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[lpegmncnosue

TBepXJeHHe, YTO OCHOBHOM MHCTHHKT 4Ye/IOB€Ka — I0JIOBOH, €CTb

rHycHas kieBeTa. CKakuTe 3TO aJIbIMHUCTY, MALALIEMY PaHHUM

YyTPOM Ha OCBellleHHYIO COJIHLeM BepluiuHy! Wiu npexacrasbre, uTo
Obl BbICKa3aJl B OTBET Ha 3TO yTBep)kAeHHe MOSIpHUK Havyasa XX Beka
nepen craproM 3kcrneavuuu. Jla yro monspHuk! [IpencraBbre ero co-
0aK B YIpsDKKe, C HeTepleHHeM OTPHIBUCTO FaBKAIOIMX U MbITAIOMIMXCS
pBIBKAMH COpBaTh MpPUBS3aHHbIe HApTHI, YTOObI CKOpeil pBaHYTb BIlepeN
B CHEe)XHble MPOCTOPHI...

JTi0603HATeNIBHOCTD, XKaXKa MCC/IeNOBAaHUA U CTpeMJieHue ObITh mep-
BBIM CKJIaJIbIBAIOTCA Y YesioBeKa (KOHEYHO He Y Jitoboro, Ho 3aTo M He
TOJIBKO Yy YeJioBeKa) B MOIIHBbI MHCTHHKT, KOTOPBII YCJIOBHO MOXHO
Ha3BaTb . MHCTUHKTOM MepBONpPOXOALA. OTOT MHCTHMHKT IIOMOI YeJioBe-
Ky B KpaTdaiilllie CpOKM paccelMTbCs 0 Bceil 3emiyie U CTaTb TeM, KTO
OH €eCTb.

OcraeTca 3aBMIOBaThb 0Oeyioil 3aBMCTHIO MEPBOMPOXOALIAM IPOLLIBIX
BeKOB. Tenepb NMOBEepXHOCTh 3eMJM ucuepnaHa. [loBepxHOCTb Jpyrux He-
OecHBIX Tesl elle CAMIIKOM Aaneka. M Bcé ke MpOCTpaHCTBO Uil peasiu-
3allMM 3TOr0 MHCTMHKTA OCTaeTCs — MpexJe BCero B Hayke.

B 3Toii KHMre Mbl MOMBITAEMCS OCBETHTb CPaBHUTENIbBHO HeAaBHMIA
NPOPBIB 3a MpeAesbl peabHOCTH, JaHHON HaM B OLIYIIEeHUsIX. 3a mocyen-
HHe TPUILATh C JMIIHAM JIeT JIoau A00paMCh-TaKu A0 Kpas, 3a KOTO-
pbIM MOKa ellle HEYETKO, CJIOBHO CKBO3b ABIMKY WM CJIOH JIbAa, yBUJE-
JIM TpaHAMO3Hble OUepPTaHUs TOrO, UTO MOXKET OKa3aTbCsl HOBBIM YPOBHEM
MUpo3aaHus. He MCKIIOY4EHO, UTO 4YacTb NpeacTaBlleil KAPTMHBI — MHU-
pax. Ho naxe B 3TOM ciyyae Mupak 3axBaTbiBalollle MHTEpeceH U He-
CeT KaKoM-TO BaXHblil CMbIC/. Mbl MMeeM B BUIy COBpeMEHHYI0 KOCMO-
JIOTHIO U TepefoBble pyOexxu GU3MKM MHUKpOMHpa — JBa, Kas3ajoch Obl,
MPOTHMBOIOJIOKHBIX HAIpaB/ieHUs,, KOTOpblE Y)Ke NaBHO COLUUIUCh BOEIM-
HO B UCTOKax BceseHHOIA. |

YesioBeK, BONPEKU pacXoXeMy MHEHHIO O COOCTBEHHOM MOTYILECTBe,
oueHb cs1ab mepen JMLOM npupoAbl. CoBpeMeHHbIi yueHblil Aaxe ciabei,
4YeM MepBONpPOXOAeL] BPEMEH BeJIMKUX reorpadyMyecKUX OTKPBITHIA: MpH-
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MpPeoncnoBUE

pola CTaBUT Ha JAJIbHHUX pyOeax COBepIleHHO HempeojoMMble Oapbe-
pbl. Briepesi BbIXOOMT TeopHs, KOTOPYIO BCE TpyJHee NpOBEPUTb, — HpS-
MO 3KCIIEPUMEHT CTAHOBUTCSL BCE AOPOXKe, [TIOKa HAKOHel| He CTAHOBUT-
CSl NIPUHUMIIMATIBHO HEeBO3MOXHbIM. Ho 3TO He 3HauuT, YTO BIEepenu INTy-
xas creHa. [IpocTo MeHsieTcsl MeTOA — Ha MepBbIi IUIAH BHIXOAUT YTO-TO
BpPOZE MCKYCCTBA 3KCTPAMoJsL1M: NIOCTPOEHHe BHYTPEHHE CTPOMHBIX He-
NPOTUBOPEYMBBIX TEOPH, KOTOPbIE MPaBWIbHBIM 00pa3oM u3jasieka Ipo-
eLMPYIOTCA Ha Hally AeidCTBUTEbHOCTb.

OKCIepUMEHT NpH 3TOM He OTOpachiBaeTcsl, HO MeHSIeT CMbICJ. BMe-
CTO MpPSMO#i MPOBEPKK HOBBIX TEOPHil OH paclIMpsieT U JeTaqu3upyer O6asy
IUISL SKCTPanoILMU KapTHUHBI AOCTYITHOTO MUpa B HeJOCTYNHYIO Jasb.

[IpopeiB kK HOBOMY FOPM30HTY IpoM30LIes B ABa 3tana. [lepBuiit — Te-
opeTudeckuit, oH nporekaa B 1980-e roapl. J/lroa MHOroe MOHSIM U MHO-
ro yero mnpenckasasd. Bropo#t stanm 3skclepuMeHTa/JbHBINA: IpeacKa3a-
HUSL CTIH TOATBEP)KAATHCA NMPEeLM3HMOHHBIMH HabmoneHnaMu. OH JuT-
cq mocjefHHe NMATHAALATb JieT, B TeYeHHe KOTOPbIX KOCMOJIOTUS MOJy-
Yyiia MpaBO Ha3bIBaTbCA TOYHOM HAayKON B CaMOM NPSIMOM CMBICJIE 3TO-
ro csosa. [IpopbiB ellle He 3aBeplieH — MOKa NMCAJIACh 3Ta KHUra, UCTO-
pusi Mpoao/DKajia pa3BOpauMBaThbCs NPSMO Ha I7la3ax, MOSIBJSUIMCh HO-
Bble Ba)KHbI€ IaHHbIE, U aBTOPY NMPUXOAWIOCH A00aBIATbh MOCTCKPUIITYMBI
¥ npumMedaHusi. OHM, ¢ OJJHOI CTOpPOHBI, JIeJIal0T KHUTY 4YyTb Goee «pac-
TpelaHHOM», 3aTO MPUBHOCAT OLIYIIEeHHe >XMBOTO AEeMCTBUSL.

B cobbiTusX, M3araeMbix B KHHI'€ aKTMBHO YYacTBYIOT COTHM, a TO
M THICSIYM 4esioBeK (CMOTPsS Kak ompenensTb cTeneHb yuyactus). Ho yuiib
HEeCKOJIbKUM U3 HMX (WIM HEeMHOTMM JeCsiTKaM — KaK CYMTaTb) YAAJIOCh
HaliTU KIIOYeBble pelleHHs, CTaBLIME MOCTaMM WIM MpOJMBaMH, Kyaa
YCTPEMWINCH U OCTa/bHbIe. HaBepHO, 3TUM JIOASIM MOXXHO 1103aBUAOBATh
He MEHbllle, YeM KanuTaHaM [1apyCHUKOB, YbM MM€Ha OCTaJIUCh Ha reo-
rpaduuyeckux Kaprax.

Llenb 3TO KHUTM — OCBETUTb HE€ CTOJBKO YNOMSHYTYIO BbIlllE€ OT-
KPBIBIUYIOCSI KAPTUHY, CKOJIKO IYTh K HeM, BIUIOTb A0 KMBOMMCHBIX NOJ-
pobHocTeil, oTpasuth ee IyX. CuacT/iMBoe 0OCTOATENBCTBO 3aK/THOYAETCH
B TOM, YTO €e TepoM JKUBHI, O0/iee TOro, MHOTHe M3 3THX Te€pOeB rOBOPSAT
HO-PYCCKH U ABJSIOTCS AAaBHMMHM 3HAKOMBIMH aBTOpa M Hay4HOrO penak-
topa. [l03TOMy 3HauMTeNbHYI0 YacTb KHUTM COCTABJSIOT MHTEPBbIO WIH
OMaJIOTM C OCHOBHBIMM YYaCTHHUKaMHM.
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MPEAMCNOBUE

Knura paccyutaHa Ha LUMPOKHUM KpYr uyuTartese, XOTA MHOrAA peub
B Heil 3axX0OMT O [OBOJIBHO CJOXHbIX Bemax. Cpeau mnpouyero, ecThb
u popmynsl, rpaduku U Oonblive creneHd AecaTku. CuuTtaiite, YTO aB-
TOpP BOCCTaeT MPOTUB M3BECTHOH ceHTeHUuM: «Kaxzaas ¢opmyna BaBoe
CHI)KaeT KOJIMYeCTBO MOTEHLUaJbHBIX 4YHUTaTesei». JTO Cy)XJeHHe OIu-
paeTcs Ha MNpeCTaBJieHHe O YuTaTesle KaK 00 YMCTBEHHO JIEHUBOM CY-
l[ecTBe — >XepTBe Macc-Mezaua M ycioBHoro lonnuByna. Takas ayauro-
pUs CYLIECTBYeT, HO OHa BCE paBHO He Mo 3y0am yoOOMy aBTOpY, Mu-
mIynieMy o Hayke, Kak Obl OH mepe] Heii He 3aucKuBal. ByneM yBakaTb
yMTaTesis M pacCMaTpUBaTh 3HAKOMCTBO C (POPMy/siaMH Ha MIKOJILHOM
YPOBHE KaK HelpeMeHHbIii aTpuOyT Ky/lbTypHOro uesoBeka. [IpencTaBb-
Te, 4TO Obl CTaJ0 C XyHAOXXEeCTBEHHOU JIMTepaTypoi, ecmu Obl KaxIblid
nucaTesib PyKOBOACTBOBAJICS MPHUHLMIOM: Kakaas Mertadopa, onepupy-
Iollasgs aHTHYHBIMM WM OuOneiickuMu cioxeTamu (C KOTOpBIMH Cpen-
HMI YUTaTe/b He 3HAKOM), YMeHbIIaeT KOJIMYEeCTBO MOTEHLUATbHbIX YHU-
tatesniedd Ha 10%!

Bce ¢opmyibl, KoTOpble 11 BoCOpUATHS TpedyloT Bhicuiero obpaso-
BaHus (auddepeHLHaTbHble ypaBHeHUsT), COOpaHbl B [IBe I71aBbl, UAYIIME
noxapsiA. OHU Ha3biBalOTCA «YpaBHeHus1 JifHuITeiiHa» U «OTTaJKUBaIOLIas
rpaBuTauus». [IponycTHB 3TH IIaBbl, YMTaTe/b HUYEM 0COOO He PHUCKY-
eT, KpOMe TOrO, YTO HEKOTOpble Ba)KHble YTBePXAeHUs NPUAeTCS [PUHU-
MaTtb Ha Bepy. OCHOBHble (DOpMyJibl CBOAATCS K YMHOXEHHIO, J€JIEHUIO
M BO3BeICHUIO B CTeMNeHb.

W3naraemMas ucropus AENHCTBUTENbHO CJIOKHA, HO He (opMysamy,
a noHaTtusaMu. [IpucTynas K KHure, aBTOp peminw1 He oOMaHbIBaTh cebs:
HanucaTb O AaHHOM IpeAMeTe TaK, 4ToObl Bce BCE MOHSJIM, HEBO3MOXHO,
TeM OoJsiee, 4TO ¥ caM OH MOHMMaeT He BC€. [locTaBieHHast 3aa4a CTO-
MT MHaue: IS JII0O0ro YuTateNs B KHUre JO/DKHO HaWTHCh HEUTO MOHAT-
HOe ¥ MHTepecHoe IUI Hero. 3allenyBLIKMCh 3@ 3TO HEUTO, OH CMOXeT IO-
TUXOHbKY OTIpbI3aTh MEHee MOAAT/IMBble MeCTa, TaK, UTO B KaKOK-TO MO-
MEHT KapTMHa MPOSBHUTCS Kak LeJIoe.

Kuura ara BooOlle pasHOpOOHA — CONEPXKUT pa3Hble CIOXKETHBIE JIU-
HuM. Pacckas o 3apoxzaeHuu v TpuyMde TeOpuM KOCMOJIOTMYECKOH HH-
bnaumMy nepemMe)xaeTcsl MCTOpUel pa3BUTHS KOCMOJIOTMHM M MHPOBO33pe-
HUS XuTeNell ITyOUH MHOIUIAaHETHOTrO OKeaHa, MOKPBITOrO TOJICTBIM CJIO-
eM Jibja. [Ina onpeneneHHOCTH B3AT cnyTHUK lOnutepa EBpona. 9ta cro-
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MpeaoncnoBuE

’K€THasi IMHUA OTYACTH WUIIOCTPUPYET OCHOBHYIO Ha OoJiee MpocTOM Ma-
TepUasie M 3alleluiseTcsl 3a Hee B K/IIOYEBbIX MOMEHTax.

Y mo6oit KHUTK JO/mKeH ObITb »KaHp M LesieBasg ayautopus. OOBIYHO
OHM OYEBUIHbI, HO He Bcerga. JluteparypHblii XaHp ONpele/MTb He TaK
POCTO, TYT HaMeIIaHO pa3Hoe — Hayumon, HayyHas (aHTacTUKa, Me-
Myapbl, myonuiucTika. Ectb gake anemeHTsl yuebHuka. Ecim Bce-Taku
HY)KHO KaK-TO ONpee/IMTb OOLIMi XaHp KHWTH, TO MyCTb 3T0 OyneT oxa.
KoHeuHo, oabl HbIHYe HEMOMYJISPHbI U CaMO CJIOBO JUCKPEAMTHPOBAHO.
Jla ¥ npexMer BocnmeBaHMsI — HayKa U ee JIIOAM — ceiyac He B (aBo-
pe. Y BCé e KTO-TO NO/KeH NBUraThbCsl HANpPSIMMK CKBO3b U3BHUBHI Bpe-
MeH. Ona, 3HauuT ona!

Yto KacaeTcs LieJieBOil ayqUTOPUM — C Hel, KaK MOJCKa3blBAaeT OMbIT
aBTOpa, HMKoraa He yrajgaemb. OHa Bcerja MeHbllle, YeM MpeArnosara-
elib, ¥ He coBceM Ta. Ckopee MO)XHO T'OBOPUTb O HEKOM «3TaJIOHHOM YH-
Tartesie», KOTOPOTrO aBTOp JepXKajl B roJIoBe, K KOTOpPOMy Kak Obl oOpa-
1mascsa. 3aech OTBET MPOCT — s oOpamasicsa K camMoMy cebe, KakuM ObuT
MOYTH MoJBeKa Ha3ad. Kcratu Torma, uuMTas HeKOTOpble KHMTH, S UyB-
CTBOBaJI ce0si 3TAJIOHHBIM YMTaTesieM, OIIyIIasi, YTO ABTOP NHIIET UMEH-
HO JUIl MeHsl. BO3MOXXHO, aBTOPBI 3TUX KHMI TOXe 00pallaMCh K CaMUM
cebe, KakuMH OHHM ObUIM B IOHOCTH. B TakoM mopxozme ecTh pauMOHab-
HOe 3epHO — oOpamiasich Ha CKJIOHe JieT K cefe IOHOMY B TeKCTe, HallH-
CaHHOM Ul COBPEMEHHHMKOB, YKpeIUiselllb CBSA3b MPOULIOro ¢ OyAyIuM.






1. KomdpopTHas, HoO HenpaBuNbHas
KapTWUHa MUpa

MycKas BCAYECKMX KMTOB, CJIOHOB M XpyCTajbHble cepbl, Hau-

HEM HCTOPUYECKHUH OYepK C KapTMHB MHpa, KOTOpas yXe Mo-

)KeT 0o0CyKAaTbCs B paMKaX HayKu. JTO BeuHasi, OecKoHeu-
Has, B cpeaHeM Heu3MeHHas BceneHHas. Takas KOHuUeNUMs NOCTeMNeH-
Ho cinoxunack B XVI-XIX Bekax U ciayxuwia OCHOBHON KOCMOJIOTHYe-
Ckoil mapagurMoi BIIOoTh A0 1920-x romoB. BripoueM, HaBepHsIKa 3Ty
KOHLIENUHMIO, KaK ¥ OO0NbIIMHCTBO (UIOCO(CKUX OTKPOBEHHIi 3MOXH
[IpocBemenus, yxe chopMyaupoBal KTO-TO U3 ApeBHUX rpekos. Co-
BpeMeHHbIif YeJIOBeK Kak OyATO BIMTHIBAaeT M€ BevHOil OeckoHeu-
Hoi BceneHHOM ¢ MOJIOKOM MaTepu U OueHb yAMBJISETCS, KOrga y3Ha-
eT npo bosnbioit B3pbIB.

BeuHas GeckoneuHasi BceneHHas koM(popTHa Uisi YesloBeYECKOro pas-
yMa. YesioBeKy XoueTcsl JymarThb, YTO 3Be3[bl OYAYT CBETUTb BCErAa, 4To
y MMpa HeT HU KOHLa, HU Hauyajia, 4TO Mepej >KU3HbI0 U pa3yMOM HeT
HUKaKMX Ipefie]ioB, aXke B OTIaJIeHHOM OyayieM.

Takas BceneHHas nmoHsiTHa M JorMuHa. A Kak ke ewe? Kak npexcra-
BUTh cebe Hayajo ¥ KOHel[? A 4TO paHbllle Hayasa? A 4TO Jasiblle KOH-
ua? Bompoc, oTkyna B3snach BcesieHHas, B 3TOi mapagurMe ToXe He ak-
TyaJleH — 3TO BC€ OCTaJbHOe OTKYZAa-TO B3s/IoCh BO BceseHHOIA, KoTopas
€CTb IPOCTO BMECTWIHIE BCEro Cymero.

Opnako yxe B XIX Beke B rpaHAMO3HOW KapTHHe MHUpPO3JaHMUSl MOS-
BWINCh IlepBble TpelluHbl. [IpuyeM 3TH TpelMHbI MMeNU BUA MPOCTHIX
BONpPOCOB. Bo-nepBhix, moueMy HOYbI0 He0O TeMHoe? MIMeHHO Takoii BO-
npoc ObUI OAHaXAB 3alaH IIKOJILHUKOM KOMaHJe «3HaTOKOB» B TeJlele-
penaue «Yro? I'me? Korma?. «3HaTOKW», yNOBas Ha TO, UTO BOMPOC 3ajJaH
IIKOJIbHUKOM (AaXke He CTaplueKJIacCHUKOM), Aaau npoctoi otBeT: «lo-
TOMY, YTO HOUYBIO Mbl HaXOAUMCS B TeHU 3eMJy, U aTMocdepa Haa HaMu
He MOXXeT pacceMBaTh COJIHeYHble yur». [lIkoNbHUK ObLT He CTOJb MPOCT.
Oxka3biBaetcs, ecnu BcenenHast GeckoHeyHa, Be4Ha M M30TPOIHA, MPAMOit
JTyd B MoOOM HanpaB/leHuH YIpeTcsl B 3Be3y (Kak Jilo0oii rOpU3oHTasb-
HbIi B3I7ISIA B JieCy YNpeTCs B JIMCT WIM CTBOJ JepeBa) — 3HAUYMT, HeOO
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JOJDKHO CHSITh CTOJb )Ke SIPKO, KaK MOBEPXHOCTb 3Be3abl. [lornomeHue He
cracaet — Jy000ii MOrJIOTUTENb HArpeeTcsl U 3acHsieT C TOM ke SPKOCTBIO.
JtoT (aKkT HOCUT Ha3BaHHe «poToMeTpuueckuii napanokc Onbbepcar. OH
FOBOPUT O TOM, 4TO BceneHHas nubo He BeyHa, MO0 He GeckoHeYHa.

WHTepecHo mompoboBath napagokc Onbbepca «Ha 3y6» — HacKoJb-
KO JO/DKHA ObiTh Bennka BcenenHas, uToObl OH cpaborasn. 3pmech crienyer
MpeayrnpeanTh YUTATeNs, YTO €C/Id OH He JIIOUT omepupoBaTh OOJIbIIM-
MM YHC/IaMH, TO MOXXET MPONYCTHTh JBa CeAYIOLMX ab3aua.

CtBoNbl HepeBbeB B JieCy MepeKpPOIOT NEpCHEeKTHMBY Ha HECKOJIbKUX
COTHSIX METPOB. A Ha KaKOM pacCTOSHMHM 3Be3ZIbl MepeKpoloT He6o? Jto
HeTPYAHO MPUKUHYTh, 3Hasd CPeJHIOI0 IVIOTHOCTb BceneHHoi. HaM Hyx-
HO 0OBIYHOE BeIecTBO, ceifyac M3BECTHO, YTO €ro MIOTHOCTb BO BceneH-
Hoit okono 107¥ r/cm® (B XIX Beke 3TOif BeMuMHBI He 3HAJM W MpU MO-
MbITKE OLEHUTb CKOpee BCero MoJy4win Obl 3HaueHHe Ha HeCKOJIbKO MO-
PSIKOB BHIllI€), ¥ IPUMEPHO JAecsiTasl 4YacTb BellleCTBAa HaXOAUTCS B 3Be3-
nax. 3HauuT, CpelHss IUIOTHOCTb BelleCcTBa, 3aK/JIOYEHHOTO B 3Be3.aXx,
1073 r/cm®. ByneM cuuTaTh, YyTO BCe 3Be3fbl MomoOHbI CONMHIY, — 3TO
JacT He CJMIIKOM 0obllyi0 OWMOKY, paccTositHue OymeT 3aBblllieHO, MO-
ket ObiTh, B mapy pa3. Macca ConHua — 2-10% . 3HauuT, cpeaHss MIOT-
HocTb 3Be3n BO BcenenHoit n = 0,5-10% cM~3. HameeMcs, uurarens He
CMYIL@eT Takas BeJIMYMHA, KaK YMC/IO 3Be3[ B KyOMYeCKOM CaHTHMe-
Tpe — ee CMBICJ MOXXKHO BHIpa3uTb HHaue: OfiHA 3Be3na B Kybe c pe-
6pom 2:10?' cm (2 TeIC. cBeToBBIX JieT). Tenepb HafO B3ATh IUIOIAb JIHC-
ka ConHua ¢ = nR? ~ 102 m? (paguyc ConHua — 696 Thic. KM) U ompefe-
JIUTb CPERHION0 JUTMHY Jy4ya [0 MonafaaHus B 3Be3ny: S = 1/no =~ 2-10* cm.

OTO YyNOBMIIHOE pacCTOsHWe, Ha 13 mopsaakoB Oosbiiie, 4eM pa3Mep
BUAMMOM yacTu coBpeMeHHOI BceneHHoil. Ha ctonbko BuauMmas vactb
BcenenHoit Gonbire COMHEYHON CUCTEMBI, M Ha CTOJIBKO HOC/eHss 60b-
me cobaku. COOTBETCTBEHHO, BpeMs CYILIeCTBOBaHMsI Takoii BceneHHoi
TOXXe HO/DKHO ObiTh Ha 13 mopsakoB Oosbllle, YeM BO3pacT Hamieid, —
MHaue CBeT AJIeKUX 3Be3]] He ycleeT JOMTH J0 Habmomarens.

N
EAHHMI.l.bI UiMepeHusa, ICnosibyemMbieé B KHMre

®uU3nKu — ouYeHb ynpaMbie Nau: BHeAPUTb B UX cpeay cucteMy eannul, CU
He yAanocb W, BUAMMO, Y)Ke He yaacTcs, No3TOMy U Mbl yaeM nonb3oBaTbCs
CaHTUMETpaMM, r[paMMaMu, 3praMu. IHEPrui0 HacTUL, GU3UKK U3MEPSIOT

B 3nekTpoHsonbrax (3B) (1,6:10-123pr), MeraanektpoHsonbTax (MaB),
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A ecnu 6b1 Bcenennasi Bo3Hukia 13,8 mipa ner Hasan, Kak 3TO
M ecThb Ha caMOM JeJie, HO He pacwmupsiiach 6b1? Ee ropu3oHT uMesn Obl
NpYMepHO Takue ke pasmepbl — 13,8 Mapa cBeToBHIX JieT. [locMoTpH-
Te Ha «MIyOOKMil» CHUMOK KOCMHUYeCKOro Tesneckona «Xab6m» (To ectb
CHMMOK y4acTka Heba, rae HeT 6/M3KMX 00BEKTOB, cleaHHbli ¢ 60b-
woi skcno3uuueit). Heckonbko MpoueHTOB IIomaAd CHUMKa 3aHUMa-
IOT Aajiekue rajakTuku. Ecim 6bl He ObUTO paciuMpeHus, UX MOBepX-
HOCTHasi SIPKOCTb mpeBbiliana Obl spkocTs MieuHoro [lytu (Monmoxabie
rajakTukyu sipue). [loatomy Bcé Hebo crerka Obl cBeTH/IOCH — cilabee,
yeM Mneunsiit [lyTh, HO HOCTAaTOYHO, YTOOBI 3TO MOXXHO OBIJIO MOYYB-
CTBOBaTh B TeMHYI0O HOoYb. Ha caMoM Jene u3-3a pacuvpeHus Bcenen-
HO#l JaseKkue rajJlakTHKM CTAHOBATCA BO MHOTO pa3 TYCKJIei, U YTOObI
YBUZETb MOYTH paBHOMEpHOe cBeueHue HeOa, Hy)XHa Xopomasi Tex-
HUKa.

Bropoe yMo3aknioueHue, noprsiiee KapTHUHY, Ha3blBAeTCS «TeIUIOBas
cMeptb BcenenHoit». [IpuHumunom, obpexatomum BceneHHy10, OKa3biBaeT-
€S BTOpO€ HAauaJo TepMOAWHAMHMKU — BCE AO/DKHO CO BpeMeHeM Npuii-
TH B COCTOSIHHE TEIUIOBOil OaHM, rae BCEé MMeeT ONHY TeMIepaTypy, Bce
MCTOYHUKM 3HEPruM McYepnaHbl M HUKakasl XU3Hb He BO3MOXHa. Tak
M BeuHas BceneHHas B ee COBpeMEHHOM >KMBOM COCTOSIHMM, XOTb B TY,
XOTb B JIPYTYI0 CTOPOHY IIO CTpeJie BpeMeHH, IMOJy4aeTcsi, HEeBO3MOX-
Ha. Kcrat, coBpemeHHass ¢u3uka crnocobHa OaTh BIIOJHE PeaMCTHY-
HYI0 KapTUHY Npe[CTOsIlei TeIUIOBOil cMepTH — OHa OymeT mocTereH-
HOM ¥ He MYUYUTEJIbHOM.

Bcenennas yxe 3ameTHo cocrapwiacb. Ceiiuac 3a eauHMLly BpeMe-
HM poxxaaercss B 20 pa3 MeHblue 3Be3q, yeM 10 mapa ner Hasax. Cons-
1le moracHeT yepe3 5 MJIpJ JleT — TOT/ia HOBbie 3Be3[bl THna ConHua Oy-
AYyT pOXKIATbCS 3aMETHO peke, yeM ceryac. Ho uepes 100 mapg ser ewe
OyoyT CBETUTh HbIHE CYLIECTBYIOIIME KpacHble KapjuKW, 6M3 KOTOpBIX
BO3MOXKHA >KU3Hb.

[locTeneHHO, CTPOMTE/IbHBIA MaTepuan I/ HOBBIX 3Be3d Oymer cra-
HOBUTbCA Bc€ Oosee NeUUHMTHBIM, UX pOXIEHHe IMMOYTH OCTAHOBHTCH.
Ho ecnu rme-To yepe3 TPWVUIMOH JIeT CTOJIKHYTCSI JBe FaJlaKTMKH (a 3TO
¥ Torga OyneTr u3peaKa MPOMCXOAUTb B TPAaBMTALMOHHO CBSI3aHHBIX CKO-
IUIEHHUSX), TO OCTAaTKM rasa M NbUIM B 3THX FQJIaKTUKaX COXMYTCS yAap-
HOHM BOJIHOM OT CTOJIKHOBEHMS Y 3TO BbUIBETCS B COTHU MWUIMOHOB WIH

16






MpoPbiB 3A KPAW MUPA: TIPEABICTOPUSA

WUrak, Mbl 3HaeM, YTO «ymMHpaHue» BceneHHoit OyneT oueHb HOMTHM,
YTO ee TemriepaTypa OyaeT TOJbKO MajaTh, 3HaeM, YTO B 0003pHMoOe Bpe-
MSl He CJIYYMTCS TOTQJIBHOrO amoKaJMICHca THMA Kossamnca BcesneHHOM.
EcTb 9K30THYeCKHe BapuaHThl TeopuH, rie BcenenHyio xorna-Hubynp He-
CKOpO JKIeT BHe3amHblii KoHel| («0ONbIIOI pa3pbiB» WIM KOJUIAMC), HO
B NPOCTbIX He3aTei/MBbIX BapUaHTax TeopHs IpeicKa3biBaeT A1s Bce-
JIEHHOM oueHb fonroe Oymymiee. OoHAKO Mbl CHIbHO 3abexanu Briepen —
u3 XIX Beka B koHel XX. BepHeMcs Ha3an.

Tpetbsi mpobsieMa BeuHOH HeM3MeHHOI BceneHHON — rpaBHMTalLMOH-
Hast HeycToiuMBOCTb. JII0OOM 00beM BellecTBa CTPEMHUTCH CKAaThCH MON
neiictBreM rpaBuTaumu. Eciiu B cpefie faBjieHle Majio, TO MaJieillive He-
ONHOPOIHOCTH IUIOTHOCTH HAYMHAIOT PaCTH — YeM JaJbliie, TeM ObicTpee.
CxaTHe OCTaHaB/IMBaeTCs, KOTa JaBjieHWe Wi pa3bpoc ckopocrei 00b-
eKTOB CXXMMaIOILeiicsl CUCTeMbl ypaBHOBeLIMBaeT rpaBuTauuio. Bcé, uro
Mbl BHIMM BOKpYr ce0s, y)Ke NpOLUIO CTajvi0 IpaBUTALMOHHOH Hey-
CTOWYMBOCTH M NPHUIUIO K paBHOBecHIO: CoJHIIE ypaBHOBELIEHO [aBJIeHH-
eM ra3a, ConHeuyHas cucTema — OBWKEHUEM IUIaHeT, TalaKTUKa — JBH-
)KEHHeM 3Be3]l, CKOIUIeHHe TaJaKTMK — JBIDKeHMEeM lajlakTHK. A Aajb-
me — npobnema!l B XIX Beke HUuYero He 3Ha/M MPO CKOIUIEHHMS TaJIAKTHK
M KpynHomaciTtabHyio cTpykTypy BcenenHoit. Ho Teopernuecku 6bU1I0
TOHATHO, YTO OT NpobsieMbl He YiiTH, — yeM Gosbiuuii 06beM GepeM, TeM
Jo7Ibllle pa3BUBAETCSl HEYCTOMYMBOCTb, HO TeM OoJibliee JaBieHWe WIH
pa3bpoc ckopocteil Tpebyercs, uToOBl OCTaHOBUTH C’kaTHe. B KOHIe KOH-
LIOB, TIPUXOAUM K KakoMy-HHOyIb MapaoKcy, THIA TOro, YTo I cTabu-
JM3aLMM CKUMaIoIeNcs cucTeMbl TpeOYIOTCS CKOPOCTH, NpeBbILIAKOIe
CKOpOCTb CBeTa (3TO B paMKax HbIOTOHOBCKOH MeXaHHKH, a Ha COBpeMeH-
HOM $I3blK€ 3TO 03HA4aIo Ol (OpMHUpOBaHUE YEPHOIA IBIPHI).

HecMoTpst Ha mepeuncsieHHble pobsieMbl, MHOTHE yueHble H TeM 0o-
nee ¢wiocodsl JONT0 BepwiM B CcTapylo mapaaurmy. I[lpo napamokcel Bce
3HaJIM, HO AYMaId, YTO Kak-HUOYAb paccoceTcss — HayKa pasBHUBaeTCH
Y HaileT Ja3eMKu U3 TYIIMKa.






MpoprbiB 3A KPAM MUPA: MPEABICTOPUA

TOTO, YTO TOJ CJIOEM JIbAia HAXOOUTCS CJION XMIOKOW BOABI MOpsAJKA COT-
HU KWIOMETPOB ITyOMHOIA.

[To moBoAy TOJMIIMHBI JibAa MPOAODKAIOTCA CIOPbl — OH MOXKET OBbITh
KaK KWJIOMETpbI TOJILMHOI (TOHKas MoJesib), TaK U JeCATKU KHJIOMEeTpPOB
(Toncras momenb). B monb3y TOHKOM Mozenu roBOpAT paiOHBI, IAe Io-
BEpPXHOCTb pa3fpobsieHa Ha OrpoMHBble JibAuHbI (CM. (pOTO), MOBEpPHYThIE
M JaXKe HaKJIOHEHHble, BMep3llie B HOBbIi N1€n. B nonb3y Toncroit Moze-
JI4 TOBOPUT CTPYKTYpa HEMHOT'OYMCJIEHHbIX YAapHBbIX KpaTepoB.

CyliecTBOBaHMe XM3HM MOAO JibAOM EBponbl He NPOTMBOPEYMT 3aKo-
HaM TepPMOJUHAMHKH.

B Hepmpax crmyTHMKA BbifensieTcs AOCTaTOYHO TelUla M3-3a NMPWIMBHOIO
TPEeHHs], KOTOpPOe BO3HMKAET B MOILHOM MoJie TAroTeHus KOnutepa 6naroza-
ps HeOOMIbIIOI BHITAHYTOCTH OpOMThL. CoceiHMil CITYTHHUK, Mo, Bech MOKpHIT
JIaBOBBIMU 03epaMH Y M3BepralolMMHCS ByJIKaHaMH, PSIMO Ha HalIMX IVia-
3ax (TouHee, Ha CHUMKax «[amwieo») BblOpachiBAIOMIMMHU (POHTAHBI HA Mapy
coreH KwioMetpoB. EBpora B monropa pasa pganbile ot lOmurepa, HO Bcé
PaBHO Ha Hell JNO/KeH ObITh TMOABOAHBINA BY/IKAHWU3M, H, BEPOSTHO, YTO-TO
BpOJie 3eMHBIX «UEpPHbIX KYPWIbLIUKOB», Ifie Ha [TyOMHe HECKOJIbKUX KHJIO-
METpPOB KMITMT JKM3Hb — €CTb TOYKA 3PEHHs, YTO OHAa TaM M 3apoxwiIach.

[IpencraBuM, 4TO >KU3Hb MOAO JbJOM EBpombl pa3Buiach K0 YpPOBHS
pa3yMHBIX cyliecTB (BooOpa3MM MX OTAaJeHHO MOXOXXMMM Ha HAIMX Io-
JIOBOHOTMX MOJUTIOCKOB), CO3[1aBIIMX LIMBWIH3ALHIO.

Ot BooOpakaembie CYIIECTBAa MOJJIEAHOrO0 OKeaHa (eBpoNHaHe) HaM
noTpeOyioTcs KaK HEKTO, KTO BHAMT ropa3fio MeHblile (paBwibHel Oynmer
CKa3aTh, MI0YTH HMYEro), HO BCE PaBHO crocobeH YCIeIHO MO03HaBaTh MHUP
3a npezenaMH A0csiraeMoCTH. [IbITasich mpeJCcTaBUTb UX MeTOABI U MpOo3pe-
HUs, Mbl JIyullle NI0iMEeM CBOe MOJIOKeHHe U CMOXKeM [0 JOCTOMHCTBY olle-
HUTb AOCTIKEHHUS YeloBeueCKO LMBWIN3aLMK, KOTOpasi HaXOAUTCS Ha ro-
pa3no Gosiee BHICOKOM YpOBHe pa3BUTUS HayKU.HyXHO cpa3y oroBopuThcH,
YTO BCE, YTO HIXKE CKA3aHO IO MOBOAY (PMU3MOJIOTMH, TEXHOJIOTMH U 0bpa-
3a JKU3HM eBpOIMHaH, He NpeTeHAyeT Ha MOJIHOe COIIacHe C MOJI0XKeHUSIMH
HayK¥ M OTHOCHMTCS cKopee K o0nacT HayuHoil ¢aHTacTMkM. OfiHaKo cio-
KeTbl, KaCalolMecs! UX OTKPbITMHA M MpeACTaB/IeHHii, BIOJHE MOYyYUTElb-
Hbl. ByieM cuMTaTh BCE 3TO MBICJIEHHBIMH 3KCIIEpUMEHTaMH, NI0Ka3biBalo-
MMM, Ha YTO CIIOCOOHBI pas3yMHble CYLECTBa IO YacTH [O3HAHUS MHPA,
JaXe HAXoAsChb B CaMbIX HEBBITOAHBIX [UISl 3TOr0 YC/IOBHUSX.
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wnM rHes. OaHAKO HeKOTOpble AOTOWHbIE MHAMBUADI HaYanu 3aAasaTtb BO-
Npochbl:

— MoueMy 6orn Hepp Bceraa BbICTYNaKoT nepebiMU? [TpenaHnsa rnacunm, uto
OAHaXAbl rpoM npuwen ¢ Heba 6e3 BCAKOro rpoMa Heap, HO NULWbL OAHAXKAbI
U NUWb B NpeaaHusX.

— [MoueMy oTBeT Heba BCceraa oagMHaKoBO NOBTOPSieT NOCNEN0BATENbHOCTb
packaTtoB CHM3y? NMeHHO Tak BbiBaeT npy 06bIMHOM 3xe. 3arBo3aka B TOM, YTO
HebecHoe 3x0 He naeT 06beMHON KapTUHbI Heba, NoA06HO TOMY, Kak 3X0 OT Xon-
Ma faeT 06beMHYI0 KapTMHY 4acTu xonMa. [1oToMy u aymanu, 4to 3To He 0bbiY-
HOe 3x0, a auanor 6oros. Ha caMoM pene oTCyTCTBME 06BEMHON KapTUHbI OT He-
6ecHoro axa — B ero pacTaHyToCTU BO BpeMeHW. Mo3r eBponuaH, Kak U Hall, He
npucnocobneH K aBToMatTuyeckorm 06paboTke MegneHHOro curHana — ecnu 3a-
MeaNUTb pa3BepTKy u3obpaxxeHusa B CTapoOM Tenesu3ope B AeCATKU pas, Mbl Nne-
pectaHeM BMAETb KapTUHKY. Mano-noMany AOTOWHbIe eBpOonuaHe 3aknovanu,
4yTo TaM B Hebe eCTb YTO-TO BNONHE MaTepuanbHOe, OTpaXkatowee 3ByK BynKa-
HOB. HO 4TO UMEHHO U HACKONBLKO BbICOKO? BuAMMO, O4eHb BbICOKO, NOCKONbKY
3aaepXxKa 3xa caepxy 6bina HAMHOIO AoNbLLE, YeM OT coceaHux rop. [ouT cTons
Xe Aaneko, Kak rpaHuua ussepaHHoro Mupa.

JT0 Heuto B He6e MaHUNO CMenb4yaKoB, KOTOpble, 3aMaclLiMCh B AOPOry Nu-
wewn, NOAHUMANUCb Ha HEBEPOSATHYIO BbICOTY, HO MX BCEX OXBaTbiBan TAXENbIN
AABALWMIA YXKacC, BbIHYXAABLMM BEPHYTLCA. JTOT YXKac Ha caMoM aene Gbin no-
Nne3HOM HaxoAKOW 3BONIOLMM, CTPaXyIoLLeR OT CMepTH u3-3a Habopa m3nulHen
nNasyyvecT Npu NOHWXKEHUU ONABNEHUA — BEPHYTLCSA HA3ah C Ype3MepHbIX Bbl-
COT MOMNO He XBaTUTb CUN, 0COHBEHHO ecnn NnonaaeLb B BOCXOAALWMNA KOHBEKLN-
OHHbIX NOTOK.

EctectBeHHO, eBpONMaHe He OTCTYNUAUCL. BO-nepBbiX, OHU HawAu pacTu-
TenbHoe cHapobbe, cHUMatouee ctpax 6onbwmx BbICOT. [locne npuema 3enbs
nobanueana ronosa u NOATALHWBANO, HO 3aTO OTKPbIBaNaCh AOPOra B HEMbIC-
numyio BbicoTy! Bo-BTopbiX, yMenbipbl n3obpenu apeksaTHOe CpeacTso nepe-
ABWXEHUA B BEpTUKANbHOM HanpasneHun He3 3atpart cun. Obonouka, cwmTas
U3 KOXW KpYrnobpioxos, NpoONUTaHHOM XXUPOM KYXNSIKOB, HANONHSANACH XMUAKO-
CTbl0, NOAHMMAIOWENCS OT iMbI C THUIOLWMMUM NULLEeBbIMKM 0TX0AaMu. [onyyanacb
BNONHe NpunnyHas noagbeMHas cuna. K obonoyke uennsnacb Kop3uHa € 3kuna-
XXeM, npunacamu u 6annacToM, CyXMBLLIMM CpeacTBOM BO3BpaLLeHUs LOMON.

Heckonbko nepsbix MOMbLITOK OKA3anocCb HeyAauHbIMK. [1Ba pa3a npoTtekna
060n0ou4Ka, NnoTepaB NOALEMHYIO CUNY, TPU pa3a «BbiCOKOMNNasaTenem» CKpyTuno
OT Nepeao3nMpOBKM BbICOTHOTO 3e/1bsi TaK, YTO OHM CMOMK NnLb 06pe3aTb CTpo-
Mbl U BUENUTLCS B KOP3UHY, AOXWAASNCH, MOKA OHA YYAOBUWHO MEANEHHO He
ONYCTUTCS Ha AHO, FAe MOXHO OTNeXaTbCs B 3apOC/IsX U NpuATH B cebs.
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2. CTAPAS KOCMONOIrMA XUTENEN NOANEAHOINo0 OKEAHA EBPOMDI

Tpoe apy3eun, noTepnes Ase Heyaaym u Habpaswucb onbiTa, cObpanucb Ha
pelwuTenbHbIM WTypM. TouHee, B 3kunaxe 6bino yeTsepo, 4eTBepTbiM Obii CMbILL-
NEeHbIN WYCTPbIM Yn3eHb NO KinyKe [3biHb, HACTONbKO NpeaaHHbI CBOEMY X038-
WHY, YTO AaXKe NbiTaTbCA OCTaBUTb ero 6bIN0 HEMbICIUMO.

Yepes yeTbipe CMeHbl, NoC/e Toro, Kak ¢ Bo3rnacom «MoHecincb!» 6bin 06-
pybneH WBapTOBbIM KaHAT, OHM OKa3anuCb Ha TaKOW BbICOTe, FAe eule HUKTO HU-
Koraa He 6bin.

CHapobbe 136aBNANO OT XXMBOTHOrO yXKaca nepep BbiCOTOM, HO He cnacio
Tpex nepBonpoxoaLes OT OTYAAHUSA, NOACTYNaBWero No Mepe XXyTKoro AONro-
ro noabemMa B NOAHOW NycToTe, Mpake u 6eamonsuu. NyTewecTBEHHUKKU CBOUM
Tpe3BbIM pa3yMOM MOHMMANMK, YTO TaM HET HUKAKUX YXKACHbIX HeboxuTenen, Ko-
TOpbIMUK C APEBHUX NOPp Nyranu nponoseaHWKK. HO Koraa TAHeTCs BpeMs, KOTo-
POMYy, KQXXeTC$, HeT KOHLA, U Ha TBOe 3BOHKOE WeNKaHbe HeT HW Manewuluero oT-
BETa, CNIOBHO BCE NPOCTPAHCTBO 3abUTO BaTOM, pasyM nepecraet ObiTb TPE3BbIM,
M BCA XYTKasi opaBa CKa304HbIX MOHCTPOB OXWBAET U KOPUMUT POXKU B CHEXMB-
WeMCcst CO3HaHUM.

[3bIHI0 6bIN0 KyAa nerye — OH NpeKpacHoO nepeHocun BbiCOTy H6e3 BCsaKoro
3ebs U ero HUKTO He MUYKan C AeTCTBa pacckas’amu O HebeCHbIX YyaoBULLAX.
A pas x03suH paaoM, 3HaYuT, BCE B nopsake, HECMOTPS Ha CTpaHHoe 6e3Mon-
BMe NpocTpaHcTBa. OH NpUAbHYN K XO35IMHY, KOTOPbIA, 3a6UBLIXCL B Yron Kop-
3UHbI, 3aBEPHYBWKCH B NOKPbIBano, penekTopHO NpoaonXan uM3fasartbh NOKa-
UMOHHbBIE WeN4KW U NOCBMCTLI. B TaKOM Xe COCTOSHMM HaxoAWAUCh ABa APYruX
yneHa akunaxa. Bapyr [13bIHb BCTpeneHyncs, BbITAHYN rON0BY U HAa4an NOMNUCKK-
BaTb M LWeNKaTb.

CnenomM o4Hyncsa X035IMH U pactonkan octanbHbix. — CMoTtpuTe, [13bIHb TOYHO
4TO-TO Y4ysin UNK ycablwan. — A Hy-Ka, CBUCTHU U30 BCeX Cun — y Tebs 3To nyu-
we nonyvaetcs! — Ectb! TouHo! Tam TBepaoe Hebo! Tuxo... OHO, KaxeTcs, YyTb
BONHUcrToe!

Ko BceM MrHoseHHO BEpHYNOCb ICHOE CO3HAHMe, XOTA roN0Ba Y KaXAaoro ry-
Aena u Kasanacb pacnyxuuen.

Teeppoe Hebo 0Ka3anoCb COCTOALMM U3 HEBEAOMOTO NPO3pavyHOro MaTepu-
ana, nopaasasLuerocs 3ybuny. OTKonotble KyCKu CTpPEMUAUCL BBEPX, KAK KAMHM
CTpeMSTCA BHW3, NO3TOMY MO NYTU AOMOM UX NPULLINOCH AiepXaTb B CETKe M3-Nop,
CbeneHHbIX MONNIOCKOB.

OpHako AOCTaBMTb NPO3payHble KyCKU AOMOM TaK U He yAanoCb: OHU CTanu
YMEeHbLLUATbCA, OKPYINAACh, U Ha nonnyTu Boobuie ncyesnu K 60nbwoOMy oropye-
HUIO NyTewecTBeHHMKOB. U KTo UM Tenepb nosepuT?!

Ensa BoccTaHOBMBWNCL HU3UYECKU U MOPANbHO, OHWU NOBTOPUAU IKCNEau-
umio. Ha cen pas oHM OTKONOAKU KyCKu nobonble U No HAUTUIO 3aBEPHYNU UX
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BO MHOro cioes Koxu. [lparoueHHble obpasupl Heba bbiin npeacTasneHbl py-
KOBOACTBY NPMABOPHOI aKafieMuK Hayk, rae 1 pacTasinn Ha rnasax y usyMneH-
HbIX YYEHbIX MYXeMN.

— [-a-a... — ckazan npe3vaeHT akaaeMuu.

— He 3Hal0, YTO U CKa3aTb... — CKa3an nepebii BULLE-NPE3UAEHT.

— Hapo kak-to oTpearnpoBaTtb, — CKasan BTOPOW BULLe-Npe3nuaeHT.

— 3J-3-3...— 3apayMancs npesunaeHT. — A Tbl 3Haelb, Kak HaA0 OTpearMpoBartb,
4To6b! TAM 3TO He BbI3BANO rHeBa?

— He 3Hal0, — oTBETUN BTOPOM BULE-NPE3NAEHT, — @ TaK)Ke He 3Hal0, He BbI30-
BET NN 3TO HEAO0BONLCTBO 3A€ECh, AAXE €UIM He Bbi3BaNo rHeBa TaM.

— JlaBaiTe HMKaK He pearpoBaTtb, — NOABEN UTOr Npe3nAeHT, — Aa U He3a-
yeM: CBMAETENbCTBO-TO UCHE3NO.

— Ho Benb OHM eliie npuBe3yT! — BO3pa3nn NepBbii BULE-NPe3UAEHT.

— Bort nycTb TOraa m BbLINYTLIBAKOTCA CaMK, A TaM NOCMOTPUM Ha pe3ynbTtaT
U NoMMeM, Kak pearmpoBarb, — 3aBepLmnn AUCKYCCUIO NPe3naeHT.

Mocne 3toro, KOHeYHO,NER NpuBeE3NM elle u eule. Kak pearuposarb, He 3Ha-
Y HU «TaM» HU «3aecCb». Ho npupoaHoe nobonbiTcTBO eBponuaH 6pano ceoe:
CTUXUIHHbIE 3KCNEePUMEHTATOpPbl BbISCHUAK, YTO KYCKM Heba npespalialotcs
B BOAY, NpaBaa B TaKylo, B KOTOPOM Yero-To He xBaTaeT, 6e3BKycHyt0. U cTa-
N0 YAUBUTENbHBIM, KaK 3TO Cpasy He NOHANWU, YTO Nén — TBepAoe COCTOsHUE
BOAbl, NOA0O6HO TOMY, KaK OblBaeT XXMAKUI CBUHEL, M TBEPAbIA CBUHEL,. U3 3ThX
ONbITOB NOCTEMNEHHO BbipaCTana HACTOALLAS HAYKA U HACTOALLME YYEHble, a TeM
BpeMeHeM (a MoXeT 6biTb M B CBA3U C 3TUM) HAYMHANACh NepBast NPOMbILWAEH-
Has peBONOLMSA CO CBOMMMU INEKTPUYECKUMU MALLMHAMMKU, BUHTOXOAAMMU, INeK-
TPONU3HBIM anlOMUHUEM, MEAbI0 @ NOTOM U CTanbIo.

N3MeHnnach u KapTuHa Mupa. Tenepb 310 6bln 6€CKOHEUYHbIM NNOCKUI CI0K
BOAbI MEXAY NONYNPOCTPAHCTBAMMU CKANbHOIO rpyHTa U nbaa. CkanbHas cpe-
A — BEYHbI UCTOMHUK TEMNA M NNOAOopOAUs, neasHas — xonoaa. BnonHe no-
rMYHas KapTUHA, Aaxe C TOYKKU 3peHUst TepMOAUHAMUKMK: NOTOK IHEpPrun us-
6aBnseT MUp OT TepMOAMHAMMYECKOrO paBHOBECUS, KOTOpoe eCTb TennoBas
cMepTb. KycoK nbaa, OTNOMAEHHbIA OT neasiHoro NonynpocTpaHCTea, TaroteeT
Ha3aph Ko NbAy, a KYyCOK CKanbHOro NonynpoCTpPaHCTBA, KAMEHb, TATOTEeT K CBO-
en cpene. Bckope 3toT dakt opopmuncs B cBoeobpasHy0 BepCUI0 3aKOHA
ApxuMepa: Ha Kaxaoe Teno AeMCTBYeT Cuia, HarnpaBneHHas BHWU3, NpOnopum-
OHanbHas Macce 3TOro Tena, U CMNa, HanpaBNeHHas BBepX, NPONOPUUOHANb-
Has Macce BoAbl, 3aHMMatouen obbeM Tena. Takum 06pa3oM, BceneHHas B KOC-
MONOrMKM eBponuaH, COOTBETCTBYyOWeN kocMonorum 3emnsH XVII-XIX Bekos,
6bina 6eckoHe4YHOM OQHOPOAHOM U U3OTPONHON B ABYX U3MEPEHUAX U HEU30-
TPOMHOK HEOAHOPOAHON B TPETbEM,
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2. CTAPAS KOCMONOTMUA XUTENEN NONQNEAHOTO OKEAHA EBPONBI

KaptuHa Mupa ycrosnacb, HO B Hell BCE Honee SIBHO npocTynana noru-
yeckas Ablpa. Ha kameHb OeWCTByeT cuna, HanpaBneHHas BHU3. Ha Kycok
Nbaa — CUNA, HanpaB/ieHHas BBepx. A Ha KaMeHb, MpuHaanexauwmn aHy (He-
ApaM), UK HA KyCOK NbAa, NpuHagnexawmm tesepaomy Heby, — uto, He aen-
creyeT? Toraa rae v Kak npekpauiaetcs geicrsue? CtpaHHas cuna nonyuda-
etca! A ecm cuna yHuBepcanbHa, noyeMy oHa He pasopseT Mup? lpuxo-
Amnocb npuberatb KO BCAKMM MeTapu3nyeCKMM ynoBKam Bpoae Te3uca, 4to
npupoAaa He TepnuT NyCTOTbl.

HloranaTtbcst 0 TOM, YTO UX MHp cpepuyeH, eBpOnMaHaM OKa3auioCh
HaMHOTO CJIOKHee, yeM OOHapyXWTb JieisHOiM naHuupb. KpuBu3Ha mo-
BePXHOCTH He BUAHA (M He ciblliHA). Her BHeIIHMX OpUEHTHPOB, Ta-
KMX Kak conHue ¥ 3Be3abl. Her kommaca (MarHutHoe mone lOmurtepa
Ha EBpome HamHoro ciabee 3eMHOro, cBoe eBpONHMAHCKOE OTCYTCTBY-
er). Ho 3HaHMe 37eMeHTapHbIX 3aKOHOB (PM3MKU JaeT KoY JaxKe KH-
TeIAM IJIyOMH, YyTOObI OMNpeneuTh TOMOJIOrUI0 U (JOPMY CBOEro MHpa.
OmHako, s 3TOoro norpefyeTcss TEXHOJOrHMs, HEMHOTO BbIXOAALIas 3a
paMku Toit, uto uMenu 3emisiHe B XVII-XIX Bekax. 06 3Tom pacckasa-
HO HIDKe, a CHayaja BCIOMHHMM IpO Hauly cOOCTBEHHYIO MEpPBYIO KOC-
MOJIOTUYECKYIO PeBOJIOLHIO.












3. NMEPBAA KOCMONOTUYECKAS PEBONIOLMNSA

eM B pacumpsiomieiics BceneHHoit. Korma o6bekT ynansercs, ero spkocTb
CHW)XKaeTcs MO JBYM NPUYMHAM: 3HEPrusi KBaHTOB MajaeT u3-3a 3¢ dek-
ta Jloiepa ¥ yMeHbIaeTcsa TeMI MX Mpuxofa K Habmomaremo. Kpo-
Me TOro, y BceneHHo#i nmosiB/isieTCsl FTOPU30HT, U3-3a KOTOPOTO He IpHXO-
auT Hudero. [IpobsieMa TeIIOBOM CMepTH CHMMaeTCsl IPOCTBIM COOOpa-
)KeHHEM O TOM, YTO OHa ellle TOJIbKO Brepead. [IpobiemMa rpaBUTALIMOH-
HOM HeyCTOMYMBOCTHM OTMajaeT BooOule: B pacumpsiomeiics BceneHHoit
HeOJHOPOJHOCTH PacTyT MeZJieHHel M 3aBeJJOMO He YCIeBalOT NPUBECTH
K KakuM-M00 mapafoKcaM.

HecMoTps Ha Onectsilee pelieHHe KOCMOJIOTHUECKUX TPOTHBOPEUMH,
HOBas NMapajurMa yTBep)xiajaach A0Jro U A0BOJBHO MY4YUTENbHO. [Ipom-
JM ellle OecATWIETHs, Korqa obpa3oBaHHble POOWTENM FOBOPWIH CBOMM
BOMPOLIAIOIMM JeTM (B 4YKC/le KOTOpbIX ObUT M aBTOp JAHHOI KHWIH),
yt0o BcesneHHas He MMeeT HM Hauyasia, HYM KOHLA, HU npenesnos. Eme pos-
roe BpeMsl BIOJIHE 3ac/Ty»KeHHble ydeHble MbITAIUCh AaTb aJIbTepHATHB-
Hble 00bSICHEHHMS 3aKOHA KpacHOro cMelneHus. B yacTHocTy, npeanosnara-
N1 HEKUI MeXxaHHU3M «cTapeHusi (GOTOHOB» — OHM, JeCKaTb, TEPSIOT 3Hep-
rMI0 MO myTH, yto UMUTHpyeT 3ddekT [loriepa. OgHAKO MeXaHU3M IO-
nobHO# moTepn 3HepruM Hayke Heu3BecteH. [ake B 1950-x rogax MHo-
rie Xopollue ydyeHble U CJIbIIIaTh He XOTeau 0 Bosnbuiom B3pbiBe. MHOrue
CYMUTATH, YTO pa3beraHue rajJakKTHK — JIOKaJIbHbIA 3¢ QeKT.

HHTepecHo, uTo koHuenuusi Bospuioro B3peiBa Obula Gnaroxenaresib-
HO BCTpeYeHa LePKOBHHMKaMHM CaMbIX pa3HbiXx KoHeccuil. [leficTBUTENb-
HO, 4YeM He aKT TBOpeHus?!

3aTO MapKCHCTCKO-JIEHMHCKass ¢wiocodckas LIkonaa Aepxkanach O
KOHLa, Npu3HaB bosbuioi B3pbiB /Mib rae-to K koHuy 1950-x romos.

[lepenioM B 0OLIECTBEHHOM CO3HAaHMM HACTYMWI, MOXATYH, TOJNBKO
B 1960-e roapl, korfa Teopust Bosbwioro B3pbiBa, NOATBEpXeHHAs. HOBbI-
MH JJaHHBIMY, MOIIUIa B LIMPOKKUE HapOoAHble Macchl Yepe3 MOMy/ISIPHYIO JIH-
teparypy 1 CMU. Ize-To roxy B 1966-M wim 1967-M npenonaBaTebHULIA
MaTeMaTHKHM pacCKasblBaja HaM, AeCATHKIACCHUKaM, Npo reoMmerpuio Pu-
MaHa ¥ CKa3aja, 4YTo, MIOXO)Xe, MMEHHO 3TOT BapHaHT peanu3yetcsi Bo Bee-
JIEHHOH B COOTBETCTBMM C Teopuell Bonbiioro B3pbiBa. [IpaBaa, Takux yuu-
Tesieil ObU10 HeMHoro. Tak Wi MHave, B 1960-x, 6onee yeM uepe3 30 set
nocjie BO3HUKHOBEHMs, HOBasi mapajurma yTBepAWwIiachb OKOHYaTesIbHO.
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M3 Hacrosmux ydyeHbIX, 3acTaBLIMX OTKpbITHA 1960-X romos, A0 KOH-
11a He NMpU3HaJ Bonblioii B3pbIB TOJBKO M3BECTHbINA AHITIMICKUIT acTpodu-
suk Open Xoir Ero BapuaHTt craumoHapHoit BceneHHoil ObU1 mo-cBOEMY
KpacMB ¥ pOMaHTHY€eH, CTpaB/sUIca M ¢ mapagokcoM Ombbepca, U ¢ mpo-
671eMOi TEIUIOBOi CMepTH, HO MMeJI CBOM IpOo0JieMbl, KOTOpble MHOMXWIKCh
110 Mepe MOCTYIUIEHUsI HOBbIX aCTPO(pM3MUYeCKMX JaHHbIX. JTa MCTOpUSl Ha-
CTOJIbKO )XMBOMMCHA M MO-CBOEMY JpaMaTW4Ha, UYTO Mbl NOCBSITUM €il He-
OOJIBILYIO I7IaBY KHHTH.

[loxkastyii, caMas sipkast posib B [IepBOil KOCMOJIOTMYECKON PeBOJIIOLUM
XX Beka Bbimana Ha nomo Xab6na (oryactu Bmecte co Cnaiidepom) —
PaCIIMpUTb «OMKyMEHY» B ThICSIYy pa3, [1epPBbIM YBHIETb KOJIOCCAIbHYIO
BcenenHylo, 1a K ToMy ke paciumpsiomytocst! iHTepecHo, Obu1 11 B XKuU3-
HU Xa0671a MOMEHT MPOCBET/IEHHOrO MOTPSCEHUS] OT BHE3alHO OTKPbIB-
1Ierocsi Wiu NnoHAToro? BriosHe BO3MOXHO, UTO SIpKHMII MOMEHT MCTHHBI
ocTajicsi morpefeH Moj TMraHTCKUM KOJIMYeCTBOM PYTHHHOM paboThl, He-
00X0qMMOI, YTOOBI 3Ty MCTHHY AOOBITH.

Kaxercst, Xab06n Tak ¥ He MOHsUT 3HayeHHe CBoero 3akoHa. OH He pa3
NoJYepKUBaJ CBOIO MO3MLMIO. 3aKOH KPAaCHOIO CMeLleHus — 3MIMpuye-
CKHit (paKT, a ero MHTepnpeTauns — 3aaaya g TeopeTHKoB. Cam oH 6oJib-
IIe CKJIOHSUICS K BEpCHH, YTO KpacHOe CcMellleHWe — pe3yJbTaT Heu3BecT-
HOTO HayKe SIBJieHMSl YMeHbIIeHUS! 4aCTOThl 3/IeKTPOMArHUTHbIX BOJIH NpH
MX paclpoCTpaHeHMH Ha OrpOMHbie paccTosiHusl. EMy Obl mpoXXHTh elue
IIOKUHY JIeT IO OTKpbiTHSl peinkroBoro uamydenus! Torma Obi Xab6my
y)Ke HeKya ObUIo JeThCs M MpHULUIOCh ObI OCO3HATb, HACKOJIBKO TPaHAHO-
3€eH ero BKJaJ B Hallle HOBOe MHUPOBO33pEHHE.



4. [lepBas KOCMOnornyeckas pesontoums
Ha EBpone

nepsoii nosoBuHe XX Beka Hawma BceneHHas oka3ajiach pacluMpsi-

IOLIEICs, 3BOJIIOLMOHUPYIOLIEH, UMeIoLlel AaTy pPOXIAEHUA U To-

PM30HT, AaJIblllé KOTOPOrO Mbl 3ar/isiHyThb He MOXXeM IPHHLUIN-
albHO. Y eBponMaH MHMpOBO33peHYecKasi peBOJIIOLMS, COOTBETCTBYIOLIAs
NAHHOMY YPOBHIO pa3BUTHS, BHIIVISAENIa HACKOJIbKO MHaue. BCroMHUM HX
CTapyl0 KOCMOJIOruIO: BceneHHast ecTb CJI0if BOAbI MeXAY ABYMs IOJy-
MPOCTPAHCTBaMM — JIEASIHBIM M CKIbHBIM. YOEIUTbCA B TOM, 4TO 3TO He
Tak, UM ObUIO HeCpPaBHEHHO CJIOKHeH, YeM JIIOISIM JIOTafilaTbCsl O LIapo-
obpasHocT 3emu.

U3paBHa 3TK CyliecTBa NOANEAHOINO OKeaHa, XXMBS BO Mpake, UCMbITbiBany
npobnemMbl C ganbHen HaBurauuen: oTCyTCTBOBanu opueHTupsbl. EBponuaHe no-
BONbHO AaneKo, ropasao Aanblue, YeM rnasaMu, «BUAAT» C NOMOLLBIO 3ByKOBOW
NOKaLUK 1, HAXOAACH B ABUXEHUM, AAXKE BOCMPUHUMAIOT KpacoTy naHawadra no
nepenuBaM OTpaXXeHHOro 3BykKa. Ho y HUX HET HM CONHLA, HM 3Be3A, HM KoMnaca.
MNo3tomMy reorpadmueckme OTKpbITUS CUNLHO 3aAepPXanucb — K 3noxe, Koraa mx
TEeXHONOrMUs AOCTUINA YPOBHSA 3eMHON Havana XX BeKa, OHU Nuwb pparMeHTap-
HO uccnepoBanu panbHue obnactu.

OTtcyTcTBUE BHELWHWMX OPUEHTUPOB €BpOMMaHe MbiTanuCb BOCNONHMUTbL aKy-
CTUYECKUMU MasikaMu, CeTb KOTOPbIX OXBaTbiBana rycToHaceneHHble PaloHbI.
A B fanbHUX 3KCNeAnUMax Masiku CTaBMIUCh ApYr 3a APYroM Tak, uTobbl 06paso-
BbIBaTb NpAMble LLeNOYKK: HOBbIW Masik CTaBUACSA B CTBOP ABYX Npeablaywmnx. 3To
6bIN0 He NPOCTO: AN TOYHOrO onpeaeneHna CTBopa NpUXoAUNOCH AenaTb Mas-
KW, 3ByYalme Ha CTporo PUKCMpoOBaAHHOM YaCcToTe, U UCNONb30BATb TPHOKU C UH-
TepdepeHumen 3ByKa Aa ele y4uTbiBaTb NONpaBKy Ha TeueHune. CTtpeMsch pac-
WHUPUTb «OUKYMEHY», eBpONUaHe NpeanpuHANU HECKONbKO CBEPXAANnbHUX IKC-
neauuMm Ha 60nbWKMX BUHTOXOAAX, HAMOMUHAIOWMX 3€MHble NOABOAHbIE NO-
KW, TONbKO ropasao nerye: He Hafo YAepXMBaTb BHelWHee AaBneHne. bonblunH-
CTBO BepHyNoCb Ha3af No CBOEW Lenoyke MaskoB, MOBOpavyMBas, KOraa KOH-
Yyanucb 3anacbl TONAMBA UNU MasikK. bblnn OTKPbITbI BENMKONEMNHbIE Neca ru-
FAHTCKMX pacTeHuM, KONbIWYWMXCs B NOTOKAX, BOCXOAALWMX OT elle Tennbix no-
nen nasbl, NNeMeHa AMKuX cobpaTbeB, HOBble rOpHblie XpebTbl U NNOAOPOAHbIE

31



MpropPbiB 3A KPAW MUPA: TIPEABICTOPUA

BYNKaHUYeCKue Kanbaepbl. Ho npuwnoch BEPHYTLCS, TAaK U HE YTONUB B NONHOM
Mepe CBOero MHCTUHKTA NepBoNpOX0ALEB, KOTOPbIM eBpONuaHe HaaeneHb! B He
MeHblUeNr cTeneHu, YeM Mbl. Bceraa octaeTcs Aocana: Tak U He y3Han, YTo Nexwur
33 TeM xpebTom...

HakoHeu, 6bin1 CHapshkeHbl ABe 3kcneanumu, «<Kanbmap» n «Meflysa» Ha Cy-
Aax, N0 camyilo pybKy 3anpasneHHbIX BOAOPOAOM C KMCIOPOAOM, C 3anacamu
MasikoB NO HECKONbKO TbICAY WTYK, C HEOrPaHUYEHHbIM PeCypCcoM MUK, OCHA-
LWeHHble MOLHbIMKU NPOXeKTopaMu U coHapaMu. OTnpaBunuch B ABYX NepreH-
AVKYNSPHbIX HaNpaBNeHUAX, HO BCKOpe BbiWAK 33 npeaenbl akycTu4eCkon CBs-
3U 1M OCTanUCb NpeaocTaBneHHbIMKM caMuM cebe. Ho ocTanach ewe 3KCTpeHHas
CBA3b — TMNa a3byku Mop3e M3 cepun MOLWHbLIX rMAPaBAUYECKUX YAAPOB, Cbl-
WWMbIX HAa OFPOMHbIX paccTosHUAaX. U oaHaxabl, Koraa yxxe o6 3akcneguumsax
cTanu cnerka noa3abbiBaTb, B LleHTp npuwno 3kcTpeHHoe coobuieHune ot «Me-
ny3bi»: «ChbiwnM Masku ,KanbMmapa“, uaem npsmoy. B LleHtpe 6binn o03apave-
Hbl U 06eCcnoKoeHbl: 3kcneauumns 3abnyaunacs — ABUrasncb No NpPsSIMOW, OHA HU-
Kak He Morna Hanactb Ha cnep «KanbMapa», yweguero B nepneHANKynsipHOM
HanpasBneHuw.

JKCTpeHHbIX coobuieHnit Gonbwe He Gbino. B LieHTpe Lapuno NOXOpoH-
HOe HacTpoeHue, HO OAHaXAbl pa3fanucb 0OblYHbIE aKyCTUYeCKUe MOo3blBHbIe
«KanbMapa»,a notoM n «Megay3bi». [lpuueM pa3panucb COBCEM He OTTyaa, OTKY-
Aa UX XAaAnu, a, Ckopee, ¢ 06paTHON CTOpPOHBI. JInkoBaHWe Npu BCTpeye CMelua-
NnocCb C HepoyMeHueM: obe KoMaHabl HACTaMBanyu Ha TOM, YTO BCE BpeMs ABUra-
nuce npsimo. «KanbMap» yxe 6b110 nnaHMposBan NOBOpa4YMBaTh Ha3aa, Kak yCibi-
wan noyTtu npsiMo no xoay LieHTpanbHbIi Masik. B Kakon-T0O MOMEHT KOMaHAay
0XBaTUN CyeBepHbIM Y)XXac — Nony4anochb, YT0 OHKM 06HAPYXMnu B HeBEpOSITHON
Aanu Kakon-Tto GpaHTOM poaHoro Masikal Ho Korga oHW HaBenu Tapenky u yibi-
Wwanu No CBA3M 3HaKOMble ronoca, Koraa pacno3Hany 3HakoMble MecTa, MOHANK,
yTo npocTto 6e3pnapHo cOunuchb € NyTn u onucanu kpyr. KomaHaa «Megnysbi» yxe
paHble NoAo3peBana, YTo y HUX YTO-TO He TaK C OpueHTaumen, u No3ToMy bbina
nopaxeHa MeHblLLe.

MpuynHa Takoro Kypbesa Kasanacb 0OMeBMAHOM — CTBOP MasKoB BbICTaBNA/-
Cf HETOYHO, U3-3a Yero obe 3kcneauuUMm onucanu 3aMKHYTYIO KpUBYIO. YOUBK-
TeNnbHO 6bIN0 NULWb TO, YTO OHM NPOMALINK NPUMEPHO OAMHAKOBOE PaCCTOSHUE.
3JTO HaBOAUNO Ha MbICb, YTO NpUpoaa oWwnbKK, 3acTaBnsasLIEN IKCNeaANLUnN oT-
K/IOHATLCA B CTOPOHY, 6bina obuier. Owmnbky Hapo 6b1n0 BO YTO Bbl TO HM CTano
NOHATb. [lna BbISCHEHUA Gbla OpraHM3oBaHa cneumanbHas KOMUCCUS, KOTOPas,
yCnewHo OCBOMB BblAeNeHHble AeHbIMU, UCNYCTUNA OTYEeT Takoro obbemMa 1 Tako-
Fo Ka4yeCTBa M3NOXEHWUsl, YTO HUKTO B HEM U He MbiTancs pasobparbcs. 3abbinu
U YCNOKOUNUCH.
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— 51 He oyeHb BepIO, YTO 3Ta WTYKA byaeT pabortatb. Ho echun Bapyr yBaxae-
MbIW 3asiBUTENb UCNONHUT 0belaHHoe, Mbl TaK HaApauM 3aTbINOK XXMBOAEPAM U3
YnpaBneHust HaBuraumm, 4To 3TO onpaeabiBaeT Ntobon puUck.

PaboTta no co3naHuio rMpoCKONa Wna TsSXXeno M MeaneHHo. Ho, kak roBopsT
Ha Espone, aBa rna3sa 60ATCs, a BOCeMb pyK AenaloT — 6naroaaps 3HTy3uasmy
U CaMOOTBEPXXEHHOCTK co3aaTeneir annapar 6bin CMOHTMPOBAH M 3anyuleH. Oa-
HaKO Y)XXe Ha CTaAuu OTNAAKKU NOSBUAACh OAHA CTPAHHOCTb: TMPOCKON MeANeHHO
NOBOpaYMBancs — BCeraa B OAQHY U Ty XXe CTOPOHY.

Yero Tonbko He npeanonaranu! Mepsas runote3a — He cbanaHCMpoBaHa
nnasy4yecTb ABYX Cdep, 4TO B3biBaeT npeueccuio. lposepunu — BCé cbanaHcm-
poBaHo. Bropoe npennonoxeHne — KOHBEKUUS BOAbl B NOMelLeHun. Uamepunu
TOK BOAbl — He noaTBepaunock. U Tak nanee. Bnnotb Ao AeNCTBUS HEU3BECTHbIX
Hayke cun. B KoHLe KOHLIOB pewnnu npeaocTasuTb pabortaowmii rmpockon ca-
MoMy cebe u NOCMOTpeTb, YTO OH ByaeT aenatb.

U rupockon MeaneHHo U yBepeHHO NoBopayMBancs. 3a ceMb € HebonbLKM
CMEeH OH Oonucan Kpyr, BEpHyNcs B UCXOAQHOE COCTOSHME M Nolien Ha HOBbIN.
TouHee, 370 6bIn He Kpyr, @ KOHYC: raHTenb, B HaYane 3KCNepuMeHTa pacnono-
)XEHHas ropu3OHTaNbHO, onNMCbiBana KOHyc nonypacrsopoM 40 rpapycos. lpo-
CKon OCTaHOBWUNU, COPUEHTUPOBANM UHA4Ye M 3anycTunu CHoea. Bce nostopu-
NOCb, TONbKO M3MEHWUNCS PacTBOP OMUCbIBAEMOro KOHYCa, a HanpasneHue ero
OCH OCTanocCb TeM xe. B TpeTbeM 3kCnepuMeHTe rMpoCcKon nepen CTapToM Copu-
eHTUPOBaNMU TOYHO B HanNpaBNAeHUKU OCK TOro CaMoro KoHyca. Hukakon npeuec-
CUM Ha 3TOT pa3 He bbino.

KoMaHpa pewmna He ornawaTb 3T TAMHCTBEHHbIE pe3ynbTaThbl, MOKa He pas-
HepeTtcs, B YeM aeno. CBoux naen He 6bin0, NO3TOMY pelwmnnmu NPOKOHCYNbTUPO-
BaTbCs C M3BECTHbIM CrMeunannuctom B 06nactu TeopeTndeckon MexaHuku. OH,
BbiCyWae 370, npuwen B uspsaHoe Bo3byxaeHue u 3assun: «Kaxercs, s 3Halo,
YTO 3TO TaKoe, HO 6OKCb FOBOPUTL, NOCKONLKY Bbl COMTETE MEHS CyMACLLIEALWNMY,
Mocne GypHbIX 3aBepeHMM, YTO TaKOe HUKAK He BO3MOXHO, OH BCe-TaKu CKasan:

— Y MeHq yxe 6binn CMyTHble NOAO3peHUs, TeNepb KAXKETCH BCe ACHO: Hal
Mup — wap. UIMeHHO NO3TOMY ABE HeaaBHUE 3KCNeanLun BepHYAUCh C ApYrom
CTOPOHbI. A Bbl TONbKO YTO OTKPbINW, YTO 3TOT LWAP BpaLWAETCS, M ONpeaenunu ne-
pUoAa M OCb 3TOrO BpaLLeHUs.

— Kak, wap?!

— Kako#n wap?

— A KaK e C Apyro CTOpOHbI Wapa — BCE nepeBepHyTO?!

— bpeastnHa kakas-To!

— B oTyeTte xe BCé 06bACHUNMN...
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4. NMePBAS KOCMONOIMMYECKAA PEBONOUMA HA EBPONE

— 1 B OTAMUME OT MHOFUX OCUNUN TOT XXYTKUIA OT4eT. Ero sBHO nucanm, yto-
Obl 3anyTaTb YMTATENSA U CKPbITb, YTO NPOCTO He3napHO pacTpaTUAU AeHbIU, TaK
HU B 4eM U He pa3obpaswucb. Kto-Hnbyab obpatmn BHUMaHUe Ha 1o, YTo «Me-
Ay3a» HaTKHynacb Ha Masku «KanbMapa» npuMepHO B cepeauHe cBoero nytu?
OHu BbIWNKM NO NepneHANKYNSApHbIM HanpaBneHusM. ECiv oHu wau no kpyry,
AOMKHO BbITb TaK:

Puc 4.2. Tpaektopuu asmxeHus «KanbMapa» u «<Meay3bi» B Cnydae, ecnm 6bl OHU ABUranuch
no Kpyry u3-3a obuiei HasurauMoHHOW OwWUBKK

To ectb BCTpeya ponxkHa 6bina 661 NponsonT nMbo Ha yeTBepTH, NM6O Ha
Tpex YeTBepTaX NyTU — B 3aBUCMMOCTU OT TOTO, B KaKyl CTOPOHY Kpyxunu. Ho
HUKaK He nocepeauHe.

— A ewiv OHM WAK HE NO KpYry, a N0 KAKUM-TO APYrMM KPUBbLIM?

— A KaK OHM TOraa C TakoW TOYHOCTbIO NONAnK Hasad B TouKy Bbixopa? Cny-
yanHo? 06e? MpuxoanTcs rpoMo3amnTb Henenble NpeanonoxexHus. A ecim Mup —
Wwap, BC& CTAHOBUTCA HA MECTA: OHU WK NPAMO MO OKPY)KHOCTH Wapa, Masik1 pa-
6oTtanu otnnyHo. lNepeceknucb Ha NPOTUBONONOXHOM CTOpoHe Mupa. U Baw ru-
pOCKON BOBCE He npeueccupyeT — OH CTPOro AepXUT OAHO HanpasneHue. Bpa-
waercs Mup. Heyxenu He ACHO?

— Tbl, KOHEYHO, HoNbWOK yyeHbld, HO MoxeT Tebe BCe-Taku CTOMT OTAO-
XHYTb...
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— JTO BaM Haao NPocnaTthCs Kak cnenyer, 4ToObl OCBEXUTb 3aMYCOPEHHbIe
ronosbl! A nyuwe TAHUTE CBOIKO MaxuHy, KyAa YKasbiBaeT oCb npeLeccuu, npu-
MepHOo Ao Kpyrnoro nnato — 370 Kak pas B TOM HanpasneHuu. TaM 3anyckaure
U CMOTpUTe, Kyla HanpaeneHa 3Ta caMasa ocb. OHa aomkHa 6bITb 3aapaHa Kpy-
ye — eC/IM NoCsieaHMe IKCNeanLmnmM He CUNbHO NPOBPanUChb B onpeaeneHnn anu-
Hbl CBOEro NyTu,T0 NpuMepHO Ha 48~-49 rpaaycos K ropusoHTanu. U Toraa c Bac
yeTbipe 6onbwmx 6annoHa IKCTpaKTa NynbipbILHUKA TPEXNEPUOAHON BblAEpPX-
Ku. M ytobbl Kaxabii M3 Bac ABUNCS Ha benyto nnowaab, CTYKHYN ronoson 06
obenunck n npokpuuan: «Haw Mup — wap. U oH BepTuTCAl»

YueHbii nonyumnn csom yetbipe 6annoHa. OgHako, Tpuymd oKasancs oTHIOAb
He 6bICTpbIM K He 6e3bone3HeHHbIM. He ToNbKO NpoCTbie eBponuaHe, HO U BECb-
Ma 3aCNYXKEHHbBIE YUYeHble He MONKU NPUHATL HOBYIO UAEI0, OT KOTOPOM BCE BHY-
Tpu NepeBopaynBanocCb U npotectoBano. Hanbonee pobpocoBecTHbie OnNno-
HEHTbl NbITaNUCb NPUAYMaTb HOBbIA 3aKOH MPUPOAbI, 3aCTABNAIOWMNIA TMPOCKO-
Nbl NpeLeccupoBaThb, a 3KCNeauuMn — xoauTb No Kpyry. MeHee pnobpocosect-
Hble, Cpean KOTOpbiX 6binn YUHOBHUKM U3 YNpaBneHUs HaBuraumu, ynpaxKHaNUCh
B capka3sMe u Kasyuctuke. Cnyxutenn Kynota KneMMunum epetmkos u Tpebosanu
npuBneyb K Cyay 3a ockopbnenue Boicwmnx MpeaHayepTaHui.

Ho rupockon, nonobHO OrpoMHOMY TapaHy, Ha KOTOpbIA NOXOAMN Aaxe
BHeLlwHe, caM Npobun Bce cTeHbl. UM Havanu nonb3oBaThCa cNepsa AanbHUe IKC-
neaviLMmn, a NOTOM U TOProBble Cyaa, U 3TO 0KA3anoCh Kyaa npolie U TouHee, 4eM
ueno4kn Masikos. KapTbl nOBEpXHOCTU CTanu BbICTPO pacClmMpsTb OXBAT U BCKO-
pe fBHbIM 06pa3oM 3aMKHYNUCb B TOTanbHyO0 KapTy Mupa, y Kotopou He 6bino
KpaeB M KOTOpyio CTano ynobHo pucosath Ha wape. N Bcé CTano NorM4Ho U npo-
CTO: rMPOCKON, KOTOPbIA HANpaBnsaAM BAONb OCU Npeueccuu, NoKasbiBan oaHoO-
BpEMEHHO HanpaBneHue mepuauaHa (ropu3OoHTanbHOW NpoeKLMen) U WUpoTy
(yrnom HaknoHa K ropu3oHTY). A Apyrov rupocKon, HanpaBneHHblM Nonepek ocu
MUpPa, YKa3biBan AONTOTY, BbIYUCNAEMYIO C MOMOLWbBIO XpoHOMeTpa. MNoveMy? —
Ha atot Bonpoc ntobor wrypmaH otBetun bbl: «Kak 310 noyeMy? MNotoMy yTo
MUp — BpaLLAIOWMIACS Wap, u Medy3e ACHO!»

CMmeHa napagurMbl BMecCTe C MOSIBJIEHMEM HaBUTaLMOHHBIX TMPOCKO-
OB INpHBesia MOYTU K MTHOBEHHOMY (B TeyeHHe >XM3HM OFHOro MOKoJle-
HMS) MCCIeJOBAaHMUIO BCEro AHAa M «IOTOJKa» okeaHa EBpomnbl. L{uBWaM-
3alMsl TNOJTy4yWia HOBble pecypchl, HAMHOTO MpPEBOCXOASIIME HMMeBLIMe-
cs 0 Tex mop. B soHo L{uBwiM3auuu BouuyM, mpaBia, He 6e3 OTYassHHO-
ro CONpPOTHUBJIEHUS, MHOTOUYMCJIEHHble JuKue IeMeHa. Ho cpenb Haxonok
Oblna ¥ yTpaTta — HeBeJOMasi, MaHsIash M Myrawomas 6eCKOHEYHOCTb.



5. BceneHHas — pu3mnyeckmin obvekT?!

aHHbIN mox3aronoBok B XIX Beke mpo3Byuas Obl Kak y)KacHoe KO-

myHcTBO. CTaTyCc BMeCTWIMILA BCEro CyILUEero IMpeanosarai, 4To

BcenenHas — 3To TO, B 4YeM pa3BOpPAayMBaeTCs MCTOpPHS, BHYTpU
Hee paboTalOT 3aKOHBI MMPO3JaHus, a Bonpoc «Ectb M Kakue-nubo 3a-
KOHBI, yNpasisooumye BceneHHONM Kak TakoBOi?» He uMmeer cMbicsia. Ho
yxe B 1920-x ronax BceneHHas 6pUia HeoOpaTMMO pa3)kaJoBaHa U3 BbIC-
KX (GuwiocopCKux KaTeropuil B OOBEKT, OMUCHIBAEMbIH ypaBHEHUSIMH.
B mpocreiiliemM ciyyae oaHOpPOAHOI M30TPOMHOM BceneHHOM 3TO ypas-
HeHne Opuamana.

PemieHusi ypaBHeHU#N TrOBOpPWIM ClIeAylollee: BceJieHHash TUIa HalueH
(muueM «BceeHHas» C MasleHbKOit OYKBBI, MMesl B BHIY BCEJIEHHYIO BO-
obie, mobyo) Moxer MO0 pacIIMpATbCA U3 OeCKOHEYHO IUIOTHOIO CO-
CTOsIHUS, MO0 CXKUMaTbCcs B OeCKOHEeUHO IIoTHoe cocrogHue. Hama Bce-
neHHas pacumpsiercs. OHa MoxkeT ObITb MO0 «3AMKHYTO» — KOHeu-
HOH, MO0 «OTKpHITOI» — GeckoHeuHOM, MO0 — B MPOMEXYTOUYHOM CJIy-
yae — «UIOCKOi». «3aMKHYTYIO» BCEJIEHHYI0 B NpHHLMIE MOXHO 000-
THYTb, BEPHYBLINCh C MPOTUBOINOJIOXHOM CTOPOHBI, €CJIM CHATb OrpaHu-
YyeHHe Ha CKOpPOCTb IepenBikeHHs. «OTKPBITYIO» M «IUIOCKYIO» — HeJlb34.
Omnpenenuth, B Kakoi BcesleHHOI Mbl HaxoauMMcs, NPOCTO — HaA0 M3Me-
PUTb CyMMY VIJIOB O4€Hb OOJIbIIOTO TpeyrojibHUKa (MWUIMApIbl CBETO-
BbIX JieT): ecid oHa Oonbiue 180° — BceneHHast «<3aMKHYTa» U ONMCHIBa-
eTcsi reomerpyeil Pumana, eciv menbie 180° — «OTKpbITas» U ONUCHIBA-
ercs reometpueii JlobaueBcKOro, ecjiM paBHa — «IUIOCKasi» U ONUCHIBAET-
cs1 reomerpueit EBiumna. Ecnv Beenennas 3amosnHeHa obbluHOM Matepwu-
eit (c HeOTpViuaTeanblM IaBjieHHeM), TO B MePBOM C/Tyyae pacliMpeHue
Koria-HuOyab CMEHMTCS CKaTHeM, BO BTOPOM — BcesieHHas Oymer pac-
LIMPATBCS BeyHO. B TpeTbeM — OymeT TOPMO3HTHCA A0 HYJIEBOM CKOpPO-
cTH paciuupeHus B GeckoHeyHoM OymyimieMm. [lepBbiit cTydaii (BeposiTHO,
JOCTaTOYHO ONM3KUIM K «IUIOCKOMY») C TOYKHM 3peHHsi (PHU3HUKU KaKeTcs
bonee ecrectBeHHbIM. TO, KaKOM M3 3TUX CLlEHAPUEB peaJM30BaH, OIpe-
Aensercd CpeaHeil IJIOTHOCTbIO 3HEPrMM BO BCeJIeHHO# (WM Macchl, Io-
CKOJIbKY U1l 00bI4HOM Martepuu E = mc?). Ecin oHa B TOYHOCTHM COBMa-

37



MprPorPbiB 3A KPAM MUPA: TIPEABICTOPUSA

JlaeT C KPUTHYECKO# IJIOTHOCTBbIO, KOTOpas B Hacrosiee Bpems 0yu3-
Ka K 102 r/cM3, TO peasn3oBaH «UIOCKMil» BapuaHT. Eciu mioTHocTb
Bbillle — BCeJIeHHas «3aMKHYTa», €CJI1 HWXKe — «OTKpbiTa». [Io coBpeMeH-
HbIM JaHHbIM CyMMa BKJIaJIOB BCeX THMIIOB Marepuu (BKJOuYas TaKk Ha-
3bIBAEMYI0 TEMHYIO SHEPTHIO) B Mpenesax OIMOOK COBMAfaeT C KPHUTH-
YEeCKOM.

Kak mpeactaBuTb 3aMKHYTYIO KOHEYHYIO BcesleHHY0? C cambiM IIpo-
CTHIM CcrocoOOM aBTOp MO3HAaKOMMWJICS Ha mepBoM Kypce (Pu3srtexa Ha
nexunu Cepres [lerpoBnua Kanuupl Tor Gpan BO3AYIIHBIA MIapUK, Ha
KOTOPOM HapHCOBaHbl 3aBUTKH-TAJIAKTHKH, MOACOEIUHS €ro K TpyOke
KOMIIpeccopa U OTKpbiBal BeHTWIb. lllap MemnenHo HapyBascs, a Cep-
reii [leTpoBuY, pa3BoAsi pyKaMi, MOKa3blBaJI, KaK raJJakKTMKU pa3beraiot-
cA — 4yeM Jajblie APYT OT Apyra, TeM ObIcTpeii, Kak ¥ Habmonan Xa66u.
[loToM 1WapuK TPOMKO JIOMAJICS, U JIEKTOp 0OBOAWI ayauTopuio moben-
HbIM B3IJISIIOM.

[lobemHblit B3I ONpaBAaH: A€MOHCTpPALMS CHUMAET IJIyIble BOMpO-
col: «[me mpousowen Bonbuioit B3pbiB?», «OTKyna pasberarorcs raaak-
TMKU?» U «[1e y BceneHHoil kpail?». MHorue BoclpvHUMAIOT bonblioi
B3pbIB 10 QHAJIOTUM C OOBIYHBIM B3PBIBOM: pa3/ieT BellecTBa U3 HeKoe-
ro snuueHTpa B mycToTy. CMOTpUTE Ha HaAyBaeMblil mIapHK, Ha ero mo-
BepxHOCTb! TaM HeT M He ObUTO LieHTpa pa3neta. Boobpa3uTte, uTo mapux
CTal1 pa3fyBaTbCs OT MHKPOCKONMMYECKHX pa3MepoB — CHayasia ObicTpo,
IOTOM MeZJleHHeil. bonbiioil B3pbiB M eCTb Hayalo paclIMpeHus «apu-
Ka» — «3aMKHyTOi» BceneHHoi. Hamo numb m006aBuUTh, YTO B 3TOM Je-
MOHCTpPALMM eCTb TpeTbe U3MepeHHe, OTKyJa Mbl MOXXEM paccMaTpHBATh
wapuk. [lpumep OymeT ToyHee, €/ DOMYCTUTD, YTO BCe ABWXXEHHs BO3-
MOXHbI TOJIbKO BJOJIb MOBEPXHOCTH IIApHKa, a TPeTbero, NneprneHaukKy-
NISIpHOTO M3MepeHus (B cylyyae peanbHOW BceneHHO — yeTBepTOro mpo-
CTPaHCTBEHHOr0) HeT BOOOLIe.

Konb ckopo Mbl mpusHaiy, uto BceneHHas — ¢uauyeckuii 00bexT,
MMeeT CMBIC/I, He OTKJIa[blBasl, MepeYnC/IUTb OCHOBHbIE eOMeTpHUeCcKHe
M (pu3nUecKre XapaKTEPUCTHKU 3TOrO OObeKTa.

OnpenenuTtb pasMep «lllapvKa», B «I0BEPXHOCTH» KOTOPOrO Mbl KH-
BEM, Mbl He MOXKEM — OH CJIMIIKOM BeJIMK U BeCb He JOCTyNeH Habimo-
IeHUAM (CM. HiKe MPO rOpM3OHT). BripoyueM, ObUIM MOMBITKK HaiiTH 00Db-
€KTbl, BUJUMble C TPOTHBOINOJIOKHBIX HANpaBJIeHWi, B [PeAINOJIOKeHUH,
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5. BCENEHHAA — OU3UYECKUM OBBEKT?!

4TO JIYYX OT HUX OOOrHY/IM 3aMKHYTYIO Bce/leHHYI0 C IMPOTHBOIMOJIOXHBIX
CTOPOH, KaK B3pbIBHas BOJIHA OT mafeHMsi TYHrycckoro merteopura 060-
rHyJ1a 3eMHOi 1map. B TakoM ciyyae MO)kHO ObUTO 6B IPUMEPHO OLIEHUTD
pa3Mep, HO ceifyac Mbl TOYHO 3HaeM, YTO MoAOOHOe HeBO3MOXXHO — Bce-
JIeHHas CJIMIIKOM BeJIMKa. 3aTO Mbl B MPHHIMIE MOXXeM H3MEPHUTb IpO-
CTpaHCTBEHHYI0 KpuBM3HY BcenenHoii. Hanpumep, 3Hag Hacrosiui pas-
Mep OuYeHb [JaJeKoro o0beKTa M PacCTOSSHHE [0 HEro, MOXHO OLIeHHTb
KPUBM3HY NPOCTPAHCTBA IO VI, OJ KOTOPHIM Mbl BUIAMM 3TOT OODBEKT.
Jlpyroit cnocod u3MepeHHS] KPMBH3HbI — OINpeNeMTb CPeIHIOI IUIOT-
HOCTb BCEX BUIOB 3Hepruu Bo BceneHHoil U noctogHHyi0 Xab6s1a (aTH Be-
JIMYMHBI CBSA3aHbl yepe3 ypaBHeHus: ®Opuamana). Cefiuac Mbl 3HaeM, 4TO
KpUMBHM3Ha B mpelesax OIIMOKM HEOT/IMYMMa OT HyJIS.

Bmecto pa3mepa BceneHHoil n1si onucaHUsI ee paclIMpeHUs] MOXHO
MCIIO/Ib30BaTh MaciuTaOHblii ¢akTop. OH OMMCHIBAaeT, KaK MeHSeTcs pac-
CTOSIHHE MEXIY TOUYKaMH BMeCTe C pacuiipeHueM BceneHHOH, Hanpumep
paccTOsiHMe MeXAY JABYMS TaJlakKTHUKaMH, He CBSI3aHHbIMHM IpaBHUTalMe.
Henb3s ckasarb: «MacmtabHbiii pakTop mpu KpacHOM cMeleHnd z = |
6bu1 100 Meramapcek», — 3T0 OeccMbic/ivia (BeIMYHHA Z ONpeAesiseTcs
yepe3 COOTHOLIEHHe A ; =A (1 +2z), rne A — IMHA BOJIHBI MCIYILEHHOIO,
A, — mpuHsaToro ¢oroHa). 3aTo MOXHO cKa3aTh: «MacmTabHblit dakTop
C 3MOXM z = 1 K HacrosiieMy BpeMeHHM YBeJIMYWICS B JBa pa3a», «/IBe
HaHHble rajakTHKy pasnetenuch co 100 meranapcek Ha 200» u T.m. JTOT
TEPMHH OTHOCHUTCS TOJIbKO K OTHOCHTE/JIbHOMY YBeJIMYE€HHIO PacCTOSTHUI.
O61beM, KOTOpBIii, MONOOHO yBeNMYeHHI0 MaciuTabHoro akropa, paciu-
psieTcss BMecTe cO BcesneHHoii, Ha3blBaeTCsi CONYTCTBYIOIIAM OOBEMOM.
Yucno yacTul B efMHMIIE 0ObeMa yMeHbIIaeTcs. A YMC/IO 4acTHll B CO-
MyTCTBYIOLEM o0beMe, KaK MpaBU/IO, COXPAHSETCS.

Jlns onucaHus Temmna pacuiMpeHust BceneHHO# Mcmosnb3yercss MOCTO-
siHHast Xab6sa, obo3HauaeMast H. AcTpopU3MKU ee BBIPDKAIOT B MpH-
BbIUHBIX ce0e eMHHMLIAX — CBeXKailllee 3HaueHWe MOCTOSHHON Xab60na
H =68 = 0,9 kxmM/c Ha Meranapcek. CMBICJI TOT, YTO TaJIaKTUKH, OTCTOS-
e OT Hac Ha OAMH Meramapcek, yAaIslOTCS B CPeAHEM CO CKOPOCTbIO
68 km/c. OgHako BHMMAaTeJIbHbIf UHUTATEIb MOXET 3aMeTHUTh, YTO Me-
ranapcek MOXXHO BbIpasuTb B kwioMetpax (3:10' kM), u Toraa paccro-
siHMe BooOlLle BbINAfaeT U3 oOmNpelesieHUs BEJIMUYMHBI, OCTAIOTCA 0Opat-
Hble CeKyH[pl, a UMeHHO 2,3-1078 ¢!, yTo paBHO emuHMIe, NTOAEIeHHOM Ha
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14 mapa niet. B 3HamMeHaTene He CyTy4yaifHO OKa3asiach BelM4MHA, OM3Kas
K Bo3pacTy BceneHHoit: ecnm 6bl Temn paciuupeHusi ObUT MOCTOSIHHBIM,
TO CTapTOBaTh OHO JOJDKHO Obuto Ob1 14 Mipa ner Hadan Ho B kiaaccu-
yeckoM BapuaHTe DpuamaHa BceneHHas pacuiupsieTcsi ¢ 3aMelJleHUeM,
3Ha4yMT, ee BO3pPAacT 3aMETHO MeHblle 14 M/pA JieT, UTO NPUXOAUT B NpO-
THUBOpEYMe C BO3pacTOM CaMbIX CTapbiX 3Be3[. JTO MPOTHMBOpEYHe HalIo
paspewerue b B KoHie 1990-x romoB. Ho He Gymem Ha ceii pa3 3a-
Oeratb Brepe],

Eme ogHa BakHeiillas reoMeTpuuyeckasi Bellb BO BceneHHO# — ro-
pu3oHT. Ecniu BecenenHaa Bo3nukna 13,8 mipa net Hasaf, TO ee mnepBble
Jly4Y4 He MOIVIM pacnpoCTpaHMUTbCs Aasnblie, yem Ha 13,8 miupa cBerto-
BbIX JieT. B npuHuMIe, 3TO paccTOsITHME MOXKHO NPUHATb 3a pa3Mep ro-
pY30HTa — 3TO IMpolie Bcero, U 6obLIoit omubku He 6ymet. Ho To, uTo
Mbl BUJIMM, HanpuMep, Ha KapTe PeJIMKTOBOTO M3Jy4YeHHus, UCTYILeHHO-
ro 13,8 miapa netr Hasag, ceituac u3-3a pacliMpeHusi BceneHHo# yuuio
oT Hac Gosnee yeM B JBa pa3a Jajblle (KaKoe-TO BpeMs TOUKH, Tae ceii-
yac HaxXOAMMCS MBI M THe ObUI MCNyIIeH NepBbiii BUAMMBIA JyY, yaa-
JIUTUCh APYr OT Apyra co CBepXCBETOBOM CKOpOCThbIo). [loaTomy pa3mep
00/1acTH, 0 KOTOpOiHf MBI MOXX€M YTO-TO 3HaTh, — 3TO 45 MJpA CBeTo-
BbIX JieT. Ecid Mbl BuaMM, HampuMmep, NATHO NOHM)XEHHOH SIPKOCTH Ha
KapTe peJMKTOBOrO M3Jy4yeHHs, TO MOXeM CKa3aTb, 4YTO B JaHHOM Ha-
NpaB/ieHMM Ha pacCTOSIHMM NMPUMepPHO 45 MJpA CBETOBHIX JIeT OT Hac
HaxXoOUTCH BOMI — 00/1acTb, rme HeT CKOIUVIEHW rajiakTUK. TO eCTb Mbi
MMeeM MHQOpMaLHMIO 0 TOM, UYTO HaXxOAMTCS 3a 45 MJIpA CBETOBBLIX JIeT
OT Hac, TOYyHee, UHPOPMALHMIO O TOM, YTO OBUIO TaM JaBHBIM-JaBHO.
A TO, uTO ceifuac, MO)xeM rpybo NPUKHHYTb. DTO M €CTb OOLIENpHHS-
TOe omnpejesreHye ropu3oHTa. 0 TOM, 4TO ellle Aajblle, Mbl HUYEro He
3HaeM B NpHUHLMIIE.

Ecnu BceneHHass — ¢u3nyeckuii 0ObeKT, TO KakoBa ee Temmeparypa?
Temneparypa Hameil cpefbl- OOUTaHUSI HMKAKOTO OTHOLIEHHS K TeMIIe-
paTtype BceneHHO!l He MMeeT — Mbl JKMBeM BOJIM3M UCTOYHMKA SHEPTHH
M BIaIM OT TeIUIOBOTO paBHOBecus. YTO MoOKaxeT rpalyCHMK, ecid MO-
MECTHUTb €0 B MEXTaJIaKTUYeCKOM NPOCTPaHCTBe, MoAasblie OT Bcex ra-
JIaKTUK U UX CKOIUIEHWit?

B npuHuune, mMoka3aHus TepMOMeTpa B MEXIaJaKTH4eCKod IyCTo-
T€ HUKaK He CBfI3aHbl C JHepruei peaKHUX 4YacTHL[ ra3a, HaxOAsLUXCS
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5. BCENEHHAS — ®OMW3UYECKWUM OBBLEKT?!

TaM, — MX C/IMIIKOM MaJio. [loka3anus onpegensitcss 6anaHcoM MorvolLe-
HUS M U3JTyYeHUs 3JIeKTPOMarHUTHBIX BOJIH TeJIoM TepMoMeTtpa. Ecim na-
Jamolniye Ha TEPMOMETP 3/IeKTPOMarHUTHbie BOJIHBI — JIMIOb CBET 3Be3[
M U3JTydeHHe MbUIM B AQJIeKMX TalaKTHKax, TO TEPMOMETD IOKaXXeT OKO-
o rpapyca KenbBuHa wiM 4yTh MeHbiue. Ho ato Gymer He Ta TeMnepa-
Typa! B HbiHelHeit BceneHHO# I7100a1bHOrO TEIVIOBOTO paBHOBECHS HeT.
A B paHHeii — ObuI0!

[lepsbie 380 Thic. 1eT BO BcesleHHO# BelleCTBO ¥ M3/TyYeHUe HaXOOH-
JINCh B COCTOSHUM T€PMOJMHAMHYEeCKOro paBHOBecUs npu obiueil TeMme-
paType. OTKJIOHEHHSI OT paBHOBECHSI HA HEKOTOPBIX 3Tanax ObUiH, HO CKo-
pee Kak MCKIoueHue. BceneHHas pacummpsiiach, ¥ ee TeMnepaTypa na-
laja ¢ pacliMpeHHeM mo aguabatuyeckoMmy 3akoHy (rpybo roeops, Ten-
0 coBepiiaet paboTy mo pacmupenuio BcenenHoit). 3ateM, koraa mias-
Ma npeBpaTWiach B HeHTpasibHblii ra3, BceneHHas BhilllIa U3 TEPMOAUHA-
MMUYECKOTO paBHOBecHs: Oblia moTepsiHa CBSI3b MEXAY M3JyYeHHeM U Be-
ecTBOM. YacTb BelecTBa CTajga Cryuarbcs U pasorpeBartbcsa. Ho usiy-
yeHHe, KOTOpOe C Tex MOp XMBeT caMo Mo cebe, mMpoo/Kast OCTHIBAaTh
0 TOMYy >Xe€ CaMOMYy afiiabaTH4ecKoMy 3aKOHY, OCTaJIOCh TEIUIOBBIM IO
BCeM CBOMM XapaKTepUCTHKaM. Y 3TOro U3JTy4eHHs, Ha3biBaeMOro pesivK-
TOBbIM, €CTb OIlpejie/ieHHasl TemrepaTypa M JIOTMYHO MMEHHO ee IpHIIU-
caTb HbiHellHe# BcesneHHoil. Oka3biBaeTcsi, MMEHHO OHa ompefessieT Io-
Ka3aHUsl TepMOMETpPa B MeXraJakTHueckoMm npoctpaHcrse. B 1965 roay
3TO M3JIyyeHHe 3aperMCTpUpOBAIM M BCKOpe ero TeMrepaTrypy M3Mepu-
JM ¢ Xopouled TOYHOCTbIO. OHa OKa3anach paBHO# 2,7 rpaxyca KenbBu-
Ha. IMeHHO 3Ty TeMmeparypy MOKaXeT TEPMOMETP B MeXTrajJakTHye-
CKOM mpocrpaHcTBe. KcraTy, pa3HuLa Mexay rpagycoM (paBHOBecHe CO
CBETOM 3Be3[) M 2,7 rpafyca OYeHb BeJIMKa — IUIOTHOCTb 3HEpPruy H3Jy-
YeHHs MpONOpLMOHa/IbHA YeTBEpPTOil CTeNeHH TemiepaTypbl. [L10THOCTb
3HEPTrUM pPeIMKTOBOTO M3/TyYeHMs B COTHIO pa3 BbIlle, YeM Yy CBeTa 3Be3[
BAQJIU OT raJIaKTHK.

B ¢wusnueckoit BceneHHOH MeHS0Ch Takke COCTOSIHUME BelleCTBa.
OmHO M3 caMbIX BaXKHbIX M3MEHEHHWil COCTOSIHUS — peKOMOMHalus Bo-
nopoza, npousoumenumas B Bo3pacte 380 Teic. seT. BemwecTBo U3 cocTo-
SIHMS TIOJIHOCTbIO MOHM30BAHHOM IUIa3Mbl Iepelulo B ra3 HEHTPaIbHbIX
aTOMOB — MMEHHO NO3TOMY TOrAa TEIUVIOBOE M3JTyueHHe MOTEPSIO CBA3b
C BELIECTBOM.
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BceneHHas Tarxe xapakTepu3yeTcsl ypaBHeHUeM cocTosiHus. OHO ompe-
IensieTcsl Kak CBSI3b MeXY IUIOTHOCTbIO 3Hepruy, € (Kyaa BXOOMT U 3Hep-
rMs MOKOs BellecTBa), M AaBneHueM. [lo koHUa 1990-x romoB gAymMasu, 4To
naBjeHye O/IM3KO K HYJIIO; TaKkoe ypaBHEHHe COCTOSIHMSI Ha3bIBAeTCsl «IIbl-
neBbiM». OKa3asoch, UTO ceiiuac AaBjieHMe MaTtepud Bo BceneHHO# oTpu-
naTesbHO — 00 3TOM MoiiieT peus HWKe. OTpHULIATeIBHBIM JJaBJieHne ObUIO
He Bcerza. [lepsbie 80 Thic. 1eT B aHepreTuueckoM OanaHce BceneHHoii no-
MUHUpOB&/Ia pajualys, ¥ JaBjieHue ObUIO MOJIOKUTENbHBIM M OYeHb BbI-
cokuM. Ha Bo3pact 80 TbiC. sieT npHILIOCh paBEHCTBO 3HEPruil U3TydyeHus
M BellleCTBa, a ellle paHbllle MMeJl MEeCTO NpelesbHbIi CJIy4ail yibTpapess-
THBUCTCKOrO ypaBHeHHs1 cocTosiHUS: p = 1/3 &.

Boiie peub muia o BceneHHoM, moguMHsIOLeiics peleHUl0 QpuaMa-
Ha, HO C JaBHHX NOp CYIIeCTByeT elle pelleHue Ae Currepa Uil OZHO-
POZHO# MyCTOM BCeleHHOH ¢ nMOaa-wieHOM. 3TO BeYHO paclIMpsioNia-
sicsl BCeJIeHHAs, MpUYeM PacCILIMPSIOLIAsacs IKCIOHEHIMAIbHO: 32 KaKIYIO
eJVHULly BpeMeHH pacCTOSIHUe MeXIy JI0ObIMM JIByMs TOUYKaMM YBEJIH-
yuBaeTcsl B (He «Ha» a «B») NOCTOSTHHOE YMCJIO pa3:

B cBoeM umcTOM BHAe pelleHHe ONUChIBaeT HeKWil MapajoKCaabHbIi
craoHapHbiii MUp. TeM He MeHee, 3allOMHMM O €ro CyLleCTBOBaHMH!
Pemenne ne Cutrepa, Oka3biBaercsi, uMeeT OJM3Koe OTHOIIEHHE K Aeif-
CTBUTEJIbHOCTH.

Ecnu Bcenennas — ¢usuyeckuit oObekT, He 3HAUMT JIM 3TO, YTO Ta-
KUX 00bekToB MHOro? KoHeuHo, 3HauuT! U U3 MHO)XXeCTBEHHOCTH BCEJIEH-
HbIX BBITEKAaeT BO3MOKHOE pellleHHe psila KaBep3HbIX BOIPOCOB, Kacalo-
LMXcS Hameil coOCTBEHHOI, eAMHCTBEHHON NOCTYIHOM IS Hab/oaeHHil.
Ho 06 atoM Toxe Hike.
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per Bepbumk, Jxeddpn Bepoumkem u Yuipsimom QaynepoM ormrybimKo-
BaJ (YHAAMEHTAIbHYIO CTaTbl0 MO 3BE€3JHOMY HYK/IEOCHHTe3y, CTaBLIYIO
3HaMEHHUTOM.

Teopus, BOlIeAIas B MCTOPUIO KaK «CTallMOHAapHash Mofesb», Oblia
BrepBble MpeliokeHa uM B 1948 romy coBmectHo ¢ Tomacom Tlonmom
u [epmanom bonam.

Xoitn nmpusHaBas, yTo BceneHHast pacumpsiercsi, ralakTMKM pa3sfera-
I0TCSl M KpacHoe cMellleHHe — peasbHblit addekt [lomepa, a He Mudwu-
yeckoe «crapeHue ¢oroHos». Ho! IlycTb B KakIoM KyOHuecKOM KHioMe-
Tpe MPOCTPaHCTBa B CPeIHEM pa3 B rojl pOXKAaeTcsl OAUH MPOTOH U OAUH
3JIEKTPOH. JTOr0 JOCTaTOYHO, YTOObl KOMIEHCHMPOBaTh pa3beraHue raiax-
TUK Y NOAJepXVBaTh CPEAHIO0 IVIOTHOCTb BcesleHHOM Ha OHOM YpOBHe.
M tak Morsio ObITb Bceria — HUKAKUX «DOJIbIIMX B3pbIBOB.

OTkyZa BO3bMYTCA 3TOT IPOTOH C 3/1eKTpoHOM? [la XOTb M3 Huuero!
Benp B kocMonoruu Bonbuioro B3pbiBa Lienasi BceneHHas BO3HMKIA U3
Huyero. [lo MHenuto Xoitna, Bonbiioit B3pbiB aHTHMHay4eH M OTHOCUTCS
ckopee K cdepe TeOnOruy, 4eM (pU3MKH.

Jlanee HOBOe BelleCTBO NMOTUXOHBKY CIYLIAeTCsl B HOBble raJlakTHKHU (Ha
caMOM JeJie ¢ 3TUM MOTYT ObITb Oosbiume npobneMsl), crapbie OCBOOOXK-
JAI0T MeCTO I/ HOBbIX, U BceneHHass caMOBOCIIpOM3BOAMTCS, OCTaBasiCh
BEYHO MOJIOAOM. JTO o4eHb onTUMHMCTMUHas Teopus. C mapagoxkcoM Osb-
bepca Bcé B mopsiike — AasieKue 3Be3fibl He CBETAT M3-3a KPacHOro cme-
weHus. TeroBasi cMepTb TOXKe OTMEHSIETCS: pOXKIAIOILAsACS MaTepusi UMe-
€T HU3KYI0 SHTPONUI0 — OHa CI'YCTUTCS B 3Be3Ibl U CTaHET HOBBIM TO-
IUIMBOM. DHTpONHS CONYTCTBYIOLIEro obbeMa B pacuiupsiiouieiicss Beenen-
HOM pacTeT, HO 3HTpPONHsS (HUKCHUPOBAHHOTO 00beMa OCTaeTcsi MOCTOSHHOM.

B Takoii BeuHo3eneHoit BceneHHO# mpuoOperaer CMBICI cTapast upues
nadcrnepmuu. JKU3Hb BO3HHMK/IA He Ha 3emile — OHa ropasfio JpeBHee, a MO-
ket ObITb BeyHa. OHAa MEPEHOCUTCS B KOCMOCe B BHIE CIOp NPUMHUTHUBHOM
’)KM3HH, HallpuMep C MbUIbI0 WIM BMOPOXKEHHAs B IVIbIObI JIbJa, BHIOPOILIEH-
HOr0 C MNOBEPXHOCTH IUIaHEeT yAapamMu MeTeopuToB. Criopbl 3aceBalOT HO-
Bble IUIaHeThl, )KM3Hb Ha HUX Pa3MHOXKaeTCs ¥ 3BOIOLIMOHUPYET K BbICLUMM
¢dopmam, 1 Tak byzer Bcerna! He mpaBna s, 3ameuarenibHO?!

A ecnu BceneHHas pogwnach B pesysnbrate bosnbmoro B3pbiBa? Tor-
lla B Ujiee MaHCEPMHUH HeT 0co00ro cMbicia. JleiicTBUTENbHO, XU3Hb Ha
3emsie mosiBWIach 4 MJIpDA jieT Has3aj, a elle Ha 6—7 MJpA JieT paHb-
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6. Poiuarb BEYyHOCTH

e 1 Hee BO BceneHHO#t He ObUI0 HUKakux ycnoBuil. Kakas pasHu-
113, 3apoWiach WU3Hb Ha 3emsie WIM YyThb paHblle Ha JPYroil IUIaHeTe
M C OrPOMHBIMHM TPYAHOCTSIMM IlepenpbirHyna Ha 3emmo? CraTyc naH-
CIlepMHUHU YXKe He TOT — BMeCTO HeOrpaHMYeHHOro BpeMeHM Ha 3apoxze-
HHE U PacrpOCTpaHeHHe XM3HM OTBOJUTCS BCEro JIMILIbL pa3a B ABa 60JIb-
IIMIA CPOK, 4YeM OHa CYIIeCTBYeT Ha 3eMmJe.

Y teopum Xoita ecTh ewlie OAMH IUIIOC — OHA OTYaCTH MMeeT IoJ Co-
0oit (pM3MYeCKyI0 OCHOBY, KOTOpasi OKpelja cO BpeMeHeM. Takoil Tum
pacipenus: BeceneHHo#t, kak Tpefyercss B 3TOi TeopuH, MPOMCXOAMT Ha
CaMoOM Jiefie TIpAMO ceifyac. JTO YCKOpeHHOe 3KCIOHEeHLWaJIbHOe paclId-
peHHe, Koria pacCTOsIHUe MeXAY NMapoy JaJeKUX ralakKTUK YBeJIW4MBaeT-
cs B [iBa pa3a npumepHo Kaxable 10 mapa net. B 19631966 rogax Xoiin
B coaBTOpcTBe C [IkaitauToM Hapimkapom pa3Buwi TeopHIo, COIJIaCHO KO-
TOpoil BceneHHas 3amosiHeHa HEKUM I[0jleM, KOTOpOe OH Ha3BaJl «IIo-
nem tBopeHus» (C-field), ¢ orpuuaTenbHbIMU JaBfieHHeM U IUIOTHOCTBIO
3HEpruM, KOTOpoe BbI3bIBaeT JKCIIOHeHLMaIbHOe paclivMpeHue BceseHHOM
M pO)KIaeT HOBble YaCTHLBI

3nech OCBeIOMJIEHHbII 4YMTaTe/ib MOXET BOCKJIMKHYTh: «[la 3TO Xe
OAMH B OAMH MH(AUMS, NpUAyMaHHas Ha 15 et modxel [louru yto
TaK, 3a MCKJIIOYEHHWEeM 3HaKa IUVIOTHOCTH 3Hepruu nons. Vges, B obuiem,
oKasasacb 0O1u3koii K uctuHe. PakTuuecku XOIT MEpBBIM MpeIOKMI
MPOTOTHIT MeXaHu3Ma [0f Ha3BaHMeM <«KOCMOJIOrMuYecKass MHGISLUs»,
3aHMMAIOIIMF LIeHTPaJIbHOe MeCTO B 3TOi KHure. YBbI, uaes Obu1a mpuio-
’)K€Ha K HelpaBWIbHOMY CLIEHapHIO M MMeJla HeBepHble MOJIOKEeHHs, Ha-
npuMep, Temepb SCHO, UTO MOJIe C OTpHUIIaTeNbHOI 3Heprueil Oyner He-
crabunbHo. Ceifyac Mbl MHOTO 4ero eile 3HaeM: NOAOOHOe mMoJe cyiie-
cTBYeT (TOJIbKO IUIOTHOCTDb €r0 3Hepruy MOJIOKUTeNbHA, @ He OTPHULATeb-
Ha), ¥ OHO JlefiCTBUTEIbHO BbI3bIBaeT YCKOpPeHHOe pacuivpeHue Bcenen-
Hoi. OHaKo, poXJaTh MPOTOHBI C 3JIEKTPOHAMHU 3TO MOJe N0 COBpeMeH-
HbIM IIpeJICTaBIeHUSIM He MOXKeT. B mupokux mMaccax OHO M3BeCTHO MOJ
MMeHeM «TeMHas 3Heprus». Open Xoin HOXWI 10 OTKPBITHUSL YCKOPEHHO-
ro pacimvpenusi BceneHHo# (3to mpousouwio B koHue 1990-x) u HaBep-
HSKa MopafioBasICs.

Kak »xasb, YTO 3Ta KM3HEYTBEP)KAAIOIIAs TEOPHs OKa3aJIoCh HeBepHOi!

CunbHeiumii ynap 1o Heit 6bU1 HaHeCeH OTKPbITHEM MHUKPOBOJIHOBOTO
PEJIMKTOBOro M3Jy4eHHs, OCTaBIIerocs CO BpeMeH, Koraa BceneHHas Bes
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Obls1a 3amosIHeHa ropsiueil wia3moii. Xoin He COasCs, OH MPeaNOIOXKU,
YTO 3TO M3TyYeHHe — CBeT JaJieKHX 3Be3[, nepepaboTaHHbIN rajakTuye-
CKO#1 mbUIbl0. XOWITy yKa3aqu Ha TO, YTO BceseHHast IBHO MeHsieTCs CO
BpeMeHeM: KBa3aphbl IIOYTH MCYe3/M 3a MOCjeHhe HeCKOJbKO MWLUIMap-
IOB JIeT, U3MEHWINCh TUIIbI T/IaKTHK... HO OH mponomxan BbIKpyuMBaTh-
Csl, MCKaJI J1a3eiiki. B yacTHOCTH, MPEaNoNoXWI, 4YTO TBOPEeHHE BellecTBa
UIeT He paBHOMEPHO, a MOAYJIMpOBaHO cuHycounod. Tak m He caascs!
Hcnoptin cebe pernyTanuio, BO3MOXHO, UMEHHO 110 3TO NpUYMHE He Mo-
myunn HobGeneBckyio mpemuio, Kotopasi ObUia MPUCYXIeHa €ro COaBToO-
py Ywibsmy Qaysnepy 3a TeOpuIO HyK/eOCHMHTe3a B 3Be3[lax, HO He caaj-
ca. YMep B 3BaHuM phinaps (nocBsiieH B 1972 roay), B Bo3pacte 86 ner,
B HOBOM Thicsiuenetuut (2001 rop), Koraa OCHOBHble COObITHS, OMMChIBae-
Mbl€ B 3TOil KHMIe, YK€ NMPOM3OLUIH.

BeposTtHo, apama Xoiina 3akiouyaercss B TOM, 4To ¢GUa0cod M MOIT
B €ro Ayile OKa3alucb CWibHee InpodeccHoHana-pusnka. U Bce-Taku
CTOMT OTAaTh eMy JO/DKHOEe He TOJIbKO 3a MpaBWIbHbie paboThl, HO U 3a
KpacuBble ¥ B KaKOM-TO CMBICJIe mpopoyeckue 3abmyxaeHus. Bea mono6-
HbIX 3a0JTy>KIeHuil ucTopusi HayKu ObUta Obl CKyuHee,









7. CBeT Bbonbworo B3PbIBA

HabJr01aeMoro KOJM4ecTBa rejiisi MOXKHO OINpeZe/IUTb KOHUEHTPALMIO 1po-
TOHOB C HeiiTpoHamMu (6aprOHOB) B TOT MOMEHT — OT IUIOTHOCTH Oyzer 3a-
BHUCeTb, CKOJIbKO M3 HUX YCIIEIOT C/IUThCS B spa refius. A MOCKOJIbKY IUIOT-
HOCTb (POTOHOB OIHO3HAYHO OIpeJeNseTCs TeMIepaTypoi, To u3 Tpebyemoii
IVIOTHOCTH 0OapMOHOB Mosy4yaeTcsi cooTHomeHue mpuMepHo 10° poToHOB Ha
omvH 6apuMoH. 3TO OTHOLIEHHWe B XoIe paciuupeHusi BceneHHON He MeHs-
ercs. 3HauMT, ¥ ceifyac Ha Kaxaplii 6apuoH npuxomurcs okono 10° ¢oro-
HOB. I Torna coBpeMeHHasi Temriepatypa BceneHHOH, TO4Hee, TeMneparypa
M3JTy4eHHs], OCTABILIErocsi OT ObUIOTO TEIUIOBOrO PaBHOBECHS], OJDKHA ObITh
3—5 rpamycoB KeibBHMHA, YTO COOTBETCTBYeT MHUKPOBOJIHOBOMY IMara3cHYy.
BriocsieICTBMM CTa/IO ICHO, YTO 3Ta OLEHKa CONEPXHUT OWMOKYy M coBmasia
C MpaBWIbHbIM 3HaYeHHeM CJTy4aiHO: TOJbKO U3 KOHLEHTpalMH resis TOY-
HO OIpeJe/ITh TEMMEepaTypy CIOKHO (3aBMCHMOCTb JOBOJIbHO c/1abast), s
3TOr0 Hy)KHa KOHLIEHTpauus JeiiTepus, a Torqa oHa He ObUla M3BeCTHA.

Honroe Bpems pe3ynbrat [amoBa ¢ Anbgepom U lepMaHOM ocraBasics
B cTatyce cyrybo TeopeTHueckoii Momenu. Kaxercs, HUKOMy He IPUXOIWIO
B TOJIOBY, YTO 3TO NPOBEPSEMO U, TeM OoJiee, y)ke KOCBEHHO TOATBEPKIEHO.
Curyauus usmeHwiach Tonbko B 1960-e. Tak, B 1964 romy Annpeit [lopoiu-
KeBd ¥ Mropp HoBHMKOB 0OHapomoBaiM OLEHKH, TMOKa3bIBalOIHMe, 4TO pe-
JIMKTOBOE H3/TyYeHHe BIIOJIHE MOXKET OBbITb 3aperMCTPHUPOBAHO C MOMOLIBIO
y)Ke cyllecTByoIei TexHUKU. B ToM ke 1964 rogy Pobepr [lukke ¢ cotpya-
HMKaMH TNPUCTYTIAET K CO3JaHMI0 M300peTeHHOro MM CIeLUaIbHO Ui 00-
Hapy>XeHHUs peJIMKTOBOro M3TydyeHust paguometpa. B To »xe Bpems Ilen3uac
¥ BWIbCOH ¢ MOXOXMM paMOMETPOM HAYMHAIOT acTpoduauyeckue Habo-
neHusi. OOHAapY>KMBAIOT TEIUIOBOM LIYM, ONMHAKOBbINA [0 BCEM HAIpaBJieHH-
sM. [lo/Iro MbITAIOTCSA YCTPAHUTDb 3TOT IIYM, NPUHUMAs! €ro 3a TeXHUYEeCKHi
apredakt. HakoHel, [Jukke ¢ komieramu oObscHaIOT [leH3nacy M Bwibco-
HY, 4TO OHU 0DOHapyxwiH. Takum 00pa3oM, OTKpPBITHE CeIaHO CTYYaifHO, HO
yXKe B TO BpeMs], KOrjja ero >KIaaju.

Jlo cux TNoOp pelMKTOBOe H3/TyYeHHe OCTAeTCsl TJIaBHbIM HCTOYHM-
KOM MHQopManmy B KOCMOJIOTMM. KapTa pelMKTOBOro M3IydyeHHs OTpa-
KaeT KapTy HeOAHOPOAHOCTe# IUVIOTHOCTA Hauleil BceneHHO# Bo3pacTta
380 Thic. 1eT — ¢akTUYeCKH 3TO ee gerckast ororpadus. iIMeHHO TOT-
Ja Mua3Mma mpeBpaTW/ach B HeHTpasibHBIA ra3 (MOMEHT pekoMOMHaIMK)
¥ (POTOHBI MYCTHIMCh B CBOOOAHOE MyTelllecTBHe, NMOCTENEHHO CMeIasch
B KpaCHYI0, IOTOM B MH(paKpacHy10, IOTOM B MUKPOBOJIHOBYIO 00/1aCTh
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u3-3a pacuiupeHuss BceneHHo#l. [locsie peKOMOMHAIMM HACTYMWIM TeM-
Hble BeKa (dark ages), Kora He CyIIeCTBOBaJI0 HUKAKMX SIPKMX OOBEKTOB,
KOTOpble MOXXHO ObLIO Ob 0OHAPYXKMTh COBpEMEHHOM TeXHHUKOM. U ToJb-
KO rae-To 4yepe3 700 MJIH JieT U3 TbMbl BHIIUIBIBAIOT NEpBble TaJlaKTUKU
M KBa3aphbl, OOHapy>xeHHble HelaBHO B MH(paKpacHOM auamasoHe. Eie
J0 HUX 3aXXIJIMCb MepBble 3Be3[ibl, He CBsi3aHHble C rajiaktukaMu. Ho arto-
ro Mbl noka He BuauM. CaMbliii NepBbiii U3BECTHBIN Ha CETOAHSAIIHUI eHb
CHMTHaJI, BO3B€CTUBLIMIT 00 OKOHYAHMHM TEMHBIX BEKOB, — raMMa-BCILIECK
C KpacHBIM CMellleHHeM z = 8,2, UCIYILIeHHbI CKOJUIaliCHpOBaBLiel 3Be3-
noit yepe3 630 MyIH nocsie poxxkaeHus: BeeneHHOIM.



8. MouyeMy bonblwomn B3pbIB HE rMNOTE3a

O CHX TIOp Ha Kakux-HUOyab ¢opymax B iHTepHeTe MOXXHO HpO-

yecTb: «BonblIoi B3pBIB — cropHag rumore3a». CnaBa 6ory, co-

MHeHHs B IapooOpas3HocTd 3emim (MOKa eie?) He BbICKa3biBa-
1oTca. Mexxay TeM y Bonbioro B3peiBa ¥ mapoo6pasHoCTH 3eMM Of1Ha-
KOBBI/ CTaTyC: U TO U Jpyroe — TBepAO yCTaHOB/eHHble (akThl. B naH-
HOM c/y4ae noj bosnbumiyM B3pbIBOM HMMeeTCsl B BUAY pacluvpeHue Bce-
JIEHHO# M3 COCTOSIHMSI C OTPOMHOIA IUIOTHOCTBIO M TeMnepaTypoi (Kakux
MMEHHO — OTHAe/bHbIA BOMPOC) B COOTBETCTBUM C pelieHueM (Ppuamana
(c BO3BMOXXHBIMM MOAUDUKALMSIMH).

KpacHoe cMelleHHe, CBUIETEe/NbCTBYIONlee O pa3beraHnu raaak-
THK, — JIMIIb NepBblii apryMeHT. [lo Mepe coBepiIeHCTBOBAHUSA TeXHU-
KM HabJsioeHuil BCIUIbIBaM BCE HOBbIE CBHJETeNbCTBA. Teneckon ua-
CTO CPaBHMBAIOT C MalIMHON BpeMeHHM — Mbl HabJ0gaeM B XOpOUIMiA
TeJIECKON MOJIOAYIO BceneHHYI0 ¥ BUAMM, UTO OHA CYLIECTBEHHO OT/IM-
yaeTcsl OT HblHellIHeill. [anakTuku BHIAAAT no-apyromy. Korna-to oHu
C BUAY MMeJIM HellpaBWIbHYIO (OpMY, ObUIH MeHbIle, HO pye — POX-
JeHue 3Be3[ LUJI0O pa3 B ABaJLaTb MHTEHCUBHee, 4yeM ceiuyac. KBa3a-
poB B paHHeil BceneHHoi1 6blsI0 TOXXe BO MHOro pas 0osblie, ¥ OHH
ObuM sipue HbiHemHHMX. TO eCTh Mbl BOOUYMIO BMOMM, Kak BceneHHas
MeHS1JIach.

Ha camom kpaio JocsiraeMOCTH Mbl BHIUM, KaK M3MEHWIOCh COCTOSI-
HHMe MeXXraJlakTuyeckoro Bogopona. Ceiiluac OH MOHM30BaH, HO €CTb Hei-
TpaibHble obOnaxa. [lasiekue KBa3apbl MrpaloT pojib MasikoB, IPOCBEUM-
Bas MPOCTPAHCTBO. B ux cnekTpe HeifTpasibHble obsaka BHIOHBI KaK JIM-
HHMHM MOIVIOLIEHHS], COOTBETCTBYIOIIME CaMOil CWIbHOM JIMHMM BOJOpOAa
JlaitMaH-anbga. [IpuueM obnaka HaxoAsATCS Ha PasHOM KPacCHOM CMellie-
HMH, ¥ Ka)XkKJ0oe BbIpe3aeT CBOIO Liesb B criekTpe. YeM Jasbllle B KPacHYIO
0b6s1acTb CIEKTpa, TeM Tryllle MAYT JMHUM (SBJIeHHEe TMOMYYMIO Ha3BaHHeE
JlaiimaH-anbga nec). HakoHen, OHM C/IMBAlOTCA B OIHO «KOPBHITO» — HHKa-
KHe KBaHThl B 9TOM [Mala3oHe He JOXONAT A0 Hac, MOCKOJIbKY IOIVIOLIa-
jolye obnaka CIMBAlOTCA B CIVIOIIHYIO Cpely, B KOTODPOil HeNTpaIbHbIX
aTOMOB XBaTaeT, 4To0 MOIJIOTMTh BCE M3/yYEHHE MasKa BbIlle JIMHUH
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Jlaitman-anbda. KBazap-Mask, ¢ MOMOLIbI0 KOTOPOrO yBUEIU 3TO sIBJIe-
Hue, Ha3piBaeMoe 3¢dexkrom laHHa — IlerepcoHa, HaXOAMTCA Ha Kpac-
HOM cCMelleHHuH 6,28.

[loyeMy rae-To 3a KpacHbIM cMeleHHeM 6 (YTO COOTBETCTBYeT BO3pa-
cty BcenenHoit 900 MJIH sieT) 3amO/IHAIOMIMIA KOCMOC ra3 4aCTU4YHO Heil-
TpasieH (LeJIMKOM HeMTpalbHbIM OH CTaHOBHTCS npu z ~ 10, cMm. ria-
By 32), a moTOM — MOHM30BaH? JBoIOLUsA Mosonoi BceneHHoi naet sc-
HbIil OTBET: 3TO C/eJIaJi NlepBble 3Be3bl M KBa3aphl, KOTOpbl€ YyTb paHb-
e 3aKMIMCh BO BceneHHOM, — MX yibTpaduo/eToBOEe U3/TydyeHHe HUOHM-
30BaJI0 BOJOPOL.

Tak Mbl npocnexuBaeM HCTOpUIO BcenenHnoit mo Bo3dpacra 700 muH
7ieT U BUJAMM, KaK OHa MeHssach B IIOJJHOM COOTBETCTBMM C Teopuei
bonbuioro B3pbiBa. [lasibliie Mbl NepenpbIrMBaeM 4yepe3 TeMHble BeKa Ha
orMetky 380 Teic. neT, korna BceneHHas umena TeMmnepaTypy TpH Thbl-
CSAYM TPAyCoOB M IUIOTHOCTb B MWUIMAapA pa3 Oosblie, yeM ceifyac. 3To
310Xxa peKOoMOMHAlMK, O KOTOPOil paccka3aHo Bbille. 31ech OHSATb BCE
TOYHO COOTBETCTBYeT TEOPUM: PeJIMKTOBOE H3/yyeHHe, ero TeMIepary-
pa, ero CrexTp.

Ha atom Mbl noka ocraHoBuMcs. Kapta peMKTOBOro M3/y4eHHs IIO-
BelleT Hac Jajblie, ropa3no Ommke k uctokaMm. Ho ato yxe Oyner He
NpenbICTOpPHS, a UCTOPHS, KOTOPOI IMOCBsilIeHa KHMra.

[IpakTHKa, KOHEYHO, He eJUHCTBEHHbI KpUTepUil UCTHHBI, HO, MIOXKa-
JIyii, camblil YOOMHBDIIA.

YenoBek, ucclenyomuil Janekylo BceseHHy0 ¢ MOMOLbIO AaHHBIX,
ROOBITBIX CaMBIMM Pa3HOODOpPa3HbIMH MHCTPYMEHTaMH, MOJIb3YeTCs Teo-
pueil pacumpsioumeiics BceneHHo#, rae bosbiioit B3pblB Hakpernko «3a-
IUMT», TPUMEPHO TakK )Ke, KAK MOpeIN/aBaTe/ly MOJb30BAIMCh CEKCTAHTOM
M XpOHOMeTpOM. U ec/iM BHe3alHO CIIPOCUTDb MccenoBaresis: «A Thl yBe-
peH, uto Bosbioii B3pbiB ObUT HAa caMoOM Jesie?» — OH HOCMOTPHUT U OT-
BETUT NPUMEpPHO TaK e, KaKk kanutaH BpeMeH [[xeiimca Kyka, ecnu Obl
ero CIpoCcU/IM: <A Thbl yBepeH, YTO 3emisi — Miap?»






9.lpocTbie BONpOCHI

apagurMa Be4yHo# GeckoHeuHO¥ BcesleHHO# rocnoicTBoBasia OKO-
JI0O Tpex BEKOB M He BblJep)Kaja HECKOJIbKMX IpPOCThIX HeAoy-
MeHHbIX BorpocoB. KoHuemnuus Bosbmioro B3pbiBa M pacuups-

roweiics Bcenennoit poaunack B 1920-x ropax, mocTeneHHO yTBepAM-
nach, a B 1960-x Obl1a OKOHYATeNIbHO MOATBEPXK/EHA OTKPbITUEM PeJHK-
TOBOro u3aaydeHusi. Ho npu 3ToM B Hell ocTasMch O4YeBHIHbIE AbIpHL. Kak
M B NepBOM C/Iy4ae, 3TH AbIpbl MMelH (pOpPMY NMPOCTHIX, MOYTHU JETCKHUX
BOIPOCOB, Ha KOTOpble He ObUIO OoTBeTa. BOT OCHOBHBIE M3 3THX BOIpO-

COB:

1.

BcenenHass yIMBHTENbHO BeJIMKAa M AWHAMHUYecKH cOasaHCHpOBa-
Ha. YToObl OHa He «CXJIONHYJIach» B IepBble CEKYHBblI CBOEro Cy-
ILIECTBOBAaHMSA WIM He pasjieTeslach TaK, YToObl OAMH aTOM ObUT OT
[IPYTOro 3a MHOTO CBETOBBIX JIET, CKOPOCTb pacLIMpeHusl U IUIOT-
HOCTb B IepBble MTHOBEHHMS HOJDKHBI ObITh COaJlaHCHPOBaHbI C He-
BepoATHOM TOYHOCThIO. W, YTO TO >Ke caMoe, MPOCTPAHCTBEH-
Hasi KPMBM3HA JO/DKHA ObITh HMYTOXKHO MAaJIOil MO CpaBHEHMIO
c mocTosiHHOi Xa00na, meneHHO Ha ckopocTb cBeTa. Hauasb-
Hble YC/IoBUsl TpebyeTcsl MoJorHaTh ropasio TOYHee, YeM NpH Ta-
koM Opocke Msua Ha OcTaHKMHCKYIO OamiHio, 4TOOBI OH MSIKO
ceJl Ha ee BepXYLIKy M OCTaJicA TaM B paBHOBecuH. UTo maso Ta-
KYI0 TOYHOCTb?

BcenenHasi Bciomy OIMHaKOBa Ha MWUIMapAax CBETOBBIX JIET.
Mexny TeM, B mepBble MrHoBeHusi BceneHHO# pa3sHble 06nacTH,
KOTOpble MbI ceifuac HabionaeM, <HUUero He 3HajaW» OPYT O JApY-
re — He ObUIM NMPUYMHHO CBsA3aHbl. UHBIMM CJIOBaMM, He XBaTaJo
BpeMeHH, 4To0bl CO CKOPOCTbIO CBeTa IepenaTb CMrHaA OT OJIHOM
obsactu HabnofaeMoro mpocTpaHcTBa K Apyroit. YTo Tak corna-
COBaJIO MapameTpbl BonbIoro B3peiBa B MPUUMHHO He CBS3aHHBIX
obs1acTaX MpoCTpaHCTBa?

Y BceneHHoit OrpoMHasi 3HTPOMMS, YTO Ha OBITOBOM S3bIKE MOK-
HO BbIPa3HTb, KAK OI'POMHOe 4MC/IO YacTull (DOJBIIMHCTBO U3 KO-
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TOpPBIX — pPe/IMKTOBble ()OTOHB M HeHWTpHHO). B HabmonaeMoit ya-
ctu Bcenennoit ux 10%. OTkyna B3s710Ch 3TO cofepXUMoOe?

4, HakoHel, 4TO e MOCTY>KWIO HayaJbHbIM TOJYKOM sl bosbiuo-

ro B3phbiBa?

EcTb elie oaMH BOMpoc, KOTOPBI NOHAYaly Ka3ajcs He CTONb (pyHIa-
MeHTa/IbHbIM. [103TOMY MBI €ro ocraBssieM BHE NPOHYMEPOBAHHOIO CIIH-
CKa. DTOT BONpOC BCTaj peOpoM mo3xe. BceneHHast oqHOpoaHa Ha 60sb-
mux Macmrabax. Ho uytobsl cMormm 06pa3oBaThCsl raJlakKTUKH M MX CKO-
IUIeHUs,, JO/DKHbI CYHIeCTBOBaTb NepBUYHble HeoAHOpoaHOCTH. OTKyza
OHM B3SUIUCH?

M ewe paHblle BcTas BOmpoc, ¢ BUAy (unocodckuit, HO Ha caMOM
fiefie UMeIOMMA ITyOOKYI0 HayuHylo noporieky. Ectb psan ¢pusuueckux
TMOCTOSIHHBIX, 3HaYeHUs] KOTOpbIX Bpole Obl HHOTKyZa He cienyior. Ho
ec/I1 Mbl NONbITaeMCs NPEeACTaBUTb MU, Ilie KaKkas-HUOYAb U3 9THX KOH-
CTaHT HEMHOTO U3MEeHEeHa, )KU3Hb B TAKOM MHpe OKa3blBaeTCsl HEBO3MOXK-
HOI: He 00pa3yloTca aTOMHbIe sipa, He TOpAT 3Be3/bl U T.I. YTO Tak mo-
JIOTHAJIO 3HaYeHUsl KOHCTAHT, YTOObl Mbl MOIJIM CYLIECTBOBATh?

IJTO Takue BOMPOCHl, KOTOpblE IPElOT Iylly PeJUrdo3HbiM (PUIoCco-
¢daM, MpUBETCTBOBABLIMM HOBYIO KOCMOJIOTHIO. [lefiCTBUTEe/IbHO, MeCTO-
MMeHHe «YTO» B 3THX BONpPOCAX TaK U MPOCHUTCSA OBITh 3aMeHeHHbIM Ha
«KT0» — UMeHHO ¢ 6onbuioi OykBBL OfHAaKO (DU3MKH, KOTOpHIE He HYX-
naloTcs B runotese bora, BOCpUHMMAIOT MOJOOHBIE BOMPOCH KaK YKUCTO
npoeccOHaNbHBIA BbI30B. BbI30B ObUT MpHHAT, M K KoHLY 1970-x ro-
OB yueHble pa3HbIX 00JyiacTeil HayKu pa3paboTas JOCTATOYHO KPEIKoe
CHapshKeHHe, YTOObI COBEpPLIMUTD IPOPbIB Yepe3 HaMeYalolIUiAC TYTIHK.

OOHMM M3 KIIOYEBBIX NOCTH)KEHWH, NpeaBapsIOlMX HpOpbIB, CTaJIO
Jyquiee MOHMMaHHe TOro, UTO €CTb BAKYyM.



10. OnbITbl €BpONMAH
C MNOPWHAMU U UUNNHAPAMMU

epHeMCS K IIOBECTBOBaHHMIO O >KHUTeNlsx OkeaHa EBpombl. 3mech

Mbl HapyIIMM €eBPOIMAHCKYI0 XPOHOJIOTMIO, BEPHYBIUMCb B 3I10-

Xy, MpeAIeCcTBYIONYI0O M300peTeHuI0 TMpOCKONa, paad TOro, YTo-
Obl CefoBaTh 3eMHOM XPOHOJIOTMM, KOTOpasi MMeJla MHYIO IOCJ/e[oBa-
TEJIbHOCTb COOBITHIA.

Euie 3aponro Ao oTKpbITUA Wapoobpa3HOCTH CBOEro Mupa, eBponunaHe Ha-
Y4YMNUCb NONb30BATLCS TMAPABAMKON ANS nepeaayn u TpaHcpopMaumum ycunum
B pa3HO0o6pa3Hbix MexaHu3aMax. Kak 1 y Hac: uunuMHapsl, nopwHu, Tpybku. Mo
3TOW NPUYMHE OHWU XOPOLIO MOHUMANK, YTO TaKoe AaBneHue, YTo Boda nepena-
eT ero 0AMHAKOBO NO BCeM HanpasneHusM. A eCm TSHYTb 3a NOpPLIEHb, CO3A3eT-
Cs oTpUUaTenbHOe NaBNeHMe, TOXEe OAMHAKOBOE MO BCeM HanpaBneHUsM, nepe-
nasaemoe, 1Kobbl, 33 CYeT cun cuenneHns Boapl. A HyneBbiM AABNEHUEM, MO UX
MHEHMI0, BbIN0 TO, Y4TO eCTb B UX POAHOM cpeae obutaHus.

Xun-6bin MacTep-ruapaBnuK, U3roTOBASABLIMKA U PEMOHTUPOBABLUMIA TPAHC-
MWUCCUU PYNeBoro ynpaBneHus BUHTOBbIX CyaoB. OaHaxabl BO BHEYPOUYHOe Bpe-
MSl K HEMY B aHrap sIBUNCS 3aKa3unK No NOBOAY 3aKNMHMBLLIErO NOPLLIHA HA ero
CTapoM NNOCKOKOPMNYCHOM cbinorpyse «CTpeMuUTenbHbIn».

— U3BKHK, — ckaszan Mactep, — He po Tebs! Tyt ceruyac oueHb BaxHoe geno...
BnpoueMm, Tbl TO MHe U HyXeH, paboune yxxe ynnbinn, a OQHOMY He CNPaBUTLCS.

— Yro 3a geno?

— §1 xo4y nopsartb BOAY.

— Yero?! Kakyto eue Boay? Kak 310 nopsatb?

— Bot y Tebs 3aKNMHMNO NpUeMHbIA NOopLEHb. A eCU Tbl CUIbHO NOTAHELW b
Ha3ag, nepepatowmMm nopweHsb, 4to dbyner?

— OH He nonper.

— A echm 6ypewb TAHYTb MOLLHOM nebenkoi?

— MopeeTcs nnb0o TPOC, NMBO WITOK NOPLUHS.

— A noyeMy He nopseTcs ctonb Boabl B TpybKe?

—...72 AKak 310?

— A Kak wToK pBetca? B wkone yunn? Yacruupl MeTanna uennsioTcs apyr 3a
Apyra CMnaMmn 3neKTpUYeCTBa. A eCin TSHYTb O4YE€Hb CUAbHO, CUN CLUENNeHus He
XBaTUT. HacTuubl BOAbI YeM LEennsIoTCs Apyr 3a Apyra v 3a nopweHb? OTkyaa
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cneayeT,yYTo OHM LennsioTCs HAaMHOTro cunbHein? HaobopoT, OHU MOMyT CKONb3UTb
O[lHa BOKpYr ApYyron,a B MeTanne CUAST NPOYHO Ha CBOMX MeCTax.

— Mopoxau, Korpa peewb MeTans, B pa3pbiB 3aTeKaeT BoAa. A 4TO 3arever
B MeCTO paspbiBa BOAbI?

— A nouyeMy Tyaa 4TO-TO AOMKHO 3aTeyb? Huyero Tam He byaer. NycTora!

— Ho Bepb Te6s Xe B WKONe yununu, 4To Npupoaa He TepnuT NycToThl...

— [1a? U po kakon creneHun He Tepnut?! Mano nu uyto punocodbl ans Kpac-
HOro CNOBLA He HACOYMHAIOT. Mbl, Nt0AN NPAKTUYHbIE, AONKHbI NPOBEPATL. 3acTa-
BUM — notepnut! Bot cMOTpM — nopueHb, XOTb TOHEHbKUA, HO U3 CaMOW NpPoY-
HOM cTanu. TyT OH pacwupseTcs, YyTobbl He pBancs B MecTe cuenneHus C Tpo-
COM. TyT OH BXOAMT B LMNUHAP, BbICBEPAEHHbIA B 6poH30BOM 6pyce. Tam BHYTpuH
BOAbI HA ABA KOrTA, C 06paTtHOM CTOpOHbI 3anpeccoBaH. CBMHLIOBbLIA CanbHUK TYT,
raMkom 3aTaHyn — He npoTeyeT. bpyc npukpenneH K cTaHuHe, Ta — K paMme C ne-
6eakon. Bcé rotoso, ABYMS pyKkamMu XBaTaelbCs 3a paMy, ABYMSA 3a Nepeknaau-
Hy, 4eTbipbMs 32 PyKOSTKM Koneca nebenku — Bot Tak. [laBan KpyTutb 06a kone-
Ca — aKKypaTHo, He To nopeeM... [laBan nocunbHen... Hukak nowen?!

— TouHo nowen! MoxeT npoteyka?

— Hasap taHet! [laBain ocnabum... O! BraHyncs Hasan! [lasan ewe! Mowen
cHoBa! To-To, xMopoB ApbiHb! Mowen! [laBar Haszap... CHoBa nowen, ApbiHb
YXMOpPOB, 3Hai Hawwux! Euwe pas!

— MNouyeMy BoAa, KaK NpyXMHa, TAHET Ha3aa?

— 3-3, He KaK npyXuHa... CMoTpu, Mbl npunaranu 60nbLy0 cuny — HU C Me-
cta. MoTOM 4yTb-4yTb NOCUNIbHEN Hanernu — noLLen Aanblue u Aanblie U Hasag
TAHYN C TOW Xe CMNoW. pyXXnHa He TakK. 3Haelb, YT0? 1 NOUYMHIO TBOKD Kanowy
3a iBe CMeHbl, a Tbl pa3fobyab 3a 3T0 BpeMs NOAUPOBAHHbIA 6PYCOK CBUHLIOBO-
ro ctekna. Hapo NocMoTpeTb, YTO TaM BHYTPU MPOUCXOAMUT.

Yepes Tpu CMeHbl Hbl1 roTOB NpO3payHbid LMAMHAP: CTeKNSHHbIK 6pyCoK
C BbiCBEpNeHHbIM OTBEepCTUEM, BOAA B KOTOPOM bbina noakpaweHa. Ha cen pas
pYKosiTKM nebeaku kpytunmn aeoe paboumx,a Macrep € 3aKa34MKoM KOMaHA0Ba-
nu 1 Habnwoaanw.

— Tak, euie 4yTb-4yTb Hanernu... O, CMOTpU, CMOTPU, YTO C HEW?!

— CapcbiHb oxpsicHas! Takoro cpoay HUKTO He BuAan, CMOTpu (BoAa Ny3bipu-
nacb, 0CTaBasiCb Ha AHEe UMAKHAPA), CMOTPU: CBepXy nycToTa... [lpupoaa He Tep-
nut?! ®unocodbl apbiHOBLI! Hy-Ka Hasap otnycTuTe... O, NOpLweHbL BEPHYNCS, HET
nycrotbl. Hy-Ka, Hanernu euie...

Paboune ¢ 3HTy3nasMoM Hanernw. [opweHb Npowen A0 Bepxa UMNMHAPA,
BbICKOYMN U3 CanbHMKA, Pa3fancs OMyLWUTENbHbIN XONOK. JKCNepUMeHTaTo-
pbl 06MAKNK, UX rNasa ocTekNeHenu, Ho BCKope K 060MM BepHYNOCb CO3HaHMe.

— YT0 370 6bIN0?
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— 1 Teb5 He CbIWY — B yLWaX 3BEHMUT...

— YTO 3TO bbiNO?!

— 3T0 Nnpupoaa He notepnena NycroThl...

— CMoTpm, CTekno BCé B TpelwmHax!

— Hy 1 cunmwia! 1o He cuenneHue 4acTul,... 3TO YTO-TO Noxneie...

— Y70 e 310 BCe-Taku 6bin0?

— [laBav nopymaeM.

— 3710 Tbl 6€3 MeHs nasar ayMan. MHe nerve cBoM «CTpeMuUTeNbHbIM» BpyY-
HYI0 NeCKOM 3arpy3uTb, 4eM AyMaTb Haf 3TUM.

— Bbicnatbcs Hapo. 3aBTpa NO30By ApYra, OH B rMAPABAUKE He XYXe MeHs
pa3bupaetcs, Aa eule «HayuHbIW eXeroaHWK» BbINUCbIBAET U YMTaeT BpeMs OT
BpemeHu. U ronosa y Hero ceexas. Tbl TOXXe NpunnbiBan, 4yBCTBYIO, NPUrOAMULLb-
cs. Ckopo y Tebs u nepenatouimii NoplieHb 3aK1MHKT, s Tebe ero notoM becnnat-
HO NOYUHIO.

Yepes cMeHy Mactep, CBexas ronoea u Kanutan (Bnapeneu, «Ctpemutens-
HOro») cobpanucb B TOM Xe aHrape.

— Y 1ebs npyXnHHbIe BeCbl NOMOLLHee ecTb? — cnpocun CBexas ronosa. —
AaBan U3MEPUM CUNY C KOTOPOM BbITArMBAETCS NOPLEHb.

Becbl Hawnuch Ha «CTpeMuTenbHOMY, KaK pas ana Tpoca nebenku. Cuna, € Ko-
TOPOM BLITArMBANCSA NOPLIEHb, OKa3anach YyTb HonbLie OAHON YeTBepTH Mblbbl.

CooTHOWweEHHue MeXxay 3eMHbIMU
7] EBPOI'IMaHCKMMM eAMHULLaMH
1 korotb = 2,54 cM

1 ceucT = 1066,8 M

1 rneiba = 1638 «r (seca)

1 TokeM = 9,8-107 nackanei

1 cmeHa = 11,3 yaca

1 nepuoa = 512 cMeH = 239 3eMHbIX CyTOK

1 nokoneHue = 64 nepuoaa = 42 3eMHbIX roaa

1 rupockonHble cyTku = 3,55 3eMHbIX CyTOK

(9,
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— Tak, y Tebs nopweHb YeTBepTb KO AUAaMETPOM, 3HAYUT NPUMEPHO TPU
C NonoBuHOM rblbbl HA KBaapaTHbIM KoroTb! Oro-ro! Kak T8oM nopuleHb Bbi-
aepxan?

— Hy! Cneusakas! [lymaelws, 8 nepsbiM NbITaNCA 3T0 caenatb? Y Apyrux He
Bblaep>an.

— Tak... 3T0 MHe 4YTO-TO HanoMuHaer... B npepnocnegHeM exerogHuke...
Y HUX TaM eauHULbI Hay4Hble, TOKCMbI, cerMvac nepecymtato... Hy TouHo! OaunH
yynak nucan, 4To y Hac B BOAe OrpOMHOE AaBneHue, 4TO eCNu pacnpocTpa-
HUTb CUNY TAFOTEHUS Ha CaMy BOAY, TO HA KaXAbl4 KBAaAPaTHbIA KOroTb AaBUT
cton6 Boabl BecoM Tpu rnbibbl. MoToM B «lMMcbMax» Ha Hero Habpocunucb cpa-
3y Tpoe. OaMH Hanucan, YTo Npu TakoM aaBneHuu Mbl 6bl He CMOrAK XUTb, BTO-
poOi Hanucan, 4To BOAA ABNSETCA NEepBMYHOM MaTepuer U Ha Hee He MOXeT
pacnpoCcTpaHATbCA CMNa BTOPUYHOrO Xapakrepa, @ TPeTuM Hamnucan, Yto Tor-
Aa Haao y4MTbiBaTb U BEC 1bAa, KOTOPbiA 6eckoHeyeH. Ho Tpu 1 Tpu € NonoBuU-
HOW?! 3TO HaBOAMT...

Bce 3apymanuce. Bapyr Mactep BaMeTHyncs, onucan aBa Kpyra U BCKpuvan:

— KanutaH, TBOe KOpbITO BBEPX NAbITb MOXET?!

— A yero x He MOxeT? 3aKayuMBaewb METAaHOM Ha HONb-NNas — U Bnepep,
XOTb B Hebeca, X0Tb B NPenUCrnoaHIoL.

— TapenouHbi nokatop ecTb?

— Hy!

— Ha ckonbko pobusaer?

— CBUCTOB Ha NATbAECHT.

— Tak, nonnytu ao nvaa. Monnbinu cenyac xe. [py3um Bcé ato 6apaxno!

— 3-3-3, 9 Ha 3TO He noapsxancs! Tem 6onee 3a NOYMHKY MCNPABHOIO Lu-
nuHApa.

— Tbl e BonaeLwb B UCTOPUIO!

— W yero s B Heit noTtepsin?

— Hy He Tbl, TBOM «CTpeMuTenbHbIM» BOMAET B UCTOpUIO. byayT BoaMTb 3KC-
Kypcum: «Kopabnb, Ha KOTOPOM BblI0 COBEPLLIEHO BENUKOE OTKPbITUEN.

— Tak, Hy nagHo, naBanTe Yepes napy CMeH, Haao Xe elle BbICOTHOE NoMIo
pa3nobbiTh U eny.

— Kakue ase cMeHb!!? Tyt Takoe! CpoyHo... MoaroHsn CBOKO NOCyauHy noa
KpaH-6anky!

Ha BbicoTe naTbAecsT CBUMCTOB 3KCnepuMeHT 6bin noBTopeH. MopweHb no-
Len HaMHOro nerye: aasneHne okasanocCb ABe rbibbl.

— Yro u TpeboBanoch okaszaTtb, ckazan Ceexas ronosa. Tot yyaak 6bin npas:
BOAA AaeT Tpu rblbbl HA KBaApaTHbIA KOroTb M elle NONOBUHY — NER, HUKAKas
He 6eCKOHeYHOCTb.
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10. OnbiTbl EBPONUAH C NOPWHAMU U UMSTUHAOPAMMU

— OcTanocb noaHATLCSA A0 NbAa U y6eanTbCs, Yto Tam byaeT nonrnbibol.

— Hy, 3T0 He 06s13aTenbHO, ckasan (sexas ronosa. M Tak ACHO, MOXXHO BO3-
BpaLLaTbCs, @ TO FONI0BA YXKe pacnyxna 1 ryaur...

— Hy Het! ckazan KanutaH, 6yayT noToM roBoputb, 4To «CTpeMuUTeNnbHbIN»
A0 Nbaa He AoTaHyn. B uctopuio, Tak B ucropmio! MNonnevinu! XnebHute BOT 3T0r0.

NlaBneHne noao NnbAoOM AEeUCTBUTENbHO OKA3anocCh BCero nonrnbibbl Ha kBa-
ApaTHbIV KOTOTb. '

— YyTb 6onblie BOCbMU CBUCTOB — BCS TONLWMHA NbAa, — cKa3an Ceexas ro-
nosa.

— A yto 32 HUM? Cnpocun KanuraH.

— HasepHo TO xe, 4To 6bIN0 B CTEKNSAHHOM LUAMHAPE, — NYCTOTa, — CKa3an
Mactep. A Henb3s M NPO3BOHUTL NEQ TBOEW TAPENKOMN?

— Her, pa3se 4to eCiu BMOpO3uTb €e B néa,na 1 T0 BpAA Nu. 3aeCb HARO YeM-
TO TSHKENbIM BAAPUTL MO NbAY.

— JT0 paBanTe pyaoKonaMm OCTaBMM, Y HUX €CTb, YeM BAAPUTL, Cka3an (ee-
Xas ronosa. N nonnbinu BHU3, paam 60ora, He Mory yxe, ceM4ac ronosa B3opsert-
ca.

Co Bceit CKOpOCTbIO, HA KOTOPYI 6bin cNocob6eH NNOCKOKPMYCHbIA CbiMo-
rpys, OHM Ha4anu cnyck. «CrpeMuUTeNbHbIM» C KOMaHAOW, MyYUBLUEACS FONOB-
Hou 60nblo, Wen No cnupanu — AeUCTBUTENbHO B UCTOPUIO. OHU He TONbKO OT-
Kpblnu pasneHue BoAbl, HO U U3MEHUNKU KOCMONOTUIO Xutenen EBponbl — nég,
He 6eckoHeueH! OHU TaKxe OTKPbIIKU HOBYHO PYHAAMEHTANbHYIO CYLHOCTb, Ha-
nnyme KOTOpOM A0 3TOrO OTPMLANOCh, — NycTOTy. KCTaTu, ei elle npeacrosno
CbIrpaTh CBOIO OFPOMHYIO PONb B TEXHONOTUMK.

Kak Bcerna, npo3peHuns NpUHOCAT HOBbIE 3araAku: a YTto 3a nbaoM? A Mo-
XeT 6biTb, U Heapa He 6eckoHeyHbl? Echun cBepxy ecTb Kpan y nbaa, TO No-
yeM He 6bITb CHU3Y Kpas y Heap? Toraa 4To C TOM CTOPOHbI Heap? U kak BO-
obuwe BbirnsauT Mup? Kak 6eckoHeyHoe nonynpoCcTpaHCTBO Heap CO CNo-
eM BOAbl, NOKPbITOM KOPKOW nbpa? A panble 6eCKoOHeYyHoe NoNynpoCcTpaH-
CTBO NyCcTOTHI? MOAO6HLIX rapaHun, BbINMBABLIMXCSA B XeCTovahlwme cnopsl,
XBaTWUNO elLe Ha HECKONbKO MOKONIEHMI, NOKA He OTKPbINK WwapoobpasHoCcTb
Mupa, uto yxe 6b1n0 ONUCaHO BbILe.

Tak, Kaszanocb 6bl, NYCTAKOBbLIA IKCNEPUMEHT MEHSIET KAPTUHY MUPO30aHUS
U YPOBEHb LMBMAN3ALMMK. YBbI, HA HbIHELHEN CTaAMM HALero pa3BUTUA TakuX
NYCTAKOBbIX 3KCNEpPUMEHTOB, BUAMMO, ye He ocTtanock. Hy a «CrpeMutens-
HbIA» B KOHLLE KOHLOB CTan OAHWUM U3 LEHTPaNbHbIX 3KCNOHATOB B My3ee UCTO-
puu Hayku. B ero rpy3oBom otceke 6bina ycTaHoOBNEHA KONUA (OpUruHan He co-
XPpaHWUNCA) TOM CaMOI YCTAaHOBKM, U N06OM XenatuiMi Mor NPUNOXMUTLCS K KO-
necy nebeaku...






11. BE3nHA, B KOTOPOM Mbl OBUTAEM

yMa OKasbiBaeTcsi OeckoHeuHO#. Bce-Taku mpezen 4acTOT JODKEH cylie-
CTBOBaTh, 00 3TOM moiier peub Hike. Ho B moboM ciryyae IUIOTHOCTD
SHepruM HyJIeBbIX KoJieOaHMii OrpOMHa — Ha MHOTO NOpPSAKOB 0osblle,
YyeM IUIOTHOCTb 9HEpruM, HamnpuMep, B HEUTPOHHOH 3Be3zie. DTy 3HEpruIo
HeJb3sl «4epnaTh», HO MOXXHO OLLYTHTb.

Merauimueckue miacTuHbl B ombiTe KasuMupa 4yTb-4yTh BMSIOT Ha
Hy/leBble KosebaHus. DdeKT cKasblBaeTCs JMIIb HAa CaMOM Kpalo HX
CIIeKTpa: IJIaCTUHBI 00pe3aloT BaKyyMHble KOJie0aHUS 3JIeKTPOMarHMTHO-
Io MoJisl C JUIMHOM BOJIHBI OOJbllle, 4YeM pacCTOsSTHUe MeXmy HuMH. B pe-
3y/ibTate IUIOTHOCTh SHEPTMH HYJEBBIX KolebaHWil MexIy IUIacCTUHaMU
YMEHbILIAeTCsl — TeM CWIbHed, yeM MeHblle 3a30p, U IUIACTUHbI MPUTH-
TMBAIOTCA.

Ectb emle ogMH TOHKMiA 3(pdeKT: HyneBble KonebOaHUS BIMSIOT Ha
aTombl. COracHO pensiTMBUCTCKOM KBAaHTOBOH MeXaHHUKe, pa3Hble BO3-
6y>kIeHHble COCTOSIHMS aToMa BOjopofia, obo3HayaeMbie Kak S, u °P, ,
IOJDKHbI UMETb B TOYHOCTM OJMHAKOBYIO HEpruio (310 CjefyeTr U3 pe-
meHus: ypaBHeHusi [lupaka B KyJIOHOBCKOM noTeHuuase). Oka3biBaeTcs,
MX 3HEepruu YyTb-4yTb pa3nuyaiorcs. [lpuuvHa Ta e, yto M B apdexTe
Kasumupa: 3TH COCTOSIHMS MMEIOT pa3Hyl0 reOMeTpUIO BOJTHOBOH (DyHK-
LUK 3JIEKTPOHA U MO-Pa3HOMY B3aUMOZEHCTBYIOT C HyJIeBbIMHU KosehaHHU-
SIMU 37IeKTpOMarHuTHoro nons. 3¢ddgekT pacuiersieHus: ypoBHeil (OH Ha-
3bIBa€TCs JIIMOOBCKMM CABMIOM) pacCuMTaH U u3MepeH c (aHTacTHye-
CKOM TOYHOCTBIO, TAK YTO TO, KaK YCTPOeHbl HyJeBble KOJeDaHHs 3JieK-
TPOMarHMTHOrO I0JIsl, Mbl 3HaeM OYeHb XOpOLIO.

Tak ynaercsl «3allelUTh» JIMLIb CaMyl0 OBEPXHOCTb Oe3MHbI, KOTO-
pasi MoYeMy-TO He BiMsieT SIBHBIM 00pa3oM Ha Hall MHp, XOTS TOYHO
cymecTByeT. Moxker ObiTh, OHa He BJIMSI€T MO TOH JKe NPUYMHE, MO Ka-
KO OIpOMHOe JaBJjieHre He OLIYIAeTCsl JKUTEISAMH OKEaHCKUX TTyOuH?
C omHo¥ cTopoHbl Tak. OQHOpOAHAs IUIOTHOCTb 3HEPrUM He CO3[aeT HU-
KaKuX CW1, NeHCTBYIOLIMX Ha BellecTBO. Bce siBNeHUs Hailero Mupa 4yB-
CTBHUTEJIbHbl TOJIBKO K Ilepenajy IUIOTHOCTH 3Hepruu. C Apyroit CTOpPOHbI
coBceM He Tak. OnHOpOIHas HeHyseBasi IUIOTHOCTb 3HEPrUU BIMseET Ha
BcenenHy10 Kak 1esnoe yepe3 rpaBuTauuio. [Io noBeJeHHI0 COBpeMeHHOIA
BcesleHHOM MBI MOXKEM OIpefielIeHHO CKa3aTb, YTO IUVIOTHOCTb 3HEPTUM
BaKyyma o4yeHb Maja (XOTS M OT/IM4Ha OT Hyns). U B aTOM 3akiouaercs
OZlHa U3 cepbe3HeHIINX NpobseM COBpeMeHHO# (PU3MKH.
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Mbl rOBOpMJIM TOJBKO O HYJIEBBIX KOJIeDaHMSX 3/IEKTPOMAarHUTHOTO
nonsi. Ho ectb M Apyrue nons — OHU TOXKe JAlOT CBO# BkIaa. Ml npu-
BBHIK/IM K TOMY, 4TO MOJISI CBSI3aHbl C YaCTHLAMU C LieJIbIM CIIMHOM — 60-
30HaMu. Ho ecTb eme ¥ pepMUOHBI — YacTULbI C MOJYLEJbIM CIHHOM.
depMHOHBI OTMYAIOTCS OT GO30HOB B3aMMOOTHOIIEHUSIMU APYT C ApY-
roMm: fBa (pepMHOHa He MOTYT HaXOAUTbCA B OZHOM KBaHTOBOM COCTO-
sHuN. IMEeHHO MNO3TOMY 3/IeKTPOHBI B aTOMax pachpefiesieHbl MO pas-
HbIM obonoukaM. Eme [lupak mpeanosnoxul, 4To BaKyyM SBISIETCS «MO-
peM» (epMHOHOB C OTpHMLATe/JbHOM 3Hepruey, rae Bce BO3MOXKHblE CO-
CTOSIHUSA 3amoJIHeHbl — IMMO3TOMY HOpPMaJbHble MMOJISI U YacTHLbI C I0JI0-
)KUTeJIbHON 3Hepruvei 3Toro Mopst He 4yBCTBYIOT. Ho Mope [lupaka nMme-
eT OTPULIaTe/IbHYIO IUIOTHOCTb 3Hepruu! FIMEHHO Ha 3TOM NyTH MILYT pe-
lIeHWe MpobyieMbl 3HEPrUM BaKyyMa: MOJIOXKUTeNbHas IUIOTHOCTb 3Hep-
MU HyJIeBbIX KosebaHuii 6030HHBIX MOJIeil KOMIEHCHPYETCS OTpHLaTe b
HO#1 IJIOTHOCTBIO 3Heprum Mops [Iupaka. Ho nons ectb coBepieHHO pas-
Hble, ¥ YaCTHLbl pa3Hble, 1 MEXIY HUMHM HeT HMKAKOi SIBHOW CHMMe-
TPUH. A TOYHOCTb KOMIIEHCALIMM JODKHA ObITh OTPOMHOMN. 3HAYMT, TOJDK-
Ha CyLIeCTBOBaTb O4yeHb (yHAaMeHTaJbHasi CUMMETpHS, 3aHyJSIoUIas
sHepruio BakyyMa. Ho nogobHas cummerpusi HeuBectHa! HyneBas aHep-
rMg Bakyyma Obiia M octaercsi 60/IeBOM TOUKOl COBpeMEHHOI (U3MKHU.
K aToMy Bonpocy MbI elile BEpHEMCH.

Htak, mycrotra — OYeHb C/I0OKHAs CYLIHOCTb. MoxeT /M OHa Urpathb
pOJib cpefbl, BiusAwOIeid Ha (U3MYeCKHe 3aKOHbI, MOAOOHO TOMY, Kak
OrpOMHOe BHellHee [aBJieHWe MMHUTHPYET Hepa3pbiBHOCTb BOABI, Haxo-
asueiics B LWIMHApe NoA nopiuHeM? Brnuatb He yepe3 ToHKUe 3ddek-
Thl, MOJOOHBIE YIIOMSIHYTHIM BbIllle, @ BeCOMO, rpybo, 3pUMO — MeHSS
($HU3KKy, KaK CTEKJI0 MeHsSeT CKOPOCTb CBeTa, a BOAa — BeC MpeaMeTOB?
B 1960-x romax yueHble, 3aHMMamwoluecs (PU3MKON 37leMEHTapHBIX 4a-
CTUL, MPULIA K MHEHMIO, YTO, CKOpee BCEro, TaK U €CTb.

B npuHuune, uges He HoBa: eile B XIX Beke Obiia momynspHa Teo-
pus abupa — cpenbl, 3anonHsOMmEN BCEé nMpocTpaHcTBO. CuMTanoch, 4To
cBeT — KosebaHuA 3¢pupa, NOKOOHO TOMY, KaK 3BYK — KosiebaHUsS BO3ZY-
xa. Unes adupa ¢ Tpeckom NpoBaIviach: OHa Ipearnosarajia CyuecTBo-
BaHMe BbIIe/IEHHOM CHCTEMBI OTCYETa, YTO ObUIO ONMPOBEPTHYTO MPSMbBIMH
skcniepumeHTamu. Ha cmeHy adupy npuiia creuuanbHasi TeOpUsi OTHO-
CUTe/IbHOCTH, M Ba)KHeHIIMM TpeOOBaHMEM K BaKyyMy CTala JIOPeHL-
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11. BE3AHA, B KOTOPOW Mbl OBUTAEM

MHBapHaHTHOCTb, T.€., HallpuMep, HEBO3MOXHOCTb OOHAPY)KUTb CBOE JBU-
KeHHe, CTaBs JoOble dKCIepUMeHThl B KabMHe KOCMHYeCKoro kopabis.

Boime 6bIO 3asiB/IEHO, YTO CpefHee 3HauyeHHe 3JIEKTPOMAarHUTHOTO
MoJisi B BaKyyMe PaBHO HY/O. A ec/iM Obl OHO ObLJIO He HyJIEBbIM, a IO-
CTOSHHBIM ¥ OIHOPOAHBIM, MOXeT ObiTb, Mbl Obl He 3aMeTHWIM 3TOro
¥ NPUHSIM €r0 BAMsHME 3a 3aKOH npupoabi? 3aMetwiu Obl. Bonee Toro,
Mbl XMBEM B MOYTH OJHOPOOHOM MAarHUTHOM II0JIe Hanps>K€HHOCTHIO
nosiraycca ¥ 3ameydaeM 3TO IO CTpeske komnaca. [loBeneHue CTpesku He
C/IMIIKOM 3JIETAaHTHBbIA 3aKOH — MHOrJa OHO HEeyCTOMYMBO, a Ie-TO aHo-
MasbHO. Ecim Mbl GynmeM aBuratbest ¢ 60JIBIIOH CKOPOCTBIO MONEpeK Ha-
TpaB/ieHus! CTPEJIKM KoMnaca (HampuMep, Ha OpOMTAIBHOIM CTaHLMHU), Mb
oOHapy)XuM, 4TO B KabMHe MOSBWIOCH 3JIeKTPUYECKOe IoJie, MepreHIu-
KyJIIDHOE CTpejiKe KOMIaca M HampaB/ieHHIO JBW)KEHHUS CTaHLUH. 3aTo
JBUrasiCb BIOJb CWIOBBIX JIMHUMI mons Habmoznartenb He OOHApYXUT HU-
4yero HOBOTO. 3HAYMT, HAll «BaKyym», B KOTOpPbI Mbl JUPEKTHBHbIM ITy-
TeM BK/JIIOYWIM MarHuTHoe 1oje 3emid, He HU30TpONleH U He JIOpeHL-
MHBapvaHTeH. | HUKakasg KOHCTPYKUMS M3 3/IEKTPOMarHUTHOrO MoJis He
MOAOKAET Ha pojib BaKyyMa, KOTOPbIH HaM HYXEH.

[lpobnema B TOM, 4TO 3/IEKTPOMarHUTHOE M0Jle CJIMIIKOM CJIOXHOe —
YeTblpe He3aBUCHMBbIX KOMIIOHEHTHl, KOTOpble He yTaWllb B MeLIKe, OHH
BCerja BbIJAIOT CBOE HaJMuMe 10 JIerKO u3MepsieMbiM BenuuuHaM. Ho
B NPHHLMIIE MOXKET CYLLEeCTBOBaTh M 0ojiee MPOCTOe Mosie — CKaJISIPHOE,
MMelollee TOJIbKO OHY KOMIIOHEHTY, KOTOpOoe, Oyayund OMHOPOAHBIM M HO-
CTOSIHHBIM, He HapyllaeT HY U30TPOIUH, HHU JIOPEHL-MHBApUAaHTHOCTH. [10
HeJlaBHero BpeMeHH He ObUI0 OOHapy>KeHO HM OFHOrO mpuMepa ¢YH-
IaMEHTAIbHOr0 CKAJISPHOrO MO0JIsl, HO TEOPETUKU YXKe JaBHO rOBOPWIH
O BO3MOXXHOM CYIIeCTBOBaHMM NOAOOHBIX moseil. Cpeau 3THX TeOpeTH-
KoB ObU1 [IuTep Xurrc. He OH oaMH, KOHEYHO: HE3aBMCHMO M J&KeE YYTh
paHbiue uzeio onybnukoBanu Opaxcya DHryep u Pobepr BpayT, Ho umeH-
HO UMs XHUITCa 0Ka3ajloCh YBeKOBEYEHHBIM.

[louemy ObI CKaJISIPHOMY MOJIIO He 3alOJHATb Halle IPOCTPAHCTBO,
B/IMSIA Ha 3aKOHBI NMpUPOAbI? Mbl Takoro nosis He BUAUM, HE MOXKEM €ro
«[10LIyNaTh», HO He MOXXEeM U MCKJ/IIOUHUT.

A 3auem noHanobwioch U300OpeTaTh Takoe MoJie, Urpalollee pojb cpe-
Ibl B KOTOPOM MBI KMBeM? 3ayeM YMHOXaTb CYI[HOCTH? [le10 B TOM, UTO
nof06Hoe MoJsie KaK pa3 MOXXET yOpaTb JIMIIHME CYHIIHOCTH!
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B OCHOBaHMM Halllero MaTepuaJlbHOTO MHpPA JIOKUT HECKOJIbKO ce-
MeJCTB 3/1leMeHTapHbIX YacTul;: (oToHbl ¢ W-6030Hamy, JIeNTOHBI (3J1eK-
TPOH C AByMs 0Oosiee TshKeNbIMM NMapTHEPAMU M TPH HEATPHUHO), KBApKH,
mII0OHBL. Y (OTOHA M ITIIOOHOB HyJeBasi Macca, y HeMTPUHO — O4YeHb Ma-
JIeHbKasi, Y OCTaJIbHbIX — pa3Hble, pa3dpoc B JBeCTH ThicAY pa3. Bce mox-
YMHSAIOTCS Pa3HbIM B3aUMOAENCTBUSIM: 3JIEKTPOMAarHUTHHIM, CWIbHBIM,
cnabbiM. Kopoue, 3oomapk!

[lone, 3anonHsoee BaKyyM, KOTOpoe MOJYYWIO HblHE BCEM M3BeCT-
Hoe MMsSI XWrrca, oObsICHSieT, moyeMy IOYYWICA Takod 3oomapk. Us-
HayaJbHO, KaK CKa3al Obl (DM3MK-TEOPETHK, «B HCXOIHOM JiarpaHxua-
He» (2 Mbl CK&)XKeM BBICOKOMApHO: «B (pyHAaMeHTe MHUpO3JaHus»), (HOTOH
1 W-6030HbI Benu ceOsi CXOOHBIM 00pa3oM, a 37IeKTPOMarHUTHbie U CJa-
Oble B3aMMOZENHCTBUS ObUIM B TOYHOCTM CHMMMETPUUHBbL Y BCEX YaCTHI]
MCXOHO Macchl paBHBl Hyml0. Bosee Toro, B TakoM Mupe JeiicTBOBaIa
OYeHb KpacuBasi CBA3b MeXAy HOJSMU M HOCHTENISIMM 3apsiaa, C KOTOPbIM
CBSI3aHbl 3TH MOJISl, — TaKasl CBsS3b Ha3blBaeTCs KaJIMOPOBOYHOH HMHBapH-
aHTHOCTBIO. TosnbKO Takoit Mup ObUT Obl BpsiA /1M NMPUTOZAEH IS XKU3HHU.

[losiBNieHMe 300mapka yacTUL U B3aUMOAENCTBUII — (paKT MCTOPUM
Haleil BceneHHOM: B MepBble HO/IM CEKYH[bI CYIIeCTBOBAHUS 3TOr0 MMpa
BaKyyM 3aloJIHWICSA HeHy/eBbIM mnojieM XurTca; moyeMy — Oymer o0b-
SICHEHO HipKe. Mbl ero HampsiMylo He omlyljaeM — OHO Be3[ie OAMHAKO-
Bo. Ho McxonHO oaMHakoBble 4yacTHIbl MO-pa3HOMY B3aUMOAEHCTBYIOT
C 3TUM MOJIeM, B pe3yJbTaTe NMpUobpeTaioT pasHbie Maccel. Koraa y ogHo-
ro nepeHocuvka B3aumozeicTBusi (OTOHA) Macca OcCTaeTcsl HyJIeBOW,
a y apyroro (W- u Z-6030HbI) aenaeTcsi BecbMa 00JIbLIOH, equHOe Mpe-
KIe aneKkTpocnaboe B3aMMOJeHCTBUe pacLIeIVIsieTcss Ha [JBa COBCEM He-
TIOXOXKHX: 9JIEKTPOMarHuTHoe u caboe.

[lomo3peBaloT, YTO U CHJIbHOE B3aMMOAEHCTBHE HM3HAYaJbHO ObLIO
eMHO ¢ 3eKTpocnabbiM. COOTBETCTBYIOLIYIO TMIIOTE3y Ha3bIBAlOT Te-
OpHeii BeIMKOro oO0peaMHeHHs. B Heil KBapKM M JIENTOHBI MCXOJHO
(onsiTh ke «B dyHAAaMeHTe MHPO3[aHMs») OKa3blBalOTCS POJCTBEHHH-
KaMH, COCOOHBIMU MpeBpalaThCs APYT B Apyra. Y CWIbHBIX M 3JI€K-
Tpocnabbix B3auMofeiicTBUI — obmrasg KoHcTaHTa. [lepeHOCYMKM CHJIb-
HOTO B3auUMOJENCTBUS — IJIIOOHB — MQNAaJalT B OAHY LIMPOKYIO
rpynmny cuMMeTpud ¢ (OTOHaMHM M TMepeHOCYMKaMu c1aboro B3auMo-
neiictBusg — W- u Z-603oHaMu. Ho Bcé Hapymmioch, NOCKOJIbKY B Ba-
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HUe y30pa Ha OKHe B MOpO3HbIii JieHb. [lap B KOMHaTe OgHOpOIEH, M30-
TpOIeH U «0e3BUeH», HO KOra OH KPUCTa/UTM3yeTcs Ha cTeke, obpasy-
eTcsl CJIOKHBIN KpacuBblii y3op. [IpuueM 3apaHee Hesb3si CKa3aTh, KAKUM
3TOT Y30p MOJYYUTCS — OH CJIy4aeH M B TO Ke BpeMs MOAYMHSIETCH He-
KHM TPOCTBIM 3akoHaM. To jke camoe MPOMCXOAUT NpH 00pa30oBaHMU CHe-
)KHHOK — OHM KpacuBbl ¥ CUMMETPUYHbI, HO TaKxe Cly4aiiHbl. A obpa-
30BaJIMCb OHH M3 TOTO >Ke mapa.



12.YpaBHeHUst DUHWTENHA

ceifuac mapy (JIOB O TeOpHM, KOTOpas onpefenwla pa3BUTHe
KocMosioruu. Teopusi, ¢ OJHOI CTOPOHBI, YAMBUTENBHO KpacHBa,
C JIpyroii — Cj0XHa B TexHHMUYecKoM IuiaHe. Eciv uutarens myra-
10T ¢opmysbl U TeM Oonee nuddepeHUMaIbHble YpaBHEHHS, TO JAHHYIO
I71aBy M, BO3MOXKHO, C/IEAYIOIYI0 Hafo 00s3aTesbHO MPOIMYCTUThb. ABTOP
obelliaet, YTo B Ja/JbHEHIIMX VIaBaX TAKOro He HMOBTOPHUTCH.
VpaBHeHust DiHIUTEIHA 3aCTY)KMBAIOT TOrO, YTOObl MPENBABUTb MX
YMTaTesI0, KOHeYHO, He mpu3biBasi pa3odparbcs. [IpocTo OKMHYTH B3IJIS-
nom. Urtak, BOT TpaAMLMOHHAs 3aluUCh:

Ruv - é’Rg,uv = 167[C€Tyv

Ha nepBbiil B3I/ 3TO KaXeTCsl COBCEM He CTpaLIHbIM. Ykac HacTyIaer,
KOrqa HayWHaellb pa30oupaThcs ¢ OObEKTaMH, U3 KOTOPbIX COCTOMT YpaBHe-
Hue. Bce nByxXuHIIeKCHbIE WIEHbl — g, va, 7;1 . 9TO 00BeKTLl, Ha3bIBaeMble
TEH30paMM BTOPOro paHra. Beiraaar kak Matpuubl 4 X 4 — YyeTblpe CTPOKH,
yeTbipe CTO/IOL@, — HO OTIMYAIOTCH OT OOBIYHONH MaTpHLbI-Tab/MMLBI TeM,
YTO ompeze/ieHHbIM 00pa3oM npeoOpa3sytoTcsl NpH M3MEHEHWH CHUCTEMbI KO-
opaMHaT. KctaTH, 0ObIYHBIA BEKTOp — TOXEe TEH30p, TOJIbKO MEPBOro paHra.
W naxe ckassip — TeH30p, TOJbKO HyJieBoro paHra. Ho koraa roBopsr mpo-
CTO «T€H30p», uallle BCero Mnoxpa3yMeBaeTCs BTOPOM PaHI.

Tensop g, Ha3biBaeTCsI MeTPUUECKHH TEH30p — 3TO HEM3BECTHoe
B ypaBHeHMsX. Kaxnas ero koMnoHeHTa siBisercs QyHKuuell KoopavHat
1 BpeMeHU. OH onpejesnseT He YTO MHOe, KaK CBOMCTBA MPOCTPAHCTBa-
BpeMeHU B JaHHOM TOuKe. PaBeHCTBO HO/DKHO BBINOJHATHCA VIS KaXK-
101 KOMITOHeHThl MaTpuubl. To ecTb Ha caMoM fesie 31O 16 ypaBHeHWMIA:

G

C4 T(')O

Roo - ;Rgoo = 1671

Ror - éRgm= 167[5731

¥ TaK nanee. [IpaBaa, 6 ypaBHeHMi# MOXXHO BBIKMHYTb M3-3a CUMMETpPHY-
HOCTH BXOJSIMX B HETO TEH30POB: g —g, . YPaBHEHUs — nuddepenim-
ajibHble, B YaCTHBIX MPOMU3BOAHBIX, BTOPOro MOPSAKA, HeJNHeHble.
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T, — TeH30p SHEePrMU-UMITY/IbCa, COCTABJIEH M3 IUIOTHOCTH 3HEPruH,
IVIOTHOCTH MMITy/IbCa M TEH30pa HanpshDkeHWil. B ypaBHeHMAX wurpaert
pOJib BHEIUHEr0 MCTOYHHMKA.

Wnem nanbiue. R;,v — TaK Ha3biBaeMblii TeH30p Puuum, paciMcbiBaTh
ero yxxe He CTOMT, YyTOObl U3/IMIIHe He 3amyruBaTh yurarens. R — cka-
NipHas KpMBU3HA, NonyyaeMas M3 TeH30pa PHuuM CBepTKO# ¢ TeH30pOM
8, B MOCTPOEHUH STHX 00BbEKTOB y4acTBYeT aK TeH30p YeTBepTOro paH-
ra — TeH30p KPUBM3HbI C YETBIPbMs MHJEKCaMH R ., COCTaBJIEHHBI U3
BTOpbIX NPOM3BOAHBIX KOMIIOHEHT MeTpHYecKoro TeHdopa. He npusenu
Oor meITaTbCSl pacCHUChIBaTh BCE 3TO Mo KoMmoHeHTaM! K cyacTbio, Takoi
Heo0OXOMMOCTH Ha NpaKTHKe He BCTpeYaeTcs.

BnaBaTbcsi B Gonee moapoOHble pa3bsCHeHMs B JaHHOW KHUre He
MMeeT CMBbIC/I4, OHAKO CTOMT OOCYyaMTb, OTKyZa Takoi «ykac» (C TOUKH
3peHus: HenpodecCHoHana) WIK KpacoTa (C TOUKM 3peHust podeccHoHa-
71a, 3HAKOMOTO C JIbTepPHAaTUBHBIMU TEOPHUSIMH) B3SUIUCh.

B HBIOTOHOBCKOI TeOpUM TATOTEHMS IPaBUTALMOHHOE I10JIe OIMChIBA-
eTcsl OYeHb NMPOCTHIM ypaBHeHHeM IlyaccoHa:

b 0P 3D I D

x> 9y 9

3necb P — rpaBUTALMOHHbII MOTEHLHUad, a p — IJOTHOCTb MaTepuM.
OHO B TOYHOCTH COBMNAAaeT C ypaBHEHHEM IJI1 3JIEKTPOCTAaTUYeCKOro
NOoTeHUMana, ToJlbKO BMecTo Gp Halo MOACTABUTb MJIOTHOCTb 3/IEKTPH-
4yecKoro 3apsna. YpaBHeHue [lyaccoHa B OTMYMe OT ypaBHEHMil DilH-
IITeiHa JTMHENHHO, TO eCTb MOXXHO CYMMHPOBATb pelleHHs], HaBeleHHble
oTaenbHbIMM MaccaMu. TakuMm 00pa3oM, 3a4acTyi0 MOXKHO He pellaTh
ypaBHeHUs], a IPOCTO NPOCYMMHUPOBATh 'PaBUTALMOHHBIA WM 3JIEKTPHU-
YeCKUH MOTeHLMa] OT pa3HbIX Tejl WIM 3apsiaoB, MPONOPLUOHATbHBIN
I/r: ®=G (m/r,+ m/r,+ ..). Ho Hu ypaBHEHHE HbBIOTOHOBCKOil rpa-
BUTAlMM, HU YpaBHEHHUE 3/IeKTPOCTATUKM He MOTYT OCTaBaThbCSl BEepPHbI-
MH, KaK TOJIbKO Mbl JOITyCKaeM BO3MOXXHOCTb IBVDKEHHUSI Tel U 3aps-
IOB U BOOpY)XaeMCsl CHelMajbHOM Teopueill OTHOCHTENbHOCTH. YpaB-
Henue [lyaccoHa mpenmonaraetT 6eCKOHEYHYIO CKOPOCTb paclpocTpaHe-
HMA cUrHana (COBUHY/IM TeJl0 — M IpaBUTaLMOHHBbIA MOTEHLMan Bha-
JIM OT Hero MrHOBeHHO u3MeHwIcs1). Ho cneunuanbHas Teopusi OTHOCH-
TeJIbHOCTH 3ampellaeT MFHOBEHHOE paclpoCTpaHeHHe CUTHajIa, 3HauuT,

= 471Gp
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ypaBHeHue [lyaccoHa mpupaercss oTOPOCHTb UM OMMCHIBATh AEHCTBUTEb-
HOCTb OoJiee CJI0XKHBIMUM YPaBHEHUSIMH, KyJa 00si3aTe/IbHO JODKHA BXO-
IOUTb CKOPOCTb CBeTa.

YtoObl NPUMHPHUTL 3JIEKTPOCTATHUKY C TEOpHeil OTHOCHUTENILHOCTH,
NPUXOAUTCH OOBEAMHUTDH INIEKTPUYECKOe MoJie C MarHUTHBIM — ONMHUCaThb
MX €IWHOI cucTeMoil ypaBHeHMil. J1o OyAyT 3HaMeHWTble ypaBHEHUS
Makcsesuta. MakcBe/u1 HUYero He 3Haj IpoO TEOPHMIO OTHOCUTE/IbHOCTH, HO
B €ro ypaBHEHHMsIX C Heit Bcé B nopsnke. Korna Mbl aBuraem 3apsij, 1o-
IBJIIeTCS. MarHUTHOE I0JIe M 3JIEKTPOMarHUTHblE BOJIHBI, PaclpoCTpaHs-
IOLIMeCs] CO CKOPOCTbIO CBeTa. JJIeKTPUUECKoe 10Jie OT yAaJeHHOro 3aps-
Jla U3BMEHUTCS He paHblile, YeM NOMAYT BOJHHL M mpu mepexone oT oxHO#M
CUCTEMbI OTCUeTa K ApYyroil BCcé MeHsieTcsl JIOTUYHO. Bcé B mopsnke.

YpaBHeHuss MakcBesia B cBoeil MCTOpUYECKOH (popMe HOBOJIBHO
CJIOKHO 3anoMuHaroTca. Ho ecny nepeiity OT 3/1eKTpUUECKOTO U MarHuT-
HOTO MOJIeH K YeThIpeXMepHOMY BeKTOpHOMY noteHuuany A (4,— 00bIY-
HbI 9/IEKTpHYeCKMiA noteHunan, A, A,, A, — TpeXMepHbI BEKTOp, U3
NPOU3BOJHBIX KOTOPOro MOJTy4YaeTcss MarHMTHOE T0Je), Mbl 1OJTy4YaeM He-
4TO, YAMBHUTE/IbHO TOXOXKee Ha ypaBHeHue [lyaccoHa:

04, =-*7j,

rae 3HakoM O obo3HayeHa KOHCTpyKuus 0%/0x* + &%/0y* + A*0z* — 1/
0?/0F, nasbiBaeMas onepatopoM I’Anambepa, jﬂ— YeTbIPEXBEKTOp IUIOTHO-
CTH TOKa: j = r — IUIOTHOCTb 3apsaa, j, j,,j, — IVIOTHOCTb TOKa. YTO M3-
MeHWI0Cb? YpaBHeHUH CTJIO YeTbipe — MO OBHOMY /ISl KQXIOro 3Haue-
Hug 4. CleBa K CyMMe BTOpPbIX NMPOM3BOJHBIX 110 MPOCTPAHCTBEHHBIM KO-
opauHataM nobaBwiach ellle MPOM3BOAHAS 10 BpPeMEeHH, HO C MPOTHBO-
TOJIOKHBIM 3HAKOM M KBaJpaTOM CKOpOCTH CBeTa B 3HamMeHarese. WTak,
MMeeM YeThipe YPaBHEHHS [UIl YETbIPEXKOMIIOHEHTHOrO MOJs, B KOKIOM
YPaBHEHHM (JleBa CyMMa BTOpbIX NPOM3BOAHBIX MO YeTbIpeM KOOpAMHa-
TaM. [loueMy Bcero Tyt no uyetbipe? [loroMy, 4TO CllenuasbHast TeOpUsl OT-
HOCHTEJIbHOCTH JleJIaeT Halll MUp CYLLECTBEHHO YeTbIpeXMEpHBIM, TOJIBKO
BpeMst Hazio Opathb ¢ koadpduumentom 1/c u 3HakoM MuHYC. Bee usuue-
CKH€ BEKTOpa IO CYTH YeTbipeXMepHbl, HallpuMep, YeTBEPTO KOMIIOHEH-
TOH U1 MMITyJIbca YaCTULIb siByisieTcsl aHeprus. [lomyyaercs, ec/i 3anuchl-
BaTb ypaBHeHMs! MaKcBe/Ula B eCTeCTBEHHOM [l Halllero MUpa 4YeTbipex-
MEPHOM TNpeJCTaBJIeHUH, OHU CTAaHOBSITCS YAMBUTEILHO MPOCTHIMH.

71






12. YPABHEHUWA DHAHWTENHA

Ho B 9Toi1 rmaBe peub HAET B OCHOBHOM He 00 3/IEKTPOMAarHUTHOM
rmosie, a 0 rpaBuTauuu. Hesb3g i coenath ¢ rpaBUTanueil TO ke camoe?
Jl06aBMM K rpaBMTALMOHHOMY MOTEHLHATY elle TP KOMIIOHEHTHI (mos-
BUTCA ellle TPaBUMarHUTHOE TI0jie, KOTOpOe Mbl He YYBCTBYeM M3-3a Cla-
6oCTH 3€MHOM TpaBMTaLMM), MU MYCTb OHM MOMYMHAIOTCA TOYHO TaKo-
My >Ke YPaBHEHMIO, TOJIbKO CIpaBa MOCTaBMM IUIOTHOCTb HEPrMH U MO-
TOK MMITY/IbCa, IOMHOXKEHHbIe Ha IPaBUTaLMOHHYIO MOCTOsIHHYI0. Co cre-
LIMAJIbHOM TeopHeil oTHocuTebHOCTH Oyner Bcé B mopsiake. [lomyuntes
TO, YTO MOXKHO ObUIO Obl Ha3BaTb «BEKTOPHOI rpaBUTauueil». Boiuia Obl
oueHb MpocTas Teopus. YpaBHEHHS, KaK M ypaBHeHUs MakcBesna, 6buiun
Obl JMHEHHBIMHM, I'PaBUTALMOHHOE MOJie OT pa3HbIX HMCTOYHMKOB ObLIO
Obl CYyMMOIi MOJiell KaXkaoro. ABTOpy He xBaTaeT (paHTa3uM NpeCTaBUTb
cebe, Kak Besia Obl ce0s1 B TaKOM MMpe MOIHAs TPaBUTALMS, HO MOXHO
TOYHO CKa3aTb, YTO HMYErO IOXOXKEro Ha YepHble Iblpbl B TAKOM MHUpe
He CYIIeCTBOBAJO Obl.

BripoueM, HMYTO He HOBO IOJ JIYHOHM, B TOM YMC/Ie U Jloboe HauBHOe
npeanosioxxeHde. VIMEHHO TaKyl0 BEKTOpHYIO TI'DaBUTALMI0 HPeLIOXHI
[lyankape B 1905 rogy. Oka3asoch, Teopusi BHYTpeHHe NpPOTHBOpEUYMBA
M He MOXXET OMMChIBaTh Haul MHUp. B Takoit Teopun MO0 OJHOMMEHHbBIE
3apsAfbl OTTAIKMBAIOTCS, MO0 3Heprust BOJIH OTPHLATENbHA.

Jlnsa rpaButauuu TpeboBasoch HeuTo Oosiee C/IOKHOE: He BEKTOP-
HOoe, a TeH30pHOe mose. [loyeMy TeH30pHOe, MOSCHUM HKXKe, a ceiuac
MPUKUHEM, BO 4YTO AO/DKHO IPEBPAaTHThC YpaBHEHHE C OIepaTopoM
[IAnambepa, ecnu ero obo0OmKTh HAa CJTydail TeH30pHOro mnosis. MareMa-
THYECKH TEH30p — MaTpuua (Ui Hallero Mupa ero ecTecTBeHHas pas-
MepHOCTb 4 X 4), onpezesneHHbIM 00pa3oM NpeoOpa3syiomiasca NMpU M3-
MEHEHUH CUCTeMbl koopauHat. 0003HaunM mone-tensop f, . Ilo aHao-
I'MM Mbl BOpaBe OXKHMAAThb, UTO YpaBHEHHe OyaeT BHIIJISAETb CleayIoLMM
obpazom:

F =4nGT,,
rae TeH3op F, cOCTOMT M3 [VIMHHOH CyMMbl BCEBO3MOXHBIX BTOPBIX IPO-
U3BOHbIX O°f, /Ox Ox . ViMeeM 16 ypaBHeHuit A1 16 mepeMeHHbIX, KO-
TOPbIMH SIBJISIOTCS 9/IEMEHTBbI TeH3opa f, . PacmceiBath ux He GydeM —
OHHM TPOCTble, HO TPOMO3JKHe — 3TO BCEro JMIIb 000bIeHre ypaBHeHHUS
¢ onepatopoM [I’Anambepa ¢ BeKTOpHOro mnojs Ha TeH3opHoe. KoHkpet-

HBIt BUA F#V BBIBOJMTCS U3 TeX cooOpakeHHii, 4ToOkl B Mpejesie Majoro
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NoJiss OH BOCIPOM3BOAMJI HbIOTOHOBCKYIO I'pPaBUTALMIO. DTO TOXe JIMHEeM-
Hasl Teopusl, B ypaBHeHMH (PUIypUPYIOT TOJIbKO BTOpbl€ IPOM3BOIHbIE OT
/,, B MIePBOiA creneHu. Y Takoi TeOpuM Toxe BCE B MOPSZKE CO Creluaib-
HOIl TeopHeil OTHOCHTENIbHOCTH. B Takoit TeopuM pelLieHHs TaKKe CyM-
MHpYIOTCSI — MOJIe TATOTEeHUs JBYX C/MBIUMXCS HEHTPOHHBIX 3Be3x Oyner
pPaBHO CyMMe Tojieil TATOTeHUs KaXIO0H U3 HUX. [paBUTaLMOHHbIE BOJIHbI
B TaKOH TEOpUM eCTb, OJJHAKO HMKAKHUX 4epHbIX Ablp HeT. Ho Teopus rpa-
BUTALlMY, ONMHUChIBaeMasl TaKMM YypaBHeHMeM, ellle He MOXXeT Ha3blBaTb-
cs1 obuieit Teopueit otHocutenbHocTH. Takoit Teopum He cymectByeT. He
XBaTaeT OAHOr0 Ba)kKHeWILero mara.

JTOT War cAenan DUHIITEHH, OCHOBbIBAsACb Ha YHUBEPCAJIBHOCTU TH-
roreHus. Eme B XIX Beke ¢ BBICOKOM TOYHOCTEIO ObUla JOKa3aHa 3K-
BUB&JIEHTHOCTb MHEPTHOM M rpaBUTalMOHHOM Macc. Ho eciu Bce Tena
MOAYMHSIOTCS TPaBUTALMM OAMHAKOBBIM 00pa3oM, TO ee BJIMSIHME MOX-
HO INpeJCTaBUTb MCKPUBJIEHMEM YeTbpeXMEepHOTo NpOCTpaHCTBa. Tpaek-
TOPUM BCeX TeJl, NPefOCTaBIeHHbIX caMUM ceOe, B MCKPUBJIEHHOM Mpo-
CTPaHCTBE SBJIAIOTCA reofe3UYeCKUMH JIMHUAMM, T.e. NPSMbBIMM B TOM
CMBICJ/Ie, B KOTOPOM 3€MHOI MepuIuaH WM TpaekTopus peiica MockBa —
CaH-QpaHuMCKO yepe3 ADKTUKY SIBISIOTCA NpsMbIMUA. Ecrn Teno Bpaija-
eTcsi o opbuUTe — OHO OMMCHIBAET KPATUaMIIyl0 TPaeKTOPHIO B KPHBOM
NPOCTPaHCTBE-BPEMEHH.

Eciv rpaBuTauus MCKpUB/SieT NPOCTPAHCTBO, TO KaK JO/DKHO BBITVISI-
IeTb IpaBUTaLMOHHOe Moje? YTo, eciM ero BbIpa3uTh uyepe3 MapaMeTphl,
onuChbIBaloLMe CBOiicTBa mpocTpaHctBa? Torma aTo OymeT MeTpHYeCKHid
TEeH30p, TPaAULMOHHO 0003HauaeMbIii g, B HallleM IUIOCKOM MNpOCTpaH-
ctBe MMHKOBCKOrO g, — AYaroHa/bHas MaTpH1ia, N0 AMaroHam 1, -1, -1,
—1 (cxopocTb cBeTa MOJIOXWIM paBHO! exuHuue). B kpuBoM mpocTpal-
CTBe MOSABJIAIIOTCA HeUaroHasIbHble 3/IeMeHThbl, JUaroHalb MeHSeTCs TOXe.

A KaK M3MEHWUTCsl ypaBHeHHWe IJIsl IPaBUTALMOHHOrO MOJS, KOJb CKO-
PO OHO M ecTb MeTpuyecKui TeH30p? CyLiecTBYIOT BblA€JIEHHbIE CHUCTe-
Mbl OTCYeTa — HHepLMaIbHble. K TaKOil cHCcTeMe OTHOCHTCS KOoCMuye-
CKMil KOpab/ib ¢ BBIK/IIOYEHHBIMM JBUTaTe/IIMU — B ero KabuHe L@puT
HeBecOMOCTb. [Ipy 3TOM HeT HMKakKoW pa3HMLbl, ABMXKETCS JIM OH MPSMO-
JIMHEHHO B OTCYTCTBHMH HOJISl TATOTEHHs, JBIDKETCS JIM Mo opbuTe, magaer
JIM B YEPHYIO ABIPY, — BaXHO, YTO B KabuHe HeBecOMOCTb. B Takoii cu-
CTeMe ypaBHEHHe JIOKaJbHO OyJeT MMeTb MMEHHO TaKOi BUJ, KaK Hamu-
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CaHo Bblllle, — C JIMHEMHbBIM TEH30POM pr HO TeH30p OyaeT UMeThb Yyxe
apyroii cMbic. OH Ha3blBaeTCsi TeH30poM JiiHIITeliHAa M 00O03Havyaercs
Gﬂv. Eme pa3: 3TM TeH30pbl COBMAAAOT MO BUAY TOJbKO B JIOK&JIbHO-
MHEepPLMAIbHOM CHUCTEMe OTCYeTa.

Kak nocTpouTb 4eThbIpeXMEpHYI0 KOOPAMHATHYIO CETKY M3 TaKuX CH-
CTeM, KOTOpble TJie-TO ABHXXYTCA MO opbKTe BOKPYr TATOTEIOLIEro LeH-
Tpa, rJe-TO MaJalT B YepHyIo Abipy? PaboTaTh B Takoil KpUBOii CUCTe-
Me KOOpAMHAT HeBO3MOXXHO, AaKe eC/IM TeOpusl B Heil mpocra. A Kak
TnepeiTH K Kakoil-HUOyab robanbHOi cucTeMe KoopauHAr? C MOMOIIbIO
TON ke MeTpuku! U Torma B ypaBHeHHe KpOMe BTOPBIX NMPOM3BOAHBIX
g,, BOMIYT MHOXHMTE/NSAMM WX NepBble MPOM3BOJIHbIE M CaMH MaTpHIlbI
g, ha eme oOpaTHble K HMM MaTpHULbl g, VX mpuuioch BBECTH J0-
TMOJIHUTENIbHO, YTOObI MepedTH U3 JIOKaJbHO-WHEpPLUHMATIbHON B I100asb-
HYI0 cucTeMy KoopAuvHaT. Ho OHHM e AB/SIOTCA MepeMeHHbIMU B ypaB-
HeHMM. W ypaBHeHMs MOJy4yaloTcs HeJlMHEeNHbIMH, NpUYEeM CWIBHO He-
JIMHEMHBIMM — HUX HeJb3s BbIpa3UThb CTENEHSIMM 3JIEMEHTOB MeTpuye-
CKoro TeH3opa. M Teopust oka3biBaeTcs CYILeCTBEHHO HeJIMHEHHOM: JABe
C/IMBIIMeECS HEHMTpPOHHble 3Be3[bl AAAYT I0Jie, 3aMETHO OT/IMYaloLleecs
OT cyMMbl mosieil kaxxnoi. Ha camoM gmene ¢usnyeckoe cnmsiHue ABYX
HEMTPOHHBIX 3Be3] NpUBeJeT K UX KOoJUIancy B 4yepHyo Abipy. Ho ecim
npeHeOpeub (pU3MYECKMMH MpoLeccaMyd M MPOCYMMHMPOBATh HECKOJIBKO
HEHTPOHHBIX 3Be3[ «T€OPETHYECKH», TO OHM CTAHYT YEepHOH ObIPOM aB-
TOMAaTUYECKH — OKaXyTcsl mof ropu3oHToMm llIBapumunbiaa, yto o3Ha-
YaeT HEMHHYEMBI KOJIJIANC B CHUHTYJIAPHOCTb. JTOT KOJUIANC HUKaKue
CHJIbI He B COCTOSIHMM MpeJOTBPATUTb, TaK K€, KaK HMKaKue CHUJIbl He
MOTYT NOMOYb NPEeOJoJIeTb CKOPOCTb cBeTa. TyT Koyulanc B 6eCKOHeYHO
IJIOTHOE COCTOsIHME (Ha caMOM Jiejie — B IUIAHKOBCKOE COCTOSIHHE, CM.
r1aBy 15) CTAaHOBHUTCS /1€JIOM He CTOJbKO (PU3HKH, CKOJIBKQ FeOMeTpHUM:
BC€ MHMPOBbI€ JIMHUU BEAYT B LIEHTP.

TaxkoBa mnaTta 3a reOMETPUYHOCTb TEOPUM TpaBUTALM, WIH, OPYTH-
MU CJIOBaMH, 3a €e YHHUBEPCAIbHOCTb U BCeOOIHOCTb. BripaxkeHus cra-
JIM CJIOXHBIMH, XOT TEOPHUS MMHMMaJibHa — BCe ee MoAM(HKalMUU MO-
ryT ObITb TOJIBKO CJI0XKHee. 3aTO B TeOpPUM MOABWIMCh UyAeca, TaKue Kak
YyepHble AbIpHl WM HeCTallMOHapHasi BCeJIeHHas.

OWHINTEHH, KOHEYHO, MpHUIIeJ K 3TUM YypaBHEHUSIM COBCEM JPYrUM
MyTeM, ¥ Ha 3TOM NYTH HEMAIyI0 ponb chirpan [Wibbept, Mbl HpPOCTO
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HUSIMM COCTOsIHMS BelllecTBa. VIMeIOT i OHM OTHOLIEHHE K PeasibHOCTH,
MOKa He M3BECTHO.

Hac uHTepecyloT ypaBHeHMS IUIi ONHOPOOHON H3OTPOIHOM BCeJeH-
HOM, KaKOBOHM sIBJfleTCs Hauma. JTO caMblili mpoctoit ciayvail. U3-3a on-
HOPOZHOCTH M M30TPONMM B YpaBHEHMSIX BbIMAJalOT BCe MPOM3BOAHbIE
g,, M0 KOOpJMHATaM, OCTAlOTCS TOJIbKO MPOM3BOAHBEIE MO BpeMeHH. TeH-
30p 3HEepruy MMIMyJbCa CTAHOBUTCS AUArOHaJbHBIM, MO JUArOHAIU CTO-
T € —p, —p, —P, The € — WIOTHOCTb 3Hepruy, p — naeieHue. Metpuye-
CKUi1 TEH30p NpH 3TOM BbIpa)kaeTcsl BCETro yepe3 JBa llapameTpa — Mac-
mtabHblii ¢akTop a(f) ¥ KpUBU3HY TpexMepHOro mpoctpaHctBa k/R(t).
[Ipn aTom « ompegensier 3Hak KpuBM3HHI (k=1 119 3aMKHYTOI BceneH-
HOW, k=—1 mnsa otkpwiToit M k=0 w1 wiockoit), a R(t) — paauyc kpu-
BU3HbI BcenieHHOH. [lepBoe ypaBHeHue DiiHuTeiiHa (¢ uHaekcamu 0, 0)

[IpUHUMAET BUI:
a¥ _87M~. K
(a) =3 C¢ R,

rae @ — Mpou3BoAHas MacurabHoro pakropa nmo BpeMmeHd, a R(?) mpo-
nopuuoHaeH MacumrabHomy daktopy: R(2) = R -a(t). 310 u ecTb ypas-
HeHve DpuaMaHa, ONKMCHIBAIOIIEE OJHOPOAHYIO M3OTPOIHYIO BCEJIEHHYIO.
Ono momyyeHo Tonbko M3 mepsoro (0, 0) ypaBHeHus OiiHImTeitHa, HO
OCTaJIbHble YpaBHeHHS /MO0 HyneBble, MO0 eMy TOXIecTBeHHbl. Ha-
MIOMHUM, B NpocTeiieid Moaenu BceneHHOH 3Hak TpexMepHOW KpHBHU3-
Hbl ompefesser ee cyap0y: ecnm k> 0, To 3a paclIMpeHHeM HOC/IeayeT
cxatue («3akpbiTas» BceneHHas); ecnu k <0 («orkpbitasi» Becenennas), To
paciupeHue 6ynet BeuyHblM; ecin k= 0 («iwiockas» BcesneHHast), To cko-
POCTb pacliMpeHusi CO BpeMeHeM OyzmeT cTpeMuThbcsl K Hy/mo. Ceityac Mbl
3HaeM, YTO BeJIMYMHA R HAcTONMbKO BenMKa, YToO BIMsAHME uieHa k/R’ Ha
AMHaMMKy BcesieHHOI He3aMeTHO Ha JOBOJIBHO XOpOLIeM YPOBHE TOYHO-
cty. PaHble ee BiusiHUe ObUIO ellle MeHblle, IOITOMY /ISl AasibHeiile-
ro aHaM3a MnocJjie[iHuii 4leH B ypaBHeHMH PpuaMaHa MOXHO OTOPOCHTD.

YpaBHeHMe CTaJO COBCEM IIPOCTHIM, OCTaeTCs HaiTH 3aBUCHMOCTb
IJIOTHOCTY 3HEprMM OT MaciuTtabHoro ¢akropa. [l 3TOro Hamo 3HATh
ypaBHEHHE COCTOSIHMA, [aioliee CBSI3b MEXAY IUIOTHOCTbIO 3SHEpruu
Y JaBJieHMeM M 3aBHCdlllee OT TOro, yeM 3amosiHeHa BceneHHas. Camoe
TPOCTOe M BecbMa NpaBAoNonobHOe MpeArosioKeHHe — JaBjieHHe PaBHO
HYJI10. TO TaK, €C/IM OCHOBHAsi 4acTb MaTepuu Bo BceneHHO# cocpenoro-
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yeHa B 3Be3/lax M XoJiogHoM rase. Ceifuac Mbl 3HaeM, 4To ropasno 60Jb-
as 4acTb Macchl BcesleHHO# 3aktoyaeTcsi B TeMHOH MaTtepud. Ho Mbl
TaK)Ke 3HaeM, YTO TeMHas MaTepus COCTOMT M3 CpPaBHHUTE/IbHO MeJJleH-
HO JBIKYIIMXCS YaCTHL, KOTOpble He CO3JaioT AaBjeHus. B ciyyae Hy-
JIeBOro JaBjleHUsl IUIOTHOCTb 3Heprud (OHa ke MpOCTO IUIOTHOCTb, IOM-
HOXKeHHasg Ha %) € ~ @, OCKOJIbKY Macca BellleCTBa B CONYTCTBYIOIEM
obbeme V ~ a’ ocraercsa nocrosiHHON. B aTtoM ciyyae ypaBHenue Opup-
MaHa MPUHMMaeT COBCEM IPOCTOM BUI:
a = const-a'”?

Kak pematorcsi momoOHble npocreiiine auddepeHlnaibHble ypaBHe-

HUs1, OOBSICHEHO BO Bpe3Kke. B JaHHOM c/Tyyae ero pellleHue:
a(t) = constt*?

B koHue 1990-x okasasnoch, 4TO NpenrosoXKeHHe O HyJeBOM JAaBJie-
HUM B COBpeMeHHOH BcesleHHOI HeBepHO, M 3aKOH pacllUpeHUs IpYrom.
06 3TOM YyThb HHXKe.

EcTp elle oaMH >KM3HEHHO BaXKHbIf BapHaHT ypaBHEHHS COCTOSAHHA
BceneHHoM — ysbTpapensTUBUCTCKUIA

p=1/73¢,
BO3HHMKAIOIIMiA, KOr1a OCHOBHAsi Macca YaCTHL JABWXKETCSI CQ CKOPOCTBIO
cBeta win Onu3koil kK Heil. Takoe ypaBHenue cocTosHMA Yy BceneHHoi
6but0 B nepBeie 80 ThiC. JieT ee cymectBoBaHusA. [Ipn paciumpennn Bce-
JIEHHO¥ IUIOTHOCTb 3HEPrvH PeJIATHBMCTCKOrO COJAEPXKMMOro Majaer Kak
1/a* (uncno vactull B emuuuile oObeMa majgaet Kak 1/a’, v sHeprus Kaxk-
IOi yacTHIbl Majaer Kak I/a, 4To mpolle BCEro NpeacTaBUTb KaK pac-
TSDKEHHe BOJIHbI (POTOHAa BMeCTe C IMPOCTPAHCTBOM: A ~ a). YpaBHeHHe
Opuamana npuobpetaer BUL;
(a/a)* = const/a’,
WK
a = const/a
Pellenyie B n1aHHOM ciTy4yae
a(t) = constt'?

[losyuyaeTtcs, uto panHsAs BceneHHas, B KOTOpO# JaB/ieHHe MaTepud
OrpOMHO, paclupsieTcs 1o 6ojee MeaJeHHOMY 3aKoHy (f'2), ueM HblHeLl-
Has (2%). 9to, kasamoch Obl, IPOTHBOPEUHT 3ApaBOMY cMbicTy. Ho Tak
IWKTYIOT YpaBHeHHs. 3allOMHMM 3TOT CTPaHHBIA (aKT — fasblue Gyger
ele UHTepecHeil.
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3TOI [JlaBe aBTOP J[AONYCKAaeT HEKOTOpoe 3aHyJACTBO, MPHUBOAS

noapo0OHYI0 CepHio BBIKJIAJOK, YTOObI NOTOLIHBI YMTaTeNb MOT

MpocjieauTb, KaKk U OTKyZAa OepyTcsl mapafoKca/bHble SIBJIEHUS,
CBSi3aHHble C MOsBJieHHeM BcesneHHO! Ha cBeT. 31ech yXe HeT ypas-
HEHUI B YaCTHBIX MPOM3BOJHBIX, TOJbKO OObIKHOBEHHble NpocCTeiline
nuddepeHanbHble YpaBHEHUS, MeTOJ pelleHUs] KOTOPBbIX M3JI0XKeH
Ha Bpe3Ke.

Bobillle Mbl JIOMYCTWIH, YTO MPOCTPAHCTBO MOXKET ObITh 3alOJIHEHO
HEKUM CKaJISIPHbIM I0J1eM, KOTOpOoe Mbl HampsiMylo He omyuiaeM. Ceii-
Yyac Mbl 3HaeM M0 KpaiiHeil Mepe ouH mpuMep (YHAaMEHTANbHOrO CKa-
nsipHoro mosisi — mose Xurrca. KBanr aroro nons (603oH Xurrca) Hesas-
HO OTKpHIT Ha BosblioM afipoHHOM KosUtaiinepe. Eme omHuM npumepom
CKAJISIPHOTO MOJIsi MOXXEeT OKa3aTbCs TeMHasl 3Heprus, JOMHHHpYOLIas
B IUIOTHOCTH 3HEPrUy COBpEeMEHHOi BcesleHHOM, XOTS B 3TOM c/ly4ae BO3-
MOXKHbI pa3Hble MHTepIpeTaluH.

AbcTparupysich OT KOHKpETHBIX NpPUMepOB, MpeAnosiokuM, uto Bce-
JIeHHas! 3aloJIHeHa ONHOPOIHBIM M MOCTOSIHHBIM BO BpeMEeHHU CKaJISIPHBIM
nonem. JlomycTuM, 3TO mojie MMeeT HEHYJIEBYIO [UIOTHOCTb 3HEPTHH, KO-
Topyto 0003HauuM, Kak €. Kak 3to mose Oyznet BauaATh Ha BeeneHHyio?

Yrobbl MpaBWIbHO BCTaBUTh CKAJIApHOE Mojie B ypaBHeHue (Ppuama-
Ha, OCTAJIOCh BBISICHUTb €r0 ypaBHEHHe COCTOSIHMS: KaK JaBJieHHe CKa-
JIIPHOTO MOJNSt 3aBUCUT OT ero 3Heprud. IlpeacraBum cebe uymecHblit
UK (YyOecHbI, MOCKOJIbKY B peajJibLHOM MHpe TaKoe BOCIIPOM3BECTH
HEeBO3MOXKHO), 3all0IHEHHBII CKAJISIPHBIM M0JIeM, BHe KOTOpPOro IoJjie paB-
HO Hymo. [lycTh y AlIMKa ecTb BBIABIKHASA CTEHKA C PYUYKOii, KOTOPYIO
MOXXHO BBITATMBATh, yBeJHuMBas obbeM siuka. [IoTsHeM 3a CTeHKY, 0TO-
IBHHYB ee Hapy)Xy Ha paccrosinue /. 00beM ALMKA C T0JIeM YBeJIHYHICS
Ha §/, roe s — IWIoWAAb CTEHKHU SAIIMKA. 3HAYMT, SHEPTHUSA MOJIA B SAILIMKE
yBesiuniach Ha es/. OHa yBenMYWIach 3a CUeT TOro, YTO Mbl COBEpLIH-
nu pabory Fl, rne F — cuna, ¢ KOTOpoil Mbl TAHY/M, — OHA paBHAa —psS
(MUHYC nosiB/IsSieTCsl U3-3a TOrO, YTO CHJIa HallpaBjieHa NMPOTHB JaBJIEHHS ).
WUrak, npupaBHMBass paboTy mpupaileHuio 3Heprud, umeem &sl = —psl,
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3HAYWUT, YpaBHEHHE COCTOSIHHUSA (T.e. CBSI3b MeXAY IUIOTHOCTBIO 3HEpPruu
¥ JaBJieHHueM) /I ONHOPOZHOrO U MOCTOSIHHOTO BO BpPeMEeHH CKaJISIpHO-
ro nojus: p = —¢.

OT0 ocoboe ypaBHeHHe COCTOSIHMS: eJMHCTBEHHOe C HeHyJeBOi IUIOT-
HOCTbIO HEPrHH, KOTOpOe JIOpPeHIl-MHBapHaHTHO, T.e. He BbIAACT HabJlo-
JaTeso, C KaKoil CKOpOCThbIO OH JiBMkeTcsl. Habmonarens B moboit cucre-
Me oTcyeTa OyzeT «BUAETH» TO JKe camoe: IUVIOTHOCTb 3HEPruH &, aBjieHre
p =—¢. CpaBHUM C MpPOCTPAHCTBOM, 3allOJTHEHHBIM IIbUIbIO: B CUCTEME OT-
cyeTa, rle MbUlb MOKOMTCS, Ha0JIoaTe/b BUANT IUIOTHOCTb SHEPTHU PC’,
naenenue 0. i HaGmomarens, qBuxylerocs ¢ jopesu-gakropom I oT-
HOCHTE/IbHO MBUTH, TUIOTHOCTb 3HEpruM paBHa I2pc?, Kpome TOro, C €ro
TOYKHM 3PEeHHUs] B TeH30pe 3Hepruu-UMITY/IbCa MOSIBJSIOTCSA HeJuaroHalb-
Hble 3/IeMeHThl (KOMIIOHEHTbl UMITYJIbca YaCTHL] MbUIH).

braronapsi nopeHL-MHBapMaHTHOCTH TaKoe ypaBHeHHe COCTOSIHMS Ha-
3bIBalOT «BaKyyMHbIM», [OflpadymMeBasi MOJl BaKyyMOM Ccpeny, KOTopas
He COJIep)KUT YacTHll WIM NepeMeHHBIX IoJiedd, He MMeeT TeMIlepaTyphl,
JIOpeHLl-MHBapUaHTHA, HO He 00s13aTe/IbHO MMeeT HYJIEBYIO IUIOTHOCTB
3HepPIrUu.

OrpuuaTenbHOe JaBjieHHe caMO MO cebe He JOMKHO CWIbHO YAMB-
nathb. U3 ObITOBBIX ABJIEHUI caMyio GJIM3KYIO MO CMBICTY JeMOHCTPALIHIO
JlaeT MOBEPXHOCTHOe HaTshKeHHe. 3aKpbIB I71a3a Ha TO, YTO 3TO AByMep-
Hbll C/Ty4yail, UMeeM aHaJIOrui0: MbUIbHBIA My3bipb. [loBepxHOCTHOe Ha-
TSDKEHUe Ha Iy3blpe He 3aBHCUT OT pa3MepoB IIOCJeJHero, NpyM HaayBa-
HUM Ty3bIpsl J1I00O# 3/7IeMeHT ero MoBepPXHOCTH He MeHseTCsl, TOJbKO Io-
BEpPXHOCTb CTaHOBUTCH Oosee miockoil. BcoMHMM Temeph JeMoOHCTpa-
LMo paciupsiomeiica BceneHHoit B Bule Ha{yBaeMoro Iiapvka U 3ame-
HUM DE3MHOBbBIY ILIAPUK HAa MbUIbHBINA ITy3blpb — Ha MOBEPXHOCTU HUYEro
HApUCOBaTb HeJb3sl, 3aTO COCTOSIHME 3JIeMeHTa «[IpOCTPaHCTBa» NP Ha-
OyBaHUM He MeHsieTcs. HaTsbkeHue ocTaeTcsl MpeXXHUM.

BepHeMcsl K BceJleHHOM, 3al0JIHEHHON CKaJIApHbIM MojeM. MbUIbHBI
Ty3bIpb 3@ CYET MIOBEPXHOCTHOI'O HATSXKEHUS CTPEMHUTCH CKATbCS — €CJIH
U3 Iy3bIpsl BHE3alHO MCYEe3HeT BO3[YyX — OH COXMeTCs. A BcesieHHas?

Oka3biBaeTcs], OTpULIaTeIbHOE JlaBjieHue (HaTshKeHHe) 3aCTaBiisieT Bce-
JIEHHYIO PaCIIUPSATBCS C YCKOPEHHEeM.

Yrtobbl moka3aTh 3TO, CHOBa oOpaTuMca K ypaBHenuio Qpuamana.
Beillle Mbl BBIMCAIM €ro Ui ABYX BapHaHTOB YpaBHEHUSI COCTOSIHUS —
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neuteBuaHOro (p = 0) u yabrpapenatuBuctTckoro (p = 1/3 €). Cnenaem 3to
st obuiero ciaydasi MpONOPLMOHATIbHOM 3aBUCHMOCTH p = we. Kak Mme-
HseTCs IUIOTHOCTb 3HEpruM C M3MeHeHHeM MaciutabHoro ¢akropa? Bo-
nepBbIX, OHA MEHSeTCsl ¢ M3MeHeHHeM o0beMa Kak

__4dvV __da ,__jda.
de=-%, -£=-"3 £=-3°]-¢€

Bo-BTOpBIX, [UIOTHOCTb 9HEPrMHM MeHSIeTCsl M3-3a TOro, YTO JiaBJIeHHe CO-
BepuiaeT pabory:
dv da
deE=-p- =-3p-
Py P q

B CyMMe:

de  ,D+E _ 1+w

da 3, =3y

Pewienne aroro ypaBHeHus:
e=¢g,a>),

[fie £, — KOHCTaHTa Pa3MEPHOCTH IVIOTHOCTH 3HEPrHH, KOHKPETHOE 3Ha-
yeHHe KOTOpOW 3aBUCHUT OT BbIOOpa BpeMeHM OTcueTa; MOJIoKuM a = 1.
[loncraBum ero B ypaBHeHne Opuamana:

a/a =\N8n/3Ge,.a ()
da/dt = H a'=?"*

Koncranta H, = \87/3Ge, uMeer pa3mepHOCTb, 06paTHyI0 BpeMe-
HY, — 3TO He YTO MHOe, KaK NOoCToAHHAas Xa00/ia B MOMEHT, Koria Mbl 3a-
¢duxcupoBany a = 1. UtoObl He My4YUTbCS C pa3MepHbIM BpEMEHEM B pas-
HbIX CTeleHsX, obe3pasMepum €ro, NojioxuB Jainee ¢t =t H, rae t — Bpe-
M#, BeIp@Kaemoe, HalpuMep, B CeKYHJax, a MocTosHHas Bpemenu 1/H,
3aBUCHT OT TOro, Ha KaKOM INpOMexyTKe ucTopuu BceneHHoit Mbl pabo-
TaeM, — 3T0 MOxkeT ObiTh 107¥ ¢, eciu peub UzeT o caMoii paHHeit Bee-
neHHol, wim 10 MpJ JIeT s cOBpeMeHHO¥A.

Pewienne ypaBHenue Opuamana ¢ TakuM Oe3pa3MepHbIM BpeMeHeM

(cM. Bpe3sky):
a= t2/3 1/(1+w)
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Ecin w = -1, Te. p = —¢, Kak B Bakyyme, TO [OKa3aTejb CTelleH-
HOii 3aBHCHMOCTH OT BpeMEHM CTaHOBHUTCS OeCKOHEYHbIM — B 3TOM CIIy-
yae MacluTaOHblii (PaKTOp pacreT 3KCINOHeHLMaTbHO (cM. Huke). Ecim
@ =-1/3, To pocT Uaer no JMHeHHOMY 3aKOHY C [MOCTOSIHHOW CKOPOCTBIO:
a =t Ecm w > —1/3, To nokasarenb cTeleHHd MeHbllle eJMHUIBI U pac-
mYpeHre uner ¢ 3amemieHueM. A e —1 < w <-1/3, To paciumpenne
MPOCTPAHCTBA YCKOPSIeTCS CO BpeMeHeM.

VckopeHHoe paciumpene npu p < —1/3 € MOXXHO HHTepHpeTHpOBaTh
KaK JieiCTBMe CWIbl IpaBUTAllMM, KOTOpasl CcTaja pacCTajJKuBamoLei. 3ToT
dakT cam no cebe nopasuTteneH — rpaBUTaLUsl U3JpeBiie OTOXAECTBIS-
nacw ¢ TarotedueM. IlpaBna, STUM CBOMCTBOM OTTaJIKMBaHHUS HEJb3sl BOC-
TN0JIb30BaThCs, KaK aHTUrpaBUTalueil B (aHTacTHyeckux pomanax. Ilose
C OTpMLIATe/bHbIM JIaB/IeHHEeM JO/DKHO 3aHMMaTh OrpOMHOe NPOCTPaHCTBO,
Oonbllle pa3MepoB rOPU30HTA, MHAYe HA Kpasx OHO Oyner oyeHb OBICTPO
MajfiaTh U «BBHIFOpaTh», CTPEMSCh CKaTbcA. K TOMy ke mose JOMKHO ObITH
BeCbMa OJHOPOAHBIM BHYTPH 3TOrO MPOCTPAHCTBA, NMOCKOJbKY Ji00ble ero
nepernazabl (rpafiMeHT) NaoT BKIaA B nmputskeHue. YtoObl pacTajKuBaHMe
cpaboTasio, paciuiMpeHKe AO/DKHO ObICTPO BBIHECTH BCE «Kpas» MPOCTpaH-
CTBa, 3aHMMaeMoro mnoseM, 3a ropu3oHT. TakuM 00pa3oM, pacTaJKUBAIO-
i 3¢ ¢eKT rpaBUTALIMM He MOXeT ClieJlaTb HUYero, KpoMe Kak co3[aTb
OrPOMHYIO BCEJIEHHYIO W1 pa3AyTh yXe CYILeCTBYIOLLYIO.

Terepb BCIIOMHHM JIAMOIa-wieH, BBeJeHHbI DAHIITEHHOM B MOIBIT-
Ke CTabWIM3UpOBaTh HecTalMOHApHYI0 Bcenennyro. OH TpaaMIMOHHO
o003HayaeTcs rpevyecKoil «1AMOIa», OTKyla M MOJMYYWI CBOE Ha3BaHUE
(asbTepHaTHBa — KOCMOJIOTHYECKasl MOCTOsIHHAsA), U (pUrypupyeT B ypas-
HEeHUAX cleayooimuM obpasom:

Ruv - %Rg,uv - 8”Ag,uv = ISZI Tyv

OH ToXe MMen pacTtalikuBaroMii 3¢dexT U ObUT MO onpeneneHHIo
KOHCTaHTOH BO BceM MpocTpaHcTBe. YpaBHeHue Q®puamana ¢ nsambaa-
WIEHOM B OTCYTCTBME MaTe€pHH U B IpeHeOpe)KeHHH KPUBH3HOM Mpo-
CTPaHCTBa BBINISIAUT TakK:

(4 -4 a0
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roe a — maciutabHblif PakTop, d — ero Npou3BOJHAs MO0 BpPeMEHH.
VYpaBHenne QOpuamana 6e3 nambaa-uieHa, HO CO CKISPHBIM 10JieM, BO-
IleIIMM B YpaBHeHHe uepe3 TEH30p 3HePruu-UMITy/ibCa:

(a/a)* =8r Gl ¢

Jla Bemb 3TO abCONMIOTHO TO e caMoe, eCIM € MOCTOSIHHO BO Bpe-
MEHH M MpOCTpaHCTBe U ecnu monoxutb A = ¢! Tak nambaa-unen, 3a-
OpakoBaHHbIIf DAHIUTEAHOM, BepHYJICS B UCTOpHIO Oiarofaps pa3BHTHIO
TEOpUM MOJIsl, Ha Ceil pa3 B MPABYI0 4aCTb YpPaBHEHWs, 4epe3 TeH30p
3Hepruu-uMITyJIbCa.

Kakum Oyner pelienve ypaBHeHusi OpuamaHa, pUBeeHHOro Bbillle?
KoHeuHo, 3KcroHeHTa: a = ¢/, rhe f, HanoMHuM, — OGe3pa3mepHoe Bpems,
BBIpa)kaeMoe yepe3 oObI4HOe Bpems, Kak ¢ = ¢ H; H — nocrosxnas Xa66-
JIa, KOTOpas B JIaHHOM CJly4yae He MeHsieTcs co BpeMeHeMm: H = V8w G/3e.

910 pelieHre HOCUT UMA e CuTTepa, a yMO3pUTe/IbHAsA COOTBETCTBY-
IoLasi eMy BCeJleHHas Ha3biBaeTcsl «<MUPOM e CuTTepa». ITO HeCKOJbKO
cTpaHHbIi Mup. HecMOTps Ha aKcloOHeHUMaNbHBINA POCT MacliTaba, B HEM
HUYero He MeHsercs. B HeM Her 1006a/bHON BBIIENIEHHOW CHUCTEMBI OT-
cueta (a B Haueil BceneHHoO! OHa ecTb — Ta, YTO CBfA3aHa C YCpPEIHEH-
HbIM JBWXEHHEM TaJlaKTHK M PEIMKTOBLIM U3TydeHHeM). TaM HeENOHAT-
HO, KaK OIpeIe/UTb NPUUYMUHHO CBSI3aHHYIO 00/1acTb — ropu3oHT. Bosee
TOro, 111 MUpa Ae CuTTepa MOXHO NMpeoOpa3oBaTh KOOPAMHATHI TaK, YTO
oH OymeT BoOOILEe CTallMOHAPHBIM.

CTpaHHOCTH 3TOrO MHpPa CHUMAIOTCS MajleflIUM OTKJIOHEHHUEM OT Ba-
KYYMHOTO COCTOSIHUSI.

Eciu Tam ecTb XOTb HEMHOro OOBIYHOH MaTepuH, ec/ii CKajIspHoe
nojie ¥ ero IJIOTHOCTb XOTb YYTb-YyTb MEHSIIOTCS BO BPEMEHHU WIM IPO-
CTPaHCTBe, Cpa3y IKCIIOHEHIIMaJbHOe paclIMpeHHe CTaHOBUTCS peaslb-
HbIM, XOTSl 3aKOH paclUMpeHHst OyIeT YyTb-UyThb OTIMYAThCA OT IKCIO-
HeHThl (cM. Bpe3ky M puc. 13.1). Cpady ucye3aeT CTallMOHAPHOCTb, MO-
IBJISI€TCS BbiJleJIeHHasl I7I00asbHas CMCTEMa OTCUEeTa ¥ MHOToe Jpyroe.

[lepexon OT 4KMCTO BaKYyMHOTO COCTOSIHMSI p = —& K OJIU3KOMY,
HanpuMep p = —0,99¢, onucaH Ha Bpe3ke M MpPOMJUTIOCTPUPOBAH Ha
puc. 13.1. Tlepexox mOCTaTOYHO M1aB€H, HO eCTb U Cepbe3HOe OTIHU-
Yyye — TAe-TO MpOILJIOM CTeleHHas 3aBUCHMMOCTb YIHMpaeTCsi B HOJIb,
a B Oymymem CUIBHO OTKJIOHsieTcs BHM3. KcTaT, TeopeTHKH paccMma-
TPUBAIOT BO3MOXHOCTb p < —¢. [lpu 3TOM HapylaeTcsi Tak Ha3biBae-
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|
Kak pewatoTca camblie npoctbie Audypbl

MockonbKy aBTOpP HAMEPEH NOMOYb YHUTATEeNsIM (XOTA Bbl TeM, KOTOPbIe MOMHAT
yTo-HMGYAb O NPOM3BOAHbLIX) BCepbe3 pa3obpaTtbes, 0Tkyaa GepeTcs yCKkopeHHoe
pacwupenue BceneHHOW 1 Kak paboTtaeT MexaHM3M KOCMOIOrMYECKOW MHPNALMK,
Ha AaHHOW Bpe3ke noApo6HO 06bvACHEHO, 0TKyAa 6epyTcs NpuBeaeHHble

B TEKCTe peweHus ypaBHeHus Opuamana. Nepsoe, 4TO HYXXHO 3HaTb, Kak
BbIFNSANT NPOM3BOAHAnA CTeNHOW QYHKUMK ¥ = XP (B — niob6oe pukCcMpoBaHHoe
uucno). Bot Tak: dy/dx = fxP-'. YpasHeHue OpuaMaHa ans Hyneson KpUBU3HbI

C y4eTOM ypaBHeHWs! COCTOSIHWUS U NPU UCNONb30BaHMK Be3pasMepHOro BpeMeHu
(BbIpaXKeHHOro Yepe3 NOCTOAHHYK Xabbna) BbIrNAAUT Tak:

da/dt = a*,

rae a — MacwrabHbii PakTop, 0. 3aBUCUT OT ypaBHEHUA COCTOSIHUA BCENEHHOM.
PeweHwue uwetca B Buae

a = c(t+t)P,

rae ¢ u t, — KoHcTawTel. MoacTaenseM B ypasHeHne ®@puaMana:

pe(t+t)P! = co(t+t )P

MoHATHO, YTO CTeneHu y NnepeMeHHOW Cnpasa 1 cnesa A0MKHbI 6bITb paBHbI:

ﬂ—l = aﬂ'

OTKyAa

B=1/(1-ao)
"
c=(1/p¢

Ha koHCTaHTy t, noka He o6pawaeM BHUMaHus. O6paTUTL BHUMaHKe Hado Ha
cnyyan a = 1,korpa b obpautaetcs B 6eckoHe4HOCTb. B 3TOM cnyyae ucxoaHoe
ypaBHeHue npespallaeTcs B

da/dt = a.

JTO He TONBKO CaMOe NpOCTOe, HO U CaMoe 3HaMeHuToe AuddepeHuMansHoe
ypaBHeHue, ONucbiBaloLee pa3MHOXEeHWe HEUTPOHOB NPU SAEPHOM B3pPbIBE UK
6akTepwuii B BnaronpustHoit cpeae. Ero pewenue

a=¢e

OCHOBaHO Ha CBOWCTBE IKCMOHEHTbI OCTaBaTbCA CaMoi coboi npu
anddepeHumposaHun. OaHako, npeaMeToM pa3bupaTenscTBa 0CTaeTcs nepexoa
MEXAy 3KCNOHEHLUMaNbHbIM U CTeneHHbIM peweHneM. OH 13 coobpaxeHuit
34paBoro CMblCNa A0MKEH BbITb NNaBHbIM, a U3 GOPMyn 3TOro He BUAHO. 3aeChb
HaA0 BCNOMHWUTb NPO KOHCTaHTy t,. [lo6asuM ee Tak, 4To6bl pewenue npu t =0
coBnagano C 3KCnoHeHumanbHbiM. Hago nonyuntb @ =1 npu t = 0 u ans 3atoro
B3ATb t)= .

a=(1/BP(t+ B =(1+t/pp

A Tenepb Haao BCMOMHUTL ONpeaeneHue Yucna e u ybeauTscs, rsaHys

B yuebHUK unn «Bukuneaunio», 4To nocneaHee BoipaxeHue npu b ctpemMsLeMcs
K 6eCKOHEeYHOCTH (4TO NPOUCXOAMT, KOraa a CTpeMuTCs K 1 u3-3a Toro, 4To
ypaBHeHUe COCTOSHUA BCENEHHOMH CTPEMUTCS K BaKyyMHOMY), CTDEMMUTCS K €',
Pewenwus ans 3HaueHwui a 6auskux K 1 (Mnu 6onbluimnx 3HaYeHU b) nokasaHol

B norapupmMuueckom Macwrabe Ha puc. 13.1.
]



14. Bennkoe obbeanHeHMe Hayk

OCMOJIOTMSl BO3HMKJIA KaK Hayka O CaMOM T'MTaHTCKOM: KOCMOC,

raJlakTMKH, MWUIHapAbl CBETOBBIX JIeT, MWUIMApAbl JIeT BPeMEeHM.

Ho yxe Gonee monyseka Ha3aj OHa Obl He CMOIIa CABMHYThCS
c Mecta 0e3 sjepHOi (PM3MKH: MOoueMy 00pa3oBasoCh CTOJNLKO-TO Tesus
M CTOJIbKO-TO JeiiTepusi; ropsiuei poaunach BceneHHass WM XOJIOAHOW;
ec/ii ropsiuel, To KakoBa ee HbIHeIHss TeMmnepaTypa? Bce aTu Borpochl
pelajuch ¢ TabNMIIaMH JaHHBIX MO siiepHOi (u3KKe.

B nepBrie MrHoBeHHMsi CBOero cyulecTBoBaHMsl BcenenHasi Obuta Ha-
CTOJIbKO IUIOTHOI1 U ropsiyeif, YTo COCTOs/Ia M3 4aCTHUl], KOTOpbIe cerdyac
B CBOOOJHOM BHJle B IpHpOJie He CYIeCTBYIOT, — Mbl 3HaeM 00 3THX ya-
CTHLIaX TONMbKO Osaronapsi coBpeMeHHON (M3HMKe MHKpOMHpa, OMUpAIo-
leiicsl Ha JaHHble, JOObITHIE C TOMOIIbIO ycKopuTeneil yactul. U, Ha-
obopoT, To, uTO Mbl HabsoJaeM B MOIIHeMILIMe TelecKOmbl — ONTHYe-
CKHé ¥ MMKPOBOJIHOBbIE, — KOCBEHHbIM 00pa3oM JaeT Ba)KHEHLIYIO HH-
dopmauuio ms husnkum MUKkpomupa. Hukakoii TeopeTuk no ¢usuke ya-
CTHI] He MO)keT Oe3HaKa3aHHO BBECTH B TE€OPHUIO HOBYIO CYIHOCTb: Cpa-
3y HaJo MPOBepAThb, He JaeT JIM OHa KaKUX-JM0Oo HerpueMJieMbIX MOC/e]-
CTBMIA B KOCMOJIOTMH, HallpUMep, NOBJIMSIB HAa YpaBHEHUe COCTOsIHUSA Bce-
JIeHHOM B KaKOW-TO MOMEHT.

TakuMm oOpasoM, ¢u3uKa MHKPOMHMPA M KOCMOJIOTHS TPaKTHYECKU
o0benuHMIMCh. BripoueM, ele panblue Tak ke 00beAMHMINCH (PU3MKa
M acTPOHOMHSA B HAayKy NOJA Ha3BaHMEM «acTpodusuka». ITO B KOPHE
NPOTHUBOPEUYUT pacXxokeMy MHEHHIO O TOM, UTO YCJIOXKHSIOIascsA Ha-
yka Tpebyer Bcé Gosee y3kux npodeccHOHaIoB, KOTOpble B Mpejese
3HaIOT «BCEé HHU 0 4yeM». [lomyyaercss HaoOOpOT: Hayka TpebyeT Jsozeit
co Bcé Ooslee LIMPOKMM Kpyro3opoM. PasHble BeTBHM HayKH 3aUMCTBY-
IOT JpYT y Apyra MeTombl, a TO U CaMUX HcclenoBaTeneil. be3 mono6-
HOIl MUrpalMy Hayka 3axupesia Obl y)Kke IaBHO, M1 HelapOM BO BCEBO3-
MOXXHbIX Hay4HbIX FpaHTax 4 MporpaMmax BCE€ yallle MeJIbKaeT CJI0BO
«MYJIbTUJUCLUIVIMHAPHOCT». K coXajleHuio, OHO 4acTO HUCIOJIb3yeT-
cq He B caMbIX 0JIarOBHAHBIX IieJIAX, HalpUMep, YTOOBI MPOBECTH CJla-
Oyio muccepranuio yepe3 HenpoduiabHbii coBeT. Ho Tak UM uHaue,
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14. BEANMKOE OBBEOUHEHUE HAYK

IJIaBHble NPOPBIBBI B HayKe ceidyac, Kak M paHbllle, esaloTcsl 0OBIYHO
JIIOJbMHU C LIMPOKUM KPYro30pOM.

Bolille Mbl y)Ke CTOJIKHYJIMCh C TeM, YTO B KOCMOJIOTMM OKa3aJMCh 3a-
TpeboBaHbl sifiepHast (u3rvka U Teopust nons. [lo mepe npuOMDKeHus
K caMoMy Hauyany BcenenHoit TpeGyeTcsi 3HaHHWe, cBsi3aHHOe CO BCEé 60-
Jiee BBICOKMMH 3HEpPrusIMHM 4acTHUL] — TeMIepaTypa pacTeT 10 HEeMbIC/IH-
MBIX BeJIMUMH. B Kakoii-To MoMeHT (IIOpsiiKa foJeil HAHOCEKYH/IbI) SHep-
TMM CYLLECTBYIOIUX YCKOPUTeJIeil y)ke He XBaTaeT [yl BOCIPOU3BeAEeHUs
B3aUMOJIeCTBUI YacTHLl, KOTOpble Toraa npoucxoawid. [ns npoxaBuke-
HUA ellle IIyOXKe He XBaTUT 3HEPTMM YCKOPHUTENS, KOTOPBIN MPUHLIMIIHU-
aJIbHO MOXKeT ObITb CO3[laH B yC/I0BUAX 3eMJM. 3ByYald M MpPOJO/DKAIOT
3By4YaTb BbIKa3blBaHHs, YTO MUP M0 3TON NPUYKMHE HElO3HaBaeM 10 KOH-
1a. A mpoaBinkeHHe BCE MPOUCXOMAUT.

B cremyromux rnaBax peyb moifieT o mpoleccax, BOCIpOM3BeIeHHe
KOTOPbIX BBIXOAMT 3a Ipefieibll BO3MOXXHOCTe# SKCIIepUMEHTaIbHON (Pu-
3MKY BBICOKMX 3HEprvili Ha MHOTO NOPAAKOB BeauuuHbl. OHa U3 Teopui,
KOTOpasi o3BoJisieT NpHOIM3UThCsl coBceM 0m3ko k Hauaiy, rne-Hubyns
Ha 107% ¢, Ha3bIBaeTcs1 Teopueil BeauKoro oobeauHenus. Peub 3nech uaer
06 obbenuHeHnH (pu3MUYeCKUX B3aUMOAeNiCTBHUii, a He HayK. O Heil Go-
Nlee MOAPOOHO paccKaXkeM HibKe, a ceifyac mapy CJIoB O eie Gosee na-
JIEKOM Ipefie/le — COBepIIeHHO HeIOCTHXHMOM 3SKCIIepUMEHTAJIbHO, HO
SIBHO TIPOCMaTPHUBAIOLUIMMCSI TeOPeTHYECKH.



15. JlectHnua Macwtabos
U NNAHKOBCKUM NMOTONOK

BITb MOXXET, 3TH 3JIEKTPOHbI — MHUpBI, TAe NATb MaTepu-
(( EKOB...» — Banepwuit bprocoB namucan 3to B 1920 rony, korna

yXKe 3aKIaAblBAJINCh OCHOBbl KBAHTOBOW MEXaHMKH, rOBOpS-
1, YTO 3TOro OBITh HE MOXKET B MpHHIKMIE. MUp Ha pa3HbIX MaciuTabax
He camornofobeH — TYT HeJi0 He TOJBKO B KBAaHTOBOH MeXaHHMKe: MyXxa
pasMepoM CO CJI0OHa He CMOXKeT He TOJIbKO JietaTb, HO U M0/3aTb —
nanbl He BbiiepkaT. Ho KBaHTOBasi MeXxaHMKa MeHSleT MUD paJuKallb-
HO: KMcYe3aeT TPAaeKTOpUSl 4YacTHILbl, Mcye3aeT OJHO3HA4YHas NPHUYHMHHO-
C/IeICTBeHHasl CBA3b, MCUe3aeT MOJHAA JieTepMUHUPOBAHHOCTb Oyayiiero
HactosiuM. Puuapa QeiiHMaH BbICKa3aJicsl B TOM AyXe, YTO KBAHTOBYIO
MeXaHUKY He MOHMMaeT HHUKTO, HO eCTb JIIOJH, KOTOpble XOpOLIO YMEKT
eif Mob30BaTbCA U ONMUCHIBATH C €€ MOMOIIbIO SBJIEHUS! PUPOJBbL.

KBaHTOBasi MexaHuKa JOCTaTOYHO NpoOCTa ¢ MaTeMaTHYeCKOH TOYKH
3peHus], OKa OHa OCTaeTCsl B paMKax OMMUCAHUSI HepesITUBUCTCKUX Ya-
CTHLl BO BHelllHeM noTeHuuasle. Ho ¥ B 3THX paMkax OHa Tsbkena s
MHTepIpeTaluy, opoxaast Bcsikue Kypbe3bl THna kota llpénunrepa (cy-
Nepro3uiiMs KMBOTO ¥ MEPTBOrO KOTOB), MHOTOMHUPOBOI HMHTepIipeTalu
M CWIbHOTO aHTPONHOro NpuHuuna (4ToObl BCeleHHas pean30BasIach,
B Hell JI0JDKeH BO3HMKHYTh HalJrofarers).

KBaHToBas Teopus moss Aaxe B paMKax TeOpHM BO3MYILEHUH MO 3y-
6am To/bKO npodecCHOHaaM, XOPOILIO Baflel0lIMM HYXXHbIM MareMaTH-
YecKUM anmnaparoM, 3a paMKaMH MeTOZla BO3MYILeHHH Yy)ke HermoTpe6HO
CJIO)KHA U He MMeeT TOYHOIO KOHCTPYKTMBHOTO MaTeMaTH4yeCcKoro Onuca-
Hud. [IpuxoauTcs BBOOUTH JUCKpeTHOe NMPOCTPAHCTBO- BpEMH (peLetky),
yTOObl XOTh HaMMUCaTh KOHCTPYKTHBHbIE BbIPAXKEHHS.

M Bcé xe B KBaHTOBOH MeXaHHMKE eCTb OIMH OYeHb NPOCTON NpPHH-
LIMII, TO3BOJISIOIIMIA Cpa3y OLleHMBaTh MacIITad KBAaHTOBBIX SIBJIEHHI. JTO
NPUHLMUN HeomnpeaeneHHocTH [eiizen6epra. Hanomuum:

Ap Ax ~ h/2
AE At~ h/2,
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rae Ap — HeompelesIeHHOCTb B UMIYJIbCe 4YaCTUllbl, Ax — Heolpele-
JIEHHOCTb B IOJIOXKE€HUHU YaCTHULIbI, BTOpass CTPOYKa — aHAJIOTUYHO AJiA
HeollpeZleJIEeHHOCTel B 9HEPrMM M BpeMeHHM, i — mocTosiHHas [lnaHka.
JTO cTONb Xe (yHIaMeHTa/lbHAsi MOCTOSIHHAsA, KaK U CKOpPOCTb CBeTa.
K Hum Hamo nobaBuTh ellle rpaBUTALMOHHYIO noctosHHyio G. Ecin
1 eCTb UTO-TO oOlllee Yy pa3HbIX BCeJEHHBIX, TO, CKOpee BCero, MMeHHO
3Ta TPOMKa KOHCTaHT. KoHeuHo, 0OIIMMH He MOTYT ABJIATHCA UX KOH-
KpeTHble YUCJIeHHble 3HAYeHUs — OHM eCTb pe3yJibTaT Hallero Ipo-
13BOJIbHOrO BbiOOpa enuHul. HaobopoT, 3TH KOHCTAHTHI 3aJalOT ecTe-
CTBEHHYIO CHCTEMY eJMHHII, TpaBJa, He oueHb yAOOHYIO JUIa Hac (cm.
HU)Ke B 3TOi r7aBe). OBLIHOCTL CKOpee MOXET 3aK/04aThCs B TOM,
YTO IPOLIECCHl B Pa3HbIX BCeJIeHHBIX UMEIOT B 3TUX eCTeCTBEHHBIX eIu-
HMLIaX OJMHAKOBOe OIMCaHue.

M3 cooTHOLIEHUs Heollpee/IeHHOCTe! JIerKo OLIeHUTb, HallpUMep, pa3s-
mep aToMa Bofioposia R, He mpuberas K pelleHMIO KBaHTOMEXaHHYECKHX
YpaBHEHMIi: 3Heprus CBA3W 3JIEKTPOHa B atome mopsaaka E = e’/R, , rne
e — 3apsan 2NekTpoHa. KuHeTruyeckass 3Heprusi CBA3aHHOTO 3/IeKTPOHA
IO/DKHA ObITh TMOpSAIKA MOJIOBHUHBI 3HEPIHH CBSI3W — BO BCSKOM C/Tyyae,
Tako#M mpuHUMN cobimopaercs B Kiaccuyeckoit Mexanuke. OT 6osee ry-
Gokoro mageHusi 3M€KTPOHA Ha NMPOTOH CTPAXyeT KaK pa3 INPUHLMI He-
onpelie/IeHHOCTH: Ap Ax ~ \fE_me, R, ~ h/2. VI3 3THX yc/oBUil HaxoauM,
uro R, = W’/4 ez/me= 0,13-10% cm, uTOo B YeThipe pa3a OTIMYAeTCs OT
pa3mepa 60poBckoro paavyca (KOTOpblif, KOHEYHO, TOXKE BeCbMa YCJIOBHO
XapaKTepusyeT pa3Mep arToMa). Takyl0 TOYHOCTb MOXXHO CUMTaTh BIIOJI-
He YIOBJIETBOPUTEJILHOI.

ObpaTuTe BHMMaHHe, YTO Macca 3JIEKTPOHA CTOMT B 3HAMEHaTee.
OTO 3HAUMT, YTO eclM BMeCTO 3JIEKTPOHa B aToMe Oyjer Gosee Tspkenas
YacTHULa, TO ero pa3Mep Oyler MeHblue. Tak ¥ eCTb, MIOOHHBI aTOM BO-
nopona B 100 pa3 MeHbllle HOpMaZbHOrO aToMa Bozopoaa. Ho MIOOH xu-
Ber Bcero 10°c. A eciu 6b1 oH ObUT cTabwien? Torma Moriu Obl cyiie-
cTBOBaTh Mojeky/sl B 100 pa3 mMeHblero pasmepa, a Takke B MHWUIHOH
pa3 6osiee IUIOTHBbIE KMIKOCTH M TBEpble BEILECTBA.

Takum 00pa3oM, KBaHTOBas MeXaHHKa AMKTYET: CHCTE€Mbl MEHbIIEro
pa3mMepa MOXHO CTPOUTb TOJbKO M3 0oJiee TshKeJbIX YacTHIl, U CBsA3a-
Hbl OHU JIOJDKHBI ObITH CWIbHee. Tak YTO HM O KaKMX MMpax Ha MacllTa-
0ax aTomMa peud MATH He MOeT. Y Hac HeT 6oJiee TSXeJblX CTaOMIbHBIX
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yactul! CrabwibHasi cOCTaBHasi CUCTeMa HauMeHblero pasmepa, Cylie-
CTByIOLLlasi B HbIHelUHeN BcesieHHOH, — MPOTOH.

A KakoBbl OyJyT pa3Mepbl KBaHTOBOi rpaBUTALIMOHHO CBSI3aHHOW CH-
cTeMbl JBYX 4acTuu? MHbIMU c/loBamM, KaKOB pa3Mep aTOMa, CBSI3aHHO-
ro TONbKO cwiamu rpaBuTauuu? CocTaBisioOlMe ero YaCTHLBI JODKHBI
ObITb HEHTpaJbHBIMH, MOCKOJbKY KYJOHOBCKOE MpPUTSDKEHHWEe WIM OTTall-
KMBaHHe CWIbHee rPaBUTallMM. YBbI, Y HaC HeT HEHTPaIbHBIX CTaOWIb-
HbIX 3/IeMEHTapHbIX YacTHL], KOTopble UMeu Obl Maccy (Kpome pa3Be 4TO
HeiiTpuno). [loaToMy Bo3bMeM HednleMeHTapHbIe YaCTHIIbI, HAlPUMeEp JBa
aToMa Bopopona. Umeem: sHeprus cBsizu E = Gm ?/R, COOTHOILEHHE HEO-
npefie/IeHHOCTH: \/f ‘R = h. PesynbraT R ~ hz/Gm 3 ~ 10% cM. JTO 1N1O-
pAnKa MWUIMOHA CBETOBbIX NeT — MOJIYTH 10 Tymannocm Annpome-
apl. [IoHATHO, YTO 3HEprus CBSI3M TAKOro aToMa Maja JO IMOJHOH MoTe-
pu cMmbicna. OnHako oOpaTuTe BHMMaHUe, YTO PacCTOsSIHME 0OpaTHO Mpo-
MOPLHOHAIBHO KYOy Macchl YacTuiibl. EC/iM B3sSTh HeJaBHO OTKpBITHII 00-
30H Xurrca, wiu W-0030HbI, KOTOpble NPUHAIJIEXKAT K TOMY e YPOBHIO
vepapxuu ¢u3nYecKUx MaclTaboB, pa3mMep rpaBUTALIMOHHOrO atoMa 0Oy-
IeT OKOJ0 cBeToBoro roja. Toxke GeccMbICJIeHHO, TeM 0oJjiee, YTO YTIO-
MSIHYTBIE YaCTHIbl XKUBYT HUUTOXKHbIE JOMM ceKyHAbL CyiiectBeHHO 6o-
Jlee TsDKeJIbIX YacCTHUL] Mbl MI0Ka He 3HAaeM, HO eCTb cepbe3Hble OCHOBaHMS
npearnosnarath, YTo 3a OPOMHBIM MHTEpPBAJIOM B 14 MOPAIKOB BEJIHYH-
Hbl 110 3HEPruM B3aUMOJENCTBHIA M M0 Macce 4acTHI| HAYMHAeTCs HOBast
¢u3uKa, HOBBIi YpOBeHb HepapXMH — TaK Ha3blBaeMoe BeJIMKoe 00be-
auHeHue. TaM JO/DKHBI CYLLECTBOBATh YacTHIlbl, koTopbie B 10'°-10' pa3
TsDKeslelt npoToHa. Ceffuac TaKMUX 4acTHIl HEeT — pacHajMch, HO OHH CY-
LeCTBOBAJIM B NepBble MTHOBEHUs nocse poxxaeHus BceneHHoil. Pasmep
rpaBUTaLIMOHHOrO aToMa M3 4YacTul, kortopbie B 10'® pa3 Tskeneii npoto-
Ha, — 107 cM — Ha MHOrO HOPSAKOB MeHblIe BCEro, YTO JOCTYIHO 30H-
AUPOBAHMIO Ha CaMbIX MOIUHBIX YCKOpUTeNsAX. Termeph NMpPUKUHEM 3Hep-
rHIo CBA3U Takoro aroma: E = GM?/R = 7 spr — BrojlHe MaKpOCKOMuye-
cKasi BeJMuMHa. YToObl pa3bMThb TakoH aTOM, He XBaTUT HEPrUH Bosib-
1IOro aZipoHHOro Kosutaiinepa. Ho B ycioBusix paHHeil BcesenHoii, koraa
ee Temreparypa ObUla OrpOMHOi M CYLIECTBOBIM 4aCTHULbl YPOBHS Be-
JIMKOro obbeMHeHus], 3T0 ObUT OYeHb PHIXJIbIA aTOM.

A MOXeT /I rpaBUTALIMOHHBIA aTOM ObITh HACTOJILKO CWIbHO CBSI3aH-
HbIM, YTOOBI 3Heprusi CBA3M OKa3ajach CpaBHMMa C MacCON COCTaBJIfIIO-
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mux ero yactuu? Moxert, ecau yactunsl B 10" pa3 Tsxesnee nporona. Jra
Macca o MopsaKy BeJnuMHbl paBHa 107°r u HasbiBaetcsi Maccoit [lnaH-
Ka. Paamep atoro aroma Oymer 1073 cMm, JaHHasi BeMYMHA Ha3bIBAaeTCs
IJIAHKOBCKOH JIMHOIA.

MHTrepecHo, kKakoB OyJeT paavyc 4YepHO# AbIpel Maccoit Te xke 1075r
(Rg= GM/c?)? OxasbiBaercsi, Kak pa3 3T camble 107 cm! To ecTb rpa-
BUTALMOHHBIA aTOM JIBYX TOYe4HbIX yacTul Maccoi 107°r okasbiBaeTcs
yepHOi1 Ibipoil. B 3ToM 3akmoyaeTcss CMBICH IUIAaHKOBCKOrO Maclutaba:
CXOIATCA KBAaHTOBasi MeXaHMKa (aTOM) M CWIbHas rpaBUTaLMs.

Mexnay npouuMm, yepHast Iblpa Maccel, Hampumep, 107 r MrHoBeHHO
UCIApUTCS, M3JyYUB YaCTHLbI CBEpPXBBICOKOH 3Hepru (MexaHusM Xo-
kuHra). Ho, BO3M0O)XHO, OHa MCIapUTCSl He MOJHOCTbIO — OCTaHeTCs yep-
Has [plpa IUIAHKOBCKOM Macchl. BrpoyeM, 3TO TpymHO cka3aTb HaBep-
HKa — BO3MOXKEH paclaj ¥ Ha 4acTHLbl MeHblled Macchl. A uyepHas
Iblpa Macchl MeHbllle [UIAHKOBCKON HEBO3MOXXHa B CWIy MPHHIIMIA Heo-
npeJie/IeHHOCTH: ee HeBO3MOXKHO JIOKJIM30BaTb BHYTPH CBOEro rpaBHTa-
LIMOHHOrO paauyca. TOUHO Tak ke M 3/eMeHTapHas (To4yeyHas) 4acTHla
C Maccoi 6onbllle IUIAHKOBCKOIM OKaXKeTCsl 1MOJi CBOMM TI'paBUTallMOHHBIM
paavycoM — T.e. YepHOH AbIpoH, He obsajaioleil HUKaKUMH XapaKTepu-
CTMKaMH, KpOME MacChl, MOMEHTA BpallleHUsl M 3JIEKTPUYEeCKOro 3apsja.
Ho, Kak cKa3aHO Bblllle, OHA OY€Hb OBICTPO MCHAPUTCA JO YEPHOM ABIPHI
10~ r WM 1o YacTUI MEHblIlIeii MacChl.

[InankoBcKue BenM4MHBI (MAcCy, JUIMHY, BpeMsl) MOXXHO MOTYy4YUTb IIPO-
CTO M3 cooOpa)keHHii Pa3MEPHOCTH: B3AITb OCHOBHbIE MHPOBbIE KOHCTaH-
Thl — CKOpPOCTb CBeTa (pa3MepHOCTb cM/c), nocrosiHHylo [liaHka (pas-
MEPHOCTb 3pI-C) ¥ 'PAaBUTALIMOHHYIO MOCTOSIHHYIO (3pr-cM/r?) — 1 KOMOU-
HUPOBaTb UX TaK, YTOObI MOTYYUTh HY)KHYIO Pa3MEPHOCTb.

MTaK, IJ1IaHKOBCKYIO MacCy Mbl yKe MOJTyYWIn m, = Vhe/G ~ 21075,
[InaHkoBCcKy0 AIMHY TOXe: lp, = h/Mp €~ 10¥ cm. Hy u niankosckoe
BpeMs: ¢, = lp/c ~ 108 ¢. OTH BeJIMUMHBI MOXXKHO B3fIThb 32 OCHOBY €cCTe-
CTBEHHBbIX (pYHIaMEHTAIbHbIX eIVHUI] U3BMEPEHUs] — UX JUKTYeT (Pu3uKa.
[IpnueM ¢usnyeckuit CMbIC/ 3THX BeHuMH ToXe QyHAameHTasleH. Macca
[Inanka — MakcuMasbHasg Macca, KOTOPYI0 MO)XeT MMeTb TOYeuyHas dJie-
MeHTapHas 4dactuua. [U1aHKoBckasi AMHA — MHHMMAaJbHOE PacCTOSIHHE,
Ha KOTOPOM MOXXHO B IIPHHIIMIIE YTO-TO «yBHAeTb». [Ipu mombiTke «pac-
CMOTpeTb» 4TO-TO MeHblllee TpeOyeTcsi Takoi MMIYJbC YacCTHLbI-30H/A,
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YTO MPOCTPAHCTBO NPH B3aMMOAEHCTBUM YaCTULLI C O0OBEKTOM HCKpH-
BWIOCh Obl HAaCTOJILKO, YTO CamoO MOHATHE IUIMHBbI MOTEpso Obl CMBICIL
AHaNIOrMYHO IJIJAHKOBCKOE BpeMsi — MUHMMAJIbHBIA MPOMEXYTOK, Ha KO-
TOPOM MOXXET MPOM30NTH Kakoe-TubOO cobbiTHe (HampuMep, UCIyCKaHUe
nocJjiefiHel YacCTHULbI MCTIApPSIOIeiicsl YepHOH JbIPOMA).

Brillle peusb II1a O Hy/IeBbIX KojeOaHMAX BakyyMa. MIx aHeprus 6ec-
KOHeYHa, ec/Ii HeT OorpaHUYeHHus1 CBepXy Ha vacTory. [lnaHkoBckuit Mac-
wtab, Moxoxke, Kak pa3 JaeT 3TO OrpaHMyeHHe: oOpaTHOe IUIAHKOBCKOE
BpeMsl [UI 4acTOThl (He MOXeT CYIeCTBOBaTb OOJBLIMX YacTOT), WIH
IJIaHKOBCKasl JUIMHA Ui JUIMHBI BOJIHBL, YTO TO e camoe. BeckoHeu-
HOCTb MCYe3aeT, Ho npobjieMa OCTaeTcsl: IVIOTHOCTh 3HEPTHM BaKyyMa 0Oe3
KaKux-M00 MeXaHH3MOB KOMIIEHCAllMM OKas3biBAeTCsA Ha YPOBHe IUIaH-
KoBCKO# w1oTHOCTHU. [locnenHsas nomyuaercs kak Mmacca [lnanka, meneH-
Has Ha Ky0 miaHKoBcKo# uinsbl, 10% r/cM3, uTo KaxkeTcs abeypaHo 6osib-
IIOK BeJMYMHOI: Macca Habmomaemoit yactu BceneHHoit «Bcero» 10°7T.
PeanbHo IUIOTHOCTL 3HepruM BakyyMa (MpUMeM 3a Hee IUIOTHOCTb TeM-
HOW 9Hepruu) Ha 123 mopsgka Hike. TakoBbl TpeGOBaHHUSA K TOUHOCTH
KaKOW-TO HeM3BeCTHOM HaM CUMMETPHHM, KOTOpasl JO/DKHA CHAcTH HayKy
OT 3TOro napajokca.

BripoueM, ecTb U MHasi TOYKa 3peHHS: CTOJb MaJsasi IJIOTHOCTb 3HEp-
MY BaKyyMa «BbillaJia» Halleil BceneHHOM ciyyailHO KaK OIHOI M3 He-
MHOTUX B OecKOHeYHOM MHO)KecTBe. Eciu 3Ta miioTHoCTh Ui 3apofpl-
1Ia BCeJIeHHOM BbINajaeT B pe3y/bTaTe KaKoro-To CIy4yaiHOro rmpoiecca
bonee-MeHee paBHOMEPHO MO JIMHEHHOM IIKajle, TO BEPOATHOCTb TaKOM
yaauu (MHaye HUYero XOopollero M3 BCeJIEHHON He MOMYyYMTCS) MOpsKa
10-'3, ManoBaTto, HO BCé 3aBHCHUT OT YKMC/Ia BO3MOXKHBIX peaM3allyii Ba-
kyyMa. Ecnu ux, ckaxem, 10°® (a aTo yacTo Ha3biBaeMoe YHMCJIO), TO IO-
nenu ero Ha 10'2 — Bcé paBHO ocraHetcst 1037 pa3HbIX peanu3ariuii ¢ 10-
CTaTOYHO MO IUIOTHOCTHIO 3HepruM BakyyMa. Bosee mompobHast amc-
KYCCHSl 110 JaHHOMY TOBOAY pa3BepHyTa B riaBe 45.

KpoMe Toro, uTo miaHKoBCcKuit Maciutab yHIaMeHTalleH U mpejesieH,
OH, YBBI, TeMeH JUI Hac. [lesio B TOM, yTO 00iasi TeOpUsi OTHOCHTENIbHO-
ct (a ¢ Heit 1 mobasi Apyras Teopus) NepectaeT paboTaTh Ha IUIaHKOB-
ckom Macuitabe. Teopusi rpaBuTanum JifHIUTeiHA — CYTy00 KiIaccuye-
CKasi Teopus. DieKTpoAuHaMHKa MakcBela — ToXe KJacCHYecKas Teo-
pus, HO Ha ee OCHOBe yJal0Ch IIOCTPOUTb KBAaHTOBYIO 3JIEKTPOAMHAMUKY.
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Bo3bmeM oOpa3oBaHHe MPOCTOM YepHO# IbIPbl MPH KOJUIAICe 3Be3Mbl
Ha si3bike KiacCHMuyeCKON TeOpHM TpaBUTALlMM LeHTPaIbHasl 4acTb 3Be3-
Ibl HeOOpaTUMO C)KMMaeTcs, YXOOUT noJ ropusoHT LlBapimwisaa, Tepsas
C HaMHM NPUYMHHYIO CBA3b. HO M BHYTpPH rOpuM3OHTa C TOYKU 3PEHHs CO-
NyTCTBYOLIEro HabJtonaTensl BellleCTBO NMPONO/DKaeT HeoOpaTHUMO CXH-
MaTbCSl — B CHHTYJISIPHOCTb, B TOUKY, Ile IUIOTHOCTb OeCKOHeYHa.

JTO MO KIacCM4eCcKoi TeopuH, a [0 KBAaHTOBOI KOJUIAICUpYIOlias Ma-
Tepusi JO/DKHA YIepeTbCsl UMEHHO B NPOCTPaHCTBEHHO-BPEMEHHYIO IeHY
C IUIAHKOBCKO# IUTOTHOCTBIO. TaM peltlenue llBapiiunipaa nepecraer pa-
60TaTh, 1 HUKAKOrO JIPYyroro pellieHHsl He CYIeCTBYeT — HeT TeopeTHue-
ckoro ammnapata. Ocraercsi paccyxaath (to speculate) u ¢aHTa3MpoBarh.
3aTo ¢aHTa3uM OKa3bIBAIOTCS 3aXBaThIBAKOIMMU: M3 3TOH MeHbl MOXKET
OpaTb HayaJo0 MHOXXECTBO HOBBIX BCesleHHBbIX. [Ipuuem, kak Oynet paccka-
3aHO HIDKe, eCTh KauecTBeHHble coOOpa)keHHs, YKa3biBaKolKe Ha TO, UTO
nonobHbie haHTa3uM OTHIOAb He OecriouBeHHbL. W Haia BcesnenHasi Toxe
NpOUCTEKAeT OTTY[a, U3 «IIEHLD.

A Tenepb NMo3BOJILTE ABTOPY IMOC/IE JAJIMHHOTO HANpPSHKEHHOrO 3KCKYp-
ca K npegeny (pU3UYECKOr0o MHUpa cjlerka noBeceNUThes. Eciu Ob1 s Obin
TeosioroM, 1 Obl clienan Kapbepy Ha TeopuH, uTo Bor B pacnpenesneHHOM
BUZle OOMTaeT Ha IUIAHKOBCKUX MacluTabax, B 3TOil MPOCTPaHCTBEHHO-
BpeMeHHOM MeHe. OH TaM INpUHHMMAaeT KOJUIANCHPYIOIIUE BCeJleHHbIe
M 3Be3[bl, UCITyCKaeT HOBble BCeJleHHble C pa3HbIMM CBOWCTBAMU —
c 6yaymumu Habmopatensmd U 6e3 OHbIX — W HAle)XHO NpAYeTCA OT
(bU3UKOB-TeOpeTHKOB 3a HenpolrbaeMbiMH NpobieMaMH TeOpHH KBaH-
TOBO#H rpaBuTauuu. Hinke oBcyxmaercst To, 4To OH TaM, MOXeT ObITb, Je-
JlaeT elle OJHY OYeHb Ba)XXHYIO Belllb — WUrpaeT B KOCTH (DHHIUTEHH 3a-
ABJISUI TI0 MOBOAY BEPOSITHOCTHOM HHTEpIIpeTaly KBAaHTOBO MeXaHM-
ku: «bor He urpaer B koctub»). [leiicTBUTeNbHO, PUBMKK C KaKUM-HUOYIb
HaJleXXHbIM MaTeMaTH4YeCKMM annapaTtoM TyAa elle He CKOpo Jo0epyT-
cs1, 4toOBI MOKa3aTh, Kak 310 Bcé paboraer 6e3 Bora. [Toatomy nono6Hoi
Kapbepe B 0003puMom OyayineM Huuero He rpo3urt. [lpasma, 60toch, uTO
A y)Ke Omo3jaj ¢ Takoy ujeemu... *



16. ®a3oBble nepexoqbl

BleHUs] (Pa30BbIX MEepex0of0B XOPOLIO M3BECTHO BCEM M3 IOBCEJ-
HEeBHO! )KM3HM: UCTapeHHe M 3aMmep3aHMe BOIbl, IUIaB/ieHHEe OJI0-
Ba. I3 MeHee moBceaHeBHbIX fIBIeHMII — BO3HUKHOBEHHE CBepX-
NPOBOAMMOCTH, NOsiBNeHHe deppomarHeTu3ma MpH OCTbIBAHMM MeTalla.

BceneHHasi Toke uCHbIThIBaa (Pa3oBble Iepexofibl B CBOeil paHHeH
UCTOpUH. fIB/leHHs, O KOTOPHIX paccKa3biBaeTcsl B 3TOM [71aBe, Jie)XXaT He-
MHOrO B CTOPOHe OT IVIaBHOTO cioxketa KHuru. Ho 6e3 pacckasa o HuX
KOCMOJIOTHUS JUISl YMTaTellsl CWIbHO MoTepsieT B CBOeil BbIPa3UTEIbHOCTH.

Bcenennas cpasy nocite Bosblioro B3pbiBa O4eHb ObICTPO OCTbIBasIa
1 paciuupsinachk. beur 1 ator npouecc raakuM? Koneuno, Het. Kakue-To
YacTHULIbl McYe3al, aHHUTWIMPYsl CO CBOMMHM aHTHMYacTHLaMU. B kakue-
TO MOMEHTHl HapyllaJochb M MOTOM BOCCTaHABJIMUBAJIOCh TEPMOIMHAMHU-
yecKoe paBHOBecHe. B Kakoi-To MOMeHT 0Opa3oBasicsi MaJieHbKHii 130bl-
TOK 6apMOHOB Haj aHTMOapUOHaMu (HallOMHMM, OApHOH — 4YacTHUaA, CO-
crosilasi U3 Tpex KBAapKOB, CTAOWIbHBIMM OapHOHaMHU SIBJISIOTCS MPOTOH
M HelTpoH B ajpe). Biarogaps atoMy He Bce GapHOHBI NPOAHHUTHIMPO-
BaJM C aHTMOapUOHaMH, U 4epe3 MWLUIMapbl jer Bo BceneHHoii crano
MOXHO XHUTb. M, caMoe ri1aBHOe, MEHSIJICA BaKyyM — C HUM IPOUCXOAU-
1 ¢a3oBble Nepexonbl, BNOJIHE MOXOXMe Ha (pa3oBble Mepexoabl B Be-
1[eCTBe.

KaptuHa atux ¢a3oBbix nepexonos, paBia, HE CTOJIb IPOCTa U He BO
BCeX C/Iyyasx HaZleXHO ycTaHoBJIeHa. [lonmbiTaeMcsi MpONTUCh MO paHHei
ucropuu BcesleHHO# B HalpaBJIeHMHM K CaMOMY ee Hayasy.

Mocnenuuit asoBblit Mmepexox — 3TO PeKOMOMHALIUA — OT IUIA3MBI
K HelTpaibHOMY rasdy. OTo oObIYHBIA (ha30Bblii Mepexoj] BellecTBa, OH
(B omnume ot 6Gosiee paHHHMX IEPEX0ZIOB) He CBSI3aH C MEpPeCTPOMKON Ba-
Kyyma. HarmoMHuMm, uro npousoitesn oH yepe3 380 ThiC. JieT mocjie pox-
neHus: BeesreHHOI.

[Ipenpimymuii ¢a30BbIil Mepexox CAYYWICS B NepBble JONU CEKYHAbI
npu TeMmnepatype BcenenHoi okoso 200 MaB. MmeHHO Torna BO3HMKIM
NPOTOHBI U HEHTPOHBI, U3 KOTOPbIX HblHe COCTOMT Haml Mup. [lo aToro
CYIL[eCTBOBAJI JIMLIb CBOOOHBbIE KBApKH M IJIIOOHBI, COCTaBJIABIIME BMe-
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16. DA30BbBIE NEPEXOADI

CrioHTaHHOe HapyllleHHe CUMMETPUM MHOro 4ero OOBSCHIIO U COKpa-
TWIO 4KCJIO cylHocTei. Ho 06bsicHWIO naneko He Bcé. B Teopuu ocranach
Ky4ya CBOOOJHBIX MapaMeTpoB U HeoObsicHeHHbIX ¢akToB. Hanpumep, Hapy-
wenne CP-cummeTpun (CM. Bpe3Ky) WM MHAMBUIYaJIbHbIE KOHCTAHTHI B3a-
MMOZEHCTBUA YacTHIl ¢ mojieM Xurrca — OTKyAa OHM B3sUIUCh? Toke He-
KOe CIIOHTaHHOe HapyleHue? [ne, B kKakoM Mecte? 3/1eChb CIOXKET BBIXOIMUT
3a paMK{ KOMIIETEHIIMH aBTOpA, O3TOMY NPUXOAMTCS npuberatb K Momo-
I HayYHOTO penaKTopa, nepeanpecoBbiBas BOMPOC €MYy.

Banepuit PybakoB: [la, 3To meitcTBuTenbHO Bompoc! O4eHb MOXKET OBITb,

b. 1ll.:

4yTo CcBOOOAHbIE MapaMeTpbl HbIHEIIHeil CTaHAApPTHOH Mojenn —
TOXKE pe3y/IbTaT HapylleHHUs1 CUMMETPHUHU rae-To npu Oosee BbICO-
KX TeMIepaTypax — paHblie mo BpeMeHd. U ¢ CP-HapylieHueM
Bornpoc (cM. Bpe3ky «Uro takoe CP-uHBapuantHocTb..» — b. III) —
TOXe TJe-TO Bblllle NO/DKHO Obulo mpousoiity. [lpu aToM ocraer-
cs1 nmpobsieMa ¢ GapMOHHOM acMMMeTpuHeii, koTopas Tpebyer Hapy-
wenus CP.

[louemy ato mpobnema? Tpebyemass acuMMeTpusi MeXIy GapuoHa-
MM ¥ aHTHOapMOHaMH — BCETo OfHa MWUIMApAHas, ec/li CUMTATD,
YTO Ha OJWH KBapK NPUXOOUTCA MWUIMAapA (OTOHOB, a IO AHHM-
TWISLUH KBapK-aHTMKBAapKOBBIX Map MX ObUIO MpPUMEpPHO MOPOB-
Hy (cM. Bpe3ky «[IpoGiema GapuoHHOIt acuMMeTrpumw»). I Mbl BU-
auM Hapyiende CP B cn1abbix B3aMMoIeHCTBHSX — KaK pa3 TOro
Ke TopsioKa BEeIMYUHBL

B. P: Her, ec/l aKKypaTHO CUMTATh, MOTyYaeTcs, YTo TOoro Hapyuenus CP,

KOTOpoe BMIHO, HampuMmep, B pacnaje K-Me30HOB, He XBaTaeT st
o0ObsicHeHUs1 GapuoHHOI acuMMeTpun Beenennoit. TpeGyercst 6osib-
lllee HapyLIEHWe, U HEMOHSATHO, OTKYJa ero B3fTb.

b. Il.: [Ins MeHs 3Tto HOBOCTb. fl YecTHO mosaraj, YTO TYT KOHIIbI

C KOHLIaMH IpuUMepHO cxoasaTcsa. Eme Bompoc: 10 ¢a3oBoro me-
pexoja IUIOTHOCTb 3Heprud MNosis Xurrca Oblia CyLIECTBEHHO
BbIllle HYJIs, XOTS cpelHee BaKYyMHOe 3HaueHHe MoJys Obuto Hy-
neBbIM. Kak mosyuymsnoch, 4To MOTOM OHAa ymaja TOYHO B HOJIb,
Ia elle NMpPU HEHY/IeBOM 3HAUYeHHM MOJA?

B. P.: 910 TOXe 3arajka, mpuueM oyeHb cTapas M oueHb (pyHJaMeHTaslb-

Has. Eme [laynu soMan rosoBy: moueMy BakyyM He Tsroreer?
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Benp M3-3a KBaHTOBBIX (UIYKTyalMii cpeHEKBaJpaTHuYHble 3Haye-
HUA 10JIeil B BaKyyMe OT/JIMYHBI OT HYJISI U MX IUIOTHOCTb 3HEPruu
J0/DKHA ObITb OTPOMHOI — IMOJIOXKUTEbHON WIM OTpHUIIaTe/bHOM.

b. IIl.: /laBaii moka ocraBuM 3TOT Bompoc. Pa3roBop 00 aTom Oyxer Jio-
rMuHeil Ommke K KOHIy KHUrd. Jlanblie, Kak MOHMMalO, BeJMKOe
oObennHeHHe, a 0 HEr0o — OTPOMHBIA NPBDKOK B Maciutabe oT
100 3B no 10'I3B — Ha 14 nopsaxos. [IpuueM abcomoTHO He-
noctynsble 10'® ['sB BbIpHMCOBBIBAIOTCS B pe3y/ibTaTe 3KCTPAmNoJis-
LIMM TOTO, UTO Mbl BUJUM IIPH «HOPMAJIbHBIX» JHEPTUAX, JOCTHKU-
MbIXx Ha yckopurtensx. OTKyna 3Ta XKyTKas «3HepreTudeckas Imy-
CTbIHS», KaK ee Ha3biBaloT? Heyxkenu U3 TOro, 4ro Mbl BUAUM Ha
HalIMX Maciutabax, HeT HU4ero, yTo Obl YKa3bIBaJlIO Ha MepCIeKTH-
By KaKOi-TO HOBOH (DU3MKU MOCPENU 3TON ITYCTHIHU?

B. P.: Yetkux yka3sanuil, noxanyi, HeT. EcTp HekoTopble HaBopsiue CO-
obpaxenus. Hanpumep, oTkyna Gepercsi HUYTOXKHO Masias pas3HM-
la Macc OCLWUIMPYOIUX HeitTpuHo? Tak BOT, eCTb MEXaHU3M re-
Hepaluy 3TOM MaJIoi pa3HMLIbl C MOMOILBIO YaCcTUL C Maccou Mo-
psanka 10'2I'3B! Tuna Toro, kak cnabocTh c1abbix B3aUMoOeHCTBHiA
cBsi3aHa ¢ Oonbiioit Maccoit W-6030Ha — Manasl pasHMIIAa Macc
HEATPUHO CBSI3aHa C OTPOMHOM MacCOi OTBETCTBEHHOH YacCTHIbI,
KOTopasl CTOUT B 3HaMeHarese.

b. IIl.: TunoTeTHyeckuit 300napk CynepCMMMETPUYHBIX YaCTHI (BCAKHX
(OTHHO, IVIIOMHO U CKBApKOB) TOXX€ MOXXET 3aMOJIHUTh 3Ty «IIy-
CTBIHIO»?

B. P.: Ilouemy Obl u Her? BrpoueM, ecTb Jiro[M, KOTOpbie CUMTAIOT, YTO
B «ITyCThIHEe» HUYero Het. bonee Toro, Muxaun [llanomHukoB, Ha-
MpuUMep, CUMTaeT, YTO Bblllle Maclitaba 3nekTpocnaboro obbequ-
HeHUs1 BooOlle HUYero HeT, HUKAaKOM HOBOH (PM3MKU BIUIOTH 10
IUTaHKOBCKOro MaciuTtaba. Y BeMkoro o0bequHeHHs Her.

b. III.: Hy, naBait mpeamnosoXuM, YTO BCE-TAaKM BeJMKOe oObeauHeHHe
ectb, TeM OoJiee, YTO OHO HaMm Jajblle MOTpebyeTcs OIS KOH-
KpeTH3aluy MOHATUI. 3HauMT, rie-To mpu Temnepatype 10'° I'sB
1 BpeMeHd oT Hauana 107% ¢ 6bu1 eme oauu ¢a3oBelii mepexop,
Hy win KpoccoBep, 6or ¢ Hum. [lpu 3toM- uaMeHunacr usmu-
Ka: CUJbHble B3aUMOJIEACTBUS CTAIM pe3KO OTIMYATbCs OT 3JIeK-
Tpocnabbix. Moit rnaBHBI BONPOC BOT B YeM. «DJIEKTPOC/i1a0blii»
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16. ®A308BbIE NEPEXOAbI

¢da3oBbIii mepexon uMel MpejolpelieJIeHHOe KOHEYHOe COCTOA-
Hue — 0030H XHrrca oiuMH. A NMpH BeJIMKOM OObeJUHEHHH TOXe
Bcé ObUTIO mpepomnpeneseHo wiM (Gu3MKa B KOHEUHOM COCTOSTHMU
MOrJIa OKa3aTbCSl pa3HOH, KakK HallpaBjJieHHe HaMarHM4YeHHOCTH
noMeHa ¢eppomarHeTuka?

B. P.: Tam TpebyeTcsi HECKONbKO CKaJISIPHBIX MOJEH U, BO3MOXKHO, €CTb
BBIpOXKieHHe N0 UxXx koMOuHauuu. [lo3ToMy BHOJTHE BO3MOXKHO,
4YTO TaM JAeWCTBUTENBHO KaKuWe-TO CMMMETPHUM HapylUaloTCsl He-
JIeTepMHUHUPOBaHHbBIM 00pa3oM, M HEKOTOpble KOHCTAHTBHI U Mac-
Cbl OKa3bIBAIOTCS CNYYalHBIMM.

b. Ill.: A He MorI0 /M NMPOM30MTH eLle YTO-TO MHTEpPEecHOe Bbille, T.e.
paHbllle BeJMKOro 00beauHeHuUs?

B. P Tam yxe [0 IUIaHKOBCKOro Maciutaba OCTajoch BCEro TP Mopsi-
Ka. Tak 4TO BpAn JIN.

]
Yro Takoe CP-uHBapuaHTHOCTb M ee HapyleHHue

(TpB N2 79,4 mas 2011 ropa, B. Py6akos, b. LtepH,
http://trv-science.ru/2011/07/19/masshtabnaya-linejka-vselennoj/)

HonyctuM, dn3nku aByx yaaneHHbIXx MMpoB BO BceneHHol cessanuch apyr

C ApYroM NO HEKOMY MrHOBEHHOMY KaHany CBA3W (B paMKaXx 3TOro MbiC1I@HHOIO
3KCNEepUMeHTa MaxHEM PyKOW Ha CNeLManbHyI0 TEOpHI0 OTHOCUTENbHOCTH)

M HayuMn1Cb NOHMMATL ApYr Apyra. OaHM CNpawuBaloT: 4TO Takoe nesas pesbba

B BawWwew aOKyMeHTaumuu? TyT Henb3s 060iTUCL n306paxeHneM, nepeaHHbIM No
KaHany CBsi3u, NOCKONbKY BCE PaBHO BCTaHET BONPOC, KAK pa3BopavnBaTh KAapTUHKY:
CneBa Hanpago, HO KakK 06bACHWUTL, YTO Takoe nesoe u npaBoe? OKa3biBaeTcs,
dun3rKaM 06BACHUTL MOXHO:

Bo3bMuTe 06MOTKY C TOKOM M TaKOM-TO PaAnOaKTMBHLIW M30TON. iApa B MarHUTHOM
none, cosaasaeMolM 06MoTKOK, ByayT nonsipusosaHbl. CMOTpUTe, B KaKylo CTOPOHY
nonetut 6onblwe 3neKkTpoHOB OT GeTa-pacnaaa saep. Hanpasste oTBepTKy B 3ITOM
HanpasneHWu 1 BpalLaiTe ee B Ty CTOPOHY, KyAa TeKyT 3NeKTPOHbI B Ballen
obmoTke. Mpu 3TOM oTBEpTKa ByaeT 3aBuHYMBATL 6ONT C NeBoi pe3b6oil.

Takoe obbsicHeHKe BO3MOXHO NOTOMY, YTO B MUPe Ha YPOBHE 3aKOHOB PH3NKK
HapyleHa CUMMeTpUA MeXay NPasbiM U NeBbIM. 3TO HapyleHWe HeBeNuKo,
no3aToMy ans 06vACHEHUS NPUWANOCh NPUBNEKATb A0BONLHO TOHKKE 3ddeKTbl. Takan
CUMMeTpUA Ha3sblBaeTcs P-uHBapuaHTHOCTbIO. Ha TakoM Xe ypoBHe HapyleHa
CUMMETPUA MeXAY MUPOM U aHTUMUPOM, KOTOPas Ha3biBaeTCA 3apAA0BOH, UK
C-MHBapWaHTHOCTLIO. B aHTMMMUPE NO3UTPOHbI NONETAT B NPOTUBONO/IOXHOM
HanpasfieHnu, 1 OTBEpTKa aHTU(M3MKOB B TaKOM CNyyae Byaert 3akpy4rsarb NpaBbli
6onT. Mo3atoMy, ecnu G13MKK ABYX MUPOB HE YBEPEHbI, YTO OHWU HE B aHTUMMUpPAX NO
OTHOLWEHMIO APYT K APYrY, TO BbILUEU3NOXEHHAS UHCTPYKLMS He paboTaer.

Takas acumMMeTpua MeXay MMPOM U aHTUMUPOM AOCTAaTOYHO TPUBMANbHA

¥ KOMNEHCUPYETCA 3aMeHONM NPaBoro Ha nesoe. MOHATHO, YTO eCnK OTAUYME TONLKO
B 3TOM, TO HMKAKOro nepekoca Mexay 6apmoHaMu u aHTMGapMOHaMK B paHHei
BceneHHoOW He nonyuunTb. ECM MUP ¥ aHTUMKMP OAMHAKOBbLI NPYU 3aMeHe NpaBoro
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Ha neBoe, To 370 Ha3biBaeTcs CP-uHBapUaHTHOCTbIO. BbiNo BpeMs, Koraa CYMTanochb,
4yto CP-MHBaApUAHTHOCTb BbINONHAETCA TOYHO. Ho B nepsow nonosuHe 1960-x 6bino
3KcnepuMMeHTanbHo 06HapyxeHo HapylweHue CP-cuMMeTpun. A 310 yxe 6onee
CYLLECTBEHHOE pa3inumne MeXay MMPOM U aHTUMUPOM, XOTA U BbIpaXXEHHOE O4YeHb
cnabo.

B csete HapyweHus CP-MHBapWMaHTHOCTM GU3NKM pa3HbIX MUPOB YXe MOryT
NOHATb, 0AUHAKOBbLI UM NPOTUBONOJIOXKHBI MX MUPbI B 3apPSA0BOM OTHOLIEHUM.
CoorseTcTyloWAs MHCTPYKLIMA MOXET BbIrNAAETL CreayowmuM obpasom:
Bo3bMuTe HelTpanbHble aonroxusywme K-me3oHbl. OHM MoryT pacnaaarbcs Ha
TPM YacTULbl, OAHA U3 KOTOPbIX — NMBO 3NeKTpoH, NMbo no3uTpoH (a Ase apyrve —
3apAXKEHHbIN TT-Me30H U AHTUHEHTPUHO WU HERTPUHO). Mbl, 3eMnsiHe, Ha3biBaeM
NO3MTPOHOM Takylo YacTULLy, KOTOpas Yalle poxaaeTcs B ITUX pacnaaax. Ecam sawwm
aTOMbl COAEPXaT NO3UTPOHBI, TO Bbl CAGNaHbI M3 aHTUBeLeCTBa. Bctpeua ¢ BaMu
HaM npoTusonokasaHa!

]
|

Npo6nema 6apuoHHON acummeTpumn BeeneHHOM

Cpeau xocMonormyeckmx GakTos ecTb ABa, Kacalowmxcs 6apuoHoB (NpoTOHOB

C HerTpoHaMu) n Tpebylowmnx obbACHeHUS.

1. Bo BceneHHoM ecTb 6apuOHbI M NpakTU4ecKu HeT aHTM6apUOHOB.

2. Yucno poroHoB BO BceneHHo npuMepHo B Munnuapg pas bonbwe yncna
KBapKOB, COCTaBNS IOWMX NPOTOHbI U HEHTPOHLI. [1pM OrpoMHbIX TeMnepaTypax

B paHHe#n BceneHHOM NpoMCXOaNN0 MHTEHCMBHOE POXAEHUE U YHUHTOXEHUE
KBapK-aHTMKBapKOBbIX Nap, ¥ KOSIMYECTBO KBApKOB M aHTUKBapKoB Bbino
NPUMEPHO paBHbIM KONU4eCTBY GOTOHOB. KBapKu POXXAANMCH U YHUYTOXANUCH

B Napax C aHTUKBApPKaMK, NO3TOMY Ha KaXAblH MUNIMAapA KBapK-aHTMKBAPKOBbIX
nap NPUXoAMNCA OAUH «WUWHWA» KBapK. [1pu ocTbiBaHWMK BceneHHON KBapku
NPOaHHUTMNNPOBAN C aHTUKBapPKaMK, a TUWHKUM KBapK cebe napbl He Hawen

U AOXMN A0 HawKx AHer. Bonpoc: Kak Nony4nnocs, 4To BO BceneHHOM nosBrnoch
Takoe HepaBeHCTBO MeXAy KBapKaMu U aHTMKBapKaMuU — O4eHb ManeHbkoe, HO
KpaWHe BaXHoe ANs Halwero ¢ BaMu CyleCTBOBaHUA?

1y npobneMy Bnepsble noctasun A.[l. Caxapos 8 pabore 1967 roaa. TaM xe oH
cdopMynupoBan HeobxoanMble YCNOBMA ANS TOro, 4To6bl TakoW nNepekoc cMor
obpasosarbcs:

1. bapnoHHOe 41cNo, To eCTb PasHOCTb M@XAY YUCNOM KBApKOB M aHTUKBApKOB
AOMKHO HapYWaTbCs (KakK cneacteune, NPOTOH AOMKEH pacnaaaTtbCs, XOTA U 3a
OrpoMHOEe BpeMA), KBapKu He BCErAa POXAAKTCA B Nape C aHTUKBaPKaMM.
JKCnepuMeHTaNbHO Takoe HapyleHWe He 3aperucTpPMpoBaHO, HO HET HUKAKMX
rny6oknx npuumnH, noveMy ero He Moxert 6biTb. B cnyuae anekrpuyeckoro 3apsaa
3aKOH ero coxpaHeHus cBa3aH ¢ 6e3maccoBocTbio HoTOHa.

2. flonxHa HapywaTtbca CP-MHBapMaHTHOCTb (CM. Bpe3Ky Bbilwe).

3.Mpu obpasosaHnu nepekoca BceneHHas A0NKHA BPEMEHHO BbIATH U3
COCTOSIHUA TepMOANHAMUYECKOro paBHOBECHUS.

O6wenprHATOrO KOHKPETHOro cLueHapus o6pasoBaHus 6apUOHHOK aCUMMETpUK
A0 CUX NOP HeT, X0Ts pa3paboraH paA BO3MOXHbIX MOAENEN.
]



17.Npobnecku HOBOM KOCMONOTMUK
Xuteneun nognenHoro okeaHa Esponbi

OCJle OTKpBITUS KOHEYHON TOJILMHBI JibJa U IapooOpa3HOCTH

Mupa kocMosorusi eBpomnuaH crana 6osee camoCOIIacCOBaHHOM.

Bcé oueBMOHBIM 00pa3oM peLIWIOCh C CHIOH TATOTEHHS: OHa
YVHUBepCa/lbHa, HamnpaBjieHa K LeHTpy Mupa, JeiicTByeT U Ha Bo#y, M Ha
nén, Jep>XUT MUp eqMHBIM — CKpeIUISieT €ro OT pa3sjieTa B OKpYXalollyio
MMyCTOTY. A TaK)Xe CO3[jaeT OrpOMHO€ JaBjieHHe Cpellbl U BLITAJIKUBAIO-
Y0 CWIY, AEACTBYIOLIYIO B Boze. biaronapsi akcriepyuMeHTaM B BaKyyM-
HBbIX KaMepax, X Teopusl TATOTeHus1 ObUla JoBefieHa IO COCTOSIHMS, TOX-
JIeCTBEHHOr0 Hallleii HbIOTOHOBCKOW T€OpMM I'paBUTaLMH.

BmecTe ¢ TeM CTano iCHO, YTO KapTUHa MMpa KaTtactpoduyeckn HenonHa.
Yto TaM, B NycToTe 3a NeasHbIM naHuupem? Ecam HeT Huuero, 1 Mup sensert-
CA €AMHCTBEHHOM CYLLHOCTbIO, TO NOYEMY OH Bpaliaetcs? Beap BpawieHue roso-
PUT O KaKOi-TO BTOPUYHOCTH, O TOM, HTO MUp He ecTb LIeHTp Bcero cyuiero. Tak
4TO Xe Tam?

BHewHee NpOCTPaHCTBO CTaNo TAXenewulweh MUPOBO33PEHYECKOW Npo-
6nemon, Hannoauslwen MHOXeCTBO daHTasun. OT 6eCKOHEeYHOW NYCTOTbI,
OKpPYXalowen eauHCTBEHHbIW B Heit Mup, 0o BNOXEHHbIX ApYyr B Apyra Bpa-
watowmnxcs cpep. OT MHOXECTBA OAHOTUNHLIX MMPOB, CBOGOAHO NeTalowmx
B NPOCTPaHCTBE, A0 UCNONUHCKOrO MEPapXMYeCcKoro Xoposoaa XopoBoaos
pa3Hoobpa3sHbix Ten.

B 10 e BpeMs BCTan v Apyroi BONPOC: YTO NOAAEPXKMUBAET TENNO Heap?
Beab oHO nepepaercs B XoNoAHbIM NEA M AaNblue KaK-TO YXOAUT B HEBEAOMOE
npocTtpaHcTeo. Ecnin Mup BeyeH unu cyulectsyer o4eHb AONTO, TO €ro IHEpPrus
AoMKHa 6bina ncuepnartbea. YTo nononHsaeT 3anacobl Tenna?

Mexay TeM 6binble AOCTUXEHUNA LMBUNU3ALMKU NPUHECNHU YPOXKAHA — U306M-
nue nuwm u 6uiToBbix Bnar. NMoatomy obuiecTso He ocobeHHO Tep3anoch 3araa-
KOWX BHEWHeW NYCTOTbl U UCTOUHWUKA IHEPrM, NpeanoYUTas 6paThb OT XKU3HU KaK
MOXHO Bonble, noka AaloT. Maccosoe o6pasosaHue B Nogo6Hbie 3n0xu Be3gae,
yTo Ha 3emne, yTto Ha EBpone, aerpaampyer oauHakoebiM 06pa3oM. B pesynbra-
Te NOSABNAKOTCA NOKONEHUS, B KOTOPbIX NOYTU HET KBaNUPULMPOBAHHbIX paboT-
HUKOB. Ho eBponuaH Noka YTo Bbipy4ana CNAacUTENbHAA MHEPUMS LUMBUAU3ALIMMN.
baHkeT BCé ewe npoaonxkancs.
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MPoPbiB 3A KPAM MUPA: HA noactynax

OaHako 1 BO BpEMS COHHOMO M306MNMA TUXOM Canoin pa3BUBancs Hay4YHbIN
MHCTPYMEHTapUA — 3NeKTPOHMKA, POTOMETPbI, NpeunsmoHHas nokaums. U yye-
Hbie NOTUXOHbKY NPOAO/HKANU 3aHMMATbC CBOMM AenoM. Bapyr no kabenio
nownu coobLeHns, YTO OHN YTO-TO OBHAPYXMAK TaM, CHApYXKU. HO U3 CTpaHHbIX
HOBOCTEMA HMKTO HUYEro He MOT NOHATD.

bpeaH [lpym pabotan Beaywmm Hay4yHO-NONYNSPHOM Nepeaayn kabenbHo-
ro BELLAHUA, OTIMYANCA OT CBOUX KONNEr HACTOALMM Hay4HbIM NPOLWANLIM U CNbIN
No 3TOW NPUYMHE 3aHYAO0N-YMHUKOM. TeM He MeHee OH uMen CBO NpPeaaHHYHo
ayautopuio 1 Ha kabene ero tepnenn. OH OTNPABMANCA K CBOEMY OAHOKALIHUKY,
Xpyam M3eHI0, pyKoBoAMTENIO NPOoeKTa NoA Ha3BaHneM «HebecHoe AbixaHue»,
¢ npocbboi BbICTYNUTL B Nepeaaye. U ycnblwan B OTBET:

— 1?7 Mo Bawemy kabento? 3x, ecm 6ol Tl HE Bbin Apyrom, ceiyac bbl ne-
Ten orcioaa snepeau cobcreeHHoOn Tpenu! A yxe BbICTynan y sac. 1 pacckasbi-
Ban npo bonbwon ArTpakTop, Kak OH AedOpMUPYET CBOUM TATOTEHUEM Nneas-
Hyt0 060n10u4Ky. [pn MOHTaXKe BbIKMHYNM YaCTb MOUX CNOB, BCTaBUM CNOBA AWK-
TOpa, M NONAYYUNOCH, YTO A rOBOPIO NP0 YkacHoro KatTpakexa, u3arotoBmBLLErocs
B3/10MaTb neasHylo 06onouky, 4tobbl BoicocaTb BCIO BoAy Mupa. 1 noTom notpa-
TN AecATb CMeH, 4Tobbl CBA3aTLCA CO BCEMM KONNEraMu u Apy3bamu, Aabol yse-
pUTb UX, YTO A B CBOEM YME U HE roBOpun Bcero 3toro Hpena. A Tbl xo4elb, YTo-
6ol A ewe y Bac BbicTynan!

— Hy 310 6bIna yeTBepTas CTyaus, M3BeCTHoe Aeno. MeHs Bbl cnpocun, npe-
XAe 4em Tyaa MaTH. MHe-To Tbl aoBepselb?

— Tebe-To s posepsio, a Tol AOBEPAEWDb TEM, KTO ByaeT MOHTUPOBATb TBOIO
nepenavy? Tbl yBEpPEH, YTO OHM HE BCTABAT TyAa OMEPEeAHOro KaTTpakeHa paau
obpamneHuns peknambl Kakux-Hnbyab HaarnasHbIX MepUanoK?

— MeHs 06bI4HO He TporaloT — ayauTopus cneunduyeckasn, Bcakoi apebeae-
HU He NnokynaeT, peknama HeapdekTuaHa. [pocTo 3aABUHYAM Nepeaady B yron.

— Bcé pasHo He nonray. Kak BCNOMHIO, Tak CKpy4MBaer...

— Xopouwo, AaBait A caM NOCTapalocb rpaMOTHO BCE 06BACHWUTD ayauTopum,
HO ANA 3TOro 8 AO/MKEH PaccnpoCcuTb Tebs. Mory He ccbinaTbCs.

— [asai. Tonbko, AeNCTBUTENBHO, NyHLLE HE CCbINANCA...

— §l KpaeM yxa CnblWan, YTo HalWAM KaKOW-TO BHELWHUM MCTOMHUK CBETA. ITO
npasaa’?

— Npasaa. MMeHHO BHewHun UcTouHKUK ¢ 6onbwoi Bykebl. OH O4eHb-04eHb
cnabbiir. TouHee, OH BECbMa CMAIbHbINR, HO CUIrHAN OT Hero cNabblii, NOCKONbKY ToN-
wa nbaa Heba nornowaet noytn Bcé. K Heby npueepHynn Heckonbko doToMe-
Tp1Yeckux CTaHUMM, KoTopble pa3 B CMeHY cOpacbiBaloT AaHHbIe Yepes Tapenoy-
Hble NUWANKKU. BHM3y 3TM AaHHblEe 3aNMCbIBAIOTCA HA NeHTY. YyBCTBUTENLHOCTD
Yy HUX NOpsAKa Ha ABa BbilLe, YEM Y HAWMX rAas, NNKC CNOCOBHOCTL Hakanu-
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17. NPOBNECKM HOBOM KOCMONOINMU Y EBPONUAH

BaTb CurHan 3a 6onbwoe BpeMs. JoONro HUKAKOro CUrHana co CTaHUMi He BU-
AENU 1 y)Ke NoAyMbiBanu NpekpaTutb 3aTer. [la u ceivac, ecnm B3sTb AaHHbIE
C No601 U3 CTAaHUMIA — TaM HUYEro He BUAHO.

Tak BOT, HOBOCTb 3aK/1I04AETCA B TOM, YTO B pe3synbraTte COBMeCTHOM 0bpabot-
KM BaHHbIX CO BCEX CTaHUMK CUrHan HanaeH. TouHee, Ha rapMOHUYECKOM pas3-
NOXEHWUM TEMNOB CYeTa BMAEH NUK Ha nepuoae, 6IM3KOM K FTMPOCKOMNHbIM CyT-
KaM. BeposiTHOCTb CNy4aitHOro BO3HMKHOBEHWA TAaKOro NMKa — OAHA MUAAUAPA-
Has. Kcrati, curHan yaanoch Hamtu Tonbko 6naropaaps HenaBHO NOSIBUBLIMMCA
KOMNbIOTEPAM — rapMOHMYECKUIA aHanu3 Takoro obbema AaHHbIX — 3afada, Ko-
TOpYIO B yMe PelnTb HEBO3MOXHO Aaxe uenon bpuraae TpeHMPOBaHHbIX Bbl-
yucaurenen.

— JTO Y)X€ MOXHO pacCka3sblBaTb No kabenio?

— MoXHO, 3T0 BC& Npo3BYy4ano Ha KoHdepeHunun u byaet onybnmkosaHo co
AHS Ha AEHb.

— MNoroau, 8 perynapHoO CTankuealoCh € TEM, YTO HApPO4 A0 CUX NOP HE BEPMT,
4yTo Mup Bpawaetcs. [OBOPAT: Hy YTO HaM BalK rMPOCKONLI, NYCTb cebe Bpalla-
IOTCS, HUKTO e He BUAEeN, Kak BpaLlaeTca Mup.

— JT0, KCTaTu, OAUH M3 pe3ynbTaToB Bawero kabens, s He uMelo B BUAY TBOIKO
nepeaavy. Hawe nokonexHue TakuM TynbiM ewwe He bbino. [leno B ToM, YTo NouTH
noboro MoxHO caenatb AypakoM 6naroaaps NpueblYKe BEPUTL LWMPOKOBELLA-
TenbHOMY cnosy. HekoTopblie CONPOTUBAAIOTCS, NEpECTaloT BEPUTDL, PBYT Kabenb,
HO 3TO MEeHbWWHCTBO. Ha caMoM aene y Tebs ceinyac BaxHaa ponb: NOAAEPKU-
BaTb 1 06pa30BbIBaTb 3TO MEHbLKMHCTBO. BOT Tbl AN KOFO-TO M3 HMUX aBTOPUTET.
Tak u rosopu Bonbwe u goxoaumsen! Maauwb, CMEHUTCA Napa NOKONEHUH —
AYPaKoB MEHbLIE HE CTaHET, HO HEeBEeXECTBO CTaHEeT NOCTbIAHLIM, U BONbWKH-
CTBO HAYHET CMEeATbCA Haf TEMU, KTO He BepuT,4To Mup Bpawaetcs. OaHako npo-
nonxy. 1 ckasan, 4to BHewHuh UCTouHMK AaeT rapMoHuKy, 6a13Kkylo no nepuo-
Ay, NOYTK paBHYI0 rMPOCKONHbIM CyTKaM. Bcé aeno 8 3atom «noutu»! Ha camom
nene 3a 1220 rupockonHbix cyTok BHewHuit UcTouHuK oTcTaeT Ha oamH o6opoT.

— Oro-ro! 370 uTo Xe: oH BpawaeTcs BOKpyr Hac, aenas obopot 3a 1220 cy-
TOK? 3T0 AO/MKHO BbITb OMEHb AaNeKo.

— XyXe Toro, OH AeACTBUTENbHO, NOXOXE, O4EHb AANEKOD, HO 3TO HE OH BOKPYr
HaC BpaLLAETCA, a Mbl BOKPYr HEro, npuyeM BMecTe ¢ bonblwmm ATTpakTopoM.

— [a-a-a... Kcraty, uto HoBOro u3sectHo npo bonblwoit AtTpakTop? Bpoae
NOHATHO, YTO 3TO APYrol MUP, NPUTArMBAIOLLMIA Haw... BuamMo, oH 6onbwe Ha-
wero, U Haw Mup Bceraa NOBEPHYT K HEMY OAAHOW CTOPOHOMK. Ho BCe-Taku: Ha-
CKONbKO OH Bonblue 1 Kak Aaneko HaxoauTca?

— J70 He Tak npocTto. OH MOXET 6bITb HE OYeHb HONbWKMM K BAUIKUM MK
OYeHb GONMbWKMM M AANEKUM — pacCTosiHME Heu3BeCTHO. CerogHs 310 MOXHO
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onpeaenvTb MnWb OAHUM CNOCO60M. KcTaTtu, Thl 3HaeLWb, Kak 0bHapyXxunmu cam
dakT cywecrtsoBaHua bonbworo ATTpaktopa?

— Mo «abixaHuio Heba» Bpoae. HepapoM Bal NPOEKT Tak Ha3Banwu...

— Hy aa. AKycTuku cBoein nokauuen BbiIscHUAK, 4To He6o B6aM3KM 3KBaTOpa
B NEPBOM KBaA\paHTe B Havane KaxabiX CyTOK YyTb MPUNOAHUMAETCA U TO Xe ca-
MO€ NPOMUCXOAUT B TpeTbeM KBaapaHTe. [laBait NoKaxy.

Mpeanonoxum, Mos ronoBa HanpasneHa No ocu Mupa. A CBOM pyKku £ Bbl-
TArMBal0 B NNOCKOCTU IKBaTOpa. — XpyaM M3eHb BbITAHYN KOHEYHOCTH (y aBTo-
pa He NOBOPAYMUBAETCS A3bIK HAa3BaTh 3TO pyKamu), CTaB NOXOXMM Ha BOCbMUAY-
yeBylo 38e3ay. — lyctb 8 — Mup, a BoH Ta CToika ¢ npubopamu byaet ATTpak-
TOpPOM. Sl ABMUraloCb BOKPYr HEro, 0CTaBasCb NOBEPHYTbIM K HEMY OHOW CTOPO-
HOW. — Y4YeHbIH HENOCTMXMMbIM 0Opa3oM, Y4yTb 3aMETHO LWEBENs KOHEYHOCTN-
MU, CTan ABUraTbCa BOKPYr CTOMKK, pa3BopavyMBancCh Tak, YTobbl Bce BpeMs bbiTb
K HeW NMUOM. — ATTpaKTOp BbITArMBaEeT MEeHA NO HanpaenexHuio k cebe cBoen
rpasutaunen. — XpyamMm M3eHb CUnbHER BbITAHYN KOHEYHOCTU HanpasieHHbIE
K CTOMKE M OT Hee U YyTb nomxan bokosblie. — Ho moa opbuTa He kpyrosas. Bot
3[1eCb, CO CTOPOHbI KPaCHOro WuTa, 3 NpUbAUXKaCh K ATTpakTopy U BbITArMBa-
0Cb CUNbHEN... A C NPOTUBONONOXHOM CTOPOHBI YAANAKCh U CTaHOBNIOCHL 6onee
KPYrNbIM. — Y4YeHbi B ABUKEHUU OCYLLECTBAAN COOTBETCTBYIOWMNE TpaHCPopMa-
UMK, Aenasn BCE 3TO HENPEPbLIBHO M NNABHO. — A €CNKU Y MEHS Ha NUUE CUAMUT Ha-
6nopatens M u3MepseT pacCTosHWe A0 KpanHero Korta Ha nepeaHen pyke, OH
YBUAUT NEPUOANYECKOE U3MEHEHUE ITOMO PACCTORHUS...

— 3ayeM Tbl MHEe 3TOT UMPKOBOE NpecTaBneHue ycrpausaews? Mue Obl
U Napbl CNOB XBaTUNO, YTO6bI NOHATL. HO Kak Tebe yaaeTcs 310 woy? MNpaMo Ha-
crosiwmin 6anet! A 66l TOMHO He CMOT.

— [MokasbiBalo, 4To6bl NoxBacTaThcs. 1 BeAb Npenoaald CTyaeHTaM, B TOM
ynMcne MnaawWwuM Kypcam. UM He To, 4TO Napbl C10B, a U LeNOoW NEKUMKU He XBaTwT,
yToObl NOHATL. TakoM CTYAEHT HbiHYe nowen. Bpoae cnywaloTt, a rnasa COHHble
W MyTHble — HE NOHWMAIOT HU-4ye-ro! A yCTpouLLb Takoe NpeacTaBneHue — YTo-To
LenKkaeT y HUX B roNose — NPOCbINAKTCS, rNasa 0)XMUBAIOT, HAYMHAKOT NOHMUMaTb.
A KaK TONbKO CTyAEHT HAaYMHAET XOTb YTO-TO COODpaxaThb, XxBaTaelsb ero 3a 310
«YTO-TO» W BbITArMBAELWb U3 COCTOAHUA COHHOrO OTYNeHUs. Y Hac Ha COTHIO CTy-
AEHTOB NONy4YaeTca BCEro ABa-TPM NO-HACTOALLEMY TONKOBbIX BbINYCKHWUKA, 3aTO
NOYTWU NONOBUHA CTAHOBUTCA CNOCOBHA YTO-TO CAMOCTOATENbHO BLIACHATL U Ae-
natb cob6CTBEHHbIE CYXAEHMA. [10 HbIHEWHUM BpEMEHaM u 3To — Bnaro.

— W yto ByayT aenatb 3T ABOE-TPOE, KOTAA OHU HUKOMY HE HYXHbI?

— byayT xpaHutensiMu. byayT KONaTbC NOTUXOHbLKY B YEM-TO MHTEPECHOM,
Kak 3TO fienaem Mbl. 3aT0 Koraa HakoHel NpUNpeT No-HacTosAWeMy, He Haao by-
AET BOCCTaHaBMBaTb HayKy COBCEM C HyNS.
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17. MPOBNECKU HOBOW KOCMONOIMKU Y EBPOMNUAH

— Bawwu «konaHua», BUAMMO, ayKHYTCSH COBCEM HE NOTUXOHbLKY. YKe€ nownu
CNYXM, KOTOPble Bbi3bIBAIOT HE TONbKO MHTEPEC, HO M HAaCTOPOXEHHOCTb, BNNOTb
A0 SBHOW HEPBO3HOCTM B BbICLUEM AYXOBEHCTBE... KCTaTh, HACKONbKO BbITAHYTA
Hawa opbura?

— Kak Hu1 cTpaHHO, NoKa He 3HaeM. [Tpobnema B yueM? Hafo n3MepuThb, Ha-
CKONbKO Mup BbITAHYT B CTOPOHY ATTpakTopa. A Mbl HE MOXEM B3rNAHYTbL Ha
Mup co cTopoHbl. U HEe MOXEM NpOMEpUTb €ro M3HYTPKU C AOCTAaTOMHOM TOu-
HOCTbl0. Ckopee Bcero, BbITAHYTOCTb OpbuThl HEe Honbwe NATU NPOUEHTOB.

— § cnblwan, uTo, BpoAe, AbIxaHWUe KaK pa3s M AaeT TOT 3araflouHbIi MCTOMHUK
3Hepruun Heap, bnaronaps KOTOPOMY Mbl CYLLLECTBYEM.

— KoHeyHo, 3T0 noxoxe u ecTb oTBeT. Heapa, kak 1 Hebo, Toxe pacTarusa-
IOTCA U OKUMAIOTCA, XOTb U NOMEHbLUE, — BOT Tebe TpeHue, 3HauuT, ecTb U Bbiae-
neHue Tenna.

— §1 Teba 6bIn0 cnpocun o macce bonbworo ATTpakTopa — AaBai BEpHEM-
CA K 3TOMY.

— YT1o6bl 3HaTL Maccy ATTpakTopa, Hano 3HaTb paccTosHUe A0 Hero. EanH-
CTBEHHbIM CNOCO6 NOHATHL AANEKO OH MAKU BAN3KO — U3MEPUTb pa3HuMLY B Abl-
XaHWM Ha NPOTUBONONOXHbIX Nontocax. Ecnn Attpakrop 6a11M3ko — Ha TOM no-
nce, KOTopblin 06palleH K HeMy, aMNAMTyAa AbixaHusa 6yaet 3aMeTHO 60nb-
we. 3TOro NOKa He BUAHO — TOMHOCTU elle He XBaTaeT. Mbl Aaxe He 3HaeM,
C KakOW CTOpOHbl bonbwon ATTpakTop — CO CTOPOHbI NEPBOro UK TPETbEro
KBaapaHTa. Ho u3 BepxHero npefena Ha pasHUUY aMNAUTYA BbiITEKAET HUXK-
HWit npeaen Ha Maccy bonbworo ATTpakTopa — 3TO NATH ThICAY MacC Hawe-
ro Mupa.

— Cnblwan, uto oH 6onbwoi, Ho NATL Thicay?! Haw Mup, nonyyaetcs, scero
NnWb MOKPbIK BYNbDKHUK, NOKPbITbIA NeAsHOW ckopnynon?!

— [la, HO 3aTO Ha HeM MOXHO XWuTb. A Ha bonblwoM ATTpakTope Bpsa Nu.
MpasAa, BOKPYr HEro MoryT netaTtb U Apyrue «MOKpble BYNbDKHUKMY...

— Mopoxau, a nx, Apyrmx, MOXHO Kak-HUbyab NOYYBCTBOBATH?

— Ctem 060pynoBaHMEM, 4TO Mbl UMEEM CeIYac, HET. HO B NpUHLMNE MOXHO.
faxe ecTb koe-Kakue 3afyMK1 N0 3TOMy NOBOAY, HO OrnawaTh UX paHo.

— [laBan BepHeMcs K BHewHeMy UCTOYHKKY, C KOTOPOro Ha4yanu. 3To 4TO-TO
ewe 6onee rpaHanoO3HOE?

— Cyas no ToMy, 4T0 BHEWHMI UCTOYHUK CBOMM TATOTEHUEM HUKAK He CKa-
3bIBAETCA Ha BpalleHuK Hawero Mupa Bokpyr ATTpakTopa, OH O4YEHb, O4EHDb Aa-
neko. U npu 3TOM oH o4eHb ApoK. HeaaBHO u3Mepunu Npo3pavHoOCTb Nbaa. Oka-
3bIBAETCS, YTO €CNU Hawu HOTOMETPbI, XOTb U Ha NPEAENe, YyBCTBYIOT BHELWHUMA
CBET, TO 3a TONLWEN NbAa OCBELLEHHOCTb A0/MKHA HAMHOTO NPEBOCXOAMUTb BCE, 4TO
Mbl MOX€EM BOOOPa3nTb. 3HAUUT, y ITOr0 UCTOMHUKA NPOCTO KAaKOE-TO HEMOCTU-
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)XMMOEe 3HeproBbiaeneHue. A 3HauuT, HaAo AyMaTb, U Macca orpomHas. lNoromy
fl M CKa3an, YTo 3TO Mbi C ATTPaKTOpPOM BpalllaeMcs BOKpYr MCTOYHKKA, @ HEe Ha-
oboport. TaM MoryT 6biTb M Apyrue noaobHble aTTpakTopbl CO CBOUMU MUPAMM.

— Tbl HapMCoBan COBEPLWEHHO rPaHAMO3HYIO KapTuHy. OHa cBopayuBa-
€T MO3r1 HabeKpeHb AaXe Y MEHS, a YTO rOBOPUTb O LWMPOKMX Maccax Tpyas-
wuxcs?! KTo B Hee NoBepuT, Koraa OHa OCHOBAHA Ha KaKUX-TO HE3Ha4YUTEeNb-
HbIX, TOHKKUX 3 dekTax? DoTOMETpPbI YTO-TO TaM Ha Npeaene YyBCTBUTENbHO-
CTM usmepunu... Ene 3ametHoe «abixaHue Heba»... [IpM 3TOM HUKTO HUYero
He BUAMT, HUYEro HEe MOXET noTporath! Kak noBeputb B TO, 4TO 3TO HE NNOA
daHTa3nMmM ANIMHHOTrONOBbIX?

— Mpexae Bcero Mbl camu, npodeccmoHanbl, AOMKHbI cebe BepuTb. Mbl vaule
CaMMu HeAoCTaTOMHO NonaraeMcs Ha CBOM BbIBOAbI, YEM CJIMLLKOM Nonaraemcs
Ha HUX. Tak, 0AUH U3BECTHbIM YyAAK NOTPATMA Ky4y BPEMEHM HA pelweHune 3aaa-
YM O ABMXKEHMM TEN B LEHTPASIbHOM NONE NPUTSHKEHUA B TMNOTETUYECKOMW NYCTO-
Te. Bcsakue annuncel, napabonsl, runepbonsl... EMy rosopunu: u rae xxe ABUXYT-
ca TBOM Tena? B conpotusnsioweiica soae? B neasHoM Hebe? [ae TBos nyctota?
[la n caM OH BOCNpMHUMAN CBOM 3aHATUSA CKOpee KaK MCKYCCTBO. A OKa3anoch,
yTo caM Mup co cBoel neasHon CKOpPNYNoWU ABUXETCA NO ero 3akoHy. Ecaum no-
SIBNAETCA OLLYLIEHME, YTO BCE KOHLbI C KOHUAMM HAaYMHAIOT CXOAMUTLCS, YTO 3aaa-
Yya HaYMHaeT caMa TaluTb Teba Bnepesn, 3Ha4mT, Tbl NPaB M AOMKEH TBEPAO CTO-
ATb Ha CBOEM.

— -0 Teba npekpacHo NOHUMal. A Kakon-HMbyab depmep, ycnbiwas BCE
3TO, NPUAET B APOCTb, HA30BET TEON XKYNMKOM, CKAXKET, 4TO 3TOr0 HE MOXET BbITb
HUKOrAA...

— W 310 He Tak nnoxo. Echn pepMep npuaet B APOCTb, 3HAUUT, €ro MHTEpecy-
€T KapTUHa MUPa. 3HAYUT,y HEro B roNI0BE YTO-TO NPOMCXOAMUT HA ITY TEMY, 4TO-TO
CNOXMNOCb — CBOS CMCTEMA B3rNAA0B, CMEHA KOTOPbIX, KaK U3BECTHO, Bbi3blBaeT
noMmky. flopasno xyxe, ecm pepMmepy, ecam niobomy apyromy xutenio byaer a6-
CONKOTHO BCE paBHo. ECn OH NpocTo nponycTuT cooblieHne MuMo ywen. Ecnu
KapTUHA MMpa Hy)XHa eMy KaK AeBsTan pyka...

— Cnywai, a Henb3s M NpobypuTb 3TOT NPOKNATLIA NAHUMPb U NOCMOTPETD,
YTO 32 HUM?

— 370 66170 661 NOTPACatowe! Ho 3Haewsb, rae 34eCb OCHOBHasA 3anafHA, non-
Han CapCblHb, C NO3BONEHMUA CKa3aTb? TeMnepatypa nbaa. /1éa MOXHO pacTonuTb
unn npobypute — B NIO6OM Cnyyvae CKBaXMHY 3anoNHMT BoAa. HO TeMnepary-
pa CTEHOK CKBa)KMHbl CHaYana eule HMYEero, Ho YeM Aanblue, TeM XONOAHEN, Npu
NpUbNMKEHUU K NOBEPXHOCTU NEA AOMKEH ObiTb YyAOBULLHO XONOAHbIM. 3TO
3HauuT, BoAa B CKBaXKMHE ByaeT oveHb 6bICTpO 3aMep3aThb, M YTOObI NoAdepPXKK-
BaTb €€ XXMAKOW, NoTpebyeTca NoYTH BCA 3HEPrusl INeKTPoCTaHuuin Mupa.
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17. NMPOBNAECKM HOBOW KOCMONOIrMWU Y EBPONUAH

— MoxeT 6bITb, 3TO CTOUT TOrO, YTO6bI HANPAYLCH, HOBbIE 3EKTPOCTAHLMU
NOCTPOUTL HaKoHew?

— 370 ApeBHME AECNOTUM MOTAU HANPAYLCA U HAarpOMO3AWUTb MCNONUHCKUIA
KOHYC B 4eCTb Aecnota. A cervac noau obbacHM TeM xe depMepaM, UTO HyX-
HO Y€M-TO NOCTYNUTbCA paAu AblpKK B HUKyAA! UIMEHHO TaK OHWM BOCMPUMYT 3Ty
uael. dNoxa He Ta — BPEMS BENUKMX IKCNEAUUMA KOHYMNOCH, HACTano Bpems
HacnaxaaTbes.

— Tak 4T0 e — nonHas 6e3HapexHocTb? O6uaHO ByaeT noMepeTb, Tak U He
y3HaB, YTo TaM CHapyxu! Hawu npeaku Xunu, He 3Has, 4To 3TO «CHapyXu» BO-
obuie cywecrsyert, — uM 6bino nerve.

— be3HapexHoCTb He nonHas. Bo-nepBbix, Mb y)ke NOYYBCTBOBaNM, YTO CHa-
PYXXM €CTb ABE BELLM, U CKOPO ONpeaenvMM pacCTosiHUe A0 OAHOW U3 HuX. Bo-
BTOPbIX, BpeMsi naet bbiCTpee, 4eM paHblie, 3NoXa YAOBNETBOPEHUSA HE BEYHA —
KO€-KOro U3 MONOAEXM yXe NoATaWwHMBAET OT Hee. KOMy-TO HaYUHAEeT XoTeTb-
CA 4Yero-To HacTosulero... PasyMHas TBapb AOMKHA NPUHUMATb HACTOSLLME BbI30-
Bbl! MHaue kakas e oHa pa3yMHan? MHaye oHa 6bicTpo nNpeBpaTUTCA B TyNOro
kanbMapa! Maauwb — n npopeemcs koraa-HUbyab.

Yepes aBe cMeHbl, Nocne TpaHcnaumm nepepadn bpeax [lpyma, 8 Kotopou
OH Nepeckasan COCTOABWMMKCA AManor, N0 KaHany YeTBepTom CTyaAuU B HOBO-
cTax 6bIn0 ckasaHo: «[1o MHEeHUIO yYeHblX, C KaxabiM 060pOTOM rMpPOCKONOB
K HaMm npubaunxaetca bonbwoi KpakTop, KOTOPbIK Yyxe nornotun bonee naTh
TbICAY MUPOB, U TENEPb, KaK NONAraloT HEKOTOPbIE KOMMEHTATOPbl, HALW Ha ove-
peaun. Kpome Toro, 06HapyXeHo, 4To CyLecTByeT orpoMHbli BHewHun UcTou-
HUK, KOTOpbIH Yepe3 kaxablie 1220 060poToB rupockONOB U3NY4YAET Ha HAC Na-
NAWYI0 BCNblwKy. B cBA3M ¢ 3TUM Buue-TpubyH BepxoBHOro Hakasa 3assun, 4to
BHECEH 3aKOHONPOEKT O CPOYHOM OCTAaHOBKE M 3anpeTe 3KkcnayaTauuu BCex
rMpOCKONOBY.

Tak eBponuaHe pacljauyMBalMCh 3a JIEFKONOCTYNHbIe Oara, JOObITHIE
TaJIaHTOM U TPYAOM MpenkoB. YTo ik, 310 ObUIO BpeMsi, KOTOpoe Hajo Ie-
perepreTs. TepneTb oCTaBajoCh 726 TMPOCKOMNHBIX CYTOK.

|
KommMmeHTapui K pasrosopy bpeaH [lpyma ¢ Xpyam M3eHem

«[lbIxaHve», 0 KOTOPOM FOBOPAT eBpONKUaHe, 3T0, KOHEYHO, NpunMBbl. OHK
OTAWYAIOTCA OT 3eMHbIX NPUNUBOB TeM, 4yTo EBpona, Kak u JlyHa, Kak u oCTanbHble
ranuneesbl CNYTHWUKK, BCeraa nosepHyTa K KOnurepy oaHoi cTopoHoW. MpunveHas
Cuna NepBoOro NOPAAKA BbITATUBAET CNYTHMK B INNMNCOMUA, HANPaBNEeHHbIN

K OnuTepy, Ho 3TOT 3nNMNCOMUA B NepBOM NpUBNMXKEHUM CTaTUHEH U €ro
HEeBO3MOXHO BbISBUTb M3HYTPU NOANEAHOIO OKeaHa.
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MprPopPbiB 3A KPAWM MUPA: HA noactynax

OaHako opbuta Esponbl cnerka BoiTaHyTa (3kcueHTpucurer 0,009), u ato
Bbl3blBa€T AMHAMMYECKUe NpunmBbI: Koraa EBpona npubnuxaercs, oHa
BbITAMMBAETCA YyTb CUNbHENH, KOTAA YAANAETCS — YyTb MeHbLe. [IpunuBHOE TpeHne
rpeeT cnyTHUK M3HyTpu. KpoMe TOro, n3-3a BbITAHYTOCTM 0pbuThl EBpONa YyTb
MeHseT CBOI0 OpUeHTauuMIo oTHocuTensHo tOnuTepa — Ha 0,1°. 370 cywecTBeHHO
yBENM4YUBAET NPUNUBHOE TENNOBbIAENEHME.

Kak eBponuaHe MoryT oueHuTb Maccy KOnurtepa, He 3Has paanyca opbuTel?
AMNAUTYAbI NPUNMBOB ANN 3TOrO HEAOCTATOYHO, AAXKE eCNu U3BeCTeH NepuoA
obpaweHus. Tpebyetca cneayiowmii NOPAAOK ManoCT — pasHuLA B aMnauTyae
NPUAMBOB C NPOTMBONONOXHBIX CTOPOH. OHa cocTtasnseT npuMepHo d/R ~ 1/200
oT camoit amnanTyabl (d — amaMertp Esponel, R — paanyc opbutbl). U3 auanora
cneayer, 4TO UMM M3MEpPEeH TObKO BEPXHUIA NPeAen Ha pasHuLy aMNauTyA.
]






MPoPbiB 3A KPAM MUPA: HA nopcTynax

HYIO, T.e. INMOCTY/IMPOBAJIMCb TaKHW€ Ha4ya/IbHbl€ YCJIOBHsI, KOTOpDbIE
U NpUBOAWIM K COBPEMEHHOMY COCTOSIHHUIO, — 3TO TaK M HaA3blBa-
JIOCb «KOCMOJIOTUYEeCKHUI IIOCTYy1aT>.

: [locTynart, KyJa, Kak noj KoBep, 3aMeTaJIuCh IJlaBHble Mpo0ieMbI?
: Hy, koHeuHo, CHUTyallUsi ¢ HavyaJIbHHIMH YCJIOBUSIMM HHMKOrO He

yCTpauBaja, LIUIM MHTEHCHBHbIE NMOUCKU (PU3NYECKUX MEeXaHM3MOB
M30TPONHM3alMK U CrJIaXXKMBaHUSI HEOOHOPOIHOCTEN.

C u3orponHocTbio ObUTO serde. Yxe B Hauase 1970-x rofoB moHs-
4, yTo ecnu BceneHHast oHOpOZHA, TO rpaBUTALIMOHHOE B/IUSHUE
MaTepud NPUBOAUT K ee 3(@PeKTUBHONM H3OTPONMU3ALUM B XOIe
pacuupenus (3To Hamm pabotel ¢ UropeM HoBHKOBBIM U AHZIpeeM
JlopowmikeBruueM, a Takxe uccienoaHus Yapnsza Musnepa, Ctuse-
Ha XokuHra, bappu Komnunsa, Onera borosiBnenckoro, Ceprest Ho-
BMKOBa U 1p.). To ecTb Mbl MOKa3ajy, YTO eC/IM y)Ke MMesach Of-
HOPOJIHOCTb, TO CO BpeMeHeM OyneT MouYTH M30TPONHas CUTYaLMs.
A BOT C MpOCTPaHCTBEHHOI OIHOPOAHOCTHIO BCE 0OCTOSIO ropas-
10 C/IOKHee — €€ AEeUCTBUTENIbHO NMPUXOAWIOCh 3a[aBaTh PYKaMy,
OHa OCTaBajlacb 3a paMKaMu bosblloro B3phiBa.

Kcrary, kakasg-TO aHM30TponMsl Morjia ocTaTbesl. PasHble Moge-
JIM TIpeJiCKa3blBa/IM pa3/M4Hble BHIbI IJI00bHOM aHM3OTPONMH —
B BUZe KBaJpYIOJIbHOH rapMOHMKM WIM KPYNMHOMAcIITabHOro Ist-
Ha B paclipefieieHHM TeMIeparypbl peJIMKTOBOrO M3/Ty4eHUsl Ha He-
OecHoit cepe. I HabmopmaTenn Opocwnnch uckatb. OmHUM M3 IH-
OHEpPOB 3TOro Hanpas/ieHusi ObUT MTaJIbSHCKHMII acTpoHoM (paHue-
CKO Me/IbXHOpH, KOTOPBIii MOCBATHI GOJBIIYIO YaCTh CBOEH Hay4HO
YKU3HU TOUCKY KBaApYNOJIbHOA aHU3OTPOIMK PEJMKTOBOrO M3Jyye-
HUs. Torma 3Ta «0XoTa» He yBeHYasach YCIIEXOM — CJIMILIKOM Masla
6buta ammumuTyna. Ho K MOMCKY aHM30TpOMMM YKe MONKIFOUMIIUCH
MHOrue uccienosatenu kak B Poccuu (HOpuit Ilapuitckuii, Hukonait
Kapnaiwés, Uropp Ctpykos, [Imutpuii CkynauéB u ap.), Tak U B AMe-
puke u EBpone (hxopmk Cmyt, [aBun Buwikuncon, Ilaono bepHap-
auc U gp.). A nomHio, kak B Havase 1970-x B rpymnmy 3enbloBUYa
npueaxan [hxopmk CMyT, cnpalliMBas, KaK ¥ YTO U3MepATb U Kakue
OKMIAIOTCS aMIVIMTYAbl curHana. Peup Torma nwia o6 amrumrynax
~1074, oHaKO MHOro IM03Xe aHU30TpOoNuUs ObUIa OTKPBITA Ha YPOBHe
1075 B nomHOM COOTBETCTBMHM C Ipefcka3aHusAMU Kocmosornyeckoit
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18. UHTEPBBLIO C BnaoumMuroM JIyKAWOM

CTaHAapTHO# Mozenu. Crenyet, OHAKO, 3aMETUTD, YTO MIOOAIbHYIO
aHU30TPOIMIO MHpA, KOTOpPYI0 MCKan Menbxuopy, Tak U He HalUIHA
IO CHX MOp M MPONO/DKAIOT ee UCKaTb — BpeMsi OT BpeMeHH IOsiB-
JISIIOTCS «CEHCalluK», CBSI3aHHble ¢ OOHapy)KeHHeM BblleJIeHHbIX oceii
M TUIOCKOCTe MHpa, HO OKOHYaTe/bHbIN BePAUKT MOXXKHO OyzeT BbI-
HeCTU TOJIbKO C yBeJIMYeHUeM TOYHOCTH HM3MepeHMI.

b. III.: BepueMcs Ha3az. f elye crpallMBas 1o MOBOAY «IUIOCKOCTHOCTH»,
Wi GJM30CTH IUVIOTHOCTH K KPUTHYECKOi, 4To TO ke camoe. Yrto
OyMajii Mo MOBOAY TaKoOro TouHoro OanaHca?

B. J1.: [lpsaMble oneHku IUVIOTHOCTU BceesleHHO#M Mo 3Be3llaM M rasy JaBajid
BCEro HeCKOJIbKO MpPOLIEHTOB OT KPUTHYECKO# IUIOTHOCTH. Yke ObUia
obHapyxeHa TeMHasi Matepusi (0 pa3bpocy CKOpocTeil ¥ KPUBBIM
BpallleHHs rajJlakTHK), HO ee BKJIAJl CWIbHO HeJjooleHuBascsa. Camas
M3BEeCTHasl OLleHKa TOro BpeMeHH npuHamiexana bxumy [lubncy
u bpanny Tanu: mnorHocts BeenenHoit He 6onee 10% oT KpuTHue-
ckoit. To ecTb He xBaTaslo mopsaka. 3to paboTano B MOJMb3Y «OTKPbI-
TOW» MOZeJH, XOTA U OT «IUIOCKOM» HUKTO He OTKa3bIBAJICS.

b. IIL: [lonoxau, yto ¢ 3roro opHoro mopsaka? Jta pa3Hulla Ha MOpS-
JIOK, eC/I1 [IOWTH B paHHIO BcesleHHyo, BolpakaeTcsi B Kakoil TO
MOMEHT KaK OTKJIOHeHHe OT KpuTuueckoit tvma 1075, yro crpan-
HO. Ecin 6l OTHIOHEHHe M3HaudalbHO ObLIO YyTh Oosiblle, ceifyac
OHO Obl BBIPa)XAJIOCh JECATKAMH TOPSANKOB BEJMYHHBI, a He Mpo-
uenramu. [IpaBaa, Torga Obl ¥ Hac He ObLIO...

B. JI.: [la, xoHeuHO, MbI 3TO 3HaMM. [lepBrIM, HaBepHOe, ObUT aMepHKaH-
ckuit actpogpusuxk Pobepr [lukke, KOTOpbli YeTko cHopMyIHpO-
Ba: {2 (OTHOIIEHHe IUIOTHOCTH BceneHHOM K KPHUTHUYECKOM IUIOT-
HOCTH) — IlepeMeHHasi BO BpeMeHM BenuuuHa. OHa ObICTpPO ne-
rpagupyet b0 K Hymo, 100 K GECKOHEYHOCTH. 3a MCKITIOUEHH-
€M OJQHOro-eJMHCTBEHHOro ciaydas: ecim £ = 1 B TouHoctH. [los-
TOMY M Toraa ObUIM MOJO3peHHsl, YTO IUVIOTHOCTb PaBHA KpUTHYE-
CKOH, T.e. BcesleHHas «utockasi». Mbl, KcTaTH, paboTany C IUIOCKO#H
Mozenbio. OHaKo AMCKYCCMM O KOMIIOHEHTax MaTepud He yTHXa-
nu. AprymeHnT [lukke ObLn 3BPHCTHYECKHIA, a M3MepeHHe IUIOTHO-
CTM — 3TO peajibHas HayKa.

b. IIl.: HeGoch, Torma nbITaluCh NPUBJIEKaTb AHTPOMHBLIA MPHUHLIKI IS
00BbSICHEHHS 3TOrO Mapajiokca?
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18. UHTEPBbLIO C BnaaoumMuproM JIykKAwoMm

3aMeJieHHs, T.e. YCKOPEHHEM, YCKOPSIIOLUMMCH KOCMOJIOTMYECKUM
paciiupeHreM (ceifyac-To Mbl 3HaeM, YTO MMEHHO TaK OHO U eCTb).
Ho Torma Hapon ObUT ellle He rOTOB Bcepbe3 BOCIPHUHATH YCKOPEH-
HOe paclIMpeHHe, BCé CBAIWIM Ha OWIMOKM M3MepeHHi M MpO 3TOT
pe3y/ibTaT MOTUXOHbKY 3a0bUIH.

B. III.: TloTpscatome! Yxe KOTOpbIi pa3 OKa3bIBaeTCs, YTO BaXKHeMllue
(dakTbl B KOCMOJIOTMH BUJeJIU 3a40/ro 10 oGHULMATIBHOTO OTKpHI-
THS,, HO He MPUJAIM 3HAYeHUs WIM He nosepwi. KocMosoruue-
ckas MHOAUMA KaK HOBas mapaaurma nosiswiace B 1981 rony.
YacTo uneu mepes TeM, Kak BOCTOPXeCTBOBATb, BUTAIOT B BO3[Y-
xe. Moii Bonpoc: BUTaja 1M B BO3AyXe uzaes: KOCMOJIOTMYECKON MH-
¢nauum B 1970-x romax?

B. J1.: beccniopHo, BUTas1a, OMHAKO TOra ee TaK He HasblBaIM U MHOTHe CJel-
CTBHUSl YCKOPEHHOrO pacllMpeHHsi WIM pa3fyBaHus (MHQsALMM) He
CBA3bIBAJIM ellle B equHyl0 mapaaurmy. Kak ato yacto GbiBaet y Jito-
Iei, HOBYIO UZEI0 He Cpa3y 3aMeTWIH, OCO3HAIM U NMPUHSUIH. [lepBbiii
pa3 ¢ HaCTOINYMBOM MbIC/IBIO O TOM, YTO KOCMOJIOTHUeCKHii 1iMOza-
YjleH, BbI3bIBAIOIIMI JKCIIOHEHIMA/bHOe pacLIMpeHre, MOXeT II0sl-
BUTBCS U3 (PU3MKM BaKyyMa, TOUHee, U3 TeH30pa SHepPruu-uMITy/ibCa
B IIpaBOM 4aCTH ypaBHeHHWil DWHIUTeiHa, BBICTYIIWI JpacT [iMHep —
etie B KoHlle 1960-x. OH mpuiien B rpymmy 3e/iblOBUYa U paccKasal
0 cBoeii foraake. B Te BpeMeHa ONHMM M3 MOMYJISIPHBIX KOCMOJIOTU-
YeCKUX ClieHapHeB ObUla OCLWUIMpYIOIAs BCeJieHHas: OKaThe — OT-
CkoK — paciuupenue. [Ipobsema ObUta B TOM, YTO IPU CKATHH BCe-
NleHHas1 HeM30eXXHO N0/DKHa ObUla JOCTUYb CHHTY/IIPHOCTH — COCTO-
SIHUSL ¢ GeCKOHEYHO! IUIOTHOCTBIO.

[MuHep npuayMan, kak MOXHO U30exaTb CHHTYJISIPHOCTH IPU OT-
CKOKE C IOMOLLbI0 BaKyyMa C HeHY/eBOM IUIOTHOCTbIO 3HEPruu
M C ypaBHEeHHEM COCTOSHHUS p = —¢ (HAlOMHUM: € — IUIOTHOCTb
3Hepruy, p — JaBJieHHe, KOTOpoe OKa3blBaeTCsl OTPULIATeNbHbIM).
Torna npu cxatuy, Korga obpasyercsl TaKoOi BaKyyM, BKIIOYaeTCs
pacTaJIKuBaHue, M BCeJleHHasl uzeT Mo peilenuio Je Cutrepa: Top-
MOJXXeHHe KoJI/1allca, IOBOPOT NPH KOHEYHOH [UIOTHOCTH, 3KCIIOHEH-
LiMaJibHOe paclUMpeHHe.

f.b. 3esnpmoBKY, BBHICTYLIAB 3TO, MpUILEN B SAPOCTb, CKa3al, YTO BCE
3TO epyH[ia, ¥ BbIrHAJ JOKIA[uMKa, pa3Be YTO C JIeCTHHUIIbI He CIy-
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18. AHTEPBbLIO C BnagpumMuprPoM JIYKAWOM

¥ CKa3ajia JBe BakKHble Belly. Bo-nepBbIX, JaHHBIN NPOLIECC IKCNO-
HEHIMAJIbHOTrO paciuMpeHus (TepMuHa «MHGALMS» TOrAa ee He
CYILECTBOBAJIO) MO3BOJIseT OBLICTPO CO3JaTh OrPOMHBbI 00beM W3
MHKPOCKOITMYECKOr0 HayaJbHOTO COCTOSIHUS. JTO MOXeT 00bsc-
HUTb OrPOMHBbIA pasMep Bcenennoit. Bo-BTopbix, 3T0 MOXeT 00b-
SICHUTb, OTKyAa BO BcesieHHOM Takoe OrpoOMHOe KOJIMYeCTBO Ya-
cTull. BakyyM c HeHyseBOii 3Hepruel HeyCTOMUYMB U Koraa-To pac-
najacs, Ipyd 3TOM IMCCHIIMPYs B M3/TydyeHHe M vactuubl. Ha cra-
MM 3KCIIOHEHLMATILHOrO pacCllMpeHUsl TUIOTHOCTb 3HEPrUM BaKyy-
Ma OCTaeTcsi HeM3MeHHOH, U IpH ero pacnaje B equHHLle o0beMa
pOXOaeTcsl onpene/ieHHOe KOJIMYeCTBO 4acTull. A o6beM-To yxke
3KCIMIOHEHLIMAJIbHO BO3pOC. 3HA4MT, U NMOJIHOEe YUC/IO YacTULl B 3TOM
BbIpOCLLIEM OObeMe 3KCIIOHEHIMATIbHO BeJIHKO.

b. IIl.: 9T0 yxe N0oBOMBHO MoLIHBIA npobseck. [loxoxe, yTo OH He ObuLI
IOCTaTOYHO BHATHO 3apMKCUpOBaH B Hay4HOii nuTepatype. M kak
Bbl BOCIIPUHSJIM 3TOT JOKIaA?

B. JI.: U moknan, v Beilleuas o3xe CTaTbs ObUIM BOCIIPUHATHI AOBOJIb-
HO CroKoifHO. Hukakux ckaHmanoB Win OYpHBIX BOCTOpProB, 3aja-
JI1 HEeCKOJIbKO BONPOCOB, MO3JPaBU/IM C TPaHAMO3HBIMU BBIBOJA-
MU ¥ noxenaau ycnexoB. I mymarto, Bcé nesio B TOM, UTO Baky-
YM C HEHYJIeBOH IIJIOTHOCTbIO BOCIPUHMMAJICA TOrJa KaK 3K30TH-
Ka. /la ¥ ceityac 3TO BBHIVISAUT 3K30TUYHO.

Tel Bcé cnpaiuBaelib npo JAoraAku no nosoay uH¢asuuu. Ho
eCThb ellle OJlHA BaXKHas Bellb, 3aBeplialollasl KapTHUHY: KBAaHTO-
Bole (aykTyauud. B npuHuune, kBaHToBble (IYKTyallUd B paH-
Heii BcesleHHOM MOryT AaBaTh peajibHble rpaBUTALIMOHHbIE BOJIHBI
M HEOIHOPOIHOCTH IIoTHOcTH. CHavana ayManu, 4YTO 3TO MOXKeT
peann30BbIBaTbhCA JIMLIb B aHU30TPONHON Beenennoit. OaHako Jle-
oHuA I'puiyk nokasaj, YTo rpaBUTAllMOHHBIE BOJIHBI POXIAIOTCS
M3 KBaHTOBbIX (JyKTyaluii 1 B 00b14HON KocMosiorun Ppuama-
Ha, Ile HUKaKo¥ aHU30TpONMM HeT. 3e/IbJJOBMY I[IOHA4aslly OTpH-
laJ TaKyl0 BO3MOXKHOCTb, HO, MouuTaB Habpocku ['puminyka, co-
IJIaCHJICS. Y TMpelyIoKWI MUcaTb COBMECTHYIO cTaTbio. Ho craThd
Obl1a yxe HamucaHa, ¥ [pumyk ony6iMKoBan ee cam.

fl B Te BpeMeHa czienias1 paboTy B TOM >Ke HalpaBJIeHHH, HO He IJIA
rpaBUTALIMOHHBIX BOJIH, a JUIS CKAISAPHBIX BO3MYILEeHUH, Onaromaps
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18. UHTEPBLIO C BnaouMunurPomM JIYKAWOM

OT CHUHTYJISIPHOCTH, HO ONMPAaJNCh 3TH CLIEHapUM He Ha «BaKyyM
[MuHepa», a Ha He3MHIUTEHHOBCKYIO rpaBUTaLMIO ¢ Jo0OaBieHHEeM
K rPaBUTALlMOHHOMY NeHCTBHIO KBAaJpaTH4HBIX [0 TeH30py Puu-
Yd 4IeHOB (HallOMHHUM, YTO I'paBUTaLMOHHOe JeiictBue I'mibbep-
Ta — DMHHIITeilHAa NpPONOPLHUOHANbHO cKansapy Puuun R). Torpa
MHOrye npue3xaau K 3elbJOBUYY KaK K «KOPOHOBAaHHOMY aBTO-
pUTETY>» B 00JIaCTH KOCMOJIOTHM — B ero cuiaax 6wuio imbo 3a-
pyouTh cTaThio, MO0 nath nobpo Ha nybnukauumio. Crares Ty-
poBuya Obuta omy6iukoBaHa B XITOD u nonyumna panbHeiiliee
pa3BUTHE B COBMeCTHbIX paborax co CTapoOMHCKHM, HO YJIeHBI
Tnia R’ TaM 3aKl1aibBaIMCh PYKaMH U He MMenu (PU3HYECKOro
obocHoBanusa. OfHako uies nomaja Ha GiarogaTHylo NoyBy —
Anexcero ynanoch mokasatb, YTO KBaJpaTH4YHbIe MONPaBKH K Jiei-
CTBHIO BO3HUKAIOT B OJHONETIEBOM NpUOMMKEHHH K KBAaHTOBOW
rpaBuTaunu. Kaxnoe MartepuasbHOe moJjie BXOAUT CO CBOMM KO-
3¢ PuLMeHTOM, HO reoMeTpuyecKas: CTPYKTypa IONPaBOK YHH-
BepcaJibHa — 3TO OuMHeiiHble ()OPMBI, COCTaB/IeHHble U3 TEH30-
poB KpuBuU3Hbl Puyun 1 Pumana. Toraa u nosiBwiach Tak Ha3biBa-
emas Mojieab CTapoOMHCKOro, OCHOBaHHasi Ha rumorese o n00aB-
JIeHUM K JeiicTBuio ['unbbepTa HONOMHUTEILHOTO YieHa, IPOIop-
LIMOHAILHOTO KBajpaTy ckaigpa Puuunm R’ (koapduimeHt, Ko-
He4yHo, MPUIIOCh 3alaBaTb (PEHOMEHOJNIOrMYeCKH — KOJMNYeCTBO
M COCTaB NoOJiell HUKTO He 3HauI). JTa KOCMOJIOrMyeckass MOJeb
MoauUIIMPOBAHHOI rpaBUTanMy Obla (PU3NYECKH MOTHUBHPOBA-
Ha, OHa JaBaja MHQJIALMOHHYIO BeTBb pa3fyBaHUs NMpU 0ObIIKX
3Heprusix U IoJaBJisyla TEeH30PHYI0O MOAY BO3MYLIEHUHA B COOT-
BETCTBUM C HabmofaTeNbHBIMU TpeOOBaHMSMU.

Bb. Ill.: MoxxHO cKasaTb, uTO 3TO ObLIa MepBas JOCTAaTOYHO MpopaboTaH-
Hasi Mozenb MHGAAUU?

B. JI.: BeccriopHo, 3To 6bL1a oHa U3 nepBbiX Mojesneil (He 3abbiBaiiTe Mpo
BakyyM [JInHepa!), HO HAacKO/JbPKO OHa peajbHa NOKAXeT BpeMs.
Bo-nepBrix, HENOHATHO, MoYeMy TOJIbKO R, Belb ecThb elle U Apy-
rie nonpaBki. OueBHIHO, 4TO R’ — 3TO mpocTeilMii (MUHMMAIb-
Hbll) BapuaHT TEOpHH, MMPOCYMUTHIBAEMbI 0 KoHIa. BrioueHue
)K€ U y4eT JOTOJIHMTEe/NbHbIX WIEHOB MPUBOAUT K HOBBIM Mapame-
TPaM, KOTOpble HUKTO He B COCTOSHMM OLIEHHTb U HaCTPOUTb.
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B nanbHeiilieM MOSIBWIOCh MHOXECTBO APYrHMX Mojesied HHQIA-
LIMM, OHH TMOCHINAJIMCh KaK M3 pora u3obwmms. S BcomMuHawo ce-
muHap Poku Konba B LIEPHe B Hauane 1990-x ronoB: oH mepevuc-
mun okono 30 «paboraromux» Mogeneit MHMIALMH, COBMECTUMBIX
C KOCMOJIOTHYECKMMH Ha0JIOfeHUsIMU. DTOT PHIHOK NOKa He YObI-
BaeT, ¥ MOJBIKEK MOKa He BUIHO: MPSAMBIX (HU3IMUYECKUX IKCIIepH-
MEHTOB B 00/1acTH OuYeHb BBICOKMX 3Hepruii HeT W He OyneT. Bes
HaJle)XxJa 3/1eCb Ha KOCBEHHble 3KCIIePHMMEHTH U HOBbIEe UIEH.
Kcraty, Ha npuMmepe MHGASLIMM MHTEpeCHO NMpOCeguTb, KaK U3-
MeHWI0Ch (HU3MYecKoe HaloJHEeHHe CaMoro CJo0Ba <«rpaBUTaLIUs»
Ha npotsbkeHnd XX Beka. CaMm DitHwuTeitH He HasBan OTO Teo-
pueil rpaBUTaLIMM, XOTS B CTaThsIX U YCTHOM peyH 3TO CJIOBO UC-
10/1b30BAJIOCh B OCHOBHOM KaK CMHOHHMM «IIPUTSDKEHUS» UJIH «TH-
roTeHus». B cBoMX KHMrax TepMHH <«rpaBUTallUs» HKCIOJb30BaJ
Bnanumup Qok, a 0nHa U3 nepBbIX KHUT 3esbloBUuya U HoBukoBa
Tak ¥ Ha3sbiBajlacb «Teopusi TAroTeHUs U 3Bomouus 3Be3n». Ilo-
cyie OTKpbTUSA (eHOMeHa MHQIALMU BBISICHUIOCH, YTO rpaBUTa-
LIS MPOSIBJISIeTCS! He TOJbKO KaK NMpHUTSHKEeHHWe, HO M KaK OTTaj-
KMBaHMe — BCE [1eJI0 B CBOMCTBAaXx MaTepUH U PeJIITUBUCTCKOM
NlaBJIeHUH, KOTOpOe TOXKe rpaBUTHPYeT M MOXXeT M3MEHUTb 3HaK
rpaBUTALIMOHHON CcWIbl (Kak, Halpumep, B OOHOPOIHOM CJyuae,
korga €+3p < (). B KoHlLle KOHIIOB CTajl OYEBUAHBIM TOT (DAKT,
4TO NPUTSHKEHUe U OTTaJKMBaHHWe — 3TO JIBa PaBHOLIEHHBIX KpbI-
Jla pensiTUBUCTCKON rpaBuTanuy, onuceiBaeMoi OTO unm gpyru-
MH TEOpHUSIMH.

P.S. UnrepBbio y Bnagumupa Jlykawma 6bi10 B3ATO emie Ao mybsnka-
uuu (pUHAIBHBIX pe3ynbTaToB 3kcrnepuMeHToB WMAP no uamepeHnuio
PeJIMKTOBOTO M3JIYYeHHS] U MepPBbIX pe3yJbTaToOB 0osiee YyBCTBUTEJIbHO-
ro akcnepuMeHnTa «lmaHk». 9TH pe3y/nbTaThl Y)Ke 3aKpbUIM LieJblil pan
Mojeneit MHQANUY, a KaKue-TO MOCTaBUIM IOJ COMHeHHe. Bumumo,
yTBepXJeHHe, YTO PHIHOK Mojelleit MHQIALMK He YObIBaeT, y)xe ycrape-
710. VI3 HOBBIX NaHHBIX TaKXe BUAHO, yTO Mojenb CTapobuHCKoro (BMe-
CTe C rpynmnoi Apyrux Mopnesei, cCM. uHTepBbio ¢ AHzpeeM JIuHze) oka-
3bIBaeTCsl NIpeJo4YTUTe/IbHell JPyrux: OHA Jiyyllle BIIMCBHIBAETCS B COBO-

KYIIHOCTb OAaHHDbIX.
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IpY OrPOMHOI1 KpUMBU3He NPOCTpaHCTBa-BpeMeHU. Monudukanus 3akio-
yajsiach B A00aB/ieHUH 4WieHa, MPONOPLUHOHAILHOrO KBaZpaTy KPHUBU3HBI
npocTpaHcTBa-BpeMeHd. OCHOBaHMSA IS Takoi Moaudukauuu ObUIM MO-
YeplHYTbl U3 KBAaHTOBOW Teopuu nois. Jto HanoMuHaeT 3ddekr Kasu-
MHpa, B KOTOPOM MeTaJUIMYecKue IUIaCTHHBbI «1e)OpMHUPYIOT» HYJIeBble
KoslebaHMsI 3/IeKTPOMAarHUTHOro nosis B Bakyyme. B mMonenu CrapobuH-
CKOro HyJieBble Kose0aHHMs BaKyyMHbIX Mojiedl «1e(hOpMHUpYIOTCs» 60b-
IO KPUBHM3HO! 4YeTblpeXMEpHOro IpoCcTpaHcTBa-BpeMeHu. Ilpu 3tom
3Heprusi BakyyMa He yMmeHbliaetcs, Kak B 3a¢dekre Kasumupa, a ysenu-
4MBaeTcs, [pUYeM O4YeHb CWIbHO. JTO B TOYHOCTH COOTBETCTBYeT BO3-
HUKHOBEHHUIO CKaJIAPHOro MoJjsl, KOTOpoe AaeT IpaBUTALIMOHHOE pacTal-
KuBaHMe INpocTpaHcTBa. ToT xe 3¢deKT, ¢ Apyroil CTOPOHbI, IKBUBAJIEH-
TeH JelCTBHIO JAMOga-wieHa DiHIITeHHa, TOMBKO B IaHHOM C/Iyyae OH
He TIOCTOSIHEH, a CTAaHOBUTCS HMUYTOXXHBIM, KOrjjla YCKOpPeHHOe pacluupe-
H1e BceneHHoit npekpaTWIOCh.

PetpocnekTuBHBII aHaMM3 MoKasaa, 4To Mognenb CTapoOMHCKOro 3K-
BUBaJIeHTHa Oosee mo3mHeil U Haubosee pealUCTHYHON Mozenn HUHPS-
LIMM C CWIbHBIM moJsieM (ClieHapuii MeJJleHHOrO cKaTbiBanus). K coxane-
HUIO, B MOMEHT MOsiB/ieHUs1 3Ta paboTa He BbI3Baja AO/DKHOTO pe30HaH-
ca. HaspiBatoT pasHble NMpUYMHBL, B YaCTHOCTH, BCIOMHMHAIOT O CaMOMU30-
JNIAILIMM COBETCKOi HayKu Tex BpeMeH. OniHako cTathsl ObUia omy0JMKOBaHa
B XOpOLlIeM MeXIYHapOAHOM JXYpHasle U BIOC/IeJCTBUU HEIUIOXO LIUTHPO-
BaJslach. bosiee Toro, B cBeTe HOBBIX JAHHBIX 10 PEJIMKTOBOMY HM3Ty4YeHHIO
Monens  CtapoOGHHCKOro,
nonosnHeHHas  paboroit
B. MyxanoBa u [I. Yubu-
coBa (CM. HIDbKe) BbIIUIA
B unucio aBopuros. Ceii-
yac, Korjaa ormyOJIMKOBaHbI
OKOHYaTe/IbHble  JJaHHble
KOCMHYeCKOro MHKpPOBOJI-
HOBoro Tesieckona WMAP

V(e. T)

Puc. 19.2. NoTeHumnan nons
nHdnaToHa B cueHapuu
AnaHa [yTa. Pa3Hble KpuBble
COOTBETCTBYIOT Pa3HbIM
TeMnepaTypam
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Bor cuenapuit Anana I'yra. CymecTByeT ckajsipHOe IoJie C TMOTeH-
1IMajaoM, rie ectb MeTtacTabuIbHOe M OCHOBHOE COCTOSIHUA. DTO, Ha-
npuMep, MoxXxeT ObITb aHasor mojs Xurrca, HO ¢ ropasfio 0oJsee BBICO-
KOl MJIOTHOCTbIO 3Hepruu. Takoe Iojie MOXXeT OTBe4aThb 3a HapylleHHe
CUMMeTpPHH, CBA3aHHOH C BeJIMKUM oObeuHeHHeM. Mbl 3TOro mojs He
«ynaai» ¥ HUKOrZa He CMOXeM 3TOro ciejaTb Hanpsmyio. Ckansp-
HOe MoJie MO)XXHO O0OHapyXWTb, BO30YIUB €ro — poauB 4YacTHULY IO,
4YTO M [IPOM3OLLIO HelaBHO C nosieM Xurrca. B naHHOM ke ciyvae uva-
CTHMLA [10J1 UMeeT TaKyI0 Maccy, YTO O MepCleKTHBaXx ee PpoXIeHHUs Ha
YCKOpHUTeNAX MOXHO 3a0biTh. OZIHAKO €CTb JOCTAaTOYHO CHJIbHbIE ap-
ryMeHTBl B 103y TOrO, YTO TaKoe IoJie NO/DKHO CcylllecTBoBaTb. Ha-
npuMep, Teopust Benukoro o6bennHeHUs,, B KOTOPOi 3HEpreTHYeCKHit
MacuTab 3Toro Mo, T.e. XapaKTepHbIH NMOTeHLHan V,, HeIIoXo 3Kc-
Tpanojaupyercss U3 (PU3UKU JOCTYNHBIX HaM MacIuTaboB: BUAHO, YTO
OH JIMILIb Ha /BA-TpHU MOpSAJKa HUXe IUIAaHKOBCKOI 3HEpruu.

Cuenapuii ['yra HauMHaeTcs C OYEHb IUIOTHOTO M OYEHb ropsiyero 3a-
ponpiiia BcenenHoil. OTKyza 3TOT 3apoAblll B3fJICA — OTHAENbHBIA BO-
Ipoc, MHOrokpaTHO obcyxaaBiumiics. Hampumep, MuKpoBceneHHast Mo-
)KeT MOSIBUTBHCSA KaK pe3y/bTaT pefiKoii (HO He Ge3HalieXKHO peiKoi) KBaH-
TOBOM (iykTyauun. BakHo, yTOOBI 3apoppilll pacmMpsiICs (IO 3aKOHY
(OpunMana) u utobbl Bce Nojis ObUIM B TePMOAMHAMUYECKOM paBHOBe-
cuu. XapaKTepHoe BpeMs nepBoi ctaguu cieHapus — 1073 wm 107% c,
3a 3TO BpeMsl 3apoibill paciuupwicss ¥ octbul fo 10' 'sB. ro BakHBIi
MOMEHT, NOCKO/IbKY IIPY Takoi TeMnepatype IUIOTHOCTb 3HEPruH Iojs ¢
CTaHOBUTCSI CPaBHMMOI C IUIOTHOCTbIO 3HEPruM 4acTull, a y 3¢¢eKTus-
HOro MoTeHLyasa NoJs MOSB/ASeTCS HOBblI MUHMMYM, KaK NOKa3aHO Ha
puc. 19.1. 3to MoMeHT (ha30BOro mnepexona.

Ho nepexon nonsi B HOBbIi MMHMMYM 3aliepXKMBaeTcsi — IPOMCXOAUT
nepeoxaxeHHe, MOf00HOe TOMY, YTO MOXKET MPOMCXOAMTh NpHU 3amep3a-
Huu Bozpl. Ilone ¢ «ycnokauBaercs», ocTaBasCh B JIOK&JIbLHOM MUHUMYMe
¢, — MMEHHO B TOM, I7ie BeJIMY1Ha M0/l PaBHO HYJIO, a noTeHuuan V, orpo-
MeH. 3T0 MeTacTabWIbHOE COCTOSIHMe TaKKe M3BECTHO KaK «IOXKHBIA BaKy-
yM». CorslacHO ocTpoyMHOit ¢opMynupoBke AHapest JluHze, «Tshkenoe HHU-
uro» (heavy nothing). [lo Mepe ocTbIBaHMS IUIOTHOCTb 3HEPTrHU CTaTUYECKO-
ro nossi Bcé Gosbllle HAYMHAeT NepeBelllMBaTh TEIUVIOBYIO IUIOTHOCTb 3Hep-
rMy. A [aBjieHue y NMOCTOSHHOTO ¥ OJHOPOAHOrO CKaJISIPHOrO I10JIsl, HaloM-
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HUM, OTpuUIlaTesibHOe. I B Kakoil TO MOMEHT CyMMapHOe JjaBjieHHe B 3apo-
Jiplllle BCEJIEHHOM MEHsieT 3HaK — CTAHOBUTCS OTpULaTe/IbHbIM. BceneHHas
nepeoxJIaKIaeTcss — CKISpHOE MMoJie 3aCTpeBaeT B JIOKAJIbBHOM MHHHMYMe,
B MetacTabwibHOM cocTossHud. [lo Mepe oxyakneHMs NaBjleHHe UIEeT BCE
Iasiblile B MHHYC ¥ HaKOHeL| IepeceKaeT KpUTHUYecKyto uepty —1/3 €.

Kak TO/NbKO 3TO NMPOMCXOIWT, 3HAK CAMOTATOTEeHHUs] BCEJIEHHON MeHs-
erca. Jlo 3TOro rpaBMTalMs CTPEMWIAch 3aMeIUTh CKOPOCTb pacLIupe-
HUA My3bIpbKa, Tellepb OHa HauMHaeT ero pa3ayBaTb. Pa3mep BceseHHOIA
HauMHaeT paCTH, KpMBU3HA yMeHbIUaeTCA. A CKalsipHOe MMOJie HUKYyJa He
ZieBaeTCss — OHO MO-TIpeXXHeMY 3aHMMaeT Becb 00beM, JIMIb CTaHOBUTCS
onHoponHe#. [lonydaeTcss TOT ke caMblif 3aKOH POCTa, YTO y pa3MHOXe-
HHSI HETPOHOB NpH AJePHOM B3pbiBe WK OaKkTepHil B UIeaIbHBIX YCJIO-
BUSIX, — SKCIIOHeHLMaJbHOe pacluupeHue. Kaaplii paBHBI IpOMEXYy-
ToK BpeMeHM Tuna 107% ¢ paamep BCe/leHHOH yaBauBaeTcs, a KPpUBHU3HA
yMeHblllaeTcsl B JiBa pa3a. Ml 3To npojomkaercsi JOBOJILHO OO0 — IOKa
1nosie ¢ OCTaeTcs B MMHHUMYME ¢, MOTYT IpPOATH MHOTHE NECATKH WK
COTHM BpeMeH y[IBOoeHUs pa3MepoB BceseHHOH. 3a 3T0 BpeMsi U3 Mu-
KPOCKOIMYECKOro 3apofblilia BceJleHHasi CTAaHOBUTCSI TMTaHTCKOIA, ee Ipo-
CTPAHCTBO COBEpLIEHHO «IUIOCKUM» — €BKJIMAOBBIM.

[Ipy 3TOM CKOpOCTb yhajeHUsl JOOBIX JBYX TOUYeK APYr OT Apyra
OBICTPO CTAHOBHUTCS BbIllle CKOPOCTH CBeTa. JTO HUYEMy He MpPOTHBO-
peyuT — TOYKM TNOMAjaloT B NMPUYMHHO HE CBsi3aHHble oOJacT Impo-
CTpaHCTBa, HUKakasd MHGOpMalMs OT OJHOI TOYKHM K JPYrOil HE MOXKeT
ObITh NepefjaHa B npuHiune. OrpaHUYeHUe Ha OTHOCHTEIbHYIO CKOPOCTD
IBWKEHUS TeJ B CIELUAIbHOM TEOpUH OTHOCUTEIbHOCTH — JIOKAJIbHBIN
npuHumn. OH robaseH B CTalMOHApHO# BCeeHHOM, HO He B paciUMpsi-
roweiics. BosMoxkHO, NpUUYMHHASA CBS3b TEPSIETCS He HaBcerja — Koraa-
HUOynb npu Oosee MeIIEHHOM pacIIMpPeHUH BCEJIEHHOH OHa BOCCTaHO-
BHUTCS, HO Ha CTaAUM 3KCIIOHEHLMATbHOTO pa3nyBaHUs 060l 06beM Obl-
CTPO «pacChillaeTCsl» Ha TUraHTCKOe KOJIMYEeCTBO HHUYEro He 3HaIoIHX
apyr o apyre obnacreil. OJHaKO Ba)XHO TO, YTO 3TH NPHUUHHHO HE CBS-
3aHHble 00J71aCTH MMEIOT oflllee MPOMCXOXKIEHHE — OHM MOMHAT 00LHe
YCJI0BUS, C KOTOPBIX CTapTOBAJIN.

Hakownern, ckaxeM uepe3 1073 ¢, MeTtacTabWwibHOe IOJIe «BCKUIAeT»,
BblZieJisig CBOIO 3Hepruio B yacTulibl. Kak 310 mpoucxoaut? B creHapun
['yra none B oTAeNbHBIX MECTax TYHHeJUpYeT 4epe3 MOTEHIHa/IbHbIA Oa-
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prep B OCHOBHOe coctosiHue ¢, Ilpu atom obpasyrorcs pacTymue Imy-
3bIpbKM HOBOW (pa3bl — MCTUHHOrO BakKyyMa. Ily3bIpbKM CTasKMBaIOTCH,
JIOXKHBbI BaKyyM «BbIrOpaeT», IiepefaBasi CBOIO 3HEpruio vyactuuam. Bce-
JleHHasi CHOBa pa3orpeBaeTcs, JlaB/ieHHe MeHsleT 3HaK — CTaHOBUTCS IO-
JIOXKUTEJIbHBIM. JKCIIOHEeHLIMaJIbHOe pacliMpeHe 3aKaHuMBaeTCsl.

Hanble Bcé cHOBa NMPOMCXOAMT Mo cleHapuio OpuamaHa, TONBKO Bce-
JIeHHasl y)Ke KMMeeT IMraHTCKMe pa3Mepbl U NOYTU HYJIeBYI0 KPHUBH3HY.
OHa npofosmkaeT pacIIMpSITbCS C 3aMelUIeHHeM U ellle BblpacTeT Ha MHO-
ro NOpsSIAKOB, UCHBLITAB B CaMOM Havajle pal Apyrux meramopgos. [lpu
3TOM el rapaHTHPOBAHO MMPAaKTHYECKH BevHOoe, a MOXeT ObITb M IPOCTO
BEYHOE CYILLeCTBOBaHUe.

TakoB cuieHapuii BOSHUKHOBeHHs Hallleil BcesleHHOM C moMomibio Me-
XaHM3Ma KOCMOJIOTUYeCKOW MHQJISALMH, KOTOPbIA MepBbIM MOTYyYWI LIU-
POKYIO M3BECTHOCTb. B 3TOM clieHapuH, OJHAKO, €CTb OJUH HelpaBWIb-
Hblii 3nu304. O Hem cKaxeM Hike. OUueHb 4acTO AOCTH)KEHHS, MEeHsBIUME
MpeACTaBeHHs] O MHpe, cofiepkaiu B cebe HenpaBHIIbHbIE 371€MEHTHL:
Komym06 myman, uro oTkpsut nepucdepuio Muauu, KonepHuk cuuran op-
OUTbl IUTaHeT KpyroBbiMM, Xab0;1 owmbcsi B omnpenesieHUH CBOei IO-
CTOSIHHON Oosee yeM B mATh pa3. ['yT mpeaioxun cleHapuit poXIeHHs
BceneHHoii, kKOTOpbIf B JaHHOM KOHKPETHOM BuZe paboTaTb He MOI, HO
yXBaTbIBaJ CyTb. [loaTOMy npexie, ueM nepeiTH K mocieayomuMm bosee
NpaBWIbHBIM CLIeHapUsM, MBI [lepeyrc/IMM Ba)kHeMlllMe Belld, 3apUKCH-
pOBaHHbIE U YETKO U3JI0KeHHble [YTOM B OCHOBOIIOJIArarllen CTaTbe.

BepHemcs k ¢yHIaMeHTalbHBIM BONpPOCaM, NEpPeYUC/IeHHbIM B Ha-
yasie yacty IL

1. Mouemy Bcenennas Tak Benuka M cOamaHcupoBaHa (Onm3Ka

K «IUI0OCKO¥») ¢ HeBepoATHOM To4HOCTBIO? [loToMy, uTO HMHNS-
UMs pasdy/ia ee Ha JIeCATKU TNOPSAIKOB, clelaB KpuBU3HYy Bce-
JIeHHO HuUYTOXHOW. HamomuuM, corsnacHO ypaBHeHussM Qpun-
MaHa JOUHAMMKy pacliupeHusi BceneHHoO#l ompeliensieT OTHOILLe-
HHe KPUBU3HBI TPEXMEPHOro MPOCTPaHCTBa K MOCTOSAHHOI Xa06:1a
(Mbl MOXXeM CpaBHMBATb BeJMYMHBbI Pa3HbIX pa3MepHOCTeH, Bbl-
pa3uB MX B IUIaHKOBCKHMX eMHMLIAX WK, B JaHHOM C/y4dae, [1OM-
HOXHB KPMBM3HY Ha CKOPOCTb CBeTa). 3TO OTHOIIeHHe {2, Mor-
70 ObITh NOpsAKa eAMHMLBI O Havasaa uHGuAuuH. B nporecce
MHOIAIMY KpUMBU3HA yMEHbIIWIaCh Ha MHOrO MOPSAKOB, a 1o-
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crosiHHass Xab01a He u3MeHwrach. BceneHHasi crTaja «IJIOCKOM»
C OrPOMHOM TOYHOCTBIO — 3TO M €CTb Ta «TOYHOCTb OpOCKa», Ko-
Topasi obecreynwsia OrpOMHOe BpeMsl pacIlMpeHHs C 3aMelJIeHH-
eM JI0 HUYTOXXHOH CKOPOCTH B OTAajeHHOM Oyaymem. Ecin Bce-
JleHHas! pa3fysach, Hanpumep Ha 100 nopsiikoB, To nocie UHGpIS-
mu 2, ~ 107'%. MoxxHO roBOpUTh B TepMHHAX CpeJHed IJIOTHO-
cty BcenleHHOI — ee OT/IMUMe OT KPUTHUYECKOH Kak pa3 U ompeje-
JIATCA MapaMeTpoM £2,, T.e. MHGALMA aBTOMaTH4eCKH obecneyu-
BaeT TOYHeiIuit 6anaHc Mex Iy CKOPOCTbIO pacLIMpeHHsl U IUIOT-
HOCTbI0O — HACTOJIbKO TOYHBIHA, YTO OH OyJeT coxpaHSTCs Heolpe-
NeJIeHHO J0/roe BpeMsl.

[louemy Bcenennas cTonp OXHOPOJHA, XOTA ee HaOMOAaeMbIe
o0nacTd He ObUIM NPUYMHHO CBA3AHbI B ME€PBbIe MTHOBEHHS?
Yo Tak coriracosano napamerpsl bonabmoro B3pbiBa B NpH-
YMHHO He CBA3aHHBIX 00nacTax? Bce Habnonaembie yactu Bee-
JIEHHOHM COCTaBJIsI/IM OJHY NMPUYMHHO CBSI3aHHYIO 00J1aCTh 10 Ha-
yana uHGAAnMU. Jta cBsA3b OblIa MOTepsiHa, HO 0flee MmpouLIoe,
a BMecTe C HUM U ofulee ckaaspHoe nose ocraauch. [lore,
NpaKTHYeCKH He MEeHSSCh, pa3fy/lioCb BMeCTe C MPOCTPaHCTBOM
M K OKOHYaHHI0 MHPIAIMH ObIJIO MOBCIOAY OAMHAKOBLIM. «Bbiro-
paHue» OZHOPOAHOrO MOJsS JaJ0 ONHOPOAHBIE YCIOBUSI B 0Ona-
CTSX, NMOTepPABLIMX NPUYUHHYIO CBSA3b.

[louemy Bo BcenenHoit Tak MHoro uwactunm (mopaaka 10%
TOJIBKO B ee BHAMMOM 4actu)? /IpyruMu cioBaMH, OTKyAa
y Bcenennoit takas Gonpmas sutTponua? Yactuusl oOpasoBa-
JIMCb B pe3yJbTaTe pacnajga CKaJsipHOro 1nojsi, KOTOpOro ctajo
O4YeHb MHOr0 — MpH pacliMpeHUH BCEJIeHHO! 3amoJIHAllee ee
nose, B OTJIMYME OT ra3a 4yacTHUL, HE MEHSET CBOell IUIOTHOCTHU
M OCTaeTcsl TOXAecTBeHHbIM cebe camomy. To ecTh cyMMapHas
3Heprus nojis Ha MHGIALMOHHON CTaJuM pocja 3KCIIOHEeHIIH-
albHO. Besa aTa 3Heprus nmepeuuia B vactuubl. [lpu nanbheii-
IIeM pacluMpeHuy BcesleHHOM 4MCI0 4acTHL B COMYTCTBYIOLIEM
o0beMe ocTaBanoch NpUMEPHO OAMHAKOBHIM. [IpHueM HHUKaKoro
HapylleH!sl 3aKOHa COXpaHeHHWs 3Hepruv He ObLIO: B KaXKblif
MOMEHT OTpHlaTe/lbHasi rpaBUTallMOHHasl 3HEprus CBSI3U Bce-
JIeHHO! paBHa MO abCOMIOTHON BeJMYMHE IHEePruM CKaJsipHOro
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nojs (a MOTOM M 9HEPruM vactul). Tak 4TO BCE colepKuMoe
orpoMHo# BcesieHHO# nonyyeHo Kak Obl «becriaTHO».
OTHM BCeJleHHasl Kak liejloe OT/IM4YaeTcs OT Jitoboro oObeKTa BHY-
TPU Hee: B Heil 17100a/bHO He AeCTBYeT NMpPUHLMI COXpaHeHHs
MaTepuu — BCé, YTO eCTb BO BCeJleHHOH, 00pa30Basoch NMpPaKTH-
4eCKM M3 HHUUero, BOMpPEKM KJIaCCHMKaM eCTeCTBO3HAHHUS, HauM-
Has C IpeBHUX I'PEKOB YTBEP)KIABLIUM HEBO3MOXHOCTb MOJ06HO-
ro. HeoGbsiTHOE comepxuMoe BceneHHoit mepes HamMH. A TO, YTO
OHO MOJTy4YeHO LieHOH abCTpaKTHOH OTpHULIaTesIbHOM 3Hepruei CBs-
34, He [OPTUT BIleYAaTVIeHUsl OT IPAHIMO3HOro mpolecca TBOpe-
HHS BCEro M3 HUYEro.

5. Yro panmo HavanbHBIH TOMYOK pacmupeHHI0 Bcenennoi? Cue-
Hapuil KOCMOJIOrM4YecKkoil MHQIALMM KaK pa3 U NpejcTaBisieT CO-
Goii omucaHue 3TOr0 HaYaJbHOTO TOMYKA.

[loka ocraBsisieM B CTOpOHE YeTBepThIN BoOIpoC: moyeMmy ¢usuka Bce-
JIeHHOW OKa3asachb Kak Oy[TO crelraJbHO MOJAOrHaHHOM MOJ CYIIeCTBO-
BaHue yesnoBeka? Ha ator Bompoc Oyner maH OTBeT HipKe, KOra pevb
NoMAeT O C/eAYIOIUX CTaAUAX Pa3BUTHUSA TEOPUM.

Tenepr 0 HenmpaBWIBHOCTH 3TOro 3amevaTesbHOro ciieHapus. OHa 3a-
K/II0YaeTcsl B €ro KOHEYHO! CTaguu — B BbIXOJle U3 pexuMa MHOIAIUM.
I'yT nmpeamosnoxusn, 4To Moje MnepeXoAuT B HOBOE COCTOSIHME C HYJIeBOi
3Heprueil myTeM TYHHeJILHOTO Ilepexo/ia B pa3HbIX TOYKax — 00pa3yioT-
cs My3blpbKM HOBOH (pa3bl, KOTOpble NMOTOM pacTyT M 00beUHSIOTCS.
OxasbiBaeTcs, He obbenuHsioTcsa! Ha caMoM fiesie MMy3bIpbKM YAQISIOTCA
ApYT OT fpyra nmpopospKaoieiicss MHQsLMeR ropasno ObicTpee, 4eM OHU
pacTyT, — pacCTOsIHHe MeXIy HUMM YBeJINYMBAeTCs] SKCIIOHEHIMAJIbHO,
M HUKaKOTO TeMIa POXKIeHHS] HOBBIX My3bIPbKOB He XBAaTHT, YTOObI Mo-
0emuTh 3Ty IKCIIOHEHTY.

Ecin BepHYTbCA K MCXOIHBIM IMPENIONIOKEHUsIM, TO HelpaBWIbHON
okasasachb ¢opMa NoTeHIMana, TouHee, Hapbep MeXay ABYMS MHHHMY-
Mamu. Ho, Kak BbISICHWIOCh, HUKaKoii Gapbep M He HyXeH — 0e3 Hero
Bcé paboraeT Jydlle W Mpoile.






V(9)
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BHM3? YTO TOrAQ — TyHHENbHbIM Nepexoa Npou3onaeT B MUHYC 6eCKOHeYHOCTb?
[a HeT, KoHeuHo! To, Kyna OHO neperaeT, Haflo CYUTaTh, U TOHKOCTEHHOE
npubnunxkenue 3aeco He roanTcs. MoteHumnan nocne TyHHeNbHOro nepexoaa

He MOXET CTaTb Bblle U3-32 3aKOHA COXPaHEHUA IHeprun. Huxe MoxerT, Ho

He CUNbHO HUXe — BepOSITHOCTb 3TOro O4YeHb Mana: noa 6apbepom Habepercs
6onbwuniz OTpMUATENbHBIA MHTErpan AeNUCTBUS, KOTOPbIA MAET B IKCNOHEHTY, KOraa
CYMTaelb BEPOSTHOCTb.

AHapen 4eCTHO nocyuTan, KyAa C Haubonblek BEpOSTHOCTLIO Nonagaer none
nocne TYHHeNIbHOro nepexoaa, NpUyYeM CYMTaTh MPULLNOCL HA KOMNbIOTEpEe — 3T0
He Tak npocto. Oka3anock, none TyHHeNupyeT HEMHOrO HUXe MUHUMYMa Ha
CKNOH, KaK Ha HWXXHEM pucyHKe. N 3aecb, Ha CKNOHe, ero 3HayeHne BeNMKO — He
HaMHOTO HUXe, YeM B JIOKaNIbHOM MUHUMYMeE. AHAPER NOCUMTaN, YT0 NPOUCXOAUT
nocne 3TOoro — TyT cuuTaTh Aaxe nerde. OKas3anoce, 4TO MHPNALMA OTHIOAL HE
3akaHuyuBaetcs. [lone npoaonxaeT pa3ayBaTb NPOCTPAHCTBO U YCNeBaeT pasayTb
ero Ha MHOro NOpSAKOB, NOKAa He «CNOoN3eT» BHU3 NO CKIOHY.

M3 3toro cneaosanu BaxHeiwme Bewu: CueHapuii [yta HeBepeH B CBOEM

KOHLie — ny3blpn HOBOM (pasbl, NPOTYHHENUpOBaBLMe Yepe3 Gapbep, He ycneBaloT
06beanHUTLCS, NepeMeLlaTbcs U pasorpeThCs, 4aB OAHOPOAHYIO rOpsYYIo
BCENEHHYI0, — OHW Pa3HOCATCA Ha OrpOMHbIe paccTosHMA. U BTOpOe cneactemne: He
HY)XHO M306peTaTb XuTpble noteHuuansl ¢ 6apbepoM. UHdnsuus MoxeTt paboratb
u 6€3 HUX. 3TO O4eHb Cepbe3sHble CneacTaus, U AHApeN, ele He O4eHb A0BepAs
CBOMM pe3ynsraTtaM, cTpeMunca 06CyanTb x C BO3MOXHO 60NbWNM YNCIOM
KoJsner, 3apy41BLWMCb NOAAEPXKON M YBEPEHHOCTbIO Nepea nybankaumen cratom.
.

Puc. 20.2. MoTteHumnan
N uHpnaToHa B MoaeNu
«HOBOK UHPNALMMN»

WUrak, noreHunaibHbiii Oappep ObUl Npu3BaH 3afiepKaTb CKaJISAPHOE
noje B JIOKAJbHOM MHHMMYMe, YTOOBI OHO YCIIeJI0 PasayTh BCEJIEHHYIO
npexkae, 4eM «ymaleT» B OCHOBHOe cocTosinve. Ho, okasbiBaercs, mose
1 6e3 Oapbepa MOXeT «3acTpATb» BOJIM3U CBOEro MepBOHAYaJbHOrO 3Ha-
yeHus1. [T 3TOro HYXHO, YTOOBI pacuiMpeHue ObUIO OBICTPBIM, a MOTEH-
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20. BCcE DAXE EWE NPOLWE

uMas noss nosoruM. Ha si3bike xOpolo 3HaKOMBIX SIB/IeHU#t ObIcTpoe pac-
IIMpeHre UrpaeT pPoJib BSA3KOIO TPeHMs, a HAKJIOH moreHuuana V(p) aHa-
JIOTMYeH HAKIOHY NOBEPXHOCTH, MO KOTOpOW KaTuTcs wwapuk. Ecte pas-
Hble BO3MOXXHOCTH CKOHCTPYMpOBaTh CKaJsIpHOe Mosie. BapuaHT, npenio-
)KeHHbI1 B3ameH clieHapus ['yra AunpeeM Jlunge u Ha TpU MecsiLa no3xe
AnpipeacoM AnnbpextoM u [lonmoMm CreitHxapAToMm, — MOTeHLMAN C IUIO-
CKOI1 BepILIMHON NpU HYJIeBOM NOJie U MMHMMYMOM B CTOPOHe, KaK H30-
bpaxeHo Ha puc. 20.2.

Bxon B crapuio uHQasAUMM, KaK U B clieHapuu ['yTa, — TepMoauHa-
MHYeCKMi: ropsiyasi NpoTOBCe/ieHHasl pacliupsiercss W aauMabaThyecKu
oxnaxaaercs. Eciu B Havase mosie HaxoguTCsl B TepMOAMHAMHMUYeCKOM
paBHOBECHM NPHU BBICOKOH TeMIlepaType, OHO JO/DKHO «CeCTb» B HYJIb.
OTO JOBOJILHO O0lllee CBOMCTBO CHCTEM — HaAXOAUTBCS MPH BBICOKOI
TeMIiepaType B Haubosee CMMMETPUYHOM COCTOSIHUM (Ha caMOM Jele
1300pakeHHbI MOTEHIMA MOX0X Ha IOHBIIKO OYTHUIKM B KOMILIEKC-
HbIX KOOpJMHATax, ¥ Hy/lb OKa3blBaeTCsl LEeHTpoM cuMMeTpuu). [Ipu
pacliypeHUM 3apojbllla BCeJeHHON ONATb MPOMCXOAMT Iepeoxyaxie-
HHe, U UHQIALMSA CTapTyeT TOYHO TaK )Ke, KaK M3JI0XeHO Bhille. Y Tou-
HO TaK )Xe BceJleHHasl ycleBaeT pa3qyTbCsl Ha JeCATKM NMOPSAKOB Be-
JIMYMHBI, [IOKa MoJle, mpeojjojieBasl BA3KOe TpeHWe, KaTUTCSA BHU3 C «IIO-
JIOTOI TOPKU».

Pasnuiia B TOM, 4TO B 3TOM ClieHapuu MoJle, He BCTpevas HHUKaKUX
OapbepoB, B KOHIle KOHIIOB LIeJIMKOM CBajiMBaeTcsi B MUHUMYM. [loTel-
LManbHas 3Heprus NoJis NpeBpallaeTcsl CHayaja B 3HEpPTHI0 ero Koje-
OaHuii, a MOTOM B KOHEYHOM CyeTe NepefaeTcsi POXKAaeMbIM YacTHIIAM.
Hactynaer HoBoe TepMoAMHaMH4eCKOe paBHOBeCHe, Najbllie BCE HAET
N0 XOpoLIo 3HaKOMOMy 3akoHy (dpuzaMaHa, XOTSl Briepefnd OCTaeTcs elle
MHOrO HeTPUBHUAIbHBIX COOBITHIA.

OTOT BapuaHT BbIX0O/la U3 MHQISALMM NepeXXus PUIUPUMBYIO MIPOBEp-
Ky MHOTMMM aBTOPaMU — OH JAeNCTBUTeJbHO paboTraeT NMpH JOCTaTOYHO
00LIMX MpeanoioKeHHX.

Kak B ucxomHoM cueHapuu ['yTa, Tak U B HOBOM clieHapud (OH Tak
M HasblBaeTcA: «HOBass MHQIALMA») OCTaeTCsd OOWH 3Tall, KOTOPBIHA s
cBoero OOBbsICHEHUsI TpebyeT CJlerka HampsAybCs: KaK IPOTOBCEJIeHHAs
nobpanack no crapra uaGasuuu? OHa Jo/bkHa Oblla JOCTaTOYHO pac-
IIMPUTBCS M OCTHITh, YTOOBI CKaJIsIpHOE MOJle C OTPHLATebHbIM JaBJie-
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3biBaeTcsl Gosblle IUIaHKOBCKOH Macchl. Huuero crpamsoro, BelM4MHA
Mmojisi — JOCTAaTOYHO aOCTpaKTHasi BEJIMYMHA, IVIaBHOe, YTOObI 3HaueHHe
MnoTeHIMaa ObUIO HIDKe IUIAHKOBCKOro Macuirtaba — Torma ecTb KJIacCH-
yecKoe MPOCTPAHCTBO-BpPeMsi, C KOTOPbIM MOXHO paboratb. Eme BaxkHO,
4yToObl MoJie ObUIO AOCTAaTOYHO OJHOPOAHBIM B HEKOTOPOH 00sacTH MHpo-
CTPaHCTBA, B HECKOJIbKO pa3 MpeBbILIaolleil pa3Mepbl FOPU30HTA.

Tak BOT, ec/iM «yallla» MOTEHIMAMA JOCTAaTOYHO IIMPOKA U €C/IM IpH-
pona npoOyet yo0Oble CTapTOBble YCJIOBHS, TO OHa 00s3aTeIbHO MOIMpPO-
OyeT M Te, UTO mepeuMciieHbl Bbille. U TyT yke Bo3BpaTa HeT — TrOTOBa
rurairckas BceneHHasi. I He Tonbko... Ho 06 3TOM «He TOJIBKO» — HIDKe

M3-3a Toro, uro Ans 3amycKka MeXaHM3Ma JOCTaTOYHO Moaxoxsieit
KOMOMHAIMKM M3 pa3HOOOpa3HOro MHOXKECTBA C/Ty4YaiHbIX HavaJIbHbIX
ycnoBul, Aufpeit Jlunae Ha3Basl 3TOT ClLeHapuil XaOTU4YeCKoi MHQIALU-
eit. TobKO HAZO MOMHUTb, YTO TEPMHH «XaOTHYECKHUH» OTHOCHTCS JIHILb
K crapTy. B manpHeiiieM BCcé MpPOMCXOAMT Kak M B MpeAbIayllleM BapHaH-
T€ — BIIOJIHE PeryJIsIpHO U C MpeJCcKa3yeMbIM HCXOJIOM.

Bonblioe nperMyILeCTBO 3TOrO ClieHapusi B TOM, UTO He TpebyeTcss HU
TepMOIMHAMHUYeCKOro paBHOBecHs, HM ()a30BOro nepexosa, npealiecTBYO-
mux uH@aauud. B cuenapuax I'yra u «HoBo# MHGpAALMM» LelOYKa COOBI-
THI BbIDIAOeNa CledylomuM o0pa3oM: ropsiyasi BcejleHHass — IMepeoxJiax-
neHve — WHQAUMSA — ropsyas BcesleHHas. B ciydae ¢ xaoTuyeckoi HH-
dnsauueil nepsble Be CTaluH, KaKoBble, 0€3yCJIOBHO, ABJSAIOTCA 00y30if,
otnazgaoT. He Hamo Gosble 0OBSACHATD, KaK YCTaHOBWIOCH JOMHQJISILIUOH-
HOE TepMOIMHaMHuecKoe paBHOBecHe (HajieKo He OYeBUAHO, YTO 3TO BO3-
MOXXHO), He Hy)KeH BecbMa crieliu¢yyeckuil BUJ MOTEHIMaNAa U T.IL

[loxxanyi, xaoTuueckass MHQAALMSA U eCTb OOLIENpHHATAs HbIHE KOH-
Lenuusa 3apoxxaeHus Bce-
JIEHHOH, TOYHee, ee 4acTb.

V(o)

Puc. 21.2. CxeMa noveHuunana

B KOHLENLUMMU XaoTUHEeCKOM

UHPNAUMK: None HaxoAnuTCs
— Ha CK/I0He noTeHuuana, Ho
CKaTbiBaeTCs HaCTONbKO
MeANEeHHO, YTO NPOCTPaHCTBO
ycneBaeT pasfAyTbCs Ha AECATKM
nopsAKoB
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22.lloyBa noa Horamu

3TOT MOMEHT, Ipexae 4eM IPOoAO/KaTh pacCKa3, CTOMT OCTaHO-
BUTbCS M 3aJlaTbCAd BOIPOCOM: a He IOTepsiHA JIM Yy HAc I04YBa
non HoramMu? Mbl 3amISHY/IM B Takve IUKHe MaclTabbl NpHUpo-
Ibl, KOTOpble HEBO3MOXXHO HY IIPEeJICTaBUTb, HU BOCIIPOMU3BECTH, — OTKYAa
y Hac MoXeT ObITb YBepeHHOCTb, YTO HalllM MeTO/bl M03HAHUS paboTaioT
1 Tam? He siB/isieTcs M BCé BhileM3/I0KeHHOe JIMLIb OyitHOM (haHTa3ueit
TEeOPETUKOB, KOTOPYI0 HEBO3MOXHO XOTb KaK-TO COINOCTABHUTb C OIMBITOM?

[Ipo comocTaBieHye C ONBITOM peyb NMOWAET HIXKe, a ceifyac nompooy-
eM MOHATb CTaTyC TeOpPHUH Ha YPOBHe OOLIMX COOOpakeHHIA.

Bo-nepBbiX, B HayKe Yy)Xe eCTb HEMAJIO NPUMEpPOB, KOraa Teopus, JKC-
TpanoJMpoBaHHas M3 3eMHBbIX JlabopaTopuii Ha HemocsiraeMble MacllTa-
6b1, mosmyyana gaxktuyeckoe moatsepxaeHue. [Ipumep u3 obmactu Koc-
MOJIOTMM — NepBUYHBIA HyKIeocuHTe3. Mozensb ropsaueit BeenenHoit onu-
CbIBaeT, KaK B IlepBble CeKyHIbl U MHUHYTHI OT Bosblloro B3ppiBa MeHs-
jlach TeMIepaTypa M IUIOTHOCTb. 3Hasi M3 3eMHBIX 3KCIEepPUMEHTOB, Kak
NPOTEKaIOT SIIepHble pPeaKLH, MOXXHO OLEHUTb, CKOJIbKO KaKUX 3JIeMEH-
TOB CHMHTE3UpOBAJIOCh U3 NPOTOHOB M HEATPOHOB B paHHell BceseHHOM.
Oto BbiyMCIWIK. [loToM onpeznenwin cocTaB MeXrajlakTHYeCKUX 00J1aKoB
ra3a Io JIMHUAM IOIVIOLEeHUs B CNIEKTpax AQJeKUX KBa3apoB. Bcé coBna-
70. JTO JOBOJBHO CTapblii pe3ysbTaT, ecThb ropasno Oonee 3ddekTHbIE
NpUMepbl TOro, Kak TEOPEeTHUKHU IpeCcKa3blBalli SIBJIEHHUs Ha COBepIIeHHO
3anpezie/bHbIX Maciutabax, a moToM 3To GJecTsie MoATBEPKAANIOCh Ha-
bmonennsaMu. 06 OOHOM TaKOM CiTyyae (CaxapOBCKMe OCLMW/UIALIMM) pac-
CKa3aHo B riaBe 31.

Bo-BTOpbIX, Teopus, Ha OCHOBe KOTOPO# MOCTPOEH HU3JI0XKEeHHDI BbIlle
CLieHapHii, OueHb JKeCcTKass U HUKakux Oe3ynepkHbix (paHTasuii He qomy-
ckaeT. IlocMOTpuM, Kak BBIMIIAMT KOCMoJoruueckass MHQALHUA C TOY-
K1 3peHus kputepus Qamscudunupyemoctu [lonnepa. Cornacuo Iomnme-
Py, TOJIbKO Ta TeOpUs MOXET NpeTeHI0BaTh Ha 3BaHWe Hay4YHOM, KoTopas
MoXeT ObiTb onpoBeprHyTa. HamoMHMM, 4TO MepBbii MOMYYMBILMIA LIK-
POKYI0 M3BECTHOCTb BapuaHT MHGAuMM I'yta O6bU1 TYT )Ke ONpPOBEpPrHyT
M3-3a TEOPETUYECKON HeCOCTOSITENbHOCTH.
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A kak HacueT 3kcnepuMeHTaIbHON (anbcupuunpyemoctu? [lpenmno-
JIOXKMM, YTO KaKyl0-TO 4acTb TEMHOI MaTepuH COCTaBJISIOT YepHbIE AbIPbI
MJIaHKOBCKOM MacChl WM KaKue-TO Jpyrue 3K30THYeCKHe Bellld, CKaXKeM,
KOCMHYeCKHe CTPYHbl U T.IL, KOTOpble MOIM obpa3oBaThCcsl TobkO /10
uHOsauun. Bo BpeMsa uHGAnMM U Tem Ooslee nocie Hee OoHM 00paso-
BaTbCsSl He MOTYT, MOCKOJIbKY TpeOyIOT il CBOEro pokaeHusi oueHb 60Jib-
IIMX BO3MYLIEHHH MeTPHKH, OJM3KUX K IUIAHKOBCKMM II0 CBOEH aMILIH-
TyZe. A IJIOTHOCTb 3HEpPruu NMpu UHQISALMMA HeJOCTaTOYHA /il BO3HMK-
HOBEHHS TaKMX Bo3MyiueHui. Eciu nogobHble 00bekThl OyayT 0OHapyxe-
Hbl, TO TeOpHI0 MH(IALMHY MOXHO cuMTaTh OTBepruyToit. [lo JaHHOM Te-
OpHH BCSl «OKOJIOIUIAaHKOBCKasl» 3K30THMKa pa3HeceHa Ha FMraHTcKue pac-
CTOSIHMS, TaK YTO IUIOTHOCTb JOMH(JIALMOHHBIX 00pa3oBaHMil Ha JECAT-
KU MOpANKOB MeHbllle IUIOTHOCTH OObIYHOrO BelllecTBa. Eciin 3To He Tak,
MHOAUUKM ObITH HE MOIJIO.

Teopust uHGpsALMKM Morvia Obl OBITH MOCTaB/IeHa IO COMHEHHe, eCi Obl
0Ka3aJioCh, UTO CpefHsiA IUIOTHOCTb BCeX BHUIOB 3Hepruu BO BceseHHOi cy-
I[ECTBEHHO OT/IMYaeTcsl OT KpUTUUeckoi. B Teopun uHGpsAIMU Takoe MOIIO
NOTYYUTHCA TOJIBKO CJTy4ailHO C BeCbMa MaJIoi BEPOATHOCTBIO. JTO K BOIIPO-
cy o6 sMnupuyeckoil ¢haabCU(PULMPYeMOCTH TeOPUH KOCMOJIOTHYECKOH MH-
¢bnsumn. Huwke, B nHTEpBBIO ¢ BAyeciaBom MyxaHOBBIM, epeunciieHsl py-
rve YKecTKHe KpUTepUH, HeBbIIOJIHEHUe KOTOPbIX 03HA4YaIo Obl, UTO TeopHst
vHQIALMK N0/DKHA ObITh OTBeprHyTa. OHa MOKa BCe MX YCIELIHO MPOXOMT.

Eie onuH apryMeHT B M0Jb3y TeOPHH, Ha Cell pa3 «3CTETUUYECKUI»: KOH-
uenuus MHGQNAUMM MpoCTa, KpacuBa M 3dekTuBHa. IPdexkTHBHa B TOM
IUIaHe, YTO, MCXOAsS M3 OuYeHb MPOCTHIX MpeXrooxKeHui, 0ObIACHSIET cpasy
HeCKOJbKO (pyHIaMeHTa/IbHBIX NapaZioKCOB NMPOUCXOXeHUs BeeneHHOM.

Takasi Teopus oOs3aHa paborats! [lpaBma, HMKOTZa He/lb3sl OKOHYa-
TEeJIbHO OTPHLIATb, YTO MOTYT IMOSIBUTbCS M IPyrHe TeopuH, KoTopble Oy-
nyt pabotars eme jayyiie. 06 3TOM Mbl IOrOBOPUM B KOHLle KHUTH.

Kak »xe Hacuer BepuduiupyeMocti? YTOo KacaeTCss 3MIMPUYECKUX
MOATBEPXKAEHUA, TaK OHM TOKa KOCBEHHble, HO MX HECKOJIbKO U BMeCTe
OHM BecbMa yOenuTenbHbL [loATBepxaAEHHS 3aKIIOYAIOTCS B TOM, YTO BCe
npeJcKa3aHUs TeOpuH MHQIALMH, KOTOpble yJaJoCh NPOBEPUTb, BBINOJI-
HAIOTCS. Mbl BepHeMcsl K HUM HIXKe, a cedyac TOJIbKO OfMH (PaKT: KOCMO-
nornyeckas uHAnMa (MpaBaa, HaMHOro Gosee MeUleHHas) HIET MPSMO
ceituac, 1 310 (haKT, TBEPIO YCTAHOBJIEHHBIN C MOMOLIbIO HaOMI0eHHIA.



23. UHpnaums 3aecb u cernyac

ne-to ¢ 1980-x romoB CTajio BO3HMKATb OAO3peHHe, YTO C pacllu-

penneM BceneHHo#t no wiaccuueckomy 3akoHy dpuamana 4yTo-TO

He Tak. B uHTepBbio ¢ Bragumupom JlykaieM, yxe ObUIo yroms-
HyTo, yTo B 1970-x T'aHH u TuHC/IM omy6/IMKOBaIM NaHHble, TOBOPSAILME
B nosib3y paciupeHuss Bcenennoit ¢ yckopenueM. Torma 3To kasasnoch
HOHCEHCOM M He MorIo ObiTh MpUHATO Beepbe3. OmHako B 1990-x, Korna
TEOpPUs] KOCMOJIOTUYeCKOi MHQIALMM YXKe IOoTy4YnIa LIMPOKOoe IpHU3Ha-
HHe, HEKOTOpble KOCMOJIOTM HauyaJii MOoroBapuBaTbh 00 YCKOPEHHOM pac-
LIMpeHu COBpeMeHHOi BcesleHHOM Kak 0 peasibHOI Bo3MoxHOCTH. OfiHa
M3 NPUYMH COCTOSJIa B TOM, YTO M3MepeHHMs MOCTOSIHHOK Xabbna Bcé
yBEpeHHell [1aBaJii BbICOKME 3HAYeHMs], O3HayaBllye CJIUILIKOM MaJleHb-
KHit Bo3pacT BcesnieHHoi, ecsin Obl OHa paciuupsnace ¢ 3amepieHueM. Ilo-
CTeleHHO YCKOpeHHOe paciiMpeHue BceneHHOM NpeBpaiiasioch U3 3K30-
THYECKO# TUIoTe3bl B paboumii cleHapuil, U CTaIM MOSBIATbCS paboThHI
C apr'yMeHTaMH B ero INoJib3y.

Haxowner, B 1998 roay BbIIUIM CTaThbU ABYX IPYIN C OJMHAKOBBIM BbI-
BOJOM: JIaHHbIe MO0 JaJIeKMM CBEPXHOBBIM CBHETEJIbCTBYIOT 00 yCKOpeH-
HOM pacuupeHud Bcenennoit. [lepBasi cratbs (Amam Pucc u ap.) ony6u-
KoBaHa [pymmoii moucka cBepxHOBbIX ¢ Oombumimm z (High z Supernova
Search Team). Bropas (Con [lepamyrrep u ap.) — rpynnoi Ilpoekra koc-
Mosoruu cBepxHOBbIX (Supernova Cosmology Project). O6e rpynmbr oxo-
TWINCh 3a OYeHb JAJIEKUMH CBEPXHOBBIMM THMA la.

[louemy umeHHo 3ror Tun? IIOTOMY, 4TO Takue CBEPXHOBble — JIyY-
iasg «CTaHJapTHas CBeya» OTPOMHOIl SIpPKOCTH, BUAMMAs C KOCMOJIOTH-
yeckux paccrosiiuil. [lo cBoeit mpupome 3T0 Genblit Kap/iuK, MOCTENEHHO
HaOupaBLIKit Maccy 3a cyeT MepeTeKaHHsl BEIECTBa C COCEqHEl 3Be3Jbl.
Benblit kKap/iuMK o4eHb MPOCT M MpeACKa3yeM: OH CONPOTHUBIAETCS Aajlb-
HelllleMy CXXaTHIO OTPOMHOM CWIO TAroTeHWsl 3a CueT JaBJleHHs BbI-
poxaeHHoro ¢epMu-ra3a 371eKTPOHOB B CBOMX Hefipax (3To addekT u3
00/1acT KBaHTOBOM MeXaHMKU — 3JIEKTPOHBI He JalOT 3Be3lle CKOJIIal-
CHpOBaThb I10 TOM Xe NPUYHHE, 10 KOTOPOil 3/IeKTPOHbl aTOMa He NaAaioT
Ha a1po). OnHako y Maccel 6esloro Kap/jMka ecTb YeTKHi mpefie/l MIMeHH
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23. NHonauuna 30ECb U CEMYAC

Ha pucyHke — auarpamma Xa66ma mns nanekux M OMM3KUX CBepx-
HOBBIX, OITy0/IMKOBaHHasi B cTaTbe I'pymnmnbl MoKMCKa JaleKuX CBEePXHOBBIX.
CBepxy — nuarpamma Xa601a kak OHa eCTb, CHU3y — OTHOPMHpPOBaHHas
Ha «HYJIeBYIO rMInoTe3y». B kauecTBe nocjeqHeil aBTOpbl NPUHSIM IUIOT-
HOCTb MaTepuy (06bI4HOM M TeMHOiA) 0,2 oT kpuTHueckoi (£ = 0,2), kak
MOKa3blBaIM B TO BpeMs JaHHble HabsofeHUi, U INpeANooKeHHe, 4To
Oonbie Bo BceneHHoO# HUYero Her.

Msbl BuaMM, uTO pa3Hble Mofenu BceneHHoii cornacyioTcsl ¢ JaHHBI-
MH mo-pa3HoMy. JddekT Bpome Obl HeGonbwioi. Touku [ JaneKux
CBEPXHOBBIX OTKJIOHSIIOTCA BBepX OT HY/IeBOW I'MIIOTE3bl B CpelHEeM BCe-
ro JIMIIb Ha BeJIMYMHY CTaHJapTHOM owmmbku. Ho nockonbky Touek MHO-
ro, ¥ BCe OTKJIOHSIOTCA BBepX, ()aKT OTKJIOHEHHsI OKa3blBaeTCsl CTATHUCTH-
yeckd 3HaYyMMbIM. OTKJIOHEHHe BBepX B JJaHHBIX KOOpPJMHATaX O3HayaeT
MeHbILYI0 fpKoCcTh (mpuMepHo Ha 20-30%). 3HauuT, CBEpXHOBbIE Aajb-
llle, yeM INpeACKa3blBaeT «Hy/leBasi MoJelb». 3HAYMT, pacliMpeHHe Mpo-
MCXOWIO AOJIbllle ¥ HEMHOrO IO APYroMy 3aKoHY. UToObl CBECTH KOHIIbI
c KoHIamH, Tpebyercsi pacivpeHue ¢ yckopenueM. YroObl paciiupeHue
IO C YcKopeHueM, y BceneHHOH NOMKHO ObIThb ypaBHEHHE COCTOSIHHS
C OTpUILIAaTeIbHBIM JlaBJIeHHeM, KaK 3TO U3/10XeHO B raBe 13: p <-1/3 ¢.
3HauuT, conepxxumoe BceneHHOIi He orpaHMuMBaeTcss OOBIYHOM M TEMHOM
Marepueii, 3HauuT, B Heil TaKkXke eCTb COBceM pyras cyocraHuus. Ee Ha-
3BaJIM «TeMHOI 3Heprued». Bxiag B TeMHoi 3Hepruu cocraB BcenenHoit
obo3HavaeTcs Kak {2 — o accouuanuu C JaaM6aa-uwieHoM DiiHuITelHa,

OuveHb ckopo BbiuUIa cTaths [lepiMyTTepa ¢ coaBTOpaMH, rie YMCIIO
JlaJieKuX CBEPXHOBBIX Ha quarpaMme Xa66sa 6bu10 yke okono 30, U OHM
CBUZETENbCTBOBAIM 00 YCKOPeHHOM pacluMpeHu BceneHHOI yBepeHHei.
Ho wvacTb kocMosnoruyeckoi 0OIeCTBEHHOCTH MeIWwia C NpPU3HaHHEM
aroro ¢akra. Hanpumep, crmceiBanu HabonaeMoe OTKJIOHEHHE Ha 9BO-
TOLMOHHBIN 3¢ @eKT, AeckaTb, paHbllle XMMUYECKHI COCTaB Oesbix Kap-
JnkoB Obu1 ApyruM. Ho coMHeHMst ocTaBaMch HENOro.

B ToM >xe 1998 rony (v ewme Heckonbko pa3 mo3gHee) B AHTapKTHue
nposoawicsa 3xcnepumeHT BOOMERanG (Balloon Observations Of Milli-
metric Extragalactic Radiation and Geophysics). AspocTaT ¢ MHKPOBOJIHO-
BbIM TeJIeCKOIIOM 3alyCKali Ha BOJIO LIUPKY/ISPHbIX BeTpoB «[lo/spHOii
BODOHKW», Y 3a JIBe HeZle/l1 OH NonobHo GyMepanry (B yeM ObU1 BTOpOI
cMBbICTT abOpeBUaTypbl) ONMUCHIBAT KpYr Ha Beicote okono 40 km. Habmo-
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23. ANHonauusa 30ECb U CEMYAC

TeJIbHbIM, MHaue BooOIlle KOHILIbI C KOHLIaMU He cxopdaTtcs. [loroM mocre-
NIOBa/IM HOBbIE MOATBEPXKAEHHSI M3 M3Y4YeHHs KPYIMHOMAcCIITaOHO! CTpPYK-
Typbl BcesieHHO# a Taxke M3 JAaHHBIX HOBbIX KOCMHYECKMX MHUKPOBOJIHO-
BbIX TesleckonoB. Ceiiuac yCKOpeHHOe pacluupeHue BcesneHHOM — cTo/b
)Ke TBepAO YCTaHOBJeHHbIH (PaKT, KaKk M TO, YyTo 3emass uMeeT opmy
3JUIMICOUTA.

Yro u3 cebs MOXeT MpeNCTaBIATh TEMHas JHEprus, cOCTaBJAOLIAs
okono 70% comep>xumoro BcenenHoit? IlepBbiii BO3MOXXHBIN OTBET: 3TO
BaKyyM C HeHY/IeBOi IUIOTHOCTbIO 3Hepruu. [loueMy oHa moria oka3atb-
cA HeHyJ1eBOit? Bo-mepBbiX, MOTOMY, YTO, KaK y)Xe 0OCY)KHanoch Bblllle,
BOOOILE HEMOHATHO, MOYeMy SHeprusi BakyyMa OlnM3ka K HY/II0O — OHa
MOXKeT ObITb /00O M3-3a OrPOMHBIX HYJIEBbIX KosebaHmii moseii, nato-
IMMX BKJIAJ pa3HOro 3Haka. Bo-BTOpBIX, MPOCTPaHCTBO MOXKET ObITh 3a-
NMOJIHEHO HEKUM CKaISIPHBIM I0JIeM, HaxOASIIMMCSl B CTaLlMOHAPHOM CO-
CTOSHMM — B MHHHMYyMe IMOTEHIMaja, KOTOpbli, TEM HE MeHee, OTIHU-
YyeH OT HyJIs. JTH [1Ba BapvaHTa pasjMyaroTcsl JUIIb TEPMUHOIOTMUECKH.
B oboux cryyasix UMeeM ypaBHEHHe COCTOSIHUSI p = — U ONpeleseHHbIH
nporxo3: BceneHHas Bcerga OymeT pacIIMpSITBCS 3KCHOHEHIMATIbHO, €CH
TOJIbKO BADYT BaKyyM He OKaXKeTCsi MeTacTaOWIbHBIM U He «lepemnphir-
He» B Oonee HM3Koe cocrosiHue. Torma cryumtcsi katactpoda. B obo-
UX Cydasx, nepe¢pa3upys BoipakeHHe AHApes JIuHae, Mbl UMeeM [eno
C «JIeTKMM HHUYTO» IUIOTHOCTbIO 1072 r/cMs,

Bropoii BapuaHT: TeMHasi 3Heprusi — 3TO CKAJISAPHOE II0JIe, HAXO-
nsillleecsi He B MMHUMYMe, a «Ha CKJIOHe» CBOero norteHuuaaa. Toraa
OHO TOCTENEeHHO MEHSIETCS, HaXoAsCh B pe)XUMe MeJUIeHHOro CKaTbiBa-
HUA. B 3TOM (/1ydae JaB/ieHHe HAaXOAUTCA TAe-TO B MHTEpBaJIe MEXIY
—1/3 ¢ u — &. Takoit BapHaHT TEMHOI1 3HEPrUM HA3bIBAETCA «KBUHTIC-
CEeHIUs». JTO YXKe «JIerkoe Heumo»: y KBUHT3CCELIMM eCTb BblJleJIeHHas
CHCTeMa OTCYeTa U oOnpefesieHHas AMHAMHMKa. B npuHuune, mapamMerp
® B YpaBHEeHHHM COCTOSIHMSI TEMHOH 3HepruM (p = —we) noanaercs us-
MEPEHUI0 — KBUHT3CCEHILIMI0O MOXXHO OTJIMYUTb OT BaKyyma. JTO [Jesio
o0o3puMoro Oyayiiero.

Kak 6b1 Tam Hu ObUIO, 671arofapst OTKPHITHIO TEMHOI 3HEPrUH Teopus
MHOAUMK NOMyYWIa HOBYIO omopy. [lycth 370 yxe He Ta MHGIALMS,
a Ha MHOro MopsaakoB Oosiee MejieHHas — MPUHLMI TOT xe. Mexay
Npo4YMM, TeMHasl 3Heprus, Kak ¥ UH(IATOH, pa3AyBaBliuii BcenenHyio
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nepen BonbliuM B3pbIBOM, TOXKe M3 00/1acTH HEeBOOOPa3UMO JaleKHX OT
Hac MaciutaboB, HO JaJleKUX B JIPYTyI0 CTOPOHY: HM3Kasl dHeprus, Hu3-
Kasl IUIOTHOCTb. Kak mone, pasnyBlilee BCeJIeHHYIO B MepBble MIHOBEHMS
ee CYyLIeCTBOBaHMfA, TaK M TeMHas 3Heprusi CBA3aHbl C HOBOM (PU3u-
KOl — MBIl HUYEro He 3HaeM HM IO IepBoe, HU PO BTOpPOe HaNpsAMYIO
u3 slabopaTopHbIX 3KcnepuMeHToB. Ho ecnn Maciutab B3auMoAeiCTBHA,
OTBETCTBEHHBIX 3a paHHee pa3flyBaHHe, IPOCMATpUBAeTCs BJAIM KaK pe-
3y/IbTaT 3KCTPANOIALMHA 3KCIIEPUMEHTAIbHBIX JIaHHBIX, TO YPOBEHb TEM-
HOIl 3HepruM He CBsi3aH C Hallleil PU3MKOM HHUKaK, MO KpaiiHell Mepe,
He BHUIHO, KaK OH MoXkeT ObITb cBA3aH. TakuM obpa3oM, siBjieHHe, Ha-
6monaeMoe HaMHM BOOYHMIO, Gosee 3arajjlouHo, 4eM paHHAS HH(AALMS.
M BMecTe ¢ TeM OHO SIBHO JIeMOHCTpHpYeT, UTO HaiifleHHbIi «<Ha OGymare»
MeXaHHU3M, MpU3BaHHBI OOBACHUTL MNpoUCXOXIeHHe BceneHHoit, mpe-
KpacHo paboTaeT npsMo ceifuac, HEBa)KHO, YTO C APYIrMMH IlapaMeTpaMu
U JpYyr¥M pe3ysbTaToM.

Kcrary, Hacyer pe3ynbrara coBpeMeHHOro pasayBaHus. Hukro He Mo-
)KeT MCKIIOUMTD, YTO Koraa-HuOyab (CKa)keM, uyepe3 TPWUIMOH JieT), pas-
IyB Hally BceneHHyI0 Ha MHOTrO MOPSAKOB, 3TO «C1a0eHbKOE» CKaJISIpHOEe
1nojie TOXKe He «BbIrOPUT», MOPOAMUB COBEPIIEHHO HOBLIA MHUP M3 4aCTHII
HUYTOXXHOI Macchl, 00pa3yolux CBSI3aHHbIE CTPYKTYPbl OTPOMHOrO pas-
Mepa Ha OCHOBe B3aWMOJEHCTBHH, HEM3BECTHbIX HaM M3-3a CBOEH CJa-
6octi. UHTepecHO, 4TO CKOIUIEHHUS TaJIaKTUK HUKYNa He JEHYTCS U B Ty
anoxy. Kak yxe npennonoxeno B rase 1, koe-rae u Torma OyayT mpo-
MCXOOMUTh pellMAMBBI MaccoBoro obpa3oBaHus 3Be3[. V1 pa3yMHble >kuTe-
JIM TexX IUIAHETHbIX CHCTeM HHMKaK He OLIYyTAT, 4yTo BceneHHas mepenuia
B HOBYIO (pa3y >KU3HM, — CIMLIKOM 3¢eMepHbIMHU Ui MX MHCTPYMEH-
TOB OyAyT 3TH HOBBIE CTPYKTYph.. Ho B HUX OymeT 3aKa04aTbCs OCHOB-
Hoe colepxumoe Oynyieit BeeneHHOit. DTO TOALKO MpEANoNOKEeHHe, HO
OTHIOZb He GeCCMBIC/IEHHOE.



24. Pabb BceneHHOMU

OKa Mbl OIUCAJIM TOJbKO 4acTb ClieHapUs BO3HMKHOBeHMs Bce-

neHHoil. Ty yacTb, koTOpasi OOBSCHSET, OTKYZAa B3SJIMCh Havasb-

Hble YCJIOBHS, JaBlive OrPOMHYIO0 OJHOpOAHYI0 Bcenennyio ¢ 6o-
rateiM coflep>xuMbIM. Ho ecTb ¥ Zpyroit Bompoc, KOTOpbii IOHa4aslIy Ka-
3aJICl He CTO/b (PYHIAMEHTAJbHbIM: OTKYZa B3SUIMCh TalaKTHUKH, UX CKO-
nJleHUs: U Oosee KpymHasi CTPYKTypa BceneHHOH, HasbiBaeMasi KpYIHO-
MacmtabHoi. 3TOT Bompoc BCTaa BO Bech pocT B 1970-x romax u Toxe
OTHOCHWJICSl K HaYaJIbHbIM YCJIOBUSIM IIpU BO3HHMKHOBeHHMHU BcenenHoii: Ge3
HEeKHUX NMepBUYHBIX HEOIHOPOAHOCTeil Bcé Hab/omaeMoe BeJIMKOJIeNnHe He
CMOIJI0 Obl MMOSIBUTHCS.

Kak Bbiriaaut coBpeMeHHass BceneHHasi? OHa ofHOpOAHA B LieJIOM,
Ha Gonblinx Macltabax, — CKaXkeM, Ha paccrogHusx 300 Meramapcek
(MWUTHapA CBETOBBIX JIET) ONHOPOAHOCTb COOJMIOAAETC S C XOopolueil Tou-
HocThi0. Ha MeHbIIMX MaciuiTabax ecTb raJlakTHKM, CKOIUIEHUSI TalaKTUK
M TaK Ha3blBaeMasi KpyHmHOMacluTabHasi CTPYKTypa, MOXOo)kas Ha Tpex-
MEpHYIO CeTb C MepenoHKaMM, — HeYTO SYeUCTOe HeNpaBUJIbHOHU (op-
Mbl. CaMblif KpynHbIf MacwiTab 3TMX HEOZHOPOOHOCTEH — MPUMEpPHO
100 meranapcek (300 muH cBeToBbix Jiet). KpynmHoMaciutabHasi CTpyK-
Typa Obula BbisIBJIEHA Ha TpeXMepHbIX KapTax pacnpejesieHusl rajak-
TUK B 1980-x ropax.

[IpocTpancTBo BHYTpM siueek, MeXIy MNepenoHKaMmH, Ha3blBaeTCs
golidamu — TaM NpaKTUYECKH HeT rajakTvkK. TOJIMHA CTEHOK — OKO-
JI0 OOHOW AecsATOd OT MX pa3Mmepa. Tam, roe CTeHKHM IepeceKaloTcs,
IUIOTHOCTb elle Bbllle, @ B y3JlaX HaXOAATCA TMTaHTCKUE CKOIUIeHUs
rajJakTHK.

KoHTpacT mioTHocTH B 3TOH CTPYKType IOBOJIBHO BelMK. B creHkax
IUIOTHOCTDb BellleCTBa Ha MOpAAOK Oosiblle, yeM B Boifax. B BosokHax Ha
nepece4eHny CTEHOK — ellle Ha MOpSNOK Bblllle. A B y3/1ax, I1e HaXxonsT-
CSl TUTAaHTCKHE CKOIUIEHUs TaJIaKTHK, IUIOTHOCTb NOPsiiKa Ha TPH BbILIE
cpenHeil. OTKya B3ssaCh 3Ta CE€Tb, CKOIUIEHHs TalaKTHK, CaMH rajak-
Tukn? Oka3biBaeTcs, ecnu O6bl BeenenHas u3HauyaibHO ObUla abOCOMIOTHO
OZIHOPOJHOM, TO 3Ta CTPYKTYpa He cMora Obl BOBHMKHYTb.
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24. Pasb BCEnREHHOM

B ciyyae pacumpsiomeiics BceneHHOM HeycTOHUMBOCTb paboraer
MHauve. Bo3MylleHuss pacTyT MeJJIeHHee: He II0 JKCIIOHEeHTe, a JIMHeH-
HO — KOHTPAacT BO3MYVIIEHHIA pacTeT MPONOPLMOHAILHO MacluTabHOMY
(dakropy BceneHHoil. B kKako#-TO MOMEHT, Korja CryiieHue CTaHOBUT-
Csl TPaBUTAlLMOHHO CBA3aHHBIM, POCT CTAHOBUTCS HeJIMHEHBbIM, NpPUYEM
Ha CTaAMI0 HeJIMHEMHOCTH paHblle BBIXOASAT HEOOHOPOMHOCTH MEHbILEero
pa3Mepa — TJIaKTUKHU U CKOIUIEHHS TaJIaKTHK. A ellle paHbllle — IlepBble
3Be3/Ibl, KOTOpble ObUIM TMTaHTCKUMM.

Sluencrass CTpyKTypa M3 CTEHOK M BOIJIOB He ycresja BbIATH Ha He-
JIMHEIHY10 cTaguio (M yKe He BbliteT). Kak oHa obpasoBanace? TpyaHo
NOMYCTHTb, YTO HayaJbHble BO3MYIIEHUSI IUIOTHOCTH MMEIU TaKyl0 XH-
TpYI0 CTPYKTypy. OTBET mpocT: KpymHoOMacluTabHasi CTPYyKTypa fIBJsieT-
CSl CeThI0 KayCTHK.

llono6bHoe sBJEHME MOXKHO HaOJOJaThb Ha CTeHe, Ky/Ja MajaeTr CBeT,
OTPa)KE€HHBI# OT MOBEPXHOCTH BOAbI C Jierkoil OecropsnouHOil psiObio.
Wnu B Buzle aHAJIOTMYHOM CBETOBOI KapTHHBI Ha MeJIKOM JiHe. Mbl BUIUM
NOJBI)KHYIO CETKYy M3 SIPKMX Mosioc. IMeHHO ceTh, a He IUIaBHble Mepe-
JIUBBI SIPKOCTH, NojobHble caMoit psbu. [lomuure, uro nucan Hukonait
l'ymunés npo xupada:

.1 wkypy ezo ykpawaem gonwebHbill y3op,
C Komopbim pasHAMbCA OCMEIUMCSA MOJIbKO JIYHQ,
Jpobsace u kauasace Ha é1aze WUPoKux o3ep.

OTO B TOYHOCTH MPO CeTb KAYCTUK B OTpaKeHHH OT psibH, Ha KOTOPYIO
NeACTBUTENIbHO MOX0XKa packpacka jkupaga. MaremaTuuecku CyTb «BOJI-
webHOro y3opa» U KpynHoMacIITabHON CTPYKTYphI OfIHA M Ta JKe, TOJb-
KO Ha Boze (OKyC MPOMCXOAMT C YITIOM OTpaXKeHUsl WIM INpesIOMJIeHus,
a B CTyyae KpyNMHOMAaclITabHO! CTPYKTYpHl — CO CKOPOCTAMH M pacCTo-
SIHUSIMU — IpaBUTAllMOHHas HeyCTOMYMBOCTb B pacluupsouieiics BeeneH-
HON paboTaeT Tak, 4TO Marepus NpPEMMYIECTBEHHO HaKal/IMBaeTCs Ha
OmmKaiilei IUIOCKOCTH CTYIIEHHS.

Eme B 1970 rony f.b. 3enpaoBuy aHa/MTHUYECKH TOKa3as, YTO IOJIO-
XUTeNbHasA (IYKTyalus IUIOTHOCTH coOMpaeTcsl B IUIOCKMid OnuH (Tep-
MHH «OJTMHBD NPIKWICS Hafonro). TakuM ob6pas3oM, CTPYKTypa U3 Iepe-
cekaromuxcs 6;11MHOB Oblla MpesiCKa3aHa elle 0 CBOero OTKPLITHSA. Bro-
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nepaTypbl peJIMKTOBOrO M3jy4eHHsl BpoAe NO/DKHBI ObITb TOro XKe IMo-
pAliKa, YTO ¥ KOHTPACT IUIOTHOCTH, XOTS U He TOYHO TaKUMH JKe: NpH
nepeBofie OAHOrO KOHTpacTa B Jpyroid 3aMellaH psii HETPUBHAIbHBIX
3¢ dekToB.

B 1970-1980-x romax cnoxuwiach JOBOJIbHO HalpsDKEHHAs CHUTYallMs.
Yike menanuch U3MepeHUs PeJIMKTOBOTO U3JTyyeHHs C XOpolleil YyBCTBHU-
TeJIbHOCTbIO. OJJHAKO OHO BHIIVISAZIENI0 ONHOPOAHBIM JAaXke TOrAa, Korja
YpPOBEHb UYBCTBUTEJBHOCTH B OIHY TBHICSUHYIO ObUI JOCTUTHYT Ha Ha-
3eMHbIX pajauoTesieckonax. Torqa HanbGosee UyBCTBUTEIbHON YCTaHOBKOM
6eu1 PATAH-600 Ha CeBeproM KaBkase (pamuoreneckon AKaJeMHHM HayK
nuaMeTpoM 600 m). IlepBblit pe3dynbraT, 1ON0XKEHHBII PYKOBOAMUTENIEM Ha-
Y4HOi1 nporpaMMbl paauoTteneckona Opuem [lapuiickum, Bbi3Ban HemoBe-
pue. Ilomyyanoch, 4YTO HEOOHOPOAHOCTEH TEMIlepaTyphbl PeJIUKTOBOrO U3-
ny4yeHus: HeT Ha ypoBHe 1074 A kak jxe Torna o6pa3oBajMCh raJlaKTHKK!?
Koe-rne pasnaBasics ponoT, 4To AaHHble HeBepHb. Ho Bckope pesynbraT
00 OTCYTCTBUM HeOTHOpPOAHOCTeH ¢ KoHTpacToM 107 ObUT MoATBEpXKIEH
Ha JApyrux paauoreneckonax. A npenen no nanHbiM PATAH-600 Obun chu-
keH 110 ypoBHs 107° 1 Jjake MeHbllle. ITO 3aCTaBWIO M3PAMHO MOBOJIHO-
BaTbCSl KOCMOJIOTOB — BBIPMCOBBIBJICS CaMblii HacToawmii kpusuc. [lo-
4yBa YXOAWIA U3-TIOJ HOI: Mbl BUIUM TaJlaKTMKH M MX CKOIUIEHHS, TOYHO
3HaeM, KaK 3BOJIIOLMOHUPYIOT HEOJHOPOOHOCTH, HO He BUAHUM TOrO, U3
4yero OHM JOJDKHBI pa3BMBaTbCA.



25. TeMHasa MaTepus, cnacutenbHas
n HeynoBuMas

Jlech Ha ClLIeHy BbllllJIa TeMHas MaTepus. [IpuMepHO B TO e BpeMs

CTaJI0 SICHO, YTO TraJlaKTUKH CYILleCTBEHHO TshKesleld, YeM COCTaBJisl-

IOlIMe MX 3Be3/bl, ra3 U MbUIb. B rasakTukax ecTp YTO-TO ellle, IO-
CKOJIBKY OHHM BpAILIAlOTCS CIMLIKOM ObicTpo — Tpebyercs Gosbluas Macca,
yTOOBI CBOMM TATOTEHMEM YPaBHOBECHUTDb LIeHTpoOexHyio cwiy. [losBrics
Iake KaHIWAAT Ha pojib TEMHOH MaTepuu — HelTpuHO. Ecnu y HelTpu-
HO ecTb HeDoJbllas Macca, TO PeIMKTOBble HEATPHHO, MOJOOHbIE PEeHK-
TOBbIM (DOTOHaAM, HO yXKe MeJUleHHble 13-3a CBOei MacChl, MOTYT CKaIllu-
BaTbCSl B FajJlaKTUKax M Jle/laTb UX Tspkelee. Kak pa3 Kk MecTy MosiBWI-
Cs1 ¥ 3KCIIEpMMEHTAJIbHBII pe3y/bTaT, AaBaBIUMA MacCy HEeMTPHUHO OKOJIO
30 3B — paxe Gonbiie, yeM TpeGoBanock. Kak BBIACHWIOCH, pe3yabTaT
3TOT ObL1 HeBEePHBIM, HO MBIC/Ib O MaCCUBHOM HEMTPUHO MpoIO/IKaia HO-
CUTBCSl B BO3[yXe — OHa, [0 KpailHell Mepe, cMsryanaa KpH3HC.

Ecim y HeitrpuHO ecTb Macca, Hanpumep 10 3B, To Bo BpemeHa pe-
KOMOMHalMKM ra3 HeHTPUHO COCTaBIs OO/BIIYI0 yaCTb Macchl Bcenen-
Hoil. U uTo BaxkHO, HENTPUHO ObUIM Yy)Ke MeIJIeHHBIMH elle 3aJ0/Iro M0
pexoMOuHanuu. ['paBUTaLiMOHHAs HEYCTOMYMBOCTb HAa 6OJBLIOM MaclLiTa-
Oe HEOOHOPOIHOCTeH Hayana paboTaTb JUI HUX paHblle, yeM s oObiu-
HOTO BelecTBa (HEATPUHO OueHb C1a00 B3aMMOMEICTBYIOT M pacIpo-
CTpaHsIoTcs BO BceneHHoH cBOOONHO HauuHasi C MEpPBbIX CEKYHHA IO-
cne Bonbuioro B3pbiBa). [IoaToMy K MOMEHTY peKOMOMHAIIMM OHH MOT-
MM co3pgaTth Oosibllie SIMbl TPaBUTALIMOHHOrO MOTEHNUMana (B mepecueTe
Ha coBpeMeHHYI0 Bcenennyio — 20 Meramapcek M GoJblle), Kyda IIOTOM
«cTeyeT» 00ObIYHOE BellecTBO, 00pa3oBaB KPYMHOMACIITAOHYIO CTPYKTYPY.
C nomouIpi0 HEUTPUHO YIAaBaJOCh CBECTH KOHLbI C KOHLIAMHM, €CIH Iep-
BUYHblE HEOAHOPONHOCTH, 3alevyaT/ieBUIMecs] B PeJIMKTOBOM H3JTyYeHHH,
OCTaBa/IUChb HAa YpOBHe ONHOH NecATHUTbICSIYHOH. Ho 3TOT ypoBeHb ObLI
yXe MpoiJleH — Ha HeM He O0OHapyXWIOChb HMKaKOH aHU30Tpomuu!

Bobixox Mor ObITh JIMIIbL OJMH: TeMHAsi MaTepusi COCTOMT M3 HEH3BECT-
HbIX YaCTHll, MOYTH He B3aMMOJENCTBYIOLIMX C OOBIYHBIM BeLIeCTBOM,
CKOopee Bcero, ropaszo 0Gosee TsbKeNblX, YeM HeWTpUHO, U Oosee TsvKe-

152






MpopPbiB 3A KPAM MUPA: [lPOPBIB

MMeTb KOHTpacT MeHblle, yeM 10-%! Dto mporuBopeuwio 6s1 dakty ¢op-
MHPOBaHHUA rajJakTuK. AHu3orponus 1075 (kotopas TpagULIMOHHO 0603Ha-
yaeTcsl KaK Jucrepcus TeMiepaTypbl uamydenus: 47/T) ObuUia nocneaHuM
pyOe>koM, najiblile KOTOpPOro Teopusi He MOIVIa OTCTYIaTh — 3a 3THUM py-
GexxoM HauyMHaJach MUCTHKA. A U3 3asBieHuit Komanabl PATAH-600 cre-
I0BaJIo, YTO 3TOT pybexx yxe mpoiineH. [lepen kocMonorueit Kak Haykou
3aMasiuwia cypoBasi npo6riema. [louBa yxomwna uU3-noj HOI: Mbl BHIUM
raJlakTMKM Y MX CKOIUIEHHs, TOYHO 3HaeM, KaK 3BOJIIOLIMOHUPYIOT Heol-
HOPOJHOCTH, HO He BUJKM TOT0, U3 Yero OHU JOJ/DKHbI pa3BuBathbcs. Ka-
3aJ10Ch, ellle HEMHOTO — M OCTAHeTCs TOJIbKO pa3BeCTH pyKaMH: KOCMO-
JIorMs KaK HayKa He paboTaeT — HHUKTO HUYEro He NMOHHMMaeT.

[lpobnema paccocanach k koHuy 1980-x, Hauany 1990-x romos. Cepus
aKcriepuMeHTOB B kKocMoce («Pernukt, COBE) moka3asna, yTo HeomHOpon-
HOCTH DPEJIMKTOBOrO M3JTy4eHHUs CYIIeCTBYIOT, U MX aMIUIMTy[a Kak pa3
nopsigka 1075, uyTp Bbile. Hayka BoicTOsI/IA!

Uro kacaercs maHHbix PATAH-600, To, moxoxe, mpocTo mpou3olwuia
HeKoTopas MyTaHula B onpefeieHUsx BeauuuH. Ceilyac BHJHO, 4TO
PATAH-600 He mor pocturHyTb ypoBHA 10° — 3TOMy mHpensTCTBOBA-
7 CyliecTByomue (OHbI raJlakTUHYECKOro MPOUCXOXIEHUsI U amnmnapar-
Hble IIYMBbI.

TeM He MeHee, HanpPsHXKeHHOCTb, BbI3BaHHAs JIOITMM OXXHIAHHEM OT-
KPbITUSI QHU3OTPOIIMHM PEIMKTOBOro M3JTy4eHUs (B KOTOPYIO BHeC CBOIO
nenty PATAH-600), ceirpana OGonbiuoe 3HavyeHHe, NMPUBEOS TEOPETHKOB
B TOHYC, 3aCTaBUB MX KaK CJlefiyeT IPOoAyMbIBaTb MOJEb XOJIOAHOH TeM-
Hoii MaTepuM. B yacTHOCTH, 03TOMY OOHapyeHHe aHU30TPONUM PeJHK-
TOBOI'O M3JTy4eHHs ObUIO BCTpeueHO BO BCEOPYIKHH.

B cymecTBoBaHMM TeMHOIl Marepud He COMHEBAeTCS NMOYTH HUKTO
M3 YYeHBbIX: OHa OYeHb HY)KHAa B KOCMOJIOTUM U acCTPOHOMHH, NpUYeM
CTaBUT BCEé Ha CBOM MecTa. Mi3BecTHO, CKOJIbKO ee, NPUMEPHO M3BECTHO,
KaKMMH CBOMCTBaMM OHa JobkHa obnamatb. Ho B coBpeMeHHOit (husu-
Ke 4YacTHull TeMHas Marepus ocTtaeTcs 3arajkoil. B craHmapTHoit Mope-
JIM 371eMeHTapHBbIX YaCTHLl HEeT HUYero NnoxoXKero Ha TEMHYIO MaTepHio.
Jleno B TOM, yTO OHa TpebyeT HOBOI (u3uku. EcTb Teopuu, nMmeroiue
CTaTyC runoTes, Ifie Takve yacTHLbI CYIIeCTBYIOT. B mpuHiune, TeMHas
MaTepusi MOXeT ObITb Hal/ieHa, eC/IM OHa XOTb KaK-TO CBsi3aHa ¢ 0ObIY-
Hoil. Ecyin oHa, myckaii cnabo, B3auMopeincTByeT ¢ OObIYHBIMHM YaCTHIIA-
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 VYTBepxaanoce, YTO KocMuueckuili cnekrpomerp PAMELA peru-
CTpHUpyeT M30bITOK MO3HTPOHOB, KAKOBOI 00BsCHsAeTcs pacna-
IOM TeMHON MaTrepHuH, HO 0Ka3ajocCh, YTO MO3UTPOHBI HEIIOXO
0OBACHAIOTCS U OOBIYHBIMM ACTPO(PH3NYECKHMMH MCTOYHHKAMHM.

 VYTBepXkIanoch, UYTO KOCMHYECKMIl ramma-reseckon «PepMu»
«yBUZAEM» OCOOEHHOCTb B CIIEKTpe 3/7IeKTPOHOB OOJBLIMX SHep-
ruit. Ho nocse riiarenpHoit KanMOpOBKM MHCTPYMeHTa OCOOEH-
HOCTb «paccocasachb».

o Hakonen, B maHHbIX «PepMM» HAlIM MUK B CIIEKTpe ramma-
KBAHTOB BBICOKMX 3HEepruil, JeTALIMX OT LieHTpa Hamei lanak-
THKH. DTO NPUNMCAIN aHHUTMISALMU 4YaCTHUL TEMHOH Marepuu.
Ve BBILUIM JIECATKH, €CIM He COTHM paboT Ha 3TO TeMy. AB-
Top HexaBHo (B siHBape 2013 roga) coO6cTBEHHOPYYHO MpOBe-
PHI 3TOT MUK MO OTKPHITHIM JAaHHHIM — BMECTO TOro, 4TOOHI
crath 0ojiee 3HAUMMBIM 32 MOCNAEOHHMN rod HabMOAeHM, MUK
3TOT TOXKE€ MpaKTU4YecKH «0OHyawics». To ecTb 3TO OblNA CTa-
TUCTHYecKass QJIYKTyalus.

Takum 0Opa3oM, TeMHas MaTepysl 1I0KA CTApaTe/bHO YCKOJIb3aeT OT Hac.



26. CBepxcKONIeHus ranakTuk Kak
pe3ynbTaT KBAHTOBbIX 3PPEKTOB

TaK, COBpeMEHHasi CTpPyKTypa BcesneHHOi, BKIIOYas CKOIUIEHUS

raJlakTHK M CaMH TaJIaKTHKH, BeIpocia U3 Hebonbmx (ykTya-

LMH IUIOTHOCTH, KOTOpbIE NMPeKPacHO OTpakeHbl Ha KapTe pesvK-
TOBOTrO M3/ydyeHHs. [lasiee MPUXOAUTCA 3aAaThbCsl BOIIPOCOM: OTKYyZAa B3f-
JIUCbh 3TH 3aTpaBOYHbIE HEOAHOPOAHOCTU? Mbl BUAMM MX B 310Xy PEKOM-
OMHALMKM, MBI BHOMM, YTO MX amIuiMTyaa Oeuta mopsaka 1075, o aToi
3MO0XM BO3MYILLeHUs: 6ApUOHHON KOMIIOHEHTHI BBIPDACTH NPAKTHMYECKH He
ycrenu — oHM ObuM TakuMHM ¢ camoro Hayata. C kakoro Havama? Yro
nopoauo 3T IyKTyaluuu?

OkasbiBaeTcsi, KocMosioruyeckass MHGQIALMSA yMeeT Jenath M 3TO.

HanoMHKM, 4TO B KBaHTOBOI MeXxaHHMKe Ji00oe 1ojie UMeeT HyJieBbie
(BakyyMHBIe) KonebaHusi, KoTopble 00bIyHO He Habmomaemsl. CkansipHoe
rnoJje, Bbi3biBatollee HHQsALMIO, — Toxe. Ho npy pasHbix BMIax Bo3zei-
CTBUSI BaKyyMHble KosieOaHHsi MOTYT CTAQHOBUTBCS pealbHbIMM (PITYKTY-
allMsIMM TIOJIeil — BOJIHAMM, YacTMLAMM — B 3aBUCHMOCTH OT KOHKpET-
HOM CHUTYyaLMM.

YckopeHHOe paclIMpeHHe MPOCTPAaHCTBA — OAMH M3 BHUJOB TaKOro
Bo3zeiicTBUs. BakyymHoe kosnebaHMe MOJsI MMeeT LIAHC NpPEeBpPaTHThCS
B peaibHYI0 (PIYKTyaLMio, eCii MPOCTPAHCTBO 3a MepHUox KosneGaHMSA
IaHHOH YacTOThl CYILECTBEHHO pacIIMpHUTCS. VIMEHHO 3TO U MPOUCXOZUT
IpY KOCMOJIOTHYecKoi UHGIALUH.

HamomHMM, cKOpOCTb paclIMpeHHsi BbIpaXaeTcs 4epe3 MOCTOSIHHYIO
Xab6ma H, nns ciyyas unbnauuu a = g e rue a — pacctosHue Mexay
NPOM3BOJIbHOM Mapoii Touek mpocTpaHcTBa (MacluTabHbI ¢akTop, omnpe-
IeNeHHBI C TOYHOCTHIO J0 MOCTOSTHHOTO MHOXHUTeNs). OOpaTHas BeIM4H-
Ha 1/H — BpeMms, 3a KOTOpOe BCe PAcCTOSIHMS B PacCIUUpPSIOLIEMCS ITpo-
CTPaHCTBe YBEJMYMBAIOTCA B e pa3 (11 HPOCTOTHI cJiora Hinke OyneM
10/1b30BaThCS CJIOBOM <«yIBOEHHE»).

Bennuuna A mpornopuyoHaibHa KBaJpPaTHOMY KOPHIO M3 IUIOTHOCTH
aHepruu ckaispHoro nojs. Ecim «moropom» MHbasumu (MHQIATOHOM)
sAIBJISIETCS 10T, CBsI3aHHOE ¢ (PU3MKOI BelMKOro oObeavHeHHs (Kak rose
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Xurrca cBs3aHO ¢ (pM3UKO# 3/eKTpociaboro B3aMMOAEICTBUSA), TO ecTe-
CTBEHHOe 3HaueHue H, BblpaKe€HHOe B IUIAHKOBCKMX eJVHHULAX, — rae-
HuOyap 1075, a Bpemst ynBoeHus paccrosiHuii — 10° n1aHKOBCKHX BpeMeH,
T.e. 10°¥ c. 3T0 He 0b6s13aTEILHO TOYHO TaK, MPOCTO OCTAHOBMMCS Ha 3THX
YKCaxX KaK Ha BEPOSITHOH BO3MOXHOCTH.

Ilpn rakoit uubnauMM Hanbonee 3¢eKTUBHO «peamnsyroTcs» PIyK-
Tyallid C mepuozoM nopsgka tex e 107% ¢, uaM xapaktepHoro pasme-
pa 10-¥ cm. MeHbuive no pa3mepy IyKTyauuu He reHepupyloTcs. Bosb-
IUMe — FeHePUpPYIOTCS, HO ¢ MeHblIel aMIUIUTYO0H, I03TOMY MOXHO CYH-
TaTh, YTO OCHOBHble (IIYKTyauuH MHQIATOHA MPOMUCXOOAT MMEHHO Ha
Macutabe 10?7 cm. KakoBa ux ammautyga? I'py6o roBops, ee OTHOCH-
TeabHas BesMuuHa nopsgka H ~ 1076 Bonee TouyHoe 3HaueHue omnpene-
nsieTcsl KOHKpeTHo# 3aBucumoctbio V (f).

HUrak, camble cu/IbHble KBAHTOBble BO3MYILEHHUSI CKISPHOrO IO,
pasayBaloLLEero BCEJIEHHYIO, POXKIAIOTCA ¢ pasmepoM okoso 107% cm. Ye-
pe3 kaxapie 107¥ ¢ ux pasmep yaBauBaercs. Yepes 10-% ¢ yBennuunBaer-
Csl B ThICSIYY pa3. A BCEé 3TO BpeMs BO3HMKAIOT HOBble (DIYKTyalUK MCXO-
nHoro pasmepa. Paboraer cBoeoOpa3Hblif koHBeiep — GIYKTyauun pox-
JalTcsl BCE BpeMs, MOKa MpoAo/DkaeTcss MHGIALUMS, BO3HUKAIOT M pac-
TATMBAIOTCA. A MX aMIUIMTyJa MPH 3TOM He MeHseTcs, KaK He MeHseTcs
1 camo mnone. [omyctuMm, nausauus npogomkaercs 10™% ¢ — ato Bhon-
He BeposiTHO (paBHO Kak M 107% ¢, Moxet 6biTh M Gosbie). 3a 3TO Bpe-
Ms1 IPOUCXOOUT COTHS YABOEHMH pa3Mepa nepBbix GIyKTyauuit. IT0 pocT
Ha 30 nopsiaxoB. Camble nepsble GIIYKTyalld¥ pacTArMBAlOTCA A0 pa3Me-
pa 10 m. Lindpa ycnosras, nockosnpky eciv UHGAALUA NPOATUTCS BOBOE
noJsibllle, TO MaKCHMMaIbHbI pa3mep GIIyKTyaluMd HaMHOTO MpeB30ii-
JeT COBpeMEHHbI pasmep ropu3oHTa BcesnenHoit. Urak, ecnin undns-
LM MOeT C MOCTOSIHHBIM TEMIIOM, B pe3yJbTaTe MMeeM K ee 3aBepiie-
HMIO CIIEKTP BO3MYILEHUI MOJs1 C OJUHAKOBOH aMIUIUTYOM, POCTUPAI0-
wuiica ot 1077 cM A0 MakpoCKOMMYecKMX BeluuMH. Takoil crekTtp (am-
INTYJa He 3aBUCHUT OT JAJIMHbI BOJIHbI) Ha3bIBaeTcs MJIOCKUM. Mm criek-
TpoM 'appucona — 3enbaoBuya (M0 MMEHH aBTOPOB, BlepBbie NPeAroo-
KUBILMX, YTO MEepBHYHbIe (IYKTyalM OMMCHIBAIOTCA TaKUM CIIEKTPOM,
elle 3aJ01ro A0 IMOSBJEHHA KOHLEMUMU KOCMOJIOTHUeCKON HHQIIALMK).
B peanbHocTM TeMn HMHGIALUMKM MEHSIeTCS M CIEKTP CJlerka OT/IMYaer-
Csl OT IUIOCKOTrO. TOT BaXKHbIl (akT obCy)kaaeTcss B C/IeAYIOLIMX [J1aBax.
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26. PE3YNbTAT KBAHTOBbIX 3O®EKTOB

WHdnsauus 3akaHUMBaeTcsd «CKaTbiBaHHeM» HH(QJIATOHHOrO IO
K HY/IO, PUYEeM 3TO «CKaTbiBaHMe» MPOMCXOAUT C ycKopeHHeM. B koH-
e MHQIAUMKA Bce (UIYKTyalMHd YCWIMBAIOTCS B pe3y/bTaTe MepexoqHo-
ro mnpoiecca 0 OTHOCUTENbHBIX aMIVIMTYA IUIOTHOCTH 5-107° (cpenHekBa-
apaTHyHOe OTKIOHeHHWe). C TakuX 3HaueHWH BIOCAeJCTBUM HAYMHAETCH
MX 3BOJIIOLMS.

KapTvHa KBAaHTOBOro pOXIeHWs MepBHUYHON psibu BceneHHoit Gblna
BIepBble M JOBOJIBHO MCUepIbIBaiolle H3jaoxeHa B pabore Bsyecnasa
MyxanoBa u lenHaaus Unbucosa B 1981 roay. [Ipu 3toM oHM onupanuch
Ha cleHapuit CrapobuHCKoro.

WUrak, no 3aBepiienun uHNAUMM BceneHHas mepeluia Ha OOBIYHBIA
PeXHM pacliMpeHus 1o MHepuuu — 1o cueHapuio Opuamana. Beé ee co-
AepXHMoe K 3TOMy MOMEHTY ObUIO «COTBOPEHO» — BCe YacTHILbl, [IPaB-
1a, UMeBLIMe Opyroi tum, yeM cerogHs. Ee Temmeparypa 6Gbuta mopsimka
10 3B, ecm u3MepsTb ee B eOUHHULAX, NPUBBIYHBIX i1 (PU3MKOB BbI-
cokux sHeprui, wm 10% rpaxycoB KenbBuHa. C Tex mop oHa pacliupu-
nacp moytd Ha 29 nopsakos. [lonoxutenbHsle (GUIyKTyaluH I[UIOTHOCTH,
MMeBIINe pa3Mep B JAeCATOK MHMKpPOH Ha KoHel MHGALMM, NpeBpaTH-
JINChb B TUTAHTCKHUE CKOIUIEHHS TIaKTHUK, COAep)Kallye COTHU TPHU/UIHO-
HOB 3Be3[. HanomHuM, ele paHblie neciTUMHMKpoHHas GIyKTyauus Mo-
fIBWIach Kak KBaHToBblit 3¢dekt Ha Macmrabe 10% cM. Takum obpa-
30M, /1000e CKOIUTeHHe TaJIaKTHK, o0asi raJlakTHKa — MPSAMOiA MTOTOMOK
MHUKPOCKOIMYECKO! KBaHTOBO# (PIyKTyalMH, PacTAHYTON O MHUKPOHHBIX
pa3MepoB 3a Bpems MHGIALMU U elle Ha 29 MOPSAIKOB — MO HUHEPLUH
nocje ee OKOHYaHUS.



27.lorapndmunueckas nctopus BceneHHoM

OMbITKA NPEeACTAaBUTb OTPOMHOE CKOIIJIEHHWEe TaJIaKTHK, CIpecco-
BaHHOe B cpepy auamerpoM 10 MKM, nepekpyurBaeT Mo3r B ba-
panuit por. Ecin 6e3 npeaucioBmii pacckasaTh Npo AaHHbINA (aKT
4eJIOBEKY, AaJIeKOMy OT KOCMOJIOTMH, OH CKOpee BCEro CKaXKeT, YTO 3TO
epyHZQ, YTO Takoro ObITh He MOXeT — 3ApaBblit cMbica npotectyet! [Ipu
3TOM HMKAaKMX PalMOHAJIbHBIX apryMEHTOB NPOTHB 4YeJloBeK CopMyu-
poBaTh He CMOXeT. YUToObl Ype3oHUTb 31paBblif CMBIC/, Hafl0 NMPUYUMUTh
ero K Jorapudmuyeckor wWkane sBaeHHi. KcrarH, wmkaaa, gocTymHas
HENnocpeJCTBEHHOMY BOCIIDHMATHIO 4e/loBeKa, He KaK Y KopoTka. bezo
BCAKMX YCTPOMCTB Hall IJ1a3 Croco0eH OKHUHYTb COTHIO KHJIOMETPOB
nanawadTa, OLEHUB PacCTOsIHME, U Pa3MIAeTb OeTald B OJHY JecATYIO
MWIIMMeTpa. JTO [IeBATh AECATUYHBIX NopsakoB. Bo BpeMeHM uyesnoBek
BOCIIPMHMMaeT jaxke OO/bLIMI AMANA30oH — OT AECATO JOMU CeKyHIBI
MOYTH 10 BeKa — JecATb nopsaxoB. Mcropus BcesnenHoit npoctupaercs
oT iaHkoBckoro Bpemenu (1074 c) no HbiHemnero (4:10" ¢) — 60,5 mo-
psanka. HoiHemHuit paamep BceneHHoit Hen3BecTeH — OH MOXeT ObITh
kak 10%, tak n 10! cm. Ho MoXHO B3siThb 3a MaKCHMaJsIbHbIi Maciutab
pasmep coBpeMeHHoro ropusoHta 5-10% cm. Torga auanasoH paccrosi-
HUii, HaYMHas OT IUIAHKOBCKOro Macmraba M KOHYash TOPM3OHTOM, —
61 nopsimox. Tenepp MoxHO M300pasuTh MUcTOpHIO BcenenHoit B gBax-
apl norapudmuueckoi mkaie. [ns Havana nmpociaeauMm cyabOy KBaHTO-
BbIX GIyKTyalMii — Kak OHM POCJIM M Pa3BMBAIMCh Mocsie MHQIALMH.
3mech BaXXHO BbIOpaTh YAOOHYIO CHCTEMY OTCueTa /s BpeMeHH. Mbl He
3HaeM, CKOJIbKO Npojo/bKaiach UHGIALMSA, — Kak MOKa3aHOo B C/IeyIolLei
YacTH, ee MpPOJO/DKUTENbHOCTh Morna ObiTh /Mo6oil. [lo cyTH, y Hac ecTb
TOJIbKO OIHA TOYKA, 32 KOTOPYIO0 Mbl MOXXEM 3allelIuThCsl — OKOHYaHWe HH-
Ay 1 nepexo K GppuaMaHOBCKOi cTaguu. Tpeku Ha puc. 27.1 Hauu-
HatoTcst ot BpemeHu 107 ¢, xapakrepusyioiiero TeMn UHQISUMM, — 3TO
YCJIOBHOCTb, HA CaMOM Jiefie mepexo OT MH(IAUMU K (PUAMAHOBCKOMY
pacIIMpeHUI0 POUCXOAWT He MrHOBeHHO. CaMy MHGIALMIO OTK/IaAbiBaeM
B OTpHLaTe/IbHYyI0 06/1acTh, Hy/b Oyner ee okoHuaHueM. Ee ynoOHeit uso-
Opa3uTh B JIMHEHHO! IIKaJle Ha OTAENbHOM PHUCYHKe (puc. 27.2).
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27. IOTAPUOMUYECKAS NCTOPUS BCENEHHOM

Hama snoxa, korga CyliecTBYIOT IUIaHETHble CHMCTEMbI M BO3MOXHa
)KU3Hb, B JaHHOM MaciuTabe He GoJblle LIMPHUHBI IITPUXOB JMHHUH, 000-
3Hayarwoluleil coBpeMeHHYI0 BceneHHyio Ha puc. 27.1 (cmpaBa). A Mexny
cragueil MHQAAUMN U 3/1eKTpPociabeiM (ha3oBbIM HEPEXOAOM JIEXHT ca-
Masi Jjonrasi B jorapupMHYecKoM IUIaHe 3I0Xa, MPO KOTOPYI Mbl Majo
4TO MOXXeM CKa3aTb. EcTb momo3peHue, UTo B 3Ty 30Xy He MPOMUCXOIM-
JI0 HAYEro MHTEPeCHOro: 10 CBOeil TeMrepaType 3II0Xa COOTBETCTBYET
TaK Ha3biBaeMoil Bennkoii sHepretTHueckoil MmycTblHe — 00JIaCTH OT CO-
TeH TUrasneKTpoHBosbT 40 10'¢ I'3B. BeposiTHo, roe-to Tam cdhopMupoBa-
nacb GapHOHHasi aCHMMETpHS, BO3MOXHO, JXWIM Pa3HOOOpasHble Cymep-
CHMMeTpHYHble NapTHepbl HbIHEIIHUX yacTul — (OTHHO, CKBapKH... Ko-
HEeYHO, HUKTO He JACT rojioBy Ha OTCeYeHHe, YTO M MOCpeAvHe IyCThIHU
He MPOMCXOAWIO YTO-TO MHTEpPeCHOe, MPOCTO 3TO HMKAaK He MpOCMaTpu-
BaeTcsi U3 (GU3MKU YaCTHL B ee COBPEMEHHOM COCTOSIHUM.

Mormu i Ha 3tom JsorapudMUUYecKH [UIMHHeHLIeM OTpe3Ke HCTO-
PUM CTyYUTbCS «MCKYCCTBA, 3HaHbsl, BOMHBI, TPOHbl U NMaMATb COPOKa Be-
koB»? [l aToro mpexze BCero HYXHbl YaCTHIbI C Maccoi, Ha MHOrO Io-
pSAKOB IpeBocxopsileit teMneparypy Bcenennoit. Ceityac temmeparypa
3-103B — macca anektpoHa Ha 9 mopsaxoB Oonbile. B npuHLune, Takue
YaCTULbl MOIJIM OCTaTbCS OT 3MOXM OKOHYAHUS MHOIALUMM — C Maccoii
YyTh MeHblllel, yeM MaciuTab BeJMKOro oObeauHeHus, ckaxem, 10'5 I'3B,
JlomycTiM, eCTb KakoOi-TO 3aKOH COXPaHEeHHMsl, 3aCTaB/ISIOUIMIA 3TH YaCTH-
Libl XUTb OOJro, HanpuMmep 1 HC — IO KOHI[A 3MOXH 3HEpPreTH4ecKoi my-
cTbiHM. BriosiHe BO3MOXKHO, YTO OHM MOr/M Obl 06pa3oBbIBaTh YTO-TO BPO-
Jie aTOMOB M MOJIEKYIIL

OmHako, mepBasi mpobnema 3aKkO4aeTcs B TOM, YTO 3THX YacCTHI
OKa3ajoch Obl MajoBaTO BHYTPHM ropu3oHTa BceneHHOit Toro BpemeHw.
K KoHLy 3110XH 3HepreTM4ecKoi IMyCThIHK TAKUX 4aCTHL BHYTPHU FOPH30H-
Ta oka3ayioch 6bl rae-to 10%° — Ha 30 nopsaKoB MeHblie, YeM GapHOHOB
BHYTPH HbIHEIHEr0 ropu30oHTa. JTO YMC/I0 MPUMEPHO TOrO Xe MOPsAAKa,
yTO 4KCI0 GaproHoB B 3emie. IBHO Masio, yYMTBHIBas, YTO MPOCTPAHCTBO
BHYTPHM rOpPHU30HTa OBICTPO pacuMpsieTcs.

Cnemyromas npobremMa 3aKiloyaeTcss B TOM, YTO 3TH YacTHULbI He
ycrnenu Obl CKOHIEHCHPOBAThCS B KOCMMYECKHe Tesa. U, HakoHel, gocTa-
TOYHO /M 1 HC A/IS 3BOJIIOLMHM CTPYKTYP B MX €CTeCTBEHHOM MacliTabe
BpemeHH? Bompoc o TOM, YTO Takoe ecTecTBEeHHBIi MaciuTab BpeMeHH,
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He TaK MpOCT, HO, BEPOSITHO, I/l O4eHb rpy0oil OLIEHKH MOXHO HCIOJIb-
30BaThb e€AMHMIBI ATOMHOIO BPeMEeHH, OINpeesisieMOro ¢ MOMOLIbIO MPHUH-
lIMMNa HeompeneNeHHOCTH Kak ¢ ~ A/E, rne E — 3Heprus CBSI3U 3/1€KTPO-
Ha B arome. [Ing BHemHHX obosioyek B aTtoMe npumem E = 10 3B, Tor-
Ia xapakTepHoe aToMHoe BpeMs Oynet 1076 c. 3a mocneguue 3 miupa ner
(107 ¢) npouwto 10* aToMHbIX BpeMeH. JTOro XBaTWJIO Ha BCE.

OHeprus CBA3M 3/7IeKTPOHA B aToMe 10 MeHblieil Mepe Ha NATb MO-
PSOKOB MeHbllIe Macchl 1eKTpoHa. Halu runoretTryeckue yacTHLbl 110-
X1 KOHLA Benmkoil sHepreTHyeckoil NMyCTHIHM MMEIOT Maccy He Oornee
10'°T'sB, n ecnu cnefoBaTh aHAJIOTHH, TO 3HEPTUsl CBSI3M B THIOTETHYe-
CKHMX aToMax Jo/bkHa ObiTh He 6osbue 10'°T'3B. CooTBeTCTBYIOIIEE ATOM-
Hoe BpeMs — 107 c. B takom cCyyae 3a MHTepecylUyl0 HaC 3MOXY
B 1 HC mpouwto 10% aTOMHBIX BpeMeH, YTO COOTBeTCTBOBajIo Obl 30 rogam
B [lepecyeTe Ha Hally¥ aToMbl. SIBHO MaJlo.

Takum obpasoM, 3a JUIMHHYI0, GoraTyio Metamopdo3amu Jorapud-
MHUeCKYI0 UCTOpHIO BceneHHOM TO/MbKO Hall KOPOTKHUM MHTepBasl B MOJ-
nopsiaka 6oraT Ha C/IOKHbIe 3BOJIIOLIMOHMPYIOLIME CTPYKTYphl. A ropas-
mo Gonblunit UHTepBaa B 14 MOpAIKOB M BHPAMb OCTA€TCHA MYCTHIHHBIM.



28. Cynbba crycrka X

TaK, MHQIAUMSA NPUrOTOBWIA 3aTpaBOYHble BO3MYILEHUSI IUIOT-

HOCTH 3Heprud. OHM pacTArMBINCH B NMPOCTPAHCTBE, MOKPLIBas

OTPOMHBbII J1anas3oH pa3MepoB M MMeJH NPUMEPHO OJMHAKOBBIE
aMIUTMTYZbl Ha Bcex Maciurabax. 3To M3/I0XKeHO B OOLIMX yeprax B IJa-
Be 24, a ceityac nompobyem npocseautb 6onee noppobHO cyabby oxHOI
TOJIOKUTEIbHOM (PIYKTYyallMy IJIOTHOCTH, KOTOpasi MPY OKOHYaHHUU MH-
dasuuMn uMena pasmep okosao MUKpoHa. HasoBeM 3ty diykTyauuio «cry-
CTOK X», XOTAl C/IOBO «CTYCTOK» HAa TOT MOMEHT SIB/ISIETCSI HEKOTOPBIM Mpe-
yBeJIMYEHHEM — €ro KOHTPACT, T.€. OTHOCHUTE/IbHOE IpeBbILEeHHEe IUIOTHO-
CTH Bcero okoso 5:107° (B3siM cpeJHEKBaApaTMYHOE OTKJIOHEHHe).

[Ipu Tex mapamerpax MHQALMH, KOTOPble Mbl NMPUHS/IM B I71aBe 24,
crycrok X poauincs pasamepoM 102 cM m pasgyics Ha 24 nopsiika 3a
70 ynBoenmii macmraba. [Io BpeMeHu 3T0 3aHs/IO yyTh MeHblue 107% c,
OTAENAIOLIMX KOHell MHQJIALMM OT MOMeHTa pokaeHus: cryctka X. Ecim
c/le]oBaTh HalIMM AOMYILEHUSM, TO NPH POXKAEHHUHU CTYCTOK X MMes Mac-
cy npumepHo 10 1, a mo Beixony M3 MHGuAuuMM — 107'r npu noytu Mmmu-
KPOCKONIMYeCKOM pa3Mepe, YTO Ha MHOIO MOpPsAAKOB OoJblile Macchl Ha-
6monaemoiil yacTu coBpeMeHHO# BceneHHoit. M30biTOK ero maccel Haj
OKPY>XEHHEM TOXKe MPeBOCXOAWI Bce MbIC/IMMble BeM4MHbL. Ho 3ToT Mu-
KPOHHbI CT'YCTOK He MOT CKOJUTAaliCMpOBaTh B YEPHYIO IbIpYy: OH pac-
LIMPS/ICS. CO CKOPOCTbIO, HA MHOrO MOPSAKOB 0oJblleil CKOPOCTH CBeTa,
UTO He NMPOTHBOPEYUT ClELUATbHON TEOPHUH OTHOCHUTEIbHOCTH, MOCKOJb-
Ky cryctok X ObU1 pacTSHYT Ha OrPOMHOE YHC/IO MPUYMHHO He CBA3aH-
Hbix obnacreii. [lo 3TOM e mpuuMHe ero KOHTPACT OKas3aJCsAd «3aMOpo-
)KeHHbIM». OfIHM YacTH CTycTKa X HUYero He 3HAIM O JPYrHUX 4acTAX, He
YYBCTBOBA/IM MX TATOTEHUS — OH Kak OyAaTo OKasacs pa3buT Ha orpoMm-
HOe MHOXXeCTBO He3aBHUCHMBIX BCEJIEHHBIX.

Ho co BpemeHeMm cuTyauus u3MeHwiacb. Pasmep cryctka X, Kak
1 MacwtabHblit pakTop BeeneHHoil, yBemMunBasica Kak KOpeHb KBajpart-
HbIi U3 BpeMeHHU. A pa3Mep rOpPHM30HTa POC MPONOPLMOHATIBHO BPEMEHH.
Korna-HubyzAp nponopLyoHaibHas 3aBUCMMOCTb 0053aTe/IbHO nepernber
KopHeBy1o. [Ins cryctka X 3TO mpou3ouuio B Bo3pacte BceneHHO#H OKo-
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no Tpex MecsueB. OH OKasajics BHYTPHU rOPU30OHTA M NPHOOPENT MPHUYMH-
HYI0 CBSI3HOCTb: pa3Hblé YacTH CTyCTKa MOYYBCTBOBAIM TArOTEHHE APYT
apyra. B aTOT MOMEHT CryCTOK CWIbHO MOTepsi1 B Macce (3Heprum), Ko-
Topas cocrasisia yxe 109 r, wim 10 macc Connua. I[loreps macchl cBs-
3aHa ¢ paboroit no pacumpenuio BceneHHOH, coBeplaemMoii JaB/ieHHEM
BellleCTBa. JHeprus cryctka X (a ero mMacca m = E/c? cknaapiBasach 3
3HEPTUM YJbTPAPeITUBUCTCKUX YaCTHLl) MOLLUIAa HA YMeHbIleHHe ero oT-
pHLaTe/IbHOM rpaBUTALMOHHON 3HEPrUM CBSI3U.

C 3TOoro MOMeHTa KOHTpacT CrycTka 06;arogapsi ero CaMOTATOTEHHIO
Ha4as pacTu.

Mbl xopowo 3Haem cocraB BcenenHoit Toit mopel. OH ckiagbiBajCs
M3 BOZOPOOHO-Te/MeBOM IU1a3Mbl, GOTOHOB, NOYTH 6e3MacCOBBIX HEHTpH-
HO M MeJUIeHHO IBWXYILMXCA 4YacTHL TeMHOM Marepuu. JIbBHHas 10
3HEpruM-Maccol 3akmovanach B ¢oTroHax M HeHTpuHO. OHM (KakK M CBS-
3aHHas ¢ ¢GOoTOHaMH [UIa3Ma) He MOIVIM NOANABaThCA CAMOTATOTEHHIO U3-
3a CBOEro OrpOMHOro JaBJieHHsl. A TeMHasi MaTepusi Morjla MOAYMHATHCA
rpaBUTaLMK, NOCKO/BbKY Obl1a He 3aBUCHMMa OT (OTOHOB M obnajana Hu-
YTOXXHBIM JlaBjeHueM. VIMEHHO ee KOHTpACT Havyain pacTd, npaBaa, Mel-
JIeHHO — Kak Jiorapudm BpeMeHHU. B mepBbie mMecsubl [0/ TeMoii MaTe-
puM Oblsla HUYTOXHOM — MOPSAKA OJHOM THICAYHOM OT IUIOTHOCTH 3HEp-
ru¥ $HoToHOB ¢ HeliTpuHO. Ho cooTHOLIEHHe pocyio B MO/Ib3Y TEMHOM Ma-
TEpUH: ee KOJIMYECTBO B CONMYTCTBYIOLIEM oObeme He MeHsIoCh, a ¢oTo-
Hbl C HEMTPUHO OCTHIBAIN, M MX BKJIAJ YMEHbILAJICS.

[Tapurer Hactynun B Bo3pacre 80 Thic. ner. K atomy MoMeHTy J10-
rapudmuyeckuii poct JoBesn KoHTpact cryctka ao 3-1074 Ilpm sTom us-
MEHWIOCh ypaBHEHHMe COCTOsiHMSI BceneHHo, ee paciuvpeHue MOLUIO MO
IpyroMy 3aKOHy: MmacurtabHblil ()akTop a CcTaj 3aBHCEThb OT BpEMEHH t
Kak a ~ ?? (mo aToro, HalIOMHKM, pacCIMpeHHe LUIO M0 3aKOHy a ~ f''2),
A poct BO3MYILIeHHI TPH 3TOM YCKOpSIeTCs ellle paAuvKajbHeil: U3 Jiora-
pudmuyeckoro oH mpespauiaercss B JuHeiHbIH. K otMetke 80 ThIC. €T
Mmacca cryctka X cocraBuia mopsiaka 10" macc ConHua 4 ¢ Tex mop us-
MeHWIacb MeHee 4YeM B [iBa pasa — B Macce CTaja AOMHHHMPOBAaTh XO-
NoHasi TeMHasi MaTepHs, KoTopasi HMKyJa He JeBaercd. KoHTpacT TeMm-
HOM MaTepuH NPOJO/DKal PacTH, HO 00blyHOe (OapHOHHOE) BelEeCTBO
Mo-npe)xHeMy He Y4aCTBOBIO B TpaBUTAllMOHHOM pOCTe BO3MYILIEHHi
1o TOW )Xe NMpHUYMHE: AaBjleHHe U3Ty4eHUs HAMHOTO MPeBOCXOAWIO CHJIbI
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camotsrorenus. OfHaKo, I1a3Mma ¢ U3JTy4eHHeM NPOJOKaIN XUTb CBOei
BeCbMa MHTEPEeCHOi XXHU3HbIO: OHM ObUTH HOJBEpXKeHbl aKyCTUUECKHUM KO-
NeGaHUAM IUIOTHOCTH. DTH KosiebaHus TpHBeNM K BakHeiuieMy addek-
Ty: aKyCTHYeCKUM (WM caXapoBCKMM) OCLWUISALIMAM, KOTOpPble Herocpe[-
CTBEHHO HabM0JaloTCAd Ha KapTe peJMKTOBOTO H3JTy4yeHHs. OTO siBJieHHe
M POJib, KOTOPYIO OHO ChIrpajio, ONMCaHbl HIKe B IVlaBe 28.

B Bospacre 380 Tbic. JleT MPOMCXOAUT peKoMOHMHalMsA, GapHUOHBI «OT-
KJIeUBalOTCs» OT OTOHOB. PeslMKTOBOE M3TyyeHHe COXPaHWIO U JIOHEC/IO
I0 HaC KapTy pacrpefie/leHUs] IJ1a3Mbl TOH INOPbI, ¥ Mbl BUOUM BO3MY-
meHus ¢ aMIuMTyaoi nopsaka 1075, Ho peanbHO BO3MYIleHHsI IUIOTHO-
CTH TEeMHOI1 MaTepuH B TO BpeMs ObUIM B CTO pa3 Oosblie U MpomosDKa-
mu pacti. Kontpacr crycrka X cocraBwin 2-107° u npomomkan pacru. Ilo-
cle pekoMOMHaLMM GaprOHHOe BelLleCTBO CTal0 BeCTH ceOs B OOJBLIMX
Maciutabax Kak nbUib (JaBjieHHe npeHeOpeXMMO) U CKaThIBaThCsA B AMBI
rpaBUTallMOHHOrO MOTeHIMala, obpa3oBaHHbIe TEMHON Marepueii, Aoro-
HSsl NOCJIEAHIO MO aMmIUMTye Bo3MylleHUd. CrycTok X CTal CryCTKOM
HEe TOJIbKO TEMHOH, HO M OObIYHON MaTepuH.

Kak Tonbko aMIUIMTyAa BO3MYILLIEHMI cTaHOBWIACh MOpSiAKAa eJUHU-
11bl, HaUMHAICS Oosnee OBICTPBIA HeNMMHEMHBIA POCT, 3aKaHYMBAIOLIMICA
¢opmupoBaHueM 00bekToB. Co crycTkoM X 3TO NPOM3OLUIO B BO3pacTe
2—-3 muipn net. OH oka3aicsi rpaBUTALIMOHHO CBSI3aHHBIM M IlepecTas pac-
IUMPATBCS BMecTe co BceneHHOM.

KoneuHo, mo0o#i crycTok He OCTaBaICS M30JMPOBAaHHBIM — paclpeze-
NIeHHe IUIOTHOCTH BceneHHoit ObUI0 HaslOXKeHHEM HEeONHOPOIHOCTei pas-
HbIXx MacmraboB. CrycTok X caM ObUI HEOZHOPOIHBIM, BKJIIOYAN B cebs
Gosiee Menkue yiwioTHeHus. [lo3ToMy OH pa3buics Ha rpymniy HeOObIIHX
rajJlakTHK, B KOTOPbIX Hauyad MHTEHCHBHO POXKAAThCs 3Be3[bl. BeposiTHO,
MIOTOM 3TH TIaKTHUKM CJIWIMCh, M YacTb CrycTKa X oObeqUMHWIach B OJHY
GO/BIIYIO raJakTUKy. MoXkeT ObITb, B HaIIy.

C npyroil CTOpPOHBI, OH BXOOWI B COCTaB KaKOI-TO HEOOHOPOOHOCTH
Oonbiero pasmepa. M3 3Toit HEOAHOPOOHOCTH MO3XKe, BO3MOXHO, 00pa-
30BJI0Ch CKOIUIEHMe TaJIaKTHK a U3 ele 0oJsbluero — CTeHKA KPYIHO-
MacmTabHOi CTPYKTYPBL.

U3 puc. 27.1 BWIHO, YTO BO3MYLIEHMS] MEHbLIEr0 pa3Mepa paHblie
BXOZSAT I10]] TOPU30OHT, 3HAYUT, HAYMHAIOT PaCTU paHbllie ¥ MOTOMY paHb-
Ille BBIXOASIT Ha HeJIMHeHHbI pocT. [lepBbie actpoduanueckne nocnen-
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CTBHA JaJIM BO3MYILIEHHs, cTapToBaBiuMe oT pa3Mmepa 1076 cM mocsie uH-
¢dnsumu (KpacHast JMHUA). B Bo3pacTe COTHH MWUIMOHOB JIET OHM BhILI-
M Ha HEeJIMHeMHYI0 CTaMI0 M JaJyd Hayalo MepBbiM 3Be3[aM, KOTOpbie
ObUTM ropa3mo Oosblile COBpEMEHHBIX, MMesl JPYyroi XMMHYecKHii cocTaB
M JIpyrie napaMeTpbl YCTOHYMBOCTH.

JtH 3Be3abl obnamanyn Maccoit okono 100 macc ConHua, Ho Macca Be-
mectBa (BMecTe C TeMHOH MaTepueil), BOBJ€UEHHOr0 B KOHJAEHCAlMIO
KaKIOM M3 3THX 3Be3f, Oblia B ThicsuM pa3 Oosbiue. HeomHopoaHocTH
Macchl MeHbuie 10° mMacc ConHua B Ty 310Xy He MOIIM 00pa3oBbIBATh
00BEKTOB M3-3a 3HAUMTEIbHOTO JaBJIeHHsl BellecTBa. MeHbllre 0ObEeKTH
BO3HHK/IM MO3Ke B rajlakTMKaX. CaMbIMM KPYNHBIMH O0bEKTaMH, KOTO-
pble ycrenn o6pa3oBaThCs, CTAIN 3JIeMEHTbl KPYIHOMAcIITabHOH CTPYK-
TYpbl, KOTOpble He SIBJISIIOTCS TPaBUTALMOHHO CBA3aHHBIMM M HAXOAATCA
Ha JIMHeMHOMN CTaauM 0 CUX IMOp.

TakoBa cynp6a MHKPOCKOMHYECKMX KBAHTOBBIX (DIYKTyaluit MeTpH-
KM [POCTpaHCTBa, BO3HUKIIKX 3a 1073 ¢ 10 koHLa KOCMOIOrMYecKoi MH-
basuum.



29. PeKoHCTpYKUMA 13-N0OA0 NbAaa.

Iecb HaJo NepeBeCcTH OyX M BepHYTbCS K eBpONMaHaM C MX Hayu-

HBIMHM NpoGieMaMH, KOTOpble HaM, )KMBYIIMM Ha IUIAHETe C Ipo-

3pauHoii aTMocdepol, KaxyTcsi coBceM npocteiMH. M3-nomo sbaa
OHM NPOCTBIMM HE KQXKYTCH.

JInweHHble BO3MOXHOCTW BUAETb 33 npeaenamu 6anmxanwmnx cCoTeH MeTpos,
esponuaHe nonpo6osanu NpoLLynaTh OKpyXatLiee NPOCTPAHCTBO Yepes neas-
HOM NaHUMpb NOCPeACTBOM caMoro naHuups. [ins atoro 6oin NnpeanpuHAT 4OpPO-
roi U OAUTENbHbIM 3KCNEPUMEHT NOA Ha3BaHUeM «BTtopoe abixaHue». OH npo-
AOMKAN NPOLWNbIA 3KCNepuMeHT «HebecHoe abIXxaHne», KOTOPbIM BbIABUN CyLue-
crBoBaHue bonbworo ATTpakTopa orpoOMHOM MaccChl, BOKpYr KOTOporo obpauwa-
etca Mup.

Mexay 3TUMKU 3KCNnepMMeHTaMKn NPOLLIO0 MHOrO BPEMEHU, U, MOXXHO CKa3aTb,
nponerna Nponactb, TOYHEE — KPU3UC LMBUAM3AUMKU. DNOXA YAOBNETBOPEHUS
npyKasana aonro Xutb 6narogaps nepexoay Yepes KpUTUHECKYHO TOYKY, Nnpea-
CKa3aHHY0 MaTeMaTuKoM XypyM bpasom.

Teopus 6blna npocrta A0 o4veBUAHOCTU. UHbpacTpykTypa uuBUAU3ALMUM
BeTwWaeT U TpebyeT perynspHoOro peMoHTa. JneMeHTbl MHPPACTPYKTYpbl B3a-
MMOCBS3aHbl, U OAHA NONOMKA Bneyer 3a C60M LenHyl peakuuio Henonapok.
O6bl4HO BCE naet 6naronony4Ho, NOCKONbKY MHPPACTPYKTYpa YUHUTCA U MO-
AepHU3UpYeTCs. DTO NPOAOMKAETCS A0 TeX Nop, NOKa xBaTaeT CneuManucTos,
CNOCOBHbLIX YNHUTL U MOAepHU3npoBaTb. Kasanoch 6bl, 3T CneuuanucTbl He
LAOMKHbI NepeBeCcTUCH AaAXKe B INOXY YAOBNETBOPEHUSA, NOCKONbKY CYLLECTBYIOT
AeTanbHble NUCaHble NPaBuNa U MHCTPYKLMK, NONb30BATLCA KOTOPbIMU MOXHO
BblyunTb NocneaHero uanota. OaHako asapuu M NONOMKK 6bIBAIOT KaK LWITAT-
Hble, NPeAyCMOTPEHHbIE UHCTPYKUUAMMU, TaK U HELUTaTHble, KOrAa eAWHCTBEH-
HOe CnaceHue 3aK/4aeTCa B CNeuManucre, ymMeloweM CaMOCTOATENbHO NpU-
HUMaTb peleHns B He3HAaKOMOW CUTyauuu. Xypym bpas nokasan Ha 06unbHOM
CTaTUCTUYECKOM MaTtepuane, 4To AoN8 NOAOO6HbIX HEeWTaTHbIX NONOMOK OKONO
NATU NPOLEHTOB.

Ho rnasHas 3acnyra Xypym bpasa 3akniovanacb B ero reopeMe 0 Kputude-
CKOM 4ucie CneumManncTos, CNOCOBHbIX AEWCTBOBaTb BHE PaMOK WHCTPYKLMIA.
Kak Tonbko mons nocnegHux ynaaet Huke 8,2%, Yucno Henonafok HavyuvHaer
pacti nasuHoobpasHO NO IKCNOHeHTe. Bckope 3a KOHeYHoe BpeMs (No OueH-
ke XypyM bpasa, 3a 0a4HO nokoneHue) HacTynaert NONHbIW KONNanc uuMeunu3a-
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UMK, U TEMN aBApUM U NONOMOK NAJAET A0 HYNA U3-33 UCYE3HOBEHUA Npeame-
Ta Henonanok. Mpu 3tom o6pasoBaHue B 3NOXY YAOBNETBOPEHUA BENO K Nna-
HOMEPHOMY CHUXEHUIO YUCNa eBPONUaH, CNOCOBHbIX MbICAUTb CAMOCTOSTENbHO,
4TO NPU3HABANOCH AaXe onnoHeHTamu XypyM bpasa. Takas cnocobHocTb He co-
OTBETCTBOBANAa AyXy BpEMEHW U NpU3HaBanacb UAEONOraMMu 3MNOXU U3NULLIHEN,
a TO U BPEAHOMN.

N Bcé xe matematnk owunbcs. OH nonaran, 4To KpUTU4ECKan Touka byaer
npoMaeHa yepes NONNOKONEHUA, TOrAa Kak Ha CaMOM Aene oHa 6bina nporaeHa
y)Xe B MOMeHT nybnukauuu ero ctaTtbu. K ToMy e BpeMs 4OCTUXEHUS Konnanca
oKa3anocb BaBoe Kopoye npeackasaHHoro. Takum obpasom, XypyM bpas nony-
YMN BO3MOXHOCTb BOOYMIO HabNoaaTh TOPXXECTBO CBOEN TeoOpuM BO BCex AeTa-
nAx, TaKUX Kak NaHMyeckas CKynka npoaykTos, rpabexw, ronog 8 ropoaax, pac-
npasbl Hag npasuTensMu. Linenunusaumns okoHYaTenbHO pyxHyna, Koraa ocTaHo-
BMAWUCb NOCNEAHWUE INEKTPOCTAHLMKU HA FeM3epHbIX CTPYAX — pa3pymnca Kpe-
nex TypbuH 13-3a Koppo3uu 1 Bubpauuu, npoTeknu obMoTKM reHepaTopos.

OaHako NOTOM NPOU30LLNOD TO, YTO YYEHbIW He Npeackasan, Tak Kak 3To yxe
BbIXOAM/IO 33 Npeaensbl ero KoMneTeHuun. Liuennusaumus npossuna yausutenb-
HYI0 XXMBYYeCTb. LLloK 3acTaBun MHOrMx eBponuaH OYHYTbCS — OHU C YAUBNEHMU-
eM obHapyXunu, 4To BbiybpeHHble B LUKONE CBEAEHUS He NPOCTO CNOBEeCHble
3aKAuHaHUA. MHoraa oHu, 6yay4n NpUMEHEHbl K OKPYXaloLwein AenCTBUTeNbHO-
CTW, NOMOraloT BbKMBATL. bblBlLUIME BUHTUKW LMBUAU3ALMM, CTONKHYBLUUCD K-
LIOM K ULy C HAaCTOALLMM MUPOM, 6bIK BbIHYXAEHDI YYUTLCA Yepes KpoBb U NOT,
OCMbICAKUBas 3HaHUA, AobbITbie npeakaMu. NoTom 3TOT HeHOMEH Ha30BYT «LWO-
KOBOW Neaarorukom».

CrpemuTenbHOCTb kpusuca obepHynacb 6bICTpbiM BOCCTaHOBNEHMEM. Tak,
CTpaHbl paspylieHHble BOWHON, BbICTPO BOCCTAIOT U3 PYUH, @ MEANEHHO Aerpa-
AMpoOBaBWKE LUMBUAM3ALMKU BEKaMU Npo3sbaloT BO Mpake. bbiBne UHXEHepb!
U yYuTens 0CBanBanu BblpallMBaHWe AOHHbIX MONNKOCKOB U NUTATeNbHbIX pac-
TEeHUA Ha CaMO3axBayeHHbIX KNOYKax NOBEpPXHOCTU. Bckope Havanacb CTUXUM-
Has camMoopraHu13auus, paseneHve Tpyaa U Tak aanee — BCE, YTO y)Xe NPOXoau-
NN, TONbKO B COTHU pas3 bbiCTpee.

OpHaxabl cobpanach 6onbwan Gpurana Kpenkux esponuan, caenaswwas To,
4TO Ka3anocCb HeBO3MOXHbIM. OHM C NOMOLLbLIO BOPOTOB, BEPEBOK, KaTKOB, No-
No3beB CO CTapUHHOW TArNOBOK necHen («/TOMUM-TOMUM XKMOPOB A PbiHb, )XMO-
poB ApblHb! HETCA-rHETCA XXMOPOB ApPbiHb, XXMOPOB APbIHb!» — U T.N.) BOAPY3HK-
N1 BanABLWYOCA Henopaneky TypbuHy Ha dyHAaMeHT, 06pamMnaBLIUA MOLLHYIO
rensepHyio cTpylo. U koraa, 3akpenvs ee yueneswunmu WnuabKaMu, OnyCcTunu
3aTBOP XONOCTOro BbINyCKa, TypbuHa, U34aB NOHA4Yany oTBPaTUTENbHbIA CKpe-
XXET 1 BbINNOHYB 00NaKo MyTH, NpULINa B ABUXKEHUE U CTana HabupaTtb obopo-
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29. PEKOHCTPYKUMS M3-NOAO NbAA.

Tbl. [TOTOM BOCCTAaHOBUAKM 06MOTKM reHeparopa, NpONUTaB UX NO peuenTy npea-
KOB CMONIOM YEPHOro CTNaHWKa, U reHepaTop 3apabotan. HakoHeL, oXXuBUNU ru-
APONU3HYIO YCTAaHOBKY, AaBLWYIO NepBoe NOoCneKpu3nucHoe Tonnueo. U nepebiin
BMHTOXOA, ObiBLIKMA CpeaHEMEPHbIA KOHTEMHEPOBO3 N0 UMEHU «HeyKpOoTUMbIN»,
6yay4n OTpeMOHTUPOBAH M 3anpasneH, 0TNPaBuACa B TPMyManbHbIi KPyus no
0XXMBaBLUXM pa3Ba/IUHAM.

Ha noaxoae K noceneHusM ero BCTpeYyanu ctam 6poasynx ynseHem — CHa-
Yyana 134aBas UCNYraHHO-arpecCUBHbIN TPeCK U HanueasCb 6arpoBoO KpacHbIM
csevyeHueM. MoToM, 0CO3HABas, YTO YyaoBULE He 0OpaLLaeT Ha HUX BHUMAHUS,
no6oNbITHLIE YN3E€HW OCTOPOXHO NoAnnbiBanu. HakoHeu, 6yATO BCNOMHUB, Kak
BCTPEYaNu BMHTOXOAbI UX NPeAKWU, HAYMHaNU PafoCTHO HOCUTLCA BOKPYr C OT-
PbIBUCTbIM NONUCKMBAHWUEM, UCKPACH 3€N1eHbIMU BCMbILLKAMM.

N3yMneHHble noceneHLbl BO3HUMKANWU U3 TEMHOTbI, CBETACL 6neaHO-ronybbiMm.
MonoBuHa U3 HUX BMAENA XUBOW BMHTOXOA Bnepsble. Boicnywas napnameHTe-
POB, OHW NbITANUCH 33AaPUTb KOMaHAY CaMbIMU BKYCHbIMK MOANIOCKaMK U NPO-
BOXanu Kopabnb, pe3ko B3Aeprueas KOHEYHOCTU U BCNbIXMBAA ronybbiM CBETOM,
YTO 03HAYaNO BbICLWYIO CTENEHb CEPAEYHOCTU B NOXENaHWUU CHaCTAUBOrO NYTH.

«HeykpoTUMbIM», yXOA8 C 3CKOPTOM BO3OYXAEHHO YMPUKAIOLWMUX UCKPALLMX-
€A yn3eHein, octasnan 3a coboin noceneHus, 3apaxeHHbie Haaexaon, nepexoan-
Wei B yBepEHHOCTb: OHWU TOXXE MOTYT,y HUX BCE NONYYUTCH — KOHYUTCS yboroe cy-
wecTsosaHue, 6yaer sHeprus, TONNUBO, SPKUA CBET, MEAUKAMEHTbI, CBSA3b, 3aLLM-
Ta OT MapoAepoOB — OHX BCE 3TO CALNAIOT CaMU, pa3Mas Pyku 1 06beanHMBLUKCD.

C kpyu3a «HeykpoTUMOro» BOCCTaHOBNEHME NOWNO B PEXUME LENHON pe-
akuuu. Llusunusaums so3poxaanacb B HOBOM Kayectse. Ee reposamu 6binun yxe
He 3Be3[bl Macc-Meama, a cosuaarend. Kak Tonbko Ha4anocCb BOCCTaHOBNEHUE
WMHAYCTPUHK, B3SNUCH 32 HayKy. Ee Toxxe Npuwnocb BOCCTaHaBNMBATL U3 PYWH, HO,
K C4aCTblo, KOe-4To COXpaHUNoCb. COXpaHMUANCD YYEHUKM LOKPUSUCHDBIX YYEHDIX,
BNUTbIBaBLIME 3HAHUA U HaBbIKK B ycNoBusX, 6anskux Kk noanonsio. Octanuch
B XXMBbIX U B ACHOM YMe [ aXXe HEKOTOpble U3 TeX y4eHblX, KOTopble caenanu cebe
UM eule Ao Kpusunca. Ux 6binn eauHULbl, OHY BblnK BeCbMa CTapbl, HO LLEHUAKUCD
Ha Bec 3ono0Ta.

OnHUM K3 nepBbiX HONbLIMX HAYYHbIX NPOEKTOB U CTan 3KCNepuMeHT «BTo-
poe AbixaHue». OH 3aKN4ancs B C1eayoLemM.

K Heby Ha pa3HbIX WKUpOTax NPUKPENUAN HECKONbKO TaK Ha3blBAEMbIX «MK-
WANoK» — aKyCTUYeCKUX CTaHUMIK C napabonuyeckuMu Tapenkamu, NocCobinato-
LWMMK 3BYKOBbIE /Ty4u B pasHbiX HanpasneHuax. Uanyyarenun 3anutbiBanuch ot
reHepaTopoB CO cTabunbHOM YaCcTOTON, U CUrHaN OAHOBPEMEHHO nepeaasan-
€A BHU3 NO Kabento, TaKk 4TO NPUEMHUKMU HA AHE MOINKU 3aNPOCTO PerucTpupo-
BaTb CABUI (a3bl aKyCTUMECKOro CUrHana, onpeaenss CMeweHue ¢ TOYHOCTbIO
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D0 04HOro Korta. llpuyem He TONbKO BEPTUKaNbHbIe CMELLEHUSA, HO U FTOPU3OH-
TanbHble. KOHEYHO, TOYHOCTb B KOroTb 6bi1a YMCTO TEOPETUUYECKON, NpaKTHYe-
CKM KQapTUHY NOPTUNU KOHBEKTUBHbIE TEHEHMS. X NbITaNUCh U3MEPATL U YYu-
TbiBaTb, B pe3ynbrate TOYHOCTb COCTaBUNA ABAALATH KOITEH ANA rOpU3OHTaNb-
HbIX U AeCATb KOrTel AN BEPTUKaNbHbIX NepeMeLLeHui nbaa.

Ho uenb 6bina paxke He B 3Tux kortax. OHa 6bina 8 noucke nepnoanydeckux
CMeLeHnd. 3aeCb KOHBEKUUS BpeanMna He Tak CUNbHO — NEpPUOAUYECKUNA CUT-
Han O4YeHb XOPOLWO BbITACKMBAETCA U3 NoMex 3a 6onblioe Bpems HabnoaeHWA.

MepBoe OTKpbITUE 3aKNIOYANOCH B TOM, YTO NleaaHas obonoyka Mupa cosep-
Wwana CyToyHble BpalartenbHble konebaHua Tyaa-cloaa OTHOCUTENbHO AHA. He-
6onblwure konebaHuns, Kak pas B NNOCKOCTU IKBaTOpa. 3aeCb HbiN0 BCE ACHO. U3-
32 He6ONbLIOK BLITAHYTOCTU OpHUTHI MUP YyTb NPOBOPAYMBANCS OTHOCUTENLHO
HanpasneHus Ha bonbwon AtTpakTop. U3-3a BbITAHYTOCTM camoro Mupa, cuna
TAFOTEHUS CTPEMUNACh ero YyTb-4yTb NOBEPHYTb 06paTHO, NpUYEM BpaLLAIOLUIA
MOMEHT 60/1blue CKa3bIBaNCA HA NeAAHOM CKopAayne,YyeM Ha Heapax. Tak OueHU-
nu 3kcuentpucutet opbutol — 0,009.

CnepytowmMM ROCTUXKEHWEM CTaNo U3MepeHue MacCobl bonbworo ATTpakropa.
Kak yxe rosopunoch Bbiwe, ang 31oro Hapo 66in0 U3MepuUTb pasHuUy B BEpPTU-
KaNbHOM [ibIXaHUWM B NPOTMBONONOXHbIX TOMKax Mupa. Macca ATTpakTopa oka-
3anacb pasHon 40 TbicauaM Macc Mupa, a pacctosHue no Hero — 200 ¢ Hebonb-
WKM aMaMeTpoB Mupa. 310 6binu nopasuTenbHble, HO OXUAAEMbIe OTKPbITHS.

HeoxupaHHoe OTKpbiTUE 6blN0 3aKONAHO B rapMOHWYECKOM Pa3NnoXeHWM
ABWXEHUI neasHoro naHumps. C obbvsBneHWEM pes3ynbtatoB TAHYAUM A0 TOW
NOpbl, KOrAa NONON3AK CNYXH, rPO3SLLMe CBECTU HA HET BCIO NOMNE3HOCTb CO-
6biTUs. HakoHeu, 6bIN0 NPUHATO peleHe NPOBECTU LePEMOHUIO OrNaLeHNUs He
KaK npecc-KOHPEepeHLUMIo, a KaK Hay4YHbIH CEMUHAPp, HO C NpUrNaleHHOR npec-
COM M NPAMOW TPaHCNSALMEN.

Ayautopus umena ¢hopMy Kynona, C KOTOporo CBUCanu WTAHrKM ANs annapa-
TYpbl XXYPHANUCTOB M ANS «LWBAPTOBKU» Y4YEHbIX CTapwero noKONeHUs Yy KOTo-
pbIX yXXe 6b11M npobneMbl C BereTaTUBHOW perynauuen nnasyyectu — 6bin10 He-
CKONbKO C/y4aes, Koraa NoCpeau AoKnaga yCcHysliMe naTpuapxu Hayku Men-
NEHHO ONYCKaNUCb Ha NON, CNYXXUBLUKMIK 3KPAHOM, U MPOCHINANUCh, NOAEPruBasCh
U BCKPUKKUBAs B nyyvax npoektopa. [ybnnuka noMmonoxe cBob6oaHO BUcena nop
Kynonom, uspeaka nepectpansasco, 4Tobbl He 3aropaxxusartb ApYyr ApYry 3KpaH.

CeMuHaAp OTKPbIN BbICOKONOCTABNEHHbIA YUHOBHUK — YKNOHUTLCA OT 3TOrO
BCEraa OYeHb CNI0XKHO, KOraa NaxHeT Y4eM-To BaXKHbIM. K CYacTblo, ero nblwHas
peyb 6blfia KOPOTKOM, U OH NEpeAan cNosBo pykoBoauTento npoekra. Tot 6e3 npe-
LMCNOBUIA BbIBEN HA 3KpaH rpaduk, rae, cnerka Noaparveas, Wnv ase Kpusble,
ONMCbIBasA B cepeanHe PUCYHKA BbICOKMA Y3KUIA NUK.
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29. PEKOHCTPYKUMSA M3-NONO NbAA.

— Y10 no ocaM? — 3aKkpu4anu M3-NoA Kynona paHblue, YeM AOKNaAYMK
ycnen u3aatb Nepsbli 3BYK.

— MMepepn BaMu pe3ynbTaT rapMOHMYECKOro Pa3sNoXeHUs OBUXEHWI neps-
Horo Heba. 1o ropusoHTanM — 4actota B 06paTHbIX FMMPOCKONHbIX CYyTKaX, NO
BEpPTUKANK — KBaApaT KO3dPUUUEHTa rapMOHUYECKOro Pa3NoXXeHUs. ITO Ha3bl-
BAETCA rapMOHMYECKMI CNEKTP MOLWHOCTU. YepHas KpuBas — 3KBaTopuanbHas
MOA3, CUHAR — BEPTUKANbHAA, TO €CTb CMELLEHUEe NOBEPXHOCTU BBEPX-BHU3, DTOT
XOPOLWO M3BECTHbIM NUK HA eAuHULIE OTPaXKaeT Hawe opbutanbHoe ABMKEHUe
BOKpYr bonbworo ATtpakTopa, MHa4e rosops, rMpoCKonHble CyTKU. B aanbHen-
wem s 6yay onyckatb NpunarateNbHOE «rMpPOCKONHbIE», KOTOPOe He 6onee yeM
AaHb uctopun. CyTKu ecTb CYTKK.

HanomH10, 3TOT NKUK eCTb TO, YTO AABHO U3BECTHO NOA HA3BaHUEM «IbIXaHUEY.

Tenepb, enem B 60nee BbICOKME YACTOTbI (KPUBAs U YMCNA HA OCK nobexanu
Bneso). Bot. YBenuunum BeprukanboHolii Macwtab. CMoTpuTe, Kakoit 3amevyaTens-
Hblin nuyok! Mepuoa — poBHO noncyTok!

— W 410 € TOro? — NoHEeccs ronoc ceepxy. — 370 Xe BCero-Hascero BTopas
rapMOHMUKA CYTOYHOro NuKa!

— KoHeuwHo, BTOpas rapMoHWKa, HO TakoBa N1 3TO rapMOHMKA, KAKOW OHA
AOMKHA 6bITb? Mbl XOPOLWO YMeeM CYUTaTb AbIXaHWE U ero rapMoHUKKU. U BOT TO,
YTO Mbl NOCYMTANU; NYHKTUPHbIE KPUBbIE. DTO PEKOHCTPYKLMS TOrO, KaK A0MKHA
BbINSAETL BTOPAs rapMOHUKA ANS BpaleHWs Hawero Mupa no cnerka BoiTAHY-
Ton opbute Bokpyr ATTpakTopa. MNMyHKTMpPbI 3aMeTHO Huxe. To ecTb aMNAnTyaAa
NONYCYTOYHOro nNuka Honblue, 4eM AONXKHA MMETb BTOpPas rapMoHuKa. Ho eciu
C aMNAUTYAOM elwe MOXHO A0NYCTUTb, YTO Mbl OWMONUCH, TO B COOTHOLIEHWUU K-
BaTOPUaNbHOM U BEPTUKANbHOM MOA OWIMOUTBCS HEBO3MOXHO. A 34€Cb OHO Apy-
roe! JkBatopuanbHas MoAa BbipaXeHa CUNbHEW. 3HAYMT, B 3TOM NUKe AenCTBU-
TeNbHO KpOME BTOPOW rApMOHWUKK €CTb HeyTo apyroe. U 310 HeyTo... — AoKNaa-
YUK NOAHAN ABE KOHEYHOCTH, YTO 03HAYaN0 «Ceryac NPOM30MAET CaMoe BaX-
Hoe!» — JTO HeYTo NpeKpacHO ONUCbLIBAETCS ABOMHMKOM Mupa, ABUXYLLMMCS
BOKpYr ATTpakTopa no opbute MeHbLlero paguyca ¢ NeEpUoAOM POBHO B NONO-
BUHY CYTOK! — WYM B ayAMTOpUM.

— C Kakom CTaTh y Hero nepuoj okasancs poBHO B AiBa pa3a MeHblue?

— C Takoit cTati, 4TO ecTb pe3oHaHC XpyaM Ms3eHs, U 3aecb Ana Hero Bce
ycnosus. Kctati, pe3oHaHc He 06s3aTenbHo fomkeH Hbitb 0auH K asyM. COOTHO-
weHneM nepuoaos opbuT MoxeT 6biTb Ntobas apobs — 2/3 unu 3/5, Hanpumep.
Pe3oHaHC 1/2 — caMblit CUNbHBIW, KOHEYHO.

— Mexay npoyuM, 8 3TOT pe30HAHC ONUCan Ha NATb NEPUMOAOB paHblue
XpyaM Ms3eHs, noyeMy MeHSl HUKTO He YNOMMUHaeT? — pa3fanca ronoc co
WTAHIK.
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— Tbl UMeewb B BUAY TBOK CTaTbio NPO ABMXKEHUE ABYX TeN B LEHTPaNibHOM
none ¢ Bo3MyleHuamnu? Yurtan. Hy, HeT TaM HU4Yero npo pe3oHaHc. DopMynbi
npaBubHble U MHOro. HO Npo pe3oHaHC HET HUYero.

— A Hapo B popmynax nyywe pasbupartbca — U3 HUX BCE cnepyeT!

— Tbl xo4ews, 4Tobbl YMTaTEND AOAENAN 3a Tebs paboTy u caenan BbiBOA, A0
KOTOporo Tbl caM He goaymanca? U utobol Tebe ewe npucyaunu npuopurer?
Xpyam M3eHb BCE Y4eTKO M ACHO Pa3NoXKA NO NONOYKAM... — NPeAceaaTenbCTey-
OWMIM NpepbiBaeT AUCKYCCUIO, Npeanaras 3akoHYMTb ee B Kynyapax.

— Tak, upem panblue. 3HauuT, Macca 3Toro ABOMHKUKA YyTb BonbLue, 4em Mac-
ca Hawero Mupa. OH ABUXETCA B TOW e NNOCKOCTU, NOCKONbKY €CTb CUNbHAN K-
BaTOpManbHas Moaa, a MepMANMOHANbHOW HeT BoobLwe. Tenepb uaeM B Apyryto
CTOpPOHY (KpuBble 6eryT Bnpaso), yBenMumMBaem BepTuKanbHbli MacwTab... Bot!
CuMNaTUYHbIA NUYOK, NepUOA — NOYTU POBHO ABOE CYTOK. [TONOBUMHHOM rapMo-
HUKM 3aeCb BbITb He MoxeT! Ewe oanH MUp Ha 6onbwei opbute! OnaTb NOYTK
B pe30HaHCe C HawuM. IToT Byaer noTaxenee Hawero pasa B Tpu, — WYM B ay-
AUTOpUKU. — MepuanoHanbHOM MOAbI ONATH HET.

Ho v 370 ewwe He BCE. BepHeMcsa Kk rnasHOMy nuKy. BoT 3aech, cnpasa oT NuKa,
YTO-TO, NOXOXE, TOXKE eCTb. YBenuuuM Macwrab. Buaute 6yropok — oH no4tu cra-
TUCTUYECKU 3HaYUM. YacToTa Ha ABaauUaTh C IUWHUM NPOLEHTOB MEHbLLE, YeM
Y FNaBHOrO NUKa — TyT 3aBeJOMO He MOXET 6bITb HUKaKMX rapMoHuK. Hapo npo-
AOMKUTD U3MEPEHUS, U eCK 3Ta AeTanb NOATBEPAUTCS, 3HAYMUT, €CTb U YeTBep-
Tbll MUP C NnepuoaoM obpalieHuns 4,7 CyTok.

UTak, umeeM cucTeMy NO MeHblueW Mepe U3 Tpex, a BEpOSTHO M3 YeTbipex
MWUPOB, BpawWaoWwmxca Bokpyr bonbworo Attpaktopa B 0AHOM NNOCKOCTH. Haw
Mup — B8TOpOI U, BUAMMO, CaMblid ManeHbKuUi. Ha npoTakeHun AONroM UCTOpUK
UMBMNM3ALMK CYMTANOCh, YTO OH obbemner BCé cyuiee. Tenepb Mbl 3HaeM ero
HacTosawee Mecto. Ho 3HaeM He A0 KoHua. EcTb ewe BHewHuin UCTOYHKK, BO-
KpYyr KOTOpPOro, BepOSTHO, BPALLLAIOTCA TaKuUe Xe CUCTeMbl. Ho 06 3TOM Mbl MOXEM
TONbKO rafathb. TONbKO rafatb — A0 TeX NOp, Noka He npobypum nép,

bonee Toro. Tenepb Mbl 3HaeM OTBeT ewwe Ha oauH Bonpoc. loyemy Haw Mup
Tennbii? OTKyaa 6eperca sneprus u3sepraowmxca synkaHos? Bpoae 6ol oter
yxe Obin n3secTeH: u3-3a Toro, 4to opbuta Mupa 4yTb BbITAHYTA, NO3TOMY NOA
TAroteHMeM ATTpaktopa Mup AbIWKT, OTYEro rpeeTcs U3HyTpU. ITO Tak, HO Noye-
My Mup fONro coxpaHseT BbiTAHYTYIO opbuTy? Beab U3-3a TpeHus, BbI3BaHHO-
ro AblXaHWeM Heap, opbuta co BpeMeHeM J0MKHA CTaTb TOYHO KPyrosoi. Haww
Mup o4eHb ApeBHUN, CyAs NO TOMY, YTO 3HAYUTENbHAA 4YaCTb YpaHa B KpUcTan-
nax ycnena npespatuTbCs B CBUMHeU. Ero Bo3pacT B0 MHOro pas npesbiwaeT To
BpeMs, 32 Kotopoe opbuTta crana 6bl TO4HO Kpyrosoi u 61 Mup 3amep3s. Tenepb
Mbl 3HaEM OTBET, NOYEMY 3TOr0 He NPOU3OLWNO: TPU MUPa, 0bpallatowmecs B pe-
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29. PEKOHCTPYKUMSA U3-NOAO NbAOA.

30HaHCe, packayMBaloT opouTbl Apyr apyra, He AaT UM CTaTb KpyrosbiMu! ECTb
BONPOCHI?

— A MOXeT N1 Ha 3TUX MUpax bbITb XU3Hb, NOAOOHAA Hawenr?

— [lns oTBeTa Ha 3TOT BONPOC HAAO 3HaTb, HACKONBKO BbITAHYTbI UX OpOUTLI.
OT 3TOro 3aBUCKT, CKONbKO B UX HEAPaX Bblaensercs Tenna. Ecnu y Bcex skcueH-
TPUCUTET TaKOM Xe, KakK Y Mu1pa, To Ha nepBOM A0MKHbI BbITb pacnnasneHbl He-
Apa,A0NKHO ObITb O4EHb MHOMO U3BEPXKEeHWUN. HENOHATHO, MOXET N1 OH BbITb NO-
KpbIT Npy 3ToM BoAoii. Ckopee Bcero Het. TpeTuit u TeM 6onee yeTBepTbii MUPSI
rpeotcs cnuwkoMm cnabo. Tam, BepoaTHO, TONLKO NéQ U CKanbHble Heapa, 6e3
XXWUAKOK BOAbL. HO 3TO ecnu 3KcueHTpUcUTeTbl OpbUT oanHaKosble.

— Tbl ckasan: «MNoka He npobypum néa...» A 3T0 B NpUHLMNE OCYLLECTBUMO?

— MMossunacb Hapexaa. B cesepo-3anafHOM CEKTOpE €CTb MOLLHbIA BYNKaH,
KOTOpbIV U3Bepranca AecaTb-NATHaAUATh NepuoAos Hasad. Kak okasanoch, Haa
HUM Ha Hebe npotasn néa u obpasosancsa kynon. MNpu 3TOM rnaBHoe He To, YT
6ypuTb MeHbLIE, a TO, YTO B Kynone CKONUAACh CMECb MeTaHa € 3TaHOM. OHK He
3aMep3al0T Aaxe Npu Tou TeMnepaType, KOTopas A0MKHa 6bITb y HapYy)XHOK No-
BEPXHOCTH NbAa. 3HAuuT, npobnema 3amep3aHna CKBKMHbI CHUMaeTca. Ho 3a-
Aa4a 0CTaeTCcs YyAO0BULLHO CNOXHOM.

Mpencepatens npegnoxun nobnarogaputb Aoknaa4vuka. Paspanocb Cuk-
XPOHHOE ryKaHbe, 03Ha4aBLIee Ha A3bike eBPONUaH annoaucMeHTsbl. Bapyr ryka-
Hbe pe3K0 YCUNUNOoCh, nepexoas Ha 6onee BbICOKUIA TOH, 4TO COOTBETCTBYET Byp-
HOM oBauuu. loknaaumnk, He NOHUMan B YeM aeno, obepHyNCs: 8 CBETE NPOEKTO-
pa MefNeHHO ONYCKANCs, OTKPbIBAA rnasa u Tpacs ronosoi Xpyam MseHb cob-
CTBEHHOW NepcoHoW. Buanumo, oH npucterHyncs mumo wraHru. OgHako naTpu-
apX He pacTepancs U, OKOHYaTenbHO NPOCHYBLUKUCH, BbIFHYN ABe Napbl NPOTUBO-
NONOXHbIX KOHEYHOCTEH Tak, 4TO OHU obBpa3oBanu BOCbMEpPKY. ITO O3Ha4ano
BblpaxeHUe 6eCKOHeYHON NPU3HATENbHOCTH.









MpoprPbiB 3A KPAM MUPA: [lPOPLIB

HOM B JaHHO# Touke). HamomHMM, peasibHblf KOHTPAcT MSATHUCTOCTH Ha
3TOi KapTe Bcero auub 1075 WK yyTh Gosbllie, B 3aBUCHMMOCTH OT pas3-
Mepa MsTeH.

Kapra coBepiueHHo xaotnyHa. KaxkeTcsi, YTO U3 Hee Hesb3sl M3BJleUb
HUYero MHTepecHoro. bosnee Toro, ecTb OYeHb Cepbe3HbI JOBOX 3a TO,
YTO Ha 3TOM KapTe B NMPUHLMIIE HUYETO He MOXKeT ObiTb «M300paxkeHO»
B IIPAMOM CMBbICJIE CJIOBA. JTOT JOBOJA Ha3blBaeTCAd CBOICTBOM rayccoBO-
CTH: KapTa eCTb HAJIOXeHHe CITyYalHbIX MATEH pa3HOro pa3Mepa, HUYero
He 3HAIOLIUX JAPYT O JpyTe.

BrnpoueMm, HaxoAATCS U Te, KTO BUIOUT Ha 3TO KapTe aHOMAIMH WM
HeoObIYHble 0COOEHHOCTH, MOATBEP)KAAIOIINe Ty WIM HHYIO Teopuio. Ha-
NpUMep, KOHLEHTPHUYeCKHe KOJIblia: OHM JOJ/DKHBI MOSIBIITCS B BechbMa
cneunduveckoit kocMosoruyeckoit Teopun Pomxepa Ilenpoysa. in aHo-
M&IbHO XOJI0AHOe mATHO. WM Tak HasbiBaeMylo «och 37a». [Ipy 3TOM
NPUBOASATCA OLEHKH YPOBHSI JOCTOBEPHOCTH, HAlPUMEP <«TPH AEBSTKU».
Ha camoM gnene atu aHoManuu He Gonee ybeaurenbHbl, 4yeM Mpoduib
4eJI0BEeYeCKOro JiMlia B y30pe CYYKOB M BOJIOKOH JOCKH, ¢UTypa KpOKo-
awia B obnakax wiM cpvHKca Ha CHMMKE MAapCHAHCKOH MOBEPXHOCTH.
Bcerna B mocratouHo GoraToM Habope AaHHBIX MOXXHO OOHapyXHUTb HH-
TepecHy10 0COGeHHOCTb, MOJOOHYI0 MepeYrC/IeHHBIM BHILlIe, IPOCTO MOTO-
MY, U4TO JaHHble NPENOCTABJSAIOT OOLIMPHOE MoJe Ui MOMCKa 4Yero-auoo.
M 3HauMMOCTb B TPHM HEBSTKH He 3aJIEXXHTCH, 0COOEHHO, eC/i «IIOAKpY-
TUTb» Kakue-HUOYAb Moporu oOpe3aHus MPU CTAaTUCTMYECKOM aHaIN3e —
TYT ¥ 4YeTbipe JEeBATKH JIerko NoObIBalOTCA Ha mycToM mecte. ITOMCK mo-
RoOHbIX «MHTepecHbIX 3¢ (deKToB» — nmpodecCHoHaTbHas 00/1e3Hb MHOTHMX
ycceoBaTesiei, aBTop ¥ caM Monajajics B 3Ty JIOBYLIKY Ha 3ape CBOei
Hay4yHOM JiesiTelIbHOCTH. B 0011eM, HUKaKNX aHOMaJIMH, NpeICTaB/SIOINX
cepbe3Hblil MOBOJ 1/ pa3buparesnbcTBa, Ha 31O KapTe HeT. [lo atomy
noBoay komanga WMAP omny6imkoBasia crieMajIbHYIO CTaThIO.

OpHako, ocraercs mnose A1 Kypbe3oB U myTok. Hampumep, Ha kap-
Te mpocTynaiT WHUUMaibl CtuBeHa XokuHra, 6yksel SH. IlpaBnma, 6ykBbl
KPMBOBAaThI, 3aTO JAOCTaTOUYHO BeJMKH. [10 NOBONY KOHLIEHTPUYECKHUX KO-
nen. Ouy ObUTM HaiileHbl Ha KapTe onpee/ieHHbIM aITOPUTMOM IOMC-
Ka — MCKaIM Be3Jie, 3apaHee He 3Has pa3Mepa. Mcnonb3ys nono6GHbIi Me-
TOJ, MoMcKa «3a¢deKToB», B 6OraToM CTaTUCTMYECKOM MarepHuase BCerna
MO)KHO HaiiTH BreyaTIAoLIMil «curHa. [IpobnemMa B TOM, YTO JOBOJIbHO
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C/IOKHO OLIEHHTb BEpPOSTHOCTb C/TyYaifHOrO MOSIBJIEHUS MOJOGHOrO «CHr-
Hajla» B GOJIBILIOM MaccHMBe NaHHBIX. ABTOPBI 3a4acTyi0 UTHOPHPYIOT 3TOT
KJIIOUeBOi M CJIOXKHBIA 3Tan paboTel, npoBo3riamas 3¢@deKT B ueTbipe
WIM NATh CTAHAAPTHBIX OTKJIOHEHWi, YTO BHOC/IENCTBMM ObopaunBaeTcs
NIOAMOYEHHOM peryTaluen.

K mepBomy ampens 2011 roga B apxuBe 3/IEKTPOHHBIX IMpPENPHHTOB
BHIIUIA CTaThsl «HecTaHAapTHbIE KOCMOJIOTMYECKHE DEJIMKTOBbIE MaTTep-
Hbl B KOCMH4YeCKOM MHKpOBOJIHOBOM (poHe» (arXiv:1103.6262), B koTopoit
aBTOpPbl M3/1€BAIOTCSl HAJ MOMCKaMM «[IaTTEPHOB» B PEJIMKTOBOM H3JTyye-
HUM, TIPOBePsAs KapTy Ha Koppensauuu ¢ cumBoiamu ©, ®, mmkom Xpucra
Ha TypuHCKO¥ IU1alllaHMLIe U ellle [apod KapTHMHOK. U, KoHeuHo, OHM Ha-
XOIAT 3HAYMMYIO Koppessiuuio. UtobObl He MeNOUMThCS, OHM OLIEHHUBAIOT
3HAYMMOCTh KOPPEeJISIIMM B o ¢. ITOT e-NPHUHT Mor OBl 10 MpaBy BOWTH
B cOopHuK «Pu3uku mytat». Kcrary, Tam yeTbipe aBTOpa, pamwiMu Beex
HaunHawTcs Ha «Z» (Zuntz, Zibin Zunkel, and Zwart) u Bce — peasbHbIe
yueHble U3 CWIbHEHIIUX HayuyHbIX LEHTpoB! MOXXHO NpeaoXuTh uuTa-
TeJI0 B KauecTBe JOMALIHero 3aJaHus OLEHUTb BEPOATHOCTb CIy4aiHO-
ro BO3HUKHOBEHHsI TaKOro aBTOpCKOro kosuiektuBa. Ilocne atoit my6im-
KallMy pa3roBophl 0 KonbLax IleHpoysa ctuxim.

Kcrat, 3TO He eAMHCTBEHHAasl IepBoaripe/bCcKas CTaTbsl JAHHOIO aB-
TOPCKOro KoJUIeKTHBA. [lonbop aBTOPOB CTAHOBHTCS $ICEH M3 MX Ipe.bl-
Oylleil mepBoamnpe/ibcKoit cTaThu. [0IOM paHblle OHM (3@ MCKIIOYEHHEM
J. Zibin, BMecTo kotoporo ¢urypupoBan T. Zlosnik) BEIMyCTWIM MpenpuUHT
«Opdorpaduueckue xoppensuun B actpodusuke» (arXiv:1003.6064v1), roe
MCCTelyeTcsl 3aBUCMMOCTb YKMC/Ia LIMTUPOBaHMI OT mepBoit GykBbl (pamu-
vy aBtopa. [lo xony aBTOpHI M3[€BaOTCS HaJ HEKOTOPbIMU METOAOJIOTH-
4YeCKMMH NPUEMaMH, UCII0/Ib30BaBIIMMUCS B CTaThsX, HAIMCAHHBIX Ha I10]1-
HOM cepbe3e. BooOle, nepBoanpesibcke pO3BIrHILM M TMPOYMe LIYTKH,
BHIMMO, UMEIOT B HayKe OrPOMHOE 3Hauy€HHe, IOCKOJIbKY MOJIOXHUTEbHO
KOPpPe/IMpPYIOT C Hay4HbIM YPOBHEM co00IecTBa. ABTOpP He MPOBepsi 3Ty
KOppe/SIIMI0O Ha KOHKPETHOM CTaTUCTUYECKOM Marepuasie, HO OHa BMI-
Ha ¥ HEBOOPYXEHHbIM I71a30M, €e 3HaYMMOCTb HMKAaK He MEHbILE OLIEHKH,
npuBeJieHHO! Bbllle, — © ¢ (CM. Bpe3Ky «UTo Takoe curma...»).

Onnako wyTtku B cropoHy! Ha camom gmene kapra HeoaHopoaHocTel
PEJIMKTOBOro U3/IydyeHus: — Kiazie3b BakHeHileill nuHdpopmauuu. B Heit 3a-
1M poBaHbl KIOYeBble CBeleHUs1 0 BceneHHOH — kapTa roBOpHT O Hei

179



MpopPbiB 3A KPAK MUPA: [lPOPLIB

Kak O 1eysoM Gosblue, yeM Hab/MOneHUs JaleKUX rajlakTMK UM KBa3apos.
[lo MHeHHIO aBTOpa, CyMMapHOe Hay4yHoe 3HaueHWe pe3yiabraroB WMAP
INPeBOCXOAMT 3HaueHHe OTKphITHS 6030Ha Xurrca. [Ipocto 3th pesyinbra-
Thl OKa3aJIMCh PACTSHYTBIMU BO BpeMeHM. Kak ke pacumdgpoBaTh KapTy?
Jlns oTBeTa Nose3HO COBEPIINTh OYEPENHON 3KCKYpPC B HPOLLIOE.

L
Y10 Takoe curma u ctaTucTMyecKan 3HaYUMMOCTb

HaBepHO KaXa0My, KTO XOTb CKONbKO-HUBYAb MHTEpECYeTC HayKOW, NPUXOAUTCA
BpEMSA OT BPEMEHM UbiWaTb HeYyTo noaobHoe: «Moaens NPOTMBOPEYUT AaHHbLIM
Ha ypoBHe ABa curMan, «OTkpbiTue 6030Ha Xurrca 6ynet opuumManbHO NPU3HAHO,
KOFAa ypOBEeHb 3HaUMMOCTU AOCTUIHET NATU CUrMan, «3aABKU Ha AOKNAAbI O TPU-
crurMa-agpdekrax He pacCMaTpUBAIOTCA» U T. 4.

Be3pecywas curma — Bcero nuwb napameTp, 3aAalOWni WWPUHY pacnpeaeneHuns
laycca, TpagmuMoHHO 0603Ha4aeMbIi Kak 0. 310 XaproH. OpuumanbHbid TEPMUH —
CTaHAAPTHOE OTKNOHEHME, HO 3TO TOT C1y4aK, KOFAa XXaproH CMNbHO NOTECHUN
U3Ha4asbHbIW TEPMUH HE TO/IbKO B YCTHOM PEYM, HO M B HaYUHbIX CTaTbAX.
CobcTBEHHO, BOT TaK BbIrNAAMUT pacnpenenenue faycca, HOpMMPOBAHHOE Ha

eAMHULLY: o’
foy= L "%
o

ez
voar o

«HopMupoBaHHOE Ha eanHMLY» O3HAYaeT, YTo Npu TakoM Ko3dduumneHTe nepen
3KCNOHEHTOM Nnowaab NOA KpMBOM paBHa eannHuue. Pacnpenenexue faycca
KpaiHe BaXKHO B CTaTUCTMKE NO NPOCTOM NPUYMHE: CYMMA MHOMMX CNy4amHbiX
BeNIMYMH ONUCLIBAETCA pacnpenenexuem faycca (ans NPOCTOTbI NOMIb3yeMCA
BY/IbrapHbIM A3bIKOM, NCTb AAXe PUCKYS HaBnevb Ha cebs rHes MaTeMaTMKOB).
Hanpumep, pacnpenenenve uncna soinagexuii opna npy 100 6pocaHuax MOHeTbI
6num3ko k pacnpeaenenuio faycca co cpeaHum x,=50m 0 = V50). Ha camom pene
310 Byner Tak Ha3biBaeMoe 6MHOMMHaNbHOE pacnpeaenexue, HO Npu Yucne
BbinageHun 50 OHO AoCTaTOYHO 61M3KO K pacnpenenenmio faycca n 06bivHO
CYMTaeTCA TakoBbiM Npu 06paboTke AAHHbIX.

CxoamMMoCTb CyMMbI MHOTMX pacripeaeneHunin K pacnpeanenenuio faycca
LeKNapupyeTcsa Tak Ha3biBAEMOM LEHTPaJIbHOW npeaenbHoM TeopeMoit. UMeHHO
NO3TOMy pacnpenenenue faycca CToONb BaXHO B CTaTUCTHKE. HACTONbKO BaXHO, 4TO
€ro Ha3sbiBaT HOPMaNbHLIM pacnpeaeneHneM, a NapaMeTp WUPUHbI —
CTaHOAPTHLIM OTKNOHEeHWeM. Ecn ownbkn usmMepeHnin oNUCbIBaKOTCA
HOPMarbHbIM pacnpeaeneHueM, 70 € AaHHbIMK paboTaTh Nerko — ecTb NpocTbie
CNOCcobbl OLEeHOK, HACKOMbKO Ta UMM MHAA MTMNOTe3a OMMCLIBAET 3TU AAHHbIE,
KakoBbi OWWGKM B NapaMeTpax rmnoTe3sbl, KOTOPOIA Mbl NbITAEMCH ONUCATb
AaHHbie. Ecnn ownbkm He oNMCbIBAOTCA HOPManbHbIM pacnpenenexmnemM, 7o Ha 310
4aCTo 3aKPbIBAIOT FN1a3a, YTO 06LIYHO CXOAMT C PyK, HO He BCeraa.

Tenepb BaxHas Tabnunua, NOACHAIOWAN CMbICN yNOTPeONEHUA XKAproHa «Curman»

B CaMbiX pa3HbiX KOHTEKCTax. CBepxy — OTKNOHEHWE OT LIEHTPa pacnpeneneHmns X,
B €AMHMUAX T, CHU3Y — BEPOATHOCTb TOrO, YTO CNy4YaliHas BENMYMHA BbIMAET 32
3TOT npeaen (8 n0by0 CTOPOHY).

o 1 2 3 4 5
0,32 0,045 0,0027 0,63-10* |0,57-10°¢
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Ecnm kakas TO 3kCnepMMeHTanbHan TouKa OTKNOHMNACh OT TEOPETUUECKOM KPUBOM,
CKaXxeM, Ha 20, TO HeT OCHOBaHWI NPUAABaTL 3TOMY 0CO60ro 3HaYEHMA.
BeposTHocTb Takoro oTknoHeHus 1/20, u ecim Touek MHOFO, TO Kakas-Hnbyap

c 60nbLIOKM BEPOATHOCTLIO BbINE3ET 3a TakoW npeaen. Ecam Touka OTKNOHMNAch Ha
30, 3nech yxe eCTb npeaMeT ans pasbuparensCrea, a ecm 3a 40 v 6onblie —
MOXHO CAENaTb BbIBOA, YTO YTO-TO He TakK. MoxeT 6biTb, 13MEpeHne HeBepHoe,

a MoxeT BbiTb TeOpeTMYeckas KpmBas HesepHa. M camoe uHTepecHoe: HeT u
34eCb Kakoro-Hmbyab pononHuTenbHoro adpdekra, HanpuMep CNEeKTPanbHOM
NUHWK, €U TOYKM ONUCLIBAIOT CNEKTP. 34eCb Mbl NOAXOAUM K NOHATHIO
CTaTUCTMYECKOM 3HAYMMOCTH. '

Ecnu Mbl 3HaeM, 4To B JaHHOM MecTe CNeKTpa, HanpuUMep, KBa3apa MOXeT bbiTb
PEeHTreHOBCKAA NMHUA Xenesa, u BUAUM, YTO COOTBETCTBYIOLLAN TOYKA
«OTNPbIrHyNa» BBepx Ha 40, Mbl BNpase cKa3arb: «[laHHbie NoATBEPXKAAIOT
CyLWeCTBOBaHHWE NMHUM U3NYUYEHMSA... HA YPOBHE CTAaTUCTMUECKON 3HAUYMMOCTU 407,
B03MOXHbIe 3KBMBANEHTbI: «...Ha YPOBHE CTaTUCTUUYECKOW 3HAUMMocCTH 0,6:107*»
WM «...Ha yposHe aoctosepHocTi 0,9999». Ecam Mbi 3apaHee 3HaeM, YTO UMEHHO
34eCb MOXET BbiTb IMHMA M3NYYEHUA XKenesa, u, AeNCTBUTENbHO, BUAUM
«OTNPbIFHYBLIYIO» TOUKY, TO 40 — NPUNUYUHDII YPOBEHL 3HAYMMOCTU, U MOXKHO
cmeno ny6nvkosarth pe3ynbrar.

Onpenenexne CTaTMCTMHECKOM 3HAYMMOCTH MOXET BbiTb M HE CBA3AHO

¢ pacnpeaenennem f[aycca U YNCIOM CTaHAAPTHBIX OTKNOHEHWM. [lonyCcTvM, Mbi
NbITa@MCS NOKa3aTb, YTO AaHHbIE FOBOPAT O HaNMYMK Kakoro-To addekTa. Kak Hapno
nocrynatb B obwem cnyyae? flonyctuM, 3pdekTa HeT. 3HaumnT, HaM Hapao NPUHATDL
HEKYIO HYNIeBYIO0 rMNoTe3y, KaK AONKHbI BbirNAAETb AdHHbIE NPU OTCYTCTBMU
3pdekTa. B npumepe co cnekTpoM 3To Hekan rnaakas GyHkums 6e3 NMHUNA.
(raTMCTMYeCKyYI0 3HAYMMOCTb MOXHO ONPEeAenUTb Kak BEPOATHOCTb TOrO, YTO AaHHbIE
B pe3ynbrate C1y4an OTKNOHAOTCA OT HYNeBOW rMNOTEe3bl Tak, YTO UMUTUPYIOT

3¢ deKT, KaKUM Mbl ero BUAMM B AaHHbIX. BEpOATHOCTb 3aBUCUT OT HyNeBoM
rMnoTesbl U rnoTessl 3¢ dekTa, NO3TOMY NPaBUNbHOE FOBOPHTL O CTaTUCTUYECKOM
3HaYMMOCTH MAko20-mo 3¢gekma OTHOCUTENbHO MAKoL-mo Hyneeol 2unomess.

B npuMepe co cnekTpoM 3T0 NPOCTO BEPOATHOCTb TOFO, YTO TOYKA B TOM MeCTe, fae
ROMNKHA BbITb NMHMA, CNYYARHO «OTNPbIFHYNa» BBEPX HE MEHbLUE, YEM HA CTONLKO-TO
curma. B obem cnyyae ntobbiM NOCUNbHBIM CNOCOGOM BbIUMCNSEM BEPOATHOCTD
cnyyanHoU MMUTaLMK IpdexTa. HeBaXHO, Kak BbIUMCISEM, LONYCTHUM, C NOMOLLbIO
NPAMOro YMCNEHHOro ModenvMposanus MetoaoM MounTte-Kapno. Mpeanonoxum, uto
3Ta BepOATHOCTb Nonyumnack okono 1074 MNotoM aobasnsem K runoTese MCKOMbIH
3dpdekT. Ecnm npu 3TOM runoTesa (yxe He Hynesas) CTana ONMUCLIBaTb AaHHbIE
XOpOLLO, Mbl BNpaBe CKa3aTb, YTO AaHHbIe NOATBEPXAAIOT 3(EKT Ha ypoBHe
CTaTUCTUYECKOHR 3HauMMocTH 1074 YeM MeHblue BEpOSATHOCTb, TEM Bbille
CTaTUCTUYECKAA 3HAYMMOCTb. Kak 310 4acTo AenaioT, MOXKHO NepesecT BEPOSTHOCTb
B TEPMUHbI CUrMa, MCNONb3YR Tabnnuy, NpMBEAEHHYIO Bbilue.

HonycTnm, Mbi 06HapYXunK B AaHHbIX YKa3aHMe Ha HeKMit 3 eKT 3HAYUMOCTbIO
40. BepoaTHOCTb C1y4aiHOCTH, UMUTHPYIOLWei 3TOT 3ddekT, oueHb Mana. Chepyet
Ny 13 3TOro, YTO Hafo buTb B 6apabax u HeMeaneHHO NybaukosaTb CTaTblo? 3TO
OYEHb CU/IbHO 3aBMCUT OT TOO, YTO Mbl UCKanu. ECn Mbl MCKanu M3BeCTHO 4TO,
3apaHee 3Has, B KAKOM MeCTe, TO MOXHO. UMeHHO TakoB ciyyaii o6HapyXeHus
M3BECTHON CNEKTPanbHON NIMHWK. A eI Mbl UCKanu Yero-Hubyab, rae-Hubyab

8 60nbWOM Maccmee AaHHbIX U HATKHYIMCb HA HEKOTOPOE OTKNOHEHWE
3HaUYMMOCTbIO 40, TO BNONHE BO3MOXHO, YTO Mbl YNOPHO MCKaNM U Hawnu
cnyyarHbin BbIGPOC Ha 40 1 6onble Huyero. Takux cnyyaes NpeaocTaTtoyHo. [axe
8 Nature nioraa nybnnkyiotT Noao6HbIE «OTKPbITUAY. O6bIYHO OHU BbICTPO
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«paccacbiBaloTCA» U 3abbiBaloTCa. HO penyTtaumm CTpanaioT.

MNpo6neMa B TOM, YTO NpaBUNbHAs OUEHKA CTaTUCTUHECKOM 3HAYUMOCTU — He
Takoe npocToe aeno. Ecamn Mbl HawnKu HeyTo 3HaumMmocTeio 104

8 100 He3aBMCMMbIX NONBLITKAX, TO HACTOAWaAsA 3Ha4MMOCTb 1072, 3 3T0 yxe o4eHb
cnaboivi pesynbrart. B peanbHoM pabote € AaHHBIMKU 3TUX «HE3aBUCHMMbIX NONLITOK»
6biIBaeT OrpOMHOE KONMYECTBO, U MCCNefoBaTeNb YacTo 3TOr0 He OCO3HAEeT,a ecm
OCO3HaeT, TO He YMEET NPaBMIbHO OUEHNTb MX YN0 (3TO YUCNO B BUonormmn

U rYMaHWUTapHbIX HayKax Ha3biBaeTcs «nonpaska boHdepoHu», a 8 pusmke
«wrpadHbIM PakTopoM»). YeTKnx peLenTos, Kak OUeHMBaTb 3Ty NONPaBKy, Ha BCe
CNly4am XU3HKM He CYLLeCTBYET — 3TO CKOpee KyXHS, a He Hayka. Bnagexue atoi
KyXHeW u ecTb cocTasnawas npodpeccuoHanusMa uccnenosarens.
|
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NEACTBYIOT TOJIBKO Yepe3 rpaBUTALMI0 M BO MHOI'MX OTHOIIEHHSIX He3a-
BMCHMBI JpYT OT JApyra. AKYCTHYeCKHM KojieOaHHsIM IOABEpPKEHO TOJIb-
KO OOBIYHOE BellecTBO.

CxopocTh 3BYKa B paHHeil BceineHHOH, rae cpeia COCTOMT B OCHOB-
HOM M3 YJIbTPapeIsATUBUCTCKUX YacTHI, OUeHb BeJMKa: ¢/\3. HanoMmunwm,
M3HauyaJIbHO HEOJHOPOAHOCTH BceneHHO# «3aMOpOXKeHbl», MOCKOJIbKY HX
pa3Mep MpeBbILIaeT pa3Mep TFOPU3OHTA, T.e. NPUUYMHHO CBSI3aHHOM 00-
JIaCTH TPOCTpaHCTBa. AKycTHYecKue KosieGaHHsi NaHHOW UIMHBI BOJIHBI
CTapTYIOT, KOrjja BXOASAT MOJ rOPU30HT, TOJbKO He CBETOBOW, a 3BYKOBOWM
TOpPU3O0HT, KOTOpHIii B 3 pa3 MeHblie. HeoqHOPOAHOCTb OXKMBaeT M Ha-
unHaeT kKonebarbcsl ¥ ABUrathcsl. BaxkHas Belllb: y BceX BOJIH JaHHOM Ya-
CTOTbI Ha CTapTe OKa3biBaeTcs oAuHakoBas (pasa. ITO CTOSUME BOJIHBI,
nonobHble BOJTHAM Ha IMTapHOil cTpyHe. MIX Mo)HO Habsiomarth, Hampu-
Mep, B IOPTy Y GeTOHHO# cTeHbl npuyaia. TaM «cTosiyecTh» obecre4nBa-
erTcs MHTep(depeHLHMell HaberawIlUX 1 OTpaKeHHBIX BOJH. B pesynbraTe
aMIUIMTYZa BOJIH CHHXPOHHO MEHSIeTCS1 — IOBEPXHOCTb TO BCITyYMBAETCS
BbICOKMMH Oyrpamu, TO pasriaKUBaeTcs.

[louemy «oxuBIIass» HEOOHOPOAHOCTb NMPOU3BOAUT MMEHHO CTOSIYYIO
BonHY? B pabore CaxapoBa 3TO NOKa3aHO MaTeMaTHYeCKH, Mompooy-
eM mnpoumocTpupoBath 3ddeKT «Ha nanabliax». 34ecb BaXHYIO POJib
urpaet GpicTpoe pacuivpeHHe. 3BYKOBble KosebaHHsA B pacIUMpSOILE-
cs BceneHHOI ONMUCHIBAIOTCS YpaBHEHHEM, TOXJECTBEHHBIM ypaBHEHHIO
rapMOHHUYECKOr0 OCLW/IISITOPA C BSA3KMM TpeHHEM (TaKuM e, Kak Jis
CKa/sIpHOTrO Mojs Bo BcesneHHOM, TakuM )Ke, KaKk /s LIapyKa Ha Ipy-
)KHHKe B BSI3KOM )XHMAKOCTH). JTO C/efiyeT M3 ypaBHeHHWil JiHIITeNHa.
A ponb BfI3KOrO TpeHUs MrpaeT CKOPOCTb paciuupeHus BcenenHoil —
noctosiHHass Xa66na.

HavanbHble yciioBusl, BooOLIe roBopsi, CKIabIBAIOTC M3 Cy4alHOM
Cyneprno3vluy HeOOHOPOAHOCTed pa3HOro pa3mepa C INPOM3BOJIbHBIM
pacrpefe/ieHHeM NpPOMU3BOAHBIX IUIOTHOCTH MO BpeMeHH. JIroOyio Ha-
YaIbHYI0 KOHQUrypaLuio MOXXHO pa3jioXXKUTb Ha He 3aBUCSILYIO OT Bpe-
MeHHU 4acTb (IpOM3BOAHAs MO BPeMEHM paBHA HYJI0) U 4aCTb, CHIbHO
3aBUCALIYI0O OT BpeMeHH. B61m3n Momenra T =0 BceneHHasi oueHb Obl-
CTPO paclUMpsieTcsl U «Bsi3KOe TpeHHe» o4yeHb Beauko. [loaTomy Bropas
KOMIIOHEeHTa (ObICTPO MeEHSIOLIasiCs) MrHOBEHHO 3aTOPMO3MTCS M IPO-
nager. A mepBas (He 3aBHCALIas OT BpeMeHH) ocraeTcs. [lasee teMn
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najiaeT AaBjieHHe, — 3TO M €CThb 3M0Xa peKOoMOMHaLMU. B 3TOT MOMeHT
aKyCTHUYeCKHe KojieOaHMs 3acThiBalOT. Ec/M pasnoxuTh KapTy 3acThiB-
IIMX HeoAHOpoAHOcTel B psan (Pypbe, MOTYYUTCS OCLIWUIMpYIOIAs KpH-
Basi, OMMCHIBAIOLIAs AMIUVIMTYAY Kak (YHKLUHMIO JUIMHBI BOJMHBIL J¢@eKT
MOJTy4YT Ha3BaHHE «CaXxapoBCKUEe OCUWLUISALMW», XOTS B HacTosllee Bpe-
Msi B HayYHOH JIMTEpaType uaile HMCIOJb3yeTCsl TEPMHH «aKyCTHUeCKHe
OCLIWUIALIUWD.

CaxapoB paboran B mnpenrnosoxeHu#, 4yTo Bcenennas xonopHas. OH
caenan 3ToT BbibOp mox BiMsHMEM 3e/bJOBHYA, KOTOPOMY B TOT MO-
MEHT KasaJloch, YTO MOJeb XOJogHOH BcesneHHoit xopouo o6bscHser
IIepBUYHbI HYKI€OCHHTe3. JTa runore3a Oblia ONPOBEPrHYTa B TOT XK€
rog, korzaa crates CaxapoBa Bbillla U3 neyatu. Ho caMo sBneHue octa-
JIOCb NMPUMEHHMMBIM M K ropsuyeir BceneHHoii. Ilpuyem oHO oOkasanochb
peanbHO HabonaeMbiM, yero He Mor npexasuzeTb Caxapos.

B npuHuune, B xonogHoit BceneHHO# NeHCTBYIOT IOXOXHe 3aKOHBL
TaM TOX€ CKOpOCTb 3ByKa BHauyaje BeJMKa, a IIOTOM pe3KO Majaer.
Ho oHa mamaer ropas3fo paHblle, X BOJHbI 3aCThIBalOT, OyAyuM ropas-
10 MeHbliero pasmepa. IlpyueM HEOZHOPOAHOCTH OT CaMbIX KPYIHbBIX
BOJIH [€PBOro IMHKa, JOKMB [0 HAlUX [IHeH, JO/DKHBI COOTBETCTBOBATb
HeGo/bIIMM 3Be3naM, 0 yeM (CaxapoB Hamucal B cBoeil cratbe. Ha ca-
MOM Jejle OHM COOTBETCTBYIOT KpyNMHOMacluTabHO# cTpykType BceneH-
HOil Ha ypoBHe 150 Meramnapcek. Brnociencrsuu CaxapoB BhiCKasan CO-
)KaJIeHWe, YTO HelpaBWIbHOE HMCXOAHOEe MpEeANoJIoXKeHWe CWIbHO CHHU3H-
JI0 LIeHHOCTb ero paboThl. TeM He MeHee, 0 MHeHHIO aBTopa, A.J]. Caxa-
POB OCTaeTcs IVIaBHbIM repoeM 4YyJecHOW MCTOPHH, CBSI3aHHOM C aKyCTH-
YEeCKMMH OCLWUIALUSAMU.

To, YTO caxapoBCKHMe OCLWUISLMM B NMPHHLUIIE MOXHO HabsomaTh,
CTaJI0 SICHO IMOCJIe OTKPbITUS peJMKTOBoro usmydyenuss B 1965 rony. Ilep-
CIIEKTUBY OAaBaJI0 CaMO peJIMKTOBOE H3JTyyeHHe: Belb €ero Kapra M eCTb
KapTa paHHell BceneHHoii, rae RO/DKHBI ObITh 3anevyaT/ieHbl Bce HEOTHO-
POAHOCTH, HE YCNeBLIME MCKa3UTbCA M3-3a 'PaBUTALIMOHHOM HEYyCTONYH-
BocTH. DpdeKT ocuwuiALMil ObU1 MpOaHATM3UPOBaH IS CTy4yasl rops-
yeit Bcenennoit P.A. CioHseBbiM u f.b. 3enpbnoBuueM, a Takke He3aBH-
cumo JDxumom Ilnbncom u I0it 1ize-Taem — obe paboTbl omyGMKOBa-
Hol B 1970 rogy. Ilponuio yerBepTh Beka, M CaXapoOBCKHE OCLWUIALIMU
yBuzen Boouuio. Peuent pacmmdpoBKM KapTbl peJMKTOBOrO H3Iyye-
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31. Ecnv bt CAxAPOB YBUAEN 3TO!

HUS TMPOCT: HaJO pa3noxuTb ee B psan Dypbe M0 YrIOBHIM rapMOHHKaM
(MynbTHNONAM).

Ecin 6bl TOMbKO AHApeit [IMUTpHeBHY YBUIEN JaHHbIE, NpeJCcTaBjIeH-
Hble Ha puc. 31.2, rae MoKa3aH CMEKTp 3TOr0 CaMoro pasjoXKeHUs KapThl!

B uem sipue Bcero mposiBasieTcss Molb HayKu?

[lpencraBbre, cHOUT YesioBek, nuiieT ¢GOpMYIbl, Iie QPUIYPHUPYIOT He-
BeposiTHble BesiuuHbl (107 ¢, 10% r/cM? ¥ T.IL.), 3aBeJOMO HeNOCTYTI-
Hble HUKaKMM HM3MepeHMSIM U 3KCIepUMEHTaM, YTO-TO IbITAeTCS BbIBeE-
ct. OTKyma y6exxmeHue, YTO Ha TakMX MacluTabax BooOuie paboraer
Hallla JIOTMKa, YTO K HUM NPUMEHHMMBI 3aKOHbI, YCTAHOB/IEHHbIE YeJIOBE-
koM? C TOUKM 3peHHs 4esIOBEKa HeCBeAyLlero, yYeHblil B JaHHOM CJTydyae
3aHMMaeTCs MOJMHBIMM abcTpakuusaMH, (HaHTa3MsIMH 3a AeHbrM HaJoro-
IU1aTe/bIIMKOB. B pesysibraTe 3HauMTeNbHBIX YCHWIMI BBIBOOUT Ha Oyma-
re, YTO pacripejesieHye 1o pa3MepaMm HEKUX (IYKTyaluidl IUIOTHOCTH BO
BcesnieHHO# J0O/KHO OMMCBHIBAaTHCA HEKOM OCLUWLUIMPYIOLIEe KPUBOM.

Yepe3 pecstwieTus: JMIOAM 3allyCKalOT KOCMHMYECKWH anmapar C npe-
LIM3MOHHBIM NIPUEMHHUKOM MHUKPOBOJIHOBOTO PaJMOM3Ty4eHHs, UCITyILeH-
HOTO MWUIMapAbl JieT Ha3ald. Y BUASAT M3 KapThl 3TOr0 U3IYy4YEHHs Ty Ca-

MYI0 OCLWUIMPYIOIIYIO KPUBYIO!

CaxapoB He AOXWI A0 3TOr0 MOMEHTa, U 3elbA0BUY He Joxwi. Ho
Pammpn CroHsieB U Apyrue, uccienoBasiide 310T 3¢ ¢ekT B 6osee peanu-
CTHYHOM MOCTaHOBKe 3ajau, AoXWiK. [lymalo, Jyyiueil Harpazabl 3a Teo-
PeTHYeCKyl0 Hay4yHyl0 paboTy He MpPHAYMarh.






32. YUTO 3AWWMD®POBAHO HA KAPTE

JIByMepHOe pa3noxkeHue cgepuueckoi KapTbl OTIMYAETCA OT OXAHO-
MepHoro pasinoxeHus Pypbe TeM, YTO KaxIblit My/IbTUNONb / npefcTaB-
neH cymMmo#t 2/ + 1 uneHoB co cBouMH Ko3agduumentamu. [Ins Toro, yTo-
Obl yBUAETb, KakMe MaciuTabbl HEOZHOPOAHOCTEN CHIbHee BbIpaXKeHbI,
Bce 3T K03 PULMEHTHI He HYXKHbI — JJOCTATOYHO B3ATh CpeJHee OT CyM-
MBIl MX KBAJIpaToB (TpafuLMOHHO o6o3HauaeMoe kak C). CooTBeTCTBYyIO-
lee pacnpezesieHHe Ha3bIBAaeTCsl CIIEKTPOM MOLIHOCTH, MIMEHHO OHO IO-
Ka3aHo Ha puc. 32.1.

Bricokuii muk c/ieBa O3HayaeT, YTO KapTa MMeeT CaMyl0 KOHTpacT-
HYI0 MATHUCTOCTb NpPU pa3Mepe nsiTHa OKojJ0 rpagyca. OH cooTBer-
CTBYeT aKyCTMYECKHM BOJIHaM, MpHUIIEIUIMM K MOMEHTY peKoMOMHa-
uuu ¢ Qasoit . 3a 0AHO KoseGaHWe OHM yCleNM MOAPacTH HU3-3a rpa-
BUTALIMOHHOTO B3aMMOZENCTBUS C TEMHOM MaTepHeH, KoTopas 3a 3TO
BpeMs «CKOMKOBaJlach» B CTO pa3 CHIbHeil 6bapuoHHOro BeulectBa. [Ipa-
Bee — CJieAyollye NMUKH, COOTBeTCTBYIolIMe (a3am 27, 3n U T.4. [Inku
Npy yBeJIMYEHMM HOMEpa My/bTHNO/S (YMEHbIIEHHWH pa3MepoB Heon-
HOPOZHOCTEMN) CTAHOBATCA HWXe, MOTOMY UYTO OKa3blBalOTCSA «3aMbIThI-
M H3-3a AMDPy3un (HOTOHOB, KOTOpPHIE YCIIEBAIOT YacTUYHO pa3le-
)KaTbCl M3 CTYIeHHs BellecTBa 3a Mepuoj KojebaHus cTosueil BoJI-
Hbl. ITO Tak Ha3biBaeMblil a¢pdext Cunka. OcobeHHO xopolo 3TOT 3d-
ek Habmoaaerca Ha puc. 32.2, TA€ TOT e CaMblil CIIEKTP MOIIHOCTH
naH B sorapudMHUYecKoM Maclutabe M K HeMy no0aBieHbl JaHHbIe Ha-
3eMHbIX YCT@HOBOK C MEHbLIMM OXBaToM He0a, HO C JIVUIINM YIJIOBBIM
paspelueHnemM.

YepHble TOukM ¢ ommubkamu (Te xe, yTo M Ha puc. 32.1) — pesynb-
tatr WMAP. [oryOble TOuki — pe3ysbTaT 0630pa HeGObILOH yacTh Heba,
CZle/IaHHOrO C JIYYIIUM YIJIOBbIM pa3pelleHHeM C MOMOLLbI0 MUKPOBOJIHO-
Boro Tesieckona Ha lOxHom momoce (SPT). Opan)keBble TOUKHM — JJaHHbIE
Kocmonoruyeckoro Teneckona B Arakame (ACT). CrtomiHast kpuBasi — pe-
3y/IbTaT MOATOHKH TeopuH mosbko K naHHbiIM WMAP, naHHble npyu MyJib-
THUIOJIbHBIX MOMEHTax 0oJbllle THICAYM He HCIO/b30BaIUCh!

ToykM ¢ HavMeHBUIMMM OIIMOKAMH TMOTy4YeHbl HA MHKPOBOJHOBOM
TeJIeCKoIle, pacrosoXeHHOM Ha lOHom momioce (Tapesnka JuaMeTpoM
10 M) — TaM (OH OT TeIIoBOro M3nydyeHusi armocepbl MeHblle, YeM
B HE CTOJIb SKCTPEMAIbHbIX MECTax.
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32. YUTO 3AWMDPOBAHO HA KAPTE

My BKJIagy GapuoHOB B comepkumoe BcenenHoOi. COOTHOIIEHHE MEXIY
BTOpPbIM Y TPeTbUM IIMKaMH 3aBUCHT OT BK/ala TeMHON Matepuu. U T. 1.

KoneuHo, apdexTbl OT BceX 3THUX M JAPYrMX NapaMeTpoB 3alyTaHbl,
M MX U3BJIEKAIOT He M0 OTHEeJbHOCTH, a BCe BMeCTe IMOCpeICTBOM Ipolie-
Oypbl, Ha3bIBAEMOM «IIOATOHKOM METOJOM MaKCHMMAaJIbHOro MpaBAOIONo-
Ous». [l MOArOHKM KpoMe JaHHBIX HY)KHAa TeopeTHveckKas MOZEJb, KO-
TOpasi AO/DKHA ONMcaTh JaHHble. B 3TOM ciryyae OHa C/IMIIKOM (JIOKHA,
yTOOBI e MOXKHO ObUIO BbIPa3uTh (popMysioil. Mogenb BKIIOYaeT B cebs
BCe IPOLeCChl, O KOTOPHIX 1i1a peyb Bbille. [Ipexkae Bcero ato reHepauus
HayaJIbHOTO CIeKTpa HeOQHOPOLHOCTEM.

Mb! nHcaM 0 TOM, YTO OTHOCUTE/IbHAsI aMIUIMTyJa HayaIbHBIX HeOJ-
HOpoAHocTell nomkHa ObiTh nopsifka 5:1075 a ux cnektp — miockum. Ha
camMoM Jiesie Mbl He 3HaeM TOYHO HU Toro, HU apyroro. [loaromy ammam-
Tyaa Gepercsa 3a OOvH M3 MOArOHOYHBIX MapameTpoB. CIieKTp HeOOHOPOA-
HOCTeil He 00s13aH ObITh B TOYHOCTH IUIOCKMM, XK€ €C/IM Mbl YBEPEHBI,
YTO MCTOYHMKOM HEOAHOPOJHOCTEN fAB/AETCd MeXaHHU3M KOCMoJloruye-
ckoit uHnsuuu. leno B ToMm, uTO B mpolecce MHGIALMM BeJIMUMHA OT-
BeTCTBEHHOr0 3a Hee I0JI1 XOTb M MEJUIeHHO, HO MEHSIeTCs — 3TO JAaer
CHeKTpy HeOOJbILION HAKJIOH, KOTOPBI TOXE€ BXOOUT B YMC/IO IOATOHOY-
HbIX (CBOOOAHDIX) MapaMeTpoB. /lajiee KOHIEHTpalUMsA 06bIYHOrO (6apHoH-
HOTO) BelllecTBa BJIMsIeT Ha BBICOTY IHKOB M COOTHOLIEHHE MEXIY HHUMH.
Oro Tperuii cBoOoxmHbIf mapamerp. TeMHass Martepusi JaeT HeOOHOPOH-
Hbl{l IpaBUTAllMOHHBINA IMOTEHLMA, BIAMSAIOLIMNA Ha aKyCTUYECKHUE BOJIHBI.
Ee KoHueHTpauus — yeTBepThiil cBOOOAHBIN NMapamerp. [lajiee — KpUBU3-
Ha BcenenHoii, naTeiit mapamerp. OT Hero GyneT 3aBHMCETb YroJ, Moj Ko-
TOPBIM Mbl BUAMM MATHO ONpeZieJIeHHOro pasMepa H, (JieJloBaTesbHO, 110-
noxxenne BceX NMKOB. [loxoxwuit addekt naer TeMHas SHeprus, OT Hee
3aBHUCHUT BpeMs pacrnpocTpaHeHusi (JOTOHOB MOC/Ie PeKOMOMHALMK H, CO-
OTBETCTBEHHO, pacCTOSIHME, KOTOpPOe OHHU IpOJIeTeNH. TaK YTO IJIOTHOCTD
TEMHON 3HEprud — 3TO ellle oauH napamerp. [IpaBaa, He Bce 3TH napa-
MeTpbl HEe3aBUCHMBI: TI0/IHas IUIOTHOCTb 3HEPrMM BO BcesneHHON B cyMMe
C BKJIQZIOM KPMBHM3HbI, IPONOPLHOHAIBHBIM £2,, IOJDKHA laBaTh KpUTHYe-
CKYIO IUIOTHOCTb. TGk 4mo noka c80600HbIX napamempos nsim.

W asto eme He Bcé. OKka3sbiBaetcs, cocTosiHMe BceneHHo#t mocnie pe-
KOMOHHAUMH TOXe BJMSEeT Ha KapTy peJMKTOBOro uamydyenus. CBobon-
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MprpoprPbiB 3A KPAM MUPA: [lPOPLIB

Hble 3JIEKTPOHbl PACCEMBAIOT W3/TyYEHUE, UTO CjIerka 3aMbIBaeT KapTH-
Hy 1 TpebyeT yuera. D/IEeKTPOHBI CBS3bIBAIOTCS B aTOMbI B 310Xy PEKOM-
OMHALMHK, HO Yepe3 COTHH MWUIMOHOB JIeT MEXraJlaKTHUecKuil ra3 CHo-
Ba MeEHsleT CBOe COCTOsIHMe — IMOA JeicTBHeM Y/bTpadHoIeToBoro us-
JIyueHUs] KBa3apoB M 3Be3]] NPOMCXOAWT BTOpPUYHAs HMOHM3auus. Boiie
paccka3aHo npo 3ddekt lanHa — I[lerepcoHa, 0OHapyKeHHbIit B ClIEKTpe
KBa3apa C KpacHbiM cMellenneMm 6,28. Ha camoMm gene To, uyro yBupie-
71, — 3TO CaMblil KOHel| BTOPUYHOI MOHM3ALlMK, KOTAa aTOMOB BOZAOpOAa
B MEXraJJakTUUeCKOM ra3e oCTajJoCch COBCEM HeMHoro. PeajibHO OHa Ipo-
M30LlUIa paHblue npu OosbllieM KpacHOM cMellleHMH. Korma MMeHHO, MBI
He BUIUM. [loaToMy 3TO WIecToif CBOOOAHLIM mapaMeTp.

Tenepp octanoch BCé BBHIYMCIWTD B 3aBUCMMOCTH OT MapaMeTpoB —
KaK pasBUBAIMCb HEOJHOPONHOCTH TEMHOM MaTepuu B paclUMpsIOILeii-
cs BceneHHoii, kak konebanuch BOJHBI 6apMOHHON MaTepUM U KaK OHH
B3aMMOJIEMICTBOBAIM Yepe3 IpaBUTALMIO C TEMHOM MaTrepHel, Kak INpo-
Xoauna peKOMOMHALMs BeLIeCTBa, KaK M3Tydaunch (OTOHBI PEJMKTOBOrO
M3/Ty4eHUs] ¥ KaK OHHM paclipocTpaHs/Iuch no jgopore. U MHoroe apyroe.
1 nogobpaTh Takylo ILiecTepKy fapaMeTpoB, KOTOpas HauIy4yumum obpa-
30M OIUIIeT JaHHble, [IOKa3aHHble Ha puUC. 32.2.

-
Bot 3Tu napameTpbl ¢ olwmbkamu

MnotHocTb 6aproHOB B eanHULax KpuTHYeckoi nnotHoctu Q, = 0,0463 + 0,0024
MnoTHocTb TeMHOM MaTepuu B Tex e eannmnuax Q = 0,233 + 0,023

MNOTHOCTL TEMHOM 3HEpPrum B Tex ke eanHuuax Q =0,721 % 0,025
OTHOCHTENbHAA CpefHEeKBAAPATMYHAA aMNAUTYAA NePBUYHbIX HEORHOPORHOCTEN
D,=(2,41£0,10)-10°°

CreneHHO MHAEKC CNEKTPa NEPBMYHBIX HEOAHOPOAHOCTEH N,

(n, =1 cootsetcTBYET NNOCKOMY cnekTpy) n.= 0,972 + 0,013

KpacHoe cMelleHune, COOTBETCTBYIOWEE BTOPMYHON MOHM3aumMmn Z = 10,6 £ 1,1

U3 3Tx pesynsTaToB NpsMO cneayeT: Bo3pacT Bcenenwnon — 13,74 £ 0,11 mnpp
NneT — TOMHOCTb Nyywe npoueHTa!

]

910 pesynbratsl Bcex 9 ner paborbi WMAP. [lanibiie HauMHaeTcs 1o-
nosHuTeNbHaa urpa: faHHble WMAP nononusiorcs undopManmei, nosy-
YEHHOH JPYrMMHM MeTOJaMH, B YaCTHOCTH, U3 0030poB HeGa OOBIYHBIMH
Tesleckonamu. TOYHOCTb BO3pacTaer.

OmHa M3 caMbIX MHTEepeCHBIX Bellleif, KOTOpble NMPU 3TOM OOHapyXH-
BalOTCSA, — OTKJIOHEHHE CIEKTPa MEPBUYHBIX BO3MYILIEHUN OT YUCTO IUIO-
ckoro. Ecv npuBneub BClo umemwouyiocs MHGOpMalMio, TO UMeeM pe-
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32. YTO 3AWMOPOBAHO HA KAPTE

3y/nbTaT AJ1s cTeneHHoro uHuaekca: n. = 0,9608 + 0,0080 (nate cranmapt-
HbIX OTKJIOHEHMHA OT eJMHMLbI, KOTOpasi COOTBETCTBYET IUIOCKOMY CIeK-
TPy). TO YyXe Koe-uTO rOBOPUT O caMoM Ipouecce uHGpasuuu. boree
TOro, 3T0 OBUIO Mpe[cKa3aHO AaBHbIM-ZaBHO — eille B 1981 roagy Bsuec-
naBoM MyxaHoBbiM U [eHHazneM YMOMCOBBIM: IEPBHYHBIA CIEKTP BO3-
MYLIEHUHA OT/IMYAeTCss OT IUVIOCKOrO MMEHHO Ha TaKyK BeauuuHy. Ecam
3TO He TpUyM} HayKH, TO YTO BooOlle MOXHO Ha3BaThb TpuyMdom? [la
M Bcad 9-metHsss muccuss WMAP, npu Bceil CKpOMHOCTHM 3aTpaT Ha Hee,
oKasanach ¢aHTacTuyecku ycreiuHoi. I[lo MHeHMIO aBTOpa, MO cymmap-
HOMYy BKJ1aay B (YHOAMEHTAIbHYI0O HayKy OHa NPEBOCXOIWT OTKpLITHE
6o3oHa Xurrca.



33. Bknhap penukTtoBoro UsnyyeHus
B GyHAAMEHTaNbHYO PU3KNKY

ocMosiornueckasi HHGpAUMSA paboTaeT Kak MCIIONMHCKUIA KOHBeM-

ep. Bce BoamyeHuss IUIOTHOCTH PpOXKAQIOTCA C ONpeneeHHbIM

paamepom: 1077 cm win okono Ttoro. Ilotom kaxnoe Bo3myile-
HUe pacTsrMBaeTcs B e pa3 3a kaxable 107% ¢, 3a 3T0 BpeMs reHepupy-
IOTCSl HOBBIE, ellle He pacTsHyTble. [Ioka KoHBeitep paboTaeT C MOCTOSH-
HOW CKOpOCTBIO, cniekTp GIyKTyaumii moaydaetcs noutH mwiockuM. U kor-
lla OH OCTaHaBJMBaeTcs, npopaboras, ckaxeM, 1073 ¢, uMeeM NouTH IUIO-
CKMil cnekTp, npoctuparomuiica ot 107% cM mo, Hanpumep, 10% cm (mo-
cnenusas uudpa oveHb yciaoBHa). Hac MHTEpecyoT Te BO3MyllleHMS, KO-
TOpbIE IIPY OCTAHOBKE COCTAaB/ISUIM OT Jl0JIel MUKpOHa A0 JoJieil MWUIH-
MeTpa, — UMEHHO OHM PacTAHY/NCh yXKe mocje UHQIALUUKA B Te HEOOHO-
poxnHocTH, koTopble BUAUT WMAP. Korna oHu reHepupoBasuCh, «koecaM
KOHBeliepa» npefcTosio caenathb eme okono 50—60 «oboporos», T.e. pac-
TSOKeHUA B e pa3. U M3 M3MEepeHHOro 3HayeHWs n_TpsAMO CJIeAyeT, 4To
«KOHBeiep» K TOMy MOMEHTY YK€ NMPUTOPMaXKUBal — JBHKYILLee CKalAp-
Hoe mosie ocsabeBano. CKOPOCTb TOPMOXKEHHUS (XapakTepuayemasl OT/IH-
yMeM Nn_OT 1), 3aBHCHT OT XapaKTepUCTHK ITOro nojs. Tak o NOTAHY-
nuch 10 GU3NKK ABJIEHUH, HA JIECATh C JIMIIHUM IOPSAAKOB BBIXOASILHX
3a npeaensl Bo3aMoxHocTel bosnbiioro aapoHHoro kosulaiinepa.

U 3ro ewe He Bcé! QU3MKHU NpeANonaraiT, YTO YUCJI0 HEHTPUHO paB-
HO TpeM W HeT APYruX 4aCTHI| CO CTOJIb )Xe Masoi Maccoil. Ho 3To Tosb-
Ko npeanonoxenue, OovequHeHHble NaHHble WMAP M Apyrux MHCTpY-
MEHTOB IOKa3blBalOT, YTO YMCJIO YacTHL, c1abo B3aMMOZEeHACTBYIOLIMX
C BelllecTBOM M uMewomux Maryio Maccy: 3,84 + 0,40 — T.e. yka3sbiBaOT
Ha BO3MOXHOCTb CYIIeCTBOBaHMS ellle ofHOM vactulbl. OIHAKO 3KcIie-
puMeHT «[U1aHk» (cM. raBy 36) CKOppeKTHpOBAI 3TOT pe3y/bTaT B CTO-
POHY Tpex.

B asmoxy pexkoMOMHaUMKM HEATPUHO MMEIOT KMHETHUYECKYI0 3Hepryio
npumepHo B 0,2 3B. Ecm 6Gbl y HeiiTpuHo Obi1a Macca, NpeBbiLIaOLIas
3Ty SHEPruio, TO OHM ABHrajMCh Obl 3aMETHO MeJleHHee CBeTa, U 3TO
onsATh Obl CKa3aJoCh Ha KapTe peIMKTOBOro uanydenus. Ecim Oparb
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33. BKkNnAD PEAUKTOBOTO U3NYYEHUSA

Tonbko AaHHble WMAP, To U3 HUX clefyeT orpaHHYeHHe CBEpXy Ha CyM-
My Macc HedtpuHo 1,3 3B. 91O yxke nyuire, yem orpaHM4YeHHe Ha Maccy
3JIEKTPOHHOTO HEHTPHHO, MoTyYeHHOe B JlabopaTopuu. A eciiM HpHBJIeYb
BCe JaHHbIe, TO MOJY4aeTcsd, YTO CyMMa MacC BCeX HEHATPUHO MeHbllle
0,44 3B. 9TO Y)Ke TOT ypoBeHb, KOTOpbIA OUE€Hb HENpPOCTO JOCTHYb B Jia-
GopaTopHbIX Yc10BUsIX. BripoueM, 3To0 OTHIOAP He O3Hauaert, YTo Jabopa-
TOPHblE 3KCIIEPUMEHTHI 110 U3MEpPEHMI0 MacChl HEWTPUHO HAAO INpeKpa-
LIaTh: MCC/IEOBATeN 10 CBOEMY NMPH3BaHMIO 00s3aHbI MCIIPOOOBaTh BCe
BO3MOXHble CIIocoObl 4JIS onpejeneHus BaXHOH (yHIaMeHTasIbHOI Be-
JIMYUHBI.



34, [loueMy 3TO TaK XOpPOLWO Nony4aeTcs

IOHO W3 Ba)XHEHIIMX CBOMCTB 4YelOBeKa — CIOCOOHOCTh mopa-

)KaTbCsl MPOUCXOJsALIEeMy B OKpyXamolleM Mmupe (B CMbIC/ie Bra-

IaTh B KpaifHIOW cTeneHb yauBieHus). Hampumep, aBTop, Oyay-
Y4 B COCTOSIHMM [AJIeKO HE MepBOil MOJIOAOCTH, MOpaXkaeTCss TOMY, Kak
IOHasi TMMHAcTKa B3/IeTaeT CO CHapsAla, KpYTUTCS BOKPYT IBYX OCeH, IpH-
3eMJISieTCsl TOYHO Ha HOTH M TIPM 3TOM He pa3BaiuBaercs. B nerTcrBe aB-
TOp MOPAXAICS TOMY, KaK CTpeJIieT pyXXbe M €3JUT MalllMHa — Kak Iie-
IIOTKA MMOpOXa B MaTpoOHe M Kaivia OeH3WHa B LWIMHIPE pa3BHUBAIOT Ta-
KYI0O CWIy. A BOT TOMy, KaK paboTaeT KOMIIbIOTEp, i He MOpaXKaics HU-
KOrja, MOCKOJIbKY HayMHaI paboTaTbh C CaMbIMHM APEBHMMH MallMHAMH,
nporpaMMHUpyeMbIMM B BOCBMEPHUHBIX KOJaX, rae paboTy MOXHO GbUIO
NpoC/aeJUTh MOILIAroBo, MAs Ha MaHe/lb C JJAMIIOYKaMH, OTPaXKaloUMHU
TEKYIIyI0 KoMaHay B ABoM4HoM Buje. [locnenyromuii mporpecc IiaBHO
NPOMCTEKAJ Ha MOMX IJla3ax.

BeposaTHO, M y TeX, KTO HayMHaJ1 3aHMMaTbCsl KOCMoOJIOrMed B
1980-1990-x romax, TpuyMd TEOpPHM M 3IKCIIEPUMEHTa, M300paXKeHHbIi
Ha puc. 32.2, HUKAKoro yauBJieHUs He Bbi3biBaeT. OfHaKO, HU aBTOp, HH
nozaBsollee GONBIINHCTBO YMTaTe/Iell K TaKOBbIM HE OTHOCATCS, M I10-
TOMY COIJIaCHE MEXAY TEOPEeTHYECKOM KPUBOM C MOJOTHAHHBIMHU IIECThIO
napaMeTpaMHM U JaHHbIMM Ha puc. 32.2 MOXXHO Ha3BaThb NOPA3UTEJIbHBIM,
danTactnyeckuM. lllectb mapameTpoB ISl CJ0XKHOK KPUBOH CO MHOTMMH
MaKCMMyMaMH C HEOYEBUIHBIMHU COOTHOLIEHUSIMH BBICOTBI — 3TO OYEHb
3KOHOMHO, PUMEPHO, KaK YOUTb IIECTbIO BHICTPeJIaMH TPUALATH 3aiflieB.
[lpyyeM mosyyeHHble 3HA4YeHWs MapaMeTpoB OJM3KKM K TeM, 4TO ObUIH
M3BJIeYeHbl paHbllle (XOTA M C MeHblleil TOUHOCTbIO) U3 JaHHBIX O COBpe-
MeHHO# BcesneHHOM.

Kak BooOlie oAsM yoaeTcs TaKk XOPOLIO OMMCaTh TO, YTO IPOMC-
XO[WIO B MHTEpBaJe UCTOPUM BceneHHOI OT Aoselt cekyHAbl A0 COTEH
MWUIHOHOB Jiet? C OOHOI CTOpPOHBI, €CTh IMOHATHOE OOBSCHEHHE: BCe He-
OQHOPOJHOCTH IUIOTHOCTM OTHOCHTEIbHO MaJibl, MO3TOMy paboraer Te-
opusi Bo3MylleHHit B mepBoM mnopsinke. C Apyroit CTOpPOHbBI, NpPOLIECCOB
MHOrO 4 BCce OHM He CTojb mpocThl. Ilmoc k TeM agdekraM, KOTOphIE TIE-
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peuucsIeHbl BbIle, €CTh, HAPUMeEp, BCSKKE NMepexoqHble MpOoLecchl: Koraa
HEOJHOPOAHOCTb BXOIMT IOJ FOPH30HT (OT CEKyHJ IO ThICAY JIeT), KOr-
Ia MeHsieTcsl ypaBHeHHe cocrossHus Bcenennoit (80 Thic. eT), oHM ycH-
JIMBAIOT KOHTPACT paclipefile/ieHUss TeMHON matepud. [laipiie Hago TOY-
HO 3HaTb, KaK MpOTeKajia BO BpeMeHM peKOoMOMHalKsl BOAOpoAa M Jaxe
reJluss — OT 3TOr0 3aBMCHUT, HAaCKOJbKO 3aMbIT KOHTPAacT HEOZHOPOIHO-
creit Masibix MacitaboB. Ectb emie uenblit psaa a¢exToB, BAUAIOLIMX HA
KapTHHY, — Mbl OIIyCTMM HX, YTOObI He Meperpyxatb 4MTaTeNs Moapood-
HOCTSIMH.

U 3ro Bcé TiiaTenpHO yuyreHo. KoHeuHo, HaJ Teopueil paHHeil BeeneH-
HOil paboTaeT MHOro Jirofeil, pa3Hble He3aBUCHMBbIE TPYIIBI — BCE Iepe-
IPOBEPEHO 110 MHOTO pas M JOCTUTrHYT KOHceHcyc. M 06paboTKoit JaHHbIX
WMAP 3anuMaeTcss MHOrO Hapoza.

3ecb CTOMT BbIpa3uTb NpPHU3HATENbHOCTb areHTcTBYy NASA, koTopoe
y)Ke NecATWIEeTUSIMHM BbIK/Ia[blBaeT BCe JaHHbIE Pa3HbIX 3KCIIEPHMEHTOB
B OTKpBITHIA goctyn. Mx MoxeT ckauyath mo0oit MccienoBaresib BMecTe
cO Bceil comyTcTBYIOLLeil MHGpopMalmel, HeoOXoquMoit 111 00paboTKM.
OTO 10/1e3HO Cpa3y B HECKOJIbKUX OTHOLIEHUSIX.

Bo-mepBbiX, €C/IM B JaHHBIX €CTb «KOCAKH», MX 00S3aTe/lbHO OOHapy-
XKMT <«HapOAHbI KOHTPOJb» M3 HE3aBUCHMbIX HCCJIefoBaTe/lell pasHbIX
cTpaH. B yacTtHOCTH, Ha paHHeM 3Tane HakolleHus AaHHbIX [laBen Ha-
cenbckmii, Oner Bepxomanos, Augpeit [JopotikeBuy 1 Urops HoBukoB 00-
Hapy>XWIH, YTO KapTa peIMKTOBOro M3JIy4eHUsi, pe/iCTaBIeHHas KOMaH-
noit WMAP kak BapuaHT, NMOJTHOCTBIO OYMILEHHBIA OT ¢OHA, HA CaMOM
nene xoppenupyet ¢ ¢oHoM no ¢asaM rapMoHHMK, T.€. OUHMIEHa IUIOXO.
OTO 3acTaBWIO YMCTUTh Jyyuie. Boobiue, camMa BO3MOXHOCTb KOHTPOJIS
CO CTOpPOHBI 3aCTaB/sieT KOMaHAY <«BbUIM3bIBaTh» MHCTPYMEHT M MOAro-
TOBKY JIaHHBIX 110 Ipejesa BO3MOXKHOrO.

Bo-BTOpbIX, OTKPBITOCTh AAHHbIX MOOMIM3YeT Hapol B JaHHYIO 00-
JacTh UccrenoBaHui. Y, HakoHel, komaHZa 3KCIIePUMEHTa, Kak IpaBH-
710, «CHUMaeT C/IMBKW», HO HE MOXXeT BBIKONATb M3 JaHHbIX BCE, YTO TaM
COREPXHUTCA. JTO AeNaloT MHOrOYMC/IEHHbIe BOJIOHTEpPH MO COOCTBEHHOM
MHULMaTUBe.

BooOi1e, npvHIKN OTKPHITBIX JAHHBIX HACTOJbKO Ba)XKeH, YTO 3aciy-
)KMBaeT nuMpuyeckoro orcrymienus. [lo ybexxmeHuio aBTOpa, B HeM 3a-
KIo4yaercss Oyayllee HayKH, CBI3aHHOM C JOPOTMMH 3KCIIEPMMEHTaMH.
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oo OTKpBHITHIMM [AHHBIMM C/IefyeT IOHMMaThb He oOpaboTaHHYIO
CHpaBOYHYI0 MH(QOPMALMIO THUMA KaTajloroB HeOecHbIX OOBEKTOB, Ta-
GMMLBbl CeYEHHIt ANepHbIX peakuuit ¥ T.IL, a MCXOOHble OaHHbIE: OT-
CYyeThl YaCTHL B J€TEKTOpax, «Chipble» CHUMKH 0030pa Heba B umdpo-
BOM BHJe NpsAMO C 31eKTpoHHo# [I3C-Marpuiupbl, raMMa-KBaHTbI, 3ape-
TMCTPUPOBaHHble KOCMHUYECKUM raMMa-TeJlIeCKOIIOM, U MHOroe Ipyroe.
[Ipu coBpeMeHHbIX MH(POPMALMOHHBIX TEXHOJOIMAX HET HHKAKHX IIpO-
G1eM JepxaThb MCXOQHbIE JaHHbIE B OTKPHITOM AOCTyIe. JlaHHbIe, O KO-
TOpbIX MIET peyb, OTIMYAIOTCH OT CMPaBOYHOM MHGpOpMAlMH TEM, UTO
MIOCTOPOHHHUI MCClle[loBaTeb CaMOCTOSITE/IbHO MOXKeT HAiTH B HHUX He-
YTO COBEpIIEHHO HOBOe.

MHorue 3KCHEepUMEHTaToOpbl XOTAT ObITh X03f€BAMH CBOMX JAaHHBIX,
TaKk 4TO NMpUHUMN npobuBaer cebe mopory, mpeogosieBas HEUIYTOYHOE
conpotusnenue. Iloxamyil, NASA 6bul0 mepBoii KpynmHOM oOpraHu3auu-
e, cdopMynupoBaBLIeil MOJUTHKY OTKPHITHIX JAHHBIX MPHUMEPHO C Ta-
KHM JIO3YHIOM:

[anHble onnaveHst Hanozonamenvuwjukamu u seasomcs  obuse-
cmeeHHbiM docmosHuem. CredoeamensHo, OHU 00JUKHBE 6bimb docmyn-
Hbl 8CEMY HAY4HOMY coobujecmey, npu4em, NOCKOJIbKY HAYUOHANIbHASA
U MUpoeas Hayka Hepasdesumbl, mo u ecemy muposomy coobujecmey.
Asmopam 3xcnepumenma — 6ce novecmu u 200u4Has 3a0epXKKa OMKpb-
musa OaHHbIX MUpY, YMOObl Ycneau «CHAMb CUBKU» U «BbLIUZAMb» IKC-
nepumexm.

KoHeuHO e, Jaseko He BCe Hay4yHble OPraHU3aLMH PUHYINCH OpaTh
npuMep ¢ NASA. BospakeHusi Bcsikue:

1. [lannbie 6yoym ucnonv3osamecs HekeanugpuyuposaHHbMu
J00bMu, Komopuie 6yoym Ha ux ocHoee 0enamb HeNnpasusibHble
pabomet, nodpblean penymayuio 3KCnepuMeHma.

2. Aemopbt 3xcnepumenma mepsiiom momusayuro. 3auem 6KkaAaodbi-
eamb Oywy 6 CI0XHelwylo ycmaHosky, pabomas zodamu, ecu
nomom pabomams C 3Mumu OQHHbIMU, JIE3Mb 6 HUX CE0UMU
2PA3HbLIMU PYKAMU, U36JIEKASA U3 HUX HOBYIO (DU3LKY, CMO2Ym 6CE.

3. Tonbko asmopbl 3KCnepumenma moz2ym npasuibHo obpabomams
OaHHble, Y4msa 6Ce803MOXHblE MOHKOCMU, 0CcOOeHHOCmU U no-
2pewHocmu.
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[lapy cnoB no moBomy mociegHero aprymeHta. OH clpaBeUIMB s
O4YeHb MHOTMX 3KCIIEpMMEHTOB M3-3a BCAKHX «COIUIeH» — MOABS30YeK, MoJ-
NopoueK, Kopoue roBOps, XaITypbl, CBA3aHHOW C )XeJlaHHWeM chenatb I10-
ObicTpeil. TO OOBIUHO M €CTb «TOHKOCTM M 0cOGeHHOCTH». OTKPBITOCTH
NaHHBIX TpeOyeT BBICOKOrO KauecTBa 3KCIEpUMEHTA: CTabwibHOM paboThl
YCTaHOBKH, TOYHOIO 3HaHUSA €e CBOMCTB M TOTpEIHOCTeH, OT/IMYHOM AOKY-
MeHTaluun. ECJIM 311 yc10BUSL He coOoeHbl, TO JOTOIIHbIE IOCTOPOHHHUE
MCC/Ie[oBaTeNM BhISBAT BCe KOcAkM. [lomyyaercs, 4To OTKPHITOCTb JaHHbIX
ypeBara JIONOJHUTE/ILHOH OTBETCTBEHHOCTBIO 33 KaueCTBO paboThl.

Bompoc, oTkpbiBaTh JaHHble WIM HET, CBSI3aH CO CMBICJIOM CaMHX
3KCrepuMeHTOB. BcrioMHMM 0 Hastoromiarenbiuke. Yto Hago nobporo-
PAOOYHOMY HAJIOrOIJIaTeNblIMKy, HampuMep, OT KOCMHYECKOro ramma-
tesneckona «Pepmw? IlocnenHuit, cpegu mnpodero, OTKPbUI MHOXECTBO
HOBBIX MCTOYHHMKOB ramMma-u3jydyeHuMss Ha Hebe. Hasoromnarenbuiuky
BpSAA JIM HY)KHBI 3TM MCTOYHMKH. EMy HyxHO, uTOObI 00llecTBo yMHe-
JI0 ¥ pa3BUBAJIOCh, YTOOLI €ro AeTH M BHYKM CTAHOBWIMCb He 06onTyca-
MM WM peMruo3HbiMu paHaTHKaMH, a 00pa3oBaHHbIMH, CaMOCTOSITE/Ib-
HO MBIC/ISIIMMHM rpaxkaaHamu. M nobGponopsaouHblil HaJoromiaTesbILUK
IIOHMMAaeT, YTO HayKa 3TOMY CHOCOOCTBYeT — He KOHKPETHBIA pe3ysib-
TaT, @ BOBJIEYEHHOCTb JIIOAeN B HayKy. [lo3ToMy A5 Hajororiaresbliy-
Ka ropasfio BakHee He TO, UTOOBI Ipymna MccienoBaTesieil omybIMKoBa-
Jla XOpOIUMi KaTajior HOBBIX HCTOYHHMKOB, @ 4TOOBI KaK MOXHO 0oJiblie
JoAei UMeJIo BO3MOXXHOCTb BBISIBJISITb 3TH MCTOYHMKH M CaMOCTOSITE/Ib-
HO BO3UTbCS C HUMHM.

Kak 6bI TaM HM ObLNIO, IIPUHLIMI OTKPHITOCTH JAHHBIX IOCTENEHHO MO-
6uBaer cebe mopory. OH DaBHO MPAKTHUKyeTCS B OMONIOTMH — OTKPBITHI
NaHHblE TI0 BCEBO3MOXKHBIM reHoMaM. M He HcCKioueHo, 4TO OH Jobe-
percst ¥ 10 PU3MKM BBICOKMX 3HEPruii, KoTopas A0 CHX MOp OTIMYaIach
3aKpbITOCTbIO — JAaXke BHYTPH OJHOM KOJUTabopaluy <«Bbl€/IeHHe» IaH-
HbIX Ha 00pabOoTKy OOBIUHO MPOMCXOAMT B TOPSAOKe XKECTKOi cybopau-
HalMK. YXKe UOYT pasroBopbl O TOM, YTOObI OTKPLITh JaHHbIE IKCIIEPH-
meHToB L[EPHa, mycTh He cpa3y, a ¢ ueTbipexyieTHel 3aJepXKOH, HO 3TO
Bcé paBHO CTaj10 Obl NpeoioTeHHeM MOCJeNHEr0 Kpemkoro pyobexa co-
NPOTHUBJIEHUS.

Ha onmHoit MexnyHaponHoi koHdepeHUMHM MO acTpodusMke 3allia
peub O HeoOXOAMMOCTH KaK-TO OpPraHM30BaTh COTPYAHHYECTBO PasHbIX
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rpyNN, PerMCTPUPYIOLIMX TraMMa-KBaHThl CaMbIX BBICOKMX 3SHEpru —
100 I'3B u Bbile. 3T0 Ha3eMHble CETH TEJIEeCKOIIOB, YJaBJMBAIOLIMX ye-
PeHKOBCKMii CBeT OT JIMBHeii yactul] B atMocdepe. [Ipobiema B TOM, 4TO
TaKUX YCTAHOBOK HECKOJIbKO, KaXk[as NepXXUT CBOM HaHHble mpu cebe,
M UX OYeHb TPyAHO oObeauHHMTDb. [Ipo3Byuas BOMpOC K ayAUTOPHH: YTO
nenatb? B oTBeT mpo3Byyana peIUIMKa:

— 3aueM BblAyMbIBaTh 4YTO-TO? OTKpOiTE OaHHbIE, U 3TO PELIUT Bce
npobsieMbi!

B 3asie HacTynuia cierka 3atsHyBluascs tTumunHa. Hakounen, npexcra-
BUTE/Ib OJHOW M3 TpyINI Pa3bsCHWL

— JT0 He mpocTto. [leno B TOM, YTO 3TH 3KCIIEPUMEHTHI [€/1al0TCs
B OCHOBHOM BBIXOJlaMHM M3 (U3MKM BBICOKMX 3Hepruil. A Tam He npu-
HATO JeJUTbCS NaHHBIMM — KOHKYpDEHLHMs Be/lMKa, U Bce Oostcs ymy-
CTUTb NPUOPHUTET.

Ha atom auckyccusi o crnocobax cOTpyAHMYeCTBa 3aKOHUWIach. [ly-
Malo, ec/Ii OTKPOIOT JaHHble Bosbluoro agpoHHOro Kosulaiaepa, AepXKaThb
oA 3aMKOM JaHHble C ApYruX OOJBIIMX YCTAaHOBOK CTAaHET COBCEM He-
TMPWINYHO.

[IpaBaa, uro kacaetca bosbllioro aapoHHOro KojUlaiiiepa — TaM €CTb
etle oaHa nmpobnema. OTKpbITh Chipble AaHHble (PU3UYECKH HEBO3MOXKHO
13-3a ux obbema. U caMocrosTesbHO 00paboTaTh MX MPAKTHYECKH HEBO3-
MOXHo. [Io3TOMYy peub MOXeT MATH JIMIb 00 OTKPHITUM JaHHBIX BbICOKO-
ro ypoBHSI — aJipOHHBbIE CTPYH, MIOOHH U (POTOHHBIE JIMBHM.

Opnako BepHeMcs k naHHBIM WMAP U k Ux uHTepriperauuu. B peayib-
Tate paboThl MHOTMX HE3aBMCHMBIX TDYIII TEOPHS C HEOO/BLINM YHC/IOM
MOArOHOYHBIX MApaMeTPOB BeJIMKOJIENHO ONHUCHIBaeT HabmopeHus. Bonee
TOro, B3IJIIHUTE CHOBA Ha puc. 32.2: mapameTpsl BceneHHOi, npuBeneH-
Hble Bbillle, HaiileHbl TONbKO NMo ToukaM WMAP, kotopble MIOyT AMLIb 10
MynbTUnonbHoro momenta ~1000 (paspewenue 0,2°). OaHako TeoperHye-
CKasi KpMBas C 3TUMHM IapamMeTpaMy UzeT Aasbiue 10 MyJabTumnosneit ~2000
M BEJIMKOJIENIHO ONMCHIBAET TOUKHM, IOJTYYEHHble B JPYTUX 3KCIEpHUMEH-
TaX, XOTS OHM He YUMTHIBAIMCh NpH mnofroHke! ABrop, npodeccHoHab-
HO 3aHMMasiCb acTpPOo(PM3MKOIA, BliepBble CTAIKUBAETCS CO CIyyaeM, Korga
C/IOKHasi KpMBas, MOJOTHaHHAsA 110 TOYKAaM Ha JIEBOHM T0JIOBUHE PHCYHKA,
CTOMb TPUyM(GAIbHO COBNAJAaeT C HETPUBUAIbHO PACIOIOXKEHHBIMHM 3JKC-
NepyMeHTAIbHBIMA TOYKaMH Ha IIpaBoi MOJIOBMHE PUCYHKA.
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Ycnex o3HayaeT, YTO KOCMOJIOTHM J€HCTBUTEbHO XOpOIIO MOHMMAIOT
¥ YMEIOT KOJIMYEeCTBEHHO ONMMCBIBATh TO, UTO MPOMCXOAWIO B paHHei Bee-
neHHo. Ha JerasbHOM ypoBHE — BCE, UTO MPOUCXOAWIO IOCJIE MEepBbIX
noneit cekyHapl. Ha 6osee kauecTBeHHOM — ommymarT anoxy 10-% ¢, kor-
na GOpMHUPOBAICS CHEKTP Héo,nHopozmocreﬁ BcenenHoil. Mol 3HaeM, Ka-
KOBa aMIUVIUTYa 3THX HEONHOPOZHOCTel, KaKOB HAaKJIOH CIEKTpa, U 6J1m3-
KM K TOMY, YTOOBI cesaTh BbIGOp B IOJIb3Y TOM WIM MHON MOJENH MH-
basuMu. ITO U ecTh NoyBa MOJ HOraMH y4YeHbIX, KOTOpble 3a/e3/i1 B Ta-
KMe Maclrabbl MHPO3JaHUS, O BO3MOXHOCTH HCC/IEAOBAaHMS KOTOPBIX
ellle HeJaBHO HUKTO He AOraiblBasICs.



35.NocnegHnn WTpux

TPYKTYpy HbiHelIHell BceneHHO#H [qasM HUYTOXKHbIE KBaHTOBbIE

dIyKTyallum MeTpPHUKH, MUMeBLIMe MecTO Ha ctaguu uHPasAuuun. Ho

3™ QUIyKTyauuu 00pasoBajM He TOJbKO HEONHOPOAHOCTH IUIOT-
HOCTH, OHM >X€ POAWIM PeJIMKTOBble IPaBUTALIOHHbIE BOJIHbI, KOTOpPbIE
TOXK€ pacTATMBAIMCh MHQIALIMOHHBIM <«KOHBEHepoM», TOXe HMMEIOT W3-
HQU&/IbHO IUIOCKMHA CHEKTp M CYIIeCTBYIOT M NOHbIHE KaK pPEJIMKT paH-
Heil BceneHHoi. B oTMume oT MHMKPOBOJIHOBOrO H3JTy4Y€HMS, ABJAIOLIeE-
rocs peJIMKTOM 3MO0XH peKoMOMHaunu, uMeBlIeit Mecto cryctsa 380 Thic.
net nocje bosbuioro B3pbiBa, rpaBUTallMOHHbIE BOJIHBI — INPSIMOM pe-
JIMKT 3MOXH KOCMOJIOrMueckoit MHGAUMY, pa3BepHyBLUeiics 3a 107% ¢ no
Bosnbuioro B3pniBa.

AMIIMTYa 3THX BOJIH CJIMIIKOM MaJsia, YToOBl MX MOXHO ObLIO 3ape-
TUCTPUPOBATh PYKOTBOPHBIMM AeTeKkTopam. Ho TyT Ha noMolub onsthb
IPUXOJMUT TOT CaMbiii Gapbep, KOTOPBI 3aKphIBaeT OT HAac paHHIOW Bee-
JIEHHYI0, — IUIa3Ma 3Moxu pekoMOuHauuK. OHa ¥ MrpaeT posib JAETEKTO-
pa, «3anuchbiBas» pe3y/bTaT B TOM )K€ PeJMKTOBOM M3JyYeHHH, KOTOpoe
MpUHEeCJI0 HaM OCTalbHYI0 MHopMaumio. KOHKpeTHO, rpaBUTalIOHHbIE
BOJIHBl MOXXHO YBUZAETb IBYMSI CHoOco0aMu: B MOJSPH3ALMU PETHKTOBO-
ro U3JIy4YeHUs U B YIJIOBOM CIIEKTPE MOLIHOCTH €ro aHM30TPOINH, MOKa-
3aHHOM Ha puc. 32.1. [lepBbliii crioco6 Gonee nmpsMoOi, ¢ HETO M HayHeM.

[lonspusauus pesMKTOBOrO M3JTy4YeHUs] — [JOBOJIbHO TPUBHAIbHASA
Bellb. OHa BO3HMKaeT NpH MocjieJHEM KOMIITOHOBCKOM paccesiHMH (oTo-
HOB Ha 3/IeKTpoHax: Y HOTOHA MOsABJseTCs JUHeWHas nosispu3anus, nep-
NeHAUKY/IspHas IUVIOCKOCTH paccesiHus. Ecim cpefla ogHOpoaHa M He OBH-
KeTCsl, HUKaKoW NOJIApU3aliii HeT — BCE 3aMbIBA€TCs, HET BbIAEIEHHOrOo
Hanpasnenus. Ho cpena, kak Mbl BUJUM [0 KapTe PEIMKTOBOTrO M3Jyde-
HMs, HEOQHOPOJHA M YYacCTBYeT B C/IOXHBIX ABWXeHusix. U nonspusanms,
Kak Mbl BUguM, Toxxe ectb: WMAP ee npekpacHo uyBctByeT. Ho npuuem
3[leCb TPaBUTALMOHHbIE BOJIHbI?

OkasbiBaeTcsi, rpaBUTAllMOHHbIE BOJIHBI JAlOT APYrYyI0 KapTHHY MOJS-
pHU3alnK, HeXXelM 0ObIKHOBEHHbIE HEONHOPOOHOCTH. VX BKJIa# MOXHO OT-
JMYATH U BbIAENUTh. [pybo rosops, Tak:
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MEHTOB BuJHA TOMbKO E-Mopa. Jlyuiiee orpannyeHue Ha B-mony nomyue-
HO C MOMOILbI0 Ha3eMHOro MHKpoBosHOBoro Teneckona BICEP (na HOx-
HOM IIOJ/II0Ce): Mpejies1 Ha OTHOLEHHE CIIEKTPOB MOIIHOCTH rpaBUTALIOH-
HbIX BOJIH Y CKaJIpHbIX HEOJHOpOAHOCTel MmioTHocTH r < 0,78 (Ha ypoB-
He IOCTOBEPHOCTb 95%).

Bropyio BO3MO)XXHOCTb IOYYBCTBOBaTb INEPBUYHbIE TPaBUTALIOHHbIE
BOJIHBI JaeT Tak Ha3biBaeMblil 3pdekT Cakca — Bonabda. PotoH, npoxons
yepe3 BO3MYILEHUS] TPaBUTALMOHHOrO MOJIs, MEHSIeT YaCTOTY, UCTIbIThIBas
KpacHOe WIH CHHee CMeIleHHe, — 3TO MEHSIET TeMIepaTypy PeIMKTOBO-
ro uanydenus. [Ipuuem sacddekt cwibHee BblpaXkeH A/ KpynHoMacIuTab-
HbIX BO3MYIIIEHHH, TaK KaK MeJIKoMacluTabHble rpaBUTalMOHHbIE BOJIHBI
3aTyxaloT ellle 0 peKOMOMHalMKM M3-3a pacluupeHusi BceneHHoit. Briep-
Bbl€ HJICI0 O TOM, UTO NEPBUYHbIE rPAaBUTALIMOHHBIE BOJIHBI MOT'YT JaBaThb
BKJIaJl B TeMIepaTypPHYI0 aHU30TPOIMHIO PeJIMKTOBOrO M3JTyYEHHUs! BbIJBHU-
Hy1u B. PyGakoB, M. Caxxun u A. Bepsckun B 1982 romy. 9d ekt Cak-
ca — Bonbda momxeH «IpUNogHMMaTh» CIIEKTP MOLIHOCTH TeMIepatyp-
HbIX HEOJHOPOJHOCTEH Ha Ma/IbIX MYJIBTUIOJNSX, C/IeBa OT IVIaBHOrO aKy-
ctiyeckoro muka (cM. puc. 32.1), u 3atyxaTh K OO/BLIMM MYJIbTHIIONSAM.
Ororo He Habmopaercs B naHHbiXx WMAP, u3 yero ciiegyer BepxHMit mpe-
nen r < 0,13 (Ha ypoBHe moctroBepHOCTH 95%).

IJTOT mpefen Yxe MOCTaBWI I0J, COMHEHHE HEKOTOpble KOHKpETHbIe
Mozenn nHGasauuu. Iloka HawTydIIMM 06pa3oM oA HEro yKJaJblBaercs
Mogesnb CTapoOMHCKOro, npaBja He OHa OfiHA.

Cnenpl rpaBUTALMOHHBIX BOJIH B MOJSIpU3aLMM PeIUKTOBOrO U3-
Ny4yeHUs HaJo HaWTH Bo 4TO Obl TO HM cTano. EcnM mx M3Havamb-
HbIil CIIEKTP TakoW e, KaKk M Y HeOJHOPOAHOCTeH IJIOTHOCTH, T.e.
o4eHb 0JM30K K IVIOCKOMY, 3TO OyAeT OKOHUYaTe/lbHbIM MOATBEpKIe-
HueM (akra KocMmosoruueckod uHGAsAUUM. Bonblie TakMM BOJIHaAM
B34TbCSA HEOTKYZA.

HackosbKo C/I0XKHO OOHapY>XUThb C/1ebl PeJIMKTOBbIX IPaBUTAIIMOHHbIX
BOJIH M HAcCKOJIbKO 3TO peajibHO B 0003puMoM Oyayiiem? Brionxe peass-
HO, XOTSl €CcTb cepbe3Hble MpoOseMbl, cBA3aHHble ¢ ¢oHOM. HekoTopbie
HaZleXXIIbl CBA3BIBAIOT C eBpONeickuM amnmnaparoM «[lnaHk», aHaIOrMYHbBIM
WMAP, HO c syyumMM yriaoBbiM paspelueHdeM. M3 HaseMHbIX 3Kcriepu-
MeHTOB 6osbllie Hajexnabl nogaer sxcrepuMeHTt SPTpol, HenaBHO crap-
ToBaBLIMi Ha l0kHOM mosoce. Beilie yxke ObUT YIIOMAHYT MHKPOBOJIHO-
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37.P.P.S.k rnaBam 31-36:
[paBMTAUMOHHbIE BOMHbI OBHAPYXeHbI?

orga KHura O6;M3wiach K 3aBepiienuio, 17 mapra 2014 roga Mupo-

Bble Macc-Meaua o0olUIa CeHCalMsl: OTKPLIThl PeIMKTOBbLIE rPaBH-

TallMOHHbIE BOJIHbI! ABTOpBI C€HCAllM¥ — KOJUIEKTUB 3KCIIepUMEH-
ta BICEP2, npopomxaroiiero ynomsinytolii Boilie BICEP. B ux anextpomn-
HoMm npenpunre (arXiv.org/1403.3985v2) coobmaercss 06 oOHapy)keHHH
B-Moabl nonsipysanuu peIMKTOBOrO M3JTy4YeHHs, KOTOPOE MHTEepHpeTUpy-
eTCA KaK «OTIeYaTOK» PeIMKTOBbIX IpaBUTalMOHHbIX BO/MH. BICEP — mo-
BOJIbHO MaJIEHbKHUI 110 pa3Mepy MHUKPOBOJIHOBBIN TeJIeCKOII, PacIioIOMKeH-
Hbli Ha IOkHOM mosoce. YIioBoe paspelleHHe Bcero nojarpagyca, 3aTo
OYeHb HHU3KHME LIYMbl Y BBICOKAasl YYBCTBUTEJIbHOCTb. JTO, B YaCTHOCTH,
JNOCTUraeTcs 3a CUeT OXJIKIEHUS XKUAKUM rejiieM OCHOBHBIX 37IEMEHTOB
Tesleckona. MamepeHus, peay/ibTaThl KOTOPBIX OITyOJIMKOBaHbI, MPOBOIK-
nuch Tpu ce3oHa ¢ 2010 no 2012 rox.

Ha puc. 32.1 noka3aHbl CHATHIE KapThl MOJSPU3alMH, pa3/iOkKeHHbIe
Ha E-mony (cneBa BBepxy) u B-momy (cieBa BHM3y). [[nMHa veprovek
NPONOPLHMOHAIbHA CTENEeHN JIMHEHHOHN MOoJApU3aluy, HalpaB/ieHHe yKa-
3blBaeT Hampas/ieHue nonspusauuu. CnpaBa — pesysbraT YUC/IEHHOTO
MozenupoBanue E- u B-Moabl 1s1g ciryvas, koraa rpaBUTallMOHHbIE BOJI-
Hbl OTCYTCTBYIOT (HarnoMHuM, B-Moza B 3TOM c/Tyyae nosi/sieTcst 3a cyeT
rpaBUTALMIOHHOTO JIMH3UPOBaHMS).

HeBoopy:keHHbIM I71a30M BHMIHO, YTO B-Moja 3amMeTHO mnpeBbIILIAET
($OH OT rpaBUTALIMOHHOrO JIMH3UPOBaHHUSA. [I0 OTHOLIEHHIO K CKAJIAPHBIM
BO3MYILIEHUSIM pe3y/bTaT 110 IpaBUTAlMOHHBIM BOJIHAM BbIpaXkaeTcsl Kak
F = 0,2*0-07_0'05, YTO HeoXXHAaHHO MHoro. HayyHasi 0OIIeCTBEHHOCTb Yke
HaCTpOWIach Ha TO, YTO YPOBEHb, Ha KOTOPOM Oyaer oGHapyxeH 3ddekT
OT NepPBUYHbIX IPaBUTALIMOHHBIX BOJIH, OK@XeTCss HIXKe. B koMMeHTapusax
110 MOBOJAY OTKPHLITHA NpeobsafaeT TOPXeCTBYIOLINI TOH. [leficTBUTEb-
HO, JIeTEKTHUPOBaHNe PEIMKTOBBIX [PaBUTALMOHHBIX BOJIH — Ba)XXKHEHILUM
pe3y/bTaT, CTaBSAIMA TOYKY B KOCMOJIOTMUECKOW pEeBOJIIOLMH, CBA3aHHOM
c teopueit uHnsauMK. C BUIYy pe3yabTaT BHIMIAOUT HanexHbM. Ho B or-
nuyre OoT TpuyMda TeopuM M 3KCIIepUMEHTa, COCTOSIBILEroCs B pe3yiib-
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37. P. P. S. x rnaBaM 31-36

tate 3kcriepumeHToB WMAP u «Inank», B JaHHOM C/y4yae OCTalTCA BO-
npochl. [71aBHbI M3 HUX: He NPOTHBOPEYMT JIM pPe3y/lbTaT AaHHBIM BbIllIe-
VIIOMSHYTBIX 3KCllepuMeHTOB? VIHBIMM C/I0BaMH, CUrHaJ OT rpaBUTaLU-
OHHBIX BOJIH OKA3aJICS MOJO3PHTENBHO GOJBIIMM.

B npunuumne, BenuuuHa v ~ 0,2 BHo/JHe BNUCHIBaeTCd B MPOCTEMILMe
BapuaHTbl Teopun MHQAUMM. Ho oHa Ha TpPM CTaHOAPTHBIX OTKJIOHEHHUS
NPOTHBOPEUYUT BepxHeMy rnipeneny «[LnaHka», IOCTaBIEHHOMY C OMOPOi Ha
a¢dext Cakca — Bonbga 13 yrinoBoro crekrpa MOIIHOCTH TeMIlepaTyp-
HbIX (iykTyauuid. BeposiTHOCTb C/TydailHOro OTCKOKa pesy/bTaTa Ha TpH
CTaH[apTHbIX OTKJIIOHEHMs] — [Ba IuaHca M3 Teicsiud. Manoaro. [IpaBna,
orpaHuuenue r < 0,11 cnpaBeAnMBO TONBKO B NpPEANOJIOKEHUH, YTO pac-
npeJesieHue HEOQHOPOOHOCTE! PeJMKTOBOrO M3JTy4yeHUs 10 YIJIOBOMY pas-
Mepy (CrieKTp MOIIHOCTH) ONMCHIBAETCS YMCTO CTENEeHHbIM 3akoHOM. Ecim
OTKa3aTbCA OT 3TOr0 NPEAToJOXKEeHHs], MOXKHO CWIbHO CMSATYUTh MPOTHBO-
peune. B npenpunre BICEP2 npuBeseHa kapTHMHKa M3 CTaTbU MO pe3y/ibTa-
Tam «LnaHka» MIMeHHO B TOI1 BepCHH, Iie NPeToJIoKeHHe O YUCTO CTelleH-
HOM criekTpe cHATO. [loaToMy BO3HMKaeT BIleYaT/ieHHe COIJIacHsl.

Omnako mns cormacuss mexay BICEP2 n «[InaHkoM» HYXHO Tak H30-
THYTb CNIEKTP MOLIHOCTH, 4YTO 3TO TpebyeT M3PAAHOrO HACWIMS Haj Te-
opueil. A ecm aroro He fenath, To 3pdekr Cakca — Bonbda «3ageper
CIeKTp, NMoka3aHHbI Ha puc. 32.1 creBa (/ < 150) npumepro Ha 10%, yTo
NpU AaHHON TOYHOCTH OyJeT SIBHO NMPOTHMBOPEUYHTb NAHHbBIM.

[me Bo3MOXHa olMOKa 3KCrepUMMeHTa, 3aBbilaolias pesynsratr? Cpa-
3y Hafo CKasaTb, 4To B-Moma oOHapy:keHa HOCTaTOYHO YBEpPEHHO, CaM
no cebe pe3y/bTaT COMHEHHIi He Bbi3biBaeT. COMHEHHS] MOTYT ObITh JIHIIb
B TOM, CIIpaBeUIMBa JIM IPaBUTAllMOHHO-BOJIHOBAasl MHTepIIpeTalusi — HeT
JIM APYTHX NPHUUMH, JAlOLIUX 3TOT TN mosnspusauud. Ilepsoe, uto mpu-
XOIMT B rojioBy, — HemooueHWIM 3¢d¢eKT rpaBUTallMOHHOTO JIMH3UPOBa-
HUsl, CocoOHOrO UMUTHPOBaTh B-Mony. Bpsax nu: addekt nuHanpoBaHus
¥cCIeoBaH BJOJb U MONeEpeK, OH JaeT OCHOBHOM BKJaJ B Oojiee MesKue
JeTa4, 4eM Te, Ha KOTOPHIX BHIAT B-Mmony.

ABTOpBl CTaTb¥ pacCMaTpUBAalOT U JPYroil BO3MOXHbI HMCTOYHHK
¢doHa, umutupyoiero 3¢ ¢exT: noasipu3oBaHHas NbUlb B [anaKkTHKe, Ya-
CTHLIbI KOTOPOM OPMEHTHUPYIOTCS B KOCMHMYECKOM MarHuTHOM nosne. Pac-
cesiHe (POTOHOB Ha 3TOW NbUIM J@aeT MOJIAPU3ALMIO, CIIOCOOHYI0 MMHTH-
poBath mobyio moxy. BICEP 2 He Moxer Bbime/nnTh ee BK/af, MOCKOJIb-
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Ky NpHMHMMaeT TOJbKO OAHY 4acToTy. 3To MoxeT cAenath «liaHk». AB-
TOpPbI €-IIPUHTa KOHCTAaTHUPYIOT, UTO KapThl pacrpeaeseHus MbUMM IS UC-
CJIefOBaHHOrO y4yacTKa He6a HeT — OHa BCKOpe IOSIBUTCS B C/IeAYIOILEM
penuse dlnanka». [loka OHM HCTONMBL3YIOT MOJENHN paclpeneneHNs MbUIH
M TIOJTY4alOT YCIIOKOMTE/IbHbIA BBIBOA O TOM, YTO 3TOT (POH OTHOCHTED-
HO Ge3omaceH 11 IJIaBHOTO pe3yJbTarTa.

Ho He Gynmem rajate u 3aberaTh Brepex — Bpsi JId BOMPOC O MOAO-
3pUTENbHO GO/BLIOM BKJIaJle Pe/IMKTOBBIX I'PAaBUTALMOHHBIX BOJIH 3aBHC-
HeT Ha gosrue rofabl. Bo-nepBbix, Bckope «[L1aHk» JO/MKeH MPOSICHUTD CH-
Tyaluio ¢ POHOM IOJISIPU30BAHHON MbUIH. BO-BTOpBIX, NapajuiesibHO UAYT
aHJIOTMYHbIe JKCIIEPUMEHTH], B TOM uucie ¥ Ha lOxHoM nomoce. byayT
MCCIeOBaHbl ApyrHe y4acTKM Heba, NMOSABSITCA He3aBHCHMble pe3y/ibTa-
Tbl. HaBepHsika 6osblve CHIbI MOOWIN3YIOTCA Ha M3yYeHHe BCEBO3MOX-
HbIX 3G eKTOB, BIUAIOIMX HA pe3y/ibTaThl U3MepeHUHA. Bpsa i oTBeThl
3actaBaT cefsi AO/TO >KAATD.

[lonpobyem mopbiToXHMTh. CHenaHa cepbe3Hasi 3asiBKa Ha BaKHeldllee
OTKpbITHE, BO3MOXXHO, CTaBslliee TOYKY B KOCMOJIOTMYECKOH 3riolee, Ha-
yaBiueiicsi 6onee 30 seT Ha3az. Ve pa3naercs 3BOH OOKasOB, HO C OKOH-
yaTeJbHbIM NpasJHOBaHWEeM MoOeJbl OuepenHOH peBOJIOLMH B KOCMOJIO-
rMH, NIOXKATYH, CleqyeT HEMHOro rnospeMeHHTh. Ellle He Bce KOHIbI CBe-
JeHbl C KOHLIaMM M He BCe 1oJ03peHus pa3BesHbl. Ecm pesysbrar noa-
TBEPOUTCS, TO HEKOTOpble KOHKpeTHbhle Mopenu HHGAALMH, obCyXnaae-
Mble B 3TOil KHHTe KaK BecbMa IlepClieKTHBHble M KpacuBble OymyT mo-
CTaBJIeHbl 10]] COMHEHHe WIM OTBEPrHyThbl. JTO Mofenb (TapoOHMHCKOTrO,
obcyxaemas B rase 19, ¥ psAA APYrux, 3aTPOHYTHIX B MHTEPBbIO C AH-
npeem Jlunpge. Ho cTouT M crieliHo IepenuchiBaTh COOTBETCTBYIOLLHUE
raBbi? [loxanyii, sydiie ocTaBUTh BCE Kak €CTh: B3IJISIAbI, MHEHUS U BbI-
CKa3bIBaHMs KJIIOYEBbIX YYaCTHUKOB IpoLiecca UMEIT HanboIbUIyIo UCTO-
pUYeCKYI0 LIeHHOCTb, KOrjlJa OHM He MepelnuchiBaloTCA B CBA3M C HOBBHIMM
obcrosTenbcTBaMu. JIOKyMeHTHI He pefaKTHpYIOTCs!

Kcrary, nake ecim pesysibTaT He NMOATBEPAUTCS, OH BCE PaBHO SIBUT-
Cs TOJIe3HOM BCTPSACKOM, MOOWIM3YIOLIeii Jiroieil Ha MPOpPBIB B 3TOi BaX-
Heiilei 3afave. Takoe yxxe Ciyyasocb B KOoCMosioru. U npuBiieueHHoe
BHMMaHHe LIMPOKOi My6/JMKKM mopororo CToMT. B 3TOM CMBbIC/IE ceHca-
LIMI0O MOXXHO Ha3BaTb 3[I0POBOM BHE 3aBUCHMMOCTH OT TOrO, NOATBEPIMUT-
CSl OHa WIH HeT.



38. Y10 MbI B pe3ynbraTe 3HaeM
U Yyero He 3HaeM 0 Haweun BceneHHOM

pexze, 4eM MoiTH Janbiie (a Jajblie O4eHb Jaxe eCTb Kyla
T0ITH), 1M0JIe3HO OCTAHOBUTBHCS M MOABECTH KPAaTKHUH HTOTL
WUrak, Mbl XOpoIIO 3HaeM OCHOBHbIE UMCJIa, XapaKTepU3yollye
Haury BceneHHylo: cocraB, BO3pacCT, reoMeTpuio, AuHamuky. CocraB o
BKJIQly B MOJIHYIO 3HEpruio: 5% — Oapuonsbl, 26% — TeMHass MaTepus (3TH
IBe KOMIIOHEHTbI MMEIOT MPaKTHYEeCKH HyJ/leBoe AaBjieHue) U 69% — TeM-
Has 3Heprus (C oTpULaTeNbHbIM JaBlieHueM). BceneHHas c xopolueit ToY-
HOCTBIO «IUIOCKas» (eBK/IMIOBA) M pacCIUMPSIETCS C YCKOPEHHUeM.

Mbl Herloxo 3HaeM HcTOpMIO BceeneHHoOM: Kak OHa pacluMpsiach
B pasHble 3T0XH, KaK pa3BMBajlach ee CTPYKTypa, 4eM OHa ObUia 3armoj-
HeHa, 10 KpaiHel Mepe, 10Cje MepBbIX HAHOCEKYHJ — COOTBETCTBYIOLAs
¢du3MKa yacTUIl JOCTATOYHO MCC/Ief0BaHa Ha YCKOPUTEJISIX.

Y Hac ecTb xopollo pa3paboTaHHas KOHIEMIKSA MexaHH3Ma, 6aroga-
pst koTropoMy BcesneHHas ckopee BCEro BO3HMKIJIA, MeXaHN3Ma, UMEIOLIIero
NpaBO Ha3biBaTbCA «IIEPBUYHBIM TOJYKOM», PUBEJIIMM B AeWCTBUE BCE
OCTaJIbHOE.

MBI JOCTaTOuHO XOpOIIO MOXKEM INporHo3upoBath Oyayiee Bcenen-
HOM Ha JECATKM Y COTHH MWUIMApIOB JIeT Briepell, XOTd He MOXeM HC-
K/IIOYMTh KaKUX-THO0 HeoXuaaHHOCTel, HanpuMep HoBoro (a3oBoro Ie-
pexola WIA HeOXXMAAHHOIO NOBEJeHUS] TEMHON 3HEePrum.

OnHaxo, BbISBWIOCh MHOTO TaKOro, Yero Mbl He 3HaeM, He [IOHMMaeM
WIM NepecTald IOHUMATb.

bynem cnemoBath mpaBuny: «Eciu He MOXellb NpUAyMaTh HOBYIO
MeTadopy, MUCIOAb3YH caMylo M30MTYyI0». TakOBOif B JaHHOM cjy4ae
Oyzer comocTaB/ieHMe HAay4yHON KapTHHbI MHpa CO 3JaHHEM — 4Yero
CTOMT OJHO CJOBO «MHMpo3faHue»! Tak BOT, Mbl XOpOLIO pa3inyaeM
OCHOBHbIE€ KOHCTPYKLMM 3TOro 3JaHHUs U MOHMMaeM HX posib. Ho Mbl
He 3HaeM, U3 4Yero clejaHbl HEKOTOpble BakHedliMe U3 HUX. Tak, He-
M3BECTHO, U3 4ero «caenada» TeMHass Matepus. Ho 3zmecwh, mo kpaii-
Heil Mepe, cyuecTByIOT 6osiee-MeHee 00OCHOBaHHBIE T'MIIOTe3bl OTHO-
CHTEeJIbHO TOro, Kak OHa CBs3aHa ¢ 0ObIuHOi Marepueil. OHAKO HeT
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HMKaKUX 3alleloK, YToObl MOHATb, KaK CBsi3aHa TeMHas Heprus C us-
BECTHBIM 300MapKOM IoJsiell ¥ yacTtvl. TOYHO TakKe Mbl B L[€JIOM I1O-
HMMaeM, KakK MPOMCXOAMIa KocMosioruyeckas MHGAsAUMs, HO He 3Ha-
eM, 4TO MMEHHO ObUIO ee ABWKYLIei CHIOH — cKalsipHOe IoJjie, «WIOX-
Hblil Bakyym»? WHaue roBops, HEMOHATHO, KakoBa ¢u3uka MH(GpAATOHA
M HY)XeH JIM Moc/iefHuit Boobie — mozenp CrapobuHCcKoro o6xommT-
csa 6e3 Hero, TaM Jeso AenaioT JiobOble, B TOM YuCJe yXe HU3BECTHbIE
nond. B naHHbIH MOMEHT CYIIECTBYIOT J€CATKHM THUIIOTE3 Ha 3TOT CYeT,
BEPOAITHO, B OJmkaiiliee BpeMs MX YMC/IO YMEHbUIMTCA Osarojaps Ho-
BbIM JaHHbIM «[InaHKa», HO He HACTOJbKO, YTOOBI MOMYYUTb OIpefe-
JIeHHHI! OTBeT.

Ecnn 3amiaHyTh elle ryGXe, ocTaeTcs HEMOHATHBIM, OTKyZa BOOO-
llle B3si71aCh CIIOKOIHas cpefa, B KOTOPOil MOTYT CYIIeCTBOBaTb KaKHe-TO
3[aHUSA: MOYEMY 3Heprus BaKyyMa CToib 61m3ka K Hymo? U ToyHo Tak
Ke Mbl I0-TIpeXXHEMY He NOHKMMaeM, KaK YCTPOeH MHUD Ha IJIaHKOBCKHX
Macumrabax, — He MCKIIOUEHO, YTO IBe MOC/eJHHe 3arafiki Kak-TO CBS-
3aHbl. To ecTb Mbl He OY€Hb NOHMMaeM npupoay dyHIaMeHTa, Ha KOTO-
pOM Hallle 37jlaHHe CTOMT.

Kak Bcerma, B xole HOBOIl KOCMOJIOTMYECKOIl pEBOIOLUMM OIHM 3a-
ragky Hauuii oObsCHEeHMe, 3aTo MOSBWIMCH HOBble. M cooTHolleHHe pe-
IIeHHbIX W BO3HMKIUMX 3arajloK BHIVISAUT THUIMYHBIM IS MoOOBIX Ha-
VUHBIX NPOPBIBOB, T. €. KOHLIOM ¢u3nkKu M He naxser. [IpaBaa, cospaer-
Cs BreyaTIeHHe, YTO Mbl MpuOIIKaeMcs K HEKOMY MeETOHO0JIOrHMYecKo-
MY TYIMKY: TEXHUYECKHE BO3MOXXHOCTH IJI1 MCC/IeJOBAaHUS HOBBIX dHeEp-
reTUYeCKMX maciuraboB B ¢u3uke 4acTHLl M paHHeit BcenenHoit momaxo-
OAT K CBOEMY Npeney.

OnHako MpSIMOJIMHENMHBI MeTo[ «rpy0oit 3HEpPruM» NaJIeKO He eJUH-
crBeHeH. EcTb apyroii myth B panekue Macutabbl PU3NKM M KOCMOJO-
TUM: TOYHOCTDb. JTO MPEKPaCHO NpoaeMOHCTpUpoBas 3xkcnepumeHT WMAP.
IJTOT MyTh JAJIeK OT MCYepIiaHus, J]la M YCKOPUTe/H elle MOIyT Hapally-
BaTbh 3Heprui0. Becb Bompoc B TOM, rOTOBO JIM MUPOBOE COOOLIECTBO Tpa-
TUTb CWIBl U CPeJICTBA Ha BbisiCHeHHe QyHIAMEHTaIbHOW KapTUHBI MHPa,
€C/IM 3Ta KapTHHA HeNOHATHA OOJIbIIMHCTBY KUTesei 3eM/IM U C MepBo-
ro B3I/IAa He HeCeT NPaKTUYECKOI MOJ/b3bl.

Kcrary, Tak M BelMKM cpeacTBa, Tpebyembie IJ1si TOro, 4yToObl MOA-
HATb MHCTPYMEHTapuil HayKd Ha OuYepenHyIO0 CTYNeHb BBEpX?
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38. YTO Mbl B PE3YNIbTATE 3HAEM

C yeM cpaBHMTb 3aTpaThl Ha (pyHIaMeHTajbHYI0 Hayky? B ObLibie
BpeMeHa Mofo0HbIe 3aTpaThl U3MEPS/IN B aBMAHOCLAX WIM B JO/IAX aBHa-
Hoclia. MHoraa B TaHkax (ecM peup LUIA O TEOpPeTHKAaX M MaTeMaTHKax).
B Hacrosiee Bpemsi B laHHOW CTpaHe MOMYJISIPHBIM MEPWIOM fIBJISIeTCS
CounHckas onumnuaga — 50 mMapa Io/U1apoB, CyMMa, yacTo obo3Hauae-
Mast KaK «oJlMMnuapy (mocjie KOTOpoit ocTaHeTcs Auiib UHPpPaACTPYKTypa
HETIOHATHOTO KayecTBa M HEeO4YeBHAHOM BocTpeOoBaHHOCTH). lleHa Bosb-
IIOro aJjpOHHOro Kosulaiaepa okosno 10 Mapa gosutapoB. 3a OOMH OJIMM-
nuapp ceifyac MOXHO ObuUIO Obl MOCTPOMTH KoJUtaizep atak Ha 20 TaB,
KOTOPBHIf CKOpee Bcero pelnw! Obl BONPOC C TEMHOH Marepuei U C Ha-
JIMYMEeM HOBOI (PU3MKM U HOBBIX BBIBOAKOB YaCTHI] Bbillle SHEPIMH 3J1€K-
Tpociaboro o0beuHeHus. 3aMeTHM, B MepBOM CJIyyae 3TO HalIOHAJIb-
Hble 3aTpaThl, BO BTOPOM — BCEro pa3BUTOrO MHpa.

A ec/v no#TH € ApyTOil CTOPOHBI M 3aTPAaTHTh Te )K€ JEHbIM Ha LeJIbIi
CIIEKTP KOCMHYECKHX M HaseMHbIX TeseckonoB? Teneckon «Xab66:m» 06o-
1esicd B 2,5 MpA, MpaBaa, €ro peMOHT, 00C/Ty)XKMBaHMe Ha opOuTe M 3KC-
wiyatanus 3a 20 ¢ JIMIIHKAM JieT YBeIMuwin obmue 3arpathl 1o 10 mipn
(omHa nsitas onuMmnuapza). Teneckon ciefyioilero mokoneHus «xeimc
Be606» ouennBaetcs B 6,5 MIpa K MOMEHTY 3amycka (OH YBHOMT, Kak (op-
MHPOBIUCDH TlepBble raIaKTUKU M OTC/IEJUT NPOLECC POXKIEeHHUs 3Be3]] He-
nonaneky ot Hac). HakuneM eime 8,5 Mypa Ha akCIUTyaTaluiO ¥ pa3ayBa-
nue Oomxera. Ot ¢oHaa onuMnuanpl octanoch ete 35 mapa. Mwuimap-
JOB J1eCATb C JIMXBOM XBAaTHUT Ha Ha3eMHble ¥ KOCMHYECKHE MMKPOBOJIHO-
Bble TeJIeCKOIbl, KOTOpble M3MepWIN Obl BAO/b M MOMEPEK PeMKTOBOe W3-
JIy4eHHe ¥ ero Mojsipu3alyi0 Ha HOBOM YPOBHE TOYHOCTH. TyT HaBepHsiKa
TPOSIBIWINCH Obl M PE/TMKTOBbIE IPaBUTAL[IOHHbIE BOJIHBI, ¥ C MOJEJIBIO HH-
¢naumn pazobpamvch Obl. A Ha OCTaBLIYIOCA MOJIOBMHY OJTMMIIMApAa MOX-
HO ObU10 OBl COBEpLINTH HOBHI NPOPHIB B M3y4eHUH 3K30IUIAHET U IOCa-
IOWUTb 30HABI Ha «IepCMIEeKTUBHbIE» CITYTHUKM IUIaHeT-TMraHToB: TutaH, la-
HUMeZl, DHuenan v Espory, Mexay npounm.

Ho Hy»XHBI 11 BCe 3TH JOCTHXeHHs1 HapoAHbIM MaccaM? MoxeT ObITh,
M Ta e CouMHCKas OMMNHMAZa HY)KHa 0GOJibllle, YeM Bce HAay4yHble OT-
KpbITUs1 BMecTe B3aTbie? [loxoxe, IMEHHO Tak AyMalOT MOJMTHKH U Ka-
NUTaHbl Macc-Menua. TpyAHO 4YTO-THO0 BO3Pa3uTh: AEACTBUTENBHO, X160
M 3peivilia M3JaBHA NepeBelMBAIM B Maccax TATY K HaykaM M HCKyC-
cTBaM, oco0eHHO HakaHyHe Kpaxa ummepuit. Ho kTo ckasai, yto BbiOOp
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MyTH ¥ JIMIO LUMBWIM3alMii onpenensercs apugpMeTHueckuM OObLINH-
crBoM? U KTO CKa3ajl, YTO HayKa MHTEpeCHa TOJIbKO TeM, KTO B Hel pas-
6upaercsa? BoT HeCKO/IbKO 3apHCOBOK M3 YKM3HH.

Koneny 1980-x. ABTOp, €llle BIO/IHE COBETCKUI Y€JIOBEK C XapaKTepHbI-
MM KOMIUIEKCaMH, Bo3Bpailaetcs M3 KomeHrareHa ¢ 6o0sbluoit foGbiueit
meweBoro mprorpeba. B coceaHem kpecne ozxeThlit ¢ UTOJIOYKH SAMOHELL,
Pasrosopwinck. OH, 6aHKOBCKMIT MeHe[)kep, Y3HaB, YTO ero cocejy acTpo-
¢u3KK ¥ K TOMy Xe npueaxan B Mucruryr Hwisca Bopa (3to BooGuie!),
npuiien B BOCTOPT M CTal pacclpalliMBaTh MpO 4yepHble Abpbl ¥ Bojb-
o B3pbiB. I cMoOTpen CHM3y BBEpX Ha MOJYHHMILEr0 COBETCKOro KaH-
AuaaTa Hayk.

Amepuka nepBoit nonoBuHbl 1990-x. CpaBHuTebHO HenaBHO KoHrpecc
CIIA npekpatun ¢uHaHcupoBaHue yckoputenss SSC, mpeBocxomuBLLIero
N0 MpoeKTHOM 3Hepruy bonblioit agpoHHbIA KosUtaiigep. Xo3siMH KBap-
THpbI, aBTOMEXaHMK, yhTaeT rasery: «IuiyT, 4To B TOHHE/NE 3aKPLITOro
ycKopuTe/is coOupaloTcs BbIpallMBaTh WIaMNMHbOHBL [To3op! Xotenn uc-
cjefioBaTh TaiiHbl BceneHHo#, a GyayT BhipalMBaTh IAMITMHBOHbI!

2010 ron. Cein aBTOpa ener Ha MammuHe mo Tyiabckoit obmacTd M mo-
najfiaeTcs ravLIHMKY 3a OOTOH MO BCTPEYHOI B 3ampelleHHOM Mecte. ['po-
3UT JIMLIEHHe NpaB Ha MeCslbl WIM OIPpOMHasi B3dTKa. [aMIIHMK HMHTe-
pecyercs, rie paboTaeT HapymMTenb, Y3HaB, YTO (U3MK, CMSAr4aeTcs,
a y3HaB, YTO OH paboraer Ha BosiblIOM agpOHHOM KoJUlaiiepe, C UHTe-
pecoM paccnpall¥BaeT M OTIYCKaer.

Jleto 2012 roga. Cocemn mo aaye MPOCAT TOJMKOM OOBACHHUTD, YTO e
taM OTKpbUIM B LIEPHe. A mo TenekaHany «/Joxab» B TOT ke IEHb Xyp-
HJIMCTHl ¥ JIATEpaTopllia, He MOoHMMalolle B ¢u3nke HM OenbMeca,
C MCKPEeHHHUM BOOZYILUEBJIEHHEM T'OBOPSAT: HAaKOHeLl JIIOOH CAe/lald YTO-TO
HacTrofillee, U MOXHO TOPAUTbCA IPHUHAMJIEXHOCTBIO K 4YEJI0BEYECKOMY
poay. 3To Mpo OTKphiTHe 6030Ha XWrrca.

OTH 3MM30[bl HE MPeTeHAYIOT Ha CTaTHCTUYeCKYI0 3HaYMMOCTb M pe-
Ipe3eHTaTUBHOCTb, IPOCTO HEMHOIO MOJHMMAIOT HaCTpOEHHME.

Mu¢ o MpUMHTHBHOCTH HApOAHbIX MacC — He 0osee, ueM pe3yib-
TaT Mpe3peH’st K HapoAy, CBOMCTBEHHOrO MOJMTHKAM M OM3HECMEeHaM OT
Macc-menua. FiHTepecHo, a ecnu Obl B TOZJIEAHOM OKeaHe EBporibl »Wwin
CYILleCTBa, TOXXIECTBEHHbIE HaM 1O pasyMmy, OHM mpoOypwin Obl 1éfn 1e-
HOI OrpoMHbIX 3aTpat?



39. (To nATbOecAaT MUNNMapa0B OKCOB

OOpAMHALMOHHBIN KomuTeT l{MBWwim3auum cobpascs, utobbl pac-
CMOTpeTb BONpOoC O (PMHAHCHPOBAHMM IPOEKTA CKBAXKHHBI uepes
nepnsiHOM maHuupb. Komuter mis toro m GbUT co3naH, 4ToObI Bbi-
mensath cpencrBa O6penuHeHHoro ¢oHAA Ha II00&IbHBIE MPOEKTHI, Ka-
KOBBIM fIBJIsIach CKBakMHA. OH COCTOSUT U3 jeneratoB cyObeKkToB linBu-
NU3auuK: pecry6/IMK, MMIepuii, MOHApXHii, KOMMYH, HEe3aBUCHMBIX Me-
rafnojiMcoB, TEPPUTOPHUAIbHBIX aHApXUH, IUIEMEH U NMPOYHX 00pa3oBaHMi,
BKJIQZIBIBABLIMX M He BKJIAJbIBaBILIMX cpefcTBa B OObeanHeHHbI (oH.

3an 3acepaHnin 6bin 0ObIYHBIM aMduUTEaTpPOM, rae y Kaxaoro aenerara
66110 cBOE MecTo, 060pyAOBaHHOE CneLManbHbIMU PUKCUPYIOLMMU PEMHAMM.
Mepen HayanoM 3acenaHns Kaxabli aenerat 6bin 0693aH NPUCTErHYTLCA, UHA-
ye OH cynTanca orcyTcrayowmnM. OH MOr OTCTErHYTLCA B 110601 MOMEHT, 4TOObI
OTNY4YUTBCS, HO AN19 3TOro TpeboBanock HabpaTtb UMPpPOBOIN KOA — Npousseae-
HWe napbl ABY3HAYHbIX YUCEN (EBPONMAHe, eCTeCTBEHHO, MCNONb30BaNKU BOCh-
MEpPUYHYIO CUCTEMY), FopawWwmrX Ha Tabno.

JTa cucTeMa npucterusaHus 6oina seefeHa peweHuem camoro Komurera
no cnepywowen npuumHe. EBponnaHe secbMa 3MOLMOHANbHBI U BCNbINBYUBDI.
lo3ToMy Ha 3acenaHusax, Kak U B8 N1l060M napnameHTe B 3N0OXYy CTAHOBNEHMUS
napnaMeHTapuM3Ma, Cnyvanucb Maccosble Apaku. A TpexMepHas Apaka Kyaa
cepbe3Hee ABYMEPHOW, KOTOpble ObIBalOT B 3€MHbIX NapNaMeHTax Ha Teep-
AOW noBepxHOCTU. TaM Aeno o6bl4HO 3akaHyusaeTcs obpasosaHuMeM NNoOT-
HOW TONNbI, rAe HEBO3MOXXHO Pa3MaxHYTbCA U AaXKe AOTAHYTbCA A0 HEHABUCT-
HOro ONNOHEHTa. A B8 06beMHOM ApaKke MOXHO AOTAHYTHCS U CBEPXY M CHMU-
3y, Aa TaK, YTO COBEPLIEHHO HEBO3MOXHO NOHATb, KTO U OTKyAa Tebs cxBa-
TUN 3@ 3aTbINOYHbIN rpebeHsb. B koHLe KOHLOB, 06pa30BbIBANCA NNOTHLIA KNY-
6ok, pacnyTaTbCa KOTOPpOMY 6bIN0 HE Tak NPOCTO. A ecnu KT0-T0 B NaHuke uc-
NyCKan 3neKTpu4eckui paspsg, To AeNo KOHYanoch ewe xyxe. Botr u pewu-
N1 aeneratbl NOCTaBUTb Ce69 «HA NpefoxpaHuTeNb» — NOKa NepeMHOXaelwb
yucna u Habupaewsb Koa, ycneewb OCTbITb.

Ha 3ToT pa3s apaku He npeasuaenock. Cymma Ha peanu3auuio npoekTa Tpe-
6osanacb 6ecnpeueneHTHasn, HO OHA He 33AeBana HUYbUX aMbULUIA U HEe uMme-
Na KOHKYpeHTOoCcnocobHbIX anbTepHaTtue. [leneratbl MOrnM NPOroNoCcoBaTh «3a»
UNKU «NPOTUB», HO 6e3 BCAKUX BYPHbIX IMOLUN.
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Nepen cobpaHnem BbICTyNUN OAUH U3 NuaepoB NpoekTa. Ero peyb Hbina Ko-
POTKOM, NO3TOMY NPUBOAMM €€ NONHOCTbIO:

— YBaxaeMbie uneHbl KoopanHaunoHHoro komurteta! loporne cobparba!

A cevac 6yay npocuTb AeHer, o4eHb Honbwmnx aeHer, 4N Toro, YTobbl HaKo-
Hewu, NpobypuTb NeASHON NAHUUPb U YBUAETb, UTO CHapyXu. Bce Bbl 3HaeTe, 4To
npMpoAa NpenogHecna HaM LeHHeWwWuid NOAAPOK: OFPOMHbIA METaHOBbIA Ky-
non, Aenarwmm GaHTacTM4YeCcKyo MeyTy MHOrMX NOKONEHUM BNONHE peanbHOW.
Heyxenu y Hac He XBaTUT ayxa 1 cun, 4Tobbl 3STUM NOJAPKOM BOCNONb30BATHCH?

Mbl yxe ABa nepuoaa pabotaeM Hag NPOEKTOM — CYMTAEM U MOAENUpPYeM,
npoekTupyeMm u paspabaTbiBaeM, yuuMca B3pbiBaTb N€Q U HAMOPAXUBATbL BOAY
B YrNeBoAOpOAHOM Cpeae, AenaeM Moaenu Wwno3os U bapokaMep, 3KCKaBaTo-
pPOB M TPAKTOPOB ANS BHEWHeXW NOBepXHOCTU. Mbl npeaycMOTpen MHOXeCTBO
0XMAQLWKX HAaC Npobnem, aaxe Takylo, Kak 06N10MKK Nbaa, KOTOPble CKONSATCA
B Kynone Ha rpaHuue pasaena soabl M MeTaHa. Ceitvyac MOXHO TBEpPAO 3a8BUTb:
Mbl 3HaeM, Kak npobypuTb néa! KoHeuHo, Hac ewe 6yayT XaaTb HEOXKUAAHHOCTH,
KOTOpble HEBO3MOXHO Npeayraaath, He Hayas. Mbl rOTOBbI HaYaTb, HO AN 3TOrO
AOMKHbI ObITb NpUBEAEHDbI B ABMKEHUE OrPOMHbBIE PeCYpCbl, HA YTO HYXXHbI A€Hb-
ru, owyTuMble aaxe B rnobanbHoM Macwrabe.

bynem uvectHbiMU. ObliecTBeHHOE MHEHME MOKAa He Ha Halwein CTOpOHe.
Onpocbl NOKa3bIBaOT, YTO TONbKO OAUH U3 Tpex XuTenen Mupa rotoe noxepr-
BoBaTtb csoto nonto 8 120 okcos Ha npoekT. [lsoe u3 Tpex nnbo soobuie He no-
HWMAIOT, 33a4€eM 3TO HYXXHO, NMBO CYUTAIOT, YTO ecTb Bonee HacywHble npobne-
Mbl. B 4acTHOCTH, BbITyeT MHeHH1e, 4TO Nyylue 3aTpaTUTb 3T AeHbr1 Ha rnobanb-
Hble CNOPTUBHbIE COCTA3aHUA. YBaXKaemble yneHbl KoopAUHALMOHHOIO KOMUTE-
Ta MMEIOT NONHOMOUUS, AOCTATOYHbIE, YTOObI NPUHATL pelleHne O BblaeneHuu
AeHer cBOUMU ronocamu. Ho s npekpacHoO NOHUMAIO, YTO ABOE U3 KaXAbIX TPeX
XuUTenen HanpsYKEHHO CMOTPAT UM B 3aTbiNoK. Mo3Tomy, 8 6yay rosopuTtb, 06pa-
WAACh TaKXKe K cobpaTbaM, HAXOAAWMMCA 3@ 3TUMKU CTEHAMU, MHOMME U3 KOTO-
PbIX CAYLWAKOT CerM4ac NPAMYI0 TPAHCNALMIO.

MUTak,3ayemM HaM 3Ta Ablpka B NycToTy? Heyxenu HaM Tak 06a3atenbHO Hado
3arnaHyTb TyAa?

JTO BONPOC, Ha KOTOPbIM €CTb HECKONbKO YpOBHEW oTBeTa. HauHeM C BbiCLue-
ro. KTo Mbl 1 B 4eM CMbICA Hawero CyLecTBOBaHNS?

MHoroa nonesHo NONbITaTbCA B3rNSHYTb Ha cebsa rnasaMu Aanekoro oTcTpa-
HEeHHoro Habnopatens. Y1o oH yBuauMT 8 Hac? [lasante nonpobyem 310 caenats.

MHorMe 13 NpUCYTCTBYIOWNUX BEPAT B BbICLWIMX CylwecTB. KTO-TO B HECKONb-
KUX CNeLnanm3npoBaHHbIX BbICILIMX CYLLLECTB, KTO-TO B OAHO HauBbicwee. Kak 6bl
Bbl XOTENW NPEACTaTb Nepen BbiCWMMHK CyliecTBaMu? B KakoM Buae oHK 6bl HaC
OLEHUNK, 3TU BbICLIME CYLLeCcTBa? YMEeWnMHK 3aBS3bIBATLCA B Y3€N U BepTeTb-
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€ BONYKOM B XpaMe, bopMoua CnaBoCcnoBus B UX afipec, B 3HAK Benn4YanLen
NOKOPHOCTU? MK pacnnacTbiBalOWMUMMCS, KaK KMLLEYHONONOCTHbIE 3BE3/bl, NO
MpaMOpHOMY nony cobopa, 4Tobbl BbIKNAHYMTL Bharopacnonoxenune? Unu npu-
naralowuMu BCIO CUNY Ayxa U pasyMa, ytobbl NpeoaoneTb NAHLMPb, 3aKpbliBato-
Wwuin ot Hac BHewHee lMpocTtpaHcTeo? MonbiTainTech B3rNaHYTb Ha cebs uUx rna-
3amu. Paszee UM BCE paBHO, YTO OHM CO3AaNU — AOCTOMHbIX OTNPbLICKOB, NPOAON-
XAKOLWNUX BENMKUIA 3aMbICeN, MU NPOXOPNAKBLIX EHUBLIX nonpowaek? Moxer
HbITb 3TOT NéR, — 3K3aMeH A9 Hac?

KoHeuHo, 5, Kak M MHOrne 3aecb NPUCYTCTBYIOLWLME, HE BEPIO B BbICLUMX CY-
wecTe. Ho 8 BMecTe cO MHOrMMM Bepio B paBHbiX cywwects. OHW MOryT BbiTb He Tak
YK LlANEKO — OHWU MOFYT XWUTb NOA TeM Xe BHewHUM UCTOYHUKOM, KOTOPbIM OcBe-
LAEeT CHApYXXU Hal NeasHon naHumpsb. lNpeacrasbre, YTO OHU CBA3ANWUCHL C HAMU —
CTy4art C TOi CTOPOHbI NbAa. Ham 4To, HanneBaTb, KAKUMKU Mbi NPEACTaHEM Nepes
pasHbIMK? KOro Mbl UM NpeabssnM Kak npeamet ansa ropaoctn? CBoux MUMpoBbIX
3HameHuToCTern — nobnecTHbix aonbonobos, Mactepos xepbona? Unu Tex, KTo
UCNONb3ya roNoBY NO HA3HAYEHMUIO, BbIYMCAUN OpOUTLI TPEX MUPOB, HE BUAA MX?
[laxke ecnu Mbl HUKOrAQ He BCTPETUMCA C HUMU, NpeacTaBbTe, KAaKo BONPOC nep-
BbIM 3343aAYT Pa3yMHble CyLLeCTBa ApYroro MMpa, y3Has O HalEM CyLLEeCTBOBAHWM.
Mepsebiii BONPOC 6yaeT: «A oHW Npobypunu 3toT Néa?» B 3TOM BOnpoce BCE — 1 06
YpPOBHE Halero pasBuTHS, U O SCHOCTU pa3yMa, u O cune ayxa.

HakoHeu, MOXXHO He BepuUTb B NOCTOPOHHMX PaBHbIX CYWECTB, HO Yy Hac 6yayT
NOTOMKM, FNaAsWMe Ha HAC C BbICOTbI Byayuwero. Kctatu, Mbl Beib TOXE NOTOM-
Ku. U KeM 13 Hawmx npeakos Mbl FOpAMMCA? TeMu, KTO 3aKaTblBan POCKOWHbIE
apucTokpaTuyeckue npasaHecTsa C roHKaMM Ha ApeCcCUpOBaHHbIX KanbMmapax?
Unu Temu, KTO B Te XXe BpeMeHa Ha KOXaHblx Bypatokax snepsble AOCTUr heas-
Horo Heba? YTo CKaXyT O HAaC NOTOMKK? XOTUTE MK Bbl, YTOOLI UX BEPAUKT Obin
B TOM Jlyxe, 4TO OHWU MOFNK, HO He caenanu 3Toro, noxanes 3atpat? Mpeanoynu
3aTpaTUTb 3T CPeACTBa Ha robanbHble COCTA3aHNA B NPOYHOCTH rON0B, CKOPO-
CTU pbIBKOB M TMOKOCTU KOHEYHOCTEM? A BeAb NONYYEHHbIX HAMKU NOAAPOK CyAb-
Obl, METAHOBbI MELOK NOAO NbAOM, OTHIOAb HE BEYEH.

botocb, 4TO He BCe U3 TeX, KTO MEHS CNYLIAET, BOCNPUHMMAIOT 3TOT YPOBEHb
oreeTta. CnycTUMCA Ha OfHY CTYNEHbKY BHU3.

Y10 Mbl yBUAWM, Npobypus nén? CrouT nu 37a KapTuHa Tex 3aTpar? YTo x, Aa-
BaiiTe NPEANONOXNUM, UTO Mbl HE YBUAUM TaM Huuero uHTepECcHOro. Ho 1 B 3ToM
cny4ae Mbl n36aBuM cebs OT BEYHbIX TEP3AHMI — @ YTO Xe Tam?!

Ho Takoro, 4tobbl Mbl HE YBUAENU TaM HUYEro UHTEPECHOTO, HE MOXKET ObITb. Mbl
y)Xe 3HaeM, 4To TaM eCTb, N0 KpanHen mepe, WwecTb 06beKToB, NpeBocxoaaWwmnx Mup
CBOMMM pasMepaMM, U, yuuTbiBas c1aboCTb HaWMX METOAOB, MOXXHO 6uTbCa 06 3a-
Knag, YTo TaM eCTb MHOro-MHoro Yero ewe. Ckopee Bcero, BHelWHee NPOCTPaHCTBO
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6eckoHe4yHo, U B HeM 6eCKOHeYHO MHOro MUpoB. PasHoo6pa3sHbIX MMpoB. Heyxe-
NN HE UHTEPECHO? A eUIU, KOMY-TO M3 CAYLUAIOWMUX MEHA ceryac 3TO He MHTEePECHO,
TO paau BCEro CBATOro NPOLLY y4ecCTb cneaylollee; BHeLWHee NPOCTPaHCTBO U BO3-
MOMHOCTb €r0 U3y4aTb 3aXOKET MCKPY TaNaHTa BO MHOXECTBE I0HbIX ronos. Mano KTo
U3 HUX CTaHeT NPOdECCMOHANbHLIM UCCIeaoBaTeNeM, 3aT0 MHOMMe CTaHYT XOPOLUK-
MW TEXHONOTraMU, UHKEHEPaMK U CAENAI0T HaLWY XXM3Hb KOMPOPTHEN U UHTEPECHEN.

MOXXHO CNYCTUTLCA eLle Ha OAHY CTYNeHbKY. Bbl XOTUTE UMETb BO3MOXHOCTb, HE
BbINNbIBAs M3 AOMA, MTHOBEHHO CBA3bIBaTLCS C Nt06bIM obuTateneM mMupa, nuues-
pes ero, A0CTaBath Ntobyto nHpopmaumio us noboro yrna Linsunusaumn? Mpoekty
TpebyeTcs BbicTpas CBA3b C NOMOLLbLIO CBETA, TMMbKMe ANMHHbIE CBETOBOALI — eC/u
Mbl UX HAy4MMCs aenatb, 310 byaer ans scex. Bam He Hapoeno BO3UTLCA C XMMUYe-
CKoin 06pabotkoit poTtonneHoK? MNpoeKkTy HY>KHbI CBETOYYBCTBUTENbHbIE INEKTPOH-
Hble MaTpuubl — OHX CAEeNaAT GOTONNEHKY AOCTOSHUEM UCTOPUU U NPUBEPERIU-
BbIX NpodeccroHanos. U Mano nun 4To ele U3 HOBUHOK NPOEKTa BOMAET B XKW3Hb!

Hy BOT, BO3MOXHO, 1 ybeaun Koro-1o, U Tenepb yxe He ABOe U3 Tpex a, CKa-
)XeM, BOE U3 NATU XKUTENen CMOTPAT C HeA06PpbIM HaNps)XeHWEM B 3aTbINOK Yne-
Ham KoMuTera, a Tpoe CMOTPAT C HAAeXA0M.

Urak, Mbl npocumM 150 MunnnapaoB OKCOB. JTa CyMMa BKNIOYAET NPOXOAKY ABYX
CKBaXXWH — OCHOBHOW Y KOMMYHWUKaLMOHHOM, U3rotoBneHue AByx pabounx u asyx
pe3epBHbIX WN0308, bonblumne GapokaMepbl-rocTuHUUbl Ha aasneHune 0,6 TokcMma
Ana pabounx. be3 HMX Ha TakoM BbiCOTe OHM ByayT NOAO6HLI NONYAOXNbIM Meay3aM.
3Ta CyMMa TaKkxke BKIKOYaeT U3rotoBneHune Aecatkos pabounx 6apokamep ¢ MaHu-
nynstopamMu — 6e3 Hux pabotartb Bbilwe BHYTPEHHEN NOBEPXHOCTU Nbaa Boobue
HEBO3MOXHO, TaM KO BCEM NpenecTsiM BbICOTbl Aobasnsetcs xyTkun xonoa. Cioaa
Xe BXOAST nepeasuxHble NUNOTUpyeMble HapokaMepbl Ha NYCEHMYHOM XOAay ANns
MCCNeNoBaHUS BHELHEN NOBEPXHOCTH, @ Takke AUCTAHUMOHHO YNpaBnsieMble 30H-
Abl. Take Age onTMyeckue cucteMbl ¢ 6onblinmu napabonuyeckumu 3epkanamu
NS NOMCKA U U3y4eHUS faneknx 06beKToB BO BHEWHEM NPOCTPAHCTBE — OHM By-
AyYT YCTAHOBNEHbI HA BHELWWHEX NOBEPXHOCTU. TaM e ByaeT ycraHoBneHa obutae-
Mas cTaHUMa KOMGOPTHOTO AABNEHUS B OAMH TOKCM — TaM MOXHO XUTb 6e3 MHbek-
umin npeccoHona. OctanbHble 6apokamMepbl AN obnerdyeHns KOHCTPYKUMK paccuum-
TaHbl Ha 0,3 TOKCMA, YTO NO3BONMT TPEHUPOBAHHbLIM OnNepaTtopam paboTtartb B HUX 40
NONOBUHbI CMEHbI. Hy 1, KOHEYHO, KOMMYHUKALMK — CUNoBbIE Kabenu, y)ke ynoms-
HyTble CBETOBOAb! A5 ObICTPOi Nnepeaayn uHpopmaumuu. U BCE 3T0 NpeacTouT He
TONbKO caenatb, HO U pa3paboTatb. A uHavye Mbl 6bl U He npocunu 150 munnuap-
AOB OKCOB.

Hackonbko puckoBaH nNpoekT? B Hapoae X0AaT yxaCHble Npopo4YecTsa,
YTO Yepe3 CKBaXXWUHY BbiTeYeT HapYXy BCs Boaa Mupa u sce nornbHyT. C 3Tum
HUYEro Henb3 NoAenatb — CKONbKO B WKone He saanbnusain, yto néa nerye
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BoAbl, PaHTa3ua B Nape C HeBeXecTBoM HenobeanMbl. Ho ecTb TeopeTudeckum
PUCK: eCNv BAPYr COPBET WNI03bl — HAPYXXY BbINETUT BCA CMECb YrNeBOA0pOA0B
n3 kynona. CHapyXu 310 usBepxeHue Byaer CMOTPeETbCA Kpacuso, HO Takas
aBapuvsa NONHOCTbIO NOryOGUT NPOEKT — CKBAXMHA 3aNONHUTCA BOAOM, KOTOpas
3aMep3HeT. [lns CTpaxoBKKM OT TakKOro NpeaycMOTPeHbl aBapuvitHble WANI03bl.
A 4yTOObl HM OAMH WNIO3 He copBano, Mbl 6yaemM HaMepTBO BMOPaXuBaTb UX
pambl B CTEeHbl CKBaXuHbI. JIEQ npu TeMnepaTtype, KOTopas TaM eCTb, NPOYEH,
Kak 6a3sanebT. '

UTak, nepen samMu BCECTOPOHHE NpopaboTaHHbIA NPOEKT NpopbiBa B He-
BeAOMOe BHelHee NPOCTpaHcTeo. Mnoa aonroM U ynopHor paboTtbl MHOrMX
YYEHDBIX U MHXEHEpOB, BbINONHEHHOM MCKNOYUTENbHO 32 CYET Y4acTBYHOLMUX
nabopatopui. [lanbHerwee ¢noBo — 33 uneHamu Komutera, a cerMyac s rotos
OTBETUTb Ha BONPOChI.

— Kro 6yner TeM C4aCTAMBYMKOM, YTO NEPBbIM YBUAWUT BHELIHEE NPOCTPaH-
cTBO?

— Bot Hap 3TMM ayManu MeHble Bcero. Kakoi-Hubyab onepatop 3Kckasa-
TOpa Ha nocneaHeM y4actke. A snpoyeM... [la nycTb XoTb cam BepxosHbiit [lyxos-
HbI! ECn nOHWXKEHHOe AasneHune BbIAEPXKUT U NPECCOHON NepeHOoCUT. [la XOoTb
BblbMpainTe cyactaMsuMka ronocosaHuem KoopauMHaLMOHHOrO KoMuTeTa. XoTb
BceobwnM ronocosaHueM. Mbl, rapaHTupys NonHyo 6e30nacHOCTb, NPUNOAHM-
MeM ero, YTobbl yBuaen, Bbipasun 310 CBOUMKU CnoBamMu — U Hasaa,. [lanbwe BCé
pasHO NOMAYT NpodeccuoHansl.

— A 6ynet nu ¢ TOM Touku BuaeH bonbwon Artpakrop?

— bynet — noa 40 rpaaycos K ropu3oHTy. U B 3TOM HaM BTOpPOM NOAAPOK
cynbbbl.

— A KaK OH flONKEH BbIFNSAETb?

— JlonXeH BbIrNSAETb KPYrNbIM, NOCKONbKY Wap — €AUHCTBEHHAs YCTOMYK-
Bas popMa Ten ouveHb 60nblwoi Macchl. MNpo pasMep M LBET HUYEro CKkasaTb He
Mory.

— A He ocnenut nu BHewHWin UCTOYHKK, TOFO, KTO OKAXXETCH CHapyXu?

— Xopouwwui Bonpoc. Mbl 3HaeM NPO3paYHOCTb NbAa NUWb NPUBAN3UTENBHO,
NO3TOMY HE MOXEM TOYHO CKa3aTb, HACKONbKO TaM spKo. Buaumo, BecbMa apko,
HaCTONbKO, YTO 3TO MOXET TPaBMUPOBATL 3peHune. Ho Bpaa n HacToNbKO, YTOOb
Boobwe ocnenutb, — Toraa 6bl N€Q pacrasn. Bo scsakom cnyyae, cneayet cobnio-
[aTb OCTOPOXHOCTb M 3aNNaHWPOBaTb NEPBbLIA BbIX04, Kofaa BHewHun Uctou-
HUK 3aropoxxeH MupoM. 3HauuT, nepebliii Habnogatensb erd He YBUOMT.

— Hapopa Xenton PaBHUHbI CUCTEMaTUYECKU HEAO0EAAET U He A0XMBAET A0
BTOPOW 3penocTun u3-3a bonesHein u HexBaTku MeankaMeHToB. [leHer, koTopble
Bbl NpOCUTE, XBaTUNO 6bl HA TO, YTOOLI BbINEYMTL HaWKNX BONbHLIX AeTeH U Kop-
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MWUTb rONOAAIOWKX B TEYEHWE OECATM nepuoaos. He cuutaete nu Bbl, YTO 3TO
Kyaa 6onee BaXHOe Ha3HA4YeHUE ANs CTa NATMAECATU MUNNUAPA0B OKCOB?

— §1 He NOAUTUK M HEe AMNNOMAT, NO3TOMY CKaXy TO, YTO Aymato. Hapoa Me-
Hee NNOAOpoAHOM YepHOW PaBHMHbI NOYEMY-TO HE TONbKO NPOLBETaeT, HO
u paer Haubonbwmin BkNag B PoHA KoopanMHALMOHHOIO KoMuTeTa. Y10, Ball Ha-
poa y6orui ot poxaeHus? [lyMato, NpocTo AeNno B TOM, 4TO OH U34aBHA AEPXKUT-
€A CTpaxe U HeBEXECTBe, 3aT0 eMY BHYLLAETCH YyBCTBO COBCTBEHHOro Bennuus,
6oronsbpaHHOCTbL U 3n06a K NnpouseTaowmnm Hapoaam. Noxmenbe nocne nopo6-
HOM NOMOLLM OKOHYATeNbHO NPEeBPaTUT Ball HAapPO4 B KULWEYHONONOCTHbIX Cy-
wecTs. A CKBaXMHa — Takoe cobbiTue, kotopoe npobbetca yepes nobyto npona-
ranay. Maavb, HeCKONbKO Takux Gpewwei, U Baw Hapoa OYHETCs, 3aAyMaeTcs,
n36aBUTCA OT NaCTbipen U 3aXMBET, Kak BeCb 0CTanbHOM Mup.

30eCb CNyYunca HenpedycMoTpeHHbi nepepbiB. MNpeactasutens Xenton
PaBHWHbI, BbIKpUKHYB: «[1a KaK Bbl CMeeTe NOACTpeKaTb! ITO BMewwaTenbCTBo 8O
BHYTPEHHUE...» — 3abuNca B UCTepuke, Nnepexoaswen B NpUCTyn napanencuu.
J70 6bIna CUMYNALMA, HO HACTONBKO UCKYCHAA, YTO NOAOCNEBLUME CAHUTApbl CXO-
Ay BKONONW €My CaMblil HACcTOAWMMK rpakodeH U OTTPaHCNOPTUPOBANK OOMSK-
wee Teno 8 MobuNbHbIM MeanyHKT. MNoTepa aenerata He NOBAUANA HA KBOPYM,
U 3aceaaHue 6b110 NPOAOMKEHO.

— Yt0 33 onTnueckue cucteMbl Bbl COBUpaeTecb yCTaHOBUTL?

— Kak 1 yxe cka3an, napabonuyeckue 3epkana co CBETonpueMHUKaMu. Mol
YCNOBHO Ha3blBAEM 3T CUCTEMDI «AANbHO30PaMU». ITO NOXOXE Ha aKyCTuye-
CKue Tapenku ¢ MaTpu4HbIMM MUKpodoHaMu. TonbKo 34eCb Tapenka — NoNMpo-
BaHHOE 3epKano, @ NPUEMHUK — YK€ YNOMAHYTan MHOW 3NEKTPOHHAa MaTpuua,
C KOTOpOW U306paeHne MOXHO CYMTbIBaTb. ECiM 6bl He BOAA, C NOMOLLbIO AaNb-
HO30pa MOXHO 6bin0 6bl pacno3HaTb NMUO nboro uneHa Komureta ¢ paccros-
HWUS8 5 CBMCTOB.

MpeHus 6binn oveHb KOPOTKUMU. lNp0o3BYy4ano HECKONbKO AEXYPHbIX BbICTy-
nneHun B noanepxky. Nporonocosanu 123 ronocamu «3a» npu 10 «npotus»
n 15 Bo3aepxaBMXCa 3a BblaeNeHUe 3anpoWeHHOMW CyMMbI. 3aTO NOTOM!..

MoTom TyT Xe pewnnu paccMoTpeTb BONPOC O NpuHUMNax Bblbopa nepso-
ro Habnoaatens BHeWHero NPOCTPaHCTBA U O BO3MOXHbIX KaHAauAaTax. Yto Tyt
Havanocb! BoT TyT-T0 M NpUroAnNnCb peMHU € KOA0BbIMU 3acTeXxkamu. [peacra-
sutenu Kpabosoit Kanbaepsl v BepxHux Ysanos psaHynucb 06bsCHUTL aeneraty
MecyaHon AHapXuu, YTO TaKOe HACTOALWAN AEMOKpaTUs, HO KTO cnocobeH B Co-
CTOSHUKU APOCTM NEPEMHOXMUTb ABa ABY3HAYHbIX Yucna U Habpatb koa?!. [lpaka
He coctosnacb. CtpacTi kunenu Ao Tex Nnop, NoKa ycTaslwune AenyTaTbl He NPUHA-
NUCb YCKONb3aTb OAMH 33 APYrUM, U NpeaceaaTensCTBYOWMn He 06paTun BHU-
MaHue, YTo KBOpyMa bonblue HeT.
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TaKOW peXUM MOr peajn30BaThCsi B paHHed BceneHHOM, HM uzew,
KaK BCé 3TO MOXXHO MpPOBEPUTh M JIOKa3aTb Ha OMbITe, He ObLIO.
Kpome Toro, Thl roBopuiib o cratbe 1980 roma, a Obina eme
craths 1979 roaa, B KOTOpoi Kak pa3 M Obuia mnpenoxeHa
ujes, KaKk 3TO MOXXHO J0Ka3aTb: U3MEPHUB CIEKTP HEOAHOPOIHO-
creil Bo BcesleHHO# B 60/1bLIIMX — KOCMOJIOTHYECKUX — MacliTa-
0ax. Yke JaBHO BO3HMKJIA IMIOTe3a, YTO HayasbHbli (BO3HHK-
LKA OO0 cTaauu Bosblioro B3pbiBa) CHEKTP BO3MYILIEHHMH IUIOT-
HOCTM MaTrepuM AO/DKeH ObiThb IUVIOCKUM — CTPYKTypa BceneH-
HOM YCIeIIHO MOAE/JUpOBaJach MMEHHO B 3TOM MNpeAIoJioXKe-
HUU. A cueHapum MHGAsUMK (TOTAA C/IOBO «MHOJALMSA» ellle He
ynoTpe6soch, UCN0Jb30Ba/IM TEPMUH «peleHne ae CUTTepa»)
C OYEBMIHOCTBHIO AaBajM MMEHHO Mjockuit cnektp. Ilpenckasa-
HHe CIIEKTpa BO3MYILIEHHI Kyla CHJIbHee, YeM NpPOCTO OOBACHe-
HHMe MJIOCKOCTHOCTH M ofHOpoAHocTH BceneHHoit. OTo 06bsACHE-
HYe K TOMY >Ke BO MHOTHX cJlyyasiX OKa3blBaeTCsl UUTIO30PHBIM,
4YTO BCKOpe BBISICHWJIOCH Ha mpuMepe Mofenu I'yra 1981 ropa.
KcraTty, korga crano siCHO, YTO KOCMosiorudeckasi MHGIALUA OaeT
IVIOCKMiA CrieKTp BoamyLieHHi? [me-To 3T0 JO/MKHO ObUIO OBITH
BIIEpBbI€ CKa3aHo.

A. C.: Kak pa3 B Moeit pabore 1979 ropma. [IpaBna, Ha 6onee mpocTom

npyUMepe NepBUYHBIX rPaBUTALMOHHBIX BOJIH. Bblo Moka3aHo, 4To

IUIOCKMIA CTIEKTP CTAHOBUTCS OYE€BMHOCTBIO, €C/T 00beIMHUTD JIBe

paHee BbiCKa3aHHble ujeu. Ileppas — o nepBUuYHON CTaguU [Je

Cutrepa, npeamectsymolleil boabiioMy B3pbIBY, BTOpasi — O TOM,

yTO BCe HabsofaeMbie HEOJHOPOZHOCTH B COBpeMeHHOit Bcenen-

HOM MPOUCXOAAT U3 KBAHTOBO-TPaBUTALMOHHBIX BaKyYMHbBIX (ITyK-

Tyalu#i B JAJ€KOM IPOIIOM.

CoOcTBeHHO, 1MoueMy reHepalusi IPaBUTALMOHHBIX BOJMH — Ooee

NpocToil npumep?

A. C.: Kak okasanocb, noToMy, 4TO [/l pacyeTa IEepBHYHBIX rpaBUTa-
IIMOHHBIX BOJIH He HYXXHO CTPOWTb KOHKPETHOH Monenu HUHA-
LIMOHHOI CTaawH, M0 KpaiHel Mepe, €C/IM OCTaBaThCsl B paMKax
SUHINTEHHOBCKOM 00lLeif TEOPUM OTHOCHTENBHOCTH — Kak sl 3TO
n genan B 1979 romy. A BOT /I8 KOJMYECTBEHHO NPaBWIbHO-
ro pacyeta BO3MYIlLeHHi IUVIOTHOCTH MaTepHH yKe He 0OOHUTHCH

b. LI

b. III.
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A. C.: KoHeuHo, mponaraHja Toxe Heobxozuma. Ymaua I'yra Bo MHO-
rom ObUla CcBS3aHa C TeM, YTO OH HallesJ MpPaBWJIbHbIA S3bIK
a1 (PU3MKOB YacCTHIL, KOTOpbIE COCTaB/SAMM OOJBIIYIO YacTb €ro
ayauropun. CkansgpHoe moje, Beankoe obbeanHeHue, (a3oBblit
nepexoJ — 3TO MMeHHO uXx O6usHec. Ho Moznenb y Hero HeBep-
Hasg — TaM He moJsiyyaercsl 0J1aronojy4yHblit BbIXOA M3 HMHQIA-
uund. 3Haewb 06 3TOM?

b. IIL: [a, s 06 3TOM yXe Hamucas Bbille, He 6yneM nmoBTOpATh. Ho 3aro
BCé MOHATHO M Breyamisiolle. A y Te6s B craTbe, HeOOCh, TEXHH-
Ka B OCHOBHOM...

A. C.: Ha camoMm pene craTbsa AocraTouHo mpocrasi. MU kopoTkas, Bcero ye-
Thipe crpaHulbl. A y I'yra — crpannn 20.

Bb. Ill.: 3aTo y Hero, BepoATHO, OOJBLIYIO YaCTh COCTABJSET JIErKO YMTa-
emasi guckyccus. Kcraru, a B TBoeil Momenn kak OOCTOMT jeso
C BBIXOAOM U3 MHPIALUU?

A. C.: Boixon Gnaronosmy4Hblii ¥ BIIOJIHE 3JIeTaHTHBIA. TOT ke caMblif Me-
XaHM3M KBaHTOBbIX (IyKTyallMil, KOTOPbIA AaeT CIEeKTp BO3MYy-
IeHKH, OH )ke obecreyrBaeT M «BbITOpaHMe» BaKyyMa C OOJbILOM
TUIOTHOCTBIO 3HEPTMM — €ro nepexoi B yacTHLbL. He Hy>KHO UCKaTb
CHeLMaIbHOTO MeXaHU3Ma, OH yKe eCTb. JTO, KCTaTH, ObUIo OqHOI
U3 Liesieil — s MCKasl He TOJbKO CLieHapHii ¢ peiieHueM ae Curre-
pa, HO M Kak M3 Hero 3jieraHTHei BuliiTH B a3y Bosbluoro B3pbi-
Ba — ropsiueit GppuaMaHoBCKoi BceneHHOIM.

b. IIl: Tel Bcé roBOpMILb MPO CHEKTPHl BO3MYLIEHHH M YTO OHM ObLIM
I71aBHOI TBoeil uesnblo. Ho Kak ocHoBomonaraiomasi pabora 1o
3TOI yacTM M3BeCTHa ctaThd BsguecnaBa MyxaHoBa u leHHaaus
YUnbucoBa 1981 roma — Bpome Obl OHM MMOCYMTAIA CIIEKTP...

A. C.: 1a, a ybio MozeNb OHM McHonb3oBaIH? S ke ckasail, yto 6e3 mo-
CJIe0BaTeIbHOM MOAE/M CIeKTP BO3MYIIEHHWH MaTepud INpaBWib-
HO TOCYMTATh HeJb3sl.

b. IIl.: Hy, TBO10. [IpaBwibHO /M A MOHMMAlO, YTO IUIOCKUH CIIEKTP CKa-
JIIPHBIX BO3MYILIEHUI aZleKO He TaK O4eBUJIeH, KaK [JIsl rpaBUTa-
nMoHHbIX? U uTO rnaBHoe JocTikeHue MyxaHoBa ¢ UnOMCOBBIM,
B TOM YTO OHHM JOKa3ay, YTO M TYT CIEKTP G/JM30K K IUIOCKOMY?

A. C: OHu ellle onuCaM OTKJIOHEHHE CIEKTpa OT IUIOCKOTO — KMEHHO
T0, uTo cefiuac BUAAT WMAP n dlnank». Tot camsiit mapametp n,
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.
KOTOpbIH, 10 HOBbIM JaHHBIM, YyThb OTJIMYAETCA OT eJUHMIBI, KaK
OHM U npejcka3any. ToyHee, OHM MOJTYyYWIV 3aBHCMMOCTb HAKJIOHA
criektpa N OT 4Mc/ia pa3gyBaHUi B € pa3, IPOU30LIEAIINX OT pOX-
IeHUs HEOOHOPOAHOCTEeH 10 KOHUAa MHGASUMH. [In1s UHTepecylo-
IMX HaC BO3MYIIEHHIA, KOTOpble AN KPYIHOMAcIITabHYIO CTPYK-
Typy, N rae-to B paitone 50-60. To ectb oHM pomwmHch C pas-
MepaMH BCEro Ha HECKOJIbKO NOpSAKOB Oosiblie IUIaHKOBCKOTO
M JIO/DKHBI ObUIH YBEJTMUMTHCS 3a BpeMs MHOasauMK B €% pas, yro-
OBl K HacTosIlleMy BpeMeHM CTaTb pa3MepoM B Meramapceku. Uro-
OBl NMOCYMTATh TOUHBINA CHEKTp, TpebyeTcss JOBOJIbHO MHOTO TEXHM-
yecKoil paboThl, U OHH CHeNan ee ObICTpeil MeHs.

Kcratn, onu ympoctiwm cebe paboTy, He paccMaTtpuBasi, YTO IIpO-
MCXOAUT C BO3MYILEHHUSMH MOC/Ie KOHLIA MHQIALUMOHHON CTaauH
M [0 BbIXOJA Ha CTagWI0 NOMHUHUPOBaHUS WU3Jy4EeHHUs, U CUMTas
MX MOCTOSIHHBIMM. DTa TMIOTe3a ecTeCTBEHHa, HO BepHa He BCer-
na (onstb-taku, Mogenb 'yra 1981 roga — 3To npumep, koraa 3To
He TaK). [lns Toro, 4ToOBI OKa3aTh 3Ty TMIOTE3Y, HY)KHO CHauasia
CTPOrO BBIBECTH YPaBHEHMS [Jisg BO3MYILEHHWII B MOeil Mozaen BO
BCEX ee PeXXMMax, a He TOJIbKO B MHGJIAUMOHHOM. JTO ObLIO Cote-
JIaHO TOJbKO B Moeii paGore 1981 roma yke mocsie BbIXOAa CTaThu
MyxaHoBa 1 Yn6ucoBa. TeM caMbIM 3alHUM YHMCJIOM THIIOTE3a, Ha
KOTOpPO# OCHOBaHa MX CTaTbsl, Obl/1a I0OKa3aHa — YepHOBasi, HO He-
obxoaumasi pabora. Kpome TOro, OHM MOCUMTAIN TOJBKO CKaISp-
Hble MOJbl (BO3MYIIEHHsI IUIOTHOCTH 3HEPTHMH) — IpaBUTalLlMOHHbIE
BOJIHBI MMO3)Ke MOocYMUTan s, 0606IMB cBoro cratbio 1979 roma Ha
C/Ty4ail He3MHIUTEMHOBCKOM TEOPMM IpaBUTALIMHM, K KOTOPOH OTHO-
CHATCSI MOSL MoZeflb. JTO OKa3ajJloch O4YeHb BAXXHBIM ceifuac, Korzaa
n3 JaHHbix WMAP u dlnank» M3BjeKnM BepXHWi npefen Ha am-
IUIMTYAY NEePBUYHBIX rPaBUTALMOHHBIX BOMH. OH MCK/IIOYAeT HEKOo-
TOpble pYTHE MOJENH, UMEIOLIHE TaKYI0 XK€ BEJMYUHY N, B TOM
YuC/ie camylo NpoCTY0 MHOISLUMOHHYI0O MOZE/Nb CO CKISIPHBIM
1ojieM — HPOCTO CO CBOOOAHBIM MAacCHBHBIM I10jIeM, HO OCTaBJifl-
eT JOMYyCTUMOI MO0 MOJeb.

Tob1 roBopuiub, noaxoxn I'yra mousitHel 1yis ¢u3nkoB yactuu. A mo
CBOEMY BOCMWTAHMIO U MEHTAJIbHOCTH TOXe, ckopee, GU3MK ya-
CTHULl, U pacCy)KIIeHHUs1 B TepMHUHAX MHGISILMM 33 CUeT CKISPHO-
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ro 1noss MHe GyKe Mo AyXy, 4YeM TBOSI MOAM(HKALMS ypaBHEHHH
DiiHmTeiiHa ¢ Jo06aBieHHEeM 4jieHa, HporopIoHanbHOro R2 TBos
MoJIeJIb, KaK BbISICHWIOCH, SKBUBAJIEHTHA BapHaHTy CO CKaJISIPHbIM
1I0JIeM B peXHUMe «MeJlJIEHHOTO CKaTbiBaHMs», KOTOpBIA NpHAyMa-
7M1 To3xe. Y MeHsl Takod BOIPOC: KaKOW MMEHHO MOTEeHLHas CKa-
JIAPHOTO TOJA HAZlo B3SATh, YTOObI MOJYYHUTH MOJHYIO TOXIECTBEH-
HOCTb C TBOE€H MOJeJbl0?

A. C.: [I[puMepHO KakK KBaapaT runepbOJMUeCcKOro TaHreHca. 3TO MPH Io-
JIOXKUTEJIbHBIX 3HaueHHsAX 3¢EeKTUBHOrO MoJs, a NPU OTPHULIATE/Ib-
HBIX MOTEHLMaJl pacTeT 3KCIOHeHUManbHO. BOnmam Hynsa ato Oy-
IeT KBaJpaTHM4YHas 3aBUCHMOCTb, a [I0TOM OHA BhINOJIAXUBAETCS
B CTOPOHY TOJIOKUTE/IbHBIX 3HaYeHHH, YTO o4eHb 06J1aronpUsATCTBY-
eT MeJJIeHHOMY CKaTbIBaHHIO.

Puc. 40.3. NoteHumnan nons
() uHdNaToHa, falowero 3pdexT,
3KBMBANEHTHbIA MOAENH
CrapobuHckoro

Takoit mnoreHUMANT CWIBHO
obneryaer crapt HHONIA-
UMM — K Ha4yalbHOM KOH-
durypauun nons npenb-
ABJISIeTC MeHblle Tpebo-
BaHMi. Thl HayaJ CO CJIOB:
Mudnsuus obbscHseT TO
0 ®  u ce». Ha camom zene
He COBCEM COIVIaceH C Ta-
Kot ¢opMynupoBkoil. [lpaBiwibHee ckasath: «MHbnAUMA B pamkax
aJleKBaTHbIX Mojeneil oObsicHsieT To U ce». OCHOBHBIE Xe JOCTO-
MHCTBAa MHQJISLMOHHOIO ClieHapusl B 1IeJIOM — 3CTEeTHUYeCcKoe H3si-
IIeCTBO M MOJIHAs MpPeACKa3yeMOCTb BCeH JajibHEMIleid 3BOIOLUN
BcenenHoM, koTopass MOXXET COIVIACOBLIBAaTbCH, a MOXeT M He COo-
IJIaCOBBIBATbCS ¢ Hab/ofaTeNIbHbIMM JJaHHBIMM.
Yro ke KacaeTcsi MeIJIEHHOTO CKaTbIBaHWS, TO OHO B JEHCTBU-
TEJIbHOCTH MOSIBIWIOCH He I0CIe, a O Bcex pabot nmo uHdpnauuy, —
emie B Moeii cratbe 1978 roaa, rae s paccMaTpuBa CLieHapHi «OT-
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CKOKa». 3aMKHYTasi BceJleHHas CKMMAaeTcs, BKIIOYAeTCs pelleHue
ne Cutrepa, CKaThe NMEpPEXONUT B pacllMpeHHe, MUHYSI CHHTY/Sp-
HocTb. Anzipeit Jlunge B cBoeit pabore 1983 roaa, rme oH mpen-
JIOKWI XaOTHYeCKyl0 MHQIALMIO, CAe/lajl BaXKHbI miar: oTOpocut
CTaMIO CXKaTHsl, C KOTOPOii ObUIM CBSI3aHbI HEKOTOpbIe MpoOseMbl,
¥ MPeIJIOKWI HAEI0 NMPOM3BOJbHBIX HAa4YaJIbHBIX YCJIOBHiIl (OZHAKO
IpH JOCTATOYHO OOJNBbIIOM 3HAUEHMH CKAISIPHOro moss — 6osblie
IUTaHKOBCKOTO) — IAe-HNOyIb OHM OKKYTCA NMOAXOAAIIUMHU JJIS
crapta MHGAAUMK. A caMH ypaBHeHHs, B TOM uucie U 3pdeKT
MeJUIEHHOTO CKaTbIBaHMUS, yXKe CYLIeCTBOBAIH.

b. Ill.: Hy ma, coGCTBeHHO, XOpollKe MPOCTble YpaBHEHHUS, THINA rapMo-
HMYeCKOro OCHWUIATOpa C TpeHHeM, Be3fle BCIUIbIBalOT. Kak mo-
HHMalo, B C/Ty4ae XaoTHueckoi MH(AUMM ObLIO BaXKHO IOKa3arTh,
uTo 3TO paboraer M TaM. B TBoeit pabore MeHs: Gosblie Brevar-
JWIO Apyroe: s HAamucas, YTO TBOM MeXaHW3M HHQIALMU MOXO0X
Ha 3¢¢dekr Kazumupa. Tam Merauimueckue IUIaCTUHBI BIMSIOT Ha
IUIOTHOCTb HEPIMM BaKyyMma, a y Te6si — KpMBH3HA NMPOCTPaHCTBA
naet Tot xe 3addekr. Tol ogobpsewb 3Ty Metadopy?

A. C.: Ono06psito, TONbKO HAZO NOGABHMTH, YTO ITO AMHAMHUECKHit 3PQeKT
Kasumupa. KpuBu3Hy naer yckopeHHoe paciuvpenue. Kcratu ou-
Hamuyeckuit 3dpdext Kasumupa ceiiuac mbiTaroTCA 3aperucTp-
pOBaTh SKCMEPUMEHTAIIBHO — C MOMOIIbIO ABMXYIUMXCS IUIaCTHH.

b. III.: Hackonbko, mo-tBoeMy, Teopusi uHGsuuMM pokasaHa? [lo MHe-
Huio Banepus PybakoBa, 1i1s Toro, uto6nl oHa ObUla OKOHYaTesb-
HO NPHMHATA M 3a Hee MOXHO ObUIo 6b1 AaBath HobGeneBckyio mpe-
MHIO, HY>KHO OOHapy>XWUTb NpefcKa3biBaeMble €l0 rpaBUTallMOHHbIE
BOJIHbI, KOTOpble MOIYT ObiTh BbISIBJIEHbl [0 KapTe MOJspU3aliMu
PE/IMKTOBOIO U3JTyYeHHUS.

A. C: {1 cornaceH ¢ HMM JMIIb YaCTHYHO. [leiCTBUTE/NLHO, IpaBUTaLU-
OHHble BOJIHBI HAJ0 3aperucTpUpoBaTh, ¥ 3TO CTalO Obl OKOHYa-
TeNbHbIM MOoATBepXKAeHHneM. Ho ecTb 1 apyrue crocoObl poBEpKH,
noka He OyJeM O HHUX pacCKa3blBarTh.

Bb. IIL.: A Tl yBepeH, YTO rpaBUTALIMOHHbIE BOJIHBI KOraa-HUOyap OymyT 3a-
peructpupoBaHbl? Bezp yxxe BuaHo no aaHHbiM WMAM u dlnankay,
UTO «ONTHMHCTUYECKHe» MOJE/H, Npe/icKasbiBalolie OOMbIIYIO aM-
IUIMTYY PEJMKTOBbIX [PaBUTALIMOHHBIX BOJIH, HE IPOXOJSAT.
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A. C.: Moe npeficka3aHue: OTHOLIEHHWE aMIUIMTYAbl rpaBUTAlMOHHBIX BOJIH
K aMIUIMTyZe BO3MYIIEeHHU JIOTHOCTH — MPHUMEPHO MOJIpOLIeHTa.
Ceifuac BepxHee OrpaHHuYeHHMe Ha 3Ty BeJMUYMHY, 00bIYHO 0003Ha-
yaeMylo Kak r, coctaeiser okoso 10% [leso B ToM, uto B 60/b-
IMHCTBE HOMY/IAPHBIX Mojesieil 7 0OpaTHO MPONOPLMOHATBHO YHC-
ny N (uMory pa3gyBaHMit B € pa3, O KOTOPOM CKas3aHO Bblllie),
npu4yeM ¢ Ko3pPHULUEHTOM B UHUCIUTeNe Mopsiika JecsAtH (Tod-
Hoe 3HayeHue 3aBMCUT OT MmogenH). [lockombky N ~ 50...60, To
OTHOIIEeHHe AOKHO ObiThb 15-20%. DTO YyKe NpOTHMBOPEUYMT JaH-
HbIM. Mozienn MHGNALMK C NOTeHLUAIOM CKaisgpHoro nons V ~ ¢
yKe HaJie)XXHO oTBeprHyThl. Camasi mpocTas ¥ NOMy/sipHasi MOAEb
¢ V ~ ¢? mocrassieHa 1oJj COMHeHHe — OHA NPOTUBOPEUYUT JaHHBIM
Ha ypoBHe 2. A B Moeii Mozield B 3HaMeHartesle CTOMT N? U OT-
HoLIIeHKe I I0/DKHO ObITh Ha YpOBHe MoJmnpoleHTa. BepxHemy npe-
Jeny elle JajJeKo [0 3TOH BEJINYHHBI

b. Ill: Tel gymaemb, NpyM OTHOLIEHWM MOJINPOLIEHTA IpaBUTALMOHHBIE
BOJIHbI B MPHHIMIE OOHAPY>KMMBI?

A. C.: DxcniepuMeHTaTOphI OGelalT A0CTHYb YPoBHS 1074,

B. IIl.: 9To Ha kakoM yrioBOoM MaciuuTtabe HeogHopoaHocTeit? Cnenyio-
I[Me U3MepeHHsi, ClelMajJbHO OpHMeHTHPOBaHHble Ha IOJSAPH3a-
LIMI0 pesMKTa, COOMPAIOTCSl NPOBOOUTb C 3eMJIM — B AHTapKTH-
ne. C 3emsn Bpoze Obl jierye HabM0AaTh MeNKoMaciuTabHbie He-
onHopoaHocTH. [lo kpaiiHeit Mepe, 1o cux mop ObUIO «pa3sperne-
HHe TPyJa». KOCMHYECKHe CTaHUMM CHUMalM IIMpOKOMacliTad-
HYI0 KapTy M CTpowau rpaduK pas/oKeHUsl MO MYJbTHUIONAM
NPUMEPHO A0 ThICAYH, a Ha3eMHble TeJeCKONbl M3Mepsn Mel-
KYI0 MATHACTOCTb M JOHOJHAMM 0OLMit rpadK IO MY/bTHIIO-
Jlei HeCKOJIbKO ThICSY.

A. C: Het, ciegpl rpaBUTallMOHHBIX BOJIH JIyylle MCKaTh Ha JOBOJIbHO
Manbix Myabtunonsx — ot 10 mo 50 (yrioBoit macumrtab ot 2 ;o
10°) — TaM COOTHOLIEHHEe aMIUVIUTYZA Oosblie. ABTOpbI 3KCIIepH-
MEHTa YTBEP)KAAIOT, YTO MOTYT CTPOMTb M JOCTaTOYHO LIMPOKOY-
rojibHble KapThl MOJISIPU3aLMM pETUKTA.

b. lII.: Aunpeit Jlunge, B ovimure ot Py6GakoBa, cuuTaeT, 4To MHGIIALMIO
yKe MOXXHO CYMTaTh HECOMHEHHBIM (paKTOM, TIOCKOJIbKY €CTh Mac-
ca MOATBEPXKAAIOLIMX CBHUAETEbCTB C PasHbIX CTOPOH.
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3nece cBeTblit (OH — pasgyBarolieecsi MPOCTPAHCTBO C OOHUM
M TEM K€ BaKyyMOM, KakuM OH Obul B camoM Hauasle. Cepble «3a-
JIMBbD» — HOBbIE BCeJIeHHble, 0Opa3oBaBIIMecss B ONMHAKOBBIX YCJI0-
BUSIX.

b. ll: Ho Benp BO3MOXHBI elie (a3oBble NEpexoibl Mocae OKOHYaHUS
nHsuun. Hanpumep, ecnu 6bu1 ¢a3oBbii mepexos, CBSI3aHHBIN
C BEJINKUM OOBbEeNHEHHEM, U €C/TM B HEM 3aefiCTBOBAHO HECKOJIb-
KO CKaJISApHBIX MOjed, To pe3ynpTaT Takoro ¢a3oBoro nepexona
MOXXET CTy4yailHbIM 00pa3oM BIMATb Ha (PU3MKY.

A. C.: B npunuune 3to Moxer ObITh U Tak. Bonpoc 0 BO3HUKHOBEHMH pas-
HbIX BapMaHTOB (PM3MKM NpU (Pa3oBbIX Nepexonax Halo 3aAaBaThb
¢u3MKaM 4yacTHL, ¥ OTBETUTb Ha HETO OHM NMOKa He MOTyT. Moxer
OBITb Tak, a MOXKeT ObITh, U HeT. Ho B /mo60oM ciyuae ectb Oecko-
HeYyHoe YKCJIO BCeJIeHHbIX, B KOTOpPbIX (pU3MKA B MOMEHT OKOHYa-
HUA MHQIALMK oauHaKoBa. Bcé, yro Kacaercss KoMmaKTHHMKaLHMH
JOTIONHUTENIbHBIX M3MepeHnil Wi obOpa3oBaHus OpaH, yXe mpou-
30010 paHblile, 1O TOPJBIIIKA, U3 KOTOPOro pa3BOpauMBaeTCs 3TOT
KYCT BCEJIEHHBIX.

b. Il.: la, ouenp uHTepecHo! [leficTBUTENbHO, BeuyHass UHIAUMA OaeT
MyYKH POIACTBEHHBIX BCEJIEHHbIX. B rosoBy He mpuxomwio, a Bemb
oueBuaHo! Ho BepHeMcs k ucropuu. B BoceMuzecartsix Habmio-
IeHUsl JaBald C/IMIIKOM OIHOPOAHYIO KapTy pelMKTa — CHaya-
Na OyMajd, YTO HEOOHOPOOHOCTH NO/DKHbI ObITh Ha ypoBHe 1073
MX He oKasaioch. [loToM M300penn TEMHYI0 MaTepHio, MO3BOJUB-
1Iyl0 00OMTHCh HEONHOPOAHOCTAMM KoHTpacta 1075, Ho Habmiope-
Husa [lapuiickoro Ha PATAH-600 mpouu m 3TOT ypoBeHb, HHYe-
ro He oOHapy>XMB. OTO 00ECNIOKOWIO OY€Hb MHOTHX. B yacTHOCTH,
nomHIo Joknan Auzapes Jlunzge 1986 roga — oH roBopui, YTO CHUTY-
allys ¢ OJHOPOAHOCTBIO PEIUKTA YK€ TPeBOXHas, U eC/Ii BEpXHHUH
npees OIYCTUTCA elle YyTb-4yTh, To Oyaer coBceM Iutoxo. Iloxo
B TOM CMBbIC/IE, YTO HEBO3MOXKHO 0OBACHUTH 0Opa3oBaHHMe rajak-
THK — KOCMOJIOTHIO XJeT TynuK. Kak Thl Torna BOCHpHUHHUMAN 3Ty
npobnemy, oHa Tebs To)e Hampsiraa?

A. C.: Tloxayit, HeT. Sl mpocTo He Bepun B pesynbrar [lapuiickoro. Bu-
IOMMO, Y MEHsl eCTb 4YyTb€, KaKMM JaHHbIM CTOMUT BEpUTb, Ka-
KAM — HEeT, U OHO MHe IOJCKAa3blBaJo, YTO pe3y/abTaT HeBEepeH.
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40. UuTePBbiO C ANEKCEEM CTAPOBUHCKUM

[Torom Mb1 Bmecre ¢ [lapuiickuM B 1992 ronxy B3sinn ero JaHHbIE
M HAlUIK-TAaKM B HUX (IYKTyallMHd Ha HYXKHOM yYpOBHE — aBTODHI
3KCIIEPMMEHTa CHayaja MPOCTO HE CMOITIM M3BJeYb 3TH HEOIHO-
POOHOCTH U3 AAHHBIX.

b. IIl: A kak Tbhl BOCHpPHHSN OTKpbITME TeMHOM 3Hepruu B 1998 roxy?
TBoe uyTbe uTO-HHUOYAb MOACKA3bIBAIO MO 3TOMY mnoBoxy? Tebs
3TO NOpaAoBaso?

A. C.: TlopapoBano, HO He yauBWIO. TYT €0 AaXe He B 4yThe, a B KOC-
BEHHbIX CBHIETE/IbCTBAX, KoTopble ObUIM M paHbiue. Ecim cope-
MeHHas nocrosiHHas Xa66na H, 6ombue 60 km/c/meranapcek, To
KOCMOJIOTHYEeCKasl TOCTOSIHHAas MpoCTO HeobOXxoauma, yToObl CBe-
CTM KOHLbl ¢ KoHIamu. UHaue BceneHHass oka3biBaeTCsi MOJOe
HeKoTopbIX 3Be3n. [lo moBomy mocrosiHHOM Xa66ma nonroe BpeMs
v cropbl. Asjutan CaHpaimxk ¥ ['ycraB TammaHH TBepao crosiim
Ha TOM, 4TO 3HaueHue H Haxomurcs B paifone 50 km/c/meranap-
CeK — MpPH TAKOM 3HAYEHHUH He BO3HUKAeT HMKAKUX NPOTHBOpe-
ynii. Ho co BpemeHeM Bcé Oosbllie JaHHBIX YKa3blBaJIO HAa TO, UYTO
H, okono 70-75 km/c/meramapcek. Ml Koraa 1o CBepXHOBBIM YBH-
nenmu, 4yto BceneHHas pacimpsiercs ¢ YCKOpeHHeM, 1 OJHOBpPEMEH-
HO M3MepWIH, uTo H NeCTBUTE/NbHO HAXOMUTCA B 3TOM JMarnaso-
He, BCe BOCIIPHHSJIM 3TO KakK Jo/mkHoe. Bcé Bcraso Ha cBoM Mecra.

b. IIl.: A KaK Tbl OTHECCS K OTKPBITHUIO aKYCTHYECKOTO IHKa, a NMOTOM
M Heckonbkux nHUKoB? Sl B To BpeMms, B 1990-x — Hauane 2000-x,
ObUT BHE 3TOM TEMbl, HO 3aJlHUM YHCJIOM aKYCTHYECKHe NUKM II0-
paswi¥ MeHsl [0 MTyOMHBbI TyILH.

A. C.: MeHs 3T0 TO)XXe MOpafoBaso, HO A KAAI, YTO TEOpUS NMOATBEPIAMT-
¢ ¥ 3aech. Tak 4To ocoboro yauBiieHus He ObUIO.

b. IlI.: Ectb nn ceituac moxau (s MMelo B BUAY Cepbe3HbIX MCC/IefoBare-
neit), KOTopble HAaCTPOEHb! NMPOTHB TEOPHUH UHPAALUU?

A. C.: Ectb. Hanpumep, [lon Creitnxapar. OH npuBBIK MBICIUTD B TEp-
MHMHaX CKaJSPHOIO INOJS, Tle MOTEHLMan BbIpa)KaeTcs CTENEHBIO:
V' ~ ¢ HoBble naHHble, a UMEHHO HaKJIOH CHEKTpa M BepXHHUH
npenes Ha rpaBUTALMOHHbIE BOJIHBI, CTaBAT MOJ COMHEHHE TaKYIo
BO3MOXHOCTb.

YeTBepTas cTeneHb oTOpoOILEHA C rapaHTHel, Bropas CTeNneHb Npo-
TUBOPEYMUT JAaHHbIM Ha YPOBHe 2,5 CUTMa — T. €. IIOCTaBJieHa 1O0J
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comHeHne. OcraeTcss NMHEHHas 3aBUCHMOCTb, HO OHa He OYEHb
ecrecTBeHHA. [lpyrasi TPYAHOCTb TEOPUU HMHOIALUH, IIPO KOTOPYIO
YacTO TOBOPAT, — HayajibHble ycl10BHA. YToObl 3amyCTHTb NpO-
necc, Tpebyercss Gonbuioe M Gosee-MeHee OQHOPOAHOe MoJsie B 00-
JIaCTH pasMepoM HEeCKOJIbKUX ropu3oHToB. Ho 310 He oueHb 60sb-
masi TPYAHOCTb.

b. Ill.: Buaumo, BepOATHOCTb peaM3allM¥ TaKUX HaAYaJIbHBIX YCJIOBHMA
MaJia, HO He ucye3arouie Masa? U «monmbITOK» peann3aly pasHbIX
HauaJIbHbIX YCJIOBMIl HaBepHO NpoucxoauT HeMmano? U komb yx
NpoLeCC MOIlIes, TO €r0 HUYTO He OCTAaHOBHUT?

A. C.: llpumepHo Tak. Ilpobnema meACTBUTENHHO He NpPUHLMIHAJIbHA,
B oTimuMe OT asbTepHATUBHBIX CLIEHApHUEB, FI€ eCTb NPUHLMIIH-
asibHble MpobseMbl. JInbOo HeT MpoBepsieMBIX MpeAcKa3aHHiA.

b. IIl.: Korna flxkoB bopucoBuy, HakoHell, MPU3HaJ TEOPHUI0 MHGAALUHU?
Kak Bblmie no Tekcry yxe ckasan Bonoas Jlykam, 3enpaoBuu
ycTpown pasHoc [7MHepy, Korja TOT pacckasbiBal NMpO CleHapui
OTCKOKAa C «(pH3MYECKAM» KOCMOJIOTHYECKUM WIEHOM, YTO ObUIO
HEKUM NPOTOTHIIOM MHOIALUN. A CIYCTS AECATh C YEM-TO JIET He
NpU3HaBaTh ee ObUIO YXKe TPYIHO.

A. C.: Iloxany#t, ato npousouvio B paioHe 1980 roma — kakercs, MHe
yaaiocb ero ybenuts. BapuaHT ¢ MoauduiMpoBaHHO#M o0meil Te-
OpHeii OTHOCHTEJIPHOCTH €My OKa3alics Ombke, 4eM ClieHapHii
C OTCKOKOM B UYKCTO TMApOJUHAMHuyecKoil Momenu [nuHepa C 3a-
IOAHHBIM pYKaMHM YypaBHEHHMEM COCTOSIHUS WIM B Moeil Mozenu
1978 rona ¢ MacCMBHBIM CKaJsIpHbIM NosieM (MeHS OH TOrAa IO-
KPUTHKOBaJI TOXe, U He TOJIBKO OH).

b. IIl.: Hy u B 3axmoueHue. [Ipumep ¢ TBoeil Moznenbio U cueHapueM [yta
NOKa3bIBaeT, HACKOJIbKO B HayKe Ba)XKHa IMpoIarasja...

A. C.: KoHeuHo, B Hayke mpornaraHaa Heo6xoauMa, HO KTO-TO JIO/DKEH Je-
NaTth HpaBWIbHble paboThl, YTOOBI Y MpONMAraHAMCTOB ObLT amek-
BaTHBII npeaMeT IyIsl Mpomnaraibl.






b. 1II.:

B. M.:

MprorPbiB 3A KPAM MUPA: lPOPLIB

Ha 3Ty TeMy — 3T0 6bUIO nmpemyioxeHue 3enbaosuya. Ho 6put0 He-
fICHO, KaK B 3TOH TEOpUM MOJYYUTb BO3MYLIEHMS, NOCTATOYHbIE
s obpasoBaHMs TalaKTHK M BooOlle Bcelt CTPYKTypbl Bo Bce-
neHHoit. B pesyabrare Jlykam 6bicTpo omy6avkoBan GopMasbHYIO
TEOpHIO, @ Mbl ¢ YNOMCOBBIM MOMBITAIUCH HAWTH Kakyio-1ubo Mo-
nenb paHHedl BcenenHol, roe ata Teopus morna Obl OOBSCHHUTD,
Kak o0pa3oBaJMCbh raJakTHKU. Jloaroe BpeMs He IOTy4aaoCh HH-
yero. Sl ucnpoboBan pa3Hble MOAENM C HOPMAJIbHBLIM BEIECTBOM,
M BO BCEX 3THX MOZENAX BO3MYIIEHUs ObUIM CIMILIKOM MaJIeHbKH-
mu. HakoHel, Bo3HHK/IA HAes: a YTO, ecM monpoboBaTth pelieHue
ne CuTTepa — CKaJIsipHOE mojsie ¥ HEMHoro paauvauuu? U Bcé mo-
myuwiocb! OKa3anoch, YTO KBAaHTOBbIE (DIYKTyaLMHM HYXKHBIM 00-
pa3oM yCWIMBAIOTCS U pacTaruBaloTcs. Bcé Bcraso Ha cBoM Mecra.
Ionyuaercs, Bbl mofoOpanuch K MHGIALMH COBCEM C APYroi CTo-
poHbl. JlpyrHe Xxorenu OT Hee IUIOCKOM OAHOpomHOW BceneHHoMH,
Bbl — 3aTPaBOYHBIX HEOJHOPOAHOCTEH IJIS TaJlaKTHK.

Tak 3TO He MeHee, @ B KAKOM TO CMBIC/Ie Jaxke Oojiee Ba)XXHO: Mbl
BIIOJIHE MOMIM OBl CYIIECTBOBaTb M BO BCEJIEHHOH C reoMeTpH-
eif JlobaueBckoro, a 6e3 raJakKTUK — HHKaK. JTOT Pe3y/bTaT Mpo
BO3MyILeHUs1 B MUpe ne Cutrepa Obul omy6/1MKOBaH B cepeluHe
1980 rona B Buze npenpunta QUAH (Ha aHIIHMIICKOM). A KYpHaIb-
Hasd myO/iMKanus NOSABWIACh TOJMbKO uepe3 JABa roja B Monthly
Notices (MNRAS). Peuensent (Bepnapa Kapp) monHocTbio mepe-
NYcal Halll aHIJIMACKKI, TTOTOM Hajo ObUio BCE mepeneyaTatb, HY
¥ 1oYTa B AHIIMIO M 00paTHO IUIa MeCsALaMH.

Xotb B 3TOit nepBoif paboTe Mbl M TNOMHOCTBHIO OCO3HAIH, YTO
6e3 ne-cuTTepOBCKOM (MH(IALMOHHOM) CTaiNM HE MOXKEM HHUKaK
oboiiTHiCh, €cTM XOTUM 00pa3oBaTh rajJaKTUKMA M3 KBaHTOBBIX BO3-
MYILEHHUH, DeTaJbHYI0 CTPYKTYPY BO3MYILUEeHHil B Hallell MoAenu
ObUIO BCE Ke HEBO3MOXXHO pAacCYMTaTh, NMOCKOJIbKY IepPBOHAYasIb-
Hasg MoJenb ObUla C/IMIIKOM yrpoureHHo#. B nekabpe 1980 ropa
1 peLIWI MOCMOTPETb, YTO NPOUCXOAUT C KBAHTOBbIMH (DITyKTyallH-
AMH B MOZENH, KOTOpYIo Npemwioxun CTapoOMHCKHIA, ¢ TeM, uTo-
6b1 perTh npobaeMy HayaabHOU CHHIYASpHOCTH. B 3rtoit Monenu
MpeJnonaraioch, YTo BceleHHas OeCcKOHEeYHO MOMro HAaXO4WIach
B JIe-CUTTEPOBCKOM COCTOSIHMM, a yXKe IOTOM oOpa3oBasiach Hallia
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b. 1II.:

B. M.

b. I1l.:

41. NHTEPBbLIO C BayecnaBoM MYXAHOBBIM

BcenenHasi. B pesynbraTe Halmmx pacyeToB OKa3aloCh, YTO KBaH-
TOBble (MIYKTyallUM pa3pyLIAlOT Je-CUTTEPOBCKYIO BCEJIEHHYIO 3a
IIOBOJIBHO KOPOTKOE BpeMs, U TakuM oOpa3oM mpobseMy CHHry-
JISIPHOCTH OKa3aJIoCh peLUNTb Henb3sl. Tak YTO €C/Id UMeTb B BUAY
NepBOHAYa/IbHYIO Liefb 3TOH MozenH, To Mbl ee 3akpbUin. C 1py-
roil CTOPOHBI, Mbl HAIUIH, YTO €CM BCE Ke MpeNrNoJIOXKHUTb, YTO
o KakuM-O0 MPUYMHAM BCeJIeHHAas BCE ke NpoIUIa B TeYeHHH
KOPOTKOTO BPEMEHHM 4Yepe3 TaKyl CTanuio, To npobrema obpa3so-
BaHUs TalaKTUK peleHa. KBaHToBble GUIYKTyalUH AeHCTBUTEb-
HO YCWIMBAIOTCA M BeXYyT B JasibHeilleM K rajlakTUKaM U B KO-
HEYHOM HUTOre K >XM3HM. Ha 3TOT pa3 s He pUCKHYN mociaTh CTa-
ThIO 3a IPaHML, U OHa Obuia omybnukoBaHa B «[lucemax B KOTD»
B Mae 1981 rona.

B aroii craThe HaM yJaJ0Ch MOJHOCTbIO MpeACKa3aTh CIEKTP BO3-
MYILeHHH, KOTOpHI ymajioch MoMeputb Toibko cmycts 30 ner
B 3kcrepumenTax WMAP u dlnank». Habmoznenus 6nectsie nox-
TBepAWIM HamM C YuOMCOBHIM INpencKasaHus TpUALATHIETHeH
JaBHOCTH.

IJTOT CnekTp — cheuudHuyeckas xapakrepuctuka mozenu Crapo-
6uHCKoro? Yto ecau B3ATh ApYryio monenb UHQIALUAK?

Kak okasaysoch, KOHKpeTHasi MOZe/b 3[eCb UrpaeT O4eHb He3Ha-
YUTEIbHYI0 poib. BrocseAcTBUM MHe yAanoCh NMOKa3aTh, YTO He-
3aBMCHMO OT Mojend HMH(AAUNM BO3MYILeHHMs, 00pa3oBaBliIHe-
ca nocie MHQAALUMM, Bcerja Cjaerka pacTyT C poCTOM MacliTa-
6a. U B KaKoi-TO MOMEHT S YETKO OCO3HaJ, YTO €C/IM HOATBEp-
JUTb 3TOT POCT BO3MYIIEHHI C MacmTaboM SKCIEPUMEHTAJIBHO,
TO 310 OyZeT OJHO3HAYHbIM JOKa3aTe/bCTBOM TOIO, YTO MBI BCeE
NpoU30LIM U3 KBaHTOBbIX (uiykTyauuid. Kpome Toro, Hama Teo-
pHsl TaKXe NpeJCcKasbiBajla, YTO BO3MYILEHHs NO/DKHBI OBITH amgu-
abaTMyecKMMH M rayccoBbiMH. B Hayane 1980-x ObUTo HEBO3MOX-
HO JjaXKe NpeJCTaBUTh, YTO Halll CIEKTp Koraa-nubo ymacrcs uaMe-
puTh ¢ HeobxoauMoit TouHocThIO. Bonee Toro, annabatuueckue, ra-
YCCOBBI BO3MYILIEHUS] NPOTHBOPEYMIM ACTPOHOMHYECKMM Habro-
nennsaM. TeM He MeHee, 3TO He MOMeIIAJI0O MHE 3aLUUTUTb KaHIH-
IOATCKyI0 aucceprauuoo B 1982 rony.

Hy BOT, He mpolLIO ¥ TpUALATH NATH JIET...

235



MprPorPbiB 3A KPAM MUPA: TlPOPLIB

B. M.: He npouwto... M Bce npenckasaHus Haiueit Teopuu 6butn 6nectsiie
NOATBEPXKAEHb! IKCIIePUMEHTAIbHO.

b. lIl.: [la, s BbIlle Y)Ke 3TO OXapaKTepU30Bal KaK TPUYM(} HayKH.

B. M.: YUro kacaercss MHQIALMN ¥ KBAHTOBOTO [POMCXOXIEHHS TaJIaKTHK,
TO 3TO B BbICLIEH CTeNeHH YAMBUTEIbHO, YTO €IUHCTBEHHOE Ipej-
TMOJIOXKEHHUEe O TOM, YTO Haila BceseHHasi npoliia B NpOLLIOM Ye-
pe3 CTagui0 TeMHOM SHEpPruM, Koropas YCWIWIa KBaHTOBbIE BO3-
MYLIEHHUs, BeJleT K MATH YeTKUM IpeJCKa3aHUsAM:

1. BceneHHast ¢ BBICOKOH TOYHOCTBIO «IUIOCKasi» (CM. riaBy 32).

2. BoaMyleHus IUIOTHOCTH — YUCTO aaMabatuyeckue (CM. Bpes-
Ky).

3. Oum xe — rayccoBbl (cm. P. S. k rnaBam 31-35).

4. HavanbHblii CreKTp BO3MyILeHUH cierka (snorapudmudecku)
pactet ¢ mMacirabom.

5. CyliecTBYIOT nepBUYHble 'PaBUTALMOHHbIE BOJIHBI

[lepBble ueThlpe mpenckasaHWsi B Hacrosdilee BpeMsi NOATBEpPX-
JeHbl IKCIIEPUMEHTAIbHO C OFPOMHOM CTeleHbI0 TOYHOCTU. YTO
KacaeTcsi MATOro NpeACKas3aHUs — aMIUIMTYAA IPaBUTALMOHHBIX
BOJH MOXET OKas3aTbCAd HIKEe OSKCIIePUMEHTAIbHO IOCTHXHUMO-
ro ypoBHs.. B npuHuumne, 3to He KaracTpoda, MOCKOIbKY OCTaJlb-
Hble — highly robust...

b. I1I.: Xene3obeToHHbIE...

B. M.: [la, xene3o0eToHHble. OHM ObUTM MOOTBEPXKIEHDLI, U A AYMAl0, HU-
KaKUX COMHEHHI 371ech ObITh He MOXeT, aDCOMIOTHO SICHO, YTO BCe
Mbl MPOM30LUTM M3 KBaHTOBBIX (urykTyaumii. Ecim Os1 X0oTb 0fHO
M3 3THX NpeACKa3aHHUil ObUIO ONMpPOBEPrHyTO, OONMBIIMHCTBO (HHU3H-
KOB YCOMHHJIOCh Obl B TOM, YTO MbI JI€/ACTBUTE/IbHO 3HAEM YTO-TO
0 paHHeil BcenenHoil. MeHs, HanpuMep, HEOOHOKpPATHO CIIpallH-
BaIM Ha [OK/Iajiax: ecld 1, XapaKTepU3YIOLINid HAK/IOH CIIEKTpa,
okaxercs 0,99 + 0,01, cornacuiibcst U TH C T€M, YTO TEOPUS HE
paboraet? fl orBeuan: cornaurych! IlpaBna, Aunpeit JluHzge roo-
PWI: HY, MOXXHO NPUAYMAaTb TaKyl0 MoOJenb, KOTOpas AacT MOYTH
TOYyHO eauHULy. Ho, mo-moeMy, 3T0 y)xe He Hacrosiias (Pu3HUKa.
M300peTaTenbcTBO BCAYECKHX J1a3eeK — COBCEM JpYToil 6u3Hec.
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b. III.:

B. M.:
b. ..

B. M.

b. I1l.:

B. M.

b. I1l.:

B. M.:

41. NUHTEPBbLIO C BA4YECNABOM MYXAHOBbBIM

Hy, Auzipeit HI)Ke, B MHTEpPBbIO C HUM, FOBOPHUT Kak pa3 TO Xe ca-
MOe MpOo rayccoBOCTb, KaK Hapop Jenan Ou3Hec HA MOAENSAX HH-
dasALMK, HapyIAOIUX IayCCOBOCTb.

Bot! Iepen my6nukauueii peaynbratoB «[naHka» ObUT MyLIeH CIYX,
yro «[l1aHK» HallleNl HEeraycCoOBOCTb, U Jaxke ObUIO OpraHM30BaHO
HECKOJIbKO KOH(epeHLMii B MpeBKYIIeHUH 3Toi ceHcauuu. K cua-
cTbio, «[[1aHK» BCE pacCTaBWI [0 CBOUM MeCTaM.

AHgpelt yxe BecbMa KpacOYHO paccKasas Ipo 3TO.

Wnu B34Tb HeaBHUM pe3ysbTaTr [0 IpaBUTALMOHHBIM BosHaM. OH
NOBOJIbHO Cepbe3HO MPOTUBOpeUMT pedynbraTaM «[lnaHka». TeM He
MeHee MHOTHe TYT e CTaIM NOACTPAauBaThCA TaK, YTOObI, KaK ro-
BOPHTCS, <YTOOUTh M HALIWM, ¥ Ball¥M», BBEJIU NEPEMEHHbIH CreK-
TpaJIbHBI HHOEKC U T. 1., Kopode, nosHblil Open... U Bcé ato BMe-
CTO TOr0, YTOOBI MPOCTO TMOAOKAATH, IOKA SKCIIEPUMEHTATOPHI BBI-
SICHAT, KTO € M3 HHUX MpaB.

A yxe nucan o6 atom (P.P.S. k rnaBam 31-36), uto 3T0 Hacuiue
Hax teopueil. U PybakoB TO e caMoe qyMaer.

A BooOLle CHIBHO He YAMBIIOCH, €C/IM HUCTOPHUA C Pe3y/IbTaTOM
BICEP2 okaxercs aHa/JIorMYHO# MCTOPHUH CO CBEPXCBETOBBIMH Heil-
TpuHO (B 2011 roay ObU1o0 00BABIEHO 00 3KCIIEPHUMEHTAIBHOM M3-
MepeHHUH CKOPOCTH HEMTPHHO, OKa3aBlUeiCs YyTb BbIlE CKOPOCTH
CBETa, YTO BBI3BAJIO BaJl TEOPETUYECKUX paboT, HO OKa3aaoCh TPH-
BUAJIbHONH TeXHUYeCKoi owmmbkoit. — b. IIl.). [Ipu BceM TOM, uTO
pe3yabrathl BICEP2 He noarBep)xieHbl M eCTb Ky4a BOIPOCOB, IO-
CMOTpH, KaKas MOAHAIACh LIYMUXa B CaMbIX pa3HbIX raserax, Xyp-
Hasax, o TeneBumeHuio. Korna Gbumn omy6imkoBaHbl Kyna Gornee
moiyHbele pe3ynbratel WMAP u «[Inanka», kTo 06 3TOM Hamucan
B Poccun? bops llrepn B «TpouukoM BapuaHTe» fa elie pas-iBa
v obuescs. A TYT — JAeBATHbIA BaJL

Moxer ObITb, 3T0 U He TaK IUI0X0. CKOJIbKO Hapoja y3HajIo, 4TO
CYLLECTBYIOT I'PaBUTALMOHHbIE BOJIHBI, YTO €CTb TaKas TEOpHUS HH-
bnsauMy, YTO ecTh Takash Hayka — KOCMOJIOTHSL...

Tyr Takas mpobneMa. [locsie ceHcanuu co CBEpXCBETOBBIMH Heii-
TPUHO, 3aKOHUMBILENCS CKaHmaaoM, mpocras mybiauMka HaBep-
HOe JlaKe YCOMHWIAach B OTKPHITUM 0030Ha XWIrca: MOXeT, ONATh
pasbeM IepenyTaid... Takue UCTOPUH OUCKPEAUTHPYIOT HaykKy.
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MprPorPbiB 3A KPAM MUPA: llPOPLIB

b. III.: C oxHoit cTopoHbl — na. Kaknas nomHyBlIasg ceHcalus nonoo-

B. M.:

Ha JIOXKHOMY KpUKy «Boiaku»! Ho Bce-taku Her xyma 6e3 no-
Opa — Hapox BUMAMT, YTO B HayKe YTO-TO mpoucxomuT. Kcrarw,
pesyaprat BICEP2 Bpsin nu nomHeTr ¢ TakuMm TpecKOM — Hempa-
BUJIbHBIA yyeT (pOHAa — 3TO BCe-TaKM HE pa3beM HeNpaBHJIbHO
BOTKHYTb. I BCe-Tak eCcThb LIAHC, YTO Pe3y/abTaT NOATBEPIAUTCS.
Koneuno, uM Hazo 6bUI0 4yTh-yyTh MOJOXKAATh — «[InaHK» yxe
CKOpO JOJ/bKeH BblJaTh JaHHble no ¢ony. Ho, Bunumo, xorenoch
ObITh BrEpeaH BCEX.

Boob1e, ypoBeHb >KYPHAJIMCTHKH, KOra pedb 3aXOIUT O Hayke,
yxaceH. Ilo TeneBu3opy MHorma ciymaelb ¥ B yXac MPUXOAULID!
fl, KcTaTH, MoANMUCaCA Ha POCCHMiicKoe TeneBUAeHHe. V3BHHHM, HO
BCE, KpoMe «[loas» Takoe...

Ha atoM pasrosop nepeliesn Ha OJMTUKY M Ha3ak y)Ke He BEpHYII-
cq. OH npoucxonun B camoM Hauase anpenst 2014 ropa.

|
AnunabaTtuueckue BO3MYLLEHHUA

Koraa cpena ©xuMaeTcs unm pacuMpseTcs, OHa COOTBETCTBEHHO HarpeBaeTcs
unu oxnaxaaetcs. Ecnn npouecc npoxoaut 6e3 nepeaayn Tenna oT OAHMX
obnacren ApyruM,To OH Ha3bliBaeTcs agmabatuveckuM. Npu IToM 3HTponuUS

B conyTcTByloweM obbeme (COKUMaloWeMecs Unmu pacmpaoLemMcs BMecTe

C BewecTsoM) He MeHseTcs. HeoAHOPOAHOCTM C NOCTOAHHON yAeNbHON
IHTPONMEN (IHTPONMER, AeNEeHHON Ha CONYTCTBYIOWMIA 06beM) Ha3biBaOTCS
aanabartuyeckumu Bo3MyLeHUMKU. B kocMonorum yaenbHyio aHTponuio yaobHo
U3MepATb KaK OTHOLWeEeHUe Yucna GOToHOB K Yncny 6apmMoHoB.

AnbTepHaTuea aaMabaTMyeckuM BO3MYLWEHUSAM — IHTPONUIAHbIE BO3MYLLEHUA,
rae ymcno $oToHOB Ha 6apnoH MeHseTcs. Ecnn apnabatuyeckue Bo3MyLeHUs
MNOTHOCTU KOCMUYECKOMW Cpeabl KaKUM-TO 06pa3oM 3aMOpPO3UTb, TO U3-

3a anddysnu GOTOHOB OHKU NPEBPATATCA B IHTPONUIHbIE: TEMNepaTypa
BbIPOBHAETCA, @ NNOTHOCTb OCTaHeTCs nepeMeHHOW. OnHako B paHHewn
BcenenHow auddysus ¢hoToHOB Ans 4OCTaTONHO 60NbLIMX BO3MYLWEHMI Bbina
HEe3HaYUTeNbHOW, U BO3MYLLEHWS, pOAUBLUMECH KaK aanabaTuyeckue, TaKOBbIMU
U ocTaBanuch. BosmyueHus, poauslimnecs B xoae MHGNAUMM, aBTOMATUYECKU
CTaHOBMNMCH aAnabaTMyeckuMm npu «BbiropaHumu» MHdNaToHa. To, 4to
BO3MYLWWEHUA M3HaYanbHO 6binn agnabaTuyeckMMu, BUAHO MO NONOXKEHUIO
nukoB Ha puc. 32.1. Ecaun 6bl OHM BbINK IHTPONUIAHBIMK, AKYCTUHECKUE
konebaHusa cpeapl B paHHen BceneHHoi Benu 6bl cebs No-aApyromy, U NUku
oKasanucb 6bl B Apyrix mMecTax.
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42. AHTPOMHbIK NPUHLKN

peny MpOCThIX BOMPOCOB, CTABUBIIMX KOCMOJIOTOB B TYMHK JIO MO-
sIBJIeHUs1 TeopuU HHGIALMK (CM. 171aBy 9), ObUT OMH, KOTOPBIA MBI
J0 CHUX Mop He paccMaTpuBaIu. EcTb MHOrO (pM3M4eCcKHMX mOCTO-

SHHBIX, 3HaYeHHUs KOTOPBIX Bpoje Obl HHOTKyAa He caexywT. Ho ecnu
Mbl DONbITaeMCs OPeJACTaBUTb MHP, TAie KaKad-HHOyJb M3 3THX KOH-
CTaHT HeMHOIr'0 M3MEHEHa, KM3Hb B TAKOM MHpE OKa3bIBaeTcsd HeBO3-
MOKHOM: He 00pa3yloTcsA aTOMHbBIe AJpa, He TOPAT 3Be3Abl U T.1. YTo
TaK MOJOrHAJI0 3HaYeHHs KOHCTAHT, YT00bI MBI MOIIH CYIIECTBOBAaTh?

YTo 3TO 3a KOHCTAHTHI, U YeM MX U3MeHeHUe ¢aTaibHO s Hac? Ca-
MO} Kanpu3HO# Bellbio BO BcesneHHO# OKa3biBalOTCA 3Be3nbl, 6€3 KOTO-
pbIX MBI He MOXXeM CyliecTBoBaTb. [loBTOpHM LIMpOKO M3BeCTHblE (ak-
Tbl Ha 3TOT CYET:

flapo Tskesnoro Bomopona, NEWTPOH, OKa3blBaeTCsl JOBOJIbHO Cla-
60 CBI3aHHBIM, YTO MrpaeT OOJbIIYIO POjb B MPOLECCE FOPEHHS
BoAOpoAa (B OCHOBHOM IPOTOH-NPOTOHHOM ILIMKJE) B 3Be3fax.
Ecnv 4yTb-4yTb YBeJMUYMTb SANEPHYI0O CWIY NPUTSHKEHUS MEXAY
NPOTOHOM U HEMTPOHOM, TO BEPOSITHOCTb OJHOM CTYMEHH MpPOTOH-
MPOTOHHOrO LMKJIa — COeJUHEHHEe MPOTOHA C AedTepHeM B SApO
renus-3 ynazet, U 3Be3fpl 6yayT ene ™ietb. Eciu cuny mputsxe-
HUA 0C/abuTh, NENTPOH MCYE3HET M MPOTOHHBIA LUK o0opBeTCcH
B rnaBe 6, nocesmenHoit Qpeay Xoily, ynoMmuHanach TpoiHas
resveBas peakUMs KaK €ro IJIaBHOE INOCTIKEHHWE M KaK e[uH-
CTBEHHbIII MOCTHK OT JIETKUX K TSDKENbIM 3/7IeMeHTaM B 3Be3[-
HOM HYKJIeOCHHTe3e. JTa peakuus upeT Onaromapsi pe3OHAHCY
f1pa yriepoja npy ynayHoil sHeprud. CTOMT HEMHOIO U3MEHHUTD
KOHCTAHTY siiepHbIX B3aUMOJECTBUM, U peakuus Grokupyercs, a
BceneHnHas octaetcsi 6e3 TSKeJNbIX 3/IEMEHTOB.

3Be31bl FOPAT MOTOMY, YTO BO BceneHHO# ocTasioch MHOrO BOJO-
pona, u obpasoBasoch Tombko 20% «Heroprouero» renus. Eciu 6bl
4YyTb YCUJIUTb CHJIbHblE B3aMMOJEHCTBUSA OTHOCHUTENIBHO 3JIEKTPO-
MarHuTHbIX, NOSBUIOCh Obl HOBOE CTAbOWIbHOE SIAPO — OHUIPOTOH.
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MpPoPbIB 3A KPAW MUPA: DONbWOM ®ENMEPBEPK

M Torna Bcé BewecTBO BcesieHHOM B nepBble MHUHYTHI IEpeluIo
661 B hopMy resusi. 3Be3nbl Obl He 3aXKITIUCh.

Ewe 6onee yxacaromasi BO3MOXKHOCTb — O0OJIErYUTh HEMTPOH Ha OIHY
TBICAYHYIO, TOrga OH Obl cTas CTabWIbHBIM, U He ObUIO Obl HU 3/IEKTPO-
HOB, HY aTOMOB — OIHM HEHTpOHBL

Ecte n gpyrue crnocobbl pa3pymiuTh Haile KOMGOPTHOe MHPO3NaHHE,
CJlerKa yero-HuOyab U3MeHMB B HeM. O HEKOTOPbIX MBI [IOTOBOPHM HIKE,
a MOKa CKa3aHHOTO JOCTATOYHO, YTOOBI NMOHATH, YTO 00bEM B NMPOCTpaH-
cTBe 3HaueHWi (PU3MYECKUX KOHCTAHT, MOMYCKAWOIIMif CyllecTBOBaHHE
)KU3HHM, HUYTOXHO Mas. ByATo ¢M3nyecKHe KOHCTAHThbI CHeLHaIbHO IO-
JIOTHaHbl TakMM 00pa3oM, YToObl MBI MOIJIM CYLIECTBOBATb.

Tenepp naBaiitTe B3rIsAHEM Ha 3eMJI0: Ha Heil Toxe BCé kak OyaTo
CHeLMaJIbHO MOJNOTHAHO VIS Halllero CYIeCTBOBAaHMSA: TeMIeparypa, aT-
Mocepa, Boza, cTabuibHas opOMTa, XOpOIUMH HAKJIOH OCH BpalleHHd,
cnabas GombapanpoBka actrepouzamu Grnaromaps lOmurepy, ounctuBine-
MY NIPOCTPaHCTBO OT KocMH4eckoro mycopa. Ho Beab Mbl TOYHO 3HaeM
O CYIeCTBOBAaHMM JPYTHX IUIaHET M MHOXECTBA APYIMX IUIaHETHBIX CH-
CTeM, e YCJI0BHs COBCeM MHble. Tak TaM HMKTO M He >XMBeT. Mbl Moriu
MOSIBUTBHCA JIMIIb B OJHOM M3 OTHOCHTETbHO HEMHOI'MX MHDOB — B TOM,
KOTOpBIii Onmaromapsi creueHmio oOCTOATENBCTB Kak OyATO CreLMasbHO
NOJOrHAaH NOJ CyIeCTBOBaHHE YU3HH.

To e camoe u co BcenenHoi, ecnu:

*  BCEJIEHHBIX OYeHb MHOTO, BO3MOXXHO, OECKOHEYHO MHOIO;

° BCe OHM pa3Hble, BO3MOXXHO, C Pa3HbIMM 3aKOHamMU (PU3MKH, pas-

HBIMH KOHCTAHTaMM B3aMMOJENCTBHMIi, pasHbBIMH Habopamu ua-
CTHL, IpHUYeM KOHKpeTHasl peaju3auus CIy4aiHa.

Bor Mbl M NOABWIKCH TaM, TI€ MOIVIM, Tle HEHTPOH TsDKeneil mapsl
MPOTOH + 3JIEKTPOH, IIe YIepon MMeeT sepHblii pe30HaHC C HYXKHOI
3Heprueil M Tak JAasee. Bo3MOXXHO, B NMpOCTpaHCTBe MapaMeTpoB CyIle-
CTBYIOT M Jpyrde OnaronpusiTHble «OCTPOBa», Ifle BO3MOXKHA KaKasi-TO
Apyrasi XU3Hb, COBCEM He Noxoasg Ha Haury. I tam pasymuble o0u-
Tateny OyAyT yAMBAATBCA yAAa4yHOH MOACTPOiiKe (PU3MYECKUX BEIHUYMH.
A B 0O/BLIMHCTBE BCEJIEHHbIX, Ile He MPOU3OLUIO OnarompusTHON CITy-
YaifHOCTH, HEKOMY IOCETOBAaTh HAa HeyjayHble 3Ha4eHUS (PU3UYECKHX
KOHCTaHT.

OTO U eCThb CyTh AQHTPOIHOTO NMPHHIMIIA.
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42. AHTPONHbLIA NPUHUMN

OH CHHMaeT HeKOTOpble BOMPOCH, NepeK/IaJbiBas OTBETCTBEHHOCTb 32
Kakue-TO (aKThl Ha CTy4aiHOCTb. [IoyeMy MMEeHHO TakOBbI MacChl KBap-
koB? OHM OmpeneNsioTCS KOHCTAHTaMHM B3aMMOZIEICTBUS KBapKOB C IO-
neM XWITCa, ¥ BEeJIMYMHA 3THX KOHCTAHT HMOTKyZAa He ciexnyet. Ho ecnn
MX M3MEHHWTb — «I0efieT» BCE — JHeprusl pe3oHaHca sijpa yriaepona, cra-
OWIbHOCTb U 3HEprusi CBA3U snep, — U MUP U3MEHHUTCS TaK, UYTO MBI He
CMOX€EM KUTb. AHTPONHBIA NPUHLMI HAMEKAET, YTO 3TH KOHCTAHThHl —
pe3ynbraT cayvyaiiHocTH B Ouorpagun Hameil BeeneHHol, 1 BMecTo 00b-
SICHEHMS 3TUX KOHKPETHbIX 3HAYeHWH 3acTaB/sieT UCKaTb MeXaHW3M, Ja-
IOLMi CTyyaiiHble peaiM3aluy GU3NYECKUX KOHCTAHT. JTO JeaeT MOUCK
Oosmee OCMBIC/IEHHBIM. B 1aHHOM KOHKpDETHOM C/yyae Mbl IOKa He 3Ha-
€M TOYHOIO OTBeTa, HO MMeeM psl npaBiononoOHbix rumnores. Hampu-
Mep, ¢a30BbIil Mepexon BakyymMa B caMoil paHHeill Bcenenno#t (cm. rna-
By 16). EcTb M gpyroif MexaHu3M C/Ty4aifHOHl peasM3anuy, 0 HeM Oyner
CKa3aHO HMXe.

AHTpOMNHBIA NPUHLMII NpeJnoiaraeT CylecTBOBAHHE OTPOMHOr0 MHO-
)KecTBa BCeJIeHHbIX. [IpeanonokeHHe O MHOXXECTBEHHOCTH BCEJIE€HHBIX
CTAHOBUTCSl €CTECTBEHHBIM Cpa3dy, Kak Toibko BcesneHHass npusHaHa ¢u-
3uyeckuM ob6bexkToM. Ho xoTesoch Gbl ellle 3HaTh, KAKOB KOHKPETHbIH Me-
XaHU3M NPOU3BOACTBA 3TOrO OrPOMHOro MHOXKecTBa. OKa3biBaeTcs, KoC-
MoJiorMyeckass MHQIALMA [OelaeT U 3TO, UYTO MEepBbIM IOHAN AHJpeit
JInnpe.



43. BeyHas nHopnauus

KasbiBaeTcsl, MHQALMSA, pa3 HAYaBLIKCh, HE MOXET 3aKOHYMTD-

cs1! HanoMHuM, «<MOTOpOM» MHQISLIMM SIBASETCSA CKAISPHOE 1oJe

(H(naToH), ckOpocTh MHQIALMM NPOMOPLMOHAIbHA KBaJpaTHO-
MY KOPHIO U3 IUIOTHOCTH €ro 3Hepruu. [lnsa omnpeneneHHOCTH Ipeanoso-
KM, YTO IUIOTHOCTb 3HEPTUM PacTeT C BeJMYMHON mons (3To He 00s3a-
TeJbHOe, HO yN00HOe NpeanonoXeHHe, MMeloLiee MeCTO BO MHOTHX MO-
nensx). Ecnu npeHebpeub KBaHTOBBIMM 3¢@deKTamMH, TO BeJMYMHA IOJS
NIOCTENEHHO CHWXKaeTcs, IJIOTHOCTb 3Hepruu Toxe. [lpuyem, yem Hmke
najaet IUVIOTHOCTb 3HEpruH, TeM ObicTpee ocnabnserca none — Bcé 3a-
KaHYMBaeTcs ero JUCCHIaNMei B YacTULbI U NepexofoM Ha (puAMAaHOB-
CKYIO CTaJHIO0 pacIUMpeHHs.

CymecTByeT HekMil MIOGT B TEPMHHONOTHM, TPeOYIOIMIi YTOUHATH
TMOHATHUS N0 Mepe yrTyOneHus B mpeaMet obcyxaeHus. Yro takoe Bosb-
mo# B3pbIB? MHOrve nmoHuMMaroT nox bBonblIMM B3pHIBOM HEKOE CaMoe-
caMoOe HayajJo paclIMpeHUs NMPOCTpaHCTBa. MoxHO ObUTo Obl Ha3BaTh
BonbiiM B3pbIBOM Hekui ctapT MHGnsAuMM. OOHAKO HMCXoms M3 CKa-
3aHHOTO HIXKE 3TOT «CTapT MHGIALMKU» TepsieT BCAKYIO OIpeeseHHOCTb.
Ho B ucropumu BceneHHOit ecTb COBEpIIEHHO YEeTKUH MOMEHT: OKOHYa-
HUe UH(IALMY, CBA3aHHOEe C HUM «BbIrOpaHHe» Mojs-uH(IaTOHA U mepe-
xon K ropsiveil BceneHHo#, pacumMpsiomeiics no 3akoHy ®puamana. by-
IeM Ha3biBaThb «bosbIIMM B3phHIBOM» MMEHHO 3TOT MOMEHT — KaK TOJIb-
KO OH Ipowu3oies (2 OH MPOUCXOOHUT 32 OYeHb KOPOTKOe BpeMsl), BCeJleH-
Hasl C ee OrPOMHOIi 3HTponueit U GonbKMM OyaymMM cocrosiiack. MimeH-
HO 3TO M eCTb OOlIenpuHATOe ompenesneHue Bosbloro B3pniBa B cpene
npoeCcCHOHAIbHBIX KOCMOJIOrOB. OZHAKO, OHO He OOIIeNpUHATO Cpeau
MOMY/ISIpU3aTOPOB HayKH, IPUMEPOM Yero CYXKUT PUCYHOK, obomreqiuii
HeJaBHO MHpPOBBIE CpeACTBa MaccoBoi MHGopMauud. OH WUTIOCTPUPY-
et ucropuio BcenenHoil, rne Bonbiioit B3peiB M300paXkeH HEKUM SPKUM
c¢epHUdYeCcKUM OpeosIoM, NpeaBapAOIKUM cTaauio HHGsauun. Ho BepHeM-
cs K npoleccy HHQIALHUH.
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43. BEYHAS MHONAUMNSA

Ecnn npeHebpeub KBaHTOBBIMH 3¢ @deKTaMy, TO MHPIAUMSA MIeT Bes-
Jle OIMHAKOBO M Be3[e OOWHAKOBO 3aKaHYMBAETCA: Bosblloil B3pLIB NPO-
M30iieT ONHOBPEMEHHO BO BCeM NpOCTpaHcTBe (OyneM cYUTaTh ero 3am-
KHYTbIM). BO3HMKHeT OJjHa rMraHTCKas ONHOpOAHAas BCEJIEHHas.

Tenepb BCMOMHMM Npo KBaHTOBble 3pdekThl. B raBe 26 Mbl nucamu
Npo TO, YTO NpH pacCIIMpeHUH NMPOCTPAHCTBA BaKyyMHble KBAaHTOBbIE€ KO-
neGaHus MHGIATOHA MEPEXOAAT B peayibHble HEOTHOPONHOCTH — (PIIyK-
TyalM¥ IUIOTHOCTH. Y 3TMX HEOAHOpPOIHOCTEH eCTb TUIMYHBIA pa3mep
(B MpUHATHIX BhIlIe NpeanonoxeHusx — 1077 cM) U XapakTepHoe BpeMs
¢dopmupoBanus, Tuna 107¥ ¢, Ux ammMryna ckopee BCEro OTHOCHUTE/Ib-
HO HeBeJIMKa, HO U 1oJsie MeHsieTcsl MelUleHHO. Mo)xeT oka3aTbCs Tak, YTO
dayKTyauus no ammuryne Gosblie, YyeM M3MEHEHHe MoJs 3a BpeMs ee
NOSIBJIEHHS], — 3TO BbINOJHSETCS jerko. Eciu 310 Qirykryauus co 3HakoM
IUTIOC, TOTAa OHA MOXKET YBEJIMYUTb 3HaYEHHE MOJisA, €C/IH CO 3HAKOM MH-
HYC — I0JIe YMeHbInaeTcs ObicTpee, YeM OOBIYHO.

Dokyc 3akIoyaeTcs B TOM, YTO MOJIOKUTEbHbIE (IYKTyalMH NOJTY-
YalOT MpeUMYIEeCTBO.

JleiicTBUTENBHO, €C/IU [10JI€ BO3POC/IO, YBEIMYWIACh M IUIOTHOCTb €ro
SHEPruM, a 3HAUMT, ¥ TEMI pacCLIMpPEeHHsl MPOCTPAHCTBA B AaHHOi obna-
cTd. B pesynbrare, nonoxurenbHas (AYKTyalusi pacTSHyJaacb BMeCTe
C HpOCTPaHCTBOM Ha Oonbimit o6beM, yeM oTpuuatenbHas. [lorom Ha
3Ty HOJIOKUTENbHYIO (QUIYKTYalMIO «CafsTCS» HOBble, B TOM YUCJIe U HO-
Bble MOJIOKUTENbHBIE — TaM 00beM pacreT emle OwicTpee, U T.4. [loyua-
eTCsl, 1ojIe 3a CYeT KBAHTOBBIX (PIYKTyalMit MeCTaMH Jie3eT BBepX BMe-
CTO TOro, 4ToObl NafaTh.

Bcé nmpoucxomut oueHb ObicTpo: ecu Obl He GAYKTyaUuH, UHGpAALUS
3akoHumW1ach yepe3 107%-10"% ¢ nocne Havana. Tak ¥ MPOMCXOOUT rae-To
B pa3qyBaloleMCsl IPOCTPAHCTBE: MoJie NajaeT, JUCCUITUPYET B YaCTHILb],
MPOMCXOAUT HOBbIN 00/BLION B3pbIB, 3HAMEHYIOWIMI POXKIEeHHe HOBOM
BcesileHHO. Ho B apyrux obnactsax monme mepxurtcs, yepes 1073 ¢ maxe
ycunuBasich, — MHQAUMs npopomxaercs. [IpoctpaHCTBO, yBeIMuMBasCh
BaBoe kaxable 107 ¢, mpomo/mkaer pa3nyBaThCsl. YCJI0BHO FOBOpS, KaX-
abie 107%5-107% ¢ mpousBomMTCS HOBOE MOKO/MEHHe OOJbLINX B3pbIBOB,
IAIOLIMX HA4yaJo HOBBIM BCEJIEHHBIM, — B K&XAOM NOKOJIEHUH HX YMCIIO
3KCIMIOHEHLUHAIPHO YBennuuBaercs. Y Tak MWuiMapasl neT — MHQAAuus
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43, BEYHAS MHOAAUMUS

Kyzna nomemaiorcs Bce 3TM MUpHabl pOXKAAIOIMUXCA BCeJeHHbIX BMe-
CTe C MpOJO/DKAIOIMMCSH pa3fyBaThbCsi MpOCTpaHCTBOM? HamomHuM, 4TO
pasgyBaHMe HAET CO CKOPOCTbIO, NMpEeBbINIANOIIEeNd CKOPOCTb CBETa: yXKe
IBe TOYKH, OTCTOsIIiMe Apyr ot Apyra Ha 107% cM, ynansiorcs Opyr ot
apyra ObicTpee cBeTa M TepSIOT APYr C JPYroM NPHUYMHHYIO CBS3b. JTO
He NPOTHUBOPEUUT TEOPHMHM OTHOCHUTEBHOCTH, KOJIb CKOPO 3TH TOYKHM Ha-
XOOATCA B NPUYMHHO HE CBA3aHHBIX oOmacTaxX. [IpocTeIM CoXKeHHEM
MMeeM CKOpOCTb YAaJIeHHsl TOYeK, OTCTOSIIMX IpYyT OT Apyra Ha CaHTH-
metp, — 10% ckopocreit cBeta M T.0. Eme pa3s: momoOHas ckopocTb He-
¢u3MYHa, HO aHHOE YMC/IO BIOJIHE CIOCOOHO NPOWUTIOCTPUPOBATh, Kyaa
3TO BCE NOMeELLAeTCs.

KoneuHno, Bech 3TOT GeckoHeuHblii (heiiepBepk OOMBLIMX B3PHIBOB HH-
KTO He MOXET YBHIETb: HEeT TaKOi TOYKHM, OTKyAa Obl OTKphIBajlach
nmaHopaMa Ha TpaHAMO3HBbII anogeo3 TBopeHus. JlioOoit HabmoxaTens
orpaHuyeH COOCTBEHHbIM FOPU30OHTOM, PaMyC KOTOPOro MCYe3aroie Mal
B CpaBHeHHMHM C MaciuTaboMm KapTHHbL MbI MOXXeM BOCIIPOHM3BECTH Bey-
HYI0 UH(JISALMIO TONMBKO CHIOH BooOpa)keHHsi, OMUpasiCb Ha MaTeMAaTHKY.



44. B ponu BHeLHero
cBepxbecrtecTBeHHOro Habnwopartens

OXXEpTBYEM OJHUM M3 MPOCTPAHCTBEHHBIX U3MEpPEHUH U BCIIOM-

HMM [P0 MOJieJib BCeJIEHHOM B BUIE HaJyBaeMoro mapuka. [IBy-

MepHOE NPOCTPAHCTBO BCE/IEHHONW — IOBEPXHOCTDb Iapuka. Cebs
NpeJCcTaBUM HaXOASLIMMUCSA B JOMOTHUTEIbHOM M3MEpEHHH, B3UpaloLIH-
MM Ha 3TO CO CTOPOHBI 6y1arofapsi CBEpXbeCTECTBEHHBIM CIOCOOHOCTSM,
0e3 BCAKMX OTpaHUYEHHMII B CKOPOCTH CHUTHaja. Mbl BUIMM yxe He Ia-
PUK, HO 1O CyTH — OeCKOHEeYHYI0 IUIOCKOCTb, NO KOTOpO#l 3TOT LIapHK
pasayiacs. [lyctb miockoctb Gyner uBeTHOI: uBet Oymer obo3HayaTh Be-
nnuuHy MHOaatoHa. Camoe CWIbHOe Mosie MyCTh OyaeT HpencTaBIeHO
¢H0neTOBLIM, MEHEE CWIBHOE — CHUHUM U T.J. MO CHEKTpY.

[InockocTh npofomkaeT pacTaruBaThbesl. 3aTopMo3vM BpeMs B 10% pas,
yToObl yCIeTb YTO-HUOYAb paccMoTpeTb. Torma pacCTOSiHME MEXAY JIkO-
ObIMH IBYMs TOuKaMH Oyner yaBamsatbes 3a 10 ¢. Mbl yBUANM KenTbie
M KpacHble MSTHAa BCEBO3MOXKXHBIX pa3MepoB U (OpM Ha cHHeM (oHe, KO-
Topble MOCTENeHHO o0pasyioTcs To 31ech, To TaM. JKeaThle MATHA pacTyT
MeJVIEHHee, YeM passieTaloTcsl Apyr oT Apyra. CuHue U uosneToBsle Mpo-
MEXYTKU MEXAY HUMH pacTyT ObICTpee, HO Ha CHHEM HOSIBJISIOTCS HO-
Bbl€ JKeJITble MATHA.

YTo mpouCXOAUT C MATHAMU TEIUIbIX OTTEHKOB? BesMyMHA MO B HUX
MPOAO/DKAET C KAKOro-TO MOMEHTa HeoOpaTHMO majath (€CTb KpHTHYe-
CKoe 3HayeHHe, HIDKe KOTOpOro OHa y)Xe He MOXKeT pacTH M3-3a KBaHTO-
BbIX (IyKTyauuii) — Bcé ObicTpee, MoKa mose-UHEGIATOH He <«BbIrOPaeT»,
nepelaB CBOIO 3HEPrui0 yacTuuaM. M3o6pa3um obnacTi ¢ «BBITOpEBLIMM»
nosieM OenbiM 1BeToM. [losiBneHue Gesoro naTtHa — ouyepenHoit GobLIOl
B3pbIB — pOXKJEHHe BceseHHO. HeCMOTps Ha CJIOBO «B3pBIB», POCT KaX-
moro 6esoro mATHa HayMHAeT CWIBHO OTCTaBaTh OT OOLIero pactuMpe-
HHUSl — NEpPeXOJUT Ha CTENEeHHON pexuM.

Ml onpeneneHHbiM 0Opa3oM npeoOpa3oBad BpeMs, HO He yKasa-
JI1 MPOCTPAHCTBEHHbI Macmitab. Ero MoxHO M He ykasbiBaThb — Kap-
THHKA OyneTr Toit ke caMOif M Ha MHUKpOHAxX, M Ha napcekax, oHa O/u3-
Ka K ¢paKkTaJbHOi — He B MaTeMaTH4yeCKOM (IpoOHasi pasMepHOCTb),
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a B «00ObIBaTEIbCKOM» CMBICJIE: camononobue B IIMPOKOM JUana3oHe mac-
1TaboB (YTOOBI NMOYUMTH PpaKTal B CTPOrOM MaTeMaTHYeCKOM CMBICIIE,
MO>XHO HapHCOBaTb, HANpUMep, JMHMUHU YpOBHs MH(aToHa). CBOHCTBO
(paKTaIbHOCTH MMEET TO K€ MPOUCXOXKIEHHE, YTO M IUIOCKUIA CHEKTp
IIEPBHUYHBIX KOCMOJIOTHYECKUX HEONHOPONHOCTE: CKOPOCTb PaCTSHKEHUS
IPOCTPAHCTBA MHOTO 0oJbllle CKOPOCTH U3MeHeHUsi UHG¢aToHa. Ha mac-
mtadax kBaHTOBbIX (rykTyauuit (10-77 cM) HHUKaKoit (QpPaKTaIbHOCTH HeT,
TaM eCTb BbiJieJIEHHBIl pasMep, C KOTOPHIM poxaercss OOJBIIMHCTBO He-
omHopoxHocTei. JIomycTMM, MBI BUOMM KapTHHKY C paspelleHHeM OIUH
MHKPOH M IIOJIEM 3PEHUSI METp WIM C pa3pellleHHeM MeTp M MojieM 3pe-
HHS ThiCAYa KWIOMETpOB, TOT4a B NEPBOM C/Ty4yae Mbl BUAUM HEORHO-
POIHOCTH, HauaBllKe pa3nyBaThcsi B cpenHeM Ha 2:107% ¢ moaxe (eciu
xapaktepHoe Bpems yaBoeHus 107¥ c¢), Tonpko u Bcero. [laxe 3a Bpems
00bIYHON HMHMAALMH HHUKAKHUX 00aJbHBIX M3MEHEHHWiT 3a Takoe BpeMs
He IPOM30MAET, He roBOpsl O BEYHOIL.

Jlo cux mop Mbl Uil POCTOTHI pacCMaTpUBAaIM KapTUHY BEYHOIl WH-
GAAUMM KaK MOABIKHYIO paclBeYeHHYIO IUIOCKOCTb (HAaOMHHUM, IUIO-
CKOCTb OTOOpa)kaeT TpexmepHOe NPOCTPAHCTBO, OJHOM KOOpPAMHATOM KO-
TOPOro Mbl NMOXKEPTBOBAIN W1 HarasgHoctH). [lpu Gosnee BHUMaTenbHOM
PacCMOTPEHHH 3Ta KapTHMHA CTAHOBHMTCSA HeaneKBaTHOM, U HaM NpPUAETCH
YCJIOKHUTD ee, YyToOBl cAenaTh war K Oonblieit JOCTOBEPHOCTH.

IlpencraBum cebe (puoneTOBOE MATHO OYEHb CHJIBHOTO MOJIS, OKpY-
keHHoe CHHUM ¢oHOM Oonee cmaboro. PuonetToBoe pacTaruBaetcs Obl-
CTpeii, YeM CHHee, IO3TOMY JUaMeTp MATHA AO/KEH pacTH OwicTpee, yeM
€ro OKPY)XHOCTb. JTO O3Ha4aeT, YTO MPOCTPAHCTBO B MaciuTtabe uorne-
TOBOTO MATHA MCKPUBJIAETCA.

IlpencraBute cebe KpUBHU3HY TPEXMEPHOrO IPOCTPAHCTBA Mbl HE MO-
)KEM, HO C JJByMEepHBbIM IIpolle, OCKO/IbKY MpHpoaa Aajsa HaM o0beMHOe
BooOpakeHre. Mbl MO)KeM IPEACTAaBUTb KPUBHM3HY, M3rubasi ero B Tpe-
ThbeM H3MepeHHH, KOTOpoe HeZOCTYNMHO AJIS ABYMEpHBbIX Habmoparesnei,
)KUBYIUX B 3TOM JABYMEpPHOM NpOCTpaHCTBe. [l MaTeMaTHYecKoro Omnu-
caHusl ¥ (POpMYIHPOBOK (PU3MUECKUX 3aKOHOB NONMOJHHUTENbHOE H3Mepe-
HHE He HY)KHO — TOJIbKO JUIA Halllero BOOOpakeHH.

WUrak, Bocrosnb3yeMcs TpeTbMM H3MepeHHeM M INpeICTaBHM, YTO Ha
cuHeM (oHe BBepX BbiNsAUMBaeTcs ¢uoeToBbiit Oyrop. PasHuia B ckopo-
CTH paclIMpeHHs CHHero ¥ (UOJIeTOBOTO He TaK YX M BeJIMKA, HO eC/H
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BCIIOMHHTb, YTO 3TH CKOPOCTH CTOAT B 3KCIIOHEHTe, (PUONMETOBbI Oyrop
HayHeT MpeBpallaThCs B TMFaHTCKHiA My3bIpb, FOPJIOBMHA KOTOpOro Oy-
IeT TOXKe pacTH, HO C OTCTaBaHHeM. [lasee, Ha MOBEPXHOCTU 3TOrO ITy3bl-
psl BOHUKHYT HOBbIE€ BbICTYTIBI U ITy3bIpH, U BeyHasi UHIALUSA NpecTa-
HeT B BHIe Ge3ynep)kHO My3bIpsLieics IUIEHKH, C YCKOPeHHeM paciuups-
Iolieecss BO BCe CTOPOHBI YK€ TPeXMEpPHOro mpocrpaHcTBa. Kaptuna npu
3TOM ocTaercsi GpakTaJbHON yXKe U B TpeX uaMepeHusax. Hamomuum, Tpe-
The U3MepeHHe BBEJEHO HaMHU JUIS HAIIIAHOCTH, HO TYT Y)Ke M OHO Ile-
pectaeT nmomoraThb HameMy BooOpaxkeHuio. Cpasy mnpencraBiseTcss KO-
JIM3UA: My3bIpY HEe YMEIAITCAd B TpeXMEepUM M Hae3XaloT ApYyT Ha npy-
ra — Ha CaMOM JieJie HUYero noJo6HOro He NMPOMUCXOLUT, TO JIMLIb Jie-
¢dexT Hallero npencraBI€HUS.

KcraTy, oueHp MHTepecHass MeTaMopdo03a NPOMCXOOHUT C FOPIOBUHOM
pasayBamolierocsi my3blps. 34ech 3aMellaHbl JOCTATOYHO CJIOXHbIE 3¢-
¢ekTh 00wiell TeOpHH OTHOCHUTENBHOCTH. DTO TOT C/Iyyai, Korja Jyd-
Ile MPOCTO COC/IAaTbC HAa MHEHHWe JKcrnepra. ANEKBaTHbIM 3KCIEPTOM
B JaHHOM ciyvae siBnsieTcsa Mropp Tkaués, nmockonbky eme B 1980-x ro-
nax oHu c¢ Bukropom bepesunbim u Bagumom KyspmuHbIM peuminm mno-
XOXYI0 3ajavy. BoiBox TakoB: ropsoBMHA NpeBpallaeTcs B Tak Ha3blBae-
MYIO KpOTOBYIO HOpY, CBSI3bIBAIOLIYI0 OAHO MPOCTPaHCTBO ¢ apyruM. Co
CTOpPOHBI POCTPAHCTBA, rae UH(IALMS 3aKOHYWIach M obpasoBasach HO-
Bas BCeJIeHHas, 3Ta KPOTOBasg HOpa BHIIIAOUT KaK OObIKHOBEHHas yep-
Has Jbipa. Macca 3Toit uepHOit AbIpsl MOXeT ObITh /MI000N — BCce 3aBH-
CHUT OT KOHKPETHbIX OOCTOATENbCTB BbIAyBaHHA IMy3bips. B uyacTHOCTH,
3Ta Macca MOXeT COCTaBJATb CTOHM MWUIMOHOB WIM MWLUIMAapAbl COJ-
HEeYHbIX MacC — Kak y YepHbIX [blp B LieHTpax ranaktuk. [IpaBna, Bepo-
ATHOCTb, YTO MOJOOHAss KpoTOBas HOpa ecTb B Habmonaemoif yacTH Ha-
weil BceneHHoM, HUYTOXKHA — NOKA UHQIALMS 3aKAaHYUBAETCS M KPOTO-
Basg Hopa ¢opMHUpyeTcsl, BCé YCIIeBaeT pa3/ieTeTbCsd Ha OTPOMHbBIE pacCTo-
SHUS. ¥ TIPOU3BOJIbHBIN Hab/I0aTe/lb YHOCUTCS AasIeKO 3a Mpefesbl JOocs-
raeMoCTH. BeposiTHO, BCe uepHble AbIpbl B LEHTPAX FalaKTUK — MPOXYKT
ucropuu BceneHHoit mocie bBosblioro B3ppiBa M HUKAaKOrO OTHOLIEHUS
K pEIMKTOBBIM KPOTOBBHIM HOpaM He uMmelot. IlyTemecTBoBaTh IO Bce-
JIEHHbIM U3 OOHOM B JpYTYI0 Yepe3 KPOTOBble HOpPbl HEBO3MOXXHO, JaXe
eC/IM MOBEe3eT OKa3aTbCs BOJIM3M KPOTOBOH HOpHI — MONBITKA MPBITHYTDb
B Hee NpuBeNeT HabnmoaTenss B rOPJOBHHY, Ilie IVIOTHOCTb CKOpee BCEro
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61M3Ka K IUTAHKOBCKOM M HUKaKHe KJIaccu4eckde OOBbeKThI CYILIeCTBOBATh
He MoryT. [IpaBia, TeopeTkH U300peTaOT pa3Hble BApMAHThI YpaBHEHHUS
COCTOSIHUSI MaTepuH, C KOTOPbIMH IUIOTHOCTb B FOPJIOBUHE OKa3bIBaeTCs
HIDKe, HO BCe PaBHO TaKWe NPbDKKU KpaiiHe He peKOMeHAYIoTcs, TeM 60-
Jiee, 4YTO 3apaHee yOenuTbCs B IPABOTe TEOPETUKOB €[Ba JIU BO3MOXHO.

TakuM 0Opa3oM, mepex HaMH OTKpbIBaeTCsi KapTHHA BeYHO MHQIIS-
LMK B BUAe pacTyIIMX MU MHOXALIMXCA My3blpeit pa3HbIX pa3mepoB. Ha
pa3ayBalOIMXCsl My3bIpsX 00pa3yloTcsi MATHAa CWIBHOTO IOJIS, BbIAYBa-
IOIIHecs B HOBble My3bipH, KOTOpble pacuMpsiioTcs Obictpee. Kaxnplii
my3blpb CO BpeMeHeM NpeBpaTUTCA BO BCEJEHHYIO, MpOHIs uepe3 CTa-
auio GosblIoro B3pbIBa, HO 10 3TOTO OT HETO OTBETBATCS HOBblE My3bIpH
C CWIbHBIM nosieM. [Op/IOBHHBI TPEBPATATCA B KPOTOBble HOpBI, CBSI3bIBa-
1oiMe BceseHHble, HekoTopble U3 KPOTOBBIX HOP, Y KOTOPBIX Macca MaJa,
MCIapsIIOTCS B COOTBETCTBUU C MeXaHM3MOM XOKMHra, TOraa CBf3b MEX-
Iy BCeJIeHHbIMU TepsieTcsl. O6pa3syercs GeckoHeyHasl CeTb CJIOXKHOI TOMO-
JIOTMH, KOTOpasi pacTeT MO 3KCIOHEHIMAIbHOMY 3aKOHY.

M Tak BO BEeKH BEKOB.

Hosrle BcenenHble mpopomkaloT 0Opa3oBbIBaTbCS 3heChb U TaM. OHU
pa3HOCATCS B CTOPOHBI, MOPOXKAAIOT HOBblE U T.J. B mmpokom mose 3pe-
HUS Mbl BUIUM MHpHazbl BceleHHbIX. KakoB Mx pa3mep  Bo3pact? Bos-
pact mopasnsiouiero GonpiMHcTBa nopsaka 107* ¢ win Menbine. [lons
CTapblXx BCEJIEHHBIX KaTaCTpo(PHUUeCKH Maja: paCCTOSHUE MeXAy BCeJeH-
HBIMM THMNIa Haweil yasowioch 10% pas u cocrapiaser 10°° (Bcé paBHO
Yero — CaHTUMETPOB WIM mapcek). TeM He MeHee, YUC/IO CTapbiX BCe-
JIEHHBIX TOXX€ OIPOMHO — TakoB 3akOH MHsauuU. Yto kacaercs pa3me-
pa POXJAIOLKXCS BCENEHHbIX — TYT pa3bpoc Moxer ObITb KakuM yroa-
HO: Hallla pogwiach JUaMeTpoM He MeHee MeTpa (Ha MoMeHT bosblioro
B3pbIBa), @ BEpXHUIi npenes MOeT ObiTh MHOOBIM.

Yepe3 MWLIMap/bl JIeT KapTHHA He U3MEHUTCS: BCe HOBOPOXKAEHHbIE
BCeJIEHHble, YTIOMSIHYThIe Bblllle, CO3peloT U GynyT pasHeceHbl HA TMUraHT-
CKM€ pacCTOSIHUSI — B KaKHUX-TO M3 HUX BO3HUKHET )KU3Hb. 3a 3TO BpeMs
YKCJIO BCEJeHHBIX onATh yaBoutcsa 10° pas u 1.1

Mb! nombITaMIMCh pELIMTh OYEHb CIOKHYIO JUIS Hallero BOOOpakeHHs
3agauy. Hackonbko 3TO pellieHMe OKasaloch yAAa4yHbIM, CWIbHO 3aBUCHT
OT MHOMBMIYIbHOTO BOCHPUATUA yuTaTens. Obneryaomum obcTosiTenb-
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CTBOM fIBJIsieTCA TO, YTO 3a/aya, I0 KpaiHeil Mepe, HA JaHHOM YpOBHeE
paccMoTpeHusi (masbile OymeT Xye), ONUCHIBAeTCs HOBOJIBHO IPOCTOI
MaTeMaTHUKOM.

[lo-BUOMMOMY, 3Ta CWIbHO YTIpOLIeHHass YMO3pHUTE/IbHAs MOJe/b Bey-
HOM MHOAALUMU — KpaitHHit pyOex, Ha KOTOPOM Haille BooOpaXkeHHe elle
Ha 4YTO-TO crnocoOHO. Ckopee BCero, peajibHasi KapTHHa TrOpasfo CJIOXK-
HEl — B XO[le TOT&JIbHOIO pa3AyBaHHUs NPOCTPAHCTBA MEHAETCS YHUC/IO
M3MepeHHi, MOTYT BO3HUKAaTh TaK HasbiBaeMble OpaHbl — MHpbI MeHb-
LIEr0 YMC/Ia M3MEpEeHHH, BIOKEHHble B NPOCTpaHCTBa Oosbliero yucsa
u3MepeHuil. Tomomoruyeckue Kypbe3bl, KOTOpble TaM MOIYT BO3HMKarTh,
npeCTaBUTh HEBO3MOXXHO. OHAKO MaTeMaTHKa JaBHO paboTaeTr C IOHA-
TUSIMH, KOTOpble HEBO3MOXXHO NpeJCTaBMThb, IO3TOMY Hayka He coOupa-
eTcsl OTCTYNaTh Ha 3TOM pybexe.



45. B ponu BHYTpeHHero Habnwaartens

TaK, B POJIM BHeLIHero HabsiomaTesns, CTOSLIEr0 BHE NpPOCTpaH-

CTBA U 3aKOHOB (pM3UKH, Mbl BUIMM IPaHAMO3HBIA BEYHBIA aKT

TBOPEHUSI 3KCMOHEHLMAIbHO paCTyLIero 4YMciaa BCEJIEeHHBIX. Te-
nepb UMM ce0si OJHOM M3 CBEPXbECTECTBEHHBIX BO3MOXKHOCTEH — BH-
IeTb MPOCTPAHCTBO BCé cpasy «M3BHe» — M NpeACTaBUM, UTO, TeEM He
MeHee, MO)KEM TeJIelIOPTHPOBaTbCSl BHYTPb Pa3HbIX MECT NPOCTPAHCTBA.
Ecnu Mbl TeenopTHpOBaIMCh B 00/1acTs mMAayLiei MH(IALUMHE, HaM HYXXHO
YMEHBIIUTLCS 10 OKOJIOIUIAHKOBCKUX pa3MepoB, MHave pa3opBeT. Huuero
MHTEpPEeCHOTO Mbl He YBHIOMM — FOpHM30HT Oymer cocraBiath 1077 cM, Bcé
pasnieTaeTcsi, BCé BCIOJly OOQMHAKOBO C TOYHOCTBIO 10 KBAHTOBBIX (UIYKTY-
auuil. QakTHyecky Mbl JHIIEeHb BO3MOXXHOCTH NepeJiBUIaThCs: K CBepXbe-
CTeCTBEHHOMY CBOMCTBY ABHMraThCsi ObICTpee CBeTa He mpuOeraem, a CBeT
B Maciutabe Bceil rpaHAMO3HOIM KapTHUHBI ABMXXETCS O4eHb MeajieHHo. Of-
HaKo ec/I¥ MojoXJaTh, Oyner uHTepecHo. PaHo wiM mosgHo mone ociab-
HeT, MOTOM KartacTpopuueckd ObICTPO NepefacT CBOIO 3HEPTHI0 YacTH-
uaM. Hecmotps Ha TO, yTO MHPAALMSA BeyHasi, U1 KaXIOro KOHKPETHOrO
Habmonartens 3To mpousoiifeT 00sA3aTe/NbHO, MPUYEM JOBOJIBHO OBICTPO:
BEYHOCTb B MHQIALUM Ui Hero 3akpbita. Kak 370 00bACHUTD?

B kaxnoil TOYKe NpOCTpaHCTBA BEPOSITHOCTb H3MEHEHUs Mojs-
MH(/IAaTOHA BHU3 (T.e. B CTOpDOHY MeEHBbIIMX 3Ha4yeHWit) Oosblie, YeM
BBepX, IOCKOJIbKY ecTb OOWMii NiaBHBIA apeitd mons BHM3 M Haso-
KEHHble Ha Hero CjIydyaiHble KBaHTOBble (PIYKTYyallMM, paBHOBEPOSITHbIE
B 00e cTopoHsl Y Tex ¢yKTyauuit, uto nonbpocunu moae BBepx, 60/b-
1lle MepCreKTHBa, HO TONacTb B HUX TPYAHeH. JTo Jierdye npeacTaBUTh Ha
npuMepe abUpUHTA.

JlomycTdM, Mbl Ha BXoAe B OECKOHEUYHBbI BETBAIMIACA JAaOMPHUHT.
B ka)xnoM BeTBNEHUM XOA pa3fie/iseTCss Ha LIeCTb XOMOB, YeTbIpe M3 KO-
TOpbIX 3aKaHUMBAIOTCH TYIMHMKOM C JIOBYLUIKOHM, U3 KOTOPOil HeT xona Ha-
3aji, a 1Ba BeOyT Jajblle K HOBOMY BeTBjeHHIO. JlaBMpUHT GecKoHe-
YeH, U YHMC/IO OTKPHITHIX XONOB pacTeT Mo 3KcnoHeHTe. Ho ecny myTHHK
TNpY Ka)KIAOM BEeTBJIEHWM BbIOMpaeTr xo ciyyaitHo (a B mpouecce MHOS-
MM cyabboii HabnoxaTens B NaHHOM TOYKe yNpaBiseT UMEHHO CTydaii-
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HOCTb), OH JIOBOJIbHO CKOPO OKa&)KeTCSl B JIOBYIIKe. BeposiTHOCTb NMpOHTH
10 BTOpOro BeTBieHUs 1/3, mo Tpetbero — 1/9 M T.A., BEpOATHOCTb NPOH-
TH Jajbie 3KCINOHEHUHATbHO yObIBaeT, HECMOTPSl Ha TO, YTO YHCJIO OT-
KPBITBIX XOIOB 3KCIIOHEHLUATIBHO pacTer.

B ciyyae ¢ kocMosioruyeckor MHQALMER posib TYNHUKa C JIOBYILKOMA
urpaet 6Gosnbioii B3peiB. Habmoaatenp yBUAMT, Kak MoJe cnajaer ¥ BO3-
HUKAIOT YaCTHLbl OFPOMHBIX JHEPTHMi, — OH IONaJl B HOBYIO rOpsiyyio
BCEJIEHHYI0, pacluMpsiouyocs no 3akoHy OpuamaHna, yxe C TOpMOxe-
HHMeM, a He C yCKopeHHeM. [OpHU30HT cTaHeT pacTd, TemnepaTypa 4YacTHIl -
nagatb. Eci nomoxnath eie, oTkpoercs: 6osbiuasi oqHOpOAHAs BCEJIEH-
Hasi, HO BEpPOATHOCTb YBHIAETb BHYTPH T'OPM30HTAa Kakue-HUOynb pomo-
Bble Ae(eKThl, THIAa KPOTOBOM HOpBI B MPOCTPAHCTBO C Apyroil 6uorpa-
dueii, ucyesarole Maia.

TenenopTvpoBaBLUIMCh B MPOM3BOJIBHYIO 3pEYI0 BCEJIEHHYIO, MBIl HE
3HaeM 3apaHee, KaKoil mei3ax BCTpeTMM M OyamyT sM Tam 3Be3[bl U ra-
JIAKTUKA — 3TO MOXET 3aBMCETb OT psifa CIy4yaifHbIX (aKTOpOB, KOTO-
pbie 00Cy)KHaloTCs HUKe.

HaBepHsika HapucOBaHHasi KapTMHA BeYHOH MHQIALUM B YEM-TO He-
BepHa M 3aBeoMO HenosjHa. Ot4acTd 3t0 npobrema BoobOpakeHHUs], OT-
YacTH — CJIOKHOCTH BCEBO3MOXKHBIX MPOUCTEKAIOMIUX sABIeHUi. OcobeH-
HO C/IOKHbIe Bemu OyAyT IPOMCXOOMTb B TeX MeCTax, rae mone 3abpo-
IIEHO BBEpX [0 TaKUX BEJIMYMH, YTO IUIOTHOCTb €r0 SHEpPru Crasia Mo-
pAAKa IUIaHKOBCKOH. 00 3TOM OymeT CKa3aHO HIDKe B HECKOJBKO JApY-
roM KOHTEKCTe.

MHTepecHO, eCM BepHYTbCA K eBpolMaHaM: MM Oyner jerde Win
C/IO)KHEe NpeACTaBUTb NPOCTPAHCTBO 3a JIEASHbIM NAHIMpEM, YeM HaM
BeuHylo MHGsAuuo? U na, ¥ Het. C OOHOM CTOpOHBI mpoue — 3a naH-
LIMpeM TO ke CaMoe eBKJIMJOBO TpeXMepHOe MpOCTPAaHCTBO, He TpebyeT-
Csl MaTeMaTUYeCKUX TPIOKOB M IMKHMX 4ucen s ero onucanus. C npy-
rodl CTOpOHBI C/IO)KHEe — OHHM 3HAIOT O HEM ropasfio MeHbllle, YeM Mbl
O BO3MOXXHbIX M€XaHM3MaX KOCMOJIOTMYeCKOi MHQIALUH, — UM HEOTKY-
Ja 3HaTb, YTO TaKOe 3Be3/Ibl, Y HUX HET 3allellOK, YTOObl MpeaCTaBHThb
MeX3Be3/IHblé pacCTOSIHUS W NMPHUPOAY APYrUX IUIaHeT. Y HUX, BBIPOCLIMX
B NOJIyMpaKe ¢ MaKCMMaJIbHOM JAJIbHOCTBIO BUAUMOCTH B HEMHOTME COT-
HA METpOB M NpPUBLIKIIKX OOJbllle MojaraThCA Ha 3BYKOBYIO JIOKALMIO,
OKOBbl BOOOpa)X€HHS NO/IKHBI OBITh Ky[a TeCHee HallMX.



46. [lexxypHbi No rpaHuue

METaHOBOM Kynone AeiWCTBOBanM BECbMa XeCTKMe nNpaBuna HaBurauuu.
HukTO He MMen npaea OTKNOHATLCA OT (apBaTepa, UAYLLErO BBEPX NO
CKMMaloWencs cnupanu, 0603HaYeHHOrO LEeNbl aKyCTUYECKUX MasKOB.
Hu ofHO CyaHO He UMeNo NpaBa NepecekaTb rpaHuLy BoAa-MeTaH MHaye, YeM
yepes UNNIOMUHUMPOBaHHbIN «Bybnuk». MpPoCTpaHCTBO HENoCpeaCTBEHHO MNoA,
CKBaXMHaMu BbiN0 CaMbiM 3anNpPeTHbIM: NOA OAHOM BEPTUKANbLHO WK Kabenu,
noAa ApYroi BpeMs OT BPEMEHW CaMOXOA0M OTNPaBAANCA BHU3 NEN U KOHTEMHE-
pbl C OTX0AAMK. DTH 3aNpeTbl HE OTHOCM/IMCb TONLKO K AEXYPHbLIM NO rpaHuue,

OTBETCTBEHHbIM 32 YOOPKY Nbaa U OTXOA0B.

OuepenHoi AeXypHbIM AOXAANCA, KOrAa HaBepxy U3 TbMbl NPOCTYNUNO He-
CKONbKO ronybbix orHen. OH 3actabunuanposan bykcup, Bkonon cebe no3y npec-
COHONA, CNYCTUN faBneHue B pybke u BbiNAbIN HapYXy. 3T0 GOpManbHO He Bbino
HapyLweHUeM Npasu, HO TONbKO NOTOMY, YTO UX COCTAaBUTENIU U B CTPALLUHOM CHe
He MOrMMIM NOAYMaTb, YTO KTO-TO U3 AEXYPHbIX MOXET BbIKUHYTb TakoM ¢opTens.
KpoMe 31oro [lexxypHOro HMKTO Takoro u He Bbikuabisan. Boobiue-to Ha aexyp-
CTBE 3anpeLLanoch Aaxe BECTM NOCTOPOHHUE Pa3roBOPbl NO COTOBOM CBA3M, HE
TO, UTO NOKUAATL ByKcup.

Uenbio crpanHoro noctynka [exypHoro 6b110 noniobosatbcs TeMm, YTo nNpo-
U30MAeT, KOraa CBs3Ka rMbib Nbaa AOCTUTHET rpaHuubl. U3 pybku oH HaChaauTb-
CA 3penuiLeM He MOr.

[ne-To naneko HaBepxy B KaXXA0M U3 ABYX CKBAXWUH NPOXOAYUKMK BbICBEP/U-
N OTBEpCTUS, akKypaTHO NOAOPBANU O4epenHON CNOW NbAA TaK, YTO OH Packo-
NONCA Ha YeTbipe CeKTopa — KaK KPYrblil TOPT, NOAENEHHbIA Ha YeTBepbIX. [Nbi-
Bbl onycTMnUCb Ha ceTky. M3 Bocxoaawen CKBaXUHbI UX NepeTaHYInM No ropm-
30HTaNIbHOMY LITPEKY B HUCXOAALLYIO, FAe XAanu ewe vetbipe rmbibbl. Bce Bo-
ceMb CLenunu B rTMpNaHAY, K KaXA0M npukpenunu ronyboi ceetoanon u oTny-
CcTunu cBoB6OAHO NOrpyYXaTbCa — CHaYana no CKBaXuHe, NOTOM B OTKPbITON TON-
we MeTaHa Ao rpaHuubl ¢ BoaoM. [lexypHbid caM 6bin NPOXOA4YUKOM, NO3TOMY
O4YeHb XOpOLWO 3Han, Kak BCé 3TO aenaeTcs. AQMUHUCTpaUMa nNpeanoYvnTana Ha-
npasnaTb paboynx Ha pasHblie y4acTku paboTbl, 4TOOLI Kaxabli XOpowo npea-
cTasnsn cebe BCIO LENOYKY, — Tak 6bI10 MeHbLLE HECTbIKOBOK M HaKNaaok. bonb-
WKUHCTBO He Nobuno AeXyputb y rpaHuupbl — 60NbWKMHCTBO, HO HE 3TOT.

[MpnaHpa, cobpasLinMch B KOMOK, Nepecekna rpaHuuy, 3aTopMo3unnach M no-
wna seepx. [lexypHblit, 3aKpbiB rnasa, 4Tobbl nyywe cocpenoTounTLCA, Havan u3o
BCEX CUN OTPbIBUCTO CBUCTETb. OH «BUAEN», KaK B3AbIMAETCH OFPOMHasn Konble-
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MrPoPbiB 3A KPA MUPA: BONnbWwWOM ®ENEPBEPK

Basi BONIHa MeXay BOAOW U METAaHOM, NOAHUMAsA MENKYI0 NeasHyo Wwyry. Konbue-
BOM XO/IM Ha4an MeaneHHO PacxoAuTbCs, @ B LIEHTPe, KyAd OnyCTUAaCh rMpRsH-
A3, Havyan NOAHMMATLCS HOBbIM Byrop — OH TOXe NpeBpaTUICS B pacxoasiieecs
KONbLO — M TaK HECKONbKO pa3. BonHbl 0TAM4ANMUCH OT 3eMHbIX KPYroB Ha Boae
OrPOMHbIMK pa3MepamMu U MeanuTenbHOCTbIO — pe3ynbTaT cnaboi rpasuTauum
U CpaBHUTENbHO He6ONbLIOK pa3HULbI B NIOTHOCTM BOAbI U YrNEBOAOPOAOB.

Hukto U3 esponuaH Hukoraa He suaen BonH! Boobiue, HUKTO U3 HUX A0 CHX
nop He BuAen NOBepxHOCTH, N0 KOTOPOM MOryT XO0AUTb BONHbI. M Habnoaath mx
6b110 340pOBO — 3TO CTOMNO PUCKA NIHOOBIX AUCUMNANUHAPHBIX B3bICKAaHUHA. 1o-
yeMy 3BONIOUMSA OfAPWIA Pa3yMHbIX CYLLECTB TArOM K HEBUAAHHbLIM SBNEHUSAM
BMECTO TOro, 4To6bl CHA6ANTL paLMOHaNbHbLIM CTPaxoM? [1eXypHbiiA 3aBOPOXEH-
HO Cneaun 3a Kpyramu, NOKa NOBEPXHOCTb YyTb HE YCNOKOMNACh — Haao 6bino
CPOYHO BbINO/HATL OCHOBHYIO 0693aHHOCTD.

OH BepHyncsa Ha 6ykcup, BOCCTAHOBUN AaBAEHUE U HANpPaBWUA CYAHO K rup-
naHpe. 3auenuB KoNbLUO C KPaCHbIM MAsiYKOM, OH He Chewwa NOTSHYN rMpasHAY,
KoTopas He ycnena cMep3HyTbCs B 6echopMeHHbIM KOMOK (a BbiBano u Takoe)
3a npepenbl Kynona B nenosblii otean. 3to Toxe 6bino 3penunwe! Mbibbl Nbaa,
Hecs B cebe KOCMMUYECKMit X004, BbICTPO NOKPbIBANUCH HOBbIM HAMEP3aIoLLMM
nbAaoM, npuobpetas 6onee okpyrnbie oueptaHus. CBETUIbHMKM TOXE OKa3anucb
noA TONCTbIM CNOEM NbAA, U Tenepb Mblbbl CBETUAUCH U3HYTPU — [leXypHbii Nio-
6oBanca rupnaHaon B 3epkano 3aaHero suaa. Mytb 6bin HEBAU3KKMIA, U MOXKHO
6bin0 BBONIO NOGaHTa3MpPOBaTh.

Bcem npoxoaunkam 6bin10 TopkecTBeHHO obewaHo, 4TO OHM CMOryT CBOM-
MW rNa3amMu yBUAETb BHelWHee NpoCTPaHCTBO. Bo3MOXHO, 3T0 6bi1 onpoMeTun-
BO: NOYTK BCe Tenepb He MOMNKU OTAeNaTbCs OT PaHTa3UW, YTO OHM TaM YBUANT.
Kaxabl npeactasnsn 31o No-csoeMy — [lexxypHbii He MOr oTAenaTtbes ot obpa-
3a NNaBaloWmx B NPOCTPaHCTBE NeasiHbIX MUPOB, NOACBEYEHHbIX U3HYTPU: Byk-
CUMPOBKa AECATKOB MMPNAHA caenana ceoe Aeno — BoobpaxkeHne nepeknnHUNO.
Kak Tonbko OH NbITancs NpeacTaButb, YTO YBMAMT, NOAHABLKCL B BapokaMepe
U3 NOCNeAHero Wi03a Ha TeNecKonUYeckon cTpene, nepes rnasaMu BCTaBan xo-
poBOA MUPOB — fleAsHbIX LWAPOB, CBETALMUXCSA BHYTPEHHUM CBETOM. [leXypHbii
3HaN,YTO MUPbI OCBELLAKOTCS CHAPYXXM, 3HAN, YTO NER, NOKPbIBAKOLLMIA LLeNbli MUP,
He MOXET BbIrNSAeTb NPO3pPayHbIM, HO 3HAHME He NOMOrano — OH TPAC FOI0BOW,
HO BoobGpa)kaeMble MUpbl OCTaBaNUCb NOAYNPO3PaYHbIMU, CBETALLMMUCSA CaMK
no cebe. Ho 310 Gbin ewe He xyawuin cnyyan. bpuragup, HauMTaBWKUCL OAHO-
ro u3BecTHoro ¢aHTacra, He Mor NpeacTasuTb cebe BHeWwHee NPOCTpaHCTBO He3
OrPOMHbIX NMPO3payHbIX TBApenr, UCNYCKABLUMX CUHEBATOE CBEYEHMUE.

A caMoe CN1oXHOe 3aK/1l04anoch B ApyroM. Bce ctaHoBMAKCH B TynNuK OT 0CO-
3HaHMUS, YTO TaM, 33 NeASHbIM NAHUMPEM, CPeACTBOM BOCNPUATUSA RANEKUX Npea-
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46. DEXYPHbBIN NO TPAHULE

METOB CTaHOBMUTCA He CNyX, a 3peHue. HUKTO HUKoraa He Buaen rnasamMu HUYero
nanblue yeTBepTH cBucTa. A TyT TpeboBanocb Boo6pasuTh UTO-TO 3a COTHM ThICAY
U MUNNUOHBI CBMCTOB, BOCMPUMHUMMAEMoe Yepes rnasa. 3putenbHoe Boobpaxe-
Hue 6acToBano M He MOrNO NPEANOXUTb HUYEro, KPOME NOACBEYEHHBIX TeAsHbIX
rnbl6, KpyNHbIX TBapei ¢ buonioMMHecUeHUMeR U Npounx aTtpubyTtos rnyboko-
BOAHOro Mupa. lanekue MUpbI NOSBNSNUCE CKOpee B 3BYKOBOM BOOBpaxeHuw,
XOTf BCE NOHMMaNM, YTO BO BHELIHEM NPOCTPAHCTBE HET U HE MOXET BbiTb HU-
KaKMX 3ByKoB. Boo6pa3nuTb KOCMOC XMTENSIM OKeaHCKMX rMyBMH He Npolue, Yem
HaM NpeacTaBuTb KpUMBOE U TeM 6onee 3aMKHYTOe TpEXMEPHOE NPOCTPAHCTBO.

bykcup ¢ rupnaHpon nokuHyn Kynon — Bnepeau 3aMasuun CBeT OTBa-
na. AKKyMynsTopbl CBETOAMOAOB, BMep3LWnX B N€R, bbinn paccuntaHbl Ha TpUA-
uaTb CMeH — rMpnaHabl B OTBane CMep3anucb Mexay coboi, obpasosas cusio-
Wwrr MoHonuT. [poxoaka CKBaXWH Y)XXe Harpaauna y4aCTHMKOB HEOXMUAAHHbI-
MU KpacoTaMu, KaxxeTcs, NpeaselaswMMu coBepleHHo deepudeckoe 3penu-
we B KoHue. Ho o koHua 6bINO ewe AanNeko — TpPeTb NPOXOAKK, MOHTaX ye-
ThipeX aBapUMUHbIX WNKO30B, OCHOBHbIX WNO30B U CaMble CN0XHble NocneaHue
nnacTbl 1bAa. A ceiyac ele NpeacTosNo Npoyecatb rpaHKUy Ha npeaMeT 0610M-
KOB NbAa U Mycopa, TaKoro, 4To TOHYN B MeTaHe, HO BCN/bIBaNn B BOJE.

bykcup BepHyncs 8 Kynon u BbiNyCTuA Tpan: ceTb, rpy3una, nerkue nonnas-
KW, NorpaHuyHble ctabunusupyiowme nonnasku. YUCTUTb rpaHULy — 3aHATHE
NpocToe, HO ROJIr0e U MOHOTOHHOE. 3aTO MOXHO YyTb paccnabutbcs U noay-
MaTb — O BHEWHEM NPOCTPaHCTBE WM O AOMe, KyAa OH Nonaaer Yepes Aecsarb
CMeH, noMeyTaTh 0 Tennbix 6a3anbToBbIX NONAX, KyAa OTnpasuTcs B oTnyck. Cob-
CTBEHHO, M CaMa NPOX0AKa CKBaXMH COCTOSNA U3 NPOCTbIX 0AHO0Opa3HbIX aei-
CTBMM, pa3Be 4TO Kancyna annapara 6bina TecHen pybku 6ykcupa,Aa pbluaXKKos
U KHONOK ynpasnieHus B Heit Kyaa 6onbwe. Mpuxatb HUKCaTopbl K CTEHE, BKIO-
unTb UX oborpes, BbIKNIOUUTD, AOXKAATLCA CUrHANA NPUMOpPAXMBaHUS, NpoBe-
pUTb, NPOYHO I NPUMEP3NHK, BbICTaBUTb ApeNb NO Nyyy Nasepa, BKNOUYUTL APeNb,
paccnabutbca M noayMaTh MAKM NoOMeYTaTb, BbIHYTb 6yp, BCTaBUTb 3apsa, nepeMe-
CTUTb Apenb Ha HOBYIO NO3MLKI0. [loChe HeCKONbKUX OTBEPCTHIA BKNKOUUTL 060-
rpes ¢uKCaTopoB, KOraa OTMEpP3HYT — NepeMecTUTb annapaT Ha HOBYIKO NO3u-
Um0, N(PUMOPO3UTb HUKCATOPbI, BbICTaBUTb Apenb U Tak aanee... [lotoM — nonro-
XAaHHOe pa3Hoobpa3ue: Bce B CBOMX annapaTtax youparwTca B COCEAHIO0 CKBa-
XXWUHY Yepes LWTpeK, OCTAaeTCs BKNOYUTb CUPEHyY, MOAOPBaTL 3apad, AOXAATLHCS
3Xa OT BHElWHeW NOBEepXHOCTH, NONbITAaTbCA CHOBAa «pacCMOTpeTb» ee penbed,
HECMOTPA Ha UCKAXeHUA, BO3HUKAKOLWMe OT TOro, YTO CUAaMLLb B NPOKNATOM Kan-
cyne. B axe npocmartpusanach npsiMas poBHas rpaaa, npoxoasawas Henonaneky
OT MeCTa, KyAa BblaeT CKBaxuHa. bpuraaup yeepsn, uto oHa ABOMHas:
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46. DEXYPHbIA NO TPAHULE

CTaBUTb, YTO He TakK AABHO HU OAHA AylWwa He UMena NPeacTaBNeHUS O TOM, Kak
paboTaTb B8 cpene, rae noboro XaeT rapaHTUpOBaHHAs CMepTb Cpa3y OT ABYX
NPUYMH: HU3KOTO AABNEHUS U MTHOBEHHOMO 3aMOPaXXMBAHMSA. Y)Ke He BCNOMMU-
Hanacb BOMHA ABYX WKON pa3paboTunMkoB — aBTOHOMLLMKOB M MUAOTAXKHUKOB.
Mepsble xoTenu €o3aaTb NOAHOCTbIO ABTOMATUYECKUIA TMraHTCKui 6ypoBoi Me-
XaHu3M (HeT npobnemM ¢ Xu3HeobecneyeHneM NPoOXoA4MKOB), BTOpble — ferkue
NUNOTUPYEMble annapaTbl C pa3Hoo0bpasHbIMU MaHUNYNSTOPaMu, yNpaBnsieMbl-
MW U3 Kancynbl, rae NOAAEPXUBAIOTCS KOMBOPTHas TeMnepatypa U AaBNeHHe.
Kak BuAaHO 13 BbilweckasaHHOro, nobeaunu BTopble, XOTA NepBbliA BapuaHT no-
Hauyany kasancs npoue. lNpoekTt aBToMaTHueckoro bypa cnoTkHyncs o npobne-
My TeMNEepaTypHOro KOHTPONS BCEX ABMXKYLIMXCA YacTel, UpeBaTyto 6e3Haaex-
HbIM BMOPaXXMBaHUEM MMIraHTCKOro MexaHu3ma B néa. K cuacrbio, BMep3nu nuwb
YMEHbLUEHHble NPOTOTUNbI B NPOBHbIX CKBaXMHaX. 3aTO TPU — OAMH 32 APYIUM.
Tak uto 6b110 BCE — M ApaMbl, U repouU3M, U TAXKeNble OWwnbKu, n XepTebl Bbinn.
MoHauany ka3anoch, 4TO OTAAAUTL NPOLECC NPOXOAKU CKBAXKMH, Tak, 4ToObl He
BbIN0 perynspHbiX aBapui 1 nepenenok, He yaacrcs Hukoraa. Ho aga rnasa 6o-
ATCS, 3 BOCEMb PYK AENaloT, U Tenepb BCe MAET KaK NO MAC/y 33 UCKNIOYEHUEM
MeSIKUX APA3r U Heypsauu,

CHoBa nokasanocb 3apeBo oTBana. [leXxypHblid NbiTancs npeacTtaBuTb rpaay
Ha BHELHen NOBEPXHOCTU — TO 1M NPOCTYIO (NO ero Bne4aTneHuIo), To M ABOM-
Hylo (Ha yeM Hactamsan bpuraaump). OH Beab ee yBMAWUT CBOMMM [N1a3aMu, KOrAQ
npuaeT TOT CaMblii MOMEHT — He UTYXOM, a rna3amu. Kak 3to — yBuaeTb rasamu
Takylo OrpoMHyio rpsaay? Tak xe 4eTko, Kak OH BUAUT CBOIO PyKY, HO pa3Mepamu
BO MHOro CBUCTOB, YTO B poAHOM Mupe He TONbKO He YBUAMLLb, HO U HE OTCBU-
ctmwb! Kak 3to npeacrasutb? A ecm 6bl BApyr Mup BHE3anHO CTan TakuM xe
Npo3payHbIM, KaK BHEWHee NpocTpaHcTeo? Mo KpaiHei Mepe, ein BepuUTb yye-
HbIM, KOTOpble YTBEPX/AAQI0T, 4TO BHELWHee NPOCTPaHCTBO abCoNOTHO NPO3payHo
ana 3penuns. Yto oH yeBuaut, ecin Mup nonHocCTbio NpoceeTneer ang rnas u 3a-
nonHutca ceetoM? Cpasy Bce ropel, ropoaa, neasHoe Hebo! 3to 6yaet kpacuso
WK ycTpawaiouie? A ecnm yeuaeTb 3To ceepxy, otcioaa! JlaHawadT ¢ KpOXOTHbI-
MU ropoaaMu Aaneko BHU3Y, KaK Ha KapTe, 3aKpyrnfiowmuncs U ucyesatowmi 3a
BbINYKNOCTbIO MUpa. N cepo-ronyboe BonHUCTOE HEebo, ToXe 3akpyrnsioweecs
U yxoasiuee 3a BbiNykN0oCTb... OH BAPYr NOHAN, YTO MOr 6bl BHE3aMHO yMepeTb —
TO 11 OT CTpaxa, To Nn OT BOCTOPra, ecnu 6bl AeNCTBUTENbHO CTYYMNOCH TaKoe.

[eXypHblit 0CO3HAN, YTO MbICIU 3aBENU €ro CIMWLKOM [ANEKO, U Nydwwe Bep-
HYTbCS K 4eMy-TO nonpotue U NnonpusTHee, HanpuMep, K TensbiM 6a3anbToBbIM
nonsm...



47.Tpe bor urpaet B KOCTU?

bl MOMBITAIMCh OMMCaTh, KaK B XOJAe BeyHOH MHIALMU pPOXKAa-

I0TCS MHUpHajbl BCceleHHbIX. Hackonbko oHM pasHble? AHTpOI-

Hblii NpPUHLMI NpeanosaraeT, YTo0 OHU JO/DKHBI CYLIECTBEHHO
pa3nuyaThCs, UHaYe Kak CpeJy HUX IMOSBUTCS XOTb OfHA C TOHKO NOXO-
OpaHHbBIMH (PU3MYECKUMH KOHCTaHTaMH, 6/1aronpHATCTBYIOIIMMH JKU3HH?
[ne moxeT MUMeTb MeCTO CIY4aillHOCTb, Onpelensiomas 3aKOHbl U CyIb-
Oy BCeeHHOI?

Boime mu1a peus 0 pa3oBbIX nepexonax B paHHel BceneHHOH, npu Ko-
TOpbIX MeHsnach PU3MKa — MacChl YaCTHLl M XapaKTep UX B3aumopem-
crBus. He Morna v cy4aifHOCTh peaM30BaTbCsi UMEHHO 31€Ch, He NpH-
BOJAT JI4 B pa3HbIX BCEJIEHHBIX Te )ke caMble (pa30Bble Nepexonbl K pas-
HOHI ¢u3uke? Mbl e BUIUM, Kak /1€ Ha IMOBEPXHOCTU BOAbl B Beape Ha
JIeTKOM Mopo3e o0pa3yeT cy4yaifHblit y30p!

[lo cytu mena, Mbl XOpOLIO NOHUMAEM JIMIIb OAUH (PYHAAMEHTA/IbHBIN
¢a3oBblii nepexof, CBA3aHHbIN ¢ 3/eKTPoCaa0ObIM o0beauHeHHeM. B atom
C/ly4ae OTBET M3BECTEH, U OH OTpHLare/abHbIl. Tam HeT HHMKaKoro mnapa-
MeTpa, KOTOpHIii BiusAn Obl Ha pe3ynsraT mepexoxa (mapamerpa mopsa-
Ka), — OH nonobeH ¢a3oBOMy nepexoqy Boja — map, e HET HUKaKOro
npousBona. U Boja, ¥ map He MMEIOT CTPYKTYPBL

Ho mornm ObiTe M gpyrue (asoBbie nepexofsl, Oosnee paHHHe, NPH
TeMIlepaTypax, 10 KOTOpbIX He crocobHa JoOpaTbcs 3KCepUMeEHTaIbHAs
¢du3MKa BBICOKMX dHepruil. HanoMHUM: U3 SKCTpanossiuuy JaHHbIX, MOTY-
YeHHBbIX IPH JOCTYNHBIX SHEPrHsX, YrafblBaeTcs elle OfHO 00belHHEHHE,
I7e K 3/eKTpociabbiM B3auMoAeHCTBUAM [00aB/AeTCA CUIbHOE — BeJH-
Koe o0benHHEHHe, Y)Ke YIIOMHHABIIEeCs BHILIE,

OnexTpocnabrlit pas3oBblit nepexox CBA3aH C 1nosneM XHUrrca: MpoCTpaH-
CTBO 3aNOJHWIOCh OJHOPOJHBIM CKAISPHBIM IOsEM, U (U3MKA YaACTHIL
M3MEHWIaCh — 3/MEKTPOMAarHUTHble M cnabble B3aMMOJENHCTBHS CTaIH
pasHbIMH. A eC/IM CYLIECTBYeT BeauKoe obbequHeHHe, TO ObLT M JApy-
roit ¢a3oBblil nepexos, Korja CWIbHblE B3aUMOAEHCTBUSA OTIIENWIUCh OT
anexktpocnabbix. Y ToT (a3oBbIit mepexon Toxe CBSI3aH C MOSIBIEHHEM Of-
HOPOJHOTr0 CKaIsApHOro nosns. PasHuua B TOM, YTO NpH BEJTUKOM o0benu-
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47. e bBor UrPAET B KOCTHU?

HEHUH MOIVIO OBITh HECKOJIbKO CKaJISIPHBIX MOoJiel, U MPOCTPAaHCTBO OKa3a-
JIOCh 3aMOJIHEHO MX HEKOTOpoil koMOuHauueit. Kakoit MMeHHO KoMOHHa-
LMel, ¢ KaKUMH MMEHHO K03 (dHIMEHTaMHU BOLUIM B Hee COCTABJSAIOIIHE
CKaJISIpHbIe MOJIA — 3TO MOXeT ObITh JenoM ciayuyasa. U ot atoro cryyas
OynyT 3aBHUCETb MacChl YaCTHI] M UX B3aHMOMAECTBHUS.

Moser 1M nmonoOHbIi (ha3oBbIit Mepexon AaTh HEOOXOOMMOE pa3HOO-
Opa3ue BCeNeHHBIX, YTOOB HEKOTOphIE U3 HMUX OKA3aIMCh MPUTOOHBI IS
)KU3HU? Mbl He CrmoCoOHBI TOYHO PEKOHCTPYMpOBAThb MOIENb BEHMKOTO
o0beMHeHUs], B YACTHOCTH, Cpead (PU3UKOB CYLIECTBYET M TaKas TOUKa
3peHus, YTo ero BooOuie He cymectByer. Ho ectb nmpobnema, obimas s
MoObIX MBICTUMBIX MOZENEIA.

Ob6uTaeMoCTb BCEIEHHOH 3aBMCUT OT MHOTMX KOHCTaHT: MacChl pas-
HbIX YacTHUL, KOHCTAHT pa3HbIX B3aumopeiicTBuil. U B 3TOM MHOromep-
HOM IIPOCTPAHCTBE KOHCTAHT eCTb HeOOoJblION 0OMTaeMblif «OCTPOBOK.
Moxer ObiTb, TaKOH «OCTPOBOK» HE OAMH, HO, HECCOMHEHHO, 3TH «OCTPOB-
K> 3aHUMAIOT HUYTOXKHBIA 00beM B mpocTpaHCcTBe. M HaM Hano «BbIOpO-
CUTb KOCTH» TakK, YTOObl OHM YyKa3aM KOOpAMHATHl ORNHOTO M3 «OCTPOB-
KOB». A eCM U3MepeHHl MHOro, a «koctei» mano? Torma MoXkeT oka-
3aTbCSl TaK, YTO, CKOJbKO HM KMJal KOCTH, HU Ha OJMH «OCTPOBOK» He
nonajeub.

HomycTM, ecTb TpexMepHoe MpOCTPaHCTBO KOHCTAHT (Ha caMoM Jene
YUCIO «<U3MepeHHii» Gosbiie) 1 B HEM — OCTPOBKH-Iy3bIPbKH, I1e 3Haye-
HUS TapaMeTpoB NMpPUTrOAHBI AJIS )KU3HM. [loMyCTUM, eCcTb OOUH CiIyvai-
HbIl MapaMeTp, YKa3blBalOLHI TOUYKY B 3TOM IIPOCTPAHCTBE MO KaKOM-TO
¢opmyne. Ecnin 6eckoHeuHoe YMCIO pa3 BHIOMpATh 3TOT MapaMeTp Ciay-
yaifHpIM 00pa3oM, yKasaHHble MM TOYKH JagyT OJHOMEPHOE MHOe-
CTBO — JMHMIO. KakoBa BepOSITHOCTb, YTO 3Ta JIMHUS MOMNAAeT Ha OJUH
M3 MaJIeHbKUX OCTPOBOB-ITY3bIPbKOB, 3aT€pPSIHHbIX B IPOCTPAHCTBE KOH-
craut? Ec/IM mpocTpaHCTBO NMapaMeTpPoB KOHEYHO, TO YTO-HUOyab THma
(v/V)*? N, tae v — TUNUYHbIA 00beM 06UTAaEMOro «oCTpoBKa», N — YMCIIO
«OCTPOBKOB», @ V' — 006beM Bcero mpocTpaHCTBa KOHCTaHT. Eciu «ocTpoB-
KOB», 6/1aronpuATHBIX /I OOUTaHHUS, HE TaK MHOTO, TO 3Ta BEPOATHOCTb
Oyner mana. Takum obpasoM, Korma YuC/Io CTeneHeil CBOOOMABI («KOCTei»)
TpU CTy4aifHOM BbIOOpe CYILIEeCTBEHHO MEHble pa3MEepPHOCTH IPOCTpaH-
CTBa MapaMeTpoB, TO obUTaeMas BceJieHHass CKopee Bcero Booduie He 1o-
SIBUTCSA: IMHUSI UCXOZOB «OpOCaHMs KOCTei» MpoineT MUMO BCEX «OCTPOB-
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KoB». FIMeHHO 3TOT c/yyail UMeeT MecTo npH (PasoBOM mMepexoje THIIA
TOr0, YTO MOF MPOM30HTH B CBSI3U C BEJIMKMM 00benuHeHHeM. MICTOYHHUK
C/Ty4aifiHOCTH J0/DKeH ObITb Gosee GoraTbiM, 60/1ee MHOTOMEDHBIM, H €0
HaJl0 MCKATh Ie-TO elle.

Mecro, rme ero uiyT, — Teopusi cTpyH. C caMoro Hayajaa aBTOp KHH-
I'M peliuTesIbHO HamepeBasIcsl U30eaTh Cepbe3HOro JKCKypca B 3Ty Te-
opuio. YUToObl MOHUMATh CYTh T€OPUHM CTPYH, Hafo XOTH Obl MMeTb Mpen-
CTaB/ieHHe O MaTeMaTHKe, KOTOpas JIEKHUT B ee ocHoBe. O3HaKOMJIEHHE
C 3TOM MaTeMaTHKOM HAXOOMTCA 3a MpelesaMH XUTEHCKHUX BO3MOXKHO-
cTeit aBTOpa NaHHOM KHMIM. A 6e3 NMOHMMaHHA OCHOB JIydille He NMHCaTh
BooOuwe. [lycTh Teopus CTpyH OoCTaeTcs repoeM MOBECTBOBaHHUS, KOTOPBI
MasYUT 3a KYy/IMCaMM, He BBIXOAS Ha CLIEHY, HO HEBHO B/IMSAET HA XO[
cobbituit. 06 3TOi TEOpHH JO/DKHBI OBITH HAmMMCAHBI APYTHE KHUTH ApY-
TMMH JIIOJbMH.

OnmHako ceifuac, uToObl pa3oOpaTbCsi C aHTPONHBIM MPHHIUIIOM, CO-
BceM O0OHTH MOTYAaHHEM TEOPHUI0 CTPYH HEBO3MOXKHO. B Takux ciyda-
X MOJMIe3HO npuberath K LMTHPOBAHUIO JIOZEH, KOTOpble pa3dupaioTcs
B nmpenMerte jyuile Te6s. OQHUM U3 TakuX SIBJSETCS HAy4HbI penaKTop
INaHHON KHUrd. B KauecTBe moaxonswieil UMTAThl MOXXHO KCIO/b30BATh
MHTEpBbIO, B3TOE aBTOPOM y Basepusi PyGakoBa B CBSI3M C IepBbIM IpH-
Cy’KIeHHeM IpeMUH MuibHepa, Cpefi laypeaToB KOTOPOii OblM KiaccH-
K TeopuH cTpyH. OHO omy6MKOBaHO B «TPOMIIKOM BapHaHTe» B aBryCTe
2012 roma ¥ LUTHpYeTCs B C/ieTKAa aJanTHPOBaHHOM BHUIE.

bopuc lllTepn: Yto kacaercs CTpyH, TO TaM Yy)Ke HUKAKUM 3KCIIEPUMEH-
TOM HUYEro He AOKaXellb, HO OHM TOXe, BUIUMO, UMEIOT OrpOM-
HOe MHUPOBO33PEHYECKOE 3HAuYeHHe.

Banepuii Py6akoB: He tonbko. Eme orpomHoe 3HaueHue 1Jjigd MareMa-
TUKH. CynepcTpyHbl Hamiofwid Oosbllioe KOMHYECTBO HHTEpec-
HbIX MaTeMaTH4YeCKHMX OOBEKTOB, [0 KOTOPHIX CaMH MaTeMaTHKH
He JoAyMaInCh. [la ¥ NpOCTO VIS pa3sBUTHUA MO3IOB UMEIOT Hema-
Jioe 3HaYeHHe.
CynepcTpyHbl BHayaje BBOIATCS aHAJIOTMYHO 4YaCTHLIAaM B pesif-
TUBUCTCKO KBAaHTOBOIl MeXaHMKe — ypaBHeHMe Bpoze KneilHa —
lopnoHa s cBOOOOHBIX YacTHIL, TOMBKO OOBEKTHI HMMEIOT BH[
CTPYH — OTKPBITHIX WIM 3aMKHYTBIX, Ilé €CTb KBaHTOBble YpOB-
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ectb mpuMepHo 10°® pa3HbIX BaKyyMOB, IIpU4YeM BCE€ OHM IpaK-
THYeCKH cTabuibHbl. M MBI He 3HaeM, B KOTOPOM M3 3THX BaKyy-
MOB JKUBEM...

b. LI.: Buogumo, Takoe 4YyAOBHUILHOE YHMCJIO MOXET B3ATbHCA TOJbKO M3
KOMOMHATOpUKH. YTO MMEHHO KOMOUHMpYeTCs?

B. P.: Koneuno. Ectb ruranrtckoe 4YMc/IO Croco0OB, KOTOPBIMM MOXHO
peayuupoBath M3HayasbHoe 10- wim 11-MepHOe MpPOCTPaHCTBO
B Halll YeThipexMepHblii MHUp. MOXXHO CBEpHYTb JIMILIHHE U3Mepe-
HHUS TaK, MOXHO CfIK, BaKyyMHasl TOIIOJIOTUA OJHOTO IOJSL MOXET
ObITh Takoi, Apyroro — csakoil. Hy u tak nanee. [loHATHO, 4TO MC-
cnemoBath 10°® Bo3Mo)kHOCTeH HepeasbHO. A TO, Kak Oyner pa-
GoTaTbh TeOpHs CYNEpPCTPYH, YTO OHa OymeT mpeackasbiBaTh, 3aBH-
CUT OT KOHKPETHOro BaKyyma, B KOTOpOM Mbl Haxogumcs. Ompe-
JeJIUTb 3TO HEBO3MOXHO HH TEOPETUYECKH, HU IKCIIEPUMEHTAIb-
HO. Jllomy NbITa/IMCh AECTBOBAaTh C/IEQYIOIMM 00pa3oM: BO3bMEM
TaKOM-TO NMOAKIACC CYNEepPCTPYHHBIX BaKyyMOB, Iie X BCEro M-
JIMOH — C 3THM YHMCJIOM yXe MOXHO paboratb. [locMoTpuM, HeT
1 B 3TOM MWUIMOHE BapHaHTOB, 1€ MOSABIAETCA HEYTO IOXOXKee
Ha CTaHJapTHYI0 Mozesnb. [lorpebyem, uToObl MpH JaHHOM BaKyy-
Me ObL1 sterkuit anekTpoH, — 99% BapuaHTOB oTcenBaetcs. IloTpe-
OyeM, yTOOBI TaM ObUIM TpH TIOKOJIEHUSI KBApKOB, — OCTaeTCs BCe-
ro 200 n3 mMwuoHa. [lotpeGyem eie, uToObl 3apsibl ObLIM Npa-
BWIbHBIMH, — He BbDKMBAeT HU OOUH BapHaHT. U 4To nenaTth najb-
we ¢ ocraBmumucs 105 3a MuHycOM MWLUIMOHA?

[loxoxe, 310 ¥ Mor Obl ObITh OTBeT. [lecATh B NATHCOTOH pasHbIX Ba-
KYyMOB O3HayaeT JeCATb B NATHCOTON pa3HbIX KOMIUIEKTOB (PU3MUYECKHUX
KOHCTaHT B pa3HbIX BCeJieHHbIX. KOHe4YHO, Takoe 4HCIIO «TOYEeK» HO/DKHO
IUIOTHO 3aNO/IHUTh J000e MPOCTPaHCTBO (PM3MYECKHX KOHCTAHT. U 3T0
OZMH U3 apTyMEHTOB B N0JIb3Y TEOPUH CTPYH: OHa obecrieyrBaeT MpPOCTOP
IUIs. QHTPOMHOIO IPUHLIMIIA.

CynepcTpyHbl, MeXAY NMPOYHM, OKMBYT» Ha IUIAHKOBCKOM MaciuTade.
U onstb, Bo3Bpauasch k Metadope Bora, Mbl CHOBa BBIHYXIEHBI IOCe-
JIUTb €ro MMEHHO TaM, Ha ceil pa3 [uid Urpel B KOCTU. B IUIaHKOBCKUIA
Macuitab ynupaercs rpaBUTAlMOHHBINA Kosutanc, U3 Hero Oeper Havaso
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KOCMOJIOTMYecKass MHGUIALKA ¥ TaM ke, IIOXOXe, CIy4aitHO reHepUpyeT-
csl (pU3MKa BCEJIEHHBIX.

Ho kak mpu 3atom ObiTb C BeyHOil MHGnauuMel? Benb oHa — Kiaccu-
YyecKkoe sIBJIeHHe, Mbl €€ MOHMMaeM JIMIIb MOCTOJIbKY, IOCKOJIbKY ILUIOT-
HOCTb BaKyymMa CTaJa HWXe [UIaHKOBCKOH. TyT BO3MOXeH Clenyromui
CLieHapuHl.

HomyctuMm, MHGAANUA UAET B HEKOEM KOHKPETHOM CYNepCTPYHHOM
Bakyyme, c(GpOpMHpOBaBILIEMCSI Ha CaMOM ee CTapTe Ha IUIAHKOBCKOM
Mmacmrabe. BCoMHMM, 4TO NMpU MHGIALMM IUIOTHOCTb SHEPrHMU BaKyy-
Ma MeCcTaMH «ie3eT» BBepX 3a cueT KBaHTOBBIX (uyktyauuil. [ne-to oHa
npubnMkaeTcs K IUIAHKOBCKAM 3HA4€HHSIM, NPU 3TOM BaKyyM MOXeT
NepecTpOUThCS, BCE M3MEHHMTCS BIUIOTb JO 4Mcia usMepeHuil. To ectb
M NpY Be4yHOH MHQIALUMM «Mrpa B KOCTHU» IPOJOIKAETCH.



48.[ne KOHYaeTca pauMoOHaNbHOCTb
M HAUYMHAETCS KanuTynsauma?

bl MUCAIM O NMPUMEHEHWH AHTPOIHOrO NMpUHLUNA IS 00BACHE-

HUSl 3HaYeHWil KOHCTAHT, €JUHCTBeHHas crelU(HKa KOTOPBIX

3aK/IoyaeTcs B MX O/IarompUATHOCTH VI JKU3HMU (HampUMep,
9Heprusi pe3oHaHca fapa yriaepopa). 34ech NaHHbI NPUHIMI BbIIJISIUT
€CTEeCTBEHHbIM M He BbI3bIBaeT OTTOP)KEHHS. A c/iellyeT /M ero npume-
HATb IS OOBSICHEHUS KaKuX-TMO0 BbloeseHHbIX 3HaueHWit? Hampumep,
ec/Ii KaKoi-TO mapameTp CTpOro paBeH eluHHMIle (IBe BEJUYHHBI B TOY-
HOCTM paBHBl Apyr apyry). Uinu kakoii-ro Apyroii mapameTrp HeoT/IH-
yuM oT Hyns. Ecim 61M30cTh ofHOro mapametpa K equHMIE, a JpPYToro
K HY/MIO ABJAIOTCS YC/JIOBMEM Halllero CYIieCTBOBAaHHUSA, C/leAyeT M HaM
0OBACHATD 3Ty GJM30CTh AHTPONHBIM HMPHUHLKUNIOM?

Kak ormeueHo Beolie, B 1970-x rojax moAM He NOHMMAJIY, IOYEeMy Tak
HIeaJbHO MOAOrHaHbl HayaIbHblE YCJIOBUSA Bonbiioro B3pbiBa, B YaCTHO-
CTH, NOYeMy IUIOTHOCTb Tak Onu3ka K KpuTHueckoit (2 ~ 1), uto npen-
noJiarajI0 paBeHCTBO ¢ To4HOCTbIO 70 107% B Hauwane Bosbiioro B3pbI-
Ba Ha OKOJIOIUTAHKOBCKHMX MaciuTtabax. A Belib e Obl OHM He ObUTH IIO-
IOTHAHBl TaK TOYHO, TO U Hac He ObU1o: BeeneHHas Obl yxke CKo/UtancH-
poBaJia WIM pacuidpsiiack Tak ObICTpo, YTo He ycnenu Obl 0O0pa3oBaTbCs
rajlakTMKA ¥ 3Be3nbl. He Bo3HMKaeT nu cobnasH mpuBieyb 1S obbsc-
HeHUs ¢akra aHTponHbI NpuHUMI? EciM 3HaTh OCHOBHOE Cofep)XaHHe
3TOif KHUrM — co0na3Ha He Bo3HMKaeT. Ho B 1970-x rogax HHMKTO 3TOro
He 3HaJI, U BpeMs OT BPEMEHHU TaKas uaesl BCIUIbIBaIA: Hy, TpedyeTcs 1o-
nagaHve ¢ BepoATHOCTbIO 107%, HO KTO MelllaeT NMPEANONOKHTb, YTO «II0-
IBITOK COTBOPEHHs» BCeJIEHHBIX ObUTO Kyza Oonbine, yeM 10%? Bragumup
Jlykaii oTMeTW B CBOEM MHTEpPBbIO, YTO YIIOBaHHE HA aHTPOIHBIA NPUH-
LIMII CYUTAIOCH B LIKOse 3ebJA0BHYa MOBETOHOM. M 310 npaBWIbHO: ecu
BeJIMUMHA O/7M3Ka K BbIIEJIEHHOMY 3HAY€HHIO, HA0 MUCKAThb palHOHasIb-
Hoe 0ObsiICHEHHe, a MPUBJIEKaTh aHTPONHbINH MPUHIIMII JIUIIb B CAMYIO MO-
CJIEHIOI0 ouyepelb, Koraa BcEé ucuepnaHo. M1 B ToM ciryyae nmpaBWiIo cpa-
OoTano: BCcKope Obina cOpMyaHMpOBaHA KOHLEMIMS KOCMOJIOTMYECKOM
MHQIALMY, NaBIIas pallMOHAIbHOEe OObsCHEeHHe 61M30CcTH 2 K equHHIe.
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Ho ocranach apyras ¢yHnaMeHTasbHas 3araaka: 6J1M30CTb IUIOTHOCTH
3HepruM Bakyyma K Hymo. Ceifiyac Mbl 3HaeM, YTO €CTb TeMHas 3Hep-
rMsl C IUIOTHOCTBIO OKomo 1078 apr/cM®, Wiy, ecnM BblpaXaTb B €OUHH-
nax maccel, 107 r/cm3. Bo3aMOXHO, 3TO U €CTb IUIOTHOCTb 3HEPrMH Ba-
KyyMa. Mbl He MMeeM palUMOHAIBHOIO OOBACHEHHS, IOYEMYy OHA CTOJIb
Masia. OnaTh aHTPONHbIA NpUHUMN? Mbl y)Ke YIIOMHHAIM Bbillle HMEHHO
3Ty TOYKY 3peHHSl.

Ecnu cuutarh, YTO IJIOTHOCTb 3HEPrMM BaKKymMa paBHOBEPOSITHA OT
IJIAHKOBCKOIO JJO MMHYC IUIAHKOBCKOTO 3HA4Y€HHii, TO BEPOSATHOCTDb MOJY-
YUTb CTO/b MaTYI0 BenuuuHy, 1073, ropa3fo MeHblie, 4yeM CTy4aitHO MO-
JIYYUTh BCEIEHHYIO C COBPEMEHHOH IUIOTHOCTbIO MaTepHH, CTO/Mb 0/m3-
KO K KpuTH4eckoii. Bnipouem, rne 10% BcenenHbix, Tam 1 10'2 Haiinercs,
yTOObI B OHON M3 HUX BaKyyM OKasaICs CTO/b C1a00 TArOTEIOWIMUM, YTO-
Obl TaM CMOIVIM BO3HMKHYTb Mbl. M ecTb Jilo[M, KOTOpblie BIOMHE Cepbe3-
HO MMEHHO 3TO U yTBepxJaioT. Ho ecTb U Te, KTO CuMTaeT Takoi Moaxon
MOBETOHOM U FOTOBBI OPOCHTh HaBCerna 3aHSATHE HAayKOH, eCIM aHTpOI-
Hblii MPUHLMI B JAHHOM CJIy4ae OKa)XKeTCSl eIMHCTBEHHbIM BO3MOXKHBIM
00bsICHEHHEM. ABTOP OY€Hb XOPOLIO NMOHUMAET BTOPHIX, HO €CTh OJJHO 00-
CTOSTE/IbCTBO, KOTOpOe Bpoze Obl MOAep)KMBAET TOYKY 3PEHHUS MEPBbIX.

MexaHH3M KOCMOJIOTHY€CKON MH(SLUM, OTBETCTBEHHbIH 3a 61M30CTh
IJIOTHOCTH K KPUTHUYECKOH, CIieayl CBOE J€JI0 Topaszo TOuHee, YeM HeoD-
XOJMMO C TOYKH 3peHHs] aHTPOITHOrO NMPUHIMNA. Mbl Ob MOITIM MMOSABUTD-
csl IpM COBpeMeHHOM 3HauyeHuH mapamerpa 2 ~ 0,1 win 2 = 2. Ecin Obl
3TOT MapaMeTp BhINajal Cay4aifHo, Mbl Obl, CKOpee BCero, oOHapywiu
€ro rae-To B 3TUX INpejenax, 3aMeTHO oTauyawomumcs ot 1. Ho uamepe-
HHSA OKa3bIBaIOT, YTO 2 OT/IMuaeTcs OT eqUHMLLI He Oosee, yem Ha 0,01.
M Mbl OHMMaeM, 3TO TMOTOMY, YTO €CTb MeXaHH3M, obecreynBaroIuii pa-
BeHCTBO £2 = 1 ¢ orpoMHoO# ToyHOCThIO. CKOpee Bcero, OTIHYMe 2 OT efiu-
HUIbI HA MHOTO NOPSIKOB MEHbIIIE,

A B ciydae C NJIOTHOCTbIO 3HEPrUM BaKyyMa? AHTPOIHBIA NMPUHLMIT
TpebyeT, yToObl OHa 1o abcomoTHO# BeuKHe Obuta He Gonbie 1072 r/cme
(4ucno JaHO BecbMa NMpUOGIM3MTENBHO), WHAYe M3-3a YCKOPEHHOrOo pac-
LIMpEHUs He CMOIM Obl 00pa3oBaThCA raJlaKTUKM M 3BE3[bl MOKOIEHHs
Connua. A Ha caMOM JeJie, eC/I¥ TPaKTOBaTh TEMHYIO 3HEPTHIO KakK IUIOT-
HOCTb SHEpPTrUM BaKyyMa, TO OoHa coctaBiseT ~107% r/cm®. OT MexaHHU3-
Ma, obecreyuBaOIEr0 MTYI0 IUIOTHOCTh BaKyyma, Mbl ObUTH Obl BIpa-
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Be XJaTb ropas3fo MeHblleil BeJMYHMHbL. A TYT MONO3PUTENBHO GIM3KO
K TOMY, 4TO TpebyeTcs IS 0O6MTaeMOCTH BCesleHHOi. JloctaToyHo Manas
BeJIMYMHA, YTOOBI MBI CMOIVIM MOSIBUTBCSA, HO He Oosee TOro: BCero mops-
IOK pasHHULbL HaBoguT Ha MBIC/Ib, YTO 3TO NEHCTBUTENBHO MOXKET OBITh
pe3yabTaToM Ciaydasi. U HekoTopble cepbe3Hbie YUYeHble MPUHUMAIOT 3TOT
aprymeHTt. Co071a3H NpU 3TOM JIOBOJILHO BEJIMK: OTHAAaeT HeOOXOAUMOCTb
MCKaTb NPUYMHY MaIod IUIOTHOCTH BaKyyMa: 3TO IpOCTO C/ay4yai, Bbl-
nasiiMit ¢ BeposaTHocTbio 1072 B GeckoHeYHOM uuc/e BceseHHBIX. Y Hap
CTpaHHbIM SHepreTMYeCKUM MacuTaboM TeMHON SHepruM, HUKaK He CBfi-
3aHHbIM C M3BECTHbIMM MacinTabaMH B3aUMOZIEICTBHIL, He HAJO JIOMATh
roJIOBY: Ciyvaii!

Hackonbko 3TOT mojxof pauOHasieH?

On ObuL1 OBl GONEe-MeHee pauMOHasIeH, eciM Habmonaemoe 3HaueHHeE
IUIOTHOCTH 3HEPrHM BaKyyMa ObUIo Obl MPOU3BOJIBHBIM C TOYKH 3pEHHS
3aKOHOB (Ppu3MkK U uctopuM BcenenHoil. Tak nm 3ro?

Her HMKakMX rapaHTH#l TOTO, YTO TeMHasi SHEPrUsi — BAKYyM C He-
Hy/IeBOH IUIOTHOCTHIO. [loA BakyyMoM, HallOMHUM, Mbl TIOHMMaeM COCTO-
sIHMe C TIOCTOSIHHON M OAHOPOMHO! IUIOTHOCTBIO SHEPrH, ¢ YpaBHEHHEM
COCTOSIHUAA p = —&. ONHAKO BMOJHE BO3MOXHO, YTO IUIOTHOCTb HAaCTOSA-
lero BaKkyyMa paBHa HYJO, a TeMHas 3Heprusi — CKajisipHoe Ioje, me-
peMeHHOe BO BpeM€HH, Halpumep, Haxofsuieecss B pexume MeIUIEHHOTO
CKaThIBaHHS K HYJIeBOM IUIOTHOCTU. JTO 3aBeJOMO He BaKyyM, M ypaBHe-
HHe COCTOSIHMSA 37ieCh APYroe, HAOMHUM: p = —we, re < 1, 4yTo CcooT-
BETCTBYeT KBUHTICCEHIMH. 31eCh eCTb BapHaHThl TEOPHH, KOTAA HbIHeIl-
Hee 3HaYeHHe IUIOTHOCTH TEMHOM 3Heprum, O1M3Koe K IUIOTHOCTH MaTe-
pHH, TIOJTy4YaeTcs eCTeCTBeHHbIM 00pa3oM. To ecTh CyLiecTBYIOT BO3MOX-
Hble 00bsACHeHUs HabMoaaeMoil IIJIOTHOCTH TeMHO 3Hepruu 6Oe3 mpusie-
YeHHs aHTPOINHOro NpUHUMMNA. U YTO BaXKHO, OHM MOTYT OBbITb MOATBEPXK-
IeHbl WIM ONpOBEPrHyThl. B 4aCTHOCTH, KBUHTICCEHLMI0O MOXHO OTIHU-
YUTb OT BaKyyMa, U3MEpPHUB BEJIUUYMHY (U, YTO BIIOJIHE PEAJIbHO.

[logBemeM MTOr. AHTPONHBIA NMPUHLKN — METOJ MOHUMaHUS OKpYXKa-
IOLIEr0 MHUpPA, KOTOpbIf FOBOPDUT HaMm BaXKHble BELIH: BCEJIEHHbIX MHO-
ro, OHU pa3HooOpa3Hbl, B GOPMHUPOBAHMM UX (PHU3NYECKON KapTHHBI yua-
CTBYeT C/Iy4alHOCTb. JTO c/leAyeT U3 3HayeHUN (PU3UUECKMX KOHCTAHT,
XapaKTepPHBIX eIMHCTBEHHO TeM, YTO OHU O/IaroNmpHUsATHBI I NOSIBJIEHUS
KU3HU. Ho ecTp yCI0BHMA Opyroro TUma, ToXXe HeoOXoAMMBle Ui KH3-
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HM: YTO-TO C BBICOKOM TOYHOCTBIO PaBHO YEMY-TO, @ UYTO-TO YAUBHUTEJILHO
Masio. ABTOp, KaKk U MHOrMe KCCJIe0BaTe/d, NPUAEPKUBAETCH TOM TOYKH
3pEHHUd, UYTO NPUBJIEKATh B JAHHOM CJy4yae aHTPOIHBIA MPHHLMII — He-
4YTO CPOAHM KAaNMTY/ISLMH, KOTOpas ONpaBAaHa JHIIb B C/yyae IMOJIHOM
GesHame)XHOCTH HaiiTh mpsMoe oObsicHeHue, [loka 3aragka Masoit 3Hep-
TMM BaKyyMa OCTaeTCs OHOM M3 TshKeNeHIInX, HO [0 IOIHOM Oe3Hamex-
HOCTH elle Aaseko.
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pabora c leHoit YnbucosbiM B 1978 rony — y Hac TaMm Toxe CTasl-
KUBaJIMCh My3blpM HOBOM (pa3bl, kKak U B cueHapuM ['yca (dpamu-
nvio Guth B pycckoit peur npousHocat U kak I'yt, U kak I'yc, no-
CKOJIbKY afleKBaTHOro IpousHollenus Mg Guth B pycckom He cy-
I[eCTBYeT, B JaHHOM CJIyyae aBTOp NPHUIAEPKUBAETCS MPOU3HOLLe-
Hus cobecenuuka. — b. I1l.). Ho y Hac He 6bUIO M€M MOCMOTpETS,
Kak (a3oBblii nepexon BIUsET HA JUHAMHMKY BceneHHoi, Hac uH-
TepecoBAIO poXkAeHHe 6apUOHOB.

[lepBoe camocornacoBaHHOe OIMCaHHE TOrO, KAK MOXXET BO3HMK-
HyTb mup ne Cutrepa, mosBwioch B 1980 rogy B pabore Anek-
ces Crapobunckoro. Oto 6puta 6nectsmas pabora, B Poccuu oHa
OXMBJIEHHO 00Cy)Kiasoch Ha ceMHHapax U KoH(pepeHuusx. [lom-
Hi0, CaxapoB HaXoAWICA B COCTOSSHUM PalOCTHOrO BO3OY)KAEHHUS
mo noBoAy pabotsl Anekces. Ho 6put0 omHO obcTosiTENBCTBO, KO-
TOpoe MeHs o3ajauyvBaso. PaHHss BceneHHas, omuchiBaromasics
B ero mMofienu pemieHdeM fe Cuttepa, ObUta He CHUHTY/IAPHON — ee
MCTOpUS Mor/a ObiThb HeorpaHUYeHHO NMPOAO/DKEHA Hasal BO Bpe-
MeHH, MHHYS COcTosiHMe GeckoHeuHo# miotHocTH. Ho mup me Cut-
Tepa BMeCTe C TeM OKasblBaJIc HeCTaOWIbHBIM, M 3Ta HeCTa-
OWIBHOCTb JeNasa Takoe MpeANoNoKeHHe HeBO3MOKHBIM. Kpome
Toro, Asiekceit B cBoeil pabote nucan cnenymomee: «Ham cueHapuit
NpsSAMO NPOTHUBOIONOKEH MHU3HEPOBCKOMY H3HAa4YaJbHOMY XaocCy».
9TO MPOTHUBOPEYWIO OCHOBHOI Kaee WHQIALUMOHHOW KOCMOJIOTUHU:
HY)KHO omMcaTh, Kak BceneHHast crasa Takod «xopouei», CTapTo-
BaB C Y€ro YroAHo. JTo ectTb M B clieHapuu I'yca, ¥ BO Bcex mocrne-
ayomux. A y Anekces Hao6opoT — BceneHHass HauMHaeTcs C «Xo-
poLIEero» YUCTOrO COCTOAHHUA, ¢ MMpa Je (Cutrepa, a IOTOM YyKe
C Heil POMCXOAAT BCsAKUe neprypbanuu.

Ho atu mpobnemsl 6butM ucnpaBuMbl. Bckope Bbillia mpoBUpue-
ckasi pabora 3enpmoBHYA, Ie OH NpelaraeT TPAKTOBAaThb MOJEJb
CTapoOMHCKOrO Kak cueHapuii pokaeHus: BceneHHoit u3 Huuero.
[lotoM 310 popmanuzoBan Cama Bunenkun. 3arem, B 1983-Mm, mo-
CJie BbIXOAa MO€il CTaTbU O XaOTH4YeCKoi MHGALUY, AJlekceil Mo-
IU(HLMpOBas CBOIO Moe/ib Ha NMonoOHOM OCHOBe, U €ro Mojesb
cTajla yacTbio Oosmee cTaHAapTHOro noaxoga K WHQIALMOHHOM
KOCMOJIOTHH.
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HecMoTpss Ha ObiTOBaBIIME B TO BpeMsi coMHeHusi, CnaBa My-
xaHOB M [eHa UnbKCOB peliwiv OTOABHMHYTb B CTOPOHY BCe 3TH
npo0baembl, B3ATb Mozenb CTapoOMHCKOrO U MOCMOTpeTh, Kak 6y-
OyT BecTH cebsi B Heil KBaHTOBblE (UIYKTyallUM METPUKM — KaKo
CIIeKTp BO3MYILEHUI1 OHU nadyT. PaHee caMoii momynasipHOit rumo-
Te30i1 6bUT IIOCKUIt cniekTp [appucoHa — 3ebA0BHUYA, OJHAKO OH
ObLT B3AT C MOTOJIKA, NPOCTO 4TOOB OOBACHUTDL JAHHBIE IO KpYII-
HoMaciutabHoit cTpyktype BcenenHoit. MyxaHoB U YnubucoB o6Ha-
PY)XWIH, YTO U3 Mofend CTapoOMHCKOro B HepBOM MpHOMMKEHUH
nosyvyaacss UMeHHO Takoi creKTp. OHM TakXe pacCYMTaIM OTKJIO-
HeHMe OT IUIOCKOrO CIeKTpa — OH Ha CaMoOM Jefe jorapupmuye-
CKMH, U ceilyac UMeHHO 3T0 BUAHO 1o AaHHbIM WMAP u «dlnaHka».
W3 paborbl MyxaHoBa ¢ UMOMCOBBHIM C/1€[OBaIO, YTO TaJaKTHUKU
M UX CKOIUIEHHSI He YTO MHOe, KaK ObIBIlIMe KBaHTOBble BO3MYIIe-
HMS, CHayasla pacTsaHyThle UHALKEH, a I0TOM YCWIMBLIMECs U3-
3a rpaBUTALMOHHON HeycToMuMBOCTU. [loHayany Takoe yTBepkae-
HHMe BBI3BAJI0O MacCOBOE€ HEIpUATHE: KaK OrPOMHBIN KJIaCCHYeCKHit
00bEKT MOXKeT MOSIBUTbCSA B pe3ysibTaTe KBaHTOBBIX NpOLecCOB?!
Ceituac 3to obiee MecTo.

B To BpeMsi MHorve CTajJd 3aJaBaThbCsi BONpPOCOM, Kak IOMy-
yuTh OOMBIIYI0 OJHOPOAHYIO BceneHHYI0, HO BCE CTaJIKMBaIMCh
C KakuMHU-To npobnemamu. f nonan Ha cemunap PybakoBa — oHM
MBITAIUCh 00BACHUTD, IoyeMy BceneHHas Gosbluas U IUIocKas MC-
xoas u3 Mozem Konemana — Baiin6epra. Ho u3 atoro Huuero He
noxydymwioce. Korna mue nossonwn JleB bopucoBuuy OKyHb M CKa-
3an npo pabory [yca, 1 cpasdy obbsacHWI, mouyemy 3To paboraTth
He OyzneT, — Mbl y)Ke UMeIH Je0 C pacnaioM MepeoxXIKIAEeHHOTrO
CKasisipHOro nosst. Boobie To BpeMsi 3alOMHWIOCH Y)KaCHbIM 9MO-
LIMOHAJIBHBIM COCTOSTHUEM — YYBCTBOBAJIOCh, YTO OTBET 0JIM30K, HO
BCE YTO-TO He KJIEWIOCh.

B monenn CTapoOMHCKOro Yero-to He XBatajio B ee Hauasle, Ha CTap-
te. Mozens I'yca oyeHb xopomwo oGocHoBaHa, HO He paboraer B ee
KOHeyHoi craguu. Ycrex pabotsbl ['yca cBSi3aH He ¢ TeM, YTO OH €3-
IWI1 U BCIOAY O Hell pacckasbiBal. EMy ynanoch 3axeub ayAUTOpPHIO
AICHOI MonpoOHOIt apryMeHTalueii — yepe3 BCIO CTAaTbiO MPOXONMT
yucTas 1MHusA Moo, [locie ero ctaTby BCé CTasio NPO3payHbIM, He-
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9to Obl10 B Hayazne jera 1981 roma, mMo3mMHHMM HIOHBCKHMM Beue-
poM. CeMbs yxe cnana. S B35 TesedoH U 3abpasics ¢ HUM B BaH-
HYI0 KOMHATy, 4ToObl He OyauTh AeTeif, MO3BOHUTbL PyGakoBy W
CIIPOCHTDb €ro, YTO OH AyMaeT IO 3TOMY NOBOAY (€CTb JIIOOH, C KO-
TOPbIMU HEJb3Sl AEIUTbCA UOESIMH, a €CTb Te, C KOTOPbIMU MOX-
HO 6e3 BCAKUX omaceHWit). Basepa oTBeTW1, YTO C/BIIKT NpO Ta-
KO CLeHapuil BlepBble, U caM Haj 3THUM He JyMai. fl paccymun,
4TO €C/IM OH 10 3TOr0 He AOAYMAaJICs, TO CKOpedl Bcero He noay-
MaJiCi HUKTO, U HaJ0 AeicTBOBaTh CpouHO. Pasbyaun xeHy u ob-
cyaun c Heit Bcé 3to (okeHa AHapess — Penara Kamomw, u3Bect-
HbIil (PU3MK-TEOpPETHK, paboTatouuit B 061aCTH Teopuu CTpPYH. — b.
[Il) Ouenp GricTpo Hamucan cTaTbio, oTnpaBwi B InmaBaur (Inas-
JIMT — 3TO He XXYPHaJI, KaK MOTYT NOAYMaTb HEKOTOpblE MOJIObIE
YUTaTeNH, 3TO COBETCKHIl LeH3YpHbIil OpraH, MUHOBAaTb KOTOPBIA,
Haxonsch B Poccuu, 6b10 HeBo3MOkHO. TUnHMYHOe BpeMs Ipo-
XO)XK[IeHHs COCTaB/Is/IO Ba-TPU Mecsla, MHoraa posbiue. — b. 111),
HO paspelleHHe Ha MyOJMKaLMIO MPHIIO TOMbKO Yepe3 HECKOJb-
Ko MecsueB B okTs6pe 1981 roma. B To Bpemsa B T'AUII npoxonu-
na KoH(pepeHUMs, Ha KoTopylo npuexan CtuBeH XOKUHI. MeHs mo-
NPOCWIM NEPeBOIUTb Ha PYCCKHUil ero AOKaaA. Birnsaeno ato Tak:
XOKHMHI' IPOM3HOCHJI C/IOBO, KOTOPOE MOIIM pa3o0paTh TOMBKO XO-
pOLIO 3HAIOLHE €ro JIOJH. ITO CJI0BO «NepeBOAWI Ha aHIIMACKHIA
ero acnyvpaHT. A MOTOM Sl MepeBOAWI 3TO CJI0BO Ha PYCCKUH. JTtO
CTaI0 yApYyYaroliuM, U s ctan 3aberaTh Brepes, 3KCTparoaUpys
peub Hoknamuvka. XOKMHI OOKa3blBasl1, 4To Momenb [yca cmactu
Henmb3sA. OH ckasas, yto y JluHne Oblna 3ameuartesbHas ujes, Kak
3TO cHenaTh, HO OHa He paboTaeT, U OCTaBIUYIOCH 4acTb JOKJIaja
1 TIepeBOAW1 apryMeHThl, IoYeMy Mosl ujes paboTaTb He MOXET.
B 6onee mIynmoM cOCTOSIHMM Sl HUKOTZAA He HAXOAWICS: B 3ajle CH-
nenu sydimne (U3MKH MOCKBEL, OT KOTOpBIX 3aBHCe0 Moe 6yny-
mee, a A MpU HUX myOmuuHO cebs pyran

[locne poknaga s cka3anm XOKHMHIY, YTO He COIJIaCeH C ero apry-
MeHTanHuel, ¥ OKOJIO JBYX YacOB OOBACHAI eMy, oYeMy MOsl Uzies
BCce-TaKH NO/DKHA paborath. OH BHHUMaTenbHO CIyIIAM U BpeMs
OT BpeMeHU npousHocwI: «Ob» — U ero crymeHT nepesogunt: «Ho
BBl ke paHbinie 06 3ToM He roBopuiul» Bckope Xokura XBaTHIIMCh
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BaiiTe He MBITAaTbCH PEUIUTb Cpa3dy Bce BoONpOCchL [Ipennonoxum,
YTO Yy NpHpOIbI ecTh BhIOOp, ¢ yero Havarth. U ecnu mpupona mpo-
OyeT pa3Hble BApMAHTbI, TO HABEPHAKA U Te, JUIS KOTOPBIX MPOCTHIE
ypaBHEHMS IMOKa3bIBAIOT BXOH B PEeXUM UHQIALHUU.

Bonbiuas yacTb yofeil GbU1a MOMTHOCTBIO MepHNEHAUKYISApHA STOM
unee. TyT y)xe peub UOET HE O JIOTHKe, a O NICUXOJIOTMM WM JaKke
0 couranbHOM 3¢ dekre. JltoaU KOATO U YNOPHO 3aHUMAIUCH FOps-
yeil BcesneHHOM, MOTpaTWIM HAa 3TO Maccy BpeMeHW U cuil. U Tyt
MM KTO-TO NbITAeTCS CKa3aTh, YTO 3TO BCE HANpacHO, 4YTO BCE pa-
Ooraer coBepiieHHO no-apyroMy. IlepBasi ecrecTBeHHasi peakLus
B TaKOM CJlydyae — OTNpaBUTb NPOCNATbCA TOro, KTO Kakoe roBO-
pHUT. ITO BCé paBHO, YTO JIOMAIOT TBOM [OM, KOTOPBIH Thl OOXWIL.

Bb. IIl.: Hy ceituac-To 3T1a rnaBHast upaesl CTaja OOLIMM MECTOM.

A. J1.: Ceituac — na, obuiee MecTo, HO Toraa 310 ObUT OONIE3HEHHBIH Mepe-
noM. Jlo cux nop OOJbUIMHCTBO Y4eOHHUKOB, roBOps 00 HHQIALHUH,
TMPENofHOCAT CTapyl0 Bepcuio, Gasupylollyiocss Ha cueHapuu [yca
M Ha Moell «HOBOI MHOaALMW». MHOIMe Tak M He NOHSUIY, UTO 3TU
IB€ MIeH YMep/IM TPUAUATh JieT Haszaj U ObUM 3aMeHeHbl uie-
el xaoTU4yeckoil UHGAALUH, KOTOPYIO A npeaioxuwt B 1983 rony.
Ewe 6onee TpyaHbiii mepesioM s mepexxun B 1986 roxy.

b. lII.: Beynass ungpnsauus?

A.J1.: 1a. OHa OTKpbIBJIaCh MYYMTE/IbHO. 3aTO OY€Hb YETKO 3ameyaties-
CSl MUT y3HaBaHMS.

[lepBbie nmpobnecky BeyHOH MHQAALMM MOSBWIKCH €lie Ha YpoB-
He Moxenu ['yca, Ho Tam 310 ObLT HemocTaTok. 3ateM CTeiHXapAT
obpaTii BHUMaHHe, YTO B HOBOM MHQIALMM 3TO TOXKE UMEET Me-
cro. TyT e s BbIIYCTUJ NpPENPHUHT, Ie YTBEp)KIaa, YTO 3TO Kak
pa3 oueHb UHTEPeCHO: BCé BpeMs, noka UHQIAUMS NPOJ0o/DKAeTCs,
BO3HMKAIOT HOBble BCeJIEHHbIe C pa3HbIMU cBoicTBamMU. Toxe ca-
MOe OTHOCWJIOCh M K c/Tydyaro HoBo¥M MHQasauuu. dto 6bu1 1982 rop.
B 1983 rogy Cama BuneHkuH cfenan 0onee aneraHtHyio pabory
Ha Ty e teMy. OH MoKa3as, YTO Jaxke eC/Id MOoJje Fae-To CIOJ3J0
C LeHTpaibHOro Oyrpa, KBaHTOBble (IIYKTyallMM MOTYT 3a0pOCHTB
€ro Hasaj, U UHQIALUSA NPONOHKUTCS.

Hy a B 1986 rogy npousoiies MOMEHT KpUCTUIU3ALMH: TO XKe ca-
MOe MOXXHO cHenaTh U B paMKax xaotuuyeckod vHGnsuuu! Ilona-
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Yyaly 3TO KasaJoch Oe3yMHeM — TO K€ caMoe, MOCTOSIHHBIN 3a-
Opoc moss HaBepX, MOXKET MPOUCXOAUTb M Ha CKJIOHE MOTeHUHa-
na! [lpyyeM 3TO OTKpOBeHHEe NMPOM3OLUI0 B MOMEHT TshKeseiilero
OYIIEeBHOIO KpU3Hca.

Torna y)xe Hauanacb ropbayeBckasi mepecTpoika U cpeau Ipouve-
ro — nepecrpoiika ['maBnaura ¢ uenvio ynpomenus. Ho crapyio cu-
CTEMY 3aKpbUI¥, a C HOBOH NpOTAHY/IU LeNbli rof, U B 3TOT rof
Mbl HE MOITIM MYyG/IMKOBaTh CTaThd. ITO OBUIO TSKENIBIM yAapOM.
K Tomy e s nMcan KHMIY, M OHA IUIOXO LUia — BCE BpeMs INpH-
XOIWIOCh YTO-TO NEpeNnUChiBaTh, @ TOra MPUXOOUIOCh BCE NesaTh
Ha Oymare ¢ HOXXHHMLIAMH M KJIeeM — MEHSATb JIUCTbI, TepeKIeMBaTh
CCBUIKH, YTO BbIOMBaeT U3 Kosed. B noBepieHHe s yUWICs BOXUTD
MallIMHy, a B TOM BO3paCTe MOTOpHKA y)Ke€ He Ta, 4YTO B IOHOCTH.
U korna s B ouepenHOii pa3 3aroHs/ MalllMHy B CYrpo0, HHCTPYK-
TOpHl Opa/Id Ha MeHs MaToM. B peaynbraTte s npeObiBas B Ou€Hb
IUIOXOM BHUJe, YyBCTBOBal cebst yxacHo, 6e3 cun. Huuero He mor
IenaTh — BAIAJICS Ha JUBaHe U YUTAT JETEKTHBBL

B aro Bpems Bapyr no3Bonwnu U3 QUAH — Hago exarp B Ura-
JIMIO CO CTPAHHOM MMCCHeHl — YMTaTb NOMY/SPHbIE JIEKIUU B paM-
Kax KakKUX-TO JOroBopeHHocTeil. [IpuueM nekuuu no acTpoHOMMH,
4YTO He fIBJSAETCA MOeH OCHOBHOM CHeLUaJbHOCThIO. B TO Bpems
INeMCTBOBAI HeIIaCHbIM TMMUT — OJHAa Nnoe3JKa 3a rpaHuly B ToA.
anp OblI0 TpaTUTb ITOT LIAHC Ha Takoe. Pelmnsn oTBepTeThCs MO
Gonesny, TeM Oosee, YTO JEHCTBUTENBHO YYBCTBOBas cebs coBep-
1IeHHO 00sbHBIM. B KOHIle KOHIIOB CIpPaBKY O TOM, 4TO s GoJeH,
noxnucan MuH36ypr.

OnHako, BCKOpe pa3fajcs elie OOMH 3BOHOK. MHe ObUIO cKasa-
HO: €C/TM Bbl OOJIbHBI CETOfHS U He CIOCOOHBI BBHI3ZOPOBETH K MO-
MEHTY I0e3[KH, TO MOXeET ObiTb Bbl BOOOIE HE B COCTOSIHUM €3-
IUTb 3a rpanuuy? f noHsn, 4TO Jeno cepbe3Ho. Beras, B3sin Tak-
CH, 4TO OBLJIO B TO BpeMs Uil MEHSI OTBETCTBEHHBIM (PMHAHCOBLIM
pelleHHeM, noexal B NOJUKIMHUKY M, MPOiZis 3a leHb BCeX Bpa-
yeil, MOyYWw1 CIpaBKy, YTo abCoOMOTHO 310poB (TOrna yls Bhle3na
3a rpaHuLly TpeOoBasach CpaBKa O 3[0POBbe, IPUYEM MENOCMOTP
ObLT Ha MOPAMIOK Cepbe3Hel, YeM HbIHEIHMIl I TpaB Ha BOX[e-
Hue. — b. III.). [locse 3Toro A ABa OHA OT/IEKUBAICHA, ITOTOM BCTA
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¥ 3a JeHb opopMua Bce Gymard, Ha 4TO OOBIYHO YXOOWJI Mecsl]
WK Ba. MHe NMO3BOHWIM ONATb M CKa3aM, YTO UTAIbSHLBI XOTe-
mu 6 BUOETh TEKCT MOMX jekuuit. «<Korna?» — «3aBTpal»

Bcé ato Buirnsameno 6esymueM. Ho MHe MpUILIO B TOJMIOBY, YTO
B 3TOM €CTb XOpollas CTOpOHA. B TeyeHue roma s He MOr HHYEro
M3 CBOMX paboT omy0MKOBaTh 3a rpaHMIEH, a ceifyac, ec/iu s yTo-
HUOYIb MHTEpEeCHOe Clesialo, OHM MOLLTIOT Moo paboty camu Ge3
Bcsikoro [aBnvra AMIUIOMAaTHYeCKOi MOYTOi. IJIyrmo 3Ty BO3MOX-
HOCTb YIIYCKaTh, HO U CTapoe meyararb He3aueM. Uro s Mory np-
OyMaTh HOBOTO 3a Ioyyaca, YToObl TYT )K€ HameyaraTb M 3aBTpa
otnpaBuTh? 1 06XBaTWI rOJIOBY pyKaMH M CTaJl pacKauMBaThCs M3
CTOPOHBI B CTOPOHY: UTO sl MOTy NpHAyMaTh 3a Ionyaca?

M uepe3 nonyaca y MeHs ObUia TeOopusi BEYHOH XaOTHYECKON HH-
¢Gnauun. 9To ObIZIO OOHHUM M3 CaMbIX CHIbHBIX SMOLMOHAIbHBIX
NOTpSICEHUN Moel KU3HU. KOHeyHo, HamevyaTaTh 3TO 3a OOMH Be-
yep y MeHs yxe He ObUIO CHJI, HO Yepe3 Mecdl, yexas B Uranuio,
1 Be3 ¢ coOoit TpU HOBBIX pabOTHI Ha 3Ty TeMy, KOTOpbie S OTIpa-
BWI OTTyJa B TPH pa3HbIX XXypHasa.

Tak, BeposiTHO, M ObIBaeT B JKM3HHU: KOrga cyabba CKpyyMBaeT ue-
JIOBEKa, CKMMaeT ero Kak MPY)XUHY: eC/Id OH NPH 3TOM He JioMa-
€TCSl, TO NMOTOM pacHpSIM/ISAETCA C TOM XKe CWIOH.

CHayasa 3TO MOKAa3aIoCh HEBEPOATHLIM: Mosie-UHGIATOH 33 CYeT
KBAHTOBBIX (IYKTYyauuii MPH JOCTATOYHO OOIIMX MpeIIOIOKEeHH-
X CIocoOHO CKaKaTb BBEpPX IO CKJIOHY NMOTEHLMala — BIUIOTh JO
IUIAHKOBCKUX 3HayeHWi IUTOTHOCTU 3Hepruu. Korna noteHuuan no-
CTHraeT 3Ha4€HHii, O/IM3KUX K IUIAaHOBCKOMY, Bo30yxaarorcs 60sb-
mve QUIYKTyalMyd BCeX OCT&IbHBIX IOJieil. A 3TO 3HAYMT, UTO Ba-
KYYM MOXeT IIepPeCcTPOUTbCS, — I10JIe CHOBA IIOKaTHUTCA BHH3, pas3-
OyBasi POCTPAHCTBO Y)Ke C JPYTMM BaKyyMOM, C APYTHMH 3aKo-
HamMu (u3ukK. Kak Oyaro moBs3ka ¢ ma3 cnajga!l Mup uMsmeHW1-
cs, M 3TO ObLI LIOK.

Sl MOHsN, YTO NO/DKEH 3aHOBO INepernucaTb KHHKKY, HajJl KOTOpOi
pabotasn. B cratbe s HamucaT He HamO MBITAThCA OOBACHATD, MHO-
4yeMy MHP MMEHHO TaKOB, KakuM Mbl ero BUAuUM. Korma-to DiiH-
IITeiH HAcTaWBaJl MIMEHHO HAa TAaKOM IIOAXOAE: HYXXHO OOBSICHHTH,
MOYEMY 3aKOHBI (PU3MKH M (PU3NUYECKHe KOHCTAHThI MMEHHO Ta-
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A Jl.:

49. NHTEPBbLIO C AHOPEEM JIMHAE

KHe, KaKHe ecTb, a JPYroro He Moxet ObiTh. Ho MUp He enuHCTBe-
HeH, U Habop 3aKOHOB HpHpoxbl To)ke. OHU TaKOBBI, IOTOMY YTO
Mbl MOXEM XHUTb TOJbKO TaM, i€ 3aKOHbl HaM NO3BOJIAIOT XHTb.
Peiba MoOXeT *XUTb TOJMbKO B Boje. Mbl — TO/NBKO Ha cyule MoK
cnoeM atmocdeps! U T.0. Hamo o6bsicHATb COBceM Apyroe: Kak 00-
pa3yeTcsi MHOFO pasHbIX 4acTeil BcesieHHO# (WM pasHBbIX BCejeH-
HbIX) C pasHON (PU3MKOM, YTOOBI B KaKMX-TO U3 HHUX MOIIM JKUTb
Mbl WIH KTO-TO €lLe.

9to 6pUT0 Oonee yeTBepTH Beka Ha3ad. C Tex MOp Koe-u4To H3Me-
HWIOCb, B TOM YMCJIe OTKpBITO YCKOpeHHoe pacluupeHue BceneH-
HOM, KOTOpOe MO)XXHO Ha3BaTb COBpEMEHHOM NeMOHCTpalHeil Toro,
yTo MexaHu3M paboraer. [lanHbie WMAP u «[LnaHka» nbioT Bomy
Ha Ty e MesbHULY. Hackonbko BooOie kocmonoruyeckas MHGpsA-
LUS yTBEpAWIach B OOIIECTBEHHOM CO3HAHMH, U €CTb JIM KOHKY-
PEHTOCIOCOOHbIE a/IbTepPHATHUBbI?

Kak ckasan Yepuwuib: «/lemokpatus — xyamas ¢opMa Inpasie-
HUS, 32 MCK/IIOYEHHEM BCE€X OCTAIbHBIX, KOTOpble NPOoOOBaIUCh
BpeMs OT BpeMeHW». KoHeyHO, B Teopuu UHGIALNM ecTb mpobie-
Mbl. [, KOHe4YHO, OYeHb BaXHO MCC/IeOBaTh BCe BO3MOXKHBbIE aJlb-
TepHAaTHBBl — TOJIbKO IOC/IE 3TOrO0 MOXXHO ObITb YBEpEHHBIM B Te-
opu. OueHb MHTEPECHO, €C/M yNACTC HAMTH HEYTO pa3yMHOe.
Bompoc B TOM, Kak HccienyloTcs anbrepHaTBH. EcsiM denoBek
JeaeT 3TO 4YeCTHO, Kak, Hampumep, Banepa PybGakoB, 310 oueHb
nosie3Hass AesTeIbHOCTb. A €C/M 4YesloBeK NMpOCTO JeNIaeT Kapbe-
Py Ha aJIbTEpHAaTUBHBIX TEOpMAX, 3TO NMOPOH BHINIAOMT yApyYaro-
we. Hanpumep, moau, 3aHumaromuecs: albTepHaTUBHBIMU TeOpHS-
MH, roBopAT: «Mbl yxxe BCé pemwim». UM yka3blBaloT Ha KOHKpeT-
Hele omuOku. Yepes rox oHM, CIerka MOANPAaBHB MOJE/b, TOBOPAT:
«Mbl onaTh yxe Bcé pemwiw». U t.a. Camoe mioxoe B 3TOM TO,
YTO TakUM oOpa3oM OTBpalllaeTcsi OT Hayku Monojexs. Habmo-
nasi momoOHbIN LIUPK, IETKO NMPUATH K 3aK/IIOYEHHIO, YTO BCA Hay-
Ka TakoBa. [losyyaeTcs Tak, 4To OOHM 3aHMMalOTCs HUIMKOH, IpY-
rie — obyCTpOMCTBOM COLMAIBHOM HHMIIK.

KoneuHo e, He/b3si UCK/IIOYUTD, YTO BAPYT HOABUTCA Heuto 6o-
7iee MOIHOe, 4eM Teopus MHGAUMK. B aTom ciyyae s 6bu1 OB
NepBbIM, KTO 3TO NMPHUBETCTBOBaL M y)X TOUHO sydie He OTCHXM-
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BaThcs B Kycrax, noxo6Ho Ocramy BeHpepy, koraa Mx AOrHaa Ha-

crosuMi aBronpober. S 6b1 yyBcTBOBaI cebsi B MONOOHOM MO3ULIMK

orBpatutenbHo! Ho moka Ha ropusoHTe He BHIOHO HHUYEro, YTO-

OBl MOIJIO COCTaBUTb peaysibHyI0 KOHKypeHUMIo. Kcrarty, ewe oauH

Ba)XHbIi MOMEHT. B oT/iMuMe OT ajbTepHAaTUBHBIX MoJejieil, B Te-

opvd MHQIALUMMA HE BAXKHO, Yepe3 4TO NMpoXoAUT BceneHHas, me-

pel TeM, KaK pa3oyThCs. ITO MOXKeT ObIThb CTaAUsl CKATHS HEKOH

NMpeAIlecTBYOIell BCEIEHHOH. 3TO MOKeT ObIThb OOBbIYHAsi KOCMO-

JIOTMYecKasi CUHTY/ISIPHOCTb — MHQIIALUA CTapTyeT OT COCTOSIHUA,

6/IM3KOro K IUIaHKOBCKOMY, HE3aBUCHMO OT TOrO, OTKyza IOC/en-

Hee B3JIOCh.

EcrecTBeHHO, B TeopuM eCTb HescHble Mecta. Hukakas Bepcus

uH}AUMM He upeasbHa. OCHOBHblE MPoOsIEMbl HAUMHAIOTCA TPU

npUOIIDKEHUH K CaMOMY Hayaly — K IUIAHKOBCKMM Maciutabam.

Ho a3t npobnembl HOCAT oOwiuii XapakTep — Kak CIIMTb rpaBUTa-

LIMI0O C KBaHTOBO MexaHWkoi? KakoBa ponb Teopuu CTpyH? Mbl

NpUBLIKIM paboTaTh B K/IACCHYECKOM BPEMEHH, a KaK C HHUM pa-

6oTaTh B YC/IIOBMAX KBAHTOBOI rpaBMTallMM B pPeXHMe, Koraa BCe

4acel U JIMHEHKY HeMeUIEHHO JIOMAlOTCsl, U TOBOPUTb O «BPEMEHM»,

Korja poawiach BceneHHasi, CTaHOBUTCSI TPYJHO?

Haxkonen, 6naronaps WMAP u «lnaHky» Jouuio meno 4o TOro, YTo

IaHHble MO3BOMSIOT BHIOMpAaThb MEXAY PasHBIMU BEpPCHUSIMH HH-

bnsuuy. Hailnyt nu Bce-Takyd rpaBMTallMOHHBIE BOJIHBI M Ha Ka-

KOM ypoBHe?

A. J1.: He Tak naBHO mena/MCh CTaBKH, YTO OTHOLUEHHE aMIUIUTYIbI rpa-
BUTAllMOHHbIX BOJIH K aMIUIMTYAe CKaJISPHBIX BO3MYIleHHH, 000-
3HayaeMoe Kak I, OymeT HaiineHo Ha ypoBHe 15%. Yxe mpoexanu
(cm., onHako, raBy 37. — b. I1l.) EcTb HEeCKONbKO BapUaHTOB Teo-
pYH, KOTOpble MpeACKa3bIBAlOT OTHOLIEHUe I Ha ypoBHe 3..4-1073,

B. III.: Tak 3T0 pOBHO TO, YTO Ha3biBan Asnekceit CTapoOMHCKMIA i CBO-
el Mozenu, — nosmnpoueHTa!

A. JI: [la, HO TYT He TOJIbKO €ro MOJEJb, YTO caMo 1o cebe sBnsIeTCS yau-
BuTesbHbIM. Hanpumep, Muxaun llanommukoB ¢ ®émopom bes-
PYKOBbIM HPUAYMaTM XUITCOBCKYI0 UH(GALMIO, rae UHGIaTOHOM
BBICTyTaeT nosie XUrrca, HO He MPOCTO TaK, a UMess HEMUHUMaJIb-
HOe B3auMOZEHCTBHe C rpaBHTauueil. Ux Mozmenb COBEpIIEHHO He

b. LI
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49. UHTEPBLIO C AHAPEEM JINHAE

noxoxka Ha mopenb CrapoGMHCKOro. A mpeicKa3aHHS JaeT TOYHO
Takue e. X TOYKM He NMPOCTO MOManaloT B Ty e obnacTh, pas-
pellleHHYI0 JaHHbIMHM, a MPOCTO CUIAT HAa TOYKaxX Mojend Anekces
B KOOpAMHATAX ¥ — n_(n_— HAKJIOH CIIEKTPa BO3MYIUEHHUH, CM. I/1a-
By 35, puc. 35.1. — b. Ill.). N He onu onuu. Hanpumep, Mol c Pe-
Hatoi Kasom Toxe mpo6oBaJM CTPOMTh pasHble MOTEHIHaIbl Ha
OCHOBe CyleprpaBUTallMM M HalT¥ OFPOMHBIN KJ1acC TeOpHii ¢ Ta-
KMMH JXe NpeJiCKa3aHUAMU. MokeT OBITh, B 9TOM CTpaHHOM (pak-
Te 3aKII0Y€Ha Kakas-TO Ba)kHasl MOJCKa3Ka, KOTOPYIO Mbl IOKa He
NOHUMaeM?

b. II.: [oiinyT M HabmonaTeny OO 3TOrO YPOBHsA?

A. JI.: BoamoxHo. [IpyueM, ckopee Ha Ha3eMHbIX YCTaHOBKax. x npeumy-
I[eCTBO Nepell KOCMUYECKUMHU IKCIePUMEHTaMH — BO3MOXXHOCTb
HeOorpaHW4eHHOro HapauivBaHus. [losBWwinch HOBblE J€HbIH — IO-
CTaBWJIM HOBblE€ NPUEMHHUKHU B JONOJHEHHE K CTAapblM — TOYHOCTb
Bo3pocna. IlpaBpa, mopaBnsiollee OOBIIMHCTBO CYNEPCTPYHHBIX
Mogesneit HHAALMK naloT BooOie Ge3Hae)KHO Masblii BK1aj rpa-
BUTALMOHHBIX BOJIH — HIDKE MOpOra pericTpauuu aoboro MbICIu-
MOr'0 3KCIEepUMEHTa.

Yro kacaercs naHHbIX «[InaHka», C HUIMM CBsi3aHa JOBOJIHO Jpa-
Matuyeckas uctopus. [Ipoctbie u Hanbosnee ecTecTBeHHble Mofe-
N MHGIAINM TOBOPAT, YTO PETMKTOBOE M3JTyYEHHE JO/DKHO ObITh
C XOpolleii TOYHOCTbIO rayCCOBbIM (MaTeMaTU4eCKHU rayccoBOCTb
BbIP@)XAeTCsl KaK OTCYTCTBHe Koppensauuil mexay ¢dasamu pasiio-
)KEHUSI 110 OPTOTOH&IbHBIM MYNbTUNONAM. (PU3MYECKH ITO O3Ha-
YaeT, UTO KapTa BO3HHMK/IA KaK CyMMa He3aBMCHUMBIX Ipyr OT Ipy-
ra BosMylleHuil. — b. IIl). TeM He MeHee CyLIeCTBYIOT MOAeNIU
MHQIAIMM C HECKOJbKMMHM B3aMMOJENCTBYIOIMMHM Jpyr C Ipy-
roM IOJSIMHM, IZie rayCCOBOCTb Hapyiuaercs. Jliogei, 3aHMMaroLmx-
Cl TaKUMH MOJENSMH, MHOTO — 3TO JOCTAaTOYHO LIMpOKas COLH-
aJbHas HUIIA.

B xako#-To MoMeHT nouuM ciayxy, uro komanna WMAP namepuia
OTKJIOHEHHe OT rayccoBoCTd. Hapon M3 BbIlLIeYIOMAHYTOM HMIIM
B30oxpuics. 1 NO3BOHWI ONHOMY M3 YIEHOB KOMAaH/bl, OH CKa3aJ,
4YTO C/ILILIMT TAKOE BIIEpPBble — HUKAKHUX OTKJIOHEHWH OHH He BH-
nat. Mbl, 3atavB [bixaHue, xaaid pe3ynabratoB <lnankar. Kumm,
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KaK Ha BOK3ajle — MOKa He ObUIO oTBeTa Habmonareneil, poT Obul
3aTKHYT. HakoHell B MapTe mpoLuIoro rofa KOCMOJIOTHMYECKHE pe-
3ynbrathl «[U1aHka» 6binu omy6iMkoBaHbL [IpakTHYeCKM HUKAKHUX
OTK/IOHEHHM OT rayCcCOBOCTH, NpeACKa3aHMs MPOCTEMIINX Moneser
MHQIALMY TIOATBEPXKAEHDI.

Jliony, 3aHMMAaIOIUECA CIOXKHBIMM MomeNsAMH HHGNALMH, ObUIH
HecyacTHbl. A JUiA Hac Kak OyaTo IUIOTMHY npopBajio! 3Hauur,
MOXXHO HUYero He GOSATbCS M NMpPONO/HKATb 3aHUMAThCH TEM, YTO
npejcTaBiseTcss Hanbosnee KpaCUBbIM M €CTECTBEHHBIM.

b. IIl.: Tak, noxkaryii, 3T0 ¥ ecTb [MaBHBIN pe3ynbrar «[L1aHka» Ha JaH-
Hblii MOMEHT. B OCTalbHOM — TOJIBKO YTOYHEHHE OTHOCHTEIbHO
WMAP.

A. J1.: CornaceH, 3TO U eCTb IVIaBHbI pe3y/bTarT.

Ha stoM uHTepBbiO 3aBepiiwioch 0e3 magoCHO 3aKpYIIAMOIIErocs
KOHIIa, TOCKOJIbKY 00a ycranu — AHIpeil ycTan rOBOPUTh, @ aBTOp, NPUH-
LIMINHAAIBHO He MOJb3YIOIUICA 3/IEKTPOHHON 3alUChIO, YCTal BOCHPHHU-
MaTh M (PMKCHpOBATbh CKa3aHHOEe 3aKOpIOYKaMH Ha bGymare.

P. S. UnTepBhio ObUTO B3ATO [0 OOBABIEHUA PE3y/IbTaTOB 10 OOHa-
PY>K€HHIO rpaBUTalMOHHbIX BOMH 3kcrnepumeHToM BICEP2 B AHTapkTuze
(cm. rnaBy 37). Bor uro Anapeii Hanucan BOoroHky: <HenaBHue pesysnbra-
Thl NoTyuyeHHble Ha ycraHoBke BICEP2 psanom ¢ IOxHbIM nomocoM, Moka-
3bIBAlOT, UTO aMIUVIUTYAA IPaBUTALMOHHBIX BOJH MOXXET OKa3aThCS OYeHb
Gonbioit, BwoTh A0 r = 0,2, 6M3KO K TOMY, YTO NMpEACKa3bIBAIOT MpO-
creiilive BapUaHTHl XaoTHueckod MHasAuMU. Ecnu 3T pesynbraThl NoA-
TBEpPAATCS, TO 3TO AOCTIKEHHe OyaeT COMOCTaBUMO MO 3HAYEHHIO C OT-
KpbiTHeM 6Go3oHa Xurrca. Ho moka eme paHo moaBoauts utord. HyxHo
NpOBECTH HE3aBHUCHMYIO IPOBEPKY U NOHATb NPUYMHBI PasHHULI B pe-
gyabratax BICEP2 u mpenplaymux monbiTOK HATH CUrHaI OT rpaBUTALIU-
OHHbIX BOJH. OMHO HECOMHEHHO: Mbl )XKMBEM B 3MOXY BEIMKHMX KOCMOJIO-
TMYeCKUX OTKPBITHIA!»



50. UHTepBbIO C 3ABOKATOM AbSIBONA

HOFZa, 0COOEHHO K KOHILY, I0J1e3HO CTAHOBUTHCS M OTpedieKcH-

pOBaTh: He CJIMLIKOM JIM MBI YBJIEKJIMCb ONHOI CTOPOHOM KapTH-

HbI? He koM nu Temum cebst TeM, 4TO BCE SICHO M Ipo3pauy-
HO? B TakoM ciryyae 1oj1e3HO MOroBOPUTh C YMHBIM U€JIOBEKOM, KOTOpPbIM
Geper Ha cebs posib agBOKaTa AbsABONIA.

Bopuc llltepn: I monpobyio caenatb CWIbHOE YTBEpXKAEHUE: TEOPHUS KOC-
Mosnoruyeckoil uHsuuu 6naronaps WMAP u dlnanky» yTBepau-
JI0Ch HAaCTOJIbKO, YTO €€ MOXKHO CUMUTaTh nobenuBIIeii OKOHYATEIb-
HO ¥ 6ecrioBOPOTHO.

AnBokar apaBona: Korma MHe roBOpsSiT, YTO Teopus UHQIALMU JOKa3a-
Ha, 1 OObIYHO OTBEYal, 4TO 3TO He TeopeMa. []a, CBHIETENbCTB
B ee I10/Ib3y MHOTO, HO «OKOHYaTe/lbHO M 0ecrnoBOpOTHO» — 3TO
nepebop.

b. III.: Xopoo, naBait no mopsazaky. [lepeurciuM noaTBEpXKAEHHbIE Tpea-
CKa3aHWs TeopuM MHQIALUMU Tak, Kak 3to chenan BsuecnaB My-
xaHOB B MHTepBbIO (r1aBa 41). IlpeackasaHo, uro Beenennas ¢ no-
NaB/AIONIE BEPOATHOCTbIO JO/MKHA ObITh HEOTIMYMMA OT abco-
JIIOTHO «IUTOCKO». [loATBEp)K€HO C TOUHOCTHIO OKOJIO MPOLEHTA.

A. [I.: Bo Bcex ambrepHaTHMBHBIX TeopHUsiX BceseHHass Toxe mNosydaeTcs
«IUIOCKOI», UHaye TaKuWe TEOPUM HUKTO U pacCMaTpvBaThb He CTall
ObL.

b. .. Xopoiwio, k TOMy, Kak 3TO IO/JIyYyaeTcd B aJbT€PHAaTUBHLIX TEOPH-
X, BepHeMCs mno3xe. A ceifuac — mpeJCcKa3aHWe CIIEKTpa MOILHO-
CTU HeOOHOpPOAHOCTEeH IUIOTHOCTU. TeopHst MHGASAUMU mpelcKasbl-
BaeT MOYTH IUIOCKUM CNEeKTP — OH M eCTb MOYTH IUIOCKUM. IIpen-
CKa3aHo, YTO OH YYTb-YyThb OTVIMYAETCA OT IUIOCKOTO — OH U OT/IH-
4aeTcsl Ha CTOJIbKO, Ha CKOJIbKO NpeJCKa3aHo.

A. J1.: Tlnockuit crekTp mpoucTekaeT M3 obllero cpoiicTBa MaciTabHO#M
MHBapUaHTHOCTH. JTO €CTECTBEHHOE CBOWCTBO M HEKOTOPBIX IpY-
TMX Teopui. A OTKJIOHEHHE CNEKTpa OT IUIOCKOIO MOXeT Ios-
BUTbCA KakK Hebosbllioe HapylleHHe 3TOH caMoil MHBapHaHTHO-
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CTH — TOXe HHUYero CBEpXbeCTeCTBEHHOr0, MHOrMe€ CHMMETPHUH
B MPUpOJE€ HapyLlIEHBL

b. Ill: [lanbiie y Hac rayccoBOCTb. AHM3OTpONMS aHAJOTHYHA OenoMy
wrymy. [Ipenckasanu — noaTBepauiy, BO BCSAKOM ciTyyae, OATBEp-
IOWIM Ha YPOBHE, KOTOPBIil 3aKpbiBaeT Le/blil psAll XMTPHIX Moze-
nen.

A. [I.: Eciu ammiutyga BosmyuieHuid 1075, To ¥ HerayccoBOCTb JO/IKHA
ObiTh ManeHbKO#. [la, ecTb MonenH, rie OHa BeJMKa, HO 3TO OT-
HIOfb He a0COMIOTHBIA HMHAMKATOp MHGNAUMM. Hampumep, KoH-
dbopMHas CHMMeTpUs JaeT Majlyl HerayccoBocTb. Mexay mpo-
YUM, HerayCcCoBOCTb, €C/IM €€ Ha KaKOM-TO YpOBHe oOHapyar,
MOXXET 0Ka3aTbCsl O4€Hb MH(POPMATUBHON. JTO Belb HE YUCIO —
3T0 ¢yHKUMUSA, KoppensiuuoHHas OyHKUUA. [lo ee BUIy MOXHO Cy-
OUTb O TeopuH, paboTaBlleii B MOMEHT reHepali¥ HEOOHOPO.-
HOCTeM.

b. II: lanvme aguabatuynocts. Eie ofHO MoATBEp)KAEHHOE IpencKa-
3aHue.

A. [1.: Hy, ato obuee mecto. [loutH B m060it Momenu ectb aaMabaTHy-
HoCTb. JlocTaToyHo, YyTOOB B Hayaje ropsyeit craauu ObLIO MOJ-
HOe TepMOAMHaMHuyeCKoe paBHOBeCHe — Jajblile BCE IONAeT Kak
no penbcaM. [loutu B moboit Momenu ectb aTnabaTUYHOCTb.

b. 1II.: Xopoiwo. [lomy n0 mociefHero C/AeACTBUS — TpPaBUTALMOHHBIX
BosiH. Ecnin pesynbrat BICEP2 Bepen — Bompoc 3akpeiT. Ho mpen-
Jaral0 CYMTaTh, YTO €r0 He CTOUT MCIO/Ib30BaThb KaK apryMeHT
B CIIOpe Ha JJaHHbII1 MOMEHT — CJIMILIKOM MHOTO HesICHOCTeH U mo-
no3peHuit. CIMIIKOM BEIMKHU LIAHCHI, YTO 3Q(EKT MPOUCTEKAET OT
MONMSIpU30BaHHOM NblIM B O1mM3Koil oOomouke cBepxHOBOM. Urtak,
€CTb MNpeJCKa3aHWe TpaBUTALMOHHBIX BOJIH, HO HET YETKUX Mpen-
CKa3aHMii Ha uX amIUMTynRy. [loyemMy HMMEHHO rpaBUTALMOHHbIE
BOJIHBI TaK B&XHbI?

A. [1.: TpaBuTalMOHHbIE BOJHBI ObUIH Obl MPSAMBIM YKa3aHUEM Ha BBICOKHIA
SHepreTUYecKuit macurab: creHepupoBaTh IpaBHTALOHHbIE BOJI-
Hbl JOCTATOYHON aMIUTMTYAb MOXXHO TOJIbKO NpH IUIOTHOCTH 3HEp-
T'MH, He CJIMIIKOM CWIbHO OTCTOSIIEH OT IUIAaHKOBCKOM. Wu oudeHb
Gonbioit nmocrosHHO#M Xab6na, uto TO ke camoe. A 3TO U Oyner
3HAYUTh, YTO UAET UHOIALHUA.
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b. IIl.: [IpeanonoxuM Ttakoe. [lpoitner Heckonbko MmecsileB. «[lnaHk» BbI-
JacT pe3ysabTaThl MO NOASAPU3ALMM, U OKAXKETCS, YTO pe3y/abTaT
BICEP2 o6bscHsieTcs mbuiblo, a B-Moma Ha ypoBHe, JOCTYIHOM
11 HbIHEIIHUX YCTaHOBOK, OTCYTCTBYeT. Torfja c/ieqyroluM nep-
CIIeKTUBHbIM YpOBHeM OKaxkercd r ~ (0,50%, Kak 3TO IpeacKa3biBa-
eT Mozesib CTapoOMHCKOrO, XUITCOBCKass MH(IALUS U elie Liesblid
psan Mozeneil. Aufipeit JIuHae cydTaer, YyTO monajgaHve MNpenCcKa-
3aHUH LIEJIOr0 psaa O4YeHb pas3HbIX Mofesed B OOHY TOYKY — He-
Kas MOJCKa3Ka.

A. [1.: la, Bo/s1He BO3MOXKHO, YTO IMOACKA3Ka...

b. Il.: Hy Tak BOT, BOPYr OKaXeTCs, YTO PEJMUKTOBBIX TpaBUTALIMOH-
HbIX BOJIH Ha YPOBHE HECKOJIbKUX IMPOLIEHTOB HeT. Torma nmpunercs
xpatb 3kcriepumenrta PRISM, koropbiit jocTaHer 1o ypoBHsA Mope-
nu CrapobuHckoro ¥ apyrux. Ho xpaTh mpupmeTcsi JOBOJIBHO HOJI-
ro. Ecnu tak ciayuurcs, Oymer sM 3TO 03HAYaTh, UTO TEOPHUS HH-
GnauuM ocTaHeTcsl MOABELIeHHOH Ha rofbl?

A. J1.: a, ocTaHeTCs MOABEILIEHHOW, B TOM CMBIC/IE, YTO &JIbTEPHATHUBHLIE
MOZie/Id OCTaHYTCA aKTyalbHBIMHU. BrnipoueM, B Teopuu MHIALMHU
€CTb 3J/IEMEHT, KOTOpbIi He HMeeT peaIbHbIX aJbTePHAaTHB. IJTO
MEXaHU3M TFeHepaluy BO3MYIIEHHUH, paccuMTaHHbI# MyxaHOBBIM
¥ UHOHMCOBBIM, — YCHJIEHHE BaKYYMHBIX KBAHTOBbIX (DIyKTyarLMit
CKassipHOro noss. Jlpyroro MexaHM3Ma HUKTO He MpeJJIoKUI, U BO
BCEX aJIbTEPHATUBHBIX MOJEJSAX UCHONb3YeTCs] UMEHHO OH.

b. IIL.: [lepeiineM k abrepHaTHBaM. Y MHOTMX Ha CJIyXy SKIUpOTHYecKas
Mozenb. [luporexHuueckasi, kak HasBal ee AHapeit Jlunpe. Ectb
ele MO C OTCKOKOM...

A. [I.: DxnupoTHyeckast Moze/b U eCTb OfHa U3 MoJeseil ¢ oTckokoM. Tam
B yeM npobnema? Eciiu npu paciiMpeHUH BCeleHHOH pocT BO3MY-
LIEHUI TPOUCXOUT He O4yeHb OBICTPO, TO MPH CXKATUM Nepen OT-
CKOKOM OH pe3ko ycuiuBaetcs. U Bcé, 3a uto GopioTcsi, — HeCUH-
ryJsipHOE OAHOPOOHOEe COCTOsSIHME — JyiomaeTcs. BcenenHasi mepen
OTCKOKOM CTaHOBHMTCSI CWJIbHO HEOAHOPONHOM M XaOTUYHOM — CO-
BCEM He TO, YTO HYXHO, JTO, KCTaTH, NaBHO M3BECTHBIA pe3yJib-
taT benuuckoro, Jludmmuia u XanatHukoBa. Ytobet 3Ttoro u3be-
)KaTb, NIPUOYMAJIM OY€Hb XECTKOe ypaBHEHHe COCTOSIHUSA: AaBiie-
HUe 6oJibille IVIOTHOCTH 3HEPrHH CO 3HAKOM IUIIOC.
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b. IIl.: Hazo »xe takoe mpuaymatb! Ho AHnpeit roBopwi, 4To 3Ty MOZENb
He CrnacaeT HUYEro — OH CYMTAET 3TO COLMUOJIOTMYECKUM SIBJICHU-
€M, KOrja JIIofM Co3JaloT cebe 3aMKHYTYIO 3KOJIOIMMYeCKYI0 HHUILY
M LUMTUPYIOT JpyT Apyra.

A. [I.: [1a, )xecTKOe ypaBHEHHe COCTOSIHMSI HE CracaeT — TaM OCTaeTcs He-
YCTOMYUBOCTb MO JIAMMyHOBY — Masieiiliee OTKJIOHEHHe Ha4yaabHO-
ro mapamerpa oT TpeOyeMoro 3HaueHHs pacTeT U YBOOHUT CHUCTEMY
COBCEM He TyIa, KyAa XO4YeTcsl.

b. lIl.: Hy xakas »ke ajbTepHaTHBa TOraa >kKU3HecrnocobHa?

A. J1.: Mos mobumas anprepHaTHBa — CTApT ¢ KOH(QOPMHOI CHMMETPHH.
Ectb KOHOPMHO-CUMMETPUYHBIE TEOPUU TOJIA...

B. IIl.: UHBapuaHTHble OTHOCHUTENBHO pacTsbKeHHit Maciutaba?

A. [I.: 1a, Ho He Tonbko. TaM nenblit K1acc npeobpasoBanuii. Ho, rnaBHoe,
TaM [AeiCTBUTENbHO HET BblAeJeHHOro Maciuraba.

b. Ill.: Ho kBaHTOBass MexaHUKA-TO eCTb? A eC/M eCTb KBaHTOBasl Mexa-
HUKa, y Moboit YacTHLEI C Maccoii eCTb KOMITOHOBCKUI paiuyc.

A. J1.: [Ipy xoHGOpPMHOI CUMMETPUM HET YaCTHUI] C MacCoM, KOTOpble, KO-
HEYHO, 3Ty CUMMeETpHIO OBl HapyIIWIH.

b. III.: Hy, xopomo, HO IUIaHKOBCKMI1 pa3mep-To ectb! Bor M BbigeneH-
HbIIt MaciiTa6!

A. JI.: IlnankoBckuii Maciutab cBsizaH ¢ rpaBuUTauMeil. [paBUTALMSA TOXeE
Hapymaet KoH¢popMHy10 cummeTtpHio. [lpenrnonaraercs, uto U3Ha-
YaJIbHO NMPOCTPAHCTBO MYCTOE M rpaBUTalMM HeT. [lorom 3ra cUMm-
MeTpHs CIIOHTAHHO HapyulaeTCs — MOSIBASAETCS IpaBUTalMs, ya-
CTULbI M BCE OCTaJIbHOE.

b. IIL.: [lonoxau, 3TO NPOUCXOAUT OOHOBPEMEHHO BO BCEM IPOCTPaHCTBeE?
A Kak xe npobneMa ropusoHta? Kak npuuvHHO He CBs3aHHble 00-
JaCTH Y3HAIOT, YTO HAJO HapyllaTb CUMMETPHIO BMeCTe C ApYIH-
mu? Ta ke camas mpo0seMa, YTO CTos/Ia 10 UHQISALUH.

A. JI.: A 3nece onatb KoHpopMHast cuMMmeTpust paboraer. Het BbimeneH-
Horo Maciuraba — HeT mpo0sieMbl ropu3oHTal

b. Ill: U nocne HapyiieHUss CUMMETPUM OHO Pa3orpeBaeTCs U BLIXOAUT
Ha craguio OpuamaHa? A Kak Mosyyaercsi, UTO OHO INPaBWIBHO
BBIXOOUT — noyemy BceneHHasi «IUlocKasi» OKa3blBaeTcCs?

A. [I.: TouHo Tak »e. Paguyc KpMBM3HBI — Y)Ke BblJeJIeHHbI Maciutad.
Her BbinesneHHoro maciuraba — HET KPUBH3HBL
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b. 11l

A 1.

b. 1II.:

50. MHTEPBbBIO C ALBOKATOM ObSABONA

Ouenb Kpyto! [lait npuiitk B cebs... S He MOry COpPUTH MO MOBO-
ny paboTOCIOCOOHOCTH TeX WIM MHBIX Mofesneil B cliy Hempodec-
CHOHasM3Ma B 3atoM gjene. Ho xouy mpusBaTh B NOMOILb CTapH-
ka Okkama. Moe yrBepxneHue: teopuss UHOQsALUM Tpebyer Hau-
MEHbIIMX YCWIMI MO YacTH NPUBJIEYEHUS] HOBBIX cyliHocTel. bo-
nee Toro, s 6bl OTAA NMpeAnouYTeHHe TeM MOJeNsIM UHGIIALMH, KO-
TOPbIM HOBbI€ CYLIHOCTH HYXXHbl B HauMeHbllei creneHH. C 3Toif
TOYKU 3peHus nupaep — Mozenb CTapoOHHCKOro, Tam BooOle Hu-
yero He HY)KHO, paboTaioT BCe CYIeCTBYIOLIMe MO, A BOT XHI-
I'COBCKYIO MHGALMIO, 1 Obl, HA000pOT, NOHU3WI B paHre. TaMm Tpe-
byercsa ocoboe B3auMopeiicTBHe nons Xurrca ¢ rpaButanueit. [Ipu
TOM, 4TO 00Iiasi Teopusi OTHOCHTENBHOCTH CTPOMIACh KaK reome-
TpUYecKass TeOpUs — B OCHOBe Obl1 MPUHIMI YHUBEPCATBHOCTH:
Bce ¢opMbl MaTepuH paBHBI mepel rpaBUTaLMel. A TyT momayya-
ercsl, uto nosie Xurrca paBHee Bcex. OkkaMm Obul 6b1 mpoTuB. VH-
bnsAUuMs Co CKalApHBIM NOJIeM YyXe Ipolle — €CTb MAesl BeJUKOro
obbequHeHUs, rae TpebyeTcs moxaxonsiuee Moje, T.e. HOBas CYLI-
HOCTb TYT Gonee BocTpeboBaHa. Hy u, koHeuHo, Mozens CTapoOuH-
CKOTO ellle NpoLLe B 3TOM IUIaHe. {1 MMelo B BUAY MIE0TOrMUYECKYIO
NPOCTOTY C TOYKHM 3peHHs: Kpurepusi OKKaMa, a He TEXHHUYECKYIO.
Oto BepHo. Ho Bce-taku Be3ne cBou npobnembl. Ta ke Momenb
Anexces. [louemy umeHHO R?, a He Kakasi-To Apyras @yHkuus f(R)?
Hy, R? — mpocTo cienyiomuil 4ieH pasyioxeHusl.

Ha caMoM pene cnemymiomue uieHsl TMna R Toxe MOryT OBITh
GonmbiuMu. BripoueM, nanHo, HaBepHOe 3TO yxKe OpiozxaHue. Mo-
nenb xopouas. Ho ewme pa3 noBTopro: Teopuss MHQIALMM, KaKoH
Obl mpUB/IeKaTeNbHOM U MHorooOemaromei oHa HU Oblia, HE Teo-
pema. Ee Henb3s cyMTaTh OKOHYATeIbHO M OECIIOBOPOTHO YTBeEp-
IVBLIENCS TOKA He 3aperMCTpUpOBAJIM TPaBUTALUOHHBIE BOJIHBI
N 1o Toit nopbl HaZO NpoAO/MKATh MNOMBITKM pa3BUBaTh ajlbTep-
HaTHBBL

C ToYkM 3peHHs aBTOpa aJBOKAT [bSBOJIA BBLINOJHWI CBOIO MHUCCHIO
nuiib otyacTd. OH He NoKose0asl YBEPEHHOCTH B TOM, YTO T€OpPUS MHGIS-
IIMM U eCTb OTBeT Ha Bompoc «OTkyna B3suiach BceneHHas?» — C/IMLIKOM
MHOr0 y Hee JOCTOMHCTB. C Ipyroii CTOpOHbI, aBTOp COIVIALIAETCS, YTO:
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PUTOpPHKA THIA «I0Ka3aHO», «OKOHYATe/JIbHO U 0eCroBOPOTHO» He-
NpaBOMEpHa,;

aJIbTepHATHUBbl B JAHHOM CJTyyae — IOJIe3HOe U NpaBWIbHOE 3aHS-
te. [laxke ecnu Bce OHM omHaxAbl OynyT oTBeprHyThl. OcTaHeTrcs
ONBbIT ¥ BO3MOXHbIe MOOOYHbIE MPONYKTHI.



51. Bcs KapTuHa, ee CBET U TEeHU

onpobyeM MpoCyMMHpOBaThb Cka3aHHoe. HauHeM C Toro, 4to Ho-
BOTO Mbl 3HaeM O Haileit BceseHHOII B cBeTe TEOpUHU KOCMOJIO-
TMYeCKO UHQIALHUM.

Ee pa3mep, ckopee Bcero, KOHeueH, HO HeCOMHEHHO orpomeH. Qop-
Ma@IbHO JUI1 HEr0 Mbl MOXKEM JIMIIb JaTb HIDKHMIA npenen: B CTO pa3
Oosnbilie, YeM pacCTOSIHUE JO OpU30HTA. Mbl 3HaeM 3TO U3 COBpeMEHHBIX
U3MepeHuit KpuBU3HbI BceneHHoit. Ho B cTo pa3 Gonbure — 3T0 KpaiiHe
MaJIOBEPOSITHO; CKOpee, B MIWUIHapAbl WiH, ckakeM, Ha 20 wiM Ha 50 mno-
panxoB 6osbiiie. Mbl MOHMMaeM 3TO M3 XapakTepa KOCMOJIOTMYeCKON HH-
Gnsauuy — 3TO 3KCIOHEeHIMaNbHbIA npouecc. Ee nponomkuTenbHOCTh He-
M3BECTHA M 0 KaKOK-TO CTEMeHU CyyaiHa, a NpOAO/DKUTENbHOCTb CTO-
MT B NOKa3aresne creneHd. Eciv ans cosnanus BceneHHoit pasmepoM c ee
HaOmoaeMyio 4acTb MHGIALUS NO/HKHA ObUla MPOXO/DKATHCA MO MEHb-
weit mepe 10-% ¢, To npu BpeMeHu pasayBanus 2-107% c ee pasmep Oy-
net Ha 30 mopsnkoB Gonbiue HabmozaeMoro (1Udprl NPUOTUUTENBHBI).
To ectb MBI C NopaBssioLIed BEPOSTHOCTbIO BUAKM JIMILIb «MHUKPOCKOIH-
4YecKylo» 4acTb BceneHHOIA.

OKCMOHEeHLMAIbHOCTh MHQIALMM TOBOPUT M O TOM, YTO 3a TOpH-
30HTOM — TO € CaMoe, YTO Mbl BUAMM: TaKas ke KpymHoOMaciuTabHas
CTPYKTYpa, TaKoe )K€ COOTHOLIeHHe MeXTy OObIYHOH M TeMHOi1 MaTeps-
MH M TeMHOM 3HeprHeil. [lo KpaiiHeil Mepe, Hail Iei3ay CKopee BCe-
ro MpOJO/KaeTCs Ha PAcCTOSHUAX HEeCPaBHEHHO OONbIIMX, YeM pa3Mep
ropu3oHra. OmHaKo Henb3st JaThb FOJIOBY Ha OTCedyeHHe, 4To BceneHHas
BCS oguHakoBa. Ha MoMeHT MH(ALMKM BakyyM Bceit BeeneHHo# U 1eso-
0 OrPOMHOIO KyCTa BCEJIEHHbIX ObUI OZHMM M TeM )X€ — ORHOrO IPOHUC-
XoxxaeHus (CM. Bbilne apryMeHT Anekces CrapoOuHckoro). Ho ecnu atot
BaKyyM NozaBep)keH ()a3oBbIM IepexofiaM C¢ oOpa3oBaHHEM pasHbIX JO-
MeHOB (kaK B TOM e ¢heppoMarHeTHKe), TO MOIYT MOSBUTbCA 00/1acTH
C pa3Hoi (HU3MKOI, OTHeseHHble JPYT OT Apyra AOMEHHBIMM CTeHKaMHU
C OPOMHOM IUIOTHOCTBIO 3HEpruM (K TOM K€ ABKXKYLIMMHUCS C OKOJIOC-
BETOBOM cKopocTbio). Ho Mbl He 3HaeM, Tak JM 3TO, MPOCTO HAZO HO-
MMyCKaTb M TaKyl0 BO3MOXKHOCTb, CBSI3aHHYIO C HEM3BECTHOH HaM (pU3M-
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KOM HeJOCTYNHBIX 3Hepruil. OrpoMHbI pa3Mep BceneHHOM M ee OJHO-
POOHOCTb — XOpOIIO OOOCHOBaHHbIE NPENNOJIOKEHHs, TOrga Kak JoMe-
Hbl ¥ Ipoyasi 9K30THKA, CKOpee, OTHOCATCS K TEHEBOH CTOPOHE KapTH-
Hbl — 3TO O/M)Ke K HayYHbIM TraflaHUsM.

Mbl xopoiio noHuMaeM, OTKyAa B3siach CTpYKTypa BceneHHolt —
CTeHKH, MyCTOThbl (BOM[bI), CBEPXCKOIUIEHHS, CKOIUIEHUSI TajlaKTHK, CaMM
raJlakTHKHU. JTO OIATH )Ke pe3ynbTaT UHOIALMH, TOYHee, MUKPOCKOIIHYe-
CKMX KBaHTOBbIX (IykTyauuii Bo BpeMsi MUHGnAuUM. [loHATHO, KaK 3TH
$IyKTyauuM pacTSHYJIMCh B IIPOCTPAHCTBE, KaK BbIPOC/Aa MX aMIUIUTY-
Jla — 3TO BCE XOpOILIO CYUTAETCSH, U pe3y/nbTaT COOTBETCTBYET TOMY, UTO
Mbl BUAUM B COBpPeMeHHOi BceneHHOi, U TOMY, 4TO Mbl BUAMM Ha Kap-
T€ PEeJIMKTOBOIO M3JTy4eHHd. 3AeCb BCE KOHIBI C KOHLIAMU BEIMKOJIEITHO
CXonsATCsl, X0t ObUT JpaMaTHYECKUi MOMEHT, KOTa Ka3ajloCh, YTO MX He
cBecTd. HarmoMHHMM, 4TO BaXXKHYIO pojib B CBEJIEHUH KOHIIOB Chirpasia TeM-
Hasi MaTepHsi, KOTOPYIO Mbl Tak)Xe Hab/ofaeM B raJlakTHKax 1o MX JUHa-
MHKe U 10 'paBUTALlMOHHOMY JIMH3UPOBaHHUIO. Mbl HeIU10X0 3HaeM CBOIA-
CTBa TEMHOH MaTepvH M TOYHO 3HaeM, CKOJIbKO €€ eCTb BO BcesmeHHOI,
HO He 3HaeM, KaK OHa CBs3aHa ¢ 0ObIYHON MarepHeil.

To xe camoe C TeMHOI 3Heprueil. Mbl TOYHO 3Haem ee IUIOTHOCTD,
3HaeM, KaK OHa BiuseT Ha BceneHHylo, U B OyayiieM CMOXEM YTOYHHTh
€e COCTOSIHUE — 3TO BaKyyM WIM MeHsoleecs CKalsipHoe mosne. Ho Mol
OIIAATh K€ He 3HaeM, KaK CBA3aHa TEMHasl JHEprus C MU3BECTHHIMHM 4a-
CTHULIAMH M NoJAMU. TO ecTb Mbl NPEKpPacHO BUIUM TEMHYIO MaTepHio U
TEMHYIO 3HEPrHI0, IOHMMAEeM UX pO/b BaKHEMILUUX 37IEMEHTOB KOHCTPYK-
uuy BcesneHHOM, HO He 3HaeM, U3 Yero OHM CIeJIaHbL

Kpome obbsicHeHust CTpyKTypbl BceneHHoOH, MHAALMA OaeT KoY
K NMOHMMAHHUIO ee MPOUCXOKIEeHUs. Termepb Mbl MOXXEM JOBOJIBHO YETKO
OTBETHTb Ha YacTo 3afiaBaeMblii Bompoc: «4to Obu10 A0 Bosbioro B3psl-
Ba?> [lpaBWibHbIA OTBeT: ObLTa KocMosoruyeckas MHGAuMA. MMeHHO
6naronaps eii BceneHHass ¥ Bo3HUKMIA. A uTO ObUTO O MH(pAAUMU?

B nmpunnune, mis toro, yToObl MHGIALMA CHenana CBOe Aej0, NOCTa-
ToyHo 107 c. Ho oHa Morya nponomkatbcs CKOJIBKO YTOZHO BPEMEHH —
3TO CJleqyeT U3 O4YeHb NPOCThIX COooOpakeHMid. MBI MOXXEM «OTMOTaTh»
BpeMs Ha3sal, I10Ka eCcTb KJIacCHyecKoe IMpOCTPaHCTBO-BpeEMS, a B IpoLiec-
ce MHGAAUMU OHO cymecTyer. [IpaBna, korma-HMOynb> MHpOBasi JMHHS,
NpoTAHyTass Hasad uepe3 bBonbinoil B3pbiB, Hasal CKBO3b HHQUIALMIO,
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yTIIpeTcsl B IJIAHKOBCKOE COCTOSIHME (WJIM CHHTYJISIPHOCTb, €CJIUM MOJb30-
BaThCs TEPMHUHAMM KJI1acCUYECKOH TeOpHM), Tie MOHATHe BpeMeHHU Teps-
ercs. To ecThb LlemoYKa BOIPOCOB «a 4YTO ObUIO 1O TOro», «uto OLLIO elie
panbiie» pBetcs. Ucuesaer 310 «paHbile». Kak ganeko 1o BpeMeHM Hasaj
ot bonbiioro B3pbiBa MOXXHO IHPOBECTH 3Ty CaMyl0 MHUPOBYIO JIMHHUIO?
Moxer 6biTh, 10 1073 ¢, YTO C TOYKM 3peHUs] UHGIALUK €CTb OrPOMHOE
BpeMs. A MoxeT ObITh, 1O MWUIMApIOB jeT. Kaxxaas MHUpoBas JHHUSA,
NpOTsAHYyTas Ha3al, KOHeYHa, HO, MO-BUAMMOMY, BCeraa Hawaercs apyrag,
yxonsias Aajblie B NpoLUIoe. JTO U eCTb MaTeMaTUUYeCKoe onpefiesieHHe
OECKOHEYHOCTH, B JaHHOM CiTydae — OeckoHeuHoro mpouuioro. O Gecko-
HeuyHoM OynymeM Mbl yxe nucaid. BrmpoueM, 3to yxe, ckopee, U3 06-
nacti (pantasuii. YtoObl nenaTh 00OCHOBAHHBIE YTBEPIKAEHHS B JAHHOM
C/yyae, Hy)KHa KBaHTOBasl 'paBUTallMs, KOTOPOH, MO CYTH, HeT.

Mb! yBepeHHO FOBOPMM O KOCMOJIOTHYecKoi MHQISALNH, He 3Hasi MHO-
TMX Ba)KHbIX Beleil. Mbl He 3HaeM, YTO Takoe «<MOTOpP» MHQIALUK — HH-
¢GnaToH. DTO OO/MKHO ObITh HEKOE CKAJISPHOE MOJie, HO MBI €r0 He Mo-
)KEM OILLYTUTb U KCCJIEeOBaTh, HE MOXXEM IIOJYyYUTb KBAaHT 3TOro IO,
nofio6Ho 6030Hy Xurrca, HOCKOJbKY €ro Macca JO/DKHa ObITh OrpOMHOM.

Bripouem, ects eme Monenp CtapoOMHCKOro, B KOTOPO# HUKAKOro Cie-
LMAIbHOrO MH(NaTOHa He HY)KHO. DTO ellle OQHO M3 ee MpeHMYILeCTB.
HanmomHuM, TaM ycioBue s MHQISALMMA CO3/aeT KPYMBM3HA NpOCTpaH-
ctBa, mAedopMupyolas Bakyym nonobHo agdekry Kasumupa, ot uero
y Hero mosiBisieTcs 0osblliasg IJIOTHOCTb 9Hepruu. Ytobsl naTh CTapT WH-
¢bnauuy, Ha g3biKe Mojend CTapoOMHCKOro Hy)kKHa Oosblias M JOCTaTOoY-
HO OJHOPOAHAas KPMBH3HA NPOCTPAHCTBAa B HeKOTOpOii obmactu. Ha sa3bi-
Ke MH(IaTOHA HY)KHO IOjie C BBHICOKMM 3HAa4yeHHEM, JOCTAaTOYHO OJHO-
poliHoe B TaKoi e obnactu. [lajibiie BCEé MOET OAUHAKOBO.

KoHeuHO, ¢u3nyeckass OCHOBa MHQIALUMMU OCTAeTCs TEHbIO B HallleH
KapTHHe MHpa, Mbl He 3HaeM, Kakasg MMEHHO (u3nyeckas CYLIHOCTb
Urpaer pojib ee «<MOTopa». TeM He MeHee, OOJILIIMHCTBO (PU3UKOB YyBepe-
HO, YTO TaKasl CYLIHOCTb €CTb M BbINOJHWIA paboTy, YacTo NMpUMUCHIBae-
my1o Bory, — cosnanue BceneHHoit cpenu 6ecKOHEUHOTO MHOXECTBa JApY-
rMX BCEJIEHHbIX, KaK IOXOXKMX Ha Hally, TaK U COBepIIEHO HeBooOpasu-
MbIX. [loyemy MBI yBepeHbl B TeOpuM MHQIALUHU?

e Teopus xopolIO ¥ MPOCTO OTBEYAET HA TsHKEJIble, OUTH MeTadH-

3UYCKHE BOINpPOCHI MPO HCKIIOYMTENBHYIO TOYHOCTh U cOasaHCH-
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POBaHHOCTb «HAYaJIbHOTO TOJYKa», JABIIEro >KU3Hb OOJbILIOIK Of-
HOpOAHO# BcesleHHOM, — C/IMIIIKOM XOpOIlO, YTOObl OKa3aThCs He-
BepHOit. OHa jke BEJUKONENHO OOBACHAET NPOMCXOXKAEHUE 3a-
TPaBOYHbIX HEOOHOPOAHOCTEH, U3 KOTOPHIX BO3HUK/IM TaJIAKTUKH
¥ KpynHoMaciutabHasi CTPYKTypa.

e Teopus HaxooWT MOATBEP)KAEHUE B COBPEMEHHBIX JaHHBIX IO pe-
JIMKTOBOMY H3JTy4€HHI0O — HE TO/MbKO B NEPBOM MpPUOMMKEHUH
(cexTp ¢IyKTYyauuit MOYTH IUIOCKHI), HO U BO BTOPOM — CIIEKTP
BCE-TaKM YYTb-YyThb OTIMYAETCA OT IUIOCKOTO MMEHHO TakK, Kak
npencKa3blBaeTcs.

* (CoBpeMeHHOe YCKOpeHHOe paciuMpeHHe BceneHHON BoouMio mo-
KasblBaeT, YTO MeXaHW3M MHGIALMK paboTaeT, Mbl ero Hemocpes-
cTBeHHO Ha0monaeM, mpaBza, COBCEM B JpYyroM Maciurtate.

e KoHkypupyoliyde TeOpUH CYILECTBYIOT, HO BCe OHM TPeOyIOT HO-
BbIX CYLIHOCTEM, U HU OHA U3 HUX HE MOXXET CPaBHUTBCS C Teo-
pueit MHQIALMU B NPOCTOTE U €CTECTBEHHOCTH.

MOXHO /M CUMTaTb TEOPUIO NMPU3HAHHON OKOHYATENbHO M OecroBo-
poTHO? 34eCb MHEHMS pacxofsarcs. KTo-To cuMTaeT, 4To apryMeHTOB 3a
Hee Oonee ueM JocratoyHo. KTo-To cuutaert, yro naBath HoGeneBckyio
NpeMHIO 3a TeOpHI0 MHQIALMM elie paHO — HaLO MOJOXKIAATb OTKPLITHUSA
PE/IMKTOBbIX T'paBUTALMOHHBIX BOMH. U oOsi3aTenbHO Haiimercs Kakoii-
HUOYIb HOBBIA (pen Xoiisl, KOTOPbIN OTKaKETCA NMPUHUMATh TEOPHIO HH-
¢Gnsuuy 10 rpoboBoit JOCKH.

WUrak, Teopus uHaAUMA 00bACHAET, OTKyAa B3snach BceneHHas, u ee
HEOJHOPONHOCTH, SBOJIIOLMOHMPOBaBLIKE B HAOMONaeMyI0 CTPYKTYPY.
Yro oHa MOXeT CKasaTb MO NOBOAY APYTHMX BCelE€HHBIX?

To, 4TO 3TH Opyrve BCeneHHblE MOIYT CYIIECTBOBaTh, C/1€OBAJIO 10O-
MyCTUTb Y)Ke Toraa, korda BceneHHas mnomyuwia craTyc ¢uU3M4YECKOro
00beKTa, OMUCHIBAEMOr0 YPaBHEHHUAMHU OOILENl TeOPHH OTHOCHTETBHOCTH.
HacroituuBblii HaMeKk Ha OTPOMHOE YHUC/IO BCEJIEHHBIX NaJl aHTPOIHBIiA
NPUHIMI — CNOCOO OCMBICTUTH TOT (PAKT, YTO (PM3MYECKHE KOHCTAHThI
YVAMBHUTENIbHO XOPOLIO MOJAOrHAaHHl MOA CylecTBoBaHMe XHU3HHU. [Ipuuem
3TOT MPHHLMII HaMeKaJ He TOJbKO Ha TO, YTO BCEJIEHHBIX OYEHb MHOTO,
HO M Ha TO, YTO OHHM pa3Hble, C pasHbIMH (U3IMYECKMMHM KOHCTaHTaMH.
U BoT Teopus MHSALUM NPSAMO MOKA3bIBaeT, KaK 3T0 HeckoHeYHoe MHO-
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’KECTBO BCEJIEHHBIX IOJY4YaeTcs: pa3 CTapTOBaB, MHQUIALMUA HE OCTaHaB-
JIMBAETCS HUKOTAQ, IUIOAS HOBble U HOBblE BCEJIEHHBIE.

SlcHasi KapTHHA 3aKaHYMBAeTCS TYCTOH TeHbI0 BOIM3U IUIAHKOBCKOTO
Macutaba. U3 aToit TeHH npocTynaer KpacuMBas MHorooGewiaromas KOH-
CTPYKLUMSI — TEeOpUsi CTPYH, HO HET HUKAKUX AOKa3aTeJIbCTB TOrO, YTO
3Ta KOHCTPYKLUs peasibHa. BripoueM, He COBCEM TakK — TeOpUs CTaja pe-
aJIbHOW MHTepecHOi 06macTbi0 MaTeMaTUKH, 00peTsi cOOCTBEHHOE cCylie-
CTBOBaHMe, He 3aBUCsLLee OT PU3MKK. Teopusi CTPYH, B YaCTHOCTH, NpH-
BJIeKaTelbHa TEM, YTO B Hell CONEpPXKUTCH Ta caMasi CJIy4allHOCTb, KOTO-
past naeT moutH OeckoHeuHoe pasHooOpasue BCeNeHHbIX, MOABOAS (YH-
IaMeHT IoJ aHTPONHbIA MPUHLMIL. JTO XKe camoe pa3HooOpasue nenaer
HEeBO3MOXKHOM NPOBEpKY ee IpeicKa3aHUil — Mbl HAXOAUMCS B OIHOM U3
1059 peanimzauuit TeOpUM CTPYH, HEU3BECTHO, B KaKOM.

Bumumo, mist Toro, ytoObl BHICBETHTb 3Ty 3aTEHEHHYIO YacTb KapTH-
Hbl MHpa, noTpedyeTrcss HOBBII MpopbIB. BoaMoXkHO, KTO-HUOYAb U3 YHTa-
TeJIeH ero AOXKIETCH.



52. BHewHee npoCTpaHCTBO.
BMmecTo anunora

ucatenb lypaam 36u1Hb, NoaHMMaACL N0 HeCKoOHeYHOMY TOHHeNo B Tec-

Hol Bapokamepe, MCNbITbIBaN CMeLWaHHble YyBcTea. OH BbIMrpan Npaso

nepBbIM B3rNSIHYTb BO BHELWHee NpoCTpaHCcTBO Bnaropaps KHUre U CHA-
TOMY Nno Heit punbMy «CMepTb CHapYXu», rae Kak pa3 Xusonucanocb 3To CamMoe
NPOCTPAHCTBO U NyTELeCTBUS B HEM.

MpocTpaHcTBO 6bIN0 HaceNeHO MCNOANHCKUMU, HO NEeFrKUMU U NPOHULIAEMBI-
MU CBETALWMMMUCA KOCMOMEAY3aMu, KOTopble NMTAanUCh c8eToM BHewwuca (3ta na-
ckoBas abbpesuatypa 6bina nzobpeteHa flypnam 36uHem n aBnsnacb npeame-
TOM €ro ropaocTu) n uCNnapeHnaIMu MMpOoB, NepeaBUrainucb C NOMOLLbIO MarHUT-
HbIX NONeH, NPOHM3bIBAKOWMX NPOCTPAHCTBO. ITU CywwecTBa bbinn BoCXUTUTEND-
HO KpacuBbl U 6e3061AHbI, BCE NPOCTPAHCTBO YyTb CBETMNOCH roNyboBaTbiM CBe-
TOM MUPUAAOB KOCMOMeays.

Mupbl, NOKpbITbie NeASHBIMU NAHUMPSMKU, B HECMETHOM KONUYeCTBe CoBep-
Wwanu wecteme Bokpyr BHewwuca. Hekotopble 6biau CBS3aHbI C aTTpakTopaMu —
MaNIeHbKUMU YEPHbIMU LEHTPaMKU CUIbHOMO TArOTEHMUSA, BPALWANACh BOKPYr HUX
U BMeCTe BOKPYr LeHTpanbHOro csetuna. EBponuaHe BbIXoAMIM BO BHelHee
NPOCTPaHCTBO Yepe3 CKBAXUHY CKBO3b N€AsSHOM NaHuMpb B KOpabnsx, kotopble
B 3€MHbIX TEPMUHAX MOXHO OXapaKTepu30BaTb, KAK KOCMUYECKUEe aKBapuyMbl
BbICOKOrO AQB/NEHUS, M NEPEABUraIUCH B HEM C NOMOLLbIO SAEPHON 3HEpruu.

JkcneanMuuu eBponuaH AOCTUINKU NeASHON NOBEPXHOCTU APYrMX MUPOB, U Ha
OAHOM M3 HUX OHU YCNbIWanKu CTyku usHyTpu. Cryku, 6yayum pacwmndposaHbl,
oKa3anucb Monb6boi 0 NOMOLWMK: B 3STOM MUPE U3BEpPrancs BynkaH u Bbibpocun
OFPOMHOE KONMYEeCTBO SA0BUTOMO XMAKOrO BewecTsa, KOTOpoe CKONKAOCH B KY-
none, npotasiBWeM BO /ibay. BewecTtBo nocreneHHoO pacTBOpANoOCh B BOAE U OT-
paBnsno BeCb okeaH. Ero xurtenu yxe Havanu rubHyTb. EAUHCTBEHHbIA WAHC
K CnaceHuio 3toro Mupa 6bin B nomowm m3sHe. Hapo 66110 Npobuth Nén Hap,
MELWKOM C SA0BUTOM XMAKOCTbIO, 4TOObl BOAA BbiAaBMAa ee BO BHelHee Npo-
CTPaHCTBO.

Ay eBponuaH Ha 6opTy Kak pa3 6bin MOLWHeAWMMA KyMynsaTUBHbIA runepsa-
psn, NpeaHa3HAYeHHbIA AN NPOHUKHOBEHUS B Apyrue Mupbl yepes nén. U oHu
pewunu UCNonb3oBaTh €ro BO cnaceHue. EctectBeHHO, No 3akOHaM XaHpa, oka-
3aN0Cb, 4TO Y runep3apsaa He pabotaet AUCTAHUMOHHbIN Tpurrep. [No3Tomy Ko-
MaHAMp NpuKa3an BCeM B3neTeTb HA Kopabne, nogopsan 3apsa Bpy4Hylo M no-
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52. BHEWHEE NPOCTPAHCTBO. BMECTO 3anunora

rn6. ®unbMm, CHATLIA NO KHUre, BEHYana CueHa, B KOTopoi ckopbsiuas komaHaa
HabnoaaeT orpoMHbIi ra3oBblii POHTAH 3N10BOHHO-3ENEHOMO UBeTa, bblolwnin u3
CNaceHHoro Mupa.

U BOT, aBTOp BCEro 3TOrO, UCNbITbIBAA CMELWaHHble YyBCTBA, NOAHUMANCA NO
CKBaXXMHe, yTobbl NepBbIM yBMAETb BHEWHee NpoCTpaHCcTeo. YyBcTea 6binm cMe-
LWAHHbIMKU, NOCKO/IbKY, C OAHOM CTOPOHbI, 3TO 6bIN0 3aXBaTbIBAOWE MHTEPECHO.
C npyroi CTOpOHbI, NMCaTeNb NOHWMAnN, YTO Y4acTByeT B NOCTAHOBKE, B KOTOPOW
€My HaaNeXUT CbirpaTh posb LWYTa: HaBepHsKa paboune u TexHapu yxe BCE Bu-
Nenu, Ho MoNYaT paau CueHapus, B KOTOPOM OT Hero TpeboBanocCb anwb cMopo-
3UTb KaKyl-HUbYab rnynocTb Ha nybnauky. A camu 6yayT notewarbcs!

U [lypaam 36uHb ayMan, uTo e OH CKaXeT. Hy, WyT TakK WyT, HO OH A0MKEH
XOPOLWO CbirpaTb ponb. MoxeT 6biTb, TaM NULWb HENpoHKLUaeMas TbMa. Ho cka-
3aTb YTO-TO Hano, BeAb MUNUOHDLI XOTAT YCNbIWATb OT HEro XOpoLline BaXKHble
cnosa. Y Hero B ronose Kpytunocb ¢ppasa: «OauH bernbi B3rnaa — npo3peHue
Bcero Mupa», — HO uspeyeH1e Kazanocb CIUMWKOM HaNbIWEHHbIM U NYNOBaTbIM.
Hano yto-To nonpouwe. Yto-To nonpoiye...

Paspancs Metannuueckuin rpoxot. bapokamepa octaHoBunacb. XuakocTtb
BOKpYr, BCKMNena u Bckope ucyesna. OCtanucb TONbKO CTEHKU TOHHENs, MeX-
Ay HuUMK u BGapokaMepoin — xyTkas nycrota. Kamepa MeaneHHo npoaomkuna
noaveM. Bbiknoumnocb anekTpuyeckoe ocBelweHne, Ho 0CTancs cnabbli CBeT, U
3TO TOYHO 6bIN CBET CHApYXK. Pexxuccep ckasan yepes HayWHUKK, YTO TPAHCNS-
LUMS BKNIOYEHA. A CBET CHapYXXM CTAHOBUANCA YyTb pye. YTo xe ckaszaTtb?! Ceivac
OH yBuauT... U oH yeuaen!

— Ca-apc-Cbi-biHb 0-0X-XpAC-CHa-as!

— 3-3-3! TpaHUIAUMA BKAKOYEHA, MUNMOHLI CYLWAIOT, AETU CNYLWAIOT, Kak
MOXHO! — 3aKpuuan B HayWHUKax pexuccep.

— [ypaaM 36u1Hb, KaxeTcs, yBUAeN HeYTo 0-04eHb HeobbIYHOE... — CMYLLEH-
HO NPOMSAMAUN BeayWMN.

— Celvac, cervac, usBuHUTE... — TPACS ronoBon, oTpearmposan [ypaam
36uHb. — OH orpoMHbIit! OH NPOCTO MMraHTCKMi U NoTpscaloWwmn. Kak orpomMHas
yawa, orpoMHas nonocatas yawa!

— KT0 OH,uTO 32 Yyawa?

— 370 nonxeH BbiTb bonblwoi ATTpakTop — Kak pa3s TaMm. [oTpscatowe!

— MNoueMy yawa? OH paonxeH 6bITb WAPOM.

— [la, noxoxe, wap — rpaHuua Hepe3kas. HasepHoe, a1 BMXY TONbKO ocBe-
WeHHYI0 YacTb, Ho oH He NpocTo nonocaTbiit! TaM BUXpeBble AOPOXKKHU, KaK cnen,
NOAKPaLeHHON CTpyn rOHOYHOro CHapsaa — YyAecCHble 3aBMTKM, a ellle 0Bafb-
Hble NATHA MeXAy AOPOXKaMWU. 3TO HEBO3MOXHO 06bACHMTL! BCE Takoe orpom-
Hoe! 310 Hano BuaeTb!
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MPoPbIB 3A KPAM MUPA: BONbWwWOM ®EREPBEPK

— A Kakoro oH ugeta?

— Tam Bce uBeTa, TONIbKO Hesipk1e, NpurnyweHHble. bexxesbiin, Bypbii, Kpac-
HoBaTbIi, ronyboBaTbin. OBanbHble NATHA NouTh Benble. U Tam ewe xenTbii no-
NYKpyr ManeHbkui... O! 3To0 He NPOCTO NONYKPYT, 3TO WAPUK — HUXHAA ocBe-
WeHHas NONOBUHA XeNTas, BepxHas — yepHas Ha ¢poHe ATTpakTopa. U kakue-To
TEMHbIEe KpanuHbl Ha HEM. 3T0, HaBepHoe, U ecTb NepBblin MUp.

— 3puTenb 3anaeT BONpocC: «A Kak TaM HacYeT KOCMOMeny3?»

— He Hapo cMmesaTbCs Hap CTapbiM YeCTHbIM NucateneMm, — OH YyTb Bbi1o He
CKasan «aypakom», — § ctapancs, Kak Mor, M He ayman, yTo NpuaeTcs otTaysaTb-
cs... BnpoueM, norogute, TaM 41o-T0 €CTb... TouHo! Ca... Oro! OroHbku! MHoro!
OuyeHb MHoro. Kak nloMuHeTku B BpauHblit ce30H — Mx Mupuraabl! Toxe ectb ap-
Kue, Ho ropa3no 6onble cnabbix. Tonbko OHM XecTye NIOMUHETOK. Beane — Bes-
Ae,a B 3TOM OkHe ocobeHHO — euwe 6onbwe. Yto 310 Takoe?! OHM He ABUXKYTCS.
A TaM, rae TeMHas 4acCTb ATTpaKkTopa, X HeT Hu oaHoM. OHK, HaBepHoe, BCe Aanb-
we ero, MHOro pansuwe... NMopoxaute, narte npunitn B8 cedbs. [lainte nocMoTpeTb
Ha BCé 3T0 Monyal

Ha 3toM Mbi octasnsem [lypnam 36uHs ¢ ero notpsiceHneM. EMy ewe npen-
cTouT 0bpatnuTh BHUMaHWe Ha GneaHo-CepebpuCTyio, BCXONIMNEHHYIO 6enbiMu
POBHbIMU rPsinaMuK BHELWHIO NOBEPXHOCTb MUpa U pacckasaTtb O HEMW.

Ha aTom MBI Taike OCTaBjsieM M €BpONMaH B L€JIOM, HE TNIOTOMY, 4TO
MX JaJIbHejilas UCTOpUS HEMHTepeCHa, Kak pa3 Haobopor. [Ipocto ux nasb-
HelIMit npouecc no3HaHus BceneHHoit B 0OmuX YepTax MOBTOpSiET HAall

Bnaronaps CBOMM «aajbHO30paM» Ha TBEPHOi MOBEpPXHOCTH, HO Oe3
aTMoc(epHbIX NOMeX, OHM Cpa3y IepecKaKUBalOT NOYTH Ha YpPOBEHb
«Xab6n1a» B MHCTPYMEHTAIPHOM OTHOIIEHUH, NPaB/1a, OKa3bIBAIOTCA IOKa
IajieKo Mo3afy Hac MO YacTH OCMBICTIEHHS YBUAEHHOFO.

Hama kocmosoruyeckas amnomnesi, eCii CpaBHUBATh ee C 3TanaMM Io-
3HaHUS OKPYXKAIOIero MHpa BbIMBIIUIEHHHIMM €BpONMaHaMH, CKopee,
aHaszlorMyHa Mx OTKpbiTHSAM COJHIA MO enie OIyTMMOMY CBETY, a Takke
IOnuTepa ¥ ranuwieeBbIX CIYTHUKOB IO ABM)KEHUSIM JIENSHOTO MaHLUPS.
OTO TOXXe NpOpbIB 3a Kpall Mupa, HO He CTONMb OYKBaJIbHBINA, Kak Ipo-
KJIaJKa CKB)XHHBI yepe3 mpensaTcTBue. [lepesl HaMK TOxe CBOeoOpa3Hblii
MaHLUXPb: 310Xa peKOMOUHALMY, «cepar PESIUKTOBOTO M3Ty4YEHHUS, 110 KO-
TOpOi MBI PeKOHCTpyUpyeM Oosee najnexue ropu3oHThl. Haun croxer elme
He 3aBepilieH, 3aTO Y)Ke MOHATHO, YTO OCTAJIOCh, NOHATHO, KaK cHenaTh
TNOC/IeHHUIA 1ar: YBUAETb C/1elbl rpaBUTALIMOHHBIX BOJIH.
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52. BHEWHEE NPOCTPAHCTBO. BMECTO 3nunora

A Bo3MOXeH 5M B OynymieM Takoil NpophIB, Koraa nepel HaMH pa-
30M OTKpOIOTCSI HOBble 'OPM30HTBHI, CJIOBHO MU Mbl HpOOYpWIM KaKOH-TO
naHuuvpb? Vcropvs HaykM NOKa3bIBAET, YTO 3apeKaTbCsl OT HOBBIX MpO-
pbiBOB He cToMT. Ceifuac Mbl He BUAMM MPpEAINOCHUIOK, pa3Be YTO Cymep-
CTPYHBI, NMONOOHO Ma33ly, BAPYr CJIOXKAaTcd B OTYET/IMBYIO KapTuHy. Ho,
CKopee Bcero, 3To Oyner uro-to apyroe, Gonee HeoxunanHoe. U ato Tou-
HO He 6yneTr NpopbIBOM B HEKOe «BHeILHee» NPOCTPAHCTBO — CKOpei BO
«BHYTpEHHEE» WIM KAaKOe-TO ellle, VISl KOTOPOro PaHo MoAOMpaTh JMUTET.

Y KOoCcMOJIOrMM eCTb Cepbe3Hblii He#OCTAaTOK: OHa He 3penuiyHa. Hu
pasy B ee IIMHHOH MCTOPHMH, MPOAOJ/DKABILIECS NECATKH JieT, He ObuIo
OTKpbIBILIEHCSA AHOpaMbl, korna Obl Y o4eBHALIEB BHIPBAIOCH HEKOHTPO-
NMpyeMoe BOCKJIMIIaHHe, MONOOHOe TOMY, KaKUM 4YensiOMHCKHEe MY)KHUKU
BCTPETHIM MeTeOpUT. MokeT ObITh, OTAE/IbHbIE YYeHble UCTIBITAIH MOTpS-
CeHHe, HarnpyMep, BIEepBble YBUIEB aKYCTHUECKMI MUK Ha CIIEKTpe YIJIO-
BbIX FApPMOHMK PEMKTOBOro M3/1y4eHUs. TOrha MnosiBWIach rpoMkas Me-
tapopa «/luuo Bora» wiu «Yneibka Bora» — 3T0 No MoBOAY KapThl PeHK-
Ta C HEOJHOPOJHOCTAMM HYXHOIi amrumTyabl. Ho ytobbl ucnbiTaTh npu
3TOM BOCTOpr M IOTPSICEHHE, HaZl0o MHOTO 3HATh M 3apaHee Hanpsrarhb
ronoBy. EciM ke BHe3anmHO BHIB&IMTb HAa HENOATOTOBJIEHHOIO 4Yes0BeKa
KBUHTICCEHLMIO Hallei UCTOPUH, MyCTh B BUIE KOPOTKOro (puabma c ca-
MbIMHM pacKOMIIbIOTEPHEIMU 3¢dekTamy, peakuueit Oymet, ckopee, CTy-
1nop, 4eM MOTpsICeHUe, CKopee, HeMpUsATHe, YeM BOCTOPT.

OTo He 3HAYUT, YTO Bcé OGe3HAJEKHO, YTO COBPEMEHHAs KOCMOJIO-
rMs C ee MMaHOpaMOM OCTaHeTCA [OCTOSTHUEM JIMILb TOPCTKU SHLEroso-
BbIX. KOHEYHo, coBpeMeHHasi kapTHHa MUpa BO Bceil ee Kpace JOCTyIHa
MEHBIIMHCTBY. HO 3TO MEHBUIMHCTBO COCTaB/sieT MHOTME MWUIHMOHBL To
Ke camoe MOXKHO CKa3aTb IPO Cepbe3HYI0 MY3BIKY, HACTOAILYIO U CJI0X-
Hyto. Ee BocnpusitTe TpebyeT NMOCTOSIHHBIX LieJIeHaNpaB/ieHHbIX OYIIeB-
HbIX YCWIMI — YCWIMI C pa3HbIX CTOPOH, KaK CO CTOPOHbI HCIIOJIHUTES,
TaK ¥ CO CTOPOHBI CIylIaTesns. OTH YCWIHA JOCTOWHO BO3HArpaKOaloTCs.

Tlosromy npocbba K TeM YMTaTeNAM, KTO, CJIOBHO BHIKOBBHIPHBASI U3IOM,
BBIYMUTHIBA M3 3TOM KHUIM JMIIb SMU301bl NP0 €BpOMNMaH, BEPHYTHCA
M TONBbITaTbCs MpPOYECTb Apyrve ¢parMeHThl. JTO yCHIME OKYNHUTCH He
C IepBOH, TaK CO BTOPOH WIM C TpeTbei MOMNbITKA MOHMMAHUEM TOTO, YTO
Takoe BceneHHas M OTKyna oHa B3sulachb BMecTe C OeCKOHEUHBIM YHCJIOM
APYTHX, KaK IOXOXMX Ha Hallly, TaK U COBEpLIEHHO HEeMbICTMMBIX.
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bnarogapHocTu

BTOp OnarojapeH MHOTMM JIIOASM, U TNpeXxje BCero — Hay4Ho-

My penaktopy Bamepuio PyGaxoBy. OTBeuass HA MHOMXKECTBO I/Ty-

NbIX BONPOCOB aBTOpa 10 TesnedOoHy U NpH BCTpeyax, MpOoYUThIBaAS
IUIMHHBbIE TEKCTbl 10 HECKOJIbKY pa3 U BbUIAB/IMBas B HEM BCEBO3MOXK-
Hble HETOYHOCTH U «JIsIbD, OH, 6e3yc/0BHO, CTa/l (PaKTHYECKUM COABTO-
poM KHurd. TeM Oosiee, B KHUre MPUCYTCTBYeT €ro npsimMas peub — Kak
OT CBOEr0 JIMLA, TaK U OT UMEHHU afiBOKara IbsBOJIA.

Knvra cwibHO BbiMIpasia OT NpsAMOii peud YYaCTHMKOB ONMUCHIBAEMBIX
coObITHH, CO3aBaBLIMX TeOpHIo MHGALMK: Bragumupa Jlykama, Anek-
ces CrapoOunckoro, BauecnaBa MyxaHoBa u Auapes Jlunge (nepeuuc-
NIeHWe B NOpsJKe MOsIBJIeHUs1 B KHUre). ABTOp NpU3HaTeeH UM 3a JaH-
Hble MHTEPBbIO M KPONOTIMBYIO pabOTy 1O JOBENEHHIO 3THX MHTEPBbIO
10 yma. MoXXHO HafiedaThCs, YTO 3TU UHTEPBBIO CTAHYT BIIOJIHE 3aMEeTHbIM
BKJIQZIOM B UCTOPHUIO HAYKH.

ABtop 6naromapeH Hropio TkauéBy 3a KOHCY/IbTAaLMH O pAny KOH-
KPEeTHBbIX BOIPOCOB, CBfI3aHHBIX C Teopueit uHnAUMU. Ocobyio nmpu3Ha-
TeJbHOCTb aBTOp BhipaxkaeT IlaBmy HacenbckoMy 3a kOMMeHTapuu Mo
NOBOAY NpobsieM B BOIPOCE JETEeKTHPOBAHHS MPaBUTALIMOHHbIX BOJIH pa3-
HBIMM MeTomaMH. ABTOp Takxe OnarofapuT 3a IoJie3Hble JHUCKYCCHH
Onera Bepxomanosa, Urops HoBukoBa, AHapes [lopomkeBuda, /IMH-
Tpus Komnamneiina, [laBna UBanoBa, Eneny Muxeesy.

Hakonen, oTnesnbHylo 0arogapHoCT aBTOpP BblpakaeT MakcHMy
bopucoBy, KOTOpbIi BLIUMTAN KHHTY, NpHUBeN ee B NMOPSAAOK, 0(OpMUI
M cBepcTal, a Takxke TarbsHe BacunbeBoi, nomorasieit Makcumy.
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