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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.

6



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,

9



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.

19



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
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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.

48



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
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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.

54



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,
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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.

83



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

84



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

85



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.
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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
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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.

127



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.
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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. BhIIL