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Mys3zeli KocMoHaeMuKu pad npedcmasume YUMaAMesnam
Ho8YH KHU2y 0 Kocmoce!

«BceneHHas. [lymewecmesue 80 spemeHu

U npocmpaHcmee» HanucaHa npogeccuoHaNbHbIM
acmpoHoMoMm, UpPeKmopom AcmpoHomu4ecKol
obcepsamopuu VIpKymcKozo 2o0cy0apcmeeHH020
yHusepcumema Cepzeem fA3egbiM.

«O ecsu bbl nucanu Mmsl 0 MOM AUWb, YMO O0MOOAUHHO
uzgecmHo, nooymatlime, 0 mpe3sbie yMbl, KaK 6bis10 bbl
Yumame HeuHmepecHo!»

Smo pacckas 0 Hawux wazax Ha nymu rno3HaHUsA
BceneHHol — om kunsauwell u 6ypasweli mamepuu

00 pa3yMHbIX cyujecmes; om cambix MPUMUMUBHBIX,
CKA304YHbIX U MuguyecKux npedcmasneHuli o6
ycmpolicmee Kocmoca 00 ce200HAWHUX, MOPaXarowux
800b6paxceHuUe meopuli u euriomes; om YepHbix

Oblp, moHHesel Yyepe3 epemMs U npocmpaHcmao,

00 MUKPOCKOMUYECKUX YaCMUU, 8 KOMOPbIX 30K/HYEHb]
C80U MUpPbI CO CBOUMU (hU3UYECKUMU 3AKOHAMU.

A eniasHOe — ama KHuU2ad 0 mom, Ymo byoem danvuie

¢ Yesnosevecmaom u BceneHHol. Bedb noxoixe,

Ymo Mbl 8 CAMOM Ha4asle nymu u enepeou euje MHO20
UHMepecHo20 — moeo, Ymo cbydemcs Ha camom Oese!

MY3EWN
KOCMOHABTUKM
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IIpegucnoBue

...9T0 OBUIO HaBHO — ellje B BOCbMMUAECATHIX TOfjax
IIPOIIOTO BeKa. S HelaBHO OKOHYMI YHUBEPCUTET, pa-
6oran HaboaTeNeM Ha XpOMOC(HEPHOM COMHEYHOM
teneckorte barikanbckoi acTpogusndeckost obcepparo-
puu. B Te Bpemena nzo6paxenne CosHIa ellie He BbI-
BOJIMJIOCh HA MOHUTOP KOMIIbIOTEPA, ¥ KPACHBI JIUCK
CBeTIIA HY>KHO ObIJIO pacCMaTpUBaTh Yepe3 OKYILIp
(CKBO3b CIIeNaIbHBII QUIBTP).

...Kpynnas aktuBHasg o6nactp Ha CoJHIle ABHO
«IIPOCHY/IACh»: CBeT/Ible (IOKKYJIBI «UTPAJIN», He-
60/IbIIIOE TEMHOE BOJIOKHO IIPSMO Ha IJIa3aX M3MeHs-
710 U GOpMY, 1 KOHTPACT. MOJ1 OIIBIT IIOKa3bIBAJI, YTO
CKOPO MOXXET OBbITh BCIIBILIKA.

VHOrA MHE KAXETCS, W TyT BHM3Y OCTyYa/In.

4TO Mbl 0JHM BO A cpenman cuuMok (1LeIKHYIO 3epKasiblie 3aTBOpa
BCE}]EHHOM, NHOTAA — B Tpy6e Te/leckora, a 97IeKTPOMOTOP KaMepbl € 3ayHbIB-
410 HET. OT OBEMX HBIM XXY>K)KaH1eM IiepeMoTa (pOTOIIEHKY) U mobexan
MbIC/IER Y MEHS] IO JICCTHMIIE BHU3 — OBICTpee, YTOODI He IIPOIYCTUTD
3AXBATBIBAET AYX. Hayasio BCIbIKY (ecu oHa 6yzet). [IpoBepHyT Mo -

HBIII FapaKHbIJ 3aMOK M OTKPbII IBEPb.

3a Hell OKasasach COBCEM ellle MONOJeHbKas Jie-
BYIIIKa — CY/is IO BCEMY, CTapIIEeKIACCHUIIA, B OUKaX
u ¢ 67I0KHOTOM B pyKax. OHa I0310pOBaach ¥ CKasa-
JTa, 9TO B IIKOJIe MM JajM 3aflaHye: HallMCcaTh COUMHe-
HII€ IIPO KaKyI0-TO HEOOBIYHYIO paboTy, U BOT IOITO-
MY OHa 371eCb.

MHe He oCcTaBa/lOCh HMYETO JIPYTOTo, KaK IMpuIa-
CHUTD ee IIPOoC/IefoBaTh 3a MHoOI. HaBepxy oHa ocMo-
TPenach, 3ajiajia HECKOJIbKO BOIIPOCOB, YTO-TO 3aIlM-
cajla U IIPUHSIACh 32 MHOII HaO/TIOfATb.

— A 3ayeM Bbl cMoTpuTe Ha ConHIle? — cIpocuia
OHa Yepe3 HEKOTOPOe BpeMs, YACHUB CyTb MOEro 3a-
HATUA. — Pa3Be TaM 4TO-TO MPOUCXOUT?
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— TaM Bce BpeMs 4TO-TO IPOUCXOANT, — 5 UICKPEH-
He YAUBWICS TAKOMY BOIIPOCY. — VIHOI/a IOSIB/IAIOT-
Cs1 O4eHb CUJIbHble MarHUTHBIE 10/ — BCIIIBIBAIOT U3
r1y6uH ComHIa K ITIOBEPXHOCTH. B 9THX MecTax BO3HU-
KalOT aKTMBHBIE 00/IACTY — TeMHbIe COTHEYHBIE IIAT-
Ha, @ BOKPYT sApKue QIoKKybl. VIHOr#a nATeH ObIBaeT
MaJjio, MHOTIa MHOTO. BbIBaeT, 4TO B aKTMBHBIX 00671a-
CTAX IIPOUCXOAAT CONHEYHBIE BCIIBIIIKY. DTO TaKue
MOII[HBIe B3pbIBBL. EC/u B30pBaTh BCe AfepHbIe OOM-
Obl Ha 3eMJIe, COIHEYHAs! BCIIBIIIKA BCE PABHO OKAXKETCs
MornHee. BoT, HanpuMep, ceifdyac offHa Takas 06/1acTb
BUJIHA, U TaM BIIOJIHE MOXKET CTyYUTbCS BCIBIIIKA.

MHe XOTenoCh HOAYEPKHY Th 3HAYMMOCTD Y HEOObIU-
HOCTB MOe€il paboTHlI.

A cHOBa 3ar/IAHYN B OKY/Ap. Bricokmit meTneo6pas-
HbII1 IPOTYyOepaHell Ha BOCTOYHOM JIMMOe SIBHO aKTHU-
BU3NMPOBAnCs. S Habpas Ha Iy/IbTe YBeMIeHHOE 3HA-
YyeHue 9KCIO3MLMMU, YTOOBI MPOTybepaHell XOPOIIOo
npopaboTajcs Ha HeraTuBe, U cfielia CHUMOK. Kame-
pa CHOBa NPOTAHY/IA IJICHKY.

— DTO YTO BBI cefyac chenanu? — CIpocuia Je-
BYIIIKA.

— 9o st chororpaduposan ConHile, — MOSICHNT 5,
He OTPBIBAsICh OT OKYJIApA.

— W BBI 4TO Xe, Bce BpeMs ero pororpagupyere? —
CIIpOCHIa OHA.

— Jla! — oTo3Bascs s ¥ CHOBA U3MEHWJI BPeMsI 9KC-
no3yuumu. — VIHOrga pexke, MHOT/A Yallle, KOIJa TaM
UJYT KaKye-HUOYAb IIPOLIeCChl, BPOJie TOV JKe BCIIBIII-
ku. Vnu BoT ceituac nporybepaHel] 3aIieBennIcs. ..

— MO>XHO ITIOCMOTpPETh?

OHa HaKJIOHMIACh K OKY/IAPY U CTaja BCMaTpH-
BaTbCA.

— Bu1, 3HaUMT, BCe BpeMs 3a HUM CTIEAUTEe — 3af[yM-
Y1BO IpOroBopuia oHa. — V 4To, BaM 3TO JieiicTBU-
TeIbHO IHTEPeCHO?

— Hy xoHeuHO! — 0TO3BaICA A U 3aMOTYAIL.

OHa cHOBa IToKajIa IJIeYaMI.

XXI

ACTPOHOMIS 3ACTABNISIET LYWLy
CMOTPETb BBEPX W BELET HAC
3 3TOr0 MUPA B IPYTON.

MnatoH
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— A 9TO TYT MOXKET ObITh MUHTEPECHOT0? — CIIPOCH-
na oHa. — Ha CornHlle Befib BCe BpeMs YTO-TO IPONC-
xoput. Benbimky, ga? IIpory6epannpl... OHU SKUBYT
CBOEI! )KM3HDBIO, OYEHD JJa/IeKO OT Hac. Jlaneko?

— IlpuMepHO B cTa MATUAECATH MUITMOHAX KUJIO-

METpOB.
NPUCYTCTBYA S NP — Hy Bor... K oM 310 e He MMeeT HUKAKOTO
COTBOPEHWM MUPA, oTHomeHMs. V 3agem Torga Tyfma cMoTpeTh? Tam ke
LAJ1 Bbl NAPY COBETOB, Bce HeXXMBoe. OHO He [yMaeT, He C/IbIIINT, IPOCTO KI-
KAK NOJIYYLLE OBYCTPOUTL nur cebe. ..

Beenehyio. BrniepBbie B )KM3HM A CBIIIAN TaKie BOIPOCHI.

Alsborc Myzpsif MHe Bcerja Kasanoch, YTO 3TO-TO KaK pas U ecTb
caMoe MHTepeCHOe — Y3HaBaThb, YTO NMPOUCXOAUT
Ife-TO B IIy6MHax BceleHHON U MoYeMy OHO IIpo-
MICXOIUT.

— Bo-nepBbIX, 3TO HYKHO 3HaTh, — CKa3as 1. — Bbl
CIIbIIIAJIN, KaK BCIIBIMIKY BAUAIT Ha 3emto¢ OHM IO-
POXX[IAIOT y HAC MAarHUTHBIE Oypu. B 3/1eKTpOHHBIX cu-
CTeMax MOTYT ObITb cOOM, CITy THUKY BBIXOIAT U3 CTPOS,
" BoOO1Ile, eCTh IaHHbIE, YTO COJTHEYHAsA aKTMBHOCTD
MO>XKeT B/IMATH Ha Hallle 3I0pOBbe I fake Ha oOIe-
CTBEHHYIO JKI3Hb.

JeBy1ika 4T0-TO 3amucana B 67I0KHOT I C COMHEHH-
eM II0Kayasa rooBoit.

— Bo-BTOpBIX, MBI K€ OJKHBI 3HaThb, II0YEMY TaM
BCe 9TO IPOUCXOAUT, — IPOJOJDKIII 5, HO OHA MEHA
nepe6ua.

— A BaM JINYHO 3TO BCe MHTEPECHO? — IPOMU3HeC-
JIa OHA, IJIAMISl Ha MEHs IIOBEPX OYKOB.

— OueHb, — cKa3aj A C HEKOTOPBIM BbI30BOM. — [la
U KaK MOXKeT OBITb MHa4Ye? — 5 UICKPEeHHe He[loyMeBaJlL.

— Ho kak 970 Bo06111e MOXET OBITh MHTEPECHO? —
IIOXO0JKe, ITO U OHA TOBOpPIIIA BIIO/IHE Cepbe3Ho. — Bce
3TO He UMeeT HMKAKOTO OTHOIIEeHNUA K TIofiAM. Bee aTo
I7ie-TO, — OHa IToMaxajia 67IOKHOTOM, — TaM, B ;PYTOM
MUpe, 9y>K0e, XOIOITHOe.



— Hugero cebe — xomopHoe! — BOCKIMKHYI 5I. —
3HaeTe, kakas Ha CosHIle TeMIlepaTypa?

— Jla s ke He B 3TOM cMbIC/e! — OHa HeTepIIeNUBO
MOTHYJIa TON0BOII. — BaM 9To 1 BIIpaBay MHTEPECHO?
Buxy, uto Bpaspy... CTpaHHoO.

I He Hamesncs, 4TO eif CKa3aTh.

MHe Bcerga Ka3anoch, YTO MHTEPeC K YCTPOWCTBY
HAIEro OTPOMHOTO MM Pa, KOTOPbIN Mbl Ha3biBaeM Bce-
JIEHHOJ1, — 3TO €CTeCTBeHHO. I cunTasn u mpofomKano
CYUTATh, YTO >KM3Hb Halllell TIJIAaHeThI, 4e/I0BEYeCTBa,
HAapOJOB M OT/[eTTbHBIX MI0flell — 3TO BCETro NI KPo-
IIeYHas 4acTb XXU3HY YAVBUTE/IbHOTO 1 O€e3[JOHHOTO
KOCcMoca. Belb MbI )k1IBeM Ha MaJ/IeHbKOII I/IaHeTe MOf
BIMAHMEM YCTIOBUI U IPUPONHBIX 3aKOHOB, KOTOpPbIE
OTIpeJie/IAI0T BCE B HallleM CYILI[eCTBOBaHUM.

A peByIIKa CMOTpe/ia Ha MeHA U, TIOXO0XKe, BIJena
IMKOBMHHOTO, CTPaHHOTO IIePCOHa’Ka, KOTOPBII 3aHM-
MaeTCsl HEIIOHATHBIM, 6eCCMBICICHHBIM [Ie/IOM — HY,
MO>XET OBbITb, He COBCEM OECCMBIC/ICHHBIM, pa3 3a 9TO
KTO-TO IUIATUT 3apIIaTy, HO TOYHO Ma/IOMHTEPECHBIM,
KOTOPBIM MOYKHO 3aHMMATbCA TOBKO B TOM CIIydae,
eC/IM HeT HUKAKO Ipyroit paboTbl. VI HaBepHO, MMeH-
HO 51 OBbLJI B €€ T/Ia3aX 4€/I0BEKOM, 00/Ie/IeHHBIM MIPUPO-
TO11, KOTOPOMY TI04eMY-TO MHTEPECHO HEMHTEepeCHOe.

Sl mo4yBCTBOBAJ, YTO MBI C Hell — COBCEM pasHbIe.
Coscem.

BripodeM, BO3MOKHO, OHa JyMaja COBCeM MHaye.
Vinu Boob1e 060 MHe He fymara.

— Bbr 3HaeTe, 9TO U BIPaBJy O4eHb YBIEKaTeNlb-
HO, — CKasan A. — Haperocn, BBl cO BpeMeHeM IIoii-
MeTe. MHe fa)ke )KaJKO... — A XOTeJ CKa3aTh «Kas-
KO Bac», HO He PYCKHYJI, OFHAKO OHA ABHO 3TO MOHAA.

— A MHe BOT KaJIKO BaC, — HUYYTb He CTECHSAACD,
CKa3aja OHa, ellle pa3 MOCMOTPeB Ha MeHA. — VI3Bu-
HUTe, ec/Iu A Bac obupgena. bonbioe ciacn6o. S Ha-
HJLIY PO Bac COYMHEHNe, TaM Bce OyeT HalMCaHo

XXI

BCENEHHAS HE NONO3PEBAET
0 TBOEM CYLLECTBOBAHMM!
Paccasses!

JuTonn oe Menno
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JLAXE 3BE30bl PAHO W/IN NpaBWIbHO: KaKasl y BaC MHTEPECHas U Hy>KHas IIPoO-
NO31HO TACHYT, A YK OHU — teccns, 1 Bce Takoe.

KYOA BONEE COBEPLIEHHBIE Ona sammcana Ha3BaHue 0O6CEPBATOPNN, TENECKO-
KOHCTPYKLMH, YEM JIIOAN... na, mepecIpocyIa He3HaKOMbIe cloBa (PIOKKYIIbI,
Makc Opan mpoTybepaHell), — a s TeM BpeMeHeM CHOBa 3arjsi-

HYJI B OKYJLAP.

Bcnpimika ropea, pasnmnBanach IpKMM CBe4eHMU-
€M II0 IBYM M30THYTBIM JIEHTaM, U 51 Ha4aJI CbeMKY I10
cHelMaabHO IporpaMMe, MePUOANYECcK MeH:As II0-
no)xeHue nayHmngrepa. Mos MOCeTUTENbHULA HO-
HsJIA, YTO MHE y)Ke He JI0 Hee, IIONPOIIAIach 1 CTa-
JIa CITyCKaTbCs MO JIeCTHUIIe. S yc/blman, Kak BHU3Y
CTYKHYJIa [IBEPb.

...VIHOTMa A BCITIOMMHAIO 9Ty MCTOPUIO. BcmoMHuM
U ceifyac, KOIZia ceJl IMICaTh IPeANCIOBYe K KHUTe.

Korpga-T1o 51 6bI1 MICKpEHHE yBepeH, 4TO BCe Ipef-
craBureny Bua Homo sapiens (deoBeK pasyMHbIT) —
M0603HATENIBHBL, 11 UX OT POXKAEHNSI MHTEPECYET TO,
KaK YCTPO€H MIUP, B KOTOPOM MBI XKIBEM, 110 KaKUM
3aKOHaM OH CYIIECTBYeT, KaK OH MOSBWICA (ec/u ero
KOI7ja-TO He ObLJIO) M KaK OH pasBmBaeTcs (eciym oH
KaK-To pa3BuBaeTcs). Ho Ta maBHsIs ncTOpMs OKasa-
JIa MHe, 4TO 3TO He TaK. S ommnbasncs. YcTpoicTBo Ha-
IIero MUpa BaXKHO He BceM. JII0003HaTeIbHOCTD K MUPY
npupoasl — He 06s13aTenpHas yepra Homo sapiens.
EcTb mropn, KOTOpble He CMOTPAT Ha 3Be3/Ibl, He 3a71y-
MBIBAIOTCs 00 YCTpOIICTBe U 3aKOHax Beenmennoit. Vim
3TO JIeVICTBUTETIbHO He MHTEePeCcHO.

Ho, k c4acTblo, BO BCe BpeMeHa ObUIN U ApYIye —
Te, KOMY 9TO [0-HACTOSIIIEMY NHTepeCHO. VIMeHHO 6ra-
Tofiaps 3TUM JIIOASM MbI 3HaeM CETOfHA O Bcenennon
6osbllle, YeM 3Ha/IM, HAIIpUMep, /iBe THICAYM JIeT Ha-
3aj. IToaToMy B pesynbTaTe TEXHMYECKOIO IIporpecca
Hallla [MBIIM3aysA pa3BuBaeTcsa. HekoTopble 13 aTnx
3HaHWI MBI IPUMeHsieM Ha npakTyuke. COBpeMeHHbIe
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XXI

raJpKeThbl, MHTEPHET, KOMIIbIOTEPBI, I7I00aNbHasg MO-
OuIbHAS CBA3b, PA3HOOOPa3HbIe IPUIOKEHNUA B ail-
doHax u aifmazjax — 3TO NPOAYKThI OTPOMHOIT pabo-
THI IMEHHO TeX JIIOfIeil, YTO M3y4aau 3aKOHOMEPHOCTH
MIpa, B KOTOPOM MBI XMBEM.

OTa KHUTa PacCcKasblBaeT O TOM, KaK MbI IPOLIIN
3TOT HYTh — OT CaMbIX IPUMUTYBHBIX, CKa304HbBIX
U MuUYeCKNX IIpefcTaBlIeHnit 06 ycrporictse Bee-
JICHHOJI O CETOHAIIHNX, OPaXKAIIVX BOOOpaxe-
HIIe TeOPUil, KOTOpPbIE, B OT/INYIE OT MIQOB, IOIKPEI-
JIAIOTCS HAOMIONEHVAMY U SKCIIePUMEHTaMI.

V KOHeYHO, A HO/KEeH YeCTHO IMpeyNpefnuTb: MOs
KHITA af[pecoBaHa TeM, KOMY 3TO MHTepecHO. TeM, Koro
yBJIeKaeT MICTOPUA KUIIALell, Oy prAleil MaTepuu, Ko-
TOpast, IOJUMHAACDH YAMBUTEIbHBIM 3aKOHAM IPYPOJIbL,
B KOHIIe KOHI[OB IOPOJM/Ia Pa3yMHBIX CYILECTB, CIIO-
COOHBIX HaJl 3TUM 3alyMbIBaTbCs. MaTepun, Ipomo-
KaIolllell IOPOXK/JaTh Ha HAIINX IVIa3ax (y»e HalllMMU
PYyKaMI) HOBBIE CYLIHOCTH, KOTOPBIX BO BceneHHOI
paHbllle He OBLIO.

Xouy ckasarp 60/IbIIOE CIIACKO0 PYKOBOJUTEIIO pe-
makuyy nsparenbcrsa «[Inurep» I0mmmu Cepruenxo 3a
IJIOfOTBOPHOE COTPYJHNIECTBO, TUTEPATYPHOMY pe-
maktopy Enene Illy6uHoit, crenaBIiel TeKCT ydlie,
PYKOBOJVTEIO IIPOEKTOB TeTepbyprckoro «ITmanera-
pua 1» Haranbe BynrakoBoil 3a mopiiep>KKy IPOeKTa,
xeHe VpuHe 1 fouepy Mailie 3a BCeCTOPOHHIOO O -
JiepPXKKY B XOJi€e TIOATOTOBKY PYKOIIMCH, HAyYHOMY pe- TAKOBA Y OCOBEHHOCTb

naktopy Onery BepxofjaHOBY 3a IoJIe3Hble 3aMeya- 3BE3AHOTO HEBA: Y BCAKOTO,
KTO FNSA4UT HA HETO,

C/IALKO LLEMAT CEPALLE.
B03MOXHO, Mbl 11 B CAMOM
LE/IE POLOM OTKYOA-TO
OTTYA?

HUSL, CIE/IABIINE KHUTY JTyYIIe, U OCOOEHHO XYTOKHUKY
Esrennto Mypetosy.

ra KHUra — 00 MCTOPUM HAUIMX TIPEICTABIEHNI
o Bcenennori.

Byny paj, ecim KHUra OKayKeTCsi MHTEPECHON 1 110~
JIe3HOI U1 TI0603HATE/TbHOT'O YMTATEIA. bopuc AkyHm

11
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Bonbioit B3ppiB

YACTD ITEPBAA

1. Bcenennas J[IpeBHero mupa

Hap xpamamu ¢ KpbinaTbimi bbikamu

(Tpemunoch ConHLe OrHEHHOI CTe3eit

Mo Koneam puctanuwy 30anaka.

XpycTanbHble BpalLanuch Hebeqa,

I wanparanuco 6poH30Bble ayru,

11 nBuranuch no cnoxHbiM 0601am

OnHa B Apyryto BcTaBneHHble chepbl.

11 B enbrax pek — xangenckuii 3esgouer

I macTyxu upaHckux nnockoropuii,

MpucnywwunBasch K My3blke MUPOB,

K ryneHbto chep 1 K TOHKIM 3Be3/HbIM 3BOHAM,

o BeLwyM coueTaHUAM CBETUN

Onpegenanu cyabbbl LAapCTB ¥ MUpa.
Maxkcumunuan BonowiuH, Bce B npexogALwiem 66110 TONbKO 3HaK

«Kocmoc» /13BeyHbIX TaliH, HauepTaHHbIX Ha Hebe.

1.1. Poxxpenue Mmupa rmasammu
IPEeBHUX

B or/mmune 0T cOBpeMeHHOTO Ue/ioBeKa (51 IMEI0 B BULY
OOBIYHBIX JIIOfel, @ He yYeHBIX), Bce HAIllM JajleKue Ipe-
KJ HEIJIOXO 3Ha/IM CBOJICTBA OKPY>KaBLIel UX IPUPOLBL.
OHY >XW/IV Ha OTPOMHOII 3eMJIe, Y KOTOPOJT He OBIIO Kpaes.
3emyist Op11a pa3HOOOpasHa: eca, CTeny, IyCThIHY, PEKI,
03epa, 60710Ta, BEICOKNE TOPBI U ITyOOKIe YIIe/bs.

12



Mbl X1BEM
B PUTME
CONHUA

ITO cefdac MBI M3y4aeM )XMBOTHBIN MUP ¥ PaCTUTETbHOCTD
C ITOMOILBIO MHTEpHEeTa, KHUT, TeJIeBU30pa WJIN Ke Tocelas
300MapKu U OoTaHMYeCKMe Cafbl. B MpoIUIoM oy MOCTOSIH-
HO CTa/IKMBAJIVICh C Pa3HOOOPa3sHbIMMU XVIBBIMI CYILIeCTBAMU —
OTULAMU, HACEKOMBIMU, PbIOaMU, XMBOTHBIMU. JIFO/IM 3HAMN UX
HOBA/KM, 00pa3 )KM3HU, I OT 3TOTO0 BO MHOTOM 3aBHCeTIa XU3Hb
camux rofiefi. OHM yMenu OpUeHTUPOBATDCA B 7IECY U CaBaHHe,
Ha 6epery Mopsi 1 B mycTbiHe. OHM Hay4YWM/INCh TIPECKA3bIBATh
[IOTO/ly Ha OCHOBE CBOETO >KVM3HEHHOTO OIBbITa, COOCTBEHHBIX
HabJII0[eH i1 ¥ HABBIKOB.

JIropu ¢ po>x/ieHNs BUJieNM, KaK Ha BOCTOKe IIOJHMMAJICS
13-3a TOPM3OHTA OCTICTIUTENbHBIN M/[ea/TbHO KPYITIBII INCK —
conuue. ConHue Heco MUpy cBeT U Tenyo. CosHle 3a/1aBajio
PUTM XKU3HU — Yepe3 paBHbIe IPOMEXYTKM BPeMEHN OHO MOJI-
HMMAJIOCh BBICOKO B He00 (MOMEHT, KOTI/Ia COHIIE OKa3bIBA/IOCh
BBIIIIe BCETO HaJ] TOPM3OHTOM, MbI Ha3bIBaeM MCTMHHBIM IOJI-
IHeM), a 3aTeM OITyCKaJIoCh K TOPM3OHTY. [IpoMexyTok Mexay
OBYMS COCETHUMM MONYJHAMYU — COMHEYHbIE CYTKU — U CEro-
IHS ITIaBHAsI eUHUIIA U3MepeHus BpeMeHn'. VIMeHHO conHed-
HBIJl PUTM 32/I0’K€H B OCHOBE >KM3HeeATeIbHOCTI BCeX XKUBDIX
CYILeCTB Ha IOBEPXHOCTY Halllell ITAHeTbl, HAIIpUMep YeloBeKa.

! ACTPOHOMBI JOTOBOPU/INCH CYNUTATD, YTO CYTKM HAYMHAIOTCS B IIO/THOYD,
2t Y

HO B JaHHOM CJIydae 9TO HeBaXHO. — 3dect u danee (ecnu He yKA3aHo
UHoe) NpUMeHanus aemopa.

ConHeyHble n JIYHHbIE

PUTMbI NéXat B 0CHOBE
6I/IOpI/ITMOB BCEX XKNBbIX
CCTEM Ha nJiaHeTe.

13
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Bonbioit B3ppiB

ECTb MHOXECTBO
JIOLEN, KOTOPBIE
LAXE HUKOrA

HE BAAE/N MAEYHbIA
Mytb. A BOT AN
HALIMX JANEKWX
NPEAKOB OH bl
NPYBbIYHbIM
EMEHTOM KAPTUHbI
3BE3/IHOIO HEBA...

14

4500 r. mo H. 3. B EBporne Hava/u ucHonbp3oBath YT, a B [IpeBHem Erunre nossmics
365-/1HeBHbIIT KaZeHIapb

C 3axofoM conHIa (KOIia OHO IPATANIOCh 32 TOPU3OHT) CTa-
HOBIIOCDH XOJIOJHee, 1 HacTymana TeMHoTa. Ha rmoreMHeBIeM
HeOe BO3HUKA/IM YAUBUTENbHbIE CBETSALINECS TOUKY — 3Be3MbI.
VIx B3auMHOe pacIoNoXKeHe BCerjja OCTABATIOCh OI/THAKOBBIM.
JIrony B pasHble BpeMeHa U Ha PasHbIX KOHTMHEHTAaX MBIC/IEH-
HO 00BeMHSIIV 3BEe3/IbI B 3a[IOMIHAIOIIIECS TPYIIIIBI — CO3Be3-
musi. OHY TIOMOTa/TY OPMEHTHPOBATHCS Ha MECTHOCTH. Bripouem,
HECKOJIBKO 0C000 SIPKMX 3Be3[ II04eMY-TO IepeMelannch. OHu
IBUTAJIMCh MeJIJIEHHO, HO 3aMETHO, MIHOIZIA BBIIMCBIBASA CTPaH-
Hble neT/Iy Ha HeOe. Takue cBeTWIa MOy4YnIu Ha3BaHMe IIa-
HeTbI. B ipeBHOCTY OBUIN M3BECTHBI IIATDH IUIAHET, Ha3BaHHBIE
MMeHaMI PUMCKUX 60roB — Mepkypuii, Benepa, Mapc, Onu-
Tep, CaTypH.

Hapo 3amMeTuTh, 4YTO HAIINM IIPefKaM OBIIO Ky/a JieTde, 4eM
HaM, YBUAETDb HeOecHble cBeTIa. SIpkoe HOYHOE OCBellleHNe CO-
BpPEMEHHBIX TOPOJIOB He MO3BOJSIET BU/ETD 3BE3/bl. ACTPOHO-
MBI JJa)Ke BBEJIM IIOHSITIIE «CBETOBOE 3arpsi3HEHNe» TOPOJCKOTO
Heba. Kak mpaBuiio, B ropojie BUJHBI TOMBKO SIPKIe IITAHEThI
Yl HEMHOT¥Ie CaMble sipKyie 3Be3ipl (1 TO He Bcerpa). UToOb! yBu-
IeTb cepedpucTyIo cado CBETAIYIOCS T0N0CY Ha Hebe — Mited-
Hb11 [Ty Th, HY)KHO yeXaTh 3a HECKOJIBKO IeCATKOB KMTIOMETPOB
ot ropoaa. EcTb MHOXeCTBO JTIofieit, KOTOpbIe jaXKe HUKOTTIA He
Bujenu Mneunsiii ITyTh. A BOT A/1d HallMX JlaJleKuX NPefKOB
OH OBUI IPUBBIYHBIM 3/IEMEHTOM KapTUHBI 3Be3[JHOTO Heba. ..

JIxopy IpeKpacHo 3Ha/IM 3aKOHOMEPHOCT HeOeCHbIX SBJICHMIT,
KOTOpbIe IIPOMCXOAWIN Y HUX Ha ITasax. Eine He ObU1y n3006peTe-
HBI Te/IeBU30PbI, KOMIIBIOTEPDI U IIPOYNe IafKeThl — JTIOJY CMO-
Tpe/M He Ha 9KpaH, a BOKpYT cebs1. OHY BUEIM MHOTOE 13 TOTO,
Y€ro MBI CErofHsI jaxke He 3amedaeM. He6o co 3Be3mamu moBopa-
Y1BAIOCh, HEIIPEPBIBHO BPAIasiCh BOKPYT OffHOII 13 3Be3[, KO-
TOPYIO MBI cerofiHs HasbiBaeM IlonspHoir”. Ho BHMMaTeIbHbBIE
HaOJTrofiaTe 3aMeTH/IN, YTO HeOeCHBII CBOJ, COBEpIIAeT I10/I-

? Ecmu Habmonatens Haxofwicsa B CeBepHoM nmonymapuu. Kpome Toro, Hago
UMeTb B BIAY, 4T0 2000 /leT Hasaz He6O BpaIlaIoCch BOKPYT TOUKIL BOIM-
31 3Be3/bl Koxab cossesnusa Manas Mensenuia.



COAHLIE

YXE HA3KO U
CKOPO CTAHET
TEMHO

HBIT 000POT HEMHOTO OBICTpee, YeM 3a CONMHEeYHbIe CYTKIL.
VIMeHHO [T03TOMY KaXK/blil Bedep IPUBBIYHbIE 3Be3/IbI OKa-
3BIBAJIMCD C/IETKa CMeIeHbl OTHOCUTENBHO CBOErO Bye-
palHero noyuo>xeHyst. OGHY U Te e CO3Be3aMs Habmona-
JICh TI0 BedyepaM TO Ha 3aIlajie, TO Ha I0re, TO Ha BOCTOKE,
TO Ha CeBepe B pasHble BpeMeHa rofia. Yepes roy (mpumep-
HO 365 CONTHEYHBIX CYTOK) MOJIOKEHME CBETIT Ha Hebe 110-
BTOpsU10Ch. JItofy 3amMeTiv (He MOITIM He 3aMETUTb) U CMe-
HY BpEMEH roja.

It IIpUBbIYHbIE U IIPOCTDIE /1A HAC ABJIEHNA OCTa-
Ba/IICb HETIOHATHBIMU — MX IIpNYMHA 6bl1a 3ara,t[0qH0]71.
Ho atu usmenenns suanu Bce. OT HMX 3aBlUCeIa XI3HD
JIOfEl, OCTIEfOBATENBHOCTD CE30HOB OXOTBI, Ce/TbCKOXO-
351/ICTBEHHBIX PaboT. be3 yuera aTUX 3aKOHOMEpPHOCTeI!
MOYKHO OBI/IO TTOTMOHYTh. ITO OBUIN UMEHHO 3AKOHOMEp-
HOCMU, a He CTIy4ailHble M3MEHEHN: YTPOM BCeria BCTa-
BaJIO COJIHIIE, IIOC/Ie BECHBI BCer/ja HACTYIaIO JIeTO U HU-
KOTJja — 3MMa.

BrpoueM, y4eT MpMpORHBIX 3aKOHOMEPHOCTEN 3a/10-
KeH B IIPUpPOJie CaMOTo 4Ye/loBeKa OJOOHO TOMY, KaK OH
3aJ/I0KEH B IOBEOCHNN JKMBOTHDIX. Hu pacTennsd, Hu ITu-

BI'IPOHEM, YUeT NpupoaHbIX
3aKOHOM€pHOCTEVI 3aJ10KeH
ACTPOHOMUIO 6I/IOHOI‘I/IIO, HO I'éeHeTU1Y€ECKYE IIPpOTpaMMbl, B NPUPOJE CAMOro0 YesioBeKa

LI, HM JKMBOTHDBIC HE N3Y9alOT B IIKOJIaX M YHUBEPCUTETAX

BbIpabOTaHHbIE 38 MUUIMAPLBI JIET 9BOJIIOLMY SKM3HY Ha noZ06HO TOMY, KaK OH 3a/10XeH

3€MTI€, 3aCTaBIAIOT BCE JKMBBIE CYIIECTBA BECTU cebs B co- B MOBEAEHUM KNBOTHBIX.
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KormaA vy YENOBEKA OTBETCTBUM C IPUPOSHBIMU YCIOBUAMM: Pa3MHOXKATh-
HAYATIA DOPMUPOBATLCS c4, 3alacaTh IUINY, Y/IeTaTb B I0XKHbIE CTPAHbI UM 3a-
PEYb W, KAK CJIELCTBME, jeraTb B 6€pyIory, IOBUHYACh MHCTHKTAM.

ABCTPAKTHOE Her comuenms1, 4To Tak >kmnu u mupeaku homo sa-
MbILL/IEHME — YEJIOBEK piens. Ho xorza y 4yenoBeka Hayama popMupoBaThbcs
HAYAJT OCMbIC/IUBATD pedb 1, Kak ClefcTBIe, abCTpPAaKTHOE MbIIUIEHNE —
OKPY X ARLLAA MUP. 4ye/l0BEK Hayajl OCMBICIMBATh OKPY KAIOIIMIT MUP.

ITepBoHavyanbHO GUKCUPOBAIACH IIPOCTO MOCIENOBA-
TeIbHOCTb COOBITUI (CHAYasIa COMHIIE CAJUTCS, ITOCTIE
3TOTO HACTyIIaeT TeMHOTa). 3aTeM IIPUILIO OCO3HAHNeE:
COJIHLIE CeJI0, I09TOMY HACTYIIV/Ia TEeMHOTA.

Kak 4enoBex CTaHOBWICA pa3yMHBIM U IIOYEMY He
CTa/IM Pa3yMHBIMU COTHY MWUINAPJOB JPYTUX BUOB
JKVBBIX CYIECTB, OOMTaBLIMX Ha Halleil 3emMse B Te-
YeHMe YeThIpeX MUUIMAPTOB 7IeT? ITOT BOIIPOC Kpaii-
He MHTepeceH, HO MBI He OyfieM ero KacaTbcsA. B aroit
KHUTe MBI BefleM Pa3roBOp Ha IPYIyIo TeMy: Kak de-
JIOBEK Haya/l BBICTPAMBATh B CBOEM MO3Ty KapTHHY
MUpa Ha OCHOBE TOTO, YTO OH BUJEI BOKPYT cebs1. Bee
3TO: U BpalljeHle 3Be3IHOr0 Heba, U Be4HOe CYTOYHOe
IBVDKEHNe COJHIA, I M3MEeHEHM BUJia IyHbl — Tpe-
60Ba/I0Ch OCO3HATD, IIOHATD ¥ YIOXKUTDb B KAKOE-TO
CHCTEMHOE IIPefICTaBJIeHNe O MUpe, B KOTOPOM 4YeJIo-
BEK XKIJL.

Hapo cpenarbh oropopky. 9to TpeboBanoch mobo-
3HATe/IbHBIM JIIO[SIM, KOTOPBIM 3TO JieICTBUTENTbHO
66110 MHTEpecHO. V paHbllle TaKIUX, HABEPHOE, OBLIO
HeMHOT0. Bo BCAIKOM ciydae, CTOpUSA TOHECIA IO Hac
VIMeHa HEMHOTMX, KTO IIBITA/ICS IIOHATD, KaK XKe yCTPO-
eH Mup. HekoTopsle 13 9TuX UMeH OYAYT YIOMAHY-
THI B KHUTE.

Bompoc 0 ToM, 13 4ero cOCTOUT MUP, B KOTOPOM
MBI )XIBEM, IOSIBWICS JaBHO. MBI He MO>KeM CIIPOCUTD
HAaIlMX JaeKuX IPeJKOB, YTO OHY JYMAJIM 110 STOMY
[IOBOZLY, HO, KaK HJ CTPAHHO, Mbl TOYHO 3TO 3HaeM.
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HAMUCAHO
B 3300 roAy
A0 HALEA 3Pb

OpHaXX/bl TIOAN U300peny NUCbMEHHOCTD 1 CTa/N

3aMChIBATh CBOV MBICIIN. 06pa3eL| paHHeli NNCbMEHHOCTH,
KoHeyHo, CHaya/a 3TM 3aIVCH Jiefla/InCh flaske He Ha  [WHAHAsA Tabnnuka, HaiiieHHas

6ymare — 110 ee M306peTeHNs NOMKHbI Obimu poitTy B 1928 . Ha TeppuTopuut [ipesHeid

ThIcseneTysL. /1A 3amyceit BayKHBIX MbICTelt oyt e~ MeConoTami, rie bbinn
3/10eHbl 0CHOBbI aCTPOHOMUM,

I10/Ib30Ba/IN ITIAJIKYI0 IIOBEPXHOCTh KaMHsI, Ha KOTO-
reorpadum 1 Apyrux Hayk.

poIt BbIceKamich 3HaKu 1 6yksbl. B [JpesHem Erumnre,
a 3ateM B [peuyn n Pume mucnonb3osany jjis 3anuceit
nampyc (IpeAIIecTBeHHUK OyMary, U3roTOB/IEHHBIN
U3 IUCTbeB OJHOMMEHHOIO pacTeHus). [ne-To mica-
71 Ha TaOMMYKAX M3 MATKON ITIMHBI, KOTOPbIe TOTOM
06XXMramich U 3aTBepeBam. BelOuBaTh HaAmMCK Ha
KaMHe TOpasfio TpyAHee, 4eM HabMpaTb TeKCThI Ha
KJIaBUaType, HO B JAaHHOM CIy4ae Mbl MO>KeM TOTIbKO
PajioBaThCs, YTO UCIIONB30BA/ICA UMEHHO TAaKOM CIIO-
co6 nepenaun Mbicert. CKkopee Bcero, ¢aiiibl, HabpaH-
Hble TPU-YEThIPE THICAYM JIET HA33a/[], HE COXPaHWINCD
OB 10 CerONHAIIHEro NH:A. 3aTO COXPAaHWINCh Haced-
KI Ha KaMHe 1 00O0XOKEHHON I/IMHe, a TAKXKe 3aICH
Ha CBMTKAX Mammpyca.

bnaropmaps a3TOMy MBI He IIpefIOnaraeM, a TO4-
HO 3HaeM, YTO JyMai O COCTaBe MMpa Hallly flaje-
Kue npefku (1o KpaliHell Mepe, HEKOTOpbIE U3 HUX).
N B EBpomnie, u B [IpeBHeit AMepuKe, KOTOpble pasfie-
JIeHbI OKEaHOM, CUMTATIOCh, YTO BcenenHas nocTpoeHa
U3 4eThIpeX OCHOBHBIX 37IEMEHTOB (OCHOBHBIX «KUP-
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00 . 00.00 540-530 rr. 10 H. 3. Kordyuuit o6y4aer yaeHnKoB, ncronbayst Kuury Ilepemen «V-13un»
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SEMAA
nPOCTO

BUCHUT B
HPOCTPAHCTBE .
AHAKCUMAHAP

3emnA B npefCTaBeHun MIYMKOB» MUPO3aHs, KOTOpbIe Hellb3s CBECTH K 60-
AHakaMaHzpa umeet Gopmy jee MpOCThIM). TakyMu s7eMeHTaMy y MHOTUX Hapo-
TOJICTOrO ANCKa 1 HENOABUHA. IOB OB BOJA, 3€MJIS, BO3/TyX U OTOHb.
HaspaHus 9TUX 3/71eMEHTOB He HY)KHO BOCIIPMHIU-
MaTb OyKBanbHO. 3eMyisi — 3TO M060e TBepfoe Be-
1I1eCTBO, KaMeHb, TPYHT, IIeCOK, 1To4Ba. Bo3gyx — aro
TO, 4YeM MBI IBILINM, YTO OLIyllaeM IpM IOPbIBAX Be-
Tpa, HO 3TO ellje 1 nap, 1 AblM. OTOHb IIOMUMO II/IaMe-
HI O3HAYaeT U CBeT, 1 Temno. CormacHo mpecTaBie-
HUSIM JPEBHIUX, BCe IIPeAMETHI (a 3HAUUT, U BECh MIUP)
COCTOANN U3 3TUX 57€MEHTOB, CMEIIAHHbBIX B Pa3HBIX
MpOMOPIUAX. DIEMEHTBI, MIN KOCMIYeCKe CTUXNUN,
0060)KeCcTBIIANUCD. JIF0IM MOKIOHSANNCH UM KaK MOTY-
YYIM CUJIaM, KOTOpble ITpaBAT MupoM. B [Ipesuem Erni-
Te, HAIIPUMeD, CO CTUXMEI 3eM/IN CBsI3bIBaM 6ora mo
umenn le6, co ctuxueit Bogpr — Ocupuca, co CTUXHI-
en Bosgyxa — Illy, a co ctuxmen orus n ceera — Pa.
IT1 60Ty, COracCHO BO33PEHMSIM €TUITSH, «OTBeYa-
JM» 32 COOTBETCTBYIOMINE CTUXUY M CAaMU >Ke UX O/K-
LIeTBOPSIIN.
Boiparonuiicst MpICIUTEND 110 MIMEHM AHAaKCMMaHJP,
skmBunii B Ipesueit [peunn (610-547/540° ronsl go
Halllell 9pbl), CYUTAJL, YTO MUP BO3HVK 13 3aralOYHO-

* JlaThl Yepe3 HAKJIOHHYIO 4epTy 0003HAYAIOT BO3MOXKHBII
[AMATIA30H JIET, B IPefeNax KOTOPOro POAMUICA Mu6o yMmep
YIIOMMHAEMBIIl MBIC/IUTENb, KOTZIa TOJ, TOYHO He M3BECTeH.
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O IIEPBUYHOIO BellleCTBa, KOTOPOe OH Has3bIBaJl CJIO-
BOM ameifpoH. YTo 9TO TaKoe, 0CTa/lIOCh HESACHBIM: TO
JIM CMeCh BCEX YeThIPeX 3/IeMEHTOB, TO IV KOKTeVIb
u3 Bo3ayxa 1 orus. Ho 3aTeMm ameifpoH, COITIacHO yde-
HUI0 AHaKCUMaH/[pa, Paclancs Ha KOCMUYECKUIT XO-
JIOZ, ¥ KOCMMYeCKOe Telto. PackajeHHass OrHeHHas
000/1049Ka OXBATM/Ia CHAPYXK!M XOJIOZHOE ¥ BIaYKHOE
PO — OYAYyIIMIT LIEHTP MUpa, KOTOpPOe T107, BO3fIeli-
CTBMEM HapY)XHOTI'O >Kapa IPeBPaTUIOCh B HECKOJIb-
KO KOHI[eHTPUYeCKIX Kojlell. B enTpe Mmupa ob6paso-
BajIach 3eM/Is1 B (hopMe HUBKOTO IMIMHAPA (HuaMeTp
ero 6611 BTpoe 6osbliie BHICOTHI) . VI3Haua/IbHO BCsT OHA
ObIIa IOKPBITA BA3KUM BIaXKHBIM MJIOM, 3aTeM BOJA
CTeKasa B HM3MHBL, GOPMUPYs 03epa U Mopsi. B uie
camit coboii (3aMeyarenpHas yupest!) 3apORMIIICH IIep-
BBble JKIBbIE CYILIeCTBa, HAIOMIHABIINE PbI0. 3aTeM OHM
BBIIUIM Ha CYIIY, @ BHYTPU 9TUX CYILEeCTB cHOpMUpPO-
BaJIVCh IIEPBBIE JTIOJY, KOTOPbIE BHIOPAINCh U3 PbIOO-
00pa3HbIX 060/IOYEK. ..

BecbMa BeposITHO, 4TO, Oy/{y4u IIPEKPacCHbIM HaOTIO-
marernieM, AHaKCUMaH/p 0OpaTII BHUMAaHIE Ha TO, YTO
B JJIe Ha JJHE BOJJOEMOB KUIINUT >KM3Hb.

Kaprtuua Mupa AHakCUMaHZpa MOJTHA TeHMAIbHbBIX
IOTrajioK, HEKOTOPbIe Y3 HUX He IIPOTHBOpeYar 1 co-
BpeMEeHHOIT HayYHOII KapTIHe MJpPa, HeKOTOpble OKa3a-
nuch HeBepHBbIMIL. Ho B Te BpeMeHa 9T0 6bL1a He 6oree
yeM yMO3pUTeTbHas TUI0Te3a, KOTOPYI0 HEBO3MOYKHO
ObUIO HY JOKA3aTh, HII OIIPOBEprHyTh. Ee aBTOp mpocTo
IeKJIapMpOBaJIL, YTO MUP YCTPOEH UMEHHO TakK. B aTom
CMBIC/IE €T0 KOHLIEMIMsI He OT/INYanach OT BCeX Mpo-
91X MUOIOrNYeCKNX KapTUH MUpa.

VI3BecTHO HaM U O APYIMX MUPOBO33PEHMAX Ha-
KX fajekux npenkos. B Ipesem Kutae cunranocs,

4 Bemns y AHaKCI/IMaHJIpa 6bl1a IIJI0OCKas, HO JOBO/JIbHO TOJI-
cTasd.

XXI

W3HAYATIBHO BCS OHA
BbIIA NOKPBITA BA3KMM
BJIAXKHbIM W/I0M, 3ATEM
BOAA CTEKAJIA B HUA3MHbI,
®OPMUPYS O3EPA 11 MOPS.
B wne camn coson
3APOAUIACH NEPBBIE
XVBBIE CYLIECTBA,
HANOMUHABLLVE Pbib.
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W3 CMEWEHMS 3EMU YTO MMP IIOCTPOEH U3 IIATH IEeMEHTOB: 3eMu (TY),
C METAJIIOM, AEPEBOM, BOJBI (111y71), OTHA (X0), a TaKXe fiepeBa (My) U MeTal-
BOZOM N OTHEM na (13uH). JIBe ¢ IOIOBMHO THICAYN JIET TOMY Hasajl
OBPA3YIOTCS BCE BELLN. B Kutae 6n11 HanmcaH TexcT noj HasBauueM lo IO0ii
<Pewn LiapcTes («Peun IlapcTB»), e cKasaHO: «VI3 cMemIeHNs 3eM-

I C METAJUIOM, IePeBOM, BOJIOI ¥ OTHeM 00pasyIoT-
cA Bce Bellln». Pa3BurueM Mmpa, COIJIacHO yU4e€HMIO
APEBHEKUTAVICKMX MBIC/IUTENIEN, YIPABIAIT ABa KOC-
MUYeCKMX IpMHIMIA (CUIIBI, CTUXNUM) — MHD U SH.
VIHb — MCTOYHMK BJIaT, X0/IO[A, TEMHOTBI, CMEPTH,
AH — MCTOYHUK OTHA, CBETa, XM3HU. Bce mponeccol
U AIBJIEHNU 3TOTO MIpa — pe3y/IbTaT B3aUMOJECTBIUA
(60pb6DBI) 9TUX CUJL.

JT:060mbITHO, YTO QYHKLMM UHD U SIH 3[eCh HAIIO-
MMHAIOT He CIIOCOOHOCTI GOTOB, a CKOpee IPOsIB/ICHIIsI
3aKOHOB IIPUPOibI — 37IeCh He UJET pedb O BOJe Ka-
KUX-TIMO0 CBEPXBECTECTBEHHBIX CYIIECTB, XKeMTaHUAM
KOTOPBIX NOfYMHACTCA MUp. Bce mpoucxoput B Mupe
COITIACHO JIEMICTBUIO JIBYX IMPUHIIUIIOB, 3a/105KEHHBIX
B IIpMpOJie.

CoracHO e NpeJCTaBIeHNAM NPEBHUX LIMBIIN-
sauuit EBponsl u Cpennero BocToka, npupopgHbIMu
IpolieccaMyl yIpaB/IsIN He KaKue-To abCTPaKTHbIe
HIPUHLUIIBIL, @ BIIOJIHE KOHKpeTHbIe 6oru. OHu 3ajo-
KWV TIOPSIKOK [IBVDKEHVsI HeOECHBIX CBETIII, HAaChI-
Ta/Iy Ha 3€MJIIO IOXK/IM, TPO3bI M BETEP, KOMaH/I0Ba/IN
PpOCTOM pacTeHMIA.

VTaK, B 60/IBIIMHCTBE APEBHUX KOCMOMOTNMI (KOH-
LeNINi O IPOUCXOXKIEHUN, CTPOSHUN U Pa3BUTUA
MUPa) CUUTANIOCh, YTO MUP COCTOUT M3 HECKOTBKUX
B3aVMOJEVICTBYIOIINX CTUXIL.

Jlo Hac momTa reHanbHas IoTajiKa ele OffHOTO JIPeB-
HErpe4ecKoro MbICIUTENS, KOTOPOro 3Bany JIeBKum
(xun B cepeuHe V Beka JI0 Hallleli 9pbl). ITO y4eHue
IOTIONHUTI ¥ Pa3BUJI BEJTUKIIT IpeBHeTpedecKuit Gpu-
noco¢ Jemoxpur (470/457-370/357 ronpl o Haleil

20



apsl). Konnennus JleBkunma—
JleMOKp1Ta 3aK/II09ajach B TOM,
YTO BCe BEIIECTBO MVPA COCTOUT
U3 BEYHO CYLECTBYIOIIUX MeTb-
YaillMX, HEBUJVMBIX I7Ia3y 4a-
CTUL, — aTOMOB (C/IOBO «aTOM»
IO-TPeYecKy O3HauaeT «Hepacce-
KaeMBbli1, HefiemMblit» ). Kporrey-
Hble aTOMBI, KaK IIPe/III0/IOKITI
JIeBKUIM, OT/INYAIOTCA APYT OT
Ipyra popMorli 1 BeIMYMHO, 32
CYeT CBOeYI IIepOXOBATOCTI OHY
LeIULAI0TCA IPYT 3 Ipyra, obpa-
3ys KpYIIHbIe TIpeIMeTbl, BKIIIO-
vast 3emito. Vx MHOroo6pasu-
eM 00BSICHSIeTCS pasHOOOpasue
BEIeCTB, 3 KOTOPBIX IIOCTPO-
€H MUp.

CnycTs moutu fiBe ¢ 1Mojo-
BUHOJ THICSYM JIET 9Ta JOTagKa
B OCHOBHOM IOJTBEPAM/IACh —
HayKa CyMesa y>ke He TO/IbKO
IIPEeIIONIOKUTD, HO U I0Ka3aTh,
YTO BEIEeCTBO [EICTBUTENBHO
COCTOUT 13 METBYANIITNX YACTUIL]
PA3HBIX TUIIOB, Pa3/INYAIONINX-
cs Mo cBouM cBovictBaM. OHU
CLIETIIAIOTCA IPYT C APYTOM He
3a CYeT IIepOXOBATOCTH, a Oma-
rofiaps 3NMeKTpUYecKUM 3aps-
AaM, HO 3TO y>Ke 9acTHOCTHU. Bo
BpemeHa JleBkunma u [leMoKpu-
Ta JI0Ka3aTbh 9Ty IUIOTE3Y OBIIO
HEBO3MO>XHO, X BepCHs OCTa-
BaJIaCh BCETO JINIIb FeHNaTbHbIM
IIPeNIIONIOKEHNEM.

ATOM = 3HAUMT
HEAEAWMbIV/

’

‘\\\N\
//Il‘/”' ””!‘A m

'/4‘
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00.00.00 521 r. o H. 3. [Indarop navan saustust 8 KpoToHcKoi mkose
[ [

Bonbioit B3ppiB

[PEACTABIM, 4TO ¥ HAC 1.2. YcTpoiictBo Mupa

HET VHTEPHETA W KHWT,
4TO Mbl HUYEFO HE SHAEM TTasaMit [IpEBHIX

0 COBPEMEHHON KAPTMHE

miPA — 0 COHEYHON IaBaiite Boo6pasuM, 4To MbI xurenu [Jpesueit Ipe-
CUCTEME, NOMETAX onn. OTO 3HAYUT HE TOTBKO TO, YTO MbI 6y,11eM XOOUTDH
B KOCMOC W KPYTOCBETHbIX B TOTaX, TYHMKAaX U CaHfanmAX. [lmaBHoe gpyroe: npen-
NYTEWECTBUSAX. CTaBMM, YTO Y HaC HET MHTEPHETA VI KHUT, YTO MbI HU-
470 XE Mbl BAAMM BOKPYT 4Yero He 3HaeM O COBpEMEeHHOII KapTuHe Mupa — o Coil-
CEBSI? HEYHOII ClICTeMe, II0IeTaX B KOCMOC VM KPYTOCBETHBIX

myTemecTBUAX. Ilepes HaMu CTOUT 3ajjadya IMOCTPO-
UTb KapTUHY MMpa HAa OCHOBAHUM TOTO, YTO MBI BlI-
IMIM BOKPYT cebs.

Yto ke Mbl BUIUM?

MbeI ctonm Ha 3emte. OHa TBepyiast, XOTA Koe-Tfie Ho-
KpBITa BOJOI (HO IIOZI BOJOII peK, 03ep ¥ MOpeil eCTh
TBepHoe NHO). ECTb XO/MMBI U FOpBI, €CTb OBpariu, o-
JIMHBI U YIIebs, HO B OCHOBHOM 3eMJIA IocKas. Ecim
HAIITV TaKOe MeCTO, OTKY/a TOPHI U JiepeBbs He 3aropa-
JKMBAIOT HaM TOPM30HT, MBI BUJUM, YTO 3€M/II OUYeHb
6orpias, a 00beKThI Ha TOPU30HTE HAXOJATCS OYEHb
IajIeKo OT Hac.

Ecnu nopHATH TON0BY, MBI yBUAUM He60. OHO ro-
nyboe (XOTs1 MHOTIA ero 3aKPBIBAIOT 06/1aKa). Bricoko
B Hebe, Bblle 00/1aKOB, 110 HeOy MmepeMeIiaoTcs ABa
APKUX CBeTU/IAa — CONHIe 1 TyHa’. Korpa comHne mps-
YeTcsI 3a TOPM3OHTOM, HACTyIIaeT TEMHOTA, HeOO CcTa-
HOBUTCS YePHBIM, I B HEM MOXKHO YBU/IETb APKIe CBe-
TAIYECA TOYKU — 3Be3/bl.

BoT Ha OCHOBaHUM TaKUX HAOMTIONEHWII U CTPOWIICD
TiepBble IPOCTeTIIe KapTVHBI MMpa. 3eM/IA B HUX BbI-
I7AfeNTa KaK KPYIJIbIN IVIOCKUI BMCK C TOpaMIL M MO-

5 Korna COJIHLIE 1 JTyHA YIIOMMHAIOTCA KaK CBETI/IA, a HE KaK

cOoOCTBeHHbIe Ha3BaHNsI HeGECHBIX TeJl, X Ha3BaHIS IULIYT-
s CO CTPOYHOI OYKBBL
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psimu. CBepxy 9TOT UCK ObIT HAKPBIT TBEPABIM KYIIO-
JIoM Heba.

JI1060MBITHO, YTO CyOBEKTUBHO /MTIOAY BOCIPYUHU-
MalOT BUAUMBII KYIIOJ Heba He MOMychepudecKmM.
Ham kaxxeTcs, 4TO paccTosiHue [JO TOPU3OHTA OYEHb
BEeJIMKO — ropasfo 6o7blile, YeM 0 TOUKYU Ha KyIoie
IPsMO Y HAC HaJj TO/I0BOI (Ipeky Ha3bIBaIU 9Ty TOY-
Ky 3eHuTOM). TeM He MeHee Ha MHOTUX JPEBHUX U30-
OpaxeHMAX He60 OKa3aHO B BMJE TBEPOTO IIOTyIIa-
P, HAKPBIBAIOIETO IVIOCKYIO 3€MITIO.

MblI 38HaeM, 4TO BOJa MOXKET MafiaTh MPsIMO C Heba
(Bo Bpems moxps). [ToaTOMy BO3HUK/IA Bepcus, 4TO
eCTb BOJia HaBepXy, HA0 KYNOnOM, KOTOpasi MHOT/A
(BMmMMO, yepes KaKue-TO OTBEPCTHA) CTEKAeT CBEPXY.
CornHIe 1 TyHa, BUAMMO, KaK-TO 3aKpeIieHbl Ha Hebe,
HO MOTYT II0 HEMY IIepe/IBUTaThCS.

O npupoge 3Be3p cyaunu mno-passomy. Hampnmep,
ObUTN BEPCUH, YTO 3BE3[IbI — 3TO OTBEPCTHUS B CBOJE
Hebec, 11 Yyepe3 9TU OTBEPCTUS B HAIIl MUP MPOHMKA-
eT SIPKUIL CBET U3 JPYroro Mypa, HaXOfAILIErocs «3a
HEOOM».

Taxoe npepcraBeHne 06 ycTpoicTBe Mupa 66110
OYeHb PACIIPOCTPAHEHO. DTO U MMOHATHO: OHO IIPeKpac-
HO COOTBETCTBOBAJIO OBITOBBIM HAOTIONEHUAM. 3eM/Is
mrockasa? Koneyno! A kakas e eme? He6o Hay HaMu
TBeproe? Jla, 1 9TO XOpOoIIo BUFHO.

Tak, co6CTBEHHO, 11 JyMasIy IO

VIMeHHO Takas KapTHMHA MMpa [PeACTaHeT Ieper
HaMM, eciu MBI 3arisadeM B Berxuit 3aser (BriTne,
1. 1). BoT ¢parMeHTHI 113 3TOTO TEKCTA, M3BECTHOTO
y>Ke OoJiee IByX ThICAY JIeT:

«..M cospan bor TBepab, M OTHENNT BOLY, KOTOpas
107, TBEPJbIO, OT BOJbI, KOTOpas HaJi TBEPAbIO.
W ctano tak. VI Hassan bor TBepab HeOOM. ..

Y KAKAOH
TOYKM HA
r1OBEPXHOCTY
3EMAM -
(BOVA 3EHUT
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00.00.00 VI Bex 710 H. 3. JIa0-113bI OCHOBBIBAET A0CU3M
L] L]

Bonbioit B3ppiB

Jloxnab nponvBaetca Ha ...Vl cobpanace Bofia moj; HeO6OM B CBOU MECTa, I SIBU-
3eMTH0 CKBO3b 0TBEPCTUA nack cyura. M Hassan bor cyury semiero, a cobpanme
B TBEpAY HebecHo. BOJI Ha3BaJI MOPAMM. ..

...Jl ckazan bor: ja 6ygyT cBeTmIa Ha TBepAU Hebec-
HOVI y1g [OcBeleHus 3eM/I| U I OTHeIeHNs JHs
OT HOYM, U JiI1 3HAMEHUI, ¥ BpeMeH, U [Heil, K HO-
qert...

...V ga 6ynyT OHU CBeTM/IBHUKAMU HA TBEPAU Hebec-
HOIT, 4TOOBI CBETUTH HA 3eMII0. VI CTajo Tak...

.../ co3gan bor pmBa cBeTu/Ia BeIMKME: CBETUIIO
6orbliee, /s YIPABIEHNs JHEM, JI CBETUIO MEHb-
uiee, ojaAa praBIIeHI/I}I HOYbIO, ! 3BE€3[BbI...»

CI1oBO «TBepfb», KOTOpOE, COITIacCHO bubmuu, ABnser-
Cs1 CMHOHMMOM C/I0Ba «He00», — PYCCKUIL IIepeBOf TaTHH-
CKOTO ¢10Ba firmamentum mm rpe4ecKkoro caoBa «cTe-
peoMar, 0603HaYAIOIErO TBEP/IBIIl IPEMET.
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Wrak, cornmacio brubmuu mup 6s11 cosgan borom.
B atom Mupe TBepaoe He6o OTHENAET BOAY, KOTOpas
PacIo/IoXKeHa 107 He6eCHBIM CBOJIOM (B MOP#IX, peKax
U 03€pax), OT BOAbL, KOTOPask HAXOAUTCS HaJl TBEPHBIM
HeOOM (I, BUAMMO, IPO/IUBACTCSA Ha 3eM/II0 B BUJE
OCaJIKOB).

[IpoTHB TaKoi KapTUHBI MUPA B APEBHOCTY HUKTO
He BO3Pa’kaJl, IIOCKOJIbKY OHA BIIO/IHE COOTBETCTBOBAJIA
TOMY, 4TO JIFO/IV BUJE/IM CBOVIMU IVIa3aMM. 3[jech HIde-
TO He TOBOPUTCS O TOM, YTO HAXOJNTCS 6bluie HeOeCHO
meepou (kpome Boznbl). [To-BugMMOMY, TIOLH, KOTOpPBIE
006 5TOM 3a/[yMbIBa/IVICh, CYUTAIIN, YTO STO IPOCTPAH-
CTBO IIpMHAIEXNT bory.

Hapo 3ameTuTp, 9TO elle B JOXPUCTMAHCKME Bpe-
MeHa CyILIeCTBOBAIM Pa3HOOOpasHble BAPUAHTHI 3TOI
KapTHMHBI MUpa: HaIIpyuMep, Hebo OBIIO He OFHO, a CO-
CTOSIIO U3 HECKO/IBKMX 9TaXKell UM sIpycoB (OTCIo-
Ia BBIpaXKeHMe «cefbMoe He60»). CUUTanoCh, 4To
371eChb KUBYT CBEPXbECTECTBEHHBIE CYIIeCTBA — aH-
Te/Ibl U JIPyTMie CO3aHus, YeM «IJIaBHee», TeM BBIIIIE.
3a TBepAblil CBOJ Heba MOIIM HOHIMATbCS TONBKO
myuy ymepumx (ynetanu «Ha He60»). CormacHo He-
KOTOPBIM BEPOBAHIIAM, CIOfja YK€ MOITIV IIOIACTD YN
KVMBBIX KOJITYHOB U IIIAMAaHOB BO BPeMsI VX TaNHCTBEH-
HBIX 00OPAZIOB, a IIOC/Ie OKOHYaHMA 0OPAIOB BO3Bpa-
IIATbCA Ha3aJj, B MUP IOJ] HeOeCHOII TBEePAbIO.

Bpin v BapMaHTbI KAPTVHBI MUPA, KOT/iA TOJ, 3eM-
JIeil OMBIC/IBAJICS «HVDKHUI MUP», KYAa YXORUIO BCe
yMupaliee B HalleM Mupe. [Ipegcrapinenns o Mpad-
HOM IOfI3eMHOM LIapCTBe MEPTBBIX, U faxke 00 afe,
KyZa [ONaflaloT AYIIY IPELIHNKOB, ePeKINKAI0TCA
C TaKUMM MU(AMIL.

Ho u «BepxHue MUPbI», VI «HVDKHUIT MUP» HUKTO HU-
Korza He Bupierl. OHM OBUIM COUMHEHDI, TOMBIC/ICHBI,
TOZyMaHbI — B OT/IMYNE OT 3eM/IM U Heba co CBeTUIIa-
MM, KOTOPbIe Ka)KIbIil MOT YBU/IETb CBOMMIU I71a3aMI.

XXI

YT0 HAXOZUTCS BbILLE
HEBECHOM TBEPAM (KPOME
B0zbI)? Mo-BuaumOMY,
JI0AM, KOTOPBIE 06

3TOM 3ANYMbIBA/ICb,
CYATANIA, 4TO 3TO
NPOCTPAHCTBO
NPUHALLNEXMT bory.
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00.00.00 VI-V Bex 10 H. 9. MHAWIICKII TMHTBUCT [TaHMHY CO3/IaeT CTApeIiIyIo 13 IPaMMaTUK —
L] L]

. CaHCKPUT
Bonbioit B3ppiB

3EMAS BEAVIKA,
HO Vi CAOH CMAEH

CyecTBoBanu, KpoMe TOro, JpeBHUEe KOCMOIOTUH,
B KOTOPBIX IIPUCYTCTBOBAIM MUpUYECKIe XKIUBBIE CYILe-
crBa. Hanpumep, Xopoulo n3BecTHa KapTuHa MUpa, Ifie
3eMJIA JIep>KUTCA Ha CIIMHAX CTIOHOB (VUIV KMTOB, MM Ye-
penax). CoracHo yereHyie, KOTopas BO3HUKIIA B [[peBHeit
Wupuu, y BceneHHOI eCTh YeThIpe YITIa, M KaK/bIil Jep-
JKUTCSI Ha cO6cTBeHHOM croHe. C/ToH 1o nMeHn AripaBara
iep>Kasl Ha ceOe BOCTOUHBII Kpail 3eMI, CJIOH SIMbI OTBe-
4as 3a KOKHBIN Kpaii, cIoH BaMana nopgep>xusan samnaf,
a coH CapsabxayMa — ceBep. BbUI U BApMaHT C CeMBIO
CJIOHaMM, IIOCKOJIbKY YJIC/IO CEMb CUMTATIOCh MaTM4eCKUM.

IrHOrpadBs! U KyJIBTYPOIOrY 3HAIOT MHOXKECTBO ITOBe-
PUIL, COITTACHO KOTOPBIM 3eMJIs JIEXKUT Ha 3arpuBke (M
Ha porax) I’MTaHTCKOTO ObIKa WV Ha CIVHE OTPOMHOIT
Muraeckoit peiobl. Takue mpefcTaBIe s 1erko 00bsIc-
HsUIM peHOMEH 3eMJIeTPsICEHUI — KUT (OBIK, CTIOH U TaK
flajiee) MOT IIOIIEeBEINThCH, YTO U IPUBOAMIIO K COTpsACe-
HIAM 3eMIIN.

bblin BapMaHTBI KapTUH MUPA, T/ie 3eM/Is IIpeCTaBIA-
71a o607t OTPOMHBIN OCTPOB, IUIABAOINIL BO BCETIEHCKOM
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OKeaHe, IIOfj00HO J1ofike. B opHOM 13 MugoB ceBepoame-
PUKAHCKMX MH/JeiilleB IIIeMEeHN YepOKM NPsAMOYTONbHaA
3eMJIA He TOHET B MOpe ITIOTOMY, 4TO LIeTIAMM (VU BepeB-
KaMu) IpyKpeIIeHa K TBepAoMy cBopy Hebec. Korza Be-
peBKU (MM LieIIN) IepeTPyTCsl, 3eM/Is YTOHET, U MICTOPUS
MUpa Ha 3TOM 3aKOHYMTCH.

[uraHTCKUe CIOHBI 1 Yepemaxt, COITTACHO IpefCcTaBlIe-
HVSIM IpeBHUX oOurarenest VIHauy, mydiie BCEro Mopxo-
IVUIY Ha POJIb TIOACTABOK ITOf, OTPOMHYIO 3€MJIIO, IIOCKOJTb-
Ky MBIC/IM/INCH KaK OYeHb OOJIblIINe CYLecTBa.

B 1ermoM XemaHMe TOJIOKUTh MAaCCMBHOE OCHOBAHIIE
(mocTaMeHT, OICTABKY) IIOf AIBHO TSDKETYIO 3eMITI0 OTMe-
YeHO BO MHOTYIX JIPeBHUX KOCMOIOTMAX. 3eM/Is TpeboBa-
71a HaJle)KHOTO ITOCTaMeHTa.

3amMeuaTeTbHbIM IPUMEPOM ABJAETCSA MyCYIbMaHCKIUIT
Mmud o crpoeHun mupa. TBoper semmn — Ajtax — pas-
MEeCTII ee Ha TOJIOBE aHTre/Ia (BepOsITHO, TUTAHTCKUX pas-
MepOB),  IIOJ, HOT'M aHre/Ia ObUI YIOKeH KPacHbII pyOuH,
IHOCTaB/IEHHBIN 13 past. PyOuH ObT pasMeleH Ha CIN-
He OIPOMHOrO OBIKa, YbJl pora ZOCTaBalIn HO HebeCHO-
ro cBoja. B xauecTBe mocraMeHTa i ObIKa AJTax co-
TBOPWJI OTPOMHOE CY/JHO: YTOOBI HOOPaThCs OT €ro Hoca
0 KOPMBI, 4eI0BeKY HOTpeO0Banoch ObI UATY B TeUeHUe
550 neT. CygHO OBIITO YCTAHOB/IEHO Ha CIVIHE TUTAHTCKOI
poi681 JIabonagmop. Pei6a Opi1a morpyseHa B KOCMIYECKOe
Mope, TaKKe co3fjanHoe AnmaxoM. CaMmoe OpasuTenbHOE,
YTO II0J} MOPeM CHOBA HaXO[W/ICA BO3AYX. DTy KOHILIETLINIO
omucan AneKcaHap ApXaHTrenbCcKMit B KHUre «Myxamme-
TAHCKasg KOCMOTOHM:A», u3/jaHHoI B Kasanu B 1899 rony.

Euje opy nprmep moff06HOI CITOXKHOM «ITUPaAMUJIBI» —
JIETeHJIa OT JPEBHEPYCCKMUX KHIDKHUKOB. 3eMJLA 3[eChb ObIIa
pasMeliieHa Ha BETBSX JKe/Ie3HOTo /1y0a, 1y0 HaXofuIcs Ha
CIIVTHAX 30/I0TBIX KUTOB, IOTPY>KEHHBIX B OTHEHHOE MOpe.
Bcro KOHCTPYKIMIO MOAEPXKIBAsIA «BOMIA OOXKbs».

OTO O4YeHb BAKHBINI MOMEHT. ABTOPBI TAaKMX KOHIIEII-
I[UI MOITIV TIOAK/IAbIBATh IO 3eM/II0 MAacCUBHbIE TIOfI-

XXI

KENAHUE NOLNOXNTS
MACCUBHOE OCHOBAHVE
N0A SBHO TSHKE/YIO
3EMJI0 OTMEYEHO

BO MHOMX APEBHUX
KOCMOJIOTUSIX. SEMNS
TPEBOBAJIA HALEXHOMO
NOCTAMEHTA.
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00.00.0 0 V Bex 110 H. 3. Crponrcst ApmHckmit Teatp [IMoHMCca BMECTUMOCTBIO 17 ThIC. 3puTeIet
[ [

Bonbioit B3ppiB

KAPTUHA MUPA. AHAKCUMARHAP

COAHUE 3EMAZ TIPOCTO BWCUT,
3A4EM EV ABMTATHCA

ria /7 3BE3AbI /’/
N T

Q

91110 18{119 27]}|28

3EMAR =1

KOAbLLO 3BE3A,

KOAbLL0 AYHbI

KOAbLO COAHLIA

Mup no AHakcumanapy. CTaBKM OJIHY 32 IPYTOI1, HO 3TOT IIPOLIECC JO/DKEH OBLI KO-
KonbLia uaCTUHO HaxoASTCs I7Ia-TO 3aKOHYMTHCS, MHAYE KOMYECTBO MOJCTABOK MOITIO
Hajj MOBEPXHOCTbIO NAIOCKOIA HapacTarb 10 6eckoHeuyHOCTH. [lo-BuAMMOMY, paHO MIn
3EMIIN, B HOUHOE BDEMA HIO3[JHO JTIORY OCO3HABAJIY, YTO HAZIO IZje-TO OCTAHOBUTHCS,
ConHuie npoxoauT noa ¥ TOT7a 6€3 BOMM CBEPXbeCTECTBEHHOTO CYILIECTBA, CO3/1AB-
3emneit. ucna Ha creme I1IeTO MUP, 0OOITICH OBIIO HEBO3MOXKHO. 3aMeTUM HOITyT-
MOKa3blBAIOT PACCTOAHIAS,
HO, 4TO, €C/IM K IIOMOIIY CBEePX'beCTeCTBEHHOTO CYIeCTBa
33 eINHMLY AHaKcuMaHap
3 BCe PaBHO MPUXOAMIOCHh 0OpAIIAThCsI, MOYKHO OBIIO Clie-
MPUHUMAET pa3mep camoii
- JIaTh 9TO CPasy, IOBECHUB 3eMII0 B OKPYXXAIOIIEM MPO-

CTPaHCTBe 0e30 BCAKMX IOACTABOK!

[To-BUAMMOMY, IEPBBIM MBICTNTENEM, KOTOPbIN IIPH-
IIeT K MJiee O 3eMJIe, JIVIIEHHOI TOICTaBOK, OB y>Ke yII0-
MIHABIINIICA BbIllle AHaKCUMaHApP. B cooTBeTCTBIM C €T0
KapTUHOII MUpa, 3eMJIA B pOopMe LVIMH/pPA BUCETIA B LIeH-
Tpe Beenennoit. Hukakux mofcTaBok 1of Helt He ObITIO.

AHaKCUMaHJpP COBEpIHINI BBIZAIOIMUIICA MHTENNeK-
TyanbHblil HoABUT. [IpencTaBuTh cebe, YTO IMraHTCKas
Ts>Keras 3eM/Isl BMeCTe C ee TopaMy, OKeaHaM!, paB-
HUHaMM U JOJMHaMIU CBOOONHO MapuUT B IPOCTpPaH-
CTBe M HMKYJa He majiaeT, Ob10 Herpocto. Ho 6esym-
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XXI

Hasi KOHCTPYKIMs U3 6€CKOHEUHBIX OACTABOK, /IS AHAKCUMAHIP NEPBBIM
HOJIEPXXKM KOTOPOIT BCe PABHO HEOOXOAMMO OBIIO YKA3AJl, YTO HEBECHbIE
MIPUB/IEKATh CBEPXbECTECTBEHHbBIE CUJIbI, BBITTIAENTA CBETUNA HAXOASTCS HA
ele MeHee mpasponofobHoit. Ves AHakcuMaHzapa PA3HBIX PACCTOSAHMSX OT
Ob11a 60JIee SKOHOMHOIT — 3eMJIS y Hero IpocCTo BI- LIEHTPA 3EM/IN.

cesla B OKpY»KalollleM KocMoce. BennkoenHbM 65110
U ero 00bsICHEHe, II049eMY, COOCTBEHHO, 3eMJLS IIPU
3TOM HEIIOABIDKHA: IIOTOMY 4TO y Hee HeT IPUYMHBI
IBUIaThCS Kyfa Obl TO HU OBLIO.

Bouctuny, aTo OblIa reHnanbHas Naes, HeCMOTPs
Ha ee sABHYIO HEJIETIOCTb C TOYKM 3peHMs 0ObIIeHHO-
rO CO3HAHMA.

VnTepecHo, 4T0 AHAKCHMMAaHJP, 10-BUAMMOMY, Ilep-
BBIM yKa3ajl, YTO HebecCHble CBETU/IA HAXOMATCA Ha
PAa3HbIX paccmosHUAX OT LIeHTpa 3eM/Iu. Bpilne yxe
YIIOMIHA/IACh BePCUA MBICIUTENA O TOM, YTO HavyajIb-
HOE BEIIECTBO aNefipPOH PacHanoch Ha XONOIHOE A/IpO
U packajeHHyI0 06010uKy. Ilop meiicTBMeM Harpepa
OT AJipa OTAENNINCh HECKONBKO KOJIEl] B BUJIE 3aMKHY-
TBIX TPyOOoK. CaMoe 6/113K0e K 3eM/Ie KO/IbLO CBA3aHO
co 3pe3gamu. CoOCTBEHHO, 3Be3/Ibl 10 AHAKCMMaH-
[Py — 3TO MajleHbKle OTBEPCTIA B OTPOMHOM KOJIbIIE,
CKBO3b KOTOpbIE BUJIEH CBET OT PacKa/lieHHOTO Bellle-
CTBa BHYTPM KoJblia. Takas TpaKTOBKaA IPUPOJbI 3BE3]
OblIa HMYEM He XY>Ke peBHEro BaBIUIOHCKOro muda,
COIJIACHO KOTOPOMY 3Be3[JHOe He6O — 9TO I'MraHTCKas
IIKypa mpapopuTenbHuIbl Beenennoi Tuamar, 6ory-
HI B 00/1M14be ApaKkoHa, youToit BouteneM MapayKkoM.
Crenyloliee KO/IbIl0, MMeBIIee OTBEPCTIE MOOOIbIIIE,
cBa3aHo ¢ JIyHoii. JlyHa 1o AHaKCMMaHZpY — 3TO Bce-
TO JIMIIb OTBEPCTHE BO BTOpoM Konbiie. Eciu aTo ot-
BepCTHUe 3aKPbIBAETCS, YACTUYHO JIMOO IONHOCTBIO,
Mmbl HaOmonaeM ¢aspl JIynbl. Tpetbe ke, camoe jjase-
KOe KOJIbI[O 00/majiaeT OTPOMHBIM (pa3MepoM C 3eM-
JII0) OTBEPCTVIEM, BHYTPY HErO IbUIAeT CaMblil MOIL-
HbBIN oroub. 910 CoHIIE.
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[epuoamnyeckine u3meHeHns
BIAa JyHbl B Hebe Ha3blBatOT
dazamu niyHbl (M. TaKxe
€.32,43).
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AYHA B QA3E
YBbIBAHA

Takum 06pasom, 3Be3nbl AHAKCUMaHAPa HAXOAWU/INCD
6mxe x 3emrte, yeM JlyHa (11o3)xe 0Kas3anoch, 4TO 9TO He
tak). Cynsd 1o BceMy, AHaKCMMaHZP OKa3a/csA aBTOPOM
LePBOJI TeOLIEHTPUYECKOI CUCTeMBI MUpa’.

YueHuk AHakcuMaHApa AHaKcUMeH (?-528/525 ropbl
1o Harelt apsl), a Taxoke [epaxmnt (540-480 roge! 1o Ha-
1IelT 9pbl) pa3BUBA/IM 9TO y4YeHUe, [0OABIIASL CBOM 9JIe-
MeHTHI. VIX 00befjuHs/Ia MBICIb O MaTepUaIMCTUYECKOM
yCTpoiicTBe Mypa: 9Ty GymIocodbl MBITANTNCh OOBACHUTD
MUp 4Yepe3 caM MUp, He NpuBjeKas 6e3 HyXbl UJe0
0 CBepX'’beCTeCTBEHHBIX O0XKecTBax. B ucTopuu sToT nog-
XOJ| Ha3bIBaeTCs MOHMIICKOI 1IKojoil. Ee ocHoBareneM
CYNTAETCS MpPefIeCTBeHHVK YIOMAHYTBIX MBICTMTENeN
®anec (40/624-548/546 rogpl o Haureit aper). lepakmmr
Has3bIBaJI [JTABHBIM MCTOYHUKOM MHPOPMALIUY O MIpE I71a-
3a 11 yuy yenoBeka. CerofHs;NIHASL HayKa BIIOTIHE pasfe-
JIAET TaKoe IMpefiCTaB/IeHIe.

ToBOps1 06 YMO3pUTENbHBIX KaPTUHAX MVIPa IIPOLIIOTO,
He/b35 He YIOMAHYTD O CHCTeMe, KOTOPYIO CO3/Ial Bey-

6 FCOL(eHTpI/I‘{eCKI/IMI/I Ha3bIBAKOTCA CUCTEMDBI, B KOTOPBIX B LIEHTPE
MIpa pacIio/1oKeHa 3ema — oT uMeHn 6oruHu 3emau len.



K1t MaTeMaTHK 1 Mpiciutensb [Iugarop (586/569 — okomno
495 ropa o Haieit apel). [Tudarop u ero nocnegoBaTenn
CUMTANM, YTO B MUpPE 3a7I0>KEHbl MaTeMaTH4YecKle 3aKo-
HOMEPHOCTH, BbIpa)KeHHbIE COOTHOLICHMSAMMY LIeJIbIX Yl-
cenl. HanonHAA 1mo-pasHOMY OfJMHAKOBbIE COCYZIbI BOTOM
(3BOH cocynoB pasnnyarncs), [Tudarop ybemuncst, 4ro nH-
TepBaJIbl MEX/1y 3ByKaMIU MY3bIKaJIbHOI raMMbI CBs3a-
HBI C PAaBUJIbHBIMU YJCJIEHHBIMY COOTHOIIEHUAMU —
1:2,2:3,3:4 n rak ganee. C4nTAETCA, YTO OTKPbHITHE
3aBYICMMOCTY BBICOTBI TOHA 3BYKA OT JIMHBI CTPYHBI TaK-
e npuHaiexnt [ngaropy. Bcé ato o3navano st mmuda-
roperiles, YTO B OCHOBE MUpa 3a7I0’KeHa MaTeMaTnka. [1n-
(aropy npunuceiBaeTcs BbickaspiBaHye «Bcé ecTb uncio!»
Kaxk >xe Boirmsigen mup 1o Ingaropy? B nentpe Bee-
JIEHHOJ pa3MelllajiCsl HeKMIT TayHCTBEHHBIN LEHTPa/IbHbINA
oroub — lectus. Bokpyr lecTnu o6paliacs o OKpy>KHO-
CTUM IIPULYMaHHBII udaroperamm 3aralouHbIil 00BEKT
noy;, HasBanneM AHTUxTOH (IIpotuBosemss). Ero 3agaua
3aK/IF0YaIach B TOM, YTOObI BCer/ja 3aropaxusarp [ectuio
or 3emnnu (HabmwogaTenb Ha 3eM/ie HUKOTHA He BULUT
LieHTpa/IbHbIT OroHb). Bokpyr Tectun nemxercs 3emns’.
3a 3emeit — Jlyna, satem Connue, Mepkypuii, Benepa, 3a
Benepoit — Mapc, IOmurep u Catyps, a 3a CarypHoM cde-
pa HEIOABIDKHBIX 3Be3]] — MOBEPXHOCTb, IOTOOHAS CKOP-
TyIe, Ha KOTOPOJ BHYTPY 3aKpeTl/IeHbl 3Be3/[bl.
JTro6o1bITHO, 4TO ITndarop, BUANMO, He MOT cebe Ipex-
CTaBUTb, 4TOOBI HeOecHble Tena (3emiist, JIyHa U IIaHe-
TbI ¢ COHI[eM) CBOOOIHO /IeTau BOKPYT LIeHTPaIbHOTO
orHs1. Bblv npyuayMaHs! TBepfble LIApOOOpasHble OBEPX-
HOCTV — Cepbl, BIOXKeHHbIE OffHa BHYTPb APYroil. ITu
cepsl Bparamice, KaXaas co CBOel CKOPOCTBIO, @ Ha HIX
ObITM 3aKperUieHbl MTaHeThl. Ho Kak Mbl MOYKeM BIJIETh

7 YnraTenb, HABEPHO, 3aMETIL, YTO 3eM/IA Tellepb HaNucaHa ¢ 60/b-
1ot 6yksolL. [leno B ToM, 4To y ITndaropa 3emnsa — ato yxe He

BECb MIP, a HEKOE HebecHoe Teno.

XXI

[M®ATOP HE MOr CEBE
MPEACTABUT, YTOBbI
HEBECHBIE TENA (3EMAIS,
JIYHA 1 NNIAHETbI

¢ CONMHLEM) CBOBOAHO
JIETA/W BOKPYT
LEEHTPA/IGHOTO OTHS.
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HOMUTEDR

XTOH,3EMA4
AHTHWXTOH

KAPTUHA
MUPA,
MADATOP

ameKie TIaHeThl, eC/Iy, HallpuMep, 3eM/Isi HAXOGUTCSI BHYTPU
TBeppoit cepsl JIyHp? CkBO3b HelpospadHble cepbl HEBO3-
MO>XHO yBufieTb Hy CornHIle, Hu (TeM Oojiee) 3Be3JibL...

Ieno B ToM, 4TO 9TH cdepbl, cornacHo yuenuio [Tngaropa, me-
peckasaHHOMY ero nocienoBareneM Ounonaem, npospautv. OHK
COCTOSIT U3 XpycTans (CyAs II0 BCeMY, TOPHBIIL XPYCTanb ObII
eVIHCTBEHHBIM M3BECTHBIM 10 T€M BpeMeHaM IIPOYHbBIM, TBEp-
JIBIM, HO TIPO3PAYHBIM BEIIECTBOM).

Taxkum obpasom, Bcero cdep 6bU10 fecsith — 1o Iudaropy,
9TO OBUIO UfleaIbHOE YMCI0. B cucTemy mupa Obta 3amoxeHa
MaTeMaTu4ecKas rapMOHUs: OTHOLIEHUs PAaJUYCOB XPYCTallb-
HBIX HeGeCHBIX chep PaBHANOCH OTHOIIEHNIO IIMH CTPYH, Jaf0-
I[MX MHTEPBA/IBI MEX[Y 3BYKaMy My3bIKaIbHOI raMMbl. Bpaia-
scb, HeOecHble cepbl M3aBaIN 3BYKM — KaXKfias cBoil. [louemy
MBI UX He CIpuM? II0TOMY 4TO OHU 3ByYaT BCET/a, HALM YIIU
K HUM IPYUBBIK/IN U He PACIIO3HAIOT.

CorHIe B 9TOJI CHCTEMe CaMO He CBETIIOCh — 9TO OBLIO HOTTY-
Ipo3pavHoe 3epKao, oTpakasiuee cBet lectnn. Cucrema Obina,
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IpsAMO CKakeM, HEIIpOCTOil. BriepBrle B Heil mpa-
BUJIbHO YKa3aHa I0C/el0BaTeNbHOCTb N3BECTHBIX
wiaHet (oT Mepkypus o Carypaa). HaBepHo, Brep-
Bble 3eMJIs1 pacCMaTpUBA/IACh He KaK LIeHTpP Mpa WIn
BeCh MM, @ KaK OfIHa 113 IUIaHeT, 00palaoIasics BO-
KpyT 4ero-ro gpyroro (moka eme He Contua). Hako-
Hell, 3eM/IsI B 9TOIT CICTeMe ObIIa OTPOMHBIM IIIAPOM.
[Ingaropeitiam Okdanty 1 Xukeracy (B pasHbIX
MCTOYHIMKAX ero Ha3bIBAKOT Takke XMKeToM v Hu-
KITOJ) IPUITUCBIBAIOT TaXkKe 0OBsICHEHME CMEHBI IHS
Y HOYM Yepe3 BpallleHMe 3eMHOTO Iapa.

Kak HU mapafiokcanbHO, HO U 9Ta HEIIPOCTasi CU-
CTeMa O0CTaBaach MO-MpPeKHEMY YMO3PUTENbHOI,
10f06HO BCeM YIOMSHYTBIM Bbllle. XpyCcTanbHble
cepst u ITporuBosems 6pimu mpupymansl. apo-
00pasHOCTDb 3eM/IV BHIBOAM/IACH HE U3 HAOTIOfIeH NI,
a M3 YMO3PUTENbHbBIX PACCY>K/EHMIA: 11ap, 110 MbIC-
ym [udaropa, nzeanbHOE reOMeTPUIECKOE TN, 110-
3TOMY OOV MOIIM CO3JaTh 3eMIII0 TOJIBKO cdepu-
4ecKoit (OpMBI.

Heuero 1 roBopuTb, 4TO TaKOE PACCY>KAEHNE BBI-
IJIAOUT HECKO/IBKO HaVBHBIM C TIO3UINI CETOMHSAIII-
Hero gHs. Ho 3TO He ymassgeT rpoMagHOTO UHTEN-
JIEKTYaJIbHOTO ITOABUIa Mu(aropeiiies, CO3AaBIINX
3Ty KapTUHY MUpa.

WMTak, y>xe IBe ¢ MOJIOBMHON THICAYM JIET TOMY
Hasaj gyMmawolyue 1 m10603HaTeIbHble TIORN BCe-
pbe3 pasMBILIULANIN HaJl YCTPOICTBOM Bcenennoit,
B KOTOPOJT MBI XMBeM. MHOTe 0COOEHHOCTI Ha-
et ConHeYHO crucTeMsl (B Te BpeMeHa He ObIIo
TAKOTO MOHATYS) OBUIN IPULYMAHBI y>Ke TOIa. TO
OB {OTa[IKVL, MHTYUTUBHBIE IIPO3PEHNs, pe3y/IbTa-
TBI PACCYXX/IeHWIT, HO 9TU KapTUHBI Mypa ObUIN Kyzia
60stee cepbe3HbIMU, YeM IIPENCTABIeHNUs O TTIOCKOI
3emrie Ha criiHe OOJIBILION Yeperaxit, HaXOMsIelicst
HEU3BECTHO Te.

WAP~3TO WMAEAABHAA DOPMA,
no3TOMY BOrA MPUAAM

3EMAE QOPMY LUAPA

o

ArOP
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2. Bcenennad rmasamu
3apOoKJarouIeiica HayKN

...Tbl XXaiHO CMOTPHLUb BAAND: Thl C BbILLNHBI X0NIMa
3a3Be3aMu CeliLLb, WX y3Haellb 1 YNCTNLLb,
MpeABUANLLb X KPYTY, CKNOHEHWA. . . Tbl MbICTNLLb,
I TanHCTBa MUPOB ACHEIOT A yMa.
boxecTBeHHblit nactyx! Cpen TLLKM 1 Mpaka
Tbl ClbILLan UMeHa, Tl BUAEN FOPHUI CBeT,
Baneputi bprocos,  Toi nepebiit HauepTan nyTu CBOUX NnaHer,
«Xandedickuii nacmyx»  Hawen Ha3BaHua 409 3HaKOB 3oauaka. ..

VTak, MBI BBIACHWIN, YTO JIIOAY BO BCE BpEMeHa pas-
MBILUIANY 00 YCTPOIICTBE MUPa, B KOTOPOM MBI KIBEM,
U CTPOVJIU B CBOEM CO3HAHMI COOTBETCTBYIOIINE Kap-
TUHBI MVpa. MHOXeCTBO KapTIH MIpPa He TOKIIIA 10
CETOIHSIIHETO [iHsI, 3aTO O HEKOTOPBIX MBI 3HaeM 671a-
rofapsi MMCbMEHHOCT.

Yro ke ux Bce o0beguHAaeT — OT OMOIEIICKON [0
ndaropeicko?

Bellie MBI y>Ke OTMETIMIIN, YTO BCE OHY TP YMaHBIL.

KoHeuyHO, Bce OHUM TaK MM MHAYe OCHOBAHbI Ha
TOM, YTO MbI BUIVIM CBOMMM IJIa3aMIi, HO OCTa/IbHOE
B HMX — JofyMaHo. Bce aTu KapTuHbI M1pa okasa-
JIUCD He COOTBETCTBYIOIUMN AeficTBuTenbHOCTI. OKa-
3aJI0Ch, YTO 3eMJIA He IIocKad (XOTA OHa U KaKeTcd
HaM 110cKoi1). OKa3amoch, 4TO HeT HUKAKOTO TBEPHOro
Heba, HaKPBIBAIOIIEr0 3eMJII0, KaK KPBIIIKa (XOTh HaM
M KaXKEeTCsl, 4TO 9TO TakK). OKa3a/moch, YTO HET HUKAKUX
XPYCTa/IbHBIX IIPO3PAaYHBIX cep, M3AAILMX TapMO-
HIYHBIE 3ByKM (BIIpOYeM, MBI X HUKOITIA U He BUETN).

Yro >ke HaM MMO3BOJIMIO TIOHATH, YTO BEPHO, & UTO
HEBEPHO, YTO eCTb, @ YeTO HeT?
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Cypsa 1o Bcemy, JIe/I0 B TOM, ITO Yy JIFOfIeli Ha4ajio Ipo- B MEPAPXMYECKHMX
ABIATHCA TaK Ha3bIBaeMO€ KPUTUYECKOE MBIIIIeHNE, Ha OBLLECTBAX, TAE
OCHOBE KOTOPOTO BBIPOC HAYYHBII METOJ, EAVHO/IMYHO MPABUT

O6 3TOM muCan COBETCKUIT ¥ aMepPUKAHCKMIT QU3NK BOXAib, LIAPb, (APAOH,
u KubepHetrk Banentun ®egoposny Typunn. Cormac- KOPO/Ib, LLAX, CY/ITAH,
HO ero KOHIENII, N3T0KEHHON B KHUre «PeHoMeH Ha- AOKA3ATE/IbCTBA

HE HYXHbl.

YKU», Ha/IM41e KPUTUIECKOTO MBIIIJIEHNsI O3HaYaeT Clle-
Iylolee: YeJIOBEK HAYMHAET He IPOCTO AYMATh O 4eM-TO,
OH aHanusupyem cobcmaenHoe moluinerue. YemoBex cam
cebe 3aj1aeT BOIIPOCHL: «A ITOYEMY 5 TaK fiyMaio? A MOX-
HO 71 IyMaTh MHa4ye? A K KaKUM IOC/IefiCTBUAM IpUBe-
OYT Te WIN VIHbIe MBICTIN?»

VImeHHO Gmarofapst TOSBIEHNIO KPUTUIECKOTO MBIII-
JIEH) S HayajIa PasBUBATbCA Yel0BedecKas IVBUIN3ALINL.
TypumH OTMETWUII, YTO HM B €TUIIETCKUX, HM B BaBUJIOH-
CKIX TeKCTaX He OBUIO HaJIeHO HMYETO, YTO HAllOMIUHA-
710 OBl MaTeMaTU4ecKue JoKasaTenbcTBa. Iloxoxe, He cy-
I[eCTBOBAJIO JaYke TAKOTrO MOHATHA!®

[Tonsatne goxasaTenbcTBa MOSABUIOCH B [IpeBHelt Ipe-
uuu 6ojiee ABYX C IOJIOBMHON TBHICAY JIeT TOMY Ha3ag.
ABTOpy cMMIIaTMYHA I'UNOTe3a TypunHa, 4TO 3TOMY MHO-
Mora popMa IpedecKoro oOIecTBEHHOrO YCTPOJICTBA.
3ech BIepBble NOABUIACH — ITYCTh yCeUeHHasd, MyCTb He
IULA BCEX, HO BCe-TaKM JIeMOKPaTHA.

B nepapxuyeckux o0111ecTBax, Ijje efUHOTNIHO IIPABUT
BOX/Ib, LIaphb, (hapaoH, KOPOJIb, LIaX, CYATaH, JOKa3aTelb-
CTBa He HY>XHbL. [IpaBMIbHBIM CYUTAETCH TO, YTO HOBEIEN
npasuTenb. Ho xorga B rpeyeckoM ropopie-rocyjapcrse
Ha/j0 OBUIO NPUHATH IPABUIbHOE PElIeH)e B pe3y/ibTa-
Te CIIOpa PAsHbLX 110 CBOEMY OOLeCTBEHHOMY YPOBHIO
apUCTOKPATOB, BIIEPBbIe OKA3a/IICh BAKHBIMU UCKYCCTBO
PUTOPUKY, JIOTYKA, CTEIIeHb YOeNUTE/IbHOCTI 11 apryMeH-

8 Hay4HbIil peflakTOp 9TOJ KHUTU yKasasl, YTO IpUMep MareMa-
TIIECKOTO [JOKa3aTeNbCTBa OOHAPY)KeH Ha [IMHAHON Tab/ike
(1800-1600 rr. mo Halelt 3pbl), IPMHAIEKAIEI KYIbType LIy-
MepOB.
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QAAEC AOKA3BIBAET
(BOK) TEOPEMY
PAPAOHY AMACHCY
N UIMEPLET
BbICOTY  MAPAMIADI

"
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CIRNTEY
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==
N

TUPOBAHHOCTD JJOBOJOB. BriepBble /il IPUHATHUSA pPelleH it
PaccMaTPUBATINCh Pa3Hble TOUKY 3PEHIsA, KOTOPbIe BHICKA3bI-
BaJIM pasHble I[N B Xofe AucKyccun. [IpaBuIbHOI creoBa-
JIO CUMTATh Ty TOUKY 3peHs], KOTOpast OblIa JIy4iie 060CHOBa-
Ha I loKasaHa. IIpMHIMATh CIe0BajIo TO pellleHNe, KOTOpoe
JIOTMYECKN JO/DKHO OBbUIO IPMBECTH K IYULINM pe3y/IbTaTaM
C HaMIMEHDIIVMY TTOTePsIMIL 151 9TOro Tpe6oBaIoCh HAYINTD-
Cs1 KPUTHYECKI MBICTIUTD, HAyIUTbCS OLIEHMBATD OC/IECTBILL.

Korpa mpakTuka jokas3ate/nbCcTB Oblla IepeHeceHa B MaTe-
MATHKY, OffHa 3a APYTOJl MOSBUINCH T€OPEMBI, KOTOPBIE MBI
y>Ke OOJIbllle IBYX TBICAY JIeT M3y4aeM B LIKOJIE. Y>Ke YIIOMM-
HaBleMycst Pajlecy MPUNUCHIBAIOT JOKA3aTeIbCTBA MOIOXKe-
HMIT O TOM, YTO JUaMeTp AeUT KPYyT Ha [jBe PaBHbIE YaCTH,
4TO YIJIBI IPU OCHOBAHMY PaBHOOENPEHHOTrO TPEyroNbHIKA
PaBHBI, @ TaK)Ke HEKOTOPBIX Apyrux. IlnmyT, uro korga Pa-
JIeC IPUAYMAJL, KaK CTPOUTD OKPY)KHOCTD BOKPYT IPSIMOYTO/Ib-
HOTO TPEYTrO/IbHMKA, OH Ha PaJOCTSX PACIOPSANIICS HpYHe-
CTH B >KePTBY Lie1oro 6bika. Tak B Te BpemeHa ObUIO IPUHSATO.
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HeT coMHeHmMit, 4TO JIFOAM U PaHbllle 3HA/IM PM3HA-
KU PaBEHCTBA TPEYTOIbHIKOB, HO I'PEKY BIIepPBbIE J10-
Kasa/y MX MaTeMaTidecKy cTporo. Bo Bpemena Inda-
ropa B Iperyn 3aHMMATbCsI MaTeMaTUKOM CUUTATIOCh
HOYETHBIM, 6JIaTOPOJHBIM U JlaXKe CBSLIEHHBIM JeTIOM.
Bupymo, H0aToMy 3a CpaBHUTE/IBHO KOPOTKI IIEPUOT,
B Ipenuy 6b11a paspaboTaHa BCs TeOMEeTPIA — CHava-
J1a Ha IVIOCKOCTH (IVTaHUMEeTpHsA),  3aTeM I B 00'beMe
(crepeomerpust). Hafo 3ameTuTpb, 4T0 3TOMY IIpefIe-
CTBOBA/IM COTHM THICAY JIET, B TeYeHe KOTOPBIX TeX-
HIYeCKOTO U IHTEe/IEKTYa/IbHOTO IIporpecca MpakTu-
4eckn He Ob1o. He MeHAMNMCH HU OPyAus TPYHQ, HU
06pas )KM3HN, BCe TOBTOPS/IOCH 113 OKO/IEHNA B IIOKO-
nenue. VI BAPYT Bce CTA/IO JOBOTBHO OBICTPO MEHATD-
A M IPOJIO/KAeT MeHAThCA o cux 1op. Cyzs 1o Bce-
MY, BCE [e/I0 B TIOSIBTIEHMI KPUTUYECKOTO MBIIIUICHIS.

Kpurnueckoe MblIlIeHIe JaBajIO YAUBUTENIbHbIE pe-
3ynpTaThl. IIprMeHeHMe MeTONA JOKa3aTeNbCTB K pe-
QJIBHOMY MUPY IPUPOJBL IIO3BOJIMIO CYLECTBEHHO
HIPOJBUHYTLCS Y B OOBACHEHUN SIBJICHUI IIPUPODIL,
U B IIOCTPOEHNM KapTUH MUPa, U B COBEPIIEHCTBOBA-
HUM IIPOM3BOJCTBA, U B YIY4LICHUN OPYAUIl TPY/a.
IToHATHe JOKAa3aTeNbCTBA CPa3y OTMETANIo0 MUPOIIO-
rm4ecKye KoCMOoJIoruy mpouioro. Jlio6oe yTBepx-
JieHVie — HaIIpMMep, O IUIOCKOI 3eMJle Ha porax ObIka
VIV Ha CIJHE Yeperax, CIefloBao Tereph J0Ka3arh.
BesgokasaTenbHbIe JKe YTBEPXK/eHMA BBITJIANIENN BCe
MeHee YOeINUTeNIbHO — pa3yMeeTcs, B I71a3axX TeX, KTO
OCBOWI KPUTHYECKOE MBIIIIEHNE.

Benmukuit punocod Apucrorens (384-322 ropsl 10
Hauet apsl) xw1 moutu 2400 eT ToMy Hasap. Tem He
MeHee MBI IOMHUM APUCTOTE/A KO CUX ITOP, HOCKOIb-
Ky OH BHEC OTPOMHBIIT BK/IaJ] B Pa3BUTHE IIPefiCTaBIIe-
HIIT 4eIoBeKa O TOM, KaK YCTPOEH MUP U 4YTO TaKoe
caM dYeJIoBeK. B Hallle BpeMs HeT 4enoBeKa, KOTOPBII
OB OBI CIIeLMaICTOM BO BceX HayKax. COBpeMeHHble

XXI

Bo BrEMEHA MdATOPA
B [PELIMM 3AHMMATBCS
MATEMATUKON
CYATANIOCH NOYETHBIM,
BJIATOPOLIHBIM W LAXE
CBALLEHHBIM [ESIOM.
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356 1. o H. 9. Pommiics Benmukuit monkoBogel Anekcanap MakeqoHCKI
00:00:00 P

Bonbioit B3ppiB

D T D D S S
(BET  COAMUA HayKJl HaCTOJIKO OOIIMPHBI, 06'beMbl NHPOP-
‘l l l i l ‘l l, ‘ \L l l ‘l MalMY HaCTOJIbKO BEIUKI, YTO BCE HE MOXKET
yMecTuThcA B ogHOoM Mo3ry. Ho 2400 neT Ha-
HOBOAYHWE

3a] JIIOAY 3HA/IN ropasfio MeHbIue. VI Apucto-
TeJIb OB, TIOXKATYIl, OTHUM 13 HEMHOIMX, KTO
- Ak yAEpKUBa/l B CBOEM CO3HAHUM €C/IM He BCe, TO
MHOTOE€ U3 TOTO, YTO 3HAJIN JIFOIM B TO BPEMH.
OH aHanmM3MpoBas, KPUTUIECKU OCMbICIVBAT
U BBICTPAUBAJI CBOIO KapPTUHY MIPa, BKITI0YaB-
IIyI0 B ce0s 1 YeloBeKa.
Apucrorens moseps rinazaM. OH yTBEpK-
T, YTO MUP ABJIAETCS UMEHHO TaKMM, KaKUM
MBI €TI0 BUAVM. DTO IPOCTOE U TIOHATHOE TIpef-

T1I0/I0’K€HVI€ MHOTVIMY BOCIIPVIHVIMAJIOCh 11031 -

3/8 5/8
n TUBHO. Ero B3I71A4bI Ha YCTPOMCTBO Bcenmennon
2/4 He OB YMO3PUTETbHBIMI — OHU CTPOUINCD
QA3b| AYHDI Ha JOKa3aTe/IbCTBAX, a4 JOKA3aTEC/IbCTBA OCHO-

BBIBA/INCD Ha aKTax ¥ HAOTIOfIeHNSX.
Tak, HanpuMmep, ApUCTOTeNb 00DBACHNUI

(xema da3 JlyHbl. Bug Jywbl ¢dassr JIynsl. OH 06paTn BHUMaHMe Ha TO,
npu HabniogeHun B (eBepHOM yT0 J/IyHa BHellIHe HAalIOMMHAeT 1Iap, Ha KOTO-
nonyLLapuy 3emiu. poiit magaet ceet Comnua. Ecnu ceer nmamaer

cOoKy (11 HabmoaTes Ha 3eMjie) — MBI BU-
IVIM TOJIBKO IIOJIOBMHY JIYHHOTO IlIapa, a BTO-
pas He BUJHA, IIOCKO/IbKY OCTaeTCA B TEHM.
Ecnn JlyHa moBepHyTa K HaM OCBeIlJeHHBIM
HOJTyIIapyieM, Mbl BUAVM B HebOe KPYIJIbIit AVCK
(dasa momnomynms). Ecnu Jlyna nosepHyTa
K 3eMJle TeMHOI1, HeOCBEILeHHOI CTOPOHOIA,
oHa BooO11je He BijiHA Ha HeOe (HOBOMyHUeE).
Ecnu mpocnenntp, Kak MeHSIOTCsE Bup, JIyHBI
Ha Hebe 1 ee MONIOKeHMe Ha (OHe 3Be3[ OTO
IOHS KO IHIO (TO4Hee, OT HOYM K HOYM), CTa-
HOBUTCA 5CHO, 4TO JIyHa JIBM>KETCS BOKPYT
3emun. 3HAYUT, TAK OHO U €CTh, YTBEPK/aj
ApucroTernb.
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9t0 6b1710 IPaBUIBHOE 0OBsICHEHME. B fan-
HOM CJIy4ae NPOCTble HAOMIOMEeHN IIOMOT-
N pasobpaTbCsi ¢ BXKHBIM IPUPORHBIM (e-
HOMEHOM.

ApucTOTENDb YTBEP)KTAT, YTO 3eMJIA MIMEeT
¢dbopmy mrapa. Ho 310 BriepBbie 610 He YMO-
3puTenbHOE 3aknYeHne, Kak y [Tudaropa
(HaoMHMM, nugaropeiipl cIuTaIN 3eMII0
apoo6pasHoil IPOCTO IOTOMY, 4TO LIap —
uypieanbHas popma tena). Y Apucrorens 6buiu
ToKa3aTenbcTBal

Bo-mepBbix, OB OIIBIT HAOTTIONEHIT 3a KOpa-
671eM, YXOAIMM B Mope. YeM fanblie yXORMI
KOpab/ib, TeM MeHbllle OH Kasajcsa. Ho Hyx-
HO OBITIO 3aMETUTD ellle OfHY BaXKHYIO JeTa/lb:
CHavYasIa 1cye3asa HYDKHIS 9acTb Kopabis, mo-
TOM CPEJIHAs, U Y)Ke 3aTeM CKpbIBaJICA 3a TOPU-
30HTOM Mapyc. Tak MOXeT ObITb TONBKO B TOM
cIydae, eC/y IIOBEPXHOCTD 3emMiu obnagaer
KpuBU3HOIL. Ho ecnmm make moBepXHOCTh MOPS
BBIIYK/Ias1, 3HAYUT, ¥ IIOBEPXHOCTDb BCell 3eMn
He T10cKass! MOXXHO MpeIonoKUTh, YTO BBI-
IYK/IOCTb COXPAHAETCA I 32 TOPU3OHTOM, A P
HIOCTOSTHHOU! BBIITYK/IOCT!U MTOBEPXHOCTH 3eMJIS
TO/DKHA 0Ka3aThCsA IAPOM.

Bo-BTOpBIX, MOXKHO CJie/IaTh BBIBOJ, O IIa-
poob6pasHOCTy 3eM/IM IO pesynibTaTaM Ha-
OmoneHnit TyHHbIX 3aTMenuii. Eije npeBHme
eTUNTAHE 3aMeTUIN, YTO MHOTTA IIPOMCXONUT
CTpaHHOE ABJIEHVE€ — Ha AVCK IOMTHOM JIyHbI
HaIlo/I3aeT TeHb, 1 JIlyHa MepKHeT. Apucro-
Te/Ib 3aMeTII, YTO JIyHHbIE 3aTMEHMs ObIBAIOT
TOJIBKO BO BpeMs IIOJIHO/IYHUIL. DTO 3HAYUT,
470 JI[yHa B MOMEHT 3aTMeHUsA 0053aTebHO
obpaieHa K 3eMjIe IOMTHOCTBIO OCBEIIeHHBIM
nonyiapyeM. 3HauuT, Co/HIe HaXOANUTCA 110-

4yT0 BAMT
HABAOAATEAD

XXI

NAPYC EWE BMAEH,
A KOPABAb-YKE HET

KOPABAL

HABAAATEAL

lepBoe foka3aTesbCTBO
Apuctotens. Kopabnb,
YXOAALLMIA 33 FOPU3OHT.
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00.00.00 IV-III Bexk f10 H. 9. Co3j1aHa eBK/INI0BA T€OMETPUS
L] L]

Bonbioit B3ppiB

3aan Semi, Y Hac 3a CITMHOM, €C/IV MbI CMO-

N TPUM B 3TO BpeMs Ha JIyny. B aTom MO>XXHO

§ 1% 1% yHY
; ObLI0 YOEMUTHCSI 13 HAOIOEHNIT: HAIIPUMED,

\

\ AYHA BUA, AYHbI, ecny JIyHa Bo BpeMs 3aTMeHMA HaXOIM/Tach Ha
gxgémn %Q%mgré‘o BOCTOKe, T COJTHIIe K TOMY MOMEHTY yXOJM1-
;&ﬂ” g g&ﬂ& JI0 32 TOPM3OHT Ha 3amajie. [IpyruMu croBamuy,
3eM/Is1 BO BpeMs JIyHHOT'O 3aTMeHMs PacIo-
IEMAS Jaranach Kak pas Mexnay JIynoit u ConmHieM.
Ho 3710 3Ha4NT, rOBOpUI APUCTOTEND, YTO
N S TeHb, KOTOPYIO MBI BUIMM BO BpeMsI 3aTMe-

(BET COAHUA HUA Ha JIlyHe, — 9TO TeHb 3emnu. VI Mbl
BUJMM, YTO Kpail 9TOil TeHU uMeeT GopMy

kpyra. Kakne Tema oT6pachiBaoT KpyIayio

Bropoe okazarenbCTBo TeHb? be3yc/I0BHO, KpyI/Ible Te/la. 3HAYUT,
Apuctotens. TeHb Ha JlyHe 3emns Kpyrnas!
BO BPeM# JTYHHOTO 3aTMeHNA. B-Tperbux, ApucroTenp 06paTmi BHUMa-

HI€ Ha TO, YTO JJaBHO OBUTO M3BECTHO ITyTe-
1IecTBeHHUKAM U MopelaBarensam. Ecnn,
He cOMBAsICh C ITYTH, C/IELOBATh B HAaIIpaBIIe-
HUM ITy TeBOJHOI 3Be3/ibl, BCE 3Be37HOE HEOO
BMeCTe CO BCEMM CO3BE3MAMMU IIOCTEIeH-
HO CMeIIAeTcsl — 3Be3/la CTAaHOBUTCS BbIILE.
[oBOps1 cCOBpeMEHHBIM S3bIKOM, €C/IN, HAXO-
#sach B CeBepHOM IIO/IyLIApUY, JBUTATbCA HA
cesep, [lonsapHas 3Be3fja MOJHMUMAETCA BCe
BbIllIe U Bblllle. Biepsble focTurnys CeBep-
HOTO IOJIIOCA, TIoau yoemunuck, uro Iomsp-
Has 3Be3/la OKas3ajach TOYHO HaJ, rOJ0BOIL,
B 3eHuTe. EC/i >xe ABUTaThCSA B IPOTUBOIIO-
JIOXKHOM HAIIpaBJIeHNH, K 9KBaTopy, ITomap-
Hasi 3Be3Jia OIYCKAeTCs BCe HIVDKe, IIPub/n-
JKasCb K TOPU3OHTY.

ITO MOXeT OBITh TOJIBKO B TOM CIIy4ae,
ec/u MOBEPXHOCTh 3eMnn obnafaer Kpu-
BU3HOI, 3aKmo4an Apucrorens. [loaTomy
IJIsI KQXIO TOUKM MIapoobpasHoil 3em-
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JIV HaIIpaBJIeHMe Ha 3€HUT — 3TO IIPOJOJI-
JKeHUe pajuyca 3eMu, IPOTUBOIONIOXKHOe
HallpaBJIeHNIo Ha LieHTp 3emn. [Toromy-To
IS HAaOMofjaTeNell B pa3HbIX TOYKAX 3€M-
IV pasmuyaeTcs BUJ| 3Be3JHOrO Heba — Hajl
rOJIOBOJI BUIHBI Pa3HbIe CO3BE3/NsI, YTO MbI
7 Hab/MIogaeM. ..

Bce Tpu joKasarenbCcTBa ObUIM COBEPIIEH-
HO npaBuIbHbIMU. OHM OBUIM OCHOBAHbI Ha
HaO/MIOIeHNSX, TO eCTh Ha akTax. [loBTopum
etrje pas: 9T0 GaKT BUANMOrO CIe3HOBEHNUS
3a TOPM3OHTOM CHavaja HIDKHEN, a TI0TOM
yoKe BepXHejl YacT KOpabiis, paKT Kpyrmoit
(a He KaKoli-To MHOI) TeHu 3emn Ha JIyHe
BO BpeM: JIYHHOTI'O 3aTMeHMA, U (PaKT cMe-
IeHMs 3Be3fHOr0 Heba BMecTe ¢ TlomstpHoil
3Be3JI0I1 1T0 Mepe IepeMeleHNns Habmo/a-
Tesl K CEBEPY MM OT ceBepa (BJO/Ib 3eMHO-
rO MepyUjyaHa).

Ecnu ncrnonb3oBaTh IOTUKY (& TpeKy Ipe-
KPaCHO OBJIa/e/IM JIOTMKOIT), MOXKHO ClIe/IaTh
BBIBOJ|: 3eMJIsI, €C/IU BEePHBI YKa3aHHbIe Ha-
6mofieHNs1, He MOXKeT He ObITH Hapom. Ecin
6b1 3eM/is1 He ObLIA IIAPOM, ITepedncIeHHbIe
¢axTsI 6611 OBI HeBO3MOKHBL. Kak He MOTyT
He OBITb PaBHBIMIU TPEYTONbHUKI, €C/H CO-
O/TI0IA0TCS TIPaBMIA X PABEHCTBA.

3abaBHO, 4TO U B Hallle BpeMsl BCTpeya-
I0TCsI JTIOAM, KOTOPbIe JOIIYCKAIOT, 4TO 3eM-
st — wiockasi. Eciiu He mpoBoauTh Habmo-
JIeHVs1, HUKOITIa He CTOMKHEIIbCs ¢ pakTamn,
KOTOpBIE, eC/IU YeTOBEK B /IafiaX C JIOTUKOI,
HEBO3MO>KHO MHTEPIIPETUPOBATh MIHAYe KaK
TO, 4TO 3eMJ/Isl BCe-TaKu KpyTnas. Pasymeer-
51, CTOPOHHMKH IIIOCKOTT 3eM/II He CMOTPSAT
Ha He60, He CTIeSIT 32 TyHHBIMI 3aTMEHNS-

XXI

K (03BEAMA

‘ 0tb BPAULEHN &

TpeTbe nokasatenbCTBo
Apuctotena. Co3Be3ana Hag
ronoBoii 1 yron HabniofeHus
[MonsApHoi 38e34bl

Npy ABIKEHUN N0 MepuanaHy
N3MEHAIOTCA.

41



00.00.00 1 rop Haureii apbl. Poxxpenne Vucyca Xpucra
L] L]

Bonbioit B3ppiB

MM, He U3MepAIT BbicoTy IlonAapHoit 3Be3apl Haf ropu-
30HTOM, HaXOJsACh Ha pasHbIX mypoTaXx. OHM BEpHYIICh
K YMO3pUmesbHbiM TIOCTPOEHNUAM, He TPeOyIoNmM Hab/o-
IieHUIT, PaKTOB ¥ JOKa3aTeNbCTB, He TPEOYIOIIMM VCIIONb-
30BaHMA KPUTUYECKOTO MbllneHus. Korpa ske CTOpoHHH-
KaM IIJIOCKOJ 3eM/IN ITOKa3bIBAIOT CHUMKI, CIleTaHHbIE U3
KOCMOCa, IM OCTA€TCs TONIbKO YTBEP)KTATh, 4YTO 9TO HE Ha-
CTOsAIIYE CHUMKI — 9TO (eiiky, (panblmBKyL, Banbcrdiy-
Kauyu! A 9T0, 110 MBIC/IM CTOPOHHUKOB IIOCKOI 3eMIIN,
03HAYaeT, YTO BCe NIPaBUTEbCTBA KOCMMYECKNUX Jlep>KaB
HaXOJATCA B CTOBOPE U 3a4eM-TO IOAE/IbIBAIOT CHUMKI
¢ M306pa>keHNAMN 3eMHOro Imapa. Hemenoctn rpomos-
IATCA OJHA Ha JIPYTYIO.

JIromeit ¢ HOKPUTUYECKNUM MBILIIEHNEM, KOHEYHO,
BO BpeMeHa ApucToTe/ns 6bII0 Ky/a 60nblie, yeM cerrdac.
Ho y6ennTenpHOCTD 1 IIPOCTOTA PACCYXKAEHUIT ApHUCTO-
TeJ, €T aNe/UIALMA K 3paBOMY CMBICTTY Jle/Iajii eTo pac-
CY>K/IeHUA TIOHATHBIMY MHOTVIM.




AropureT Apucrorensi Obl1 rpoMagieH (He MNUIIHUM
OyzeT BCIIOMHUTD, YTO OH ObIT BOCITUTATEIEM U YUUTeIeM
BEJIMKOTO BOMTeENIA, UMIepaTopa Anekcanjpa MakegoH-
CKOTO), I JlayKe IIOC/Ie CMEPTH C/IaBa BEIMKOT'O MBICINTE-
JISL TOTIBKO yBemmayBanach. Kuuru ApucTtoTesna neHmmchb
Ype3BBIYAIHO BHICOKO, OYKBA/IbHO Ha BeC 307I0TA.

ApucroTenb Honaral, 4YTo BOKPYT 3eM/IM BpalllaeTcsa
JIyna (sto nmpaBuibHO) 1 4to JIyHa 6mxe ConHna, 1Io-
ToMy 4TO JIlyHa MoxxeT saropaxkusarb Co/HIE BO BpeMs
COJIHEYHBIX 3aTMeHMIT (3T0 ToxKe BepHO). OH TaKXKe CUn-
TaJI, YTO IUIAHETHI HAXOAATCA Aanblile JIyHbI, U 5TOMY TOXe
ObUTM moKasarenbcTBa: Ghrmocod cam HAOIIOANT MOKPBI-
tue JIynoit Mapca (xorga JIyna saropopmna Mapc). B o1-
nn4ye oT AHaKCMMaHJIpa, APUCTOTeNb IO/Iara, 4To 3Be3-
IbI HAXOJATCA flasblite oT 3emym, yeM CorHile (11 9T0 ToXe
IpaBUIbHO). Bce aT BBIBOIBI OH OCHOBBIBAII Ha JJOKa3a-
TE/IbCTBAX, Ha pe3y/IbTaTax HaOIofieHuit. DTy Habmoze-
HIIA BCTIefl 33 APJICTOTeNeM MOT BBIIIOJTHUTD KTO YTOZHO
U yOeOuUThbCs, 9TO OH IIPaB.

Ho B T0 e BpeM:A ApUCTOTeNb CYNTAN 3eM/IIO IIeHTPOM
Bcenennoit. CerogHsaA Mbl 3HaeM, 4TO 9TO Ipy6bast onmoka.
Ho 3amevarenbHO TO, 4TO BenuKuii puaocod cuenan Ta-
KOI1 BBIBOJ], TOKE Ha OCHOBAHUM HAOTIONEHMIL.

OH paccyxpan tak. IlycTb IpaBbl Te, KTO CYUTAET, YTO
3emia aBmxeTcs Bokpyr ComHia. Ho 3To 3HaunT, 4To
B pa3Hble BpeMeHa rojla Mbl CMOTPMM Ha 3Be3/Ibl C Pa3HbIX
TOYeK — TO C OfIHO¥ CTOPOHBI, TO C APYroii. B pesynbra-
Te HaM JIO/DKHO Ka3aTbCs, YTO B TeYeHIe Iofia 3Be3/Ibl BbI-
IICBIBAIOT Ha Hebe KPYXKKY — B CTOPOHY, OOpaTHYIO Ha-
IpaB/IeHNIoO BIDKeHNA 3eMan. Bo BpemeHa Apucrorens
y>Ke BBIIIOMHAINCH JOCTaTOYHO TOYHBIE aCTPOHOMITYe-
CKJie HaOMIofeH s OJIOKeHUIT HeOeCHBIX TeJl M HMKaKue
rOAMYHbIE CMEIIeHN s 3Be3]] 3aMedeHbl He ObUIn. DTO ObLI
CHUJIbHBIN JOBOJ, B MO/Ib3y KOHIIETIIVIN HETIO[BIDKHOM 3eM-
7. DTO 6BIIO LOKA3aTE/IbCTBOM HEIOIBIDKHOCTY 3eMIIIL.
W otcropa cnefoBano, YTO BUAUMOE CyTOUHOE BpalljeHle

XXI

APUCTOTENb CYATAN
3EMIO LEEHTPOM
Bcenenron. CEroaHs mbi
3HAEM, YTO 3T0 IPYBAS
OWMBKA. HO 3AMEYATE/IbHO
T0, YTO BE/IMKUA ©UNOCOD
CLE/IAN TAKOW BbIBOZ TOXKE
HA OCHOBAHM HABJIIOAEHNM.
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00.00.00 72 r. Ilocrpoitka Konmmsest, B Hero BMeIaloTcst CBbIle 50 THIC. 4el0BEK
L] L]

Bonbioit B3ppiB

HeOeCHOTo CBOJIa COOTBETCTBYeT HAO/MIOieHNAM — He60 BMe-
CTe CO BCeMM CBETM/IAMU JIOJKHO BPAIIAThCA BOKPYT 3eMIN:
ofuH 060pOT 3a 3Be3fHble CYTKM (23 yaca 56 MUHYT).

3aberas BIepes;, MOXXHO 3aMETHUTb, YTO PACCY)KAEHWUsI Apu-
cToTens ObUIM B IPMHIMIIE BepHBL. [Ipyroe feno, uto 2400
JIeT TOMY HasaJl TPYAHO OBLIO IPEeAIIONIOKUTb, HACKOTIBKO
TaneKky oT Hac 3Be3/ibl. OHY Ie/ICTBUTENDBHO ONUCHIBAIOT I'0-
MITYHbIE KPYXKKM, KaK V1 TOBOpUI Apucrorenb. Ho atu kpyx-
K HaCTOJIBKO MaJIbl, YTO OOHApYXXUTb MU3EPHBIE TONY-
HbI€ CMENIEeHNSA 3B€3] YIa/I0Ch C OTPOMHBIM TPYJOM TO/IbKO
B XIX Beke — cryctsa 22 cronerus nocne Apucrorend. Ha
TOM YPOBHE TOYHOCTH M3MEePeHNIT, KOTOpbIe OBUIN BO3MOJXK-
HbI BO BpeMeHa APUCTOTeIS, 3aMETUTD 9TV CMellleHNs ObIIo
Heb3s. VI 3TO 3HAYNT, YTO HY>KHO ObIIO /160 TIpenmono-
XKWTD, 4TO 3Be37Ibl OUEHb Jja/IeKy (HAaCKOIbKO HaM M3BECTHO,
TaKye pajyKaabHble UfieN He BBIIBUIA HUKTO), 160 — YTO
3eMJIs1 [IelICTBUTE/IbHO HeIIOABIDKHA, a 3HAUUT, HAX0OUMCS
8 yeHmpe mupa.

ITocTpoennsa ApuUcToTe/is BOLUIM B COCTaB 3HAMEHUTON
TeOLeHTPUYECKON KapTUHBI MMpa’, KOTOPYIO CBA3BIBAIOT
¢ umeneM ITronemes. Kmasmmit ITtonemeir (100-170) >xmn
CITyCTs IIOYTH YEThIpEe BeKa I0oc/ie APUCTOTENIA.

J3maBHa OBIIO M3BECTHO, YTO IIAHETHI ABYDKYTCS IO
HeOy HepaBHOMEPHO, MEHAS HaIllpaBjIeHMe CBOETro JIBIDKe-
HIA C NIPAMOTO Ha MOIATHOE, BBINMCHIBAIOT 3arajOuyHble
IeTIN B CBOEM JIBYDKEHUM IO 3Be3fHOMY Heby. Ipeueckime
actpoHoMbI, Hanpumep I'mmmapx (190-120 rogs! o Ha-
1Ieit 9pbl), 0OHApyKWK, 4To 1 JIyHa, 1 CoMHIle [BIDKYTCS
TaK>Ke HEPaBHOMEPHO: TO UyTb OBICTpee, TO UyTh MeJICH-
Hee. OGHAPYXXIMIOCD, UTO JJaXKe IPOJO/DKUTEIBHOCTD Ce30-
HOB — BECHBI, JIeTa, OCEH 1 3MIMbI — HEOIMHAKOBa (cerop-

2400 nET TOMY Hs1 MBI COBCEM He o0paliiaeM Ha 3TO BHUMaHMe). TN PaKThl
HA3AL TPYLHO BbII0 TPYAHO OBUIO IPUMUPUTD C MJ€eiT O TOM, 4YTO 3eM/Is Haxo-
NPEANONOXUTb,

HACKO/IbKO AAJIEKW

° HamommHalo, 4YTO B paMKax 9Tol KoHIenuuu 3emst — less — Haxo-
0T HAC 3BE3[bl.

AUTCA B LEHTPpE MUpa.
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IUTCA TOYHO B IIeHTpe MUpa, a TUIAaHeTHl,
Comnnuie 1 JIyHa JBIDKYTCA 1O IPaBUIbHBIM
OKPY>KHOCTSAIM.

Ha camoM fiene npest 6bl1a IIyOOKO He-
BEpHa: CETOfIHA MBI 3HaeM, YTO Bce IIaHe-
TBI, BKJII0Yasg 3eMII0, IBVDKYTCA BOKPYT
Conuua (a Jlyna — BOKpyT 3emn), Ipudem
He 10 OKPY>XKHOCTSIM, a 10 BBITAHYTBIM 3aM-
KHYTBIM TPAaeKTOpUAM — 3/UIMIcaM. Pas-
yMeeTcsl, I03TOMY HaO/TI0eH s peanbHbIX
IBIVDKEHUIT HeOeCHBIX Te/l HUKaK He COIJIa-
COBBIBAJINCh C MI€ATbHOI KapTUHOI OpOUT
B BUJIe OKPY>KHOCTeIL.

BenukonenHblit MaTeMaTuk Immmapx
IIPEefIOKIUIL Clefyloliee 0ObsICHEHNE Ha-
6mofaeMbIx GakToB. 3eMIsT HAXOIUTCS He
TOYHO B LIEHTPe KPYTOBBIX OPONT IUIAHET,
a HEMHOTO cMellleHa. Torza aja 3eMHOTO
HaO/II0faTe/Isl PacCTOSIHIE IO CBETIL, @ 3a-
OIHO U BUAVMBIE CKOPOCTU MX ABIDKEHUSA
Ha HeOe OymyT BCe BpeMs MeHATLCA. Vc-
XOfIs1 13 HAOIIOeHnIT, MOXKHO OBITIO pac-
CUUTATh, HACKOJIBKO JOJDKHA OBITH CMellle-
Ha 3eM/I1 OTHOCUTETTbHO TeOMEeTPIUECKOTO
LIeHTpa CUCTEMBL. VI 9Ty pacueTs ObIIN BbI-
MIOTHEHBI.

HTak, B OCHOBE CHCTeMbI MUPa APUCTO-
Tensa — IlTonemesa HaXOAUTCA HENOIBYIK-
HbI1 3eMHON wap. Ho y IItonemes on pac-
HOJIOKeH He B FeOMEeTPUYECKOM ILIeHTpe
CHCTEMBI, @ HeCKObKO cMelneH. Touka, rie
HaXOJUTCS LeHTp 3eM/IN, Ha3blBalach IK-
BaHT. CMelleHNe 9KBaHTA OT reOMeTpIrde-
CKOTO I[eHTPa MUpPa IO3BOJISIO CMOAEIIPO-
BaTh Ha0JTIOfjaeMble Ha IIPAKTVKe JIBVDKEHIS
HeOeCHBIX TeJl, Kak 1 y [nnmnapxa.

APUNEHUE HEBECHOTO TEAA
Mo 3MUUMKAY

[unnapx, BbINoAHAA HabnoAeHNA
1 PacyeTbl, UCNoNb30Ba
CHOpPMYNNPOBAHHYIO A0 HETO
TEOpEMY 0 ABUKEHNM HebeCHOTO
Tena no SMULMKAY.

Teno, ABuXyLLeeca BoKpyr 3emin
10 SMALNKAY, 32 TOf ONULLET
OKPYXHOCTb, LIEHTP KoTOpoIi byaeT
OTCTOATb OT 3eMAIM Ha PaCCTOAHMe,
paBHOE pajuycy Camoro SNNLNKAA,
NPV YCI0BYIA, YTO NEPUOS
00paLLeHna no SMULUKITY Takxe
UMeeT AANTeNbHOCTD OAWH FOp.
3Ty OKPYXHOCTb CTaNu Ha3blBaTb
IKCLeHTP.
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100 r. H. 2. YMupaer nocneguuii anocron — VMoanun borocnos

00:00:00

Bonbioit B3ppiB

ABAXEHYIE COAHLLA
B TEOPMM MUNMAPXA

MEPUOAB! OBPALUEHIA
No AEQEPEHTY U 3TAUMAKAY
PABHbI U COCTABAAKOT 1 A,

[unote3a [unnapxa 06bACHANA
HepaBHOMEPHOCTb ABUKEHNA
MNaHeT PacnonoxeHnem 3emu
He B LieHTpe opbuT nnaker,
npeacTaBnAwLLNX 060
MpaBubHbIE OKPYXKHOCTU.

Tunnapx 06bACHAN HepaBeHCTBO
ACTPOHOMUYECKMX BpeMeH

rofia i HepaBHOMEPHOCTb
ABwxeHna ConHLa BOKpyr
3emnun pacnonoxeHnem 3emnu
He B LieHTpe KpyroBoii opbuTi
(onHua, KoTopas cknagblBaeTca
113 COUETAHNI ABUMXKEHWIA NO
JedepeHTy 1 anuLmuKny.

NCC, 3CC— neTHee 1 3UMHee
CONMHLIECTOAHNA.

OPJl, BP[l — oceHHee 1 BeceHHee
PaBHO/EHCTBUS.

Ho kak ommcarp metimeobpasHoe
nByoKeHue nnaHet? B cucreme Ilrosne-
Mes KaKJjasd IJlaHeTa paBHOMEPHO IABU-
JKeTCA 110 OKPY>KHOCTH, KOTOpast MoJy-
yyjIa Ha3BaHue snnuukia. Ho B ijeHTpe
SMUIMK/IA HAXOOUTCSI BOBCe He 3eM-
711 U la)Ke He 9KBaHT. LleHTp anuuuk-
na y IlTonemes gBUrazncsa 1Mo gpyro
OKPY>KHOCTHU, KOTOpasl Ha3bIBaJIaCh fe-
depenTom. A BoT HeHTp fedepenTa
COBIIafa/I C 9KBAHTOM.

[InaHeTa B paMKax TaKoil CHCTEMBbI
ABUTajIach 110 SIMULMKILY, a LEHTP 3IK-
LMKJIa Bpalllajcs BOKPYT 3KBaHTa 110
nedepeHTy, — B pe3y/ibTaTe [OAyda-
7I0Ch TeTIe06pasHoe ABIDKeHre. Bopo-
yeM, He COBCEM TaKoe, KaKoe HabIoa-
JIOCh Ha peanbHOM Hebe.

[enmanbubi reomerp IlTonemert mpo-
TOJDKa/l YyCOBEPLUIEHCTBOBATh CUCTEMY,
IIO/ITOHSASA ee IIOfl HaOmomeHus. A 49To,
eC/IM TJTaHeTa ABVDKETCS He 10 OHO-
My 3NIMIMKIIY, a, HalIpUMep, 110 IByM?..

...IIlmaHeTa JBM>KETCA 11O BTOPOMY
MUK, LEHTP BTOPOTO 3MNLMK/IA —
TI0 TIEPBOMY, @ LIEHTP IEePBOTO AMMUIUK-
na — 1o pedepenty. Hy>kHo Obi10 Tak
nofo6parb paguychl OKPYXXHOCTeI!
U CKOPOCTH JIBVDKEHUsI, YTOOBI UTOTO-
BO€ IBVDKEHME IJTaHeThl (OfHOBpEMEH-
HO I10 HECKOJIbKUM OKPY>XHOCTAM, 110
KaXXZIOJ1 CO CBOEI CKOPOCTHIO) MAKCH-
MaJIbHO COOTBETCTBOBANIO HabImOMme-
HuaM. Ecnm cooTBeTcTBIE OBLIO BCE ellje
HeJI0CTAaTOYHbIM, [ITonemert BBopu Tpe-
TII, YeTBePThIN SMUIMKIBL. C KaXKAbIM



IIarOM MTOTOBOE IBIV>KEHME TJIAHETHI
BCe O7110Ke ITOXOAMIIO Ha TO, YTO acTpo-
HOMBI BUfeny B HebOe. J[I/Ist JOCTIDKeHMs
YAOBIETBOPUTENbHONM TouHOCTH IITO-
7IeMeI0 ITPUIIIOCh BBECTHU JIECATKM SIIN-
IUKIIOB!

ITpucmorpumcs k cucreme Iltonemes.

ITo6nmM3ocTn OT LEeHTpa CUCTEMBI
HaXOIMTCA HENOABVKHAA MaCCUBHAsA
3ema. IITonemeit pacriooXumi ee cum-
MEeTPUYTHO 3KBAHTY OTHOCUTETBHO Teo-
MeTPHUIECKOTO [IeHTPa CUCTeMBL. BOkpyr
9KBaHTA JIBIDKETCS 10 CBOeMy fiedepeH-
Ty Jlyna, ganpime — MepKypuii 1o snmu-
LMKTaM U fieepeHTy, 3a HUM aHa/Ior -
HO — Benepa. 3a nepepentom Benepsr
Haxoputcs gedpepent ComHIla, KOTOpOe
IBIDKETCS 110 HeMy 0e3 aIUIMKIIOB. 3a
nedepentom CornHIija o cBouM jede-
PEHTaM M 3MUIMKIAM ABVOKYTCH BO-
KpYyr 3KBaHTa IIaHeThl Mapc, IOnu-
tep n CarypH. Bce aTo nmpocrpaHcTBO
3aK/II0YeHO, KaK B CKOPJYIY, B TBEp-
Iylo chepy HeIllofiBYDKHBIX 3Be3l. Papguyc
aTolt cepnl B cucteme IITonemes, ecim
HepeBOIUTh B COBpEMEHHbIE elMHUIIbI
U3MepeHM, COITIACHO MCCTIEeNOBAHNAM
poccurickoro actpoHomMa Muxana Illes-
YEeHKO, COCTABJIsIeT IPUMEPHO CTO MUJI-
TIMOHOB K1oMeTpoB. COIIaCHO COBpe-
MEHHBIM JJaHHBIM, 3TO BCETO JIMUIb [IBE
TPeTU MICTUHHOTO PACCTOSHUA OT 3eM-
m io Connua. M B 3TOM IpoCTpaHCTBE
IOJ/DKHBI OBIIN YMECTUTHCS BCE M3BECT-
Hble cBeTuna — oT JIynsl u ConHia 1o
Carypna! Bo Bpemena Iltonemes Bca

XXI

AEPEPEHT
NAAHETA
.‘“‘
INNLIMKA 2
SNUNKA 1

A ECAM TOYHEE ?
AOBABUM  SMALMKA !

[lBXKeHue nnaHeTbl YTOYHAETCA
ﬂOﬁaBJ'IeHVIEM SNULNKNOB.
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00.00.00 I Bex Hauelt opbl. B Kurae cienan nepsbiit muct 6ymarn
L] L]

Bonbioit B3ppiB

e

OABVIKH
N HET : < bix 38

S 5'3'4

CUCTEMA
MUPA
MTOAEMEA

Bcenennas ot 3emin BOMM3Y LieHTPa 10 TBEPHoIt cheps He-
IIOJIBVKHBIX 3Be3]1 Obl/Ia COBCEM HEOOJIBILOI. ..

Yro HaXOAMIOCH 3a IpefenaMu cepbl HeIOABIDKHBIX
3Be3p, — 00 sToM [ITonemeit ymarunsai. Ilogpasymesanocs,
YTO TaM HAXOAMTCS MPOCTPAHCTBO [Ist OOTOB.

YuTaTenb MOXeT 3a/laTh BOIIPOC: 3a4eM CTOJIbKO BpeMe-
HU YIENATh HenpasunvHoli CUCTEME, €CIM JaBHO U3BECTHO,
4yTO OHa HeBepHa? Hajo ckopee nepexonuTh K IpaBUIbHON!!

ABTOp 1IOJIaraeT, YTO 3TO MOYYNUTENIbHAA UCTOPUA U BPe-
Ms MBI TPaTVM He 3pA.

Knaspuii [Ttonemernt 6pi1 YMHEIINM 4€I0BEKOM, 6mects-
M MaTeMaTKoM. OH pa3padaTbIBajI CBOIO CHCTEMY He I0-
TOMY, YTO €My XOTe/IOCh BBIJYMaTh YTO-HUOYAb CIIOKHOE.
@axThl, pe3y/npTaThl HAOTIOIEHMIT TOTO BPEMEHM, BBIHYXK/ia-
JIVL eTO ClieNaTh BBIBOJI, YTO 3eMJIs HETTOMIBVKHA, a BCEe OCTA/Th-
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XXI

Hoe (nedepeHTbI U ANMNIMKIIbI) ABIATOCH CIeCTBUEM ITOTO [oABPOCKTE KAMEH.
yrBepxaenns. [Ipu atom IlTonemert gomyckarnm, 4To B IPUH- Ec/m 3emns BPAWAETCS,
nuie 3eMIs MOXKET IBUTAThCS BOKDYT CornHLa 1 Bpamarhb- OHA MNOBEPHETCY, NOKA
cs1 BOKpyT cBoeit ocu. Ho ¢axTel, M3BeCTHBIE €My, TOBOPU- KAMEHb B BO3AYXE,
7 06 06paTHOM. N KAMEHD YNALET

ro ke 9TO 32 GaKThI? B APYTOM MECTE!

3emyist ObLIA, OYEBUIHO, OTPOMHOIT 11 TSDKETION. 3Be3/ibI Ka-
3a/IMCb OTHeHHBIMM 11 (HaBepHOE), KaK OTOHb, JITKMMIL. JTO
Ob11 10BOZ, (IIpaB/ia, KOCBEHHDIIT) B I10/Ib3Y TOTO, YTOOBI pas-
MeCTUTD 3eMJII0 B LIEHTpe MUpa.

ITTonemeit 3HaJI O CYILEeCTBOBAHUM LIEHTPOOEKHON CHUJIBIL.
OH paccy>xpgan Tak: eciu 6b1 3eM/Is Bpallaaach, LeHTPO-
OexHas cua JO/KHa 6bUTa ObI OTOPACHIBATD BCE HE3AKPETI-
JIeHHBIE IIPeMeThI C ee IIOBEPXHOCTI. B mpuHIuIe OH 6bIT
Ipas: ec/u ObI Macca 3eM/IM C ee TATOTeHVeM ObLIa IIOMEHb-
1Ie, a CKOPOCTD BpallleHys1 — I000bIle, TaK U OBIIO OBI.
J Bec Bcex mpeaMeTOB Ha 3eMJie HEVICTBUTENBHO HEMHOTO
yMeHblIIIeH O/1arofiapsi ee BPaIeHNIo, CETO/JHS MBI 9TO 3HaeM
6naropaps onbitam. Ho Bo Bpemena Iltonemes eine He cy1ie-
CTBOBaJIa QM3MKa B CETOHSAIIHEM OHVMaHWM, He ObIIN U3-
BeCTHBI (OPMYJIBI [/Is 3aKOHA TATOTEHMUS U LIEHTPOOEKHOI
CWJIBL, U PEIIUTD 3TY 3a/jlady OH He MOT.

brio y IlTonemes elle ofHO 3aMedaTeIbHOE pacCy XKieHMe.
[Mopbpockre KameHb, roBopun oH. Ecnn 3emiist Bpaujaercs,
OHa TIOBepHeTCs, T0Ka KaMeHb B BO3[[yXe, I KAMEHb yHajieT
B apyroM Mecte! Kpome Toro, ecnu 3eMst BpallaeTcs, Mbl
ObI BUfe/M, KaK 00/IaKa U NTHULBI YHOCATCS B OFHY CTOPOHY,
IPOTVBOIIO/IOKHYIO HallpaB/IeHNIO BpallleHN.

ITronemert He 3Ha 00 3¢ dexTe MHepIMM. XOTS B €r0 Bpe-
MeHa ObUT JOCTYIIEeH MPOCTON IKCIEPUMEHT. BcaiHuK, cKa-
YYIMIT C TOCTOSIHHOM CKOPOCTBIO, MOXKET MOJ0pachIBaTh
U JIOBUTDb KaMeHb, KOTOPBII BOBCE HE YHOCUTCS Ha3af, ITOKa
HAaXOZIUTCS B BO3JyXe: OH JABIDKETCS B TOPM3OHTA/IBHOM Ha-
IIpaBJIeHNN 110 MHEPIINY, COXPAHAA CKOPOCTD, KOTOPYIO eMy
Ipyuziaia cKadylas JIoLajb, IOKa OH ObUI B pyKe BCaJHMKA.
Yro kacaetcst 06/makoB, To [ITomemeit cautan, 4To BCe Ipo-
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150 r. Mapk ABpenuii, «bunocod Ha TpoHe», cTaHOBUTCA 1]e3apem
00:00:00 DX Avpemut, «punocod sa Tp Hesap

N Pumcxoit Vimnepun
Bonbioit B3ppiB

CTPaHCTBO BceneHHOI 3aTI0THEHO BO3YXOM.
B Te BpeMeHa CITO)KHO OBIIO IPEIIIONTOXKNITB,
YTO TOHKas BO3AYIIHAas 060M0YKa Hallei
wiaHeTsl (aTMocdepa) BpalaeTcs smecme
¢ 3emJieli, a MeX/[y HeOeCHBIMM TelaMy Iia-
puUT 6€3BO3/YIIHOE IPOCTPAHCTBO.

V¥ IlTonemes 6511 elje opyH 10BOA,. [aBaii-
Te BBIKOIIaeM ITTyOOKYIO SIMY, Ipefijiaras OH,

mgmﬁ B U YPOHUM KaMeHb Hajl ee cepefinHoll. Ecin
m@‘;’y“’ 3eM/Is BpalaeTcs, TO, OKa KaMEHb Iajja-
g&ﬁi&cﬂ EE eT, 3eMJId yCIleeT TOBEPHYTbCA, ¥ KaMeHb
yHajieT He IOCepefinHe MBI, a O/IKe K Off-
HOJI U3 CTEHOK. A ecym siMa OyJieT OYeHb IITy-
60KOIT, KaMeHb JO/DKEH HajleTeTh Ha CTEH-
Ky. Ho Hudero mogo6HOro He MpOMCXOAMNT.
He 3HauuT 111 3TO, YTO HUKAKOTO Bpall[eHNA

[oBTop onbita ltonemen 3emmu HeT?..
B 1804 rogy noaTeepxaaet IMopasurenbHo, 4To IITONMEMEN U TYT OBLIT
BpaLLietye 3emnu. npas. [Ipyroe merno, 4To m06yo 3afady Hajjo

TOBOJUTD 0 KOHKPETHBIX Y¥CeNT: KaKOM IITy-
OMHBI JO/DKHA OBITH sIMa, YTOOBI IIPY HAHHO
CKOPOCTH BpallleHNs 3eM/IN OK/jaeMblil 3¢-
¢dexr 6b11 3aMeTen? CIyCTA MOYTH THICAYY
CeMbCOT JIeT, B 1804 romy, Takom sKcmepu-
MEHT ITOCTABN/I HEMELKNIT (DUBNK, ACTPOHOM
u reonesuct Morann bennen6epr (1777-
1846), 6pocast KaMeHb B ITyOOKYIO IIAXTY.
AP dekT 6611 0O6HAPYIKEH: KAMEHD eI ICTBU-
TE/IbHO HaJIeTa/I Ha CTEHKY LIaXThI, YTO MOT-
710 OBITH TOMBKO B TOM CJIy4ae, eCnu 3eMIis
BpallJaeTcsl BOKPYT CBOEN OCH.
OrpaHn4eHHBIe BOSMO>KHOCTU Habmoze-
HIT 11 9KCIIEPUMEHTOB He 11o3Bojm [1Tore-
MeI0 JI0Ka3aTb, YTO 3eM/Is BpallaeTCst BOKPYT
cBoelt ocu. Ho Torpa BcTynanu B feficTBue
JKeCTKMe 3aKOHBI jtoruku. Ecim 3emnsa Herof-
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BIDKHA, TO O/DKHA BPAIlJaThCA BCA TPaHAMO3HAA
TBepfiad HebecHasA cepa paJiycoM B CTO MIJI-
JIMOHOB KIJIOMETPOB, COBepIlas Ofi1iH 060pOT 3a
3Be3fiHble CyTKI. [IpeicTaBNTh TaKyIo YyJOBMII -
HO PacKpy4eHHYI0 KOHCTPYKLMIO ObIIO CJIOXKHO,
HO TYT OBIIO BCETO IBa BapMaHTa: BpPaIlaeTCs
mm6o 3emis, mub6o HebecHas cdepa. A ONMBITHL
U HaOJIIOJeHNs He IOATBep)XX/ja/li BpallleHNs
3emmu, Kak cunran IlTomemeri.

Cucrema ITtonemest ¢ ee fedepeHTaMMU 1 91N~
IVIK/ITAMM OKa3a/ach HeBepOoATHO coyxHoit. Ho
oHa pa6otaa! C ee IOMOII[BI0 MOKHO OBITIO BBI-
YUC/IUTD, HALIPYMED, Ha POHE KAKOTO CO3BE3/NA
Ta WM MHAsA I71aHeTa OyfieT HabmoaThcA yepes
HECKOJIbKO MecALleB M faxe neT. Ilpuxopumo
BpeMs1, 1 Hab/MIofaTe/b MOT YORUTbCsS, 4TO pac-
9eThl OKa3aaych NpaBmwibHbIMI. CucTeMa, KO-
TOpasi ObLIA COBEPIICHHO HeBEPHa 10 CYTH, IIpU
3TOM JlaBajia BepHbIe Pe3y/IbTaThl.

Bornee Toro, aTa cucreMa Oblla Hay4Hoil. B ee
OCHOBe JIeXKa/In He BBI[yMKM, JOTaJKN ¥ YMO-
3pUTeNbHbIE PACCYX/I€HNA, a KeCTKIe JIOTH-
JecKie BBIBOJBI U3 Pe3y/lIbTaTOB HAOJIOfIeHNIL.
ITUM OHa OTIMYANACh OT MPEeJbIAYIINX Kap-
TUH MMpa.

3aMmedaTebHO, YTO CaMa HayKa, KOTopas He-
IPEPBIBHO IIPOBEpsAET caMa ces1, CTAaBUT HOBbIE
OIIBITHI ¥ COBEPIIEHCTBYET HAOIONEHNs], CO Bpe-
MeHeM JIoKa3ajia HeBepHOCTDb cycTeMbl IlTome-
Mes. [ToABMINCh 1 HOKasaTenbCTBA [IBIDKEHIA
3emmu Bokpyr CONHIA, ¥ JOKa3aTeNbCTBA Bpa-
WeHNUA 3eM/IM BOKpYT cBoelt ocu. Ho aTo 6b110
ropaszo mosxe. JJo 3Toro BpeMeHn cucrema
[TTonmemest ncronp3oBanacek B EBpore kak 6a3o-
Bas CYCTeMa MMpa Ha MPOTKeHUHU MOYTH IIAT-
HaJIIaTy BEKOB.

XXI

CHCTEMA, KOTOPAS
BblJIA COBEPLEHHO
HEBEPHA N0 CYTH,
MPU 3TOM JABANA
BEPHBIE PE3Y/IbTATbI.
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00 o 00 . 00 150-160 rr. Oppt Toparys u Beprumis Ha muKe IOIY/ISIPHOCTH.
L] L]

3 [Ironemeit co3gaeT Karajor 36e3[HOro Heba
Bonbioit B3ppiB

3. Bcenennas
C HeHTpanbHbIM COMHIIEM

...0TbpoCnB TeMHbIii B30p 6eCCUETHDBIX Ke0raioK,
Tam, cpefi xaoca, Tbl pacno3Han nopaLoK
Andpeac [pugpuyc, W, BbicLuee NO3HaB, He CKPbIA OT HAC TOFO,
«K nopmpemy Konepruka»  Uro mbi Bpawjaemcst Bkpyr Conuia cgoerol..

VTaxK, u3 HaOMIOIEeH NI, BHITTOTHEHHBIX I'peKaMi iBe
TBICSAYY JIET Ha3af, C/Iefl0BaJIo, YTO B LIEHTPe MIUpa Ha-
xopuTcs MmapoobpasHas HenoaBIvkHas 3emisa. Heyske-
71 HUKTO He fiyMaJl MHaue?

bbum u Takme. B ux umnciie Hy>)KHO Ha3BaTb 3aMeva-
TE/ILHOTO 4Y€JI0BEKa, XKMBLIETO 3a/101r0 1o IITonemes.
Ero sBanu Apucrapx (320-230 rops! O HallIel 9pbI).

Ha 6epery CpenuseMHOro MOpsi B ropopie Ajek-
caHapyy (OCHOBaHHOM YYeHVKOM ApUCTOTeNs Ajek-
caHfpoM MakeJOHCKIM) B Te BpeMeHa CyIIeCTBOBa
NEPBbIl B ICTOPUM Y€TOBEYECTBA YHUBEPCUTET —
MyceiioH. 3mech XU y4eHble, HO3ThI, PUI0coPH,
HaXOJVBUINMECS Ha COfIEP>KaHUMU TOCyapCTBa. 37ech
YYTAIUCh JIEKIUM, [IMCAIUCh KHUTU. ApucTapx O6bu1
npenopasaresieM Myceriona. Kak yueHblil oH Toxke 3a-
HIUMAJICA U3ydeHMeM ycTpolicTBa BeereHHOIL.

Apucrapx npupyMan cnoco6, Kak olpeiennTb, BO
ckonbKo pa3 Connite ganpie JIyuer. To, uto JIyHa 6mu-
ke ConHIja, OBITIO M3BECTHO CO BpeMeH ApUCTOTeNs
(Ha caMOM fieTie ellje paHblile) — APICTOTENb 00BsIC-

APUCTAPX NPUOYMAN HIJI COJIHEYHbIE 3aTMEHMS TEM, YTO HyHa MOXKET 3aro-
CNOCOb, KAK OMPELE/UTb, porutb CornHlle, a 3Ha4NT, COMHIIe HAXONUTCA Jla/IblIIe.
BO CKO/IbKO PA3 COMHUE

API/ICTapX, OCHOBbIBAACHb Ha c006pa>1<e1—m;1x API/ICTOTC-

AATBILE J1YHb. st (JIyna — ato map, ocsenaembiit COMHIIEM C OFHOM
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CTOPOHBI), IPEJIOKII TOXKAATbCS, KOTZia Ha Hebe Oy-
IeT HaOIIOaThCs POBHO IIOJIOBMHA JIYHHOTO JVICKA.
AcCTpOHOMBI Ha3bIBAIOT TaKyio a3y JIyHbI ITepBOIL yeT-
BepThIo, ecriu CoMHIle HAXOAUTCA K 3amafgy oT JIyHbl,
U TOCTIefiHell YeTBepThIo, ecnyu ConmHIle — K BOCTO-
Ky oT Hee. Ho ecnu ocBelljeHa pOBHO MOMOBMHA HIapa
JIyHbI, 9TO O3HAYAET, YTO YTO/I MEXJY HaIllpaBleHNeM
Jlyna — ConHule u HanpasnenueM Jlyna — 3emna —
npamoit. IlocTpouM TpeyronabHuK, npepnaran Apu-
CTapx, ¢ BepmHaMu Ha 3emie, JIyne n Ha ConHie.
Yron npu BepuinHe y JIyHbI IpAMOIL. DTO 3HAYUT, YTO,
€C/IM B3ATb OTHOLLEHME PACCTOAHMA OT 3eMn o JIyHbl
K paccrosanio ot 3emmn o ConHna, oHO OyzeT pas-
HO KOCHHYCY yI/Ia MeXZy HanpasieHusaMy Ha ComH-
e 1 Ha JIyHy. DTOT yros MO>KHO U3MEPUTD, 3aI/IAHY Th
B TaOIMIIBI KOCMHYCOB (K TOMY BpeMeHM IPEeKM CO3fia-
7 TabMuLbl TPUTOHOMETpUYecKuX pyHKImit). Benn-
4JHa 9TOr0 KOCUHYca 11 OyfeT paBHA OTHOIIEHNIO pac-
crosiHuA Jio JIyHsl k paccTosanuio o ConHial

AYHA-3T0 WAP,
OCBEWEHHbIN
(OAHLEM ¢
OAHOM CTOPOHb!
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00 o 00 . 00 180-190 rr. B [IpeBHeM Pume nosBISIIOTCS TIepBble ra3eTshl,
L] L]

3 B [IpeBHeM Kurtae — 6ypoBble CKBaXXMHBI /11 FOOBIYN ra3a
Bonbioit B3ppiB

HeiicTBys TakuM 06pasoM, ApyUcTapx us-
MepUJI YTOJI MEXTy Hanpas/ieHyAMu Ha Jlyny
u Ha ComnHIle. TOT YTO/l y HETO HOMyIMICs
paBHbBIM 87 rpagycaM. KocuHyc aToro yria
pasen npumepHo 0,05, wm 1:20. ITonyun-
nocp, urto Jlyna 6mmxe Conmaua B 20 pas.

9T0 6bUT BaxkHbIIT pe3ynbratr. OH ObUI Ipy-
60 HeBepHBIM — Ha caMoM pene CornHIe
panpuie Jlynol npumepHo B 400 pas. bosnb-
IIas1 omybKa MOTyINIach IOTOMY, YTO CJIOX-
HO ONPENENNTb MOMEHT, KOTJJa Mbl BUJJMM
TEeJICTBUTENNHO POBHO IIOJIOBMHY JTyHHO-

Ecnm 48a npeamera ro fnucka. A mpy yrinax, 6mmskux kK 90 rpa-
BU3yalibHO PaBHbl, HO Iycam, HeOObllIe M3MEHEeHNs yI/Ia IPUBO-
W3BECTHO, YTO O/WIH U3 JAT K 3aMETHBIM M3MEHEHMAM €r0 KOCHHYCa.
HUX AanbLue, 3HAYUT, OH Ho paxke omm6OOYHbBIN pe3ynbTar yKasbIBajl
umeet 6onbLUMil pa3mep. Ha T0, 4T0 COJHIIe HAXOUTCS 20PA300 0asb-
[lanbie — 3HauuT Gornbuue. wie, yeM JIyna. Panee cumranoce, 4To iBa cBe-

THJIa HaXOZIATCSA NPVMEPHO Ha OSVHAKOBOM
paccTOAHMM OT Hac.

ITOT BBIBOJL C HEM3OEKHOCTHIO BIIEK 3a CO-
6011 1 gpyroit. Bupumble pasmepsl COTHEYHO-
TO U JIYHHOTO JIICKOB Ha Hebe IMPaKTU4ecKn
OJMHAKOBBI. ITO O3Ha4daeT, 4To ecny ColH-
e B 20 pa3 fanplie — OHO [JOJDKHO OBITH
B 20 pa3 6onvuie. ITO TOXKE OBUTO Ype3BbIYAIL-
Ho BakHo. [Tomyuanocs, uto ConHiie rpoMaj-

HO — KaK MUHMMYM B 20 pa3 6osnbiie JIyHbI
(paHblle CUUTANIOCH, YTO OHY IPUMEPHO Of-
Horo pasmepa). Ha camom fiene, Kak ykasa-
Ho Bbille, ComnHile B 400 pas ganbuie JIyHb!
1, 3Ha4nT, B 400 pas Gorbiie ee.

Ho xaxoBbI e pasmepnl JIynpr? Eciiu Mbl
COMHUE OyzeM UX 3HATD, Mbl CMOKEM OIpPe/le/IUTh

PA3MEPOM C

u pasmepn! COMHIA, YMHOXMB II0/Ty4EHHOE
AOKOTb

yrcno Ha 20 (Ha camoM pene Ha 400).
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Apucrapx cMor olpefennTh pasMmepbl JIyHbr!
Bo Bpemsa TyHHOTO 3aTMEHU:A, KOTZla Ha IMC-
Ke IonHoM JIyHbl MoABMICA Kpall 3€MHO
TeHM (CO BpeMeH ApuCTOTeNs 0OpasoBaHHbIE
TIOfIM TIOHMMAJIJ — BO BpeMsI IyHHOTO 3aTMe-
Hus JIyHa ronajgaeT B TeHb 3eM/Ii), ApUcTapx
cnenan sapucosKy JIynsl. ITo pucynky HeTpyn-
HO OBLJIO OIIpefie/INTb pasMep TeHM 110 CpaBHe-
HUIO ¢ pasmepoM JIyHbl. [IlmameTp TeHM OKa-
3aJIcs IPUMeEPHO B 3,5 pasa 6osblile jyiameTpa
JIyHbl.

Janbiie ApucTapx paccy>xjai Tak. Mbl 3Ha-
eM, uto CosHIle Topasfio Jasnblie OT 3eMIIN,
yeM JIyHa. 3HaUMT, [uaMeTp 3eMHOII TeHN Ha
6nmsKoii JIyHe He MOXKET CUIBHO OT/INYATh-
cs1 oT guaMeTpa camoii 3emnu. He 6yzmeT 607b-
II0¥T OLIMOKOI CYMUTATD, YTO pasMepbl 3eMHOII
TeH! IPUOIV3UTEILHO PaBHbI pasMepaM CaMoil
3emymm. Torpa nosmydaercs, 4To 3eMis IpuMep-
HO B 3,5 pasa 6osblie JIyHbL

9T0 6bUTa IpaBMIbHAA OLeHKaA. [IprMepHO
TaK OHO U eCTb.

Ho oTcroa cnefoBan emje ofUH BbIBOJ,.
Connue 6onbire JIyHsl npumepHo B 20 pas,
a Jlyna Menblie 3eMayn IpuMepHO B 3,5 pasa.
ITpocreitee apudmMeTndecKoe BHIYNC/ICHNE
H03BOJISIO ITONyuuTh oTBeT: ConHile 6onblire
3eM/Ii IPUMEPHO B IIeCTh pa3 (Ha caMOM Jierie
B 109 pas). Ho n aTo jansa BpemeH Apucrapxa
ObIO YAMBUTEIbHBIM JOCTIDKeHUEM. B 1mecTb
pas OosIbllle 110 AUAMETPY — 3HAYUT, IPYMEPHO
B 250 pas 6osbuie 1o o6bemy! ITyremectsen-
HMKU ¥ MOpeIlJIaBaTeIy IPUHOCUIN BeCTU
0 TOM, HACKOJIbKO Be/nKa 3emiisa. A Habmrome-
HUA ApUcTapxa I X aHajIM3 MOKa3bIBaIl, YTO
CornHue 2opa3do 6onvuie 3eMIn.

Onpegeneue
CPaBHUTESIbHbIX pa3MepoB
3emnu nJlyHbl BO BpemA
NYHHOTO 3aTMeHMA.
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00.00.00 200 r. Crpoutenbctio anrekamu [upammapr ConHiga, BbICOTA
oW e KOTOpOIt 60tee 60 MeTpOB
Bonbioit B3ppiB

I[IpepuiecTBEHHNKY ApyCTapXa HOJIarajm, 4To
CoJIHIIe HEBETMKO — OT «IOKTS» 10 Pa3MepOB IO~
nyoctpoBa IlenononHec (Tak yTBEpXK/as, BIIPO-
YeM 4MCTO YMO3PUTENbHO, Gprtocod AHakcarop).

B03MO>KHO, IMEHHO TIPEfICTABIIEHNIE O TOM, Ha-
ckonbKo Benmnko CorHIje, IpuBeno Apucrapxa

K MBIC/TU O TeTMOLEHTPIYECKOI CICTeMe MUpa
(ot cnoBa «Temmoc» — Comnuite). CTpaHHBIM BBI-
rasifien 651 Mup, B KOTopoM orpomHoe ConHile
IOBVDKETCS BOKPYT MajleHbKolt 3emu. Emle on-

y HIUM JIOBOZIOM B TO/b3y NepeMentenns ConHIa

b) B LjeHTp BceneHHOI1 ObIIO SIBHOE M3MEHEHNUE sIp-

KOCTI Mapca: 9Ta IVIaHeTa TO yBe/In4IMBalaa CBOI1
6}'I€CK, TO yMEHbIIaJIa. Ecnu 3emnsa HaXoauUTCA

MAPC B IIEHTPe MIUPa, TO PaccTosiHue 10 Mapca JomxK-
570 OFbACHIET HO OCTaBaTbCs MOCTOAHHBIM (OH JIETUT II0 OKPYX-
W3MEHEHWE HOCTMV BOKPYT 3€MJ/IN), HO TOT/ja HEIIOHATHO, I10-
’;xxg&—n 4yeMy M3MeHAETCA APKOCTb MaaHeThl. Ecnm xe

u 3ems, 1 Mapc obpauiarorcs Bokpyr ConHija,
BCe CTAHOBUTCS SICHO — BeIb PACCTOSTHNE MEX-
Ay ABYMs IVIAaHETAMI B 3TOM C/Iydae NOIKHO BCE

Ecnn 3emna B ueHTpe mupa, BpeMs MEHATDCA.

pacctoaHue o Mapca KoHnTpmoBom — a modemMy MBI He BUAVIM Ka-
Hen3MeHHo (a). Ecnu 3emna n JKYIIErocs CMellleHNA 3Be3]] KaK C/IefCTBUA OBU-
Mapc Bpatuatotcs Bokpyr ConHua, KeHuA 3emn, ApucrapxoM (IO CBUICTENBCTBY
paccrosnme o Mapca noctosHHo Apxmmepa) oTBeprajcs. Y4eHblll yKa3bIBasl, 4TO
u3menaetca (6). 3Be3JIbl 04eHb O0asieKy Y TI09TOMY CMeLLeHs JJOTDK-

HBI OBITH KpaliHe MasIbl, 13-3a Y€ro Mbl X HE 3a-
MeydaeM. Kak BBIACHIIOCH CITYCTS fiBe THICSUY JIET,
OH ObUI COBEpILIEHHO paB. 3aMeTuM, 4to IItorme-
Meit, 000CHOBBIBasI CBOKO CHCTEMY, STVM JOBOJOM
He II0/Ib30BAJICS. — OH TOXK€ CYMTAII, YTO 3BE3/IbI
MOT'YT OKas3aTbCs O4YeHb JJa/IeKVIMI, ¥ B 9TOM OH
6b11 cornmacen ¢ ApucrapxoM. Y Iltonemes 6buin
MHBIEe JOKa3aTe/bCTBAa HEMOABIDKHOCTH 3eMIn
(00 3TOM CKa3aHO BbILIE).
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XXI

beinn u gpyrue samedaHusA K runorese Apucrapxa: [E/MOLEHTPUYECKAS
IIOCKOJIbKY B cXeMe ApMcTapxa IJIAaHEThI JIBVOKYTCA 10 TUNOTE3A, BO3HWKHYB
OKPY>KHOCTSIM, 9Ta KOHLIENIVIsI He OOBSCHSA SBHYIO He- ELE 10 HALLEW 3Pbl,
PaBHOMEPHOCTD IBVOKEHNA IJIAHET. NOATBEPX AEHUS

B xoneunom utore Iltonemeit cuen npero Apucrap- HE HALLNIA.

Xa YMO3PUTEIbHOI 1 HeJJOKa3aHHOIA, a I03TOMY, CKopee
BCero, HeBepHOIL. Takum 00pa3oM, rennomneHTpuIecKas
TUIIOTe33, BOSHUKHYB ellle 10 Halllell 3pbl, HOATBEPXKIe-
HuA He Hanyla. [eolleHTpuyeckas cucreMa MUpa B Bapu-
aHTe ITTonemes momuuMposana B EBpone Ha mpoTspKeHNN
MHOTUX CTOJIETUIA.

B 3T0i1 KHUTe M3TaraeTCcs He ICTOPYS aCTPOHOMMUI, MHa-
Ye C/IefloBalo Obl paccKasaTh, YTO IPOMCXOAWIO B 9TON
chepe Ha IPOTSHKEHNUM IOYTH HOTYTOPA THICSUENIETHII [IO-
cne IITonemes. Y Hac HeCKO/IbKO MHasA 3ajlaya — MBI CTle-
IVIM 32 TeM, KaK MeH:/Iach B IIpeicTaB/IeHN! YeI0BeKa Kap-
TuHa Mupa. [IoaTOMy C HEKOTOPBIM YIPOI[eHEM MOXKHO
6b1710 OBI CKa3aThb CrIeAyIOLIee: 10 KpaiiHeit Mepe, B EBpore
co BpemeH IItonemes 1o xonma XVI Beka OCHOBHasA Kap-
TVHA MUpa (KOTOPOIl IPUAEP>KUBATIOCH OONBIIMHCTBO) He
usMeHmnIach. boee Toro, oHa cTaza B HEKOTOPHIX OTHO-
IIeHNAX IIPUMUTUBHEe, YeM Oblla B aHTIYHbIe BpeMeHa.

Ho orpanmuntbcs AByMsA ppasaMu Bce-TaKM HeJlb3s.
[TponycTuTh MATHAALIATH BEKOB ¥ IPOJO/KUTD HAIIl pac-
CKa3, KaK Oy[TO B 9TO BpeMs COBCEM HIYETro He IPOMCXO-
Iuo, 66110 651 HeBepHBIM. OIIpefie/IeHHO CTOUT CKa3aTh
HECKOJIbKO CTIOB O TOM, YTO Ipoucxoauao B Eepore mo-
crie UIMBUIM3ALNU BETUKUX TPEKOB, IPOCYIeCTBOBABIIEN
HOYTH THICAYY JIET.

MBs! Buienu, 4To 3a nepuop, oT AHakcuManzapa (VI sex
mo Haueit apbl) o [Itomemes (II Bex Haireit 3psr) mpo-
rpecc 6bII TpOMagHBIM (€C/M CpaBHUBATh, KOHEYHO,
C NIpeAbIAYIIMMY BeKaMU U ThICSTYeIeTAMHI, KOTa IIpo-
rpecc ObUT TOYTH He3aMeTeH). YdeHble JOKa3aiu, 4T0 3eM-
JIS1 — MIap, OIPeeVIN C HeITIOXOl TOYHOCTBIO pa3Mephl
3emy, JIyasl u ConHija, 06HApY>KMIu HepaBHOMEPHOCTD
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00.00.00 263 . JIto Xyoit muiet «MaTeMaTHKy B I€BATH KHUTAX»
L] L]

h C KOMMEHTApUAMU
Bonbioit B3ppiB

T T D T D ——
ﬂOBT%’E ’ OBIVDKEHIS CBETHJI, OINICA/IN €€ MaTeMaT4eCK, Y3Ha-
NOAOKEHHUA -
ot Bff‘g*gg”ﬂ’ JIM HAKJIOH IUIOCKOCTU OpOUTEI JIyHBI K 3eMHOMY 9K
{
7 g BaTOpY, paspaboTanu cucteMy HeOeCHBIX KOOPAMHAT

M COCTaBMJ/IM KapThl 3Be3]I, BRIABMIN 3D deKT mpe-
neccun (MefyleHHOe M3MeHEeHIe OPMEeHTAN 3eMTn
B IPOCTPAHCTBE), OOBSCHMIN IPUINHY CMeHBbI (a3
JIynsl u sarMeHunit. Yeumusamu Iltonemes 6bu1a co3na-
Ha nofpo6OHas Mofenb BeenenHoit (kapTuHa Mupa),
paccuMTaHHas M MOJOTHAHHAS HACTOIBKO TOYHO, YTO
MO>KHO OBI/IO YCIIENTHO IIPOTHO3MPOBATh Ha TOBI BIIE-
Pern M BOCCTaHABIMBATH HA TOAbI HA3a[| PACIIONIOXKeH e
IIaHeT Ha HeOe. BosoOnmayjana BaykHas Hay4Has Tpa-
IMIVST — He IPUAYMBIBATh OMMCAHVE MUPA, A CTPO-
UTD €T0 8 COOMBEMCMBUL ¢ HAOTIIOOEHUSMU U ONBITNOM.
Be3ycnoBHO, 9TO ObIT IPaHAMO3HBILIT ITporpecc (cracu-

60 KPUTHYECKOMY MBIIIICHNIO).
3akaT 9To¥ UMBMIM3ALMM Hadancsa NPUMEPHO
B III Beke Hameit apbl. Kak 3T0 HM CTpaHHO (a MOXeT

Mpeweccua 3emnn — ObITD, KaK pa3 He CTPAHHO), HO 9TO OBUIO CBsI3aHO CO
MeZ/IeHHOoe CMeLLeHne ocun CTPEMUTENIbHBIM YCUIEHVIEM MOJIORON ¥ SHEPTUYIHOM
BpaLeHua Semnu. XPUCTHAHCKOI PEINTHIL.

HoBas penurus o6parianach, mpex/e BCero, K JIo-
msiM 6eqHBIM U 6ecipaBHBIM. [IpOIIOBEHIKY XPUCTH-
AHCTBA paccKasbplBaIM 00 YAVBUTENIBHOM OOre, ChIHEe
00BIYHOI GeTHOI JKeHIMHBI (He Jouepy KaKOro-Hu-
Oymb MMIIepaTOpa MU BeTIbMOXI), KOTOPBIl CO3HA-
TE/IbHO TIOLIeTT Ha MyYUTE/NIbHYI0 CMEPTh pajiut JIOTeit.
Vpnes o ToM, 4TO ee IpUBepKeHIIeB, CTpafajblieB Ha
3eMJIe, JKJIeT pait Ha Hebecax, 6e3yCIIOBHO, IIPMBJIEKaIa.
[yt MHOTHX 3TO OBUIA €MHCTBEHHAS HAfIeK/ia B TsDKe-
JIOM U HeCIIPaBeIBOM MIUpe, Pasfie/IeHHOM Ha paboB
U UX X0351€B, 00raThIX 11 HUIIMX, 00/1ajaloliyX TOCYTOM
u paborarimM 6e3 OT/ibIXa.

CHavaya XpUCTHaHCTBO B PuMckoit uMnepun (Hauu-
Has ¢ | Beka o Hameit apbI [perinst 6p11a IpoOBUHLIVET
Puma) >xectoko mpecnegosanocs. Hpasel Puma siBHO
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OT/INYAJIMCh OT IPeYecKUx: uMIepus 6ecromagHo 60po-
JIach ¢ HOBOII oracHoM upeonorueit. Ho HoBas Bepa Haxo-
Iua Bce 6OTIblle CTOPOHHUKOB, IIPeX/ie BCEro cpemit 00e3-
TOJIeHHBIX JII0fIell, KOTOpble, HaJlo MIPSAMO CKa3aTb, PEIKO
6ty 06pasoBaHHbIMU. KHUT Benmkux gpumocodos oHM He
ypTaayu (MHOIME IIPOCTO He YMe/IY YUTATb), U C KpUTHYe-
CKJM MBIIIJICHVEM Y HUX ObUIM ITPOOJIeMBl. YBBI, HeBeXe-
CTBO BO BCe BpeMeHa IPUBOAMIO (M IIPUBOJUT) K pemn-
TMO3HOMY MY Hepe/IMIMo3HOMY (aHaTnaMmy. Jlronn 6bm
TOTOBBI 11 yMMpPaTh, ¥ yOUBATh 3a CBOIO UJIEI0, CBOIO Bepy
paju O6ynylueit paiickoil >KM3HM U pajy «cBoero» bora.

B 311 ropy XxpucTuaHCcKas penurus craaa B Pume rocy-
mapctBeHHOI. CraB obuUIaIbHOI UIe0TOTEN, OHA IPO-
momKasa 60pp0y co cBouMM Bparami. Bparom crana cpe-
IV IPOYUX U A3blYecKasd pennrud (Bepa B OJIMMIINIICKNX
6oros), 6oree ThiCAUN NeT LapuBlIas B [peunn. bops-
6a ¢ 4yXKJI0il pennrueil 3aTPOHYIIA U Tpedeckyo ¢uo-
codMI0 3a0JHO C HAYKOIl — KaK IOTEHIVIAJIbHYIO epech.
Hacaxganmach MBICTIb O TOM, YTO BC€, YTO CHEAYET 3HATDH
4e/noBeKy, cka3aHo B CpsanienHoM IIncanum. Herpamor-
Hble JIIOIU TPOMIIM 00CepBaTOpMUU Y OMOIMOTEKN, COKU-
rajiy KHUTY «SI3BIYHMKOB». MpadHOIl cTpaHuIel UCTOpun
CTajIa KpoBaBas pacrpasa (paHaTUKOB B 415 rogy Haz pu-
nocodpom Iumarmeii, npenogasasiueil B Myceilone mare-
MAaTHKy ¥ aCTPOHOMMUIO.

Paspupaemas npoTUBOpEYUAMY, TUIIEHHAsA MEXaHU3-
MOB TIOIIO/THEHVSI pecypcoB (yrKe He ObIIO CIUJT HAa HOBBIE
3aBoeBaHMs), PuMckas ummepus c ee HeapHeKTUBHOI
9KOHOMMKOIT pyxHyna. B IV Beke oHa pacnanach Ha JiBa
rocyjapcTBa.

3amazHas PyMckas uMnepus ObUla YHUYTOXEHA B KOH-
e V cTonetus opflaMyu «BapBapoB», NPUIIEJIINX C BO-
croka. Ha ee Teppuropun nosBUINCh HECKOBKO IOCY-
0apcTB. 3MeChb BOLAPUINCh IPUMUTUBHbBIE X03AICTBO
U OBIT, OT KOTOPBIX [perys yuuia egBa 1 He ThICAYY JIeT
Hasaz. Kakne reoneHnTpuyeckue u reMoLeHTpUYECcKme

XXI

HEBEXXECTBO BO BCE
BPEMEHA NPUBOAMNO
K PE/IMTMO3HOMY U/
HEPE/IUTO3HOMY

DAHATU3MY.
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00:00:00

Bonbioit B3ppiB

IK3EMNNGPI
TPAHMO3HOTO TPYAA
[TTONEMES, CHAYANA
UMEHOBABLLEFOCS
<MEran3
CuHTAKCHCS —
<BEAMyANLEE
CO4MHEHMES,

A 3ATEM CTABLIEFO
W3BECTHbIM BCEMY
MIAPY MO/ HA3BAHWEM
<ANbMATECTS bl
BbIBE3EHBI HA APABCKIV
BocTok 1 TAM NEPEXWM
TEMHbIE BPEMEHA.

60

IV Bek. YTBepiK/ieHne XpUCTUAHCTBA, 3aIIPET KasHel
Ha PaCIATUY U ITAfMATOPCKIX 60eB

CHCTEeMBI, KaKJie 9KBaHTbI 11 e epeHThI, KaKyie TOUHbIe
HaOJTIofieHnA 1 MaTeMaTndeckue pacyetsl? Herpamor-
HBIM B OCHOBHOJI Macce MIOfiAM U UX NPaBUTENAM He-
HOHSATHbIE VI 3ayMHBIE TEOPYM I TEKCTHI ObUIY He HYX-
HbL. IIpecTaBieHns 06 yCTpOCTBe MUpa BEPHY/IUCH
K YPOBHIO JIaJIeKOTO IIPOLIJIOr0 — TIJIOCKas 3eMJIA MOJ
TBepAbIM HeOOM. JJOCTVMKEHUS BEIMKOI IPedecKoll
KY/IBTYPBI ObUIU 3a0bITHL.

Bropas, Bocrounas umnepns Tpancopmuposa-
JI0OCh B HOBOE KPYIIHOE TrOCylapcTBO — BusaHTnIo.
Ee cronuueit cran ropog KoHcTaHTMHOMOND, HA3BaH-
HBIIT B 9€CTh OCHOBABIIETO ero uMiepaTopa Koncran-
TuHa | Ha MecTe cenenusa BusanTtuii. 3mech Toxxe Mano
4TO OCTAZIOCh OT TPeYeCKOil KyNbTYPbl, HO OT/Ie/TbHbIE
ee ovary yuesnenn.

Koe-4To (B 4aCTHOCTM, 9K3eMIUISPHI TPAH/VIO3HO-
ro Tpyna IItonemes, cHayana uMeHoBaBuierocs «Me-
rans Cunrakcuc» — «Benmmuaitiee CounHeHue», a 3a-
TEeM CTaBILIETO M3BeCTHBIM BCEMY MUPY I10J] Ha3BaHUEM
«AnmbpMarect») ObIIO BbIBe3€HO Ha apabckumit BocTok
U TaM IepeXXIIO TeMHBIe BpeMeHa. HekoTopble KHUTH
BE/IMKIX TPEKOB CIyYalfHO COXpaHMINCh 1 B EBporre.

B 391 roxy Tonmna OecHyomuxcs GpaHaTUKOB pas-
rpomusa kuuroxpanmwmige Cepaneiion. B 475 rogy
OBV COXKXKEHBI BBICILIAS KO/ 1 6167110 TeKa, 11 He
rie-HUOYAb, @ B caMoii ctonuie BusaHTnitckoit nm-
nepuyu — Koxcrantunonore. Jlaxke mpefcTaBUTh cebe
HEBO3MOXKHO, CKOJIBKO OeCIIeHHBIX KHMT, PYKOIIICeIT,
MIAMMPYCOB, TAOMMYEK C MBIC/ISIMU BETIMKIX YMOB iajie-
KOTO IIPOILIIOTO, ¢ MHGOpPMAIMel O JPeBHNUX LNBUIN-
3aI[MsX Hallell ITaHeThbl Tornbmy BMecTe ¢ AjleKcaH-
IpUIiCKOI1 0M6/MMOTeKOIL. VICTOPUKY IO CUX HOP CLIOPAT
0 ee cyabbe — ObLIa /I OHA YHUYTOXKEHA BO BpEMeHa
pumckoro umneparopa I0Oma Liesaps, Bo BpeM: CTONK-
HOBEHMIT XPUCTHAH M A3BIYHUKOB MO0 BO BpeMs 3a-
xBaTa Anekcanppun apabamu (eCTb MCTOpUUECKUE



CBUJIETENIbCTBA, IIOATBEPXKJAIOIME KAXKIYIO U3 STUX
Bepcuit). Ho hakToM ocTaeTcs 0lHO — OHa IIoru6a.

VnTennexryanbHoe 1 Ky/IbTYPHOE Hac/le[iie IPEKOB
YHMUTOXA/IOCh KaK XPUCTUAHAMMY, TaK ¥ BapBapaMI.
He npITanuch ero COXpaHUTD U BIACTH.

B HeMen kol Ky/nbType €CTb Ba)KHOE IMOHATHE
Zeitgeist, KOTOpOe MOXXHO IIepeBecT! Kak ZyX Bpe-
menn. B [Ipesnent Ipennun saHuMaThCAa HayKOI, MaTe-
MATHKOI, pacCy/JeHUAMY 00 YCTPOICTBe MUPa, AUC-
KyTHPOBATb 1 006CYXaTh ObIIO TI0YETHO I IIPECTIDKHO
(s1cHO, 4TO peyub UfeT npexxzie Bcero 06 06pasoBaHHOI
JacTy HaceeHns). [ocymapcTBeHHasA BIACTb CUMTaNA
9TU 3aHATUA HY>KHbIMI. B PrMckoit umnepun y4ensie,
¢dunocodsl, moaTh (He BCerna, He Besfie I He BCe) MOT-
M HAXOUTHCA Ha TOCYHApPCTBEHHOM obecredeHnu,
MUCANM KHUTY, YUTaNN JIEKIUY, TIBITA/IUCh MICCIIeN0-
BaTh MUP C IOMOLbI0 HaO/IOeHNIT 1 u3MepeHuit. Jeit-
CTBOBA/IM LIKO/bI: OCHOBaHHaA [InaTonoM AkaneMusa
B AduHax, co3gaHHblT ApyucroTeneM JInieit, BbICIIast
mkosna Myceiton 1 kHuroxpanunuie Ceparneiios npu
xpame Cepanuca B AJIEKCAaHJIPUM. ..

HoBas xpucrmaHcKas penurus Hecna, YBbl, APYyTroi
IyX BpeMeHH. Teniepb CUMTANOCh, YTO MOMBITKY Y3HATD
6oJbIlle TOTO, YTO CKa3aHo B bubum, He HY>KHBI, Oec-
T0JIE3HBI (IIOTOMY YTO HEBO3MOXKHBI) 1 JIayKe TPeXOB-
Hpl. Enle 10 yTBep)KIeHusA XpUCTUAHCTBA B Ka4eCTBe
rOCY/IJapCTBEHHOI penuruy PyMa ofiiH 13 paHHUX XpH-
cTHaHCKux 6orocnosoB Teprymmman (150-222) nucan:
«Ham nocie Xpucra He Hy>KHa HIMKaKast TI0003HaTe/Ib-
HOCTD, He HY>KHO HIKAKOT'O UCC/IE[JOBAHMUS».

B Takoit aTMOcdepe Hayka pasBUBAaThC He MOXKET.
Heypmueurensno, uro B EBpore Ha NpoTsSXeHUM 1M0Y-
TU IIOJTyTOPa ThICAYENETUI IIOHMMAaHNE YCTPOMCTBA
BcenenHoll mpakTu4ecky He NMPOJBUHY/IOCH BIIEPE,.
HarnapapiM mpyuMepoM NpefcTaBIeHnii 0 MUpe B 9Ty
3IIOXY MOYKET CIIY>KUTD IIOABMUBIIASACA B 547 TORY KHMI-

XXI

WHTENNEKTYANIBHOE

W KY/IbTYPHOE HAC/TEAME
TPEKOB YHUYTOXA/IOCH
KAK XPUCTUAHAMM,

TAK 11 BAPBAPAMA.

B [lpeBHER [PELMM
3AHUMATBCS HAYKOW,
MATEMATUKOW,
PACCY X IEHUSMN

06 YCTPOVICTBE MUPA BbI/10
MOYETHO W NPECTUXHO.
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00.00.0 0 910 r. B Kurae nosBunmch nepsble GyMaXkKHbI€ JEHbIY BMECTO MO-
[ [

o HeT; HaceJieHne MIpPa COCTaB/sAeT 0Ko/o 400 MU/ITMOHOB YeloBeK
Bonbioit B3ppiB

ra IyTelleCTBEHHMKA M KYIIa, CTaBLIETO 3aTEM
BuU3aHTUiicKuM MoHaxoM, Kocmbl (Ko3bpMmsi),
MOTy4YMBLIEro Ipo3Buiie VIHIMKONIOB, TO €CTh
«mnaBaBiinit B Magnio». Kosbma VHgMKOMIIOB,
TOEeICTBUTENbHO COBEPIIMBINNI Iy TEIIECTBIE
B VIHIMIO ¥ TOSTOMY ITO/Ib30BABILNIICSA AaBTOPUTE-
TOM KaK 4e/I0BEK, KOTOPbIil «MHOTO BUJIEJI I MHO-
IO 3Ha/l», HallJca/l KHUTY C XapaKTepHbIM Ha3Ba-
HueM: «Xpuctuanckas rororpadus Bcemrennoii,
OCHOBaHHas Ha cBupeTenbcTBax CsamieHHoro [1nm-
CaHMA, B KOeM XPUCTIMAHAM HeJIb3s1 COMHEBATbCS».

B aTo0iT KHUTe U3jIaragach cxeMa CTpOeHUA

MOAEAD MWPA O OMUCAHIAK) mupa. ITnockas semna nMena Gopmy deTbpex-
YEAOBEKA, KOTOPbIA B 547 [
«MHOTO BIAEA ¥ MHOTD 3HAAY ~ YTONIBHMKA, IO KPAAM BOSBBIIIAIICH BEPTH-

KaJIbHbIe CTEHBI, IIOJOOHO CTEHKaM OIPOMHO-
ro cyHayka. CBepxy Mup ObUI 3aKpBIT TBEPJOIL
KPBILIKOl — HeOecHbIM cBogoM. Houb HacTyma-
na noromy, 4to CoJHIIe 3aX0UIO 33 BHICOKYIO
ropy Ha ceBepe. OTa KapTHHa Mypa 6bL1a yOOoroi
U IPUMUTUBHON — Jjaxke MUQBI «IMKIX» IIeMeH
Adpukn u oburaresneit ocTpoBoB Tuxoro okeana
nogyac ObUIN CTIOXKHEe 1 OCTPOYMHee, 4eM CXeMa
eppomnetina KospbMbL. JTa cucTeMa NOfepK1Ba-

J1aCb XPI/ICTI/IaHCKOﬁ LI€EPKOBbHIO Ha IIPOTAKEHUN

HEeCKOJIbKIX BEKOB, B YaCTHOCTM 1 Ha Pycu.
Yro ke crano ¢ cucreMoi [Itonemes?
OHa 6bL1a CIMIIKOM CTIOXKHA U IIOTOMY HellpH-

MUP B CYHAYKE

emjieMa JJIsl HOBOU (TO4YHee, TIEPBOII) MacCOBOI
KY/IBTYPBI, CBSI3aHHOI C XPUCTUAHCKMM Y4E€HUEM.

ITepBoHaYa/IbHO ObUT HeIpMeMIeM Jaxe Apu-
croTenb. Vigero kpyrnoit 3eMan KpUTUKOBAIN
U BBICMEVBAJIU IIepPBble XPUCTUAHCKIE HOTrOC/Io-
BbL. Bepib 113 mapoo6pasHocTy 3eMin ciefoBa-
710, YTO HA «HVDKHEM» MTOTYIIApUY MOV TO/KHBI
XOJIUTb BBEPX HOTAaMU I10 OTHOLIEHUIO K TIONAM
nonymapus «BepxHero»! CyliecTBOBaHMe TaKNX
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«aHTUIIOJOB» Ka3ajl0Ch HeJeNbIM I HeBO3-
MOXXHBIM. VIiest TJI0CKOIT 3eM/IU BBITTIAJieNa
KyZla eCTeCTBEHHee.

3aMedyaTeIbHO, YTO y4eHMe APUCTOTENA
CO BpeMeHeM (CITyCTs BeKa) BCe-TaKu ObIIo
BOCIIPUHSITO, MOIJIOIIEHO M aJalITUPOBAHO
XPUCTMAHCKUM y4yeHMeM. Vges Apucrore-
71 O TOM, YTO MUP TaKOB, KaKUM MBI €r0
BUUM, ObIIa OHATHA [ BCeX. A upes,
YTO OIPOMHAsl MacCUMBHas 3eMJIsi HAXO[UT-
s B LIEHTpe M1pa IOTOMY, YTO 9TO IJIABHBII
00beKT MYpa, CO3AaHHBII boroM crenmanbHO
JUIA pasMellleHns 37,eCh YeJI0BEeKa, BIIOJIHE CO-
oTBeTcTBOBaIa bubmu. Begs Texkct brubnun
TPAKTOBAJICA TAK, YTO 3eMJLA C ee BOJAMI I1Of]
HeOeCHOJI TBEPABIO, C ABYMSI CBETI/IBHUKAMM
Ha Hebe (ComuueM u JIyHOIT), C ee pacTeHuU-
M V1 KBOTHBIMM ObITa CO37jaHa IMEHHO TSI
TOTO, YTOOBI 3[ECh M02 H UMb Uen08eK, CO3-
[IaHHBI B OC/IEIHIOI O4Yepesb, KOrza Bech
Mup ObIT yKe «roToB». [Ipu Takom mopxofe
Yell0BeKa MOYKHO OBIJIO paccMaTpyuBaTh Kak
BepILIHY TBOPeHMs. DTa Ujes XPUCTUAHCKO-
MY Y4eHUIO He IPOTUBOPEYNIIa.

Tpynel ApucToTesns, COXpaHUBIINECH
B 610/IM0TEKaX MOHACTBIPET, OBV B3SATHI
Ha BOOPY)XeHJe OpUIMaIbHOI MIeONIOI Vel
OpnHaxo HOBBI iyX BpeMeHY CpefHeBeKOBbs
YOI [TTaBHYIO MBICTIb APUCTOTEIsI-YIEHOrO,
[IPM3bIBABIIETO KOIZIa-TO [TOTb30BATHCS IS
MCCIIEOBAHMS MUPa [TIa3aMU U YIIaMM, a He
BBIIYMbIBAaTh HECYIL[ECTBYIOIME CYIL[HOCTI.
Temepsp xe McCcnefoOBaHMsl He IPUBETCTBO-
BaJINCh, METOJVIKE MCCIEOBAHNUII HE y4Iu-
. Hanmpumep, B EBanrenmusax (texcrax o6
Mucyce Xpucre, HaIMCAaHHDIX €r0 YYeHMKa-

YAOBHO At X0AUTL
BHI3 FOAOBOVA ? HET !

M BCE, YTO Bbl CAbIXAN
[P0 AHTMUIMOADB, ~ AOXb !
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! B Kurae cpenana neppas mymika
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Mup TaKoB, Kakum Mbl MM — anocTonaMu) anocton doma, KOTOPBIIT ITOCTTIE BOC-
ero BUaum. 3emna — KpelleHust XpI/ICTa He Cpa3y MOBEpPUJI, YTO IepeJ] HUM ero

M0CKas, 1 COMHEBATbCA
B 3TOM Henb3s!

Yuurens, moTpe6OBaB HOKa3aTEIbCTB, I TOIBKO IIOCTIE
TOTO, KaK PacCMOTPE/I ¥ OLIYIIa] OTBEPCTIsI OT I'BO3fIel
B pyKax Mucyca, npusHan ero. XpucTuaHe cKopee Hera-
TUBHO OTHOCATCA K DoMme, HasbiBasA ero PoMoil HeBepy-
IOIUM, B OT/IMYME OT IPOYNX AMIOCTOJIOB, IIOBEPUBIINX
cpasy, He Tpebys mokasaTenbcTs. ClefoBano BepuThb 6e3
JIOKa3aTe/lbCTB!

B mkonax (cxomax) mpocTo 3a3yOpuBajINCh TEKCTHI.
Hapiexxano 3ay4nBaTh TO, YTO OBUIO CKa3aHO B CBAIICH-
HBIX KHUTAX, He aHA/M3UPYs U He TPeOysI JOKa3aTeNnbCTB.
Apucrorenst MOXXHO (M Hy>KHO) OBI/IO IIUTHPOBATH, HO Te-
Hepb CIOPUTH C HUM ObIIO Henlb3st. JMCIyThI CBOAVINCDH
K TOMY, YTO KaK/Iblil 3 CIIOPMBIINX IPUBOJVII B KayeCTBe
JIOBOJIOB pasHble [IUTATBI 13 APUCTOTENS: TaK APUCTOTEND
BBICTYTIAJI IPOTUB CAMOTO CeOsl.

TBopueckast sHeprust M0O03HATETbHbIX JIIOfIElT, KOTOPast
HIIKY[a He [iefach, Oblla BBIHY)X/JEHHO HaIllpaB/ieHa He Ha
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UCCIeOBAHMA MIPa,  HA KOMMEHTIPOBaHIe yoKe CYIle-
CTBYIOLVX TeKCTOB. Tpymbl 60TOCIOBOB (C/I0KHO Ha3BaTh
UX Y4EHBIMU B TOM CMBIC/Ie, KOTOPBIN MbI IIPU/jaeM 3TOMY
CTIOBY CETOLHS) CBOAMIICD K PACCY>KAEHMAM Y KOMMEH-
TapusM 1o nosoxy CesienHoro ITucanus, Tpynos Apu-
CTOTE/S U caMMX OOTOC/IOBOB. BBIXOANTD 32 paMKI KOM-
MEHTHMPOBAHNS U MIPef/IaraTb HOBbIE Myiey ObIIO OIIaCHO.
Tak, mpussis ITbepa Abenspa (1079-1142) «BepbTe HoKa-
3aTe/IbCTBAM pasyMa, a He aBTopureTam!» 00epHyJICs TeM,
4TO ero TpyAbl B 1140 roxy ObIin 3anpeljeHbl 11ePKOBbIO.

Kopone Kactunuu u Jleona Anpdonco X (1252-
1284), mocTpouBIINIT aCTPOHOMUYECKYI0 00CcepBaTO-
puto B Toreo v MHUIMMPOBABIINIT COCTABIEHME TAOINI]
C KOOpAMHATaMM 3Be3]i (3HaMEeHUTBIE B Te BpeMeHa AJib-
dboHCUHCKIME TaOMNUIIBI), OHAXK [l HEOCTOPOXKHO BBICKA-
3a7ICsl, 03HAKOMUBIINCD ¢ cuctemoit ITtonemes. OH He-
OCMOTPUTENHHO 3asIBIII, YTO Ha MecTe bora cosman 661
CHCTEMY MMpa IOIIPOLIle, 1, COIVIACHO JIETeH]IE, 3-3a 9TO-
TO JIMIIN/ICS TPOHA (XOTs1 ObI He TrOMOBBI). Brimaromumii-
Cs1 aHDIUIICKUT MbicinTenb Pomkep bakon (1214-1294)
OJHAX/bI (BUAMMO, B IIbLITY) JjaXkKe 3asiBUJI, 4YTO FOTOB
CKe4b COYMHEHNSA APUCTOTeNIA, OCKOIBbKY HeobXopu-
MOCTb LIMTUPOBATh Ha KaXKJOM IIary JpeBHerpedecKo-
ro ¢uocoda crazma TOPMO30OM /LS UCCIIEOBAHMIL 1 TI0-
JIy4eHNs HOBBIX 3HaHUIL. [IOHATHO, YTO e/0 Ty T OBIIO
He B ApucToTesie, 6€3yClI0BHO, OH 11 caM ObL OB IIPOTHB
TAKOTO IyXa BpeMeHM!

MHorue ucropuxu u ¢umrocodps: muinyr, uto B Cpen-

HJI€ BE€KAa TBOPYECKAA SHEPINA MI0003HATETbHBIX )'[IO]ICI?[ KOPOﬂb KACTM}]MM

W JIEOHA ANb®OHCO X
HEOCMOTPUTE/IBHO 3ASIBUJI,

Obl1a HaIpaB/I€Ha Ha NCCIIENOBAaHNE Q)CHOMeHa YE€/I0BCKa,
CYIIHOCTU 4Y€JIOBEYECKOI'O pa3dyMa, €ro B3aMMOOTHOIIEHNA

¢ Borom. 9to tak. Ho daxr ocraercs dakrom: Zeitgeist, 4TO HA MECTE Bora
BOLIAPYMBIINIICSA B ONICBIBAEMOE BpeMs, He II03BOJLAN Y- CO30A Bbl CUCTEMY MUPA
Math (M1, BO BCIKOM C/Tydae, BHICKA3bIBATHCS ITyOId- NONPOLLE, U, COFIACHO
HO) 06 ycTpoiicTBe Mupa, He anempys kK CBsAleHHOMY JIETEHAE, U3—3A 3TOr0
IIncanmto. Jlyx BpeMeH! He IOIyCKaJl IIPOBEJEHN UC- JMWMNCA TPOHA.
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00‘ 00' 00 CXKUTaHNMe BeIbM

Bonbioit B3ppiB

B 3ToM BAIHE KONEPHUK
OBOPYAOBAA OBCEPBATOPU{0
W XPAHUA CAMOAEAbHbIE
WHCTPYMEHTB AN
ACTPOHOMUYECKMX
HABAAEHWA

CJIe[JOBAHMNIA, He TI03BOJIAI CTABUTD 9KCIIEPYMEHTBI, IUIAHNPO-
BaTh HaOmoReHns1. TO He OBUIO IPUHAITO, TaK He CIefOBAIO
[ienaThb, U yrpo3a OOBMHEHNS B epecit BCeTfia IBCTBEHHO IIpH-
CYTCTBOBAJIA.

JKnsHpb Bcerga cnoxHee, yeM ee omnucanue. Kusup EBpo-
bl B CpeiHue BeKa, KOHEYHO, He/b3sl CBOJUTH TOIBKO K TOMY,
0 4eM HaIIMCAHO B 3TOM pasperne kuury. Ho daxt ocraercs dak-
TOM: 3a BCIO 9Ty HEIIPOCTYIO 310Xy B EBporie He 6bUIO cleaHo
HU OJIHOTO aCTPOHOMIYECKOTro OTKpbITHA. [Ipencrasnenus 06
ycrpoiicTBe BcesleHHOI He pasBUBaINCh.

K 3a6pIT0IT HA MHOTYIE CTOTETHS TeMOLIEHTPUYIECKOIL nfiee
BepHyncs Huxomait Konepunk (1473-1543) — 3ameuaresnb-
HBII1 TTIOTIbCKUIL YYEHBI, aCTPOHOM U MaTeMaTVK, Ybe M CBs-
3BIBAIOT C IIePBOII Hay4HOIT peBoorest. KomepHuuk 61 cBsi-
I[eHHOCTY)KUTeJIeM KaTO/IMYecKoil 1iepKBY (KaHOHMKOM), 4eMy
[IOCIIOCOOCTBOBAJT €r0 SIS, CTABIINIT KATOMMYECKUM EIUCKO-
oM. KonepHyK monyumn Hertoxoe o6pasoBaHie, 00y4dasich
pasHbIM HayKaM (BK/II0Yas MeIMIMHY) B yHUBepcuTeTax Kpa-
KOBa, boronby u Ilagyn. ActpoHoMuelt OH 3aHMMAaJICA BCepbes,
 ofiHa 13 OarireH kpernocTy ropoa PpombopKa, Kyza OH mepe-
exasn B 1512 ropy, 6p11a 060pynoBaHa 107 ero 06cepBaTOpuIo.
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CoracHO MMEIOUMMCS MCTOPUYECKUM JaHHBIM, OH CTajl HAL TIABHbIM
NIpUBEP>KEHIIEM TeMOLeHTPUYECKO (Comnuue B LHeHTpe TPYOM CBOEW
MUpa) CUCTEMBI IIPAKTUIECKN ¢ camoro Havana X VI Beka, 4u- JKU3HKW, NONTYHUBLIMM
Tasg B YHMBEPCUTETCKUX 6MOMMOTeKaX MOMy3a0bIThie TPY/IbI HA3BAHWE
BE/IMKVX TPeKOB. Hajl I/IaBHBIM TPYZOM CBOE€II XM3HU, 110- <0 BPALEHAN
nyunBuM HasBaHue «O BpaiteHuu HebecHbIx cdep. lllectp HEBECHbBIX COEP.

LUECTb KHUMr,
KONEPHMK PABOTAN
HA NPOTSKEHMN
COPOKA JIET.

KHU» KomepHuk paboTasn Ha IPOTSDKEHUU COPOKa JIeT.

Cyzs 1o BceMy, Ha MBIC/Ib O TOM, UTO B LieHTpe BceneHHolt
Haxoputcs He 3emid, a ConHie, KonepHika HaBe TPybl €ro
JABHMX IIpeIIeCTBeHHNKOB — mudaroperines Ounomnas u Xu-
ketaca (Hukutsl), a Takxe Apucrapxa. Counnenre Konepuun-
Ka MOBTOPIIO CTPYKTYpy IITonemeeBa «AsbMarecta», TOTbKO
B COKpaIlleHHOM BH/le: BMECTO TPMHAJIIATH KHUT, 3 KOTOPBIX
cocrosn Tpyzn Iltonemes, y KonepHnka NOmydmacs «IecTu-
TOMHUK». VI BMecTo o60cHOBaHMs cucTeMbl [TTonemest (3eM-
I B LIEHTPe MUpPa) B COOTBETCTBYIOIEM TOMe IIPUBOAVIIVICh
TOBOJbI B IIO/b3Y I'eMMOLLEHTPUYECKOI CUCTEMBI.

OcHoBHbIE NTONOXKeHM cucTeMbl KolepHuka cBOAMINCDH
K cllefyioleMy. 3eM/id He ABJIAeTcA eHTPOM MMPa — BOKPYT
Hee BpalaeTcs TonbKo JIyHa. Cama ke 3eM/IA IBUXKETCSA BOKPYT
ConHua, Kak u #Apyrue miaaHeTsl, o Mepkypus go CarypHa,
PV 3TOM OHA BpallaeTcst BOKPYT cBoelt ocu. CyTouHOe Bpalle-
HIe 3Be3iHOro Heba KomepHUK cuymTan KaXXyLUMcs sIB/IeHN -
€M — Ha CaMOM Jlejie 3TO CefiCTBMe BpaleHus 3emnn. loguy-
Hoe nepeMelenne ComHIa 1Mo Heby, a TaKKe IeTrIeobpasHoe
IBIDKEHNE IUTAHET JIETKO 1 €CTeCTBEHHO OOBSCHAMICDH B 9TOI
cucteMe COOCTBEHHBIM JBIDKEHIEM 3eM/IV BOKPYT LIeHTPalb-
HOTO CBETHIA.

KomepHMK cuuTaj, 4TO IJIAHEThI 3aKpeIl/IeHbl Ha TBEePAbIX
KOHI[EHTPUYECKMX IpOo3padHbIX cdepax (3Ta nmes BOCXO-
mwna ewe K IIngaropy). Camoit BHelHelt u3 cdep ABsIaCh
cdepa HENMOABIKHBIX 3Be3[], Ha BHYTPEHHEI IIOBEPXHOCTHU
KOTOpOIT HaxopsATcs 3Be3fbl. [TogobHO Apucrapxy (a Bupo-
4yeM, ¢ 9TuM He criopwut u [Itomemert), Komepuuk momaran,
YTO 3Be3/[bl HAXOIATCS Ype3BbIUAIIHO HaJIeKO, 13-3a UeTOo He-
BO3MOYXHO YBUIETb CMellleHe 3Be3] 13-3a TONMYHOTO JBI-
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(onHue B LieHTpe CucTembl sxeHudA 3emnn. Ecnu y IlTonemes ruraHTcKas BHEIIHAA
mupa KonepHuka. 3emns cdepa co 3Be3famMit JO/DKHA OblTa HEIPEPHIBHO (1 OYeHb
BpaLLiaetca Bokpyr Conkila, ObICTPO) BpallaThCsl, COBEpILasi OAVH MOJIHBIT 060pOT 32
Kak 1l nnaneTb. flya 3Be3fiHble CyTKH, To y KomepHuka ata cdepa Obia He-

BpaLLa€TCA BOKpYr 3emnu. MOBIKHOI

[71st 06psicHEHVSI HEPABHOMEPHOCTH ABIDKEeHMsT Hebec-
HBIX Te/l KonepH1K ObIT BBIHY)X/JeH YaCTUYHO COXPaHUTh
npupyMaHHble [ITonemeeM fedepeHTbI M SMUIMKIIBI, KO-
TOpBIe OOBIYHO IIPY YIPOILIEHHOM ONMCaHuy cucteMbl Ko-
[epHUKA He YIOMMHAIOTCS. TeM He MeHee OHY TaM ObIIN.
B mpepBapuTeIbHOM BapyaHTe CUCTEMBI, OMyOIMKOBaH-
HOM B ero «MajioM KOMMEeHTapuu O I'UII0Te3aX, OTHOCA-
myxcs K HebecHbIM aBIKeHuAM» (1514), 80 ITtoneMeeBbix
SMUIMK/IOB OBUIM 3aMeHeHBI Ha 34. DTO, KOHEYHO, YIIPO-
IIaJI0 CUCTeMY, HO He pajuKaabHO. OKOHYATeIbHBII e
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BapuaHT CUCTeMbl obpasma 1543 roma
OBU 3aMETHO C/IOXKHEe [IepPBOHAYATbHO-
ro — M3MEHWINCH (YCTIOKHUINCD) Me-
XaHU3Mbl, 00BSICHSIOLNE sIBTIEHIE TIpe-
L[eCCUM, a TAkoKe CMellleHye IIaHeT 10
HIMPOTe U JOJITOTe.

JlereHja rmacut, 4To yxxe 00MbHO
U 4aCTUYHO IIapa/jM30BaHHbI IIOCTIE
nHCynbTa KolepHUK ycIen yBULETb
CBOIO KHUT'Yy HamedaTaHHoI. Ho ecTb
CBeJIeHMA O TOM, 4TO 3TO TONIBKO MU —
K MOMEHTY ITOSIBJIEHU:A TUPaXka OH ObITT
y>xe B KoMme. HaBepHo, MbI y>ke HUKOTIa
He y3HaeM, Kak ObIJIO Ha caMOM Jere.

EcTp eme oguH BOIpOC, KOTOPDIN
obcyxpaercs o cux mop. Kax cam Ko-
IIEPHMUK OTHOCUJICS K CBOEI Teopuu?
Cunran nmu oH, 4YTo BcenenHas neicTBy-
TeJIbHO YCTPO€HA TaK, KaK OH ee OIlN-
caJl, WM JOIIyCKaJl, YTO TaKoe OIINCa-
Hle II03BOJIAET YIPOCTUTb pacyeThl
MO/IOXKeHMIT HeOeCHBIX Tet (0 cpaBHe-
HIIO ¢ MeTofoM IITonemes), HO He uMe-
€T OTHOIIEHM K PeasbHOCTI?

Criop BbI3BaH AaHOHVMMHBIM TIpenM-
C/IOBMEM K KHUT€E, B KOTOPOM FOBOPUT-
Cs1, 4TO IIpeJIaraeMas CUCTeMa — He
6071ee yeM MaTeMaTIIECKIIT TPUEM IS
YIPOIeHNA BBIYMCIEHNI, He TIPeTeH-
Ay Ha 0OBSICHEHNE YCTPOJICTBA
mupa. Ilpenuciosne IpuIMChIBaIOCh
camoMmy KollepHIKY, OJHAKO eCTb JaH-
Hbl€, YTO BCTYIUTE/IbHBIN TeKCT HAIK-
can HekTO AHppeac O3manpep, KOTo-
pomy yuenuk Konepuuka Ieopr Pernk
HOpY4M/I 3aHUMaTbcA usfanueM. [Toxo-

XXI

BEK

N

HATIPABAEHNE
HA 3ERHUT

MTAPAMAKTUYECKIM
UHCTPYMEHT
KOMEPHUKA
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e, 4To IpenycnoBue O3maHziep BCTaBIUI B TEKCT KHI-
M, 9YTOOBI CMATYUTH PEBOJIOLVOHHBIN BBIBOZ O TOM,
9TO 3eM/I He HaXO[UTCA B LIeHTpe Mupa.

I3 camoro TekcTa KHurM KomepHuka ciemyer, Kak
yKa3aHO B BY30BCKOM y4eOHUKe «VIcTOpys acTpoHO-
MUM», KOTOPBIl HAIIMCAIM MOCKOBCKIE aCTPOHOMBI
Amnna Nocudosua EpemeeBa 1 ®enukc Anekcang-
poBuy IIUIMH, YTO aBTOpP BEMKOIO TPYAa BIIOTHE
Cepbe3HO OTHOCMJICA K CBOMM M3bICKAHUAM U CUU-
TaJl, 4Mo MUp yCmpoeH UMeHHO mak, KaK HaIlMCaHO
B €T0 KHMTe.

Knury ysugenn u npounranm MHorue. lennouenTpu-
"yecKast Teopyis ObLIa M37I0KEeHa B yIKe YIIOMSIHYTOM CO-
pokacTpannuHoM «Majiom KoMMeHTapun» (1514), a 3a-
TeM B kHUTe leopra Petuka «IlepBoe moBecTBOBaHME,
u3faHHol B 1540 rofy. 3/eCb KOHLIEIIINA 6bl1a 13J10-
JK€Ha ellle 10 BbIXOfla B CBET MOHYMEHTa/IbHOTO TPY/ia
Konepnuka. Jlajieko He Bce MOITIV IIPOYUTATD U IIOHATD
TO, 9TO 37eCh ObII0 Hanmcano. Ho cama upest 6b1cTpO
pacnpocTpanmiach o Espome.
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4, BcenenHas 6e3 rpaHuI

YcTa npemyapbIX Ham racAT:
«Tam pa3HbIX MHOECTBO (BETOB,
HecueTHbl conHLa Tam ropar,
Hapozbl Tam 1 Kpyr BeKoB. . .»

ITepexop K HOBOJI KapTUHE MUpa B UICTOPUY Ha3bIBAETCA
KOIEPHUKAHCKOI peBoMIonmeit. Ito Obla IeiiCTBUTENb-
HO PeBOJIOLNA B MYPOBO33PEHNUI: Bef[b 3eM/IA IepeMelrta-
JIach U3 LeHTpa Mupa Kyja-To Ha nepudepuio. IIpucra-
HIIIE YelOoBeKa CTAHOBIUIOCHh He 0COOBIM L[eHTPa/IbHbIM
MeCcTOM Bo BceneHHOI%, a BCero /MIb OJHON 13 IVIAHET, He
IIEPBOJ ¥ HE MOC/IEHEIL.

STa peBOMIONNA TPOXONIA JOITO U HEIPOCTO.

Kasanocp 6bl, HUKaK/X HOBBIX OCHOBAHMII K M3MeHe-
HUIO KapTUHBI Mypa He 6bUI0. 32 HOMTOPA THICSAYETIe T
He TTOSIBYJINCD HU HOBble HaO/TIofieH st, HU (DaKTBhl, HU J10-
Ka3aTe/bCTBa, KOTOPble TOBOPU/IN ObI O ABVDKEHUY 3eM-
nm BoKpyT ConHita. Bee, 4T0 MOXXHO OBITIO IIPEIIIONOXKNTD
10 3TOMY IIOBOJY, y>Ke TOBOPUJI paHee, Hampumep, Apu-
cTapx, fa u He o onyH. CobcTBeHHble HabmoneHus Ko-
HepHNKa He ObUIN TOYHee HAOMIOfeHNIT HPEBHIIX IPEKOB.
Bornee Toro, pacuersl, BLIIIONTHEHHBIE IO cucTeMe Komep-
HIKA, OKa3bIBa/INCh B psifie CTydaeB MeHee TOYHbIMMU, YeM
no cucreme IITonemes;, — 0CO6EHHO eC/M He UCIIONb30-
Ba/ch 0OHOB/IEHHDIE A/Tb(GOHCHMHCKIIE TAOMUIIBI TIOJIOXKe-
HMII HeOecHbIX cBeT . Ha mepBbiit B3I/1s11, 60Jee mpocTas
(o cpaBHeHuto ¢ cucremoit ITtonemest) cucrema Komnep-
HJIKa OKa3bIBa/IaCh B HEKOTOPBIX OTHOILIEHVX, HA000POT,
6oree cno>xHOI. XOTA B Heil ObUIM OTMEHEHbI 9KBAaHTbHI
U HEKOTOpBIe 9KCI[EHTPBI, a TaK)Ke CTaN0 MEHbIIe 3IN-
LVIK/IOB, HO JyIA JOCTVDKEHUA COITIACK A C HaOIOfieHMAMU

XXI

Muxaun Jlomorocos,

«BeyepHee pasmobiuwinerue

0 boxuem senuyecmee

npu C1yyae 8eUK020 (e8EPHO20

CUAHUA»

COBCTBEHHBIE
HAB/IIOZEHUSE
KONEPHUKA HE Bbl
TOYHEE HAB/IIOLEHM
[IPEBHIX [PEKOB.
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Bonbioit B3ppiB

KOHCpHI/IKy IIpUIIOCHh BBECTY HOBbIE (prrl/[e) SIIMIMKIIbI,
a TaKXKe€ 4€TbIp€ HE3aBVICMMDbBIX IBVIKEHNA 3emmu. C To4-
K1 3pe€HNsA IPpOCTOThI CUCTEMA KOHepHI/IKa HE€ paJJiKaiab-
HO OT/In4anacb OT CTapOf/l.

BpyHO BOBCE HE Bbin Kpowme Toro, BoIciNe nepapxu KaToNIM4ecKoll 1iepKBu
ATEMCTOM. OH HE BEPWN COYIN, YTO OTKa3 OT LEHTPa/JIbHOI'O IIOJIOXKEHMS Semnn
B XPHUCTA, HO BEPWN nporusopeunt CesmenHoMy IIncanuio. CHavasa, BIIpo-
B TAKOrO bora, KoToPbI/ YeM, OHI JOCTATOYHO 6TaTOCKJIOHHO OTHEC/IUCD K M3Ja-
COTBOPW/I BECKOHENHYIO Huio Tpyfa KonepHuka, monaras, 4To HeT HMYero AypHO-
BCENEHHYI0, HANOHEHHYIO

TO B TOM, YTOOBI IIPYIMEHUTD HOBBIE YIIPOLIEHHBIE IPAEMBbI
BECKOHEYHbIM

pacdera monmoxeHuit wianet. Ho korga Bce 6o7iblite mrofeit
KOJIMYECTBOM MUPOB.

CTaIu TOBOPUTD O TOM, ITO 3eM/Is, BO3MOXKHO, Oeticmau-
mMesbHO He SIB/IAETCA LIeHTPOM Mupa (a 3Ha4MT, He OUeHb-
TO IIOXO0XKA Ha BEPIINHY TBOPEHMUA) — KAaTOMUKIU IOYyB-
CTBOBAJIM 3aIlaX epecil.

[To-BUpgMMOMY, CUTYyalUA C BOCIPUATHEM HOBOJ Kap-
TYHBI MIPa 3aMeTHO 000CTPIUIACh B CBSI3U C JIeATE/Ib-
HOCTDBIO BBIJAIOLIETOCA UTANbAHCKOTO MbICIUTENA JhKop-
maHo bpyHo (1548-1600). C TOYKM 3peHUs LEPKBIH,
bpyHoO 6511, 6€3yCc/I0BHO, epeTUK. MHOrMe Mmoioxe-
HISI XPUCTUAHCKOTO YIEeHMsI OH OTBepral Hampoub. Ha-
npuMep, oH cuuTal, 4To Mucyc Xpucroc — aro He bor,
a MPOCTO Mar, KOTOPBIN, KaK M ero allOCTOJIbI, TOKa3bl-
BaJI kKakue-To pokycel Ha 6eperax [anmneiickoro o3epa.
OH He Bepus B OTMAT HEMTOPOYHOTO 3a4atus [Jespr Ma-
puM U cMesiTIcA Hafl HUM, OTpuIian TanHcTBo [Ipecymect-
BleHNA (IPMHATOE B PaMKaxX XpUCTMAHCKOTO Y4eHM
IpefCTaBIeHNe O TOM, YTO BUHO U X/1e0 B XOfe CIIely-
QJIBHOTO PETUIMO3HOr0 00psifa B HEKOTOPOM CMBICIIE
IpeBpallaloTcsa B KpoBb U Teno Xpucra). B obuem, Bee,
YTO MOIJIO OBITh HApYLIEHO € TOYKY 3PEHMsI KaTOIMKOB,
J>KOpJaHO HapyIInI.

ITpu atom BpyHo BoBce He 6bL1 arencrom. OH He Be-
pun B XpucTa, HO BepUI B TAKOTo bora, KOTOPbIi COTBO-
pui 6eckoHewyHYI0 BeeleHHYI0, HAIIOMTHEHHYIO OeCKOHed-
HbIM KomuecTBoM MupoB. K cucreme Konepunka bpyno
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CHayasla OTHeCCA C COMHEHMeM, HO 3a-
TEM, OCO3HAB €€ CMBIC]I, CTaJI €€ IOATep-
KUBaTh. bpyHo nomen panpie Komep-
HMKa: OH cuuTan, 4ro CoJHIle BMecTe
¢ 00pallaMMUCS BOKPYT HEro IIa-
HeTaMM, BK/IIo4Yas 3eM/II0, — 3TO BCETO
JIMIIb KPOLIEYHBIiI pparMeHT OeCKOHed-
HOT'O MUPA, B KOTOPOM Ka)K/jas 3B€3/ja 10-
mobna COJHILY, a 3HAYNT, OKOJIO KKl
3Be3JIbl MOTI'YT ObITH CBOY I/IAHETHI, Hace-
JIEHHBIE, KaK 3eM/Id.

B 1592 ropy mo TpeM JOHOCAM KTa-
TIbAHCKOTO apucToKpaTa J>koBaHHM Mo-
YeHUTO, C KOTOphIM Joppano bpyHo Ben
3aHATNA IO Pa3BUTHIO IAMATH, PUI0CcOd
Ob11 apecToBaH MHKBM3MIMel. [lepkoB-
HUKM Ha NPOTSKEHUM BOCbMU JIET O-
IpALIMBA/IN €70, IPU3bIBAIN PACKAATHCA
U OTKA3aThCA OT €PeTUYECKUX B3ITIA/IOB.
I>xopgano bpyno nacranBan Ha CBOEM.
OH 6bUI OT/Iy4YeH OT LepKBU U IIepefaH
B PYKIU CBETCKNX BJIACTell C peKOMeHJIa-
[yeil 0 HaKas3aHUM «0e3 IPOTUTHSL KPO-
BI». B 1600 ropy Ha nmnowaznu IIseTos
B PyMe OH OBUI COXXKKEH Ha KOCTpe 3a-
K1BO. EMy B BUHY BMEHAINCDH epeTude-
ckue Bo33penus. OfHaKoO B I7Ta3ax OTLOB
nepksy u yueHue KomepHuka Bce 607b-
111 aCCOLIMMPOBANIOCH C €PECHIO.

ITpomno neckonbko net. B 1609 romy
MOJIOfO¥1 UTaIbsIHCKUIL Ipodeccop Tamm-
neo Tammeii (1564-1642), y3HaB 06 uso-
6perenyuy B [o/TaHAMN OLB30OPHOIL TPY-
ObI, CAMOCTOATEIbHO COOPYIVII HOBBII
uprbop u HaBes ero Ha Heb6o. Yenoseue-
CTBO 00pe/Io 3aMeyaTebHbIl MHCTPYMEHT
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MEPBLIN TEAECKONM
TAAMAEO TAAMAES

1609

AAHA 50 CM
YBEAWYEHUE 3X

OKYAAP TEAECKOMA

Teneckon — nns usydenns Beenennoit — temeckomn. Pasymeercs, Tamm-
3puTenbHad Tpyba 71ei CTa/l pacCMaTpUBaTh B TEIECKOII BCE, YTO OH MOT YBMU-
AJIA aCTPOHOMUYECKIX meTb Ha Hebe. Y Beneps! Tanmuneit o6Hapy»xumn ¢assl, m0-
HabniozieHuit. no6uble paszam JIynsl. Crieps 3a usMeHeHueM ¢as Benepsr

Ha MPOTSDKEHNM HECKOTIbKUX MecsileB, lanueit ybenn-
cs1 B TOM, 4TO BeHepa obneraet Connie (a He 3emiio) o
3aMKHYTO TpaeKTopuu. ITo ObIIO IPsMOe 1 OYeHb ybe-
IUTeTbHOE IOATBEep)KeHNe IpaBuabHOCTY Teopun Ko-
IIepHMKA.

C nomoiblo cBOero resieckona [amei OTKpbUI 4eThl-
pe cnytHuka IOnmTepa, KoTopble ABHO 00palaIich Bo-
KPYT 3TOI1 I1aHeTbl. To, 4TO HebGecHbIe Tella MOTYT ABM-
raTbcs APYT BOKPYT APYyTa, a He TOIbKO BOKPYT 3eMIIN,
CTaHOBMJIOCh OYEBMUIHBIM. DTO TOXKEe MOAPLIBANO MO3MU-
nuy 3eM/IM KaK eIMHCTBEHHOro LieHTpa Mupa. O TakoM
YCTpPOIICTBE MUPA ellle HeflaBHO TOBOPUII 1 nucan JI>kop-
maHo bpyHo, HO Temepb ero B3IVIAABI IIOATBEPIKAAINCD
¢dakramu.

B 1616 rogy pyKOBOACTBO KaTOMMYECKOIN LIEPKBU U3/a-
JI0 3/IMKT, 3alpeliaBunii cuctemy Konepuuka. Ee Henb3s
ObUIO YIIOMMHATD, Ha Hee HeJlb3s ObIJIO CChIIATbCS, KHM-
ra Komepuuka 6bi1a BHeceHa B marckuii VIHmekc 3ampe-
IIeHHbIX KHUT. COITIaCHO 3TOMY PELIeHMIO, I aBTOP 3TOI
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KHITHY, KOTOPYIO BBI Ceifyac YnTaeTe, ¥ CaMI ee UnTa-
Te/V JO/DKHBL ObIIN MOfBEPTHYTHCs HaKasaHUIo (Ko-
HevHo, ecnyt 6b1 9T0 mpousouuio B XVII Beke). Cxn-
rath Ha KOCTpe HaC C YnTaTe/leM, HABEPHO, HUKTO ObI He
cTan (cTporo roBops, ¥ bpyHO COXINM He 3a mpuBep-
JKEHHOCTD crcTeMe KonepHuka, a 3a epeTiyecTBo), HO
OuYeHb Cepbe3HbIIl pa3rOBOP C IIPeiCTaBUTE/IAMN UHK-
BUBUIIMI TOYHO COCTOSICS OBI.

WTak, mponcxoann He O4eHb IOHATHDIE COOBITH.
o otxkpbrtuit [asmiess B Myupe He ObIIO HOBBIX [JOBO-
TOB B IIO/Ib3Y TeNMMOLEHTPUYIECKOl cucTeMbl. [Ipn aTom
KaTo/Mn4yecKas IepKOBb, KeCTKO KOHTPOIMPOBaBIIas
UJIeOTIOTIYIeCKIie HACTPOEH N, OblIa HACTpO€eHa Ipo-
TUB renMoleHTpu3Ma. Kak ske B 9TUX YCIOBUAX MOITIA
IPOU30ITH KOTIEPHUKAHCKAs pPeBOIOLUA?

Cyns o BceMy, IpUYMHA CHOBA OblTIa B O4Yepen-
HOII CMeHe JiyXa BpeMeHM. VccrenmoBaTennb 3TOro Bpe-
MeHU coBeTckuit punocod Tropmuna MuxaiinopHa
Kocapesa BbIiBIHY/IA TUIIOTE3Y, OOBACHAIOLIYIO STOT
denomen™.

Cpennemy esponeiiny B XVII Beke xunocs, 1mo-
XKaJlyil, He CIMIIKOM KoM(popTHO. CpelHeBeKOBBbII
VKA )KM3HM paspylIancsa Ha raasax. [IpuBeIYHBIN
00pas >KM3HM, KOTOPBIiT BRICTPANBAJICS BeKaMu, ObI-
cTpo yxopu B npoutoe. EBpony oxsarumm ¢eopans-
Hble MEeXXJI0YCOOMIIBI, B KOTOPBIX IIPOSIB/IS/INCH HOBBIE
TOBAapHO-JieHeXXHble OTHOIIeHUA. [Ipeanpunmynsbie
JIIOZIM OTTIPABJIAIUCD B JajieKMe My TelleCTBUA B ITOKC-
KaX 3a0KeaHCKMX OOTaTCTB, [[eHHBIX TOBAPOB, HOBBIX
PBIHKOB COBITA U JieleBoil pabouert cusl. [lis obec-
HeYeHVs My TelleCTBUIA, Ji/Isl OBBIIIEHNsT IPUObIIN,
a 3HAYMT U IPOV3BOUTEIBHOCTH TPY/A, TPeOOBAIICH
HOBbI€ TEXHOJIOTUY, HOBbIE ITO[IXO/bl, HOBbIE MIHCTPY-

1 Konnenuus KocapeBoil, pasyMeeTcs, He BceoObeMIIIONIA, HO
671m3Ka aBTOPY.

XXI

CPEQHEMY EBPONEWLY
B XVII BEKE XXunoc,
NOXANYA, HE C/IALKOM
KOMDOPTHO.
(CPELHEBEKOBbBIN YKNAL
XU3HA PA3PYLANCS

HA TN1A3AX. [TPUBbIYHbIR
0BPA3 XM3HN, KOTOPbI
BbICTPAMBA/ICS BEKAMMU,
BbICTPO YXO4MN

B NPOLL/IOE.
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(TpemneHue yenoseka MEHTBI, CIIOCOObI ¥ MeTOfbL. Bcé 3T0 OBICTPO MEHANO IpH-
K paciuMpeHito rpaHuy BBIYHBIIT 00pa3 XU3HU.
Mupa 1 0CBOEHNIO HOBBIX Mup mensincs. Kpurndeckoe mbliienne 6pano Bepx,
NPOCTPAHCTB NPUBOANT HEeCMOTPs Ha CONPOTHBIICHVE LIePKBH.
KTIOABNEHINIO HOBOY OnmcpiBaeMoe BpeMs — 3TO ellle M KPOBOIIPOTUTHbIE

UHGOPMALMIA 1 HOBbIX

. TpaXIdaHCKNE BOIZHI)I, COIIpOBOXXAaBIINECA HeéblBa)'[bI-
TexHonoruii. /1 Haobopor.

MU SIIAJIEMUAMM IYMBI, TOJIOJJOM ¥ TPEBO>XHBIMU IIPOPU-
naHyAMu. Jlrogu Busienn paspylieHne ropojos, IoXKaphbl,
CMepPTb, HecllpaBeINBOCTh. OHM OLIYIANIM TOTANTbHYIO
NYXOBHYIO BIACTb KaTOMMYECKON LIE€PKBU, IBITABIIEN -
€Sl KOHTPO/IMPOBATh AyIIM M pasyMm mofeit. He cryyarino
ellle BEKOM paHbllle BOSHUKIIO ABVDKeHMe Pedopmariun,
KOT/[a, COITIACHO JiereHze, 6orocnoB Maprus Jlrotep mpu-
6171 K IBepsIM IIepKBY CBOU 3HAMEHUTBIe 95 Te31COB, Ha-
[paBjIeHHble IPOTUB 37I0YHOTPe6IeHNMIT KaTOMINIeCKO
1epkBu. ToT >ke BpyHO, He CTeCHAACDH B BRIPOKEHUAX, MIMe-
HOBaJI KaTOJIMYECKMX MOHAXO0B OC/IaMIU.

Pedopmaropsl cumTamy, 4TO YeNIOBEK U3HAYAIBHO HII-
YTOXKeH U rpexoBeH. OH HAXOUTCS Ha epudepun Mupa —
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TOBOPW/IM OHY, — VI YTOOBI IIPOABIMHYTHCA K JYXOBHOMY
LeHTPy ObITUsA, NIpUOIU3NTLCA K bory, Hy>KHO yIIOpHO
TPYAUTHCA Y HENPepPLIBHO CaMOCOBEPUIEHCTBOBATHCS.
PedbopmaTops! TpeboBamy OT JIIOfiell caMOOTpaHIYeHNI
U TIOAIBVYKHIYECTBA — BCETo TOTO, 4To [I>kopmaHo bpyHo
HAa3bIBaJI «IePOMYECKUM IHTY3Ma3MOM». 3aMETHM, 4TO TaK
XKUTD XOTENOCH JAJIEKO He BCEM.

Karommku, ecTecTBeHHO, He Ke/IaIM CaBaTh HO3ULINNL.
[Tporus Pedopmarym u ee CTOPOHHMKOB ObUIU Pa3BEPHY-
bl penpeccyu. Ha pone 60pb6bI ¢ Pedopmaners pymn-
JINCb MHOTYE IOTMBL.

Hukakas penurus, HUKAKOM TOTATUTAPHBIN ITOIXOL
He MO>KeT YHUYTOXUTb TBOPUYECKYI0 MBIC/Ib. B pasrap
3TNX cobbITMII B EBpoOIle CIIOHTaHHO BO3HMKA/IN HOBBIE
upaeu (60Mbleil YacThI0 YMO3PUTENIbHBIE) 00 YCTPOIICTBE
Mypa. JIxofu ObITaINCh IOHATD, YTO JKe IPEICTAB/IAET CO-
6011 3TOT IPOTMBOPEUMBBIIL MUD, B KOTOPOM OHM JKVBYT.
TyT 6bUIM ¥ MUCTHYECKVIE OTKPOBEHMSI, IPUIIMChIBABIII-
ecst TanHCTBeHHOMY Tepmecy Tpucmeructy (Tpyoxpst Be-

AL

‘ ‘ Bl

Mup, B KoTopom
NIOAAM HET CnaceHus,
HECOBEPLUEHEH.
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D WD T— D D
m‘;’XMHA NUYAIILIEMY), i KOHCTPYKLY, IpefIaraBLinecst
TUXO BPAME actpoHomamu. Hampumep, gaTckuii acTpoHOM

Tuxo Bpare (1546—1601) mpenmoxun rubpupi-
HYIO CHICTEMY, Ifle BOKPYT HeIIOABIDKHOI 3eMIn

op.BV‘*Hb‘E 3p

Ao LE obpamatorcs JIyHa, CorHile U faZieKue 3Be3fIbl,
L

2,3 m\\ )

a BCe IJIAHETHI M KOMETHI 00PaIal0TCsl BOKPYT
CosmHia.

Kocapesa cunraa, 4T0 B 3TUX YCIOBUAX de-
JIOBEKY KpajiHe CJIOXHO ObIIO OLIYLIATDh CeOs
BepIINHOI TBOpeHns:A. TeMHasi HecIpaBeiIn-
Bas 3eM/isA, HAIIOIHEHHAS TOPeM U JIMIIeHNUA -
MI, C TPY[IOM YKJIaZbIBa/lach B IIpefiCTaB/IeHNe
00 1JIeaTbHOM 1 CBET/IOM LIeHTpe MUpa.

Mbl cosepriaeM 6eICTBUIT CTPAIIHBIN Yac,
Bropoit morom o6pymmics Ha Hac.
W Bcé mobpo ucuesno us Beenennoit, —

mcan B Havane X VII Beka aHImitckuit moat J>koH
Jonn. Takyumy 6bUIH OLYIEHVs O TOM BPeMeHIL.

IonATHO, YTO MI0AM, fajIeKNe OT HayKMy, I1Of-
Yyac He 3HaBlINe JJaXKe TeX CJIOB, KOTOpbIe yIIO-
TpeOIsUIN aCTPOHOMBI ¥ MAaTEMAaTUKI B CBOUX
MaJIOTIOHSATHBIX KHUTAX, HE MOIJIX OIleHUTDb Ma-
TeMaTU4eCKNe TIOCTPOEHMA U JIOTUKY PasHbIX
BapMaHTOB KapTuHbI Myupa. Ho Ha ypoBHe 00bI-
IEHHOTO CO3HAHMA OBITIO COBCEM HECTIOXKHO TI0-
BEpPUTH B TO, YTO 3eMJLd, IOTpsI3lIasa B Hecllpa-
BEMITMBOCTY, BOHAX U SMUEMIAX, He MOXKET
6bITh LeHTpOM Beenennoit. KoneuHo sxe, 3eM-
JIA1 BOJDKHA HAXOUTBCS I7ie-TO Ha ee 3a/IBOPKax,
BOam oT 60KECTBEHHOTO Wjeaa, HaceleHHast
TeMHBIMU U MI3HAYAJIbHO HECYACTHBIMMU JTIOIBMIL.
Hy a na mecTo nienTpa Bcenennoii myuie Bce-
ro mopxopuno ConHIle — uaeanbHOeE, CBETIOE,
HeyA3BMMOe, Hecylllee CBeT ¥ TeIlIo (a 3HAuuT,
U KU3Hb) HallleMy TEMHOMY MUPY.
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XXI

IMonararo, yro Kocapesa 6pi1a mpaBa — 310 omtyie- OCHOBHbIM NPENSITCTBMEM
HI€, TIO-BUMMOMY, CbITPAJIo HEMATYI0 POJIb B XOJIe KO- HA NYTW CO3AAHMS NPOCTON
IIEPHMKAHCKOM PEBOJIOLII, METIEHHO, HO HEYK/IOHHO 1 NOHATHOR KAPTUHbI
pasBopavyuBaBlIeNiCs B rooBax esponeres. [lomn- MWPA BbINIO CTPAHHOE
MO YVCTO Hay4YHBIX 0BOJIOB (HOBbIE (haKThI U OKa3a- HEPABHOMEPHOE ABWXEHUE
Te/IbCTBA IOATAHY/IUCH TIO3Ke), IPEXe BCero Gpakro- HEBECHBIX TEJL.

PBI IOBCETHEBHO YXM3HU U3MEHUIN OOIeCTBEHHOE
CO3HaHue. B pesynbrare Ha MeCTO IjleHTpa MUpa BCTa-
no CosnHle, a 3eM/1A IpeBpaTU/Iach BCEro JIUILb B ONHY
U3 TJIaHeT.

Ho npoucxoguno ato e 6sicTpo. [Jaxe B XIX Beke
OBLI0 HEeMaJIO MTIofielt, momaraBumx, 4to ConHile 06pa-
maeTcs BOKPYT 3eMmn. Jla 4To TOBOPUTh — CTaTUCTH-
YyecKue OIPOChl MOKA3bIBAIOT, UTO TaKue MIOfU BCTpe-
YaIOTCS U CEeTONHA.

HamoMHI0, 4TO OCHOBHBIM IIPeNATCTBUEM Ha IyTH
CO3/IaHVSI TPOCTOI U MMOHSATHON KapTUHBI MUpa ObIIO
CTpaHHOe HepaBHOMEpPHOE IBJDKEHVE HeOECHBIX Tell.
V3gaBHa 6bUIO 3aMeY€HO, YTO IIAHETHI ABYDKYTCS TO
B OJJHY CTOPOHY, TO B IIPOTUBOIIO/IOKHYIO, BBIINCDI-
Bas HNeT/IM, IPMYEeM C IePEeMEHHOII CKOPOCTbIO I MeHAA
SPKOCTb. VIMEHHO J1s1 00'bsACHEHNS 9TUX HETIOHATHBIX
IBIDKeHUIT ApuctoTenb, a Bcef 3a HUM u [Itore-
Mell CABMHYIN 3eMIIO M3 TeOMeTPUIECKOTO LIeHTpa
MMpa B 9KBAHT U Pa3paboTany CTIOXKHEHIIYI0 CUCTEMY
OKPY>XHOCTel1 — JiepepeHTOB U AMNUIUKIIOB, IT0 KOTO-
PBIM JIBVOKYTCA TIaHeThl. IIpy 3ToM OHM cUnTaniu, 4To
IBVDKEHVE HeOECHOTO Tea MOYKET MPOUCXOUTH TONBKO
PaBHOMEPHO U TO/IBKO 1O OKPY>KHOCTU. OKPYKHOCTh
co BpeMeH IIndaropa BocipmHuManach Kak eIuH-
CTBEHHO BO3MOXXHasl, eCTeCTBeHHas (popMa TPaeKTo-
pun. Onucarhb ABYDKEHM IVIAaHET 4epe3 OKPY)KHOCTU
nbITancs 1 KolepHUK, KOTOPBLT ToXe (eCTeCTBEHHO)
CTOJIKHYJICS € HaO/MIoIaeMOoli HepaBHOMEPHOCTBIO JIBU-
JKeHUT HebeCHBIX Tenl. Ecy meTnm B ABYOKeHUU IIa-
HeT OH YCIIeLITHO 0O'bACHWII JIBVDKEHMEM CaMO 3eMJII,
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Bonbioit B3ppiB

TouHoCTb HabNIOAEHWIA 3aBUCUT
He TOJIbKO OT TLLATENbHOCTI
W3rOTOBNEHUA MHCTPYMEHTA A1
aCTPOHOMUYECKIX HAOMKOEHWIA,
HO 11 0T €ro pasmepa.
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1601-1603 rr. B Pycckom mapcTse Benmmkuit
TOJION ¥ CMYTHbIE BpeMeHa

OAUH U3 UHCTPYMEHTOB,

MPUMEHABLIMXCA AAA

HABARAEHIAN TUXO BPATE

TO [ OIIMCAaHUA BCAYECKUX HEPaBHOMEPHOCTEI eMy
CHOBA IPUIIIOCHh 0OPATUTHCS K CJIOKHBIM MHCTPYMeEH-
tam [ITonemes: — 9KBaHTY, fedepeHTaM U SMULIMKIIAM.

VicTopus mokasasa, 4TO BeMKNE CO3[ATeN BYX
BE/IMKNX KapTVH MUpPa CTJIU 3a/I0)KHUKAMU YMO3PU-
TeJIbHBIX [IPEJCTAaBIEHMIT, KOTOPble HMKEM He ObUIn
IOKa3aHBbl.

W B camom pene. Kro ckasas, 4TO TpaeKTOpUM He-
6eCHBIX TeTl 00513aTeNbHO JODKHBI OBITb OKPYHCHOCHA-
mu? Kto ckasaj, 4To ABVDKEHME HeOECHBIX Tel 00513a-
TEJIbHO JJO/DKHO OBITb pABHOMEPHBIM?

Jormy 06 06s13aTeTbHOM PaBHOMEPHOM JBYKEHVN
He6eCHBIX TeJT 10 OKPY>KHOCTY Pa3pyLINI Be/IVKIIT He-
merknit yueHsiit Morann Kermep (1571-1630).



Harcknit actponom Tuxo Bpare (1546-1601)
BBITIONIHNU/I CaMble TOYHbBIE 33 BCIO JOTE/NTeCKOIN-
JeCKYI0 9TI0Xy HaO/Moie s IToTIoxKe it Mapca Ha
¢oxe 3Be3HOrO Heba. DTV MaTEpyAIbI OH ITepena
Kennepy, KOTOpPbIIl Ha IPOTS>KEHUM IIATHU JIET BeT
CTIOKHYIO MaTeMaTNIeCKYI0 00pabOoTKY 9THX IIOTTy-
JeHHBIX YHVMKa/IbHbIX JAHHBIX. BeicTpanBas Tpaek-
Topuio Mapca B npocTpaHcTBe, Kennep, pasyme-
€TCsl, KM, 9TO Y HETO IOYYUTCSA OKPY>KHOCTD,
Ha YTO PACCUMTBIBAJI U YHIEAIINI K TOMY BpeMeHN!
U3 KU3HY BeIMKMIT acCTPOHOM-Hab moaTesns Truxo
bpare. Ho oxpy>xHocTb He nony4anace! Kenep
IPOBEPST U TIepeNpOBePsT CBOM pacyeThl, UCTIN-
CbIBasl MEIKMM TTOUYepPKOM COTHU CTPaHUI] CBOETO
TpyZAa. BeiprcoBpiBamach MHast popMa TpaeKkTo-
pun. B 1605 ropy Kenep monsi, 4To y Hero mo-
Ty4aeTcs SINIIC.

Bor y>xe 400 et acTpoHOMaM M3BECTHBI TPU
3HAMEHUTBIX 3aKOHA IUIAHETHBIX IBYDKEHUI, OT-
KpbIThble KennepoM 1 MOATBEP>KEHHBIE C TEX ITOP
HaOJmofeHnAMI 6eccyeTHOe KommdecTBo pas. Oxa-
3aJI0Ch, YTO IIAHETHI ABIDKYTCS He IO OKPY>KHO-
CTAM, a 110 9JUIMIICAM — OCOOBIM FeOMeTPUYeCKNM
¢durypam, HAIOMJHAIOLIVM BBITSHYTbIe OKPY>KHO-
CTU. BHYTpM KaXKIOTO 3/UIMIICA eCThb fiBe 0COObIe
TOYKM, KOTOPbIe Ha3bIBAIOTCA (POKyCcAMMU SIUIMIICA.
Kenep ybenuics B TOM, 4TO B OZHOM 13 (OKY-
COB JUIMIITHYECKON opbouThl Mapca (a Ha camoM
nene — mo6oit raHeThl COMHEYHON CUCTEMBI) Ha-
xomutcss ComnHIle.

CerofiHA Mbl IOHMMAEM, YTO BCE CTIOXKMUIOCh Ha
penKocTb yaadHo: Truxo Bpare B3sics HaOmofaTh
VMIMEHHO Mapc, KOTOPBIi JBMKETCA 110 3aMETHO
BITAHYTOMY 3/uiicy. Eciu 6p1 Kerep cran aHa-
JM3UPOBATh, HATIPKUMeD, TaHHbIE O IBIDKeHNM Be-
Hepbl, eMy, BO3MOXXHO, He Yy/ja/lloCh Obl OTKPBITh

XXI

BOALLAR 0Cb
: P,
2

NMOCTPOEHUE 3AAANCA

C TIOMOULLHD BAMKHYTo

HATU W _ABYX WTA BOTKHYTbLX
B MBA POKYCA Fyu By
HATARYTAR HNTb ONPEAEARET
NOAOKEHUE KAPAHAAWA :
P,z,3..

Inaunc — naockaa purypa.
Inauncol 6bIBaIOT pasHble —
CUIIbHO BBITAHYTbIE M MOX0XWeE

Ha OKPYXKHOCTU, — HO Y KaXZ0ro
13 HAX eCTb 1BA QOKYCa, OHM
paBHOyZaneHbl OT LieHTpa.
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1610 . T'anmuneo Tanmumnein co3man
YCOBepLIeHCTBOBAHHBDII TeECKOI

— _ MAAHETA
",.'
COAHLLE
F MEPBLIM
3AKOH
KEMAEPA
min  max

P

p, mintmax _ VA

E z =

ne e s
NAAHETA B PACCTOAHIAE SMUNCA
TIOAOKEHUIX OT NAAHETS| , .

min 1 max A COAHUA 3T0 % BOAbILIO}A
YAMEHIR 0CU SAMTICA

OT COAHUA OPEUTH MAHETEI

CBOM 3aKOHBL: BBITSIHYTOCTb OPOMTBHI TOI IJIAHETHI rOpas-
0 MeHbllle (TpaeKTopysi BeHepbl 0YTH He OTIMYAETCS OT
OKPYXXHOCTH).

Ho a10 651710 He BCé. Bropoit 3akoH Kerepa mokassiBai,
YTO ITaHETAa JIBVDKETCH 0 3JUIUIICY HepasHOMEPHO: CKOPOCTb
IIBVDKEHMA BCe BpeMsA MeHsAeTcs, 1 4eM 6/mpke k ComHILy oKa-
3bIBAeTCsI IIAHETA, TeM OBICTpee OHa [ABIDKETCS, YeM [ajlb-
e yxoput ot CoNHIIA — TeM MeJJIeHHee OCYIIeCTB/IAeTC A
ee JIBIDKEHIE.

Tpertnit 3akon Kertepa ycTaHaB/IMBaI COOTHOLICHNE MEX-
1y mepuofoM obpaijeHns maneTsl BOkpyr ConmHIa u pac-
crosiHueM ot ConHIla 1o miaHeTsl. Yem Oyke mmaHeTa
K CorHILy, TeM ObICTpee OHa JIBVKETCSI BOKPYT Hero. Jta 3aKo-
HOMEPHOCTb B KaueCTBEHHOI (TOI7ia ellje He KONMYeCTBEHHOI)
(dhopme ObITa 3aperncTpupoBaHa y>xe JaBHO. VIMEHHO 1103TO-
MY aCTPOHOMBI M3/JaBHA PACIIOJIara/ IVIAHETHI B CBOMX Kap-
THHAX MUPa B IpaBUIbHOM HopsAfgke — oT Mepkypus o Ca-



XXI

Pazuyc-eKTop, NPOTAHYTHIN OT
(onHua K nnaHete, B paBHble
MPOMEXYTKN BpeMEHN 3aHIMaeT
paBHble naowaam. B utore B6M3M
(onHua NnaHeTa IBIXeTCA

BTOPOM obicTpee, BAanM o1 ConHUa —
3AKOH MeJJlIeHHee.
KEMAEPA

To_ar

T a;
TPETWN
“NAAETA 2 P

TYpPHa, 3aMeTUB, 4YTO MepKypuil IBIDKETCS 110 Heby ObIcTpee
BCeX [IPYTUX IIaHeT, a CaTypH — MeJleHHee BCeX.

Temnepb, Korga cTao CHO, YTO IJIAHETHI IBIDKYTCS BOKPYT
CoJHIIA 10 3/UINIICAM, [ ellie C IIePeMEHHOJ CKOPOCTBIO, 1 KOT-
fia 9TV 3aKOHOMEPHOCTH ObI/IY BBIPaXKEHBI IIPOCTHIMI MaTeMa-
TUYeCKuMIU pOPMY/IaMu, OTIIa/a HeOOXOAMMOCTD B ONVICAHNY
ITAHETHBIX JIBVDKEHMIA C TOMOIIBIO IeCATKOB BOOOpaskaeMbIX
OKPY>KHOCTeI1, IBVDKYILINXCSA OJHA IO APYTON C Pa3HBIMI CKO-
pocTamu. 3akoHbl Kerziepa jaBam TOYHOe OMVICaHMe HaOIio-
HaeMbIX ABYDKeHU. OHM HOATBEPXKAAIN U YTOUHSIN UJIEI0
KomnepHuka — fa, Bce ITaHeTHI IBIDKYTCS BOKpYT COJHIIA,
TOJIBKO He II0 OKPY>KHOCTAM, a 1o amicam'’, n camo CornH-
Iie HaXOJIUTCSA He B IIeHTpe 3/INIICA, @ B OfHOM 13 eTo (OKy-

" OKpY>KHOCTD ABJIAETCA YACTHBIM CTy4aeM 3/IIUIICA, Y KOTOPOro [iBa
doxyca «cnmummch» B 1jeHTpe. Ho Ha mpakTuke Kpyrosbie opOuTHI
BCTPEYAIOTCA KpaifHe PefiKo.
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coB. Bripouem, s1IuIichl 6bUIN He O4eHb BBITS-
HYTBIMM, @ POKYCBI /UTUIICOB OBIIN Hefla/eKn
OT VX LIEHTPOB. B pesynbTaTe BayKHBIX yTOY-
HeHuit, caenanHpix Kertepo, ook cucre-
Mbl KoTlepHuka HaBcerfa yuay B MpoOIIIoe.

VicTopusa He MMeeT cOC/IaraTeNbHOro Ha-
KJIOHEHU, II09TOMY He OyfeM CIpalliBaTh:
a 4TO OBLIO OB, ec/u OBI ellje TPEKI IBE ThI-
CAYM JIET Ha3aJ, JOTajja/lich, YTO TPAEKTOPUNI
HeOeCHBIX Te/l MOTYT OBITb He TOIBKO OKPYXK-
Hoctsamu? Torza sToT cTepeoTuII ObIT Hellpe-
oponum. Cam Keriep 6bU1 BBIHY>K/IeH IPUATH
K BBIBOZlY 00 9/I/IUIICAX, KOT/ja IIPOBEPeHHbIe
(baKTbl BBICOKOTOYHBIX HAO/IOfIeHMIT 3acTa-
BIJIV €0 3TO CHENaTh.

Kasnennsii B 1600 rogy [>xoppano bpy-
HO OBII TeHMaIbHBIM MbICUTeNeM. Heko-
TOpbIE €r0 JOTafKU MOATBEPAUINCH TONBKO
cIycTa 4eTbipecra net. Ho, moxanmyii, rimas-
HOE €ro IpefIooKeHNe — 9T0 O6eCKOHed-
HOCTb Bcenennoii.

BpyHo BpigBUHY nzero 6eckoHeyHOIT Bee-
JICHHOJ1, HaIIOJTHEHHYI0 6€CKOHEUHbIM MHO-
JKECTBOM Te/IMOLIeHTpUYeCcKNX cucteM. OH
nopmep>xan uaeto KonepHuka, 4To IIaHeTh
IeJICTBUTENDHO ABIKYTCA BOKpyTr ConHIa.
Ho Takmx conmHl — 6ecyycIeHHOe MHO-

JKeCTBO, 9T0 3Be3fpl! OHU KpaliHe [janeku,
U TONbKO MOTOMY BBITJIATAT KaK CBETAIMeCs
TOUKM Ha He6e, a IVIAHEeThI OKOJIO HUX He BUJ-
HbI usganu. [>xopgano bpyHo cunran, 4ro
Bce HeOecHble Tena: 1 IvTaHeThl, 1 CoHIle,
n JlyHa, n pajexme HeBUAMMBIE IIJTAHETHI
OKOJIO JIPYTMX 3Be3]] — HaceleHbl M0j00-
Ho 3emse. HenpuspluHOe cl10BOCOUYeTaHIE
«MHO>XeCTBEHHOCTDb 00MTaeMbIX MIPOB»

84



6bI710 BIIepBBIe IPMMEHEHO MMEHHO 9THM 3aMe-
JaTe/IbHBIM 4el0BeKOM. PeanbHOE JKe OTKpBITHE
IUIAaHeT y APYTUX 3Be3J| IPOU3OLUIO CIYCTA 4e-
TBHIPECTa JIET [TOC/Ie OsBIeHNsI TPyoB JI>kopaa-
Ho BpyHo'~.

BeckoHeYHOCTD MUpa Ha TePBBbIil B3ITIS CTIOXK-
HO cebe mpencTaBuUTb. ABTOp HEOTHOKPATHO
CITBILIIATI, YTO «3TO HEBO3MOXKHO BOOOPA3UTH»,
«MOYKHO COJTH C YMa, €C/IY B 3TO BLyMBIBAaTbCS»,
«00 3TOM JaXke CTPAIIHO pasMbIIULATh». Ha ca-
MOM JieJie KK/IBI1 13 HacC C IeTCTBA CTa/IKMBAETCS
¢ 6eckoHeuHOCTHIO. JI106071 pebeHOK IIOHMMAET,
4TO, HAIIPYMED, He CYIeCTBYeT CaMOro OO/bIIOro
HATYPaIbHOTO YMCIIA: K TI0O0MY YMCTYy MOYKHO
puOABUTB ellle eVNHNLLY, IOTOM ellle OfIHY, ¥ TaK
1o 6eckoHeyHOCTH. JIeTALNIT B 3Be3/j0/IeTe KOC-
MOHABT HUKOT/[a He CTOJIKHETCS CO CTEHKOIT, Ha
KoTopoit HanmcaHo: «Konen mupa». Ecnm ke Ta-
Kasi CTEHKa I1epej] HM 1 MTOSIBUTCS, TO, IIPEOJIONEB
ee (HampuMep, IPOOVB HACKBO3b), MOXKHO, [I0-BI-
IVIMOMY, JIeTeTb aJIbIIe I Ja/Ibllle — OIIATh-TaKH,
KaK TOBOPUTCS, 10 O€CKOHEYHOCTH.

Mo>KHO, KOHEYHO, CKa3aTbh, 4YTO ITO TOXKE yMO-
3pUTeNbHbIE PACCYXK/IEHNsI, He OCHOBaHHbIE Ha
ombITe, HO 9TO Tak. OKasbIBaeTcs, YTO MpecTa-
BUTH cebe KOHeUHYI0 BcenleHHYI0 ropaso cox-
Hee, 4eM 0eCKOHEYHYI0O — eCJIi, KOHEYHO, Bce-
pbe3 3ayMarhcsl. [leo B TOM, 9TO MBI He MOXKEM
cebe IpefiCTaBUTDb KOHELl IIPOCTPAHCTBA, TOYHEe,
OTCYTCTBME IIPOCTPAHCTBA, — KyZa Obl, B KAKYIO
6bI CTOPOHY MBI HY JBUTQ/IUCh B KOCMOCE, MBI MO-

12 B 2019 . Inppe Keno nu Muuens Maiiop nonyunmm Ho-
OeeBCKyIO peMuio 1o G13UKe 3a OTKPBITHUE IePBOIL
IUIaHeTHI 3a mpefenamyt COTHEYHOI CUCTEMBI, CJie/IaH-
Hoe uMu B 1995 1.

fsmé\AErbt
NIl |- CAEAyoui
ok |
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JKeM MPOJOJDKATD TO IBIDKEHNE OECKOHEeY-
HO, HUKOTgAa HE CTa/IKUBAasACh HU C KaKM
«KOHIL[OM MMpa»',

IToHaTHE 6ECKOHEYHOCTU €CTECTBEHHO
BO3HMKAET B CO3HAHMY PasyMHOTO CYlie-
CTBa BMECTe C MOSIB/IEHMEM JIOTUKI. Bermom-
HUM HepBbIe KapTI/IHbI MI/Ipa C MHOIro4mnc-
“u \\ R ‘, , ' JIEHHBIMM «IIOJICTAaBKaMU» IIOJT TSI>Keoit
3eMJIell: I TOro YTOOBI IpepBaTh «Ayp-
HYIO» 6CCKOHC‘IHOCTI) IO CTAaBOK, HpI/IXO-
IMIOCHh BBOAUTH 00KeCTBEHHYO BO/0. Bee
[IPeKpacHO IOHMMaJIN, YTO MHade OT Oec-
KOHEYHOCTH He u3baButhes. Jlropu cTapa-
JIICb He paccym;[aTb O TOM, YTO HAXOOUTCA

3a cepoil HEeIO/BIDKHBIX 3Be3], B CUCTe-

=4 max Iltonemes u KOHepHI/IKa VN 3d HE-
Z77" PA3PYIIEHME . .
HEBECHbIX 6eCHOI/I TBEPIbIO, HAKPbIBAIOIIEN l'I}'IOCKy}O
COEP

3emmo. Ho, ecnu 3aymarbcs, Hens0ex-
HO BO3HUKaJI BOIPOC O 6€CKOHEYHOCTH
IPOCTPAHCTBA 33 TBEPAbIO, U €0 HEBO3-
MOXXHO OBIJIO OTMEHUTb PacCy>KeHMs-
MU O BTOPOM, TPeTbeM I CeIbMOM Hebe.
JTropy gymanmy 06 3TOM, He MOITIM He JIy-
MaTb. [laxxe B MpauHble BpeMeHa CpefHe-
BEKOBb, KOIZ]Ja KPUTUIECKOe MBIIITIeHNe

3 Mo>XHO BOO6OPasuThb cebe MCKpUBIEHHOE IPO-
CTPaHCTBO, B KOTOPOM, ABUTAACH 110 HPHMOﬂ
BIIEpe] U BIIEpeN, MBI C YAVBIICEHUEM OOHAPY K-
n 6])1, YTO IIOIIa/IN B Ty xXe TO‘-IKY, OTKy[:[a BbI-
JIETeIII, TOJIbKO C POTUBOIIOIOXKHO CTOPOHBL.
9TO TOXKe YMO3PUTEIbHOE IOCTPOEHNE, K KOTO-
POMY MBI ellje BepHEMCS B CJIEAYIOLIMX I/IaBax,
HO B HEVICKPVBJIECHHOM (MaTeMaTI/IK]/I Ha3bIBAIOT
€ro IJIOCKMM) IIPOCTPAHCTBE (a IPOCTPAHCTBO
Halelt BcelleHHOI 0Ka3amoch 160 TOYHO IIO0-
CKIM, 160 OYeHb 6IU3KIM K ITIOCKOMY) TaKOI
(b OKyC HEBO3MOXEH.
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IBITA/IVICh 3aMEHUTD 3a3yOpMBaHMeM I KOMMeH- [PELCTAB/IEHUE O BECKOHEYHOM
TupoBaHueM CasmernHoro [Tucanns. BCENEHHOM PA3PYILANIO
OpHMM U3 IpefllecTBeHHNKOB J[XKopraHo MPEACTAB/IEHNS O TBEPObIX
BpyHo 6p11 KappuHaa PUMCKOI KaTOMMYeCKOil NPO3PA4HbBIX HEBECHbBIX
uepksu Huxomnaii Kysanckmit (1401-1464). 9tor COEPAX, A TAKXKE TBEPLOV
4eJIoBeK CuMTasl BeeleHHY0 6eCKOHeYHOIE, o1a- W HENMPO3PANHON COEPE

HENOIBVXHbIX 3BE3,
B CUCTEMAX MUPA [TMdATOPA,
[TronEMES 1 KONEPHUKA.

ras, 4T0 y 0€CKOHEYHOTO IIPOCTPAHCTBA He MOYXKET
OBITb HUKAKOTO LieHTpa — HU B Bufe CoHIa, HU
B BUJie 3eM/IM, YTO MUPOB B TaKoli BceeHHoI Mo-
5KeT OBITH TOXKe O€CKOHEYHOE KOIMYEeCTBO, Y OHU
BIIOJIHE MOTYT OBITh OOMTaeMbl. TI eCTeCTBEH-
Hble MBIC/IN, O-BUIMMOMY, HEe MOITN He IIO-
SABNATBCA y MBICTALIUX iofeil. OHM, KOHEYHO,
" noABIAMUCh. ToT ke BpyHo mucan, 4To Benu-
yy10 bora Mo>kKeT COOTBETCTBOBATDH TONBKO CO3-
manHas borom BeuHas 1 6eckoHeuHas Beenennas
¢ 6eCKOHEYHBIM JXe KOJIMIeCTBOM Pa3HbIX MUPOB.

3ameTuM, 4TO IpecTaBIeHe 0 6eCKOHEYHO
Bcenennoit paspymano npeicraBaeHnsa o TBep-
IbIX IIPO3PAaYHBbIX HeOeCHBIX cdepax, a TaKxKe
TBEPJIOil ¥ HEIIPO3PavyHOIL chepe HeloBIDKHBIX
3Be3f B cuctemax mupa IIudaropa, Iltonemes
u Komepuuxa. [Tpospaunsie cepbl ObIIu crieny-
aJIbHO IIPUAYMaHBI /IS TOTO, YTOOBI 3aKPEINUTh
Ha HYX [/TAaHEeTBI I, 110 BCell BUAMMOCTH, Yoepednb
OT «mafieHnsi». Ho Kputudecknit aHanms Mor Obl
y>Ke IBe TBHICAYY JIeT Hasaj OOHAPY>KUTb mapa-
TOKC: a Ha 4eM JePXXNUTCA 3eMJIA, KOTopas co Bpe-
MeH AHaKCUMaHJIpa IIapUT B IIPOCTPAHCTBe 6e3
MMOJICTaBOK U mocTamMeHTOB? U ecnu 3emie He
HY>KHO OIMPAThCA Ha KaKOe-TO OCHOBaHINe, MO-
XeT OBbITb, IVIAHEThI Y 3Be3/Ibl TO>KE MOI'YT HaXo0-
IOUTHCA B CBOOOIHOM 11071€TE?

PasMblmeHNsT BBIZAIOMUXCSA MBICTNTE-
neit — takux kak Hukomnait Kysanckuii n [Ixop-
maHo bpyHo — paspymiano «KpucTasl He-
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6ec». Y dyenoBeka He 6BIIO HOBBIX QakTOB 06
ycTpoiicTBe Mupa (X0 MOABJIEHMS TelecKolla
B 1609 rozy), B 9TOM CMBIC/IE 3@ JjBE TBHICAYY JIeT
HMYEro He M3MEHMNOCh. VI3MeHnncsa cam 4eno-
BEK — OH y4YWICA IyMaTh 10-HO80MY. [IBe ThICAIM
JIeT Ha3aJi TBepAble XpyCcTanbHble chepbl Ka3annuch
BIIOJIHE IIPUEMJIEMBIMU 3JIEMEHTAMM ONVICAHUA
mupa. K XVII Beky 3T1 KOHCTPYKLIMM, KOTOPBIX
HVKTO HUKOT/]a HE BUJIET, TETIEPb Ka3a/lINCh JyMa-
IOLIVM JIIOISIM apXaMYHOM U HEJIeNo 9K30TUKOM,
BBI3bIBAIOILE}l MHO>KECTBO BOIIPOCOB.

Mpicnib 0 6eckoHeuHOI Beenmennoit mopaxka-
na BoobpakeHne. beckoneunas Bcenennas 6e3
LIEHTpa 1 Hayajla CTAHOBM/IACh HOBOVI KapTUHOIA
MMUPa, POXKJABILIECA B XOfi€ KOIIePHMKAHCKO

= PEBOTIOLINIL.
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5. BcenneHHas nmoj BIacTbIO
TATOTEHU A

....Jla! Tak OH 1 JONoOXuT, He 3a60TsACH
0 npeppaccynkax KaMeHHbIX rof0B.
OH He fonyCTUT CKa30K 1 runotes,

Bce KpuB bl epHOBaMM Pa3MONOB.

Korga MbI TOBOpMM O TOM, 4TO B IOJIOBaX JIIOfEN
Bcenennas cranma 6eCKOHEYHOIT, HAZIO TIOHMMATD, YTO
peub ujeT He 000 BCeX /MIOAsAX. [anmneit u ero nmpocse-
IIeHHbIe COBPEMEHHUKM IIPEeKPACHO TTOHUMAJMN, YTO
HUKaKIX TBEPABIX 000/mouek Bo Beemennoit net. Hu-
komnait Kysancknit n JI>xopgano bpyHo mpsamo roBo-
punn o 6eckoHeuHol Beenennoit. Ho B To e Bpems
MHOXeCTBO (Ha caMOM Jie/ie OOMBbIINHCTBO Hace/IeHIs
3eMHOTO IlIapa) JIIofell IPOJO/DKaIU BUIETh MUp I71a-
3aMU IPEBHMX.

Ho ¢ jaBHUX BpeMeH CylieCTBOBAJI €llle OfIMH BaXK-
HBIII J/151 /IE00O3HATeIbHBIX JTIOfiell Borpoc. biaropgaps
KAKUM CUIaM OBVDKYTCS HeOeCHbIe Tenma?

bbbl BpeMeHa, KOT/ja CYMTAIOCh, YTO HebecHbIe
Tefla — JKUBBIE, ¥ IBVDKYTCS OHM CaMl, IOTOMY 4TO
3TOTO XOTAT. bbIIM BpeMeHa, KOTfa MIOAY Moaranm,
9YTO HeOeCHBIMU TeJlaMM YIPABJAOT AyXu. Bbl Ba-
PMAHT: CIIeIVIaJIbHO 00Y4eHHbIE aHTe/Ibl IIepeMeIIaloT
B Hebe cBeTUNIA. ..

IITnu Beka, U MpefcTaBaeHNst 06 aHreaxX-ABNUraTe-
JIIX TIOCTENEeHHO CTAaHOBUINCH BCe MeHee OYEeBUHbI-
M1 («IyX BpeMeHM» MeHsUIcs). KoHeuHo, HUKTO HIYero
He 3HaJIl TOYHO, HO, C IPYTOJi CTOPOHBI, Y€/I0OBEYECTBO
IIOCTENIEHHO MIPUBLIKAJIO K TOMY, YTO B OKpY>KaloleM
Hac Mupe JIeMICTBYIOT HeOJylIeB/IeHHbIE CUTIBI— TO,

XXI

[lasen AHmokonbckud,
«HbtomoH»

C NABHMX BPEMEH
CYLLECTBOBAN ELLE

OMH BAXHBIA 1K
JIOBO3HATE/bHbIX JIOAEN
BONPOC. baronaps
KAKAM CUTIAM
JIBUXYTCS HEBECHBIE
TENA?
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MEPRYPUG T YTO Ha3Ba/M 3aKOHAMU NIPUPOJbL. B3ATh, Ha-
BEHEPA 2 mpuMep, TOKb. TedeH1e BOAbI, Cyfis IO Bee-
3EMAR 3 My, He TpebyeT IOCTOSIHHOTO BMeIIaTe/IbCTBA
MAPC 4 aHTeJIoB, bora mam Kakmx-To MHBIX CBEPXb-

€CTeCTBeHHBIX ci1. OHO NOAYMHAETCA IPU-
POIHDBIM 3aKOHOMEPHOCTSAM.

Hapo eme pas mog4epkHyTh: U IBE, ¥ TPU
TBICAYM JIET Ha3aJ| BOfla TEK/IA TOYHO TAK XKe,
kak B XVII Bexke. Ho ecnim panbiie MbICIDb
0 IyXax M aHTe/IaX Ka3ajloCh BIIOTHE yMeCT-
HOI1, Tellepb IPOCBelleHHBIM JIIfAM, 0071a-
JAIOLIMM KPUTUYECKMM MBIIIIEHNEM, TOBO-
pUTb 06 3TOM 6bIIO OBl KaK-TO HeCepbe3HO.

JIrony (MbI TOBOPMM O CaMbIX 00pa3oBaH-
HBIX 3 HUX) 3HA/IU TOpa3fo Oonblie CBOMX

YEM BAMXKE K COAHLLY,
TEM BLIULE CKOPOCTH MAAHETH| JTaJIeKNX MPEeaKOoB. I[yx BpeMeHU U3MEHUJI-

CA: OH Caeman BOCTPC6OBaHHI)IMI/[ Kputnde-

CKO€ MBIIIIEH)E U HayYHbII METOJ] BOCIIPHU-
SATUS AeMCTBUTEIBHOCTH.

VTak, 4TO 3a CHJIBI YIPaBAAT MUPOM?
B XVII Beke yxe MOXHO ObIIO JJaXke CKa3arh:
YTO 9TO 3a PuUsU4ecKue CUIDI?

Yxxe ynomunasmmiica Vorann Kennep
HOTPATUII HEMAJIO BpEMEHM JI/ISl IIOMCKA OT-
BeTa Ha 3TOT BoIpoc. TpeTuii 3aKoH gBIDKe-
HUA IJIaHeT, OTKPBITHIN Kemepowm, nmoka-
3bIBaJI, YTO 1O Mepe ypanenus or ConHIa
epUoAbl 00paljeHNsI ITaHeT YBeIUIN-
BaIOTCs OBICTpee, YeM PajgUyChl UX OPOUT.
9TO 03HAYAJIO, YTO II0 Mepe MPUOIVKeHNS
K CONHITY CKOPOCTH JIBUKEHM I/IAHET CTa-
HOBI/INCH Bce Oombiiie: MepKypuit ABVDKeT-
cs1 6picTpee BeHepnl, Benepa — ObicTpee
3emnu, 3emnsa — 6vicTpee Mapca u Tak
nanee. Kertep npefmonoxmun, 4To NCTod-
HUK KaKO¥-TO CVYJIBI (IBYDKYILEIl YN, KaK
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XXI

OH MNCA) COREeP>XXUTCS B LeHTpanbHOM CornHile — Ha pysexe XVI-
9eM flasblie OT MCTOYHUKA, TeM clabee «IBIDKYIas XVII BEKOB NPU/MBDI
TyIar, 1 OT/MBbI MbITA/INCb
Kemnep, chopmynnpoBas cBOM 3aKOHbI ABIKEHNS OBBACHUTD MATHUTHBIM
IIJIAHET, PELINI, YTO OHU CBUJIETENBCTBYIOT B IIO/Ib3Y BAMSHUEM JTyHbI.

uzen o cunoBoM BosjelicTBuy CoHIIA Ha T/IAaHETHI.
«HaBoctpure yuy, ¢pusnukm: Begb IpefIpuHIMaeT-
Cs1 3aMBICeTT BTOPXKEHMs B Ballly o0macTb!» — mucan
aCTPOHOM.

Cospemennuk Kernepa Yunpam Imnb6ept (1544-
1603) 3aHMMaJICs TOMVIMO IIPOYEro U3y4eHMeM Marte-
tu3Ma. OH BBIIBUHY/ IPEAIOI0KEHNE, YTO 3eMIIA
SBJISIETCSI OTPOMHBIM MarHutoM (06 3TOM roBOpH-
710 TIOBEfieHNe CTPeNKM M300peTeHHOro Inmpbeprom
KoMmaca). MarueTusM ObLI HAI/ISHBIM IIPYMEPOM
(bU3MIECKOIT CUJIBL, U YIEHBIIT HOITYCKaI, YTO 9TO YHU-
BepcanbHas CUIA, KOTOpas AENCTBYET BO Beell Beenen-
Hoit. Ha py6esxe XVI-XVII BekoB Bcepbes 06CyKpa-
7Iach Ufes — He BpalljaeTcs /iu 3eMIs NoJ, AefiCTBYEM
MarHUTHBIX cun? Jlaske IPUAMBBI M OTIIMBBI NIBITAIACDH
OOBSACHUTH MATHUTHBIM BMsiHUEM JIVHBIL.

B 1609 rony (B ToM >xe rony Tanueit mocTpown mep-
BBIIi Teneckon) Voraun Kenep copmynmmposar rumo-
Te3y o ToM, uTo Co/HIle — TO>Ke MarHUT U OHO Bpallia-
eTcs (Bpawenue ComHIa 6bIIO BCKOPe MOATBEP>KAEHO
HaOMIONEHMAMY COMHEYHBIX ISITEH B TeNecKoI). Bpa-
meHne ConHIA co3/laeT BUXPb B IPO3PAuHOM Bellje-
cTBe — adupe, KOTOPHIII HALONMHsET BCIo BeeneHHyio,
nonaran Kemep. 9ToT aupHBIl BUXPD U 3aCTaB/IsACT
IJIaHEThI ABUraThCsA BOKPYT COMHIIA — YeM Jajblie OT
ConHija, TeM MeJIEHHEE.

9To0 OblIa OYeHb HEIUIOXas Mpesl, KOTOpas TeM He
MeHee OKa3anach HeBepHoil. Ho anemMeHTI 3TOM npien
BIIOCTIEZICTBUM TTOATBepAINCh. COMHIIE 1e/ICTBUTEID-
HO MaTHUT, OHO JIe¥ICTBUTEIIbHO BPAIAeTCs, ¥ MaTHUT-
HOe TI07Ie, IPOCTUPAsICh BO BCe CTOPOHBI OT CBETUIIA,
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00 . 00.00 1647 r. B mrrare MaccauyceTc KasHeHa yepes
oUW e HoBelleHNe TepBas BeibMa B AMepuke — Ada SIHr
Bonbioit B3ppiB

PeHE ,ﬂ,EKApT BpalllaeTcs BMECTE C Connuem!. Ho okasanocy, 4To Iia-
NPEANIOXKMN HETBI JBVDKYTCS COBCEM II0 JPYTOil IpUIMHE.

KAPTUHY MWPA, Dpannysckuit yuensit 1 ¢punocod Pere exapt (1596
B KOTOPOW 1650) mpemIoXuI KapTUHY MUPa, B KOTOPOII CYIIeCTBO-
CYLECTBOBA/IO BajI0 MHOXKECTBO Buxpeil aupa, mo00HBIX OMMCAHHO-
MHOXECTBO BUXPEN my Kermepom. Kax/ipiit BUXpb — 3T0 crcTeMa, IogooHas
JOUPA.

ComHIy, BOKPYT KOTOPOTO BPAIIAOTCA IIAaHETHI, YBIe-
KaeMble BUXpeM. LleHTpanbHbIe CBeTHIA (B TOM 4UC/Ie
CorHIle) COCTOST M3 MaJIEHbKMX «TOHKVX» YaCTHL], U3TY-
YAIOLIVX CBET, @ IVIAHETHI IIOCTPOEHBI 13 H0JIee TAXKEIbIX
«T€MHBIX» YaCTUL], OTOPOLIEHHBIX IIeHTPOOEKHOIT CUIION
BpallleHN I BUXPAI.

Iexapt koe B 4eM 6b171 IpaB: COHIfE 1 3Be3[bI COCTO-
AT U3 CPAaBHUTENBHO JIETKMX YaCTUI] pacKajeHHOTO rasa
(TOYHee, TIA3MBI), I/TAHETBL — 113 607Iee TsHKETbIX YACTHL,
a TakKe 9acTnL, 00befIHEHHBIX APYT C APYTOM B eltje 60-
Jlee TsDKeJIble YacTUIBI TBephoro Bemectsa. Ho upest 06
M3HAYa/IbHBIX BUXPAX, 3allONHALMNX BeeneHHylo, oka-
3a/1aCh HEBEPHOIL.

[TopasurenpHO, 9YTO YKa3aHHBII HAYYHBIN IIOMCK IIPO-
VICXOIMII B TO JKe CaMOe BpeMs, KOT/ja LIepKOBb 3aIIpeltaa
crucreMy KonepHuka, HacTauBasa Ha IpaBWIbHOCTY CUCTe-
MblI [ITONeMes ¢ TBepABIMIM XPyCTaIbHBIMU chepamu U 3eM-
nett B meHTpe. Tpynpr JJekapTa, Kak 1 MHOTHMeE TPYZBI APYTUX
UCcrefioBareeit, monanu B VIHeKc 3ampeleHHbIX KHNT.

...Kak nsBecTHo, pelrenne 3afaqn 610 HaliIeHO Beu-
KUM aHITIMVCKMM $U3MKOM, KOTOpOro 3Bau cap Vcaak
Heroron (1642-1727). Ero 3acmy»<eHHO CYMTAIOT OCHOBO-
HOJIOKHUKOM K/Iaccudeckoit ¢pusukn. EMy mpuHamaesxxuT
BEJIIKOEe Hay4yHOe JOCTIDKEHVe — OH OTKPBII 3aKOH BCe-
MUPHOTO TATOTEHMS.

KoneuHo, nsies o ToM, 4TO B MMpe CYIIeCTBYeT HeKasd
CHIa TIPUTSDKEHNA, He pa3 MOABJIANACh 3aJ0T0 [0 C3pa

4 OcraBanoch HETIOHATHDBIM, IIOYEMY Bpallla€TCA CaMO CO]'[HIIe,
HO 3TOT BOIIPOC ITOKa HE o6cy>1<11a11c,q.

92



CYMKA!
AX,%‘S: VEIWAET
MOKOVHO, CYMKA
c\/ MEHA B PYKAX

Vcaaxa, ¥ 3,eCb MO>KHO OBLTIO ObI Ha3BaTh MHOXKECTBO M3-  OTHOCUTENIbHOCTb JBUMKEHIS
BeCTHBIX MMeH (Hanpumep, Pobepr I'yk, 1635-1703). Ho  Te/a B pasHbix cuctemax
00BENUHNUTD B OJJHY CTPOJIHYIO KOHIIEIILIMIO UJIEI0 O CUJIE U3MEPEHUA.
HPUTAKEHNA Y TPY 9KCIIEPYMEHTAIBHO MTOITBEPIK/laeMble
3axoHa Kermnepa yganocs Tonbpko HeloTony.
IITnpoko u3BecTHa UCTOPUS O TOM, KaK s0JI0KO (B Of-
HOM U3 BapMAaHTOB — yIIaBIlee NMPsAMO Ha TonoBy Hbio-
TOHA) IIPUBE/IO €TI0 K MBIC/IM O CYIIeCTBOBAHNI CYUJIbI TS-
TOTeHN:A. ITO, KOHEYHO, He TaK: TO, YTO BCe MPEIMeTHI Ha
3eMJIe IPUTATMBAIOTCS K HEl, MIOAM OCO3HAMN 3A007120 00
Hvromomna.
Bo Bpemena HpioToHa y>ke 6bI710 IOHATHO (9TO yOemu-
Te/IbHO II0Ka3al elle [amteii), YTo ecm Ha TeJo He fieli-
CTBYIOT HUKAaKJIe CU/IBL, TO TENO OY/eT ABUTaThCs IPSIMO-
JIVHEJTHO ¥I PAaBHOMEPHO. APUCTOTeNb ABYMS ThICAYaMU
JIeT paHblile OUIMOOYHO IIOJIATAlI, YTO B TAKUX YCIOBU-
AX TeJI0 BooO1e He OyaeT nBurarbcs. [IoHATHA MHepLUY
(cIIOCOOHOCTD Te/Ia COXPAHATh CKOPOCTb HEM3MEHHOI1) B Te
BpeMeHa ellle He CymecTBoBano. Kpome Toro, Haxogurcsa
TEJIO B IIOKOE VIV JIBYDKETCS — 3aBUCUT OT HaOJIIOfaTess.
Taxk, HanpuMep, ¢ TOUKU 3peHNUA BOANUTE/A ABTOMAIINHEI,
CYMKa Ha CHJIeHbe TIOKOUTCS, 8 C TOUKY 3peHMS TPOXOXKe-
ro — OHa OBICTPO IepeMelaeTCsl BMeCTe C aBTOMOOIEM.
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1648 r. Pycckmit semnenpoxoper Cemen JlexxHEB
OTKPbII IPO/IUB MeXJYy Asuelt 1 AMepuKoit

00:00:00

Bonbioit B3ppiB

Wcaak HbtoTOH, aHrnmiickuit
MaTeMaTuK, Qu3nK,
aCTPOHOM ¥ TeOsI0r, OTKPbIN
Uy TArOTEHUA.

buorpad HbtoToHa Yunbam
Cbtoknu («BocnomuHaHua
0 KN3HU HboTOHa»,

1752 ron) coobLyaer:
«HbIOTOH CKa3an MHe,

4YTO MbIC/Ib 0 FPaBUTALIAN
NpuLLna emy B rofoBy,
Koria HeoXIAaHHO

C BETKI ynano A6/oKo.
“Mouemy A6noKM BCeraa
NafaloT nepreHANKYNApHO
3emne?” — nopymarn oH».

Tem He MeHee no pabounm
TeTpagAm HbloToHa BUAHO,
4T €ro TeOpnA BceobLero
TArOTeHMA BOBCE He Obina
03apeHuneM, a pa3BuBanach
nocrenenHo. (am HbroToH

B 0AHOM 13 nucem 1686
CBO 3aMKCb OKOHYATENbHON
$OpMynUpOBKY 3aK0Ha
TATOTeHWA AaTUpyeT MnLLb
npuénusnTenbHo: «bonee
15 net Ha3afy.
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HA ABAOKO H
AYHY BAUAET
OAHA U TA XE
CUAAA

HbproTton pasmpinuiAn o gsyoxkenun JIynel. Jlyna netut
1o cBoeli op6uTe Bokpyr 3emm. Co BpeMeH Kertepa 65110
U3BECTHO, YTO OpOUTA IPeACTaBIsgeT OO0 3aMKHYTYIO
KPUBYIO IMHUI0 — 9JUIUIIC. Ecu ObI HUKAKOIL CUJIBI He
6b1710, JIyHa BUTa/IACh ObI PABHOMEPHO M IIPSMOJIMHEIHO.
Ho snnunc — ne npamad munus! M ecnm Jlyna gsimxerca
He II0 IIPSMOI, 3HAUNT, Ha Hee Jelicteyem Kakas-mo cusa.
Y10 5TO MOXKET OBITD 3a CMIa?

Pa3 Jlyna netaeT BOKpyr 3eM/t, eCTECTBEHHO ObBIIO
IPEeIONIOKNUTD, YTO UCTOYHMK ITON CUJIBI CBsA3AH C 3eM-
TIeit.

B6mmsy moBepXHOCTY 3eMIIM ITpefIMeT B CBOOOIHOM CO-
CTOSHUM (HAIIpUMeP, TO >Ke s16710K0), Kak u JIyHa, He IBU-
JKeTCsA paBHOMEPHO: OHO TIaflaeéT OTBECHO C YCKOpPEHMeEM,
ABUTasACh K LeHTpY 3eMiu. Pas ecTb yckopeHue, 3HaUuT,
OILATh paboTaeT KaKasi-To cuiIa. TO CIeAyeT U3 3aKOHa,
OTKPBITOrO TeM ke HproToHOM:

F=ma,
N
rae F — Hekas cuma, m — Macca Tena, d — YCKOpeHIe Tena.
V3 ¢popMysbl BUSHO, YTO eC/IV CUIa He PaBHA HYIIIO, TO He



paBHO HY/IO U yckopeHne. Hao60poT: ecnm HeT ycKope-
HIA, 9TO 3HAYUT, YTO Pe3yNbTUPYIOMAs CUIA, IPUIO)KEHHAs
K TeJly, PaBHa HYIIIO.

HproToH forapgacs, 4To cuia, 3sactapjAawomas JIyny or-
KJIOHATHCA OT ABVYKEHNA IO MIPAMOIA, ¥ CUIA, 3aCTaBIAIO-
1A TMafjaTh A6I0KO (a TaxoKe IPYDKMMAIOIAA K MOy ca-
Moro HploToHa), — 9T0 00Ha 1 ma e cual

9T0 6blTa reHNaIbHAs JOTafIKa ¥ aOCOMIOTHO MPaBI/Ib-
HOE pellleHNe.

Ha mepBbiit B3I/IAA, [BVDKEHMs MAfA0IIero si6oka
1 JIyHBI COBCEM He ITOXOXKU. SI6/10K0 ITafaeT K LeHTpPy 3eM-
1, a JIyHa Bce BpeMs IETUT BOKPYT 3eM/IM B HAITPAB/IEHUM,
HepIEeHIMKY/IAPHOM HallpaB/IeHMIO K eHTPY Halleil 11a-
HeTpl. Ho aTu 1BIOKeHNA He IOXO0XKM TOTbKO Ha IepBBIi
B3rAx. Ecim 6561 JlyHa 0CTaHOBM/IACDH B CBOEM JBYDKEHUN
BOKPYT 3eMJ/IV, OHa CTajia Obl IIafjaTh K LEHTPy 3eMIn —
TOYHO TaK )Xe, KaK sA0/10K0. PasHuIla TOIbKO B TOM, YTO
y JIyHBI ecTb 6O/bIIIas «TOPU3OHTAIbHAS» (TOUHEE, IIep-
HeH/IMKY/IAPHAsA HAIIpAaB/IeHNIO Ha IIEHTP 3eMI) CKOPOCTb,
6maropapst Kotopoii JIyHa, HellpepbIBHO Iafias Ha 3eMIIIo,
BCe BpeMs «IIPOMAXMBAETCSI» U JIETUT MUMO, «3aKPYTTIAI»
CBOIO TPAEKTOPUIO, OrMOAOIYI0 3eMIII0. A y 16/10Ka TaKoil
KPYToBOJii CKOPOCTU HET.

A MoxeM 1 MBI 16710K0 IIpeBpaTnTh B JIyHy? Tounee,
3aCTaBUTD €TI0 TOXE JIETATh, He Nafiasd, BOKPYT 3eM/IH, I10-
no6HO JIyHe? HbIOTOH IOHSA, YTO MOXKEM.

[nst aTOrO HAZfO 6POCUTBD 5I6/I0KO TOPU3OHTANIBHO (IIep-
HEeHIMKY/IAAPHO HallpaB/ieHuIo Ha 1eHTp 3emun). Koneu-
HO, SI67I0KO YIIafieT, HO y>Ke He B TOM MeCTe, Ifie ero 6po-
CHUJIY, — OHO yCIIeeT IPO/IeTeTh 110 KPMBOIl HEKOTOPOE
paccTosiHNe, TOKa 13-3a IPUTKEHNUs 3eMI) He yIajer
Ha ee TIOBEPXHOCTb.

Ecnn sxe 6pocutsb s6710K0 ¢ 60JIbIIIEl CKOPOCTBIO, OHO
nponerut ganpie. Ho He Hapo 3a6bIBaTh, 4T0 3eMu KpyT-
nast. Ecv npypath s6/10Ky o4eHb OO/IBILIYI0 CKOPOCTD, OKa-
XKeTCs, 4TO KPYBJ3HA 3¢MHOI IIOBEPXHOCTY OyfeT paBHa

XXI

Ec/m bl JlyHA
OCTAHOBM/IACh

B CBOEM [BUXEHIM
BOKPYI 3EMJIW, OHA
CTAJIA Bbl NANATb

K LEHTPY 3EMM —
TOYHO TAK XE, KAK
SB/10KO.
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1652 1. [Tarpnapx Hukon npejnmcan coBepuiaTh KpeCTHOE 3HAMEHME
00:00:00 puap pen pulath kP

; TpeMsA NePCTaMu, a TeX, KTO KPeCTIUICA IByMs, — Ipefa aHapeme
Bonbioit B3ppiB |

KPMBU3He TPAaeKTOPMM Majalomiero A6moka. 1o
3HAYUT, 4TO AOJI0KO, BCe BpeMs Majiast Ha 3eMIio
TIOJI IeJICTBYEM ee NIPUTSKEeHA, OyeT CTpeMUTb-
Cs1 K LIeHTPY 3eMJIi, TOCTOSIHHO orubasi 3eMiio
U TIOCTOSTHHO TTajjas «MUMO». SI6710K0 IIpeBpaTuTCs
B CIIYTHUK 3eM/I — TaKoii e, Kak 1 JIyHa!
ITopasurenpHo, 4T0 HU JIyHe, HU A6JIOKY Ha
opOuTe BOKPYT 3eM/IN He HY>KeH MCTOYHUK IBM-
JKyIIeil CUIbI B BUJIE yXa, aHTe/Ia VI PAKETHOTO
pBurarensd. Ha ciyTHuk 3emm ieiicTByeT monvko

CIYTHAKA CTa PUTSDKeHNA 3eMIn. A fiajiblile BCe 3aBUCUT
0T ckopocTu. Ecny ckopocTh MasieHbKas — CITyT-
HUK ymaget. Ecmu ckopocts docmamounass — oH

OyzmeT BeuHO meTaTh BOKPYT 3emymn. Ho odeBnp-
MepBblii B MUPE CKYCCTBEHHBIA

CNYTHUK 3emin Obin 3anyLueH
B (CCP 4 okTAabpa 1957 roga.

HO, YTO M3HAYa/IbHO KaKas-TO CUJIA JO/DKHA Oblla
pasoratb JIyHy 1160 s16710K0 O 9TOM CKOPOCTHL.
Ecnu 651 He 65110 3eMiy, sI67I0KO JIeTeNno Obl mpsi-
MOJIMHEITHO C 3TOJ CKOPOCTBIO O/1arofapsi nHep-
1. Ho nputspkeHye 3emMu Bce BpeMsi OTK/IOHS -
eT s167I0KO OT JBVDKEHN 110 IIPSIMOIL, 1 OHO JIETUT
II0 3aMKHYTOII TPaeKTOPIUU BOKPYT 3eMJIN.

Koneuno, HploToH paccy»xpan He o si6noke. Ero
Hepy — HAIlOMMHAI0, YTO B Te BpeMeHa MIUCan
320CTPEHHBIMI ITUYBUMI NePbSAMHU, OKYHAS UX
B YePHI/IA, — TAK BOT, €0 Iepy IpUHAJIeKaT PI-
CYHOK, KOTOPBIIT aMepUKaHCKWiT acTpoHoM Yapn3
YuTHM Ha3Bal «CaMBIM 3aMeYaTe/TbHbIM PYCYHKOM
BO BCEJl CTOPYM HAYKI».

BMmecTo genoBexa, 6pocarorero s16710xo0, HproTon
M300paswI MyLIKY, CTPE/ISIOIYI0 TOPU3OHTAIBHO
(mywredHoe spO NETUT ObICTpee sA0/I0Ka IO BO3-
JIe/ICTBUEM [JaBJIeHIIsI TIOPOXOBBIX Ia30B B CTBO-
ye myukn). OH [0Ka3asI pasHble TPAeKTOPUM sApa
B 3aBUCHMOCTH OT Ha4a/IbHOJ CKOPOCTH HOJIeTa —
TIO Mepe yBe/IM4YeHs Ha9a/IbHOI CKOPOCTH AZPO T1a-
JlaeT Jasiblile, ellle ajIblile U, HAKOHeLl, IIPY HeKOlt
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CKOPOCTM CTAHOBUTCS CITyTHUKOM 3eMIIN, BUTa-
ACb 110 KpyroBoii op6ute. CKOpOCTD, PV KOTOPOIT
TesIo (XOTb s16710KO, XOTb SIPO) ABIDKETCS 110 KPy-
rOBOJI OpOMITe Ha CPABHUTENIBHO HEOOMBIIION BbI-
coTe Haji 3eMJIeil, He Tajias, Ha3bIBAeTCs KPY20601i,
VI Nepeotl KOCMUHECKOT CKOPOCmbvio.

Baxxno, uyTo Ha prucynke HproToHa my1ka ycra-
HOBJICHA Ha OYeHb BBICOKOIL rope (Ha caMoM jierie
Ha 3eMJle TaKUX IOp HeT U OBbITb He MOXXeT). T
IPaBIIBHO: Beb SAPO MOXET IOTEPATh CKOPOCTD
U3-3a TPeHUA O BO3AyX. Kak TOMbKO CKOPOCTD
CIIyTHMKA CTaHET MEHbIIE IIEPBOIT KOCMIYECKOIA,
KPUBU3HA €r0 TPAeKTOPUNU OKaKeTcsi bornplire
KPMBM3HbBI 36MHOJ ITOBEPXHOCTH, ¥ CIIyTHUK
ynazieT (cTonkHercs ¢ 3emeit). [Toatomy Hplo-
TOH HAa4ePTUJI TOPY HACTONBKO BBICOKYIO, UYTO Ha
ee BepLIMHe Y>Ke HeT Bo3yXa. Toryja TpeHne pas-
HO HYJTIO U CITy THUK CMOXKET CBOOOHO IBUTaTh-
51 TI0 OKpYy>KHOCTHU. HaBepHO, pCYHOK TOBOPUT
ele 1 0 TOM, 4T0 HbIoTOH NOHMMan — BO3jgyxa
B MEXIIAaHETHOM IIPOCTPAHCTBE HeT.

A 4TO, ec/M CKOpPOCTD AApa OKaXKeTcs 60/b-
nle IepBoil KocMmmuueckoit ckopoctu? Cornac-
HO pacueTaM HploToHa, Apo 6ymeT gBUTaTbCA
IO 9JUIUIICY, OfH 13 (POKYCOB KOTOPOTO OKa-
KeTcs B IleHTpe Macc 3emn. 3akoHbl Kemepa,
OIVICBIBAIOLIVE [BIDKEHIE Tefla 110 JUIUIICY, OY-
IYT BBIIONHATbCA. Ecny npopo/mkaTh Hapamiy-
BaTb CKOPOCTb, 9JUIUIICHI OYAYT Bce bomee 1 60-
7iee BBITAHYTBHIMU. HakoHel] HacTaHEeT MOMEHT,
KOTZIa IIMHHBIN 9UINIIC «Pa3opBETCA» U Ipe-
BPAaTUTCA B Pa3OMKHYTYIO TPAeKTOPUIO — Ma-
pa6ony. CrIyTHVK, IBUTasCh 110 TAKOJ TPaeKTo-
PV, HaBCeT/ja TOKMHET 3eMJTI0 U YIeTUT IIPOYb.
CoOTBETCTBYIOIIYI0 CKOPOCTb HAa3bIBAIOT BTOPAs
KOCMUYeCKas.

BOCNPOM3IBOAUTCA
N0 PUCYHKY
W_HBOTOHA

MopnobHbIA pUCYHOK HbHOTOH,
ObIBLLWI K TOMY e HEnmoXum
PUCOBANBLUMKOM, BbIMOSHNI
C0OCTBEHHOPYYHO.
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00 . 00.00 1665 1. Yuensim Po6eprom I'ykom B mporecce
[ [

h paccMaTpuBaHus fiepeBa Iofl MUKPOCKOIIOM OTKPBITA K/IeTKa
Bonbioit B3ppiB

2 TIAPABOAA Yro 910 3a CMIA, KOTOpAs IPUTATUBAET A6TOKO,
Axpo mumu camoro HpioToHa k 3eme?
HpI0TOH IpeAIIonoKu, YTo 3Ta CUIa 3aBUCUT OT
Maccel Tena. Yem 6ornblie Macca, TeM OOJIbliIe Cua,
C KOTOPOIL TeJI0 IIPUTATKUBALT K cebe Ipyrue Tena.
Amnanus gByokenus JIyHbl BOKPYT 3eM/U 1O3BOMNI
INAUNC BBIBECTU (OPMYITY HJISl BBIYUCICHNSI CUIIBL, C KOTO-
ﬂ POt IBa MOOBIX Tela IPUTATUBAITCA IPYT K APYTY.
9Ty GopMyny Tellepb 3HAOT BCe, €€ U3YIAK0T B IIKO-
JaxX Ha ypoKax ¢usyku. OHa BBIpa)KaeT 3aKOH BCe-

Pa3pbiB anaunTuyeckoit MUPHOTI'O TATOTEHN:A, OTKPHIThII HbloTOHOM.
0pOuTHI 1 BTOPaS BHuMaTenbHO paccMOTPUM 3Ty GOPMYY:
KoCMIYecKkas CKopoCTb.
P mM
F = y 2 ’
r

rie m 1 M — Macchbl IBYX TeJl, I — PacCTOSHUE MEeXY
HMMY, Y — K09 ULMEHT, KOTOPbIi Ha3bIBaeTCs Ipa-
BUTAIMOHHAsA MOCTOSIHHASA, PaBHAS:

3
M

Yy =6,67%x107" 5
KI X C

IpaBUTaLMOHHAs IOCTOAHHAS OIpeNie/iAeT Bey-
YMHY CWIBI IPUTSDKeHNA MeXAY Temamu. 107 — aro
e/IVIHNIIA, lefleHHasA Ha OrPOMHOe uicno — 10 ¢ ofyH-
HaJILaThI0 Hy/IAMI. TakuM 06pa3oM, rpaBUTALMOHHAS
IIOCTOAHHAS — 3TO OYeHb MaJIeHbKOE YIC/I0. SHAUNT,
U CUJIa TSATOTeHsT, KOTOPYIO Ha3bIBAIOT IPaBUTAIINEA,
Ha caMOM Jie/ie O4eHb Masna. bojee Toro, oHa yMeHb-
IIAeTCs C PACCTOSIHMEM, IIPUYeM OYeHb OBICTPO: B 3Ha-
MeHaTe/le pacCTOsIHNUE © — B KBafjpaTe. ITO 3HAUUT,
YTO IPY YBEIMYEHUN PACCTOSHMS MEXIY Te/IaMM, Ha-
IpYMep, B IBa pa3a, CUIa IPUTDKEHVIS MKy HUMU
YMEHBIINTCA B YeThIpe pasa.

JIt060IBITHO, YTO Be Macchl M 1 m BXOAAT B Gop-
MYy CUMMETPUYHO. VIX MOXXHO OMEHATb MeCTaMI,
¥ OT 9TOTO HMYETo He U3MEHUTCH. DTO 3HAUNT, UTO,
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Hanpumep, 3eMyd ¢ Maccoit M mputs-
ruBaetcs K JIlyHe ¢ Maccoit m TOUHO
C TaKoJ1 >Ke CHJIoii, ¢ Kakoli JIyHa npu-
TATUBAETCS K 3eMie.

ITouemy, HanpuMep, MbI ABCTBEHHO
olyIIjaeM, KaK Hac IIPUTATUBAET K cebe
3eMId, HO He YYBCTBYeM, KaK IPUTATH-
BAIOTCA APYT K APYTY ABa LIKOTbHUKA,
CUJAIIMX PAIOM 3a OfIHUM cTonioM? Bee
Terno B Macce. [paBuTanoHHas OCTO-
sIHHAasI HACTOJ/IBKO MaJia, YTO [IaXKe eC/Iu
MBI TTePeMHOXXIM MAaCChI IBYX IIKOMb-
HIKOB, TIOC/Ie YMHOXKEHMA Ha KpoIley-
HYI0 TPaBUTAIIMOHHYIO TIOCTOSHHYIO
pesynbrar 6yzet HudToXHO Man! Hu-
KaK/M JVTHAMOMETPOM MBI He CMOXKEM
U3MEPUTDb CUTY MPUTHKEHUA MEXAY
IIKO/IbHUKaMIi — HACTO/IBKO OHA MU-
sepHa. Ho xorpma B ¢popmyre yunrbia-
eTcsi orpoMHast Macca 3emiu (ee Macca
B KIJIOTPAaMMaX BBIPAXXAeTCs YUCTIOM
¢ 24 uynamun) — cwia OyneT 3aMeTHa.
Kaxxpii ns Hac (1 HploTOH B TOM 4ic-
JIe) MOT OLIYTUTb, KaK CU/ILHO 3eMJIst
HIpuUTATMBaeT Hac K cebe. [Toanpoirays,
MBI He y/ieTaeM B KOCMOG, a C YCKOpeHH -
eM majjaeM o6paTHo.

Cornacno Teopun HrploToHa rpaBu-
TaIlMIO MCIIBITHIBAIOT BCe mesid, 0bma-
Jamoue Maccon (a MHBIX Teln He ObI-
Baert). Bce Tenma mputsruBarorcs gpyr
K JIPYTY, U CUTy IPUTSKEHNSA MOXKHO
paccuymuTarh, IPMMEHNUB pa3paboraH-
HbI1 HpI0TOHOM MaTeMaTUYeCKIII all-
mapat, B OCHOBE KOTOPOT'O JISKUT 3a-
KOH TSATOTEHNS.

o
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N IIPY HOMOLIM OTITUYECKO ITPU3MbI
Bonbioit B3ppiB
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(onHeuHas cuctema. Pucynok Tpn sakona Kemepa ABIAIOTCA ClIeACTBUAMM 3a-
NOKa3blBAET CPABHUTENbHYHO KOHa BCeMMpHOTo TsroteHus. CTyfeHTsl — Oyayuie
BenuuHy (ONHLa U naHer. aCTPOHOMBI — BBIBOJAT 9TI (POPMYIIBI aHAIVTHYECKIL.
Paccroanua ot nnaet 40 CONHLA,  Ecyiy MbI 3HAEM MACCHI M CKOPOCTH TeJI B HEKIIT MOMEHT

a TakKxe Mexay nnaHeTamu
nepeaaHbl yCI0BHO.

BpeMeHM, POPMYJIbI II03BOJIAIOT BBIYMCIIATD U TIOTIOXKe-
HUA, ¥ CKOPOCTH TeJI ISl K&KIOTO MOMEHTA BPEMEHI.

Teopnsa HeloTona npekpacHo paboraet. C ee 1o-
MOIIbIO C BBICOKOJ TOUHOCTBIO PACCUUTHIBAIOTCA TI0-
JIOXKEeHVST HeOEeCHBIX Tel M KOCMMYECKIX aIlllaparos,
TPaeKTOPUM MEXIIJITAHETHBIX 30HJI0B, CKOPOCTb KOTO-
PBIX MEHAETCS C TOMOIIbI0 KPATKOBPEMEHHOTO BKITIO-
YeHs PaKeTHOTO JABUTATe/Is, HAIIPAB/IEHHOTO B HYX-
HYIO CTOPOHY. B nTore MbI (4e/10Be4eCcTBO) HAyYMINCh
BBINIOJIHATD BUPTYO3HbIE MAaHEBPBI, IIEPENIETaTh OT Off-
HOII IJIAHETHI K JPYTOI U Ia)Ke MCIOIb30BaTh IIPUTS-
JKeHMMe TUIaHeT JJI1 MaHeBPUPOBaHMA B KocMoce. Bee
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9TO MOXKET TOBOPUTH O TOM, YTO TeOPUsA TATOTEHUA Npa-
BUTILHO ONUCcbI6Aem MUP™.

3aberas Bmepen, cKakeM cienyiomiee. HabmogeHus
B KPYIIHEJIIII/e Te/IeCKOIIbI II03BOISAIOT CAEATh BHIBO, UTO
YCTPOICTBO CUCTEM U3 HeOeCHBIX Te/l Ha TMTaHTCKUX pac-
CTOSIHUAX OT HaC — TaKoe e, Kak BOmu3u Conana. 1o
3HAYUT, YTO 3aKOH TATOTEHMs CIPABEIMBO Ha3bIBAETCS
3aKOHOM BCEMMPHOTO TsiroTeHust. OH [iefiCTByeT OfMHa-

KOBO BO Bcell Hab/ojaeMoll HaMu 9acTy BeenenHoit. 1ot

X0Ppowo
YAVBUTEIbHBIN 3aKOH IPUPOJbI HOCUT IIOMCTUHE YHUBEP- \iToHPneborf\
. MIS
CaZbHBIN XapaKTep. HE XMBET

Nrak, naBaiite pasbepemcs euge pa3. CormacHO Teo-
pun, paspaborannoit Heiotonom, Beenennas npepcrasis-
eT co00i1 TUraHTCKUIT (BO3MOXKHO, 6€CKOHEUHBIN) 00beM.
OH 3anonHeH 3Be3fgaMu. To, 4YTO paHbIlle BOCIPUHMMA-
JI0Ch KaK BeCb MUP, TeIePb IPEBPATUIOCH B KPOLIEYHBII
¢parmenT Mupa — COMHEYHYIO CHCTEMY, KOTOpasi BKIIO-
vaeT B ce6s1 COMHIle ¥ HECKOJIBKO II/TaHET, 0O paIarommx-
Cs1 BOKPYT HEro M0 3/UIMNITUYeCKUM opOutam. PaccrosiHus
MeXJy COCeJHIMM 3Be3HbIMIU CUCTEMaMy B paMKax Ta-
KOJI KapTUHBI MMpa JOJDKHBI 61T orpoMHbIMI. Korga-To
I>xopraHo BpyHO roBOpuI, 4TO 9TO XOPOILIO: ecyu Obl IIa-
HeTHBIe CUCTeMbI ObUIN O7IM3KY APYT K APYTY, UX KUTEIU
Mo/ 6bI B3aMMOJEICTBOBATh, HO KOHUMIOCH ObI 3TO I/I0-
XO: CWIbHBIE OGenIun Obl C/1a0bIX.

ViipaBisieT BCeMI [IBIDKEHUAMM HeOeCHBIX Tel OfHa
cuIa — BCEeMMPHOe TATOTeHMe. Bee Tenma mpursarusaoor-
cs1 OpYT K Apyry. Bee Tenma, KoTopble 06magamt HUSKUMMA

!5 BHMMaTeIbHbIN YATATENb MOKET cKasaTh: «Xa! Cucrema IIrose-
Mes TOXKe [jaBajia IIPaBIIbHbIe IIPeICKA3a s U YCIIEIIHO OIMCHI-
BasIa Ha0/TiolaeMble sIB/IEHMs1, HO 3aTeM 0Ka3aJIoCh, YTO OHa COBEp-
IIEHHO HenpaBmibHa. He MOXKeT /11 Takoe MpOM30ITH C Teopueit
TATOTECHUA HbIOTOHa?» OTBCT MOXeT 6bITI) TaKMM: 3aKOH TATOTe-
H1A Hp0TOHA B IpMHIMIIE BepeH (110 CeroOfHAIIHNM IIpeCTaBIe-
Hysim). OffHaKO OKas3asoCh, YTO OH, KaK 1 3akoHbI Keriepa, siBiis-
eTcsl CTIeficTBIeM 6osiee ITyOOKIUX IPYPOSHBIX 3aKOHOMEPHOCTEIL.
06 sTOM byzeT CKasaHO B CIEAYIOLINX [TTaBaXx.
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3ameTHbI 1axe
HEBOOPYKeHHbIM
rMa30M ra3onbineBoil
XBOCT BblENIAET KOMETY
Ha HebocBofe.
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1670 r. Ha manckuit mpecton B3omen Knument X

CKOPOCTAMM, IPUTAHYNNCH K CBOMM MacCCUBHBIM COCe-
IAM U yIIa/Ii Ha HUX, B Pe3y/bTaTe MacCUBHOE Te/I0 CTAJI0
eme 6onbiue. Bee Tema, KOTopble 06/1ajal0T OYeHb BBICO-
KUMM CKOPOCTSIMM, MOTYT CBOOOIHO ABUIAThCS B IIYCTOM
IIPOCTPaHCTBE MEXY 3Be3IHBIMU cicTeMaMIt. Te ke Tena,
KOTOpbIe 00/Iaia/iyl CKOPOCTBIO B IIpefieaX OT IepBOi 10
BTOPOJT KOCMIYECKOJ II0 OTHOLIEHUIO K O/I113KOMY MacCHB-
HOMY TeJTy, IBIAI0TCA CITy THUKAMU 3TOTO Tena. Tak, Iane-
Tbl COTHEYHOJ CUCTEMBI ABJIAITCA cinyTHUKaMy ConHLa,
Jlyna sABnsieTCA CIyTHUKOM 3€eM/Iu, OTKpbIThle Tanmneem
C IIOMOIIIBIO Te/lecKoIa 00beKThI Bosnte IOmurepa aBnAtoT-
s €T0 CHYTHUKAMI. ..

A Kak >xe TBeppible HebecHble chepbl?

OKoH4YaTeTbHOMY VX Pa3pyIIeHNIO CIOCOOCTBOBAM KO-
MeThl. /[HOTIa Ha 3Be3JHOM Hebe HeOKVITAaHHO MOABIAIOT-
sl CTpaHHbIe 00'beKThI, HAIIOMIHAIOIIINE 3Be3/IbI C XBOCTa-
M, KOTOpbIe IIepeBUTAIOTCS Ha POHe 3Be3N. VIX HasbIBAIOT
KoMeTaMy (KOCMAaTBbIMIU), ¥ O/ITO€ BpeMsI JTIofM OO0sINCh
KOMET, CUMTAas, YTO 9TO IPeIBeCTHUKY OYAYIIUX Hecda-
cTtuit. CerofHaA Mbl 3Ha€M, YTO KOMETbI — 3TO CPAaBHUTEIb-
HO HeborblINe (110 CpaBHEHMIO C IIaHeTaMu) HeOecHble



OPBWTA CATYPHA

OPBUTA
HENTYHA

OPBUTA
NAYTOHA

TeJIa, COCTOSIIIIE U3 BOJSTHOTO JIbJa, 3aMeP3IINX Ta30B
U BMOpOyXeHHoIT mpiin. Korma nefsiHoe siipo KoMeTsl
npoxonut Bomu3u CorHIIa, OHO HarpeBaeTcsl, HauMHa-
eT «Ta3UTh I IIbIINTb», B pe3y/IbTaTe BO3HNMKAET J/INH-
HBIN «XBOCT», COCTOSIINI 13 YACTUI] ra3a M MbUIMHOK.
Oc06eHHOCTHIO KOMET SIB/IAETCS TO, YTO OHY ABVKYT-
Cs1 IHOTZA [I0 OYeHb BBITSHYTHIM JI/IUIICAM.

3aKOH TATOTEHMS I €0 CAeNCTBIS — 3aKOHbI Ker-
7iepa — HO3BOJISIN, aHANMN3UPYsT HAOMIONEeHNs JBU-
JKEHIsI KOMeT, PacCUUTaTh VX TPAEeKTOPUM, ONMCATD
OpOMTHI, BEIYUCIUTD CKOPOCTU. DTUM 3aHUMAJICH,
B YaCTHOCTH, Apyr HblotroHa actponoM OpmyHp lamneit
(1656-1742). Ero pac4eTsl HOKa3au, YTO BBITSHY THLI
9JUIMIIC OJHOIL U3 KoMeT (OHa mojy4mna umMsA [anes)
nepecekaeT OpOMUTHI BCeX IUIAHET U YXOUT HA/IeKo 3a
opbuty Carypna! Eciu 651 cyLecTBOBaIM XpycTaib-
Hble HeOecHble cepbl, KOMETBI HE MOTIN ObI TAK JIBY-
raTbCsl — OHM CTaIKMBANUCh 6bl co chepamn. Huge-

OPEUTA HONKTEPA

PENTA MAPCA
o OPEUTA 3EMAK

KOMETA TAMER
NEPECEKAET
OPBUTH! MMHET 2024

KomeTa lannes. OTmeueHbl
MONOXKEHNA KOMETbI,
ouepefHoe MaKcMManbHoe
yoaneHue npuxoanTca

Ha 2024 rop.
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HbloToH cyuTAN, 4TO
BCENEHHAS CO30AHA
borom. MHAuE
HEBO3MOXHO OBbSICHUTL
YIVBUTE/IbHbIE
3AKOHOMEPHOCTH
ConHEYHOM

CUCTEMbI — TO, 4TO
MNAHETbI JBIDXYTCS

B TOM XE HANPABJIEHUN
BOKPYT COMHUA,

B KOTOPOM BPALLAETCS
CAMO COJHLEE.
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1680 r. VI306peTeH mapoBoit KoTesl ppaHIfy3CKIM
¢dusukom 1 nrxerepom Jl. ITanenom

ro 1ogo6HOro Mbl He HabmozaeM. JJaxke paspexxeHHble
XBOCTBI KOMeT (MBI BUJIUM CKBO3b HUX 3Be3[Ibl) HE I10-
KaspIBAIOT HMKAKMX IPU3HAKOB CTOIKHOBEHNS C Hebec-
HbIMU cepamu. ITO O3HAYAET, YTO HMKAKMX TBEPHIBIX
cdep B Hebe IPOCTO HeT.

VTak, cornmacHoO BBIJAIOIIVMCA JJOCTUIKEHNUAM yde-
HbIX XVII n XVIII BeKoB, NpOCBEIIEHHbBIE TIOAN T10-
JIy4M/IV HOBYIO KapTUHY MMpa — OeckoHeuHyI0 Bce-
JIEHHYI0, HaIlOJIHEHHYIO 3Be3flaMl. Bokpyr 3Bes3f
Hpenoaraniuch (IoKa eife He ObIIU BUHBI) ITAHET-
Hble cucteMbl. OffHa 13 Takux cucreM — Hama Cor-
HeYHasi, B KOTOPOJl ObIIM M3BECTHBI IIECTh IIAHET,
Ha TpeTbell 3 KOTOPBIX )KUBYT MBICTIALINE CYIIeCcTBa,
CIIOCOOHBIE CO3ATh B CBOEM CO3HAHUY ITY IPaH/MO3-
HYI0 KapTUMHY M1pa. Bo Bcell Bcenennoi neiictyer 3a-
KOH BCEMUPHOTO TATOTeHNs, BO Bceil BeceneHHOI Bpe-
M TedeT OJMHAKOBO.

Koneuno, HeroToH cunran, uro BcemeHHas cospmana
Borom. Y4ensliit osaras, 4To nHa4e HEBO3MOXXHO 00b-
SICHUTb YAMBUTEIbHbIE 3aKOHOMepHOCTY COTHeYHOI!
CUCTEeMBl — TO, YTO IVIAHETBI JBVDKYTCS B TOM JKe Ha-
npasreHny BOKpyr CoTHIIA, B KOTOPOM BpPAIIAeTCsl CaMo
Conutge. IIpu 3T0OM MI0CKOCTM OPOUT TIaHET OMU3KK
IPYT K IPYTY, B OTIM4Ne OT KOMeT, KOTOpble, KaK ITOKa-
3a/1 HaOMIOREHNsT, OBVDKYTCSA B JIIOOBIX HaIIpaBIeHMAX
U B JIIOOBIX IIOCKOCTAX. HBI0TOH He MOT 00BSCHUTD 3TU
3aKOHOMEPHOCTH U, OYRydM OYeHb PEIUIMO3HBIM YeTo-
BEKOM, CYMTAJI, YTO TAK MOIJIO ITONYIUTHCSI TOTIBKO O/1a-
rogaps Bose bora.

Takasd Toyka 3peHKs BIONHe TunuyHa. Korga mbel
CTaJIKMBAEMCs C YeM-TO HeIIOHATHBIM, TO IIPUIICHIBA-
€M 3TO CBepXbecTecTBeHHBIM cutam. Ho dem 60sblire Mbl
y3HaeM, IPYMeHsIs KpUTUYeCKOe MbIIIUIEHNe, TeM 00/b-
1Ie SIBJICHUI ¥ COOBITUI yaeTCst 0ObACHUTD eCTeCTBEH-
HBIMI IIPUPOJHBIMU ABTEHUAMHU. TaK BBIIIIO U B TaH-
HOM C/Iy4ae, HO TOpa3fo TO3xXe.



XXI

6. Bcenennasd,
KOTOpas He MEHAETCH

EcTb MHOro Menkux, 6e3bIMAHHbIX

Co3Be37uil B ropHeil BblLLHE,

[Ina Hawmx cnabbix rnas, TyMaHHbIX,

Hepnocaraembl oHe. . .

I KaK oHu 6bl HI cBETUAN,

He Ham 0 bnecke ux cyauTb,

JInwb Teneckona AUBHON cune

OHM BOCTYMHbI, MOXET ObITb. Oedap Tomyes

Temeckomnbl CTAHOBM/IUCH BCE COBEpIIEHHEE, U C MX ITOMOLIbIO
MOYXHO OBI/IO YBU/IETD BCe OOrIblile laleKX 00beKTOB BeeneHHoI.
OTu HaOMIOEHNS CO3/IaBaIN BIIeYaT/IEHI€ HE3bIOTIEMOCT, HEM3-
MEHHOCTIH, IIOCTOSIHCTBa BcesleHHOI1. 3Be3/ibl POBHO 11 MEPHO CBe-
T (Tak HasblBaeMble «IlepeMeHHbIe 3Be3MIbl», IBHO MEHSIOIe
CBOIO SIPKOCTb, OBLIN yyKe M3BECTHBI, HO BOCIIPMHVIMATIVICh KaK pei-
Klie HeTUIIMYHble MCKITIoYeHns). [InaneTs gBuramuce u (I1osTomy)
TO>Ke MEHSIN SIPKOCTD, HO Tellepb, II0C/Ie YTBEP>KACHNS TeINOLeH-
TPUYECKOIL CYICTEMBI B CO3HAHUY aCTPOHOMOB, YYeHble OHUMAIIH,
IOYeMY 3TO IIPOUCXORNUT.

OAHOAVIH30BbIA
OBBEKTHB
>

OnTnyeckme cxembl nepBbIX
TeneckonoB
1. MepBblit pe¢pakTop lanuneo
lanunes, 1609 rop.
2. Tepsbiii pednekTop Ucaaka MAOCKOE TAABHOE
HbtoToHa, 1668 rop. 3EPKAND CPEPUYECKOE

3EPKAND
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s TATOTEHNS U BBIBOJUT U3 Hero 3 3akoHa Kemtepa
Bonbioit B3ppiB

Ho, no 6onbiomy cuety, B Habmogaemoit Beenen-
HOII Hu4ero He npoucxoaut. Ha 3emite MeHsr0TCS Bpe-
MeHa rofia, BoKpyr ConHIa /IeTaloT IIaHeTbl, BOKPYT
IUIAHeT — VX CITyTHMKM, U3JJa/Ii CBETST 3Be3fibl. Bee-
JIeHHAs1 BBITTISIIUT CTAIMOHAPHOIL. DTOT TePMIH IIPH-
MEHSII0T PpU3MKM, KOT/ja XOTAT HOYEPKHYTh, YTO HU-
4TO He MeHsiemcsi co 8pemerem. IIOHATHO, 4TO, HABEPHO,
KOIIa-HIOY/b TOraCHY T KaKue-TO 3Be3/ibl (JIIoanu elie
He 3HaJIi, YTO TaKOe 3Be3/bl U [10YeMy OHM CBETSIT).
Ho Ha cMeHy moracimm MOIyT MOSIBUTbCSI HOBBIE 3B€3-
IBL, U1 8 cpedHem BcermeHHast OCTaHETCsI TaKoOlt XKe, Ka-
Koit 6bu1a. VI Tak, HaBepHOe, OyIeT Bcerga — CYnTanu
CTOPOHHMKM KOHIIETIINI CTALMOHAPHON BceneHHoit.
Cutyannus B TaKOM Mype Of00Ha IepeBbsIM B OTPOM-
HOM JIeCY: CTapble JepeBbsi MOrMOaloT 1 3aChIXAl0T, HO
BCe BpeMsI IOf[PaCcTaloT HOBBIE, U JIEC B CPEIHEM OCTa-
eTCs TAKVUM >Ke, KAaKVUM U ObIJL.

Mapannakc — Habniogaemoe ... Yxe B CpepiHue BeKa MOSBILA/INCD JIIOIY, KOTOpbIe
(MeLLeHVe 00beKTa OTHOCUTENBHO  moragbIBaICh, 4TO BeeeHHas MOXeT Co BpEMEHEM U3-
(hoHa Npy U3MeHeHIN TouKu MEHSATBCSI, HO 3Ta Mfes ObUia He B oveTe. ACTPOHO-
HabmoeHns.

MBI IIpeX/ie BCero MbITa/lUCh BbIICHUTD CBOIICTBA Ha-
HOHALINX BeesleHHYI0 HeOeCHBIX TeNl UCXOMs U3 ee
HEM3MEHHOCTMU.

HEMOABVXHI/
KAPAHAALU
BM3YAADHO
CMEUAETCH B
CTOPORY PK
B3TAAAE OAHMM,
A 3ATEM
APYrAM
TAA3OM
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BosmoyxHOCTH MccnenoBareneit pociu. Te-
JIECKOTIbI CTAHOBUIUCH BCe MOIIjHee, YBeIndn-
Ba/Iach UX MPOHMIAIOMAsA CHIa (MOXKHO OBITIO
BUJIETH BCe H6ortee crrabble MICTOYHUKN CBETa, KO-
TOpble HEBO3MOXXHO Pa3I/IieTh HEBOOPY>KeH-
HBIM I71a30M). BMecTe ¢ pasmepamm 1 KadueCTBOM
aCTPOHOMMYECKOI ONITHKY POC/IA Pa3pelaoniast
CIIOCOOGHOCTD (MOXHO OBIIO pacCMaTPMBATD BCe
6oree MenKue fetany n3obpakenuii JIyHsl, mia-
HeT, XBOCTOB KOMET U 3araJOYHBIX TYMaHHBIX
ISITEH B 3Be3[HOM Hebe). Bripouem, 3Be3fsl ipu
HAO/IIONEHNAX B MI000JT TeTeCKOI 0CTaBaNNCh
IpocTO TouKamu. TeslecKoIIb Beany ux Bce 60-
Jiee SIPKVIMU, HO YBUJETDb 3Be31y B BIUAE [JUCKa
C IeTa/LIMY OKA3aJI0Ch HEBO3MOXKHO. JTO O3HAYa-
710, ITO IPEAIIONOXEHNS [PEBHUX OB BEPHBL:
3Be3JIbl YPE3BBIYAITHO Ja/leKI, @ 3HAYNT, BeeneH-
Hasl HeBEPOSITHO Be/uKa. JIIofu Bce-TaKu CyMeIu
OIpefe/IUTb PACCTOSHUA JO O/IDKAMIINX 3BE3 .
Kak aT0 cienaTh, 6bIIO SICHO ellje IOITOPbI ThICA-
4y 1eT Ha3an. Ecim monmoxkeHys 3Be3/ibl Ha Hebe
OIIpefie/sATh MHOTO Pa3 B TeUeHue TOfia 1 HaHO-
CUTb TOUKM Ha KapTy 3BE3THOTrO Heba, 9TI TOU-
KV JO/DKHBI BBICTPOUTBHCSI B MAaTIEHBKIUIT KPYXKOK
(TOuHee, 9/IIIC) 13-32 TOTO, YTO caMa 3eMJIs CO-
BeplllaeT KPYT B Te4eHIe TOfa VI MBI CMOTPUM Ha
3Be3[ly 13 Pa3HBIX TOUEK.

ACTpPOHOMBI IIBITANTNCh 3aMETUTH 3TOT 3-
(eKT, HO 3TO He yaBaIoCh: Ka3anoch, YTO B Teye-
HJIe TOfJa BCE 3BE3JIbl OCTAIOTCS Ha CBOMX MECTaXx.
He cmornn sadukcuposarb apdekT gaxe Bem-
KIe acTpOHOMBI-HabropaTenu — Voranu Ke-
mtep v Bunbam lepuiens. [l cTOpOHHUKOB ujen
0 LIeHTPATbHOM IIOTIOXKeHNY 3eMI 3TO OBLIO J10-
BOZIOM B IT0/Ib3y TOTO, YTO HAllla I/TaHEeTa HeIlo-
IBIDKHA. YTO JKe KacaeTcsi TelIMOLieHTPICTOB, TO

S0~
HETI0ARUXHbIE
3BE3 AL UAU
KAPT'

A
3BE3AHOMD
HEBA

—
OPBUTA
JEMAN

/13mepeHue paccToAHmii B KOCMOCe
CCNO/b30BAHMEM FOAINYHOTO
napannakca 3emnu. HenoasuxHble
3Be3/ibl COOTBETCTBYHOT KapTe
3Be3/iHoro Heba. MonoxeHus
6n1113Koli 3B€37bl, MHOTOKPATHO
HaHeCeHHble Ha KapTy, obpasyoT
annunc. Moka3zaHa roauuHas
opbuTa 3emnu, nexalan B
MAOCKOCTY IKAUNTUKM, 1 6ONbLLIAS
ocb opowTbl. Toukn A, B, (, D —
HEKOTOpble NON0XeHUA 3eMK Ha
3NANNTUYECKON opbuTe 3emnu n
HanpaBneHua Ha 6nu3kyto 3Be3ay S.
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Co3Be3nue Jlebeap
CYKa3aHuem 3Be3fpl 61
1 PacCcTOAHNA J10 Hee
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TEAECKOM BECCEA
( KOHCTPYKUHMU
QPAYHIOOEPA )

OHY YTBEPXX[a/u, 4To 9¢peKT He yaaeTcss 3aMeTUTD IIPO-
CTO 13-3a OTPOMHOI! yIla7leHHOCTH 3B€3]] ¥ HelOCTATOYHOI
TOYHOCTY OTIpefie/IeHIs TTONIOXKEHU 3BE3/bl.

TennoneHTpuCThbl OKasanuch MpaBhl.

Tounerimye (aCTPOHOMBI IPYIMEHSIOT CI0BO IPELM3H-
OHHbI€) HAO/MIONEHNS C IIOMOIbI0 BBICOKOTOYHOIO TeJle-
CKOIIa, I3TOTOBJIEHHOTO 3aMeYaTe/IbHbIM HEMEITKIM OITI-
koM Vosedom ®paynrodepom (1787-1826), BHIIOTHIT
HeMeIKIiT acTpoHOM 1 MaTeMaTuk Ppuppux beccenp
(1784-1856). OH-TO U OTYYWUII 307I0TYIO Mefasb JIOH/IO0H-
CKOT'0 aCTPOHOMIYECKOTO 001I1eCTBA 3a [TePBOE B MCTOPUM



XXI

MIOATBEPKIEHHOE OIpefie/ieHe PACCTOAHNA 10 3BE3- 3BE30bI AEMCTBUTE/ILHO

1bl 61 B cosBespuu Jlebenp. OKasanach, YTO OHA HAXO- OKA3AJIMCb YPE3BbIYAMHO

JOUTCA Ha 9YIOBULIHOM paccTOSHMM B 90 TPUIIMOHOB NANTEKUMIA OBBEK TAMNU,

(meBATKa M TPMHAALIATH HYJIEH IIOC/Ie Hee 03HAYAIOT NO3TOMY Mbl U HE MO

JI€BSIHOCTO MUUIVIOHOB MVUIMOHOB) KIIOMETPOB. YT0- HA NIPOTSDKEHAA LBYX TbICSM

ObI He CBS3BIBATHCSI CO MHOYKECTBOM HYJIEN, aCTPOHOMBI JIET ONPEAE/NTE ?ACC_TWHME
DAXE L0 BJIKANLENA U3

CETOMIHA VICIIONb3YIOT eAVHNITY JIIMHBI IO/l Ha3BaHN-
€M CBeTOBOII rof, (3TO IPUMEpPHO HeCSATh TPU/UIOHOB HHX.
KIWJIOMETPOB — PacCTOAHME, KOTOPOE CBET CO CKOPO-
ctpio 300 000 kM/c mpoxoauT 3a ofuH rof.) CormacHo
COBpeMeHHbIM [JaHHBIM, 3Be3fia 61 JIebemst pacmonoxe-
Ha B 11,36 cBeTOBOrO rojia OT Hac.

9710 He camas OnMM3Kad K HaM 3Be3fia. B KOMIIIeK-
ce Anbga Kenraspa B IO>xHOM HOMTyIIapuu ecTb cia-
6as 3Be304Ka, KOTOpYIo HasBamu IIpokcuma, T ecTb
«OmypKaitias» mo-rpedecku. PaccTosiHme o Hee paBHO
4,2 cBeTOBOrO rofa (CBeT OT Hee UET K HaM 4,2 Tof1a).
Brmxe 3Be3p Het (kpome ConHija ).

Tax MblI y3Ha/Iu, YTO CpelHee PACCTOAHME MEXKAY CO-
CEeIHUMM 3Be3[laMy B Hamleil obmactu Beenennoii co-
CTaBJIAeT HECKOIbKO CBETOBDIX JIeT. [/ cpaBHeHMA —
cser or Co/nHIIa UJleT K HaM 4yTb 00JIbllle BOCbMU
MUHYT. 3B€3/Ibl IeICTBUTEIHO OKa3a/IMICh Ype3Bblyali-
HO [JAJIEKVMU 0O'beKTaMI — ITOTOMY OHJ U BBIT/LIZAT
BCETO JIUIID KaK APKME TOYKM, [I03TOMY MBI M HE MOT-
7Y Ha IIPOTsOKEHMM ABYX TBICAY JIET ONPEJENUTD pac-
CTOsIHUE Jake 0 OyKalilieil U3 HuX.

Poccuiicknit monynAapusaTop acTpoHoMuy Muxamn
IlleByeHKO cpaBHIII IPECTaB/IEHNA O PACCTOSHUAX O
3B€3/l, CYIleCTBOBABIINE B pa3Hble BpeMEHa.

Ecnu BbIpakaTh 5Ty BEIMYMHY B KMJIOMETPaX, TO
AHakcMMaHZIp CYMUTAT, 4TO 10 3Besy 200 Thicsd KM (Ha
CaMOM JieJie 3TO IIPVMEPHO IONOBYMHA PACCTOSHNUA [0
JIynbr). CormacHo Apxumeny, Ko chepbl HEIOIBIKHBIX
3Be3; — 40 MWUIMOHOB KM/IOMETPOB (Ha caMOM [iefe
3TO NPUMEPHO KpaTyaililllee pacCcTOsHME IO IIJITaHEeThl
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] Bewnepnr). T[Toxanyii, ogHoMy Apucrapxy
SEMAR MH‘} U3 YepeNibl BEMKIX IPEKOB YAa/I0Ch Clie-
Tl NaTh ONMM3KYIO0 K PealbHOCTY OLIEHKY —

IO €TO IpefCcTaBIeHNAM, PacCTOSHNUE 10
cdepbl HETTOJBIKHBIX 3B€3]] COCTABJIS-
eT 10 TpUIMOHOB KMTIOMETPOB, TO €CTh
OJIVIH CBETOBOJI rof (HaIlOMMHao, 4TO 10
OmypKalen 3Besbl [Ipoxcumer 4,2 cBe-
ToBOro roga). Iltonemert faBan OLeHKY
B 100 MMIMoHOB KM (Ha caMOM JeJie 3TO
B [IO/ITOpA pa3a MeHbllle, 4eM 1o ComHIa).
3aMeuaTeNnbHbI apabckmil yueHblil AGy
Paiixane anb-Bupynmn (973-1048) mucan
npo 140 MWIIMOHOB KM (9TO YyTh MEeHb-

1ie paccrostHus ot 3emyn go Connia). Be-
nukuit Habmoparens Truxo Bpare nomarar,

ﬂ @A&'}m @BE?@@@@ [F@A 9TO /10 3Be37; 90 MU/IIMOHOB KU/IOMETPOB
(

(ewre Menblie, yeM 110 IITONIEMEIO).
10 000 000 000 000 km) Mpl BUAMM, 4TO NOYTH BCe MpeJlie-
CTBEHHUKM beccess CyIecTBeHHO 3aHU-
YKaJIu paccTOstHMe 10 O/IyDKailnX 3Be3/,
U TOIBKO M3MEPEeHUsI BeTUKUX HabIio-
marerneit cepenvubl XIX Beka (modTn of-
HOBpeMeHHO ¢ becceneM m3mepnutp pac-
CTOsIHME JI0 3Be3[] yAanoch Bunbrenbmy

Crpyse (1793-1864) B Poccuiickoit um-

nepun 1 aHrm4aHuHy Tomacy Ienpmepco-
Ecnm paccToanms B Kocmoce npefcTaButh

B MactuTabe 1.cm : 200 ThiC. KM, TO paccToAHme

o7 3emnu 10 JlyHbl COCTaBUT 2 CAHTUMETPA,
pacctosHue ot 3emnu o ConHua byaeT paBHo
750 cm, a ouH cBeToBol rof coctasut 50 000 Km.
YacTb pucyHka ¢ 3emneii 1 JlyHoi BbInonHeHa

B yka3aHHoM macwitabe Tcm : 200 ThiC. KM.

Hy (1798-1844), HabmonaBIIEMY 3Be3/IbI
¢ mpica [Jo6poit Hagexnap! Ha fore Adpu-
KI) JJa/iii OKOHYATeIbHbII OTBET HA 9TOT
BOIIPOC.

Bpy4as npemuro beccemo, nmpesueHT
JIOH/JOHCKOTO acTPOHOMMYECKOro 0011e-

[InameTp 3emAau B 3TOM MaciLTabe — npuUMepHo CTBa, ChIH YunmbAma lepuiens (Toxe BbI-
1,5 mm. [lpoune paccToAHNA He MOMeLLAoTCA JRAIOIIMIICSA ACTPOHOM, KaK U €ro OTell)
Ha CTpaHuLe. IxoH Iepiiens 3asB1/I Ha LlepeMOHMN:
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«f nosdpaensio eac u cebs ¢ mem,
4mo HAM NOCHACMAUBUTIOCL YBlU-
dembv, KAk 02POMHAS U HECOKPYULL-
Mas cmeHa, CMOSBUAAST HA HAULEM
nymu 6 36e30Hyt0 Bcenennyio, cme-
HA, KOMOPYI0 Mbl NOOPHIBATU MAK
007120 U Max mujemno, 6vina npo-
6uma noumu 00HO8PEMEHHO 8 MPex
Mecmax.

OH umen B Bupy paborsl Beccens,
Crpyse u lenpgepcona.

Ho kak pmanexko ImpocTupaercs mnpo-
CTPAHCTBO, HAIIO/IHEHHOE 3BE3aMI?

ITocne Huxomnasa Kysanckoro u JI>xop-
faHO BpyHO MBICTH 0 6€CKOHEYHOCTH
BceneHHOIT He Ka3a/l10Ch HEBO3MOXKHOI.
HoBas xapTuHa Mupa IIOCTEIIeHHO BbI-
cTpamBajach: OecKoHeuHas Bcenennas
HaIIOTTHEeHa 3Be3JaMM, HaXO[ALIMICS
Ha OT'POMHBIX PacCTOSHMAX (HECKONBKO
CBETOBBIX JIeT) APYT oT Apyra. Ho rene-
CKOIIBI, KOTOPBIe OBICTPO COBEPIICHCTBO-
BaJIVCD, [IOKA3bIBA/IN, YTO B MUpE Cylle-
CTBYIOT He TO/IbKO CPaBHUTE/IbHO O/IM3KIIe
K HaM IUIaHeTHI C KOMeTaMM, obpalao-
myecst BOKpyr CoJHIIA, a TaKkKe 3Be3Ibl,
nogo6uble COMHILY.

B Te manexme BpeMeHa, KOI7ia B TOpO-
Jlax ellle He OBIIO CBETOBOTO 3arpsAs3He-
HIS U SIpKie HOYHBbIe POHAPY He Mellaiy
CMOTpETh Ha HOYHOE He0O, B IF000IT TOUKe
3eMHOTO IIIapa MOXHO OBLIO YBUJIETD He-
POBHYIO cepeOpucTyIo monocy — Miey-
upli [IyTh. Ee mponcxoxienne mpiTammuch
00'BSACHNUTD IO-Pa3HOMY (UCIIApEHNs, 0CO-
6111 T 0671aKa). To, 4TO 3TO CKOIIEHe

(BeToBOE M NHOpPaKpacHoe
U3MyyeHue ropogoB
MELLIAET aCTPOHOMUYECKIM
HabntoaeHnam.

BbIKARYUTE
CBET!
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00.00.00 1741 r. IBenckum nrskernepom Kpucrodepom
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; I[TonemMoM M3TOTOB/IEH 3y6OPE3HbIIT CTAHOK
Bonbioit B3ppiB

3Be3Jl, peAIoNoXuI emle JeMOKpUT
(ox. 460 — ok. 370 rofibI O HaIlIelt SPbI),
HO JIOKa3aTb 3TO B Te BpeMeHa ObLIO He-
B0O3MOXXHO. JInmib B 1609 rogy lammnei
nocMorpen Ha Mneunbiii ITyTs B Te-
JIECKOIL M YORIMIICS, YTO 9TO AeIiCTBU-
TeTbHO MHOKECTBO 3Be3]I.

«$] HabmMoKA IPUPOAY U BEleCTBO
Mneunoro Ilytu. C nomoubio Tene-
CKOIIa €ro y/janoch 00603peTh Tak Io-
IOpOoOHO U C TAKOI 3PUTENTbHOI SCHO-
CTBIO, YTO BCE CIIOPBL... Pa3pelInCh!...
Mneunsiii ke IlyTb ecTh Ha fmene He-
4TO MHOE, KaK Macca 6eCcumcIeHHbIX
3Be3Ji, COOPAHHBIX B CKOIUICHNUA. . .» —
mcan [anmneit B cBoelt KHUre «3Be3I-
HbIi BecTHMK», n3gannoii B 1610 ropy.

Ho reneckonuyeckue HabmoReHNA
BemmKux actponoMos XVII-XVIII se-
KOB II0OKa3ajy, 4TO B HeOe IOMUMO
3Be3J] MOXKHO YBUJIETb C/1abo CBeTs-
myecs TyMaHHbBIE IIATHA CaMOll pas-
HOOOpasHoit ¢popmbl. Takue mst-
Ha IIOJIy4M/IM Ha3BaHue HeOyIIbl, MIN

TYMaHHOCTH. [epiienb B Xofje CBOUX
MHOTOJIETHUX HAOIOIEHNIT OTKPBII
6oree IBYX TBHICAY TaKMUX TYMaHHO-
MneuHblii [TyTb Hag Mopem. cTeil. MHOTME 3 HUX NIpU pasITIAfbIBa-
HUY B CYJIBHBII TeTECKOII pacajaiiich
Ha OT/Ie/IbHbIE 3BE3[Ibl, I CTAHOBMIOCH
SICHO, YTO 9TO JajieKye CKOTJIEHUS
3Be3q, opobHble pparmMentam Mited-
noro Ilytu. Ho MHOrnme rymanHoCT;
Ha 3Be3JIbl He pas3pelajnch Jaxe Ipu
607bIIOM YBenndeHun Teneckomna. He-
KOTOpBbIe U3 HUX COBCEM He TIOXOJVIIN
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Ha IIOTHBIE CKOTITIEHMA 3Be3]l, OT/IMYAsACh U 110 BHEIIHe- Bewectso 80 BeEsEHHOM

MY BUJY, I IIO IJBETY. HE OBSI3ATE/IbHO
3aberas BIepef, YKaKeM, YTO MCTOPUS U3YIeHNs TY- JOJTXHO bbITb COBPAHO

MaHHOCTeI TOXKe, KaK M MCTOPU: UCClefoBaHmit 3Be3y [a- B KOMMAKTHbIE

JIAKTUKM, COIEPYKUT MHOYKECTBO JIMEH, Ha3BaHWII TeeCKO- WAPbI, KAK 3BE31bl

IIOB 1 OTHENbHBIX focTinkernit. He 6ynmeM safepxmuBatbcs W TVIAHETBI, — OHO

MOXET bbITb PACCESAHHbIM,
3AHUMAS TUTAHTCKUE
ObbEMbI NTPOCTPAHCTBA,
NHOTAA MHOIOKPATHO
NPEBbLILWALLME NO
PA3MEPAM PACCTOSHMSA

MEXLY COCELHAMWU
ctBe. ECTh 1 [Ipyrue TUIIBI TYMaHHOCTE — HalpuMep, 3BE3AMI.

U Cpasy IneperifieM K pe3ynbTaTaM.

Ceifyac MbI 3HaeM, 4YTO MHOTME TYMaHHOCTU — 3TO
OrpoMHbIe 00/IaKa U3 rasa u nbUm. HexoTopble u3 HUX
HOPOXX/IEHBI B3PbIBaMU 3Be3[ (OKa3bIBaeTCsl, OT/ieIbHbIE
TUIIBI 3Be3[] CIOCOOHDI B3PbIBATbCs), U TOIA VX COPBaH-
Hble 000/I0YKY MOCTENIEHHO PacCcerBaIOTCA B IIPOCTPaH-

TUTaHTCKIe 06/1aKa Pa3peskeHHOro Ta3a (B OCHOBHOM BO-
IOpOfa).

VTak, okazanocs, 4TO BellleCTBO BO BeeneHHoilt He 06s1-
3aTe/IbHO HO/DKHO OBITb COOPAHO B KOMIIAKTHBIE LIIAPBI, KaK
3Be3/Ibl M I/TAHETHI, — OHO MOXKET OBITh PAacCesHHbIM, 3a-
HJMasi TUTaHTCKYe 00'beMbl IPOCTPAHCTBA, MHOIIA MHOTO-
KpaTHO IPEBbILIAOIME II0 pa3MepaM PacCTOSHUA MEXTY
COCeTHMMM 3Be3[aMIL. TaK Te/lIecKOIbI I03BOJLUIM OOHa-
PY>KUBATbh HOBbIE TUIIBI HeOECHBIX 00'bEeKTOB, KOTOPBIMI,
KaK OKa3aJIoch, HacenieHa BeenenHnas. Jlo mosB/ieHNs Cuiib-
HBIX TEIeCKOIIOB MBI 00 MX CYILIeCTBOBAHUM JIa’Ke He J10-
rajIbIBa/INCh.

BaxubiM 6511 1 BOIIpoc 0 cTpyKType Beenennoit. Ilomy-
4aJI0Ch, YTO IOYEMY-TO GO/IbIIAsA YaCTh 3Be3J] ¥ TYMaHHO-
CTell pacrosnaranach B Ipefienax y3Koii omocel MiedHoro
ITyTun, a BHE 3TOJI MONIOCHI BU/JHBI IMIID OT/EIbHbIE 3BE3/IbI
Ha QoHe yepHOro Heba. [IpocTpaHCTBEHHOE pacIpeferne-
HIfe 3Be3[ ObUIO SIBHO HepaBHOMepHBbIM. Miteunsiit ITyTs
OHOsICBIBaeT Bce Heo, ero BuaHO 1 B CeBepHOM, U B FOx-
HOM TIO/TyIIAPMH, @ 3TO 3HAYNT, 4TO CO/HIIE BMECTE CO CBO-
umu wiaHeTamu (CoMHEYHOI CUCTEMOTT) HaXOUTCS BHY-
TP TMTAHTCKOM IIJIOCKOV CHCTEMBI M3 MHOXECTBA 3BE3/I.
91y cucremy HasBanu [amakTukoii (0T rpedeckoro cnosa
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s MoHronbgbe, 3aII0THEHHBIN TOPAYNM BO3TYXOM
Bonbioit B3ppiB

D D D D T >
N
$§‘Q§ Pa3Hoe KonnuecTBo 3Be3/
R
‘ @‘“%y B Pa3HbIX HaNpaBeHUAX
A

o 06bACHAETCA GopMoil
[anakTukmn. Ckonnexue 3Be3y,
nog06HO NN0CKOMY AUCKY.

«TaZIAKTOC» — MOJIOKO: MHOTYI€ HApOZbI CBA3BIBAIN CBET-
JIyI0 TIOTIOCY Ha Hebe ¢ 06pasoM pasInuToro MouIoKa).

Ecmu cmorpers Ha Meunbiii [TyTb, MBI yBUIMM OrpoM-
HOe MHOXXECTBO 3Be3]] B BUJI€ CBeT:ALIelCA MOMOCH Ha
Hebe. Ecitn ske cMOTpeTh NepIeHAVKY/IAPHO IIOCKOCTH
lamakTuky, Ha MyTH HAIIero B3IIAfA (ACTPOHOMBI TOBO-
PAT «HA JIyde 3peHNA») OKKETCA rOpaszio MeHblIle 3Be3],
IOCKONIbKY lanmakTuka okasanach IO KOCMMYECKUM Mep-
KaM CPaBHUTE/IbHO TOHKOI. MeXTy OTAe/TbHBIMI Ja/leK-
ML IPYT OT Ipyra 3Be3flaMyl BUITHO YepHOe HebO — IIycToe
MPOCTPAHCTBO KOCMOCA.

Vpero o pacronoXeHnn 3Besf, B Npefiefiax II0CKOTO
[VICKa BIIepBbIe BBIIBMHY/ aHITIMICKMIT y4eHbIil Tomac
Paiir (1711-1786). OpHa 13 ero reoMeTpUYeCcKUX MOfie-
Jell Ipeproarana, 4To gpopmMa [aakTUKM HallOMUHAeT
TUTAHTCKUI TIOCKUIT AyicK. JII060mbITHO, YTo Paiit gomy-
CKaJI CyIlleCTBOBaHMe MHOYKECTBA TaKMX JIVICKOB, TOXOXKMX
Ha Haml Meunsiit ITyTs.
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Bepcnto Paiita nogrBepanin HaboneHs BemnJariiie-

IO QHIJIMIICKOTO aCTPOHOMA, B IIPOILIOM HEMELIKOTO MY3bI-
kaHTa Yinbsama Iepiens (1738-1822). Tepuiens cBonmMu
PyKaMM ¥ IIpY IIOMOLIM IIOPYYHBIX IIOCTPOU/I HECKO/Ib-
KO TeJIECKOIIOB, B TOM 4JIC/I€ KPYIIHENIINIA I10 TeM BpeMe-
HaM B Mype. OH He IIPOITyCKaJl HU OJJHOJI ICHOJ HO4M, Ha-
6miopast HebeCHbIe CBETH/IA HA IPOTSDKEHNN IIPAKTUIECKI
nATuaecaTy et noapAn. B 1781 rony Iepmens oTKpbin
cefibMylo InaHeTy COMHEYHOI CUCTEMBI, KOTOPYIO Ha3Ba-
mm Ypan. Paguyc ConmHeqHOI CUCTeMbI Cpasy yBENMIMUICA
B I7Ta3aX aCTPOHOMOB IIOYTH BJIBOE.

OpHa 13 Hay4YHBIX 33J]a4, KOTOPYIO IBITa/ICA PEIUTD
Iepmenb, — BBIACHUTD, KaK ycTpoeH Mneunspiii I1yTh.
[ToHATh, KaK PacHoI0XE€HO OTPOMHOE CKOIIEHIE 3BEe3[
B IIPOCTPAHCTBE, KpailHe CI0KHO — MOf00HO TOMY Kak
TPYAHO 6aKTepuy IpeAcTaBUTh cebe BHENUIHUIT 0OIUK
aCTpOHOMA, CUJISI y HEeTo B JKenyake. TeM He MeHee Takas
3a/ladya OKas3aaach pelraeMoit.

Teneckon lepens — camblit
00MbLLIOI TeNeckon (Boero
BpeMeHU, KpynHeiiLuii

B Mupe pednekTop

C MeTannyecknum 3epkanom.
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Bonbioit B3ppiB

lanakTuka Mneunbiii ytb —
CnupanbHas cucTema.

TNoboe n3o6paxeHue Halweii
[anakTuKm cerofHa Moxer

ObITb BbINOJHEHO NLLb Ha
0CHOBe 00paboTKu pe3ynbTaTos
HabnoaeHuit. laxe ecnn
npeACTaBuTb, YTO CAMblil epBblit
KOCMUMYECKNIA annapar B UCTopum
KOCMUYECKIX MOETOB 3eMIAH
yxe bonee 50 net yansetca ot
3emnn co BTOPOIl KOCMUYeCKOl
CKOPOCTb0, MeA 3afjauy caenatb
Takyto Gotorpaduio u npucnatb
ee Ha 3emto, 10 BbINONHEHNA
CHUMKA JI0MKHbI NPOITH eLue
JONrie MATINOHDI IET.
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Tepiienp McxonuI U3 TOro, 4YTO BCe 3BE3/Ibl U3/TyYa-
10T CBET IIPUMEPHO OAMHAKOBO (00/1afal0T IPUMEPHO
OJIMHAKOBOJ CBETUMOCTBIO), 11 ec/y OJ1eCK 3Be3]L pasym-
4€eH, TO 3TO CBA3aHO TOJIBKO C Pa3/IN4MAMU B PacCTOsA-
HIAX o HUX'®. [epiens BMecTe co cBoeit cecTpoit Ka-
POIMHOI CTaIN MOJCYNTHIBATh KOIMYECTBO 3Be3], Ha
PasHBIX IUIOI[A/IKaX, HAa KOTOPble OHU pa3ouin Hebo.
Bpar u cectpa Iepiuens nomarasms, 4To YeM 601blire cria-
ObIX 3Be37 B TOM V/IM IHOM HaIlpaB/IeHNI OHM 0OHapy-
JKat, TeM 00JIblile IPOTSHKEHHOCTh B 9TOM HallpaBiie-
HIM Hallell 3Be3JHOM crcTeMbl. 1o pesynbraTam cBOMx
IINTeNbHbIX Habmofernit Bunbsawm [epuiens nmoctponn
AMarpaMmy, KOTopasd IOATBep>K/jala: MHOYKECTBO 3B€3]]
Mieunoro IlyTu pacnonoxeHo B IPOCTPaHCTBE B BIJE
TUTAHTCKOM IIJIOCKOV CUCTEMBI.

16 Tyt Iepiuenp 6bIT HellpaB — CETOJHA MbI 3HaeM, YTO Ha ca-
MOM Jiefie CBETUMOCTD 3B€3]; MOYKET Pas/IM4aThCs OUeHb CHIb-
HO, B MIWUIVOHBI pa3. OffHaKo OOJIbIIMHCTBO TaK Ha3bIBAEMbIX
«HOPMaJIbHbIX» CPEHECTAaTUCTUYECKUX 3Be3]] elICTBUTEND-
HO He OYeHb CH/IbHO Pa3/INYaIOTCA CBETMMOCTDIO, ¥ OCHOB-
Hble pe3y/IbTaThl [epIesns momyYnnamch mpaBuIbHBIMMA.



IByxcoTmeTHMe HAOMOZEHNS MHO-
ITX AaCTPOHOMOB IIO3BOJIM/IN IpefcTa-
BUTb CTPYKTYpy Hael [ajakTuku, Koro-
py!o MbI HaspiBaeM Mieunbiii ITyTh, TobKO
B XX Beke.

B aroit kHKTe MBI He OyfieM OMNCHIBATh
9TV HAaO/TIOfIeHNST: OHY He MEHSIOT KapTUHY
MIpa, 0 KOTOPOI1 UIeT pedb, a TOIbKO yTOU-
HAIOT ee. Tak BOT, 0Ka3aa0Ch, YTO MIIedHbIi
IIyTb yCTpOEH CyILLeCTBEHHO C/IOJKHEE, YeM
IIPOCTO IJIOCKUI AVUCK, KaK ITpefIosaran
PaiiT n pokasan lepmens. Ha camom perne
TVICK Hallel [amaKTYKy OX0XK Ha IIJIOCKYI0
pacKpyuMBapoIlyocsa cuupanb. /Ipa cnm-
PaNbHBIX pyKaBa 6epyT Hauaso OT KOHIJOB
L[eHTPa/IbHOI IIepeMbIUKM, KOTOPYIO Ha3bl-
BaIOT 6ap, 1 pacKpy4MBaIOTCs B IIPOCTPAH-
cTBe. IlepeMbluka MPOXOAUT Yepes3 LieH-
TpaJIbHOE CTyLIeHNe, KOTOPOe aCTPOHOMBI
Ha3bIBalOT GammK. [[Ba OCHOBHBIX pyKa-
Ba APOOATCS: aCTPOHOMBI BBIAEIAIOT IISATH
PYKaBOB.

Pasmeps! Tanaktuku xonmoccanbubl. Ju-
aMeTp ee, U3MepsIeMblil 10 BHEUTHUM KOH-
TypaM CIMPAJIbHBIX PYKaBOB, COCTAaB/IAET
6071ee cTa ThICAY CBeTOBBIX sieT!. PaccTos-
Hue oT HeHTpa lamaktuku no Hameit Con-
HEYHOJ CUCTEeMBl COCTAaB/IAeT IpUMep-
HO 26 THICAY CBETOBBIX JIeT. ITO CA0XKHO
npeacTaBuUTh cebe: CBeT OT 3Be3L B IleH-
TPaIbHBIX 00/MacTAX [a/TaKTUKM NAET K HaM
26 TBICSAY JIET.

'7 [Jaypllle CTAHET SICHO, YTO pasMepbl [amakTuku
Ha caMoM [iere ellle 60JIbllle — C yIeTOM TaK Ha-
3bIBAEMOI TEMHOM MaTEPUIL.

(xema lanakTuku.

PazHoe KonnuecTBo 38€3,
Habntofaemoe ¢ 3eMn B pa3iuHbIX
HanpaBneHnAx, 06bACHAETCA GopMmoli
lanakTuku. Ckonnexue 38e3/1 Noa06HO
MNOCKOMY ANCKY.
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TommuHa gucka [ajakTuKy — IpUMEpHO ThICAYa CBe-
TOBBIX JIeT. Kak npepmnonaran JeMoxput u fokasan lamm-
7eit, laJlaKTiKa COCTOUT M3 TPOMaIHOTO KOJIMYECTBa 3BE3/.
VIx TouHO€ KO/M4ecTBO Mbl He 3HaeM. OHaKO acCTpOHOMbI
YaCTO MUCIIONb3YIOT He TOYHbIE UNC/IA, 2 OLEHKM, U 3TOTO
6biBaeT gocTaTouHO. HaM He Tak y) Ba)KHO 3HATh C TOY-
HOCTBIO IO OJTHOI 3Be3[Ibl, CKOTBKO CBeTU/ B [amakTuKe.
BaxHee MHOE: CKO/IBKO MX C TOYHOCTBIO 10 MOPAFKA
(konmm4ecTBa 1e/IbIX 3HAKOB B YMC/IE€) — CTO ThICAY? MUJI-
JINOH? IEeCATh MUITMOHOB?

CoBpeMeHHasA OLleHKa 4yuciIa 3Be3] B lamakTuke —
400 munmapaoB. ToyHee cKas3aTh CJIOXKHO (MHOTYIE 3Be3-
JIbI 3aTOPO>KEHbI 06/1aKaMM IBUIN U Ia3a), HO MBI TBEPTO
3HaeM, 4TO UX, II0 KpaliHell Mepe, BIBO€ MEHbIIIe TPUI-
JIMOHA U TOYHO OOJIbllle TPEXCOT MIIINAPAOB. [Iist Ha-



X 0OLIMX MpefcTaBIeHnit o [anakTyke TaKoil TOYHOCTH
BIIOJTHE XBaTaeT.

Kpowme TOro, n3BeCTHO, YTO B LleHTpe Macc [amakTukuy,
3aropoykeHHast 06/1aKaMy rasa u IblIi, HaXOUTCS CBEPX-
MaccuBHas 4epHas gpipa (CMY). Kak u nomoxeHo yep-
HOI1 ibIpe, OHA He BI/HA. Ee TAroTeHMe HaCTO/NbKO BeIUKO,
YTO BTOpask KOCMMUYeCKasi CKOPOCTh JIsl TAKOTO 00beKTa
paBHa ckopocTu cBeta! Jlayke cBeT He MOXKeT IIOKMHYTb
YepPHYIO AbIPY (IIOCKOIBKY CBET ABVDKETCS CO CKOPOCTHIO
cBeTa u He OpicTpee). [Tostomy CMY]] nposinsieT cebs
TOJIBKO CBOVM TATOTEHMEM — PAJUOTETECKOIbI «BUAT»
(pazoBOTHBI IPOXOASIT CKBO3b IBI/Ib U Ia3), KaK B CAMOM
HeHTpe [aTaKTUKM BOKPYT «IIyCTOTO MeCTa» 110 KeIIepOoB-
CKUM 3JIIMTICAM C OTPOMHBIMY CKOPOCTSIMM JIBVKYTCA He-
CKOTbKO 3Be3l. IIpumenssa sakonnl Kenepa u onpenenus
CKOPOCTH JBVDKEHUA 3Be3]], MOXKHO paccyMTaTh, KAKOBa
Macca 00beKTa, BOKPYT KOTOPOro OHU ABIDKYTCA. ITomy-
yaeTcs okono 4 mummonoB Mmacc ConHia! Takoir HeBe-
POSITHOIT Maccoi MOXeT 06/1aZiaTh TOMBKO OJfMH TUII KOM-
MaKTHBIX 00'beKTOB — CBEPXMAaCCUBHbBIE YePHBIE IbIPDI.

3aBepias onucaHye Halleil [alakTUKy, HY>KHO CKa3arb,
YTO OHA OKPY>KeHa TaK Ha3bIBaeMbIM rano. [ajjo — ato Bo-
obpakaeMblil 1Iap, OKpy>Katouuit fanakTnuky, B npepenax
KOTOPOTO He TONbKO B IJIOCKOCTM AMCKa [anmakTuku, HO
U B APYrux (BCEBO3MOXKHBIX) IVIOCKOCTSAX BOKPYT IIeHTpa
TanmakTUKyM ABMIKYTCS M OTHE/NbHbIE 3BE3[Ibl, U Lie/ble IIa-
pOBbIe 3Be3/IHbIe CKOIUIEHM I, HACYUTbIBAIOMINE IIPUMEPHO
110 100 Toicsy 3Be3p. lllapoBpix ckorteHuii B lamakTuke ns-
BECTHO OKOJIO CTa IATUIECATI.

Takos Hamr Mieunsbiit Iy Ts.

AcCTpOHOMBI JloKa3anu, 4To Mieunsiii IIyTh aBnsaerca
TUTAaHTCKOV CIIMPAIbHOM CUCTEMOI, COCTOANLIEN U3 COTEH
MWUIMAPLOB 3Be3]l, BOKPYI KOTOPbIX BPAllJalOTCS IIaHe-
TBI U IpYTYie MaJIble TeNla, a TakoKe U3 00/IaKOB rasa ¥ IbUIN.
JIBu>xeHMeM BceX 00beKTOB [a/akTVKM yrpaBiisfeT 3aKOH
TATOTEHNUA, OTKPBITHI Hbl0TOHOM.

XXI

[BKEHMEM BCEX
OBbEKTOB [ANAKTUKM
YMPAB/ISET 3AKOH
TIrOTEHMS, OTKPbITbIA

HotoToHOM.
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Ho sABnAIOTCA MM TOXAECTBEHHBIMU MTOHATHA
«Jamaktyka» u «BcenenHaa»? CylecTByeT 1 4To-
TO B MuUpe, KpoMe Hamteli [amakruku? Bmemmaer nmu
B ce0s1 Hamra [asakTiKa Bce 3Be3[Ibl M BCe TYMaH-
HOCTM HaIllero Mupa?

9TOT BOIPOC BO3HMK Cpa3y e, KaK TONTbKO

ACTPOHOMbBI Ha9a/IM OTKPbIBATh TYMaHHOCTM. He-

PAIMEP TPYBSL _
OMTUUECKOMD KOTOpBIE I3 HUX pa3pellaaiCh Ha OTAE/IbHbIE 3BE3

TEAECKOMA- IIbL (Fepmenb pafoBajics BOSMOXKHOCTSM CBOUX
PEPAEKTOPA

AOPAA POCCA TE/IeCKOIIOB), HO HEKOTOpble Ha 3Be3[bl HE pac-

HafiajIiCh, M OCTaBaJIOCh HEMIOHATHBIM — MO0
BO3MOXXHOCTeJ! Te/leCcKolla He XBaTaeT (TyMaH-
HOCTb COCTOUT U3 3Be3[], HO C/IMIIKOM Jajeka,
YTOOBI 9TO MO>KHO OBIIO PACCMOTPETH), MO0 TY-
MaHHOCTb YCTpOeHa Kak-To uHade. Ho Moxet mu
flajieKasi TYMaHHOCTb OKa3aTbCsA 3a npedenamu
lanaktmkm?

ITocnegosarensd Iepmena Yunpam Ilapconc
(1800-1867) — apucrokpart, Tpertuit rpad Pocc,
KOTOPBIIT B 21 rof y>xke 6bUI WIEHOM OpUTaHCKO-
o IapJaMeHTa, — ObII CTPACTHBIM JII0OMTeNIeM
acrponomun. Ha cobctBenHbie nenbru nopg Pocc
B 1845 rony 3aBepinI COOpy>KeHME TUTAHTCKOTO
TejlecKola-pedrekTopa ¢ 3epKajoM JUaMeTpoM
72 proviMa (182 cantumetpal) u poKycHBIM pac-
crosiHueM 58 ¢yTos'®. Temeckon onucan cospe-

MCEHHMKaMU KaK:
ConoctaBneHue pPa3mepoB

16,5-MeTpoOBOil AepeBAHHON «...KOJOCCATIbHAS OePeBTHHAS mPY6a uiectni-
Tpy6bi Teneckona Yunbama decsimu pymos Onunoti u bosnee wiecmu ymos
apcoHca ¢ pocTom yenoBeka. (6onee 183 cm) 6 duamempe. Cobcmeerto ora

max moscma, 4mo 6 Hee Moxcem He c2ubascy
sotimu svicoxuti myxcuuna... Ioucmune, amo

18 Mioitm — 2,54 cM, gyt — 30,48 cm. 50 pyroB — Goree
15 meTpoB. CormacHo cTapoit eBpOomneiicKoi Tpagunny,
AnaMeTp 06bEKTVBA TeTeCKONa OObIYHO M3MepsIeTCs
B I0iIMaXx, a pOKyCHOe paccTosHMe — B dyTax.
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camviii 60mvULOL UHCMPYyMeHm, K020a-1ubo co30a-

sasuutics 015 0603perust vebec!»"

Ipyr IMapcouca cBamenHuk Tomac PobuHcoH 3a-
ABWI Ha 3acefaHuy VIpmaHACKOI KOpO/IeBCKON aKa-
neMum Hayk: «OnmchiBasi, KaKoil BRITIAAUT JIyHa
C IIOMOIIIBIO 3TOTO MHCTPYMEHTA, TPY/HO COXPAaHUTD

Haj/1eXalyo Tpe3BOCTb peqm!»

OTOT TeNeCcKON YIOMIHAETCSA B AHHOI KHUTe OTO-
MY, 4TO IMEHHO 4Yepes Hero jopx Pocc u PobuHcoH pas-
IJIAABIBA/IM CTPAHHYIO TYMaHHOCTBD, MMEBIIYIO GOpMYy
crnypanu. 9Ta TYMaHHOCTD 3HAUM/IACh IO, HoMepoM 51
B Katajsiore Meccoe. @pannysckuit acrponom llapnp
Meccrwe (1730-1817) oxoTuicsa 3a KOMeTaMu, HO He-
PEnKO OH NMPMHMMAJ 32 KOMETHI TYMaHHOCTH. UTOOBI

19 9r0 sipKOe OIIICaHe IPUHAMJIOKUT acTpoHoMy PobepTy Bor-

JTy, XOpoIlIo 3HaBIIeMy opza Pocca.

Teneckon, Ha3blBaeMblii
«JleBuadaH», ocTaBancs
KpynHenwum B Mmupe
6onee 70 ner. MocTpoeH
Ha TeppuTOpUK POLOBOTO
3amka bupp, Upnanaua.
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1853 r. Yapnbsom [abpuanem [TpaBasom usobpereH u BBeieH
B o611jee yriorpebieHue MITpHIy

CnupanbHas ranaktinka M51.

He oMOaThCsl, OH COCTaBU/I CBOJ 3HAMEHUTBII KaTaIor
TYMaHHBIX 00BEKTOB, I IO CUX ITOP HEKOTOPbIE TYMaHHO-
CTM M3 9TOTO KaTajiora YIOMUHAIOTCA aCTPOHOMAaMMU IO,
HOMepaMU U3 9TOrO Tpypa.

Jlopp Pocc TiiarenbHo 3apucosan TymaHHocTb M51. To,
4T0 Hamra [amakTuka nmeet GOpMy Cimpari, yxe mocre-
[IEHHO CTAaHOBWJIOCH ITOHATHBIM. Bompoc Ob11 YpesBbIyaii-
HO aKTyaJleH: 4yTo Takoe M51? 310 Takasd >ke rajakTHKa,
Kak 1 Haw Meunslii ITyTs, unm >xe 9T0 HEYTO CIMpasib-
HOe BHYTpM Hamel [anmakTukm?

JlaTh OTBeT Ha 3TOT BOIPOC OBIIO KpailHe CIOKHO: OBIIO
ACHO, YTO CIMpam, nopobubie M51 (a MX OTKpBIBaIU BCe
6orbllie), HAXOAATCA OYeHb faneko. Ho wackonvko mane-
Ko? BHyTpu lanakTuky unm 3a ee mpefienamMmu?



MeTop, KOTOPBIN MCIIO/IB30BAJICSA IJIS OILIpefie/IeHN A
PacCTOSTHMIL KO O/MYDKAMIINX 3Be3f, /IS AaleKUX 00b-
eKTOB yXe He paboTan. CMelleH1e 3eMIu B TeYeHNe
rofia AjIs yAaJeHHBIX 0ObEeKTOB He MEHS/IO HallpaB-
JIeHMe Ha 9TOT OOBEKT: eCIM CMOTPETb C YAaIeHHOTO
00beKTa, BCA OpbuTa 3eMIN NIPEBPAIIaeTCs B TOUKY.
I pyrux METONOB OIPEeNeHNs PACCTOAHMI TOTA He
CYILeCTBOBAJIO.

Ho okasanoce, 4T0 caMa Ipupopa nogopachisa-
eT IIOfICKa3KM ee cO0OpasUTe/IbHbIM MCCIEOBATEISAM.

...EcTb THI NepeMeHHBIX (MEHAIOLINX CBOIO CBETHU-
MOCTb) 3Be3]I, KOTOPbIJT ITOTy4YV/I Ha3BaHue Hedenapl.
HetpynHo morajatbcs, 4TO B Ha3BaHUM QUIYpUPYeT
cosBespue Lledeit — MMEHHO 3[eCh HAXOMUTCS OfHA
u3 Hanboree xapakTepHbIX Hedens. ledennn: mepuo-
IMYeCKU MEHSIOT CBeTVMOCTD, VX 0JIeCK ITaBHO yBe-
JIMYUBAETCSA, 3aTeM YMEHBIIARTCS, M BCe OBTOPSIETCS
cHoBa. ITedpen il IpOREeMOHCTPUPOBAIY MHTEPECHYIO
3aKOHOMEPHOCTbD: OKa3a/I0Ch, YTO CBETUMOCTD Lieden-
IbI B MaKCUMyMe (B MOMEHT, KOTJ[a OHa U3/Iy4aeT 60Ib-
Ille BCETO) 3aBUCUT OT IepMofa — IIPOMEXYTKa Bpe-
MEHU MeXJy AByMs COCeTHMMMU MUHMMyMamu. Ecin
OIIpefieNINTh MaKCUMaJIbHble CBETMMOCTY HECKOJIBKUX
uedens u orpenennTb UX MEPUOLL, Ha rpadrKe 3aBU-
CHMOCTY CBETVIMOCTH OT IIepyOfia IONYINTCS IpsAMast
JIMHYA. ITO 3HAYUT, YTO, 3HAA NIePIOJ, MOXKHO JI0BOJIb-
HO TOYHO OIPeJeNINTh CBETUMOCTDb B MaKCUMyMe. DTy
3aKOHOMEPHOCTD B 1908 rozry 06Hapy»knuma aMepuKaH-
cknit actpoHom mucc Tenpmerra JInBurr (1868-1921).

Bpipgaroomuiicss aMepuKaHCKIUL aCTPOHOM DA BUH
Xa661m (1889-1953) npuMeHUI 3Ty 3aKOHOMEPHOCTh
LIS ONIpefie/IeHIsI PACCTOSIHUA IO OJHOIL U3 TYMaHHO-
CTell, KOTOpasi Ha3bIBAETCA TYMaHHOCTb AHIPOME/IbI
(HeTpyAHO HOrajaThbcs, B KAKOM CO3Be3[MIU OHA Ha-
xoputcs). C IIOMOIIbI0 HOBOTO, KPYITHEIIIIEro B Mupe
Teneckorna obcepsaropun Mayut Buncon (gnamerp

XXI

HABAHAEHNE
AAREKO
0BBEKTA
IPPEKT
TOAMYHOTO
NAPAAMAKCA
2EMAI
UCHE3AET
1 2

YrAbl HABAAEHUA
BAMZKUX OBBEKTOB

HeB03MOMXHOCTb NPUMEHEHA
FOAMYHOTO Napannakca 3emnu npiu
onpeneneHny paccToHuii ana
Jlanekux 06beKToB.

CmeLeHue 3emnu
13 NonoXeHnsa 1 B nonoxeHue 2
cocTaBnfeT 152 MIH KM.
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Teneckon Xykepa — rraBHblit 3epKaJla Te/llecKoIa COCTaBILI 2,5 MeTpa), Xab61 paccMma-
Teneckon obcepsatopuut TpuBan u ¢pororpadpupoBan TYMaHHOCTb AHIPOMEJBL,
MayHT Buncon, Ha koTopom KOTOpasi OKa3anach CKOIIEHNEM 3Be3fl. B aToM ckomre-
pabotan Xa06n, — noctpoex HIM Y/Ia/I0Ch BBIIETINTD HECKOMBKO Ledens (tedenmpr —

B8 1917 rogy. OH onepeaun
Teneckon lapcoHca u goaro
ABNANCA KPYMHeALLUM
Teneckonom mupa. Pabotaer
OH U Ceitvac.

OYeHb SIPKIe 3Be3Jibl) U OLIPEeIeNTh UX Iepuoybl. Jaib-
1te 110 rpapuKy mucc JIMBUTT OBUIO HECTIOXKHO IIOTTYYUTh
3HAYEeHM UCTUHHBIX CBeTUMOCTel Iedens. A 3ateMm
0CTaBaJIOCh CPAaBHUTD MCTMHHBIN 671eCK Lieenpibl ¢ Ha-
6/1105aeMbIM O7IECKOM.

Ecnyt Bl TOYHO 3HaeTe, YTO HOMMHAI HAOMIOfaeMOlt
namiioyky 100 BaTT, MOXKHO OIIpEIeINTD PACCTOAHME [0
Hee, U3MEpPUB, CKOJIbKO CBETa OT Hee K BaM IIPUXOLUT.
TyT BOCTaTOYHO 3HATD, YTO OCBEICHHOCTD, CO3JaBaeMast
MICTOYHUKOM CBETa, YMEHbILIACTCS 0OPATHO IIPOIIOPLILO-
HaJIbHO KBaJIpaTy PacCTOSHUS 10 HETO.

«HommHanm» medenpbl B TYMaHHOCTY AHIPOME[bI
ObLI M3BeCTeH 110 rpaduKy Mucc JIMBUTT — Iepuop, Ko-
nebanuit sspkoctu Xab67 onpenenun u3 HabIIOLEHMIT,
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U OCTaBaJIOCh TOIbKO «BOWTH B I'pa-
¢uk». HecroxxHble pacyeThl 103BO-
JINJIN PacCYUTATh, Ha KAKOM PacCTo-
STHUU IO/DKHA HaXOUTHCs Hedensa
B TYMaHHOCTY AHIPOMEJbI, YTOObI
ee SIPKOCTDb 0Ka3aJIach TaKOM, KaKyIo
MbI HabJII0aeM.

OtBeT OB OIIEIOMISAIOLINM.
Paccrosiume fio nedenpsl B TyMaH-
HOCTV AHApOMenbl (a 3HAYNT, U J10
caMoil TYMaHHOCTH) CYI|eCTBEH-
HO IIpeBbIIIaNo pa3Mepsl [amakTu-
ku! 3HAYUT, CKOIMIeHNe 3Be3]] MOf
HasBaHMeM TYMaHHOCTb AHJpoMe-
Ibl HAXOAWTCA JajeKo 3a Ipefierna-
My TamakTuky. 3HaUuUT, 3TO Apyras
rajlakTiKa — BO3MOXXHO, TIOXOXKasi
Ha Hamry... PaccrosHme fo ramak-
Tku M31 (Tak B Karamore Meccbhe
0003HaueHa TYMaHHOCTb AHIpOMe-
IIbI) PaBHO IIPUMEPHO 2,5 MIUIIOHA
CBETOBBIX JIeT (HAIIOMHUM, 4TO JAMa-
MeTp TalakTuKM cocTaBinsAeT Mpu-
MepHO 100 ThICAY CBETOBBIX €T —
B 25 pa3 MeHblIIe).

Tax ObIIM OTKPBITHI fPyTHe Ta-
JTAKTUKIU.

O6pas xoTst U 6eCKOHEYHOI, HO
CTAI[MOHAPHOIT (He MEHSIONIeNiCs CO
BpeMeHeM) BeereHHO, HATTO/THEHHO
MHOTOYJC/IEHHBIMY T'aJIAaKTUKaAMI,
cTaj Hanboyee PacIpOCTPaHEHHBIM
B cpefie 06pa3oBaHHBIX JIIOfiel K Ha-
vary XX Beka. Ho aToT 06pas oka-
3aJICSL TOIBKO OTYACTY IPaBU/ILHBIM.

Ho 06 atom — mosxe.

XXI

1 [l [} -
05 10 15 20 log P
[padmK 3aBUCUMOCTH
ApKocTU Ledena
0T nepuoza.
PACCTOAHUE

AD TAAAKTAKA M31
COAHENHAR CUCTEMA  3EMAR

TAMKTUKA M31
MAEYHbIA NYTH

PacctosHme go bnukaitiueit
K Ham ranaktukm M31

B CPaBHEHIM C pa3mepami
Hawer [anakTuku.
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(epaeti Bannazo,
«3aKOHbI NPUPOOBI»

7. BceneHHas,
ynpasnsemas Gpusnkoit

bor HbloToHy (ka3an 0TKpoBeHHO:
«MHe pynutb Hagoeno BcenerHoii!
(CkoHcTpywpyit, HbloToH,

TAroTeHbA 3aKOH —

MycTb oH cam ynpagnseT BcenenHoiil»

Kputndeckoe MbllIeHe ¥ OCHOBAHHBIN Ha HEM
HayYHBI/l METOJ II03BOJIAIOT HOONUTHCA MOPA3UTENb-
HBIX ycrexoB. Ellle pas HOBTOpMM Ba)KHbIN Te3NUC: Ha
MPOTSDKEHNN JIECSTKOB THICSY JIET, TOKa He ObIIo Ha-
YKI, 4eJIOBEK He MOT HIYEro JOCTOBEPHO Y3HATh 00
YCTPOIICTBE MUDA.

3aMeuaTe/IbHbII IpUMep IIPUMEHEHV HayYHOTo Me-
TOfla — 3apOXK/ieHNe aCTPOPU3UKM.

Kax ysHarb 06 ycrporicTe ConHIla, 3B€3[ 11 IUIaHeT?
Kak monyunts nHpOpMALMIO O TOM, U3 Y€TO COCTOAT
HebecHble Tena? Kak onpenennTs Ux TeMIiepaTypy, CKo-
POCTD IBVOKeHSE (Ha GOMBIINX PACCTOSHUSX JIaXKe Obl-
CTPO IBVDKYILMECS Teya KaXKyTCs HeTTOABYDKHBIMM)?

Kasanocn, y3HaTh 3TO HeBO3MOXXHO. B mpocserieH-
HoM XIX Beke, B 1835 roay dpanuysckuit gunocod
Orioct KoHT mucar:

«MpI mpepicTaBiaeM cebe BOSMOXXHOCTD OIpefie-
nenus ux (HebecHsix Ten. — Aem.) Gopm, pac-
CTOSIHMIA, pasMepPOB M [IBVOKEHUN, HO HMKOIZA,
HUKAKUMU CPeJCTBAaMM MBI HE CMOXKEM U3y4YUTh
VX XMMUYECKMII COCTaB, X MUHEPAIOTMYECKOe
CTpO€HMe, TPUPOAly OPTaHMYECKUX CYIIECTB,
SKMBYIIMX Ha MX IOBEPXHOCTH... S ocTaroch
IIpM CBOEM MHEHMY, 4TO jT000e 3HaHMe MCTVH-



HBIX CPEIHNX TEMIIEPATYp 3Besf; Hen3OexHO
IOJDKHO OBITH HaBCETZIa CKPBITO OT HAC».

CroBa Bpofie «HaBCera» U «HUKOTHa» HAJO VC-
II0/Ib30BaTh aKKypaTHo. IloTeHuman Hayku, BOopy-
JKEHHOJ KPUTUYECKVIM MbIIIIEHMEM, OKa3aJICs IPO-
MaJIHBIM — OHA CMOI/Ia PeIIuTb 3Ty 3afady! Ilpn
5TOM — He JIeTas K JJa/IeKUM 3Be3/IaM.

Yro momajaeT K HaM Ha 3eMJII0 OT JjaZleKUX
3Be3n? Tonbko cBeT. Haunnuas ¢ cepenmupt XIX Beka
(bu3MKYM BBISICHUIIN, YTO CBET HeceT B cebe nHbop-
Maluio 0 MHOTUX (U3UYECKUX CBOJICTBAX MCTOY-
HIKa CBETa, TO €CTb 3BE3/jaX.

Eme onbiTer HptoTOHA mOKasanm, 4To B CBe-
Te OmpKarinielt K HaM 3Be3nbl — CosHIa — mpu-
CYTCTBYeT CBET C Pa3HOI IMHOI BOTHBL. TaM ecTb
Yl CBETOBbIE BOJIHBI, KOTOPbI€ HAlI I/1a3 BOCIPU-
HMMA€eT KaK KPACHBI LJBET, ¥ BOJIHbI, KOTOpbIE
MBI IIOJTy4aeM B BUJE JKEATOrO 1IBETa, U TaK Jia-
nee. Ilpupopa cama Hay4ymnaach pasjmaraTb CBeT
B CIIEKTP — Pa3sHOLBETHYIO IIOJIOCKY, B KOTOPOII
Jy4M CBeTa C Pa3HOI JJIMHOI BOMHBI PacXoiAT-
Csl B pasHble CTOPOHBL. B npupoyie kanenbku Bojbl
B aTMocdepe MOTyT paboTaTh KaK CIHeKTpPaib-
HBIIl NIpUOOP — JIyuV CONHEYHOIO CBETa, IIPOXO-
I CKBO3b HUX, PACXOATCA B PasHble CTOPOHbBI
B 3aBMCUMOCTH OT JIIMHBI BOJIHBI, ¥ TOTJja MbI BJ-
JVIM PafyTy.

HproToH coopypmm nepBbiii MCKYCCTBEH-
HBIIl CIIEKTPaNbHBIN NPUOOP — CIEKTPOCKOIL.
B panbHerieM GU3NKN HayYMINCh CTPOUTD 60-
Jiee COBEpIIEHHbIE allllapaThl. AHA/IN3 CIIEKTPOB
COJIHEYHOTO CBETA IIO3BO/INII OIIPEENIATh MHOTO€.

Hampumep, y#anoch onpefenuTb TeMIepaTypy
usydarouieil ceeT nosepxHoctu ConHua, IpuyeM
Jake HeCKOIbKMMI criocobamu. Ecnnm ¢ momoubio

AYY

COAHEYHOO

(BETA

KPACHBIV

OPAHMEBS(A
KEATHIA
3EAEHBLIU
TOAYBOA
CulnA .
PUOAETOBBINA
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> TeOpMsI IBOTIOLM
Bonbioit B3ppiB

18000K 3AKOH BMHA

6000K

NOTOK UBAYUEHNA

S E—

400 700 AAHA BOAHb!, HM
3aKoH Buna. Touka CIIEKTPa/IbHOTO IpubOopa pasoXUTh COMHEYHBIN CBET
MaKCMMyMa Ha rpaduke B CIIEKTD, a 3aTeM U3MEPUTH, CKOIbKO SHEPIUM IIPUHOCAT
(MELLAETCA BNEBO oT CoNmHIa OT/Ie/TbHO KPACHbIE Ty4M, OT/IE/IbHO 3€/I€HbIE,

CTOBbILIEHNEM TEMMIEPATYPbl.  oTpesIbHO (YOIETOBbIE — IOMYYNUTCS IPadUK, HATOMU-

HAIOIUI XOIM C 60JIee KPYTHIM JIEBBIM CKIOHOM U 607tee

TI0/IOTUIM IIpaBbIM.

Oxasanoch ((l)I/ISI/IKI/I CMOITIN TIOCTPOUTD COOTBETCTBY-

oIy Teopmo), 49TO TEMIIEPATYpPYy IIOBEPXHOCTU ComH-

IIa MOXXHO OIIp€Ne/INTDb, 3Hasd, IT€ HAXOOUTCA «BEpIIMHA

XOJIMa» Ha rpaq)MKe (KaKOIZ A/IVVIHE BOJIHbBI IPpUXOAAIILE-

T'o CB€TAa COOTBETCTBYET MAaKCMIMYM I/I3Hy‘IeHI/IH). HpO-

cras popMy/Ia MO3BONAET PACCUNTATD TEMIIEPATYPY: OHA

TEM 6OJ'II)IHC, 9€M MEHDbIIIE J/IVIHAa BO/IHbI MaKCIMyMa 9TO

KpMBOIT Ha rpaduke. ITa 3aKOHOMEPHOCTb HOCUT Ha3Ba-

HVI€ 3aKOHA CMEIICHNA Buna (HO VIMEHU OTKpbIBATENA —

naypeata HobeneBckoit ip

emun 10 (pr3uKe, HEMELIKOTO

¢usuka Bunprenpma Buna (1864-1928)). 3akoH MOXXHO

cpopMyIMpOBaThb TaK:

HJ’II/IHa BOJIHPI MaKCUMYyMa N3TyY€HUA A Make O6paTHO

IIponopnyoHaibHa TEMIIEPATYPE MICTOYHMKA M3TyICHNA T

(B HamreM ciy4ae nosepxHocTy ConHIfa).

1 =

MaKC

const/ T

HO‘{eMY 3aKOH Ha3bIBA€TCA 3aKOHOM CMeH.leHI/IH?

HOTOMY 4YTO MAaKCUMYM CMEIIaeTCsAa Ha rpa(bm(e BJIEBO

VI BIIPaBO — B 3aBUCHMO
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ITpepcTaBuMm cebe, YTO MAKCUMYM U3/TydeHNUs 3B€3-
IbI IPUXOAUTCA Ha CUHME WM (PMOJIeTOBbIE Tyuy (J/InHa
BOJIHBI paBHa 400 HaHOMeTpaM). DTO 3HAUMT, YTO 3Be3Ja
OYeHb CUJIPHO HarpeTa — TeMIlepaTypa ee MOBEpXHOCTHU
paBHa 15-20 ThIcAYaM Ipagycos!

Ecmu MakcuMyM cOOTBETCTBYeT inyHe BonHbl 500 HaHO-
METPOB (3TO 3€/IeHBIIl [[BET), TeMIIepaTypa paBHa IpuMep-
HO 6 TbIcsI4aM IpafiycoB. K Takum 3Be3fgaM, Hanpumep, oT-
Hocutca Haute Conaie. B moroke csera ot CosHia 607blie
BCETO 3€/IeHOT0 1 KPaCHOTO 1IBETOB, UX CMellleH) e HallUM
I71a30M BOCIPMHMMAaeTcs Kak >kenTblii. [loatomy Connue
U Ka>KeTCA XKENTOBATbIM, XOTs B IIOTOKe cBeTa oT ConHIa,
KOHEYHO, eCTb U KpacHble, 1 puoseToBble 1yun. HerpynHo
TorajlaTbCs, YTO, COIVIACHO 3aKOHY BMHa, 10 LIBETY MOYKHO
Cpasy OIIPENENNTD TEMIIEPATYPY 3BE€3/Ibl: TEMIIEPATyPa ro-
TIy6bIX 3Be3]] ropas/io Bbillle, ueM y ComnHila (15-20 ThICSY
TpajiycoB), 3aTO TeMIIepaTypa KPAaCHBIX 3Be3J] — MEHbIIIe
(3 TBICSYM TPALYCOB).

CaMoe 3aMeyaTeNbHOe, YTO PacCTOSAHME IO 3Be3[Ibl He
B/IMAET Ha BO3MOXKHOCTH OIIpefie/IeHI sl ee TeMIIePaTypbl.
OmnbITHDBIE aCTPOHOMBI MOTYT IPY00 OLIEHUTD TEMIIEPATypPy
APKOJL 3Be3/Ibl IIPOCTO Ha IVIa3 — UCXOAA U3 ee iBeTa. Ecin
CBeTa 3Be3[Ibl XBaTaeT, YTOOBI PA3JIOKNUTD €r0 B CIIEKTP
Y IOCTPONTD paclipefie/ieHNe SHEPIUM U3/TyYeH N 110 [JIN-
HaM BOJIH, TO MaKCMMYM IIOJTy4MBUIEICsl KPMBON Ha Ipa-
(uKe TOYHO yKa)KeT Ha TeMIepaTypy 3TOI 3Be3/Ibl.

Temepp HY>KHO OCTAaHOBUTHCS U OOCYAUTH BOIIPOC, KO-
TOPBIIT YaCTO BOSHMKACT y JIIOfiEil, Ja/leKNUX OT (PU3MKIL.
ABTOp X0po1110 cebe TpeacTaBsieT, KaK 3TOT BOIPOC 3a-
Hasia OBl IeBOYKA, PO KOTOPYIO PACCKa3aHO B IPEANCIIO-
Buu. «BbI, acTpodu3nKM, HOCTPOUIN TEOPUIO, — TOBOPST
Takue o, — Ho modyeMy BbI pelnim, 4To 3Ta Teopus
BepHa? Bl IpoBOAUTE KaKyie-TO HEIIOHATHbIE M3MEePeHNs,
IIOTOM IIpMMEeHseTe KaKie-TO BbIUMC/IEHNA 110 KaKIM-TO
BalM (pOpMy/IaM U 3aTeM YTBEpIK/jaeTe, YTO HAILUIU TeM-
neparypy janekoli 3eesjpl. Ho KTo BaM cka3asl, 4To BbI Ha-

XXI

OnbITHBIE ACTPOHOMb!
MOrYT FPYB0 OLEHUTD
TEMNEPATYPY SIPKOW
3BE3/1bl NPOCTO HA
TNIA3 — UCX0AS

13 EE LBETA.
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Bonbioit B3ppiB

1861 r. OTMeHa KpenocTHOro npasa B Poccun
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ECAM 3AKOH
NPAPOALI
HAPYWAETCA,

3HAYUT,
4T0-T0
HE YYTEHO

i ee IpaByIbHO? Kak BbI MOXKeTe 0Ka3arb,
YTO Balll OTBET BepeH?»

Jleno B TOM, YTO 3aKOHbBI IPUPOJIbI AEIICTBY-
10T OJHO3HAYHO. Y 3aKOHA BCEMUPHOTO TATOTe-
HUS HeT MCKmodeHuit. PaccuntsiBast 3¢ QekTsr,
IIOpO’KJlaeMble MM, BKJII0Uasi TPaeKTOpUN He-
6ecHbIx Tent, GopmMy HeOeCHBIX Ten (3aKOH Ts-
TOTEHMsI OTBEYAET I 32 sIBJIeHUe IPUINBOB),
MBI yOexX/jaeMCs TBICS YN ¥ MUJUIOHBI Pas, 4To
BCe MO/Ty4YaeTcs B IOTHOM COTJIACUY C pacyeTa-
mu. COyTHUKY, KOCMUYecKue Kopabiu, sappa
KOMeT, aCTepONTbI ABVDKYTCSA B IIOTHOM COOT-
BETCTBUU C 3aKOHOM TATOTeHUA. Ecnu MbI Bi-
IMM, YTO 3aKOH (KaK HaM Ka)KeTCs) HapyIIaeT-
Csl — 9TO 3HAYUT, YTO BO3[EIICTBUE KAKUX-TO
Tel B paMKaX 3TOTO JKe 3aKOHA Mbl YUUTbIBAEM
He MMOJTHOCTBIO.

Tak 6b1710, KOTTIa OTKpHBITHI Bunbsamom Iep-
1resieM YpaH, Cy/isi 10 HaOTIOfIeH MM, JBUTAJICS
He COBCEM TaK, KaK MOXKHO OBIJIO OXKUIATh, UC-
XOfis U3 3aKOoHa TAroTeHus. [loasunach Bepcus:
3aKOH BEPHbII1, HO Mbl He BCe y4nuTbIBaeM! A 4To,
ecnu 3a YpaHoM BoKpyr Co/HIIa IBVDKETCA ellle
OJlHa IIJIaHeTa, KOTopas, B IIOJITHOM COOTBET-
CTBUMY C 3aKOHOM TATOTEHNSA, TOXe IPUTATUBAET
K cebe YpaH 1 ero opbuTa OT 3TOr0 «BO3MYLIa-
eTcs»? VI Torga BOSHUKIIA 3afava: aHAIU3UPY:
BO3MYILeHNsI OpOUTHI YpaHa, pacCUnUTATh, IHie
OO/KHA HAXOMUTHCA BoCchbMas ItaHeTa ColmHed-
Holt cucteMbl. PpaHIfy3cknit acTpoHOM YpbOen
JleBepne (1811—-1877) BbIONMHMIT HEOOXOMIMBIE
pacueTsl 1 yKasasl, Ky/ia HalJIeKUT HaBeCTH Te-
neckon. Hemenxmit actponom Vorann Tamre®

% He myTaTh ¢ OamyHnoM [amieem 1 tem 6oree ¢ Tamu-
neo lamneem! OTo coBceM pasHble IIONMN.



(1812-1910) HaBes Ty/a TeNeCKOII 1 0OHa-
PY>KITI paHee He M3BECTHYIO IUIAHETY, Ha-
3BaHHyI0 HenryHoM.

OtkpbiTue HenTyHa cuntaeTcst TpuyM-
¢dom 3akoHa BceMMpHOro Tsrorenusa. 06
9TOM OTKPBITUM TOBOPST, YTO OHO OBLIO
CHEe/IaHO «HA KOHYMKe Ilepax»: CHadajIa Ko-
OPIMHATHI HEVI3BECTHOII IVIAHEThI Ha Hebe
OBV BBIYMCIIEHBI 1 3alIJICAHBI, @ 3aTeM
pacyeTsl ObIIM IOATBEPXKAEHBI Ha IPaK-
TUKe HaOMIOOEeHNAMIA.

ITopasuTenbHO, HO O CUX IOP HOSAB-
JIAIOTCA JTIOAM, KOTOPBIM I1OYEMY-TO He
HPaBUTCA 3aKOH TATOTEHUA, ¥ OHM XOTAT
HpeJIOKUTD B3aMeH YTO-TO CBOe. DT I10-
IBITKY 0OpedeHbl Ha IPOBAJL: MBI IIO/Ib3Y-
eMCsI 3aKOHOM €XKeCeKYHJIHO, OH IIpOBe-
peH 6ecuMCIeHHOe YUCIO Pa3 U IPEKPacHO
neicTByeT. HeT COMHEHMIL, YTO TeMU Xe
dbopmynamy MOXXHO 6yeT MONTb30BaThCS
U 4epes ThICAYY JIET.

Bepuemcs k 3akony Buna. OH ocHOBaH
Ha JIPYTUX, TaK)Ke NPOBEPEHHBIX THICA-
411 pa3 3aKOHOMEPHOCTSX, KOTOpbIe ObIIN
VICIIO/Ib30BaHbI IIpu ero BeiBofe. Ho rmas-
HOe, YTO OH IIPOBEpPeH B 9KCIepPMMEHTaX.
Jla, MBI He MOYKeM HeIIOCpefiCTBEHHO U3Me-
PUTh TeMIepaTypy noBepxHocTy ComHIa.
Ho MBI MO>KeM cfie/IaTh 3TO BO BpeMs 9KC-
HepYMEHTa B 1a00paToOpuY, OIpefessis,
Kak MeHsieTcsi popma rpaduka pacipe-
Ie/IeHVs] SHepIUM U3TyYeHNs 0 JIIMHAM
BOJIH C M3MEHEHNEM TeMIIepaTyphbl CTOY-
HYKa u3nydeHus! Tak BOT, SKCIIepYMEeHTBI
B Tab0OpaTOpuIL IIOKA3a/Iu: 3aKOH paboTaer,
¢dopma KpnBoit Ha rpaduKe COOTBETCTBYET

XXI

HEPABHOMEPHOCTH
ABM)KEHMﬂE YPAHA -
CAEACTBY
[PEANOAATA - rpAé\wyAuMOHHoro
EMAR TWAHETA  ~  BOIAEVCTBIAA
HA BHEWHEWV

OPBUTE ——~
s

SR AMETCR

YPAH
YCKOPAETCA {
COAHUE

[unote3a YpbeHa JleBepbe

1 BbINONHEHHbIE M PacyeT
M03BOAUN OTKPbITb HEM3BECTHYH
nnaxeTy 3a opbuToil YpaHa.
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N denon s fesnHdeKIUN MHCTPYMEHTOB U PYK Xupypra. CMepTHOCTD IIOC/Ie 3TOTO yIaia BTpoe
Bonbioit B3ppiB

T D T T T >
CREKTPA/IbHbIR pe3y/IbTaTaM BBIYMCIEHMI IO GOPMY/IaM, pacuyeThl TeM-

AHA/IN3 NO3BONSET [epaTypbl COOTBETCTBYIOT M3MEPeHMsAM. ITO MO3BOJAET

ONPEAESIATL HE CUMTATh, YTO GOpMyIIa IpaBUIbHA.

TO/IbKO TEMMEPATYPY Jloruka u MateMaTyka B ¢pysuKe paboTal0T OXHOSHAYHO.

YOAJIEHHBIX 9T0 03HaYaeT, YTO ecu GOPMYIIBI IPABUIBHBL, TO UHAYE

MCTO4HIAKOB CBETA. 6vimp He moxcern. A Gopmysl (Kak CKa3aHO BbIIIE) TPOBe-

CREKTPbI HECYT B CEBE
N MHOOPMALLIO

0 XMMWHECKOM
COCTABE UCTOYHUKA
U3JTYHEHWS.

PEHBI, B TOM YMCJIe U B IPYTUX 9KCIIEPUMEHTAX, ¥ II09TOMY
MOTYT CUMUTAThCA fOKa3aHHbIMU. KpoMe TOro, BhIIIE yoke
YKa3bIBa/IOCh, YTO CYIECTBYIOT I JPyIue CII0CO0BI OIpe-
[eTATDb AUCTAHIMOHHO TeMiteparypy ConmHua (M gpyrux
3Be3[). DT JIpyrye CIocoOBI AIOT TAKOM JKe Pe3y/bTar:
TeMieparypa nosepxuHoctu ConHila 61mska K 6 ThicAYaM
rpajycoB. PesybraTbl pasHbIX METOIOB CXOJATCA.

Pemas mxonpHyIo 3afaqy, HalpuMep, Ha CKOJIbKO Ipa-
JLyCOB HarpeeTcsA BOJA, €C/IM IOMECTUTD TyJa TOPAYNIL
KYCOK M3BECTHOTO HaM MeTaJlIa I3BeCTHOI MaccChl, He
TpebyeTCst KAKADIIT pa3 MPOBEPATH PelIeHe 3aaum 9KC-
nepuMeHTanbHo. Vcnonbdyemble GOPMYIIBI CTOIBKO pas
IIPOBEPSUINCH Ha IIPAKTUKE, YTO HET COMHEHMII B X Ipa-
BunbHOCTY. CerofHs Tak MOMy4aeTcsi u B acTpodusnke.
OtpaboTaHHbIe 32 [IONTOPA CTOTIETHS METO/BI JAI0T Bep-
HbIe COBIIAJIAIOIINIe Pe3y/IbTATBL.

Kpome Toro, HenpaBuapHas TeOpust PaHO MM O3~
HO JIacT HeBepHBbIe IpeJCKa3aHus, He B 9TOM, TaK B JIpy-
roM cay4ae. OgHY U Te ke POPMYIIBI UCIIONIB3YIOTCS B pas-
HBIX CTy4asx, 1 ecu Obl TaM OblIa omnoKa, 00513aTeNIbHO
posiBUIICS ObI HeBepHBIiT 0TBeT. Eci ke mporHo3sbl, oc-
HOBaHHbIE Ha pacyeTax, BCEIia COBIIA/JAIOT C TEOpUEIT, —
HEeT OCHOBAHMII He JOBEPSATh TEOPUIL.

CrexTpa/nbHBIN aHa/IN3 I03BOJISIET OIPEMEIATh He TOIb-
KO TeMIIepaTypy yAaJTeHHBIX UCTOYHNKOB cBeTa. CIek-
TPBL HECYT B cebe 1 MHGOPMALNIO O XMMIUYECKOM COCTa-
Be MICTOYHMKA U3TyIeHII.

Cerogus Mbl 3HaeM, 4TO aTOMbI BEL[ECTBA VIMEIOT CBOVI-
CTBa n02710U4amv céerm — KaXKJIbIM TUII aTOMOB Ha CBOEI,
BITOJIHE OTIPeJle/IeHHOIT, I/IiHEe BOMIHBL. EC/n B3AATh crieKTp
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Conuua (unn m106071 IPyroit 3Be3/bl), MOXXHO YBU-
TeTb, YTO OH IepecedeH MHO)XeCTBOM TeMHBIX IMHUIA.
Onu HasbiBatoTcs mMHMAMYU PpayHrodepa — nms 3a-
MeyaTe/TbHOTO HEMEIIKOTO OMNTHKA Y>Ke YIIOMIHANOCh
B 9TOV KHUTE.
ITocKOMbKY CHEKTp — 3TO pasyoKeHue CBeTa 110
OIMHAM BOJH, KaXK/[0il J/IMHE BOJTHBI COOTBETCTBYET
CBOIJI Y4aCTOK CIleKTpa (cBoero 1BeTa). VI ecnu, Harpu-
Mep, BO BHEIIHMX C/IOSIX 3Be3/Ibl IPUCYTCTBYET MHOTO
aTOMOB BOJIOPOJia, @ aTOMbI BOJOPOZIa IMEIOT CBOICTBO
IOIJIOIIATh CBET Ha BIIOJIHE OIIpefie/IeHHO I/IHE BOJ-
HBI, [IOHATHO, YTO B CIIEKTPE Ha TOI [/IHE BO/IHBI Oy-
IeT MeHblie cBeTa. YacTh CBeTA Ha 9TOI I/ITHE BOTHBI
OKa3aj1ach IOIVIOIEHHON aTOMaMy BOZOPOAa. SHAYNT,
OTIBITHBIV CHEKTPOCKOINCT, aHATU3UPYS CIIEKTP, YBU-
INT Ha 9TOM MeCTe He[IOCTATOK CBeTa B CIIEKTpe — TeM-
Hyto muHuio OpayHrodepa Ha IIMHE BOTHBL, COOTBET-
CTBYIOIIIE MOTTIOIEHNIO CBeTa BOTOPOJIOM, M CKaXKeT:
«Ara! Ha aT071 3Be3ie eCTb BOZOpO#». TeMHble TMHUN
(ux ere Ha3pIBAIOT MMHMAMM TormomteHus) OpayH-
rodepa MOXOXKM Ha OTIEYATKM IA/NbL[eB Pa3HbIX XU-
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Bonbioit B3ppiB

1868 r. Cosfrana u 3arylieHa B IPOM3BOACTBO COBPeMeHHasA MUIIYIasd MallMHKa

bnaronAPs AHAM3Y
JHUA (DPAYHIOMEPA
Mbl MOXEM ONPEAE/NTH
XUMIUYECKUM COCTAB
COHUA 1 NioBOM
LPYron 38E3ab!!
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MUYECKVX 37IeMeHTOB. Ec/m Ha crekTpe 3Be3[bl BUJHBI
JIHUM, TIOPO>KIEHHBIe aTOMaMI XKeJle3a, KMCTIOPOJia, Kajlb-
VA U TaK jajiee — 9TO O3HAYaeT, YTO eCTb TaKVe aTOMbI
B pacKaJIieHHOJ 000TI0UKe 3BE3/bl.

Bonee toro. HeTpyaHO Horafgarbcs, 4TO eC/IU aTOMOB
TOTO W/IY VIHOTO 9JIEMEHTa TaM MHOTO, TO M JIMHUS IIO-
[JIOLIEeHS], IPMHA/IeXAIAst STOMY 9leMeHTY, byneT 60-
nee «MOIIHOM» (aTOMBI «ChemAT» OOMbIIe CBETA Ha 3TOM
IULIHE BOJIHBI).

Teopus nyHwMi nornoleHus GpuanKaMu ceiyac paspa-
6oTraHa JleTa/IbHO. AHa/IM3UPYsA CIIEKTpaibHbIe TVHNUMA,
MO>KHO TTOTYyINTh HEMAJIO «3ALINTON» B CIIeKTpe MHPOp-
Mauuu 06 MCTOYHMKe U3MydeHus. [leno 9To HempocToe
(Teopusi 3Be3[HBIX CIIEKTPOB, TEXHONOIMs UX 06paboT-
KI U aHaJIM3a JJOCTATOYHO CIO>KHBI), HO OHO CTOUT yCH-
nuit: 6raropapst aHamuay mHuit @paynrodepa Mbr MoXKeM
OIpenenuTh XUMUIecKIit cocTaB CoJHIIa U JII000I fpyroit
3Be3pbl! ITpy 9TOM paccTosiHME [0 3BE3[Ibl He UTPaeT POJIL.

Urtak, 6/arogaps CIeKTpaJlbHOMY aHaIU3y YeloBede-
CTBO Y3HaJ/O TO, 0 yeM mucan B 1835 rogy Ortoct KoHT,
yTBEpKZasi, 4YTO MbI 9TOTO He y3HaeM HMKOIja. 3ameda-
TE/IbHO, 4TO K TOMY BpeMeHU PpayHrodep ysxe Bajath
JIeT KaK OTKPBUI JIMHUY TIOITIONIeHN B criekTpax. Ho moan
ellle He 3Ha/IM, YTO 3TO «METKI», KOTOpble OCTaBMU/IM aTo-
MBI pa3HbIX 9JIeMeHTOB B crieKTpe CoHIa.

B 1859-1862 ropgax Teopus CIeKTpaJTbHOTO aHANIN-
3a M METOZIMKA OIIpefie/IeHNA XMMUYeCKOTro COCTaBa Ja-
JIEKMX CTOYHMKOB CBeTa Obl1a mofgpobHo paspaboTaHa.
OTrpOMHBIIT BKJIAJ, B 9TY UCCIE[OBAHNUS BHECTN HeMell-
kuit ¢pusnk I'ycraB Kupxrogd (1824-877) n Hemenkmit
xumuk Pobept Bynsen (1811-1899). HasepHo, He cTo-
UT IOSICHATD, YTO CHEKTPA/IbHBIII aHA/IN3 IIPOLIET VICIIBI-
TaHUe Ha JIAOOPATOPHBIX MCTOYHUKAX M yXKe 3aTeM ObLI
repeHeceH «Ha HEOO».

Oxasajoch, 4YTO Ha BUJ, CIIEKTPaIbHBIX JTNHUI BIN-
0T YC/IOBUSA, KOTOPbIE LIAPAT TaM, I7je ObUI MCITYIIEeH CBeT.
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OKCIepUMEeHTBI I0Ka3ay, YTO HEKOTOPbIe TMHUU I10-
IJIOIICHNUSA MOTYT PaclelUIAThCs (pasaBauBaThCs U TaXKe
pacTpayMBaTbCs) MOJ BO3MIEIICTBUEM MarHUTHOTO IIOJIS —
€C/IU OHO €CTb TaM, OTKyJla IIPUIIeNT CBeT. DTO sABJICHNUe
nony4usao Ha3BaHue 3¢ ekt 3eeMaHa (ero OTKPBLUI TON-
nanpckuit ¢pusuk Iurep 3eeman (1865-1943), ofuH us
IePBBIX B MICTOPUM YHOCTOeHHBII HobeneBckoit mpemun
o ¢pusuke). ObHapyxenne spdexra 3eeMaHa B ClIEKTpax
nAareH Ha CoJHIe TO3BOIMIIO OTKPBITh COJTHEYHbIE Mar-
HVTHBIE HOJIA.

151 abHeIiIIero II0BECTBOBAHYISI YPEe3BBIUAIIHO BasKeH
eltie ofyH 3¢ deKT, MpUMeHsIeMbll B apCeHasie CIIeKTPasib-
Horo aHanu3a. Peub upet 06 addexre Jomepa, OTKpbITOM
B 1842 ropy u, Ha epBbI B3I/IA, HE MUMEBLIEM HUKAKO-
r0 OTHOLIEHMs K acTpoHoMuu. PaboTaBimii B IIpare as-
cTpuiicknit GpUsKK U mpodeccop MaTeMaTNKU XPUCTHAH
omep (1803-1853) nmpoBen MHTEpeCHOE UCCIIElOBAHNE.
Ecnu moesy mpoxoanT MUMO CTAHIUY, TOH ero CBUCTKa
(rymxa) 6ymeT KazaTbcs BbIlle HAOMIOATEIO Ha IIEPPOHE,
IOKa T10e3[, IPUOIIDKAeTCs, U HIDKe, KOTa TOKOMOTHB,
IO MUMO HaOMIORATe ], HaYHeT OT HEero yAaIAThCS.
Te, KTO IONIB3YETCsI XKENE3HOI JOPOToii, 6e3yC/IOBHO, 3a-
Meyasi, KaK pe3Ko MeHsIeTCsI TOH CBUCTKA BCTPEYHOTO I10-
€3/1a, KOI/ja MpUOIVDKAIOINIICS IOKOMOTHB IIpeBpaljaeT-
CA B YAAIAIOLUIICA.

YrBepxpaercs, 4To ansg nposepku addexra Jo-
I1ep nposen B 1845 rogy BIeYaT/IAOIINIT S9KCIIEPYMEHT.

Pacwennenue nuHuit

XXI

OpayHrodepa B MarHUTHOM
none. Ha HUXHIX PUCYHKaX

NOKa3aHbl pa3NuuHble
npoABneHusa dpdekTa
ANA HII NOTNOLLEHNA
B MarHUTHOM nore.
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B 1845 rogy Kpuctnan béiic-
bannot 3kcnepumeHTanbHO
nposepun Teopuio lonnepa.
HaHAB napoBo3 ¢ rpy30BbIM
npuLenom 1 pasmecTus

Ha npuuene AByx Tpybaueii,
OH YCTPOUN <KOHLLepT

Ha pefbcax» — NOCTaBu UM
3a/jauy nonepemeHHo UrpaTb
HOTY COMb, YT0ObI 3BYK He
npepbianca. Ha nnatgopme
mexzy Amctepaamom

1 Ytpextom bélic-

bannot nomectun rpynny
Habmiopateneii C OTMYHbIM
My3bIKa/IbHbIM CIyXOM.
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Ha meppoHe CTOAIN NMIOAU C MY3BIKaJIbHBIM CIYXOM,
a IapoBO3 IIPOBO3WI MMMO HUX IUIATGOPMY, Ha KOTOPOIT
Urpajl ByXoBoil opkecTp. TOH 3ByKa U3MEHSICA — OH 3a-
BUICETI OT TOTO, IPMOMVKALTCS VN YHAIACTCSA MCTOYHMK
3ByKa. DKCIIePThI IIOATBEPAIN, YTO TaK OHO 1 €CTb.

Ho kakoe oTHoIIeHMe BCe 9TO MMeeT K aCTPOHOMMM?
Qpannyscknit pusux Apman ®uso (1819-1896) moxa-
3a11, 4to addexr Jlonnepa 1oMIKeH IPOABIATLCA He TOMb-
KO B 3BYKOBBIX, HO B /00bIX BonHax! Eciu cBer — arto
3NIeKTPOMarHnTHbIe BomHbI (a B XIX Beke 9T0 yke CTamo
JICHO), TO JIMHA BOJIHBI IOJDKHA MEHAMbCS B 3aBUCUMO-
CTH OT TOTO, K HaM WIM OT HAC JBVDKETCS ICTOYHUK CBETa.
Ecnu cpaBHNUTD CHEKTP HEHMOABYDKHOTO 1abOpaTOpHO-
rO MICTOYHMKA CBETa VI CHEKTP MICTOYHMKA, JBVKYIIEro-
Cs1 OT Hac, Mbl 0OHApY>KuM, 4To Bce muHum Ppayurogdepa
CMECTATCA B CTOPOHY 00Jiee IIMHHBIX BOTH (K KpacHO-



My KOHI[Y CIIeKTpa). DTO cMellleHye Oy/ieT Ha3bIBaTh-
cs1 KpacHbIM. boree Toro, 110 IpocToit hopMyrne MOXK-
HO OIIPeJIeNINTD, C KAKOJ CKOPOCTBIO OT HAC y/la/IAeTCA
MCTOYHUK CBE€Ta.

TouHbIe U3MEpEeHNA IIOKa3any, 9TO, HAIIpUMeEp,
JIMHVIN B CIIEKTPE, IIOJTYIEHHOM OT BOCTOYHOTI'O Kpad
COTHEYHOTO AJICKA, CMEIIeHbl B «CHHIOI» CTOPOHY,
a IMHMM OT 3aIIaJJHOTO Kpas — B «KPACHYI0» CTOPOHY.
9T0 03HavaeT, 4To CO/HIEe BpallaeTcs BOKPYT CBOEN
OCI: BellleCTBO Ha BOCTOYHOM Kpae K HaM IIpuOJIbKa-
eTcsl, CIIEKTP JeMOHCTPUPYeT CHHee CMelleHIe, a Be-
I[eCTBO HA 3alla/JHOM Kpae OT Hac yjandercs (3mech
Hab/ToflaeTCs KpacHoe cMeleHne). Tak Obla He3aB-
CMMBIM CIIOCOOOM OTIpefie/ieHa CKOPOCTb BpalljeH!s
ConHIla, 1 pesynbTaT MPeKpPacHO COBIAN C JaHHBI-
MU, TIOJTY9€HHBIMM 110 IBMEPEHNAM CMEIEHNA Tpac-
cepos Ha CojHIle — HaIpuMep, COTHeYHBIX IIATEH.

HA COMUE -
TA XE
MY3bIKA

.\
)

=

~
(VUHEE KPACHOE
(MEWEHVE CMEWEHUE
KpacHoe cvelyeHne —
CABMUT CEKTPaNbHbIX IMHMIA
XUMUYECKMX SNeMEHTOB

B [IHHOBOJTHOBYH) CTOPOHY
(KpacHblil LiBeT cnekTpa)
(MHee cMelLeHe — CABUT
CMeKTpabHbIX IMHNIA

B KOPOTKOBOTHOBYH) CTOPOHY
(CMHWi LuBeT cnekTpa).
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COBPEMEHHBIE
HABJIOAEHUS HA
MOLLHbIX TEJECKONAX
N03BOASIOT ONPEAENSTH
PA3MEPbI, MACCY,
MNOTHOCTb, HA/IMYUE
WM OTCYTCTBME
ATMOCOEPbI, OLEHMBATb
TEMMNEPATYPY NJIAHET,
BPALLAILLMXCS BOKPYT
NANEKUX 3BE3f,

JAXE B TOM CJIYYAE,
EC/IM 3TV NNAHETbI

HE BWAHbI B TEJIECKON
KAK OTAE/IbHbIE
OBbEKTbI!
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1895 r. IlepBblit KMHOCEAHC B UCTOPUY YETOBEYECTBA;
npesicTaB/eH paguonepenaTynk Hukosbr Tecbl

Hrak, addext [Jomnepa mo3BosseT ONpenensTh CKO-
POCTb UCTOYHMKA CBETa BAIOTb JTy4ya 3peHus — K HaM UIN
oT Hac. YeM coBepleHHee crieKTporpad, KOTOPBIM OCHa-
IIIeH TeJIECKOII, TeM TOYHee MO>KHO M3MEPUTb OTHOCKUTEb-
HBIVT C/IBUT JIVTHWIT TTOTJIOIIEHVSI B CIIEKTPE U BBIYMC/IUTD
CKOPOCTb Y/a/IeHVisI VIV TIPUOTIVKEHVST ICTOYHMKA CBETa.

Takum obpasom B cepepyne XIX Beka ObIIM 3a/10XKe-
HBI OCHOBBI HOBOTO MOIITHOTO METO/Ia M3Y4IEHNA JJa/IeKUX
HeOeCHDIX CBETII — CIIEKTPaIbHOTr0 aHanmm3a. IloBropum
ellje pas: pasyaras B CIIEKTP CBET Ja/IeKOil 3Be3[bl, MOXKHO
HOTYy4YUTb MHPOPMALMIO O XMMUYECKOM COCTaBe 3Be3/Ibl,
CKOPOCTH, C KOTOPOJ K HaM M/IM OT HaC ABIDKETCS 3Be3[a,
TeMIlepaType IMOBEPXHOCTM 3Be3/Ibl ¥ MAaTHUTHOM IIOTIe,
KOTOpOE€ Ha Hell CyIIecTBYeT.

V3smepss usMeHeHue CKOPOCTY BO BpeMeHY, MOXKHO
OIIpeNeNuTh MepUOf, 0OpaleH s OFHOI 3Be3/bl BOKPYT
mpyroit®! (ecnu aTO [BOJHAS CUCTEMA), @ IO IIEPUOLRY
U XapaKTepy M3MeHEeHUs CKOPOCTU CYAUTb 00 op6u-
Te 3BE3/IBI, €€ BBITIHYTOCTU M OTHOIIEHNUN MacC JBYX
3Be3[], BXOAIINX B CUCTEMY (Ji/I 9TOrO MPUMEHSIOT-
cs1 3akoHbl Kertepa). 9To elnje fjazeko He MMOIHBII CIIN-
COK TeX CBOICTB [IaJIeKOrO 00'beKTa, KOTOPBIIl MOXXHO
MOJTyYUTD, AHAIU3UPYS TPUXOAAMNI C OTPOMHBIX pac-
crostanit ceeT. CoBpeMeHHbIe HAOMOeHSI HA MOLIHBIX
TeJeCKOIaX, OCHALIeHHBIX TOYHOJ COBEpILICHHON al-
MapaTypoil, HO3BOJAIOT OIpefeNATh pasMephl, Maccy,
IVIOTHOCTb, HaJIM4Me VTN OTCYTCTBYIE aTMOC(epBI, Ole-
HUBATb TeMIIePaTypy IUIAHET, BPaIaloIIXCA BOKPYT Ja-
JIeKUX 3Be3][], JaXkKe B TOM CJ/Iy4ae, eC/IM 3TU IJTaHeThbl BO-
06111e He BUIHBI B TEIECKOI KaK OTHeabHble 00bEKThI!
BoucTtuny, Kputnuieckoe MbIIIJICHNIE, BOOPY>KEHHOE CO-
BpeMEHHBIMI TeXHOJIOTMAMY, @ TaKXKe O0/IbIIoN 00 beM
HAaKOIJICHHBIX 3HAHMII TO3BOJISIOT JOOMBATHCS YUBU-
Te/IbHBIX Pe3y/IbTaTOB.

2! TouHee, BOKPYT OOIIIeT0 IIeHTpa Macc.



Bce 9Ty MeTORBI, OCHOBA KOTOPBIX ObINa 3aI0XKe-
Ha B XIX Beke, OBICTPO COBEPIIEHCTBOBA/INCH. YIyd-
IIa/IMCh M MHCTPYMEHTHI (Te/IeCKOIbl, OCHAIleHHbIe
CIIEKTPaTbHBIMU NIPHOOpaMu). ACTPOHOMMSI CTPEMU-
TENIbHO Pa3BUBAJIACH, I TIOTOK JOCTOBEPHOIT NHOP-
Manuu o HeOeCHBIX Te/lax yBenu4mBascs. B Hadane
XX BeKa JII0[M y>Ke O4eHb MHOTO 3Ha/IM O MUPE, B KO-
TOPOM MBI JK/BEM.

Wrak, Bcenennas B moHMMaHuyu 06pasoBaHHBIX JI0-
meit Havanma XX Beka mpencTaB/siia co6oi 6ecKoHed-
HBIIl 00'beM, 3aII0/THEHHBIN TMTAaHTCKMMU 3Be3IHBIMU
CKOIUIEHMAMM — TajaKTuKaMy. CerofHALIHME BO3-
MO>KHOCT) aCTPOHOMMU IIO3BOJIAIOT OLIEHUTh YMCIIO
Hab/II0jaeMbIX TaIaKTUK YMOIIOMPAYNTEIbHbIM UJC-
JIOM B J1Ba TPU/UIMOHA. B KaXk/1011 rajlakTKe — COTHM
MUJIIMAPAIOB 3Be3Jl, a OKOJIO 3Be3[], BEPOATHO, CyIlle-
CTBYIOT 1le/Ible CUCTEMBbI 13 IIaHeT, KOMET U aCTepOu-
IOB. B Me>X3Be3[JHOM IIPOCTPAHCTBE CYLIECTBYIOT I'i-
TaHTCKIIE paspe>KeHHble 00/1aKa 13 Tasa, b, a TaKXKe
M3 CMecH rasa ¢ IbUIblo. Tak Bcerga 6bUIo 1 Tak Beeria
OymeT — Takue MOJIO>KEHMsI JIeXKAI B OCHOBE HOBOII
KapTuHbl Mupa. Besa Beenennas ynpasnsercs ¢usu-
YeCKMM 3aKOHaMM, IJTaBHBIM CpPeJyl KOTOPBIX ABJIAET-
41 3aKOH TAToTeHM:A. OH onpefieniAeT TPaeKTOPUI BCexX
HeOeCHBIX Tel, (OPMY MacCHBHBIX HeOeCHBIX TeJl, I0-
pOXK/laeT IpWINBHBIE sABIeHNA. Bo Bcell Beenennoin
PaBHOMEPHO TE€YET OfIMHAKOBOE BpeMs.

Takast KapTuHa, yCTAaHOBMBILASICA B FOJIOBAaX 0Opa-
30BaHHBIX JIIOfIeNT B Hadajie XX BeKa, Obl/la IIOHATHA, ee
HEC/IOXKHO OBIIO 0CO3HATh U NPUHATH. KoHewHO, Me-
CTO IUIAHEeTHI 3eMJLA U Ye/lIoBeKa U3MEeHMI0Cch. Mbl Ha-
Ya/il PACCMOTpeHNe Pa3BUTHA KapTUHbBI MUPa B yMax
JIIOZelt ¢ TeX aBHUX BpeMeH, KOIrfa 3eM/isd CUMTasIach
IJIOCKOI ¥ HAaKPBITOM TBEPAbIM KYIIO/IOM. 3eMid II0-
naranach coopy>keHHoi CospiaTeneM clieliiajabHO I/
YyesloBeKa. 3aTeM OHa CTajla CYMTATbCA HENO[BIK-

XXI

CEronHsiLHmE
BO3MOXKHOCTH
ACTPOHOMMUN NO3BO/ISHOT
OLEEHMTb YMC/I0
HABJIDNAEMbIX TAJIAKTUK
YMOMOMPAYMTETbHbIM
YAC/IOM B [IBA TPUSI/IMOHA.

139



00.00.00 1903 r. Ilepsoe OKI' B Mype — 1306peTeH 31eKTpoKapauorpad
L] L]

Bonbioit B3ppiB

SBOAIOLUA HBIM IIapPOM B IIeHTpe BceneHHOI1, OKpy>KeH-
KAPTHHb! HBIM TBEPABIMI IPO3PauHbIMI Chepamyt, ITie

ObL1y 3aKperieHs! wiaHeTsl, ComnHie u JIyHa.
MAPA

B xope konepHMKaHCcKoit peBomonuy ComnH-
11e ¥ 3eM/Is TOMEHANMNCh MeCTaMU, M 3eMHOI1

IIap HaBCerfia yIleNl 13 LIeHTpa Mupa.

3aKOH BCEMUPHOTO TATOTEHUSA M CIIef-
cTBMA U3 Hero (3akoHbI Kerutepa) cuenanu
HEBO3MOXKHBIMU TBeppble chepbl 1 00bsc-
HIIY, TI09eMY ¥ KaK JBIDKYTCS HeOecHble
tena. [Ixopaano bpyHo 06bsaBun o 6ecko-
HewyHoCTN Beenennoit. Teneckomnsl mo3Bomm-
71 0OHAPYXUTb TYMaHHOCTM U IIOMOITIN Pa-
306parbcs ¢ ycrpoiicTBoMm Miewnoro IlyTn,
a B Hauaste XX Beka ObLIIO JJOKa3aHO, 4TO bec-
KOHeuHas (ckopee Bcero) Beenennas samor-
HeHa He 3Be3[jaMJ1, a TUTaHTCKVYIMY CKOIUIEHM-
AMM 3Be3] — rajakryukamy. Hamra Tanakruka,
B KoTOpoii CoJHIIe C €ro NJIAHEeTHOM CHUCTe-
MOJI HaXO[UTCS [JaJIeKO He B LIEHTpe, SIBJLA-
€TCsl OJHOIL 3 MHOTOUMC/ICHHBIX Ta/IaKTHUK,
HI4eM 0co60 He OTIMYarolerics... 3a Be
ThICAYM JIeT 3eMJIA OT cTaTyca Bcenennoii
mm6o, B Xy/lIeM cIydae, IeHTpa Beenennoit
CTajia MMKPOCKOIYECKO1 I/TAHETOI B 00BIY-
HOJI TI/TAaHETHOII CICTeMe BO3/Ie HUYeM He
IpUMeYaTe/IbHOM 3Be3/bl B OJHOII 113 MHO-

JKeCTBa raJlakTuK. IIyTh 4e/loBeKa OT Bep-
IIMHBI U 11T TBOPEHUS [0 TIPECTABUTEIS
6rocdeppl Ha OLHOIT N3 MHOXKECTBA IITAHET
TaKoKe OBUI IPOIIeH B CO3HAHMI. Pennrnos-
Hble JIION TIO/IArain, YTO MUP OKa3asICs Ta-
KIM B COOTBeTCTBUU ¢ TmanoM Cosparers,
JIIOf{I HEPEIUTMO3HBIE CYMTAIIN, 9TO BeeneH-
Hasl CTaJIa TAKOIl B COOTBETCTBUM C 3aKOHA-
MU TIPUPOJBL.
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KapryHa M1pa B ro/oBax jofieit U3MeHM-
71aCh CaMbIM CYIIleCTBEHHBIM 006pasoM (cra-
cnbo KpUTHYECKOMY MbllIIeHNio0). Terepb
OHa CTPOM/IACh HA NIPOBEPEHHBIX pe3y/IbTa-
Tax HaO/MIOIeHWIT U OCTYDKeHMAX Hayku. Ka-
3a710Ch, YTO, HAKOHEII, 4e/I0BeYeCTBO IpH-
61M3MIOCh K MCTUHE, MUP CTaJl IIOHATEH,
U OCTaBaJIOCh TOJIIBKO YTOYHATD MOAPOOHO-
CTU U JJOPMCOBBIBATb HECYIIECTBEHHBIE Jie-
TN B KapTHHEe MUpa — HANMCaHHOI (Be-
JIMKVIMU yYeHBIMU) XOTS OBl ¥ KPYIIHBIMU
II0OKa Ma3KaMIL.

Ho Bce okasamoch ropasio CIOXHee,
1 KoM(bOpTHas, IOHATHAA CTallYIOHApHAA
KapTUHA MMpPa OKa3aach HeBepHo1!

XXI

KomdoPTHAS,
NOHSATHAS!
CTALMOHAPHAS
KAPTUHA MUPA
OKA3AJIACh HEBEPHOM!
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Camyun Mapwak,
«[To meopuu
OMHOCUMesTbHoOCMU»

YACTb BTOPAA

8. BcenenHass OoTHOCUTE/TbHAA

CerogHa B nonfeHb NyLLeHa pakeTa.
OHa neTuT Kyza ckopee cBeTa

I nonetut 0 Lenu B cemb yTpa
Buepa...

VIHora BO3HMKAIOT BOIIPOCHI: TOUYeMy Hay4HOEe OT-
KpBbITIe OBUIO CAeTaHO IMEHHO TOI/iA, KOTa OHO CHEeNaHOo?
MO>XHO /111 OBITIO CJIeNaTh €ro Ha CTO JIET paHblie?

OpHO3HaYHBIX OTBETOB Ha 3TU BOIpOchl HeT. Ho moxo-
K€, YTO CJie/IaTb OTKPBITIE paHbllle OIlpefie/IeHHOTO Bpe-
MeHU HeJlb34l.

Ileno B ToM, 4TO KaXKIoe OTKpbITIE TpebyeT onpene-
JIEHHOTO YPOBH:1 3HaHMI 11 OIIPEfIe/IEHHOTO JyXa BpeMeH.
CrekTpasbHbIIl aHaIU3 OBIIO HEBO3MOXKHO pas3paborarhb
panbie XIX Beka. Tabnuny MeHfeneeBa HEBO3MOXHO
6110 BeICTpOUTH B Cpennne Beka. Ecmu [Ixopgano bpy-
HO 1 TOBOPUJ 0 6eCKOHeuHOII Bcenennoit, ero npest He
cTana o6LIeNpU3HAHHO — AYX BpeMeH ObLII ellje He ro-
TOB K BOCIIPMATHIO TAKOTO ycTpoiicTBa Beenennoii. Ilo
TOJI >Ke NpUYMHe TeHNa/IbHble Jorajky ApucTtapxa o re-
JIMOLIEHTPUIHOCTY MUpa He ObUIM BOCIIPUHSIITHI €r0 CO-
BpeMeHHMKaMIU.

Ornpenenenne paccTOAHUI [0 3Be3[], OTKPBITHE [PY-
IMX TaJIAKTUK He MOIJIM CIy4UThCs 6e3 ompefe/IeHHOro
ypOBHs TexHooruii. YeoBe4ecTBO HO/DKHO ObIIO CHa-



1903 r. Bpatpsamu Opsuiom n Yun6opowm Paiir B CIIIA coBepiieH nepBblit oeT XXI
Ha camosieTe — 12 cekyHp, 36,58 MeTpoB
BeK

YaJla HayYMThCs M3TOTAB/IMBATh OYEHb TOUYHbIE ACTPOHO-
MUYECKIe U3MePUTeIbHbIE IPUOOPDI, CIIOCOOHBIE OITpe-
IeNsiTh KOOPAWHATHI HEOECHBIX Tel U U3MEPSTh OYeHb
MajleHbKue yIibl. [l TaKMX OTKPBITUIT HY>KHBI Tenle-
CKOIIBI C OOJIBIINM [UAMETPOM ONTHKI, BHICOKOIT TOYHO-
CThI0 00PabOTKI IOBEPXHOCTY BOTHYTHIX 3€PKaJl, a 3Ha-
YUT, CHa4Yasa Hafo ObIIO CO3[aTh TEXHOTOIUY BapKu
KauyeCTBEHHBIX OINTUYECKMX CTEKOJI, HAYYUTbCS COOPY-
XKaTb CJIOKHBIE CIIeKTpa/bHble Ipubopsl. TpeboBanoch
JICII0/Ib30BaHle MHOXKECTBA CIIeI[Ma/IbHbIX MaTepUaJjIoB,
CITaBOB U Tak fajee. Bce aT0 TpebyeT MHOXKECTBO Apy-
I'MX 3HAHWII, YMEHNI, HABBIKOB, KOTOPbIE IIOPOJ O4YeHb
JaleKu OT aCTPOHOMUN.

IpyruMu cnoBamu, TpebOBaIOCh, YTOOBI HayKa, Pa3Bu-
BasCh MIMPOKUM (PPOHTOM, ITOAAEP>KMBaIa Y MAaTeMaTHKY,
u GU3KKY, ¥ METa/UTypIuIo, M MHOTOe apyroe. Tombpko To-
I7la HayKa MOXKeT CTaBUTb HayYHbIe 3aJlaull, COOTBETCTBY-
IOLIIVIe YPOBHIO HAyYHO-TEXHIYECKOTO pa3BUTHA YeloBede-
ctBa. [ToaToMy oTBeT Ha IepBbIll BOIIPOC B HayajIe I71aBbl
TaKOB: BCe IPOMUCXOAUT He ciy4aliHo. Kaxjgoe oTkpbiTHe
COOTBETCTBYET C60eMy YPOBHIO Pa3BUTIA UVBUIN3ALIAN.

KAK ? 3AKOH
BCEMUPHOr0 TATOTEHMA ? m
XOPOLWLO. CEMYAC OTKPOH
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BCENEHHAS BCErA
CYLLECTBOBAJIA

W BCETA BYAET
CYLLECTBOBATb,

W OHA B CPEMHEM

HE MEHSIETCS:

W B NAJIEKOM MPOLLIOM,
W B NAJIEKOM BYLYLEM
Mbl YBULE/M Bbl
BCENEHHYIO TAKOW XE,
KAK CEMYAC.
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Hp0TOH He cMOT 6bI OTKPBITH 3aKOH TATOTEHNS B IIEPBOM
Beke. [epiiresib He cMOT OBI CTPOUTD T€IECKOIIbI, OKXXICh
oH B [IpeBHeM Erunte. Koneuno, Bo Bce BpeMeHa cylie-
CTBOBaJIY TeHMasIbHble Moy YpoBH:A HbloToHa 1 lepruens.
Ho 4eTbIpe ThICAYM €T HA3aJ, OHMU, CKOpee BCETO, OCTa-
Ba/IVChb HETPaMOTHBIMMY, BO3MOXXHO, JjaxKe ObIIM pabamMu
U peanu3oBaTh CBOJ ITOTEHIIMA/ HE CMOITI — BO BCAKOM
cIy4ae, Mbl 00 3TOM HIYETO He 3HaeM.

Nrak, xaxkoe npepcTapneHue o BeeneHHol chopmm-
POBajIOCh y 00pasoBaHHOI YacT! 4e/I0BEeYeCTBa B Haya-
ne XX Beka?

Eme pas moBTOpuM TO, O 4eM CKa3aHO B IIPeAbIAY-
1eit raBe. BeenmenHast, ckopee Bcero, 6eckoHeYHa B IIPo-
CTPaHCTBe U BO BpeMeHH. B OeckpailHeM mycToM oObeMe
BcenenHoit Ha OTPOMHBIX PACCTOAHUAX APYT OT ApyTa pas-
OpOCaHbI TUTAaHTCKIE CKOIUICHNS BellleCTBa — TaaKTH-
k1. OHU cofiepKaT COTHU MUJUIMAPIOB 3Be3[], HEKOTOPbIE
U3 HUX (BEpOATHO) 00/Mafjal0T IIAHETHBIMU CUCTEMaMU.
IToMuMoO 3Be3f;, B raJIaKTUKAX MIPUCYTCTBYIOT O0/IaKa U3
rasa 11 pUtu (TyMaHHOCTM). BcesleHHast Bcerga CymecTso-
BaJla 1 Bceraa OyfieT CyILIeCTBOBATD, I OHA B CPefHEM He
MEHSETCS: U B JaJIeKOM IIPOIIIOM, ¥ B Ia/IeKOM OyayIeM
MBI yBUzienn Ob1 BeeneHHyIo Takoit e, Kak ceitdac. OHa
YIIpaB/IAeTCA 3aKOHOM TATOTeHNA. JIIou pennrnosHble 1mo-
JIarasm, 4To TaKyloo BceneHHylo IjefieHapaBlIeHHO CO3/ial
TBopel, aTeNCTbI CUNTAIIH, YTO BO BcesleHHOI eiicTBYIOT
6ecco3HaTenbHble CUIbI IPYPOABL.

VHTepecHo, 4TO elrje 6YKBa/IbHO BEKOM paHblile 00pas3o-
BaHHbIE JIIO/IU Y Ke TTOTy4anu OT IPUPOLbI CUTHAJIBI O TOM,
YTO B TaKOJ KapTUHE MMpa 4TO-TO He mak. bonee Toro,
JIOTMYeCKUI aHA/IM3 3TUX CUTHAJIOB NOJDKEH ObUI IIpMBe-
CTU K BBIBOZY, YTO OIMICaHHasA BcenenHad mpocro He mo-
Hem cyu,ecmeosams.

IlepBblil rpO3HBLIT CUTHAJL IIOIY4YN/T Ha3BaHMe TPaBU-
TalMOHHBII napagokc. Ha xayecTBeHHOM ypoBHe (Oe3
dhopMyn) uses CBOJUTCA K CIEAYIOLEMY.
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IToyeMy, HeCMOTPA Ha BIUAHUE TATOTEHUsA, CpefHEE 3BE3/bI ABMXKYTCS
paccTosHMe MeXY 3Be3flaMi OCTaeTCs HemsMeHHbIM? []o- 104 BO3AEACTBUEM
TOMY 4TO (KaK CUMTAI0Ch) OfMHAKOBOE IPUTKEHIe 6ec- NoAq TArOTEHNS BCEN
KOHEYHOTO YJC/Ia 3Be3]; C OFHOV CTOPOHBI JOHKHO KOM- [ANAKTUKH, MPUYEM
IIEHCUPOBATHCS IPUTSDKEHIEM OECKOHEYHOTO YVCTIa 3Be3]L AOCTATO4HO BbICTPO.

C IIPOTYBOIIONIOKHOII cTOpoHbL. Ho TiiaTenbHOE paccMo-
TpeHNUe KapTUHBI I0Ka3aJI0, YTO 9TO PacCy>KAeHNe He-
BepHO. TAroTeHMe paboTaeT TONbKO B OfHY CTOPOHY —
Macchl BCeX PU3NUECKIX Te/l IPUTATUBAIOTCA APYT K APYTY.
OTTankmBaloniye e CUIbl ObUIM B Te BpeMeHa HeM3BeCT-
HBI2. DTO 3HAYUT, YTO CO BPEeMEHEM PACCTOSHME MEX[Y
MAacCUBHBIMI TeaMy (HampyMep, 3Be3haMM, IIOCKOIbKY
TaJTAKTUKY €llle He ObIIN OTKPBITBI) 00IHCHO YMEHOUAMbCS.
A 4eM 6mypKe IPYT K APYTY OKa3bIBAIOTCSI TPABUTUPYIOLIIIE
Tela, TeM CU/IbHee B3aMHOe IPUTSDKEHNE 1 TeM CUIbHee
TOJDKEH «pasTOHATLCS» Ipolecc compkenns. Ecnu nosa-
IU y Hac OeCKOHEYHOEe KOMIYECTBO JIeT, BCe 3Be3Abl (MK
BCe T/IAKTVUKY) JABHO TO/DKHBI OBV IIPUTSHYTHCS APYT
K JIPYTY ¥ CJIUTHCS B OFVIH CBEPXIUIOTHBIN KOM BelljecTBa
(BeposiTHO, O4eHb ropsidero). Hudero mogo6HOro Mol He
Hab/mojaeM — rajlakTKy pasdpocaHbl Ha OTPOMHBIX pac-
CTOSIHUSX PYT OT APYyTa M He TeMOHCTPUPYIOT HUKAKOTO
CTpeM/IeHsI COMVKATHCS.

VisyueHne cKOpOCTelt 3Be3f; IOKA3asIo, YTO 3BE3[BI BII-
XKYTCSI IIOJ;, BO3MIEIICTBIEM II0/Is TATOTeHMst Beeit [amakTu-
K11, TIPUYeM JOCTaTOYHO ObICTpo. OHY He [TafA0T Ha LIEHTP
Mmacc JanmakTyuky (Ha CBEPXMAaCCHBHYIO YePHYIO ABIPY, KO-
TOpas TaM 00MTaeT), IOTOMY YTO 00/Iafjal0T JOCTATOY-
HbIMIU CKOpOCTAMU. COOCTBEHHO, II09TOMY XKe 3eM/is He
nagaet Ha ConHue, J/IyHa He majjaeT Ha 3eMJIIO U TaK fia-

22 CTporo roBopsi, M3BeCTHA CI/Ia 3NIEKTPOCTATIIECKOTO OTTAIKIBa-
HIA: O[HOMMEHHO 3apsyKeHHBIe Tena oTTanKusaoTcA. Ho B koc-
MOCe HeT 3TeKTPUIeCKI 3apsKeHHBIX TeT ¥ UX CUCTeM: 3Be3[bl,
IJIAHETBI, TA/IAKTUKM NIEKTPUYUECKN HEeMTPATbHBL, ¥ 3HAYNT, Ha
UX ABIDKEHMe HUKAK He [efICTBYIOT KpyIHOMAcIITabHble KYIIO-
HOBCKMe CU/IbI (OHJ PaBHbI HYIIIO).
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KpynHeiiwwii B Mupe
opOuTanbHbIil paguoTeneckon
Ha KOCMUYeCKOM annapare
«CnekTp-P» obecneunn
YHUKaNbHOE pa3peLLeHe,
(TaB YaCTblo MPOEKTa,
0CHOBAHHOTO Ha MeTofje
paguonHTepdepomeTpum

€0 CBEPXAJIMHHON 6301
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KOCMUYECKMIA PAAMOTEAECKON
CPAAVOACTPOH», POCCUS . 2011
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Jlee — BCe Tena ABIDKYTCS JOCTATOYHO OBICTPO (X CKO-
POCTH IIPeBBIIIAIOT MePBYI0 KOCMUYECKYIO IO OTHOLIIe-
HIIO K TOMY TeNy, BOKPYT KOTOPOTO OHM 0OPAIAoTCs).
Bce, uTO IBUranoch ¢ MeHbILEN CKOPOCTDIO, YIalo Ha
neHtp lamaxtukn®, Ha ConHile, Ha 3eMITIO U TaK fasee.
Bce, 4TO IBUTanmoch co CKOPOCTHIO HOJIbIIE BTOPOIT KOC-
MIYECKOI1, JAaBHO Y/IETENIO IPOUb. A BCe, 4TO 00/1aamo
CKOPOCTBIO B IIpefiesiaX MeXXy IEpPBOI M BTOPOI KOC-
MIIECKUMY CKOPOCTSIMU, U CeIYac JBIDKETCS IO 97I-
JIUIICAM BOKPYT TOMMHMPYIOIIEi MacChL.

Tak o6¢cTout meno co 3Besgamu B lanaktuke. Ho co-
CeHIe TaTaAKTUKI, B OT/INYNE OT 3B€3[], B IIOJaB/ISAI0-
1eM OOJIBLINHCTBE CITy4aeB He 0071a0dom FOCTaTO4-
HBIMU CKOPOCTAMU, YTOOBI YAEPXKATbCA OT CAMAHUA
(mapgeHus [pyr Ha Apyra Ioj, BIMSAHUEM B3aUMHO-
ro nputspkeHus). Tak, HanmpuMep, Hama [amakTuka

3 BO3MOXXHO, UIMEHHO [I09TOMY TaM 11 cpOopMIpOBaIach CBepX-
MacCUBHas 4epHas JbIpa.
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Mieunbrit [TyTh u 61mmxaiiinas k Ham co-
cefgka — rajakTuka M31, IBIDKyTcs Ha-
BCTpeYy APYT APYTY U depe3 MUIInap-
JBL JIET COMBIOTCS, CGOPMIPOBAB EAUHYIO
OTPOMHYIO CyIleprajakTuky. BosHukaer
BOIIPOC: II0YeMY 3TO y#e He IIPOMU3OIIIO,
ec/y T03a/M y Hac OeCKOHeYHOe KOJu-
4ecTBO JIeT? 3a OeCKOHEeYHOe YMCIIO JIeT
ycIeeT MpOU3oiTH 7110601, JaKe CaMblil
MezieHHBbIN nponecc. B korne XIX Beka
CTpoOroe MaTeMarmuieckoe 00OCHOBaHMe
napapokca onyonukosanu Kapn Heitman
(1832-1925) u I'yro ¢pon 3enurep (1849-
1924). Ing Toro 4T0o0bI BCe MacCUBHbIE
Terma B GecKOHeuHOI Beenennoit He cn-
JIMCH B €VHBII KOM BeI[eCTBa, MOTpebo-
BasIoCh ObI OYeHD CrieruduIecKoe pacipe-
Te/leHe MacC B IIPOCTPAHCTBE, KAKOTO MBI
He HaOoaeM.

ITapapoxc 3enurepa, nnn 3eennrepa
(crapoe HammcaHme), KaK ero 4acto Ha-
3BIBAIOT, YKa3bIBaJI HA TO, YTO MBI YET0-TO
He MOHNMMaeM U KapTMHA MUpa BeYHON!
1 GeCKOHEYHOII CTalMOHApHON BcemneH-
HOJI COZIEP>KUT KaKOi1-TO U3bsH. JInbo
Bcenennas He BeuHa (y Hee KOTa-To ObIIO
Hayaso,  IO3TOMY IPaBUTHUPYIOLINE Mac-
CBI ellle He YCIIeny COMM3UTBCS U CITUTBCS),
6o BeenenHas He 6ecKoHeYHa, OO MBI
elle YTO-TO He YUYUTBIBAEM...

Cy1ecTBOBAJIO TaKKe U ellje OfIHO pac-
CY’XJeHMe, IToTy41Blilee Ha3BaHMe PoTo-
MeTpHYecKUII MapafloKC, MM MapajjoKC
Ornbbepca (B 4ecTb HEMEIIKOTO aCTPOHOMA
Tenpuxa Onb6epca (1758-1840)). Peun
IIJTa O CIEYIOI[eM.

EAIA  HABEMHO-KOCMUUECKoTD /
WHTEPQEPOMETPA - 3HO TbIC KM.

Mapanokc! Mm 3anac Kooe
HE BECKOHEHEH, WK Mbl
YETO=TO HE YYMTBIBAEM.

147



Bonboit B3pbiB

TOPU30HT B AECY
3AKPLIT AEPEBLAMM
WU HE BUAEH

AHanorua ¢ necHbim
neii3axem yCMaTpuBaeTCA

B ()OTOMETPUYECKOM
napanokce Onbbepca. Moyemy
BCe Hebo He CNoLLb 3aKPbITO
3Be3/laMu 1 MeXzly 3Be3fiamu
eCTb TEMHble MecTa?
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Ecnu mbr BOTIZIEM B J1€C, TO BCKOPE HE YBUIMM TO-
PM30OHTa — HaM €ro 3arOPOAMT CIUIOLIHAA CTEHA M3
nepeBbeB. Ecimu ke MBI IIOIIBITAEMCA CMOTPETb MeX-
Iy TepeBbsAMM, HAlll B3IJIAT, BCe PABHO PaHO VY TI03]1-
HO YIIpeTcs B KaKoe-HUOY/b JepeBo, ¥ TOPU30HT BU-
IieH He OyferT.

Bossparumcsa us neca Bo Becenennyrwo. Ecim Bee-
NleHHasA 6eCKOHEeYHa, TO, Kyfia OBl MbI HU IIOCMOTpe-
JIM, Halll B3IVIAZL PAHO VIV MIO3JHO JNO/DKEH yIepeTbCs
B KaKyIo-HIOYAb 3Be3y! ITo mpousoiier 06s13arep-
HO, ec/iit Beenennas 6eckoHeuHa, — Befjb 3TO O3HAYa-
€T, YTO B Hell JJO/DKHO ObITh 6€CKOHEUHOE KOIMIECTBO
3Be3]l, 3aII0JIHAIOIVX 6eCKOHeYHOe TpocTpaHcTBo. Ho
TOT/a He JJO/DKHO OBITh HMKAKOI'O YepPHOro Heba: Bech
He6OCBOJ, IOJDKEH CUATDH eCIM He KaK II0BepXHOCTD
ConHlla, To, 10 KpaiiHeil Mepe, Kak Mieunsiit I1yTs.

TToNBITKY CIIACTU CUTYALIUIO, OOBACHAA YepHOE HOU-
HOoe He6O TeM, YTO B OIIPe/le/IeHHBIX HAIlPaBICHMAX
CBET 3Be3]] HaM 3aTOPakKMBAIOT 00/IaKa U3 IIbIIN 1 Tas3a,
OKa3aJI1ICh HECOCTOATENbHBL. 3a 6eCKOHeYHOe BpeMs
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0671aKa IIPOrperoTCs U3TyYeHNEM, JOTDKHO YCTAaHOBUTD-
€ TepPMOJMHAMMYECKOE PAaBHOBECHE, HarPEThIN Ia3
TOXKe CTasl Obl M3/Ty4aTh CBET, KaK 3BE3JIbl.

Kpome TOro, acTpoOHOMBI Hay4M/IUCh OTNIO3HABATh
TeMHBI€e Ibl7IeBble 06maka. OOBIACHUTD YepHOE HEOO
CIUIOLIHBIMM NBIIEBBIMY 00TaKaMI 0Ka3a10Ch HEBO3-
MoxHO! YepHOe HE60 — 3TO IIPOCTO MECTO, Iie HeT
3Be3f;. C KapTMHOM MuUpa, B KOTOPOJ MPUCYTCTBYET
6eCKOHEeYHOE KOMNYECTBO 3Be3[l, HaO/MONeHNs ABHO
HE COITTACOBBIBA/ICD.

3aMeuaTe/IbHO TO, YTO 00a IPOTMBOPEUN — U Ipa-
BUTALVIOHHBIN Iapafokc 3emnrepa, u GoToMeTpude-
ckuit mapagokc Onmpbepca — ObIIN XOPOLIO M3BECTHBI
ydueHbM. Ho npiess 6ecKoHe4HOI 1 BEYHON CTaIVo-
HapHOJ Bcenennoli TeM He MeHee ITTaBEHCTBOBA/IA
B ux ronosax. HaBepHoe, noygpasymeBanoch, 4ToO KO-
Ha-HUOYAb KaK-TO M KOMY-TO YAACTCS OOBSICHUTD 06a
napafiokca. OTKa3aTbCs OT YCTOABLIENCA KapTUHBI
MIpa HUKTO He IpeJIarajl.

Tem BpemeneM Ha py6exxe XIX 1 XX BeKkoB B HayKe
IPOU3OLIY TPaHIN03HbIe n3MeHeHus. Hosble mpu6o-
Pbl, HOBbIE TEXHOJIOTMY, HOBbIE BO3MOYXHOCTY ITO3BO-
A7V 0OHAPY>KMBATh HOBbIE CBOJICTBA MUpA.

bbu10 OTKPBITO pEHTreHOBCKOE u3nydenue. boin
OTKPBHIT ()eHOMEH pafMOaKTUBHOCTH. VccienoBa-
HIA ITyOMHHOJ CTPYKTYPhI BellleCTBa MO3BOMIIN Pa-
300paThbCs B CTPYKType aTOMOB, O KOTOPBIX KOT/Ia-TO
rosopu [leMokpuT. C/IoKHbBIE OIBITHI IIOKA3A/IM, YTO
aTOMBI COCTOAT M3 TsDKETIbIX Afep (I KaXK/IOTo THUIIA
aToMa — CBOMX), HECYIIUX HOIOXKNUTENbHBIN 37IeKTPU-
YeCKMIil 3apAf, ¥ BUTAIOIUX BOKPYT sAJiep NEerKMUX ya-
CTHLI, HECYIUIX MUHMMAJIbHO BO3MOYKHBIN OTPULIATENb-
HbIil 97IEKTPUYECKUIL 3aps]l, — 3MEeKTPOHOB. Ilosnee
YHA/IOCh BbIACHUTD, 9TO B A/IPaX aTOMOB IIPUCYTCTBYIOT
HOJIOXKNTE/IbHO 3apsDKeHHbIE IIPOTOHBI (MX Macca Ipu-
MepHO B 1800 pas 6osbliie, 4eM y 97IeKTpOHA) 1 O/1u3-

QOTOr PADUMECKANA
CHAMOK. KICTU PYKH,
BLMOAHEHHEM B
X-AYHAX

(nocobHOCTb PEHTTEHOBCKOMO
WU3NyYeHuA NPOHNKATb CKBO3b
Henpo3pauHble MaTepuanbl

1 3acBeYMBaTH (OTONNACTUHKN
MpUBENI K OTKPBITHIO
Hen3BeCTHbIX paHee fiyueil.
OTKpbITIE PeHTreHa CMNbHO
MOBNMANO Ha Pa3BUTHE HAYKI
11 B COYETaHIN C APYTUMN
OTKPbITUAMM 3aCTaBUNO
nepecmMoTpeThb Lenblil pag
NOMOXeEHNIl Knaccnueckoi
OETO
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OT CBOMCTB IMEKTPOHHbIX
OBOJIOYEK 3ABUCHT
XUMWU4ECKME CBORCTBA
TO0 WX NHOTO ATOMA.
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KJe K IIPOTOHAM 10 Macce HeMTPOHBI — JacTHUIIbI 6e3
3NEeKTPUIECKOTO 3apAfa.

Hoctipkenns GpusMKOB ObIIN YAUBUTENbHBL Pasmep
97IeKTpOHa oKasaycs MeHblre 1072 cm (caHTuMeTp, pas-
JieJIeHHBIII Ha CTO MIIIMAPJ0B MIUIMAPAOB yacTeit!)
TeMm He MeHee HOBbIe Hay4HBIe IIPUOOPDI TO3BOISIN
YYBCTBOBATb OT/eTIbHbIE STIEKTPOHBI I flaXKe JaBaThb
nHdopManuo o6 ux ceoiicrBax. OKasanoch, 4To aTo-
MBI BCeTfa 9/IeKTPUYeCKI HeJTPa/IbHbI (4MCII0 IIPOTO-
HOB B sA/[pe BCerfja paBHO YICITY 37IEKTPOHOB, IBVDKY-
IIMXCS BOKPYT sAApa). DNEKTPOHDI XKe PACIIoNaraloTcs
B IIPOCTPAHCTBE BIIOJIHE OIIpefie/IeHHBIM 00pa3oM,
¢opMupys Tak Ha3bIBaeMble MEKTPOHHbIE 000710Y-
KI. BBIACHIIOCH, YTO MIMEHHO OT CBOJICTB 37IEKTPOH-
HBIX 0007I04eK 3aBUCST XMMUYECKIe CBOJICTBA TOTO
VM MTHOTO aTOMA. Y[JalloCh YCTaHOBUTD, YTO YACTUIIbI
cBeTa (pOTOHBI) MOTYT IOMIOIATHCA YMEKTPOHHBIMY
000/104KaMy aTOMOB, a SHEPIMs IOITIOLIEHHOIO CBe-
Ta IPUBOJUT K IEePeCTPOIIKe 3JIEKTPOHHBIX 000JI0UEK.
Tak ynanoch 0OBACHUTD IPOUCXOXK/IEHNUE IMHNIL II0-
mowmenns PpayHrodepa B CIeKTpax 1 MHOTOE Jpyroe.

Cama mpupopa cBeTa TakXe IIOfIBepINach NHTEH-
CUBHBIM MCC/IENOBaHMAM. BhIgarommicsa aHIIMICKIIA
¢usuk Ixeitmc Makcsern (1831-1879) moctponrn te-
opuIio 3NMeKTpoMarHeTnsma. EMy ymanoch mokasars,
YTO 37IEKTPUYECTBO ¥ MaTHETU3M Hepasfie/NnMbl, UTO
3TO [iB€ CTOPOHBI OFHOTO U TOTO e (PusnuecKoro de-
HOMeHa. Bce usBecTHBIE CBOJICTBA 9TOr0 eHOMeHa OH
OIlyIcaj MaTeMaTH4YecKyl, TOTy4)B YeTbIpe 3HAMEHNUTBIX
ypaBHeHusa Makcsenna. Eciii paccMoTpeTh CBOJICTBA
pelleHnA 3TUX ypaBHEeHWIT, I0/Ty4a/I0Ch HEYTO YAVBHI-
Te/IbHOE: CBET IIPEeACTaBIIAeT OO0l BOJIHY, KOTOpas
pacIpocTpaHseTCcs CKBO3b IIyCTOE IPOCTPAHCTBO (Ba-
KYYM) C IIOCTOSTHHOI CKOPOCTBIO C.

Ho xaxas umenno BomHa pacupocTpaHseTcs? Mbl
3HAKOMBI C BOTHAMM Ha ITOBEPXHOCTU MOpS U TIOHMU-
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MaeM, YTO TaKue BOIHbI CBA3aHbI C IBVMKEHMUAMMI Ya-
ctuy, Bopibl. Ho 4To BMO>KETCA B IyCTOTE, B IIPOCTPAH-
CTBE, T/ie HUYEro Het?

®usyky 6bUIN BBIHY)XKEHDbI BBECTI ITOHATIE MOMA.
OmnpIThl TOKA3bIBa/IN, YTO, HATPUMED, MATHUT OKa3bl-
BaeT BMsAHME (CO3TaeT HEKYIO CUTY), BO3JIEICTBYIOLee
Ha HaMaTrHMYEHHBbIe NIpefMeThl. To jke camMoe Habmo-
[AETCA U B OIBITAX CO CTATUYECKUM 3/IEKTPUIECTBOM:
SJIEKTPUYECKNIA 3aPsA/l JEVICTBYET Ha JPYIUe 3apsjbl
(Ha IPOTMBOIIONIO>KHBIE 110 3HAKY — IIPUTATVBAACD,
Ha OJHOVMEHHbIe — OTTAJKIBAsCh) HAa PACCTOSHNI.
ITpu 5TOM OKa3an0Ch, YTO CHJIA BO3JENICTBUA 3JI€K-
TPUYECKOTO 3apsAja yObIBaeT 06paTHO IPOMOPIINO-
Ha/IbHO KBaJIpaTy PaCCTOSAHMUA — KaK U B C/Tydae C CH-
IOV TATOTEHMSL.

Kak feficTByeT Ha pacCTOSHMM, IIpUYeM MOFYAC
TUTAaHTCKOM, CMJIa TATOTeHus (mbo ameKTpudeckasd,
6o marauTHast)? Crjta Kak-To JefICTBYeT 4epes3 ny-
ctmoe MIPOCTPAHCTBO. DTO 3HAYUT, YTO Macca (B CIy-
Jae TATOTEHM:A), a TAKOKe STIEKTPUYECKIIT 3apAx Mmoo
MarH!T IIePEJAIOT CBOE BO3JEIICTBIE YEPE3 CaMO IPO-
CTPAaHCTBO. A y IPOCTPAHCTBA, 671arofaps MOMelleH-
HBIM B HETO Macce /MO0 /IeKTPUIECKOMY 3apsAxYy, II0-
ABJIAIOTCA 00NONHUMeNbHble c60licmea. VIX ymanoch
OMMCATh C TOMOIIBIO IOHATHUA T0/A. DTO O3HAYAET,
4TO KaXK/jasg TOYKa IIPOCTPAHCTBA 06/1ajaeT KaKMM-TO
CBOJICTBOM — HAIIPUMep, CBOJICTBOM IIPUTATUBATD
VI OTTA/IKMBATh YaCTUILY C S7IEKTPUIECKUM 3aPsATOM.

Wrak, pemenne ypaBHeHUI MakcBe/na OnmcpIBa-
JI0 CBOJICTBA d71eKmpomazHummnozo noss. CormacHo
pesynbTaTaM y4€HOTO, MaTHUTHOE M 3/IEKTPUYIECKOE
OIS JOJDKHBI BCEITIA PACIIONATAaThCA EPIEH UK YIAP-
HO KaK JpyT ApYTY, TaK ¥ HaIIPaBJIEHUIO pacIpoCTpa-
HEHM 9/IeKTPOMaTrHUTHOI BonHbL. Ecmn sadukcupo-
BaTbh KaKyI0-TO TOYKY B IIPOCTPAHCTBE, YEPE3 KOTOPYIO
IPOXOZIUT 3Ta BOTTHA, MOXKHO OOHAPY>KUTD, YTO B STOI

XXI1

BEK

MOAE

151



00:00:00

Bonboit B3pbiB

152

SAEKTPNYECKOE
(I0AE

MATHWTHOE
T0AE

TOYKe 9/IeKTPIIECKOe I MATHUTHOE IIOJIS KOIeOIII0TCA 110
3aKOHY CMHYCA B IePIEHJUKYIAPHBIX IPYT APYTY IJIO-
CKOCTAX. DKCIEPUMEHTHI TI0Ka3a/iy, 4YTO MIMEHHO TaK BCe
U TIPOUCXOTNT.

B ypaBHeHMsax MakcBenna GuUrypupoBajia BeIndn-
Ha ¢ — 3TO HeKas KOHCTAHTA, IIOCTOAHHAsA Be/IMYMHA, MIMe-
Iolasi pa3MepHOCTb CKOpocTi. COOCTBEHHO, 3TO OblIa
CKOPOCTb, C KOTOPOJ PacIpOCTPAHAETCA S7€KTPOMAT-
HUTHAsA BOJTHA.

3amMeydaTebHO, YTO CKOPOCTb PACIIPOCTPAaHEHM S/IEK-
TPOMAarHUTHOJ BOJIHBI ¢ OKa3aaach PaBHOM CKOPOCTH CBe-
Ta — 300 TBICSY KMIOMETPOB B ceKyHAy! Takum o6pasom,
HOATBEPAMIACH TUIIOTE3A O TOM, YTO CBET — 9TO U €CTh
3JIEKTPOMATHUTHAA BOJIHA, KOTOPasd PaclpOCTPaHAeTCsa
C TaKOJ1 CKOPOCTBIO™.

BonHOBBIe CBOJICTBA CBeTa OBLIN U3BECTHBI YKe JABHO.
B TedeHe BCeTo MPOLIEALIEro ¢ TeX 0P BpeMeH! (aKTh
CBUJIETENbCTBOBAIN B IIO/Ib3Y 3TO TEOPUM: CBET — 3TO
9/IeKTpoMarHuTHasA BonHa. [lomy4anocs, uro Bca Beenen-

 CKOpOCTb CBeTa ObL/Ia OIpee/ieHa paHee B Pe3y/IbTaTe aCTPOHO-
MIYeCKVX HaOMIOfieHMIL.
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Has 3aI10J/THeHA 97IeKTPOMArHUTHBIM 1oieM. OHO Tpo-
SIBJISIETCS B BUJIE 9MIEKTPOMArHUTHBIX BOJIH, KOTOpPbIE
CO CKOPOCTBIO CBETA ¢ PACIPOCTPAHAIOTCS (6eryT)
BO BCE CTOPOHBI OT CBOMX MICTOYHIKOB — B OCHOBHOM
OT 3B€3[I.

ITouemy Mbl TOBOPUM 00 3TOM B KHMT€E?

Bo-nepBbIX, 061710 0OHAPY)KEHO HOBOE CBOJICTBO
Mupa, KOTOpbIe MBI Tellepb JO/DKHBI YIUTHIBATh: BO
BceneHHOI! CyIleCTBYeT He TONBKO 8eu4ect8o, COCTO-
siljee U3 aTOMOB (@ aTOMBI — U3 IPOTOHOB, HEITPOHOB
U 97IEKTPOHOB®), HO U Mo/si. MBI TIOKa YTO OTMETUIN
IBa TUIIA U3BECTHBIX HaM [10JIell — IPABUTALVIOHHOE,
HOPOXK/IaeMoe TellaMu, 06/TaJaloIMy Maccoi (a Mac-
COlt 00/1afIal0T BCe YaCTUIIBI BEll[eCTBa, KOTOPbIe HAM
VI3BECTHBI), ¥ MEKTPOMArHUTHOE, IIOPOXKIaeMOe JJIeK-
TPUYECKUMI 3apsiiaMul (TOUHee, IBYDKYIVIMIICS 97IeK-
TPUIECKUMH 3aPsATAMIA).

O/IeKTPOMAarHUTHbIE BOJTHBI MOTYT OBITh BCEBO3-
MOXHOI JyinHbl. CaMble KOPOTKIME BOTHBI MBI Ha3bl-
BaeM ramMma-msinydenneMm. HemHoro 6osbiue jinHa
BOJIHBI Y PEHTT€HOBCKOTO M3Ty4YeHus, elje 60/b-
e — y ynprpaduonerosoro. [IyiHHee BOHbI Y TaK
Ha3bIBaeMOTr'O BUVIMOTO V3/Ty4€HNs: €0 MOXKET peru-
CTPUPOBATH YeTOBEYECKIIT I71a3 KaK CBeYeHIe Pa3HO-
rO IIBeTa, OT (DMOIETOBOrO 0 KPacHOro. [IInHa BOTHBI
y uH(}pPpaKpacHOTO U3TydeHst 6ONblile, YeM y KPacHO-
ro. Ham r71a3 y>ke He BOCHpUHYIMAaeT TaKye BOIHBI, HO
3aTO MBI UX YYBCTBYeM KOXell Kak Terno. Eite 60mb-
IIe1 IMHOI BOJIHBI 00/IajaeT TaK Ha3bIBaeMO€E MIIIN-
MeTPOBOe€ U3/Ty4eHNeE, a Ia/bllle HAYNHAETCS MATIa30H
IJIMHHBIX PaJUOBOIH. Bce 3T0 — THIBI 9IEKTpOMar-
HUTHOTO M3/Ty4eHNs. YeM MeHblIle [THA BOTHBI, TeM
60/IbIIYIO SHEPI IO HeceT uanydeHue. Hanboee snep-

* A TIpOTOHBI U HEMITPOHBI — U3 KBAPKOB, HO 3TO ceifyac i
Hac He Ba)KHO.

Bo BcenerHon
CYWECTBYET HE TO/IbKO
BELLECTBO, COCTOSILLEE

W3 ATOMOB (A ATOMbI —
W3 NPOTOHOB, HENTPOHOB
W INEKTPOHOB), HO 1 MOJIS.
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154

Vrak, okasanoch, uTo Bcd BcenmeHHas Hatlo/mHeHa ex-
mpomazHumHvIM usny4eruem. VI XoTs HeKOTOpble BOJI-
HBI He IIPOXOJIAT U3 KOCMOCa CKBO3b aTMocdepy 3emmn’,
Crielya/IbHble IeTeKTOPBI Ha KOCMIYECKMX allapaTax Hoj-
TBEP>KIAIOT, YTO 9TO HEMICTBUTENBHO TaK.

[TpocTpaHCTBO HAIIOTHEHO He TO/IbKO 9/1eKTPOMarHnT-
HBIMU BOJTHAMM, HO ¥ TPAaBUTAIMIOHHBIMYU MOSMMU, KO-
TOPbIE CO3/IAI0T BCe Tena BO BeenmenHo. IpasurannonHoe
I107I€ IOBO/IBHO Caboe, 11 II03TOMY HY)KHBI TUTaHTCKIE
Macchl, YTOOBI TIOYYBCTBOBATH CO3/IaBaeMYI0 3TUM IIO-
7IeM CUTY TIPUTSDKeHMs. MBI 9yBCTByeM CUITy IPUTSDKe-
HYSA 3eMJ/IM, IIOCKOJIbKY Y Hac 0 HoraMu (coBceM 01us-
Ko!) rpomazHast Macca (41CI0 KMIOTPaMMOB BBIPaXKAeTCsT

% 9T0 OYeHb XOPOILIO, MHAYe FaMMa-M3/TyYeHNUe U3 PA3IIMIHbIX 00'b-
eKTOB [/1aKTUKY, PEHTT€HOBCKIE 11 YIbTPaIOTIeTOBbIE IYYN OT
CornHia MOI/IM 61 YHUYTOXXUTD BCE )KMBOE Ha IOBEPXHOCTHU Ha-
111€¥i ITaHeThl. ACTPOHOMBI OTIIPABIAIOT CBOIO PETUCT PUPYIOIIYIO
aImaparypy 3a mpefenst arMocepsl, YT06bI 3aQUKCUPOBATD ITO
U3TydeHue.



1913 r. ApTyp YuHH nIpugyMan KpOCCBOPH,

enVHuUIeI ¢ 24 HynAMu). dta Macca ob7ajaeT OrpOMHbBIM

TATOTEHVEeM — 6/1arofapsi 9TOMY MBI JaBIM CBOVM BECOM

Ha II0JI M He MOKeM JIeTaTb II0 KOMHaTe. A orpoMHas Mac-

ca CornH1a (egHMIA U ellle TPUALIATD HYJIel, eC/Ii BbIpa-

JKaTh ee B KWJIOTPaMMax) 3aCTaBIAeT IETALIYI0 CO CKOPO-

cTbi0 30 KM/C 3eMTI0 6eCKOHEYHO KPY>KUTb BOKPYT HAIIIETO

CBETIJIa, He OTITYCKAs €€ B MEeXX3BE3/JHBIII ITOJIeT.
[To-Bupmmomy, Teopus Makceenna, B KOTOPOI CKO-

POCTb CBeTa OKasanach GyHJaMeHTa/IbHON BETNYNHOIN,

IpoM3Be/Ia CUIbHOE BIIeYaT/IeHNe Ha HeMELKOro (pusnka

Anpbepra JitHmrTeitna (1879-1955)%.

B 1905 ropy O1iHILTEH, €llle, B CyLIHOCTU, COBCEM MO-
JIOJI0J1 Ye/IoBeK, OIYOIMKOBAJ CBOIO CTaThIO, Ifie M3JI0-
>KIJI OCHOBBI TaK Ha3bIBaeMOIl CIIeI[MabHOM TeOPUM OT-
HOCUTETbHOCTH.

Ero teopusa cTpomitach Ha ABYX Ba)KHEHIINX ITOCTY-
JlaTax:

1. JIBu>KeHMe SIBJISIETCS OTHOCUTEIbHBIM. /I Bcex Ha-
OtofiaTeriert, KOTOpbIe ABVDKYTCS PpaBHOMEPHO (TO €CTh
He MeHsIsl CKOPOCTb ¥ HUKY/ja He [I0BOpadMBasi), BCe
HpOosiBIeHNsT PU3NYECKUX 3aKOHOB BBIIIANAT Of/HA-
koBo. HabmofaTenu MOryT IBUraTbcsi OYeHb OBICTPO
VIV OY€Hb MeJlJIeHHO (JIUIIb OB paBHOMEPHO!) — s
HUX 3¢ deKThl HU3NIECKUX 3aKOHOB OYAYT IIPOSBIIATD-
Cs1 OVIHAKOBO.

2. CKOpOCTb CBeTa B IIYCTOTe IOCTOsIHHA. Eciy Habtio-
Jarenb IBUXKETCS paBHOMEPHO (HEBaXKHO, OBICTPO
VIV MEJIIEHHO), CKOPOCTD CBETa Ji/IsI Hero He MeHseT-
CA U BCeTZia paBHa C.

YT0 Takoe MOCTY/IaThI? ITO TO K€ caMoe, YTO AKCUO-
MBI — IIOJIO>KEHISI, KOTOpbIe MBI IPUHMMaeM 6e3 foKa-
3aTEe/IbCTB.

¥ DIHLITENH pOAWICS B TOfi cMepTu MakcBeta. B onpenenenHOM
CMBICTIe pe3y/nbTaThl MaKcBeIa (BIpoyeM, He €ro OffHOTO) JIeT-
711 B OCHOBY Teopuy JJHIITeHa.

XXI1
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JIBIKEHVE SBNSETCS
OTHOCHTE/TbHbIM.
CKoPOCTb CBETA
B NYCTOTE NOCTOSHHA.
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BCE nPEACKA3AHMS
TEOPUN
NOATBEPAW/IACH

W NPOAOJDKAIOT
NOATBEPX AATHCS,
HECMOTPS HA TO 4TO
N CAMI NOCTY/IATBI,
W CIIEACTBUS TEOPUU
BLITIAAST MHOTAA
NPOTUBOPEYALLMM
30PABOMY CMbIC/TY.
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Ha xakoM ocHOBaHMM OHM TPUHATBI? CTPOro roBOp, 9TO
HPeJTIONoXKeHNA DIHIITelTHa, KOTOPbIe OH BBIIBMHYJI, KOHEY-
HO JXe, He IIPOCTO TaK. JIfoOble MpeTeH3MN K IIOCTy/IaTaM B Ha-
yKe CHUMAIOTCsI OfMIHAKOBO: Ha/{0 IIPOBEPUTD UX CIIEACTBIUA.
Ecnu mpepckasaHns, OCHOBaHHbIC Ha TeOPUY, He COBIBAIOT-
Cs1 — He HOATBEP)KIAIOTCs pe3y/IbTaTaMy OIIBITOB N0 Ha-
OMIoIeHNAMY, 3HAUUT, TeM Xy>XKe [JL1 TeOPUY, OHa He BepHa.
Ecmu >xe mpefckasanys cObIBAIOTCS Ha IIPAKTHKE, OCOOCH-
HO Te IpeiCKa3aHus, KOTOpble CIeAYIOT UMEHHO 13 3TOII Te-
OpuiL, HO He CTIeAYIOT U3 IPYTUX, 3HAYNT, TeOPUs IIpaBM/IbHA!

3aberas BIIepef], yKaXkeM, YTO BCe IpelCKa3aHNsA TeOpUn
HOATBEPAVIICH 1 IPORO/DKAIOT IOATBEPXKAATHCA, HECMOTPA
Ha TO YTO M CaMM HOCTY/IAThI, ¥ CIEACTBIUSA TEOPUM BBITJLANAT
MHOT/Ia IPOTUBOPEYAIIIMHU 3[]PABOMY CMBICTTY.

Hanpumep, BTOpoit HOCTYIAT — O IOCTOSHCTBE CKOPOCTH
CBeTa B II000i1 pABHOMEPHO [IBIDKYILEIICS CUCTeMe KOOPAU-
HaT — KakeTcs abcypaHbIM. Eci HeKuil HaOmofaTe b efieT
Ha MalllHe U CTpeJIsieT BIepel 13 MUCTOoNIeTa — € KaKOil CKO-
POCTBIO ITy/Is1 BOH3UTCS B MULIEHb? JII060I1 IKOTbHMK CKaXKeT,
YTO K CKOPOCTH ITY/IM HY>KHO IIPMOABUTh CKOPOCTD MAIIMHBI™,

B paMKax 3ToJ1 >ke JIOTMKY, eC/IY MBI OyfieM JIeTeThb Ha 3Be3-
Ji07IeTe Y HAIIPAB/LATH BIIePe[ TA3ePHBIIL Y4, MOKET ITOKa3aThb-
51, YTO CKOPOCTDb PacHpOCTpaHeHus Ty4a OyneT 6oblie CKo-
POCTH CBeTa — K 9TOI BeNMMYMHe HY)XHO ObUTO 651 106aBNTH
CKOpOCTb 3Be3fionieTa. Ho cormacHo BTOpoMy IOCTY/IATy Te-
OpUY OTHOCUTENBHOCTI 9TO HellpaBuIbHO. CKOPOCTh CBeTa
B IIyCTOTE 6Ce20d ONVHAKOBA — U JUIA HAOIOfATeNs B 3Be3-
IO7IeTe, Y A7IsI HEeTIOZ|BYPKHOTO Hab/II0aTe Isl, KOTOPBII CIIEHUT
3a 9KCIIEPUMEHTOM CO CTOPOHBI, KOTTIa 3Be3J0TIeT IIPOIeTaeT
MMMO €TO IIAaHeThI.

Kak ato moxeT 6bITh? EC/Mt BCHOMHUTBD, 4TO CKOPOCTD —
9TO BE/IMYUHA YT, IIPOICHHOTO 3a eVHNUILY BpeMeHM, I0-
JIy4aeTcs, YTO /IS pasHbIX HaO/IIofiaTesIell I0-PasHOMY HOJDK-

8 CneuyeT, KOHE€YHO, y4eCTb He60]’[b111y10 TIIOTEPIO CKOPOCTU 3a CUET Tpe-
HIUA ITY/IN O BO3YX.
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A B MOAETE ITA LITYKA
BbIARANT TOPA3A0 KOPOYE,
YEM NMEPEA CTAPTOM

HbI BOCIIPYHUMATBCS JIMOO YT, TNOO BpeMs, 1160 U TO
U ipyToe.

CrieninaibHasi TeOPUst OTHOCUTETbHOCTY TIPECKa3hl-
BaeT yAUBUTENbHBIE BEIH. [I/151 TOTO YTOOBI BBITOMHSICS
HOCTY/IAT O MTOCTOSIHCTBE CKOPOCTH CBeTa B /0001 pas-
HOMEPHO [BIDKYILECS CHCTeMe OTCYeTa, LO/DKHO M3Me-
HSTbCSI MHOTOE: HAIIPUMEP, TO/DKHO 3aMe0NsmvCs 8pems
Ha Yacax B 3Be3fiojieTe 0 CPABHEHMIO C YacaMy HeMof-
BIVKHOTO HabmogaTess Ha 3eme?.

Teopusi, KpoMe TOTO, IPEICKA3BIBAET COKpAUeHUe Ou-
Hul 3Be3/j0/IeTa B HAIIPAB/IEHNN €ro mojera’ — ¢ TOYKU
3perns (OTHOCUTEIBHO) HaOIIOfjaTess, OCTABLIErOCs Ha
ranere. Ho npy aTom HabmoaTesb Ha 3Be3/107IeTe He 3a-
METMUT, 4TO U 3Be3J0JIeT, i CaM HaOJIIofiaTe/lb Ha ero 60pTy
CIUTIOLIATCS] B TOM >Ke HalpaBIeHnu. 3aTo 1yd cBeTa Oy-
IeT PaCIpOCTPAHATHCA s 000UX HAO/IIOfIATe el C OHOI
U TOV YK€ CKOPOCTBI0 — CKOPOCTBIO CBETA C.

? TIOHATHO, YTO Hab/II0faTeb Ha 3eM/Ie TOXKe He HEeIlO[BUKEH —
OH JIETUT BMeCTe C I1aHeToit BoKpyr Contia, ComHIe IETUT BO-
Kpyr meHTpa [amakTyky u Tak ganee. MOXXHO TOBOPUTH TOMBKO
06 OTHOCUTEIbHOI HEMTOABVKHOCTI II060ro 00beKTa.

¥ TTonepeyHble pa3Mepbl 3B€3[0/IeTa IIPY 9TOM HE U3MEHATCH —
3BE3J0MeT «CIUTIOIUTC» /I BHEIIHEero Hab/IoaTes, Tora Kak
HaO/TI0fjaTe/Ib BHY TP 3B€3[0/I€Ta HIYETO He 3aMETHT.
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CKOpOCTb CBETA N3MEPA/TIACh HEOJHOKPATHO 3a I10-

cnepHee cronetne. HeBakHO, MPUXOANT M K HaM Ha
3eMJII0 CBeT OT IPUOIVDKAIOLIENICS WM YA IO eics
3Be3[Ibl, er0 CKOPOCTb BCerfja OgMHAKOBa — 9TO CKO-
pOCTb cBeTa C.

SddexTs! ciennanbHO TEOPUN OTHOCUTENIBHO-
CTH, NIpefICKa3aHHble DIHIITENIHOM, IIOATBEPAUINCDH
¢daxramu. OKasanock, YTO Yacel Ha GOPTY KocMumde-
CKOTO KOpabiist 1 Yachl Ha 3eMJIe feVICTBUTEIBHO UAY T
C pa3HoIl cKOpOCThI0. VI fiefo He B TOM, 4TO Ha 60PTY
KOpabsist 9ackl BHIXOAAT 13 cTposi. CamMo BpeMs Teder
MeJ|JIeHHee, eC/IU OCYLeCTBIIAeTCA IBVDKeHe!

OTa KapTMHA MMpa OT/INYAETCS OT IPUBBIYHOTO
mupa Hprorona. Cap Vicaak HploTOH cunra, 4To BO
Bcell BcesleHHOI BpeMs TeueT OAMHAKOBO, B OHOM
U TOM >Ke TeMIle. XOPOILO CHe/laHHble Yachl, pa3HeceH-
Hble 110 pa3HbIM 3B€3[JHBIM CUCTEMaM, NOJDKHBI UATH
a0COMIOTHO CMHXPOHHO — TaK CUMTAJI YYEHBIIl, U BCe
4e/I0BEYECTBO BC/IE], 32 HYM He COMHEBA/IOCh, 4YTO MHa-
e OBITh He MOXKeT.

B xapTuHe MMpa DJfHIITEIHA 3TO He TaK: U BpeM,
" pa3Mepbl 00'bEKTOB, TO €CTb CBOICTBA IPOCTPAHCTBA
U BpeMeHM, U3MEHAIOTCS B 3aBUCYMOCTY OT CKOPOCTH.
[l71st cBeTa, KOTOPBIIT (€CTECTBEHHO) [IBIDKETCS CO CKO-
POCTBIO CBETA I HUKAK MHa4Ye — HU ObICTpee, HU Mef-
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TIeHHee, — 8peMs 0cmaHaenueaemcst. JNHIITENH He
TIICaT O BpEMEHU U O TIPOCTPAHCTBE 110 OT/eNbHOCTA.
OH cuura, 4To BeemeHHas CyliecTByeT B e0UHOM npo-
CMPAHCMBEHHO-8DEMEHHOM MH02000pA3UL, YTO Bpe-
Ms — 3TO TOXXe KOOpAMHATa (4eTBepTasi), KOTOPYIO
HY)KHO 100aBUTb K TPeM IPOCTPAHCTBEHHBIM KOOp-
AyHaraM Hauteil BeeneHHoit. Bee BMmecTe oHy 06pasy-
0T YeThIpeXMepHOe MPOCTPAHCTBO-BPeMs.

Jst Toro 4TOOBI ONpene/nTh MOI0XKeHe 1I000-
ro 06peKTa BO BeemeHHOI, HaM HY)KHO 3HATH BCe de-
TBIpe KOopAauHaThI. [IpencraBbre ceOe, YTO Mbl XOTUM
HA3HAYUTh BCTPEYy TOBAPUILY. MBI JO/DKHBI yKa3aTh
HO/THBIE KOOPJMHATHI MECTA ¥ BPEMEHU BCTPEYM: Ha-
npumep, yroia npociekta X u ynmuisl Y, B odpuce Ha
BOCBMOM 3TaXKe B 15 4acoB. DT YeTbIpe KOOPUHATHI
(Tpu mIpOCTpaHCTBEHHBIE 1 OIHA BPEMEHHAsI) TIO/THO-
CTBIO OIIPEMENSIIOT, Ifie ¥ KOT/ja IPOU30IiIeT BCTpeya.

CreranpHasi TeOpYsi OTHOCUTEIBHOCTY ITOKA3bIBa-
€T, YTO 3TU KOOPVMHATBI CBA3AHBI PYT C PYTOM Ue-
pes ckopocmp.

MbI Bce BpeMsi IBVDKEMCsI BIOJIb BpPEMEHHOI KO-
oppamHatsl (BEomb ocu BpeMenn). [lo DiHIITEIHA MBI
CYUTAJIN, YTO HTO BEYHOE [IBIDKEHIE BO BPEMEHM a0-
COJIIOTHO PAaBHOMEPHO, BCETTIa OJMHAKOBO U OT HAC HE
3aBMCUT: PeKa BpeMEHM HeceT HaC caMa U3 MPOIIIOTo
B Oynyutee. Haum gacs! (ec/u OHM XOPOIIO CHeTaHbl)
UAYT BCETa C OAVMHAKOBOI CKOPOCThI0. CeKyHa Byue-
pa paBHa CeKyHfie 3aBTpa.

CreninabHas TeOpUS OTHOCUTEIBHOCTH YTBEP)KHA-
€T, 4TO 3TO He TakK. Bce 3aBUCUT OT Hallell CKOPOCTHU
nepeMelieHns B IpOoCTpaHCTBe. JJake ec/u Mbl B ITPO-
CTPaHCTBE He JIBIKEMCS MJIM JIBVDKEMCSI MeJ|IEHHO,
MBI TeM He MeHee IIPOJo/KaeM [BUraThCs BO BpeMe-
HU. B aTOM ciy4ae Bce (Mm mouTtu Bce) Hallle ABU-
JKEHIE TIPOUCXOMIUT TONbKO BIOMb Ocu BpeMenu. Ho
€C/IV Mbl HAYHEM JIBUTAThCSL B IIPOCTPAHCTBE (CAmEM

MECTO BCTPEMU
B CUCTEME
& TIPOCTPARCTBO — BPEMA Y
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B HEkoToPOM
CMbIC/IE BCE OBBbEKTbI
B0 BCENEHHOM
JBUXYTCS TO/bKO

CO CKOPOCTbIO CBETA.
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Ha YCKOPAIOLIVIICA 3Be3/I0JIeT), Hallle IBVDKEHNUE BO
BpeMeHN OyfieT 3aMeflJISAThCS: YacTh HALIeTO 001le-
IO JBVDKEHVSI B IPOCTPAHCTBe-BpeMeHN OyzeT Bce
60JIblIle «<yXOAUTb» B IPOCTPAHCTBEHHBIE KOOPLH-
HaTbl. EC/tM MBI pasTOHMMCA IO OTPOMHOI CKOPO-
ctu (Hampumep, 0,999 OT CKOPOCTHU CBeTa €) — 3TO
IpUBENET K TOMY, YTO BPeMs Ha 3BE3/I0/IETE CUJIb-
HO 3aMEJIJIUTCS. SHAUUT U 3TO, YTO ITPU IOCTUXKE-
HUY CKOPOCTHU CBeTa AjIsi 00beKTa, 00/1aaolero
TaKOJl CKOPOCTBIO, BPeMs, C TOUKI 3PEHNUA BHEII-
Hero HaOJIIoaTeNIsA, 0CtNAHOBUMCA?

IT0 pericTBUTeNbHO TaK. Ho co ckopocThio cBe-
Ta MOTYT ABUTATHCS TOIBKO OOBEKTHI, He 00/Iazao-
Iiye Macco (IPYruMU CI0BaMy, HallleMy 3Be3Jjosie-
Ty 9TO He rpo3uT). Takye 06beKTbl — 3TO CaM CBET
(371eKTpOMAarHUTHBIE BOJIHBI), @ TAK)Ke TaK Ha3bl-
BaeMble TPABUTAI[MOHHBIE BOJIHBI, TPECKa3aHHbIE
OriHIuTeltHOM B 1916 rofty 1 06Hapy)KeHHbIe IKCIIe-
PUMEHTA/IbHO POBHO 4epes cTo ieT — B 2016 roxy.
CormacHo crnenyanbHON TeOPUM OTHOCUTENBHO-
CTH, /11 CBETOBOJI BOJTHDBI 8peMEHU He Cyu,ecmeyemn.

3ameuare/bHbII GU3NK U HOMY/IAPU3ATOP aCTPO-
Homuu bpaitan I'pun B cBoell kHUTe «J/leraHTHAs
BcenmenHasi», KOTOPYIO aBTOP PeKOMeHyeT i060-
3HATETbHBIM UMTATENAM, BBIBMHYT HEOXKM/AH-
HBIJl T€3JC: B HEKOTOPOM CMBIC/IE BCE€ 0OBEKTHI
BO BceneHHOI ABUXXYTCS TONBKO CO CKOPOCTHIO
cBeTa. Mbl TOXKe JIBUKEMCS IMEHHO C 3TO CKOPO-
CTBIO, He MEHbIIle I He 6OJIblile — eCIIy, KOHEYHO,
paccMaTpuBaTh Hallle JBVKeHJe He B IIPYBBIYHOM
HaM TPEXMEPHOM ITPOCTPAHCTBE, & B U€ThIPEXMeEP-
HOM IIPOCTPaHCTBe-BpeMeHN. TakuM 06pasom, 910
€IMIHCTBEHHO BO3MOXKHaA CKOPOCTD B HaIllEM MUPE.

[Tonnpobyem paszobparbesa. Cutyauns nopobHa
TOMY, KaK MBI HaXOJVIM IIPOEKIINY BeKTOpa CKOPO-
CTM Ha OCY KOOP/IMHAT, — TO/ILKO OOBIYHO MBI 3TO
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IermaeM C IIPOCTPAHCTBEHHBIMIU OCSMM, & TYT
mob6asnsieTcst BpeMeHHAs. Ecin Mbl IBUOKEM-
Cs1 CO CKOPOCTBIO CBETA, KOMIIOHEHTA CKOPO-
CTHU BJIO/Ib BPEMEHHOIT ocu OyfieT paBHa HYIIO
(m7s1 HaC BpeMst OCTaHOBUTCSI), 3aTO BJOJIb IIPO-
CTPaHCTBEHHBIX KOOP/HAT OHa PaBHA CKOPO-
ctu cBeta ¢. Ecriu He iBUTaThCs B IPOCTPAHCTBE
(mpoek1y Ha IPOCTPaHCTBEHHBIE OCU KOOP/U-
HAaT PaBHBI HYJII0), BEKTOP CKOPOCTHM OyfIeT «Ha-
IpaBjieH» BIO/b BPEMEHHOI 0CK — MBI 6ymem
IBUTATHCS TONBKO «BO BpeMeHM». B mpomexy-
TOYHBIX CTy4asx, KOIJa MPOEeKIN Ha BCe OCH
He HyJIeBble, YaCTh Hallleil CKOpOCTH 6yzeT ocy-
I[ECTB/ISITHCS U B IPOCTPAHCTBE, U BO BpEMEH,
HO JIBJDKEHIE BO BpeMeH OyaeT 3aMefIeHO.
Eue pas mosropum arto paccyxpenue. Ecin
TEJTO He IBVDKETCSI B IIPOCTPAHCTBE, BCE €T0 IBNU-
JKEHIe TIPOMCXOANUT TONBKO BO BpeMeHM (Tak,
4eJI0BEK, JIeKAIMil Ha [jUBaHe, PABHOMEPHO
IBIDKETCs B OyAyliiee U3 IPOIIIOTO U OITOMY
SIB/IIETCS Ty TEIIECTBEHHNKOM BO BPeMeHM, HO
He B mpocTpancTBe). Eciu ke Tenmo 6maromapst
KaKIMM-TO CHIaM ([IBUTATEITI0 3Be3[0/IeTa) MPu-
06pesIo CKOPOCTh, COOCTABIMYIO CO CKOPOCTHIO
CBETAa, 9TO O3HAYAET, YTO 3HAYUTETbHASA YACTh
ero 0611ero ABIDKEHNsI B IPOCTPAHCTBE-Bpe-
MEHU OCYIIeCTB/sIeTCSI B IPOCTPAHCTBE, 3aTO
OCTAaBIIAsICA YaCTh JBIDKEHVS BO BpeMeHH Oy-
IeT MPOUCXOAUTD MefilleHHee (BpeMsi ISl HeTo
3aropmo3uTcs). CaM ImyTeleCTBeHHUK HITYEro
He ITOYYBCTBYeT — OH OYIeT CYUTATh, YTO €r0
4achl UAYT, KaK U [0 Ha4Yaja IMojIeTa.
ITockonbKy BO BceneHHOIT HET HENOABIDK-
HBIX 00'BEKTOB, TIOTIYYaeTCs, ITO AJISI KAKFOTO
He6eCHOTO Tejla pasHast YacTh [[BIDKEHUS B IPO-
CTPaHCTBe-BPEMEHN NMPUXOANUTCS HA BPEMEH-

XXI1

BEK

A) [iBneHme BO BpeMeHN
MpY OTCYTCTBUM ABIKEHNA
B NPOCTPAHCTBe.

b) [IBuxeHue B NpoCTpaHCTBe
1l BpeMeH.

MpocTpaHCTBO Ha rpaduKe nokasaHo
[BYXMEPHBIM, N0 BEPTUKANbHOI 0CH
M3MepAETCA IBUXEHME BO BPEMEHH.

ABAXEHUE BO
BPEMEHW

b
v

(e

A/

ABUXKERWE B
MPOCTPAHCTBE
U BPEMEHU

> X

Y TMPOCTPAHCTRO HA PUCYHKE—
ABYXMEPHOE
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HUKAKON OBBEKT,
OB/IAAIOLAR MACCON,
HUKOT LA HE CMOXET
PA3OMHATBCS 110
CKOPOCTM CBETA.
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HYIO KOOPAMHATY, a 3HAUUT, /I KOKJOro 06beKTa Bpe-
MsI TeYeT CO CBOEl CKOPOCThbI0 — B 3aBUCUMOCTM OT €T0
CKOpOCTH B IIpocTpaHcTBe. Ho IOoCKONIbKY CKOpOCTD CBe-
Ta TPOMaJIHA, a [UTAHETHI, KOMETBI, KOCMUYECKIE KOpao-
TN U T. f. GBYDKYTCA ¢ MU3EPHBIMHU (IIO CpaBHEHMIO C c!)
CKOPOCTSIMU, YacTb JIBVDKEHUSA B IPOCTPAHCTBE-BPEMEHN
BcenenHoI, MPUXOAAIMIAsACS HA IPOCTPAHCTBEHHBIE KO-
OPAMHATEI, KpalfHe He3HAUNTeTbHA. DTO 3HAUUT, UTO Bpe-
Ms Ha TaKMX 00'beKTax 3aMeJIeHO HeCyIeCTBEHHO U Te-
4YeT noumu OfMHAKOBO. TeM He MeHee 3TOT 3P (PeKT XOTb
Y MaJI, HO CYILIeCTBYeT I, KaK CKa3aHO HYDKe, 9KCIIepUMeH-
TaJIbHO OOHAPYIKeEH.

Kocmonor Ixxon Puyapp [oTT B kHure «bombInoe Koc-
MIYecKoe My TellecTBIe»! YKasasl, 4YTO YeMIIVIOHOM Mupa
TI0 IIPOLO/DKUTENbHOCTI IIPpeObIBaHIsI Ha 60PTY KOCMIYe-
CKOJI CTAaHIINU SBJIAETCA POCCUIMCKNUIT KOCMOHABT [eHHa-
nuit Ilaganka: on nposen Ha 60pTy MKC B cOBOKyIHOCTI
879 cyrok (moutu 2,5 roga). MexayHapopgHasi KocMude-
CKasl CTAQHINSA, KOHEYHO, IBIDKETCS CO CKOPOCTBIO, CYIIe-
CTBEHHO MeHBbIIIeil CKOPOCTH cBeTa (IpuMepHO 8 KM/C).
Ho n 3011 CKOpOCTM XBaTUIO, 4YTOOBI BpeMs Ha 60pTy
LIJI0 HEMHOT'O Mefl/IeHHee, 4eM Ha 3eMmyie. B pesynbrare
3¢ deKT «IIyTelecTBIs 10 BpeMeH!» 3HAMEHUTOIO KOC-
MOHAaBTa (PacXOX/jeHNe ero YacoB C YacaMi Ha 3eMiie) co-
CTaBWI IIPUMEPHO JiBe COTBIX CEKYHIbI!

Teopus OTHOCUTENILHOCTH YTBEP)KAAET, IOMUMO IIpoYe-
T0, ITO C POCTOM CKOPOCTH YBEIUUNBAETCS U Macca 00o-
exma. VIMEHHO IO9TOMY HMKAKOJl 00beKT, 06/1afaromyit
Maccoli, HUKOT/Ia He CMOXKeT Pa3oTHAThCS O CKOPOCTHU
CBeTa: Py OYeHb OOJIBIINX CKOPOCTSIX €r0 Macca CTaHeT
HACTOJIBKO OOJIBIIION, YTO IIOTPEOYIOTCSI HEIOMEPHO OO/Ib-
e (B npepene — GeCKOHEUHbIE) CUIIBL, YTOObI IIPOJIOTI-

*! Taiticon H., Cmpocc M., Tomm [Jx. Bonbinoe KocMudeckoe IyTe-
mectsue / Ilep. ¢ aurn. O. Cuuenxo. — CII6.: [Tutep, 2018. —
480 c.: wn. — (Cepust «New Science»).
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XKNUTD pasroH. [103ToMy TONbKO 3/IeKTPOMarHNUTHBIE (CBET)
VI TPaBUTALIOHHbIE BOTHBI, BOOOIIe He 06/Iajjafomiye Mac-
COI1, MOTYT JBUTATbCA CO CKOPOCTBIO CBE€Ta B IIPOCTPAH-
cTBe (HO TPV 9TOM OHM 3aCTBbII BO BpeMeHM).

Teopus OTHOCUTENBHOCTHU ITPEfiCKA3alia elle OfHY BaK-
HYIO CTOPOHY YCTPOJCTBa Haweilr Beenennoi.

B ¢usuke cymecTByeT BaKHOE IOHATHE — SHEPIUsL.

IlepBoHayanbHO peyb HIJIa TOTbKO O MeXaHIYeCKO
SHePINUN, I TOI7Ia, KaK CKa3aHO B IIIKOJIbHBIX yYeOHNUKAX,

SHeprus MOHMMaJIach KaK Be/IMYMHa, Ollpefe/IAloas, Ka-
KYI0 MEXaHIYeCKyI0 PaboTy CIIOCOOHO COBEPIINUTD TeJIO.
ITocreneHHO cTaNo ACHO, YTO BO3MOXXHOCTH Tejla He JIC-
YepIIbIBAIOTCS MEXaHIYEeCKOI paboTol: MOXKHO TOBOPUTD
ellie 1 O TaK Ha3bIBaeMOJi BHYTPEHHeI SHEPIUH Tejla, CBs-
3aHHOII ¢ ero Tertoroit. OKasanoch jjanee, YTo U Menbyaii-
1IJie YaCTUIIbL, 13 KOTOPBIX COCTOUT TI000€ TeT0, TOKe CIIO-
COOHBI Ha HeKue IIPOLIECChI U SIB/ICHMS, U 3HAYUT, CJIEyeT
TOBOPUTD O JPYIUX TUIIAX SHEPIUY, CIPATAHHDIX B TaK Ha-
3bIBAEMbIX 37IEMEHTAPHBIX YACTUI[AX, U3 KOTOPBIX IIOCTPO-
€HO BcCe BellecTBO BceneHHoii.

K coxanenuto, B 06bI/JeHHO KU3HU CJIOBO «3HEPIUsi»
IIPUMMEHsAETCA B CaMbIX Pa3HbBIX CMBIC/IaX — IIOPOIL Jaxke
C MUCTMYECKMM OTT€HKOM. VIHOIIa 32 CTTIOBOM «9HEprusi»
BOOOIIje TPYAHO YIOBUTH CMBIC/, KOIZIA €70 VCIIONb3YIOT
He QU3UKIL

Hasepno, nydire Bcero 06 aHepruu ckasaa HoOemeB-
ckuit maypeat no ¢usuke Puvapn deilHmaH, BHeCIINi
HeMaJIblil BK/IaJ, B CO3JaHIe COBPEMEHHOII (pu3mdeckoil
KapTUHBI MUpa:

«Cy1ectByert (aKT, WM, €C/IY YTOHO, 3aKOH, YIIpaB-
JIIIOIIMIT BCEMM SABJIEHUAMM IIPUPOJBI, BCEM, 4YTO
OBbI/IO M3BECTHO JO CUX IOp. VICKII04eHnit u3 aToro
3aKOHA He CYILIeCTBYeT; HACKOIbKO MBI 3HaeM, OH a0-
comoTHO ToyeH. Ha3paHme ero — coxpaHeHue sHep-
run. OH yTBEepKIAeT, YTO CYILIeCTBYET Ollpefie/IeHHas
BE/IMYIHA, Ha3blBaeMas SHepruel, KoTopass He Me-
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QOPMA CYLECTBOBAHIS
SHEPITUU
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HAETCS HU NPU KaKMX IPeBpalleHMAX, IPOUCXOHs-
myx B npupoge. CaMo 3TO yTBepXKAeHME SABJACTCA
BeCbMa ) BeCbMa OTBJIEYEHHBIM. JTO, 110 CYIIECTBY,
MaTeMaTUYeCKNUII IPUHLUIL, YTBEPXKJAIOIINIL, YTO
CYILECTBYET HEKOTOPasl YMC/IeHHAs BEIMYMHA, KOTO-
past He U3MEHSETCS HU MIPK KaKUX 06CTOSITENIbCTBAX.
OTO OTHIONIb HE OINMCAaHMe MeXaHU3Ma SIBJIEHUS VIJIU
Yero-TO KOHKPETHOTIO, MMPOCTO-HAIIPOCTO OTMEYaeT-
Cs1 TO CTPAHHOE 0OCTOATENBCTBO, YTO MOXKHO MOf-
CUUTATh KaKOE-TO YMC/IO U 3aT€M CIIOKOMHO C/IeIUTD,
KaK Ipupopa 6yaeT BHIKMABIBATD TI006BIE CBOM TPIO-
KM, & TIOTOM OIIATDH MOJCYUTATD 3TO YUC/IO — U OHO
OCTaHeTCA MPEXKHNM. . .»

OIHIITENH B paMKaX CBOeil Teopuy MOoKa3asl, 4eMy paB-
Ha MO/THAsI 9HePIUs Teja, 00/Iafaloliero Maccoi m. 9to
3HaMeHuTas GopMya, M3BeCTHAsI Jake JaleKuM oT ¢u-
3y mogsaM. Ecnn 0603HaunTh OykBoii E mOnHYH0 9HEp-
TUIO TeJa ¢ Maccolt m, To: E = mc?.

B cooTBeTcTBUM € Teopuelt DifHIITEIHA, SHEPTUA Tela
(ABTIAIOLIASACS MepOIL MI0OBIX POPM [IBIDKEHNS U B3aVIMO-
eJICTBMIL 3TOTO Tela C APYTMMMI TeaMI 1 TIOJISIMU) OIIpe-
Jie/ieTCs ero Maccoit. B popMyiy BXOAUT OrpOMHBIIT KO-
3¢ UINEHT — CKOPOCTb CBETa ¢, YMHOXKEHHas caMa Ha
cebs1. ITO 03HAYAET, YTO JaXkKe eCyM TeIo (IecuuHkKa) 06-
JIaJlaeT Maccoii B 1 rpaMM, ee IOJIHasA SHEPTUA y>KacaeT —
ato 9 x 10" mxoyeit, unyu npuMepHo 20 THICAY TOHH
B TPOTUJIOBOM 3KBMBajleHTe. B OlHOI necunmHke sHep-
v, papHad 20 KMJIOTOHHAM TPOTU/IA, 3TO SHEPIWA aTOM-
HOIT 60MObI, COPOIIIEHHOIT aMEPUKAHCKMMI BOGHHBIMI Ha
Xupocumy! Jlpyroe fies1o, 4To «M3BjIe4b» 3TY SHEPIUIO U3
MIECYMHKY HEIPOCTO.

Pusuka roBOPUT O TOM, YTO B IPUPOJE CYLIeCTBYeT
IIPOLIeCC, KOTOPBIil Ha3bIBAETCA AHHUT VLAV, IIPU KOTO-
POM BCsI 9HEpIMs Tejlla «0CBOOOKIAETCS» — BCe Telo Ipe-

2 Qeiinman Puuapo. OeitHmaHOBCKMe nTeKuyuu o ¢usnxe 1.
CoBpeMeHHas1 HayKa O IIPMPOJie, 3aKOHBI MeXaHuku. — IIpu-
Mmeu. peo.



1917 r. B Mojie KOpOTKasi )KeHCKasi CTPYDKKA [10f] Ha3BaHUeM «606» ){ ){I

BEK

BpaljaeTcsi B Cy6CTaHLMIO 6e3 MacChl, B 97IEKTPOMATHNT- Mup 0KA3ACS
HbI€ BOJIHBI, TO €CTh B CBETOBOE U3TyY€EHNUE. Bo Bcenennoin [OPA3L0 CJIOXHEE, YEM
CYILIeCTBYeT TaK Ha3blBaeMOe AaHTUBEIIeCTBO> (AHTUIIPO- Mbl NPELNONATA/IN.

TOH 0071ajlaeT TAaKOJI >Ke Maccoil, KaK I IIPOTOH, HO MMe-
€T IIPOTMBOIIOIOXKHBII 37IEKTPUYEeCKIIL 3apAT — OTpULIA-
TE/IbHBIIL; Y aHTUS/IEKTPOHA (IMO3UTPOHA) TaKasl e Macca,
KaK Y 37IEKTPOHa, HO OH HECET MONMOKNUTENTbHbBIN /IEKTPH-
gyeckuit 3apsj). [Ipy B3auMopeiicTBUM YacTUIL U aHTUYa-
CTUL, IPOUCXOAUT AHHUTWIALA — BCIIBIIIKA CBETa, U3-
Jy4eHMe 37IeKTPOMAaTHUTHBIX BOMH. YacTUIbl IPY 3TOM
UCYe3al0T, X Macca TPaHC(HOPMUPYETCs B SIHEPTUIO K-
TPOMarHMTHOro usny4yennus. Ilomydaercs, yTo Macca — 3T0
¢dopma cyiecTBoBaHNA sHepryu. Macca BeliecTBa MOXeT
peoOpa3oBbIBATHCSA B 9HEPIHUIO (B POpMe 9/1eKTPOMarHuT-
HBIX JUIV TPaBUTALMOHHBIX BOJIH). 3aMevaTeNbHO 1 00par-
Hoe: M3Ty4deHne (CBeT) MOXKeT IPeBpaIlaThCsA B YaCTHUIIDI,
umeromue Maccy! Mup okasasncs ropasjo ClIoKHee, YeM
MBI IIPe/IIIOIaraim.

Crycrs Tpu iecATUIETUSA Teopus DHIITEHA TIOMOITIA
00BACHNUTD, IOYEMY CBETAT 3Be3bl. OKasanoch, 4To IpK
o4eHb OOJIBIINX TeMIlepaTypax 1 O4eHb OOJIbILINX JlaBiie-
HISIX SAfipa aTOMOB BOZOPOJA MOTYT, O0beMHSAACD, IIpe-
BpallaThCA B A[pa aTOMOB BTOPOT0 10 Macce XMMIYECKOTO
9JIeMeHTa — reiuA. ITO peaKIMu AePHOro CIMHTe3a, IIN,
KaK HEpeJIKO FOBOPAT, TepMOsiepHbIe peakuyun. Ho cym-
MapHas Macca IO/NTy4alollerocs refns OKasblBaeTcsa Ha
0,7 % MeHblIIe MacChl BOJOPO/ia, BCTYNVBILIETO B PEaKLMIO.
Kyna neBaerca HemocTaromasa Macca? OHa npeBpalaeTcsa
B 9/IEKTPOMAarHUTHOE U3TyYeHe, B TOYHOM COOTBETCTBUI
¢ popmymoit Irtaurrerina. [Toromy-To 3Be3/sl (a 3HAYNT,
u Hanre Conuue) cserst! B Hegpax ConHija mponcxopsart
TepMOsAJiepHble peaKIiy, OCHOBHAsA 4acThb BOJOPO/ia ITpe-
BpalllaeTcs B Te/nii, a HeOOoblIas YacTb MacChl BOZOPO/a

* K c4acTblo, BO BcesreHHOII ero 04eHb Majio, M TEOPETUKY 10 CUX
IIOp He OYeHb IIOHNMAIOT II0YeMy.
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CBETOBOE W3AYYEHME
COMYICTBYET PEAKLAN
QAEPHORO CHHTE3A

N0T%
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TpaHchopmupyercs B u3nydeHye. OHO-TO 11 HarpeBaet
ConHile MSHYTpHU, 13-3a 4yero CoNHIle CBETHT.

TaxoBa ke mpuyunHa cBeyeHNs Bcex 3Besf. Kaxayio
CEeKyH/ly IpMMepHO 4 MUJIIMOHA TOHH BOJIOPOJia B He-
apax ConHIla IpeBpalalTCsa B U3MyYeHMe KaK Io-
6OYHBIIT IPOAYKT peakLny MpeBpalieHysi BOJOPOfa
B TeJInii.

OJHIITEIH Ipofjo/bkal paborars. B 1917 rony on
co3/5a/1 0010 TeOPHI0 OTHOCUTETBHOCTH — ellje 60-
Jlee YAMBUTENIbHYIO KOHIENIINIO, KOTopas ToXe (Kak
U €T0 CIelMaNbHas TeOpMsi OTHOCUTENBLHOCTH) OKa3a-
J1aCh BEPHOIL.

KroueBas upes o61eil Teopuy OTHOCUTEIBHOCTY —
B/IMSIHME MAcChl Ha IIPOCTPAHCTBO 1 BpeMs, M Hao60-
pot. Jo DitHmITelIHa IPOCTPAaHCTBO Beenennoit pac-
CMAaTpUBANOCh KaK IIACCUBHOE BMECTUJINIIE, HEKIA
IYCTOIt 00beM, KOTOPBIII HANIO/IHEH (YacCTUYHO) Bellle-
CTBOM, M3/y4eHueM 1 pusndeckumn nomsmu. B atom
ob6beMe, Kak Ha ClieHe, pasbIIPbIBAeTCs TPAH/IMO3HBIN
CIIEKTaK/Ib — CBETAT M JIBYDKYTCS 3BE3/Ibl, 00beIIHEH-
Hble B Ta/IaKTUKI, pacpocTpaHsaeTcs cBeT. Ho cunra-
JIOCh, UTO CIIeHa He B/IMAET Ha CIIEeKTaK/Ib, A aKTephl He
B/IVSIIOT Ha CIeHY.

DIHIITENH NPERIONIOXKIII, YTO 9TO He TaK. JIrobast
Macca UCKPUBIAET IPOCTPAHCTBO U M3MEHAET X0 Bpe-
MeHn. KpolreuHble Macchl 9/IeMeHTapHBIX YacTulL (Ipo-
TOHOB, 9/IeEKTPOHOB 1 IPYTUX) HE B COCTOSHUY 3aMeTHO
U3MEHUTDb TKAaHb IIPOCTPaHCTBa-BpeMeHu. Ho orpom-
Hble MacChl KPYIIHbBIX 3Be3[], He TOBOPS yXKe 0 Maccax
CBEPXMAaCCHBHBIX Y€PHBIX AbIP (BIIpOYeM, O HUX DiTH-
IITE/TH HUYETO He 3HAII), 3aMeTHO UCKPUBTIAIOM Npo-
cmpancmeo-gpems!

[TpencraBuM cebe mpocTpaHcTBO BeenmeHHO, u-
[IEHHON KaKnX-Tnb0 MaCCUBHBIX 0O'bEKTOB, KAK POB-
HYI0, XOPOIIIO HAaTAHYTYIO 37IaCTUYHYIO MIeHKYy. []o-
MeCTMM B TaKylo Bcenennyio ConHile — IONIOXUM Ha
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LWAPUK CKATBIBAETCH B
BOPOHKY, MPUBAVXAACH K
BOABUIOMY WAPY, KAK B
CAYUAE TPABUTALMOHHOTO Z
[PUTANEHUA RS2

IJIeHKY TsDKenblit map. llap npodasum naenxy. OHa
IIPOTHeTCs, 06pasyeTcs BIAJNHA, U IIPAMBbIe TVHNIY, Ha-
pUCOBaHHbIE Ha IJIEHKE, M30THYTCS BMecTe ¢ Hell. Yem
TsDKenee ap (YeM 6OJIblle ero Macca), TeM CUIbHee
OKa)KeTCsI IPOrno 1 TeM CUIbHee MCKPUBUTCS IIJIeH-
Ka (IIPOCTPAHCTBO).

OxasbiBaercs, 9¢(eKT rpaBUTALIUM IIPU TAKOM pac-
CMOTpPEHNN JIETKO 00bACHNTD. [IoMecTUM Ha IUICHKY
MaJIeHbKMIl apuK (IwiaHety). OH CKaTUTCS B BOPOH-
Ky k ConmHny. 1 Hac 910 6ymeT BBIITLANETD, Kak Oyp-
to ConHle npumsaAnysno mnaHeTy! A Bce feno B TOM,
4TO 1Of feficTBueM Macchl COHIIA MCKPUBUIOCH IIPO-
CTPAaHCTBO BOKPYT HETO, ¥ TPAeKTOPNA HIapyuKa IIepe-
cTaja ObITh IPAMOIL.

YroO6bl MapUK He CKATU/ICA B BOPOHKY, HY>KHO
IPUAATb eMY 3HAUUTENbHYIO CKOPOCTb. Torma oH 6y-
IeT KaTaThCs BOKPYT OO/IBIIOro LIapa, He CKaThIBAsACh
BHU3. Tak BOoCIIpon3BoguTCcs 3 deKT KpyroBoro Bpa-
eHNs IVTaHeThl BOKpyr COJHIIA: eC/u ee CKOPOCTb
60/Iblile HeKOI KPUTUYECKO CKOPOCTH (MBI Ha3bIBa-
€M ee MepBOIl KOCMUYECKOIt), afeHsT (CKAaThIBAHNS
B BOPOHKY) He Oyzer.

Macca ConHua nckpunaet
reoMeTpuio NPOCTPaHCTBa-
BpeMeHy. AHanoruA npocTpaHcTBa
C HATAHYTOIA MNEHKOIA.

WckpuBneHue npocTpaHCTBa
[eliCTBYET Ha WapHK, Kak
rpaBuTaLINA.

167



00:00:00

Bonboit B3pbiB

OTKYIA HAM
W3BECTHO, 4TO
SVHWTEMH BbiN
NPAB?

168

[paBuranms, cornacHo JMHIITEHY, 00bACHAETCA 2€0-
mempueil IpocTpaHCTBa-BpeMeHN. OKa3anoch, 4To Mpo-
CTPAHCTBO MOXKET UCKPUBJIATDHCS TOJ, BAUAHUEM MAaCChL.
A VICKpVIBJIEHHOE IIPOCTPAHCTBO M3MEHsIET TPAaeKTOPUU
nBIDKeHMs HebecHbix Ten. VM He Tonbko Ten! Ceer Bce-
I7la pacIpoCcTpaHsAeTcs no npsamoit muHun. Ho ecimu uc-
KPUBJIAETCS IPOCTPAHCTBO, BMECTE C HUM VICKPUBIISETCS
Y IPOBeJieHHAs B HeM IIpsiMasi TMHMA. SHAYNT, 00IHCHA UC-
KpUenamuvcs u mpaexmopus 0suxcerus ceéema. Ilpu mpo-
XOXKZIeHNM BO/IM3Y OTPOMHBIX MacC — MacCHBHBIX I'ajlaK-
TYIK V/IN JaXKe MACCUBHBIX 3Be3]I, Ty Thb CBETa OKa3bIBAETCS
M30THYTHIM. B IIJIOCKOM IpOCTpaHCTBE KpaTyarias nam-
HUA, COAVMHAONAA IBe TOUKM, — 3TO IpsAMas. B nckpus-
JIEHHOM ITPOCTPAHCTBE TaKas KpaTyaillas TMHNUA Ha3bl-
BaeTCsA reofe3sndecKoli, 11 9TO y>Ke He IpsiMast TMHMsA, OHa
U3OTHYTa BMECTe C IIPOCTPAHCTBOM.

[TpocTpaHCTBO-BpeMst OKa3anoch He MPOCTO XOMOTHBIM
" maccuBHBIM 00beMoM. OHO 0Ka3a/o0Ch aKTUBHBIM, pe-
arMpyIOIIMM Ha KOHIIEHTPALMI Macc U IaKe BIUAIOIIUM
Ha coObITHsA BO Beenennoit. IIpocTpaHcTBO-BpeMs B HO-
BOJT KapTUHE MUPa CTAJI0 TMOKMM, UCKPUB/IAEMBIM, AVHA-
MUYHBIM, KOTeOMIOMMMCS, ¢ U3r1bamu, CKIafKami, Oery-
MMM BOTTHAMU 1 JJa)Ke TTPOKOIAMIA.

Ho orkyna HaMm M3BeCTHO, 4TO DIHIITEIH OBl IpaB?
YTo mo3BOJISIET HAM CYUTATh, YTO 9TO He OECCMBICTIEH-
Hble U GecriouBeHHble (GaHTA3UM IYRAKOBATOTO Ipodec-
copa, He odepefHasl yMO3pUTeIbHAsI KOHLIEIIIsI, TOF006-
Has NUpaMyfie U3 CJIOHOB U KUTOB, IIOAeP>KMBAIOIINX
II0CcKy1o 3emto? [lodyeMy MBI pelnn, 4yTo clieliyajibHas
1 00111251 TEOPUM OTHOCUTENBHOCTY BEPHBI, HECMOTPSI Ha
UX YTBEP)K/JeHN, IIPOTUBOpeYalie 00bIIeHHOMY OIBITY
U 3[paBOMY CMBICTTY?

CrnernmanbHas TeOpys OTHOCUTEIBHOCTY — 3aMeJaTe/Ib-
HBIJ1 IpMMep HacToslleil Hay4Hol Teopun. OHa JIOTMYHA
U He MMeeT BHYTPEHHMX IIPOTUBOPEYUMIL: €C/IM MBI COTTIa-
CUJINCH C ABYMA MCXOJHBIMU ITOCTY/IATaMH, BCe OCTaNlb-
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HOe Hens0eXXHO MONTydYaeTcst B KaueCTBe eCTeCTBEHHBIX
cnepcTeuii. Ho camoe r1aBHOe, 9YTO T€OpyUA OTHOCUTEND-
HOCTHU JaeT nposepsiemvie npedckazanus. OHa TOBOPUT,
YTO TP OIIpefie/IeHHbIX M3MepeHMAX JO/DKHA MOTydaTh-
A TaKasg-TO BeIMYNMHA, a, HapuMep, npu Teopun Hproro-
Ha JOJDKHO HOJy4arhbcs nHoe. O6 00HapyXeHHOM 3aMef-
JICHUU 9acOB Ha OOPTY CIIyTHUKA BBILIE yyKe FTOBOPUJIOC.
BbUI0 TOATBEP>KACHO Y ICKPUBJICHNE Ty4Ya CBeTa BOMM3K
60JIBILIOI MacChl, KOTOpOe MpeficKasaHo o61ieit Teopuei
OTHOCUTEIbHOCTI.

Kak 3a¢mkcnpoBaTh MICKpUB/IEHNE JTy4da CBETa, IPOXOis-
miero BOmu3u Conuua? [lis 9Toro ObUI MpeIoXKeH Kpac-
BbIJ1 9KCIIEPUMEHT. Bo BpeMs II0/IHOTO COTHEYHOTO 3aTMe-
Hus JIyHa 3aropaxnsaeT Ham CoJHIle, CTAHOBUTCA TeMHO,
u pagoM ¢ ConHIleM MO>KHO YBUTETb SIpKMe 3Be3[Ibl. JHa-
YIT, CBET 3Be3/[bl IPOXOUT COBCeM psifioM ¢ CONHIIEM, 1,
COITIACHO TeopuM DJHIITENHA, OH JOMKEH UCKPUBUTDCA.
3eMHOMY HaOJIIOfATEeNI0 JO/DKHO MIOKA3aThCs, YTO 3Be3fia
Kak 6ynro otopBuHynachk ot Connua. Ecmu cpaBHUTD HO-
JIOXKeHUe 3Be3Ibl Ha HeOe BO BpeMsI 3aTMeHMs (KOrfia Iyd
cBeTa mpoxonuT MuMo COJHIA) C IOIOKEHUEM 9TOI XKe
3Be3/bl, Korga CoJHIle HaXORUTCA B IPYroil yacTu Heba,
3¢ dexT MOKHO 0OHapY>KUTb. PacdyeTsl DiHIITElHA IIpes-
CKa3bIBa/I}, YTO OTK/IOHEHNE 3Be3/Ibl IO/DKHO COCTaBUTh
1,75 yI7oBO¥t CeKyHAbl. DTO OUeHb Ma/leHbKUI YTo/I, HO,
KaK Mbl IIOMHMM, Y>Ke B ceperiHe XIX Beka rofiy Hayuu-
JIICh U3MEPATH TaKye YIJIBL.

ITpoBepky mpefckasanusa DHIITEHA peINN Ipo-
BeCTM, Hab/IIOflas IIOJTHOE COTTHEYHOe 3aTMeHue 29 Mas
1919 ropa. BpemeHa 6b1m HermpocTble. ToNbKO YTO 3aKOH-
yitach [lepsas MypoBas BOJiHa, HO Ha TEPPUTOPUI MOJIO-
poit CoeTckoit Poccuy HaXoumuch MHTEPBEHTDI U3 CTPaH
EBpombr n Amepuxn. Tem He MeHee Booomasa bpurannsa
BBIfIe/N/IA CPEACTBA Ha SKCIIEANINIO. 3aTMeHVe HaO o
0 KpaliHell Mepe B IBYX TOYKaX: U3 6pasmibCcKOro ropo-
ma Cobpan u c octposa I[Ipuncnnm y nobepesxns Appuxn.

TeoPus
OTHOCHTE/IBHOCTH
JAET NPOBEPSEMbIE
NPEACKA3AHMS.
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UCTUHHOE o , KAXYILEECS WckpuBneHme nyya caeta B6NU3N
MOAOXKEHME | | MOAOKERME ConHua. Habtopath CMeLLEeHHble

IBE3AL | | 3BE3AM
NoN0KeHNA 3B€311 BO3MOKHO JIULLIb

= } BO BPEMS COJTHEYHOrO 3aTMEHUS.

= ; Habnwogatens BuauT 38e3ay

E‘ | CMeCTUBLLEIICA Ha yron anbga, To ecTb

g i Il NyY cBeTa, Npoxoas BoM3N ConHua,
CBET 3BE3AbL
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@ o oA, BO3AEUCTBUEM
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E COARUE 3AKPb(TO

&3 TEHblO AYHLI,

= W ErD CBET

= HE MEWAET

4 HAGARAATEAK
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WCTUHHOE TOAOKEHUE

3BE3AbI, BUAHO
B OTCYTCTBUE COAHLIA
£1,61-1,98"
HABAIOAAEMOE
BBAU3M COAHLIA
CMELUERVE 3BE3ABI

41O BAUT
HABAHAATEAbL

Yepes monropa, 6 HostOpst 1919 rogia, Ha 0011eM co-
6panun Koponesckoro obujectsa (bpuranckoil aka-
memu Hayk) 1 KoponeBckoro acTpoHOMIYEeCKOro 06-
1IlecTBA MHUIMATOP IIPOEKTa, 3HAMEHUTBIN aCTPOHOM
cap Apryp Ipnmunrron (1882-1944), coobumn o pe-
3ynbrarax Habmogernit. O61ast TeOpysi OTHOCUTENb-
HocTH OblIa Grectsiite nmoaTBepkaeHa! OTKIOHeHe
cseTa B bpasunuu cocrasuno 1,98 yrnosoit cekyHppl,
Ha [Ipuacumm — 1,61 yrioBoit cexyHpbl. Hens6ex-
Has omnbKa usMepennit cocrasisia 0,30 YIJIOBOM Ce-
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KYH[IBL, ¥ 9TO O3HAYAIO, YTO B Ipefienax OLMOKI IPOrHO3
rtHIITeNHA 6bi1 N0OM6epicder. CBeT LiIes He IO IPSIMOIL,
a T10 reofje3sN4ecKoli, KOTopasi U30THYIaCh BMeCTe C Ipo-
CTPaHCTBOM IIOJ, BO3JieiicTBeM rpaBuTanuy ComHIa.

Ho6enescknii maypear 1o ¢pusuke (OTKpbIBaTe/b /IeK-
tpoHa) [I)o03ed Mxon Tomcon (1856-1940) Top>kecTBeH-
HO TIPOBO3ITIACUIT: «ITO CaMbIll BaXKHBIN pe3y/nbTaT, I0-
Jy4EHHBINI B CBA3YU C TEOPUEN IPABUTALMUM CO BPEMEH
Herorona! OH npepcrasisier co6071 OHO 13 BeIMYailnX
TOCTVKEHMIT Ye/IOBEYeCKOM MBICIN ! »

MTak, cormacHO HOBOJ TeOpUM, MacCCHBHBIE Tea
UCKPUBJIAIOT IPOCTPAHCTBO-BpeMsA. Ecnu macca Benu-
Ka, Be/IMKO OyneT u uckpusieHye. OHO MOXeT IIPUBECTH
K YAMBUTEbHBIM 9P PeKTaM — MPOKOIaM B IIPOCTpPaH-
CTBe-BpeMeHN, 0OMEHY CBOMCTBAMY MEX[Y IPOCTpPaH-
CTBOM U BpeMeHeM, 3aMBIKaHMIO Ha ce0s ¢pparMeHTa
IPOCTPAHCTBA, 3aMbIKAHMIO BpeMEHM UM U3MEHEHUIO
HAaIIpaBJIeHMs €TO CTPeIbl. DTI OpasUTeIbHbIC 9P (eKThI
IPOSIB/IAIOTCS JINIID B 9KCTPEMaJIbHBIX C/Iy4asix — BOMNU-
31 (M BHYTpY) TUTAHTCKVX Macc B YepHBIX Aiplpax. Ho Te-
opusA NpefcKasblBala, 4YTO TaKKe ABJEHUA B IPUHLMIIE
cyuwsecmeytom.

Teopus JitHIITeIHA BBIfiep)Kana Bce mpoBepku. OHa
TaeT IPOTHO3bI, KOTOPbIe OIPABAIbIBAIOTCSA B SKCIIEPVMEH-
Tax U HaOmofeHsIX. JIpyrite Teopun He MOTYT OOBSICHUTD
Te 3P PeKThI, KOTOPbIe OOBSICHIET TEOPUS OTHOCUTEIBHO-
cTu. VI Bce 9TO MO3BOMAET HAM CUMTATh TEOPUIO OTHOCHU-
TeTbHOCTY MPABUIbHOI.

lasera «Jlonpgon TaiiMc» omyb6nukoBana ¢ororpa-
¢uro JiiHIITeTHA Ha CIeYIOIINIT IeHb IOC/Ie TaMsITHO-
ro foknazga OpauHrrona. CraTbs HasbIBanach «PeBomo-
1y B HayKe». CIIyCTA [BOE CYTOK 00 Y4eHOM Halncaan
10 Ty CTOPOHY OKeaHa — B ragete «Hpio-Vlopk Taiimc».
AnpbepT DMHIITENH CTAl 3HAMEHNUTDIM.

ITO NOPasUTENbHBIN CTy4ail B UICTOPUM HayKN. B Hava-
ne XX BeKa Teopus CTPEeMUTETbHO BOIIIA B KY/IbTYpHbIe

Jxo03ew [xoH

TOMCOH TOPXKECTBEHHO
NPOBO3ITIACHA:

<370 CAMbIA BAXHbIA
PE3Y/ILTAT, NO/IYYEHHbI

B CBA31 C TEOPVEN
TPABUTALMIA CO BPEMEH
HbloToHA! OH NPEACTABNSET
COBOM OJHO W3
BE/IAYAVILIAX AOCTUXEHNA
YE/IOBEYECKON Mbic/n!s>
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TeoPus
OTHOCUTE/IBHOCTH
U3MEHUNA KAPTUHY
MUPA. [TPOCTPAHCTBO-
BPEMSI NEPECTAIO BbiTb
ABCOMOTHBIM, EAUHbIM
11 BCEN BCENEHHON.
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KO7ibI YenoBevecTBa. CI0BOCOYETAHNE «TEOPY OTHO-
CUTENBHOCTU» CTA/IO MIMPOKO U3BECTHBIM, a caM JIiH-
IITeJIH — Ype3BbIYalIHO HOMY/ISIPHBIM. Teopuio 06CyK-
Ja/y B MOJIHBIX CaJ/IOHAX, €€ YIIOMMHA/IN JJaXKe Te, KTO
6bUT fanek oT Hayku. [Ipy 9TOM mMOYTH HUKTO (KpoMe
(U3NKOB, U TO [Ja/IeKO He BCeX) He MOHMMAI CYI[HO-
ctu atoit Teopun. Ppasa «Bce B MUPe OTHOCUTETHHOY,
KOTOpas, C TOYKU 3peHNA aBTOPa, ABNIAETCA JOBOIbHO
MaJIOCOepPXKaTeNbHOI, HO IKOOBI BBIPA)KAeT CYTh T€O-
puu, Ha caMoM Jiejie Hi K OJHILTEIHY, HI K €0 TeOpUM
HMKAKOTO OTHOIIEHNA He uMeeT. Ho MHOrMe y4eHble
CBUJETENbCTBOBA/IN, YTO, HECMOTPs Ha KaXKyLylocsA
BHEIIIHIOI abCYP/IHOCTD, TeOPUA OTHOCUTEIbHOCTHU
JIOTMYHA, [TOC/IelOBaTe/IbHA, MaTeMAaTNUeCK/ KpacuBa
U IOATBEP>KAAETCS OIIBITOM — a 3Ha4UT, BepHa.

Teopust OTHOCUTENBHOCTY M3MEHNIIA KAPTUHY MUPA.
ITpocTpaHCTBO-BpeMsI TIEPECTAIO ObITh a0COMIOTHBIM,
enVHBIM [71g Bcell Beenennoit. Okasanoch, YTO OHO -
HAMIYHO I M3MEHYVBO, MOYXXET U3TUOAThCs ¥ ICKPUB-
JATHCA TOJ, BO3JIEICTBIEM ITOTPY>KEHHBIX B HETO Macc.
BbIsACHMIOCD, YTO CKOPOCTD JIBVKEHUS JII0OBIX Tel
B IIPOCTPAHCTBE-BPEMEHN BCEITia paBHa CKOPOCTH CBe-
Ta B YKa3aHHOM BbIIlI€ CMBICJIE, IIPY 3TOM HEIIOfIBVIK-
HO€ B IIPOCTPAHCTBE TeJI0 ABMXKETCA TOIbKO BO Bpe-
MEHH, 3aTO C POCTOM CKOPOCTU B IIPOCTPAHCTBE XOf
BpEMEHH TeJla 3aMeJl/IAeTCA.

He ynmepsxych, 4TOOBI He IPOLMTHPOBATH XOPOLIO
U3BeCTHbIe CTUXM B ntepeBofie Camymna Mapiaka:

Bb11 9TOT Mup I1y60KOIT TEMOIT OKYTaH.
Ila 6yzet cet! VI Bot siBuicst HploTOH.

Tak manucan B XVIII Beke aHIIMIICKNIT ITO3T AJeK-
canzip Iloym.

Ho carana Hefj0/IT0 >X/1a/l peBaHIIa:
[Tpuiren SVHIITEIH — U CTa/IO BCe, KAK PaHbIIIE.

Tax orBetnn emy B XX Bexe J>xon Ckpaiip.
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KoHeuHo e, MMenuch B BUAY IPOCTOTA 1 AICHOCTD TeoPKst HBIOTOHA MOXET
Teopuu HploTOHa 11 OTBepraouias 374paBblil CMbICH (Ha (TOYHEE, JOKHA)
HepBBIIT B3IJIAM) Teopus DIHIITEIHA. PACCMATPUBATLCSH

3amMedaTeNnbHO, YTO JBE TEOPUU Ha CAMOM JieTie He KAK YACTb TEOPUA
npoTuBopeyar Apyr apyry. Teopus HpioroHa Mo>xeT OTHOCWTEJIBHOCTH P!
(TouHee, JO/DKHA) pacCMAaTPUBATLCA KaK YacTh TEOPYUM MAJIBIX CKOPOCTSIX.

OTHOCKTETBHOCTI TIPY MaBIX (II0 CPAaBHEHUIO CO CKO-
POCTBIO CBeTa) CKOPOCTAX. [IOCTaTOYHO CIOXKHAA Ma-
TeMaTUKa, UCIOIb30BaHHasA DMHIITEHOM, B ClIy4ae
MaJIbIX CKOPOCTeiT MOXKeT ObITh 3aMeTHO YIpOllleHa —
u torga nonyvaercsa ¢usmuka HploToHa. ITonpaskun,
cBsi3aHHbIe ¢ 3 PeKTaMy TeOpPUU OTHOCUTETBHOCTH,
MMeeT CMBICTT BBOJUTD TOIBKO NPV OYEeHb OOJIBIINX
CKOPOCTAX.
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Bnadumup Bbicouykud,
«[TecHst KocMuyeckux Hez005e6»

SVHWTEMH BbiN
YBEX/IEH B TOM,
470 BCENEHHAS
CTALMOHAPHA —
HEM3MEHHA W BEYHA.
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9. BceneHHasa, MEHAIOIIAACA
B pasMepax

Bbl MHe He noBepuTe U NPOCTO He NoiimeTe —

B kocmoce cTpaLuHeii, uem faxe B JaHTOBOM ay!

Mo NpoCTPaHCTBY-BPEMEHU Mbl PEM Ha 3BE3/j0NeTe,
Kak ¢ ropbl Ha COOCTBEHHOM 3ay.

OVHIITEIH OBUI IePBBIM, KTO HOIIBITA/ICS IOCTPOUTD
Hay4HYIO ¥ MaTeMaTI4ecKyt 0O0CHOBAaHHYIO TeOPMIO, KO-
TOpas OmMCchIBasa Obl BCIo Beenennyto. Briepsbie peun mma
He 00 YCTPOJICTBE OTHEIbHOI 3Be3/THON CUCTEMBI C IIaHe-
TaMM WIM OTHENIbHOJ Ta/laKTUKY, a 06 YCTPOIiCTBe Mupa
B 1je71oM. [ToaTomy Teopusa DiiHIITelIHA OKa3amach EPBbIM
HabPOCKOM COBPEMEHHOI KOCMO/IOTMHM — HO Y>Ke He YMO-
3PUTENIbHOI, a COOTBETCTBYIOIEN BCEM M3BECTHBIM 3aKO-
HaM IIpUPOJDI ¥ Pe3y/IbTaTaM HaOIIOfeHUIL.

Bnpouem, onpenenennas yMO3pUTEIbHOCTh B HOBOM
TEOPMIU BCe-TaKy IPUCYTCTBOBAIA. DIHIITEIH ObUT yoe-
JKJIEH B TOM, YTO BceneHHasa cTanmoHapHa — HEM3MEH-
Ha 1 BeyHa. Ho (BuuMO, K YIUB/ICHUIO YYEHOTO) U3 €T0
MaTeMaTU4eCcKIX IIOCTPOeHNIT 9To He cnepoao. Haobo-
POT, IIONTy4anoch, 4To BceneHHas «He Xo4eT» OBITh CTa-
LIMOHAPHOIA.

Ecnn teopus npaBuibHa M KOPPEKTHO M3/I0)KEHA Ma-
TeMATIYeCKM, 3HAUUT, GOPMY/IbI afleKBaTHO ONMCHIBAIOT
peanpHOCTD. Ha OCHOBaHMM IPOBEPEHHBIX GOPMYIT MBI
paccunMThIBaeM TPaeKTOPUM KOCMIYECKVX aIllIapaToB (Ha-
npuMep) U yoexaeMcs, YTo «IIpaBUIbHasgi» MaTeMaTuKa
JlaeT BEPHbIE PE3Y/IbTATHI.

YpoBeHb KOMIETEHTHOCTH TYyYUINX YYEHbIX, UX 3HA-
HYSA QUBUKY U MaTeMaTKY AI0T eC/IU He FapaHTUIo, TO,
IO KpaliHell Mepe, BBICOKYIO BEPOATHOCTD TOTO, YTO OIIN-
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BEK

00K B pacCcy)XJIeHIAX U pacyeTax HeT.”* B Hay-
Ke, KpOMe TOTO, IPUHATO BCE U BCETfa IpoBe-
PATb U IepenpoBepATh. Teopusa JitHIuTelHa
IIOKa3bIBasa, 4TO BceneHHass He MOXKeT OBbITh
craunonapHoit. Ho cam aBTop Teopuu Obin
YBEpPEH, UTO 3TO HEBO3MOKHO. JJOIyCTUTD, YTO
BcenenHasa HecTanuMoHapHa (paclIMpsAeTcs
WIN CKVIMAETCsl), OH He MOTL. 3Ha4YMT, YTO-TO
HY>KHO OBIJIO MEHATD B TEOPUIL.

OJHIITeIH IPEAIIoNIoXII clefyoliee. Bee-
JIeHHAs OHOPOAHA. DTO 3HAUUT, YTO CPEIHAA
IVIOTHOCTb MaTepyu (B BMJE BellecTsa I IO-
7eit) B cpefHeM OJJTHAKOBa IO Bceil Beemen-
HOJ. HeT HMKaKMX CBEPXIIOTHBIX CTYILEHMUI
MaTepuy, BellleCTBO pasbpocaHo 1o Beeit Bee-

JIEHHOIT TIPUOTU3UTENBHO PAaBHOMEPHO.
Kpowme Toro, B OCHOBE TeOpuH JIeXKaJI0 BTO-
poe mpennonoxenne — 06 m3oTpomHOCTH  BCENEHHAA 0HOPOAHA
Bcenennoit. C10BO «M30TPOIHOCTb» O3Haua- M V30TPOMHa.
€T, YTO BCe HaIlpaBJIeHN:A BO Bcenennoi pas-
HOIIpaBHBL. B Hell HeT TaKUX HallpaBJIeHUIL,
KOTOpbIe YeM-TO OT/IMYAIOTCA OT [PYTUX — Ha-
HpuMep, YTOOBI B OJTHOM 13 HAIIpaBJIeHWIT Ha-
pacTasa IJIOTHOCTb BEIIEeCTBa, a B IPYIUX —
HeT.
KocMonornyeckas Mofienb SIHIITeHa OIN-
ChbIBaJIa OJJHOPOJHYIO ¥ U30TpOINHY0 Beenen-
HYIO.
7151 TOrO 4TOOBI €ro TeOpysi ONMChIBANIA CTa-
LMOHAPHY0 BceneHHyto, JiHIITEH [00aBII

** TIOMHI0, KaK BBIIAIOIINIICS COBPEMEHHDII KOCMOJIOT
Urops Imutpuesny Hosuxos BricTynan B MI'Y Ha
OTPOMHOJT OTKPBITOI KOH(pePEHLINM, TIOCBALCHHON
MexpyHnapopHomy ropy acrposomun B 2009 rogy.
Ha Bompoc ckenTuka us 3aj1a OH cKasas Ciefiyolee:
«MbplI aprMeTIIeCcKuX OMNOOK He [leaem».
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YT0~T0 XXE AO/DKHO
NPENGTCTBOBATH
CXATUIO BCETO
BELLECTBA BCENEHHOM
N0z AEVCTBUEM EFO
TSrOTEHMS.
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B CBOY YpaBHEHIsI HOMONHNTeNbHOe crnaraemoe. OH 060-
3HAYMT €TO 3aI/IaBHOI Ipedeckoil 6ykBoit «1amopa» (A)
U Ha3BaJl KOCMOIOTMYECKOI MOCTOAHHOI. JTa Ben4n-
Ha JJO/DKHA OblTa KOMIIEHCHPOBATh BO3[ECTBIE TPABU-
TAI[MIOHHOTO IIapaJloKca ¥ IIPOTUBOAEIICTBOBATb CXKATUIO
BcennenHoit, KOTOpOE IPAMO CIEf0BANO U3 €T0 YPaBHEHUIL.

Yr0 3TO TaKoe, KaKoi HUSMIECKIIT CMBICI UMeeT KOC-
MOJIOTMYecKasl IOCTOAHHAA M 4TO 3TO 3a CMUJIA, KOTopas
TOJDKHA JIeMICTBOBATh KaK aHTUTPABUTALVA, DIHINTEIH
He 3HaJI. BcesleHHas Kasanach eMy CTal[IOHAPHOI (He CKI-
MaIoIeiics ¥ He PacLIMpsIollericsa), TOCKOIbKY He ObIIo
(baKTOB, TOBOPMBIINX, YTO ITO He TaK. 3aTO (PaKTOM SIB-
JISIIOCH TO, UTO 3Be3/bl B [a/akTMKe U caMy Ta/llaKTUKY Ha-
XOJIATCS Ha OTPOMHBIX PacCTOAHMAX APYT OT APYTa U Ka-
JKYTCA>® HEITOIBYKHBIMIA

OJHILTEIH BBET B CBOM YPaBHEHM KOCMOJIOTMYECKYIO
HOCTOSIHHYIO, HafIesiCh Ha TO YTO B OYAYILIeM YRACTCS BbI-
SICHUTD €e CYLITHOCTb. B TOM, YTO KaKas-TO CYL[HOCTb eCTb,
OJHIITEH He COMHEBAJICA: YTO-TO K€ JJOJDKHO npensm-
cmeosamv CKATUIO BCETO BelllecTBa BcenenHoit oy neii-
CcTBMEM ero (BelllecTBa) TATOTEHNS.

Hapo ymoMsHYTS ellle OfHY BaXXHYIO JleTa/lb KapTUHBI
Mupa JiHinTeitHa obpasua 1917 ropa. Beenennas Jitn-
HiTeliHa He OeCKOHeYHa: OHa MMeeT KoHeuHblli 06vem. Ho
O3HAYaeT /I 9TO, YTO HAOIIOATeNb HA 3Be3fONIeTe, fBI-
rasAch 1O MPAMOIL, OfIHAXK/[bI OTKEH YIepeTbCs B CTEHKY
(HampyuMep, KUPIUYHYIO) C KPacHBOI HAJNUCHIO «KOHEI]
BcenenHoit»? 3toro He npousoro 6ul. ITo mpefcTasneHn-
AM DIHIITeIHA, TPOCTPAHCTBO Halllell Beenennoit uckpus-
JIEHO U 3AMKHYMO caMo Ha ce0s1. 3Be3oIeT, 1eTs BIeper
U BIIepefl, ONHAX/IbI JO/DKEH IOIACTD B TY XKe TOUKY, OTKY-
Jia OH BBUIETEI, TOJIbKO ¢ 00paTHOI CTOPOHBL. VI3-3a Kpu-
BM3HDI IPOCTPAHCTBA reoje3ndecKas IMHNA, KOTopas Ka-

% Ba)kHOE CIIOBO — «KaXKyTCs». Ha camom neine, KaK BbIACHUIIOCH
II03Ke, €710 00CTOUT COBCEM HeE TaK.
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BeK

KeTCs HaM IIPAMOI1, HEMHOTO MCKPVBIIACTCA U B KOHEYHOM
uTore 3aMblkaeTcsA. CUTyanus aHaIOrM4Ha KPYTOCBETHO-
MY IIyTelIeCTBUIO MO IIOBEPXHOCTU 3eM/IM: MBI [IBYKEM-
Cs1 BIIepeq U BIepef IO IIOBEPXHOCTH, KOTOpast KaXKeTcs
HaM IUIOCKOJT, ¥ IIONIafiaeM B TY 5Ke TOUKY, OTKY/a HadajIn
CBOJT IIyTh. 3aMeYaTe/IbHO, YTO B 000X CIy4YasX HeT HU-
KaKOTO «Kpast CBETa».

9TO TOXe ObIT HOBBII 7IeMEHT KapTUHBI Mupa. 1o DitH-
IITelIHY, BcesleHHas TONBKO Kasxemcs 6eckoHeuHoll: OHa,
6e3yC/I0BHO, OTPOMHA, HO ee 00beM KOHedeH (a 3Ha4MT,
BEIMKO, HO He 6ECKOHEYHO KOMMYECTBO T'a/IakKTHK). AHa-
JIOTMYHO KOHEYHA IIOBEPXHOCTb 3eM/I1 — HMKAKOI Ipa-
HIIIBI  Hee HeT, HO eCTb BIIOJIHE OIIpefie/IeHHAs I/IOIa/Ib,
KOTOPYIO MOXXHO BBIPA3UTh, HAIIPUMep, B KBaJJpaTHBIX KN~
noMetpax. TOUHO Tak ke B IIPUHIINIIE MOKHO BBIPA3UThH
u o6umit 06beM Beenennoit (Hampumep, B KyOU4ecknx
KIJIOMeTpaX) B paMKax Takoll Mojenu. IIpaBaa, JaHHBIX
ZJIS 9TOTO HET: KPMBM3HY IIPOCTPAaHCTBa Bcenennon o
CUX IIOp He YHanoch ycraHoBuUTb. Ecu oHa (KpyBU3HA)
U CyIIeCTBYeT, TO O4eHb MaJla (MHade MbI OBI ee y>Ke oIpe-
memn). A 9TO 3HaUMT, 4TO BeenenHas nmubo nmeer rpo-
MaJiHBII 00beM, 160 (IIpK Hy/IeBOI KpUBU3HE) BCe-Ta-
K11 OeCKOHeYHa.

Hogas Teopus, onmmcplBaoIas MUp, I0o-BUAUMOMY,
Ipou3Be/a CUIbHOE BIIeYaT/IeHne Ha POCCUIICKOTO MaTe-

,7Poc

34 M, TP,1H

/’54 ngyfacrao
9" Cang,
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BCENEHHAS MOXET
PACLMPSITHCS

N OKUMATBCS KAK
EZVMHOE LIEJIOE!
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MaryKa 1 reopusyKa, KOTOpOro 3Banu Anekcangp Amek-
canaposuy ®@pupman (1888-1925).

dpugMaH — DpeAcTaBUTeNb MeTepOYPIcKoil MaTe-
MaTHMYEeCKOJ1 HIKOJbI, KOTOPYIO HEKOTZIa OCHOBA/ 3HaMe-
HUTBIN MaTeMaTuk Jleonapn ditnep. Yuurenem Opup-
MaHa ObLI 3aMevaTe/IbHBIIl PYCCKMIT y4eHbllT Biragumup
AnexceeBnd CTEK/IOB, UM KOTOPOTO HOCUT HBIHEI-
Huit MaremaTudecKuit MHCTUTYT Poccmiickon akagemun
Hayk (PAH).

@pupMaH IpOaHAIU3NPOBAT TEOPUIO OTHOCUTENbHO-
CTY U [TOKa3aJ1 (IIpUBe MaTeMaTIYeCKe T0Ka3aTelbCTBa),
YTO ypaBHEHN: DJIHIITE/IHA Ha CAMOM JieJie OIVIChIBAIOT He
TOJIBKO YaCTHBIN C/Ty4dali CTaTU4ecKoil (He M3MeHsIoIeli-
cs1) BeenenHoil, HO 1 KpaliHe IHTepecHble CIy4an [AMHa-
Mu4HoOM Beenennoii. V3 ypaBHennii cnenyer, uro Beenen-
Hasl MOXKET PACUUPAMbCA U CHUMAMBCA KaK efiuHoe Liefoe!

Hayynas crarpsa Opuamana HasbiBanach «O KpuBU3-
He IpocTpaHcTBa». OH Hamucas ee B TOMIOJHOM MOCTIepe-
BomonoHHOM IleTporpaze B Mae 1922 roga u oTrpasun
B aBTOPUTETHOE HeMeLKoe Hay4dHoe usganue «dusude-
ckmit xypHam» (Zeitschrift fiir Physik), rne cTaTps 6pu1a
ony6/IMKOBaHa B TOM >Ke TOfY.

YpaBHenus OiiHuTeltHa (ecu ybpaTh KocMosornge-
CKYIO IIOCTOSIHHYIO) ONMCBIBAIOT HECKOJIBKO YAMBUTEIb-
HBIX BapMaHTOB YCTPOCTBa BeenmeHHOI, 06Hapy>KeHHbIX
OpugMaHoOM.

ITo ropr3oHTa/IbHOI OCY OT/IOXKEHO BpeMs, 110 BEPTHU-
KaJIbHOJI1 OCM — pacCTOsHME MeX Y ramakTukamu. ITpen-
cTaBUM cefe, 4TO KaKasi-TO CY/Ia B MOMEHT BpeMeHM, 060-
3HavYeHHbIT 1udpoit 0, mpupana HadaIbHbIE CKOPOCTHU
CI'yCTKaM MaTepuy (HaIpyMep, FaJlakTUKaM), OHU pasJle-
TAIOTCH, ¥ PACCTOSHUE MEX/ly HMMI CO BpEMEHEM YBENM-
YMBAETCA.

Janblle Ipoucxopsilee 3aBUCUT OT CpPefHell IIJIOTHO-
ctu Matepunt Bo Beenmennoit. Ecii moTHOCTS (KOMMIecTBO
MACChI B eiuHMIlE 00beMa) BenmnKa (60blile HEKOEro Kpu-
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TUYECKOTO 3HAUeHMsI) — PasJieT rajlakTHK JJO/DKEH MPONC-
XOIUTh BCE MEJJIEHHEE U3-3a NIPUTSHKEHNA MEX/Y HUMIL.
Mo>KHO cebe peacTaBUTh, YTO BCe TATAKTUKI CBSI3aHBI
MeXJy cO00J1 Pe3MHOBBIMU JXI'YTaMU, KOTOpbIE TIPeIsT-
CTBYIOT pasfeTy. lalaKTHKy OBVDKYTCA BCe Me[lJIEHHee
U OFIHQXKbI OCTAHOBATCS. ITOMY MOMEHTY COOTBETCTBY-
eT BepXH:sA TOYKa Kp1Boii 1 Ha rpa¢uke Boiire. Cutyarnys
HallOMIHAET MO/IeT OPOLIEHHOTO BBEpX KaMH:, KOTOPBIN
He MOXXeT IIPeOofo/IeTh NPUTKeHMe 3eMIN, TeTUT BBEpPX
C 3aMeJiIeHNeM M OCTaHaB/IMBAETCsA HA MTHOBEHME, II0CTIe
Yero HauMHaeT C yCKOPEeHUeM IaJjaTh 00paTHO Ha 3eMIIIo.
ToyHO Tak >ke ra/TaKTUKM HAUMHAIOT NMaJaTh APYT Ha Jpy-
ra — cOMKATbCS C YCKOPEHYeM II0f, BO3/elCTBIEM CO0-
CTBEHHOTO IPUTSDKEHN U B KOHI[E KOHIIOB IOJKHBI CTOJ-
KHYTBCsI, 00pa3oBaB efMHbBII KOM BeleCTBa.

Ecmm cpegnsas nnoTHOCTh MaTepuu Bo Beenennoit pas-
Ha HEKOJI KpUTUYECKOI BEeIMYNHE, pasjieT TaTaKTUK HUKO-
I7la HE OCTAHOBUTCA — TATOTEHME HE CMOXKET CIIPABUTHCSA
C MHepLuell HadajlbHOro Tomdka. I[To Mepe Toro kak ra-
JTAKTUKU Oy T OKa3bIBAaTbCS BCe JjasIblile ApyTa OT ApYyra,
CiIa IPUTSDKEHVS MEXY HUMM OyeT ocnabeBars, U rpa-
¢buK Bce 6071bIle 6YAET IOXOANUTD HA IPAMYIO (KpuBas 2).

Hy u nakoHen, ecny cpefiHAA IVIOTHOCTb MaTEPUU BO
Bcenennoit oka>keTcs MEHbIIIe KPUTUYECKOIA, pasJieT, KaK
U BO BTOPOM C/Iy4ae, OyfeT IPOJO/DKAThCs 6eCKOHEYHO,
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TATIAKTUKAMA
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YMEHBLAETCS CO
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C KOCMOJI0TYECKON
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U PAacCTOsIHME MEX[Y TalaKTUKaMy OygeT HeorpaHu-
YeHHO yBennuuBarhbcA (KpuBas 3 Ha rpaduke). B atom
CMBICTIE Pe3yNbTaT Pa3sBUTHs 1O BapuaHTaM 2 U 3 ofiu-
HaKOB — BcesleHHas okasbIBaeTCs «OTKPBITON», U pas3-
JIeT TaJlaKTUK B TaKOJ BceneHHOI MOXKeT IIPOI0/IKaTh-
cs1 6eckoHewyHO. PasmyaeTcst It KpUBBIX 2 U 3 TONIBKO
KpUBM3HA IPOCTpaHCTBa Beenennoit (s cryyas 2 kpu-
BJ3HA paBHA HYJIIO, I TaKOe IIPOCTPAHCTBO MOXKHO Ha-
3BaTh IVIOCKMM).

3amMeydaTeIbHO TO, YTO BO BCeX CIy4asax BceneHHas He
0KA3bl6aAemcs CMAUUOHAPHOLL: PACCTOSTHUE MEXTY Ta-
JTaKTHKaMM 1160 pacTeT, 1160 YMEHbIIAETCA CO BpeMe-
HeM, HO He OCTaeTCs TIOCTOSHHBIM, KaK ITPeonaranoch
B CTALIMOHAPHOM BapuaHTe Mofeny JIHIITeHa C KOC-
MOJIOTY€CKOII IIOCTOSAHHOI.

9TO OBUI CUJIBHBLI U HEOXKVJAHHDI pe3y/IbTar.

BriepBble B COBPEMEHHOII UCTOPUIU BCepbe3 00CYX-
JaJIcsl BapMaHT HeCTalMOHapHOI (b0 paciupsio-
1ieiicsi, b0 CXMMamnlerics) BeeneHHoiT*®, KOTOPBII
He ObUI IPUAYMaH — OH C/IEOBAJI 113 MaTeMaTUIeCKIX
ypaBHEHMII, CTPOMBUINXCS Ha OCHOBE 3BECTHDIX 3aKO-
HOB IIpupopbl!

Ho HaO/rofieHus CBUAETENIbCTBOBAIN, YTO T/IAKTUKI
HaXOJATCA HAa OTPOMHBIX PaCCTOAHUAX APYT OT APYTa, —
KaK MIHMMYM 3TO MIITTMIOHBI CBETOBBIX /IeT. [lo-Buan-
MOMY, MOXXHO OBI/IO IIPETOXUTD ABA BapMaHTa, KaK 9TO
MOIVIO CTTyINUThCS. JIn60 raakTuKy Kak-To (HEIOHATHO
Kak) y>Ke cpOpMIPOBaIICh Ha OTPOMHBIX PACCTOSHIUAX
APYT OT JpyTa, a CU/Ia TATOTEHM UX PYT K IPYTY «CTa-
CKIBaeT», I Mbl HaXO[VIMCSI Ha 3Talle, KOIfja BCe rajlak-
TUKY OYIYT CO BpEMEHEM «CTIeTaThCsI», YTOOBI B KOHEY-
HOM UTOTe CTONKHYThCs. JInbo ranmaktuku, Hao60poT,

* B peBHOCTY Myies MyabCupyloLtelr BceneHHOI, B KOTOPOIT He-
HPEPBIBHO CIEAYIOT PYT 3a APYTOM HOBbIE IIMK/IBI OOHOBIIE-
HU, CylecTBoBata B ViHpuy. Ha aToT BapuaHT «I1y/mbcupyro-
mieii» Beenennoit ykasan cam @puaman.
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pasneTalTcs IOf BAMAHNEM KaKO-TO CUIBI
VIV Haya/IbHOTO «TOMYKa», ¥ B IIPOIIJIOM Ta-
MaKTUKM ObLIM O/VDKe [PYTY K APYTY (a ele
paHblile, B HEKMIT «MOMEHT 0», Bce OHM ObUTN
B OJJHOM MECTE).

B o6oux cinyyasx mopenu PpramaHa roBo-
PUIN O TOM, 4TO «MOMEHT 0» cymecTBoBa!
bpInm HavanbHBI MOMEHT, KOTZa IIPOU3OLIIO
KaKoe-TO BeJiiyaiiiiee cOObITIIE B UICTOPUY Ha-
weit BeenenHout: m6o raakTuku (BAPYyr) Bo3-
HVKJIY Ha OOJIBIINX PAaCCTOAHMUAX APYT OT JIPy-
ra, 1160 OHU BOSHUKIIN BCE B OIJHOM MeCTe, HO
KaKasi-TO HeBeJoMasi Ciia «pa3bpocana» ux mo
OTPOMHOMY 00BbeMy. A 4TO OyAeT manplie —
3aBJMCUT OT CpefHell IVIOTHOCTY BcenenHoit.
CymiectBoBaHMe «MOMeHTa 0» TOBOPUIIO O TOM,
4To y BeenenHnoit 6b110 Hauano!

@pupMaH 3TO X0pouo MoHuMast. VM nps-
MO 00 3TOM INCAJI. ¢ MOMEHT HOAbY» - 3TO HAHAAO

ABTOPY 3TOI KHUTY IIPEACTAB/IAETCS, ITO
B Pa3BUTHI KAPTHUHBI MUPA MOXXHO BBIIETIUTD
IO KpaliHell Mepe TPU BAKHENMIINX, MOXXHO
CKa3aTb, PEeBOJIOLVOHHBIX, MHTE/IEKTyasIb-
HBIX ITIPOPBIBA.

[lepBblit — 9TO MOsABIEHNE KapTUHBI
Mupa AHaKcMMaHApa. ITO ObUT TPAH/NO3-
HBIJl MHTE/IEKTYalbHbIN PBIBOK, KOTTIA de-
JIOBEK IIPUIIIENT K MBIC/IV, YTO TsDKeast 3eMIs
He MOXKET CTOATH Ha OECKOHEUHBIX ITOJICTAB-
KaxX U [MOCTAMEHTAaX, a IPOCTO MapuT B IpO-
cTpaHcTBe. K aTOMY mpuBeno Kputmdeckoe
MblieHne gunocoda, ero noruka. OH oco-

3HAJI, YTO TaKO€e pelleHye TOTUYHee TYIVKO-
BOJ ujen 0 OECKOHEeYHbIX MO CTaBKax. 3a-
MeuaTe/lbHO, YTO HUMKAKUX 9KCIIepMMEHTOB

" HaOJIIOEeHNII, KOTOPbIe IIOATBEPXKAAN OB
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Bo BcenenHom
DPULMAHA
[PABUTALNS BEAET
CEBSI TAK, KAK E/1

W NONOXEHO: OHA
YECTHO NPUTSIMMBAET
TAJIAKTUKA TIPYT

K LPYTY.
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3Ty MZAEI0, He 6b10. DTO ObUIA YMO3PUTEIbHAS KOHIIEM-
LVis1, ¥ OHa Obl/Ta IIPUHSTA IIOTOMY, YTO B Hell ObIIO MeHb-
11e IPOTMBOPEYMIL, YEM B a/IbTEPHATUBHBIX UTEAX.

Bropoit mpopeiB — 3T0 KapTuHa mupa J[>xopmano
Bpyno. ®unoco¢ npuiuen K Mpicu, 4To BeenenHas 6es-
TPaHMYHA B IPOCTPAHCTBE, YTO HUKAKUX IPaHull y Beenen-
HOIT HeT 11 He MOXKeT ObITbh. Y Takoit BceeHHOI HeT 1ieHTpa
U HET OKpaWH, OHa BCIOLY ¥ BCEIZIa TPMMEPHO OfJMTHAKOBA.

V1, HakoHell, TPeTMii MHTE/IEKTyaTIbHbII IPOPbIB CBs-
3aH ¢ KOHIenumell Anekcangpa ®pugmana. VI3 ypasHe-
Huit @pupMaHa OTy4Yanoch, 4To y BeeneHHO BOMKHO
6bITb Hayas1o. UTo ke KacaeTcst 06CKOHEYHOCTI M KPUBU3-
HBI BceneHHOIA, TO, Kak 1 'y OMHINTelHa (1e HaoO 3a0bIBATH,
YTO MMEHHO ypaBHeHNA DIHINTelHa /IeXKalu B OCHOBE
paspaborok Opuamana), Becenennast @puamana — 310 TaK
HasbIBaeMasA runepcdepa KOHEYHOTO pa3Mepa — Kak
1y OIHIITelHA, HO MEHAIOLIAACA CO BPEMEHEM.

MO>KHO 3aMeTUTD, 4TO UTesl MEHAIOLIENCs CO BpeMeHeM
(aBomronmoHMpYyIoLIert) BeeeHHOI aBTOMATIYeCKH paspe-
IIajIa ¥ FPaBUTALMOHHBII apafokc 3enurepa, n Gporome-
Tpudeckuit mapagokc Onpbepca. Bo Beenennon ®pupma-
Ha IpaBUTALVA BeleT ce0s TaK, Kak eil M [OIOXKEHO: OHa
YeCTHO IPUTATMBAET TaJIAKTUKM APYT K Apyry. Ecim oburas
Macca raJIakTUK BeJIMKa, TPaBUTAlA TOOEINT, M FaTaKTy-
KI IPUONM3UTCS SPYTY K APYTY, 0ODbEIMHAACD B eUHbII
KoM MaTepuu. Eciu ke 3arajlouHbIli Hadya/JIbHbBIN TOTYOK
OBIT CTONIb MOILLIEH, YTO TAJIAKTYKI IPUOOPEN OTPOMHBIE
CKOPOCTH U TATOTEHUE He CMOXKET UX II060POTh, — pac-
mypeHne BeenenHoit 6yieT MpomomKaThCcA BEYHO.

Yro kacaercst GOTOMETPUIECKOTO ITapajoKca, TO OH
pemmaercs caMuM (paKTOM CYyILecTBOBaHMs Hadana Bce-
nenHoil. Ecn y BeenenHoit ObIIo Havalo, 3HAYNUT, 103a-
IV y Hac IyCTb OOJIBIION, HO He OeCKOHEUHBIIl MHTEePBaIl
BpeMeHM. DTO 3HAUUT, YTO CBET OT KaKMUX-TO Ja/eKMX a-
JIAKTUK IIPOCTO ellle He JOLIe IO Hac C KaKMX-TO HaIlpaB-
JIEHWIT, ¥ B 9TOM HaIlpaBJIeHUM MBI BUIVM YepHoe Hebo.
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Jpeitd «democKnHIeB» Ha TbANHE B yKOTCKOM MOpe BeK

IS
03HAYAIOT AU
PAKTI, 4TO
BCEAEHHYt
KT0-T0
CO3AAA?

i

—

OpunmaH B CBO€il HAy4YHO-IIONY/IAPHON KHUTe «Mup
KaK IIPOCTPAHCTBO U BpeMsA», U3JaHHOI B 1923 ropy, Ha-
ycat:

«Ilepemennoiii mun Bcenennoii npedcmasnsiem 60mo-
woe pasHoobpasue cryudaes. [ns amozo muna 603-
MOJMCHDL CTIyHauy, Ko20a PAOUyc KPUueusHvl Mupa...
NOCMOSHHO 803pacmaem ¢ meveHuem epemenu. Bos-
MOXNCHBL 0asiee CLyHau, K020a paouyc KpususHoL MeHs-
emcs nepuoduuecku: Beenennas cacumaemcs: 8 mouxy
(8 Huumo), 3amem cHOBA U3 MOUKU 00800UM PAOUYC
6011 00 HEKOMOPO20 3HAUEHUS, Dajiee ONMb, YMeHb-
was paouyc ceoeil KPUBU3HbL, 00PAULAEINCST 8 MOUKY
um. 0.».

BosHuKaeT Macca BOIIPOCOB.

Yro 6b1710 o Havana Beenennoii? Ilouemy Beenennas ne
BO3HMKJ/Ia paHblie (1 mo3xe)? Yro, cO6CTBEHHO, po-
nsouno? Kak MoxxeT ruraHTckas BeeneHHas, cofepyKaias
MHOYX€CTBO I'aJIaKTUK, CKaTbCA B TOYKy? O3HavyaeT M TOT
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(axT, uTo BeeneHHas Korga-To He CyIIeCTBOBAJIA, a 3aTeM
[I0YeMY-TO BO3HNKIIA, YTO BcenmeHHyo xmo-mo co3oan?

OTBeTOB Ha 9T (U ApYyIIe) BOIPOCH He ObLIO.

AnpbepT DIHINTENH 03HAKOMMIICS CO cTaTbeit Opup-
MmaHa. CHayasa OHa eMy He IIOHpaBU/Iach, I OH CUeN Te-
oputo oumb6ouyHoit. Ho, n3y4nB BHUMATENbHO MareMa-
THdeckye BbIKIafky Opuamana, OMHIITENH COIIACUICA
C TeM, 4TO B CMbIC/Ie MaTeMaTuky y PpupMaHa Bce Mojy-
4y10ch BepHo. OfHaKo DVHINTENH NPOJO/DKal CUUTATD,
41O PpUAMAHOBCKIE pacdeThl, Oy/yun MpaBUIbHBIMMU
C MaTeMaTU4eCcKOl TOUKM 3peHMs], He IMEIOT OTHOIIeHM S
K peanbHOI BcenenHolt 1 uto BcenenHas Bce-Taku cra-
I[MOHApPHA.

ITo moBoAy TOTrO, CTAl[MOHAPHA MM HE CTAI[MOHApHA
BcenenHast, MOXXHO OBITIO CIIOPUTH CKOMIBKO YTrogHO. Mo-
mermt OpramMana Mopaxkanu BooOpaxkeHMe, HO Ka3alnuch
HepeanbHbIMU. OHM yTBep>XK/ja/ln, YTO CpeflHee pacCTos-
HIe MeX/y raJIaKTUKaMI IO/DKHO MEHATbCA CO BpeMeHeM:
760 yBeMIMBaThCA (€C/I MBI HAXOAMMCS Ha CTaiui pac-
MIMPEHNs, TO eCTh pasjleTa raJlaKTyK), 1100 YMEHbIIAThb-
cs1 (ec/u Ha TIpaKTHUKe peannsyeTcs IepBas U3 Moferei
U MBI HaXOIMMCs Ha CTaguy COMVKeHus rajakTuk). Kak
HPUHATO B HayKe, M100as Teopys HO/DKHA MPOBEPATLCS
Ha MPaKTUKe — B XOfe 9KCIEePUMEHTOB nMnbo Habmoxe-
Huil. IIoHATHO, YTO B ACTPOHOMUU OIIBITHI OCTaBUTH He-
BO3MO>KHO, ¥ 3HaYNT, BCe HAEKIbI MOXHO OBLIO BO3JIO-
JKUTD Ha HAaO/TIOfEHN.

Kak oTBeTuTbh Ha BOIpPOC: AEMICTBUTENILHO M1 Beenmen-
Hasl paclmpseTcs: MM60 CKUMAETCsl COINIACHO TeOpUM
OpuamaHa UM MUP CTalMOHApeH, KakK Ioaran OiH-
HITeH?

MbI yske 06CyX/jamy BOIIPOC O TOM, YTO OTKPBITIIE He
MOXeT OBITb C/le/IaHO paHblile cBoero Bpemenn. K gpa-
ALATBIM TofaM XX BeKa TaKye BO3MOKHOCTH MOSIBUINCD.
C OMOIITbI0 HOBBIX MOIITHBIX TeTIECKOIIOB, B KOTOPbIE MOXK-
HO OBIIO YBUJIETD JajieKue IaJlaKTUKY, U € IIOMOLIBIO CO-
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BepIICHHbIX CIIeKTPOrpad)oB MOXKHO ObIIIO MOMYYUTb  ballHA CTOA0/IMOBOr0
CIIEKTPbI TATAKTUK U USYUUTD, He NPosesisemcs i Pedrektopa obcepsatopuy
6 Hux agppexm Jlonnepa? Het nu B criektpax ramaktuk  MayHT Buncod 8 Kanuopum.
cmermerns uEmit GpayHrodepa B CHHIOW Wiy B Kpac- 10T TeNECKON Ol KpynKediiuim
HYI0 CTOpOHY? Hanomuum, 4to cunee cmemtenue ro- 5 MIPEC 1917101948 rr.
BOPUT O IIPUCYTCTBUIV KOMIIOHEHTBI CKOPOCTH «K HaM»
(ramaktuka npubmmkaercs). KpacHoe cMmeleHne cBu-
TeTeNbCTBYET O TOM, YTO €CTh KOMIIOHEHTA CKOPOCTH,
HAIIPaB/IEHHAs «OT HAC», TO €CTh TAJIAKTUKA y/[a/IIeTCA.
B MyHyBI1IEM BeKe ObIIIO HEBO3MOXKHO BBIIIOTTHUTD
TaKMe M3MepPeHNs, TIOCKO/IbKY Ia/laKTUKI — O0ObeKThI
13-3a CBOEIT ya/IleHHOCTH KpariHe crrabble, a eC/Ii TyC-
KJIbIII CBET Jja/IeKoli Ta/laKTUKY K TOMY JKe ellle I pas-
JIOXUTD B CIIEKTP, TO IIAHCOB YTO-TO YBUAETH IPaK-
TI4ecKy He OyzneT. [To9TOMy TOIBKO HOBBIII MOLIHBII
Teneckorn obcepsaTopyu MayHt Busicon B CIIIA c 3ep-
KaJIOM I1aMeTpoM 2,5 MeTpa CMOT BIIepBbIe CITPABUTD-
s ¢ TaKoil 3ajiadeli ¥ cobparh JOCTATOUHOE KOIMYe-
CTBO CBeTa OT JJaJIeKUX T'aJIAKTUK, YTOOBI ero (cBera)
XBaTWIO JUIA MCCIEJOBaHMil CIIeKTpa. Temeckomn 6bu1
OCHAILleH COBPEMEHHBIM (I10 TeM BpeMeHaM) CIIEKTPO-
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OBCEPBATQPUA

MAYHT BWACOH

06cepBaTopuA OTKpbINach

B 1908 . B ropax ceepHee
Noc-AHppxeneca, Ha BbicoTe Gonee
1700 m. (TponTenbCTBO Hauanoch
a 1905 r. v wno, HeB3npas

Ha OrPOMHbIe CIOKHOCTH

C JOCTaBKOW AieTaneii TenecKonos
1 CTPOUTENbHbIX MaTepuasnoB

Ha TaKyo BbIcoTy. BbibpaHHoe
MEeCTO BbIFOZAHO OTINYANO0Ch
0naronpuATHLIM KNMMaTom

N 4nCTbIM NPO3PAYHbIM BO3YXOM,

yT0 06€eCneynBarno ugeasbHble
YCNOBUA ZNA aCTPOHOMUYECKIX
HaonAeHWIA.
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rpadom. VIMEHHO Ha 3TOM TeJIeCKOIle y>Ke U3BecT-
HbIT HaM OnByH Xab66/1 (YCTaHOBMBILNIL, YTO HaIIA
layaxTuka — He egVHCTBeHHas BO BcenenHo) mpu-
CTYIIWII K IIOMCKaM IposiBieHnit a¢pdexra Jortepa
B CIIEKTPax TajlaKTHK.

Takne Habmogenna Xa661 BRIDOMTHUI B 1927~
1929 ropax. OH mpepmnosara, 4To U3MepeHys foIIe-
POBCKMX 3 PeKTOB B CHEKTPaX IOKaKET CIyYailHyIo
XaOTUYHYI0 KapTUHY pacIpefeneHus CKOpocTe:
KaKye-TO raJaKTUKYU BO/DKHBI NPUOIMKaThCH,
KaKIe-TO yhanATbcsa oT Hawel [amaxrukn. VI peii-
CTBUTEIBHO, OKA3A/I0Ch, UTO JIVHUM B CIIEKTpe O11n-
JKajilleil K HaM rajlakTukyu M31, wim TyMaHHOCTU
AHJpoMe[ibl, CMeIlleHbl B CHHIOIO YacTh CIEKTpa,
a 3Ha4YNT, Hallla cocefika 1o BcermeHHoOI ABMXKeET-
Cs1 K HaM BCTPEYHBIM KYPCOM CO CKOPOCTBIO, O/Iy3-
Kol k 100 km/c. IIpoiigyT MUInmMapabl €T, U JiBe
ralaKTUKU OO BeIMHSATCS.

Ho mpoune rasakTuky sSIBHO Z€MOHCTPUPOBAIN
KpacHoe cMelreHne. boree Toro, 0kasanoch, YT0O 4eM
[asblile OT HAC HAaXOMMUTCS Ta MIN VHAS TalaKTyKa,
TeM OBbICTpee OHa OT Hac ypansdercal! U xoTs nmorom
BBISICHIIIOCH, 4TO B HabmofieHnAxX Xab0a npucyr-
cTBOBasIa 6OTIbIIAsT MHCTPYMeHTaNbHas ommnbka (ra-
JIAKTUKY BIOC/IEACTBUY OKa3a/IliCh 3aMeTHO JaJIblIle,
weM cunTan Xab01), Ha OCHOBHOJT BBIBOJ, 9TO He B~
s1710. B Kaxyro 6bI CTOPOHY MBI HYI CMOTPeJIN, 2a/1aK-
MUKY yoansnucy.

9t0 03Havano, 4yro Ppupsman 6b1 npas. Bee-
JIeHHas1 OKa3aJlach HeCTAIIIOHAPHOM, U PacCTos-
HUe MeXXy Ta/IaKTVKaMy CO BpeMeHeM yYBelTn4nBa-
eTcs1. 3aBUCHMOCTD CKOPOCTH YAa/IeHVsI FaTaKTUKI
OT PacCTOSHNUA O Hee MOTy4IIa Ha3BaHue «3aKOH
Xa66ma». D10 mpocTas NMHelHasA 3aBUCUMOCTD:
4yeM JjaJibllie OT HaC Ta/laKTyKa, TeM ObICTpee OHa OT
Hac JIBVDKETCH.



1939-1945 rr. Bropas mupoBas BoiiHa XXI

BEK
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PACCTOSHUE, MIK

B atoit popmyre, omychiBaoleit 3akoH Xab6ma, 6yk-
BOJ1 r 0003HAYEHO PACCTOSHNUE OT HAC O KaKoi-HUOYIb
TaJIAKTUKY, OYKBOI ¥ — CKOPOCTb, C KOTOPOII JajleKas ra-
nakTuka ypansercs ot Hac. Koadduiment nponopimo-
HajbHOCTN H HasbiBaeTcs mocTossHHON Xa66ma. OHa He
3aBICUT HU OT HAIIPAB/IEHVsI HA TATIAKTHKY Ha Hebe, HU OT
PaCcCTOSTHMSL 1O TATTAKTUKI. B 9TOM CMBICTIE 3TO [eiiCTBU-
TE/bHO [OCTOSIHHAS BeMMYMHA.

Kak cregyet us ¢popMysnsl, pa3MepHOCTb ITOCTOSHHOII
Xab66ma npocTa. Eciu n3MepsATh CKOPOCTD B KM/C, @ pac-
CTOsIHUE B KMJIOMeTpax, BenuunHa H JO/KHa BBIpaXkaTh-
Cs1 B OOpaTHBIX CeKyHAaX (eAMHMIIA, e/leHHasl Ha CeKYH-
1y). Ho uaMepsATh TUTaHTCKME PACCTOSHNS B KIIOMETPax
KpaiiHe Hey[oOHO. ACTpo(U3UKM OOBIYHO IPUMEHSIOT
B KauecTBe e[[HNIbI M3MEPEHNsI PACCTOSTHMIT TaK Ha3bl-
Baemble mapceku. OxuH napcek (1 k) — 3T0 paccrosi-
HIL€, C KOTOPOTO pajiiiyC 3eMHOI OpOUTDI BUJEH IO yIIOM
B OfIHY YIIOBYI0 ceKyHAY (1/3600 rpagyca). YuuTbiBasi, 4T0
paamyc 3eMHOIT OpOUTBHI — 9T0 TOYTU 150 MITH KM, HETPYA-
HO JIOTafiaThCsl, YTO HAJIO YIeTeTh OYeHb a/IeKO, YTOOBI Ta-
KOJ1 60JIBILION OTPE30K HAOIOfA/ICS T10]] CTOb MaIEeHbKIUM
YITIOM — KaK IATHPYO/IeBas MOHeTa C paccTOsHMs 10 KM.
YT06BI CBA3ATH MAPCEKN C yYKe 3HAKOMBIMI HaM CBETOBBI-
MU TOJIaMU, HAJI0 3a[IOMHUTb COOTHOIIIEHIIE:

1 nk = 3,26 cBeTOBOTrO rofa.
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PaccrosiHus 10 OYE€HDb JA/IEKMX Ia/IAKTUK — 3TO Ja>Ke€ HE

HECKOJIbKO TIapceK, a MIIIMOHBI apcek! VIMeHHO Takue
PACCTOAHVS XapaKTEPHBbI [/ TEX TATIAKTHUK, IO KOTOPBHIM
YTOUHAETCA cerofiH:A 3akoH Xa66ma. [ToaToMy B KOcMOIO-
TV IPVMHSTO U3MEPATD IOCTOAHHYI0 Xa00/1a B CIIeAyIOMmx
BenmuuHax: (KkM/c)/Mik, rge 1 MIIK — 9TO OIUH MUJIIN-
OH mapcek (OfiMH Meramapcex).

CKOpPOCTb yHameHNsI TATAKTUKN C BBICOKOI TOYHOCTHIO
OTIpENIEJISIETCS IO BEIMYMHE KPACHOTO CMEIIEHS B CIIEK-
Tpe rajlakTuKN. [Opasyo ClIoXKHee ONPENeNnTh PACCTOS-
Hue r. JInsa OIM3KMUX TaTaKTUK €CTh BO3MOXKHOCTD BbIfie-
JINTB CBeYEHNE OT/ENbHBIX 1edenss 1, Onpemessis ePUo
M3MeHeHUsI X 6/1ecKa, OL[eHUTb PacCTOsIHNeE 10 1edenpl,
a 3HAYUT, U JIO TAIAKTUKI, B KOTOPOIT OHAa HAXOAUTCSL. ITOT
croco6 mpumeHn cam Xa60671 [j1s1 OTpefieNieHns paccTos-
HUII 70 ONMVOKAMIIMX TalaKTUK.

Ho 14 janeknx raakTuk aTOT Cocob yrke He TOIUTCA.
Ta/TaKTMKY BBITJISIZAT KaK eJ1e PasIndyMble TYMaHHBIe TIST-
HBIIIKI, Y BBIYIEHNTD B HUX OT/ie/IbHbIE Iie(en bl HeBO3-
MOKHO. «CTaHIApTHbIE CBEUN», B KAYECTBE KOTOPBIX VIC-
HOJIb30BAJIVCH 1ieeVibl, HYXKHO OBITO 3aMEHNTD Ha YTO-TO
nHoe. V Takme «CBe4M» HaIIACh.



1941 r. Konpap Llyse co3gaeT nepByio BBIYUCIUTENbHYIO MAIINHY Z3, X XI
KOTOpas 06/1ajaeT PAKOM CBOMCTB COBPEMEHHOTO KOMITbIOTEPA
BeK

Y>ke OBUIO U3BECTHO, YTO HEKOTOPbIe MaCCHBHBIC 3BE3-
Il B KOHIIE CBOETO >KVI3HEHHOT'O ITy TV B3PbIBAIOTCA (TaKie
KatacTpoduyecKie COOBITVA IIONTyYUIV Ha3BaHVe B3PbI-
BBI CBEPXHOBBIX, JI/II IPOCTO CBEPXHOBbIE). DT B3PbI-
BBl OBIBAIOT HECKO/IDKUX THUIIOB. BhIACHMIOCH, 4TO ompe-
TIeTIeHHBIil TUI CBEPXHOBBIX (aCTPOHOMBI Ha3bIBAKOT VX 1a)
OT/IMYaeTCsA MPUMEPHO OMHAKOBOI (IIpY 5TOM OYeHb
00JIBIII0}T) CBETUMOCTDIO: B MAKCMMyMe CBOETO CBEYEH
CBEPXHOBas M3JIyYaeT, KakK Iie/as Ta/laKTUKa, CUsAeT, KaK
COTHU MWUIVAPHOB 3Be3[, Cpasy. A IOCKONbKY MCTUHHAs
CBETMMOCTDb CBEPXHOBBIX 13BeCTHA (HAOIOfICHNUS CBepX-
HOBBIX B O/IM3KMX TaJIaKTUKaX IIOKa3aJIy, 4TO OHa IOYTU
BCer/ia IOYTY ONVIHAKOBA), U3MePsis UX HAOM00aemyo sp-
KOCTb, MOXXHO C[Ie/IaTh BBIBOJ], HA KAKOM PacCTOSHUM OT
HacC HaXOfJUTCS CBePXHOBAs, a 3HAYNT, ¥ TaJIAKTUKA, B KO-
TOPOJI IIPOU3OLLIET B3PbIB 3BE3/bL.

ITu HaOMIOEHNsT OYeHb HEIIPOCThL. 3Be3/bl B3PbIBa-
I0TCS KpajiHe PefIKO, IPU 9TOM B3DPBIBBI ObIBAIOT Pa3HBIX
TH1oB. [T03TOMY CBEepXHOBBIX HY>KHOTO TUIIA TIPUXOIMNT-
s xaaTh nogonry. Ho yunTeiBas, 4To B KpyIHbIE COBpe-
MeHHBI€E Te/IeCKOIIBI MBI BU/IVIM OfHOBPEMEHHO IPOMagHOe
KO/IMYECTBO TAJIAKTHK, CTATHCTIKA CBEPXHOBBIX Habupa-
eTCsl yCKOPEeHHBIMY TeMIIaMU, 1 TOYeK Ha rpaduke, oTpa-

>KaloleM 3aKoH Xa06/1a, CTaHOBUTCS BCe OOJIbIIIE.
3BE3/bl B3PbIBAIOTCS

KPAHE PELKO,
N03TOMY CBEPXHOBbIX
HY>KHOTO TMNA
NPUXOONTCS XKNATb
nononry.

Ha6ropieHns1, KOTOpble Be/ii HECKOIBKO HAyYHBIX KOJI-
JIEKTVBOB B cepenyHe XX BeKa, JaBa/ly 3HAYUTEIbHbIN Pas-
Opoc 3HaUeHMIT TOCTOsIHHON Xa6671a 13-3a OO/IBIINX OIIIN-
00K B OIpefieNieHUN PacCTOSHNUS [0 TaTaKTUK — oT 50 10
100 (xm/c)/Muk. Ho mocTeneHHO 3HaY€eHe IIOCTOSHHO
Xa667a yTo4HANIOCh, pa3dpoc yMmeHblancs. Ceitdac, Kor-
Iia MAIIETCSA 9Ta KHUTA, CANTAETCS, YTO BEIMYMHA ITOCTO-
stuHOI Xab6ma paBHa H = 67,7 (km/c)/Mnk. Het comHe-
HUI, YTO 3HaUYEHMeEe 3TOM Ba>KHOM BeIMYMHBI ellle 6y}1€T
YTOYHATHCA.

IToyeMy Tak Ba)KHO 3HATb IIOCTOAHHYI0 Xa66ma? Ona
IIOMOTA€eT ONpEeNeNUTh BO3pacT BceneHHOI, OLleHNUTD,
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CKOJIBKO JI€T IPOLIJIO C TOTO CAMOTO «MO-
MeHTa 0», KOTIa BCe HA4aoch.

VI [eiiCTBUTEIBHO: €C/IM TATTaKTUKI Pas-
JIeTAIOTCSA, 9TO O3HAYAET, YTO B IPOLIIOM
oHM 6pn 6mmxe pyr K Apyry. Ecmm 3a-
OpaTbcs ellle fajblie B IPOIIIOE — OHU
6bun emte OmKe. BblTo ObI KpaliHe MHTe-
PECHO OIIpee/NTh, KOIla Bce FaJIaKTUKY Ha-
XOIWIUCD Ps0om Opye ¢ Opyeom. MO>KHO n
OLIEHUTD, KOTa 3TO ObIIO?

Ecnu Mpl 3HaeM nocTossHHYI0 Xa0671a,
3TO HECTIOXHO.

[TpoMeXXyTOK BpeMeHH f, IPOIIEefIIero
¢ «MoMeHTa 0», KOria BCst MaTepuist BeeneH-
HOJI OBL/Ia CKOHIIEHTPUPOBAHa B OHOM Me-
CTe, 1O CETOMHSIIIHETO [HS, paBHA PaccTo-
SIHUIO 1, KOTOpOe IIpoJIeTela FalakKTIKa 3a
3TO BpeMs, JIeTICHHOMY Ha ee CKopocTb. Cko-
poCTb, 10 3aKoHY Xab671a, paBHa: v =H X 1.

Torma

t=r/v=r/(Hxr)=1/H.

BospmeMm coBpemeHHOE (XOTS SIBHO He
OKOHYATENIbHO YCTAHOB/IEHHOE) 3HAYEHIIe
mst H, paBHoe 67 (xm/c)/ Mik. Torna sHave-
Hue t nomyuurcs: £ = 1/H ¢ Mnx/kwm. Ilepe-
BefleM Merarapceky B KumomeTps! (1 Mk =
3,086x10" xm). Torna suHadeHue t 6yger pas-
HO 4,7x10"c. Ecny iepeBecTyt 3T0 OrpOMHOE
YJCTIO CEKYHJ| B TOABL, TOYINTCA IIPUMEp-
HO 14,6 MuIMappa yer.

Takoit pesynbpTar MOMy4yeH Ha OCHOBE
[peIIOIOKEeHNS, YTO BCe 3TO BpeMsi ra-
JIAKTUKU 08ueanuco pasHomepro. Ha camom
Jiesle 9TO He COBCeM Tak. boree cioxHble
BBIYVICTIEHNIST, YYUTBIBAIOLIYIE HEPaBHOMeED-



1943 r. PaszpaboTka aTOMHOIT 60MOBI B paMKax X XI
MaHX9TTEeHCKOrO IIPOeKTa
BeK

HOCTb JIBVDKEHMA Ta/IaKTUK, JAI0T HECKOJIBKO MEHDIIYIO

BenmuunHy — 13,8 Munnamnappa net. 9To 1 ecTb BpeMm4 f,

mpoulenlee ¢ «MoMeHTa 0» 1o CerOAHAINIHEro JHA.
9To BO3pacT Halleil BceneHHOIL.

IToka ero HeBO3MOXKHO yKasaTb TouHee. Ho ucnonsb-
3ys1 BeCb Ha0Op MMEIOIVXCS JaHHbIX II0 pe3y/ibTaTaM
M3MEPEHNI paCcCTOSHMI IO BECATKOB THICAY Ia/IaKTHK,
y2Ke MOXXHO YBEPEHHO YyTBEPXK/IaTh, 9YTO BO3pacT Bee-
JICHHOJI TOYHO 6ojblue 13,7 Myumappa jieT M TOYHO
Menbuie 13,9 Muwinappa ner.

Wrak, nomyyaercs, 4to Hamla BcenenHas cymiecTByer
13,8 Munmmappa net. Takoe KolMm4ecTBo €T TOMY Has3af,
BCsA MaTepus BeenenHoit 6b11a cobpaHa B OfHOM MecTe.
VI camble 6/13Kye K HAM TalaKTUKIY, U CaMble TajeKye
rajlaKTUKY, KOTOPbIE C IIOMOILbIO MOIIHBIX TE/IECKOIIOB
MBI MOYXEM CETOfIHA YBUAETbH (OT TaKMX IaJlaKTUK CBET
IIesT K HaM 13,2 MuwIapya siet), U layke Te TaTaKTHKIL,
KOTOpPBIE MBI HE BUJIUM, KOTZIa-TO ObI/IN COBCEM PSIIOM \= o
¢ HamI1. Bca maTepus «pasnerenach» U3 OHOTO MeCTa. V@’g&\fg&\o

VickaTp 910 MecTo BO BeeneHHOI 6ecCMBICTIEHHO: ool
3To /Mo6as Touka Beenennoit. IloaTomy BoobpaxaeMble
JKUTENN 000 FalaKTUKY BIIPaBe CYUTATD, YTO MUMEH-
HO UX 3Be€3JjHas CUCTeMa HaXOOUTCA B LieHTpe Beenen-
Hoit. V1 Hukomnait Kysancknii, u [[xoppano bpyHo 60t
npaBbl: y BecenleHHOI HeT HMKaKoro HeHTpa. llenTpoM
MO>KHO CYMTATb T00YI0 TOYKY, HIOTOMY YTO eC/IU IO-
BEPHYTb B IIPOLIIOE CTPENY BPEMEHM, Mbl YBUIUM, KaK
BC€ TOYKM BO BCeNIeHHOI CTATMBAIOTCA B OJHY.

MOo>XHO BCIIOMHUTD BbICKa3blBaHye OpuaMaHa, 4To
BCA BceneHHas B HaYa/lbHBIM MOMEHT IPEJCTaBIANA
co0011 TOUKY. TO YTBEP>KIEHNE BBI3bIBACT €CTECTBEH-
HBIII TIPOTECT CO CTOPOHBI HAILETO 3APAaBOrO CMbIC/IA.
Kak sTo Moxet 0bITb? Kak MoxeT ObITh, 4TO Beenen-

Hasi (HEMBICTTMMBIX Pa3MepPOB U HEBOOOPA3MMOI Mac-

CbI), COfiep>Kalliasi TOJIbKO B 00/1aCTY, KOTOPYIO MBI MO-
JKEM PaCcCMATPUBATh B CBOU TEIECKOIIbI, TPU/UTMOHBI
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raJIAKTYK, KOTJa-TO Obl/la KPOIIEYHON 1 HEBEPOSATHO
IJIOTHOJA, @ IOTOM PacTAHY/IACh, pasflynach, 3aHAB He-
BEPOSITHO OOJIBILON 06BeM?

EcTb 1 BTOpas cropoHa aToro ponpoca. 4YTo uMeHHO
npousouuto 13,8 Mmwnmappa et Hasan? Boigarommii-
Cs1 QaHIIMIICKUIT aCTPOHOM U Iucartenb-anract ®pep
Xoiin (1915-2001), Kak 1 MHOTMe ApYTHe, He MOT IIpK-
MUPUTBCA € 9TOM upeeit. «4To 3T0 ObIIO? — MPOHNY-
HO Borporan oH. — He 651710, o-Bauemy, Hu4ero —
u BApyr npousotten bombuion babax (Ha aHIIMIICKOM
S3BIKE ero 3BYKOIIOfIpakaHIe 3By4aso Kak Big Bang) —
U U3 HNYEro, 3 TOYKM, — BO3HMK/IA BCI Bcenennas?
Kak 3T0 MOXXeT ObITh?»

Exmpnoe Boipakenne Xoiina Big Bang Tem He MeHee
BOLIJIO B HAyYHYI0 TepMuHosoruio. Ha pycckuii A3bIk
OHO IIEpEBEIEHO KaK bo/mbIoii B3pblB — BUANMO, II€-
PeBOJUMK BCe-TaKU He PUCKHYN IPENIOXKUTD CIOBO
«b6abax» B KauecTBe HAyYHOro TepMuHa. B 1994 rony
B CIITA 6bUT 00'BSIB/ICH MEX/YHAPOIHDI KOHKYPC Ha
JTy4IIVIT TEPMMH, KOTOPBII MOT OBl 3aMEHUTD CTI0BOCO-
/ ‘\ v yeranue Big Bang. [Tocie paccmorpenust 13 toicad (1)
PasHBIX IPeIOKeHNII )KIOPY KOHKypCca COYJIO, YTO

?/;/2’%‘%2 _ BCE-TAKM HET BAPUAHTOB JIYHIIIE, HeM Y)Ke NPUBLITHOE
{/ﬁsﬁ 2 g’e% = BpIpakeHre — Big Bang.

,//%24 %//},;%:%’/ ITocne Benukoro OTKpeITHA Xa66/1a MUpP NSMEHMIICA.
2= PasymeeTcs, OH U3MEHM/ICA B HAIIMX TOIOBAX.

Okasanocp, uto Bcenennas mensetca. OHa pacin-
psercs!

OTOT IPaHJMO3HBII IIpollecc NMPOABIAeTCA B TOM,
YTO PACCTOSAHNA MEX]Y TaTaKTUKaMJ HEYK/IOHHO yBe-
MYMBaeTCsl. DTO YBeNMIeHIEe UeT IIOBCIOAY: 1 BOMuI-
31 Hameil [aTaKTUKY, M HEBEPOATHO JAJIEKO OT Hee.
Temn sTOro pacuMpeHns, HACKOTBKO MBI MOXKEM BI-
IeTh, OMMHAKOB BO BCeil HAOMomaeMoll 4acTu Beenen-
HOIT U omnpepensaercsa QyHAaMEHTaIbHON KOHCTaH-
TOM — MOCTOsIHHOI Xa66ma. B xakoit 6bI rajakTuke
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1945 r. AromHble 60MbapaupoBKy Xupocumsl n Haracaxkn XXI

BEK

MBI HIf OKa3a/IiCh, B KaKyI0 CTOPOHY HU I10- :"@T R

CMOTpE/N, Mbl OTOBCIOZlY YBUZIeNU OBl OHY S 45 MAPA, GBET.AET

U TY K€ 3aBOPKMBAIOLIYIO KAPTUHY: IalaK- PACYETHOE

TUKHA YAATIAIOTCA, CpeHEE PACCTOSHIE MEXTY I"_\ 22 % >‘I<<1€3|12 5 B

BCEMM T'aJIaKTUKaMU CTAaHOBUTCS BCe OOIb- MOMEHT

1e 11 6OJbIIIe. RABAIAEHNA
Korpma Mbl cMOTpUM O4Y€HD JJa/IeKO — 3TO

O3HA4YaeT, YTO Mbl CMOTPUM JJaJIEKO B IIPO-

LII0€: BEflb CBET OT CaMBbIX Ia/IEKMX TajIaK-

TUK, KOTOPBIE MBI CETOIHA MOXKEM YBUTETb

B HAIIIM TeJIECKOIIbL, 1Ie/I K HaM Oojtee 13 Mui-

UAapAOB JIET. ITO 3HAYUT, YTO MbI BUJMUM

JaneKue TalaKTUKM TaKUMMU, KaKUMU OHU

ObUIM 13 MUIIIMAPJIOB JIeT Ha3af, B Te BpeMe-

Ha, Koryja BeeneHHas 6bITa ropaszio MOJIOXKe,

geM ceityac. CornacHo 3akoHy Xa661a, aTu apesEN B BUAAMOCTY 1 " 13Y 4,

TaJIaKTUKY YAAAIOTCA OT HAC C Yy/[OBMUII- - onmyEckN, % 9‘94&7\

HBIMU CKOPOCTSIMU — [ECATKU ThICSAY KU- %@ ?ﬁiﬁzﬁiﬁ; A

noMeTpoB B cekyHay! KpacHoe cmemenne
B CIIEKTpax 3TuX (Hambosiee jaieKnx) ramax-
TUK OTPOMHO. 13MARA, CBET. AET

MbI OHKMMaeM, 4YTO y)ke OIM3KM K Ipefie-

JIy: Befib ec/iu Halleit Beenennoit 13,8 Mumm-

apfia JIeT, 5TO 03HAYaeT, YTO Mbl HUKOI/IA He &
YBUVM HUYErO HA TAKOM, a TEM 6omee 607b- O Mbl 3AECH
IIeM PacCTOSTHMU: BEb CBET C OOMbIINX pac-
CTOSIHIIL IIPOCTO He YCIIe K HaM JJOVTH 3a BCe
BpeMs CylecTBoBaHuA Beenennoii. Caer, co-
I7TACHO TEOPUY OTHOCUTE/IBHOCTH, JBVDKETCS
C OJIHOJI CKOPOCTBIO M HUKOTIA ObICTpee. 3Ha-
YUT JIV 3TO, YTO CaMble JlajieKie TaTaKTUKIH,
KOTOPBI€ MBI MOXXEM YBUIETh, HAXOJATCA Ha
paccTosHuM 13 MUIIMap/iOB CBETOBBIX JIET?

MpbI He JO/DKHBI 3a0bIBATh, 4TO 3a 13 M-
JINApMOB JIET, IIOKA CBET CAMbIX JIaJIEKUX Ha-
6/107jaeMbIX Ta/IAKTHK LIE/I K HaM, 3TH TajaK-
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TUKY YCIIENN «ylIeTeTb» OT HaC B HEBOOOPA3UMYIO
Janb. PacueThl OKa3bIBAIOT, YTO CaMble Jla/IeKVie BU-
JVIMble TaIAKTUKI cetitac HaXO#ATCA B 45 Mumap-
Jax CBeTOBBIX j1eT OoT Hac! Ho 9To BoBce He 3HAUUT,
YTO 3TO CaMble JjajieKye OT HacC raJIaKTUKIL.

Hrak, Xab6/1 nsMeHWI KapTUHY MUpa.

Okasanocp, 4To Teopuss Opupmana sepHa. OHa
ObITa TIO[ITBEPIKeHa M3MEPEHNSIMI KPACHOTO CMe-
IIeHN TaJIAKTHUK, KOTOpble BBIIOTHII Xa66:1. V1 10
03HayYaeT, YTo y BceneHHOI ObIIO HavasI0, M Havaia
OHa CBO€ CYIl[eCTBOBaHME C 3arajjouHoro bombio-
ro B3pbiBa. [Tocie oTkpoiTus Xab6ma MOXKXHO ObIIO
00CY>XZaTh, YTO TaKOe BOMBINOI B3phIB, IOYEMY OH
IIPOM301IesI, KTO €r0 YCTPOUI (MU YTO ero yCTpo-
MIO0), HO COMHEHUII B TOM, YTO HEYTO, MIMEHyeMoe
Bonpmym B3pBIBOM, AEICTBUTENbHO MPOU3OLITIO
NpUMepHO 14 MUIIMAPIOB JIET Ha3al, yoKe He OCTa-
BaJIOCh.

B Hayke MpuHATO FOBEPATH IPOBEPEHHBIM (ak-
taM. KpacHoe cMmelleHne, a 3HaUUT yajleHMe rajakx-
THK, IIOTBEPXKAA/IOCH U TIOATBEP)KaeTcs Habmofe-
HUSMY, BBIITOJTHEHHBIMU JA€CATKaMy 00cepBaTOpumit
BO BCEM MMPe€ Ha INPOTSIKEHUN YK€ ITOYTU COTHU
neT. [IoaToMy MO>KHO CIIOPUTB I10 IIOBOALY TOTO, 4110
makoe BoNbIIOI B3pbIB, HO B caMOM (pakTe bosbio-
O B3pbIBa (YTO OBI 9TO HY OBIIO) COMHEBATHCS YoKe
JABHO HE IPUXOJMUTCA.



1945 r. Katmrynsinys Tepmannm, mobepa
B Benmuxoit OteyecTBeHHOI BOliHe XXI
BeK

10. Bcenennas, ropayas
B Havaie

HeBe1oMbIM 3aKoHaM cyab0y CBOt BBEpSAS,
HenocTuxvMbIM Jansm 3BeHsLLEi MycToTbl,
TaUHCTBEHHbIM BUIEHbEM CKBO3b BEYHOCTb MPOCTYNAI0T
MupoB uy»ux, Janekux TyMaHHbIe YepTbl. ..

* % %

...Kakoit monmkHa ObITb CUna, uTod UX NULUTH NOKOSA?

Y06 pa3bpocatb, kak 3epHa, 3apoabiumn Mupos? bopuc Kombepe
Y706 MyTb WBbIPHYTH Haww MneyHblii HencToBbIM Npuboem, («flkosy bopucosudy 3enbdosuuy,
B rny6uHbl Mupo3aatua 6e3 nomotuu 6oros?.. K 65-nemuto)

ITonHOIEeHHAst KOCMOIOT M KaK HayKa, a He Kak Habop
YMO3PUTE/IbHBIX TUIIOTE3, 3apopmiack B XX Beke ¢ Teope-
TUYeCKMX pabot JitHiTeliHa, Ppunmana, Jlemerpa® u o1-
KpbITist Xab67a. [lo 9Tux 1ccenoBanHmit KOCMO/IOrys Oblra
ckopee prI0co(CKoil, 4eM eCTeCTBEHHOHAYYHON AUCIIN-
IIMHOI. MBICINTENN paccy>Kiany, Kak Jo/KHa (M1In Mo-
XeT) OBITb ycTpoeHa BeeneHHast. OTu IpeIIoNnoXKeHNs He-
BO3MOYKHO OBI/IO HM J{0Ka3aTh, HIf OTIPOBEPTHYTh, & 3HAYUT,
COITIACHO IPVMHIUIIAM HAYYHOTO METO/a TaKyie KOHLEIINI
He MIMeJIJi HMKAKOTO OTHOLIEHNS K HayKe.

HermpenoyxHblit GpakT IprCyTCTBIUSA KOCMOIOTNYECKOTO
KPacHOTO CMeIlleHMs B CIIEKTPaX IaJlaKTUK 1 CIe YOIt

%7 Benbruiickuit a66at 1 actpoHoM YKopsx JleMeTp He3aBUCUMO OT
DpupmaHa (XOTs U [03XKe HeT0) paspaboTan MOJe/Ib paciinpsi-
toleiicst Bcenennoit B konne 1920-x rozos. B 2018 rony Mexpy-
HAPOJHBII aCTPOHOMMYECKNIT COI03 Havasl 00CyK/eHNe UJieN TIe-
penMeHoBaHMA 3aKoHa Xab6/a B 3akoH Xa66ma-JIemerpa. ITpu
9TOM B OCHOBHBIX pr;aax 10 KOCMOJ/IOTUU yHOMI/IHaIOTC?I, Hpe—
xKpe Bcero, Mofienu Opupmana, a He Jlemerpa. Opunman, 6esy-
CJIOBHO, OBUI TIEPBBIM, 11 DJHIITEH YNTAl MMEHHO ero paboTy.
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13 3TOro (akTta 3aKoH Xab6/1a pe3Ko N3MEHMIN CUTYALNIO.
Tenepp m06ast KapTHHa MUpa GO/DKHA OblIa 06513aTe/IbHO
YYUTBIBATD, OMCHIBATD ¥ 0OBACHITD OTKPBITHIL Xab6/mom
¢daxkrt. Te BapmaHTBI KAPTUHBI MUPAa, T/ie He ObIIO pasiera
TaJIaKTVK, CTIef0BaIO0 OTBEPrHYTh (9TO IPUIIIOCH CAENATh).

VTak, raTakTUKN YHAISIOTCS APYT OT Apyra. BeeneHHas,
KaK IpeAnoarany 1 ifHIITeiH, 1 Xab071, ZeiCTBUTETbHO
OKa3aJlachb OHOPOJHON 1 M30TPOIHOM. Beemennas pacmm-
psieTcs, ToJo0HO MOHMMAILEMYCS TeCTy ¢ ustomoM. Ecim
MBI IIpeficTaByUM ce0s B OJJHOI M3 U3IOMUHOK (IIyCTh 3TO OY-
met Haua [anakTika), MbI OOHApYXKVM, 9TO CO BpeMeHeM Bce
Ipouye U3IOMUHKY yHAIAIOTCA OT HAC B pa3Hble CTOPOHBI,
U 4eM Jajiblile HaXOAUTCA OT HAac Ta VIV MHasA U3IOMMHKA
(mpyrast ramakTiKa), TeM OBICTpee HapacTaeT PacCTOsHUE
Io Hee. 3aMe4aTe/lbHO, YTO, €C/IM MbI IlepecsAneM Ha Jpy-
TYI0 M3IOMIHKY, KapT/HA He M3MEHUTCS: IIO-IIPeXKHEMY Bce
IpouYle USIOMUHKY OYIYT OT HAC yHAIATHCA.

Pacumpenne TecTa ¢ M3IOMOM, PasyMeeTcsi, BO MHOTOM
OT/INYAETCS OT KOCMOJIOTMYECKOTO PacinpeHysi — B 4acT-
HOCTM, B TOM, 4TO B CaMOM Hayajie M3IOMMUHKY ObUIM Bce-
TaK! He B OJIHOII TOYKe TeCTa, XOTs U O/IM3KO APYT K IPYTY.
A 410 e Ob10 B Havasne Beenennoit? Kak ato ysHars, He
HIPULYMBIBasd, a ONMMPasich Ha HaKTHI?

ActpoHomust (TouHee, ee Hanbomee OBICTPO pasBUBA-
IOIAsICsl 9acTh — acTpoduanKa) faBajaa Bce OOMbIle HaH-
HBIX JIJIf 9TOTO.

Ecnu nBe ThIcAYM JIeT Ha3aj MOV MPUAYMbIBAIN «3Ie-
MEHTBI», 13 KOTOPBIX COCTOUT MUP, TO B XX BeKe Xumude-
CKUIT COCTaB HeOeCHBIX TeJI, HAOMHAIINX Bcenennyio,
CTaJI JOCTOBEPHO M3BECTHBIM. AHA/NIN3 CIIEKTPOB MHOTO-
YMC/IEHHBIX 3B€3J] TOKA3aJI, YTO 3BE€3/Ibl B OCHOBHOM COCTO-
AT U3 ABYX CAMBIX JIETKIX 37IeMEHTOB Tabnuiisl MeHpjenee-
Ba — BOJOPOJA U Telus, [IPM 3TOM BOJJOPOZia II0YEMY-TO
BCerjja OKa3pIBaIOCh BTpoe Hosbpiie (o macce®®), yem re-

% Vinu B 12 pas 6osbliie 110 KOIMYECTBY aTOMOB.
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mus. IIpucyTcTBOBany B 3Be3QHBIX CHEKTpPax JINU-
HUM ¥ JPYTUX 9JIeMEHTOB (IOPOI BCeX M3BECTHDBIX
TUIIOB aTOMOB), HO UX 0011iee KOMMIecTBO ObIIO He-
BE/IMKO — IHOPsIAKa OHOTO-[BYX IIPOLICHTOB OT 00-
leil Maccol 3Be3fpl. Bomopon u renmit npuMepHo
B TOM K€ MaccoBOM oTHoueHuu (3:1) oOHapy>xu-
JIVCD ¥ B M@X3BE3IHOI cpefie — B ra30BbIX OOJIaKax.
TakyuMy okasaauch MPaKTUYECKU BCe 3BE3MbI,
BKimouas Haule ConHie. ClieKTpblI Ja/leKMX ralaKTUK
(cymmapHble CIeKTpbl MUJUIMAPAOB 3Be3[) JeMOH-
CTPMPOBA/IN AaHATIOTMYHYIO KapTHUHY. ITO ObUI (PaKT,
KOTOPBIIT HOCKUI BCeoO1mit (KOCMOIOTMIECKUIT) Xa-
pakTep, TUIIMYHBII JI/Is BCell HaO/MI0jaeMoit 4acTu
Bcenennoit. Ero Hy»HO ObI10 KaK-TO OOBSICHATD.
PasBuBas ugen OVHIITelHA, B KOHIE TPULIATHIX

rogoB XX Beka Hemenkuit pusuk Fanc Bete (1906-

2005) ¢ cOTpymHMKaMM OTKPBUI PeaKI AXEePHOTO %‘\stﬁﬂtm
CUHTE3a, YIOMAHYThIE B I7aBe 9. IIpy ruranTckmx LBCEAEHHAAD

TeMIIepaTypax U JaBJIeHNAX Afjpa aTOMOB BOLOPO-
Tia IpeBPALAIOTCA B AALpa aTOMOB renus. IIpn atom
U3 JIBEHA/ILJATH s/lep aTOMOB BOZOPOJa (IIPOTOHOB)
IIOJTy4aeTcsl OGHO Apo aToMa remus. Eciu Bech re-
7t BO BeenleHHOI MOy YmIcs B XOfie TePMOS/IePHBIX
peaxiuii 3 BOJOPOLa, 3HAUNT, €T0 U JO/DKHO ObITh
IIOBCIOALY B JIBEHAZIIaTh pa3 MEHbIIIe 110 YUCTY aTo-
MOB, U/IM BTPOE MEeHbIIIe 110 Macce, YeM BOLOpOofia.
Boree TspKenble aToMbL: TUTHIL, Gepumit, 6op,
a30T, yI7Iepofi, KICIOPOX, M Jajee IO CIUCKY (To4-
Hee, 0 Tabnuie MeHjeneeBa) — Bcero 90 TUIIOB
aTOMOB, KOTOPbI€ BCTPEYAIOTCA B IPUPOJiE, €CIN He
CYMTATDb BOJOPOJ, U Tennit, POPMUPYIOTCS B Pe3y/ib-
TaTe CXO[HBIX peaKIuil mpu emie 6oee BBICOKMX
TeMIIepaTypax U JaBTIeHIAX. Takue yCTIoBYs B COBpe-
MeHHOJ Bcenennon mocTuraroTcs gajeko He Bcerga
(mampumep, B Heipax OYeHb MACCUBHBIX 3Be3Jl, BO
BpeMs1 B3PbIBOB JIMOO CTOIKHOBEHMIT 3BE3] MEX-
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Iy co00it), TO9TOMY aTOMOB TsDKejlee Teyis Bo Bcenen-
HOJl OTHOCUTE/IbHO HEMHOTO — BCETO JIONM MpoleHTa™.
OHM OYTH He BIVSIOT Ha 00I1jee COOTHOLIEHE d7IeMeH-
TOB BO Bcenmennoii. BemecrBo BeceneHHOI cOCTOUT MOYTH
MOTHOCTDIO U3 BOJOPOia U Te/Ms B YIIOMAHYTOM Macco-
BOM cooTHoIeHnn 3:1%.

I'ne ke mpoTeKany 3TU peaKki iy, IpeBpaTUBIIeE YeT-
BEPTb BCeil Macchl Bojopofa B renuii? OLeHKU cKOpo-
CTY 3TOTO IIpOLjecca, IPOTEKAIOIIEro B Hejpax 3Be3 I, 110-
Kasajy, YTO TaM JIeMICTBUTETbHO UAYT TaKMe peaKln,
Ho Kpatie mednenro. Hare ComHile CBETUT, KaK ceifdac
MBI 3HaeM, yKe OKOJIO IIATU MU/IINAPHOB NieT. EcTh 3Bes-
IbI, KOTOpbIE BIBOE CTapllle, M TeM He MeHee COOTHOIIIe-
HIe BOJIOPOJa ¥ Teus, CyAs IO CIIeKTpaM, MPaKTUYecKn
BO BCeX 3Be3/laX IPMMEPHO OJMHAKOBO — 3TO Te ke 3:1.
ITO 3HAYUT, YTO IIPOLlecC PON3BOJCTBA I'eiNA U3 BOLLO-
pona B Hefpax 3Be3j ManodhdeKTUBEH 1 MOXKET MPO-
IOJDKATbCA OYeHb JIO/ITO, He MeHAS paJiiiKaJIbHO Hayalb-
Hoe cootHolteHne. Crano 6bITh, OCHOBHAS Macca Tefiys
B 3Be3JlaX IOSIBUJIACH He 6HYMmpu 3Be3[]. 3Be3[bl cCaMu
chopMMpoOBaICh 13 9TOI TepBUYHOI cMecu. He moxer
JIM 3TO O3HAYaTh, YTO OTHOIIEHNE YIC/Ia aTOMOB BOJO-
pofa K 4iCIy aTOMOB Te/is BO BceneHHoI coxpanunocs
€ CamMozo HA4ana ee Cyw,ectmeo8anus, BO3MOXKHO, CO Bpe-
MeH caMoro bosnbIoro B3pbiBa?

Hap aToit mpo6eMoit Bcepbe3 pasMbILUIAI YI€HUK
@OpupmMaHa, HEKOIfia CIylIaBImit ero nekuun B Iletpo-
TpajIcCKOM YHUBEpPCUTETe — KaK pa3 B Te BpeMeHa, Korjja
®pupmaH paboTa Haji CBOMMM KOCMOTOTMYECKVIMI MOJie-

% Teopuio 3TUX IPOLIECCOB paspabaTbIBaIM yKe YIIOMUHABIIIICS
@pen Xoit 1 €ro COTPYSHUKI.

4 Mo>xHO CIIPOCHUTB: a KaK JXe MBbI? A Kak ke, HaIlpuMep, Halla
3eMJ1, KOTOpas COCTOUT U3 Kyfia 6o/iee TSKE/IBIX 971eMEHTOB?
He Hap0 3a6b1BaTh, 4TO 3eM/1A BMECTe C HAMI «BeCUT» B 330 ThI-
cs14 pa3 MeHblire, 4eM CorHile, a 98 % Maccel COTHITA TPUXOANUTCS
OIIATH-TAKM HA BOJJOPOJ VI Te/INIL.



1953 r. B CIIIA Havaso BeljaHue IBETHOE Te/IeBUIEHIIE XXI

BEK

nAMu. Yuenvika 3sanu Teopruit AnToHoBIY [amoB (1904-
1968). B 1933 ropy on amurpuposan n3 CCCP, B 1940 roxy
nomy4nn rpakganctso CIIA. B copokoBbie rofipt Jxopmx
TaMOB mpuiIes K MBIC/IN O TOM, 4TO BcenleHHas B Havab-
HOM COCTOSTHUM ObITa TOPsIYeNt U IUIOTHO, ¥ 3HAYNT, B Hell
ObUIM HOAXOJAIINE YCIOBYS /ISl TOTO, YTOOBI YeTBEPTh
BCell MacChl BOIOPOJA NpeBpaTuiach B remmii. Ilosgnee
TamoB mucarr, 9410 0 ropsi4ert BceneHHOM eMy TOBOPIII €T0
IIEPBbIIl HAYYHbBI PyKOBOAUTENb — AJleKCaH[p ANeKcaH-
nposud OpujMaH.

Wpnea TamoBa 3akmovanacek B cnepyroomemM. Ecnu Bee-
JIeHHas pacIInpseTcs, 3HAYNUT, B IPOIUIOM, B CAMOM Ha-
Jajie ee 9BOJIIOLNM, IVIOTHOCTh MaTepuy ObLIa TOpasmo
BbIIIle, YeM ceffdac, — KakK B HelpaX CeTONHAIIHUX 3Be3 .
Temmeparypa Toxe OblIa Ype3BbIYAIHO BHICOKOIL. B aTHx
YC/IOBUAX CaMblil TPOCTO XUMMYECKUI! 37IeMeHT — BO-
TOpOJi — BIIOJIHE MOT B XOJie PeaKIMil AMEPHOTO CUHTE-
3a YaCTUYHO IIpeBpaTUThcA B renuit. Ho gpyrue peakunn
¢ 00pa3oBaHUEM TSKE/IBIX 3JIEMEHTOB IIOYeMy-TO He 3a-
IYCKa/IMCh, XOTs TaKMe MPOLeCChl TAKXKe MOXKHO ObLIO
OXXIJATD.

Teoputo mepBUYHOTO CHHTE3a 37IEMEHTOB B TOpSUeN
Bcenennoit pazpaboramu I>xopmk famoB u ero acnmpant
Panpd Anbdep. B kauecTBe coaBTOpa Hay4yHOI CTaThbu
l'amoB yxasan [aHca bere — ero ¢ammus 6bu1a gonmca-
Ha, KOT/Jja TeKCT OBIT y>Ke TOTOB. DTO OblIa TUINYHAS /IS
9KCLeHTpUYHOro [aMoBa Iy TKa: €My XOTEIOCh, YTOOBI HO-
Bas KOHLIeNUMs ITOy4nia HasBaHyue Anbda-bera-Tam-
Ma-Teopusi, OOBITPBIBAsI Ha3BaHM MEPBBIX OYKB rpede-
CKoOro ajdasnra.

B reopuu TamoBa ObIT eliie OAVMH BaXKHbI 37eMeHT. To-
psiuee HauaJIbHOE BEILIECTBO, COITIACHO pasfeny GU3MKIL,
Ha3bIBaeMOMY TEePMOMHAMMKOIL, JO/DKHO OBLIO TOPOJUTD
neKmpomazHumHoe usnyeHue. 3AKOHBI TEPMOIMHAMUKI,
MHOTOKPAaTHO IIPOBepeHHbIe 1 JOKa3aHHbIe, TpeboBay,
4TOOBI B TOpsTYEM BelljeCTBe BO3HUK CBOEOOPasHbIil ra3
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U3 4aCTUI] CBETA, CTyCTKOB 3/IeKTPOMArHUTHOTO TOJA —
dotonoB. POTOHBI BefyT cebsi KaK YaCTUIIbI, IMIIEHHbIE
MaccChl U JBVDKYIIMECSA CO CKOPOCTbIo cBeTa. CoracHo
pacderam, I10 3aKOHAM TePMOAVHAMUKY (POTOHOB TODK-
HO OBITh TOpa3fo 6OsIbllle, YeM YacTHUL] BellecTBa (Teopus
yKa3bIBaeT, YTO UX JO/DKHO ObITb IIPUMEPHO B MUIIAADT
pas 6osblile, YeM sifiep aTOMOB BOOPOJia — MIPOTOHOB).
[amMOB cuMTas, YTO B pacKaJIeHHOM Havya/JIbHOM IIOTHOM
«CyIe» U3 sAfiep BOLOPOJA U Te/us JODKHBI ObUIN IPUCYT-
CTBOBAaTb MHOTOYNC/IEHHbIE (POTOHBI.

B panpHeiieM 0Kasanoch, 4To 3Tu (POTOHBI KaK pas
¥ MeLIany 06pa3oBaHMIO TSDKENMBIX sfiep. B peakipysx cuH-
Te3a Ha Ha4aIbHOM 3Talle BO3HMKAIM TOIBKO SfIpa aTOMOB
renuis, sifpa feiiTepust (B HeGOMBIIOM KOMMYECTBE), @ TaK-
Ke UTHs U 6opa.

CpenHsist 9Heprusi GOTOHOB [LO/DKHA OBITH LIPUMep-
HO paBHa CpefHell SHePIMM ABVDKEHMS YacTHUI] BelllecTBa
(TPOTOHOB U sifiep ATOMOB Te/ys). ITO 3HAUUT, UTO IOJI-
Hasi 9Heprus GOTOHOB (9/EKTPOMATHUTHOTO M3/TYUeHN )
B TOT )K€ MWUIApJ, pa3 IpeBbIlajia IONHYI0 9HEPIMIO Ya-
ctuy BeulecTBa! B HavanbHOI ropsyeit Beenennoit nsmy-
YeHMe TOMMHVPOBAJIO HaJ| BEIIeCTBOM.

Ho urto mpoucxopuno panbuie? [I1oTHOCTD BeljecTBa
u nornteit ymeHbluanach (Bcenmennas pacmnpsinacs). Hako-
Hell TVIOTHOCTb MaTepuy CTasa HeJOCTATOYHOI [/ Po-
TO/DKEHMS peaKLmit AfiepHoro cuuTes3a. CoIylacHO 3aKOHaM
¢busuKy, [O/DKHA ObLIA TAfaTh TeMIIEpaTypa He TOMbKO Be-
IIeCTBA, HO U 3/IEKTPOMAarHUTHOTO n3nydeHns. Ho tem-
nepaTypa U3/TyueHMs CBSI3aHA C JINMHOI €ro BOMHBL: 3TO
O3HAYaeT, YTO JIMHA BOJIHBI M3/TyYeHNs HO/DKHA ObLIa 110-
CTOSHHO YBe/INYMBAThHCA 110 Mepe NajieHI TeMIIepaTyphl.
Ecnu mpu r’uraHTCKMX HavaIbHBIX TeMIepaTypax Hops-
Ka MIIIMapfa TPafycoB /IMHA BOJHBI JODKHA COOTBET-
CTBOBATh ITapaMeTpaM TaMMa-U3Ty4eHNs, TO CO BpeMeHeM
TeMIeparypa (a 3HaYNUT, 1 SHEPIUsl) U3TYIEHMs JODKHA
YMEHbBIIAThCS, KaK U JINHA eT0 BOTHBIL.
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TamoB, Anbdep u nx komrera Pobept Tepman®' cpena-
IV OILIEHKY, KAaKOBa O/DKHA OBITh TUIIMYHAS JIIMHA BOM-
HbI 9TOTO U3/Ty4eHNs CETONHSI, CITyCTs bomee yeM [ecsTh
MIWIIMAPAOB 7eT ocie Bosbiroro B3peiBa. OHY HOTy4N-

7T OYE€HDb HMU3KYIO TeMIIEpaTypy — B IIPeMeNIax OT HY/Is 10 N3nyuErmE,
TecATH IpafiycoB 1o 1Kajie KenbBuHa. COXPAHMBILEECS CO

CoracHo paccyxzieHusAM [amoBa 1 ero KoMaH/Ibl, 9TO BPEMEH TOPSMEN
U3Ty4eHye, COXpaHMBIIEEC CO BpeMeH ropsader Beenen- BCEnEHHOR, HUKYRA
HOJI, HUKYJa He JO/KHO 610 HeTbcsa®?. OHO U ceromHsA HE LO/1XHO bbI10
TOJKHO 3aIIOJTHATD BCIO Beenennyo, paBHOMEPHO PacIpo- JETbCA

CTPaHAACh BO Bce CTOPOHBI. HO ITOCKOBKY /IMHA BOTHBI
9TOTO U3JTy4YeHNUs BMeCTe C TeMIepaTypoil CyIeCTBEHHO
M3MEHIIACh, 3aPEIUCTPUPOBATD €T0 MOXKHO YoKe He B TaM-
Ma- U JjaxKe He B y/IbTPaduoIeTOBOM ¥ He BUAMMOM Jiviaria-
30He. V3mydenue ropsudeit (koraa-To) BeeeHHOI «ymmo»
8 OMUHHOBONIHOBYLLL PAOUOOUANAZOH.

Crarbs KoMaHzbl [aMOBa IPAMO YKasbIBasIa, 4o Cie-
IOBAJIO MCKATh B KOcMoce. IIpoBepuTh, BepHBI i CO00-
PaKeHNUsA yYeHBIX, WM 9TO BCErO JIMIIb YMO3PUTE/IbHbIE
TeopeTHyYecKie MOCTPOeHNsI, He VIMeIolue HI4ero 06-
IET0 C PeaIbHOCTDIO, MOXKHO OBIIO TOJIBKO B XOJIe 9KC-
HepVMeHTa.

ITocne BTopoit MUpOBOI BOIHBI OBICTPO pa3BUBa-
Tach PafgMoOACcTPOHOMMA — BOEHHBIE pajjaphl IIPOJEMOH-
CTPUPOBAJIY, YTO KaKyue-TO ICTOYHUKI PafMOBOIH ABHO
HaxopATcs B KocMoce (Hanpumep, Connue u IOmnurep),
U CIIeliaIbHble aHTEHHBI [/ IIpyieMa KOCMIYEeCKOro pa-
IMOV3TyYeHNA aKTVBHO COOPY>Ka/lINCh BO BCeM IIVIBUIN-
30BaHHOM MUpe. MOXHO ObIIO 0KUJIaTh, YTO B CIIUCOK Ha-
YUHBIX 3a/Iad MOJIOfIasl PajyioacTPOHOMMS JJO/DKHA Oblia

1 JIro60mBITHO, 4TO BCe Tpoe — 1 [amoB, 1 Anmbdep, u lepman —
BBIXOZIL[BI U3 CEMeNl C POCCUICKUMM KOPHAMI.
2 A xyna 6b1 0HO Jienoch 13 Beenennoii!
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PT-22 — npeun3noHHblii
pasmoTeneckon ¢ 22-MeTpoBbIM
napabonnyeckim 3epkanom,
OANH 113 CTapeliLnx B Poccum.
Pabotaet B lywwmHcKoit
Paf1oacTpOHOMUYeCKoit
o6cepsatopum ¢ 1959 ropa.

B 3701 KOHCTpYKLMH Obin
BNepBble peasnin30BaH HoBbll
MPUHLMN a3UMYT-YrNOMECTHOIA
MOHTIPOBKH, NO3BONAKLLNIA
NCKNIYUTb ACAMMETPUYHbIE
LedopmaLum KpynHorabaputHoro
3epkana nog Bo3zelicTauem
cunbl TAXecTn. PT-22 —
CepUIAHbIA paguoTeneckon,

B (CCP BbImycKkanuco Takxke cepum
PT-32, PT-70.
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BKJIIOUMTD MOVCK ApeBHEro M3/Ty4eHus ro-
psideit (korpma-To) Beenennoii. ..

YouBUTeNbHO, HO Ha cTaThio Anbdepa
n Iepmana, Beimefmyo B 1948 ropy, BHu-
MaHMsA HUKTO He obpatun®. Tak ObiBaeT
B HayKe — JIyX BPeMEHM 3amnasjbiBa. le-
HUasbHas fiorafika [amoBa HeMHOro onepe-
IWIa JyX BpEMEHM, 3€pHO YIIajlo Ha I104-
BY, ellle He TOTOBYIO ero npuHATh*. CTont
TaK)Xe CKa3arh, 4To B 1941 ropy 06 obHa-
PYXeHUNU U3TydeHUs C TAKMMM CBOICTBa-
MU HaIlCajl B CBOEN Hay4HOI1 cTaTbe JH-
Apro Makkefnap, HO OH He IIOHSJ, 4TO
3TO TaKoOe.

B cepenuHe NATUAECATHIX TOLOB py-
nopHas aHTeHHa ITynKoBcKoit o6cepBaro-
pun iof JIeHMHTpajoM (KOTa-To MMEHHO
taM, B Ilerporpaje, kak OH TOrJa Ha3bI-
Bajics, Ppupgman dnran aekuyn [amMoBy)
3aperuCTpUpOBaNa U3NydyeHne, uayliee
13 KOCMOCa, COOTBETCTBOBAaBLIEE TEMIIE-
parype okosno Tpex KenbBuH. AHTeHHa,
Ha KOTOpOIl paboTanu COBETCKUe pajfnuo-
acTpoHoMbl, CeMeH OMMaHymIoBuY Xaii-

# Kak, BipoyeM, B cBOe BpeMs 1 Ha cTarbio Ppup-
MaHa. VIHorzia cosjlaeTcs BIedaTeHne, 4To pa-
6oty ®pumMaHa IPOYNTAI TONBKO DIHIITEIH.
JlemeTp, MOBTOPUBIINIT OCHOBHbIE BBIKTATKI
DpupmaHa 1 paspaboTaBiInii 60/Iee «IIPOABI-
HYTYIO» Teopuio, paboTsl PpuMaHa He YNTAIL
VHTepecHO, CKONbKO HAay4YHbIX CTATell, COflep-
JKaIVX OyAyIie Hay4Hble IIPOPBIBDI, MbI He 3a-
MeYyaeM CETOfIHA?

* Hayunsiit pefakrop kuuru O. B. Bepxopa-
HOB 3aMeTWJI, YTO CaMy aBTOPBI UJIEN, IOXOXKE,
He GBIV YBepEeHBI B CBOEM pe3y/IbTaTte: eCIIu
B 1948 rony onu nucanu o temneparype 5 K,
TO CITyCTA ABa rofa, B 1950 rogy — o 28 K.



1957 . 3amyck 1epBoro UCKYCCTBEHHOIO CITyTHUKA
3emmu («CriyTHUK-1») XXI
BeK

D D T D T T
xuH 1 Haym JIpBoBuY KaitgaHoBckuii, a TakKe UX aclu- AHTEHHA, HA
paut T. A. IlImaoHOB, 3ayKcupoBaa IpeBHee U3TydeHue KOTOPOW PABOTA/IU
I0HOI1 ropsueit Becenennoit! 9tot pesynbrar Turpan Apa- COBETCKWE PALINO—
moBwY [IIMaoOHOB M3/TOKIIT B CBOEN KaHAUJATCKOI Mccep- ACTPOHOMbI,
Tauym B 1957 rofy, a 3aTeM yIOMSIHYII B CTaTbe, OIy0/Iu- SAGUKCHPOBAJIA
KOBAHHOII B COBETCKOM XypHase «IIpubopsl 1 TeXHMKa HPEB_HEE M3ﬂy_L‘EHME
aKcrepuMeHTa». Ho camu HabmogaTenmy He 0OpaTuiu Ha 0HOM TOPSHEN

Bcenenon!

obHapy)XeHNe M3Ty4eHVsI 0COO0ro BHUMAHUSA U He 0CO-
3HAJIM, YTO K€ OHM 3aPErUCTPUPOBAIIN.

[Ipomuto eme cempb net. BecHoit 1964 roga coBeTckue
actpoHombl AHppeit Teopruesny [Jopomkesuy 1 Viropp
IOmutpuesiy HoBukoB ony6nukoBay paboty, rae 661710
yKa3aHO, KaKMX HaOII0JaTe/IbHbIX IIPOSBICHNIT CIefyeT
OXXIJIaTh OT JpE€BHETrO U3Jy4yeHus ropsyen Beenennoii,
U faKe ObUIM yKa3aHWs, Ha KAKOM MHCTPYMEHTe JIydlie
BCETO IIPOBOANTD Hab/IOfeHNsA. V] XOTs CTaThsi COBETCKUX
MCCTIefoBaTerIell 6blIa BCKOpe IepeBefieHa Ha aHITIMIICKII
A3BIK U OIYO/MIVKOBaHa, Ha Hee 00paTIIN BHUMAHUE YoKe
II0C/I€ OTKPBITHA. ..

B 1964 rony B amepukaHckoil kommanun «J/laboparo-
puyt bern» Bemich SKCIIepUMEHTBI, KOTOPbIE JO/DKHBI ObLIN
OTBETUTb Ha BOIIPOC: MOXKHO JIYI OPTaHU30BaTh CBA3b CO
CIyTHMKaMI B MMKPOBOJIHOBOM JyaliazoHe. DKCIepu-
MEHTBI IIPEJJIarajoch IPOBOAUTD CO CIIyTHUKOM «IXO0»,
KOTOPBIII IIpefCcTaB/LsAI cOO0 HayBHOI LIIap JUaMeTPOM
6onee 30 MeTpoB. ToHKast 060/104Ka CIIyTHUKA ObIIA CHie-
JIaHa U3 MIOJIM3TUIEHA C METAJUIM3MPOBAHHBIM IIOKPBITH-
eM, U CITyTHUK JBOJDKeH OBUI CITY>KUTD (M CIIY>KII) TaCCUB-
HBIM OTpakaTe/leM PaiJiOCUTHATIOB.

Corpynuuku «benm» Apao Ilensuac n Po6ept Buicon
paboTanu Ha MIeCTYMETPOBOI PYIIOPHOI aHTEHHE B IIITa-
te Hpro-JDxepcu (CIIA), nprHuMasi cnabblit OTpakeHHBII
curHas ot «Jxa». C HeKOTOPBIM YAMBIIEHVEM OHY OOHapy-
SKWJIN, 9TO U3 KOCMOCA Ha JI/INHE BOJIHBI 7,35 CAaHTUMETpa,
COOTBETCTBYIOLEl Temneparype 2,7 K, IocTOsAHHO mbeTcs
KaKoe-TO M3/Ty4eHre. TaMHCTBeHHBIIl paiuoIIyM He 3aBI-
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CnyTHUK «Ix0-T» —

HaJyBHOI pafnooTpaXKatoLLmil
LUap B KOCMOCe, paKeToil
LOCTaBNEHHbIIN Ha opouTy

B 1960 rogy Ans SKcnepuMeHToB
B 00/1aCTU CMYTHUKOBOIA CBA3M.
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CeJ1 HU OT BpeMeHU CyTOK, HI OT BpeMeH! T'ofia, HU OT
HaIpaB/IeHHOCTY aHTeHHbl. OH 1men oToscony! Vnxke-
Hepbl TOBOPAYMBA/IY aHTEHHY, YOeXX/asiCh, 4YTO MUKPO-
BOJIHOBBII (DOH TTOCTYIIAN CO BCEX CTOPOH. ..

CHayajia MccefoBaTeIn yMajy, 4TO OHU CTOJIK-
HYMUCDh C KaKUMI-TO nmoMexamy. OHM Tpemnan Ha
IPOXOAVBLIYIO TOOGIM30CT XKeme3HYIo gopory. OHu
OXJTafVIIN IPYEMHUK XKUAKUM TemeM. VIM mpuinoch
NUKBUYIPOBATh THE30 TOMy6elt, KOTOpOe MOSABUIOCH
IPSIMO B aHTEHHe, a TAK)XKe OTYMCTUTD AaHTEHHY OT «Oe-
JIOTO JUM3/IeKTPUUYECKOrO BelllecTBa», KaK ero Haspall
Ilensuac, KOTOpoe OCTaBU/IM HAa aHTEHHE He YBaXkaB-
mue Hayky ronry6u. Ho paguomrym ot aToro He mcdes.

B 310 BpeMs npuMepHO B IATUAECATU KUTIOMEeTpax
OT 3TOro MecTa Hof pykoBoactBoM Pobepra [Iukke,
Ixuma ITu6rnca, [IsitBa Yunkuncona u Ilurepa Porna
BEJIOCh COOPY>KeHIe pajjiioTeecKora Gpuandeckoro ga-
KynbTeTa IIpMHCTOHCKOTO YHUBEpCUTETA AT MOUCKA
U3Ty4eHns, mpefcKasaHHoro rpymmnoit [amosa. K Tomy



1960 r. Cospanue rpymmst The Beatles XXI

BEK

BpeMeHI, KOTJja allaparypa Oblla IIPaKTUYeCK) TOToBa  PynopHad aHTeHHa,
IUIsI Hava/Ia HaOMIoeHNE, IO IPMHCTOHCKOM KOMAHIbl  NPUHAMABLUAA 0TPaKeHHbII]
fonuia uHGOpPMAIMA O CTPAHHBIX MPo6eMax, ¢ Koto-  CITHaN OT CyTHIKa «IX0-T».
pbiMu cTonkHynuch [ensmac u Bunbcon. Crajo scHo,
ITO OMKPbIMUE YHe COCMOAN0Ch. [JUKKe ¥ YUIKMHCOH
o6bsacuunu [ensuacy u Bunbcony, 4To >xe, cO6CTBeH-
HO, OHU 0OHapy>xum. B mMajickoM BbIITycke «AcTpo-
¢dusuaeckoro xypHana» 3a 1965 rox 6s1m omy6/n-
KOBaHBI [iBe CTaThy: pab0Ta IPUHCTOHCKOI TPYIIIBL,
cofiepyKaBIllasi TeOpeTUYeCKOe IpeficKasaHue CBOICTB
U3/TydeHus Ha OCHOBe Teopuu [amoBa, 1 pabora IleH-
3maca ¥ BumbcoHa — cOOCTBEHHO 00 OTKPBITUY MHU-
KPOBO/IHOBOTO U3/Ty4eHU.
Tax ObIIO OTKPBITO MUKPOBOJIHOBOE (11U (HOHO-
BOE) U3/Iy4YeHMe, KaK OHO Ha3bIBAETCA B aHIVIOA3BIYU-
HOJI TuTeparype. Boiaromuiics coBeTckuit actpodu-
3uk Mocud Camymnosmy IIknosckmit (1916-1985)
IpeIOKU I/l HeTO yAaYHOe Ha3BaHNe «PenuKTo-
BOe U3TydeHue».
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B 1978 rony Mex3smnac
1 BunbCoH nosysnm
HOBENEBCK Y10

NPEMUIO N0 OU3MKE
<3A OTKPbITHE
KOCMMYECKOrO
MUKPOBO/THOBOIO
U3/TYYEHNSS,
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B 1978 ropy Ilensnac u Bunbcon momyunnu Hobenes-
CKYIO IIpeMMIO 1O PU3MKe «3a OTKPBITUE KOCMIYECKOTO
MMKPOBOTHOBOT'O M3/Ty4eHuA». Kak Hammcas o sTomy 1o-
BOJly BBIJJAIOLINIICA ¢dusuk Crusen XokuHr (1942-2018),
«9TO OBIJIO He COBCEM CIIPAaBENINBO, €C/IM BCIIOMHUTD
o uxxke u [Tubmnce®, He roBops yxe o Iamose!» Bipouem,
Jxopmx [aMoB He MOT TOMY4NTh IpeMuio B 1978 roxy, on
YILIeN U3 XKU3HY JIeCATDIO rofaMu paHblie, a Hobenesckue
MPEMUY IIOCMEPTHO He IPUCYXKJAITCA.

Ho Hapo oTgaTh fO/DKHOE OTKpBIBaTeNsAM. B cBOEIl HO-
6eneBckoit peun ApHo IleHsuac ckasan cienyolee:

«IlepBoe oOIyOMMKOBaHHOE NPM3HAHME PEIUKTOBO-
rO M3/Ty4eHMs] B Ka4eCTBe OOHAPY>KMMOTO SIBJIEHVIS
B pafuojMamnasoHe NOABWIOCh BecHO 1964 ropa
B KpaTkoii cratbe A. I. [Jopomxkesuya n V. JI. Ho-
BUKOBa, o3araBieHHolt “CpefHsis IIOTHOCTb W3-
JTydeHVs B MerTarajgakTuke ¥ HEKOTOpPbIE BOIIPOCHI
PeATUBUCTCKON KOCMOMOTMM™. XOTSI aHIIMICKUIA
IepeBOf, MOABWICA B TOM )K€ TOLY, HO HECKOJIBKO
[03)Xe, B LIVPOKO M3BeCTHOM XypHare “CoBeTckast
¢usuka — Jloxmappl’, CTaTbdA, HO-BUAUMOMY, He
IIpUBJIeKJIa K ce0e BHMMAaHMA APYTUX CIEIVaINCTOB
B 9TOit o6mactu. B aToil 3amMedaTenbHON cTaTtbe He
TOJIKO BBIBE[EH CIIEKTP PEIVKTOBOTO V3Ty4eHMs
KaK 4epHOTE/IbHOTO BOJTHOBOT'O fABJICHMA, HO TaKOKe
OTYeT/IVBO CKOHIL[CHTPUPOBAaHO BHUMaHME Ha JIBa-
AuatndyToBOM PYHIOpPHOM pedriekTope sabopa-
topun “bern” B Kpoydopn-Xwmr kak Ha Hanbomnee
HIOZIXOAAIIeM MHCTPYMEHTe I ero oOHapys>keHusA!»

B SaPY6€)KHI)IX COBPEMEHHDBIX KHIUTAX POJIb COBETCKUX
I/ICCTIeILOBaTeHef/l TI04YTH HE OTME€YACTCA, pa3Be YTO YIIOMM-
Ha€TCA, 4YTO TaKNE pa60TbI (339171 CHOETaHbI. Tak YK IIOTy4In-
JIOCh, UTO 3TU CTAaTbM HE IOB/IVIAIN HA IIOATOTOBKY 11 OCY-
IIECTBIEHNE€ OTKPBITUA PEINKTOBOTO U3TYIEHNA.

* B 2019 r. [I. ITn6c 6511 yrocroern Hobemesckort mpemui 1o ¢u-
3UKe 3a BK/IaJ] B Pa3BUTIE KOCMOJIOTHIL.



1962 r. Mapu KyaHT cospana Ko/mieK1numo
MMHI-I000K, KOTOpas mpoussena Gypop XXI
BeK

JJo OTKpBITHA PEIVKTOBOTO U3/Ty4eHVISI MOYKHO OBIIO CII0-
puTh 0 Teopuu IamoBa, paccy>k/jaTh, BEpHa OHa WM HET, HO
IIOC/Ie OTKPBITIS STY CIIOPBI CTamy 6eccMbIceHHbIMU. DakT
CYLIECTBOBAHMA PENMKTOBOTO U3Ty4EHNA JOKa3bIBAET TU-
IIOTE3y O TOPAYEM COCTOAHUM BceneHHol B Havane ee Cy-
IIeCTBOBAHNA I SIBJISIETCS] BTOPBIM (IIOC/Ie OTKPBITHUSA Kpac-
HOTO CMEIEHNUSA B CIIEKTpaX TaJaKTHK) HOKa3aTelbCTBOM
TOTO, 4YTO BO/IbIIOI B3phIB E/ICTBUTENIHHO 6pu1. O6DBsIC-
HUTDb PEMKTOBOE U3JTy4eHNe MHBIM CIOCOO0M 0Ka3anoch
HEBO3MOJKHO.

9TO He U3JTyYeHNe OT/E/IbHBIX HeOEeCHDIX TeJ MU UX CH-
cTeM (3Be3[ U 3Be3[JHBIX CKOIUIEHMII). PemmkToBOE M3My-
JeHVe UAET OT Bcero Heba, MpyudyeM OTOBCIOAY ORMHAKO-
BO€ — C TOYHOCTDIO IO COTBIX JJOJIeil IPOLjeHTa. ITOT PaKT
HOATBEPK/laeT M3HAYaIbHbIE IPEANON0KeH A DIHIITeIHa
n Opupmana: Bcenennas ogHOpOAHA ¥ M3OTPOIIHA, IPUYEM
OHa Obl/Ia TaKOJ1 C CAMOT0 Havaja CBOErO CYIeCTBOBAHMUA.
Benp penmkToBO€e M3MydeHME, COITACHO pacyeTaM, poju-
710Ch GYKBa/IbHO CITYCTSI OFHY CTOTBICSYHYIO CEKYHBI I10-
cre BoybIIoro B3pbIBa 1 HOTYYM/IO BO3MOXKHOCTD CBOOOTHO
PacpoCTpaHAThCA NpUMepPHO Yepe3 380 ThICAY JIET IOCIe
9TOTO, KOIZla BeenleHHas crana mpo3payHoii it GOTOHOB.

AHa/N3 CIeKTpa PEIMKTOBOTO U3/Iy4eHNs IIPUBET aCTPO-
¢usuKoB K crepymoiiemMy BbiBogy. OHO 6BUIO UCIYIIEHO
packaneHHoll MaTepuell MONIOAO 1 ropsdeil BecenenHoii,
B KOTOPOI! eltje He 6110 (1 He MOITIO OBITh) HUKAKMX 3Be3]
U IUTaHeT. DTo OblIa pacKaleHHast, XOPOLIO IepeMelaHHasI
CMECh 3/IEKTPOMATHUTHOTO U3/TyYE€HUA U 3/IEMEHTAPHBIX
YacTull. 3a MWUIMAPADI JIET U3TyYeHNe B paclIupsoIer-

cs1 BeceneHHOI «OCTBIIO», HO HUKYZA He Ienoch — BeeteH- 3A MUAIMAPIbI

Hasi U ceifyac MM Hamo/HeHa. B m060it Touke Beenennoit TIET W3/IYSEHVE

MOKHO PerucTpUpoBaTh IPUXOfIee CO BceX CTOPOH U3- B PACLIMPSIOLENCS
nydeHye. VICTOYHMKaMM 9TOTO M3/y4eHNs ObUIN 8ce MouKU BCENEHHOM <0CTbIN0S,
Bcenennoii, BKro4ad Ty, Ijie ceityac Haxopurca Hama Corn- HO HAKYOA HE OENOCh —
HeYHas cucTeMa. ITO O3HAYaeT, UTO Ifie-TO B MIWUIMapAax BCENEHHAS M CERYAC M
CBETOBBIX /IeT OT HAC KakKue-Hu6y/Ib Haly 6paThs MO pas- HANOHERA.
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CHSHME HEBA

HA LUMHE BOJIHbI
PE/IMKTOBOIO
W3NYYEHUS CITETKA
HEOQHOPOLHO —
OHO KAK Bbl
NOKPLITO C/IABOM
PSIBBIO.
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yMY ceiidac MOTyT PeIUCTPUPOBATh PEIMKTOBOE U3JTyYe-
HI€, KOTOPO€ UCITYCTU/Ia OYEHDb JABHO Ta TOYKa, B KOTO-
Poii ceifuac HaXOAMMCs MblL. VIsnydenne ot 6o/ee 6MM3Kux
TOYEK y>Ke JaBHO IMpoIIo ckBo3b COMHEYHYIO CUCTEMY.
VsnydeHue ot 60/ee faneK1x TOUYeK HaM IIPeCTONUT IIPU-
HIMaTh B OyayLieM. DTO U3TydeH)e HUKOI/A He UCCSAKHET
VIMEHHO IIOTOMY, YTO KOT/Ja-TO €I0 U3/Ty4aan BCe TOYKM I'M-
TaHTCKOM Bcemennoi.

JI/11 TOYHBIX U3MepeHUIl CBOJICTB PENMKTOBOIO U3JIY-
YeHNUs yYeHble CTalu pasMellaTh HprOOPHI Ha CIIyTHU-
KaX, BBIBOJIA VX 3@ IIpefie/Ibl 3eMHOI aTMOC(depbl, BHOCA-
1tert moMexi. [lepBplit KOMIUIEKT annapaTypbl «Penmnkr-1»,
CrelyanbHO IpeHa3HaYeHHOI I/ PETUCTPaLy IpeBHe-
o M371ydeHns1, cGOPMUPOBABIIETOCs BCKope mocye bomb-
IIOTO B3PbIBa, OBII YCTAHOB/IEH HA COBETCKOM HayYHOM
cnytHuKe «IIpornos-9» B 1983 rogy. OnHako 4yBCTBM-
TEIIbHOCTD NIPUOOPOB OKa3aaach HELOCTATOUHOI, YTOODI
[OYyBCTBOBATh HEKOTOPBIC Ba>KHbIE OCOOCHHOCTHU 3TO-
rO U3My4eHNs. 3aTO UX 3aMeTV/1 3HAMEHUTBIN aMepUKaH-
cxumit cnytHrk COBE', 3anymjennbit 8 1989 ropy, a nossxe
yrounmm cnyTHuku WMAP n «Ilnank». IIpogomkanuch
U Ha3eMHble 9KCIIEPMMEHTBI CO BCEBO3pacTalollell TOYHO-
CTbI0 3MEPEHUIL.

Y penuKTOBOrO M3NIydeHUst OOHAPY>KUIINCDH CIIefyIo-
mue ocobernnocTy. OHO 0Ka3an0Ch He A6ConOMHO 00-
HOPOOHbIM. B KaKMX-TO HaIpaBIeHNSX MHTEHCUBHOCTD
U3/Ty4eHN OKa3alach HEMHOTO (Ha ThICAYHbIE OJIM IIPO-
LIeHTa) BblIlle CpefiHero (OHa, B KaKMux-To — Hipke. Cusi-
HIe He6a Ha J/IVHe BOJIHBI PETUKTOBOTO M3/Ty9eHNUS CTIeT-
Ka HEOJJHOPOJIHO — OHO KaK ObI ITOKPBITO ¢/1ab0il psiObIo.
ITO 3HAYMT, YTO B KAKMX-TO HAIIPaB/IE€HMUAX TEMIIEPATY-
pa u3IydeHus ObIIa 9yTh BbILIE, B KAKUX-TO — YyTb HIDKE

¢ Hay4Hble pyKoBopuTeny axkcrepuMenTa [kon Masep u Jxopmk
CwmyT B 2006 rony nonyunnu Hobenesckyro npemuio 1o $usnke
3a pe3y/IbTaThl UCCTIeSOBAHNIT PEMUKTOBOTO U3/TyYeHIs, BBIIIOI-
HeHHble Ha crryTHMKe COBE.



1963 r. CIIA n Poccus 3akmounu JOroBOp O 3alpelieHnn
VCIBITAHUIT ATEPHOTO OPYXKUA B aTMOChepe, KOCMUYeCKOM
IIPOCTPAHCTBE U TI07] BOOM

cpefHero yposH:A. B packaneHHoll HadanbHOI Bee-
JIEHHOJI TIPUCYTCTBOBAMN HEOOMbLINE OTKIOHEHIS
OT CpefHell TeMIlepaTypbl U CpeHEN JIOTHOCTY —
dnykryamumn.

Ecnu 0O6paTuThest K COBpeMeHHbIM HaOMIONeHNAM
(cmycTa 13,8 Munnmappa eT 1moce Toro, Kak 6bI1o
UCITYIIEHO PEeMKTOBOE U3Ty4eHNe), Mbl YBUAVIM, YTO
BcenenHas He a6COMIOTHO OFHOPOJHA. BelecTBO CKOH-
LIEHTPMPOBAHO B 3Be3/jaX, 3Be3/Ibl 00bEANHEHBI B ra-
JMAKTUKA. [a/TaKTUKY MMEIOT TeHAEeHLMIO CKY4MBaTbCsA
B CKOIUIEHNA U CBEPXCKOIUIEHMU IaJIAKTUK, a MEXAY
CKOIUIEHMAMMY T'aTAKTYK HAO/MIOAI0TCs TUTAHTCKIE TTy-
CTOTBI — BOJI/IBI PasMepaMi B COTHY MUIIMOHOB I1ap-
cek. B Boiimax mpakTuyecku Het rajgakTuk. Ha 6ormee
KPYIHBIX Macitabax BcemeHHast feiiCTBUTEIBHO Off-
HOPOJIHA: BO BCEX HAIIPaBIEHMAX CKOIIJIEHU:A TajlaK-
TUK VM BOVJIbI MEX/y HUMJ paclIpefie/ieHbl IPUMMEPHO
PaBHOMEPHO, 00pa3ys IMTAHTCKYIO SYEUCTYIO CTPYK-
TYPY, IOXOXXYIO0 Ha CETKY MM IayTUHY. J4eiiky aToi

XXI1

BEK

fluenctas KpynHomacwTabHas

CTpYKTYypa BcenenHoit. 3ameTHbl

TUraHTCKNE NyCToTbl MeXay
CKOMJIEHNAMMW raNlaKkTUK,

dCCOLNNPOBAHHDIX B HUTEBUHbIE

CTPYKTYpbI.
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CeTKU, TOCTPOEHHBIe 13 CKOIIEHMIT TalaKTHUK, IPUOIN3NTEND-
HO OJVHAKOBBI.

Ho Ha Menpunx MaciTabax BeemeHHast okasamach He COBCEM
opHopopHoit. He MoxxeT nu cnabast psibb Ha KapTe pacipefe/leHus
PEIMKTOBOTO U3IyYeHNs 110 HeOy OKa3aThCs CBA3AHHON C HEOI-
HOPOJHOCTBIO B BIJIe Ta/IAKTUK?

970 ObLIA BIIOJIHE pasyMHas runoresa. Eciu Ob1 Matepus Bee-
JIeHHOT1 ObLIa pacrpeyienieHa abCOIITHO PpAaBHOMEPHO, He ObIIO Obl
HYKAKIX TaJIaKTUK U 3Be3] — BcenenHas mpeypcrasiisia 6l co-
6011 ra3 13 9IeMeHTAPHBIX YACTUL], IIOTPY>KEHHBIX B 97IEKTPOMAr-
HUTHOE M3/Ty4deHe, U IVIOTHOCTD 9TOTO rasa Obina 651 Bese Ony-
HakoBoIil. Takast BceneHHast Obita ObI HEMHTEPECHOIT: B HEl He
651710 6bI HMKAKMX CTYLEHNIT TUIIA 3Be3J, IUIAHET, IIbIIEBBIX 00-
JIAKOB, ACTEPOMAOB, KOMET, a TaK>Ke HI aBTOpa, HU YMUTaTeseit
aTOI KHUTUY.

Tem He MeHee Halla BceneHHas ABHO He Takas. s pusukos
3TO BIIO/IHE 0OBACHUMO. [Ie1o B TOM, YTO aOCOMIOTHO OfMIHAKO-
BOJI IVTOTHOCTH BellleCTBa He 0viéaem. IIpercraBuM cebe, 4TO B Ka-
KOI-TO 06/1acT! MOTIOZION Topsideit BeenenHoit cryuarino chopmu-
poBaach PIyKTyalys: IVIOTHOCTb MaTepII OKa3alach HEMHOTO
(coBceM 4yThb-4yTb) BBILIE, Y€M B COCEHEN 06/1acT. DTO 3HAYNT,
YTO JAaHHBIIT 00beM IIPOCTPAHCTBA KOHIIEHTPUPYET B cebe HeMHO-
ro 60sIbllie BelleCTBa I10 CPABHEHNIO C COCEIHUM 00BeMOM, a 3Ha-
9T, 9Ta 007IACTH CTA/Ia IPUTATUBATD K Cebe JaCTUIBI 3 OKPyIKa-
FOIL[ETO IIPOCTPAHCTBA Yy Th-4yTh CUIbHEE, YeM COCETHIIe OOMaCTIL.
Cropa epeMecTATCS U3 OKPY)KAIoINX 00/1acTel! IpUTsAHYBILIe-
€51 YaCTUIIBL, Macca (M IVIOTHOCTD) 3TON 06/1aCTy OTIONMHITENIbHO
YBeIMYMUTCS, CUIA IPUTDKeHUN yeunutcst. Ilporecc 6ymeT «pas-
TOHATBCSI»: HebOIbIIIas CaydaiiHas QryKTyarys OyfeT HapacTaTb
KaK KOM CHeTa, KOHTPACT IVIOTHOCTY OyfieT CTAHOBUTLCS BCe 60/Ib-
1Ie, U BEIIeCTBO 13 OKPY>Kalolell obmacTelt OyzieT mepeMelaThb-
cs1 B 00/1aCTh HapacTarolell Macchl. Takolt mpouecc GU3UKM Ha-
3bIBAIOT TPABUTALMIOHHOII HEYCTOMYMBOCTBIO.

7B CYIHOCTH, BCE Mbl IIPENICTAB/IAAEM co6oit CTyI€HIs aTOMOB, CBA3aHHbIX
MEXIy coboit INIEKTPOMArHMTHbIMU CUJIAMU.



1967 r. IIpoBefieHbI N1epBbIe YCIENTHbIE ONePALN
TI0 TepecajiKe MeYeHn U cepra XXI
BeK
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MPOTO3BE3AA
B FA30MBIAEBOM KOKOHE

CaMoe 171aBHOe, YTO MHaYe OBITh He MOXKET: He ObIBa-
eT BeriecTBa 0e3 PryKTyanuit WIOTHOCTH. [JOCTaTOYHO
GbIyKTyanum CIy4daitHo HOSBUTHCS, BKIIOUNTCS 3aKOH Ts-
roteHys B popMe rpaBUTALMOHHOI HeycToitunBocTy. OH
OyzeT paboTaTh aBTOMATHYECKY, yCUMBast (PIYKTyaLnIo
u GOpMUPYA TeM CaMBbIM CTyIIeHUe MaTepuy — IPOTO-
ra/JlakKTUKy. B 9THX OrpOMHBIX CIYLIEHMAX rasa JOJDKHBI
BO3HIKAaTbh HOBbIEe IPaBUTALMOHHbIC HEYCTONYNBOCTH,
HO y>Ke B rOpasio MeHbIINX MaciuTabax. V3 cpaBHUTEIID-
HO IJIOTHOTO Ta3a JO/DKHBI GOpMUpPOBAThCs ellje Oosee
IJIOTHBIE Hebobine (110 CPaBHEHUIO C IIPOTOTa/IAKTI-
KOJ1) ra30Bble CIYCTKM — MPOTO3Be3abl. Cyia TATOTEeHNs
[O/DKHA IPUBECTH K IaleHNI0 OCTABIIEr0Cs ra3a Ha Impo-
To3Be3pbl. [TajeHne ra3a IpUBOJUT K HarPeBY, TeMIlepa-
Typa 1 IIOTHOCTD B Hefpax ra30BbIX IIAPOB JO/DKHA OblIa
PaHO WV TO3[HO ZOCTUTHY T TeX 3HAUYEHNIT, KOTa BCIIBI-
XUBAIOT TEPMOSIfIEPHBIE PeaKIy — IIPOTO3Be3/Ibl IpeBpa-
IJQJIVCh B 3BE3[IbL.

Korya MbI IpOM3HOCKM CIIOBO «JOKHBI», 3TO O3HAYa-
T, YTO OIVCAHHBIE IIPOLECCHI €CTECTBEHHO IIPOVCXOIAT
IOJ, BIIMAHYEM 3aKOHOB (MVSVUKI. 3aKOHBI (PU3UKY — 3TO
He yerloBevecKyie 3aKoHbl. OHU HUKOTZIA He HApyIIAIOTCA.
VIMeHHO 3TO MO3BOJIsET HAM MCIO/IB30BATh 3aKOHBI QII-



1968 r. CospaHne mupOoKO(DI3e/sHKHBIX
aBmanaitnepos (Boing 747) XXI
BeK

D D T—— I T T——
3K JI/Is paCY€TOB TOTO, KaK IO/DKHA Pa3BUBATbCS CUTY- B 04EHb rOPSEN
anyA. Ecy Mbl IpaBU/IbHO OLI€HV/IM HadajIbHble YC/IOBMA HAYANbHOM BCENEHHOM
U He CHeNaay OLOO0K B pacyeTax, TO OTBET HOMYIMUTCS ATOMbI CYILECTBOBATb
IIpaBUIbHBIM. HE MOTYT.

KauecTBeHHO Takas KapTuHa scHa 1 moHsATHa. Ho npu
IeTaJbHOM PaCCMOTPEHUY U IOIBITKE PACCUUTATD XOF
3TUX IPOLECCOB B COOTBETCTBUY C 3aKOHaMU (PU3KKU
BO3HMKJIM Cepbe3Hble IIPOOIeMBI.

Bo-nepBbIX, COITIACHO IaHHBIM O KPAaCHOM CMEIIeHUN,
MBI [JO/DKHBI [IPU3HATh, YTO TAMIAKTUKY PA3TETAIOTCS, —
3HAYNT, CPeHss IVIOTHOCTD BelljecTBa BO BceneHHOIM
yMeHblIIaeTcs1. ITO 061Nt ITT06AIBHBII IIpoLiecc, 00paT-
HbIJI CKY4MBAHMIO BEIeCTBA [Of] BIMSHIEM IPaBUTALN-
OHHOJT HEYCTOMYMBOCTY B MeCTaX CIYYaHbIX (PIyKTya-
nuit. Kak ymanoch HeycTounBoCTH Mo6efuTh Bceobiee
pacumpenne? Kak yganoch rpaBUTaliuyl BLIPBaTh U3 II0-
TOKA pacIIVPeHNs TOKaIbHbIe CTYLIeHNs, IPEBPaTUTh UX
B IPOTOTaJIAKTUKYL, @ IPOTOTa/IAKTUKY pa3OUTD Ha 3BE3[bI?

Bo-BTOpBIX, B O4€HD rops4ell HavaIbHO Beenennoin
(a caM pakT cyl[ecTBOBaHMSA PEIUKTOBOTIO M3TyIEHNSA IO-
BOPMUT, UTO Hada/IbHas BceseHHas OblIa O4eHDb ropsdeit)
aTOMBI CYIIIeCTBOBATD He MOZYH: TIPYU BBICOKIX TeMIIEPATY-
pax B aTOMax 9/IeKTPOHBI OTPBIBAIOTCS OT sifiep (3TOT mpo-
I1eCC XOPOIIIO M3BeCTEH U Ha3bIBaeTCs MOHM3aeit). Bee
BeIIleCTBO ropsidelt BeemeHHOI ObII0, HECOMHEHHO, MOHH-
30BaHO: OHO IPELCTAB/ISIO COOO0I B OCHOBHOM OTHE/bHbIE
Afpa aTOMOB BOAOPOfA (IIPOTOHBI 6€3 9IeKTPOHOB) I OT-
IebHbIE AAPA ATOMOB Ie/us (COCTOsIIINE U3 ABYX IPOTO-
HOB I IByX HEIITPOHOB Ka)XI0€), HY Ml MHOXXECTBA OT/Ie/Ib-
HBIX 9/IeKTPOHOB, CBOOOJHO JIeTaoIX Mexy HuMu. Ho
BCe HalllM 3HAHUA (M3MKI FOBOPSAT O TOM, YTO JACTHUIIBI
97IEKTPOMAarHUTHOTO U3/Ty4eHNsI — (HOTOHBI — OYEHb XO-
POILIO B3aMMOJIEVICTBYIOT CO CBOOOIHBIMU 3/IEKTPOHAMI.
OTO 3HAYUT, YTO (POTOHBI O/DKHBI CTANKMBATHCSA C IJIEK-
TPOHAMIU ¥ OTCKAaKMBaTh OT HUX (paccemBaThCsl Ha HUX).
Pacuers! mokasajm, 4To gaBaeHue pOTOHOB TO/DKHO ObITIO
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IPEILITCTBOBATh HAPACTAHMIO IIOTHOCTY IIPOTOHOB 1 37IEK-
TPOHOB, TO €CTh Haua/ibHas1 QIYKTYaL[ysI Ha CAMOM Jierie He
MorIa yeunmBarbcs! JlaBieHye 4acTull CBeTa JODKHO ObLIO
IIPEISATCTBOBAT Pa3BUTIIO IPABUTALIVIOHHOI HEYCTOIYIBO-
CTH. A cBeTa B HaYa/IbHOI BceleHHOIT XBaTaIO: BBILIE YiKe
YKa3bIBaJIOCh, YTO (POTOHOB OBLIO B MUIIMAPH, Pa3 OOJIblIIe,
4eM IIPOTOHOB U 9/IEKTPOHOB, U 3TO MBI TOYHO 3HAeM I10 Xa-
PaKTePUCTUKAM PEITUKTOBOTO M3/TyIeHN.

Uraxk, o Tex Hop, IOKa BeLeCTBO ObIIO MOHU30BAHHBIM,
HebopInNe CryvaiiHble QIYKTyaluy IOTHOCTH, OTPY-
JKEHHBIE B OKeaH TOPSIIero PEIMKTOBOIO CBETA, Pa3BIBaTh-
Cs1 He MOI/IN. VI TOIBKO K TOMY BpeMeHH, KOT/ja ITIOTHOCTD
U TeMIlepaTypa pacKajeHHOl CMeCK U3 CBeTa ¥ 4acTHIL]
YMeHbUINIACh 3a CYeT 00I1ero pacuipenns Beenennoir
(B egmHMIle 0O6'bEMa CTAIO MEHbIIIe M YaCcTHIL, U POTOHOB),
3aMeUIMBIIVECS SIPA BOXOPO/A U Te/Iusi CMOI/IV 3aXBaThl-
BATh 97IEKTPOHBI I CTAHOBUTHCS 9JIEKTPUIECKY HETpasib-
HBIMI YaCTUIIaMM — aToMaMu. B3aumopeiictBre poTOHOB
C TAKMMM YaCTUI[AMM PE3KO U3MEHIIOCh: CPefja CTaia npo-
3pauroil oyist cBeta, ¥ GOTOHBI CTa/IM CBOOOZHO [ABUTATH-
Cs1 CKBO3b IIPOCTPAHCTBO, IPOXO/s CKBO3b a3 U3 BOLOPO-
na u remma’s,

[ToaTOMY TONIBKO C TOTO MOMEHTA, KOT/Ja OCTBIBAIOIIee
Bell[eCTBO BO BcelleHHOI CTano s7eKTpuYecKu HelTpaib-
HBIM, 9/IEKTPOMArHUTHOE M3/TyYeHe JO/DKHO OBIIO Iepe-
CTaTh MelLIaTh IPaBUTALMM YCUINBATh PryKTyaunu, pop-
Mupys mpororanaktiky. Ho Torga MaciuTab psiou Ha KapTe
PEMKTOBOTO M3/TyYeHNsI JO/DKEH ObUT IOy YN ThCS HBIM —
COBCEM He TeX YITIOBBIX Pa3MepOB, KOTOpbIe 3aMUKCHIpOBa-
JIU CITY THUK.

* JletabHBIE pacyeThbl MOKA3bIBAIT, YTO 3TO HO/KHO OBIIO
pon3oiTy MpuMepHo Yepe3 380 ThIcAY /1eT nocsie bombuioro B3pol-
Ba. VIMEHHO TOT/Ia PeMKTOBOE U3/Ty4eHe CMOITIO CBOOOJIHO pac-
IIPOCTPAHATHCS CKBO3b BeenmeHHy0 — 11 B 0c/mabmeHHOM (OCTBIB-
111eM) BIJie MBI IIPOJIOJDKaeM BUJIETb €T0 U CETO/HsI B BUJE Cl1aboro
panocBedyeHns Heba.



1969 r. Yenosex Brepsble Bricauics Ha JIyny XXI
(xopabip «Amonnon-11»). [TepBorrpoxoaLeM cTa

aMepMKaHCKUI acTpoHaBT Hum ApmcTponr BeK

_——_b__—

Yr0-TO 6bI7I0 He TaK. KOHIIBI ¢ KOHIIAMM He CXOIVINCD. M0 BO3MYLIEHUSIM
B uem xe neno? OPBNTBI YPAHA,

B 910i1 KHHUTE Y>Ke He pa3 FOBOPUIIOCH, YTO OCHOBHAS BbI3BAHHbIM
cuIa, KOTopas JeiicTByeT BO BceneHHo, ynpasnas JBu- NPUTSDKEHMEM HENTYHA,
JKEHVSIMU U MHOTMMM TIPOIIECCAMU, — 9TO TPABUTALUA. YAANOCb PACCHUTATD
9TO yAMBUTEIBHOE CBOICTBO IPOCTPAHCTBA UCKPUBTIATHCA NOOKEHME HENTYHA,

HABECTW TY[IA TENECKON
A BMNEPBBIE YBUAETD
PAHEE HE U3BECTHYO
NNAHETY.

07} BO3[IEICTBMEM MaCChl (MM SHEPIUI), pa3MeljeHHON
B 9TOM IIPOCTPAHCTBE, KaK TOBOPUT O0IIjasi TeOPMs OTHO-
CUTEIbHOCTY DIHIITENHA, 1100 CBOIICTBO Tejl, 00/1aarn-
IMIX MaCCOJl, IPUTATUBATD K cebe Apyrue MofoOHbIe Tena,
KaK [JIACUT K/TacCuiecKas Teopus Tarotenns HpooToHa.
Tarorenne y>xe He pa3 MO3BOJIANIO OTKPBIBATh 0ObeK-
ThI, KOTOpbIe OBUIO CTIOXKHO (MM HEBO3MOYKHO) 0OHApy-
JKWUTB T1I0 VX 97IeKTPOMAarHUTHOMY u3nydenuo (cery). Tak,
MO>KHO HaIIOMHWTb, YTO MIMEHHO II0 BO3MYLIEHUAM Opbu-
ThI YpaHa, BbI3BaHHBIM IpUTsDKeHneM HenTyHa, ynamoch
paccuuTarh nojaoxeHne HenryHa, HaBeCTU Tyfia TeIeCKOII
U BIIEpBbIE YBU/IETh PaHee HEM3BECTHYIO IUTaHeTy. B Hamre
BpeMs 110 JIBYDKEHMSIM HaOMIojaeMbIX B pailiofiyana3oHe
3Be3[] B LIeHTpe Halert [anakTiKy, ABYDKYIINXCS ¢ Oeltre-
HBIMI CKOPOCTSIMM BOKPYT 4€r0-TO HeBUAVNMOTO, ObLIa 3a-
¢ukcrpoBaHa (rmoiiMaHa ¢ MOMYHbIM!) CBepXMacCUBHas
YepHas JbIpa, a 110 CKOPOCTAM YIOMAHYTBIX 3Be3[L yaa-
JIOCh OIIPEe/IUTD ee Maccy. VIMeHHO usy4yeHe rpaBuTaLun
MIO3BOJIVJIO CIIeIaTh U ellle Of{HO BBIJAI0Iieecs OTKPBITHE,
KOTOpO€ M3MEHWIO KapTUHY MUpPa ¥ TO3BO/INIO OHATD,
KaK [epBUYHbIE QYKT YAy IPEBPATUINCh B Ta/TAKTUKIL.
YemoBeKy CBOMICTBEHHO MBICTTUTD aHAIOTMSIMU 1 MCKATh
B HEM3BECTHOM Y)Ke U3BecTHOe. Bunmbsim Teputens B cBoe
Bpemst cuntas, 4to ComHile — 00BEKT TBEPHBII 1 BIION-
He XOIOAHBIN (Kak 3eMsist), IpeJIonaras, 4To Bce Hebec-
HbIe Tejla YCTPOEHBI IIpUMepHO ofHakoBo®. B Hauare
XX Bexa OblTa IOMY/ISIPHOI ITaHETapHAS TEOPMsI aTOMa:

4 39ro 0O3Hay4ya/10, I10 MbIC/IN l"epmenﬂ, 4TO 3eMJIs 13 KOCMOca TOJIXK-
Ha BBIITIAIETD IPMMEPHO KaK Com-me.
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CUMTANIOCh, YTO 3NMEKTPOHBI JIETAIOT BOKPYT AApa
aTOMa, COCTOSIIIEro U3 MPOTOHOB U HEMTPOHOB,
Kak ItaHeThl BOKpyr Connua®. Hepegko MoxHO
CbIIATh (jaske OT CTYHEHTOB), 4To 1 [amakTmka
yCTpOeHa Tak ke, Kak ColHeYHas cucTeMa: B ce-
penyHe (B LleHTpe MacC) HaXOJUTCSI CBEPXMACCHB-
Has 4epHas Jblpa, a BOKPYT Hee, KaK IIaHeThl BO-
Kkpyr CoHIa, ABVYKYTCSI MHOTOUVICTIEHHbIE 3Be3/IbL.

Ira aHamoruA HesepHa. [leno B TOM, 4TO Macca
Connia cocrasnser 6omnee 99 % Bceit maccol Con-
HEYHOI CYICTEMBI, a BCe IUIAHEeThI C X CITyTHUKAMI,
acTepou/ibl, KAP/IMKOBbIE IIaHeThI, 0O'beKTHI Os-
ca Korinepa, bl — meHbule 00H020 npoyeHma.
IToaTOMy MO>XHO TIPOBOAMUTD PACUETHI IBVKEHMII
IUIaHeT, IIpefosarasd, 4To ux (IVIlaHeT) Macca Ipe-
HeOPEXVMO Masia [0 CPaBHEHMIO C IIeHTPATbHBIM
TEIOM, U B TAKOM IIPUOIVDKEHNM MOXKHO MCIIONb-
30BaTh 3aK0HbI Kerepa. CornmacHo 3TUM 3aKOHaM,
yeM panblie oT CO/MHIIA HAXOAUTCS IIAaHETA, TeM
MeJ|JIeHHee OHa BOKPYT HEro JBIKeTC.

Ecmn xe roBoputs o lanakruke, To cBepxmac-
cuBHas yepHas gpipa (CMY]I) «BecuTt» npumMepHO
yeTblpe MIUIMOHA Macc ComHIla. ITO MHOTO, HO
9TO IpeHeOPeKMMO Majlasd BelM4MHa 110 CPaBHe-
HUIO C MAacCOJ 4eThIPEXCOT MU/IIMAPHOB 3Be3] [a-
JTAKTMKY, MHOTYE U3 KOTOPBIX CYLIeCTBEHHO «Ts-
Kenee» Hamlero ConmHIja. 9TO 3HAUMT, YTO Macca

30 JTI7st TeX, KTO HEMHOTO IOlyMaeT, O4eBU/IHa HeBO3MOXK-
HOCTb 3TOIZ AHAJIOTUM XOTA 6bI HOTOMY, YTO ITOJIOXU-
TEIbHO 3apsDKEHHBIE IIPOTOHBI B sfpe aTOMa KO/DKHBI
MIPUTSHY T OTPULIATENIbHO 3apsDKEHHBIE 9/IEKTPOHDI, BY-
TaoLIye BOKPYT sAfpa. DTOTO TeM He MeHee He IIPOUCXO-
mut. Hao60poT, IPOTOHBI, KOTOPBIE HO/KHBI OTTAJIKN-
BaTbCs APYT OT APYTa, IOYEMY-TO CUIAT PSIOM B Afpax
TSDKENBIX aTOMOB. OTO O3HAYAET, UTO 37IeCh JeNCTBYIOT
COBCeM JIpyrie IPUPOJHbIE 3aKOHOMEPHOCTH (KOTOpbIE
Ha3bIBAIOTCA KBAHTOBOI MEXAHMKOI).



1971 rop, — mepBas MATKas mocaaka Ha Mapc («<Mapc-3») XXI

BEK

CMHMY]] cocTaBseT B IydlleM Clydae >KaaKue HJOmn
IpOLIeHTa 10 CPaBHEHMIO C CyMMapHoI Maccoii lamak-
Ky, Heckonbko 61M3KIX 3Be3] IefiCTBUTENTbHO IeTa-
10T BOKpyr CMY/l, kak nnaneTs! Bokpyr Connna. Ho
OCTajIbHble COTHU MUJUIMAPIOB 3B€3]] PACIOIOXKEHDI
B (hopMe TUT'AaHTCKOJI CIMPaIM U ABIDKYTCS IIOJ BO3-
TEICTBUEM CYMMAPHO20 2PABUMAUUOHH020 NOTT 2A710K-
muKu, KOTOpOe caMJ >Ke I co3AatoT. Takas ske KapTu-
Ha HaOJII0fjaeTCs U B IPYTUX Fa/IaKTUKAX.

Eme B cepepue XX Beka aCTPOHOMBI Haua/Iy 3aMe-
YaTb, YTO KOHI[BI C KOHIIAMM He CXOIATCA — TajlakTh-
KU BPAIIAIOTCA KAK-TO He TaK, KaK CIeJ0Ba/IO ObI OXKI-
JaTb MCXOMA U3 OLIEHOK paclipefieNieHns MacC BHYTpU
ranakTuky. KoHe4Ho, Mbl He 3HaeM MacChl KOHKPET-
HBIX 3B€3]l, HO €C/IM IIPE/TI0NIOKNUTD, YTO OHM He OYeHb
CIJIBHO OT/IMYAIOTCA OT Macchl COMHILA, 001I1ast 3aKOHO-
MepHOCTB (IIyCTh He TOYHO) HO/DKHA BOCIIPOU3BOANTD
Habmogaemoe (OIATh-TAKM C HOMOIIBIO JJOIIEPOBCKIX
a¢dexroB) Bpalenue ranaktuk. Ho He TyT-TO 610!

lanakTUKM BpalaoTCcA MOYTU KaK TBEpPAbIE Tena
(HampuMep, KaK KOJIeCOo O CIMIaMu). 3Be3[bl, paco-
TIO>KeHHbBIe Ha OKPAaMHAaX T'AJIAKTUKY, ABYDKYTCSA ITOYTU
C TOJI 5Ke YITIOBOJI CKOPOCTBIO (2 3HAYNT, C OTPOMHON

. %1=3
NVHETHO CKOPOCTHIO), YTO U 3Be3[bI BOMM3M IIeH- KOAECA KAK

Tpa raJakTMKI. Pacnpenenenue ckopocTeil HUKaK He 0BPA3 FAMKTMKA
coorBeTcTBOBasIO pacyeram! [Tonyuaercs, Kak 6yaTo
B T/IAKTUKAX HPUCYICIMBYem HeKas 3aeadouHas, He-
suoumas «ckpoimas» macca. IIpy 9ToM, CyAs 110 Xapak-
Tepy BpallleH): TaJaKTHKI, 9Ta Macca pacIpefeneHa
IO BCeJl raJIaKTVIKe U JaKe BBIXOANT JajIeKo 3a Ipefie-

JIbl BHEIIHMX I'PAHNII CIIVIPA/IbHbIX PYKaBOB. HH}I TOro

9TOOBI IIpUBECTU paCIE€Thl B COOTBETCTBUN C HabTI0-
AEHNAMN, HY>)KHO 6b17T0 IIpENIIONIOKNUTD, YTO «CKPbITaA
Macca» 02POMHA. Ee momkHO 0Kka3aThCs B MATh-IIECTD PaBeHcTBO yrnoBbIX
pas 607IbIIIE, YEM BCETO BUANMOTO BE€OIECTBA (SBCSI[, CKOpOCTeVI Ha nepm¢epl/||/|
rasan HI)I)II/I). 1 B LEHTpE Koneca.
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[Tpo6eMoii CKpbITOI MacChl B Ta/IAKTUKAX Cepbe3HO 3a-
HUMAJIVCh 3CTOHCKIE aCTPOHOMBI, B UMCTIe KOTOPBIX HYK-
HO HasBaThb Ipex/e Bcero Slana AitHacTo. TeMm He MeHee
BO MHOTMX COBPEMEHHBIX aHIVIOA3BIYHBIX KHUIAX B Ka-
YeCTBe OTKpbIBaTe/LsA eHOMEHA CKPBITOI MacChl YIIOMU-
HAIOTCA aCTPOHOMBI U3 [IpMHCTOHCKOTO yHMBEpCHUTETA,
a TaK)Ke aMepUKaHCKMIT acTpoHOM Bepa Pyoun'.

CaM O1tHaCTO OIVICasT CUTYALMIO CTIEAYIOLM 00pa3oM.
Eme B 1973 rogy Ha Hay4HOI1 KOHepeHIVM B TOmMmicu
O1tHacTO OeceoBal ¢ KPYIHbIM COBETCKMM acTpodusu-
koM Pammimom AmneBndyem CroHA€eBBIM U PacCKasblBall
€My O CKpbITOII Macce B rajakTukax. «/ ryr CloHseB cka-
3am: “SlaH, 06paTy BHMMaHE: TBOY MOZEN! HUKTO He IIPH-
MeT Bcepbes 10 TeX 0P, II0Ka KaKoli-HIOYab aMepyKaHel]
He MIOATBEPANUT TBOU pe3ynbraTsl . IIpenckasanne CroHs-
eBa JelICTBUTEIbHO cObUIOCH... Hanuume TeMHOI Mare-
p¥M BOKPYT TallaKTUK 3aMeTVJIN TOIBbKO IIOCTIe TOTO, KaK
IPUHCTOHCKME acTPOHOMBI U Bepa PyOun noprsepaum
HaIllil Pe3y/IbTaThl».

Kax 6bI TO HU ObBLIO, B CepefiiiHe ITOCTIEHEeIl YeTBep-
i XX BeKa CyleCTBOBaHME HEKON 3arajjouyHo CKpbI-
TOJI MacChl B Ia/IaKTMKaX CTano GakToM. TOT PeHOMEeH
B Hallle BpeMs MIMeHyeTcsA TeMHOI1 MaTepueii. TemHas ma-
TepysA — 9TO HeYTO II0Ka HeM3BeCcTHoe, 00JIajaolee 3Ha-
YMTeIbHON MacColl I KOHIIEHTpUpYIoIeecs B TaTaKTUKaX
(HO, CyZAs IO XapaKTepUCTUKaM BpallleHNA IATaKTHK, CTy-
IIeHMs TEMHOI MaTepyy 3aMeTHO IIPEBBILIAIOT STH TalaK-
TYIKY IO pasMepy).

°! K coxarneHmo, 3To He Takoe yX penkoe sApnenue. B 1918 roxy
9CTOHCKUIT acTpoHOM DpHCT dmuK (1893-1985) monoxun B Mo-
CKB€ O CBOVIX U3MEePEHMAX PACCTOAHNA O TYMaHHOCTY AHZIpoMe-
bl (y Hero HOJTy4MINCh 2 MIIMOHA CBETOBBIX JIeT), a B 1922 ropy
€ro pe3ynbrar ObUI OYOMMKOBaH B ACTpOM3NIECKOM >KypHa-
ne. DTO O3HAYAET, YTO DIMK OTKPBUI CYIeCTBOBAHME IPYTUX
rajlakTK paHplie Xa66ma 1 60mee TOYHO OIPeIeNI PACCTOS-
HIe o OmKaitieit 13 Hux. ITompo6yiiTe HalT yHOMUHAHME
06 Onuke! 3aTo Bechb MUp 3HAET, YTO 3TO cienan Xaboi.



1971-1973 rr. VI306peTeHa MarHUTHO-pe30HAHCHAS
tomorpadus (ITon Jlorep6yp u ITurep Mancdunp)

Y10 5TO MOXKET OBITH?

Bbutu Bepcun, 9TO aCTPOHOMBI He 3aMeYaioT HeOOb-
I1IVIe TYCKIIble 3Be3/bl (KaKue-HIOYab «depHble Kap/iu-
KI»), HEMOOLIEHMBAIOT KOIMYECTBO IIBIIM M Ta3a B Ia-
JIAKTMKAX, He YIUTBIBAIOT HEBUAUMbIE YePHBIE [BIPEL.
Ho ckopo crasno sicHO, 4TO TakuM 06pa3soM MOKHO
JIMIIb C/IeTKa IIOBBICUTD MacCy «BUAVMMOLO» Bellje-
CTBa, — a €€ HY)XHO ObUIO YBEMYUTD NPAKMUUECKU
6 wiecmv pas. TONbKO B TAKOM CITy4ae JBVDKEHME «BU-
JVIMOJ MacChl», COCPEIOTOYEHHOI B OCHOBHOM B 3B€3-
IaX, MOXKHO OBIZIO OOBSCHUTb.

B HacTosee BpeMst IJIaBHasI TUIIOTE3A O IIPUPOJIE
TeMHOII MaTepun cBOJUTCA K ciepyioiiemy. Ckopee
BCETO0, 3TO HEM3BECTHBII HayKe THUII 9/leMEHTAPHBIX Ya-
CTHI] — MeIBYANIINX KYCOIKOB MaTEPUN C PasMepoOM
IIPOTOHOB MM HeTpoHOB. Ho 9TO He cTaBIMe yiKe
[OPUBBIYHBIMI HaM IIPOTOHBI MM HeNTpoHbl. OHU HE
IO/KHBI B3aMOJEICTBOBATD (M1 COBCEM c1abo B3a-
MIMOJIEICTBYIOT) C IIPVBBIYHBIM HaM BellleCTBOM (TeMu
e mpotoHamu). OHM, CYfIsl TIO BCEMY, He TO4MHSIOT-
Cs1 TaK Ha3bIBAEMOMY CU/IBHOMY sI/JIepHOMY B3aMMO-

BEK

PacnpegieneHne TeMHoIi MaTepuu.
CKONNeHus ranakTuK noKasaHbi

KaK CBET/ble MATHA B MeCTax
CryLeHNs TeMHOIT MaTepun
(TeMHble nuHUK).
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YACTULbI TEMHOM
MATEPUN HE JO/DKHbI
NOAYMHATHCS
JEKTPOMATHUATHOMY
B3AUMOZENCTBIMIO,

A 3HAYUT, HE BANSIOT
HA 3JIEKTPOMATHUTHOE
W3NYYEHHE (CBET) —
NO3TOMY Mbl X U HE
BUOMM.
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IeICTBUIO — CUJIaM, KOTOpbI€ CKIEMBAIOT IIPOTOHBI MEXK-
Iy cob60it B sifpe aToMa 1 He JAIOT MM PasjeTeThCs MOf
IeVICTBUEM 37IEKTPUYECKOro oTTankuBauys. Ecin 651 va-
CTUIIBI TEMHOJ MaTepuy CIyHIANCh CUTbHOTO B3aMMO-
[eVICTBYSI, OHM MOT/IM ObI 06pa30BaTh SiApa HETIPUBBIU-
HBIX HaM aTOMOB.

Kpome Toro, 4yacTuipl TeMHOJ MaTepuu He J1O/KHBI
MOAYMHATHCA 3MeKTPOMATHUTHOMY B3aMMOJIe/ICTBUIO,
a 3HAYUT, He B/IMAIOT Ha 3JeKTPOMAarHUTHOe U3Ty4YeHue
(cBeT) — MMOITOMY MBI VX U He BUIVIM.

OpMH U3 rMIOTeTMYECKMX BapUAHTOB ellle He OTKPbI-
TBIX YaCTUL, (PM3NKM ¥ aCTPOHOMBI Ha3BasIu abOpeBuary-
poit WIMP®, wu mpocto BuMIIbL. Eciivt oHM cylecTBYIOT,
TO MX MO>XHO TI0Y9yBCTBOBATD MOJIbKO MO UX 2PAGUMAYUOH-
Homy 8030eticmeuto. OHM IPUCYTCTBYIOT U B Halest Janak-
THUKe, 11 B Hameil COMHeYHOII cucTeMe, HaXOATCA PALOM
C yyTaTeIeM 3TOJ KHUTU U IIOCTOSIHHO IIPOXOAAT €T0 Ha-
CKBO3b. UnTaTesb, BIIpOYEM, ITOTO He 3aMevaeT, I0CKO/Ib-
Ky, KaK CJIeflyeT 13 UX Ha3BaHMsI, OHU C/1ab0 B3anMOgeli-
CTBYIOT C BeLl]eCTBOM.

OcobeHHOCTH BpalljeHMsI TAlTAKTUK IT0Kas3alu, 4To ra-
JTAKTUKU MOTYT OBITh HAaIlOJTHEHBI Ta30M, COCTOAIINM U3
3TMX yactuil. bonee Toro, o6/aka TeMHOI MaTepuu, Cysa
0 MMEIOLVIMCH JAHHBIM, 3HAYNUTE/IbHO OOJIbIIIe Ta/IaKTHK.
Ckopee Bcero, TaJIaKTUKN CPOPMUPOBA/IIICH IMEHHO TaM,
I7ie €CTb CTYIleHUA TEMHONM MaTepUIL.

B 1980-€e rogpr y>xe ynommuHaBiuniicsa Boiie [xKum
IIn6mnc us [TpnHCTOHCKOTO YHUBEpCHTETA IIPUIIET K MBIC-
7H, 9TO PaKT CyIeCTBOBAHNS TeMHOI MaTepUIU MOXET CO-
r71acoBath Hab/oieHst QIIYKTyarLii peTMKTOBOIO U3TTY-
4yeHus ¢ Teopueit. Ecy B caMoM Hadajie CyIecTBOBaHMA
BcenenHOI MOMMMO IPOTOHOB, HENTPOHOB U 3NEKTPO-
HOB IIOABVWINCD ellle Y YaCTUIbl TEeMHOII MaTepui, MMeH-

*2 Weakly Interacting Massive Particles (crabo B3aumopeicTByIo-
1jJe MaCCHBHbBIE YACTHUILBI).
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D D T D T T
HO (IIYKTYaLVIM MX pacIipefe/ieHyis MOIIM IPUBECTH K I10- MDNYKTYALMA TEMHOM
ABJIEHNIO y BceNleHHO CTPYKTYPBI. MATEPAX CTAJU
OyKTyaumm MpoCTPAaHCTBEHHOTO PACIIPENE/IEHNA BUM- 3APOAbILAMU BYAYLINX
OB, BU/IVIMO, BO3HUKJI €IIle B Te paHHJe BpeMeHa BCKO- NPOTOTAJTAKTUK.

pe nocne bonblioro B3pbiBa, KOIfa €llle He MOT/IM BO3HUK-
HYTb (IyKTyalyu IPOTOHOB, HEITPOHOB U 3TIEKTPOHOB
n3-3a B3aumopeictus ¢ poronamu. PoToHbI, Kak ObIIO
CKa3aHO BBIIIIe, HeM30eXHO JOIDKHBI ObUIN IIPEISATCTBO-
BaTb pocTy Qrykryaunu. Ho BIIoHe MOITIV BOSHUKHYTh
drykmyayuu uacmuy, memHoti mamepuu, KoTopble ¢ ¢o-
TOHAMI He B3aMMOJeiiCTBYIOT. VI Korzia mo Mepe najeHus
TeMIIepaTypbl IIPOTOHBI, HEMTPOHBI 1 3TIEKTPOHBI HAKOHEI]
CMOITIM 00BEAVHATBCA APYT C PYTOM, GOPMUPYS aTOMBI
Bofiopozia (a Tak)Ke aTOMBI Te/IusA U HeOOo/blIoe Komude-
CTBO JieiiTepys), y>Ke CyIeCTBOBA/M NepBIYHbIe (QIyK-
Tyaluu — CIyLieHNs TeMHO Matepun. CoOCTBEHHO,
B 9TUX CTYIIEHNAX IO AefICTBMEM VX TPaBUTALIUY U CTa-
JIV KOHLICHTPUPOBAThCS CTYCTKYU TaK Ha3bIBaeMOll 6apyOH-
HOIT MaTepyi*!, 13 KOTOPBIX CPOPMUPOBAIUCD CIYLICHUSA
rasa — IPOTOTA/IAKTUKN. A OHU CO BpeMeHeM IIpeBpPaTH-
JINChb B CKOIUIEHMs 3Be3J, — TaJAKTUKI. VIMeHHO (yK-
TyallMy TEMHOI MaTepuy CTalu 3apOJbIIIaMy OYIYIIIX
IPOTOTaNaKTHK.

Korga B Teopnio GopMupoBaHnsA IragakTUK C YI€TOM
pacmupenns BcenenHolt f06aBuIM TEMHYIO MaTepuIo,
OBUIV 3aHOBO BBITIOTTHEHBI PacyeThl — KaK JODKHBI BBI-
rAeTh QIYKTYalMy PeTUKTOBOTO U3TYYeHVs MOJ, BO3-
HeiicTBMeM (IYKTYyaIuil IJIOTHOCTH (@ 3HAUUT, Y TeMIIe-
parypsl). Pesynbrar npessouten Bce oxxupanus. Toukn,
HOJIyYeHHbIE B pe3y/ibTaTe HaOIOeHNII PEIVIKTOBOTO 13-
mydeHuA cnyTHUKOM «IImaHk» B 2013 ropy, ¢ BeMKoen-
HOJI TOYHOCTBIO JIET/IN Ha 'padliK, paHee IIOCTPOCHHDIIT Ha

> Vinu Kakux-HUOYb APYTUX HOCUTeNIel TeMHOI MaTepyn.
** BaproHamMy (QUSMKM Ha3bIBAIOT MPOTOHBI, HEMTPOHDI, @ TAKXe
ellje HeCKOTbKO TUIIOB HEeCTAOMIbHbIX YaCTHI,
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COBPEMEHHAS
OU3MKA 1 PACYETbI
HA KOMMbIOTEPAX
no3BO/N
BOCMPOU3BECTH,

KAK PA3BUBAJIACH
BCENEHHAS OT HAYANA
[0 CETOAHSIWHEO AHS.
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OCHOBE TEOPETUIECKMX PacyeTOB. DTO 03HAYAIIO, YTO TEO-
pus BepHa! V TeMHas MaTepys BK/IIOYEHA B TEOPUIO KaK
HeOOXO/IVIMBIIT 9/IEMEHT.

VTak, Tenepb KapTHHA BHIITIAfIENA TaK. BceneHHas B Ha-
YaJIbHOM COCTOSIHMM Obl/Ia HAIIOJIHEHA HEBEPOATHO MH-
TEHCUBHBIM 97I€KTPOMArHUTHBIM U3JTyYEHUEM, A TAKXKe
3/1eMEHTAPHBIMY YaCTUIJAMM, BK/II0Yasd YaCTUIIBI TEMHON
marepun. Cirydaiinble QIYKTyalyy IDIOTHOCTU TeMHOI
MaTepuy MOfL BO3JEICTBIEM I'PABUTALIOHHON HEYCTOMYM-
BOCTY IIOPOIM/IN CrylieHns Macchl. [Tosxe B paBHOMepHOI
pacKaJeHHOI cMecu 06apIOHOB U 37IEKTPOHOB TeMIlepa-
Typa ymnasa, 6apuOHBI U 37IeKTPOHBI CPOPMUPOBAIH Hell-
TpaJ/IbHbIE ATOMBI, ¥ YaCTUILIBI CBeTa (POTOHBI) IepecTanm
B3aMMOJEICTBOBATD C HUMM — Cpefia CTaja IPO3pavHoi
IS pacnpocTpaHeHusA cBera. CryleHus TeMHON Mare-
pyu IPUTSAHYIN K cebe GapyOHBL. B ee OrpOMHBIX CTyCT-
Kax I10J] BO3/IeMICTBMEM UX IPAaBUTALMU CTalN HAKaIUIM-
BATbCS CTYCTKYM TOPAYETO BEIleCTBa, CBET KOTOPOTO MbI
u HaO/Iof1aeM Kak QIyKTyaluy peIMKTOBOTO M3/TyIeHsI.

3amMedaTenbHO TO, YTO YMC/IEHHbIE pacyeThl Ha CyTep-
KOMIIbIOTepax [IOKa3aJIi, 4TO e JIO/DKHO OBbUIO IIPONCXO-
IUTD fanblie. PacueTsl BocIiponssenyu GopMmupoBaHye Iu-
TaHTCKOJL SYENCTOI CTPYKTYpbl BceneHnHoit, rie JyIiMHHbIE
HUTYU V1 CTEHK! Si9eeK 00pa3oBaHbl CKOIIEHUAMMY TaJlaK-
TUK, @ BHYTPEHHAA YaCTh A9€EK — 3TO OTPOMHBbIE ITyCTOTHI
pa3sMepoM /10 TPEXCOT MIIIMOHOB CBETOBBIX JIeT 11 60JIb-
e (Boriabl). Ho umenno maxyro kapmumy Mbl M BULUM 13
Hamux HabmoneHuit. CoBpeMeHHast GpusyKa U pacyeTsl Ha
KOMIIBIOTEpPAX IIO3BOJIM/IN BOCIPOU3BECTH, KaK Pa3BUBa-
mach BcenenHas oT Havasa O CETOHAIIHETO JHA.

Yro KacaeTcs caMuX 4aCTUL] TEMHONM MaTePUM, TO MaJIO
KTO COMHEBAETCS B TOM, UTO UX OTKPBITHE OYIeT OCYIecT-
BJIeHO B O/mypKariiie rogsl (paboraroias Teopus Tpedyer,
4TOOBI OHM CcymiecTBoBaMM). OTHAKO TYT He BCe TaK IIpo-
cro. CnenyanbHble 9KCIIEPMMEHTDI, IPOBOAMMbIE HA 3HA-
MeHuTOM bonbuioM agpoHHOM Kolnaiigepe, JO/KHbBI



1972 r. IlosiBusIcA nepBblit aHTUAENpeccaHT B Mupe — «IIposak»

ObUIV TIPUBECTU K OTKPBITUIO [JITABHOI'O TMIIOTETUYE-
CKOTO IIPETEH/IeHTA B BYMIIBI — TsDKETON JaCTHUIIbI, /LA
KOTOPOJT OBUIO TIPeJJIOKeHO Ha3BaHVe HeNTPaIIHO.
Opnako artoro He mpousounto. Hao6opot, peus nzer,
CKopee, He 00 OTKPBITHH, @ O «3aKPBITHUI» HEeHTpai-
HO: ec/ty OBl TaKye JacTHUIIBI CYILeCTBOBAIN, MbI ObI UX
yKe «IIOYyBCTBOBa/IN». DTO OBUI Cepbe3HbIil yAap IO
TUIIOTe3€e BUMIIOB, XOTS HaJieX/la Ha X OTKPBITIIE TI0Ka
ellje He TOTepsiHA OKOHYATENbHO.

Ho yem Torga MoxkeT OKa3aTbCs TeMHasl MaTepusA’?
Yro 310, ecrmt He BUMIIBI? TeopeTKy aKTMBHO paccMa-
TPUBAIOT ApyTMe BapuaHThl. Hampumep, Ha ponb TeM-
HOJI MaTepuu MOTYT MOAXOAUTL HEM3BECTHbIE IIOKa
JIETKMe YaCTUIIbI C APYTUMIY CBOJICTBAMIU — HATIPUMED,
TaK HasblBaeMble CTepHIbHbIe HeliTpuHo™. Ha ponb

> HekoTOopble 9KCIIEPUMEHTBI YKa3bIBAIOT Ha TO, YTO, BO3MOX-
HO, CYIL|eCTBYeT YeTBEPTHII TUII JIETKMX YaCTHL] HETPUHO»
IOIOTHUTE/IBHO K TPeM M3BEeCTHBIM TUIIAM 3THUX 9/IeMeHTap-
HbIX 9acTyL,. CTepu/IbHbIe HEIITPYHO He y4aCTBYIOT B MI3BECT-

bonbLuoi aApOHHBIN
Konnaigep — CloXHelwwas,
KpynHeiiluas B Mupe
JKCnepuMeHTasbHaA YCTaHOBKa,
C03AaHHaA YCUAUAMM TbiCAY
yueHblx bonee yem 13 cTa

CTpaH mupa. lpoTAXKeHHOCTb
KONbLia YCKOPUTENA NpeBblLLaeT
26,5 kunometpa.

PacnonoxeH B nogzemMHom
ToHHene B LUBeiiuapuu.
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Bonpoc otkPbiTUS
YACTUL, TEMHOW
MATEPM — BONPOC
BPEMEHN.

224

YaCTHI] TEMHOJ MaTepyy IPETEHAYIOT TaK)Ke aKCHOHBI™®,
He uckao04eHo, 4TO IpUAETCs NPUAYMATh YTO-TO ellje
U TIPOBEPSITH TUIIOTE3Y [0 TeX IOP, II0Ka HOCUTE/IN TEMHOJ
Marepuu He OYAYT OTKpPBITHL. B Hallle BpeMst camut Teope-
TUKM IOJCKa3bIBAIOT 9KCIIEPYMEHTATOPaM, KaKue dKCIle-
PUIMEHTBI HY)KHO IIPOBECTH, YTOOBI IPOBEPUTH TUIIOTE3Y
U OTKPBITD (1100 «3aKPbITh») TOT VIV MHOJ [IPeIo/iara-
eMblit Tu yacTny,. CoBeplIeHCTBOBaHNUe IPUOOPOB U Me-
TOIMKU SKCIIEPUMEHTOB IIPOJOJIKACTCS, Y 3HAYNT, BOIIPOC
OTKPBITHS JACTHUI] TEMHOI MaTepUy — BOIIPOC BPEMEHII.

OpnHAKO MOXKET /I 0KAa3aThCsl, YTO CKPBITAst Macca —
3TO He BYIMIIBI, He aKCVIOHBI U He HEIITPIHO, a, HallpuMep,
MmepBUYHbIE YePHbIe JbIPbI, BOSHUKIIIIE €llje Ha PAHHUX
CTamgusX pasBuUTUA BceneHHOI, Bckope mocite bonbuio-
'O B3pbIBa?

Crporo roBopsi, 1 9T0 BO3MOXXHO. TeM NHTepecHee: CKO-
PO MBI y3HaeM, YTO TaKoe TeMHas MaTepus. B Tom, 4TO
OHa CyIecTByeT (d4eM OBl OHa HI 0Ka3aiach), y)Ke HUKTO
He COMHeBaeTcsl. Bo-IlepBbIX, Ha 9TO yKa3bIBaIOT 0COOEH-
HOCTY BpallleHNUs IaJIaKTUK. BO-BTOPBIX, COBpeMeHHas
Teopus, HOATBep)K/jaeMasi HaOoeHIsIMM, O6e3 Hee yxe
He paboraer.

HBIX GM3MYECKUX B3aVMOJIEIICTBIAX — €C/IU, KOHEYHO, OHM CyIIje-
CTBYIOT.

* IUIoTeTNYeCcKie HeliTpaIbHble 9/IeMeHTaPHbIe YaCTULIBI, CIIOCO6-
Hble paclafaTbcs Ha ABa GpoToHa. HeKoTopble BapiaHTbI TeOPUI
HOMYCKAIOT JX CYIIeCTBOBaHNUE, HO TAKIe YaCTULbI He OTKPBITHL.
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11. BcenenHas, mogBep>KeHHa A
MHOIATUN

. ..Mbl MUp X0TMM MO3HaTb, MOHATH, 06LLAPHTD,

Ho xanb, Ham He ycneTb ero 06mepuTb:

Bepb kocmoc pasayBaeTcs, Kak LWapuk. . .

Kak bl He nonHyn? — XxoueTcA NOBepUTh. . .. (epaeti [lannues

Boiiire y)xe He pa3 roBopuioch (HO He OyfeT IMIIHUM
IIOBTOPUTH), YTO Teopus BOMbIIOro B3pbIBa, COCTABUB-
1I1asi OCHOBY COBPEMEHHOJ1 HayYHOJ KapTUHBI MUPa, CTPO-
naach Ha QakTax HabmogeHnit. OGHNIM 13 HeOCIIOPYMBIX
dbaxToB ABnAeTCA pasner ramaktuk. Ho ecmm ato daxr,
3HAYNT, B IIPOIUIOM IaJlaKTUKM OBbUIN O/IVDKe IPYT K APY-
ry, n 13,8 Muinmappga 1eT ToMy Hasaj, BCa MaTepus Bce-
JICHHOJI ObIIa cOOpaHa B OJTHOM MecTe. DTO OblIa packKa-
JICHHAs Y [IOYTU OfHOPOJHAsI MaTepysi — 00 3TOM FOBOPUT
CYILLeCTBOBAHME PEIMKTOBOIO U3Ty4eHMsI, KOTOpOe JHa-
4e 0OBACHUTD He IOTydaeTcs. [paBUTAIMOHHAS HEYCTOI-
4MBOCTD B APEBHOCTY IIPMBe/Ia K NOSBICHNI0 HEOFHOPO-
HOCTel! IJIOTHOCTY, HOPOXAE€HHBIX CTYIIEHNAMM TEMHOI
MaTepuu, a 3aTeM J IPUBBIYHOTO HaM 6apMOHHOTO Bellje-
cTBa. OTU HEOTHOPOIHOCTY BUIHBI KaK (QIyKTyarmu pe-
JIMKTOBOTO M3/Ty4eHMsA, IIPY 9TOM OHM TOYHO TaKMe, KaKue
IpefICKa3bIBaeT TeOPHAL.

Kasamnocp 6bl, Bce B IIOpsZIKe, U MBI, HAKOHEL], TOCTPO-

Bcenentas
VN aJIEKBATHYI0 KapTUHY MMPA, Y3HA/IM, KaK >Ke YCTPO- OKABAZIACH
eHa Bcenennas. Ona (BcenenHas) okasanach HECTALMO- HECTALOHAPHOM,
HapHOI1, MEHSIOLIEIICS CO BpeMeHeM, I MHOTUM (BK/IIOYast MEHSIOULENCS
OJHIITelIHA) NIPUIUIOCH IIPU3HATD, YTO TaK OHO U €CTb. CO BPEMEHEM,
7151 KOro-TO OCO3HAHVE HOBBIX peasnii ObIIO Ype3BbIuaii- N MHOTUM (BKJTIOYAS
HO 60JIe3HEHHBIM, Y KOr0-TO HOBasi KapTHHA MIUpPa BbI3Ba- IVHLITERHA)
71a BOCTOPT. I 3Hal0 /Itofiel, KOTOpble KaTETOPUYECKHU He Be- MPULLNOCH NPU3HATD,
pAT B Teopuio bonblioro B3pbiBa, yTBEpP>Kasd, YTO ITOTO He 4TO TAK OHO W ECTb.
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TEMMEPATYPHbBIE
HEOAHOPOAHOCTH

+0,01% PACMPEAEAEHME

s | PEAWKTOBOTO
M3AYUYEHUA MO HEBY

L &

BOAEE BOAEE

XOAOAHBIE TOPAYHE
OBAACTH OBAACTH

MO>KET OBbITb, YTO 9TO HeJlellble BBITYMKI YICHDIX I Ha
CaMoM Jie/le BCe 0OCTONUT COBCEM He TaK.

OpHako aXke CTOPOHHUKY Teopuy BombIoro B3pbl-
Ba He MOIIU He COIVIACUTBCA C TeM, YTO Y Hee eCTb J0-
CTAaTOYHO Ccepbe3Hble MpobieMsl. [leppas momyunia
Ha3BaHNe MPo6IeMbl TOPM30HTA. Bbllle y>ke roBopu-
7I0Ch, YTO PEIUKTOBOE M3TydeHNe OKa3aIoCh OUeHb Ofi-
HOPOZIHBIM: PIIYKTYalluy YPOBHSA U3/Ty4eHNs, TOPOJMB-
IIye BIIOC/IeCTBUY IIPOTOTAIAKTUKY, He IPEBBIIIAIOT
COTBIX JIO7ell MpOLleHTa OT cpefHero yposHs! Iloutn
OJIMHAKOBOE M3/IyYeHe IPUXOFUT OTOBCIONY, CO BCEX
CTOPOH. DTO 3HAYUT, YTO €C/IM MBI HaBeleM pajuo-
TE/IeCKOII Ha KaKyI-TO 06/1acTb A B Hebe, a 3areM Ha-
IPaBUM €T0 B IIPOTHMBOIIOJIOKHOM HAIIpaB/IeHUM (Ha
0671acTb B), MBI [TO/Iy4MM IIPaKTUYECKU OSVHAKOBBII
(C TOYHOCTBIO 1O BEIMYMHbBI) CUTHATL.

Ho usnyuenne ot Touxn A 110 k Ham 6oree 13 Mui-
NMAPJIOB JIET, ¥ MBI TO/IBKO cefiyac ero mpuHamm. Kak



1974 r. B uentpe Mieunoro Iyt o6Hapy)keHa CBepXMacCUBHAs XXI
yepHas apipa — Crperner; A*
BeK

PAAKYC
TOPU3OHTA

. Ao

i B A
ML FAAAKTHKA

CeroAHI BBIIVIARUT Ta 0071aCTh, KOTOPast MCIIYCTIIA 3TO U3-
JTy4eHNe, Mbl YK€ He BUIVM, IIOCKOJIbKY K CETOJHALTHEMY
[HIO OHA ya/IMIach OT Hac Ha 45 MWIIMAapAOB CBETOBBIX
et (IIOCKONbKY BeeneHHasA He mpekpaiaeT paclmpATb-
cs1). DTO pacCTOsIHNE HAa3bIBAETCS PAMyCOM TOPU3OHTA.
ITO Ipefie/IbHOE PAcCTOsHNE, HA KOTOPOe Mbl MOXKEM 3a-
IJIAHYTb, IOTOMY YTO Ha CTOJIBKO PACTAHY/IOCh PacCcTo-
sHHIe, KOTOpOe CMOT IIpeofjo/IeTh CBeT 3a BCe BpeM: Cy-
nlecTBoBaHMA Beenennoii, HaunHas ¢ bosnbiioro B3pbiBa
(rounee, ¢ MmomenTa bonpuioro B3psiBa mmoc 380 ThICAY
71eT, Korfia Beenmennas crama mpo3payHoit).

Ho usnyuenne u3 obmactu B ¢ mpoTHBONIOIOKHOI CTO-
POHBI OT A TOXe LU0 K HaM 6ojee 13 MUUIMAapioB JerT,
1 o6acTh B ceityac Toxke HaXOAUTCA OT HAC B 45 MUJUIN-
appax cBeToBBbIX 7eT. [TonyuaeTcs, 4TO 8 0aHHbLLL MOMEHM
Mexnay obnmacTaMu A u B paccrosiHMe yMOIOMpa4nTe/Ib-
HO — 90 MM/IIMApIOB CBETOBBIX 71eT! V py 3TOM MHTEH-
CUBHOCTbD U3JIy4eHUs OT 00eux obacTeil IouyeMy-To 00u-
Hakosa.

ITouemy 370 Tak? Bepp HaxopsMIMeCs HA OOIBIIOM Yaa-
JIEHUM 00JIacTV He MOIJIM OOMEHAThCA CUTHAIaMU, He
MOIJIM CITIAINTh CBOU IUVIOTHOCTDb U TeMIIepaTypy, 4TO-
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6bl BHIIIALETDh ORVMHAKOBO. He Morau moromy, 4to
[la>Ke CBET — CaMBblit OBICTPBIIL aTEeHT B MIpe — 3a BCe
BpeM: CyllecTBOBaHNA BcereHHOI mpolien TOIbKoO
13,8 MuMapya CBETOBBIX JIeT, @ €My Hajlo ObIIIO ObI
npoitu 90 MuIIMapRoB CBETOBBIX eT. Ilomyyaer-
cs1, uTo obnmacTy A u B HuKak He MOTyT OBITH CBsI3a-
HBI IpYT C ApyroM. CTporo ropopsi, UHTEHCUBHOCTb
UX U3Ty4eHus (a U Opupopa) Moria Obl CUIBHO OT-
JIMYAThCS, OHA COBCEM He 06s3aHa ObITh OJMHAKOBOII
noscrofy. B uem e meno? Bexp He cyiectBytoT (pusn-
YecKie IpOoLiecChl, KOTOPbIe MOIVIY PACIIPOCTPAHATHCS
CO CKOPOCTBIO, IIPEBBIIIAIOIIe)l CKOPOCTb CBETa, YTO-
ObI CI/IaIUTh U YPAaBHATD YCIOBMA B yHAJIE€HHBIX APYT
oT Jipyra MecTax BcenenHoit! OToT nmapagoxc u Has3bl-
BaeTcA Mpo61eMoii TOPU30HTA.

MO>KHO HONBITaTbCS OOBSICHUTD YAVBUTETIBHYIO OFf-
HOPOIHOCTb PEIUKTOBOTO U3/TY4eHIsI M ORMHAKOBOCTD
¢drykTyanuit Bo BceX HallpaB/IeHUAX CIEAYIOWNM 00-
pasom. Benp B mportom Best Matepusi BeenmeHHoi 6b11a
6o1ee IVIOTHOIL, 3HAYNT, 06acTi A 1 B paHbIue 6011
6mxe gpyr K apyry. Ceildac OHM O4eHb HajeKu, HO
KOTZIa OHM OBbIIM OVKe, BO3SMOXKHO, CBET (MM 4TO-
TO JIpyroe) MOT YCIeTb IIPOJITY OT TOYKM A O TOYKYU
B u nmepenarp curnan (kakoe-to ¢pusnveckoe Bo3peii-
CTBUeE), KOTOPBII YPaBHAJ YC/IOBYSA B 9TUX TOYKaX?

OTa runoresa He MOATBep>KAaeTcA. PacyeTs! moka-
3BIBAIOT, YTO 110 Mepe y[ja/leHN B IIPOIIOe pafnyc
TOPM3OHTA YMEHbLIAETCS Obicmpee, YeM PacCTOSHUE
MEX[Y YAaTeHHBIMY 06/1acTsAMM. 3HAYNT, B IPOLIIOM
pobema ycyry6ssimack: Ha060poT, iake Te 061acTH,
KOTOpBIE Ceif9ac MOI'yT OBbITb CBSI3aHbI APYT C APYTOM
(CBeT K CETOHSANIHEMY JHIO YCIIeI IIPOIITY PacCTOsIHUE
MEXK/y HUMI), B IIPOLIOM He OBbUIV CBSI3aHbI (CBET ellle
He yCIIeJI IPOMTU PacCTOsHME OT OffHON TaKoi o6ma-
¢ jo apyroit). IIpobnema ropusoHTa BBIIIAAENA He-
paspenMoii. YTo ypaBH:AIO ycoBus B o6macTax Bee-



1975 r. CocTosiach CTBIKOBKA KOCMITYECKIX KOopabeit XXI
«Co1w3» (CCCP) u «Anomnon» (CIIIA)
BeK

JICHHOI1, KOTOpbIe B IPYHINIIE He MOTYT HUKAK OBITH CBSI3aHBI
MeXJy co60i1?

Y teopuu Bonpiioro B3pbiBa ecTb eltje ofgHa npobrema. Co-
rracHo MopensaM PpunMana, cynb6a BeeneHHOI 3aBUCUT OT
CpefHell IVIOTHOCTY MaTepuu B Hell. Ec/in IIOTHOCTD Marte-
punt 607IbIIIe KPUTHUYECKOTO 3HaYeHNs (pacueThl II0Ka3bIBAIOT,
4TO 9Ta BeMunHa paBHa 107** r/cm?), To cymMmapHast rpaBuTa-
Iy MaTepuy JO/DKHA OCTAaHOBUTD pacmupeHne Bcenennon
(nHepuyro bombIIOro B3pbIBa) U 0OPATUTD €T BCILATD: IajIaK-
THUKI JOJDKHBI HOTEPATh CKOPOCTH, OCTAHOBUTBCS, A 3aTEM Ha-
4aTh COMDKEHME C YCKOPeHMEM.

Ecnu nnoTHOCTh MaTepuu® HIDKe KPUTUYECKOI, IpaBuTa-
LVIJ He YRACTCsA MOOeNTD: pasjeT rajlakTUK JOJDKeH IPOJoI-
JKaTbCsSl BEYHO, a C yBeNMUYeHNeM PAacCTOSHMA MeX/y TalaKTu-
KaMM pPOJIb X B3aMMHOTO NPUTSKEHNA TO/DKHA YMEHBIIAThCA.

Crporo ropops, B packajJleHHOM KUIIALIeM OTHEHHOM Xao-
ce BombIIoro B3pbIBa MOIVIO POAMUTHCS, HABEPHO, pa3HoOe KO-
MYeCTBO MaTepuiu, obnagalerl pasHoil sHeprueit (a 3Ha-
YT, U Maccoin). IIoHATHO, 4TO BEPOATHOCTD TOT'0, YTO CPEIHAA
IVIOTHOCTb MaTepuy BO BcesleHHOIT MOIIa IIOYeMy-TO IIOMY-
YUTBCS MOYHO PABHOLI KPUMuU4eckoll — TOMY CaMOMY 3Hade-
HUIO, KOTOpOe pasfenseT OTKPBIThIE I 3aKPBITbIe BAPUAHTHI
mopeneit PpupMaHa, — BBIIJIAGUT UcYe3arolie Manoi. Tem He
MeHee II0X0)Ke, YTO OHa MMeHHO TakoBa! [IoHATHO, YTO TOYHO
OTIpeieNINThb, CKOTIbKO BCET'0 SHEPTUI/MACChl COTEP>KUTCA BO
BceneHHoIt 11 KaKOBa IJIOTHOCTD €€ COJep>KaHNUA Ha eIUHUILY

06beMa, MOXXHO TOBKO MPUOIM3UTENBHO, HO COBPEMEHHBIE EC/M MI0THOCTS
OLIEHKJ OKa3BIBAIOTCS TIOJO3PUTENBHO OIM3KUMI K 3HAYEHNIO MATEPUM HUXKE
KPUTUYIECKOI INIOTHOCTY (C TOYHOCTBIO /IO OfHOTO IIPOIIEHTA). KPUTUYECKOW,
MOo>XHO NOJOTH K BOIIPOCY MHAYe: Be[b IIPY KPUTUYECKOM TPABUTALMM HE
3HAYEHNUY IJIOTHOCTY reoMeTpusi BeeneHHOI B OOIBIINX Mac- YAACTCS NOBEAUTD.

¥ Hazo uMeTb B BUJY, YTO O/DKHA YYUTHIBATbCSH HE TOIBKO IVIOTHOCTD
06BIYHOTO (IIPUBBIYHOTO [/Isl HAaC) GAPMOHHOTO BeljeCTBA U TEMHOI
MaTepui, HO ¥ BKJIAZ APYruxX GopM MaTepuy — I0JIeit, KOTOpbIE TOXe
cofiepaT B cebe HEKYIO S9HEPTUIO, a 3HAUUT, U MacCy, KOTOPYIO CO-
r1acHo ¢opmysie DIHINTEIHA, MOKHO HepenncaTb B Bupe m = E/c2.
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Bepuumnbl TpeyronbHmka ABC
HaXoAATCA B Pa3NNYHbIX
ranakTuKax. 3ge3goner,
BCeraa neTALLuii no NpAmoi
B NNIOCKOM NPOCTPAHCTBE,

He nonazeT B TOUKY CTapTa.
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3BE3AOAET,
AETAUWNA
o MPAMoK

mrabax go/mDKHA OBITH MIOCKOIL. JTO 3HAYNUT, YTO HAIIPAB-
JIeHJ€, [0 KOTOPOMY PacIpOCTPaHAETCA CBET B IIyCTOM
IPOCTPAHCTBE, JO/DKHO IIPEeCTABIATh COOOI MPUBBIY-
HYIO HaM IpAMYI0 TMHUI0. B TpeyronbHuke (Hampumep,
C BEepILIMHAMH B TPeX a/leKUX aJaKTUKaX) CYMMa yITIOB
IO/DKHA ObITh paBHA TOYHO 180 rpagycaMm — B HallleM
MMpe JO/DKHA LapuTh reoMeTpus EBkmupa®. B takoit Bee-
JIEHHOJ YIIOMSAHYTBI BbIIIE 3BE30MET, YIIOPHO JIETAILNINA
TI0 IPAMOJL, HUKOIZA He MOMAaJleT B TOUKY, 3 KOTOPOII OH
BBIJIETET, C IPOTMBOIIOIOXKHOI CTOPOHBI: IIPY IVIOTHOCTH
MaTepul, paBHOI KPUTUYECKOIL, BcenenHas cTaHOBUTCA
HEVICKPUBIEHHO U O€CKOHETHOIL.

OcraeTcs HENOHATHBIM: 4TO K€ OTperyamnposano Bee-
JIEHHYIO C BbICOYAIIIEe) TOYHOCTHIO TAKVM obpasom, uro-
6bI CpeHAA IDIOTHOCTb MaTepUy B Hell OKa3alach VIMeH-
HO KPUTUYIeCKOiT — He 6o7bliie 11 He MeHbIe? [II0THOCTD

58 TIOHATHO, 9TO BOMM3M GOMBIINX MACC TPOCTPAHCTBO-BPEMS JOTDK-
HO JIOKAJIBHO MCKPUBJISITCSI, HO MbI TOBOPUM O KPYITHOMACIITA0-
HBIX CBOJICTBAaX HALIEro MUPA.



1976 r. Boiny1ieHbl epBble KOMITbIOTEPHbIE JVICKETbI: XXI
¢dopmar 8 groitmos (IBM, 1971) u 5,25 mroiima
BeK

D D S S D T
yMeHbIaeTcs co BpeMeHeM (BceneHHas pacumpsercs, Ec/m Bbl B cAMOM
B Ka)XKJOJl eUHUILIe ee 06beMa IIOCTENIEHHO CTAaHOBUTCH HAYANE PA3BUTUS
BCe MeHbIIIe I BellleCTBa, U U3TydeHus:). PacyeTsl mmoka- BCEnEHHOR NOTHOCTD
3BIBAIOT, YTO eC/IM ObI B CaMOM Havase pasBuTus Beemen- MATEPUN OKA3ANACH
HOJI IVIOTHOCTDb MaTepuy OKasanach Obl ciierka (Hapumep, CJIETKA BOJIbLLE
Ha 1 %) 6o7blile KPUTUYECKOIT, CO BpEMEHEM 3TO IIpUBe- KPUTUECKOM,

CO BPEMEHEM
3TO NPUBEJO Bbl
K KATACTPO®E.

710 6bI K KartacTpode. AMEPUKAHCKIIT KOCMOIOT PYCCKO-
O IIPOUCXOXK/eHNs ANeKCaHAp BuneHkuH nokasari, 4To
OyKBa/IbHO Yepe3 MUHYTY IVIOTHOCTb OKa3asach ObI BIBOE
60IblIIe KPUTUYECKOIT, @ Y>Ke Yepes TPU € IOJIOBUHON MM-
HYTBI IVIOTHOCTb MaTepyI OKasanach Obl CTOIb BBICOKOIL,
YTO rpaBUTALVS HOOenuIa 65 OKOHYATENbHO, U BeenenHas
cxcanacy 6ot 8 mouxy. Haobopot, eciut 651 IZIOTHOCTD Ma-
TepyM M3HAYaIbHO OKa3aaach Ha 1 % HIDKe KpUTUYECKOT],
TO IPYMEPHO Yepe3 IOfl 9TO OTHOLIEHNE BEIPOCTIO OBI yoxe
B TpucTa ThIcs4 pas(!). DTo 03HaUasIO OB, YTO pasperKeH-
HbIJI a3 HUKOIa He CMOT ObI CTYCTUTBCA B IPOTOTa/IaK-
TUKM, YTOOBI IOPOJMTH 3BE3/bl,  3aTeM [UIAHETBI U KM3Hb
XO0Ts OBl Ha OJHOI 13 HUX.

JI71s1 TOro 4TOOBI CITYCTS OYTH 14 MUWUIMAPHOB JIET 110-
cite bonpIoro B3ppiBa CpefiHss IIIOTHOCTD MaTepuu Obia
ObI C OU€Hb BBICOKOI CTETIEHbIO TOYHOCTH O/IM3KOI K KPH-
TU4YecKoil (UTO MbI CEerojHsA Hab/momaeM), OHa JOKHA
ObITa OKa3aTbCsA OIM3KOM K KPUTUYECKON 8 CAMOM HA4a-
Jie, Ipy4eM ¢ (aHTACTUYeCK BBICOKOJ TOYHOCTBIO — Ha-
YajIbHOE OTK/IOHEHME OT KPUTUYECKO TOYHOCTH HO/DKHO
OBITH He OOTIbLIIe ONHOI CTATPUIIMOHHO JOIU TIPOLIeH-
Ta®. SIBHBIX IPUUNH, I0YEMY BCE JOMDKHO OBLIO CTyYUTh-
Cs1 IMEHHO TaK, He BUTHO — KOHEYHO, eC/IM He PacCMaTpu-
BaTh MIIOTE3Y O TOM, YTO KTO-TO TIIATENbHBIM 00pasoM
KOHCTPYyMpOBas BceeHHYI0, leTanbHO IPOyMBbIBas a-
pameTpbl bomb1Ioro B3pbiBa U IOATOHSAA IO, CBOJ IPaH-
IMO3HBII IUIAH 3HaYeHMe IVIOTHOCTY MaTepyun. Ty Ipo-
671eMy Ha3bIBalOT MPOOIEeMOIl TOHKOIT HacTpoliku (fine

% B paMKax APYTUX MOJeJell ellje MeHbIIIe.
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IVHWTERH
I05ABINT B CBOV
YPABHEHMS
KOCMUYECKYIO
NOCTOSHHYIO
1S TOT0, YTOBbI
NPOTUBOCTOMTb
CKYUMBAHMIO
BCEV MATEPU

B CBEPXM/IOTHbIM
KOM NOZ BJIMSHUEM
[PABUTALIMM.
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tuning) wmm, no-gpyromy, npo6IeMoit IoCcKoii reoMe-
Tpuu BceneHHOIL.

B mopensax ®pupmana (cM. puc. Ha ¢. 179) camas BbI-
COKasi CKOpPOCTb pasjieTa MaTepuu GO/DKHA HaOMIoqaTh-
cs1 B «MOMEHT O», — B caMOM Hayajie, B MOMEHT bojbiio-
ro BsprpiBa. J[lanbliie MaTepusA pasneTaeTcs 110 MHEPLWM,
TepssA CKOPOCTb, — IPAaBUTALINA BellleCTBa «IIPUTOpPMa-
JKUBAeT» paser.

A 4ro0, eciu cHavasna ObUIO IBIDKEHIE ¢ YCKOpeHUem?
Torma npo61ema ropr3oHTa pelaeTcs: CHayasa BCs Mare-
pus BeesleHHOI ObIIa CKOHIIEHTPUPOBaHa B OJIHOM MeCTe,
B [Ipefie/Iax BO3MOYKHOCTY 0OMeHa CUTHA/IAMI, U [I03TO-
My MOIJIa HaXO/IUTbCA IPYMEPHO B OJHOM COCTOSHMM,
a y>Ke IIOTOM CTaJla YyCKOPEHHO Pa3leTaTbCs, PAaCXO/ACh
Ha TaKye pacCTOSIHI, Ifie 0OMeH CUTHaIaMI CO CKOpO-
CTbIO CBETA I MEHDIIIE K& CTAHOBUTCS HEBO3MOKHBIM.

Ho 4to Morno 6bl 06ecnednTs pasier ¢ yCKOpeHNU-
em? OkasbIBaeTcsl, yXKe CTO JIeT Ha3ajl Takue cooopaxe-
HIA NOSBUJINCD.

Bo-nepBbIX, BCNHOMHVM O KOCMOJIOTMYECKOI IIOCTOSAH-
HOJI \. DVHIITENH ;00aBIUI B CBOY YPaBHEHNUSA 9Ty CYLI-
HOCTD JJIl TOTO, YTOOBI IIPOTUBOCTOATH CKYYMBaHUIO
BCell MaTeEPUU B CBEPXIUIOTHBIN KOM IIOf] BJIMAHUEM I'pa-
BUTALMN. DTO OBIIO CAEIAHO IJIS TOTO, YTOOBI KOCMOJIO-
rM4ecKas IOCTOsIHHAsA ypaBHOBECUIa TPaBUTALIMIO U Clie-
nana 6n1 Beenennyio cranyonapsoit. Ho ato o3Havarno,
YTO HOBAsI CYLIHOCTD JO/DKHA paboTaTh KaK aHTUTPAaBM-
TAIUsL. A 4TO, €C/IM OHA OKXKETCSI 007Ibule pasumanuu?
Torpa BeereHHas [o/DKHA pacuIMpAThCA!

bonee cra ner Hasap, B 1917 rogy, ro/uIaHaCcKuii acTpo-
HoM Bunnem me Currep (1872-1934) cmenan takme
oeHKM. OH pacCMOTPesT MOfIe/Ib TUIIOTeTUYEeCKON CUTYa-
LM, KOra BO BceneHHOI HeT HUKAKOTro BellleCTBa — HI
3Be3Jl, HU IUIAHET, HN Ia3a, HO €CTb Ta caMasi KOCMOJIOTH-
JecKas II0CTOsIHHAS, 00ecIiedMBarolast OTTa/IKVBAIOIIYIO
cuty. Eciu MbI IOMeCTMM B TaKyIO «ITyCTyI0» BceneHHY0



1977 r. IlpencraBiieH epcoHaIbHblil KoMnbioTep Apple II, XXI
KOTOPBIIT B OyfyllieM CTaHEeT MacCOBBIM
BeK

IBa MPOOHBIX Telma C HeOOMbIIOI MACCOTt, AHTUTPABHU-
TalysA 3aCTaBUT VX JBUTAThCA IPYT OT Apyra. I1py sTom
IBUTAThCsI OHM OYAYT YCKOPEHHO, U YCKOpeHNe TOTK-
HO OBITb NPONOPUUOHATIDHO PACCINOSTHUIO MEHCOY HUMU.

MpbI BiepBbI€ CTAJIKMBAEMCS C TAKOV CTPaHHOI CU-
nout. [lelicTBye IPUBBIYHBIX CUJI, M3YYa€MBIX B ILIKOJIE
(HampuMep, CHIIBI TPABUTALIMY Y KYTTOHOBCKOI CUJIbI),
YMEHDIIAETCA C PACCTOAHMEM, IPUYEM YMEHDBIIAETCA
OBICTPO — IPONOPLIVIOHATIBHO KBA/IPATy PacCTOSHMA.
AHTUTPaBUTALNA, TIOPOXKEHHAsA KOCMOJIOTMYECKOI
HIOCTOSIHHOJ, HA000POT, y8enu4usaemcs ¢ paccTo-
AHMeM. YeM planplie [pyr oT Aipyra HaXO[ATCA Tela,
TeM CU/IbHEe [JOJDKHA JIeiiCTBOBATh CMJIa OTTANIKMBa-
Hust. He MOKeT /i 9Ta cijta OOBSACHUTD pasyieT MaTe-
puu 1oce bonpioro B3phiBa, a 3a0HO PELINUTD IIPO-
67meMbl TeOpUN?

Hernpas 3a6b1Bath, 4T0 HM JitHIITElH, HY fie CutTep,
BBOJS B CBOM BapMaHThI TEOPUM KOCMOJIOTMYECKYIO
HOCTOSIHHYI0, He 00'bsICHSN, YTO 3TO Takoe. Hukaxme
HaOJTIOfieHsI He TOBOPU/IN O TOM, Kakasl ¢uandeckas
CYLIHOCTB (eC/u OHa eCTb) JO/DKHA OPOXK/JaTh aHTUTS-
roTeHMe B Halleil BcenenHol1. BBeeHne B Teopuio ca-
raeMoro A mnpegycMaTpuBaeT, YTO CBOVWICTBO aHTUTA-
TOTEHMA NIPUCYILlEe CAMOMY IIPOCTPaHCTBY BeeneHHOI.

9710 6BIIO CTPAHHO. PaHbllle MBI CUNMTAIN, YTO IIPO-

CTPAHCTBO — 3TO BCETO INIIb BMECTU/INIIE BELIECTBA, B npocTPAHCTBE
COCTOALLETO U3 MeJIbYaillINX MaTepualbHbIX YaCTUL, NPUCYTCTBYET
KOTOpbIe Mbl Ha3bIBaeM 37IeMEHTaPHBIMU YaCTUI[AMI. HE4TO, YTO MOXET
Ecnu yOparh Bce 4acTUIIbI, He OCTAHETCs HIYero — 6y- BO3AENCTBOBATH HA
JieT IIPOCTO MyCTOTA. HACTHLBI, EC/A OHA

Ho YK€ JOCTaTOYHO JaBHO MbI IIOHAJIN, 9YTO 3TO HE TYAA NONALYT.

COBCeM TaK. B mpocTpaHCTBe IPUCYTCTBYET HEYTO, 4TO
MO>KET BO3/IeJICTBOBATh Ha YaCTUIIbI, €C/IV OHY TyJIa IO-
nanyT. Ou3MKy Ha3BajM 9TO «HEYTO» MOJAMU (B Kade-
CTBe O0IeN3BECTHOTO IPYIMepa CHOBA MOYKHO YKa3aTb
TPAaBUTALVIOHHOE U 3JIEKTPOMAarHUTHOE IOJIA).
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DNEKTPOMATHUTHSBIE NOAA % FrPABUTALUMOHHBIE MOAA
us

Bce nmpoctpaHcTBO Beenennoi 3a-
MOJTHEHO MONAMMU. DTO O3HA4aeT, YTO
Ka)KfIag TOYKa IPOCTPAHCTBA HAIIIETO
M1pa o0/IafiaeT HEKVIMU CBOVICTBAMU —
HaIpuMep, CBOICTBOM NPUTATUBATH
VIV OTTA/IKUBATh IPOOHbIE I/IEKTpuIe-
CKY 3apsDKeHHble yacTuibl. Ho n3 aTo-
TO C/IeAyeT, 4TO JjaxKe B IycToM (0e3 ya-
CTHII) IPOCTPAHCTBE COREP>KUTCS HeKast
anepeus. Ilyctoe mpocTpaHCcTBO (ITycTO-
Ty) GU3NKM M3[aBHA Ha3bIBaJIY CTIOBOM
BakyyM. [lonydaeTcs, 4To Bakyym —
9TO He IpocTo nmycToTa. CTpOro roo-
P#, «IIPOCTO MYCTOTBI», KaK MBI ceifyac
HOHMMaeM, He ObIBaeT. Bakyym — cpe-
Tia, 3aII0/IHEHHAsI TTO/IAMI, a TIOIA COfiep-
JKaT SHEPTHIO.

ITpencraBuM cebe KyOudeckuii caH-
TUMeTp IPOCTPAHCTBA. B KoMHaTe, r7ie
HaXOJWUTCS YNTATENb, KyOUIeCKuit caH-
TUMETpP HAaIlOJTHEH BO3JAYXOM: B 9TOM
MaJIeHbKOM (JI/1s1 Hac) oObeMe HIPUCYT-
CTBYIOT puMepHo 10*' MoneKyrn rasa,
KOTOpBbIE, B CBOI0 O4Yepefib, COCTOAT 13
aTOMOB ¥ MOJIEKYJI a30Ta, KICIOPOJa
Y HeKOTOPBIX IPYTUX. ITOT KyOudecKui
caHTUMeTp — Ljenbiit Mup. Ec y6parn
OTTY/a BCE aTOMBI, @ TAK)Ke IIOCTOSIHHO
IpoJeTamllle CKBO3b HEr0 KpoIley-
Hble YaCTUIIbI MaJIO} MacChl — HeMTpH-
HO, a TAK>Ke YaCTUIIbI TEMHOI MaTepuL,
KOTOpBIe (CKOpee BCEro) TOXe 3[eCh
HPUCYTCTBYIOT, BHYTPU 3TOr0 0ObeMa
OCTaHeTCA IPaBUTALMOHHOE TT07Ie. JTO,
HpeX/ie BCero, moje 3eMin, a Takxe
nosA, nopoxxjennsle Conuuem, JIyHoii



1977-1978 rr. PoxjieHne 1epBOro pebeHKa B pe3y/ibrare XXI
UCKYCCTBEHHOTO OIIOIOTBOPEHNS
BeK

I IPYTUMM HeOeCHBIMU TeTaMy, — BKJIaJ] IOVl STHX Tel
B CyMMapHoe I107Ie Oy/ieT MeHbllle 3eMHOTO, TOCKOIbKY
oHU 60 00/1aJAI0T MEHbIIEN MacCoil, TM6O PacIIonoXKe-
HBbI JJaIbIIIE.

He 6ynem 3a6bIBaTh, YTO TPAaBUTAIMOHHOE TIO/IE TIO
OJHIITEeHY — 3TO IIPOSIBJIEHNS UCKPUBIEHHOCTI IIPO-
cTpaHCTBa-BpeMeHu. Eciy Mbl OyzeM ompenensaTb CBOI-
CTBa IIPOCTPAHCTBA-BPEMEHN B BBIJIC/ICHHOM 00beMe, 00-
HaPYXXNUTCSI, YTO OHO XOTb 1 He3HAYUTEIbHO, HO BCe JKe
VICKPYBJICHO, ¥ Be/IYIHA 9TOTO MICKPVB/ICHNS OIIpefieris-
€TCs 3aI1acOM IPaBUTAIVIOHHOI SHeprui (IpaBUTALMOHHO-
IO IOJIAA), COfiepyKalllelics B 3TOM 9/IeMeHTe IPOCTPAHCTBA.

Kpome Toro, okaspIBaeTCst, 4TO BbI€/IEHHBII 00beM 3a- MOXET /int
TIO/IHEH 37IEKTPOMAarHUTHBIM 1tojieM. [ToMumo anekTpomar- B0 BCE/IEHHOM
HUTHBIX BOJIH BOJIbIIIOTO B3pbIBa, KOTOPbIE CO CKOPOCTHIO CYUECTBOBATb ELIE
CBeTa HeIPEPbIBHO IIPOXOAAT Yepe3 9TOT KyOuuecKuit OIVH (A MOXET BbiTb,
CaHTUMETP IPOCTPAHCTBA CO BCEX CTOPOH, MbI 3a(DMKCH- W HE OAMH) TMN NONS,
pyeM 371ech U3JTyYeHne OT HeGEeCHBIX TeJl, OT IIOCTPBI, OT KOTOPbIA <OTBEYAETS>

HACTObHOM JTAaMIIBI, OT XO/IOAMIbHMKA, OT 3/IEKTpOHArpe- 3A AHTMFPABMTAU'WO?

BaTe/Ls, OT Ilepefaloll X TeeBIU3MOHHDBIX 11 pa/IOCTaHLINIA,
OT MHOT'OYMCIIEHHBIX MOOV/IbHBIX Tele()OHOB U OT CaMo-
ro unTaresnA. Bce sTo usnyueHne, kaxmoe Ha CBOE -
He BOJIHBI, CO CKOPOCTBIO CBETa CO BCEX CTOPOH IPOXO-
IUT CKBO3b HAII KyOM4ecKuit caHTuMeTp obbema. Hecer
IV 9TO M3/Ty4eHMe sHepruto? besycnosHo, u pusnkn gas-
HO Hay4IM/IICh ee PacCUnThIBaTh. TakuM 06pasoM, o6 0it
00beM IIPOCTPAHCTBA, faXKe €C/IM MBI yoepeM OTTy/a Ma-
TEPUIO B BUJie BellleCTBa (37IeMEHTAPHBIX YacTHULL), OyaeT
cofiepxaTb B cebe MaTepuIo B Bufe IOJIE, @ 3HAYNT, TYT
Oy7ieT IpUCYTCTBOBATD U HEKOTOPOE KOMNYECTBO SHEPIMIL.
Ho Bce mu ot Ml 3HaeM? He MoskeT i Bo BeenenHoit
CYILIeCTBOBATD ellle OANH (2 MOXKeT OBbITh, ¥ He OffUH) TUI
07151, KOTOPBIil «OTBEYAET» 3a AaHTUTPABUTALNIO?
Coserckuit ¢pusuk Anekceii Anekcangposuy Crapo-
OuHCKMIT, COTPpYAHMK VIHCTUTYTa TeopeTndeckon ¢pu-
3UKM, B 1979 ropy ony6/11KoBasI epBbIil BApUAHT Ta-
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Koit upen. Ho cumraercs, 4To HOBasA TeopusA IOSABUIACH
B 1981 ropy, Korga aMepukaHckuit pusux Amas I'yT npep-
JIOXKWJT MOJIE/Ib, B KOTOPOIL BeenenHas Hayama pasBuBaTh-
€51 C KPaTKOBPEMEHHOT'0 3TaIla YCKOPeHHO020 PaCIpeH L.
[yT mpemmonoXusI, 4T0 CHavama KakuM-T0 06pasoM mmo-
SIBUJIACH MajIeHbKas Mopuys crennduieckoro Bujia Ma-
Tepun, oOMafiaKoIielt CBOMICTBAMY aHTUTPABUTALMN. ITO
MOT OBITH BaKyyM C OYeHb BBICOKOJI IVIOTHOCTDBIO 3HEP-
iyt (PYTMI CITOBAaMM, MOXKHO TOBOPUTH 06 0c060M ru-
HOTeTUYEeCKOM TUIIE HOJISA, KOTOPOe MOMTy4NIOo Ha3BaHue
nH(}pIaTOH).

V3naratp 9Ty (M MHOTHME MHbIE) TEOPUIO HEIPOCTO.
Jleno B TOM, 4TO TeopusA MOCTPOEHA Ha MaTeMaTH4eCKIX
BBIK/IaIKaX, KOTOPbIe MCIONb3YIOT M3BECTHDBIE 3aKOHBI
¢usuxu. Pemenns ypaBHeHWIT (B OO/IBIIVHCTBE CIydaeB
JOCTATOYHO C/IOXKHBIX) MHTEPIPETUPYIOTCA PUUKAMU,
OTKYZa U MOABJIAETCS CJIOBECHOE OIVICAaHMe CLIeHapusA CO-
OBITHIL, @ TAK)Ke YMCTEHHbIE 3HAYEHSI PA3/IMIHBIX Iapa-
MEeTPOB, ONUChIBaIMX dusndeckre mogenu. Hamo oco-
60 HOYEePKHYTD, YTO MHQIALVOHHBI CLIeHapyuil — 3TO
He YMO3pUTe/IbHbIe PACCYKeHUA 00 yCTpOICTBe MUpa,
CTOSIIIIETO Ha CIOHAX 1 4YepernaxaX. KasKaplil IYHKT Teo-
pUM — 3TO YKECTKOE C/IeACTBIE MaTeMaTIYeCKuX pacye-
ToB. Ho, KOHEYHO, B OCHOBE 9TOJ TEOPUM JIKUT JJOIYIIje-
HIL€: O CYIeCTBOBAHMY XOTS OBI KPOIIEYHOTO ITY3bIPbKA,
MaJIEHbKOI MOPLMI HEOOBITHOI MaTepuyt — BBICOKOSHEP-
IMYHOTO BaKyyMa.

Korpa peun nzeT o «MasieHbKOII IIOPLMI», 3TO O3HAYAET
e/ ICTBUTENIbHO KPOIIEYHBII 37IeMeHT IPOCTPaHCTBa (TOY-
Hee, IPOCTPAHCTBAa-BpeMeHN) pasMepoM mopsaaka 10727
CaHTUMETPOB®, B KOTOPOM Obl/1a 3aK/II0YeHa TUTaHTCKas
sHeprus. ITo mbicin Anana [yTa, s7meMeHT GU3NIeCcKOro
BaKyyMa C BBICOKOJT IVIOTHOCTDBIO 9HEPIMM KaK pa3 ¥ MOT

® B Halle BpeMs pacCMaTpUBAeTCA U CAaMBblil MaJIeHbKIIT BO3MOX-
HbIIT 06bEKT — TaK HasblBaeMas IVTAHKOBCKasI sT4efiKa pasMepoM
107 cm.



1979-1989 rr. Adranckas BoitHa (CoBeTckas BoiiHa B AraHnucrane) XXI

BEK

ABUTHCSA UCTOYHMKOM «KOCMOJIOTMYECKOI ITIOCTOSHHOI».
V3 nero u copmupoBanach Hama BeenenHnas.

Bo Bcenennoli feiicTBYIOT IO KpaliHell Mepe YeThIpe
tuna GuU3NIECKOro B3anuMoeicTus. [IBa maapHOmeil-
CTBYIOIIMX TUIIA, KOTOPBIM COOTBETCTBYIOT M3BECTHBIE
HaM II0/IA, — 9TO TPaBUTALVIOHHOE U 37IEKTPOMarHUTHOE
B3auMopeNicTByA. Ha 4pesBbIdallHO KOPOTKUX PaccTosA-
HISIX, COIIOCTABUMBIX C pasMepoM sijjpa aroma (mopsijka
107" cM), eMICTBYIOT ellje /iBa TUIIA B3aMMOIENCTBISI —
cuIbHOe 11 craboe. [JoCTaTOYHO HEMHOTO YBETIMYNUTD Pac-
CTOsIHME — U 9TU CUJIbI Ucye3atoT. Ho BHYTpu sAfpa aToMa
OHI YCIIEIITHO PabOoTAIOT: TaK, HAIIpUMep, CUIbHOE B3anMO-
IeVICTBIE «CK/IeMBaeT» MeX/y OO0 IIPOTOHDI ¥ HEITPO-
HBI B A7[pe aToMa (TIpeojjoieBast 9MeKTpUYecKoe OTTa/IKM-
BaHIe IPOTOHOB), a C7lab0e B3aNMOJIeICTBIE OIpefiensieT
HEKOTOPbIe CBOJMICTBA Ma/IOMACCYBHBIX YaCTUL] HEMITPUHO
u obecrieynBaeT paOaKTUBHBIN pacIiafy sjep.

Wpest Tyra 3akmodanach (MIOMUMO IPOYEro) B TOM, YTO Bo BCENEHHOM

B IPUPOJie MOTYT CYLIECTBOBATh TUIIbI BAKYyMa, HE II0- NEACTBYIOT N0
XOXKV€ Ha IIPVBBIYHBI HaM. DIEeKTPOCIA0bIil BAKyyM — KPAVHEN MEPE
3TO Cpefia, B KOTOPOII 3/IeKTPOMAarHUTHOE U claboe B3au- YETbIPE TUMA
MOJEICTBYA OKa3bIBAIOTCSA IPOSBIEHNEM HEKON €IVHONI OU3NYECKOT0
CUJIBI M CTAHOBATCA PaBHBI IPYT APYTy. B TakoM BakyyMe B3AUMOLERCTBUS.

97IEKTPOHBI ¥ HEMITPUHO PAJJMKAIbHO MEHAIOT CBOU CBOM-
CTBAa — OHY JIMIIAIOTCST MACCHI U IBIDKYTCS CO CKOPOCTBIO
cBeta. Teopus MOACKA3BIBAET, YTO KKADII KyOMUeCKIit
CaHTUMETP 97IEKTPOCIAb0ro BaKyyMa JO/KEH COfepyKaTh
B ce0e YyOBUIIHYIO SHEPTUIO, IPYMEPHO SKBUBATICHTHYIO
sHepruu tema ¢ Maccort JIynst (10 toun). Ecu sxe cmope-
NMPOBATh BaKyyM, B KOTOPOM BC€ THUIIbI B3aMMOJEICTBIUS
OKa3bIBAIOTCsI HEOT/IMYMMBI IPYT OT fpyra (Bakyym Bemm-
KOT0 00beIHEHN), TO B HEM IJIOTHOCTD S9HEPTUY JOIDK-
Ha OBITb ellje Ha MHOTO HOPsKOB Bbile (B 10% 60sbiie).

AHaJIn3 IIOKa3aJ1, YTO B TAKOM BBICOKOSHEPIMIYHOM Ba-
KyyMe, IIOMMMO TPaBUTALNM, HEIIPEMEHHO BO3HMKAET
HATSDKEHIE — OTPULATENIBHOE JIAB/IEHNIE, IPUYEM BTPOE
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6oree cuIbHOE, YeM rpaBUTALA. IIOCKONBKY
HaTsDKeHUe CMJIbHee I'PaBUTALNM, NTOSABIIACT-
sl IpeBaIMpPYIOIIas CUla OTTA/IKMBAHUA, IPO-
HOPLMOHAIbHAS PACCTOSHUIO MEXAY 9/IeMeH-
TaMU BaKyyMa. DTO 3HAUMT, YTO KPOIIECYHBII
(HO VI3HAYa/ILHO OYEHD IVIOTHBIIT) parMeHT Ba-
KYYMHOJ1 MaTepU Cpasy IOCJIe CBOETO POXe-
HUA [O/DKEH HadaTbh CTPEMMTE/IBHO pacllu-
PATHCA, ¥ BCE TOYKYU STOTO JIEMEHTA JTOJDKHDI
YHQIATLCS APYT OT Apyra 110 TaK Ha3bIBAEMOMY
9KCHOHEHIMATbHOMY 3aKOHY. COITIacHO 3TO-
MY 3aKOHY, 32 paBHbIe IIPOMEXYTK! BpeMeHU
(B maHHOM crtyyae — Kaxkjple 107%® cexyH/ibI)
pasMepsl pacTylero uapa Bcenennoit ysenn-
4MBAIOTCS BABOE, 1 3a (aHTACTUYECKN Masblil
MHTepBal BpeMeHM (Bcero muuib 107°° cekyH-
JIbI) pasMepBl 37IeMeHTa JO/DKHBI YBETUUUTHCS
HeBeposiTHO (B 10¥ pas!). OgHako He Hafmo 3a-
6bIBaTh, YTO M3HAYAIBHBIN pasMep BceneHHOI
B PaMKaX 9TOIl MOJIe/IM OBUI IIOYTY TOYEYHBIM —
Bcero 107% cm, 1 3HaYUT, pasMep Bcell BeerneH-
HOJI He TIPeBBICUI K KOHIY 9Talla HauyaJIbHOTO
paciIpeHns OJHOrO caHTuMeTpa!

B e BpemeHa, xorga Iyt pazpabarsiBaj cBOO
koHuenuuio, nadauyA B CIIIA gocrurana Bie-
vaTAomux 14 %, u leHe)xHas Macca B AMepu-
Ke HapacTasia II0 TOMY JKe CAaMOMY 9KCIIOHEeHI[V-
QJIBHOMY 3aKOHY, 10 KOTOPOMY B paMKax HOBOII
Mopenu poc pasmep Becenennoii. Ilostomy Iyt
IPeJIOKIL HadBaHMe MHQIAINA [J1 HavdaIb-
HOTO 9Tala pacumpenus BeereHHoil, a ocoboe
noJie, obecriednBaBliee SHEPrIell 3TOT IPOLecE,
6bUIO Ha3BaHO MHQIATOHOM.

Ha ¢dase undianum, npopomkasiuerics Mu-
KPOCKOIIMYEeCKIe OIM CeKYH/IbI, pacllyipeHue
(MHOTA 1A ONMCAHNA 3TOTO Ipoliecca IIpyUMe-



1980-e. Illenrenckoe cornmamenye. Cornaiienue 06 yrpolieHnn X XI
MacIOPTHO-BU30BOIO KOHTPOJIA Ha rpaHMLaX pAfia FOCyIapCcTB
Eppomneiickoro corosa BeK

HAETCS TEPMUH pasgyBaHMe) IIPOUCXOAVIO CO CKOPOCTBIO, CY-
IIeCTBEHHO TIpeBbIIIaBIIeli CKOpOCThb cBeTa. Ha nepBblit B3IIAx,
3TO IIPOTUBOPEYNUT BCell COBPEMEHHOI! (M31Ke, OCHOBaHHOI Ha
Teopuu oTHOCKUTenbHOCTH. Ha caMoM gere HapyleHne Kaxy-
meecs. Teopusa OTHOCUTENTLHOCTH JefICTBUTENBHO 3allpelaeT

ABVDKEHNE TEJI, BONMH, CUTHA/JIOB CO CKOPOCTbhIO, HpeBbIHIaIOHICIZ

ckopoctb cBera. Ho Ha craguy nHALm BeeneHHOI ¢ rUraHT-
CKOJA, ITOCTOSIHHO YBEINYMBAIOLIENCs CKOPOCTBIO PACLIMPATIOCh

caMo npocmparcmeo, HaIOTHEHHOE BbICOKOIHEPIMYHBIM BaKYy- HA\{;%:;{ 4
MOM. MO>XXHO cKa3aTb, 4YTO CO CBEPXCBETOBOI CKOPOCTBIO Iepe- PACIUMPEHNA
Mellla/ICh BHELIHNE TPaHuIIbl pas3jyBaloleiics Bcenennoii, HO iﬁg&g&w
TaKle IPaHMIIbl — 9TO He MaTepUaIbHBII 00BEKT, He YacTUIa, 3A

He BOJIHA, PaCIPOCTPaHAIOIIAACA 110 KAKOMY-TO ITOJII0, M He CUT-

HaJl, IepefjlaBaeMblil OT OIHONM TOYKM IIPOCTPAHCTBA K APYTO. ee O)Ol ¢

970 BOOOpaskaeMblit 00bEKT — IpaHMIja PACIIPSIOLEiiCs 00-
JIACTY eAMHOTO IIPOCTPAHCTBA-BpeMeHM pacTyleit BeeneHHo
pu HabmIoneHnN USHY TPU®'.

MBI IOMHMM, Y4TO T€OPUsI OTHOCUTETbHOCTHU YCTaHOBM/IA
CBA3b MEX[Y IPOCTPAHCTBOM-BPEMEHEM I €TI0 COREP>KUMbIM:
Macca (9Heprusi), Cofiep>Kallasicsi B IpOCTPaHCTBe-BpeMeHH, UC-
KpuBjsieT ero. CrpeMuUTe/IbHOE PasfiyBaHye BBICOKOIHEPINIHO-
O BaKyyMa pacTAIMBAJIO, PACHPAMIIAIO CKPy4eHHOe, 3aMKHY TOe
B Ha4a/IbHOM (parMeHTe BaKyyMa ero cOOCTBEHHOE IPOCTPaH-
CTBO-BpeMsI, Pa3BoOpaunBasi ClieHy, Ha KOTOPOI JO/DKHO OBITIO
IPOMCXONNTD fa/bHelillee IeiiCTBIE.

Ho BbiIe He cTy4aiiHO CKa3aHO, YTO CTaysA MHIALVN IIPO-
IOJDKatach coBceM Heflonro. Vcxons 3 Hammx sHaHui pusn-
K1, BBICOKOSHEPTMYHBII BAKYyM JIOJDKEH ObITh HecraOuivHuiM:
OH Hen30eXHO pacrazaeTcs. BakyyM HO/DKEH IepeiiTi B HU3-
KOSHEPI'MYHOE COCTOsIHNE (Ha 9TOT pas 9To OyeT yo>Ke IpUBbIY-
HBII /17151 HAC «VICTVHHBIN» BaKyyM, CETOH: HAIIOJTHAOIINIL BCIO
Bcenennyro). V36bITOK 9Hepruy, B paMKax 3TOJ IMIIOTE3bI, JOI-
KeH ObUI BOIUIOTUTDLCS B 4aCTULBI TEMHOII MaTepuu 1 6apyoH-

¢! TIpu HabTIONEHIN UBHYTPI — 9TO OYEHDb BaXKHAsI OTOBOPKA, K KOTOPOIt
MBI ellle BepHeMCH.
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HOeE BeIl[eCTBO, a TAKXKe B 57IeKTPOMAarHUTHOE U3TyueHe
IIpY OTPOMHOII TeMIIepaType.

BbICOKOSHEpIMYHBII BaKyyM IpeBpaTU/ICA B pyTue
¢$bopMbI MaTepyit B COOTBETCTBUM € IJIABHOI HOPMYION
¢dusukn E = mc’. Becb CTpeMUTENTBHO PACIIMPSIONINIICS
o6peM 0HOI Beenennoit, B pamkax mogenu [yra, obpa-
TIICSL B OTHEHHBII LI1ap, COCTOSAINI 13 97IeMEeHTapHbIX Ya-
CTULI, XaOTUYHO OBIDKYIIMXCS C OKOIOCBETOBBIMI CKOPO-
CTAMH, ¥ POTOHOB — IHEPIMYHBIX YACTUIL] CBETA C OYEHD
KOPOTKOJT JJIMHOI BOHBI (raMmMa-usnydeHne). oToHOB,
COIIACHO pacyeTaM, JOJDKHO OBIIO IONYy4YUThCS Cylile-
CTBEHHO 0O7Ibllle, YeM MaTePUaIbHBIX YaCTHUL: Ha KOKAYIO
JacTUIy — MIUIMAPE GOTOHOB.

Korpa B HayyHO-TIONY/IAPHBIX PMIbMaX MHOIA IOKa-
3bIBalOT BO/IbIIOIT B3PEIB B BUjE B3pbIBa (BO BCE CTOPO-
HBI pa3jieTaeTCsl OTHEHHAsI MaTepyisi) — 9TO HEBEPHBIN 00-
pas. CHapy>xu Bonb111071 B3pbIB, CyZIsl IO BCEMY, He BUTIEH.
CormacHo mopienu IyTa, oH mpousolesr BHyTpU OTJe/b-
HOT'O 3aMKHYTOr0 parMeHTa IpOCTPaHCTBA-BPEMEHN,
3aII0JIHEHHOTO BBICOKOSHEPIMYHBIM BaKyyMoM. CHapy-
KU 9TOT parMeHT BBIIJIIUT, CKOpee BCero, Kak OT/ie/b-
Has 9/7IeMEeHTapHas YacTUIIA, KPOIIEYHBI IMapuK, KOTO-
PBII CIOXKHO OT/IMYNUTD OT APYTUX 3/1eMEHTAPHBIX YaCTHII.
[yt BOOOparkaeMoro xxe 6eccMepTHOTO Hab/TIOfIATeIst, Ha-
XOJAILEroCs BHYTPU 3TOro (pparMeHTa, Bce OKpyskarolee
ero MPOCTPAHCTBO KO/DKHO MPeBPaTUTHCS B OeCKpaitHuii
OKeaH raMMa-M3/1y4eHns ¥ MUKPOCKOIMYECKIUX 37IeMeH-
TapHBIX yacTuL. TeMIepaTypa 3Toil Cpefbl ZO/KHA OBITH
YY/JOBUIIHOM — MOPA/IKa MHOTMX MUJUIMAPIOB TPAyCOB,
¥ 9TO 3HAYNT, YTO CKOPOCTB JIBYDKEHVSI 4acTuIy Opuia 67ms3-
KOJ1 K CKOPOCTH CBETa.

VIMeHHO 3TOT MOMEHT POXKIEeHM BellleCTBa U U3JIyde-
HIS U3 S9HEPIUU paclaflalolierocs BbICOKOIHEPTUYHOTO
BaKyyMa, ITO-BUIMMOMY, 1 CTIefyeT Ha3bIBaTh bonbpmum
B3pbIBOM. Bo Bcmbilke bosbioro B3peiBa ponach Hala
BcenenHast B 9KCTpeMambHOM (pacKaleHHOM) COCTOSTHUM,
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HO 9TO y>Ke ObIIV IIPMBBIYHBIE /1A Hac (usmyeckne pe-
a/IMn: M3BECTHBIE HAM 3JIEMEHTAPHbIE YACTUIbI M ITOJIA.

Pacmmpenne npopio/mKanoch, HO yxe 6e3 yCKOpeHMA:
IIOCKOJIbKY 9Heprus BaKyyMa BOIJIOTM/IACh B MAcCCy 37e-
MEHTApHbIX YaCTUIl, HAIIOHUBIINX BceneHHyo BO BceM
ee 06'beMe, aHTUTPABUTALINSA UCIE3HYBIIEIO BHICOKOIHEP-
TMYHOTO BaKyyMa TOXe JOJDKHA Obl/Ia MCUe3HYTh. 3aTo
TpaBUTALMA POAMBIIMXCA 37IEMEHTAPHbIX YACTULL BK/IIO-
YyIach B IPOLECC TOPMOKEHMA pacmupenns. Tem He
MeHee IpOMajiHasA KMHETHYECKasd S9HEPIUA PACIIMpPEHNs
IPOCTPAHCTBA, IOCTUIHyTasA BcenenHoi Ha cTajum MH-
Ay, HUKYRA He Iellach — pacllpeHle, XOTs ¥ MeHb-
IIVIMM TEMIIAMU, TIPOJOJIXKA/IOCh 10 MHepuuu. IIpocrpan-
CTBO BceneHHOII MPOJO/IKaNo pacTATMBATbCsA, IIPU 9TOM
He TOJIbKO Ha «BHelIHeM (poHTe» pacumpeHns — Bce-
JIEHHas «PaCTATMBANIACh» BO BCEX TOYKAX CBOETO PACTy-
1jero o6bema!l D10 pacTATMBaHME IPORO/DKAETCS U ceridac.

Haur HemcTpeOumblil Hab/IOaTe/Ib BHYTPU PacKasieH-
HOI1 MOJIOfIO¥1 BeeneHHOI1, OI/Is1/{bIBasICh 10 CTOPOHAM, 00-
Hapy>KWI OBl, YTO IVIOTHOCTb OTHEHHOT'O OKeaHa BOKPYT
HEro IIOCTEeIIEHHO IMajlaeT: PacCTOsSHUE MEX]y OelIeHo
1 6eCIOPAZOYHO HOCAIMMMUCA YaCTULIAMY HapacTaeT, X
CKOPOCTb IIOHEMHOTY YMeHblIaeTcA. II0TOK ramma-usmyde-
HILA, TIPUXOJAILETO CO BCEX CTOPOH (IIOCKONBKY BCe TOYKM
I0HOJ BcenenHot nepBoHavanbHO AB/IANINCD UCTOYHMKA-
MM TaKOTO U3JTy4eHMs), HOCTEIIeHHO OCabeBaerT, a [IMHa
BOJIHBI M3/Ty4EeHN MEIJIEHHO PaCTeT.

Ho sT0 momxHo 651710 mponcxopnThb nosxe. K romy, uro
IOJDKEH YBUJETD Halll HeCTOpaeMblil HaO/IIOfiaTe/Ib B MOJIO-
Toit BecemeHHOI, MBI ellje BepHeMCs, a IT0Ka 3aJjaiiIM BaXK-
HBIII BOIIPOC: 3a4eM (pu3MKaM U KOCMOJIOraM IIOHaZo0u-
Nach cTagys MHQIALMOHHOTO pasnyBaHusa BcenmeHHOM?
3auem Aan IyT nmpupaymain MHQ/ALNIO U IIOYEMY ero Vet
IIPOM3Be/Ia CMIbHOE BIIEYaT/IEHME Ha €ro KOJIIer?

Jleno B ToM, 4TO ruIoTesa MHGALINN KPaCUBO peliaa
npo67eMbl Teopuu bobIIoro B3pbiBa.

XXI1

BEK

N ——_——

[TPOCTPAHCTBO
BCE/EHHOM NPOLOSTKAND
PACTATMBATLCS, NP
3TOM HE TOMbKO HA
<BHELHEM MPOHTES
PACLUMPEHUS —
BCENEHHAS
<PACTSIMBAJIACHS

BO BCEX TOYKAX CBOEFO
PACTYLETO OBBbEMA!
370 PACTATMBAHME
NPOAOJDKAETCS

W CEMYAC.
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Bo-nepBbIX, U3AIMIHO paspelranach
mpobrema ropusonTa. Hamo 3amMeTurs,
4TO caMa 3Ta pobieMa (IIoYeMy B IIpo-
TMBOIIOJIOXKHBIX HAIIpaB/IeHUAX OT Hac
BcenenHas BRITTIAAUT OAMHAKOBO IaXke
Ha TeX pacCTOSHMAX OT Hac, KOTOpbIe He
MOIJII B3aMIMOJIEICTBOBATb MEXIY CO-
6011 11 0OMEHMBATbCS YCTIOBUAMY CBOETO
pasBuTH?) HOAB/IsAETCA BO BeeneHHOM
C 3aMeIAIOIMMCS pacliMpeHeM, OII-
caHHbIM B Mofenax @puamana. Cragus
yH(IALYM ObUIa CllelMaIbHO IpUAyMa-
Ha IS TOro, YTOOBI 0OEeCIIeunTh B Ca-
MOM Hauyasle pa3BUTH:A BcenenHoit sTan
YCKOPAIOLETOCs pacIMpeHN.

9TO0 B KOpHE MeHATIO feno. CornacHo
mopenu [yra, B Havane pa3Butus Bcee-
JIEHHOII BCs MaTepys HaXOAWIACh B OfI-
HOM MeCTe, B MUKPOCKOIIMYECKOM IIy-
3bIpbKe BBICOKOIHEPIMYHOI'O BaKyyMa.
Bce Mukpockomnmyeckie 06/1acT BHY-
TPU 3TOTO HAYAJbHOTO My3bIpbKa Ha-
XOIWIVCh BOMM3N APYT OT Jipyra U IHOo-
9TOMY IpeObIBa/IN IPUMEPHO B OJHOM
u TOM >Ke cocTossHyn. HeT Hudero ypau-
BUTENBHOTO B TOM, 4YTO, KOTjja MHIIsI-
Ly pasHecia 9Ty 00/1acTy Ha 4y[o-
BUIIHBIE PACCTOAHUA APYT OT APYTa,
OHM, PACIIMPUBIINCD U IIPEBPATUBILICD
B ra/IaKTUKM, HaBCer/ia MOTepsAB BO3-
MO>KHOCTb OOMEHUBATbCI CUTHATIAMU
APYT € APYTOM, OKa3a/IUCh O4€Hb I10X0-
KUMU. ITO celdyac OHU HUKAK He CBS-
3aHBI, @ Ha CTaguy MHQIALMY OHY Ha-
XOJIMINCH COBCEM PSIIOM 8 00UHAKOBbLX
YCTIOBUSX.



1980-e. Cosfanue sA3bIKa IPOrPaMMMUPOBAHNS Java XXI

BEK

S W———

AHaJIoryHo pelranach 1 BTopas npo6nema. Bcenennas
Ka)KeTcsA HaM IUIOCKOI (ounHAomelica reometpun Es-
K/IMZa), ¥ MBI (IIOKa 4TO) He MOYXeM IIOHATD, eCTb JIY KpH-
BI3HA Y IPOCTPAHCTBA BcenenHoit, — mpu Toit TOYHOCTH,
KOTOpas HaM cerofHsa pocrynHa. [Touemy >xe Beenennas
OKa3ajmacb 00'beKTOM C OY€Hb Mol (@ BO3MOXKHO, I TOY-
HO HY/IeBOJ) KPMBU3HOI IpocTpaHCcTBa? Jleo B TOM, 4TO
uHsinys (ecnm oHa OblTa) OKasanach HEBEPOSITHO MOLII-
HBIM MeXaHU3MOM, OYKBaJIbHO 32 MIHOBEHMsSI PasyBILINM
IOHYI0 MUHMATIOPHYIO Bce/leHHy10 O OTPOMHBIX pa3Me-
poB. Mbl He 3aMe4aeM KPMBU3HY IIPOCTPAHCTBA IO TO
JKe NIpUYKHE, TI0YeMy, X0 10 3eMJle, He OllyIlaeM ee
mapoobpasnocTy. [laxke ecnmu mpocTpaHCTBO BeenmeHHoi1
CJIeTKa MCKPUBJIEHO, MBI 3TOTO IIPOCTO He BUAMM. Jlake Ha
CaMBIX OO/IBIINX PACCTOSIHIUAX, KOTOPbIE JOCTYIIHBI COBpeE-
MEHHBIM HaOMIOeHNAM (OHM — 9TU PACCTOSHUS — YoKe
IpPEBBIIAIOT 13 MIUIIMAPIOB CBETOBBIX 7€T), Beemennas
Ka)KeTcs HaM IUIOCKOI. TpaekTopuy, IO KOTOPBIM pac-
IPOCTPAHsETCs CBET BAAIM OT KPYIHBIX Macc (ramakTuK
U 3Be3JI), OKa3bIBAIOTCS IIPSIMBIMM, ¥ YYBCTBUTEIBHOCTHU
HallMX METOJOB He XBaTaeT, YTOOBI OLPefie/INTh, OTKIIO-
HAIOTCA /I 3TU TPAEKTOPUM OT NPSAMBIX.

Innoresa MHQIALMU TOBOPUT ellle ¥ O CIEAYIOLIEM.
MblI BUiM B HalllM T€/I€CKOIIBI TOJIKO KPOILIEYHYIO YacThb
Bcenennoii. Begp cBeT pacnpocTpaHsAeTCcsA He MTHOBEHHO.
Ecnu bonpioit B3pbIB mpousoien npumepHo 13,8 mmi-
JMappa 1eT TOMY Hasajl, 3TO 3Ha4MT, YTO CaMble JlajieKue
VICTOYHMKM CBETa, KOTOPbIe Mbl MOXXEM YBUJIETb, JOMXK-
HBI HAXOJUTBHCA Ha paccroanun 13,8 Mumnmapma ceeTo-
BBIX JIET OT HaC.

MbI HE 3AMEYAEM
910 66110 6BI TAK, eciut 661 Beenennas noce bonpio-

rO B3pbIBa He pacmmpsnack. Ho oHa nmpogoimkaeT pac- EISSE?F?:IZCTB A 110 TOM
mnpATbcs. CBeT, KOTOPBI MCITyCTUIA fajieKas ralakKTh- KE NPU4MHE, MOYEMY,
Ka, Ha paccTOssHUM 13 MWIIMApHOB JIeT OT HAaC, TOIBKO X048 N0 3EMNE,
ceifyac o Hac gouten. Ho 3a ato Bpem:a Bcenennas npo- HE OLLYLLAEM EE
donmxana pacuupsmuvcsi. Mbl yXe yIIOMUHAMN, 94TO 3Ta LUAPOOBPA3HOCTW.
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rajlaKTHKa y/IeTe/a OT HaC Ha HeBOOOpasyMoe paccTo-
SAHMe — 45 Muapnos ceeToBbix neT! Illap pagnycom
45 MUIMapHOB CBETOBBIX JIET — 9TO Ta YacTb BeeneH-
HOJ1, KOTOpas XOTb KaK-TO JOCTYIHA HAIIVM Ha0II0-
meHusiM (MBI y>Ke 00CY)X/janu BOIIPOC O TOM, YTO Ha
paccTostHUM 45 MIIIMAPI0B CBETOBBIX JIET HAXOMATCS
TaJIaKTUKY, CBET OT KOTOPBIX ObIT McmyiieH 13,8 M-
NMappa jeT Hasaj ¥ TOJMBKO ceffyac K HaM IpUIIeN).
Ho sTor map — manexo He Bca Beenennas. CornacHo
OJHOMY U3 BapMaHTOB TeOpuM, pasmep éceli BeenmeH-
HOV MoXeT B 107! pa3 npeBbIlIaTh pasMep YKasaHHO-
ro mapa®. BoucTiHy, MO3T 4elloBeKa y)ke JaBHO Olle-
pUpYeT CYL[HOCTAMM, IPeACTaBUTh KOTOPbIE HATTIAHO
OH He B COCTOSIHUM.

Konuenus nursiunm, npepiecTBoBasieil bomb-
IIOMY B3pPbIBY, BbI3BaJIa OTPOMHBIII IHTEpeC Y KOCMO-
JI0TOB. B IIepBoHaua/IbHOM BapyaHTe TeOPUY, KOTOPBIN
npemioxnt Anas [yT, 6bUIN OTKPBITBIE BOIIPOCHI, TPe-
6oBasiune penteHns®. Ieblit psij HECTHIKOBOK B ellje
CBIPOJI TEOPUM yCHEINHO paspewmun B 1982 ropy co-
TpynHuK Ousmyeckoro nucturyra AH CCCP Anppeii
JTeonumoBuy JTunme.

Ilemass xoropTa MccnegoBaTenell, yueHbIX BbICO-
Yajllllero ypoBH:A IOJK/IIOYNIACh K pa3paboTke HO-
BOIT Meu. B ux 4ucie nepedncieHHble 110 anaBUTy
(ne mo Baxuocty Bkiaana) [I>kum Bapauu, Anekcanap
Bunenxus, [Ix. Puuapp I'ort, Cupgneit Koynman, AH-
npeit Jiunge, Bsuecnap MyxaHoB, AHapeac Onépexr,
Anekceit Crapo6unckumii, [Ton Creitaxappar, Maiiki

2 He B 10 u gaxe He 274 pasa, a B HeBOOOpasyMoe 4iCiIo pas,
KOTOPOE OIVCBIBAETCS YHICIIOM C 274 HYJISIMU TIOCIIE eIMHMLIBL.
Ecmi MbI TOBOpUM 0 KpUBHU3HE TaKOI1 BceneHHOIL, TO Heyau-
BUTE/BHO, YTO OHA BBIIJIIAUT a6COMIOTHO IIOCKOIL.

¢ Crarpa ['yra 3akaHuMBanach cioBamiu: «f1 HaJeICh, 4TO 3T
craTbst OOYANT APYrUX 0GONTH HeXeTaTeIbHbIe 0COOeHHO-
CTM CLieHapysi MHIIALNI».



1980-e. ITepectpoiika. MaciuTaGHble IlepeMeHbI B Uie0IOT N, X XI
9KOHOMIUECKOI 1 monmmuTiyeckoit sxusnu Coserckoro Corosa
BeK
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Tepuep, CruBeH Xokusr, lennagmit Yn6ucoB u MHO- BbICOKAS CTENEHD
rve npyme“. 3a nepsble 40 f1eT, Mpolee ¢ MOMEeH- COBNALEHMS

Ta CBOETr0 CO3/IaHMs, KOHIEMIM 3aMeTHO YKpeInuiaach, PACHETHbBIX OAHHBIX
BOIIUIA B CIIPABOYHVKM U YUeOHVKM KaK 6a30Bast IUIO- C HAB/IOAEHNSAMU
Te3a, OMMCHIBAOIAs COOBITHA, TOATOTOBUBIINE BOb- NO3BONSET

11071 B3PBIB /160 TIOC/IE0BaBLINE Cpasy nocie bomb- NPEANONIATATD, 4TO

TUNOTE3A WHONISALNK
KAK MAHAMYM
WMEET NPABO HA
CYLLECTBOBAHHUE.

IIOTO B3pbIBA.

YTo mo3BoNAET BOCHPUMHUMATD BCEPhE3 TUIIOTE3Y
Haya/IbHOI'O MH(JIALVIOHHOTO pasayBaHysA BeeneHHO?

Bo-nepBbIX, KaK yKa3aHO BbIlI€e, OHA CHMMAET Vi JIer-
KO 00'BACHACT TPYFHOCTH K/IaccH4ecKol Teopyn bob-
II0T0 B3pbIBa. Bo-BTOPBIX, €€ IpeficKasaHMs C BbICOKOII
TOYHOCTBIO TTOATBEP>KAAIOTCA HAOTIOEHNAMMN: CBOJI-
CTBa QIyKTyaluii peTMKTOBOTO M3/Ty4eHN OKa3a/ICh
VIMEHHO TaKVIMM, KaKye IIPOrHO3MpPYeT MHQ/IAIMOHHbII
CLIeHapUit, — eC/IM CIUTATD, YTO HepBble (QIYKTyalun
BO3HUK/IJ €llle Ha CaMOJ Ha4aIbHO CTa/Iuu, KOT/ia S71e-
MEHT BbICOKOSHEPIMYHOIO BaKyyMa HayaJl CBoe CTpe-
MUTENbHOE paclIMpeHye. Bricokas cTeneHb coBnajie-
HISI PacyeTHBIX JAHHBIX C HAO/MIOCHUAMMY II03BOJIACT
IpeAIIIo/IaraTh, YTO IUII0Te3a MHALALNY KaK MUHVIMYM
VIMEET IPaBO Ha CYIeCTBOBAHME.

Hapno sameTutp, 94T0, HECMOTPS HA 3TO, IO CYTH,
uziest UHQIALNU 0CMAemcst 2unome3oti, KOTOPOIL IPH-
IepXKMBAIOTCS He BCe CIeLMaINCTbI B 00/1aCTH KOCMO-
norun. VimeroTcs anbrepHaTMBHbIE KOHLENLNM, KOTO-
pble TaK >Ke, KaK ¥ ujes MHQALNY, He IPOTUBOpeYaT
3aKOHaM (U3UKI I, C/IE[OBATEIHO, B IIPMHIVIIIE MO-

¢ He nuiuauM OyAeT OTMETUTDb OOIBIIOI BKIAf, OT€4eCTBEHHBIX
b13nKOB B cosgaHue KoHuenuy. MyxaHos 1 Un6ycos omy6-
JIMKOBAJIM CTaThIO C K/IIOUEBBIMM Pe3yIbTaTaMM MO MHOIA-
LUV Ha TOJ paHbIIe FyTa. HI/IHJIC, ABTOP IOITyIAPHOTO Bapy-
AHTa «Xa0TUYHOM MHPsIIMN», pabortan B To Bpems B CCCP
u smurpuposai B CIIA mosxe, CTapoOMHCKII IPOZODKAET
paborarb B Poccuu, aMeprKaHCKIUIT KOCMOTIOT BueHkH —
amurpant us CCCP.
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TYT IPeTeH/[0BaThb Ha CylecTBoBaHye. Kakas us sTyx upeit
BepHa, MBI IIOKa He 3HaeM. BIIo/THe BO3MOXKHO, YTO B CIINU-
CKe CYLIeCTBYIOUIMX IMIIOTe3 II0KA HeT MPABUILHOMN, HO
He MCK/II0YeHO, YTO OfHA U3 HUX (HampuMmep, Ta >Ke MH-
GrALMOHHAS TUIIOTe3a) OKaXKETCsI TOJ caMoii, KOTOPYIO
MBI UIIEM.

TeM He MeHee IPYMEPHO Yepes3 ABaLATh JIET OCTIE II0-
ABJIEHVA ey MHQLALNY acTPOGU3UKI CHE/Ia/IN ellie OfHO
(dyHIaMeHTa/IbHOE OTKPBITHE, KOTOPOe CYLIeCTBEHHO 13-
MEHWIO Halllu IIpeficTaB/IeHNs 0 BeeneHHoIL.

Peub npeT o TeMHOI SHEprUm.



1981 r. B CIIIA 3aperncrpupoBaHbI IepBbIe 5 CIydaes «pefKoit GopMbl XXI
ITHEeBMOHUM» (3aTeM noyy4nsiieii Haspanue CITVI]T)
BeK

12. Bcenennas pasroHsaomasacsa

...Mup cTaHoBuUTCA MyCTOIA.
Mup HanonHeH nycToToil.
WcnapseTca kapTuHa,
(noBHO MHel Ha cTeKne,

I ranakTuk nayTuHa
Pacnonsaetca Bo mrne.

TbMa HacTana HecnpocTa: Cepeei [opGywiun,
Mobeguna nycrora. .. «Bakyym»

IMocrosaHas Xa661a, Gurypupyommas B OfHOVMEHHOM 3a-
KOHe, OTKPBITOM B KOHIIe IBa/ILIaThIX 'OJIOB [IBA/ILIATOTO BEKa,
IpOBepsIeTCs U YTOYHAETCA 0 cux nop. Onpenennutpb cKo-
POCTb yOeraHus raJJakTMKM OT HAaC MOXKHO C JOCTaTOYHO BbI-
COKOJI TOYHOCTBIO 110 3¢ deKTy JJomrepa — cMeIIeHNIo JIMHWI
B CIleKTpe ranakTuky. Kaxpjas Takas TMHUSA — 9TO CymMMap-
HBIIl BKJ/IaJl TUTAHTCKOTO KOJIMYECTBA CaMbIX PasHBIX 3Be3Jl
B ra/IaKTHKe, CBET KOTOPBIX IOIAJI B Lie/Ib CIleKTporpada Tere-
CKOIIa, II03TOMY JIMHIY OKa3bIBAIOTCA paciinpenHbiMu. Ho nx
CIBUT B CTOPOHY O0Jiee [UIMHHBIX (KPacHBIX) BOJIH PETUCTPU-
pYeTcst ZOCTaTOYHO yBepeHHO. UTo e KacaeTcsi BTOpPOIl Be-
JIMYMHBI, BXOIIIeil B BbIpaXKeHre 3aKoHa Xab6ma, — pac-
CTOSIHMSI IO TQ/IAKTUKMY, TO 3[1€Ch aCTPOHOMBI CTATIKMBAIOTCS
¢ OOIBLUIMIMU TPYSHOCTSAMM.

Kaxk onpegmenutb paccTosHye 10 OMVDKAMIINX FaTaKTUK?
MBbI yxe paccMaTpyBaIyu 3TOT BOIPOC, HO He JIMIIHNUM OY-
met Koe-4to moBTOpuUTh. Cam InBuH Xab6i u ero OmyoKaii-
1IYe OCTIefJOBaTe/NN IPUMEHMIN METOJ, «CTaH/JApPTHBIX CBEY».
Ecnu B rajakTuke eCcTb 00bEKT, UCTUHHASA APKOCTb KOTOPO-
ro M3BecTHa (CTaHAApTHAs CBeva), TO [0 ero HaOIgaeMoit
SIPKOCTY HETPYHO BBIYVMC/IUTD PACCTOSHME JIO CBEYH, a 3Ha-

YUT, U 0O TraJIaKTUKY, B KOT0p0171 CBeYa HaxomuTcs. [Ins 6nms3- KAK ONPEAENNTD
KVX TaJIAKTUK CTAHJAPTHBIMM CBeYaMIU CITY>KIIH Iieenibl — PACCTOSAHUE 10
cBoeoOpasHble «MasAKM BcelmeHHOI», Kak X POMaHTIYHO BJIVDKAALNX
HaspIBa/M B XX BeKe Hay4YHbIE )KYPHA/INCTHI. TANAKTIK'?
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Teneckon umeHu Xabona

B Kocmoce. [lnametp 3epkana —
2,4 M. Haxoautca Ha opbute

€ 1990 roaa, 3a 310 BpemA
Npou3BeAeHO NATb MANOTUPYEMbIX
noneToB AnA 06CNyKIBaHNA

1l peMOHTa Tefleckona.

B 2016 rogy HACA npoaauno
nporpammy «Xab6n» ewe

Ha nAaTb net, Ao 2021 roaa,
OTMETIB, 4TO TENECKON
HaX0ANTCA B OTINYHOM
TEXHNYECKOM COCTOAHUM.

WHTepecHo, uto npeacTaBUTENDb
N060iA CTpaHbl, YenoBek

WK OpraHu3aLus, MOXeT
MONYYUTb BO3MOXKHOCTb
paboTbl C Teneckonom,
AOCTAaTOYHO NPOIATH KOHKYPC
3aABOK.
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ITOT METOR OTINYHO paboTas il CPABHUTENBHO
6mu3KuX rajakTuk. Ho B majekux rajakTukax, KOTO-
pble BBIIVIZAT Ha Hebe BCETo b KaK eJie 3aMeTHbIE
TyMaHHbI€e TSITHBIIIKY, BBIJIETUTD OT/ie/bHbIe 1ede-
MBI HEBO3MOJXKHO: Ia’Ke B COBPEMEHHDBIE TeleCKOIIb
yBUIETDb VX He Hony4aercs. Hy>kHo O6bII0 HailTu fipy-
I'Mie «CTaHJapTHbIE CBEU».

B 1977 ropy mockoBckuii actponoM FOpwuii ITasno-
B4 IIckoBckmit (1926-2004) mpeyioxX B Ka4ecTBe
MOfI0OHBIX CBeY TaK Ha3bIBaeMble CBEPXHOBBIE Tua la.
B KoHIle cBOeI KM3HM 3Be3[Ibl MHOITAa B3PbIBAIOTCA.
Cy1iecTByeT HECKO/IBKO BO3MOYKHBIX MEXaHM3MOB Ta-
KuXx B3pbIBOB. CunrtaeTcs, 4To (heHOMEH CBEpXHOBBIX [a
IIOPOXK/IAeTCS TEPMOS/IEPHBIM B3PbIBOM 3Be3/bI TUIIA
Oeblil KapuK®®, Ha KOTOPYIO ee TATOTeHMEM TIepeTsIu-
BaeTcCs ra3 ¢ CoCeJIHel MeHee IIOTHON 3Be3/Ibl. Takue

% Benblit KapnuK — HeOO/IbIIIAs CBEPXIUIOTHAS 3BE31a, I7ie KOH-
YMJIOCh TEPMOANEPHOE TOIUIMBO U MOITOMY IPEKPATHUINCH
peakiyu sAfepHoro cuHresa. CrycTss MU/IMAp/bI JIET Hallle
CorHile cTaHeT Ge/bIM Kap/IUKOM.



1982 r. Bnepsble MaLMEHTY Nepeca)keHO CKYCCTBEHHOE cep/ilie

B3PBIBbI OKa3a/IMCh ITO/IE3HBI KaK CTAHJAPTHbIE CBEYN
IO JIBYM IIPUYMHAM.

Bo-nepBbIX, CBEPXHOBBIE 9TOTO TUIIA YPE3BBIYAIHO
APKM — CBETUMOCTD CBEPXHOBOJI COITOCTAaBUMA C CyM-
MapHbBIM CBeYEHMEM MUJIIMAPOB 3Be3]] raJlaKTUKI,
IIOSTOMY €€ JIETKO 3aMETUTD JJaXKe B KpaliHe y/lajleH-
HDBIX Ta/llaKTUKaX.

Bo-BTOpBIX, CBETMMOCTD TaKOJ CBEPXHOBOII B MaK-
cuMyMe O1ecKa BCerfa OKas3bIBaeTCs IPYIMEpPHO Offy-
HaKoBOJ1. KpoMe TOro, MakcMManbHYI0 CBETUMOCTD
YHAeTCA YTOYHUTD 110 HAK/IOHY KPUBOJ, OTPAKAOLIEN
najfieHye 67ecka CBepXHOBOII co BpeMeHeM. IToatomy
ofo6HbIe 0OBEKTHI OTIMYHO MOJXOAAT Ha POJIb HO-
BBIX «CTAH/IAPTHBIX CBEY».

W xoTs 3Be3/bl B3pbIBAIOTCA KpaliHe pelKo, Ha-
6mogaeMas yacTh BeeneHHolt orpoMHa. MBI MOXeM
OIHOBPEMEHHO HAOMIONATh I'POMaTHOEe KOINIECTBO
rajlakTuK, U I'e-TO — TO B OJHOI, TO B JPYIOil U3
HIUX — IIOCTOSIHHO BCIIBIXMBAKIT CBEPXHOBBIE, B TOM
4JIC/IE M HY>KHOT'O TUIIA.

lpouecc akkpeLnm Ha 3Be3ay Tuna
6enblit Kapnuk — nepeTAruBaHNA
BeLLIeCTBa C COCeiHeN 3Be3/bl.
B3pbiB cBepxHOBOV TMNA la
00bI4HO NPOMCXOANT B ABOIIHOIA
3BE3[JHOI1 CUCTEMe, BpaLLaLoLLencA
BOKpYT 00LLIero LieHTpa Macc, OuH
113 KOMMOHEHTOB KOTOPOIl —
6enblit KapnuK. lnuTenbHOCTb
MpoLecca akKpewum ncumcnaeTca
AeCATKamMU Tbicay ner. [pu

3TOM NepeTeKatoLLee BELLEeCTBO
o06pa3yet anck. B MmomeHr,

Korzia Macca 6enoro Kapauka
MpeBblLLAET KpUTNYECKYHO,
MPOUCXOANT B3PbIB CBEPXHOBOIA.
(BepxHOBbIe UMEIOT OANHAKOBYHO
CBETUMOCTb 13-3a 6M13KOI Maccbl
benbix KapauKoB.
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KpynHeliLunii cBOeHHbIN
Ha3eMHblii Teneckon Keka

¢ 10-meTpoBbIMI 3epKanamm
pacnonoxeH Ha bonblom ocTpoBe
[aBalickoro apxunenara.
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B koH1ne XX Beka aCTPOHOMBI 3aHMMAJINUCh TaKU-
MM HaOJIOfIeHUAMY, VCIIOIb3YS CaMble KPYIIHbIe Tejle-
ckorbl. [Tonck cBepXHOBBIX B CaMBIX JJaJIeKNUX rajlak-
TUKAX MO3BOJISI/I IPOJO/DKATH rpadmk 3akoHa Xab6ma
B 0071aCTb Bce GOMBLINX CKOpOCTell yoeranus (60mb-
IIMX KPAaCHBIX CMEI[eHMIT) ¥ OTPOMHBIX PacCTOSHMIL.

B 4mcie HayYHBIX KOMaHJ, KOTOPbIe BeIN TaKue
IIPOEKTHI, HeOOXOAIMO Ha3BaTh TPYIITYy aMePUKAHCKIX
acTpo¢usnkos noj pykosopcrtsom Coma Ilepnmar-
tepa. [Tos)xe K HAOMIOIEHMSIM TOIK/TIOYNIACE ellle OffHa
aMepMKaHCKas KOMaHfa, KoTopoit pykosoaum bpaiian
IImupT 1 Axam Pucc. ACTpoHOMBI MCIIOTIb30Ba/IN JaH-
Hble KOCMIYECKOTO TellecKoIa uMeHy Xab0a, a Takke
KpYIHeIIIero ciBOeHHOTO Ha3eMHOTo Tereckomna Keka
¢ 10-MeTpOBBIMU 3epKalaMH, COOPY>KeHHOTro Ha borb-
oM octpose [aBajickoro apxunenara.

B 1998 ropy rpynma IlImunra n Pucca omy6mmkosana
nopasutenbHble fanusle. Cyfs 1o pesyabrataM obpa-
60TKM 16 CBEPXHOBBIX, HAOMIOABIIIXCS YPE3BBIYAITHO
JajIeKo, TPV TUTAHTCKUX KPACHBIX CMELeHUAX IPKOCTD
CBEPXHOBBIX OKa3a/1ach HIDKE, YeM MOXKHO OBLIO OXKM -
IaTh MCXON U3 OLleHKM paccTosAHus. OTciofa ciefo-



1982 r. Cocrosncsa nepssiii Tenemoct mexxpy CCCP u CIIIA
(MockBa — Jloc-AHmkenec) XXI
BeK

_——__21_—

BaJIO, YTO CBEPXHOBBIE (a 3HAYNT, U Ta-
JIAKTUKY, B KOTOPBIX OHJ B3OPBaJIUCh)
ObLM Janvlide, YeM MpefCcKasbIBasl 3a-
koH Xa66ma. Toukn Ha rpaduKe TOXKU-
JIACB BBIIIIE OXXVAeMOr0 — TpaduK uc-
KPUBJLA/ICA KBEpXy!
9TO 03HAYaIO0, YTO MCCIIEfOBAHHbIE 3AMEMEHME
HajleKue TaJIaKTUKN YAAJIAI0TCA OT Hac PACLIMPERWA
OBICTpee 0XKIEAEMOTO, TIMHEITHOCTD 3a-
KoHa Xab0sa sIBHO Hapyluanach. 3Ha- BPEMS
YUT, 9TU Ta/JIAKTUKU He IIPOCTO Yfa- MACIITAE HE COBMOAEH
JIAIOTCA, HO YHAIAIOTCA C YCKOPeHUEM.
Ho pake m3 MKOIbHOI (HBIOTOHOB-
CKOI1) pM3VMKYM MBI IOMHUM: €C/TN €CTh
YCKOpeHUe, 3HAUNT, JeiICTByeT KaKasd-
TO cmal
UYepes rop, komanpga Ilepnimarrepa Tpaduik paciumpenus
ory6n1KoBaa JaHHbIE IO Pe3y/bTa- BceneHoii  yckopeHuem,
Tam coOCTBEHHbIX HabmoeHnIT 42 ma- HapyLLeHIA NUHEIHOCTY
JIeKVX cBepXHOBBIX. [Tosyuniocs To xe 3aKoHa Xab6na, 1o JaHHbIM
camoe: yjaJieHye TajJakKTUK IPOMCXO- 1998 ropa.
IUT ¢ ycKOopeHueM. YTo-To HOATOHsAeT
raJlaKTUKM, 3aCTaBIAsg UX pasderarb-
51 co Bce 6omblielt cKopocThio. UTo-
TO CYIIeCTBYeT BO BceneHHOI1, 4TO pa-
60TaeT B pe>KuMe aHTUTATOTeHNs. DTa
CIUTa HeBeNuKa Ha O/M3KMX PACCTOSIHMU-
X, HO HapacTaeT Ipy OOIBLUINX Mac-
mrabax.
B 2011 ropy Pucc, Ilepnmarrep
u HIMuar momy4ymnm 3a cBoe OTKpbI-
tre HobeneBckylo npemuio 1o ¢pusmnke.
KoneuHo e, Ipyrye rpymIbl aCTPOHO-
MOB OpOCH/IUCD ITPOBEPATDH CBOMX KOJI-
ner. Bece 65110 npaBubHO: Beenennast
pacumpsAeTcs ¢ yCKOpeHUeM.
9TO OBINIO [EIICTBUTEIBHO HEOXKI-
IaHHOE OTKPBITHE.

YCKOPEHUE
PACIUIKPERKA

PAAMEP BCEAERHOM
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[PABUTALMS
HUKOTIA HE
NOBEAMT,

W PACWIMPEHME
BYAIET BEYHBIM
W BECKOHEYHbIM.

252

K momeHTy oTKpbITHA Xa66710M pasberanus ra-
JTAKTHK CYILIeCTBOBAIN TeOpeTUdIecKne paspaboTku
@puzpMaHa 0 BOSMOXXHOCTU paclIMpPeHNA UM CXKa-
A Beenennoii. Cunrasa BeeleHHYI0 cTallOHAPHOIA,
JitHIITeTH GOPOJICS C ee HECTAIMOHAPHOCTHIO TIPU
TMIOMOIII CBOEJ KOCMOJIOTMY€eCKOJ MOCTOSTHHOM — OHa
IO/DKHA ObLIa IPOTUBOAEIICTBOBATH rpaBuTanui. Ho
B IIPMHIINIIE UJes HecTalMoHapHOIl BceneHHOI K Mo-
MEHTY OTKpbITVsI Xa66/1a He ObI/la HeO>KIJTAaHHON LS
uccnepopareneit. K MOMEHTY OTKPBITH pelMKTOBOTO
U3JTy4eHNsI €T0 OCHOBHbIE CBOJICTBA yyKe ObIIN M3BeCT-
HBI I CIIPOTHO3MpPOBaHbl KOMaH o0l IaMoBa, a Taxxe
Hopomkepudem 1 HoBukoBbiM. PeHOMEH M3/Ty4eHUA
ObLI IIpeficKas3aH.

Yro ke KacaeTcs yCKOPEHHOTOo paciypennsa Beenen-
HOI1, TO 3TOr0 IMPAKTUUECKM HUKTO He OXKMJAl. DTOT
(akT pesko M3MeHsI/I HalllM MPeCTABIEHNSI O MUpe.
W mejicTBUTENbHO: €CIN JI0 3TOTO IPOJOJIKANNCh AVC-
KYCCUM, MOXKET /I BcenleHHas IpUTOPMO3UTD CBOE pac-
IIMpeHNe U HayaTh CKaTue, KOHeuHa BceneHHas mim
HeT, paKT yCKOpEeHHOTO paclIpeHNns cpasy Jal OKOH-
Jare/IbHble OTBETHI Ha 3TU BOIPOChl. CTajIo ACHO, YTO
IpaBUTALVA HAKOIIA He TI00eIUT 1 pacupenye Oyner
8euHVIM U beckoHeuHbiM. PACCTOSIHNS MEXLY Ta/IaKTh -
KaMy OyfieT BeYHO YBEMNUMBATBCS, U aXKe Te COCeRHIe
rajlakTUKY, KOTOpble BUSHBL IPYT OPYTY, CO BpeMeHeM
CTaQHYT HeLOCTYIIHBIMI [/Is1 B3aMMHBIX HaOIONEeHMIL.
Brpouem, 3To mpon3oiifieT He CKOPO, /M 3TO KOTO-TO
MOYKET YTEeUINTb.

Co Bceit 0cTpOTOI BCTAI BOIIPOC: 4110 3acTaBjIsAeT
Bcenennyio pacmmpaTbea ¢ yckopenuem? Yo aTo 3a
cuna? OTa HeM3BeCTHas Jocerie CYUHOCTDb MOaydnia
Ha3BaHle TeMHaA 3Heprus, KOTopoe C yIOBO/IbCTBU-
eM TOAXBaTU/IN XypHamUCThl. Ipennonoxenns o Bos-
MOJKHOJI IIPMPOJIe TEMHON SHEPIMH ITOABUINCH CPasy.
BbUtn 1cnonb3oBaHbl MHOTOYNMCIEHHbIE HAPabOTKMI
KOHIIeTIIMY MHQIAUN.



1983 r. Kommanust Motorola BblmrycTiia IepBblil B Mpe KOMMepPYeCKIit X XI
HOPTATUBHBII COTOBBII Te/leOH
BeK

—————x_—

KaxoBa ocHoBHast npest uHQaumu? B ocHoBe nexxut
TUIIOTETHYECKOe I1071e MHQIATOH, KOTOpOe 00ecrednsio
9KCIIOHEHIMA/IbHOE paCLIVpeHie, Pa3BepThIBaHIE, Pas-
JlyBaHe KPOIIEYHOro (pparMeHTa pOCTPaHCTBA-Bpe-
MeHI, COflepIKalllero aTo moste. PasyBaHue Iponsonyio
Grraropaps sHeprum camoro noss. [Ipumensist gpyroit
Ha0Op TepMIHOB, MBI TOBOPIIN, YTO MHMIIALNIO 0Oec-
IIeYN/T KPOIUEYHBIN IIy3bIpeK (PU3MIECKOrO BaKyyMa,

cofiep>Kalyii B cebe IMraHTCKYI0 9HEPIHio. ITOT ITy3bl- CornacHo TEoPUM

PEK CTPEMUTEIBHO PACLIMPSICS U3-32 COOCTBEHHOTO Bonbworo B3pbiBA,
BHYTpEeHHETO HaTsDKeHMA. [I0CKONMbKy BbICOKOSHEpIm1y- COBPEMEHHBIV BAKYYM
HbIJ1 BaKYyM HecTaO/IeH, OH BCKOpe HeM30eXHO Iepe- DO/UKEH COLAEPXATb
IIe7T B PYTOe COCTOSTHME. DHeprus, MpMHa/IeKaBIIas JNB0 HYNEBYD B0
BBICOKOSHEPIMYHOMY BaKyyMYy, IIPEBPaTU/IACh B Ipyrue NPEHEBPEXXUMO MAJTYIO
TUIIBI MaTePUU: B YACTUIIbI BEIleCTBA M TEMHON MaTe- SHEPTUIO.

pun, obafaoie TpaBUTALNEl, a TAK)Ke B 9HEPTUY-
HOE 9JIEKTPOMAarHUTHOE U3/yYeHIe TIPJ OYeHb BBICO-
KOJI TeMIlepaType.

ITOT mepexof, Mbl Ha3blBaeM DOJIBIINM B3PBIBOM.
Ba>kHO, YTO BBICOKOSHEPIMUHBII BAaKyyM, PacTPaTUB
CBOIO SHEPIUIO Ha CO3JIaHMe BellecTBa Y M3IyYeHNs,
Hepertes B COCTOSIHME TaK Ha3bIBa€MOTO MCTMHHOTO
BaKyyMa, KOTOpBIil (BepOsTHO) HanonHseT Beenen-
HyIo certyac. CormacHo Teopunu bonbIoro B3pbiBa, o-
BPeMeHHBIII BaKyyM JO/DKEH COfepsKaTh 00 HYIEBYIO
760 IpeHeOPEKUMO MaIyI0 SHEPIIO.

Opnako (akT YCKOpeHHOro pacipenns Beenen-
HOJI TOBOPUT, YTO 9TO He COBCEM Tak. JJaxke mocie
BonplIoro B3ppiBa CETORHALIHMI BaKyyM COLEPXKUT
B cebe HEHY/IEBYIO SHEPIUIO, 1, BO3MOXHO, UMEHHO
OHA VI IPOSIBIISAET Ce0s1 B YCKOPEHUM PacIIVPeHNs Ha-
IIero Mypa.

Takolt BakyyM Mbl Ha3bIBaeM CerofHsA GpU3ImaecKnmM
BaKyyMOM, YTOOBI IIOAUEPKHY T, YTO 3TO HE IPOCTO
nycrora. Kakumu sxe cBoitcTBamMu ob6/1afaeT TamH-
CTBeHHasl TeMHas 9HEePIIUs WM, KaK IPeAIonaraeTcs,
¢busuyecknit BaKyym?
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DOUBNYECKIMT BAKYYM

Y HEMTPOHHAA
BonaA 38E
HWU3KARA BLICOKAA
NAOTHOCTH MAOTHOCTS
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MAOTHOCTE BAKYYMA
BE3AE O0AMHAKOBA W HEU3MEHHA

Ou3nueckuit Bakyym 3anosiHset
BCe NPOCTPAHCTBO-BPEMA HalLLIeiA
BcenenHoii. Ero nnotHocTb
Hen3MeHHa 1 He 3aBUCUT OT
MNOTHOCTI COAEPXKALLErocs B 3TOM
e 00beme BeLlecTBa.
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B pamkax mgen o pusnyecKkoM BaKyyMe
MOTy4YaeTcs, 4YTO 9TO U €CTh Ta caMas KOc-
MOJIOrMYecKas IOCTOAHHasA, KOTOPYIO CHa-
yasa MpefioKNiI, 2 IOTOM OTMeHMI JiiH-
mreliH. COITaCHO 3TOJ KOHLENIIMM, TeMHAs
9Heprus B Buje (PU3NIECKOrO BaKyyMa Ha-
xonutcs Besne. OHa ecTb B 000 TOYKe Ha-
1Iero IpocTpaHcTBa-BpeMenn. OHa B KaOu-
HeTe aBTOpa 9TOil KHUTYM M B KOMHaTe, Ife
HaxoauTcA yuTarenb. OHa He 3aMevaeT Ha-
LIeTro IIPMCYTCTBM, OHA He BBIT€CHAETCH, I10-
IOOHO BOfie, €C/IU B KOMHATy KTO-TO BOIIETI.
BosbMeM /i MBI KyOUYeCKUIT METP MEXTra-
JTAKTMYECKOTO IIPOCTPAaHCTBA BHYTPH BOJifia,
I7ie, CKOpee BCero, MOXKHO OOHApY>KUTb Bce-
ro IMIIb CYUTAHBIE 3/IEMEHTAPHbIE YaCTH-
1151, 1160 KyOUYIeCKMil MeTp MIPOCTPAHCTBA
B HefIpax HETPOHHO 3BE3MIbl, ITE BELECTBO
CKaTO [0 YY/IOBUIHON IIOTHOCTH, — U-
3MYECKMIT BAKYyM BCIOJly OJJVIH 1 TOT K€, €TO
IVIOTHOCTD BCIOY OJJTHAKOBA M HE MEHAETCA
HIUKOIZIa. ITO Cpefia, 3all0IHAI0IAA BCe NIPO-
CTPaHCTBO-BpeM: Hauleil Beenennoit. OH He
pearupyer Ha M3MEHEHMA CKOPOCTHU Bellle-
CTBEHHBIX 00'BEKTOB B 9TOJ1 cpene. JleTs Ha
3Be3fioneTe b0 cups y cebsi oMa Ha 3emite,
Hab/moaTeNb 0OHAPYXXUT OZHY U TY Xe Hens-
MEHHYIO IVIOTHOCTD 9TOJi 3ara/JOYHOI CPEJbL.
Bakyym Bcerzia 1 Be3jie O[IHAKOB.

Kak oH ce6s nposiBnsier? MoskeM 11 Mbl
KaK-TO TIOYyBCTBOBATb €r0 CyllecTBOBaHME?
B pamMKax 5TOJ1 KOHLENIIMM MBI y#e €20 4)6-
cmeyem. Cro sieT Hasap e Currep aHa/INU3U-
poBai, 4To OymeT co BeenenHoii, ecnu 13 Hee
JICUe3HeT BCe BeIllleCTBO, HO OCTAHETCs TOJb-
KO cpefia, offo0Hast pU3MIECKOMY BaKyyMy.



1984 r. Ha skpans! Beixogut ¢punbM « Tepmunatop» XXI

BEK

N ———

B03MOXXHO, MIMEHHO 3Ta Cpefia OMMCcaHa DMHIITETHOM HA CErOAHSIHAM AEHL
KaK KOCMOJIOr14YecKas nocrosiHHasg. CormacHo Mofe- ONPELE/IEHbI BKJIALD!
m fe CuTTepa, B Takoit BceneHHOI [OMKHA BO3HMKATD BCEX M3BECTHbIX BMIOB
CI/Ia HATSDKEHNST, KOTOpast IIPOSIBIIsiET Cebs KaK OTpHIia- MATEPUM B NJIOTHOCTb
TeNbHOE JlaB/ieHNe, 06aziatoliee OTTaK/MBAIOLIEN CHITON. BCEnEHHOM.

Ecnu BBecTn B Takyio Beenmennyio fBa mpobHbIX Tena (Ha-
IpyMep, Be JaTeKNX FalaKTUKY), OHU CTaHyT OTTaJIKM-
BaTbCsI, IPUYEM CUTa OTTAIKMBAHISI IOJDKHA HAPACTATh
IPOTOPLIVIOHATBHO PACCTOSHMIO MeXAY HiMI. YeM 6071b-
Ille PACCTOSIHIE, TEM CUIbHEE OTTAIKMBAHIE.

Ananus HaOTIOeHNIT TTOKa3as1, IPU KAKOM PacCTo-
STHUM CUJIA OTTAJKMBAHUS OKa3bIBAETCS PABHOIN CUIIE
npuTsoKeHus. HaroMHuM, 94T0, COTTIaCHO TEOPUU WH-
¢bnauun, BeemeHHas cTpeMUTeIBHO pasfynach 40 Ti-
FaHTCKUX PasMepPOB, U KOT/a mpousolrea boapuroit
B3PbIB, BO BCeil BcelleHHOTT 9HEPT st BBICOKOYHEPTUIHO-
ro BaKyyMa IpeBpaTUIach B 9HEPIUIO BellleCTBa I U3-
nydenus. [IpoCTpaHCTBO MPOJOIKAIO PACIINPATHCS,
IUVIOTHOCTD BeIIeCTBA ¥ M3TyYeHMs Hajana, Kpoley-
Hble QIYKTyaluy BelljeCTBa IPUBeIN K BOZHIKHO-
BEHUIO CHAavYaja MPOTOTaNaKTHUK, & 3aTeM FalaKTuK,
IUIOTHOCTD KOTOPBIX Ha efUHILY 00beMa IPORoDKana
najarb. Ho orpoMHast TpaBUTAI[Ms TATAKTUK IPUTOP-
MaKMBaJIa PacIInpeHe, U 10 OMpefie/IeHHOTO MOMEHTA
BcenenHast pacmmpsinach 3amedsieHHo. B moCTOSHHOI
60pbbe IPUTSHKEHNST ¥ OTTATKUBAHNUS CHavYasIa mobe-
JKIATIO IPUTSDKEHME.

Korga mroTHOCTb BeliecTBa 11 131ydeHns Bo Beenmen-
HOIT OKa3aach MeHbIIle ITIOTHOCTY TeMHOIT SHepruu (310
[POU3OIIUIO IPUMEPHO 7 -8 MUUIMAP/IOB JIET Ha3aj), CHiIa
OTTa/KMBaHMA mobenua, 1 nobegnaa OKOHYATEIbHO.
C aToro BpeMenn Bcenennas pacuiupsiemcst yckopeHHo.

Ha ceropHAIIHNUI [IeHb ONIpeie/ieHbl BKIA bl BCEX 13-
BECTHBIX BUJIOB MaTepuit B INIOTHOCTH Bceenennoit. Ilo-
Ny94aeTCst CTefyIoLee.

II0OTHOCTD TEMHOIT MaTePUH ¥ TIPUBBIYHOTO HAM Be-
IIeCTBA COCTaBIIsIET ceityac mpumepHo 3x107°r/cm?.
ITO HEBEPOATHO HMU3KASI IVIOTHOCTH. MBI MOXEM CIPO-
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A3 YET0 COCTOUT BCEAEHHAA

HEATPUHO U
/M VBAYYERUE

01%

497%

BAPUOHHASR
MATEPUA

bapuoHHaa matepua —

3T0 BeLLeCTBO B COCTaBe
3Be3/], NNIaHET, aCTepouzoB,
06naKoB rasa U nbinu, a TakxKe
MeXranakTuueckiii ras.
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CUTh: KakK >ke Tak? EcTb orpoMHbIe 3Be3-
IIbI C TUTAHTCKOM TIZIOTHOCTDIO, 9TU 3B€3-
Ibl COOpaHBl B OTPOMHBIE TATAKTHUKI, T/iE
TaKUX 3Be3], — COTHM MWIIMApRoB. EcTb
TUTAHTCKIIEe MOJIEKY/IApHbIe 00J1aKa, ecThb
obraxa nbUIn Mexry 3Besfgamu. Hy a Tem-
HOJI MaTepuu JO/DKHO OBITH (Kak CKasa-
HO BBIIIIE) BIATEPO OOJbIIE, YeM 00bIYU-
Horo BemlecTBa. OTKy/a )Ke TaKue HU3K1e
IIOTHOCTM?

OTBeT KpOeTcst B TUTAHTCKOM 00beMe,
B KOTOPOM pacIpefieneHo BemecTBo Bee-
neHHot. PaccTosAHMe MeXy 3Be3faMu
BHYTPU TaJIaAKTUK OTPOMHO, PacCTOSIHME
MeXJly Ta/JlaKTMKaMu — TeM 6ornee. 3Ha-
4yyTeNbHas 4acTh IIPOCTpaHCcTBa Beernen-
HOJl — 9TO HycTOTa (TOYHee, IIOYTH IIy-
CTOTA), I7ie MOYKHO HAVTY JIMIIb OTe/IbHbIE
YacTHULBI, MU3epHbIe 10 Macce. Ecnu e
BCIIOMHUTb OT'POMHBIE, COBEPIIEHHO Y-
CTBIe IPOCTPAHCTBA BOJIOB IPOTAXKEHHO-
CThIO B COTHUM MUI/INOHOB CBETOBBIX JIET,
I7le HeT HI 3Be3]], HU TUTAHEeT, HU MIbIIN, HU
rasa, TO MOJIYYaeTCsI, YTO CPEOHSST NIIOM-
HOocmb BellecTBa BO BceneHHOI Ype3Bbl-
YalfHO Masa.

Ecnu e oLleHUTDb CpeJHIO IVIOTHOCTD
TeMHOI 9Hepruu (OHa, B OT/INYNE OT IIOT-
HOCTH BeI[eCTBa, Be3Jie paBHA CpefHEMY
3HAYEeHUIO0 BO Bcell BcemeHHON U BCIO-
Iy OJMHAKOBa), II0/Iy4aeTCsA HECKOIbKO
6ormbiue: 7 x 107 r/cM’. DTO COOTBETCTBYET
IJIOTHOCTY 9HEPIUM, KOTOPYIo obecredn-
BAIOT BCEr'O TPM aTOMa BOJOPOJA B Kybuye-
ckoM MeTpe. KaxkeTcs, 4TO 9TO O4eHb MaJIo.
Ho 310 cyuiectBeHHO 6onblile cpepHeit
IIJIOTHOCTY OGBIYHOTO BellecTBa BO Bce-
JIeHHOT1!



1985 r. CosgaHbl ONepalMOHHbIE CUCTEMbI
IBM PC, PC DOS, Windows 1.0 XXI
BeK

D D D D T >
I[IpuBeneM coBpeMeHHBIe (IO COCTOSIHUIO ABBTIAEX3MKMK
Ha 2018 rop, XOTs1, HAaBEPHO, He OKOHYATEe/IbHBIE) 1
IaHHbIE O TOM, 4TO K€ COflep>KUTCs B Hauell Bee- i
JIEHHOIL:
4
TemHas sHeprusa — z
npuMepHO 6,9x10 ~° r/cm’, i 68,89 %. .
8
TemHasa maTepusa — 9
npumMepHo 2,6x10 ~° r/cm’, unu 26,07 %. 10
bapuonnas matepus (BemecrBo) — M3yqpﬁﬁpg)i{%ﬁbﬁmyw/
npumepHo 0,49x10 ~° r/cM’, wim 4,9 %. YXKE 2500 AET
WUCCAEAYHT
JNIeKTPOMarHUTHOE U3yYeHIe ITIC O 5 o/
HEeJITPUHO — MaJIble JO/IN MPOI[eHTA. 7

BCEVl EE MACChI/IHEPTIN

K aToMy nopasnuTebHOMY BBIBOLY HY>KHO 00a-
BUTb CIEAyIoLlee. B nocnennme gecaATnne T BblAC-
HIUJIOCh, YTO MbI CEPbE3HO HENOOLIEHNBAIN MACCY
rasa (IpeuMyIecTBeHHO BOJOPO/ia) B MeXKIajIaK-
TUYECKOM ITPOCTPAHCTBE. DTO O3HAYAET, YTO OT 00-
1Iell ITIOTHOCTY SHepIUM BO BceneHHoIT, Tajaronmx
Ha BelleCTBO, 00mbiiast 4actb (4,5 % 13 5 %) npu-
HaJJIeKUT MEXTaTaKTUIeCKOMY Tasy, a IpMBbIYHAA
HaM MaTepus, 13 KOTOPOI COCTOAT 3Be3/Ibl, I/IaHe-
TBI, aCTEPONDL, MBI, FA30IIbIIEBbIe 00/IaKa BHY-
TPM TaJIaKTUK, COCTAB/IAeT He 6omee 0,5 %.

Ecnu B3sTh BOOOpaXkaeMblii LIap ¢ paguycom,
paBHBIM paauycy opoutsl JIyust (okomo 400 TbI-
CSIY KM), TO BHYTPM 3TOTO LIapa MOXKHO OBLIO ObI
O0OHAPYXUTb TEMHYIO 9HEPIMIO, COOTBETCTBYIO-
iyt mMacce 1,6 xr. Ha nepsblit B3I/IA/, 9TO HEMHO-
ro. Ho 3a cuer rurantckux obsacreit BceneHHOI,
I7ie TEMHasl SHEPTYsI €CTh, & OOBIYHOTO BeEleCTBa
HeT, o0ecIednBaeTcs yKazaHHOE IPOLIEHTHOE CO-
OTHOIIeHMe. TeMHas SHepTys CeTOfHA IpeBanupyeT
BO BcenenHoii, 1 910 npeBanupoBanue 6ymeT ycu-
JIMBATbCS: IJIOTHOCTb OOBIYHOrO BelljecTBa OyneT
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Mbl HE 3HAEM, 4YTO TAKOE
TEMHAS MATEPUA.
MbI HE 3HAEM, 4TO TAKOE
TEMHAS SHEPTUS.
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TOJIBKO MAJJaTh, TOTA KaK I/IOTHOCTb TeMHOI SHEPTUN
BCEIZia 0CTAeTCH IOCTOSAHHOI.

VTax, Mup, KOTOpBIII aCTPOHOMBI MCCIIEAYIOT, Ha-
YIHAs C JPEBHUX I'PEKOB, Ha IPOTSHKEHNM TTOCTIETHNX
IBYX C IOJIOBMHOI THICAY JIET, — 9TO BCEro JIMIIb HOJ-
MPOLIeHTa OT BCell 9HepTuM/MacChl, KOTOpas MPUCYT-
CTByeT B Hab/mofaeMoit (a CKopee BCeETO, 11 He TOTbKO
HabomaeMoii) yacTu Beenennoii!

3amMeuaTe/IbHbIN UTOT JIUTEIbHbBIX MCCAEJOBAHMIL.

[Tpu 9TOM HOMy4aeTCsi, YTO HeJaBHO OOHAPYIKeH-
HbIe TeMHasl 9HEPTYs ¥ TeMHasl MaTepus, COCTAB/IAIO-
IMe B COBOKYIHOCTH 95 % Bcero, 4To ecTb Bo BeeneH-
HOJI, HAMY COBePUIEHHO He U3YHeHDL.

MBplI He 3HaeM, YTO TaKOe TEMHAsi MaTePYsL.

MBI He 3HaeM, YTO TaKOe TEMHasI SHEPIUL.

Y Hac ecTb TUIIOTe3BI (B TOM 4YNC/Ie TOBOIBHO yoe-
LUTeNbHBIE 1 000CHOBAHHBIE) TI0 IIOBOAY TOTO, YTO ObI
3TO MOI7I0 6bITh. HekoTopble CBOIICTBA U TEMHOIT MaTe-
PV, ¥ TEMHOJ 9HEpTUY MBI y)Ke 3HaeM, HO TeM He Me-
Hee, eC/IYl TOBOPUTD YeCTHO, a B HayKe IIPUHATO BECTU
ce0s1 UIMEHHO TaK, POMafiHasl 9acTh yCTporicTBa Bee-
JIEHHOJ JI1 HAC II0KA IOYTH HEM3BECTHA, U Mbl TOJIb-
KO Haul[HaeM HalllyIIbIBaTh OCHOBHbIE OYePTaHMA 9TO-
TO HeWCCeSOBaHHOTO Mupa®.

Hapo 3ameruts, 4TO TeMHas 9HePruss — 9TO He
eNVHCTBEHHAsA TMIIOTe3a, MbITAIONIASICS 0ObACHUTD
(heHoMeH yckopeHHOro pacuipenns Beenennoit. Ho,
HECOMHEHHO, 9TO Hanboee momy/sipHas 1 060CHO-
BaHHas npges. Kpome Toro, Hajjo 3aMeTUTD, YTO MIes
HpOsAB/IEHNI HU3MIECKOrO BaKyyMa XOPOIIO CMbIKaeT-
cs1 ¢ upeert vHQ AU, B HEKOTOPBIX BapuaHTaX Teo-
puu, paccMatTpuBarplieil B ocHoBe Beenennoit ¢pusu-
YeCKUll BaKyyM, YCKOpeHHOe paclIpeHle B Havase,
CIIenMaTbHO NPUAYMaHHOE B paMKax Teopuy MHQLA-

¢ C mpyroil CTOPOHBI, MO)KHO BOCXMIIATBCA BEIMYMEM YeTOBe-
JeCKOTO MIHTEJI/IEKTa, BOOPY)KEHHOT'O KPUTIYECKIM MBbIILIIe-
H1eM. Ml 1o6panich 10 GpaHTaCTUYECKMX OTKPBITHIL.



26 anperst 1986 r. ABapust Ha YepHo6buibekoit ADC XXI

BEK

N ————

LM, TIO/TY9AeTCsI eCTECTBEHHBIM ITyTeM I He TpebyeT
CreraabHbIX 000CHOBaHMIL.

WTak, KaK >ke BBIIVIAGUT CerofHs ucropus Beenen-
HOJI B paMKax Hanbosiee MOMY/ISPHON CETOTHS Teo-
puu? Emre pas paccMOTpuM IpefjiaraeMblil HayKoi
CLeHapuii.

Bce HaumMHaeTcsA ¢ KPOLIEYHOTO KYyCOYKa BBICOKO-
9HEpPTMYHOro BakyyMa. B HeM copepxanach I'MIaHT-
cKas sHeprus. B Haitem ceropHAILIHeM MUpe He Cylle-
CTBYeT TaKuX 00beKTOB. ITO ObIIa MaTepus B 0COOOM,
KpajlHe MaJIOBepOATHOM COCTOSHUM. BHyTpM Takoro
KJIOYKa MaTepU JeiiCTBYeT YyLOBUIIHAA CUIA I'Pa-
Buranuu (He 3a6biBaeM, 4To E = mc?, 1 OrpoMHast co-
TeprKallasics 37eCh 9HePTusl 03HaYaeT BO3MOXKHOCTD
obpasoBaHus orpoMHoit Maccel). Ho 3mech ke meit-
CTBYeT U IpPOMajiHas CiJla OTTA/IKUBaHMA — OHA BTPOe
MoljHee. B uTore KJ1040k MaTepuu Hadasl pa3gyBaThb-
cs. CKpy4yeHHOe, CXKaToe JO MUHUMAIbHO BO3MO>KHBIX
pasMepoB BHyTpeHHee IIPOCTPAHCTBO-BpeMs, IIPUCY-
Ijee 9TOMY KIOYKY MaTepui, CTPEMUTENIbHO pasBep-
HYJIOCh, PAacIIMPAACh C OTPOMHOIL, BCe HapacTalollel
ckopocTblo. PacTsxeHne paspyBatolelica BeenenHoit
MO>KHO ObLTO HabmofaTh (M3HYTpK) B 106071 TOUKe
pacryiero ob’bema.

B xope pacTspKeHUsT HEM30€XKHO BO3SHUKANN KPO-
meyHble QIyKTyanuyu — caabble TOKaIbHbIE OTKIO-
HEeHMsI OT CpefjHero 3HaueHusi (IJIOTHOCTb CTAHOBUT-
51 4y Th OOJIBIIIe VTN Yy Th MeHblIlle). ITu QryKTyarun
OBICTPO PACTATUBAIUCE B XOJi€ OOIEr0 PacIINpPEHSL.

ITpouecc pasgyBaHNsA HPOMCXOANT COBCEM HeHOI-
ro — ¢aHTaCTUYeCKN KOPOTKIE JO/M CeKyHpbl. Teopus
MIOJICKa3bIBAET, YTO MATePVsi B TAKOM COCTOSTHUY He-
crabubHa. BEICOKOIHEPIMIHBII BAaKYYM [O/DKEH ObIT
pacractbes. Marepust B Gopme BBICOKOIHEPTMYHOTO

BaKyyMa IIPeBPaTH/Iach B OOBIYHbII (CTAOM/IBbHBII, He- BCE HAYMHAETCS
pacrafialolyiics) CerogHANIHNI PU3MIECKMil BaKyyM, C KPOLIEYHOTO KYCOYKA
KOTOPBIN COIEP>KUT rOpasfo MeHbIIIE SHEPTU B €IV HN- BbICOKO3HEPTM4YHOIO
e 06beMa. 3HAYUTENbHAS [JO/ISI SHEPTUS IEPBUIHOTO BAKYYMA.
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UYACTALL, AHTUBELECTBA
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B MPUPOAE
MIPAKTUYECKH
HE OCTAAOCH

BaKyyMa BO BCeM CTPEMUTENBHO PacTylieM 06b-
eme BcemeHHOI TpaHCHOPMIUPOBATACH B SHEPTHIO
BeIIleCTBA — TEMHOTO 1 6apMOHHOTO (YacThb Hep-
TUY TIOIIUTA Ha BO3SHUKHOBEHIE OTPOMHOTO KOJTH -
YecTBAa Pa3HOOOPA3HBIX YACTUIL), ¥ Ha SHEPIUIO
97IEKTPOMArHUTHOTO U3MydeHus1. MBI yKe TOBO-
pUIN, 9TO HeUCTPeOVMBIIT HabMI0AaTe/Ib BHYTPH
pasBuBawlelicsi Becenennoit momken 6wt 06Ha-
PY>KUTb BOKPYT cebst Ge3TpaHIIHbI OTHEHHBII
OKeaH 113 KOPOTKOBOTHOBOTO M3/TyIeHs I pacKa-
JICHHOTO BellecTBa (TO eCTb OBICTPO ABIDKYIUXCS
YaCcTHIL).

ITOT pacmaj MepBUYHOTO BAKYyMa, pOXKe-
HIIe JaCTHUIL U U3TydeHNsI Mbl U HasbIiBaeM bosb-
MM B3PBIBOM.

Bo71b1110i1 B3pBIB TOPOAMIT YACTUIIBI OTPOMHOIT
CYMMapHOJI Macchl BO BceM 00beMe pacTylieit
Bcenennoit. BO3HUK/IM 9acTUIIbI BEleCTBA U Ya-
CTHUIIBI QHTYBEI[ECTBA, KOTOPbIE TYT XK aHHUTH-
JIMPOBAITH, IPEBPAIIASICH OIATH-TAKMU B SJIEKTPO-
MarHuTHoe usnydenue. Ho cmabas acummeTpust
(mIoKa YTO HEeT OKOHYATEILHOIO IIOHMMAHMA, T10-
JeMy BO3HIK/Ia 9Ta aCIMMETpUsI) IIPVBeNa K TOMY,
YTO YaCTUL] BElleCTBA OKA3a/I0Ch HECKOJIBKO 6O/Ib-
IIe, YeM JacTuI auTuBerecTsa. [loaTomy He Bce
YAaCTUIIBI AHHUTW/IMPOBAIIH, 3aTO YACTUI[ OJTHO-
O 13 TUIMOB (AHTUYACTUL]) B IPUPOJie TPAKTUIe-
CKM He 0CTanoch®.

C nosiBIeHreM JacTUL] BKTIOYMIACh TPABUTA-
11451, @ C PaclafjoM BHICOKO9HEPTMIHOTO BaKyyMa

¢ CyliecTByeT TMIIOTe3a, YTO BCe-TaKy, BO3MOXHO, aH-
TUBEILECTBO CYL[eCTBYeT B 3aMETHBIX KOMYECTBAX —
113 HETO IIOCTPOEHDI 1ie/Ible CKOIUIEHNUA TalaKTUK, HO
OHM HaXOZIATCSA JIa/IeKO OT HAC M He B3aMMOJIEICTBYIOT
C OOBIYHBIM BelleCTBOM (TaKoe B3aVMOJENICTBIE TIPH-
Besio bl K MTHOBEHHON aHHUrWsinmy). Ho Hago npu-
3HATDb, YTO TAKOJ BapMaHT BBHIIJLALUT KpaiiHe MajloBe-
POSITHBIM C TOYKM 3peHMs OONMBIIMHCTBA KOCMOIOTOB.



22 Hos16pst 1986 1. Maiik TaiicoH BIiepBbIe CTal YeMIIMOHOM 10 HOKCY XXI

BEK

S ——

OTKJIIOYMJIOCH €T0 HaTsDKeHNe (OTpuIlaTe/IbHOE JJaBiie- Ec/m BO3HMKWMM B XOAE
HUe, Win aHTUrpaBuTanus). Ho Terepp Mbl 3HaeM, 4To Bo/bLIOro B3PbIBA

eC/IM BO3HUKUINIT B Xofie bompiioro B3pbiBa HU3KO- HU3KO3HEPTUYHbBIN
9HepIMYHbIN (PU3NYeCcKMiT BaKyyM Bce-Taky obnama- OU3NYECKMA BAKYYM

€T He HYJIEBOIl, a HEKOJ KOHEYHOI! SHepruel, 3Ha4nT, BCE-TAKMN OBJIABAET
aHTUTrpaBUTaLMA (pacTajKMBalollas CUlIa) He yIa- HE HYJIEBOW, A HEKOW

na o Hyna! PacmmpeHnne cHavana MpomoKanoch He KOHEYHON SHEPTWEN,
Orarogapsi aHTUTPABUTALMY, & OIarofapsi OrPOMHOI 3HAYMUT, AHTUTPABUTALMS
KMHETUIECKO HEPIUM PACIINpPEHs], HAOpaHHOI Ha HE YNAJIA 10 Hy/s!

npenbiayLieM sTame. [IpocTpaHCTBO BMeCTe € €ro co-
Iep>KVMBIM TIPOROTDKAIO PACIINPSITHCS HO UHEPUULU,
HO TeIlepb IPABUTALNS BELeCTBEHHOTO COfEP>KIMO-
ro Bcenennoii crama paborarb Kak TOPMO3, IIOITO-
MY CKOPOCTb PacIIVpeHNs CTajla IOHEMHOTY YMeHb-
martbcs. TeM He MeHee OHA (CKOPOCTb pacIIMpeHIsI)
0CTaBanach OTPOMHOIL, B Pe3y/bTaTe Yero IVIOTHOCTD
MaTepyuy BceX TUIIOB (KpoMe pU3NYeCKOro BaKyyMa)
HEYK/IOHHO ITajaa.

HauanpHble GayKTyanuy I0THOCTY IPOSIBIISINCD
BCe CuibHee. Bo-mepBbIX, paciaz BEICOKO3HEPTIYHO-
ro BaKyyMa MOT IPOMCXOGUTH He aOCOMIOTHO OZHO-
BPEMEHHO BO BceM 06beMe BeenenHoit — rje-To 4yTh
paHblile, IAe-TO YyTh MO3XKe, ¥ PasHble 006IaCTI Ha-
YJHAIM CBOE PAa3BUTIE B HEMHOTO PA3HBIX YCTIOBUSIX.
Hauanpuble QpryKTyaru II0THOCTY IPUBEIHN K pas-
BUTHIO CTYIEHUII 1 paspesXeHnil, Iie IpaBUTAL[MOH-
Hasl HEYCTONYMBOCTD NPUBOANIA K GOPMIUPOBAHNUIO
YIUTOTHEHMII ra3a 4acTUL] TEMHOI MaTepui, IOPOSIB-
IIVX IPOTOTATAKTUKI.

Yro npoucxonnio ¢ yactuuamu? Beicokas temire-
paTypa cpenbl IIO3BOJISIIA MM CTaIKMBaThCsL. Kasamoch
Obl, TaK JO/KHA OblIa cpasy chopMmupoBaThCs BCs
tabmuia MeHzeneeBa, BeCb HAGOp BO3MOXKHBIX sIfiep
aToMoB (Tak cHavama fymaa [aMoB), HO MHTEHCUBHOE
97IEKTPOMATHUTHOE U3/ydeHe (9HepriudHble GOTOHBI)
9TOMY IIPEIITCTBOBA/IN: B TO BpeMsI IVIOTHOCTD (HOTO-
HOB ObI/Ia Ky/ja BbILIle IVIOTHOCTH BelljecTBa. Peannso-
BAJIICh TO/IBKO CaMble IPOCTbIE PEAKIIA, B XOfe KOTO-
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PEMKTOBOE
W3YYEHME,
BO3HUKHYB NOYTH
0HOBPEMEHHO

BO BCEX TOYKAX
Bceneuton,

CTAJI0 CBOBOAHO
PACMPOCTPAHSTHCS
0TOBCIOAY BO BCE
CTOPOHb.

262

pbIx 12 Anep aToMOB BOfi0pofa (IIPOTOHOB) IIpeBpaIAIACh
B AApo aToMa renuA®. [IseHajiaTas 4acTb IPOTOHOB IIpe-
BpaTU/IACh B AApPa ATOMOB TeMNA.

BcenenHas mpopomkana pacmMpsATbCs, IOTHOCTD
u TeMIepaTypa mazganyu. Hakonern Ajgpa Bogopofa u re-
VST CMOIJIV TIPUCOERUHUTD K ceOe 9/IeKTPOHBL, chopMu-
poBaB HeliTpa/ibHble aTOMBI (IIpollecc peKoMOMHaLMM,
06paTHbI MoHM3anuy). B HeliTpaTbHOM rase 9/eKTpoMar-
HITHOE V3/Ty4eHye CMOITIO CBOOOJHO PacIpOCTPAHATh-
Csl CKBO3b Cpefly — Ta3 CTaj MPO3pavyHbIM. MBI yXKe yIo-
MUHAJIH, YTO 5TO Ipon3ou1o yepes 380 ThicAY €T 1moce
Bonb1roro B3pbIBa, ¥ STOT MOMEHT MOPOAMII PEeMMKTOBOE
usnydeHne®. Bo3HUKHYB OYTM OZHOBPEMEHHO BO BCeX
TOYKax BcemeHHOI1, OHO cTano cBOGOZHO pacmpocTpa-
HATbLCA OTOBCIONY BO BCE CTOPOHBI.

IT10THOCTD M3/Ty4eHNs] YMEHBIIANIACh TOPaso ObICTpee
IVIOTHOCTM BelllecTBa. Temepb U3IyueHMe yKe He Mellla-
7I0 TPAaBUTAIIVIOHHON HEYCTONYMBOCTH, 1 Ta3, COCTOAIINIA
U3 BOJOPO/A ¥ TelNs B MAaCCOBOM COOTHOLIeHuN 3:1, cTan
CKY4MBaTbCSA B MECTaX yyKe HAMeTHBIIETOCS CTYILeHNUA Ya-
CTUI] TEMHOII MaTepuL.

[Tpousomnuio HeYTO yAMBUTENbHOE. [PaBUTAINA TOKATb-
HO nobefyIa pacipeHye: CryIleH)s BelljeCTBa BbINaln
U3 9TOrO Ipolecca. [uranrckme obmaka TeMHOI MaTepuu
Y IPUTAHYTbIE K HUM 00/1aKa BOIOPOJia VI TeNA Camu Yoie
He pacuupsAIUCy: 3ech IBY>KeHMe STUX YaCTUL] MOTIMHA-
JIOCh 3aKOHY TATOTEHUA — MCKPUBUBIIIEECS B 9TUX MeCTax
IIPOCTPAHCTBO-BPeMs Yep>KUBAIO MAaTEPUIO OT paclInpe-
Hys1. Ho IpoCcTpaHCTBO Mexdy ramakTHKaMIL IIPOROTIKATIO
pacUIMpATHCA, U 3TO pacIiMpeHte MOCTeeHHO YHOCUTIO
MPOTOTATIAKTUKM PYT OT APYTa, 3aKIabIBasd 3aKOHOMep-
HOCTb 3aKoHa Xab667a.

B xofie 9TOr0 IMpoljecca YacTb IPOTOHOB IpeBpallianach B Heli-
TPOHBI, HO 3TO yXKe AeTau.

% ToyHee, OHO CYIIECTBOBAJIO ¥ PaHbIIle, HO TOJIBKO Tellepb CMOITIO
CBOGOJIHO PAaCHPOCTPAHATHCS TI0 CTABILEN J/Is1 HETO IIPO3PAYHOI
BcerneHHOI1, a He pacceMBaThCs Ha 3apsDKEHHBIX JacTUIAX, YAa-
JIMBILCH HA IO/ MWITMMETpPA OT MECTa CBOETO BOSHMKHOBEHS.
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YAAASHOTCS
APYTOT APYTA,
KAK BAECTKM,
HAKAEEHHbIE
HA TIOBEPXHOCTb
BO3AYUWHOIO
LLIAPVIKA

Hapo emte pas mofuyepKHyThb, YTO pas3jeT TaJlaKTUK B 3T0il NpocToil Mofenn eLuye
He TI0OXO0XX Ha pasjieT OCKOJIKOB B3OPBABIIETOCS CHapsA-  VHTepPecHee NpejcraBuTb, 4to
na. OCKONKM pasyieTaloTcs BHYTPU IPOCTPAHCTBA, KO-  LIApUK BMECTO BO3AyXa Ul
TOpPO€ CaMO He pacIuMpsieTcs. [ajaKTMKY >Ke TIOTPy>KeHbl  [PYroro rasa 3arnoHsAeTcs
B pacTATMBalOLeecs IPOCTPAHCTBO U IO3TOMY yHA/IAIOT-  MPO3PAYHbIM refiem,

A IPYT OT Apyra, Kak OYATO IyTOBULIBL, IPUIINTLIE B 971a- B (0CTaBe KOTOPOTo Takxke
CTUYHOI TKaHU, KOTOPasA PaCTATUBAETCA BO BCe CTOPO-  NPUCYTCTBYIOT BIECTKY.
HBI (CaMU IIyTOBUIIBI He YBE/IMYMBAIOTCS, HO PAaCCTOSHIE

MeX/Ty HUMM PacTeT).

IIponiecchl BHYTpM IPOTOTANTAKTUK YPE3BBIYANIHO
Ba)XHBI JI71A Jla/bHellIell aBonouun BeenenHoil. B npo-

TOraJIAKTMKAaX U3 CTYLIeHMII ra3a (BOLOPOJa C reueM)
chopMmpoBanUCh 3Be31bl, KOTOpPBIe cTamu habpukamu
XMMMUYECKMX 37IEMEHTOB. B npoliecce BHyTpeHHUX TEPMO-
ANIEPHBIX peaKLIMil, a TaK>Ke B3PbIBOB IIPY B3aMOZENICTBUN
OIM3KUX 3Be3[ U MIPU OKOHYAHUI IBOJIOLVY TSXKENTbIX
3Be3]l, TeHEePUPOBAINCH TSDKeJIble aTOMBI BCeil TabIMITbI
Menpeneea. Karactpoduyeckue nporjecchl B 3Be3f1ax mo-
POKJanm y>Ke He TONbKO MOJIEKY/IBI Ta3a U TBep/ible M-
KPOCKOIIMYeCKVe YaCTUIIbI IbUIN, COlepyKaBIIINe POXKIeH-
HBI€ B 3B€3/laX KPEMHMIIL, JKeJIe30, YIJIEPOJI, OKICh TUTaHa,
9TO yKe 6bIT MaTepuain Ais GOPMUPOBAHNUS TBEPABIX
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PA3yM, CTPEMUTE/IbHO
(N0 KOCMOOMMYECKMM
MEPKAM) PA3BMBASICh,
CTA/1 3ALYMbIBATbCS
HAL TEM, KAK BO3HUK
MIP, B KOTOPOM OH,
PA3YM, OKA3A/ICS.
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HebOeCHBIX Tell — acTePON[OB, Kap/IMKOBbIX IIAHET,
IJTaHEeT M UX CIYTHMKOB I10]] BO3JE€/ICTBYIEM BCe TO
Ke TpaBuTanun’’.

Cro>xHble MOTIEKYIBI, COCTOSIIME U3 ThICAY aTOMOB
yT/IepOfia, KUCI0POJa, BOJOPO/ia U JPYTUX CTalN OC-
HOBOJI yAMBUTENIbHOTO (PeHOMEHA, CYIIeCTBYIOLIEro
110 KpaliHell Mepe Ha OJHOM U3 IUIAHET BO3JIe OJHO
U3 3Be3]] B OJHOI 13 MHOTOYVIC/IEHHBIX Ta/IaKTUK. DTOT
(beHOMEH MBI Ha3bIBaeM >KM3HBIO, V1 KVI3Hb, 9BOJIIOLINO-
HYPYsL, IpUBea K IOSIB/IEHNIO elile 60/iee YaMBUTeIb-
HOTO ABJIEHNA: )KU3HU pa3yMHoil. Pasym, crpeMurennb-
HO (110 KOCMOJIOTMYeCKUM MepKaM) pa3BUBasACh, CTall
3a/lyMbIBaThCs HaJl TeM, KaK BO3HUK MUP, B KOTOPOM
OH, Pa3yM, OKa3aJcs.

A mpuMepHO 4epes 7 MIIINAPHAOB JIET ocye bomb-
IIOTO B3pbIBa (HE3aJJ0Ir0 [0 TOTro, KOrJa Ha 3emiie
HMOSBUINCH IIepBbIe KMBbIe OPraHM3MbI) IIPOCTPaH-
CTBO-BpeMs Bce/leHHOI HAacCTONbKO PacTAHYIOCH
(paccToAHMe MeXAY rajJlaKTMKaMU HaCTONIbKO yBe-
JIMYUIOCH), YTO CTAJIO NMPOABIATbCA OTTAJIKMBAHNE,
HOpOX/IeHHOe BakyyMoM’'. Bimskue rajakTnkm pas-
JIETAIOTCSA 110 MHEPIUY, YYacTBYs B 00lIeM IOTOKe
pacTAruBaplleroca npocrpancrsa. Ho crasmme fa-
JIEKMMU TaJIaKTUKM Hada/Iy IOHEMHOTY OLIYIIaTh Ha-
pacraroliiee OTTa/JIKMBaHNUE, U PacTATMBaHMe IPOCTPaH-
CTBa CTAJI0 YCKOPATHCA.

Tak cnyumnocs, 4To Halll pa3yM BO3HUK Ha dase
yCKOpeHHoro pacuiipenns BeenenHoit. Ckopee Bcero,

70 B 3T0i1 KHUTE, HOCBALIEHHON KOCMOJIOTUY, MBI He OyaeM Jie-
TaJIbHO PACCMATPMBATh BOIIPOCH KOCMOTOHUM, TO €CTb HAYKU
06 06pa3oBaHIN IVITAHETHBIX CUCTEM OKOJIO 3Be3H. VIHTepecy-
IOLIMXCSL OTChUIAEM K KHUTe aBTopa «ActpoHomust. ConHed-
Has CUCTeMa», HanleyaTaHHou B 2018 ropy.

7! TlornesHO He 3a0bIBaTh, YTO 00bsACHEHNE (PeHOMEHA TEMHOII

9HEPTUM C MOMOLIBIO MOfienM PM3NIECKOr0o BaKyyMa — 3TO

IOKA YTO JIMIIb OJVH U3 BO3MOXKHBIX BapMAHTOB. MBI IIOKa

He 3HaeM TOYHO, II04eMy BcelleHHas pacIIpseTcs ¢ ycKope-

HIEM.



1996 r. Knonnposanue oB1ibl Jlomim XXI
BeK

PpaHblIle 3TO CIYYUTHCA HE MOIJIO: TIOYTH 4 MUTIIN-
ap7ia 7IeT pasBUBaach )KM3Hb Ha 3eM/ie — OT MO-
MeHTa OKOHYaTeTbHOTO pOpMMPOBaHNA II/IAHEThI
Y BOSHUKHOBEHM I1€PBOJ NIPYMUTUBHON KU3HI
T0 MOAB/IEHNA pasyMa. VI MHOTME MU/UIMAPbL JIET
IIOJDKHBI OBV TIPOIITH HIepefi 3TUM, YTOOBI ycIle-
mm cOpMMPOBATHCS TI€PBbIe 3BE3]Ibl, 3aKOHYIIIN
CBOIJI IIMKJI, B30OPBA/IMCh KaK CBEPXHOBBIE I BHIOPO-
CH/IY B TIPOCTPAHCTBO TsKETIbIE 37IEMEHTDI, U3 KO-
TOPBIX MOITIO 06Pa30BaThCA NbLIEra30BoOe 00/1aKO,
IOpPOAMBILEE T/IAHETBI.

OBomons pasByBaloleiicsa BeenenHoit — aTo
TOJITUIL ITY Th.
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JleoHud MapmeiHos

s on3nkos
MEXAHU3M
NOSIBNIEHNS SEMEHTA
BbICOKO3HEPMM4HOMO
BAKYYMA — 3T0

HE OYEHb CJIOKHbIV
BOMPOC.
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13. BcenmenHas OTKPBHITHIX
BOIIPOCOB.
BmecTo 3aKknroyeHns

0, ecnu 6bl nucanu Mbl

0 TOM NKILLIb, YTO JJONOANNHHO U3BECTHO, —
MogymaitTe, 0 Tpe3Bble yMmbl,

Kak 6b110 6bl uMTaTb HenHTEpecHo!

V1 Bce-TaKy OTKYy[a >Ke B3:/ICA Hada/IbHbIil 971eMEHT —
ITy3bIpEeK BbICOKOIHEPTMYHOTO BaKyyMa, TIOpOAMBILIIL Bee-
neHHy0? VI I7ie OH BO3SHUK — BO3MOXKHO, B KaKOI-TO JIpy-
Toii BCeJIEHHOI, IpefiecTBOBaBILell Hameit? V rie ceftuac
HaXOJJUTCs Ta CaMasi pOIUTENbCKasA BCeJIEHHasA, B KOTOPOI
00pa3oBaCcs ITOT My3bIpeK — 3apopbILI Haluelr Beenen-
HOI? VI He MO)KeT M1 B Hauell BcesleHHOT cHOBa 06paso-
BaTbCsA TAKOI K€ KYCOYeK SHEPIMYHOrO BaKyyMa, 4TOObI
HOPOZUTH OYEPEHYIO HOBYIO BCEJIEHHYI0 *?

Ecnmy onAThb-Taky TOBOPUTb Y€CTHO, OTBET Ha BCE 3T
BOIIPOCHI OIH: HaM 9TO Heu3secmHo. OfFHAKO HEKOTOpbIe
CO00paXKeH A 110 STOMY TTOBOJY MOYKHO KPAaTKO OOCYIUTb.

Kak HU cTpasHO, 1714 QU3NKOB MeXaHN3M MOSAB/IEHNU
9/1eMEHTa BbICOKOSHEPTMYHOTO BaKyyMa — 3TO He OYeHb
CTIOXHBIIT BOIpOoC. MBI yyke 3HaeM, 4TO He CYLIeCTBYyeT ab-
COMIOTHON MycTOTHI. To, YTO HaM KaXKeTcs MyCTOTOM, —
9TO Ha CaMoM fiesie pM3MYEeCKMIl BaKyyM, HeKasl Cpela,
HENPEeMEHHO COofiepyKalljas SHePIyi0. 3aKOHbI KBAHTOBOI
MEXaHUKM YTBEPXKJAIOT, YTO 3Ta SHEPIUsA MOXKET CIOH-

72 Emje pas Xo4y HaIlOMHMUTb, 4TO BceneHHOI ¢ 60/bI07T 6yKBBI MBI
0603HaYaeM Halll MIp, B KOTOPoM K1BeM. COBpeMeHHas KOCMO-
JIOTVIst TOABOAMT HAC K MBIC/IH, YTO BeeeHHas MOXKeT 0KasaThCst
He e[IMHCTBEHHOIL.
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TaHHO (CTy4YalfHO, HEOXXVJAaHHO) TPaHC(HOPMIUPOBATbCS
B Apyrue GOpMbl MaTepUN.

B 106011 TOUKe IPOCTpaHCTBA-BpeMeHM (B KOMHATe B nioson TOYKE
YyTaTesNA B TOM YNCIIE, U JjayKe BHYTPYU CAMOTO YMTATENIA) NPOCTPAHCTBA BCE
IIOCTOSIHHO IIPOMCXOJAT yOVBUTENbHBIE NTpoLiecchl. Ecmn BPEMS BO3HUK AT
ObI MbI MOIVIV IIOCTPOUTb MUKPOCKOIL, II03BOJLAIOLINIL pac- N UCHE3AIOT
CMaTPMBATh MU C YBEIMIEHNEM B MIUIMAPT, Pas, MbI OB JIEMEHTAPHbIE
YBUJE/N, KaK B JII000II TOYKe IIPOCTPAHCTBA 6Ce 8PeMS 603- HACTMLbI, KPOLEHbIE

HUKAOM U uc4e3arm djieMeHmapHvle 4acmuuypl, Kpoured- KYCO4KM BEILECTBA.

Hble KYCOYKM BelljeCTBa. B cpenHeM sHeprusi mo60oro BbI-
OpaHHOTO 37IeMeHTa 0b6'beMa IPOCTPAHCTBA-BPEMEHN He
MEHSETCSI: 9TO 3HAYNUT, YTO IHEPIVsI BAKyyMa IIOCTOSHHO
IPUBORUT K IOSIBJIEHNIO ITap 37IeMEHTAPHBIX YaCTHUL] — Ha-
IpyMep, ITEKTPOHA I ITO3UTPOHA, KOTOPBIE CITYCTSI MTHO-
BEHNS aHHUTWIVPYIOT, IPeBpalasich B MOPLUIO (KBAHT)
97IEKTPOMAarHUTHOTO U3/TydeHNs, TO eCTb B poToH. Pusu-
KV Ha3bIBAIOT TaKie POXKIAIOIIMECS Y TYT XKe MCUe3arolliie
YaCTUI[bl BUPTYaIbHBIMU — B OT/INYME OT CTaOM/IbHBIX
YaCTHNL], U3 KOTOPBIX COCTOUT IPUBBIYHOE HAM BEIIECTBO.
Ho, HanpuMep, ec/i Mbl CO3HaiuM O4€Hb CHJIBHOE 9/IeK-
TPOMAarHUTHOE I0JIe, OHO CMOXKET YCIIEThb Pa3fieNnThb, pas-
BecTI Ha 6OMIBIII0e PACCTOSIHIE TOTBKO YTO HOSBYBIINECS
BUPTYaIbHbIE YACTHUIIbL, ¥ TOTTa OHY He CMOTYT aHHUTH-
NMPOBATh, @ 3HAYUT, OCTAHYTCSI CYIIeCTBOBATb B HALIIEM
mupe”’! Ham OyzeT Ka3aTbcs, YTO YaCTUIBI BO3HUKIIN U3
HIYEro, XOTsI MOXKHO MHTEPIIPETUPOBATh 3TOT IPOLeCC
U TaK: Ha BO3HMKHOBEHIE YaCTHUI] YIIIa 9HEPIUs IIPIUTIO-
YKEHHOTO CM/IBHOTO 37IEKTPOMATrHUTHOTO TIOJIS.

B 9TOM OCTOSIHHO OYpIIAleM U KUILALeM KBaHTOBOM
MUKPOMIPE BaKyyMa HeNpepoleHO POHOaomcs u 2ubHym
BUPTYyaJIbHbIE YACTUI[BI PA3HOTO TUIIA. JHEPrus crienudm-
YeCKOTO IOJIsI MOIIA OffHaXK/IbI IOPOAUTH YaCTHUILy MaTe-

73 T103UTPOH, KOHEYHO, OYeHb OBICTPO CTONKHETCS ¢ KaKIMM-HIOYAb
IPYTUM 37eKTPOHOM, 1 OHM aHHUTWJIMPYIOT, @ BOT BO3HMKILIIL
9JIEKTPOH OCTAHETCSI CYLIeCTBOBATh B HAlllEM MUpeE.
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CKAMEHVEY

MHOKECTBA
SAEMEHTAPHbIX
YACTUL,

Py, KOTOPYIO MBI CBSI3BIBA€M C BBICOKOHEPIMYHBIM Ba-
KyyMOM. DTOTO JJOCTATOYHO: HATsDKeHMe BaKyyMa JJOJDKHO
MPUBECTH K Pa3BOPAYNMBAHUIO CIPATAHHOTO B HEM COO-
CTBEHHOT'O CKPYYEHHOI'O 3apOjiblilia IIPOCTPAHCTBA-Bpe-
MEHH, a 3HaYUT, CTPEMUTEIBHOMY PaCIIMpPEHNI0 HOBOJI
BceneHHOIL. Takoe coObITIIE BO3SMOXKHO, XOTsI M MajloBe-
POATHO: 1103TOMY (HaBepHOE) OHO 1 He TIOBTOPSIETCS Ka-
KAy cy660Ty.

OrKypa e B KpOLIeYHOM (PparMeHTe MaTepuil CTOTIbKO
9Hepruy, 4ToOBI B Ipoljecce MOCTIeAyIoLIel TpanchopMa-
1uu B BeecTBO (Bosbioro B3peiBa) ee xBatmio ObI Ha-
dhopmMupoBaHe rpOMaHOTO KOMMYECTBa YACTHI] U TIOTIEN?

[71st TOrO, 9YTOOBI MOMBITATHCSI OTBETUTH Ha 3TOT BO-
IIPOC, MO>KHO BCIIOMHUTD ClIefyIolnii mpumep. B Hamteit
BcesneHHOII y>ke OTKPBITHI YAUBUTEIbHBIE OOBEKTBI, KOTO-
Ppble MBI Ha3bIBaeM YePHBIMM JbIpaMu. VIX pasMepsl O4eHb
HeBEe/IMKY, HO MX Macca (a 3HA4UT, U 3aI1ac SHEpIuu, co-
r1acHo ¢opMyie DitHIITelHA) rpoMagHa. Cua TAroTe-
HIS KOTJIa-TO MIPOJie/iajia IMTaHTCKY0 paboTy, YTOOBI CO-
6paTh, NIPUTAHYTD, COMM3UTH, OOBEANHNTD, YIAKOBATD
OrpOMHO€ KOIMYeCTBO MaTepIH B BUJie BellleCTBA I U3JTY-



2005 r. KocMumdeckuit TypusM: B KOCMOC OTIIPaBU/ICA
aMepyKaHCKuii busHecMeH Iperopu Oncen

YeHVSI B MUKPOCKOIIMYECKIUTT 00beM YepHOI
IBIPBI, @ 3HAUNT, «3aKa4yaTh» TYLA OTPOMHYIO
9Hepruo. DTON SHEPTUM OKa3bIBAETCS JO-
CTaTOYHO, YTOOBI CHavaIa MCKPUBUTH, a 3a-
TEM [OPBATh B 9TOM MeCTe TKaHb IIPOCTPaH-
CTBa-BpeMeHN Hallel BcenmenHoit.

Teopust OTHOCUTENBHOCTHU yTBEPXKAALT,
4TO GecCMepTHBI HaO/MI0AaTe b, /a0
B YEPHYIO [IBIPY CHAPY>KM, C TOUKY 3PEHMUs
Apyroro (BHeIIHero) Hab/rofaTens sa Ipefe-
JIaMJl YePHOI ABIPBI, OyZieT MajaTh Tya bec-
KOHeuHo 007120, XOTSA IJIs BHELIHETO HabIo-
IaTensi pasMepsl YePHOIT ABIPHI MU3EPHBI.
W mpaBpa: paccTosiHMe, paBHOE ee BHeIlIHe-
My pasMepy, COBCEM HEBEIMKO, Y TAKOI ke
IYTb MOXKHO OBITIO OBl IPEOJOEeTh OUeHb
OBICTPO, ecu Obl IPOCTPAHCTBO-BpEMs He
OBI/IO MICKPUBIIEHO.

ITaparomyii ke B YepPHYIO ABIPY OeccmepT-
HbII1 HaOJTIOfiaTeNb MOMAJIeT B ee Hefjpa OYeHb
6bIcTpO (110 CBOMM COOCTBEHHBIM YacaMm), HO
3aTo eMy OyfieT Ka3aTbcs, YTO OH HaXOfUT-
Cs1 B OTPOMHOM MUpe€, 3aHMMAIOI[eM OYeHb
60JIbIIOI, a BO3MOXXHO U OE€CKOHEYHBII,
06bem!

MBI BCHOMHMIN O YEPHBIX JbIpax [
TOTO, YTOOBI YKa3aThb: €C/IM fasKe HEKMil 00Db-
eKT CHapy>kK! BBIIVIAAUT MajleHbKIUM, CBOJI-
CTBa MICKPUBJIEHHOTO ITPOCTPAHCTBAa-BpeMe-
HIJI BHY TP HET'O MOTYT IIPUBECTHU K CO30aHUI0
yenoti 10KanvHot Bcenennotl, comepxaien
OTPOMHYIO SHEPIUI0, CIIOCOOHYI BOIIIO-
TUTHCS B MACCy BelljeCTBa BHYTpU 3T0it Bee-
7eHHoi1. BHyTpu artoit Bcenennoit — cBoe,
OTJIeNIbHOE, He MMeIoIllee HMKAKOTO OTHOIIIe-
HYIS K HAPY>KHOMY, COOCTBEHHOE IIPOCTpaH-

YepHaa gbipa M87. lepBoe
n306paxeHie YepHoli Abipbl,
BbINO/HEHHOE NyTeM 06paboTKK
pe3ynbTaToB HabnAeHNi
MHOXeCTBa TeNeckonoB

B PajnoAnanasoxe, 6bino
npeacTaBneHo 06LecTBEHHOCTH
B anpene 2019 roga. YepHas
[bIPa HeBUAKMMA, HO 0Ka3asoch
BO3MOXHbIM ONpeAenuTb Gopmy
00naka BeLLecTBa, KOTopoe

BPALLAETCA BOKPYT YEPHOI AbIpbl.

B ueHTpe Apkoro
KonbLieobpa3Horo nATHa
HaXOAWTCA TEMHbII Kpyr —
TaK BbIFNAAMT YepHas Jibipa.

XXI1
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MOXET BbITb, BCS
HALIA BCENEHHAS
SBNFETCS
BHYTPEHHOCTbIO
KAKON-TO

YEPHOM JbIPbl,
COOPMUPOBABLEVCS
B IPYIOM MUPE,
BHELIHEM MO
OTHOLEHMIO K HALIEA
BCEnErHON?

270

cTBO-BpeMsA. OHO MOXKET OKa3aThCA IMPOTAKEHHBIM WU
flake 6eCKOHEYHBIM. TO MOXET OBITh OTPOMHBIIT MUP!

Brerrumit ke HabmonaTeNb 3a Mpeie/IaMiy YePHOI IBIPbI
(HampuMep, 3eMHOJI aCTPOHOM) He OyIeT HIYero 3HaTh
O TOM, YTO IPOMCXOAUT BHYTPU: HUKAKME CUTHA/IbI Ha-
PY’XY BBIPBATbCsA He MOTYT. TaK OHO 1 €CTh: MBI He 3HAEM,
YTO NMPOUCXOAUT BHYTPU YEPHBIX JIBIP.

MoskeT 6bITb, BCA Hallla BeeleHHas sAB/IseTCS BHYTPEH-
HOCTDBIO KaKOJ-TO YEePHOIT AbIPbI, CHOPMUPOBaBIIEICs
B IPyTOM MUDE, 8HeuHeM no 0mHouieHuro K Haueil Bee-
setHoi? JII0OOIBITHO, YTO B MPUHI[MAIIE 3TO HE MUCKIIIO-
4eHO. MbI He 3HaeM OKOHYATEeIbHOIO OTBETA HA 9TOT BO-
npoc. BosM0OXHO, TaK OHO M €CTb.

VTaK, OKaspIBaeTCs, YTO B HAIEM MMUPE CYLIECTBYIOT
00beKThl (HaIpuMep, YepHbIe IBIPbI), BHYTPU KOTOPBIX
B OIIPEJETIEHHOM CMBbIC/IE HAXO[ATCSA LeIble MUPBI CO CBO-
MIMI CBOJICTBAaMM COOCTBEHHOTO BHYTPEHHETO IIPOCTPaH-
CTBa-BpeMeHU. ITU CBOJICTBA MbI HE 3HA€M TOYHO U TONIbKO
IIBITAEMCS MIX MOJEIMPOBATh C IOMOIIBIO TEOPUM OTHO-
curenbHOCTU. HO pacuyeThl MOKashIBaIOT, YTO U pa3Me-
PBI BHYTPEHHETO IIPOCTPAHCTBA, ¥ XOfI BPEMEHN TaM MO-
TyT OT/IMYATHCA OT TOTO, YTO IPOVCXOUT CHAPYXKI, U 3TO
IIeVICTBUTEIILHO 0MOe/bHble MUPDL.

Crporo roBopsi, TaK!M OTPOMHBIM MMPOM (eC/Ii CMO-
TPeTb M3HYTPY) U OFHOBPEMEHHO 00BEKTOM KOHEUHBIX
pasMepoB (BO3MOXHO, /jaXkKe 0UeHb MaJIbIX, €CTI CMOTPETD
CHApY>KM) MOKET OKa3aTbCsA He TONIBKO YepHas JbIpa, HO
U TUIIOTETUYECKAs 37IEMEHTAaPHAs YaCTUII, I KOTOPOIi
IpUAYMaHO HasBaHMe «ppuaMoH»’*. 3eMHOIl HabIoOza-
TeJIb, BO3MOXHO, 11 3a(UKCHPYeT HOSBJICHNE TAKOI 4acTH-
LIbI B BaKyyMe Halleil BceneHHoiT, HO He CMOXKET 3aMeTUTD,
YTO BHYTPU 3TOJ YaCTHIIBI pa3BOPaYMBACTC COOCTBEHHOE

7 HeTpyRHO JOTafaThCs, YTO 9TO OTChUIKA K (amumny Opug-
maHa. CyljecTBOBaHMe TAKMX YaCTUI-MUPOB MPEIION0KNT
Bogarouiics ¢pusuk M. A. Mapkos.



2006 . Life Sciences B CIIIA 06'bsiBuI 0 Hadasie paboOThI IO CEKBEHNPOBAHUIO X XI
TIO/THOTO TeHOMa HeaH/iepTasblia
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OecripesienbHOE IIPOCTPAHCTBO-BPEMs U IIPOUCXOANUT  Teopus JluHze npeanonaraet
cob6crBennbit Bompinoit B3peiB. [ HabmogaTernst Bo  CYLIECTBOBaHIE MHOXECTBA
BHEIIIHEM MIpe BCe 3TO MOXKET OKa3aTbCs He3aMeTHbIM.  PaClUNPAIOLNXCA BCENIEHHDIX,
Bonee Toro, HaM MOKeT ITOKAa3aTbCs, YTO ATA yacTuma B TOMUKdIe BHYTpU
OTHOCUTCSA K PaspsAfly BUPTYa/IbHbIX: OHA Bo3HUKHeT  PACMPAILAXCA BCENEHHBIX.
U TYT JKe UCYe3HeT 110 HalleMy BpeMeHn. Ho 1o ee BHY-
TPeHHEMY BpeMeH! MOTYT IPONTY MpUuniuoHul nem!

3HauNT 11 9TO, YTO B HaIel BcenenHoit u ceityac
MOTYT BO3HUKATh aHAJIOTMYHBIM 00pa3oM HOBBIE Ya-
CTUIIBI, KOTOPBIE BHYTPU SABJIAIOTCA IIE/IBIMI BCE/ICH-
HBIMIU¢

Kak HM cTpaHHO, 3TO He MCK/II04eHO. ABTOp IIpef-
[I0J/IaraeT, YTO MOJOOHbBIE COOBITUS MMEIT MIAHCHI
Jalre IPOUCXONUTh B Hallelr BecesenHoit BOMM3M yep-
HBIX JIBIP, I7ie TVIOTHOCTDb SHEPTUM, IO-BUUMOMY, I10-
BBIIIIEHA.

TeopeTuky mpefmararoT Maccy BO3MOXHBIX Bapu-
aHTOB, He MpoTNBOpevanx ¢usnke. Eme B 1983 rogy
Anppeit Jleonngosud JInHge npegaoxXusl TeOPUI0
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BCcEneHHAG —

3T0 HAL MUP,
POLVBLIMVACS B OTHE
bonbLWOro B3rbIBA
13,8 munamapna nET
HA3AL.
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XaO0THMYECKOI BCeTIEHHOI: CTPeMUTEeTbHO pacUIMpsI0-
IasACA MO 3aKOHaM MHQIIALUY POJUTE/IbCKAA BCEJIeH-
Hasl IOCTOSTHHO TIOPOJKZaeT BCe HOBbIE 1 HOBbIE Tovep-
HIle BCe/IeHHDbIE, PACCTOAHNE MEX/[y KOTOPBIMM U3-32
MHQILALMY OBICTPO YBEINUMBACTCS. DTU BCETICHHbIE He
MOTYT B3aJMIMOZEIICTBOBATb /IPYT C IPYTOM, OHM HaIO-
MIHAIOT OT/elIbHbIe OCTPOBA, KOTOPbIe PaCHIVPSIOT-
51, HO PaCCTOSIHUSA MEXy HIMU PacTyT ellle ObIcTpee.
B kX710t TOKOOHOI BCETIEHHOI MOXKET IPOMCXOINUTD
" CBOsI MH(IALNSA, ¥ POXK/IeHMe CBOUX BCEIEHHBIX CO
cBOMMU bonmbimMy B3ppIBaMiL.

Takaa Mopenb MUpa yTBEp>KAaeT, YTO BCe/IEHHBIX
(KOTOpbIe IMULIYTCS CO CTPOYHOI OYKBBI) MOXKET OKa-
3aThCsl 6eCKOHEeYHOe MHOXeCTBO. Ecyu paHbIie Mbl
Ha3sbIBa/u BcenleHHOIM Bee, YTO CYIIEeCTBYET, TO Telephb
CMBICJI 3TOTO IOHATHA KapANHaIbHO M3MeHWIcA. Bee-
JIeHHasA — 3TO HAIll MYP, POAUBIINIICA B orHe bonbImo-
ro B3pbiBa 13,8 Mummappa net Hasan. Ho, BeposTHo,
TaKUX MUPOB MHOxcecms0. Hexuit Bonmbimoit Mup, Hekas
MeTaBCe/IeHHasA HeIPePhIBHO POXK/IaeT TaKle MUPHI,
u Hauta Bcenennasa — He 6osee yeM ofuH U3 Oecduc-
JIEHHBIX JIOKaMbHBIX MUpPOB”°. [t Bonpuioro mupa,
BMEIAIOLLEro B cebsa 6eCKOHEYHOE YICIIO BCEJIEHHDBIX,
IIPEIIOXKEHO aHIIOsI3BIYHOE ctoBO Multiverse (1o ana-
noruu co cnosoM Universe — Bcenennas). Ha pycckom
S3bIKE TEPMIH ellle He YCTOATICA: B pa3HbIX KHUTAX IIpU-
MeHsAeTCs U CTT0BO MynbTUBCeNneHHasd, ¥ cToBo My/b-
TUMUP, 11 JaXKe IIpocTo MynbTusepc’®.

7> CTpOro roBopsi, eC/ii TaKIX BCETEHHBIX 6€CKOHeYHOe KOMN-
4eCTBO, TO O/DKHO OBITH I 6eCKOHEYHOe KOMNYEeCTBO MUPOB,
UIeHTUYHBIX Halllell BcenmeHHOI (paBHO KaK 1 IPOYMX BCEBO3-
MOXXHBIX BapMaHTOB BCeleHHOII). C HacToAell 6eCKOHEeYHO-
CTBIO LTy TKM TUVIOXM: 31€CH MOXET 6BITH BCE YTO YromgHoO.

76 ABTOpY 60sIbliIe BCETO HPABUTCS 3arafloqHOE CTI0OBO MY/Ib-
muéepc, XOTs B PYCCKOM A3BIKe MCIIONIb3YIOTCS 1 APYTHUe Ba-
PUAHTEL



2008 r. 3amyueH bonbIoit afpoHHbII KOIalifiep XXI
BeK

Vpest runoteTnveckoit 6€CKOHEYHOI B MPOCTPaH-
CTBe U BpEeMeHM, BEYHO pacumpsomuieiics bonpiroii
BceneHHON (MynbTuBepca) mone3Ha [isi pelieHus
po6/IeMbl TaK Ha3bIBAEMOT'O AHTPOIMHOTO MPMHIINIIA.
[Tpo6emMa aHTPOITHOTO MPHHIINIIA 3aK/TFOYAETCS B CIle-
nyomieM. [Touemy Haia BeeneHHas ycrpoeHa Tak yjad-
HO, 4TO ITI03BOJIAET CYIllecTBOBaTh HaM? TeopeTnyeckue
OLIEHKU JIAI0T YAVBUTE/IbHbIE PE3y/IbTAaThl: OKa3bIBa-
eTcsi, ecnu ObI Macca 9/IeKTpOHa OblIa 4y Th-4yThb APY-
roit (He Takoil, Kakas OHa eCTb), U/ eC/Iy Obl HEMHOTO
IpyToit 6bTa rPaBUTALMOHHAS IOCTOSTHHAS, VU eCIIN
6bI HEMHOTO M3MEHW/IACh MACCa MIPOTOHA — U TaK [a-
jiee, TAKUX «eC/IM» MOYXHO MPUBECTY MHOXECTBO, —
OKa3bIBaeTCsl, pe3y/nbTaT ObUI OBl fi1s1 BeemenHoit Ka-
tactpodudecknm. CBoiicTBa BeeneHHOM M3MEHUTUCD
ObI He CIerka, 4ero MOXKHO 0b1710 651 Ok1aTh. [Tapa-
MeTpBbI Halllero MUpa U3MEHUIUCD OBl paoukanvHo —
He cMOI/IM ObI CyIIeCTBOBATD, HALIPUMeEp, pa3HOOOpas-
Hble TUIIBI aTOMOB, BcenenHas 6bi1a ObI HaIlOIHEHA
PaBHOMEpPHO pasMeLIaHHBIM ra30M U3 IPOCTbIX Ya-
CTHLI, B Heil He MOI/IM OBl CYIeCTBOBATh 3BE3/Ibl, I/1a-
HEThI U TAJIAKTUKI, a 3HA4UT, He ObUIO OBl HU 3eMIIu,
HU >KM3HU Ha Hell.

CosmaeTcs BIleyaT/ieHle, YTO BCe CBOVICTBa Beenen-
HOJT OKa3a/yCh TIIATENbHO MIOZOTHAHBI APYT K APYTY,
Kak OyATO OCyIeCcTBIeHa TOHKasl HACTPOIIKa BCex Ia-
paMeTpoB Halero mypa. Kak 6yATo KTO-TO TIIATEeNbHO
U O4eHDb BAYMYNBO CKOHCMPYUP0o6as BeeeHHYI0 Takoit,
4TOOBI B Hell 00513aTe/IbHO CMOIIU ObI ChOPMUPOBATD-
Cs1 CJIOKHbIE CHCTEMBI U3 Pa3HOOOPa3HBIX TUIIOB aTO-
MOB, BK/IIOYAs 3B€3[[bl, IUTAHETHI U JKU3Hb, — KaK M-
HUMYM Ha 00HOU U3 naavem.

Crporo roBopsi, Kak Hi [apagoKcaabHO, HO 3TO BO3-
MOYKHbIJ BapUaHT.

He 6yneM npuMeHATh TEPMUHBI 60T, CO3/jaTerb, fie-
MUYPT U [IPOYMe CHHOHUMBI TOTO 3arajOYHOrO II0-

(OOTHOWEHNUE
HEYAAYHLIX U
YAABWMXCA
IKCNEPUMEHTOB ~
MonbITOK,

NMoABOPA TPEX (8CEM/)
YCAOBHbIX

MAPAMETPOB

MPU KOHCTPYUPOBAHHM
BCEAEHHbLIX
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0, MOAYYMAOCh /
MU3HL HA 3EMAE /

PucyHok ZemoHcTpupyet xoa
(daHTacTUeCKoro IKCNepUMeHTa
cuenbto 06paTuTb BHUMaHue
yMTaTENA Ha OrPOMHBIIA NPOLIEHT
HeyfaBLLUXCA MOMbITOK Jaxe

B UTyuae nogbopa Bcero Tpex
napametpos. Mexzy Tem

B [1eiCTBUTENIbHOCTU HALL MU
banaHcupyeT Ha kyaa bonbLuem
KonuuecTBe NapameTpoB,
OTK/IOHeHIe B KaX oM 13
KOTOPbIX MOTI0 Gbl MPUBECTU

K GaTanbHbIM NOCNeACTBUAM.
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Ecom MysibTiBeERC
NOPOX LAET
BECKOHEYHOE
KOJMYECTBO BCE/EHHBIX
C CAMbIMA PA3HbIMM
CBOMCTBAMU, TO
CPEJM BECYAC/IEHHOTO
MHOXECTBA

PA3HbIX BCE/IEHHbIX
OBSI3ATE/IbHO
BO3HUKHET W TAKAS,
KAK HALLA.
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HATUA. ABTOP JIOITyCKaeT, YTO Halla BceseHHas Moria
OBITH CKOHCTPYMPOBaHa BEICOKOPA3BUTON LIMBUIN3A-
LIV, )KUBYIEN B HEKOJ BCEIEHHOM, BHELIHEN 110 OT-
HOLIEHMIO K Halllell. B KoHIle KOHI0B, ToueMy ObI 3TOI
LVBWIN3ALVN He COOPYANUTH (PParMeHT BBICOKOIHEP-
IMYHOTO BaKyyMa C OIIpefieJIeHHBIMY CBOJICTBaMU,
YTOOBI 3aIYCTUTD IPOLECC YCKOPEHHOTO paciimpe-
HIIA, pacliajia BakyyMa (TpaHcopMaLuy ero SHeprum
B BEILIECTBO C OIPEMIe/IEHHBIMY CBOJICTBAMI — HY>KHOM
Maccoit HIPOTOHOB, HY>KHBIM HaOOPOM 3/IeMeHTapHBIX
YacTul U Tak ganee)? V He MCKIIIOYEHO, YTO CIIYCTA
MHOTO JIeT ¥ Halla coOCTBeHHas LMBUIM3ALIMY Had-
HeT 9KCIEePYMEHTbI II0 COOPY>KEHII0 HOBBIX BCEIEHHbBIX
C 3a/laHHBIMM Hallepe]l CBOJCTBaMH, TeHepupys KaKue-
HUOYAs GpUAMOHBI B CYIepKOJIaiiiepax OyayIero.

Ho aTot 9K30THYeCKMit BApMaHT COBCEM He 00s13a-
TerneH — 0e3 Hero BIOIHE MOXKHO 0601iTHCh. Elie pas
HaJI0 IOYEePKHYTh: aBTOP CYUTAET, YTO TAKOI ONMCAH-
HBIJI BApMAHT BO3MOKEH, HO BCe-TaKJl Ma/IOBEPOATEH.
Benpb ecrmu MynbruBepc IOpoXxgaeT 6@CKOHEYHOE KO-
JIMYECTBO BCEJIEHHDBIX C CAMbIMM Pa3HbIMU CBOICTBAMMI
(c pasHBIM HAOOPOM YACTULI, pa3HOIL SHEPTIel BaKyy-
Ma, PasHBIMU 3HAYEHUsIMU OCTOsTHHOT Xab671a, pas-
HBIM KOJIMYeCTBOM M3MepeHMIT IPOCTPaHCTBa-BpeMe-
HU WM JayKe KaKVIMM-TO ITapaMeTpaMy, O KOTOPBIX MBI
He 3HaeM), TO cpeay 6eCcUncIeHHOr0 MHOXKECTBA pas-
HBIX BCEJIEHHBIX 0043aTe/IbHO BOSHUKHET U Makas, KaK
Hawa. B Heil MoxxeT (mo/mkeH!) okasaTbcA CKOMb YTOf-
HO MaJIOBEPOSTHBIN TOf00p PU3NIECKUX ITaPaMeTPOB
(Tonkas HacTporika). VI B Takoit BceneHHoII B X0fi€ 39BO-
JTIOLIMI PORMTCS LIe/IBII HAOOP Pa3HBIX TUIIOB aTOMOB,
KOTOpBIe CMOTYT 06pa3oBaTh CIIOXKHbIE CUCTEMBI — OT
3Be3]l, TaJIAKTYUK U IJIaHeT 0 >KMBBIX CYLIEeCTB, BK/IIO-
4asi pa3yMHOE 4eJIOBEYeCTBO ¥, BO3MOXKHO, He OJHO.

[TosTOMy HaM HeT CMBIC/IA YAUBAATHCSA, KaK MOITIO
MOTY4INTLCSA, 9TO TaK YAMBUTENIbHO MOJZOTHAHBI APYT



2010 r. ITepBas ycnemHas TpaHCIIAHTAIMA TNLA XXI

K Apyry ¢yHaMeHTaNIbHbIe CBOiicTBa Bee-
NeHHOIL. Bee mpocTo: ecit 651 911 CBOJICTBA
He OBbIIM TaK TOHKO HaCTPOEHBI, HaC Obl He
ObLI10, U1 HeKomY 6bLi0 Obt YOUBNAMbCS PaKmy
monxkoti Hacmpotiky. Tak MOTy4nnIocsh ciy-
YaifHO, IIOTOMY 4YTO B 6€CKOHEYHOM Habo-
pe BapuaHTOB 00513aTENbHO TIOSIBUTCS B TOM
YJC/IE U KPATHE MAJ/IOBEPOATHBIN BAPUAHT —
TaKOBBI C601iC1N8a 6eCKOHeUHOCNU.

3aMevaTenbHO, YTO B 9TOM C/Iydae JLOJDK-
HBI, T10-BU/JVIMOMY, CYIIeCTBOBATb U ropas-
1o 6oree CIIOXHbIE, YeM Hallla, BCEJIEHHBIE,
a TaM MOXKeT CYILeCTBOBATb 1 HeKuit 6osee
CJIO>KHBIV CBEPXPa3yM, KOTOPbIIT 9BOJTIOLNO-
HIPOBAJI IO Topasfo 6osee BBICOKOTO YPOB-
HSI, YeM HaIll.

Wpes Mynbrusepca (a 3a0QHO 1 UJe07I0-
rVsl QHTPOITHOTO MPYMHIMIIA) HIPUHIMAET-
51 ajieKo He BceMIL. Jle/io B TOM, YTO B HaykKe
He TIPUHATO 00CYXX/JaTh BCepbes TO, YTO He-
BO3MO>KHO IIPOBepuThb. Takoil BIO/He Ipar-
MaTMYHBI ITO/IXOfl Ha3bIBAETCS MPUMHIUIIOM
danbcudpukanuu. CornacHo 3TOMY IPUHLIU-
Iy, pacCy’>kaeHne 00 MHBIX BCETIEHHBIX He VIMe-
I0T OTHOLIEHNA K HayKe, IIOCKO/IbKY IIPOBEPUTh
VX Ha IpakKTuKe Henmb3dA. Ecu gpyrue BceneH-
Hble I CYIeCTBYIOT, OHM HMKAK He Ilepeceka-
I0TCSA C Hallell BcenneHHoI 1 HUKOTa He CMOTYT
ce6s1 IpOSIBUTD J/Is1 3eMHOTO Habyrozaresns’”.

77 Ho ecTb 1 ellle OAVH IPMHIINIL: HUKOT/IA He TOBOPUTh
«HUKOTA@». A 4TO, eC/y HeKie TOHHE/ B TPOCTPaH-
CTBe-BPEMEHU MV HeBYU/IVIMbIe HaM CKPBITBIE VMI3Me-
peHMA MpOCTPAHCTBA-BPEMEHN COEMHAIOT MEX/Y
co60i1 OTAeNbHbIe BCeleHHble MyIbTIBepca, 1 9TI
BCeJIeHHbIE MOTYT OOMEHIBATbCS CUTHAIAM, TOJIs-
MM, BELIECTBOM ¥ 3BE3[0IeTaMIL?

. BCEAEHHON,

BEK

VICCAEAOBAHA -
MOXET BblTh .
ML TANACTL

O A

TAE CYWIECTBYIST
.. EAATONPHRTHBIE
 YCAORMR £AR

)

TMOABAEHMSL | - :
WOKMZHM CAMoOTO -
WCAEAOBATEAA -

. <
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b)

MonbiTka B3rAHYTb Ha MynbTuBepC
CHAPYXKI» N «U3HYTPU»,

a) TeopeTinyeckas MoZeNb Mupa,
OMUCBIBAIOLLAA €ro KaK rnoTeTuyeckoe
MHOXECTBO BCEMIEHHbIX, BKIIOUatoLLee Tpi

Henepecekatowueca BcenenHble — A, B, C.

b) KapTuHbl Mipa no npeactaneHnam
obuTateneli HenepeceKatLLMXcA
BceneHHbIx B, A, C. Heuto cxogHoe umeno
MeCTO B @BpONelicKoi moaeni Mupa

o nyTewwectsus Mapko Mono B Kutait

1 OTKPbITUA AMepuki. Bnpouem,
PaccyaeHnA 06 UHbIX BCeNEHHbIX

He HayuYHbl.
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Ho moxosxe, yro npununn danbcnduka-
LU, KOTOPBIM y4YeHble YCIIEIIHO MOTb30Ba-
JIMICb MHOTHUE [eCATUIETU, Y>Ke He ClefjyeT
CunMTaTh A0COMIOTHBIM IpaBuUIoM. [TosBrsieTCs
BCe 60JIblIle ITUIOTeTUYECKNX CYIHOCTEII, KO-
TOpBIE B IIPUHIIIIE MO2YH Cyujecmeosamy (Ux
CyLIeCTBOBaHME He IPOTUBOPEYNUT U3BECTHBIM
3aKOHAM IIPUPOJIBL), HO IIPOBEPUTD (AKT UX CY-
I[eCTBOBaHMs HeBO3MOXXHO'®. Tak, Hanpumep,
MBI [IPaKTUYECK) YBEpeHbI, YTO Ha PaccTos-
HUsIX 60rmee 14 MUUTMAPIOB CBETOBBIX JIET OT
Hac CYLECTBYIOT IPUMEPHO TaKMe JKe Tajlak-
TYKI, ITO U BOMIM3M HAC, XOTsI HaM He CY>Kfie-
HO VX YBUJETD B Te/IECKOIIBL.

A ecnu yIoMAHYTb BapUaHTBI T€OPUM, I7ie
IPOCTPAHCTBO-BpeMs He YeThIPeXMEpPHO,
a uMeeT 6onbile usMepeHuli, BKI04as CBep-
HYTble, — €CTb OT 4ero 3aKPY>KUTbCS TONIOBE.
MosxeT 6bITD, YacTuIa 006/1afiaeT KPOLIEYHBI-
MU pasMepamu B Hauen Beenennoi, a B py-
TUX IPOCTPAHCTBEHHBIX U3MEPEHMAX Ta Xe
YaCTUIIA [IPEACTABIISIET COOOIT OTPOMHBIIT IIPO-
TsDKEHHDBIN MUP?..

[TopasuTenpHO, YTO HAIIM VICCIEOBAHNUA
MMKPOMUPA, MUPa MacIITab0B 57IeMEeHTaPHBIX
YaCcTN1], HO3BOMAIOT OMYCKAaTh BOSMOXHOCTD
TaKOTO XOfa COOBITHIL. ABTOP yyKe TOBOPIII,
YTO MMUP OKa3bIBAeTCS TOPA3TO0 CJIOKHEE TOTO
06pasa, KOTOPBIII YeJIOBEeK KOIIa-TO BBICTpan-
BaJI B CBOEM CO3HAHMI.

VccnemoBaHus BefyTCSA CErONHA U Celi-
vac. JIyume yMbl 3eMIM, ICHONb3Ys CYIep-

78 KoHeuHoO, /IydIlle TOBOPUTH — HOKA HEBO3MOYKHO.
Kro 3HaeT, 4T0 MBI OyzieM 3HaTh 3aBTpa. Vi mocre-
3aBTpa.



2010 r. C momogpto op6uTanbHOro remeckoma «Keriep» OTKpBITHI EPBbIE MSTh 9K30IUIAHET XXI
(BHe Conueunoit cucremsr): Kepler-4 b, Kepler-5 b, Kepler-6 b, Kepler-7 b, Kepler-8 b
BeK

_——___4_

KOMIIBIOTEPBI JI/Is1 CTIOKHEMIINX BbIYMC/IEHNI, TIPU- PA3BUTUE HAYKM
MEHs1 COBPEMEHHEMNIIYIO TEXHMKY — TE/IECKOIIBI BCEX NPOUCXOLNT

BUJIOB JUIA M3y4ueHus BceneHHOI 1 crienmanpbHOe 060- C YCKOPEHMEM, U LAXE
pynoOBaHMe A MCCIENOBAHNA MUKPOMMPa, IOCTO- HEBO3MOJXHO CEBE
SIHHO CBepsisi CBOM MHOTAA aHTaCcTUUeCKUe TUIIOTe- NMPELCTABUTb, YTO BYLET
3Bl C pesy/IbTaTaMy SKCIEPMMEHTOB 1 HaOIIONeHMIL, 3HATb YE/IOBEYECTBO ELLE
HEYK/IOHHO IIPOJIBUrAIOTCs BII€Per 10 IIyTH CO3[jaHusA qepe3 400 fiET.

a/leKBAaTHON KapTUHBI MUpa.

Yacro ckenTuky BonpomarmT: «Kak? YueHble Ha ca-
MOM Jlefie HI4ero He 3HaT? He 3HaIOT, KaK yCTpOeH
Mup? UTo Takoe TeMHas MaTepusA U TEMHAs SHEPIuA?
Yro Taxkoe bomnbimoit B3pbIB? [loueMy oH Ipousolnen
U 4TO O6BUIO O Hero? A Terepb OHM HAYMHAIOT TOBO-
PUTH, UTO BCEIEHHBIX MHOTO, HO 11 3TOTO He 3HAIOT?
Ipomr niena Bceli Bameit Hayke!»

OTBeT Ha 9TV OOBUHEHMS TAKOB.

Jla, MBI He 3HaeM MHOTOT0, HO MbI Y3HaeM Bce 607b-
ure u 6ombire. Ecinu npepcraButh cebe 06beM 3Ha-
HIT, KOTOPBIM 0671afano denosedectBo 400 et Ha-
3afl, Bo BpeMeHa J[>xopgaHo bpyHo, 1 cpaBHUTD ero
C COBPEMEHHBIM — IIPOTPecC OKa’KeTCs MOpasUTeNb-
HBIM. MBI cerofjHs 3HaeM 00 yCTpPOJICTBE MUpa Heus-
MepMMO, HeCOIOCTaBUMO Oonblie. PasBuTne Hayku
IPOUCXOIUT C YCKOPEHUEM, U JlasKe HEBO3MOXHO cehe
IPefCTaBUTD, UTO OYIeT 3HATD Y€/IOBEYECTBO ellle Je-
pes 400 net. Hamm panexye moToMKy OyAyT BCIOMU-
HaTb O 3HAHMAX HAIIeN SMOXM TaK >Ke, KaK MbI CeTOJI-
HA BCIIOMMHaeM O 3HaHMAX 3noxu CpeHeBeKOBbs.

Jlaxe npecTaBUTh cebe HEBO3MOXKHO, YTO OYZIeT OT-
KPBITO Yepes [ecATb, ABaljaTh, IATbECAT, CTO U YK
TeM Ooslee YeTblpecTa jieT. VI Bce 9TV OTKPBITHA fiefia-
eT TONIbKO HayKa, BOOPY>KeHHasA KPUTUYECKUM MBIII-
nenueM. Hu ofHO npyroe nmopoxxjeHne CosHaHuUA de-
JIOBEKa He JlaeT TaKMX pesynbraToB. [Iporpecc B Hammx
3HaHMAX 00 YCTPOJICTBE MVIPA JaeT TONbKO HayYHBII
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MeToH. [Ipyrux croco60B HOCTUIATh YCTPOICTBO MMpa
y 4eNIOBEKa HeT.

TakuM 06pa3oM, UCIIONb3Ys HAyKYy, YeTOBEK Y>Ke IPo-
IIesI 110 ITyTY MO3HaHMA MMpa OYeHb Hajexo. Mbl ere
MHOTOTO He 3HaeM, HO, C IPYT0il CTOPOHBI, MBI yKe y3Ha-
71 O4€Hb MHOTO.

YT10OBI OCTAHOBUTD O€3y/Iep>KHBII TIOTET MBICTH, BbI-
leTM HATIOCTIeIOK ellje pa3 GaKThl — TO, YTO MBI TOY-
HO 3HaeM O Hauleli BceleHHOII 10 COCTOAHMIO Ha KOHeI]
2018 ropa.

BcenenHas, B KOTOPOII MbI JKMBEM, CyULecmeoeana
He 6ceeda. Y Hee ObLIO Hadaslo, M OBIIO 3TO IPUMEPHO
13,8 Mymappa et ToMmy Hasafl. HagambHBI MOMEHT MbI
Ha3bIBAa€M C/IOBOCOYETAHMEM BOMbIOI B3PhIB, XOTA IIOKA
He OYeHb IIOHJMaeM, YTO 3TO ObLIO.
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HavanbHoe coctosinne BcenenHoit 6p110
CBEPXIUIOTHBIM U 04eHb ropsguum. O6 stom
CBUJIETENIbCTBYET HEOIPOBEP)KMMBIT PaKT —

PENMNKTOBOE U3TyYE€HNE 11 €T0 CBOJICTBA.

C camoro Hauasa BceneHHas pacumpsanach CD/{J?I_ |; MEHT .
04eHb OBICTPO, 110 IKCIIOHEHIINATBHOMY 3a- QO /THATMBHOM

AEAN
KOHY, €€ IPOCTPAHCTBO-BPeMsl Pa3BePHY/IOCH & BOABWOTO MUAPA 2
B I'MIaHTCKMX Macitabax. [IockombKy mpo-
CTpaHCTBO BceneHHO, COrTacHO HAIINM Ha-
6ITI0fIeHNSAM, 0Ka3a/loCh MPAKTUYECKU TIJIO0-
CKVM, HEMCKPUBJIEHHBIM (eC/IU KpPUBU3HA
" €CTb, TO MMU3€PHasd, I MbI IIOKa HE CMOITIN

ee OOHAPY’KUTD), BepCHsl O HAYATbHOM 9Ta-
Ile YCKOPEHHOTo pacimypenus (MHpALum)
BBIIVIAANUT YPE3BbIYAIHO IIPABRONOROOHOIL:
MHa4e He yHaeTcs1 OOBsACHUTD IIPOO/IeMbI To-
pusonTa (cTpaHuua 228) u npobuaemMy TOH-
KOl HaCTpoIiKy (cTpanuia 275).

Cyps 110 BceMy, TO, YTO MBI BUMM, — 3TO
JIIIb KpouleuHbvlii opazmerm orpomHoit Bee-
neHHoi1. B mpepenax aroro ¢pparmenra Bee-
JIeHHasi CPAaBHUTETbHO OJJHOPOHA — MBI
HOBCIOAly Hab/TIofjaeM CXOHbIe 00BEKTHI (Ta-
JTAKTHKM). BecbMa BeposITHO, 4TO HeHAOIIO-
JaeMas 4acTb BcejleHHON ycTpoeHa Ipu-
MEepPHO TaK Ke, HO He MICK/IIOYEHO, Y4TO 3TO He
COBCEM TaK (TaM, O4eHb JlaJIeKO OT HaC, MOTYT
HAXOJUTHCS ¥ 0OBEKTDI, KOTOPBIX HET B Ha-
el yactu BeenmenHoin).

MbI cunTaeM, 4TO raTlakTuku chopmMmpo-
BaJINCh U3 KPOLIEYHbIX (IyKTyaluii I0THO-
CTM MaTepum pacmmpsmouerica Beenennoi,
BO3HMKIINX HA PAaHHEl CTafuy yCKOPEHHOTO
pacupenus. PacyeTsl 04eHb XOPOLIO TOfi-
TBEP>KJAI0TCS HAOMIOeHIAMMY, pasMepsl Ta-
JIAKTUK TaKOBBI, KaKVie OHU U JIO/DKHBI ObITD,
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Bakyym —
370 HE NPOCTO
NYCTOTA, HO
HEKAS CPELA,
CONEPXALLAS
SHEPTUIO.
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€C/M CUNTATh, YTO TAJIAKTUKIL HOPOHOeHbl PAHHUMU
prykmyayusmu mamepuu.

Paciinpenne BecenenHoI Ipofo/KaeTcs U CeTOAHA,
U IPOMCXOJUT OHO YcKOpeHHOo. Mbl Ha3Bamy IPUYNHY
YCKOPEHHOTO pacliMpeHus TEMHOM SHepTueli, HO He
3HaeM TOYHO, YTO 3TO Takoe. Hanbonee pacipocrpa-
HEHa TMIIOTe3a, YTO TEMHAs SHEPINA CBA3aHA C aHTH-
TATOTeHNEM (PU3NYECKOTO BaKyyMa, HAIlOMHAIOLIEr0
BCI0 Becetennyio. @aKTbl, IOMy4eHHbIE B 9KCIIEPUMEH-
TaX, TOBOPAT O TOM, 4YTO BaKyyM — 9TO He IIPOCTO IIy-
CTOTa, HO HeKasl cpefia, cofieprkalias sHepruio. OpHa-
KO TOYHO CKa3aTbh, CBS3aHO /1 pacliypeHne BeenenHoin
C IeiicTBMEM BaKyyMa, MbI IIOKa HE MOYXKEM.

VsydeHne 0coOeHHOCTEN! BpallleHMsI Ta/IaKTUK T10-
3BOJISIET CMIE/IaTh BBIBOJI, YTO IIOMMMO BUIVMOTO Bellle-
CTBa M TEMHOJ SHEPTUM CYIIECTBYET €llje HEKMIT THUII
MaTepuy, KOTOPBI Mbl Ha3blBaeM TEMHOI MaTepue.
VI3 HaOMOfieHNIT CTIeAyeT, YTO TeMHasl MaTepus MO -
4YMHAETCA TPABUTALMIOHHOMY B3aMIMOJENICTBUIO, HO,
BUJVIMO, He IIONUMHAETCA APYIUM TUIIAM B3aUMOJell-
cruit. Hanbosee BeposATHO, 4TO TeMHas MaTepus —
9TO HEKUII HEU3BECTHDIN ellle TUII JIeMeHTapHBIX Ya-
CTUII, HO TOYHO MBI 3TOTO IIOKa He 3HaeM.

TemHast 9HeprMs M TeMHas MaTepus COCTABAIOT
B CyMMe OKOJI0 95 % Bcelt IZIOTHOCTY MaTepuy BO
Bcenennoit. Ha nmpuBbIYHOE HaM BeleCTBO, U3 KOTO-
PpOro COCTOAT 3B€3/ibl, IVIAHETHI, IIbIIb U I'a3, OCTaeT-
cs1 okosto 5 %.

C 9T¥MU YAUBUTEIbHBIMY JAHHBIMU 00 YCTpPOIICTBE
mupa Mbl BeTymwn B XXI Bek. MbI yxe 06cyxzaem
TMIIOTE3BI, TIBITAIOIINECS OOBSICHUTD TEMHYIO S9HEPTII0
U TEMHYIO MaTe€pUIO, BBIABUHYIN UAe0 MynbTuBepca,
paccy>XgaeM o IMapagoKcax aHTPOITHOTO NMPVHIUIIA —
HO 3TO ITOKA YTO TOJILKO I'MIIOTe3bl. ABTOpP He COMHEBa-
€TCs, 4TO Jja/IbHellle UCCIeJOBaHN A, eC/IU He 3aBTPa,
TaK Yyepe3 4eThIpecTa JIET, JafyT OTBETHI HA 3TU U IPY-



(LMTON/Ia3MaTYECKOI 3aMEHbI)

2015 r. B Benuko6puTaHuy eraansoBaH METOJ, 3a4aTHsA JleTell «OT TPeX POfuTesei» X XI
BeK

rife, BO3MOXKHO ellie He IOCTaB/IeHHbIe, T0PasUTeIbHbIe
Borpochl. Hayka HaiijieT Ha HUX OTBETBL

B o61em 61omyKeTe IMBUIN3AINY BBIIEIACTCA BCe
6o7IblIIe CPeICTB Ha UCCTIElOBaHMe YCTPOIICTBA MUpA.
I TOro 4TOGBI ¥ JJA/IbIIIe TIPOJABUTATHCA 110 Iy TH TO-
3HaHMA, TpebyeTcs Bce 6omee foporocTosiiee 060py-
noBaHye. Hemaro cTOSAT HaydHbIe CITY THUKM, KPYIIHbIE
Ha3eMHbIe U KOCMIYeCKNe, TPaBUTALIOHHBIE U Hell-
TPUHHbIE Te/IeCKOIIBI, YCKOPUTEIN, KO/UIAlifiepbl; Tpe-
OyIoT OOJIBLINX 3aTPAT CYHEePKOMIIBIOTEPBI, Ha KOTO-
PBIX IIPOBOAATCS 0ObeMHbIe BBIYVMCTICHIS /LS PElLIeH s
IPaHAMO3HBIX 3a/ad.

Tem He meHee Homo sapiens yCKOpeHHO IBVKET-
¢, Mcceyst Mup. PacTeT 4ncio Hay4HBIX CTaTell, e
M3/IaTal0TCSA 1 MIPOBEPSAIOTCA Ha IPAKTHUKE TUIIOTE3BI,
a TaKKe pesy/IbTaThl HAOMIOEHNIT M 9KCIIEPUMEHTOB.
Y aBTOpa HET COMHEHMII, YTO KOCMOJIOTUA B O/IVKali-
11111€ TOfIBI IIPOJO/DKNT CBOE CTPEMUTEIBHOE Pa3BUTIE,
a 3HAYMUT, 9Ta KHUTa OyAeT ObICTpo ycrapeBaTh. V aTO
3aMedaTenbHoO!
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JTr0603HATENbHBIM JIFOf[IM, KOTOPBIM MHTEPECHO VC-
CJIefl0BaTh YAVBUTEIbHBI MIP, B KOTOPOM HaM JIOBe-
JIOCh TIOSIBUTbCS, ITOCBSAIIEHA 9Ta KHUT'A.

Iy aBTOpa 6BLIO OBI JTy4ILel HAarpasoil, ecu Obl
KTO-TO M3 YMTATeNIell 3TOI KHUTH, 3aHTEPECOBABIICH
bonpmoit Haykori, moMor 4eoBe4ecTBy OTBETUTD Ha
Te BOIIPOCHI, KOTOPbIE Ha CErOJHs IIOKA €llje OCTAT-
cs1 6e3 OTBETOB.

Xorenoch Obl Ha 3TO HAZEATHCA. . .

Mionv — dexabpo 2018,
Hpxymcx

Ot n3narenbCcTBa

Bamm 3amedaHus, mpeToKeHNs, BOIPOCH OTIPaB-
JIsgiiTe 1O afpecy comp@piter.com (n3parensctBo «[In-
Tep», PefaKLys HayYHO-OIY/ISIPHOI INTEPaTYPBL).
M-z 6yzeM pajsl y3HATH Ballle MHeHe!

Ha Be6-caitTe nsparenbcTBa www.piter.com Bbl Halifie-
Te MOAPOOHYI0 MHPOPMALINIO O HALIIMX KHUTAX.


mailto:comp@piter.com
http://www.piter.com

2018 r. PoxxieHne epBbIX FeHeTI9eCKI MOAUIPOBAHHBIX JTIOfiEi X XI
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3BOAIOLMA
KAPTUHb!
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