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H3panue moaroToB/ieHO B NapTHEPCTBE
¢ @oHIOM HEKOMMePYEeCKHX MHUITUATUB «IpaekTopHs»
(npu punancoBoit moazepskke H.B. Katop>kHOBa).

o

TPAEKTOPUA

@DoHA NOANEPKKH HAyYHBIX, OOpa3oBaTeNbHBIX M KYJIBTYp-
HBIX MHULIMATHB «Tpaextopusi» (www.traektoriafdn.ru) cosman
B 2015 rony. ITporpammsl (poHIa HalTpaB/IeHbI HA CTUMYJIMPOBA-
HY€ MHTepeca K HayKe U HayYHbIM UCC/IEIOBAHUAM, PeaIn3aluIo
06pa3oBaTeIbHBIX IPOrPaMM, [TOBBIILIEHHE HHTEJIEKTYaIbHOTO
YPOBHSL U TBOPYECKOTO IOTEHLIMATa MOJIOAEXHU, IMOBBILIEHHE
KOHKYPEHTOCIIOCOOHOCTH OTEeYeCTBEHHBIX HAayKH M 0Opa3oBa-
HU4, TIONY/ISIPU3aLIdIO HAyKU U KyJIBTYpbl, IIPOABIDKEHHE UIeit
COXpaHeHUsI Ky/IbTypHOro Hacmenust. @oHz oprannsyer o6paso-
BaTe/IbHble U Hay4HO-IIOINYJIIpHblE MepONpUATHA 10 Bcel Poc-
CHM, CIIOCOOCTBYET CO3aHHIO YCIEIIHBIX IIPAKTUK B3aUMOIeH-
CTBUSI BHYTPH 0Opa30BaTe/IbHOTO U HAYYHOTO COOOIIIeCTBA.

B pamxkax usnarenbckoro npoekra @oun «Tpaekropusa» mnoa-
Iep>KMBaeT M3JaHHe JIy4LIMX OOpasliOB POCCHICKONH M 3apy-
Oe>KHOM HayYHO-TIONY/ISIPHOM JTUTEPATyPBbL.
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[Mpeguncnoeune

Cpeau BBIIAOIMXCS YYCHBIX DHHINTEHH 3aCTy)KEHHO 3aHHMACT
ocoboe mecto. Ero nmoHumanue npoctpaHcTBa U BpEMEHH MOJI-
HOCTBIO H3MEHUJIO HAIIU MPEJCTABICHUS O IPABUTALIUU H KOC-
Moce. FHAKOMBIH KaXKZ0My 00pa3 BECEJIOro MyApeLa ¢ CeOM Iie-
BEJIIOPOI THUPKUPYETCs Ha IUIaKaTax U GpyTOOIKaX, OHAKO CBOU
[JIABHBIE TPY/ABI OH 3aBEPIIIII B MOJIOZOCTH — MHPOBAsI CJIaBa Ha-
CTHIJIA €TI0, KOIZ]a EMY HE 6s010 U 40 net. 29 mas 1919 1. IPOU30-
IIUIO COMHEYHOE 3aTMeHue. [pymma mog pykoBoACTBOM acTpOHOMA
Aprypa Oppunrrona pororpapuposana 3seszst Bonusu Connua,
KOTOpBIE BO BPEMsI 3aTMEHHUS CTAHOBSITCS JOCTYIIHBIMU JJIs Ha-
OirozeHust. sMepeHus mokasany, 4To 3B€3/bl CMELLECHBI OTHO-
CUTEJIBHO HOPMAJIbHOTO MOJIOKCHHUS B HeOe, IIOCKOJIbKY UX CBET
orkioHseTcs rpaputanueit ConHna. 9TO MOATBEPAUIO OfUH
U3 KJIOYEBBIX IPOrHO30B JiHmTeiHa. O pesynbrarax cooOwum
B Jlongonckom KoposeBckoM o61ectBe, 1 MEpOBasi IIpecca Moj-
XBaTHJIa HOBOCTb. «Jlyun uckpusisiiorcs B Hebecax: TpuyMdans-
HOE IOATBEPIXKACHUE TeOPUU DNHIUTEHHA! » — [IACHII HECKOIBKO
IpeyBeIYCHHBIN 3aronoBoK B The New York Times.

O6was teopus otnocutensroctu (OTO), npeanoxennas
OiiHmTetHOM B 1915 I., — 3TO TOP)KECTBO YHCTOM MBICTH U Ha-
yaHoro npospenust. [ Ipakrudeckue ciecTBUs U3 Hee HAM, 3€MILS-
HaM, II04YTH He3aMeTHbL. TpebyeTcst pasBe 4TO 4y Thb-4yTh HOACTPa-
UBATh YaChI, HCIIOJIb3YEMBIC B COBPEMEHHBIX CUCTEMAX HABUTALIUH,
HO JUIS1 3aI1yCKA U COIPOBOXAEHUST KOCMHYECKHX AIIAPaTOB JO-
cTaTouHO Hacieausa HpioToHa.



CKJIAJKH HA TKAHU NIPOCTPAHCTBA-BPEMEHH

OcosHaHHasg DWHIITEHHOM CBS3b IPOCTPAHCTBA U BpeE-
MEHH — TOT $aKT, YTO «IIPOCTPAHCTBO YKA3BIBACT MATCPHH,
KAK JIBUTAThCS, MATEPHUS YKA3BIBACT MPOCTPAHCTBY, KaK HCKPHB-
JIATBCSI», — HUTPACT PELIAOIIYI0 POIb BO MHOTHX KOCMHUYECKUX
spiaeHusAx. OJHaKO IIPOBEPUTH TEOPHIO, IPPEKTHI KOTOPOH IPO-
SIBIISIIOTCSL HA OTPOMHOM yZaleHuH, coxHo. ITourn monsexa
OTO ocraBanace Ha 0b0UHHE pasBUTHS UBHKH, HO C 1960-x rr.
HAKOIHJIOCh JOCTATOYHO CBU/CTEIBCTB B ITOJIB3Y JBYX KJIFOUEBBIX
npeAIonoxKeHni JiHmTeiHa — bosnpmoro B3peIBa, mpegonpe-
AeMBIIETO pacmupeHre BeeneHHOR, U CyIecTBOBAHHS YEPHBIX
aoip (970).

B ¢eppane 2016 r., mouTHu gepes 100 neT mocie 3HaMEHUTOTO
cobpanus Koponesckoro obmectsa, rae npossydan order 06 akc-
IIEUINH ACTPOHOMOB, HaOMIOJABIINX CONMHEIHOE 3aTMEHUE, Te-
opust DUHINTEHHA 6bU1a MOZIKPEIIJICHA 3asBJICHMEM — Ha CCH pa3
B ipecc-Ki1y0Oe B Bamunnrrone — o perucrpanun obcepsaropueit
LIGO* rpaBuTaiiioHHBIX BOJIH. DTOH TeMe MOCBsIieHa KHura Jo-
Bepra IllmtiHra — yBiiekarenpHOE IIOBECTBOBAHUE, OXBATHIBA-
routee nepuog 6oxee 100 ner.

OWHIITEHH BU/ET CHIIY TPABUTALIMH KAK « HCKPUBJICHHE»
npocrpancTBa. MeHsis popMmy, rpaBUTUPYOIIHE OOBEKTHL BO3-
Oy>xzaroT BOJHBI B ipocTpancTse. Korza rakast BojHa OKasbIBaeTCst
BOM3u 3emiiy, Haia 0671aCTb IPOCTPAHCTBA «APOXKHUT>» — I10-
IEPEMEHHO PACTATUBACTCA M CKMMAETCS 110 MEpe IIPOXOXK/E-
HUS CKBO3b HEE IPaBUTAIIMOHHBIX BOJMH. OgHaKko aToT addexT
IPaKTUYECKH HE3aAMETEH, IIOCKOJIbKY CHJIA TPABUTALIMU — CJIa-
6oe¢ B3aumozeiicTBUe. [paBUTAlIMOHHOE NPUTSDKEHUE OOBEKTOB,
OKPY>KAIOI[UX HAC B IOBCEJHECBHOM >KM3HU, HUYTOXHO. Bamax-
HYB ABYMsI TaHTC/IMH, Bbl BO3OYAUTE IPABUTALIMOHHBIC BOJIHEL,
HO npeHebpexxumo craabdsre. Jlake IIaHEeTs, Bpalyaomuecs

*  Laser Interferometer Gravitational-Wave Observatory — Jlasepro-

I/IHTCPq)CPOMCTPI/I'{CCKaﬂ T'paBUTAIJHOHHO-BOJIHOBAS 06cchaTopI/m. —

IIpum. peo.
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Ipeducaosue

BOKPYT 3B€3Jj, WIH B3aUMHO O0pallaioLiuecsi ABOMHbIC 3BE3/bI
HE CO3/]aI0T JOCTATOYHO CHJIbHBIX BOJIH, YTOOBI UX MOXHO OBLIO
3apPETUCTPUPOBATD.

ACTPOHOMBI ITPHUIIUTH K BBIBOJY, YTO UCTOYHHKH, JOCTYITHBIE
s Habmogerns LIGO, nomxHb 061a5aTh HAMHOTO 607Tee MO
HOM IpaBUTALIUEH, YeM OObIYHBIC 3Be3/ibl U IUTaHETHL. B npeane ato
cobsrtust ¢ ysacruem 1/1. O cymecrsoBannu 1/] nsBecTHO mourn
50 net. BonpmmHCcTBO sABNAIOTCS OCcTaTKamMu 3Be3f B 20 u Honee
pas maccusHee Connna. Takue 3Be3zbl ApKO CBETAT U THOHYT B Ka-
TakansMe (0 KOTOPOM CBH/ICTEIBCTBYCT BCIIBILIKA CBCPXHOBOH),
NpHUYEM UX BHYTPEHHsA 4acTh Koytancupyer B Y/I. 3Bespnas
MaTepHsl « H3bIMAeTCsI>» U3 BceleHHO, 0CTaBIsAsI HA MOKUHYTOM
IPOCTPAHCTBE IPABUTALIMOHHBIH OTIICYATOK.

[lse 9/I, koTopsIM IpEACTOUT 06pa3013aTL JBOMHYIO CHCTEMY,
IIOCTEIICHHO cOmmKaoTes o ciupanu. [To mepe ux commkenus
[PHJIETAIOLee IIPOCTPAHCTBO UCIIBITHIBACT BCE OOJIbIIICE BO3MYILIC-
HHe, HAKOHEL] OHH CJIMBAIOTCS B OfHy Bpauatorgyocs I/1, koro-
past KoJehIIET IPOCTPAHCTBO U «3BEHUT> , IOPOXKAAs BCE HOBbIE
BOJIHBI, ITOKA HE YCITOKOMUTCS U HE 3aTUXHET. dupn — coTpsiceHHe
IPOCTPAHCTBA, YCKOPSIOLIEECS U YCHIHBAIOIIEECS BIUIOTh O MO-
meHTa causHus 9/1, a saTem saryxanomjee, — MOXeET 3apUKCH-
posars LIGO. B name#t [anakTrke Tako# KaTakJIn3M CIy4aeTcs
pexe yeM pas B 1 s set. OgHaxo nogobHoe cobbITHE TOPOXK-
JaeT curHai, nogjaromuiics perucrparmu LIGO, gasxe ecm npo-
HCXOZUT 32 1 MJIPJ CBETOBBIX JIET* OT HAC — MHJITMOHBI F'ATAKTHK
HAXOJATCSL Ha MEHblIeM paccrosiHuu. s obHapyskeHns gaske
CaMBIX 0JIarONPHUATCTBYIOLINX HAOMIOACHUIO COOBITHIT TpebyeTCst
HEBEPOSITHO YyBCTBUTE/IbHAS U OYCHB JOpOras anmaparypa. B ge-
tekropax LIGO my4ky MOIIHOro 1a3epHOro U3JIy4eHus Ipoxo-
IAT 4epe3 4eThPEXKUIOMETPOBBIC TPYObI ¢ BAKYYMOM BHYTPH
1 OTPXKAIOTCSI OT 3¢PKaJl, yCTAHOBJICHHBIX B KaXKAOM TOpLiE TPYO.
AHanusupyst MapaMeTPhl CBETOBBIX CUTHAJIOB, MOXKHO BBISIBUTD

*

Hanee cB. net. — Ilpum. peo.
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CKJIAJKH HA TKAHU NIPOCTPAHCTBA-BPEMEHH

M3MEHEHHE PACCTOSHUSA MEXJY 3€pKaJaMH, ONEPEMEHHO YBe-
JIMYUBAIOLIETOCS U YMEHBUIAIOIIEIOCS IIPU PACHIMPEHUAX U CKa-
THSIX IPOCTPAHCTBA. AMIUINTY/A 9TOIO KOJICOaHNs YpE3BBIYAIHO
mama — okoso 0,0000000000001 cm (1x107!% cm), B MUTHOHEI
pas MeHblIe pasmepa aroma®. B o6cepsaropun LIGO ucnonsay-
€TCs /1Ba O/JMHAKOBBIX JE€TEKTOPA, PA3HECEHHBIX HA PACCTOSHUE
3000 xM, — OAMH HaXOAUTCA B IITaTe BamMHITOH, Ipyroi —
B Jlyusuane. EqunuaHbli feTekTOp pearnposas Ol Ha MUKPO-
CeCMHYECKHE BOJHBI, IIPOE3KAIONIHME MUMO TPAaHCIIOPTHBIE
cpencTBa ¥ T.11. YTOOB! HCKIIOYUTH JIOXKHYIO TPEBOTY, IKCIICPH-
MEHTATOPBI OCPYT B PACUET JIUILIb T€ COOBITUS, KOTOPbIC PETUCTPH-
pyroTcst 060MMH IETEKTOPaMH.

Hecxonsko ser LIGO nuuero He obnapyskusama. Obcepsa-
TOpHs1 ObLIA MOJICPHU3HPOBAHA U BHOBb IIOJIHOLICHHO 3apaboTaa
B ceHTs10pe 2015 1., ¥ TOrAa MOCIIE AECATUICTUIH pasodapOBaHUil
IPHILET YCIIeX — ObUI 3aPETHCTPUPOBAH YHPII, CBH/CTEIbCTBY-
IOIMH O cToNKHOBeHUH ABYX ]I 6onee yem B 1 Mupa cB. jeT
ot 3emiu. BosHukira HOBast 061aCTh HAYKH — 9KCIIEPHUMEHTANIb-
HOE HCCIIE0OBAHNE JMHAMHUYECKHX XapPaKTEPUCTHK IPOCTPAHCTBA.

K coxaneHuro, mUpPOKO paspeKkIaMHUPOBAHHbIE 3asIBJICHUS
YYCHBIX 00 OTKPBITHSX MHOTAA OKA3bIBAIOTCS OLIMOKON MK IIpe-
yBeanyeHueM. [Togo6Hoe ciydanocs u B a10M cdepe Hayk, pu-
MEpBI 4€TO 5 IPUBOXKY B CBOCH KHure. 5] canTaio cebs ckentukom,
He CKJIOHHBIM K JierkoBepuio. Ho 3asBienus uccneosarerei, pa-
6oraromux ¢ LIGO, — uTor HecKONbKUX JECATKOB JIET YCHUIHH
OIBITHBIX YYCHBIX U HH)XCHEPOB — 3BYYaT YOCAUTEIBHO, U HA CEH
Pas s yBEpEH, YTO HE PAa30YaPYIOCh.

ITonydenue aTUX ZaHHBIX — HACTOSIIUH HMPOPHIB, OJHO
U3 BEJIMYAUIINX OTKPBITUH JECATUIIETHUSA, HE YCTyHaIolee MO 3Ha-
YUMOCTH OTKPBITHIO 0030Ha XMITCA, BHI3BABLIEMY aXKHOTaXK

Boposckuit papuyc aroma Bogopoaa okono 5x 107 M. Ouenka ammim-
Tyzbl KOJIeOaHMUsI 4715l aTOMa BOAOPOJa — B ACCATKH THICSY Pa3 MCHbIIE
ero pasmepa. — [lpum. nay4. peo.
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B 2012 r. CymecrBoBanue 6030Ha Xurrca sBusinoch 6asucom
CrangaprHOi Mojeny GpUBHKH 3JTEMEHTAPHBIX YaCTHUI], Pa3BHU-
BaBIIEHCS HECKOJIBKO JAECATHIECTHH. AHAJIOTHYHO IPABUTAIIHOH-
HbIE BOJIHBI — ITyJIbCALJMU TKAaHH NPOCTPAHCTBA — BaKHEHIIee
u npunnunuansHoe creacrsue OTO DiinmTeiina.

ITurep Xurrc 50 ner Hasaj npeJckasa CyIjeCTBOBAHHUE Ya-
CTHIIBI, HA3BAHHOM €r0 UMEHEM, HO OOHapy>xeHHe 6030Ha U ycTa-
HOBJICHHE €TI0 CBOMCTB CTAJIO BOSMOXKHBIM JIMIIb C Pa3BUTHEM
texHosoruil. [Iys1 aToro morpe6oBasach OrpoMHast yCTAHOBKA —
bonsmoit agponnsiii koyaigep. I'paBuTaimoHHbIE BOIHBI ObuIH
IpeCKasaHBbl Clle PaHblle, HO C X OOHAPYXKCHUEM NIPULLIOCH
[IOBPEMEHUTb, IIOCKOJIbKY 3adUKCUPOBATh KpaiiHe cradblil a-
QeKT HEBOSMOXHO 03 KPYIHOMACIITAOHOTO U MCKIIIOYUTEILHO
TOYHOTO 0OOPYAOBAHMSI.

I'TosydeHHbIe pe3ynbTaThl HE TOIBKO C IIOMOMIBI0 HOBOTO Me-
TOZIa ITOJITBEPKAAIOT TEOPHI0 DUHIINTEHHA, HO U yrny6n;uoT 3Ha-
HHS O 3BE3/IaX U TaJIAKTUKAX. ACTPOHOMHYECKHUX CBUJIETEIBCTB
cymecrBoBanus Y/l 1 MaccHBHBIX 3BE3]] MAJIO — TPYAHO CIIPO-
THO3HPOBaTh, CKOJIBKO TAKUX OOBEKTOB OKAXETCS B IPEACIax,
HocTymHbIX Aist HabmogeHust. [leccumucts monarany, 410 311
COOBITHS YPE3BBIYAIHO PEAKH U jaKe OOHOBJICHHAS, YCOBEPILCH-
crBoBaHHas LIGO Huuero He O6Hapy>KI/IT, 10 KpalHeH Mepe rof
WIM ABa. B 1eficTBUTENBHOCTH, €CIM 3TO HE UCKJIIOYUTEIbHAS
«BE3yYeCTh HOBUYKA>, ObLIA OTKPHITA HOBAs 0071aCTh aCTPOHO-
MMM, H3y4alonas JHHAMUYECKHE XapaKTEPHUCTHKH CaAMOTO Npo-
CTPaHCTBa, a He HanoyHsAomel ero Marepun. K ucciesosannsam
HOJKJIIOYUIINCE ApyrHe feTekTopsl B EBporne, Muaum u fnonun,
paspabaThIBAIOTCS IUIAHbI 3aITyCKa AIapaTyphl B KOCMOC.

K corxanenuio, 04eHb MHOTHE Y4€HbIE YKIOHSIOTCA OT IIOIy-
JIIPHOTO OO'BSICHEHHSI CBOUX U/JCH M OTKPBITHH, CIUTASI MX CIIHIL-
KOM MY/PEHBIMU H CJIOXKHBIMU /UL IOHUMAHUA. YYEHBIE U3JIaraloT
CBOM MbICIIH SI3BIKOM MAaTEMATHKH, OOJBIIMHCTBY HE 3HAKOMBIM,
HO CaMO€ Ba)KHOE MOXXHO OOBACHUTh OOBIYHBIMHU CIOBAMU,
ecnu Brageems pemecaom nucarens. fosepr Hlmmmuar — opun
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CKJIAJKH HA TKAHU NIPOCTPAHCTBA-BPEMEHH

U3 JIYYLIIMX aBTOPOB, MUINYIIUX O HayKe, — B 3TOH KHUIE OH
npessoen camoro cebs1. Ero mosectBoBanue oxsarsiBact 60-
nee 100 ner. KiroueBble MOHATHSA U3/IAaraloTCs ICHO M HHTEPECHO
U IIOMEIAIOTCSE B UCTOPHYECKHI KOHTEKCT, JOMOMHSISCH 00pa-
3aMH y4EHBIX, OTMETHUBIIHUXCS Ha 3TOM IyTH. HekoTopele u3 Hux
ObIM OYyKBAaJIbHO OJEP>KUMBI HAYKOM, YTO HEYAUBUTEIBHO, —
HY)KHO OBITh OZJCPXKHUMBIM, YTOOBI IOCBAIATD TOABL U JAXKE Jic-
CATHIIETUS CJIOXKHBIM IKCIICPUMEHTaM 03 MaJICHIIUX TapaHTHi
pesynbraTa. YCHIHS OJMHOYEK ONMPAJINCh HA TPYJ, COTEH CIIEIIH-
anucToB, obbeauHsBIIuXCcst B koManpl. Tosepr Imumunr pac-
CKa3BIBACT O APOCTHBIX CIIOPAX, HEy/JayaX U IIOPa3UTEIBHBIX TEX-
HHYECKHX JJOCTIKEHUAX YYEHBIX U HHXXECHEPOB, JIECATUICTUAMH
K06MBaBIINXCsT GAHTACTHIECKOM TOYHOCTH MU3MEPEHHI U IONTY-
YMBIIHUX 3MOXaJIbHbIE CBU/IETEIbCTBA CYIIECTBOBAHMS ITyIbCAIIUH
IPOCTPAHCTBA U BPEMEHU. DTO YAUBUTEIbHAS UCTOPHS B 3aXBa-
TBIBAIOILLEM H3JI0KCHUH.

Mapmun Puc



BeBegeHune

Ha nanexoii okpanne cnupasbHOM TaJIAKTUKY BOKPYT 3aypsITHOH
3BE3/ bl — JXKEJITOIO KapJIMKa — OOpalljacTCsi MaICHbKA s IUIAHETA,
06pa3oBaBIasCs IPUMEPHO 3,3 MIPJ JIET Ha3aj U3 CKOIUICHUS
bty U 6otee KpynHbix yactuy,. M3 kocMuyeckoro npocrpancrsa
B €€ TeIIble OKEAHBI IOMaIM OPraHUYECKHE COEJUHEHUS, U3 KO-
TOPBIX CGOPMUPOBATHCH CAMOPEIIULMPYIOLIHECS MOIEKYIbL. Te-
IEpPb 3TU BOJbI U300HIYIOT OFHOKJICTOYHBIMU (pOPMAMHU XKUSHU.
IIpoiiger He CIULIKOM MHOTO BPEMEHH, M KM3HDb Ha OIy0O0I IU1a-
HETE HAYHET OCBAMBATh IMYCThIHHBIE MPEX/E€ KOHTHHEHTEL.

B npyroit okoneynoctu orpomHoii Beenennoit koporkoe cy-
IIeCTBOBaHHE JIBYX CBEPXMACCUBHBIX 3B€3]] 3aBEPIIAETCSA KOJIOC-
CaJIBHBIMU BCITBIIIKAMH CBEPXHOBBIX. BeiteicTBHE aTOTO KaTacTpo-
¢uyeckoro cobbitust 0bpasyercs TecHas gBoiHas cucrema I/1,
Ka)k/]asl U3 KOTOPBIX B IECATKHU Pa3 MACCUBHEE JJAJIEKOTO XKEITOrO
Kapyuka. FIx rpaBuTanus npuTAruBaeT ra3 v 1hljib, OKa3aBIIHEC
00JIM30CTH, U UCKPUBJISIET TPACKTOPUIO CBETA B IIPHJICIAIOLIEM
npocrpancTse. HuuTo He MOXKeT BBIpBAaThCA M3 YyZOBHIHOTO
IPaBUTALOHHOTO MOJISI 3TOM KOCMHYECKOH O€3JOHHOM SIMBL.

Bpamasice Bokpyr obmero nentpa mace, 1/ moposxaaor
BOJIHBI — Cy1a0ble My/IbCALIMM IIPOCTPAHCTBA-BPEMECHH, PACIIpo-
CTPaHAIOIIUECS CO CKOPOCThIO cBeTa. BosHbI yHOCAT aHepruio,
BcaeacTue dero /I Bce 6omplie cOMMKAIOTCS, MOKA HE HAYMHAIOT
COBEPILIATH HECKOJIBKO COTCH 000OPOTOB B CEKYH/Y CO CKOPOCTBIO BIIO-
70BUHY ckopocTH cBeTa. I IpocTpancTBeHHO-BpeMEHHOM KOHTHHYYM
PACTArUBAETCS M CKUMACTCS, CIabble BO3MYLICHHS IPEBPALIAIOTCS
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CKJIAJKH HA TKAHU NIPOCTPAHCTBA-BPEMEHH

B MomiHbIe BosHbL. Haxonen, gse Y/I xommancupyior u ciamsarorcs
B OJHY, 4TO COIPOBOXK/ACTCS CHIIbHEHIIMM BHIOPOCOM IPaBUTALIU-
oHHOM sHepruu. Ha MecTe karacTpodsl BHOBb BOLIapsIETCS OKOH,
HO OTTOJIOCKH COOBITHSI — MOC/IEJHUE MOLIHBIE BCIIECKH TPABUTA-
IIMU — PacIPOCTPAHSIOTCS B KOCMOCE, CJIOBHO ITyHaMU.

OtsByku rubenn naper Y/I gocruraror rpanuiy Hauiei cru-
PaIbHOM TaJIAKTHKH JTUIIb Yepes 1,3 Mapx neT. 3a 370 BpeMsI OHU
CTaHOBSITCS TOpa3fo crabee, U, XOTS MO-IPEKHEMY COKUMAIOT
U PACTATHBAIOT BCE OOBEKTHI HA CBOEM ITyTH, STOTO HUKTO HE 32-
MeyaeT. [ToBepXHOCTD rony60ii mIaHeTs! Teneps MOKPHITA IAI0-
POTHHMKAaMH U J€PEBbSAMH, THTAHTCKUE PENTHIIMH Y)KE BHIMEPIIH
U3-3a NOCJIEACTBUH CTOJIKHOBEHHUS C ACTEPOUIOM, 2 SBOJIOIIHS
OJTHOTO U3 MHO)KECTBA BH/IOB 3/ICITHUX MJICKOITUTAIOIUX yBEHYa-
J1aCh NOSIBJICHUEM JI00O3HATEIBHBIX JBYHOIUX CO3JaHUI.

I'paBuTaIIMOHHBIE BOJIHBI, HOPOXK/EHHbIE CusHUEM ABYX 1/,
BXOZSAT BO BHEIIHIOW obmacts Mueunoro Iyru. Teneps um mo-
TPC6yCTC5[ Bcero b 100 000 seT, 9ToOB TOCTHYD OKPECTHOCTEH
Comnna. I Toxa onn HecyTes co ckopoctrio 300 000 km/ ¢ k 3emie,
ee pasyMHbIe OOMTATEIN IPUCTYNAOT K U3ydeHUI0 Beenennoi,
4aCThIO KOTOPOH ABIsIoTCA. OHU MIINQYIOT TMH3BI IS TEIECKO-
IIOB, OTKPHIBAIOT HOBBIE IJIAHETHI U UX CITYyTHHKH U COCTABJISIOT
kapty Mueunoro I'lyru.

3a 100 seT 70 MOMEHTa BCTPEYH I'PABUTALIMOHHBIX BOJH
¢ 3emneit — xorza ouu npouuta 99,99999% nyru npogomku-
TenbHOCTBIO 1,3 Miapy et — 26-neTHuil yueHslin AnbOepT DHH-
IITEHH 3a5BJIAET O TEOPETUIECKOH BOZMOXKHOCTH HX CYILIECTBOBA-
Hust. [Ipoxozur eme monBexa, Ipesk/ie 4eM 041 Bcepbes OepyTest
3a nmoucku 3tux BoiH. Hakonen B Havane XXI B. nmossnaoTcs
JOCTaTOYHO YYBCTBUTEIBHBIC AeTeKTOPSL [ Ipopaboras nuis He-
CKOJIBKO JHEH, alliapaTypa perucTpUpyeT c1adbie KoneOanus, am-
IUTUTY/Ia KOTOPBIX MHOTO MEHBIIE pa3Mepa aTOMHOTIO sAJpa.

B nonepenshuk, 14 centsa6ps 2015 r., 8 09:50:45 no Ipus-
BUYY NPEJIIONOXKEHHE, BEIABUHYTOE DiHmTeHOM 100 et Ha-
3aJ], IOATBEPIKJACTCA: ACTPOHOMBI IIOJYYaIOT IPAaBUTAIIIOHHOE
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Besedenue

«coobeHne» o komnance Y/J, mpousomeiem B 4pe3BbIYAIHO
OTJIAJICHHOM T'aJIaKTHKE.

IlepBast npsiMast perucTparusi rpaBUTALMOHHON BOJIHBI IO
IPABY CYUTAETCS OJHUM U3 BETUYANIINX HAYYHBIX OTKPBITHI HO-
Boro cronertus. [Tocnenyomas perucrpanus BOJIH C MOMOIIBIO
ewe 6oee IYBCTBUTEIBHBIX IPHOOPOB OTKPOET MEPEA ACTPOHO-
MaMH COBEPIICHHO HOBBbIEC BO3MOXXHOCTH U3y4deHuUs BeenenHoi
U nojaput GpU3MKaM HaJeXKAy pasrajaTb HAKOHEL] TAalHy MPoO-
CTPaHCTBA M BPEMCHH.

3aMbIces 3TOM KHUTU 3aPOJUIICS Y MEHS 32 HECKOJIBKO JIET
710 IOsIBJIEHU s B MHTepHETE HHPopManuu o npoekre LIGO — na-
3epPHO-UHTEPPEPOMETPUICCKON 06CECPBATOPHUH IPABUTALMOHHBIX
BOJIH. Bbi10 OBI 3aMevaTeIbHO, TOAYMA 51, OKOHYUTh PYKOIIHCh
OJHOBPEMEHHO C IIEPBBIM B UCTOPHH HAOJIIOCHUEM TPaBUTALH-
oHHOM BonHbl. Kuury Mmoxuo 6b110 651 omy61nkoBath Bckope
nocse cooOwweHns 06 IKCIEPUMEHTE, YIIOMSHYB O IOy YCHHBIX
pe3y/IbTaTax B SIHIIOTE.

Hayuyno-texHudeckuil mporpecc, oJHaKko, okasaucs bonee
CTPEMHUTEIIbHBIM, 4eM s npegnonaran Exsa mu kto oxxupgan, 4To
IHEPBBICE KE HHU HCITOIB30BAHMS ICTEKTOPA puHecyT yerex. Kax
pesybTar, GOJIBLIYIO YacTh UCCICLOBAHUH U pabOTHl HaZ PyKO-
IHCBIO MHE IPHILIOCH IIPOJEIATH 720C/€ SMOXATBHOTO OTKPBITHSL.
Temeps, korga KHUra OKOHYEHA, 51 BUXKY, YTO BCE CJIOKHIIOCH HAH-
Jy4IUM 06pasoM — OTKPBITHE CTAJIO HE IOCTCKPHUIITYMOM,  He-
OTBHEMJIEMOM YaCThIO TOBECTBOBAHU.

Hcropuro rpaBUTAIIMOHHO-BOIHOBOH aCTPOHOMHH ITHCAIN
u 10 MeHs. B aToit kHure oHa yumIb 9acTh croxera. B Hell peus
HJIET TAKKE O PA3BUTUH HAYKH, [Ty TSIX, BEAYLINX K OTKPBITHSM, CO-
OBITHSX CCTOAHSLIHETO AHS M BUAAX Ha OyAyliee, B KOTOPOM H3-
yYCHHE TPAaBUTALOHHBIX BOJIH CTAHET MOJHOLCHHOH 00IaCcThiO
ACTPOHOMHUH. O6Hapy>1<eHHe GW150914 — curnaia, saperu-
CTPUPOBAHHOTO B IAMATHBII OHEETPHUK, — 3TO M KY/JIbMHHA-
LHs1 BEKOBBIX [TOUCKOB, U TIEPBasi CTPAHUI}A COBEPLUICHHO HOBOII
I7IaBBI B MCCIIEJOBAaHUM BceneHHoi.
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(1))

3HaAKOMCTBO
C NMPOCTPaAHCTBEHHO-
BPEMEHHbLIM KOHTUHYYMOM

ko Kynep o6mavaercs B ckadannp HACA u Hagesaer mutem.
Ecnn npu samycke BOSHHKHYT HENOJNAJKH, €My NTOHAZOOHUTCS
KUCIOpPOJ. TeXHUKHU MOMOraloT eMy BOMTH B KOCMHYECKHUI aIl-
[apaT, PacIoNIOXKEHHBI Ha caMOM Bepxy pakersl. ITo paguo-
CBSI3H OH CJIBILIUT OOPATHBIA OTCYET ¥ YYBCTBYET, KaK aJpeHa-
JIUH PasIMBaEeTCs 10 KPOBEHOCHOI cucteme. Kynep He pobkoro
JECSITKA, HO HEBO3MOXKHO COXPaHUTH aOCOMIOTHOE X/IaJHOKPO-
BHE, KOI/la TOTOBHILbCS YCTPEMUTBCS B KOCMOC Ha CTOs10€ IIa-
MEHH.

Bckope on u Tpoe gpyrux acrponasTos B nyTu. Bee nger
110 IUIaHy. 3a MaJICHbKMMU OKHAMH KOpaliisi cuHeBa Hebec ycTy-
I12eT MECTO YEpPHOTE OE3BO3AYLIHOIO POCTpaHCTBa. JIBurarenu
BBIKJIIOYAIOTCS, BOSHUKAET HeBecoMocTh. VIM ocTaercsa conu-
3UTbCA C OTPOMHOM KOCMHUYECKOM CTaHIUEH, o6pama101uef1c;{
BOKPYT 3€MJIH CO CKOPOCTHIO 6onee 8 xm/c, u IPUCTBIKOBATHCS.
ITpome mpocroro.

Kasasnocs 651, psigoBoii moner k MexayHapogHOR KocMuye-
ckoit crantmn (MKC) na 6opry poccuiickoro kopabins «Coros».
O6srynoe geno... wan Her? Huxro He cipiuran 06 actponasre
HACA 1o umenn [Ixo Kynep. M tpex cnytaukos y Kynepa 651s
He Moro. JIi0601t acTpoHaBT 00bsICHUT, 4TO «COM08>» CIULIKOM
MaJI ISl 4e€TBEPBIX — B HEM U TPOUM TECHO.
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1. 3naKomcmso ¢ nPoCMPAHCIBEHHO-BPEMEHHDIM KOHIMUKYYMOM

Hcropus nmpogomkaercs. Kopa6nb, K KOTOPOMY IPHCTBIKO-
BBIBAIOTCSI ACTPOHABTBHI, HA3BIBACTCS « DH/BIOPAHC» U HE UMCEET
auyero obmero ¢ MKC. Hakonen, oHu s1eTsT Ha « DHABIOpaHC»
k CarypHy, HC4e3aI0T B «KPOTOBO HOPE >, BBIHBIPHBAIOT B JPY-
roJi raJIAKTHKE, BBIXOZST Ha opOuty ruranrckoit /I mox Hassa-
HueM «lapranTtioa» u mocemarnoT yyxue miaHeTsl. Kymep gaske
HABE/IBIBACTCS B THIIEPIIPOCTPAHCTBO.

310 croKeT rouByackoro biuokbacrepa 2014 r. «Murep-
CTC.TIJIap»l, cusaroro Kpucrodpepom Homanom ¢ akrepom Mar-
ThI0 MaxkoHaxu B ponu actponasta Kynepa. Eciu o1 mHTEpECy-
eTech KOCMUYECKOI TEMATHKOM, TO BCE IOHSIIU I10 OJJHOMY TOJIBKO
uMeHH reposi. BosmoxxHo, BB faske mocmoTpenu «HuTepceren-
nap> GoJbliee YUCIIO Pas, 4eM 5. DTO BbIAAIOIEECS KUHO.

W3 psapa nayyno-danTactudeckux ¢punpmon «kMurepcresn-
Jap> BBICISIET HAPSIAY € HPOYUM MOL00P HCIIONHHUTEIbHBIX
npoatocepos. 1o [xopaan Tonabepr («batmen», «Havano» ),
Ixerixk Maiiepc («Bpokupmmii» ), Tomac Tymn («Mup FOpckoro
nepyxo/:[a»), aTaioke Kun TopH, moyeTHsIit $peiiHMaHOBCKUI ITPO-
¢eccop Teoperuyeckont ¢usnku KannpopHuiickoro TeXxHONIOru-
geckoro uHctutyTa B I lacazene. He MHorne pusuxu-reoperuxu
10 COBMECTUTEIIBCTBY MPOAIOCHPYIOT GHIBMBIL.

Yro nporcxXOAuUT, KOrAa YUCHBIH y9acTBYET B paboTe Haj Ha-
y‘lHO-(l)aHTaCTI/I‘{CCKOﬁ KapTUHOMN? MoxxHO HazeaTsCs, 4TO pe-
3yJIbTaT He Oy/eT IPOTUBOPEYNTH HAyIHBIM 3HaHUSM. «[IHTep-
CTeJTap>» COOTBETCTBYET UM HA OYCHb BBICOKOM ypoBHe. TopH
IIOMOT BBICTPOUTSH CIOXKETHYI0 THHUIO. OH MO3HAKOMHUJI CLICHAPH-
CTa, peXHUccepa, KOMaH/y cO3JaTeNeH crerd$pPeKToB H aKTEPOB
c acrporomucit 1 OTO. Topn gaske Hamucan ypaBHEHHS Ha Jj0-
CKE OJHOTO U3 nepcoHaxeit, npodeccopa xona bpanpa (B nc-
nonaenun Maiixna Keitna). K coxanenuro, Topu He mosBHICA
Ha 9KpaHe B poiu camoro cebs. OueBnzHO, BipodeM, 4T0 poboT
KUWIIIT nassau B ero 4ecrs.

Tpyano 6bu1o 6b HaliTH 4YenoBeKa, 6oNEe MOAXOASALIECTO
Ha poJb Hay4HOro koHcyapranTa ¢uapma o Y/I, vem Kun Topm.
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CKJIAJKH HA TKAHU NIPOCTPAHCTBA-BPEMEHH

OH o/lMH 13 HEMHOTHX JIOJCH, IOHUMAIOIUX yIUBUTEIbHBIC
CBOMCTBA MPOCTPAHCTBEHHO-BPEMEHHOTO KOHTHHYYMa. B 1990 1.
TopH faxke BRIMTpa Mapu, KOTOPOE 3aKI04mI 15 rogamu panee
¢ 6puranckum Komwteroi u gpyrom CruBeHoM XOKHHIOM B OT-
HOIIEHUU UCTHHHOH IPUPOJBI KOCMUYECKOTO HCTOYHUKA PEHT-
rerosckoro uanydenus — Jle6eap X-1. (ITpusom crana rogosas
nogmucka Ha xypHan «I Ienarxayc>» .) Bormeas 8 1994 1. kuura
Topna «YepHsle AbIpbI U CKIAAKH BPEMEHH » CTaJIa HAIJHOHAIIb-
HBIM OeCTCeNIepOM.

B navane 2016 r. ums TopHa BHOBb ObUIO Y BCEX Ha CITyXYy.
11 ¢eBpans ydeHsle OOBIBUIN O IEPBOM YCIIEXE B IIPIMOH pe-
IMCTpPALMU TPaBUTALMOHHBIX BOH. B orzanernoi o6mactu Bee-
JIEHHOM KoJutancuposaiu u ciunuck ase Y/1. CronkHoBEHHE BHI-
3BaJIO BO3MYLIECHUA IPOCTPAHCTBEHHO-BPEMEHHOTIO KOHTHHYYMa.
IIpopenas myTs, mpeBblmaomuii 1 MIpJ CB. €T, BONHBI 14 ceHTsI-
opst 2015 1. gocruriu 3emnu. [IBa rurantckux aerekropa LIGO
B CIITA sa¢puxcupoanu menpdarmyio gpoxs. LIGO — aro ze-
tuie TopHa u ero xosuer-$usukos Paitnepa Baiicca u Ponansaa

Jpesepa.

Huxro ne Bugen /1 B6musu. Huxro He sHaer, cyuecTsyior 11
«KpOTOBBIE HOPBI>». IpaBUTAIIMOHHbIE BOTHBI HACTOIBKO MAJIbl,
YTO UX MOXKHO 3aPETUCTPUPOBATH TOJNBKO CBEPXYyBCTBUTEND-
HbIMU npubopamu. MckpuBiieHHEe IPOCTPaHCTBa, 3aMeICHUE
BPEMEHHU — BCE 3TO CJIMIIKOM CJIOKHO H OTOPBAHO OT IIOBCE/THEB-
HOTO ombITa. YTO6BI JEHICTBUTEIFHO IOHUMATD ITOOOHBIE BEIITH,
Hy>xHO pasbuparbest B OTO DiiHwTeiina.

[Iupoko usBecTHA UCTOPHS OO AHIIMICKOM aCTPOHOME
Aptype Crannu Onpunrrone. B navane XX B. Dpgunrron —
MBI BHOBb BCTPETHMCSI C HUM B IVIaBe 3 — ObUI OJHUM U3 KpPyII-
HECHIIUX MNOMYJIAPHU3ATOPOB HOBOM TECOPHUH NMPOCTPAHCTBEH-
HO-BPEMEHHOIO KOHTHHYYMa, NPEJIOXKEHHON DUHIITEHHOM.
[Toce my6aMYHOM IEKIMU OFUH U3 CIIYLIATEICH CIPOCHI €ro:
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1. 3naKomcmso ¢ nPoCMPAHCIBEHHO-BPEMEHHDIM KOHIMUKYYMOM

«ITpodeccop DaauHITOH, TpaB/a JIU, YTO TOIBKO TPH YETOBEKA
B MUPE CHCTBUTEIBHO OHUMAIOT OOLHI IPHHLIUIT OTHOCHUTEIIb-
HocTH?>» Ilopasmeicius, Dapunrron npousHec: «MurepecHo,
KTO TPETUI ? >

Pasymeercs, Bce we nacmonvko cnoxno. JlecATku ThICAY
(pHBHUKOB-TCOPETHKOB 110 BCEMY MUPY BIaACIOT 6a30BbIMHU IIPHH-
numamu OTO. ITocTosHHO MOSBIAIOTCS HOBBIE TEOPETHYE-
CKUE paspa60TKH, ocobenno kacaromueca Y/, rae cTaHoBATCA
Ba>KHBI KBaHTOBBIE aQdexThl: Teopus ucnapenus 1/ Ctusena
XOKHHIa, «KPOTOBBIC HOPBI» KaK KpaTyaHIHe IMyTH B IPO-
crpanctBe B npeacrasiaeHun Kuma TopHa, ronorpadudeckuit
npunuun lepapga 7" Xoo¢ra u «crena orus» Jleonapaa Cac-
CKUHJA.

Sl He cTany ceiiyac BAABaThCA B AETAIIH, HO, €CJIM BeINUYAIINeE
YMBI COBPEMEHHOCTH IPO/IOJDKAIOT BBICKA3bIBATH IIOPA3UTCIBHBIC
BOrazKu (M CIOPUTH O HUX), CICAOBATEIBHO, OHM CLIC HE OBJIa-
aemu OTO B nonnoit Mepe. I IpuBenenHsIe TpUMeEps — HEMHO-
THE HJICH, He KOKYLIHECs BRICOCAHHBIMH M3 MMasbiia. B xyphane
Physical Review Letters Bbixoasit cratby 06 11-MepHOM npocTpas-
CTBEHHO-BPEMECHHOM KOHTHHYYME, ITyTCIIECTBUAX BO BPEMEHH
u MHOecTBeHHON Beenennoii. M BbI cunrany, uto B «HHTep-
CTeNIap>» CIUIIKOM MHOTO HATSDKEK?

BeposiTHO, TO3TOMY MHOTrHME HHTEPECYIOTCS 3TOH, Kasa-
JIOCh OBI, OTOPBaHHOU OT XXM3HU TEMOMU. Hesauem 3HaTB, uTO Ta-
koe Y/, 4To0BI 0AIOTHPOBATHCS B IPE3UACHTHL. I paBuTaiu-
OHHBIC BOJHBI HE Pewar NpobieMy II06aIbHOIO MOTEIUICHHUS.
MO>XHO IPOXXHUTb XKU3Hb, HE 3ayMbIBasICh 00 00LIeM IPHHIIMIIE
OTHOCHUTENBHOCTH (€IMHCTBEHHOE BIEYATIAION[EE UCKTIOUEHHE
4 npn6eper a4 raasel 3). Ho ato ouyens MHTEPECHO, 3aXBaThIBA-
fo1ie 1, 6ecciopHo, 6y Z0pasKUT BOOOpasKeHHE — BO3MOKHO, JO-
CTATOYHO BECKUE IIPHYUHBL.

Bonee Toro, OTO obOBsacHseT, Kak $YHKIIMOHUPYET MHUP
Ha QyHIaMEHTATPHOM ypoBHE. UT0, Kak He CTpEMJICHHE MTOHSTh
MHUP, OTIMYAET HAC OT )KUBOTHBIX?
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CKJIAJKH HA TKAHU NIPOCTPAHCTBA-BPEMEHH

YecTHO rOBOPSL, FONTHE THICSIEICTHSI HAM 9TO HE OCOOCHHO
ya#aBasocs. I leppie cebckOX03SCTBEHHBIE KYIBTYPBI BOSHUKIN
okxono 12 000 et Hasay Ha Cpennem Bocroke. K Tomy Bpemenu
JIIO/IY TIPEKPACHO 3HaJIN 0 KpyrosoM jsikeHnu Comnna u JIyHsr.
OHu yBHZEIN 3aKOHOMEPHOCTH B PACIONIOKEHHH 3BE3] U JaXKe
3aMETHJIH, YTO HECKOJIbKO SPKHX 3B€3J] ME/IICHHO JBIDKYTCS 4e-
pes cosesaus. Bor, cobCcTBEHHO, U Bee. JIIoau He UMeU HU Ma-
JIEHIIETO MPEACTABICHUS O TOM, KaK B IEHCTBUTEIBHOCTH YCTPO-
eHbl HebecHble Tena. M gaxe He crpemunucs ysHats. Connie,
JlyHa ¥ rUaHeTHl NPEACTABISUIMCH UM OOraMH — BHELIHUMU
Y BBICITMMH I10 OTHOIIEHUIO K OOBIEHHOCTH.

OTa KapTHHA ITIOYTU HE MEHSJIACH BILUIOTH IO IOSBJICHUS Be-
JMKHUX rpedeckux punocodon nmpumepro 2500 et Hazay. CoTHu
noxoseHuit MuHoBanu 9500 sieT 6e3 CyIecTBEHHOTO porpecca.
Ecmu oxares 12 000 et ucTropun B OZHU CYTKH, Ha4aB OTCYET
C IOJYHOYH, MOJYYHM, 9TO APHUCTOTENb MPEJTOXUI HEPBYIO
Mozienb BeeneHHoM B BUJie BIOXKEHHBIX XPYCTAIBHBIX cPep yxe
nocie cemu Bedepa. Hamm npeaxn obmagann uHTeIIEKTOM —
B KOHII€ KOHI]OB, OHU OTHOCHJIUCh K TOMY )Xe BUIy Homo sapiens,
4T 1 MbL. [IpocTo ara Tema He 0cO6CHHO UX 3aHUMATA.

I'pexu 3aunTepecoBamuce er0. OHU CrpaBe/IMBO IIPEJIIONO-
XKUIIH, 9TO 3eMJIs IIPEACTABISIET OO0 cepy, U fake BHIUHC-
JIMJU €€ OKPYXKHOCTD € Y/AUBUTEIBHOM TOYHOCTHIO. (B HekoTOpBIX
y4eOHHKAX 1O CHUX HOP yTBepKAaactcss, 4to Xpucrodpop Koxym6
nepBHIM onpeenut opMy 3eMIIH, HO 3TO qyms.) ITyctp rpexu
He 3Hanu, ¥mo maxoe Connne, JlyHa, miaHeTs! U 3BE3/Ibl, OHU
IO KPaMHEH MEPE MBITATUCh PACKPBITh TAUHY UX CJIOXXHOTO JBH-
SKCHUSL.

Mx ycunus yBeHYano IosBIEHHE T€OLEHTPUIECKOH Kap-
tiHbl Mupa Kmasaus IIronemes, sxusmero oxomno 19 Bexos Ha-
3aJ Ha TeppUTOpUH HblHemHero ceBepHoro Erunra. (B ycnos-
HBIX CyTKaX, HAYaBIINXCS C BOSHMKHOBEHU CEIbCKOTO XO3SHCTBA,
3TO MPHUMEPHO 20:10.) Kax ABCTBYET U3 HasBaHus, I Itonemeesa
MOJieIb MUpa IToMelljaja B IleHTp Muposganusa 3emmo. Connie,
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1. 3naKomcmso ¢ nPoCMPAHCIBEHHO-BPEMEHHDIM KOHIMUKYYMOM

JlyHa 1 IIaHETHI ZBUTAIUCh BOKPYT 3EMIIH 110 CIOKHBIM KOMOU-
HALIMSIM TIEPBUYHBIX U BTOPHYHBIX op6ut. [Tronemeea xapruna
MHUpa ke 00BSICHSUIA, TOYEMY IUIAHETBI TO U JIEIO JBHKYTCS
B 00paTHOM HAIIPaBJICHHU.

Xopomo, Ho Mmumo! IIponutu croneTus, npexse 4YeM J0AH
IIOHSUIM, YTO OHM YTO-TO yIycKaloT. Bce uamenmiocs ¢ obHapo-
JOBaHHEM T'eTHOLIEHTPUYECKOH KapTHHBI MHUPa II0JILCKOTO aCTPO-
noma Huxonast Konepruka 8 1543 r. — cpasy nocite 23:00 ycnos-
HBIX CyTOK. Jes10BeyecTBO IO K MIOHMMAHHUIO MUPA YApyYalole
JOITO, OOMBLIYIO 9aCTh CBOCH 12-ThICSYENICTHEN HCTOPUH.

C orxpriTuem KonepHuxka passutue HayKH yCKOPHIIOCh. Yde-
HbIE YCTAHOBUJIH, YTO KHUTA IPUPO/IbI HAIIMCAaHA Ha A3BIKE MaTEMa-
THKH, KaK U3SITHO cGOPMYIHPOBAT UTATbIHCKUH ¢pu3uk [anmneo
Tanuineit. Tanuneit usyvan gBrokeHue Te1, J0Kasax OIUOOIHOCTD
psifa MPeAIONoXKEHUH APUCTOTENS U OIHCA COOCTBCHHBIC BbI-
BO/JIbI C IIOMOIIBIO MATEMATHYECKUX YpaBHEHUH. Bckope Hemer-
xuit yuensiii Morann Kemep cdpopmynuposan sHameHuTHIE 3a-
KOHBI IBM)KCHUS TUIAHET.

Kakoe orHomenue ata ucropus umeer k 4/I, rpaBuranu-
OHHBIM BOJIHAM M 3araJkaM HPOCTPaHCTBEHHO-BPEMEHHOTIO
xontuHyyma? Camoe Hermocpencrsennoe. Konepuuk, Tannnei
u Kerutep sanoxumu ¢pynpament, Ha koropom Fcaax HeloTon
BBICTPOMJI TEOPUIO BCEMUPHOTO TSATOTEHUSI, BIIEPBBIE OIyOIMKO-
BaHHYI0 B 1678 1. A Teopus otHOCHTeabHOCTH ANbbepTa DiH-
IITEH{HA — IOCTY)KUBIIAsl HAYYHOH OCHOBOH ¢ubMa «IHTep-
cre/utap» — sameHua uien Hetotona. Mel crioco6HsI mocturarth
MUP, JIMIIb COBEPLICHCTBYs paboTy Apyrux. XpycTaibHble cdpepbl
Apucrotenst u «xporosbie HOpb» Kuma TopHa cBsizans! Benu-
KOU JyTOH HAyYHOTO ITOCTHOKCHUS U OTKPBITHH.

Crenyromas pesomonus csepumuack B Havane XVII B.
910 6bUIA PEBOMIOLMS HHCTPYMEHTOB. Teneckon usobpen aar-
CKHMH M3TOTOBHUTENb 04K0oB XaHc Jlunmepxeii, HO mepBBIM MpHU-
MeHua [anmuneii, oTkpeIBIIMIT KpaTepsl U rophl Ha JIyHe, TeMHBIE
nsrHa Ha Connye, cniytauku OnuTepa u 6ecuncieHnble 3Be3 bl
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CKJIAJKH HA TKAHU NIPOCTPAHCTBA-BPEMEHH

B Muteunowm ITytu. BiociescrBunm Bee 60see KpynHbIe TeIECKOIIBL
pacckasaay HaM O CyIeCTBOBAHUH JBOMHBIX 3BE3[, ACTCPOHIOB,
TYMaHHOCTEH U TaJlaKTUK — a Taioke, pasymeercs, /1. bes re-
JIECKOIIa ACTPOHOMMS {0 CHX IIOp NpebbiBaza Obl B 3a4aTOYHOM
COCTOSIHUU.

JaBaiiTe coBepIIUM KPATKYIO BUPTYAJIbHYIO 9KCKYPCHIO IO
KOCMOCY, YTOOBI yOeAUTbCsI, YTO BEPHO Ipe/cTaBisieM cebe 00-
LIy} KapTHHY’.

3emist — ato nnanera. Hapsay ¢ apyrumu cembio maneTamMu
oHa obpamaercst Bokpyr Conuua. Yetsipe BHYTpeHHHME [UIAHETHI
(MepKypHﬁ, Benepa, 3emis u Mapc) HEBEJIUKU U COCTOST U3 Mé-
TaJIJIOB U CKaJIbHBIX Topo. YeTsipe BHEIIHME (IOnnTep, Caryps,
Ypan u HenryH) orpoMHSBI; X IIPEHMYIECTBEHHBLI COCTAB — a3
u nea. Mexay opburamu Mapca u Onurepa pacnionoxes mnosic
aCTepOUI0B — KaMEHUCTHIX OCTATKOB Ipoljecca $OPMHPOBAHUS
Conneunoit cucremsl. 3a Hentynom — emje ogun mosic ocra-
TOYHOTO MPOHMCXOXK/JCHHS, BKIIOYAIOIIUI MAPUKH b U 3ajIe-
ACHEBIINE KaPIMKOBbIC TIAHEThI, CAMOU KPYNHOM M3 KOTOPBIX
spisercs [lnyTomn.

BsrisiHuTe Ha HeOO HEM, U BB YBUAUTE OTPOMHYIO cdepy
packanenHoro rasa — Connue®. ITnanerst ConneuHod cucTeMsl
nony4aT cBeT u teno Toasko or Connya. Housio Ha Hebe
BH/IHBI TBICSYHU JPYIUX «CONHI» — 3Be3gbl. OHU KaXyTCst Ma-
JICHBKUMH, OJICAHBIMU ¥ XOTIOAHBIMH, HO TOJIBKO [IOTOMY, YTO Ha-
XOJSITCS 4y AOBUILIHO asneko. ColHLe Ha TOZ00HOM pacCTOSHUU
TAIOKE BBIIVISAZEIO ObI KPOXOTHBIM ILSITHBILIKOM.

B riaBe 5 51 pacckasky o 3Besgax HamHoro 6ossiue. [Toka npo-
CTO 3aIIOMHUM, YTO KaXKAasl 3BE3/Ia ABJACTCA «CONHIEM>» U 9TO
OOJIBLIMHCTBO U3 HUX, BEPOSITHO, UMCIOT COOCTBEHHBIEC CHCTEMbI

He crout cMoTpeTs Ha FHEBHOE COMHLE 6e3 CHELMANBHBIX 3AIUTHBIX
GHUIBTPOB — ITO OMACHO A1 171a3. — [Ipum. peo.

24



1. 3naKomcmso ¢ nPoCMPAHCIBEHHO-BPEMEHHDIM KOHIMUKYYMOM

mwrader. Ha faHHBIA MOMEHT OTKPBITO 3HAYMTEIbHO Hoblie
3000 sx3omaHeT’.

OteHb 5aib, YTO MBI HE MOXKEM OTIPABUTHCS K 3BE3JaM U H3-
YYUTbh UX BOIU3H, BO BCIKOM Cilydac B 0003puMoM Oyayiem.
Haxe cBery, gBrokymemycs co ckopoctsio 300 000 xm/c, Tpe6y—
ercsa 4,3 roga, 4ro6s goiitu ot ConHua fo 6nukaineil 38e3/bl
IIpoxcuma LlenTaspa. I Toatomy actponoMsl roBopsT, uto I Ipok-
cuma LlenTaBpa HaxopuTes Ha paccrosiHum 4,3 cB. ner. (Ogun
cBeToBOH rog paser 300 000 x 60 x 60 x 24 x 365,25 kM. D10
noutu 9,5 TpIH KM.)

Bo1 korga-HUOY A IIBITATNCD CYNTATH 3BE3/bI HA HOYHOM Hebe?
HeBoopyskeHHBIM [1a30M BUJHO HECKOJIBKO THICSY, B 3aBHCHMO-
CTH OT TOTO, HACKOJIKO TEMHBIM SIBJIseTCS He6o. BompmuacTBO
HaXOJUTCS B HECKOJIBKHUX JECATKAX MJIM COTHAX CBETOBBIX JIET —
HEBEPOSITHO JAJIEKO JIsl OOJBIIMHCTBA JIO/ICH, HO OTHOCHTEIBHO
6IM3KO C TOUKH 3peHUs aCTPOHOMOB. J[jist Hac 31O KOCMMUYECcKOe
HOZBOPbE.

OrpoMHOE 60IBIINHCTBO 3B€3] HALICH raIaKTUKK Miteunsrit
ITyts Haxoautcs ropaszo ganeiie. Fx MOXKHO yBUAETH TOIBKO
B Teseckorn. OHU MMEIOT pa3IHUYHbIE [BETA H Pa3MEPEI,  UX Ha-
3BAHMSI — KpPacHbIC KAPJIMKH, Oesble KapIHKH, KEIThIE CyOru-
FaHTBI, TOXyOblC CBEPXTUTAHTHI — HABOJST HA MBICIb 00 0bHTa-
TENIAX CKa3o4yHOro Jyieca. Mx odens MHoro. B Hacrosmee Bpemst
ACTPOHOMBI CYHUTAIOT, 4TO Mueunsiit [ TyTh BKIIO9aeT HeckoMbKO
cot Muutnapzos 3se3. Oxna us Hux — Hame ConHile.

Iro emje He Bce. Muteunsiii [ IyTh He elMHCTBEHHAS TaTaKTHKA,
Bo Beenennoit ux MHOXXecTBO. BennyecTBenHbIe cimpanu, Hanpu-
Mep Mireunsiii [ TyTe u TyMaHHOCTS AHZPOMEIBI, TUTAHTCKHE J1-
JIMOTHYECKUE CKOIUICHHSI CTAPBIX 3BE3/I, KAPIHUKOBbIC FAIAKTHKU
HEIPaBUIBHON GOPMBI — 3ITO OlLICTOMIIONIEE PadHOOOpasue
U OLIEJIOMIISIOIEE MHOYKECTBO B IIPOCTPAHCTBE IPOTSKCHHOCTHIO
MHOTHE MUJUIHAPJBI CB. JIET.

B pexabpe 1995 1. acTpOHOMBI BIEpBbIC HAIlPAaBUIN KOC-
MHYeCKHH Teneckon «Xab61» Ha KpoxoTHy0 obiacTb Heba,
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Ka3aBIIYIOCS MyCcTOH. 3aTBOPBI $OTOKAMEPHI OCTABAIUCH OTKPHI-
teivu 10 pueit. Tak 6su10 caenano norpscawmee $orto Honee
THICSTYM OJICFHBIX JAICKUX FAJAKTHK B 00JIACTH, KOTOPYIO MOXKHO
6bUTO OBI 3ACIOHUTD TOJIOBKOM 6y.TIaBKI/I, 32)KaTOU B BBITAHYTOU
pyke. CMeCTHUBIINCH BIPaBO HJIH BJIEBO HA PACCTOSHHE, PABHOE
AuaMeTpy 6y1aBOYHON TOIOBKH, MbI IOy YH/IH ObI H300paXkeHHE
€IIIE THICAYU OTAAJICHHBIX [AJIAKTHUK.

Hrak, coBpemenHnKam Habmogaemast Beenennas Bugurcs
60JIBIIIOM, TEMHOMH, XOJIOTHOH U ITyCTOH. Ho MOBCIOJY B KOCMMYE-
CKOM IPOCTPAHCTBE PasbpOCaHO OKOJIO 2 TPJIH TalaKTUK, CIPYII-
INUPOBAHHBIX B CKOIUICHHS U KJacTephl. Brl okasamucek ganexo
B KOCMOCE M XOTUTE HaiiTu gopory gomoii? Hanerocs, Bl 063a-
BCJIMCh CBEPXTOYHOM HABUTALJMOHHOM CUCTEMOM — Ha «KOCMH-
YECKUX XalBesAX>» HET JOPOXKHBIX ykasarenei. [ Ipome Hamapurs
XPECTOMATHIHYIO UTOJIKY B CTOTE CEHA.

Ecmu Bam ygacres orbickarh ranaktuxy Mueunsii [Ty, 3a-
JICPXKUTECh Ha MTHOBEHHE, YTOOBI Iomo6oBarscest spenunmem. He-
CKOJIBKO COT MHJUIHMAP/IOB « COJIHI]>» CTPYIITHPOBAHBI B KPACHBBIE
CITUpPaJIBHBIE PyKaBa CPEJU 3BE3/HBIX CKOIIEHHUH, APKUX TYMaH-
HOCTeH 1 TeMHBIX 06akoB e, O[HA U3 3TOr0 MHOXKECTBA —
BECbMa HENPUMETHas, 3aypsagHas 3pe3ga — Hame Connne. Ona
IPOBOJUT KU3Hb Ha TUXOH okpauHe Mieunoro Ilyry, y Buy-
TPEHHETO Kpasl CIHHPAJIBHOTO PyKaBa, Il¢ HOYTH HUKOT/JA HUYETO
HE IPOUCXO/IHT.

Boxpyr kxpoxoTHOro oronbka JBM)KYTCS BOCEMb KPOIIEYHBIX
wraneT. OHa U3 YeThIpex caMbIX MaseHbKUX — Jemiist. Ha aroii
«KPYIHIIE NBUIM> B IOCICAHUC CTOJICTHUS JIOAU CTAIH MOA0H-
PAaTbCs K OTKPHITUIO TaliH Beenennoi.

Bo Bcsxom ciyyae, MBI K 3TOMY CTpEMUMCSL.

Kax ynusurensno! Homo sapiens mpakTH4ecKH HEBO3MOXHO
0OHapY>KUTb B 6e30PEKHOCTH KOCMUYECKOTO NPOCTPAHCTBA.
B ocBoennu xocmoca MBI TOXE JleTaeM IEPBBIE AT,

Ectp Harsagnoe cpaBHenue. [IpegcraBum, To B ncropus
Bcenennoii usgana B Buze sHLUKI0NE UU B 14 ToMOB. 14 TonCTBIX
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¢onuanTos, kaxabi B 1000 crparun Menxum mpruprom. bos-
IIOH B3phIB — IIEpPBasi CTPOKA HA NEPBOM CTpaHuIie 1-ro Toma.
IlepBbie 3Be3/bI ¥ raTaKTUKH CPOPMUPYIOTCS IIPUMEPHO K cepe-
nuse 1-ro toma. Poxxgenue ConHua u ero ruraner 6yzeT onucaHo
nuub B 10-m. Beimupanune gunosaspos Ha c. 935 14-ro toma. [To-
spnenue Homo sapiens — na c. 1000 B HyokHel nsaToi yactu. Bes
Hallla THCPMEHHAST HCTOPHS YJIOKHUTCS BO BTOPYIO ITOJIOBHHY Ca-
MOMH MOCTICTHCH CTPOYKH.

MeTo/1bI aCTPOHOMOB — JIMIIb OJHH U3 MyTEH MOCTIKEHUS
Haiero Mupa. MHorue Gpu3nKu BOCIIOIb30BAIHCh ObI HHBIM: BMe-
CTO TOTO YTOOBI OTUCHIBAT BCE, YTO BUAUIID (TaTAKTHKH, 3BE3IBI,
TUIAHETH), OHU OBl BHISAICHUIIU, U3 YETO BCE 3TO COCTOUT M KaK
$yHKIIHOHHpYET.

[IpencraBum, 4T0 aCTPOHOM U PUBHK COOOLIA H3YYAIOT POMaH
k. P. P. Tonkuena «Bnacrenun xoner». Actporowm, coobmast
O pe3yJbTaTaX CBOUX UCCICAOBAHUMN, U3T0XKUT Galdyy, OnuIIeT
AEHCTBYIOMUX JINL], METAQOPUYECKHI CMBICI IPOU3BEICHUS, AB-
TOpPCKHH cTUIb U T. 4. PU3KK noBezeT peys 06 andasute, yacToTe
ynorpeOieHns OYKB, IPaBHIAX IYHKTYAllUH M IPAMMATUKH.

Ho pasBe Bce a1 npaBuiIa He OJMHAKOBBI BO MHOTHX CO-
BEPIICHHO pasHbIX KHUrax? «/la!l» — c aHTysnasmMom moarsep-
auT ¢usuk. B aTom u npenects ero mogxoma. Moxxuo oTBieybcs
OT YaCTHOCTEH U 3aHATHCSI IOMCKOM 00111X 6230BbIX 3aKOHOMEP-
HOCTEH, 4TOOBI IPUITH K JOCTYITHOMY MAKCUMAJIBHO ITyOOKOMY
nonuMann. Koneuno, y 060ux HOAX0Z0B €CTh CBOM CHIIBHBIC
u cinabeie croposst. [To cyTn, oHU IIpeKpPacHO ZOMONHSIOT APYT
Apyra.

Kak nr06ast kHura numercst He6OJIBIINM KOJIMYCCTBOM pas-
JUYHBIX OYKB U JOJDKHA MOZYUHATHCS PABHJIAM IPAMMATHKH,
TaK 4 Bce 00beKThl BO BeeleHHOM cOCTOAT U3 MaJIoro 4Mcia aje-
MEHTAPHBIX YaCTHUI], B3AUMOJEHCTBYIOLINX [TOCPECTBOM QyHza-
MEHTAJIbHBIX CHJI TIPUPOJBIL.
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[TopasurenpHO TO, YTO OKPY>KAWOIIHMI MUP — OyJIaBOYHbIE
FOJIOBKH, JIOJH, IUIAHETHl M IIPOTOCKOIUICHHUS TaIAKTHK — CO-
CTOHT M3 3JIEMEHTAPHBIX YACTHUI] BCETO JIUIIb TPEX TUIIOB: BEPXHUX
KBapKOB (U-KBapKOB), HIJKHUX KBapKOB (d-KBapKOB) M 7IEKTpO-
HoB. Kax GyKBBI COCTABISIOTCS B CIIOBa, IPEIOXKCHNU, ab3a1ibl
U KHHUTH, TAK ¥ 3TH TPU YACTUI[I COCTABISIOT ATOMBI, MOJICKYJIBL,
CIIO’KHBIE BELIECTBA — OYKBaJIbHO KXKABLI OOBEKT, KOTOPBIH BbI
MOXeTe ceOe IPEeCTaBUTb.

Yro xacaercs $pyHpaMEHTATBHBIX CUII TPUPOJBI, PH3HKAM U3-
BECTHBI TOJIBKO 4ETHIPE, ABE U3 KOTOPBIX AEHCTBYIOT HA OYCHb
OJIMBKHX JUCTAHLUSX — B MAacIITA0E ATOMHOIO SAPa, IO3TOMY
Ha3bIBAIOTCS CHJIBHBIM H CJ1A0BIM s1I€ PHBIMH B3AUMOJICHCTBUSIMHL.
JIBe apyrue cuiIbl — JIEKTPOMATHUTHOE U IPABUTALIMOHHOE B3a-
HMO/ICHCTBHS — MPOSIBISIOTCSA B MAKPOMHPE, O YEM U3BECTHO
KaXK/JOMY, KOMY CIIy4aJI0Ch BKJIIOYUTh CBET WIIH YPOHHUTH CTAKAH.

S ceityac ymyckaro BeIMKOE MHOXECTBO Aeraneil. Helrpuno,
HecTabHIbHbIC JIEMECHTAPHbIC YACTHULbI, 3HAMECHUTBIH 6030H
Xwurrca, TeMHast MATEPHUS, CYIIEPCUMMETPUYHBIC YACTULIBI, TETPa-
KBAPKH, BO3MOXKHO CYILECTBYIOIEE MSATOEC B3AUMO/CHCTBHE —
CITHCOK MO>KHO IPOAOJKaTh. MIHTEpecyomuxcs s OTChIIAI0
K HOIMYJISPHBIM KHUIaM 00 3JIEMEHTAPHBIX YACTHULAX, IIOITOMY
HE CTaHy BJaBaTbCs B IOAPOOHOCTH, XOTS €Iye BEPHYCh K HEl-
TPUHO U TEMHOU MaTCPHUH.

B Hamem pasroBope o mpoCTpaHCTBEHHO-BPEMEHHOM KOHTH-
HyyMe M IPaBHTAI[HOHHBIX BOJIHAX Ba)KHA 3arafiKa CHJIbI IPABUTA-
tuu. Beem nsBectHsl ee HarsiaHble nposiBiaeHns. OfHaKo B He-
KOTOPOM OTHOLICHUH I'PABUTALIUS PE3KO OTIUYACTCS OT APYIUX
QyHAAMEHTAIBHBIX B3aUMOACHCTBHH. AnbOepT DUHINTCHH 00b-
SICHSJI 9TO TECHOH CBS3BIO IPABUTALIUH C IPOCTPAHCTBOM H BpeE-
MEHEM.

ITonbiTaeMcst 0OBSICHUTD 3TO Mcaaxy HeroTony. Hetoron, pas-
yMeeTcs, He 3HaJI HCTUHHOH mpupogsl rpasuranud. OH IpocTo
BBIBEJI YHUBEPCAIBHYIO GopMyiy, 3¢ PEKTHBHO OMUCHIBAIOIIYIO
CHITY TIPUTSDKECHHS IBYX MAcC, HAXO/SIIUXCS HA OIPE/ICICHHOM
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paccrosiauu Apyr ot apyra. Ho, kak 601b1nHCTBO €ro coBpeMeH-
HUKOB, HpI0TOH cunTan npocTpancTBO M BpeMs HE3aBHCHMBIMH,
a0COIOTHBIMH ITOHATHSIMU.

Paxruyecku B3rsigsl HpoToHa Ha mpocTpaHcTBO 1M BpeMs
BO MHOTOM OJIM3KM HAIlMM HHTYUTHBHBIM IIpeacTaBacHusiM. [ Ipo-
CTPAHCTBO MOMPOCTY CYIIECTBYET — TPEXMEPHOE HUYTO, TPOCTH-
paromeccst 6eckoneano. Pusnueckuit 06bext (6ynp TO AMEMEH-
TapHas 9aCTHIA WM [UIAHETA) MOXKET HAXOAUTBCS B HEKOTOPOM
HOJIOXKEHUU B IPOCTPAHCTBE MJIM JIBUTAThCS U3 OJJHOTO MOJIOXKE-
Hus B Apyroe. Eciu BBIOpaTh onpeseneHHyI0 TOUKy OTCYETa, BCe
OCTaJIbHBIC MECTOIIOJIOKECHUS MOKHO OYAET 3aaTh BCETO JIULIb
TpeMs KoopauHaTamu. Beaute orcyer oT H36paHHOM TOYKH, U TPU
YHCJIA YKAKYT, HA KAKOE PACCTOSTHUE HY)KHO IIEPEMECTHThCS BIIEPE]]
HUIM Ha3aJl, BIPABO WIH BICBO, 4 TAKXKE BBEPX HJIM BHU3, YTOOBI I10-
HacTh B IpyTyIo TouKy. I [pocTpancTBO — HeuTo Bpoje TpexMepHOH
MUJIMMETPOBKH. DTO IyCTON HEM3MEHSIONMICS 3aJHUK, Ha GoHe
KOTOPOTO IPOUCXOAAT Bce coObITHsI BO BeeneHHOI.

A Bpemsi? Boobpaxaemble 4achl MPUPOABI OTCYUTHIBAIOT
U MTHOBCHHSI OOBIYHOTO JHSI, U KOKAYI0 CEKYH/Y HOCTIE POXK/E-
Hus Bcenennoi. Bpems — aro a6CONMIOTHBIH, HEIOTPEIIUMbIH
METPOHOM KOCMOC2, OTMEUAIOILHI BCE U KAXKAOE COOBITHE YHU-
KasnpHOH MeTKOI. KeTarn, ono ogHOMepHO: eciu BbiOpaHa TouKa
OTCYeTa, TPEOYETCsl TONBKO OFHO YHMCIO, YTOObI Y3HATH, B KAKOE
BpeMs1 [IPOUSOLLIO T1060¢ Apyroe cobbITHE.

BeI ¢ erkocThio mpeicTaBUTE MPOCTPAHCTBO U BPEMS TaK, KaK
ux Meicua Heloton. 9To ecrectBenHoe Bocnpustue. Ham mosr
TaK yCTPOEH, YTO IIPUXOJUT UMEHHO K 3TOH HAIJISJHOM KapTHHE.

VBBI, OHA JIOKHA.

OMHIITEHH MOKa3aJ, YTO HPOCTPAHCTBO U BPEMS CBS3AHBL.
TpexmepHOE MPOCTPAHCTBO U OJHOMEPHOE BPEMSI B ACHCTBH-
TEIBHOCTH CIIIETEHBI B YETBIPEXMEPHBIH IPOCTPAHCTBEHHO-BPE-
MCHHOM KOHTHUHYYM.

OUHINTEHNH TaKKE JOKA3aJl, 9TO HPOCTPAHCTBO U BPEMsI HE a6-
COJIIOTHBI, 2 OTHOCUTEBHBL FIMEHHO 03TOMY €ro peBOIOIMOHHAS
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TCOPHs HA3BIBAETCA TEOPHEH oTHOCHTEnbHOCTH. KakoBo paccro-
SIHHE MOXKJY JBYMs TOYKaMU B IPOCTPAHCTBE? 3ABUCHUT OT TOTO,
KOro BbI crpamuBacte. /[ myTenecTBeHHHKA, MTEpEMEIIAOIIe-
rOCsI CO CKOPOCTBIO, PABHOM MOJIOBHHE CKOPOCTH CBETA, PACCTO-
SIHHE MEX/Y IBYMsI TOYKAMH IIPOCTPAHCTBA HAMHOTO MCHBIIE,
4eM 71 HAXOJSIIETOCS B COCTOSHUM MOKOs (MOKOSIIErocs OT-
HOCHTEJIBHO JIBYX TOUCK). DTO CIPABEAIUBO U AN OTPE3KA Bpe-
MEHH MEX/y ABYMsI cOObITHsMU. UeM ObicTpee BBI ABHXKETECH, TEM
MeJICHHEeEe MAYT Bauy yachl. ExuncTBeHHOE, YTO siBIsieTCst abco-
JIIOTHBIM — OJIMHAKOBBIM /I BCeX HabJII0IaTe/IcH, HE3ABUCUMO
OT UX JABM)KCHUS, — ITO YETHIPEXMEPHBII IIPOMEXYTOK MEKAY
ABYMsI cOOBITHSIMHU (B IBYX MECTOIIOJIOKECHHUSX) TIPOCTPAHCTBEH-
HO-BPEMEHHOTO KOHTHHYYMa.

Hakonen, OfiHmTeitH mokasas, 4To Macca (a Takke SHEprusi)
OKa3bIBACT BIMSIHHUE HA YCTHIPEXMEPHBII POCTPAHCTBEHHO-BPE-
MEHHOH KOHTHHYYM. ITnockocTu cierka HCKpUBIAIOTCA 1OJ
BO3/ICHCTBUEM MACCUBHBIX 00BEKTOB, HanpuMep 3Be3x win /.
(D¢ dexr Gonee MaICHBKUX H JIETKHX OOBEKTOB — aCTCPOHAOB
un 1610k — npeHebpexumo man.) Benegcersue sroro Bee, o
JIBIDKETCSI 110 IIPSIMOM, OY/Ib TO CBET MJIU IIIAHETA, B IIPUCY TCTBUH
MAaCCHBHOTO TeJIa HAYUHACT JBUTATHCS 110 KPHBOJIHHEHHOM TPaeK-
topun. 1o, 4TO MBI BOCIIPUHHMAEM KaK IPABUTALIHIO, B JCHCTBHU-
TEJIBHOCTH SBJISICTCS CIIEJICTBUEM BO3/CHCTBHSI KPUBU3HBI IIPO-
CTPAaHCTBEHHO-BPEMEHHOTO KOHTHHYYMa Ha JBIDKCHHE IPYTHX
tes1. [TockosbKy MbI TOBOPUM 06 HCKPHBICHUH IPOCTPAHCTBEHHO-
8pemenr020 KOHTHHYYMA, BPEMSI TAKKE HCIIBITBIBACT BIMSHUE MaC-
cuBHBIX Te1 — BOmuau Y /I yacs 3aMeIsa10TCA.

Ecnu Bee 10 KakeTcst Bam 6peoM, IO3HAKOMBTECH € aCTPO-
HaBTOM /Ixo Kynepom us ¢anractuyeckoro ¢punsma «Murep-
cresutap>». Bmecte ¢ mapTHepamu nmo komanae Amenuein bpang
u JloiiioM OH MpOBeJ JIHIIb HECKOJIBKO YaCOB B MHPE, HA3BaH-
HOM IlTaHeTOl Muep, Ha Op6I/ITC ruranTckod /I TapranTioa.
3-3a upesBbryaiinoit 6nusoctu opbursl mianers: k /0 uckpu-
BJICHHE IPOCTPAHCTBEHHO-BPEMEHHOTO KOHTHHYYMa OKa3aJI0Ch
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1. 3naKomcmso ¢ nPoCMPAHCIBEHHO-BPEMEHHDIM KOHIMUKYYMOM

OYCHb CHJIBHBIM, U BpeMsi TaM OykBaibHO monsio. K Bosspane-
Huto Kynepa, bpang u Jloitna Ha « DH/pIOpaHC>» YETBEPTHIH YICH
xomanzel Hukomait Pomuimm mocrapen Ha 23 roga.

CunpHOE HCKPUBIICHHE IPOCTPAHCTBEHHO-BPEMEHHOTO KOH-
THHyyMa IposiBisieTcsi B obmuke camoii [apranrioa. 171 okpyskena
B 00J1aCTH 9KBAaTOpa IUIOCKMM AUCKOM IIEPErPETOro rasa, U3 Ko-
TOpOro Marepus nagaet B apipy. [To nzee, Bbl 40IDKHDI 6b11H OBI
YBHJETb TOJIBKO OIMKHIOI CTOPOHY AMCKA. B KOHIje KOHIIOB,
ero ganpHssA cropoHa Haxogurcs 3a 1/I. Ho B cuny nckpusie-
HHSI IPOCTPAHCTBEHHO-BPEMEHHOTO KOHTUHYYMA CBET JaIbHEH
cropoHs! usrubaercs u obxozur Bero lapranrioa. Y/1 npeacraer
B OKPY)KECHUH SPKOTO KOJIBIIA.

Hymato, Bpemenamu ogepsxumocts Kuma Topra gomkHa
Obla pasapaxkarb XyAOXKHUKOB IO criel;d$pPeKTaM U KOMIIBIO-
TEpHON aHMManMU JOHZOHCKOH ¢pupmbl Double Negative, xo-
TOPOH MPHUIIUIOCH NPEBPAIATH €rO YPABHECHHSI, OMUCHIBAIOIIHE
IPOCTPAHCTBEHHO-BPEMEHHOM KOHTHHYYM, B 3aXBaTHIBAIOIIIHE
kazpsl. FHOorza mocieHee coso ocraBanock He 3a pusukom Ka-
MUPOPHHUICKOTO TEXHOIOTHYECKOTO HHCTUTYTA, U HAy4YHAsS JO-
CTOBEPHOCTH OTYACTH cTpajgana. B cBoeii kuure «Murepcren-
nap: Hayxka 3a xagpom» (The Science of Interstellar), nsgannoit
B2014r., Topu BcmomuHacert, uro pesxuccep puabsma Kpucropep
Homnan He x0Ten cantuikom yCIOKHATD 3PUTEIISIM KU3HB. B koHed-
HoM cuete TopH ocTascst oueHb foBoseH. «Kak 51 6b11 pag, korga
BIIEPBbIC YBUZET 9TU Kaapsl! — muureT oH. — Brepssie 3a Bcio
HCTOPUIO B roJUIMBYACKOi kapTure 1/1 u ee auck Opuin nsobpa-
JKEHBI TaK, KaK Mbl, JTIO/H, YBUAUM HX B PEalbHOCTH, KOT/A HAYy-
YHMCSI COBEPIIIATH MEXK3BE3/HbIC IICPEICTHI> .

I/ITaK, MBI MOXXCM ONMCATh U BU3YAJIU3UPOBATDH BIMSIHUC HC-
KpHUBJICHUSA IPOCTPAHCTBCHHO-BPCMCHHOI'O KOHTHHYYMa, MCHSI-
IOICC TPACKTOPHIO CBCTA M XOJ BDCMCHHU. Ho xax npCACTABUTD
3TOT ‘ICTprCXMCPHbel KOHCTPYKT, TCM 6OJICC €ro I/ICKpI/IBIICHI/IC?
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CKJIAJKH HA TKAHU NIPOCTPAHCTBA-BPEMEHH

B 1917 r. Anp6bepr OMHIITEIH HAIKMCAT O CBOCH HOBOM TeO-
puH HeOOIIBIIYIO KHUTY, Ha3BaHHYIO 0e3 3areit «O cnermanpHON
1 061mell TCOPUH OTHOCHTENBHOCTH (00IIEAOCTYIIHOE UBITOXKE-
Hue)» %, BiociegcTBun 06 OTHOCHTENBHOCTH MHCAIN U FPYTHC
asropbl. OgHa u3 cambix 3a0aBHbIX pabor — «Mucrep Tomn-
kuHc B Crpane Yyznec», HanucanHas B 1940 r. kocmonorom I eop-
ruem Tamossiv®. OHa 10 CHX IOP M3JACTCS, U 3TO HE CIIyYaiHO.
B panHeM mopoCTKOBOM BO3pacTe s 3aJIIIOM IPOYET JPYTyIo
KHUTY — «OKCKyPCHs IO IPOCTpaHcTBy u Bpemenu» (Guided
Tour Through Space and Time)® Benrepckoro ¢pusnka IBbr
®enpo, Harucannyio B 1959 1. Eciu BB X0THTE Cepbe3HO YITy-
OUTBCS B IIPEAMET, HEIPEMEHHO [IPOYUTANTE 3aXBATHIBAIOIYIO
kaury Knma Topra «Y/1 u cknaaxu Bpemenu: [lepskoe Hactesue
Otinmreitna»’ (1994). B neit 6onee 600 cTpanu, HO OHA aspe-
COBaHA MACCOBOMY YHTATEIIO.

Jl7ist BU3yaM3anuu 4eThIPeX U3MEPEHHUI HCIOMB3YETCS HEXU-
TPBLI IpreM — 3a0bITb 06 OAHOM U3 HUX. PasymeeTcs, Mbl He cTa-
HEM UTHOPUPOBATh BPEMEHHOEC H3MEPEHHUE, HO OTOPOCUTH OHO
3 [IPOCTPAHCTBEHHbIX — JOIYCTUMO. TakuM 06pasoM, OCTaroTCs
7iBa IPOCTPAHCTBEHHBIX U3MEPEHUS U OfHO BpeMeHHOe. [po-
CTPAHCTBEHHO-BPEMECHHOM KOHTUHYYM CTAHOBUTCS TPEXMEPHBIM,
a ¢ TpeMs UBMEPEHUSIMU MbI 3HAKOMBIL.

B nByxMepHOM IpOCTpaHCTBE MPEAMETHI MOTYT IEpeMe-
IJAThCST TOJIBKO BIEPE] HJIM HA3aj U BICBO MM BIpaBo. Bepx
U HHU3 OTCYTCTBYIOT. JlaBaiiTe COCPEZOTOYMMCS HA JBIIKCHUSIX,
COBEPIIACMBIX B /IBYX H3MEPECHHUSIX, B TOPU3OHTAIBHOMN IIOCKO-
CTH.

I[peacrassre 4Ba 00BbEKTA, ABIKYIIHECS B ILIOCKOCTH I10 IIPSi-
moit. OH U3 HUX — JIyY CBETA 3BE3/bl, UMCIOLUIUN CKOPOCTb
300 000 xM/c, Apyroi — IUIaHETA, IEPEMEIIAIONIAACST B TOM 5K
HarpasyieHuy, HO B 10 000 pa3 mezaneHHee, cO CKOPOCTBIO HE 60-
nee 30 km/ c. Ecitu HU Ha oiH 13 3TUX 0OBEKTOB HE OKA3BIBAETCS
HHKAKOE BHCIIHEE BO3ACHCTBHE, 00a OYAyT ABUIaThCS 11O HEM3-
MEHHOH IPSIMOH, XOTA U C OYECHb Pa3HBIMU CKOPOCTSMH.

32



1. 3naKomcmso ¢ nPoCMPAHCIBEHHO-BPEMEHHDIM KOHIMUKYYMOM

Teneps momectum ConHie B 3Ty MIOCKOCTb MPHUMEPHO
B 150 MH kM oT npsamoii. MeI 3HaeM, yTo Macca ConHia cos-
JaeT UCKPUBJIEHHE IPOCTPAHCTBEHHO-BPEMEHHOI'O KOHTHHYYMA.
BenencrBue aToro TpaekTOpHs ABMXKEHHUS KaK CBETA, TaK M IUIa-
HeThl ucKpuBiAeTca. Ho BoT 4To cTpaHHO: TpaekTOpus cBETa
MEHSICTCS KpaitHe Maso (MBI BepHeMcs K Bosaeiictuio ConHia
Ha TPaCKTOPHIO CBETA B IJIABC 3), 4 IVIAHETHI — HA30BEM €€ 3EM-
JIell — ropasio CHiIbHEE, IIPEBPaIasich B KPyrosyko opbuty. Yro
npousomnno? Eciu Ha 00a 00BbeKTa BO3JICUCTBYCT OJJHA U Ta XK€
CHIIa, pa3Be OHH HE JJOJDKHBI CIIE/JOBATh TPACKTOPHAMU OJJMHAKO-
BOU KPUBU3HBI?

Her, ne nomkusl. M BOT moyemy: MBI paccMaTpHBaeM UCKPH-
BJICHUE HE IIPOCTPAHCTBA, A IPOCTPAHCTBEHHO-8PEMEHH020 KOH-
THYyyMa. T00bI ZEHCTBUTEIBHO TOHSTH POUCXO/SIIIEE, HYXKHO
100aBUTH B HAIlE JBYXMEPHOE IPOCTPAHCTBO BPEMEHHOE H3MeE-
PEHHE U PaCCMOTPETH JBIDKEHHE B TPEXMEPHOM IIPOCTPAHCTBEH-
HO-BPEMEHHOM KOHTUHYyMe. Mrak, Bpemst samemaet coboit Tpe-
Thbe MPOCTPAHCTBCHHOE M3MepeHue (Bepx/Hus). Paxrudccku
MBI CO3/IaJIM HOBYIO TPEXMEPHYIO cHcTeMy KoopauHar. Ilo ocsam
X ¥y — B TOPUBOHTAIBHOM IUIOCKOCTH — JIEJICHUS OTMEYAIOT
xaxgbie 300 000 xm (PaCCTOHHI/IC, KOTOPOE CBET IMTPOXOJIMT 32 Ce-
kyHzy). ITo BepTHKanpHOM OCH 2 MMECIOTCS aHATIOTHYHBIE JjeIIc-
HHS, COOTBETCTBYIOIUE CEKYHAM.

[aBaiiTe CHOBa pPacCCMOTPUM TPaeKTOpHIO cBeTa. B HyneBoil
MOMEHT BPEMEHH OH HAXO/JUTCS B IICHTPAJIbHOH TOYKE MPOCTPaH-
crBa. Yepes oiHy ceKyH Iy OH y>Ke IIEPEMECTHIICA B IIPOCTPAHCTBE
Ha 300 000 xM — ozHO HeNeHHE B TOPU3OHTAIBHOH MIIIOCKOCTH.
Ho B TpexmMepHOM IpOCTPaHCTBEHHO-BPEMEHHOM KOHTHHYYME
OH TAKOKE CIBUHYJICS HA OJIHO JieieHre BBepX. Beap npomnuna ogHa
cexynga. Mrak, B mpocTpaHCTBEHHO-BPEMEHHOM KOHTHHYYME
CBET JIBIDKETCS IIOJ, YITIOM 45°.

Teneps B3rsiHeM Ha 3emio. 3a CeKYHZAY OHAa IPOXOIUT
Tonbko 30 kM. Hameit mnanere nyxuo 10 000 cexynpg (2 gaca
M MOYTH 47 MHUHYT), 9TOOBI PO/ENATh B IPOCTPAHCTBE MyTh
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B 300 000 kM. ITosTomy TpaekTOpHs ABIKEHUSA 3EMIIM B TPEX-
MEPHOM IIPOCTPAHCTBCHHO-BPEMCHHOM KOHTHHYyMe (ee mupo-
645 AUHUS) IMEET TOPa3f0 MCHBIIMH HAKJIOH, 9€M TPACKTOPHSL
cBeTa — Bcero okono 20 yIIoBBIX ceKyHA (yrIoBas ceKyHAa
paBua 1/3600 rpagyca). Y croponnero Habmogarens cosga-
€TCsI BIIEYATJICHHE, YTO CBET JBHMOXKETCS IO AMArOHAJH, a IIJIaHETa
HPaKTUYECKH TOYHO BBEPX — 720%7%14 BEPTHKATIBHO.

IToxa Bce sicro. Ho uto npousoiizer, ecin 106aBUTh B cXeMy
Connue? B nameit ynpomennoii cxeme ConHile He JABMKETCA
B IIPOCTPAHCTBE — €ro ckopocTs paBHa 0 kM/c. COOTBETCTBEHHO,
B TPEXMEPHOM IIPOCTPAHCTBEHHO-BPEMCHHOM KOHTHHYYME OHO
nepememniacTcsi crporo BeprukanbHo. OpgHako Macca ConHila BbI-
3BIBACT KPOXOTHOE UCKPUBJICHHE IIPOCTPAHCTBEHHO-BPEMEHHOTO
KOHTHHYyMa. B pesynbrare 1 MHpPOBast TMHUA JIyYa CBETA, H MH-
pOBast IMHMUS IJIAHETHI YPE3BBIYANHO C1a00 OTKIOHSIOTCS. Bot
KAK 3TO IIPOHCXO/IHT.

JuaroHanpHast MUPOBas IMHUS CBETA CJIETKA HCKPUBILIETCS,
HO B TCYCHHE OYCHD HEJJOJITOTO BPEMEHH, TOCKOJIBKY Y HETO OYEHb
BBICOKasi ckopocTs. He mpoiizer n MrHOBeHHSI, KaK CBET OCTa-
BUT JAJICKO MO3azH 0071aCTb, IZ¢ IPOCTPAHCTBEHHO-BPEMEHHOM
KOHTHHYYM uckpusieH maccoit Comnna. Kak u pansiie, on g8u-
XKETCSI CTPOTO MPSIMOTMHEHHO, B TO K€ BPEMsI CMELIAsCh BBEPX
IO/ YITIOM 45°, TOJIBKO TEIEPh ITOT HAKJIOH UMEET 9y Th-4yTh HHOE
HampasieHHe. B mpoexuuu Ha BYXMEPHYIO INIOCKOCTh MBI BH-
JUM, 9TO TPACKTOPUS CBETA CJIETKa U3MECHUIIACH.

Hanporus, 3emns ocraercs B obmactu uckpusienus. Ona
IPOO/DKAET ABUTATHCSA B IPOCTPAHCTBEHHO-BPEMEHHOM KOH-
THHYyM€ [IOYTH BEPTUKAIBHO IOJ OZHUM U TeM e yriaom 20"
Ho nanpasienne aToro KpoXoTHOro HaKJIOHA MEZIEHHO, HO ITO-
CTOSIHHO MCHSIETCS U3-32 HCKPHUBICHUS, CO3[aBAEMOTO MACCOIi
Connna. I'To npomecrBun noutn 8 M cexynz (0Kono Tpex Me-
CAILICB) HAINIPaBJICHHUE USMEHUTCS Ha nonubix 90°. B npoexyun
Ha IByXMEPHOE IIPOCTPAHCTBO MBI YBUAUM, YTO IUTAHETA POLIIA
YeTBepTh CBOeH opbuTsl Bokpyr CoiHiia.
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1. 3naKomcmso ¢ nPoCMPAHCIBEHHO-BPEMEHHDIM KOHIMUKYYMOM
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B NpocTpaHCTBEHHO-BPEMEHHOM KOHTUHYYME MUPOBAs MUHMS Ny4a CBETa,

ABuKyLLerocs co ckopoctbio 300 000 Km/c, MeeT HaKNOH B 45°, Toraa Kak
MWPOBAs NUHUA NNAHETbI, CKOPOCTb KOTOPOM ninb 30 KM/C, NOYTU BepTMKaNbHA
(BepxHWi puc., maclutab He Bbigepxar). 06e MUPOBbIE IMHUM KpaliHe cnabo

OTKMOHAIOTCA BbI3blBaeMbIM CONTHLEM UCKPUBSIEHUEM NPOCTPAHCTBEHHO-

BPEMEHHOI0 KOHTUHYYyMa (HM)KHMﬁ pMC.), HO B NPOEKUNN Ha NPOCTPAHCTBEHHYIO
KOOPANHATHYO NSTI0CKOCTh (I'OpMSOHTaﬂbHaﬂ I'IﬂOCKOCTb) nnaHeTa UCNbITbIBAET

ropasgo 60nbLuee OTKOHeHUe, YeM CBeT
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10 cnaboe uckpusiaenne! 3a 8 MIH CeKyH[ IUIAHETA IEpe-
MECTHJIACh Ha 8 MJIH JIeICHUH «BBEPX>» B IPOCTPAHCTBEHHO-
BPEMEHHOM KOHTHHYyMe. B To >ke Bpems oHa npojenana B npo-
CTpaHCTBe KakuX-TO 236 mMuaH kM. D10 MeHee 800 menenmit
B TOPU3OHTAIBHOM IIIOCKOCTH. Bbi10 6bl 4pe3BBIYaHO CII0XKHO
3aMETHTh OTKJIOHEHHE TPAEKTOPHH IVTAHETHI B IPOCTPAHCTBEHHO-
BPEMEHHOM KOHTHHYYME HEBOOPY>KEHHBIM I71a30M — TPAEKTOPHSI
HPE/ICTABIISAET MOYTH HIEATBHYIO IPAMYIO.

Yepes rog 3emirst coBeput monHbli 060pot Bokpyr ConHuia,
PaBHBIH OKOJIO 940 MAH KM B npocrpancrse. Ha aTo eit morpe-
6yeTc51 31,5 man cexyng. CrnimpanpHast MUPOBast THHHSA 3EMIIH
B IIPOCTPAHCTBEHHO-BPEMEHHOM KOHTHHYYME MPAaKTHYECKU He-
ormmyuMa ot npsAmoil. I Ipuunna storo B Tom, yro ConHie He sB-
JISETCs YPE3BBIYANIHO MACCHBHBIM OOBEKTOM U BBI3BIBACT C1ab0C
HCKPHUBIICHHE TPOCTPAHCTBEHHO-BPEMEHHOTO KOHTHHYYMa. TeM
HE MCHEE €CJIU 320BITh O BPEMCHHOM M3MEPEHUU U CMOTPETh
TOJIBKO Ha IJIOCKOE JBYXMEPHOE MPOCTPAHCTBO, TO OKAXKETCH,
YTO TPAEKTOPHs 3EMJIM CHIIBHO OTKJIOHEHA — HACTOJBKO, YTO
IPEBPATUIIACH B 3HAKOMYIO BCEM KPYroByI0 opbuty. Mexay Tem
CBET YK€ IPOMYAIICS [OYTH YETBEPTh PACCTOSHMSA JO OMypKail-
IICH 3BE3/IbI.

IlonsATh 3TH BELM JOBOJIBHO CIOXKHO, €CJIU CIABIIIUIND O HUX
BIIEPBBIE, — U 5 JaXKE HE MPEJIJIATal0 BaM IIPEJICTABUTD 4e/mbLpex-
MEPHBITL IPOCTPAHCTBEHHO-BpeMeHHOM KoHTHHYYM. (Ecnn Bor
3aIy TAJIMCh, HONPOOYHTE IEePEIUTATh IPEABIAYIIUCE CTPAHHULIBI
3aBTpa YTPOM MM Ha caepyromeit Hepene.) Kak 6b1 To Hu 65110,
TEreph Bbl IOHUMAETE, MTOYEMY IIPUMEHHUTENBHO K MPOCTPAH-
CTBCHHO-BPEMEHHOMY KOHTHHYYMY U OOLIEMY IPHHLUITY OTHO-
CHTEJIBHOCTHU OOBIICHHOE BOCIIPHSTHE HAC TOJBOJUT.

OT0 nmoyuuTeNbHBIN IpuMep. PaccMaTpuBast cTalKHBaIOIH-
ecsa 9/I, upe3BpI9aiHO CHUIBHOE UCKPHUBIIEHUE IIPOCTPAHCTBEH-
HO-BPEMEHHOTO KOHTHHYYMa U IPAaBUTAIIMOHHbIC BOJIHbI, HEJIb3SI
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noBepsTh MHTYHLMH. ONMUpaTbCst HYXKHO Ha PACYEThl CYIIEPKOM-
IbIOTEPA, BhIoaHeHHbIe Ha ocHOoBe OTO Anb6epTa OUHINTEHHA.
Ecnu Mb1 foBepsieM DHHIITEIHY, TO JODKHBL COITAIIATBCS C pe-
3yJIBTaTaMH TaKHX PAacYCTOB.

910 opHa u3 npuunH BocxumeHus Kuna TopHa tem, kakum
nonyuuics ¢unsm «MHreperemmap». B pacnopsbkernu xomma-
HUU — paspaboTdnka BU3yaJIbHBIX CIELdPPEKTOB, TAKOH KaK
Double Negative, nmerorcst HaMHOTro 60s1ee MOLIHbIC KOMIIbIO-
TEpEI, 4eM y pusuka-reopeTruka us Kanudopuuiickoro Texuomno-
riudeckoro HHCTUTyTa. CO34aHHbIC HMU CLICHBI JAIOT TAKUM y4e-
HbIM, Kak TopH, HOBbIe LieHHbIe Haen. B «HTepcrennap: Hayka
3a KagpoM» OH muumet: « /a1 MeHs a1 OTphIBKU U3 GHriIbMA
0/,00HbI SKCIICPUMEHTAIBHBIM JaHHBIM: OHU IIOKa3bIBAIOT TO,
9TO 51 HY 32 YTO HE YBUZEH OBl caMOCTOSITENbHO, 6€3 MoAeapo-
BaHHUI» S,

Kak nocrymaior yueHsle, eciu y HUX MOSBIAIOTCS uzen? Pas-
yMeeTcsl, yOIMKYIOT CTaThio. TOpH M3Jal Jaske ABE CTaTbu —
0 «KpoToBOH HOpe> u o ruranTckoi 1/] IapranTioa ns «urep-
crennap». [Toumure ux texcr B untepHere. Ilepsast craros,
osamaBieHHas «Busyanusanus kporosoit Hopst B “VHTepcren-
nap”» (Visualizing Interstellar’s Wormbhole), 6pi1a ony6amko-
BaHa B IPeCTOKHOM American Journal of Physics. Bropas, «Ipa-
BUTALJMOHHOC JIMH3UPOBaHHUE, cosfraBacMoe Bpaiyaroumucst 171,
B actpodusuxe u B dunpme “‘Mureperennap”» (Gravitational
Lensing by Spinning Black Holes in Astrophysics, and in the
Movie Interstellar) — B apyrom npodeccHoHaIbHOM KypHAIE,
Classical and Quantum Gravitation’. Coasropamun obeux crareit
soicTymuan Onusep [bxeiime, FOmxun ¢pon Tynueasman u [Toxn
®panknun. J[xeiMC SBIACTCS ITAaBHBIM HAY YHBIM KOHCY/IBTAHTOM
Double Negative, ¢pon TyHuensMan — OTBETCTBEHHbIN PYKOBO-
JUTEIb KOMITAHUY I10 KOMIIBIOTEpHOI rpaduke, a Ppankimn —
coocnosarens Double Negative n oTBeTcTBeHHBII pyKOBOAUTEND
110 BU3yanbHbIM a3 pexram. PU3HKY-TCOPETHKY IPHUSTHO, YTO €TO
YIOMsHYIH B MHTepHeT-6a3¢ kuno$uabmos (IMDD) B kagectse
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