOpPUW DUHILITEIfHA TAKUX OTPAHUUYEHUI HET U UMEHHO MO3TOMY
OHA TIPUTOOHA [UIsl OTMCAHUs BCErO MUPa KaK LeJIOro.

K HeManioMy yAMRIEHWIO €€ aBTOPA, 06111351 TeOpUS OTHOCUTE -
HOCTU BOCIPOTHBHJIACH TTOMBITKE BBIBECTH H3 HE€ BETHOCTh M HEH3-
MCHHOCTL Mupa. Tleopus He no3possna BeeaeHHOl Obith
cTatuueckoil. Bee, 0 1eM MbI yHTaeM B 3amMeuaTesIbHON CTaThe DiH-
WITCHHA, TOBOPUT O TOM, YTO OH ObUT HEMAIO YIMRIEH W O3allayeH
3TUM OGCTOATENBCTBOM. CHUTyallust, OHAKO, TpeboBana peleHus,
Bo3HHKaNa a/ITEPHATHBA: IMO0 N3MEHUTD B3IJILIbI M HICXOAHYIO YC-
TAHOBKY, MO0 YTO-TO PaJUKAJITEHO W3MEHWThL B CTPYKTYpe HOBO-
POXNEHHOM TEOPUH.

OiHIITERH U30paT BTOPOM MyTb.
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«A3BUNUCTBIH NYThby»

«..5] npeafaralo YMTaTeNO NOCIEN0BATh ITO IPOHAEHHOMY MHO#
CaMHM U3BWJIHCTOMY W HEPOBHOMY IYTH, TOCKONBKY, KAK MHe Ka-
XeTCs, TOJBKO TaK GyleT MHTepeCeH KOHEYHBIH pe3yakrars. ITo
dpaza He BnosHe 00bIYHA HE TOIBKO AJIi COBPEMEHHOIO CYXOro M
CXKATOrO CTHIISt HAYYHBIX CTaTel, HO M L5t Gonee CBOBOIHOTO A3BIKA
YYEHOM MpO3bI HA4aJ1a MPOLIIIOro BeKa.

DUHIITEHH cuesT HeOOXOAUMEIM U BO3MOXHBIM HAITUCATh HMEH~
HO TaK, a He HHade. TeM caMbIM OH OCTABWI HaM IparoLieHHOE CBU-
HETENLCTBO O TOM, K4KMM OODa3oM BO3HHMKAIOT B Hayke HOBble
IPaHIUO3HEBIE UTIEH.

Bceaen 3a nprBeneHHoi Bhille pa3oit DARHIITEHH deTaeT Kpan-
He BaXHOE [Tt HETO (U, MOX0Xe, He TaKoe YX JIETKOoe) MpU3HAHUE.
«$1 npyiue K yOeXIeHWI0, YTO YPaBHEHHS IPaBUTALIMOHHOTO TIONA,
KOTOPBIX 8 JIO CUX TIOP MPUAEPKUBATICA, HYXIAIOTCSA ellie B HEKOTO-
poil Moanduxkauuu...» M nanee: «...He06X0IMMO HEKOTOPOE 0606-
INCHHUE YPAaBHEHUIE TPABUTAIIAOHHOTO TIOAST».

310 000061LICHUE U OBUIO OCYLIECTBICHO, U IMPUTOM B UCKITIOUM-
TeJIbHO JIOTHYHOM, TIPOCTON U SKOHOMHOH dopMe, YTO OBLLIO 0CO3-
HaHo, BIIpOYeM, MHOro modke., CHauana XKe 3T0 Kazanoch aKTOM
MPOU3BOJIA.

B yeM cocrosia momudmkanus ypaRHeHuit? B Toabko 4TO
(1915 1) CO3NAHHYIO OOMYI0 TEOPHUIO OTHOCUTENLHOCTH €€ aBTop
BHEC HEYTO COBEPLIEHHO HOBOE — KOCMOJIOTHYECKYIO KOHCTaH-
Ty A. TaK B YpaBHEHMsIX TEOPUU ITOSBUIIACH HOBasl TIOCTOSIHHAS Be-
JIMYMHA, O KOTOPOW KO TOTO HUYEro HE ObLUIO W3BECTHO HU B
dynmaMeHTULHOM hn3KKe, HU TEM 6oNee B ACTPOHOMMUH.

CTOHUT 3aMETUTb, YTO B HCXOJIHOM CBOEM BUIE YPABHEHMWS CO-
JIEPXATU TOBKO OHY KOHCTAHTY — IUHIUTCHHOBCKYIO IPABUTALIM -
OHHYIO TIOCTOsIHHYI0, K = 8TG/C', KoTOopas npencrarmser coboit
KOMOUHaUUI0 noctogHHO#H Tarotrenuss HelotoHa G H «cKopocTd
CBeTa B Bakyyme» C.

3mech cpasy Xe HYXHO cKa3aTh, YTO IOHMMaeTcs B (husmKe 1oj
CIIOBOM BaKyyM, KOIZId TOBOPAT O «CKOPOCTH CBETA B BAKYYME».

B 3TOM cliyuae BakyyM — 3TO MYCTOTA B MOJIHOM HM3HAYATBHOM
cMhicite 3Toro ciopa. TouHee, 3TO NMYCTOTA KaK ee TPaKTyeT CHelu~
aJbHas1 TeOpHsl OTHOCUTCILHOCTH. DTO HE TONbKO OTCYTCTBME Ka-
KOWH-TMOO0 Cpeibl MITH YAaCTHLL, HO eLle K OTCYTCTBUE CUWIRHEIX MTOJIEH
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TATOTSHMSA. B NutmeHHOM “acTUL ¥ noseil DPOCTPAHCTBE CBET pac-
NIPOCTPAHSAETCH € IOCTOSTHHOM CKOPOCTBIO W 3T4 CKOPOCTb €CTh YHH-
BepCcaTbHast TIOCTosHHAA € = 3 X 10" cM/cek.

Ho BakyyM DitHiuTeliHa, 0 KOTOPOM MbI Bya€eM Jajee MOAPOOHO
FOBOPHThL, — COBCEM HE ITYCTOTA, Y HETO €CTh SHEPTHA; ¥ HETO JaXe
¢CTh JaBACHUE — CM. HMXe. CBET pacnpocTpaHseTCcs B TAKOM He [y-
CTOM BaKyyMe COBCEM HE 00s13aTeNibHO €O CKOPOCTHIO C,

Bo3spamasics k pabote DiHLWITEHA, MTONYEPKHEM BECHMA Bbl-
COKWii, C TEOPETUYECKON TOUKHU 3PEHHS, CTATYC KOCMOJIOrMYECKOU
MOCTOSHHOW A — OHa MOSRIAETCH B MOAMPULMPOBAHHOI TEOPUM
HApaBHE ¢ NOCTOsIHHO#M K. JIpyruX MOCTOSIHHBIX B YpaBHEHUSTX 00-
e TEOPUY OTHOCHTENBHOCTY HET. U 3TH 1Be KOHCTAHTHI BBICTYTIA-
10T KaK YHUBepcaJibHble GyHIAMEHTANbHBIE [IOCTOSIHHBIE TPUPObL.

JlononHeHHble KOCMONOrHIECKO#H NOCTOAHHOMN, YpaBHEHUST 00~
et TeOPAH OTHOCHTEILHOCTHU {MJTH YPABHEHHS FPaBUTALlMOHHOIO
NMoNs, KAK WX Ha3blBacT DHHUITENRH) yke JOMYCKAIOT CTATUYECKOE
ycTpoiictBo Beenennoid. Tenepb Bo3MOXHOCTD HEM3MEHHOTO MUpa
MOXET ObITh TEOPETUUECKHM A0KA3aHA.

Mup DitHwTeiiHa, DaHHBI B ero TIEpBOM KOCMO/1I0IMMUECKON
paboTe, — 310 BeuHas BceneHHas B mokoe v 6¢3 pa3sutina. Ee Tpex-
MEPHOE [MPOCTPAHCTBO HEIBKIUIOBO W NoaooHo chepe. Takoe Tpex-
MEepHOE TPOCTPAHCTBO HA3biBAETCA TUNepcdepoit. DHHIITEHH
CUMTAJ], YTO 3TO MPOCTPAHCTBO JOMKHO MMETh KOHEUHbI 00BeM U
ObITh 3aMKHYTBIM B cebe.

JByMepHbBIf aHaAnOT TaKOro 3aMKHYTOre, HO Oe3rpaHHYHOro
TIPOCTPAHCTBA — C(epUYecKasi NOBEPXHOCTh, paccMaTpHBaeMast
HeTUKOM: e€e TUIONIANb KOHEUHA, 2 caMa OHA HE MMeEeT NBYMEPHbIX
rpaHuut, Cdepe v runepcdepe TIPUNUCHIBAETCA NOJOXUTETHHAS
KPUBH3HA.

B npocrpadcTse sitHILTEHHOBCKOM BeeneHHOI, kak U Ha cdepe,
BCE TOUKM PDABHOIIPABHBI U HU OIHA W3 HUX HE ABIAETCS HU LIEHT-
paibHOM, HM rpaHngHOM. Takas BeeneHHas uaeanbHO CUMMETPHY-
Ha BO BpEMEHHU ¥ NPOCTPAHCTBE.

3To GBUTA TTepBasg KOCMOJIOrHYecKasl MOIeTb B HOBeTIel Hayke
o BcenenHoii. INeppast, HO A&1EKO ellle He OKOHYaTe/IbHAs.

TlocTasenyas DUHUITERHOM HENH Oblila, Ka3anoch ObI, A0CTH-
rayTa. bemno HaliieHo TOYHOE pellenne ypasHeHU i o0Ieil Teopum
OTHOCUTENBHOCTN U1 KOCMOIOTHYECKOM TIpoOieMBl.

199



PeiueHne ornpeneeHHO NOKA3bIBAIO BO3MOXHOCTb CTaTHIECKO-
ro Mupa. Ho 6osbiioro 3HTy3nazMa no 3ToMy HoBOAY Y asTopa He
3aMeTHO. BoT 3akimoynTeibHbIe hpa3sl HLUTHPYEMON CTaThM:

«Bo BesikoM cityqae, 310 MpelcTapieHne JOrH4ecK HerpoTUBO-
PEUMBO U ¢ TOUKH 3pEHHs O6LLIEH TEOPUH OTHOCUTENTEHOCTH SIRJISICT-
cq Haubojee ecTeCTBEHHbIM. MBI He 6yneM 3aech paccMaTpUBaTh
BOMPOC O TOM, IPUEMIEMO JTH 3TO TIPERCTARIEHHUE C TOUKU 3PEHHST
COBPEMEHHbIX ACTPOHOMHYecKHX 3HaHuil. [lpasna, w1a Toro, Yro-
6Bl TIDUATH K 3TOMY HEITPOTHBOPEUWBOMY TPEACTABIEHUIO, Mbl
NOMKHBI 6B BCE X€ BBECTH HOBOe 0000I11IeHHe YpaBHEHW I TpaBU-
TallMOHHOTO TIOJIS, HE OTNPaBIEIBAEMOE HAIMMU EHCTRUTEIbHBIMU
3HAHUSIMH O TATOTeHUW». M, HakoHell, enie pa3: KocMoloTHuecKas
TIOCTOSIHHAST «HaM HEOOX0AMMa VIS TOTO, YTOObL 06ECNEUUTE BO3-
MOXHOCTB KBAa3UCTATUUECKOTO pacnpeneieHmss MaTepuu, COOTBET-
cTByOLIEro (haKTNYECKUM MAJIBIM CKOPOCTSM 3BE31».

3TO KOHELl CTaTbH, HO TOABKO caMoe Havasno 6onmilion, YAURK-
TEJBHOM U NIPOTUBOPEYUBOH UCTOPHH KOCMOSOTUYECKOHN TTOCTOSTH-
HOM.

OTKpBITHE KOCMOJIOTMUECKOTO PacUIMpeHusi B HaGillofeHUsIX
Xa66na (1929 r.) npuHecno DitHLWITEHHY, Cyils 0O BCEMY, HEMAIOE
pasovyapoBaHue. OKa3anoch, YTO AOpOrasi €My Haes CTATHYHOCTH
MHpa HeBepHa. CTaTUYHOCTb B MUpE 3Be3]l WUTIO30pHA. A B MUpe
TaTaKTMK HAKAKOM CTATUYHOCTH HET — FaTaKTHKH YIAISIOTCA IpyT
OT APYTa ¥ IPUTOM € HEMAJIBIMU cKopocTIMU. Monens BeuHoi1 Bee-
JIeHHON TMPUXOIUTCH NPH TAKHMX OOCTOSATENBCTBAX OCTaBHTh. Koc-
MoJIOTHYecKasi KOHCTaHTa TENeph POCTO HE HYXHA...

Cnyyanoch, DHHINTEHH HA3bIBAN THITOTE3Y O KOCMOJIOTHYECKOM
TOCTOSTHHOW caMbIM 60/bIIMM CBOMM TIPOMAXOM B HayKe, DTO CJIbl-
wan ot Hero Tamos B [TpurcTone B 1940-¢ roasb.

B ny6/iMyHbIX BLICKa3bIBAHUAX DIMHIUTEHHA TOH OBIBAT I HHBIM.
OH roBopHJ1, UTO, B KOHEYHOM CUETE, BCE JIOTKEH PEIIHTE 3KCIIEPU-
MeHT. B 1934 1. oH nucan: «...npH pacCMOTPEHUH KOCMOIOTUYeCcKoi
NpobaeMul TIpeCTaBISIETCH eCTECTBEHHBIM OTKA3aThCs [TOKA OT Bae-
JACHUS KOCMOJIOTUYECKOM MOCTOAHHOM, — JI0 TeX Top, IMOKa JUTA e€
BREJEHUS HE BOSHUKHYT OMBITHBIC OCHOBAHUSI».

H, xak MBI Terepb 3HaeM, 3KCMEPUMEHT, aCTPOHOMUYECCKHE
Ha0MONEHMST BRIHECIU, OKOHYATE/IbHOE PEILEHUE B MONB3Y DiAH-
UITeiiHa, B MMOJIB3Y THIIOTE3Rl KOCMOJIOTHIECKOM TOCTOSHHOM.
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Bonee Toro, He TOJIbKO KOCMO/0OIMYECKAs KOHCTAHTA, HO caMa
MCXOIHAA uJes cTaTiyeckoi BeeneHnoil HeoXuaanHo obpena B Ha-
LUY JHU HOBBLI BUI ¥ HOBYIO XH3Hb W IIPUTOM Oaronaps TeM Xe
acTpOHOMHYECKMM HabmoneHnaM. Ho nopasutenbHeit Becero, no-
Xanyii, To, YTO TPALULMOHHAS Uaesl CTATUHYHOCTM MUPa HaXOAUTCs
B 3aMeyaTeTbHOM COMTACUU ¢ PEHOMEHOM KOCMOJIOTUYECKOTo pac-
ITUPEHUS, KaK 3TO HU MOKAXETCS Ha NMepBLIA B3SO CTPAHHBIM —
CM. HULXKE.

Teopua ®puamaHa

O KOCMONIOTHYECKOM PaclliMpeHNH NepBbiM cKa3at Opunman. B
1922 1., yepe3 NATH JAeT TOC/]e NEPBOl KOCMOJIOTMYECKO! pabOThI
SiHWTeHHA U 32 CEMB JIET A0 OTKPbITHA Xa66sa, Ppuaman obpa-
TUICA K MOTU(DUIMPOBAHHBIM YpaBHEHHAM 06Iei TCOPUU OTHO-
CHUTENTHOCTH M A0KAa3al, YTO OHM Boraue, 4eM 00 3TOM MOXHO ObL10
CYIUTh TI0 KOCMOloruyeckod Mopenu DitniireiiHa. OHu OomycKa-
tOT He TOMBKO CTATHYEeCKHUI MMp, HO MU MUD, CTOCOOHBIA pacily-
PSITLCST KAaK LIEN0€ WM CKUMATHCA,

A. A. DpuoMaH npuHaUIEXal K 3HAMEHUTON TeTepOyprcKow
MaTemMaTUHeCKOM LKone, ocHoBaHHOU JleonapooMm 3iiiepoM u
B3paweHHo# TMaduyrrem JIsBormvem YeObiuessiM. Hemocpen-
CTBEeHHLIM yuuTesem PpuamaHa 6611 Bnaaumup AnapeeBuy Crek-
JoB. 3a CBOX KOPOTKYID XM3Hb (BCEro TpUILATL CEMb JIET)
DpuaMaH co31aN KPYIHYIO HAydHYO IIKONY B TEOPETHIECKON M-
POMEXAHUKE, OCTABWIT OOMIMPHbIE TPYIbI MO AHHAMHAYECKON METEO-
POJIOrMU, KOTOPhIE CYMTAIOTCH KAACCHUECKUMM.

OH CAyXda NeTYUKOM—pa3BeqdrdkoM B [1epByio MUpORYIO BOM-
HY, yCIIeJt COBEPIINTL PEKOPIHBIA MOABEM C HAYYHBIMH IIENSIMHU B
cTparocdepy Ha aspocrare. B mocieqHUe COABI KU3HU OH GBI AU-
pexropom [1aBHOU du3snyecKol (reodusnyeckoit) odcepBaTopuu B
Jlennnrpane.

KocMonoruu ®puamaH nMocBITWI ABE CTATbM, ONHY HanmuWcaH-
Hyio B 1922 1, ApyTYi0 — NMBYM#S rOXaMu TO3XKe, U OTAENBHYIO 1By
B CBO€il HAYYHO-NOMYIAPHOU KHMre «MHp Kak MpOCTpaHCTBO U
BpeMsi» (1923 1.). B HUX OH AETANLHO U3YYWI, ONUCAT U PAZBLACHUA
JIWHAMMKY KOCMONIOTHYECKOTO paciIupeHus,

OxoHuernas 29 mas 1922 ropa, neppas KOCMOROrUYECKas pado-
Ta @praMaHa Hocuna Ha3BaHue «( KpUBHU3HE MPOCTPaHCTBa». Petb
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B He#, OAHAKO, LITa HE CTOJIbKO O TEOMETPHH, CKOJIbKO O JIHHAMHKE
mupa. llenb cBoero ucciaenoBaHns ®puamMad GopMyaUpyeT B ciie-
JYIOLIMX CIIOBAX: «...yKa3aTh BO3MOXHOCTb TTOIy4eHUA 0CO00r0o MU-
pa, KpMBM3Ha NIPOCTPAHCTBA KOTOPOrO, TTOCTOSHHAS OTHOCUTENTBHO
TPeX, MPUHATHIX 32 MPOCTPAHCTBEHHbIE, KOOPAMHAT, MEHSETCSI C TE-
YcHMEeM BPEMEHHU, T.€. 3aBMCUT OT YETBepTOl KOOPAWHATHI, TPUHA-
TO 3a BpeMeHHyW...» [lpeanojaranoch, YTo TpPEXMEpHOe
MPOCTPaHCTBO WMEET BCIONY OXMHAKOBYIO TIONOXUTENLHYIO KPU-
BH3HY, — KaK M B KOCMOJIOTHM DifHLUTelHA (B ero padore 1917 1).
Y10 XKe KacaeTcst TTOBeACHHSI MUPa BO BPEMEHM, TO BOT Kak Io-
BOPUT 06 3ToM DpHIMaH B CBOEI KHUIE: «...MOXHO MPUNTH, TpeX-
Ie BCeTo, K JBYM THITaM BceneHHo#: 1) cTaluMOHapHbilh TMRD —
KPWBH3HA ITPOCTPAHCTBA HE MEHSIETCS C TEeUEHHEM BpeMeHH | 2) e~

/D O,
/D (\ ) (%)

o+f+y="7 O+B+y> T

Puc. 4.3. Heesxiinnosa reoMeTpsl Ha chepe: cymma Yrnor cepuiec-
KOTO TPeYTrosHNKA 60sibiue aByx npsambix. Cdepa — aAByMepHOE U30TPOTI-
HOE MPOCTPAHCTBO NOCTOSHHOM 10JI0XUTENLHON KPUBU3HBL. JIByMepHBIM
E€BKJIMAOBBIM MPOCTPAHCTBOM SIBASETCS TUIOCKOCTD: B 3TOM CJIy4ae CyMMa
YIJIOB TPEYTONBHUKA paBHA ABYM TIpAMbIM. TLTOCKOCTE — ABYMepHOe U30-
TPOTIHOE MPOCTPAHCTBO HYNIEBOH KPHBH3HBL

peMEHHAIN TUI — KPUBU3HA NPOCTPAHCTBA MEHSETCH C TEYEHUEM
Bpemeny. Viumroctpativet repeoro tuna Beenennoit moxer ciy-
XUTh 10ap, paiuyc KOTOPOrO0 HE MEHSIETCH C TEYEHUEM BPEMEHM;
IBYMEpHasi TIOBEPXHOCTb 3TOTO 1apa OyoeT Kak pa3 ABYMEpPHBIM
MPOCTPAHCTBOM IMTOCTOSIHHOIM KpwBU3HBEL. HaoGopoT, BTOpoit THMM
BceneHHO#M MOXeT ObITE H300paXeH MCHSIOLIMMCS BCE BpeMsl 1l1a-
POM, TO PA3AYBAOIHUMCS, TO YMEHLITAIOIUMCS, TO €CTh YMEHbILA-
IOILIUM CBOit paaryc U Kak Obl CXXUMAIOILMMCAL. ..
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[TepemeHHBI TUI BeeneHHON npeacrarisieT GOMBILIOE pa3HOO6-
pa3ue cnydaes. JIng 3Toro THMa BO3MOXHBI Clydad, KOIa paaqyc
KPUBU3HbI MUPA... IOCTOSSHHO BO3pacTaeT ¢ TeueHueM BpeMeHH. Bo3-
MOXHBI Iajiee CITy9au, KOr/1a paliyC KpMBH3HbI MEHSETCS TEPUOIH-
yecku: BceneHHas cxkuMaercs B TOYKY (B HUYTO), 3aTeM CHOBa U3
TOYKM [OBOJIMT PagMyC CBOM 10 HEKOTOPOTO 3HAYEHHS, Jlajiee OTSITh,
YMEHBIIAA PALAYC CBORH KPUBN3HEI, 0OpaLLACTCS B TOUKY U T.4,»

®puamad nanee nuuleT. «HeBOJILHO BCIOMMHAETCS CKazaHUE
WHIWIACKON MUQONOrMHM 0 mepHoIax XHU3HH, SIBISAETCS BO3IMOX-
HOCTb TAKXKE FOBOPUTH O COTBOPEHUU MUPA U3 HUUETO, HO BCE ITO
MoXa A0JIKHO PacCMaTPUBATL KaK Kypbe3Hble (aKThl, He MOryume
OLITH COIMIHO MOATBEPAKACHHBIMK HEAOCTATOUHBIM ACTPOHOMMYE-
CKMM 3KCNEPUMEHTANBHBIM MAaTEPUATOM»,

B npocrtpancree floGauesckoro

«O BO3MOXHOCTH MHPa C TIOCTOSTHHOI OTPULATENLHOM XPHBU3-
HOW» — TaK Ha3blBaeTCS BTOpas KocMosjornyeckas pabora Opyn-
MaHa, 3aKOHYEeHHAaA B HoOpe 1924 roma. B Hel cHOBa peub HAET O
TEOMETPMM MUpa W ero AnHaMuke, Cyas 1o Ha3BaHUSM, KOTOPhIE
aBTOp Oail 0BEHM CTAaThsIM, OH MCXOIMUT B CBOYIX MCC/ICIOBAHUSIX,
npexae Bcero u3 reomerpuu. Ho reoMeTpus MHpa oKa3blBaercs
TECHO CBA3aHHON ¢ 610 AMHAMMKOM.

Bo BTOpoit padote OpuaMaH aeNaeT cAeAyIOMWil 1IIar B pa3By-
TUM CBOEY TeOpUU — OH BBOAUT B KOCMOJIOTHIO HOBOE TPEXMEPHOC
MCKPMBNEHHOE NPOCTPAHCTBO, KOTOPOE MMEET UHYIO, YeM TUTIEp-
cdepa, reoMerprio — reoMerpuio JloGaueBckoro. KpnBusHe Tako-
ro TIPpOCTPAHCTBA IIPHHATO MPUIMUCHIBATG 3HAK <«MHUHYC».
JIBYMEPHBIM QHAIONOM JIjisl HETO SIRNSAETCH THHepOOAonT WK celi-
JIOBIIHAA MOBEPXHOCTb.

Cnycrs 8 ner, B 1932 ., DitHurre#iH u ae Cvutrep, pa3BuBas
GPUAMAHOBCKYIO KOCMOJIOTHIO, NIOMOTHHUJIU €€ PACCMOTPEHHEM
pacIIMPAIOLLIEIOCS MUPA C IUIOCKHM, 3BKJIMIOBRIM TPEXMEPHbLIM
NPOCTPAHCTBOM. 3TUMU TPeMsI BApHAHTAMU ¥ HCYEPIbIBACTCST MO~
HbI HaboOp TEOPETMUECKUX BO3MOXHOCTEU I NPOCTPAHCTBEH-
HO~—OAHOPOAHOIO MUPA.

Kako# W3 BapMaHTOB TpeXMEpHOM TeOMETPUM PEaM3yeTCs B
TOM €IMHCTBEHHOM MMPE, B KOTOPOM (o cioBaM PpuamaHa) «Mbl
00pEUEHBI XUTB?»
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Puc. 4.4. Tunepbos10Ma ¥ CEMIOBHIHAS NOBEPXHOCTD — IlBA TIPUMEPA
ToBepxHocTeil ¢ rcoMeTpueit J106a4eBcKOTO: CyMMa YTIIOB TPEYTOnbHUKA B
3TOM cilyyae MeHbLIEe ABYX TIPSAMBIX. XOTA DTH TIOBEPXHOCTU U He OUEHB 1O-
XOXU ApYT HA IpYTa M0 0BlIeMy CTPOEHHIO, UX TuddepeHTIHAIbHAS TeoMe-
TPUST OOUMHAKOBA — 3TO JABYMEDHBLIE H3OTPOAHBIE MPOCTPAHCTBA
NOCTOSTHHOH OTPULATETBHON KPUBU3HDI.

O6111asa Teopyss OTHOCHTENIBHOCTA AOMYCKAeT KaK CTaTHUeCKHit
MUP, TaK U MUP IBOJIIOLIMOHUPYIOLLWH, U BO BTOPOM C/IYYAE MUMeeT-
Cs1 TPY BAPUAHTA MPOCTPAHCTRCHHOM TEOMETPUM, BKIIOYAS BADMAHT
TLIOCKOTO TIPOCTPAHCTRA.

BoT uTo 00 3TOM MOXHO CKAa3aThL CelYac, Yepes BOCeMb J1CCATU-
neTiii nocine ®MpuamaHa, B WTOTe BCEX TPEX YHNOMSHVTBIX BbILUE
[MABHbIX OTKPBITUII B KocMonoruH. Cratvyeckad Monenbs DiH-
1ITEHHA He NMPOXOAMT B €¢ OYKBaIbHOM BUJIE — MHUP FaJIaKTHK He
cTaTudeH. Ho Bompoc o reoMeTpuM pacLIMpsIORerocss MMpa 0 CHX
riop He petied. HaGaionatenbHbie JaHHbIE OCTAIOTCS Ha 3TOT CYET B
3HAYUTENBHOMN CTEIIEHY HeoTIpee/ieHHBIMU.

MOXHO AULLIb OPUEHTHPOBOYHO TI0J1araTh, UCXOASA U3 BCeEM CO-
BOKYTHOCTH COBPEMCHHBIX 1aHHBIX O TUIOTHOCTH BCEX BUIOB BElLIE-
cTBa BO BeenenHoil, HabmomaeMbIX IBUXKEHHSIX TANaKTHK, BO3pacTe
HauboJice CTapbiX 3Be31 U aTOMHBIX SIIEP U T. I1., YTO, CKOPEE BCETO,
TIPOCTPAHCTBO MHUpa nUbO CTPOTO TJIOCKOE, KaK y DWHIITEHHA U
e Currepa, JM60 6J11M3KOoe K MAOCKOMY.

Boapacr mupa

Bo Bcex TPEX CAyyasix HpOCTpaHCTBCHHOﬁ I'€cOMETPUHU KOCMOJIO-
THUYCCKOE PACIIMPCHHE MHUpa HAUUHAETCS ¢ COCTOAHUS, KOrga. mo
cioraM OpuMaHa, «[IPOCTPAHCTBO ObUIO TOYKOH». DTO 03HAYALT, B
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YACTHOCTH, YTO HadaabHasl [LUIOTHOCTD BELIeCTBA Obi1a HEOrPaHM-
YEHHO 60/bLIOH, 66CKOHEUHOIX B HaYalbHbIA MOMEHT. CToNb He-
OOBIYHOE, WCKITIOUUTEABHOE COCTOSHUE MUpa Ha3bIBAIOT
KOCMOJIOTHYECKOM CHHIYISAPHOCTHIO.

Kak janeko oT HaC B TIPOLJIOM JIEXAal 3TOT MOMEHT CHUHTYSAP-
HOCTH, MOMEHT Hayala paclidpeHua? OpuaMaH npeaynpexaaer,
YTO BBWIY HEONPEUCTEHHOCTH KOHKPETHBIX 3HAaHUI 0 BeeaeHHoi
Mo0ble LU PBl MOTYT UMETD INLLb OPUEHTHPOBOUHDIN, HUTIOCTpa-
THRHbI xapakTep. « Eciin Bee Xe HauaTh NoJACUUTLIRATD, Pajn KYPb-
c3a, Bpems, TIpowleauice OT MOMEHTa, Koraa BceeneHHas
€03JaBaJach U3 TOUKM, 0 TENEPEUWIHErO e¢ COCTOSHUA, ...TO IToNy-
4aTCA YMCAA B JECATKM MUILTHAPIOB HAIIUX OOBIYHBIX JIeT». DTO U3
KHUIH. B nepBoit cTaTbe U1 BO3pacTa MUpa, Wiu, Kak PpriaMaH ro-
BOPUT, BPEMEHM, NMPOLIEALRIETO «OT COTBOPEHUSI MUPA» RAETCH BEIU-
YUHa «ropsanka 10 MUIINAPIOR JIeT».

Kak xxe ®dpuamMaH Haluen 31o udcio?

B pacurmpsiiomieMcst MUpe CyLIeCTRYET TIPOCTOe NMPUBIKeHHOe
COOTHOLUEHWE MEXULY 1I0THOCTHIO BELUECTBA B MUPE P 1 BpeMEHEM
{, rPOTEKINUM ¢ HaYA1a KOCMO/I0MHYECKOYO PACIHUPEHHA

Gpt'~ 1.

3nech G — HBIOTOHOBCKAS OCTOSIHHAY TATOTCHHUA.

Jlerko MpoBepUTD, UTO CTOSAIIEE B 9TOM YPaBHEHUW BRIPAXEHUE,
BKJIIOYAIOLIEe TPU BEAUYNHAL, ABNAETCH €AMHCTBEHHO BO3MOXHO#M
KOMOUHALIMEN, KOTOPAST MOIJIA Gbt PABHATHLCS €AWHALC. DTO BbiTE-
K4€T NPOCTO U3 COOOPAXEHUK Pa3MEePHOCTU; TOJILKO 3Ta UX KOMOM-
HALVS siBnsieTcs Ge3pasMepHoi, TO €CTh OAMHAKOBOM NpH JTO0OM
BBIOODE EIUHITI U3MEPEHMUS,

UTo66i 110AYUNTh OLEHKY BO3pacTa Mupa, Opuamad B3sa 310
COOTHOWEHHWE W BOCHOMB30BAICS €llie ACTPOHOMMIECKHMH JaHHBI-
MU O IVIOTHOCTH BelllecrBa B Haluel lanaktuke. [Ipy 3T0M OH cun-
Tal (BIOJHE CMPABELIMBO), YTO CPEAHSS ILIOTHOCTL [ANAKTUKU —
3TO AMIIB BEPXHUMA Tipesen Jutst cpenHeid NAoTHOCTH BeeneHHoIk, 1
peanbHasl IJIOTHOCTb BELLECTSA B MHUPE HOJKHA OBIThL 3aMeTHO
MEHBLIE TOMH, YTO U3BECTHA IW1sT [ANaKTHKY.

Ecan npuHsiTh B KayecTBe ) CPEAHIOIO [UIOTHOCTb 3BE3JHOTO Be-
wtectsa Futaktuin, ~107 r/em’, To 3 MPUBEIEHHOTO BoIILIE COOT-
HolleHWs nonyuutcst t ~ 3%X 10" cek, T. €. cTo MWLIHOHOB NeT. Ho
DpuaMan B3I UTS IINOTHOCTA MUPa BETUUMHY B IECATH THICSTY pa3
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MEHbILYIO, ¥ TOTNA 3TO COOTHOILEHUE AaeT AECSHTh MWUTHAPIOB JIET.

[To cameM cBexyM (2003 r.) CORpEMEHHBIM KOCMOJIOTHY4ECKHUM
IaHHBIM, BO3PACT MUPA 3aKITIOMEH B IIpefenax ot 13 1o 15 Munnmnap-
Jos net. Ho 310 kak pas ¥ ecTb 10 MWITHAPAOB JieT, €CJi¥ TOBOPUTD
O NpUOTUKEHHOM 3HAYEHUH 3TOY BE/JIMYWHBI N OLCHUBATH ee 1o
NOPAAKY BeJIMYUHBI, TO €CTh C TOYHOCTBIO 10 CTENEHMU JECATKM B €€
YUCIIEHHOM BBIPaXEeHUU.

XapaktepHast uepta [TerepOyprekoii MaTeMaTHUeCKON IITKOThI
— JOBOJIMTh PACUETbI «JI0 YHCIA», TIYCTE JaXe peub UAET O TaKOM,
KAa3aJioch Okl, OTRNICUEHHOM U HeOBBIUHOM 110 TEM BPEeMEHAM O0heK-
T€, KaK MUD B LieJIoM. [1pH 3TOM HepeIKo NPUXOIUTCS IeaTh HEKO-
TOPbIC TPABLOMOJOGHEIE TIPETIONOKEHHUS! O YNCIEHHBIX 3HAUYEHUSIX
HE OYE€Hb XOPOLLO W3BECTHBIX UM BOBCE HEHM3BECTHBIX VICXOIHBIX
BelIMYMH, KOTOphle HyXHH 1151 olleHKH. U TyT yxxe TpebyeTca pas-
BUTAsT UHTYWUUSI U HeMaTas cMellocTh. M TeM U npyrum Opunman
obJiaman, Cyas 1o BCEMY, B IIOJTHON Mepe.

B teopun OpunMana ¢ KOHEYHEIM BO3PACTOM MHDPa CRS3aHO O1-
HO BaxXHOe CJIeCTBUE. 32 KOHEYHOE BPEMS CBET MPOXOIUT KOHEHHOE
pacctosiHue. Ho 310 03Hauaer, 4yTo CyHieCTBYeT NMPUHUMIIHAIbHbINA
Tipeaen JaTbHOCTH HAGMIONEHWH: HENb3 YBUACTL TOTO, UTO JIEXMT
Janklue pacCTOSIHUS, KOTOpOe CBET crocobeH NMpoUTH 3a NecsaTh
MWUIMapAOB eT Xu3HU BceneHHOU. [1o Mopsaky BeJIMYMHEL, 3TO
NpeaeTbHOE PpaCcCTOAHNE COCTARIAET JeCATh MUJUIMAPIOB CBETOBBIX
aet. Bee, uto mamblue, 4TO 3a 3TUM OPU3OHTOM, MPUHLMNHAILHO
He HabI0xaeMo.

JaibHOCTDb AefCTBIS COBPEMEHHLIX TEJISCKONOB MMEET TOT XKe
MopsiIoK BeauyyHbl. CaMble QAIEKWe NOCTYTHBIE HabmoleHUI0
OOBEKTHI (TMTAHTCKME TATAKTVIKH U KBa3aphl) JIEXaT Ha pacCTOAHN-
X K&K Pa3 OKOIO JECATH MUILTHAPAOR AT, NIOYTH YTO Y CAMOTO To-
pU3oHTa Mupa. Tax YTO MPAKTUWECKU BeChb MHP, NMPUHLMITHAIBHO
JOCTYIIHBIH HAOMIOSEHMAM, DeasibHO M HaOmonaercsad — MOYTH
BIUTOTH IO €T0 ropu3oHTa. HabriogaeMyio 4acTh MUPA UHOTIA HA3bI~
BAfOT MeTaranakTuKoi («MeTa» 3HAUMT «J10CTIE», «3a»).

OUHWTEIH; «HOBBIA CBET»

B 1920-8 ronn @puamaH GbU1 OZHUM U3 OMEHb HEMHOTUX, WIS
KOTO HA MATEMATHYECKHX, HU MAEHHbBIX CJIOXHOCTEN B obmel Teo-
PHY OTHOCHTENTLHOCTH HE CYILECTBOBAIIO.
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OH penlT 32034y O KOCMOJIOTMUECKOM PacIIMpPEHHH B UCKPYB-
JIEHHOM HE3BK/JIMJAOBOM IIPOCTPAHCTBE CO BCEH MaTeMaTHYECKOH
TIONTHOTOM U pa306pall BCE BO3MOXHBIC YACTHRIE cy4an. Ho ciayuu-
JIOCB TaX, Yro DUHIUTEHH cuen nomydeHHoe DpuaMaHOM pelLlcHue
HeNpaBWIbHBIM: OH Hawien y PpuaMaHa MaTeMaTUIECKYIO OITHOKY.

HILITeNHH Hanvcan o6 3ToM B 1922 . B KPaTKO# XypHaAJIbHOI
3amMeTKe. B Heil ropopwioch: «PesynbraTsl OTHOCHTENBHO HECTalH-
OHApHOTO MUpa, cofiepxaniecs B pabore OpuaMaHa, NpeacTaBIs-
10TCA MHE TIOMO3PUTENBHEIMY. B NelicTBUTENEHOCTY OKa3hIBaeTCs,
4TO YKA3aHHOE B Heil pelucHUE He yIOBICTBOPSIET YPABHEHUAM IO~
nsi». Uepea rof DAHILITEHH TIepeCMOTPesT CBOIO TOUKY 3peHus. BHn-
MarenbHee mpodurate paboty OpumnmaHa nobdyouna ero JIMYHas
becena ¢ ogHuM U3 npyseit Opuamana, 0. A. KpyTKOBbLIM.

B pesyawsrate, B TOM Xe XypHajle NOSABWIACH Apyras 3aMeTKa
DitHwteiHa; «f cumTalo pesyasTaTht . dpUnmana NMpaBUIBHBIMA W
MPONVIBAIOL MU HOBBIH CBET».

B pa6orax ®puwimMana BeenenHas v B caMOM JeNe TipeacTaia B
HOBOM CBeTe. B KOCMOJIOrMY BIEPREIE TIOABUIUCH AMHAMKWKA, pa3-
puTHe. Kaxk Konepuuk 3actasun 3emtio obpamarses Bokpyr ConH-
ua, Tak PpuamaH 3actaBun BeeneHHYI0 paciivupsaThes.

AuHamuka pacuumpeHus

Crnenys paspsicheHusiM Dpunvana (CM. BhilIie), TIPEXCTARUM Ce-
6e 1ap KOHeYHLIX pa3MepoB, M MYCThb TUIOTHOCTD BENIECTBa B HEM
6yaeT ORHOPOOHOM, T.€. BCIOIY B HeM O1WHaKoBo#. Takoit wap ciy-
xUT y OpunMaHa Ut WUTIOCTPAIIHY THHAMHAKH KOCMOJIOTHYECKOTO
pacumperud. M 3abyneM BpeMEHHO 00 3HHILITCHHOBCKOW KOCMO-
JIOTHYECKOM NOCTOSTHHOIA,

JloTycTiM, 4TO BellieCcTBO Liapa — 3TO ra3 KaKMX-TO YacTHl, Bce
paBHO KakuX. Ho Tpedyercst, TOObI JaBNEHUE 3TOTO Ta3a ObIJio Ipe-
HeOpexuMo mano. B npeHebpexecHHM NARJIEHKEM €1WHCTBEHHOM
CWIOW, JEUCTBYIOIIE Ha YaCTHLILI Ta3a, OYIET X B3aUMHOE TPUTSI-
xeHue. TlpuTsokeHne cTpeMdTCs cOMU3HTL YaCTHUBI, ¥ 310 COOT-
BETCTBOBAJIO OBl CXATHUIO LIapa.

Ho npencrasumM cebe, UTO Wap pacluupsiercs. IT0 BO3MOXHO,
CCJIM B KAKOi-TO «HAYAJILHBIA MOMEHT» BCEM YACTMLIAM iLlapa HPU-
JIaHBI CKOPOCTH, HaNpPaRJIeHHBIC BOBHE — OT LICHTPA 1Uapa HApYXy.
He OyneM noka 3aayMBIBaTeCSl O TOM, OTKYXa 3T CKOPOCTU MO
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yacTuua Ha
NOBEPXHOCTM wapa

——— CKOPOCTb 4acTuLbl

cuvuna TarorteHus

Puc. 4.5. Pacumpsiomtniicss OIHOPOIHBIN uap.

Obl B3STLCS, U NONPodYeM pa300paThest, YTO OYAET NMPOKCXOIUTh C
wapom aanesuie. TLTOTHOCTE 11apa — 3TO OTHOUIEHME MAcCHl Iapa K
ero o6eMyY, ¥ oHa 6yIeT YMeHbIIATLCA NPH pacluMpeHuH wapa. Ho
KaK 3TO A0JLKHO NpoucXoauTth? Kak Oyuet BecTu ¢cebs1 Co BpeMeHeM
pannyc wapa?

[Mpocaeaum, HanpuMep, 3a IBUXKEHUEM KAKOW-JIMO0 YaCTUILhI
Ha TIOBEPXHOCTHU 11apa. U3-3a npuaaHHOu eit Ha4albHOH CKOPOCTH
3Ta yactuua OyaeT ynansThed OT HeHTpa 1wapa. Ho cuia npursixe-
HU$, CO3/1laRacMasl BCEMU OCTAJIGHBIMU YACTHMLIAMM, HaNpapieHa
TIPOTHUB 3TOTO JIBUXEHHUS, OHA CTPEMMTCS STO HBUXKEHHUE OCTAHO-
BUTb U OGPATUTL paclUMpeHUe B CKaTHe. 3HAYMT, ABHUXEHHE pac-
CMaTpMBAEMO YACTULIBI OyNeT 3aMeIIATHCS, CKOPOCTb €€ YAAICHUS
OT LIeHTpa 6YAET CO BpeMeHeM YObiBaTh. To €CTh, TATOTEHHE YaCTHLY
1Iapa TOPMO3UT €T0 pacluupeHue.

Cyapba paclupeHus onpenessieTcsl, TaKuM o0pa3oM, NPOTHBO-
GOPCTBOM TArOTEHUS M HAYAIbHOIO pa3roHa YacTuil. Ecny Tarore-
HUE BEIMKO, TO OHO OCTAHOBHUT PaCIUUPEHME Litapa U 3aCTABUT 1Ap
cKXuMaTtbes. Ecnm Xe CKOpOCTH TaK BeNMKH, YTO TSATOTEHHIO HE
YRACTCS C HUMM CIIPABUTHCSL, PaCIUMPEHHE [LIapa HUKOIAA He OCTa-
HOBHTCA U 6y1eT IPOMCXOAHUTD BeuHo. IMeHHO Takue JIBe AMHAMM-
YECKME BO3MOXHOCTM M CyUIeCTBYIOT B Teopun PpuaMaHa
MPUMEHHTEIBLHO K paclivpeHuto BeeneHHo.
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XOTS Mbl PACCy X211 00 3TOM Ha MPUMEPE LLIAPA KOHETHBIX Pa3-
MEPOB U K TOMY & PYKOBOJACTBOBATUCH HLIOTOHOBCKMMM Mpe-
CTaB/IEHUAAMM O TATOTEHUU, COOBPAXKEHUS 3TH HAXOAATCH B TOJHOM
KAY€CTREHHOM COIJIACHHM C TeOpHell paCllIMPEHUs, BRITEKAIOWIEH U3
SIHIITETHOBCKOI 001IEN TEOPUH OTHOCUTENBHOCTH. KOHEYHo, 3T0
He cay4aiiHoe coBnalcHHWe. Tak U J10JI5KHO ObITh, ITOCKOIBKY MEXIY
0b0EUMM TEOpPUSAMHU CYIIECTBYeT ITybOKasg U €CTECTBEHHAS CBS3b:
HBIOTOHOBCKAS AMHAMMKA — 3TO YACTHBLIH cliydail SHHIITCHHOB-
CKO¥t 001LIEH TEOPUH OTHOCUTETRHOCTH.

IIpocTast cB43b MeXY IUIOTHOCTBIO U BpEMEHEM Gpt2 ~ [, o KO-
TOPOH YK€ TOBOPWJIOCH BhILIIE, OTHOCUTCS K CITYYAKO MI0CKOTo Tpex-
MEPHOTO MPOCTPAHCTBA. DTO caMblii MPOCTOI BApKAHT HE TOJBKO
IO reOMETPUH, HO U MO NUHAMMUKE.

B 3ToM ciytIae nerko HaTH 3aBUCHMOCTh PACCTOSSHUIA B MUpPE OT
Bo3pacta BceneHnoii. JIeMCTBUTENBHO, TUIOTHOCTh — 3TO Macca,
NpuxoAsIasncs Ha enUHUILY o6nweMa. O6beM 1uapa paauyca R ectsb
4TR’*/3. Tak KaK Macca L1apa He MEHSIETCH CO BPEMEHEM, 3aBUCH-
MOCTb ILUTOTHOCTH OT paauyca: p & 1/ R’. Torna npuBeneHHOE BbIILE
COOTHOIICHHUE MeXIY MIOTHOCTHIO K BpEMEHEM HaeT:

R o t2/3-

ITOT 3aKOH POCTA HYXKHO CPABHUTH C BOOOPAXKAEMBIM CITyUaeM
HHEPLHUAILHOTO palfieTa, KOTIa HUKAKOW rpaBUTalIMK BOOOLIE HET,
Y CKOPOCTH JIBHXEHUS TeJl HE MeHAIOTCs co BpeMeHeM. Uuepuu-
ATBHBIH pa3neT — 3TO Cay4ai, KOraa npy NOCTOAHHBIX CKOPOCTSIX
PACCTOSIHUS BO3PACTAlOT TIPOCTO TMPONOPLUHAOHATBHO BPEMEHU!
R 1. Kak MbI BHINM, B pE€AlIbHOM CJIy4yae, KOTHa TArOTEHHE CylLle-
CTBEHHO, PACHIMPEHUE MPOUCXCAUT MEMJIEHHEE, YEM N0 WHEPLIMM.
DTO U 03HAYALT, YTO OHO 3aMEIUTSIETCSl CO BPEMEHEM.

3ameuaTesibHO, YTO IIPU MAJBIX BPEMCEHAX, CYMTAs OT HA4yand
PACHIUPEHHS, STOT 3aKOH MOHOTOHHOTO PACLIIMpEHUst CTIIPaBEeUTUB
He TOJILKO B IUIOCKOM, HO U B UCKPUBIEHHOM TIPOCTPAHCTBE.

A NPAKTHYECKM 3TOT 3aKOH NPUOJMKEHHO — U C BEChMa TIpH-
JINYHOF TOYHOCTLIO — BEPEH BCe NepPBLIE HIECTb—BOCEMb, 3 TO U J1e-
CATb MMJLINAPJOB JIeT XU3Hyu BeeneHHOM.

®punMaH BRISSICHWI, YTO B TPOCTEHIIIEM Cliyyae, KOTIAa KOCMOJIO-
IryecKasi MOoCTOsTHHAsl paBHA HYJII0, AVMHAMMKA U TEOMETPUA MKPA
CBa3aHbl IpYT ¢ apyroM. OKaseiBaercs, YTO HEOrPAHMUEHHOE paclin-
pPeHKe BO3MOXHO B CTyYae TPEXMEPHOTO MPOCTpaHCTRA HYJIEBOH (Kak
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Bpems, t
Puc. 4.6. IuHaMUKa 114paboSIUUECKOTO paCLLIMPEHUS:
PACCTOSAHMA BO3PACTAIOT KAaK BPCMA B CTENCHU 2/3.

Yy DBKIIMAA) M OTPULIATENLHOM (KaK y J100ayeBCKOTr0) KPUBU3HLL. A
oOpallleHre PACLUUPEHUsT CKATHEM WMEeT MECTO B MPOCTPAHCTBE
MOJTOXMTEITBHOM KPUBH3HbL, B rUunepcdepe.

Ecnam Xe KocMostornieckasi ITOCTOsIHHASI OTAWYHA OT HYyJIs, TO
BO3HHKAET BO3MOXHOCTb HEOTPAHUUEHHOIO PACLIMPEHHUS 1 BCEX
Tpex BapyiaHTOB FEOMETPUU (CM. HUKE).

Yro pacwmupsetca?

Teopua ®pugmMaHa npeinonaraet, wro BeenenHas ogHopoaHa
MO pacnpeieJcHUI0 BELIECTBA B HEil, M 3TO AeMCTBUTENbHO Tak. Kak
MBI ceiyac 3HaeM (r7lapa 1), KpyIIHOMACIITAOHOE paclipenesicHue
rajJakTMK OZHOPOAHO B MacllTa6ax 300 MIWLTHOHOB CBETOBLIX JieT U
6osee. B 9TUX KOCMOJIOI MYECKMX MACITabaX — OT pa3Mepa siYeiiku
ONHOPOHOCTH U jlajiee K CAMBIM GOMBIITMM PACCTOSTHUAM — U TIPU-
MeHUMa Teopuss PpuamaHa.

Ona ornuceiaeT BeelleHHYI0 Kak 11e/10e, W choicTBa BeenenHoii
KAK LIE/I0I'0 NPOSBISIOTCS JIUIIL B CAMBIX KDYIIHBIX, HO BIIOJIHE 110-
CTYTTHBIX HAOTIONEHNSIM, MACILITA0AX.

CBolCcTBa MPOCTPAHCTBA ¥ BPEMEHM OMpPEdessiioTcs pacnpeae-
JICHWEM W JIBILKEHUEM BEINECTBA, 3dNOHMIONIETO MPOCTPAHCTRO.
U3 370 6a30BOI MaeH 0OLLEH TEOPUH OTHOCUTENLHOCTH BRITECKAET,
4TO [IPOCTPAHCTBO, B KOTOPOM BELIECTBO PACLLHPAETCS, M CaMO
JIOJDKHO paclivpsaThesa. HaitnenHsiit @puamaHoM 3aKOH paclumpe-
HUS BELIECTBA — O3TO TAKXKe W 3aKOH pacCliMpeHHs CaMoTo npo-
CTpaHCTBA MUpA.
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KocMonornueckoe pacliMpeHye onpeaensieTcss U yrpaBisieTcst
BELLIECTBOM YEPE3 MOCPEACTBO COOCTBELIHOTO THIOTCHUS BELLECTRA.

HHoraa He BMosiHe TOUHO TOBOPSAT, UTO Bee 6e3 MCKITIOUEHUs
PACCTOAHHUS B MUPE YBETMYMBAIOTCS U3-3a KOCMOJIOTHYECKOTO pac-
LWUPEHUS. D10 He Tak. HU4TO Ha 3emiTc He MEHSCT CBOMX Pa3MepoB,
W OHA CaMa He pacluUpsieTcs 10 «KOCMOTOTHYeCKONW Npuuvite». He
MEHSIOT U3-3a ITOI0 CBOMX PA3MEPOB HU MJIAHEThl, HU 3BE34bl, HH
rajjakTuku. Ha HeGOTBIUUX PACCTOAHUSAX TaJTAKTUKW MOTYT U CONU-
XKatbest Apyr ¢ apyroM. HanpuMep, 6:1nxaiinias cocenxa Hamei Ta-
NAKTWKW, CPAaBHWMAas ¢ HEW TIO pa3Mepam M Macce, — TallakKTUKA
AHIpoMenn!, He yajiseTcs OT Hac, a npubnuxaerca. PaccrosiHue 1o
UEHTpa JTOM raTaKTUKU OT LlelTpa Hallei [a1akTuky cocTasngaer
1Ba MILLTUOH2 CBETOBBIX JIET, ¥ COTUKAIOTCS 9TH TAIAKTUKH CO CKO-
POCTBIO CTO KWIOMETPOB B CEKYHAY. Yepe3 maTh—11uecTh MWLIHAD-
JIOB JIET UM NMPCACTOUT CTOJIKHYTHCH APYT C APYIOM.

B teopun dpuimMaHa KOCMOJIOTHYECKOE paclUMpeHe TPOUCXO-
JUT U30TPOLIHO, TO €CTh OAUHAKOBO IO BceM HanpasieHusM. M3o-
TPOMUS — 3TO TOXe cBoiicTBo cumMerpun. HesaBucumocTb ot
HalPaB/ICHU WKk OT YI1OB O3HAyaeT CUMMETPUIO OTHOCHUTEIbHO
BpalIeHUI B 1POCTPAHCTBE. ITUM CBOWCTBOM KOCMOJIOIMYECKOC
pacluupeHue 061a0aeT B TEX Xe caMblX KPYMHbLIX MaciTabax, rae
OHO, COBCTBEHHO, U (IPOUCXOMT.

Cnaithep ¥ TymMaHHOCTM

YauBuTeabHO, HO dhaxT: Xoraa B 1917 . DAHINTEHH onyONMKoO-
BaJl CBOIO MOAENb CTaTHYeckoit BeeneHHOI, KOcMOoIorHueckoe pac-
mupeHue ObLIo yke (PakTHYECKU OTKPBITO. ITO ObLIO CAEIAHO
aMmepUKAHCKMM acTpoHoMOM Becro CrnaiidepoM. OH cooBmIUIT 0
CBOMX HAGIOACHUNAX B CTATHE, BLILICALICH B TOM X¢ 3HAMEHATE  b-
HOM sl Kocmos10ruu 1917-M. [1paBnaa, ToBopsi 0 pa3deraHum «Koc-
MUYCCKUX TYMaHUOCTeM», Cnaitdep He 3HA elle, 1o CYTH, M CaM,
YTO UMEHHO OH OTKDHUL. HU PACcCTOSAHMWS JIO TYMAHHOCTEH, HU UX
KWCTUHBAs IPUPOAa TOTAA ellle He OLUIM M3BECTHbI, eCTECTBEHHO,
41O B €ro paboTe HE ObL10 HU CJI0BA O KOCMOJIOTMH.

CeMBblo rogaMy nosxe, B 1924 r., @puaMan o6CyXaa1 oTKpeITUE
Chnaitdepa Ha OLHOM U3 cBOMX ceMUHApoB B [leTporpaickoM yHH-
BepCUTETE U, 10 CBUACTENLCTRY yyacTHUKa cemunapa 1. [1. Msa-
HEHKO, paccMaTpuBal 3TO OTKPbITHE B KOCMOJIOTHYECKOM
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KOHTEKCTE, CUMTasg €r0 — COBEPLUEHHO CNPABEIMBO — MPSAMBIM
HabnIofaTeNbHBIM CBUIETENBCTBOM B MOTb3y TEOPUM PACLIUPSIIO-
mericss Beenennoi. 06 otkpbitun Chaiidepa coobitlan v U3napan-
waiicst B Te Tousl B CCCP HayyHO—TMONyASpHbIA XYpHan
«MupoBegcHue».

3akon Xabbna

W3 dpuaMadHoBCKOR TEOPUM BBITEKAET, HTO KOCMOJOTHYECKOoe
pacUIpeHHe JOIKHO TTPOUCXOAUTD 110 TUHEHHOMY 3aKOHY: B KaX-
OB JaHHBIA MOMEHT UCTOPHU MUPa CKOPOCTH YIATEHWsI 00BEKTa,
HaXOIMLICTOCS Ha PACCTOSIHUMA R OT Hac, IpsiMO NTpONopLIMOHAIbHA
3TOMY PAaCCTOMHUIO:

V=HR,

rie H — nocTostHHbIN KO3(pOUUMEHT, KOTOpbIli He 3aBUCHT HU OT
PACCTOAHMA 10 OOBLEKTA, HU OT HaMpPaBIEHUA HA HEro Ha Hebe. Jiu-
HEHHBII 34KOH CKOPOCTH €CTh TIPSIMOE CIICICTBHC OAHOPOIHOCTH U
MU30TPOMUM B MUPE FUIAKTUK. PaciimpeHue ¢ Takum 3aKOHOM CKO-
POCTU YBUANT 10001 HabmioaaTen, rae 6ul B0 BeeneHHOM oH HU
HaxoauJics ¥ B KakoM Obl HaTTpaBIeHUM OH HY cMOTPEN. JIMHCHHBLIG
3aKOH KOCMOJIOTHMYECKOTO pacuIdpeHus 6bL1 OTKpbIT Xa60a0M B ero
Habmonerusax 1927—1929 rr. Cam 3ror 3aKkoH u TocrosHHasa H rio
COPAREIIMBOCTY HOCHT C TeX NOP Ero UMSL.

Xab6n yxe 3HAT — M3 CBOMX COOCTBEHHbLIX UCCIENOBAHMIM, —
uto BeeneHHaa — 310 MUP raJlakTHK. B ero pacniopsikeHny 66Ut Te-
neckon OOGcepsatopuu MayHT Buicol, KpynHeiuiii 8 Mupe 1o
TEM BpEMeHaM; eTo 3epKajjo UMeJio muaMeTp 2,5 MeTpa. Hanpasup
ero Ha TymanHHOCTb AHAPOMeENbl, Xab6n cMOr pa3rasineTsb B Hell oT-
IeNbHbIe 38e30bI. 1 MTPUTOM 3Be3ibI ONMPEAEICHHOTO THI1A — Mepe-
MEHHBIE 3BE3Mbl, Ha3blBaeMbie UedeunaMy. DTH 3BE3ObI UBMEHSIIOT
CBO# OJlecK perynsipHBIM 00pa3oM, MOYTH CTPOTO MEPUOANYECKMU.
OHM 3aMeyaTeabHbl TEM, YTO NEPHOI U3MeHEeHHs MX 61ecka on-
pelesIcHHBIM 0Dpa30M CRE3aH CO CBETUMOCTLIO. D10 OOCTONTENBCT-
BO ObLLIO YCTAHORJIEHO CHauafia 1o O6aM3KuM TiedennaM Hatliei
lanakTiku.

Co6cTBeHHAST CBETUMOCTh — 3TO SHEPUMs1, MANyddeMast 3Re310i
BO BCe CTOPOHK! B €IMHULLY BpeMeHU. A Bi1ecK (B aCTPOHOMHH) M3-
MepseTcsl SHEPrueid, NPUXOILUEH Ha €AMHHLLY TTOBEPXHOCTU 3eMIIH
B eauHyLy BpeMeHU. C MTOMOLLBIO «CTAHIAPTHOTO» COOTHOLUEHUA
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Puc. 4.7. InBunH Xabon
(1889-1953).

MHorue CYUTAT ero BeJruaiiluM
acrpoHoMoM—rabmogateleM XX Beka.
OH poawsicsi B witate Muccypu, yuuics
B CLLIA u B AHriuu, B Okcopae, a no-
TOM BCIO XU3Hb Haburonan Ha Obcepsa-
ropur MayHr Bu:con B Kamugopauu.

C TTOMOILIbIO 2,5—MeTPOBOTO TeIec-
KOMa JToi 06cepBaTOPUN OH YCTAHOBUJ
VCTRHHYIO (DM3HYECKYIO NPUPOAY BHE-
Ta1aKTHYECKUX TYMAHHOCTEH, 0GHapy-
XU BeeoBliee panberaHMe raNakTHK,
JAN KJIACCHPUKALUAIO TATAKTMK M0 HX
mopdonorun (1. €. HaGmolaeMoMy
BHCISHEMY BWAY) W CAehat CLIE Lenniif
PAid BAKHBIX OTKPHITHI B aCTPOHOMHM.
OH nowen 106poBoabLCM (KaK U Rpyroi KocMonor, PpuamMaH) Ha PPoHT B
Mepsyio Muposyio Boiiny u c.ayxwt so ®pauinn, a Bo Bropyio Muposyio
ObLT 3aHAT pACUETOM TabaUL npULensHOT0 GomboMeTanus (veM PpunMan
anumancs B [epsylo Mupobyio).

OaHaXIhl, Yepe3 MHOIO JIET TOC/E CROSTO KOCMOMOTNUECKOTO OTKPbI-
THSL, OH HEOXHUIAHHO 3asBUI Ha COOpaHH AMEPUKAHCKOTO aCTPOHOMMME-
CKOro OOImEecTBa, YTO HHKAKOTO KOCMOJIOTHYUECKOTO pacliVpeHust B
TIpUpo.ie HeT, a HabmogaeMoe KPacHoe CMeNIeH e B CTIeKTpax [ajlakTHK —
RCETO JIMITE Pe3VILTAT CTAPEHHS CheTa Ha ero yTH K HaM. [1o cilosam oa-
HOTO 1’3 Y92aCTHHUKONR COﬁpaHMﬂ, 3TO BBITJAACTO TaK, KdK CCIIU ont cOp Hca-
ak HeioToH aemcs bl M ckasan: «Kerati, o Tom s6J0Ke, 1XeHTIbMEHD), B
ACACTBATENLHOCTH BEIL OHO, 3I1ACTC U, HE MaIaeT.

Mexay MEepUofoM U3MEHEHUA BaecKa K CBETUMOCTBIO MOXHO ofipe-
JICAUTB CBETUMOCTB 3BE 3151 TIO JIETKO W3MEPIeMOMY NEPHOAY M3Me-
HeHnss ee 6smecka. Ho mo 3akoHy oOpaTHBIX KBagpaToB OJieCK
11PONOPLIMOHANIEH CBETUMOCTH U OBPATHO NMPOTIOPUMOHAIICH KBAI-
paTy pACCTOSIHUSA J10 3BE3Abl.

Tak uTO. 3Has1 U BeCK. U CBCTUMOCTb, MOXHO OIIPEACUTh pac-
crostHMe. (3aMeTUM B cKoDOKax, YTo 3TOT MeTold He CROOOIEH OT CU-
CTEMATHYECKUX OWMOOK, KOTOPLIC YAANOChH YCTPAaHMTb JMINb
ACCSITUIETHSI CIYCTSL.)

TakuM nyTeM, ¢ NOMoLlbLIO Hab oaeHus Uedens AHAPOMENLBI,
X266 0O6HapyXHIT, YTO 5Ta «TYMAHHOCTb» HAXOAMTCS BHE Haluel
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[ANaKTUKU U JOBONLHO AANeKO OT Hee. DTo He 00J1aKo raza, a ToxXe
OTPOMHAS M COBCEM OTIENbHASA TATaKTUKA.

3ateM. MCTIob3ys sipyadiiue 3Be3/nl (KaIMOpOBAaHHbBIE TIO 1ie-
deunam B GIKANIIMX TaTaKTHKAX), Xab6J1 cMor OTpene;IuTh pac-
CTOSTHUS 0 NIBYX AECATKOB APYTMX «TYMaHHOCTEI», KOTOPbIC paniee
Ha6monan Cnaidep. Oka3a1och, YTO OHU TOXE TIPEACTABISIIOT CO-
60l raylakTUKH, XOTS M He Bcerja Takue KpyIHble, Kak Hama lanak-
THKa u AHapoMeda. OH BocTionb3oBancs AanubiMyu Crnaiidepa u
XbIOMacOHa O CKOPOCTSIX ABWKEHUSI 3TUX TAIAaKTUK U Ha OCHOBE
3TUX AAHHBIX U CODCTBEHHbIX OLUEHOK PACCTOSTHUI TIOCTPOWIT AUa-
rpaMMy 3aBUCMOCTH CKOPOCTU V OT paccTosiHus R.

OpurpHanbHasg xab6;10BCKasg AnarpaMMa BOCITPOM3BOIUTCS Ha
HateM puc 4.8. 3To HarIgHAY WUTIOCTPALVISE KOCMOJIOTHYECKOT0
paclIMpeHus, ero rpadurieckuit oopa3. 3 Hee cremyeT nuHeRHbIH
3aKOH — 3aKOH [PAMON NpONOpPLUOHAIBHOCTH MEXKILY CKOPOCTHIO
yAIeHUs OT Hac FAJIaKTUKU U PACCTOSTHUEM 110 Hee.

Ha a10it AnarpaMme HeT rajakTMku AHApoMeinbl. Jleno B toM,
4TO OHAa HE YAAIAETCS OT Hac, a 1pUOIUXKaeTcst K HaM (KakK yXe ro-
BOPWIOCH BbllIe). DTO GIM3KAs K HaM rajlakTMKa. pacCTOosHME A0

500

Velocity (km)

0 108 2 x 108
Distance (parsecs)

Psic. 4.8. OpurrHaapraa Xa66moBekas auarpamsa 1929 rona.

3aBUCUMOCTL CKOPOCTH YUARCHUS I'LTAKTUKM (B KM/CEK) O1 paccron-
HMS 10 Hee (B Tiapeekax). 1o rpadmyeckuii 00pas caMoro TpaHiaMo3HOro
110 MaciTaly ABIECHMA TPUPOLBI — KOCMONOIMYECKOI'O pacuiupeHns. Pac-
crostHust y Xa061a ObLIM 3aHMKEHBI TOrAa IouTH B... 10 pas.

Ha opyuriHanbHOW TuarpaMMe 110 BEPTHKATBHOK OCH OIMHWOOTHO yKa-
3aHo (km) — noyxHo 6biTh (km/s).
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Hee 0K0J10 IBYX MITITHOHOB CBETOBBIX JeT. Peryispiioe xe pa3bera-
HUE TATAKTHK MO 3akOHYy Xab6ya 0GHAPYXXUBAETCS, HAUMHAA ¢ pac-
CTOSTHUI, KOTOpBIE MPUBIN3UTEILHO B ABA—TPU pa3a OoJibilie.

CTonT HanoMHUTB, YTO N3MEPEHWsl CKOPOCTei U 3aKoH Xab6na
OCHOBaHBI HA H3MEPEHHAX KPAaCHOI'O CMEUIEHUS B CIIEKTPAX rajak-
THK. [lepexoa oT cieKTpOB K CKOPOCTAM Tpennonaraet 00bsacHeHe
KpacHoro cMmelleHud sbdextoM Jdoiepa. Cyrb €ro B TOM, UTO
JUTMHA BOJIHBI PETHCTPUPYEMOTO U3NYUEHUS N3MCHACTCS NP OTHO-
CUTENLHOM ABWXEHUY UCTOYHWKA M rNpueMHuka. B wactHocTH,
JTHHA BOSTHBL PACTET (24 CBET «KpacHEEeT»), KOTAA PACCTOAHUE MeX-
1y UICTOTHUKOM U NPUEMHUKOM BO3PACTAET CO BPEMEHEM.

Xab6n crieaopan JOTUIEPOBCKOMY TOJKOBAHUIO KPAaCHOTO CMe-
LIeHUs B CBOMX TEPBLIX MyOIMKAUUAX U ICHO TOBOPUIT O IBUXKEHMH-
AX TANAKTMK, MX CKOpocTsX M T. 0. Ho mo3ke OH ObUT CKIOHEH
TTOHUMATh KpacHOe CMelIeHHe, KAK HEeKHIT COBCeM ocobblif deHo-
MEH TPUPOABI — «KOCMUYECKOE CTapeHHe CBeTa». [Lnst Takoro ¢e-
HOMEHa HEeT HUKAKUX OCHOBaHMM B (hUsLke.

Xab6m, cIydanochb, UCTILITLIBAT KOmebaHUsi, UHOrha Obla, Ka-
XETCsl, TOTOB COIJIACHTBCSA CO BCEMU, HO MOTOM BO3Bpallalics X
TIpeXHeMY ¥ CHOBA CTOSLT Ha cBoeM. Kak mpeanonaraivm ero KoJjute-
I'M, MIMeHHO M3-3a 3TOit CBOEH HeTBEpAOii MMO3MUMM Xabbn ocTacs
6e3 HobeseBekoit MpeMuu.

A B TOM. UTO ¢aMO 10 cebe ero OTKPBITUE — BTO OTKPBITUE «HO-
Oef1IeBCKOTo» PaHra, HUKTO U3 KOCMOJI0TOB, KOHEYHO, HE COMHEBAJI-
CSl ¥ He COMHERaeTCA.

MocTostHag XaGona

[locTogHHas Xa66na u3aMepeHa ceidyac He oueHb TOYHO, Ee pas-
MEPHOCTh, KaK BHIHO M3 3aKOHa Xabbna, — obpaThoe Bpems. T1pu-
HATO U3MEPSITh €€ B eNMHMIaX KM/ceK Ha Meramapcek (Mmk).
IMapcex — paccTosHUE, C KOTOPOIo AUAMETP 3EMHOM OpBUTBI BUACH
o4 YIVIOM B ONHY CeKyHIY. YncaeHHO onwH napcek biIM30K K Tpem
CBETOBBIM FoflaM. Meranapcek 3To0 MWLAMOH Napcek. B »Tux eam-
HULIAX COBPEMEHHEIE U3MEPEHMUS TaI0T:

H=65%10.

[TocnenHee o3HAYaeT, UTO BEPOSITHOE 3HAYCHME [IOCTOSIHHOM
Xab6na 3aKToUeHo B mpefenax ot 55 10 75 kM/cek/Mrk. TouHOCTD,
KaK Mbl BUAVIM, XyXE NeCATH MPOLICHTOB.
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Bce neno B ToM, 4TO paccTOsiHMS IO ranakTHK W3MEPSIIOTCS BCe
elile He O4eHb TOUHO. DT0 HabnoaaTeABHAS 3aJaua 60;1bIUOINA CNOX-
noctv. Cam Xa66a B 192729 rr o1eHBBan pacCToSHUA 10 ranak-
TUK C HEMANOM CHACTEMATHYECKON OILWOKON. M3-32 3TOTO Y HEro
nonyariioch H = 500 kM/cex/Mnk. OleHKM paccTOsIHWIA B Te Bpe-
MeHa ObUIYN 3aHUXEHDI TIOUTH B JICCHTE pas.

Eci kakas-To raTakTHK4 HAXOANTCS OT HAC Ha PAcCTOAHUYK B
MMUINAPJ CBETOBLIX JIET, T. €. 300 MULIMOHOB napceK (aanee Mbi 4a-
e 6yneM M3MePATH PacCTOSTHUS B TIApcekax, a He B CBETOBBIX TO-
Nax), TO ee CKOPOCTb COCTABUT — TIPH MPUHATOM Ceituac 3HAYCHUU
noctosiHHoM Xa66Ja — or 17 o 23 ThicsT9 KMIOMETPOB B CEKYHIY.
OTO He TaK YX JAAEKO OT CKOPOCTH CBETA (TPHCTA ThiCSY KWJIOMET-
POB B CEKYHAY).

Xots sBeuunHy H Ha3bIBalOT KOHCTAHTOM, OHA SIRNSIETCA FIOCTO-
SIHHOHM COBCEM HE B TOM CMbIC/E, YTO, HATIpUMeEP, TOCTOAHHAS T~
TOTEHUA AW KocMonorudeckast noctogHRasn. NocrosuHan Xab6aa
He 3aBHCUT OT HampaBlIeHKi N pacCTOAHMIL B NPOCTPAHCTBE — Ta-
KOB CMBIC/I ¢ rTocTogHeTsa. Ho ORa oTHIOAL He MOCTOSTHHA BO Bpe-
mern. Mo teopun @punvana, BesiMuMHa H MOXET MeHATLCA NpU
KOCMOJIOTH4ECKOM paciidpeHuu. B npocteifieM ciyuae umeer Me-

CTO npu6n HXEHHOE COOTHOLUICHUE!
A

npownoe 6yayulee

H=c/A

1
Q
®©
T
L]
O 1
(&I |

1

Bpewms, t

Puc. 4.9. «JlocrosinHast» Xa66:1a, Kak QyHKLHS) BPEMEHH.

B srioxy npeoGnaganus BeniecTsa oHA naaaet Kak 1/t, Ho B 3110xy 6e3-
Pa3nebHOrO TOCNIOACTBA BAKYYMA OKa3bIBAETCS [OCTOAHHON, He 3aBHCA-
WeH OT BpeMCHH.,
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H~ I/t

3710 COOTHOLIEHME BEPHO TOYIA, KOrma v (hopmyna Gpt2 ~ | -
cM. BbHwe. B cooTBETCTIBIM ¢ 5TUM, MOCTOSIHHasA Xab6aa pacTeT Ha-
3a/ MO BPEMEHU M B HAYAIbHOH KOCMOJIOTHYECKON CHHTYASPHOCTH
obpawaercst B 6eCKOHEWYHOCTD. Tak 4TO HCXOMHAST «TOUKA» XapaKTe-
PU3YETCSH 1BYMS OECKOHEYHOCTAMM — 6eCKOHEYHOM IIOTHOCTBIO H
6eckoHeyHol nocTossHHOM Xa66na. OnHO, KOHEYHO, CBH34HO C
OPYTUM, TakK KaK U3 ABYX TOJBLKO UTO 3aMMUCAHHbIX COOTHOINEHUI
sbitekaeT: Gp ~ H 2.

C apyroii cTOpoHBI CBA3b TTOCTOAHHOM Xa00b1a co BpeMeHeM 03-
HAY4eT, YTO MO €€ U3MEPEHHOMY 3HAYCHMIC MOXHO ONpPEAeUTh
BO3PacT MHUpa B COBPEMEHHYIO 3Moxy. CTporo ropopsi, 310 OyIeT
Wb NpuomXeHHasa oueHka. Ho ¢ Toit TOYHOCTLIO, KOTOPYIO M
cnelyet OT OLEHKMU OXWOATh, OHA J4eT BIOMHE NPUEMIIEMYIO, pa-
3YMHYIO BeTMYHHY. JdeHcTBUTENBHO, eCTM NOCTOSTHHAaA Xab6na 3a-
KJTloueHa B mipeneiax S5-75 KMm/cek/MIIK, TO MpPOCTOM mepexoa K
obpaTtHoit Benwuune, T ~ 1/H, U nepecueT Ha rodbl AacT IECATH
MMWJUTHAPAOB JiET, 110 MOPSIIKY BEAUYUHBI.

Fops4yee Havano

Kako# xe 6bu1a Beenennas 10~15 mapa. et Has3an, B Hayase
cBoeit apomounu? YTo Obl10 B CAMOM «TOUKE», O KOTOPOY FOBOPUT
®punMan, kak o HauanbHOM COCTOAHHUU MKpa? HKUyero nocroBep-
HOIQ Ha 3TOT CYET NOKA He M3BECTHO. Y TpY/THOCTY B 3YYEHUH ITO-
O COCTOSTHUS! TIPAKTAUECKH HETIPEOMOTUMB!: B CHHTYASAPHOCTA WU
OKOJ10 Hee BceeneHHOW ynpaBnsiia coBceM Apyraa ¢us3nka, OTHIONb
He CBOAAIIASACS K TOMY, 4TO MBI CeHMyac 3HaeM o ee 3akoHax. Ho ec-
JIM OTCTYAMUTB OT 3TOCO TIEPBOrO MOMEHTA XOTSA 6bl Ha MHHYTY, CO-
cTosiHue BeeneHnoit v manbHeHIIUiA X0 ee IBOJIOUMHU IOTMYCKAIOT
yXe MOJHOE U NIeTATTbHOE HCCNIeAOBAHHE Ha OCHOBE TBEPAO YCTAHOB-
JIEHHBIX PHUIUYECKUX 3AKOHOB.

O mepBBIX MUHYTAX KOCMOJIOTHUECKOTO PACLUHPEHNS ceifyac 13-
BECTHO AeHcTBUTENbHO HeMano. Tipexae Bcero, HalexHO YCTaHOB-
JIeHo, 4TO BellecTBO BreneHHOM 65110 TOrAa oueHb ropsuviM. [pn
Bo3pacTe Mupa B 200 ceKyHI TeMIlepaTypa BELIECTBA COCTABIANA
MWIIMApA TpajlycoB, 1O MOOPSAAKY BeNM4YMHbL. HUKaKUX IUIaHeT,
3BE3[, TANAKTHK FIPU TaKoi TeMITEpaType He MOIMO CyUIECTBOBATb.
He 6bL10 aTOMOB — BElLUECTRBO ObLIO MOJHOCTbIO NHOHW3O0BAHHDBIM,
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IEKTPOHE! 6BLTH OTOPBAHBI OT siAep ATOMOB DbICTPBIMY XaoTHYeC-
KUMM TETUTOBLIMM ABWXKEHMIMU. bonee Toro, npu atoit TeMnepary-
PE HE MOINU CYHIECTROBATE AAXKE CNOXKHBIC S/pa.

ToSTBKO caMble NIPOCTHIE SAPa, sLIpa aToMa BOA0poila — NPOTOH.L
— MMENUCH B TOPSIUEii KOCMUUECKOU cMecH. BMecTe ¢ TpoToHaMy B
3TOM cpeJie HAXONWTUCH 3FEKTPOHK U TIPUTOM POBHO B TOM Ke KO-
JMYecTse, MTO U NPOTOHAL, TAK YTO Cpe/ia Oblia MEKTPUIECKU HEll-
TpanbHOU. B Helt GBI TakKe HEMTPOHB W HelTpuHO. DTa cpema
coflepkana Takxe POTOHbL — KBAHTHI 3;1CKTPOMATHUTHOIO U3y4e-
HUg. OHM MPEACTARIAAAM COOON ra3, HaxoNUBIIUACS B TepMOOUHA-
MWU4YECKOM PpPaBHOBECUHW C BeEUIECTBOM W HMEBWKUH Ty Xe
Temmepatypy. (JlobaBuM B CKOOKAX, 4TO MPUCYTCTBOBAIH TAKXE U
rHNOTETHYECKHE Y2CTHIILI CKPLITO MACChHl, O KOTOPBIX MBI CKaXeM
OTAENBHO.)

Taxas kapTviHa paHHeit BeenenHoit 6su1a B 1940-50-€ 11 onnca-
Ha . A. TamoBbIM, TOraa npodeccopoM YHubepcutera Jxopaxa
BaluuHITOH4, 4 HEXOraa cTyaeHToM npodeccopa PpinMana B Jle-
HWHIPaJCKOM VHUBepcuTeTe. [aMOB I¥ICAl, NTO WACTO FOPSUETo Ha-
4aNbHOrO COCTOSIHUS MMPa OH 3aMMCTBOBAJ Yy CBOEIO Y4YMTEAS.
TpBMEeHUTEALHO K 3TOM TEOpPUM TOPSIYEro Havana MUpa U BO3HUK
TIepBOHauanbHO (¢ Jerkoii pyku @. Xoina) tepMuH «Bonbinoii
Bapuirs. [lo TaMoBy, BHa4ane ObL1 BCENEHCKWI B3pPBIB, KOTOPBIH
MPOU30IIIEN ONTHOBPEMEHHO M TIOBCIONY B MMpPe, 3afolHUB [1po-
CTPAHCTBO TOPAYMM H3INYUCHUEM U BELIECTBOM, U3 KOTOPOIo Wepe3
MUJLIHMAPAL JIeT 0Bpa30RANUCH BCE aCTPOROMUYECKWE Tella U BCe,
YTO HA HUX, — «CUUTAs ¥ HAC C BaMU», Kax nucan JTaMoB B omHOM U3
CBOUX HAyYHO-MOMYJISIPHBIX KHUT.

HcxonHbIM MOTHBOM 3TUX UCCNENOBaHUN ObLIO CTpeMieHUe
OGBSACHUTL (IPONCXOXKICHUE XUMUYECKHUX MEMEHTOB, MX OTHOCH-
TeNIbHYIO0 paciIpocTpaHeHHOCTs Bo BceeseHwuol. UMasectHo, 4uto
ConHue cOCTOMT B OCHOBHOM M3 BOJOPOAA U FeJiug B NPOTIOPUVU
npuonusurensHo 3:1 mo macce. Bee apyrie, Gonee TsKembie 3ne-
MEHTHI TIPUCYTCTBYIOT B BUAE TIPHMECH, HA KOTOPYIO MPUXOAUTCS
OKOJ10 ABYX IPOLEHTOB M0 Macce. TOT ke cOcTaR UMeeT HoAaRIso-
mee GONBITMACTBO APYTUX 3BE3 W MEX3BE3OHBIH ra3, 3anoIHA0-
Ui QPOCTPAHCTBO MeX Yy HUMH.

Kak xe cloXuics YHUBEPCATBHBIA XUMUIECKHI COCTaR KOCMH-
YeCcKOro BelllecTBa?
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Puc. 4.10. [eopruti AHToHOBI [aviOB e
(1904—1968). EMy npuHamexar TpA Hay4-

§ A A
TIBIX JIOCTIOKCHMH BRICOYALICTO, «HObE- f /(: 7
SICBCKOTO» PaHra. “4\5‘:) &

B 1928 1. o paepsuie MpUMEHWI KBAK- . - Oy Sy
TOBYIO MEXaHWKY (KOTOpas Tor G114 ctie ::'/ \)\
TONBKO—TOABKO CO3IANA) K ATOMHOMY SApY , I
M 1A 3TO OCHOBE AN OOBACHEIUE OAHOMY ; F/ {74
M3 BWIOB PagHOaKTHBHOCTH — anbdia—pac- \ // !
ALY ATOMHbIX SIIED. N § Ve

B 1948 1. [aMOB BEILBUHYJI TEOPHIO «IO- N

psiucit> BceleHHOM M B e paMKax cMOI' IPeackKazarh (BMECTe CO CBOHMM
yucHMxamu PansoM Annpepom u Pobeprom XepManoMm) peuKTOROE H3-
JMYYCHUE — OCTATOUHOE MATYUSIHE, COXPAHUBILICECA B MHPE C CaMbIX PaH-
HUX CTaaMii €TO pacIUMpEnysl.

B 1954 1. oH 3anHTepecoBancd 6MohHINKON U BCKOPE pairajlan Kmove-
BVIO 3aTaIKy YHUBEPCATHHOTO TEHETMECKOro KOna.

[amoB poawics B Onecce, B ceMbe MpenoaasaTencit MmMHa3HH, YHUICH
B JICHUHTPAICKOM YHUBEPCHTETE, TAC €ro npusarensamu Obuid Jlanaay,
bpontrreitn, Usawenxo, a cpeau yunrelicih — ®Opuaman. [aMoB HaunHan
AUIDIOMHYIO paBoTy Mo KOCMO;I0M'MU MoR €r0 PYKOBOACTBOM, HO HEOXM-
nauwas cMepTh Opuamatia riomelana >rum niaadam. dpyr ®pramana npo-
deccop Kpyrkos npestoxun FaMoBy Opyryro Temy, 110 KBAHTOBOM
MexaHuke. Tlocne okoHUYaHMsl YHUBEPCUTETA C1I0 HANPABISIIOT LT HayUHOM
craxuposku B Terturren, KouneurareH. KemBpumk no pexoMmenzaunu
npodeccopoB XBoabcoHa ¥ KpyTkosa.

B 1931 1. [aMOBa M36UPAIOT WIEHOM—KOPPECNOHACHTOM AKageMuu Ha-
yK. Yepes 10 feT RexIiouaot U3 AKaleMuM (B CITUCKE MCKITIOMEHHBIX CTOS -
/M BMECTE € €70 UMCHEM M Apyrve uspecTubic WMeHa: fO. A. Kpytkos, A. H.
Tynoaes, actpoHom Bb.B. Hyvepor...), a eriie yepes nonsexa, 8 1990 r, cHo-
B3 B HEll BOCCTAHARIMBAKOT (TTOCMEPTHO, YBH). [AMOBa UCKIIOHHIIY 32 «He-
BO3BPALLEHCTBO», KAK 3TO TOrAa HaseiBatoch: B 1933 © ot yexai 3a rpaHuuy
Ha Hay4Hylo KoHGbepeHIHo U He Bepryacd. PabBorar chavana B Espolie, a
norov B CHIA.

OH 66Ut 1Mpoko nanecteH Ha 3anauc (B CCCP ero nMsi jonroe spemst
BLUT0 MO 32NPETOM) HC TOASKO KaK BhITAIOWHMHCA TEOPETUK, HO ¥ KaK aB-
TOP UCKNIOUKTEABHO YIAUHLIX HAYYHO—TIOMYJISIPHLIX KHUT, OH HaTMCAN X
fIBa JecATKd, U BCE OHW MHOTOKPATHO H31ABAIUCH Ha pasHelX si3hKax. B
yu4eHOM MHUpe TamMoB Obld 3HAMCHUT HEMCTOLIMMBIM 34114COM TIYTOK M
aHeK[IOTOB, a IIaBHoe — Ge3rpaHMuHOiM N11060BLIo K dusuke. Hayka Gouta
AT HETO CKOPEE A3APTHBIM YBACUEHHUCM, YEM THXKNM [TOBCETHEBHLIM TPY-
IOM. B riazax okpyxato1ux oH 6511 BECe/16IM M 336aBHEIM, HO HE OYEeHb CO-
JVAILIM (M 3T0 [IpU POCTC 1104 2 METPa) M CORCEM He J8.TOBBIM.
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Kak BosHmKJIO, Opexie Bcero, KOCMHMUECKOE COOTHOLIEHUE
MeXIY BOAOpOAOM U TeaneM? BoT mpoGneMa, 3a pelleHUEM Koro-
poit du3nkK 1940-x rogos obpaTHAUCH CHAYAMA K 3BE3AHLIM He-
paM, rae, Kax yxe toraa 6bu10 U3BECTHO, MHTEHCUBHO NPOTEKAIOT
peakLHu MpeBpallieHusi aTOMHBIX saep. Bekope, ognako, BeisicHH-
JI0Ch, YTO NPU OOBIUHAIX PUINUECKUX YCAOBUAX, KOTOPLIE OCYLIECT-
BISHOTCA B LICHTPATBHBIX OONACTAX 3Be3l, NoxoOHbiX CouHily,
HUKaKye 2JeMeHTh] TSKENEE TeNMsl He MOTYT 00pa30oBaThCA B CKOMb-
HUOYAb CYILIECTBEHHbBIX KOJIKYECTRAX.

A 4TO, eC/u BCe 3NIEMEHTHI GBI «CBApEeHBI» He B 3Be31aX, a Cpa-
3y BO Bceil BeceneHHoM Ha nepBbix 3Tanax KoCMOIOTMYECKOro pac-
IIMPEeRUsI? YHUBEPCAIBHOCTE XUMHYECKOTO COCTaBa TIPU 3TOM
aBTOMATHUECKH obecneunBaercs. UTo ke kacaeTcs Guinyeckux ye-
JOBM#, TO B paHHel BceneHHOW ee BELISCTBO HECOMHEHHO ObUIO
TUTOTHBIM, KaK B HeIpax 3Be311, a TO U ele MioTHee. Bricokast nutor-
HOCTh Cpeabl — HENPEMEHHOE yCa0BHe 2P (DEKTUBHOFO IPOTEKAHMS
SIIEPHBIX peakiuil CHHTe3a 3neMeHTOB. st 3TWX peakuuit Heobxo-
MMa TaKxe u Bbicokast Temneparypa. [loromy-1o IamoB ¢ BbLABH-
ract MpeAnoNoXeHUe O TOM, YTO BEUIeCTBO paHHeW BeenenHoix
6BL10 HE TONIBKO TUTOTHBIM, HO W OYEHb TOPSIIUM.

Panugaa Bcenenuas 6pina, no uace Jamona, TeM €CTeCTBEHHBIM
SIIEPHBIM PEAKTOPOM, B KOTOPOM TIPH W3BECTHOM (AOBONBLHO yMe-
PEHHOI1) MIOTHOCTU M TUTAHTCKON TEMMEpaType TPOU3OLLIEN CHH-
TE3 BCEX XMMHYECKHKX 3JIEMEHTOR NIPUPO/HL.

Kocmuueckunii agepHbin peaktop

®punMaH OTKPBUT IWHAMHKY U TEOMETPHIO MHpa. TaMOB TIpH-
BHEC B KOCMOIOCUIO TEPMOIAHHAMUKY U SAEPHYIO (DU3NKY.

TpaktoBka paHHelt BceseHHOIM B Iyxe 0011111X 3aKOHOB TEPMOIH-
HaMUKHU U sinepHoit GU3nky ObLia B 40-¢ re. st GosabmuacTea Gy-
3UKOB M aCTPOHOMOB HeMaloi HeoxuaaHHocTblo. Uckatk B
THTIOTETHYECKHX Y)KE CaMUX ITO Ce6e KOCMONIOTHYECKMX TEOPHAX OT-
BeT H4 KOHKDPETHBbIE BOMPOCHhL O PEAILHOM COCTABE KOCMUYECKOTO
BelECTBA MPEACTARTSUIOCH AEP3KOH M PUCKOBAHHOW 3aTEEH.

TeM Gonee YTO KOCMOJIOIUA B Te NOAbI, KA34/10Ch, 3alllna B TYNUK,
OHa JIABAia CIIUILIXOM HU3KYIO OLEHKY BO3PACTA MUPA, BCCTO 2 M-
TMapia JieT, Toraa KakK Bo3pact CornHua 5 MWITHapIos jeT. 3o npo-
TUBOpPEYHE ObLIO CBA3AHO C OLUMOKOW B TOLAALIHUX U3MEPEHMUSIX
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fIOCTOSIHHOM X46013a; OHO 0Ka3ai0Ch OKOHYATEIbHO CHATHIM JIUITL
K KoHIty 50-x rojios.

Ho FaMoBa 370 BpeMeHHOe 3aTpyaHEHUe, CYAsi MO BCEMY, COBCEM
He cMviato, Ero Bepa B MpaBWIbHOCTD (DPUIMAHOBCKON TeOpyH
Obu1a CTOAb BEJTUKA, YTO OH HE COMHEBAICA — «KPU3HC BO3PACTa» B
KOCMOJTOTMM OYAET TaK WA UHAYE MTPEOAOIEH.,

[lonpo6Has cTaThsl O ANEPHDBIX peaKUUIX B paHHeH ropsiueit Bee-
NeHHOIA, TIoATOoTORJIEHHAas1 [AMOBBIM U ero yueHUKOM Patbthom Ane-
diepoM, 10I8HAACH B 11€4ATH 3a... TpeMs uMeHaMu: Aisgep, bere,
Tamos. D10 GbINA OOHA U3 «HAYYHBLIX LIYTOK» B cTWIe TamoBa: ums
bete OLLNO BMMCAHO B YK€ fOTOBBII TEKCT. Tak BO3HMK/IA CTABLIAs
BIIOCJIEICTBUM 3HAMEHUTOH Anbda-beta-laMmMa-Teopus.

Cuutes renma

Teopusi COBEPIIEHCTBOBANACH CO BpEMEHEM Gnaronaps KOHCYJb-
TAUMAM U KPUTHUYECKUM 3aAMEYAHUSIM, KOTOPHIE BHICKA3BIBATA 1O
xony nena B ee anpec D. Mepmu, C. Xaswu, O. Xoiin, Y. Qaynep, M.
bepbuik, x. bepouak. B nansHeiiieM mpoLuecc KOCMOAOTUYEC-
KOro HyKJIEOCMHTE3a 3aHORO U3yuasiu B 60Jjiee CTporoif MOCTaHOBKE,
CTaBILEi BO3IMOXHOIA 61aroaapsi YTOUHEHUIO JaHHLIX AAepHOH ¢y~
3UKM, 3eMBI0BUY U €TO COTPYAHVK AKyOoB B 1964-1965 1. BMecTe
€ TeM 11170 YTOYHEHHE HAOI0IaTeNbHBLX ACTPOHOMWYECKUX NAHHBIX
O XMMUYECKOM COCTaRe BeulecTBa BeeneHnoii.

B vrore 606101 MHOTONETHEH KOUTEKTUBHOM paboTh] cnelt-
ATUCTOB PA3HbIX CTPaH, KHULMMPOBAHHOW [aMOBBIM, cTano ove-
BWIHEIM, YTO KOCMMYeCKasl PacpOCTPAHEHHOCTb ABYX [MaBHBIX
3M¢MEHTOB — BOJOPOIA U TeUsl — ACHUCTBUTENABHO MOXET ObITH
O0DBACHEHA ACPHBLIMU PEaKIIMsiMU B TOPSYEM BELUECTBE PaHHEH
Beenennoii.

Ilpouecc 06pa3oBanus refivis U3 IPOTOHOB M HEUTPOHOB NpPOTE-
KaeT Tak. [Tpyu TemnepaTtype B MusutHapL rpasycoB KeabBuHa mipo-
TOH MU HEUTPOH MOTYT, CTOJKHYBLHIUCH MPH CBOUX OBICTPLIX
TEIUIOBbIX IBHKEHUAX, CITUTHCS H OOPa30BaTh SUAPO NEHTEpHn. ITO
ye COCTaBHOE SZIPO, HO BCE XKe eflle AP0 BOAOPOAA, SAPO TXENO0-
ro BOAOpO/A.

Cneaytolllee 3BE€HO B LIETIOUKE SASPHLIX MPEBpalLeHNI TAaKOBO.
JlBa TOJBKO 4YTO OOPA30BABLUYXCA SI4PA NEHTEPUA CTANKUBAIOTCSH
Ipyr ¢ APYroM W 00pa3yloT s/po TPUTUS, BbIOpachiBasi TIPH 3TOM
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OIMH CBOGOAMBINA NPOTOH. TPUTHII — 3TO TOXE BOAOPOA, HO CaMbiii
TIXKEAbIM, B €70 AiUPC TPU YACTHIIBI: OAMH MPOTOH W B2 HEWTPOHA.
[Tocne 3Toro AAPO TPUTUH MOXKET CTOJKHYTLCA C APYTUM SAPOM
acutepusi, CAUSTHUE UX BEIET K 00Pa30BaHUIO HOBONO XUMUYECKOrO
3eMEHTa — Te/IMsl, BTOPOIrO Mocje Bogopoaa B Tabnule Mengeste-
eBa. B ampe renusi, BO3HUKAIOIEM TAKKM [TYTEM, COACPKUTCS ABA
NPOTOHA U ABA HEMTPOHA; 310 TeIuii-4, caMbIil pacpoCTpaHeHbIi
B MIPUPOJIE U3OTOM TeNus.

B Toi1 xe peaknmu 0cBOBOXIACTCSI OMMH HEHTPOH U3 TEX TPEX,
YTO OBITU B UCXOJHBIX AAPAX TPUTHS U JeHTEPHS.

Ha sToM Lenoyka snepHbIX NpeBpalleHUit He obpbiBaeTcs. B xo-
JIe CTO;IKHOBEHUN K CITMSHUIE YacTULL U JIETKUX siliep oOpasyeTcs re-
nuid-3, serkuilt w3oton reius. Ho sTux danep obpasyeTcst MHOTO
MEHbLle, yem saep renvs-4. O6pasyloTcd W siApa AUTHS, TPEThero
3JIEMEHTa TabAnLBl MeHIe/eeBa, HO UX BO3HUKAST U €1LE MEHBLLE,
yem siaep reaus-3.

TIpornece saepHbIX NpeBpaLIeHUIT OCTAHABIUBACTCS W3-32a naje-
HUA TEMIIEPATYPbLL Cpedbl B XO[€ KOCMOJIOTUYECKOTO PACUIMPEHHS.
[Ipn Gonee HU3KUX TeMnepaTypaX CTOJAKHOBEHHS YACTULL yXe He

p n D
. O +O0—- 0O

D D T D
2 O+O—>O + O

T D He n
3. Q+O"Q + O

Puc.4.11. Cunres reaus n ropsiueit BeesieHHoit.
Snpa resms (He) BO3HMKAIOT B pe3ysTbTaTe HENOYKH U3 TPEX sIEPHBIX

PEAKIMi, B KOTOPbIX YYACTBYIOT ILPOTOHBI (D), HEUTPOHBI (N) U SOpa TsLKE-
aoro sogopona — acirepnit( D) n tputuit (T).
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MPUBOIAT K VX CIUSHIASIM, U JaTbllie CAMBIX JCTKNX SEP IpoLece
CWHTE3a 31EMEHTOB B ropsiucii paHHei BeeneHHol He 3axonuT. Oc-
HOBHOM MPOJIYKT 3TOro mpolecca — resiuii-4, Ha KOTOPLIN € TeX Nop
TIPUXOINTCST OKO510 UeTBEPTU MACChl 3BE3I M MEX3BE3IHOTO Irasa.
YTo e KacaeTcsa Bcex 60Tee TAKENBIX 3JICMEHTOB — KUCIIOPOo;a,
YIJICPOAd, KPEMHMSL M T. . — OHH JOJXKHEIL, MO-BUTTMOMY, CHHTE3H-
poBaTLC UHbIM, HE KOCMOIOTHYECKMM IYTEM, HaMpUMeEp, Npu
BCILILLIKAX CREPXHOBbIX 3Be34. Kak yKe CKa3aHo, Ha HUX TIPUXOIUT-
Csl BCETO OKOJIO JABYX MTPOLICHTOB MACCh! 3BE3/1 ¥ MEX3BE3LHOIO rasa.

PenuktoBoe usnyyenue

Ho uMmeetcs M ente oaun «NpoRyKT» paHHeld ropsiucit BeeseH-
HOH — 37O ra3 (POTOHOB, KBAHTOB 3MEKTPOMArHUTHOTO U3NYUeHUS.
Ilpu Temneparypax B MUUIMAPA rpafycoB ra3 OTOHOB UMECsa BO
BceneHHoi BMeCTe ¢ ropsuuM BEUIECTBOM ~— 3TOr0 TpeOYIOT 3aK0-
HbI TepMoarHaMuku. CpenHsis 3Heprus 0HOro GoTOHa NPU TaKUX
00CTOsITENbCTBAX OIN3KA K CPeHEd IHEPIHU TETUIOBOTO ABHXXEHUS
JIPYTrYX 4acTHLL, 06pa3yroliX ropsuyo KOCMUUECKYIO ThasMy. Yrc-
110 xe GOTOHOB MHOTO 00/1bllie YUCJ1A [IPOTOHOB — MPUOJIU3UTEIb-
HO B ACCATb MW/L{UAPAOB pas.

Ho »ro 03na4aeT, 4To NosHas 3Hepryist GOTOHOR BO CTONEKO XE
pa3 6oJbILe TIOTHOM TENJIOBOM 3HEPTUU YACTULL TUIa3Mbl. Jlaxe ec-
JIM Y4ECTb HE TO,1LKO TCILTOBYIO 3HEPTHIO TLAA3Mbl, HO Y 3HCPTHIO
1IOKOS €€ YaCTUl, Bce PaBHO (GOTOHLI OyIyT LOMUHMPOBaATL IO
IHEpryuu Hal r1a3mMomu.

DOTOHBI U KOCMHYECKAA [11a3Ma OX1aKIANVCh B X0 ODILETO
KocMontorudeckoro pacuimpenus. [pu stom npeobaananue doto-
HOB HaJ [IPOTOHAMM M HEWTPOHAMM 110 3HEPTUH TIPONOIKAIIO CyIe-
CTBOBaTh B MEPBble CTO THICHY JeT XKU3HH Beenennoi. Noce storo
JOMUHUPOBAIH 110 IHEPTUM yxe YacTnubl. Ho Gorons Hukyaa He
yedednu. Oxiaxiasich U Jajikille, OHU TIPOAOCIKATH CYIIECTBOBATh
Bo BceneHHOM.

Te camblie (POTOHBI, KOTOPHIE UMETUCH B 3TIOXY SIEPHBIX peak-
11t B paHHell BceneHHOM, COXpaHWIMCEH U 10 HAlMx AHeid. Takoe
[peACKA3aHWE IBHBIM 00Pa30M BBITEKANO W3 Teopuu [aMosa. EMy
yoanoch Aaxe NPUMEPHO YKa3aTh, KAKOM A0KHA ObiTh TeMMNepaTy-
pa UIIYYEHUH B COBpeMEHHyIo 31oxy. [To pacueram TamMoBa ¥ ero
YYEHUKOB U COTpynHUKOB Panbda Anbwdepa 1 Pobepra XepmaHa
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(06a oHM, MEX Y TIPOYUM, U3 CeMeil ¢ pOCCUHCKUMU KOPHSIMU) TTO-
JY4anock, YTO B HaIlly 3MOXY TeMriepatypa GOTOHOB A0IKHA ObITh
BeCcbMa OJ1113K0I K a0COMKTHOMY HY/10, BCero B ripeaesax ot 1 no 10
rpanycoB KensuHa, 3TH X0M0aHBIE QOTOHBI JOJUKHBI PABHOMEPHO
3aMoJIHATL BCE MPOCTPAHCTBO U CO3IaBaTh TEM CaMbIM OBLLMIA KOC-
MUYECKHI (POH INEKTPOMATHUTHOTO U3TYYEHUS.

B 1965 1. hoToHBI, 06pasyIolie KOCMUYECKOE (OHOBOE B3TyUe-
Hue, ObLIM OOHapyxeHol paauoacTtpoHoMaMu A. IleHnsuacom u
P. BuncoHoM. TemniepaTypa UaiyyeHus OKa3anach 0J1U3KOH K TpeM
rpaaycaM KensBuna. Tak teopust ropsueii Bcenennoi nmomyqmna
TIpsSIMOE HabMoNaTeTkHOE SIOATBEPXIEHNE. A N3MepEHHBIE TPU Tpa-
IIyca OUeHb XOPOILIO COTIACYIOTCS ¢ TEOPETUYECKHUM MPENCKa3aHHEM
— TeMrepaTypa oraaacT TOYHO B PACYCTHLIA HHTEPBAJl,

Mexamy IpouuM, B OJHOM U3 CBOMX MHOFOUNCIEHHBIX HayYHO-
nonynspHeix ctateid [amoB Hanmucan (B 1950 r), yto Temneparypa
(POHOBOTO UITYUEHUSA IOMKHA OBITH OKOXO TPEX IPalycoB — 3TO Ce-
penHMHa (aorapudmuueckas) pacueTHOro HHTEpBaia TEMIIEPATYP.
TaMoB yrajan — TaK ¥ OKa3ajioch,

3a cems Jiet 1o Ien3naca v BuncoHa tpexrpanycHoe KocMudec-
KOE HaNyudeHHe pealbHO peructpupoBaiocs B [lynkosckoit o6cep-
BATOPUU C MNOMOIUBIO PYNOPHOA AHTEHHSI, MMOCTPOSHHOMI
XaitkunbeM, KaiinaHosckuM v [lIMaoHoBeIM. Ho HUKTO, YBBI, HE

Mpuan Toraa 3TOMy 3Ha-
A YeHwus. ..
' 10°K VAUBATEABHBIH KOCMU-
YeCcKHt PeHoMeH — ocCTa-
TOYHOE U3NyueHHe paHHel
ropstucit BceneHHo#it — mo-
NYYHI, N0 TIPEILTOXEHHIO
[IknoBcxoro, Ha3BaHUE
PEJTMKTOBOTO 3yYeHus. B
aAHLIOA3BIMHOM JIUTEpAType
yaie roBopAT «KOCMMUYEC-
KOE MHKPORBOJIIHOBOE (ho-
HOBOE U3TYYeHHE».

OTKPBHITHE PEJTUKTOBO-
Puc.4.12. Temflepatypa usnyuenus YO M3Tydenus 6bLTO MoA-

B paciupsiolneiica BeeneHHoiA. TBEPXIEHHWEM HeE TOJIbKO
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HIEeM TOPSUEro Havaia MUpPA. D710 GBbUIO TAKKE W MOATBEPXKACHUE
061LIeH KOHLE MUY 2BOAIOLMK MUpa, co3aanHol dpuamaHoM. Au-
HAMWKa M TCOMETPHUS MUpa, OTickIBaeMEle Teopueit dpunmana,
BMECTE C TEPMOIWHAMUKON U SIACPHON (PU3NKOH KOCMUUCCKOM
cpelbl, pa3paboTaHHLIMU [AMOBRIM, COCTARAAIOT ITTABHOE COACP KA~
HUe COBPEMENHHON HayKn 0 BcengHHOIM.

WsyueHye pemmKTOBOTO M1yUeHUs NOKA34/10, YTO OHO 3AII0AHA-
€T IIPOCTPAHCTBO PABHOMEPHO, ¥ 3Ta PABHOMEPHOCTS ITOUTH Uealb-
Ha., M3-32 CBOGH TMOUTHM UAEATBHO OAHOPONHOW NJIOTHOCTH,
PENMUKTOBROE UTyyeHHE NPUXOAUT K HaM PABHOMEPHO U3 BCeX Ha-
MpaRieHUi, T. €. OHO W30TPOTHO. CTeneHb U30TPOIUH UCKITIOYH-
TEJIHHO BLHICOKA: OTHOCHTEJIbHBIE OTKJTOHEHMS OT HEe HE IIPERbILIAIOT
COTbIX A0JEH NMPOLCHTA, ITO PEKOPAHO BHICOKASI TOUHOCTE ISl KOC-
Mostoru. Ee CTOUT CpaBHUTB ¢ TOYHOCTBIO, ¢ KOTOPOH U3MEpPeHa
PaBHOMEPHOCTb PACIPEAENEHUS MAIAKTUK, OXTHOPOLHOCTD IIOTHOC-
TU CReTs11erocs BeluecTra BeenenHoit;, TOTHOCTL 1o raJTakTHKaMm co-
CTABJISIET TPUMEPHO TPUALIATH NIPOLIEHTOB.

Tak 4yT0 OAHOPOOHOCTL U U3OTPONMS PETUKTOBOIO U3JTY9eHNS —
3TO CaMOe BecoMoe HabmomaTelbHOE TOATBEPXKIEHWE BBICOKOI
TIPOCTPAHCTBEHHOH CUMMETPUHN Modean PpuaMata.

Muposo# admp

Bckope nocne ero oTXphITUS, @ 0COGEHHO B caMble Moc/elHue
TOIbl, PENUKTOROE U3MYYCHUE T[PEeBPATUNIOCh, MOXXHO CKa3aTh, M3
06BEXTa HCCAEAORAHNA B MHCTPYMEHT UCCAEAOBAHUA Mupa. U3 Ha-
6100eHUI 3TOr0 U3NYUEHHS YIANOCH OTIPe/IeJIATD ABUXEHUE 3EMITH
OTHOCHUTENbHO 3TOTO hOHA. DTO CTANO BO3IMOXHO OTISATh-TaKU GJla-
ropapa 3ddekTy Hdomniepa. Ecan paanoanteHHa, WM paguoMeTp,
KakK [peanovyuTaloT ceifuac roBOpHTh PATMOACTPOHOMEL, IBUXETCS
OTHOCHTENbHO PENUKTOBOTO (POHA, TO BCTPEYHBIE PEIUKTOBLIE (O-
TOHb! 6YAYT UMETD YYTh MEHLIIYIO JUIMHY BOJIHBL, UeM B CJTyyae, KO-
TIa PAAMOMETP MOKOWUTCSI OTHOCUTENBHO (OoHAa. TOYHO TakK Xe
JOTOHSAIOLLHE PAnUOMETp HOTOHKI BYLYT UMETh HECKONbKO 60Nb-
Wyo IIUHY BONHBL. M3Mepsst 3Tu nBa ¢IBUTA MW MIOO0N U3 HMX,
MOXHO OTIPEIEAUTb CKOPOCTh PATUOMETPA OTHOCHTENALHO peJ'IMKTO-
ROro (poHa.

Tak uto ana pBnxyuierocss Habmomnatens peluKTOBOE U3Tyde-
HHWE YK€ HE BBINTAANUT CTPOro U30TpomnHbIM. Tlpy 3TOM BO3HMKAET
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CIBHMI [JVIMH BOJIH B HATTPAR/IEHWH BIiepenl—Ha3al, KOTOPblil Ha3biBa-
10T AUITONTBHOW aHU3OTPOMUESH UINYUSCHUA.

JunonbHasg aHV30TPONKS PENVKTOBOTO hoHa Gbula pealbHO 06-
HapyXcHa C MOMOLIBI0 PAAKOMETPOB, BbIHECEHHLIX 3d IPEREAb!
3eMHOI atMocdephl (4To6ht OHA He Meluana HabMOAEHUsIM) Ha BbBI-
COTHAIX CaMmoJIeTax 1 aspoctartax. OKasanochk, YTo B HATIPARIEHUMN
Ha co3se3ue JIbBa MMeeTCs COBUT B CTOPOHY BoJice KOPOTKUX BOJIH,
a B [IPOTUBOIONOXHOM HAMPaRIEHHH — B CTOPOHY [LTHHHbLIX. Pa3-
HULA COCTaRNSA NPAOCTW3UTENLHO NBE JECATBIX MPOLEHTA, W, Te-
pecuiTaB e¢ Ha CKopocTb no 3Ppdekty [Homuepa. HaGmogaTe i
HALILIH, YTO CKOPOCTh 3¢MJIU OTHOCUTENRHO PEAUKTOBOrO hoHa co-
CTaBNACT MPUGANINTENBHO TPUCTA KMIIOMETPOB B CEKYHUY. DTO 04-
Ha ThICAYHAS CKOPOCTU CBETA, T. €. OHA NIECcsITasl fIPOLEHTA OT HEe;
T4aK U JOJIXXHO ObITh, OO0 OTHOCUTENbHBIIM CABHT UIMHGI BOJHK pa-
BEH — B KQXAOM U3 060MX HANPaBJIeHN — OTHOLLEHWIO CKOPOCTH
JBUXEHUS K CKOPOCTH CBETA.

Hrak, 3eMna ABuxeTcsl B HanpaBieHWn Ha co3sesaue Jlbpa co
CKOPOCTBIO MPUOIU3UTENLHO B 300 KM/CEX OTHOCUTENBHO PEJIHKTO-
Boro ¢oua. C Takoi CKOPOCTHIO MBI MYUMCS B «MUPOBOM Bupe»,
pOJTb KOTOPOTO B COBPEMEHHOM KOCMOJOTMU UCIIOMHSET PEIUKTO-
BbIA poH.

310T HOH CAYXAT MAEATHLHO YCTPOEHHOM M OUeHb YAOOHO! cvc-
TEMO OTCUETA NS N3MEPEHUA ABMXEHVT PAIMYHBIX TET B KOCMO-
noruu. (Ho pemukToBoe NITyHUeHWe He MMeeT HUIEro ob1Uero ¢ Tem
[UMOTETUIECKAM MMUPOBBIM 3(UPOM, KOTOpPBIH obCyxXnaicst B
ROBHHIITEHHOBCKOH (DU3MKe B KAYeCTBe OCOOOM, ClleuranhHoi
Cpe/ibl, B KOTOPO# SKOOBI TOTBKO U MOI' PaCPOCTPAHATLCS CBET.)

Haxonsick Ha 3emile, acTpPOHOM—~HaBN0OAATENTS U3MEPAET CKOPO-
CTH APYTHUX FAIAKTUK OTHOCUTENIBHO 3eMIH. BblxoauTt, uro ans on-
peJENEHUST «MCTUHHbIX» CKOPOCTEH TalaKTHK, T. €. UX CKOpOCTEH
OTHOCUTENILHO PEIMKTOBOTO JOHA, HYXKHO U3 U3IMEPEHHOMU CKOpOC-
TH BBHIYECTh CKOPOCTh 3eMITH.

Ecay HabM0aa10TCs TAIAKTUKN HA PACCTOSIHUSIX B IBECTH Mera-
Mapcek, TO X CKOPOCTH COCTABAT MO 3aKoHy Xabbna npubausu-
tesibo 10000 kM/cex. Torna mompaBka Ha ABHMXeHWe 3eMiw,
OYEBUAHO, HE OUCHb CYILECCTBEHHA, OHA COCTABUT BCErO TPU Mpo-
ueHTa, He 6onee. Ho st GNU3KYX ratakTUK 3Ta fIoNpaBka OTHOCU-
TENBHO GOJbIUE M €€ HYXXHO TPUMHUMATL BO BHUMaHUE.
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CkopocTh 3eMIM OTHOCUTENBHO PeIMKTOBOro (hoHa B AecATh
pa3 Gonblue ckopoctu obOpauneHust 3emitu sBokpyr Conrua
(30 kM/cek). OHa 6AM3Ka K cKopocTh obpauleHUst CoslHIIA BOKDYT
menrpa fanaktuku (220 kM/cex). Ho no HanpasjienusO cKopocThb
3eMJIK OTHOCUTENBHO PETUKTOBOTO (hoHA IOUTH B TOMHOCTU NMPOTH -
BONO/I0XHA OpOUTIRHOM ckopocTy CornHLA.

Puc.4.13. ABrxeHue 3eMiun { >

(BMecte ¢ ConHuem), TamaKkTuky n
TPYNIb 6U3KUX TATAKTUK. [—3
1 — ckopocThb 3eMan
OTHOCHUTENTLHO PEMKTOBOTO (hoHa;
2— cXOpocTh 3eMiu
OTHOCMTENBHO LieHTpa [a1akTHKY;
3— ckopoCTSh lieHTpa [anakTnku
OTHOCMTENBHO PETMKTOBOrO (hOHA;
4— cKOpOCTb UeHTpa JanaxTHku
OTHOCHTETLHO IPYTITH GIHU3KIX
ralfakTuK;
5— cKOpOCTB [IeHTpa Macc
Ipyansl rafakTHK OTHOCUTCABHO
PENUKTOBOTO PoHa.

HerpymHo coobpasuTh, 4TO U3 MOCAECAHETO BRITEKAET 3HAYCHHE
CKOPOCTH LeHTpa TATak TRKW OTHOCHTENBHO PEJBKTOBOro (hoHa —
3Ta CKOpPOCTh paBHa cymMe ckopocTeid 300 u 220 KM/cek, T. e. co-
cTaBiseT npuMepHo 500 kM/cek.

Bouiee Toro, U3 nocaeaHel udpbl — BMECTE € JaHHBIMY O ABU-
KEHUSIX APYIUX FafaKTHK OTHOCUTEBHO Halfeil [ATaKkTUKU — Bbi-
TEKAET, 4TO OOJIbLIAS COBOKYITHOCTh TATAKTUK B OOBEME C PA3MEPOM
B 50—100 Meranmapcex ABHXETCA, KaK UEN0e, OTHOCHTEILHO PEJIMK--
TOBOTO PoHA cO ckopocThio S00—600 km/cex. To, UTo Takas GOMb-
1as Macca CTofib OBICTPO IOBUXKETCS B «MUPOBOM 3dupe»,
0Ka3aJioCh MONHBIM CIOPITPUIOM Ul 4CTPOHOMOB. Ilpexjie cuMTa-
JOCh, YTO LICHTP 3TOH MACCH JOJDKEH CKOPEe TIOUTH TTOKOUTRCS OT-
HOCHTENbHO (poHa. Ml elle BepHeEMCcH Jajlee K 06CYXIEHMIO 3TOro
dakTa.



BceMupHOe aHTUTArOTEHue

f'unote3a JMHwWTENHA

C xoHua 1920-x ronoB runoTte3a SRHIITE AHOBCKOW KOCMOJIOTH-
4ecKol NOCTOMHHOFH COMTa, Ka3a10Ch, CO CHEHEL. JeACTBUTENLHO,
pa3 MUpP He CTaTHYEH W PACILUPSETCH, B Rell yXKe TIPOCTO HET HyX-~
el Tak cdpTan DHRIITERH, Tak ZYMATH M IPYTHE TEOPETHKHU, Cpe-
v wux JI. JI. Jlangay v B. ITayou. O6 ymoHacTpoeHud Jlawnay B
1940—50 rr. nuwet B. JI. Inn3oypr: «J1. J1. JTavmay jaxe casiniaTs He
xXoren 0 A-uleHe, HO JOBHTLCSI OT HETO NIPUYNHBI TAKOH f103MLUN
MHE He yIaoCh».

M, TeM He MeHee, MHTEpeC K TUTIOTe3e DifHUITeifHa He npoTragan
cosceM. JecsiTUIeTHE 3a IECATUNETHEM, HauMHas ¢ pador B. ae
Curtrepa v XK. JleMeTpa, CKIaabIBaIOCh HOHMMAHHUE TOTO, YTO XE, B
CYIUHOCTH, CTOMT 3a 3TON HOBOM KOHCTAHTOH MPUPORBI, — E€CJIH
TOJIBKO OHA HE paBHA HYMIO.

TlocTeneHHo €Taio ICHO, YTO B CBOEH MepROM KOCMOJOTHYEC-
KOif paGoTe DITHITEWH MPEIIOXWT THIIOTE3Y O TOM, YTO HAPARY C
OOBIYHBIM BELIECTBOM, BCE YACTHULILI KOTOPOro — (IPOTOHBI, 37eK-
TPOHbL, HEHTPOHBI U T. . ~— WCITHITBIBAIOT B3AUMHOE NIPUTAXKEHHE, B
MUpPE CYIIECTBYET ¥ COBCEM HEOObINHAS CpeAa, CO3AaI0IAA HE TIPU-
TSKEHUE, @ aHTUTIPUTKEHUE, OTTATKUBAHUE. DTa HEUM3BeCTHAd IO
TOrO — HW B TEOPUH, HU B 3KCIIEPUMEHTE — Cpelia JAeHUCTBYET Ha
oObrMHOe BelleCcTBO BeeseHHOoM U ¢cnoco0Ha yMEHbIUUTE WM JaXe
BOBCE KOMIIEHCHPOBATL B3AUMHOE MPUTSHXKEHVE €ro YaCTHL, 8 TO U
TEPECUITUTD ETO.

AHTHTPABUTUPYOUIAs Cpena npeacTaslieHa B MOAUMULIKPOBAH-
HbIX YPABHEHUSIX BCETO ONHOW KOHCTAHTOM — 3WHIITEHOBCKOM
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KOCMOJIOfHueckoil nmocTosiHHON A. BenwuuMHa KOCMONIOIHYECKOM
TTOCTOAHHOM He BLIBOAMTCS U3 Kako¥-Tnoo pyHNaMEHTAILHOM Te-
OpUM, a MOMNIEXUT HabmonaTensHOMY omnpelencHuio. B Monenu
DiHIUTeRHA ee 3HAYeHHE JO/DKHO ObITh TAKUM, YTOGH 00eCcreunTh
TOYHYIO KOMIIEHCALMIO TATOTEHUS aHTUTAFOTEHUEM.

Ecny Takas xoMneHCcalMs UMEET MeCcTo, TO CyMMa CHJI, YIPUJIO-
XKEHHBIX K K&XIOHM YaCTULIE XOCMUYECKOTO BELIECTBA, OKA3LIBAETCS
paBHOIf HYMO, ¥ [OTOMY BCE YaCTUUSHI B MUPE MOTYT HAXOTUTHCS B
nokoe. Eciiu Bce yacTHiIbl ToKosATCs, BeeneHHast Kak Lienoe, Toxe
JIMIIEHA NBYDKEHVSl — OHA HEMOABVIKHA ¥ CTATUYHA, OHA HE MEHR -
ercd co BpeMeHeM. MMeHHO 3T0 COCTOHUE banaHca CUI U OITUCHE-
Baercs, MO CYTH, KOCMOJOTHENR DiHIITERHA,

Tak 43, Ka3anoch 661, BEIHYXAEHHOrO MpegrionoXeHuss 0 HOBOMH
TMTOCTOSIHHON FIPpUPOJABI pOAWIACh TPAHIHWO3HAS TMIOTE3a BCEMUP-
HOTO aHTUTSATOTEHMNS.

Hu B neppoii croefi KocMosoruueckoit pabore, HU To3nHee
DHHIUTEHH He TOBOPUT 00 aHTUTATOTEHUH, BAKYYME, TEMHOI SHEP-
ruy v T. 0. Ho aeno He B clioBax ¥ Haspanusax. OH BooOlle Bo3aep-
XKUBaeTCsl OT KaKoi-1u6o u3IMUecko WHTepnpeTaluny
KOCMOJIOTMYECKOM MOCTOSIHHOM. Y HEro He TOBOPUTCH M O KOMIEH-
CalMM TATOTEHMSI KOCMMYECKOTO BEILECTBA 3a CYeT (PU3NYECKOrO
3¢ddexTa, ONUCHIBAEMOTO 3TOI MOCTOSIHHOM.

Ceiqac cyMTaeTCsl, YTO KOCMOJIOTUYECKast TIOCTOSIHHAS TIped-
CTaB/ISIET CODOI KONMYECTBEHHYIO XapAaKTEPUCTUKY KOCMHUYECKOTO
BaKyyMa. Takasi Touka 3peHHust 6blna BriepBble Bhicka3aHa 3. b. Du-
Hepom B 1965 1. KocMUUYECKHI BAKYYM — 3TO TAKOE COCTOSHHE KO-
CMMYECKOM Cpefibl, KOTOpoe 001anacT ITOCTOSHHOH BO BDEMEHM M
BCIOy ONHHAKOBOU B TNPOCTPAHCTBE ILIOTHOCTBYD — W FIDUTOM B
JHo6o# cucteMe otcueTa. ITo 5T¥MM cBocTBaM BakyyM MPUHLMMNW-
AJILHO OTJIMYAETCH OT BCEX APYIHMX, OOBIYHBIX (POPM KOCMMUUECKOM
Cpelbl, MIOTHOCTb KOTOPLIX HEOJHOPOIHA B NPOCTPAHCTBE, MATaeT
CO BpPEMEHEM B XOfIe KOCMOJIOTHUYECKOTO PACHIMPEHUA K MOXET
OBITb Pa3HOI B PA3HBIX CHCTEMAX OTCYETA.

Ecnm octaBUTh B CTOPOHE NIPEACTaBNEHue 0 CTaTyuHoOCcTH Bee-
NEHHOM, TO ruTIoTe3a DifHIITeiiHA 6bLTa B IEMCTBUTENBHOCTH NPENT-
TIOJIOXKEHUEM O CYLUECTBOBAHMM B MUPE KOCMUYECKOTO Bakyyma. U
3TO MNPERNONOXEHUE, HAKOHEL, MOATBEPAWIOCH B ACTPOHOMUYEC-
KUX HABIIONSHUSIX.
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OTxpbiTHE

B 1998 —-99 rT. nBe rpyTiNbl aCTPOHOMOR OTKPLIAU BCEMUPHOE aH-
TATATOTERUE W KOCMUYeCKUH BakyyM. B pabote yuacTBoBaN0O 60JIh-
MOE YUCNO ACTPOHOMOB (OKOJIO CYa, B O0MICH CITOXKHOCTH), OAHOMR
rpynnoii pykosoaumu bpattan Cmurr w Anam Paitec, apyroit — Con
[TepamyTTep; NccaenOBaHUA FIPONOXKAIOTCS U ceituac, OHHU NMpRoo-
PETAIOT BCE OOJIbUIMIA PA3MAaX, B HUX BKJTIOYAIOTCS HOBBIE U HOBBIE
HabnomaTeNln, a 33 HUMU Y TEOPETHKH.

[i1aBHBI CMBICT HOBEUILUX OTKPBITHIT B KOCMONIOTHH TAKOB. B
HabmogaeMoli BeeneHHol TOMUHUpYeT BaKyyM, — B TOYHOCTH TOT,
KOTODPBIA MaTeMaTHUECKU ONUCHIBASTCS M HIITe HHOBCKONH KOCMO-
JIOTUYECKOU T10CTOSIHHOM. 110 MITOTHOCTH SHEPTUM OH ITPEBOCXOIHT
BCE «OOBITHBIE» (POPMBI KOCMHUECKOTO BEILIECTBA BMECTE B3SITbIE.
BakyyM c0303aeT KOCMMYECKOE AHTUTATOTEHUE, aHTUTPABUTALIUIO,
KOTOpast yIpaBideT AMHAMUKON KOCMOMOTIIECKOTO PACIIWPEHs B
CORPEMEHHYIO 3TIOXY.

OTKpbITHE CACNIAHO HA OCHOBAHWW M3YUEHUsT HATIEKHX BCITBIILEK
CBEPXHOBBIX 3Be31. M3-32 UX UCKITIOUHTENBHONW SPKOCTH, CBEPXHO-
BhIE MOXKHO HabJoAaTh Ha OYeHb BOABILKX, TO-HACTOALEMY KOC-
MOJIOTHYECKHX, paccTostHuax. Omyckast apyrHe OeTaiH, CKaKEM,
YTO MCTIONB3OBANUCE JAHHbIE O CBEPXHOBLIX OMpeNeNeHHOro THIa
(1a), KoTopble MPUHATO CYNTATE «CTAHAAPTHHIMHU CBEUAMM»; UX COO-
CTBEHHAS CBETUMOCTE B MAKCUMYMeE BJ1ecka JEHCTBUTEBHO JIEXKUT
B JOBOJIBHO Y3KVX Mpeaenax (3KCIepThi MO CBEPXHOBBIM MPOOITKA-
IOT MEX/ly TeM CITOPUTH, B KAKUX HMEHHO).

Ha 803MOXHOCTE UCNONBL30BAHUA CBEPXHOBBIX 3BE3]] B KAYECTRE
«CTAHAAPTHBIX CBeyeit» Bitepshie ykazan F0. T1. Flckoscxuii B 1977
roxny.

CaepxHoBble THN2 la 3aHsuIM ceftuac TO MeCTO B KOCMOJIOTHH,
KOTOPOE BO BpeMeHa Xab671a FpIHALIEKAT0 Topa3no MeHee SIPKUM
3pe3naM edennam. CBEPXHOBBIE CIYXaT AJst ONpeleeHUA TaKuX
BONBLINX KOCMOJIOTMYECKMX PACCTOSIHMIA, Ha KOTOPBIX Ledenan! K
JIpyrye «ODBIYHBIE» 3BE3/Ib YKe HE BUIHBI JAXKE B CAMbIE KPYIHbIE
coBpeMeHHbIe Teeckorbl. CaMble najieKue CBepXHOBRIE Habmona-
10T C TOMOUILID KOCMUYECKOIO TeNeCKOra, HOCAILEro uMsa Xabbina.

Xab010BCKUE KOCMUYECKHMIF TEJNECKOM HAXOAUTCH Ha OKO.0-
3eMHOM OpbHTe yKe MHOTO JIET N UCNPARHO CAYXUT aCTPOHOMHM U
KocMonorun. Ero 3epkano uMeeT NoYTH B TOYHOCTU TOT XK€ AMAMETD
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KpacHoe cMmelleHue - —»

Puc. 4.14. CeepxoBbie 3Be34bl H YCKOpeHUe BeeneHHoIM:
JFARUCHMOCTD BIeCKa 3BE3bt OT KPACHOTO CMELISHHA.
HaOmomateIbHbIE TOUKY JIOXKATCH HA BEPXHIOIO M3 1BYX TEOPETHUECKUX
KPUBBIX. DTO O3HAYAET, YTO KOCMOJIOIMYECKOE PacIINpeHNe IPOUCXOINT ¢
YCKOpEHHEM.

Breck uaMepsieTcst B Norapu@MUIecKoil 1Kane ¥ BO3pacTaeT Ha BepTU-
KaJIbHOH OCH CBCPXY BHM3.

(2,4 MeTpa), uro 1 y Xab6na Ha obcepraropu MayHT Buncod. Ho
€T0 MOIIlH TOPa3rTo CUIIbHEE U3-3a OTCYTCTBUSM aTMOCHEPHBIX MOMEX.
N, XxpoMe Toro, yCTaHOBJIEHHbIE Ha HEM COBEPILICHHBIE TPHEMHUKH
CBeTa AenaoT 3PPEKTUBHOCTL HAGTIOACHUH Topa3no 6onee BbICO-
Koit, yeM 370 6bU10 B 1920-e roanl, — ceidyac y4nuThIBAeTCA W pEerm-
CTPMPYETCA YYTh JIM HE XaXkIblit Mafaroluii Ha 3epkano OTOH.

OnHO TIIOXO CO CBEPXHOBBIMH —— 3JITUX 3BE3Ji OYeHb Mano. B
cpeaHeM Ha OOBIUHYIO TalakKTHKY TIPMXOAWTCS ONHA BCHBIIKA
CBEPXHOBOI 33 [IPUMEPHO CTO JIET, 1a U IVIWTCA 3Ta BCIIbIIIKA BCETO
HECKOJTbKO MECSILIEB, a TO Y HEAEb.

[eprasi rpyniia Habmonatenen, COOBILUBILANA O CBOUX Pe3ybTa-
tax B 1998 1., pacnonaraia JaHHBIMH O BCEr'0 HECKOJILKUX CBEPXHO-
BbIX HYXKHOTO THIT@ Ha HYXHBIX PACCTOSHUSIX; HO YXE ¥ 3TOro ObUIO
JOCTATOUHO, YTOOH! 3aMETUTL KOCMONOTHYECKHH 3PQEKT B 3aKOHE
yOBIBAHHA BUANMMOTO O1€CKa C PACCTOSHUEM.

B HabnjoneHusx CBEXHOBBIX HEMOCPENCTBEHHO M3MEDPAIOTCH [Be
BEUYMHBL B1eCK 3Be31tbi (T. €. IHEPTWS, NPHUXOASINAS OT HEe Ha 3eM-
MO B €AWHULLY BpEMEHHU Ha €AMHULLY IUTOIAAH ) M KPACHOE CMELLIEHHE,
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KpacHoe cMeILUEHHME B CTIEKTPE BO3HMKAET M3-32 0611er0 KOCMO-
JIOTHYECKOTO pactunpeHust. [amakTiuka, B KOTOPO#R HaXOAHTCA 3BE3-
Aa, yaaasercst OT Hac 0o 3aKoHy Xabona. [1osToMy Bce JUTMHBLI BOJAH
CBeTa OT Hee CMEILCHHL (CM. «Pasoeranye ranakryk»). Mepoit cMe-
IEHVS CYXUT BEXAUUMHA

z= (A=) Dy,
e A — JUTHHA BOJIHBI PETUCTPUPYEMOrO CBETA, A, — JUTUHA BOJIHbI
ucnyckaeMmoro cBeTa. BenuuyHa z (kKak U caM peHOMEH, KOTOPLIA
OHA XAPAKTCPUIYET) HA3BIBACTCH KPACHBIM CMENLIEHHEM,

HaMepup Grieck CBePXHOBOW U e KpacHOe CMeILeHNe, aCTPOHO-
MBI CTaBAT COOTBETCTBYIOUIYIO TOUKY Ha Ipaduke 6lecK—KpacHoe
cMeuierHe (pHc. 4.14).

Ha 3tom rpaguike nmokasaHbl ABE TMHUM, KOTOPbIE OTOBPAXKAIOT
TEOPETUUECKYI) 3aBUCUMOCTh BIecKa OT KpacHOIo cMeuicHus. [1pn
MaJTbIX Z 00e TWHUH CIIMBAIOTCS B OJTHY.

B aToM ciyuae cB$i3b MeXIY U3MEPSIEMBbIMUA BETUUUHAMM OYEHD
1pocTasi — OHa COOTBETCTBYET OOBIYHOMY 3aKOHY ODPAaTHBLIX KBAl-
paroB: 6ieck F y6wiBaeT ¢ pacctosiHieM R 1o 3akoHy

Fo R

Tax kak B cooTBeTcTBUM ¢ 3chdexrom oruepa z = V/c, a no 3a-
KoHy Xa66na V= HR, To MOXHO NONYYUTL CBA3b MEXIY PACcCTOA-
HHEM U KPACHBIM CMEUICHHEM Ut MAJIBIX Z:

R =cz/H.

B pesynerare 6neck yObiBaeT ¢ KpaCHbIM CMELICHUEM [10 3aKOHY

0OpaTHBIX KBAAPATOB (CITPABEATHBO T MANBIX Z):
Feooz2

DTa 3aBUCUMOCTD M M300paXeHa COBNANA0IMMU HaYaIbHBIMK
yuqacTkaMU 0BeMX TEOpeTHYECKUX KPUBEIX Ha puc. 4.14.

Ho npu He MaTbIX KpPaCHBIX CMELLEHHAX CBSI3b MEXIY PaccTOs-
HMEM U KPACHbIM CMELLIEHHMEM CTAHOBUTCA CJIOXHEE.

B o1y cBsi3b OKa3bIBACTCS BORICUEHHOU HE TOMBLKO CKOPOCTh
pasberanus V, HO ¥ YCKOpPEeHMe, C KOTOPhIM 3TO pa3beraHne Npouc-
XOIWT. DTO OTpaXeHO Ha puc. 4.14. TeopeTuueckas Kpubast Wisl yc-
KODSIIOLIETOCH  pACOIMPEHMA TPOXONUT  Bbllie, YeM AJiS
3aMeTAIOLCTOCST.

A 3TO O3Ha4aeT, 4To 0 BUILY 3aBHCHUMOCTH OJiecKa OT KpacHOTO
CMEIICHHMS MOXHO OINPEleauTh YCKOPSIETCS KOCMOJIOTHYECKOE pac-
UIMpeHVIE WK 3aMeisieTcst. [LTst 3Toro HyXXHo HabmonaTh nobonsuie

232



CBEPXHOBBIX HA TAKKWX DONBITUX PACCTOSHUAX, IJIE BE TEOPETHUEC -
KHe KPUBbIE PA3INUHBI, U CMOTPEThb, KAK HAOKIONATENAbHBIE TOUYKYU
JITYT Ha rpaduk.

Habnonerusa CBEPXHOBBIX 3831 OlIpeeIeHHO YKA3LIBAIOT Ha
TO, UTO TOUKHU JIOXKATCA HAa BEPXHIO KPUBYIO. A 3TO 03HAYAET, YTO
BeenteHHast pacHidpAeTCS ¢ YCKOPEHUEM. YCKOPEHUE Xe MOXET CO-
3/1aTh TOJBKO KOCMUYECKUI BAKYYM C €ro aHTUIPaBUTALIMEH: aHTH -
FPABUTALIMS] CTPEMUTCS YNAIUTh Tela APYr OT APyTa U TEM CaMbiM
NOJITOHSIET pa3jieT ralakTUX U CKOTUTEHUH.

[To 3ToMy YCKOPEHMIO KOCMONOIMYECKOTO PACIMPeHHa 1 yaa-
JIOCH PACIIO3HATh KOCMHYECKHI RAKYYM Y flaXe BeChbMa TOUHO BiaMe-
PHTh THIOTHOCTE ero 3Hepryn. Oxa3anoch, YTo TUIOTHOCTh SHEPTYH
BAKyyMa COCTaRISIeT = 5x 107 r/cM’, ecn BhipasyTs ee B eqpHMLIAX
IUIOTHOCTY Macchl. Kak M3BECTHO, MacCa ¥ SHEPTUS CBA3AHBI MEXIY
coboil 3HameHuTOM hopMynoit E=mc’. YroBbt nepecunTars mwioT-
HOCTb MAcChl Ha [TOTHOCT SHEPFUH, HYXHO YMBOXUTh e€ Ha C.

HaroMHuM, uT0 B T€X Xe eAMHMLAX I/cM' CpPeaHsis TIOTHOCTh
CBETSILUErOCS BeLeCTBa 3Be3 cocTarnseT = 2x10™ r/em’, a cpennss
A0THOCTB TeMHOM MaTepuy = 2x107 r/cum'. Ha BakyyM npyxomuT-
ca, TAKUM oGpa3oM, 67% Bceit SHEpruy MUpa, Ha TEMHOE BEUIECTBO
— npubauaurensHo 30%, Ha GapHoHbI (OOBIYHOE BEIIECTBO) —
0K0s10 3%, a Ha u3JIyyeHUe — elne pa3 B CTO MEHbIIE!

MTak, KocMUUeckuid BakyyM — camMasl JIOTHas cpena BO
Bceenennoii. IInoTHOCTS BakyyMa GOJIbILIe M KAXOOW U3 TpeX APYTUX
[JIOTHOCTER B OTAC/BHOCTH, ¥ MX CyMMBI. BakyyMa oxka3aiock SBHO
fonsuie, yeM TpebyeTcs VIS KOMIEHCALIMM TArOTEHUS B MOACIH
Ditninreta.

IMpy 5TOM MIOTHOCThL BaKyyMa WACAJILHO OAMHAKOBa BO BCeM
Mupe. OH NPUCYTCTBYET BCIOLY M Be3Ne UMeeT CTPOro OIHY U TY XKe
IUTOTHOCTE. [TI0THOCTH XKe CReTALIEroca ¥ TEMHOIO BELLIECTBa OaY-
H2KOBBI JINUIL B CPETHEM J10 OYeHb GONbLIIMM 0O6heMaM ¢ pasMepa-
My B 300 MWILAMOHORB CBETOBBIX JIET U Oonee.

«3MepuTeTEHON YCTaHOBKOW» 1Sl OBHAPYXEHUs! BaKyyMa W
ONpele/ieHUs €ro IUIOTHOCTUM MOCHYKMNA, MOXHO CKA3aTh, CaMa
Bcenentas ¢ ee rajlakTUKaMH M 3BE3IaMU. A CUCTEMOM OTCYeTa, B
KOTOPOH 3T M3MepeH U ObUIK clellatbl, ObU10 ofLuee pacripenesie-
HUE TaIaKTUK, B KOTOPLIX HAONIOAATMCh CBEPXHOBEIE 3BC3/IBI HYX-
HOTO TUIIA.
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YncneHHoe 3Hadyenye IIOTHOCTY BaKyyMa BCETAa W Be3fle OaHO
U TO Xe. U3mMepuB 3T0 3HaUEHUE B CUCTEME OTCUETA, COMYTCTBYIO-
LIEH PACWIMPSAIOLLIEMYCS BELECTBY, KaK 3TO PealibHO M CHeaHo C
TIOMOUIBbIO HAOMIOACHUT CBEPXHOBDBIX, Mbl 3HA€M, YTO OHO B TOUHO-
CTM TaKoe ¥ TIpH JIIOOBIX APYTUX criocobax M3MepeHnid B Kakoi yroa-
HO CHCTEME OTCYETA.

[na kocMUYeCKoro BakyyMa, focie Toro Kak OoH 6bLT OTKDAIT,
cTand MPUAYMBIBATL HOBbIE HasBanuA. OAHO M3 HMX — TemHas
SHEPrUs — NOJYYaeT ceiyac pacnpoctpadenue. Bakyym neitcteu-
TEJIbHO ABMSIETCA TEMHBIM B TOM CMBICIIE, UTO OH HE U3/Ty4aeT CBETA.
3TO Ha3BaHHE, KaxeTcs, GonblIe HPABUTCS NUITYHIIUM O HayKe
XKYPHATHUCTAM, YEM CAMUM «ITPAaKTHKYIOLUUM» KOCMOJIOTaM: 3BYYUT
TauHCTBeHHO. HO B aCTPOHOMKY yXe €CTh TEMHOE BELIECTBO, a Ba-
KYyM — 3TO HEUTO COBCEM WHOE, UeEM TEMHOE BEIIECTBO, XOTS TOXE
4pe3Bbl4aitHO 3aragoyHoe. BripoueM, TEMHOIG M 3draloyHoro B ac-
TPOHOMHU BCeraa ObU0 TIPerOCTaTOuHO.

Mouemy aHTU-?

TloyeMy Xe BaKyyM CO30aeT He TATOTEHUE, & AHTUTAroTeHME?
BaxyyM sIBWICS B KOCMOJIOTHIO ¢ 3HHIUTEHHOBCKOII KOCMONOTHYC-
CKOI OCTOAHHOWM /A, U €10 [UIOTHOCTH BLIPAXAETCS Yepes 3HaYEHUe
3TOW NTOCTOSAHHOW:

Py = AC/(8TG).

Kakosa 6b1 HU OBUIA ero (pU3HYecKas IpUpoaa, BaKyyM DiH-
wreiiHa 061a/1aeT He TOJBKO ONpeAeIeHHOM MIOTHOCTbIO, HO U AaB-
JeHueM. Tak OoH C caMoro Hayajsa 3aaH KOCMOIOTMYECKOM
MOCTOAHHOMN. ECU MIOTHOCTE BAKYYMa NMOJOXWUTENIbHA, TO €ro 1aB-
JIEHWE OTPULIATENbHO.

OTtpHuaTteibHOe NaBlieHWe — He BIIOjIHE OOBIMHOE SIBIEHHE B
u3uxe. [Ipu «HOPMANIBHBIX YCTIOBUSIX» OaBIeHHE B «HOPMATTLHOI»
XUIKOCTH MU [33€, KAK NPaBHio, nonoxurensHo. Ho 4 8 xnaxo-
CTH (HanpuMep, B NMOTOKAaX BOJIbI) U B TBEPILIX TeJlax (HATIpuMep, BO
BCECTOPOHHE PACTAHYTOM CTAIbHOW OONBaHKE) OTPHUUATENLHOEC
ITABJIEHNE TOXE MOXET BO3HUKATb.

3T0 TpedyeT 0coObIX, CTeNATLHBIX YCIOBUH, HO CaMo To cebe
HE SBIISICTCH YeM-TO 0cOBeHHO 3K30THUeckuM, OIHAKO B cliydae Ba-
KyyMa CHTyalusl uckimountenbHas. CBsish MeXKIy HaBieHMeM W
[UIOTHOCTEIO, T. €. YPABHEHUE COCTOSHHS 3TOI «Cpebl», HMEET BUI
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2
Py =—CPy.

Huyero nogobHoro HeT HU B OOHOM Ipyroi cpene. BTo abeo-~
JIIOTHO U HCKJTIIOUMTENLHO ¢BOHCTBO OAHOTO BAKYYMA U TOJIBKO €r0.

370 — Y TONBKO 3TO — YPAaBHEHWE COCTOAHYSA COBMECTHMO C OIT-
peneneHueM BaKyyMa Kak OpMbL S3HEPTUY C BCIOY U BceTAa FlOCTO-
STHHOM [JIOTHOCTBIO, HE3ABHCHMO OT CUCTEMB] OTCYETA.

N3 31010 ypasHEHUST COCTOAHUS U BRITEKAET AHTUTATOTEHHE Ba~
Kyyma.

CoritacHo oOmieif TeopuM OTHOCUTENBLHOCTHM, THATOTEHUE
CO3MAETCSt HE TOJBKO TJIOTHOCTBIO CPelbl, HO M €€ NaBIeHMEM B
KOMOVHaUUuU

p+ 3p/c’,

310 bopmyna U3 PpUIMaHOBCKOR KOCMOMOTHH OJHOPOTHOW N
N30TPOnHo# BceeneHHON. BakyyM BBI3BIBAET AHTHIPABUTALMIO
HMEHHO [10TOMY, YTO eT0 2(PMEKTHBHAS FPaBUTUPYIOIAS SHEPTHS,

Ps =Py +3py/C ==2p,,
oTpULIaTeTbHA TIPU MOROKWTEIBHONM MIOTHOCTMU.

Tlo HabGnonaTe bHLIM JaHHBIM O CBEPXHOBBIX, O KOTOPBIX MLl
YNIOMUHATU, TUTOTHOCTB BaKyyMa fIPEBBIIIAET CYMMapHYKW [UIOT-
HOCTBb BCEX OCTANBHBIX BUAOB KOCMUYECKOiA 3Heprun. Ho 3To o3nHa-
gaet, uTo B HaOnmomacMoi BcencHHONH aHTHTATOTEHME CMIBHEE
Tarotenusi. [lpy TakoM YCIOBHM KOCMOJIOTMUECKOE pacUIMpeHue
005132H0 TIPOUCXOAUTD C YCKOPEHHKEM.

OTO yCKOPEHUE U OBINO 3aMeUeHO U pealbHO M3MEPEHO TI0 Ha-
OIIONEHUSIM CREPXHOBLIX 3BE3 B JANEKMX TalaKTUKaX,

[TocMoTpuM cliie pa3 Ha puc. 4.14, KoTopblii 0TOOpaXKaet 3aBu-
CUMOCTH GJIecKa CBEPXHOBBIX OT KPACHOTO CMELUEHUSs, M 0BpaTtiM
BHUMAHWE Ha OOHY HAOMIONATENBHYIO TOUKY B CAMOM BEPXY rpadH-
Ka — OHa S1BHO CIIOA3aET BHU3 C BEePXHEH KPUBOH.

DTo HaeEKO He cayvaiiHoe oBCTosTedhcTBO. [eno B ToM, uTo
KPACHOE CMEILIEHHME CITYXKUT HE TOJbKO MepOoid pacCTOsIHMS, HO W
Mepoit BpeMeHu: ueM DoJiblie z, TeM 60TbLUES PACCTOSTHUE, HO, 3HA-
YT, TEM LOMILE LI K HAM CBET OT 38€3abl. MbI BUIMM 3BE3Y UK
FAIAKTHKY TAKOM, KaKO# oHa Oblita B MOMEHT UCTIYCKAHISA CBETA.

TTpu xpacroM cMerieHUn Z = (0,7 Mol BUAUM 3BE3Ib{, fAlaKTHKU
¥ BCIO BCeCHHYIO XAKUMH OHHM 06Ut 6—-8 MIJITHAPIOB NET Ha3all.
Ho, xak Mgr Teniepb 3HaeM, MPHOIU3NTEITBHO B 2TY 3TTOXY 3aMCLIA -
loiLieeCs paclIipeHue NPEeBPaTUAOCh B YCKOPSIOWieecs.
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KpacHbiM cMenieHusM, npesbiapiumM 0,7, oTBevyaeT paHHSAsS
3M0Xa, KOraa paCUIMpeHYUE 3aMe UTSLIOCh.

TToaToMy MOXHO TIPEACKA3aTh, 4TO HA OO/ILILUAX Z HAOMIOAATE Ib-
HBle TOUKH BYIYT JTOXUTBCS HE HA BEPXHIOD, @ HA HUXHIOI KPH-
By10. Ha6ronats cBepxHOBBIE NPYU GONbLIMX KPACHBIX CMELUIEHHAX
-— oYepenHas TpyaHas 3anaua JUist acTpoHOMOB. M Bee Xe Mano KTo
COMHEBAETCs, YTO AaibHelnve HabmoJeHUsT NOATBEPASAT 3TO TIPeI-
CKa3aHUe TEOPHN.

YckopeHHoe pacwmpexue

B oTnuure OT BCEMUPHOro TATOTEHMS, BCEMUPHOE aHTUTSIIOTE-
HME CTPEMUTCS He cONU3UTD TeNa, a, HAIPOTUB, YAAJUTL HX APYT OT
apyra. Ho ¥ HabsiofaeMble CKOPOCTH Pa30eraHysl ralakTUK TOXe
MPUBOJAAT K UX YIATEHUIO IPYT OT ApyTa.

3TO 03HAYACT, UTO CWJIa AHTUTSATOTEHMSL HATIPABJIEHA BIOJIb CKO-
POCTH, U [TOTOMY OHA TIOMOraeT TAIAKTUKAM pa3deraTncs, Bee Bpe-
M4 YBEJTMUMBasg HX CKOPOCTb.

Pa3 nabofaeMoe paciiMpeRue rpoucXoanT ¢ YCKOPEHNEM, OHO
OyJeT MPO/0AXKATLCH HEOTPAHUYEHHO JOJITO — HUYTO yXe He CIio-
COOHO 3TOMY TOMelIaTh. JeHCTBUTENBHO, CpedHSIs MJIOTHOCTh Be-
LIECTBA Y H3TYYeHUs OyReT Mpu PaclIMPEHNH TOJIbKO yObiBaTh. Ho
3TO O3HAYAET, YTO THTOTEHUE HUKOTA yXe He byneT npeobianars BO
BcenenHoii. IuHaMuteckoe JOMUHHWpPOBaHUE BaKyyMa GyleT To/b-
KO YCWIHMBATBHCS, a pasberaHue ralakTMK 6ymeT NpOUCXOAUTH BCe

- - cvia aHTUTATroTeHuns,
co3fiasaemMan BaKyymom

"7 CKOPOCTb 4acTuLibt

— Cwuaa TAroTeHuns sewecrsa

Puc. 4.15. Pacumpstiowmniicst 1iap Ha
(oHe aHTUIPABUTUPYIOLIIETO BAKYYMA.
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ovicTpee U ObicTpee. OdeHb BAXHO, UTO 3TO 3aKITHOUYEHHUE OTHOCHTCS
KO BceM TPEM BapHaHTaM reOMeTpUM TPEXMEPHOIo NPOCTPAHCTBA.
TpexmMepHOe NMPOCTPAHCTBO MOXET UMETh MOMOXUTENBHYIO, HYe-
BYIO WJIU OTPHLIATENBHYIO KPUBU3HY, 8 pacllMPeHUE BCe paBHO Oy-
IET NPOLOKATHCA BETHO.

Tak BaKyyM ¢ €70 aHTUTATOTEHHEM MeHSIET TipexXHee Mpeackasa-
HME TEOpHM 0O cyIb0e Mupa. B KOCMONOTHUECKUX MOACAAX C HYJle-
BOWM DHeprveil BakyymMa Obll BO3MOXEH BapHaHT CMEHLI
paCUIMPEHUA CKATHEM TIPH NOSIOXUTETBHONH KPUBH3HE MPOCTPAH-
CTBa.

Tenepb Takoe TIPEACKA3aHUE YXKe OTMAfaeT. ToNbKO HeorpaHu-
YEHHOE PaClIMPEHHE — TAKORO HOBOE MPEACKA3AHUE TEOPHHU, CTAB-
i11€e BO3MOXHbBIM C OTKPBITIEM KOCMHUYECKONO BaKyyMma.

Euie HeMHOro mareMaruku

[Ipu rOJIHOM U TIOJABIAOLICM NPEcOIaiaHuM BaKyyMa paccTo-
SHUS MEXIY TATaKTUKAMH M MX CUCTEMaMU BO3pacTaloT CO BpeMe-
HEM 3KCIIOHEHUUATHHO!

R(t) ~ exp [ct/Al.

31ech KOHCTAHTA A pa3MEPHOCTH IUTHHBL ONPEIENHETCS TUIOTHO-
CTBIO BAKYYMa!

A= (va)—l/l - ]028 M.

3Ta 3aBUCWMOCTb PACCTOSTHUIA OT BpeMEHM COAEPXUTCS B Teo-
pyu PpuamMaHa B KAYECTBE (1peAcabHOTO Ciyyan, KOTAa BCe B MUpe
onpeneaseT BAKYYM, a BIUSTHUEM HERAKYYMHEIX KOMIIOHEHT KOC-
MHYECKOH Cpelbl MOXHO MONHOCTBIO MpeHeOpeub. 3aK0oH DKCIIOo-
HEHUHaILHOIO pacluMpeHus nokasay rpadwwecku Ha puc. 4.16
(nocne MoMeHTa t).

ITo cpoHcTBY 3KCTOlEHIHANLHON (DYyHKIMM, B TAKOM 2KCIO-
HEHLHAABHO PaclIUPAIOIIEMCA MUPE CKOPOCTb B3aUMHOTO pa3be-
raHug Tell MPOYIOPLMOHANIBHA PACCTOSTHHIO MEXIY HUMM. (CKaxeM
TSl TEX, KTO HE MPOTHB MATEMATUKW: NOCAEIHEE BBHITEKAET U3 TOTO,
YTO CKOPOCTh €CTh HPOH3BOJHAS TIO BPEMEHH OT PACCTOAHUA, A
MPOW3BOAHAA OT IKCITOHEHTbI — TOXE 3KCMOHEHTA.)

Ho Torna B 3axone Xa66na V = HR, mocrosvunas H 6yner
HE3aBHCHMOHN He TOJNBKO OT HanpaBleHud W pacCTOSHUH B
MPOCTPAHCTBE, HO TAKKE M OT BPEMCHU!

H = c/A.
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anoxa
BaKyyMa

R anoxa
BELUECTRA

cenvac

- — e —————

Y

ty Bpems, t

Puc. 4.16. UaMeHeHue paccTostHuii B peajibHOM MUPE.

Ceiyac pacuIMpeHue TMPOMCXOIOUT ¢ YCKOPSHHEM MO (MOUYTH) 3KCIO-~
HEHLIMaJIbHOMY 3aKOHY. PaHblile OHO NPOMCXOIWIO ¢ 3aMELICHHEM — KakK
Ha puc. 4.6. [Tepexo K yCKOPEHHOMY paCIUUPEHUIO TIPOU3OLIEN TIPH BO3-
pacte Mupa t, ~ 6—8 MIJUIMAPIOB JIeT.

KocMosorydeckoit iTiHe A oTeedaeT Bpems A/c ~ 10 mipa.
NeT. Bau3ocTh NO MOPsiKY BENUUMHBI K COBPEMEHHOMY BO3pACTy
MHpa — He CAydyafHOe COBIIaJICHHE (CM. HUXKE).

Q6patMCcs TENeph He K 6yaylieMy, a K npoluioMy BeeaeHHOH,
BakyyM JOMMHMPOBW1 B MUpE He BeeTna. Ero mnoTHOCTL He MEHA-
€TCSl CO BPEMEHEM, TOTAa KaK TIOTHOCTh TEMHOTO BElIEeCTBA Majaer
[1pY PACIIMPEHUM MUPA U, 3HAYUT, PACTET Ha3an — B npouwnoe. Ilo
MPOCTEHITEMY COOTHOTCHUIO, KOTOPOE Mbl MPWROAMIN B Havane
JTaHHOM IMaBHI, Gpt2 ~ |, MIOTHOCTL BellleCTBA MEHSIETCS 0OpaTHO
TIPONOPLMOHANIBHO KBaApaTy Bo3pacta mupa. Bee 3To o3Ha4aert, 4to
AHTUTSATOTEHHE BAKyyMa GBLIO HECYTHECTBEHHO B 0CTATOUHO OTAA-
JIEHHOM MPOLIIOM.

B panHcit BeesleHHOH 6e3pa3aenpHO TOCMOACTBOBAIO BCEMUP-
HO€ TATOTEHHe HEBAKYYMHBIX KOMITOHEHT KOCMUYECKOW cpeabl. A
3M10Xa AHTUTATOTEHNA HACTYNA TOJBKO IIPH BO3pacTe Mupa B 6—8
MUUTHAPIOB JIET: B 3TOT MOMEHT IJIOTHOCTH TEMHOTO BELIECTBA
ynajid 10 3HAYeHUs TUVIOTHOCTH BaKyyMa (cM. puc. 4.17). Ho Torna
TOYHBIE U3MEPEHUSI KOCMOIOTMYECKOTO PACILIUPEHUS] [0 CBEPXHO-
BBIM IOJKHBI TIPSIMO HA 3TO YKa3aTh, — €CJIM TONBKO YAACTCS HAUTH
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CBEPXHOBBIE, HAXOIALMECS OT HAC HA PACCTOAHMU B 6—8 U Gonee
MIULTHAPIIOR CBETOBBIX JIeT. Kak Mbl ykKe cKasaiu, TaKue pUMEpBI
OUYEHDb JAJIEKUX CBEPXHOBLIX B CAMOE MOCJ/IEHES BpeMsi HAWIEHBI, U
OHH OMPEIEJICHHO TIOATBEPXKIAOT, YTO B JANeKOM IPOLUIOM pac-
IIMpPeHUe IeACTBUTENIBHO NPOMCXOANN0 HE ¢ YCKOPEHNEM, a ¢ 3a-
MEUIEHUEM — [10 3aKOHY
R tm,

0 KOTOPOM TOXE YX€ TOBOPANOCH BBILLIE. DTO 3aKOH 3aMEUTSIONIe-
TOCS pACNIUPCHUS — OHO TOPMO3UTCS TATOTEHUEM U MOTOMY IIpO-
MCXOAUT MeJUIEHHEE, YeM N0 YHEPLUH.

CKOpOCTb paciiMpeHusl B 3TOM ciayuae V «© R/t (KaK erko yBu-
IVT mobutens muddepeHuupoBanus). [Ipy 3TOM «IOCTOstHHAsY
Xa66na H ~ [/t. B peanbHOM MHpE 3TOT 3aKOH pacCIlIUPeHHsI CTIpa-
BeUIMB, KaK MBI yXe TOBOPUITH, C OYeHb XOpOoIlei TOYHOCThIO LISl
BCEX TPEX TUMOB MPOCTPAHCTBEHHOK TEOMETPUM, €CIU BO3pACT MH-
pa He npeBbitiacT 6— 8 MIWLTHAPIOB JIeT.

3T0 3M0Xa JOMUHUPOBAHUS TEMHOTO BELLECTBA. A BCKOPE Moc-
Jie TOro, KakK IUIOTHOCTb TEMHOTO BELIECTBA CTAHOBWUTCSI MEHBIIIES
TLIOTHOCTY BaKyyma, CIIpaBe/UIUB 3KCITOHEHUUATBHBIH 3aKOH pac-
IIUpeHUs.

A snoxa
BEWECTRA

anoxa
BakKyyma

NNOTHOCTb
cenyac
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t, Bpewms, t

Puc. 4.17. BeulecTBO ¥ BaKyyM B pacliMpsIiOLIEMCsS MUPE.

TlnoTHOCTS BellleCTBa (TEMHOE BEUIECTBO N 6apuOHB1) Nanaet Npy pac-
nmpeHnu. TIIOTHOCT BaKyyMa cO BPeMCHEM HE MEHsIETCS; OHa Tipeobna-
JAaeT HAYWHAS C BO3pacTa Mupa t, ~ 6—8 MWUIIMApAOB JET.
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Tak 94TO MPaKTUYECKH BCA MCTOPUST pacionpeHust BeeleHHOMH
MOXeT ObITb oTMcaHa ¢ NOMOLLBIO 3TUX ABYX COOTHOWIEHUIA: CHaYa-
Jla CTENEHHOM 3aKOH PaCUIMPEHHSA, a [TOTOM 3KCITOHEH UHANBHBIN.

B smoxy, koria mIoTHOCTA TeMHOTO BEUIECTBA M BaKyyMa CpPaB-
HUBAIOTCH MO BENUYHMHE, NMPUOGINAKEHHO CIPaBEUTUBLL 00€ BBITIN-
caHHbIE BbILIE QOPMYIIbI 119 TIOCTOAHHON Xabba. 3HaunT, B 3TV
3MOXY

c/A ~ 1/t.

H rorpa A/c ~t ~ 10 mapn. ner.

Eciau 3anucath nocienHee paBeHCTBO ¢ HECKOAbKO Gonbliieid
TOYHOCTLIO, TO U3 HETO M NMOJAYUNTCH YKAZAHHBIW BBILIE XapakKTep-
HBIH BO3pacT 6—8 MWITMApAOB JIET, KaK IpaHMlIa MeXay cTaauei
npeobnalaHys TITOTEHUS U CeAYIOLIeH 3a Hell cTaaueit npeodia-
JNaHUS AHTUTSTOTCHUSI.

Ocraetcst 106aBUTL AISt MONHOTBI KAPTUHLL, YTO B CaMble Tep-
BbIE HECKOABKO COTEH ThICAY JIET (TOrNA MO TUIOTHOCTH JOMMHHMPO-
BaJIO U3TYYeHUE) PACITUPEHUE TTPOUCXOAUT TIO 3aKOHY

Rot”,

3710, ecTeCTBEHHO, 3aMensoneecsl paciiperue, Gosjiee Me-
JIEeHHOE, YeM MHEPLIMATIbHBIA pasner.

Urak, MOXHO cKa3aTb, YTO NEPBYIO NOJOBUHY CBOEH XH3HH
BceneHnas 3aMeansiiach, a BO BTOpYIO YCKopsitack. B OyayueM ee
XKACT HANBHEHLUEE YCKOPEHHOE PACILIUPEHUE, KOTOPOS HUKOTIA HE
OKOHYMWTCSL.

Mup Bakyyma

O6cynuM Tenepb YeThIDEXMEDHYIO TEOMeTpHio MUpa. [lo cmx
TIOP, TOBOPA O TEOMETPUM, MBI BCerfd UMENU B BUAY reoMeTpuio
COBCTBEHHO MPOCTPAHCTBA. Temepb Xe OOPATUMCH K IeOMCTPUM
[TpOCTPaHCTRa—BpeMeHN. TIpoCTpaHCTBO BMECTe CO BpeMeHeM 00-
pa3yioT elMHOE MHOrooOpa3ue, YeThIPEXMEPHOE MPOCTPAHCTBO, B
KOTOPOM TPH KOOPIAWHATEI OTHOCSITCH K COBCTBEHHO IMPOCTPAHCTRY,
a yeTBepTast KoopAUHaTa ecTh BpeMsi. UMEHHO Tak ONUCHIBAET MUP
TEOPHH OTHOCUTENILHOCTH.

CornacHo ob1Ie#t TeOpUW OTHOCUTENBHOCTH, TEOMETPHSI YEThI-
PEXMEPHOTO TIPOCTPAHCTBA—BpPEMEHU ONpeNeasieTCs: pacnpeaee-
HHEM M IRUXEHUEM BellecTra., BemecTBO pacripefieicHO B
TPOCTPAHCTRE U IBUXETCS BO BpeMeHU. CBsA3b MEXIY BELLECTBOM U
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NMPOCTPAaHCTBOM—BPEMEHEM OCYTIECTBIACT TATOTCHHE BelilecTsa.
3Ty CBAA3b ¥ ONMCHIBAIOT YPABHEHUS OBILLEl TEOPUH OTHOCHTEILHO-
CTH. B HUX COICPXWTCH «CBA3LIBAIOLUAS» IEOMETPHIO H BETIECTBO
NOCTOSAHHAS TATOTEHNA.

Cpsi3b 3Ta B3aUMHAs: HE TOABKO BEILECTBO BIHSAET HAa NEOMET-
PHIO TIPOCTP2HCTBA—BPEMEHH, HO M TIPOCTPAHCTBO—BPeMs CITOCO6-
HO BJIMATb HA pacnpedeeHye U ABUXEHNE BELIECTRA B HEM.

TonbKo BaKyyM, OH OJIUH, CMIOCOOEH BMUATL H HE HCHBITHIBATE
Ha cebe o6paTHOro RinsiHus. JecTBuTeIbHO, TOT daKT, 4TO MIoT-
HOCTb Y AaRMeHUe BaKyyMa HEU3MEHHBI, O3HAYALT, UTO HA BAKyyM
HUYTO, HUIME U HUKoraa He RitnAet. OH HeiCTBYET HA BELIECTBO
CBOUM AHTUTATOTEHMEM, OH BAUSET HAa CBOMCTBA MPOCTpPaH-
CTBA—BPEMEHU WU JaXe [IOTHOCThIO UX ONPENEAAET. A CaM He Uc-
ITHBITHIBAET HU OOPATHOrO BAMAHUM BELIECTB2, HM OOpaTHoOro
BJMSAHUS TeOMETPUU MUPA. OH OKA3bIBAET NEICTBHE, HO HE MCITHI-
THIBAET NMPOTHBOAEWUCTBUA. DTO eIUHCTBEHHDBII U3BCCTHLIN B PU3HU-
Ke TpUMEep, Koraa OeHCTBME HEe paBHO MPOTHBOJAEHCTBUIO —
BOMpPEKY TpeTheMy 3akoHY HbloToHa. TakoB yX BakyyM...

B kocMonoruy dpuaMata BellleCTBO PACTIPEAETEKO OXHOPOIHO
B IpocTpaHcTBe. M3 3TOro BeITEKAET, HTO ¥ CaMO JTPOCTPAHCTBO, OfT-
HOPOIHO 3aNOAHEHHOE BElIeCTBOM, JOMKHO OBITb OJHOPOAHO.
HABrxeHUe BeLIECTBA — 3TO €70 obee pacmuperre. OTcroaa Bo3-
HHUKZ4eT HECTaTHHHOCTh, HOIBHXHOCTb MUPpa, €0 PA3BUTHE BO Bpe-
MEHH.

Yro xe npoucxonur ¢ Mupom MpunMana, KoTia B HeM HaunHa-
eT JOMUHUPOBATh BAKyyM?

Ecnm npeHedpeub BIUSTHUEM BCCTO HEBAKYYMHOIO BEIIECTBA, TO
TOJIbKO BakyyM Y OyOeT onmpeaensiTh CBOACTBA NPOCTPAHCTBA—Bpe-
MeHH. Kak Mbl 3HaeM, BaKyyM — 3T0 ocobeHHas (popMa KOCMHYeC-
koi »HepruM. Ero mioTHoCTh He MeHsieTcd co BpeMeHeM. Ero
JaBJIeHUE, KOTOPOE ECThb TUIOTHOCTh €O 3HAKOM MUHYC, YMHOXEH-
Hasd Ha C, Toxe He MeHaerca co speMedeM. C BakyyMoM BooOie
HWYETO He TIPOMCXOMNT, OH BCIOAY U BCEra OQUH M TOT Xe.

Ho pa3 HeusMeHHbIN BakyyM, ¥ TOJNLKO OH, ONpPEACIsieT CBOK-
CTBa IIPOCTPAHCTBAa—BPEMEHM, TO U CAMO MNPOCTPAHCTBO—BPEMA
BCIONY U BCETIa JOJLKHO OBITh OAHYM M TEM XE. DT0 O3HAYAET, UTO
MUP, B KOTOPOM 0€3pa3fieItHO roCnoicTBYeT BaKyYM, LO/LKEH ObITh
HECU3MEHHDBIM BO BPEMEHH, CTATMYHDLIM.
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B noinHOM COOTBETCTBUM € 3TUM pAcCyXIeHUEeM KOCMOJOrus
OpunMaHa ONUCHIBAET MUP BAKYYMa KaK MUP CTATHYHBIA M HEU3-
MEHHBIN.

Ho kxakuM o6pa3oM IpPOMCXOQUT 3TO NpeBpalleHue MUpa To-
TIBWXHOTO B MUp HenoasuxXHBIH? Kak u3 mupa Ppuamana ucyesa-
eT 3pomouya? Beap pasGeraHue ralakTHK B HEM TIPOAOJLKAETCS, ..

Ja, ranakTHky yaansoTes IpYyr OT ApYra B MUPe BaKyyMa U TIpH -
TOM C BCE BO3PACTAIOIIMMYU CKOpoCTAMU. Ho ueM 6BicTpee OHM pas-
GeraioTcd, TeM MeHblle TUIOTHOCTb MX pacOpeleNeHus, U, 3HAUMT,
TEM CNlabee UX RIMSTHUE — Yepe3 MX COOCTBEHHOE THIOTeHHE — Ha
CBOICTBa IPOCTPAHCTBA—BPEMEHU. A BJIIMSTHUE BAKYyMa — Yepes
€0 AHTUTATOTEHHE -— CTAHOBWTCSL TeM BpeMeHeM Bee Bonee v bolee
6e3pa3eibHbIM.

B utore, rajlakTKY, Aa ¥ BOOOLIE BCe HEBAKYYMHOE BELLECTBO,
OKA3BIBAIOTCS B MUPE, CBOMCTBA KOTOPOI'O OTIPEAS/SIOTCS HE UMM, a
BaKyyMoOM. Tak 3BOMIOLMS MUPA B LIEJIOM 3aTyXaeT, ero npocTpaHc-
TBEHHO—BPEMEHHOM KapKac 3aCThIBAET U OCTACTCS TAKMM «3aMOPO-
XEeHHbIM» HaBCeraa.

Moaenb ge Cutrepa

O 3aCThIBLIIEM MMDE BaKyyMa U3BECTHO U3 TEOPHH OTHOCHUTEb-
HOCTM yXe I1aBHo. Monens Mypa, B KOTOPOM NIPUCYTCTBYET TOABKO
BaKyyM, Oblla omucaHa B padore ne Cutrepa, onyGiaMKOBaHHOM B
1917 ©. — ewe no pewrennii @puaMaHa U Cpasy nocjie MOAEIU CTa-
THYeCKOro Mupa JifHwTeitHa. B moxeny ne Currepa HeT BeleCTBa,
4 BaKyyM NpeACTaBIeH SHHLITEfHOBCKON KOCMOJIOTHUECKON 110-
CTOSTHHOM,

Takasg MoaeJTb — YaCTHBIIA ciydaii Teopun OpujMaHa, OTBEUAIO-
WK GOPMATEHO MOTHOMY OTCYTCTBUIO B MUPE HEBAKYYMHBIX (JOPM
matepuu. [IpOOGHBIMH, T. €. HerpaBUTHPYIOUIMMH, CTAHOBAICH B
3TOM HPEAECTbHOM CNY4a€ BCE HEBAKYYMHBIC KOMIIOHEHTH KOCMHU-
YeCKOM cpeasl.

CamMoe BaxHoe CBOMCTBO Moaenu ae CHTTepa COCTOMT B TOM,
YTO OMMUCHIBAEMOE UM TTPOCTPAHCTBO—BPEMA CTATUYHO. M IeUCTBU-
TeJIbHO, MUP, 32ITOJTHEHHBIN BaKYYMHOM HEPIUEH C €€ [TOCTOSTHHOM
M HCU3MEHHOW BO BPEMEHM U MPOCTPAHCTBE IUIOTHOCTBIO, M CaM
JOJDKEH OBITb HEM3MEHHBIM BO BPEMEHW W OJHOPOIHbIM B IIPO-
CTPaHCTBE.
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B TakxomM Mupe Bce coOBITHS, T. €. YETHIPEXMEPHbIE TOUKH, HEpa3-
JIUYMMbI, & 3TO O3HAYAET, YTO B HEM HUTAE HUYETO HE MPOMUCXOIUT,
U NIOTOMY 3TOT MUp BEYEH, HEM3MEHEH M WHACAIBHO CHMMETPUUCH
10 CBOMM FEOMETPUIESCKVIM CBOMCTBAM.

JTUM CBOUM CBOUCTBOM MUp le CATTEpa HATIOMYHAeT CTaTuye-
CKHt MUp DiHWTelHa. Ho B MUpe DiTHLITEHA NOXOH TocTHTaCs
DPaBHOBeCHeM TATOTEHUs BELLECTBA Y aHTUTATOTEHWS BaKyyma. B
Mupe e CUTTEpa TAKOrO PABHOBECUS HET: aHTUTATOTEHUE BaKyyMa
HUYEM He YpaBHOBEIIEHO W, TEM He MeHee, ITOT MUP TOXe Haxo-
IUTCSL B [OKOE.

OxKa3bIBaeTCA, YTO NOKO HE 00513aTeNIbHO TIPEATIONATAET PABHO-
BECHE CHJ1 — €C/IM pedb UIET O BaKyyMe, 3TO HeoOs3aTeabHo. byny-
YM caM HEU3MeHHBIM, OH AENAET U MUP HEM3MEHHBIM B OTCYTCTBHE
JPYTUX CIT.

FanakTukn B Mupe Bakyyma

O06paTUMCs CHOBa K 3BO/IIOLUMOHHOM HeTopun mupa. U3 ckaszan-
HOTO CTRHOBHUTCA SICHBIM, YTO TIEPeXo/1 B paciimpsirouleiicss BeeneH-
HOW OT cTaguu npeobnamaHys 0OObIMHOFO BElIeCTBA K CTaauu
NnpeofianaHus BAKyyMa O3HAYAET NOCTENEHHOE MCYE3HOBEHUE M-
HAMUWKU B YCTBIPEXMEPHOM NTPOCTPAHCTBE—BPEMEHN.

[TpocTpaHCTBEHHO—BPEMEHHOM KAapKac MUpa MepecTaer u3me-
HSITbCSl CO BPEMEHEM W OKA3BIBACTCS B PelyJibTaTe 3apUKCUPOBaH-
HBIM HaBEYHO.

Ho B norpyx€HHOM B 3TOT BEUHbIH M HEN3MEHHbIA MUD Bellie-
CTBE MHOrOE eLlE TIPOVCXOMUT M OydeT NMPOMCXOAUTh (HalipuMep,
BCTIBIXMBAIOT CBEDXHOBBIE, 110 KOTOPAIM Mbl yY3HaeM 00 yCKODS0-
uIeMcst paciimpelur). OXHAKO Ha TEOMEeTpUI0 YETEIPEXMEPHOro
MHpa 3TH MPOLECCHI, COOBITUA, ITpEBPalLEHNs B BELLECTBE NPAKTH-
YECKU HMKAK HE BIMUSIOT CeHYac, U ell1e MeHbLIIEe OyoyT BIVATS B Oy-
oyiuieM. MoXHO cKa3aTth, 4YTO 4YEM CMJILHEE YCKOpSeETcs
KOCMOJIOTHYECKOE paciliMpeHHe o1 BO3JEWCTBUEM aHTUTPaBUTHU-
PYIOUIETO BaKyyMa, TeM OJIXe Halll YeTHIPEXMEPHBIA MUp K abco-
JIOTHOM CTaTUKE, HEU3MEHHOCTH U ITOJIHOMY TI0KOIO.

TakoB camblil BaXXHBIM TUHAMUYECKUI U TeoMeTpUYeCKMi dd-
deKT BaKyyMa B KOCMOJIOTHM.

Kax Mpl y>xe cKa3aiy, OT BHIGOpa MeXIy TpeMsi BO3MOXHEIMHU
MOJIENIAMM TPEXMEPHOI FEOMETPUY HE 3aBUCUT OTBET HA BOMPOC O
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Ccyap0e KOCMOJIOTHUYECKOTO PACLIUPEHUsl — ByaeT N OHO Mpoao-
XaThCsl BEeUHO W CMEHMTCS B OynylieM cxaTtueM. Pazberanue ra-
JAKTHK TIPOHCXOIHT HEOTPAHUYEHHO JI0ITO BO BCEX TPEX MOAE/IAX.

AT MoJieny pa3IMyaloTCa MEXIY COOOM JIUIIb TEM, YTO UX TPEeX~-
MEpPHBIE MPOCTPAHCTBA BbLIENEHEI TpeMs Pa3HBIMH Cnoco6aMu U3
ONHOTO H TOTO X€ €IUHOTO YETBIPEXMEPHOro MPOCTPAHCTRA—BPE-
MeHH — Mupa ne Cutrepa.

To cnocoby BBIIENEHHST, 3TH TPEXMEPHBIE OOBEMEl MOTYT UMETh
HYJIEBYIO WIM HEHYJIEBYIO KPUBHM3HY. KOHEUHO, HHTEPECHO 3HATD,
KaKOI MMEHHO 3HAK UMeET KPUBU3HA «HAIIEN0» KOHKPETHOTO TPEX-
MEPHOTO TTPOCTPAHCTRA, B KOTOPOM Habi01aeMOe HAMUA KOCMOJIO-
IMYCCKOE paciIMpeHne MPOHUCXOIUT OTHOPOAHO M M3OTPOITHO,

Mpobnema NAOCKOCTHOCTH

TpocTpancTBo, HENOCPEACTREHHO JOCTYTTHOE HAM B IOBCEIHEB-
HOW XWU3HW, HECOMHEHHO SBJIAETCSA TUIOCKMM, €BKIMIOBHIM. Ho
0KAa3bIBACTCA, UTO U TPEXMEPHOE {IPOCTPAHCTBG B MAcIITabe BCetk
HabmomaeMoit BcesleHHOM ToXe ABISETCS MOYTH [UIOCKUM, 2 MOXET
ObITh, U CTPOro NNOcKUM. [loueMy? STOT BOMIPOC COCTABISAET COLED-
XaHUe NpoGneMbl, KOTopast Ha3bIBETCs MPOOIEMOif MIIOCKOCTHOCTHI
B KOCMOJIOTHUH,

«IL10CKOCTHOCTE — KaNbKa ¢ aHrmuiickoro «flatness» — He
OYEHB CKJIAAHOE CJIOBO; HO 3TO yXe YCTOSIBIIMMCS TEPMHUH, TaK 4TO
MPUXOAUTCH UM TIONB3OBATHCHA, HPABHTCH OH HaM ILTH HET,

Peur uyieT o IpoCTpaHCTBE, B KOTOPOM IMPOUCXOANT KOCMOJIOTH-
4ECKOE PacIIMPEHUE ¥ B KOTOPOM PacnpeeNeHUe BELIeCTBa B -
€TCSl ONHOPOIHBIM. 3TO COMYTCTRYIOLIEE BELIECTBY TIPOCTPAHCTRO,
«TOYKaMH» KOTOPOTO SBIAIOTCA CAMM pa3beralolliMecs ralakTHKHY.

MBI TOBOpHITH paHee O TPEX TEOPETUMECKH AONYCTUMBIX THUITAX
HM3OTPOITHOTO TIPOCTPAHCTBA — 3TO IJIOCKOE TPOCTPAHCTBO, MpO-
CTPaHCTBO ruitepcdeps! U npocrpaHcTBo Jlobayesckoro. Beibop
MEXIY 3TUMH TpPeMsl BApUaHTaMli BO3MOXEH TIO HabNIOICHUAM, HO
JI0 CUX Nop OH He caenal. [1pou3BoAUTD NIPAMbIE TEOMETPUYECKUE
W3MEPEHUS C TIPUEMIIEMOI TOUHOCTBIO B KOCMHUYECKUX MaciiTabax
[10Ka HEBO3MOXHO.

Ho Teopuss @®puamMaHa roBOPUT HaM, YTO TUTT TeOMETPUH CBSI3aH
B3aMMHO-OIHO3HAYHEIM 06pa30M C COOTHOLIEHHEM MEXIY TpaBU-
TallHOHHOM IOTCHUHATBHOH U KMHETHYECKOM 3HEeprued KoCMoJIo-
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TMYECKOTO PACIIMPEHMs; a 3TU BEIUUMHBL YK TIOAIAIOTCS BEChMa
TOYHOMY N3MEpPEHHIO.

CornacHO (pHAMAHOBCKOH TEOPUH, IIPOCTPAHCTBO IOJKHO
ObIThL TUTOCKUM, €C/IA KMHETUUECKAsT SHEPTUS] TOYHO paBHa NOTEH-
uMasteHoi (1o Moayaw). Ecau kuHeTnueckas sHeprust npeobana-
€T Hal TOTEHLMANLHON, TO IIPOCTPAHCTBO JOMXHO OBITH
ApOCTpaHCcTBOM JlobaueBckoro. B MpoTHBOMIONOXHOM CiIyyae NMpo-
CTPaHCTBO JOIXHO ObITb TUNepchepoii.

Y1068 3HATH IOTEKURATBHYIO 9HEPTUIO, HYXKHO U3MEPHTL MOM-
HY1O TUTOTHOCTB MHpPa P, KOTOPan eCTh CyMMa FUIOTHOCTEN BakyyMa,
TEMHOTO BelllecTBa, 6apuoHOB (0OBIYHOTI'O BeLIeCTBa) M UITYYEHMUSA.
A IASt OUCHKH KHHETUYECKOU SHEPTHU HYXHO HAMEPHTh NOCTOSH~
Hylo Xab6/1a 1 110 Heil BBIYUCITUTE TAK Ha3bIBAeMYI0 KPHUTUYECKYIO
IUIOTHOCTh

p. = 3H/(8nG).

Toraa oTHoLIEHHE MOLYNA TIOTEHUNATLHOW 3HEpTUU K 3HEPTHH

KWHETHYECKON 6yaeT OTHOMEHHEM ILIOTHOCTEN:
Q=p/p..

3HauwT, ecnu {) paBHa eIUHMULIE, TO MPOCTPAHCTBO TUIOCKOE, a
€CJIM 3T BEIMYYHA OTNUYHA OT eJMHHULIB, TO TIPOCTPAHCTBO HCKPH-
BJEHO, OHO HeeBKIMIOBO. Korma {0 6osblle eAMHUIUbL, 3TO NpPo-
CTPAaHCTBO rUmepcdephl, a KOra OHa MEHbIe eAUHUIIBI, 3TO
npoctpaHcTBo JlobadeBckoro. [To caMbiM CBEXUM COBPEMEHHBIM
HalOMoAaTeTbHBIM JAHHBIM, YUYUTHIBAIOLIMM BCIO COBOKYITHOCTh
KOHKPETHBIX CBENICHU O peaIbHOM MUPE,

Q =1,02+£0,02.

D710 CoBCeM HegaBHO omybiarkoBaHHbI (derpats 2003 1) pe-
KOPIHLIN MO0 TOYHOCTH Pe3y/bTaT, TONYIeHHBIK ¢ TIOMOUIBIO KOC-
Mudeckoro amnmapara WMAP (Wilkinson Microwave Anisotropy
Probe), cosznanHoro [MpuHcTOHCKWUM yHUBepcuTeTomM U HACA
(BUNKUHCOH — IPUHCTOHCKMWI SKCICPUMEHTATOD, OAWH U3 MUMOHe~
POB HCC/IEN0BAHUSA PEAUKTOBOTO HITydeHUs B cepeanHe 1960-x ro-
noB). Tpunuars net Hazan aaHHsie 66111 Takumu: 0,3 < Q < 10. A
Bcero 3a rog-aea g0 WMAP otuibka onpeaesieHus BenuduHer
ObL1a B 2-3 pasa Gosibile, uem ceifuac. Iporpecc 3HaYUTENIeH U Ode-
BUACH.

Korna rosopsT 0 TOM, YTO NPOCTPAHCTBO GAM3KO K TUTOCKOMY
WIM CTPOrO IJIOCKOE, KaK pa3 U HUMeewT B BUOY TOT GakT, uTo
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Habmonaemas Benmunna Q 64AM3Ka K eIUHULLE, 2 MOXET OBITh, TOM-
HO paBHa exuHHUe. OTNHYNE 3TOH BEMWIMHBL OT EANHUIILI — HAa-
6niogareibHas  Mepa  HEEBKIMJJIOBOCTH  CONYTCTBYIOWIETO
npocTpaHcTea. Jpyrix He3aBUCHMBIX YKa3aHUIi Ha 3TOT CUET HE CY-
wectyeT. OOGpaTHMCS CHOBA K KOCMOJIOTUYECKOi TCOPUM.
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Puc. 4.18. [NoepeHne BeNMUHE! Q B X01€ KOCMOTOIUUCCKOLO pacLIH-
PEHRNS.

BepxHsist KpyBas — A5 MPOCTPAHCTRA oNoXuTeAbHON (K > 0) KpuBH3-
HbI (tuTepedepa), HUXHSA — JUIS MPOCTPAaHCTRa oTpuuaTensvioi (k < 0)
KPMBU3HB! (NMpocTpaHcTBO Jlobaterckoro). BuoHo, 4TO OTKIIOHEHNT Rean-
THHBI QQ OT €AMHMIIBI BCEIIa HEBENIMKY W, BO BCSIKOM CTYYae, KOHEYHbI 1
OIpaHKyeHbl B MUpe PpuiIMaHa ¢ KOCMUYECKYM BaKYYMOM.

Koraa BakyyM He 6bUI elle OTKDPhIT, KapTHHa ITPEACTARIANACH COBCEM
unoi. Tlpu yxone B mpouwtoe o6e KpuBbie MO-TIPEXHEMY CTPEMHINCH K
3nayenuio 1. Ho nacTosmiee u Gyayiuee 6e3 sakyyma 6610 ApyraM. B Mupe
TTOJIOXKWUTE/ILHOM KPUBH3HMI, €C/IM B HEM HeT BAKYyMa, 3a PacIIMPeHHEM He-
wW36eXHO cneflyeT cxatHe. B MOMEHT CMeHBI PacmUpeHUs CXaTHeM
BETMYMHA 2 yXONAT B GECKOHEUHOCTD.

B Mupe oTpHUIaTENbHOM KPUBH3HBL BENIMUMHA Q CTPEMUTCS B OTCYT-
CTBYE BAKYYMa K HYJI0, KOTIa BpeMs cTpeMnted K 6eckoneutiocti. Bapu-
aHTbI 6e3 BaKyyMa 10Ka3aH bl YHKTUPOM.

o abeum ocaM 3necs NPUHATa NOrapnbMHYECKas LIKana.
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C yyeToM BcexX BUIOB KOCMHUECKOM 3HEPIUM — BaKyyMa, Bellle-
CTBa, K3NydeHUsi — Teopust DpUIMaHa OAET SCHOE MpeACTaBAcHUE
O TOM, XaK BeJIMuuHa ) BeneT ceOst B IPOLUIOM, HaCTOSIEM M ByTy-
nieM. 1o nokazano rpaduyecku Ha puc. 4.18.

Ha aToM puCyHKe MOXHO YBUAETH, uTO (Tpn k # 0) sesianna )
CTPEMHTCS K €AVHUILE, KOT/A BpeMsT MaJlo, T. €. KOrla OHO, roBOpst
MaTeMaTW4YeCKH, CTPeMUTCS K Hyo. Ho 31a BeMuMHa CTPEMUTCS K
€AMHHLIE TAKXKE M B pe/elie, KOrAa BpeMsi CTPEMMUTCS K GecKoHeu-
HOCTHU. Tak 4TO CIHMIUKOM GOJBIIMX OTKJIIOHEHUH OT eTUHHUIEI HE
BO3HMKAeT HH B TIPOLJIOM, HH B Oyayniem.

Jlaxe camble Tounble uaMepeHus WMAP He MCKTOYaiOT, YTO
TpexMepHOoe NMPOCTPAHCTBO MUPA MOXET ObiTh U UCKPUBJIEHHBIM, a
He TOJNbKO EBKAMIOBBLIM. Mepoil KpUBU3HEI NPOCTPAHCTRA CNYXKUT
ero pamzuyc Kpdpu3Hbl. B cayyae, Hampumep, cdepuyecKoro
TIPOCTPAHCTBA, PATUYC KPMBH3HA! -— 3TO (IPOCTO PAAKYC Cepsl.

Ecay Hanie nmpocTpaHCTBO UCKPUBIIEHO, €r0 PaIuyc KPHUBU3IHDI
COCTABASET B COBPEMEHHYIO 3TI0XY, KaAK MHHUMYM, OKONO CTa ML~
JINAPAOB CBETOBBIX JIET, T10 NOPAJIKY BEJIMUHNHRI.

Xota TpexMmepuasi KpUBHM3Ha MUpPaA OCTaeTCsl, CTPOro roBops, He
H3BECTHOM, C OTKPLITHEM BaKyyMa, KaK Mbl YK€ CKa3a/H, CTIa U3-
BECTHA YeTbIpEXMepPHasl reOMeTPUst NpocTpaHcTsa—BpeMeHu. M ob
3TOH reOMeTPUM Mbl 3HaEM Bce, UMeHHO Bee(!), UTo TONBKO Boobe
MOXHO Y3HATh U3 00llIeil TEOPHUN OTHOCHTEABHOCTH: 3TO CTATHYEC-
KO€ NpOCTPaHCTBO~-BPEMA MOCTOSTHHOI MONOXHTENBHON KPUBH3-
HBbI, TPUUEM YUCTICHHOE 3HAYEHUE KPUBU3HBI (CM. BbIIlE) TOBOJILHO
TOYHO MU3MEPEHO.

Tononorus Bcenexhont

Ho yero Hemsis oXuaaTh ot obuieit Teopun OTHOCUTENBHOCTH,
3TO OMYCAHUS TONIOMOIMN YETHIPEXMEPHOTO MUPA, T. €. €ro FreoMeT-
PHYECKOI'O CTPOEHMS KAK LieJloro.

Ob6uiast TeopUs OTHOCHTENBHOCTY CTPOUTCS Ha AU dbepeHin-
ATLHOM FEOMETPUM, 3TO ee MaTeMaTuyecKuil annapat. Juddepen-
UHMaNbHAs TEOMETPUS OTTUCHIBACT JIOKAIbHbIE, «<MECTHBICY CBOMCTBA
NnpocTpaHcTBa. B KocMonoruu, rae nayyarores cameie Gosblliie U3
[OCTYITHBIX peaIbHOMY HaOMOASHUIO NPOTSXEHHOCTH B IIPOCTPaH-
CTRE, TOKATBHBIMU, MECTHBIMH CUHTAIOTCSA CBOMCTBA NPOCTPAHCTBA
B MacluTabax COTeH Meranapcek u Gosee.
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NuddepeHImaIbHas TeoMeTPHst NIO3BONSET CYAUTh O TOM, CO-
BHAJACT JIM TeOMETPpUs JaHHOM 06nacTH ¢ reoMeTpueii DBKIMIA,
reoMeTpuelt JloGaueBckoro wiu renepchepryeckoil reoMeTpueit.
I1pu 3TOM peub UneT UMEHHO O NOKANLHRIX CROWCTBAX NMpocTpaH-
CTBA, 2 HE O €ro YCTPOKCTBE B LEJIOM.

Tlpusenem mpumep. B crynae mByMepHoro npoctpaHcTsa Jloba-
YEeBCKOTO €r0 YCTPOMCTBO B LIEIOM MOXET UMETH BUI rUnepOonon-
J2, a MOXET UMETb BUA ceiLna (cM. puc. 4.4). Thuepbononn u cewio
CHITLHO OTIHMUAIOTCS JPYT OT APYTA MO CBOEMY «CTPOEHHIO B 1IEIOM».
Ho vx mudpepe HUMaibHaA, T0KTbHAA FEOMETPUA OIHA M Ta XKE —
3TO B 000OUX CIyJasiX ABYMEPHOE TTPOCTPAHCTRO MOCTOSHHOW OTpHU-
date/JbHOU KPUBU3HDL.

B yxe ymoMuHaBIelcs KHUre «MUp KaK MpOCTPaHCTBO U Bpe-
Mst» QpUIMaH crelManbHO 06paliaeT BHMMAHWE HA TO, 9TO 00Mas
TEOPUST OTHOCUTEABHOCTH MO3BOJISET CYAUTD JHLUb O IMPdEpeH UM -
anpHOU reoMeTpuy Mupa (OpuaMaH, MeXIy NpoYrM, YUTAT Kypce
AuddepeHUMANBHON reOMeTpUH B TleTporpaickoM yHUBEpPCUTETE),
a ToToNoTUU B Helt HeT. [IngpdepeHIMUATTLHAS TeOMETPHS AdeT Ws
TOITOJIOTUM JIMIIL HEKOTOPEIE OTpaHuYeHmMs 0BIIEero XapakTepa, HO
HE OMpeaesIsieT ee.

310 3aMeuaHue OpramMana UMEIo He TOJIBKO MENaroruyeckui,
HO Y1 NOJEMHUYCCKUH CMBICA. OH CU€N HeOoOXOOMMBIM BO3Pa3HUTh
DitHTeitHy. Jleqo B TOM, YTO B CBOEH NEPBOM KOCMOAOIBYECKOM
CTaThe DUWHIUTEWH MoJaral, YTo HaMAEHHOEe UM CTATHYECKOe Koc-
MOJIOTHYECKOE PELIEHUE [UISI TPEXMEPHOTO MPOCTPAHCTBA C MOJIO-
XKUTEIbHON KPUBWU3HOW onmvchiBaeT BeelleHHYI0, TpexmepHoe
MPOCTPAHCTBO KOTOpoi — rumepcdepa — B LIEJIOM SIBNSETCS 3a-
KPBITBIM, 33aMKHYTLIM B cede, noJI00H0 IByMepHOU cdepe.

Ho o cymiecTBy 3710 GbIJIO MPOU3BOIEHOM TOTTOTHUTETLHOM TH-
TTOTe30U, HUKAK He BRITEKAIOLIEH U3 00L1el TEOPUN OTHOCUTENBHO-
CTH KaK TaKOBOM.

DpunMaHOBCKUE MOIENU YaCcTO Ha3BIBAIOT OTKPHITON (Korna
TPEXMEPHOE IIPOCTPAHCTBO — MPOCTPAHCTBO JlobayescKoro) U 3a-
KpbITOi (rumepcdepa). ITpn 370M TOBOPHUTCS, YTO B IEPBOM CITy4ae
ob6beM MMpa DECKOHE4YEeH, a BO BTOpOM KoHeueH. Ho 310 He obs3a-
TEXLHO TaK, BO3MOXHBI pa3liMyHBIC BapWAHTHI TOTIOJOTUM TAaKHX
MPOCTPAHCTB, 4 OT 3TOFO 3aBUCAT K CBOMCTBA 3aMKHYTOCTH ¥ HE3aM-
KHYTOCTH, KOHEYHOCTH U OECKOHEUHOCTU UX OOBEMOB M T.01.
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CiioBa «3aMKHYTasg MOIENb», «OTKPbITAs MOENb» HE AOJDKHBLI
BBOJNTH B 3a0NyXXIEHWE OTHOCHUTETBHO TOMONOTMU TPEXMEPHBIX
NPOCTPAHCTB B 3TUX MOJEJIAX, — O HEii pealbHO HUYETO HE U3BECT-
HO. Huyero He u3BecTHO M O TIONIHBIX 0OBEMaxX 3THX TIPOCTPAHCTB,
O611aa Teopus OTHOCUTENBHOCTH HUYETO 06 3TOM CKa3aThb HE MO-
xeT. Y nabsionenus HU4ero o6 3TOM I0KA He TOBOPAT.

Ewe He coanana «rononormueckas obias TCOPHSA OTHOCUTENb-
HOCTH», T. €. TaKas TeopHs IPOCTPAHCTBA U NPOCTPAHCTBa—~BpEME-
H{, KOTOpasi craswia Obl TONOJAOTMIO MHpa B COOTBETCTBHE C
PA3BUBAIOILUMUCS B HEM DU3WISCKUMHM TipoleccaMy. BoaMoxHo,
3TO AeS10 Oyaylero. Xora HUUTO He MELACT TEOPETHKAM yXe cel-
Yac MbITATECHA NPEACTABHTE cebe BO3MOXHYI0 Tomoornio Beenen-
HOM, a HaOJIOAATE/ISIM -— NLITATBCA MCKaTb MPOSBIEHUS 3TOM
TOMOJIOTHH B peaIbHbIX CBOMCTRAX MHpA.

Bce 5T0 B MonHOI Mepe KacaeTcsl, KOHEYHO, ¥ MUpa ae CUTTepa;
HM3BECTHA €ro yeThipexMepHast A epeHUIHATBHAS NeOMETPUS, HO
€TO TOTIONOTUS, €70 TEOMETPHUS B LIETOM, OCTAETCS [TOTHOCTRIO OT-
KDHITO# 11pobaeMoii. UMeeTCsi MHOXECTBO HHTEPECHBIX H PA3HOO00-
Pa3HbIX MAaTeMaTUYeCKU NONMYCTHMbIX BapUAHTOR TJIOOANBHOTO
CTPOEHHUA Takoro Mupa. Ho yracTca TH Koraa-HHOyas MpOBEPUTH
3TU BapMaHThl B HAOMIOAEHMX N BRIOpaTh onMH U3 HKux? Kak 651 To
HW OBIN0, TOTIOJIOTHS MHPa CTAHOBUTCA TeNepb CaMbIM MPUHLIATIMN -
ANTBHBIM, €CJTH HE €IHHCTBEHHBIM IT0-HACTOAILEMY BRXHBIM BOTIPO-
COM TE€OMETPHYECKOro XapakTepa B KOCMOJOTMH COBPEMEHHOMH
BceneHuoit.

3aMeTHM, YTO B IPYIOM (HE O TOMOOTUM) 3a0YHOM CITOPE MEX~
oy OuHmreiHoM v OpunMaHoM, cope 0 TOM, ARISETCSE T MUp
CTAaTUUHHIM WY 3BOJIIOUHMOHUPYIOIIHM (CM. BEillle), 06a Kitaccuka
OKa3bIBalOTCSI B UTOre NPaBhl, HO KaXIbl! no-cpoemy. Unes Diin-
ITeHa 0 HEU3MEHHOM M BedyHoif Beere HHON peann3yeTcss XoTs U
HE B €ro CTaTUYSCKO MOJAEH, HO 3aTO B UACAJIBHO CUMMETPUYHOM
pewenuu fe Curtrepa. A MIiesi HeCTaUMOHApHOA BeeneHHoit ®Opu-
MaHa -— B ero oblue#t Teopuu sposounu Beenennoit w B Habmona-
eMOM (peHOMeHEe XabBIIOBCKOTO pa3deraHus ralakTuk.

B HekotopoM cMmeicie, uaes ®prnMaHa BKJIKOJAET B ce0si, B Ya-
CTHOCTH, Y ¥N1€10 CTATUYHOCTU JHIITEHHA — B Ka4ECTBE Npeaeib-
HOTO CITy4yasi BAKYYMHOTO MHPA.
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3arapka Xab6na

BepHeMca K ucrokaM HabmopaTeasHOW kKocMonoruu, B 1920-¢
TOMBI, Koraa Xa606:1 N3ytuat TObKO YTO OTKPHITBIN UM [OTOK KOCMO-
JIOTHYECKOTO paclinpenvs. MMeBIIMeEC B €0 PACIOPSKEHUH CKO-
POCTH TAJAKTUK OBUIH JTUIIE HEMHOTUM OONBIIE THICSYH KM/CEK B
HabmoneHuax 1927-29 rr.

Eciu BOCONb30BaThCS MPUHATHIM CedIac 3HAYEHUEM OCTOSTH-
Hoit Xab6na, H = 55—75 kxM/cex/Mnk, TO JIETKO YBUIETD, UTO pac-
CTOSHUs B ero HabmoneHUsx He npeBbiaiy 20 Mnk. Cam Xa66n
IyMaJl TOTAa, 4TO NpeNesl PACCTOSHHI Y Hero — 2 MIIK; Takoli 6bUIa
TOTAa cUCTeMaTU4YecKas OIIHOKA OeHKH PaCcCTOSIHMM, TTOYTH B Je-
CaTh pa3 (Mbl YK€ YNIOMHUHAJIU 00 3TOM).

B 6mxadueit okpecTHOCTH Hanied JTarakTiky, B oobeMe ¢ pa-
auycoM B 20 MK, HAKaKOW OHOPOOHOCTH B paclipeaeneHuu Be-~
1IECTBA HEeT. B Mype ranakTuK 3T0 CBOWCTBO HabmonaeTcs UG B
MacmiTabax 300 MUITHOHOB CBETOBRIX T M 60onee. Pacnipenenenue
Xe BEUecTsa B OIMXKHEM 00heMe, HAIIPOTHB, KPaifHe HepaBHOMED-
HO: 30eCh UMEIOTCH TPYTIITHI TAIAKTHK C pa3MepaMHu okojio 1 Mk,
BCE OHY BXOAAT B 60JIb1IOE CKOMJIeHHe ranakTuk Bupro (t. €. [leBa),
UEHTP KOTOPOIo JIEXUT B HAMPaRISHUU HA OTHOMMEHHOE CO3Be3nue
M HaXOIOUTCH OT HAc HA PACCTOSIHUU TIpUONH3UTENLHO B Te Xe 20
MK, M T. 1.

Kax nmpH takux ycJioBUAX 3[ech RO3ZMOXCH PETYISPHBIN KOCMO-
JIOTUYECKUH TTOTOK pacLIMpeHMst C TUHEeHHOM 3aBUCMMOCTBIO CKO~
poct oT paccrognua? Bens no Tteopuu PpunmaHa Takoe
PETYISIPHOE paciMpeHKe BO3MOXHO JINIIb B CIyYae OAHOPOIHOCTH
BELLICCTBA B MMPOCTPAHCTBE!

TTpurnaaumcs cHoBa K xab6xoBckoit auarpamme (puc. 4.8). Ha-
WMeHBbILHE CKOPOCTH yiaaleHus y Xab6aa cocTapisiior BCEro of-
Hy—/IBe COTHH KM/CeK; H DTO O3HayaeT, YTO XabO0JOBCKHIT IOTOK
Oeper HaYano oueHb OJIM3KO OT HAc, Ha PACCTOSIHMSIX BCETO B He-
cKxonsKO Mrik.

Ho 3710 xaTactpoduuecKu He TOT, HE KOCMOJIOrNYeCKUii TIpO-
CTPaHCTBEHHHIN MaclITab.

OcTtaeTcs auIn COPOCHTE: & UMEeT JIM OTKpeITHE Xab6i1a Kakoe-
MO0 OTHOLUEHWE K KOCMOJIOTHH?

K HacTosanieMy speMeHHA HAOIIONECHUSIM CTATTH ZOCTYOHBI rajlak-
TUKU CO CKOPOCTSIMU pa3beraHust BIUTOTh IO COTHH THICAY KM/CEK,
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qTO COOTBETCTBYET PACCTOSTHUAM B Thicsiud Mk, D10 GeccnopHo
KxocMonoruyeckue Maciutabul. Ha Takux macwurabax anHeitHbli 3a-
KOH paclipeHUsT HATEKHO W YBEPEHHO YCTAHOB/IECH, — B MOAHOM
COOTBETCTBUM C TEOPETUUECKMMU OXUAAHUAMU B Ayxe ppvamaHoB-
cKoii TeopuH. Ho YTo mopasutenbHeit Bcero, aist 3TUX TMo6atbHBIX
KOCMOJIOTHYECKHX MaclITA00B MocTOsHHAs Xab01a uMeeT NpakTH-
YeCKHM TO Xe CaMO€e HUCIEHHOE 3HaYEHHUE, YTO U B JIOKAILHOM 06b-
eMe JIo paccTrosTHuit Beero B 10—20 Mnk.

CornacHo Anany C2HAMIXY, KOCMOJOFHYECKOE DPACLIMPEHHE
TIpocaeXuBaeTcd BINOTh 10 1,5—2 MTTK OT Hac, ¥ JIOKATBHEIH TEMTT
nonobeH robaTLEHOMY, €CIM TOJBLKO OH HE COBNAAET ¢ HUM TOUHO,
Ha ypoBHe ~ 10%. 310 AaHHble U3 cTaThi CaHIAMEXKA, OMyOMUKO-
BaHHOW B 1999 1., poBHO uyepe3 70 neT mocie nepBoi KOCMOJIOruye-
ckoil nyonukauumn Xabona,

ToBOpS WHBIMM CJIOBaMU, 00111ast KapTHHa pacUIMPEHUST BbITJIA-
IIMT TaK, KaK e€cay 6b1 r106anbHbIit KOCMOJIOrMYECKH i IOTOK U B ca-
MOM jleJie HauHAJICH NPSAMO BONMW3U HAC W, TIPOCTUPASCH Jajiee YyTh
He N0 TOPU30HTA MUpPa, COXPAHS BCIOAY CBOIO KUHEMATHUYECKYIO
naeHTuuHocts. Kak xe 310 MoXeT ObiTh?

TakoBa 3arajKa, CyImecTBYIONasi B KOCMOIOTHH CO BpeMeH Xab-
61a. CaHAUAXK, OIMH U3 CAMBIX KPYMHBIX KOCMOAOrOB—Habtonare-
Jieli Hawwux IHeil, npsiMo nuiner B pabote 1999 r: «Mbl Tak W
OCTaeMCsT ¢ ITOM TatHOM».

Bakyym B6Au3u Hac

IMpuBeneM cambie CBeXHE HaGMOJATENbHEIE AaHHbIE O ABHUXE-
HUAX TATAKTUK B Hame#d Oauxannei okpectHocTi BeeneHHoit, B
MECTHOM 00beMe, KaK roBopAT 06 3ToM acTpoHoMbl. OHM nojyue-
Hel K. /1. KapayeHLeBbIM 1 €10 COTpyAHUKaMU, acTpoHOMaMHu Cne-
nHanbHOM  acTpodwmsnyeckoi  obcepsatopun  PAH. HWwmu
IIpOBEACHLI HOBBIC TIHATCJILHDBIC HaboxeHUS 0KOJ10 JIBYXCOT onm3-
KHX [aJlakKTHK, YTOObI 3aHOBO M MaKCUMAITHLHO TOUHO OMpENenuTh
PaccTosiHUA A0 HUX. B pabote ncnonszoBanca bonbwwosi Teneckon
CAQ (c nuameTpoM 3epKana uiectb MeTpoB) u Xa06/10BCKHit KoC-
MUWYECKU Teneckor.

OCHOBHOWM pe3yJbTaT TaKOB: Ha ropasno Oonbluem Habiiona-
Te/IHOM MaTepuarne, YeM TOT, KOTOPBIN ObLT B pacriopskeHUK Xab-
6na B 1929 r, u ¢ ropa3go 6onee BLICOKOH CTENEHLIO TOYHOCTU
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MOATBEPXKIEHO W MPONEMOHCTPUPOBAHO CYLIECTBOBAHUE PErysap-
HOTO MOTOKA PAaCIMPEHUs C JIMHEHHBIM 3aKOHOM CKOPOCTH s
PacCTOSAHUM oT 2 1o 8 Mrik.

KapaverueB npeacTaBui HegaBHO Ba BapuaHTa xaG6IoBCKOMU
auarpammel {puc. 4.19, 4.20). [MepsrIit U3 Hux (puc. 4.19) Brmovaet
B cebs naHHbBle O IBMXEeHUAX 145 ranakTuk Jo pacCTosiHUM 8 Mik.
CKOpOCTH M3MEPEHb! C TOYHOCTBIO He XyXe 5 KM/CeK, TOUHOCTb
paccroguuit 20%. CKOpoCcTH HaHbl B CUCTEME OTCUETA LIEHTPA Mace
MecTHo# Ipynnei.

Ota rpynna sxmovaet B ce6a Hamry [AT1akTHKY ¥ CpaBHUMYIO C
Hell Mo Macce TMTAHTCKYIO MaNakKTUKY AHAPOMENRA, HaxXOASUIYIoCs
OT Hac Ha paccToAHWH 700 KI1IK; 3TH JBE TaNakTHKHM COCTARBIIOT OC-
HOBHYIO MaccCy Tpynnkel. B rpyrime uMeercs ellle HECKOILKO AeCsT-
KOB MeHee MaCCHBHBIX TAJIAKTUK, CPEAM KOTOPbIX OONBIIKHCTBO
COCTaBJSIOT COBCEM HEBOIBIIME ralakTHKU~Kapiuky. OOwnii pas-
Mep MectHolt Ipyrmser npubansutensHo 1 Mnk. IToaasnsioinee
OOJNIBLUKMHCTBO IPYIMX TAIAKTHK, HaxonsTumxcs BHe MecTHOMH TpyTI-
TBI HA PACcCTOSIHUAX J0 8 MK (a X TaM He MeHbille ABYX COTEH),
3TO TOXE KapIUKMU.

H3aMepenHad no fjaHHuiM 0 145 ranakTrkax noctosnHHas Xa66aa
cocrapaser 64 + 10 xM/cex/Mrk. OTo NpakTUYECKH COBNANAET C

CKopOoCTh, KM/CEK.

PaccrosHue, Mk

Puc. 4.19. CospeMeHHBIN BUI XaGOMOBCKOM ;TMarPaMMBI 10 PACCTOA-
Hnii 8 meranapcek (M. 1. KapaueHues u ap., 2001).
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«TNOOALHBIM» 3HAYEHUEM 3TOW BeJIMUMHBI, U3MEPEHHBIM HA Mac-
wTabax B Thicaud MIIK: 65 + 10 kM/cex/Mnk.

OcobeHHO MHTEPECHA IS HATUWX Tienei auarpamma (puc. 4.20)
0TSt 20 TANAKTHK C BBICOXOTOYHBIMU, HE XyXE 7%, onpeacacHIAMU
PACCTOAHUI. DTO FaIaKTMKU~KapJMKKR, HaXOMALINECH OT HAC Ha
pPAcCTOAHHAX He Ranbire 3 MAK M, 33 peaxUM HCKITIIOUeHHEM, He
BXOJAI(ME B I'PYTINIbI; UX KUHEMATHKA OTPAXACT B Haubo/1ee YMCTOM
BHIE OIUHAMUYECKYIO OOCTAHOBKY B HAIUEM OUxaiilieM oKpyXe-
HUH. He uckaxeHHbIE yYACTHEM BO BHYTPUIPYIIIIOBbLIX ABIIKEHUSAX,
CKOPOCTH 3THX TIAKTMK OOHApYXHBAKOT MOPA3WTIENBHO Majibiit
P230poC BOKPYT JIMHEIWHOTO 3aKOHAa — BCETo 25 KM/CeK.

BTo nepBas HaleXHas OLEHKA XaOTHMYECKUX IBMXKEHU Talak-
TUK MECTHOTO 0OBEMa, KOTOpast 3aBeIOMO IPEBLIILAET OIUMOKU Ha-
ononeHuit (oxono 15 kMm/cex). C TOYKY 3peHHMA AMHAMHUKH, ITU
TAJAKTUKH CJIYXAT B KA4eCTBE OYEHb XOPOLNETO U3MEPUTEILHOTO
MHCTPYMEHTA JUTSI aHAIU32 TIONS CKOPOCTEM, a 3HAYUT H ITOJIA TATO-
TEHVSI B MECTHOM O00BbeMe.

Bbicokas creTieHb PEryaspHOCTY ABHXEHWH OJIHXHHX Tranak-
THK PE3KO KOHTPACTUPYET ¢ KpaiHel CTeNeHbIO HeperyisipHOCTH,
CHJIBHOH HEOXHOPOAHOCTHIO UX NPOCTPAHCTBEHHOTO pacipeaesie-
Hust. [To nannbim T1. Teepukopriu (Typxy) u X. IMarypenst (JIvon),

300

g

CxopacThb, KM/cex.
8
T

0 1 2 3
Pacctostnue, Mk

Puc. 4.20. Xa6610BcKast AMarpaMma co CBepXTOYHBIMU PacCTOTHUAMH
o 3 Meranapcek (U. [1. Kapayeunues v ap., 2001).
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OCOBEHHO CHIILHBIE HEPETYAPHOCTH M HEOHOPOAHOCTU HAOAIO1A-
I0TCSl KaK pa3 8 npenenmax 2—3 MMK, a ganplle OHU NOCTETIEHHO
CTIAXUBAIOTCA (B CPEHEM IO BO3PACTAIOLUMM OOBEMaM), ocTaBa-
AICh, ONHAKO, Y TaM JIaJEKO He CNabbIMU, BILIOTH A0 PACCTOSTHUI B
100—-200 Mrix.

M3 Bceit aToil HabGnomqaeMo¥ KApTUHBL HaNpallnBacTcs OJUH
BBIBO/I: KHHEMATHKA TAiAKTHUK B MECTHOM OOBEME UMEET Mao 00-
IIEro ¢ UX OPOCTPAHCTBEHHBIM paciipeaeneHreM. KuHeMmaryuka nuc-
KIIOYUTENbHO pEryjisipHa, Toraa Kak [pOCTPAHCTBEHHOE
pacripeneicHye CUJIbHO HEOTHOPOAHO, KaK B 3TOM 00BeMe, Tax na~
Xe i B 0os1ee OBILUPHEIX O6beMaxX BOKPYT HAcC. 3a HabmonaeMon Ku-
HEMATHKOM 1a)1akTHK CTOUT AMHAMHUKA, KOTOpast, CJIEN0BATEILHO, C
pacrnpeneieHueM Mace TalakTUK QaKTUYeCKH He CBH3aH4.

Ho ecisty He Macchl CaMUX IalakTHK, TO UTO Xe TOT/(a YTIpaBiseT
JIBUXEHUEM 3TUX TeJl B MECTHOM o6bemMe?

B nyxe HOBeHiUMX OTKPLITUI B KOCMOJIOTHA MOXHO [TPEAIOoNo-
XHWTb, 4TO XaOOJOBCKUM TOTOKOM YIPARISIET KOCMOJIOTHYECKUH
BaKYyyM. DTO OTHOCUTCS KO BCEM PACCTOSIHMSIM — OT HECKOJIbKUX
METarnapcek ¥l OUTH YTO A0 FOPU3OHTA MUpa.

JelcTRUTENIbHO, C OTKpLITUEM Bakyyma BceleHHas B uenoM
npejacTana nepef Hamu Gonee oAHOPOAHOM, YeM 0D 3TOM MOXHO
ObUIO CYAUTH paHee TONbKO NO pacripelecHWIo ranakTHK B Heil. B
Hel JOMUHUPYET BAKYYM € €ro MWIeaTbHO OTHOPOAHOH [UIOTHOCTBIO.
B atoM cMbIcie BeeneHHas 0nHOPOHA He TOJIBKO B CODCTBEHHO KO-
cMonormueckux mMacirraBax 100--300 Mrnik v 6onee. B nyHammuiec-
KOM CMBbICJE OHAa OAHOPOIHA BOKPYT HAC YXE C PACCTOSHUH B
HEeCKOoAbBKO Mnx.

MoxHO cka3aTh, YTO KOCMOJIOIMS HAYMHAETCS TEMepb HE ¢ CO-
TeH MnK, a ¢ Heckonbkux Mk or Hac. OH2 TOACTYMaeT MOUTH
BIUIOTHYIO K HaM, X Mneunomy nytu. M Bce 310 M3-3a TUHAMUYEC-
KOro TOMUHHPOBaHHA BaKyyMa, KaK 170 BCeICHHON B LETOM, TaK U
B CaMbIX MANTkIX e¢ 06beMax, Bpoxe MECTHOTO 06beMa.

HaunHasg ¢ paccTosnmii B HeCKONbKO MIIK, rafakTUKY Xab0J0B-
CKOTO [10TOKA JIBVIKYTCS KaK ITPOOHEIE YACTHIIB Ha UIEATHHO pery-
JISpHOM (oHe BaKyyMa, KOTOpPblil WX pa3roHser (BepHEN,
noarousier), Kpuruyeckuil NyHKT 3THX PacCyXIeHU A — KIWHEMATH -
yeckasl] MIEHTUYHOCTh Xab6510BCKOro SIOTOKA HAa BCEM MHTEPBAIC
MaclTabOB OT HECKOAbKMX MIK 10 caMbix O0JLUTNX PACCTOAHNH B
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MMPE ralakTUK. ITOT BOMPOC, KOTOPHII 10 CUX ITOP CTABUN B TYTINK
AyMaroIuX aCTpPOHOMOB—HAOIOAATEEH, Tenepb, KaXeTcs, nposc-
HeeTcst, [JefcTBUTENBHO, pa3 BO BCEX 3TUX MacIiTabax JOMUHUpPYET
BaKYYyM € €r0 BCIOAY OAMHAKOBOM [LIOTHOCTbIO, TO Y TEMI pacllupe-
HUS1, XapaKTepU3yeMbiil TIOCTOsSTHHOMH Xa00na, JonXeH ObITh Be3de
FIOYTN OJMHAKOB, NOCKOJIbKY NocTosiHHas Xab6ia omnpeaensercd
MOYTH UCKJIIOUMTESIRHO OAHOM TOJBKO IIJIOTHOCTLIO BAKYYM4.

B 3TOM, BO3MOXHO, H COCTOUT PasTaiKa TOH «TailHbl», KOTOPas
CYyLIECTBOBaNa cO BpeMeH pabdoThl Xab61a 1929 L. 1 0 KoTopoit co-
BCEM HelaBHO TOBOpWA CaHAMIX.

MB!I BUAUM, YTO TOJLKO C OTKPLITUEM KOCMUYeCKOTO BAKyyMa
CTaJIA NO-HACTOSILEMY SICHhI KOCMOJIOTHYECKOE 3HAYEHUE U Peasib-
HblA GU3HYECKHUI CMBICH OTKPRITUA, cleslaHHOTro Xab610M 1o Ha-
OMIOACHUSIM B MECTHOM obbeMe BceneHHOM.

Ha, r1yboKo BHYTPH SYeiKY OTHOPOXHOCTH 0OLIEro pacrpene-
JNIEHUs] TATAKTUK Xabba OTKphUl MMOGAMbHBIA KOCMONOTHYECKUI
deHoMeH pacludpeHus Bceenennoit. Ho no cyuecTsy oH TeM ca-
MbIM OTKPbL1 €LUE U KOCMOJIOrUYecKnil BAKYYM.

Bakyym u oOwee ABWXeHWe MecTHoro odbema

B aunamHke O6nvxHeidd obnacTu MUpa eCTe M €ule ORUH
Hebe3bIHTepecHbi acriekT. Kak Mbl ckasanu, auarpamMmbl Ha
Puc. 4.19—4.20 noxa3biBalOT CKOPOCTU YAAIEHUSA MANAKTHK B CUCTe~
Me 1LieHTpa Macc MecTHoit [pynnbl; LEHTp Mace JeXUT Ha TpaMOM
MEXAY LIEHTPAMU OCHOBHBIX TAIaKTUK FPYTIILI, 6THKE K AHIpOMeE-
Jie, TaK KaK OHa HeCKO/bKo MaccuBHel Hameii fanaktuky, Ho B Ko-
CMOJIOTUW eCThb CROsl 0cobasl cucTeMa OTCYeTa; OHa ONUPaeTCs Ha
PENUKTOBOE H3dyueHHe U OXBaTbiBaeT BClo BceneHHylo. DT1o peit-
CTBUTEJIBHO IT100abHAsT CUCTEMa OTCUYETA, M UMEHHO B Hel, B 3TOMH
CUCTEME OTCUETa, TPEXMEPHOE MTPOCTPAHCTBO DPHAMAHOBCKOM MO-
JIENY ARIAETCS OAHOPOAHBIM M M30TPOSIHbLIM.

ConHue, a ¢ HUM U 3eMJIsT IBHKYTCA OTHOCUTENIBHO PENTUKTOBO-
0 N3NYYECHHUS CO CKOPOCTbio okoNo 300 xm/cex. Ho oxasbiBaeTtes,
4YT0 U HEHTP MAcC MecTHO#M TpymTibl TOXE HE MOKOUTCA OTHOCH-
TEJIBHO PEAUKTOBOTO U31yUEHUA — OH ABHXKETCH OTHOCHUTENBHO He-
TO CO CKOPOCTHIO MpUMepHO 500 kM/cex.

Habnionenus ykaselBaioT Ha TO, YTO UMEET MeCTO 0b1ilee CHOCO-
BO€ IBUXKEHHNE BCEr0 MECTHOIO 001,Ma OTHOCHTENIBHO PETUKTOBOrO

255



UNTYICHUST ¢ BecbMa HeMasiol ckopocThio 500—600 km/cex. TMpu-
yeM MECTHBIN 06beM ABUXKETCA MPakTUUECKH KaK LICJIOe B COCTaBe
ropa3fio GoJibuiei nNo pasmepy ob1acT ¢ pasMepom o 100 Mnk —
MBI YK€ YTIOMUHAIH 06 3ToM (cM. pwc. 4.13).

Bca coBokynHOCTH ralakTHK B 3TOM 60BLIOM 06BEMe COBMECT-
HO JIBIXETCA B CTOPOHY BOJIBIIOrO ATTpakTOpa, KaK WHOTIA HA3bI-
BAalOT 3TO HAIIPARJICHHE B MPOCTPAHCTRE.

3aMeTuM, YTO CKOPOCTb CHOCOBOrO JABHXCHHMS OOTBLIE CKOPOC-
TH PEryasipHoro pacutipeHus go pacctosHuii B 10 Mnx. Ona B
10—20 pa3 6onbure pa3época CKOPOCTE B npeaeaax Tex e paccro-
auai. Tak 9To 3T0 OTHIOND He c/1aboe Bo3MYUIEHUE, a CHIbHBIIL KM~
HeMaTuueckuil 3ddeKT Lis1 MaclITaboB MECTHOTO 00beMa.

Bonpoc, KOTophlii 10 CUX NOP OCTABAICS OTKPBLITBIM, COCTOUT B
cneayoueM: Kak COBMECTHTb BCe Tpu HabJlodaeMble CBOMCTBa Me-
CTHOIO 06beMa: 1) CHIILHYIO HEOTHOPOAHOCTh MIOTHOCTH BELECT-
Ba, 2) oOIECe CHOCOBOE TeueHHUe, 3) peryisipHoe Xab6yoBckoe
pPacIUMPEHHE BHYTPH MECTHOTO 00beMa.

B nuHaMuke, ynpasiisieMOl rpaBUTaliMed caMuX FajiakTHK, Ta-
Kasi KApTUHA COBepIIeHHO HeBo3MoXHa. Ho Tpu cBoiicTBa MecTHO-
ro 00seMa OKa3bIBAIOTCS BITOIHE COBMECTUMbIMM, €CITH U HAMUKO#H
rajlakTUK B MECTHOM 00BeMe YIIPanigeT HE WX CAMOrpaBUTALIMS, a
TJIABHBIM 00pa30M KOCMHUUECKUA BaKYYM.

3aMeyaTeIbHBIM 00PA30M B 3TOM ACTPOHOMHUECKOM (peHOMEHE
TIPOSIBNISIETCSI OCHOBHOE MEXaHUUYECKOE CBOMCTBO BaKyyMa, corjlac-
HO KOTOPOMY OH HE MOXET CAYyXWTb CUCTEMOI oTcucTa, JlehcTBuU-
TCNBHO, TIOKOM ¥ ABUXECHHE OTHOCHUTETBHO BAKYYMA HEPA3INUUMBI,
MTOTOMY 4TO BaKYYM BCIONY M BE3/1€, B JIIO0OI CHCTEME OTCUETA OJMH
M TOT Xe.

PenuxToroe narydeHe ToXe MpaKTUYeCKU HIca1bHO OTHOPOI-
HO ¥ W30TPONHO, — HO TOJLKO B CUCTEME OTCYETA, CBA3AHHON C
HUM CaMUM. PaguoMeTp, IBUXYLIMIiCS OTHOCUTENbHO PEAUKTOBO-
FO UIIYYCHHUs, TIOKAXKET HAOMIONATENIO, YTO Ui HETO PEIMKTOBOE
HITYYEHHE UMeeT (YXKe YITOMUWHABIIYIOCS BoIILE) AUITONBHYIO aHU-
30TPOIIUIO, a U3 HEe CPa3y HAXOISIT CKOPOCTh MPUOOpa OTHOCUTENb-
HO peJIUKTOBOro (hpoHa.

Ho HeT u He MoXeT OBITH TaKOro Mpubdopa, KOTOPLIN OBl H3MeE-
PSUT CBOIO CKOPOCTh OTHOCUTEJIEHO BAKYYMa, fIOTOMY YTO 9Ta BeJUA-
YWHA HEe UMeeT (PM3MUecKoro cMbicia. BepHee, 3Ta menmuyuHa
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TOXAECTBEHHO PaBHa HY/IO: B 0G0 TTPOU3ROIBHON CUCTEME OT-
CYeTa BaKyyM BBINISIIUT aGCOMIOTHO OAMHAKOBO, K 106ad cUcTeMa
OTCHeTa ABNSCTCA INSA Bakyyma conytcTBytouieit. Mnu apyrumu
CJIOBAMU: ABE CUCTEMbl OTCYETA MOTYT ABUTATLCS APYT OTHOCUTENb-
HO IpyTra ¢ MO0 CKOpPOCTBbIO, HO BaKyyM OyleT COMyTCTBOBATh
KaKAOM M3 HUX.

Y BaKyyMa e€CTh W €lli€ OHO CROMCTBO, KOTOPLIM TOJALKO OH H
obnagacT: BO3NCHUCTBYS Ha BCe Tesia MPHPOIBI CBOSH aHTUIPaBHUTa-
uueil, OH caM HUKAKOMY OOBPaTHOMY rPaBUTALIUOHHOMY BO3REW-
CTBHIO 3TUX TeJ He noamzaercs. TpeTwit 3akoH HplOTOHA «IeitcTBHE
PaBHO MTPOTUBOAEHCTBUIO» Ha HETO, KaK MBI YXXe TOBOPHIIH, He pac-
npocTpausieTcsi. MOXHO CKa3aTh, YTO Y BaKyyMa €CTh OTAMYHas OT
HyJs (M IPUTOM OTPHLaTETbHASA) AKTHBHAS IPaBUTALIMOHHAA Mac-
ca, a ero raccyBHAA rpaBUTALlMOHHASA Macca K MHepLUHaIbHAs Mac-
ca — 00¢ paBHBI HYJITIO.

3aMeTUM, UTO BCE 3TO OTHOCUTCA K (PUIUYECKHUM YCAOBHAM, [IpU
KOTOPBIX 'PaBUTALlMOHHbIE NOJIS (M BCE IPYTHAE 10Jist BOOOLLIE) SIRIA-
10TCs1 C1abbIMU; B CWIbHKIX F10/151X BO3MOXHA MIONAPU3ALIMS BaKyy-
Ma ¥ pan Apyrux 3¢bdekToB, B KOTOPHIX JIOKAJbHBIE CBOMCTBA
BaKyyMa MEHAIOTCSI MOI CWIBHBIM BHELLIHUM BO3AEHCTBYEM.

B MecTHOM 0ObeMe BaKyyM OEHCTBYET CBOEIl aHTUIpaBUTALIUEN
Ha TaJIaKTUKH TaK, KaK €CJT1 Gbl OH CaM JIBUTANICS BMECTE C LIEHTPOM
Macc Mecrthoit rpynnel. ITo cBoeMy riaBHOMY MeEXaHWUECKOMY
CBOJHCTBY, OH COITYTCTRYET MECTHOMY OOBEMY M YIIPaBISET €ro IMHa-
MWKOH TOYHO TaK Xe, KaK OH YTIpaBisieT IJI00aNbHOW AWHAMUKOM
KOCMOJIOTHYCCKONO PacIiMpeHuns.

A TaK KaK HUKaKoMY 06paTHOMY BO3IEWCTBUIO TATAKTHK OH He
rioaaaercd, TO M ero AMHaMUyeckdid 3 @eKkT HUKaK HE 3aBUCUT OT
CaMUX TajlaKTHUK, — HU OT MX pactipee/ieHUs] B MPOCTPAHCTBE, HA
OT UX ABUXEHUA. DTO U NO3BOJISIET MECTHOMY OOBbEMY PaCHINPATLCS
KaK OTIENLHOM MaJICHbKOW BCENCHHOM BHYTPH Beer 60abL0i Bee-
JIEHHOIi ¢ ee TIOGATEHBIM XabB.I0BCKUM TIOTOKOM.

Ho BaxHO 10, 4TO 064 3TN NOTOKA, £N00ANLHBIA ¥ NOKANAbHBIH,
MUMEIOT OJIHY U TY e KUHEMATHKY W OIMH W TOT Xe TEMN paciiipe-
HUA, ONpefe/fAeMblii NOCTOAHHOU Xa66na, TMOTOMY 4YTO BaKyym
OAVHAKOB Y A5t Beel BeeleHHOM M Ui MeCTHOro oonmema.
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TeMHoe BelecTRO

Hanee B 5ToM pasfelie Mbl pacckaxeM o dbu3ndeckoit mprpoie
TOM SHEPryuy, WIH Maccsl, KoTopas 3anondset Beenennyto. CaMblii
6onbLIOi BKIAR B 3TY 3SHEPTHI0 BHOCUT BAKYyM. 33 HUM CReayer
CKpbITasi Macca, WIM, KaK 4allie B MOCIEAHEE BpeEMST FOBOPSIT, TEM-
HOC BELUECTBO: €10 TUIOTHOCTh MPUOIUIUTENIBHO BTpOE MEHbIE
TUTOTHOCTH BakyyMa. C TeMHOIO BEIICCTBA Mbl U RAYHEM.

Toxany#t, IIOTHOCTE — 3TO TO, YTO, KaK pa3 JAyyllle BCETO H3Be-
CTHO 00 3TOI KOMITOHEHTE KOCMUYecKoi! cpeanl. TeMHOe BelLIeCTBO
HE M3MYYaeT HHY CBETa, HUA NPYrux 3NEKTPOMArHUTHRIX BOJIH, U BO-
0011l¢ MTPaKTUYECKH HE B3aAUMOICHCTBYET C JIEKTPOMArHHTHHIM U3-
JydyeHueM. B Hawmeill [Anaktuke, Kak MuI yXe¢ TOBOPWIH, TEMHOIO
BellecTBa MpUOAU3UTENRHO 8 10 pa3 Gomnbire, 4eM CBETHIIETOCS Be-
ectna 3pe3n. OHo obpasyeT oOLIMPHYIO HEBWIKMYIO KOPOHY, WIH
rajo, BOKpYr 3Be3aHoro nmcka Mueuroro Ylytu. TlonoGHeie Tem-
HEIE rajioc UMEIOTCH, IO-BUIUMOMY, ¥ BCEX IOCTATOMHO MACCHUBHBIX
H30MPOBAHHBIX FANAKTUK. TeMHOE BEIIECTBO CONEPKUTCS! TAKXKE B
TpyInax YalakTUX U B CaMBIX GOJTBIIUX KOCMUYECKHX CHCTEMAaX —
CKOIJICHUSIX U CBEPXCKOTIEHUAX AJIaKTUK.

Kak u 8 Hameil TanakTike, TeMHOE BElLIECTRO COCTARJISAET NO
90%, a unoraa u 6oee, NOJIHOM Macchl Bcex 3TUX cucTeM. OHO Tipo-
ABASETCS TOIbKO O7aronapy co3aaBaeMoMy UM TSTOTEHHIO.

HNMenHO 110 cBoeMy TpaBUTALIMOHHOMY 3(hdeKTy oHO U GbUIO
BIIEPBLIE OOHAPYKEHO (TOYHEe, 3anmoao3peHo) eule B 1930-e roanl
@. LIBMKKY, KOTOPBIH M3yya) qWHAMHKY 60TATOro CKOrUIeHUs ra-
JTaKTYK B co3Be3aun KoMa (vuiu Bosocsl BepoHuku).

TanakTUKH B 3TOM CKOTUTEHUM IIBHXKYTCS CO CKOPOCTAMH OKOJNO
TBICAAYY KMJIOMETPOB B CEKYHIY, U MPH TaKUX CKOPOCTSX YIEPXKATh
UX B HabmonaeMoM 00beMe CKOTUICHMSE MOXHO JIMIITb ITPY YCITOBAU,
4TO MOJIHAsI Macca CKOIUICHUS pa3 B JecsiTe OoJdblle CyMMapHOIt
MacChl COCTARNAIOIIMX €T0 TAJIAKTHK. OTy 100aBOYHY0 HEBUANMYIO
MACCY KM COOOUIAeT CKOIMIEHWIO TEMHOE BEllECTRO.

BaxwHocTh Tpo6iieMbl TEMHOTO BELLECTBA OYEBHAHA, HO HE Me-
Hee OYEeBHIHA U €€ 4pe3BhluaifHas CI0OXHOCTb. [0 CUX Hop He 13Be-
CTHa ¢wu3dueckas TpUpoga HOCUTENell TeMHOro BelleCTBa.
O6cyxnaeTcst 04eHb LIMPOKMI HA00P BO3MOXHOCTEH — OT SNIEMEH~
TapHBIX 4aCTUL ¢ MaJON (MEHBIIE MaCcChl HJIEKTPOHA) Maccol 1o
3Be3]—KapMNKOB, MacCHUBHBIX (6OJblie Macchl COTHLA) 4EePHbIX
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IObIp U T. . MacChl KaHINAATOB HA 3TY POJIb PATUYAIOTCS, TAXMM
06pa3oM, Ha A0Ophix 60 TOPAAKOB BEMIHHBI, — TAKOBA pealibHag
YUCNIeHHAS Mepa NMEIOLLEICS B HACTOSILLEE BPEMA HEONPeN¢IeHHO-
CTH B 3TOM BOMpOCE.

Ioxanyit, HeI10Xue NePCNEeKTUBLI HMEET NPEANONOXEHHUE, ITO
CKPBITAad Macca COCTOMT W3 JIOBOJILHO MACCUBHbLIX 3N1€MEHTapHbLX
yacTull. Kaxnas u3 HUX MMEET Maccy MPUBIUIUTENEHO B THICTIY
pa3 NpeBbILIaoLIYI0 MACCY NNPOTOHA WM HEATPOHA.

DTHU TUIIOTETUYECKUE YACTULIBI HE MMEIOT SJIEKTPUHECKOTO 3apsi-
N4, TaK YTO OHU HE MIATYYAIOT DIEKTPOMATHUTHLIX BOJSH M BOOOLIE
HUKAK He B3aWMOIENCTBYIOT CO CBETOM U JIPYTUMH JIEKTPOMATHUT-
HBIMH NOJAMH. OHH HE HCTILITHIBAIOT U A1€PHOTO B3aUMOIECTBHIA,
KOTOPOE YAEPXMBAET POTOHB! U HEMUTPOHKI B ATOMHBIX sapax. s
HUX CYUIECTBYET AULIb cnaboe B3anMopaeicTBMe (U3BEeCTHOE, Ha-
npumep, No 6eTa—pacnany aTOMHUIX AAEP) U, KOHEYHO, TArOTeHHE.

OcCo0eHHO HHTEPECHO, UTO TAaKME TACTHLIbI MOTYT GBITh pEATEHO
3apPErMCTPUPOBAHLI, ECIM UX UMEETCs1 IO OAHOM B CpefHEM Ha ThI-
cAYy KyBHIecKux MeTpoB 06beMa BeeleHHOM (CTOIBKO UX TO/LXHO
6BITh, UTOBE! OBECNIEYUTH CPEAHION HAdM0IaeMYIO TUIOTHOCTD TEM-
HOTO BelecTBa). ITOUCKY BenyTcsl B HECKOJIbLKUMX KPYHMHEIX 1abopa-
TOPUSIX U PE3yabraT — MOJOXKUTETbHBIN MIIM OTPULATENbHLIH —
OXUIAeTCA yXe B Guivkaitiuve ronkl. B 3TOM CMbic/ie U TOBOPSIT B
TAKWX CAYYaAsIX O HETIOXMX TIEPCTICKTUBAX: BOTIPOC TaK WJIM MHaye
MPOSACHUTCA B 0003pUMOE BpEMA.

Ho yTo yXe Ha/leXXHO U3BECTHO O CKPBITOM BelllecTBe, TaK 3TO
T0, YTO OHO, CKOPEE BCENO HE COAEPXUT MPOTOHOB U HEHTPOHOB.
To4Hee, eClid B COCTaBE CKPbITOTO BEWIECTBa U MPUCYTCTBYIOT 3TH
XOPOILIO M3BeCTHRIE B (pM3MKe YACTULI, TO UX BKJIaJ He JOJDKEH
MPEBBILUATL HECKOABKMX MPOLIEHTOB 10 Macce.

OTOT CWILHbBIA pe3yALTAT CleJlyeT U3 ACTANbHOK TeopuH aaep-
HBIX peakuMit B paHHeit ropsyei BeenernHoit. Oka3biBaeTcs, 9T0 Ha-
OMo1aTeNIbHBIM TaHHBIM O PAaCNPOCTPAHEHHOCTY Ieiusg-4 W APYrux
NPOAYKTOB 3THX peaKUyif TIPOTUBOPedYWSio Obl CYIIECTBOBAHUE
CUIIKOM 6QABIIOTO KOMUYECTBA HEHTPOHOB U ITPOTOHOB.

Bapuonbl
3a TEMHBIM BellleCTBOM CJienyeT 1o IVIOTHOCTY CBETALLCECS] Be-
[ICCTBO 3BE3A U TATAKTUK, B COOTBETCTBUU C YXKE CKAa3aHHBIM, €ro
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KOCMHUYECKasT TUTOTHOCTb (CpeaHsid Mo 8ceMy HabimonacMoMy o0b-
€My MMpa) pa3 B JeCATb MEHbIE UIOTHOCTH TEMHOTO BeIIecTBa.
3710 OBBIYHOE BEILECTBO, COCTOSUIEE U3 MTPOTOHOB, HEHTPOHOB W
SNIEKTPOHOB. YacTo 06bIYHOE BELLECTBO HA3bIBAIOT OAPUOHIIbIM Be-
LIECTBOM WIH NpocTo 6aproHaMU. DTO Ha3zBaHWe OAHOTO Kjacca
TAXEJTBIX 3JEMEHTAPHBIX YAaCTULL; B STOT KJIACC BXOIAT ITPOTOHBI M
HeitTpoHbl. To «06bIYHOEs BeluecTBO BeenreHHol, U3 XOoTOpoTo co-
cTosuT 3eMiist (M BCe, 4TO Ha HEM), IPYTHE MUTAHETH! H 3BE3Abl, — 3TO
6apHOHbL (MPOTOHBI, HEUTPOHBI) M 3JIEKTPOHEI B YHUCIIE, PABHOM
YYUCy NPOTOHOB. UTO Xe KacaeTcst COOTBETCTBYIOLIMYX aHTUYACTIALL,
T. €. aHTUOGAPVOHOB (AHTHMPOTOHOB, AHTUHEWTPOHOB), NMO3UTPO-
HOB, TO OHM NPUCYTCTBYIOT B HUUTOXHDBIX KOJTMUECTBAX U 00SA3aHbI
BTODMYHLIM TIPOLIECCAM POXAEHUS YACTULl U AHTUYACTHL NpU
CTOJIKHOBEHMSIX YaCTULL BLICOKMX HEPTHIA, HAIIpUMEDP, B KOCMHYE-
CKHX J1y4ax Wik Ha MOLIHBIX YCKOPUTENSAX.

YHCNEHHYIO MepY TaKOro po/a 3apsUioBOi aCUMMETPUNA MOXHO
ONpENIENUTE, 3Hasi COBPEMEHHBIE 3HAYEHUS TIIOTHOCTU 6apHOHOB U
PETMKTOBOTO UANyueHHusl. [Jeio B ToM, 4YTO B ropsueii panHeu Bee-
JIEHHOH TP BLICOKHX TeMIIEpaTypaX, MPEeBbILIAIOMIHX MACCY NOKOS
6apUOHOB, 6APHOHBI 1 aHTUBAPHOHEI (2 TOYHEE, COCTABJISIIOLIUE KX
KB4PKH ¥ aHTUKBAPKH) AO/LKHEI ObUIN UMEThCS B TIOYTH PABHBIX KO-
JIAYECTBAX, NPUYEM KOHLEHTPALUS (YUCHO YacTHLl 8 €AUHULIE 00b-
eMa) TeX W APYIMX AOMXKHa Obula NMOYTU TOYHO COBIAJATh C
KOHUEHTpauuel peaukToBbuiX hoToHOB. [lo3gHee aHTUGApWOHBI Y
PaBHOE MM YWCI0 6apNOHOB aHHUIWIMPOBAIU, 4 H3GBITOK YaCTHLL
HaJl AHTUYACTULIAMM YLIEJIeN U 1Al COBPeMeHHOoe HabmonaeMoe 3Ha-
YEHU e MIOTHOCTH 6apHOHOB.

Tak Kak ¢ Tex nop YUCIIO PeTUKTOBBIX (hOTOHOB MPAKTHYECKU HE
MEHSLN0Ch, TO COBPEMEHHOE OTHOLIIEHWE KOHIIEHTpAUMH 6apHOHOB
K KOHLUECHTPaUHH PEAUKTOBbIX (POTOHOB JaeT OTHOLIEHUE HCXOIHO-
ro U3OBTOYHOTro YMcia 6aPUOHOB K UX UCXOTHOMY TIOJTHOMY YMCIY.

Tlpu coBpeMeHHOW MIOTHOCTH 6apuoHos Pp = 10" r/cM’, ux
KOHUEHTPalMs COCTARNAET B CpeiHeM N, = 107 B KyBMUeckoM caH-
TUMETDPE. A KOHLEHTPALMsl PEMTUKTOBbIX $oTOHOB 1, = 500 B Ky6HU-
YeCcKOM caHTHMeTpe. Tak nosaydaercs senuuuua b = ny/ng ~ 107,
KOTOpast Ha3bIBACTCSI KOCMUYECKUM BapUOHHBIM YMCAOM W CIYXUT
MepOoii U3HATUTHHOM 3apAJ0BOY aCUMMETPUM MUPA MO OTHOLLICHUIO
K 6apHOHaM ¥ aHTUOAPUOHAM.
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MiMeHHO 3T0 Maitoe Ge3pasMepHOe KocMUuUecKoe Yucio obecre-
qUJIO BbKMBAHWC OOBIYHOIO BEILIECTBA B paHHEN IBONIOLUOHUPYIO-
et BeeneHHoI M €ro cylieCTBOBaHUE B CETOAHSIIITHEM MHpE.

[pyHLMNIUANBEHO AOMYCTHMBI A1BE BO3MOXHOCTH HCTONKOBAHMS
TAKOTO W30BITKA YACTMI[ HAl aHTUYACTHLUAMU. MOXHO INPUHATH,
4TO 3TOT U3OLITOK CYLUECTBOBAJ B MIPUPO/IE C CAMOTO Hauana, T. €.
yTto BeeneHnast poavnacs yxe pe3ko aCMMMETPHUYHOM 10 OTHOMIE-
HMIO K 4acTULaM M aHTHYacTHLaM. DTa ToYKa 3peHMs] aKTHBHO 06-
cyxnanace B Havajge 1960-x romos, npudeM MHOrIa
MPeNnrnonaranock. YTo MEPBUUHOE MPEBBIIIICHUE YUCAA YaCTHH Hajl
YMCJIOM AHTHYACTHLL MOIJIO 6Bl OBITH OTHOM U3 (HYHAAMEHTATBHBIX
KOHCTAHT NPUPOIEI, UMEIOLILH TOT Xe CTaTyC, 9TO 1, CKAXeM, I10-
cTosiHHas IlmaHka.

[pyroii moaxon K rnpobfieMe 3apsiioBOil aCHMMETpMU MUpa
Mpeinnonaraet, YTo BeAMYMHA D, xapakTepuaylolias 3Ty acHMMeT-
pUIo, He CcTONIb PYHAAMEHTANbHA O CBOEH NMpUpoJe M B AeHCTBU-
TEJBHOCTU NOIIKHA «BBIBOAUTLCA» M3 Gonee OOIIMX 3aKOHOB
(m3ukn. B 3TOM caydae npeanosaaraerca, 4To BeenenHasa ¢ caMoro
Havyajia Morjia GbITh CTPOrO CUMMETPHYHON OTHOCHTENILHO GapHo-
HOB U aHTUOGApHOHOB, a M3BLITOK 6apMOHOB HAl aHTHOGAPHOHAMHU
BO3HUK B paHHel BceneHHOI 3ROMOLIMOHHBIM NyTeM. Takaa Touka
3peHusT Gbuta BriepBble Bbicka3aHa Gonee 30 jetT Haszan B paboTax
A. J1. Caxaposa u B. A, Ky3smuHa.

BosHukHOBeHe 6apMOHHOTO 3apaaa BeeneHHON, WITK, Kak To-
BOPSIT, KOCMUYECKHIt GapHoreHes, TpedyeT, COITaCHO 3THM pabo-
TaM, BHITTOJTHEHUS psga YCJOBUH, T[JJaBHOE W3 KOTOPHIX —
HecTabOWIbHOCTL TIpoToHa. HeobxonnMo Takcke HapyuleHue C— M
CP—VuBapyMaHTHOCTH (T. €. CUMMETPHUM MexTy dactaiiamu C u
KOMO6UHUpoBaHHOK cuMMeTpur C BMeCTe C 3epKATbHON CUMMeET-
pueit P). Kpome Toro, TpeGyercsi HECTALIMOHAPHOCTh MUpPa, OBICT-
poe  KOCMOJOTHU'EecKOoe paciiupeHue, 4Tobbl  mpoueccs
B3aUMOIEHCTBHA MEPBUYHBIX YaCTUL KOCMHYECKOM cpenabl MmpoTe-
Kau B TePMOIMHAMUYECKH HEPABHOBECHBIX YCJIOBHSIX.

Ecnu mocnenHee ycioBue Ka3aloCh eCTECTBEHHBIM TSI paHHE
BcenenHoii, TO HECTaOWILHOCTH MPOTOHA SABASLIACH YPE3BbIYARHO
CMEJION 0 TeM BpeMeHaM THIoTe30i. Ho UMEHHO 3Ta runmoresa u
¢henana, Kaxk Io3xe BBIACHWJIOCh, 3BOJIOUMOHHBIA TMOIXOX K
npobieMe NePCNeKTUBHBIM U TUIOAOTBOPHEIM.
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K xoHuy 1970-X TonoB CTAn0 W3BECTHO, YTO pacriad IMPOTOHA
NpelcTaniseT cobolt onHO U3 caeacTsuii igeu bonsmoro O6beau-
HEHMsI, MPEATIoNaraiieif eAMHYI0 NMPUPOAY CUJILHOTO, cnaboro u
31eKTPOMArHUTHOIO B3aUMOCHCTBMIA.

XapakTepHoe BpeMs pacnana MpOTOHA OYEHB BEJIMKO, HE MEHb~
we 10*—10” net. Yo xe xacaetcst HapymeHuss C— u CP—uHBapu-
AHTHOCTH, TO 3TO ABJAEHVE HEMOCPEACTRCHHO HAONIOZAcTcs B
pacranax K" v aHTn-K® Me30HOB. Tak yTo COequHeRe HOBEHTIIUX
MACH U DKCMEPUMEHTAILHBIX (DAKTOB DU3MKH 3JEMEHTAPHbIX Yac-
THIl ¢ KOCMONOTHEN OMNpENENeHHO YKa3blBaeT Ha pealbHYI0 BO3-
MOXHOCTb BBITIOJHEHHA BCeX TpeX HEOOXOIUMBIX YCIOBHHI
Gapuorenesa B paHHell BeeneHHoll.

HyXHO 3aMeTUTb, YTO «BBIBOI» KOCMHYECKOro GapHOHHOTO
qucnab ~ 10 " u3 PpyHaaMeHTaNbHOI TEOPHM BCE €11 OCTAeTEs He-
pellieHHO 3agaucii. YermemHo noxazanHo, YTo 3TO B TIPHHLIUTIE BO3-
MOXHO, YTO CaMO YMCJIO JIEXUT B ECTECTBEHHLIX WM TEOPHUM
fpeeax BEJINUUH; HO TTOYYUTh €70 YIAETCst TTOKA TOJIBKO B PAMKAX
CIICLIMATTBHBIX MOJENeH, a HE HENMOCPEICTBEHHO M3 IIePBbIX MPUH-
IMNoB ¢u3nuku. Ho MoxeT ObITh, 3TO UHCIIO U He HACTONBKO B e -
CTBUTE/IBHOCTH TIPUHLIMTIMATBEHO, YTO OHO OOS3aTeNIbHO JOKHO
HUMeETb 3TO M TOJIbKO 3TO 3HaY€HME B TOM eAMHCTBeHHOM BeeneHHoiH,
KOTopasi HaM u3secTHa?

Hanyyenue

HaxoHen, TpeTheit «HEBaKYYMHOM» KOMITOHEHTOM KOCMOJIOTH-
4EeCKOMU cpejibl ABISIETCA PEANKTOBOE U3AYyUCHHE C INIOTHOCTHIO, KO-
TOpast NMPUOTU3UTENLHO B JECATh THICSIY pa3 MeHbille TLTOTHOCTH
BakyyMa. Cpelld BCeX HHTPEIMEHTOB KOCMUYECKOH Cpelbl TOJbKO
PEJIMKTOBOE UATYYeHHE MOXHO CUYHTATD MIPOCTHIM M IOJTHOCTBIO TI0-
HSATHBIM IO CBOEMY (DH3HYECKOMY TIPOMCXOXIEHHIO.

OTO 3NeKTPOMATHUTHbIE BOJNHBL, Wik (POTOHBI, KOTOPLIE HAaXO-
LVWIUCH B TEPMOIMHAMMUYECKOM PaBHOBECHM C TOpsueil KOCMUUeC-
KOIi IU1a3Moii, a npu TeMmneparype = 3000 K u Bo3pacte Mupa
= | MJTH. JIET, KOr1a fia3Ma oxXJ1aaniachk M3-3a oOLIEro paclliipeHnus
M B Hell TIpon3olia peKoMOMHaLMA aTOMOB BOIOPOHA, U3lydeHHe
nepecTano B3auMOIEHCTBOBATL C BEIIECTBOM.

C Tex mop 3TOT raz pOTOHOB TIPOJOJLKAET YIaCTBOBATh B KOC-
MOJIOTMUYECKOM PACIUMPEHNH, OCTABASICH MPAKTUUECKU MAEATbHO
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OMHOPOAHLIM, U3OTPOITHBIM U TEPMOINHAMHUYECKH PABHOBECHBIM.
Ero coBpeMeHHasi TeMITepaTypa U3MepeHa UCKITIOUUTEIBHO TOYHO,
N0 KOCMOJIOTHYECKUM MepKaM: 2,736 + 0,003 K. B kaxnom kyGuue-
CKOM caHTHMeTpe BceneHHON comepkuTCs, KaK Mbl yXe CKa3amu
BblLlE, IPUOIM3UTENbHO N = 500 penuKTOBBIX GOTOHOB.

BmMmecTe ¢ peaMKTOBBIM M3NyYeHWEM B COCTaB PEJIATHBUCTCKOM
KOMIOHEHTBI KOCMHWYECKO CpeJIbl BXOST 6e3MacCOBLIC M/ W Jier-
KWe HEeATPUHO U aHTHHEHTPUHO (B paBHOM uucae). Ux moutu
CTOJILKO X€ TIO MMOJHOMY YHCY YACTHUL M aHTMYACTULI, CKOJIBKO W
PENATUBUCTCKUX hoToHOB — NpubnuantensHo 400 B KyoudIecKoM
caHTuMeTpe. TTONHBLA BKNAL HEWTPUHO BCEX COPTOB B ILIOTHOCTh
PERSTUBUCTCKON KOMITOHEHTHI MOXeET ObITh U BOJTbILE BKJIAa pe-
JINKTOBOIO U3JIyYeHHUS.

HeATpUHO U aHTHHERTPHUHO TOXE BHAYAe HAXOIWIHMCh B Tep-
MOINHAMHWYECKOM PaBHOBECHU C KOCMMYECKOM MAa3MOii, HO 13-3a
€1a60r0 B3aUMOACUCTBHUA C 3IEKTPOHAMH OHH OTACAMAUCH OT [U1d3-
MBI TOpa3mo paHblile, 1eM GOTOHBI; 3TO MPON30LUIO TIPU BO3pacTe
Mupa = | cek.

HeittpuHo crna6o B3avMMOIEHCTBYIOT APYT € IPYTOM, U NOTOMY
HEWTPUHO U aHTUHEHTPHHO He AHHWUTHIHPOBAIM U CMOIUIK coXpa-
HUTBCS IO CHX MOP KAK CLIE OJIMH PEJIMKT ropsuero HayaJibHOTO €O-
cToaHuA Mupa. Ux corpeMennas teMnepatypa okono 2K.

[opa3no MeHblue M3BECTHO O APYTMX BO3MOXHDBIX PEsTUBUCT-
CKMX YaCTHLIAX W MMojIsAX KOcMoJIoruyeckoi rpupoasl. Cpelln HUX
HaBepHAKA [IOJXKHBI TMPUCYTCTBOBATH MEPBUYHLIE TPABUTOHMI,
KB&HTBI IPaBUTALIMOHHBIX BOMH. He uckioueHo, 4To rpaBUTOHOB ¥
BO3MOXHbBIX APYTUX YaCTHLL, O KOTOPBIX ceifuac U3BECTHO MANO WU
HMYETO, MOXET 0Ka3aThCSA 3aMETHO BOJIbIIE, YEM PEJIMKTOBBIX (PO-
TOHOB.

TeMmHOE BEILECTBO, HapKHOHbI (OOBIYHOE BEILECTBO) M M3Iy4YeHHC
— TPU OCHOBHBIE HeBaKyyMHbIe GopMbl SHEPTHH Bo BeeneHHOM.
HMuorna ux Ha3biBalOT HEBAKYYMHBIMM (HOpPMAMU KOCMHUECKOIL
aHeprym. Kaxnas u3 stux tpex ¢opMm marepuu HeceT B cebe CBOU
3arankw. JJaxe oObMHOE BEHISCTBO, BapUOHBI, KaK MbI BUIENH, 004-
3aHbl CBOMM FIPOUCXOXIEHUEM NpoUeccaM. KOTOphIE BCe ellle 0cTa-
TOTCA He J0 KOHLA U3ydeHHBIMH. YTOo Xe Torda roBOpPHUTb O
KOCMUUECKOM BAKYYME — CAMOM 3aralouHOM COCTOSIHUM KOCMUYe-
CKOW DHEpruu.
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Bakyym B ¢husmke

CaMblii TPYIHBIM BONPOC KOCMOJOTMY — (DU3HYecKas NIpuposa
KOCMMUECKOTO BakyyMa. HyXXHO cKa3aTh cpaly; o Hell IToKa HUYero
JOCTOBCPHO He M3BeCTHO. PacmipocTpaHeHHasi TouKa 3peHMs COCTO-
UT B TOM, YTO XOTS BaKyyM H Ha3bIBAIOT KOCMUYECKWM, 3TO TOT Xe
BaKyyM, 4TO U B aTOMHOI GU3MKe U MUKPOPU3MKE, IIe OH JABHO
usBecred, B du3MUecKOM BakyyMe pashITPLIBAIOTCH B3aUMOIei-
CTBUS 3NIEMEHTAPHBIX YaCTHLL.

DusryecKuii BakyyMm NpeACTARIISET COO0M HaUHMU3IIEE IHEPre-
TUYECKOe COCTOSHWE KBAHTOBEIX TTONeH. B 3TOM COCTOAHWM 3HEp-
rus He paBHa Hy10. IloaToMy BakyyM ob/1anaeT sHeprueil. DHeprus
B pacuere Ha eIMHHLY 00beMa — 3TO MIOTHOCTH YHEpPruu. JleneH-
Had Ha cz, TVIOTHOCTb SHEPTMU IaeT ILTOTHOCTb MAcCHI.

Dusrueck it BAKyyM HEMTOCPEACTBEHHO TTPOSBINETCS IKCTIEPH -
MEHTABHO (CM. Jajiee). B TakuxX 3KCIIEpUMEHTaX TIpPUCYTCTRUE Ba-
KyyMa HCCOMHEHHO, HO MpW 3TOM 3HA4YeHUEe Ero SHEPTHUM
YCKOJIB3deT OT U3MepeHust. ffoctenHee CRI3aHO € TeM TIPUHIIUTIN-
AIbHBIM 00CTOSITEILCTBOM, UTO BO BCEX — KpOMe rpaBHTaunu! —
pU3MYeCKIX B3aNMMOACHCTBUAX ITPOSIRNSIETCS TOJNBKO PA3HOCTH
IHEprui GUINYECKON CUCTEMBl B pasTUYHbIE MOMEHTBI BPEMEHH
U/WIK B PAVIUYHBIX TOYKAX NPOCTpaHcTBa. Ho He BcA BenMuuHa
SHEPTHM B JAHHOM COCTOSTHUH (hHU3UUECKON CUCTEMBI. JIULUb rpaBy-
TAlKs «dyBCTBYET» CaMy 3HEPIHUIO, BCIO €8, d He €¢ pa3HOCTH.

B mpuHUMNMATREHOM IINaHe TipobjieMa BakyyMma, ero ¢pusngec-
Kag Mpupona siBNsieTcs HanubGoree BaXHOW M BMECTE ¢ TeM caMoit
CJIOXKHO# BO Bceid cOBpeMeHHoH pyHnaMeHTanbHoli dusMke.

YT0 XKe U3BECTHO O Tpypoae GHUINUECKOTO BAKyyMa M, TIPeXIe
BCETO0, O [TIPOUCXOXACHUY €10 SHEPIUHn?

Ha 3ape pensTMBUCTCKON KBAaHTOBOH TEOpUM, KOFa2 Bnepnme
BO3HHKK BOIIPOC O BAKyyMe, O 3HaUE€HHHM €ro DHEepruH, TaMoB roBo-
PV, YTO BAKYyM IOJDKEH OOHAPYXKUTh cebst yepes rpaputaumio. Ha
CeMHWHapax ¥ 0CODEHHO B KOpHIOpPaX TeopeTHUecKoro otnena Jie-
HUHIPaacKoro Gu3muko-TexHNYecKoro UHCTHTYTa M TOLAd, U MHOTO
neT cimyeTd (8 60—70 I'T. MPOULUTOro BeKa) 3TO ObLTa OJHA U3 Heul-
MEHHBIX TEM OXHUBJIEHHbIX OOCYXIEHMIA, YaCTO CO CChIJIKAMM Ha [a-
MOBAa, HEKOTIa YYaCTHHUKA CEMUHAPOB B TeX XKe CTCHAX.

beckoHeyHa JiM TUIOTHOCTL BakyyMa? Ho Torna oH momkeH
CHIbHEALINM 00pa3oM «IIPOrmdaTh» MPOCTPAHCTBO, TaK 4TO IPO-
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CTpaHCTBEHHast KpMBU3HA MOJXHA ObITh 6ecKOHEeUHOM. EciH xe pa-
JINYC KPUBU3HBI IPOCTPAHCTRA He MEHBIIIE PACCTOSTHUS 10 TOPU30H-
T4, TO OTCIONA BbITEKAET BEpXHMIA INpenen IUIOTHOCTH BakyyMma. U
wyTHAM Beaen 3a 5. Y. [ToMepaHayKoM: BaKYYM He NYCTOTa, OH 0~
JIOH NIyB0oKOTo Pr3NUecKOTO CONEPKAHUS. .

MnavkoBCKaA MAOTHOCTL

TeMm BpeMeHeM 33 OKEaHOM BOIMPOC O YUC/ICHHOM 3HAueHUH
TUIOTHOCTU BaKyyMa ITOJIYYHT HA3BAHHE «TIPOBAEMBbI eCTECTBEHHOC-
T B TeOPETUUECKOI Hu3anke». CUUTANIOCH, YTO LIS TaKoK 6a3080i
BEJIMYHHLI K3K IUIOTHOCTh BaKyyMa HYXHO OXWIATh KakKOro-ToO
BECEMA CWJTBHO BRUICJIEHHOTO 3HAYeHUA, U 06CYXKIaeMbIX BapyaH-
TOB OBUIO IBa — MO0 HYJIb, IHOO0 IUIAHKOBCKAS MIJIOTHOCTE.

InaHkoBckas MIOTHOCT — caMmasg Gonblllas IUTOTHOCTD,
obcyxaaemas B puinke. Ee 3HaYeHME MONYYaeTCH B pesynbTaTe He-
CJIOXKHOM NPOLCIyphl.

HyxHo B39Th Tpu (hyHAaMeHTaNIbHBIE (PU3NUECKHUE TTOCTOSHHBIC
— MOCTOAHHYIO TsroTenus Hobtotona G = 7x10" r'cex’cm’, cko-
pOCTh cBeTa B BakyyMme € = 3% 10" cM/cex ¥ KBAHTOBYIO MOCTOSTH-
Hyio [lnarka h = 1x10" spr-cek. Y3 3Thx Tpex pasMepHbIX
BEJMYHUH MOXHO COCTABUTL OTHY W TOJNIBKO ONHY KOMOWHAIIMIO C
Pa3sMEPHOCTHIO TUTOTHOCTH: s i

p,=c/hG.

310 U ecTh IUIAHKOBCKAs NIIOTHOCTL. Ee yncneHHoe 3HaueHUue
~5%10" r/eM’.

Hucae 8 IpHpoae 4 HH B KAKOM (PH3MYECKOM DKCIIEpUMEHTE Ta-
Kas IJI0THOCTh HUKOTIA He Habonanacs. Oua oosee yuem Ha 80 no-
PSIIKOB BENMUYKMHbl OOAbIUE TUIOTHOCTH aTOMHBIX sifiep. Cumraercs,
4TO [IPW TAKQH YYHOBUUIHOM TUIOTHOCTH, HUTH OKOJIO HEE, FPaBUTA-
LIS TEPSIET TOT CMBICI, KOTOPbIM OTKpbUIU 8 Helt HBIOTOH 1 DifH-
INTCAH, W CTAHOBMTCA CYIIECTBEHHO KBAaHTOBBLIM siBieHUWeM. Ho
TOrAa M CaMo fIPOCTPAHCTBO, 4 C HUM H BPEMS, TIEPECTatOT ObITh He-
NpPEPLIBHLIMU, U JOTKHBL ObITh «<KBAHTOBAHHBIMM», TO €CTh MPEPHI-
BUCTBIMH, TVCKPETHBIMH.

Ecnu Obt BAKYYM C OrPOMHRO# TWIAHKOBCKOM TUTOTHOCTBIO 32T1OM -
HsJl peajibHOe TIPOCTPAHCTBO MKpa, OHO ObLIO OBl HEBOOOPA3MMO
CWIBHO MCKPHBIEHHBIM. TaK YTO 3T4 TUIOTHOCTE A6CO/I0THO HEAO-
[yCTUMA.
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Jlpyroii nipeaenbHbIA ciyyait — HyseBast moTHocTL, Ho ecmm
TLTOTHOCTB BaKyyMa €CTh HYJIb, 3TO HUKOLIA He YIAcTCs CTPOTo A0-
KA3aTh SKCTICPUMEHTATEHO. ..

JleliCTRUTENBHAST TUIOTHOCTh, H3MeEpeHHast 61arofapa rpaBUTa-
LIMOHHOMY 3(dekTy BakyyMma (4To ¥ Mme B Buay [amMoB, xoTa 06
AHTUIPABUTALUNHK U YCKOPSIOIEMCS PACIHHPEHUW OH, KaXeTCs, He
TOBOPWI), TENEpb U3BECTHA. OHA COCTABJAET, KaK MbI YXX& TOBOpU-
M, = 5X107 r/cM’. DTa BeMUMHA BTIOTHE COMNACYETCS ¢ COOOpaXe-
HUSAMHU O BEPXHEM MpeJieNle, KOTOPBIH BBITEKAET U3 OTPAHUYCHUS
CHH3Y Ha panuyc KPMBU3HBI MPOCTPAHCTBA.

B nyxe «apryMeHTa eCTEeCTBEeHHOCTH» OHa J0JKHA TPEICTaB-
JISITBCS HEECTECTBEHHO MaJlOii — J10 CPABHEHMIO C TUIAHKOBCKOIA
TDIOTHOCTBIO OHA HA CTO IBAALIATL TPH NOPAAKA MEHBIIE. A MO CPaB-
HEHHIO C HY/IEM OHa, OYEBUIHO, GECKOHEYHA BeJIMKA.

CooTHoweHHe HeonpepeneHHOCTEN

Ho ofparvMcs X NpMHUMIUATEHOH CTOpoHe Bonpoca. OTKyda
BooOUIEe GepeTest 3Heprus BakyyMma? ITouemy HYXHO TOBOPHTD (KaK
BbIIIE) O KBAHTOBLIX Nostx? M oTKyna u3BecTHO, YTO MUHMMaJlbHast
SHEPLUSA ITUX NOJEH He paBHa HYM0?

HanoMHuM, npexie Bcero, Uto peub MOKa YTO MAET O BaKyyMe B
(u3uKe, U HUKTO HE 3HAET, TOT JIK B TOYHOCTH 3TO BAKYYM, KOTODBII
OTKPBLTH B KocMooTHi. Ho B dH3MKe BaKyyM HECOMHEHHO 0b.1a-
IaeT HeHyNneBOW SHEPTUEH.

®usuka TONEKO B yueOHUKAX AeJTUTCH HA KBAHTOBYIO U KJIACCH-
yeckyro. Bee peasibHbIe TPOLIECCH] B TPUPOAE, BCE SBIEHHS peasib-
HOIO MMpa UMEIOT MPHHLIMIIMAILHO KBAHTOBYIO mipHpody. pyroe
IeJio, YTO B BONBUIMHCTRE CIiyYaeB KBAHTOBAs NPUpona H3UKH He
NPOSIBJISIETCS BIIPsIMYI0. UMeHHO Tak U 06CTOUT fieJio, HanpuMep, B
TIOTOKAX BOJBI B PEKAX WM OKEaHaX, IBHXEHUSIX TUTAHET M 3Be3l,
pa3beraHMu ralakKTHK M T.11.

W Toraa MOXHO TOJB30BaTbesl [T OTMCAHWS 3TUX STRICHUH
KJTACCUYECKOi, T. €. HEKBAHTOBOW, TeOpUei, KOTopas GyIeT NaBaTh
OYEHb XOPOLIYIO, BNOJAHE AOCTATOUHYIO LIS JikOOBIX [TPAKTHICCKUX
uenei xapTuHy. Ho Ha nTyOMHHOM ypOBHE M B 3THIX cAyYasax Bce
NPOKCXOAUT 10 KBAHTOBBIM 3aKOHAM,

Knaccuyeckoe, He KBAaHTOBOE OHHCAHNE ONIPENENEHHO HE TOIMT-
Csl, KOTna peys MIAET, HanpHUMep, O MOBEIEHUN SJIEKTPOHA B aTOMe
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BOJOPOIA. DIEKTPOH MOXKET UCITYCTUTD (B BUJE DJIEKTPOMAIHUTHO-
r0 W3Ny4YeHUst) YacTh cBOeit 3Heprum SE U 3T0 MPOMCXOOUT Beerna
JUCKPETHBIMH TNMOPLUAMHM, KBaHTaMHM. KpoMe TOro, M3MeHCHMe
3HEPrUY HUKOTTA He ObIBaeT MrHOBEHHBIM, OHO TpebyeT HEKOTOPO-
TO KOHeyHoTro BpeMer of. Tlpn 3ToM 06e 3TU BeTHYUHLI CBS3aHb]
MexXny coboii:
AE x 8t ~ 1,

rie 1 — yxe ynoMyHaBmasics Bblille KBaHTOBas MOCTOSHHAN
Ilnanxa.

3TO COOTHOLIEHHWE HA3BIBAETCA COOTHOUIEHUEM HEOTpeae/icH -
Hocrteit [eitseH6epra. HeonpeneneHHOCT B JAHHOM CIy4dae COCTOUT
R TOM, 4TO aKTy UCITYCKAHWS SHEPrUY HEJhas TIPUTIVCATh HUKAKOro
MTHOBEHHOIO 3HaYeHUA BpeMeHu. C 00N CTOPOHDI, KBAHT SHED-
UM HENE/VM, U HeTb3sT CKAa3aTh, YTO 3HEPTUA HCIYCKAIach Herpe-
PLIBHO WX O0Jiee MENKHMMU NOPIUSIMU B TeueHne BpeMeHu ot

A ¢ npyroit CTOPOHBLI, XOTh 3TO M TPOUCXOAUT EAUHBIM aKTOM,
0OCTaeTCca HeollpeneIcHHbIM MOMEHT, KOIAa 3TOT aKT UMeeT MecTo.
Bpemsi McriyckaHusi MPpUMHUMITHANLHO M3BECTHO HE a0CONIOTHO TOY-
HO, @ ¢ Heonpe/Ie/IeHHOCThIO 81,

Cootrourerye Jeiizenbepra NpUMEHUMO He TOJbKO K AJIEKTPO-
Hy B atoMe. OHO pacTipocTpaHseTCs Ha JII0BOU KBARTOBRII Mpotecce
u3MeHenus sHeprur. M3 Hero cienyet, “To HeonpeaeaeHHOCTh BO
BPEMEHM TeM OOJIbLLE, YeM MeHblIIE UCIycKaeMas sHeprusd. OHO ro-
BOPHT TaKXe, YTO €CJIM MOMEHT M3MEHEHMs! 3HEPTUU 3apUKCUPO-~
BaH C TOYHOCTHIO IO HEKOTOporo &t, To TOUHOCTh UIMEPEHHA
3Hepruy cocTaBUT OE, U NBE 3TH BeJIMUMHE] OYAYT CBA3aHbI COOTHO-
LIEHWeM HeonpeneneHHocTer. Hudero momo6Horo Kiaccuueckast
MeXaHWKa He 3HAeT, TaKYX CBSi3el M OrpaHU4cHWi B HEl HeT.

CooTHOLIEHKE HEOTIPERETICHHOCTEH MeeT OUeHb obInee 3Haue-
HUE U JIEXUT B OCHOBE OCHOB KBAHTOBOTO OITKCAHUSA NpHupoabl. Ko-
HEeYHO, B KBAaHTOBBIX 3ddexTax peys HUIOECT O MalbIX —
MUKPOCKOTIHYECKUX — MOPUMSX 3HepruM SE U MansiX BpeMeHax o,
U MEPOil KX MAJTOCTH CJYXMT noctosHHas [LiaHka.

KBauToBbIA ocumnnsTop

Co BpeMeHd [anunest GU3UkaMm KMCHPABHO CITYyXXKWT MasTHUK Kak
pocTeHI Ui obpasell MHOTMX M MHOTHX (hDU3MUECKUX cucTem. Ha
NpHUMEPE MassTHUKA OYECBUIEH, HAIIpUMEDP, 3aKOH COXpPaHCHMI
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3Hepruu. TIpH ero KonebaHusX cyMMa KWHETUUECKOU 3HepTHdl U
NOTEHLUANBHOM SHEPTHM OCTAETCA HEU3MEHHOIA.

B HuXHEM MONOXEHUN MAasITHMKA, B TO MTHOBEHME, KOTAa OCh
MAasTTHUKA OKA3bIBAeTCA BEPTUKAIBHOI, €ro NMoTeHUATbHAs 3Hep-
Ivsi MUHMMAIbHA, 2 KWHETHYeCKasi SHEPTYs MakcuMansha. [1pu or1-
KIIOHEHNU OT BEPTVKANM KWHETHUECKAs DHEPTHS YMeHblIaeTcd, a
MOTEHUMA/bHAS YBEHYVBACTCS.

Ecnu MasiTHHK OCTAHOBWTD, OH MOBHUCHET B BEPTUKATLHOM ITO-
JOXEHUH. DTO ero NojaoXeHUe paBHOBECUS, B KOTOPOM NOTEHLUM-
ajTbHaslT 3Heprusi OyAeT MUHUMAIbHA, & KWHETUYECKast SHepius
OyneT paBHa Hyto. Ho 5TOT Hy/Ib — TOMBKO TIPUOINKEeHHBI HY)b,
HyneBas sHeprus BLITEKaeT TOJILKO U3 KJIACCHYECKOTO onrcanust. B
IeHCTBUTENBHOCTH CTPOTOTO HYJST KWHETUYECKAst SHEPTUA HUKOTIA
HE JoCcTuraeT. MagTHHK HUKOTAA HEe CMOXCT OCTABATBLCS B OKOE €O
CTPOTO BEPTHUKATLHON OCHIO.

Heno He B Kakyx-1u60 BAMSHVSAX M3BHE BPOIE, HalpuMep, Ter-
JIOBbIX IBUXEHUH MOJIEKYJ OKpyxarmllero nodnyxa. daxe n «bes-
BO3IYITHOM TNPOCTPAHCTRBe» MAATHUK He Oyaer CTporo
HenoaBkeH. MasTHHK OyIeT pacKauuBaThcsa, XOTA M C OMEHDb Ma-
JIOK aMITVTUTYION, TaK UTO €r0 KMHEeTWYeCKast SHepTusi DyaeT Bce
BpeMs MEHAThCA. OHa MPakTUYeCKU BCeraa 6yaeT XoTb MaJio, HO OT-
TMyaThest OT Hyis. [Tepuoa xonebGaHWH NMPU STOM OCTAETCA HEW3-
MEHHBIM, OH ONpeAe/NsAeTCsS TOJNBKO XapaKTepUCTHKAMK CaMoro
MaATHUKA (ero mnuHoi). Ecan nepnoa Masiriuka T npuuaTth 3a 6L,
TO, COTJITaCHO COOTHOILEHWIO HeollpedeeHHOoCTe!, eT0 MUHUMa b-
Hag CpeaHsAs KMHeTU4eckas sHeprus 6yaer OE ~ fi/dt = A/ T

Ecnu, HanipumMep, riepron Kosie6aHuit cocTamisieT OAHy CEKYHLY,
9Ta 3HEpTUA PaBHa, 110 IOPAIKY BeAMyMHbl, 10° 9pr. 310 oveHb Ma-
nag sHeprus. OHa GMM3Ka, HATIPUMED, K KUHETWUECKON 3Hepruv
OHOrO 3JIEKTPOHA, IBUXKYLIETOCH CO CKOpocThio | cM/cek. Torma
KaK y MasiTHUKa MaccoM, CKAXeM, B OAKH KIWIOrpaMM, JABVXKYLIEro-
¢o ¢ TOM XKe CKOPOCThiO, SHEPTHsI 6yaeT rnopsaunka 1000 3pr, uto Ha
TPUALATH (!) NOPSIAKOR BeJIMUMHLI 60MbIUEC. DTOT NPUMEP NOKA3bI-
BaeT, YTO MasATHUK — W3-332 KBAHTOBBIX 3h(eKTOB — MMeeT B Ha-
MHM3UIEM SHEPreTMYeCKOM  COCTOAHUM HEYCTPaHUMY1O
KWHETHYECKYIO SHEPTHIO. DTa JHEPrutsi KOHEYHA, XOT5 M OUeHb MANA.

CucTteMbl, KOJTeOMOLINECS OKOJTO TIOJIOXKEH NS pABHOBECUS, B D1~
3UKC Ha3BIBAKOT OCLUWLIATOPAMH, U MAaATHHK — 3TO TIPMMEP TaKUx
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cuctem. O6Las ¢opMyna sl SHEPIMH KBAHTOBOFO OCLIMINNIATOPA
BbIETIIWT TaK:
E=hwo(n + 1/2),

rne 0 = 27/T — yacToTa KonedGaHuit MasiTHAKA, N — IeN0e YNCIIO,
KoTopoe NpHHUMaeT 3HaueHus 0, 1, 2, 3... DHeprus MoOXeT MMeTh
TOIBKO AUCKPETHDIE 3HAYEHUS, COOTBETCTRYIOLINE ITOMY TUCITY 1.

Pavmuue Mex 1y sHepTHsSIMU IIBYX COCETHUX COCTOSTHMi COCTaB-
nsetr B®. Korma 3T0 uMcio N OuEHb BENMKO, PA3IHUKE MEXIY
SHEPrUSIMY COCEIHUX COCTOSIHUI MOXET ObITh OYeHb MO [TO CpaB-
HEHMIO C CAMUMH 3TUMH FHeprusmu. Ilpy Taxux yciaoBmsax NHC-
KPETHOCTL 3HEPrMi MOXET ObITh MPAKTHUECKU HEe3aMETHOR, W B
TAaKOM CJIyHae CHETEMY MOXHO OIIMCHIBATH C TIOMOLUBIO KNACCUYEC-
KO, HE KBAHTOBOI TEOPHU, B KOTOPOH BHEPrusi CUCTEMBI MOXET
MEHAThCH HenpephisRo, Ho apu ManuIx 3HaueHNsax Yucaa N KBaH-
ToBbIe 3bheXThl CWibHbL, CaMblit BaXHbIl U3 HUX — HEHyJieBas
3HEPrUa B CocTossHUM N = (. DT0, OUEeBHAHO, HANHU3RIEE SHEPTETU -
4ecKoe COCTOSIHUE, Y B HEM 3Heprus OCLUNATOpa paBHa hay/2 —
B NOJIHOM COOTBETCTBUMU € TEM, UTO ObLIO CKA3aHO BBIILE. DTO SHEP-
TUsl «<HYJIEBBIX KOJIEDAHUI», KaK UX HA3BIBAIOT.

Hynesuie koneGaHus

3ameyvaTesibHoe 00CTOsITEIbCTRBO COCTOUT B TOM, 4TO J1000¢€ BON-
HOBOE 3MEKTPOMATHHTHOE [10J1€ MOXHO NPEACTaBUTD W OITUCATH KaK
COBOKYTNHOCThL KBAHTOBBIX OCIITWLIATOPOB C PA3TMYHBIMN YaCcTOTa-
MM KoneHaHuit. bonee Toro, TakMM CocO60M MOXHO ONMUCATH M BO~
obule BCE KBAHTOBBE NONS. B HaMHU3WIEM 3HEPreTMYeCcKOoM
COCTOSAHUM 3TUX MoJiel N paBHO HY/MIO.

OT0 U €CTh COCTOSTHUE BAKYYMa, B KOTOPOM YWACTHLIbl JAHHOTO
nona (HaripaMep, GOTOHLI B CNYUae 3NeKTPOMATHMTHLIX BOJIH) OT-
CYTCTBYIOT. HO B OTCYTCTBME YacTHIL OJe HE UCYE3AeT — OCTAIOTCS
€ro HyneBble Konebanust. [To3roMy BakyyM UMEET OTAHYHYIO OT HY-
7 3Hepruto. Tako NpUHUMNMAILHBIA OTBET Ha BONPOC O NPOHC-
XOXJIEHUW 3HEpIrun (bn3nIeckoro BaKyyma, KOTOPbIH JaeT TEOpUs
KBaHTOBbIX Toieii. Ho peanbho NOACYMTATh COOTBETCTRYIOWYIO
TJIOTHOCTb YHEPIUY, CBA3AHHYIO C HYIEBBIMU KOJIe6aHVsIMU, KBaH-
TOBasI TEOPUST [TOJTST He 1T03BoAeT. [leno B TOM, YTO B BAKYYME [IPH-
CYTCTBYIOT BCE BO3MOXHEIC 4YaCTOThl HYAEBEIX KoneOaHWif
KBaHTORBIX NO;Ie — oT O = (0 M 10 6eCKOHEYHLIX 3HaueHUH (.
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Eciau cyMMUpOBATh SHEPIUIO HYJIEBbIX KOJIEHaHUHU NO BCEM BO3-
MOXHBIM UX YACTOTAM BILTOTE 0 6ECKOHEUHOCTH, TO PE3YJIBTATOM U
6yneT GecKOHeUHast SHEPTHS K BECKOHEYHasA TUIOTHOCTb SHEPruu
BaKyyMa. YToObl u36eXaTh 6ECKOHEUHOCTEM, TPUOETaloT K OTpaHH-
YeHUN0 IUAaria3oHa YacToT CBEPXY HAa HEKOTOPOM 3HAUEHUU YacTo-
TBI, KOTOpOE TIPUHMMAaEeTcd 3a MmpelesbHoe. 3Had YyXe N3
KOCMOJIOIMH JeCTBUTEIBHOE 3HATEHNE TTIOTHOCTA BaKyyMa — ec-
JU, KOHEYHO, 3TO TOT CAMLIA BaKyyM HyJIeBLIX xoJebanuif, — HyxX-
HO BBIGPATb TIPE/IE/ILHYIO YaCTOTY Ha ypoBHe O ~ 107 cex.

TIpesemsHOI YacTOTE OTBEYAET JUTMHA BONHBI, KOTOpas COCTaB-
JIAET NpUOIU3UTENLHO | MM, DTa IMHA OYEHE BEJIMKA 110 CPaBHe-
HUIO ¢ XapaKTepHLIMU TIPOCTPAHCTBEHHBLIMM MaciiTabamMu
MuKpoMupa ~ 10— 10" cM U oueHb Masa o CPaBHEHHIO C KOCMO-
JIOTMYeCKUMY MacluTabamu A ~ 10™ cM, HO KaK HH CTPAHHO, O4EHb
OJIM3KA K TIPUBBIYHBIM JUI UeJIOBEKA MEPKaM.

BaxHee, onHako, TO OOCTOSITEILCTBO, YTO XApaKTepHasi JUIMHA
BOJIHBI JISXUT B TIpeJenax MacIITaboR, JUTS KOTOPBIX SKCTIEPUMEH-
TaJbHO MPOBEPEHbl 3aKOHBI I'PaBHTALIMK. B 3TOM cMbIc/ie Takoi
NOAX0A K TeopuH (GHH3HYECKOTO BaKyyMa He TpebyeT 3KCTPAaToss-
IIUM U3BECTHBIX 3aKOHOB (DM3NKU B 061aCTb MACIUTAOOR, TIe 3TH 3a-
KOHBI OCTaloTCs HenposepeHHniMU. Ho KakoBa ¢usndeckas
TPUYMHA, CO3AAI0NIAs OrpaHUYEHUEe CBEPXY Ha YacTOTH HYJNEBBIX
Konebanuii? Ha 3ToT BaxXHeif1liMii BOrpoc MoKa HeT OTBETA...

Mope [Mupaka '

O paBHOMEPHOM OTHOPOIHOM (hoHE FHepTHU HUIUKM paccyxaa-
10T ¥ cropaT ¢ 1928 1., Korna Mons Aupak npemioXun peisiTUBACT-
CKYIO TEOpPHIO 21eKTpoHa. B 3Toit Teopuu npeanosaraercs, 4TO
HapsLy € «OOBIYHBIMM» NIEKTPOHAMH (TAKUMH, KAK B JITEKTPUICCKUX
MIPOBOIAX) B MYPE CYLUECTBYIOT elie HEOOEIUHbIE NEKTPOHLI — BIeK-
TPOHEI ¢ OTpUATeNBHON 3Heprueil. CuuTaercs, UTO OHHA TIPUCYT-
CTBYIOT Beslie B MUpPE W TPUTOM C... BECKOHEUHOW KOHLICHTpauwme.
WM coorBeTcTBYET M BecKOHEYHAs ILIOTHOCTH 3Heprud. Ho 310 o1-
PHULIATEJIEHAS SHEPTUSA U €€ TUIOTHOCTb PABHA MUHYC 6eCKOHEUHOCTH.

3Ty 6eCKOHEYHYIO OTPULATENbLHYIO SHEPTMIO HAa3bIBAOT MOPEM
Hupaxa. I'lpH Bceit cBaeit HeobbyHOCTH, Mope Jlupaka rmo3sonser
JeNnaTh TEOPETHUECKUE TIPEeNCKa3aHUsl, KOTOpEie HEU3MEHHO Mom-
TBEPXOAIOTCH B 3KCIEPUMEHTAX C JNEKTPOHAMMU.

270



OnHWM W3 TaKUX OpeACcKa3aHUi OBITO TIPERCKA3aHHUE CYIIECTBO-
BaHUSI HO3UTPOHA — AHTUHACTHLBI IO OTHOLLUEHHIO K DJIEKTPOHY.

[To unee lupaxa, mo3uTpoHbl — 3TO «IBIPKU» B MOPE 3JEKTPO-
HOR ¢ OTPHUATENbHOM 3HeprHeit. CaMo 3TO Mope He HabJonaemo,
T. €. He TIPOABIACTCA HY B Kakux 3KcriepuMenTax. Habimonaorcs
JIWUIS UBMEHEHHST B COCTOAHVM MoPS. TaxMMH U3MEHEH UMM RIS~
IOTCSI, HAMPHUMEP, aKThl KBAHTOBOIO POXIACHUSA Maphl )€K~
TPOH—MO3UTPOH. CaMo Xe 3TO MOpE CJTYXXUT BAaKyyMOM KBAHTOROTO
ronst 3nekTpoHoB. Mope ypaka 10/KHO, OIHAKO, [PABUTHPOBATD
¥ OPOSIB/ATS CEOS1 B ABACHUSIX TATCOTCHUSt — 3TO TOT THIT 3KCIepH-
MEHTOR, Tae 3(eKT 3aBUCUT HE TOMLKO OT H3MEHEHHWI COCTOSTHMIM
TI0/141, HO U OT €ro NoJHoM 3Hepruu. O6 310M 1 roBopun [aMoR, Kak
yX€ YIIOMUHAIIOCH BHIILIE, — B CBA3U ¢ Teopueit Jupaka.

A 4TO ecmu GeCKOHEYHas OTpHLATE/NIbHAsi SHEPrus BaKyyMa
3NEKTPOHOB TOYHO KOMIEHCHUPYETCH OeCKOHEUHOW NOJOXUTETh-
HO sHepruei Apyroro nois (Hanpumep, noias ¢oroHoB)? Takyio
BO3MOXHOCTb JABHO yxXe obcyXaatoT B puszmke. C Heil CBI3BIBAIOT
HaAEXIBI U cefivac, KoT/la BAKYYM OOHAPYXIIT ceOsl B KOCMOJIOTHH.

Ho noyemy Takas KOMIIEHC2UHS OKA3LTaCh HE TOYHOM U OCTa-
JlaCh MAJIasl MONOXUTENbHAN IHEPIUA KOCMUUECKOTo Bakyyma? Ka-
KoBa pr3udeckKas nmpuuuHa atroro? OTBera Her...

DBa addexra

IMNomuepkHeM eule U eilie pas: GU3NISCKUIT BaKyyM — Heco-
MHEHHast PEATbHOCTh, OH BhI3bIBACT 3¢hPeKThi, Hab0AaeMBbIE 1 U3-
MepsieMble B JTAOOpAaTOpHBIX 3KcTiepuMeHTax. OmuH U3 3 dexToB
BaKyyMa MposiBIAeTCS B CIIEKTPaX NTy4eHMs1 aToMoB. [lesio B ToM,
YTO HyJIeBble KOJeOAHWS 3JeKTPOMATHUTHOTO MMONS 3aCTABNSIOT
IPOXATH JIEKTPOH B aToMe. B pesy/ikTaTe 3/1eKTPOH BeleT cedsi He
KaK TOYEYHDIH 3apsijl, a KaK apuK ¢ panuycoM, paBHBIM aMILTHATY-
fIe DTOro ApoXaHus. Takoi niapuk cinadee B3aMMOLEHCTBYET C sil-
POM, YeM TOYEYHEIA >5/eKTpoH. B pesynprate nosgsigercs
HeOOMbilION, HO BIIOJHE U3MEPYMBIN CABUT YPOBHEN SHEPTUU aTO-
Ma. 31oT 3dhdeKT Ha3bIBAIOT ISMOOBCKUM CABUTOM, Y10 KMMEHM 0OD-
HapYXHUBLICIO €ro 3KcrepuMeHTarTopa, Bwumica JlaM6a.

Jpyroii adexT BakyymMa — TaK Ha3bIBacMble BUPTYAJIbHbIE Yac-
TULIB.. BUPTyanbHbIe YACTHLL OTJMYAIOTCS OT PEANbHLIX TEM, YTO
BO3HMKAIOT CMIOHTAHHO, CAMY CODOH U TYT Xe caMyl COO0I HCYe3alo0T,
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aHHUrMAupy1or. Hynessie xone6aHus noeii, OMACHLIBAIOWIUX 3ICK-
TPOHBI U MO3WUTPOHBI, MPOARIAIOTCI BO BPEMEHHOM CYIIECTBOBA-
HUM TAKOTO pofa BHPTYaIbHLIX YacTHLl. BO3HMKAIOT OHM He
MOONMHOYKE, 4 IapaMM — 3JIEKTPOH C ero aHTUYACTULICH MO3UTPO-
HOM. DTH TIapbl OCTOAHHO POXAAIOTCA U TIOYTU HEMEIUIEHHO ucue-
3a10T. Ho ecitu npoucxoauT CTONKHOBEHUE KAKOTO-1100 peaibHOTO
3JIEKTPOHA C peajibHbIM MIO3UTPOHOM, YaCTh 3HEPIMY 3THX JIBYX Ha-~
CTULL 3aXBaThiBAETCS. BUPTYAIbHBIMM TTAPAMU U B pe3yJIETATe BUPTY-
ATbHBIE YACTUIIL [TPEBPALIAIOTCS B peaTbHbIE.

I1py oueHBb GOJIBLIMX SHEPrUSX CTOJKHOBEHMI U3 BaKyyMa MO-
TYT POXIATECS TAKAM ITyTeM LIeJble CHOMBI PA3TUYHBIX YACTUIL B
aHTHyactil. Takue npolecchl peanbHo HabaomaloTcs. 3ameda-
TEJILHO, YTO, KaK U B Clly4ae C ISMOOBCKUM CIBUI'OM, CTATKUBAIO-
1LMecs YaCTHIBI BbICOKMX 3HEPryit BegyT ce0sl KaK LIapuK, a He
KaK TO4eYHbIe YaCTUIEI. Pa3sMeEpPEI 3THX IIAPUKOB TeM OOJThIHE, yeM
OO0JIBLLE DHEPTHST YACTHILIBI.

MoXHo cKxa3aTh, YTO KaXI2s U3 CTAITKUBAIOUIMXCS YaCTHIL OK-
pyXeHa 00JaKOM BUPTYaNbHEIX YacTUIl. Koraa yactuuel 3aaesaor
APYT ApYTa KpassMH CBOMX 06J1aKOB, BUPTYalbHble YACTU1bI IIpEBpa-
1aloTCsl B peasibHble. SIcHO, 9TO 3TOT npouecc TeM 3¢ dexTHBHee,
yeM KpyIHee 061aKka; HO 3TO O3HAYaeT, UTO POXIeHWe HOBBIX ac-
THLL JOJDKHO MPOMCXOAUTDL TeM JIerde, YeM BhILLIE SHEPrUs CTAIKU-
BAIOIMXCSA 4aCTHIl. DTa 3aKOHOMEPHOCTh U OOHAPYXWBAETCH B
peanbHbIX DKCIEPUMEHTAX.

HenocraTka B BUPTYyaIbHBIX 9acTMIAX HUKOTIA HeT. Kak roso-
PSIT 9KCMIEPUMEHTATOPKI, BAKYYM TaK U KMLIUT ¥ HUX Ha [J1a3aX BUP-
Tya#IbHBIMH YacTHIaMu... HUKTO, KaxeTcsa, He COMHEBAaeTcs B
CyTIeCTBOBaHUM PU3NUECKOrO BakyyMa. Ho ToxXnecTseH M oH, nmo-
CYLUECTBY, BAKYyMY KOCMHUYeCKOMY? BOTNPOC OTKPBIT, KaK OTKPHITHI
B JeHCTBUTENBHOCTY BCE BOOOIE KOHKPETHbIE BONPOCHI, Kacaio-
LHecs GU3MYEeCKOM MPUPOJIbl BAKyyMa.

He nckimoueHo, B 4aCTHOCTH, YTO KOCMUYECKMI RAKYYM HUKAK
He CBSI3aH C BAKYYyMOM KBaHTOBLIX TT0Jie, a ARIACTCA TPOSIBIEHUEM
JOTOIHUTENbHBIX M3MEPeHVH NPocTpancTBa. O6 3TOM BO3IMOXHOC-
TH MBI PACCK2XEM B 3aKITIOUMTEITBHOM PA3fielle KHUIH.



PoxpaeHue BceneHHoM

«[ipomeTeeBa CTUXUA»

B 1929 r. DiaHurreiit nucan: «[0Bops OTKPOBEHHO, Mbl XOTUM He
TONbKO Y3HATh, KAK YCTPOEHA NPUPOI4, ...HO H [10 BOIMOXHOCTH 10~
CTUUbL IIEW VTOTIMUECKON U Iep3Koif HA BUA — MOHSITb, MOUYEMY
MpUpoaa ABISAETC UMEHHO TaKOi, KaK OHa eCTh,.. TaKoBa npome-
TEeBA CTUXWST HAayWHOTO TBOPYECTBA».

B 3TOM nocneadeM pasaese KHUTY Mbl pacCKaXeM O CaMbixX Aep-
3KMX WACAX W TMOTe3ax B kocMosloryu. Bce oHM — MMenHo Bee, a
He HEKOTOpBIE WK AaXe GONBLIMHCTBO — €LIE He NPOLLLAY HACTOS-
el NPOBEPKU, MMPOBEPKM B SKCTIEPUMEHTAX W PeaibHbIX Ha0Jl04e-
HusIX. M noToMy He NCKAI0YeHO, YTO OHY MPOCTO HEBEPHLI.

TeM He MeHee, HEKOTOPBIE U3 COBpeMEHHbIX NOTaI0K KOCMOJ10-
r'OB HACTOJNLKO UHTEPECHBI CaMU 110 cebe, YTO, HECOMHEHHO, 3a-
CJTY>)XMBAIOT BHUMaHHUSA U OOCYXICHWA, — AaXE U HE3aBUCHUMO OT
TOIo, UTO CKaXyT O HUX HE CENoaHy, a 3aBTpPa WU NOCIIE3aBTpa,
KOTAAa — U B 3TOM TOXe He TIPUXOAUTCS] COMHEBATbCA — BonbLlast
MX YacTb OyIeT ONpPOBEPrHYTA TEM MM UHBIM 06Pa3oM, a TO U IPOo-
CTO 3abbITa.

[Mocne Takoro npeaynpexaeHus CTOUT, MOXET ObiTb, CHOBA Ha-
MOMHUTb 4UTATEIII0 OO OJTHOM NPUMEpe Aep3KOi uaeu, 10 CHx Mop
HE IOKA3aHHOW U He OTIPOBEPTHYTON — O TUMNOTE3E XKU3HU Ha JApY-
rMX miaHeTax, BblLABMHYTON [XopmaHo BpyHo. Ero camoro oHa
MpHUBea HAa KOCTEP UHKBU3UIIMH, 3 MHOTHM TIOKOJICHUSIM UCCIed0-
BaTeJiel MOCHe Hero Mocayxiia 0bpasoM HayYHOM CMENOCTH. DTO
nopasute/ibHO — IHIIOTE3a 0KAa3aNnach UCKIIOMUTEIEHO MPOAYKTUB-
HOW (cM. raaBy 1), 1axe ¥ He Oyay4Yr JOKA3aHHOIA.
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MBI He peUIMNKCh Bbl CKA3aTh, YTO Cped COBPEMEHHEIX KOCMO-
JIOTHYECKMX TUIIOTE3 UMEETCH XOTS Obl OJIHA, KOTOpasA CpaBHWIACh
Mo cuie ¢ 3TUM TNpuMepoM. Bce oHU He A0Ka3aHbl, Kak TMIoTe3a
BpyHO, HO HY 00HA U3 HUX [10Ka He OKA3aNaCh CTOMb Xe NPOJYyKTHB-
Hoit. Bripo4yeM, Ha 3TOT CYCT MOIYT ObITh U MHblE MHEHHSI — OCO-
6eHHO Yy caMuxX aBTOPOB 3TuUx uuei. ITostoMy MBL He OyaeM
TBITATLCS JABATH UM KaKylo-11M60 OLieHKY, 4 TTPOCTO pacCKaXeM O
CaMOM MHTEPECHOM, YTO Mbl HAXOIUM B HUX,

[TpHy 5TOM MBI He CTAHEM IPEeTEHNIOBATh HU Ha ITONHOTY, HU Ha
CUCTEMATUYHOCTDL UTOXCHMSL. W OyneM clleaoBaTh 3paBoOMy COBeE-
Ty BopHca 3axonepa, BBIHECEHHOMY B 3TTUTpad 3TON KHUTH.

Kocmonoruueckas CHUHTYNAPHOCTh

B LeHTpe KOCMOJIOrMYECKNX JACKYCCUIl CETOIHS — OCTPhIE BO-
TIPOCHI, TIOCTABACHHBIE HPUIMAHOBCKOM KocMmostorei. Cama 372
TEOPUS HE TIOABEPTAETCS COMHEHHIO: IO OOMIEMY TIPUIHAHUNIO, OHA
JaeT 11PaBUILHOE OTIUCAHUE COBPEMEHHOTO COCTOSHMS MHpa, ero
npouutoro U oynynero. Yto kacaeTcss HACTOSTIIETO, HA 3TOT CYET
vMeeTcsl OOLIMPHBIA KOMIUIEKC HaGIIoNATENBHBIX JaHHBIX, KOTO-
pbie TTIOTHOCTHIO HTY TEOPHIO NOATBEPKAAIOT.

Hcropust BceneHHo# TipocyiexXuBaeTest U JOKYMEHTHDPYETCS HA-
OIIIONICHUSAMM BIUIOTh 10 NEPBLIX MUHYT UCTOPHMH MUpA, A0 3MOXH
SITepHBbIX peakuuid. Ho TpymHBIX MpoGiaeM OCTaeIcst eule HeMaso.
MBI yXe yMOMMHAIH O TOM, CKOJTh KATACTPOOUIECKH MANTO U3RECT-
HO O (PU3MUECKOM TIPUPO/IE TEMHOIO BELIECTBY, KAK CI0XKHA 3araj-
Ka KOCMHUYECKOro BakyyMa U T. A. CymuecTByeT elile OIUH KpyT
npodieM, KOTOPbIE KACAlOTCA CKOpee 3BOAIOUMM M OOLIEro cTpoe-
HUS MHPA, a He TOTO, YEM 3TOT MUP 3allOJHEH.,

CaMas r1aBHas U3 HUX — MpoBiieMa HAYATBHON KOCMOJOrHIeC-
KOW CHHIYJASPHOCTH, TOr0 MCXOJAHOTO COCTOSIMSI MHpa, KOTLIa
(cHoBa npouuTHpyeM MpUIMaHa) NMPOCTPAHCTBO ObLTO TOYKOM, a
IUV1I0THOCTH MMPa — OECKOHEYHOM.

Euie B 1940-e roawr J1. /1. Jlannay roBopuJ, 4TO BCE /1€10 B BbICO-
KOM CTeNneHN MPOCTPAHCTBEHHON CUMMETPVH, B U30TPOIIUU MHPpA,
KOTOpasl Npearonaraetcs peiueHueMm OpunaMana. byns cummeTpus
He CTOJTb BBICOKOM, I PE3YETAT Ob1N Obl IDYTUM. Jlyullie Beero, ec-
v Obt yaaioch HailTu camoe obllee pelleHue 3WHINTEHHOBCKMX
ypaBHEHMI, B KOTOPOM HUKAKOW W30TPONUU HE ObLIO Obl 3apaHec
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3aJ10XKEHO, 2 BMECTO STOTO JOMYCKAIAch 1obast IpoU3BOTBHAS TEo~
MeTpu4, mobasd 3aBUCUMOCTEL TEOMETPHU OT PACCTOSAHMI H HallpaB-
JIEHW# B ITPOCTpaHCTBE. B TaKOM caMOM 06111EM KOCMOJIOTMYCCKOM
pelleHWn, Kak cunuTa JlaHmay, HauatbHas CHUHTYJISIPHOCTE JIOMXHA
OTCyTCTBOBaThb. ECNu Tak, To U caMoro mo cebe Havana He AOJIKHO
6bITb, U UCTOpUs BeeneHHol TpodoXanach 6kl HEOTPAHUYCHHO
JAJIEKO B MPOILTOE,

XKenatenbHo BooOUIEe U30ABUTHLCH OT 3apaHee NPUHMMAEMBIX
NpeanooxeHvi. bino 6b1 3aMeuaTeIbHo, TIo MEICIIM JlaHaay, eciiun
Obl KOCMOJIOTUS MOFJa JI0OKa3aTb, YTO COBPEMEHHOE COCTOSTHHE
KPYMHOMACIITAO0HOM OAHOPOIHOCTH H M30TPONUM HEU3BEXKHO RO3-
HUKAaeT B XOJIE 3BOJTIOIMU U3 JII000r0 CKOJTE YTOMHO HEOOHOPOXHO-
IO U AHU3OTPONHOTO COCTOAHMS B npouiioM BeenenHo#M.

N3yyeHue Takoi BO3MOXHOCTH TOTpeOOBaNIo HeMano u3obpeTa-
TEeTHHOCTH U BEICOKOTO TEOPETUYECKOTO MCKYCCTBa. MHOTONETHSAS
paboTa yueHukoB Jlanaay, B nanbHebmeM akagemukop E. M. Jiug-
wmna 1 . M. Xanaruukosa, a Takxke A. JI. 3enemanosa, 5. B. 3erb-
MOBUU4 U €r0 IUKOJbI MPURENA K ropa3go JyYyLIeMy NOHMMAHHUIO
npo6seMbl. AHU30TPOIIHAS KOCMOJIOTHSE OblIa IMOCTPOEHA, NOCTH-
rHyTa 3HAYUTCIbHAS OOUIHOCTH PEIIEHWIA, BBIACHEHB! YCJIORUS WX
U30TPONMU3ALMHM, T. €. NPUOTKEHUSA K COCTOAHUIO TOJHOM TNMpo-
CTPAaHCTBEHHOU CHUMMETPHH B XOIe KOCMOJIOTHHECKOTO pacliype-
HUSL.

IlapannenbHo M CTONb Xe yereurHo B KeMOpHIKe pa3BUBAIICH
WUHOU MOIAXO0] K NpodiieMe. YCJIOBUS CYILUeCTROBAHMSA KOCMOJIOTHYEe-
CKOI CHUHIYJISAPHOCTH U3YYATUCh HE HA SI3BIKE KOHKPETHBIX pelie-
HUH ypaBHECHUWH OOILEH TEOPUU OTHOCUTENLHOCTH, a4 C TIOMOLIbIO
TeopeM, KOTOpbie MOXHO (GOPMYJIUPORATE W TOKA3BIBATH H2 OCHOBE
TEX XE YPaBHEHUN.

Tak Bo3HMKIIA 3HaMeHuTast TeopeMa C. Xokunra n P. Tlenpoy3sa,
COTJTaCHO KOTOPOI KOCMOJIOrMUECKAass CUHTYJISPHOCTb HEU30eXHa:
€e HUKA4K HENb35l JIMKBUANPOBATH, OHA BHYTPEHHE TIPUCYIIA CHIIb-
HbIM [PABUTALIMOHHBIM TIOJISIM.

910 OTBET Ha BOMPOC O CUHIY/ISIPHOCTSX B OOIIEH TEOPUU OTHO-
cuteqbHOCTH. Ho B peanbHOM MUpe KapTHHA CA0XHEE, PasHOOD-
pa3Hce W Oorade, yeM Jaxe B 3TOM HCKITIOUMTESBHO CIOXHOM
TeopuH. JleCTBUTENBHO, MPU IKCTPEMAABHO BBLICOKHX TUIOTHOCTSAX
BOIM3A HAYaJIbHOW KOCMOJIOTHUYECKOH CUHIYJIHPHOCTH OIHORK
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TONBKO OB1LEeHd TEOPHU OTHOCHTEIBHOCTH YXe HeaocTatouHo. Tlpu
TAKWX YCJIOBHUSIX BCTYTIAIOT B UIPY KBaHTOBBIE 3(DEXTHI, a OHU B
3TOI TEOPUU OTCYTCTBYIOT.

KsanroBbie 3¢bheKThl HE JIOMYCKAOT RUKAKUX «CTPOTHX TOUEK
HYJIEBOTO PasMepa» B pEATbHOM ITPOCTPAHCTBE—BPEMEHH — 3TO HC-
K/TIOYAETCS COOTHOLIEHVEM HEOTIPENEJCHHOCTEH, 0 KOTOPOM Mbl
YK€ YIIOMUHAMYN He pa3. Takne TOYKHY JOJKHE OHITh Ha CAMOM Jiefie
PasMBIThI B OOBEKTEI KOHEWHBIX pasMepoB. Ho Torna, cnenopareib-
HO, KOHEYHO#, a He BECKOHEYHO, JO/UKHA ObITh U TDIOTHOCTh MU-
pa. IIpu sTOM MMeercss XOpOlMiA KAHAUAAT Ha poJik TIPEAETLHO
BBICOKOH TDIOTHOCTH — 3TO TUIAHKOBCKas TUIOTHOCTL. KAk Mbl yxxe
FrOBOPWIM, NPYU TAKOU IUIOTHOCTH TPABUTALIMS CTAHOBUTCS CYIIIECT-
BEHHO KBAHTOBBIM SIBJICHUEM.

Ipu IaHKOBCKOM [LIOTHOCTH M CaM MUP JOJUKEH ObITh KBAHTO-
BbIM 00bekTOM. HO 4yT0 310 hakTHUeckn 03HAYAeT, HA CAMOM LENe,
HEe OYeHb M3BECTHO. Benkb J10 CHX MOp KBAHTOBOM TEOPHH TATOTEHUSA
HE CYLUECTBYET. TcOPETUKH OBIOTCS HAl CO3MaHUEM 3TON TEOPUN C
Havyarta 1930-x roaos, korna 6wut cheylaH IMepBLIif IWar K CHHTe3y
JBYX GYHIAMEHTATLHLIX TeOpHil GUIMKU — KBAHTOBOM MEX4HUKH
U Oo6uled TeopMM OTHOCMTELHOCTH. DTOT Har Obll ¢ACNaH
M. I1. Bponurreitdom, npusTenem [amosa u Jlannay no JleHuHrpas-
CKOMY YHUBEPCUTETY; OH MOrHG COBCEM MOJIOAbIM B FOAb! CTANHH-
CKOTO Teppopa.

BpoHIuTeH KoKa3alT, YTO B MPUPOAE AOJKHA CYLIECTBOBATh A0
TOTO HEU3BECTHAS 3EMEHTApHasI YaCTULIA, TPABUTOH, KOTOpas fe-
PCHOCHUT IPaBUTALIMOHHOE B3auMoxeicTBie. OHa He UMEET MaccChl
TTOKO#S, 3 ¢ CTTHH (MOMEHT COOCTBEHHOTO BpaLlleHUsA ) A0JIXKeH ObITh
paBeH 2, B IPUHATHIX B KBAHTOBOM MEXaHWKe caMHWUAX. [paBUTOH
— KBAHT TPAaBUTAIIMOHHOTO TIONA B TOM Xe CAMOM CMBICIIE, B KAKOM
¢OTOH — KBaHT DMEKTPOMATHHTHOrO nosisi. Macca oToHA TOXe
pABHA HYJIIO, 4 €0 CNUH paBeH eIWHUIE. DKCIIEPUMEHTAIBHO Tpa-
BUTOHBI 10 CUX NOP He OTKPHITHI, HO HUKTO, KAXKETCSH, HE COMHEBa-
€TCA, YTO OHH PEANILHO CYLLIECTBYIOT.

Mano KTo COMHEBAETCA W B PEATBHOCTH «KBAHTOROTO UCTape-
HUSI» YEPHBIX IbIP, OTKPLITOTO XOKUHIOM B 1970-¢ roabt (06 3ToM
YXE YIIOMHHAIOCH B [J1aRe 3). DTO TOXE CYIUIECTBEHHO KBaHTOBOE
SIBJIEHHE, B KOTOPOM ACIHCTBYET KBAHTOBOE COOTHOLLIEHHUE HEOIlpe-
JIENICHHOCTEH.
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MU3-3a 3100 NOBepXHOCTL L1 BapIIILIWIBAA NOTKHA OBHITE pa3Mbl-
Ta, C HEe MOTYT CPbIBATHCA MAPhl BUPTYAIbHLIX YACTHLL M aHTHYAC-
THL. HekoTopble NMapbl YaCTUIl MOTYT OBITH Pa3OpBAHEI TOJeM
TATOTEHUS, U TOTAZ YACTULILI TAKOM MAphl U3 BUPTYAIbHLIX CTAHO-
BAITCSl pEATBHBIMM. DTH yXe PeajibHble YaCTHIIbI OYAYT, KaK NaJaTh
BHYTPE Y€PHOM AbIPbI, TAaK U YIETaThb OT Hee. Te YacTULBL, KOTOPLIE
YIETA0T BOBHE, W CO3JaI0T 3 )eKT UCIapeHus.

3TO OTHOCHTCS K YEPHbIM AblpaM HeGombioN Macch (xo 10%
rpamm). HMcrapeHde YepHeIX Iblp OOMBIIMX MAcC HAET CTONb MEA-
JIEHHO, YTO 3TO NPAKTHYECKH He3aMeTHO. (Bo3MOXHOCTL KBaHTO-
BOrO ucnapeHuss Oblta SCHAa JICHUHTPAACKOMY TeOPETUKY
B. H. TprGoRBY 32 HeCKONBKO JIET 10 XOKMHIa; [puboB ropopmi ob
3TOM 3eJTBIOBHYY, HO HE CMOT €10 3aMHTEPECOBATh. )

DTn ABa 33aMEYATETBHBIX Pe3y/bTaTa MOKAa3bIBAIOT, YTO KBAHTO-
Basl TEOPUA TPABUTALIMM MOXET ObITE CO3AaHAa, ITO NOCIbHASA JUIA
TEOPETUKOB 3anaya. Ho utobni ee pelunTh, MOTPEOYIOTC HOBbIE
r1yboxue ey, nonoGHeie umeaM BpoHirreiiHa 1 XoKuHra, a Mo-
KET ObITb, ¥ COBCEM HE MOXOKHUE HA HHUX.

Cxkopee Bcero, JlaHnay npaB: CUHTYJISIPHOCTb OTCYTCTBYET B Ca-
MO o01leli MocTaHOBKE 3aa9M, M 3Ta 3aJa4a JJOMKHA CTABUTECS Ha
OCHOBC PeJIATUBUCTCKOM KBAHTOBOM Teopus Tarorenus. [loxa Ta-
Kasl TeOpUsl OTCYTCTBYET, IJIaBHAs TTPobIeMa KOCMOJIOTHY OCTaeTCs
OTKPBITOH, — (PU3UYECKYIO IPUPOLY KOCMONOTHYECKOH CUHTYASD-
HOCTH elle NPeACTOUT BLISSICHUTD.

Hpyroit BaxHeHIIniA BONpoc TOXe OTHOCUTCS K caMOi paHHeH
CTaAVV CYNIeCTBOBAHUS MUDPA — 3TO BOIPOC O MIPUYMHE KOCMOJO-
TMUYECKOTO paciuupeHus. Ha 3Tor cuet umeeTcs 3aMeyaTesTbHas TH-
notesa, 0 KOTopoH MBI HHXE pacckaxeM noapobHo. B ee ocHoBe
JIEXUT MpedrioNioXeHe O TOM, YTO HayajlbHbIM COCTOSHUEM BCe-
JIEHHOU ObUT BAKYYM — 3TO TMIIOTe3a, BBIABHHYTasi B CepeluHe
1960-x ronos 3. B. IunepoMm B ®usnuko-TeXHNYECKOM HHCTUTYTE
uMm. A. @. Hodde B Jlenudrpane. CTOUT 3aMETHTh, YTO HA Takoe
0coboe HU3MUECKOE COCTOSAHUE, KAK BAKYYM, HE PacIpOCTPAHSAETCH
Teopema XokuHra—ITeHpoy3a 0 HeU36EXKHOCTH CUHTY/ISIPHOCTH.

[Ipo6reMa MPOUCXOXICHUA OAHOPOIHOCTH U U30OTPOITUY MHPa,
0 XoTopoi rosopui JlaHnay, Toxe ocTaeTcst haKTHYECKH OTKPHITOIA:
Ha BOTIPOC «TIOUEMY TIPOCTPAHCTBO CTOJAb CUMMETPUMYHO?> 0 CHUX
NOp HET NIOJHOro U 00IIero oTseTa.
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Tunotesa nunepa

B 1965 1. O. B. [IiHep BRIABUHYI NIPEATIONOXEHME, YTO HAYAITh-
HbIM COCTOSIHMEM Bcero BeluectBa Beenennoi 6put Bakyym. He tor
RAKYYM, KOTODHI TO3/IHEE, Yepe3 TPU JECATUIETHS TTOCHe 3TOTOo,
OBLUT OTKPLIT C MOMOLLIBIO CBEPXHOBBIX 3Be3[I, @ WHOMH, NMepBUYHHIIA,
M3HAYANIbHBIA BAKYyM, IUIOTHOCTh KOTOPOro ObL1A BO MHOTO pa3
GoJblIe MUIOTHOCTH PEATbHOTO HAONMIONAEMOro BakyyMa B COBpe-
MEHHOM COCTOSHWUU MHPA.

Ho 1o BceM ocTaTBHBIM CBOMCTBAM, KPOME TUTOTHOCTH, TIEPBHY-
HBII BaKyyM DBUT O4YeHBb 6JIN30K K COBpPeMEHHOMY HaOTI0IaeMOMY
BakyyMy. Ero IioTHOCTb BOJIXHA GbITh MONOXMUTE/ILHOU, a JaBie-
HUE — OTPUNIATENBHBIM H PaBHBIM 110 aOCOIOTHOM BENMUWHE TINOT-
HOCTH, YMHOXEHHOIt Ha KBapat CKOPOCTH CBETa:

p=-pc.

BT0 TO caMoe «ypaBHEHWE COCTOSTHUSI» BAKYyMa, O KOTOPOM MBI
BbIille TOBOPIUTA. HarmoOMHHM, YTO 3Ta U TOJIBKO 3Ta CBS3b J4RJIEHMS
C TUIOTHOCTBIO O0ECIICUMBAET BAKYyMY €I0 TJIAaBHOE MEXaHWYeCcKoe
CBOICTBO — OBITb OTHUM H TEM Xe Be3e Vi BCIOAY, B NI0060U MOMEHT
BPEMEHMU U B /11000 CUCTEME OTCYETA.

TlepBuuHkIil BaKyyM 0B1a02eT AHTUTTOTEHUEM, T.€. CO3AET OT-
TANKWBAHUE MEXIY JTIOOBIMU AABYMSI TTOMEIIeHITBIMU B HETO MaCTU-
HaMu «oObIyHOro» BelecTsa. CaMu YacTULb! MPUTATMBAIOTCS APYT
X IOpyry GIJaronaps B3alfMHOMY TSIOTEHUIO UX Macc. Ho nexanmit
MEXIy HIMU BaKyyM CIOCOGEH MPeoAoNneTh UX TATOTEHUE W 3acTa-
BHUTb YACTULIBI ABUTATBLCA APYT OT APYTa MPOYb, PadjieTaThCs C YCKO-
peHueM. [1pu cBoeli KonoccanbHOIM MAOTHOCTH (HUXE MBI CKAXeM,
0 KaKUX KOHKPETHO TIOTHOCTSIX TOBOPAT B 3TOM CITy4ae TCOPETUKH )
TIepPBUYHBIA BAKYYM MOT C03/aTh TAKOH PasroH, YTO YACTHUBI ABH~
TATKCh BB TIOTOM AeCSTb MUJUTMAPIOB JIET U OONBIIE, COXPaHss
3HEPIrHUIO HTOTO «MEPBOHAYANILHOTO TOJIYKA»,

B 3toM cyTh runoresnt [nHepa: epBUYHLIA BAKYYM BbI3LIBAET
pa3feT BELEeCTBA ¥ TEM CaMBIM TTOPOXKIaeT KOCMOJOTHYECKOE pac-
wupeHue. Peub UIET O CaMblX MIEPBBIX MTHOBCHUSIX KOCMOJIOTHYEC-
KOTO PacUIUPCHUS: BCE JNOJDKHO ObUIO CIIYUUTECA €lle JI0 3TOXU
SIIEPHBIX PEAKIIUid, 32 BpeMsI, MHOTO MEHBIIIEE HECKOILKMX MUHYT.

CkaxeM cpa3y, 410 JI0 CHX ITOp HE BIIOJIHE SICHO, OTKY/Ia Gepercst
BEIECTRO B HAUATTLHOM COCTOSTHMM MHpa, U Kyla TIOTOM IeBaeTCs
BaKyyM.
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Bo3MOXHO, BEWIECTBO CaMOTIPON3BOIEHO POXJIAETCHA M3 BaKyy-
Ma — 3ITO JIONycKaeTcs 3aKOHaMU KBaHTOROW du3uku. Harnipumep,
U3 BAKYYMa MOXET POIMUTHCA Mapa yacTulla—aHTU4acTHua. bes Ba-
KyyMa OHa CTOJib & CaMOITPOM3BOJIbHO W TIPDUTOM OUY€Hb GBICTPO
UcYe3aeT, aHHUTHIMPYET. Ho Ha doHe aHTUTpaBUTUPYIOWETrO BaKy-
yMa Takas BUpTYalbHas napa MOIrfia 6bl craTh peansHon, JdeiictBy-
TeTBHO, OTTATIKMBAS YACTULY W ABTHUYACTALLY APYT OT APYra, BaKyyM
¢nocobeH MomMellaTh UM CHOBA BCTPETUTRCS M aHHUTrMAMpoBath. U
€CJIM YXe YACTUIBl ¥ AaHTUYACTHILIbLI PORWINCE B BAKYYME, UM HUUe-
TO HE OCTAECTCH, KaK ¥ Hallblle pa3dneTaThCst APYr OT Apyra.

Undnauus

lunoTesy MuHepa cHavYaNa pe3Ko KPUTUKOBANY — CAMBIM DHEp-
TMYHBIM KPUTUKOM ObIT 3enbposuy. Eil cuMmaTusMpoBanu
A. . Caxapos u JI. D. [ypesnu; B cepennne 1970-x romoe ee
yeneitHo pa3pusana K. I JlbiMHMKOBa. A ¢ Hayana 1980-x unes
[MWHepa oka3anack 4yTh M HE LIEHTPATBHON B TEOPETUYECKOM KOC-
Mosioruun, 3a ee pa3paboTKy B3AMCh U 3eAbI0BUY (MYOJIMYHO 3a-
ABUBILUI O MEPECMOTPE CBOEH NO3WLMKW) W MHOTUE Ipyrue
TEOPETNKH, OCOBEHHO SHEPTUUHO U u3obpeTaTeabHO A. A. Ctapo-
6unckuit, A. Iyt, A. A. Jiuxae u [1. Creituxapa.

IMpuuem, kak HepeIKo OBIBACT B TAKWX CNYYasTX, HE Bee ICHO Mo-
HUMATH WK OTYETANBO NOMHUNN, YbIO UMEHHO UACIO OHU TaK yC-
NEUIHO PA3BMBAIOT W IIPONAaraHAMPYIOT.

DTO HamnpaBIeHne WCCAeqOoBaHnil BCKOPe CTAN0 IUPOKO M3Be-
CTHO TIOI HasBaHMeM «MHDNSUUsA», UHdaALKaA, v pasayBaHue,
— 1TPOLECC NEPBOHAYAILHOTO YCKOPEHHOTO paciiupeHust BeesieH-
HOit nox gefcTBEM aHTUrpaBUTAIIMH BakyyMa. Kak MbrI yxKe roBo-
pUIM, pacliMpeHUe NoA ACHCTBUCM BaKyyMa TNpPOMCXOAUT 1O
SKCTIOHEH LIHATbHOMY 3aKORY. ([To TOMY Xe 3aKOHY pa3suBaeTcd U
JeHEeXHast uHPASILWA,)

B pabore no 3Toii TeMe yJacTBOBAM COTHU TEOPETUKOB, KaK
COOCTBEHHO KOCMOJIOTOB, TaK U CNETHAIMCTOB, MPULLEATIIUX B KOC-
MOJIOTIO M3 (PUBUKY DIIEMEHTAPHBIX Y4CTULL. 3a 1Ba NECATMIIETUS
paboThl ONMYGIMKOBAHO HEMATO KHUT (DECATKU) U cTaTew (TecATKU
TbicaY). Ho Takoe «pa3nyBaHHe» He MPUBENO K «MHAUISH LIMOHHOMY
obeclieHUBaHUIO» NEepBOHaYaNbHON wien. CKopee, BBUIO CENaHO
TTOYTH BCE BOIMOXHOE 12 €€ PA3BUTUS ¥ KOHKPETH3ALIAVI.
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TToGoYHBIM TIPOLYKTOM WHJQMISLIMOHHO AESTTENbHOCTH CTalH
HOBBIC HACHU HA CThIKE KOCMOJIOTUM M PHU3UKN INEMEHTAPHBIX 4ac-
THL, HEKOTOPBIE U3 KOTOPHIX UMCIOT, BO3MOXKHO, M HE3aBUCHMYIO
Hay4Hy 0 UEHHOCTb.

M Bce Xe MbI TaK 10 CHX MOP ¥ HE NOHMMaeM, KaK B TOUHOCTH
TIEPBUMHBIHA BAKYYM NOPOIUIT TOT MUP, KOTOPBIA MBI 3HaeM. MeeT-
€51 P MHTEPECHBIX MHPDAALMOHHBIX MOJIENEH, HO KaKasi UMEHHO U3
HHUX BepHa, HIUKTO MOKA He PSLIMTCS cKa3aTh. Moxer ObITh, H HH
OHa W3 UMEIOLIMXCA B HATUUWH.

B yeM cxoaaTed noyuT Bee NOMyAAPHbIE ceHiac MOAEIN HHEBA-
MU, TaK 3TO B OLIEHKE TUIOTHOCTH TIEPBOHATAIBHOTO BAKYYMa: OHa
6J1M3Ka K NIAHKOBCKOH TLIOTHOCTH, O KOTOPOW Mbl yXX€ T'OBOPWJIH
Beilie. Ee 3Hauenue Ha 122(!) nopsmka BETUYUHBl NPERBILIAST
IDIOTHOCTH peaibHo HabmoNaeMoro KOCMHMYECKOro Bakyyma. Yrto
KE KacaeTesl AUTENbHOCTH TIEPBOHAYAIBHOTO YCKOPEHUSA, TO OHO
3aHAO HEMBICJIMMO MaNblil IPOMEXYTOK BpeMeHH — 107 ceKyHIbI
WIH OKoJo Toro. U B Hauane 3Toro mpolecca pa3mMep paccMaTpHBa-
€MBIX B 3THX MOJEJIAX 00NacTel NPOCTPAHCTBA COCTARIAN He bornee
10" caHTUMeTpOB.

B TeopervueckoM, a4 TOYHEE, MATCMAaTHUYCCKOM IUIAHE MOAEM
CXOJIHbI B TOM, YTO TIEPBAUYHEBI BAKyyM OITHCBIBAETCH MK UMHTH-
PYETCST TUTIOTETUYECKUM TIONEM, KO TOTO HE U3BECTHBHIM B TEOPUM
wau akcnepuMente. [oae 3anonHseT, no npearioNnoxXeHUIo, Bce 10-
CTYIMHOE MPOCTPaHCcTBO. OHO 06NaJaeT MIOTHOCTHIO M cO3aeT AaB-
JeHne. Cea3b MEXNY HUMMW B TOUHOCTH WJIM BOYTH B TOYHOCTH
Takas, Kak y BakyyMa. [lpeacrasiedne 06 WHGISLIMOHHOM TIOfe
TO3BONSET NPUMEHATL B KOCMOJIOTUU MHOTHE pe3yasTaThl, Noiuy-
YeHHBIE paHee B TEOPUM KBAHTOBLIX NMOJIEH, — 3TO U MPURIEKIO B
KOCMOJIOTHIO CTIELUATMICTOB TIO (OU3AKE STEMEHTAPHBIX YaCTHLL.

C nmoMoLublo MpencTapieHus 06 uHGAKLHMOKHOM 110J1e YAATOCh
MPEACTaBUTL cefe BO3MOXHYIO MPUPOOY TeX W3HAYAILHO CAObIX
CTYILeHWI# BElIECTBA, U3 KOTOPBIX BIOCAECACTBUMN CHOPMHPOBANUCH
fa1aKTHKH, MX CKOIUICHMS U BCH KpyfiHoMacwrtabHas CTpyKTypa
BcenenHoii. inest cocToUT B TOM, YTO TIPOTOTANIAKTHYECKUE CTYTLE-
HHA O0SI3aHBl CBOMM MPOHCXOXICHUEM KBAHTOBBIM (DIIYKTYaLMIM
UHPASANHUOHHOTO NOJA.

3ty uznelo BeIABHHYIN B. ®. Myxasos u I B. Yubncos (Puszu-
yeckuit nHcTUTYT UM. 1. H. Jlebenesa 8 Mockse), koraa cinoso
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«MHQIAUUA» elie He ObU1o B xONny. OHM paccMOTpeNTd KBAHTORBIE
dbrykryaunv B Mupe e Cutrepa, M X pe3ynbIaT OueHb XOpoilo K-
JIAZBIBAETCS B pAMKU PasyMHbIX MoJlesied MHDIsiunn. [1o3nHee 3ToT
ponpoc n3yyaan A. A. Crapobunckuit, C. XokuHr, A. [y,
A. 1. JInune, A. BuneHku.

KBaHTOBEIE DIAYKTYALUM HeH30eKHM BO BCEX [10JISAX, BO BCEX
bu3MUecKyX cUCTEMAX, U BEChbMa eCTeCTBEHHBIM [IyTeM OHU BO3HU-
KaioT ¥ B UHQIALMOHHOM T10J1€ NIPH TUIAHKOBCKHX IIOTHOCTSIX.

Jlpyrolt BaxXHBI pe3yasTaT MHOIALMOHHBIX MOIENEH OTHOCUT-
¢l K podieMe NIOCKOCTHOCTH, KOTOPYIO MBI YK€ 0BCYXIAJH BhILIE
B 1aHHOIi rnase. CoraacHo 3TUM MOIENAM, peaTbHOE TPOCTPAHCTBO
MMpPA SIBJIAETCS TUIOCKUM WY ITOYTH TUIOCKUM Gharonapst mepBoHa-
YATbHOMY MHQISALMOHHOMY pa3nyBaHuIo. Tlpeanaraerca v Haran-
Hoe OOBSICHEHHE 3TOMY SIBJACHUIO.

BarnaHeMm Ha pa3fyBalouIMitcs BOZAYIUHBIM wap: 4eM CHibHee
OH pa3ayBaeTcs, TeM GJIMXe K IUIOCKOMY ByIeT KaKoM-TO HeGOJb-
WO Y4aCTOK NMOREpXHOCTU 1apa. [1oBepXHOCTE 11apa HeeBKITMIO0-
Ba, W BCerja ocraetcsi HeeBKIMAoBoW. Ho yro xacaerca Mamoro
YYacTKa, 32 KOTOPbIM MBI CJIEINUM, TO Ul HEMO BUOMMasd HEeBKIIN -
noBocTh OyneT co BpeMeHeM yObiBathk. B mipedene, korma pasmep
y4yacTka OyfieT Topa3io MeHBLIE panuyca mapa, ero OTIHYUE OT Ky-
CKa TUI0CKOCTH OyaeT ucye3aloie Mao.

Ponb «Majjoro yuactka» WrpaeT HabnaomaeMmblit TpeXMepHBIK
o6beM BceneHHOM ¢ COBpEMEHHBIM pa3sMEPOM B AECSITh MWLIHAP-
JIOB CBETOBBIX JIET, 110 NOPSUIKY BENTMYUHEL. DTOT pa3Mep, KaK CUMTA-
CTCsl, OUEHB MATT TI0 CPABHEHMIO C PA3MEPOM «BCETO MIPOCTPAHCTBAY.

Takoe 0ObsiICHEHUE roAUTCA B ICHCTBUTEIBHOCTH TOIBKO B TOM
Cydyae, Koria AMHAMUKOW pacllVpeHUs YTIpaBnsieT BaKyyM. 910
MOXET ObITE paHHAS cTagusl UHGAAUMU C €€ THUOOTETUHECKHMM
CBCPXIVIOTHBIM BAKYYMOM WIH peaibHasi COBpEMeHHasl CTaIus pe-
obnanaHus HabaIOAaEMOTO KOCMHYECKOTO BakyyMa. Ha cTtannm xe
peobanaHms BELIECTBA Mepa HEEBKIIMAOBOCTH BO3PACTacT CO Bpe-
MeHeM — HecMOTps Ha Bceobulee pacumpenne Mupa. ITox «pasMe-
POM BCETO TIPOCTPAHCTBa» HYXHO B 3TOM CITyude MOHWMATh Panyuyc
KPUBH3HLI COTNYTCTBYIOIIEr0O POCTPAHCTRA.

B VHOISLUOHHBIX MOAENAX HAYalbHOE — HaKaHyHe pa3myBa-
HWSL ~— COCTOSTHHE MMPa TIPEAITO/IAracTCA MPUIOTOBAEHHBIM CIIELN -
aAbHBIM obpa3oM. MMenHo, 6epercsi o0beM KOHEYHOro, HO
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JIOCTATOYHO 60/1bIUOT0 pazMepa, YTOGL B HeM MOMECTUIIOCH BCE TO,
YTO COCTAaBISET ceiiuyac NOCTYNHYIO HAOJIOIEHHSAM OONACTb C HBI-
HEUIHUM pa3MepoM B 10 MuuIHapaoB CBETOBbIX JeT. Pasmep «Bcero
oObeMa» GepeTcsl TaKUM, 9TOOBI K KOHILY MHOISLIY OH ObLN, CKa-
xeM, B 30—100 pa3 6osblze pa3mepa ero «Majioil» 1acTH.

Toraa npenckasLBacTes, 4To BennurHa {2 OTIMYAETCH B COBpe-
MEHHY10 30Xy OT eMHHULIBI HE BOJTbILIE YEM HA AECSITYIO OO MPO-
weHTa. UtoOb! 3Ty UHdpy NpoBepuTh B HaGMIONEHNUsX, TpebyeTcs
3aMETHO YMERLIUHNTD OLIMOKY M3IMEPEHMST BETHYHHbLL £2.

Ioxa 4To MOXHO CKa3aTh, YTO MpeICKa3aHHe He IPOTHBOPEUUT
HAOMIOACHUAM, XOPOLIO COTAacyeTcsi ¢ HUMM, XOTH KM HENoCcpen-
CTBEHHO He TOATBEPXIAETCS UMH. 3aMETUM, UTO B HAHOOMNEe TPo-
JABAHYTBIX B KOJHYECTBEHHOM OTHOWEHHM WHOPIAUMOHHBIX
MOnesiX IPHHMMRIOT, YTO MPOCTPAHCTBO C CAMOro Havaina uHnsa-
HHK OBIJIO YKe ONHOPOIHBIM KAK B MaJIOM, TaK W B GOJIBILIOM Mac-
urrabe.

Bornpekn pacnipoctpaHeHHOMY (MoOMyASpU3IATOpaMH) MHEHHIO,
WHAOISLMOHHBIE MOJIEIM He YTBEPXIAIOT, YTO MHUpP AOMXKEH 6bITh
CTPOro MioCcKuM. OHH rOBOPAT JIHLUb, YTO €CIH MHUP B HEEBK/1HIO0B,
TO KOJMYECTBEHHAsI MEpa HEEBKJIMAOBOCTH ceiluac Malla. I1o JIo-
CTUTAETCA CIELHATLHBIM 1T0A60POM YIHOMSAHYTbIX BBILLE «MANOTO» U
«OOJNBILIOrO» pa3MepoB. Takoil moadop pasyMeH, HO Helocpel-
CTBEHHOE (PH3HYECKOE OCHOBAHHUE [UT HETO €E IIPECACTOHT HAlHTH.

Beuto 681 yaayeht, ecny 651 Mofte TH HHMSLUW NO3BOJIIAY Mpen-
CKa3aTh CYLIECTBOBAHME KOCMHYECKOIO BAKYYMa B COBPEMEHHYIO
3MOXY U BBIMUCIIATS 3apaHee ero THIOTHOCTD. YBBI, 3TOTO HE IPOU30-
110, IHAHC ObL YIIYUIEH. .

OTKpBITHE KOCMUYECKOTO BAKYYMa 3aCTUTIIO, KAK KaXeTcsl, Teo-
PETHKOB HHMIALUWN BPACIIIOX — IMOX0Xe, HUKTO U3 HUX HE OXH-
Jan, 4YTO ACTPOHOMbBbI—HAOMIONATENN TAK CKOpPO 11pOM3BEAYT
OUepEHO TIEPEBOPOT B KOCMOJIOTUM, Y HTO 3TOT MTEPEBOPOT GYAET
TaKVIM PellNTeIbHbIM U IIyOOKMM.

Cront MoAYEPKHYTh, YTO MoAEAU MHDAALUH HU B KAKOM CMBIC-
Jie He oTBepraioT Teoputo MpunMaHa ¥ He 3aMeHsioT ee. Hanpoths,
OHH PACLIMPSIOT 06J1aCTh MPUMEHUMOCTU (PUAMAHOBCKOi Teo-
PV, OTKPHIBAIOT BO3MOXHOCTE €€ DKCTPAnoNsLuM B Ooee nanekoe
TPONLIOE MIPA — IO CPABHEHUIO C TEM, HA YTO YKA3BIBAIOT NpsSIMbIe
HabnroneHus.
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Kak Mpl ToBOpMAN, HAOMODeHWsST OGOCHOBHLIBAIOT TIPHMEHM-
MOCTB (ppUAMAHOBCKOM KOCMOIOIMM, HAUUHAS € TIEPBbIX MUHYT CY-
LIEeCTBOBAHMS MUPA. B MHOASIIUOHHBIX MOAeIIX hpHIMaHOBCKAsS
KOCMOJIOTHS CIUTAETCS TIPUMEHHMMOM Cpa3y Mocne OKOHUYaHUSA CTa-
AUH WHOIALUMY, T. €. YXe TPV BpeMeHaxX, KOTODHIe U3MepsiorTcs
MeJIBYaHLINMU JOJISIMU CEKYHTBI.

PoxaeHue mupos

Kaxk nucan ®puaman, B caMoM Hadaje CYIIECTBOBaHUS MMpa
TIPOCTP2AHCTBO OBINO TOUKOM (CM. BhIle). TOUKOU HyJICBBIX pa3Me-
pOB BpRI JIM — 3TOrO He JIO3BOJSAET KBAHTOBOE COOTHONIEHHUE HeoNn-
peaeneHHocTek. Ho oHa Moria 86T TOTIA CpaBHHMa O pa3Mepy €
a7eMeHTapHol yactuueil. Eciim Tak, noyemy 6b! BeeieHHOR He po-
JUTBCA «M3 HUYETO», KAK POXIAIOTCH U3 BaKyyMa 3JieMeHTapHEIe
YacTuiIb!?

[TepBBIM BBICKa3AM 3TY Aep3kyo Mbicas I1. Y. domMun Tpu ne-
cATKa JNeT Hazan. B Mojensgx MHQISUUU 3Ta WIS Hallla BTOPOE
poxneHue. [Ipu aTOM cTany roBoputh yxe He 00 onHoi BeeneH-
HOI, 2 0 MHOXECTBE Pa3IMUHBIX BCEJEHHRIX — SEMEHTAPHBIX 4Yac-
THLl TOXE Belb MMEETCI MHOXECTBO, M WX Pa3HOOOpasHe Xopollo
H3BECTHO.

MHOXECTBCHHOE POXICHUE BCEJIEHHBIX — 3TO camasi YRIeKa-
TeNbHAs U3 WA, pOXIeHHBIX TMITOTe30i IIEPBHYHOrO Bakyyma.

B cospeMeHHBIX MOACAAX MHQUIALMM PACCMATPHBACTCA BO3-
MOXHOCTH TOTO, YTO WHMIISTIIMOHHOE TToNTe (HMUTHPYIOLIEE [TEPBIIY-~
HBI{ BaKyyM) M3HAYAILHO KMENO PA3HYI0 IUIOTHOCTL B PasHBIX
obJacTsax npocrpaHcTsa. Jlpennonaraeycs, YTO pacripelesieHUe
STOM [IOTHOCTH OBLIO CJIyJaiHbIM, Xa0TUYECKH HEOZHOPOAHBIM,
Toraa B Tex obsactsix, rae NIOTHOCTH CAMIIKOM Mala, UHQISIUS
HUKOTrJa He HaunHaercs. Ho TaMm, rie IoTHOCTh H3HAYANBHO Ben-
Ka, pa3dyBaHMe OBL1O OBICTPLIM, H TAKMM TIYTEM B MUPE BOIHUKITU
«OCTpOBa B OKEAHEe Xaoca», Kak imiueT o6 3toMm A, J1. JluHze, aBTOp
MoIed XaoTnyeckoi wnH@uisumu. Ilpenmonaraercs, 410 pa3mep
KaXIOTO TAKOTo OCTPOBA ropa3no OOAblIE pasMepoOB peaibHO Ha-
6.1F014eMOr0 MUPpA.

CoBceM HeoOs13aTeNTbHO, YTOOE BCe KOCMOJIOTHYECKME OCTPORA
WM KOHTHHEHTDL, PA3Mvaollnecs Mexiy coboit Maccolt U pasMe-
paMu, Bo3HUKnM oaHoBpemeHHO. HaoGopot, 6ojee ecTecTBEHHA
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KApTUHA MHOXECTBA BCEASHHBIX, KOTOPbIE BO3ZHMKAIOT B Pa3HbIX
MecTax B pasHoe Bpemsi. He nyxHo envuoro boabiioro BispbiBa.
HocratoyHo, 4TOOB! Cpean MHOXECTRA OTOEABHEIX U TOXE, KOHeu-
HO, 'PAHAMO3HLIX B3PLIBOB HALUTKCH Obl TAKHE, KOTOPbie HATIOMU-
Hamu OB «B3pBIB» Halllel BceneHHoI, Kak MBl 3HAeM ee ¢ TICPBhIX
HECKONLKUX MUHYT €€ XH3HU.

AcHO, YTO TIpU TAaKOM J1oAX0Ae Halula BceneHHas okasbiBaeTcs
OTHIOAb He YHUKATIbHBIM CO3MaHWeM ITPUPOBI, 2 BCENO UL OHOU
U3 BO3MOXHBIX Peajiv3alnii ce (MpUpoIbl) TBOPHECKHX CriocobHoC-
Teit. Ho w0 B 9TOM Tu10X0ro? Bpsa v Taxkoii B3TIsiA HA BEILM B KO-
CMONOTHYECKOM  MaclitTabe MOXET  BHI3BIBATH  KaKHe-TO
NPUHLMIMAIBHBIE BO3paxeHHs. CKopee 3TO 40KHO HPaBUTLCH —
Belllh TAKHM TIYTEM JleJlaeTcs ellie OJIMH UIaT K OCBOOOXIACHHUIO OT
CTapsiX MPeapacCyIKOB aHTPOMOLUEHTPUIMA.

HeHCTBUTENBHO, YENIOBEK — HE TIEPA TBOPEHMUS. a 3eMsl He
eNAMHCTBEHHas O0UTaeMast TNTaHeTa U JAIeKOo He LIeHTp Mupa. Ho u
Haiia BeedeHHasa He 00a3aHa ObITH eAMHCTBEHHOM U HEMOBTOPU-
MOW TOJTBKO TTOTOMY, 4TO MMEHHO MBI XHBEM B OIHOW U3 €€ MHOTO-
YUCICHHLIX 3BE3AHBIX cUcTeM. Ipyroii BOMpoc: He BBIXONAT NM
TEOPETUKH B TAKWX PACCYXKJIEHUAX 32 FpaHulb dusuku. He oxa3kl-
BaeMcsl JIA V1 MBI BMECTe ¢ HIMU B KPVTY 11pOGICM, COCTABASIOIIHX
IIPEAMET COBCEM ApYroi Hayku?

V ApuctoTens, B €ro CBOIC HayK, 32 GU3UKOH crenyeT MeTadu-
3uKa (rociefHee CTORO GYKBAUTBEHO 3HAUUT «32 HU3HKOI» ). B McTa-
dbuzuke ApUcToTeNsi TOBOPUTCS 00 OBLLMX B3IAAdX HA MUP U MECTE
B HeM yejioBeka. Y MeTadU3nKU CBOI NpeaMeT, CBOU MpobaeMbl U
uaeH. Eio 3aHMmalorca He GU3HKH, 2 COOTBETCTBYIOIIUE CTICLTNATIM -
ctbl, hutocods. Pusnku He oYeHb IOBAT, Koraa puiocodbl 06n-
SICHSTIOT UM, YTO B €CTECTBEHHBIX HAyKax BEPHO, 4 4YTO — HEBCPHO.
Ho u ¢v3uku oka3biBaloTCsl, 6bIBaeT, B HE OYEHb BBIKIPHILLIHOM 110-
JIOXEHWH, KOTl1a OepyTCs CYNTh O TOM, B YEM OHH HE CITELIMANUCTbI.

[panutibl GU3MKK OMPedensiIoTCs TPOCTLIM KPUTEpHEM: MOXHO
JIM JaHHOC YTBEPXACHUE [IPOBEPUTL B IKCIIEPUMEHTE AU Hab.1t0-
IIEHUH, — XoT4 651 B pnHimne? Ecau aa, 3to dpusuka.

B sTOM cMBICIE MOAETb MHOXECTBEHHbLIX BCEMEHHEIX BRIXOAWT
332 paMKM GU3nkU. Ee NpUHIMITUANBHO HEBO3MOXHO FIPOBEPUTD,
TIOTOMY YTO HaBGNIOOeHHUIO TOCTYNHA THIIbL Hama BeeneHHasi, Ta, B
KOTOPO# «Mbl 06peUeHbl KUTh», — KakK rosopusl OGpuamMat.
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MBI HUuuero He BUOUMM U HUKoraa(!) He yBHJIMM 3a NpeactaMu
ropu3onTa Mupa. O6nacTb pasMepoM B IeCITb MULIMAPAOB CBETO-
BbIX €T — BOT BCE, 4TO COCOOHA U3y4yaTh (PU3MKA, A C HEKO U Ha-
6nopatenbHas actpoHomus. Kak ckasaHo B «®Davete», —
«BcenetHast Bo BeCh 00beM TOCTYINHA TOILKO [Tporunetbio». U du-
3UX4 Ha «BeCh 0OBEM» He MPETEHAYET.

B Borpoce 0 Hay'THOM CTATYCe MHAIALMOHHbIX MOOE/ICi MMEET-
CH Y €1Ue OJWH HEMAIOBAXKHLLA ACITEXT. JieJI0 B TOM, UTO TEOpETHYE -
CKOE H3YyYEHHEe KOCMONOTHMUYECKOTO PasmyBaHMUS NMPU YKA3aHHBIX
Bbillle HEMBICJUMBIX [UIOTHOCTSAX BAKYYMd 34 YKA3aHHBIE BbILIC He-
MbICIMMbIE BpeMEHa TpedyeT oueHb JANeKOH SKCTPamoNisiny Ha-
JEXHO YCTAHOBJIEHHbIX (OU3NYECKHX 3aKOHOB.

HanpuMep, 3aKoHbI TATOTCHUS NMPOBEPEHBI B OBJACTH MANBIX
PACCTOSTHUIA 10 Niosied MULTUMETpA. TONLKO OT JOJeH MIJUIMMETpa
M Kk Bonee KpYNHbIM MAclUTA0aM HAAEXHO YCTAHOBJIEH HLIOTOHOB-
CKHUi 3aKOH 00paTHBIX KBAAPATOB N1 CUJL npuTsixeHust. Kak se-
AyT cebst CUABE NPHTAXEHUA B MEHbLIIMX MACIUTA0aX HUKTO HE
3HaeT. Bo3MOXHO, HUYEro 0COOCHHOTO B MUKPOHHBIX MTH, CKAKEM,
HAHOMETPOBBIX MacluTabax ppoCcTPAHCTBA HET, W MpaBUTALIUS TaM
TaKasl ke, KaK B BOJbIUNX MacluTabax.

Ho nnst uHGnsauMouHsix Monesieit TpedyeTcs 3HaThL 3TH 3aKOHBI
BILIOTh 10 UIKH Ttopsiaxa 10™ caHTMMeTpoB (cM. Buiute). BoT B 3ToM
CMbICHIE MIOTHOCTH, BPEMEHA U pasMepbl, (PUTYPUPYIOILIME B MH-
QAAUHUOHHOH TEOPUH, M KaXyTCST HEMBICAUMBIMH. UX He OCMBIC-
Miilb Ha OCHOBE HAIEXHO YCTAHOBACHHDIX 3aKOHOB (PUINKH.

Hndasinusa tpedyet yxoaa B ob.1acrs HeusBecTHoro. Eit mpuxo-
INTCs MpUOeraTh K OUeHb JaJIeKO SKCTPanosaLMH 3aKOHOB (hHU3U-
Kui. B 5TOM ee BHHBI HET: MPOCTO COBPeMeHHast (PU3MuecKasl HayKa
CLUE HE CO3PEA JUIs peIleHUs TeX 3aa4, KOTOPbie BO3HWKAIOT B MO-
aeusix uHbsInuy,

Y nH@UISIMOHHON TEOpYUY MHOIO CTOPOHHUKOB—3HTY3NACTOB U
MaJ10 KPUTHKOB—CKEMTUKOB (2BTOPB! 3THX CTPOK HE MPUHALIEXAT
HH K TeM, H{ K ApYTUM). /L1 ONHOTBI KAPTHHE! HYXHO, HABEPHOE,
cKa3athb U 0 KkputukKe. TeM Bojee, UTO BONTPOCH KPUTUKOB KACAIOTCH
He jJetaneil, a ¢yt Dena. Hampumep: ecau «B Hayalle» HMEETCH
JHIIb BAKYYM (WK, YTO TO X€, UMWUTHUPYIOLIEE €TO CNCUHATRHOE
T10J1€), TO YEThIPEXMEePHBIT MUp ecTh MUp e CUTTepa, U 3TOT MUp
cratuied. Ho Torma uto MMEHHO pasaysaercs npu uudasiumu?
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Ha 370 06bIYHO OTBEYAIOT, UTO B UHAISALMOHHON MOAENN yRe-
JIMUMBAETCS N0 SKCIIOHEHLIMATHLHOMY 3aKOHY (WM 61M3K0 K HEMY)
MAaCLUTAOHBIR (dakTop, NMPONOPLMOHAIBHO KOTOPOMY PacTyT BCE
PAcCTOSTHUS B NAHHOM cHcTeMe KOOPIMHAT, M TIPOUCXOUT paciiin-
PEHUE PacipelesieHus TeX YacTUL, KOTOPbIE pOXIalOTCA U3-33 pac-
Majga CKASIPHOTO TIONST B KOHUE CTAUN UHIIsLU.

Ho ckenTukoB Takoii oTBeT He BIOJIHE YNOBJIETBOPAET; OHU
CIPAIIUBAIOT: 4 YTO ¢ TOr/a paciuInpseTcs He B KOHLE, 2 B Hauaie
3ol cramnu? YU cnop npoaomkaercs. KpUTHKW HAXOIAT HOBbie M
HOBbIE apPTYMEHTbI, & CTOPOHHUKU—3HTY3HACTHl YBEPEHBI, YTO UH-
(QISIIMOHHAs MOAEIH CrocobHa YCTOSITh Tepe j11000# KpuTikoi. U
MoOeINTH €€ MOXET JIMILL HOBas! Uied, ellle 6oNee OCTPOYMHaAs, YeM
unes DivHepa.

B ueM Bce cornacHwI, Tak 3T0 B TOM, YTO UH(IILMOHHBIE MOJIE-
Y HE MPOLILUTY €llle HACTOsLLUEH TIPOBEPKI B TaBOPATOPHOM 3KCTIe-
PHUMEHTE WU aCTPOHOMMUUYECKHX HabmoneHusaxX. Y1 ¥x rnepcrekTuBbl
B 3TOM CMBICJIE HE OYEHb SICHb, DKCIIEPUMEHTY U HAaONMOIEHUAM U
NPUHALIIEKUT, KAK BCETAa, MOCIENHEE CIOBO B CITIOPAX TEOPETUKOB.

M BCce Xe MCKIMIOUUTENTbHO YRIIEKAaTebHA caMa 1o cebe umest
MHOXeCTBEHHBIX MHUPOB! OHa HE IIOMOXET pa3IBUHYTh FOPUIOHT
peaNsHBIX HAOMIOREHN M, HE TOMONHHT 3aNac KOHKPETHBIX 3HAHMI O
Beenennoit. Ho oHa, HeCOMHEHHO, PAaCUIMPsieT KPYT HaluX oG1IuX
BO33pEHUI Ha BO3MOXHOE YCTpOMCTBO MHpa. Bepree, He mupa, a
MYJTETUMUPA, KAK HA3LIBAIOT BCKO COBOKYITHOCTb MHOTHX W MHOIUX
BCENIEHHBIX. YIMBUTENRHO U BOJIHYIOLIE 3TO BEWHOE CYIIECTBORBAHUE
KHUITSIIIETO BAKYYMA, C4MOIMNPOU3IBOJIBHO NOPOXJIAIOILEIO HOBBIE W
HOBBIE BCeJIEHHBIE B MpoLiecce, KOTOPOMY He OBIJIO Hauana u He Oy-
IeT KOHLA.

Mouemy 3+1?

Yro6bl yKa3aTh MOJOXEHUE TENA B IPOCTPAHCTBE, HYXHO Ha-
3BATh €T0 KOOPJIMHATHI, TpM UMciIa. YToOb! yKazaTb MOMEHT BpeMe-
HM JAOCTAaTOYHO HA3BaThb ONHO uucio. B 3TOM Bblpaxaercs
TPEXMEPHOCTD [IPOCTPAHCTBA U OMHOMEPHOCTL BPEMEHH.

PeanbHEBIT YETHIpEXMEPHBIT MUD (DU3NTECKUX SIBJICHUEH UMeeT
pasMepHOCTDb 3+1.

Ho B 1930-¢ rons1 Aptyp DaIUHTTOH BhIABUHYJ THIIOTE3Y O TOM,
YTO TPEXMEPHOCTb [TPOCTPAHCTBA U OTHOMEPHOCTb BPEMEHU — 3TO
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CBOWCTBA Ju1b 611M3K0H K HaM 06J1acTu Mupa. He ucknoueHo, yto
B KaKUMX-TO OYEHb YAATEHHBIX OT Hac ob/acTaX MUpa BpEMST MOTJIO
OBbI OKA3aThCS HE OTHOMEPHBIM, &, CKaXeM, IByMepHbIM. Torna i
yKa3aHUsi MOMEHTA BpeMeHHU TpeboBaioch Obl YKA3ATh YKE HEe OTHO,
a aBa uicna. M npocrpancTso MOTII0 BBl MMETL B B3TUX OBGITACTIX
JIPYIYIO Pa3MEPHOCTE.

B oyxe HOBeMIUMX MPEACTABIICHUN O MYJIBETUMMPE 3TY MIEIO
MOXHO TIOHUMATh KaK BO3MOXHOCTb WHLIX U3MEPEeHHI IIpOCTpaH-
CTBa U BPEMEHU B KaKUX-TO APYruX BeeJeHHMX. Huuto B dunsmke,
KaK KaXCTCsl, TAKOH BO3MOXHOCTH 3apaHee He 3anpellact.

Ecny BO3MOXHBI PA3NTUYHbIE Pa3MEPHOCTH MHMpa, TO XOTENOCh
Obl TIOHSATH, [IOYEMY MMEHHO B Halueit BceneHHoi npocTpaHcTBO
TPEXMEPHO, 4 BPEMST OJJHOMCPHO.

TpexmMepHOCTb MPOCTPAHCTBA U OMHOMEPHOCTb BPEMEHU TIPEI-
CTABAAIOT COO0M OYEBUIHEHMILINE CBOUCTRA Hatero Mupa. O Tpex-
MEPHOCTU MPOCTPAHCTRA paccyXaamu eiue [11aToH M ApUCTOTeb.
Ho ¢usuueckuit noaxon K ripobieMe ObU pa3BUT TONbKO B 1920-e
ronbl. [Tayne Spendect (oaHo Bpems o xui B Poccuu, U ero 3Ba-
v Tlapen CUTU3MYHAOBUY) BBLIACHWJ, YTO TPEXMEPHOCTH MPO-
CTPAaHCTB2 MCKJIIOUMTEIEHO BaXHa /Ul CaMOro CYHIECTBOBAHUA
MUpa peabHBIX Bemeld, Ecnu 6bl, HAMpUMEP, YHUCITIO MNpOCTpaH-
CTBEHHDbIX NepeMeHHbIX OLUTO He 3, 4 4, TO, KAK OKa3bIBAETCS, HE CY-
1(ECTBOBANO Obl 3aMKHYTRIX OpOUAT nnaHeT, u CojlHeyHas cucreMa
He Mor1a Ob1 06pa30BATLC.

B 1970-e roant JI. 3. [ypesuy u B. M. MocTenaHenko pacnpo-
CTP4HU/IY 3TOT AHATU3 HA KBAHTOBYIO MEXAaHUKY U J0KAa3aJIH, YTO B
YETBIPEXMEPHOM IPOCTPAHCTBE HE CYLUECTBOBAO Obl M 3aMKHYTBIX
OpOUT EKTPOHOB B aTOMAX, TaK 4To ObLla 6bl HEBO3MOXHA aTOM-
Has CTPYKTypa BeulecTBa. M3 3THX MPUMEPOB BHIHO, YTO YMCIO
MIPOCTPAHCTBEHHDIX NEPEMEHHbBIX — UCKITIOYUTENLHO BRXHBI! dakT
pUpOaBL.

HecoMHeHHO, TO Xe HYXXHO cKa3aTh U O pa3MEepHOCTA BpEMEHH,
Ero oaHOMepHOCTb, OCO3HAHHAS JIIOAbBMHU TOpPa3go MO3Ke, YeM
TPEXMEPHOCTb TIPOCTPAHCTBRA, MpencTasisieT cofor dakt dbyHaa-
MEHTAJILHOM BaXXHOCTH.

VY unew DAIUHITOHA eCTh U elie OAWH aclekT, KOTOPLIi ropasio
6auxke K peaTbHOM du3uke. MIMeHHO: KaK IpOoBEpUTb, YTO Halla
cobcTBcHHAas BceeneHHas AeUCTBUTE/BHO MMEET TY Pa3MEPHOCTH
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MPOCTPAHCTBRA Y BpEMERU, KOTOPAst JLJIA HAC OYERUAHA M NMPUBLIYHA?
He cywectByeT 11, HanpuMep, KaKKUX-TO JOMOTHUTENTLHBIX H3Mepe-
HWI [IPOCTPaHCTBa, KOTOPLIE Mbl [10Kd B HALLIEM MUPE HE 3aMedany?

MoceaHuit Bonpoc okasaics ceiyac B LeHTPe BHUMaHUsl ¢u-
3UKOB, KOCMO/OrOB ¥ acTPOHOMOB. BO3MOXHOCTH ROIMOSTHHTENb-
HBIX H3MEPEHUH [POCTPAHCTRA CEPLE3HO U3YYAETC, B YACTHOCTH, B
TeopHH CTpyH. C TeopHeil CTPYH CBSI3BIBAIOT HEMAJIbIE OXMIARMS:
€CThb Ha/IeXNa, YTO OHA SIBUTCS «TEOPUEI BCETO» — BCEX YacTMi U
TIONeH, BKIKoYast rpaBuTaunio. Ho 10 3Tol uenn, Kak kaxercs, Bce
elle OUeHb JaneKo.

aBibii OOBEKT 9TO TEOPUN — FHNOTETUYECKUE OAHOMEPHbIE
«[1ATOYKH» W «KONEUKH», KOTOPBIE U HA3BIBAIOT CTpyHaMu. [lanou-
KW — 3TO HE3AMKHYTHIE CTPYHBI, 2 KOJICUKY — 3aMKHYTbIE, Y CTpYH
HET TOJNIVHbI, 2 UX MTPOTAKEHHOCTb HCKIIOUMTENLHO Mana — Mo-
panka 10 % oM.

3Ta BeIMYWHA HA3bIBACTCH TUIAHKOBCKOW JUIMHOM. OHa noayya-
eTCsI U3 TeX Xe (hyHIAMEHTATbHEBIX (hU3HIECKUX TIOCTOSTHHBIX (NO-
crosiHHasl TaroteHMst HbtotoHa G, noctosHsas [lmaunka h,
CKOPOCTb CBET2 C), YTO M YNOMMHABIUASICA BbIINE IIAHKOBCKAs
nAoTHOCTE. [1nanKkoBcKast wiMHa L, — 3TO enuHCTBEHHas! KOMOM-
HallMs 3TUX TPEX KOHCTAHT, UMEOLLIAsl PA3MEPHOCTD LIUHBbI:

L. = (Gh/c')”.

Ee uscrenHoe 3Hayenve L, = 2X(0™ cantuMetpos. B Teopuu
CTPYH 3Ta MCKJIOYMTENbHO MaJlas JyIMHA UCPAET CaMylo BaXHYIO
pOJIb.

OKa3blBaeTCA, YTO HEMPOTHBOPCUMBYIO TEOPHIO CIPYH MOXHO
TIOCTPOUTh TOJTBKO TIPH YCJAOBHH, YTO BPEMS OIHOMEPHO, 4 Y Npo-
CTPAHCTBA NMEETCS KAK MHHWUMYM HIECTb JOTOJHUTENLHBIX 3Me-~
peHuii. ononHUTeNbHbIE H3MEPEHUs TPOCTPAHCTBA UMEIOT OYeHb
MATYI0 NPOTAXKEHHOCTb, TPUBIUBATELHO PaBHYIO TOH XC TIaH-
KOBCKOM JUTMHE.

3T TIPOTHREHHOCTH CTOJTb MBI, UTO OHY HE MONJALOTCH 0OHA~
PYXEHUIO ¥ NIPAMOMY M3MEPEHUIO HH B KAKUX JO CUX [10p TIPOBO-
OUBLUUXCS 3KcnepuMeHTax. 06 3TUX UIMHAX MOXHO OYRET CyAMTb
TOJNIBKO KOCBEHHO MO TeM crielnbuieckuM s¢dexraM, KoTophie co-
30al0TCH CTPYHAMU B MUpE JeMEHTapHbIX yacTuu. [loka uto He
BIOJTHE SICHO, KOFA HEOOXOAYMBbIE 1St 3TOTO SKCIIEPUMEHTHI MOX-
HO 6yIeT pealbHO OCYLIECTBUTD.
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CuvTaetcs, 4ro KonebGaHUs CTPyH CLOOCOOHLI MOPOXAATh BCE
BO3MOXHbie PMIUUECKUE MO U YACTULILL. B TOM Yucie, KOHEUHO,
YaCTHUbI TeMHOM MaTepuu, bapHoHbI, GOTOHLI K BoODLIE BCE Yac-
THUBI, KOTOPbIE XOPOWO U3BECTHBLI NO OCYLIECTBIEHHbBIM X0 CUX
1HOp (PUBUUECKAM DKCIIEPUMEHTAM W aCTPOHOMUYECCKUM Habmone-
HUsM. [IpH 2TOM «OOLIIHBIE» YACTMIIBL M (DU3KIECKUE MO «KU-
BYT» TOJILKO B PejIbHOM MUPE ¢ YUCJIOM U3MEPCHUI 3+1.,

J1OTTOIHUTE/IbHBbIE N3MEPEHHST TIPOCTPAHCTBA UM, KaK Mpeano-
NAragTesl, HEAOCTYNHbL, JIMLUD MOMNs THFOTEHMS. HE 3HAIOT 3TOrO Or-
paHHYEHU W ACACTBYIOT B HOJHOM 0OBbEM¢ MHOTOMEPHOTO
NPOCTPAHCTBA.

B HeaasHo Haiinenubix B ITerepbypre pykomucsax MmMmanyuina
KanTa ectb (hpasa, coaByuHasi HOBEHINNM HaesiM: «[1poCTpaHCTBO U
BpeMsl BO3MOXHA] TOJIbKO KAK YacTy elle GONbILEro KONMUECTBAx.

HononuutenvHble N3MEpPEHUs

HssectHo, uTo KaHT, KITaccMKk HeMelKOH ¢uiocopuu, 6bit
fIepPBBIM, KTO YKa3al Ha LAYOOKYH CBsi3b HbIOTOHOBCKOIO 3aKOHA
BCEMUPHOrO TAFOTEHUS C TeM (AKTOM, 4TO HAllle MPOCTPAHCTBO
TpexmepHo. TOIbKO B TPEXMEPHOM TIPOCTPAHCTRE CIUIa B3AUMHOTO
HMPUTAKCHUS IBYX MACC OOPATHO NMPOIOPUMOHAILHA KBAAPaTy pac-
CTOAHUA MEXLRY HUMA.

Ecitu, HanpuMep, NPOCTPAHCTBO ObL10 Obl YEThIPEXMEPHbLIM, TO
9TO ObLN Bbl HE 3aXOH OBPATHBIX KBAIPATOB, 4 3AKOH OBPaTHHIX Ky~
60B. B neBsITHMEPHOM MTPOCTPAHCTRE CUIA TATOTEHHUA OOPATHO NPO-
NOPUUOHANBHA BOCBMOM CTCNEHH PACCTOSHUA.

B obuteM cityyae B poCTPaHCTBeE ¢ YHUCIOM H3MepeHuit N ciia
THroTeHUs yOLIBaeT OOpaTHO NPONOPLMOHAIBHO PACCTOSHHUIO B
cteneHu N—1.

B anexTpocTatike u3BecTeH 3akoH KynoHa, faloumi cuny npu-
TSKEHUS (WIM OTTANIKMBAHUS) MEX/Y OBYMST NCKTPUUECKUMH 3a-
PANAMHM pasHLTX 3HAKOB (MJIM OAHOTO 3HaKa). DTO TOXE 3aKOH
00paTHbiX KBaAPaToOB. .

Ecnu BepHO, 4TO TONBKO TPaBUTALIUS MPOHWKAET B JNOfIOIHU-
TeJbHBIE N3MEPEHNSL TIPOCTPAHCTHA, A IEKTPOMATHUTHOE B3aUMO-
JMEHACTRUE CYIIECTRYET JIMITh B TPEXMEPHOM IMPOCTPAHCTBE, TO.HA
3akoHe KyioHa — B oT/iMtue oT 3aKoHa HbioToHA — JONOITHUTEAb-
Hble U3MepEeHUs] POCTPAHCTRA CKA3AThCST HE AOJKHEL.

289



HenarHo B pyHIaMEHTANBHOR (DUIKMKE NOSIBUIUCHL HOBBIC UIEH
O XapakTepe IOMOJIHUTEIbHBIX MPOCTPAHCTBEHHBIX WM3MEpPEHH.
MMeHHO, 6BIIO BBICKA3AHO TIPSATIONOXEHUE, UYTO HAPSIAY C IIECThIO
IOTIONIHMUTETBHEIMU M3MEPEHUAMU TEOPUU CTPYH, @ MOXET ObITh, U
COBCEM HE3aBUCHMO OT HX CYIHECTBOBAHUA (MW HECYILECTBORA-
HWSA) MUMEIOTCA ABA AOTIONHMTENLHBIX U3MEPEHHS CPaBHHUTEIBLHO
GONIBILIUX NMPOTAXKeHHOCTeH. KOHKpETHO, cadtaeTest, 4T0 JONOJTHU -
TENbHBIE U3MEPEHUS UMEIOT NPOTSDKEHHOCTE L, OKoNo Jonei M-
JUMETPa.

9710 Ha 30 TOPANKOB BeTMYMHBI BOJIBLIE TUTAHKOBCKOM UTHHBI 1
BIIOJTHE COU3MEPUMO C HALMMMM MPUBBIYHBIMHY [TOBCCAHEBHBIMH
MaclTabamu JUTUHBL. ABTOPBI 3TOH rumote3dsl — H. ApkaHu-Xamen
u ero cotpyaaiky B CLIA,

KoHeyHas NpoTSXEeHHOCTb ABYX AOTIOTHUTENLHBIX M3MEpeHUit
(XaK M WeCTH R TEOPUU CTPYH) O3HAYAET, YTO FIPU NYTELIECTBUH B
TIPOCTPAHCTRE IOMOJHUTEABHBIX M3MEPEHUI Henb3st YWTH CKOJb
YIOIHO [Ta1eK0 OT WCXOHOH TOUKH. [JOCTUTHYB MaKCUMATBHO BO3-
MOXHOIO YAAIEHUs U NIPOXOIDKAS LBUIAThCS B TOM XE Harlpapiie-
HUM, OYTEUWIECTBEHHUK OyneT He YXOAMTh, a MpUONIUXaThesl K
HCXOHOU TOYKE.

BT0 BIIOJNHE TTOXOXE HA MyTellecTBUs Ha 3emute. [ BUTAACH, Ha-
[IPUMEP. BAOJIb 3KRATOPA, MBI HE CMOT/IH OB YIITH CKOJTB YTOIHO A4-
JIeKO OT J0Ma, a, MPOoAOTkKas ABHXEHUE, PaHO WIM NO3IHO
BEPHY/IUCH Obl K MCXOIHOMK TouKe, [Tpy 3TOM MakcHMaJTBHOE yriane-
HYE OT JloMa COCTABJSET NMOJOBUHY IJIMHBI 3KBaTOpa. OTO H CTh
TOYHBIH AHATOT KOHEYHO! NPOTSKEHHOCTH IONOJIHUTETBHBIX [IPO-
CTPaHCTBEHHBIX U3MEPEHUH.

KoHeuHOCTs MpOCTPaHCTBEHHO! MPOTSLKEHHOCTU HAa3blBaeTCH
KOMITAKTHOCTbIO ITPOCTPAHCTBA BIOJH COOTBETCTBYIOI(ETO HAIPAR-
TIEHVST B HEM., Tak UT0 NOBEPXHOCTD 3eMJTN — KOMIIAKTHOE ABYMEp-
HO€ NIPOCTPaHCTBO.

B runorese ABYX CYOMUILTUMETPOBBIX JOMOJHHTENBLHBIX M3ME-
PEHUM NMPOCTPaHCTBO KOMMAKTHO BAOJL HUX. A BAONb TPEX «00bIu-
HBIX» HaNparieHU#l 1IPOCTPAHCTBO MOXET TNPOCTUPATHCS CKOJb
YTOOHO IATEKO ¥, BO BCAKOM CiIy4ae, AOMYCKATh YaaAcHUE BILIOTh
J10 paauyca ropu3OHTa B KOCMOJIOTUH (HECSITh MUILITUAPIOB CBETO-
BBIX JIET, 10 TIOPSLIKY BEJIMYMHLI).

Ec/u uMeTb €10 ¢ pacCTOAHUSIMHA, KOTODLIE 3aMETHO MEHBIIIE,
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yem L,, mpocTpaHCTRO OyReT BOCHPUHUMATECA KaK MSTHMEPHOE.
Ha paccrosHusx, KoTopble ropa3no 60.sliie, 4eM L, IpocTpancTBo
He OyaeT OOHAPYXUBATh CBOMX JIBYX NOTIOMHUTEABHbIX N3MEPEHUIA,
OHO OYIET NIPOCTO TPEXMEPHDBIM.

Kak xe npoBepUTh — NOATBEPAUTh WK OITPOBEPTHYTH — CYllle-
CTBOBAaHHKE ABYX CYOMWJUIMMETPOBHIX MTPOCTPAHCTBEHHEIX W3MeEpe-
HUit? (15 3TOro HyXHO MPOBECTU 3KCIIEPUMEHT C TATOTEHWEM Ha
PACCTOSIHMSX, 3AMETHO MEHBIIHUX TPOTSDKEHHOCTH JOTIONHUTEIE-
HEIX U3MepeHUi. B TakoM cliyyae HaM CTAHeT HOCTYITHO IISITMEp-
HOE MPOCTPAHCTBO.

B ripocTpaHCcTBe TSITH U3MEPESHUM CUJIA TATOTEHUS MEXAY TBYMSI
MaccaMH YOLIBaeT ¢ PACCTOSIHUEM KaK ero YeTBepras CTellCHb, T. €.
OpicTpee, 4eM F10 3aKOHY OOpaTHHIX KBAIpaToB. ECAu 3KcnepuMeHT
OOHAPYXUT TaKOW 3aKOH OBPATHBIX Y€TBEPTHIX CTEIIEHEH paccTos-
HHUA, 3TO Oyrer 03HAYatTh, 4TO JABa JOIOJHMTEJIBHBLIX U3MEPEHUS
JNEUCTBUTENLHO CYIIECTBYIOT.

ToyHO TaKOIi XK€ IKCIEPUMEHT C JJIEKTPOCTATUYECKHMM B3AUMO-
JNEHCTBHEM HE DO/KEH 06HapyXuTh OTKJIOHEHUI OT 3akoHa KyrnoHa
— BCE MOoJISI U B3aUMOLEUCTBUS, KPOME IPaBUTALIMM, K [OTONHH-
TEJbHBIM NTPOCTPAHCTBEHHBIM U3MEPEHUAM HEYYBCTBUTENBHBI, OHU
«KUBYT» NIUIIL B TPEXMEPHOM IIPOCTPAHCTBE U 3aMEYAIOT TOIBKO
TPHU OOBIMHEIX U3MEpPEHUS.

TpexmepHOe MPOCTPAHCTBO BCEX HErPaBUTALMOHHBIX TIONEW W
YACTUII YACTO HA3bIBAIOT MEMOPaHOU (MU KOPOTKO — «BpaHoii») B
[IATHMEPHOM NIPOCTPAHCTRE.

[TpeanonaraeTesi, YTO OMUCAHHBINA BBIILE SKCMEPUMEHT MOXHO
OyzeT BOCHPOU3BECTH B J1abopaTOpHy ellie B 3TOM NECATWICTHM.
IMoka uro usMepeHUAM AOCTYITHBI PACCTOSAHHST OKOJIC MHJUIUMETPA,
T. €. OUeHb OJU3KUE K MPOTSKEHHOCTH JOMOAHUTENBHBIX U3MEpe-
HUIA, HO BCe Xe npeBbllaonue ce. Ha Takux paccTOstHMSX (KaK MbI
yX¢ YIIOMITHATM) HUKAKUX OTKIIOHEHHUH OT HBIOTOHOBCKOTIO 3aKOHa
0O0pATHBIX KBAIPATOB He OOHAPYXEHO.

[TpomBuXeHrEe K MEHBLIMM TPOCTPAHCTBEHHBIM MacmiTabam
TpeOyeT 3HAYUTENLHBIX YCYIIMA. Ho oHO BosiHe peanbHo. He npu-
HECeT J1M TAKOE ITIPOHUKHOBEHUE B MATHMEPHOE ITPOCTPAHCTBO Ye-
[O-TU00 M COBCEM HEOXMIAHHOrO U HeoObIKHOBeHHOro? Kak
3HATb, BIOJIHE BO3MOXHO. KAaTh, BO BCIKOM C/aydae, OCTaloCh He
TaK JOJIT(.
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UCTUHHO yHAAMEHTANbHbIE KOHCTAHTBbI?

IMnoTe3a 1OMONHUTEILHBIX CYOMMIUINMETPOBBIX W3MEpeHUit
BO3HUKIIA B (DU3UKE 3JIEMEHTAPHBIX WacTHU. M3 Hee BhITEeKaeT psin
WHTEpEeCHLIX CAeACTBUIl, KOTOpbIE He OTPaHUYKBAIOTCH TOIBKO 3a-
KOHOM TATOTeHNH. OHa MpeacKa3bIBaeT TaKKe CYUIeCTBOBaHMEe HO-
BbIX TUITOB DJIEMEHTAPHBIX 4YacTUL. Takve 4YacTHIIB, Kak
OpPEANoaraeTcs, MOoryT ObITh OOHapyXeHBl B PKClepUMEHTaxX Ha
crpositieMcst ceitvac B8 LLEPH (EBponeiickuii ueHTp SLACPHBIX MC-
ClleloBaHMI) YCKOPHUTEIIE Ha BCTpeUHBIX TTy4Kax, boxbiioM agpoH-
HOM KoJutauaepe.

C ToukM 3peHUs PyHIAMEHTANLHON DU3MKU 0GCYXIacMasi TH~
MoTe3a WHTEPECHa He TONBKO HOMONHUTENbHBIMU U3MEpPeHHAMH
KaK TAKOBBIMH, HO €llIe U TeéM, YTO BMECTE C HOBOM KOHCTAHTOM L,
OHa BBOJIMT U HOBYIO KOHCTAHTY, UMEIOLIYIO CMAICH (PYHIaMeHTANb~
HO¥M MAacchl. OTa KOHCTAHTa GJM3K4 MO BEJIMYMHE K ThICAUE Mace
NIPOTOHA, WJIK, CKOPEe, K ACCATKY ThICSY MACC MIPOTOHA:

M, ~ (1000 — 10 000) m.

3nece m ~107* r — Macca NpoToHa.

o cux nop «camoii hyHIaMeHTATBHOI» Maccoit B dr3nke cuu-
Talach TDTAaHKOBCKasA Macca. Kak M nnaHKoBCKasi IJIOTHOCTb WK
NJIaHKOBCKasl [UIMHA, IUTAaHKOBCKas Macca M, mpeacrasisieT coboi
KOMOHHAUIO TpeX GU3NYEeCKUX KOHCTAHT:

M, = (hc/G)*=2x10"r

INoyeMy K¢ MIAHKOBCKas Macca CUMTasachk (U BCE €lle 1oKa
CYYTACTCS) TAKOW TIPUHLUUTIKATLHO BAXKHOM B hpU3HKe?

Heno B ToM, 4TO, N0 06111eMy MHEHHTO, TINTAHKOBCKHE BETUYUHEI
XapaxXTepUayIoT (hHU3NYeCKHe YCI0BYs, NPU KOTOPLIX ONMHAKOBO CY-
LIECTBEHHYIO POjib UTPAIOT U KBaHTOBbIe 3(DMHEKTH, H 2heEKT 06~
el TEOPHUU OTHOCHTENTBHOCTH. MOXHO CKa3aTh, YTO 3TO 06.1aCTh
KBaHTOBO—TPaBUTALMOHHSLIX ABJeHUI. HO HACKOJIBKO Merko HattTu
3Ty 061aCTh TIO U3BECTHBIM KOHCTZHTaM GU3UKY, HACTOABKO XE
TPYAHO BLISICHUTD, UTO UMEHHO NPEACTABIAIOT COGOH ITH KBAHTO-
BO-rpaBUTALIMOHHEBIC SIBACHUS.

OcTraeTcs JMIIL JOTalHBATECS, YTO HA IPOCTPAHCTBEHHBIX WH-
TepBAJIAX, CPABHUMBIX C TUIAHKOBCKOH JUTMHOM, ITPOCTPAHCTBO YXe
He MOXET PacCMaTpUBATbCH KaK HermpephiBHoe. OHO JOXHO ObITh
«KBaHTOBAaHHbIM», AUCKPETHLIM, BHYTpY TakMX «KBAHTOB NpOCTpaH-
CTBa» HENb3sl Pacho3HaTh KaKWe-TO Oonee METKUE pacCTOAHUMA, U
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3HAUMT, (IPH TAKNX YCAOBUSX TEPSTIOT CMBICI MOHATHA «BNuXe» Wik
«danbile».
To xe OTHOCHTCSA W K BpeMeHH. UMeeTcs r1aHKoBCKOe Bpems
T,=L/c,

KOTOpOE €CTh NPOCTO OTHOUICHUE TAHKOBCKO IUTMHBI K CKOPOCTH
cseta. Ee uvcnenyoe 3Hadenue T, = § x10™ cexyHael. Ha npome-
XYTKaX, CPaBHUMBIX C fUIAHKOBCKMM BpemeHem T, camo Bpemsi
TIOJLXHO OBITh «KBAHTOBAHHBIM», T.€. MIPEPLIBUCTBIM, IMCKPETHBIM.

BHYTpHM «KBaHTOB BpeMeHH» 00jice KOPOTKME BPEMEHHbIE TIPO-
MEXYTKM Paciio3HATh HEBO3MOXHO, TaK YTO TEPSIOT CMBICA MOHS-
THS «pPaHbIIC» UIU «TIO3XKE».

Ho 4yTo 310 B NeliCTBATENBHOCTH O3HAYaeT M, TVIaBHOE, KaK 3TO
U3YUUTh B IKCIIEPHMEHTE, 10 CHX TIOP OCTAeTC HEU3BECTHHIM. Bep-
Hee, MOXHO MPEACTaBUTh cebe, YTO M1 SKCTIEPUMEHTANIbLHOTO H3-
YYCHHUSI KBAHTOBO-TPABUTALIMOHHLIX ABICHUM Tpe6Gyetcs pasroHATh
3JIeMEHTAapHbIe YacCTHLIbBl Ha YCKOPUTEISIX [0 3HEPTUM, paBHOM
UIaHKOBCKOM Macce, yMHOXEHHOI Ha C’. OIHAKO, TaKhe SHEpTHH
MPOCTO HEAOCTUXXKUMEBI U HUKOTIA HE OyAyT AOCTHXKHMBL: BCEX LEAN-
KOM 3CMHBIX SHEPTETUYECKMX PECYPCOB 151 3TOro ObUTIO OBl Helo-
cratouno. He cymecTByeT A0 CUX Nop U NOCIENOBATETLHONU TEOPUH
KBaHTOBO—TPAaBUTALMOHHLIX siBJICHUI (MblL 00 3TOM yxe He pa3
YIIOMHHATN ).

Bot nouemy Tak BaXHbI B GYHIAMEHTANIbHON (DU3NKE TUIAHKOB-
CKasf Macca M Jpyrue I1aHKOBCKME BeIMUMHBI — OHM DUSPYMBAIOT
TpPaHULIBl, B Mpenenax KOTOPHIX CIpaBedInvBBEl HAIUY OOBLIYHBIC
MpeNCTaBJeHUS O HEMPEPbIBHOM TMPOCTPAHCTBE U HETIPEPLIBHOM
BpEMEHM.

Ho HoBas dyHnameHTanbHas Macca M, JIMIIAET MIaHKOBCKYIO
Maccy ee MPUHUUNHAABHOTO 3HAYCHHUA B PYyHAAMEHTANTBHOM HU3H-
ke. CornacHo TMMOTE3e ABYX AOTMOJIHMTEAbHBIX HM3IMEPEHMiI Ipo-~
CTPAHCTBa, KBAHTORO-TPABUTALIMOHHBIE STRICHUST BO3MOXHBI YXe
NpW ropa3io 6oriee CKPOMHBIX SHEPIUAX YACTHIL — He NpU M,C’, a
npu M.C’, 4TO Ha Lie/IbIX ATHAALATE WK IIECTHAALATS TTOPSIKOR
BeJIMUUHBI MeHbIIe. Takue SHEPTUH yXe PeaTbHbl, UX MOTYT UMETh
YaCTULIBL B 3KCTIEPHMEHTAX Ha YCKOPHUTENSIX, KOTOPBIE Ceifyac HaXo-~
AATCA B CTAAVIN CTPOMTEITbCTBA.

He cyuecTByeT TeopuM, XoTopas 6buia Obl cmocobHa A0Ka3aTh
«UCTUHHO (byHAaMeHTATbHEbII XapakTep Macchl M,. Ee yucieHHoe
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3HaYEHHE, YMHOXEHHOE Ha KBaApaT CKOPOCTH CBeTa, BJIM3KO K Xa-
PaKTEPHOH 3HEepryMM 3JIeKTPOCcaabbiXx MpOLECCoB. DTO IMPOLECChI,
TIPU KOTOPBIX 3NEKTPOMATHUTHOE M claboe B3aWMOREHCTBUE 37e-
MEHTAPHbIX YACTHII BHICTYIAIOT KAK OTHO eI¥HOE B3aUMO/EHUCTBYE.
3T1oT nocne M GaKT CYUTAETCS HaNeXHO YCTAaHORIEHHBIM. [1o
CYILECTBY, BRIOOP Macchl M, 03HAYAET, UTO 3JIEKTPOCIAObIM SHEPIH-
SIM M 3IEKTPOCIa0bIM TipoLieccaM TIPUHAAJEXHUT LIEHTPATbHAs POlh
B (PU3VKE 3JIeMEHTAPHBIX YACTHIL.

DTO OUeHb 3HAYUTENBHBINA NEPECMOTP MPEXHUNX MPEACTABICHU I
dyraaMeHTaTRHOM QU3MKW. HOBEIIT B3MIA1 Ha BEWM pEIIUTENHHO
MEHSeT KAPTHHY MUPY B TOM €€ 4acTM, KOTOpas KacaeTcsi OCHOBBI
OCHOB (WM3UKU. DTOT BIIJIAI HE MPOTHBOPEUUT HWKAKUM SKCTIEpU-
MEeHTaAbHBIM WM HabmoxatelbHbIM (hakTaM. [loaToMy, ro uuee,
HOBasI KapTuHa, Mo KpaitHel Mepe, HNUYTh He XyXXe cTapoii. B neit-
CTBUTENBHOCTH, OHa Jaxe Gorade n mHTepecHee. M, maBHoe, OHa
HMEET peaibHbIE NEPCNEKTHBbL 3KCIIEPUMEHTATLHON NPOBEPKH.

DTOT KpyT Hael MpUBITEKAeT celvac HeMajioe BHYMaHHe U Teo-
PETHKOB U DKCINEPUMMEHTATOPOB — IIOJHBIM XOIOM MAST KOHKpET-
Hoe ofCcyxIeHHe OYAYIMX TIPOBEPOYHBIX IKCIIEPUMEHTOB. ITO
OyIyT ¥ SKCTIEPUMEHTLI Ha YCKOPHTENSIX, W JJaGopaTOpHbIE 3KCTIe-
PUMEHTHI C FpaBUTALME HA PACCTOSHMSIX, MEHBLIMX pa3Mepa A0-
HOJIHUTEIBHBIX W3MEPEHMIT TIPOCTPAHCTBA.

[naHKOBCKUE BeIHYUHBI, 3 BMECTE C HUMHM WM, HallpUMep, To-
CcTOsAHHAST TATOTeHUsT HbI0TOHA, H3MEHSIOT CBOU CTATyC TIPH 3TOM
HOBOM B3TJIANe Ha hyHmaMeHT HU3UKK: OHU OKA3bIBAIOTCS TIPON3-
BOIHBIMU OT HOBbIX «MCTMHHO (DYHOAMEHTATbHBLIX» KOHCTAaHT M,
u L. B du3nke 3neMeHTapHBIX YACTUIL YACTO UCTIONb3YETCH CUCTe-
Ma eauHuML, B Kotopoii i = C = |, B Tako#l «cneuuansHON» cucTeMe
€VIHUT MJIZHKOBCKAs MAacca BhIPAXaETCA YEPE3 3TH IBE KOHCTAHTH
CIIEAYIOLLINM 00pa3oM:

M,= M. L.

Yepes HOBbIE «MCTUHHO YHIAMERTABHBIEY KOHCTAHTRI L, 1 M,
HBIOTOHOBCKA# MOCTOSIHHASA TATOTEHUs! BhipaxXaeTcs (B TOH Xe CUC-
TeMe eIMHUIL) TaK:

G=M/L"

BRIXOAMT, UTO, U TUIAHKOBCKAS Macca W HbIOTOHOBA TTOCTOSIHHAS
BHITSIAAT JIWIOL KAaK TPEXMEPHBIE TEHUW HCTMHHO (YHIAMEHTATH-
HbIX KOHCTAHT (GU3UKY NSATU ITPOCTPAHCTBEHHBIX U3MEPEHHH,
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BaKyyM W AONOAHUTENbHbIE U3MEPEHUN

C TOUKM 3peHNs1 KOCMOJIOTHH THITOTE32 I0TIONHUTEIbHBIX W3Me-
pPEHUIX UHTEpPECHA TEM, YTO OHA CMOCO6Ha NPOJIUTh HOBLIH CBET Ha
MpHPOIY KOCMUYECKOro BakyyMa. Muiu, no kpaitHeit Mepe, paciuy-
PHUTb KPYT BO3MOXHEIX PEIUEHMIT 3TOl NpoOieMBbl.

Cssi3b OMOJHUTENBHbBIX U3MEPEHHMI C BAKYYMOM BO3HMKAET
TIpH YCJIOBMH, YTO HOCUTENSIMY TEMHOTO BEILECTBA ABISIOTCA THXKe-
Jible ¢J1aG0B3aHMOAEIHCTBYIOLME YACTHLIBL ¢ MAaCCOM MOPSAIKA ThICA-
Yy Macc nporoHa. IlocienHsia senudyuHa OM3Ka K 3HAYCHUIO
UCTUHHO (hyHIAMEHTATHLHOM Macchl M,. Mbl yXXe yIOMUHAY BhILLE
0 TAKOW BO3MOXHOCTH A3 TEMHOTO BELIECTBA, Y HEE HETUIOXas Nep-
CMEKTUBA 3KCTIEPUMEHTATLHON ITPOBEPKH.

TeMHoe BewIECTBO TakOW MpPUPOAbl CAOCOOHO BO3HMKHYTH B
paHHel BcesicHHOU B pe3y/kTaTe fipoliecca, Ha TIPOTEKAHUE KOTO-
pOro BIUAET Hal/1i0MaeMbiii KOCMUYECKUI BaKyyM — Yepe3 obluye
rapaMeTpbl KOCMOJIOrHYECKOR Monesii, OMMUCHIBalOLIEH dusuiec-
KH€ YCJOBUS B 3TY PAaHHIOIO 3I10XY.

He Baasasics B fasibHeiine moapo6HOCTH, CKaXeM cpasy o pe-
3yneTate. B mpocTpaHcTBe ¢ IBYMsT JONMOHUTEILHEIMU M3MEPEHUST -
MH NNOTHOCTB BaKyyMa (B TOH XXe CTIeLMaIbHON CUCTEME eMHMLL)
LIEJIMKOM OTpeNefeTCs NMPOTSHKEHHOCTHIO 10ITONIHUTERbHbIX H3ME-
peHUit:

Py~ L.J'

Ora ¢opmyna yCrpoeHa TaK, 4To BequynHa 1/L. naet maccy Ba-
KyyMa B o0GbeMe MPOCTpaHCcTBa ¢ pasmepoM L,. Toraa riorHocTs mo-
JIydaeTcd MyTeM JAejicHMst DTOH Macchl Ha 3TOT obbeM. Ilpu
L.~ 10%cM nMeem MIOTHOCTL Py, = 3X10™ r/cM’, KoTopas aeiicTBK-
TeAbHO OYeHb 61M3Ka K HabmoJaeMoid.

VYAuBKTENBHO, HO (DAKT: MIOTHOCTH BAKyyMa He 3aBUCUT B TAKOM
CITy4ae OT MCTUHHO (PYHAAMEHTATBHOMN MaCChI.

CTOUT 3aMETUTh, 4TO MPOTSKEHHOCTS AO1IOJIHUTENBHBIX H3ME-
peHuit 61M3Ka [0 BenUUMHE K IUIMHE BOJIHBI, KOTOpas (CM. Mpeabl-
OyUMA pasaen) cilyxuila Lisi «o0pe3aHusA» DHEPrUM HYAEBBIX
konebanuii. Takoe coBrnaneHue, KOHEYHO, He CIyYaifHO: TIpU HAJIH-
YUM «0OpesaHmsi» PopMyna LIS MIOTHOCTH MACChl HYJIEBBIX KOJIC-
6aHui! MMeeT B TOUHOCTH TOT Xe BUJ, YTO W 3aflIICAHHAs RBbiile
Hama dopMyia Ut TUIOTHOCTU BaKyyMa B MPOCTPAHCTRE C IBYMs
JNOMOJTHUTEIbHbIMU N3MEPEHUSIMH,
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O3Ha"aeT A1 MOCJEAAEE, YTO IONOTHUTENbHDIE U3MEPEHUA U
OCYILECTRIIIIOT KAKUM-TO 00pa3oM 3heXTUBHOE 00pe3aHie IHep-~
T HYJAEBRIX Kojie0anuii? Ecau na, TO KOCMUYECKMIA BAKYYM neii-
CTBUTEIBHO UMEET Ty K& MPUPOIIY, UTO U BAKYYM KBAaHTOBBIX TOJEH.

A €CJIM HET, TO TOrAa HYXXHO NPU3HATh, YTO Y KOCMHAYECKOro Ba-
KYyMa COBCEM JIPYTOE MPOUCXOXICHUE: OH LIEJTUKOM 00S3aH JI0NO0N~
HUTE/ILHBIM U3MEPEHUSAM M, CIET0BATEIBLHO, 3aBUCHT TOTBKO OT HX
YHCIIA U TIPOTTXEHHOCTH, — 0€3 KaKOM-JTMDOO0 CBSI3Y ¢ KBAHTOBLIMY
TTONSAMU.

B 110163y NOC/ICIHErO BAPUAHTA FOBOPUT CICAYIOILEE CoOBpaKe-
Hue. BakyyMm CyliecTByeT BO BCEX MpPOCTPAHCTBEHHBIX MacluTabax.
On cyuecTByeT 1 B MaciTabax, MHOroO MEHLUIMX MPOTSKEHHOCTH
JOMONHUTENIbHBIX USMEPCHUIA. 3HAYMUT, BaKYyyM 3ano/HseT [TOJAHoe
MSITUMEPHOE [TPOCTPAHCTBO. B TAKOM MPOCTPAHCTBE €ro TLIOTHOCTS,
KaK MOXHO BHAETh. P ~ L,*.

Ho, kak mnpeamosnaraercsi, B IOTIONHUTEIBHBIX M3IMEPSHUSIX
KBAHTOBBIE HEIPABUTALHOHHbIE MOJIS1 «HE XUBYT». OHU H HX HyJIE-
BbI€ KOjIeOaHWS CYLIECTBYIOT JMILIh HA TpeXxMepHoi OpaHe. 1 3Ha-
YWUT, HE NOJIS CO3IAOT BAKYYM MATUMEPHOTO NPOCTPAHCTBA.

Ecnu Tak, HaGmogaeMblii HaMU KOCMUYECKUIM BaKyyM — 3TO
JVILb TPEXMEpPHash TEHB «MCTUHHO (HYHIAMEHTATHLHOIO» NsATUMEp-
HOFO BaKyyma.

Ho rorna v afiHIITE AHOBCKAS. KOCMOJTOTHYeCKas TIOCTOAHHas A
TOXE TeHb «<MCTHHHO (DYHAAMEHTATBHOW» KOHCTAHTHRI, KOTOPOIT 1B~
JISIETCS [TPOTSLDKEHHOCTb JOMOJMHUTENbHEIX M3MepeHHid L. Cessb
MEXIY HUMU TAKOBa:

A =8nGL,*

3aMeTUM, 4TO B MCXOJHOM THMTIOTE3e ApkaHW—Xamena v JIp.
[IPOTSLKEHHOCTb AOTIOTHUTEIbHBIX U3MEPEeHH I Oblia nepBoHAYATb-
HO BBelIeHa 6e3 KaKoM-JIMO0 CBsI3M ¢ KOCMOJOTMYECKOH KOHCTAH-
TOH HJAM IINOTHOCTBIO BaKyyma. BenuuMna nIpoTSXeHHOCTY
JUKTOBANACh COODpaXEHUSAMH UCKIIOYUTEbHO (DHU3UKHK DMEMEH-
TapHBIX YaCTHLL.

Ho, xak B1IHO, B IPUPOIE H B CAMOM [I€/i¢ YYTh JTM HE BCE B3akn-
MOCBSI32HO M B3aUMOOOYCIIOBNEHO (KaK y4uT MeTadu3mka u/uau
ImanekTnka). OcobeHHo Ha PyHIAMEHTATEHOM YPOBHE.



MlocTosHkb nW NOCTORNHHbIE?

HoBas pepoAOIIMSA B aCTPOHOMUM HaOHUpacT Xol M YRIEKAET B
asxedne QyHaaMeHTambHyio ¢u3nky. [Ipy 3TOM 3aTparuBaloTCs
He Te ee 00JIacTH, KOTOPbie HAAEXHO MPOBEPEHBI U TOATBEPXKICHLE
B oKCTicpUMeHTe. Peub MIeT o Apyrom, 06 o61IMX TEOPETHYCCKHUX
TpeACTaBIIEHUAX, KOTOphIe TTPHHUMANMCH Ha BEPY, KaK OUCBHIHBIC
WM caMo cofo# pasyMeloiliiecs: nocrynatel. IlpuMep — tpexmep-
HOCTSH ITPOCTPAHCTRA U OHOMEPHOCTh BPEMEHH.

Tlon coMHeHue CTABUTCS 9yTh JIW He BCE, YTO IO CHUX MOP CYMTA-
JIOCH [IPOUHBIM M HE3LIOIEMbIM B CaMOM ocHOBE ¢pM3nkH. U BOT, Kak
MBL BUIWM, OKa3bIBAETCS, YTO KOHCTAHTBI, KOTOPBIE MBI 3HAeM B
TPEXMEPHOM MPOCTPAHCTBE, MOFYT ¥ He ObITh WCTHHHBIMH KOH-
craHTamu Tipupoabl. Ho «passeHuaHne» TpeXMePHBIX KOHCTAHT MO~
WET 3alTH M ganbllie. M Torna HyXHO CIYPOCKTE: a IMTOCTOSHHEL I
OHM BOOOIIE?

310, OYEBUAHO, MPUHIMITHANEHO BAXHBIN Bompoc. OH BaxeH
AaXe N HE3ABMCUMO OT KOHKPETHBIX COOOPaXEHNR!, KOTOpbIE HAaC
Ha HETO HATONKHYJU. [TOCTOAHCTBO KOHCTAHT, UX HE3ABHCMMOCTD
OT BPEMEHHU HVKHO B JTI0O0OM Ciyyae NMpoBepATh IKCNEPUMEHTAILHO
n HabmonarensHo. U no cux nop Bce kak 6yaro o6¢TosNio B 310M
nnade 6maronoyyyHo. Ho acTpoHOMMs U 3eCh NMpETonHeCTa He-
NaBHO clopipu3 byHIAMEHTAIbHON (U3KKe.

J1x. Be0G v pykoBonvMMas UM Tpynra actpOHOMOB Habonanu
CNEXTPS NOMIOILIEHUA B UTYYEHUH IaNneKuX KBa3apoB. Usyyauch
CTIEKTPAJIbHLIE IMHUM, KOTOPbIE BOBHUKAIOT B CBETE KBAa3apOB, KOT-
JIa 3TOT CBET Ha €ro MYTH OT KBa3apa K HaM IIPOXOOWT CKBO3b 06J1a-
Ka rasa.

ATOMB! PA3TMUHBIX XWMMHUYECKUX SJIEMCHTOB IOIJIOMIAIOT CBET
OTIpeAENEHHBIX UTUH BOJIH U TEM CAMBIM CO3JaI0T B CTIEKTPE KBa3a-
pa TEMHBIE INHUU, TMHKEY nornonieHust. TloJoxXeHue 3THX THHWI B
CTIeKTpe 3aBUCUT — Mo 3¢pekTy Jormnepa — OT OTHOCHTENBHOIO
IBIKEHWS TIOT/IOLIAIONIETO CBET 00Naka U MpUeMHMKA Ha 3emte.
JIMHMV CIBUHYTEI, KOHEYHO, K KPACHOMY KOHLY CIIEKTpa.

Paccrosinma xe MeXny JMHUSIMU OT KPAaCHOTO CMEILIERUS HE Me-
Hs10tTca. OHY OTIPENENSIIOTCS CTPOSHUEM 3IEKTPOHHBIX 060J104eK
MaHHOTO aTOMa U 3aBHCAT OT (PU3NYECKOM KOHCTaHTHI, KOTOpas
0603HavaeTcs 6YKBOU Ol U Ha3KIBACTCS TOCTOSIHHOM TOHKONW CTpyK-
TYpHL.
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[locTosiHHAR TOHKOM CTPYKTYpbl NPELCTaBAsET cCOB00I KOMOK-
HALMIO TPEX CTAHAAPTHBIX (HUNUECKUX KOHCTAHT — 3apsijia 3JIeK-
TPOHa €, nocroaHHoi Inanka N u ckopocTy cBera C;

o =e¢e’/he).

YHucrneHHass BenvuuHa (L cocTamnser nmpubnuautensHo /137,
OHa M3MepeHa B 1a6opaTopuu € XOPOLLEil TOUHOCThIO, HE XyXe 4eM
0 IEBATOTO 3HaKa oc/e 3ansAToi: oL =7,297352533(27)% 10,

BoT 371a-T0 KOHCTaHTa M OKa3ajack nox noaolpeHueM. Ecin B
JlaleKOM MPOLJIOM, TO €CTh TOTHA, KOI/a CBET KBa3apa MpOXOTM
yepe3d 0044K0, TIOCTOSTHHAsI TOHKOW CTPYKTYypbl ObL1a, CKaXeM,
Cnerka MEHbUIE, YeM ceifyac, TO 3TO cAeNaeT ONHM PACCTOSHUSI
MEXIY JUHUAMM TIONIoWEeH st 60b1e, a ApyrHe MeHbllle.

Ha6monanock 0KoJj10 NoayTopa COTEH KBa3apoB, paboTa 3aHsina
[1Ba TOIa W COCTOSIA HE TOJBKO B COOCTBEHHO HaAOIMIONEHHSX, HO
TaKXe Y B A€TAIbHOM KOMITBIOTEPHOM aHATU3e TPOLIECCa NMPOXOXK-
JIEHHA CBeTa Yepe3 06/1aka KOCMHUYECKOTO rasa.

B uTore okasanock, YTO MOCTOSIHHAsE TOHKO#H CTPYKTYpBI B TIpo-
LIOM 6bUTA 3aMETHO MeHbllle, YeM cedvac. PasHMua cocTaBiseT
NPUGNH3UTENBHO CEMb JAECSTUTHICAUHBIX MTpoleHTa. [1pyr 3ToM 065-
ABJMEHHAA TOYHOCTh Ha6GMI0AeHUI TAKOBA, YTO BO3MOXHAsA OLIMGKa
COCTAR/SICT MTPUGIM3ATENIBHO ABE NECATUTHLICIUHBIX IPOLIEHTA.

OTo nepsbIi cNyyail B QU3MKeE, KOrda C JOBKHOM TOYHOCTBIO
YAAJIOCh 3aPETUCTPUPOBATh H3MEHEHHE BEIMUMHBI, KOTOpasA Bceraa
CYMTaNach KOHCTaHTO!. M3MeHeHte Ha ceMb JeCATUTBICSMHBIX 10-
Jieil MpOLEHTA MPOU30ULIO 332 BpeMs, PaBHOE CpedHEMY BPEMEHM
pacrnpocTpaHeHust CBeTa OT KBa3apoB K HAM — 3T0 TIPUOIH3HUTE  b-
HO IBa MIWUTMApAA J€T.

Kakas U3 Tpex KOHCTAaHT, COCTaRNSIOLIMX TIOCTOSIHHYIO TOHKO#M
CTPYKTYDbI, IBRAETCS He BMOMHE NocTossHHON? Vinu, MOXeT 6bITh,
Be U3 Hux? A o ¥ Bce Tpu? Ha 3Tu sonpockl noka Het otseTa. Het
U YOEaATENBHOTO TEOPETUYECKOr0 OOBACHEHHST 3TOMY 3KCITEpU-
MEHTY B LIEJIOM. BBICKA3bIBAIOTCA NUILbL AOTAAKM, YTO U3MEHEHUE
KOHCTAHTBI MO0 OB ObITh CBSI3aHO ¢ KAKUM-TO BIAMSTHUEM AOTION-
HUTENIBHBIX M3MEPEHWT TTPOCTPAHCTRA, ECNTUW TOCheHUe REHCTBU-
TEJBHO CYILECTRYIOT.

Mexay TeM cpeay acTpoHOMOB—Ha0oHaTe et OTCYTCTBYET HO-
Ka COrnacue OTHOCHTE/ILHO CaMoro Mo cebe pe3y/ibraTa Habmoae-
Huit. YMetoTcst onmacenMsi, 4To B HabmoneHUsIx U o6paborke
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JAHHBIX MOXET COAEPXAThCS HEMAas CHCTEMATUUIECKasl olToKa,
KOTOpasi MPeBhILIAET B ASHCTBUTENNLHOCTU OObA BTIEHHYIO TEXHHYEC-
KyIo olmOxy HabmoneHuiA.

Hy>XHbI HOBBIE He3aBUCUMBIE BHICOKOTOUHBIC HAaGMOIeHUs, HY-
>X€H HOBBIN KPUTHYECKUI aHAMN3 JAHHBIX.

Han stuM pa6otaeT ceityac rpymnma akaznemuka K. A. Bapuiano-
BUva B ®uanko-TexHnueckoM MHCTUTYTE UM. A. @, Uodde PAH, B
HCCJIENOBAHUS AKTUBHO BKAIOYAIOTCS BCC HORBIE ¥ HOBbLIE TPYTILI
acrporoMos U ¢dusnkob B Esporie u CIHA. Tlosnaraior, 4To okoOHYa-
TEJIbHOE PellicHNe BOMPOCa — J1E10 CKOpee MECALICB, YEM JIET.

AHTPONHLIA NPUHLMN

Ho mouemy nocTosiHHaa TOHKOM CTPYKTYPHI — JaXe €C/iU OHA U
HE COBCEM TIOCTOSIHHZ B TISITOW WIM HIECTOW 3Havawei 1mdpe —
VIMEET UMEHHO 3HaueHue okolo 1/137? U BooGie: nmouemMy ¢usmn-
yeckHe KOHCTAHTHI UMEIOT Te, a He Kakue-InGo ApyrHe 3HayeHHs?
BTOT BOTIPOC PACTIPOCTPAHAETCA M HA MACCHI 3JIEMEHTAPHBIX Yac-
THL. B KaKoM MOpsLIKE MY BEICTpaWBail CITUCOK MACC YACTHULL, B HEM
He BUAHO HUKAKOM CUCTEMBI.

Camblit oueBUAHBIA BONPOC: TOYEMY MACCa 3JICKTPOHA B THICAYY
BOCEMbCOT pa3 MeHbIle MaccH npoTtoHa? Ha 3toT ¥ npyrue sonpo-
ChI M3MKA He 3HAET OTBETA.

Mexy TeM 1aBHO yXe€ ObUIO 3aMeuyeHO, Yro OyabL prsnueckue
KOHCTAHTBI MHBIMH, Haul MUP O6LY 6b1 20CONIOTHO HE TIOX0X Ha TO,
4TO MBI BUIUM BOKPYT Hac. B MUpe ¢ IpyruMH (U3RUECKUMH KOH-
CcTaHTaMU MOIITO OBI ¥ BOOOIIE HE OBITH HABMIONATE A,

JeHcTBUTENEHO, ObUIO BBIACHEHO, YTO eCiM Obl NOCTOsIHHAS
TOHKOM CTPYKTYpPbl, Macca 3JIEKTPOHA ITM NMOCTOAHHAS TATOTEHUS
OTJIMUATUCK Okl BCETro B 2—3 pa3a OT TeX UX 3HaYeHM, KOTOpBIE Mbl
3HaeM, XU3Hb Bo BcexeHHOIl — no kpaiiHeil Mepe, B ee 3eMHOW
GopMe — He Morna 661 BOSHHKHYTh.

MEI yXe YIIOMUHAIM O YKCJIC U3MEPEHHH NPOCTPaHCTRA: 6ynL
NIPOCTPAHCTBO HE TPEXMEPHBIM, 2 YETLIPEXMEPHERIM, B HEM He GbUIO
Obl 3aMKHYTHIX TUTAHETHBIX OPOMT M CTAllMOHAPHBIX COCTOSHMEK
3JIEKTPOHOB B aTOMAX — B TaKuX 00cTOATENbCTBAX BeeneHnad 6buta
Obl a0CONMOTHO OEIKUBHEHHOM.

OTH U MHOTUE IPYTHE coobpaxerns NoIo6HOro poia, BELABHHY-
Thie H XETAJLHO MPOAHATW3UPOBAHHbIE B TOC/IERHYE TECATUNETHS,
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BHOBE BO3BPAIIAIOT HAC K TIpobiieMe XnU3HM Bo Beenennoit, KoTo-
PYIO MBI OOCYXIAIU BO 2-i m1aBe KHUTM. Kak Mbl BUOUM, Y 3TOM
TIPOBNEMBI WMeeTCS psf TTPUHITMTIHATIBHEIX ACTTEKTOB U OIWH K3 HUX
Kacaercs (PyHIAMEHTATBHBIX OCHOB (bU3HKH.

Ho ne onna mumb pusrka ¢ acTpoOHOMMEN U KOCMoIoruel cra-
BUT TaKOTO pojia Borpockl. MMeeTcss MHOTOBEKOBast TpAIHIIUS pac-
CYyXIeHHH O MHpe M 4YeMOBEeKe, BOCXOAAIAS K MBICAHUTENAM
KJIACCHYECKOU IPEBHOCTH, MyJPEaM W TPOBUILIAM MUPOBEIX pe-
JIUTHiA. B 3TOi TpaguiMu BbI3peBal YHUBEPCAIbHBIH OTBET Ha BECh
KOMILIEKC TIOROOHLIX BOTIPOCOB. 3TOT OTBET, TOBOPSI COBCEM KOPOT-
KO, CROTUTCSA K CIIEAYIOILEMY.

Mup TaKOB, KAKOB OH €CTh, M XX13Hb, Pa3yM, U€JIOBEK CYIIIECTBY-
IOT B HEM MOTOMY, YTO UMEHHO TaK OH M GbL1 3aMBICNeH TBOPLIOM
Bcenentoii. Ha 3Ty TeMy HanmMcaHbl COTHHA KHHI, MOJHLIX rAyHO-
KUX, OCTPOYMHbIX, M300peTaTebHbIX ¥ IIPOYYBCTBOBAHHBIX Pa3-
MEIMLIEHWH. DTO HanpaBleHUe MBICAM (OHO Ha3bIBacTCH
TENe0JOTMEH) OCHOBAHO Ha Mee HCXOMHOro 3aMblcia K TIpeiHa3Ha-
YeHUs] MHpa, KaK TBOPEHHS, MMEKLIETO 33paHee ITOCTaBJIEHHYIO
uenb, M 3Ta HeAb — WICANBHLIA YeloBeK., B oToansaiommxcs oT pe-
JIMFUM BapuaHTax 3Toil JOKTPUHE BMecTo TBopria roeopsT o ITpu-
poiie, Y KOTOpOif, Kak B 3TOM Cliy4ae MpeJitoIaracTes, UMeeTcsi CBOs
BHYTPEHHSAH H €CTECTBEHHAS LEJb PA3BUTHA.

He 6€3 BNMIHNA TeJICONOTHUECKON TPAUIINY, XOTS Yallle BCENno
B TIOpsiIKE HAay4yHOro OTPMLUAHWA €€, pa3BMBACTCA CTaBILUI B Mo-
CIACAHUE AECATUIIETHSI NOTTYISIDHEIM KPYT MAEH U coobpaxkeHUH, Co-
CTABIAICUIMX COOEPXAaHHME TAK HA3bIBAEMOTO AHTPOITHOIO
npuHuyma. IpunarateisHOTO «aHTPONHbI#» B HAlIEM A3BIKE 00 CUX
TI0p He CYIIECTBOBANO; GbL10 CITOBO «aHTPOMOIOTHUECKU» C TEM Xe
TPeYECKUM KOPHEM, HO €50 B 2TOM CJIy4ae He UCTIONB3YIOT, NPeIno-
qyTas Goee KOpoTKOoe CIOBO, TIOX0Xee Ha aHTAMICKOE «antropic»
— TOXE HOBOE CJOBO, KOTOPOro B CJIOBApsAX {(Hanpumep, B
«Websters) HeT. KoMy-To 370 HpaBHTCS, KOMY-TO HET, HO HUYETO
JIyYLIETO MPUIYMaHO He ObUI0 — «4eTOBEUHBI» WM «YelloBeYec-
KHUi» TYT ABHO HE NOJXORUT.

Yt1o ke yrBepXKIAAeT aHTPOTIHbLIH MPUHIHNIT? OOHY K3 MEPBALIX
(hopMyYINPOBOK (He JULISHHYIO UpOHKUM) Jan ele B 1960-e roawl,
KOIIa ¥ CaMOTO Ha3BaHMst aHTPOITHOrO TIPWHIIMIIA elle He CyIUec-
TBOBaJO, 3HAMEHHUTHIH MOCKOBCKHMi1 KocMoitor A, JI. 3en1pbMaHOB;
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HaGmonaeMan BcelleHHas Takasi, Kakasi OHa eCTh, M60 Apyrue Bce-
NIEHHBIE Pa3BUBAIOTCA 6e3 HabaoIaTe 5.

HUponndecKoe, eCm He CKa3aTh CWIbHEE, OTHOLIEHUE K aHTPOTI~
HOMY TIPUHL{UITY COMPOBOXAAIO €ro ¢ caMoro Hayana. Ho naxe m
KPUTUKHU N'OTORBI COJIACUTBLCS C TEM, UTO B AHTPOTIHOM IIPUHLIUIIE
MPUCYTCTBYET NMPWRIIEKATENBHAS 3APaBasi MBIC/b.

OcHoBaTeNbHbie (PU3NYECKUE M ACTPOHOMUYECKUE apTyMEHTh
{HEKOTOpBbIE U3 HUX YIIOMSHYTH! BBILIE) B paMKax 3TOrO ToIXOAa
ObLTM NpeanoxeHsl B pasHule rogsl b. Kaprepom, U. J1. PoseHTa-
neM, P. luxxe, . bappoy, ApyriMy dhH3MKaMK H KOCMOJIOTaMH.
Boripexu outyLiieHHIo N03Ta, «aTUTATOpa, TOpAaHa, TJ1aBapsi», TBOP-
LBl ¥ CTOPOHHUWKY @HTPOITHOTO NPUHIMIIA HAXOAAT, YTO Haila Bee-
JYCHHASE [T KM3HM HEeIUIoXo 0GopyRoBaHa.

JeMCTBUTENLHO, OHAa He CAMIIKOM Mala U HE CAMIUKOM BEJINKa
s 4enoBeka. OHa copa3Mepla HaM. Mbl BHIMM e€ HMPAKTUYECKU
BCIO — BIUIOTH [0 NMPUMHLMMUAILHOTO NMpenena Habmogeuus. byap
OHa 3aMETHO MEHbLIE, HAM OBDIO Ob! B Hell TecHoBaTo. OHa He OUeHbL
CIOXHO YCTpOSHA WM, KaXeTcs, NOCTYNHa HalueMy YMy WU
BooOpaxkeHu10. OHa, HECOMHEHHO, HAXOMIUTCA B 3PEJIOM BO3pPACTE: B
HE MHOTUE 3Be3/bl YCTENH TTPO3BOIOLHOHUPOBATE U TIPOM3BECTH
JOCTATOYHO YT1epo/ia, COCTARNIOIEr0 ATOMAPHYK) OCHOBY XXHBOTO.

Ei 13,7 + 0,2 MuInIMapaa Jier, 1o caMbIM TTOCNIETHUM U CaMbIM
ToyHsIM M3MeperuaM (WMAP, 2003). Ho oHa Bee elile B LpeTyiLem
BO3pACTE, B Hell CRETIIO U TETVIO, YETO He OYIET yXKe 4epes, CKaxXeM,
3050 MWLIHaApaOB JET, KOTa Bce 3BE3AbI MOracHyT, a Marepyan
I obpa3oBaHMA HOBBIX CBETWN OyneT ucuepnaH. bBnaronpusred
IUTSL BOSHUKHOBEHMS M PA3BUTHUA XU3HM HAGOP GHH3NIECKHX KOH-
CTaHT B HAllleM MYPE, a TAXKE W YIIPABISIOILIME UM OCHOBHBIE 3aKO0-
HbI IPUPOAEL.

EcTectBeHHO XetaHUEe OCMBICIUTD 3TH haKTsl U HAWTH MM He-
Koe o6iiee obwsicHeHHe, Ha NpearoaoxeHydu, 4To Takoe obilice
OOBACHEHHUE JCHCTBUTENILHO CYLIECTBYET, U OCHOBAHBI COBPEMEH-
HbIe NCCIeJOBAHUS B pyClie aHTPOITHOTO TIPUHLIMIA.

CrieltMaTuCThl Pa3nUyaloT ciabblii aHTPOTMHbIA NMPUMHLUMI U
CWIbHbLIM AHTPOTHBIH NPUHLMTL. CRabblit TIPUHHUIT YTBEPXIACT:
eCNM B MHPe MHOIO pasHOOOPAa3HbIX BCENEHHMX, Mbl HAaxOAMMCH
TaM, IJe HAlla XM3Hb BO3MOXHA, CHWIBHE TIDHHUMTI 3BYySUT CYPO-
Bee: Hallla BCEJIEHHAA TOJDKHA ObITh CO31aHAa TaKoM, YTOOLI B Helt ¢
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C2MOro Hayasia 6bLUTa NPefyCMOTPEHA BO3MOXHOCTD HALLIETO ecTec~
TBEHHOTO CYIECTBOBaHMA. Bo BTOpoM ciyvae Homyckaercs, uTo
JIPYTHX BCEAEHHBLIX B MUPE MOXET U He OblTh, HO Toraa Haiua Bee-
JIeHHast MOTJIa OBITh COTBOPEHA, BO3MOXHO, HE C TIEPBOiA IMOIILITKH.

B nocneaHue romki aHTPONTHEI MPWHLWTT PA3BUBAIOT Ha OCHOBE
HHGAATMOHHBIX MOAENEH, ONUCHIBAIOILIMX MHOXECTBEHHOE POXIe-
HME BCENeHHBIX. JIeiCTBUTENBHO, ECIIM BCSJIEHHBIX MHOTO WIN JaXe
6ECKOHEYHO MHOT0, TO ITo4eMy Obi Cpeiu HUX He OLITh U TaKHX, KO-
TOpbIC MOXOXW Ha HaIy.

B 3TOoM myxe oOcyXmaeTca M BOIPOC O Npupoae GUINUECKUX
KOHCTAHT B HAIIEM MHPpE: «Halll» Habop KOHCTAHT — BCEro JMllh
JIeJIO CJIyvasi, OH BO3HUK KaK OHa CYACTINBAs KOMOUHAUMWS U3 OT-
POMHOFO MHOXECTBA BCEX BO3MOXHBIX HAOOPOB CJy4aiHbIX BEIU-
yuH. Toryia BceieHHBIX WJTU IONBITOK €& COTBOPEHUST JIOIKHO GbLTO
6Bl OBITH HEUCYUCTIMMO MHOTO, UTOOBI PEANM30BATIUCH BCE BO3MOX-
Hble KOMOWHAIIUM KOHCTAHT, (DPU3MUECKMX 3aAKOHOB, BO3MOXHbIX
¢hopM X13HU, ZOMYCKAIOMIMX CYLIECTBOBAaHHE Hab onates s M T. 1.

Ho, kak Bcerna B (p¥i3uKe, BOZHUKACT KPUTHYECKUI BOOPOC: YTO
HYXHO MPoHabmMoIaTs U U3MEPUTE B pealTbHOM MHpe, YTOOB IIpo-~
BEPUTb AHTPOIHBIA IPUHLUIT B JII060M 43 ero BapuaHToB? OTBETA
HET U, CKaXeM NPsIMO, He TTPEIBUIUTCS.

dakT, oaHaKo, ocTaeTca haxToM: BeeeHHas SBHO IpYXeCTBEH-
HA HaM, KaK HH NIOCMOTPU.

[TpuHLHI HA3BIBAETCH AHTPONHRIM, TaK KaK B LIEHTpE BeeX pac-
CYXICHHIH — BO3MOXHOCTb Pa3yMHOI X13HU Bo BeesieHHol, cyle-
CTBOBaHME B HeElN uenoBeKa, Habmwojatenss W HCCReloBaTessd,
CTPEMSAIErOCs MOHATh CaMYIO CYTh €e ycTpoiictBa. Ho 310 oTHI0ObL
HE BO3BpAT K CTApOMY JOKOTIEPHHKOBCKOMY TEOLIEHTPUM3MY M aHT-
pornoleHTpU3MY. HeT, 5To nonmbiTka Gofee LIMPOKOTO B3ragaa Ha
[JIABHBIE BOMPOCH! TIO3HAHMS MPUPOAbl HA OCHOBE COBPEMEHHbIX
HOCTHXEHMH eCTECTBEHHBIX HAayK, OT KOCMOJIOTHH 10 TeHETUKM.

3aMbIKAsi KPYT OOCYXIEHUA, Mbl CHOBA IIPULILTA B KOHLIE KHUTH
K TeME XU3HM, pasyMa, yesobeka. M HemyapeHo: Kak ckazan Ilac-
KaJlb, B KOHEYHOM CUETe, HHTEPECHEE BCETO YeJIOBEK.



CJIOBAPb TEPMHUHOB
A

AKKpeluMs — BLIUTAJIEHUE BELIeCTBa HAa YEPHY!O AbIpY, HEHTPOHHYIO
3BE3Ny WiIK JTIoBoNH Apyroit oobexT.

AKKPEHMORRGI JHCK — [a30BbIA AMCK BOKPYT KOMIIAKTHOro 06hek-
Ta (Benoco Kapauxa, reimposnoil 366306 WY 4epHol Obipbl) B
IBOAHOW 3BE3AHON cUCTEME, COCTONAILEN 13 HOPMAIBHOH| ONTH-
YeCcKO# 3Re3ikl U KOMNAKTHOTQ 06beKTa.

Anapomeng (TymaunocTs AnapoMensl) — 61H3Kaa K HaM 3BE3IRHAS
cHcTEMA, CpaRHMMan no pasMmepaM ¢ Hawed TanakTukoii, Hawa
lanakTvka BMeCTe ¢ TaakKTHKON AHAPOMENLY M TpeMsl NecATKa-
MU MEHEe KPYITHBIX TATakTHK obpasyioT Mecthyio rpynny. Me-
CTHas rpymnna BXOAUT B CKOJUIEHMe raJlakKTUK, a 3TO CKOIJIEHUE
COCTARNAET BMECTE C HECKOJARKIAMY IPYTHMU TMTPHMEPHO TAKUMHU
XK€ CKOIUICHUSIMM CUCTEMY, KOTOpafg HasbiBaeTcsd MecTHbIM
CBepXCKOMIeHHEM, MeCTHOE CBEPXCKOIIEHWE He WMEET YETKO
ouepueHHON (hopMBl, €ro KaUBOILIIKMA pasMep 10CTUFAET MHO-
TUX MW/UTUOHOB CBETOBbIX J1eT. [[pub/IA3UTENbHO TaK Xe yCTpoe-
Hbl M NPYTUE CKOTJIEHUS W CBEPXCKOTUIEHUS TranakTuk.
CBEpXCKOILIEHHSI — CaMple KpyInHhie 06pa3oBaHUs, XOTOpLIE
HaBmonaioTea Bo BeeneHnoit.

AHTHUACTHI) — JJEMEHTApHBIE YACTHLLL], OGNaIajoLMe TEMUA Xe

CBOKCTBAMM, UTO | OOLIYHEIE YACTHLIE, HO MMBIOIINE TIPOTHRO- - -

NOROXHBIY 10 3HaKY eKTpHueckuit 3apsin. Hanpumep: anexr-
POR — [O3HTPOH, IPOTOH — AHTHIIPOTOH Y T. II.

AcTeponan — Manhlie TUTAHETH € TIpWOIN3HTETBHO KPYTOBRIMU
opGUTAMH, JIEXAUIKMMHA Mexay opdutamMu Mapca n iOnutepa.
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Camblit kpynustit acteponn Llepepa uMeer nmameTp OKono
1000 km. IMpeanonaraercs, 4To acTepouaLl 0OPA3OBAIUCE B pe-
3yABTATE Pa3pyIIeHUs TUIAHETHL.

ACTPOHOMMYECKAS eTHHMIIA (a. €.) — CAUHMLIA ATMHbI, TPUMEHsIEMast
B ACTPOHOM#H, paBHA CPEAHEMY PACCTOSHHUIO OT 3eMid 10
Conxua: | a. e. = 1,496X10" M = 150 MAH. KM.

b

Banmk — cpepHueckoe CrylIEHHWE CTapbix 3BE3[l MATOW MACChI
BOJIU3H sipa [anakTiKu, ABUTalOUIMXCS ¢ GOMBIINME CKOPOCTS -
MM TIOPSIIKA COTEH KMJIOMETPOB B CEXYHAY. 3Be3/1b1 OAIXKA UMC-
10T BO3pAacT, 6113KRii K Bo3pacTy BeenenHoih.

Beinlii KapIHK — ropsvas 38¢34a € OYEHb BHICOKOM MJIOTHOCTbIO
(pa3mep nopsinka pasMepa 3eMJIM, a Macca MHOpAIKAa MACChi
ConHia). Y 6enbIX XapIMKOB IPEKPATHIICT TEPMOSIICPHbLLA CUH-
Te3, H OHH CNabo CBETHTCH TONBKO 33 CYET OCTATOYHOTO TeIlla.
Cunraercs, 4To OeNbiil KapauK — THMWYHAsA KOHEYHAsA CTamnst
3BOJIIOLIMY 3B€31 HEGOMbLLIONH MACCHI.

BOJILIION B3PHIE — JICMCHT KOCMOJIOTHYECKOM TEOPHH PACLIH P10~
wekica BeeaeHHoi. CuMTaercsi, YTo Mmopsaaka 15 MuianapaoB
JICT Ha3an Bo BcesieHHoM nponsoluen boJblioit B3phig, a Bee,
YTOo MBI cefiyac HabmonaeM, €CTb OCKOJIKH 3TOro B3pbiBa. B
MOJIb3Y ITOM TEOPUH FOBOPMUT CYLICCTBOBAHUE MALYUEHHSI, N10-
LIE/IIIETO C TOTO BPEMEHH (CM. PeAukmosoe uziy4enue), a Taxke
HabnonaeMoe pa3beraHue ralakTuk.

B

Bonopon — caMblid aerkMii XUMHUYECKUN D71EMEHT, COCTOSIILUMA U3
OJIHOTO MPOTOHA 1 OTHOTO 3N1eKTPoHa. Bogopon o6pa3oBajcst Ha
CcaMbIX PaHHUX CTaIMsX 3BOJIOLMN BceeneHHOMN u CocTaBisieT B
HAcTOsILICE BPEMS 110 Macce TPU YETBEPTH €€ BEIIECTRA.

Bropas KocMH4ecKasi CKOPOCTh — CKOPOCTD, TIO3BOJISIOMIAs KOCMH -
YECKOMY KOpPad 1o, MOJIEKYJTe ATMOCHEDDI U T. I1. ITPEOAONETh CH -
JIy NIPUTSDKEHUs1 MACCUBHOTO TeJla U NOKMHYTh ero. MHoraa ee
Ha3bIBAIOT NAPABOIUYECKOM CKOPOCTBIO, TAK KAK O0BEKT, UMEIO-
LKA 3TY CKOPOCTH, ABIDKETCA O TPACKTOPUH, GIIM3KOH K Mapa-
6ose. B acTpOHOMMU MCIOJB3YETCSI TEPMUH «CKOPOCTh
yoeranus». Ut 3eMnu ckopocThb yoeranuda pasHa 11,2 KM/cek.
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I

[wiakTHKa — 0O0beIWHEHWE 3BE3]1, CBA3AHHLIX MeXAy co00i CUII0M
rpaBuTauu. OCHOBHON CTPYKTYPHBLIH 3nMeMeHT BceneHwHOR.
Hama Tanaxtuka — MuaeuHblit nyTh — coaepXuT oxono 100
MW/UIMApOOB 3Be31. B oTIHYHE OT APYruX rajakTHK Ha3BaHWe
Hauieid [anakTMky IMIUETCst ¢ NPONUCHON BYKBEL

Tano — crpykrypHbni aneMeHT [AlakTHKU, NIPUGAUIUTENLHO cde-
puueckoit ¢hopMbl. B rano Het 38e31. OHO COCTOMT M3 CKPBITbIX
MacC WK, KaK ceifuac ropopsTt, TEMHOIO BellecTBa. M3 rano He
UCXOONT HWKAKOTO CBeTa. TeMHOe BeLIECTBO HENb3H YBUIETD,
OHO MPOSIBASET CEOS TONLKO CBOUM TATOTEHUEM — 1O 3TOMY -
¢hexTy TIpUTSIKEHUSI O €ro CylLeCTBOBaHMMN M yiHalIM. Macca
TEMHOTO BellecTsa B rafo B 10 pa3 Gonbuie Macchl BCexX 3Be31 B
lanakTuke. Pusnueckas NpyUpoaa TEMHOIO BELLECTBA — OCTPas
W Janexasi oT pelreHus npodieMa coBpeMeHHOM KOCMONOLMM,

Tamma-nyun — KOPOTKOBOMAHOBOE 3NEKTPOMATHUTHOE UNYUECHME C
JUTMHO# BOJIHBI MeHblie 10™ cM 1, BcheacTBUE 3TOFO, APKO Bbl-
PaXEHHBIMH KOPIYCKYJISIPHBIMY CBONCTBAMM.

Temmit — XUMUYECKMIA 3NEMEHT, COCTOSUUUTK W3 2 TPOTOHOB, 2 HeM-
TPOHOB M 2 2/IeKTPOHOB. O0pa3oBa/ics Ha paHHUX CTAAMAX 3BO-
Jiouuit BeeeHHOI U COCTaBNsACT MO Macce B HACTOSILLEE BPEMSA
YeTBepTh €¢ BeleCTBA. CUHTEZUPYETCH NPU TEPMOSIIEPHBIX Pe-
aKUMX BHYTPY 3Be3.

len — eaunvna HACNEACTBEHHON HHGbOpMAIIMK, OTIpeleNsolas
JMAHHBIA NPU3HAK XUBOTO opraHu3Ma. MakTU4YecKHu, reH — yua-
crok Monekysl AHK, koanpyrowuii 6enok onpeaeaeHHOro TH-
na. Yucno reHos B coctase J1HK uenopeka okono 50—60 Teicsu,
YTO COCTARISIET TONIbKO 3 % obueit mmnbl JHK.

Teom — COBOKYNHOCTb BCEX HACNECACTBEHHEIX MPU3IHAKOB Opra-
HU3MA (TEHOB).

ToMeocTas — cTpeMNeHUE XUBBIX OPFraHU3MORB K COCTOSIHUIO YCTOW-
YUBOTO PABHOBECHUA M 0OOCOBIEHUIO OT BHEINHEW Cpembl NpH
HAITW'TUH OOMeHa 9Hepruei W BeIeCTBOM C HEIO.

Topn3oHT coObiTHA — rpaHKUa 00JacTM TIPOCTPAHCTBA—BPEMEHHM
BOKDYT 4epHOit awipbl, Bce, yTo HaxoaUTCA BHYTPH FOPHU30OHTA
COOBITHIl, HELOCTYNHO BHEMIHEMY Habmwogareno. ns Herpa-
LAIOWICIACH YEePHON Ab(pH! PaANYC FOPU3OHTA COOBITHI paBeH
2pUaauMayUOHHOMY paouycy.
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TpaBaralMoHHbIIT pagMyc — 3HAYEHUE pagnyca Tefa ¢ 3alaHHoi Mac-
COH1, NpU KOTOPOM BTOpasi KOCMHUYECKasi CKOPOCTh paBHa CKOPO-
CTH cBeTa. Ecau Teno CXMMAeTcs 10 TpaBUTalMOHHOrO panuyca,
OHO CTAHOBUTCS YepHOM abIpo. [paBUTALHMOHHLIHA panryc 3eM-
Jiv nipubnu3uTenbHo paseH 9 mM, CostHua — 3 KM.

Tpasuraums (TAroTeHNE) — YHUBEPCATBHOE B3aUMOAECHCTBUE MEX-
4y J106bIMM BILIAMM MATEPUU. B3aMMHOE MPUTSXKEHHE Te)l.

A

Jonaepa 3ddekT — U3MECHEHUE YACTOTRI KOJMEOGAHWH WIM UIMHBI
BOJIHBI, BOCITPUHIMAeMON HabmronateneM, Nnpu ABUXEHUU HC-
TOYHMKA KoeGaHuil U HabJonaTe st OTHOCUTENIBHO APYL ApYra.
Ecny UCTOUHUK KONeDAHWI IBUXETCS B CTOPOHY Habnawomarterns
— BOCTIpHHKMaeMast JUIMHA BOJIHBI YMEHbLUAETCA, NPU yaane-
HUM MCTOYHUKA OT HabmonaTtens — yBesnunBaercs. Ha3pau B
yecTb aBeTpuiickoro dusmuka K. Jlorviepa, TeopeTMIecKr pe-
ckasabiiero ero B 1842 . B actpodusuke adpdext Homnnepa nc-
MOJBb3YeTCs NSl ONpPENEeNIEHUS CKOPOCTH IBWXKEHWS 3ne3ll.
W3MepeHus 10IUIEPOBCKOrO CMEINIEHHS JIMHUIL B CNIEKTpax U3-
NY4eHUS yianeHHbIX FAaKTUK MPUBE/N K BEIBOAY O pacUIpAio-
nieiicsa Beesienuout {(eM. Kpachoe cmewienue).

JHK — ne30KcUpuGOHYKIEMHOBAS KUCI0Ta, HOCUTENb HACAEACT-
BEHHO# MHbOPMALIY 00 OpraHu3Me.

3

3Be3ana — packaneHHoe HeGecHOe Teo, HaXoIalIeecs B THApOCTa-
THYECKOM M TETUIOBOM paBHOBeCHM. [MIpocTaTHUECcKOe paBHO-
pecue obecreuyBaeTcs PAaBEHCTBOM CHJ TATOTEHUSI W CHUJI
BHYTPEHHEro AamieHusl. TeluloBoe paBHOBECHE COOTBETCTBYET
PABEHCTBY MOIITHOCTH, BhLICAAEMO# B HEApPAX 3BE3IbI, U MOLL-
HOCTH, HI/1y4aeMol#i C e¢ TIOBCPXHOCTH.
TTo ¢BoeMy COCTOSTHMIO 3BE3AbI AENATCS HA TPU [JIABHbLIE I'pyIl-
nst; 1) HopManbHble, HanpuMmep, Connue, 2) bease kapauxu,
3) Helimponnbie 36e30b1 — M2JIBIE U CBEPXTUTOTHLIE.

3emIs — Hallla ponHas niaHera. Bospact — 4,5 Mapa. ner, zemuoit
XM3HW — 3,8 MJpa. JeT, YesaoBeka — | MJIH. JeT. Macca —
6 X 107" 1, paauyc — 6370 KM, TUIOTHOCTD — 5,5 r/cM’. Jlyuime He
ObIBacET.

306



K

KBa3zapsl — MOLIHBIE BHErANAKTUYECKWE UCTOUHUKW DIIEKTPOMAT-
HUTHOTO UTYYEHUS, NPEACTARISIOT CODOM OYEeHb AKTUBHBIE AT~
pa JaeKuX TajJakTHK,

KBapku — nleMEHTapHbIe YaCTULLL C IPOBHBIM 3apsifioM, U3 KOTO-
PBIX TIO COBPEMEHHDBIM 11DEACTABAEHUAM COCTOAT BCE CHIIBHO-
B3aUMOJEICTRYOIIMUE (BHYTPUSASPHBIE) YACTULIBI.

KomeTa — ManoMaccuBHOE HEBECHOE TeNO. COCTOsIIEE B OCHORHOM
Y30 JIbAA U TBUTM U IBHXYTIEecs BOKPYT COJIHLIA MO CUILHO BBI-
TAHyTO# op6uTe. Ipu mpudmmkerun Kk CoJiHILy y KOMETHL 0Opa-
3yeTCs XBOCT, COCTOSIIMIA M3 ra3a M NbUIM. XBOCT Bceria
Hanpap/eH B ctopoHy oT ConHua. [TpemmomaraeTest, YTo BOKPYT
ConHIIa BpalIaeTcs OKOJIO TPHLIHOHA KOMET.

KocMugeckye fyun — NoToK 3JIeMEHTAPHbIX YACTHUII BBICOKOH DHEP-
MM, TIPUXOOSILIMX HA 3eMIIIO CO BCEX HAMPARICHUR KOCMHYEC-
KOTO TIPOCTPAHCTBA, a4 TAKXKE POXIEHHOe UMM B aTMocdepe
3eMJIH BIOPUYHOE H3TydeHUEe, B KOTOPOM BCTPEYAIOTCS TIPAKTH -~
YECKM BCE 3/IEMEHTAPHbIE YACTHIIbL.

Kocmonorus — ygenue o BeeneHHOM Kak eAMHOM LiesioM Y 060 Beei
OXBaY€HHOM acCTPOHOMWIECKUMU HabMI0ACHUSIMU obnactu Bee-
JIEHHOU KaK 4aCTH LIEJ10T0.

KpacHoe cMelienne — yRelMueHue UTHMH BOIH JIMHUIHA B CIIEKTPE MC-
TOYHMKA N0 CPABHEHUIO C IMHUAAMM 3TATOHHBIX CMTEKTPOB (cMe-
11eHHE JIMHMIL B KPaCHYIO YacTh CIIEKTPA).

JI

JIyueBas CKOpOCTb — TMPOEKIIMS BEKTOPA CKOPOCTH TCJla Ha JIyy 3pe-
HMS (IMHUIO HAOTIoNeH!S ).

M

Mueunsi myTs — Ha3paHue JanakTuky, B KoTopoil Haxonutces Co-
nHedYHas cuctema. Ha HOuHOM Hebe MUICYHBIN ITYyTh BBITISAAWT
chabocBeTsleiics TOIOCOM.

H

HeirtpuHo — 351eKTpUYECKd HEWTPATbHaA dNeMeRTapHash YacTvlia.
OTnHYMTENIBHOE CBOICTBO HEUTPUHO — O4YeHb C1aboe B3aUMO-
NEHCTBUE C BELECTBOM M, ClIeJ0BaTeIbHO, OTPOMHAs TTPOHHKA-
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101148 CII0COBHOCTL. DTO, ¢ ONHOUN CTOPOHEI, 3aTpPYIHAET JeTeK-
THPOBAHUE HEUTPUHO, C APYTOil — MO3BOJSIET U3YUATh C UX MO-
MOTIbK BHYTPEHHEE CTPOEHHE U 3BOJIIOIMID KOCMHYECKHX
OOBEKTOB.

HeifTpon — 371eKTpHUYECKU HEITpATbHAA YAaCTHLIA C MACCOU nopsii-
Ka Maccel IpoToHa. Y3 HeitTpoHOB U npoToHOB (0blLEe HA3Ba~
HUE — HYKIIOHBI) COCTOAT SI/Ipa BCeX aTOMOB BelLECTRA.

Heirrponnan 3Be3na — HeGoNbIasi MO pa3Mepy (TropsAaKa NECSTKA
KWJIOMETPOB) CBEPXILIOTHast (okono 100 MIH. T/cM'), cocTos-
[asi B OCHOBHOM W3 HENTPOHOB Bpalllaloliascs 38e3na, ob1ana-
Ioas, KaKk TpaBHIO, CWIbHbIM MAarHUTHRIM 1oeM (B
MWUIMAPAH pa3 Goutblue, yem y 3emiti).

IT

Ilapcek — eqWHUIIA IUTMHEL, IpUMEHsIEMast B aCTpoHOMHH. Paavyc
3eMHOW OPOUTEI C pACCTOSTHUA B OfMH NapceK BHAEH IO YTJIOM
1 cexyHnna. 1 napcek (nk) = 206265 a. e. = 3,0857X10" M.

ITaanersl — MacCUBHBIE KOCMUYECKUE 0O0BEKThI, 0Opa30oBaBLIMECS
M3 ra3a U MbLIY, OKpyXalomux 3se3ny. Ecny Macca ruianersl 60-
nee yeM B 80 pa3 nmpersicUT Maccy KOnuTtepa, To napieHKe U TeEM -
IepaTypa BHYTPH MOTYT OKA3aThCA NOCTATOYHBIMM JUISI Hauana
TePMOSIIEPHOMN peaklnu, U MJIAHETA TIPEBPATUTCA B 38e30y.

IpwinBHas nedopmaupa — jedpopManyst ONMTUYECKON 3Be3Obl B
IBOMHOW CUCTeMe, BbI3SBAHHAS PA3HOCTBIO CHJT IPUTSAKCHUS Pas-
HBIX YacTe 38e31bl (M3-3a PA3HOIO PACCTOSIHHST) K CROEMY CIIyT-
HHKY.

ITpokapuoTBI — XXUBLIE OPTAHK3MBI, KJIETKM KOTOPBIX HE MMEIOT sIpa.

IIporon — cTabWIbHAS (IOJTOXUTEIRHO 3apAXEHHAsT YacTHLA, SAPO
aToMa BOIOPOJIA.

Tlyancap — nepeMeHHblii CTPOro MepHoanyecKUii UCTOUHUK KM-
MYJIbCHOTO KOCMHUECKOTO0 3/1eKTPOMAarHUTHOro uanyyeHus. Co-
IJIACHO COBPEMEHHBLIM [IPEACTABICHUSAM, DPAIUOIYNBCAPH —
ObICTPO BpallalollMecss CHIBHO HAMarHWYeHHBIC HEWTPOHHbIE
3BE3MIBI.

P

PesMKTOBOE HATYYeHHE — PABHOMEPHO pacrpeaeneHHoe Bo BeeneH-
HOM 3JIEKTPOMArHMTHOE U31yYeHHE, COXpAaHMBIlIeeCs A0 HANINX
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IHe# co BpeMeHH 06pa3oBanusl BeeneHHOM. CrieKTpaibHbIM Ma-
KCUMYM DEJTUKTOBOTO MayyeHUsS COOTBETCTBYET TeMITepaType
3 K v iinHe BOJIHBI 1,5 MM.

OnHOPOAHOCTh M U3OTPOITHOCTE PEIMKTOBOTO H3NMYyYeHUs M03-
BONSIET UCTIONB30BATH €N0 KaK YIOOHYI0 CHCTEMY OTCYETa, Ha-
ApUMED, IIA OlpeaeeHnst cKopocTH npuxeHus: CosHeyHOi
CUCTEMBY Y TAJTAKTHKM.

Pentrenocxwmii 6apctep 1-ro THIA — KOPOTKHUE (IUTATEILHOCTBIO B
CEKYH/Ibl) U MONIHBIEC BCIBILIKW PEHTITEHOBCKOTO U3NYy4eHUSI,
pacnpelesicHHbIE HeperyJISIpHO BO BpeMeHW. McTOuHMKOM 13-
Jy4eHUs! SIBJIAIOTCA TEPMOSLIEPHBIE B3PbIBH BEILECTBA, HCTEKA-
IOLIEr0 M3 ONTHYECKOM 3Be3nBl B JBOMHOW CUCTEME U
HAKATUTUBAIOIIErocss Ha IMOBEPXHOCTM HEHTPOHHOW 3Be3lbl.
PeHTreHOBCKMIA 6apcrep 1-ro THA CBHAETEIbCTBYET O HAAUYHNH
HabNofaeMOoit fTIOBEPXHOCTH U, CTAN10 OBITE, O TOM, YTO OGBHEKT
SIBNIAETCH HEWTPOHHOM 3BE3A0i4, a He YEPHOH AbIpOi.

PHK — puboHYKJICHHOBAS KMCIIOTA, CITYXHUT LIS IepeHoca HHPop-
MaliM ¥ CUHTe32 Genka.

C

CBeTHMOCTh — TIOJTHASL 3HEPTUsl, U3TyyaeMasi 3Be3NON B eAUHULLY
BPEMEHHU.

CeetoBoif T0j| — eIMHUIIA IUHEL, TIPUMEHSAEMasd B ACTPOHOMUM,
I c.r.=0,3 napcek = 9,46 X 10"*m.

CuMOHOreHes — rpouecc BOSHUKHOBEHMS CJIOXHbBIX OPTaHU3MOB 34
CYET CAUSIHHUST HECKOIBKUX TIPOCTHIX.

Cdepa IIBapunmuisia — ropu30HT COObITH AN HEBpallalouleics
YePHOM ALIPHI.

TemHas SHeprua (KOCMUYECKHI BaKyyM) — COCTOSTHME KOCMMYEC-
KO# Cpellbl, KOTOPOE XapaKTEPU3YeTCs MOCTOAHHON BO BpeMEHU
U OJUHAKOBOIl B TIPOCTPAHCTBE IUIOTHOCTBIO. [lo 3TUM
CBONCTBAM BaxKyyM IMpPUHUMOMAIBHO OTJUYAECTCHA OT BCEX
JIPYTHX, OOBIYHBIX (POPM KOCMHYUECKON CPeabl, TUTOTHOCTH KOTO-
pHIX HEOTHOPOIHA B TIPOCTPAHCTBE 1 MANAET CO BPEMEHEM B XO-
e KocMojyoruyeckoro pacuimpeHusi. [1o riotHocTH 3Hepruu
KOCMUUECKHit BAKYYM MPEBOCXOAUNT BCE «OBBMMHBIE» HOPMEI KO-
CMHYECKOTO BELLIECTBA BMECTE B3sThle. BakyyM co3naer KocMu-
4eCKOC aHTUTATOTEHME —aHTUIPAaBUTALIMIO, KOTOPAS YIpaBJIseT
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IUHAMUKON KOCMOJTOTHYECKOTO PaclIMpeHusl B COBPEMEHHYIO
JTOXY.

T

TeMHoe BemecTBO — CKpbITas Macca (cM. [aio).

D

®oTOH — 3JIEMEHTAPHAA YACTHLA, KBAHT 37eKTPOMArHUTHOIO W3-
JMYUeHUS, PACIIPOCTPAHSIONIASCA B TIPOCTPAHCTBE ¢ TIPEICTLHO
BO3MOXHOI ckopocthio 300 000 xM/c. Macca mokos GoToHa
paBHa HYJIIO.

I

IuanoGuoHTEI — TiepBbie (OTOCHHTE3UPYIOIUINE XHUBBIE OPTaHM3-
Mbl, NPOM3BOASALLVIE GHOreHHBIH MOJICKYIIPHBII KMCJIOPOL B aT-
Mocepe 3eMin (KOTOpasl BHAYaJle COCTOSLIa B OCHOBHOM M3
VTIIEKUCIIOTO Ta3a).

9

Yepnas apipa — KOCMUUECKUiIT 00BEKT, BOZHUKAOWIVI B pe3yJisTare
CXaTusl Tejla rpaBUTALLMOHHBIMU CUJIAMU 10 PAa3MEPOB, PABHAIX
€ro rpaBUTALIHOHHOMY panMycy (U1ST RHEIWHErO HabmoaaTess).
OCHOBHOE CBOMCTBO YEPHOTN MBIPHI 3aKITIOYAETCS B TOM, UTO HHU-
KaKHe CUrHajibl (CBET, YaCTHULIBI), HCITYCKAacMbie U3 BHYTPEHHEH
4aCTH YEPHOW JIBIPBI, HE MOIYT BbLATU HAPYXY, TaK KaK HE MOTYT
TIPEONONETD CHJIBI TIPUTSIKEHUSE.

C

DKCUEHTPHCHTET -— MEPa BLITSHYTOCTU OPOWTH, paBHas OTHOILLE-
HUIO PAcCTOSTHUST MEXITY poKycaMy K Doseiroit ocu. [lpu e = 0
opGuTa HMeeT hopMy OKPYXKHOCTH, ITpH 0 < e < 1 — 3mmMnca,
pu ¢ = | — napaboabl ¥ Opu ¢ > 1 — runepoosibl.

DREKTPOH — TepBast 3IeMeHTapHAs YaCTULIA, OTKPBITasl B PU3MKeE.
UmeeT mantyio Maccy Tioxost 9,1X 10 r 1 MHHHMAJTbHBIH 37EKT-
puueckwit 3apsn 1,6x10™ Ka.

DjleMeHTapHbIe JACTHILI — NepBUYHEIE HEASTUMBIE YaCTHIIH, ¥ KO-
TODPBIX HE OOHAPYXEHO BHYTPEHHEH CTPYKTYPhI, U U3 KOTOPLIX,
TIO TIPEATTONIOXEH UKD, COCTOUT BCSI MATePUsL.
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Dprocepa — NUPOCTPAHCTBO, OKPYXAIOUIEE TOPUIOHT COOLITUM
BPAILIAIOIEICA YEPHOM IBIPHI U COIEepXKalliee BUXPEBOE rPABH -
TaluKoHHOe moe. I[Tox AeficTBMEM MOCIeAHEro BCe TEa, yac-
Tl M (DOTOHBI JAOJKHBI HETNMPEPbIBHO ABUTATBCS. U3
aprocdepsl Bpallaoiieiicss YepHOM IObIpHI MOXHO M3BJICKATH
3HEPTHIO € 3(PHEKTUBHOCTBIO, B COTHU Pa3 nipeBocxoasuicit sdge-
KTUBHOCTb BblAC/IEHUS SHEPTUU NPH TEPMOSIAEPHBIX PEAKIINSX.

OyKapuoTbl — XWBbiE OPraHU3MB] C KNETOYHBIM SIPOM.

A

Sinpo aToMa — 1IeHTpANbHASsI MACCUBHAst YACTh ATOMA, COCTOSIINASA U3
NPOTOHOB U HEUTPOHOB.

Anpa ranakTHK — KOMTIAKTHEIE MACCUBHBIE CIYUICHUS B LIEHTPAIb-
HBIX OGJIACTSIX MHOTHX TJIAKTHK.
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[eHOM, KJIOHUpOBaHue,
NPOUCXOXAEHUEe Yenoseka

IToxn penakiveit yneHa-koppecnonaeHta PAH
JI. U. KopoukuHa

Y10 Takoe reHOM Yesl0BeKa, YEM OT/IUYABTCS KIIOHUPOBAHUE OT
KOMMPOBAHUS, KAK IeHbl ONPSALISIIOT PA3BUTHE OPTAHM3MA H CO-
HHATBHOE TNIOBENEHNE YENOBEKA, YTO TAKOE FeHHAA UHXEHEPUS M
KaK OHa MCTIOJIb3yeTCs B TPOM3BOACTBE MPOAYKTOB U JIEKAPCTB.

Iocnennue NOCTUXEHUS TEHETUKH, B TOM YUCIiE CEHCAIlMOH-
HbIE PE3YABTATHI B PEIICHUH TTPOGJIeMbl TTPOUCXOXACHUA Y MHUTPa-
MU YENOBEKA, U3NOXEHBHl HA BLICOKOM HayYHOM YPOBHE U B
JOCTYNIHOH /15 LIMPOKOTO YMTATENs dhopMe.



«Hayxa ona ecex»

E. JI. ®eiinbepr

ABe KynbTypbl.
UHTYULMA 1 noruka
B UCKYCCTBE W Hayke

l']'I‘O TaKO€ UCKYCCTBO M 3a4EM OHO HYXHO 4YCJOBEKY. Kakonsl
B3aMMOOTHOWEHHST UCKYCCTRA U HayKu. [l KOHYaeTcCs JIorika u
HAYMHAETCA UHTYULINA.

OO6ime npobieMBl «IBYX KYNBTYpP» — €CTeCTBEHHOHAyYHOTO
3HaHMS, ¢ ONHOI CTOPOHEBL, UCKYCCTBA M TYMAHUTAPHBIX HAyK — C
JPYrou paccMaTpuBaoTcs ¢ GuaocodCKoi TOUKH 3PEeHUA U3BCCT-
HBIM U3uKoM, akaneMukom E. J1. ®eirnbeprom.

Tpetbe, paclIUpeHHOE U AOMOJHEHHOE U3AAHWE.
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B. I. Pormireiin

Meuxuatpug —
HayKa WAU MCKYCCTBO?

[lcuxyveckye pacCTpPONCTBA: YTO HYXHO 3HATh BCEM, 2 UTO —
NALMCHTAM Y WX POACTBCHHUKaM. KaK IICHXHATPH! CTaBAT RHATHO3
M HACKOJIBKO OH JocToBepeH. [IpoGieMa Hanarca MeXny ITpaBaMy
NUIHOCTH, 11015300 115 BONLHOTO U HHTEpECAMU OBLIECTRA.

BriepBrIe Ha PYCCKOM A3kIKE B JOCTYIIHOI 1A LUKMPOKOro YUTa-
Tens hopMe U3T0KEHBI OCHOBHBIC HOHATUA TPAXNTIHOHHO 3aKPLI-
TOIl 06/14CTH — NCHUXUATPHU.
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