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IIPEOJMNCIOBHE

AcTpoHOMHUSI — OIHA U3 MEPBBIX HAYK, CBSI3aHHBIX C YMC/IAMU,
B JpeBHUE BpeMeHa UrpaBlasi Ype3BbIUaHtHO BaXKHYIO POJIb B CO-
3IaHUU KaJleHaapei 1 MoperutaBaHuu. Ceifuac acTpoHOMUS Iepe-
SKMBAET HOBYIO 3II0XY OTKPBITHM. BOIHYIOIIMIA ITepexos B HOBOe
TBICSYE/IETUE 3HAYUTE/IBHO TIOBBICUII MHTEPeC K HallleMy KOCMMU-
YECKOMY OKPY>XEHHUIO. ACTPOHOMHS BCE €Ille OCTAeTC HayKOU
YHCeJ, ¥ 3Ta KHUTa pacCKasbIBaeT O LIeCTHU U3 HUX, IPUHLIUIU-
aJIbHO Ba)XKHBIX 171 BcesleHHOM U Halllero Mecra B HEH.

Ha npeBHUX KapTax 3a Ipene/iaMu 3bI0KUX IPaHUL] U3BeIaH-
HBIX 3eMeJIb KapTorpadsl 4acTo Mucanu: «34ech BOOSTCS Apa-
KOHBI». [T0C/Ie TOro Kaxk repBble MOpeIIaBaTe/I OOOTHYIH 3eM-
HOM Imap U B OOLIMX YepTax HAHEC/TH Ha KapThl KOHTHHEHTHI
Y OK€aHBbI, OTIIPaBUBLIMECS B IIyTEIIECTBUSA UCC/IeJOBATE N IIPU-
HSJIMCh 3allOHATD UX AeTanaMu. OHAKO He OCTaJ0Ch HUKAKOM
HaZeXK bl OOHAPY KUTh HOBBIN KOHTUHEHT, U HUKTO HE KA Kap-
IVHAJIBHOM IIepeolieHKH (OpMBI U pa3Mepa 3eMIIH.

ITpumeuaTenbHO, 4TO B Hayase XXI B. Mbl JOCTUITIM HOBOTO
9Tana B COCTaBJIEHMH KapThl BceneHHON: IMaBHBIM MpeIMeTOM
UHTepeca Telepb SIBIISETCSI ee KPyIHOMAcLITabHast CTPYKTypa.
K aromy artarty Mbl ipyiuiy 61aronapst KOJIEKTHBHBIM JOCTHIKe-
HUSIM TBICSTY aCTPOHOMOB, (PU3UKOB U MHKEHEPOB, UCIIOTIb3YIO-
KX pa3HOOOpa3Hoe TexHIUYecKoe 0bopynoBanre. COBpeMeHHbIe
TEJIECKOIIBI CIIOCOOHBI 3aITISIHYTh ITyOOKO B KOCMOC. [I0CKOTIBKY
CBET OT JaJeKUX OOBEKTOB COBEPILUAET AJMHHOE ITyTEeLIeCTBHE,
IO6UpasiCh IO HAC, TEJIECKOIIBI 0T BO3MOKHOCTb YBUIETh J1a-
JIEKO€ TIPOLLIOE. Mbl OGHAPYKUIN «UCKOTIAEMOCTHY», OCTABLIMECS
OT IePBbIX HECKOJIBKUX CEKYHZ KOCMUYeCKOM ncropun. KocMuue-
CKHE anmnaparbl OTKPbIBAIOT HEUTPOHHBIE 3B€31bl, Y€ PHBIE ObIPEI
U PyTHeE MOTpsICAIOIINEe OOBEKTHI, KOTOPbIE PACIIMPSIIOT 3HAHUS
0 (pU3MUECKUX 3aKOHAX. DT JOCTYDKEHUS IIIMPOKO Pa3IBUHYIH



BCET'O WIECTb YHCEJI

HAIIM KOCMUYECKUEe TOPU3OHTHI. [lapasiiensHo uaer uccieno-
BaHHe MUKPOMHpA BHYTPU aTOMOB, MO3BOJISIOLIEE MO-HOBOMY
B3IVISIHYTh HA IPUPOAY [IPOCTPAHCTBA B CAMBIX KPOLIEUHBIX MAC-
mrabax.

[TocTeneHHO BHIPUCOBBIBAETCSE KAPTUHA — KapTa, CYIIECTBY-
IOLIast KaK BO BPEMEHH, TaK U B [IPOCTPAHCTBE, — KOTOPYIO MHO-
rUe U3 HaC He OKuaanu yBuzeTb. OHa MpeiaraetT HOBYIO TOUKY
3pEHMsI Ha TO, KaK OHO-€JMHCTBEHHOE «COOBITHE 3aPOXKIEHHSI
CO371aJI0 MWUTHAP/bI TAJIAKTUK, YEPHBIX IbIP, 3BE3/ U IUIAHET,
M Ha TO, KaK 31ech, Ha 3emie (2 BO3MOXKHO, ¥ Ha APYIHX IUIa-
HeTax), aTOMbl COEAMHUIIUCh B JKUBBIE CYILIECTBA, LOCTATOYHO
CJIO’KHBIE, YTOObI PA3MBIILIATh O CBOEM MPOUCXOKAeHUU. [1o-
CTEIIEHHO HaM OTKPBIBAIOTCSI ITTyOHHHbIE CBSI31 MEKAY 3BE30aMHU
U aTOMaMH, MEKAY KOCMOCOM M MUKPOMHPOM. B 3Toit KHure
[P MUHMMaJIBHOM HCIIOJIb30BaHUH CIIEL[MaIbHOM TepMUHOIIO-
THH ONKCHIBAIOTCSI CHJIBI, KOTOPBIM ITOABJIACTHBI MBI U, Goree
TOTO, BCSI Beenennas. Hairte nmosiBiieHHe v BBKMBaHHE 3aBHCHUT
OT 0COB0I «HACTPOMKM» KOCMOCA — KOCMOCA, KOTOPBIA MOYKET
ObITh TOPa3a0 OOLIMPHEE TON BceneHHOM, KOTOPYIO Mbl BUAUM
B HACTOSsIIIlee BPeMSI.



BJIATOOAPHOCTHA

[Ipeskzie BCEr0 MHE XOTEJIOCh OBl OTAATH JOJKHOE KOJUIEraM,
BMeCTe C KOTOPBIMH $I MHOTHE TOZbl 3aHMMAIOCh MCC/IeNOBaHH-
smu. Ho He MeHee GrarofapeH st M TeM, KTO y4acTBYeT B KOC-
MOJIOTHYECKUX OBCY’KIAEHHSIX, HE SIBJISISICH CIIELIUATTUCTOM B 9TOMN
obmacty: Gecezbl C HUIMM BCETzia IIPUBHOCIT CBEXKUH B3IVISL, TIOL-
TBEP)KIAIOT OOLIYIO KAPTHHY U HAIIOMHHAIOT O TOM, YTO CaMble
BasKHbIE BOIIPOCHI BCe elle ocTatorcsi 6e3 orBera. [loatomy oco-
6ble GraromapHoct [aBuny Xapty, [pamy Murumcony, XaHcy
Posunry u Huky Be66y. DTa KHura rnpeaHasHaueHa UMEHHO ISt
IIHMPOKOTO Kpyra uurartesei. 5 mertaucs, usberas crieliuaabHOIA
TEPMUHOJIOTHH U TEXHUYECKUX TTOLPOOHOCTEH, II0Ka3aTh B3au-
MOCBSI3H HOBBIX OTKPBITHUM, OTAEIUTh XOPOIIO OOOCHOBaHHBIE
YTBEPsKIEHUsSI OT IIPELIIONIOKEH I U 0OpaTUTh BHUMaHHe YUTa-
TeJId Ha Te TaltHbl, KOTOPbIE JIeXKaT 32 HUMM.

51 6naropapen I>xoHy BpokMaHy, KOTOPBIH MIPUITIACKIT MEHS
MIPUHATD Y4acTHe B CepuH KHUT Science Masters, a Tak>ke 3a €ro
TepIieHHe BO BPeMsI MEIUIEHHOTO POXKIEHHMsI 3TOM KHUTH. Tobu
Mannu u OmMma bakcrep u3 usgarenscrsa Weidenfeld & Nicolson
OKasayy MHe GOJIBIIYIO MOANEPKKY B IIPOLIECCe pefaKTHPOBa-
HUS ¥ [IOATOTOBKY KHUTH K ItevaTy. 1 6aroqapeH UM, a Take
Puuapny Ceopay u Ixyny Illaiie — 3a moAroToBKy WIIIOCTpa-
1y, Bpafiany Amocy — 3a andaBUTHBIN yKasarteisp, a [Kyour
Mocc — 3a IOMOLIb B BBIMOTHEHUU 0O5I3aHHOCTEl CEKpeTapsi.






TTIABA 1 KOCMOC
U MUKPOMMUP

YesioBEK... HEpa3leabHO CBA3aH CO BCEM CYIIUM,
C U3BECTHBIM U HEU3BECTHBIM... C IINTAHKTOHOM,
¢ dochopecuupyromneiil Manbo MOps, ¢ KPy’KalllH-
MHCH IUTaHeTaMHU M paciuupsomerica Becenennoit —
BCE 3TO MPOHM3AHO ITACTUYHON CTPYHOH BpEMEHH.
Xopowio oTopBaTh B3INAA OT NPUIMBHOM 3aBOAM
U IIOCMOTPETh HA 3B€31bl, 2 IOTOM — CHOBA B3IJIA-
HYTb Ha UX OTpPa’>X€HHd B HpPIJIPIBHOfI 3aBOOH.

I>koH CTEMHBEK. MOPE KOPTECA

IIECTDb YHCEJI

Txanp Hamel BceneHHOH nonnep>XyMBalOT MaTeMaTU4ecKue 3a-
KOHBbl — MM IOABIACTHBI HE TOJIBKO aTOMBI, HO Y TaJIaKTHUKU,
3Be31bl, moau. CBOMCTBA aTOMOB — pa3Mepbl, MacChl, CUJIBI,
CBSI3BIBAIOLIME UX BMECTe, — OIPEIesoT YyCTPOUCTBO HAIlero
MoBCeAHEBHOrO Mupa. CaMo CyllleCTBOBaHUE aTOMOB 3aBUCUT
OT CWJI ¥ YacCTHLl B UX IIyOnHax. OGBEKTHI, KOTOPblE U3Y4atoT
ACTPOHOMBI — IIJIAHETHI, 3B€3[bl, TaJTaKTUKH, — IIOJBJIACTHEI
cuse IpUTsDKeHuA. Yl MpOMCXOouT BCe 3TO B PACIIMPSIOLIEHCS
BcesleHHOM, OCHOBHBIE CBOMCTBA KOTOPOI OBIIM Mpeaompee-
JIEHBl B MOMEHT Bo/bIIOro B3pHhIBa.

Hayxka nBrokeTcs Bepen, BbISBISAS CTPYKTYPhI U 3aKOHOMED-
HOCTH HAILIETO MHpPA TaK, YTOOBI BO3MOXKHO OOJIbIIEE KOTMYe-
CTBO SIBJIEHUI MOYKHO OBUIO OITUCATh B PAMKaX OOIIMX KaTErOpUit
U 3aKOHOB. DU3UKKU-TEOPETUKH CTABST CeOe LIeNbIO MPeiebHO
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JIAKOHHUYHO BBIPA3UTh CYIIIHOCTD (PU3NUECKUX 3aKOHOB B €MHOM
cucTeMe ypaBHEHMI M B HECKOJIbKHMX YHMC/IaX. B 9TOM obmactu
yIAJIOCh NOCTUTHYTh 3HAYUTEIBHOIO IPOTpecca, XOTs MO-TIPeX-
HeMy ecTb HaJ 4eM paboTaTs.

B 3TOI KHMre ONMUCBHIBAIOTCA LIECTh YHCETI, KOTOPbIE CYMTa-
I0TCSI Hanbosiee BasKHBIMU. [1Ba M3 HUX CBSI3aHBI C OCHOBHBIMH
CHWIaMy; Ipyrye ABa OIpelessiIoT pa3Mep U ODIIYIO CTPYKTYpy
BcesleHHO#t U ITOKa3bIBAIOT, OyZET I OHA CYIeCTBOBATh BEYHO;
ele ABa FOBOPAT O CBOMCTBax caMoW BceneHHOI:

12

BceneHHnast mpoCTUpaeTCsl TaK OAJeKO M3-3a TOTO, UTO
B IIPUPOJE CYLIECTBYET YpPe3BbIYAifHO BayKHOE OTPOMHOE
4yncio N, paBHOE 1 000 000 000 000 000 000 00O 000
000 000 000 000. DTO YHCIIO SIBJISIETCST OTHOLLIEHUEM CHIIBI
9JIEKTPUUECKOTO IIPUTSIKEHHUS], YAEP>KUBAIOLIEH aTOMBI
BMeCTe, K CHJIe T'PaBUTALlHOHHOTO IIPUTSKEHUST MEKIY
HuMu. Ecu 6b1 B uncie N 6pU10 XOTh HEMHOTO MEHbIIIE
HyJIeH, MoIJIa OBl CYLLIECTBOBATH TOIBKO KOPOTKOKMBYILIAST
MUHHATIOPHAsI BCEIEHHAsT: HU OJJHO CYIIIECTBO He MOIJIO ObI
crath 60JIbIIIE HACEKOMOTO, ¥ BpEMEHU Ha GUOTIOTUYECKYIO
9BOJIIOLIMIO HE XBaTHJIO.

Ipyroe uucio, ¢ (3MCUIOH), 3HaYeHHEe KOTOPOTO COCTaB-
JISIeT 0,007, OIpelesisieT, HACKOIbKO IIPOYHO CBSI3aHbI siApa
aTOMOB U KaK aToMbl opMHUpyIoTcst. OT ero 3HaueHus 3a-
BUCHUT cBeTUMOCTb ConHLa U, 6oJiee OMOCPeIOBaHHO, TO,
KaK BHYTPHU 3Be€3[ BOLOPOA Ipeobpasyercsi BO BCe dJie-
MEHTBI [TEPUOANYECKOM TabmULbl. YITIEpOA U KUCIOPO
pacIpocTpaHeHbl IOBCEMECTHO, & 307I0TO U ypaH BCTpe-
YaloTCS peIKO — U BCE 3TO M3-3a IMPOLIECCOB, KOTOPbIE
IIPOUCXOMAT BHYTPH 3Be3n. Ecimu Obl &€ paBHSIOCH 0,006
WIH 0,008, MBI BOOOLIIEe ObI HE CYIIIECTBOBAIIH.
Kocmuueckoe umncio Q (oMera) uamepsieT KOJTUIECTBO
BellleCcTBa BO BceyleHHOI — ranakTHK, pacCesHHOTO
MeXKIy HUMU Ta3a U TEMHOM mMarepud. () yKa3blBaeT HAM
Ha BaXXHOCTb OTHOIIEHUSI MEXIAY CHJIAMU TPUTSIKEHUS



ITTABA 1. KOCMOC U MUKPOMUP

u pacmmpenueM BcenenHoit. Eciu 6b1 9TO OTHOLIEHME
OBUIO C/IMIIKOM BBICOKMM II0 OTHOLIEHHMIO K OIpeesIeH-
HOMY KPUTHYECKOMy 3HaueHHIO, BceneHHas naBHO Obl
CXJIONHYIach. Ecy 6B OHO GBUIO C/IMIIKOM HU3KHUM,
He cOpPMHUPOBAIUCH OBl TFaJaKTUKHU U 3Be3zpl. Kakercs,
IIepBOHaYasIbHasl CKOPOCTh pacLIMpeHst BceneHHOIM Oblta
W7eaqbHO pacCYMUTaHa.

V3mepenue derBepToro uuciaa A (ssmMbma) ObUIO camoit
KPYITHOI Hay4YHOH HOBOCTBIO 1998 I. Cua, 0 KOTOpOH CO-
BepILIeHHO He MOJ03peBald — KOCMHUYecKas «aHTUTpaBU-
Talusl», — KOHTPOJIUPYET paclupeHue BceseHHOMH, XOTS
Y He OKa3bIBaeT KaKoro-IMO0 3aMeTHOTo addeKTa Ha pac-
CTOSTHUSIX MeHbllle MIIJIMapAa CBETOBBIX JIeT (manee —
cB. net). Co BpeMeHeM el IIpefHadYepTaHo CTaTb JOMHU-
HUpYIOLLeH HaJ CUJION IPUTSIKEHUSA U NPYTUMU CHUIaMU,
II0 Mepe TOro Kak Haiua BceneHHast GymeT CTaHOBUTHCS BCe
6oree mycroit u TeMHOM. K cuacTbio 1y1st Hac (M K yauBIie-
HUIO (PU3UKOB-TEOPETUKOB), A OueHb Masa. MiHave Obl ee
BO3ZEHCTBYE He II03BOJIMIIO COPMHUPOBATHCS FaTaKTHKAM
Y 3Be3[aM M KOCMUYECKasl BOJIIOLIMST 3aKOHUMIIACh OB,
JlakKe He HaYaBIIHCh.

DrieMeHTHI BceX KOCMHUYECKUX CTPYKTYp — 3Be3[, Taak-
THK ¥ CKOIUIEHHIi TaJlaKTUK — HeCyT Ha cebe OTIevaTox
Bonpmioro B3peiBa. CylIHOCTh Haulel BceneHHoil 3aBu-
CUT OT OmHOro uucia, Q, KOTOpOe NpencTaBysieT COOOM
COOTHOLIeHHe ABYX (pyHAaMeHTaIbHBIX 3HEPIUil U co-
CTaBJIsIeT PUMEPHO 1/100 000. Eciu 661 Q 6b110 elme
MeHblle, BeesreHHast GbU1a GbI MIHEPTHOI 1 He MMeIa CTIOXK-
HO#t cTpyKTypbl. Ecii 661 Q ObITIO 3HAYUTENBHO OOJBIIIE,
Ha MecTe BcesleHHOI BO3HUKIIO OBl OY€Hb MpavyHOe MECTO,
I7e 3Be3Mbl U IUIAHETHBIE CUCTEMbI ObUIM Obl ITOIIOIIEHBI
OTPOMHBIMM Y€pPHBIMHU IbIPaMHU.

[TlecToe KU3HEHHO Ba>KHOE YMC/IO U3BECTHO Y>K€ MHOTO
CTOJIETUH, HO TeIlephb €ro PacCMaTPUBAIOT C HOBOIM TOUKU
3peHHs. DTO KOJIMYECTBO ITPOCTPaHCTBEHHBIX M3MePeHUM
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Haiero mupa, D, v paBHO OHO TpeM. JKU3Hb He cMor7ia Gbl
CYILLLECTBOBATb, eC/u 6b1 D paBHSIOCH IBYM WIIH YETBIPEM.
Bpems — 9TO 4eTBEpTOE U3MEPEHUE, HO OHO OT/IMYAETCS
OT OCTaJIbHBIX TE€M, YTO MMEET HAIlpPaBJI€HHOCTb: MBI MO-
JKEM JBUTAThCSI TOJIKO B HaIpaBsieHUH Oyayiuero. OKoso
YEPHBIX AbIP MPOCTPAHCTBO TaK UCKPUBJIEHO, YTO CBET BU-
SKETCH I10 KPYTY, a BpeMs MOJKET CTOATb Ha MecTe. boree
TOTO, Cpasy 1ocsie boibuIoro B3peiBa B MUKpoMaciiTabax
IIPOCTPAHCTBO YK€ MOITIO OOHAPYKUTh CBOIO ITIyOUHHYIO
CTPYKTYPY, JIEKALIYIO B OCHOBE BCETO, — BUOPALIMIO U rap-
MOHHIO OOBEKTOB, HA3BIBAEMBIX «CYIIEPCTPYHAMU», B [€-
CSAITU U3MEPEHHUSIX.

B03MOKHO, MeXIy 3THUMU YUCIaMU CYLIECTBYIOT KaKUe-TO
cBa3u. TeM He MeHee Ha JaHHbI MOMEHT MBI HE MOKEM BBIYHC-
JIUTh KaKoe-IMOO M3 HUX, OTTAJKUBAsICh OT 3HAUEHHIl IPYTHX.
He 3HaeM MbI ¥ TOTO, CMOJKET JIM KaKasi-HUOYZb «T€OPHsI BCETO»
B KOHIIE KOHLIOB CO371aTh (hOPMyJIy, KOTOPasi yCTAHOBUT B3aHMO-
CBSI3b MKy HIMH WJIN ONIPEAeINUT UX OJHO3HAYHO. 1 BBIIEIISIO
HMMEHHO 3TH ILIEeCTb YHCeJl, TOTOMYy YTO KaKIoe M3 HHUX UIpaeT
pelnaoIyo U 0cobyIo posib B Halueil BeeneHHOI, a BMecTe OHU
OIIpeZeIsIIOT, KaK OHA Pa3BUBAETCSI M KaKHe MMeeT BHyTPeHHHe
MOTeHILMa/IbHBle BO3MOXKHOCTH. Bosee Toro, Tpu U3 3THX 4M-
cern (Te, KOTOPblE OTHOCATCS K KPYITHOMACIUTAGHO BCEIEHHOIA)
TOJIbKO HeZIaBHO OBUIM M3MePEHBI C JOCTATOYHOM TOYHOCTBIO.

OTH IIeCTb YMCeJI COCTABISIOT «peleNT» dBOMonUn Bee-
neHHOM. Boree Toro, pesyybTaT OueHb YyBCTBUTEJIEH K UX 3Ha-
YEeHUSIM: eC OBl M060€e M3 HUX OBIIO 9yThb-4yTh OPYTHM,
He ObIIO OBI 3B€3/] U He MOIJIa OBl CyIeCTBOBATh KU3Hb. SIBIIsI-
€TCH JIM TaKas TOYHas «HaCTPOMKa» BCETO JIMILIDb CIy4aiHOCTBIO,
coBnazeHueM? Wy B 5TOM IIPOSIBIISIETCST BOJISI MHJIOCEPIHOTO
Tsopua? f mpuoep>KuBarCh TPeTbero MHeHMs. beckoHeyHoe
KOJINYECTBO BCEJIEHHBIX ITPEKPAaCHO MOXKET CYIIEeCTBOBATb TaM,
IJie 9TU YKC/Ia JPYTHeE, TONMBKO GOJBIIMHCTBO U3 3THX BCEJIEHHBIX
ObUTH 6B MEPTBOPOXKIEHHBIMH WJIM CTEPHUIbHBIMU. MBI MOI/IN
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ITTABA 1. KOCMOC U MUKPOMUP

MOSIBUTBCST (M MTO3TOMY Celvac CyLIeCTBYeM) TOJIBKO BO BCEJIEH-
HOMH C «IIpaBHIbHOM» KoMOMHalmeil. OCO3HaHKe 3TOrO JaeT Co-
BEPLIEHHO HOBYIO TOYKYy 3P€HHUS Ha BcesleHHyIO, Halle MecCTO
B Hell U Ha caMy NpUpoAy (PU3NYECKHX 3aKOHOB.

[Topa3uTenbHO, YTO PaCIIUPAIONIASACS BCEJIEHHAs, OTIIPaBHAS
TOYKa KOTOPOI TaK «IIPOCTa», YTO MOYKET OBITh ONPELEeIeHa BCETO
HECKOJIbKUMH YHUC/IAMU, MOKET Pa3BUTLCS (€C/IM 9TU YHMC/IA «Ha-
CTPOEHBI» MOAXOASIINM 00pa3oM) B CTOJIb 3aTEHIMBO CTPYKTY-
PHPOBAaHHYIO YIIOPSAAOYEHHYIO cucTeMy. MITak, N/ Hayana HaM
IPUIETCST OOCTABUTD HAIIy «CLIEHY», PACCMOTPEB ATy CTPYKTYPY
BO BCeX MacuITabax, OT aTOMOB [0 FaJIAKTHK.

BCEJIEHHAS YEPE3 3YM-OBBEKTHB

JlaBaiiTe HAYHEM C CAaMOTO OOBIKHOBEHHOrO (hOTOCHMMKA —
MY>KUMHA U KEHIIMHA, coTorpadupoBaHHbIe KPYITHBIM ILIa-
HOM C PacCTOSTHUS B HECKOJIBKO MeTpoB. [ToToM npezicraBuM cebe
TOT e KaJIp, CAE/IaHHbIH C ITOCTENEHHO YBEINYMBAIOLIETOCs pac-
CTOSIHUSI, KOTOPO€ KKIBIN pa3 CTAHOBUTCS B IECSTh pa3 OoJIbLLe
npensiayuiero. Ha Bropom cHUMKe GyzeT BUIEH KJIOUOK TPABH,
Ha KOTOPYIO OHU IIPUCENH, Ha TPETHEM CTaHET ITOHATHO, UTO OHU
HaxoJ4TCA B IIapKe, Ha YeTBEPTOM B KaJp MONaAyT KaKUe-TO BbI-
COKHME 3[1aHUs, MATBIA MOKaXXeT BECh TOPOZ, a CAeAyIOIUi —
4YacThb 3€MHOTO TOPM30HTA, Ha KOTOPOM OTYETIMBO BHUJHO, YTO
oH uarubaercs. Eie nmapa KagpoB— U MbI IIOJIyYMM BEJIUKOJIETI-
HOe M300paskeHHe, KOTOPOe CTaIO 3HAKOMBIM C 1960-X IT.: BCSI
3eMiisT — C KOHTHHEHTaMH, OK€aHaMU M 06JIakKaMH, CO CBOEH
aTMocdepoit — KaXKeTcsl IIPOCTO MOKPBITOM HEXKHOM I71a3yphlo,
KOHTPAaCTUPYIOIIEHN C GyieIHBIMU YepTaMu JIYHBL

Eme Tpu mara moka>kyT BHyTpPeHHMeE IUIaHeTbl COTHEUHOH
cucreMsl ¢ 3emieii, obparuaromeiicss Bokpyr ConHua mo 60-
Jlee MUPOKOIL opbute, uem Mepkypuit u Benepa, cienyromuii
Kanp — Bcio ConHeuHylo cucreMy. Ene yeTsipe Kanpa (Bun
13 TOYKH, OTAaJIEHHOM Ha HECKOJIBKO CB. JieT) — U Hatlre CostHile
BBIIVISIIUT KaK OfIHAa M3 MHOTUX 3Be37. Ellle yepes Tpu Kanpa Ml
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BCET'O WIECTb YHCEJI

YBUIHUM MUJUIMAPAbI IPAKTUYECKH HEOTIMYMMBIX APYT OT Apyra
3Be3[;, COOpaHHBIX B INIOCKOM [rcke Mieunoro IlyTy, pacTsHys-
LIETOCS Ha JIECATKU ThICAY CB. JIeT. E1lle Tpu 11ara ro3BoiIAT YBU-
netb Mieunbiii IlyTh Kak CIMpasibHYIO rajIakTHUKY, BMecTe ¢ Ty-
MaHHOCTbIO AHzpoMensl. [11sst ¢ GOIBLIETO PACCTOSHUS, MbI
YBUIMM, 4TO 3TU [IB€ TaJlaKTUKW — JIMLIb I1apa U3 COTEH JpY-
TUX — OKpaWHHBbIe KUTe/H Trajakthudeckoro CromieHus [leBbl.
Cnenyromumii mar rnokaxert, yTo CKoruieHue JleBbl — 3TO BCETO
JMIIb JOCTATOYHO CKPOMHOE CKOIUJIEHME M3 MHOTHUX JIPYIMX.
Iaske ecu 6Bl HALLI BOOOPAsKAEMBbIii OOBEKTHB UMEJT MOLIHOCTh
Kocmuueckoro Terneckorna uMeHn Xa6671a, B IOCTeIHEM Kape
C PAacCTOSHUSA B HECKOJIBKO MUJUIMAPAOB KUJIOMETPOB BCS Hallla
lanakTyKa 6bUTa OBl TPYAHOPA3IMYMMBIM IISITHBIIIIKOM CBETA.

34ech Halla cepysl CHUMKOB 3aKaHuMBaeTcd. Jlaiblie Mbl
He MOJKeM PacCLIMPSITh TOPU3OHT, HO /st TOTO, YTOOBI, HAayaB
C «4€JI0BEYECKOro» MacITaba B HECKOIBKO METPOB, JOCTUTHYTh
rpaHul] 0603pUMON BCEIEHHOM, HAM MOHALOOUIOCh 25 «CKaY-
KOB», K&KABIA B IECATh pa3 GOJIbLIIE IPeIbIIYIIEroO.

Crepyromuii psin yBeIuveHUi OyneT HampaBiieH BHYTPb,
a He BoBHe. C paccTossHUSI MeHee MeTpa Mbl BUIHM PYKY, C pac-
CTOSIHUSI B HECKOJIbKO CAHTUMETPOB — TaK GJIM3KO, KaK TOJIBKO
MBI MOKE€M CMOTPETb HEBOOPY>KEHHBIM I71a30M, — MaJeHbKUN
Kycodek Koxxu. Crenyrolyii CHUMOK ITO3BOJIUT HaM ITPOHUKHYTh
B TOHKYIO CTPYKTYpY 4eJIOBEYeCKOH KOXH, a BC/Iel 3a HUM —
BHYTPb OTAE/IBHOM KJIETKH (B YeJIOBEYEeCKOM TeJle KJIETOK B COTHH
pa3 6orbllle, yeM 3Be3/ B Hallel [anakTuke). anee B rpenesnax
MOIIHOCTH CHUJIbBHOIO MMKPOCKOIIA MBI IOINIAZIEM B KOPOJIEBCTBO
OTZHE/TbHBIX MOJIEKYl — IJIMHHBIX, 3aIlyTaHHBIX HUTEH MpOTeu-
HOB U OBOMHBIX crivpanei JHK.

Crenyroliee mpubIIIDKeHHEe TIOKaXKeT HaM OTAEJ/IbHbIE ATOMBL.
31ech HAYMHAIOT NPOSIBIIATBCSI KBAHTOBBIE 3P QEKTHL: eCTh IIpe-
JleJ1 OTYETIMBOCTU KaPTUHKH, KOTOPYIO MBI MOXKEM IIOJTyYMTh.
Hu oguH peasbHO CylIeCTBYIOIIMI MUKPOCKOII HE MOJXKET IpO-
HUKHYTb BHYTPb aTOMa, IZleé PO 3/IEKTPOHOB OKPY’KaeT IOJIO-
SKUTEJIBHO 3apsbKEHHOE AP0, HO CTPYKTYPRI B 100 Pa3 MEHbIIIE
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ITTABA 1. KOCMOC U MUKPOMUP

aTOMHOTO SIIpa MOKHO MCCI/IEOBATh, U3yYasi, YTO IIPOMCXOLUT,
KOIZ]a B HUX BPE3aOTCsl JPyrHe YaCTHILBL, YCKOPEHHBIE [JO CKO-
POCTH, IPUOIMKEHHOM K CKOPOCTH CBETA. DTO CaMble MeJIKHE
ZeTaIy, KOTOPblE MBI MOKEM U3MEPHTh HAIIPSIMYIO; TEM HE Me-
Hee MBI [T003PEBAEM, UTO B IyOMHHOMN CTPYKTYPe MUPO3IAHHUS
MOTYT JIEXKaTh CyMePCTPYHBI WIK «KBAHTOBAsI [IEHA», UMEIOLINE
TaKue MajJleHbKHe pasMepbl, YTO /ISl TOrO, YTOOBI O HUX IO-
Opatbcsi, IOTPebyeTCs elle 17 IPUOIMKEHUIT.

Hamu tesecKomsl MOTYT 3ar/IsIHYTh Ha PACCTOSIHUE, KOTO-
poe 6osblile CynepcTpyHsI (CaMOM MaeHbKOM MOACTPYKTYPEI,
IPEAIIOIOKUTENBHO CYILECTBYIOIE BHYTPU aTOMa) B KOJIU-
YeCcTBO pas, KOTOPOE MOXKHO BBIPA3UTh IIECTUAECSTU3HAYHBIM
YUCIIOM: YTOBBI IOy YUTh U300PasKEHHE TIPUPOAHOTO MUPa, HaM
noTpebyeTcst IpUOIN3UTHCST Ha HAllleM BOOOpaskaeMOM OObeK-
THBE Ha 60 1aroB (M3 KOTOPBIX B HACTOSILEE BPEMS BO3MOSKHBI
TONBKO 43). VI3 BCEX 3TUX «KaZpOB» HAII OOBIYHBIA OIBIT MO-
JKeT BKJIIOYATh CaMOe OOJIbIlee IEBSITh — OT CAMBIX MaIeHbKHX
YaCTHL[ pa3MepOM IPUMEPHO B MUJIIUMETP, KOTOPbIE MOJKET
BUIETh HAI I71a3, 0 PACCTOSIHUS, KOTOPOE MbI IIPEOOIEBaEM
BO BpeMsI IleperieTa MeK/Ay KOHTHHEHTAMH. DTO MOAYEePKUBAET
HEYTO OYEeHb BKHOE M 3HAUUTENILHOE, HO IIPU 3TOM CTOJIb OYe-
BHU/HOE, YTO MbI [PUHUMAEM €T0 KaK JaHHOCTB: Hallla BeeneHHast
BKJIIOYAET B ce6s TPOMaIHbIM AUANa3oH PacCTOSIHUI M OTPOMHOE
pa3HOOOpasue CTPYKTYp, KOTOPbIE MOTYT OBITH HAMHOTO GOJIbILIE
Y HAMHOTO MEHBIIIE TeX U3MEPEHUIA, B KOTOPBIX MbI IIPOBOAUM
CBOIO [TOBCEJHEBHYIO JKU3Hb.

BOJIBIIIME YHCJ/IA 1 PASHBIE MACIITABBI

B Ka’kmoM 13 Hac OT 10%% 10 10%° aTOMOB. DTO «UeJI0BEeUeCKOe 13-
MepeHHe» C TOYKU 3PEHUS YMCeIT HAaXOOUTCS Te-TO MeXAy Mac-
CoOl aToMOB U Maccoit 3Be3n. Macca ConHlla IIpUMEpHO paBHA
Macce TaKOro 3Ke KOJIMYeCTBa JI0AeM, CKOIBKO B KaXKIOM U3 HaC
atoMoB. Ho Haire ConHile — caMasi OObIKHOBEHHas 3Be3za B [a-
JIAKTHKE, COCTOSIILIEN M3 COTeH MUWIJINAPAOB 3Be3a. B Buanmon
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BCET'O WIECTb YHCEJI

BcesrleHHOM MO MEHBIIEH Mepe CTOJBKO K€ TaJIAKTHK, CKOJIBKO
3Be3n B [anakTuke. Takum 06pa3oM, B 30HY BUAUMOCTH HAILIMX
TEJIECKOIIOB TIOaaIoT H0sIee 1078 aTOMOB.

JKuBble OpraHU3Mbl COCTOSIT U3 MHOXKECTBA CJIOEB CJIOXKHBIX
CTPYKTYpP. ATOMBI COEIUHSAIOTCS B CJIOKHBIE MOJIEKYJIBL. Moe-
KyJZbl CJIOKHBIMU IyTAMHM PEArMpyIOT OPYT C APYIOM B KasKIOMH
KJIETKE ¥ BBICTPAMBAIOTCS B OOJIbIIINE B3aUMOCBSI3aHHBIE CTPYK-
TYPBI, U3 KOTOPBIX COCTOUT JePEBO, HACEKOMOE HUJIH YeJIOBEK. MBI
3aHMMAaeM MEeCTO MKy KOCMOCOM M MHUKPOKOCMOM — Haxo-
IrMcs rocepenyHe Mexxay ComHIeM, UMEIOIIUM TUaMeTp B MUJI-
JIMapA METPOB, M MOJIEKYJION C IMaMETPOM B MWJIJTMAPAHbIE YaCTH
Metpa. HeT HUKaKO¥ C/Iy4aifHOCTH B TOM, YTO IIPUpO/a Hauboree
CJIOKHO YCTPOEHa UIMEHHO B TAKOM CpeZiHEM MaciiTabe: YTo-mubo
GorbIIIero pasmMepa, HaxozsIeecst Ha OOUTaeMOH IITaHeTe, pas-
PYLIHIIOCH ObI TI0J] BO3AEHCTBHEM IPaBUTALIVH.

MBI IPUBLIK/IM K MBICTIM O TOM, YTO MMKPOMHUP BO3JIEHCTBYET
Ha Hac: Mbl 0e33alUTHBI [Tepell BUPyCaMK pa3MepOM B MUJLIH-
OHHBIE IO METPa, a B KPOXOTHOM nBorHoM cnmpanu JHK co-
JIeP>KUTCS Halll TeHeTUYEeCKUI KoA. He MeHee 04eBHMAHO U TO, UTO
MbI 3aBucHM OT ConHua 1 ero Momu. Ho 4ro Hacder cTpykTyp
6osee kpynHoro maciutaba? [axke Gmuskaiiiiye K HaM 3BE3[bl
HaXOJATCS B MUJUIMOHBI pa3 Aanblie, yeM COJHIIE, a M3BECTHBIN
HaM KOCMOC MPOCTUPAETCS ellle B MUITHapAbl pa3 fasbiue. Ilo-
YeMy CYyILIeCTBYET TaK MHOTO IPOCTPAHCTBA 3a npeaenamu Cor-
HEYHOM CHCTeMbI? B 3T0if KHHTre 51 OmuIly, KaKUM 00pa3oM MBI
CBsI3aHbI CO 3B€3[]aMU, U [TOKAXKy, UTO HEBO3MOXKHO PacKphITh
TafHbl HAIIEr0 COOCTBEHHOTO MPOUCXOXKAEHUSI BHE KOCMHYe-
CKOTO KOHTEKCTa.

[my6oKue CBSI3U MEXIY «BHYTPEHHUM IIPOCTPAHCTBOM» MHpPa
BHYTPU aTOMOB M «BHELIHHUM IIPOCTPAHCTBOM» KOCMOCA ITOKa-
3aHBI Ha PHUCYHKe 1.1 B Buze Ypobopoca, KOTOPBIH B SHLIUKJIOIe-
Inn «BpUTaHHMKa» ONMCHIBAETCH KaK «HCIOJIb3YEMBIA B KyJIb-
typax Jpesnero Erunra n Jpesneii I'peunu cMMBOIMYECKUNA
3Meif, Kycaroluii cebsi 32 XBOCT, ITOCTOSIHHO ITOKHPAIOLIHI
cebst ¥ Bo3poxkmarouuiics... [OH] 0603HaYaeT eqUHCTBO BCEX
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ITTABA 1. KOCMOC U MUKPOMUP

MaTepHUaIBHBIX U YXOBHBIX CYIIIHOCTE!, KOTOpOe HUKOTIA He HC-
Ye3aeT, HO ITIOCTOSIHHO MeHsieT (popMy B BEUHOM IIMKJIe paspy-
LIEHUSI U BO3POXIEHUSI».

CrneBa Ha WINIOCTPALIUM TIOKa3aHbl aTOMBI U BHYTPUATOMHBIE
YaCTULIBI — 3TO KBaHTOBBIM Mup. CripaBa HaxOSTCS IJIaHETHI,
3Be3/Ibl U FAJIAKTUKU. B 3TO KHUTE MBI yie/TMM BHUMaHHe HEKOTO-
PBIM BJKHBIM CBSI3SIM MEKIY MUKPOMACIITAOHBIMU CTPYKTYPAMU
CJIeBa U CTPYKTYpaMU MaKpoMUpa cripaBa. Mup Halllelt ToBceTHeB-
HOM >KM3HU OIpee/seTcs aTOMaMU U TeM, KaK OHU COeIUHAIOTCS
B MOJIEKYJIbI, MUHEpPasIbl U JKUBbIE KJIETKU. To, KaK CBETAT 3Be3/bl,
3aBUCHUT OT TOTO, U3 KaKUX Siep COCTOSAT UX aTOMBI. [anmakTuku
MOTYT Jep>KaTbCsl BMECTE M3-3a CUJIbl IPUTSKEHUS OTPOMHOTO
post CyOBsIIEPHBIX YACTHLL. «[ACTPOHOMUYECKM» CUMBOIU3UPYE-
Mas, 3Ta WIIOCTpallys BOIUIOIIAeT BeTMYakILIyIO CBsI3b, KOTOpast
YCKOJIb3aeT OT Hac, — COeQUHEHHe MeXKIy KOCMOCOM M KBaHTOM.

10°5CM

107°CcM

Puc. 1.1. Ypob6opoc. CBsi3b MeXAy MUKPOMUPOM YaCTHLL, siiep, ATOMOB
(crmeBa) u KocMocoM (crpaBa)
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Ypo6opoc 0XBaThIBaeT 60 MOPSIAKOB BelMUuMHbL. Ha camom
ZieJie TAaKOM OPOMHBII TUATIa30H SIBJISIETCSI HEOOXOIMUMBIM YCIIO-
BUEM IJIS1 «<THTEPECHOM» BCeNIeHHOU. BceneHHas, raoe HeT 607b-
IIMX YMCEeJ, HUKOIZA He CMOJKET PasBUTh CJIOXKHYIO MEPApXHUIO
CTPYKTyp — OHa OyZeT CKyYHBIM MECTOM, I[e, KOHEUHO K€,
He OyIer HUKaKoi Xu3Hu. Kpome TOro, ZO/KHBL OBITH U 60JTb-
IIIMie BpeMeHHBIe TPOMEeKYTKH. I1poreccsl BHYyTpH aTOMa MOTYT
MIPOUCXOAUTD 3a MUIJIMOHHBIE W/IM MUUIMAPAHBIE JOIN CEKYHBI,
a OKOJIO sIApa OHU MPOMCXOIAT ele 6picTpee. CIOXKHBIE TIPO-
LIeCChl, KOTOPhIE ITPEBPAIAIOT 3apOAbIII B KPOBb, KOCTH U IIJIOTh,
TpeOYIOT HENPEePHIBHOTO KIETOYHOTO NEe/IEHUsI U 0Opa3oBaHUs
HOBBIX CTPYKTyp. [Ipy 3TOM Kaskmoe M3 HUX BJI€YeT 3a COOOM
TIATE/IbHYIO IIEPETPYNIIMPOBKY U BOCIIPOU3BENEHUE MOJIEKYIL.
DTa IeqaTesbHOCTb HUKOIZA He INpeKpalaeTcs, IIOoKa Mbl eIUM
U oM. Hama >KM3Hb — 3TO BCEro JIMIIb OZHO ITOKOJIEHHE
B DBOJIIOIIMU YeJIOBEYECTBA, BCETO ONWH SMU30I, SBJISIOIIHUICS
IIpOsIBJIEHUEM BCEH COBOKYITHOCTH >KU3HHU.

OrpoMHbIe TPOMEKYTKUA BPEMEHU, HEOOXOMUMBIE IJISI 9BO-
JIIOLMH, NAIOT HOBYIO TOYKY 3peHMs Ha Bompoc: «[louemy Haia
BceneHHas Tak Benuka?» s TOro 4TtoObl 31ech, Ha 3emiie, Io-
SIBUJIMC JIIOIH, TOTPebOBaoch 4,5 MIpH sieT. Eie 10 Toro, Kak
chopmupoBanrcy ComHIIe M IUTaHETH], B CYIIECTBYIOIIUX paHee
3Be3/aX YMCTBIA BOLOPOJ JODKEH OBbUI IPEBPATUTHCS B yIIe-
pOI, KUCTIOPOA U Ipyryue d7IeMEeHThbl MePHUOIUUECKON CUCTEMBI.
DTO 3aHSJIO OKOJIO 10 MIPL eT. Pazmep HabmonaeMoii Beenen-
HOM NIPUMEPHO PaBEH TOMY PacCTOSHMIO, KOTOPOE MPOLIET CBET
CO BpeMeHHU BompiIoro B3phiBa, IO3TOMY COBPEMEHHAs BUOM-
Mas Bcenennast mo/mKHa UMETh IPOTSDKEHHOCTb OKOJIO 10 MIIPZ
CB. JIET.

Oto ourenomsioniee 3akaodeHue. CaMa orpoMHocCTs Bcee-
JIEHHOH, KOTOPasl Ha MEPBBII B3IV YKa3bIBaeT Ha HAllly HE3Ha-
YUTEJIbHOCTh B KOCMHUYECKOUN CXeMe, Ha CaMOM Jiejie CBs3aHa
C HalllUM CyllecTBOBaHMEM. HukTo He roBoput, uto Bcenennas
He MOI/Ia ObITh MEHbIIIE, IPOCTO MBI HE CMOITIK OBl B HEH Cy-
LIeCTBOBaTh. Pacipenne KOCMHUYECKOrO IMIPOCTPAaHCTBA — 3TO
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ITTABA 1. KOCMOC U MUKPOMUP

He 9KCTpPaBaraHTHOE W3JIHILECTBO, 3TO MOCTIENCTBUE [UIMHHON
Lieru COOBITHIA, KOTOPblE HAYAIKCh €llle [0 TOro, Kak chopmu-
poBasmace ConHeYHas1 CUCTEMa, U IIPUBEN K HAIEMy ITOsIBIIe-
HUIO Ha CLIEHe.

DTO MOKET TOKa3aThCsl BO3BPAIlEHUEM K IPEBHEH «aHTpPO-
MOLIEHTPUYECKOM» TOYKe 3peHUst — TOM, KOTopast ObUIa MOKO-
nebnena otkpbiTvieM KomepHuka, 4to 3eMIst BpaIlaeTcs: BOKPYT
CorHita, a He Ha060pOT. HO MBI He HOJIKHBI 3aXOAUTH C/IUIIIKOM
Iianeko B CKpoMHOCTH KorepHuka (KOTOPYIO MHOTZA Ha3bIBAIOT
«TIPUHLUIIOM TIOCPEICTBEHHOCTH»). TAKUM CyILIECTBaM, KaK MBI,
IUISL pa3BUTHsL ObIIM HY>KHBI OCOObIE YC/IOBHS, [TO9TOMY Hallla
TOYKA 3peHHst OO6peyeHa Ha TO, YTOObI ObITH HETUITMYHOM. [Tpo-
TSDKEHHOCTD Hallleit BcenleHHOM He HO/DKHA HAC YOUBIISIT, XOTSI
MBI MOXKEM IIO-TIPEKHEMY HCKaTh Gojiee IyOOKHe OObsSICHEHHSI
ee OT/IMYMUTEIIbHBIM YepPTaM.

MO>KEM JI1 MBI
IIOHATDb HAIIIY BCEJIEHHYIO?

®u3uk Makc [11aHK 3as9BUII, UTO OT TEOPHIt HUKOIA HE OTKa3bl-
BAIOTCS], TIOKA He YMHPAIOT BCE UX CTOPOHHUKH, U, TAKUM 0Opa-
30M, HayKa JABHXXETCS «OT IIOXOPOH JI0 MoXopoH». Ho 3To cmmi-
KOM LIMHAYHBIA B3I/ Ha Bely. Celfuac pa3peleHo HECKOIBKO
IOJITMX KOCMOJIOTHYECKHUX CIIOPOB, M HEKOTOpbIe Hojiee paHHME
1po6yIeMbl GOJIbIIE He SIBJISIIOTCSI TIPOTHBOPEYUBBIMU. MHOTHe
M3 Hac 4aCTO MEHSIOT CBOE MHEHHUE — I10 KpaiHel Mepe cO MHOM
9TO NMpoUCXonuT. Ha camom zese B 3TOM KHMUre paccKasblBaeTCs
HCTOpHSI, KOTOPYIO §I CaM KOIZa-TO CUMTa/ YAUBUTENbHONH. MHO-
THe pa3aessioT TOUKy 3pEHHSI OTHOCUTE/IBHO KOCMOCA, KOTOPYIO
g 371eCb ONMCBHIBAIO, XOTSI MHOTHUE pyTHve U He MOJHOCTBIO CO-
IJITaCHBI C MOEW MHTepIpeTaluei.

KocMonoruueckye KOHLIENIUY TeNepb XPYNKH U U3MEHUYNBbI
He 6ortee, yeM Teopur 06 ucrtopuu Harueit 3emn. [eonoru npu-
LIUIA K BBIBOAY, YTO KOHTUHEHTHI JBMDKYTCSI IPUMEPHO C TOH JKe
CKOPOCTBIO, C KaKOH y HaC pacTyT HOI'TH, U YTO 200 MJIH JIeT Ha3a/
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Espora u CeBepHast AMepHKa ObIIU €AMHBIM LieIbIM. Mbl BepuM
MM, HECMOTPSI Ha TO YTO TaKHe OrPOMHBIE BPeMeHHEIEe IIpoMe-
JKYTKH TPYZHO cebe mpencTaButh. Takske Mbl IPUHUMAEM 32 HUC-
THHY — IO KpaiHeil Mepe B OOIIMX YepTax — MCTOPHUIO PasBU-
THsI Halted 6uocdepbl U MmosiBNIeHUs yenoBeka. Ho HekoTopble
KJIIOUeBble XapaKTePUCTUKU Halllelf KOCMUYecKo cpe/ibl Ternepb
MOAKPEIUISIOTCSI TOYHBIMU JAHHBIMU. DMITUPHUYECKOE OOOCHOBA-
HUe Bombloro B3pbIBa, IPOU3OLIEIIETO OKOIO 13—14 MJIPJ JIeT
Ha3aJl, SBJISETCSI TAKUM Ke GeCCITIOPHBIM IOKa3aTelbCTBOM, Kak
Y Te0JIoTHYeCcKHe TEOPUU UCTOPUM 3eMJIU. DTO MPOCTO NOpasu-
Te/IbHOEe U3MEHEHHe: Hallli IIPeIKY MOTJIH BBIABUTATh TUIIOTE3HI,
MPAKTUYECKU HE OOpeMeHeHHble (PaKTaMH, U TIOYTH [0 TIOCTIE-
HEro BpeMeHU KOCMOJIOTHS OblIa HE YeM MHBIM, KaK YHCTO Te-
OpeTUYECKOM MaTEMaTUKOM.

Heckosbko et Hazaz s1 b1t yBepeH Ha 90% B TOM, uTO Bosb-
IIOM B3PBIB AEMCTBUTEBHO OBUI, ¥ B TOM, YTO BCst HabmonaeMast
HaMHU BcenleHHas Korma-To BbIIVIsIAeNa KaK CKaTbIH 1Iap, Topasgo
6ornee ropsiumii, yem LeHtp Contua. Terepb aTa TeOpUsi 06OCHO-
BaHa Tropasfo Jyd4lle: B 1990-€ IT. KOJIOCCAIbHBIA ITPOPHIB B Ha-
GIIIOEHUSX U KCIIEPUMEHTAX [TO3BOJIMII JIyYlile TIOHSTh KOCMO-
JIOTUYECKYIO KapTHHY, U TeNephb 51 MOTY IOBBICUTD CTEIIEHb CBOEH
YBEPEHHOCTH A0 99%.

OnvH M3 caMbIX U3BeCTHBIX apopu3moB DifHiiTeliHa — «Ca-
MO€ HEeMOCTHUXKUMOE B 3TOM MHpe — 3TO TO, YTO OH IIOCTHU-
SKUM»* — BBbIpaykaeT ero U3yMJIeHHE TeM, YTO 3aKOHBI (PH3UKHY,
KOTOpBIE HALI Pa3yM KaKMM-TO OOpPas3oM Hay4yHJICS TOHMUMATb,
NpHMMEHMMBI He TOJIBKO 37eCh, Ha 3eMJie, HO U B CaMbIX OTHa-
JIEHHBIX TaJTaKTUKaX. HbIOTOH OOBSICHUI HaM, YTO Ta JKe camast
cua, KOTOpas 3acTaBiseT A0JIOKU MafaTh BHU3, YAEPKUBAET
JlyHy v mtaHeTsl Ha UX opOuTtax. Termepb Mbl 3HAE€M, UTO Ta JKE
camasi Cu/Ia 3aKpy4rBaeT raJlakTUKH, TOJIKaeT HEKOTOPBIE 3Be3/Ibl
B YEPHBIE IBIPbI U BIOOABOK, BO3MOXKHO, IIPUBEIET K TOMY, U4TO

%

Bonpmras kaura apopusMoB (usz. 9-e, UCIIPaBIeHHOE) / COCTABU-
tesb K. B. Jlymenko. — M.: Okemo, 2008.
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ITTABA 1. KOCMOC U MUKPOMUP

Tymannocte AHAPOMEIBI B KOHIIE KOHLIOB COJIbETCS C Hallel
lanakTUKONH. ATOMBI B CAMBIX OTAQJIEHHBIX TaJlAKTUKaX — 3TO
Te JKe CaMble aTOMBbI, KOTOPbIe MBI M3y4aeM B HAIlUX 1abopaTo-
pusax. Bece vactu Beenennoi, no Bce BUAMMOCTH, Pa3BUBAIOTCS
TaK, KaK eCJIi ObI OHM MEJTH OIHO U TO K€ IIPOMCXOKaeHue. be3
3TOTrO eJUHOOOPa3UsT KOCMOJIOTHST 3aluia OBl B TYITHK.

ITocnenHue DOCTHMIKEHUS aKLIEHTUPYIOT BHUMaHHE Ha HOBBIX
3arajJikax, CBA3aHHBIX C [IPOUCXOKAeHUEM BceleHHOMH, neicTBy-
IOLUMHU B Hell 3aKOHAMH U JaKe C €€ OKOHYATETbHOM CyabOOH.
IIpaBna, 3aragku 3TU UMEIOT OTHOLIEHHE K NePBOM KPOXOTHOM
ZOJIe CEKYHIbI 1ocsie BompIoro B3pbiBa, KOrga YCIOBUS ObUIH
TaKMMHU 9KCTPEMAIBHBIMU, YTO PEATBHYIO (PU3NYECKYIO KAPTUHY
MIOHATb HEIIPOCTO — BO3HUKAIOT BOIIPOCHI O IIPUPOJie BPEMEHH,
KOJIMYeCTBe IIPOCTPAaHCTBEHHBIX U3MEPEHUN U IIPOMCXOXKIEHNUU
BEIeCTBA. B 9TOT mepBOHAYa bHBIA MOMEHT BCe OBUIO CKATO
JIO TaKOM OTPOMHON IUIOTHOCTH, YTO (KaK 3TO CHMBOJIMYECKH
OTpaskeHO B u30bpaskeHnu Ypobopoca) KOCMOC U MUKPOMMUP
HaJIOXKUJIMCh IPyr Ha Jpyra.

OKpy’KaroLIMii HAC MUP HEBO3MOXKHO IEIUTh GECKOHEYHO.
MBI OKa He 3HaeM BCe IETaIH, HO GOJIBIIMHCTBO (PU3UKOB Mpes-
I10JIaraloT, YTO IPH pa3Mepax IopsgaKa 10 CM BO3HUKAET He-
Kasi HEOOHOPOIHOCTb. DTO B 10*° pa3 MeHblIlle pa3Mepa aToOM-
HOTO SIZIpa, YTO MPUOIU3UTENIBHO SKBUBATIEHTHO COOTHOLIEHHUIO
aTOMHOTO SIIpa U KPYIIHOTO Topoxa — MOTPeOyeTCsl TAKOE JKe
KOJIMYECTBO KAIPOB B HAlLlleM BOOOPasKaeMOM IKCIIEPUMEHTE
C «3yM-00BEKTUBOM». [10C/Ie 9TOrO MBI HATBIKAEMCSI Ha Gapbep:
ec/iu Obl U CyLeCTBOBaIM 60JIee MEJIKUE CTPYKTYPhI, TO OHU BhI-
Xonumu 6bl 3a TIPeebl HALKX TIPEICTABIEHUI O IIPOCTPAHCTBE
Y BpEMEHMU.

Y10 Ke HACUEeT CaMOro KpyIHOro macuuraba? CyuiecTByroT u
0061acTH, CBET OT KOTOPBIX €llle He H0Opascst 4O HAC 3a MpH-
MEPHO 14 MJIPZ, JIeT, IPOLIEeAIINX CO BpeMeHU bonbIoro B3priBa?
Y Hac IpoCTO-HAIIPOCTO HET HUKAKUX NPAMBIX [OKa3aTe/bCTB,
9TOOBI 10KA3aTh WIH ONPOBEPTHYTH 3TO. TeM He MeHee TeOpeTH-
YECKH HeT HUKAaKUX I'PaHML] AJI paclllMpeHus Hallel BeeneHHOM
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(B mpocTpaHcTBe WM B OyaylieM BpeMeHH) U HEeT HUKAKUX
OTpaHMYEHUI 10 OBOAY TOTO, YTO MOXKET IOMACTh B IOJIE 3pe-
HUS B JasieKoM Oynyiuiem. Bosiee TOro, OHO MOXKET HAXOLUThCS
He MPOCTO B MUJIJIMOHBI Pa3 AaJblie TeX 001acTel, KOTOPbIE MbI
ceffiuac MOXKEM HaOIIOfaTh, 2 B MUJIIMOHBI B IE€CATOM CTEIIEHU
nmanbine. Y naxke arto ewue He Bce. Harra Beenennasi, 6eamepHO
pacLIMpsIsICh N0 CPaBHEHUIO C CYLIECTBYIOIIMMHU HbIHE TOPHU30H-
TaMH, MOXKET ObITh IIPU3HAHA OLHUM U3 YIEHOB MIOTEHLIMATBEHO
6GEeCKOHEYHOr0 MHOXKeCTBa. KOHLENIMs «MyIbTHBCEIEHHOMY,
XOTSI U COBEPIIEHHO YMO3PUTEJIbHAS, SIBIISIETCSI €CTeCTBEHHBIM
MPOJIOJIKEHHUEM COBPEMEHHBIX KOCMOJIOTHUYECKUX TeOpHI, KOTO-
phle MTOJIYYM/IN IIPU3HAHNE, IIOTOMY UYTO OCHOBBIBAIOTCSI HA TOM,
YTO MBI AEUCTBUTENBHO HAbMONaeM. B MHBIX BCENEHHBIX (PU3H-
YeCKHe 3aKOHbI ¥ TEOMETPHUS MOTYT OBITh PYTUMM, U 3TO IIPH-
naeT ocoboe 3HAYEHHE, KOTOPOE LIECTh YUCET UMEIOT B HALIEH
BceneHHo1.



I'TTABA 2 HAmA
KOCMHNYECKAAA
CPEJA OBMTAHMIA I:
IINTAHETBI, 3BE3bI
U ) KN3HDb

Yept 661 mobpan ary ConHeunyio cucremy! Ilnoxoe
OCBellleHHe, TUIAHeThl C/IMIIKOM JajeKo, IOJIHO KO-
MeT, 3agyMKa cinabosata. S 6bl corBopun [Bcenen-
HyI0] monydire.

Jlopa, JXE®®PU

IMTPOTOIITAHETBI

B co3Be3auu OproHa MOKHO HabJII0[aTh OrPOMHOE 00J1aKO, B KO-
TOPOM aTOMOB XBaTHUT Ha TO, YTOOBI cO371aTh 10 000 Connil. OnHa
€ro YacThb — CUAIOIIAA TYMaHHOCTh, ITIOAOTpeBaeMas IPKUMHU Io-
7yOBIMH 3Be3IaMU; pyrast — XOJIO[Hasl, TEMHasl U ITbUIbHas. BHy-
TPHU 3TOM XOJIOOHOM YaCTU €CThb TEIlJIbIe CTYCTKU, HE U3JIyYarolye
CBeTa, HO BeIpabaThIBaroLIMe TerUIO. FIX MOKHO OOHAPY3KHTH C I10-
MOIBIO TeJIECKOIIOB C UHPPAKPACHBIMU JETEKTOPaMHU. DTH CTyCTKH
B OyZy1LeM JOJDKHBI CTaTh 3Be34aMH, HO TI0Ka OHHU IIPECTaBISIIOT
co00ii IPOTO3BE3Mbl, YIUIOTHSIIOLINECS 110 COOCTBEHHOM I'PaBH-
Tauyen. Kakayro oKpyskaeT IUCK, COCTOSIIIIMI U3 ra3a U MbUIA.
OTH IUCKY HE SIBISIIOTCS YEM-TO HEOOBIYHBIM. TeM He MeHee
6oJiee IIOTHOE, YeM IIPOCTPAHCTBO MEXKIY 3BE3LAMHU, IIbIIIEBOE
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o6mako B OpUOHE SBJISIETCS AOCTATOYHO PEIKUM SIBJIEHUEM.
Jl71st Toro uTo6B! U3 HEro cOPMUPOBAIACh 3BE31a, YaCTh ITOTO
rasa Jo/I>KHa C3KaThCSI HACTOJIBKO, YTO €TO IMJIOTHOCTD ITOBBICUTCS
B MWUIMAPbl MUIIMAPAOB pas. Jloboe, naske caMoe HE3HAYM-
TeJIbHOE BpallleHUE HAYHET yCKOPATBHCS BO BPEMs CXJIONbIBAHUA
(KOCMHYeCKOro BapuaHTa «PacKPyTKU» B (PUTYPHOM KaTaHMUU,
KOIZIa CIIOPTCMEHBI MPYDKUMAIOT JIOKTH K KOPIYCY), O TeX IOp
[IOKa LEHTPOOEKHAsI CH/Ia He MPEKPATUT IPUCOETUHEHHE Be-
1mectBa K 3Besfe. OCTaHyTCsl U3/MIIKY MaTepuaa, obpaluao-
IIMeCss BOKPYT KasKIOH TONBKO YTO CPOPMHPOBAHHOM 3BE3IHI.
ITonyuuBiIvecs B pe3yabTaTe OUCKU CTaHYT NpeAllleCTBEHHU-
KaMH ITAHETHBIX CUCTEM: YaCTULIBI TIBUTM OYIYT CTAJIKUBATHCS
U CKJIEMBAThCsI, 0Opa30BbIBasi TBEP/bIE KYCKH, KOTOPbIE, B CBOIO
ouepenb, COEOUHSATCSE B 6oJiee KPyIHbIE Tena, GOPMHUPYIOLINE
rutaneTbl. Harna ConHeynas cuctema o6pa3oBanachk KIMEHHO Ta-
KUM 00pasoM — U3 MPOTOCOTHEYHOIO AMCKA. Jpyrue 3Be3/bl
TMOSIBUJIMCh TTOJOOHBIM 06pa3oM, U eCTh BCe TIPUYMHBI O3KUAATS,
YTO BOKPYT HUX OOpAI[aeTCsl CBUTA B BUZE TUIAHET.

B nauane XX B. TaKOH CLieHapuii, TOATBEPXKIEHHBII dakTHye-
CKMMU HaOJIOEHUSIMU TUCKOB BOKPYT HEJABHO 0OPa30BAHHBIX
3Be3/], IIpHILeIT Ha CMEHY «KaTacTpopHUIeCKUM» TEOPUSIM, KOTO-
pBIe paccMaTpUBaIU Ipoliecc GOPMUPOBAHUS IIAHET KaK pen-
KU, 0cobbIit cyvait. Cunranock, yro Hare COJHIIE MEPEKUTIO
cOMmKeHMe ¢ IPyroi 3Be3400M — 4Ype3BbIYaliHO peaKoe SIBJIEHHE,
MIOTOMY UTO 3B€3[Ibl, KaK IIPAaBUJIO, PACIIOIOKE€HbI OYeHb Ja/IeKO
IpyT OT ApPyra, — U YTO NPUTSIKEHUE 3TOMH 3Be3bl OTTSIHYJIO ra-
30BbIH ImoMask ¢ ConHLa. DTOT IUIIOMasK MPeIIoNIOKUTEIBHO
cobpasics B «3epHa», KaKIO€E U3 KOTOPBIX CTAIO TUIAHETOM.

TeM He MeHee aCTPOHOMBI H60JIee pAaHHUX BEKOB BOBCE He OT-
HOCHJIMCh K MJ€€ O IPYIUX IUIAHETHBIX CUCTEMAX C OOIBLIMM
CKEIICUCOM, HeKenmu Mbl ceidac. Eie B 1698 r. Xpuctuan [1oi-
T€HC, HUAEPIaHACKUN YIeHBIH, ONWH U3 OCHOBOIIOJIOXKHUKOB OIl-
TUKH, TIUCa: «[loueMy Obl KaXKION U3 9THX 3BE3J U KAKIOMY
M3 3TUX COJIHL HE UMEThb TaKylO K€ OTPOMHYIO CBUTY, KaK y Ha-
mrero CoJiHIIA, OKPY>KEHHOTO IVIAaHETAMHU M UX CITyTHUKaMU?»
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APYI'UE IINTAHETHBIE CUCTEMBI

[ToHOCTBIO CPOPMUPOBABLIMECS [UIAHETHI, OO PAILAIOIINECS BO-
KPYT 3Be3[, 3aceub TPyQHEe, YeM AWCKU, U3 KOTOPBIX OHU OO-
pasoBanucek. [lepBoe BecKoe OKa3aTeIbCTBO TOTO, YTO IIAHETHI
IeACTBUTE/IBHO YaCTO BCTPEYAIOTCs, OBIIO MOTYyYeHO B KOHLIE
1990-X IT. OCHOBaHO OHO Ha OYeHb IIPOCTOM NpHHLMIEe. Habro-
narenb, uccienyomuil Haue COJHIE C PacCTOSIHUSI, CKaXKeM,
40 CB. JIET, He MOKET YBUIETb II/IaHEThI, OOPAIIIAOLINECsT BOKPYT
HEro, I1akKe eC/IM OH HCIIONb3YeT TaKOM sKe MOIIHBIN TeJIeCKOII,
KaK camble OOJIbILINE U3 TeX, KOTOpBIe ceifuac ectb Ha 3emiie. Tem
He MeHee O cyiiectBoBaHuK KOmmTepa (camoit 6obIIIoi 13 IUIa-
HET) MOJKHO CleJIaTh BBIBOZ B pe3yJbTaTe TIIATEeIbHBIX H3Me-
peHMIi CONHEYHOTO CBeTa. DTO CBsI3aHO C TeM, uTo 1 CouHIe,
u FOnuTep 06palaoTcss BOKPYT CBOEro OBIIETO LIEHTPa MacC, TaK
HasbiBaeMoro Gapuientpa. CoHLEe B 1047 pa3 Tspkenee HOmm-
Tepa, MOATOMY GAapPHLIEHTP HAXOAUTCS B 1047 pa3 G/IMKe K LieH-
Tpy ConHua, yem K LeHTpy FOmuTepa (Ha camoMm zerie OH Haxo-
nurcst BHyTpu ConHua), Barencrsue aroro ConHie obparaercst
BOKPYT GapHlleHTpa B ThICSYy pa3 MexjeHHee, yem FOmwmrep.
B peasbHOCTH ABMIKEHHE TOPA3Io CTI0KHEe U3-3a JOTIOTTHUTE Tb-
HON HEYCTONYMBOCTH, KOTOPYIO IIPUBHOCAT LPYTHe IIaHETHI,
HO OnuTep 3HAUMTENBHO TSIKENIee UX U OKa3bIBaeT Ipeobiaga-
1olee BiusgHUE. TIATETbHO aHATU3UPYS CBET OT 3Be€3[, acTpo-
HOMBI OOHAPYKU/IN HeOOIbIINe KOnebaHus B UX ABUKEHUU.
O1u KomebaHUsl BBHI3BIBAIOT IJIAHETHI, OOPALAIOIINECs] BOKPYT
HUX, TOYHO TaK Ke, Kak IOmurep Biuser Ha aBrkeHue ConHLa.

B criekTpax CBeTa 3Be31 MOKHO HAWTU XapaKTepHble HAGOPbI
JIMHUH, KOTOPbIE BO3HUKAIOT IIOTOMY, YTO TIPH ITOIJIOIIEHUH WU
UCITyCKaHUM CBETA Pas3/IM4Hble BUIbI ATOMOB (YITIEPOZ, HATPUIA
W T.[I.), U3 KOTOPBIX COCTOMT 3B€3/1a, NAIOT pasHble uBera. Eciu
3Be3/ia OTHAISIETCS] OT HaC, TO ee CBeT CABUTAeTCsl B KPacHYIO
YacTh CIIEKTPA B CPABHEHMH C L[BETAMH, KOTODBIE IIOJIyYarOTCs]
B OKCIIEPUMEHTAX C M3/IyUYEHUEM CBETA TEX JKE€ CaMbIX aTOMOB
B J1a00paTOPUM, — 3TO XOPOLIO M3BeCTHBIN 3¢exT orurepa
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(s1BIEHME B 06/IACTH OIITHKY, aHATIOTUYHOE U3MEHEHHIO YaCTOTh
3BYKa, KOIZIa CUPEeHa YIA/ISIOIIErocsi aBTOMOOMIIST KKEeTCsT Ha-
6monaremo 6omee HU3KO 3Bydaluei). Eciu 3Be3na K HaM mpu-
O/IMKAETCsI, TO ee CBET CABUIAeTCsl B TOIyOyIO 4acTh CIIEKTPa.
B 1995 . 1Ba actpoHoMa 13 YKeHeBcKo# 06cepBaTopuH, Muiienn
Maitop u Ounee Kemo, 0GHAPYsKMIH, YTO IOIITIEPOBCKOE CMe-
mieHue y 51 Ileraca, pacrono>keHHOIH HeIaeKo OT Hac 3Be3.bl,
noxokeit Ha CoJHIIe, C/IeTKa U3MeHsIeTCs], Kak OyATO OHa [BU-
KETCSI [0 KPYTY, TO IIPUOIMKAsICh K HAM, TO OTAAJISISICh, @ TIOTOM
CHOBa ITPUOIMKAsCh, U TaK IOCTOsIHHO. 1o pacueram, ee opou-
TaJIbHAsE CKOPOCTb COCTAaBJIsIA IIPUMEPHO 50 M/C. ACTPOHOMEI
IIPeITOJIOKMIIM, YTO BOKPYT 3Be3bl 0OpalllaeTcs IUIaHeTa pas-
MepoM mpuMepHo ¢ FOnuTep, 1 13-3a 3TOr0 3B€3/1a 06 palaeTcst
BOKPYT LIEHTpa Macc cucteMsl. Eciu 661 Macca 3TOi HeBUAMMOM
IUTaHEeThbl COCTABJISIIA OHY TBICSYHYIO OT MaccChl 3Be3Zbl, TO ee
opbuTanbHast CKOPOCTh COCTaBIsIa Obl 50 KM/C — B TBHICSIUY pa3
ObICTpee, UeM [BIIKETCS 3Be3/a.

B koHue 1990-x IT. yueHble [Ixoddbpu Mapcu u IMon Bar-
nep, paborarorye B KamnpopHuu, crany 4eMIMOHaMH B OXOTe
3a miaHeramu*. C IIOMOIIBIO CBOMX IMPUOOPOB OHU MOTYT 3a-
(UKCHpOBaTh U3MEHEHUS AJIMHBI BOJIHBI MEHbIIMeE, YeM OfHa
CTOMUWJIJIMOHHAS [O7Isl, Grarofapsi yeMy ydeHble MOTYT U3Me-
puth 3¢pdexT Homepa naxke A7st CKOPOCTH, COCTABIISIONIEH OIHY
CTOMMWUIMOHHYIO OT CKOPOCTH CBeTa, — 3 M/c**. Mapcu u bar-
Jlep HaIIM NOKa3aTeabCTBa TOTO, YTO Y MHOTUX 3Be3J UMe-
I0TCs1 TTaHeThl. TO, YTO BCe OOHAPYKEHHbIE MU IITAHETHI ObUTH
6ompLIMH, Kak FOnmrep, sIB/ISETCS TUILb CTI€NCTBUEM OTpPaHH-
YEHHOI YyBCTBUTEIBHOCTH NPUOOPOB. 3emienonobHble -
HeTBl C MacCcO¥ B HECKOJIbKO COTEH pa3 MeHbIleH, 4eM macca

B HacTosiIee BpeMsi HarboJIbliee KOJIUIECTBO SK30IUIAHET OOHAPY-
JKEHO METOJOM TPaH3UTOB, B IIEPBYIO ovepeasb Grarogapsi pabore
cryTHUKa «Kermnep». — [Ipum. Hayu. peo.

COBpEMEHHBIN YPOBEHb TOYHOCTH COCTABJAET JECATKU CAaHTHMe-
TPOB B CeKyHAY. — [Ipum. Hayu. peo.
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FOmurepa, 6yayT U3MEHSTh CKOPOCTh JBMKEHHUS 3BE3MbI BCETO
Ha HECKOJIbKO CAHTUMETPOB B CEKYHZY, a JOIJIEPOBCKOE CMellle-
HUe OyIeT COCTABIIATh BCETO ONHY AECATUMWUIMAPIAHYIO*, a 9TO
CJIMIIKOM MaseHbKas BeJMUYMHA, YTOObI ee MOKHO ObUIO OOHa-
PY’KHUTB C ITOMOLIBIO UMEIOLIUXCST TPUOOPOB2.

Hy>kHO OTMETUTb, UTO TEJIEeCKOIIbl, KOTOPble MUCIIOIb3YIOTCS
J7IsE TIOUCKA IIaHeT, UMEIOT CPeIHUI AuaMeTp 3epKaia Ipu-
MEpHO 2 M. MO>KHO TOJIBKO IIOpaZioBaThCsl, — a UHOTAA U ITOAU-
BUTBLCSI TOMY aXKHOTa’Ky, KOTOPBII CONTPOBOSKIAET KPYIIHbIE IIPO-
€KTbI, — YTO He JIJIs1 BCeX BaXKHBIX OTKPBITHI HY>KHO I'POMO3KOe
U ioporoe 06opynoBaHe. YIIOpHble, TaJTAHT/IUBbIE YUeHbIe MOTYT
MO-TIPEKHEMY JOCTHYb MHOTOTO, II0/Ib3YysIChb CKPOMHBIMM, XOTSI
U COBPEMEHHBIMU, TPUOOPAMH.

CoBpeMeHHbIH 061Uk Harteit COTHEYHOM CHCTEMBI CTall pe-
3y/JIbTATOM MHOXXECTBA «HECUACTHBIX CJIyyaeB» U COBIAAEHMUIL.
KameHHBIE acTepoubl, Ubsi OpOUTA TIEPECEKAETCS C OPOUTOM
3emny, Bce ellle NPeAcTaBgioT yrposy. Hanpumep, ynap ne-
CSITUKUIOMETPOBOTIO acTePOMIA, OCTABUBILETO OIPOMHBIN MOJI-
BOIHBIN KpaTep Hemonaneky or Yukcynyba B MeKCHKaHCKOM
3a/MBe, BBI3BAJI U3MEHEeHHe KJIMMaTa, KOTOpPOoe, BO3MOSKHO, ITpe/l-
ompenenvao Cynpby OMHO3aBPOB 65 MIIH JIeT Has3az. Bornee va-
CTBIMH GBI CTOJIKHOBEHUSI C OOBEKTAMU [TOMEHBIIIE, KOTOPBIE
TeM He MeHee MOTYT BBI3bIBaTh CEpbe3Hble Pa3pyIIeH!s B MeCcTe
ymapa. Ho korna ConHeyHasi cucteMa 6blia MOJIOa, CTOIKHOBE-
HUS CJIy4aJIMCh TOPas3zo Yallle, TaK KakK K HaCTOSIIIeMy BpeMeHU
GoJIbIIAs YACTh CYILIECTBOBABIUMX I€PBOHAYAIBHO MPOTOIIA-
HETHBIX TeJl pas3pyllIeHbl WIK BbIOPOILEHB U3 CUCTeMbl. Haua
JlyHa 6bl1a OTKOJIOTA OT 3eM/IM B pe3yJsbTaTe CTOIKHOBEHMUS
C OpPYroi MpOTOIUTaHETOM — GOJIBIIOE KOJTUYIECTBO KPATEPOB

Celiyac 4YyBCTBUTEIBHOCTh NIPUGOPOB MMO3BOJIAET OOHAPYKUBAThH
3eMIenIofl06HbIe IUIAHETHI B 30HaX 06UTaeMOCTH BOKDYT 3Be3Z, 60-
nee jierkux, 4eM CoiHIe. KpoMe TOro, MoTeHIMagIbHO 06uTaeMble
IUIaHeTH OOHAPY)KUBAIOTCA APYTUMHU METOAAMH, B IEPBYIO OYepeb
MeTOZIOM TPAaH3UTOB. — [Ipum. Hayu. ped.
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Ha NMOBEPXHOCTU JIyHBI TOBOPUT O TOM, KAKUM OIACHBIM MECTOM
6bUTa panHss ConmHevyHast cucteMa. BriosmHe BO3MOXKHO, 4TO YpaH
MIOBEPICSI COKPYLINTETBHOMY CTOIKHOBEHMIO MO KOCBIM YIJIOM
BCKOpe IOCTIE TOTO, KaK COPMHUPOBA/ICA. B MpoTUBHOM Ciyyae
TPYZAHO TIOHATH, TOYEMY OH BPALAETCsI BOKPYT OCH, TIPAKTUIECKU
JIeKaleil B IIIOCKOCTU €r0 OPOUTBI, TOTA KaK Y BCEX OCTaTbHBIX
[UTAHET OCU BPAILEHHsI PACTIONIOKEHBI OOlee-MeHee TepreH I1-
KYJISIPHO K TUIOCKOCTH 0p6uThl. DoTtorpaduu, roTyyeHHbIe C aB-
TOMAaTUYECKUX MEXKIUIAHETHBIX CTAHLIUI, TOKA3bIBAIOT, UTO BCE
rutaHeTbl CONTHEYHOM CUCTEMBI (M HEKOTOPBIE U3 HAMOOJIee KPYII-
HBIX UX CITyTHUKOB) OYeHb HEIOXOKM [PYT Ha ApyTa.

MasioBeposSTHO, YTO APYyrHe IIaHETAPHBIE CUCTEMbI UMEIOT
TaKoe XK€ KOJIMYECTBO IUIAHET B TAKOW K€ KOHQUIypaluu,
KaK Hauia. B HEKOTOPBIX U3 ysKe OOHAPYIKEHHBIX CHCTEM €CTb
[UIAHETHI-TUTAHThI, TTOXOKUe Ha IOmuTep, KOTOpble HAXOAATCS
K CBOeii 3Be3ze 6rmke, ueM Mepkypuii (6mskaiiinas Kk ComHiy
rtaHeta). OTYaCTH 3TO CBSI3aHO C HELOCTATKOM HaOIONEHHMIT —
TsDKeJIble TUIAHETHI Ha OBICTPBIX KOPOTKOIIEPUOAMYECKHUX OpOH-
Tax mpole oO6HApyKUTh. [IOMUMO HaliJeHHbIX TSDKEJIBIX I171a-
HeT B TeX JKe CUCTEMAx MOTYT ObITh GOJIee MaleHbKYE IIITAHEThI
3eMHOTO THIIA.

JKusHb, OXOKast HA 3€MHYIO, MOKET BO3HUKHYTbH TOJIBKO
Ha [UIaHEeTax ¢ 0COOBIMU YCIOBUsIMU. Cruta TIPUTSKEHUST JOJDKHA
ObITH OCTATOYHO GOJIBLION, YTOOBI He HaTh aTMocdepe yiie-
TeTb B KOCMOC (KaK 3TO CJIyYHJIOCh C atMocdepoii Harrett JIyHsl,
€C/Ii OHa y Hee KOraa-To 6bu1a). st TOro 4toObl HA MOBEPX-
HOCTH TUIaHETHI OblIa BOZA, HA Hell He NOJKHO ObITh HU CIIMIL-
KOM 3KapKO, HU CJIMIIKOM XOJIOJHO, U MOJTOMY OHA IOJI’KHA
HAXOIUTHCSL HA ONPENEIEHHOM PACCTOSIHUU OT [OJITOXKUBYILLEM
U cTabunbHOM 3Be3apl. OpOUTHI TAKUX TUIAHET [OJIKHBI OBITh
yCTOMUMBBIMU (T. €. OHH, CKa)Ke€M, HE IOJIKHBI TIOCTOSIHHO TIe-
peceKarh IyThb [IAHETBI-TUTAHTA, C/IEAYIOLIEN 10 OpOUTe C BbI-
COKMM 3KCLIEHTPUCUTETOM). BBICOKOE «KOIMUECTBO MOMafaHUii»
OXOTHHKOB 34 [/IAHETAMH TOBOPHUT O TOM, YTO Y MHOTHX MOXO-
skux Ha CosHLe 3Be3[ B Haulel [alakTHUKe eCTh CBOM TITAHETHL.
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ByneT mpocTo nmopasuTenbHO, €CIU Cpedu MUWIIMAPAOB KaHIU-
JaTOB He HaN[eTCsl MHOXKeCTBa IUIaHeT, HallOMUHAIOLIUX MO-
J0ay10 3eMITIO.

B Coenunennsbix llltatax [3H l'onauH, rmaBa NASA, mpo-
CIBIBIIMH CBOEro pofia OpaKkyJyioM, IOCTOSIHHO TBEPAMT, UTO
IIOMCK 3€MJIETIONOOHBIX ITUIAHET — ITOJIyYeHHe UX U300paske-
HU, a He MPOCTO OKAa3aTelbCTBO CYLIECTBOBAHMSA IO KOCBEH-
HBIM IIpU3HaKaM — JOJDKEH CTaThb IIaBHOM 3afaueil KocMuye-
ckoit mporpammsbl CIIIA. Camo 1o cebe oGHapyskeHHe OIIeJHOTO
ISATHBILKA — Kak roBoput Kapn CaraH, «6megHOiM romy6oi
TOYKM» — 3TO TPy[QHAs 3ajada, KOTOpas MOXKET IOTpeGOoBaTh
OKOJIO 15 JIeT paboThl. [ToaToMy B KOCMOCE [LOJIKHO OBITh pas-
BEPHYTO OOJIBILIOE YHCIIO TEIECKOIIOB.

TyCKIIBIA CBET HaJeKoro Mupa HeceT B cebe MH(POPMALIHIO
0 €ro 06IaYHOM CJI0€, €r0 TIOBEPXHOCTH (IIPOITOPLIKS CYILN U OKe-
aHOB) U, BO3MOSKHO, [Ja’Ke O CYTOYHBIX 1 CE30HHBIX U3MEHEHUSIX.
Kpome Toro, u3 CrieKTpa OTpask€HHOTO IIJIAHETOM CBeTa MBI MO-
JKEM Y3HaTh COCTaB ee atMocdepsl. ATMocdepa 3emin 6orata
kucioponoM. Tak 6bUIO He € caMoro Havasa, arMocdepa U3MeHH-
J1ach O[] BO3JeHCTBUEM IIPUMUTHUBHBIX OaKTEPHUl B PAHHUIA TTe-
pUOL pa3BUTHUSA Halllel Iu1aHeThl. KOHEYHO, caMblii MHTEpECHBIN
BOIIPOC 3aK/II0YaeTCsl B TOM, MOIJIO JIM TaKO€ CIy4YUThCS Iae-TO
ele: Jaske KOIZa IUIAaHeTa HAXOOUTCSI B GIIarONPUSATHBIX IS Cy-
LIeCTBOBAHUS KU3HU YC/IOBUSIX, KaKOB LIAHC, YTO BO3HUKHYT
IPOCThIE OPraHU3MBI, KOTOPBIE CO34aayT 6ruocepy?

OT MATEPHH K S KU3HH

B mocsienHue TATh JIET MPOLIEIIIErO THICAYENIETHUSI Mbl COBED-
ILIEHHO OTIPENENEHHO Y3HANH, YTO MO OpOUTaM BOKPYT LPYIHX
3Be3/ 00palaoTCs TUIaHeThl. HO Mbl He CIMIIKOM TPUOIN3H-
JIUCh K TOMY, YTOOBI BBISICHUTD, ECTh JIU B 3TUX JATIEKMX TaBaHIX
KaKasi-TO KU3Hb. DTOT BOIPOC TPESK/IE BCETO CTOMT Tepes 61Ooo-
ramu, a He riepe[; acTpoHoMaMu. OTBETUTh Ha HETO OY€EHb HETIPO-
CTO, Yl CIIELIUAJIUCTBI HUKAK He MOTYT IIPUATH K € AMHOMY MHEHHUIO.
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KusHp Ha 3emiie 3aHMMaeT camble pa3HOOOPA3HbBIE HUILU.
DKOCUCTeMBI, pacIIOIO’KeHHbIE OKOJIO FOPSTYMX CEPHUCTBIX KIIIO-
Jeii B I7lyOMHAX OKeaHa, YKasbIBAIOT Ha TO, YTO ISt SKU3HHU JaKe
Ha/IYMe COTHEYHOTO CBETa He SIBISIETCsT 00si3aTeIbHBIM. MBI Bce
ellje He 3HaeM, KaK U IJie 3apOANIach Xu3Hb. Ceftuac GOIBIIYIO
IOIYJ/ISIPHOCTb TIOJTyYr/Ia BEPCUsI O GYPHOM BYJIKQaHUIECKOM BbI-
6poce, a HE O «<MaJIEHbKOM TEIIOM Tpyae» [lapBuHA, HO KU3Hb
MOTIJIa ITOSIBUTBCS U TTIyOOKO TI0[] 3eMJIei, ¥ JasKe B MOJIEKYJIaX
IbUTH B Hebecax*.

ToYHO Tak ke Mbl ¥ MOHSTHSI HE UMeeM O TOM, Kakue 06-
CTOSITENIbCTBA NMPUBEIN K BO3HMKHOBEHHIO )KM3HU Ha 3eMile,
HMEJH JIH OHU «€CTECTBEHHBIN» XapaKTep WIH ObUIA CBsI3aHbI
C PSIIOM TaKHUX MaJOBEPOSITHBIX COOBITHH, KOTOpbIE eBa JIU
KOrzna-1ub0o MOBTOPSITCS Ha OPYToii IuaHeTe rae-iubo erue B [a-
nakTrKe. VIMEHHO [O3TOMY O4YeHb BasKHO OOHAPYKUTh JKU3Hb,
IyCTh [jake B IIPOCTOM pOpMe, HIIK XOTsI Obl ee Clefibl rae-mbo
emte B ConHeyHol cucteMe. B okyce BHUMaHMS, HAUMHAS ellle
¢ XIX B., HaXOAUTCS Mapc: B TeueHre OIMKANIINX HECKOTBKUX
net Ha KpacHylo NaHeTy NMpU3eMINTCS Lesasi apMaga KOCMMU-
YeCKHX allapatoB, KOTOpPble OyoyT aHAIU3UPOBATh €e TIOBEPX-
HOCTb, OBJIETSIT BOKPYT IUIAHETHI U (B 6071€e MO3IHUX MUCCHSIX)
BepHyTCS Ha 3eMo ¢ obpasiamu. JKU3Hb TaKsKe MOSKET Cylie-
CTBOBAaTb B IIOKPBITBIX JILJIOM OKeaHaX JIe[STHbIX CITyTHUKOB IOmu-
tepa — EBpomnbl u Kamncro, 1 cyliecTBYIOT IUIaHBI BBICAIUTD
Ha 3TU TeJa CTAaHLUU, KOTOpble CMOTYT BBIIIOTHUTh UCCIIENOBa-
HUS TOTO, YTO HaXOQUTCS MOJ CJ0eM JbJa.

Ecnu 651 B COTHEUHOH CUCTeMe XH3Hb 3apoausach ABaXKIHI,
MOKHO 6BUIO GBI IIPeAIoIarath, 9To BCsi [amakThKa ero n3obu-
JIyeT, TIo KpaliHeil Mepe B IIPOCThIX popmax. Takoe 3aKIIIOUeHHe,
HMelolllee OTPOMHOe 3HaueHue, TpebyeT HaIM4MsI ABYX He3aBU-
CUMBIX UCTOUYHHKOB BO3HMKHOBEHMUSI KU3HU. ECTh ele BaxkHas

O coBpeMeHHBIX IIpeZicTaBJIeHUAX 110 3TOMY Bompocy cM.: Huku-
TuH M. [Ipoucxoxzaenue xusHu. OT TYMaHHOCTH [0 KJI€TKU. — M.:
AnpnmHa HOH-UKIIH, 2018. — IIpum. Hayu. peo.
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OTrOBOpPKA: CKaXKEM, eCJI METEOPUTHI ¢ Mapca Moru 106patThCst
pafe] BeMJ'H/I, TO BIIOJIHE BO3MOXKHO, YTO BCE€ Mbl MapCHUaHe. U nHa-
060pOT: XK13Hb HA Mapce MoI/Ia TOSIBUTHCSI U3 BCTPEYHOTO I10-
TOKa 3€MHOro Marepuasal

OT INPOCTEUMIIEHU >KU3HU K PABYMY

Mo xpaiiHeii Mepe B OOLIMX YepTax HaM U3BECTHBI CJIOKHAS
UCTOPHSL U CTyYaiiHble OOCTOSATENBCTBA, KOTOPbIE IPUBENN K Ha-
LIeMy MOSIBJIEHHUIO Ha 3emsie. Muinuapn jeT IpUMUTUBHBIE Op-
TaHU3MBI BbIPAbaThIBAIA KUCIOPOL, U3MEHSS SIIOBUTYIO aTMO-
cepy MONOmOIt 3eMIN U TOATOTAaB/INBAs YCIIOBUS AJIS1 Pa3BUTHS
MHOTOKJIETOYHOH XHU3HU. OKaMeHesble UCKOMaeMble OCTaHKU
PaccKasbIBaIOT HAM O TOM, YTO IUIABAIOIIME U TIOJI3aI0LIMe CO3/a-
HUSI B U300MIMH CYIIIECTBOBA/IM BO BPEMsI KEMOPHIICKOTO TIepH-
olla — 550 MJIH JIET Ha3a/. B TeyeHue craeayrolMX 200 MJIH JIeT
COCTOSITIOCH TIOSIBTIEHHE PAacTeHMIt Ha Cylile, U 6raromapsi SToMy
BO3HHUKJIA Cpefla OOUTAHUS TIpefCTaBUTe el 9K30THUECKOH da-
YHBI — CTPEKO3 Pa3MePOM C MOPCKYIO 4aiKy, MHOTOHOXXEK JIJIU-
HON B MeTp, CKOPITHOHOB M amM(pHUOUI. 3aTeM MPHULUIO BPEMS
IMHO3aBPOB, YbM TPAIULIMOHHBIE OOPA3hl IyIIbIX U BSUIBIX JKH-
BOTHBIX B ITOC/IE[JHEE BPeMsl CMEHHINCh ropasno Oosee aAuHa-
MUYHBIMH (B COOTBETCTBUH C TIOC/IEIHUMU HAyYHBIMHU TAaHHBIMU)
B TaKMX PuIbMax, Kak «[lapk I0pcKoro mepuoga». JUHO3aBpEI
ObLIM CMETEHBI C JIMLIA 3eM/IM CAMON HEOXKUIAHHOM U Herpe-
CKa3yeMOH M3 BCeX KaTacTpog — CTOIKHOBEHHEM 3eMJIH C acTe-
POUZIOM, YTO IIPUBETIO K TUTAHTCKUM BOJIHAM U BBIOPOCAM IIbUIH,
KOTOpasi MHOTHE TOfibl 3aKpbiBasia He60. DTO IPOUCILIECTBHE OT-
KPBUIO MyThb [7I51 MJIEKOMUTAIOIUX — MPEJKOB YeI0BeKa.

Ho maske ecru 6b1 Mbl 3HaJIH O TOM, YTO IIPUMHUTHBHASI SKU3Hb
6bL1a IMPOKO PacIpocTpaHeHa BO BeeneHHOIA, Bompoc o pasym-
HOIl JKU3HU BCe ellle OCTAaBaJICSI ObI OTKPBITBIM. 32 BCIO €€ JOITYIO
UCTOPHIO B Grocepe Hallleil TUIAHETHI IIJIaBajIo, MOI3ajI0 U Jie-
TaJIo0 Besuaiiiee pasHoobpasue BUmoB (GOBIIMHCTBO U3 KOTO-
PBIX MCcue3s10). Mbl IIOSIBUINCH B pe3yJ/IbTaTe TOTO, YTO B Hy>KHOE
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BpeMs HaM BBINAJ LIAHC: €CIU DBOJIOLHUIO IIepenurpaTb, UTOT
6yzmer npyrum. Kasamoch 6bl, HUUTO He IPEABEIaso Pa3BUTHS
pasyMa; Ha CaMOM J[eJle MHOTHE BeAyllue y4YeHble, 3aHMMalo-
LIMeCcsa TEOPUEH 3BOMIOLUM, CUUTAIOT, YTO Na’Ke €CJIA IPOCTas
JKM3Hb M PACIPOCTPaHeHa Ha MIPOCTOpax KOCMOCA, TO pa3yM Mo-
SKEeT BCTPeYaThCsl 3HAUUTENIBHO peske. MBI BCe ellle 3HaeM CIIUII-
KOM MaJIo, 4TOObI OLIEHUTh PeabHOE TIOJIOKEHUE [e/T, HO HET
HUKaKOM IIPUYMHBI CTAHOBUTBCS HEIIPEKJIOHHBIMU CKEIITUKAMU.

HeBeposiTHas1, 3aXBaThIBAOLIAst MHOTOTPAHHOCTh OHOIOrHYe-
CKOI1 9BOJIIOLIMH ¥ pa3HOOOpa3ue JKU3HU Ha 3eMJle 3aCTaBISIIOT
Hac [IOHMMATh, 4YTO B MUPE, Te HET )XU3HHU, BCe TOPa3a0 IIpOoLLe.
U sta mpocTroTa — WU, IO KpaHeN Mepe, 0mHocumenvHas npo-
CTOTa — 3TO XapaKTepHasi YepTa TeX OOBHEKTOB, KOTOPhIE U3Y-
4aloT aCTPOHOMBI. ECTh Bellly, KOTOpble TPYAHO IIOHATb, IOTOMY
YTO OHM C/N0XCHble, & HE IIOTOMY, YTO Oonvuiue. 3amada IOCKO-
HaJIbHO U3Y4YUTh, KaK aTOMBI COEIMHSIIOTCS B JKUBBIE CyIllecTBa —
371eCh, Ha 3emsle, a BOSMOXKHO, U B IPYTUX MUpPaX, — AOCTATOYHO
CJIO’KHA, YTOOBI C/Ie/IaTh Pasra/iky IIPOUCXOKAEHHUS KU3HH 60-
nee 06eCKypPaKUBAIOLIEHN, YEM pellieHHe JTF0O0M U3 KOCMOJIOTH-
yeckyx npobiem. TeM He MeHee O 9TOM IPUYHHE ST He IyMalo,
YTO CTPEMUTBCS MOHSATh Hallly OTPOMHYIO BcesleHHyl0O — 3TO
CJIUILKOM GOJIbLIAS CAMOHAIESTHHOCTb.

[ToHsITHE «<MHOXKECTBA OOUTAEMBIX MUPOB» BCE €lLlle OCTAeTCSI
yIIe7IOM TEOPETUKOB, KaK 9TO OBUIO C JPEBHENIIMX BPEMEH 10 Ha-
KX JHEU. B 2000 I. MMHYTIO 400 JIeT CO AHA cMepTH [I>KopaaHo
BpyHo, coxxskeHHOro Ha Koctpe B Pume. OH cuuras, 4ro:

B KocMoce cyuiecTByeT GecurcIeHHOe MHOXKECTBO CO3Be3-
DA, COTHL{ ¥ [UTAHET; MBI BUAMM TOJILKO COJIHLIA, IIOTOMY YTO
OHH JIAIOT CBET; IUITAHETHI OCTAIOTCS HEBUAUMBIMH, IOTOMY YTO
OHU MajeHbKUe ¥ TeMHble. CyIeCcTBYET MHOKECTBO 3€MeJTb,
OOPALLAIOLIMXCST BOKPYT CBOUX COJIHL, M 3TH 3€MIIM HE XyJKe
U He MeHblIe Halleil anetsl. [1oaToMy mouemy Gbl He HOIY-
CTHTB, UTO Ha HeBECHBIX Te/axX, KOTOPble MOTYT OBbITh Kyna 6oree
POCKOLIHBIMY IO CPABHEHHUIO € TEM, YTO JAOCTATIOCH HAM, MOTYT
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06uTaTh CyIlIECTBA, ITOXOJKUE Ha TE€X, YTO HACEIAIOT Hallly Y€/I0-
BEYECKYIO 3€EMJIIO, MJIK aKe ITPEBOCXOAAIIE ux*.

Co BpemeH BpyHO 3TO MHeHHe IIMPOKO PacIIpPOCTPAHUTIOCh.
B XVIII B. Beukuii acTpoHOM Yunbsam lepiiienb, OTKpBIBIIMH
ruiaHety YpaH, Mojiara, 4to riaHeTsl, JIyHa u naxe CosnHiie 06u-
TaeMbl. B 1880-x rr. [TepcuBainb JIoyasul, 6oraThlii aMepuKaHell,
MIOCTPOMJI CBOKO COOCTBEHHYIO 0OcepBaTopHio B ropone dar-
cradd B ApU30HE B OCHOBHOM /ISl TOTO, YTOOBI U3ydaTh Mapc.
OH cuuTas, 4To «KaHaIbl» (KOTOpHBIE, KaK ceifyac U3BECTHO, «I10-
SIBWINCH» B pe3ysIbTaTe TOTO, YTO JKejlaeMoe NPHHSUIM 3a Ael-
CTBUTEJIbHOE, & TAKXKe 10 MPUYHHE ONTUYECKUX WITIO3HI) SIB-
JISIIOTCST UPPUTALIMOHHBIMU COOPY>KEHHSIMH, YTOOBI IIPOBECTH
BOZly OT 3aMOPO’KEHHBIX IOJISIPHBIX LLIANOK B «ITyCTHIHW» 3KBa-
TOPHABHOMH 30HBL B 1900 I. dpaniy3ckuil poHz yapeans mpe-
muto 'y3maHa pa3mMepoM 100 000 (PaHKOB 32 IePBbII KOHTAKT
C BHe3eMHBIMU BuAaMu. [IpeycMOTpUTEIBHOCTD 3aCTaBUIA Y-
penuTenei UCKIOUNTh Mapc: Beb TOrga CYMTAIOCh, YTO OOHA-
PYXUTb MapCHaH — 3TO CJIMILKOM ITPOCTast 3afava.

OBIIAA KV/IBTYPA C HHOIIJTAHETAHAMM?

VHUIMATOpaMH TIOUCKOB BHE3EMHBIX LIMBUIM3ALMI ObUIH yde-
Hele uHcTUTyTa SETI** B Maynrtun-Beio, mrrar KamudopHus.
Yeunus GbUTH COCPEOTOYEHbI HA MTOMCKAX PAJHOCUIHATIOB HC-
KyCCTBEHHOTO ITPOMCXOKIEHUS. B ITpoeKTe MCII0/Ib30BaINUCh pas-
JIMYHBbIE KPYIIHBbIE PaAHOTEIECKOIb], PACIIOIOXKEHHBIE IO BCEMY
MUpPY. DTOT BApHAHT 3HAKOM HaM U 11O PaHTACTUYECKUM IIPOU3-
BeZleHUsIM, TakuM Kak «KonTakT» Kapna Carana (rge oH B Liesiom
orpaBzas cebst). Ho panuo — 370 He e AMHCTBEHHBIN BEPOSITHBIN
crioco6 nepenadut HHOPMALMU: Y3KHUe Ty J1a3ePOB MOTYT IIpe-
OZIOJIETh MEK3BE3[IHbIE PACCTOAHMSA C JOCTATOYHO CKPOMHBIMU

Bpyno [I. dunocodckue guanoru. — M.: VI Kapenun, 2013.

L

Amnrn. SETI, Search for Extraterrestrial Intelligence. — IIpum. nep.
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3aTpaTaMU SHEPruu. Y Hac y>Ke €CTb TEeXHOJIOTHH, C IOMOILIBbIO
KOTOPBIX MBI, €C/IM 3TOTO MOJKeIaeM, MOXKEM 3asgBUTb O CBOEM
NPUCYTCTBHMU Ha PACCTOSTHUU B MHOKECTBO CB. JIET, UCIIOTIb30BaB
OIVH U3 YIIOMSHYTBIX MeTOHOB. Ha caMoM nesne mocTosSIHHOe U3-
JIy4eHHE paauoIlepelaTIYMKOB, pafapoB U IPOYel TEXHUKH, pac-
TIOJIOYKEHHOM T10 BCEMY MUY, B TI0O0OM C/Tydyae BbLIACT Hallle IIPH-
CYTCTBHE KaKHM-HHUOYAb MHOIUIAHETSIHAM C YyBCTBUTEIbHBIMHU
panuoTeneckonaMu. Ham Tak Mazo M3BECTHO O MPOUCXOXIEHNUN
Y BO3MOXXHOM Pa3sBUTHUHU JKHU3HH, YTO OYE€Hb TPYAHO IIpeayraiaTh,
KakoM MeTox OOHapyskeHus nyduie cpaboraet. [loatoMmy umeer
CMBICJT UCITIOIb30BATh JTIOOYIO ZOCTYITHYIO METOLUKY U OBITh IO-
TOBBIMH K JIFOOOMY BO3MOKHOMY Pas3BUTUIO COOBITHH. HO MbI
He JOJDKHBI 3a0BIBaTh O «HAOIIONATETbHON CETEKL[HUM»: JasKe
€CJIM MBI YTO-TO OOHAPY>KHUM, Mbl HE CMOKEM CLe/IaTh yBEpeH-
HBII BBIBOZ, O TUIIMYHOCTH JAHHOTO CHUTHaJIa, TIOCKOJBKY M3-3a
TOTO, YTO HAIUU ITPUOOPHI U METOABI OrPAaHUYEHHBI, MBI e/Ia€M
MIPUCTPACTHBINA M HETOJHBIA OTOOP U3 TOTO, YTO MOYKET CyLe-
CTBOBATb B EHCTBUTEIBHOCTHU.

B03MO>KHO, pasyMHOM >KU3HU Gosblie Hurge Het. Ecmu ke
TaKas >KM3Hb CYILIECTBYeT, OHa MOXKET HaXOOUThHCS Ha TUIaHETAX,
MOJTHOCTBIO ITOKPHITHIX BOZOH, IZie «CyIepaenb(UHbl» HaCTasK-
JAIOTCSI CO3epLaTeIbHOM >KU3HBIO B OKeaHe, He NpealpUHU-
Mast HUYero, 4To MOMOIJIO OBl MX OOHAPYKUTh. BrICOKa BEpOsIT-
HOCTb TOTO, YTO yCIleXa B IIOMCKaxX BHE3€MHOIO pa3yMa JOCTUYb
He YOAcTCs, HO IUIAHOMEPHBIE IMOMCKH MCKYyCCTBEHHBIX CHUTHa-
JIOB — 3TO WUrpa, KOTopasg CTOUT CBeY Gimaromaps dumocod-
CKOMY CMBICITY 1006010 moucka. OueBUIHbINM HUCKYCCTBEHHBbII
CUTHall — [a’ke eCM OH OyoeT TaKUM CKYYHBIM, KaK CIIMCOK
MIPOCTBIX YKCE WM 3HAKOB TIOCTIE 3alsITOi B uncie 1, — Oy-
JleT CBUIETeIbCTBOBATh O TOM, UTO «pa3yM» Ha 3eMsie He YHU-
KajleH ¥ BO3MOXKEH IZe-TO eule. bamKkaiime MecTa, e Takoe
MOIJIO CJIyYMTbCS, HAXOOATCA TaK LAJE€KO, YTO CUTHAJIYy IOTpe-
GyeTcst MHOTO JIET, YTOOBI O HAC 106paThcst. TOMBKO MO 3TOM
MpUYUHE epenaya OyneT MPerMyLIECTBEHHO B OJUH KOHELL.
Ha T0, 4T06BI MOCIaTh OOLYMAHHBII OTBET, OYAET LOCTATOYHO
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BpPEMEHH, HO OOMEHSITbCSI MEXK3BE3IHBIMU OCTPOTAMH HE TIO-
nyguTcs!

JTro6ble manekue CyLecTBa, CIIOCOOHbIE C HAMU CBSI3AThCS, OY-
IyT UMeTb IIPeICTaBIeHUS O MaTeMaTHKe U JIOTHKE, CXOKHe C Ha-
1Mu. Takske y HUX OYAyT CXOKHe 3HaHMUsT 00 OCHOBHBIX YaCTHILAX
Y CHJIaxX, KOTOpble yrpasysiioT Beenennoit. Ux cpena oburanus
MO3KeT OBITh Opyroii (a 6uocdepa OTIMYATHCS ellje CUIbHEE),
HO MX TeJla U UX IUIaHeTa OyoyT COCTOSITh U3 TAKUX JKe aTOMOB,
KaK Te, YTO eCTh y Hac Ha 3emste. JIJIs1 HUX, KaK U IS HaC, CAMBIMU
BaJKHBIMH YaCTUL[AMHU OyZAyT IIPOTOHBI U JIEKTPOHBL: OIUH 3JI€K-
TPOH, OOpAILAIOIIUICS BOKPYT IIPOTOHA, — 3TO aTOM BOIOPOZAA,
a 9JIeKTpUYECKUe TOKU U PagHOIlepelaTINKU TPEOYIOT IIOTOKOB
971eKTPOHOB. [TPOTOH B 1863 pasa TsDKeslee AJIEKTPOHA, ¥ 3TO YUCIIO
Oyoer MMeTh OHO U TO JKe 3Ha4YeHHe [UIsi JII0O0ro pasyma, CIo-
COGHOTO ITepeaBaTh PaIHOCUTHAIIBI 1 3aMHTEPECOBAHHOTO B 3TOM
3aHATHH. Bce OCHOBHBIE CHIIBI M 3aKOHBI IIPUPOBI OYIyT TEMH Ke
cambiMu. Ha camom zerne 910 ejHOOGpasue, 6e3 KOTOPOro Halla
BceneHHast 6b11a Gbl COBEPIIIEHHO HETIOCTHKUMBIM MECTOM, pac-
IIPOCTPaHSIeTCs Jaske Ha CaMble OTAaIeHHble TaIakKTHKH, IOCTYII-
Hble acTpoHOMaM [uist usydenust. (Tem He MeHee B CIIeyIOIINX
I/IaBax 9TOM KHUIM OYIyT PACcCY>KIEHMUSI O IPYTUX BCEJIEHHBIX, KO-
TOpbIe HaBCerga OCTaHyTCs 3a MPefeaMy JOCSIraeMOCTH HAIHMX
TEJIECKOIIOB U Iie MOTYT AEHCTBOBATh APYTHe 3aKOHHbI.)

[TOHATHO, YTO UHOIIAHETHBIE CYLIECTBA He OyAyT MONIb30-
BaTbCsl METPaMH, KWJIOTPaMMaMH U ceKyHaamu. Ho Mbl MoskeM
0OMEeHHBATBCsT MH(OPMALIHEN O COOMHOWEHUSX BYX MacC (TakHX,
KaK, HallpMep, COOTHOILIEHHe MacChl IIPOTOHA U 37IeKTPOHA) MIIN
IBYX IJIMH. DTO «YKCThIE YUC/Ia», HE 3aBUCSLINE OT €UHULL U3-
MepeHHUsT, KOTOPbIMU MbI MOJIb3yeMCS: YTBEPKAEHUE O TOM, YTO
OIlHA ITajIKa B 10 pa3 IUIMHHee OPYroi, BepHO (MM HEeBEepHO),
He3aBHCHMO OT TOTO, MepsieM MbI JJIMHY B (pyTax, MeTpax WiIn
KaKHX-TO MHOIUIAaHETHBIX eIWHHLAX u3MepeHus. Kak rosopui
¢usuk Puuapn DeitHmaH, OH MOTr OBl paccKasaTb MHOIUIAHET-
HBIM CYILECTBAaM, YTO €r0 POCT COCTABJISIET 17 MJIPH aTOMOB BO-
ZOpoZa, ¥ OHH OBl €ro MOHSUIH.
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Pa3yMHast 5KU3Hb MOXKET HE UMETb BOOOIIIEe HUKAKOTO UHTEJI-
JIEKTYaJILHOTO CXOACTBA ¢ Hawel. Ho obble CYILLIeCTBA, KOTOpbIE
NepeJaloT HaM CUTHAJIBI, TO/DKHBI UMETh ONpele/IEHHbIe TOCTH-
KeHUsI B 0671acTi ¢pusuKy. EC/ii y HUX eCTb KakH1e-TO CIIOCOOHO-
CTH K Pa3MBIILIEHUIO, OHH, 6€3yCTIOBHO, pa3zesIsiioT Hallle o00-
IIBITCTBO IT0 ITOBOLY KOCMUYECKOTO COOBITHSI, KOTOPOE TIPUBETIO
K BO3HUKHOBEHHIO Hac Bcex. OHH, CKopee Bcero, OyayT MHTe-
pecoBaThbCs YCTPOMCTBOM Hallleil BceneHHON — 3Be3aMu U ra-
JIaKTMKaMH, Te€M, YTO B HEM HaXOOWTCH, KaK OHA PaCUIMPSETCs,
a TaK)Ke ee OKOHYATe/IbHOM CyIb0OH. DTH 3HAHUSI CTAHYT YacCThIO
o011eit Ky/IbTypbl, KOTOPYIO Mbl Pa3zie/IiM C MHOIIAHETSIHAMU.
U Kak 4 MBI, OHU OTMETHT, 4YTO AJId Haleil obuieil BeeneHHOI
Ba)KHBI HECKOJIBKO K/IFOYEBBIX YHUCETI.

TeMmori 3TOM KHUTM CTalX IIECTh TaKUX yucen. OHU ompene-
JISIIOT OCHOBHBIE XapaKTepHbIE 4epThl BcesleHHOM: TO, Kak OHa
PpacIIMpsIeTCsT; MOTYT JIM OPMHUPOBAThCSI IIJIAHETHI, 3Be3/bI U Ia-
JIAKTHUKH; U MOJKET JIU OBbITh «XMMHUYECKAs» TPEAPACIIONONKEH-
HOCTb K 3BOouMu. bonee toro, mpupona BeceneHHOH 3aMeTHO
YyBCTBUTENbHA K OTUM urciaM. Eciu Bbl nipencrassiete cebe
MyJIbT yIIpaBieHUsl BcesleHHOM ¢ 1IeCThiO IIKaJaaMH, TO UX Ha-
CTpO¥iKa IOJKHA ObITh OYE€Hb TOYHOM, YTOOBI CO31aTh BCEJIEHHYIO,
B KOTOpPOHM MOXKET BO3HHUKHYTb >KU3Hb. bbul 1 310 IIpoMelcen
Boxxuit unu ciy4aiiHoCTh? SIB/ISIIOTCS 1M 3TU YMCTIa Pe3yIbTaTOM
«TEOPUU BCErO», KOTOPast MOIJIa ONPeJeIUTb UX € JUHCTBEHHBIM
o6pasoM? Hu oiHa MX 3THUX MHTEPIIPETALNI HE BBIIIAANUT yOe-
IUTEIbHOM. B KayecTBe aJIbTepHATHBHI S MOJIATal0, YTO 3Ta fB-
Hasl «HACTPOMKa» 3aCTaBIIET 3aAyMAThCsl O YEM-TO HoJiee 3Ha-
YUTENBHOM: O TOM, YTO HabmopaeMas Hamu BceneHHass — Bce,
YTO MBI MOKEM BUIEThH C IOMOILBIO HAIIMX TEJIECKONOB, — 3TO
BCEro JIMILIb 4acThb GoJiee KPYITHOrO 0Opa3oBaHUs], B KOTOPOM
MOTYT OTIINYAThCS JaKe PU3NIeCcKre 3aKOHBL. DTO BCETO JIMIIb
MIPeIIOIOKEHHE, HO OHO BIIOJIHE COITOCTABUMO C COBPEMEHHBIMHU
TEOPUAMHU.

MsI 3HaeM, 4YTO Tak Ke, Kak 3eMusi obpaiaeTcsi BOKPYT
CorHIIa, BOKPYT APYTHX 3Be3J1 O0PalaloTCs ITaHEeThL. MbI MOYKeM
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3a7aBaThCs BOIIPOCOM, KaKMe Ha HUX ycnosus. He cimiukom mu
cnabast rpaBUTaLUs, YTOOBI yaepskath armocdepy? He ciuru-
KOM JIM JKapKO, XOJIOHO WJIH CYXO, YTOOBI 3aPOJHIIACH JKU3HD?
Bo3MOXXHO, TOIBKO HAa HEMHOTHX IVIAHETaX OKPY Karolllas cpena
IIOAXOUT /ISl KU3HU. TakuM 06pasoM, B ropaszuo 6osee Kpyri-
HOM MaciuTabe MOKET CyIeCTBOBATh OeCYMCIEHHOEe MHOXe-
CTBO APYTHX BCEJIEHHBIX, KOTOPbIE Mbl HE MOYXEM HaOIIONATh,
IIOTOMy YTO MX CBET HMKOIZA IO Hac He mobepercs. bymyt iu
OHH NOAXOAUTH AJI1 TOTO BUZA 3BOJIIOLIMHU, KOTOPBIM MPOXU3O0LLIE
0 KpalHel Mepe Ha OJHOI IUIaHETe, OOPAIIAOIIENCST BOKPYT
OIHOM 3Be3nbl B Hallel pogHoi BcemenHoit? B 6ombluMHCTBE
M3 HUX LIECTh YKUCEJl MOIyT UMETh JPYyIUe 3HAuY€HUS, TIOITOMY
TOJIBKO HeOOJIbIIIast YaCTh BCEJIEHHBIX OyIeT «HacTpOeHa» Ha Cy-
LI€CTBOBaHME XU3HU. Hac He NOMKHO CUIBHO YIUBIATH TO, YTO
B Hawleli BcesleHHOM 3TH 4McIa KaXXyTCsl HACTPOEHHBIMU 4Yyec-
HBIM 00pa3oM, Kak He YOUBISIET HAC TOT (aKT, YTO Mbl OOUTaEM
Ha BecbMa CIielIH4ecKo IIaHeTe, Ybsl CHUIa IIPUTSDKEHUS 110-
3BOJISIET YAEPKUBATh aTMOC]epy, C TeMIIepaTypoii, PHU KOTOPOI
MOJKET CyIIeCTBOBATh BOZA, JBUIKYILEHCS IO OpOUTE BOKPYT CTa-
OUIIbHOM, TONTOXUBYILEH 3BE3/bI.






IJIABA 3 OI'POMHOE
YHCJIO N: CHUJIA
TATOTEHUSA

B KOCMOCE

KTo Xe moBepuUT B MypaBbsl B T€OPHU?
Winu B )xupada cxemy?

Jecarb THICSY JOKTOPOB M1000i KaTeropun
Ilon-neca ceeayT B Teopemy.

I>xoH Yuapraou

«YACOBOM MEXAHHU3M» HBIOTOHA

Ecrt GBI MBI pelnin OpraHu30BaTh JIEKLMN AJIsl pa3yMHbIX Cy-
IECTB C JPYTUX IUIaHeT, ObIIO OBl €CTECTBEHHO HA4yaTh C rpa-
BUTALIMU WUJIM CUJIBI TATOTEHUS. DTa CUJIA YAEP’KUBAET TUIaHETh
Ha UX OpOUTax U CBsI3bIBaeT 3Be31bl. B 6osiee KpyrnHOM maciirabe
LieJIble TAIAKTUKUA — CKOIUIEHUSI MWIJIMAPAOB 3Be3[ — YIpPaB-
JISIIOTCS CUTIOM TsAroTeHust. Hu onHO BelllecTBO, HU OOWH BUJ Ya-
CTHLL, HU JIaKe CaM CBET He U36eraror ee BIUsHUS. [paBuTaust
ylpasseT paclIMpeHreM Bcel BcesleHHON M, BO3MOJKHO, ITpea-
OIIpeLIe/IUT ee OKOHYATENIbHYIO CYAbOY.

Cuna TAroTeHHUsI MO-IIPE’KHEMY OCTAeTCsl TaUHCTBEHHOM.
OHa o3anaunBaet Gosblue, YeM Jy0bast gpyrast CHaa IPUPOIbL.
Ho aTo 6bU1a TIepBast Cuiia, OMUCAHHASE MATEMATHYECKHUM ITyTEM.
B XVII B. cap HMcaak HpoTOH pacckasan HaM, YTO NPUTSIKe-
HHE MeXAy OBYMS TIOOBIMH OObEKTAMH ITOJUHHSIETCST «3aKOHY
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06paTHBIX KBazpaToB». Chita ocabeBaeT MPOMOPLIMOHAIBHO KBa-
IpaTy pacCTOSIHUS MEKIy IBYMs TeJaMHU: Pa3MeCTUTE UX B IBa
pasa masbllie OpyT OT LPYyra, U IPUTSDKeHHEe MeKAy HUMH CTa-
HeT B 4yeThIpe pasa cmabee. HpIOTOH MOHSUI, YTO CHJIA, KOTOpast
3acTaBysieT sI0JIOKH MaIaTh Ha 3€MJIIO U YIIPABJISIET TPAEKTOPUEH
BBIITYILIEHHOTO U3 IYLIKU S4pa, — 9TO Ta JKe camast CHiia, KOTo-
past ynep>kuaert JIyHy Ha ee opbure Bokpyr 3emun. OH JoKasar,
YTO €ro 3aKOH OOBSICHSIET SJUTUIITUYECKYIO (POPMY ITAHETAPHBIX
opbuT — ybenuTenbHas JEMOHCTPALIMS CIOCOOHOCTH MaTema-
THKH IIPEICKA3bIBATh, KaK pabOTaeT «4acoOBOM MEXaHU3M» MUPa
MIPUPOIBI.

Benmuknii Tpyn HeroTona «MareMaTudeckye Hadasia HaTypaib-
Holt ¢prtocodum» (Philosophiae Naturalis Principia Mathematica),
OIyOIMKOBAHHBIHA B 1687 I., — 3TO TPEXTOMHUK, COLEPKALUI
TEKCTHI Ha JIATHHCKOM $I13bIKe, OOpaMIeHHBIE IeTaIbHO pa3pabo-
TaHHBIMHU TEOPEMaMH, B OCHOBHOM TeOMETPHYECKOrO XapaKTepa.
OTO NMaMSITHHUK BBLIAOLIETOCS] HAYYHOTO MHTEJIIEKTa ThICSTYerte-
Tvst. HecMOTpst Ha HENIPUBIIEKATEIbHBIN 00pa3 KU3HMU, BIIUSHUE
HptoTOHa GbITIO OrPOMHBIM U KOCHYJIOCH asKe IT03TOB U (PUIIOCO-
¢oB. OHO pacIpPOCTPaHUIOCH U Ha GOJIEE IMPOKYIO AyAUTOPHIO:
HaIrpuMep, B 1737 I. MOSIBUIACh KHUTA, O3ariaBieHHast «HboTo-
HUaHCTBO 1 nenv» (Newtonianism for Ladies). CymnocTs ero
TEOPUH TATOTEHUsI ObUIA U3TIOJKEHA U B GOJIee JOCTYITHOM KHUTE
«Cucrema mupa» (The System of the World).

B aroii 6onee mosaHen pabote OCHOBHASI MBIC/Ib TIOAPOGHO
NPOMJUIIOCTPUPOBaHa KapTHUHKOM, Ie W3 NYILIKH, CTOSLIEeH
Ha BepLIHHE TOpPbI, CTPEISIOT SAPaMU IapalieJIbHO IIOBEPXHO-
ctu 3emn. Yem ObICTpee OHU JIETSIT, TEM JaJIbILe MOTYT YJIETETh
IO TOTO, KaK yIaayT Ha 3eMito. Eciti ckopocTs 6yner oueHb BbI-
COKa, 3eMsIsl VIIeT U3 TPaeKTOPHUHM sIApa U OHO BBIMIET Ha Op-
6ury. Tpebyemast CKOpocTb (OKOJIO 8 KM/C), pa3ymeeTcst, Oblia He-
IOCTMDKUMMA [UIst TIyIiieK BpeMeH HbloTOHa, HO CerofiHs y Hac ecTb
HCKYCCTBEHHBIE CITyTHUKH, KOTOPBIE OCTAIOTCSI Ha CBOMX OpOUTaX
MMeHHO Giarofapst a1oit ckopoct. Cam HbIOTOH moKasas, uTo
Ta JKe camasi CUja yOep>KUBaeT TUIAHEThl Ha UX DJUTHUIITHIECKUX
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opburax Bokpyr ConHua. B 6osee kpynHom Macuirabe Tarore-
HUe IENCTBYET HA CKOIUIEHUS! 3Be3[ U HA TaJlaKTHKH, T1e MUJI-
nuappl 3B€3] 06palaoTCs BOKPYT OOLIEro LeHTpa.

B Henpax ConHLA U APYTUX 3BE3[ MOANEPKUBAETCSI PABHO-
BeCHe MKy CHJION TATOTEHMS, YOEP>KUBAIOLIEH pacKaJeHHOe
3B€3[JHOE BEILECTBO, ¥ AABJIEHHUEM 3TOTO BEILECTBA, KOTOPOE,
ec OBl He [ECTBOBAIO MPUTSDKEHUE, 3aCTABUIIO OBl 3BE3LbI
pasneteThcst Ha YacTy. B atmMocgepe Harueit coGCTBEHHOM 3eMin
NlaBJIEHUE HA YPOBHE TIOBEPXHOCTH TOYHO TaK K€ YPABHOBEILU-
BAeT BEC BCErO TOTO BO3MyXa, KOTOPHI HAXOAUTCS HAJl HALIMMU
TOJIOBAMH.

TATOTEHHME B BOJIBIIIOM
N MAJIOM MACIITABAX

[putskeHue Haled 3eM/M OKa3biBaeT H6osiee CUIbHBIN aderT
Ha KpymHble 06bekThl. Koraa nmpoxpocepbl GpribMOB-KaTacTpod
HCIIO/Ib3YIOT MOZEJNb, YTOObl N306pa3uTh, HAIIPUMEp, pylla-
IIMIACST MOCT WM IUIOTHHY, 9T OOBEKTHI LOJIKHBI OBITH CIe-
JIaHbI HE U3 HACTOSIIIMX CTAIH U OETOHA, HO U3 OY€Hb XPYIKUX
MaTepHasoB, KOTOpPbIE ITOTHYTCS WM Pa30ObIOTCS OT IMaleHHsI
C BBICOTHI CTOJNA. VI 4TOOBI BHIIAAETh PEATUCTUYHBIMH, 9TH Ka-
IPBI JOJKHBI OBITH CHSITHI B YCKOPEHHOM PEKHME, a IIOTOM I1PO-
KpYy4eHBI C 3aMezyieHneM. Jlaxke Korzaa Bce CIeJIaHO OYeHb TIa-
TEJIPHO, MOKHO HAMTH IMOACKa3KU, KOTOPble YKa3bIBAIOT HAM
Ha TO, YTO Iepesi HAMM —MHHHATIOPHAsI MOZIeJIb, @ HE PeasIbHbIi
00bekT. Hamprmep, MajieHbKYEe BOJIHBI B pe3epByape C BOLOI
CITIa)KMBAIOTCSL M3-3a TIOBEPXHOCTHOTO HATSDKEHHUsT (TOM CHUIBL,
KOTOpas yaepskrBaeT GoOpMy IOXKIEBBIX Kalleslb), HO 3TOT 3d-
(eKT HUYTOKHO MaJj, €CJIH CMOTPETh Ha HACTOSIILYIO GYPHYIO
PeKy MM OKeaHCKHe BOJHBI. [I0BEPXHOCTHOE HATSKEHHE I10-
3BOJISIET BOIOMEpPKaM GeraTh 110 BOZE, HO Mbl U3-3a CBOETO Beca
9TOTO [e/1aTh He MOXKEM.

PasMep KpUTHYECKH BaskeH IJisi OUOJIOTMYECKOrO MHUPA.
KpymHble >XKMBOTHBIE — 3TO He IPOCTO pa3AyThle BapUaHTHI

43



BCET'O WIECTb YHCEJI

MaJIeHbKHX, Y HUX Apyrye MPOMOPLUH, K IPUMepy 6oee ToI-
CThle HOTY OTHOCUTEJTBHO pocTa. [IpescraBbTe cebe, 4TO BbI B 1Ba
pasa yBeIMYHIN JKUBOTHOE, HO OCTaBU/IN €ro opMy TOM Ke ca-
mott. Ero o6bem u Bec cramu Obl B 8 (22) pas 6ornblile, a He yBe-
JIMYUIIUCH OBI BCETO BIBOE, B TO BPEMsI KaK ITOIIEPEYHOE CeUeHHe
HOT BO3POCTIO OBl TONBKO B 4 (22) pa3a U KOHEYHOCTH ObLIM ObL
CJIMIIKOM C/1abbIMHU, YTOOBI yIEp3KaTh Takoe Teno. EMy Obl moTpe-
6oBaach MHast KOHCTPYKLMS. YeM GOIbILe CYIIECTBO, TEM TSIKeE-
Jlee OHO TIAZIAET: «TOA3UIIAM» TIOTPeGOBATUCH Obl HOTH TOJILIE,
YeM UX TeJIO, U OHU He Nepeskuin Obl mageHust. C Ipyroii cTo-
POHBI, MBILIA MOTYT 3a0paThCs 110 BEPTUKAIBLHOM CTeHe U 6e30
BCSIKOTO Bpea MEePEsKUTh MafeHue C BBICOTBI, HAMHOTO TIPEBbI-
LIAMOIIEN UX POCT.

Tanueit (KOTOPBIX yMep B TOT rof, KOoraa poauscss HbioToH)
ObLI MIEPBBIM, KTO YETKO TIOHSUI 9Ty 3aBUCHMMOCTh OT pa3Mepa.
OH nucan:

C Ipyroii CTOPOHEL, U IPHPOZA He MOJKET IIPOU3BECTH [ePEBbEB
HeCOpa3MepHOi BEIMYMHbI, TaK KaK BETBH UX, OTATOILIEHHEIE
COOCTBEHHBIM YpEe3BbIYAHEIM BECOM, B KOHIIE KOHLIOB CIOMH-
JTUCB OBL... yMEHBIIAs pa3MepH TeJl, Mbl He YMEHbIIAeM B Ta-
KOI1 JKe TIPOIIOPLIMK UX IPOYHOCTH; B TeaX MEHBIIHX 3aMeda-
€TCsl jake OTHOCHTE/IbHOE yBETMUYEHHE ee, Tak, s yMalo, YTo
HebobIIast coOaKa MOKET HECTH Ha cebe IBYX MM LaKe TPeX
TaKMX JXe cobak, B TO BpeMs Kak JIOlIanhb eBa JIM MOXKET He-
CTH Ha CIIMHE OIHY TOJBKO IPYIYIO JOLIAIh, PABHYIO eif 1o Be-
M4YrHe™.

TaxkuM ke 06pa3oM OrpaHUYMBAETCS U pa3Mep ITHL] (OrpaHH-
YeHUsI SIB/IIIOTCST G0J1ee CTPOTMMU IS ITTHL] THITA KOJIMOPH, KOTO-
pble MOTYT 3aBHCaTh Ha MECTe, TpeTlellia KPhIIbsIMH, a He JUIS aJlb-
6aTpoCcoB, KOTOPbIE IUIAHUPYIOT), HO /IS I/IABAIOIINX CYLIEeCTB

%

Tanuneo I'. 36paHHble pon3BeAeHus B AByx Tomax. T. 2. CocTaBu-
tenb Y. . ®pankdypt. — M.: Hayka, 1964. C. 216-217.
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OTpaHWYEHMsI He SIBJISIOTCA TAaKMMH CTPOTHMH, IO3TOMY-TO
B OKeaHaX M BO3MOJKHO CylllecTBOBaHMe jneBuadanos. Hampo-
THB, CIMIIKOM MaJIeHbKUI pa3Mep BeJeT K IpobreMaM APyroro
pona — GosbliIas MIOLIAAb KOKM OTHOCUTEIbHO Maccel. B pe-
3yJIbTaTe TEIUIO OBICTPO TEPSIETCS U MaJIEHbKHE MIIEKOIIUTAIOLI e
Y TITHLBI JOJDKHBI MHOTO €CThb M UMETb ObICTPBIN MeTab0IN3M,
9YTOOBI COXPAHUTD TEILIO.

[Tono6Hble 3aKOHOMEPHOCTH JOJDKHBI OBbITh CIIPaBeIIUBbI
U nnsg apyrux mupos. Hanpumep, ¢usuxk Oasun Conmurep
Bmecte ¢ Kapmom CaraHoM pasMBIILIS/IM O CJIOXKHOM 3KOJIOTHMH
TUITOTETHYECKUX IIapOOOPasHbIX CYLIECTB, KOTOPbIE MOIIH Obl
BBDKUTB B IVIOTHOM aTMocdepe FOmmrepa. Y KaXkIoro HOBOTO 1o-
KOJIEHHsI BO3HHKaIa Obl OJjHA U Ta e IpobJeMa rOHKHU CO Bpe-
MeHeM: OHM IOJIKHBI BBIPACTH LOCTATOYHO OOJIBIIMMHM, YTOObI
IOCTAYb HYJIEBOW IUIaBYYeCTH, 4O TOTO KaK IPUTSKEHHE pac-
IUTIOLIUT UX B TEMHBIX ITTyOUHHBIX CJIOSIX C BHICOKMM [JaBJIEHHEM.

SHAYEHUMWE YHUCJIA N
H ITTIOYEMY OHO TAK BEJIMKO

HecMmoOTpst Ha BCIO CBOXO BasKHOCTH [UIs1 HAC, HAllel 6uocdeps
M KOCMOCA, TSTOTEHHEe Ha CAMOM JeJie SIBIISIeTCS YOousumensHo
c1a0bLm TIO CPAaBHEHUIO C APYTHMH CHJIAMU, KOTOpBIE JeHCTBYIOT
Ha aTOMBI. DJIEKTpHUYeCKHe 3apsAIbl C IPOTUBOIIOIOXKHBIMH 3Ha-
KaMU MPUTATUBAIOTCS APYT K APYry: aTOM BOXOPOAA COCTOUT
13 MOJIOKUTENIBHO 3apsSKEHHOTO IIPOTOHA C € IUHCTBEHHBIM (OT-
pHLIATE/IBHO 3apsSPKEHHBIM) JIEKTPOHOM, ITOMMaHHBIM Ha OpOuTe
BOKpyT rpotoHa. CormacHo 3akoHam HbioToHa, 1Ba ripotoHa 6y-
IyT IPUTATUBATDb APYT ApyTa MOJ NeHCTBUEM CHJIBI IIPUTSIKEHUS
(rpaBuTaLMM), a TaKKe MOABEPraThCs BO3AEHUCTBUIO 3JIEKTPH-
9ecKoii cuiibl oTTankuBaHust. O6e 3TH CUJIbl OAMHAKOBO 3aBU-
cAT OT paccTostHust (06e MOMYMHSIIOTCS 3aKOHY «OOPATHBIX KBa-
IPaTOB»), ¥ TO3TOMY UX OTHOCUTEJIbHAS CHJIAa 3aBUCUT OT OYeHb
BaKHOTO yncita N, Ha KOTOpOe He BIIMSET, HACKOJIbKO JajIeKo
HaxXoZSTCsI IIPOTOHBI APYT OT Apyra. Koraa nea aroma Bogopona
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COEIMHAIOTCS BMECTE B MOJIEKYJTy, JJIEKTPUYECKast CHUJIa OTTAJIKH-
BaHMSA MEXXAY AByMs IPOTOHAMHU HEWUTPAIU3yeTCs ABYMS 3JIEK-
TpoHaMU. [paBUTalMOHHOE NMPUTSDKEHUE MEXKAY NPOTOHAMH
B 10% pa3 crabee 3IEeKTPUIECKUX CUJI U IPAKTUIECKU HensMe-
pyuMO. XMMHKH CIIOKOMHO MOTYT He 0OpallaTh Ha HETO HUKAKOTO
BHMMaHU4, KOTAa M3Yy4aloT, KaK IPYIIbl aTOMOB COEIUHSIOTCS
ISt OPMHPOBAHUS MOJIEKYIIL.

Torza nmoyemy rpaBUTaLUA ABISAETCS JOMUHHUPYIOILEH CUIIOH,
NPY>KUMAIOLLIEH Hac K 3eMJIe U yaep KuBarolei JIyHy U IiaHeTbl
Ha MX OpOUTax? DTO MPOUCXOLUT IIOTOMY, UYTO CHJIA TIPUTSIKE-
HUST — 9M0 6cez0d npumsxceHue: eClIv Bbl yIBOUTE MACCY, BBI YIBO-
WTe CUJTy IIPUTSDKEHUS, KOTOPas IPY 3TOM BO3HHUKAET, B TO BpeMsI
KaK 3JIEKTPUYECKHME 3apsabl MOTYT KaK OTTaJKHUBATh APYT Ipyra,
TaK U IIPUTATUBATh, OHK MOTYT OBbITh U TIOJIOXKUTETBHBIMH, U OT-
pULIaTeNbHBIMU. [IBa 3apsna ynBauMBarOT CUJy OJHOTO U3 HUX,
TOJIBKO €CJIM Y HUX OMHAKOBBI 3HaK. Ho /m060ii mpenmer B Ha-
1Iel OBCEAHEBHOM KU3HU COCTOMT U3 OIPOMHOTO KOJIMYeCTBa
aTOMOB, y K&KIIOTO M3 KOTOPBIX UMEETCSI ITOJIOKUTETbHO 3apsDKeH-
HOE S1IPO, OKPY>KEHHOE OTPULIATEIbHO 3apsSDKEHHBIMU 37IEKTPO-
HaMH, — TIOJIOKUATENbHBIE U OTPULIATE/IbHBIE 3aPsIAbl ITPaKTHYe-
CKHY ITOJIHOCTBIO HEMTPAIU3YIOTCA. Jlaske KOrza Mbl «3apsiKaeMCcs»
TakK, YTO Y HaC IIPUIIOAHUMAIOTCSI KOHUYMKU BOJIOC, U3 PABHOBECUS
BBIXOIWT MEHBIIIE YeM OAMH 3apsill U3 MUJUIMApAa MUWITHAPIOB.
Ho no oTHOIIEHUIO K «TpaBUTALIMOHHOMY 3apsiy» BCe Ha CBETe
HMMEET OMH 1 TOT XK€ 3HaK, I03TOMY CPaBHUTEJIBHO C JIEKTPUYe-
CKUMU CHJIAMH TIPUTSIKEHUE BBIMTPBIBAET I10 OTHOLIEHHIO K Goee
KPYIIHBIM, Y€M aTOMBbI, 00beKTaM. PaBHOBECHE D7IEKTPUYECKUX CUJT
TOJBKO CJIETKa HapyLIAeTCs, KOIAa TBEPAO0e TEIO CKMMAIOT U/IU
pacTaruBarot. SI67I0KO IaaeT, TOIBKO KOIa COBMECTHOE IIPHTSI-
JKEHHe BCeX aTOMOB 3eMJ/IM MOJKET OZIep3KaTh 0Oy Hal S7IeK-
TPUYECKUM IPUTSDKEHUEM B YePEHKE, KOTOPBIM OHO KPEIUTCS
K BeTKe JiepeBa. [paBUTanysg urpaet 471 HaC BaXXKHYIO POJIb, IO-
TOMy 4YTO MBI JXUBEM Ha TSDKeEJIOHN 3eMie.

Mgl MOXeEM AaTb 3TOMy KOJIMYECTBEHHYIO OLIEHKY. B rmase 1
MBI BOOOpaswiu psix pororpaduii, Kaskaast U3 KOTOPBIX [e/1ajach
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C PacCTOSIHMS, YBEIMYEHHOTO B 10 pa3 IO CPABHEHHUIO C Mpebl-
nymuM. Tenepb npencraBbre cebe psin cep pasaIMyYHOrO pas-
Mepa, COAepsKalluX COOTBETCTBEHHO 10, 100, 1000... AaTOMOB;
IPyTMH CJIOBaMH, KaXXasl Ioc/Ieayonas cepa B 10 pas TsKe-
JIee, YeM KayKIast [IpeabIAyLast. 18-t OyLeT pa3MepoM C ITECUHHKY,
29-51 — C YeJIOBEeKa, a 40-51 — C KPYIHbIA actepou. [1pu kaxknom
YBEJIUYEHUN MACChl B THICSIYY Pa3 OOBEM TaK)Ke YBETHUMBAETCS
B TBICAYY pa3 (IIpU YCJIOBUH, YTO Chepbl UMEIOT OAMHAKOBYIO
IUTOTHOCTH), HO PagryC BO3PACTAET TOMIBKO B 10 pas. 3HAYNMOCTb
COOCTBEHHOM CUJIbI TIPUTSKEHUS CPePbI, U3MEPSIEMOMN KOJIHYe-
CTBOM 3HEPTHH, KOTOpasi MOTPeOyeTCsl Ha TO, YTOOBI aTOM MOT
MIPEONOJIETh NEeCTBUE 3TOM CHUJIBI, 3aBUCUT OT MaccChl cepsl, ne-
JIEHHOI Ha PaJlyC’, U BO3PACTAET B COTHIO pas. B macurrabe aro-
MOB CHJIa IIPUTSDKEHUST HAUMHAETCS € 107%, HO OHa YCHJINBAETCSI
B 10% (MHaYe roBOps, 100) pa3 NP YBETMUYEHUH MaCChl Ha KaXK-
Iible TPU CTeleH! 10 (T.€. B 1000 pas). Takum o6pasom, IpUTsi-
JKEHUE HABEPCTAET YIYLIEHHOE Ha 54-M 00beKTe (54=36X%3/2),
KOIZla Macca CTaHeT IIpUMepHO paBHOM macce IOmnurepa. B mo-
60M TBEpAOM 0OpPa30BAHUH, KOTOPOE Mo Macce Gonbiue KO-
Tepa, IPUTSDKEHUe TaK CHUJIBHO, YTO MpPeonosieBaeT CUJIbL, yaep-
SKUBAIOLIMe TBepIble Tesla BMecTe.

[TecUMHKYU U KPYIHUHKHU caxapa, KaK ¥ Mbl, HCIBITBIBAIOT
Ha cebe nputsKeHre mMaccuBHOM 3emin. Ho ux cobcTBeHHast
rpaBUTALlVSl — TO NPUTSDKEHHE, KOTOpPOe AalOT COCTABIISIIOIINE
UX aTOMBbl, B OT/IMYME OT 3€MHOTO TATOTEHMUsI, IPEHEOPEKIUMO
maso. CoOCTBeHHast CHJIa TSKECTH He BaKHA U [UIST aCTEPOUIOB,
Y IUIsL IBYX CIIyTHUKOB Mapca, HalloOMHHAIOLIHX 10 popMe Kap-
TOQeTNHEI, — ®oboca u Hdeitmoca. Ho Takue 6ombIlMe Tena, Kak
riaHeThl (M gake Haula cOOCTBeHHast KpymnHas JIyHa), Heqocra-
TOYHO JKECTKH, YTOOBI COXPAHATh HENPABWIBHYIO (hopMy: cria
TSDKECTH CHEeNaa UX MPaKTUYECKH apooOpasHbIMU. A MaccChl,
npesblaoiye maccy FOmurepa, 6yayT caaBieHbl COOCTBEHHOMN
CUJIOH TSPKECTU 1O OTPOMHOM IVIOTHOCTH, €CJIM TOJIBKO UX LIEHTP
He OyZIeT OCTaBaThCsI JOCTATOYHO FOPSIYMM, YTOOBI ITOANEPIKUBAT
paBHOBeCHe 3a CUET JaBJIeHHs], KaK 3TO MporucxoquT ¢ CoHLieM
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U OPYTMMHU 3Be3JaMu. FIMeHHO u3-3a TOro, 4TO NpUTSDKEHHe
SIBJISIETCS] TAKUM C/1a0BIM, CpPeIHECTATUCTHYECKas 3Be3/1a, TaKast
kak CosHIle, MOKeT OBITh TaKOH TSHKEOH. IIpn MeHbIINX 00B-
eMax IIPUTSDKEHNE He MOKeT KOHKYPHPOBATh C AaBJIeHHUEM, KaK
He MOJKET M CKaTb BELIECTBO, YTOOBI HArPETh €ro O TOM CTe-
TIeHHU, KOTrZla OHO HaYMHAEeT CBETUTHCS.

Macca CosnHiia IPUMEPHO B ThICsSUy pa3 6orblue macch! FOmu-
tepa. Eciiit 661 OHO OBITIO XOTIOMHBIM, ITPUTSKEHHE C3KAIO ObI €0
B MWJUIMOHBI pa3 IUIOTHEE, YeM 00bIYHOE TBepzoe Teio. OHO mpe-
BPaTUIIOCH ObI B 6€/10r0 Kap/iuKa pa3MepoM IIPUMEPHO € 3eMITIO,
HO B 330 000 pas Tsokenee. Ho Ha caMoM zefne COMHeYHoe Sipo
HMeeT TeMIIepaTypy 15 MJIH I'PaJlyCcOB — OHO B TBICSUH pa3 To-
psdee ero CBETSLIEeMcS TOBEPXHOCTH, U AaBJ€HHE 3TOrO Ypes-
BbIYal{HO rops4ero rasa «pasmaysaeT» CoJHLIE U ITO3BOJISET eMy
OCTaBaTbCSl B YCTOHYMBOM PaBHOBECHH.

AHrmuiickuit actpodusuk ApTyp DAOUHITOH ONHUM U3 IIep-
BBIX TIOHSUI (PU3UYECKyIO TpUpony 3Be3z. OH pa3MBIIUIST O TOM,
KaK MHOTO MBI MOITIA OBl y3HATh O HUX, €C/IU OBl IIPeCTABIISIA
UX YHCTO TEOPETHYECKH, OOUTAsA HA IMOCTOSTHHO TIOKPBITOM 00-
nmakamy ruiaHere. Pasymeercsi, Mbl He MOITIM Obl ITPEAIIONAraTh,
CKOJIBKO 3B€3]] CYLIeCTBYET, HO IIPOCTOE PACCy>KAEHUE O TeX Tpa-
HMULIAX, O KOTOPBIX sI TOJIbKO Y4TO TOBOPHJI, MOIVIO OBI CKa3aTh HaM,
HAaCKOJIBKO 3Be€37bl BeUKU. He CIUIIKOM TPyAHO NMPONOJIKUTH
9TO pacCy>KIeHHe U MOICUYUTATh, HACKOIBKO SIPKO JOJIKHBI CHUSTh
Takue OOBeKTHL. B 3akmoueHre DAAUHITOH roBopurt: «OTtcTpa-
HUM Telepb 3aBecy 13 001aKOB, KOTOpask OKYThIBAJIa HAIIETO (-
3MKa, U [O3BOJIMM €My B3IVISIHYTh Ha Hebo. OH HalzeT Ha HEM
TBICSTYM MUJUIMOHOB Ta30BbIX I1apOB, U Macca KaKIOTo U3 HUX
JIESKUT MEKIY [BBIUMCIEHHBIMU M) MaccaMu»*.

DAsVHITOH A. BHyTpeHHee cTpoeHue 3Be3/. JIeKINA, IpoYuTaHHAaA
B AHrmiickom KoponeBckoMm nHerutyTe 23 deBpana 1923 r. IIpu-
noxenue K Nature ot 12 mag 1923 1., c. 15, https://ufn.ru/ufn24/
ufn24_1/Russian/r241b.pdf
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Cura taroteHus: cnabee CHI, YIIPABISIOLIMX MUKPOMHPOM,
B 10°° pa3 — 310 U eCTb uyucyio N. A eciu 6bl TATOTEHUE He ObLIIO
TaKUM OTHOCHUTebHO cnabeimM? IlperncraBbre cebe, HarpuMmep,
BCEJIEHHYIO, TZIe TPaBUTALINS C/1abee 9IEKTPUYECKUX CHT «BCETO»
B 10%° pas, a He B 10%°. ATOMBI I MOJIEKYJIBI B Heit OyayT BeCTH ceOst
TOYHO TaK XK€, KaK U B Halllel peaJlbHOM BceneHHOM, HO Ipenme-
TaM BOBCE He OyeT HeOOXOAUMOCTH ObITh TAKUMH OOJIBLIMMU,
9TOOBI TSTOTEHHE MOITIO KOHKYPHUPOBAaTh C APYTMMU CHIaMHU.
B aT0it BOOOpaskaeMoii BCeIeHHOM KOIMYECTBO aTOMOB, HY3KHOE,
9TOOBI CO3aTh 3Be3/y (CBSI3aHHBII rpaBUTALIMEN TePMOSIIEPHBIIT
peakrop), OymeT B MWIIMApA pa3 MeHblie. Macca IuiaHeT Toxe
YMEHBILUTCS B MUJUIMAPA, pa3. HezaBUCHMMO OT TOro, CMOTYT JIX
9TH IUIAaHEThI OCTABaThCsI Ha YCTOMYMBBIX OpOUTaX, CHJIa TSTO-
TeHHst OyZeT MPEISITCTBOBATh PA3BUTHIO KM3HU Ha HUX. B aToM
BOOOpaykaeMOM MHpE C CHJIbHOM IPaBUTALIMEH faske HACEKOMBIM
HOTPeOYIOTCST TOJICThIE HOTH, Y HUKAKOe JKUBOTHOE HE CMOJKET
HaMHOTO OOOTHATH HX B pa3Mepax. [IpUTssKeHHe paspyLuuT JIro-
60e CyILeCTBO POCTOM C YesIOBeKa.

B rogo6HOI BCETIEHHOM Ta/IaKTUKU 6yayT OpMUPOBATHCS TO-
pasno GbICTpee U MOTyYaThCsl G0JIee MUHHUATIOPHBIMU. 3BE3EL,
BMECTO IIPUBBIYHOTO HAM PACIIOIOKEHHs, OYIyT TaK IJIOTHO Ha-
OUTBI, YTO GIU3KUE COMPUKOCHOBEHHUS CTAHYT HOCTATOYHO Ya-
CTBIMH. DTO CaMO MO cebe MCKIIIOYAEeT CYLeCTBOBAHNE CTaOMIb-
HBIX [TAHETHBIX CUCTEM, IOTOMY YTO OPOUTHI OyAYT U3MEHSITHCS
M3-3a IPOXOIAILIMX MUMO 3Be3, YTO (K CYaCThIO IUIs Halllei
3emsIn) eqBa I MOJKET CIIyYUThCS B Haleil COTHeuHOI crcTeMe.

Ho elte crbHee pa3BUTHIO CIIOKHBIX 3KOCHCTEM OyreT mpe-
NATCTBOBATh OTPaHMYEHHOE BpeMs pa3BUTHA. M3 MuHK-3Be3[
TaKO} BCeJIEHHOH OyneT ObICTPO YXOLUTh TEIIO: B TAKOM BO-
ob6pakaeMOM MHpe C CHJIBHBIM IIPUTSDKEHHEM BpeMsl JKU3HU
3Be3x OymeT B MUJIIMOH pa3 Kopode. BmecTo TOro 4ro6s cy-
I[eCTBOBATh MHU/UIHAPbI JI€T, OObIYHASI 3Be3/a IIPOKUBET BCETO
OKOJIO 10 000 JIeT. MUHU-COTHIA CTOPAT OBICTpEe M UCTOLIAT
BCIO 3HEPTHIO ellle JIO TOrO, KaK OpraHUYecKas 3BOJIIOLUS YCIeeT
cIieIaTh IepBble LIary. YCIIOBUSI VIS CJIOXKHOM 9BOJIIOLIUH OYIyT,
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HECOMHEHHO, Ky/ia MeHee 0IarONpUsATHBIMH, €C/IH TSroTeHue Oy-
IIeT CUIIbHee, Iake ec/iv Goriblire Hu4ero He uamenurcst. He Gyzner
TaKOTO IPOMAJIHOTO 3araca BpeMeHH, HeOOXOMMOTO st (H3H-
YECKMX M XMMHWYECKUX peaKluH, Kak B Hauei Bcenennoit. On-
HaKO, €CJIM IIOCTPOUTD HAIM PacCy>KIEHUS TIO-APYyrOMy, TO JaKe
HeMHOTO0 6oJ1ee c1aboe MPUTSKEHUe MOITIO Obl 00eCIieYnTh Kyaa
Gosiee CIIOKHBIE U [JOITOXKUBYIIME CTPYKTYPBL.

TaroTenne — opraHusyooLlas cuia KocMoca. B rmase 7 Mbl
YBHIMM, HACKOJIBKO OHO OBIZIO BaKHO IS TOTO, YTOOBI ITO3BO-
JIMTb Pa3/IMYHBIM CTPYKTypaM, CPeIH KOTOPBIX NEPBOHAYATIbHO
He OBUIO Pe3KO BBIPAYKEHHBIX HEOTHOPOIHOCTEH, Pa3BepHYThCS
noce bonpuioro B3peiBa. Ho 3T0 Mpou3011I0 TOIBKO IIOTOMY,
YTO TSTOTEHHE SIBJISIETCSI CTIaObIM II0 CPABHEHHUIO C APYTHMU CH-
JIaMHM, YTO TIO3BOJISIET CYLIECTBOBATh OOJIBIINUM U [OJITOXHUBY-
UM CTPYKTypaM. [TapamokcanpHO, HO 4eM ciabee MpUTsIKe-
HHe (TIpU yCJIOBHH, YTO OHO He PaBHO HYJIO), TEM 3HAUMTe/IbHee
U CJIO)KHee MOJKeT ObITh €ro BIHsIHME. Y Hac HeT HUKaKOi Teo-
puw, KoTopast Obl qaBaja Ham 3HadeHue uncia N. Bce, 4To MbI
3HaeM, — 9TO TO, YTO TaKOe CJIOKHOe 0Opa30BaHUe, KaK 4eIo-
BEYECTBO, He MOIJIO Pa3BUThCS, eCi 651 N ObUIO Ky[a MeHbLIIe
1 000 000 000 00O OO0 OO0 OO0 OO0 OO0 OO0 OO0 00O.

OT HBIOTOHA K DHHIINTEHHY

Cnycrs 60ree ABYX cToseThi mocie HpioToHa DMHIITENH pe-
JIOSKHMJI CBOIO TEOPHIO TSTOTEHHSI, IIOMYYMBLIYIO HA3BaHUE «00-
1ras reopust otHocutenbHocTH» (OTO). CortacHo 3Toi Teopuy,
ITAaHeTHl Ha CAMOM [ieJIe CTIEAYIOT IIPSIMBIM ITyTeM B «IIPOCTpPaH-
CTBe-BPeMEHM», HO 3TOT IIyTh MUCKPUBJISETCS U3-3a PUCYTCTBUS
Connua. MiHorma roBopsiT, 4To DUHILTEINH «CBEPT C MbeaecTaia»
HBIOTOHOBCKYIO (PM3HKY, HO 9TO 3a6/yskaeHue. 3akoHbl HbroToHa
MO-TIPE’KHEMY C BBICOKOHM TOYHOCTBIO OINHCHIBAIOT OBHIKEHHE
06bekToB B CONHEUHOI cructeMe (CaMbIM M3BECTHBIM IIPOTUBO-
peurieM Teopuu HpIOTOHA siB/IsieTCsT HEGOMbILAST AHOMAJIHSL Op-
6uTHl MepKypHst, 0OBSICHUMAS C TOMOLBIO TEOPUY DHHILTEHHA) .
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DTOT 3aKOH BIIOJIHE OTBEYaeT TpeOGOBAHUAM, HEOOXOAUMBIM ISt
MIpOrpaMMMPOBAHUS TPAEKTOPUI aBTOMATHUYECKHX aIaparos,
oTnpassiomuxcs Ha JlyHy u gpyrue nnaHeTsl. Tem He MeHee
Teopust DHHIITENHA, B OT/IMYHE OT Teopur HploToHa, 06bsICHSIET
SIBJIEHUS], IPOMCXOLSILINE C OOBEKTAMH, JBIIKYILIUMHCS CO CKO-
POCTBIO, 6IU3KOM K CKOPOCTH CBETA, B YCIIOBUSIX OTPOMHOI CHIIBI
TSITOTEHUSI, KOTOPasi MOKET OBbITh IPUYMHOM TAKUX IPOMAIHBIX
CKOpoCTeH, U ¢ 3¢h(heKTOM IpaBUTALIIOHHOTO OTKIIOHEHUSI CAMOTO
cBeta. Kyna BakHee TO, UTO DHHINTENH y21y6ul IIOHNMaHUe ca-
MOTO SIBJIEHUS TpaBUTauUU. 119 HproTOHa ocTaBasock TaitHOMH,
rovyeMy Bce ITpeMETHI [TaZal0T OAUHAKOBO U CJIENYIOT 110 CXOXKHUM
opbuTaM — IT0YeMy CHJIA TSATOTEHHsI M MHEPLVS IsI JIFOObIX Be-
IIECTB UMEIOT OJHO U TO K€ COOTHOLLIEHHE (B OTIMYME OT 3JIeK-
TPUYECKUX CUJI, THE «3apsifi» U «Macca» HEMPOIOPLIMOHAIBHEI),
HO DHHIITEHH JOKa3aJj, YTO 3TO eCTECTBEHHOE CJIeLiCTBHE TOTO,
YTO BCe TesIa C/IeAYIOT IIPSIMBIM ITyTeM B IIPOCTPAHCTBE-BPEMEHH,
HO 3TOT IIyTh UCKPUBJISETCS U3-3a Macchl ¥ 3Hepruu. OTO, Takum
06pa3oMm, crasa MOHATUNHBIM MTPOPHIBOM — OCOOEHHO 3HAYM-
TeJIbHBIM, IIOCKOJIBKY 3TOT IIPOPBIB CTaJl CIE€ICTBUEM O3apeHMS
DifHIITElHA, a He IOSIBU/ICS B Pe3yJIbTaTe KaKOro-1ubo OTheNb-
HOTO 3KCIIEPUMEHTA WU HAOIOAEHNSI.

DHUHIITEHH He oKa3bIBaI, 4TO HbIOTOH OIIMOasICcs, OH BBILIE
3a paMK¥ Teopru HBIOTOHA, BK/IIOUUB ee B HEUTO 6Goree ry6o-
Koe U 6osee MIMPOKO MpuMeHHMoe. Ha camom mene 6b110 661
Kyza nyyiite (1 IIoMOr7Io 6bl H36eKaTh HEMPABUIBHOTO TIOHUMA-
HUSL ee KyJIbTYPHOTO 3HAYeHWUs1), eciiu Obl Teopust DHHIITeHA
IOy ur/Ia gpyroe Ha3BaHue. Ee Gbl cTOMIO Ha3BaTh He «TeopHeit
OTHOCHTE/IBHOCTH», @ «T€OpHel NHBApHUAHTHOCTU». [IOCTHIKEHHE
DHHIITEHA COCTOSITIO B TOM, YTO OH pa3paboTas CUCTeMy ypaB-
HEHUI{, KOTOpble MOKHO ITPUMEHUTD ST TI0O0TO HAbIIonaTes,
¥ BBISIBUTT (PeHOMEHAIbHOE 0OCTOSITEIbCTBO: CKOPOCTh CBETA, U3-
MepeHHasi B IOOOM MeCTe, SIBJISIETCSI OHOM U TOH JKe, HeCMOTPSI
Ha TO YTO HabIIOgaTe b IBHUKETCS.

Bexamu B pasBUTHM /TI000i HayKH SIBISIETCSI CO3aHME BCe
6osiee 06OOIIIEHHBIX TEOPHUH, KOTOPhIE COCPELOTAYMBAIOT B cebe
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TIpesk/ie He CBsI3aHHbIe (DaKThI U pacCIIMPSIOT IIMPOTY OXBATa TEX
TEOpHH, KOTOPBIE CYILIECTBOBAIN 10 HUX. DU3MK U UCTOPUK JKy-
mmaH BapOyp ucnone3yer metadopy O BOCXOXKIEHHUH B TOPBI*,
KOTOpast, KaK MHe Ka’KEeTCsl, BBIVISIAUT OYeHb IPaBIONOL0OHO:

YeM Bblllle MBI TIOZHUMAEMCsI, TeM 60Jiee BCEOXBATHIBAOLIHIA
repel HAaMHU OTKpbIBaeTcst BUA. Kasknas HoBast Touka o630pa
IaeT Jydlllee IIOHMMaHHe B3aMMOCBSI3U Belueil. Boee Toro,
IIOCTEIIeHHOE HaKOIIEHHe TIOHUMAHUs [IepeMesKaeTCsl HEOXKHU-
IAHHBIM U OLUETIOMJISIIOIIUM paclIMpeHHeM TOPU30HTA, KOTrna
MBI TOGUpaeMcs IO TIepeBana U BUAUM HEUTO, UTO U BOOOpa-
3UTh cebe He MOIIM BO BpeMst nogbeMa. CTOMUT JIMILIb HAiTH
HaIpaBJIeHHe B OTKPBIBIIEMCSI Iei3aKe, HAIll IIyTh K HEIABHO
IIOKOPEHHO BEPIUMHE CTAHOBUTCST OYEBHUAHBIM ¥ 3aHMMAET I10-
YETHOE MECTO B HOBOM MUPE.

OmnbIT GOpMHUpYET Hallle BOCIPUSATHE U 3APABbIA CMBICT: MBI
ycBauBaeM Te (GU3MYECKHE 3aKOHbI, KOTOPbIe HANPSIMYIO BIIU-
AIOT Ha Hac. 3aKOHbl HbIOTOHA B KaKON-TO Mepe GbLIM yCBO-
eHbl 00€e3bsHaMM, NePENPHIrMBAIOLIMMY C AepeBa Ha AepeBo.
Ho Ha [asekux IpoCTOpax KOCMUYECKOTO IIPOCTPAHCTBA Cpela
OYeHb OTVIMYAETCSI OT Halleil. Mbl He JO/KHBI yAUBIISATHCS TOMY,
YTO 3HAHMSI, OCHOBAHHbIE Ha 3[PABOM CMBICTIE, HE MIPHIIOKMMBI
K OTPOMHBIM KOCMUYECKUM PACCTOSHUSM, BBICOKMM CKOPOCTSIM
WIM K O4YeHb OOJIBIION CHe TSTOTEHHUS.

PasymHOe CyIIecTBO, CIIOCOOHOE OBICTPO IepeMelaThbCst
1o BcesleHHOM, HO OrpaHUYEHHOE OCHOBHBIMH (PU3MYECKUMHU
3aKOHaMH (a He yPOBHEM Pa3BUTHsI TEXHUKH), Pa3BHIIO ObI CBOE
MHTYUTHBHOE BOCIIPHSTHE IPOCTPAHCTBA U BPEMEHH, COEANHHUB
XapaKTepHbIE U KAKYIIMECS] HeBepPOSITHBIMU creznctus us OTO.
Oco60e 3HaueHHE, KaK OKa3aa0Ch, UMeeT CKOPOCTh CBETa: K Heil
MO’KHO TIPUOIU3UTBCS, HO €€ HEBO3MOXKHO IpeBbICHTh. Ho 310
«KOCMHYECKOE OTPaHUYEHHE CKOPOCTH» HE OrPaHHYHBAET BAC
B TOM, KyZa Bbl MOXKETe NOOpAThCs 3a BpeMsi Ballleil JKU3HU,
[IOTOMY YTO, KOIZa KOCMHYECKHUIN KOPab/ib PasroHsIeTCst TIOYTH
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IO CKOPOCTH CBETa, Yachl UIyT MeAIEHHee 1 BpeMsI Ha ero 60pTy
«pacTATMBaeTCsA». TeM He MeHee eClIM Bbl COBEPIIUTE ITyTellle-
CTBME IO 3Be€3[bl, HAXOAAIIEHCI B 200 CB. TOJaX, a MOTOM Bep-
HeTechb Ha 3eMJIIO, 3[1eChb MPOMAeT GOJbLIE 200 JIET, KAKUM Obl
MOJIOZIBIM BBl HH OCTaBaJIMCh. Barlr kocMuueckuii Kopabib He Mo-
JKET JIETETh CO CKOPOCTBIO OOJIbIIIel, YeM CBeT (C TOUYKM 3peHHsT
OCTaBILErocst foMa Habiogaresns), HO YeM OJIvsKe Balla CKO-
POCTb MPUOIIIKAETCST K CBETOBOM, T€M MEHbIIIE Bbl COCTAPUTEC.
OTU gB/IEeHUA HaXOOATCA 3a NpelernaMd MHTYUTUBHOTO BOC-
MPUATUSA TONBKO MOTOMY, YTO HAlll OIBIT OTpaHUYeH HU3KHUMMU
CKOpOCTSIMU. ABHaslaliHep pa3BHUBaeT BCEIO MUIIMOHHbBIE NOTU
CKOPOCTH CBeTa ¥ HELOCTATOYHO OBICTP, YTOOBI 3aMETHUTh 3aMeJ-
JIeHHe BpeMeHH: Jake [UIS CaMbIX aKTUBHBIX BO3ZYILHBIX ITyTe-
IIeCTBEHHUKOB 3Ta 3aJlep’KKa COCTaBUT MEHbIIIe MUJUINCEKYHbI
3a BCIO )XKM3Hb. B Hallle BpeMs 3TO KpollleyHOe BO3[eiCcTBYe, TeM
He MeHee M3MEepEHO C MOMOIIBIO 3KCIIEPMMEHTOB, TJIe UCIIOJIb-
30BaJIMCh aTOMHBIE Yachl, OTMepSIIOIe MUWUIAAPAHbIE TOJIH Ce-
KyH7IbI, ¥ OKa3aJ10Ch, YTO I1OJTy4eHHbIE Pe3Y/IbTaThl COITIACYIOTCS
CO 3HayeHueM, IpefiCKa3aHHbIM DUHIITEHHOM.
OTHOcuTenbHOE 3aMe]IeHHe BPEMEHHU BhI3bIBAEeT CHUJIA TSTO-
TEHMST: OKOJIO OOJIBIIMX MACC Yachl UAYT MeIeHHee. DTO TaKKe
MPaKTUYECKH HEBO3MOJKHO OILYTUTh Ha 3eMJIe, TOCKOJIBKY TOYHO
TaK JXe, KaK MbI IIPUBBIKJIH TOJIBKO K «MaJIeHbKHM» CKOPOCTSIM,
MBI UCIIBITHIBAEM TOJIBKO «C1aboe» MpUTsDKeHHe. TeM He MeHee
9TO 3aMeJyIeHre HeOOXOIMMO YIUTBIBATD, HAPSIAY C SIBIEHUSIMU
OpOUTAIBHOTO IBMKEHUSI, B IIPOrPAMMHPOBAHUH MOTPSICAIOLLE
TOYHOM CHCTeMBI I7106abHOro mosuuuoHuposanus (GPS).
Mepa n3MepeHust CU/IBI, C KOTOPOW TATOTEHHE NEeUCTByeT
Ha TeJI0, — 3TO CKOPOCTb, C KOTOPOH O/IKHO JIeTETh METaeMOe
TeJI0, YTOOBI BEIPBAThCS 3a IIpefesbl MPUTsDKeHus. st 3emmun
3Ta CKOPOCTb COCTABJISIET 11,2 KM/ C. I1o cpaBHEHMIO CO CKOPOCTBIO
CBeTa — 300 00O KM/C — 3TO HMYTOXXHAsI CKOPOCTb, HO U ee
IOCTIKeHNe — 3afiadya GOJIbLION CIIOXKHOCTH AJIsl MH)KEHEPOB-
PaKeTYMKOB, BBIHYKAE€HHBIX UCIIOIb30BaTh XMMHYECKOe TOII/IBO,
Wb MUJUIMApIHAas JOJIS TaK Ha3blBaeMOM SHepPruM MacChl
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mokosi (mc? DHHIITeiHa — CM. I7IaBy 4) KOTOPOTrO TpaHcdop-
MUpYeTCst B 93P PeKTUBHYIO MOIITHOCTb. CKOPOCTh YOeraHusi C 1o-
BepxHOCTH COJIHIIA COCTaBIsIeT 600 KM/C — M 3TO BCETO JIUIIb
nsaTas 9acTb 1% CKOPOCTU CBeTa.

«CUJIBHOE TATOTEHHME» 1 YEPHBIE ObIPbI

Teopus HplOTOHA C 0YeHb HEGOBIIMMH MOMpPAaBKaMK paboTaer
Bo Bcell CosHeuHOI cucteMe. Ho Korma TaroreHue CTaHOBUTCS
HaMHOTO CUJIbHEE, MbI IOJIKHBI IIPUTOTOBUTBCS K CIOPIIPU3aM.
ACTpOHOMBI Halll/IM TaKUE€ MeCTa — 3TO, K NIPUMeEpPY, HEUTPOH-
Hble 3Be3/pbl. TAKMe CBEPXIUIOTHbIE OOBEKTHI ITOTYYAOTCS TTOCIIE
B3pbIBA CBEPXHOBBIX (YTO MBI 0OCYAUM B ClefyIoLelt rase). Heii-
TPOHHBIE 3Be3/Ibl OOBIUHO B 1,4 pa3a Tskenee COMHLA, HO UMEIOT
JIaMeTp BCEro OKOJIO 20 KM. Ha MX MOBEpXHOCTU cUjIa TATOTe-
HYsI B MWUIMOH MWJIJIMOHOB pa3 Bbllle, YeM Ha 3emiie. UToObI
MIPUIIOTHATHCS. HA MUUTMMETP HaJ TOBEPXHOCTbIO HEUTPOHHOM
3Be3/Ibl, HYKHO OOJIbIIIE SHEPTHUH, YEM HA TO, YTOOBI BHIPBATHCS
U3 3eMHOTO TATOTeHUsI. Pyuka, GpOLIeHHast C BHICOTHI 1 M IIPH Ta-
KOM IIPUTSDKEHHH, OKa3asa Obl BO3eHCTBHE, CPABHIMOE C B3PBbI-
BOM TOHHBI TPUHHUTPOTOJNyO/a (XOTSI Ha CaMOM Jejie OTPOMHast
Cusa TATOTEHUS Ha ITOBEPXHOCTU HEUTPOHHOM 3Be3[bl, pa3yMe-
€TCsl, MTHOBEHHO PacCIUIIOLIIA Obl IOLOOHBIE 00BEeKThI). Bpo-
IIEHHOMY TeJly ITOHanoOMI0Ch 6 HaOpaTh MOJIOBUHY CKOPOCTH
cBeTa, YTOObI IIOKUHYTh IPABUTALMOHHOE I10JIE TAKOW 3BE3[bl.
Y Hao60poT, 11060H MpeaMeT, CBOOOJHO MAAAKOLIMIA HA HEUTPOH-
HYIO 3Be371y C GOJIBLION BBICOTHI, CTOIKHYJICS OBI C €e TIOBEPXHO-
CTBIO Ha CKOPOCTH, MPEBBILIAIONIEH ITOTIOBUHY CKOPOCTH CBETA.

Teopust HeroToHa He paboTaeT C TaKoil MOIHOM TpaBHTa-
LIMeH, Kakasi BO3HUKAEeT BOKPYT HEUTPOHHBIX 3BE3[, 3/1eCh Hy>KHA
OTO DiHuITeltHa. Yackl OK0JIO TOBEPXHOCTH TaKOM 3Be3.Ibl 6y—
IyT UATH Ha 10-20% MenneHHee. CBeT, MAYIIHMHA C ee MOBEPX-
HOCTH, OYIeT CUIIbHO MCKPUBIISITHCSI, IO9TOMY, ITISIASI U3/1AJIEKa,
BBEI YBUAMTE HE MIPOCTO Nosycdepy, HO M 9acTh 3a[Hel oBepx-
HOCTH HEUTPOHHOH 3B€3[bl.
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Testo B HECKOTIBKO Pa3 MeEHbIIIE WIM B HECKOJIBKO pa3 TSDKe-
Jlee HEUTPOHHOIA 3Be3/IbI TIOIVIOTUT BECh CBET MOBIM30CTH U CTa-
HeT YepHOI ObIPOit. IIpocTpaHCTBO BOKPYT Hee OyaeT «CBopadu-
BatbCsi». Ecin CoHIle cKaTh Tak, YTOOBI €ro panuyc 6bUT paBeH
3 KM, OHO CTaHeT 4epHOM napIpoi. K cuacteio, Becenennas ysxe
«IIpOBE/Ia» TaKHe SKCIIEPUMEHTHI 33 HAC: U3BECTHO, YTO B KOC-
MOCe HUMEIOTCST 0OBEKThI, KOTOPBIE CXJIONHY/IUCh U OTPe3an cedst
OT OKPY’KAIOLIETO MUPA.

B Hameit [aaKTHKe €CTh MHOTO MWUIMOHOB Y€PHBIX JBID,
Macca KOTOPBIX IPUMEPHO B LECATh pa3 GOJIbLIE CONTHEYHOM.
DTH YepHbIE ABIPHI ABJISIOTCS OKOHYATETBHBIM COCTOSIHMEM Mac-
CHBHBIX 3BE3J1 WM PE3yIbTATOM UX CTONKHOBeHMH. Korna Takue
OGBEKTHI «M30/IMPOBAHBI» B IPOCTPAHCTBE, X OYEHD TPYAHO 00-
Hapy>KUTb. DTO MOKHO CZ€/IaTh, TOJILKO HAOIIIONas 3a IpaBUTa-
LIMOHHBIM BO3/€ICTBHEM, KOTOPOE OHM OKa3bIBAIOT HA APyrye
TeJIa WX JIyYH CBETa, IIPOXOAsLIHe GIM3KO OT HuX. Jlerde HailTH
Te YepHbIe IbIPbI, KOTOPbIE BMECTE C BPALIAIOLIEHNCST BOKPYT HUX
OOBIUHOM 3Be30M 06Pa3yIOT NBONHbIE CUCTEMbL. MeToz 06Hapy-
JKEHHUS 3/1eCh IIOXOX Ha TOT, KOTOPBIH UCIIOIb3YeTCsI, YTOOBI BBI-
CYMTATh HAIMYME IUIAHET 10 X BJIMSHUIO Ha ABYDKEHME 3Be3/Ibl,
BOKPYT KOTOPO# OHH BpaLIAIOTCs. B ciyyae ¢ yepHbIMU [bIpaMu
3a/iava yIpOLIAeTCs], TIOCKO/IbKY BUIMMAsl 3B€3/1a UMeEeT Maccy
MeHbIIIE, YeM Yy TEMHOTO 06beKTa (BMECTO TOrO YTOOBI OBITH
B THICSIUy WM Ooslee pa3 TsDKellee, Kak 3Be3/a 10 CPAaBHEHUIO
C IUTaHETOH), ¥ MOATOMY ObpalaeTcst o 6oee MUPOKO U Obl-
cTpoit opbure.

AcTpoHOMBI Bcerna 0COOEHHO MHTEPECYIOTCSI CAMBIMHE «IIpe-
IeJIbHBIMI» SIBJIEHUSIMH B KOCMOCE, TIOTOMY YTO, U3y4Jasi UX, MbI
c GorblIIel CTENeHbIO BEPOSITHOCTH y3HAEM YTO-HUOYIb Kade-
CTBEHHO HOBOE. BO3MOYKHO, CaMbIM 3HAaUMTEILHBIM U3 BCEX SIB-
JISIETCS YIMBUTENIBHO MOLIHOE U3JTyYeHHe, KOTOPOe HAa3bIBAETCs]
«raMMa-BCIUIECKOM». DTH sIBJIEHUs], TAKME MOLHBIE, YTO HA He-
CKOJIBKO CEKYHZ 3aTMEBAIOT MUJUIMOH Ta/IAKTHK C MX 3BE3IaMU,
BO3MOJKHO, YKa3blBalOT Ha YEpHBIE IbIPbl B MOMEHT UX 0Opa-
30BaHUsL.
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Camble GOIbILVE YePHBIE ObIPbI HAXOMSTCS B LIEHTPaX rajak-
THK. MBI OGHapy’KMBaeM UX IIPUCYTCTBUE, HAOIONAsI MHTEHCHB-
HO€ CBeYeHMe OKPYSKAIOLIEro UX rasa Wik OOHapy>KUBask OUeHb
OBICTpPOE IBMIKEHHE 3Be3, IMPOXOMSLINX HElOoLaleKy OT HHUX.
3Be3/pl, HAXOAIIMECS] OYeHb OIM3KO OT LIeHTpa Hallei coo-
CTBEHHOI ['a/1aKTHKH, 0OPAILaIOTCsT BOKPYT HETO O4YeHb OBICTPO,
Kak OyATO UCIIBITHIBAIOT BO3EHCTBHE CHUIbI TSTOTEHUSI OT TEM-
HOM MacCChl — Y€PHOM ABIPBI, KOTOPasd SKBUBAJIEHTHA 10 Macce
2,5 MuiH ConHL*. Pasmep depHOH AbIpBl MPONOPLUOHAIEH €€
Macce, COOTBETCTBEHHO, YepHas Ablpa B LEeHTpe Hamel [anak-
THUKM UMeeT paanyc 6 MiIH KM. HekoTophle M3 caMbIX 4y[JOBHIL-
HBIX YEPHBIX JbIP, HAXOAAIIMXCA B LIEHTPaX APYTHX rajJakTHK, Be-
CAT KaK HECKOJIBKO MWIIMapaos COJHLL, a IO pa3Mepy OTPOMHBI,
Kak Lenasg ConHedyHas cucTema. TeM He MeHee MO CPaBHEHUIO
C TAJIAKTUKaMH, B LIEHTPE KOTOPBIX OHU HAXOIATCS, YEPHBIE IbIPBI
OYeHb HEBEMKU.

Kakumu 6bI HEOOBIYHBIMM U HEIIO3HABAEMBIMU BHU3YaJIbHO
HU OBUIM YepHble ABIPbI, UX HA CAMOM JeJie IPOILe OIKCATh,
yeM Jobble aApyrue HebecHble 06bekThl. CTPyKTypa 3eMiu 3a-
BUCHUT OT €€ 3BOJIIOLMM U COCTaBa; IJIAHEThI TAKOTO >Ke pas-
Mepa, obpauiarouiuecst BOKPYr APYTUX 3BE3l, pasdyMeercs,
6ynyT Bo MHOroMm oTin4Hel ot 3emu. A ConHLe, 1O Cylie-
CTBY SIBJISIIOLLIEECS] OTPOMHBIM I1apOM IMTOCTOSIHHO HCIBITHIBAIO-
IIEr0 BUXPEBOE IBIKEHHE PACKATIEHHOTO ras3a, BHIVIANENO Obl
IO-APYTrOMYy, /i OBl COCTOSUIO U3 APYrUX aToMoB. Ho yepHast
IBIpa «TepsieT BCIO IaMsITb» O TOM, KaK OHa C(hOpPMHpPOBasIach,
U OBICTPO MPUXOAUT K «IUTATHOMY» TJIALKOMY COCTOSIHUIO, KO-
TOPOE OINMCBIBAETCA BCETO ABYMS BEJIMYMHAMM: CKOJIbKO MaCChl
OHa CMOIVIa MTOIIOTUTh M KaK OBICTpO Bpaiaercs. B 1963 r., 3a-
JIOJITO 10 TOTO, KakK ITOSABU/IMCh JOKa3aTe/bCTBa CYLIEeCTBOBA-
HUS 9YepHBIX ObIp, — JaXXe [0 TOTrO, KaK aMEepPHUKaHCKUI PU3NK
I>koH Apunbansz Yuep MpeiosKuI caMo Ha3BaHUeE «depHast

%

CoBpeMeHHOe 3HaueHUe Gimxe K 4 MuH Macc CosmHna. — Ilpum.
Hayu. peo.
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Iblpa»*, — TeopeTuk u3 Hosoit 3enannuu Poit Kepp nomyunn
pellieHVe ypaBHEHNI DHHIITENHA IS BPALLAIOIIErOCs OOBEKTA.
[To3ske paBOTHI APYTUX YYEHBIX PUBEJH K MTOTPSICAIOLIEMY Pe-
3yJIBTaTy — 6Ce, YTO CXJIONbIBAeTCs (KOJUIAIICHpyeT), IIpeBpa-
IIIaeTCsl B YEPHYIO ABIPY, KOTOPYIO TOYHO OIMCHIBAeT opMyJia
Keppa. YepHble AbIpHI CTaHAAPTU3UPOBAHBI TaK K€ XOPOLIIO,
KaK 37IeMeHTapHble YacTUIIbl. Teopust DHHIITEeHHA TOYHO rOBO-
PUT HaM, KaK OHU MCKaXXalOT IIPOCTPAHCTBO U BpeMs U KaKylo
hopMy MMeeT UX «IIOBEPXHOCTb».

OTHOCUTENBHO YEPHBIX IBIP HAIM IIpeiCTaBIeHUs O Ipo-
CTPaHCTBE U BpeMeHH TepmsT Kpax. CBeT ABIDKETCS IO Mpsi-
MOMY ITyTH, HO B CHJIBHO MCKPHBJIEHHOM IIPOCTPaHCTBE OH MO-
SKeT OKa3aThbCs CJIOKHBIM 3aBUTKOM. TaksKe OKOJIO YepPHBIX JIBIP
BpeMsI T OYeHb MeIUICHHO (HaXke MeIUIEHHee, 4eM OKOJIO Heli-
TPOHHBIX 3Be3x). HalipoTHB, eciM BB CMOKETe 3aBUCHYTb OKOJIO
YEpHOM IbIPbl WIM BBIATH Ha ee OpOUTY, Bbl YyBUAUTE, KaK BCSI
BHEILIHSS BCEJIEHHAs YCKOPUTCS. BOKpyr 4yepHOM IBIPHI Cyllle-
CTBYET YeTKasl TPAHHIIA, [€ Il HAXOLSIIErocst Ha 6e30MacHOM
PacCTOSTHUM HAGIIONATENIST CTPETIKY 4acoB (VUIH TTafaroIui 9KC-
[IePUMEHTATOP BHYTPU IPAHULIBI) OYIYT Ka3aThCsl 3aCTHIBIIMMHU,
IIOCKOJIbKY BPEMEHHOE PaCTsKEHHE CTaHeT MOYTH GECKOHEUHBIM.

Ja>ke CBET He MOXKET BBIPBATbCS C 3TOM MOBEPXHOCTU. Mc-
KakKeHHe MPOCTPAHCTBA U BPEMEHU IPOSIBISIETCS HACTOIBKO
CHJIBHO, KaK OYATO caMO IPOCTPAHCTBO BCACBIBAIOT BHYTPb Tak
OBICTPO, YTO Ja’Ke HAINPABJIEHHBIA HAPY3KY JIy4 CBETA BTATHUBA-
€TCSI BOBHYTPb. B uepHOIt nbIpe BBl MOKeTE IBUTaThCSI BO BHEII-
Hee MPOCTPAHCTBO He Aasblile, YeM IepeMelaTbCsl BO BpeMeH!
BCIIAITh.

Bpawarowasaca yepHast Ablpa UCKaskaeT IIPOCTPAHCTBO U BpeMs
6osee CIIOKHBIM 00pazoM. YUToObl pencTaBUTh cebe 31O, BOOO-
pasuTe BOOOBOPOT. Ecii BBl HAXOOUTECh AajieKo OT LIeHTpa BOJO-
BOPOTA, BbI MOYKETE IUIBITh B JIIOOOM HATIPaBJIEHHH, KYAa TOIBKO

Yuiep Jullb NOMY/IAPU3HUPOBal TEPMUH, NPeAIOXKEHHBIN XKypHa-
smctkoi OHH IOuHT. — IIpum. Hayu. peo.
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NoxkesnaeTe, MO T€YEHUIO WIM IIPOTUB Hero. briuke K LEHTpy
BOZIa 3aKpy4YHBaeTCsI OBICTpee, YeM MOJXKET IUIBITh Ballla JIOAKA:
BaM IIPUXOIUTCS IBUTAThCA I10 KPYTy BMECTE C €€ IIOTOKOM, XOTS
BBI BCE ellle MOYKETe IUIBITh HapyKy WM BOBHYTpb. Ho Gmike
K LEHTPY COCTaBJIAIOIIAsA CKOPOCTH TE€YEHHS BOBHYTPb CTaHO-
BUTCSI MHOTO OBICTpee Ballleii 1onku. Eciiu Bbl mepeceyere HeKUi
«KPUTUYECKUIN paZiuyC», ¥ Bac He OyzmeT OOsblile HUKAKOTO BbI-
6opa OTHOCUTETILHO [ajIbHeMIIel CyabObl, U BaC BTSIHET BHYTPb.

YepHast JbIpa 3aK/IIOYEHa B IIOBEPXHOCTh, KOTOpast paboTaeT
KaK OZHOCTOPOHHsIsI MeMOpaHa. VI3HyTpH Heb3sl llepenaTh HU-
KaKHe CHUTHaJIbl KOJIJIETaM, KOTOpble HaOIOAAOT ¢ 6€3011acHOTOo
paccrosiaust. JI060#, KTO IIPOXOIUT Yepes3 3Ty MOBEPXHOCTB,
IIOTIalaeT B JIOBYIUKY M OOpedeH Ha TO, YTOOBI OBITH BTSHYTHIM
B 00/1aCTh, IIe, COMVIACHO YpaBHEHUSIM DHHINTENHA, TITOTEeHHe
«CTaHOBUTCSI GECKOHEYHBIM» IIPH KOHEYHOM BpeMeHH, H3MepeH-
HOM €ro COOCTBEHHBIMH YacaMH. DTa CUHIY/ISIPHOCTD (paKTHYe-
CKU YKa3bIBA€T Ha TO, YTO yCIOBUS BBIXOAAT 3a MPeeIbl U3BECT-
HOI HaM (PM3HKH, KaK 9TO ObUIO, [0 HALIIEMy MHEHHUIO, B HaYasIe
cyliectBoBaHust Beenennoit. Takum 06paszom, m060H, KTO yrian
B YEPHYIO AbIPY, BCTPETUTCS «C KOHLIOM BpeMeHmW». He ecTs 1 aTo
MpeavyBCTBHE «BOJIBIIOrO CXJIONBIBAaHUSI», KOTOPOE MOJKET CTaTh
OKOHYATe/IbHOM CyabOoit Harteit BecenenHoit? Ynu y BeenenHoi
6eckoHeuyHOe Gynyuiee? My, BO3MOXKHO, KAKUE-TO TIOKA HeBe-
ZOMBI€e 3aKOHBI (PMBUKM CMOTYT 3alUTUTh HAC OT TAKOM CYabObI?

Kak m3BecTHO, Teopust DUHIUTENHA ObUIA TOPOKAEHA €ro
YIOAYHOM MBICJIBIO O TOM, YTO TATOTEHME HEOTIIMYMMO OT JBMKe-
HUSI C YCKOPEHHUEM U €T0 HEBO3MOYKHO OIIPEZENIUTh B CBOOOLHO
nazaroomeM arudre. Tem He MeHee HEpaBHOMEPHOCTD TSTOTEHUS
HeJIb3st UTHOPHUpPOBaThb. Ec/iu oTpsin acTpoHAaBTOB-KaMUKaa3e Oy-
IeT CBOOOAHO MafaTh Ha 3eMIII0, KaK CTPOii FeOMeTPHYECKH ITpa-
BUJIBHON (DOPMBI, TOPU30HTA/IbHbIE PACCTOSIHUSI MEXAY HUMU
OyIyT COKpALLaThCsl, TOTAA KaK BEPTHKAJIbHbIE OyAyT pacTd. DTO
MTPOUCXOIUT IIOTOMY, UYTO MX TPAEKTOPHUM CXOIATCHA B OIHY TOUYKY
B LIEHTpe 3eMJIH, U CUJIa TATOTEHUS CUJIbHEE NEUCTBYET Ha TeX,
KTO B CTPOIO OKQ)KETCsT HIJKE U, C/IeZI0BaTe/IbHO, OIIIKe K 3eMIIe.

58



ITIABA 3. OTPOMHOE YMCJIO N: CUJIA TATOTEHUA B KOCMOCE

[Tono6Hslit ke 3¢pdexT Oyner AeiiCTBOBATh U HA pasHbIE YaCTH
Tesa KaXKIOro aCTPOHABTA: I1a/asi HOTAMH BIIEPE, aCTPOHABT
Oymer 4yBCTBOBATh BEPTUKAIBHOE PACTSDKEHHE UM CKaTue ¢ 60-
KOB. DTa NMPWIMBHASL CUJIA, HEOLIYTUMAs [Jisi ACTPOHABTOB IIPU
3€MHOM TATOTEHUH, CTAHOBUTCS KaTaCTPOGUUECKU GOJBILOi
B UEPHOM IbIpe, UTO NMPUBOIMT K TOMY, YTO OOBEKT pas3phiBa-
€TCsl Ha YaCTH, MPEBPALIAETCS B «CIIATETTH» eLle 10 TOro, Kak
INOCTUTHET CUHTYISPHOCTU B LIEHTpPe. ACTPOHABT, MafaloIinuil
B YEPHYIO IbIPY, UMEIOLIYIO MACCY 3B€3/bl, UCIIbITAET YyIOBHUIL-
HO€e BO3/eICTBUE TIPUIMBHOM CUJIBI IO TOTO, KaK JOCTUTHET I10-
BEPXHOCTH [IbIPbI; MOC/IE 3TOTO OCTAHETCS BCETO HECKOJIBKO Ce-
KyH[I ([0 yacam acTpPOHABTA) HO BCTPEYM C CHUHIY/ISIPHOCTBHIO.
Ho y cBEpXMacCCHUBHBIX YEPHBIX ABIP, HAXONALIMXCS B LIEHTPaX
TaJIaKTUK, [IPUINBHbIE 3((EKTHI TPOSBISIOTCS 60sIee MSITKO:
IiayKe TOCTIe TIPOXOYKIEHUsT BHYTPh Uepes ee MOBEPXHOCTh OCTa-
HETCS1 HECKOJIbKO YaCOB HA UCCIIENOBAHUE, TIPEKIE YEM CITUIIKOM
6OIbIIOe TIPUOTIMKEHUE K LIEHTPATILHON CHHIY/ISIPHOCTH CTAHET
YpEe3BbIYAHO HETIPUATHBIMS.

YEPHBIE ObIPHI B MACIIITABE ATOMOB

YepHble ObIPHI TPEACTABISIOT COOOM 3aMeYaTENbHYIO TEOPETH-
YECKYI0 KOHLETLIMIO, OOHAKO OHU HEYTO GOJIbLIEE, YeM MPOCTO
Teopust. JlOKa3aTenbCTB TOTO, YTO OHU AEMCTBUTENBHO CYLLE-
CTBYIOT, ceifyac Henb3sl He mpusHaTh. OHU CBSI3aHBI C HEKOTO-
PBIMH M3 CaMbIX 3PEJIHIIHbIX SIBJIEHUH, KOTOPbIe MBI HAOIIO[aeM
B KOCMOCE, — KBa3apaMH U B3PHIBHBIMH BBIIETEHUSIMH JHEP-
run*. Bce ellie pOLOIIKAIOTCS CIIOPBI, KAK UMEHHO ITOSIBIISIIOTCS]
YepHble IbIPBI, HO HET HUKAKMX 3arafiok B TOM, KaK TSTOTEHHE
MO>KET MOLABUTH BCE OCTaJIbHBIE CHJIBI B MEPTBOI 3Be3[e WIH
B 00J1aKe rasa B LEHTPE TaJAKTUKU. DTH MPOLECCHl 00pa3oBa-
HUsI TPEOYIOT, YTOObI TEIO ObIIO 10 KpaHeNH Mepe TaKHUM 3Ke

*

B 2015 r. 6bU10 TaKXKe 06HAPYKEHO IPAaBUTALMOHHOE U3JIyIYeHUE OT
CIIVSTHYA YepHBIX AbIp. — IIpum. Hayu. peo.
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TSDKeJIbIM, KaK 3B€3/1a, IOTOMY UTO, KaK Mbl y>Ke BUZE/H, Ha acTe-
pounaax U IVIaHeTax MPUTSKEHUE He MOXKET CONEPHUYATE C Ipy-
ruMu cunamu. Ha camoMm mene pmaske pU3HK C IOCTOSIHHO IIO-
KPBITOI 06/IaKaMH IITAHEThI MOT IIPE/ICKa3aTh, YTO €C/IU 3BE3/IbI
CYLLIECTBYIOT, TO MOTYT CYLI€CTBOBAaTb W YE€PHBIE NbIPbI, PaBHBIE
10 Macce 3Be3JaM.

Pasmep 3Be3q, onpenendomyi MacCy 4epHBIX JbIP, KOTO-
pBle MOTYT ChOPMHUPOBATECS CETOAHS, TPOHCTEKAET, KaK MBI BU-
Zle/Iv, U3 paBHOBECHS MEXKAY CUJIOH TATOTEHMUA U CUJIAMU BHYTPU
aroma. Ho B Teopuu DiiHITeliHa Macca HUKaK 0CO00 He BbLIeTIsI-
eTcs1. YepHble ObIpbI CO3aHbI M3 CAMOM TKaHU ITPOCTpaHCTBa. [1o-
CKOJIbKY IIPOCTPAHCTBO SIBJIIETCS OOHOPOAHBIM U HENIPEPHIBHBIM
KOHTHHYYMOM, HUY€ero, KpoMe MaciItaba, He OTIndaeT ChopMu-
POBAaBIIYIOCS OBIPY Pa3MePOM C aTOM, Pa3MEPOM C 3Be31y WIH
pa3mepoM co BCio Habmonaemyto BeeneHnyro.

Jaske IpIpa pa3MepoM C aTOM MOITIa 6bl IMETh MacCy TOPHI.
YepHble ObIPHI MO ONpeeIEHHIO SIBISIIOTCS 0OBbEKTAMH, B KOTO-
PBIX TSITOTEHHE MIOABJISIET BCE OCTAIbHBIE CHIIBL. [17IsT TOTO YTOOBI
copMupoBaack YepHasl Ablpa pa3MepoM B aToM, 10%° aTOMOB
IOJDKHBI CKAThCSI IO ORHOTO. DTO HEBBIIOIHUMOE TpeboBaHMe
SIBJISIETCS ellle OOHUM CJIeICTBUEM OTPOMHOCTH uncia N, Kotopoe
usMepsieT c1aboCTh MPUTSDKEHUsT B Maciitabe atoMoB. UTo ke
HacyeT YEpHBIX Ablp MEHBIIMUX, YeM aTOM? 3[eChb CyILLeCTByeT
KOHEYHBII1 ITpefies1 (KOTOPBIi BCIUIBIBET B IVIaBe 10), CBSI3aHHBIN
C 36 pHHUCTOCTHIO TIPOCTPAHCTBA B CAMOM MeJIbyaiilieM Macirabe.

YepHble ObIpbl B MaciiTabe aTOMOB MOIIH Obl ChOPMHUPO-
BaTbCSI — €CJIM 3TO BOOOILE BO3MOYKHO — TOJIBKO ITOZ KOJIOCCAIIb-
HBIM [IaBJIEHMEM, KOTOPOE€ MMEJIO MECTO B IepBbleé MTHOBEHMS
cyliecTBoBaHUs Becenennont. Eciv Takue MUHU-IBIPBL NE€UCTBU-
TEJIbHO CYILECTBYIOT, TO OHH OyAyT HEOObIYalHBIMH «OTCYTCTBY-
IOLIUMU 3BEHbSIMU B LIEMIH» MEXKIY KOCMOCOM U MHUKPOMUPOM.



TJIABA 4 3BE3bI,
INEPAUOOUYECKAA
TAB/INLIA

N YUCJIO ¢

A BEPIO, UYTO JIUCTHUK TPaBbl HE MEHbIIIE
IIOOEHIIHUHbI 3BE€3M.

Yont YUTMEH*

3BE3bI KAK «TEPMOSOEPHBIE PEAKTOPbI»

Hackomnbko crapa 3emng? Cefiuac ¢ HIOMOLIBIO U3MEpEHHs Pairio-
AKTHBHBIX aTOMOB YCTaHOBJIEHO, 4YTO €ii IPUMEPHO 4,55 MIIPL, JIET.
Tem He MeHee y6OenuTeIbHBIE APTYMEHTHI B [I0JIb3y JPEBHETO BO3-
pacTa Halley IuiaHeThl BbIABUTanUCh eule B XIX B. B To Bpems
reoJIOTH, OLIEHMBAsl CTENEeHb 3PO3UU U OCEeNaHMs TPYHTA, KO-
TOpBIE TOBJIUSJIM Ha (POPMHPOBAaHME 3€MHOH ITOBEPXHOCTH,
MPEeAIIONIOKUIM, YTO BO3pacT 3eM/IM COCTaB/sIeT MO MEeHbIIeH
Mepe 1 MJIpZ J1eT. [JapBUHUCTHI pa3esisiii UX MHEHHE, CCbUIAsICh
Ha CBOM OLIEHKHU KOJIMYECTBAa IOKOJIEHUH 3BOIOLMOHUPYIOIINX
BHJOB, KOTOPbIE JO/IKHBI ObUIM JKUTh Ha ITaHeTe 10 Hac. OJHaKo
BeJIMKUH (pU3UK s10pA KelbBUH BBIYMCITHIL, YTO BCSI BHYTPEHHSIS
sHeprust COJIHIIA ZO/DKHA GbUIa MCTEYb HAPysKy U OHO ObI CIy/IOCh
Bcero 3a 1% 3Toro BpeMeHd. OH Mpa4HO 3asB/sUL: «ObuTaTesnu

*

YurmeH V. V36paHHble CTUXOTBOPeHUA U mpo3a. — M.: Tocimutus-
zat, 1944.
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3eM/M He MOTYT IPOJOJIKATh HACTAXKIATHCSI CBETOM U TEIIOM,
TaK HEOOXOAUMBIMU /ISl UX JKU3HH, OOJIbLIE HECKOIBKUX MMUII-
JIMOHOB JIET, €CJIU TOJIBKO B BEJIMKOM KI/IaJIOBKE TBOPEHHS /ISt
HAC He MPUTOTOBJIEHBI APYTHe UX MCTOYHHUKH, CeHvac HaM He-
u3BecTHble». Hayka XX B. OOHapy’kuia, 4TO TaKHMe UCTOYHHUKU
IefCTBUTEIBHO CYIIECTBYIOT U CIPSITAHBI OHU B sIpe aToMa.
BomoponHbie 60M6bI — ysKacarolliee 1OKa3aTelIbCTBO TOTO, Ka-
Kasl 9HEPIrUsl CKPbIBAETCS B aTOMe.

Oueprust ConHLA POKIAETCS B pe3ysbTaTe IpeoOpasoBaHus
BoZOpona (IIpOoCTeHINit aTOM, SAPO KOTOPOTO COCTOUT U3 Of-
HOTO IIPOTOHA) B TeJIHii (TOXKe MPOCTOM aTOM, COCTOSILIIUE U3 ABYX
IIPOTOHOB U ABYX HEHUTPOHOB). [IOMBITKHU ITOCTABUTH Ha CITyKOY
YeJIOBEeKy TePMOSIIEPHYIO PEaKLMIO KaK MCTOYHUK SHEPruu
(ynpaBiisieMblif TepMOSIAEPHBIN CHHTE3) ITOKA YTO 3alllIU B TYy-
MK 13-3a TOTO, YTO TPYLAHO IOTYYUTH HEOOXOIMMBIE TEMITepa-
TypPbl BO MHOTO MHUJUTMOHOB TpanycoB. Eie 6omplieit mpobremMoit
SIBJISIETCST HEOOXOIMMOCTD COXPAHSITh 3TOT YPE3BBIYAHHO TOPSTIMI
ras rze-to B 1aG0OpaToOpUM — OYEBHIHO, YTO OH PACIIIABUT JIHO-
60i1 KOHTEHHED, U MTOITOMY €r0 MPUXOAUTCH YAEPKUBATH C I10-
MOIIIBIO MarHUTHBIX J1oByIek. Ho CosHile umeer Takywo 6osb-
IIYIO MACCy, YTO CHJIa TTOTEHUS YAEeP>KUBAET PaCIIOaraolmecst
Jasblile ot siapa 6osee XOMOqHbIE CJIOM U, TAKMM 0O6Pa3oM, «IIPH-
JKMMaeT KPBILIKY» K SIAPY C BHICOKMM naBieHHeM. CTpyKTypa
CorHLa CcriocobCcTByeT TOMY, YTOOBI B €10 siApe FeHepUpOBaIach
siZiepHAast SHEPTHsI, KOTOPasi paCPOCTPAHSIETCS BO BHELITHNE C/ION
HUMEHHO [I0 TOTO YPOBHsI, KOTOPBII HEOOXOIUM, YTOOBI YPaBHO-
BECUTD ITOTEpPH TeIlIa C TIOBEPXHOCTU 3BE3[bl — TOTO CAMOTO
TeIUIa, KOTOpOe SIBJISIETCSI OCHOBOM JKHU3HU Ha 3eMile.

1o TormBo 3actaBisier COMHIE CHUSATH YK€ MOYTH § MIIPL
net. Ho xorma oHO HayHeT MCCSIKaTh, PUMEPHO ellle yepes
5 MJIPZL JIET, COJTHEYHOE SIIPO HAYHET CXKUMATbhCS, @ €r0 BHEIIIHUe
CJIOM — pacIIUPATBCS. 32 100 MJIH JIET — HOCTaTOYHO KOPOT-
KU [IepUO]I TI0 CPAaBHEHHIO C O01IIell TPOJOIIKUTEIBHOCTBIO €TI0
>ku3HU — COJIHLIE CTaHeT sipyue U IIPEBPATUTCSI B 3BE371y, KOTOPYIO
Ha3bIBaIOT KPACHbIM TMTAHTOM, IOITIOTUB OJIMIKaINe TUIAHEThI

62



ITIABA 4. 3BE3[1bl, IEPUOOAUYECKAA TABJIMIIA U YUCJIO €

Y UCIIapUB TOOYIO KU3Hb, KOTOpast OCTaHeTcst Ha 3emute. YacTh
€ro BHELHKX CJI0eB OyzneT cOpOLIeHa, a siIpO B KOHEYHOM UTOTe
NPEBPATUTCS B GBI KapIIMK, KOTOPBIN OyIeT OCBEelaTh TYCK-
JIBIM TONyOBIM CBETOM, HE sipue TerepelrHei JIyHbl, JKaaKue
octaHKku COJIHEYHOM CHCTEMBEI.

AcTpodU3UKY BBIYMCIIMIIN, KAKKE MIPOLECCHI JOIKHBI ITPOUC-
XOAWTH BHYTpU Hawrero COMHIA, U JOCTUIIU TOTO, YTOOBI UX pac-
YeThl COOTBETCTBOBAIM HAOIOAAEMBIM PaIUyCy, TEMIIEPATYPE,
APKOCTH U T. 4. OHU C MOJIHOM OIpeNeIeHHOCThIO MOTYT CKa-
3aTh, KAKOBBI YCJIOBUA B caMoii rybune ConmHua. Takke OHU
MOTYT BBICUUTATh, KAK OHO OYyIEeT Pa3BUBATHCA B CIEAYIOLIME He-
CKOJIbKO MUJITUAPAOB JieT. OYEBUIHO, UTO HATIPAMYIO OTH pac-
YeThl TIPOBEPUTH HEBO3MOKHO. TeM He MeHee Mbl MOKEM Ha-
6monath Apyrue 3Be3bl, noxoxcue Ha CONMHLIE U HAXOAAIIUECS
Ha pasHbIX CTaZMsAX CBOErO pa3BUTHsA. EC/IM UMETh 1O OZHOMY
«MOMEHTaJIbHOMY CHUMKY» U3 JKU3HU KaXKIIOH 3Be31pbl, TO He Oy-
IieT HUKAKUX OCOOBIX TPENSITCTBUIA U1l TOTO, YTOOBI COCTABUTh
6oJiee KPYIHYIO MOAOOPKY, COCTOSIIIYIO U3 3BE3[], POAUBLIMXCS
B pa3HOEe BPEMS, U JOCTYIHYIO Uil U3ydeHus. [1omoOHbIM 00-
pa3oMm, pU3eM/IMBILEMYCSI MAPCHAHMHY He MTOTPeOyeTCst MHOTO
BpPEMEHH, YTOObI IOHSITh 3TAITbI JKU3HEHHOTO LUKJIA JoAeH (MIu
ZiepeBbeB), HAOOAAsA GOIBIIOE KOTMYECTBO DK3EMIUIAPOB, HAXO-
IAIIUXCS HA PasHbIX CTaIMsIX pasBUTHs. Jlaxke Cpey COCEMHUX
3B€3/1 Mbl MOKEM PAaCIlO3HATDb T€, KOTOPbIE ellle OYeHb MOJIOIbI
U UMEIOT BO3PACT He 60JIee MUJIIMOHA JIET, a TAK)Ke JPYrue, KO-
TOpbIE HAXOIATCS B TIPEACMEPTHOM COCTOSTHUM U YK€, BO3MOIKHO,
IOITIOTHJTU KOTa-TO OKPY’KABLIYIO UX CBUTY U3 IUIAHET.

DTU BBIBObI OCHOBBIBAIOTCSI HA TIPEIIONIOKEHUH O TOM, YTO
aTOMBI U UX sipa OOUHAKOBBI TOBCIOAY. Bemuaiiiumm npospe-
HreM HpioTOHA 6BUIO TO, UTO OH CBSA3aJl BOEAMHO POJb Tpa-
BUTALIUM Ha 3eMJie C MoBefeHueM HebecHBIX Ten. OmHaKo OH
ONMCBIBAJ TOMBKO ABM>KeHMe Ten Haieil CoMHeuHOH CHCTeMBbl.
[Torpe6oBanoch Kyna 60sblie BpeMeHU, YTOOBI OHSTh, YTO Irpa-
BUTALUSL B&YKHA U IS APYTUX 3BE3JI U [aXKe — IPYTUX FaJIaKTUK.
B IpeBHME BpeMeHa CYMTAJIOCh, YTO HebecHas cdepa crenaHa
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13 ocoboro Belectsa, a¢upa, 60jee YUCTOro, YeM 3eMJIsl, BO3-
IyX, OTOHb U BOZA 3€MHOTO IPOMUCXOXIeHHUA. [Jo cepelrHbI
XIX B. He 6BUIO HUKAKUX JIOTAIOK IO MOBOAY TOTO, U3 YEro CO-
CTOAT 3Be3/bl. MIcnonp30BaHye IPU3MBI [JI1 PaCIeIUIEHUS CBETa
B palyry MO3BOJIMJIO YCTaHOBUTh, YTO cBeT COJHLIA U APYTUX
3B€3]] COAEPKUT JIeTali, KOTOPhIE YKa3bIBAIOT HA XOPOLIO MU3-
BecTHbIe Ha 3emiie aTOMbl. COCTaB «3B€3THOM HAUMHKU» He OT-
JIMYAJICS OT aTOMOB «ITOZJTyHHOH Cepbi».

Tak 3Ke JIeTKO, KaK U 3Tallbl 3Boonuy ColHIA, acTpOdHU3UKU
MOTYT BBIYHC/IUTD JXU3HEHHBIM LIUKJI 3B€3[l, KOTOPBIE, CKaXXEM,
B /IBa pa3a WIM B JECATh pa3 TsKejee Hallel 3Be3nbl. boiee
MeJIKME 3Be3[bl CKUTAIOT CBOE TOIJIMBO MeJieHHee. HanpoTtus,
3BE€3/bl, KOTOPBIE B JeCATh pa3 Tsokenee CoMHIA, — HalpUMep,
yeThIpe ronyoble 3Be3/bl, KOTOPBIE PACIIONOKEHB! Tparenynei
B co3Be3auu OpHoHa, — CBETATCA B TBHICIYM Pa3 spye U pacxo-
IyIOT CBOE TOIUTMBO ObIcTpee. VX CpOK JKU3HU rOpasno KOpode,
yem y CoJHIIA, ¥ 3aKaHYMBAIOT CBOI BEeK OHHU Ooiee KCTpe-
MaJIbHO, B3phIBasICh, KaK CBEPXHOBBIE. B TedeHHe HECKOIbKHUX
HeJle/Ib OHU CHSIIOT, KaK HEeCKOJIbKO MuinrapaoB ComnHi,. Brem-
HHe CJIOM TaKMX 3Be3] IIOJ BO3AEHCTBHEM B3PBIBHOI BOJIHBI,
KOTOpasl BPe3aeTcs B OKPY KAIOIIMKA UX MEX3Be30HbIA ra3, pas-
JIETAIOTCSI CO CKOPOCTBIO 20 000 KM/C.

24 eBpans 1987 I. KAHAICKUI ACTPOHOM Man [1lerToH BMecTe
CO CBOMM YM/IMICKUM KOJIJIETOM TIPOBOAMIN PYTHHHBIE HAOIIO-
nenvist B o6cepatopuu Jlac Kammnanac Ha ceBepe Y. OHu 3a-
METH/IA B I0KHOM 4acTH HeOGa HeOOBIYHbIHM 61eCK, KOTOPBIN ObUT
TaK SIPOK, YTO €0 MOYKHO ObUIO BUETh HEBOOPY KEHHBIM I[JIA30M.
B mpenpiayniye HOYM HUYEro MOLOGHOTO He Obio. OKa3anoch,
YTO 3TO camasi G/IM3Kasi CBEPXHOBAs U3 BCEX, HAOIIOLABIIMXCS
B Halll JHU. B TeuyeHHe HEeCKOJIbKUX HeJesb, Ha KOTOpble IIPU-
ILIeJICA MUK €€ CUSIHUS, U B TeYEHHEe HECKOJIBKUX MOC/IeAYIOINX
JIeT, KOI/ja OHA TIOCTENeHHO TYCKHeJIa, Ha 3Be3/ly ObUIM Halle/IeHbl
BCE CaMble COBPEMEHHBIE TIPUOOPHI, KOTOPBIMU PACIIOIAraaIn
aCTpPOHOMEI. fIBlIeHMe MO3BOIMIO ITPOBEPUTH TEOPUMU O KOJOC-
CaJIbHOM B3pbIBE. DTO €IMHCTBEHHAS CBEPXHOBAs1, y KOTOPOH HaM
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M3BECTHA 3Be37a-TIpeAlecTBeHHUIA™: cTapble oTorpadrudeckue
IUIACTHHBI TTOKA3bIBAIOT, YTO HA €e MeCTe HaXOW/IAcCh romyodast
3Be3/ja IPUMEPHO B 20 pa3 Tsorenee ConHLa.

CBepxHOBast PEACTABIIsIET COOOM KaTaCTPOpUIECKOe COObITHE
B JKHM3HH 3Be3[bl U CBSI3aHA C HECKOJIBKUMH 3KCTPeMaIbHBIMU
(PHU3MYIeCKUMU IIPOLIeCCAMH, ITO3TOMY BIIOJIHE €CTeCTBEHHO, 4TO
CBEPXHOBBIE IIPUBJIEKAIOT aCTPOHOMOB. Ho TonbKO onuH de-
JIOBEK Ha 10 00O SBJISIETCST aCTpPOHOMOM™**. Kakast cBsi3b MOXKeT
OBITH MEXIY STUMH B3PbIBAMU 3Be3J B THICSIYAX CB. JIET OT HAC
Y BCEMHU OCTAJIbHBIMH JIIOOBMH, YbH A€JIa CBSI3aHBbI C TEM, YTO
IIPOMCXOIUT Ha 3eMsie UM OKoso Hee? OTBET Ha STOT BOIIPOC
IIPOCTO YAMBUTEJICH: OHU SIBJISIIOTCS OCHOBOIIOJIATAIOLIMMHU IS
TOTO MHpa, B KOTOPOM MBI BCe kvBeM. be3 HuX Hac 6bl IIPOCTO
He cylectBoBaslo. CBepXHOBas co3asa Ty CMech aTOMOB, U3 KO-
TOPBIX CHies1aHa 3eMIs M KOTOpble CTaId CTPOUTEIbHBIM MaTepU-
ajJloM Il 3aMBICJIOBaTOl XuMHUHU Xu3HU. Co BpeMeH JlapBuHa
HaM U3BECTHO 06 3BOJIIOLIMU U €CTECTBEHHOM OTOOPE, KOTOPhIE
NpeaLIeCTBOBAJIA HallleMY IOSIBJIEHHUIO, Y O HAllle CBSI3U CO BCEU
ocranbHOM 6uocdepoit. Ceituac aCTPOHOMBI HAXOIST MPU3HAKH
TOrO, 4TO Harua 3emsist GepeT Hayaso OT 3Be31, KOTOPbIE yMepPIIH
IIo TOro, Kak cpopmupoBanack ComHeyHas cUCTeMa. DTH IpeB-
HUe 3Be3Ibl COCTOS/IM M3 aTOMOB, U3 KOTOPBIX COCTOMT Hallla
IUTAaHeTa ¥ MBI CaMHU.

AJIXUMHA B 3BE3OAX

B mpupone aToMsbl CyIIecTBYIOT B 92 Pa3HOBUAHOCTSX, YTO MBI
BU/IMM B [I€PUOANYECKOI Tabmuiie MeHeneeBa. MecTo Kaskaoro
aroMa B HeH 3aBHCHUT OT YMC/Ia IIPOTOHOB B ero siape. Tabuia

B HacTrosIee BpeMsa UMeIOTCA JaHHBIE 110 AecATKaM TaK HasblBae-
MBIX «IIPeZICBEPXHOBBIX». — [Ipum. Hayu. peo.

3aMeTHM, YTO 3Ta NPONOPLUA BEPHA JIUIIb [JIA CAMBIX Da3BUTBHIX
cTpaH. B mupe ke He Habepercsa 1 100 000 actpoHOMOB. — ITpum.

Hayu. peo.
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Ha4YMHAETCSl aTOMOM BOIOPO[a, KOTOPBIM cToUT nox NQ1, 1 3aKkaH-
YMBaeTCs ypaHoM 1oz N2g2*. dnpo aToma conep>KUT He TOJIbKO
MIPOTOHBI, HO U APYyTHE YaCTULIbI, KOTOPble Ha3bIBAIOTCSI HEUTpO-
HaMU. HelTpOH HEMHOTO TsKeslee IPOTOHA, HO Y HErO HeT 3JIEK-
TPUYECKOTO 3apsia. ATOMBI K&KIOTO OTAeIbHOTO 3JIEMEHTa MO-
TYT CYLLEeCTBOBaTh B HECKOJIBKUX BapUaHTaX, KOTOPbIE Ha3bIBAIOT
HM30TOINaMM, C pa3HbIM KOJIMYECTBOM HelTpoHOB. Hampumep,
YIJIEpOZ MUMEET LIECTOM HOMEp B IIEPHOLUYECKOI TabIIHIIE, T.e€.
€ro SIAPO COMEPSKUT IIeCTh TPOoTOHOB. CaMast paclipocTpaHeHHast
topma yrrepona (Tak HasbiBaeMsblil 12C) TakyKe CONEPIKUT LIECTh
HEWTPOHOB, HO CYIIECTBYIOT U U30TOIIBI C CEMbIO UIM BOCEMBIO
HelTrpoHamu (cooTBeTcTBeHHO — 13C 1 C). YpaH — camblii T5-
SKEJIBI U3 BCTPEYAIOIIMXKCS B IPUPOE BIIEMEHTOB, XOTst 6osee
TSKeTIble S11pa, B KOTOPBIX KOJIMUECTBO 3aPSI’KEHHBIX YacTHL] MO-
JKET JOCTUTATh 114, MOTYT GBITh ITOJyYeHbI B 1Ta6OPaTOPUSIX. DTH
CBEPXTsIKeTIble 3IEMEHThI HECTAOMIIBHBI U JIETKO PACIIafaroTCsl.
Hekotopsle, Takue Kak TuyToHui (N294 B EpUOANYECKOI Tab-
JIMLIe) UMEIOT BpPeMsl CYLECTBOBAHMS B HECKOJIBKO THICSY JIET.
DJIEMEHTBI C MOPSIAKOBBIM HOMEPOM 6OJIbIiIe 100 MOTYT OBITh
MO/Ty4eHbl B 3KCIIEPUMEHTAX, IAe sipa aTOMOB CTaJIKUBAIOTCS
IpYyT C APYroM, HO TaKue 3JI€MEHTBl pacnaJaloTcs B TeUEHHUE
OYeHb HEMPOLO/DKUTENIBHOTO NMepHoa.

Korzma Bomopon, HaxoAsIIMICSA B LIEHTpE GOJBLIOH 3Be37Hl,
npeBpalnaercs B renuii (anement N2 B Tabnuiie MeHneneesa),
ee SIApPO CKUMAETCs], MOBBILIAeTCsI TeMIIepaTypa U reIvii Hauu-
HaeT pearupoBaThb. DJIEKTPUYECKUM 3apsn siopa reausi B ABa
pasa Bblllle, YeM Y BOLOPOZQ, TO3TOMY STHM YacTHULIAM HY>KHO
CTaJIKMBAThCS Ha OOJIbILEN CKOPOCTH, YTOOBI ITPeOfoeTs Horee
CUJIBHOE 3JIEKTPUUYECKOE OTTAIKUBAHUE, & [/ 3TOTO TPeOyeTcst
6osee BBICOKAs TemItepaTypa. Korma 3amac reiust HCTOLIAETCS,
3Be3/a CKUMAETCsI ¥ pa3orpeBaeTcs ele 6osblie. Y TaKUX 3B€3],

EcTb ¥ aTOMBI ¢ 6OJBIIMM YHMCIOM IIPOTOHOB, TaK 4YTO Tabiuia
TIPOZOJKAETCS, HO TAKHe JIEMEHTHl B OCHOBHOM CO3/IAl0TCS MICKYC-
CTBEHHO. B npupoze ux kpaiHe Mano. — IIpum. Hayu. ped.
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kak CoJIHIIe, SIIPO HUKOTZA He HOCTUTaeT TAKOHM TeMIlepaTypsl,
4TOOBI OTH MPEOOPA30BAHMS 3ALUIM C/IULIKOM JaJIeKO, HO LieH-
TpasIbHble YacTH O0JIee TSDKEIBbIX 3Be3J, Ie MPUTSKEHHE CHITh-
Hee, HArpeBaIOTCSI O MUJIIMApAa rpanycoB. OHU OCBOOOKAAIOT
IOy YEHHYIO SHEPIUIO IyTeM O0Opa30BaHHUsSI aTOMOB yI/Iepona
(LrecTh MPOTOHOB) M 3aTEM LIEMOYKOM MpeoOpa3oBaHUil B Be-
IIeCTBa C IIOCTEIIEHHO BO3PACTAIOLUIUM aTOMHBIM BECOM: KHC-
JIOpOJ, HEOH, HATPHIi, KPEMHMIA U T. . KOIMUecTBO Hepruwy,
BBICBOOOKIAIOLIENCS TTPU POPMUPOBAHUU OTHEIBHBIX aTOM-
HBIX S1ep, 3aBUCHUT OT COOTHOIIEHUS ABYX CHJI: aTOMHOMH, KOTO-
past «CKJIEMBAaEeT» OIIpeie/IeHHbIE IPOTOHBI U HEUTPOHBI BMECTE,
U Pa3pyLIUTEIBHOTO 3 deKTa 7IeKTPUIECKON CHIIBI MEXKAY IIPO-
TOHAaMH. SIapa aTOMOB Kejie3a (26 IPOTOHOB) CBSI3aHbI KpeITde,
yeM JIo0ble Ipyrye aTOMbl; A7t CO3aHusl ele 6oee TSKEIbIX
sanep tpebyercs eie 6oblie dHepruu. TakUM 06pa3oM, Koraa
SIAPO 3BE3.Ibl IIePEeKUBAET ITEPEXO] B JKeIe30, OHa HUCIIBIThIBAET
SHEPreTU4eCcKUN KpU3uc.

Ero mocnencrBust npamaruynsl. Koraa skenesHoe simpo KOCTH-
raeT IOporoBoro pasmepa (mpumepHo 1,4 maccel ConHua), TS-
roteHue 6eper Bepx U SIAPO CKUMAETCSI IO Pa3MepOB HEHTPOH-
HOI1 3Be3/1bl. DTOT MPOLIECC BBICBOOOKIAET JOCTATOYHO SHEPTHH,
9TOOB! BEIECTBO BHELIHMX CJIOEB 3B€3[bl BCIBIXHYJIO B KOJIOC-
CaIbHOM B3pbIBE, CO3/1aBasi CBEPXHOBYIO. Bosee Toro, ati BHer-
HUYE CTIOU K TOMY MOMEHTY UMEIOT BeCbMa HEOIHOPOIHBIM COCTaB:
BOZOPOJ 1 TeJIHii BCE elle TOPSAT BO BHEIIHKX C/IOSIX, HO Goree
ropstuvie BHYyTPEHHHE CIOM IIPOABUHYJIMCH KyZa Jasiblle IO Ie-
puondeckoit Tabuiie. BelectBo, pasieTaroreecs 1o KOCMOCY,
COINEepP>KUT CMeCh 3THX 3JIeMEeHTOB. boree Bcero pacrnpocrpaHeH
KUCJIOPO], 332 HUM CJIeAyIOT YIVIEPOZ, a30T, KpEMHHUII U JKeje30.
Ecv ipUHUMATh B pacyeT BCE THIIbI 3B€31 U PA3TIUYHBIE ITyTH
HX Pa3BUTHsL, TO PACCYMTAHHBIE IIPOIIOPLIMK BEILECTB COIIACY-
IOTCSI C TEM, YTO MOXKHO HabyozaTh Ha 3emire.

XKeneso siBisieTcss BCero MIUb 26-M 37IEMEHTOM B TabyuLie
MenneneeBa. Ha nepBblit B3mIsin ¢ 6osiee TSDKEIBIMU aTOMaMHU
MOTYT OBITh ITPOGJIEMBI, IIOCKOJIBKY [UISI UX CHHTE3a HEOOXOIMMO
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BIO’KeHHe 3Hepruu. Ho orpoMHas teMreparypa BO BpeMs KOJI-
71arica 3Be3[bl UM B3pbIBHAA BOJIHA, KOTOpasl pa3HOCUT ee BHEIl-
HYE CJIOU, IPOM3BOIAT HEGOIIbIINE KOIMYECTBA OCTAIbHBIX dJIe-
MEHTOB [TepPHOINYECKO TaOMLIBI BIVIOTh IO ypaHa rmox Neg2*.

TAJTIAKTHYECKASA D9KOCHCTEMA

ITepBele 3Be3abl CPOPMHUPOBAIMCH IIPUMEPHO 10 MJIPA JIeT Ha-
3a[ M3 IEPBUYHON MaTepUH, KOTOPasi CollepiKasla TOIbKO CaMble
MpOCThIE aTOMBI — HUKAKOIO YITIEPOZa, HUKAKOTo KHUCI0poAa
Y HUKAaKOro JXesie3a. XUMHUsl B Te BpeMeHa 6bU1a Ol OUeHb CKyY-
HBIM TIpeIMeTOM. Pasdymeercst, BOKPYT MepBbIX 3Be3[ He oOpa-
LJAJIOCh HUKAKKUX IUIaHeT. Jlo TOro Kak MosiBuiIochk Haltle COHIIe,
HECKOJIbKO TTOKOJIEHUH TSDKENBbIX 3Be3[ MOITIA IIPOHMTU 4epe3
CBOI ITOJIHBII JKU3HEHHBIH LUK, IIpeodpa3oBaB MepBOHAYA/Ib-
HBI BOZOPOJ B OCHOBHBIE CTPOUTE/IbHBIE MaTe€pHasIbl XKU3HU
Y PacIpOCTPaHUB MX MO KOCMOCY C NMOMOIIBIO 3B€30HOTO Be-
Tpa WU B3PbIBOB. HeKoTOpble M3 3TUX aTOMOB BOLIUIU B COCTaB
MEK3BE3HOrO obmaka, HarmoMuHaworero Tymannocts OpHoHa,
Y B HEM IIPUMEPHO 4,5 MJIPZ JIeT Ha3ax cOpMHUPOBasIach 3Be3/a,
OKpY>K€HHas OMCKOM M3 ra3a U IblJIM, KOTOPOMY IIPENCTOSIO
ctaTh Hawelt ConHeuHoil cucremoil. [Touemy Ha 3emie Tak pac-
IIPOCTPaHEHBl YITIEPOA U KUCIOPOM, a 30JI0TO M YpaH BCTpedva-
I0TCA Tak penko? OTBeT CBSI3aH CO 3Be3JaMU, KOTOpble B30pBa-
JIUCh O TOTO, Kak O6pa30BaJIOCb Comnnie. Hamia 3emnga u Mbl
caMM — OCKOJIKM ApeBHUX 3Be3n. Hama [anakTuka — akocuc-
TeMa, CHOBA U CHOBA ItepepabaThIBaOIasi OLHH U T€ K€ aTOMBI
C IIOMOIIBIO [TOKOJIEHNUH 3BE31.

AToMBI yrnepona, Kuciaopona u xesnesa B ComHeYHON cHc-
TeMe SIBSIFOTCSI OCTATKaMH ITbUIEBOTO 06/1aKa, U3 KOTOPOro OHA
copMUPOBaIaCh 4,5 MJIPZ JIET Ha3al. ATOMBI ITIOSIBUIHCH BHYTPU

CoBpeMeHHbIe JaHHbIe TOBOPAT O TOM, YTO 3HAYUTEJIbHOE KOJU-
YeCcTBO TsDKeJIBIX JJIEMEeHTOB TAaKKe CHHTe3UPYeTCs IPU CIUAHUAX
HeUTPOHHBIX 3Be3]. — [Ipum. Hayu. peo.
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TSDKeJTIbIX 3Be3/I, KOTOPbIE K TOMY BPEMEHH y3ke pa3bpocanu cBoe
BeLLIeCTBO. DTH «3arps3HsIOLINe BellleCTBa» COCTABIISUIN Bcero 2%
Macchl: BOLOPOZ, U T'e/INi MO-TIPesKHEMY OCTaBaIUCh JOMUHUPY-
IOIIMMU aTOMaMH. TeM He MeHee TsKeJIbIX aTOMOB Ha 3eMie
XBaTaeT, IOTOMY UTO BOJOPOZ U Ie/IUi — JIETKOMCIIAPSIOIINECS
rasbl, KOTOpbIE OBICTPO IIOKUHYJ/IM BCE BHYTPEHHMeE ItaHeThl. Ha-
npoTHB, ruranTckuii Fomurep, kak u CornHile, 1o GOsbILIel YacTh
cocTout u3 Bogopozaa u renust. OH 6pu1 chopMupoBaH us 6osee
XOJIONHOM BHEIIHEMN 4aCTH AMCKA, KOTOPBIA OKPY>Kasl TOIbKO YTO
nosieuBLIeecs: ComHile, U cOOCTBEHHOTO TsroteHus KOmurepa
ObLIIO LOCTATOYHO /IS TOTO, YTOOBI YIEPIKATh OTH JIETKHUE ATOMBI.

Bonee crapble o cpaBHeHMIO ¢ COTHLIEM 3B€3.bI IOSIBUINCH
paHblile, yeM Haua [anakTvKa 6bUIa TaK CUIIBHO «3arpsi3HEHay.
IToatomy 1o cpaBHeHMIO ¢ COJIHLIEM HUX ITIOBEPXHOCTD AOJDKHA HC-
MIBITBIBATh HEOOCTATOK TS>KEJIbIX 9JIEMEHTOB. Y 3BE€3QHOTO CBeTa
CJIO>KHBIH CIIEKTP, B KOTOPOM KaXXAblil BHUI aTOMOB OCTaBJIsIET
xapakTtepHblii cnen. (Hampumep, yauvHble OTHM 3HAKOMBI HAM
IO JKEJITOMY HAaTPUEBOMY CBETY WJIM XapaKTEPHOMY Tonybomy
CBETy PTyTHBIX ITapoB.) U B camoM neste, 6osiee TAKeble aTOMBL
pe’ke BCTPEYaroTCs Ha CaMbIX CTaphblX 3Be€3/1aX, YTO COOTBETCTBYET
obueit cxeme ucropuu lamaktuku. HanpoTtus, renmit oueHs pac-
MIPOCTPAHEH Ja’kKe Ha CTapbIX 3Be3Aax. [IpudnHa 3Toro, KOTOpPyIo
MBI OOCYIUM B CIIEAyIOLIEN I/I1aBe, BEAET HAC HETIOCPEICTBEHHO
K IIEpBBIM MHUHYyTaM Iocje bonbloro B3peiBa.

ATOMHBINU KOD®PPULIUEHT: ¢ = 0,007

Pacyer cooTHOLIEHUS Pa3/IMYHBIX AaTOMOB — U ITOHUMAaHUe TOTO,
uyto TBOpLY He ObIZIO HUKAKOM HY’KAbl TIOBOPAYMBATH LIENIBIX
02 PYYKH HaCTPOHKH, — 3TO TpUyM acTpopr3HUKOB. MBI He 3HaeM
HEKOTOPBIX NleTajiel, HO CyTb 3aBHUCHUT BCErO JIMIIb OT OIHOTO
YMC/Ia — 3HAYEeHUS TOH CUJIBI, YTO yIep’KUBAeT BMECTe YaCTHIIbI
(MPOTOHBI ¥ HEUTPOHBI), U3 KOTOPBIX COCTOSIT ATOMHBIE SIAPA.
3HaMeHUTOe ypaBHeHHe DHHIITeNHa E=mc? CoobIIIaeT HaM,
yTo Macca (m) cooTHoOcUTCs ¢ dHeprueit (E) yepe3 CKOPOCTh
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cBeta (c). Takum 06pa3oM, CKOPOCTb CBeTa UMeeT GyHIaMeH-
TanbpHOe 3HaueHre. OHa TOYHO OIpeesseT «IIepeBOIHOM Koad-
dunmeHT»: cOOOIIaeT HaM, CKOIBKO DHEPIUM MOXKHO IOJTYYUTh
M3 KaXXIOTO KUJIOTpaMMa BellecTBa. ENMHCTBEHHBIN CIiocoo,
C TIOMOIIIBIO KOTOPOTO HEKOTOPasi Macca MaTepPUU MOJKET ObITh
Ha 100% IIpeBpallleHa B SHEPruio, — 3TO €€ COIPHUKOCHOBe-
HUe C paBHOM MacCOH aHTHMaTepuH, KoTopas (K CYacTbio I
HAC) B Hallel [a/aKTHKe HUIZE HE BCTPEYaeTcs: B OOMBIIMX KO-
JM4YecTBax. Becero mmiup KUWIorpaMM aHTUMAaTEPUU AACT TaKoe
KOJIMYECTBO DHEPTHM, KaKOoe OOJIbILAs 37IEKTPOCTAHLIMSI BbIpa-
6aTbIBaeT 3a 10 s1eT. Ho 06hIYHOEe TOM/IMBO, TaKOe Kak GEeH3MH,
U JaXke B3pbIBUAThIE BEIIECTBA, TaKME KaK TPUHUTPOTOJIYOJI,
BBICBOOOYKIAIOT TOJIBKO MUMAUAPOHBLe IO COAEPIKALIENCS B BE-
IIIeCTBE «3HEPTUH MaCChl TOKOsI». C IIOMOIIIBIO 3THX MaTepHaIOB
MO>KHO ITIPOBECTU XMMUWYECKHE PeakLii, KOTOpPbIE He U3MEHSIOT
siipa aTOMOB, a TOJIbKO TIEPETACOBBIBAIOT OPOUTHI UX STIEKTPOHOB
U CBA3M MesXay aroMamMu. Ho crita TepMosianepHON peakLnu pu-
BOIUT B TPEIIET, [IOTOMY YTO ee 3((eKTUBHOCTb B MUJUTUOHBI pa3
BBIILIE, YEM IIPU JIFOOOM XUMHUYECKOM B3pbiBe. Bec simpa atroma
resus COCTaBisieT 99,3% OT Beca AByX IPOTOHOB U IByX HEUTpo-
HOB, KOTOpbIE HYJ)KHBI, YTOOBI ero cosnarb. Ocrasumecs: 0,7%
BBICBOOOXKJAIOTCSI B OCHOBHOM Kak TeIuto. [10aToMy TOIUIHBO,
KOTOpOe cHabskaeT sHeprueit CosHile — BOLOPOL B €0 AApe, —
npespaitaer 0,007% cBoel Macchl B 3HEPryio, Koraa rpespailia-
eTcs B reuid. VIMEHHO 4MCIo € onpenensieT CpOK JKM3HU 3Be3[.
JanpHelmme mpeBpalleHys revs BIUVIOTh [0 JKeje3a aloT IIpU-
POCT BBIXO[A SHEPTHHU BCero Ha 0,001%. Takum o6paszom, Goree
MO3IHME CTAIUU XU3HU 3Be3/Ibl OKa3bIBAIOTCS OTHOCHUTETBHO KO-
porkuMHU. (OHM CTaHOBSTCA ellle KOpOoyYe, TOTOMY YTO B CAMbIX
TOpSYUX YacTAX 3BE3JHOTO AApa OOIOHUTE/IbHAS SHEPrus He-
3pHMO yTeKaeT B HEUTPHHO.)

KonuuecTBO 9Hepruu, BHICBOOOXKIAIOIIEECs, KOTAA IIPOCThIE
aTOMBI IIOJIBEPTralOTC TEPMOSAEPHOM peaKLIUH, 3aBUCUT OT 3Ha-
YEHUS] TOM CUJIBI, KOTOPasl «CKJIEUBaeT BMeCTe» YacTU aTOM-
HOTO fApa. JTa CWIa OTVIMYAETC OT TeX ABYX, O KOTOPBIX I YKe
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pacckasblBasl, T.€. OT TATOTEHUS U 3JIEKTPUUYECTBA, IOTOMY YTO
JIEHCTBYET TOJIBKO Ha OYeHb MaJIeHbKOM PaCcCTOSTHUM U 3(dek-
THBHA MCKJIIOYUTENIBHO B MaciuTabax simep aToMoB. MbI He mc-
NBITBIBAEM €€ BO3LEHCTBHUS HANPSIMYIO B OTVIMYME OT AEeHCTBUSA
37IEKTPUYECKUX Y IPABUTALIMOHHBIX CHJI, KOTOPOE€ MOJKEM OILy-
TUTb. TeM He MeHee BHYTPH aTOMHOIO fi[ipa 3Ta CHJIa KPEIKO
yIEP>KUBAET IIPOTOHBI M HEUTPOHBI U JOCTATOYHO CHJIbHA, YTOOBI
GOPOTHCS C INMEKTPUIECKUM OTTATKUBAHUEM, KOTOPOE B IIPO-
TUBHOM CJIy4ae CMOITIO OBl OTTOJIKHYTh ITOJIOKUTETBHO 3apsi-
SKEHHbIe MPOTOHBL. DU3MKU HA3BIBAIOT 3Ty CUJIY «CHUJIBHBIM B3a-
UMOZEUCTBUEM».

OTO cH/IPHOE B3auMMOZEMCTBUE — NOMUHHUPYIOLIAs CUa
B MUKPOMUPE — YOEPKUBAET IMPOTOHBI B aTOMAax resust u 60o-
JIee TSDKeJIbIX aTOMax TaK IIPOYHO, UTO UX TEPMOSIIEPHBIA CUHTE3
SIBJISIETCSI MOLIHBIM MCTOYHHKOM, KOTOPOTO IOCTATOYHO, YTOOBI
Ha [UIUTeJIbHOE BpeMsi 00eCIIeYnTh COTHEYHOE TEII0, HeOOXOaU-
Moe /IS HallleTo CylecTBoBaHMs. be3 aromHol sHepruu CosnHle
UCTOLIM/IOCH OBl B T€YEHME TIPHMEPHO 10 MIIH JIET, KaK 100 JIeT
Ha3az npenckasbiBaa KenbBuH. ITOCKONIBKY 3Ta cuia OEUCTBYET
TOJIBKO Ha KOPOTKOM PaCcCTOSTHUH, OHA CTAHOBUTCS MeHee addek-
THBHOM B G0JIee KPYIHBIX U TSKENBIX SIAPaX aTOMOB: HMEHHO
MO3TOMY $SiIpa aTOMOB TsDXKeJslee JKejle3a MEeHee CBSI3aHbL

TOYHAS HACTPOMKA ¢

ATOMHBIE CUJIBl )KU3HEHHO Ba)XKHBI, HO HacKo/IbKo? YTo u3Me-
HWIOCH Obl, €/ Obl € ObUT paBeH, CKaKeM, 0,006 WIH 0,008,
a He 0,007? Ha nepBbIit B3I/IsL, KTO-TO MOT Obl IIPEIIIOIOKHUTS,
YTO HUKAKOHN pasHUIIbl He ObU10 6bl. Eciu € OymeTr mMeHblile, BO-
nopon 6yner meHee 3(p(PEKTUBHBIM TOIIMBOM U CPOK SKHU3HH
CornHLIA U IPYTMX 3Be3Z CTaHET KOpOdYe, HO 3TO CaMo Mo cebe
He GyzIeT HAaCTOJIbKO KU3HEHHO BasKHBIM (€C/IH V3K Ha TO TIOLUIO,
MBI-TO y3Ke 371ech, a CoJHIIe He IIPOSKUIIO ellle U II0JIOBUHBI CBO-
ero cpoka). Ho, Kak BBIICHUIIOCh, €CTh 1 6071ee TOHKHE 3(DEKTHI,
YyBCTBUTEIbHBIE K 3TOMY YHC/Ty U CKa3bIBAIOILIHECS Ha ITpoLiecce
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CHUHTe3a, KOTOPBIif IIpeBpallaeT BOZOPOI BO BCE OCTaIbHbIE dJle-
MEHTbI IIePHOANYECKON CUCTEMBI.

Camoe BaskHOe, TIepBOe 3BEHO B 3TOIf LIeMM — ITOCTPOIKa
reusl U3 BOZOpOLa — BeCbMa YYBCTBUTENBHO K CHJIE aTOM-
HOTO B3aMMOJEHCTBUS. SInpa reusi COCTOAT U3 ABYX IIPOTOHOB,
HO TaKkyke B HUX BXOIST U [Ba HEUTPOHA. DTHU YEThIPE YaCTHLIbI
COeNUHSIOTCS BMECTe He 3a ONWH IIar, sSiApa rejusl MMO3TAITHO
cobuparoTcst uepes neitepuit (TsKemblii BOLOPOZK), COCTOSILIUI
M3 OZIHOTO ITPOTOHA U OIHOTO HeNTpoHa. Eciu simpo Oynet «ckiie-
eHo» crabee, T.e. ¢ Oyner 61MKe K 0,006, YEM K 0,007, TIPOTOH
He OyIeT CBsI3aH C HEUTPOHOM U AeUTepuit He Oyer cTabuIeH.
Ha sTom nyTh nipeo6pas3oBaHuisi BOLOPOAA B FeIUN 3aKOHIUTCS.
Y Hac GyzmeT mpocTasi BCeJIeHHas1, COCTOSIIIAst M3 BOZAOPOLA, aTOM
KOTOPOTrO COCTOUT U3 OLHOTO MPOTOHA U BPALLAOIIETOCs BO-
KPYT HEero eIWHCTBEHHOTO 3JIEKTPOHA, M HUKAKOM XUMUM. B Ta-
KOH BCEJIEHHOIi 3Be3/Ibl BCe ellle CMOTYT (OPMHUPOBaThCs (€CIu
BCe OCTaJIbHOE OCTaHEeTCS] HEM3MEHHBIM), HO aTOMHOTO TOIUIHMBA
B HUX He OyzneT. OHU OyoyT UCTOLIATHCS M OCTHIBATD, 3aKAHUM-
Basi CBOE CyIIECTBOBaHME KaK MepTBble octaTku. He Gyner Hu-
KaKHX B3PbIBOB, YTOOBI PACIIPOCTPAHUTH BELIECTBO IO KOCMOCY
IUISL TOTO, YTOOBI U3 HETrO BO3HUKIIM HOBbIE 3Be3[bl, U He Oyzer
HHMKaKHX 3IEMEHTOB, M3 KOTOPBIX MOIIH Obl ChOPMHUPOBATHCS
TBepIble ITaHETHI.

Ha mepBblif B3MIsAA U3 9TOTO OOBACHEHUS MOKHO ObUIO Gbl
NPEIIONIOKUTD, YTO GOJIee CUIbHOE aTOMHOE B3aMMOIENUCTBHE
cTazno 6Bl PEUMYLIECTBOM sl SKU3HH, CLeIaB TePMOsIIePHBIA
cunre3 6onee 3¢pdexTUBHBIM. HO MBI He CMOIIH GBI CYLIECTBO-
BaTh, eIk Obl £ ObUT GOJbLIE 0,008, TIOTOMY UTO Tocie Bosb-
IIOTO B3pbIBa He OCTalIOCh OBl HUKAKOro BoAopona. B Harmeit
BceneHHOIt 1Ba IMPOTOHA OTTAJIKUBAIOT OPYT APYyra TaK CHUIIBHO,
YTO Iaske CUIbHOE aTOMHOE B3aMMOZEHCTBHE He MOKET CBSI3aTh
UX BMecTe 6e3 TIOMOIIY OZHOTO MU ABYX HEUTPOHOB (KOTOpBIE
LOOABIISIIOTCS K SIIEPHOMY «KJIEIO», HO, TIOCKOJIbKY HE UMEIOT 3a-
psina, He JOOABJISIIOT JOMOTHUTENIBHOTO JIEKTPUUECKOTO OTTANI-
kuBaHust). Eciu & Gymer paBHATBCS 0,008, TOrma JBa MPOTOHA
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MO>KHO GyZeT CBsI3aTh APYT C APYTOM HAMPSIMYIO. DTO CIIyUUTCS
HETIOCPELCTBEHHO B TOJIBKO YTO BO3HHUKIIIEH BCEJIEHHOM, TO3TOMY
He OCTaHEeTCsI BOZOPOZA, KOTOPBII MOT 6Bl CTaTh TOIUIMBOM IS
OOBIYHBIX 3Be3[, U BOJa He CMOJKET CyLeCTBOBATb.

[Toaromy st m06O# BCeNeHHOM ¢ GOMBIINM HAOOPOM XH-
MHYECKHX BEIIECTB HEOOXOAMMO, YTOOBI YHCIIO &€ HAXOAUIOCh
B [JMalla30He OT 0,006 [0 0,008. HeKoTOpble OTAe /IbHbIE AeTaIH
etrfe 60siee YyBCTBUTE/IbHBI K €r0 3HAYEHUIO. AHITIMICKOTrO (u-
3uka-Teopetuka @pena Xoita MbIC/Ib O CAMOM IIOIY/ISIPHOM
NpUMepe «TOUHOM HACTPOMKM» OCEHWM/IA, KOTJa OH TOYHO pac-
CUMTBHIBAI TIPOLIECC CHHTE3a yIJIepofia U KUC/IOPOa B 3Be3Zax.
Yriepon (C 1eCThio IPOTOHAMH U IIIECTHIO HEUTPOHAMHU B aTOM-
HOM sI[[pe) ITOJIy94aeTcsl U3 COYETAHHsI TPeX siep aTOMOB TeIvsl.
[IlaHC Ha TO, YTO BCE TPU COEIMHSITCS OXHOBPEMEHHO, OY€Hb
MaJI, ¥ IO3TOMY IIPOLIECC HIET Yepe3 IIPOMEKYTOUHYIO CTAIHIO,
Ha KOTOPO¥ [IBa siApa Te/nsi COeAUHSIIOTCS B Oeprynit (deTeIpe
IIPOTOHA U YeThIpe HEUTPOHA), IIPEKAE YeM COeIUHHUTHCS C elle
OZIHMM aTOMOM TeJIHsl, YTOOBI IOy YHJICS YITIepOA. XOMI CTONIK-
HyJICSL C TPOGIEMOIM HECTABUIIBHOCTH 3TOrO aToMa GepUsUIUs:
OH pacIafiaeTcsi Tak OBICTPO, YTO, KaXKETCs, y TPETHETO aToMa
reisi OYeHb MaJIO LIAHCOB IIPHJIENTUTHCS K HEMY IO pacIaja.
Tak Kak xe yI7aepoz BooOIie MOr BO3HUKHYTh? BBISICHUIOCH,
9TO Y Sifiep YIZIEPOZA eCTh XapaKTepHask YepTa — IIPUCYTCTBHE
pe3oHaHca ¢ 0COOBIM BHUIOM SHEPIHH, KOTOPAst MOBBIIIAET LIAHC
Ha TO, 4TO GEPH/UINI 3aXBATHUT €llle OIHO SIIPO TeNHst B KOPOTKHUIA
VHTepBaJI O CBOETO paciiafa. X0 (aKTUYeCKH IIpefcKas3al Cy-
IleCTBOBaHME 9TOTO Pe30HAHCa U IIPU3BaJI KOJUIEr-9KCIIepUMeH-
TaTOPOB €ro u3Meputh. Ero npezckasanve 65U10 ZOKa3aHO. DTOT
IIPOLIeCC, Ka3aBLINNCS PU3UKaM-SIAEPIIMKaM CIy9aiHbIM, II03BO-
71seT 06pa30BbIBAThCS YITIEPOLY, HO TOLOOHOTO SIB/IEHHUST He BO3-
HUKaeT Ha CJIe[yIoLeli CTauy, KOTia YITIePO 3aXBaThIBAET ellje
OZIIH aTOM TeJIHsl U TIPEBPALLAETCs B KUCTIOPOA. DTOT SKU3HEHHO
BaKHBIN pe30HAHC OYeHb YyBCTBUTEJIEH K siiepHOi cuie. CaBUr
ee axke Ha 4% CHJIBHO YMEHBIINIT ObI KOJMYECTBO YI/IEPOa, KO-
TOpOe MorIo 6b1 06pa3oBaThcst. TakuMm 06pasoM, Xoiis Kokasarl,
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YTO Hallle CYL[ECTBOBAHHE MOITIO OBITh TIOCTABJIEHO IIOZ YIPO3y
M3MEHEHHEM YHCTIa € BCETO HA HECKOJIBKO MPOLIEHTOR®.

He3aBUCHMO OT TOTO, KaK CO3[AI0TCS 3/IEMEHThI, N3MEHEHHUS
B 3HAUEHUM YMCJ/IA £ OTPASWIKCh Obl HA IJIMHE TE€PUOAUYECKON
Tabmubl. Boree cmabast aTomHas cuia epemecTtuia 6u1 Haubo-
Jiee TIPOYHO CBSI3aHHbBIE aTOMBI (KOTOPBIM Ceifvac sIBJISETCS JKe-
ne30, N226) HUKe B MEPUOANIECKOM Tab/MLIE U TIOHU3UIO Obl
KOJIMYECTBO CTAOGWIBHBIX 3JIEMEHTOB JI0 YPOBHS KyZla MEHBLIIETO,
yeM 92. DTO MpuBENO Obl K «0benHeBIIeH» xumun. Haobopor,
yBe/MUeHUEe 3HAYEHMsI YUC/IA € MOIIO Obl MOBBICUThH CTAOUIIb-
HOCTb TSIXKEJIBIX aTOMOB.

Ha niepBblii B3r1si21, 60s1€€e IJIMHHBINA CITUCOK Pas/IMYHbIX Pac-
MIPOCTPAHEHHBIX ATOMOB OTKPBIBAET IyTh K 0OJIee UHTEPECHON
U pasHooOpasHou xuMuu. Ho 910 BoBCe He camo coboit pasyme-
€TCsl — HANpUMep, aHIIMACKUIN A3bIK HE CTaT Obl 3HAUUTETEHO
6orave, ecnu 661 B andasute 66U10 G0MbIIE OYKB. AHAIOTUYHO
U CJIOXKHBIE MOJIEKYJIbI MOTYT CYL[ECTBOBATh B GECKOHEUHOM pa3-
HOOOPAa3UH, XOTS U COCTOAT U3 OTHOCUTEBHO HEGOBIIOTO Ha-
60pa oOIIMX 271eMEHTOB. XUMUs1 Oblia Obl CKyuHee (a CJIOKHbIE
MOJIEKYJIBI, HEOOXOMUMBIE [Isl JKU3HH, B HEH BOBCe OBl HE Cy-
II€CTBOBAJIN), €C/IM Obl B U306M/IMU He OBUIO KUCIIOPOZA U JKe-
ne3a (N°8 1 N926 COOTBETCTBEHHO), a OCOOEHHO — yI/Iepoza
(N26). ITpu 3TOM Majo YTO U3MEHHUTCS OT yBeIHUYEHHUS KOJIH-
YeCcTBa YacTO BCTPEUAIOIIMXCS 3JIEMEHTOB WM OT HAIUYUSA He-
CKOJILKMX JOMOMTHUTENLHBIX CTAOUILHBIX 37I€MEHTOB, TIOMUMO
MIPUBBIYHBIX HAM 92.

Cyl1LecTByOLIee HbIHE COUETAHKE DJIEMEHTOB 3aBUCHT OT 3HA-
YeHUs1 YUCTIA €, HO Kyza 6osiee 3HAUMMO TO, UTO HUKaKast OCHO-
BaHHas Ha yriepoze 6uocdepa He MOXKET CyLIeCTBOBATh, €C/IU
OHO GyZeT paBHO 0,006 WM 0,008, & HE 0,007.



I'TTABA 5

HAIIIA
KOCMMUWUUYECKAS
CPEIA
OBUTAHMUA I1:
3A MMPEIOEJIAMU
HAIIIEH
TAJIAKTUKHA

Teneckon (cyu.): YCTpOHCTBO, OTHOCSILIEECS K I71a3Y
Tak e, Kak TeqedOH K yXy, U IO3BOJIONIee yaa-
JIeHHBIM OOBEKTaM JOHMMATh Hac obunuem Oecro-
JIe3HBIX AeTaei.

AmMBPO3 bupc*

BCEJIEHHAS{ TAJIAKTHK

4 yKe pacckasaj, Kak ObUIM CO3[aHbl aTOMBI TIEPHOSHYECKOM
TabJIMLBI ¥ YTO MBI — 3TO 3Be3/Hasl IIbIIb I, €C/IH OBbITh Me-
Hee POMaHTUYHBIM, «SIAE€PHBII MyCcOp», OCTaBILIMICS OT TOIIMBA,
MO3BOJISIOIIETO 3B€3/1aM CUATh. DTHU MPOLIECCHI 3aBUCAT OT 3Ha-
YeHMUsI aTOMHOM CHUJIBI, KOTOpas «CKJIeUBaeT» IPOTOHBI U Hell-
TPOHBI BHYTPU aTOMHOTO fIpa M U3MePSIeTCsT KOCMUYECKUM YHC-
JIOM & = 0,007, KOTOpoe 00603HaYaeT, B KAKOM COOTHOLIEHUH
BBICBOOOYKIAETCSI QHEPTHS BO BPEMs TEPMOSIIEPHOM peaKLinu

*

Bupc A. CroBaps Catansl. — M.: Llentpnonurpad, 2003.
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npeo6pasoBaH1/1ﬂ BoJopoa B renuit. Ho oTKyza nossBUImMCh ca-
Mbl€ IepBble IPOTOHBI U ATOMBI BOZOPOJA U KaK U3 U3HAa4YaIbHOM
MaTepuu 0Opa30BAIUCh IEPBbIE TATAKTUKK U 3Be3abI? UTOOBI
OTBETUTb Ha 3TH BOIPOCH], HAM HY’KHO PaCIIMPUTh HAIHU Ipa-
HULBI B IPOCTPAHCTBE U BO BPEMEHU — B MEKTaJITaKTUUYECKYIO
00671aCTh U Ha3a B Ty BIIOXY, KOIZA ellle He ObIIIO MePBhIX 3BE3I.
MBI NO/DKHBI TO3HAKOMUTbBCS C IPYTUMU YHC/IaMU, KOTOPBIE OIU-
CBIBAIOT Hallly BcesleHHyIO, M yOOCTOBEPUTHCS, UTO HAllle MOSB-
JIeHHE 3aBHUCUT OT MX TOYHOTO 3HA4YEeHMSI.

3Be3/1bl COGUPAIOTCS B TA/IAKTUKH, KOTOPBIE SIBJISIIOTCSI OCHOB-
HBIMM eIUHMLIAMU, obpasyoomnmu Beenennyro. Hama lanak-
THKa — OfHA U3 CaMbIX TUIIMYHBIX. Ee COTHSA MUIIMApAOB 3Be3.
JIEXKUT TJIABHBIM 06pa3oM B IJIOCKOCTU [HCKA, KPYKach BOKPYT
SIPKOI BHYTPEHHEH BBIMYKIIOCTU — «OafizKar, Te 3BE3.bl PacIio-
JIO3KEHBI OJIVKe PYT K APYTY, YeM B IIIOCKOCTH. [IpsiMO B LieHTpe
CKPBIBAETCS Y€pHas Ablpa C MAacCoH, B 2,5 MJIH pa3 MpPEBbIIIAIO-
11ei conHevHyto. JIydy cBeTa motpebyercs 25 000 JIeT, 4TOObI JO-
6parbcst OT HAC 10 LeHTpa [amak Ty, a Mbl BMecCTe ¢ 3emieit Ha-
XOAMMCS YyTh Aajbllie, YeM Ha TOMIYTH OT LIEHTPa [0 Kpast AUCKA.
C toro mecra, rae pacrnonoxeHo ComnHle, pyrue 3Be34bl UcKa
BBIITISIIST KaK JIEHTA, TSHYLIAsICS yepe3 Bce HeOOo, MBI ee Ha3bIBaeM
Mieunbiii [TyTb. O6BIYHBIM 3Be34aM MTOTPebyeTCst 6oree 100 MITH
JIeT, 4TOOBI COBEPIUUTD MOMHBIA 060POT BOKPYT LeHTpa lanak-
TUKH (3TOT 06OPOT UHOTA HA3BIBAIOT «TAJIAKTHYECKUM TOZOMY).

TymannoCTb AHApPOMEZBI, HAlll CaMbIA OIM3KUI KOoCcMUUe-
CKMIi cocell, HAXOOUTCS IIPUMEPHO B 2 MJIH CB. JIeT. [I14 acTpo-
HOMa, HaxOISILEroCst Ha TUIAaHeTe, OOPAaIlAIOILECsT BOKPYT O
HOM 13 3Be3x B TymanHOCTH AHApOMebl, Hawa [anakTrka 6yger
BBIIVISLETh TIPUOIM3UTENIBHO TaK 3Ke, KaK AJst Hac TyMaHHOCTb
AHApoOMenbl: TUCK U3 3Be3J U ras3a, KaXyLUIUNHCsl HAKJIOHEHHBIM
Y BpAllAIOIIMNCA BOKPYT LIeHTPaJIbHON OCHOBBI. C ITOMOINIBIO
MOILLIHBIX TEJIECKOIIOB MOKHO YBUAETb MUWIJIMOHBI JPYTUX rajlak-
THK. He Bce 13 HUX 1o ¢opMe HaTOMUHAIOT TUCKU* — APYroi

%

Takvie ranakTHKK aCTPOHOMBI OGBIYHO Ha3bIBAIOT CIIUPATbHBIMU. —
ITlpum. nep.
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Ba)KHBIN KJIACC COCTABJISIOT TaK Ha3blBaeMble «3JIJIMITUUYECKHE
raJlaKTUKW», B KOTOPBIX 3Be3Jbl He OpPraHM30BaHbl KaK IUCK,
a Kpykar 1o 6osiee CBOOOAHBIM OPOUTAM, UCIIBITHIBASL TIPUTS-
SKeHHE BCEeX OCTa/lbHbIX 3Be3J TaKOM raJlakKTUKU.

B KocMoOCe rajakTHKHU He PacIionaraloTcsl CaydaiHbIM 00-
pasoM: GONBIIMHCTBO U3 HUX COOMPAIOTCS B TPYIIIIBI MM KiIa-
CTepBI, KOTOPble MPUTSDKEHNE yaepsKuBaeT BMecte. Harua co6-
CTBeHHas MecTHad rpymnmna raJakTuk BkmodaeT Mieunsiit [Tyt
u TymaHHOCTD AHAPOMEABI, a TaKKe 43 KapJIHUKOBBIE rajak-
TUKHU (110 KpaiHeN Mepe, MO MOCAeHUM IOACYETaM UX OBbLIO
MIMEHHO CTOJIbKO — y4YeHble TIPOJOJ/IKAIOT HAXOAUTh OYeHb CJIa-
ObIX ¥ MaJIEHbKUX WIEHOB MecTHOI rpymisl). [IputskeHue Tsi-
HeT TyMaHHOCTb AHAPOMEIBI B HAllly CTOPOHY CO CKOPOCTBIO
IPUOIM3UTENIBHO 100 KM/ C. [IpUMepHO Yepes 5 MIIP[ JIeT HallH
CIMpaJIbHbIE TaJaKTUKU MOTYT CTONKHYThCS. B KocMoce Takue
CTOJIKHOBEHWSI SIBJISIIOTCSI PYTHHHBIMU COOBITHSIMU: B €0 IIyOu-
Hax Mbl BUJUM MHOTO APYIMX TaJaKTUK, KOTOpbIE, HalO MOfa-
raTh, MEPEXKWIA TaKHE€ BCTPEYU C COCENSIMHU.

l'aaKTHKMU SIBJISIIOTCSI TAKUMH OTPOMHBIMH U pa3pesKeHHbIMH,
Y 3Be€31bl B HUX TaK pacCesiHbl, YTO peajbHble CTOJIKHOBEHMS
MeXKIy HUMHU IPOUCXOIST Ype3BblYaiiHO penxo. (DTO IOIHO-
CTBIO BEPHO I10 OTHOLIEHUIO K cocensiM CoJTHIIA, TOCKOJIBKY AasKe
caMble G/IM3KME M3 HUX BBIISASAT CTaObIMU MCKPaMH CBETA.)
Jaxxe Korga ABe TaJaKTUKU CTOJIKHYTCSI BMECTe U IepeMella-
IOTCs1, CTOJIKHOBEHMIA 3Be3 OyneT odeHb HEMHOTO. EnnHCTBeH-
HO€, YTO ITPOM30IIeT, — Kakaasi 3Be3/a UCIIbITAeT Ha cebe KO-
JIEKTHBHOE MPUTSIKEHNE BCETO BEIeCTBa U3 IPYToi TaJlakKTUKU.
OpOUTHI TaK UCKA3SITCSI, YTO 3BE3/bl B KOHLE KOHIIOB OKasKYTCS
He B [IBYX OTHAEJbHBIX NUCKAaX, 2 B €IMHOM XaOTUYHOM poOe.
VMIMeHHO TaK BBIISIAST 3JUIMNTUYECKUE TalaKTUKU, U s I0J0-
3peBaro (XOTsSI Ha 3TOT BOIIPOC BCe ellle HeT OZHO3HAYHOTO OT-
BeTa), YTO OOJIbIINE STUTUIITUIECKHE TATAKTUKY (POPMHPOBAIHChH
HUMEHHO MOZOOHBIM 0OPa3OM.
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CTPYKTYPA HAIIIEM BCEJIEHHOM:
KOCMUUYECKAS CETh

Hama MecThHas rpynna razakTHMK pacIlOjIoOXKeHa OKOJIO Kpasd
Ckonnenus JleBpl — apxuIiesnara U3 HECKOJIBKUX COTEH TraJak-
THK, LIEHTP KOTOPOTO HaXOAUTCSI IIPUMEPHO B 50 MJIH CB. JIeT
ot Hac. CKOIUIEHHUSI ¥ TPYIIIIbI OPraHU3YIOTCS B elie 6osee KpyIi-
Hble 06beuHeHust. Tak HasbiBaemast Benvkast CreHa, HATIOMIHA-
IOLI[ast [TPOCTBIHIO T10JI0CA U3 TAJIAKTHK IIPOTSKEHHOCTBIO Hoee
200 MJIH CB. JIET, — 3TO OJIvsKaiiliiee K HaM U CaMOe BBIIAIOLIeecst
U3 TaKUX TMTAaHTCKUX oOpasoBaHuil. [Ipyroe ckorieHue — Be-
JIUKUH ATTPaKTOp — IPUTSATHMBaeT Hac U Bce CkorvieHue JleBbl
CO CKOPOCTBIO HECKOJIBKO COTEH KUJIOMETPOB B CEKYHIY.
MHoroe co3naHHOe IPUPOIOI (TOPHbIE MEH3aKH, TPHOPEsK-
HBIE JIMHUH, IePeBbsl, KPOBEHOCHBIE COCYABI U T. [I.) UMeeT CTPYK-
Typy pakrana. @pakras — 3TO MHOXKECTBO, KOTOPOE HMeeT
0coboe MaTeMaTHYeCKOe CBOMCTBO: €C/IH YBEIMYUTh €r0 MayIo
YyacTh, TO OHA COBHAIeT CO BceM LieabIM. Ecmu 6bl Hama Bce-
JIeHHast ©Mesa IOHOOHYI0 (GOPMYy — COCTOSUIA U3 CKOIIIEHHIA,
CKOIUJIEHUH, CKOIUIEHUH U Tak 00 GeckoHeuHocmu, TOTAA Kak Obl
r1yGOKO MBI HU MOTPYXKaIUCh B KOCMOC M KakOH Obl 06beM
HM OXBATUJIH, TAJIAKTUKU UMEJTH Obl «[IITHUCTOE» PACTIPEAETIEHHE.
3abupasich 11y63Ke, Mbl ObI IIPOCTO OXBATHIBAIU BCe GOMBIINI
Macurab B vepapxuu ckorieHud. Ho Haia BceneHHast BbIIs-
JIWT He TaK. MoIlHbIe TeJIeCKOIbI TOKa3bIBaIOT FaJIAKTUKH, OTIa-
JIEHHbIE OT HaC Ha HeCKOJIbKO MWIJTMAPIOB CB. JIeT. BHyTpu sTOTrO
6or1ee YeM OrpOMHOrO 0O6beMa aCTPOHOMBI BBIIE/HIN MHOXKECTBO
TaKUX >Ke CKOoIJIeHuH, kak CkoruieHue JleBbl, U HAllJIU TaKHUe JKe
CTPYKTYpHI, Kak Bemukas Crena. Ho 6onee riny6okue mOMCKU
He BBISIB/ISIIOT HUKAKUX OTYET/IMBBIX CTPYKTYp OOJiee KPYITHOTO
Mmaciuraba. [To croBam rapsapzckoro actpoHoma Pobepra Kupiir-
Hepa, Mbl JOCTHUITIM «IIpeena Bemuyrsi». Kopobka co cropoHamu
200 MIIH CB. JIET (@ 3TO pacCTOsIHME BCe ellle HeBEJIMKO IO CpaB-
HEHUIO C IPAHULIAMH HALIMX HAOJIOAEHUI, KOTOPBIE COCTABISIIOT
MIPUMEPHO 10 MJIPZ CB. JIET) JOCTATOYHO BMECTHUTENbHA, YTOOBI
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conepsKkath B cebe camble GOJbLINE CTPYKTYPHI U OBITH «BIIOJHE
NPUINYHOM» BCeTIeHHOM. e 6Bl OHA HU HaxXOOUjach, TaKas KO-
pobka GyzmeT BMeIIaTh PUMEPHO OOUHAKOBOE YUC/IO Ia/IaKTHK,
CTPYIIMPOBaHHBIX MOAOOHBIM 0OPa30M B CKOIUIEHHUSI, HUTEBU-
Hble CTPYKTYpPbI U T.A. MlepapXus CKOIIEHUIl He KOIMPYETCsI
10 6ECKOHEYHO OTPOMHOrO MaciuTaba.

Takum o6pa3om, Hawa BceneHHass He SIB/ISETCS MPOCTHIM
dpaxranom. Bosee Toro, MaciuTab CriasKMBaHUsI JOCTATOYHO MaJT
10 CPABHEHUIO C CAMBIMU OOJIBIIMMU PACCTOSIHUSIMU, KOTOPBIE
MOTYT OXBaTUTh HAIIM TEECKOIbL. B KauecTBe aHaIOrUM Mpea-
craBbTe cebe, UTO BbI IUIBIBETE HA KOpabiie MOCepeIMHE OKeaHa.
Bac OKpYKaroT CJIOXKHBIE CTPYKTYPbl BOJIH, KOTOPBIE TEPSIOTCSI
I7e-TO Ha ropu30oHTe. HO BB MOXKETE U3yyaTh UX CTATUCTUYECKH,
MIOTOMY YTO Ballle [0JI€ 3PEHUs POCTUPAETCS OCTATOUHO [a-
JIEKO, YTOOBI YBUIETh GOMBILOE KOTUYECTBO BOMH. [layke TUTaHT-
CKM€ OKEaHCKHEe BOJTHbI HAMHOTO MEHbIIE PACCTOSTHUSI IO TOPH-
30HTA, U B CBOEM BOOOPAKEHUH Bbl MOKETE PA3[EUTh TO, YTO
BUNTE, HA MHOKECTBO OTAE/IbHBIX CEKTOPOB, KasKAbIA U3 KO-
TOPBIX JO/KEH OBITh HOCTATOYHO OGOJBILUM, YTOObI HECTH ajie-
KBATHYIO MH(POPMALHIO. 3[eCh CYLIECTBYET Pa3HULIA MEKIY MOp-
CKMMU ¥ TOPHBIMM TEM3aKaMHU, TIe OOUH OTPOMHBIM MUK Y4acTo
IOMUHHUPYET HaJl BCeM TOPHU30HTOM U BbI HE MOJKETE OIpee/NTh
HEKYIO CPEIHIOIO BEIMUKHY, Kak B Mope. (JlaHamadThl 1 B caMoM
nerne mozym GbITh MOKOOHBIMU (ppakTanaM. DpakTanbHast MaTe-
MAaTHKa UCIIONb3YETCsl B IPOrPAMMAaX KOMIIBIOTEPHOM IpaduKu
IJISI CO3MaHUS Boo6pa>Kaeme reiizaskeif B KUHO.)

Kocmuueckuie CTPyKTYpbl OXBATHIBAIOT LIMPOKUI AUANA30H
U3MepEHUIL: 3Be3/Ibl, TAJIAKTUKH, CKOTUIEHHSI ¥ CBEPXCKOIIIEHUSI.
B maciurabe MeHbILEeM 1/300 TOPU3OHTA KOHLIEHTPALIMS TATTAKTUK
MeHseTca 6ojiee YeM BIBOE B 3aBMCHMOCTU OT MecTa. B 6oib-
wux macmrabax GryKTyalus MeHbllue (XOTsi eCTh HECKOJIBKO
SPKO BBIPAXKEHHBIX CTPYKTYp Bpozme Bemmkoro Artpakropa).
Ec/u npomosKaTh aHAJIOTHIO C OKEAHOM, CBEPXCKOIUIEHHUS Ta-
JIAKTUK MOKHO CPaBHUTh C CAMBIMHU TMHHBIMU BOJTHAMHU, KOTO-
pble MOYKHO 3aMETUTh. B I/1aBe 8 Mbl yBUIMM, YTO 3TOT MacIITad
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3aBUCUT OT OJHOTO KOCMMYeCcKoro uncna Q, KoTopoe IOsIBUIOCh
Ha CaMOM paHHEM 3JTalle pa3BUTHUA BceleHHOM, M 4YTO «3apo-
JBIIIN» CKOIJIEHUI U CBEPXCKOIUIEHUH — CTPYKTYPBI, OTAAJIEH-
Hble Ha MUJUIMOHBI CB. JIET, — MOXXHO OTCJ€IUTb IO TOTO Bpe-
MEHH, Korza Bcst BceneHHast UMesa MUKPOCKOIIMYECKUI pa3mep.
B03MOXHO, 3TO camas yOWUBUTE/IbHAas CBA3b MEXAY NaJIEKUM
KOCMHUYECKUM IMPOCTPAaHCTBOM M BHYTPEHHUM IIPOCTPaHCTBOM
MMKpPOMHPpA.

MoO>KHO NpeaIonOoKUTh, YTO CTPYKTypa BceleHHOM B Takux
6ONMBIIMX MaclITabax He UMeeT HUKAKOTO OTHOILIEHMS K Halllei
cpene oburanust BHyTpy ConuHeuHol cuctembl. Kasamoch 6bl, Ka-
KOe 3HaueHHe MMEET, COAEP>KUTCS 11 B Haulel lanakTuke KBa-
JPWITMOH 3B€3[ WIH «BCETO JIMIIb» MWIJIHMOH, a He 100 MJIPZ,
KaK MbI MOKEM CYIAUTb U3 HabmoneHni? [IpuHaaIeKUT K Hala
lanakTHKa K CKOIJIEHUIO, COAepyKallleMy MUJUIMOHBI APYTUX Ta-
JIAKTHK, WIM KX BCETO HECKOMBKO MITYK? HO eciu Obl CylecTBo-
Basia 6osiee pa3HOPOAHAsSL BCEJIEHHAs1, YeM Halla, oHa 6bl He Gbiia
TaKOM GIArOCKJIOHHOM K 3Be3aaM M ruiaHeram. C apyroit cro-
POHBI, MEHee pa3HOPOIHAsl BCeIEHHas1 Oblia Obl, MSTKO TOBOPS,
HEWHTEPEeCHOH: B Hel He CPOPMHUPYIOTCS TAIAKTUKU U 3BE31HI,
a BCs Matepust OyeT CHIIBHO paccesiHa U aMOpgHa.

O60 BceM 3TOM IIOroBOPHUM B I71aBe 8. Ho B JaHHBIN MOMEHT
MbI MOXXeM OTMETHUTh OOHO BasKHOe CIeICTBHE CIVIa’KMBaHUS
B 6OMBIINX MaciiTabax — OHO JejlaeT BO3MOXKHOM KOCMOJIO-
TUIO KaK HayKy, TI03BOJISISI HAM OIIPeJIe/IMTh CpeJHHE XapaKTepU-
cTUKM BceneHHOIM: neMorpaduIo TalakTHK, CTATUCTHUKY CKOILIe-
HUU U T. 4. HecMoTps Ha CyliecTBOBaHME raJIAKTUK Y CKOIUIEHUH,
ObIBaeT MOJIE3HO MOAYMATh O CIVIASKEHHBIX XapaKTEPUCTHKAxX Bce-
JIEHHOM: MBI OIMCBIBAEM 3eMIII0 KaK «KPYIIyIo», He obpariast
BHUMaHUSI Ha CJIOKHYIO TOMOTPagHIO rOp ¥ OKEAHCKUX ITyOUH.
TeM He MeHee ObII0 OBl 6ECCMBIC/IEHHO ONMCHIBATL 3EMIIIO KaK
«COBEPILEHHO KPYI/IYIO», €CIIH OBl €€ TOPbl BO3BBILIAIMCH HA ThI-
CA4YM KWJIOMETPOB, a HE Ha THICSTYM METPOB.

Erue Kyzna 60riee BaKHO TO, YTO 61arofapst 3TON HHTEPIIpeTa-
LIMM MBI MOKE€M OCMBICJIEHHO 33J1aTh BOIIPOC O TOM, SIBJISIETCS JIA
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Haila BceneHHast cTaTUYHOM MU JKe OHa pacmpsaeTca Uin CKU-
MaeTCs.

PACIIMPEHHUE

Ta/IaKTUKY SBIISIIOTCS «CTPOUTENBHBIMU 6110KaMu» BceneHHOI,
W, U3y4ast MX CBET, Mbl MOJKEM OIIPEE/UTh, Kya OHU JBHIKYTCSL.
COTHM MU/IZIMAPAOB 3BE3J B TUIIMYHOMN TaJaKTHKE CIIMIIKOM
TYCKJIbI, YTOOBI Pa3I/ISAbIBAT X 110 OTLENTbHOCTU, — TEJIECKOIIbI
PETUCTPUPYIOT BECh CBET, UCXOAALIMIA OT MHOTUX 3Be31. MOKHO
IPOAHAIN3UPOBATH CIIEKTP TOTO CBETa. MBI yKe OTMeYasH, Kak
CBET OT OIHOM 3Be3[bl OTPasKAaeT CKOPOCTh €e IBIKEHHsI K HaM
(WM OT HAC) M KaK C MTOMOLLIBIO JUTUTE/IBHBIX HAOMIONEHHIT MOSKHO
MONMAaTh KPOLIEeYHbIE HAPYLIEHHs B ABMKEHHUH, BBI3BAHHbIE 1A~
HETOM, OOpalLaroLIelicst 0 OpOUTe BOKPYT 3Be3/bl. [10006HbIM 5Ke
06pa3oM CIIEKTP CBeTa OT L(eJIOH TaJaKTUKH COOOIIAET, KaK Obl-
CTPO OHA IBMKETCSI II0 HAIIPaBJIEHUIO K HaM (COBUT B CHHIOIO
YaCcTh CIIEKTPa) WM OT HAaC (COBUT B KPACHYIO YacTb CIIEKTPA).
BO3MOJKHO, CaMbIM BaKHBIM ()aKTOM O Hauled BceneHHOI
SIBJISIETCSI TO, YTO CBET OT JAJIEKUX Ta/IAKTHUK CABUIAETCS B Kpac-
HYIO YaCTh CIIEKTPa — BCE OHH (32 UCK/IIOYEHNEM HECKOIBKUX
COCEIHUX TaJIaKTHK, HAXOISILIMXCS B HALIEM CKOIIEHUH) yAaJIsi-
I0TCS OT Hac. Bonee Toro, KpacHoe cMelteHye (ITOKa3bIBAIOLIEE
CKOPOCTb yHaJIEHUsI) CUJIbHEE TIPOSIBIISIETCS B CBETE CAMBIX OTA-
JIEHHBIX TaJIAKTUK. KaskeTcst, Mbl HAXOAUMCSL B PACLIMPSIOLIENCS
BcesleHHO}, e CKOIIEHMS TaJIAKTUK OTHAISIOTCS APYT OT Lpyra
BCE [a/blile U BCE CHUIIbHEE PACCEUBAIOTCS 110 KOCMOCY.
[Ipocrast 3aBUCUMOCTb MEXIY KPAaCHbIM CMELIEHUEM U pac-
CTOsTHMEM ObIIO Ha3BaHa B YeCTh DBHHA Xa06s1a, KOTOPHIHA ep-
BBIM OTKpBUI 3TOT 3aKOH B 1929 . Habonarenu us npyrux ra-
JNIAKTUK OGHAPY>XUIHM 6Bl TOYHO TAKOE JKE yAAIEHUE OTAAIEHHBIX
ranakTuk. Pacimpenue okasbiBaet r1o6anbHblii 9deKT: OTaeb-
Hble TalaKTUKU (M Ja’Ke CKOIUIEHMS TalaKTHK) caMu 1o cebe
He PaCIIUPSIOTCS, a ellle MeHbIle PaClIMPEHUE BIUseT Ha Goree
MeJiKie O6BbeKThI, TaKHe Kak Halra CoNHeuHas CUCTeMa.
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[pencraBbTe cebe, yTo WTHIPK Ha KaptuHe M.K. Diiepa
(puc. 5.1) CUHXPOHHO yAnuHsIOTCs. HabmonaTe s, HAXOOAIIMIACS
Ha JI000I1 BEPILMHE, YBULUT, YTO APYTHe BEPIIMHBI OTAAISIOTCS
OT HErO CO CKOPOCTBIO, KOTOPAst 3aBUCUT OT TOTO, CKOJIKO IUThI-
pelt HaxoxuTcs nepen HabmogateneM. JIpyruMu CI0BaMu, CKO-
POCTB yHaseHus APYTUX BEPLIMH OyIeT MpOMOPLUOHAIbHA Pac-
CTOSTHUIO 10 HUX. [aJIAKTUKY HE PaCIoNararoTcs B IIPaBUIbHON
MPOCTPAHCTBEHHOI PelIeTKe — KaK YK€ YIIOMHUHAJIOCh, OHU CO-
CpPeIOTOYEHbI B TPYIIIIHI WM CKOIUIEHHS], HO TEM HE MEHee BBl
MO>KETE TIPENCTABUTh PACLIMPEHNE, BOOOPA3UB, UTO CKOTUIEHUS
TaJIAKTUK CBSI3aHBI C CUHXPOHHO YIUTMHSIIOIUMUCS LITBIPSMU.
Hu B 0ofHOM BeplMHE Ha KapTUHe Dulepa HET HUYEro MpuMe-
YaTe/IbHOTO, KAK HET M HUYEro OCOGEHHOTO B TOM, Kak Haiua [a-
JIAKTHKA pacrionokeHa Bo BcenenHoi. (Xors mecro Haueli [a-
JIAKTMKM CJIy4YaifHO, TeM He MeHee Mbl HabmogaeM ee
He B C/Iy4aifHOe BpeMsi, a IIPUYMHbI 3TOTO CTaHyT IIOHSATHBI T03-
Hee.) KocMororust mponBrHyack BIiepen TONBKO Giaromapst
TOMY, YTO Halua BcesleHHast B caMOM KPyITHOM Macliirabe 1ocra-
TOYHO OZHOPOXHA, YTOOBI €€ MOXKHO OBIZIO ONKCATh IPOCTHIM
«pacimpenuieM Xab6a», Tae Bce YacTH, KasKeTCs, PACIIUPSIOTCS
onyHakoBo. Ha MecTax paciuvpeHre MOXKHO pacCMaTPUBATh Kak
addexrT Jorutepa, HO B 60IbIIMX MacIITabax, Iie BUAMMOe pas-
GeraHue MPOUCXOAUT CO CKOPOCTBIO, COCTABISIIOIIEI GOBLIYIO
ZIOJIIO CKOPOCTH CBETA, JIy4llle IPUITUCHIBATH KPACHOE CMELeHHe
«PaCTATUBAHUIO» TIPOCTPAHCTBA, B TO BPEMsI KaK CBET MPOXOAUT
yepe3 Hero. BenuuuHa KPacHOrO CMeEILEHHs] — HWHAYe OBOPS,
TO, HACKOJIBKO PACTATMBAETCS [UIMHA BOJIHBI, — B 9TOM CJIyYae
paBHa BeJIMUMHE, Ha KOTOPYIO pacumpsieTcst Bcenennas (u B Ha-
1€l aHAJIOTUM C KAPTUHOM Dliepa — Ha KOTOPYIO YATUHSIOTCS
«IITBIPW»), KOTAA CBET ABUYKETCS B HALIY CTOPOHY.

BO3MOXKHO, MBI CIIPOCUM, TTOYEMY KPACHOE CMELLEHUE TIPE-
oJsiaraeT pacllMpeHue, a He KaKOe-TO HOBOe (hU3UYECKOe SIB-
JIeHUe, KOTOPO€ TIPOSIBIISIETCS HA GOJBLINX PACCTOAHUAX. BO3-
MOSKHOCTh 2¢(eKTa BpOJie «CTapEHUs CBETa» IOPOii BCE elle
006Cy>KIaeTcs, XOTsI HUKTO TaK U He pa3paboTast JKU3HECTIOCOOHYIO
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Puc. 5.1. «YneHeHue mpocTpaHcTBa Kybamu» Diuepa. Ecin mrsipu
B NPOCTPAaHCTBEHHOMN pelleTKe CUHXPOHHO yIJIUHATD,
BepLIMHBI OyAyT OTAANATHCSA APYT OT APYTa B COOTBETCTBUU
¢ 3akoHOM Xa6671a, HO HU OJHA U3 BEPLIUH HE ABJAETCH
0COGEHHOH, U B CTPYKType HET LEHTpa

TEOPHIO, COTTIACYIOLIYIOCS CO BCEMH O0Ka3aTenbCTBaMU (HAIpH-
MEP, 3TO ABJIEHUE NO/DKHO IMPOU3BOAUTL OOHO U TO K€ OTHOCH-
TeJbHOEe U3MeHeHMe B JIJIMHE BOJIHBI CBeTa U He MOIKHO MCKa-
JKaTh U300paykeHUsI OTAANEHHBIX 06beKTOB). Hepacimpsiomas
BceneHHast Ha caMOM JieJie BJIeUYeT 3a COOO0M Kyaa Ooblie mapa-
ZOKCOB, ueM Jrobast Teopust Bosbioro B3peiBa. ¥ 3Be3[ HeT Gec-
KOHEYHOTO 3allaca 3HEPreTUYeCKUX peCypcoB; OHU U3MEHSIOTCS
1 B KOHLIE KOHLIOB MCYEPIIbIBAIOT CBOE TOILIMBO. 1O ’XKe camoe
IIPOMCXOAUT U C TaJJaKTUKaMH, KOTOPbIE, 110 CyILIECTBY, COCTOSAT
13 3Be3l. BriosHe BO3MOKHO omnpenieMTh BO3pacT CaMbIX CTa-
pbIx 3Be31 B MiteuHoM IlyTu U B Ipyrux rajakTHUKax, CPaBHUB
HX CBOMCTBA C pacyeTaMHU TOTO, KaK 3BOJIIOLIMOHUPYIOT 3BE31bI.
CaMBIM CTappIM U3 HUX IIPUMEPHO 10 MJIPA JIeT, YTO IIOJIHO-
CTBIO COITIACYETCH C TOYKOH 3peHMsI O TOM, YTO Halua BceneHHas
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PACIIUPSIETCS Yy Th AOJIbILE 3TOrO CpoKa. Ecu 6b1 Hawta Beenen-
Hast Obl/Ia CTATUYHOM, BCE TAJIAKTUKU HOJIKHBI ObI/IM ObI TaWUH-
CTBEHHBIM 06Pa30M OKa3aThCsl HA CBOMX CETONHSILIHUX TO3U-
LMSAX — IPUYEM CUMHXPOHHO — IIPMMEPHO 10 MJIPZ JIeT Ha3az.
Hepaciumpsironiasicst BcesieHHast co3faeT cepbe3Hble IPOOIeMBbI
Ha yPOBHE JIOTUKH.

C BBICOKOM CTeMNeHbI0 BEPOSITHOCTU PacLIMpeHre Hadaaoch
10-15 MJIpZ JIeT Ha3ak, Haubosee TOYHbIE LUMPbI — 12—13 MJIPA
neT Hasan®. EcTb ABe NMPUYMHBI 3TON HEYBEPEHHOCTU B BO3-
pacre Hamreli BceneHHO#. PaccrostHue o ranakTuk (B oT/MuMe
OT CKOPOCTH pa3beraHuisi) Mo-TPEKHEMY HE BCErIa U3MEPSIETCST
TOYHO, a TaK)XXe OLIEHKa 3TOro BO3pacTa 3aBUCUT OT TOTO, Ha-
CKOJIBKO ObIcTpee (Miu MexaneHHee) BcenmenHas paciumpsinach
B IIPOLLJIOM.

SAIIAOBIBAS B ITPOIIVIOE

CBeT IBUKETCSI C KOHEYHOMN CKOPOCTBIO, M3-3a 3TOTO MBI BUAUM
OTHA/IEHHblE MECTa HE TAaKMMH, KAKUMU OHHM SIBJISIIOTCS ceifvac,
a TaKMMH, KaKUMU OHM OBUIM OuYeHb NaBHO. B Gosee paHHue
anoxu Bcenennas 6buta Gosee C)KaTOI — «IUTBIPHU» B HAIIeH
«IIPOCTPAHCTBEHHOM peleTke» Gbutn Kopode. [Tostomy mpyras
KapTUHA Diuepa, « AHIebl U IEMOHBI» (PHC. §.2), JIydlie 0Tobpa-
KAeT TO, YTO Mbl BUZMM Ha CAMOM [€JIE.

MBI OKMAaNIM, YTO OTHAJEeHHBbIE TAJAKTUKH OYAyT BBII/IS-
IeTh HE TaK, KaK Te, KOTOPbIe PACIIONIOXKEHBI PSIIOM C HaMH.
CBeT OT HUX IIPOBEJ B IIyTH [OJITO€ BPeMsl, IIO3TOMY OHH ObUIH
MJIaiIle ¥ MeHee Pa3BUThI, KOTIA UCITYCTHIIN TOT CBET, KOTOPBIA
Ternepb AOCTUT Hac. Ha Tol cramuu elle He BeCh MepBOHAYa/Ib-
HBIif Ta3 06pa3oBas 3Be3/bl. DTH DBOIOLMOHHBIE U3MEHEHUS
MPOUCXOZAT TaK MEAJIEHHO, YTO CTAHYT 3aMETHBIMU TOJIBKO Ye-
pe3 MusutMapabl JieT. TakuM 06pa3oM, YTOObI MOHATH oOlee

%

[lo cerogHAIIHUM yTOYHEHHBIM AaHHBIM, 13,7-13,8 Mupz jet. —
IIpum Hayu. peo.
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Puc. 5.2. «AHrenbl U neMOHBI» Dilepa. F3-3a TOro 4To CKOpPOCTh CBETa

KOHEYHa, Mbl BUIUM OTHaJeHHble MeCTa TaKUMH, KaKUMH
OHU 6bITM B 4a7eKOM MPOUUIOM. BaMske K TOPU3OHTY BCe
KaxxeTca 6onee CXKaThIM

HaIlpaBJIeHHe 3THX U3MEHEHUH, Hy)KHO UCCIeOBaTh TaKHe [a-
JIeKWe TaJaKTHKH, YTOOBI UX CBET LIeN O HAC HECKOJIbKO MUII-
NIMapIoB JIeT.

KocMM4yeckuii Tesreckon UMeHU Xa6671a, Ha3BaHHBIHM B 4eCThb
IePBOOTKPHIBATEISI KOCMUYECKOTO PACLIMPEHUS, IBHUKETCS BbI-
COKO Haz 3emuieii, YTOObI U36eKaTh NCKaXKaroLLero addexTa arT-
Mocdepsl U cAenath YeTkue dororpaduy O4eHb NajeKux pali-
OHOB KocMoca. [Ipubopsl «Xab67a» HACTOIBKO YYBCTBUTEIIBHBI,
YTO MpHU IJIMHHOM BBIAEPIKKE MO3BOJSAIOT YBUAETH IIJIOTHO
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pacIonoskeHHble B HeGe TYCKIIble ISITHBILIKY, Jaske eCIIU IOJie
3peHHe TaK Majlo, YTO IOKphIBaeT MeHee COTOM oM pa3mepa
N0/IHOM JIyHBI ¥ TP HABGMIONEHUSIX C IOMOLIBIO OOBIYHOTO Te-
JIeCKOIIa 3TOT YYaCTOK BBIVISIAUT Kak yepHoe msaTHO. (dymaro,
BeJIMKOJIeNHble (oTorpaduu, cIenaHHble KOCMUYeCKUM Telle-
CKOIIOM, OKa3a/Ii Ha OOIIECTBEHHOE CO3HAHUE TAKOe K€ CUJIb-
HOe BO3JeMCcTBHe, KaK NepBble CHUMKHU U3 KOCMOCA, Ce/IaHHbIe
B 1960-X IT., HA KOTOPBIX ObUIa 3arevaTieHa 3eMiist CO BCeH ee
xpymikoit 6uocdepoit.) Ha dororpadusix «Xab6ma» Mbl BUIUM
TYCKJIble OOBEKTBI, IPUHUMAIOIHE CAMbIE PAa3IMYHblE (POPMBI,
B MWIIMAPZ pa3 TyCKJiee, YeM yi0bast 3Be3/1a, KOTOPYIO Mbl MO-
SKEM YBUIIETh HEBOOPY>KEHHBIM I71a30M. Ho Kaxkapiit U3 HUX —
9TO Iief1asl raJJaKTUKa Pa3sMepOM TBICSUU CB. JIET, KOTOpas Ka-
SKeTCSl TAKOM MaJIeHbKON M TYCKJIOM, IIOTOMY YTO HaXOOUTCS
Ha OIPOMHOM PAaCCTOSIHUHM. DTH TaJIaKTHKH BBIIISASAT UHAUe,
YeM Halm 6/IMKafLIe COCEIH, TIOTOMY YTO Mbl BUIUM UX CPasy
[OCJIe TOTO, KaK OHM C(POPMHPOBAIUCH: OHU ellle He MPUHSIH
(hopMy yCTOMUMBBIX BPAIIAIOLIHUXCS JUCKOB, KaK (POTOTeHUYHbIE
CIIUpa/ibHble TATAKTUKU, U300pakeHHbIE B OOJBIINHCTBE KHUT
I10 acCTpOHOMMH. HeKkoTopble 13 3THX NaseKuX rajlakTUK COCTOST
B OCHOBHOM U3 CBETSILIETOCsl PacCessHHOTO rasa, KOTOPBIH ellle
He CTyCTHJ/ICS B OTAE/bHBbIE 3Be3[bl. BOMBIINHCTBO Na/lbHUX ra-
JIAKTHK BBIMJISIASIT 3HAYUTENBHO G0JIee TONMyOBIMHU 110 CPABHEHUIO
¢ 6mwkaiiimmMu (Iocie MONpPaBKU Ha KPaCHOe CMeLeHHe, pasy-
MeeTcst), TOTOMY YTO MAacCUBHBIE TONyOble 3BE3Mbl, KOTOPHIE
K HaCTOsIlleMy BpEMEHH YyKe YMepJIH, ellle CBeTHU/IU B TO BpeMs,
KOIZIa CBET IOKUHYJ 3TU AaJleKUe TaJaKTHUKU.

OTH U306paskeHNst TOKA3bIBAIOT HAM, KaK TAKUE Ta/IaKTHUKH,
Kak Hail Mneunnlii [1yTs, BeIIIAAEIM, KOLAA 3aKIVIUCh UX Iep-
Bble 3Be3abl. Korma mMel cMoTpuM Ha TyMaHHOCTb AHIpOMeENEH,
MBI MOYKEM CITPAIMBaTh Ce0s1, He HAOMIONAIOT JIM aHAPOMESTHE
3a HaMH, UCIIOJIb3YsI TEIECKOIIBI elile H0jIee MOLIHBIE, YeM y Hac.
MoskeT 6bITh, OHHM TaK U JenaoT. Ho B Tex maJeKux raJakTUKax
HUKAKUX TOZOOHBIX TOCTUKEHUH TEXHUKU HET: Mbl CMOTPUM
Ha UX OYeHb IPUMUTUBHYIO CTaIUIO Pa3BUTHS, ellle IO TOro,
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Kak TIPOIIIO JOCTATOYHO BPEMEHH, YTOObI MHOTHE 3BE3.bl 3a-
KOHYM/IM CBO€ CyIIeCTBOBaHMUE. Y HHMX €llle HET CJIOKHOMU XH-
MHH; KUCJIOPOAa, YIJIepoJa U OPYIMX 3JIEMEHTOB O4Y€Hb Majlo
IUISL TOTO, YTOOBI MOSIBUJIMCH IUIAHETHI, TIO3TOMY LIAHC Ha Cy-
LIECTBOBAHUE KU3HU MUHUMaJIEH. MBI BUIUM 3TH TUIaKTUKU
Ha 9Tare, KOrja TOJIbKO 3aK/IaAblBaIUCh OCHOBHBIE CTPOMTEIb-
Hble MaTepuabl /I CO3MaHUs TUTaHeTHBIX crcreM. (CBer, Ko-
TOPBIM MBI JETEKTUPYEM, Ha CAMOM [eJIe U3/1y4ascd B NajbHEeH
ynbTpadrOIeTOBOM 06/1acTH CrieKTpa. Takoe n3rydeHre HEBO3-
MO>KHO YBUZETD I71a30M, U OHO JaXXe He IIPOHUKAET CKBO3b 3€M-
Hyto arMmocdepy. Ho skectkoe ynbTpacdroneToBoe u3nydeHHe
5THUX rajaKTUK NEepeXOOUT B KpacHBIM CBET K TOMy BpPEMEHH,
KOrza 1oOupaeTcst 10 Hac.)

Camble oTAa/leHHble TAIAKTUKU UMEIOT TaKoe CUJIbHOE Kpac-
HOE CMELIEHHE, YTO [UIMHA CBETOBOM BOJIHBI PACTsIHyTa OOJIbIIIE
YeM B LLECTh Pas: 0 TAKOM CTENEHU HO/KHA ObUIa PaCIIPUTHCS
BceneHnHasg ¢ Toro BpeMeHHM, KOIZa 3TOT CBET Hayal CBOM IyTb.
Ec/u 1OMyCTUTh, YTO pacUIMpPEHUE COXPAHSAETCS CTAOUIBHBIM
Y TFaJIaKTUKU He YCKOPSIIOTCS U He 3aMeJIsSIIOTCs, TO B TO BpeMms,
Korna maciutab BcenmeHHOM cOCTaBIsiI OqHY IIECTYIO CBOETo Ce-
TOLHSIIIHErO padMepa (pacCTOSIHUSI — «IITBIPU» B MPOCTPAH-
CTBEHHOM pelieTke Duiepa — ObUIM B LIECTh Pa3 MEHbIIE), ee
BO3pAaCT COCTaBJISII OOHY LIECTYIO €€ CETOAHSIIHEro BO3pacTa.
Ha nepBblit B3I7I511 5TO YTBEPXKAEHHE MOXKET II0Ka3aTbCsl CIIOP-
HBIM: He O3HayaeT JIM, YTO rajlakTHKa JOJKHA YAAJSAThCS B MATh
pa3 OBICTpee CKOPOCTH CBeTa, eC/IU CBETY MOTPeOGOBAanIoCh IISITh
IIECTHIX BO3pacTa Hailel BcesieHHOM, 4ToObI 106paThcs 0 HAC?
Ho mporuBopeuns B 3ToM HeT. CrieliuanbHast TEOPUSI OTHOCU-
tenpHOCTH DiiHIITeMHA (CTO) I1acHT, YTO HUYTO HE MOSKET JBH-
ratbCst OBICTpee CBETa OTHOCUTEIBHO HAC, KOTLA 8pems usmeps-
emcs Hawumu cobcmeennbimu uacamu. Ho Ta sxe Teopust TOBOPUT
U O TOM, YTO OBICTPO JBUTAIOIIHECS YaChl UAYT MeieHHee. Takue
4Jacbl U B CAMOM [ieJIe MOTYT IIPOJIETaTh IO IATH CB. JIET 3a KaX-
IBIA TOZ, KOTOPBIA OHU OTCYMTBHIBAIOT, €C/IU OYAyT IBUTATHCS
CO CKOPOCTBIO, COCTaBJIsAoLIel 98% CKOpocTU CBeTa.

87



BCET'O WIECTb YHCEJI

Ha camoM gpene cutyaumsl CI0>KHee, IOTOMY YTO CKOPOCTb
pasberanus He mocrostHHAa. Cuia MPUTSIKEHUS, KOTOPYIO BCeE
BO BceneHHOM INPUK/IaObIBAET KO BCEMY BO BcesleHHOH, BBI3bI-
BaeT 3aMeJIeHUue CKOPOCTH, 61aroqapst KOTOPOMY IepBbIe CTa-
UM KOCMHUYECKOTO PaCUIMPEHUsT ObIIM OTHOCHUTEIBHO KOPOT-
kuMu. Ho (06 9TOM MBI ITOrOBOPMM B I7IaBE 7) B /IO MOYKET
BKJIIOUUTBCA €Ille OOHA CHJIA, KOTOpas MpUBEIET K YCKOPEHHUIO
pacmmpeHud. BeencTeue 3Toro 4O CHMX MOP OCTA€TCSA HEKOTO-
pasg HEYBEPEHHOCTH IO MOBOIY TOrO, KaK JaJleKO BO BPEMEHU
(171 KaK ayeKko B IIPOCTPAHCTBE) OTCTOSUIM OT HAaC 3T OTAAJIeH-
Hble TaJlaKTHKK: Hanboee BEPOSTHOE MPEIIIONIOKEHHE — CBET
OT HMX ABUHYJCA B IyTh, KOIma Bo3pacT BceneHHOM cocTaBiisn
NIPYMEPHO OAHY JEeCATYIO OT CETONHSIIHETO.

CrneuuanucTsl IO KOCMOJIOTMM HM3Y4YalOT «MCKOIlaeMble
OCTaTKW» IMPOLIJIOro: CTapble 3BE€3[bl, XUMHUUYECKHE 3JIEMEHTHI,
CHHTEe3HpOBaHHbIE, KOrzxa Haira [ajakTika Oblia I0HOH, U T. I.
B 3TOM CMBICTIE OHM HAIIOMHHAIOT T€OJIOTOB WM MaJ€OHTOIO-
OB, TBITAIOIIMXCS Y3HATH 00 OBOMIOLMK 3eMIH U ee (ayHBI.
Ho xocMonorn MMeroT mpeumyllecTBO Nepes APYyTMMU yde-
HBIMH, KOTOPbI€ HE MOTYT IIPOBOAMUTH 3KCIIEPUMEHTBI U 3aBUCST
OT «MCTOPUYECKUX» JOKa3aTenbCTB. HarpaBuB cBOU TenecKonbl
Ha OTHa/leHHble OOBEKTHI, KOCMOJIOTH MOTYT YBHUIETH Ty 9BOJIIO-
LIMIO, KOTOPYIO M3Yy4aloT: HaceleHHe NaJIeKUX rajlakTHK, Yeld cBeT
HayvaJl CBOM MyTb MUJUIMAPABI JIET Ha3ak, BHINISAUT MO-APYTOMY
10 CPaBHEHUIO C HAIlIUMU 6MDKARIIIMMU cocesiMU. V3-3a onHO-
ponHOCTH B 60onbLiMx MaciuTabax y Bcex yacreil BceneHHOM Moxo-
Kas uctopust. TakuM 06pasoMm, Mo KpaiiHed Mepe ¢ TOUKHU 3PEeHUs
CTaTUCTUKH, 3T OTAAJIEHHbIE FAJTAKTUKH JO/DKHBI OBITH TOXOKHU
Ha TO, KaK MW/IJIMApAbl JIET Ha3al BBIMVIALEIN Hall MiedHbId
ITyts, TymaHHOCTE AHAPOMEZLI U JPYTUE COCENHUE TaTaKTUKHU.

ITone 3peHus Tenreckona — AJIMHHBIY TOHKUI KOHYC, pacIlIu-
PSIOLLMIACS O rpaHul] 0630pa. OOBEKThI, HAXOASALIMECS Ha Pa3-
HOM paCcCTOSTHUM, PACCKA3bIBAIOT HaM 06 OIpene/IeHHBIX JII0XaxX
B mpouuioM. YeM nasblue paccTOsSIHUE, HA KOTOPOE MBI yIiy0-
JISIEMCsI, TeM ITIyO3Ke MbI IIPOABUTaeMCsI Ha3al BO BpEMEHHU. DTO
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HAIlOMUHAET CKBaKKHY, TPOOYPEHHYIO CKBO3b CJIEYIOLIIE OIUH
3a IPYTMM CJIOU aHTaAPKTUYECKOTO JIb/a, YTOOBI Y3HATH 06 UCTO-
pHU KIMMaTa 3eMIIN.

Kocmumueckuit Teneckon «Xa667» IpecienoBany 3anepsKKH
3arycka, OIIMOKY B KOHCTPYKLIMM U IPEBBILIEHUS OIOIKETA,
HO Ha CETOIHSIIIHUM IeHb — JIy4llle, Kak TOBOPUTCS, ITO3[IHO, YeM
HUKOIZA, — OH OIpaBha/ HaleKbl, KOTOPble aCTPOHOMBI BO3-
naranu Ha Hero. Ero pacokycrupoBaHHOe 3epKajio ObIJIO OTKOP-
PEKTHPOBAHO IIEPBOH IMIOTHPYEMOH 3KCIIEIULIMEH 110 06CITyKH-
BaHUIO B 1994 T., TAK)KE OBUIH YTy YIIEHBl OOPTOBBIE ONITUYECKUE
natdauky. [IpeononeBast Bce HecqacTbsi, «Xab06i» MpomosKaer
paborarb. Ho He MeHee BasKHbI M YCOBEPILIEHCTBOBaHMsI Hoee
KPYIIHBIX Ha3eMHBIX TeJIeCKOIIOB HOBOTO MNoKoseHus. Mx sep-
Kaja pa3MepoM 8-10 M 0OeCIeYrBaIOT COOHPAIOIIYIO ITOBEPX-
HOCTb B 16 pa3 6orblie, yeM y «Xa66ma», U MOTyT cobpaTh Ha-
MHOTO 60JIbIIIe CBETA OT OYEHb TYCKIIbIX OTAATI€HHBIX IaJaKTHK.
IBa teneckomna obcepBaropun Keka Ha rope MayHa-Kea na TI'a-
Baiisix ObUIM NEPBBIMU BBEJEHHBIMU B CTPOH MHCTPYMEHTaAMH
HOBOTO TOKOJIeHvs1. Terepp ux crano 6osbiie. CaMblii Brieyatris-
ot u3 Bcex — 310 «Ovenpb Bonbuioit Teneckorn» (Very Large
Telescope, VLT), KOMIUIEKC U3 YETHIPEX TEIECKOIOB, KaXKIbIA
13 KOTOPBIX MMeeT BOCBMUMETPOBOE 3€pKaJIO, YCTAaHOBJIEHHBIM
B unuiickux Anmax EBporeiickoii FOskHOI o6cepBaTopueii.

YeTKOCTb U306PasKEHUH, IOy IE€HHBIX OT ITUX HA3€MHBIX Te-
JIECKOTIOB, OTpaHMYeHa UCKayKEeHUEM, BbI3BAaHHBIM Ty POY/I€HTHO-
CTBIO B aTMOcepe (TeM ke CaMbIM IIPOLIECCOM, U3-3a KOTOPOTO
MbI BUAUM MepLaHue 3Be3n). DTH IPaHULIbI MOKHO pas3aBU-
HYTb WJIM CBSI3aB BMeCTe [IBa TeJIeCKOIla, COBMeIIas MOIydeH-
Hble OT HUX M300paskeHHsI, UM C OMOLIBIO TaK Ha3bIBAEMOM
aZarITUBHOI ONTUKM, KOIIA 3€pKaJio MOCTOSHHO IOACTPauBaeTCs
1 [IPUCTIOCAOTUBAETCS K TOMY, YTOOBI KOMIIEHCHPOBATh (IYKTY-
anuy aTMocepsl.

OTH BeJMKOJIENHble TIPUOOPDI CAENTaId CHUMKH BceneHHOM
B MOMEHT (hOpMHUPOBAHHSI IIEPBBIX F'AJIAKTHK. BO3MOXKHO, TepBbIe
3Be3/Ibl MOSIBU/IMCH asKe paHbllle B GOPMHUPOBAHUSIX MEHBIINX,
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YeM CErOAHsIIIIHNE FATTaKTUKH, HO OHH ObUIH C/IUIIKOM TYCKJIBIMH,
9TOOBI MBI MOIVIM MX YBUZETh. [1033Ke Takye CKOIIEHUsI OObe v
HUINCh B 60JIee KpyIHble CTPYKTypbl. CKOPOCTb, C KOTOPOIA Ta3
KOHJIEHCHPYETCS B 3B€3/Ibl, — 3TO CKOPOCTh «MeTab0IM3Ma» Ta-
nakTUKK. [To Bcelt BUIMMOCTH, CBOETO ITMKA OHA JOCTHUIVIA, KOIa
BO3PACT BcesIeHHOI COCTaBIISI YeTBEPThb OT CETOHSIIIHETO (XOTS
HepBBII CBET 3Be3J MOSIBUIICS ropasfo paHblie). Ceifdac SpKUX
3Be3/[| MOSIBJISIETCSI He MHOTO, ITOTOMY YTO OOJIbIIAsl YacTh rasa
B «MaTE€PUHCKUX» TaJIaKTHKaX yKe 3afeiicTBOBaHa B Goee cTa-
PBIX 3Be37ax.

[To KpaiiHeil Mepe, C TAKUM CLieHapHeM COIJIACHO OOJIBIIMH-
CTBO CIIELIMAIMCTOB [0 KOCMOJIOTHH. [/l TOTO YTOOB! yTOYHHUTh
neranu, noTpebyercst 6oblie HaGIIONEHHUIT 1 GOJIee MOITHOE T10-
HUMaHHe TOTO, Kak 00pasyloTcsi 3Be3asl. Llenpio 910it paboTh
SIBJISIETCSI CO3/IaHHE COITIACYIOLErOCst CLIeHApHsi, KOTOPBIi OyzmeT
He TOJIbKO COBIIJaTh C T€M, YTO Mbl 3Ha€M O CETOJHSIIHUX ra-
JIaKTHKaxX, HO U IIPUHMMATh BO BHUMaHUe Bce Oosee u Goree
JleTabHble CHUMKHM TOTO, KaK 3Be3/Ibl BBIVISZEM M KaK co3/a-
BaJIMCh UX CKOIJIEHMs B Havyasie uctopuu Becenennori. Korga un-
copManMy Majo, OHa MOKET COOTBETCTBOBATh HECKOIBKHM CO-
BEPLIEHHO HEIPaBU/IbHBIM TEOPHSIM, HO, KOIAA JOKa3aTe/IbCTB
CTaHOBHUTCsI OOJIbIIIE, MBI JOJDKHBI OCTAHOBUTBCSI HA €IMHCTBEH-
HOI1 KapTHHe, KOTOPasl OIMCBIBAET, KAK BCe pabOTaerT.

C yBenMYeHreM PaCCTOSHUS HAIIM 3HAHWSA YBSAAIOT, U YBSIAIOT
GBICTPO. B KOHIIE KOHIIOB MBI JOCTUTAEM TPAHHIBI TEMHOTHI,
npe/iena BO3MOXKHOTO JIJIl HAIIIETO TeNecKona. Tam Mbl u3Me-
pSEM TEHHU M PBIIIEM CPEM MPU3PAYHBIX OIMOOK M3MepEHMI
B IMOMCKaX 3aMETHBIX OOBEKTOB, KOTOpble OyayT Gosee Belle-
CTBEHHBIMM. DTOT MOUCK GYNET MPOAOIKATHCA. JIUIIb TOMBKO
KOTJla SMIMPUYECKHE UCTOYHUKM MCTOLIATCS, HAM TIPUAETCS
MPONTH B MPU3PAYHOE [IAPCTBO Pa3MbIILIEHHIA.

DTO MOC/IeJHUE CI0Ba U3 KJIACCUYECKOM KHUTH DABHUHA Xab-
6nma «LlapctBo TymanHocreii» (Realm of the Nebulae, 1936).
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CoBpeMeHHbIe TOCTUKEHUsT 06paoBau 6bl, 2 BO3MOXHO, U IO~
Tpsaciu 61 Xab6sa. DTH yCrexy TPUHEC KOCMUYECKUIl Teste-
CKOII, HA3BAHHBIN €r0 MMEHEM, a TAK’KE OTPOMHBIE TEJIECKOIIbI
Ha 3eMiie.

O TAJTAKTHK

A 49t0 6BIIO B Te ele 6osiee paHHUE DIIOXH, 0 TOTO KaK HAYa/IH
bopMHMpPOBaThCs raakTUKK? Jlydlliee LOKA3aTeNbCTBO TOMY, UTO
BHauasle BCE HAXOAWIOCh B CBEPXCKATOM COCTOSIHMH, — 3TO TO,
YTO MEKraJaKTU4YeCKOe IIPOCTPAHCTBO HE SIBJISIETCST aBCOMIOTHO
x0nonHbIM. Terso, KOTOpoe B HEM TPUCYTCTBYET, — «OCTATOY-
HO€ CBEUEHUE TBOPEHUs» — OOHAPY>KUBAETCSI KAK MUKPOBOJIHO-
BOE U3JIy4YeHHe, TO CAMOE, UTO TIOOTPEBAET OI0[a B MUKPOBOJI-
HOBKe, HO ropaszio cnabee. [lepBoe 06HAPYKEeHHE KOCMUYECKOTO
(hOHOBOrO MUKPOBOJTHOBOTO U3JyueHHs’* B 1965 I. ObUIO ca-
MBIM Ba>kKHBIM COOBITHEM B KOCMOJIOTUM CO BPEMEH OTKpbI-
TUs paclurpenust BeenenHoit. Boree nosaHue uaMepeHus mox-
TBEPAW/IU, YTO PETMKTOBOE U3JTyYEHUE UMEIO OTIMYUTETBHYIO
YepTy: ero UHTEHCUBHOCTh HA PA3JIMUHbBIX JJIMHAX BOJIH, TPEN-
CTaB/ieHHAst B BUZe rpadvKa, COOTBETCTBYET CIIEKTPY TEIIO-
BOIO PaBHOBECHOTO M3JIy4€HMsI TOTO, YTO (PU3UKU HA3BIBAIOT
«abCOMIIOTHO YEPHBIM TENOM». TaK BBIIJISIAUT TEMIIEpATypHAst
KpHBas, KOTZa M3/ydeHUe TIPUXOOUT B PaBHOBECHE C OKPYyKa-
folieii cpefoi (Kak 3TO MPOUCXOAUT IIyOOKO BHYTPU 3BE3MBI
WM TUTaBU/IBHOTO TOPHA, KOTOPBIA CH/IBHO HArpeBaiy B Tede-
HUE IJIUTEIBHOTO BpeMeHH). VIMEHHO 9TOrO MOXKHO OKUZAATh,
€C/I PEIUKTOBOE M3/IyYeHHe NEeHCTBUTEIBHO SABJISIETCS OCTAT-
KaMM «OTHEHHOTO Iapa», KOraa Bcsl BcenieHHas 6blia packasieH-
HOM, IJIOTHOM U HENPOHULIAEMOM.

B pyCCKOSA3BIYHOM TUTEPATyPE UCIOIb3YETC TEPMUH «PETUKTOBOE
W3JTydeHHe», KOTOPBIH MBI ¥ 6yZieM HCII0Ib30BaTh B 3TOM KHUTeE. —
Ipum. peo.
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K HacrosiiieMy BpeMeHH camble TOUHbIE U3MEPEHMs! ObLIH
MpOBeEeHbl B 1990-€ IT. ¢ IoMollblo crryTHHKa NASA COBE*.
Korna skcnepruMeHTaTOpbI IPEeACTaBISAIOT CBOU Pe3y/IbTaThl, OHU
0OBIYHO M300PaKAIOT HA TPpadUKe «IUIAHKHU MOTPEIIHOCTEMNY,
KOTOpBbI€ yKa3bIBalOT Ha CTENE€Hb HEYyBEPEHHOCTU B pe3yJbTa-
Tax, HO 111 uHpopMmaumy, nonydyeHHor COBE, Takux mnaHok
He MOIJIO ObITh, TOTOMY YTO OHU OBUTH ObI KOPOYE, YEM TOJILIUHA
KPUBOH. DTO NEUCTBUTENTBHO UCTOPUYECKOe U3MepeHHe C TOUHO-
CTBIO [I0 OZHOM AECATUTBICSTYHOMN YOEIUTENBHO OATBEPAUIIO, YTO
Bce B Hamreil BceseHHOM — B TOM 4YMCJIe BCE BeIeCTBO, U3 KO-
TOPOTO COCTOSIT IaJlaKTHUKH, — KOLLa-TO OBbLJIO TOPSIYMM ra30M
C TeMIepaTypoi Bbllle, yeM B sape CosHLA.

CeronHs cpenHdasa TemIepatypa BceneHHoOM cocTtaBisieT
2,728 rpajyca Bblllle aOCOMIOTHOTO HYJISI. DTO, KOHEYHO, OYEHb
x0nomHO (0Koy0 —270 °C), HO CyLIeCTBYeT YeTKOe IIOHHMaHue
TOrO, MOYEeMY MEXXTaTaKTUYECKOe MTPOCTPAHCTBO MO-TIPESKHEMY
COIEP>KUT MHOTO Teruia. Kaxkaplit M? BMeIllaeT 412 M/IH KBaHTOB
W3JTy4eHHsT U GOTOHOB. [l CpaBHEHUS: CpeHss IFIOTHOCTb
amomose BO BcenneHHOMH cocTaBisieT IPUMEPHO 0,2 Ha 1 M3. DTO Io-
CllefHee YMCI0 U3BECTHO HaM C MEHBIIEH TOYHOCTBIO, TOCKO/IBKY
MBI He yBePEHBI, CKOTIBKO aTOMOB MO3KeT OBITh B PACCESTHHOM rase
WJIX TEMHOI MaTepuH, HO, ITO BCEH BUAMMOCTH, Ha KaKAbIA aTOM
BO BceneHHO# mprxonUTCst OKOJIO 2 MIpA GOTOHOB. Bo Bpemst pac-
HIMpeHyst BceneHHOM MafaeT v MJIOTHOCTb ATOMOB, U MJIOTHOCTb
¢otonoB. Ho mazmaeT oHa paBHOMEpHO, IIO3TOMY COOTHOIIEHHE
aTOMOB U (POTOHOB OCTAETCS IPEXHUM. [10CKOIBKY OTHOIIIEHMEe
«Terjia K MaTepUM» TaK BEJIMKO, O NepBOHavaabHOM BcenenHomn
4acTO TOBOPAT KaK O TOpsiueM BOJIbIIOM B3phIBE.

[lepBuuHEBIe Topsiure (pa3bl IPOINOIKAIUCH Henoaro. Tem-
IepaTtypa INpeBbIlIaJa MUIIAAPL IPafyCOB BCErO HECKOJIBKO

C Tex 1op BaxKHbIe HaGIII0AeHNUs ObLIH cZle/IaHbl Ha ciyTHrKe WMAP
U pAAZie Ha3eMHBIX yCTaHOBOK. Ha ceroqHAIIHNI eHb caMble ITOJTHBIE
U ZleTaJbHEIE JaHHBIE ITOydeHbl cliyTHUKOM Planck. — ITpum. Hayu.
peo.
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MUHYT. [IprMepHO Yepes MOJIMU/UIMOHA JIeT OHa YMEHBIINIAch
1o 3000 °C — BceneHHas cTana 4yTh IIpOXJafHee IIOBEPXHOCTU
CosnHua, 4TO SIBUJIOCh Ba)KHBIM 3TAIlOM IIpOLiecca paclIMpeHUsl.
[lepen 3TvM Bce OBUIO TAKMM TOPSIYMM, YTO DJIEKTPOHBI OBUIH
OTOPBAaHBI OT sIEP U ABUTAIUCH CBOOOAHO. [10 Mepe CHMIKeHUsT
TEMITEPATYPbl OHU HOCTATOYHO 3aMeIUINCh, YTOOBI IPHUCOEIH-
HUTBCS K SIAPaM; TaKUM 06pa3oM CpOPMHUPOBAIMCH HEUTPATIbHbIE
aTOMBI. DTH aTOMBI He MOIJIM pacCEeUBAaTh TEIIO TaK 3((eKTHBHO,
KaK CBOOOIHbIE DJIEKTPOHBI Ha 60jiee paHHUX U OOJIee TOPSTUMX
cTagusax. B Tedenue mocnenyroiiero rnepuona MaTepus crajia
MIPO3pavyHOM; «TyMaH» paccesuicsl. Bo BpeMst pacmipeHus TeM-
neparypa, B CBOIO OUepeib, fagana 0OpaTHO MPOIOPLIMOHATIBEHO
yBeTUYEHUIO MaciuTaba BceneHHOM (YBETUYEHUIO AIMHBI IUThI-
peii B pelzeTke Diepa). PenmkToBOE M3/TydYeHHe, perucTpupye-
moe COBE, aBnseTrcs ciieqoM TOM 3II0XM, Korma Hailla Bcenmennas
Obl1a ckaTa 60JIee YeM B THICSYY pas [0 CPABHEHMIO C CETOIHSIII-
HUM JHEM — IIpU TeMmIiepaType 3000 °K BMECTO CerofHsIIHUX
2,7 °K 11 3a710/ITO OO TOTO, KaK MOSIBUJIMCh FaJJAKTUKU. VIHTeHCHB-
HOE M3/TyYeHHUe NIEPBOHAYAIBHOIO II1apa XOTS U 0CIabeno us-3a
paclIMpeHus], HO BCe ellle HAIOJIHSIIO BCIo BceneHnyro.

Yacro ucronb3yemast aHaIoTHs CO B3PbIBOM BBOIMUT B 3a01y-
SKIIEHHE, IIOCKOJIbKY CO34a€eT NPeACTaBIeHUe O TOM, YTO bosbiioi
B3PbIB IIPOU3OIIIEN B KAKOM-TO 0C060M MecTe. Ho, HACKOTBKO MBI
MOYKEM CyIWTb, M000I HabIonaTeb, HAXOAUCH OH Ha 3eMIIE,
B TymaHHOCTU AHIApPOMeEIbl WIM B CaMbIX JaJeKUX OT HAcC ra-
NIAKTHKAX, YBUIE Obl OMHY U Ty K€ MOIe/b paclurpeHus. Bos-
MOJKHO, KOrna-To BcemeHHast 1 Obl1a C)kaTa B OfHY-€IUHCTBEH-
HYIO TOUKY, HO y K&XJIOTO €CTb paBHOE IIPaBO 3asIBJSATb O TOM,
YTO BCe HA4yaJ0Chb UMEHHO C 3TOM TOYKH. MbI He MOXXeM COOT-
HECTH MCTOYHHUK PACIIMPEHUs] C KAKUM-JIUOO OIpeneIeHHBIM
MECTOM B HBIHeIITHel BcejrieHHOM.

Tax>ke HEBEPHO AyMaTh, YTO B II€pBOHAYaIbHOU BceneHHOM
pacipeHre IPOUCXOAUIIO U3-3a 8blCOK020 0asneHus. B3pbIB BbI-
3bIBAETCSI HAPYILIEHNEM PaBHOBECHSI IaB/IeHHsT; GOMOBI Ha 3emiie
U CBEpXHOBBIE B KOCMOCE B3PBIBAIOTCS, IIOTOMY YTO Pe3KUi
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nepenaz AaBJeHus! BBILIBHIPUBAET OCKOJIKH B 001aCTh HU3KOTO
nasneHusi. Ho B nmepBoHavyanpHOM BcenmeHHONM nmaBneHue Besne
OBbIJIO OMMHAKOBBIM: He ObIJIO HUKAKOM IPaHHLIbI WM BHELIHEH
obmacty. [lepBUYHBIH ra3 OXIAIUICS U PacCesiyicsl, Kak 3TO MPo-
HCXOIUT C CONEP)KUMBIM PACTSATUBAIOLIENCST KOPOOKH. J[OMONMHU-
TeJIbHOE NMPUTSDKEHUE, BO3HUKIIIEE M3-3a OABICHUS U 3HEPruu
TeI/Ia, Ha CaMOM JeJle 3aMeIIS/IO pacllpeHue’.

Takas KapTHHa JOCTATOYHO JIOTUYHA, HO OCTAIOTCS €llle HEKO-
TOpBIe TalHbI. [Ipeskne Bcero (ecmv MOMHHUTB O Pa3HMULIE CO B3PHI-
BOM), OHA He HaeT OOBSICHEHUsSI TOMY, TIOYEMY BOOOIIE TIPOUC-
xomouT pacurpenue. CrtaHmapTHag Teopusd bosblioro B3pbiBa
MIPOCTO MPUHUMAET €3 JOKA3aTeNIbCTB, YTO BCE HAYANIOCh B TOT
MOMEHT, KOra 6bUI JOCTUTHYT JOCTATOYHBIN [/ PACLIMPEHUS
ypoBeHb 3Hepruu. OTBeT Ha BOIIPOC, IIOYEMY pacllMpeHUe BO-
o0l1ie TIPOMCXOIUT, HO/DKEH CKPBIBATHCS Ha elle Hojiee paHHUX
CTa[IUsIX, OTHOCHUTETIbHO KOTOPBIX y HAaC HET TaKUX JK€ MPSIMbIX
J0Ka3aTesbCTB, KaK HeT U yBEePEHHOTO TIOHNMaHUs PU3NYECKUX
MPOLIECCOB.

HasBanue «BosbLION B3pbIB» OBUIO TPUAYMAHO B 1950-€ IT.
U3BECTHBIM (PU3UKOM-TeopeTUKoM u3 Kembpumska @penom Xoit-
7oM (y>Ke YIIOMSIHyTBIM B I7IaBe 4 B CBSI3U C OTKPBITHEM IIPO-
HCXOXKIEHHUsI YIVIepoAa) Kak HacMelJIMBOe OIHMCaHHEe TeOpHUH,
KoTopast eMy He HpaBwaace. CaMm XOWH/ IpeAriourTan TeOpHUIO
«CTalIMOHAPHOTO COCTOSIHUS» BCcesleHHOM, B KOTOPOM IO Mepe pac-
IIUpeHws1, YTOObI 3AMIOTHUTH BO3HUKAIOLIIHE ITyCTOTBI, IIOCTOSIHHO
CO37AI0TCSL HOBBIE aTOMBI M HOBbIE T/IAKTUKHU U, TAKUM OOpa-
30M, B CpeIHEM ITapaMeTphbl HUKOIZa He MEHSIOTCA. B To Bpems
B IFOO0M CIlyuae HUKaKMX 10Ka3aTebCTB ObITh HE MOITIO, U KOC-
MOJIOTHSI Obl/Ta 06/1aCThI0 KAOMHETHBIX Pa3MBIILIEHHI, TOTOMY
YTO HAGJIIOLEHUS HE TIPOABUHYIIUCH JOCTATOYHO JAJIEKO, YTOOBI
aBosmoLMst BeeneHHOI cMmora ce6st posiBuTh. Ho Teopust craru-
OHapHOI BcenieHHOIM «BBIIIA U3 MOAbBI», KaK TOJIbKO MOSIBUINCH
CBUIETEIbCTBA TOTO, YTO B MPOLJIOM BeenenHas AefCTBUTEIBHO
Obl1a MHOM. XOTS U BBISICHI/IOCH, YTO CTALIMOHAPHASI TEOPHS He-
BEpHA, HO OHA ObUIA «XOPOLLIEH» TEOPHEIL C TOUKH 3PEHUSI OUEHD
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YETKHX Y 3KCTIIepMMEHTAIbHO MTPOBEPAEMEBIX NpencKazaHuii. OHa
CTasia BEJIMKOJIETIHBIM CTHMYJIOM VISl HayKH, MOOyAuB HabIIIo-
naTeneil ZOBECTH CBOU NMpUOOPHI IO Mpenesa BO3MOXKHOCTEH.
(B 3TOM CMBIC/IE «IUIOXOM» SIBJISI€TCS Ta TEOPHsl, KOTOpPast TaKk
rubKa, 4TO MOJKET MIPUCITOCOOUTHCS K TIOOBIM HOBBIM JIaHHBIM.
Bermarouuiicss — M O4eHb CaMOHaJesIHHbIH — Gu3UK Bonbd-
raxr [Taysu roBOpu/I O MONOOHBIX PaCIUIBIBUATBIX UAESIX: «DTO
Iaske He gBIgeTcs JTOKHbIM!») Cam XOiMI TaK HMKOLIA ITOJIHO-
CTBIO U He TNPUHSJ TEOPUIO BOJBIIOro B3phIBa, XOTSA U NMPUAY-
MaJl KOMIIPOMUCCHYIO MOZE/Ib, KOTOPYIO KOJUIETU-CKENITUKU Ha-
3p1Ba/M «CTallMOHAPHBIM B3PhIBOMDY.

SAOEPHBIE PEAKITMH BOJ/IBIIIOTO B3PBIBA

CornacHo Teopuu Bonbioro B3peiBa, Harua BeeneHnas 6bu1a ro-
psAdee, 4eM LEHTp 3Be34bl. [ToueMy ke Torma Bce epBOHavalb-
HbIE ATOMBI BOZOPOZA He IIPeBPaTUIKCh B JKese30? (BcrmoMHuM,
YTO siZpa ATOMOB JKeJle3a KpeIrye CBSI3aHbl, YeM JIOObIe IPYTHE,
U CO3[AIOTCS TOJIBKO B CEpZALIe CaMbIX OOJBLIMX U CAMBIX TO-
pstunx 3Be3n). Eciu Obl 9TO MPOM3OIIIO, B HALIEH CErOIHSII-
Heii BcesleHHOM He CyLecTBOBaIM Obl HOJTOKHBYIIME 3BE3/BI,
IIOTOMY YTO BCE€ JOCTYITHOE TOIUIMBO OBITIO GBI UCIIONIb30BAHO
B M3HayaJbHOM OTHEHHOM luape. 3Be3[a, COCTO4Ias U3 raso-
o6pasHoro Kere3a, Mora Obl CyIIeCTBOBATh, HO OHA ObI HCTO-
LIM/Iach He 33 MWIJIMAPABI JIET, @ 32 MUJUIMOHBI, KaK KOIZa-TO
KenbBun ayman npo ConHue. K cyacTelo, epBble HECKOIBKO
MMHYT PACIIMPEHUS He Naau JOCTAaTOYHOTO BPEMEHU ISl TOTO,
9TOOB! sijepHblE PEAKLINHU IPEBPATH/IN KaKKe-Tnb0 U3 ITepBOHa-
Ya/IbHBIX MaTE€PHA/IOB B JKeJe€30 UM JaKe B YIJIepos, KUCIOPOL
u T. A. Peakuuu npeo6pasoBamu nmpumepHo 23% BOLOpOIa B Te-
7uii, HO (eCyIM He CYMTATh CJIENOB JIMTUS) SJIEMEHTBI, CTOSIIIMe
Jasblile B IePUOIUYECKON Tabnuie, BO BpeMsI camoro bomnpioro
B3pbIBa HE 0OPA30BAUCH.

IlepBHUYHEBIN e TeM He MeHee OYeHb BaKEH U aeT 3Ha-
YUTEJIbHOE NMOAKpeIUIeHHe Teopuu bosbworo B3peiBa. laxke
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caMmble cTapble 0OBeKTHl (e MpUMeCch yIIeposa, KUCI0poaa
U T.IO. B COTHU pa3 MeHbllle, ueM BHyTpu COJHIIA), KaK BBIsC-
HUJIOCh, Ha 23-24% COCTOST U3 Te/usl: He OOHAPY)KEHO HU Of-
HOMW 3B€3[bl, TAJIAKTUKUA WIM TYMaHHOCTH, Ille TeJIUI BCTpeva-
etca pexxe. [1o Bcelt BUIMMOCTH, FJIAKTUKU BHa4ajle COCTOSINIA
HE U3 YMCTOIO BOAOPOJA, a Cpa3y M3 CMeCH BOJOPOA U TIeJHs.
(Buewnue ctou CosnHiia Ha 27% COCTOSIT U3 TeJINsl, U3 HUX «JIHILI-
HUe» 3—4% — 9TO TO KOJIMYECTBO, KOTOPOe GBUIO CHHTE3POBAHO
Hapsay C yIJIepoJIOM, KUCIOPOZAOM U K€JIe30M BHYTPH IEPBbIX
KOPOTKOKMBYILMX 3Be3M, CO3ABIINX IbUIEBOE 0OJIaKO, U3 KO-
Toporo obpasoBasach Haura ConHeyHast cucTema®.)

MHorue MeaJIeHHO ropsiuue 3Be3[bl C HU3KOH MacCoH, Ko-
TOpble 0OPa30BAINCh HA HECKOJIBKO MMJUIMAPIOB JIET PaHbIIe
CorHiia, Korzna Hara [amakTika 6bla elie MOJIOAA, IO CHX IOp
SKUBBL. B HMX comepskutcsa meHblle, yeMm B ConHLe, yraepona,
KHUCJIOpPOZa U ’Kejle3a B MPOMOPLMH C BOAOPOLOM, 4YTO BIIOJIHE
€CTECTBEHHO, €C/IH, KaK TIEPBBIM 3aMeTHIT XOMII, 3TH aTOMBI ObUTH
HCTOPTHYTBI U3 MaCCUBHBIX 3BE€3/] Y [IOCTENEHHO HAKAIlJTMBA/IMCh
¢ TeyeHueM ucropuu BcenenHnoi. Touka 3peHus Xoiina pacxo-
nuTcs ¢ MHeHHeM leoprust [amoBa 0 TOM, 4TO BCS IEPUOAAYECKAS
Tab/MLa OblIa «IPUrOTOBJIEHA» B TIEPBOHAYAIBLHOMN BceneHHOM.
Ecnu 661 TamMoB 6bUT IIPaB ¥ 3TH 37IEMEHTBI BOSHUK/IA PAHbIIIE,
YeM TIepBble 3BE3/Ibl U TAJIAKTUKH, OHU Obl BCTPEYAIHCh TIOBCIOLY
C OOVMHAKOBOM YaCTOTOM — M B MOJIOABIX, U B CTaphbIX 3B€3JaX.

lemmit — eIMHCTBEHHBIA 3JIEMEHT, KOTOPBIM, COITIACHO pac-
yeTaM, ObUI CO3[aH B U300WINM BO BpeMsi Bonbluoro B3phiBa.
OTO OOHALEKUBAET, IOCKOIBKY OOBSICHSIET, [TOYEMY TeJIHsI TaK
MHOT'O ¥ OH IIOBCIOJly IIPUCYTCTBYET B ONHOM M TOM JKe IIPOIop-
1uu. TakuM 0O6pasoM, yCTaHOBJIEHUE CBSI3U Tesust ¢ Bompium
B3PBIBOM PELIN/IO AABHIOO IIPOOIEMY U ITOATOIKHYIO KOCMOJIO-
rOB K TOMY, YTOOBI OOPATUTh CEPbe3HOE BHUMAHUE HA ITE€PBbIE
HECKOJIBKO CEKYHJl KOCMMYECKON HCTOPHU.

Kpome Toro, Ha Bonbiioit B3phIB yaanoch BO3/IOXKUTb OT-
BETCTBEHHOCTDb 3a IPYroi BUI aTOMOB — IeHTepuil (Tsoxe-
TIBI Bomopon). ATOM HEeHTepHs COOEP>KUT He TOJBKO IIPOTOH,
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HO U HEUTPOH, YTO AaeT eMy JOIOIHUTEIbHYIO MacCy, HO He JI0-
TIOJTHUTE TBHBIH 3apsiz. [Ipy HHOM 060pOTe [efa CyIecCTBOBaHNE
IeiTepust OCTaBasoch Obl 3arafKoif, IOTOMy YTO B 3B€37aX OH
TOJIbKO pa3pyllaeTcs: B KaueCTBE SJ€PHOrO TOIUIMBA MOIXKEYb
€ero jierde, 4eM OOBIYHBII BOZOPOZ, MO3TOMY HeZaBHO 0Opaso-
BaHHbIE 3B€3[bl CKUTalOT BECh JNEUTEPUI BO BpeMs CBOETO Iep-
BOHAYa/IbHOTO C)KaTHs, a ITOTOM IIEPEXOAST Ha Gojiee AMHHBIE
¢hasel cxxuraHusa Bomopona.

Tenmmit v meliteprii MOSIBUIMCDH, KOIZa TeMIlepaTypa CoKaTOU
BceneHHO#t OblIa OKOJIO 3 MJIPA IPaiycOB — MPUMEPHO B MUJI-
7Mapz pas BhIlIe, yeM ceiryac. Ilpu pacmmpennun BeeneHHOM
MBI MOXKEM IIPEICTaBUTh Ccebe, KaK YAUHSIOTCS IITBIPU B IPO-
CTPaHCTBEHHOH pelieTKe Dilepa (CM. puc. 5.1). BomHbl usmnyue-
HUS BBITATUBAIOTCS MPONOPLUHOHAIBHO AJIMHE IUThIPEH, U TeM-
Iiepatypa MOHMKAETCST B OOPATHOM MPONOPLMK K AJIMHE. DTO
O3HAYAET, YTO, KOTa TeMIteparypa 6bU1a OKOJIO 3 MIIPA IPazyCcoB
(a He OKOJIO 3 TPayCOB BbIlE aOCOMIOTHOTO HyJIsI, KaK ceifyac),
IITHIpYU 6BUTM B MUAIIHApA pa3 (10°) KOpodve, a IUIs IUIOTHOCTH
3Ty CTEIEHb €llle HYKHO BO3BECTU B KyO — OHa Oblia B 1077
pa3 BraIe. Ho Haia ceronHamHsasa BceneHHas Takas pa3peskes-
Hasi — IPUMEPHO 0,2 aTOMa Ha 1 M3, — 4YTO €€ IUVIOTHOCTb, KO-
TOpasi 6bl/la HACTOILKO OTPOMHOM, CeHYac MEHbIIIE TJIOTHOCTH
Bo3znyxa! Temreparypa ke Oblla TaK BBICOKA, YTO OTIeE/IbHBIE
snpa GbUIM BOBJIEYEHBI B OBICTPOE XaOTUYHOE IBIIKEHHUe. B ya-
GOpATOPHBIX IKCIIEPUMEHTAX MOYKHO IIPOBEPHUTH, YTO K€ IPO-
MCXOIIHUT, KOIJa fipa BOJOPOAA U reius CTAJIKUBAIOTCA C TOM Ke
9Hepruei, Kak Ipyu 06pasOBAHUM TesIvsl, IIO3TOMY PacyeThl OC-
HOBBIBAIOTCSI HA (PyHAAMEHTAIbHON (PHU3HKe.

Ecimu MBI IprMeM CETOAHSAIIHIOI IIJIOTHOCTh BceneHHoMn
PaBHOM 0,2 aTOMa Ha 1 M?, paCCUATAHHOE COOTHOILEHHE BOJO-
pola, reivs U JeHUTepusi, KOTOPbIE MOABUINCH IIPU OCThIBAHUU
«OTHEHHOTO I1apa» BceneHHOH, cormacyercs: ¢ HabGIIONEHUSIMU.
DTO He MOKET He pafjoBaTh, IOTOMY 4TO HabogaeMoe U306u-
JTiie MOIJIO OBl ITOTHOCTBIO ITPOTUBOPEUYUTH IPeICKA3aHNSIM JIIO-
60it Teopru BOJIBIIIOro B3phIBA MIIM MOIJIO UM COOTBETCTBOBATh
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TOJILKO TIPY TOPasfo GObILe WK TOpa3go MeHbIIeH IOTHO-
CTH, YeM Te, KOTOpble Mbl HaOmonaeM. Kak BuanMm, 3HadeHne
0,2 aTOMa Ha 1 M* B CAMOM [ieJie GJIM3KO K CIVIASKEHHOM TUIOTHO-
CTU TaJIaKTHUK U Tasa BO Bcenennoi. (Y 3TOro ImoiosKeHUs ecTh
Ba)XHOE MPUMEHEHHE B 00/IaCTU U3Y4YEeHUs] TEMHOM MaTepuw,
Y MbI 0OCYIUM 3TO B CIIeyIOLeil I1aBe.)



I''TABA 6 XOPOHIO
HACTPOEHHOE
PACIINPEHME:
TEMHASA MATEPHUASA
U YHUCJ/IO Q

BeuHOCTb O4YeHb AJMHHAA, 0cOBGeHHO — OGimKe
K KOHILY.

Byou AnneH

KPUTHUYECKAS ITVIOTHOCTD

[TpumepHO vepes 5 muipa neT CosHIe yMpeT, U 3eMIsl — BMecTe
¢ HuM. [IpuMepHO B TO ke BpeMst (prbaBbTe UK yOaBbTe MU
nuapn net) TymaHHOCTE AHIPOMEZbI, HAI OIMKAUIINN KPYII-
HBII raJlaKTUYeCKUH cocel], KOTOPBIM NPUHAAJIEKUT K TOMY JKe
CKOIUIEHMIO, YTO M Halla [ajlakTHKa, ¥ KOTOPBHIM B HacTosllee
BpeMs IaJaeT Ha Hac, BpexxeTcs B Mieunsiii [1yTe.

OTH NPOrHO3bl HA OTPOMHBIM CPOK SIBJIFIOTCSI Halle>KHBIMH,
IIOTOMY 4YTO OHM IIOCTPOE€HBI Ha IIPEAIIOJIOKEHHUU O TOM, 4TO
B Te€YeHHe CIIeYIOLIUX § MJIPI JIeT OCHOBHBIC 3aKOHBI (PU3HKHY,
onpeensrolIye JXU3HeHHbIH IUKA COoMHLA, U CUJIA TPUTSDKEHUS
3Be3[] U TAJIAKTHK OYIyT OCTABAaThCSI TAKUMU K€, KaK U B IIPEJIbl-
Oymuye 5-10 MapA. TeM He MeHee Mbl HE MOXKEM IpencKa3aTh
Kyna 6ojee MHTEpeCHbIe neTany. Mbl He MOKeM OBITh YBEPEHHI,
9TO 3eMJIst [TO-TIPEKHEMY OyIeT OCTaBaThCst TpeThel o CoHLa
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IJIAHETOM B TEYEHME CIeAYIOIIMX § MIPL JIET: B TAKOH OrPOMHBIN
MIPOMEKYTOK BPEMEHU OPOUTBHI TUIAHET TOKE MOTYT BECTH cebst
«XaOTHU4YeCKW». 11 KOHEUHO 3Ke, He/Mb3sI CAeIaTh HaJle>KHbIe IIpe-
CKa3aHUs1 O TOM, KaK U3MEHUTCS [IOBEPXHOCTh 3eM/IH, B OCOOEH-
HOCTH O TeX ropaszuo 6osee OBICTPBIX H3MEHEHUsIX B 6rocdepe,
KOTOpbI€E TIPOM3BOAUT HAIll COOCTBEHHbII BU AaXKe 33 MULAUOH-
Hy!0 IOJIIO 3TOrO BPEMEHHM.

IToka uto CoJHIle ellle He COXKIJIO U MOJIOBUHbBI CBOETO TOII-
nmBa. J1o 9TOro ocranock GOsblle BpEMEHH, YeM TOT CPOK, KO-
TOPBIN 3aHsA7a BCA IBOMIOLMA >KM3HU Ha 3emuse. Ho Tamak-
THUKa Hazgoiro nepexxuseTr ComHue. laXke ecay CylLIecTByIoLIas
Ha 3eMJle )XU3Hb SBJISIETCS YHUKAJIBbHOM, BIIEpeaU ellle OYeHb
MHOTO BPEMEHH, YTOOBI PaCIPOCTPAHUTH €€ MO Bcell [amak-
THKE U 3a ee npezenbl. JKU3Hb U pa3yM B KOHIEe KOHLIOB 3ace-
JIAT 3Be37bl U AaKe TaJaKTUKU. Sl BO34ep>KUBaIOCh OT JaabHeH-
IIMX PAa3MBbIIUIEHUI HA 3Ty TEMY He ITOTOMY, YTO OHHU abCyPIHbI
II0 CBOEMY COIEep)KaHHIO, a IIOTOMY, YTO OTKpBIBAIOT TaKoe
OrPOMHOE pasHOOOpasue MOTEHIUAIbHBIX BAPUAHTOB (MHOTHE
M3 KOTOPBIX M3BECTHBI 110 HAyYHOU (PaHTACTUKE), YTO MbI HU-
4yero He MOJKeM IpeJicka3aTb. HanpoTus, noarocpoussle npem-
CKa3aHHUI O cyma6e BCel Haieu BcesmeHHOUM MOJKHO cIelaThb
¢ Gornblueii 107ed YBEpEHHOCTH.

Hamra lNanakTrka onpesieneHHo 3aBepIINT CBOE CyILeCTBOBa-
HHe MOILIHBIM YIapOM IPH CTOJIKHOBEHUH 4Yepe3 § WU 6 MIIPZ
net. Ho 6yueT 1 BceneHHast pacluupsAThCcst BeyHo? bynyT mu na-
JIeKHe TaJJaKTUKU OTOOBUTaThbCS OT HAcC ellle manblue? Mmu 31o
IBUKEHUE B KOHIIE KOHIIOB TOMIET B 06paTHOM HaIlpaBIeHUN
U Bcenennaa cxmonHeTcsa B «BosbIIoM XIomKe»?

OTBeT Ha 3TOT BOITPOC 3aBUCUT OT pe3y/bTaTa «COPEBHOBAHUSI»
MEKIy TATOTEHHEM U 3Hepruel paciuupenus. [IpencraBbre cebe,
YTO GOJIBLION acTEPOMI WM IUIAHETA Pa3BaMBAETCS Ha Qpar-
MeHTbL. EC/ 9TH OCKOJIKM Pas/IeTaroTcs JOCTATOYHO ObICTPO, OHU
yneTsT B KocMoc. Ho ecnu paspyuienue GyneT He TaKMM Karta-
CTPOHUUECKUM, TIPUTSIIKEHUE MOXKET HAIIPABUTh JBIKEHUE 00-
JIOMKOB B ITPOTHUBOIIOJIOXKHYIO CTOPOHY U OHU CHOBa COBEPYTCst

100



I[TIABA 6. XOPOIIO HACTPOEHHOE PACHIMPEHUE: TEMHAA MATEPUSA U YHUCJIO Q

BMecTe. To JKe caMoe TIPOMCXOAUT U C KaKIbIM OOMIbLIMM 06pa3o-
BaHMEM BO BcesleHHOM: ceifyac Mbl 3Ha€M CKOPOCTb PacllIMpEeHNs,
HO He CMOJKET JIM TSITOTEHHE B KOHLE KOHIIOB OCTaHOBHUTH €ro?
OTBeT 3aBUCHUT OT TOTO, KaK MHOTO BelleCTBA B3aUMOIEHCTBYET
C TPaBUTALIMOHHOM CUJION. BcenleHHas CHOBa CXJIOIHETCI — T4-
rOTeHMe HAaKOHell IOOeIUT paclIMpeHHe, eC/IH TOIbKO He BMe-
IIAIOTCSI KAKHUe-TO JAPYTHe CUIIbl — €CJIH IJIOTHOCTD He IIPEBBICUT
Ollpe/ie/IeHHOTO KPUTHYECKOTO 3HAUEeHUSI.

DTy KPUTHYECKYIO IUIOTHOCTh OYeHb JIETKO paccuurtarh. OHa
COCTaBJIsIET IPUMEPHO § ATOMOB Ha 1 M?, UTO KayKeTCsl OYeHb He-
GOJIBILION BEIMYMHOM; Ha CAMOM IeJie 3TO ropaso OJIrKe K IoJI-
HOMy BaKyyMy, 4eM Te 3Ha4YeHMUs, KOTOPBIX KOIa-11bo qobusa-
JTIUCh B 9KCIIepuMeHTax Ha 3emite. Ho kaxkercst, BceneHnas kyna
6oJee mycToe MecTo®.

[Tpennonoxkum, uro Haire COJIHIE pa3MEPOM C alleIbCHH.
Torzna 3emsist GyzeT 3epHBIIIKOM B 1 MM, PACIIONIOKEHHBIM Ha pac-
CTOSIHHM 20 M OT aIleJIbCHHA, 06 paliasick BOKpyT Hero. Ecu npu-
JeP3KUBATBCS 9TOTO MaciuTada, To Grvskaiiinas 3se3na Oyaer Ha-
XOIUTHCS Ha PACCTOSTHHH 10 000 KM. FIMEHHO TaK pacriosaraercst
Marepust B TAKMX TaJlakKTHKaxX, Kak Hama. Eciu Obl Bce 3Be3[bl
U3 BCEX TJIAKTUK ObIIM PAaBHOMEPHO PACIipeesieHbl B MesKra-
JIAKTUYIECKOM TIPOCTPAHCTBE, TO KAXK/AAsi U3 HUX HAXOIMIIACH Obl
B HECKOJIBKO COTEH pa3 JaJblile OT CBOEro OIMKaiIIero cocena,
4eM B JeUCTBUTEIbHOCTU. B TakoM ciy4ae B Halleld Moaenu
Ka)KIbIN arleIbCUH OyIeT HAXOAUTBCS B MULIUOHAX KUTOMETPOB
OT CBOETO OJIVIKAMIIEro cocena.

Ecimut pactibUTUTh BCe 3Be3Mbl, 2 UX aTOMbI PABHOMEPHO pac-
npezenuTh o BceneHHOIA, TO 1e/10 KOHYMTCS TeM, YTO Ha 10 M3
OyZeT MPUXOOUTHCST BCETO OIMH aTOM. [IpMMEPHO CTOJIBKO K€
BelecTBa (He OOJbIE) CONEPIKUT ra3, pacCesiHHbIN MEXIy ra-
JTAKTHKaMU. B 11e710M BBIXOAWT 0,2 aTOMa Ha 1 M3, YTO B 2§ pa3
MEHbIIIe KPUTHYECKOTO 3HAUEHHUsI IFIOTHOCTH § aTOMOB Ha 1 M3,
KOTOpPOE HY>KHO ISl TOTO, YTOOBI IIPUTSIKEHHE Pa3BePHYIIO KOC-
MHYECKOe paCLIMpeHHe BCISITh.
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CKOJIbKO TEMHOM MATEPHH?

OrHorreHre GakTUIECKOM TVIOTHOCTH K KPUTHYECKOH — OY€eHb
BakHOe unci1o. CIeIuaaIuCThl TI0 KOCMOJIOTUN 0603HAYAIOT €ro
rpedeckoit 6ykBoit Q. Cynpba BceneHHOI 3aBHUCHT OT TOTO, JO-
CTHUraeT JIu Yyucio Q enuHULbl. Ha repBbiit B3risia Halla olieHKa
peasbHOM CpenHel KOHLIEHTPAIIMU aTOMOB B KOCMOCe ITpenrio-
maraert, 4yTo Q) paBHA BCEro JIMLIb 1/25 (WK 0,04), obellast Be4-
HOe pacIlIMpeHHe IO OTPOMHBIX TpenenoB. Ho MbI He JOKHBI
CJTUIIIKOM JIETKOMBICJIEHHO OTHOCHUTBCS K 3TOMY 3aK/TIOUEHHUIO.
B xonne XX B. MBI IPUIIUIA K IIOHUMAaHHUIO, YTO BO BceneHHOM
€CTh MHOTO TOTO, YE€r0 MbI HE BUAUM, HAlPUMep HEBUIUMAS
MaTepusi, COCTOSIIIast B OCHOBHOM M3 TaK Ha3BIBAEMOTO «TEM-
HOTO BeLeCTBa» HEM3BECTHOM Mpupoxnbl. To, 4TO CBETUTCS, —
raJIakTUKH, 3BE3/Ibl U CUAIOIIME 06/1aKa ra3a — 9TO JIMLIb MaJias
Y IOCTATOYHO HETUITMYHAS YaCTh TOTO, YTO €CTh HA CAMOM JIEJIE,
Mofo6HO TOMY KaK CaMbIMM 3aMETHBIMU OOHEKTAMU HA HAILEM
3eMHOM Hebe SIBJISIIOTCS 06/1aKa, KOTOPhIE HA CAMOM [IEJIE BCETO
JIUIIB Tap, KIYOSIIMIACS B Kyzxa 6osee IUIOTHOM MPO3PavyHOM
Bo3ayxe. bonbIIMHCTBO MaTepun BO BceneHHOM — OCHOBHOM
HCTOYHUK 4YKCIa ) — He U3JIydaeT HU CBeTa, HU MH(PaKpacHbIX
Jy4ei, H1 PagvuoOBOJH, HU KaKUX-JTUOO APYrUX BULOB U3Jyde-
Hust. [109TOMy ee OueHb TPYLHO OOHAPYIKUT.

CobpaHHble ¢ Hayama pa3pabOTKU ITOM TeMBI 10KA3aTelb-
CTBa CYLIECTBOBAaHUS TEMHON MaTepUU TeIepb yKe sSIBISIOTCS
[IPAaKTUYECKH HEOCTIOPUMBIMHU. [10 TOMy, KaK OBUIKYTCSI 3BE3/IbI
U TaJIaKTUKU, MOKHO IIPEAIOIOXKUTh, YTO YTO-TO HEBUIUMOE
OKa3bIBaeT Ha HUX IPABUTAL[MOHHOE BO3LEHCTBHE. DTO apryMeHT
TOTO K€ THITA, KaKOM MBI IIPUBOAUM, IIPEAIIOsIarast CyIiecTBO-
BaHUE YEpPHOM IBIPHI, KOTAa BUAMM 3BE3AY, KOTOpasi BBIISIAUT
TaK, CJIOBHO OOpAIaeTcsi BOKPYT HEBUAUMOrO KOMITAaHbOHA. Ta-
KYyIO XK€ apTyMEHTalMIO UCIIonb30Banu B XIX B., KOraa rnjaiaHeTa
HentyH 6bl1a 06HapyskeHa 1U3-3a TOro, YTO OpbuTra YpaHa mc-
Ka)kasach I107] BO3AEHCTBUEM MPUTSDKEHUsT OOIee OTAaIEHHOTO
HEBUIMMOTO OOBEKTA.
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B ConmneyHOM cucTeMe CYLLIECTBYeT paBHOBECHE MEXKIY TArO-
TeHHeM, KOTOpOe 3aCTaB/IsieT IUIaHeThI Tafath Ha COJHIe, U LieH-
TPOBEKHOM CHIION OpOUTAIBHOTO ABHyKeHHsL. [I0N0GHBIM ke 06-
pasoM B 6osee KpynHOM maciirabe Bcei [ATaKTHUKH CyILeCcTByeT
paBHOBecCHe MEXAy TSTOTEHHEM, KOTOpOe AEP)KUT BCe BMECTE,
Y Pa3pyLUMTENTbHBIM 3(p(EKTOM IBHKEHHsI, KOTOPBIiA, e/ bl
He [1e}iCTBOBAJIO TSTOTeHHe, pa3bpoca Obl 3Be3/bl B CTOPOHBIL.
O cy111eCTBOBaHUHM TEMHOM MaTepPUU MOKHO CyIUTh, IOTOMY UYTO
HabIo1aeMoe HaMH [IBMDKEHHe OKa3bIBAETCS YAUBUTEIBHO Obl-
CTPBIM — CJIMILIKOM OBICTPBIM, YTOOB! GBITH YPABHOBEILEHHBIM
IPUTSDKEHNEM BUIMMBIX 3Be3[ U rasa.

MBI 3HaeM, HacKOIBKO ObIcTpo CosHIle 0OpalaeTcss BOKPYT
ieHTpa [a1akTHKY. Mbl MOSKEM pacCUMTaTh CKOPOCTD 3BE3[ U Ta-
30BbIX OOJIAKOB B JPYIHX TaJIaKTUKaX. DTH CKOPOCTH, OCOOEHHO
CKOPOCTH «OTILEIIeHIIeB», BPAILAIOLIMKCS BAAIU OT LeHrpa [a-
JIAKTHKH, Jajblie GOBIIMHCTBA APYTHX 3B€3[, ITOXO03PUTENBHO
BBICOKU. EC/ti GBI BHELIHMI ra3 U 3Be3/ibl UCIIBITHIBAIN Ha cebe
TOJIBKO CHJIY TIPUTSDKEHMSI TOTO, YTO MBI BHIUM, OHH OBl yiKe
IIOKUHYJIU CBOU Op6uThl, Kak HenryH u IInyTOH MOKMHYIN ObI
cthepy BusiHust ConHLa, ecty Obl ABUTAINCh Tak OBICTPO, Kak
3emsis. Takue BBICOKHE HaOIIOHAaeMble CKOPOCTH TOBOPSIT HAM
O TOM, YTO TaJIAKTHKU OKPY’KAET TSIKEIOe HEBUIMMOE raJio: I10-
nO6HO TOMY Kak ecnu Obl [IyTOH ABUrazics Tak ke OBICTpO,
KaK 3emust (HO IIPU 9TOM OCTaBaJICsl HA CBOeN opOuTe), HaM Obl
MPUILTIOCH [TPEATIONIOKUTH CYIIeCTBOBAHHE TSKEION HEBUINMOM
06O0JIOUKH, PACIIOJIATaloLIeNcsl BHe OPOUTHI 3eM/IM, HO BHYTPH
op6uTs! ITnyToHa.

Ec/iu 6blI He Cy11eCTBOBa/IO GOIBIIONO KOIMYECTBA TEMHOM Ma-
TEPHUH, FaJTAKTUKHU ObUTH Obl HECTAOM/IBHBI M Pa3/IeTENNCh Ha Ya-
cru. KpacuBble 1306paskeHHsT AVUCKOB U CITMpaIelt IpeCTaBIIsIoT
€060t TO, YTO, B CYLIHOCTH, SIBJISIETCSI «CBETSILIMMCSI OCaZIKOM»,
KOTOPBIN YAEPKUBAIOT B IPABUTALIMOHHOMN JIOBYLIKE OTPOMHBIE
CKOIUIEHHUSI TEMHBIX OOBEKTOB, O IPUPOJE KOTOPBIX MBI 3HaEM
o4eHb Maso. [aJIaKTUKK B [eCSATh pa3 GoJbLIe U TSDKelee, YeM
MBI NIPUBBIKIN AyMaThb. TOT Ke CaMblil apryMeHT IPUMEHUM
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U K 6onblieMy MaciuTady, K 1eIbIM CKOIIIEHUSIM TaIaKTHK, KO-
TOPBIE B ITOIIEPEUHUKE 3aHUMAIOT HECKOJIBKO MUJUTOHOB CB. JIET.
Yro6bl yrepyKaTb UX BMECTe, TPeOYeTCs CHIa MPUTSKEHUs Ma-
TEPUH, KOTOPOIi [TO/KHO ObITh pa3 B LECATH OOJbIIE, YeEM MbI
BULIUM.

KoHewHO, cyl1iecTByeT OHO JOIYyLIeHHe, KOTOPOE JIEKUT B OC-
HOBE BCEX 3THX IPELTOIOKEHHIA O TEMHOM MaTepuu, a UMEHHO:
MBI CUUTAEM, UTO 3HAEM CUJIy MIPUTSKEHUS, KOTOPYIO JAIOT BU-
IMMble HAM OOBEKTBL. BHyTpeHHee IBUKeHHE BHYTPH rallakKTUK
U MX CKOIUIEHWI 110 CPAaBHEHMIO CO CKOPOCTHIO CBETA SIBIISIETCSI
MeVIEHHBIM, TTO9TOMY HMKaKMX PESITUBUCTCKHUX YCIOXKHEHUHN
HeT. CJ1e10BaTeIbHO, MBI IIPOCTO HCIIONB3YeM 3aKOH OOPaTHBIX
KBazipaToB HbIOTOHA, KOTOPBI TOBOPUT O TOM, YTO €C/IH pac-
CTOSIHHE MEXKIY HAMH U KaKOM-TO MacCOM YBEMYHUBAETCSI BIBOE,
TO CHJIa IIPUTSDKEHNST CTAHOBUTCS B YeThIpe pasa ciabee. Heko-
TOpbIE CKENTHKHK MOTYT HaM HAIlOMHHTb, YTO 3TOT 3aKOH IIO-
HAacTOsIIIeMY ObUI IIPOBEPEH TOJIBKO B Ipenenax Haireil ConHey-
HOI1 CHCTEMBI, U €T0 IPUXOIUTCSI IPUHUMATD Ha BEPY, KOIIA Pedb
uzeT o MaciuTabax B COTHU MUIIMOHOB pa3 6onmbuvx. Ha camom
IieTie ceifyac y HaC eCTh BeChbMa 3aMaHUYMBbIE JaHHbIE (CM. [JIABY
10), yKasbIBaloIllle Ha TO, YTO B macimtabax Bceit BcereHHORM
CHJIy TSTOTEHMsI, BOSMOJKHO, II€PEKPbIBAET Apyrasi CHIa, KOTO-
past BHI3bIBAET OTTA/IIKUBAHUE, A HE TIPUTSDKEHHE.

MBI O/KHBI COXPAaHATh OOBEKTUBHOCTh (WJIH, TIO KpanHeMn
Mepe, OCTaBUTh IPOCTPAHCTBO /sl MAHEBPA), MOAXOAS K BO3-
MOYKHOCTH TOTO, YTO HAIIUM IPEICTABIEHUSIM O TATOTEHUH I10-
Tpebyercst mepeolieHka. Eciu neiicTByromast Ha 60IbIINX pac-
CTOSIHUSIX CUIa OygeT MOIIHee, YeM Mbl OXXUIAEM, OMUPAsICh
Ha 3aKOH OOPaTHBIX KBagpaToB (T.e. eC/iM OHa He OyzeT cra-
HOBUTBCSI B YeThIpe pasa crabee IPU YBETUYEHUN PACCTOSTHHUS
B [[Ba pasa), TO OymeTr abCOMIOTHO SICHO, YTO BOIPOC O TEMHOM
martepun Tpebyercs epecMoTpeTb. Ho MBI He NOJDKHBI OTKa-
3bIBaThCSI OT CBOE TEOpHH TSAroTeHUs1 6e3 60peObL. Y Hac Mo-
KT BOBHUKHYTb MCKYILEHHE TaK [TOCTYIIUTD, €C/IH HE HaWmeTCst
BEPOSITHBIX KaHAWAATOB [UIsl TEMHOM Marepuu. TeM He MeHee

104



I[TIABA 6. XOPOIIO HACTPOEHHOE PACHIMPEHUE: TEMHAA MATEPUSA U YHUCJIO Q

BapUaHTOB MOXKET OBITh MHOTO; TOJILKO €C/IU BCE OHU OKaXKYTCSI
HECOCTOSITENIbHBIMU, MbI JOJIKHBI OBITh TOTOBBI K TOMY, YTOObI
OoTBepruyTh U HbloTOHa, 1 DitHIITEeHHA".

EcTb 1 gpyrue npusHaku, KOTOpble TOBOPSIT O HATMIUU TEM-
HOI MaTtepuu. Bce nepemeraroleecs 1oz BO3A€MCTBUEM CUJIbI
TATOTEHMS BELECTBO, CBETHILEEC UM TEMHOE, OTKJIOHSET CBET,
MIO3TOMY CKOIUIEHHSI MOXKHO «B3BECHUTb», U3YUHB, HACKOJIBKO
CUJIbHO OHM MCKa’KAIOT JIyYM CBETA, NMPOXOAAIINE CKBO3b HHUX.
JlefCTBUTENIbHO, OTK/IOHEHME CBETA 3BE3J, KOTOpOe DIAUHITOH
W Ipyryie ydeHble HabJIFofaI BO BPeMsI TIOJTHOTO COTTHEYHOTO 3aT-
MEHHUS 1919 I., CTaJIO OHOM U3 TIepPBBIX LIMPOKO U3BECTHBIX ITPOBe-
pok OTO, xoropas npuHec1a DUHIITEHHY MUPOBYIO U3BECTHOCTb.
Kocmuyeckuit Teeckon nMeHn Xa6671a cliefan BlieyatIsiiolye
¢ororpacr HEKOTOPBIX CKOIUIEHHE FaJIaKTHK, OTCTOSILIIUX OT HacC
IIPUMEPHO Ha MIUIHApZ, CB. 1eT. Ha aTux dororpadusix Mel mo-
>K€M BUIIETb MHOTO TYCKJIBIX ITOJIOCOK M apoK. Kakgast U3 Hux —
9TO JarieKas rajJlakTHUKa, HaXOAAIIAsACsl B HECKOIBKO pas Jablie
CaMOroO CKOIUIEHHSI. MBI CMOTPHM Ha Hee depe3 MCKaXKarolllylo
nH3y. OOBIYHBIA Y30p HA 060SIX BBIIVISIAUT UCKASKEHHBIM, eCIIH
MIOCMOTPETb Ha HEro 4yepes3 UCKPUBJIEHHBIN KycOK cTekaa. CKo-
IUIeHHe BBICTYTIaeT B POJIM UIMEHHO TaKOM «IMH3BI», KOTOpast ¢o-
KyCHpyeT IMpOXOAAILIMI yepe3 Hee CBeT. [alakTUKK, BXoAsIIue
B CKOIUIEHUs], Ja’Ke BCE BMECTE HEIOCTATOYHO TSIXKEJIBI, YTOOBI
CO371aTh TaKOe UCKaskeHHe. UTOOb 3HAUMTENBHO UCKPUBUTD CBET
Y BBI3BATh IBHOE MCKAXKEHHE M300paskeHMi, HAXOASAIINXCS MO~
3a/I1 TaJIaKTHK, CKOIUIEHHE JOJIKHO OBbITh B 10 pa3 TsKeee TOro,
YTO MBI BUJUM. DTH OTPOMHBIE €CTECTBEHHbIE JIMH3bI JAlOT JO-
MOJTHUTE/ILHOE TIPEMMYIIECTBO ACTPOHOMAM, KOTOPbIE HHTEPECY-
IOTCS 3BOJTIOLIMEN rajlaKTHK, TaK KaK [MO3BOMIOT YBUIETh OYEHb
OTZa/IleHHbIe TaJIAKTUKU, KOTOPble MHAaYe ObIIH Obl CJIUIIKOM TyC-
KJIBIMH, YTOOBI MBI MOITI 332 HUMH HaOJIIONaTh.

Ha camom nene HET HUYETO yAMBUTEIBLHOTO, YTO TEMHAs Ma-
Tepusl, UMEIOIIasl MacCy B 10 pa3 GoJIblile TOTO, YTO MBI BUIHM,
SBJIA€TCSI OCHOBHOM T'PaBUTALIMOHHOM cUIOH B KocMoce. Het Hu-
YEro HeBEPOSITHOTO B TEMHOM MaTePHUM KaK TaKOBOM: IIOYeMy BCe
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BO BceneHHOI JOMKHO CBETUTBCS? TPyAHOCTb 3ajaud COCTOUT
B TOM, YTOOBI CY3UTb CIIMCOK KaHAWIATOB Ha €€ pOJb.

YTO MOJKET BbITh TEMHOM MATEPUEUN?

IIpenmnonaraercs, 4To TEMHAsl MaTepUs HE U3Ty4aeT CBET — Oel-
CTBUTEJIbHO, MBI He OOHAPY)KM/IM HUKaKOTO U3/IydeHusl. TaksKe
OHa He IOITIOLIAET CBET U He paccerBaeT. OTO 03HAUYAET, YTO OHA
He MOXKeT COCTOSITh U3 IbUIM. MBI 3HaeM, 4To B Hamrei [asmak-
THKe MPUCYTCTBYET HEKOTOpPOE KOTHUYECTBO ITbIIH, TIOTOMY YTO
CBET 3BE3J1 PaCCEUBAETCS U OCTIabeBaeT, POXOAst CKBO3b 06J1aKa,
COCTOSIIIIME U3 KPOIIEUHBIX YaCTUL], IIOXOXKHE Ha Te, YTO COCTaB-
ns10T Ki1y6bI TabayHoro apima. Ho eciu bl 9TU YaCTHLIBI BECHIIU
IOCTATOYHO, YTOOBI PETEHAOBATH Ha TEMHYIO MATEPUIO, OHU ObI
3aKPBUIH OT HAC TIO0YIO NaleKylo 3Be3Zy.

[maBHBIMM NOO3pEBaE€MBIMU B IPHUHAIJIEXXHOCTH K TeM-
HOIt MaTepuu SIBISIIOTCS MajeHbKMe TYCKJble 3Be3Ibl. Te
M3 HUX, KOTOpble UMeIOT Maccy MeHee 8% oT maccel ConHIIa,
Ha3bIBAIOTCSI KOPUYHEBBIMU KapnukaMu®. OHU HeJOCTaTOYHO
CKaThl ¥ TOPSIYM, YTOOBI MOIKEUD SIIEPHOE TOIUIMBO, KOTOPOE
3aCTaB/IsIET CUATh OObIUHBbIE 3Be31bl. KopuYyHeBblE KapIMKH
OIpeeIEHHO CYyLIeCTBYIOT: HEKOTOPhIE U3 HUX HaXOOWIMU KaK
«ITOOOYHBIA MPOAYKT» IMOUCKA IIJIAHET Ha OPOUTAaX BOKPYT 60-
nee SIpKUX 3Be3x. Jpyrue, 0COGEHHO HAXOZSIIHUECS IO CO-
CeICTBY, OOHAPYKU/IN IO OYeHb CT1abOMy M3JIyYeHHIO Kpac-
Horo cseTa. CKOJIbKO BCEro KOPHUYHEBBIX KaP/JIHMKOB MOXKET
cyliecTBoBaTh? Teopus TyT HaM He o4yeHb noMoraeT. COOTHO-
1IeHre OOJBLUINX U MAJIEHbKUX 3BE3[] ONPeNesIsIeTCs] YPE3BHI-
YaHO CJIO>KHBIMH ITPOLI€CCAMM, KOTOPbIE MBI 1O KOHLIA ITOKa
He TTOHMMaeM. Jlake camble MOIIHbIE KOMIIBIOTEPBI HE MOTYT
CKa3aTb HaM, 4YTO IIPOMCXOAMT, KOIa Me>XK3Be3IHbIA ra3 KOH-
JIEHCHUPYETCS B 3Be34bl. DTU MPOLECCHl C TPYAOM IOANAIOTCS

%

VHOTZa X TaKKe Has3bIBalOT OypHIMU KapiauKamu. — I[Ipum. Hayu.
peo.
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IIOHMMAHHUIO IO TeM JK€ IPUYMHAM, IO KaKMM TaK TPyIHO
NpencKas3aTb MOTOLY.

OrtenbHble KOPUYHEBbIE KAPIUKU MOTYT ObITh OOHAPYSKEHBI
C MOMOIIBIO TPaBUTALIMOHHOIO JMH3WpoBaHud. Ecnu onouH
M3 HUX NPOXOIUT HAIIPOTUB SIPKOM 3BE3[bl, TOTAA TATOTEHHE
KOPUYHEBOTO Kap/iuKa POKYCHUPYET CBET U OIIECK SIPKOM 3B€3.IbI
OKa3bIBAETCS YBEJIMYEHHBIM. B pe3ynbTaTe 3TOro sipKas 3Be3na
OyZeT BCIBIXUBATh U TYCKHETDb OIpeNeeHHbIM 06pa3oM, eCiiu
nepes He MPOXOOUT KOPUYHEBBIN Kap/JIMK. OTO SIBJIEHHUE Tpe-
OyeT OYeHb TOUYHOTO PACITONIOKEHUSI 3BE3]] HA OMHOM JIMHUHU OT-
HOCHUTETIBHO 3eMJIH, IO3TOMY MBI €T0 Hab/II0aeM OY€eHb PEKO,
Ja’ke €C/IM U CyILIECTBYeT JOCTaTOUYHO KOPUYHEBBLIX KapJIHKOB,
YTOOBI COCTABUTh BCIO TEMHYIO MAaTepUIO B Halueil [amakTuke.
TeM He MeHee aCTPOHOMBI BelyT aKTUBHBIE IIOUCKU TaKUX gBJIe-
HUI MUKPOJIMH3UPOBaHUs (TIPUCTaBKa «MUKPO» B TAHHOM CJTydae
I0OAaBISETCS, YTOOBI OTHETUTD 3TO SIBJIEHUE OT JIMH3UPOBAHUS
LIeJIbIX CKOIUIEHUI TaJaKTHK, O KOTOPOM YIIOMHHAJIOCh BBILIE).
YueHble OCTOSTHHO CIEAST 32 MUUIMOHAMU 3Be3/I, YTOOBI HATH
Te, IPKOCTb KOTOPBIX OT HOYM K HOYM MeHseTcsl. Ho co MHornMu
3B€3JaMU 3TO IIPOUCXOIUT IO CAMBIM Pa3HBbIM IIPUYMHAM: OIHU
Iy/IbCUPYIOT, APYTHe BCIBIXUBAIOT, TPETHH OOPALIAIOTCSI BOKPYT
CBOMX COCelleH, COCTaBJIsAd ABOMHYIO 3Be31y. MccnenosaTenn 06-
Hapy>KWIH TBICSTYU TaKUX 3Be37, KOTOpble, KOHEYHO, UHTE€PECHBI,
HO SIBJISIIOTCS JIMLIB JOCaZHOM ITOMEXOI C TOUKU 3PeHHUS IIOMCKa
SBJIEHUI MUKPOJIMH3UPOBaHus. FIHOrma HaxonaT 3Be31bl, IEMOH-
CTPUPYIOLIYE XapaKTEPHOE MOBBIIIEHHE U OC/IabIeHNE SIPKOCTH,
Y BITOJIHE BO3MOJXXKHO, YTO Il€pell HUMU IIPOXOOUT HEeBUAMMAS
Macca, pokycupymomas cset. [Toka Bce elre He SICHO, TIPOMCXO-
IWT I OCTATOYHOE KOJIMYECTBO TAKUX COOBITHH, YTOOBI MOKHO
ObLIIO TOBOPUTH O HOBOH, OoJiee-MeHee pacIpOCTPaHEHHOM I10-
Iy/ISIMY KOPUYHEBBIX KAP/IMKOB, UM 3TO BCETO JIUIIbH OObIYHbIE
TYCKJIbIE 3BE3Mbl IPOXOMAT Teper 6oree TPKUMU.

EcTb ¥ HECKOIBKO OPYTHMX KaHIWAATOB Ha 3BaHHE TEMHOMU
MaTepuu. XOJIIOOHbIE «IIAHETHI», OIYKIAIOLUINE B MEK3BE3/-
HOM IIPOCTPAHCTBE Y He CBA3aHHbIE HU C KaKOM 3Be310M, MOIYT
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CYLLECTBOBATh B GOJIBIIMX KOJTMYECTBAX M OCTaBAThCSI HEOOHA-
pyXKeHHbIMH. To XK€ camoe MOKHO CKa3aTb M O HallOMHHAlo-
IMX KOMETHI I/IbI0aX 3aMepsIiero Bogpopona. MoryTt ato 6bITh
Y YepHBIE OBbIPHIL.

AEJIO OB DK30THYECKHX YACTHIIAX

TeM He MeHee eCTb ITOJO3PeHNe, YTO KOPUIHEBbIE KapIUKU UIH
KOMETBI (MM [aske YepHBbIe AbIPHI, €C/IM CYUTATh UX OCTaHKaMH
MEpPTBBIX 3B€3JI) COCTABJISIIOT JIMILDb MAIYIO YacTh TEMHOH Mare-
puu. Jlesio B TOM, UTO eCTh Cepbe3Hble OCHOBaHMUS [1071araTh, 4TO
TeMHasl MaTepHsI BOOOILIe He COCTOUT U3 OOBIYHBIX ATOMOB. DTO
MpeIIONIOJKEHNe CBSI3aHO C neiTepreM (TsDKebIM BOLOPOIOM).

Kax y>ke yIOMHHA/IOCh B IIpeAbIAyLIel I71aBe, M060H neiire-
pHii, KOTOPBIit MBI HAO/IOAEM, IOJIKEH ObLI ITOSIBUTBCSI BO BPEMsT
Borblioro B3peIBa, a He CUHTE3UPOBAThCsI BHYTpH 3Be3[. O ero
KOJIMYeCTBe B Halllel BcesleHHOM 10 HACTOSILIEro BpeMeH! TOYHO
He 6bIT0 M3BeCTHO. HO acTpOHOMBI HAIlIK CIIEKTPAIbHBIH Cl1e]]
IefTepusl, OTIMYAIOLIUICS OT OOBIYHOTO BOLOPOLA, B CBETE, UAY-
IleM OT OYeHb [aJIeKUX TaJakTHK. [ u3MepeHuit morpe6osa-
JIMCb HOBbIE MOIIHBIE TEJIECKOIIBI C 3epKaIAMU JUAMETPOM 10 M.
Hab6monaemoe comepskanue neHdTepUst SBIISETCS HUYTOXKHBIM:
TOJIBKO OZIH aTOM M3 50 00O SIBJISIETCSI aTOMOM feirepusi. Coot-
HOLIIEHHE, KOTOPOE [JOJIKHO ObIJIO COXPAHUTBCSI CO BpeMeH Bob-
ILIOTO B3PBIBa, 3aBUCHT OT IUIOTHOCTH BcesleHHOM, 1 Hab oneHUst
COIVIACYIOTCSI C TEOPHEH, eC/Ii IVIOTHOCTb COCTaBJIseT 0,2 aToMa
BOIOpOAa Ha 1 M?. DTO B NOCTATOYHOM CTEIIEHU COOTBETCTBYET
peasbHOMY KOJIMYECTBY aTOMOB B CBETSILIUXCSI OOBEKTaX: MOJIO-
BHHA IIPUXOOUTCS Ha TAJIAKTHKY, a TIOJIOBUHA — HAa MEXKTrajIak-
TUYECKUIi Ta3, HO TOIZa HUYEro He OCTAETCS Uil OOBSICHEHUS
TEMHOW MaTepHH.

Ec/u cyLiecTByeT JOCTATOYHO aTOMOB, YTOOBI COCTABUTH TEM-
HYIO MaTepHIo, KOTopas B IISITh (2 BO3MOKHO, U B [ECSATh pas)
GoIbLIIE TOTO, YTO MBI AEHCTBUTEIBHO BUOUM, PE3y/IbTATHI Ha-
GIIIOIEHUIT TTepeCcTaHyT COOTBETCTBOBATh TeOpUH. TOrna pacueTs
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Bonbiuoro B3peiBa OyayT MpencKasbiBaTh ellle MeHbIe geiiTe-
pPUS ¥ HECKOJIBKO GOJIbIIE TeNIUsl, YeM MBI JI€HCTBUTE/ILHO Ha-
6monaeM, U MIPOUCXOXAEHNUE NehTeprsi BO BceseHHONU cTaHeT
3aragkoi. DTO rOBOPUT HaM O Ba>KHOM BelIu: aTOMbI BO Bce-
JIEHHOI, IIJIOTHOCTb KOTOPOW COCTaBJISIET 0,2 aTOMa Ha 1 M?, CO3-
JIAIOT TOJIBKO 4% KPUTUYECKOM IJIOTHOCTH, a OCHOBHAsI Macca
TEMHOI MaTepHUM COCTOUT U3 YEro-TO MHEPTHOTO C TOUKU 3pe-
HUSL SIIEPHBIX PEAKLMil. DK30THUECKHE YACTULIBI, & HE OOBIKHO-
BeHHbIE aTOMbI, BHOCSIT OCHOBHOI BKJa[ B 3HaUYeHHe umcaa Q.
HeynosuMsble yacTUIlbl, KOTOpPBIE HA3bIBAIOTCS HEUTPHUHO, —
OIVH U3 KaHIWUJATOB. Y HUX HET /IEKTPHUUECKOrO 3apsfa, U OHU
C TPYZOM B3aMMOIEMCTBYIOT C OOBIYHBIMH aTOMAMHU: [TOYTH BCE
HEUTPUHO, KOTOPBIE NONAJAIOT B 3€MJIIO, IPOXOAAT CKBO3b Hee
HaCKBO3b. B TedyeHMe nepBbIX HECKONBKUX CEKYH[ Iocie bomb-
ILIIOTO B3PbIBa, KOIJa TeMIlepaTypa AOCTUrasa 10 MJIpA IpaaycoB,
cKaThe ObIIO CTOJb BETMKO, YTO PEAKLIMHU, ITpeBpariarlme $ho-
TOHBI (KBaHTHI U3JTyYEHHUs) B HEUTPUHO, OBUTH HOCTATOYHO ObI-
CTpBI, YTOOBI CO31aTh paBHOBecue. Cie10BaTeNbHO, KOITUYECTBO
HEUTPUHO, OCTaBLIMXCS OT «KOCMHUYECKOIO OTHEHHOTO Ilapan,
IOJKHO OBITH CBSI3aHO C KOJMMYECTBOM (hOTOHOB. cronb3ys
OOBIKHOBEHHbBIE U HETTPOTUBOPEUUBbBIE 3aKOHBI PUSUKH, JTFOOOH
MOKET MOACYUTATh, YTO COOTHOILEHHE HEUTPUHO K (OTOHAM
JIOJIPKHO COCTaBJATH 3 K 11. Celfuac B M3/Iy4eHUH, OCTABILEMCS
oT BornbIoro B3peIBa, COOEPIKUTCS 412 MJIH (POTOHOB Ha 1 M3.
CyILecTByeT Tpy pa3HOBUIHOCTH HEMTPUHO, U B K&KIOM KyOu-
YeCKOM CaHTHMETpE COOEPIKUTCH 113 HEUTPUHO KaXKIOTO BUAA —
JPYTMMH CI0BaMH, Ha KaKObIH aTOM BO BcesleHHOM MPUXOOATCS
COTHM MUW/IJIMOHOB HEUTPUHO. Pa3zymeeTcs, B KOHTEKCTe TEMHOM
MaTepUM BaKHBI CaMble TSDKEJIbIE U3 3THUX TPEX BHUIOB.
ITOCKONBKY KOJIMYECTBO HEUTPUHO 3HAYMUTE/IbHO IIPEBBILIAET
KOJIMYECTBO aTOMOB, OHU MOTYT ObITh OCHOBHOM COCTaBIISIIOLIEH
TEMHOM MaTePHH, AaKe €CIM Macca KaKIOro U3 HHUX COCTABIIIET
OIHY CTOMWIIMOHHYIO aToMa. J10 1980-X IT. IOYTH BCE CUUTAIIH,
YTO HEUTPUHO — 3TO YACTULILI C HYJIEBOM MaCCOM ITOKOS; B TAKOM
ciyyae OHU OyIyT MMETh SHEPIHMIO U JBUIAaThCSI CO CKOPOCTBHIO
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CBeTa, HO UX TPABUTALMOHHOE BO3[eENCTBUE He OyIeT Urpath
pormu. (ITono6HbIM 06pa3oM (GOTOHBI, OCTABILHECS] OT HAYasb-
HOTO 3Tala CyL[eCTBOBaHUs BceseHHOI, Teneps OOHAPYsKUBa-
IOTCSI B PEJTMKTOBOM U3JIyYEHUU U HE TIPOSIBJISIOT KAKOTO-TU60
3aMETHOTO I'PaBUTALIMOHHOTO BO31elcTBUs.) Ho ceityac cunra-
€TC$1, 9YTO HEUTPHUHO MOTYT UMETh KaKyIO-TO MacCy, XOTSI ¥ OUY€Hb
MaJIEHBbKYIO.

Jly4imm [oKa3aTesIbCTBOM TOTO, UTO HEUTPUHO UMEIOT Maccy,
cTan aKkcnepumMeHT «Kamuokanae» B SInonuun. B HemM ucnomns3o-
BaJIM OTPOMHBIN pe3epByap B opme LIMIHHIpA, pa3MelleH-
HbII B OBIBILEH [IUHKOBOH IIaXTe. DKCIIEPUMEHTATOPHI U3YYaH
HeliTpuHO, uayiue ot CONHIA, Te OHU SIBJISIFOTCS TTOOOYHBIM
MPOAYKTOM SEPHBIX PeaKLUMH B LIEHTPaJbHON 30HE, a TaKKe
U Apyrue HeUTPUHO, KOTOPbIE TEHEPUPYIOTCSI OY€Hb OBICTPBIMHU
9acTHULIaMU (KOCMHUYECKHMH JIy4aMH), MOMaJaioIIMU B BepXHHUe
ciou aTMoceps! 3eMIU. DKCIIEPUMEHTHI ITIOKa3aIu HEeHYJIEBYIO
Maccy HEMTPHUHO, BO3MOXKHO HE TaKylO 3HAYUTEIbHYIO, YTOObI
crenaTh MX BECOMOH cocTaBisollell TeMHOM Matepuun. Tem
He MeHee 3TO ObUIO BaKHEHILIee OTKPBITHE, CBSI3aHHOE C IIPHU-
ponoit camux HeWTpuHO. C OOHOM CTOPOHBI, OHO 3acTaBJIsieT
MHKPOMHD Ka3aThCst 60/ee CIOXKHBIM, C APYroi — Macca Heii-
TPUHO MOXXET MPEIJIOKUTb HOBbIE KJIIOUM K pa3rafke OTHOLIe-
HUN MeXXIy HUMU U IPYTMMH YacTULIAMHU.

[lo kpaiiHe Mepe, HaM HM3BE€CTHO, YTO HEWTPHHO CylIle-
CTBYIOT, XOTSI MBI IIO-TIPEJKHEMY TOYHO H€ 3HA€M HMX MAaCCHI.
Ho ecTb OAMHHBIA CIHUCOK TMIIOTETUYECKUX YaCTHUL, KOTO-
PpBIe, 803M0XCHO, CYLIECTBYIOT U (€C/IM 3TO Tak) MOIIM BBIATH
u3 BobLIOro B3phiBa B IOCTATOUHOM KOJIUYECTBE, YTOOBI BHE-
CTH OCHOBHOI BKJIaJl B 3HaueHHUe uymuciaa Q. Her HuMKakux oco-
6eHHO yOeIUTeNbHBIX OCHOBAHUIA CyAUTh O TOM, HACKOJIBKO TSI~
JKeJIbl MOTYT OBITh 3TH YacTULIbl. Hauyudinue npennonoskeHus
IAI0T 3HaYeHWe B COTHU pas TsDKejee aToma Bopopona. Eciu Obr
B lasakTHKe OBUIO IOCTATOYHO TaKHUX YACTHL, 4TOOBI COCTa-
BUTh TEMHYIO MaTepuIo, 1o cocenctsy ¢ ConHLeM ux Obl Ha-
CUMTBIBAJIOCH TI0 HECKOJIBKY ThICSTY Ha 1 M3. OHM OBl IBUTraInCh

110



I[TIABA 6. XOPOIIO HACTPOEHHOE PACHIMPEHUE: TEMHAA MATEPUSA U YHUCJIO Q

NIPUMEPHO C TOM >X€ CKOPOCTBIO, YTO M CpelH:As 3Be3na B la-
JIAKTUKEe, — TIe-TO 300 KM/C.

OTU 49acTULBI, TSIKEJIble, HO 3JeKTPUYEeCKU HeHTpasbHBbIE,
B OCHOBHOM, KaK U HEUTPUHO, MPOXOLUIN Obl MPSAMO CKBO3b
3emsto. TeM He MeHee UX HeOOJbIIAS YaCTh MOIVIa Obl B3aUMO-
JIleHiCTBOBATh C aTOMaMHU BelLeCTB, Yepe3 KOTOPble OHU IIPOXOISIT.
B TeyeHwe JHS TPOUCXOIHUIIO ObI BCETO HECKOIBKO CTOTIKHOBEHUH
C K&KIBbIM M3 Hac (IIPUTOM UTO Hallle TeJIO COAEPIKUT IIPUMEPHO
10 aTOMOB). MBI Xe SIBHO HU4Yero He ouryinaeM. OQHAKO 9KC-
[IEPUMEHTBI C BBICOKOM YyBCTBUTEBHOCTHIO MOTYT OOHAPYKUTh
OYeHb C1abble «yIapbl» WK OTAAYY, BO3HHUKAIOLIYIO, KOTIA TAKHUE
CTOJIKHOBEHUSI TIPOUCXOIAT C KYCKOM KPEMHHS WIIM MTOLOOHBIM
MareprasoM. [leTeKTOPBI JOKHbI ObITh OXJIaXKAEHbI 0 OYEHD
HU3KOI TEMITEPATYPhI ¥ pa3MelleHbl ITyOoKo mof 3emieit (Ha-
TIPMMep, UX PACIIONATAIOT B IIaxTe B MIOPKIIMpe WK B TyHHesTe
nox ropamu B Mranmnu). D10 HEOOXOOUMO, YTOOBI CHU3UTD I10-
MEXH OT APYTUX COOBITHIA, KOTOPbIE MOTYT 3aI/IyIINTh IOIHNH-
Hble€ CUTHAJIBI OT COYAApeHUI C TEMHON MaTepHuei.

Heckonbko rpynm ¢pu3HKOB B3sUIHCh 32 TPYAHbIE 3a0a4YM 3TOM
«TIOI3€MHOM aCTPOHOMUM». DTO TOHKAsl U AJIUTENIbHASA paboTa,
HO, eC/I1 yUeHble TOOBIOTCS yCIiexa, OHU CMOTYT He TOJIBKO Y3HATb,
U3 Yero ke B OCHOBHOM COCTOMT Hallia BeeneHHast, HO BHo6aBok
€llle ¥ OTKPBITh HOBBIM Ba)KHBIN BUJ, 4acTUL. TOJIBKO BeIWUYaii-
LU ONITUMUCT MOT Obl TIOJIOXKUTBCSI HA YCIIEX ATOTO TIPeIIIpHsi-
THS, IOTOMY 4TO Ha HaCTOSIIIMI MOMEHT y Hac HeT TeOpHU OT-
HOCHUTE/IBHO YacCTUL] TEMHOW MaTepUH, ClIeJOBaTeIbHO, OUeHb
TPYAHO HaWTH ONTUMAaJIbHBINA ITyTh TIOUCKA®.

Ceifuac paccMaTpuBaeTCss U MHOXKECTBO APYrUX KaHAUZa-
TOB, KOTOPBIe MOTYT COCTaBJIATh TEMHYIO MaTepuio. Hekoro-
pble (PU3UKU-TEOPETUKU TPEATIOYUTAIOT BEPCHUIO O elfe 6o-
Jlee JIETKOI 4acTHhlle, KOTOpasi Ha3bIBaeTCsl aKCUOHOM. [lpyrue
[IPEAIOIATAIOT, YTO 9TH YaCTHULIbI MOTYT OBITh B MUJIIMAPL pa3
TSKeslee, YeM Te, KOTOpPble HIIYT ceifyac (B 9TOM Ciy4yae OHU
JIOJKHBI BCTpeYaThCsl B MUJUIMAP, Pa3 peske, UTO AeIaeT IOUCK
ewte 6osnee TpynHbIM). M o Moriu 6bl ObITH Kyza Gonee

111



BCET'O WIECTb YHCEJI

3K30TUYECKHMMH — HaIIPUMeEP, YepHBIE ObIPbI PA3MEPOM C aTOM,
CO3JaHHble IOJ OTPOMHBIM [aBJIEHHMEM IepBOHa4YaabHOU Bce-
JIEHHOM.

CY>KAEM BAPHUAHTbDI

HexkoTopble THIIOTE3bI OTHOCHUTEIBHO COCTaBa TEMHOIM MaTepUU
MOJKHO CMEJIO OTOPOCHTh; Ha JAHHOM 3Tarle C TIOMOIIBIO Pas-
HOOOPA3HOI aIapaTypbl OCYLIECTBIISIOTCS CEPhe3HbIE TOMCKU
KaHIUAaTOB. [paBUTAIIMOHHOE MUKPOIMH3MPOBAHUE MOKET 00-
HApY>KUTh JOCTATOYHOE KOJIMYECTBO TYCKJIBIX 3BE3[] WIN YePHBIX
IBIp. DKCIIEPUMEHTATOPH! Ha [HE IIaXT MOTYT HaliTH KaKOH-TO
HOBBIM BHJI YaCTHLIBI, KOTOPAs HAITOIHSIET COOOH rasio Haueii [a-
NakTUKY. [lake OTpULIATE/IbHBIE PE3YJIBTATHI MOTYT UHOTAA OBITh
HHTEPECHBI, IIOTOMY YTO UCK/TIOYAIOT HEKOTOPbIE KayKyLIHecs JI0-
TUYHBIMU BapUAHTHI.

MOosKeT Cy11eCTBOBaTh HECKOIBKO Pa3/IMYHBIX BUIOB TEMHOIM
MaTepud. ByneT yauBUTENbHO, €CIN OKAXKETCS], YTO HET KaK020-mo
LIOTIOJTHUTETFHOTO KOJIMYECTBA KOPUYHEBBIX KAPIMKOB WU Yep-
HBIX ObIp. TeM He MeHee BepcHsl C S9K30TUUECKUMH YaCTULIAMU
6osIbILE [TOXOXKA HA MPABLY, IOTOMY YTO €CTh JOKAa3aTeIbCTBA
TOTO, YTO GOJIBbIIAS YACTh TEMHON MATEPUU HE COCTOUT U3 OOBIK-
HOBEHHBIX ATOMOB, ITOJTYYEHHBIX C [IOMOIIBIO IEHTEPHUSL.

Tot akT, uro 6011ee 90% BeeeHHOI OCTAIOTCST HEBEIOMBIMH,
MIPUBOIUT B cMylueHue. M Kyna xy>ke TOHUMATh TO, YTO TeMHast
MaTepusi MOXKET COCTOSITh U3 CTPYKTYP, Macca KOTOPhIX KOJIe0-
7IeTcst OT 1073 T (HEHUTPUHO) 1O 10T (TsIKesble YepHbIe ObIPHI),
T.€. CTeIleHb HEYBEPEHHOCTU COCTABIIsIET OOsiee 70 MOPSAKOB.
Ora KiIoYeBas npobaeMa MOXKET MIPUBECTH K TPEM HaIpaBiie-
HMAM ITOMCKA:

1. CylIHOCTH, COCTaBISIOLIME TEMHYIO MaTEpHIO, MOKHO
OOGHApYKUTh Hanpsmyoo. Kopu4yHeBble KapIuKu MOTYT
OBITh IPUYHHOM IPABUTALIMOHHOTO JIMH3UPOBAHMUSI 3BE3I.
Eciu TemHas MaTepus B Hallel [amakTHKe IpeaCcTaBIsgeT
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U3 cebs1 poii YacTHLl, HEKOTOPbIE U3 HUX MOTYT ObITh Hali-
ZIeHbI YIIOPHBIMU 9KCIIEPUMEHTATOPAMU [IIyOOKO TI0[] 3€M-
neit. 51 6yny ONTHUMKCTOM, €C/IU HAIUILY, YTO Yepe3 IMATh
JIET CMOTY PaccKasaThb O TOM, YTO Ke IIPelCTaBIIsieT COBOM
TeMHasl MaTepusa”.

2. OKCIIEpUMEHTATOPbI U TEOPETUKHU YyKe MPeIoCTaBUIN HaM
MHOTO UH(pOpMaLUU O HEUTPHUHO. BO3MOXKHO (XOTS celt-
Yac 3TO U KaXKeTCsI MAJIOBEPOSTHBIM), YTO § HEHTPUHO
IIOCTATOYHO MAcCChl, YTOOBI OBITh BAXKHOI COCTaBIISIONICH
TeMHOI Marepun**. Korna mbl OymeM sydiiie MOHUMATh
(b13MKy BBICOKMX SHEPTUIf M IIJIOTHOCTEH, MBI Y3HaeM, Ka-
KHe ellle BUIbI YaCTHL] MOIJIM KOIIa-mubo CyIecTBOBaTb,
1 CMOYKEM PaCcCYMTaTh, KaK 3TU YaCTHIIbI IIEPEXKUIH T1ep-
Bble MMJIJTMCEKYH/bI CYLIeCTBOBaHUS BceneHHOMH, Tak ke
HaJeXXHO, KaK Telepb MOKEM IIpecKa3aTh KOJIUYEeCTBO
resusi U JerTepusl, IepesKyBIIee MepBble TP MUHYTHI ITO-
cie bonbiioro B3peiBa.

3. TemHas MmaTepusi ZJOMHUHMpYyeT B rajgakTukax. To, Korma
Y KaK C(hOPMHPOBAIMCh TATIAKTUKH, TO, KaK OHH COOMpa-
IOTCSI B CKOIUIEHMSI, OUEBHIHBIM OOPa30M 3aBHCHT OT TOTO,
M3 YEro COCTOMT MX I'PaBUTALIMOHHAs JOMMHAHTA U KaK
OHa BeneT cebst pu paciuupeHun BceneHHoit. Mbl Mo-
K€M CTPOMUTD Pas3/INYHble ITPEATIONIOXKEHHS IO [IOBOY TEM-
HOM MaTepUH, pPacCUMTBIBAThb Pe3yJIbTaThl K&sKIOTO U3 HUX
Y CMOTPETb, YTO JIyYllle IIOAXOAUT K TOMY, 9TO Mbl HabIIIO-
naem. Takue pacyeTsl (KOTOpBIE OyAyT OMUCAHBI B I7IaBE 8)
MOTYT AaTh HelpsIMble NOACKAa3KU K pasragke TOro, 4yeM
>Ke BCe-TaKU SIBJISIETCS TeMHasl MaTepusl.

Jaxe ceiiyac HaZo OBITH ONTHUMHUCTOM, YTOOBI 3TO TIOBTOPUTh. —
IIpum. Hayu. peo.

CoBpeMeHHbIe JaHHbIE UCKIOYAI0T BO3MOXKHOCTh TOTO, YTO TPU
U3BECTHBIX COPTA HEUTPUHO MOTYT OGBSICHUTH BCIO TEMHYIO MaTe-
puto. — [Ipum. Hayu. peo.
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IIOYEMY BEIIECTBO, A HE AHTHUBEIIIECTBO?

[Toka YTO MBI He 3HaeM HU O TOM, KaKue YaCTHULbl MOIJIHU Cy-
IIeCTBOBATh Ha CAMBIX IIEPBBIX CTAAMSIX pa3BUTHS BceneHHOI,
HHU O TOM, CKOJIbKO U3 HHMX MOIJIU ITEPEKUTDb 3TH CTaguu. Ecmy,
Kak s CYMTAIO, IJIABHBII BK/IAZ B 3HaYeHHe urcia  BHOCAT HO-
BbI€ BUIbI YACTHULI, HAIlla KOCMUYECKast HETIPUTS3aTeTbHOCTD I1PO-
IBUHETCS ellle Ha LIar Briepen. Mbl IPUBBIK/IN K YKOPEHHBILIEHCS
nocie KomepHrKa MBICIH O TOM, YTO He 3aHHMaeM 0CO0OOTO,
LIEHTPAJIBHOTO MeCTa B KOCMOCe, HO Tellepb HaM TaKKe CIe[yeT
OTBEPTrHYTh U «ILIOBUHM3M YaCTHLl». ATOMBI, U3 KOTOPBIX CO-
CTOSIT HAIIIK TeJIa, ¥ BCe BUAVIMBIE 3Be3/Ibl U TAJIAKTUKU SIBJISIIOTCS
IIPOCTO BTOPUYHBIM MaTepHaioM BO BcesleHHOI, Te CTpyKTypbl
607bIIOr0 MacuITaba YIpaBIsIOTCS KAKMMU-TO COBCEM HHBIMHU
(v HEBUOMMBIMH) CYyOCTaHLMSIMUA. MBI BUIMM, YTO Ha3bIBAETCS,
BCETO JIMLIb [TeHy Ha IPeOHSIX BOJH, a HE CAMH OTPOMHbIE BOJIHBIL.
MBI IO/KHBI JOMYCTUTh BO3MOSKHOCTb TOTO, YTO HAIlIMM KOCMHU-
YeCKUM COCeZOM OKaXKeTCsI ThMa, COCTOSIIAs U3 MPaKTUYeCKU
HEM3BeCTHOrO MaTepHaa.

O6bIuHBIe aTOMBI, 110 BCeH BUIMMOCTH, COCTaB/ISIOT BO Bce-
JIEHHOM «MEHBIIMHCTBO». FIX OKPY>KalOT pOU YacCTUL] Pa3/IMYHbIX
BUIIOB, IEPEXXUBIINX IIepBble MTHOBEHHUs BoJblIOro B3phIBa.
Ho kyzna 60ree 3arafOYHBIM SIBJISIETCSI BOIIPOC: [TOYEMY BOOOILE
€CTh KaKHe-TO aTOMbl — IIOYeMy Hallla BcesleHHast He COCTOUT
HICK/TIOYUTENIBHO U3 TEMHOM Matepuu?

Ty KaskOoro BUZA YacTHL] CYLIECTBYET COOTBETCTBYIOILAs
aHTU4acTuIa. EcTh mpOTOHEI (COCTOsIIIME U3 TpeX KBAapKOB)
Y aHTUIIPOTOHBI (COCTOSIIIME U3 TPeX aHTUKBapKoB). [IpoTuBo-
TIOJIO’KHOCTBIO 37IEKTPOHA SIBJISIETCS TO3UTPOH. AHTUYACTULIBI aH-
HUTWIMPYIOT [IPU BCTPeYe C OOBIYHBIMH YACTULIAMH, U UX SHEPTHST
(mc?) mpeBpauaeTcs B uanydeHue. Hyukakast aHTUMaTepust He Cy-
IIECTBYET B OOJIBIIMX KOJUYECTBAX HU BHYTPH 3€MIIH, HU Ha I10-
BepXHOCTH. Kpynuiipl ee MOryT OBITh TIONyYEHBI B YCKOPHUTEIISX,
IIIe YaCTULbl Pa3bUBAIOTCS APYT O APyra C SHEPrUe, JOCTaToY-
HOW 17151 CO3aHMSI DOTIO/THUTETBHBIX [TAp YaCTHULL U aHTUYACTHLL.
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AHTHBeL1ecTBO 6bUI0 OB HeaTbHBIM TOTUTMBOM ISt paket. Korna
OHO aHHUTUJIMPYET, 6CSL €0 SHEPTHsi MACChI TIOKOST BBICBOOOXK 1~
€TCs, B OTVIMYKe OT MaJIOH JONU € = 0,007 AJIS paKeT, IIPUBO-
JUMBIX B JBHMKEHHUE TEPMOSAECPHOM peakuyeld. AHTHBELIECTBO
JOJDKHO OBITh CIIPSITAHO OT OOBIYHOM MaTepHH, MHaYe OHO BBLIACT
cebst MOLIHBIM raMMa-U3JTyYeHHeM [IPYU aHHUTH/ISIIMYA. MbI MO-
>KeM OBbITh YBEPEHBI, YTO BCsI Haula [a7aKTHUKa — BCE ee 3Be3.bl
U ra3 — COCTOMUT M3 BELIECTBa, a He U3 aHTHUBellecTBa. Ee co-
Zep>KUMOe ITOCTOSIHHO ITepeMellBaeTcsl U repepabaThiBaeTcst
[IPY POSKIEHUM M CMEPTU 3BE3[, U €C/IK Obl BHAYA/IE TIOJIOBUHY
€e COCTaBJs/la MaTepus, a BTOPYO — aHTHMMAaTepusl, TO CeM-
yac He octaynock 6b1 HUUero. Ho B 6oree KpynHbIX Maciirtabax
3TO COYETAHHE MOKET OBbITh IPYTUM: HATIPUMEP, Mbl HE MOXKEM
ONPOBEPTHYTH MPEATIONIOKEHHUE O TOM, YTO CBEPXCKOIUIEHHUS Ta-
JIAaKTUK COCTOSIT BIIEPEMEXXKY M3 BEILIECTBA M aHTHUBEIIECTBA.
Torzma modeMy cyliecTByeT BUAMMOE CMEILEHHE B CTOPOHY OI-
HOTO BUa MaTepuun?

B HabmomaeMoi HaMu BcesleHHOM COmepsKUTCS 107 aTOMOB
(B OCHOBHOM 3TO aTOMBI BOZOPO/a, KaXKAbIH U3 KOTOPBIX COCTOUT
M3 [MPOTOHA U 3JIEKTPOHA), HO AaHTUATOMOB B Hel, 110 BCel BUIU-
MOCTH, He Tak MHoro. Camasi mpocTasi BCeJIeHHas1, KaKylo TOJIbKO
MOJKHO NPeICTaBUTh, HAYHETCSI C YaCTULl U aHTHUYaCTHLI, Iepe-
MEIIaHHBIX B paBHOM nponopuuu. K cyacteio, Hama BeeneHHas
He Takasl, MHaye BCe IPOTOHBI AHHUTH/IMPOBAIH ObI C aHTUIIPOTO-
HaMM Ha MEPBBIX CTAAMAX, KOIIA IVIOTHOCTH ObUIa BBICOKA. Bee 6b1
3aKOHYMJIOCH GOJIBIIIMM KOJTMYECTBOM U3JTyYEHHsI M TEMHOM Ma-
TepHH, HO HU aTOMBI, HU 3Be3/bl, HU TaJIaKTUKU He MOSIBUINCE.

[Touemy BO3HHKaeT Takas acuMMeTpus? Llenbix 107 «imii-
HMX» aTOMOB MOIJIU OBITh 371€Ch C CAMOrO Hayasa, HO TaKOe KO-
JIMYIECTBO KAKETCSI HEECTECTBEHHO OTPOMHBIM, YTOOBI €70 MOKHO
OBbLIO MIPUHSATH POCTO KAaK YaCTh «II€PBOHAYAIBHBIX YCITOBUMY.
Pycckuit pusuk Annppeit ImurpueBuu CaxapoB, U3BECTHBIH
CBOEH POJIbIO B CO3IAaHUM BOZOPOAHOM GOMOBI, a B IOC/IEJHUE
rogel cymectBoBanusa CCCP kak OUCCHUIEHT, NpUBHEC HEKOTO-
pble IPOBUAYECKUE UAEU B KOCMOJIOTUIO. B 1967 I. OH 3anymaics,
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Mor/Ia i HeGObIIas aCUMMETpPUsI, BOSHUKILIAS Cpasy MOCIe
Bonpiioro B3peIBa, «OTAATh IPEATIOYTEHNE» YaCTHULIAM TIepes] aH-
TUYaCTULIAMU. DTO HEPABHOBECHE MOIJIO CO3/1aTh HEOOIBIIION M3~
JIMIIIEK KBAPKOB 10 CPABHEHHIO C aHTUKBAPKaMHU (UTO B UTOTE BbI-
JIUJIOCH B IIepeBec IIPOTOHOB I10 CPABHEHUIO C aHTHUIIPOTOHAMMU).

Vpnes CaxapoBa sIBHO TpeOyeT HEKOTOPOrO OTKJIOHEHHS
OT Mea/IbHOM CHUMMETPHUU MESKy BEIIECTBOM U aHTHUBEILECTBOM.
JloKa3aTeIbCTBO TaKOTO SIBJIEHUS HAILIIU B 1964 T. IBa aMe€pHKaH-
crux pusuka — Jxeiimc Kponun u Ban ®duty, yro crano ynu-
BUTENIbHBIM COOBITHEM B TO BpeMst. OHU U3ydasii pacraj HecTa-
OUIIBHBIX YaCTULL, KOTOPbIE Ha3biBatoTCst K-Me3oHamu. YueHble
OOHAPY’KUIIH, YTO 3Ta YACTHLIA U €€ aHTUYACTHLIA HE SIBJISTIOTCS
HJeanbHbIMU 3€PKaJIbHbIMUM OTPa)KEHUAMU APYT APyTa, HO pacma-
JIAIOTCSI C HEOOJIBLIMM PACXOKIEHHEM B CKOPOCTU. (DTO O3HAYAET,
YTO, €CJIM MBI CIy4aliHO YCTaHOBUM KOHTAaKT C MHOIJIAHETHBIMU
¢u3rKamMH, KOTOpPblE CMOTYT PaccKasaTh HAM 00 dKCIIEpPUMEH-
Tax, MPOBELEHHBIX B APYTOH raJlakKTUKE, Mbl CMOKEM CKa3aTb,
COCTOSIT /I OHM M3 MAaTE€PUH WIM aHTUMATepUH, — ObIIO OB
OYeHb OCMOTPUTE/IBHO 3TO YTOYHUTD, MIPEKIE YeEM TUIaHUPOBATh
BcTpeuy!) Pacian K-Me30HOB 3aTparuBaeT TOJBKO TaK Ha3blBae-
Moe «cr1aboe B3anMOoneHcTBre» (KOTOPOE YIIPaBIIsieT PaqHOAKTHB-
HOCTBIO ¥ HEUTPHHO), & He CUJIbHOE SIIEPHOE B3aUMO/EICTBYE.
TeMm He MeHee B 0Obe IMHEHHOH TEOPUHM B3aMMOIEUCTBUMN ITOT
THUIT aCHMMETPUH IOCTaBUI OOHY CUIy HaJ, IPYroH, MoABenAst Oc-
HOBY oz, uneto Caxaposa.

[Ipenmnono>xyum, 4Tto I8 KaKAOM M3 10° IMap «KBapK—aHTHU-
KBapK» TaKas aCHMMETpHUs H00aB/IseT OAWH JIMIIHUI KBapK.
Bo BpeMmst oxsakIeHus1 BceseHHOI aHTUKBapKu OyAyT aHHU-
TWINPOBATh C KBapKaMM, MCITyCKasl KBaHTBI U3JIy4eHUs. Tenepb
OHO, OCTBIB [JO OY€Hb HU3KHX TEMIIEPATYp, OOBSICHSIET 2,7-Tpa-
IycHOe (pOHOBOE M3/TydeHue, 3aIIOTHSIOLIee MeSKIaIaKTHIeCKoe
npoctpanctsBo. Ho Ha Kaxkaplii MU/IMapl KBapKOB, KOTOpPBIE
QHHUTHUJIMPOBAJIM C aHTUKBAPKaMH, OJWH OCTAJICH, IOTOMY YTO
He Hauesn cebe mapbl Uit aHHUTHISILMK. Bo BceneHHOM B ca-
MoM ziefie 6osiee YeM B 1 MJIPA pa3 OoJIblile KBAHTOB U3/TyYeHUsT
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(dpoToHOB), YeM MPOTOHOB (Ha 1 M? IPUXOOUTCS 412 MIH (OTO-
HOB U 0,2 IIPOTOHA), U BCe CyLIeCTBYyIOLIMe BO BcesleHHOM aTOMBI
MOIJIA OCTaTbCSI B Pe3ysIbTaTe KPOLIEYHOrO NepeBeca BellecTBa
HaJl aHTUBELIEeCTBOM. BO3MO>XHO, MBI 1 BCS BUnumas Becenennas
BOKPYT HAac CyLIECTBYeM TOJIBKO Oaromapsi pastuye 8 0egsimom
3HAKe MEXKAY KOJIMYeCTBOM KBapKOB M aHTUKBAPKOB.

Hamra Becenennasg comep>XKUAT aTOMBI, @ HE aHTUATOMBI, U3-3a
KPOILIEYHOT'O «IIPeUMyILeCTBa», KOTOPOE CYIIeCTBOBAJIO HAa OYeHb
PaHHEHN CTaOuu ee Pa3BUTHA. DTO, KOHEYHO, NOApPa3yMeBaeT,
YTO IPOTOHBI (MM COCTABJISIOIINE MX KBAPKH) MOTYT MHOTIA
TOSIBJISITBCST VUK MCYe3aTh 6e3 TOro, YTOObI TO JKE CAMO€e TIPOUC-
XOIWJIO C aHTUIIPOTOHAaMU. 34eCh BCe IIPOUCXOAUT HE TaK, KaK
B pe3yJbTUPYIOLIEM 3JIEKTPUYECKOM 3apse: TaM COOTHOLIEHHE
COXPaHSETCs MOoYHO, IIO3TOMY ec/ii BcesleHHas BApyr HauUHET pas-
PsDKaThCs, TO Beerna OyaeT COXPaHATHCSI PABEHCTBO MOJIOSKUTE b
HBIX Y OTPULATEILHBIX 3apAIOB.

ATOMBI He CYLIECTBYIOT B€YHO, XOTSI CKOPOCTb HUX paclaza
SIBJISIETCSI YPE3BBIUAMHO HU3KOM: HAaNbO0sIee TOUYHbIE PACUETHI IO-
BOPAT O TOM, 4YTO BPeMsl JKM3HU aTOMa COCTaBJIIET IIPUMEPHO
10% j1eT. DTO O3HAYaeT, YTO B pe3epByape, HAIIOJTHEHHOM 1000 T
BOIPbI, B CpeqHeM OymeT pacrafarhCsi OAUH aTOM B TOA. DKC-
IIEPUMEHTHI, IPOBOAYMbBIE B TAKMX >X€ OTPOMHBIX IOA3€MHBIX
pesepByapax, Kak Te, KOTOpble TIPOBOASATCS [Uisi OOHAPY KEeHHsI
HEUTPHHO, HE NAIOT TAaKOM YyBCTBUTEIBHOCTH, HO M3 HUX MBI
y>Ke€ TOYHO Y3HaJIM, YTO CPOK >KM3HU aToMa IO KpaiHen Mepe
IIPEBOCXOIUT 103 JIEeT.

B otnaneHHOM 6yzyiieM BCe 3BE3Mbl IPEBPATSATCI B XOIOL-
Hble Gesible Kap/IUKH, HEMTPOHHbIE 3BE3/bl UM YEPHBIE JBIPHL.
Ho v camu Gerble Kap/IMKU U HEMTPOHHBIE 3BE3/Ibl PA3PYILATCS,
KOIJa pacnafyTcs aTOMBI, U3 KOTOPBIX OHM COCTOAT. Ecim 3T0
paspylleHHe 3alMeT 10% JIET, TO TeIlIO, BbIAEeIUBIIeeCs IIPU Ta-
KOM JUIMTEIbHOM paclafe, 3aCTaBUT KaXKAYIO 3Be3ly U3/IydaTh,
KakK OBITOBOI 3JIEKTPUUECKUI oborpeBatenb. B mamekom Oyumy-
11eM, KOIZa BCe 3Be€3/bl UCTOLIAT CBOM 3aIlachl II€PHOM SHEPIuy,
9TH crabble U3Ty4YaTeny OyAyT eIUHCTBEHHBIMU MCTOYHUKAMHU
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TEIl1a, €CJIN HE CUUTATh CﬂyqaﬁHbIX BCITBIIIEK, BO3HUKAIOITNX
IIpU CTOJIKHOBEHUM 3BE3MO.

HACTPOUKA
IIEPBOHAUYAJ/IBHOI'O PACIIUPEHUSA

Yucmo Q MOKeT ObITh HE TOUHO PaBHO eOWHHIIE, OOHAKO €ro
3Ha4YeHMe ceifyac cocTaBisieT Kak MUHMMYM 0,3*. Ha nepBbIit
B3IVIA[, 3TO HE YKa3bIBA€T HA «TOYHYIO HACTPOMKY» BceleHHOM.
Onnako, nIpeanonoKUTeIbHO, B paHHHE 3TIOXHU CYIeCTBOBAHMS
BcenenHoit yncio Q B caMoM zefie 0bi10 67u3ko K 1. DTOT pas-
6poc 3HaYeHHIT IPOUCXOAUT IIOTOMY, YTO, HECMOTPSI Ha TO, YTO
9HEPIUsl PacIMpeHVsl U TPABUTALMOHHAS SHEPIHsl IPeOBIBAIOT
B PaBHOBECHUHM, PAaCXOXXIEHHUE MEXIY 3TUMHU ABYMS SHEPIUAMHU
pacret: ecnu OBl B ITepPBOHAYAIBHOM BcenmeHHOM yncio Q 6b110
YyTh MEHbIIIE e[IMHULIBI, TO B KOHLIE KOHLIOB KUHETUYECKas SHEP-
rust cTaza 61 JOMUHUPYIOLIEH (M TOrma 9ucio Q AeCTBUTEIbHO
CUJIBHO yMeHbIINTCsT). C IPyroii CTOPOHBI, eCM YUCIo € 3Ha-
YUTENbHO MPEBBIIAIO €AUHUILY, TO TATOTEHHUE BCKOPE BO3bMET
BepX U [TOBEPHET pacLIMpeHHe B OOPATHYIO CTOPOHY.

IIpenennl «TpaeKTOpUi» 11d Halled BcemeHHOH, cormacyro-
IIHECs] C JAHHBIMHU O TEMHOM MaTepHH, KOTOPbIe COOOLIAIOT HAaM
O HBIHEITHEM 3HAa4eHMU 4YMcIa (), MOKa3aHbl HA PUCYHKE 6.1.
Takske Ha PUCYHKe H300paskeHbl BO3MOXKHbIE BCEJIEHHBIE, B KO-
TOPBIX )KM3Hb — B TOM BHJE, B KOTOPOM MBI €€ 3HaeM, —
He M02/1d Pa3BUThLCA. PUCYHOK N€MOHCTPUPYET IVIABHYIO 3araiKy:
rnoueMy Halua BceneHHas mocie 10 MIpZ JIET BCE elle PacIlunpsi-
€TCd, IPUTOM YTO 3HaYeHue 2 He CJIMIIKOM OT/IMYaeTCs OT e[u-
HULBI?

Kaxk Mbl Buzienu B rpeablayllei Iy1aBe, Mbl ysKe MOXKEM Clie-
JIaTh HaZIe>KHbIE BBIBO/LI O TOM BPEMEHH, KOIla BO3pacT Bcenen-
HOM COCTaBJIA/l OJHY CEKyHZy, a TeMIlepaTypa — 10 MJpJ Ipa-
nycoB. Teneps mpeAcTaBbTe, YTO BbI «3aIlyCKaeTe» BCEIEHHYIO.

Ceifgac MBI 3HaeM, YTO OHO ele 6ike K 1. — IIpum. Hayu. peo.
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Bpems

HenocratouHo

10°meT BpEMEHU TSI

pasBUTUA
3Be3n

/

Bce mpocTpaHcTBO
3aHUMaeT
OTHEHHBIX LIap

/ Pacimpenyie TIpOMCXOT|
C/ILIKOM BBICTPO,
4TOGBI TTO3BOJUTH

copmupoBatecst ]

3B€30aM U TraJlaKTUKaM

— = Macmrrab BceneHHbBIX

Puc. 6.1. DTa AuarpaMma IMOKa3blBa€T Pa3NUYHbIE BO3MOXHbIE IIyTH
pasBUTHSL BCENIEHHBIX. HeCMOTpsS HA HEYBEPEHHOCTh B TOYHOM
3HaYeHuu yucna () B HACTOsLIee BPeMs, IJIL TOTO 4TOOBI Halla
BceneHHas Momana B AOTYCTUMBIA MpeMe, MepBOHaYaIbHO
YC/IOBHS O/KHBI ObITH GBITh «HACTPOEHBI» C yAUBUTENBHOM
TOYHOCTBIO. Be3 3To# «HacTpOoNKM» paciupenue mu6o
6bLI0 6b1 TAKMM OBICTPBIM, YTO Ta/JAKTHKH He yCIenun Obl
cdopmMupoBaTbcs, 16O TAKMUM MeIJIEHHBIM, YTO BceneHHast
CXJIOTIHYIach OBl O TOTO, KaK HACTYIIMIO BPEMS IJISt
Kakou-1u6o 6onee uHTEpecHO 3Bomounn. O6bACHEHUS TAKOM
TOYHOH «HACTPOWUKU» TIPUBOMAATCS B I7TaBE 9

TpaexkTopwsi, 10 KOTOPO¥ OYeT CIlei0BaTh ee pa3BUTHE, 3aBUCUT
OT TOTO MMITyJIbCa, KOTOPBII BbI eif naauTte. EC/IM OHA «ITOJTeTUT»
cAuwKOM Oblcmpo, TO SHEPrusl paclIMpeHHsl BCKOpe CTaHeT Ha-
CTOJIBKO TIpeohanath (APYyrMMH CJIOBAMH, YHC/IO ) OyIeT TaKUM
MaJICHbKUM), YTO 3Be3.Ibl ¥ TAJIAKTUKY TaK HUKOIZA U He CMOTYT
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NPUTSIHYTBCS APYT K APYTY U pasyieTaTcsl B CTOPOHbL. BceneHHas
OymeT pacUIMPSIThCS BEYHO, HO B Hell He OyaeT HUKaKOro IaHca
Ha Xu3Hb. C IPyroil CTOPOHBI, paclIMpeHre He HOJDKHO OBITh
CJIMILKOM MEZJIEHHBIM: B TAKOM C/lyYae BCeJIeHHAs ObICTPO CO-
SKMETCSI B «BOJIBIIIOM XJIOTIKE».

JTrobast CTIO>KHasT CTPYKTYpa AOJKHA ITOAeP>KUBATHCS HEO-
HOPOJHOCTBIO B IUIOTHOCTU U TeMIlepatype (Hampumep, Halla
6uocdepa moayyaer SHepruo, rnoriomas usnydenne CoaHia
U BBLIEJISISL €T0 B XOJIONHOE MEK3Be3IHOe IIPOCTPaHCTBO). Ecin
MBI He aHTPOTIOLIEHTPUYHBI B CBOEM BOCIPHUSTUM XU3HU, MBI
MO>KEM IPUMITH K 3aK/IIOUYEHHUIO, YTO BCEJIEHHAS TOJI’KHA PACIIN-
PUTBCH U3 COCTOSIHUS «OTHEHHOTO LIapa» U OCTBITh IO KparHen
Mepe HIKe 3000 IpafyCoB, YTOObI Hauyamach Kakas-TO JKU3Hb.
Ecnu nepBoHavanpHOe paciiypeHue OyoeT CIUIIKOM Me[JIeH-
HBIM, IIaHCa J7IS1 >KU3HU He MOSIBUTCSL.

YauBuUTenbHO, 4TO Halla BceseHHad Hadana CBOe pa3BUTHE
C TaKOH TOYHOH «HACTPOMKOI» MMIITy/IbCa, TIOUYTHU IIOJTHOCTBIO
KOMIIEHCUPYIOLeH 3aMenisiollee NeicTBYe TATOTeHUsI. DTO Io-
XOJKe Ha TO, KaK OyATO CUAMIIB Ha JIHE KOJIOALA U 6pocaelb Ka-
MEHb TaK, YTOObI OH JOCTHUT BEPXHEH TOUKH TPAEKTOPUH TOYHO
Ha ypOBHe cpe3a Kononua. TpebyeTcst IpoCTo MOTPsICAOIast TOY-
HOCTb: B NEPBYIO CEKYHIy Hocjae Bosbploro B3pbBa 4MCIO Q
He MOIJIO OT/IMYAThCSL OT eMHULIBI GOJIbIIE, YeM Ha OLHY YacTh
U3 MWIMOHA MWJITMAPIOB (1 U3 10%), 4ToOk! BceneHHas Temneps,
yepes 10 MJIP, JIeT, BCe ellle paclIMpsIach CO 3HaYeHHEM Yrcia (,
KOTOpOE, 6€3 COMHEHHUIA, HE C/IMIIKOM OTINYAETCS OT €JUHULIBL.

MBI yske OTMETH/IH, 4TO 000N Maso-MaJbCKU CJIOXKHBIH
KOCMOC IOJDKEH B3aUMOIEMCTBOBATh C «DOJIBIIMM YUCIOM» N,
OTpaskalolKUM C1a00CTh TATOTEHMSI, a TaKKe UMeTh OIpee-
JIEHHOE 3HaueHHe YMCIa €, TTO3BOJIAIOLIEE IIPOTEKATD A€ PHBIM
M XMMHYECKMM IponeccaM. Ho XoTda 3Tu ycoBus U SABJISIOTCA
HeOOXOAMMBIMH, UX HELOCTaTOYHO. TONBKO BCEJIEHHAsI C «XO-
POLLO OT/IaXKEHHOM» CKOPOCTBIO paCIIMPEHMSI MOKET ITO3BOJIUTh
3THM IIpOLIeccaM pa3BUBaThCsI. [10aToMy umcio Q HyXHO Hoba-
BUTDb B CIIMCOK KPUTHUYECKU Ba)KHBIX yMcesl. B 3apoxkparoerics
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BCEJIEHHON OHO JOJDKHO OBITh MMOPA3UTENBHO OIU3KUM K €U-
Huue. Ecm paciuvpenye 6ymeT CIMIIKOM ObICTPBIM, TATOTEHHE
HUKOTZIA He CTSIHET CTYCTKH MaTePUH BMECTe, YTOOBI IOy YMIIHCh
3Be3/Ibl U ra/IaKTUKK. EC/u nepBOHAYasIbHbIN UMITYIIbC OyaeT He-
IOOCTATOYHBIM, TO «BOIBIIION XJTOTIOK» o6opBeT SBOJIIOLIYIO, eBa
OHa TOJIbKO Ha4HEeTCH.

Ha 31y «HacTpoO¥Ky» CrieMasmMcThl 10 KOCMOJIOTUM pearu-
py1oT no-pasHoMy. CaMasi paclipocTpaHeHHas peaklus Ha Iep-
BBII B3ITIAM KaXXKETCH HENPaBUIbHOU. YTBEpPKIAEeTCH, 4TO, IO-
CKOJIbKY NepBOHavajabHas BceneHHas Hayanach CO 3HAYEHMS
yucia Q, 6/IM3KOTO K 1, JOJIKHBI ObITh KAKHUE-TO TTyOUHHbBIE TIPH-
YHHBI TOTO, TIOYEMY OHO SBJSETCS MOYHO eOUHULEN. JIpyrumu
CJIOBaMH, TIOCKOJIBbKY «HAaCTPOMKa» O4YeHb TOYHAs, OHA JIOJI’KHA
ObITH aGCOIOTHO MIOEaIbHOM. DTOT B JAHHOM CiIydae CTpaH-
HBIiT CIIOCO6 pacCysKAeHHsI Ha CaMOM [eJle OTJIMYHO CcpabaThl-
BaeT B JPYTMX KOHTEKCTaX: HallpUMEP, MBI 3HaeM, YTO B aTOMe
BOZOPOZA NOJIOKUTEIBHBIN 37IEKTPUYECKUH 3apsifi IPOTOHA HEl-
Tpa/JU3yeTcsl OTPULIATENBHBIM 3apsIIOM BPALIAIOLIErocsi BOKPYT
HEro 37IEKTPOHA C OTPOMHOI TOYHOCTBIO — GOJIbILE YeM OIHA
4acTh U3 10*. TeM He MeHee HHKAaKUE U3MEPEHUS He IMOKa3bl-
BAIOT, YTO OOIIMI 3apsifi aTOMa MOYHO paBeH HyJIlo, — BCerna
OCTaeTcst JOMyCK Ha omOKy. Tak Ha3bIBaeMast «TeOpHst BETUKOTO
00ObeIUHEHHSI», KOTOPasi YCTAHOBU/IA B3aUMOCBSI3b SJIEKTpHYe-
CKUX CUJI C SIIGPHBIMU, B MOCJIEOHUE 20 JIeT NMpeasIoKUIa ITy-
OGUHHYIO TIPUYKHY TOTO, TIOYEMY HEHTpanU3alys 3apsfoB sBJIs-
eTcsl TOYHOH. TeM He MeHee yxKe 5O JIeT Ha3al MHOrue (pUsuKu
MpeAIIonaraay, YTo HeUTpalIn3alus 3apsIoB SBJIIETCI TOYHOM,
XOT$I TOTZIA Y HUX He ObIIO HUKAKUX YOeIUTEeIbHBIX apTyMEHTOB.

I pyroe yIuBUTEIbHOE OTKPBITUE COCTOUT B TOM, YTO CKOPOCTb
paciuupenus (mocrosiHHast Xab6m1a) oqHa U Ta ke BO BCeX Ha-
MIpaBJIEHUSIX: €e MOKHO OITMCATh €ANMHCTBEHHBIM KO3 HIIeH-
TOM MAaCIITaOUPOBAHUSL, OTOOPAKAMOLIMM YITMHEHHE LITBIPEN
B IIPOCTPAHCTBEHHOH pelleTKe Jiepa (CM. puc. §5.1). MbI sierko
MOJKeM IIPe/ICTaBUTh ceOe BCEIEHHYIO, e pacTsKeHHe B He-
KOTOPBIX HAIPABJIEHUSIX TPOUCXOLUT OBICTPEE, YeEM B IPYTHX.
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Kasanock 6bl, MeHee OLHOPOAHAs BCETEHHAS MPENCTABIISET
Gorbllle BO3SMOXKHOCTeH [U1st 3Toro. [lodemy, Korga Mel Habo-
JlaeM OTZAaJIEHHbIE paiOHbI BCeleHHOM B MTPOTUBOIOJIOKHBIX Ha-
MpaB/IEHUSIX, OHU BBIITISIASAT TAKUMU IIOXOXKUMU, CJIOBHO KOTIMU?
Wi nodyemy TemnepaTypa peIMKTOBOTO U3/Iy4eHUS Be3e MpaK-
TUYeCKU OAWHaKoBa? Kak MblI yBUIUM B IJIaBe 9, IJISI BCEX STUX
IapaMeTPOB Halllell BcesleHHOM U TOYHOM «HACTPOMKU» Uncya Q
B [IepBOHAYa/IbHOM BcesleHHOM CyIecTByeT HHTEpeCHOe OObsICHe-
HUe, CChUTAIOIIeeCsT Ha TaK Ha3bIBAEMYIO «MH(IISLIMOHHYIO (hasy».



TTIABA 7 YHUCJIO i:
SAMEOJIAETCASA
HUJIN YCKOPAETCA
KOCMMNYECKOE
PACIHIMPEHME?

Bce/leHHass MOKET OTPOMHOM GBITh,
He TO/IBKO TaKOIO CIIBITh.

Ho Tb1 661 1O Hel He CKy4ana,
Ecinu 6 ee He cyLiecTBOBaIO.

Mut XEUH*

SAIIAOBIBAS B ITPOIIVIOE

B Harreit BcenieHHO# 6071bILast 4acTh MacChl IIPENCTAB/IEHA B BUZE
TEMHON MaTepuH, a He B BHIe OOBIYHBIX aTOMOB. Ho mocra-
TOYHO JIM CAENIATh YKUCIIO {2 TOYHO PABHBIM €JMHHLIE, YTOOBI ITOTI-
HOCTBIO 00eCIIeunTh «KPUTHYECKYIO TVIOTHOCTB»? [Ipenmosnarae-
MOTO KOJIMYECTBA aTOMOB B TraJlaKTHKaX U HUX CKOTIJIEHUSIX IJIsI
9TOrO He XBaTaeT. TeM He MeHee TeMHasg MaTepusd, pasHOMepHO
pacnpocmpanennas o BceneHHOM, He Biusiia 66l HU Ha BHY-
TpeHHee IBUKEHHE BHYTPH CKOIUIEHHUI, HM Ha BO3HMKAIOLIee

Iut XentH-mnagmuit (1905-1996) — aaTckuii y4eHBIH, nucarTeb,
u3obpeTarenb, XyZ0XKHUK U MHKeHep. HaubobIIylo N3BeCTHOCTh
nprobpe 6rarogapsi CO3JaHUI0 KOPOTKUX CTUXOTBOPHBIX abopus-
MOB, KOTOpbIe Ha3bIBaJ 2pykamu. — [Ipum. nep.
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BCJIE[ICTBUE BIIMSIHUSI CKOIUIEHUMN TIPeIOM/IEHNE CBETa, YBeJU-
YMBAIOIIEe U UCKAXKAIOIIee U306PAKEHUS NaEKUX TaJaKTHK.
B cuty BhlLIeckazaHHOTO OHa Oblia Ol eltje 6oree HeyTTOBUMOI.
JIOTIONIHUTENIbHOE BEILECTBO BBLAABAIO OBl CBOE IPUCYTCTBUE,
TOJIBKO BO3IENUCTBYS HA KOCMUYECKOE PACIIUPEHHE B LIEJIOM.
CrieoBaTeNIbHO, MOYKEM JIA Mbl y3HaTh, KAK MEHSIETCS CKOPOCTh
pacimpeHus?

B mpuHIMITE 9TO, KOHEYHO K€, BO3MOKHO. KpacHoe cmere-
HME OTIAJIEHHOTO OOBEKTa YKAa3bIBAE€T HAM, KaK OH [IBUTAJICH,
KOTZa UCITYCTH/I JIyd CBETA, TI0 CPABHEHUIO C TeM, KaK OH [BU-
skeTcs ceiuac. OlieHMBasi KPaCHOE CMEIIEHUE U PACCTOSIHUE
[0 OTHAJIEHHBIX TAAKTUK (MM KaKUX-TUOO0 IPYrUx 0OBEKTOB),
MbI MOKEM HaTH CKOPOCTh pacCIIMpeHHsi B 60jiee PaHHIOKO 3ITOXY,
Y CpaBHEHHE C HbIHEIIHEN CKOPOCThIO MOYKET [aTh HAM CBEAEHUS
O TOM, KaK OHa MU3MEHMJIACh, €C/TU BOODIIE MEHSIACh.

JTro6ble UBMEHEHMSI B CKOPOCTH PACILIUPEHUsI OYIYT HACTOIBKO
[UIABHBIMH, YTO UX MOYKHO 3aMETHUTb IO MIPOLIECTBUU HECKOJTb-
KUX MWUIMAPZOB JIET, TIO3TOMY MX HeJb3sl OOHAPYKUTh HUKAK
HHaue, KpPOMe Kak Habmonast 3a 00beKTaMH, OTCTOSILIIMMU OT HAC
Ha HECKOJIBKO MWJITMAPAOB CB. jeT. CaMo 1o cebe 3TO He BbI3bI-
BaeT HUKaKUX 3aTPyLHEHUH, IIOTOMY YTO MPEBOCXOAHBIE Telle-
CKOIIBI C IECSITUMETPOBBIMU 3€PKa/IAMHU MOTYT «HBIPHYTB» BO Bpe-
MEHa, KOJZla BO3pacT BcesleHHOI COCTaBIIAN BCETO OOHY HAeCATYIO
oT cerogusiHero. [opasno cepbe3Hee mpobeMa MoMCKa OToa-
JIEHHBIX OOBEKTOB, KOTOPBIE GbUIM Obl TOCTATOUHO CTAHIAPTHBI
U [IPY 9TOM BBIN/ISIIENM Obl MHAYE, YEM COCEICTBYIOIIHE C HUMU
0671acTH, TIOTOMY YTO Mbl HA6/IOAeM UX Ha GOJiee paHHEM dTarie
3BOJTIOLINN.

OG6BEKTBI, Y KOTOPBIX MPOLLE BCETO OOHAPYKUTh KPACHOE CMe-
IIEHWEe, — JTO KBA3aphl, BBICOKOAKTUBHBIE LIEHTPhI TAJIAKTHUK.
OHU COBEPILEHHO He TOIATCS HA POJIb «CTAHAAPTHBIX CBETUII» —
KBa3apOB CO CXOKMM KPACHBIM CMeLIleHUeM (IpyruMU CI0BaMU,
HaXOASAIIUXCI HA ONMHAKOBBIX PACCTOSIHUSX), TIOCKOJIbKY I€MOH-
CTPUPYIOT IIMPOKKE pasbpoc Habmonaemoit ceerumoctu. Kyna
XYK€ TO, UTO Mbl MX HACTOJIBKO TUIOXO MTOHUMAEM, UTO HE 3HAEM,
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KaK UX BHYTPEHHHE XapaKTEPUCTHKU MOTYT MEHSAThCS IIPU CTa-
peHun BceneHHOM.

CaMU raJIakTHKU Mbl 3HA€M HECKOJIBKO JIyYIlIe, YeM KBa3aphl
(XOTs1 OHU U He TaKKe IPKUE), U ceifuac MOXKeM HabIIOAaTh y HUX
nofo6HOe KpacHOe CMeELIEHUe, HO TYT €CTb CBOU CJIOXKHOCTH.
Bo BcesieHHOI CTOBKO K€ BUIOB TAJIAKTUK, CKOIBKO JKUBOT-
HBIX B 300MapKe, U OHU C TPYLOM IMOAJAIOTCS KIACCU(PUKALIMH.
C BO3pacTOM TraJIaKTUKU Pa3BUBAIOTCA. [IPOMCXOAUT OTO MO He-
CKOJIbKUM TIPUYMHAM: 3B€3/Ibl OBOJIIOLIMOHUPYIOT U TUOHYT; HO-
Bble 3Be3/1bl GOPMHUPYIOTCS U3 Ta3a; K FaJIAKTUKAM MOTyT 106a-
BUTHCsI HOBBIE 3B€3/IbI — IOCIIE 3aXBaTa 60JIee MEJIKHX Cocenel
(3TO HA3BIBAETCS «TATAKTUUECKUM KAaHHUOATU3MOMY).

Ta/IaKTUKU CITULIKOM CJIOKHBI, 3HAUMTEILHO OT/IMYAIOTCS IPYT
OT ApyTa, ¥ MblI TIO-TIPESKHEMY UX HEAOCTATOYHO XOPOLIO 3HAEM,
4TOObI OHM MOIJIM CITY>KUThb «CTaHAAPTHBIMU CBETUIaMU». MbI
[IOHMMAEM HX TOPaszo XyKe, YeM OTae/IbHbIe 3Be3/bl. OnUHOY-
Hble 3BE3bl YePECUYP TYCKIIbI, YTOOBI KX MOXKHO ObITIO O6HAPY-
SKUTb Ha KOCMOJIOTHYECKUX PACCTOSIHUSIX: HALIIN TEJIECKOIIBI MOTYT
HAaITH TOJIBKO LieJIble TAIAKTHKHY, YIOBUB OOIIHI CBET OT MUJUIH-
apIoB OTHEeNbHBIX 3Be3]. Ho HEKOTOpbIe 3B€3/bl B IIOPY YMHpa-
HUSI B3PBIBAIOTCSL, 0Opasyst CBEPXHOBBIE, U B TEUEHHE HECKOJIBKUX
IHEM CHSIIOT MOYTH TaK K€ SIPKO, KaK LIeJIble TAJaKTHKH, COCTO-
AlIYe U3 MUUIMAPIOB 3BE3]I.

OXOTA 3A JAJTEKHMMH CBEPXHOBBbIMH

Ocob6blii B[ CBEPXHOBBIX, UMEIOLIHIT 0603HAYeHHeE «TUIT [an, cur-
HAJIU3UPYET O CBOEM TOSIBJIEHUM HEOXKHJAHHBIM TEPMOSIZIEPHBIM
B3PbIBOM B LIEHTPE YMUPAIOLIEi 3BE3/1bl, KOIa €€ Croparolee
PO IOCTUTaeT OIPee/IEHHOrO MUHUMYMAa MacChl U CTAHOBUTCS
HeCTabWIBHBIM. DTO, IO CYLLECTBY, siiepHast 60Mba ¢ HEKOTO-
POt orpenesieHHONM MOIITHOCTBIO. DU3KKa IIPOUCXOSILEro Mpo-
Liecca MOJHOCTBIO SICHA, Y €T0 AeTaju AJIT HaC He OYeHb BaKHBI.
BasxHO TO, 4TO CBepxXHOBas la MOKET pacLieHUBATLCS KaK «CTaH-
JAPTHOE CBETUJIO», NOCTATOYHO SIPKOE, YTOOBI €0 MOKHO ObLIIO
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OGHAPYKUTh HAa GONBLIMX PACCTOSIHUAX. [10 €ro sipKoCTU TEo-
PEeTHYeCKH BO3MOYKHO CIEe/IaTh BBIBOIBI O ITOZIMHHBIX PACCTOSI-
HUSIX ¥, TAK’Ke U3MEPHB KPACHOE CMELLEeHHe, CBSI3aTh CKOPOCTh
pacIIMpeHust U PacCTOSIHYE B IPOLUIYIO 3MOXY. CriennanicTsl
10 KOCMOJIOTUH HAJesUIMCh, YTO TaKMe M3MEPEHHUS ITO3BOJISAT
olpelie/IUTh, UMeET I MeCTO HebOIIbIIoe 3aMelsIeHHe (KOTopoe
ZOTKHO OBITh, €C/IM MBI TIPABUIBHO OLIEHUBAEM KOJIMYECTBO BCei
TEMHOMN MaTepyH) WM HEKOTOPOE YCKOPEHHE PacIliupeHwst, KO-
TOPOTO MOKHO OKM[IATh, €C/IH, KaK II0JO3PEBAIOT MHOTHE TeO-
PETHKH, CyIIeCTBYET JOCTATOYHOE KOTUYECTBO JOTIOTHUTETBHOMN
TEMHOM MaTepHH, YTOOBI COCTABUTD BCIO «KPUTHYECKYIO TUIOT-
HOCTb», BCJIEZICTBHE 4Yero BcereHHast HaroMyHaa Obl IIpoCTeii-
IIVIO TEOPETHUYECKYIO MOZEIIb.

OTH CBEpXHOBBIE, KCTATH, AEMOHCTPUPYIOT U IPYTYIO TEHIEH-
LIMIO, KOTOpasi HAIIPSIMYIO CBsI3aHa C MX KPAaCHBIM CMeIeHHeM:
Ka)KETCsI, YTO T€ U3 HUX, KOTOPble HAXOISITCSI OCOGEHHO [a/IEKO
U [AI0T HauboJIblilee KPAaCHOE CMeLleHHe, BCIIBIXUBAIOT U TOPST
MejIeHHee, yeM 6osiee 6IU3KKEe CBEPXHOBbIE TOTO JKE THIA. DTO
HUMEHHO TOT 3¢ ¢eKT, KOTOPOTO MbI O’KHIAIM: YaChl HA YISO
memcst 06beKTe J0NHbL UATH MensieHHee. Ecu oH Gyner «cur-
Ha/IUTb» Yepe3 OIpele/leHHblE TIPOMEKYTKH BPEMEHH, MOCTIe-
HUM CHTHAJIAM [IPUAETCS IPOMTH GOJIbLIIEe PACCTOSIHKE, TIOITOMY
HHTEPBAJIbl MEK/Y MX PUOBITUEM yBEIUYATCS .

[Tporecc BCIBILKY U 3aTyXaHUsI CBEPXHOBOIA caM 1o cebe
HAIIOMHWHAET 4Yachl, I03TOMY 3aMelJIeHUe «KPUBOMl 6reckar,
IPOIIOPLIMOHAIEHOE KPACHOMY CMELLEHHIO, — 3TO UMEHHO TO SIB-
JleHHe, KOTOPOTO MBI JIOJIKHBI OKUZATh, €CTH OHA OTHAJISIETCS.
B craTHuecKoi BCeJIEHHOM 3TOMy He MOIVIO OBITh HUKAKOTIO eCTe-
CTBEHHOTO OOBSICHEHHSI. DTO JIy4IIHil OTBET Ha THIIOTE3Y O TOM,
YTO KpacHOe CMellleHNe sIBJISEeTCS B HEKOTOPOM pozne «3ddek-
TOM YCTaJIOCTH» CBETA.

C coLuabHOM TOYKH 3pEeHHsI aCTPOHOMUSI SIBJISIETCST «O0JIb-
IO HAayKOM»: OHa TpebyeT CJIOKHOTO U OPOTOCTOSIIIIEro 06o-
pynoBanusi. Ho camu 1o cebe mcciiejoBatebCckye IporpaMMbl
He HY)XIAIOTCSI B KOMaHIHOHN paboTe, KOTOpasi He0OXOANMa,
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Harpumep, B 1a60paTOpUSIX, I HUCIONb3YIOTCS MOLIHBIE
YCKOPUTENH AJIst U3y9IeHUsI CYOATOMHBIX YacTHLl. ACTPOHOMBI
TIO-TIPE)KHEMY MOTYT OCTaBaThCsl ONMHOYKAMH, BEAYLIMMH HH-
IOVMBUAyaIbHBIE TIPOEKTHI, IJISI KOTOPBIX TPEOYETCs] HECKOIBKO
HOuel HaboneHNH Ha GOIBILIOM TeIeCKoIe (YTO-TO OHU MOTYT
Ienath U Ha HEOOJIBLINX TEJIECKOIaX, KaK Te aCTPOHOMBI, KOTO-
pble IIEPBBIMU OTKPBIIM [UIAHETHI, OOpAIaIoIINecst BOKPYT Opy-
rux 3Be3n). Ho Meporpusitiisi o HabIIIOAEHHIO 33 CBEPXHOBBIMHU
B MHTEPECax KOCMOJIOTUH TPeOYIOT IIPOLOKUTENBHBIX YCHIINHA
MHOTHX COTPYZHHKOB U MCIIONIb30BAaHUS HECKOJIBKUX TEIECKO-
noB. [lepBast HempocTast 3a5a4ya — [ONMaTh KaKOe-TO KOJIuye-
cTBO (OTOHOB (C/1a0bIX C/IEZIOB CBETA), OCTABIEHHBIX MHJUIHAPIIbI
JIeT Ha3az B3PbIBOM 3Be3zbl. JlaieKrie CBEPXHOBBIE BBISIBIISIIOTCSI
C TIOMOLIIBIO TIOBTOPSIIOIIMXCS HAOIONEHHMI OHOTO M TOTO JKE
ydacTka Heba, B IIpOLIecce KOTOPBIX HIIYT CIyYaiHble, OSIBIISIIO-
1I[1eCsT BpeMsi OT BPEMEHHU TOYKH CBETA B OTHA/ICHHBIX Ia/IaKTH-
Kax. [TOMCKY ITPOBOZSITCSI C TOMOLLBIO TEIECKOIIOB CPeJHEro pas-
Mepa, TOTOMY 4TO GOJIbLIME TIPUOOPHI HACTOIBKO BOCTPEOOBAHBI,
4TO B MX pabodeM rpacrke HEBO3MOYKHO BBLIEUTD JOCTATOYHO
BpEMEHH Ha OJIHYIO [IPOrpaMMy, Jaske TaKylo BaskHyro. Kaskmast
CBEPXHOBasI IO/DKHA HAOIIOAATHCST CUCTEMATUIECKH, YTOObI HU3-
MepUTh BUANUMYIO SIPKOCTb TaK TOYHO, KaK TOJIBKO BO3MOJKHO,
Y BBICTPOUTDH KpHUBYIO Giiecka. JKesatenpHO 9TO feaTh ¢ IIOMO-
II[bI0 HA3EMHOTO TEJIECKOIIA C JeCSITUMETPOBBIM 3€PKAIOM M
Kocmuaeckoro teneckona umeHn Xa667a. AHanu3 IOCTyIao-
el MHOPMaLKKU U [IPOBEPKa ee HaJeXKHOCTH caMo 110 cebe
HEIIPOCTOE [eTIO.

Cpeny ydyeHBIX CYLIECTBYeT BIIOJIHE eCTECTBEHHasl Tpaiu-
M5l — BO3LEP)KUBATBCSI OT BBIHECEHUsI CY>KAEHUSI 110 JIIOOOMY
HOBOMY Hay4YHOMY YTBEP)KIEHUIO, OCOOEHHO KOIZA OHO IIOSIB-
JISIETCsl HEOXKUZIAHHO, TIOKA He OYAyT IOJIydYeHbl He3aBUCHMBIE
IoKasaTenbCTBa. VIHOTIA 10 TOro, Kak 9TO CIIyYaeTCst, IPOXOAUT
IOBOJIBHO MHOTO BpeMeHH. [10aToMy ouyeHb GOMBIION ynadei
6BUIO TO, YTO ABE OTHEJIbHbIE KOMAaHIbI IIOCBSITHIM Ce6s1 IIpo-
€KTy U3yYEeHUs! CBEPXHOBBIX B KOCMOJIOTHMH. [1epBBIM BaskKHBIM
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UTPOKOM B 9TOH obnactu cran Con Ilepamyrrep, ¢pusuk, pa-
6orarouuii B HaimonanbHoit naboparopunt umenu JloypeHca
B bepxm, Kanmudopuust. BoaMo>kHO, U3-3a TOTO, 4TO B TO BpeMs
OH He CIIeLIMaIM31POBAJICS B 00/1aCTH acTpoHOMUH, [lepimyTTepa
He UCITyTaJy TPYOHOCTH U OH Havas paboTy IPUMEPHO B 1990 .
[TocTerneHHO OH OOBEOVHUII U BIOXHOBUJI IPYIITY COTPYAHHUKOB
Kak 13 BemmkoGpuranuy, Tak u u3 Coenunennsix LItatos. Bro-
past IpyIa, Takske MeXXAyHapoziHas, MOsBUIAchk Io3xe. B Hee
BXOJIW/IN HECKOJIBKO HCC/IeoBaTesiel, KOTopble MpeaCTaBUIN
HOBBIE MeTO[b! (I1033Ke UCIIOIb30BaHHbIE U rpymioi [Tepamyr-
Tepa) A/ KIacCU(UKALUN CBEPXHOBBIX B IIOAKJIACCH, KOTOPHIE
TIOJIyYMII pa3BUTHE.

K 1998 . Kaxmas KoMaHz#a obHapyskuia Gosee 10 JaTeKux
CBEPXHOBBIX M HOOM/IACh JOCTATOUHO CTENIEHH JOCTOBEPHOCTH,
4TOObI OOBSIBUTH O NPENBAPUTENBHBIX pe3y/IbTaTaxX. 3aMenJie-
HYe OBUIO MEHbIlle, YeM CIIEe0BAJIO OKUAATh, €CIH OBl YHUCIIO
Q 6bUTO PaBHO eOUHHIIE. DTO CaMoO MO cebe ObUIO HE YIAUBH-
TEeJIbHO — He MMeJIOCh HUKaKHX JTO0Ka3aTesIbCTB TOTO, YTO Cyllle-
CTBYeT IOCTATOYHO TEMHOI MaTepuH, 4TOOBI OLIEHUTH () BILLE
0,3, — XOTsI 1 IIJIO Bpa3pes C PacIpOCTPaHEHHBIM IIpeayOeie-
HHEM TEOPETHKOB, YTO KOCMOC GBI OBl «I1pOLLie», eCITU OBl YUCIO
Q TOYHO paBHANOCH equuuLe. Ho ynuBuTensHO GBUIO TO, YTO,
Mo BCeW BUIMMOCTH, HUKAKOTO 3aMeJIeHHs] He CYIIeCTBOBAJIO
BOOOIIIEe U HA CAMOM [ieJIe pacIIMpeHHe JaKe, Ka3auoch, YCKops-
emcs. JKypHan Science Ha3Bal 3TO HayYHbIM OTKPBITHEM HOMED
OIIVH B 1998 I. BO BCeX OO/IACTSIX 3HAHMUSL.

OTH HabMOAEHUS ObIIM BEPHBIMHU, €C/IH YIeCTb BO3MOKHO-
CTH TeJIECKOIIOB TOrO BpeMeHH. JlaseKast CBepXHOBasI Tak C1aba,
YTO ee IapaMeTphbl TPYIHO U3MepUTh TOYHO. bonee Toro, HeKo-
TOpBIe aCTPOHOMBI OECIIOKOM/INCh, YTO BMELIMBAIOIIUICS B Ha-
G/IIOZEHUS] «TYMaH» OT IbUIEBBIX 0O/IAKOB OC/IA0IISIET CBET, M3-3a
Yero CB€pPXHOBas KaXkeTcs Aajbllle, YeM Ha caMoM Jeste. Taxke
«TepMosiiepHast 60Mba» He Bcerna ObIBaeT TOYHO OTKAIMOPOBaHa:
HalpuMep, ee MOILHOCTb MOJKET 3aBHUCUT OT KOJIMYeCcTBa yIJIe-
poza 1 APYTryx 3JIEMEHTOB Y 3Be3/bl-IIpeIIIeCTBeHHHUIIbI. 3arachl
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97IEMEHTOB OYIyT HUXKE Y TeX OOBEKTOB, KOTOPble CHOPMUPOBA-
nuck, Korna BeenenHast 6pu1a MOIoke (MHBIMU CJIOBaMH, Y 00b-
€KTOB C HaubOOJIBIIMM KPacHBIM cMelieHreM). OQHAKO MOCTO-
SIHHO IIPOBOJSITCSI IIepeKpPeCcTHble MTPOBEPKHU, U KaKABII Mecsll
TIOSIBJISIIOTCSI HOBbIE CBEPXHOBBIE NIJI1 CPaBHEHUS ™.

YCKOPAIOIIIASACA BCEJIEHHASA?

Yexopenue pacimpenns BeeneHHOIM mogpasyMeBaeT 3HaYMTE/IbHOe
Y HEOJKMIAHHOE 3HAHKE O CAMOM KOCMOCE: [JOJKHA ObITh KaKasi-TO
IOTIONIHUTEBHASL CHJTa, KOTOPast 06eCrieYnBaeT KOCMHYECKOE OT-
TaJIKMBaHMe Jake B BaKyyMme. OTa cuia HeoulyThMma B ComHeu-
HOI CHCTeMe, He OKa3bIBaeT OHA M KaKUX-THOO 3P QeKTOB BHY-
TpM Hallel [a7akTUKY, HO OHa MOJXKET IIPeOAOseTh TATOTeHHe
B 3HAUMTETILHO 0OJIee paspesKeHHOM Cpelie MeXIaJaKTHIECKOTO
npocTpaHcTBa. HecMOTps Ha rpaBUTALIMOHHOE MIPUTSKEHUE TEM-
HOI Matepun (KOTOpOe caMo 110 cebe BbI3BaIO ObI TOCTEIIEHHOE
3aMeJ/IeHMe), paclIMpeHre Ha CaMOM JieJie MOKET YCKOpAMbCS.
Y Mbl HO/KHBI [OOABUTH B HAIll CITUCOK €Ille OIHO OYeHb BaK-
HO€ YMCJIO, KOTOPOe OINMCBhIBAeT CHUJTy STOH «aHTUI'PaBUTALIUM».
OG6BIYHO MBI IyMaeM O BakyyMe Kak O Cpefie, IZie HHUYero
Het. Ho ecu faske yb6parh M3 HEKOETO pailoHa MeK3BE3JHOTO
MIPOCTPaHCTBa T€ HEeCKOJIbKO YaCTULI, KOTOpble B HEM COIEepIKa-
JIUChb, TIPUKPBITh €r0 OT U3y4eHHUs U OXJIaIuThb OO TeMIlepa-
Typbl aBCOJIIOTHOTO HYJISI, OCTABILASICS ITyCTOTa BCe ele Oyner
XPaHUTb B cebe KaKhe-TO OCTATOYHBIE CHJIBI U IIPOSIBIISATH HX.
Oro npenarnonarana U caM DHHIITEHH. Y>Ke B 1917 I., BCKOpe I10cye
TOro, Kak OoH paspaboran cBoro OTO, yueHblif Havyal pa3MblI-
JISITh O TOM, KaK 3Ty TEOPHUIO MOXKHO ITPUJIOKHUTD KO BceneHHOM.
B TO BpeMst aCTPOHOMBI M3Y4H/IN TOJIBKO HAILYy COOCTBEHHYIO

Cefiyac fjaHHBIe 10 YCKOPEHHOMY PacLIMPEHHIO BCeJIeHHOH IIpoBe-
PeHbI HECKOJIbKUMU Pa3HbIMU MeTOZaMU, U pe3y/abTaTsl 1998 1. moz-
TBEPAWINCH. 3a 3TO OTKPhITHE ObUIa BpyueHa HobeneBckasa npemMus
1o ¢usuke. — [Ipum. Hayu. peo.
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[a/7aKTHKY, ¥ €CTECTBEHHO 6bUIO OBl IPeIONOKUTh, UuTo Bee-
JIeHHas CTAaTU4YHA: He PaclIMpsIeTcs U He OKUMaeTCsl. DHHIITeHH
OIIpe/iesIII, UTO, C/IU Obl BeesleHHas MOsSIBUIACH B CTATUYECKOM
COCTOSIHMM, OHA HEMEUIEHHO Havaa Obl CKUMATHCS, [IOTOMY YTO
BCe B Hell NPUTATUBAETCS. BceneHHast He Moria Obl OCTaBaThCS
B CTaTUYECKOM COCTOSIHHH, €CJIU TOJIBKO He CYLeCTBOBasa Obl
JIOTIOJTHUTE/IbHASA CUJIA, IPOTUBOCTOAIAA TATOTeHuUIO. [ToaTomy
DiHIITEHH [0GABUII K CBOEH TEOPUH HOBOE YKCIIO, KOTOPOE Ha-
3BaJI «KOCMOJIOTHYECKOM ITOCTOSIHHON» U 0O03HAYMIT TPEYECKOM
6ykBoO# A (151M61a). B Te BpemeHa ypaBHeHMsT DHHILTENHA [OITy-
CKaJIM CYLECTBOBAHHE CTATUYECKOM BCEIEHHOM, I7ie ITPU COOTBET-
CTBYIOLEM 3HAYEHUH A KOCMUYECKOE OTTaJKHMBAaHHUE MTOTHOCTHIO
yPaBHOBELIMBAET TATOTEHHE. DTa BCe/leHHast Obl/la KOHEYHOM,
HO HEOTPaHMYEHHOM: JIF0OOM IMOC/TAaHHBIA BAMHM JIy4 CBETA PAHO
WY MTO30HO BEPHETCS U MOMAaJeT BaM IPSIMO B 3aThITIOK.

ITocye 1929 T. 3Ta Tak HasblBaeMas «3WHIITEHHOBCKAsl BCe-
JIeHHas» CTasa He 6oree yeM JIFOOOMBITHON BbIIyMKOit. K Tomy
BPEMEHHU aCTPOHOMBI MTOHS/H, YTO Hama [ajakThKa — 3TO BCEro
JIMIIb OJHA U3 MHOTHUX, a JaJleKUe raJJaKTUKU OT HaC yAalISaIoTCs,
T.e. BceneHHas He craTuyHa, a pacmmpsercs. Ilocie 3Toro or-
KPBbITUSI DUHILTENH yTPaTUI UHTEpeC K 4uciIy A. B camoM nerne,
B CBOeii aBTo6uorpaduu «Most muposas nuHush» [eopruii Famos*
BCIIOMHUHAET Pa3roBOp 3a TPH roja [0 CMepTH DUHILTelHa, Tae
MOC/IeIHUI Ha3BaJl YMCIIO A «CAMbIM GOJIBIINM IIPOMaXOMy, I10-
CKOJIbKY, €C/TU OBl OH €ro He BBEJI, YPaBHEHMs! IPUBOAMIN Obl
K BBIBOZY O TOM, YTO Hallla BceneHHast pacimpsieTcs (WIN CKU-
MaeTcst). Bo3aMoXkHO, DHHIITEHH MpencKasan Obl paclIvpeHye
elre 10 TOro, Kak DaBuH Xab6i OTKPbUT ero**.

Ha 70 neT npuunHbl, 10 KOTOPLIM DHHIUTEHH BBEJ YUCTO A,
CTaJu HeaKTyaJbHBIMU. Ho 3TO He mucKpenuTupoBano caMo

T'amog /I. Most MupoBasi iunusi: HepopmasnbHas aBTobuorpadus. —
M.: Hayka, 1994.

Takoe npejckasanue 6pUT0 caenano B 1922 r. Anekcanapom Opug-
MaHoM B Poccuu. — Ipum. Hayu. peod.
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noHarue. Hanporus, cefiyac 4mMciIo A KaskeTcs MEeHee HaJlyMaH-
HBIM U Y3KOCIEeLIUaIN3UPOBAaHHbIM, Y€M CUUTAN €r0 DHHIITeHH.
Ternepb Mbl TOHKMA€eM, YTO MyCTOE MPOCTPAHCTBO MOYKET OBITh
KaKUM YTOJIHO, TOJIBKO He IPOCThIM. B HEM B JaTEHTHOM CO-
CTOSIHUM HaxOZISITCSI BCe BUIbI YacTHLl. JIrobast yacTuLa BMecTe
C MapHOM aHTHUYACTHLEH MOXXeT OBITh CO3/aHa MPU MPABUIIb-
HOI1 KOHILIeHTpaluu sHepruu. Ha erire 60see Menkux maciurabax
IyCTOE IIPOCTPAHCTBO MOYKET OKa3aThCsl KUIIsILIel Hepa3bepu-
XOM CTPYH, OOHAPY’KUBAIOIIUXCS B JOMOJHUTENBHBIX U3Mepe-
Huax. C Halle cOBpeMeHHOM TOYKM 3DEHHs caMas IVIaBHasd 3a-
rajgKa COCTOMT B TOM, IIOYEMy YHCJIO A Tak Maso. [louemy Obl
BCEM CJIOKHBIM ITpoLeccaM, IyCTh AaXXe OHU IIPOUCXOIAT B IIy-
CTOM IIPOCTPAHCTBE, He UMETh HAMHOTO OOJIBIIEr0 CYyMMapHOTO
Bo3zeicTBus? [loyeMy GbI KOCMOCY He OBITh TAKUM IUIOTHBIM,
KaK aTOMHbIe Siipa WIM HEeHTPOHHbIE 3Be3bl (B 9TOM Ciydae
OH 3aMKHyJICs1 6bl Ha cebs B mpezenax 10-20 KM)? WMnu naxe,
BO3MOJKHO, IT0YeMy OBl KOCMOCY He OBbITh TaKHUM IIJIOTHBIM, Kak
BcenenHas B nepBble 1073 CeKyHZ — B 3II0XY, 3HaueHHe KOTOPOM
IU1s1 0600LIAIOIIMX TEOPUN MBI OOCYUM B CIEAYIOIINX [JIaBaX?
Ha camom pene 310 3HaueHHe MEHBIIIE IIJIOTHOCTH YIbTpapaHHEeN
BceneHHOI B 10° pa3 — BO3MOJKHO, 3TO 6bIIIO caMOe GOJIbILoe
M3MeHEeHHe MOopsiiKa OLleHWBaeMOM BeJIMYMHBI BO BCell Hayke
B LIeJIOM. Mo>KeT ObITh, UHUC/IO A TOYHO U He PaBHO HYJIIO, HO OHO,
KOHEYHO, OY€Hb MaJIO U MOXXeT KOHKYpPHUPOBAaThb TOIbKO C OUY€Hb
OC/1abIEHHBIM TATOTEHHEM MESKTaTaKTUIECKOTO ITPOCTPAHCTBA.

Hexoroprle ¢HU3NKNU-TEOPETUKH IPEAIIONaraioT, 4TO IIpo-
CTPAHCTBO MMeEET CJIOXKHYIO MUKPOCTPYKTYPY U3 KPOILLEUHBIX
YEPHBIX ABIP, KOTOPbIE CIIOCOOHBI KOMIIEHCUPOBATD JIIOOYIO APY-
TYIO HEPIUIO B BaKyyMe, UTO BeZeT K TOMY, UTO YHUCIO A TOYHO
paBHsieTcst Hymo. OIHAKO 3TU JOBOIBI CTAHYT OECIIOYBEHHHI,
€CJIM BBIICHUTCS, YTO Hallla BceneHHasa nelCTBUTENIBHO yCKOPS-
€TCH M YKCJIO A HE PaBHO HYJIIO, M 3aCTaBAT HAC OCTOPOKHEE OT-
HOCUTbBCS K BBICKa3bIBaHUSIM Bpozie: «[I0CKOIbKY YTO-TO SIBJISIETCS
OYeHb MaJIeHbKUM, 00s13aTeIbHO [OJDKHA OBITh BECKasi IPUYHHA
TOTO, IOYEMY OHO TOYHO PaBHSIETCS HYJIIO».
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ECJIA YHCJIO . HE PABHO HVY/JIIO

Bo Bpemsa Hammcanust 3TOM KHUTH (B 1999 I.) MHEHHE O TOM,
YTO YUCJIO A He PaBHO HYJIIO, ObIIO MIMPOKO PacIpOCTPAHEHO,
HO IIpH 3TOM He mpeobianano. HabmoneHus 3a CBEpXHOBBIMU
BIIOJIHE MOTJIM COZEp’KaTh HeydTeHHble omwmbku. Ho npy-
THe [OKa3aTe/lbCTBa, MyCThb Aaxke (OpPMasbHbE U HEIIPSIMBIE,
YKPENISIOT MO3ULMH yCKopsolelica BcenenHoi. Penukro-
BO€ H3JIyYeHHEe — «OCTAaTOYHOE CBeYeHHe» nocne boibuoro
B3pBIBa — paclpe/ie/IeHO 110 HeOy He COBEPIIEHHO OXHOPOIHO:
cylecTByeT HeOOIblIIast pa3HHLIA TEMITEPATyp, BbI3BaHHAsI He-
ONHOPOAHOCTSIMU, KOTOPbIE IOTOM IPEBPATUIMCh B Tajak-
TUKA U UX ckomyeHus. OkupaeMblid pasMep caMbIX 3aMeT-
HBIX Y4aCTKOB 3THX HEOXHOPOIHOCTEH MOKET OBITh BHIUMCIIEH.
To, HACKOJIBKO KPYIHBIMU OHM KaKyTCsl Ha Hebe — COCTaB-
JISIIOT JIA B TONEPeYHMKE ONWH WM ABa Ipamyca, — 3aBUCUT
OT TOTO, CKOJIBKO MCTOYHHMKOB TSATOTEHHSI, BIMSIOIINX Ha (o-
KYCUPOBKY, HaXOAUTCSI BAOJb Jy4da 3peHus. MiamepeHus: Takoro
pola He y#aBazoCh OCYIIECTBHUTH JO KOHLA 1990-X IT. (Habo-
JE€HUSI IPOBOOATCA B CyXOM BBICOKOTOPHOM MECTHOCTH, AHTap-
KTHKe WM BO BpeMsl [UIUTENbHBIX IT0JIETOB BO3/YIIHBIX IIIAPOB),
YU OHU CBUIETENbCTBYIOT IIPOTHUB MOnenu BcereHHOM HM3KOHU
wIOTHOCTH. Eciu 6Bl 4ncio Q HeHCTBUTENBHO PaBHSIOCH 0,3,
a 4ucro A 6bUIO0 GBI TOYHO PABHO O, TO 3aPOBIIIN CKOTUIEHUMN
TaJIaKTUK BBIITIsIAenU Obl MEeHbLIe, YeM Ha camoM zene. Tem
He MeHee m00as IATEHTHAs! SHEPTUsI B BaKyyMe BHOCHUT CBOIA
BKJIaZ B (POKYCHPOBKY. Ec/r 6B 4KC/I0 A COCTABIISIZIO OKOJIO 0,7,
MBI TIOJTyIH/IN 6Bl YAOOHYIO COITIACOBAHHOCTH 3THX Pe3ysIbTa-
TOB TOYHO TaK K€, KaK C [TOMOILBIO HAOMIONEHUI CBEPXHOBBIX
JIOKa3bIBa€M YCKOPEHME pacLIMpEHHs.

TaroreHne — NOMMHMpYIOLIAd CUNA AJIS IJIAHET, 3BE3J
u ranakTvk. Ho B ere 6onee KpymHbIx Macurrabax BceneHHOM
CpenHss IUIOTHOCTb TaK Maja, 4TO Jpyras CUla MOXET B3SThb
Bepx. Kocmuueckoe 4ucio A, onuchBamwliee camyio crabyio
cuny BO BceneHHOM, OOHOBPEMEHHO ABJAIOLIYIOCA U CaMOM
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TauHCTBEHHOM, Ka>KeTCsl, KOHTPOJIMPYeT pacluupenue Bcenen-
HOI1 ¥ ee OKOHYATENIbHYIO CynbOy. «Camblil GOJIBIION TpOMax»
DHHIITe{HA MOXKET MPEBPATUTLCS B KOHIIE KOHLIOB B TPHUYM-
danpHOe OTKpbITHE. ECy nomo6Hoe mpousoizeT, To 310 Oyaer
He TIepBbI CTyyaif, Korga paboTel DHHIITEHHA OKA3bIBAIOT BIIH-
SJHMe, KOTOpPOe OH CaM He CMOT IpeaBuaeTb. CaMoe 3HauUTeNb-
Hoe npeasuaeHre OTO cocToUT B TOM, UTO OHa IpeicKasasa
YepHble AbIPbI, HO 00 OTHOLIEHNH DHHIITEHHA K 3TOMY SIBJIEHUIO
@®pumen JaiicoH mucan Tak®:

DifHIITeHH GbUT He TIPOCTO HACTPOEH CKENTUYECKH, OH BbIT OT-
KPOBEHHO BpaXknebeH K uiee YepHbIX AbIp. OH CuMTa pelie-
HUe YpaBHEHU [/I YePHBIX IBbIP TI030POM, KOTOPBIH Cenyer
y6paTh U3 TEOPHH IS Y/IyULIEHWS €€ BBIPAXKEHUs B Buae Gop-
MyJI, & He CJIeCTBUEM U3 TEOPHH, KOTOPOE CIIEAYET MOATBEP-
IuTh HabmoxeHnaMy. OH HUKOTIA He BHIPAKaI HU MasleHIero
SHTY3Ma3Ma IO MOBOAY YEPHBIX ABIP HU B KAUECTBE TOHATHS,
HU B Ka4eCTBe (PU3UYECKOTO SABJIEHHUS.

Ecnmu yncio A He paBHO HyJIIO, MBI CTQJIKMBAEMCS CO ClIeny-
IoL1eil IpoBIeMOIt: TIoueMy 3HayeHHe, O KOTOPOM MBI MOXKEM
CyOUTh M3 HaOIOAEHNH, MEHbIIIe Ha MHOTO MOPSIAKOB, YeM TO,
YTO KaykKeTCsl «eCTECTBEHHBIM» 3HaueHueM? Haiua ceropHsiu-
Hss1 BceneHHass HEMHOTUM OT/IMYaach Obl, ecu Obl ObUIa elie
MeHblile (XOTSI ZOITOCPOYHbIE MTPOTHO3BI, O KOTOPBIX MBI IT0-
rOBOPUM HUIKE, KOe B 4eM Obuti Obl Apyrumu). Tem He MeHee
3HAYUTENLHO GOJIee BBICOKOE 3HAYEHME A UMeENO Obl KaTacTpo-
(duuecKue TOCIEACTBYS: BMECTO TOTO YTOOBI HAYaTh CONEPHU-
YaTh C TATOTEHUEM IIOCJIE TOTO, KakK CPOPMUPYIOTCS TA/TAKTHKH,
YUCTI0 A ¢ 6OIBIIMM 3HAYEHUEM B3sUIO ObI BEpX Hall rpaBUTALIEN
ropaso paHblile, BO BPEMsI 3TAIIOB BBICOKOM IUIOTHOCTH. Eciu 6b1
YHCIO A HaYalI0 JOMHUHUPOBATH O TOTO, KaK raJaKTUKU CKOH-
IEHCHPOBAJIMCh B pacluupsiouieiicss BceneHHoM, wm ecnu 6b1
OHO 00eCIeynsIo CHIy OTTAJIKHUBAHHSI, JOCTATOYHYIO AJISI TOTO,
9TOObI Pa3pyLIMTh UX, TOIAA He OBUIO Obl HUKAKHUX TaJaKTHK.
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Harue cyuiectBoBanue tpebyert, YToObl YKMCIO A He GBUIO CIIMLI-
KOM GOJIbIINM.

OTOAJTEHHOE BYAYIIEE

Teonoru 3arnsapIBaloOT B MUCTOPUIO 3€MJIM, U3ydasl OTIOKEHUS
M7IaCTOB; KJIMMATOJOTU MOTYT OTC/IE€AUTb M3MEHEHUS KIMMaTa
3a MOC/IEAHUI MUJUIMOH JIET, «BI'PbI3asiCh» B UAYLINE OOWH 3a ApY-
TUM CJIOU aHTAPKTUYECKOTO Jibza. [10106HbIM ke 06pa3oM acTpo-
HOMBI MOTYT U3y4aTb KOCMHYECKYIO UCTOPHIO, Aenasi CHUMKHU
TJIAKTHK, HaXOISAIIMXCA Ha PAa3HOM DAacCTOSIHUM: T€, KOTOPBIE
HaXOIATCS OT HAC Aasblie (MMEIOT GoIblliee KpACHOE CMELLEHHE),
MBI BUAMM Ha 0oJiee paHHMX 3Tarax ux passutus. TpyaHOit 3a-
Iadeil 11 TeOpeTUKOB (CM. I71aBy 8) sIB/ISIETCS [TOHMMaHUe ra-
JIAKTUK M UX Pa3BUTHS, a TAK)KE CO3JaHHE KOMIIBIOTEPHBIX MO-
Jle7ied, KOTOphble TOCTOBEPHO NEPENAIOT PeasbHOCTD.
BONBIIMHCTBO Ta/IaKTUK CeHWYac BCTYNMUIUA B OPY COHHOU
3peJIOCTH, NOCTUITIM COCTOSIHUSI PABHOBECHSI, KOIa UX «MeTabo-
m3M» 3aMenunica. GopMupyeTcs MeHbllle HOBBIX 3Be3/l, U CBe-
TUT MaJIo TOIyObIX 3Be3z. Ho uTo HacyeT otaasieHHOro Gyay1uero?
YTo nmpousoimeT, ecu Mbl 3ar7ITHEM B MOMEHT, Koraa Beenen-
Hast Oy[eTr B HecsATh pa3 Craplie — T.€. ee BO3PacT HOCTUTHET
COTHM MMJUIMAPZOB JIET, @ He AecATKa MUIIMapnoB? Moe mro-
6rMOe TIpeLIoNoKeHHe (IO TOro Kak MOSIBU/IMCh GoJiee 3HAYM-
MBle JOKa3aTe/IbCTBA) ITOAPAa3yMeBasIo, YTO B AAIEKOM OyyIieM
pacllMpeHre OCTAaHOBUTCS U CMEHUTCSI IOBTOPHBIM CKaTHEM,
BEAYIIUM K «BOJIBIIOMY XJTOIKY», B KOTOPOM BCe 0OBEKTHI Bee-
JIEHHOM 3KZIET Ta JKe camast Cynpba, Y4ToO M aCTPOHABTA, I1A/Ial0-
LIIETO B YEPHYIO ABIPY. B 3TOM ciiydyae Hamel BceneHHOU nmist
MPOJOJIKEHHS CyILLIeCTBOBAHMSI OTBENEH KOHEUHBINH IPOMEXY-
TOK BPEMEHH, a TAaK)XKe OHAa MMeeT rpaHulbl. Ho 3TOT cuenapuii
Tpebyert, yTOOB! 3HAYEHHE YUCIA ) TPEBBICUIO €IUHULLY, UTO
UIeT Bpa3pes C JOKa3aTeIbCTBaMM, HaKOIUIEHHBIMH B IOCTE]-
HUe ronpl. TemHasi MaTepusi, HECCOMHEHHO, CyILIECTBYET, HO, Ka-
JKETCSl, ee HeIOCTATOYHO, YTOOBI COCTABUThH BCIO KPUTHYECKYIO
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MIJIOTHOCTB: 110 BCelt BUAMMOCTH, ( BCe-TaKU MEHbIIIe e UHULIbL.
[ToMHMO BCero Mpoyero, JOMOIHUTETbHOEe KOCMUYECKOe OTTal-
KMBaHHe, ONMCBIBAEMOE YMC/IOM A, MOXKET Ha CAMOM [IeJIe YCKO-
pATH paciurpeHye BceneHHOM.

Kaskercst, pacimpenue 6yner IMpomoKaThCsl GECKOHEUHO.
MBI He MOYKeM ITpe/iCKa3aTh, YTO OYIET C JKU3HBIO Yepe3 IeCsITh
MWUIHApHoB (1au 6osiee) JIeT: OHAa MOYKET UCUE3HYTh, HO, C IPY-
TOif CTOPOHBI, MOXKET U Pa3BUTLCS B COCTOSHME, KOIZA CTaHET
CIIocoGHa BIIUSTH Ha BECh KOCMOC U, BO3MOXKHO, CMOYKET JasKe
HM3MEHUTb 3TU NPOTHO3bl. MBI MOKEM pacCUUTaTb OKOHYATE/Ib-
HyIO Cynp0y HeOmyIleBIeHHOM BceneHHOM: maxke camble Mef-
JIEHHO Tropsllide 3Be3[bl YMPYT, U BCe TaJlaKTUKU Hamleil Mecrt-
HOM rpynnsl — Hal Mneunsiit IyTte, TymanHocTe AHZpOMEBI
Y [IeCSITOK O0JIee MEJIKUX Ta/IaKTHK — COJIBIOTCS B €IUHYIO CHC-
Temy. BObIIas 4acTh IepBOHAYAIBHOTO ra3a K TOMy BpeMeHU
Oymer cBsi3aHA MEPTBBIMU OCTaTKaMH 3Be3. HekoTopble 13 HUX
CTaHyT YEPHBIMU IbIPAMH, APYIHMe — OYE€Hb XOJOAHBIMU HeEM-
TPOHHBIMH 3Be€3[aMH WX OeIbIMU KapIUKaMH.

Ecnu 3amistHyTh ellle Aasbllle, Te IMPOLECChl, KOTOPhIE CETOAHS
UZYT CJIUIIKOM MEIJIEHHO, YTOOBI OBITH 3aMETHBIMHU, BONHAYT
B cBoM paBa. CTOIKHOBEHUS 3B€3]] BHYTPH OOBIYHOM TaTaKTHKH
ceifyac CIy4aloTCsl Ype3BBIUANHO peaKo (K CYaCThIO /IS HAILleTo
CorHLa), HO OHU 6YIYT MPOUCXOAUTD BpeMst OT BpemeHu. Crio-
KOMHOe CyllleCTBOBaHME Halel [aakTMKy cTaHeT MHOTa OCBe-
IATHCST MOILHBIMH BCIBIIKAMHY, KOKIasi U3 KOTOPBIX OyIeT ro-
BOPUTB O CTOJIKHOBEHMH JIByX MEPTBBIX 3Be3. [loTepsa sHeprum
yepe3 rpaBUTALlMOHHOe u3nydeHue (3¢ddeKT, mpencKa3aHHbIH
OTO) ceifyac umeT HEOIIYTUMO MeJIeHHO, eC/I He CYUTATh He-
CKOJIbKHX [BOMHBIX 3Be3[, C TECHBIMH OPOUTaMH, TI0 KOTOPBIM
OHM IBMKYTCS € OOMBIION cCKOpocThio. Ho mpu Hammu4mu nocra-
TOYHOTO BPEMEHH 3TO SIBJIEHHE COXKMET BCe 3BE3/IHBIE U TUIaHET-
Hble CHCTeMbl. BO3MOKHO, 1aske aTOMBI He OYIyT CyLeCTBOBATh
BeuHO. BerrenicTBue 3TOrO0 Hesible Kap/IMKK 1 HEHTPOHHbIE 3BE3/bI
HCTOLIATCA M3-3a pacnaja 4acTUL, UX COCTaBIAIOIIMX. B KoHLe
KOHLIOB PacIafyTCcs U YepHble AbIphl. [I0BepXHOCTD ABIPHI CIeTKa
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pacruIbIBYaTa M3-3a KBaHTOBBIX 3()(PeKTOB, B pe3ysbTaTe 4ero oHa
u3yJaeT. B Harelt ceronusiHei BceseHHOI 3TOT 3deKT unet
CJIMILKOM MEJJIEHHO, YTOOBI HAC 3aUHTEPECOBATD, €C/IH TOJIBKO
JIeHICTBUTE/ILHO He CYIeCTBYIOT MUHHU-ABIPHI pa3MePOM C aTOM.
Maciurab BpeMeHH AJIst ITOTIHOTO paciiafia YepHOI AbIPBI, paBHOM
[0 Macce 3Be3[le, COCTaBJIsIeT 10% JIeT, a YepHas IbIpa, paBHas
o Macce MUUTMOHY COJIHII, UCUE3HEeT 3a 109 JIeT.

B KOHIIe KOHILIOB yepes 10'°° JIeT eJUHCTBEHHOE, YTO OCTAaHEeTCsI
oT Haieif MeCTHO# TpymIIbl raJIAKTHK, — 3TO BCETO JIMLIb 00-
JIQYKO TEMHOM MaTepHUU U HECKOJIbKO 3JIEKTPOHOB U TIO3UTPOHOB.
Bce raysakTHKU BHYTpYU MeCTHOI TpyIIITb! TOABEPTHYTCSI BHY TPEH-
HeMy pacrany Y yoaasrTcsl oT Hac. Ho ckopocTh, ¢ KOTOpO¥ OHU
OYAyT PaCIbUISATHCS, TIOJHOCTBIO 3aBUCHUT OT 3HAYEHHUS YUC/TA A.
Ecru A Gyzet paBHSIThCS HyJTIO, CUJTa OOBIYHOTO TSTOTEHUSI 3aMeI-
JIUT yAaJIeHUe: XOTsI TaJIaKTUKU CTaHyT HEYKJIOHHO PacXOOUThCS,
UX CKOPOCTH (M KpacHOe CMellleHHe) OyayT MOCTENIEHHO yMEHb-
LIaThCS, XOTS TaK M He NOMAYT no Hyns. Ecmu y Haimix otnaneH-
HBIX TIOTOMKOB OYIyT JZOCTATOYHO MOIIHbIE TEJIECKOIIBI, YTOOBI
OGHAPYKUTh TATTAKTUKHU C GOJIBIIMM KPACHBIM CMELeHEeM, He-
CMOTpSI Ha CBOMCTBEHHOE MM IIOTyCKHEHME U IIOCTOSIHHO BO3-
pacTaoIy0 OUCTAHIIUIO, OHU AEMCTBUTENIBHO CMOTYT YBUIETb
Gorble, YeM BUIHO Ha HalleM cerofusiuHem Hebe. Crycrs, cka-
JKeM, 100 MJIPZ JIeT MBI CMOYKeM BUZEThb Ha 100 MJIPI CB. JIET: Te
OOBEKTBI, KOTOPBIE Cefyac HAXOISTCS 3a MPENEIOM BUIUMOCTH
(u13-3a TOTO, YTO CBETY HE XBaTHJIO BpEMEHU OOPAThCsI 10 HAC),
TIOSIBSITCS B I10JIE€ 3PEHMUS.

Ho ecmu uncno A He paBHO Hy/IIO, KOCMHUYECKOE OTTaJKHBa-
Hue OyeT TAHYTh FaJaKTUKU APYT OT APYra C 603pacmarouieti CKo-
poctbio. OHM UCYE3HYT U3 II0JIST 3peHUsT OBICTpee, M UX KPacCHOe
CMellleHHe CTaHeT Bo3pacTtarh. Hariu npenen Buaumoctu Gyner
OTpaHHUYeH FOPU30HTOM, HAIIOMHHAIOLIIUM HEKYIO BEpCHIO BBI-
BEPHYTOTO HAPY’Ky FOPU30HTA COOBITUN BOKPYT YEPHOM [BIPHI.
Korza 4to-To majaer B YEPHYIO IbIPY, OHO YCKOPSIFOTCSI, IIPHOO-
peraer Bce 6osblilee KpACHOE CMEIEHHE U MUCYE3aeT U3 OISk
3peHUs], KOTAa NOCTUTAeT «IIOBEPXHOCTU» ABIPBI. l'anmakTuka
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B A-ZOMMHUPYIOLLIEA BCeJIEHHOU CTaHET OBUTATbCS C YCKOPEHHEM
II0 HAIPABJIEHUIO OT HAC, U YeM OHa OJIMKe K TOPU3OHTY, TEM
ee CKOpoCThb Oyner 6MKe K CKOPOCTH CBeTa. B Gornee mosnnue
BpeMeHa Mbl yBUIUM He Oorblile, yeM ceivac. Bce ramaktuku
(3a uckmouenneM TyMaHHOCTH AHAPOMeEIb! M IPYTHUX MajleHb-
KMX TaJIaKTHK, KOTOpbIe TATOTEHHE CBSI3bIBAET B HaIly MecTHYIO
rpyIny) oOpedeHbl HCYe3HYTh U3 MO 3peHust. Ux manekoe 6y-
Jlylllee JIeXKUT BHe IIpejiesia Halllelt BUAUMOCTU, U OHO JJIs Hac
TaK K€ HEeJOCTYITHO, KaK COOBITHSI BHYTPHU YepHOM AbIpbl. C Te-
YeHHeM BpPeMEHH ITyCTOTa MeXXTaJaKTUYeCKOro IPOCTPaHCTBA
OyLeT YBEITUYMBATHCS 10 OKCITOHEHTE.






masas | JIEPBUYHAS
«PSIBb»: YUCJIO Q

BceneHHas Gbia co3aaHa B MeHee 4eM odOpMIIeH-
HOM COCTOSIHMHM, HO ObUIa HajielleHa AapoM U3Me-
HATbCSA U3 Heo(OPMJIEHHOI MaTepuH B MOMCTHHE
BEJIMKOJIENHBIHA HA6OP CTPYKTYp U OPM KUZHH.

Bn. ABryctuH

TATOTEHHUE U DHTPOIIUA

B npupone, Kak U B My3bIKe UM KUBOIIHCH, Ja’Ke CaMble 3aMe-
yaresIbHble TBOPEHHSI He OBIBAIOT HU CTPOTMMH M aBCOTIOTHO HIe-
aJIbHBIMM, HU COBEPILIEHHO XaOTUYECKUMHU U HeTpeIcKa3yeMbIMU.
OHU coueTaroT U TO U Apyroe. MIcKyCHO «BBICTPOEHHasI» KOCMHYe-
CKasl cpefia, KOTOPYIO Mbl BUAUM BOKPYT, HE MOJHOCTBIO yIIOpSI-
JIOY€Ha, HO U He SBJISIETCSI MECTOM, KOTOPBIM MPaBUT HUCK/IIOYU-
TeJIbHO CJIy4dai. Bcero cyiecTsyeT 92 BUAa aTOMOB, 4 HE TOJIBKO
NPOCTBIE BOAOPOT, JEUTEPUI U TeINH, KOTOPbIE TOSIBUINCH B MO-
MEHT BosbIIoro B3pbiBa. ATOMBI TEIEPh OKa3aaMCh B CJIOKHBIX
opraHu3Max 3eMHOI 6rocdepsl, B 3Be3/1ax, a HEKOTOPBIE pacce-
SHBI B IIyCTOTE MEXKI'A/IAKTUYECKOTO IIPOCTpaHcTBa. Pa3Huia Tem-
repaTyp Tak>Ke OTPOMHA: y 3Be3[l IIOBEPXHOCTb KapKO IbIAeT
(a smpo elne ropsidee), HO TeMIIepaTypa TEMHOTO IIPOCTPAHCTBA
6/113Ka K aBCOMIOTHOMY HYJIIO — OHO ITOAOTPETO BCero 10 2,7 °K
PETMKTOBBIM M3/Ty4YeHHUEM, OCTABLIMMCH Iocsie BosbIoro B3prisa.

Bcd sTa 3aMbIc/IOBaTasi MHOTOTPaHHOCTb pa3BU/IACh U3 CKyd-
HOTO aMOP(HOTr0 OTHEHHOTO IlIapa, ¥ 9TO MOXET II0Ka3aThCs
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HapyLIeHHeM «CBSIIEHHOTo» (PU31UeCcKOro IPHHIIMIIA — BTOPOTO
3aKOHa TePMOIUHAMUKU. DTOT 3aKOH OITHCHIBAET HEITOKOIeOH-
Moe CTpeM/IeHHe K e JUHOOOPAa3HIO U OTXO[ OT CXeM U CTPYKTYp:
€CJIA YTO-TO ABJISAETCS TOPAYUM, TO OHO CTPEMMTCS OCTBITh; €C/IA
YTO-TO ABJIETCS XOJIOOHBIM, OHO HarpesaeTcs. UepHusia u Boay
JIETKO CMeIlaTh, B TO BpPeMs KaK OOPATHBIH ITPOLIecC —BO3MOX-
HOCTb B30a/IThIBaTh MYTHYIO JKUIKOCTB JIO TOTO, YTOOBI KpacKa co-
6paJiach B TEMHYIO KaIlllO, — IOpasuI Obl HAC. YIOPSIIOYEHHbIE
CTPYKTYPbI CMEIINBAIOTCSI ¥ TEPSIIOT HOPSIIOK, HO He HA0OOPOT.
Vcnonb3yst TepMUHbL (DU3UKH, MbI CKa3aln Obl, YTO SHTPOIHS
He yMEHbIIAETCA. Ee 3aMeTHOe MOHMKEHUE B KAKOM-TO OT/E/Ib-
HOM MeCTe BCEr/la ypaBHOBEILIMBAETCS YBEJIUYEHUEM SHTPOIUHU
B Ipyrux Mecrax. Kmaccuyeckuii mpyMep 3TOro NpUHLMIIA —
MapoBOM ABUraTesb, INe YIOPALOYEHHOE ABUKEHUE ITOPIIHA
BCErza COIPOBOXKAAETCA MOTepel Terma.

TeM He mMeHee Korma Mbl pacCMaTpUBaeM JEHCTBUE TATOTe-
HUS, HaM C/Ie[lyeT TIOMTH BONPEKUA MHTYMLMM. 3BE3/bl, Halpu-
Mep, YAEep)KUBAIOT (OopMy 61aromapst HalpaBJIeHHON K UX LIeH-
TPy CHJIe IPUTSKEHUs. DTa CHJIa ypaBHOBEIIMBAETCA JaB/IEHUEM
PacKasIeHHbIX BHYTPEHHUX C/IO€B, HalpaBJIeHHbIM HapyXy. Ka-
KUM OBl CTPaHHBIM 3TO HU Ka3alI0Ch, HO 3BE3JbI HAZPe8alomcs,
Korza mepsaiom sHepruio. IIpencraBpTe, 4TO TOMIMBO, KOTOPOE
HaxopuTcst B LieHTpe ConHIa, rmoracHeT. Ero roBepxHOCTD Oy-
JIeT MPOJOJIKaTh CHATh, TOTOMY YTO TEIUIO PaclpOCTPAHSETCS
OT sipa, KOTOpOe ocTaeTcs ere 6oee ropstunm. Ecu mporecc
SIEPHOrO CHHTe3a He OyneT MOALepsKUBaTh 3TO Teruto, ComHIle
HayHeT IIOCTENEHHO CKMMAThCS, B TO BpEMs KaK 3HEPIUs CTaHeT
BBITEKATh HAPYXKy (3TO OyZET IIPOMOIIKATHCS IIPUMEPHO 10 MITH
neT, Kak u nonaran gopn Kenssun B XIX B.). Ho Takoe cxaTtne
Ha CaMOM JIeJie CHeJIaeT AApO euje zopAyee, YeM PaHbLIE: TArO-
TEHHE Ha KOPOTKHUX PACCTOSIHUAX NEHCTBYET cuibHee. [Tostomy
TeMIlepaTypa B LieHTpe OyeT IMOTHUMAThCS A/l 0OecredeHust
JOCTaTOYHOTO JaBJI€HHUSI, YTOOBI YPABHOBECUTD OOTIBIIYIO CHILY,
JaBsiLIyIo CHapy>ku. HedTto 1ono6Hoe IPOUCXOANT, KOTa UCKYC-
CTBEHHBII CITyTHHK TIOCTEIIEHHO OITyCKaeTCsI 110 CIIMpasIy Ha boree
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HU3KYIO OpPOWTY, UCIIBITHIBAsI COIPOTHUBIIEHHE aTMOChEpBI: OH
HarpeBaeTCst, HO TOJIbKO TIOJIOBUHA 3HEPIHH, BHICBOOOKIEHHOM
6rarogapsi TATOTEHUIO, MTEPEXOAUT B TeIUIo. Jlpyrast IOIOBUHA
UJIeT Ha YCKOpeHue CITyTHUKA, IIOTOMY YTO YeM OpOHTa HITKE, TeM
OBICTpEe OH ABHKETCSL.

[ToaTOMY MBI HE LOJIKHBI YOUBISATHCS TOMY, YTO HOBBIE
3Be31bl (POPMHUPYIOTCS BHYTPU OECIOPSIIOYHBIX OOTaKOB XO-
JIOLHOTO, TIBUIBHOTO rasa. PailoHbl ¢ HauOOJIbLIEN IITIOTHOCTHIO
CTSArMBAIOTCS G1arofapst COOCTBEHHOMY TSTOTEHHIO, HACTOJIBKO
CKMMasICh, YTO BCIIBIXMBAIOT, KaK 3Be3zabl. K mpumepy, MMeHHO
9TO MPOUCXOIUT B 0Oakax B Oprone nnu B Tymannoctu Opert.
CooTHoIIeHHe GOTIBIINX U MaJIEHbKUX 3B€3[], BO3HUKILIUX B pe-
3yJIbTaTe 3TOrO IpOLiecca, BCe ellle TPYAHO BBIYMCIUTH Aake
C TIOMOIIIBIO CAaMbIX MOLIHBIX KOMITBIOTEPOB. (VIMeHHO 1osTomy
MBI He YBepeHbI B TOM, CKOJIBKO B Halleil [aJakTHKe KOpHUYHe-
BBIX KapJIMKOB, KOTOpPble MOTYT BHOCHUTb BKJIad B TEMHYIO Ma-
teputo.) OnHako B GOpMUPOBAHUM 3BE3[ HET HUKAKOM TalHbI:
KaK TOJIBKO TSTOTEHHe GepeT BIIacTb B CUCTEME, TPOUCXOIUT He-
U30€eXKHOe CXKaTHe.

OT BOJIBIIIOTO B3PbIBA K TAJTIAKTHUKAM

O6aka rasa BHyTpH Hauieid [aJakTHKK (M BHYTpU APYTHX ra-
JIAKTHK) HACTOJIbKO ITePeMEIIaHbl U IepepaboTaHbl, YTO He CO-
XPpaHWU/IM HUKAKOH MaMATU O CBOEM IPOMCXOXIEHUH. TakuMm
o6pa3omM, GOpMHUpPOBaHHE 3B€3[] COBEPIIEHHO He 3aBHCUT OT 00-
1eit sBosoLK Kocmoca. Ho pasBuTHe camMux rajakTk 6osee
3aMBICJIOBATO, Y€M COOTBETCTBYIOIIMK mpouecc y 3Be3a. IIpo-
HCXOXKAEHUE TaJaKTHK CBSI3aHO C pAaHHMMMU 3IMOXaMU Pa3BUTUS
Bcenennoit. Onu puobpenu gopmy 6raropapst CBoeii «Haces-
CTBEHHOCTH», a HE TOJIBKO Graronapst cpene.

Ecnu 651 Hata BeenieHHast ¢ caMoro Havasa 6puia IIOTHOCTBIO
OIHOPOIHBIM M CIVIASKEHHBIM 0Opa30BaHUEM, TO OCTABaIACh ObI
TaKOM M BO BpeMs paclurpeHus. [loce 10 MiIpa 1eT oHa cocTo-
sia 6Bl U3 PACCESTHHOM TEMHON MaTepuH, a BOLOPOI W TeJIHii
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ObUIM ObI TAK Pa3PEXKEHbl, YTO TPUXOLUIOCH Obl MEHBILE OL-
HOTO aToMa Ha 1 M. DTO ObUIO 6Bl XOJIIOAHOE U CKyYHOE MECTO:
HMKaKUX TaJIaKTHK, a CJIeI0BAaTeIbHO — W HUKaKUX 3Be3[, HU-
KaKOHM MepHOIMYECKOM TabIUIIbl, HUKAKUX CJIOKHBIX CTPYKTYD
U, pasyMeeTcsi, HUKaKUX Jiozeil. Ho naxke ouenv HesHauumenvHole
HEOZHOPOAHOCTH Ha MEPBOHAYAILHOM ITalle UMEIOT GOJIbIIoe
3HAYEHHE, TOTOMY YTO B MPOLIECCE PACLIMPEHUSI TVIOTHOCTh KOH-
TPaCTUPYET C yBeMYEHUEM pa3MepoB. JIroO0M KIIOYOK, KOTOPBII
UMeeT TUIOTHOCTh XOTs1 Obl UyThb BBILIE CPEIHEH, 3aMeliseTcs
CUJIbHEE, TTOTOMY YTO HCIIBITHIBAET HA Cebe OOIBLIYIO CUITY TS-
TOTEHUS; €0 PaclIMpeHHe 3aras3ablBaeT Bce Gosblue U Goblie
[0 CPaBHEHUIO CO cpenHuM 3HavenueM. ([lo aHamoruu, ecau
MBI ITOAOPOCHM [IBA Msi4a C YyTh-4yTh PAa3HBIMH CKOPOCTSIMH,
UX TPaeKTOPHMH BHAYasle MOTYT OTINYAThCsl COBCEM HE3aMETHO.
Bosiee MeIEHHBIA Ms14 TEM He MEHee MOITHOCThIO OCTAHOBUTCS
U y’Ke HauHeT Iafarh, Koraa 6osee GbICTPhINA Msiu BCe ele Oy-
IIeT OBUTaThCst BBEpX.) THArOTEHME YCUIMBAET CaMble KPOXOTHBIE
HEPAaBHOMEPHOCTU B IIPAKTHYECKH OJHOOOPA3HOM OTHEHHOM
mape, ycyrybisieT npoTUBOIIOCTAB/IEHHE TUIOTHOCTEMH, TTOKa 60-
Jiee TUIOTHBIE PA{OHBI HE IEPECTAIOT PACIIMPATHCS U HE HauH-
HAIOT KOHIEHCHPOBATHCS B CTPYKTYPBI, KOTOPBIE yAEP)KUBAET
MIPUTSKEHUE.

CaMble 3aMeTHbIE CTPYKTYPbl B KOCMOCE — 3BE3[bl, TaIaK-
THKH U CKOIUIEHUS TAJTAKTUK — YOEP)KUBAIOTCS TATOTEHUEM.
Mel MOXXKEM OLIEHUTD, C KaKOH CHUJIOH OHHU CTSIHYTBbl BMECTE —
WK, YTO TO JK€ CAMOE, CKOJIbKO DHEPTUM MOTPeOyeTCst, YTOObI
Pas3pyLIUTh U PACCeSTh UX, — UCIIONb3YsI TPOTIOPLIMIO UX DHEP-
UM Macchl OKost (mc?). it caMbix GOMBIIMX CTPYKTYp B Ha-
men BceneHHOM — CKOIUVIEHMM M CBEPXCKOIUIEHUM — pe3y/ibTaT
paBeH IPHMEPHO OLHOM YaCTH K 100 000. DTO He3pasmepHOe
YUCII0 — COOTHOILEHUE [BYX SHEPTHii, U Mbl Ha3biBaeM ero Q.

Tot ¢akT, yto yncno Q Tak Mano (IOpsiaKa 1075), O3HAYAET,
YTO TATOTEHHE HA CAMOM JieJIe JOCTATOYHO C/1ab0 NEHCTBYET B ra-
JIaKTHKaX M X CKOIUIeHMsIX. Takum o6pasom, Teopust Hrotona
IOCTATOYHO XOPOLIa, YTOObI OIMCATh, KaK 3BE3Mbl ABUIAIOTCS
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BHYTPU FJIAKTHK U KaK KaXKIas TaJIakTHKA OOPALaeTcst IO CBOEH
op6uTe 1O/ BIUSIHUEM [IPUTSKEHUSI IPYTHX TalaKTHK U TEMHOM
MaTepUy BHYTPU CKOIZIeHHd. ManocTe Q TaksKe O3HAyaeT, 4To
BITOJIHE JOIYCTHMO pacCMaTpUBaTh Hally BceneHHyIo Kak Npu-
61M3UTENIBHO OMHOPOAHOEe 0Opa3oBaHKe: TOYHO TaK JKe MbI MO-
K€M pacCMaTpHBAaTh 36MHOM 1Iap KaK IMIAAKUNA Y KPYIJIBIH, €C/IN
BBICOTA BOJIH U HEPOBHOCTEN Ha €ro NOBEPXHOCTU COCTAaBJISET
BCEro 1/100 000 pamguyca (BCEro JMLIb 60 M IS IIapa pasme-
poM ¢ 3eMITio).

HepaBHOMepHOCTH OBUIH «BII€YaTaHBI» B €€ CTPYKTYPy OY€Hb
paHo, ellle O TOro Kak BceneHHas «y3Hana» O rajakTHKax
U UX cKoruteHusix. O6 ux nporopuusix (i, 6osee TOro, o JIo-
60M HX MapameTpe, KOTOPbIN B Halllel cerofHsiiHeil BcereH-
HOM CYMTAeTCs 3HAYUTEIbHBIM) HeJlb3si HUUeTo cKasaTb. [Ipoie
BCETO MPEATONIOKHUTD, YTO B IEpBOHAYaIbHOM BcesreHHOM HUYTO
He BBILEJISIIOCh 110 pa3Mepy, T0ITOMY HEPaBHOMEPHOCTH OBbUIH
OIVHAKOBBI B JI0OBIX Maciurabax. CreneHb U3HAYAIBHOM «Iile-
POXOBATOCTH» KAKUM-TO 06pa30M CIIOKHIIACH, KOrna BeeeHHast
MMeJla MUKPOCKOIMYecKuii pasmep. O TOM, Kak 3TO MOIJIO MPO-
M30HTH, MBI [IOTOBOPUM B ceayolleil rnase. Yucno Q npuHLu-
MUA/IBHO BaXKHO IS OIIpefie/ieHHsT «<KOHCUCTEHLINH» CTPYKTYPbI
Haueil BceseHHOM, KoTOpas MoOra ObITh COBEPILEHHO WHOM,
eciu Obl 3HaAYEeHHe 3TOTO YKMC/Ia ObITIO HAMHOTO GOJIbIe WK Ha-
MHOTO MEHBbIIIE.

HEPABHOMEPHOCTD
PEJTUKTOBOI'O U3/IYUEHHA

B camom Hauase BcenenHast 6b11a TUIOTHOM U HETTPO3PAYHOHM, T10-
XO’KeH Ha pacKaJeHHBbIA ra3 BHYTpH 3Be31bl. Ho mocre o,5 min
JIeT paclIMpeHUs TeMIeparypa ynaaa IpuMepHo 1o 3000 °C —
4yTh HMXXeE, yeM Ha nosepxHocTu ConHua. Korma Bcenennas
OCTBUIA ellle CUJIbHee, HACTyIH/Ia OyKBalbHO TeMHas apa. TeM-
HOTa LIapuiia [0 TeX IIOp, IOKa He ChOPMHUPOBAINCEH NEepBbIe
MPOTOTAJIAKTUKY U CBET He MOSIBUJICA CHOBA.
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Ceitvac nepes acTpOHOMaMU CTOUT TPy[IHAs 3a7adya — Y3HATh,
KaK 3aKOHYMJIACh TEMHas 3pa. B 3TOM niaHe MHOTO HazeXx [ BO3-
JlaraeTcs Ha KOCMHUYEeCKUH TeJIeCKOIl HOBOro nokoneHus. [Tnanu-
pyercst, 4To y Hero OyayT AEeTeKTOPhI KPACHOTO CBeTa U MHppa-
KPaCHOTO U3/Ty4YeHHs U 3epKajIo IUaMeTPOM 6,5 M (IT0 CpaBHEHHIO
C 3epKaJIoM AUaMeTPOM BCETO 2,4 M Y KocMHuecKoro Teneckorna
nMeHHu Xab6ia)*.

PenukroBoe u3nydeHue, ocrtaBlleecsd Iocne Bonbumioro
B3pbIBa, — IIpAIMOE IIOC/IaHWE U3 TOH 3IOXH, KOr[a rajgakTHUKU
CYILLLECTBOBAJIU TOJIBKO B hopMe «3apobiiueii». YyTb 6osee rioT-
HBIe palioHbl BeeneHHOM paclIMpsAInuch MeIJIEHHee CPeIHETO 3Ha-
yeHust. FIM 6bUIO TIPEIPEIEHO CTATh TATAKTUKAMM HITH UX CKOII-
neHusiMU. [Ipyrue, 4yTh MeHee TUIOTHbIE, ObUTH OOPEYEHbI CTaTh
nycroToil. Y TeMrniepaTypa pe/MKTOBOrO U3/TyUYeHHUs JO/KHA He-
ctH Ha cebe oTIeyaTok aTux (raykryaunid. OKugaeMblil pesyiib-
TaT COCTaBJIsIeT OJHY 4acTb M3 100 OO0 — B TOYHOCTH TO 3Ke
camoe 3HaueHue, 4To U Y Q, HyHIaMEHTaIbHOTO YMCIIa, XapaK-
TepH3YIOIIer0 HepaBHOMEPHOCTb.

HeCOMHEHHbIM KOCMOJIOTHYECKUM YCIIEXOM 1990-X IT. ObLIIO
peasbHOe HaHeCEHUE Ha KapTy 3THUX MpeAlIeCTBEHHUKOB KOCMMU-
YECKOH CTPYKTyphl. PenmkToBO€ M3my4eHne NpuMepHO B 100 pa3
cnabee M3IydyeHUs! 3eMIM, TEMITEPATYPA TOBEPXHOCTH KOTOPOK
COCTaBJISIET OKOJIO 300 TPAZIyCOB BBILIE a6COMOTHOrO Hyis. OueHb
Cepbe3HyI0 TeXHUYECKyl0 TPYOHOCTb IpeACTaBiseT U3MepeHue
Pa3HULIBl TEMIIEPATYP €llle 6 COMHI0 muicau pa3 menvie. CIyT-
HUK NASA COBE, 3anymieHHBIH B 1990 I., TOCTUT MOTpSICaIO-
IIel TOYHOCTU B MOATBEP>KAEHUHU TOTO, YTO PEIUKTOBOE U3-
Jy4eHHe MMeeT CIIeKTP «4epHOro Tema» (CcM. rmaBy §). Takke
y Hero Ha 60pTy ObUI IIEPBBIA B UCTOPUU MHCTPYMEHT, JOCTATOYHO
YyBCTBUTEBHBIM K TOMY, YTOOBI PacliO3HABATh, YTO TEMIIEpa-
Typa U37y4eHUsI B HEKOTOPBIX HAIlpaBJIEHUSIX UyTh-UyTh BBIIIE,
yeMm B npyrux. CIyTHUK IIPOCKaHHUPOBas BCce HeGO, U3Mepsist

%

KocMmudeckuii Teneckon uM. /ixeiiMca Be66a riaHupyeTcs K 3ary-
cKy B 2019 r. — [Ipum. Hayu. ped.
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TEMIIEPATyPy C ZOCTATOUHOM TOUHOCTBIO, YTOOBI COCTABUTD KaPTY
HEOIHOPOIHOCTEN.

VsmepeHns Takoro pofa jydlle BCEro OeaTbh U3 KOCMOCa,
MIOTOMY YTO MCIIapeHMs BOIBl B aTMoc(epe IMOMIOIIAIOT YacTh
U3Iy4yeHus. 3a JaHHBIMH, nony4yeHHbIMU ¢ COBE, nocienoBanu
Jpyrve u3MepeHus, clesaHHble Ha BeplnHax rop, Ha KOskHoMm
normoce (re OYeHb HU3Kast BIASKHOCTD) U C TIOMOILBIO 060pyno-
BaHMSI, HAXOSIIIErocst Ha BO3AYIIHBIX Iapax. C MOMOILBIO 3THX
OKCIIEPUMEHTOB yIalI0Ch HAHECTH Ha KAPTY TOIBKO HEOOIBLIYIO
IUTOLIAb, A He BCe HeDO, KaK 9TO MOT CAENaTh CIyTHHK, HO ObU1a
JIOCTHUTHYTA Ta JXe CTeIeHb YyBCTBUTEIBHOCTH IIPU 3HAUUTEILHO
6oJiee HU3KMX 3aTpaTax.

TeM He MeHee crefyolee 60bIIOe JOCTHKEHUE ObIIO Clie-
JIAaHO C IOMOLLBIO IBYX KOCMHUUYECKMX aIllapaToB, OCHAIEHHBIX
6osiee COBEPILEHHBIMU M YYBCTBUTE/IbHBIMU JATYUKAMH, YEM
COBE: anmapatr NASA MAP* u anmapaTt EBporneickoro KocMu-
yeckoro arentcrBa (ESA) Planck. B TeueHye HECKOIBKUX JIET OHU
cobpasy JOCTATOYHO TOYHYIO MH(POPMALIUIO O HEOXHOPOIHOCTH
NepBOHAvYaIbHON BceneHHOM MO MHOTMM pa3HBIM IIapaMeTpaM,
YTO MO3BOJIUJIO Pa3pELINTh KIIOUEBbIe BOIIPOCH O BO3SHUKHOBE-
HUM TaJIaKTHK. PesIMKTOBOE U3/TyueHre CONep>KUT Maccy UHGop-
Maumu 06 oyeHb paHHeit Bcenennoit. Hanpumep, oHO momorio
ompenenuTb yuciaa Q U A, a Takke 9ucio Q.

O6HapykeHHe HEOTHOPOIHOCTEN B TEMIIEPATYPE OCTATOYHOTO
W3JTy4eHMs], COCTaBJISIIOLINX OHY YacTb U3 100 00O, BbI3BAJIO CKO-
pee obreruenue, a He yausieHue. Eciu Gbl peTMKTOBOE U3ITyYe-
HY€ TIPeIIIOTIaraio ere GObIIYI0 OMHOPOIHOCTh paHHeH Beenen-
HOH, TO CyILIeCTBOBaHHE CKOIIEHUH U CBEPXCKOIVIEHUH B HallleH
ceromHsauIHe BecemeHHo 6bU10 OB 3aragKoif: 111 5TOro roTpe-
60BasIach ObI ellfe Kakasi-TO JOIOJHUTEIbHAS CHJIA, TIOMUMO Tsi-
TOTEHUsI, KOTOpast CMOIJIa Obl YBETMYMBATH KOHTPACT IUIOTHOCTH.

CIyTHHK IIOJy4WI Ha3BaHUe B YeCTh U3BECTHOI'O acTPOHOMa Bui-
knHcoHa WMAP — Wilkinson Microwave Anisotropy Probe. —
IIpum. Hayu. peo.
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Ho ToT daxkT, uTo uncio Q cocTaBisieT BCETo JIUIIb 1/100 000,
Ha caMOM Jiejle camasl yIMBUTE/IbHAs XapaKTepHas 4epTa Ha-
et BeenenHoit. Ec BBl onGepere KaMeHb, UMEOLIHii popmy
Iapa ¢ TOYHOCTBIO 0 1/100 00O, Bbl, KOHEUHO, MOKETe 33aThCsl
BOIIPOCOM O TOM, 4YTO BBI3BaJIO MaJIEeHbKHE HEOJHOPOJHOCTH,
HO ellle CHUJIbHEE BacC yAUBUT €r0O IOYTH HJeasbHas IIaJIKOCTh.
«Hpnaumsa», onmucaHHas B I71aBe 9, — 3TO JIyylllas U3 UMeEIo-
IIHXCSI TEOPHIT 00 3TOM, U TeMIlepaTypHble (BIyKTyaLuH sIBJIsi-
IOTCSI BAKHBIMU KPUTEPUAMH JIJIS1 IPOBEPKU COOTBETCTBYIOIINX
UIein.

OBOJIIOIINSA «BUPTYAJIBHBIX» BCEJTEHHBIX

Korna Bo3pact BceneHHOM cOCTaBIsAn MUJIJIMOH JIET, OHAa BCE
ele IOCTaTOYHO PABHOMEPHO pacumpsuiach. Kak ke copmu-
POBAJIUCH CTPYKTYPbl U BO3HUKJIA Ta KOCMMUYECKAs KapTHHA,
KOTOPYIO MBI ceiiuac Habmogaem? B Hamm IHU MBI MOXXEM
UCITIOIb30BaTh KOMIIBIOTEPHI, YTOObI U3yYaTh «BUPTYaIbHbIEN
BCEJIeHHblE. B Hauyane CUMYJISILUM MAaTEPUST PACLIMPSIETCS,
HO HE COBCEM OIMHAKOBO, IIOTOMY YTO HEOLHOPOZHOCTH, OT-
Bevalolye 3HaYeHuIo yuciaa Q, 3a70KeHbI KaK 4acTb [EPBO-
HaYaJIbHbIX YCIOBHIA.

OCHOBHBIM BELIECTBOM, CO3[AIOIINUM TSATOTEHHE, SIBIISIETCS
«TeMHast MaTepHsi» — YaCTHILIBI, OCTABIIHECS] OT HAYa/IbHOM SIIOXU
pasBuTHsT BeeneHHOM, KOTOpBIe enBa Iy KOrma-mubo CTaJIKHUBa-
JIUCh OPYT C APYrOM, HO HCIBITHIBAIOT BO3AEICTBHE TATOTEHMSI.
Ecnu BbI cTaHeTe 6path cpeqHee 3HaueHMe U3 Bce Gonee u 60-
Jlee KPyIHBIX 06beMOB, TO BcenleHHast Ha paHHeii craguu Oyner
Ka3aTbCs Bce Hosee IMIaAKoH®. DTo 03HAYaeT, uyTo, eIy Obl Ts-
roteHue ObIIO €AUHCTBEHHOM peasbHOM CUIIOM, epBbIMU ChOp-
MHPOBAJIMCh AETAIU MeIKOro maciuraba. Kocmuueckue cTpyk-
Typbl POPMHUPYIOTCS HEPAPXUIECKH. [1epPBBIMU CTYCTHIIMCh TYYH
TEMHOW MaTepuH Ha CyOrajakTu4yeckom ypoBHe. OHU pa3Bu-
JIUCh B OOBEKTBI, [I0 MACCE PABHBIE TAJIAKTUKAM, KOTOPBIE MTO33KE
chopMUpOBany CKOIEHHUs. TArOTEHUIO TIOTPebOBaIOCh GOIbLIE
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BpeMeHH, YTOOBI pa3BepHYTh BCIISATh paclIMpeHure B 6oree KpyIl-
HBIX MaclITabax.

Ho 310 nepapxuyeckoe 06beAMHEHNE B TPYIIIBI CAMO T10 cebe
BelleT K TEMHOI U CTepU/IbHOM BCeleHHOM. «3aKBacKa» IJIs1 BCe-
JIEHHOM — 3T0 aToMBbl. VX 06111as1 Macca HAMHOTO MEHBIIIE MAaCChI
TEMHOH MaTepHy, OHU IACCUBHO ABWIKYTCA IO BceneHHOH, co-
3[aBasi pa3peskKeHHbII Ta3, KOTOPbI UCIBITBIBAET HA cebe mpu-
TsDKEHHe TeMHOU MaTtepun. Ho Bce, 4TO MBI ceifuac HabmonaeM,
3aBUCUT OT 3TOTO rasa.

OH BezeT cebst 6or1ee CIIOXKHO, YEM TEMHAsI MaTEPHsl, [IOTOMY
YTO TATOTEHHE — ITO HE €IUHCTBEHHAs CHUJIa, KOTOpas Ha HETro
IeicTByert. [a3 ucrbIThiBaeT Ha cebe MPUTSKEHUE, HO OLHOBPE-
MEHHO OH MCITIBITBIBAET U AaBjieHHe. DTO aBJIeHUe He IT03BOJISIET
MIPUTSDKEHUIO 3aTOJIKaTh Ia3 B OYEHb MEJIKUE CTYCTKU TEMHOI Ma-
Tepuu. [lepBoie chopMUPOBABIIMECS CIYILIEHHS Ta3a — Te CaMble,
KOTOPBIE CTaJ! «IIEPBBIM CBETOM», TIOJIOSKUBIIIMM KOHEl] KOCMU-
4yecKO TEMHOI 31oxe, — ObLIM, KaK cIeICTBUE, B MAJIIMOH pas
TspKeslee 3Be3/l. KoMIbIoTepHble IPOrpaMMBl, MCIIOIb3yeMbIe 15
TOrO, YTOOBI MPOC/IEUTh ABUKEHHUE Ia3a, MOXOKHU Ha Te, KOTO-
PBIMH TI0JIb3YIOTCSI ABUALMOHHbIE MHYKEHEPHI, YTOOBI U3ydaTh
MOTOKHU BO3[lyXa, BO3HUKAIOIIME BOKPYT KPbUIbEB M MPOXO.s-
IIMe CKBO3b TypOUHBL Takue pacyeThl CYUTAIOTCS ZOCTATOYHO
HaJIe>KHBIMU, YTOOBI 3aMEHUTh MTPOBEPKHU B a39POLAMHAMMYECKOMN
Tpy6e, HO TeM He MeHee BBIYMCIIUTB, YTO K€ IIPOUCXOIUT BHYTPU
ATUX CKUMAIOIUXCS 0OIAKOB, TOPA3o TPYAHEE, U HUKOMY [TOKa
He YOa7I0oCh CO3[aTh MOIENb, KOTOPasi HAYMHAIOCh Obl C OJHOTO
obnaka, a 3aKaHYMBaIaCh Ionyssuuei 3se3n*. O6mako, BHy-
TPU KOTOPOTO COAEPIKUTCS a3, paBHBIM IO Macce MUIJIMOHAM
CosnHII, MOKeT PacracTbCsl HA MWIJIMOH OTHE/bHBIX 3Be3[, Ta-
KuXx, Kak CoJHIle, MM Ha MEHbIIIee KOJIMYECTBO OOBEKTOB, OO/Ib-
mux 1o Macce. O671ako 1axke MOKET OCTAaThCS €IUHBIM LeJIbIM
U CKaTbCd O OOHOU Cymep3Be3nbl UK KBa3apa.

B nocsiegHue rogpl Takue pac4deThl NIOABUINCH. — HpuM Hay4. pea
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DTu niepBble 06bEKTHI ChOPMUPOBAIMCH, KOTZa BO3pacT Bce-
JIEHHOM COCTaBJISIJ BCETO HECKOJ/IbKO COTeH MUJITUOHOB JIeT —
HECKOJIBKO IIPOLIEHTOB OT €€ CEerONHSAIIHEro Bo3pacra. K tomy
BPE€MEHH, KaK BcesleHHas JOCTUINIA 1 MIIPZ, JIET, TOSIBUJIUCH CTPYK-
TypBI pa3MEPOM C TAJIAKTHKY, Y KasKZO0i U3 HUX ObLI CBOI HAGOP
3Be3[, U YAEeP>KUBAIMCh OHM BMECTE He TOIIbKO COOCTBEHHBIM Tsi-
rOTEHHeM, HO U C IIOMOLIBIO TEMHON MaTepuH, KOTopast ChopMu-
poBasa «pou» B IeCSTh pa3 Oosiblile U TsDKenee. [a3 mpogosKaeT
NaziaTh BHYTPb 3THX OOBEKTOB U OCThIBATh. EC/IM OHM BpaIlaroTcs,
TO Tra3 IPEBPAIAETC B AUCK U CTYILLIAETCA B 3BE3Mbl, TEM CAMbIM
HauMHas TPOLIECC TIEPePabOTKU, KOTOPBII CHHTE3UPYET U PACIIPO-
CTPaHSET BCE 3JIEMEHTHI IEPUOANYECKOM cucTeMbl MeHneneesa.

KomnbloTepHbIe MOZAEH, KOTOPBIE ITOKA3bIBAIOT 3TOT IIPOLIECC
XOTs1 66l B rpy6OM NPUOIMIKEHHUH, MOKHO MPOKPYYUBATH, KaK
¢unbMBI, yCKOpsIs paciumpenue BeeneHHOI U pa3BUTHE rajlakKTHK
MIPUMEPHO B 10% pas3 M0 CPAaBHEHUIO C PEATbHBIMU COOBITHSIMMU!
Ha pucynke 8.1 mokasaHbl 1IeCTb KaJpOB U3 TaKOH CUMYJISLIVH.

Kak u oTnenbHbIe TalaKTUKH, CKOIIJIEHUS] U CBEPXCKOIIJIEHUS
MOSIBUIHCD B pe3yJbrare TsroteHus. HenaBHO chopMupoBaHHbIe
TaJIaKTUKHU HE PacIpOCTPaHSINCh COBEPIIEHHO OOHOPOOHO —
B HEKOTOPBIX MECTaX MX ObIJIO HEMHOTO GOJIbIIIE, YEM B IPYTUX.
C nponomkeHUeM paclliVpeHHs] pafioHBl, I7leé HaXOAUIUCh W3-
JIMIIKY MAacChl, UCTIBIThIBAJIM JOIIOJIHUTEIbHOE 3aMelJIEHHE, T10-
5TOMy Ta/JIaKTUKH B 3THUX PallOHaX B KOHLE€ KOHILIOB OKa3a/JIMCh
PacIiono>XeHbl bonee IIJIOTHO, YeM B CpelHeM".

Kak MBI MOXXeM IIPOBEPUTh, OTPa’kaeT /I BUPTyasIbHas BCe-
JIeHHas1 COOBITUS, IpOMCILIeIIINE B Halllel peanbHON BeeneHHOM?
Mopnenb JOomKHA UMUTUPOBATh HAOIIONAEeMble XapaKTEPUCTUKU
CETONHSIIHNX TAIAKTUK — MX TUIIMYHbIE pa3Mepsl U GOpPMBL,
NPONOPLUMH CMHUPAIBHBIX TaJIAKTUK U MPONOPLIMHU 3JIANTUYE-
CKHX, a TAK)KE TO, KaK OHM OOBeJUHSIIOTCS B CKOIUIeHus1. Ho Tpe-
OyeTcst cienaTh aske OOJIblie: MOJEb LO/KHA COOTBETCTBOBATh
TE€M «MOMEHTAJIbHbIM CHHMKaM», KOTOpbIe ITOKAa3bIBAIOT HaM,
KaK BBIIVISIENHU IaTaKTHKK B IPOLIIOM M KaK OHM OObeIUHS-
JIUCh B CKOIIJIEHUS.
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Puc. 8.1. IlecTp KaipoB KOMIBIOTEPHOM MOIEIH, NMOKa3bIBAIOLIEH, KaK
pa3BUBaeTCs CTPYKTypa pacluupsiolieiics BcenenHoi. Ha atux
PHCYHKax MBI He [TOKa3blBaeM ofliee paclIipeHHe, I03TOMY
KyOBI OCTAIOTCSI OLHOIO M TOTO Xe pa3Mmepa. [lepBoHaYanbHO
3apOXKAaroUascsa CTPYKTypa COCTOMT M3 MPaKTUYECKU
HEOTIMYMMBIX HEOOHOPOOHOCTeMN. Bo Bpemsl pacliMpeHus:
paifoHbI ¢ GOMbIIEN IOTHOCTBIO BCe 6oblie U GOJbILE OTCTAIOT
OT Apyrux. PacxoxeHue MIOTHOCTH BCe BO3PACTAET, U B KOHIIE
KOHLIOB (DOPMHUPYIOTCS yAEpP>KUBAaeMble TATOTEHUEM CTPYKTYPBI.
OHH C/IMBAIOTCSI BMECTE, CO3/aBasi raJlaKTUKU, — 3TO
HeOOXOAMMO KaK yC/IOBHE HAIIEro COHCTBEHHOTO MOSIBIEHUS
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Kak y>ke ToBOpH/IOCh paHblIe, cefyac 10 HaC HOXOOUT CBET
OT CaMbIX OTAAJE€HHBIX TaJaKTHK, KOTOpbIe TeJIEeCKOIbI HOBOTO
MIOKOJIEHUSI MOTYT OOHAPYKUTb U NMPOAHATU3UPOBATE. DTOT
CBET ITOKUHYJI FaJIAKTHKH, KOTZa Te TOIbKO-TOJIBKO ObLIH Chop-
MMPOBaHBI, 1 OHU BBIJISIASAT HE TaK, KaK COBpEMEHHBbIE I'aJlaK-
TUKU. HIUTO He HallOMUHAeT YCTOMUMBO Bpalllalolnecs: TUCKH,
U TOJIBKO HEOOJIbIIIAsT YaCTh COCTABJISIIOIIET0 UX rasa yiKe Ipe-
BpaTU/Iach B 3Be31bl. BOIBIIMHCTBO TaKUX raJIaKTUK HEBEIUKU
[0 pasMepy: MOTPeOYIOTCsI AanbHeHIe 0ObeqMHEHNST U «KaH-
HUOATM3M» CO CTOPOHBI JOMUHUPYIOIIUX TaTaKTHK, YTOOBI I10-
JIyYUITHCh KPYITHbIE 0OPa30BaHMsl, KOTOPbIE Mbl BUJMM CETOLIHSI.

B KauecTBe MOGOYHOrO MPOLYKTA OOPA30BaHUsI PAHHUX 3BE3.L
IIPOMCXOAMT €ellle HeuTo UHTepecHoe. Hekoropas yacTe rasa mno-
MajaeT B LIEHTP CKOIJIEHUs YacTHULl TeMHOM MaTepuH, IpUTS-
TUBAETCs1 COOCTBEHHBIM TATOTEHHEM U CO3MAET «CyIeP3BE3NAY»,
KoTopast 6ojiee YeM B MUUIMOH pa3 Tsikeee 06braHoi. CTONb
GOIBLIONM OOBEKT CBETUT TaK SIPKO, YTO €ro SIAEPHOrO TOIUIMBA
XBaTaeT HeHano/ro. JK1U3Hb 3TOH 3Be3/bl KOHYAETCSI HE B3PBIBOM,
a CKaTHeM, B pe3ysbTaTe KOTOpOro GopMHUpPYyeTCsl YepHasi IbIpa.
TakuM 06pa3oM, Korga HauMHaeTcst GOPMHUPOBaHUE TalaKTHK,
IIPOCTPAHCTBO «IIPOTBIKAETCSI» TAKUMU AblpaMU. [a3 mponomkaer
B HUX Teub, BBICBOOOKasi SHEPTHIO GOJIee MOLIHYIO, YeM DHep-
TUsl CBE€TA BCEU OCTaJIbHOW TaJIaKTHKU.

Takue 06BEKTHI HA3BIBAIOT «KBa3apaMU» WIH «aKTUBHBIMU
SApaMU rajakTHUK», U OHU UHTEPECHBI IO IBYM IIPUYMHAM.
Bo-nepBbIX, OHU CBETAT spue, YeM CaMM TaJaKTHUKH, U TaKUM
006pa3oM BBIMIOJHSIIOT POJIb IPOKEKTOPOB, OCBELIAMOIINX OTAA-
neHHble yacti Beenennoi. CriekTp cBeTsiierocst obiaka raza KBa-
3apa IaeT HaM yOeIuTe/IbHbIE JAaHHBIE O KOTUYECTBE NeiTepHs],
YTO SIBJISIETCSI, KaK MBI YyKe BUIe/IN, BasKHOI IIPOBEPKOH Teoprr
Bonpiioro B3peiBa. Bo-BTOPBIX, KBa3apbl NPeAOCTABIAIOT HAM Cy-
lecTBeHHbIe foKa3atenbcrsa OTO DiiHiuTeltHa. DHeprus, KoTo-
PYIO OHHU H3JIy4aloT, UICXOOUT OT MaTepHU, KOTOpasl BpallaeTcs
OueHb OJIM3KO K YEPHOH [bIPE, a BO3MOXKHO, M OT CaMOM Bpa-
LIAOLIeNcsa AbIpel. HeT HUKaKoro 1iaHca MOJyYUTh NOAJIMHHOE
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u306pakeHue MOTOKA, — ITO OyHeT, MOoXKanyii, naxe Gonee
TPYOHOU 3adadei], 4eM IOJIy4YUTb CHUMOK 3eMJIeNIoI0OHOM 11a-
HeThl, 0OpaIlaloIeiicss BOKPYT OPYroi 3Be3zbl, — HO MCXOHsI-
Iee OT HEro M3/Iy4eHre UMeeT KpacHOe CMeLIleHHUe M3-3a CUIIb-
HOM rpaBUTALMH (M OHO, KOHEYHO 3Ke, TOOABIISETCSE K OOBIMHOMY
KOCMOJIOTUYECKOMY KPacHOMY CMelieHH0). Takke OyayT mpu-
CYTCTBOBaTb OOJIBILINE IOTUIEPOBCKUE CMELEHHs], BO3HUKAIOLIE
13-3a BBICOKOI CKOPOCTH, C KOTOPOM ra3 BpalllaeTCsl BOKPYT AbIPEI
(B KpacHyI0 4acTh CIIEKTpa Ha TOH CTOPOHE, KOTOpasl YIaIsIeTCs;
B CHUHIOIO YaCTh — [UIs Ta3a, KOTOPBIN MPUOIMIKAETCS C OPYroi
CTOpoHBI). Bnarogapst mporHo3upyeMoMy IOBUKEHUIO U IpaBU-
TALIMOHHBIM IIOJIIM MBI MOXXEM IPOBEPHUTH, UMEIOT JIU YEPHBIE
JBIPbI Ha CAMOM JeJle Teé caMble CBONCTBA, KOTOPbIe ITpeaCcKas3bl-
BaeT Teopusl DHHILITeHHA.

KAK MHOI'O MO>XKHO ITPEICKA3ATDB?

Ecimit 661 KOMY-TO 3aXOTEIOCh B OLHOM IIPEIOKEHHH ITOBECTH
WUTOTU U OTBETUTh Ha BOIPOC: «1UTO Ke mMpou3ounIo nocue bomb-
IIOTO B3pPbIBa?», JIyYllle BCETO HAOpaTh MOJHYIO IPyAb BO3AyXa
U cKasaTh: «[IpakTHYecKy ¢ CaMOro Havdaia TSroteHue popmu-
pyeT KOCMHUYECKHE CTPYKTYpPBl U YBEIMYMBAET Pa3HULy TeMIIe-
paTyp, HEOOXOOUMYIO IJIsi PA3BUTHSI MHOTOTPAHHOCTH, KOTOPast
IIPOCTUPAETCS BOKPYT Hac Ha 10 MJIPA CB. JIET M 4YacTblO KOTO-
PpO¥ MBI SIBJISIEMCS».

Kak Tonpko popMHUPYIOTCS CUCTEMBI, JOCTATOYHO TSKETIbIE,
4TOOBI UMETh CBOE COOCTBEHHOE TATOTEHUE, OTKJIOHEHUST OT CPel-
Hero HapacTaioT. BciencrBue atoro Haia BeeneHHasg mora pas-
BUTHCSI U3 NIEPBOHAYA/IbHOTO OTHEHHOTO 11Iapa, PAaBHOMEPHO ropsi-
4ero, B YIIOPSNOYEHHYIO CHCTEMY, B KOTOPOH €CTh OYeHb ropsure
3Be37bl, UCITyCKAIOLINe U3/TydYeHUe B OUeHb XOJOIHBIM KOCMOC.
Tak HAaUMHAETCS 310Xa BCe boree YCTIO>KHAOMENUCS KOCMHUYECKOU
SBOJIIOLIMM U IOsIBJIeHUSI )XKM3HU. OTaebHbIe 3Be3/bl B ITpoliecce
Pa3BUTUS CTAHOBSITCS IUIOTHee (HEKOTOphIE 3aKAHYMBAIOT KaK
HEUTPOHHBIE 3BE3bl WIM YEPHBIE OBIPHI), TOTAA KaK B L[EJIOM
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Marepusi paclipoCTpaHsIeTcs 60j1ee TOHKO. DTa MHOTOTPAHHOCTh
SIBJISIETCSL PE3Y/IbTATOM LIETIOYKHU COOBITHIA, KOTOPYIO CIIeLIUaIH-
CTBI 10 KOCMOJIOTH MOTYT IIPOC/IEOUTD [0 YJIbTPAIUIOTHOM Iep-
BOHAYa/IbHOI Cpelbl, KOTOpas MPaKTUYE€CKHU He MMesa CTPYK-
TYPBL

Hama Touka 3peHHS Ha TO, KaK NMOSIBUINCh KOCMHYECKHE
CTPYKTYpBI, KaK ¥ TOYKa 3peHust [lapBrHA Ha OGHUOTIOTHYECKYIO
SBOJIIOLIUIO, SIBJISIETCST yOenuTenbHOM obueit cxemoit. Havano
BCETo INpolLecca, Kak U B Teopuu JlapBrHA, BCe elle OCTAeTCs 3a-
rafikoii: TO, Kak 00ycIoB/IeHO Yncio Q (BO3MOXKHO, MUKPOCKO-
MIMYECKMMU BUOpALIMSMH B OYeHb paHHel BceneHHOI), Bee ele
BbI3bIBAET HEAOYMEHME, KaK U IIPOUCXOXKAEHKE IIEPBBIX OPraHU3-
MoB Ha 3eMiie. Ho KocMonorus npoite B OfHOM OYEHb BaKHOM
OTHOLLUEHUHU: ITOCJIE€ TOTO KaK YCTAaHOBJIEHA HayasjbHas TOYKA,
pesysbTaT B OOLIMX YepTax Mpenckasyem. Bce orpoMHble yactu
BceneHHOM, KOTOpBIe ONMHAKOBO Ha4aINCh, 3aKOHYAT CTATUCTU-
YeCKM OJHUM U TeM ke obpasom. Hanportus, o61wuit Kypc 6uo-
JIOTU4ECKOM 9BOJTIOLIMYM YyBCTBUTEJIEH K «IIPOMCIIECTBUSIM» — 13-
MEeHEeHHSIM KJIMMaTa, [1aleHUsIM acTepOUZIOB, SIUAEMHUSIM U T. 1.,
MO3TOMY, €C/IA 3aHOBO 3aIlyCTUTh UCTOPUIO 3€MJIM, OHA MOJXKET
3aKOHYMTBCS B COBCEM JIPyrou Guocdepe.

[ToaToMy Tak Ba’XHO KOMIIBIOTEpDHOE MOJeIHMpPOBaHUE
CTPYKTYpPHBIX 0Opa3oBaHuil. [AIAKTUKY U UX CKOIUIEHHUS TIO-
SIBUJINCb B pe3y/bTaTe BO3AEHCTBUS TATOTEHHUS Ha IepPBOHA-
YasibHbIE HEOJHOPOMHOCTH. Mbl He MbITaeMCSI OOBACHUTD BCIO
CXeMy B JeTa/lsIX, & XOTUM TOJIbKO BBISIBUTb €€ CTaTUCTUYECKUe
CBOICTBAa — TOYHO TaK JKe, Kak OKeaHorpad craBur cebe Le-
JIBIO TIOJIyYUTb CTATUCTUYECKUE JaHHBIE O BOJIHAX, 4 He AeTalu
OIHOU BOJIHBI B €MHCTBEHHOM CHHMMKE B KOHKPETHOM MeCTe
U BPeMeHU.

HauanpHasg TO4YKa OJI9 TakOro aHajau3a — 3TO PaclIMpeHHe
Bcenennoi, omnuceiBaeMoe C IoMoIIbio uncen Q, A u Q. Pesynb-
TaT OY€Hb YYBCTBUTEJIEH K 3TUM TPEM KJIIOUYEBBIM YMCJIAM, YCTa-
HOBJIEHHBIM (MBI ellle TOYHO He YBePeHBI KaK) Ha CAMOM paHHEM
3Tare CyllecTBOBaHMUA BceneHHOM.
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HACTPOMKA Q

OueBUAHO, YTO it 0O6PA30BAHUS TaTAKTUK, MX CKOTUIEHMIA
U CBEPXCKOIUIEHUI TpeOyeTcsl LOCTATOUHOE KOIUYECTBO TEM-
HOI MaTepuu Bo BcesleHHOM, a Tak)Ke JOCTaTOUYHOE KOJIMYECTBO
aToMoB. 3HavYeHMe YrcIa () JOIKHO OBITh He CJIMIIKOM HHU3KHM:
BO BCEJIEHHOM, I7ie OYe€Hb MHOTO U3JyYeHUsI K MaJIO 4ero-ambo
elle, TATOTeHHE HUKOIZA He CMOJKET IIPeodoJeTh HaBJICHUS.
A 49ucno A He DOKHO OBITh TAKMM BBICOKMM, YTOOBI KOCMHYE-
CKOe OTTaJIKMBaHUE IIPeoJoyIesIo TATOTEHHEe IO TOTro, Kak cdop-
MUPYIOTCS TaJTAKTUKU. TaksKe TOIKHO UMEThCS JOCTATOYHOE KO-
JINYECTBO OOBIKHOBEHHBIX ATOMOB, [IEPBOHAYAIEHO HAXOISIIIUXCS]
B PacCessHHOM rase, 4TobObl COPMHUPOBATH BCE 3BE3IbI BO BCEX
rajakTukax. Ho Mel y>ke BUIeIHM, YTO HY>KHO U KOE-uTO ellle,
a UMEHHO H3HayaJIbHble HeOAHOPOIHOCTH, KOTOPbIE TOJIKHBI
CTaTh «POCTKAMU» OYAYILHUX CTPYKTYP.

Yucno Q uaMmepsieT pasdpoc dTHX HEOLAHOPOMHOCTEN MU
«psi6u». TToyeMy Q COCTaBIISIET IPUMEPHO 1075, ITO-TIPEKHEMY 3a-
raaka. Ho ero sHaueHre 04eHb BasKHO: Oyib OHO HAMHOTO MEHbIIIE
WM HAMHOTO OOJbIlle, «TKaHb» Hallleii BcelleHHOM 6bl1a OBl CO-
BCEM MHOM M MeHee CIocOOCTBOBaIA 06Pa30BAHHUIO KUSHHU.

Ecmu Q6YL(€T MeHbllie 1075, HO IIPY 3TOM JIPyrre KOCMUYECKUe
YKCTIa He UBMEHSITCS], TO CKOIUIEHUSIM TEMHOM MaTepuu oTpedy-
eTcst GOJIbILEe BpEMEHH, YTOOBI PA3BUTHCSI, U OHU OyIyT MEHbLIIE
¥ 60s1ee paspeskeHHbIMHU. [10/TyYMBILIIECS B pe3yIbTaTe TaTaKTHKU
OyayT «aHEMUYHBIMI», (GOPMUPOBAHHE 3BE3JI B HUX IIOWIET MeJ-
JIEHHO U Hea(p(HEKTUBHO, & «OTPabOTAHHASI» MATEPUS YIETUT U3 Ta-
JIAKTUKU U He OyeT nepepabaThiBaThCS B HOBBIE 3BE3/Ibl, KOTOPBIE
Moru 661 06pa30BaTh BOKPYT Ce0sl IUIaHETHBIE CUCTEMBI. Eciu
Q 6yzer MeHblIle 10°°, ra3 BOOOIIIEe HUKOIA HE CKOHAEHCHUPYETCST
B CBSI3aHHBIE TATOTEHWEM CTPYKTYPBI, Y TaKasl BCeJIEHHAs1 HaBCeraa
OCTaHEeTCS TEMHOIM, He MMEIOLIEH IPKO BHIPAKEHHBIX OCOOEHHO-
CTeH, Jaxke ecy M3HadaJbHasi «CMeCh» aTOMOB, TEMHOM Mare-
PHH ¥ U37Ty9eHHs OblIa TOM JKe CaMoii, YTo B Halllei BcereHHOI!.

C Ipyroii CTOpPOHBI, BCeNeHHas1, rae Yucio Q Oyner sHAYM-
TeJILHO 00nble 107 — TIne IepBOHAYalIbHble HEOOHOPOOHOCTU
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BO3HUKAIOT ¢ 6&mpuM pasbpocom, — OymeT GeCrOKONHBIM
Y JK€CTOKHMM MeCTOM. PaliOHBI, 110 pa3mMepy IpeBbIIIAIOIIe Ta-
JIaKTHUKHU, CKOHIAEHCUPYIOTCS ropasno panbliie. OHU He CTaHyT
pas3apobIAThCS Ha 3BE3[bl, a BMECTO 3TOTO COKMYTCS B OTPOM-
Hble YEepHBIE IBIPBI, KayKAas U3 KOTOPBIX OyoeT ropasmno TsiKe-
Jiee LIeJIOTO CKOIJIEHUS TaJIaKTUK B Hallled Bcenennoit. Beck co-
XPaHUBIUHUICS ra3 OyLeT TAKUM FOPSTYMM, YTO CTAHET UCITyCKATh
MHTEHCUBHBIE PEHTTEHOBCKHE U raMMa-iaydd. [amakTukuy (ecimu
U CyMeIOT ChOPMHUPOBATHCSI) OYAYT CBSI3aHBI TOPA3/I0 CHUIIBbHEE,
YeM raJlakTHKH B Haulei BceneHHOM. 3Be3 bl OYayT HAXOLUTHCS
G/IVKe APYT K OPYTy U CTaJIKUBATbCS CJIMIIKOM YacToO, YTOOBI
BOKPYT HUX MOIJIM CyLIECTBOBATh CTAOM/IbHBIE TUIAHETHBIE CHC-
tembl. (ITo TeM >Ke IpUYMHAM ITJITAHETHBIE CUCTEMBI HE MOTYT CY-
I1IeCTBOBATh OY€Hb O/IM3KO K LIEHTPY Halllei CoOCTBeHHOI [amak-
THIKH, TZI€ 3Be3/Ibl HAXOASTCS B Kya 60Jiee IIOTHBIX CKOTUIEHHSIX
IO CPaBHEHMIO C HAIMM OTHAJIEHHBIM PaliOHOM.)

Tor daxT, uTo Yrcio Q COCTaBsIeET 1/100 00O, K CJIOBY CKa3aTh,
3HAYUTENIHHO OOJIeryaeT KU3Hb CIIELIMATUCTOB 110 KOCMOJIOTHH:
HaM ropasfio Jierdye IIOHMMaTh CyLIHOCTb SIBJIEHUH, UeEM B TOM CIIy-
vae, ecrim 661 Q 66110 60sIBILE. MasieHbKOe Yrcio Q rapaHTHpYeT,
YTO CTPYKTYPbI MaJjibl [0 CPAaBHEHHUIO C TOPU30HTOM M UTO Hallle
T0JIe 3PEHMUsT JOCTATOYHO BEJIUKO, YTOOBI BMECTUTH MHOXKECTBO
HEe3aBHCUMBIX JIPYT OT APyra YYacTKOB, KaKIbli U3 KOTOPBIX JO-
crarouHo Besvk. Ec Q Gymet HaMHOTO 6OIbILE, TO CBEPXCKOILIE-
HUSI CAMU OOBEAUHSTCS B TAKHE CTPYKTYPbl, KOTOPBIE YHAYT 32 TO-
PU30OHT (a He OrpaHHYaTCs, Kak B Halllell BceneHHOH, pasMepom
npuMepHO 1% 3To# 1ikanel). Torga HET HUKAaKOr'o CMBIC/IA TOBO-
PUTb O CPeIHHUX, «CIVIAYKEHHBIX» CBOMCTBAX Halllel HabIofaeMoii
BceeHHOI U HEBO3MOSKHO OYIET OIPENEe/UTh TAKHUE YKCIIA, KAk Q.

Manocts Q, 6€3 KOTOpO#l CIIELHATUCTBI IO KOCMOJIOTHH
He cMOIIH OBl JOOUTHCST HUKAKHUX YCIIEXOB, 0 HEIABHETO Bpe-
MEHU Ka3anach NMPUATHOM CIIy4arHOCTBIO. TONBKO cefuac Mbl
HAYMHAEM [TOHUMATh, YTO 3TO HE MPOCTO YAOOCTBO /st KOCMO-
JIOTOB; 3KM3Hb He MoITa Obl Pa3BUThCsS, ek Obl y BceneHHOM
He ObIIO TaKO¥ BCe YIPOLIAOIIeil 0COOEHHOCTH.



I''TABA 9

HAIITA
KOCMMNYECKAASA
CPEOA
OBMUTAHMA 1II:
qTO JIEXKHUT

3A TOPHU30HTOM?

...HeT HMKaKoro coOMHeHHs], YTO MHP COTBOPEH
He BO BPeM€HH, HO BMecTe ¢ BpemeHeM. H6o uTo mpo-
HMCXOIWUT BO BPEMEHH, TO MPOMCXOIUT IIOC/IE€ OJHOIO
M MpeXJe APYyroro BpeMeHH, — I0Cjie TOro, KOTopoe
MPOIIIO, Y NMPEKE TOro, KOTOPOe AO/KHO HACTYIIUTbD;
HO HHUKAaKOIO IIPOLIE/IIEr0 BpeMeHH GBITh HE MOIIO,
[IOTOMy YTO He GbUIO HUKAKOM TBApH, JBUKEHYE U U3-
MeHEeHHe KOTOPO# onpezensuio 6b1 Bpems. Ho Heco-
MHEHHO, YTO MUP COTBOPEH BMeCTe C BpeMeHeM...*

Bn. ABryctuH

HACKOJIBKO OJOCTOBEPHA NCTOPHA
BOJIbBIIIOTO B3PBIBA?

Teoputo BonpIIoro B3peIBa MBITAIOTCS ONPOBEPTHYTH BOT yIKe
6onee 30 1eT**. Pa3nuuHble JaHHBIE MOITIM JOKA3aTh €€ HECOCTO-
ATENBHOCTD, €CIM Obl ObITM UHBIMM. BOT IATH U3 HUX.

Bia. Asryctus. O rpage boxuem. — M.: Xapsect, ACT, 2000.

Ha ceroguamawmii 1esp — 6osee 50 seT. — I[Ipum. Hayu. peo.
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* ACTPOHOMBI MOITIH OOHAPYKUTh OOBEKT, COfIePyKaHUE Te-
7Sl B KOTOPOM PaBHSIETCSI O WIK UMeeT ypoBeHb HIDKe 23%
OT COIePsKaHUS BOLOPOAA. DTO ObIIO Obl haTaNbHbIM ISt
TE€OPUH, IOCKOJIbKY TEPMOSLEPHAsA PeaKLisa C BOLOPOAOM
MOJKET JIETKO IPOMU3BECTU T'eJIMH C6epX TOTO KOJIMYECTBa,
KOTOpO€e OBUIO 0 MOSIBJIEHUS TA/IAKTHUK, HO HET HUKAKOTO
criocoba MpeBpaTUTh BeCh TeInit OOPaTHO B BOLOPOL.

* @DoHOBOE U3/TyuyeHHe, TaK TOYHO U3MEPEHHOE aIllapaToM
COBE, MoOrI70 UMeTh CHEKTP, OIMYAIOLIUNICI OT OXXUIa-
€MOTO CIIeKTpa «abCOMIOTHO YepHOTrO Tea» (MM TeIUIo-
BOTO paBHOBeECH:)™.

* Usyuas ueiimpuno, pU3NKH MOIIN OOHAPYKUTH UTO-
HUOYIb, HECOBMECTHMOE C BOJbIIIMM B3pbIBOM. B «OrHeH-
HOM Ilape» HEUTPHUHO HOJ/DKHBI OBIIM MO YHMCIIEHHOCTH
MPEBOCXOAUTDL aTOMBI BO MHOTO pa3 — IIPUMEPHO B MMJI-
nuapm, Kak U GoToHbl. Ecv 6b1 KasKAblii HEATPUHO BECHIT
XOT$1 6B MHJUTMOHHYIO JIOJIIO OT BeCa aTOMa, TO OHH B Lie-
JIOM COCTaBHJIH OBl CIIMIIKOM OOJIBIIYIO MACcCy OJIsI HbIHE
CyLLeCTBYIOLIEN BeenmeHHOIM — maske GOMBILIYIO, UeM CKPbITa
B TeMHOM MaTepuu. Kak MBI y>Xe TOBOPUJIM B I7aBe 6,
peaypHas Macca HEWTPUHO (eCiIM OHa He paBHA HYJIO),
[0 BCeil BUOUMOCTH, CJIMIIKOM HH3Ka, YTOOBI OIPOBEP-
THYTb Teopuio. Ho MOXeT BBISICHUTBCS, UTO OHA BBILIE.

* KomnuuecTBo nelTeprs MOIVIO IOMTHU Bpa3pe3 C TOU Belu-
UYMHOM, KOTOpasi, KaK O>KHUJAJIOCh, COXPaHWIACh OT bomb-
ILIOTO B3PbIBa.

* Temmneparypusle ¢aykTyauuu Ha HebecHOU cdepe
Mo Obl 1aTh 3HaUYeHue yrcaa Q, KoTopoe ObIIo ObI He-
COBMECTHMO C T€M, YTO JIOTUYECKU BBIBOJIUTCS U3 HbIHEIII-
Hell CTPYKTypbl BcesleHHOI, eciii ObI OHO He PaBHSIIOCH
1/100 000, KaK y»Ke TOBOPUJIOCH B ITIaBe 8.

Teopus Bonplioro B3peiBa npolua Bce ucnbitanus. O6o-
CHOBaHUs, MO3BOJIAIOIIME SKCTPANONIUPOBATh BEIMYUHBI HA CO-
OBITHS, IPOMCXOQMBILIHE, KO Hallla BceneHHas pacimpsiiack
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BCero OfHy CeKyHAy (Korma Hayaa pOpMHpPOBAThCS TeNuii), Oo-
CTOMHBI TOTO, YTOOBI IPUHUMATBCS TaK JKe CePhe3HO, Kak, Ha-
IIpHMep, BBIBOZbI O PaHHEH UCTOPUM 3eMJIH, KOTOPbIE IeatoTCs
Ha OCHOBAaHMWH HCCJIEOBAaHUS KAMHEHU U OKaMEHEJIBIX OCTATKOB
opraHn3MoB. OHU TOUHO TaK 3Ke SIBJISIOTCST HEIIPSIMBIMU 1 UMEIOT
MEHBIIE KOJIMYECTBEHHBIX XapaKTePUCTUK.

B03MO3KHO, MbI MOI/IM OBl yITTlyOUTH HAllle [IOHUMAaHHE KITIO-
YEBbIX KOCMHUYECKUX YHCEN U HaXKe «OOBSICHUTH» X, MIPOLOTI-
SKMB 9KCTPaIOJISALHUIO JajIblle — He TOJIbKO Ha IEPBYIO CEKYHAY,
HO U Ha MEPBYIO KPOXOTHYIO JOJIO CEKYHIBIL.

MBI OIpeneIeHHO MOKEM BEPHYThCS Oruske K Bonbiiomy
B3PbIBY, HO HE HAMHOTO. B TeueHue nepBoi MUIIMCEKYHAbl MBI
MeHee YBepeHbI B PU3UYECKOM CYIITHOCTU MPOUCXOASIIETO, II0-
TOMY UTO IUVIOTHOCTb MaT€PUH IIpeBbIIIaIa IJIOTHOCTb HEUTPOH-
HOM 3Be3abl. OueHb BBICOKYIO TeMIIEpaTypy M CTEIEHb CKaTUs
MOYKHO UMUTHPOBATh B MUKPOCKOIIMYECKOM MacIiTabe ¢ ITIoMo-
LIBIO 3KCIIEPUMEHTOB, TA€ YacTHULBI C BBICOKOM 3Hepruem cra-
KHBAIOTCA APYT ¢ ApyroM. Ho y 310l MeTOAMKY UMEIOTCS OIIpe-
neseHHble npenensl. Jlaxke TMraHTCKUMA BOnbIION andpOHHBIN
KOJIJTaiiep, MOCTpOEHHBIM EBpONeicKMM LIEHTPOM SINE€PHBIX MC-
cnenosanuii (CERN) B JKeHeBe, He IOCTUTHET TeX HEPTHH, KO-
TOpbIe UMEJIM YaCTHULIbI B IIEPBbIE 107 CEKyH bOBIIOro B3phIBa.
MHorue xapakTepHble UepThl Halleii BcenenHoit mormu cdop-
MMPOBAThCS, KOra KOCMUYeCKHe 9achl TOKa3bIBAIN 103 CEKyH[
WIN JaXXe MEeHbLIe. B TakKuX yC/I0BHAX KaKAasl CTENEHb JeCATH
Ha KOCMUYECKHUX JacaX, OTCYUTHIBAIOIIMX BO3PpacT BceneHHOH, —
KayKIIbIH JTUIITHUM HOJMBb TIOCTIe 3aIlsiTOt — OblIa HAIloJIHEeHa Co-
OBITHSIMH U IOJDKHA B PAaBHOM Mepe IIPUHUMATHCS B pacuer. Ta-
KM 00pasoM, Mepexon OT OTMETKU 107 K 107 CEKyH[, OOJIbILe
(o TO¥t IPUYKHE, YTO MEXKIY HUMHU OOJIbLIE CTEIIEHEHN NeCsITH),
4YeM BpeMEeHHOM MHTepBal MEXIY TPeXMHUHYTHBIM IIpefiesioM,
Korza copMHUPOBAICS reuii (IIpUMePHO 200 CEKYH[ OT Havaa
BosnbIlioro B3pbiBa) ¥ HACTOSIIIMM BpeMeHeM (3 X107 CeKyH[ TN
10 mzpx siet). C TakoM TOYKM 3peHMsl Jaske Ha OOyee paHHUX
dTarax MpOM3OLIIO0 MHOXKECTBO COOBITHIA.
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EOJUHOOBPA3BHUE B MUKPOMMPE

BosBpamiasice K Hayasly Halllero pasroBOpa, MOXHO CKa3aTh, YTO
3araikv KOCMOCa U MUKPOMHpa IepeceKaroTcst. UTOObI U3y UIUTh
9TH 3arafiki, HaM Hy>XHO YCTaHOBUTD CBSI3U MEXY TATOTEHHEM
(cunoi, KoTopast IOMUHUPYET B OOMBLUIMX MaciiTabax) U Opy-
TUMHU CHUJIaMU, KOTOpBIE YIIPaBJISIIOT OTAEIbHBIMU YacTHULIAMU.
DTOo meno Bce ellle He 3aBeplieHo. Ho pasnuuHble CUIBI U 4a-
CTUIIBI BHYTPU aToMa ceiuac NMpeiCTaB/sIOTCS HaM BIIOJIHE CO-
I7TaCOBAaHHBIMM.

B Hauane XIX B. Maiikn @apazeii MOHA, YTO 3/IEKTPUUECTBO
M MarHeTH3M HEITOCPeICTBEHHO CBSI3aHBL: ABUIKYIIUNCS MarHUT
CO3/aeT AMEKTPUUECKHE TOKY, a ABIDKYIIUNCS 3/IeKTPUYECKUI 3a-
psii, HA06OPOT, CO3MAET MarHUTHOE IT0JIe. DT IIPUHILIUIIBI JIETIH
B OCHOBY 2JIEKTPOMOTOPOB U IWHaMO-MalIrH. B 1864 r. [Ixxelimc
Knapk MaxkcBenn onucan oTKpbiTUsl Dapanes B 3HaMEHUTBIX
YPaBHEHHUSIX, KOTOPbIE€ BBIPaXKalOT, KaK M3MEHSIOLIeecs 3/IeK-
TPUYECKOE II0JIe CO3AeT MArHUTHOE U HA060pPOT. B OTKphITOM
MPOCTPAHCTBE 3T YPaBHEHUSI MMEIOT peLIeHMs], TPHU KOTOPBIX
9JIEKTPUYECKHE U MarHUTHBIE 07151 Kostebmotes. FiMeHHO cove-
TaHMEM TaKMX IOJIeH U SIBJISIEeTCSI CBET — 3TO BOJIHA 3JIEKTpUYe-
CKOHM Y MarHUTHOM 9HepruM (Kak ¥ paArOBOJIHEL, PEHTT€HOBCKYE
JIy4d U BCE OCTAJIbHOE, YTO MBI Ceifyac Ha3bIBae€M 3JEeKTpOMar-
HUTHBIM CIIEKTPOM).

TakuM 0O6pa3oM, Mbl BUAVM [IB€ OCHOBHBIE CHIIBL: 3JIEKTPO-
MarHeTu3M (TIOHMMaeMbIi KaK eIuHast CUIa) U TAroteHue. Jaxe
Mapapeil CTPeMUICS OTBICKATh OOLIHOCTh MEKAY TATOTEHUEM
U 3JIEKTPOMAarHeTU3MOM, XOTS U MOHUMaAJ, YTO 3TO IIpeXXie-
BpeMeHHO. CTo sleT crycTa DHHIITEHH NMpoBes CBOU IOCIeN-
HUE TOIbl B [TOMCKAX ITIyOOKOM CBSI3U MEXKIY 3TUMH ABYMS CH-
7maMU. DTU UCKaHUSI BHOBb OKa3aJMCh HampacHeIMU. Ha camom
JieJie Terepb Mbl IOHUMAEM, YTO OHHU ObUIM OOPEYEHBI, IOTOMY
9TO DUHINTEMH HE 3HAIT O PabOTAIOLIMX HA KOPOTKUX PacCTOsI-
HUSIX CHJIaX, KOTOpbIe NEeHCTBYIOT BHYTPU ATOMHOTO S1[Ipa: CUIb-
HOE WIHU sifiepHOe B3aMMOZEHCTBIE, KOTOPOe CBSI3bIBAET BMECTe
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MIPOTOHBI U HEMTPOHBI B aTOMHOM siipe (M OIpenesseT Hallle
YHCTIO €); U C71aboe B3aUMOZENCTBYE, BAXKHOE [UIST PaJHOAKTHB-
HOTO pacraza U HeHTpUHO. [10 HeCKONbKO IpybOMy MHEHHIO
¢dusuka Abpaxama [laiica, camoro mpociaBieHHoro 6uorpaga
BEJIMKOTO Y4eHOro, DHHIITEMH «MOT C TAKHM 3Ke YCIIeXOM 3aHU-
MAaTbCsl pHIOAIKOM» B ITOC/IENHHE 30 JIET CBOEH JKHU3HU.

Tereppb TPYAHOCTb 3aa4d COCTOUT B TOM, YTOOBI OOBenU-
HUTb uemblpe CUJIbL: TPU, KOTOPBIE YIIPAB/ISAIOT MUKPOMMPOM, —
3/IEKTPOMArHeTHU3M, CHIbHOE B3aUMOJEHCTBHEe U caboe B3au-
MOZIENCTBUE — U CUY TATOTeHMs. [IepBbIii COBpEMEHHBIN LLIar
K UX YHUGUKaIMH cBsizaH ¢ uMeHamu lennona [mamoy u Cru-
BeHa Baitn6epra B CIIIA, Tepapaa ‘T Xoodrta B [omaHmuu 1 na-
KHCTaHCKOro ¢usnka Abayca Camama. PesynbraTel ux paboThI
[IOKA3aJIH, YTO JIEKTPUYECKasi U MarHUTHasI CH/IbI (0Obe IUHEeH-
Hble MakcBe/ioM) camu 1o cebe CBsI3aHbl, IT0-BUIMMOMY, C CO-
BEPILEHHO UHOM CUJIOM — TaK Ha3bIBAEMBIM C/IA0bIM B3aUMOZIEH-
CTBUEM, BaXKHBIM /151 HEUTPUHO M PaJyOaKTUBHOCTU. B odeHb
paHHeii BcenieHHOM 9TH cutbl 6bUTH OOBEIMHEHBI B OJHY U Ha-
YaJM pasauyaThbCsl TOJIBKO IMOC/IE TOro, Kak BceneHHas ocTbuia
HIDKe KPUTHYECKO TeMIlepaTypbl IPUMepPHO 10% IpanycoB (4To
IPOH3OIIIO, KOIa ee BO3pacT COCTaBJIAa 107 CCKYH,E[). Campie
GOIbIIIME YCKOPUTEIM MOTYT UMUTHPOBATH TAKKE TEMIIEPATY DB,
u Canam 1 BaitHGepr mosyurim [OKa3aTeabCTBa CBOEH IPaBOTHI,
Koraa Bo Bpemsi skcriepuMeHToB B CERN OTKpBIIM HOBBIE Ya-
CTUILIBI, CYIIECTBOBAHME KOTOPBIX OHU IIPE/ICKA3bIBAJIA.

B 1950-X 1 1960-X IT. GBIIO OTKPBITO TAK MHOTO HOBBIX YaCTHI]
(m06aBHBILHMXCS K XOPOLIO 3HAKOMBIM 37IEKTPOHAM, HEUTPOHAM
Y IIPOTOHAM), YTO Ka3aJIoCh: Y4eHble, 3aHUMAIOLIecs: (PU3UKOI
YaCTHUL, PUCKYIOT IIPEBPATUTBCS B «KOJJIEKLIMOHEPOB MapOK».
Ho B uepefe 3THxX 4acThL] OGHAPY>KUIACh CUCTEMA; CyOaTOMHBIE
YaCTHLIBI MOJKHO OBLIO OObeIUHSITh B «CEMbH», IOLOOHO TOMY Kak
aTOMBI B IIePHOIMYECKOl TabiHiie MeHeneeBa oApasiesoTcs
Ha Iepuobl U rpymnsl. B 1964 1. Mroppeit Tenn-Man u JI>kopasx
liBelir, 1Ba aMepHKaHCKUX (PU3HUKA-TEOPETHKA, IPeIIOKHIN
«KBapKOBYIO MOJie/ib». KBapKu MMeIOT 3apsif, COCTaBIISTIOIINHI 1/3
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WU 2/3 OT 3apsifia 37eKTPOHA. DKCIIEPUMEHTAIBHYIO ITOAEPIKKY
Teopuu obecrieuru [Ixxepom @punman, Tenpu Kengann u Pu-
yapn Telsop, KOTOpble UCIONb30BaNy HOBEUIINI TUHENHBINA
yckoputenb B Crandopze, yTobsl 60MOapaUpPOBATh TPOTOHBI
9NIEKTPOHAMU. YueHble OOHAPYSKUIIN, YTO IEKTPOHBI pacCeUBa-
IOTCSI TaK, OYATO KaKABIA MPOTOH COCTOUT U3 TPEX «TOUEUHBIX
3apsiOB», COIEPIKALIMX COOTBETCTBEHHO 2/3, 2/3 U —1/3 00111ero
3apsaga. TeM He MeHee OIMH U3 HEOXKUJAHHBIX aCIIEKTOB «KBap-
KOBOM MOZe/I» COCTOUT B TOM, YTO OTHE/IbHBIN KBapK BBIUJIE-
HUTh HUKAK HEJb3sl, XOTsI BHyTPU IPOTOHA KBAPKU BeIyT CeOst
KaK CBOOOAHBIE YacTHLbL. (Bce MONbITKY OOHAPYKUTh YACTHYHO
3apsUKEHHBIE YaCTULIBI TPOBAIMIIKCH.) B KOHLIE 1970-X IT. 6671b-
IIast YacTh «300MapKa YacTUL Oblla OObSICHEHA B KATETOPHSIX 9
THUIIOB KBAapKOB.

Tak HaspIBaeMas «CTaHIApTHAas MOJeE/b», KOTOpasl MOSBHU-
71ach B 1970-X IT., BHEC/IA B MUKPOMHUP MOTPSICAIOIIUH MOPSIIOK.
DIIeKTPOMAarHuTHas cuia U cnaboe B3auMozeNcTBre 6bUH 06b-
€IUHEHBI, 4 CUIbHbIE VI siIepHbIE CUIIbI ObIIM UHTEPIIPETH-
POBaHbBI C TOYKH 3PEHMSI KBAPKOB, KOTOPbIE CKPEIUISIET BMECTe
ellle OfHa YacTULlA I10J] Ha3BaHUeM «IJII0OH». Ho HUKTO He cyu-
TaJI, YTO IOC/IEJHEE CTIOBO B 9TOM 06/I1ACTH CKA3aHO: KOTMYECTBO
9/IEMEHTAPHBIX YAaCTHIL] OCTAETCS 0OECKYPasKUBAIOLIE OOJIBIINM,
a ypaBHEHHs BCe ellle BKJIIOYAIOT YMC/IA, KOTOpPble ObIIN OIpe-
Jle7IeHbl SKCIIEPUMEHTAIBHBIM ITyTEM U IIOKa He MOATBEP>KAEHBI
TeopHel. B yacTHOCTH, OOBSICHEHHE HA OCHOBE TJIFOOHOB HE CBSI-
3aHO C KOHKPETHBIM 3Ha4eHHEM CUJIBbI SIePHOTO B3aHUMOIei-
CTBUSI, KOTOPOE PELIAIOLIUM 00pa3oM MpOsIBIISIET cebsi B HALLIEM
OCHOBHOM 4YHCJIE € = 0,007.

[Tocrie 06beMHEHIST TIEKTPOMArHUTHOM CUJIBL U C/TabOTO B3a-
HMOJIEMCTBUSI CITEAYIOLIEH LIETBIO CTAIO NOOABUTD SIIEPHYIO CHITY
U TaKUM 006pa3oM JOOUTHCS TaK Ha3bIBAEMOM «TEOPUH BETMKOTO
0ObeMHEHUS» BCEX CHIJI, YIIPABISIOLMX (PUBUKONH MHUKPOMHPA
(XOTSI BCE 3TH TEOPHH ITOKA YTO HELOCTATOYHO «BETUKU», YTOOBI
BKJIIOUHTD B Ce0sl TATOTEHUE, 3TO MO-MIPEKHEMY TPyAHAsS 3a/1a4a).
KaMeHb MPETKHOBEHHS B TOM, UTO BEJIUKOE OObEANHEHHE, KaK
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MoJIaraloT, UMeeT MeCTO IIPU TeMIepaType 10* rpaaycoB. JTO
B MWUIMOH MH/UTMOHOB Pa3 BbIIIIE, YeM MOXKHO IOCTHYb B IIPO-
1lecce COBPEMEHHBIX 3KCIIEPUMEHTOB, a YTOObI JOOUTHCS Tpe-
OyeMo¥t aHEpruy, MoTpebyeTcsl YCKOPUTEIb pa3MepoM Gobliie
ConHeuHolt cucteMsl. [ToaToMy Ha 3eMyie 3TH TEOPHM IIPOBe-
pUTh OYEHD TPYLHO.

Vx criennryeckoe BIUSIHAE HA MUP HU3KUX SHEPIHil UMEeT
3aYaTOYHbII XapaKTep: HAIlpUMep, IIPOTOHBI, IJIABHbIE COCTABIIS-
IOLI[Me BCEX 3Be3[ U IUIAHET, PacliafaloTCs OYeHb MeIUIeHHO —
atot 3¢pexT OyneT BaxkeH B OTAATIEHHOM OyayLieM, HO ceifuac
He MMeeT 3HaueHUs. TeM He MeHee 6ce ObUIO ropsiuée 10%* rpa-
IyCOB B IepBbIe 1073 CEeKyHA Iocie Bopioro B3peiBa. Bos-
MOYKHO, paHHsis1 BcenenHast Oblla e JMHCTBEHHBIM MECTOM, IIe
Obl/Ta BO3MOJKHA TeMIleparypa, Tpebyemast st 06be IUHEHHS]
CHJI. DTOT «3KCIIEPUMEHT» KOHUMIICS G0Jiee 10 MIIPA JIeT Hasaz,
HO OCTaBWJI I OH BO BcenleHHOIT Kakue-TO Cie[pl, Haromooue
TOTO KaK TeJIMi OCTaJICSI OT IIEPBBIX HECKOIBKUX MUHYT ee Cylije-
cTBOoBaHMs? [1o Becell BUAMMOCTH, [a: IlepeBec BelllecTBa HaJl aH-
TUBELeCTBOM (KOTOPBIii MbI 0OCY3KAA/IH B I7IaBe 6), BO3SMOXKHO,
ObLT 3areyaT/ieH Ha 9T yabTpapaHHeit craguu. Yto kyna 6omee
Ba)KHO, OTPOMHBIM MaciuTab BceseHHOM U TOT (hakT, 4TO OHA BO-
0011 paCIIMpPSIETCS], MOXKET ObITh, ObIT TIPENOIPEIENIEH TEM, UTO
CIIy4WIIOCh B 9T KPATKUeE IlepBble MTHOBEHHUSI.

INOHATHUE «UHPJIALIAN»

JBa pyHIaMeHTaIbHBIX BOIPOCA, CBSI3aHHBIX CO BceneHHOH, 3By-
yaT TaK: «[loyeMy OHa paciumpsieTcss?» u «[loueMy oHa Takasi 6071b-
masi?» Mbl MOXXKeM IIPOC/IeIUTh, YTO IIPOUCXOINUT BO BpeMsI pac-
LIMPEHUs, ¥ SKCTPAIIOIMPOBATh MPOLIECCH] HA HECKOJIBKO CaMbIX
MEepPBBIX CeKYHA (M IOATBEPOUTH HAILU THIIOTE3bl PacpoCTpa-
HEHHOCTBIO Tenust u Aeirepust). Ho Teopust Bosbiioro B3pbiBa
B IECTBUTE/IBHOCTH SIBJISIETCS ONKCAHUEM (M OCTaTOYHO YCITell-
HBIM) TOTO, YTO IIPOMCXOIUIIO hocie BobIIoro B3phiBa, OHA HU-
YEero He TOBOPHUT O TOM, YTO K€ IOJIOXKH/IO Ha4aJIO PACLIMPEHHUIO
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Boob11e. [Ipyryio 3arafky MOKHO C(hOpMy/IMpOBaTh Tak: «[logemy
Hamra BceseHHas B L1e71oM ofmHOpOAHA (YTO AemaeT KOCMOJIOTH-
JecKHe JaHHbIE JIETKO MONNAIOIMMHUCT 06paboTKe), HO B TO JKe
BpeMsI [TO3BOJISIET 0OPA30BbIBATHCS TAJIAKTUKAM, CKOIUIEHHUSIM
Y CBEPXCKOIIZIEHUAM?» I, ec/i mpoAo/mKaTe Aanblie: «Uto mpe-
JOIIpeIe/INIO CaMi (PU3NYIeCKUe 3aKOHBI?»

Harra riaBHast 3aragka (KOTOPYIO MbI OOCY>Ka/IM B I/IaBe 6) —
rnoyemy BcesleHHas paciumpsieTcs CIycTs 10 MJPI JIET, IPUTOM
YTO 3HaYeHMe YMCIa {2 BCe elle He CJIMIIKOM OT/IMYAeTCs OT M-
Huubl. Hamma BceseHHad He «CXJIONHyJIacb» MHOTO JIeT Ha3an
Y He PaCLIMPSIETCS] HACTONIBKO ObICTPO, YTOOBI e KUHETHYEeCKas]
SHeprysi 3HAYUTENIBHO Npeonoesna 3¢ heKT TAroTeHus. DTOo Tpe-
6yert, 4TOOBI YMCIO Q) B paHHel BcereHHO 6bUIO YAMBUTEIBHO
671113K0 K euHHLEe. YTO 5Ke 3aCTaBUIIO BCe BOKPYT PACIIHPSTHCS
TaKUM 0CObeHHbIM obpaszom? [Toyemy, Korga Mbl HabmoxaeM
OTAaJIEHHbIe paliOHbI BceleHHOM B pa3HBIX HAIIPaBJIEHUAX, OHU
BBIITIIAAT TAKUMHU NMOXOKUMM? Mmu moueMy Temmeparypa pe-
JIMKTOBOTO M3/IyYeHH s [IPAKTHIECKH OHA U T JKe Ha BceM Hebe?

OTU BONPOCHI UMEIOT OTBET, €C/IU JOMYCTUTb, YTO BCE YaCTH
Halllell CeroHsIIHel BeeneHHOIM ObIM CHHXPOHU3HUPOBAHBI IPYT
C IpyroM Ha OY€Hb paHHEM 3Talle, a IOTOM pa3BUBAaMCh IO OT-
JIebHOCTH. DTO ABSETCS KIIYEBBIM MOCTY/IaTOM TEOPHUHU «HMH-
¢raumonnoit Becenennoiin*. B 1981 I Torma eme Monomoit ame-
pUKaHCKUM Pu3uK AmaH ['yT BeIABUHYN 3Ty uzero. Kak gacro
CIIy9aeTcsl B HayKe, y HEro OBUIO HECKOJIBKO ITpeIIeCTBEHHHU-
KOB — (U3HKU-TeopeTUKU Anekceit CTapoOHHCKMIT 1 AHIpeit
JInnne n3 CCCP u Kanymorto Cato u3 fnonuy, Ho ['yT coenan
TIOJIO’KEHHMSI TEOPHUH [OCTATOYHO SICHBIMH, YTOOBI YO uTh 60IIb-
ILIMHCTBO CIIEL[MaIUCTOB B TOM, UTO 3Ta TEOPHst ObLIA PEBOIOLIU-
OHHBIM IIpo3peHHeM. B cBoeit kuure «MHdssunonHas Beenen-
Has»'® I'yT BCIOMMHAaeT MOMEHT, KOIJla €r0 OCEHMJIA 3Ta ujes,
a TakKe TO, KaK JKUBO OOCYKAaIH ee (PU3UKU-TEOPETUKH U KaK
pasBwn gamblie. ([yT TaksKe OCYLIECTBUJI «COLMOTIOTHYECKUI

*

CrnoBo npoucxofuT ot jat. inflatio — pasgyBanue. — IIpum. nep.

163



BCET'O WIECTb YHCEJI

MPOPBIB» B aMEPUKAHCKYIO aKaJeMHUYECKYIO HayKy C TOYKM 3pe-
HUSI MOJIOLOTO MCCJIeNOBATeIs, UILYIIEro CBOIO HMIIY B IIepe-
ITOJTHEHHOM 0671aCcTH. )

CormacHo Teopyuy MHQISLIMOHHON BceleHHOH, IIpUYMHA TOTO,
rnoueMmy BcesleHHas CTOIb BeIMKa M MOYEMY TATOTEHME U pac-
LIMPEHHE TaK YE€TKO YPaBHOBEIIEHBI, JIEXKUT B KAKOM-TO 3Ha4M-
TEIbHOM COOBITHH, KOTOPOE MPOU30LIIIO OYeHb PaHO, KOTIa BCSI
Haia Habmonaemast BcenenHast 6b11a GYKBaJIbHO MUKPOCKOIIH-
YecKUX pasmepos. IIpu KonmoccanbHOM MJIOTHOCTH TOM 3MOXHU
B UI'Py BCTYIIMJIO HEKOE «KOCMUYECKOE OTTAJIKUBAaHUEY, [IOXOXKEe
Ha HEBOOOPA3UMO CHUJIbHOE YHCTIO L. FIMEHHO OHO B3SO Bepx
HaJl OOBIYHBIM TSATOTEHHEM. PacIiypeHue «pBaHYJIO Ha BepX-
Hel nepegader, YTO IIPUBETIO K HEYAEP>KMMOMY YCKOPEHHIO, TTO-
3BOJIMBILIEMY 3apOAblllly BcesieHHON pasnyThbcsl, TOMOT€HHU3UPO-
BaTbCS U yCTAHOBUTD «XOPOLIO HACTPOEHHOE» PABHOBECHE MEXKIY
TATOTEHUEM U KUHETUYECKOM dHEpruei.

IIpennomnaraercs, YTO BCe 3TO MPOM3OIIIO B IIpeenax BCero
JIMILB TEePBBIX 103 ceKyH[ bonbioro B3pbiBa! Yc10Bus, KOTOphIE
CyILLIeCTBOBAJIA TOTAQ, OYEHb JA/JIEKH OT TeX, KOTOPbIE MBI MOYKEM
MPOBEPUTH IKCIIEPUMEHTAIBHO, TIO3TOMY O AETAJISIX MOXKHO TO-
BOPHUTb TOIBKO yMO3PUTEIbHO. TeM He MeHee Mbl MOXXEM CTPO-
UTb IIpeIIOIOKEeHNS], COIIACYIOIIMECS C IPYyTUMH (PU3NIeCKMHU
TEOPUSIMU U C TEM, YTO MBI 3HAEM O bornee mo3aHel BceneHHOI.

Upnest, crosimas 3a MHQISIIMOHHON TeopHel, Ype3BbIYaifHO
MpUBJIEKaTeIbHa, IOTOMY YTO OHa, TO-BUAUMOMY, ITIOKa3bIBAET,
KakK Liej1asg BCeJEHHasl MOIJIA Pa3BUTHCS U3 KPOLLIEYHOTO «3€ep-
HBIIIKa». MBI cCYMTaeM, 4TO 3TO IMPOU3OLLJIO, IIOCKOJIbKY Pacllu-
peHHe UIET No IKCNOHeHMme: OHO yJBauBAeTCs, CHOBA yABauBa-
€TCsI, 3aTeM yABaUBaeTCs ellle pas... Maremarnueckue hopMyIIbl
(ecut TONBKO OHY He OYeHb [IMHHbBIE U B CAMOM JIeJIe CIIOKHBIE)
OOBIYHO HE ONEPUPYIOT OTPOMHBIMU YUCTaMU. ENUHCTBEHHBDIIM
€CTECTBEHHBIN MyTh AJI «CKPOMHOTO» YUCJIa — CO34aTh TUIAaHT-
CKOe — Takoe, Kak 107, oblliee YKC/IO AaTOMOB B Hab/oaeMoii
BceneHHOM, — €CM OHO ABJSAETCS MOKa3aTeaeM 3KCIIOHEHIU-
QJIBHOM 3aBUCHUMOCTH (TaK MOXXHO CKa3aTb, €CJIM UCIIOIb30BaTh
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MaTeMaTU4YeCKHe TEPMUHEI), T. €. OHO TOBOPUT HaM, CKOJIBKO pa3
napamMetp yaBauBaetcs. Kaxaplif pas, korna panuyc chepsl yBe-
JIMYMBAETCS BABOE, ee 06beM BO3PACTAET B BOCEMb pa3 (B 0ObIU-
HOM €BKJIMIOBOM IIPOCTPAHCTBE). [171st TOrO 4TOObI JOCTHYb TAKOTO
YHCIIa, KaK 1078, MOTPeBOyeTCst JIULIb COTHS ITONOOHBIX YIBOEHUH.

VIMeHHO 3TO, NpeAIoNoKUTeIbHO, U IPOUCXOAUIO BO BpeMst
MHISIIMOHHON a3kl 3BOMIOLNH Hantel BecenenHoii. Hencrosoe
OTTaJIKUBaHUE, YIIPABIISBILEE Pa3LyBaHHUEM, OIKHO OBUIO «BbI-
KJIIOUNThHCA», TIO3BONUB BcesleHHOM, KOTOpast K TOMy BpPeMEHHU
JOCTATOYHO YBEINYUIIACh, YTOObI BMECTUTD B Ce6s1 BCE, UTO MBI
ceifuac BUANM, TIEPENTH K GOJIee IEHUBOMY U CITIOKOMHOMY pac-
LIMpeHHIO. DTOT Iepexoy, IpeBpaTHyI OTPOMHYIO 3HEPIHIO, CKPhI-
TyIO B [IEPBOHAYAIBHOM «BaKyyMe», B OOBIYHYIO SHEPTHIO, SIBJISI-
IOLIYIOCST UCTOYHHKOM TeIUIa B OTHEHHOM Iiape, 1 Havas boee
MPUBBIYHBIA MPOLECC PACIIMPEHMS, KOTOPBIM M CAeNa] Hally
BceneHHy10 TakoH, Kakoi MBI ee BUAMM CETOJHS.

[Tonsitne «MHGIIALHUA» IMOLMOHATIBHO 0OCYKIAIOCh C TEX
0P, KaK BIIepBble ObUIO BBIABUHYTO AECSTKH jeT Hazan. OHO
MPOLLJIO Yepe3 MHOXKECTBO BAPUAHTOB, OCHOBAHHBIX Ha Pa3HbIX
MPeATOOKEHUIX O TOM, KaK JaB/IeHHe, IFIOTHOCTD U T. [I. BeJIU
cebs1 [IpH YCIIOBHUSIX, OYEHD ATIEKUX OT TOTO, YTO MBI MOYXKEM U3-
y4aTh Hanpsmyio. Ho cama unes B uenom, pasymeercs, Gymer
COXPAaHATb CBOIO IOMYJISIPHOCTD, II0Ka He MOSIBUTCS TEOpHS IO-
nydine. B HacTOSIIMIT MOMEHT TOIBKO MHQISIIMOHHAS TEOPHUS
IlaeT OCTOBEpPHOEe OOBSICHEHHE TOTO, ITOYeMy Halua BceneHHas
TaK BeIMKa U Tak enuHoobpasHa. OHa mpexanaraer oObsiCHe-
HHUE TOTO, nouemy BceeHHas paciuMpseTcsa ¢ TaKOM KaKyLencs
XOPOLIIO HACTPOEHHOM CKOPOCTBIO, YTO CMOIVIA PACTSIHYTh Cebst
BO BCEX HaIIPaBJIEHUSIX Ha 10 MIIPJ, CB. JIeT.

MOJKEM JIX MBI ITPOBEPUTD
HHPIAITHOHHYIO TEOPHIO?

Ecnn cMOPpIeHHYIO IOBEPXHOCTD PacTATMBaTh BO MHOTO pas, He-
POBHOCTH OYIyT YMEHBIIATHCSI M IIOBEPXHOCTH CTaHET IJIaJKOM.
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AHanoruen «rmaaKocTH» B KOCMOJIOTHH SBJISIETCSI TOUHOE PaB-
HOBecHe MeXny (OTpHLiaTeIbHOM) dHeprueil Tarorenus u (mo-
JIOKUTEIbHOM) dHepruei paciivpeHUs. DTO caMoe HalesKHOe
00600111eHHOe TTpeicKa3aHue UHGIISILIMOHHOM TeopuH. BeimosHs-
eTcsa 11 oHo? [IpocTeiias IIocKas BCeleHHas — 3TO KaK pa3s
Ta camas, IJe 4ucIo  paBHO TOYHO eauHuLe. JloKa3aTensCcTsa,
NIpUBEJIeHHBIE B ITIaBE §, TOBOPSAT O TOM, YTO aTOMBI U TeMHas
MaTepHsl COCTaBJIAIOT TOJIBKO 0,3 KPUTUYECKOM IVIOTHOCTH, U 3TO
Ha IIepBBI B3IVISII TOBOPUT O Heyznade. Bcnencrsue atoro ¢u-
3MKU-TEOPETUKHU C IHTY3UMa3MOM YXBaTHU/IMCh 3a YTBEpPKIEHHE
O TOM, YTO pacIIMpeHHe YCKOPSIETCsI, TOTOMY 4YTO K HeMy 100aB-
JISI€TCS SHEPrys, CBsI3aHHas ¢ ynuciIoM A. Haia Beenennas v B ca-
MOM JieJie KaXKeTCs «IUIOCKOM» (XOTSI cCaMble OCTOPOSKHBIE Cpeny
HAC MOTYT CKa3aTh, YTO «[IPUCSKHBIE BCE €lle HE COOPATUCHY,
U OynyT usberaTb OKOHYATEIBHOTO BEPOMKTA ellfe HECKOJIBKO
net)*. «CMech» TOTO, YTO COCTaB/IsIeT KPUTHYECKYIO IVIOTHOCTD
BcenenHoi, Bcero Ha 4% COCTOUT U3 aTOMOB U Ha 25% — U3 TeM-
HOHI Martepuu. Bce ocTaibHOE — CaM «BaKyyMy.
JloKa3aTenbCTBO «IIJIOCKOCTHOCTU» HECKOJIBKO BOOIYIIEBIISET.
ITo xpariHelt Mepe OHO MOOLIPSIET HAC IPOBOOUTDH AajbHEHIINe
OIIBITBI, OCOGEHHO «IUaTHOCTHKY», KOTOPAsi MOKET BBISIBUTb Jie-
TaJIH TOTO, YTO MPOUCXOANIIO BO BPeMsI OBICTPOTrO PacCIlIHpEeHHSI.
Bo/BIIMHCTBO 0OCTOSITENBHBIX HIel 06 yibTpapaHHeii Bcenen-
HOI MMEIOT O4eHb KOPOTKUM CPOK rogHOCTH. 1o moBony nepBbIx
107% CeKyH/[I CeTONHSIIHNE (PU3MKH HCIIBITHIBAIOT TAKyIO JKe He-
YBEPEHHOCTb, KaKYIO UCIBITBIBAIU IO IIOBOAY MEPBOM CEKyHbI
nocsie bospiioro B3peiBa, Korga ['aMoB U Ipyrue uccienoBaTeln
Haya/Ii U3y4aThb KOCMOJIOTUYECKOE ITPOUCXOKIEHUE STIEMEHTOB.
VX mepBUYHBIE Uer ObUIM HEBEPHBIMU BO MHOTHUX OTHOLLIEHMSIX,
HO OHM OBUIM HCIIPaBJIeHBI U TBEPIO BCTAJIM Ha HOTU 3a CIle-
JOyrolye 10—20 JeT. BO3MOKHO, MBI MOXXEM ITHUTaTb TaKUe JKe

Ha HacToAmmif MOMEHT MBI MOXXeM TOBOPUTB O TOM, YTO HabIoAa-
eMas BcesleHHasa onuceiBaeTcA IUIOCKOW reOMeTpHUell ¢ TOYHOCTBIO
okoJ0 1%. — IIpum. Hayu. ped.
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HaZieXXAbl 10 TIOBOJy COI03a (PM3MKHM CBEPXBBICOKMX SHEPIHUif
M KOCMOJIOTHH B OJIMsKaiilllee TeCsSTHIIETHE.

O6pasoBaHue renus B MepBble HECKOIBKO MHUHYT BOb-
IIOTO B3PBIBA OBIIO CBS3AHO C SIAEPHBIMU PEaKLUSIMU U CTOJK-
HOBEHUSIMHU aTOMOB, KOTOPble MOXHO BOCIIPOM3BECTU IKCIIE-
puMeHTaIpHO. Hanpotus, mporieccel B MHQIALIMOHHYIO 3IIOXY,
KOTOpBIE OIIpeesIsIIoT Takue (yHAaMeHTaIbHble KOCMUYeCcKHe
yKcia, Kak Q, CIIMIIKOM SKCTPEMAIbHBI, YTOOBI UMUTHPOBAThH
UX Ha 3eMJjie, JaXke B YCKOPUTENIAX. DTO yC/IOXHSLET 3a/1avy.
C npyroii cTopoHsl, caM GakT MOTUBUPYET K U3yYEHHIO OYeHb
panHeli BcerleHHOI, KOTOpOe MOKET 06eCIeYnTh HalesKHYIO I1po-
BEPKY HOBBIX TEOPHl 0ObEANHEHUS, TIOTOMY YTO 3TO eJUHCMEEH-
Hblll MOMeHM, KOTZA SHEPIUH ObUIH JOCTATOYHO BBICOKH, YTOOBI
MPOLEMOHCTPHUPOBATD SIBHbIE ITPAKTUYECKUE CJIEACTBUS 3TUX TEO-
puii. Korma acTpOHOMBI IIBITAIOTCS IIOHATh KOCMHYECKHe (heHO-
MEHBI, OHU OOBIYHO MOJIB3YIOTCSI Pe3yIbTATAMHU T€X OTKPBITHIA,
KOTOpBIe PU3KKHU [efatoT B mabopatopusix. BosmoskHoO, ceituac
y aCTPOHOMOB ITOSIBUJICS LIIAHC «OTIUIATHUTH YCIYTOU 3a YCIIyTy»,
OTKPBIB HOBBIE (PyHIaMeHTaIbHble pr3ndecKye MPUHLUIBL EcTb
Y IpyTHe NIPUMEpBI IIOLOOHOTO — CKaskeM, HEUTPOHHBIE 3BE3.IbI
paclIMpU/IM HallM 3HAaHHUSI O MaTePUU C BBICOKOH IJIOTHOCTBIO
U 6ONBIION cuite TsroTeHust. HO caMbIM MOKa3aTeIbHbIM ObL
caMm bonbiioi B3peIB. B 1950-X IT. KOCMOIOrMsS HAXOAWUIACh BHE
OCHOBHOTO pycia (PU3NKH — TOJILKO HECKOJIBKO «OPHUTMHAJIOB»
Bpoze [amMoBa obpaiiany Ha Hee Kakoe-TO BHUMaHue. Harporus,
B HaCTosillee BpeMsl IIPOOIeMbl KOCMOJIOTHH BBI3BIBAIOT MHTe-
pec MHOTHX BeAyIuX (HU3UKOB-TEOPETHUKOB. U 3TO, pasymeercs,
JaeT HaM MOBOZABI [/ ONNTUMU3MA.

MUKPOCKOIIMYECKHEe «<BUOPALIMI», TOSIBUBILHECS, KOT/Ia Hallla
BceneHnas 6b1a MeHbILE Msida [Ist TOIb(a, Terepb pacTsAruBa-
I0TCA yepes BCro BeenenHyro. B HUX comepsKaTcss HEOMHOPOAHOCTH,
13 KOTOPBIX POXKAAIOTCS FaJIAKTUKU U CKOIUIEHMS TalIaKTUK. Teo-
PETHKH BCe ellle He TOKa3a/Ii, MOTYT JIM NHGIIALUOHHBIE MOAEIN
«eCTeCTBEHHBIM 0Opa3oM» aBaTh OOBsICHEHHE Ynciy Q, paBHOMY
1075 M XapaKTEepU3YIOLIEMY YPOBEHb 3TOM HEOTHOPOAHOCTU. DTO
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3aBHCUT OT HEKOTOPBIX (PU3MUECKUX CBOMCTB, KOTOPBIE BCE ellle
«He TIPOBepeHB! B 6010». HO MBI MOKeM y3HATh Kakue-HUOyIb e-
TaJIM U UCKJIIOYUTh KaKUe-TO BapUAHThI, IOTOMY 4TO OTAE/bHbIE
BepCUM MHQUISLIMM JAIOT COBEPLISHHO OTIMYHBIE APYT OT Apyra
npeackasaHud. Mismepenus, cielaHHble KOCMUYECKMMU amapa-
tamu WMAP u Planck, 1 HabmoneHus 3a TeM, KaK TaJJaKTUKU
00bEJUHSIIOTCS B CKOIUIEHUS], JAIOT K/IIOYM K MHQISILIMOHHOR
3II0Xe ¥ HEKOTOPbIE CBENEHUS O «(DU3KKE BETIMKOTO OObeIUHE-
HUsI», KOTOPasi HE MOXKET OBITh HAMPSIMYIO BbIBELEHA U3 DKCIIE-
PUMEHTOB Ha YPOBHE «OOBIUHBIX» SHEPTHIA.

Hapsany ¢ ¢nykryaunssmMu, KOTopble pa3BHUBAIOTCS B rajak-
THUKax U UX CKOIUIEHMSX, pa3fyBaHME, KaK CYMTAETCs, CO3JaeT
«TPaBUTALMOHHbIE BOJIHBIY — KOMEOAHMsI B CAMOM TKaHH IPO-
CTPaHCTBa, IlepeceKarolye Beenennyto co ckopoctsio cBeta. O6b-
€KTBI, TIOTABIIME IO TaKyIO BOJIHY, HCIIBITHIBAIOT Ha cebe Chity
MIPUTSKEHHs, KOTOPask BHAYasIe TSHET UX B OHY CTOPOHY, a ITo-
TOM — B APYIYIO; B P€3y/bTaTe€ OHU CJIETKa «TPSACYTCSI». DTOT
a¢deKT OUeHb Majl, U ero OOHAPYKEHUE NEMCTBUTENBHO MPEe-
craBisieT CO60i OrPOMHYIO TEXHUYECKYIO TPYAHOCTh. B pamkax
npoekTa LISA EBporeicKkoro KOCMHU4ecKoro areHTCTBa IUIaHU-
pyercst 3amyCTUTh Ha OpouTy BOKpyr COMHIIA TP KOCMHUYECKUX
amnmnapara, pa3aereHHbIX MUJIMOHAMM KUIOMeTPOB. PaccTosinus
MEKAY HUMU OyIyT U3MEPSThCS JIA3EPHBIMU JIy9aMH C TOYHO-
CTBIO JJO MUJUIMOHHBIX JOJelt MeTpa.

Ho paxe ammapater LISA mMoryT oka3aTbcs HEZOCTaTOYHO
YYBCTBUTEIBHBIMU IJISI TOTO, YTOOBI MONMATh 3TH MEPBO3/aH-
Hble BUOpauuu. Torga ux pa3paboTYUKOB YCIIOKOUT TO, YTO TO-
pasno serde GyneT OOHAPYKUTh ApPyrve CUrHaabl. Hampumep,
MHTEHCUBHBIN BCIZIECK TPaBUTALIMOHHBIX BOJIH CO3/1a€TCS, KOTAa
JIBeé YepHble IbIPbI CTAJIKUBAIOTCS U CIMBAIOTCSA. MBI oxxuzmaem,
YTO TaKHe COOBITHSI BpEMsI OT BpEeMEHH CIydaloTcss*. B meHTpe
GOJIBILIMHCTBA rAJIAKTUK UMEETCSI Y€PHAst AbIPa, [0 MacCe paBHAst

%

[lepBoe Taxkoe cobBITHE (CIUSHHUE YEPHBIX ABIP) ObLIO 3apErHCTPU-
poBaHo B 2015 1. — IIpum. Hayu. peo.
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MMW/UIMOHaM 3Be3[. [1aphl raJlakTHK 4acTO CTaJIKMBAIOTCS U CMe-
IKBaOTCS (MBI Hab/IIOKaeM, KaK IIPOMUCXOIUT MHOXKECTBO TAKMX
cobbithit). Korga ato ciyuaercs, 4epHble ABIPBI B LEHTPe 00X
TaJIaKTUK CJIMBAIOTCH.

TakuM 06pa3oM, MbI MOXKEM BCKOPE JKIATh SMITUPUYECKUX
cBezeHuit 06 MHQISILIMOHHOM 11oXe. [lake eCTi HaM HeN3BECTHBI
COOTBeTCTBYIOIIME (PU3HNYECKHE TIPUHIINIIBI, MBI MOYXXEM BBIYHC-
JIATH NOCJI€NCTBUS ONpPee/IeHHbIX AOMYILIEHUN 3TON Teopuu
(sHauenre Q, rpaBUTAIIMOHHBIE BOMHBI U T. 1.). Torma Mbl CMO-
JKeM CPaBHUTb UX C HAOIOAEHUSIMHU U, TAKUM 00pa3oM, I0 Kpaii-
Hel Mepe Cy3UTb KPyT BO3MOXXHBIX BapUaHTOB.

APYTHUE PEJINKTbI

JIto6ble OCTaTKH y/IbTpapaHHEH 3MOXU OyAyT BakKHbI KakK He-
006XOqUMBIe CBSI3YIOIIME 3BEHbSI MEXKIY KOCMOCOM M MHKPO-
mupom. OfHa MHTepecHast BO3MOXKHOCTD (KOTOpasi HesiCHO BBI-
pHCOBBIBa/IIaCh ellle B CO3HaHUU ['yTa, Korma oH paboTan Haz
CBOel TeopHeif) — 3TO MBIC/Ib O TOM, YTO MarHUTHBIE MOHO-
IIOJIM MOIVIM OCTaThCsl OT paHHelt Bcenennoit. dapaneit u Maxk-
CBeJIJ1 ITOKa3a/IM TeCHble B3aMMOCBA3U MEXY IEKTPUUECTBOM
U MAarHeTU3MOM, HO ObIJIO OIHO K/IIOYeBOe pasiuyue (M OHU
3TO NOHMMAJIM) MEXAY STUMHU ABYyMS CUJIAMU: TTOI0KUTEIbHbIE
Y OTPULIATE/IbHBIE 3JIEKTPUYECKUE 3aPSAbl CYIIECTBYIOT, HO «Ce-
BEPHBIN» U «IOKHBIN» MarHUTHBIE IIOJIIOCA, IO BCEW BUAUMO-
CTH, He MOTYT CyLeCTBOBATh IO OTAEIbHOCTH. MarHuTel — 3TO
munony (MMeIoT [Ba ITO/II0Ca), a He MOHONoMM (OOyH IOJIIOC),
Y, eCIM MBI paspyOuM AMIONb IIOIIOJIAM, MBI HUKOIZA He II0-
Jy4UM [IBa MOHOIIOS, a TOJIBKO NUIIOIM MEHBIIEro pasMepa.
HecMmoTpst Ha monrue 3aMbIC/IOBaTble U3bICKaHUSI, HUKOMY TaK
Y He yIanoCh «IIOHMaTb» MOHOIO/Mb.

CoBpeMeHHbIe (PU3UKU-TEOPETUKH IIPEIIONaraioT, YTO MO-
HOIIOJIM MOTYT CyILIECTBOBAaTh, HO OHM JOJDKHBI OBITh UPEe3BhI-
YaifHO TsDKeNbIMU (B MUJUIMOH MUWJUIMAPAOB pa3 TsDKesee Mpo-
TOHa). V3-3a BBICOKOI MAacChl, [UIs1 TOTO YTOObI OHU BO3HUKIIH,
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HeOoOXOAMMa OTPOMHAsl KOHIIEHTPALIMsSI SHEPTUM — T.€. TaKast
S5Heprus, KOTopas BJIacTBOBajla B CaMOM paHHeHN BcenmeHHOM
u Gonblue HUKoOrAa. B Hawelt ceronusiiHeit BeceneHHO MOHOTIO-
JIed HUYTOKHO MaJIO: MaTHUTHBIE T10J1 ITPOHU3BIBAIOT MEXK3BE3/1-
HOe IIPOCTPAHCTBO, U MX IIPOCTO «3aKOPOTHIIO» OBI, €C/IH OB
MoHorosell 6pU10 MHOTO. I'yT ObIT 0334a4eH OTCYTCTBUEM MO-
HOIIOJIEH, MIOTOMY YTO, MO BCEH BUAMMOCTH, OHH HEM30EKHO
MOSIBJISVIMCh B paHHe! BceneHHON. B CBA3M ¢ 3TUM €ro ydiumMm
IIpeII0IOKEeHHEM OblTa MBIC/Ib O TOM, YTO MX OOIas Macca co-
craBuia Obl B MUAJITIMOHBI pa3 GoJIblie TEMHON MaTepUH, YeM ee
CYILLIECTBYET Ha CAaMOM Jiefie. Ba>KHbIM IPEUMYILIECTBOM PACIIN-
peHUs (eC/IM OHO Havasaoch IIOC/IE TOTO, KaK CPOPMHUPOBAINCH
MOHOIIONIM) OBITIO TO, YTO OHO PacCesyio IpelrioaraeMble Mo-
HOIIOJIH, ¥ 3TO OOBSICHSIET UX OYEBHUIHOE OTCYTCTBHE CETOMHSL.

MoHonoMmM — 3TO HeuTO BPOZe «y3JI0B» B KocMoce. Ha Ha-
YYHOM $I3bIKE TaKHe SBJIECHMSI Ha3bIBAIOTCS «TOMOJIOTMYECKUMU
nedekramu». Kyna 60iee MHTEpECHO, YTO 3TO NedEKTHI B popme
JIMHUI, a He B popMe TOYeK — patioHbI KOCMOCa, KOTOpbIE 3a-
BsI3aHBI Y37I0M B TPyOKH TOHbIIe aToma. OHU Moru 6bl ¢op-
MMPOBAaTh 3aMKHYThI€ TIE€T/IH, KaK 3JIACTUYHBIE JIEHTBI, Bpalllasch
MPaKTHUYECKHU CO CKOPOCTBIO CBETA, UJIN JK€ BBITSTUBATBCS MPSIMO
yepe3 BCro BceneHHyro. HekoTophle cCrieMaJnCcThl IO KOCMOJIO-
TUM CTPOSIT MPEATIONIOKEHUSI O TOM, YTO 3TH TOIOJOTMYecKHe
neeKTBl MOTYT ObITh POCTKAMH KOCMHUECKHX CTPYKTYP — B pe-
3y/IbTaTe OHU BHOCSIT CBOM BK/IaJ B 3HaueHMe umncia Q. OTa unes
IIPUBJIEK/Ia BHUMaHME B Hayajle 1990-X IT., HO OKa3aj10Ch, YTO OHa
He COIVIACYeTCsl C HEKOTOPBIMHU LETaISIMU B IIpOLieccax obpaso-
BaHMS CKOIUICHUI TaJIakTUK, BBISIBJIEHHBIMU No3aHee. OIHAKO
3TH NET/IM BCE )K€ MOTYT CYILeCTBOBATh, U OHU UMEIOT TaK1e He-
OOBIKHOBEHHbIE XapaKTEPUCTUKU (TOHbIIIE aTOMA, HO HACTOJIBKO
TSKEJIbIE, YTO KaXKIbIA KUJIOMETP MOXKET CPaBHUTBCA IO Macce
¢ 3eMIelt), 4TO aCTPOHOMBI JOJDKHBI ITPUJIOXKUTh MACcCy YCUIIHI,
YTOOBI UX OOHAPYSKUTh.

Hpyrast uHTEpeCHass BOSMOXXHOCTb — MHHMATIOPHBIE Yep-
Hble IbIpbl. [IpIpa pa3MepoM C OLHH aTOM MOXKET ObITh TaKOM JKe
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MacCHBHOH, Kak ropa. Kak Msl y>ke BUZeH B I71aBe 3, €CTh IIpsi-
MO pe3ysbTaT TOro, YTO YMC/I0 N TaK OTPOMHO: TATOTE€HHEe TaK
c1abo, YTO He MOXKET IPEeONOJIeTh APyrye CHbl B Macuitabe
aTOMOB, €C/IM TOJIBKO He «yMaKoBaTb» Maccy N aTOMOB B pa3Mep
onHoro. OueHb MOKET OBITh, YTO B Y/IbTPAPAHHIOIO JTIOXY Cylle-
CTBOBAJIO JaBJIeHHUe, CII0COOHOe chOPMUPOBATH TaKHe MajleHb-
KHe YepHble OBIPbl. XOTsI CEerOAHSI HUKAaK{e IIPOLecChl He MOTYT
006eCIieunTh TaKylO CTeleHb CKAaTHsI, BO3MOKHO, KaKasi-HUOYIb
Oymy1iast BBICOKOpPa3BUTasl LIMBUIM3ALIMS CMOXKET 3TO CLesaTh.
Oco6eHHO MHTepeCHbIe TEePCIIEKTUBbI OTKPBIBAIOTCSI, €CIIH CO-
eIVHUTDb 3Ty MBICJIb C OPYyTOM — O TOM, YTO BHYTPH YepHOU
IBIPBI MOKET pa3BUBATbCS HOBasl BCeJIEHHAs], pacLIMpPSSACh B HO-
Boe (BO3MOXHO, OECKOHEYHOE) MPOCTPAHCTBO-BPEMSsI, HUKAK
He CBSI3aHHOE C HalllKM.

N3 «<HUYETO»?

MoskeT moKa3aTbCsl NapaZoKCaabHbIM, YTO Lienas BceneHHas
IPOTSDKEHHOCTBIO 10 MJIPZ, CB. JIeT (KOTOpasi, BO3MOSKHO, pac-
IIMPUTCS ellle Aasblile, 3a Ipelesibl Halllero TOpU30HTa) MOIJIA
IIOSIBUTHCSI M3 GECKOHEYHO MaJIOH KPYIHULBL. DTO BO3MOYKHO I10-
TOMY, YTO, CKOJIBKO Obl BcenleHHast HM pasayBaiach, ee IOIHAs
QHEPIHsl ITO-TIPEXKHEMY MOXKET ObITh paBHa Hy0. COIIaCHO 3Ha-
MEHUTOMY ypaBHEHMIO DHHINTElHA, BCe UMEET 3HEPIUIO, PaB-
Hyro mc>. Ho Bce Tak>ke MMeeT U OTPULIATEIbHYIO S3HEPIUIO U3-3a
TsIroTeHus1. Ham HyskHa 9Heprusi, YTO6b! BLIOPATHCS 32 IIPELEIIbI
3eMHOTO MPUTSDKEHHUS], T.€. HAM HY’KHO C’Keub JOCTaTOYHO pa-
KETHOTO TOIUIMBA, YTOOBI JOCTUYb CKOPOCTH 11,2 KM/C. TakuM
06pasoM, 1o CPaBHEHHUIO C ACTPOHABTOM B KOCMOCe Ha 3emiie
MBI UCTIbIThIBaeM neduuut sHepruu. Ho ator meduuur (KoTo-
PBIIf MOKHO Ha3BaTh «IIOTEHLUAJIbHON IPaBUTALIMOHHOMN 3HEP-
rHeli») C y4eTOM TOTrO, YTO BCe BO BceneHHOI ckiampIBaeTcs,
MOJKET JOCTUYb 3HAY€HUA Munyc mc>. Jpyrumu cmoBamu, Bcee-
JIeHHAast Co3aeT st cebsl TaKyro IyOOKYIO «TPaBUTALIUMOHHYIO
sIMy», UTO BCE€ B Hel MMeeT OTpHULIATeIbHYIO I'PaBUTALIMOHHYIO
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SHEprHIo, KOTOpasi TOYHO KOMIIEHCHPYeTCsI ee Heprueii Macchl
nokos1. [ToaToMy 3Heprus, 3aTpaueHHasl Ha pas3nyBaHUe Hallei
BcesleHHOI, Ha caMOM Jejie MOKeT OBITh PaBHOU HYJIIO.

CreliuanucTsl 110 KOCMOJIOTMM MHOTIA 3asBJISIOT, YTO Bee-
JIeHHast MOIVIa pa3BUThCS «U3 HU4Yero». Ho OHM JOKHBEI BHUMA-
TEJIbHO OTHOCHUTBCSI K CBOMM CJIOBAMU, OCOOEHHO KOrzaa obparia-
10TCsA K prtocodpam. Co BpeMeH DIHINTeHa MBI TOHUMaeM, YTO
IIyCTOE TIPOCTPAHCTBO MOSKET UMETh UCKPHUBIIEHHYIO U fedopmMu-
POBaHHYIO CTPYKTYpY. [laske cKaTast O «TOYKM», OHA TAUT B cede
YACTULIBI U CUJIBI, & 3TO Kyzia 6o7ble, 4eM HIoCOPCKOE «HUUTON.
Korzna-Hubyap» GU3HKU-TEOPETUKH, BO3MOXKHO, CMOTYT HAIIMCATh
(dbyHmaMeHTaIbHbIE YpAaBHEHHSI, OTIUCHIBAOLIVE (PU3UUYECKYIO pe-
ambHOCTh. HO pUBUKM HUKOTIA HE OOBSICHST TOTO, UTO «BbIXAET
OrOHb» B YPaBHEHHUSI U IETA€T UX PealbHOCTHIO B HACTOSIIIIEM KOC-
Moce. DyHIaMeHTaIbHBIN BOTIPOC «[louemMy ecTh UTO-TO, a He HU-
YTO?» OCTAeTCsl B BeaeHUn ¢prnocodos. Y BO3MOKHO, MBI MOSKEM
JaTh UM MYZApPBIH OTBET B Ayxe Jltonsura Butrenmreiina*: «O yem
HEBO3MOYKHO TOBOPUTb, O TOM CJIEAYET MOITYATh».

3A JIMHHIO TOPU30HTA,
K MY/JIbTUBCEJIEHHOH

J0/IrocpoYHbIe MPOTHO3bI, OMMCAHHbIE B I/IABE 7, HA CAMOM [IETIE
OCHOBaHbI Ha NPELINOJIOKEHUH, KOTOPOE Mbl HE MOXKEM IIpPO-
BEpPUTH, & UMEHHO HAa TOM, YTO Te y4aCTKU BceneHHOIi, KoTO-
pble ceifuac HaXOOATCSI BHE HAIETO TOPU30HTA, TIOXOXKH Ha TO,
4To Mbl HabmozxaeM. Ec/ii Bbl HAXOIUTECh B CEpelMHE OKeaHa,
BBl HE OKUZAETE, YTO 3eMJIsl HAXOQUTCS CPasy 3a TOPU3OHTOM,
HO 3HAETe, YTO OKeaH He GECKOHEYEH U Bbl B KOHLIE KOHL(OB IPH-
YaynmTe K KOHTHHEHTY. [I0106GHBIM 5Ke 06pa3oM MBI MOSKEM OLLIK-
6aTbCsl, CUMTAs, YTO Halla BeeneHHass 66CKOHEYHO MPOCTHPAETCS

Jropsur Mosed VoraHH BuTreHImTeilH — aBCTpUHCKUN GuUIIO-
cod M JIOTHK, IPeJCTaBUTENb AHAMUTHIECKOH GUIOCOPUH, OLUH
U3 KpynHeHmux ¢mrocodos XX B. — [Ipum. nep.
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B JII00YIO CTOPOHY OIMHAKOBBIM 006pa3oM. BO3MOXKHO, MBI JKHUBEM
B IIy3bIpe C HU3KOM IIOTHOCTBIO, IOCTATOYHO GOJIBIIOM, YTOObI
€ro Kpaif JiexkaI 3a HalllM TellepeLHIM TOPU30HTOM, HO OKpY-
>KEHHBIM Ky/a 60J1ee KPYITHbIM PaliOHOM, KOTOPBII B KOHLIE KOH-
LIOB CXJIOITHETCS BOKPYT HAC. He CTOMT 3XIaTh KAKHUX-TUO0 PE3KUX
IIepeMeH Cpasy 3a TOPU3OHTOM; C LPYroil CTOPOHBI, HET HUKa-
KUX TAPAHTHIA TOTO, YTO MBI MOXKEM 3KCTPAIIOIMPOBATH MECTHBIE
yCIIOBYsI HA GECKOHEYHOCTb.

OZHO 13 CaMBIX BOYKHBIX 3HAYEHHIT pasiyBaHsI COCTOUT B TOM,
YTO OHO IPaHAMO3HO U HAITIALHO PACIIMPHIIO HALIM [IPEACTaB-
nenus o BeeneHnoii. Yto6bl 06bsICHUTL BeeneHHyio, KOTOPYIO
MbI BUIUM, UHQISLNA JOJKHA OBITh OCTATOYHO MHTEHCUBHOI,
4TOOBI OOBSACHUTH HAIMYHE 107 aTOMOB B IIPeZesiaX JOCIraeMOCTH
HALMX TeJIeCKONoB. Ho aTo Bcero nuuib MUHUMYM. Bo3aMoskHO,
IS TOTO, YTOOBI OCTAHOBUTH HavaBLIIeecs pa3ayBaHue, oTpedy-
€TCs1 MHOTO BpeMeHH ((pH3UKH-TEOPETHUKH TOBOPSIT 06 3TOM Kak
0 mpobeMe «M3SILHOTO BIXO4a» U3 MHGIALMK). B camom zere,
GOJIBILMHCTBO BEPCUI TEOPUH MHQJISILIAY [TPEATIOJIATAI0T, YTO KO-
JINYECTBO «YIBOEHMI» OJKHO OBITh HAMHO20 60/bUle, YEM TO, KO-
TOpOE HY’KHO, YTOOBI OOBCHUTH HAOIIOLaeMYI0O HaMu BcesneH-
HyI0. B I71aBe 1 MBI pacCMOTpe/H MOC/IeI0BATENBHOCTD «KALPOB»
Hallel BceneHHO, Ka’KABIM U3 KOTOPBIX OXBATHIBAET B 10 pas3
6onbimii Macmtab. Eciu HauMHATh ¢ MaciTaboB, MPUBBIYHBIX
HaM B OOBIYHOM KU3HHU, TO 25 «Ka[POB» IPUBOIAT HAC K TPAHHUIIE
TOTO, YTO MbI BUAUM CETOAHS. DTa TPAHULIA, IO CYLIECTBY, YCTa-
HOBJIEHA Te€M, KaKOe PaCCTOSIHME MOYKET IIPOMTH CBET 32 10 MIIPA
JIET WM OKOJIO TOTO C TeX IOp, Kak 06pa30Ba/IMCh IIEPBBIE raIaK-
kU, Ho TeopeTrky MHGIALMN TIPENCTaBISIOT cebe HACTONMBKO
6osee KpynHyIO BceneHHyI0, YTO OHA MOKET BMECTHUTH B cebst
MUAUOHDL KAJPOB, KaXKIbIH U3 KOTOPBIX YBE/IMYEH B IECATH pas,
MIOKa JOCTUTHET KaKOTO-TO «Kpasi». DTO KOIOCCATBbHOE PacIlu-
peHHe IIPOCTPAHCTBA HEBO3MOXKHO OXBATUTh YMOM (IUISI MEHS,
IO KpaiiHeii Mepe). Pa3pbiB B MaciuTabax MexXIy MUKPOMUPOM
Y TOPU30HTOM BUIMMOI Hamu BcesleHHO# — 3TO HUYTO TI0 CpaB-
HEHHIO C Pa3pbIBOM C PEalbHBIMU IpaHuLiaMu BeenenHoit. XoTst
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OHa 1 He GECKOHEYHA, Hallla TEPPUTOPHUSI TIPOCTPAHCTBA U BpEMEHU
MIPOCTHPAETCS TOPA30 JaJIbIe TOTO, YTO MBI MOYKEM BUAETb. 115t
TOTO YTOOBI 3aIMCATh BPeMsl, 32 KOTOPOE CBET C «Kpash» BceneHHOI
nobepeTcst o Hac, IOTPeOyeTCst He IIPOCTO AECSATh HyJIEH U JasKe
He COTHS HyJIeH, a MUJUIMOHBIL.

Ho a0 ewe He Bce. [Jaxke 3Ta KonoccanbHas BeeneHHas, nMero-
11ast 06beM, [UIs1 BBIPASKEHHsI KOTOPOTO MOTPEOYETCS YUCIIO B M-
JIMOH 3HAaKOB, MOXKET OKa3aThCsI He «BCEM, UTO €CThb». DTO pe3yJib-
TaT OIHOTO 3MU301a UHQIISLIMH, HO 3TOT 3MM301 — BonbImoii
B3PBIB — MOJKET CaM I10 cebe ObITh BCETO JIUILIb OMHUM COOBITHEM
B 6ECKOHEYHOM cepyur. MOKHO OTMETHUTB, YTO 3TO ECTECTBEHHOE
CIEZICTBUE U3 «BEYHOM MHQIISALMU» OCOOEHHO TIOIIEPKUBAIT KOC-
mornor u3 Poccun Anppeii Jlunge. I1o aToMy clieHapHIoO, KOTOPbIH
Tpebyer 0COOBIX (XOTS U MO-MIPEXKHEMY YMO3PUTEIBHBIX) TIPE/-
MOJIO>KeHUH 0 PU3UYIECKUX IIPoLieccax IIpH SKCTPEMaIbHOM IJIOT-
HOCTH, Y KOCMOCA MOXKET ObITh 6ECKOHEYHOE MPOILIOE. YIaCTKH,
I/ie pa3yBaHKe He KOHYAeTCsl, BCEra PacTyT JOCTATOYHO OBICTPO,
4TO6BI OOEeCreunTs ceMeHa aApyrux Bonpiunx B3peiBoB. Ecth Ba-
PHAHTBI 3TUX THUIIOTE3, COITIACHO KOTOPBIM 3MU30[ UHQIISILIIHN
MO>KET ITPOM30HTH BHYTPH Y€PHOH IBIPBI, CO3[JaB HOBBIE yUaCTKU
IPOCTPAHCTBa-BPEMEHH, HE CBSI3aHHbIE C HALIIMM COOCTBEHHBIM.

B aTOM MecTe 03BO/IbTe MHE NOGABUTH OLHO CEMAHTHUECKOE
3amMedaHue I10 ITOBOY OIpeZie/IeH s CJIOBA «BCesleHHas». Ero mpa-
BUJIbHOE OIlpeJie/IeHne — 3TO, KOHEUHO, «BCe, YTO eCTb». B 3ToM
I7IaBe s 3asIBJISIIO, YTO CYLIHOCTD, TPAAMLIMOHHO Ha3bIBaeMas Bee-
JIEHHOH, — TO, YTO U3yYalOT aCTPOHOMBI, WJIH TO, YTO OCTaJIOCh
ot Bosbiioro B3peiBa, — MOXKET OBITh OHOI M3 L[EJIOTO psiia
CYLIHOCTeH, Kaskaast U3 KOTOPbIX, BO3MOXXHO, Hayasaach cO CBO-
ero cobcrBeHHoro Bornpiioro B3peiBa. [lenaHTsl MOIIH GBI 3aX0-
TeTb Ha3bIBaTh BceneHHOI Bech 3TOT aHcaMbib. Ho g JIyMaro, 4To
OyZeT MeHbllle IyTaHHULIbI, €C/IH OCTABUTb TEPMHUH «BCETIEHHASI»
JI7ISL TOTO TIOHSITHSI, KOTOPOe eMy TPaIWULIMOHHO COOTBETCTBYET,
XOTsI TOTAa TMOTPeOYETCsT HOBOE CIOBO «MyJIbTHBCE/IEHHAS» IS
00603HaUEHMsI BCETO aHCAMOJIST «BCEJIEHHBIX» — K 9TOMY TIOHSI-
THUIO s1 BEPHYCh B IVIaBe 11.



[JIABA 10 TPU USMEPEHU S
(1 BOJIBIIIE)

3emus (opbura 3emiun) ectb Mepa Bcex opour. Bo-
KPYT Hee OInuIlIeM JoaeKasap. OnucaHHas BOKPYT A0-
Iekaszapa cdepa ectb cepa Mapca. Bokpyr cdepsl
Mapca onumem TeTpasap. OnucaHHas BOKPYT Te-
Tpasapa cepa ectsb cepa FOnurepa. Bokpyr cepsr
IOnutepa onumem Ky6. OnucanHas BOKpPyr Kyba
cepa ectp cepa CartypHa. B cdepy 3emuu Bro-
JKHM HKOcasAp. BrincanHas B Hero cdepa ectsb cdepa
Benepsl. B cepy BeHeprl BIOKMM OKTasap. Bru-
caHHas B Hero cdepa ecTb cepa Mepkypus. Tenepb
Y HacC eCcThb 06T:HCHeHI/Ie KO/IUYEeCTBY IVIaHET.

NoraHH KENEP

IIOYEMY 3HAYEHHE D = 3 OCOBEHHOE

Y HaIllero mpocTpaHcTBa Tpu uamepeHusi. CyLeCTBYIOT TOUKU
(Honp M3MepeHuit), TMHUK (ODHO U3MEpPEHHE), TUTIOCKOCTH (IBa
usMepeHust) u tena (Tpu usmepenwus). Ho Ha 3TOM Ham Ipu-
JIETCSI OCTAHOBUTBCSI, XOTS C TOUKU 3PEHHSI MATEMATUKH MBI MO-
SKEM TPEACTABUThL cebe MPOCTPAHCTBO, B KOTOPOM U3MEPEHUN
6onbIe. YTo 3Ke B 4ucie 3 Takoro ocobeHHoro? C KIacCU4ecKnx
BpPEMEH reOMETPbI 3aMETH/IH JIFOOOIIBITHBIE YEPThI PA3HBIX H3Me-
penuit. Harpumep, B IBYX U3MepEHHUSIX Mbl MOYKEM HapHCOBaTh
[IPaBUIBHBII MHOTOYTOJIBHUK C JIFOOBIM KOJTMYECTBOM PaBHBIX
CTOPOH (PaBHOCTOPOHHUI TPEYroIbHUK, KBaAPaT, IISITUYTOJIbHIK,
LIIECTUYTOIBHUK U T. I.). HO B Tpex n3MepeHHsIX eCTh TOMIbKO IISITh
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MJIATOHOBCKUX «IIPaBWIBHBIX T€J», B KOTOPBIX PaBHBI BCE CTO-
POHBI U YITIBL. B yeThipex M3MepeHUsIX TaKUX OOBEKTOB LIECTb,
a B 607iee BBICOKUX U3MEPEHHUSIX — BCErO MO TPH.

OnHO U3 ClIeACTBUM TPeXMEPHOTO MUpPA COCTOUT B TOM,
YTO TaKHUe CHUJBl, KaK TATOTEHUE U 3JI€KTPUYECTBO, MOMUUHA-
IOTCsI 3aKOHY OOpaTHBIX KBa[paToB, T.€. CHIa WM 3apsi] CTa-
HOBSITCSI B YeThIpe pasa ciabee, eC/IM PacCTOSIHUE yBeTHYH-
BaeTcsl B nBa pa3a. Maitkn @apaneit B cBoUX HOBATOPCKUX
TpyZax IO 3JIEKTPUYECTBY HCIIOIb30Bas IpadHuecKuil Crrocod
(o cyTu MpaBWIBHBIN), 4TOOBI MOHATH 3TO0. OH IMpenCTaBUII
«CUTIOBBIE JIMHUM», UCXOAAIIME OT KaXKIOTO 3apsi/ia MU Macchl,
IIpY 3TOM BE&JIMYMHA CHUJIBI 3aBUCHUT OT KOHLIEHTPAalUUHU 3THUX JIU-
HUi. Ha paccTossHuy r IMHUM paclpOCTPaHSIOTCA 1O MJIOLIA Y,
IIPOIIOPLIMOHAIBHOM % Ha OOJBIINX PACCTOSIHUSIX, TAKUM 00-
pasoMm, neiicTBue cuiabl ocnabeBaer. Ee BenmunHa 06paTHO
NpoNnopUMOHanbHa 2. TeM He MeHee IUIOLIAIb uembipexmep-
Hoti «cpepbl» OyIeT U3MEHSThCS IIPOMOPLIMOHATIBHO I3, U €CTH
YIBOMTE I, TO OHA CTAQHET He B YETHIPE, a B BOCEMb pa3 GoJIblLe.
Tak, pasmbiiienuss @apazgess 6GyayT BblpakaTh 3aKOH obpar-
HBIX K)y006.

Kak noHs1 HeroTOH, TpaeKTOpHM IJIaHET YIPABIIAIOTCS PaB-
HOBECUEM MEXIY NeWUCTBHEM CHJIbl TTOTEHMS, KOTOpas TSHET
UX BOBHYTPb, U LIeHTPOOEKHBIM 3 deKTOM UX ABMKeHus1. Op-
6uTbl B CONTHEUHOM crcTeMe CTabUIIbHBI B TOM CMBICTIE, YTO He-
GobLIME U3MEHEHUS] CKOPOCTU TI/IAHETHI U3MEHSIIOT ee OPOUTY
OuYeHb He3HAuMTeNbHO. HO 9Ta CTaBUIBHOCTD MCUE3HET, eC/IU
TSTOTEHHE He OyZeT ONMMpPaThCsl Ha 3aKOH OOPATHBIX KBAIPATOB,
a HAYHEeT CJIel0BATh 3aKOHY OOPATHBIX KYOOB (MM 3aKOHY C elle
6osiee KPyTO HAKIOHEHHBIM rpadHKOM 3aBHUCHMOCTH). Torxa,
€C/IM ABYDKYLIASICS TI0 OpOUTe IUIAaHETa XOTh YyTh-4yTh 3aMell-
JINTCSI, OHa He IIPOCTO TepeieT Ha YyTh MEHBIIYIO OPOUTY, a ee
3arsiHeT rpsiMo B COJIHILe, TOTOMY YTO CHJIA 0 3aKOHY OOpaTHBIX
KyOOB pe3KO BO3pacTaeT 10 HAIIPaBJIeHUIO K LieHTpy. HanpoTus,
€CJIM UAyLIas 10 OpOUTe IJTaHeTa YyTh-4yTh YCKOPUTCS, OHa Obl-
CTPO YHAET IO CIIHUPAIX BO BHEIIHIOI TEMHOTY.
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Anrnmuiickuii punocod XVIII B. Yumpsam Ileiinmun 3HaMeHUT
CBOMM JOBOZOM O TOM, YTO BUAMMOE CTpOeHHe Halllel Bceenen-
HOI1 IIOpa3yMeBaer CylecTBOBaHue TBOPIIA TOYHO TaK JKE, KaK
YacoBOI MeXaHU3M IOApa3yMeBaeT yacoBLivKa. B KemOpumke
[Teii OMyYMT JOCTATOUHO XOPOILYIO TMOATOTOBKY B 0OIACTH
MAaTeMaTHKH, YTOObI OLEHUTH 3Ty TAUHYIO YepTy 3aKOHA O6pat-
HBIX KBaPaTOB U BKIIOYUTB €€ B CBOIO 3aLIUTy 10BoAa O TBOpLe
BCETO CyILIero. BONMBIUIMHCTBO U3 €ro «[OKA3aTeIbCTB TBOPEHUS»
MIPOUCXOANIIN U3 GUOJIOTUM 1 GBUTH OIIPOBEPTHYTHI asKe TEOJIO-
raMu B MOCTAAPBUHOBCKYIO 3I10XY. BrieyaT/isioniye agantuBHbie
BO3MOJKHOCTH I71a3, KOHEUHOCTEM U T. . SIBJISIIOTCS PE3YIbTATOM
€CTeCTBEHHOTO 0T6Opa, CMMOMO3a MEX[y SKUBBIMH OpraHH3-
MaMHU U Cpeloi ux oburanus. Josox [lefinu o TOM, YTO 3aKOH
0OpaTHBIX KBALAPAaTOB OCOOEHHO MOATBEPIKIAET BBICLIYIO 61aro-
[iaTh, CeMYac KasKeTCsl OMHUM U3 CAMbIX 3PaBbIX: HET HUKAKUX
CJIEZIOB €CTECTBEHHOTO OTOOPa B BHIGOPE JIIOGUMOro 3aKOHA ekt~
CTBWISI CHJI, U HUYTO HE MOIJIO BO3ZENCTBOBATh Ha BceleHHYIO
TaK, 4TOOBI €ro U3MeHUTh. Ileiiu mucan 6osee yeM 3a 100 JIeT
IO TOTO, KaK CTaJIO MOHSITHO, YTO aTOMBI COCTOSIT U3 ITOJIOKH-
TEJIbHO 3aPSIKEHHOTO sIpa U DJIEKTPOHOB, BPALIAIOLIMXCST BOKPYT
HEro; MHAYe OH CMOT Obl YKPEIUTD CBOIO MTO3ULIHIO, 3aMETHB, UTO
I10 MOAOGHBIM TIPUYHMHAM aTOMBbI ObIIM 6B HEBO3MOKHBI BO Bce-
JIEHHOH, yIIpaBJ/IsieMOii 3aKOHOM OOPaTHBIX KyOOB, ITOTOMY UTO
B Hell He ObUIO Obl CTAOUIBHBIX OPOUT Y JIEKTPOHOB.

TakuM 06pa3oM, eC/I KOJTMYECTBO MPOCTPAHCTBEHHBIX U3-
MepeHHUiA IPEBBIILIAET TPU, BO3HUKAET IpobieMa. Mornu 6bl Mbl
SKUTb B MUpe, Ille UX MeHbile YeM Tpu? Jlydiuuii noBox 31ech —
caMBblit ipocToii: Bo «DmaTnanauu»* (W1, Ha CaMOM [eJle, Ha JIio-
601 [BYXMEPHOM TOBEPXHOCTU) CYLIECTBYIOT MPUHLUIIUAD-
Hble OTPaHUYEHHUS CIIOKHBIX CTPYKTYp. HEBO3MOKHO CO31aTh
KOMIIBIOTEPHYIO CETh €3 TEPEKPECTHBIX COEAUHEHMI, U TOUHO
TaK K€ HU y KaKOro OOBEKTa He MOYKET ObITh CKBO3HOTO KaHasa

*

JIBymMepHBIII MUP M3 OZHOMMEHHOTO poMaHa DiBuHA J660TTa. —
Ipum. peo.
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(HaripuMmep, mpencTaBuUM cebe MUILEBAPUTENbHBIA TPakT) 6e3
IIBYX CTOPOH. A B ODHOMEPHOM «JIMHEMHO3eMbe» OrPaHNYEHHS
OynyT ele JKecTYe.

DTO TONBKO CaMble OYEBUIHbIE IPUUMHBI — 4 MATEMATHUKU
HAILIA U IPyTHe — TOrO, TIOYEMY Mbl He IOJDKHBI YAUBIIATHCS,
YTO JKUBEM B TPEXMEPHOM MPOCTPAHCTBE.

BPEMS U ETO CTPEJ/IA

BpeMsi, KOHE4HO, SIB/ISIeTCSl YeTBEPTHIM M3MepeHHeM, KOTopoe
MBI MOYKEM OLYTUTh Ha cebe. UToObI 0603HAYUTH COOBITHE, HAM
HY>KHO 4eThIpe 4MC/Ia: TPU NMPOCTPAaHCTBEHHBbIE KOOPAUHATHI,
9TO6BI OMUCATH, 20e OHO TIPOU3OIIIO, U YEeTBEPTas, KOTOPasi CO-
obaer, kozda oHO cnyumnock. OnHO U3 rpadPUTH HEU3BeCT-
HOTO aBTOpa IVIaCUT: «Bpemss — 3TO croco6 mpupons! cue-
JIaTh TaK, YTOOBI BCE HE MPOUCXOAMIO ONHOBpeMeHHO». Kak 6bl
TO HU OBUIO, COOBITHS PAa3BOPAYMBAIOTCSI BEPEHHLIEN BLOJb 10-
POI, BEXOBBIMH CTOJIOAMH HAa KOTOPBIX CIIYYKAT CTPETKH YaCOB.
Ho BpeMsa ommyaeTcd OT APYTUX TPeX U3MEPEHUM, TOCKOJIbKY,
10 BCeM BUAMMOCTH, N0 HEMY MBI MOXKEM JBUTaThCsI TOJIBKO
B OZIHOM HAIIpaBJIEHWHU — «BIIEpe/», TOINa KaK B TpeX IAPyTHX
MBI MOKEM TIOMTH B JIF060M HarpasjeHuu (Ha BOCTOK, Ha 3aram,
Ha CeBep WM Ha IOT; BBEPX WIM BHU3). TakuM 0OpasoM, Hairy
Bcenennyro mydiiie BCero ONMMCHIBATh KaK UMEIOIIYIO 3+1 U3Me-
penust. CornmacHo yueHHIo DUHIITElHa, IIPOCTPAHCTBO U BpeMs
CBSI3aHBI ¥ CKOPOCTb, C KOTOPOM HIET BpeMs, «3JIaCTUYHa», 3aBH-
CHT OT TOTO, HE HaXOAMTCSI JIX BIIaZieJIel] YacoB OKOJIO OOJIBIION
Macchl. Ho B nzesax DifHireiiHa coxpaHseTcsl pa3nyuune MexKIy
MIPOCTPaHCTBOM U BpeMEHEM — MEXKIy TeM, YTO HaXOOUTCS BO-
KPYT Hac, ¥ TEM, YTO JIEXKUT B MIPOLIOM WX OyAyLIEM.
«CTpesa BpeMeHH» HAacCTOMYMBO IBUIKETCS U3 IIPOLLIJIOrO
B Oynyuiee. Kanpsl, re CHATHI TOBCeJHEBHbIE COOBITHSI, CMO-
TPSITCSL COBEPIIEHHO MHade, eC/IM IMPOKPYTUTh UX 3aZOM Ha-
nepen. [IpuyriHa U CIeICTBUE MEHSIIOTCS MecTaMu: pas3bu-
Thle OCKOJIKU CTEKJIa M KaIlIh JKUIKOCTU BBIVISLST Tak, OyaTo
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LieJIeHAIPaBIEHHO TOPOIISATCSE COOPaThCst B G0Kaz ¢ BUHOM. [1ap,
BBIPBIBAIOIIMICA U3 YaliHMKa, KOHIEHCHUPYETCs B BOLy. B mponu-
4yeckoM poMaHe MapruHa Omuca «Ctpenia BpeMeHU»*, Tae Bpemsi
[IEPEBEPHYTO, HbIO-HOPKCKHE TaKCHUCTHI «IIIATAT Tebe BIiepen
Y HU O YeM He CIIPAIllNBAIOT... HeyANBUTENIBHO, YTO MBI TIOTOM
CTOUM I10 HECKOJIbKY YacOB, IIPOLIAIbHO Maxast WIH CalToTys —
OTHaBasl NOJDKHbIE [TOYECTH TaKOMY IIPEKPACHOMY CEPBUCY».
AcuMMeTpUsT MEXAY MPOLIIBIM U OyAYIIMM HACTOJIBKO
IIPOYHO YKOpPEHWJIACh B HAllleM CO3HaHUU, UTO JIMIIb HEMHO-
rve, He CYUTasl HEKOTOPBIX (HI0codCTBYIOMMX (PHU3UKOB, OCTa-
HaBJIMBAIOTCSI, YTOObI TOPa3MBIC/IUTh O 3arajikax, KOTOpble OHa
cTaBUT nepen HaMu. OHa IPUBOAUT B 3aMeIIIaTeTbCTBO, IIOTOMY
YTO B OCHOBHbIE 3aKOHBI, YIIPABIISIOLINE MUKPOMHUPOM, TI0L00-
Hasl aCUMMETPHsI He BCTpoeHa. Mup MeHsieTcsi 6e3BO3BpaTHO,
XOTsI JIEXKALIME B €70 OCHOBE 3aKOHBI G€3pPas/INyUHBbI K IIPOLITIOMY
u Oynyuemy. Kaapsl, Ha KOTOPBIX 3aCHSITO OXHO-€IHHCTBEH-
HO€e CTOJIKHOBEHHE [BYX OWJIbSIPIAHBIX IIAPOB, OYAYT BBII/ISIIETH
6osee-MeHee OAMHAKOBO HE3aBHCHUMO OT TOTO, IIPOKPYYHUBAIOT
UX BIIepe]l WM Ha3ak, HO 3aIliCh BCeX CTOJIKHOBEHMI B UTpe OT-
YET/IMBO OTOOPAsKAET «CTPeNy BpeMeHm». [I0omo6GHbIM 5ke 06pasom
Halll MUD BBIISSINAT HAIIPaBJIEHHBIM IO OINpeeIeHHOMY IyTH.
M-bI noiiMaHbI B JIOBYIIKY BpeMeHH, HO MOXXeM IOCTUTHYThb
6osiee ICHOTO TIOHMMaHMsl, CJTU TOCMOTPUM C BOOGpaskaeMoii
TOUYKM 3peHHs], HaxXOZdIIelcsl «BHE BpeMeHM», KaK CyLIecTBa
n3 «Cupen Tutana»** Kypra BoHHeryTra, KOTOpble BOCIIPHUHU-
MaJy Jofelt KaK «BeJIMKMX MHOTOHOXEK, Ha OIHOM KOHIIe KO-
TOPBIX — HOT'M MJIAZIEHILIEB, a Ha APYIOM — HOTU CTapUKOB».
Torna Hawa BceneHnas OymeT KasaTbCsl CTATMYECKOM YeThl-
PeXMEepHOM CYLIHOCTBbIO — «3aCThIBIIEA BCEJIEHHON»: «MHUPO-
Bbl€ JIMHUM» [TOBCEJHEBHBIX IPEIMETOB OYyayT MEHee OpraHu-
30BaHbl HA OMHOM KOHIle (KOTOPBI Mbl Ha3blBaeM OYAyILHM)

Omuc M. Crpesna BpeMenu, unu Ilpupozaa npecrtymieHusa. — M.:
Actpenb, CORPUS, 2011.

Bonneryt K. Cupens! Tutana. — M.: Neoclassic, ACT, 2017.

o
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IO CPaBHEHUIO C APYTMM (KOTOPBIM MBI Ha3bIBaeM IPOLIBIM).
Ho mo-HacTosiemMy TpyoHO OOBSICHUTD, IIOYEMY BOODIIE Cyuye-
cmeyem KaKOe-TO «yIOpsifoYeHHOe» cocTossHUe. Ec Ha onHOM
KOHIle [UIMHHOM CTPYHBI 3aBsI3aH KAKOM-TO HEOOBIKHOBEHHBII
y30p, MbI OyZjeM OOMHAKOBO YAMBIIEHBI, 3aBsI3aH JIM OH Ha Je-
BOM KOHILIE WM Ha MpaBoM. [10moOGHBIM ke 00pa3oM B «3a-
CTBIBIIIEM BCeseHHOI», rme 6yﬂyu_tee, 110 BCEM BUIUMOCTH, CY-
IIECTBYET Ha PaBHBIX OCHOBAHMSIX C IIPOIJIBIM, MBI HE JTOJKHBI
cunpHee (WIM MeHblIle) YAUBISITBCS, OOHAPY>KUB YIIOPSIAOUYEH-
HOCTb Ha CTapTe, a He Ha (DUHUIIIE.

Korza MbI TOBOPHM O paclIipeHny BceneHHOM, Mbl, KOHEYHO,
[Iopa3yMeBaeM «CTpejly BpeMeHH» U TO, UTO MBI MOXEM YIIO-
PSIIOYUTH OTAENbHBIE KaAphbl B GHIBM (WJIM TpeXMepHbIe CJIOU
B Halllel «3aCThIBLIEH BCeJIeHHOM»), IT03TOMy BceneHHas cuiib-
Hee paspeskeHa B TeX BPEMEHax, KOTOPhbIe Mbl ONpefesieM KaK
«ITO33KE».

AcuMMeTpHst BO BpeMeHH MOKeT OBbITh CBsI3aHa C paclIvpe-
HueM BceneHHoOH. B cBS3u ¢ 3TUM £ yKe IMcall B I71aBe 8, KaK
BO BpeMsI PaCUIMPEHUS TATOTEHHE yCUTMBAET NIepBOHAYAIbHbIE
HEPaBHOMEPHOCTH B IUIOTHOCTH, MO3BOJIMB CTPYKTypaM IIpo-
SIBUTbCSI M3 OTHEHHOTO 1apa, KOTOPBIM Hadasl CBOE CyLIECTBO-
BaHUe 6e3 3aMEeTHBIX OTIMYMTE/IbHBIX YepT. Ha paHHUX aTamax
aTa aCMMMeTpusi He OyeT MPOSIBIATHCS Ha MECTaX, IIOCKOJIBKY
B TO BpeMsl IUIOTHOCTb OblIa TAK BBICOKA, YTO MUKPOCKOITIYE-
CKHe TIPOLIeCCHl — CTOJIKHOBEHMSI YaCTHLI, U3/Iy4YeHHe U IMOIJIO-
1eHye (POTOHOB U T. . — IPOUCXOANIN OYeHb OBICTPO MO CPaB-
HEHHUIO CO CKOPOCTBIO paclIMpeHHs. B Kaskoe MTHOBeHHE Bce
OyzmeT HaXOOUTBCSI B COCTOSTHUM PaBHOBECHSsI. BellecTBO He xpa-
HUT HUKaKOM ITaMSATH O TOM, ObUIO OHO paHee MeHee WU Hosee
IIJIOTHBIM, HMKAKOTO CjIe/la He OCTaeTCsl M Ha HallpaBJIeHUU Te-
vyeHust BpeMeHu. Ho Korna BcerneHHast craHOBUTCsT 6071ee paspe-
SKEeHHOM, 3TU peakLUU UAYT MedJieHHee, U TOrha paclIiupeHue
HMeeT OTPOMHOe 3HadeHHe.

Hanpumep, ecnu 6b1 Haira BceneHHast monro ocraBanach
IIpy TeMIlepaType MWUIHAp I'PafyCcoB WIU siiepHble peaKIyuu

180



TJTIABA 10. TP UBMEPEHUSA (M BOJIBLIE)

IpoTeKanu ObICTpee, BCE aTOMBI IIPEBPATUIIUCEH ObI B JKeJE30.
K cuactbio, pacimvpenue 6bIJI0 OCTATOUHO OBICTPBIM, YTOOBI
IpepBaTh AAepHble peaKLMu OO TOro, Kak OHM CMOITIM 3alTH
Janblile rpespaileHus 23% Bogopoaa B reuil. OTo pKuUit Ipy-
Mep TOTO, KaK KOCMHYeCKOe pacIIMpeHHe CO3JaeT TaKhe OTKJIO-
HEHMS OT paBHOBECHS, UTO IIPOMCXOAMT JajIeKO He TO JKe CaMoe,
YTO IIPOMCXOAMIIO Obl B CKUMAIOLIENCsT BCEIEHHOM.

Kak nepBbIM oTMeTH I akageMUK Caxapos, caMo Hallle Cylie-
CTBOBaHME 3aBHCHUT OT HeOoOpaTHMOro addeKTa, KOTOPHIH ycTa-
HOBUJI IIPEBOCXOJCTBO BEILIeCTBA HaZl aHTUBEILIECTBOM Ha OUYeHb
paHHeM 3tarie pa3BuTHs BeenenHoit. Ecu 651 3TOTO He Ipouso-
ILIJTO, BCSI MAaTepHUst aHHUTH/IMPOBasIa Obl C PaBHBIM KOJIMYECTBOM
aHTHUMAaTepHH, OCTaBUB BcenenHyio BoBce 6e3 aromoB. Torma
He ObUIO ObI 3BE3I, a TaKyKe HUKAKUX XMMHYECKUX IIPOLIECCOB,
KOTOPBIE ITO3BOJIMIIN OBI ITOSIBUTHCST CJIOKHBIM CTPYKTYpPaM.

Bpewmst Bce ele 3aaeT 3arafiky, A7st KOTOPBIX HET aOCOIIOTHO
HMKaKoro peutenusi. Pusuk [Ixynmuan Bapbyp nposen Heodum-
AJIBHBIM OIIPOC CIIeLIMAIMCTOB, 3aZaB UM BoIlpoc: «CunTaeTre U
BBI, YTO BpeMsI B CaMOM [ieJie SIB/ISIeTCSI PyHOaMEHTaIbHbIM ITPHH-
LIMITOM, WM €r0 MOYKHO BBIBECTH U3 GOJiee MPOCTBIX ITOHSATHIA
(HampuMep, Tak, Kak TeMIlepaTypa IpeaAMeTa BBIBOIUTCS U3 Xao-
TUYHOTO ABVJKEHHS aTOMOB, U3 KOTOPBIX NpPEIMEeT COCTOMT)?»
OTBeTHl pasieNnuInCh JOCTATOYHO SIBHO, OZHAKO C HEGOIBLIMM
nepeBecOM GOJBLIMHCTBO MOALEPIKATIO TOUKY 3PEHUS O TOM,
YTO BPEMS B KOHILE KOHL[OB OOBSICHSIT Yepe3 MPU3My Yero-To
6osee ry6GOKOTO.

CBEPHYTBIE UIBMEPEHHA
B BOJIBIIIMX MACIITABAX

HecomHeHHO, MPOCTPaHCTBO U BPeMSI UMEIOT CJIOXKHYIO CTPYK-
Typy. MBI 3HaeM, YTO KOCMOC IIPOHM3aH YE€pPHBIMU IbIpaMH,
B KOTOPBIX NPOCTPAHCTBO M BpeMs IepeIIeTeHbl, X B Hallek
lanakTHKe MUIZIMOHBI, @ T€, YTO PACIOJIOKEHBI B LIEHTPaX TajlaK-
THK, UMEIOT TUTaHTCKUe pasMepbl. HO 3T C/IO>KHBIE CTPYKTYPBI
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OTpaHHYEHBl paliOHAMHU, KOTOPbIE ¢ KOCMOJIOTUYECKON TOYKH
3peHMA MOKHO Ha3BaTh «MECTHBIMM». [1o4TH MoaHas oqHOpOA-
HOCTb Hallel BcesieHHOM B MaciiTabax CBepXCKOTUIEHHIA [IPEIIo-
JIaraeT, YTO TeOMETPHUS NPOCTPAHCTBA SABJISIETCS IIPOCTOM U IVIaj-
KO B IIpe/iesIaX Halllero CeTONHSAIIHEro nond 3peHus. O ToM Xe
TOBOPHT TOT (paKT, YTO PEIUKTOBOE HU3JIydeHHEe HMeeT IIPaKTH-
YeCKU OIHy U Ty Ke TeMIIepaTypy Ha BceM Hebe.

PacrionoskeHHbIe K MaTeMaTHKe CIELIUAIMCThI IO KOCMOJIOTHH
TEM He MEHee 33Jal0TCS BOIPOCOM O TOM, He ABJISETCH JIM 3Ta
MIPOCTOTa U/ITIO3UEMN: BO3MOSKHO, MbI B JIECTBUTENIBHOCTH BUIUM
OIVH M TOT K€ y4aCTOK IPOCTPaHCTBA, KaK B KOPUAOpE C 3€p-
KaJIbHBIMHU CTEHAMH WM KaJeH0CKOIe, a Ha CAaMOM JeJie Mpo-
CTPaHCTBO CBEPHYTO MM UMEET KaKyIO-TO COTOBYIO CTPYKTYpY.
Ecym 661 MBI B CaMOM JieJie HAXOOW/INMCh B TaKOM CTpaHHOM Bce-
JIEHHOM, pa3Mep KaskKIOM COThI JOJIKEH GBI COCTABJIATD 110 Kpaii-
Hell Mepe HeCKOJIBbKO ITPOLIEHTOB MPSIMOH BUAUMOCTH (IpyrMMHU
C7I0BaMH, UMETh 60JIee HECKOJIBKUX COT MUJUIMOHOB CB. JIET B I1O-
nepeyHuKe). Mbl 3HaeM 3TO, IIOTOMY YTO, €C/IH sIYeMKU OyayT
MeHblile, Mbl OyjeM BHIETh, KaK IOBTOPSIFOTCS TAKKE XapaKTep-
Hble CTPYKTYPBI, KaK CKOIUIEHME TaJlaKTUK B CO3Be3aUU [IeBHI.
Bornee >kecTkye orpaHUYeHMs MOSIBUINCH I10C/Ie U3MEPEHUs Ma-
JIEHbKUX HEOIHOPOIHOCTEH B TEMIIEpPAType PETMKTOBOTO U3JTyde-
HUSL 110 BceMy HeOy. B HUX HeT HUKaKOil peryssipHON CTPYKTYpBI,
[IO3TOMY TeIepb MBI MOYKEM CMeEJIO OTOPOCUTD pa3Mep sTYeHKU
MEHBILHM, YeM Halll IIpeJel BUIUMOCTH.

O TOM, YTO HaXOAMTCA 3a NPeNeIOM BUIMMOCTH, YCTaHOB-
JIEHHBIM KOHEYHOM CKOPOCTBIO CBeTa, HaOIIONEeHNsT MOTYT CKa-
3aThb HaM HeMHOroe. [IpOCTpaHCTBO MOXKET ObITh CJIOKHBIM 00-
pa3oM CBepHYTO B MacIuTabax, HAMHOTO MPEBBIIIAONINX 10 MJIPL
CB. JIeT. MoryT nake OBITh U3MEHEHUs U B KOJIMYECTBE U3Mepe-
HUA. Ho MBI HMKOIZA HE MOJyYUM HWYEro, KpoMe KOCBEHHBIX
JaHHBIX, O TOM, 4YTO ITPOUCXOIMT 3a IIPeaeiOM BUIUMOCTH JIIO-
6oro Teyeckorna.

A 4TO Ke HacYeT OYeHb MANeHbKUX MaCIITaboB? 31ech HalIK
MPOCThIE MOHATHSA, KOHEYHO, HECOCTOATENbHBI. B camom gerne,
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BO3MOJKHO, HaM IIPUAETCA CXBATUTHCA C OYE€Hb CIIOKHBIMU II0-
HATUAMU, KOTOPBIE BKIIOYAIOT B Ce6ﬂ W OOIMO/THUTE/IbHBIEC U3ME-
peHuAa NpOCTPaAHCTBA, ‘—ITO6bI ITPaBUJIbHO ITOHATH YaCTULIbI, CUJIbI
M HAalllK KOCMHUYECKHE YHCiIia.

MHKPOCTPYKTYPA ITPOCTPAHCTBA
M BPEMEHH: KBAHTOBASI TPABUTAIIUS

Y Hac 6BUIO L[eTI0€ CTONIETHE, YTOObI IPUBBIKHYTh K MBIC/IA O TOM,
9TO OOBIYHBIE BELeCTBA — TBEPAbIE TeJa, SKUAKOCTH U ra3bl —
UMEIOT AUCKPETHYIO aTOMHYIO WJIM MOJIEKYJISIPHYIO CTPYKTYDY.
He MoskeT /1 OBITh OUCKPETHOTO CTPOEHUSI U y TIPOCTPAHCTBA,
U y BpeMeHH? [IpOCTPaHCTBO KaXKETCS IVIAZIKUM KOHTHHYYMOM,
HO 3TO TOJIbKO M3-3a OIIbITA, KOTOPBIM MbI 06/1a1aeM, U JasKe ca-
Mble MyZpeHble 3KCIIEPUMEHTHI CJIMIIKOM IpyObl, YTOOBI OOHA-
PY>KUTb TOT CaMblii MaciuTab, B KOTOPOM Takasi CTPyKTypa Mo-
JKeT ceOst IPOSIBUTB.

Mbl He 3HaeM MOAPOGHON MUKPOCTPYKTYpPbI IIPOCTPAHCTBA
Y BpEMEHH, HO CaMble OOIIMe PaCCysKAEHUS TOBOPST O TOM, UTO
OHH He MOTYT OBITb pa3esieHbl Ha CKOJIb YTOAHO MeJIKHe Ya-
CTHLBL JleTasb COOTBETCTBYIOLLETO MaciTaba MOXKET ObITh 00-
HapysKeHa TOJIBKO C TIOMOILBIO U3JIyYeHHsI, UMEIOIIEro ATMHY
BOJIHBI KOpOUe 3Toro Macurraba. Harnpumep, 3naHust He miperpa-
JKIAIOT MyTh PagvOBOJIHAM IUIMHOM BO MHOTO METPOB, HO OT-
OpachIBalOT TEHM, KOIZa HA HUX I1alaeT CONMHEYHbI cBeT. CBeT
COCTOWT M3 BOJIH, MMEIOIIMX J/IMHY B MHIIMOHHYIO HOJIIO Me-
Tpa, MIO3TOMY HUUTO G0JIee MeJIKOe Hellb3sl YBUAETD C IIOMOLIBIO
OOBIYHOTO ONTUYECKOTO MUKPOCKOMA. YTOOk! pasrysinets 6omee
MeJIKMe IeTanu, TpebyroTcs ele 60ee KOPOTKHE BOIHBI (MIIH
KaKUe-TO JPyrHe TEXHUUECKUE TIPUCIIOCODIIEH ST, TAKHE KaK dJIeK-
TPOHHBIM MHMKpocKor). Ho cormacHo KkBaHTOBOI Teopuu, 6ornee
KOPOTKHE BOJIHBI CBSI3aHBI C OOMBLIMMU KBaHTAMHU (M/IH TTOPLIU-
SIMU) SHEPTHUU.

OcHOBHOI enuHULIENt U3MEPEHUsI KBAaHTOB JHEPrUU CIy-
SKUT TOCTOstHHAs [1aHKa (41Cro, HA3BAHHOE B YECTh BEJTUKOTO

183



BCET'O WIECTb YHCEJI

¢pusnka Maxkca [1naHKa, KOTOPBIH CTONETHE Ha3a/ NePBBIM BBETI
IpeZiCTaBJIeHre O KBaHTOBAaHUM). [I0 OmpeleleHHOro MOMEHTa
MBI MOKEM HCKaTh BCe Oojlee MeJIKYIO AeTalb, CO BCe BO3pac-
TaloLIell SHeprueil UCIoIb3ysi KBaHTBI, CBSI3aHHBIE CO BCe Horee
KOPOTKMMH BosHaMu. Ho cyiecTByet npezen. OTOT Ipesest Ho-
SIBJISIETCSI, KOTIa HEOOXOMMMBIi KBaHT MMeEET TaKylo KOHL|eHTpa-
LIMIO SHEPTHH, YTO CBOPAYMBAELTCS B YEPHYIO ABIPY. DTO IPOUCXO-
JUAT IIPYU JOCTHUKEHUH TIAHKOBCKOM JJIMHBI, KOTOpasi IPUMEPHO
B 10" pa3 MeHblle NTPOTOHA; KaKAbIM KBaHT C TAKOM KpoOIIeY-
HOM1 [UIMHOM BOJIHBI HeCeT B ceOe CTOJIBKO JKe SHEPTHH, CKOJIBKO
COCTaBJIsIET SHEPTHsI MACChI IIOKOST 10 IIPOTOHOB. CBeTy Tpeby-
€TCsl IPUMEPHO 10+ CEKYHI, YTOObI IIPEOSOTIETh ITO PACCTOsI-
HUE, U 3TO «IIJTAHKOBCKOE BpeMsi» — KpaT4yaWIIUN BPEMEHHONU
HHTepBaJI, KOTOPBIA MOKeT ObITh H3MepeH. [ToaTomMy maske mpo-
CTPaHCTBO U BPeMSI SIBIISIFOTCSI OOBEKTAMH KBAaHTOBBIX 3(p(heKTOB.
TeMm He MeHee M3-3a C1TABOCTH TATOTEHMSE 3TH 3 PEKTHI BKIIIOYA-
IOTCsI B MacuITabax, 3HaYUTEIbHO MEHBIINX OOBIYHBIX ATOMOB,
B TO BpeMsI KaK Ha TUIIMYHBIX O/ MMPa aTOMOB PacCTOSTHUSIX
yrpassieHue 6epyT Ha cebst aneKTpudeckue cuibl. (DTo mocen-
CTBHE OIPOMHOCTH HAIIeTro IIepBOro KocMuueckoro uucia N.)
HexkoTopble pU3HKU-TEOPETUKH GOIee CKIIOHHBI K JIOMBIC/IAM,
yem npyrue. Ho nake cample ep3Kie M3 HUX IPU3HAIOT MACLITab
MIJIAHKOBCKUX BEJIMUMH KaK KOHEYHBIN Ipezesn. Mbl He MOXXeM
HU3MEPUTb PacCTOSTHME MeHblllee, YeM IVIAHKOBCKAasl IJIMHA; Mbl
HEe MOJKEM Pas3rpaHUYUTh [Ba COOBITHS (MM PELLIUTD, KAKOE U3 HUX
IIPOM30ILIIO TIEPBBIM), KOTZIa BPEMEHHOI MHTePBaJI MEKAY HUMU
MeHBIIIE IVTAHKOBCKOTO BpeMeHH. DTH MacIITaObl MEHbLIIE aTOMOB
BO CTOJIbKO JXe pa3, BO CKOJIbKO CAMM aTOMbI MEHbILIE 3Be3/1. B aToM
LIapCTBE HET HUKAKUX IIEPCIIEKTUB JI7I1 HEITOCPEICTBEHHbBIX U3Me-
peHuit: U1 HUX MOTPeOYIOTCST YaCTULBI C SHEPTHed B MUJUIMOH
MH/UIMAPZOB pa3 BhILLE, YeM MOXKHO MOJIyYUTh B TaDOPaTOPHH.
[Ba BEMKUX «CTOMIA HayKU» XX B. — 3TO KBAaHTOBas MeXa-
HHUKa, JEUCTBYIOLIAasd B MUKPOMHUPE, U TEOPUS TATOTEHUS DWH-
LITeHHa, KOTOpask He BK/IIOYAET KBAHTOBbIE NTOHATHA. Y HAC HET
€IMHOM OCHOBBI, YTOOBI COIVIACOBATh U OOBEINHUTD 3TH TEOPHH.
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DTOT HEOCTATOK He MPETSITCTBYET HU IIPOrPecCy 3eMHOM HayKH,
HU Pa3BUTHIO ACTPOHOMUH, TIOTOMY YTO GOJIBLIMHCTBO SIBJIEHHIA
CBSI3aHBI U0 C KBAHTOBBIMU 3(pPeKTaMu, AuUb0 C TATOTEHUEM,
HO He C TEM W APYIMM cpasdy. brarogaps HaiieMy orpoMHOMY
urcny N TATOTeHHeM MOXKHO MpeHebpeub B MUKPOMUPE aTOMOB
WIX MOJIEKYJI, TZI€ BASKHbI KBaHTOBbIE 9 dekThl. KBaHTOBYIO HEO-
TpeIe/IEHHOCTh MOKHO UTHOPUPOBATh B HEOECHOM 1IaPCTBE T/Ia-
HET, 3Be3[] ¥ T/IAKTHK, T/I€ TIPUTSKEHYE GepeT B/IaCTh B CBOM PYKHU.
Ho B caMOM Hauasie KBaHTOBbIE BUOPALIMK MOI/IU ITOTPACATH BCIO
BcesleHHY10, M TSTOTEHUE MOXKET OBITh BaXKHBIM B MaciTade ofi-
HOTO KBaHTa. DTO MIPOMCXOIUT B MacLITabaX IIAHKOBCKOTO Bpe-
MeHH, 10~ CeKyH/Ibl. UTOOBI TIOHATB, YTO IIPOUCXOIMIIO B TIEPBBIE
MTHOBEeHHsI BO/bLIOro B3pbiBa, UM BBISICHUTB CTPYKTYPY IPO-
CTPAHCTBA U BPEMEHU 30HbI CUHIY/IIPHOCTH BHYTPU YEPHBIX IbID,
HaM HY>KHO OObeIMHEHE KBAaHTOBOM TEOPUM U TEOPHH TSITOTEHMSL.

O6bI4HOE BOCTIpUATHE GECCHIIBHO, KOTAa PedYb HUIET O CKO-
POCTSIX, TIPUOTMKAIOLIMXCS K CKOPOCTH CBETA, UK O TOM, YTO
IIPOMCXOIUT OKOJIO YEPHBIX IbIP, B OKCTPEMATIBHBIX YCIOBUSAX
paHHel BceneHHOM WM B MUKpoMacIuTabax, OIM3KUX K TUIaH-
KOBCKOM fmiHe. TyT Mbl JOJDKHBI OTOPOCUTH HALLU YIOTHBIE 00-
LL(ENIPUHSATBIE [IPENCTABIEHUS O TIPOCTPAHCTBE U BPEMEHU: Yep-
HbIE IBIPbI MOTYT MOSABJIATHCS U UCUE3ATh; IPOCTPAHCTBO-BPEMS
B TMX KPOLIEUHBIX MACIITA6aX MOYKET UMETh XaOTUYHYIO, HATIO-
MMHAIOLIYIO TIEHY, CTPYKTyPy 6€3 YeTKO OIpeie/IEHHOTO HaIlpaB-
JleHus1 TedeHust BpeMeHu. DIyKTyalu MOTYT CO3aBaTh HOBBIE
00671acTH, KOTOphIe PA3BUBAIOTCSI B OTAE/IbHBIE BCeeHHble. [1po-
CTPAHCTBO MOJKET UMETh HEYTO BPOJE PEILETYATON CTPYKTYpPhI
WU ObITh COTKAHHBIM U3 y3€IKOB, KaK KOJIbuyra. Bpems Mosker
CTaTh TaKUM, KaK IIPOCTPAHCTBO, [IOITOMY B 3TOM CMBICIIE HETIb3S]
TOBOPUTH O Hayajie BPEMEHHU.

EMHCTBEHHOE MECTO, TH€ €lle MOKET CYIIEeCTBOBATh KBAH-
TOBas IpaBUTAlMsl, — OTO LIEHTPAJIbHASA CUHTYJISPHOCTh BHY-
TPH YEepHOM JBIPBI, CKPBITAS 3a TOPU3OHTOM COOBITHIA. TeopHio,
CJIEAICTBUSI U3 KOTOPOM He IPOSIBIISIIOTCS. HUILE, KPOME TaKUX
9K30TUUYECKUX MECT, TPYAHO MPOBEPUTh. YTOOBI IPUHUMATE €€
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BCEpbe3, OHA IOJDKHA MO0 MOTHOCTBIO BCTPOUTHCS B KaKYIO-
6O BCEOXBATHIBAIOLIYIO TEOPHUIO, KOTOPYIO MOYKHO TIPOBEPUTH
Pa3HBIMM CIIOCO6AMU, WU [IOJI’KHA BOCIIPUHUMATBCS KaK €/IUH-
CTBEHHAd B CBOEM POJI€, TaKas, K BHIBOLAM U3 KOTOPOIi BCe He-
U306eKHO CBOIUTCS.

Cy111ecTByeT HECKOJIBKO TIOAXOLO0B, HO HET €ANHOTO MHEHUSI
IO MOBOJY TOTO, KaKOW U3 HUX SIBISETCs MpaBuibHbIM. (CTu-
BeH XOKHUHI* ceifuac 6peTcs 06 3aKial, YToO B TEYEHUE 20 JIeT
MOSABUTCS BCEOOIAsA TEOPUsI, XOTSI U MPU3HAET, YTO €My IpHU-
IJTOCh TUIATUTh, TIPOMTPAB MOAO0OHOE MapH, KOTOPOE OH 3aKJIIO-
yan 20 et Ha3az!) CaMbIM aMOMLIMO3HBIM ¥ MHOTOOOEIIAOIINM
MIOLXOLOM SIBJISIETCS, TIO BCEHM BUIAMMOCTH, Meopus CynepcmpyH,
KOTOpast OGXOIAHBIM MaHEPOM UJIET MPSIMUKOM K 06beIMHEHHOMN
TEOPUH BCEX CUJI U B KAUECTBE JOTOTHUTEIBHOTO 60HYCa 0O'bsIC-
HsIET KBAHTOBYIO TPaBUTALIUIO.

CYIIEPCTPYHBI

Kak 3asBISIOT CTOPOHHUKH TEOPUM CyNEPCTPYH, OHAa MOXKET
COEIMHUTb TPU CUJIBI, KOTOPbIE YIIPaBISIOT MUKPOMUPOM, —
97IEKTPOMArHeTH3M, SIAEPHYIO CUITy U C1aboe B3aMMOIENCTBHE,
a Tak)Ke OOBSICHUTD dJIeMEHTAPHbIE YaCTULbI (KBAPKH, [TIIOOHBI
U T.a.). CyllecTBOBaHYE TATOTEHNsI — Ha CaMOM JieJie OCHOBHOM
KOMIIOHEHT 3TOM TEOpHH, a He AOMOJHUTEeIbHOE MpEMNsATCTBUE,
C KOTOPBIM Hazo 60poThcsi. KimovyeBast Mziest COCTOUT B TOM, 4TO
(yHIaMeHTaIbHBIe CYLIIHOCTH Halllelt BcesleHHO! — 9TO He TOUKY,
a KpOILEeYHbIE TIET/N CTPYH, ITPX 3TOM pa3/IMyYHbIe YaCTULbI BHY-
TPH aTOMHOTO siJpa — 3TO Pa3Hble TUIbI BUOpALMl — pa3Hble
FapMOHHMKH — 3TUX CTPyH. CTPyHBI UMEIOT MacIuTab IIaHKOB-
CKOM JJTMHBI; APYTUMU CJIOBaMH, OHM Ha MHOTO IOPSIIKOB MeHBIIIe
TeX pa3MepoB, KOTOpble Mbl MOJKEM HCC/IeioBaTh. bomee Toro, atu
CTPYHBI BUOPUPYIOT HE B IIPUBBIYHOM HaM IIPOCTPAHCTBE U3 3+1
HU3MEpPEeHUH, a B IeCITUMEPHOM IIPOCTPaHCTBE.

%

Ha MOMEHT OATOTOBKM K I€4aTU PYyCCKOTO M3[aHUA 3TOH KHUTU
(mapt 2018 r.) CtrBeH XOKUHT yXKe yIIes U3 XXU3HU. — [Ipum. peo.
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Wnes cymiecTBOBaHUS NOMOTHUTEIBHBIX M3MEPEHUI He HOBa.
Eme B 1920-x rT. Teogop Kanyua u Ockap Kneiin nbitanuch pac-
LUIMPUTb TEOPUIO NMPOCTPAaHCTBA-BpeMeHU DHHIITeNHHA, BBes
B Hee dJIeKTpruUecKue Ciibl. OHU CTPEMUIIUCH [IPECTaBUTh cebe
ANIEKTPUYECKHE TTOJIST ¥ [BMKEHUE YaCTHLI, TOOABIISIS JOIOTHH-
TEJIBHYIO CTPYKTYPY K KaKIOM TOYKE OOBIYHOTrO MPOCTPAHCTBA.
JlonomHUTETbHOE U3MEPEHHE OBLIIO «3aKPyUYEHO» B KPOLIEYHBIX
Maciurabax ¥ HUKaK He MPOSIBIISIO cebst st HAC, TaK K€ Kak
OYeHb TYTO CBEPHYTBIN JIUCT OyMAard BBIIISIAUT KaK CYIIECTBYIO-
11asg B OJHOM M3MEPEHUHU JIMHUS, XOTS Ha CaMOM JeJle IBSeTCS
nByMepHbIM. Teopus Kanyua — KieliHa cTonkHymach ¢ TpyaHO-
CTSIMM, HO CaMO IOHSITHE JOIOJIHUTE/IbHBIX U3MEpPEHUI M03Ke
¢ macocoM BepHYIOCh. B TeOopuu CymepcTpyH KasKoasl «TOUKa»
OOBIYHOTO MPOCTPAHCTBA — CJIOXKHASL TEOMETPHYECKAST CTPYK-
Typa B wlecmu M3MepeHUsIX, CBEpHyTast B MacIuTabe IUIaHKOB-
CKOU IJIMHBL.

Bce dusnueckye TeOpUK UMEIOT YpaBHEHUS U POPMYJIBI, OITH-
ChIBAIOIIIME TEXHUYECKYIO CTOPOHY Ziesa (HO, K CHACThIO, He KIIIO-
4yeBble UIEH) M HeIOHSTHBIE I HecrenuaancTos. Ho B 1e-
JIOM MaTeMaTHJecKasi OCHOBA y)Ke pa3paboTaHa U MOXKET ObITh
«B3fATa C MONKW» ¢pu3uKamu. Hanpumep, reomeTprudeckue Io-
HSTUS, KOTOpble DUHINTEHH HCIIONMb30Bal B CBOEH TEOPUM «HC-
KPHBJIEHHOTO [TPOCTPAHCTBA-BPEMEHM», ObUTH pa3paboTaHbl ellle
B XIX B. To Xe caMoe MO’KHO CKa3aTb U O MaTeMaTHU4eCKOM
SI3bIKE, C TIOMOIIBIO KOTOPOTO OIMCBIBAETCSI KBAaHTOBBII MUP.
Ho cymepctpyHsl 3a0a10T 33124, KOTOPbIe COMBAIOT C TOJIKY Ma-
TeMaTUKOB. CKaskeM, eCTb JIM KaKasi-To 0cobasi MPUIMHA, 110 KO-
TOpoIi BcesrleHHasd B KOHIIE KOHLIOB OCTAaHOBMJIACH Ha uYembuipex
«pa3BepHYTHIX» U3MEPeHHUsAX (BpeMsi U TPU IIPOCTPAHCTBEHHBIX
M3MepeHust), a He Ha KaKOM-TO Ipyrom uncie? [Ipupoza Halero
MHpa U CUIBI, YIPAaB/IAIOIIME UM, TIOJHOCTBIO 3aBUCAT OT TOTO,
KaK «3allaKOBaHbl» JIOMOJHUTE/IbHBIE U3Mepenus. Kak sto cry-
YUJIOCh U €CTh JIM JPYTHe BAPHUAHTBHI TOTO, KaK 9TO MOIJIO OBITH?

Teopuu cynepcTpyH BIlepBble IIPUBIEKJIW BHUMaHUE
B 1980-X IT. (XOTS UeU IOSBWINCh Ha HECKOJIBKO IECSITKOB JIET
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paHbllle), ¥ C TeX IOpP OHU IOITIOTHIN YCHIHS LIeJI0M KOTrOpPThI
BEJIMKOJIETIHBIX 3HATOKOB MaTeMaTH4ecKoi ¢usuku. [lepBoHa-
YaJIbHBIA PaJIOCTHBIN SHTy3Ma3M CMEHMIICA IIEPHOJIOM pa304apo-
BaHMA 13-3a IPUBOAALIEH B 3aMELIaTe/IbCTBO CJIOKHOCTH TEOPHH.
Ho c 1995 I y cyniepcTpyH Hadasnach «BTOpasi >KU3Hb». YUeHbIe I0-
HSJIY, YTO JOIIOJIHUTE/IbHBIE U3MEPEHMSI MOTYT «yIIaKOBBIBATHCS»
BCETO B IIATH Pa3/IMYHbIX KJIACCOB IIECTHMEPHOTIO ITPOCTPAHCTBA.
Ha 6osee rry60KOM MaTeMaTHYeCKOM YPOBHE OHU MOTYT ObITh
pa3zesieHbl, HO CBSI3aHHBIE CTPYKTYPhl BCTPOEHHI B 11-MepHOe
mpocTpaHcTBO. Bornee Toro, moHsTHE CTPYH (OZHOMEPHBIX CYIII-
HOCTEH) MOKET OBITh PAaCIIMPEHO 10 IBYMEPHBIX IOBEPXHOCTEN
(mMem6paH). Ha camoMm zerie B 10-MepHOM IIPOCTPAHCTBE MOTYT
OBITH TOBEPXHOCTH C OOTIBIINM KOJIMYECTBOM U3MEpPEeHHIt: apy-
TMMU CJIOBAMM, €CTIM [BYMEPHYIO [TOBEPXHOCTh Ha3BaTh 2-Opa-
HOI*, MOJKeT CyILecTBOBaTh U 3-OpaHa, u T.A. TeM He MeHee
MO-TIPEXXHEMY CYLIECTBYEeT HENpPEOAOIMMasl MPOMNacTb MEXIY
3aMBICJIOBATOM CJIOKHOCTBIO 10-MEPHOI TEOPUM CTPYH U JIIO-
OBbIM sIBJIEHHEM, KOTOPOE MBI MOKEM HabIIONATh I U3MEPUTb.

Panee y>xe ciy4anochk, 4T0 TeOpHUHY NPYHMMAJIU BCEPbE3, JaXe
€C/IM Y HUX He OBUIO IPSIMOM 3MITUPHYECKOM MTOAJEPSKKH, OCO-
GEHHO B TeX CIIy4asix, KOIga Kasaaoch, YTO OHU UMEIOT HETIOBTO-
PHUMYIO 37IETAHTHOCTb U NMPaBUIBHOCTb, — OTHAIOLIASCS 9XOM
JIO7IS1 UCTHUHBI, KOTOpasl 3acTaBiseT coramartbes. Hampumep,
B 1920-X IT. MHOrMe ¢u3uku npussiim OTO DiHuTeiHa M3-3a
ee BEJIMKOJIEITHOHN cozepyKaTtenbHON KoHLenuuu. Ceiuyac oHa
HIOATBEPIKAeHA TOYHBIMU HAOIONEHUSMH, HO B Hadyaje CBOETO
CYLLeCTBOBaHMsI IOKA3aTeabCTBA ObIIM OYeHb CKygHbIMH. Ca-
MoOro DHHIITeHHA GOJIblIe BIIEYAT/ISIA 3JIETAHTHOCTh €ro TeO-
puy, a He Kakue-1ubo 9KCIIepUMeHThL. [10106HBIM ke 06pa3om

Bpana (oT memOpaHa) B TEOPUU CTPYH — [UIIOTETUYeCKUil GyH-
JaMeHTaJIbHBI MHOTOMepHBIN pr3ndecknuil 06beKT pa3MepHOCTH,
MeHbIIIeH, YeM pasMepHOCTb IIPOCTPAHCTBA, B KOTOPOM OH HAaXoO-
gutcs (IpOTsDKeHHas p-MepHas MeMOpaHa, I7e p — KOJINYeCTBO
MIPOCTPaHCTBEHHBIX U3MepeHUuit). — IIpum. nep.
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B Hallli OHU DaBapz Burren, koToporo ceifuac mpu3HaIOT UH-
TeJUIEKTya/IbHBIM JIMEPOM B 00JIACTH MaTeMaTHUYECKOM (PU3HKH,
CKas3aJI, YTO «XOPOILHe HelIpaBU/IbHbIE UEH YPe3BbIYaliHO PeaKY,
a XOPOILMX HEeMPaBIIbHBIX Ui, KOTOpbIe MOIIH XOTsI ObI comep-
HUYaTh B BEJIMYUU C TeOpUeil CTPYH, BOOOIIe HUKTO He BULEI».

TeM He MeHee eCTb 0COOBbIe TPUYHHBI, He CBSI3aHHbIE C KPaco-
TOH, [UIS1 TOTO, YTOOBI UCIIBITHIBATE OIITHMH3M I10 IIOBOAY CyIep-
cTpyH. Bo-niepBrix, 3To OTO DifHInTeliHa, B KOTOPOM TATOTEHHUE
MIOHMMAEeTCsI KaK UCKPUBJICHHE B YETBIPEXMEPHOM IIPOCTpaH-
CTBe-BpEMEHH, a 9Ta TeopHsl HeM30eKHO BCTPAaUBAETCS B TEO-
PHIO CyepCcTpyH. JOJro SIBJISBIIMIICS IIPeMETOM IIOHCKA CHH-
Te3 MEXy TATOTeHHEM WU KBAaHTOBBIMH IIPHUHIUIIAMHU, TaKUM
06pa3oM, IOJKEH IOSIBUTHCSI €CTECTBEHHBIM ITyTEM.

TaksKke 3Ta TEOpHst yKe IpeAIoKuIa 6oree ryboKoe MOHU-
MaHHe YepHBIX AbIp. DTa UCTOPUSI BOCXOOUT K Hadasly 1970-X IT.
SIk06 BekeHIUTENH, U3panIbcKuii GUsnK, paborasimii B [IpuH-
CTOHCKOM yHHUBepCHUTETe, 00yMbIBaI IIOC/IEACTBHSI HeJABHETO
L7 TOTO BPEMEHM OTKPBITHSI, YTO YEpHBbIE OBIPHI SIBIISIOTCS
YHUDHUIIUPOBAHHBIMU 00beKTaMHU (006 9TOM ObIIO YIIOMSIHYTO
B I7IaBe 3). DTO MOAPa3yMeBaIO, YTO OHU TEPSIIOT JIIOOYIO Ia-
MSITh O TOM, Kak ObuH copMHupoBaHbl. Kasamoce, cyuiectyer
OrPOMHOE KOJIMYECTBO CIIOCOOOB, KOTOPHIMHU YepPHBIE IBIPBI MO-
IyT KOOBIBATH Cebe CTPOMTENBHBIN MaTepran — B HUX MOTYT
MIPOBAJIMTHCST OCKOJIKY, IIJIAHETEI, a3 M JJa)kKe KOCMMYeCKHe KO-
pabiy, — HO KaKHe-IMOO ClIe[ibl ITUX UCTOPUI BBIITISIAEIH TI07I-
HOCTBIO CTEPTBIMU. BeKeHIITeltH 3aMeTH/I, 9YTO 5TO HAaIIOMHUHAeT
POCT 3HTPOIINH, KOTOPBIH MPOMCXOOUT IIPU CMEIIEeHUH IBYX ra-
30B: MHOXKECTBO BO3MOJKHBIX IIePBOHAYA/IbHBIX COCTOSIHUII Be-
IyT K Hepa3IMIUMOH CTPYKType B KoHLe. [Torepst uHpopmannu
COOTBETCTBYET YBEJIMYEHHUIO IHMPonuu, U beKeHIITeNH MpuLIes
K BBIBOZIy O TOM, 4TO 4YepHasl ObIPa MOXKET UMeTb SHTPOIIHIO,
KOTOpasi SIBJISIETCSI MEPOH KOJIMYECTBA BCEX PA3/IMYHBIX ITyTeH,
KOTOPBIMU OHa Mor/1a 6bITh 06pa3oBaHa. Ecimi BekeHIuTeiH ObUT
IIpaB, TO YePHBbIE OBIPHI IOJDKHBI TAKXKe MMEThb memnepamypy,
U ero uzest OblIa mocTaBeHa Ha Gojiee IIPOYHOE OCHOBAHMUE,
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Korga XOKHMHT Ha CaMOM JeJie BBIYMCIINII, UYTO YepHble AbIPHI
He SIBJISIIOTCS aOCOMIOTHO YEPHBIMH, 4 UCIYCKAIOT U3JIyYeHHe.
(310 M3NyUeHME ABISETCS CIUILKOM CIa0bIM, YTOOBI €0 MOKHO
OBLIO U3MEPUTD, HO MOYKET OBbITh BASKHBIM, €C/IU OKAXKETCSI, UTO
MMHU-IBIPBI PAa3MEPOM C aTOM, OIMCaHHBIE B I7IaBe 3, NeHCTBU-
TEJIPHO CYIIEeCTBYIOT.)

Teopuu cynepcTpyH, KOTOpbIe OMHUCBHIBAIOT CTPYKTYpy Ipo-
CTPaHCTBa B IUIAHKOBCKUX MAcIITabax, [MO3BOJIM/IM CAEIATH Elle
OITHO OTKpPBITHE. AMEPUKaHCKUI PU3NK-TeopeTHK DHApIo Ctpo-
MUHJDKEP B 1996 I. OKa3aJl, YTO YepHbIe ObIPbI (IyCTh Jake Of-
HOTO OIIPeNeNIEHHOTO BUa) MOTYT OBITh IPECTABIEHBI KaK CO-
OpaHHbIE U3 BJIEMEHTOB MacIITaba CTPYH, a 3a0HO ITOKA3aJI, KaK
paccunTaTh KOJIMYECTBO «IIEPECTPOEHUI» 3TUX KPOLLIEYHBIX CTPO-
WUTEeTbHBIX KUPITUYMKOB, KOTOPBIE BEIYT K TOM JXe caMoii AbIpe.
DTO YUCIIO TOYHO COIVIACYETCsl CO 3HaYEHUEM IHTPOIIMH, BBIUKC-
JIeHHBbIM BeKeHIITEHHOM U XOKMHIOM. DTO, KOHEYHO, HE DMITH-
pHYecKoe JOKa3aTelIbCTBO, HO OHO MOBBIIIAET HAllly YBEPEHHOCTD
B TEOPHUH, IIOCKOJIbKY pacyeThl OCHOBAaHBI Ha G0Jiee TpaarIOH-
HOH (pu3MKe U OHa yIayOisieT Hallle IPOHUKHOBEHHE B TaWH-
CTBEHHbIE CBOICTBA YEPHBIX IBIP.

Ewe omHa Hazmeskza — XOTSI B HACTOsIIiee BpeMsi oHa 6oree
[POTHBOpEYNBA U MeHee TBEPHO OOOCHOBaHa — 3TO HAaLEXKAA
Ha TO, YTO CYNepPCTPyHbl MOTYT IIOMOYb NIPOHUKHYTb B TalHBI
KBaHTOB. Pruapn MelHMaH cKasas, 4TO «HUKTO MO-HACTOSILLIEMY
He TIOHUMAeT KBaHTOBYIO MeXaHUKy». OHa paboTaeT Kak o mMa-
HOBEHMIO BOJIIIEOHOM MasouKU, GONBIINHCTBO YYEHBIX MPU-
MEHSIOT ee IOYTU He 3aAyMbIBasICh, HO Y HEe €CTb CBOU «IIpU-
3pauHble» CTOPOHBI, O KOTOpPble MHOTME MBICUTEIM, HauuHast
C camMoro DHHINTENHA, «WIOMAIOT 3yObl». TPyAHO MOBEPUTH, YTO
MBI YK€ IOCTUITIM ONTUMAjbHOTO €€ IIOHUMaHUsI.

Jaxe ecnu Mbl He MO’KE€M HeIOCpPeACTBEHHO MCCIeNoBaTh
ITAHKOBCKHE BEJIMYMHBI, HEKOTOPbIE YePThI (PU3UYECKOTO MHPA,
KOTOPBIIf MBI MOMeM HAOIIOaTh, — HAIpUMEp, 0co0ast CUTya-
LM, 3aKJIIOYAIOIIAsICsl B TOM, YTO B MUKPOMUpPE IIPUCYTCTBYIOT
TPU OCHOBHBIE CHUJIBI, OCOObIE BUIbI YACTULL U T.A., — MOTYT
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«BBIIIBITb» U3 TEOPUM CYNMEPCTPYH, KaK, IO BCEX BUAMMOCTH,
Y TeOpUsI TATOTeHUs1 DHHIITelHHa. Ec/u 3TO Cly4uTcsi, Mbl CMO-
>KeM OBbITh MTOJIHOCTBIO YBEPEHBI BO BCEN MATEMATHYECKON KOH-
cTpyKuuu. Teopust CynepcTpyH, Kak Mbl OOCYAUM B CIeIyIOLIei
IJIaBe, MOXKET IPEIUIOKUTh BCEOOBEMIIIOLIYIO TEOPUIO MYJIbTH-
BCeJIEHHOM.






[IABA 11 COBITAJEHME,
ITPOBUIEHUWE NIN
MYJIbTUBCEJIEHHASA?

B penurum s CKJIOHSIOCH K J€M3My, OOHAKO JOKa3a-
TE/IbCTBO €r0 CYMTAIO B OCHOBHOM Ipo6ieMoii acTpo-
¢usukos. CymecrsoBanue Kocmonoruueckoro Bora,
KOTOpBIA co3nan Bcenennyio (Kak 910 3asBiseTcs
B [eM3Me), BO3MOXXHO M B KOHIE€ KOHIIOB MOXKET
6b1Tb 060CHOBaHO B JOpMe TAaKMX MATepPHATbHBIX
[OKa3aTe/IbCTB, KOTOPbIE MbI ITIOKA HE MOXEM JAaXKe
BOOOPa3UTH.

D.0. Yu/ncoH. HEMPOTUBOPEYUBOCTD

YTO O3HAYAET TOUHAS HACTPOMKA?

3ambIciioBarast CTpPyKTypa Haiueil BcesleHHO# BbIpOCIa 13 mpo-
CTBIX 3aKOHOB, KOTOPbIE, OJJHAKO, COBEPIIEHHO He TaPaHTUPYIOT
CJIO’KHBIE TIOC/IEICTBYST; MbI BUIEIH, YTO Pa3/IMYHble BAPUAHTHI
HAIIMX IIECTU YHCEN IPUBETH Obl K CKyYHBIM U CTEPUIbHBIM
BceneHHbIM. [10106HBIM ke 06pa3oM MaTemartuyeckue Hop-
MyJIbI MOTYT IIPUBOLUTH K OUEHb SIPKUM Pe3y/IbTaTaM, HO Yall[e
BCEro 3TOro He nmpoucxonut. Hampumep, MHOXKeCcTBO MaHzenb-
6poTa co BCeil ero GeCKOHEYHOM I7lyOUHOM BUTHEBATON CTPYK-
TypbI BHIBOAUTCS M3 IPOCTOM POPMYIIBI (CM. PHC. 11.1), HO OPY-
rue pOpMyJIbl, Ha MEPBBI B3IJIsA TOXOXKUE, CO3AAI0T OYEHb
CKy4HBIe TPaUKH.
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Puc. 11.1. MHoXecTBO MaHzens6pora: ofuias CTPyKTypa U ceMb

194

yBeJIMYEHHBIX U300paskeHU pparMeHTOB. DTa GECKOHEUHO
CJIOXHas cXeMma, KOTopas CJ0i 3a cl0eM pacKpblBaeT
3aMBICIOBATBIe CTPYKTYPHI, BBITeKaeT U3 KOPOTKOM U IPOCTOM
¢opmynel. Ho MHOTHE ITOXOKHE POPMYIBI OIMUCHIBAIOT
CKy4YHBIE U He UMEIOUIMe OTIMYUTEIbHBIX YePT CTPYKTYPBHI.
Hamra BceneHHas ynpaBisieTcsl 3aKOHaAMH, KOTOpPbI€ JOIMYCKalOT
4Ype3BBIYANHO GOJBIIONH pPa3bpoc CLieHapHeB PasBUTHS
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EcTh camble pasHble CIIOCOOBI PearupoBaTh HAa OYEBUAHYIO
TOYHYIO «HACTPOMKY» HAIMX IIeCTU uncesn. OQuH Tpes3Bblit OT-
BET COCTOUT B TOM, YTO MbI HE CyIIeCTBOBAIM Obl, €C/IU OBl 3TH
4KCIa He GBUTH «TIOJOTHAHBI [TPABUIbHBIM 06Pa30M: OUEBUIHO,
YTO MBI eCMb, TIO3TOMY YAUBIISATBCSI HeueMy. MHOTrue ydeHble
NPUAEP>KUBAIOTCS 3TOM JTMHUM, HO MeHsA OHA, KOHEUHO, OCTaB-
JISIeT HeyIOBIeTBOPeHHbIM. Ha MeHs Mpou3BOAUT BleYaT/IeHHe
MeTadopa KaHanckoro ¢unocoda Ixona Jlecmu. IlpencraBere
cebe, YTO BBl CTOMTE IEPEN PACCTPENIbHONM KOMaHzmoi. [laThae-
CAT 4YeJIOBEK B BaC LIEJISTCS, HO BCe NPOMaxuBaOTCsL. Eciu 6bl
KTO-TO HE TPOMAaXHYJICS], Bbl Obl HE BBUKUIM U HE CMOITIH OBl
3amyMaThbcst 06 aToM. Ho BBl HE MOKETE 3TO MPOCTO 3a0bITH —
BBl O3aZlauyeHbl U OyLeTe MCKAaTh MPUYMHBI CBOETO (PaHTACTHYE-
CKOTO BE3E€HMSI.

Jpyrue yueHble IpeCTaBIISIOT «<HACTPOUKY» YMCeN KaK JOoKa-
3aTe/IbCTBO CYIIeCTBOBaHMs Bcebaroro TBopLa, KOTOpPbIit cop-
MUpoBa BceneHHyo ¢ onpezie/ieHHbIM HAMEPEHHEM CO3/1aTh HAaC
(wy, ecru GBITH MeHee aHTPOIOLEHTPUYHBIMH, YTOOBI TI03BO-
JIUTh BOSHUKHYTh 3aMBIC/IOBATBIM CTPYKTYpaM). DTO B TpaIu-
uMax Yunbama Ileiinu u Opyrux 3allUTHUKOB «apryMeHTa TBO-
PEeHUS 10 3aMBICTY» B KaueCTBe JOKa3aTe/IbCTBA CyLeCTBOBaHUS
Bora. Ceituac BapuaHTBbI 3TOH Uaeu NOANep>XKHUBAIOTCSl 3HAMEHU-
TBIMU YY€HBIMU-TEOJIOTAMU, TaKUMU KakK [IKoH IToTKMHXOpPH.
OH nuulet, yTo BceneHHass — 3TO «He IIPOCTO “KaKOW-TO CTa-
pBIN MUP”, HO OCOGEHHOE U OTIIMYHO HACTPOEHHOE ISl SKU3HU
MECTO, ITOCKOJIBKY OHa SIBJISI€TCS CO34aHMeM TBOpLa, KOTOPBIA
TMIO>KeJIasl, 9YTOOBI OBITIO TAK»°.

Ecimm KTO-TO He TPUHUMAET apTYMEHTBI O «IIPOBUIEHUU», ECTh
elje OHa TOYKa 3PEHUs], KOTOPYIO — XOTSI OHa U SIBJIIETCS TU-
MOTETUYECKOI — 51 HAXOXY BeCbMa IIPUBJIEKaTeIbHOR. DTO nest
O TOM, YTO HalI BosbLIO# B3pbIB He ObUT € IMHCTBEHHBIM. OTHEb-
HBbIe BCeJIEHHbIE MOIVIM OCTBIBATh ITO-Pa3HOMY, U, B KOHIIE KOHIIOB,
VMU yTIPaBJIFIOT pa3Hble 3aKOHBI, U ONPEeAI0TCS OHU Pa3HBIMU
YHCJIAMU. DTa FUIOTe3a He BBIITISIIUT «3KOHOMHOM», — B CaMOM
Iie7ie, BO3MOYKHO, HUUYTO He KaKeTCsl Ooyee 9KCTpaBaraHTHBIM,
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vyeM obpallieHe KO MHOXKECTBY BCEIEHHBIX, — HO €CTECTBEHHBIM
06pa3oM IPOMCTEKAET U3 HEKOTOPBIX (IIyCTh Hake U YMO3PH-
TeJIbHBIX) TEOPHI1 U OTKPBIBAeT HOBOE BHZIEHHe Hallell Bcemen-
HOI{ KaK BCETrO JIUIIb OHOTO «aTOMa» GECKOHEYHO My IbTHBCE-
JIEHHOM.

MYJIBTUBCE/IEHHASA

HekoTopble /01 CKIIOHHBI OTBEPraTh «MeTahu3nIecKre» MOHs-
THst (OOMIHOE CTIOBO C TOYKM 3peHus ¢usukal). Ho g cumraio,
YTO MYJIbTUBCE/IEHHAsI ITOTHOCThIO HaXOOUTCSI B KOMITETEHLINN
HayKH, XOTsI IIOKa YTO SIBJISIETCS BCETO JIMIUb OCTOPOSKHOM TH-
norte30i. OfHAKO MBI y)Ke HAMETU/IH, KaKye BOIIPOCHI CeayeT
3a/1aTh, YTOOBI MOCTABUTD ITy TEOPHUIO Ha GoJee HaLeKHOE OC-
HoBaHue. Kyzna 6oree BasKHO (ITOCKOJIbKY /f06ast Xopoluasi Ha-
y4Hasi TEOPHS TO/DKHA OBITh YsI3BUMA ISl OIIPOBEPIKEHHS) TO,
YTO MBI MOKEM IIPENCTABUTH, KAKOE Pa3BUTHE COOBITHII 3acTa-
BUT HaC OTKAa3aThCsl OT 3TOM KOHLIEITLIHH.

OCHOBHOI1 KaMeHb IIPETKHOBEHUSI — 3TO, KOHEYHO JKe, 3a-
TpyoHeHue ¢ GU3UKOM IIpeLebHBIX COCTOSTHUM, KOTOpPhIE CY-
IIeCTBOBAIM B IIepBble MrHOBeHUs Bombiroro B3psiBa. Cyiie-
CTBYIOT BCe 6oJiee IPOYHbIE OCHOBAHHUSI BOCIIPUHUMATH TEOPUIO
UHQISIIMN BCepbe3 B KayeCTBe OOBSICHEHUS pacIlMpeHust Ha-
et BcesleHHOI: caMble HaieXXHbIE U 0OOOIIEHHbIE TIpeCcKa-
3aHMsT OTOM TEOPHUH O TOM, YTO BcesieHHast HO/KHA OBITH «IUIO-
CKOI1», 110 BCeli BUIMMOCTH, TIOOKPEIUISIOTCSI IOKa3aTeIbCTBAMH,
MOJTy4YeHHBIMU U3 MOCJIeIHUX OaHHBIX (MyCTh aske U He B ca-
MOH ITPOCTOH (hopMe: TP COCTaBIAIOIINX BeeneHHOIM — aTombl,
TEMHAasi MaTEPUS U SHEPTUS BaKyyma A — CIIOCOBCTBYIOT 60JTb-
e «II0cKoCcTHOCTH»). COBpeMeHHbIE OCOOEHHOCTH pa3iyBa-
HUSI 3aBUCST OT (PU3NYECKUX 3aKOHOB, KOTOPbI€ BIaCTBOBAIN
B IIepBbIE 1073 CEKYHZ BOJBILIOro B3phIBa, KOTna yCIOBHs ObUIH
TaKUM{ KPUTHYECKUMH, YTO HAXOISITCS OajeKo 3a IpefenaMu
IPSIMBIX 9KCIIEPUMeHTOB. HO ecTh ABa IyTH, C MOMOIIBIO KO-
TOPBIX MBI HE€UCTBUTEIBHO MOXKEM HalesThCs ITOABECTH UTOT
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C IOHMMaHHMEM TOTO, YTO K€ MPEeACTABIIsIN COOOM 3TH yCIIO-
BUA. Bo-niepBeIX, ybTpapaHH:asa BeenenHas Moria OCTaBUTh Ove-
BUIHbBIE «PEIMKTBI» B HAlllE COBpeMEeHHOU BcenreHHOIM: Hanpu-
Mep, CKOIUIEHUS] U CBEPXCKOIUIEHHUS TAJIAKTUK OBbLIN «3aCesiHbI»
MUKPOCKOITMYECKUMHU (PIIYKTYaLlUsSIMH, KOTOpPble BO BpeMsI HH-
(IALMK BBIPOC/H, U UX TTOAPOOHBIE CBOMCTBA, KOTOPHBIE Ceifyac
MOTYT M3y4aTh aCTPOHOMBI, HECYT B ce0e KIIIOUU K IK30THUYe-
CKOI1 HU3HKe, KOTOpast TOCIIOACTBOBAJIA, KOTAA 3apOJUINCE OTH
CTPYKTYPBIL. BO-BTOPBIX, 0000ILIEHHAST TEOPHSI MOJKET YKPEITUThCS,
NpeaJIOKUB HOBBIM B3IVIA[ Ha T€ acleKThl MUKPOMHUPA, KOTO-
pble ceifyac BBIIISIAAT HEOOOCHOBAHHBIMU U TAUHCTBEHHBIMHU,
HalpUMep Ha Pas/INYHbIE THUITbI CYOATOMHBIX YacTHL] (KBapKH,
IJIIOOHBI U T.[I.) U WX MOBeJeHue. Torna y Hac OyneTr U yBepeH-
HOCTb HacueT TOrO, YTO Mbl MOKEM IIPUMEHUTD 3Ty TEOPHUIO IS
3MOXU UHGIISINH.

JIBYsKeHYe 3TUMH JBYMsI Iy TSIMU MOYKET JaTh HAM YOeuTe Ib-
HOe orvcaHue PU3NKU yibTpapaHHeli BcenenHoit. KommeioTep-
Hble MOJIEJIM TOTO, KaK BcerieHHas1 pa3BUBaeTCd U3 4ero-To, UMe-
IOIIETO0 MUKPOCKOMHUYECKUH pa3Mep, CTaHyT TOTAa TaKUMH JKe
JIOCTOBEPHBIMM, KaK Hallld CETONHSIIHNE pacyeThl TOTo, Kak re-
T U pefiteprii cOPMHUPOBAINCE B NEPBBIEe HECKOJIBKO MUHYT
paciupenus (r71aBa 5), UIM TOTO, KaK TaJIaKTUKU U UX CKOILIe-
HUS pasBU/IMCh U3 MaJleHbKUX GuIyKTyauuii (raaBsa 8).

Angpeti Jlunge u npyrue ydeHble yKe LOKasasau (xax 6b1T1O
OIIMCaHO B IVIaBe 9), YTO HEKOTOphIe ITPeIIOIOKEHHS, COTIa-
CYIOLIMECH CO BCEM, YTO MBI 3HaeM, TOBOPAT O CyILLleCTBOBAaHUU
MHOJKECTBA BCEJIEHHBIX, KOTOPBIE MOSBU/IMCH MOCTE OTAEIbHBIX
«BOMBLINX B3PHIBOB» U CTA/IM HECBSI3AHHBIMHU y4YaCTKAMM IIPO-
CTPaHCTBa-BpeMeHU. DTU BCEJIEHHBbIE Mbl HUKOIZA HE CMOXXEM
Ha6JIIOnaTh HANPSIMYIO, MBI Ja’Ke HE MOYKEM IOCTOBEPHO CKa-
3aTh, CYIIECTBYIOT JIM OHM «JIO», <ITOCTIe» UJTH «OTHOBPEMEHHO»
¢ Haweli BcenenHoi. IlepsoHavanpHble NPeAIIONOXKEHUS, KO-
TOpBIe MPeNCKa3blBalOT MHOTOYNC/IEHHBIE BCEJIEHHBIE, BCE €llle
ABJISIIOTCSI YMO3PUTE/IBbHBIMU, HO, €C/IM UX yOAacTCd YKPEIUTh
U CBA3ATh C TEOPHEM, KOTOpast yOEUTENTBHO OOBSICHSIET TO, YTO
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MBI MOJeM HabIOATh, TOTAA HAM IIPUIETCS IPUHUMATD JPYTUe
(HeHab/IOZIaEMbBIE) BCEJIEHHBIE BCEPbE3, TaK K€ KaK MbI J0BeE-
psieM TOMY, YTO HAIIIM CETONHSIIHNE TEOPUH TOBOPSIT O KBapKax
BHYTPHU aTOMOB WJIH O TOM, UYTO CKPBITO BHYTPU YEPHBIX IbIP.

Ecin u B camMOM [iefie CyLIeCTBYeT MHOKECTBO BCEJIEHHBIX,
BO3HMKAET CIIEAYIOIIHI BOIIPOC: HACKOIBKO OHU Pa3HOOOPA3HBIL.
OTBeT OnATh JXe 3aBUCUT OT XapaKTePUCTUK (PU3UUECKUX 3aKO-
HOB Ha 6os1ee IyGUHHOM U 60iee 06001IIeHHOM YPOBHE, YeM TOT,
KOTOPBIA MBI celiuac IOHMMaeM. BO3MOKHO, KaKag-TO «OKOHYa-
TeJIbHAsI TEOPUsT» JAaCT 000OIIEHHYO (POPMYITy BCEX HAILIMX Iile-
ctu uucesn. Ecau 310 mpou3oiaeT, To Apyrue BCe/IeHHbIE, NaKe
€C/IM OHU U CYILECTBYIOT, IBJISIOTCS, B CYLLIHOCTH, IIOBTOPEHU-
SIMU HallleH, a OUeBHHASI «<HACTPONKA» OYIET SBIATHCSA TAHHON
He 6oJiee, UeM TaWHCTBEHHA Haina BceneHHas. Mbl Bce elie 3a-
TPYOHSIEMCsI CKa3aTh, KAKUM 06pa3oM HabOp YmMCces1, CO31aHHBIA
B 3KCTPEMAJIbHBIX YCJIOBUAX BOmbIIOro B3priBa, MOMa B y3KUN
MIPOMEXXYTOK, KOTOPBIA IOMyCKAeT TaKHUE MHTEPECHBIE MOCTe-
CTBUS 10 MJIPA JIET CITyCTSI.

Ho ecTp ¥ UHag BO3MOYXHOCTb. BceoObeMIIIoIIe 3aKOHB],
pacrpoCTpaHeHHbIE B MyJIbTUBCETIEHHOM, MOTYT OKa3aThCst 60-
7ee MSATKUMH. MOILHOCTb CHMJI M Macca 3/IeMEHTapHBIX 4aCTHIL
(a Tax>ke 3HaveHust uncen Q, Q ¥ A) MOTYT He ObITh TOBCIOAY OA-
HHUMHU U TEMU XK€, a IPUHUMATh pa3JIM4YHble 3HAaUeHUSI B KaXKAO0H
BceneHHOM. Torma To, 4TO MBI Ha3bIBaeM «3aKOHAMU (DU3UKU»,
C TOYKU 3PEHHUST MYJIbTUBCETIEHHOM OyIeT BCEro JIUILIb periaMeH-
TOM, IPUMEHHUMBIM BHYTPH TOJIbKO Hallei cobCcTBeHHO Beenen-
HOM, U pe3yJIbTaTOM €€ paHHeW MCTOPHUMU.

31ech MOYKHO ITPOBECTH aHAJIOTHIO € (pPa30BBIM IIepeXOzioM, Ta-
KHM KaK XOPOILIO 3HaKOMOE SIBJIEHHE NTPeBPAaILeHNs BOLI B I,
Korma mHGIsS1IMoHHas 3110Xa OTAe/IbHOM BCesleHHOM 3aKaH4YMBa-
71ach, caM KOCMOC (BakyyM) IpeTeprieBas pe3Kue U3MeHeHUs.
@yHaaMeHTa/lIbHbIe CUJIbl — TpaBUTALMOHHAS, SIIepHAst U 3JIeK-
TPOMAarHUTHasi — C NaZieHHeM TeMITePATYPBI «3aCThIBAIOT», (PUK-
cupyst 3HaueHust N U € CI1ocO60M, KOTOPBI MOXKET CUHUTATHCS
«CITy4alHBIM», COBCEM KaK PUCYHOK JIEASHBIX KPUCTA/JIOB, KOTAa
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3amep3aeT Bona. Ynco Q, 3akperyieHHOe KBAaHTOBBIMU (DITYKTY-
alysAMHM, KOIZla BCeJIeHHasl MMela MUKPOCKOIIMYECKUI pasMep,
TaK’Ke MOJKET 3aBHUCEThb OT TOTO, KaK IPOUCXOIUT ITOT IePEXO/.

B HEKOTOPBIX BCEIEHHBIX MOKET OBITh MHOE KOJIMYECTBO U3-
MepeHHH, B 3aBUCHMOCTH OT TOTO, CKOJIbKO M3 IlepBOHAayYasb-
HBIX JEBATH IIPOCTPAHCTBEHHBIX U3MEPEHUI CBEPHYIOCh BMECTO
TOTO, YTOOBI pa3BepHYThCS. Jaske B TPEXMEPHBIX IIPOCTPAHCTBAX
MO’KeT ObITh pasHasi MUKpO(H3HKa 1, BO3MOXKHO, pa3Hble 3Ha-
YEHUS YMCTIa A, 3aBUCALIME OT TUIA LIECTHMEPHOIO MPOCTpaH-
CTBa, B KOTOPOE CBEPHY/IMUCH Apyrue usMepeHus. Bo BceneHHbIX
MOTyT OBITh pa3Hble 3HaUeHUs duciaa Q (KOTopoe QUKCHpYeT
IJIOTHOCTD U IJTUTEIBHOCTD UX «IIUKJIA», €CJIU BCEJIEHHBIE CXJTO-
neIBaroTCs1) U Q (KOTOpoe IOKa3bIBAET «ITIaJKOCTb» BCEJIEHHOM
U TaKUM 0Opa3oM OIlpefiesisieT, KaKue CTPYKTYPbl MOTYT B Heil
BO3HHKHYTb). B HEKOTOPEBIX TATOTEHHE MOSKET HACTOIBKO B3SITh
BEpX Hall OTTAJIKUBAIOIINM 3(h(EKTOM «3HEpPruu BakyyMma» (M),
YTO He CMOTYT CPOPMHPOBATHCS HU FAIaKTHKH, HU 3Be3bl. Vnu
siiepHBIe CUJIBI MOTYT HE TIONAAaTh B JUANAa30H (YMCTIO &, 61m3-
KOe K 0,007), KOTOPBII IT03BOJISIET TAKUM 3JIeMEeHTaM, KaK yIjie-
POI ¥ KHUCIIOPOJ, OCTAaBAThCSI CTAOMIBHBIMU U CUHTE3MPOBATHCSI
B 3Be3/aX, — CJIeLOBATeNIbHO, TAM He OyIeT 37IEMEHTOB M3 Iie-
pronnyecKoii Tabuibl. HeKoTopble BcesIeHHbIE MOTYT UMETh KO-
POTKHI1 CPOK JKM3HU U OBITh TAKUMH IIIOTHBIMH, YTO BCE B HUX
ocTaercst 6IM3KMM K PaBHOBECHIO, C OIHOM U TOM JKe TeMriepa-
TYPOH ITOBCIONY.

A npyrue BcesleHHbIe MOTYT OBITh ITPOCTO CIUILKOM MajleHb-
KUMHU ¥ TIPOCTBIMH, Y4TOOBI BOOOIIE ITO3BOJIUTH Pa3BUThCS Ka-
KOM-JIMO0 CIIOKHOM CTPYKType. $1 yiKe BBIAEISUI OQHO OCHOBHOE
uymcio N, KoTopoe gB/IgeTcs Ype3Bbl4aiiHO OTPOMHBIM — B HEM
36 Hyseil. Ero pasmep oTpaxkkaeT c1aboCTb TATOTEHHUS: YTOOBI
OHO MOIJIO UMETh 3HAaY€eHHe, JOIKHO COOPAThCSI OUeHb HOJIBILIOe
KOJIMYeCTBO YacTHll, KaK 3TO IIPOMCXOIOUT, HAallpMMep, B 3Be3-
nax (CBSI3aHHBIX TSITOTEHHEM TepPMOSIIEPHBIX peakTopax). To,
YTO 3Be3/bl JXUBYT O4EHb JIONr0, — MpsAMOe CAeACTBUE UX pas3-
Mepa. DTOT JOJITHII CPOK AaeT JOCTATOYHO BpeMeHH (hOTOCHHTE3Y
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U 9BOJIIOLIMOHHBIM IPOLECCaM Ha TUIAHETaX, OOpalaloInXCs
BOKpYT 3Be3x. B r1aBe 3 Mbl npencraBisuid cebe BCETEHHYIO,
rae uncao N 6b110 6B MEHbILE 10%°, HO Bce OCTalbHOE (B TOM
YHCTIe OCTaJIbHBIE MSATh YKMCEN) OCTATIOCh Obl MIPEXXHUM. 3BE3.IbI
U ITaHETHI BCE elle MOI/IU Obl CYLECTBOBATh, HO OHU OBUTH GBI
MeHbIIIE U pa3BUBAIUCh OpicTpee. OHM He Hamu Obl JOCTATOYHO
JUTMHHBIX ITPOMEKYTKOB BpEMEHU, KOTOPbIE TPEOYIOTCS 17Ist 3BO-
monyy. Y IputsbkeHre pasgaBuiIo Obl BCe TOCTATOUHO OOIBLIIOE,
YTOOBI Pa3BUTHCS B CJIOXKHBIA OpPraHU3M.

«Perent» 1I060M «MHTEPECHON» BCEIEHHOMN IOJKEH BKIIIO-
YaTh 110 KpaiiHeil Mepe OLHO OYeHb GOJIBIIOE YHCIIO: TIOHSITHO,
YTO HE TAK YK MHOTO COOBITHIA MOXKET CIIyYUThCS BO BCEJIEHHOM,
KOTOpasi TAK OrPaHUYEHHA, YTO BMeEIAeT BCErO HECKOJIBKO Ya-
crul. Kaskaplit C/I05KHBIN OOBEKT HOTKEH COCTOSITH U3 GOJIBIIIOTO
KOJIMYECTBa aTOMOB. UTOOBI pa3BUBATHCSI TI0 Iy TH YCIIOKHEHMS,
TpebyeTCst MHOTO BpEMEHHM — BO MHOTO, MHOTO pa3 GOoJIbLIIE, YeM
HY>KHO U1l OLHOTO aTOMHOTO COOBITHSL.

Ho u306unnst 9acTUL ¥ [UIMHHOTO IIPOMEXKYTKa BPEMEHH
elfe He NOCTATOYHO. Jlake eC/IM BCeJleHHasl TaK Ke OrPOMHa,
crabWibHA M MMeeT HOIIMii CPOK JKU3HM, KaK Hallla, OHa BCE
PaBHO MOXKET COCTOSITb TOJIBKO M3 MHEPTHBIX YACTHIL[ TEMHOMN
Marepuu. DTO MOIIO MPOU30MTH KaK M3-3a TOTO, YTO (pusmye-
CKUe yCJIOBUSI He TIO3BOJIM/IN CYLECTBOBATH OOBIYHBIM aTOMaM,
TaK ¥ MIOTOMY, YTO BCE OHM aHHUTMJIMPOBAJIM C PABHBIM KOJIM-
YeCTBOM aHTHATOMOB.

3ATAOKA YHUCJIIA L

Bce aTH ymo3puTenbHble WIOEH HAIOT HOBYIO TOYKY 3peHHUs
Ha YHCJIO A — KJIIOYEBOE YHCIIO, KOTOPOE OIpesesisieT, CKOIbKO
SHEPTUM COLEPIKUTCS B IIyCTOM IPOCTpaHCTBe. CUMTAETCS, UTO
aTa BHEPrHsl, YIPaBsoLast HHIIALMEHN, B IATEHTHOM COCTOSI-
HHU CyLIECTBYeT B BaKyyMe. DTO O3HAYAET, YTO A B OTHAIIEHHOM
nporioM GbiTa GoIbLIE Ha 120 IOPSIAKOB 10 CPABHEHHIO CO 3HA-
YeHHEM, KOTOpOe OHO MOXXeT UMeThb ceiiyac. C Takoil Touku
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3pEHHUsT KAXKETCSl YOUBUTEIBHBIM, UYTO YUCIO A LOJKHO OBUIO
0C/mabeTh 0 TaKOM CTEIeHH, YTOOBI ero 3HaYeHue MpubmsKa-
JI0Ch K Hy/10. ECTb TpH pa3HBIX pellleHMs 3TOH 3aralku.

OIHO M3 HUX COCTOUT B TOM, YTO MUKPOCTPYKTYpa IIPOCTPaH-
ctBa (BO3MOJKHO, CTPYKTYPHUPOBaHHbIE OZOOHO ITeHe 0Obenu-
HEHMS KPOIIEYHBIX B3aHMOCBSI3aHHBIX YEPHBIX ABIP) KaK-TO
HaIpaBJIseT 3TO YMCJ/IO B HY>KHOM HallpaBjieHuU. Bropas uznes 3a-
KJIIOYAeTCs B TOM, UTO CIIaJl IPOUCXOAUT ITOCTETIEHHO U KaKUM-TO
06pa3oM CBsI3aH C IVIOTHOCTBIO OOBIYHOTO BelllecTBa. Pas Tax, To,
BO3MOJKHO, He CJIy4alfHO BaKyyM ceifuac BHOCUT B 3TO YHUC/IO ITpakK-
THYECKH TaKOM JKe BKJIaJ, KaK M OOBIYHOE BELIECTBO, II09TOMY
3Ha4yeHHe () COCTaB/IsAeT IPUMEPHO 0,3, HO B BaKyyMe BCe ellle
XPAHSTCST 3aT1aChl SHEPTHH, JOCTATOYHBIE [Isk TOTO, YTOObI 0becre-
YUTh HEOCTAIOLIHE O,7, KOTOPbIE Hy>KHBI, YTOOBI IOBECTH OOLIYIO
MJIOTHOCTb IO KPUTUYECKOTO 3HAYEHHUS 11 IIJIOCKOH BCETIEHHOM.

TpeTbsl BO3MOXKHOCTb COCTOUT B TOM, 4TO HE CYILIECTBYET HU-
KaKOro (pyHIaMEHTaIbHOTO OOBSICHEHHSI MaJIOCTH YMC/Ia A B Ha-
ureit BceseHHOR, HO ero «HAcTpoliKa» (Kak U «HACTPOMKa» BCeX
OCTaJIbHBIX HAIIMX YHCEJT) — 3TO HEOOXOAMMOE YC/IOBHE HAILIETO
CYLIEeCTBOBaHMS. MBI MOKEM CUMTATh A CHJIOH, HEHUTpaIu3ylo-
LIeH TATOTEHUE NPU ONpeneIeHHON IJIOTHOCTH. FIMEeHHO 3TO
IOJKHO OBIIO POMCXOOUTh B CTATUYHOM BCETIEHHOM, KOTOPYIO
MMeJl B BUIly DUHINTElH, Korja nNpuaymMail 3To uucio. [Toatomy,
KOI/Ia BCEJIEHHAS! PACLIMPSIETCS] K OOBIYHOE BEIECTBO CTAHOBUTCS]
6os1ee pacCessHHBIM, IUIOTHOCTh Ha OIPee/IEHHOM JTalle IaaeT
HIDKE KPUTHYECKOTO YPOBHSI M OTTA/IKUBAHHE HAYMHAET «[T00€XK-
IaTh» TSATOTeHHe. BO3MOKHO, Halia cobcTBeHHast BcenenHas yke
MpolLIa 3TOT KPUTUYECKUI YPOBEHb, TO3TOMY T'JIAKTUKHU YCKO-
PSIEOTCSI B CBOEM IBUIKEHHHM OT Hac. Ho mpescraBbTe cebe BCereH-
HyI0, KOTOpast Obl1a GBI «yCTAHOBJIEHA» TOYHO TaK JKe, KaK Hallla,
3a UCKJIIOYEHNEM OIHOTO (hakTa — YKC/IO A ObUTO GBI HAMHOTO
6osbuie. Torna OTTAIKUBAHUE B3sU/IO Obl BEPX HAMHOTO PaHbILIIE.
Ecn 6Bl 9TOT Ilepexof MPOU30LLesT IO TOro, Kak chOpMHUPOBa-
JINCh TaJIAKTHKY, OHU OBl TaK U HE BO3HUK/IM — TaKasl BCEJIEH-
Hast Obl1a OBl CTEPUTIBHOI.
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B MyIbTHBCEIEHHOM YMCJIO A MOXKET IPUHHUMATh MHOXXECTBO
pa3/IMYHBIX 3HAUEHUMN: OHO MOYKET ObITh ITPEICTABIEHO KakK psi-
IIOM IVMCKPETHBIX urcen (OIpenesseMbIX TeM, KakK CBEpHYIHChH
LOTIOJTHUTEIbHbIE U3MEPEHHsT), TaK U OECKOHEYHBIM MHOXKe-
CTBOM BO3MOYXHOCTeH. B OOMBIINHCTBE BCETEHHBIX A 6y11eT Ha-
MHOTO BBIIIE, 4YeM B Hauleii. Ho Hama BcesmeHHas MOXKET OBITh
TUIIMYHOH B SNy TeX, Ile aJaKTUKU MOTYT CpOPMHPOBATECS.

APIT'YMEHT KEIIV/TEPA

Hpo6neMa MYJIbTUBCEJIEHHOI MOJKET BBIIVIAAETh CJIO’KHOM Jaske
[0 KOCMOJIOTUYECKMM CTaHAApTaM, HO OHa BJIMSET Ha TO, KaK
MBI OLIEHMBAeM II0JlydYeHHble M3 HAOIIONEHNI NOKa3aTenbCcTBa
B CETOJHAILIHUX CIIOpax O 4yuciax Q u A. Hekoropele TeOpeTUKH
OTHAIOT MPEeATIOYTEHUE CaMOM MPOCTOM BCEJIEHHOM C JOCTaTOY-
HBIM KOJIMYEeCTBOM MEXKTaIaKTUYECKOM TeMHOM MaTepuH (4To
MIPOTUBOPEYHT JyYLIMM CETOAHSIIIIHUM I0Ka3aTe/IbCTBAM), YTOOBL
YUCIIO Q CTaZo MOYHO PaBHBIM eIMHMIIE. DTO MOLpa3yMeBaeT
HEKOTOPYIO «HaCTPOMKy» paHHeHN BceleHHOM, JOBONIBHO 3HAYM-
TEJIBHYIO 1 aOCOTIOTHO UAEATIbHYIO. DTH yU€eHbIe YYBCTBYIOT Ce0st
HEYIOTHO C YMCJIOM £, PaBHBIM, CKaXXeM, 0,3, a €llle Xy>Ke UM Je-
J1aeTCA OT IOIOJIHUTENbHBIX YCIOKHEHUH, TAKUX KaK 4YMCIIO A,
He paBHOe Hymo. Kak MbI yBUAeIH, cefiyac CUTyalus BhIISOUT
TaK, 4TO, HECMOTPS Ha MX CTPACTHOE JKeJaHMe TaKOro yMpollle-
HUsI, OHM OyZyT pa3ovapOBaHBI.

BO3MOKHO, 37€Ch MBIl MOXKEM MPOBECTU Mapaieb CO CIo-
paMu, KOTOphle IIPOMCXOIUIN 400 JIeT Ha3al. Kernep oTKpbl,
YTO IJIAHETBI ABUIKYTCSI HE IO KPYTOBBIM, a IO 3JIJTMITHYECKUM
opburam. Tamuneit 66Ut 3TUM oropyen. OH mvcan: «yis moa-
Jlep’KaHUsl HaWIy4dllero paclojoXXeH!s M COBEPLIEHHOTO Io-
psAIKa 4YacTeli BCEJIEHHOM... HET HUYEro APYroro, KpoMe Kpyro-
BOTO JIBMDKEHUSI» ™.

%

Tamuneii I'. luasnor o AByX IMaBHeWIINX cucTeMax Mupa — Iltose-
MmeeBol U KonepHukoBoit. M.: JI.: TUTTII, 1948.
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[anuiero OKPY>KHOCTH Ka3aluch Oosiee KPaCUBBIMH, U OHU
OBUIM IIPOLIlEe — OHU OIPEAEIISIIOTCS BCETO OAHUM YHCIIOM, pa-
IMyCOM, TOTIA KaK JUIs 9JUIMIICA TOHALOOUTCS JOTIOTIHUTEIEHOE
YHCTI0, YTOOBI 0003HAYUTH ero opMy (IKCLeHTpUcHTeT). Hbto-
TOH TI03)Ke [JOKA3aJI TEM He MEHee, YTO BCe JUIMIITHYECKUE Op-
OUTBI MOKHO IIOHSITH C ITOMOILBIO ONHOM OOBEANHEHHOHN Teo-
pun Tsarorenus. Eciu 6v1 Tanmieit 6611 elie SKUB, Korna ObUIn
ony611KoBaHbl «MateMaTHYecKye Havasar, OTKpbITHe HproToHa,
pasyMeeTcsi, 3aCTaBUIIO Obl €ro 0OPanoBaThCsI U U3SMEHHUTD CBOE
MHEHHE 10 TTIOBOAY 3IJIUIICOB.

[Tapannens oueBuaHA. BcesleHHas ¢ HU3KUM 4YHCIOM Q U He-
HyJIEBBIM YHCIIOM A U T. . MOJKET ITOKa3aThCsl YPOIIMBOM U CIIOXK-
HOi. Ho BO3MOKHO, BCsl mpo6sieMa B HallleM OrpaHHYeHHOM
BrzeHun. Harra 3emiist ceiyer 1o OZHOMY SJUIAIICY U3 GecKo-
HEYHOTO MHOYKECTBA BO3MOJKHBIX, €€ OpOUTa OrpaHHYeHa TOIBKO
TpeGOBaHUEM, KOTOPOE MO3BOJISIET OKPYysKarouel cpene 6a-
TONPUSTCTBOBATh 3BOJIOLUH (He caMIIKOM 6m3Ko K COJHILY,
HO W He CJIMIIKOM Jaieko). [Togo6HbM ke o6pa3om Haiua Bee-
JIEHHAs1 MOYKET ObITh BCETO JIUILb OMHOM U3 117100 Habopa BO3-
MOKHBIX BCEJIEHHBIX M OTPaHUYMBATHCSI TOJIBKO TPeOOBAHHUEM,
KOTOpOE IOIyCKaeT Hallle TosiBJIeHHe. [109TOMY st IIPeAIIoYnTaIo
ObITH OCTOpPOXKHEE ¢ OpUTBOI OKKaMa®: MpearouTeHHe, OTAAH-
Hoe 6osiee «IIPOCTOi» KOCMOJIOTUH, MOSKET OBITh TAKUM 3Ke OJIH-
30pPyKUM, KaK CTPACTHAsI BIIFOOIEHHOCTh [ayest B OKPY>KHOCTH.

Eciu Ha caMOM fiefie CyIecTBYeT MHOXKECTBO BCEJIEHHBIX,
OIUCHIBAEMBIX PA3TMYHBIMHM «KOCMHUYECKUMH YHCTaMH», TOTAA
MBI OOHApYKMM CeOsl B OLHOM MaJIeHbKOM ¥ HETHITMYHOM ITOX-
TPYIIIE, IZe MIECTh YKCeT JOIYCKAIOT CIIOKHYIO 3Boonuio. Ka-
JKYIIHECsT «CIIPOEKTUPOBAHHBIMU» 0COOEHHOCTH Hawlel BeeneH-
HO He IOJDKHBI YAUBISATH HAC GOJIbLIE, YEM Mbl YAUBIISEMCS
TOMY, 4TO BOOOLIE B Hell HaxooUMCs. Mbl o6uTaeM Ha IUIaHeTe
¢ atMocepoit, obpallfaloIeiics: Ha OIpeeNeHHOM PacCTOSIHUU
OT CBOEi 3Be3IbI-TIPAPOAUTENBHULIBL, XOTS Ha CAMOM JeJle 3TO
OYeHb «OCOOEHHOE» U HETUMUYHOE MecTo. CiydaifHO BeIOpaH-
HO€e MEeCTO B KOCMOCE OKaJKETCSI OYeHb [JAIEKO OT JII000# 3Be31bl;

203



BCET'O WIECTb YHCEJI

6osee TOroO, CKOpee BCero, OHO OyneT HAXOOUTHCS TIe-TO B MEXK-
raJIaKTHYECKOI MyCTOTe, B MIUIMOHAX CB. JIET OT OJIMDKanIIei
TaJIAKTUKH.

Bo Bpems HanmucaHMSA 3TOM KHUTHU TOYKA 3PEHUS O TOM, 4YTO
HALIY [IECTh YUCENT B KOCMUUYECKON UCTOPUU SABJIAIOTCS He 60-
Jiee 4eM CIIyYalHOCTBIO, BCETO JIULIb UHTYUTUBHOE MTOLO3PEHHUE.
HoO OHO MOJKET YKPEIMUThCsI, EC/IM Hallle TOHUMAaHUE JIEXKAIINX
3a HUMHU (UBNYECKUX TIPoLieccoB yrnyburcst. Kyna Baskuee [yis
€€ MOJIOXKEHUS B KA4eCTBE HACTOSILIEN HAyYHOMN TMITOTE3bI TO, YTO
OHa MOYKET ObITh OITPOBEPIHYTA: HAM HY)KHO OYIET UCKATh APyroe
OOBSICHEHHE, €C/TH BBISICHUTCSI, YTO 9TH YHCIIA ewye Oonee ocobeHHble,
YyeM 9TO HeOOXOIMMO IS HALIETO MPUCYTCTBUsA. Hanpumep, nipea-
TOJIOXKUM, UTO (BOTIPEKM TEKYIIMM TMOKa3aHUSAM) YMCIIO A BHO-
CUT MeHee 0,001 B KPUTUYECKYIO TUIOTHOCTh U, TAKUM 06Pa3oM,
OKa3bIBAeTCsI B THICSIUM Pa3 MeHbLIIe 3HAUeHHsl, KOTOPOoe HeobXO-
IIIMO, YTOOBI OBITh yBEPEHHBIM B TOM, YTO KOCMUYECKOE OTTaJIKH-
BaHMe He MPEISITCTBOBAIO 0OPA30BAHMIO TAJIAKTHK. DTO OPOAUT
IIOO3PEHHE B TOM, YTO Ha CAMOM [IeJIe YHCTIO A PABHSIETCS HYTIO
I10 KAaKUM-TO (PyHIaMEHTAIbHbIM ITpUYrHaM. [10Z06HBIM ke 06-
pasom, eciu 6bI OpOHUTA 3EMITH IIPEACTABIISIIA COOOM COBePpULEHHYIO
OKPY’KHOCTb (XOTsI HAM He MeHee yIOOHO CyIeCTBOBaTh U Ha Op-
GuTe C yMepEeHHBIM KCLIEHTPUCUTETOM), 9TO 3aCTABUIIO OBl OTHATH
IpearnoyTeHre 0ObICHEHHIO, KOTOPOe TOHPaBMIIOChk Ob1 Kerutepy
u [a/I1/1er0 ¥ B COOTBETCTBUU C KOTOPBIM OPOUTHI IIJIAHET (PUKCH-
PYIOTCSI B TOUHBIX MaTeMATHYECKUX COOTHOLIEHHUSIX.

Ecnu neskaiiye 3a HUMM 3aKOHbI OIPENENSIIOT BCE KIII0Ye-
Bble YMC/IA €JUHCTBEHHBIM 00pa3oM, TaK YTO HHMKAaKasl Ipyrast
BCeJIEHHAs] MAaTeMaTUYeCKU He COIIACYeTCsl C 3TUMU 3aKOHAMU,
TOIZa HAM IIPUAETCSI IPUHATD TO, YTO «HACTPOMKa» eCTh HEYMO-
nuMblii akT 1 6bUTa crenana 1o Bosne [Iposupenus. C npyroi
CTODPOHBI, BCEOOLIAsl TEOPUS MOXKET MO3BOJIATh CYLECTBOBAHUE
MyJIbTUBCE/IEHHOM, DBOJTIOLUsI KOTOPOI OTMEYeHa PETYJISIPHO T10-
BTOPSAIOLIMMUCS «OONBIIMMH B3pbIBaMu». Toraa yieskamiye B oc-
HOBE MyJIbTUBCEJIEHHOM (PU3UYECKHE 3aKOHBI MOTYT TIO3BOJISTh
MHOTOO6pa3ue OTHENbHbIX BCETEHHbIX.
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YCIIEXH U IIEPCIIEKTHUBBI: PESIOME

O6bsiCHEHHE YIbTPapaHHE BCETIEHHON U pa3pabOTKa MOHATHS
MYJIbTUBCEJIEHHONM — 3aJadu Tekyluero cronerusi. OHu OymyT
BBIIJISIIETh HE TaKUMU yCTPAILIAIOUIUMU, €C/IU MBI OITISTHEMCS
Ha TO, 4TO ObUIO mOCTUrHYTO 3a XX B. CTO J1eT Ha3az 3araKoif
OBbLIIO CAMO CUSIHUE 3BE3[]; Mbl U MIOHSTHSI HE UMEJIH O TOM, YTO
HaXOJUTCA 3a NpenenaMy Haero Miegnoro IlyTH, KoTopbiid cum-
TaJICsl CTAaTUYeCKOM cucTeMoi. JI1s1 cpaBHeHus: ceffyac Hallla I1a-
HOpaMa pacLIMpHIach Ha 10 MJIPI CB. JIET, U €e UCTOPHIO MOKHO
MIPOCTIEUTD 10 NEePBBIX 0JIeH CeKyHMBI B «Haydase.

Koneuno, ¢usnuecky MbI MO>KEM OCYILECTBIISATh HCCIIeI0Ba-
HUS [TO-TIPeKHEMY TOJBKO B Haltleit Co/THeYHOI! crcTeMe, HO yCo-
BepILIeHCTBOBAaHHE TE/IeCKOIIOB U AATYMKOB IIO3BOJISIET HaM HU3-
ydJaTb TaKMe AajieKHe TaJlaKTHUKH, YTO CBET OT HMX IIes IO Hac
90% BpeMeHH nocsie bosnpioro B3peiBa. Mbl HaHeCIM Ha KapTy —
IO KpaHel Mepe B 0OLIUX YepTax — OOJbIIYIO YacTh POCTPAH-
CTBa, KOTOpOE ISl HaC B IIPHHLIMIIE JOCTYITHO, XOTSI IIOZ03PeBaeM,
YTO 3a IPaHULIAMM Halllero Mot 3peHus BeesleHHast 3aHUMaeT ro-
pasno 6osiee 3HAUMTENBHBIN 06BEM, CBET OT KOTOPOT'O 10 HAC ellle
He nobpascst (4, BO3MOKHO, HUKOTIA He 106epeTcs).

3 noppo6HbIX HaOMIONEHUI MBI Y3HAéM, KaK BO3HUKAIOT
KOCMMYECKHe CTPYKTYPBl M KaK Pa3BHUBAIOTCS FAJIAKTUKU —
He TOJIbKO G/IM3/IesKalIlye K HaM, HO ¥ TTOMYJISILMH IaJIEKUX TaIaK-
THK, KOTOPbIE Mbl BUIUM TaKMMH, KAKUMU OHU OBbUIH JI0 10 MJIPI
7IeT Ha3an.

Takoe NpogBUIKEHHE BO3MOKHO TOJIBKO G1arofapst IOHUMa-
HUIO, KOTOPOE CaMo I10 cebe IpHMeYaTeIbHO: OCHOBHbIE (hH3H-
YecKHe 3aKOHBI TOCTVDKUMBI M IIPHMEHHMEI He TOJIBKO K 3eMIle,
HO M K CaMbIM OTJAJIeHHBIM TI'aJIAKTHKaM, IIPUYEM He TOJBKO
B HacTosAlIee BpeMs, HO JaXke B IlepBble CEKyH[Ibl pacLINpPEeHUS
BcenenHoii. TolbKO B IepBble MIIIUCEKYHIbI KOCMHUUYECKOTO
paciIMpeHus ¥ IyOOKO BHYTPHU YEPHBIX JbIP Mbl CTAJIKUBAEMCS
C YCJIOBUSIMH, Tle OCHOBHBIE (hH3MUECKHe IIPUHLIUIIBI OCTAIOTCS
LISl HaC HEU3BECTHBIMU.
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CrienMasiCcThl 0 KOCMOJIOTHUH GOJIbllle He CTPAfaloT OT He-
nocratka uHpopmauuu. CoBpeMeHHble TOCTUKEHUSI B 6OJIb-
1Ieit Mepe PUHAIEKAT HaOIONATeIsIM 1 9KCIIEPUMEHTATOPaM,
a He KaOUHETHBIM MbICTUTENIM. HO B Gymyiuem MosiBATCS Ka-
GuHeTHbIe «HabmonaTeny. Pe3yibTaTel 0030pHBIX HAGMIONEHUI
raJakTHK, TOAPOOHBIe KapTel Heba U T. 4. OyIyT HOCTYIHBI IIs
BCeX MMEIOIINX OIK/IIoUeHne K nHTepHety. Kyna 6ornee mmpo-
KO€ HayYHOe COODIIIeCTBO CMOKET IIPUHMUMATh yYacTHe B UCCIIe-
JOBaHMH HAIIEH KOCMUYECKOH Cpeibl OOUTaHMsI, IPOBEPSITh CBOU
HHTYUTHUBHbIE IOTaKM, UCKAaTh HOBblE 3aKOHOMEPHOCTH U T. II.

Hab:roneHust B 3HaUUTeIbHOM CTEIIeHH YTy YIUH/INMCh, HO Hallle
[IOHMMaHHe [IPOJIBUTaeTCst Briepes 3uraarom. Ero Moskao nsobpa-
3UTh KaK MMI000Pa3HBIi rpadK — TEOPHH IPUXOASAT U OCIIa-
PMBAIOTCSI, HO B LIEJIOM TaKOi rpadik HarpasieH BBepx. [list
ycriexa HeOOXOQUMO GOJIbIIIE MOIIHBIX TEJIECKOIIOB U HY>KHBI 60-
Jlee MOIIHBIE KOMIIBIOTEPBI, KOTOPBIE TI03BOJISAT CO34aTh boee
peasuCcTUYHble MOJEIH.

B Hayke eCTb TP BEIMKUX (PpOHTA MO3HAHUS: OYEHb OOJIb-
I1I0€e, OYeHb MaJIeHbKOe U OYeHb CI0KHOe. Kocmororust cBsizana
CO BCeMHM TpeMsl. B TeueHre HECKOIBKUX JTIeT KOCMUYECKHe YUCIa
A, Q 1 Q DO/KHBI OBITh U3MEPEHBI TaK, KaK ObUIM M3MepeHbI
pasmep u opma 3emmu nocne XVIII B. Torna Mbl, BO3MOXKHO,
pelum rnpobieMy TEMHOM MaTepUH.

Ho ¢ynnameHTanbHOM TPYIHOCTHIO MO-TIPEKHEMY SIBIISIETCS
MOHMMAaHHe CaMOro Hadasa: Ajist obe/ibl Ha 3TOM (pOHTE IpH-
LIeTCsT TIOMOXKAATh OKOHYATEIbHOM TEOPUHM — «TEOPUU BCETOM,
BO3MO3KHO OZHOTO M3 BAPHAHTOB TEOPHH CyIIepCTPyH. Takast
TEOPUSI TIOJIOKUT KOHELl MHTEJUIEKTYaIbHOMY ITOUCKY, KOTOPBIA
Hauas elie HpioToH, a 3aTeM npoznorpkany Makcses, DUHIITeH
U ux nocrenosareny. OHa yIlyOUT Hallle TOHUMaHUe [TPOCTpaH-
CTBa, BPEMEHH U OCHOBHBIX CHJI, @ TaK)Ke IIPOJIbET CBET Ha 3a-
raJiK1 yJIbTpapaHHeil BcesleHHOM U LIEHTPOB YePHBIX OBIP.

B03MO3KHO, TaKast LieJib HeIOCTIKUMA. MO>KeT He ObITh HHUKa-
KO «TEOPHH BCETO», UM, €CTIH OHa €CTh, BO3MOJKHO, €€ IIOCTIKe-
HIe HAXOIUTCS 32 TIpefie/IaMU HAIllMX YMCTBEHHBIX CIIOCOOHOCTEI.
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Ho naske ecn ata 1enb ¥ OyfeT JOCTUTHYTA, 3TO ellle He O3Ha-
9JaeT KOHIA HAy4HBIX MCKaHUH. SIB/IsIsich PyHIOaMeHTaIbHOM Ha-
YKOM, KOCMOJIOTUSI OMHOBPEMEHHO CaMasi FpaHMO3Has U3 HayK
006 okpyskaroueit cpene. Ee Lienbio SBISIETCS TOHUMAHHE TOTO,
KaK IPOCTOM «OTHEHHBIH ILIap» Pa3BUIICS B CJIOXKHYIO Cpely 00u-
TaHUsI, KOTOPYIO MBI BUJUM BOKPYT cebsi, — TOTO, KaK 37€cCh,
Ha 3eMJle, ¥, BO3MOXKHO, BO MHOTHX OPYrux 6uocdepax rae-To
ellle pa3BUTHE JKUBBIX CYIIIECTB MOIVIO YBEHYAThCSI X COOCTBEH-
HBIMH Pa3MBIIIJIEHUSIMH O TOM, KaK OHU ITOSIBUJIHCh.

YToObI U3/IOKUTH 3Ty TOUKY 3peHust, Pudapn DeifHMaH uc-
I10JIb30BaJI NIPEKPACHyIO aHasoruio. IIpencraBbre cebe, YTO BbI
HUKOIZA PaHbLIE HE BUAEIM, KaK UIPAIOT B IIAXMaThbl, a IIOTOM,
NOHAOMIONAB 32 HECKOJIBKUMH MapTHSIMU, CMOIVIM MOHSTH IIpa-
BUWJIA 9TOM Urpbl. [10H06HBIM ke 06pa3oM (PU3HKH M3YJaloT 3a-
KOHBI U IIPOLIECCHI, KOTOPBIE YIPaBJISIIOT OCHOBHBIMH 3/IEMEHTaAMH
npuponel. B mraxmaTax 3HaHHe O TOM, KaK XOAAT QUIypHI, —
9TO BCETO JIMIUD 3ayPsIHBIA IEPBBI IIar K TOMY, 4TOObI IIpe-
BPaTUTLCA U3 HOBMYKA B MacTepa. AHaJIOTUYHO Ja>kKe €CIM MBI
Y 3Ha€M OCHOBHBIE 3aKOHBI, MCC/IEIOBAHUE TOTO, KaK CJIEJCTBHUS
M3 HUX OIpele/IMIN KOCMHYECKYIO HCTOPHIO, — OeCKOHEUHBIH
nouck. [IpeHebpeskeHre KBAHTOBOM rpaBUTaLEl, CybaTOM-
HOHM (PU3MKOM U MOMOGHBIM IIPEISTCTBYET HAIlleMy [TOHHMa-
HHUIO «Hauana». Ho TpyAHOCTH MHTepIIpeTalyy MOBCEIHEBHOTO
MUpa U SIBJIEHUH, KOTOpPble HaOJIIONAIOT aCTPOHOMBI, IIPOHCTe-
KaIOT U3 X C0MHOCMU. Bce MOKeT BBITh pe3y/IbTaToM MpoLiec-
COB Ha CyOaTOMHOM YpPOBHE, HO, XOTSI Mbl 3Ha€M COOTBETCTBYIO-
L11e YpaBHEHMs, yIIPaBIgIolIe MUKPOMHUPOM, Ha ITPAKTUKE MBI
HEe MOKEM HX PELINTb, IPHUMEHUB K 4eMy-IH00 G0sIee CTIOKHOMY,
yeM ofiHa MosieKyra. boree Toro, ecu 661 MbI 1 MOIJIH, ITOJTyYHB-
1Ieecst B pe3yJIbTaTe «pelyKLIHOHUCTCKOe» OOBSICHEHNE He Ipo-
NMBasIo Obl CBET Ha 3arafku. YTOOBI MOHATH 3HAYEHHE CIIOXK-
HOTO fIBJIEHUSI, Mbl BBOAUM HOBBIE€ «3MEPIKEHTHbIE» ITOHATUS.
(Hanmpumep, TypOy/ieHTHOE OBHYKEHHE, CIIOCOOHOCTD SKUAKOCTH
K YBJIQXKHEHMIO Y CTPOEHHE MTOBEPXHOCTEN TBEPABIX TN MPOMC-
TEKAIOT U3 KOJIJIEKTHBHOIO MOBENEHUS UX aTOMOB. MIX MOXHO
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«YTIPOCTUTB» 10 ATOMHOM (PUBUKH, HO 9TH TOHSTHS SIBIISIOTCS
B&KHBIMU CAMH TI0 cebe, TAKUMH Ke KaK «CUMOHO3», «eCTeCTBEH-
HBII OTOOP» U ApyTHe GUOTIOTNYECKHE MPOLIECCHI, KOTOPHIE B €lLle
GOIbLIE CTEeHN BasKHBI [0 OTAETbHOCTH.)

AHasnorus ¢ maxMaTaMy HallOMHMHAET HaM elle KOe O YeM.
HeT HMKaKOroO 1IaHCa, YTO Hallla KOHeuHas BceneHHast, KOTOpyIo
MBI MOYKEM HAOIIONATh, MOIJIA «OTHIIPATh» BCE OTH MOTEHLIUAIb-
Hble BO3MOYKHOCTH, HECMOTPS Ha TO UTO OHA ITPOCTUPAETCS Ha [ie-
CATKU MUJUTMAPZIOB CB. JIET BOKPYT HAC. DTO TaK, TIOTOMY UTO JIHO-
6as OLIEHKa TOrO, CKOJIbKO Pa3/IMYHBIX LIETIOYEK COOBITHIA MOITIO
MIPOU3OMNTH, GBICTPO MPEBOCXOAUT YUCTIA, HAMHOTO GOJIbILIUE TEX,
C KOTOPBIMH MBI y3Ke CTAJIKUBAIUCh. KOIMYeCTBO pasmnyHbIX Ba-
PUAHTOB Pa3BUTHUS LIAXMATHOM UIPBI MOCTIE TOTO, KAK KaKABIA
UIPOK CZeJal BCEro MO TPU XOHA, COCTABIISIET IPUMEPHO 9 MJIH.
Cy1uectByeT ropaszno 6osbliie mapTuii U3 6osee yeM 40 XOIOB,
YeM Te 107° aTOMOB, KOTOpbIe HAXOASATCS B IIpe/iesiaX Hallei BU-
muMocTH. [laske ecu Bce BelecTBO BO BeeneHHOi o6pasyeT co-
60if IIaxMaTHbIE JOCKH, OOIBIIMHCTBO BO3MOSKHBIX ITAPTHUI Tak
u He Gyner ceirpaHo. A pasbpoc BApUAHTOB B HACTOJILHOM UTpe,
OYEBHU/IHO, TOPa3I0 MEHbIIIE [0 CPABHEHMIO C TEM pa3HOOOpa-
31eM, KOTOpOe TpeJyIaraeT IpUpOza.

Jlaske IpOCThIe HEOAYIIIEBIEHHBIE CUCTEMBI B LIEIOM CITUIIKOM
«XaOTUYHBI», YTOOBI OBITH MpencKadyeMbMu: HbrOTOHy Ha ca-
MOM ieJie TIOBE3JI0, KOTZia OH OOHAPYKUI B OpOUTAX IUIAHET
OIVH U3 HEMHOTUX 3aKOHOB MPUPOZBI, KOTOPBIA MOMHO TIpEX-
CKa3aTb C BBICOKOM CTerneHbio BeposTHocTH! JT1060ii 6ronoriye-
CKUH MIPOLIECC CBSI3AH C TOpasno GOMBIIMM pa3HOOOpa3UeEM, YeM
IIaXMaTHasl TAPTHUS], — C TOBBIIIEHUEM CJIOXKHOCTH Ha KaXKIOM
aTare CTAHOBUTCH OOJbIlEe TOYEK BeTBIEHUS. ECu B Kaxoon
TaJIAKTHKE, TIE eCTh KU3Hb, UMEIOTCSI MUJUTMOHBI [UIAHET, IT0XO-
SKUX Ha 3eMJTIO, TO KaXX[asl U3 HUX OyIeT OTIMYaThCsl OT IPY-
rux. (Jasneko 3a mpenenaMu Hauled BUAMMOCTH MOJKET Cyllle-
CTBOBaTh B OYKBaJIHLHOM CMBIC/IE GECKOHEYHOE MPOCTPAHCTBO,
rIe BO3MOKHA 1002 KOMOUHALUA OOCTOATENBCTB U TIOBTOPE-
HMsI MOTYT BO3HUKATh GECKOHEYHO YacTO™.) DTa TOUKA 3PEHUS
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IOJDKHA 3aCTABUTB HAC OBITh OCTOPOJKHEE C HAYYHBIM TpHUyMda-
TOPCTBOM — H€ CTOMT IIpeyBe/IN4YMBaTh, KAK MHOTO MBI B JeM-
CTBUTEIBHOCTH NTOHMMAEM B XUTPOCIUIETEHUSAX MHPA.

TeMO#t 3TOM KHUIM JOJDKHBI OBUIM CTAaTh ITIyOUHHBIE CBSI3H
MeXXy MMKPOMHPOM U KOCMOCOM, CUMBOJIOM KOTOPBIX SIBJISIETCS
Ypobopoc (puc. 1.1). Haia moBce tHeBHast SKU3Hb, IBHO CHOPMHU-
poBaHHas CyGaTOMHBIMH CH/IAMH, TaKKe 00si3aHa CBOMM Cylile-
CTBOBaHMEM TOYHOI HaCTPOIKE CKOPOCTH PaCIIMpEHMS Halleil
BceneHHO, mporeccaM 0O6pa30BaHUsI TaIAKTHK, CHHTE3y YIjie-
poza ¥ KUC/IOpoJia B IPEBHUX 3Be3Jax U T. 1. «[IpaBuia» ycTaHaB-
JIMBAIOT BCETO JIUIIb HECKOJIBKO OCHOBHBIX (PU3MUECKHX 3aKOHOB;
Hallle TIOSIBJIeHHe U3 BombiIoro B3peiBa 04eHb BOCIIPUMMYUBO
K LIECTH «KOCMUYECKUM 4YHCIaM». Eciu Obl 3TH Yncia He 6bUTH
«XOPOILIO HaCTPOEHBI», IIOCTEIIEeHHOe — CJIOMH 3a CJI0eM — pa3Bo-
padMBaHKe CIIOKHOM CTPYKTYpbl BceneHHO He cOCTOsIOCh OBl
Cy1uectByeT 11 GECKOHEYHOE MHOYKECTBO APYTHX BCEJIEHHBIX,
KOTOpbI€ ObIIA «IUIOXO HACTPOEHBI» U MIO3TOMY CTEPUIIbHBI? SIB-
JISIeTCsI M BCS Hata BecenleHHast «0a3mucoM» B MyJIbTUBCEJIEHHOM?
Vv MBI JOJKHBI MCKATh PYTyie IPUYUHBI 151 TAKKUX OJIarornpu-
SITHBIX 3HaYEHWI HAIlMX IIEeCTU YUCes?






IIPUMEYAHHUA

1. KOCMOC 1 MUKPOMMP

1.

306 paskeHus], OTPasKaIOLIHe BECH QUANA30H MaclITaboB
Haurei BcesleHHOM OT caMbIX GOJBILUX K CAMBIM MaJIeHb-
KHM, BIIEPBble OBUIM IpeLCTaBIeHb! rojuanaeM Kucom
bukom B kHure «KocMuueckas Touka 3peHus: BceneHHas
B copoka npbrkKax» (Cosmic View: the Universe in Forty
Jumps, John Day, 1957). DTrt H306paskeHHsT pa3BUIIUCH J1a-
Jlee Y CTaJIM MOMYJISIPHBI TIOC/Ie BBIXOAA KHUTH U (pUIbMa
oz Ha3BaHueM «Crenenu necsiti» (Powers of Ten), ripen-
cTaBieHHbIX Yapnb3oM u Pait M3 coBmecTHO ¢ Pumn-
oM u dunmc Moppucon (W.H. Freeman, 1985).

2. HAITA KOCMMWYECKAA CPEOJA OBUTAHUA I
ITJTAHETBI, 3BE3bl 1 ) KM3HDb

2.

Bbin paspaboTaH anbTEpPHATUBHBIA METOLN — CHC-
TeMaTu4yecKoe HM3MepeHHe ITOJIOXKEHUs 3Be3[bl, OCTa-
TOYHO TOYHOE, YTOOBI OTCIEUTh €€ OPOUTAIbHBIE KOJTIE-
6anus. (Torma Kak MeTof Homiepa nusmepsieT OBYDKEHUE
BZIOJIb JIy4ya 3PEHMUSsI, 9TOT MeTOI OOHAPYKUBAET MOIepey-
HOe IBMXKEHHE B INIOCKOCTU Heba.)

3. OTPOMHOE 4YMCJIO N:
CHJIA TATOTEHMA B KOCMOCE

3.

Il Toro 4to6bl aTOM BbILIEN U3 Chepbl NeHCTBUS TS-
rOTeHMs, NO/KHA ObITh MponenaHa pabora. Ee MOKHO
CYMTATh CHJION «OOPATHOTO KBaZpaTa» U BBIYUCIISETCS
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OHa Kak cooTHolleHHe (Macca)/(pamuyc)?, YMHOXKEH-
HOe Ha PacCTOSIHMe, Yepe3 KOTOpoe NEeHCTBYeT CHiIa U KO-
TOpOe MpoIopuuoHanbHO (pamuycy). Takske M3BecTHA
U sHeprus cBsi3u. OHa IIPOINOPIIMOHATbHA COOTHOLIEHHIO
(macca)/ (pamuyc). CrenoBaresnbHo, 3Ty GOpMyITy MOXKHO
IpeICTaBUTb KaK (Macca)>?, MOTOMyY 4TO IPHY IOCTOSIHHOM
IUIOTHOCTH PaJHyC BBIYMCIIAETCS Kak (Macca)™/>.
Vmeetcst B Buay kuura JIxxynvana bapbypa «Konery Bpe-
menn» (The End of Time, Weidenfeld & Nicolson, 1999).
Ha pycckuit s13bIK He TIepeBOIMIIACh.

OTa HeyBepeHHOCTb I10 IIOBOAY 3KCTPEMaIbHBIX yCIOBUI
OKOJIO CHHTYJISIPHOCTH HE IIOIpPbIBaeT Halllel yBepeHHO-
CTH B CyIIEeCTBOBaHUU YEePHBIX ABIP WIH B HallleM ITOHU-
MaHHUM UX CBOMCTB. [Iomo6GHBIM 06pa3oM TaiiHa KBapKOB
He yMeHbILAeT Hallleil yBePEeHHOCTH B OOBIYHOM (pU3HKe
aTOMOB, KOTOpasi 3aBUCUT OT IIOBEIEHUS 3JeKTPOHOB
Ha OpOUTAX B HECKOJIBKO OONBINKX MacIuTabax.

4. 3BE3bI, IEPUOOANYECKAA TABJIMIA Y YMCJIO E

6.

Jluuo u np. (Nature, 340, 281 1989) BBIYMCIWIIM, Ha-
CKOJIBKO ITPOU3BOZCTBO YIVIEpOAa YYBCTBUTEIBHO K M3-
MEHEHUSIM B 3aKOHOMEPHOCTSIX SIAePHOM (pU3UKMU.

5. HAITA KOCMMWYECKA{ CPEOJA OBUTAHUA 1I:
3A IIPEJNEJIAMU HAIIEM TAJTAKTUKU

7.
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CornacHo Teopuu ODHHINTelHA IpaBUTaLUs 3aBUCUT
HE TOJIbKO OT IUVIOTHOCTH, HO OT [(T1oTHOCTB) + 3 (mas-
neHue)/c*]. Ecmu UrHOpUpoBaTh BTOPOH WIEH, TO B CIIy-
Yasix, KOIa BasKHO JaBJIeHHE U3JIy4eHUsI, MBI IT0JIy9aeM
pasHHL B IBa pa3a. TeM He MeHee MBI YBUIMM B ITIaBe 7,
YTO AK€ B ITyCTOM IIPOCTPAHCTBE MOJKET OBITh KaKasi-TO
aHeprust. Eciu 910 Tak, oHa GyneT MMeTh OTpHLIATEIbHOE
IaBieHve (MHa4Ye TOBOPS, «YIIPYrocThb»). Torma BTOpPOI



NMPUMEYAHUA

4JIeH KOMITEHCUPYET TIE€PBBIN, U 9TO BBI3BIBAET KPYIIHOE
KauecTBEHHOE M3MEHEHUe: paclIMpeHHe Ha CAaMOM Jefie
YCKOPSIETCSI BMECTO TOTO, YTOOBI 3AMEATISATHCS. DTOT MH-
TYUTUBHO HETIOCTYIKHUMBIN PE3yJIbTaT BaKEH B PaHHEMN
BcesleHHOIA, a TakKe B HACTOsIILlEe BPEMsl, €CIIA DHEPTUs
IyCTOro MpOcTpaHcTBa (A — CM. IIaBy 7) CTAHET NOMHU-
HUPYIOIIEH.

CMelMBaHUS MeXIy LEeHTpanbHoi obnacthio ConHua
U €r0 BHELIHUMHU CJIOSIMHU HE TIPOUCXOLUT, IOITOMY B SAZIpe
BCe ele Oyner GOblle retnst U3-3a CKOIUIEHUST OTPabo-
TaHHOTO A/IEPHOTO TOIIUBA, KOTOpOe 3acrasiser CoHie
CBETUTBCA GOTIeE 4,5 MIIPA JIET.

6. XOPOILLIO HACTPOEHHOE PACILIMPEHUME: TEMHAA
MATEPUS Y YUCTIO Q

9.

10.

TouHOe 3HaueHHe KPUTHYECKOM IUIOTHOCTH U, KCTaTH, He-
KOTOPBIX APYTUX IVIOTHOCTEM, YIOMSHYTBIX 3/1€Ch, 3aBU-
CHUT OT TeKylero macurraba BceseHHOM — 3TO TO, YTO
M3BECTHO C TOYHOCTBHIO BCEro 10-20% H3-3a MpobieM
olpenieieHHst TaK Ha3bIBAEMOI IIOCTOSIHHOM Xab6a. Dtn
1pobJIeMBI CAMH TI0 cebe MOTYT COCTABUTh COLlEpyKaHMe Lie-
701 KHUTH. TeM He MeHee 51 JO/DKEH YIIOMSIHYTb, U3 yBa-
JKEHUSI K CITeLIMaINCTaM, YTO YHC/Ia B 3TOM KHUTe COOTBET-
CTBYIOT TIOCTOSIHHOM Xa6671a, cocTaBsioneii (B 0ObIYHbIX
eIVHULIAX) 65 KM/C Ha Merarapcek.

Kyna 6o7ee MHTEpECHBI BOMPOC — HE HAPYLIAETCS JIU
3aKOH OOpATHBIX KBAIPATOB B OUeHb MaJ€eHbKHX MacIlTa-
6ax WIK — YTO NPUMEPHO SIBIISIETCSI TEM K€ CAMBIM —
He BCTYIIaeT JIM B MacluTabax MeHbIle HECKOJIBKUX METPOB
B UI'Py «IIATasl CUJIa». Paccy>Knenus, CBS3aHHbBIE C TEOPUEN
cymepcTpyH (CM. I71aBy 10), MPEIIONATAIOT, YTO TAKUM 00-
pasoM MOTYT IIpPOSIBIISATBCS NOTIONHUTEIbHbIE IIPOCTPaH-
CTBEHHbIe U3MepeHHsl. 31ech HaM CHOBa He XBaTaeT 3KC-
MepPUMEHTAaIbHBIX JOKa3aTelIbCTB, U OHU OKa3bIBAIOTCS
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11.

12.

214

Ky[a MeHee TOYHBIMU, YeM HaM Obl XOTEI0Ch, TOTOMY YTO
TATOTEHHE MEKAY 1a00PaTOPHBIMU OOBEKTAMU SBJISIETCST
OYEeHb C/IA0bIM.

MeHblIee KOIUYECTBO AEUTEpPHs B Cay4ae, KOraa IUIOT-
HOCTb BBILIIE, Ha [TEPBBII B3I KASKETCST OLIMOOYHBIM pe-
3yJIbTATOM, HO Ha CaMOM JeJIe 9TO BIIOJIHE €CTECTBEHHO.
UYeM BhIlIE ITIOTHOCTD, TEM Yallle fpa CTA/IKUBAIOTCS JPYT
C OPYrOM U TeM OBICTpee siiepHble PeakLuu OyayT mpe-
BpallaTh BOLOPOX (C OLHUM IIPOTOHOM) B refvii (C IByMs
MIPOTOHAMH U OBYMSI HelfirpoHamu). lelitepuit (c omHUM
MPOTOHOM U OJHUM HEHUTPOHOM) — IPOMEKYTOYHBIIH
NPOAYKT peakuuu. Ecau mIoTHOCTL BBICOKA, €ro OcCTa-
€TCSl He CJIMILIKOM MHOTO, IIOTOMY 4YTO peaKLHM IIPOXO-
IST Tak OBICTPO, YTO MOYTH BECh JeMTepHil epepabaThi-
Baetcst B resmid. C Ipyroi CTOPOHBI, ecy Obl IIIOTHOCTh
Obl1a HIDKE, HAM CTOMJIO OBl O3KHUZAATH GOJIBIIETO KOITHYe-
CTBa «OCTaTOYHOTO» NEWUTEPHSI, OCTABLIEToCs MOCIe Mep-
BBIX TPeX MUHYT CyllleCTBOBaHMs Hailel BceneHHOH. DTa
3aBUCHMOCTb TOHKasI, II03TOMY JIFOOBIE JOCTATOYHO TOY-
Hble U3MEPEHUS OO AEUTEPUSI TOBOPAT HAM O CpeIHEN
IJIOTHOCTH aTOMOB BO BcesleHHOM.

DTO AOKa3aTenbCTBO HA CAMOM Jiejie TOBOPUT HaM O pas-
HULIe KBaZpaTOB MacC IByX Pas3JIMYHbIX BUOB HEUTPHHO.
bonee paHHMI BapuaHT 3KcIlepuMeHTa «KamuokaHe» 3a-
IMCaJT JaHHBIE 11 COOBITHI, CBI3aHHBIX C BHICOKOIHEPreTH-
YECKMMH HEUTPHUHO OT MOSBUBILIEHCS B 1987 I. HEMTOAAIEKY
OT HaC CBEPXHOBOH, O 4YeM ObIJIO YIIOMSIHYTO B ITIABE 4.
AMEpPHUKaHCKMI 3KCIIEPUMEHT B COMSAHOM 1axTe B Orario
3a(pMKCHPOBa/I JaHHBIE elfe BOCbMH coObITHil. (Taxkxke
HeUTPUHHBIE COOBITHS 3aPETUCTPUPOBAIT 1eTeKTOp B Bak-
caHCKolt aboparopun Ha KaBkase. — ITpum. Hayu. ped.)
[TonyueHHble 1MGpPEl MOpPagOBaIN aCTPOPHU3UKOB, IIO-
CKOJIbKY XOPOIIO COITIACOBBIBAIOTCA C MPEACKa3aHUSIMHU
TEOPUH CBEPXHOBBIX.



13.

NMPUMEYAHUA

CrefytoLpii ar B TEOPETHYECKOM IIOHUMaHHUH Cy6aToM-
HOH (PU3MKHM MOJKET 3aTparMBaTh MOHSITHE, KOTOPOe Ha3bl-
BaeTcs «Cyrnepcummerpusi». Ha aTom arare Heobxomumo
CBSI3aTb SIOEPHBIE CUJIBI C IPYTUMU CHJIAMH BHYTPY aTOMOB
(1 TakuM 00pa3oM 0OeCreuuTs Jydlllee TIOHMMaHHe Ha-
IIero KOCMHYECKOro 4ucia €). TyT 3amelicTBOBaHbI U He-
KOTOpBIE BUJBI 3/IEKTPUYIECKH HEUTPAIBbHBIX YaCTHL], KOTO-
pble ObLIM CO3/1aHBI BO BpeMsi BOJIBIIIOro B3phIBa U Maccy
KOTOPBIX MO>XHO BBIYHCIIUTB.

7. YUCJIO r: SAMENJISIETCA WUJIM YCKOPSETCA
KOCMMYECKOE PACIIVMPEHHUE?

14. Crienyromye ApyT 3a APYTrOM «IpeGHU BOJIH» B U3/TyYeHUH

15.

7060T0 aTOMa MJIH MOJIEKYJIbI CBSI3aHBI C UX KO/leOaHHeM,
KOTOpPOE, B CYLIHOCTH, SIBJISIETCSI MUKPOCKOIINYEeCKUMU
vyacamy. BepIuMHbI BOTH IIPUOBIBAIOT MeUIeHHee, KOrzaa
MCTOYHUK YIAJISIeTCsl Y IJIMHA BOJIHBI YBEINYHUBAETCS.
M3 xuuru «Boobpaxenune npupoxasi» (Nature’s
Imagination) mon pemakuueit [I>x. Kopnyamra (Oxford
University Press, 1998).

8. IEPBUYHA{ «PABb»: YNCJIO Q

16. Ha HepBbIﬁ B3IVIA4 MOXET ITOKa3aThCd, YTO 3TO ITPOTU-

BOPEUUT YTBEPXKAEHHUIO O TOM, YTO 4MCIo Q ocraercs
OIHHUM U TeM JKe BO Bcex Maciutabax. Tem He MeHee Q
Ha CAMOM JieJle PaCCUMTHIBAETCST KaK M30BITOYHASI TUIOT-
HOCTb, YMHOXKEHHAsI Ha KBazpar Maciurtaba muHbl. Co-
IJIACHO 3aKOHaM TATOTeHHsI HpIOTOHA, rpaBUTAllOHHAS
SHepPIUs CBSI3U Ha IIOBEPXHOCTH C(hephbl 3aBUCHUT OT MaCCHhI,
IieJIeHHOM Ha panuyc. Tem He MeHee 1151 ccep pasINgHOM
MAacChl, HO ONMHAKOBOH IJIOTHOCTH Macca 3aBUCHT OT (pa-
IIMyC)3, IOSTOMY SHEPIHs CBSI3U OTVIMYAETCS Ha (pamuyc)>.
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17.

CrnenoBarenbHO, B 607ee KPyMHbIX MaciuTabax KoneOaHus
IUIOTHOCTH UMEIOT MEHBILYIO aMIUTUTYLY.

KTo-TO MOXXeT 3aaThCsl BOIIPOCOM, TIOYEMY MCYE3AIOT
MOACTPYKTYPBl BHYTPH TaJIAKTHK, TOTAA KAK OTAE/IbHbIE
FaJIAKTUKY [IPOLOJIKAIOT CyLIeCTBOBATh BHYTPU CKOIUIE-
HUI, KOTOpbIE HE CTAHOBATCS €IUHBIMU «CyIIEPraJakTHh-
KaMu». DTO MIPOUCKXOIUT ITOTOMY, YTO Ha GoJiee TIO3MHUX
aTanax CO3JaHUsl UEPAPXUU B CKOIUIEHUAX Ta3 SIBJISETC
CJIUILIKOM TOPSTYUM M PACCESHHBIM, YTOOBI CKOHIAEHCUPO-
BaThCsl B 3Be3[bl. [Iporiecc GopMUPOBAHUA 3BE3[ «yra-
caeT» B MacluTabax OOIbIINX, YeM raJaKTUKU.

9. HAITA KOCMMWYECKA{A CPEOJA OBUTAHUMA III: YTO
JIEXXUT 3A TOPU3OHTOM?

18.

19.

216

B 4acTHOCTH, UHTEHCUBHOCTh U3/TyYeHHs], U3MepeHHas aIl-
napatroM COBE B MU/UTUMETPOBBIX IIMHAX BOJIH, MOJKET
OBITH cnabee, YeM IIpefCKa3aHHAsT SKCTPAIIOJISILMSI TOTO,
YTO OBIIO HAZIEIKHO OIPEIENIEHO B CAHTUMETPOBBIX [TMHAX
BOJIH. MHOTHe ITPOLIeCChl MOTYT CONTPOBOXKAATHCS LOTION-
HUTETbHBIM U3JTyYeHNEM Ha MWJUTMMETPOBBIX BOJTHAX, Ha-
MIpUMep U3JTyYeHUE OT ITbIIK UK OT 3Be3] C OUeHb CHIIb-
HBIM KPaCHBIM CMEIEHUEM, U TI03TOMY Mbl He JOJIKHBI
OBbITh 00eCKypaskeHbI TEM, YTO Ha OTHUX IJIMHAX BOJH M3-
nydyenue GyneT 0onee UHTEHCUBHBIM, YeM y abCOTIOTHO
yepHoro tena. CrokHee 6yneT 0ObsCHUTD 60JIee HUKYIO
TeMIlepaTypy Ha MUJUIMMETPOBBIX BOJIHAX.
«Hunauronnas Bcenennas: B mouckax HOBOM Teopum
npoucxoxaeHus kocmoca» (The Inflationary Universe:
The Quest for a New Theory of Cosmic Origins, Addison-
Wesley, Reading, 1997).



NMPUMEYAHUA

I'TTABA 11. COBITAOEHME, ITPOBMAEHUWE UJIN
MYJIbTUBCEJIEHHA?

20.M3 xuuru «KBapku, xaoc u xpuctuancteo» (John

21.

22.

Polkinghorne, Quarks, Chaos and Christianity, SPCK
Triangle Press, 1994).

Yunbsam OKKam NpUBeN B3ITISAL Ha BelH, KOTOPBIt B Ile-
peBofie C JIATUHCKOTO O3HavaeT: «He crenyer ymMHOXAaThb
CywjHocmu CBepX HEOOXOIUMOTO.

Kak capkactryecku 3ametun Kocmosor II>xoH Bappoy,
€CJIM 3TO 3aMedaHUe BepPHO, TO OHO, KOHEYHO, He SIBJIS-
€TCSI OPUTMHAJIBHBIM.
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«3a npenenamu 3eman» ynadHo CoYeTaeT pacckaz 0 BOIMOXHbIX
Bepcusx byayLiero co MHOXeCTBOM CBEfIEHNIA O HOBbIX MPOPbIBAX
B KOCMUYECKMX TEXHONOMNAX, POBOTOTEXHUKE U KOCMUYECKOM
o A s MeauLnHe.

Nature
37a BaxHas KHUra 3aCTaBAsSeT 3a4yMaTbCs 0 HaLLuX be3rpaHuyHbIX
nepcnektnsax nokoperns ConHeuHow cucTeMbl, a Takxe MUPOB
3a ee npegenamy.

Mt YopaeH,
MCMOAHWUTENbHBIA AnpekTop nporpaMMsl Breakthrough Starshot,
ObIBLUMI fupekTop uccnepoBaTenbckoro LeHTpa NASA Ames

0 yeM KHura

OpHaxabl MoK HayyaTcs XuUTb Ha TUTaHe, caMoM KpynHoM crnyTHKKe CaTypHa. 3Tumu cio-
BaMUW HauMHaeTCcs KHura «3a npepenamut 3eman», HanvcaHHas nnaHetonoromM AMaHaoM
XeHIPUKC 1 HayYHbIM XypHanuncToMm Yapnb3om YondopTom. He Ha Mapce, kak cynTanoch
[OAre rofbl, @ UMEHHO Ha TuTaHe, C ero MAOTHOM aTMocdepon, WAAALWMM KIVMaTOM
V1 HeucyepnaeMbiMU 3anacamu TOMIMBA W BOAbI, BO3MOXHO CO3JaH1e aBTOHOMHOW KOJo-
HUW. APryMeHTUpYys CBOIO TOYKY 3PEHUS, YYEHbIV W XyPHaAWNCT NOKa3blBalOT He TONbKO
Hen36eXHOCTb 1 3aMaHuVBble NepPCneKkTUBLl 0CBOEHUS NNaHeT U cnyTHUKOB ConHeuHow
CUCTEMBI, HO 1 BoNeBble TOYKM roCYAapCTBEHHOMO Y KOMMEPYeCKOro 0CBOEHUSA KOCMOCa,
nonutnyeckue, blopokpaTuyeckme u HayyHble Npobiembl, KOTOPbIE NPENATCTBYIOT NOKO-
PEHWIO MHbIX MUPOB. M BCe e 3T0 peanbHas NepcnekTrBa, a He GaHTaCTUYecKuit cue-
Hapuit — ybexXeHbl aBTOPbI U 3apaxatoT CBOEW BEpOM YnTaTens.

Kro aBTop

AMaHpaa XeHApUKC — NNaHeTonor, LOKTop Hayk, B TedeHwve 12 net paboTana B Jlabopatopuu
peakTnBHoro AsmxeHns HACA. Bbina Hay4HbIM akcnepToM MUCCKIA annapaTa «[anunneo»
1 JlyHHoro opbuTaneHoro 3oHAa, y4acTsoBana B nporpamMMax Tefieckona «Xabbon». Astop
MHOXeCTBa Hay4HbIX TPYLOB O KOCMOCe.

Yapnb3 YondopT — Hay4HbI XypHanucT, asTop bonee fecdtka kHur, obnagaTens nute-
paTypHoi npemum Los Angeles Times B HOMUHaUMK «Hayka v TexHUKa».

[Nokynas bymaxkHble KHUTK Ha cawTe alpina.ru, Bbl becnnatHo nonyyaete
X 3MeKTPOHHbIE Bepcuu. MNogpobHee Ha alpina.ru/free
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Bce aT MupbI — Bawu
HaqubIe MOUCKM BHE3EMHOMN YXU3HW
IxoH Yunnuc, nep. ¢ aurn., 2018, 286 c.

0 yeM KHura

e 1 Kak nckaTb MHOMNAHeTAH? Miaes BHE3EMHOM XN3HU
e et i 3aBOpakvBana YesoBeyeCcTBO 334010 [J0 Hayana ocBoe-
i s HWS KOCMMYeCKoro npocTpaHcTea. [koH Yunnuc, actpo-

HOM 1 Nonynapu3aTop Hayku, NPUBOAUT NATb Hanbonee
peanuCTUYHbIX CLieHapUeB NoMcka MHOMMAHETHbIX XMBbIX
cyulectB B Haweit Manaktuke. OnucbiBas nocnegHve
LOCTVXEHUSA B M3YYeHWUM KOCMOCa — pe3y/bTaTbl KOCMU-
yeckoro Teneckona «Kennep», nccnefosaHune Mapca ¢ nomoulblo Mapcoxoga «Ketopno-
cuTU», nponeT okono MnyToHa 30HAa «HoBble rOpU30OHTLI» U MHOTWe Apyrue, — Yunnuc
NpefoCTaBNAeT YATAaTENAM BO3MOXHOCTb CaMUM BblbpaTb NoaxoaaLmnii cnocod obHapy-
KEHWS BHE3eMHOM XM3HW. OH Npeanaraet HaM NOPa3MbILLANATL O €€ CYLLECTBOBAHUM NOS,
MapCcUaHCKUM nbfoM, Ha cnyTHuke HOnutepa Espone n cnytHukax CatypHa 3Huenage
v TuTaHe, NpUYeM HblHellHWe YCN0BMUSA Ha TUTaHe aBTOp paccMaTpuBaeT Yepes npuamy
[,aneKoro NpoLwworo Hawel cobCTBEHHOM NnaHeTbl. Yunnuc bpocaeT B3rna4 1 3a Npejentsi
ConHeyHon cucTembl, 0bcyxaas WaHchl HaliTn «BTOpyl 3eMo» CPean MUANWUAapLOB
9K30MNaHeT, BEPOATHO, CYLLECTBYIOWMX B Hallel [anakTuke, a Takxke BCNyWMBaEeTCS
B [lanekuili KOCMOC B HafeX/Ae YCbIWaTh MHOMNaHEeTHble PaanoCHIHaNbI.

[ToyeMy KHUra 4OCTORHA NPOYTEHUS

KHura HanucaHa U3BECTHbIM yYeHbIM W NpefcTaBnseT coboit dakTnyeckn BBefeHME
B acTpobuonorunio. PaccMaTpuBaloTcs COBPEMEHHbIE UCCAEN0BaHUS NAaHET U UX CMyT-
H1KoB B ConHeYHoM cnucTeMe 1 NAaHETHbIX CUCTEM LpYriX 3Be3[, CBA3aHHbIE C MOUCKOM
BHE3EMHOW XU3HU.

Kro aBTop

[xoH Yunnuc — akTWBHbIN UCCcenoBaTtesb, CneumanncT B 06nact KoCMoIorim n 380-
noUMM ranakTuk, npodeccop actpoHomun BuktopmaHckoro yHusepcuteta bputaHckoi
Konymbun (Kanapal, rae oH BegeT kypc actpobuonoruu.

[Nokynas bymaxkHble KHUrK Ha cawTe alpina.ru, Bbl becnnaTHo nonyvaete
X 3eKTPOHHbIe Bepcuu. MogpobHee Ha alpina.ru/free
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Kak pabotaet Bcenenas
BBE}.'I,eHVIE B COBPEMEHHYH KOCMOJIOT U0

!{A |{ Cepre MapHosckwuit, 2018, 277 c.
JOa S ConHue BMecTe ¢ 3emneit, 4a U Mbl C BaMY NOSBUANCH U3 X1aMa,
PA [] U ]' A L 1 d  ocTaBlerocs nocnie B3phIBA CBEPXHOBOW, KOTOPas caMa yxe
: Bbina «CeKOH-XeHAOM». Mbl YNOMUHANN, UTO U3yYeHne Hayku
B COBPEMERRYD - ¢ MOXeT BbiITb BPEHbIM A8 BalLero 3ro?
BCENEHHAR
1hni ; Khura paccuntana Ha YuTaTens, MHTEPECYIOLLerocs CoBpeMeHHOJ
KOCMBnorHe

! .
1ane KoCcMosiornen n 3HakoMoro ¢ s/ieMeHTamu (pMSI/IKM n MaremMatnku.

ABTOpy yaanock B JOCTYNHOA opme pacckazaTb O pa3BuTiu

npeactaseHuii 0b asoniounn BeenerHoil. Knura yutaeTcs ¢ nkHTe-

DECOM, HO He MPeanonaraeT erkoro YTeHus: YATATEO eCTb Haj

yeM 3aayMarTbCs, €C/IM OH X04eT rnybxe MoHsTb, KaK y4eHble niyT
1 HaxoAsiT 0TBETbI Ha CI0XHbIE BOMPOCH MAPO3AaHUS.

Anatonuit 3acos,

[0KTOp GU3MKO-MaTeMaTUYECKUX Hayk,

npodeccop kadeapsl acTpodU3NKM 1 3BE3AHON aCTPOHOMUK

duznueckoro akynsreta MIY

AN®

0 yeM KHHura

3Ta KHMra NocBsLLeHa KOCMOOrMK — Hayke, HeAaBHO OTNPa3HOBABLUE CBOe CTONETHE.
OHa 0bbsicHsAEeT, NoYeMy Mbl yBepeHbl, 4To y BceneHHolt ecTb Havano, rae 1 Koraa npouso-
wen Bonbluoii B3pbIB, 4TO 03HayaeT pa3beraHue ranakTuk, kak 0bpa3oBanock Bce, YTO Hac
OKpy>aeT — 0T aTOMOB [0 ranakTuk, kakoso byayuiee BceneHHol, cyliecTsyioT M MUpbI
C ApyruMun GU3nyYeckMMm 3aKoHaMK, YTo Takoe YepHble Ablpbl v MHOTOe Apyroe. [ogpobHo
pacckasblBaeTcs Mpo To, YTO HaM M3BECTHO U YTO HEW3BECTHO MpO [BE TaMHCTBEHHbIE
CYLLHOCTH, KOTOpble BMecTe cocTaBnstoT bonee 95% copepxvmoro BceneHHol — TeMHyto
MaTepuio 1 TeMHyI0 aHepruio. KpoMe Toro, nokasaHsl ¢pusnyeckme oCHOBbI 0BLLEN Teopum
OTHOCWTENBHOCTM 1 Npefcka3aHHble elo abdekTsl.

Kro aBTop

Cepreti JTiogomuposuy MapHoBckuii — [oKTOp GU3MKO-MaTeMaTUYeCKunx Hayk, npodeccop
Duanko-TexHnueckoro uHctutyTa (r. Kues).

[Nokynas bymaxkHble KHUTK Ha cawTe alpina.ru, Bbl becnnatHo nonyyaete
X 3MeKTPOHHbIE Bepcuu. MNogpobHee Ha alpina.ru/free
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HenokanbHoOCTb

DeHoMeH, MeHAKWNI NpeacTaBneHune
0 NPOCTPAHCTBE W BPEMEHHU, U ero

i 3HayeHue AN YepHbIX Ablp, bonbworo

B3pblBa U TEOpUI BCETO

Lxopax Maccep, nep. ¢ anrn., 2018, 360 c.

TPEACTARTEHME

HenokanbHOCTb faeT HaMm HedTo ropasfo bonee BneqatnsmoLyee,
YeM 1apaHopMasbHble ABEHUS: BOIMOXHOCTb B3MISHYTb Ha UCTUH-
Hyl0 Npupoay puanyeckoi peansHocTn. Ecan Bozaenictens moryt
nepecekarb NpoCTPaHCTBO Tak, CIOBHO ero Ha caMoM fesie HeT,
TO U3 3TOr0 CefyeT eCTeCTBEHHbIN BbIBOJ: POCTPAHCTBA Ha CaMoM
[iene Her. <...> MHorve ¢u3nku Tenepb CY1TaloT, 4T0 MPOCTPaHCTBO
1 BpeMsi 0bpeyeHbl: OHU ABASIOTCA He PyHAAMEHTabHLIMU 3NeMEHTaMyU GU3NYECKOro MuUpa, HO Ces-
cTBUEM epBO3AaHHOI0 COCTOSHUS OTCYTCTBUS MPOCTPaHCTBA.

0 yeM KHura

3Ta KHWra nocesLleHa uctopun GeHoMeHa HenokanbHOCTK B Gpuanke. OHa npeacTaBnseT
coboit 3axBaTbiBatoLW M 0630p GaKkTOB, yKa3blBaKOLLMX HA TO, YTO NPOCTPAHCTBO-BpPEMS
ABASETCH NPOU3BOAHbLIM CBOVCTBOM BceneHHol, a He ee dyHAaMeHTaNbHbIM 31EMEHTOM.
ABTOp MoKa3blBaeT, YTO He0KaNbHOCTb MOXET DbITb MaTepbio BCEX 3arafokK 1 FON0BOOMOK,
C KOTOPbLIMUW CTaNKMBAIOTCH GU3NKM B HALUM AHM — 3TO He TONbKO CTpaHHOe NoBeAeHue
KBaHTOBbLIX YacTUL, HO v cygbba YepHbIX 4bIp, MPOMCXOXAEHME KOCMOCa U npucyliee
npupone efuHCTBO.

MoyeMy KHUra JOCTOAHA NPOUTERMS

KHura paeT npefcraBieHve o COBPEMeHHbIX KOHLIEMLWSAX MPOCTPaHCTBa, BpEMEHW U CTPyK-
Typbl BceneHHolt, B Helt nofpobHo npefcTaBaeHa UCTOPUS CNopa BOKPYT J10KaJIbHOCTH
M HenokanbHoCTN B dusnke n dpunocodum.

Kto aBtop

[xopax Maccep — W3BECTHbIN XXypHANUCT, NULWYLWKIA peaakTop XypHana Scientific
American v aBTop KHWUIU «PykoBOACTBO MO TeopuM CTPYH 419 noaHoro navota» (The
Complete Idiot's Guide to String Theory). Kak nonynapusatop Hayku Maccep noayyun
npemuto xoHaTaHa bepxapTta 0T AMepUKaHCKOro acTpPOHOMMUYeckoro obLLLecTBa, a Takxke
npemuio AMepukaHckoro HcTUTyTa ¢dmankn 8 2011 . B 2014-2015 rr. oH bb11 yHacTHUKOM
nporpaMmbl Knight Science Journalism B MaccauyceTckoM TEXHONOTMYECKOM UHCTUTYTE.
Ero BbicTynneHuns MoxHo yBuaeTs B Tenewoy Today, Ha kaHanax CNN, NPR n BBC.

[Nokynas bymaxkHble KHUrK Ha cawTe alpina.ru, Bbl becnnaTHo nonyvaete
X 3eKTPOHHbIe Bepcuu. MogpobHee Ha alpina.ru/free
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BceneHHas
et o oo oo 3 Kpatkuit nyTeBoauTENb N0 NPOCTPAHCTBY

CAMBIX QANEXAX TANAKTAK W 0T Bonusoro

BR W BpeMeHu: 0T CONHEYHOI CUCTEMDI

: 10 CaMbIX [aneKnx ranakTuk
u ot bonbworo B3pbiBa 40 byaywero
BceneHHoi

Cepreii Monos, 2018, 400 c.

0 yeM KHura

CoBpeMeHHas acTpodusmka — beICTpo pasBuBaioLLancs
Hayka, KOTopas UCMosb3yeT HoBellve (U oueHb goporve)
NpMbopbl M CynepkoMMblOTEPLI, AOMOMHSAOLLIME U MEHSIOLLIME aCTPOHOMUYECKYIO KapTUHY
Mupa. CerogHs Mbl 3HaeM, YTO XMBEM B paclumpsioleiics BceneHHolt, yeil BospacT
COCTaB/sieT HEMHOTUM MeHee 14 MUAAnapLoB NeT. HaMm n3BeCTHO, Kak CUHTE3MPOBaNUCh
W CUHTE3UPYIOTCS SApa aneMeHToB. Mbl MoxeM HabntoaaTb pa3Hble cTagmMu GdopMmnpoBa-
HUS 3BE3[ W NJaHETHbIX CUCTeM. YAaeTcs Aaxe pas3rniafeTs, Kak B ANCKAX BOKPYr 3Be3f
obpa3syloTcsd nnaHeTbl. TeM He MeHee oCTaeTCs MHOr0O BOMPOCOB UM 3arafok. Yto Takoe
TEMHOE BelL,eCcTBO 1 TeMHas aHeprua? Kak B3pbiBaloTCa CBEpXHOBbLIE pasHbix Tnnos? Kak
YCTPOEHbI YepHble Ablpbl? M3BECTHbIN acTpodusuk v nonynapusatop Hayku Cepreii [Monos
CUCTEMATU3UPYET COXMBLUMECH HAyYHble NpeacTaBneHns o BceneHHoM 1 ofHoBPEMeHHO
obpallaeTcs K HOBEMLWMM OTKPLITUAM W HepPELLIEHHbIM BOMPOCAM.

I'queMy KHUra 4oCTOMHa NPOYTEHUA

He cywecTtByeT Hu4ero bonee 3axBaTbiBatOLLEr0, YEM UCTOPMS 3BOIOLLMN HALLEro Mypa, —
B MacwTabax kyma bonblimx, YeM ropofn, cTpaHa, nnaHeta uam ConHeuyHaa cucrema.
KHura He TonbKO pacckasbiBaeT 0 rajakTvkax, 3Be3fax, niaHeTax U pa3inyHbIX 3K30-
T4ecknx obbekTax, Takux kak benble Kapauku, HENTPOHHbLIE 3BE3Abl U YepHble Abipbl,
HO ¥ 3aTparvBaeT NOKa He pelleHHble BONPOCHI, CBA3aHHbIE, HAaNpyMep, C 3aragoyHbiM
TEMHbIM BelLecTBOM U1 elle bonee 3arafo4HON TEMHONM 3Hepryen. 31a KHUra — cymma
BCEX COBpPEMeHHbIX 3HaHWI 0 Halwel BceneHHoi.

Ko aBTop

Cepreit [Tonos — poccUACKMI yHeHbIN-acTPOPU3UK, MONYASpU3aTOP HayKu, LOKTOP GU3N-
KO-MaTeMaTU4eCKnX Hayk, BedyLinid Hay4YHbliA cOTPYAHMK focynapCTBeHHOro acCTPOHOMMK-
veckoro nHctutyTa M. M.K. LLtepHbepra MY, naypeat npemun «3a BEpHOCTb Hayke»
2015 ropa 3a NWYHbIA BKNag B 4efo Nonynsapu3anmn Hayku.

[Nokynas bymaxkHble KHUTK Ha cawTe alpina.ru, Bbl becnnatHo nonyyaete
X 3MeKTPOHHbIE Bepcuu. MNogpobHee Ha alpina.ru/free
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m KocMoc InHwTenHa
: Kak oTkpbiTua Anbbepta JiHwWTEAHA H3MEHUIH
KUEMUE Halun npefCcTaBieH!A 0 NPOCTpaHCTBE

IHUTERHA 1 BpeMeHi

Mutno Kaky, nep. c aurn., 2-e u3n., 2018, 272 c.

Mn;uo klau Kaky naet untatesnto BO3MOXHOCTb BUAETb U AyMaTb Kak SVHLLTENH, Aenas Halue
Y MoHUMaHue bosiee MoaHbIM U POCTLIM.

w Popular Science

AN® LocTynHoe n nakoHuyHoe onncaHue Xn3Hu v TeopyecTsa JiHLLITENHa...
Yert Pavimo, Toronto Globe and Mail

0 yeM KHura

OnwcbiBas xu3Hb Anbbepta SiHwTeliHa, MuTro Kaky norpyxaet Hac B bypnstyto aTMocdepy nepsoi
nonoBUHbLI XX B. — [1Be MWpPOBble BOWMHbLI, peBotoLMs B [epMaHum, co3fgaHne aToMHon 6ombbl. OH
MoKa3blBaEeT YnTaTeNto HEBUAMMbIN 0ObIYHO 3a TPMYMPanbHOW CTOPOHOM OTKPBLITUI U 03apeHnii Mup
YYEHOro — 3Tanbl CTAHOBNEHMS, HayYHble baTanuu, 3a4acTylo HenpoCTble OTHOLWWEHMUS C BAU3KKMMU.
B KkHure npefcTaBieH CBEXMWI B34 Ha HOBATOPCKYIO AeATENbHOCTb JMHLWTeNHa, NepeBepHyBLIero
NpefCcTaBieHNs YeNoBeYecTBa 0 NPOCTPaHCTBE U BPEMEHW.

[ToyeMy KHMra OCTOHHA NPOYTEHMSA

e AsTop KHUrK, Mutno Kaky, — BCeMUPHO U3BECTHbIN GU3MK W nonyaspusaTtop Hayku. Ero yme-
HUWe IOHOCUTb HayYHble 3HaHWS [JO CaMOro LUMPOKOro YMTaTeNs CPOSHU BEAVKOMY SMHLITEHY,
nobusLeMy NOBTOPATb, HTO HOBasR TEOPUSA HUKYAA HE rOAUTCS, eCnun He Ba3npyeTcs Ha 3prMoM
obpa3se, OCTaTO4HO NPOCTOM, 4TObbLI NOHATL €ro Mor gaxe pebeHok.

* B cBoell HoBoW KHUre Mutro Kaky He TonbKo yaaeTcs yBfekaTenbHO paccka3aTb O XU3HW
BEAIVIKOrO reHns, Ho U AaTb YeTkoe npencTasBneHne o6 oTkpbiTvsax AnbbepTa SiiHWTeHa Aaxe
TeM, KTO flanek oT Hayku.

* B Hell conepXunTcs MHOXeCTBO MHTEPECHENLWNX CTopuYeckux, brorpapuuecknx n ¢rnocod-
CKMX 3aMeYaHuii.

Kro asTop

Mutuno Kaky (poa. 24 axsaps 1947 ropa 8 Can-Xoce, KanndopHus) — npodeccop TeopeTuyeckoit
du3mkn, Bonee yetsepTH Beka npenogaeT B Hilo-Vopkckom Cutn-konneaxe, kpome Toro, paboTaeT
B VIHCTUTYTe NepcnekTBHbIX MccnefoBaHuii B MpuHcToHe 1 B Hilo-Mopkckom yHusepcuTeTe.
Bbigatowniics yueHslit, 0aMH U3 cosfateneit Teopumn cTpyH, Mutno Kaky nonyymn ocoboe npmsHa-
Hve BO BCeM Mupe bnarofaps akTMBHOWM AesTeNbHOCTM Mo Nonyasapu3aumm TeopeTnyeckon dusnkm
1 COBPEMEHHBIX KOHLLenuuit 06 ycTpoiicTBe MMpo3aaHus. Ero kHUrK, B ToM Ynche Takue bectcennepsl,
Kak «[nepnpocTpaHcTBO» 1 «®U3nKa HEBO3MOXHOI0», NepeBefeHbl Ha AECATKN A3bIKOB, @ Pafmo-
1 Tenenepefayn CaywWwaioT U CMOTPAT Ha COTHAX KaHanos.

[Nokynas bymaxkHble KHUrK Ha cawTe alpina.ru, Bbl becnnaTHo nonyvaete
X 3eKTPOHHbIe Bepcuu. MogpobHee Ha alpina.ru/free
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