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[TPEAUCAOBUE

cTtopuio BcesieHHOM, MOXKaIy#, JIydlile BCero MUCaTh BCHATD.

PazymeeTcs, He HabUpasi TEKCT OT KOHIIA K HavasIy, a BEICTpa-

MBas paccka3 B 00paTHOM XPOHOJIOTHYECKOM THopsizke. [TpuTs-
raTeJbHOCTb MOMEHTAa TBOPEHUA U JJI PEIMTUO3HOTO, U /I Hayy-
HOT'O MBIIILIEHUS 0OBACHAETCS HALITM MHTEPECOM K TOMY, KaK MbI
OKa3aJICh TaM, IZie HaXoAuMcs ceityac. Ecay HayaTh ¢ HACTOs-
1[ero MOMeHTa U OTMOTAaTh IUIeHKY HasaZg Ha 7000 et desnoBe-
YecKOM UCTOPUH, TO MBI YBUZAUM, UTO Zjajiee Iiepesi HaMU IIPOCTU-
paroTcs ellle 7 MJIH JIET O CaMOM 3apu dejoBedyecTBa. Kak OB
OIIeJIOMUTENbHO 3TO HU 3By4asio, HO Hac XAyT elne 600 MJIH jieT
JIO TIOSIBJIEHUS KUBOTHBIX, 3 MJIPZ JIeT 0 MOMeHTa 3apoXKAeHuUs
JKU3HU, HY U ellle KaKOH-HUOYAb JKaJKUH MUUTHAPZ 0 POXKAEHUS
Harel wiaHeTbl 1 COTHEYHOU cUCTeMBI. A VK U3 TOU TOYKU OT-
KpBIBaIOTCA eltle 9 MIIpZ JIeT 10 MOMeHTa BO3HUKHOBEHUA CaMOTI'0
BpeMeHU. Ecyii 61 MBI MOIVIM IIPOKPYTUTh UCTOPUIO BeeleHHOMH
HasaZ 3a CYyTKU, KaK HEBBIHOCUMO /JJTUHHBIN aBaHTapJUCTCKUN
bWIbM, TO UCTOPUS YeloBevecTBa 3aHsia Okl B HEM MPUMEPHO
0,04 cexyHZBI ¥ 3aKOHYWIACh 3a/|0JIT0 10 TOTO, KaK C SKpaHa MC-
Ye3HYT BCTYNUTEIbHbIE TUTPHL [IepBhie KUBOTHBIE ITOSIBIUIMCD OBI
CIIYCTS Yac ¢ Havyajia POCMOTPA; ellle ceMb C IUITHUM YacoB HaM
TIPUIILIOCH OBI JKJaTh clieH GopMupoBaHus 3emiu U COTHEUHOH
CHCTEMBI U 3aT€M IPOMYUHUTHCA ellle 16 4acoB, 4TOObI HaKOHEI]
mo6paThbes 10 BOSHUKHOBEHMS BceleHHOT.

Ho kak 6bI HM cO0/Ia3HUTENBHO OBUTO BECTH pacckas 06 UCTOo-
puu BecesleHHOU «M3 HaCTOAIIEro B MPOILIOe», XPOHOJIOTHUYeCKUN
TTO/IX0/l OKa3bIBAETCsA 3HAUUTENLHO 60JIee TPOAYKTUBHEIM, TeM 60-
Jiee YTO Mbl IIPUBBIKJIA MBICJIUTD Y KUTh B MUPE, T7le BCE «yCTPeEM-
JIEHO BIlepe». B 3Toii HEOOJbIIONH KHUTE SI U3JI0KY HCTOPHIO
B YCKOpPeHHOM TeMIle He 3a 24 yaca (XOTA BCe 3aBUCHUT OT Tebs,
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ZIOPOTOli YUTATEND), @ CKOJIb3S IO TIOBEPXHOCTH COOBITHI U OCTa-
HAaBJIMBASICh JIMIIb HA BRXKHENUITMX 13 HUX. KHUTra oXBaThIBaeT ca-
MbIe 3HaMeHaTe/IbHbIE MOMEHTHI B UCTOpUY BceleHHOM, TTOKa3hl-
Baf, KOTZa U, caMoe IVIaBHOe, KaK MOABWINCH Pa3/INYHbIE ee YacTH.
[NoHsATHE «IIPOHCXOXKAEHNE» INTyDOKO YKOPEHWIOCH B HayKe. Peub
ngeT He o Mudax U JOMBICIAX, a 0 BAXKHEHIINX HAYYHBIX THUIIO-
Te3ax, OOBSICHAIOIINX, KaK BO3HUKIIO Bee cyllee. PazHuIa Mexzay
JIOMBICJIOM ¥ TMTIOTE301 MpUHIMNHAIbHAs. VicciezoBarent MOryT
ONPOBEPTHYTH WIN MPU3HATD JIOXKHOU THUTIOTE3Y B X0/l SKCIIEPU-
MEHTOB WK HabII0eHUH, TOCKOIBKY TUIIOTE3a — 3TO Ipe/cKasa-
HUe, TIo/iZIafolleecs MPOBEPKe U M3MepeHuio. [IpoBepsaemas rumo-
Te3a, MoKy, CcTaja OCHOBOIIOJIATAIOIIMM HayYHbIM [TOHATHEM,
U, XOTA KOMY-TO TaKOT'0 PoZia MaTePUU MOTYT [TOKa3aThCA CyXUMHU,
51 HAJIEFOCh ZIOHECTH JI0 YATATEJIA BCIO KPACOTY 3TOT'O TIOHATHA, pac-
CMaTpuBasi UCTOPUU MTPOUCXOXKAeHUA. Ho He BOJHYITECH, CIIUIII-
KOM YCepZICTBOBATh C KPacoOTOH 51 He cOOHUPAIOCh.

Xody 3aMeTUTb, UTO 3Ta KHUTA BbIPOCJIA U3 MOEro CTyAeHdYe-
CKOTO ceMUHapa B MeIbckoM YHUBepCUTeTe, CKPOMHO Ha3BAHHOTO
«[IpoucxoxzeHre Bcero». Ero 1epio 6610 OOBSICHUTD, YTO TaKOEe
HayKa C TOMOIITIO «OOJTBIIHX>» TIPOBEPSEMbIX TUTIOTe3. KHUTa Mpe/-
Ha3HavYeHa IMIMPOKOU ayAUTOPUH, HO S HE AYyMaro, YTO Pa3roBOP
0 HayKe cjleflyeT BeCTH Ha IPUMUTHBHOM YpoBHe. B To ke Bpema
51 TOCTapalOCh He YTOMJIATD YUTATEIA TEPMUHOJIOTYEH U TIOACHSTD,
YTO K YEMY, TaM, T7ie O6e3 TOJIMKY HayJYHOTO KaproHa He 0O0NTHUCH.

U x0T 51 Oyzly M371araTh JIMIIb OCHOBHEIE MOMEHTBI TEOPHIA IPO-
HCXOXKIEHMs, 5TO He CIyYaiiHble WIH He CBI3aHHbIe MeXIy coOOoI
SMU30/bI — KaXK/JBIHM M3 HUX 3aBUCUT OT MPEJBIAYIINETO U IUIABHO
IepeTeKaeT B ocieAytomuii. Te KUPITMYUKY, U3 KOTOPBIX IIOCTPO-
€Ha >XW3Hb, BO3HUKJIM U3 BO3/IyXa, MOPS U TOPHBIX TIOPOZ, Hatlekn
IUIAHETHI, a caMa 3eMit cOpMHpOBajach U3 KOCMIYECKOH ITbUTH.
Ee yacTuip! poAnmch B FOpHIIE TUTAHTCKUX 3Be37l, KOTOpble BO3-
HUKJIM U3 Ta3a, MOSBUBIIErocs B pe3yJbTaTe BosbIIoro B3phIBa.
PacrionoxeHne Halllel TUIaHETH B KOCMITYECKOM ITPOCTPAHCTBE, TO,
KaKuM 00pa3oM BO3HHUKAIN ¥ UBMEHSUIHCH ee OKeaHbI, aTMocepa



NPEANCIOBUE

Y BHyTPEHHEE CTPOEHHE, — BCE TO IMO3BOJIJIO CJIOKHBIM pOpMaM
’KM3HM CYIIeCTBOBATD Ha IPOTSLKEHUH COTEH MIWUTHOHOB JIET.

Kax y4eHbIii, KOTOPBII 3aHUMAJICS PAZOM 0OCYKaeMbIX 3/1eCh
TeM (XOTs, KOHEYHO, He BCEMU), 51 YACTO PACCMATPUBAIO BOIIPOCH
IIPOUCXOXKAEHHA CKBO3b IIPHU3MY re0pHU3UKH, T. €., TOBOPSI OTKPO-
BEHHO, CMOTPIO Ha BEIM HECKOJBKO IpeaB3ATo. Co BpeMeHeM
MOU CTYAEHTHI YICHAIOT, YTO B MOEM H3JIOKEHUM BaKHasl POJIb
OTBOJUTCS TEKTOHUKE IUIUT, M, €CJIK OBl 1 MOT KaKUM-TO obpa-
30M BO3JIOXKUTHh HA HEe OTBETCTBEHHOCTH 32 BOJBIION B3DHIB,
s1 6Bl 3TO caenan (HO, K COXKAJEHUIO, TYT UMEET MECTO J0Caj-
HOe HecOBIaZieHHe BO BpeMeHU). ECTh IIpekpacHble, ropaszio
6osiee TIOPOOHBIE, YeM 3TA, KHUTH 10 UCTOPUU BceleHHOI
U JKM3HU Ha 3eMJie, B KOHIlE S IPUBOXKY UX IepedeHb. Mos ke
paboTa, He IpeTeHAyA HU Ha IyOHHY, HM Ha BCEOXBATHOCTD,
6yZeT BecbMa HEMHOTOCJIOBHOM M HECKOJIBKO MOBEPXHOCTHOM
B JIyYIlIEM CMBICJIE 3THX CJIOB — €CJIU, KOHEYHO, TaKOM CMBICJ
y HUX uMeeTcs. Mos 1ieib — IpeAIoKUTh KPaTKUi 1, HaIeloCh,
JIETKO YUTAEMBIN 00630P, KOTOPHIH IPU3BaH J]aTh IIPE/CTAaBIEHNE
06 rcropuu BeenleHHOM (M B KAKOH-TO CTETIEHU O MECTE YesI0Be-
yecTBa B 9TOM MCTOPHUM), H, YTO ellle BaxkHee, ITOOYIUTh YMTAa-
TeJis PaCIIMPATH CBOU 3HAHUS B 9TUX MHTEPECHENTINX 061aCTAX.

[peaynpexaeHue: YUTATENb MOXKET MIPEATIONOKUTD, UTO 5 AB-
JITIOCH CIIENMAIKCTOM BO BCeX TeX cdepax, O KOTOPHIX TOBOPUTCS
B 9TO# He6OJ b0 KHUTe. YUTO ObUTO OB 3aMeyYaTeNbHO, O6YAb OHO
MIpaBZIoH, HO, ECJIM YE€CTHO, 3TO He TaK. Onpezie/IeHHbIN barax 3Ha-
HU 32 TIOYTH TPU JECATIIETHSA IPEOIaBaTeTbCKOM 1eATeTbHOCTH
B VHUBEPCUTETE s HAKOIIWI, HO s HU B KOell Mepe He acTPOHOM,
He OUOJIOT U He aHTPOTIOJNOT. I103TOMY TeMbI, OJIU3KHE K MOUM Ha-
VYHBIM HHTepecaM — reodusHKe ¥ Hayke 0 3eMie, — IIOHEBOJIE
6yZyT paccMOTpeHbI 6osiee TIOAPOOHO. YuTaTenb He MO/KEH TIO-
JlaraThCs Ha 3Ty KHUTY KaK Ha OKOHYATeJIbHOE CJIOBO B 3aTparu-
BaeMbIX el Borpocax. OHa 6oJIbIle MOX0XKa Ha MPOOHYIO TapesKy
KyIIaHui U3 pecTopaHa KyxHu (bioykH, med-moBap KOTOPOTO
IJIaBHBIM 00pa3oM 3HAaMEHUT CBOMMM JIMHTBHUHU.






1 BOCEAEHHAA U TAAAKTHKH

peMsi Ha4asioCh IOCJIe HETIOCTKUMOT0, Yy/IOBUITHON CYTBI

B3pBEIBAa — HEIUIOXOe Hadaso, He Tak au? OfHAKO ObUT 1

3TOT B3pBIB IIEPBEIM MOMEHTOM CyllleCTBOBaHU:A BeeneHHOMN
WIU TOJBKO 3eMJIH, ellle CPaBHUTENIbHO HelaBHO — 10 XX B. —
He 3HaU. [lepBhle cTpoky bubinu rmacarT: «B Hayase coTBOpUT
Bor He60 u 3emito». B XVII B. upiaHAcKuil apxuenuckor Jxeimc
Arriitiep Ziake BBIYMCIWI TOYHYIO JJaTy 3TOTO COOBITHS — 23 OK-
TA6psa 4004 1. 10 H.3.

HekoToptble Bhizaromuecs Gprmocodbl 310Xy Bo3poKaeHuUs,
YKUBINVE HE33/0T0 [0 Aliepa, NpuepKUBaINUCh paJuKab-
HOTO MHEHUS, YTO Y BpeMeHH BooOIe He ObUIO Hadasna. B Tom
qucie 3HaMEHUTBIN, B OCHOBHOM H3-32 CBOEM My4YeHHUYECKOU
CMEPTH, UTATbTHCKUY MOHAX-JOMUHUKAHEI U MBICIUTEND XVI B.
bxopaaHo BpyHo. OH Bepw B aJbTepHATUBHYIO 110 TeEM BpeMe-
HaMm uzero KornepHuka o ToM, 4TO 3eMJISl HE ABJIAETCA LEHTPOM
Mupa, a obpataercsa BOKpyr ConHiia. BpyHo moriesn Aabiie Ko-
IIepHUKA U IpeAnonoxwi, yro CoyHIle — BCero JUIIb 3Be3/a,
TakKas ’Ke, KaKk U Te, 9YTO MBI BUAUM Ha HOYHOM Hebe, U BO-
KPYT KOTOPHIX TaKXKe obpanialoTcs miaHeTsl. Ho camMoe BaxKHOe,
110 KpatiHell Mepe, AJi Halllelt KHUTU, — 3TO yTBepxkAeHue JKop-
JaHo BpyHo o ToM, 4TO BceleHHas HeM3MeHHa U Oe3rpaHUYHa
BO BpeMeHU U MpOoCTpaHCTBe. BpyHO OBUT He TIEPBBIM €BpOIeki-
CKUM MBICJIUTEIEM, BHICKA3bIBABIIMM TaKue B3IVISAAbI, OLHAKO
MMEHHO €ro W/led KaTOJWYecKas IIePKOBb OOBSBUIA epeThye-
CKUMM Hapsazy c elle 60jee OCKOPOISIONIUM Bepy OTpUIlaHUEM
BoxkectBeHHOCTHU XpHcTa U TauHcTBa [IpecymiecTBieHus. bpyHo
OBLT CXBaueH B BeHellWu U MpeZcCTasl repe/i TpUbyHaJIOM, 3aTeM
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€ro yBe3ju B Pum, rje BHOBb IOJBEPIVIN AONpocaM. ITbLTKUH
U SI3BUTEIbHBIN BpyHO 3asBWI, YTO HE OTPEUYETCS OT CBOUX TPY-
JIOB, TIOKA T1ara pUMCKUE Win caM ['ocnogs Bor He CKakyT emy,
YTO OH He IpaB. Te MPOMOJYaAIN, U B IIEPBHIH J€Hb BEJIUKOTO
rmocta 1600 r. /xxopaaHo BpyHO ObUT COXOKEH Ha KOCTPE Ha ILIO-
mazu Kammno gy ®vopu B Pume. Ceifuac Ha 3TOM MecCTe CTOUT
€ro CTaTys, FPO3HO MOIIAAbIBAIOINAS Ha BECETBIX TYPUCTOB, KO-
TOpBIe 00ealoT B Ommkaimmx kade.

K cuacThio, C TeX IOp yU€eHBIX OOJIbINIE HE CKUTAIOT Ha KOCTPaX
3a ux ujeu (1o Kpatineil Mepe OykBajabHO). OJHAKABI B PrMe MbI
C KOJUIETOM, CTOSI ITepe/i BIIeYAT/IAIOUINM ITaMATHUKOM JI?KOpAaHO
BpyHo, 3a1a/iMch BOITPOCOM, OTPEKJIUCH OBl MBI OT CBOMX Hayy-
HBIX paboT IO CTPaXOM CMEPTH, Kak 3To caesan lanwieo Tanu-
Jielt yepes 33 rojga mnocije kKasHu bpyHo. [Tocie KOpoTKoTo pas-
JyMbsI MBI pPACCMESUINCh U TIPU3HAJIH, YTO TYT XKe OTPEKIUCH OBlI.
Ho He3aBHCHMMO OT Hallle TPYCOCTH — U OT CAMOM UJEU yMe-
peTb 3a TPYZAbI, KOTOpPble HUKTO He YMTaJjl, — Y Hac eCTb BO3MOXK-
HOCTB OLIEHUTD TIPOILIOE, TO3TOMY MBI IOHUMA€EM, YTO JDKEHA-
yKa YMUPA€eT BMECTE C ee aBTOPaMH, a HaCTosIIas HayKa He YMU-
paeT HuKorza. Eciiy Hallti Bo33peHHs Ior1barT BMeCTe C HaMH,
TO, BEPOATHO, 3TOTO OHU U 3aCHyKUBarT. OpHako J[XKOpAaHO
BpyHO moskepTBOBAJI XKU3HBIO PaJyl CBOUX YOEXIEHU, CTaB O/-
HHMM M3 CaMbIX M3BECTHBIX MyY€HHKOB HayKU. B KOHIle KOHIIOB
€ro W/ieu OKasaluCh IIPOPOYECKUMHU, OCOOEHHO TEOPUS O TOM,
YTO 3eMJIsd — BCEro JIMIIb OAHA M3 BEJIMKOTO MHOXKECTBa IUIa-
HeT, 00palllaloIIXCsi BOKPYT OAHOM M3 MHOTOYHCIEHHbIX 3BE3]
B 6e3rpaHUYHON U gpeBHel BceseHHOM.

OxHako uges BpyHo o ToMm, yTo BcesneHHasa 6e3rpaHUYHA
He TOJIbKO B IIPOCTPAHCTBE, HO K BO BpeMeHH, He BepHa — Y Bpe-
MeHM O6bUTO Hauaso. [IpocTeiiiiiee l0Ka3aTeTbLCTBO STOTO — TEM-
HOTa HOYHOT0 Heba. Ecyiv 6B MBI *KUJIU B 6€3TpaHUYHO ApEeBHEN
1 6e3rpaHUYHO OOIIMPHOL BeesleHHOM, KayK/ Il KJIOYOK HOYHOT'O
Heba ObUT GBI 3aHAT 3BE3/IaMU, CBET 3TOTO GeCIpeZieTbHOTO KO-
JIMYECTBA 3Be37 yCIea Obl JOCTHYh Halllel IIaHEeTH U BCEe HOY-



BCEJIEHHAA U TATAKTUKU

Hoe He00 OBUTO GBI OCBEIEHO 3TUM CBeTOM. Ellle cOBpeMeHHUKH
II>xopaano bpyHo HeMelikuli MmaTemaTuk MoranH Kemiep u aH-
IIMHACKYH acTpoHoM Tomac JIurrec yIIOMUHAIN 3TOT GOTOMETPH-
YeCKUH MapaZoKC, OAHAKO Ha3BaH OH OBUI B YeCTh HEMEIIKOTO
acTpoHoMa koH1ia XVIII-XIX BB. enpuxa Bunbrensma Onbbepca.
Penrenve mapaziokca IpeyioxkwI YuabaMm TomriicoH (opz Kesb-
BUH), aHIIMICKUH ¢r3uk XIX—XX BB., a 10 HETO BEPHYIO JA0TaAKY
BBICKa3aJl aMepUKaHCKUM IUcaTesb U moaT arap Asiad [To: Bee-
JIeHHas ZIoJbKHA OBITH OrpaHuveHa M60 BO BpeMEeHH CYIIeCTBO-
BaHUA (M, TAKUM 00pa3oM, CBET CaMbIX JaJeKUX 3Be3[ 0 Hac
ellle He JoJsieTen), Ju6O B pasMepax (IIOTOMY 3Be3ZAbl HE 3aHU-
MaroT co60¥ KaXX/Iblil KIIOUOK Heba), 110 B TOM U ApyroM. JTa
Ba)kHad JIoTa/IKa BIOCJIEeACTBUY IIpHBeJa K runorese bosbiioro
B3PBIBA, IOCKOJIbKY U3 Hee cJleZloBaJIo, 4To BeeseHHas mosABMIach
B HEKWH MOMEHT TIPOIIUIOTO U /WIN HE Be3/le OAHOBPEMEHHO.
B 1920-x IT. aMepUKaHCKUI acCTPOHOM DZBUH Xab6J1 Ha OCHO-
BaHUU HaAOJIOAEHUM B TEJIECKOI YCTAaHOBWI, YTO 3a TIpe/ielaMU
MieuHoro ITyTH, KOTOPBIH MpeX/e CINTATN eJUHCTBEHHOMU Ta-
JIAKTUKOU B HENOJABMKHOU U KOHe4YHOU! BceseHHOU, UMeEIOTCSA
JIpyTHe TalakKTUKU. PaccTosgHue 0 HUX Xab6J1 BEIYUCIWI 11O Tie-
dengaM — MyIbCUPYIOIIUM TIEPEMEHHBIM 3BE37IaM, Y€l IEPUo/
(BpeMa Mex/y Iy/ibcaliuAMU) U CBETUMOCTH (IIOJIHAA H3jIyda-
eMas SHeprus B BHUZe CBeTa) IPONOPIMOHANbHEL. biarogapsa
3TOMY MOXKHO OTPEeJENSATh PACCTOSAHUA: Y llepen] C OAMHAKO-
BBIM II€PUOJOM IY/IbCAIlUU CBETUMOCThH OJJMHAKOBas, eciu e
O/lHA U3 THUX 3Be3/] KaXKeTcs Oojiee TyCKIOHM, 3HAYUT, OHA HAXO-
JIUTCA labllle OT Hac, ¥ Ha060poT. (Buaumas ApKocTh 06beKTa
yOBIBaeT 006paTHO MPOMOPIMOHATBHO KBAJpPaTy PacCTOSHUS
no Hero.) Takum obpasom, Habmogas Hedenbl, MOXKHO BBIUHC-
JIUTh PACCTOSTHUE JI0 TaJlaKTUK, B KOTOPBIX OHU PACIIOJIOXKEHHI.
Xab6s Takke 0OHAPYKWII, UYTO YeM JAJbIIE OTCTOSAT I'AIAKTUKH,
TeM 6GOJIbIlle UX KpacHoe cMelleHue. KpacHbIi cBeT UMeeT Hau-
GoJIbIITMe TIEPUOABI KoJleGaHUH U IMHY BOJHBI B BUIUMOM 4acTH
cnekTpa. KpacHoe cMmelleHe cBeTa MOXKHO CPaBHUTD C IIOHIKe-
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HHMEM 3ByKa CUPeHBI ITpoe3)Kalolell MUMO Hac MallHbI CKOPOH
ToMOIIY (3BYK OHIDKAETCS BCJIEACTBHUE CHIKEHUS YaCTOTHI 3BY-
KOBBIX BOJTH WX YBEJTMYEHUS UX JIMHBI 1 TIepUoia KoebaHuii).
KpacHoe cmelieHre TajlakKTHK IIOKA3bIBAET: YeM OOJIbIIIEe PACCTO-
SIHYE MEX/y IByMs rajJlaKTUKaMU, TeM BBIIIIE CKOPOCTh UX B3a-
UMHOTO yJajeHus, T.e. TaJaKTUKU yAAISII0TCI APYT OT ApyTa,
pasjieTasch B pasHble CTOPOHEI.

Ilo Toro xak JaBUH Xab6/1 0GHAPYKII, YTO TATaKTUKU yAa-
JITIOTCA IPYT OT Zpyra, Genbrutickuii acrporom Kopx JlemeTp
U pycckuit pusmk Anekcadp PpruaMaH He3aBUCHUMO APYT OT ApyTa
TIPUIIUTH K BBIBOAY, YTO BeenenHas paciivpsiercs. O6a yUeHBIX UC-
MOJTh30BAJIU OOIITYIO TEOPHIO OTHOCUTENTHFHOCTH DUHIIITEHHA, XOTA
caM DUMHIITeH BHa4yaje OTBeprajl UX pacueTsl (IpaBza, IPUHAL
ux mo3zaHee). Habmrogenns Xab6s1a moaTBepAwIn uaen Jlemerpa
u Ppuzamana o pacmupsroeica BeeneHHON.

Eciu BceneHHas kOHeYHa BO BpeMeHU U IMPOCTpPaHCTBE
U IIPY 3TOM OHa PaCUINPAETCs, TO, «OTMOTAB Ha3a/» ee PacIiu-
peHue, Mbl YBU/IUM, YTO BCS €€ Macca ¥ SHepPrusa HeKorga Obuia
cocpeZloTo4YeHa B HEBEPOATHO MasIol U ropsdeil Touke, KOTOPYIO
JleMeTp Ha3BajJ «KOCMHYECKUM si1oM». HayambHOe pacrimpe-
HMe 3TOU Macchl B IlepBble MOMEHTH BO3HUKHOBeHUs BceseH-
HOH actpoHoM u3 Kemb6pumkckoro yuuBepcurera ®@pesn Xoin
B HacMelllKy (IIOTOMY 4YTO eMy O4YeHb He HpaBWIach 3Ta uzes)
HaszBas bosbmuM B3pbiBOM. HazBaHue NPMKUIOCH, XOTS, BO-
npeku ¢ppase, KOTOPOH 5 HAUAJI IVIABY, CJIOBO «B3PBIB» HE COBCEM
TIOIXOZIUT JIJi OTMCAHUA ITOTO ABJIEHUs. B3pHIB Ipe/cTaBisaeT
co60¥ yZapHyIO BOJIHY, BBI3BaHHYIO PE3KUM paszieleHreM Tra3a
C BBICOKUM /IaBJIeHUeM U rasa ¢ HU3KUM JlaBjieHUeM, B TO BpeMs
Kak BcesleHHas1 co Bceli cBOel Maccoi M dHeprueu Oblia cxaTa
B O/IHOM KPOIIIEYHOM TOUKe, T.e. BcemeHHOMN HeKyZia 60 pac-
MpocTpaHAThCsA. Pacmpsisich, BecesieHHast HeceT ¢ cob0# rpaHUIly
Halllero MUpa, 3a IIpejelaMyu KOTOPOTO HET HU CBeTa, HU JHEP-
MU, HU IIPOCTPAHCTBA, HU BpeMeHU. [IpescTaBUTh 3TO BecbMa
TPYZAHO, He IIpaBJa Ju?
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Hakowner, B 1960-e rr. amepukanisl ApHo [lersuac u Pobept
YUJICOH OTKPBUIM KOCMUYECKOE MUKPOBOJHOBOEe (pOHOBOE U3-
JlydeHUe, WIN PeauKmosgoe usiyueHue, — paJyualoHHBIN IIyM,
paBHOMEpHO 3alloMHAIIINY BeesleHHy10. DTO NOKa3aslo, 4To Koc-
MUYECKOe MPOCTPAHCTBO HE SABIAETCS aOCOTIOTHO MEPTBBIM U XO-
JIOZHBIM, C HyJIeBBIMU ITOKa3aTeJAMU TeMIlepaTyphl U S9HEepPruu,
OHO HAIIOJHEHO PEJUKTOBBIM U3JIyYeHHEM, KOTOPOe «pa3orpe-
BaeT» TeMIlepaTypy kocMmoca o —270 °C. 3To 0CTaTOYHOE TEIUIO
ABJIAETCA JOKA3aTeNbCTBOM O0Jiee TOpSAYEero COCTOTHUA BeeeH-
Holi nocsie Bosbioro B3phIBa.

Teopust Bo/bIIOro B3phIBa, KaK U MO3AHeMHIINe HaOMI0eHNs
pacuupsioelica BeeleHHOMN, MO3BOJAIOT BRIYUCIAUTD BO3PACT
Bcenennoti. Ecyii MbI TofcyrTaeM BpeMsi, HEOOXOAUMOE, YTOOBI
BcesenHas BBIpOC/a C OINpeZieJIeHHOU CKOPOCTBIO pPacIiMpeHUs
(Ha3BaHHOM MOCTOSAHHOL Xa6671a) U3 TOYKH ZI0 CBOETO CETOJHAII-
HEro pasMepa, a TakKe yITeM ee TeMIlepaTypy, TO MOXKHO IIpe/-
TIOJIOXKUTD, YTO BO3pAcCT BceseHHOU paBeH IMpUMepHO 14 Mupa
JeT (Twiroc/MUHyC 1 MIpZ). TOT BEIBOZ NOATBEPKJaeTCsA acTpo-
HOMUYECKUMHU HAOIIONEeHUsIMU CTapelinmnx o0beKToB BeeseH-
HOI: IJIaBHBIM 06pa3oM 5TO MajieHbKHeE 3Be3/Ibl C HU3KOH CKOpO-
CTBhIO ropeHus (MBI ellle BepHeMcsl K HUM B cileflyiollleli iaBe).
OfHaKo OHU He MOIVIU BO3HUKHYTh paHblie yeM yepe3 S00 MiH
JleT nocyie Bonpmioro B3peiBa, MO3TOMY 110 HUM HeJb3A TOYHO
olpeZieUTh Bo3pacT BeenenHoii. Cefiuac oH MpUOIHU3UTENBHO
olleHUBaeTcd B 13,8 miipz, sieT.

Teopust BobIIOr0 B3phIBa — HEYTO OOJIBIIIEE, YEM IIPOCTO OIIHCA-
HUe paspacTaHus BceseHHO 13 KPOXOTHOM TOUKU 0 CETOHAIL-
Hero rpoMaZiHoro pasmepa. Yepeza coOBITHIH, U3MEHUBIINX €€
HaYaJbHOE COCTOAHME, OIpeeNNIa CTPOEHNE MaTEPUU U CTPYK-
Typy BcenenHoii. U Bce 3T0 IPOM30IILIO B UHTEpBae MeXAy Iep-
BBIMU HUYTOXXHBIMU JOJIIMU MWUIMCEKYHZBI 0 OZHON MUHYTHI
nocsie Bosbioro B3peiBa. He yrmy6osschk B 1e6pu, MBI MOXEM
JOIIyCTUTD, YTO Ha Ha4aJIbHOU cTasuu BeeseHHas 6pl1a HeBepo-
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SITHO IUTOTHO ¥ TOPSTYEH U ITpeICTaBIsiia COO0H KPOIIEYHBIH I11a-
PUK YMCTOM KoJiocCaIbHOUM 3Hepruu. [Io Mepe ero paciivpeHus
U oXJa)KJeHUs MOABJINCh Pa3jUYHble COCTOSHUA BellecTBa,
OHEPI'UU U AaXKe CWIBlI IPUPOABL. DTOT IIPOLECC OTAAJIEHHO Ha-
IIOMHMHAaeT OCThIBaHMe Iapa U NpeBpallleHye ero B BOAY, a 3aTeM
B jief. Kaxxzplil aTan BefleT K M3MEeHEeHUIO COCTOSHUSA BelecTBa
(ra3o06pa3Hoe, )KUJKOE WIH TBEPOE) — ITO Ha3bIBaeTcsa ¢paso-
BBEIM IlepexoZoM. Ho B mepBele MOMeHTHI BecesleHHOM nepexozn!
6bpUTH KyZa 6oJiee CTpaHHBIMH, a O HaYaJhbHOM 3Talle, U3 KOTO-
POr'O OHM BBILIUIY, MBI [TOKa HUYEro He 3HAEM.
[IpeamnosiaraeTcs, YTO B caMblli epBbIA MOMEHT BOJIbIIOTO
B3pHIBa TEMITEpaTypa U JiaBjlieHue ObLIN CTOMb BHICOKH, UTO Bee-
JIeHHAas1, KaKo# OBl OHa HU ObLIA, CoZieprKajia TOJbKO OgHY Gopmy
SHEPTUH, CXKAaTOW B HEBOOOPA3UMO MAJYIO TOYKY, 3HAUUTETHHO
MEHBIITYI0, YeM aTOM U JlaXke cybaTOMHbIe YaCcTHUIIbL. B aTOM co-
crostHNY BeenenHast npe6riBania 10~ cexyHyz (A1 CripaBKU: Ha-
npumMep, 102 — 370 TO Ke camoe, uto u 0,01, TakuM o6paszom,
10~* paBHAeTCS eAWHUILIE, OT/EJIEHHONH OT JEeCATUYHOrO 3HAKa
42 HynaMmu). DTOT OTPe30K BpeMeHU Ha3biBaeTcs [1aHKOBCKOM
SMOX0M — B YecTh Makca Ilnanka, Hemelrkoro ¢pusuka XX B.,
KOTOPBIM M3BeCTEeH KaK OCHOBOIIOJIOXKHUK KBAaHTOBOU Mexa-
HUKU. B TeueHMe 3TOM 3110xU (He MOTY He 3aMeTUTh, YTO KOCMO-
JIOTY BeCcbMa CTPaHHO HCIIOIb3YIOT TaKUe MOHATUA, KaK «3I10Xa»
U «9pa», YTO MOXKET JOBECTU /I0 CyMACIIeCTBUSA OOIBITUHCTBO
reosoroB) Bce QyHAAMeEHTATbHBIE B3aUMOJEHCTBYSA OBUTH TIpeJ-
cTaBJieHbl OHOM cuiol. CWIbI BHI3BIBAIOT OOMEH YacTUIIAMMU;
HallpuMep, MarHUTHI MPUIIEIUIAIOTCA K BallleMy XOJOAWIbHUKY
6iarozapst o6MeHy pOTOHAMU — OZHOBPEMEHHO SBJIIOIUMUCS
TaK Ha3bIBa€MBbIMU «JaCTHULIAMU-IIePEHOCUUKAMU» U YaCTUIIAMU
cBeTa. Y APYTHUX CWI UMEIOTCS CBOU YacTULIbI-lepeHocunku. Eciu
B [/1IaHKOBCKYIO 310Xy BCE 3TH YaCTHUIIBI OBUIA OJITHAKOBHI, 3HA-
YUT, OAAMHAKOBBI OBLIM U caM¥ CHUIbI. KOHIIeNIMSA HavyaJlbHOM
00 beZIMHEHHO CHJTBI, KOTOPYIO AaBHO UIIYT GU3UKU-TEOPETUKH,
MHave HasbIBaeTcAd eANHOM Teopuell Mo, Wik Teopuel Bcero.
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OzHako Teopus, KoTopas oObeZMHWIA Obl TPAaBUTALMIO, YAED-
YKUBAOIIYI0 HAcC Ha IUIAHETe, C TpeMs APyruMu QyHJaMeHTab-
HBIMU B3aUMOJENUCTBUAMU — 3JI€KTPOMAarHUTHBIM (KOHTPOJIU-
PYIOIIUM B3aUMO/JieNiCTBUE MEX/Y 3JIeKTPUYEeCKUMHU 3apAfamMu
Y CWJTBI MAaTHUTHOTO TIOJIST), CHJIbHBIM U CIabbIM (KOHTPOJIHUPYIO-
UMY CBA3b U IPUTSKEHUe Cy0aTOMHBIX YaCTUIl BHYTPU aTOM-
HOTO si7ipa) — IOKa He cOpMYyIHpOBaHa. BO3MOXXHO, PEIINUTD
3Ty CJIOXKHYIO 33/]a4y IIOMOTYT TaKue paszeibl PU3nKu, Kak Te-
opus CTPYH WIH TeTieBasg KBaHTOBas rpaButaius. O6beaute-
HUe TpeX QyHAAMEHTATbHBIX B3aUMOJEUCTBUM, KDOME rpaBUTa-
IIUU, JIEKUT B OCHOBE TeOpUil Besnkoro o6beIMHEHUS U TOTO,
YTO Mbl Ha3piBaeM CTaHAAPTHON MOZENbIO «IIOYTU JJI1 BCETO».
O6HapyxeHue dactylbl (6030Ha) XurTca, HA3BaHHOT'O B YECThb
6puTaHckoro ¢pusuka [lutepa Xurrca, CTajao OrPOMHBIM LIArOM
BiepeZi B pamkax CTaHZapTHOM MOJeTU. ITO OTKPHITHE 00bsiC-
HfIET, 4eM OOYCJIOBJIEHO HAJIMYHME MACChl Y MaTepUH (KOHKPETHO
«MHEpPTHOM MacChl», OHA JeJIaeT OAHU OOBEKTHI IIPU IepeMellie-
HUM 6oJiee TAKENBIMU, YeM APYTHE, U 3aBUCUT TO OT CTENEeHU
UX B3aVMMOZIeMCTBHA C IOBCEMECTHO PacpOCTpaHeHHBIM I10IeM
Xurrca).

Ho s oTBnekcs oT cytu. Ha camoM fiesie MBI Bee ellle He 3HaeM,
4YTO TMpeAcTaBisia coboil BecemenHas B IIJIaHKOBCKYIO 3IIOXY
U 4TO OBUIO 0 Hee. Tak win nHade B KOHIle [ ITaHKOBCKOM dI10XU
CWIBHO CBsI3aHHAas KpolileuHas BceseHHas cTaia HecTaGMIbHOM
U npou3soiesn bosbioii B3pHIB.

Crenyromue 10-% cekyH BceleHHON MOXXKHO YK€ M BIIPaBIy
Ha3BaTb B3PBIBOM BOJBIIOro B3pHIBa, BHI3BABIIMM HEBEPOSITHO
OBICTpOE pacIrpeHre. DTOT HEYJIOBUMO KOPOTKUH IIEPHUOZ Bpe-
MeHH HasbiBaloT Kocvwuueckoit mHusAnrei. OHa pacmmpuia
o6beM BceneHHOUM Ha MHOrO (Kak mosararoT, Ha 1070) mopsia-
KOB, U XOTSI caM 06beM OBUI CPaBHUTENBHO Mas (BO3MOXKHO,
HECKOJIbKO KyOUYeCKUX METPOB), paclIiupeHue MPOUCXOJUIO
CO CKOPOCTBIO, BO MHOT'O pa3 IpeBHIIIalolleil CKOPOCTh CBeTa.
[peamonararT, YTO OHO HAYaJIOCh Gyarofaps BEICBOOOXKIEHUIO
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HeKol GOPMBI SJHEPTUH, 3aKJIIOYEHHOU B €ZITHOM CHJIOBOM TIOJIE.
OHa cTajsia UICTOYHUKOM MaTEPUU U SHEepPruu ob6pa3oBaBIleiicsa
BceneHHoOM.

Wpes 6vIcTpOro pacmuvpeHus BceneHHOMN cTana HeOTheMIIe-
MOM 4YacThIO0 TeOpHUH Bosbiioro B3peiBa, 6e3 Hee TPyAHO 00B-
SICHUTb HaJIM4Ke B KOCMOCE TIOBCEMECTHO PACIIPOCTPAHEHHOTO
3JIEKTPOMAarHUTHOTO U3JyYeHUs, Ha3bIBAEMOTO PEJTUKTOBBIM.
Ecnu 3a npomegmue 14 MiapA JIeT IIycToe KOCMUYECKOE IIPO-
CTPAHCTBO BcesleHHOU cTaso MPUMEPHO OJWHAKOBOH TeMIle-
paTypHl, 3HAYUT, Pa3HBIE ee YacTH COOOIIAIUCEH APYT C APYrOM
[I0 TOTO MOMEHTA, TIOKa BceseHHas He 0CTUT/IA CTOJb OOMBIITUX
pa3MepoB, YTOOBI COXPAaHUTD OIHY U TY XK€ TeMIepaTypy B Oyay-
mem. Eciu ke yactu BecesleHHOM ¢ Hayaia BpeMeH He coo01a-
JIUCH JIPYT C IPYTOM, TOT/Ia TPYZAHO TIOHATH, IIOYEMY ceiiuac OHU
OJTHOH U TOM Ke TeMmnepaTyphl. KocMurdeckass mHOIAIUSA TO3BO-
nvia BeeleHHOW pacnpoCTPaHUTHCS B MaJTeHbKOM KOHEYHOM
o0beMe, B KOTOPOM BCe HaXOAWIOCh B KOHTaKTe U ObUIO OZHOI
TeMIIEPaTYPHI, IPEXK/E YEM Pa3JeTesIoCh B Pa3Hble CTOPOHHI.

[Mocne pacmMpeHus IVIOTHOCTh BHICBOOOXKAEHHOHN pacipo-
CTpaHUBIIENCA SHEPTUU CTaja MEHbBIIE, HO 3TOro OBUIO /I0CTa-
TOYHO /1T 06pasoBaHUs MaTepUU. DHEPTUS MOXKET MpeBpa-
IaThCA B MaTePHUIO COIVIACHO M3BECTHOMY YpaBHEHHIO DWH-
mreiHa: E = mc?, rae E — sHeprusi, m — IpeBpalieHHas Macca,
a ¢ — CKOpOCTb cBeTa. [lepBoHavYaIbHAsA MaTEPUS TIPeACTaBIsIa
coboi «cym» U3 cybaTOMHBIX YaCTHUII, TAK HA3bIBAEMBIX KBap-
KOB — CTPOUTENLHOTO MaTepuasa /i IPOTOHOB Y HEUTPOHOB,
KOTOPBIE, B CBOIO OY€EPE/b, COCTABJISIOT siZIpO aroMa. OHAKO ITOo-
cJie pacIIMpeHUs OCTANIOCh ellle MHOT'O YHUCTOW SHEPTUHU B dopMe
($OTOHOB U TPYTIITBI IETKUX YACTUI] — JIEMTOHOB (3/IEKTPOHOB —
OTPUIATENbHO 3apAKEHHBIX YaCTUI], 06palamIuxcs BOKPYT
aTOMHOTO fI/Ipa U OTBEYAIOIINX 32 IPOTEKAHUE DIEKTPUIECKOTO
TOKAa B TIPOBOAHUKAX, U HEUTPUHO — OOJIAAAIONIUX TTPaKTHYe-
CKU HYJIEBOM MaCCOM YaCTHUII, KOTOPBIE TIPSIMO CeHYac MpoJeTarT
CKBO3b Ballle TeJIO COBEPIIEHHO He3aMeUeHHBIMU) . JIEMTOHBI pac-
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CMaTPHUBAIOTCS OTJEIBHO OT O0JIee TSHKENbIX YaCTHI], TaK KaK OHU
He MOTYT cOOpaThCs BMECTE U COCTaBUTh aTOMHOE S/IPO.

TeMmmepaTypa 6Obla Bce ellle CAUIIKOM BBICOKOM, YTOOBI
KBapKH MOIVIM COEJUHUTHCS, HO ciieAyromuye 107> ceKyH/, KU3HU
BcenenHoii ctanu 6GoraThIMH Ha COOBITHSA. [IpHUOIM3UTENBHO
B PaBHBIX KOJMYECTBAX B HEM CyI[eCTBOBAIM BEMIECTBO U TO,
YTO MBI Ha3bIBaEM AaHTUBEIIECTBOM (HalpUMep, aHTHYACTULIA
2JIEKTPOHA — ITO3UTPOH, KOTOPBIHM 006/1aZlaeT TaKOH Ke MacCoH,
HO MMeeT IIPOTUBOIIONOKHBIM 2/eKTpudeckuit 3apaz). [locie
KOPOTKOT'O COCYIIECTBOBAHUS BELECTBO U AHTUBEIIECTBO aHHU-
TWIMPOBAJHU PYT Apyra. [Ipu 3TOM BEICBOOOXK/IAT0CH OTPOMHOE
KOJINYECTBO SHEPTHHU M OCTABaJIOCh HEMHOT0 MaTepuu. Ee 6p110
«qyTb» OOJIbIIE — MMEHHO MO3TOMY MaTepus celyac mpeobia-
naer. [ToxoxKe, TOT/IA ke BO3HUKJIA M TEMHAs MaTepus, KoTopasd,
KaK II0JIaraloT, COCTaBJAeT OOJBIIYI0 YacTb Macchl BeeseHHOM
(MBI IOTOBOPUM 00 3TOM IO3XKe). B mocieHre MOMEHTBI 3TOTO
OTpe3Ka BpeMeHU ITPOUCXOWIO TPYNIIUPOBAHNE KBApPKOB, /I0-
CTAaTOYHO OXJIAUBIIUXCS AT 0OheIMHEHUS B MPOTOHBI U Hell-
TpoHbL. Ho Bce 3ke ObUIO ellle CITUIIKOM ropsTI0, YTOOBI HEUTPOHBI
Y TIPOTOHBI CMOIIM 06pa30BaTh aTOMHBIE A/[pa, HE TOBOPS YIKe
0 TeJIbIX aToMax. [IpOTOHBI M HEUTPOHBI HA3bIBAIOT aflpOHAMU,
MO3TOMY MOCTeAHASA 4acThb 3TuX 107> ceKyHZ 30BeTcs 3MOXOU
a/IpOHOB.

ITo mpomecTBum 3tux 10-° ceKyHZ TeMIiepaTypa ocTaBajlach
ZIOBOJIBHO BBICOKOM, M1 Y pOTOHOB OBLIO JOCTATOYHO MHOTO SHED-
T'HH, YTOOBI IIpe0Opa3oBBIBATh €€ B MaTEPUIO U CO3AaBaTh Jiell-
ToHBL. HO depe3 cexyHzZy BcesmeHHas oxjiafuiack, HOSABIEHUE
JIEMITOHOB NPEKPATUIOCH, & CO3ZaHHBIE TOT/A JIEIITOHBI COXPAaHU-
JIUCh I0 HAIUX HEeH (KpoMe JIEITOHOB, CO3/IaHHBIX B SZIEPHBIX
peaknusax). To, 4To mpoucxoauio Mexay 107 10 1 ceKyHABI To-
csie BosbIIoro B3pEIBa, HA3BIBAIOT 3TIOXOM JIEMITOHOB.

B npomexyTke npumepHo oT 1 cexkyHzb! A0 100 cexyHz Bee-
JIeHHasl OCTAaTOYHO OXJIaJWIach, YTOOBI HEUTPOHBI U TIPOTOHBI
CMOTIIH 00'beJUHATHCS, 00pa3ys IepBele aTOMHBIE siApa. Ho cBo-

19



20

NMPOUCXOXIAEHUE BCETO

OGOAHBIN HEUTPOH IO CBOEH MPHUPOJe HeCTAOWIEH U MOXKET pac-
[aZiaThCs Ha 2JEKTPOH U MPOTOH. TakuM 06pa3oM, IO HCTe-
yeHUU 3TUX 100 ceKyHZ HEHTPOHOB OCTAaI0Ch He TaK MHOTIO:
U3 KOKIBIX 16 aZIpOHOB JIUIIB 1Ba OBUTM HEMTPOHAMU, & OCTANb-
Hble 14 — mpoToHaMu. B aToi nmopiiuu u3 16 aZipoHOB /Ba Hel-
TPOHa MOTJIU COEANHUTHCA C ABYMS MPOTOHAMM U 006pa3oBaTh
saapo renusi. Ocrasirrecsa 12 MPOTOHOB 06pa3oBay sapa BoJo-
poaa. Takum 06pa3oM, rejiii COCTABJIAI YeTBEPTh Macchl Bce-
JIeHHOMH (TaK KakK 4eThIpe U3 KaXAbIX 16 aZ[pOHOB CTalu rejineM),
a OCTaBIIHECS TPU YETBEPTU MPUXOAWINCH Ha BOAOPOZ (ero 06-
pasoBanu 12 u3 kaxabix 16 azipoHoB). O6Pa30BAIUCH U IPYTHE
2JIeMeHTHI, TaKve KaK JIUTHH U 6ojiee TsyKeable pa3HOBUIHOCTU
(13oTOMBI) BOZOPOAA (Harpumep, AedTepuit, iApo KOTOPOTO CO-
Jlep>KUT U HEWTPOH, U TIPOTOH), HO B OYeHb MaJIbIX KOJIMYECTBAX,
MOTOMY 4YTO BceseHHas oxyaguiach CIUIIKOM ObICTPO, YTOOBI
MomIo chOPMUPOBATHCA OOJIbIIIEE KOJUYECTBO STUX BEIIECTB.
To, 4TO MaccoBas A0Jid 3JIEMEHTOB BO BcejleHHOM ocTaniach Hens-
MEHHOM ¢ TexX caMbIX ITOp, a UMEeHHO IIpUMepHO 75% BoZ0poza,
25% renusa u KpatiHe HeOOJIbIIOE KOJIMYECTBO OoJiee TKeNbIX
a7eMeHTOB (MmoApobHee 06 3TOM HMIKE), SIBJISIETCS ellle OAHUM,
MIpUYeM YCIIEeNTHO TPOBEPEHHBIM, apPTYMEHTOM B II0JIb3y TEOPUU
Bosbmioro B3peiBa.

Ha npotskenuu nocienyromuiux 100 000 et BeesteHHast 6bl1a
elle CIUIIKOM TOpsYel, YTOObI aTOMHBIE S/[pa MOIJIU 3aXBa-
TUTDb 3JIEKTPOHBI U 00pa30BaTh LEJbIM aTOM. IIJIOTHOCTh Ma-
TePUH U dHepruu GpOTOHOB ObUIA JOCTATOYHO BBICOKOH, YTOOBI
OHU «3aCTPsUIU» IPYT B ApyTe. DTO O3HAYAET, YTO MaTepus ObLIa
CJIMIIKOM ILIOTHOM M TIOTOMY HEIPO3PavyHOM, a SHEpPTruM ObLIO
CJIMIIIKOM MHOTO, YTOOBI II03BOJINTh MaTePUH COOPAThCsI B HEUTO
6obIllee, YeM CYIECTBYIONIHNE OTAENbHO APYT OT Apyra aToOM-
HbIE SIpa U 3JIEKTPOHBL. DTO BpeMs OOBIYHO HA3hIBAIOT pajgua-
LIMOHHOM 2POH WU CTaAviel paZiualliOHHOTO JOMUHUPOBAHUSI,
TaK Kak BcesleHHas 6bUta mpoHu3aHa doToHamu. [IpuMepHO Ye-
pe3 100000 net mocsie bBonpwioro B3priBa Macca U IUIOTHOCTh
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(GOTOHOB YMEHBIIUIACh HACTONBKO, YTO CBET CMOT OTAENIUTHCS
OT mMaTepuu. A Korga mocje BosabIioro B3peiBa MPOILIO OKOJIO
380000 seT, BecesleHHas AOCTATOYHO OXJIAAMIACh, YTOOBI S7pa
CMOTIJIM COEIUHUTBHCS C JIEKTPOHAMHU W 00pa3oBaTh aTOMBHI.
C aTOro MOMeHTa HauWHaeTcsA 3pa JOMHUHHUPOBAHUA BellecTBa,
B KOTOPOH MBI B 00IIIEM-TO U XXUBeM. Biarogaps atroMy mnocies-
HEMY COeJMHEHHIO BBICBOOOAWIOCH HOJIBIIOE KOJTUIECTBO SHED-
UM, OCTAaTKKU KOTOPOM HabII0AaloTCsa cefiyac B BHUJE PETHK-
TOBOT'0 HU3JMydeHUA. DTO OKOHUYATeJbHOE cOoelMHEeHNe aTOMOB
U BHICBOOOKIEHHME SHEPTUU MOYKET COZIEPIKATh CJIEABI CIeETKa He-
GOJIBIION KOMKOBATOCTH KBAPKOBOM ILIA3MbI IIOC/IE SIIOXU OBI-
cTporo paciiupenusa. Takum o6pa3om, Majbie GIyKTyaluu SpKo-
CTU KOCMHUYECKOT'O PEeJIMKTOBOT'O U3JIy4eHUA — 3TO CWIBHO pac-
ITUPUBIIMECS CJIebl pAHHUX QIYKTYyaIlui IDIOTHOCTH BEIECTBa.

[Io oKOHYaHUU CTaAUU PAJUALMOHHOTO JOMUHUPOBAHUA
U BHICBOOOKIEHUA SJHEPTUM OT COEJUHUBIIINXCS aTOMOB CBET OT-
JeJIWICA OT BelllecTBa, U BecenenHnasa Ha 300 MUTH JieT TOrpy3Wiach
BO TbMy. DTOT Ilepuoj Ha3biBaeTcsd TeMHBIMU BekaMu. KopoTko
roBops, BcesleHHasA ocThUIa, M MaTepusa paccesnach HaCTOJBKO,
YTO B TOT IEPUO/, He OBLIO MCTOYHUKOB CBETa.

B koHue TeMHBIX BEKOB cja0ble QIYKTyallud B IUIOTHOCTU BO-
ZIOpo/Jia Y TeTUS BbI3BaJU MOBBIMIEHHOE IPAaBUTAIIMOHHOE TIPU-
TsOKeHUe K 6osiee TIOTHBIM y4acTKaM, KOTOPhIE TTPUTATHUBAIU
Bce Oosiblie BelecTBa. JIOMOIHUTETHHOE KOJTUYECTBO BEIECTBA
BBI3BAJIO «CTYIIeHUE» 3TUX QIYKTyalluii, yBeJIu4eHUe MacChl
U T.JZI., YTO BIIOCJIE/ICTBUU TIPUBEIO K MOSABIEHUIO TPaBUTAIU-
OHHO-CBSI3aHHBIX CTPYKTYP B GpopMe OTPOMHBIX MEX3BE3ZHBIX
06J1aKOB. B THX ra3oBbIX 00/1aKax Havyaau GOPMUPOBATHC Iep-
BbIE 3BE37IHI.

[To-BUAUMOMY, TIePBBIE 3BE3/IBI COCTOSUIA TOJBKO U3 BOZO-
poza u renus, a ux GOpMUPOBaHUE 0OO3HAUYUIO OKOHYAHUE
TemHbIXx BekoB — 300 muiH jeT nocsie boasmoro B3peiBa. [lo-
cJle TOTO KaK caMble MAacCCHBHBIE M3 MEPBBIX 3Be3/] 3aKOHYIIIN
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CBOIO 3BOJIIOIUIO ¥ B3OPBAJIKCh, CO3/IaB OoJiee TSIKeble XUMUYe-
CKHe 3JieMeHTHI (II0Zpo6GHO 06 3TOM B CieyIolieli rase), 6ojee
MaJleHbKUe 3Be3Zibl Hadalu GOpPMHUPOBATHCA B OTUX OTPOMHBIX
MeJK3Be3JHBIX 00JIaKax, CTAHOBSICh I'PABUTALIMOHHO-CBA3aHHBIMU
cHCTeMaMU — IepBBIMU TaJaKTUKaMU, [IUK IOSBJIEHUS KOTO-
PBIX IIpUIIeICcA Ha Iepuof Mexzay 1-3 Mipz JeT nocie boib-
II0TO B3pHIBa. XOTA rajakTUKU BO BceseHHOM pasieratorcd,
OHU He HaXO/JATCA B COCTOSHUY MOJHOCTbIO CBOGOZHOTO TIaBa-
HUfA, UX TPYIIIBI FPABUTALIMOHHO CBSI3aHBI IPYT C APyroM, obpa-
3yA CKOIUIEHUA rajakTuk. CaMU 3TH CKOIUIEHUS CBA3aHBI ApYT
C IpyTrOM BZOJb raJaKTUYeCKUX HUTeW, IPOHU3BIBAIOIINX HAILY
Bcenennyto. CeTu 3TUX HUTEH ABIAIOTCA KPYITHEUIITUMU CTPYKTY-
paMu Bo BcesneHHOI, a B IpOMeXyTKax MeXAy HUMU HaXOJATCA
MyCThle TPOCTPAHCTBA KocMoca (BOM/BI).

Hamra T'anaktuka, Miaeunsiii IlyTe, cBA3aHa ¢ raJakTUKOU
Angpomeznl (B OTAaJIeHHOM OyAyIieM OHU MOTYT ZaKe CTOJI-
KHyTbcA). O6e OHU ABIAIOTCA KPYIHBIMU T'JIaAKTUKAMU B CKO-
wieHuY JIeBbl, KOTOPOE MOKET OBITh YaCThIO ellje GOJIBIIEro CKo-
IUIEHUA NOZ HasBaHUeM JlaHuaked. TeM He MeHee, IIOCJIE TOTO
KaK yepe3 MWLIKApPZ JieT mocjae Boabloro B3pelBa BO3HUKIU
HepBble FaJIaKTUKY, TTIOTPpeboBaIoch eme 1-2 MJIpA JIET, YTOOBI
chopMUpPOBATHCE CKOTUIEHHS TAIAKTHK U TATAKTUYECKYe HUTH.

lanakTUKU cerofiHs He OAMHAKOBHI 10 ¢$OpMe U pasMmepy,
HO B TO JXe BpeMs OHU He 00pa3yloT COBEPIIEHHO CIydaliHbIe
¢urypsl. Camble O0JIBIINE U3 HUX — DJUIANITUYECKHE TATAKTUKH,
KOTOpBIE TIPE/ICTABIAIOT cob60i chepryeckue maphl U3 3Be3/, 00-
pararommyecs BOKpYT [JeHTpa 10 XaOTUIeCKH OPUEeHTHPOBaHHBIM
opbutaM. PacpocTpaHeHHBIMH BUJAMU TaJaKTHUK SBIAIOTCS
JAVCKOBBIE, CIUpaJbHBIE, a TAaKXKe CIIMpaJbHble FaJaKTUKHU C IIe-
PEMBIYKOM — IUIOCKHE U obpaljaromuecs BOKPYT MacCHUBHOTO
Tejla, HaXoAdAllerocsa B UX LieHTpe, HanpuMmep Mieunsiii I1yTe
win Auzpomena. ['nranTckoe o6JIaKo U3 rasa u 3pesz, ChopMHu-
POBAaBIIUX CIIUPAJIbHYIO TaJaKTHKY, YIUIOTHANIOCH 107, eficTBreM
CBOEN IpaBUTAILUM, HO IeHTpPoOeXHas Cuia IPensaTCTBOBaIa
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CKaTUIO TIEPIIEHAUKYISIPHO OCH BpallleHHUs, MO3BOJSA 00IaKy
CKMMAThCS MapajuieIbHO OCH, CO3JaBasti TakuM obpasom bopmy
IUTOCKOTO IMCKa (3TO moxoske Ha popmupoBaHue COTHETHOU CH-
CTeMBI, O YeM MBI TIOT'OBOPUM I037IHee). B 1jeHTpe cXxMMalolie-
rocs objaka Bcerga cobupaercs 60mbinas yactb Maccel: B Coll-
HeuHOI cucteMe 3To COJHIIe, a B TaJlaKTUKaX Macca UX LieHTpa
CTOJIb BEJIMKA, YTO TaM oOpasyeTcs CBepXMaCCHBHAs yepHas
JIbIpa — OOBEKT HACTOJBKO TSAXKEJBIH, UTO JaxKe CBET He MOXKET
TIPEOZIONIETD €T0 MPUTHKEHNE, €C/IU TIOAOHAET CUIIKOM OJIHU3KO.

OO6BIYHO IMaMeTp rajakTHK cocTaBiseT okoso 100 000 ceeTo-
BBIX JieT (1 CBETOBOI I'0J] — 3TO PacCTOSTHUE, KOTOPOE MTPOXOAUT
cBet 3a 1 roz, mpuMepHO 10 kM v 10 TpIH KM; 4J11 CDaBHEHUS:
HenTyH, camad fajiekasd OT Hac IUIaHeTa, HAaXOAUTCA Ha paccTod-
Huu 4,5 mpz kM ot CosHILa, 9To B 2000 pa3 MeHbIIe CBETOBOT'O
rozia). Haira rajakTUka COAEpPXKUT B cebe COTHU MUUTUAP/OB
3Be3a. OfHaKo, 10 HEKOTOPBHIM JaHHBIM, MOXKHO MPEATON0XKUTb,
YTO Macca 3Be3/] COCTABJISAET JIMIIb KPOXOTHYIO JOJIIO O0Iei
Macchl TaJaKTUKU. [alaKTUKY coZiepKaT OrPOMHOE KOJIMYeCTBO
CKPBITOM Macchl, KOTOPYIO Ha3bIBAIOT TEMHOM MaTepuen.

B 1960-x rr. amepuKaHCcKul acTpoHOM Bepa Py6GuH U ee KO-
JIeTV 0OHAPY)XWIH, YTO B CIIUPATBHBIX, TUCKOBBIX M CITUPATbHBIX
C TIEPEMBIYKO rajakTHUKax O0JIbIIMHCTBO 3Be3/] 00palaloTcsa Bo-
KpYT TaJlaKTAUYeCKOTOo I[eHTpa MOYTH C OIMHAKOBOM CKOPOCTHIO
HEe3aBHUCHUMO OT PacCTOSHUA OT LieHTpa rajJJakTUKU, U 3TO CUWIBHO
OT/IMYaEeTCs OT obpalreHus iaHeT COTHEYHOM CHCTEMBI BOKPYT
Conuiia. OpbuTanibHble CKOPOCTU TUIAHET YMEHBIIAIOTCA C y/a-
JIeHWeM OT CBeTwla, Beb €JUHCTBEHHAA CWIa, yJepKUBamolas
UX Ha OpOUTE, — 3TO TPaBUTAIIMOHHOE MpuTKeHre COHIIA, KO-
TOpOE cabeeT 1Mo Mepe YBeIUYEHNsT PACCTOSHUA (9TO HA3bIBAIOT
KermnepoBbIM fBU>XKeHEM — B decTh MoranHa Keriepa u ero 3a-
KOHOB JIBIDKEHMS IUIaHET 110 opbutam). OfuHaKoBasA OpOUTab-
Hasg CKOPOCTbH 3Be3/l O3HayYaeT, YTO YeM Jajblile OHU HaXOAATCA
OT TaJIaKTUYECKOTO I[eHTpa, TeM O6IbIas Macca ZIoJhKHA Cofiep-
»KaThCAd BHYTPU UX OPOUTHI, YTOOBI COXpAHIACh IPaBUTAI[IOH-
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Hasl CBA3b C raJakTUKoN. OZHAKO, YTOOBI 3BE3/IBI IPOAOIKAIN
JBUTaThCsI TAKUM 00pa3oM, TpebyeTcss HaMHOTo 60 IbIas Macca,
YyeM Ta, KOTOPYIO MBI MOXKeM HabJIr0/IaTh. DTO YKa3bIBaeT Ha IIPU-
CYTCTBHE TEMHOW MaTepyu, KOTOPas U COCTABJISIET OCTAJIbHYIO
4acTh HeOOXOAUMOIM MacCCHL.

ACTpPOHOMBI TaKXe 3aMeTWIH, YTO OTHOCUTEIbHBIE CKOPO-
CTU TQJIaKTHUK BHYTPU CKOIUIEHWUU CJIUIIKOM BBICOKH, YTOOBI
OCTaBaThCs TPABUTAIIMOHHO CBSA3aHHBIMU JIPYT C APYTOM, €CJIU
MX Macca COCTOUT TOJIbKO 13 Hab/oaeMoli 3Be3/HOM Macchl. Ta-
KUM 00pa3oM, 3Be3/Hble CKOIUIEHUS MOTYT OBITh CTaOMIBHBIMU
Y He pa3jieTaThCs, TOMBKO €CIM OHM COZIEPIKAT ropasno OosbIile
Macchl, YeM Ta, KOTOPYI0 MbI HabmofaeM. EcTh U Apyrue JgaH-
Hble, TIOATBEPXKAAIOIINE HATMYNE TEMHON MaTepyuu, HallpUMep
rpaBUTAIMOHHOE JTUH3UPOBAaHUE, U3-32 KOTOPOTO CBET UCKPUB-
JIIeTCS, TTPOXOJST MUMO TaKUX MacCCHUBHBIX OOBEKTOB, KaK CKO-
IUTEHUS TaTaKTHK.

OTa HeBUIMMas TEMHAsA MaTepUsl, YIEPKUBAOIAsA BMECTE ra-
JIaKTUKY U CKOIUIEHUS TajaKTUK, He Hab/o/aeTcss HU B OJHOM
13 IMANa30HOB AIEKTPOMArHUTHOTO CIIEKTPA — OT MUKPOBOJIHO-
BOTO JI0 UHGPaAKpaCcHOTo U yiabTpaduoneToBoro usnydenusa. Of-
HaKoO B TIOC/IEZIHYE TObI YUeHbIe PUIILTH K BBIBOAY, YTO OO/IbINAsA
YacTh MaTepyu B KOCMOCE — MMEHHO TeMHasl U IepBhIe TalaK-
THUKW COCTOSUTH TI0 GOJbIIIEN YacTu U3 Hee, a He U3 BOJOpPOJa
u resivs. IToka ocTaeTcs 3arafikoii, 4To JKe oHa 13 cebs mpezicTas-
JISIET, TIOCKOJIBKY MBI HE MOXKeM HabJII0ZiaTh ee HelTOCPeCTBEHHO.

IMockombky BceneHHas mocsae Boabmioro B3peiBa MpPOAOKAET
PacCIIMPSTHCA, PE30HHO 3aZaThCA BOIIPOCOM O ee OyayiieM. Eciu
pacipenue BeelleHHOM 3aMe/ifAeTcs o AeicTBUEM COOCTBEH-
HOU TpaBUTALWY, XBAaTUT JIU HAaYaJbHOW B3PBIBHOUM DHEPTUH,
YTOOBI TPOAO/DKATD PACHIUPATHCS, WIU JKE 3TO PACIIUPEHUE «BBI-
JIOXHETCSI» Y PaBUTALIMA 3aCTABUT BeeleHHYIO CXKaTbCs 06paTHO
B TOuKy? HeziaBHUME HcC/Ie[OBaHUA TOBOPAT HAaM, YTO HU OJHA
M3 3TUX THUIIOTE3 He BepHA. PacivpeHue BcelleHHOM He 3ame-
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JIAeTcs, a yckopsercs. [Ipexxe rpaBUTalUIo CYUTANIU €JUHCTBEH-
HOII CHJIOM, e CTBYONIel Ha OO0JIbIIIE PACCTOAHNSA, OHA JO/DKHA
6bUTa OBI 3aMeIATh CKOPOCTh paciiupenus BeeneHHo (1, BO3-
MOJXXHO, IIPUBECTH K €e CXKATHUIO) IMOoJ, AeHCTBHEM COOCTBEHHOU
Macchl. YCKOpeHHOe paciiupeHue BceleHHOU cTaso HeMasbIM
CIOPIIPHU30M U CBUZETENIHCTBOM JeWCTBUS He OOHApY:KeHHO
Zlo cux 1op criel. Co3zaroliee ee SHEPTeTUYECKOe TI0JIe PpaKTU-
YECKU CO3IaeT U JlaBlieHue, pa3roHsoliee BeereHHyO Bce ObI-
cTpee. DTO [10JIe Ha3BalIu TeMHOH sHepruei. («TemHaa sHeprua»
U «TeMHasA MaTepHua» Ha3bIBAIOTCA TEMHBIMU He IIOTOMY, YTO OHU
KaK-TO IOXOXU JApYT Ha Apyra, a IOTOMY, YTO UX HeIb3fl YBU-
JleThb ¢ TIOMOIIIbIO cBeTa.) TeMHas sHeprusa — cBepxJaabHOZAeH-
CTBYIOIIAs CHJIA, KOTOpasi OOHApY)XUBAETCs TOJBKO HAa ypOBHE
CBEPXCKOIUIEHHH rallaKTHK. BeposiTHO, OHA He HUrpajga ocoboit
poJH, TIoKa BeesleHHast He pacIpuIach A0 AOCTATOYHO OOBINTNX
pa3mepoB. IIpeobiazanyie TEMHOW MaTepUH HaZ IpaBUTALIAEN
(1 Habmiomarollleecsl B pe3y/ibTaTe paclIdpeHre BceleHHOI),
NIPEAIIONIOXKUTENBHO HAYalI0Ch OKOJIO 4 MIIPZ JIeT Hasaj, Iocje
¢dopmupoBanus CoTHEYHOU cHCTEMBL. B HEKOTOPOM CMBICIIE pac-
mupeHue BcesleHHOM MOX0Xe Ha TO, KaK BOJA MOCTENEHHO 3a-
TIOJTHAET Ta3, ITI0Ka He JOXOAUT JI0 KpaeB U He BBUIMBAETCA C JPY-
roli CTOPOHHBI.

YuuThiBasg 00beM BcelleHHOM, B KOTOPOM MMeEEeTCs TeMHasd
SHEpPrus, MOXXHO CZlelaTh BBIBOZ, UTO OHA 3aHHWMAaeT IIPUMEPHO
70% cogep:kxuMoro (BMecTe B3ATHIX Macchl M dHepruu) Bce-
JIEHHOM, IIpY 3TOM TeMHasi MaTepus cocTasisgeT 25% ob6beMa,
a ocrasiuecs 5% — 3To oObIYHAsA GapUOHHAA MaTepus, U3 KO-
TOPOM COCTOSIT 3BE3/IbI, IUIAHETH U MBI C BaMU. (XOTa 6bInas
4acTh 3TOW MaTepuu IO-TPeXHEMY IIPe/CTaBlIeHa BOJOPOAOM
u renveM.) TeMHas MaTepys M TeMHas SHEPrus AaioT o cebe
3HaTh TOJBKO B MaciuTabax rajakTUK W UX CKOIUIEHHH — CO-
BCEM He Te YPOBHH, KOTOPBIE MBI MOIJIU OBl KaK-TO YYBCTBO-
BaTh, HAOJIOATh WM MOHATh UHTYUTUBHO. [ paBUTAIMA, TOXKAa-
JIyii, eUHCTBEHHAsA CUJIA, KOTOPYIO MbI GpU3UYECKH OLIyIIaeM
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U C KOTOPOH MOCTOSTHHO CTaJKUBAaeMCs — HaIpUMep, KOrja
BCTaeM C KPOBATH, TOAHUMAEMCS TI0 JIECTHUIIE WU HaJIUBaeM
kode. A 6yzab MBI pa3MepoM ¢ OYKAIKy WIX MUKpoba, AJIs Hac
BakHee OBUIO ObI 3JIEKTPOMATHUTHOE U3JIyYeHHe, KOTOPOE BHI-
3bIBAET CTATUYECKOE IJIEKTPUYECTBO U TIOBEPXHOCTHOE HaIPsIKe-
HUe BoAbl. I'paBuTaius GbUTa OBI ZJIA HaCc MeHee BaXKHA U €/Ba
3amerHa. (MypaBeli IeTKO B30UpaeTcs BBEPX 10 CTEHE U HUIYTh
He MOCTPA/IaeT, yIaB ¢ BRICOTHOTO 3/laHusA.) B 00IeM, ToKa MbI
HaXOZMMCSA Ha KpaiiHe HU3KOM, MUKPOCKOIIMYECKOM YPOBHE ITO-
HUMAaHUsA PUPOABI TEMHON MaTepUX U TEMHOW SHEPIHH.









2 JBESABL U JAEMEHTHI

eMHbIe BeKa paHHel BcesleHHOM 3aKOHYMIIACh, KOT/Ia OTPOM-

Hble obJlaka BOZOpOZAA U reiusd (M TEMHOM MaTepur), CXKU-

MasiCh MO/, BO3ZEUCTBUEM COOCTBEHHOTO IPaBHUTALIMOHHOTO
TIpUTSKEHWSA, Havaau GOPMHUPOBATH TIEPBHIE 3BE3/BI, a 3aTEM
U rajakTuky. [Toxokee 3Be37006pa3oBaHue ITPOUCXOAUT U CEH-
Yyac, OfHUM U3 IIPUMEPOB fABJAETCA TYMaHHOCTh Opiia B Halei
TasakTuKe, KOTOpas Z0 CUX TOP «IITAMIYeT» HOBBIE 3BE3/IbI
U 3Be3iHble cucTeMbl. Kak MBI y»ke OTMeYasi, IlepBble TaKue ra-
30BBI€ 00JIaKa COCTOSUIU TOJIBKO U3 AUPPy3HOH KOCMUIECKOH Ma-
Tepud (eCJIM HE CYUTATh TEMHYIO MaTePHI0), B OCHOBHOM B BH/IE
BOZOpOZA U Tefus, U MOTOMY He cofepKajy HUYero, U3 4ero
Moru 6v cpopmMupoBaThes MaHeTsl. POpMUPOBaHUE TIEPBBIX
Y TIOCJTIEYIOMINX 38 HUMU 3Be3/i 00YCIOBUIIO TIOABIEHUE Oosee
TSDKEJIBIX 3JIEMEHTOB, M3 KOTOPHIX OBUTH CO3/IaHbI IUTAHETHI U BCE
JKUBYIlee Ha HUX.

Korza mporocomHeyHoe 061ak0 HauMHAeT CKUMAThCS TIO/
BO37IEHICTBUEM COOCTBEHHOTO TPABUTAIIMOHHOIO TIPUTKEHUS,
MOJIEKY/IBI YCTPEMIIAIOTCSA K €0 IIEHTPY C Bo3pacTarolieii ckopo-
CTBHIO — KaK IIapUK, KaTANUNCA C TOPKU. YCKOPASICh, OHU CTaJ-
KHUBAIOTCS U OTCKAaKUBAIOT APYT OT APYra, U SHEPrus UX ABU-
JKeHUs TpeobpasyeTcs B TEIUIO. DTO MOBHIIIAET TEMIIEPATYPY
U JaBjeHue obsaka U B KOHIIE KOHI[OB OCTaHABIUBaEeT CKATHE.
(Paamephl, GOPMBI M 3BOJIIOIUIO 3TUX 00JIAKOB MBI 0OCyAUM
B Cilefyrolelt riagse.)

O6;1aK0 He MOXKET JIOJITO CKUMAThCS 1O/ BO3/IeCTBUEM COO-
CTBEHHBIX TPAaBUTALIMOHHBIX CUJI, B KAKONU-TO MOMEHT KOJUIallC
OCTaHaBIMWBaeTCA. DTO 3aBUCUT OT pasMmepa. He cimimkom mac-
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CHBHOEe 00JIaKO BOOOIIe He CKUMAETCs, a 4eM OOJIbIle ero Macca,
TeM O0JIblile BHYTPEHHSIA TPaBUTAIINA, TAKOe 00/1aK0 YIIOTHUTCS
ellle ZI0 TOTO, KaK BHYTPU HETO CTAHET CIUIIKOM TOPSYO.

HexoTopsle nporiecchl TOMOTA0T 001aKy U30eaTh KOoJUIarca.
BonbImas yacTh 06aka — 3TO BOAOPO/, MOJEKYIbI KOTOPOTO CO-
CTOAT 13 IBYX CBA3AaHHBIX MEXKIYy cOO0I aTOMOB Bogopoza. Ecu
LIEHTP KOJUTAIICUPYIOIIero ob6aka CTaHOBUTCA IOCTATOYHO TOpsi-
YUM, YTOOBI MOJIEKYJIBI BOJOPO/Ia CMOTJIM PACIacTbCs Ha aTOMBI,
STOT pacia/ TOTJIOTUT SHEPTHUIO U He JacT 06JIaKy HarpeBaThCs,
MTO3BOJISAS. EMY MIPOAOJDKUTD CYIIeCTBOBAHHUE.

OTo moxoxke Ha (Ha30BBIN IepPeXo/l, KOTOPBIN MPOUCXOAUT
B Kumisieit Boge (MBI MCITOMb30BAJM TaKyIO aHAJIOTHIO TTPH OITH-
carnu Bospioro B3priBa). TelutoBast SHEPTUs IUIUTHI TIEPeJaeTcs
BOZle, ¥ Bojla 3akumaeT. Ho mpeBpaiiieHuie BOJbI B Map IMOIJIO-
IaeT SHEPTHUIo, ¥ TeMIepaTypa KUTIAIEe BOABI OCTaeTCs HeU3-
MEeHHOM, TIOKa BCS BOZA He BHIKUIMUT. TakuM Ke 06pa3oM Ipe-
BpallieHHe MOJIEKYIPHOTO BOAOPO/ia B aTOMAaPHBIH MOT/IOIIAET
TEIUIOBYIO SHEPTHIO VILIOTHSIONIErocsa 0blaka U COXpaHSIeT ero
TEeMITepaTypy CTabWIbHOM, TI0OKa KOHBEPCUSA — B TOU 4acTu 00-
JlaKa, KOTopas CcTaja I0CTaTOYHO TOpsYel, — He 3aBepIIUTCA.
To ’ke TIPOUCXOANT TIOIKE U B IIEHTpe 0bJaKa, Ie cpezia ele ro-
psdee U TeMIIEpaTypa JOCTATOYHO BBICOKA, YTOOBI aTOMBI BOZO-
PO/ia UCIYCKaIU 3JEKTPOHBI ¥ CTAHOBWINCH HOHAMHU. DTO TMPO-
HCXOZIUT TI0 IPUHITUITY «(ha30BOT0 MTEPEX0/a», BHIPABHUBAIOIIETO
TEeMITepPaTypYy.

[TosTOMy TOJIbKO OUeHb 60JIbliIrie MOIEKY/ISIPHbIE 00/IaKa MO-
TYT KOJUIATICUPOBAaTh caMu 1o cebe. IlepBhie 3Be3/ibI, KOTOPHIE
MTOJTHOCTBIO COCTOSUTA U3 BOZOPOZAA U Teyvs (MX Ha3bIBAIOT 3BE3-
Jamu HaceneHus 111, cerofHs 3TO «MCYe3HYBIINN BUA»), GopMU-
poBasuch B obyakax, B THICAYU U JlaXke MULIUOHBI pa3 Gosee
MacCUBHEIX, yeM CoJtHIIe, ¥ ObUTH B COTHH pa3 TshKesee ero. He-
60JbIINM 061aKaM, YTOOBI OHU MPOJOJLKIUIN CXKATHE, ITOC/IE TOTO
KaK CTaHyT /IOCTaTOYHO TUIOTHBIMH, HEOOXOJUM TPUTTEP, BO3-
JieficTBre M3BHe (K IIpUMepy, CMePTb TUTAHTCKUX 3Be3Z, KOTO-



