TEOPUS CXKATHSA BCEJIEHHOM.

B knure M.A. Knumumuna (1), ykazaHa BO3MOXKHOCTh OOBSICHEHHS KPACHOIO
CMEILIEHUSI CIIEKTPOB rajJlaKTUK, U3MEHEHHEM CKOPOCTH CBETA.

«KpacHoe cMmellleHHe B CIEKTpaxX TajakTUK MOIJIO Obl MMETh MECTO U MpH
M3MEHEHUHM CO BPEMEHEM BEJIMYMHBI CKOPOCTH CBETa, a TaKXKe MPU YMEHBIIECHUU
SHEPIUM KBaHTa B MPOLECCE €r0 MYTEUIECTBUS B MEKTATAKTUYECKOM MPOCTPAHCTBE.

Ho ecnu sHeprus kBaHTa B IIPOLIECCE ATOTO IBUKEHUS HE IEPEAAETCA HUUEMY, TO
ee yMeHbllleHHe (yBEJIMYEHHE [IJIMHBI BOJHBI) MOXKET HMMETh MECTO JIMIIb MpH
HapylICHUU 3aKOHA COXpAaHEHWsI SHepruu. EciM ke KBaHT TepseT 4acTh CBOEH
DHEPTUH, TepefaBas €€ ApyruM (QOTOHAM WIIM YaCTUIIAM CPEIbl, TO MPU STOM
HaIpaBJICHUE €ro JBIKEHUS H3MEHsIIOCh Obl. [lodTomMy wu300pa)keHus MajieKux
rajakTUuK ObUIM Obl pacCIUIbIBYATHIMU M HEUYETKUMH U TeM OoJiee pa3MbIThIMHU, YeM
JANbIIIe ATa TAIAKTHKA HaxonuTcs. Ha camoM e aene n3o0pakeHus Kak OJIM3KUX, TaK
U JaJIEKUX TajJakTHK J0CTaTOYyHO ueTkue. [loaToMy rumore3a «CTapeHHs] KBAHTOBY
oTOpoIlIeHa.

YroMsHyThIe JABE JpPyrHe BO3MOKHOCTH (M3MEHEHHE pPUTMa BPEMEHH WU
CKOpPOCTU CBE€Ta) BOOOINE HE MOIYT ObITh NPOAHATU3UPOBAHBI BCEPHE3 B PAMKaAX
CeroJHsIIHEN TeopeTrueckoi (u3uku. YTo Takoe Bpemsi, MOYeMy CKOPOCTh CBETa B
BAKYyM€ SIBJIIETCS MOCTOSIHHOM M MAaKCHMAJIBHOM M3 BO3MOXHBIX, CYLIECTBYET JIU
KaKas-TO CBA3b MEXK]y I'PaBUTALMEN U AJIEKTPOMArHUTHBIMU CBOWCTBAMU BEILIECTBA —
BCE€ ATH BOMPOCHI, OYEBUIHO, OYIyT pEUICHBI JUIIb B Oy IyIIEM.

Ceronnst «pa3beraHue» rajakTUK MPUHUMAETCS Kak peanbHbiid dakt». (1,
ctp.394)

B Teopum cxarusa BceneHHOM W3MEHEHME CKOPOCTH CBETa HE HWCXOJHBIN
MOCTYJIaT a BBIBOJ, MCXOJAIIUA HMMEHHO M3 3aKOHOB coxpaHeHus. Kpome storo,
TEOpUsI CXKATUS PaCKpbiBaeT (U3UYECKUH CMBICT MHOTUX (PyHIaMEHTaIbHBIX
NPUHIUINOB, MPUHLUMUI  OTHOCUTEIBHOCTH, MPEAEIbHOCTh CKOPOCTH  CBETa,
omnpefereHrue BPEMEHHU, POXKJIEHUE TMpOCTpaHCTBA. Bo BpemMs  HamucaHus
KiuMUIIMHBIM KHUTH, HE CYIIECTBOBAJIO €II€ JAHHBIX, KOTOPhIE MOXHO OBLIO ObI
NPUMEHHUTHh B KauyeCTBE MOJATBEPXKIAIOIIMX HM3MEHEHHE CKOPOCTH cBeTa. Benp ecnu
CKOpPOCTb CBETa C TEYEHHUEM BpPEMEHH YMEHbBIIAETCS, TO Mbl JIOJDKHBI HAOMIOAAThH
MIOCTOSIHHOE YBEJIMYEHUE BEJIUYMHBI KPACHOTO CMEIICHHs, Kak OyJnTo Obl rajakTHUKH
yCcKOpsitoT cBOil paznier. B 1980 romy 3Tux maHHbIX elle He ObUIO, OHM MOSIBUIIUCH HA
pyoexe teicsuenetuid B 1998-2001 rogax. IlepBeie naHHBIC OBUIM TOJTYYEHBI IO
M3YUYEHHUIO JAJEKUX CBEpXHOBBIX (2,3.4,5).

Kazanoce Obl, MOSBUIACH BO3MOKHOCTH CEPHE3HO PACCMOTPETh BapHaHT C
W3MEHSIOIIENCs CKOPOCTBhIO CBETa, OAHAKO, 3T0 He Tak! [Ipoucxoaut MoaepHu3anus
CTapbIX TeOopui, OONbIIEH YaCThIO IMyTeM BBEACHHUS HOBBIX CYIIHOCTEH, - TakK
Ha3bIBAEMbIX TEMHOUW SHEPruM, U TEMHOM MaTepuud B Mpuaady, sl OObICHEHUS
HEJIOCTATOYHOCTH BUUMOI'O KOJIMUYECTBE BEILIECTBA B rajlaKTUKaX.



Nnmm ke myTeMm BBEIEHUS HEKOTOPHIX (OPMAIBHBIX TOMPAaBOK K (opmyiam
3aKOHOB (hm3WKH, Tak HaszbpiBaeMmas MoaupunupoBaHHas HBIOTOHOBCKas NUHAMHKA,
«MOH]I», B kauecTBe ajbTEepHATUBBI TEMHON MaTepuu (6). MuiIrpom, npearnoaoxKul,
YTO 3aKOH TATOTEHHS HbIOTOHA, CIipaBeJIvB JMIb HA MajbIX paccTosHUAX. Ecim xe
pacCTOSIHUSL BEJIMKO, TO CHUJIa MPUTSDKEHUs OyaerT oO0paTHO MPONOpLHMOHAIbHA
pacCTOSIHUIO HE B KBaJpaTre, a B HEKOW MEHBIIECH CTENEeHU. IDTO BCE HAIIOMHHAET
CUTYAIIMIO C TIOMCKOM HMCTOYHUKA aHOMAJIBHOTO JABMKEeHHs Mepkypus Ha pyoOexe 19-
20 BekoB (7).

«MOXHO HEMHOT'O U3MEHUTh 3aBUCUMOCTb CUJIbI OT PACCTOSHUA B35IB 3aKOH BUA

Mm
r (2+A)

I'me A, HAMHOTO MEHBbIIIE €IUHUIBI. DTO BBIPAKEHUE, U3BECTHOE MO HA3BAHUEM
3akoHa Xoia, B 1895 roay ucnons3oBan HetokoM...» (7, ctp.119).

A rumnoresa CKpbITOM, HHA4€ TEMHON MaTe€pUn, aHAJIOT —

«...MIPULUIOCh TMPUUTH K MPEANOJOKEHUIO O CYUIECTBOBAaHUM KakKOW TO
HeBegoMoin Matepun» (7, ctp.31).

S kak Obl TepeckouMsl OT WUACH YyCKOpsolerocs pasiera BceenenHoi
COOTBETCTBEHHO T'MIIOTE3bl TEMHOM YHEPTHUH, U IPYTO aHOMAJIUH, BBI3bIBAIOIICH UAEIO
TeMHOW MmaTepuu. OJHAKO 3TU (akThl B3aMMOCBsA3aHbl. PemieHue ob6omx BOMpPOCOB
3aKJIIOYEHO B OJTHOM HJEe.

Cy111ecTBYIOT CUJIbHbIE OOBEKTUBHBIE PUYMHBI, KOTOPbIE HE MMO3BOJISIIOT CIENIaTh
IpeaNnoYTEeHNE MTONCKaM TEOpUH ¢ IEPEMEHHON CKOPOCThIO CBETA, a cladbie U poOKue
IIONIBITKH CJIETKA OLICHUTH TOJBKO HAMETKH Ha IOJXOJ, HA3bIBAIOTCSA B YUYEHOU Cpele
«AK30TUKOI» (19). DTH K€ NMPUUYUHBI, HACTOJIBKO CHJIbHBI, YTO HE MO3BOJWIM MHE
JOJIOKHUTB PO Teoputo cxxkatusi BeenenHoi Ha koH(pepenuuu no rpaButauud B 2006,
a Tak ke Ha KoH(pepeHuusax actpoHoMoB 2006, u 2007 ronos.

Oty npobiemy s cuuTaro HeoOXoauMod mMosiCHUTh. CyIIECTBYIONIEE HBIHE
NOHMMaHUE HAyYHOIO Mpollecca, Kak M JroOble 3HAHUS BOOOIIE, ObUIO KAKUM TO
oOpazoM BbIpabOTAHO, WJIM TIOJYYEHO, 3aT€M IPOBEPEHO, OTPabOTaHO [0
COBEpUIEHCTBA. JTO KAaKOW TO MEXaHU3M, KOTOPBIA IMO3BOJIAET IOJIy4YaThb HAYYHbIN
pesynbTat. IIpolie MoHATh, KaK HEKYIO MPOrpamMmy, IMO3BOJISIOILYIO U MOJIYYUTh 3TOT
pe3yJibTar.

51 paccMOTpPrO METO/IBI HAYYHOTI'O [TIO3HAHUS B pa3Hble 3110XU. B 1peBHEM Mupe 310
Obula penurusi, BIIOJIHE Hay4dHas, [0 MEpKaM JPEBHEr0 MHpa CHUCTeMa 3HaHUH. DToi
ANO0XE COOTBETCTBOBAJIO MHPOBO33PEHHUE YEIOBEYECTBA HECKOJIBKO OTJIIMYHOE OT
HeiHenHero. OHO [aBajo KakWe TO OrPAaHUYCHHs, HE MO3BOJIIONINE JOOUTHCS
ompeaeneHHbIx TexHomorui. K mpumepy, y erumnerckux ¢apaoHOB ObLJIO OTPOMHOE,
JaXXe IO COBPEMEHHBIM MEpPKaM, KOJUYECTBO pecypcoB. PapaoHbl CTPOWIH
NAPaMHUJIB, & O CTPOUTEIBCTBE CAaMOJIETOB, WJIM BO3AYIUHBIX IIAPOB, NAKE U HE
3alyMBIBAJINCb, MHPOBO33PEHHUE HE JaBaj0 TaKOW BO3MOKHOCTH, XOTS HEKUU
POCTEUIINI JIeTaTeNbHBIN anmnapar, UMA MOT ObITh MOCTPOEH. 3HAYHUT, BEIUYMHA
pecypcoB i1 TEXHUYECKMX HOBHHOK HE UIrPAaeT OMNPEIEesole  poiu.
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CpenHeBeKOBOE MHUPOBO33PEHNE HE JABAJIO BO3MOYKHOCTH INPEACTABUTH 3€MIIIO HE B
LeHTpe Mupa. Ee maxe cuuTanu IUIOCKOW, a TJIABHBIM JOBOJ, YTO BOJAA C KPYyIJIOU
3eMJIM CTEYET BHU3, €CJIM OHA — 1Iap.

Ho ¢ coBpemeHHbIM MHpOM Bce OTIMYHO? Beab Mbl BOOpyXeHBbI HamOoJiee
NPAaBWIbHBIM HAyYHBIM IOAXOAOM, OKCIEPHUMEHTOM, KOTOPBIA MPOBOAUM IS
YCTaHOBJICHUS 3aKOHOMepHOCTEN! OIHAaKO, HENb3sI TaK JIETKOMBICIIEHHO OTHOCHUTCSI K
y>Ke oTpaboTaHHBIM HjesiM. ECTh MpU3HAKK TOTO, YTO OJIM30K TYIMHK B BO3MOKHOCTSX
noctpoeHuit GpyHaaMeHTaIbHbIX Teopuil. KakoBbl 3TH npu3HaKku?

«B 1875 roay Kaxaplii 4eloBeK, CIIOCOOHBIH K MaTeMaTHKE, MOT 32 HECKOJIbKO
MECSIIEB IMOJIHOCThIO Pa300paTbCs B JI0OKA3aTEIbCTBE OOJBIIMHCTBA HW3BECTHBIX
teopeM. K 1975 rogy ... MaTeMaTUKH €I1[€ MOTJIM MOJHOCTBIO MOHATH JOKa3aTeIbCTBO
000 nokazaHHoM Teopembl. K 2075 romy mMHOrHMe 00JaCTH YUCTOW MAaTEMAaTHKHU
OyIoyT 3aBUCETh OT TEOpPEM, KOTOpPbIE HE NOHMMAET HUKTO W3 MaT€MaTUKOB — HH
UHIAUBUAYAJIbHO, HHU KOJUIEKTHBHO. ... OOBIYHBIM J€JOM CTaHeT (opMasibHAs
BEepU(PHUKAIUS CIOXKHBIX JOKa3aTeNbCTB, HO NPHU 3TOM OyAEeT MHOTO pPE3yJIbTaTOB,
IpU3HAHUE KOTOPBIX Oy/eT OCHOBAHO HA COLMAJIBLHOM KOHCEHCYCE€ B HE MEHbLIEH
Mepe, YeM Ha CTpOorom Jiokaszarenbcrsey (10).

IIpuBeny emnie HECKOJIBKO ITUTAT.

«CyneprpaBuTalidss OTKPBIBAET IIMPOKOE IOJIE AEATEIbHOCTH, MPHUBJIEKAIOIIEE
BHUMAHHE [IECATKOB TEOPETHKOB, €KETrOJHO IO CyNeprpaBUTAlMU MTyOIUKYIOTCS
COTHU crareil. Ee mareMarndeckuil ammapaT CTajl HAaCTOJbKO CIIOXKHBIM, YTO 3a
UCKIIFOYEHUEM Y3KOIO0 Kpyra IIOCBSILIEHHBIX HAWJETCSd HEMHOIO JIIOIEH, KOTOpbIE
NOHMMAIOT 3HAUYE€HHWE TOTO WM MHOro cuMmBoja. B moem otaene pabGotaer onuH
CHEIUANNCT IO CyNeprpaBUTAlMA, U OOBIYHO AK€ HEIMOJIHBIA pacyeT 3aHUMAaeT y
HEro cTomnky Oymaru toimmHoW 10 cm. Bemp kKak HU TOPOCTBI W HHU U3SIIIHBI
MaTeMaTU4YECKHE OCHOBBI TEOPHUH, NMPOBEPKA NETAIEH MOKET OKa3aTbCsA JOCTATOYHO
KPOIIOTJIMBOM.

N3-3a CI0KHOCTH M TPOMO3AKOCTH BBIYMCIICHUM TIOKA €1I€ HE YAAJI0Ch OTBETUTH Ha
BoIpoc...» (8, ctp. 160).

«Ha 3acemanuu Jlonnonckoro Koponesckoro oOmectBa BaitHOepr moguepkHysn
0€3bICXOIHOCTh CIIOKMBLICHCS curyauuu. “KBaHToBas rpaBurtanus, MO-BUIMMOMY,
HEJOCTyIHA JIIOOOW HKCIIEPUMEHTAIBHOM MPOBEPKE, KOTOPYID MbI CIIOCOOHBI
npuaymaTh, — 3asBUJ OH. — (DuH3uMKa B OCHOBHOM BCTYIIAET B TaKyk 3py, KOTaa
HKCIIEPUMEHTHI YK€ HE B COCTOSIHHH MPOJIUTh CBET HA (PyHIAaMEHTAJIbHBIE MPOOJIEMBI.
[Tonoxenue oueHb TpeBOXXHO . S crmpocun y BaitnOepra, He 03Ha4yaeT JIM JTO, UTO
¢bu3nKa CTAaHOBHUTCS YKUCTO yMo3puTenbHOW. “He mymaro, — orBetun on.— S
HAJICIOCh, YTO OCTPBIM yM SKCIEPUMEHTATOPOB HAAET KakoW-To Bbixod . Ho oH
MPU3HAJICS, YTO AK€ HE MPEICTABIIACT, KAKUM MOT ObI ObITh BEIXOI»(8, cTp. 161).

«IlockonpKy IUTAaHKOBCKas [UIMHA INPUMEPHO Ha 17 TNOPSAKOB MEHBIIE, YEM
JUIMHBI, KOTOPBIE MBI MOKEM HCCJIEA0BATH CErOJIHS, IJIs TOr0, YTOOBI YBUAETH CTPYHY
OpPU HCIOJb30BAHUNM COBPEMEHHBIX TEXHOJOIMH, HaM MOTPeOyeTCcsl YCKOPHUTENb
pasmepom c ranakTuky»(9, ctp.146).

COBEpILIEHHO OYEBUJIHO, YTO TEOPUU CO3JAIOTCA HE NPOCTO CBEPXCIOKHBIE
MaTeMaTUYeCKd, HO U Oecroie3Hble B IUIAHE MPOCTOrO HKCIEPUMEHTa, O
MPAKTUYECKOM HCIOJIB30BAHUM JIaK€ PEeYd HET. DTO OOLIMN KPU3HC COBPEMEHHOM



(yHIaMeHTaIbHOM Haykd. VI OH IpOMCTEKaeT HE M3 HEBO3MOXKHOCTH JaJbHEHIIEro
pa3BUTHs HAyKH, a ©3 TOJHCUIEH «BBIPAOOTKM» W HCUEPHAHUS OOIIMX
MHUPOBO33PEHUYECKUX MOAX0A0B. Kpome OTCyTCTBHUSI TEPCHEKTUB, O5TU TMOJIXOJbI
CTAHOBSITCSl aKTUBHBIM TOPMO3SIIIUM (haKTOPOM TMporpecca nuBmiIn3anuu. KakoBbl 3Tu
«topmoza»? Ilouemy onm oOycimoBwiu mporpecc 19 — 20 BekoB, W ToYeMy OTHU
MOJAXO0/IbI ce0st ucuepnamu?

«Bu3uTHAs KapTO4YKa» COBPEMEHHOM HAayKHM HW3YyUYEHHE IPUPOIBI, OTKPBITHE
HOBBIX 3aKOHOMEPHOCTEM, MPOBEACHUE JKCIIEPUMEHTOB, KPUTHYECKOE OCMBICIECHUE
OTKPBITBIX 3aKOHOMEpHOCTe. Mbl Kak Obl uaeM Mo OeckpailHeMy KOpPUAOPY, H,
OTKpBIBasl IBEpH, CMOTPUM, UYTO TaM HAaXOJUTCA. B KOHIIe KOHIIOB, OOHAPYX UB, 4TO B
KaXJ0M KOMHATE OJHO U TO K€, IEPECTAEM UX OTKPBIBATH, U I KAXKIAOU 3aKPBITOM
JIBEpU MbI MPOCTO PUCYEM OJIHY M Ty K€ KAPTUHKY, 3TO HA3BaJIUd MaTEMaTUYECKUM
MOJEIHUPOBAHUEM.

Ho oueBuaHO, 4TO COMOCTaBIECHUE ABEPHU U HAIlIE YBEPEHHOCTU B TOM, YTO TaM
HaXOJUTCS, HA CAMOM JieJie Y Ke BBIIUIO 3a MPaBWJIO HayyHOro nojaxojna. K tomy xe,
MBI TI0JIaraeM, 4YTO KOPUAOP MPSMOM, 1 OECKOHEUHBIH, C OCTOSHHBIMU MTPaBUJIAMH, TO
€CTh 3aKOHAMH, YTO TakK JK€ HaxXOJMUTCS 3a TpaHbl0 HAy4YHOro mnojxona. Bumas
HECOOTBETCTBUE BBIPAOOTAHHBIM IpaBUJIaM, YUY€HbIE TOBOPAT, YTO 3TO TPYIHOCTHU
TEOPUU U HE CIlelIaT €€ NOMEHATh. Ho maxke He 3TO ABISETCS TOPMO30OM, BEAb MPH
HAKOIUUICHUU JIaHHBIX HaONIOJCHUN BCe-Taku OyJEeT cliejaH MpPaBWIbHBIA BBIBOJ, U
COCTaBJIEHO HOBOE ypaBHeHue. [Ipu moaxoe «OTKPBITHIDY, Mbl HE BUIMM PA3ITUYHBIX
KAUEeCTBEHHBIX CTOPOH, KOTOPbIE MOXHO IIOHMMAThb KaK HEKOE YYBCTBEHHOE
BOCIIPUATHE, ACTETUYECKOE OTHOUIEHHWE K TOMY WM WHOMY MPEIMETY B KaXKIOU
KOMHATe, WJIH BapUalUsAX OCBEIICHHOCTH, PACKPACKU U MPOYero. Mbl cUUTaeM, 4TO
Ha70 ObICTpee W OBICTpEee WATH MO KOPUIOPY, YTOOBI OTKPHITH HEYTO HOBoe. U ecnu
MbI HAXOAUMCS B KOPUAOPE, 3aMKHYTOM B KOJIbIIO, TO, HE paclo3HaBasi KAYECTBEHHBIX
JeTaJIed, CYUTAeEM e€ro OECKOHEUHBIM, Oeras, kak Oeiika B koyiece. OJHO3HAYHO, YTOOBI
HAy4YHBIH Tporpecc B (pyHIaMEHTATBHBIX OOJACTAX HAYYHBIX 3HAHWW IPOJIOJDKAJIC,
HEO0OXO0IMMO M30aBUTCS OT MUPOBO33PEHUS OTKPBITUI.

CBoe0o0pa3HOil BUSUTHOM KapTOUKOW TaKOTO MOoAXoja Oy/leT He OTKPBHITHE HOBBIX
3HaHUM, a TMPHUCIOCOOJICHUE CBOETO MBIIUICHUSI K BOCIPHUATHIO MPOIECCOB,
NPOUCXOJAIIMX B MHpE. OTO KA4YECTBEHHO HHOW mnoaxon. B MupoBo33peHun
«OTKPBITHI», HEKOTOPBIE T€HUAJIbHBIE 03APEHMUS SIBIISIIOTCA TOJIBKO HEIMPEACKAa3yeMOi
ClIyyallHOCThIO. B MHpPOBO33pEHHHM MPUCIOCOOTICHUS MBIIUICHUS K MHPOBBIM
COOBITHSIM, TaKHWe€ SBJICHHUS O3HAYaIOT TOJBKO TO, YTO MO3T MPOBHIIA, €ro 00pa3
MBIIIJIEHUS, OPUTUHAIIBHOCTh MBICIIH, TIPOCTO OBUIN JIyYIll€ MPUCITIOCOOTIEHBI K HOBBIM
3HAHUSM.

CdopmynupoBaHHble TPUHIMIBI OBUTA TMPOBEPEHBI MPAKTUYECKH, OTKyJa U
nosiBWJIach Teopusi cxartusi Bcenennoil. A mompoOoBall  MpoaHAIU3UPOBATH
UCTOPUYECKUIA XOJ| Pa3BUTHsI TEOPUW TpaBUTAIlMU, KaKk OBl mpucrocabiuBas CBOE
MBINIJICHUE K HAYYHOW Teopuu Oymymero. Y MeHsS TOJyYWSIUCh HEKOTOPHIE
pesyabtarel. Ho, 3aHUMasch TakuM MOJCIUPOBAHUEM, S YIIYCTUJ BOXXHYIO JeTalb, -
MBIIICHUE COBPEMEHHOI'0 YUYEHOI'0 OTHIOAb HE TPUCIIOCOOJIEHO K HOBBIM 3HAHUSIM !



OTO BBIPAXKAETCS B BUJEC HENOHUMAHHWS, U HENPUATUA CO CTOPOHBI YYEHBIX
BOOPY>KEHHBIX COBPEMEHHBIM Hay4YHbIM METOJOM. Teopus Ajid HUX, Kak Obl BOOOIIE
HE CYILIECTBYET, U 3TO OOBACHUMO, IOCMOTPUTE PUCYHOK 1.

OueBuaHblid  (QakT, YTO 3HAHUS COBPEMEHHOTO YYEHOIro JOOBIBAJIUCH,
YTOYHSJIUCh, COBEPLICHCTBOBAIMCh MHOTMMH YYEHBIMHM, OOLIMNA YpPOBEHb 3HAHUU
COBPEMEHHOI'0 YUYEHOI0 HaXOAMTCS Ha BBICOTE CBOCOOPA3HOW IUIAHKU 3HAHUHM «2».
COOTBETCTBEHHO, CTapaHUSIMU OJHOTO YEJIOBEKAa, JOCTHYb TaKUX K€ BBICOT
HEBO3MOXKHO, M II09TOMY BBICOTA IUIAHKM 3HAHUM Ul TEOpUM ckaTus BceneHHON
OyZAeT COOTBETCTBOBATh YPOBHIO «1», HAMHOIO MEHbLIEMY, YeM YpoBeHb «2». Ho 310
KayeCTBEHHO WHbIE€ 3HAaHUH, OOBEAMHEHHE HUX C YPOBHEM COBPEMEHHOIO YUEHOTO
CMOXET JIErKO MPUBECTH K HOBOM HayYHO-TEXHUYECKON PEBOJIOLNH, ypoBeHb «3». Ho
C TOYKHM 3PEHMSI COBPEMEHHOI'O YYEHOI'O0 YPOBEHb «1», HAXOOUTCS MPOCTO BHU3Y, TO
eCTb HE TMPEACTaBIsET BOOOIIE HHUKAKOM ILIEHHOCTH, M HE BBI3BIBAET HHTEpECa.
CoOBpEeMEHHBIN YUYEHBIM IPOCTO HE MOYKET BOCIIPHUHSATH HAXOXKICHHE KaKUX TO HIEH,
BHE IUIOCKOCTH CBOMX 3HAHUH, OH Kak Obl HE BUIUT Pa3HUILy MEXAY IPOCTHIM
KanaMOypoMm, 1 pOpMYyJIMPOBKAMH TEOPUU CKaTHs BeeneHHOM.

Pucynok 1

3

2 - SHEHMA COERPEMEHHENX YHEHEIX
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Sl mosACHWII TPUYMHBI HENPUATUS MO TEOPHUH, U OCHOBHBIE MUPOBO33PEHUECKUE
MOJX0/1bl, MO3BOJIUBIIKE €€ c03/AaTh. OCMBICICHHE BIMSHUS MHPOBO33PEHUS, HACT
OTBET HA BOIPOC, KakWe d>X€¢ (yHIAMCHTAIbHBIE TMPUYUHBI TOPMO3SAT Pa3BUTHE
UUBUIM3AUUU. ECIM Y4enOBEeK HE JKEJIAeT OTKA3aThCAd OT KAKUX TO JOTM, IPUBBIYEK,
0COOCHHOCTEW BOCHPUSITHS, OH HUKOT/Ia HE CMOKET HalTH HOBbIE 3HaHMs. Ero ynen
TOJIKO M3y4aTh TO, 4YTO YK€ HAMUCAaHO B Y4yeOHUKAaX, U MOBTOPSATH TO, YTO KTO-TO
CKaXeT.

KonkpeTrHa 3aKOMIIIEKCOBAHHOCTh JOTMaMH COBPEMEHHOT'O YUYEHOTrO, 3TO J0TMa
SIMHCTBEHHOCTH M BCECHMJILHOCTH MaTeMaTHUKH. MaTeMaTuka 1 CIICIMAINCTa OYCHb



uHTepecHa. M3ydeHne MaTeMaTu4ecKuX IPUEMOB 3aHUMAET OYEHb MHOTO BPEMEHH, a
pe3yapTaT 3ay4MBaHMUS OTHUX MPHUEMOB CO3JAECT WIUIKO3MIO IpeBOCXonacTBa. Mmmmx
YMHOI'O 4e€JIOBEKa O4yeHb npusTeH. Ho Henb3s mpeBpamaTh KOHKPETHYHO CHCTEMY
3HAHUW BO BJACTUTENS. MaremaThka TOJBKO $3bIK HAyKH, 3HAYUT, BCE HAyYHBIE
3HaHUSI MOTYT OBITh MEPEBEJCHBI U Ha JIPYTUe€ S3bIKU, U MPUHIUI MATEMAaTHYECKOTO
MOJENUPOBAHUSA, O3HAYAET TOJIBKO MEXAHMYECKUM NEPEHOC KAaKUX TO JIOI'M Ha
HEU3BECTHbIE 00JIaCTU 3HAHUN. AHAJIOTMYHO MEPEHOCY IMPEACTABICHUM O KaTaHUH
yeJioBeKa Ha KOJIECHUIIE, M KaTaHWU Ha koJsiecHuue Oora-Cosuua. S umero B Buay
dbyHIaMEeHTalIbHbIE TEOPHUH, KaK CYNEpPCTPYHBI, CYNEprpaBUTAIs, TEOPUs] UYEPHBIX
JBIp, W Tpodee, Te 00JacTH, TJe CHPaBEIIMBOCTh MAaTEMaTUYECKUX IPHEMOB €Il
TpeOyeT JoKa3aTeabCTBA, a HE MPOCThIE BBEACHUS METPUK, CHCTEM OTCYeTa, U
YMO3PHUTENbHBIX TeoMeTpuid. TpedyeT moka3aTenbCTBa caM SA3bIK, KOTOPHIMA MOTYyYEH B
CWJIBHO OTJIMYHOM OT HUCCIEAYyEeMbIX oOnacteil mecte. Ho njorma Bcecuiaus MaTeMaTUKU
YKOPEHWJIaCh KPENKO. DTOMY CIIOCOOCTBOBAJIM MHOTOYMCIEHHBIE YCIEXU Pa3IMYHBIX
Hayk B 20 Beke, a HaA4ajgo 3TOMYy MeTony mnonoxwiu ¢usuku 19-20 Bexos
OTKPBIBABIIME TEOPUI0 OTHOCHUTEIIBHOCTM W KBAaHTOBYK Teopuro.  lIpu stom
OKa3bIBAJIOCh, YTO HEKHE MAaTEeMAaTUYECKHE MPUEMbl H300pETAIUCh paHbIIe, YeM
du3nueckue U mpoyue TEeopuH. TeopHsi OTHOCUTEIBHOCTH 3JE€Ch HamboJiee SpKHil
IIpUMEpP, - BApUAHThl MHOTOMEPHBIX M HCKPUBJIEHHBIX T€OMETPUM, MOSBUJIUCH Ha
HECKOJIBKO JIECATKOB JIET paHblle, YEM TEOpHS — HOCHUTENb STOM MAaTEMaTUKH.
Cosznanoch BIieYaTJICHHE, YTO JIOCTATOYHO HAINKCATh YpaBHEHHE, J00AaBUTHh KaKUE TO
WHJIEKChI, U HOBasi Teopusi co3gaHa. CyTb MaTeMaTUYECKOr0 MOJACIMPOBAHUS UMEHHO
B 3TOM, HAIlUCaTh I'PAMOTHO YpPaBHEHHE, 3aJaTh JACHUCTBUSA, A PE3yJbTAaT CPABHUTH C
JAHHBIMU  HMCCIIEIOBAaHUM W  UCHBbITaHUM. Eciam  pe3ynpbraT  COOTBETCTBYET
BBIUMCIICHHBIM 3HAUYECHUSIM, TO YPaBHEHUE Ha3bIBAIOT Teopuen. W TyT BO Bcel Kpace
MPOSIBUWIOCH NPEYBEIMYEHHOE CaMOMHEHHE 4YesoBeka. OH mocuuTan W3JIUALIHUM
ucKaTh (usuueckuil cmbicn sBieHud. [lo cyTu, «mepectanm OTKphIBaTh IBEPHU B
HE3HAKOMbIE KOMHATBDY, O YEM $s1 TOBOPWJI paHEE, U 3TO IEPBOE HAPYLICHHE METOJA
HayyHOro no3Hanus. Kak mpumep, mNO3UTUBUCTCKAasE TOYKA 3pEHUS - «S NMpUHUMAIO
NO3UTUBUCTCKYIO TOYKY 3peHus, 4ro (¢u3Mueckass Teopus €cTb IPOCTO
MaTeMaTU4eckas MOJI€lb, U YTO OECCMBICIIEHHO CIpalllMBaTh, COOTBETCTBYET JU €H
Kakas-nm0o0 peasbHOCTh. BMECTO 3TOr0 MbI MOXEM JIUIIb CIPOCUTh, HAXOASATCS JIU €€
IpecKa3aHus B COTJIACH C COOTBETCTBYIOIMMU HaOmoaeHussMuy», C. Xokunr (20, ctp.
10). KBaHTOBbIE TEOpUM — MPOCTO MCHOJB3YIOT BOJHOBOE YpPAaBHEHHUE, CMBICIH
KBaHTOBAHMS U KBAaHTOB HUKTO M HE COOMpPAETCs MPOSCHUTD, 3a/1a4a JCHCTBUTEIBHO 32
chepoil  NEWCTBHS  YCTaHOBIEHHOTO HAy4YHOTO  MHPOBO33peHus. [IpuHIUIIBI
yCTaHOBJICHHbIE MaXxoM BO3MO>KHO M ObUTH PEBOIIONUOHHEI 17151 19 Beka, HO HIHE OHU
ce0s ucuepmnanu. Bee, 4To ObUIO BO3MOKHO JOCTUYH MTPU TOMOIIM MTPOCTOTO repedopa
yKE€ TOTOBBIX (DU3UYECKUX CMBICIOB, YK€ JOCTUTHYTO, pa3BUTHE HAyKU OyAeT
MPOUCXOJIUTH B 00JIACTSIX PACKPBIBAIOIIMX HOBBIE B3IJISAbI HA XOJ BEIIEH U COOBITUM.
1 Ha Bompoc, modyemy ke cama MaTeMaTUKa COOTBETCTBYET ACHCTBUTEIBHOCTH, TaK KE
HaJ0 HCKaTh OTBET, a HE IMPOU3BOAUTH CTATUCTUYECKHUE IEPEUMCICHUS W3MEHEHUS
bopMyJIMPOBOK MAaTEMAaTUUECKUX TEPMUHOB.

Jlis orBeTa, Ha 3TO M MHOTHME JApPyrHe€ BOIPOCHl, OOpaTUMCs CHayaia K
yueonukam. Hampumep (11), - yueOHuk mno auddepeHInanbsHOi TeOMETPUH IS



yHuBepcutTeToB. CrpaHunma 9, «...aHaJdUTHYECKass TE€OMETpUsl OCHOBaHa Ha
CONOCTABJIEHUN KaXKJO0M TOYKE MPOCTPAHCTBA — TpeX uuced (KOOPAMHAT); KaKIOh
MIOBEPXHOCTH — YPAaBHEHUS, CBSA3BIBAIOIIETO TEKYIIUE KOOPIAMHATHI; KAXKI0M KPUBOU —
JIBYX TakKuxX ypaBHeHuU. bnaromapss sToMy reomerpudeckue (HakTbl MOTYT OBbITh
nepeBeieHbl Ha s3bIK  anreOpel... JuddepennuanbHas TreoMeTpusi O3HayaeT
aHaJOTUYHOE UCIIOJIb30BaHUE B FEOMETPUUECKUX LETAX anmnapara
b depeHInanTbHOTO UCYUCIICHUSD.

Takum oOpa3om, ykazaHbl 00IIME MOJXObI JAHHBIX TUCUUILIUH. ConocTaBIeHUE
KaKOMY TO SIBJICHUIO B Halerd BceneHHOM, KOHKPETHOM MaTeMaTU4EeCKOW CUMBOJIMKHU.
Mp&1 peasibHO BUAMM MIPOCTPAHCTBO U MBICIEHHO CO371aeM ero obpa3 B Buae GopMys U
BbIpaQKEHUN. A COOTBETCTBYET JIU TAKOE OTOXIECTBICHHE HEKOW OPYroil BCEIEHHOW?
JIeHCTBYIOT JM 3TU BBIPAKEHUS TOJBKO Ha 3emile, WIM OHU JEHCTBYIOT BO BCEW
BceneHHOH, NEWCTBYIOT 1M OHM BO BCe BpemeHa? YTBEPAUTEIbHO MOXHO OTBEYAaTh
TOJIBKO TakK, - JIEUCTBYIOT Ha 3emiie, U B OJMKailllleM KOCMOCE, U TOJIbKO B TEUEHHUE
HECKOJIBKMX BEKOB, B KOTOPBIE M CO34aBajlaCh 3Ta MAaTEMATHKA, UHBIC YTBEPKIACHUSA
MPOTUBOPEYAT HAYUHBIM MPUHIIUIIAM MOJATBEPXKICHUS dKcniepumenToM. HabmoneHus
3a JaJEKUMU 3BE3/1aMHU M TAJIAKTUKAMU HE SBIIAIOTCA TAKOTO POJA SKCIEPUMEHTOM, U
ecTh (akThl, Korjga HabOmoAeHus 3a JBrkeHueM CoHIA MOPOAWIO U YTBEPAUIIO
HEIMPAaBWIbHYIO JOTMY IUIOCKOM 3eMJIM. DTOT OTPHUILATENbHBINA OMNBIT B OTPaXKEHUU
JNEUCTBUTENBHOCTH JOJKEH NMPUYYHUTh OYEHb OCTOPOYKHO OTHOCHUTCS K BBIBOJAM U3
HaOmoaenuit. Ilosromy Ha OOJBIIMX pACCTOSHUSX W BpPEMEHAX COOTBETCTBHE
MAaT€MaTUKA HYXHO TMpOBEPSATh. B Jpyroil BCEIEHHOW MOXET CYILIECTBOBATH
COBEPIIICHHO WHas JIOTUK M MAaTEMaTHK, TaK YTO MPO OOMIHOCTH IMOIXOJ0B BOOOIIE
TOBOPUTH HE HPUXOIUTCH.

Bosbmem yuebnuk (12), Ha ctpanune 13, onpeneneHue.

«BekTopoM «a», Ha3bIBAIOT HAIIPABICHHBIA OTPE30K, COCAMHSIOMINN HEKOTOPHIE
nse Touku O, 1 M mpocTpaHcTBa...» DTO ONpENEIeHNE HA3BIBAIOT T€OMETPUYECKHM,
U3 HEro BUIHO, YTO JAJISl CYLIECTBOBAHMS BEKTOpa MPEXkAE BCEr0 HEOOXOIMMO MECTO,
IJ€ ATOT BEKTOP HAaXOIUTCA, TO €CThb MPOCTPAHCTBO, WM WHOW HEKUU «IIOJUTOH

XpaHsauuM d31oT BekTtop. Ha crpanune 24, - « IlycTh B KaXAOW TOYKE «X»
IIPOCTPAHCTBA, OIPEJEIECH BEKTOP «a», MEHAIOIIUICS, BOOOIE rOBOPs, IPU MEPEXOE
OT OJHOM TOYKH «X», K APYIol «X». B srom cityyae roBopAT, 4TO

OMpeNeNeHO0 BeKTOopHOe moje «a(x)» ». Takum o00pa3oMm 3a7al0T HEKOTOpOe
pacnpeneneHue pU3NYECKUx OTIMYUN OJHOTO y4acTKa MPOCTPAHCTBA OT APYroro. ITo
3HAYUMBII MOJAXOJ B IOJEBBIX TEOPHUSX, HO YK€ HMMEETCS B BUJY CYILIECTBOBaHUE
MPOCTPAHCTBA, B KOTOPOM U €CTh paznuunbie o0nactu. Ctpanuia 87, yaueonuka (12).

«Omnpenenenne 2.1 JluneitHbiM (...) IpocTpaHCTBOM «L», Ha3pIBalOT HEKOTOPOE
MHO>KECTBO, 3JIEMEHTBI KOTOPOTO OOBSBIISIFOTCS KaK BEKTOpa M 0003HAYAIOTCS TaK Ke,
KaK U OOBIYHBIC TPEXMEPHBIE BEKTOpA ..., U HAa KOTOPOM 3aJiaHbl JIBE OMEpaIUu:
CIIOKEHUE ¥ YMHOXKCHHE Ha YUCI0.» IDTO OCHOBHI «()OPMATBHOT0» CIIOCO0a BBEACHUS
TE€H30poB. TakuMm 00pazoM JOCTATOYHO TOJIBKO 33J1aTh aOCTPAKTHOE MHOYKECTBO, U
N00aBUTh HEKOTOpPbIE MAaTeMaTHYECKHE oOIMepaluu. 3amedy, 4To U 3TO MHOMXECTBO
JOJIKHO TJI€ TO HAXOJUTCS, MPEXJIEe YEM M3 HEro CO3/ajid HEKOTOPOE MPOCTPAHCTBO,
KOTOpPO€ JaJibllie TOAPa3yMEBAIOT WCKPUBIATH HAXOMSIICHCS B MPOCTPAHCTBA
MaTEpHUEH.



MaremaTnyeckue omnepauuMyd camMyd TOYHO TaK K€ IPUHAMIEKAT, KAKOMY TO
KOHKPETHOMY MPOCTPAHCTBY, BHE HETO OHHU HE ONPEAECICHbI. B MHOW BCEIICHHOM, OHU
MOTYT OBbITh HWHBIMHU, TAaKXE€ MOTYT MEHSTbCA C TEYEHUEM BPEMEHUM B HalleH.
[TonpoOyem NOpPOSCHUTH, UTO € TAaKOE 3TH AOCTPAKTHbIE MHOXKECTBA M 4YHCIA, B
yueOnuke (13, c1p.9). «/lpeBHeilliuM  TpUMEPOM  SIBISIIOTCA  IEpecyeT
(koopauHaTH3alMA) M cueT (ONepUpOBaHUE), JAIOIIME BO3MOXKHOCTH JI€laTh
3aKJII0YEHUE O YHMCJIE MPEIMETOB, He mnepedupas ux. M3 MONbITOK «U3MEPUTHY HIIU
«BBIPA3UTh YKCIIOM» pa3JIMYHbIe OOBEKTHI BO3ZHUKAJIHM, BCIIEI 3a IEJIBIMU, JPOOHBIE U
oTpulaTe]bHble 4Yuchaa...» W3 3Toro ompeneneHuss BUAHO, 4YTO uuciaa (Kak u
MHO’KECTBA, W OINEpaluy HaJ YWCIaMH), 3TO HE HeKas aOCTpakuus, 3TO YETKO
OTpaXCHHAs B HAIllEM CO3HaHUM (pU3NYECKas 3aKOHOMEPHOCTh HAIllEro MUpa, Hallei
Bcenennoii. Ecniu Mmb1 6epem «aOcTpakTHBIE) YKCIIa, COCTABIISIEM YPABHEHHS M CTPOUM
TEOPHIO, TO HUYEr0 KpOMe Haield BceneHHoM MBI HE CyMeeM MOJy4YuTh. Ecin ke Mbl
KaKk TO HM3MEHSEM MAaTeMaTH4ecKylo (OpMylTy B yroay HOBBIM HaOIIOJaTEeNbHBIM
s dekTaM, TO HUYETO KPOME KaK U3BPALIEHHOTO OTOOpaXKEeHHsI JCHCTBUTEILHOCTH HE
nosiyurM. CKOJIBKO YrOAHO MOKHO CTPOMTH TaKMM 0Opa3oM TEOpHUH, U YeM Jaliblie
OyJeT YCIOXHSTCS MaTeMaTudyeckas Gopmyia, TeM OOJIbIIKUKA pa3pbiB OT pPeajbHOCTH
OHa OyJneT UMeTh, MPU ITOM BCE MEHbIIEE YUCIO TOHKUX A(PPEKTOB OMUCHIBATH, U
Oonbiie  TpeboOBaTh  CpPeACTB Il  MPOBEpKM. BoT B 3TOM  NpuvMHA
CBEPXYCJIIO)KHEHHOCTH MATEMaTUKU IIPU HEMPOBEPAEMOCTH PE3YIbTAaTOB. YeM
cioxuee (opmyina, TeM OoJibllie OTPHIB OT 0Aa30BOr0 3aKOHA, - YHUCIO, MHOXKECTBO,
orepanys Haj 4MciIaMH, IPU 3TOM MEpBOHAa4YaJIbHO 3Ta (opMysa ObUla OTOpBaHA OT
IPOCTPAHCTBA, U MOCTABJIEHA a0CTPAKTHOM CYIIHOCTHbIO. JTO BCE PaBHO, UTO >KUBBIX
Jr0/IeH 3aMEHATh MaHEKEHaMU B HEKOM (pHIIbME.

Ecnun 3aKk0HBI MaTEMATHUKHU CJIOKHEE, YEM CUMTACTCS, U MEHAKTCA BO BPEMEHU U
IPOCTPAHCTBE TO JIMHEHHOE OTOOpaKEHHWE HEM3MEHHBIX MPAaBHI 00s3aTeNbHO
IpUBEAET K 00Pa30BAHMIO TAK HA3bIBAEMBIX COOpOK YUTHU. TO €cTh HEMOCPEACTBEHHO
K karactpode (14), mpemyramath KOTOPYIO HEBO3MOXKHO, KaK HEBO3MOXXHO OyIeT
npeacka3arh JajibHEillee MOBEIEeHUE J00ro mpolecca, HECMOTpS Ha TO, YTO
MaTeMaTu4ecKas MOJIENb, 0 CAMOTO MOMEHTa KaTacTpodbl IeCTBOBaJIa OTMEHHO.

Bce 3tu cooOpaxeHuss MpUBOAST K IMOMCKY BapUaHTOB IOCTPOEHHUS TEOpUU
I'PAaBUTALIMK HECKOJIBKO MHBIM criocoOoM. [lepBbiii M3MEHEHHBINH MOIX0] K CO3/IaHUIO
TEOpUH, FTO OTHOILEHHE K MaTeMaTHKe, KaKk OoToOpakeHuio peanbHocTh. [lomaraem,
yTo BcelieHHas MeHseTCs, WIM CXKUMAeTCs, MWW pacmupsercs. Bo3pmem Sy,
HEKOTOPOE HayaJIbHOE PACCTOSTHUE MEXy ABYMs oObekTamu Bo BeenenHnoit. 3anaaum
U3MEHEHHE 3TOTO paccTosHus ko3 durmentom K, momyqnm.
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K OGosnpmie enuHuibl npu pacliupeHud BceneHHOW, M MEeHble €IMHMIIbI, MpU

cxaTtuu. 3anuuieM GopMyy U3MEHEHUs! PACCTOSHUM.




OTMeuaro, 4YTO W3MEHEHHE pACCTOSIHUM BO BCeneHHONW NIPOUCXOOUT B
3aBHCHMOCTH HE OT BPEMEHH, a OT HeKoro kodddunmenta K, B crenenu Bpemenu. [Ipu
MajblX PACCTOSHUSX, IO CPABHEHUIO C pa3MepoM BcelleHHOM, U CKOpOCTSX, MO
CpPaBHEHHMIO CO CKOpPOCTbIO cBeTa, ¢Gopmylsia MEPEXOJUT B OOIICYNOTPEOUTEIHHYIO
S=S/t.

Otcrofa cieayer HECKOJIbKO BBIBOJOB. OIHMH M3 HUX O3HAYaeT HEPaBEHCTBO
00JIBbIIETr0, CYMME CBOUX MaJIbIX YacCTEeu.

> s, = S

To ectTh B rajakTuyeckux macimiradax, ¥ BooOIIe Mpu Jr000i OONBINON pa3HUIEH
MaJbIX U OOJBIIMX BEIMYUH, MATEMaTUYECKUE MPABUIIA, BHIPAOOTAHHBIE JIIOJIbMH HE
BBITMIOJTHSIOTCS. DTO OTHOCHTCA U K MPaBUJIaM MHTETPANbHOTO U AU epeHIInaTbHOTO
BBIYMCIEHUN. ECTh M Ipyrou BBIBOJI, pa3Mepsl BCeneHHON MMEIOT KaKOW TO MIpenel
BO BPEMEHU U MpOCTpaHCTBE. Benb npu 100aBiIeHUN K CyMME Majioro 4uciia, cymma
3aMelJIsieT CBOM pOCT. A TMpH elle OOJbLIEM YHCIIE CIaraeMbIX YJI€HOB, POCT CYMMBI
coBceM ocraHaBnuBaercs (15). 3gech BbIpakeHbl COMHEHUSI B TPABUIBHOCTH
MaTEeMaTUKH HE KaK HAayKH, a B KOPPEKTHOM €€ MPUMEHEHUU K Hambojee oOImum
3aKOHaM MHpPO3JaHusl, - TEOpPUM TpPaBUTALMU, KOCMOJIOTMHM, MOJEINPOBAHNH,
KBAaHTOBOM I'PABUTALIMM, 1 HEKOTOPBIX MTPOYHX.

MaremaTuka He NEpBUYHA, OHA JIMIIb MEXAHU3M IMPUCIIOCOOJICHUS HAIIETro
MBIIUICHUSI K JOEWCTBUTENBHOCTU. COBPEMEHHBIE MAaTEMATHYECKUE HUIEU HE MOTYT
OBITh MCIOJIb30BaHbI B KaU€CTBE MHCTPYMEHTA ISl OTOOpaKEHUsI KOCMOJIOTHYECKOM
KapTUHBI MHpA.

PaccmMoTpuM HEKOTOpBIE TMOCTPOEHUS, MOKAa3bIBAIOLIME NEPBUYHOCTH MHUpaA U
BTOPHUYHOCTh MaTeMaTHKU 3Toro mupa. Kak ObUIO CKa3zaHO, «aOCTpaKTHBIE» 4HCIIA
nonut u3 cyera(l3). Ham mup ycTpoeH Tak, 4YTO PACCTOSIHUSA YBEIUYUBAIOTCS
JUHENHO, TO €CTh 2 mmiara, OoJbie ogHoro Ha | mar, 3 mrara, OOJbIe ABYX HA OJIUH
miar, ¥ Tak gauee. DTOT (PU3MYECKUH MPUHIMUI, peajbHO CYUIECTBYIOUIMN B HalIeM
MUpe, AaJl HaM TPaBUII0 MAaTEMAaTUKH, OTOOPaKEHHOE YUCIIOBOM OChIO 1, pUCYHOK 2.

Pucynok 2



NHON MUp MOXET MOJUUHATCS 3aKOHAM, INOKa3aHHBIM HAa OCH 2, WIM OCH 3,
BapUAHTOB OECKOHEYHOE YMCIIO, CaM 3aKOH O3HAuyaeT, YTO B Ciy4yae 2, Mbl BTOPBHIM
1aroM OTJajJIsieMcs OT HauyaJbHOM TOYKM Ha BEIWYMHY 3, a TPEThbUM LIarom,
npulmmkaeMcsi K Hadany Ha BenuuuHy 2. [IpoTtuB sTHX Mozeneil, ocb 2 U och 3,
IPOTECTYET HAlle CO3HAHWE, OCHOBAHHOE Ha 3JpaBOM CMBICJIE, HO Hall 3]IpaBblil
CMBICJI OCHOBAH Ha IpaBWJIaX HAIEro MHUPa, TO €CTh HAa 3aKOHAX BBIPAXKEHHBIX OCBIO 1,
Y HET HUKAKUX MUHBIX PUYUH FOBOPUTH, YTO OCH 2, U 3, HE MOT'YT OBITh pEaTu30BaHbI
IpaBUJIOM HEKoro mMupa. KoHe4yHo ke, Takoi Mup OyAeT BBIMISAETh COBEPLICHHOMN
abcTpakieil B HalleM IMOHMMAaHWU, HO 3TO HECYIIECTBEHHBIH JJIsi MOCTPOCHHIM
dakrop. Bo3zMOxkHO CyliecTByeT MUp 0€3 KOMIUIEKCHBIX YHCEN, MUp, B KOTOPOM HET
HUKAKUX (PU3NYECKUX 3aKOHOB, KOTOPbIE OMHUCHIBAIOTCS MpaBUJIaMU MOCTPOCHUS
KOMIUIEKCHOM MaTEeMaTHKH, U YYEHbIE TOI'O MUpa MPOCTO HE CIIOCOOHBI MPEANOI0KUT
O CYILIECTBOBAaHMHM TAaKOW MaTEeMaTUKH. BO3MOXHO, €CTb MHpBI, B KOTOPBIX
CYIIECTBYIOT HMHBIE, YEM B HAIIEM MHUpPE IPOLECCHl, a 3HAYUT MHAs MATEMAaTHKa,
KOTOPYIO JJaXKe MPEJCTaBUTh HEBO3MOXKHO C TOUKH 3PEHUS HBIHEIIHETO MaTeMaTHKa U3
HaIIEero Mupa.

Uro momemraer CynieCTBOBAaHWIO Takux MUpoB? [lo cytm oTBeTra HET Ha ATOT
BOIIPOC, & 3HAYUT HAJ0 UMETh B BHJlY BO3MOXHOCTh MX CYIIECTBOBaHUS, MHUPOB M C
Oosee OeTHON MaTeMAaTUKON, U MUPOB, 0a30BbI€ 3aKOHBI MAaTEMaTUKH TOpa3io Ooraue
3aKOHOB Hallero Mupa. PaccMOTpUM Takke HEKOTOpble MpOCTeHIIne MpaBuia
MaTeMaTuyeckux onepauuil. Ilpumep yMHOXeHHE, WM BO3BEJIEHHWE B KBaJApaT, Kak
MIPABUJIO BBIYMCIICHUS TUIOIIAJIEH TIIIOCKUX QPUTYp, PUCYHOK 3.

B Hamem mupe IOeHCTBYET MpaBWIIO, COMVIACHO KOTOpPOMY 2X2=4, HO MOKHO
MPEJICTaBUTD, UTO CYILIECTBYET MUD, JIsI KOTOPOTO 2X2=8, U B KOTOPOM 2x2=16.

PucyHnok 3
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Koneuno, MOxHO NoHMMAaTh Ciiy4dail 2, U cliydaid 3, Kak OpuMep UCKPUBJIEHHOIO
MPOCTPAHCTBA, M HCIOJIb30BaTh BMOJIHE MPOpaOOTaHHBIA TEH30pPHBIM ammapar, HO
UCIIOb3Yys TaKhe€ OCHOBHBIE IapaMeTpbl, Kak  OCOOCHHOCTH MaTeMaTHYECKUX
orepaluii, 1 yCTaHABIUBasg UX TEM WUJIU MHBIM CIIOCOOOM, rOpa3zo MpOIlEe CO3/1aBaTh
KOHCTPYKIIMIO T€OMETpUUECKUX MHUpOB. Kpome Toro, mHrepeceH ciyyaid 4, OH He
COBCEM HArIJISJIEH, HO TO3BOJSET 3aAymMaTbCA, KakKoll K€ U3 MHUPOB HCTUHHO
«IUJIOCKHI» MHUP? A MOXET, U3 BCEX ITHUX MUPOB HET HU OJHOro Iiockoro? Torma
OYEBHJIHA OMIMOKA B TOCTPOCHUU HAOOPOB TaK HA3BIBAEMBIX BEKTOPHBIX IPOCTPAHCTB,
u MHOTHX MeTofoB B OTO, Bep «KpUBOrO0 BEKTOPa» HE CYIIECTBYET, a UTO K€ TOTIa
Mbl TTIOHUMAeM MOJ TEPMUHOM BEKTOP? Mup, KOTOPhI Mbl Ha3bIBa€M ILJIOCKUM, TO
camoe «EBKIMIIOBO MPOCTPAaHCTBO» HEINb3sl HA3bIBaTh IUIOCKMM. MOXXHO HalTH
NpOCTeHINK HAOIIOAATEIbHBIA SKCIIEPUMEHT, KOTOPBIM MOJITBEPKIACT, YTO HAIl MHUP
Ha CaMOM JIeJI€ MCKPHBJIEH, U Mbl IPHUBBIKIM K 3TOMY, HE 3aME€YaeM OYEBHJIHOTO.
XYAOKHUKK MCHOJB3YIOT HE «IPsMOE» HalHMCaHHWE TMei3axeil, a u300paxaror
«MEePCHEKTUBY», W3 JIBIXKYILIEWUCS MAaIlUHbI, Mbl BUIUM MEpPEMEIICHUN OIU3KUX
npeaMeToB, Ha ¢GoHE JaleKux, 3TO camMo CcoOOW pa3ymeromuecss B HalleM
BOOOpaXEHUU OTOKJECTBJIECHUE C IUIOCKUM MHPOM, MPU3HAK €r0 MCKPUBIIEHHOCTH.
CrangapTHble IPUEMBI MAaTEMaTUKUA HE MPUCIIOCOOJIEHBI MOJ 3TH (aKThl, U HE MOTYT
ObITh  MpEJCTaBIEHbl Kak Haubonee 00mMEe 3aKOHOMEPHOCTH, CHOCOOHBIE
KOHCTPYUPOBATh KAaKUE YTOJHO MUPBI, & TOJIBKO PAa3JIMYHbIC BAPUAHTHl HAILIEr0 MUPA.
[Tpu 5TOM TIONTy4aeTcst He OOMIHOCTh KAPTHUHBI, & UCKPUBJICHHBIE W300pa’KEHUS TOJIHKO
HAaIIe peaqbHOCTH, CBOCOOpa3HbIE TPUMHUTHUBHBIC «HACKAIbHBIC PUCYHKN» BEPOBAHUIN
JTPEBHUX JIIOJIEH.

OrnpenenuB rpaHuiibl IPUMEHUMOCTH COBPEMEHHON MaTeMaTHKH, s1 Oy1y CTPOUTH
TEOPUIO IPaBUTALIMU UCXOJISI U3 HECKOJIbKO MHBIX cooOpaxkenuil. I cama MaremaTtuka
JIOJDKHA TOSBUTCSA KakK pe3yJbTaT KakKuX TO MOCTpoeHui. Takum oOpa3om, Teopus
rpaBUTAllUM HETEOMETPUYECKAsA, B KOTOPOM CaMH T€OMETPUUYECKHUE OTHOLICHUS, U
CaMO NTOHMMAaHHUE MPOCTPAHCTBA HE UCXO/IHASI aKCMOMA, a HeKuil pe3ynbrat. [Ipu Bcem
ATOM, S MCHOJIb3YI0 HauOosiee OOIIMUA HAy4YHBIH MOJXOJ, - HAOMIOIEHUS COOBITHH,



bopMyIIHpOBKA aKCUOM, TOCTPOCHUE TEOPUHU. 3aTEM MPOBEPKA TEOPUHU HA MPABUIHLHOE
OTOXKJIECTBJIICHUSI MpoOieM U HaONIOAEHUN, TO €CTh MPOBEPKAa HA COOTBETCTBHUE
JIEUCTBUTEIILHOCTH.
JI0BOJIBHO YCJIIOBHO HAa3BaHUE TEOPUH, - TEOpHUs CkaThus Beenennou. Paccmorpum
PUCYHOK 4.
Pucynok 4

PacnonoxuB 2 Maccel Ha HEKOTOPOM PACCTOSHHUM JIPYyr OT ApYra, BapuaHt 1, s
OTMEYal0, 4TO OHU MPUAYT B ABUKEHHUE, CTpeMsch cOnusutcs. Ecnu nepBoHadasbHO
PacnoyioKUTh BO BCEM MpPOCTpaHCTBE BceneHHOl O0eCKOHEYHOE YMCIIO Macc, TO OHU
CTaHyT JIBUTaThCs K HEKOMY 00IlIeMy UEHTPY Macc, 2, pucyHok 4. EquHcTBeHHas upes,
CIIOCOOHAask COOTBETCTBOBATh ITOMY IPOIECCY, 3TO UAES TAaK Ha3blBAEMOM YEpHOM
JBIPBI.

IlepBoe mpoTHBOpEYHME 3TOMY, HTO MOHUMAHHME YEPHOM ABIPBI KaK HEKOTOPOTO
CBEpXIUIOTHOro oOpa3zoBaHus. OnHAKO, JOCTAaTOYHO PaCCMOTPETh YpaBHEHUS
OpOUTANTBHONM CKOPOCTH -

M

vV ° —_—
R 1

HCpCHI/ICElTB CTro IJIiA CKOPOCTU CBCTA TAKUM O6p330M —
C 2
G 2
OHpe,Z[eHI/ITL IJIOTHOCTh MAaCCHUBHOU O6H3.CTI/I KaK I Ky6a, 9TO IIpomic, U HC
UTpaeT HUKAKOM MPUHIMITHAIEHON POJIU KyO 3T0 mim cepa —

P =

G



Ortcro1a MoyYuTh BBIPAXKEHUE ISl INIOTHOCTU YEPHOU JIBIPBI —
C 2
GR 2 4

P =

3neck P — miotHOCTH 0Opa3zoBaHus;
C — CKOpOCTbh CBETA;
G — rpaBUTaIMOHHAS TOCTOSIHHAS;
R — pa3mepsl obnacTu;
M — macca ob6nactu.

N3 BelpakeHuss 4, O4YEBUIHO, YTO NPU YBEIUYEHUU pPa3MepoB R, yepHOU IBIpHI,
IJIOTHOCTh €€ MOXET OBbITh CKOJIb YTOJAHO Mayion. /[ 6eCKOHEUHOM YepHOU JIbIPHI, €€
IUIOTHOCTh paBHa Hymto. B kuure «IIpoctpancrtBo, Bpems, rpasutanus» (17), Ha
ctpanuiie 61 HammcanHo: «CoOCTBEHHOE BpeMs, MPOIIENIIee MO YacaMm IaJIaroliero
HaOJro1aTeNs1, MoKa OH CBOOOJHO jeTen OT Touku Ro, no cdepwr IlIBaprmmibaa,
OKa3bIBAETCSI KOHEUHBIM... MOMEHT «BPEMEHN» t, OECKOHEYHO BEIHK...).

Nmeercs B BUIYy MOMEHT BpEMEHHU «t» BHEIIHEro HaOJroAarens, Jajnee yKa3aH
yTh PELICHUS 3TOr0 MPOTUBOPEUUS MOMCKOM «XOpoIux» KoopauHat. Ho s, yoexaen
B COOTBETCTBMM HMEIOLIEHCS MaTEMaTHKW TOJbKO Hamie BceneHHoW, W wuay
HECKOJIBKO UHBIM ITYTEM.

Kak Oyner BocnmpuHMMATh NAJAIOIIMK KCCIIEIOBATENb COOBITUS MHpPa, KOTOPHIN
oH moku1aeT? Bee coOBITHS BHEIIHETO MHUpa JIJIst HETO OYyAyT IPOUCXOIUTh OBICTpEe 1
obicTpee. Bpems KU3HU BCell «BHEIIHEWH» BCEJIEHHOM JJIi HErO0 CTaHET COKpaIlaThCsl.
Chavana nmo roga, moToM A0 4aca, ceKyHAbpl. Korma ke BpeMms >KU3HU «BHEIIHE»
BCEJICHHOW, TO €CTh TOW, KOTOPYK) OH MOKHIAET, cpaBHseTca ¢ «llimaHkoBCKuM»
BpEMEHEM, BPEMEHHBIE WHTEPBAIBl CTAaHYT AOCOJIOTHO HECpaBHUMEI. Bpems s
Najaroliero HaOMroAaTeNisi HUCYE3HET, TMOTEPsIB BCAKUNW  (PUBMYECKUNA  CMBICI.
[IpunuBHbBIEC CUJIBI IPU ATOM, OYAYT TaKOW BEJIMYMHBI, YTO KaKUe JTUOO MPOTSKEHHbBIC
10 pajilycy OOBEKThI NEPECTAOT CYLIECTBOBATh. TOJNIIMHA CYIIECTBYIOIIUX OOBEKTOB
HE CMOXET MPEBBIIATh TaK Ha3biBaeMble «[lmaHkoBckue» pasmepsl. sl nmagaroniero
HAOJIIO/IaTeNsl UCYE3HET OJHO M3 MPOCTPAHCTBEHHBIX M3MEPEHU, HaNpaBJIEHHOE IO
paauycy K LeHTpy cxarus. Becs Mmup npesparurcst B N-1 mepHyto rumnepcdepy, HUKaK
HE B3aUMOJECHUCTBYIOIIYIO C COCETHUMH «IapajuIeIbHBIMWY CJIOSAMU, PUCYHOK .

Pucynox 5



Hawa Bcenennan -
runepcipepa B 4x
H3MepeHHAX

CHEKHMaKWHe A CNOH

HanpaeneHue
CHHATHA
runepcdrepsl

C 3TOro MOMEHTa s HAUMHAIO MOCTPOCHUS AaKCHMOM i Haiero mupa. Panee s
NPEANOJIOKUI, YTO Hama BceneHHas, 3TO TOJNBKO 4YepHass IbIpa B HEKOTOPOW 4x
MEpPHOM BCEJICHHOW, U POJIUIIACh OHA B MOMEHT JOCTH)KEHUS IUIAHKOBCKUX Pa3MEpPOB
cnost BceneHHOM, U MICYE3HOBEHUSI BPEMEHU BCEIICHHOM.

['unoresa, B koTopoii Hamr Mup 3X MepHas runepcdepa, CKUMAIOMIAICS K HEHTPY
B UETBEPTOM HM3MEPEHUHU, caMa MO ce0e, HUYeM HEe XYK€ TMIIOTEe3 CTPOEHHUS MHpa B
BUJIE SBOJIOLMOHUPYIOIIUX OpaH, pPOAMBIIMXCA W3 «YHCTOW» MareMaTuku. Tax
Ha3zbiBaeMble M-teopun(25, 21, 22, 23, 24 u npouee). OgHako umeer OoJiee TIIyOOKHe
CBSA3U CO MHOTMMHU SIBJICHUSIMHU.

OTtkazaBmIMCh OT NpeoOpa3zoBaHUM, s JIMIIAKO MAJalOIIEr0 HUCCIeI0BaTeNs
NOHATUS XOJa BpeMeHM coBceM. Ho  U3MEHEHHs B COCTOSIHUM MCCIIEOBATEIs
POUCXOJIST.

PaccmoTpum, kak BooOle u3Mepsiioch BpeMsa. B Hayke, oka3bIBaeTcs, HET
ONpPENEIICHUS] BPEMEHU, €CTh OINPEAEICHUs MHUHYTE, CEKyHJE Yacy, HO HET
ONpENENICHUs] BPEMEHM Kak TakoBoro. CeKyHJa OIpeneneHa, KaKk HEKUHA MOMEHT
MEXIy ONpEeNeNIeHHbIM YHCIOM KoJieOaHWil aToMa B aTOMHBIX yacax. OmpeneneHue:
CEeKyHJa, 3TO HMHTEpPBaJ] BPEMEHM, 3a KOTOPBIM CBET MPEOJOJEBAECT PACCTOSIHHUE
299 792 458 metpoB. Metp, 3TO MyThb, KOTOPBIM MPEOJOJEBAET CBET, MUCITYLIECHHbBIN
nesuem 133, 3a 9192 631 770 xonebanumii. [pyrue ompenencHus HCIOJIb30BAIHCH
paHee, - TEKyLI1H [TECOK, WJIX BOJA.

JUI HalMX NOCTPOCHUM yI0OHEN MOCTPOUTH Yachl, IIKada KOTOPbIX OTOOpakaeT
paccrosiHue. YIOOHBIM MpUMEp 34eCh — TMPOMEKYTKH MEXIy CTon0amu, s
naccaxupoB noe3ga. Ha nporsoxkennn 20 npoMexyTKOB NacCaXup MU Yal, a 10
CTaHIMU Ha3HaueHusd, emy enie 1000 mpoMexyTKOB BpEMEHU, PUCYHOK 6.

Pucynok 6



1 cekvHLE 3 : 4 cervHLa
[ [T = I — 1 — I ]

Tak kak mO0ObIE W3MEHEHHS B COCTOSHUU TAJAIONIEr0 B YEPHYIO JABIPY
UCCIIEN0BATENS MPOUCXOAAT MO MEPE MAACHUS, TO MOKHO IPOCTO MOCTABUTD JIMHEHKY
BJIOJIb TPAEKTOPUHU, MPOCTPAHCTBEHHBIE 3aCE€YKM HA STOM JIMHEWKE W WUIPAOT IS
UCCIIEN0BATENS POJIb CEKYHA. OTO Kak JUIsl AacCa)Kupa IMoe3/1a, HE MMEIOUIEr0 YacoB,
HO CYMTAIOILETO CTYKH KOJIEC Ha CTBIKaX PEJIbC, BPEMS - PABHO3ZHAYHO MPONUJICHHOMY
PACCTOSIHUIO.

Ha pucynke 7, n300paxeH vccieqoBaTelb, NaJalonuil B YepHYIO JIbIPY, YacaMu
JUIsl KOTOPOTO CITY>KUT MOCTaBJICHHAS BJIOJIb TPAEKTOPUHU MaJCHUS JIECTHULIA, TIPU ITOM
HayaJlbHbII MOMEHT BPEMEHHU, COOTBETCTBYET MOMEHTY Hauaia mnajeHusa. Kaxnas
NepeKyiailuHa Ha JIECTHHUIIE, COOTBETCTBYET OJHOMY TIPOMEXKYTKY BpPEMEHH,
COOTBETCTBEHHO CYHTas O0IIee KOJUYESCTBO MEPEKIAINH, MPOMEIBKHYBIINX MHMO,
MBI onpejesnsieM OoNbIINA TPOMEKYTOK BPEMEHH, €CIIM NepeKiIaanHa — 1 cekyHa, To
60 nepexiiaguf - munyTta, 3600 — yac.

Pucynok 7



NECEHEA,

"UERHA A [ bIPA"

3aMeuy, 4YTO TPACKTOpUS NAJCHHUS HCCIENOBAaTEIsl B UYEPHYHIO JbIPY, HMEET
BBIPOKCHHOE HampaBjieHME Ha LEeHTp cxkatus. OTcroia ompejeieHue BPeMEHU Kak
TaKOBOTO, - BPEMSI, 3TO BEKTOP, HAIIPABJICHHBIN BJI0JIb TPACKTOPHUM CXKATHUA TEI.

Heckonbko MOMEHTOB CIEAYIOT M3 TaKOro ompeaeicHus BpeMeHu. OueBUIHO,
9TO BO BCEX TIOCTPOCHUSIX, TPOCTPAHCTBEHHBIC BEIWYMHBI OYyIyT CKalsIpamw,
BPEMEHHbBIEC BEJIMUMHBI OYAYyT CKAJIIpaMH TOJILKO B CIy4ae B3aMMHOW HEMOABUKHOCTHU
T€J, COOTBETCTBEHHO BEKTOpPa BPEMEHHM ATUX Tel OyayT mapaiieiabHbl. B ciyuae
JBWXKYILETOCS TeNa, CKOPOCTb, YCKOPEHUE, U MPOYUE BEKTOPHBIE BEJIWYUHBI UMEIOT
IIOHUMAHUE KAaK BEKTOP, TOJBKO TII0 MPUYUHE «BEKTOPHOCTHU», TO €CTh
HalpaBJICHHOCTH  BpeMeHu. lIpm TakoMm onpeaeneHuu BpeMEHH, 4Xx-MepHOe
MPOCTPAHCTBO UMEET (PU3UUYECKUM CMBICH, a paHee, IPU UCIOIb30BaHUU MOHITHUS 4X-
MEPHOT'0 MPOCTPAHCTBA, B JIYUIIIEM CIIy4ae YIIOMHUHAJIM, YTO OHO BBOJUTCS KaK HEKas
MaTeMaTH4eckasl CyIIHOCTh, HE TPEOYIOIIas «IyXOBHBIX YINPAXKHCHHI», WIH TOMY
1o700HOE, TO €CTh, YUCHBIC YXOAMIN TaKUM 00pa3oM, OT HEOOXOAUMOCTH OOBSICHEHUS
(bu3uYeCcKOro cMbicia 4X MEPHOrO IMPOCTPAHCTBA-BPEMEHHU, 3a HEMMEHHEM TaKOTO
00BsICHCHUS

Teneppr TOHSATHO, YTO BpeMsl  CIEAyeT TOHUMAaTh KaK 0C000 BBIJCICHHOE
(HampaBJIEHUEM CXKaTHsl), HO BCE e, TAKOE K€ MPOCTPAHCTBEHHOE U3MEPEHUE, KaK U
npoure, U MPeoOpa3oBaHUs, CMBICI KOTOPBIX paHee HE MOJyIeKal OOCYXKICHHIO,
npuoOpeTaroT GU3NYECKUN CMBICI.

Mb1 BIUIOTHYIO OpUOJU3UINCHL K OOOCHOBAHUIO MPHUHIUMIIA OTHOCHUTEIBHOCTU
OuHmreHa. (s 3TOro, Mbel JOJDKHBI PacCMOTPETh, YTO K€ TAaKOE€ IBH)KEHUE, B
C)KMMAIOLIIENCS CUCTEME U BBIAEIUTH OTIWYUE ABUKYUIUXCS TEJI, OT HAXOIALIUXCS B
nokoe. OTiInM4Yue COCTOUT B TOM, YTO IMOKOSIIIMECS TEIa UMEIOT BBIACICHHBIA LIEHTP
C)KaTus, COBINAMAIOIIAN C LEHTPOM CxXaThsi BcelleHHOM, HalOMHIO, YTO COTJIACHO
PUCYHKY 5, s MCHOJIb3yI0 B KadyeCTBE NPOCTPAHCTBA TOHKYIO rumepcdepy, HEHTP



ckaTus 3ToW THnepcdepbl HEe MPUHAUICKUAT camoin rurnepcdepe. st mpocTpaHCTBa,
KOTOPBIM SIBIIIETCS 3Ta rumnepcdepa, 3TOT LHEHTP (GUKTUBEH, U HAXOJIUTCS B
abcomtoTHOM Oyayuiem. JIBukyiuuecs Tena, UMEIOT MHOM LEHTP, K KOTOPOMY OHH
C)KUMAIOTCS, PUCYHOK 8.

Pucynok 8

N3 pucyHka BUIHO, 4TO TENO «1», ABMKETCA BIPABO, M HAXOAUTCS ITPAKTUYECKU
B OJHOM TOYKE C TEJIOM «2», TeNO «3», MOKOUTCA. {1 KakI0ro u3 Teix HapuCOBAHbI
BEKTOPBI BpeMeHHU. [3-3a pa3HOro NBM)KEHMS, LEHTPHI CKATHUS y TEJ Pa3JIMYHbI, OHU
CTPEMSATCS CKAThCA K pa3sHbIM LeHTpaM. Bo3Bpalnasce K ONpeIeIeHNuI0 X01a BPEMEHH,
BpPEMsI 3TO BEKTOp, BJOJIb TPAEKTOPHUH CIKATHSL, TO 3HAYUT, UYTO y KaXXJO0r0 TeJla CBOU
BEKTOP BPEMEHH, TO €CTh CBOS HE3aBHCHMAsi CHCTEMa OTCUETa, KOTopas pasjinyHa (1o
OPUYMHE Pa3HOW HAMNPAaBIEHHOCTH), Y BCEX TeJl, KOTOPbIE€ HMMEIOT pPa3HylO Jpyr
OTHOCUTEJIBHO JIpyra CKOPOCTh MEpPEABUKEHUS B MPOCTpaHCTBE. UTOOBI OmpenensTh
pa3MYHbIE XapaKTEPUCTUKU OJTHOTO Tella, B CUCTEME OTCYETa JIPYyroro, HeoOXOAUMO
IIPOCTO BBIMOJHUTh KOOPJAMHATHBIM MOBOPOT CHCTEMBI OTCUETA, HA YroJ, 3aJaHHbIN
OTHOLIEHUEM CKOPOCTEW JBHIKEHHS, K CKOPOCTH CXKAaTHsl CUCTEMBI OTCUETA. 3ECh
000CHOBAH MOCTYJIAT OTHOCUTEIHHOCTH DUHINTEIHA, 1 MPUMEHEHHE MPeoOpa3oBaHUit
JlopeHua. 3HauyuT, BBEJACHUE OINPEICIICHUS BPEMEHHM, KaK HAIpaBJICHUE HA TOYKY
ckatus B 4X MEpHOM MHpE, 1aeT 000CHOBAHNE MPHUHIIUIA OTHOCUTEIHHOCTH.

Hanee, s TpuUBENY ONPENEICHHE CKOPOCTH CXKATHs, MW  COOTBETCTBYIOLIEE
npeoOpa3zoBaHue. [Ipu omnepauusx ¢ BEKTOpaMH BpEMEHHU, MpPeoOpa30BaHUs
aHAJIOTMYHbl BEKTOpHOW anredpe. WM 31ech CKkppiTa HMHTEpecHass BO3MOXHOCTD,
BEKTOPHOE MPOU3BEICHUE BEKTOPOB, JA€T HAM BEKTOP OPTOrOHAJIbHBINA 000UM.

TeopeTnuecku 3T0 03Ha4YaeT BO3MOKHOCTh OCYILIECTBUTD JBUKEHUE O€3 OMOpbl, U
0e3 peakTuBHON cTpyH. COXKHbIE BHYTPEHHHE LMKIMYECKUE MEPEMEIICHUS YacTei
KOHCTPYKIIMM, MOTYT TI€pEABUraTh BCK KOHCTPYKIMIO. OTOT MPUHLMUI Y¥KE



peaau3oBaH B 3JIEKTPOJBUIaTENAX, C Yy4aCTUEM DJIEKTPOMArHUTHOTO moiis. Tenepb
CTaJI0 OYEBUJIHBIM, U MPUMEHEHHUE ATOTO e MPUHLIUINA JIJI1 TPABUTALIMOHHOTO TOJISL.

3ameuy, 4TO BIIEPBBIE B UCTOPUHU HAYKHU CHOPMYIUPOBAHO XOTh KaKOE€ TO UMEHHO
Hay4yHOE oOmpelesieHue BpeMeHH. Panee wucnonb3oBaguch aub0 ¢uinocodckue
Ompe/eNieHus, JUOO TMOJHOE OTCYTCTBHE OIpPEACICHUS BPEMEHM, IMPU YCTAHOBKE
aKCHOMBI €IMHOTO NPOCTPAHCTBA-BPEMEHH.

B Teopum cxarus BceneHHOM ecTh oOmpenelieHue CKOpocTd cBera. Jlis
PAcCCMOTpPEHHUsSI 3TOTO OIpeAeNieHuss HEOOXOAUMO JaTh OIpeAesieHHe MAaTepuu U
napamMeTpa, 3By4alllero Kak CKOpOCTb CXKaTHs.

Bce Ttena cxxumMaroTcs apyr K IPYTy, CTPEMSITCS COJNM3UTHCS IPYT C APYroM, 3a
CYET 4Yero 3To mnpoucxoaut? PaccMoTpuM ABa MaTepualbHbIX Tella, U HEKHUE
pa3Mepsl MPOCTPAHCTBA MEXAY HUMU, T€a NMEPBOHAYAIBbHO HAXOAWINCh B MOKOE. Y
HAC HET CHUCTEMbl OTCYETa, CBSI3aHHOM C IYCTBIM MPOCTPAHCTBOM, BCE HallU
U3MEPUTENIbHBIE JIMHEHKH, COCTOSIT M3 MaTepuH, B MPOCTPAHCTBE, 0€3 Marepuu,
METOK HE HapucCyelllb. A €Clu B34Th CaM MPOLIECC MPUTSKEHUS, U PACCMOTPETh €r0
YUCTO C TOYKH 3PEHHS U3MEHEHHS PACCTOSHHM, TO MOJYYUTCS, YTO MPOCTPAHCTBO
MEXIy TeJlaMH YMEHBIIAETCS, 3TO TOBOPUT TOJBKO O TOM, YTO OTHOCUTEIHHO
MaTepyu yMEHbIIAeTCsl MaclTad MPOCTPAHCTBA, pUCYHOK 9. Eciu Obl, MPOCTPaHCTBO
U Marepus CXKUMAINCh OJAMHAKOBO, TO CBSI3aHHBIA C ATUM 3PPEKT NPUTHKEHUS
MaTepHaIbHBIX TeJl ObUl Obl HE3aMETeH, TO €CTh Mporajg Obl COBCEM, U 3aKOH
OPUTSDKEHUS Ted ObL1 Obl HecnpaBemuB. M3 pucynka 9, o4eBUIHO, YTO M3MEHEHUE
npocTpancTBa AS,, ropa3ao 0oJblile U3MEHEHHsS] MacIITaboB HEKOro tena As, B TOT
KE TIPOMEKYTOK BpemeHH. JIr00asi yacTUyka MaTepuu CKUMAETCS YyTh MEHJICHHEee
IPOCTPAHCTBA, a YeM OOJbIlle Macca, TEM MEIJICHHEE OHA CXKUMAETCS, MOITOMY
HauOOJBIIIUE MACChl, OBICTpEEe «IPUTATUBAIOTCS» APYr K Jpyry. Msel Oyaem
paccMaTpuBaTh OTHOIIEHUE U3MEHEHUS PACCTOSIHUSL KO BPEMEHU, B TEUEHUH KOTOPOTO
T U3MEHEHUs MNpou3ouuiu. OTHOIIEHUE WU3MEHEHUs PACCTOSHUM, KO BPEMEHH, B
TEUEHHUE KOTOPOTO AT M3MEHEHUSI MPOU3OIUIM, Ha3bIBAIOT CKOPOCTBIO.
CnenoBaTenbHO, TAKUM K€ Ha3BaHUEM MOKHO Ha3BaTh NapaMeTp, CBS3bIBAIOIINI
W3MEHEHHE MacIiiTaba co BpeMeHEeM, B TEUEHUE KOTOPOTO 3TO U3MEHEHHUE MTPOU3OIILIO.
[Ipu sTOM, M3MEHEHHE MaciiTaba MPOCTpaHCTBa OOJbIIE, YeM U3MEHEHHE JII0OOH,
CKOJIb YTOJHO MaJioil macchel. [Ipu 3ToM O0JbIIe CKOPOCTH U3MEHEHUSI MacIITa0oB, B
IIPUPOJIE HE MOXKET CYILECTBOBaTh. [IpenenpHas ckopocTh, KOTOPasi OTKPBITA B HALLIEM
MHUpPE 3TO CKOPOCTh PACIIPOCTPAHEHUS CBETA, OTCIO/Ia U ONPEIIETIEHUE CKOPOCTH CBETA,
KaK CKOPOCTH C)KaTHsl IPOCTPAHCTBA BceeHHOM.



Pucynok 9

e PaccroAHME B

MOMEHT BPEMEHM
0

PaccToAHHE B HOMEHT
BpEerHeHd T

Ho emie ouH nHTEpECHBI MOMEHT CIeyeT U3 Takoro omnpezaeneHus. [lomaraem,
YTO €CTh J[Ba Te€ja Ha HEKOTOPOM PACCTOSHUU APYT OT Apyra, pucyHok 10, u oHu
cOJIKaroTCS.
Pucynok 10

‘-,*,-f T

Ecnu mpuMeHHnTh ompenenenrne CKOPOCTH CKaTusl MPOCTPAHCTBA, TO, OUYEBUIHO,
YTO TMPHU JHOOBIX YCIOBHUSIX CKOPOCTh CONMKEHHS HE MOXXET OBbITh OOJjbIle, 4YeM
CKOPOCTh YMEHBIICHHSI MPOCTPAHCTBA. 10 €CTh MpPEeea CKOPOCTH U 3aaH MPEAeIoM
U3MEHEHHUs caMoro pocTpaHcTBa. C Ipyroi CTOPOHBI, pUCYHOK 11, BO3bMEM OOBEKT,
KOTOPBIN CHKUMAETCA CO CKOPOCTBIO Oouibllie CKOpOCTH cBeTa. Kakoil Obl HE ObLIO
BEJIMYHMHBI TaHHOE TeJ0, COKUMAIOIIEECs: CO CKOPOCThIO OOJIbIIEN CKOPOCTH CBETA, OHO
JIOBOJIBHO OBICTPO TMOKUHET IpeJiesibl Hallel BeeneHHoi, To eCTh COKMETCS 10 TOUYKH,
MEHbIIIE KBAaHTOBOTO Tpezaena, Ha pucyHke 11, ato momenT Bpemenu T,. IToaTomy,
Telna, ABIKYIIUECs ObICTpee, YeM CKOPOCTb CBETa, HE MOTYT NPHUHAJJIekKATh HalleH



Bcenennoit. 3nech Hy»XKHO J100aBUTh, YTO 3a BpeMsi B 1 CeKyHay, BCA Haila
Bcenennas, cxxnmaercs Ha BeIM4nHY, 0K010 300 ThICAY KUIIOMETPOB.

Pucynok 11
T

CHOAMAKWIFECA
TEND

HEKOM Tena

LEHTR CHATINA
BCENEHHCA

Paccmorpum nmanee mporecc cxarus BceenenHoil. BcenieHHas nepBoHaYalibHO
omnpejeneHa Kak €JUHOE M CaMOJOCTAaTOYHOE O0pa3oBaHUE, TO €CTh 3aAMKHYTas
CHUCTEMa, CyMMa BCEX AJIEMEHTOB KOTOPOH paBHA HOJIIO.

B 4yacTu 3aKOHOB MNpUPOABI, OTKPBITBIX YEJIOBEKOM, 3TO O3HAYACT HaJM4ue
3aKOHOB COXPaHEHUS, U COXPAHEHHUE YHEPTUH, IIPU ITOM, OJIUH U3 QyHIaMEHTAIbHBIX
3aKOHOB ITPUPOJBI.

Ho s omnpenmemwii, 4ro Haxoasmascs B MNPOCTPAHCTBE MATEPHUsS, CHKUMAECTCA
MEIJICHHEE MPOCTPAHCTBA, CJIEIOBATEIBHO, COTJIACHO 3aKOHY COXPAHEHUS SHEPIUH,
Marepus JO0JKHA TOPMO3UTh CHKHUMAIOIIEECs] MPOCTPAHCTBO. A CyMMa SHEprui
CKaTHsS TIPOCTPAHCTBA U COMPOTHUBJICHUSI CO CTOPOHBI MaTEPHH, JIOJDKHA OBITh paBHA

0.

EC)KaTI/IH + ECOHpOTI/IBHeHI/Iﬂ = O;

I/IHaqe, EC)KaTI/I}I =- EconpomBneHm

Ho, mpouecc cxartusg nDpoaOJDKAETCs, 3TO OAWH W3 IVIABHBIX IPHUHIHIIOB,
3aJI0’KEHHBIX (uiIocoueit, To eCTh IPUHLUI U3MEHEHUSI.

3HAYUT, C TEYEHHEM BPEMEHHU, U DHEPrUsl CKATHSA, U SHEPIUs CONPOTUBIICHUS
CXKaTUIO YMEHBIIAETCS IPONOPLUUOHANBHO. [I[puMeHUB onpeneneHne CKOpOCTH CBETA,
MOXHO CJI€JIaTh BBIBOJ|, YTO CKOPOCTb CBETA C TEYCHUEM BPEMEHU YMEHBILAETCS, U B
OTOM «BHHOBAT» 3aKOH COXPAHEHUS JHEPruM. Ecim CKOpPOCTh CBETa C TEUYEHUEM
BPEMEHM YMEHBIIAETCSA, TO MOXHO YCTAHOBHUTH OIIPEAECICHUE BEIUYUHBI DTOIO
U3MCHEHMS, KAK YCKOPEHHE 3aMEIJICHHS CKOPOCTH CBETa. OTO COBEPIIECHHO
KOPPEKTHOE, C TOYKH 3pEHHUs COBPEMEHHOW HayudHOH (ppazeosnoruu, ompejaeneHue. B
HayKe HET MOHATHS «3aMEIUICHHE», JII000€ M3MEHEHHME CKOPOCTU HMEET Ha3BaHUE
«yCKOpPEHHE», C IPUMEHEHUEM 3HAaKa HAaIPaBICHHOCTHM B IIPOCTPAHCTBE HTOrO



yckopenusi. OgHako pedb uAeT 00 H3MEHEHHH (YyHAAMEHTAIbHOW BEIUYUHBI C
TEYEHUEM BpPEMEHHU B JI000I TOuke mpocTpaHcTBa. OrpenesieHne MaTepuu 3BYUYUT
Tak: - Marepus, y4yaCTKM NpPOCTPAHCTBA, CKHUMAIOLIHUECS MeuleHHee. Yem
«MACCHBHEE» KaKOM TO YYacCTOK IPOCTPAHCTBA, TEM MEIJICHHEE OH C)KHMAETCH,
pucyHok 12.

Pucynox 12

oTCTAaEaHWe J/
CHaTHA MacCkl

\ HanpaeneHWe BEeKTOROE CHaAaTHUA
B pa3sHEIX TOYHKaX NpoCcTRpaHCTEA
Ha3kBIBEAeMBIX MAacCcoK, TO ecTe

YHACTKOB OTCTAaBaAaHWMA CKOPOCTH
cHaTHA

W3 pucynka 12, nHarnsaHo BuaeH ocHOBHOM mnpuHiun OOmeit Teopun
OTHOCHUTENBHOCTH, UCKPUBIICHUE MPOCTPAHCTBA-BpeMEeHU. CyMMHpPYEM, PUCYHOK 8§, -
IIPUHLAI OTHOCUTEIBHOCTH, PUCYHOK 11, - MpenenbHOCTh CKOPOCTH CBETA, PUCYHOK
12, - mnOpUHIMD MCKPUBIEHHOCTH MPOCTPAHCTBA-BPEMEHHU, W TEOPUS CHKATUS
yCTaHOBWJIA (DU3UYECKUN CMBICI 3TUX MPUHLHUIIOB. ITO MOXET O3HA4YaTh, YTO JAaHHAs
TEOpUsI MOKET paccMaTpHUBaThCA Kak Ooiiee oOmas Teopus, no cpapHenuto ¢ TO. Ho
€CTh IPU BCEX 3TUX CXOACTBaX U paziuuue. [IpocTpancTBO coxumaercst ObICTpee, Yem
oOnacTh Ha3piBaeMasi MmaTepueil. BcelleHHas noiKHA 3aMEUISITh CKOPOCTh CBOETO
CKaTus, COIVIACHO 3aKOHA COXPAHEHUS DJHEPIUM, OTCTaBaHUE MACChl JIOJKHO
YMEHBILATCS.

CKOpOCTh CBETa C TEYEHUEM BPEMEHN YMEHBIIAETCS, U BEIUYMHA COIPOTUBIICHUS
CXKaTUI0, TO €CTb HHTEHCUBHOCTb B3aMMOJEHCTBUSA  CHKaTHIO, Ha3bIBAEMOE
IrPaBUTALIMEN, YMEHBIIAETCA NPONOPLUMOHAIBHO YMEHBIICHHIO CKOpOCTH cBeTa. Sl
nenar0 BbIBOA, - Teoprusa OTHOCHTENBHOCTH, YaCTHBIM M OTPAHWYCHHBIA Ciydau
TEOpUU CKaTusi BceneHHoil, Koraa n3aMeHeHHeM CKOPOCTH CBETa MOXHO MPEeHeOpeyb.
DTO BECh CHEKTP COOBITUN OrpaHUYECHHBIN JIOKAJTIbHBIMU 00JAaCTsIMU, TO €CTh MaJIbIMU
IIPOCTPAHCTBEHHO-BPEMEHHBIMU MHTepBanaMu. [lpumep, - pacuer 3ameuieHUs
BPEMEHM [UJIl YCKOPHUTENIEW 4YacCTUL, PACCUUTHIBACTCS TOJBKO IOBOPOT BEKTOpA
BPEMEHM, TO €CTh IPUHUWI  OTHOCUTEIBHOCTH, MHBIE 3aKOHOMEPHOCTHU
HECYLIECTBEHHBI.

Takum 00pa3om, s 000CHOBaJI BO3MOKHOCTh M3MEHEHHUSI CKOPOCTh CBETA, UYTO B
kaure Knumuiumna(l), oTHOCKIIOCH K 3aa4am Jisi Oy IyIIMX MOKOJICHUM.

PaccMmoTpum ¢akTsl, moATBEpKIatONINE TeopHio cxaTus Beenennoit. 13 pucynka
13, BUIHO pacnpenesieHue BEIWYMHBI CKOPOCTH CBETa IO Mepe MPUOIMKEHUS K



TATOTEIOWEMY Telly. JloImycTuM, U3 TOUKHA A, B KOTOPOM paCIOJIOKEHA IIJIAHETA, YEPeE3
o0acTh MEHbILEH CKOPOCTU cBeTa M, B TOuKy B, B KOTOpO# pacmonoxeHa Oyn3Kas K
oOnactu M maHera, MCIYIIEH CUTHAJ, OH OTPa3uJiCs, U BepHyJics K IutaHere A. . Ho
CBETOBOW CHUTHAJ IMPOXOJUT IPOCTPAHCTBEHHYIO OOJIACTH C MEHBIIEH CKOPOCTBHIO
CBETA, 3HAYNT OTPAKECHHBIA CUTHAI IPUAET C 3aAEPKKOM. DTO 3HAMEHUTHIE ONBITHI 11O
JoKauuu BeHepsl, U MOIHOCTHIO COOTBETCTBYIOT ITOKA3aHHOM KapTUHE.

Pucynok 13

TENo, KOTOPOE MOMKHO NOTpOraTe,
TO, 4TO Mbl U MOHKMMaeM nop "maccon’

M

HanpaeneHue cxaTnA

DneMeHTapHble COOOpaXE€HUsI MPUBOASAT K KapTHHE KPacHOTO CMEHICHUS
CIIEKTPOB YJQJICHHBIX TrajakTUK. HeckoapKOo MWUIMApIOB JIET Ha3zal, B JaJEKOu
TJIAKTUKE UCITYIEHA 3JIEKTPOMarHuTHas BoHa yacToToil 2 MI', To ecTh 3a CEeKyHAY
JIBa MWIJIMOHA KOJeOaHWil. 3a BpeMs MyTEHIECTBUS CBET 3aMEIJIUI CKOPOCTh CBOETO
pacrpocTpaHeHusi B 2 pasa, 3a Ty k€ CEKYHAYy Mbl IIPUHUMAEM TOJIbKO | MUIUIMOH
KOJIe0aHMii, a BpeMsl IPUHSTHS CUTHAJIA BO3POCIIO B 2 pa3a. DTO U €CTh HAOII0JaeMOe
KpacHOE€ CMEILEHUE, M YBEIUYECHHE MPOJOKUTEIBHOCTH  W3JIYYEHHS JaJIeKUX
cBepXHOBbIX. HO CKOpOCTh cBeTa yMeHbLIAeTCsl MOCTOSIHHO, U BUY€pa, U CErofHs, U
3aBTpa. DTO BBIPA3UTCS B TOM, YTO BEJIMYMHA KPACHOTO CMEUIEHUS OJHOM M TOH ke
raJlakKTHUKW, C TEYEHUEM BPEMEHM BO3PACTET, 3TO TaK K€ HaOII0Janoch, U BMECTO
NOsICHEHUS (paKTa, BECh HAYYHBIA MUP 3aME€CTPEN «OTKPBITUEM TEMHON SHEPTUN», UTO
HA CaMOM JieJie €CTh MOJMEHa HAOJIOJIEHUs, HEKUM BBIBOJIOM, U 3TO BBIXOJUT 3a
paMKu cepbe3HOil HayKn(4). DTO TOJIBKO TMIIOTE3a, U TaK K HEH CTOUIIO OTHOCUTCHL.

CBepxcBETOBbIE BEIOPOCHI B TAJICKUX TATAKTUKAX, BIIOJHE MOTYT UMETh MECTO, 110
MPUYUHE TOTO, YTO HAOJIOIaeM MBI 3TH TaJJaKTUKH BO BPEMEHA, KOTJja CKOPOCTh CBETa
TaM emie Obljla HAaMHOTO OOJibllie HBIHEIIHEW. BBIOPOCHl MPEBBIMIAIOT HBIHEIITHIOK
CKOpPOCTh CB€Ta, HO HE B TO BpEMs, KOrJa OHM NpPOU3BENEHbl. Eciau oLeHuBaTh



napaMmeTp «xabmaoBckoro» kpacHoro cmemieHust 50 — 100 km/cex Ha KIIk, TO CKOpOCTH
CBeTa yMeHbIaercs 3a roa Ha 1,5 — 3 cantumerpa B cekyHAY. D(P(DEKThl, KOTOpbIe
JOJIKHBI OTMEYaTbCsl B OJIMKHEM KOCMOCE, 3TO yBelnueHue paccrossHuil. Hanpumep
10 JIyHbI, pacCTOSHMS JOJKHBI paCTH HA BEJIMYMHY 3 — 6 CAHTUMETPOB B CEKYHIY 3a
roJl, yuuTbiBasg 3QQPeKTbl TArOTeHHUs. A OTMEUYEHO paccTosiHhe 3,8 CAHTUMETPOB, YTO
TOBOPUT 3a TO, YTO «XaOJIOBCKas» BEJIMYMHA HAXOJUTCS rae To B pailone 60 — 70
kM/cek Ha KIIk. OZHOBPEMEHHO C 3TUM JOJKHBI pacTH pa3Mepbl 3eMJIU, U pa3Mephbl
Jlynsl, 1uist JIyHBI Ha HECKOJIBKO J0JI€H MHJUIMMETpPA B rox, npuMepHo 0,5 — 0,8 B rox.
OTO BIIOJIHE MOXKHO 3aMETUTh HA OCHOBE MHOI'OJIETHUX JIAHHBIX 10 JIOKAMK JIyHBI.
Bepuemcs k paccMoTpeHMio mHoHATHA «Maccay. Ilo ompepenenuro, macca —
MEJUICHHEE C)KMMAIOIIMECS Y4YacTKM NPOCTpaHCTBA, pHUCYHOK 12. M macca tem
Oosnble, yeM OOJbllle OTCTaBaHUE OT CHKATUS COCEAHMX YYaCTKOB MPOCTPAHCTBA, HO
OHA MMEET HEKUHM pa3Mep B MPOCTPAHCTBE, TO €CTh 3aHUMAET MECTO, IIOITOMY Macca,
Oyner (yHKIMEl OT OBYX BEIWYMH, BEJIUYMHBI OTCTABAHMS U Pa3MEPOB ydacTKa
MPOCTPAHCTBA, KOTOPBIM OTCTaeT OT Ckartws. UTOOBI 3amucaTh B €AMHOU EIUHUIIE
U3MEpPEHUs 3Ty 3aBHUCHUMOCTb, HYXKHO JUOO BpeMsi OTCTaBaHUsS NpPeoOpa3oBbIBaTh B
IPOCTPAaHCTBEHHBIN (dopmar, 1UOO pa3Mepbl BbIPAXAThb €IUHUIIAMH BPEMEHHU.

m = frC At

Hampumep Tak - , 37IECh T — TEOMETPUYECKUE Pa3MEPbI
obmactu, C — CKOpPOCTh CBeTa, t — BpeMs OTCTaBaHHMS O00JIaCTH, M — Macca
reoMeTpudeckor obiactu. EquHUIBI Macchl OyIyT BBIpaXEHBI B METPaxX KBAJAPATHBIX,
a GU3NYECKUH CMBICT - BEJIMYMHA OOpaTHAs HCKPUBICHHOCTH 00JaCTH MPOCTPAHCTBA.
3ameuy, uro mpu t=0, TO €cTh IMPH OTCYTCTBHHM OTCTaBaHMs, Macca paBHA HYIO, a
Macca JIr000i 00J1acTy, TPH YIAICHH OT IIEHTpa 3TON 00JacTH, pacTeT, pUCyHOK 14.

Pucynok14

ITo onpenenenuto, B Touke 1 Macca

Oynmer - R Ty,

B Touke 2, - R,T»,

B Touke 3, - R3Ts.

Ho u3 pucynka Bungno, uro T; > T, > Ty, u paccrosaus  R; > R, > R;.



To ecTh, mpu yBENWYEHHH PpACCTOSHUSA 1O TATOTEIONIIEH MAacchl,  HAalld
U3MEpHUTENbHBIE MPHOOPHl OyAyT MAaBaTh OOJNBIIME €€ 3HAa4YeHHs.  YKa3aHHAS
3aKOHOMEPHOCTh TOJIbKO KadecTBEHHas, Oosiee TouHas (popmyiia OyAeT MOoJydaTbes
pa3OueHreM Y4YacTKOB TMPOCTPAaHCTBA Ha Majble O00JIacTH, W CYMMHUpPOBaHHEM
OTCTaBaHUsI Macc JJs KaXJOro Yy4acTka. dopma 3akoHa HproTona mms
MCKPUBJICHHBIX yYaCTKOB MPOCTpPaHCTBA OyAeT UMETh HE NMPHUBBIYHBIN IS HAC BHI, a
HECKOJIbKO MHOH (opmyia 5).

o R
R 5

I'ne G — rpaBuTanMOHHAs MOCTOSAHHAS,

M, m - Macchl Tell,

R — paccrosinue 1o nienTpa 06acT UCKPUBIICHUS,

fR — MHOXUTEIh 3aBUCHMOCTH BEJIMYMHBI MACChl OT YAAJICHHUS OT HEe.
U B nenom, sta popmynna OyaeT BeIpaxkaTh TaKOW 3aKOH —

Mm
R" 6

To ecTp 3aBUCMMOCTh CHJIBI TSDKECTH OyJeT BbIpakKeHa He 00paTHOMN
IPONOPLUHUOHAIIBHOCTBID OT KBaJpaTa pacCTOSHMS, A MEHBIIEH CTENEHBIO «n»
(bopmyna 6). Uro B mpuniumne cosmnagaer ¢ MOHJI(6). Otu 3¢ dexTsr 1 oTMeueHbI
MHOTOUYUCJICHHBIMU HAaOJIOICHUSMU BpAIllEHUN TalakTHK, TOT € 3aKOH OTMEYEH
«anomamnuein» [Tuonepos. U 31eck He HaO OBUTO BBIAYMBIBATH KTEMHYIO MAaTEPHIO», a
npocTo c(hOpMYyIHpPOBaTh HAay4yHOE IOHSATHUE Macchl, HO JJs 3TOr0 Hajao ObUIO
n30aBUTCS OT NO3UTUBUCTCKOrO MpuHLMINA 19 Beka, U MOHATH, YTO HAacTynwiI 21 Bek.
PasMepHOCTh Macchl MeTp>, Toraa pasmepHocts «G» B (opmynax 5, 6, Merp,
JEJIEHHOE Ha CEeKyHJYy BO BTOpPOM cTeneHu. To eCTh pa3sMEpHOCTb YCKOPEHHS.
Heobxoaum paccMoTpeTh, YTO K€ 3TO 3a yckopeHue. 110 BhIUMCICHUSM 3aMeJICHHS
CKOpPOCTH CBETa, CIEAYIOIIETO U3 M3MEHEHHMS CIEKTPOB TAIAKTUK, BEJIMYHMHA JTOIO
3ameqnenus pasHa ot 4,86, no 9,73 nomHoxxeHHoe Ha 10 B mMunHyc 10 cremnenwm.

F =0

F =G

6.67x107"
FpaBI/ITaLII/IOHHaH «HOCTO}IHHaH», - ) ) OJIHAKO OHa COI[ep)KI/IT I[CJH/ITGJIB,

KOTOPBIN JOJKEH OBLT CTOSTh OTAEIBHO, @ HWMEHHO 472- , OTOT JEJIUTEIb
MOKAa3bIBAET, YTO IUJIOMIAJh TMOBEPXHOCTH cdepbl, B OJHOW W3 TOYEK KOTOPOH U

2
U3MEPAETCA CHWJIA TSDKECTH, IPONOPLUHOHATIbHA 47R . IlepemHOXast noNy4YUM

8,377 x 10 - 10 , UYTO COOTBETCTBYET KpACHOMY CMeEIIeHHIO mopsiaka 80 KM/cek Ha
meranapcek. CMbICH TpaBUTALMOHHOTO KOA(Q(UIMEHTA, - YCKOPEHHE 3aMeJJICHUS
ckopoctu cBeta. B Hero (G), BXOAST M HECKOJbKO HMHBIC NEIUTENH, MOITOMY, Ha
caMOM JieJle BeJIMYMHA 3aMEJUICHHs] CKOPOCTH CBETa MEHbIIE, HO 3TO HECKOJIBKO
YCIIOXKHSIET paccka3 O TeopuH cxkartus BceneHHON W, MpUBOAMUTCS 3/€Ch HE Oyler.



CKopocTh CBeTa, KaK M YCKOPEHHUE 3aMeIJICHHs CKOPOCTH CBeTa, (popMHpyromme
BenUM4MHbL. be3 (QopMynHMpOBKM HOBBIX (PHIOCOPCKUX MMOAXOJ0B, HEBO3MOMXKHO
JajbHenee u3joKeHue teopun cxarud. IIpexne Bcero, Teopus cxxarus BceeneHHon
HEreOMETPUYECKAs] TEOPUS TATOTEHUs. TeopHsi, B KOTOPOM METPUUYECKHE OTHOIICHUS
BTOpUYHOE MoHATHE. Y oHM (OopMUpPYIOTCS B MpoIlecce U3MEHEHUS HEKOW CHUCTEMBI
Ha3bIBAEMOM HeoNpeeIeHHON (popMHUpYIOIIeH cucTeMO. DTO HOBOE MAaTEMATUYECKOE
HOHATHE, KOTOPOE CBOOOJHO OT HEJJOCTaTKOB COBPEMEHHON MAaTEMaTUKHU, TPEOyIOLIEi
IIEPBUYHOrO IIOJIMTOHA JUIsl Pa3MEILIEHUs 4YMCIOBBIX MHOXKECTB. Takas cucremMa H
onpejensieT TO, WIM MHOE IPOCTPAHCTBO, KaK HAOOp 4YuCeNd C TEMH, WIM HHBIMU
MaTeMaTUYECKUMU CBOMCTBAMU. DTO MOHATHE HE TpeOyeT MepBUYHOIO MPOCTPAHCTBA,
B KOTOPOM pa3MEIIEeHbl YKcia, U cHOpMYyIUPOBAHbBl METPUUECKUE OTHOLIEHUS. DTOM
CUCTEMON MOT'YT OBITh C()OPMHUPOBAHBI IPOCTPAHCTBA COBEPIIEHHO HE TOHUMAEMBIE C
IIO3UILIMN COBPEMEHHOM HAYKH, WJIM 1aK€ Ha IEPBBIM B3IV COBEPIIEHHO XaOTUYHBIE.
OnuceiBacMbIE NEPBOHAYAIBHOM CUCTEMOM KOOpAMHAT 2, 3, Ha PUCYHKE 2, U B
KOTOPOM 3aKOHBI CJIOKEHHMsSI M YMHOXEHHsI OTJIMYHBI OT 3aKOHOB HAIIer0 MHpA.
AHanoruyHele ujed 10 (POPMUPOBAHUIO NPOCTPAHCTBA HEKUMH OOBEKTaMU
BbicKa3zbiBasl 1O.C.BmaguMupoB, €ro Tteopus Has3blBaeTcs PensnMOHHAs Teopus
npocTpaHcTBa-BpeMeHu(26,27).  Ho wmexny HammMMHu B3MVISLIaMH €CTh TIIyOOKHE
oranuud. OH NEepBOHAYAIBHO BBOJUT HEKHUE OMHAPHBIE UUCIIOBBIE CUCTEMBI, 51 XKe
IIOJIHOCTBIO OTKAa3bIBaKOCh OT uucel. JlanpHeilnee pa3BUTHE €ro TEOPUH NPUBHOCUT
CTaHAAPTHBIA MATEMATHYECKUI IIyTh, 5 )K€ A0 ONPEICIICHUS U BPEMEHH, U Macce, U
OIIPENEIIAI0 HOBOE MUPOBO33PEHUE.

Tenepp mepeiiy HemocpenCTBEHHO K ¢uiocodun, 0e3 OCO3HAHMS KOTOPOH
HEBO3MOJKHO MPEACTaBUTH ceOe MOCTPOCHHE HEreOMETPUUECKOI TEOPUU TATOTEHUSI.

['maBueimume Bompockl ¢unocodhun BO BCE BpEeMEHAa ObBUIM O TEPBUYHOCTHU
MaTepuu WM CO3HAHMA, Kypulbl Win sina. S chopMynHpyro 3BOIIOIMOHHBIHI
IIPUHLIATI PA3BUTHS.

Bosemem IIpUMEp pPa3BUTUS OHKUBOrO opranHusma. lIpeanosnoxum, d9To
CYILIECTBYET SN0, KOTOPOE Pa3BUBAETCS B KypHILly. 3a4aAUMCS LIENIbIO BBIACHUTD, YEM
B3POCJIBbIM OPraHU3M OTJIMYEH OT SIWIA U YEM OH CXOXK.

Opranusm, KOTOpBIA ObLI B HAILIEM PAacCy>KJIE€HUU MEPBBIM — SIMI0, TPOCTEHIINI
OpraHus3M, OH aOCOJIIOTEH U COBEPIIEHEH, OH CHUMMETPUYEH U HE obyajaer
CTPYKTYpPOH, TO €CTh UEJbId OpPraHW3M COCTOUT M3 OIHOW KIIETKH. B3pociiblii
OpraHm3M, Kypuua, He o0iaJaeT TOW ke CUMMETpUEH, C3au XBOCT, BIIEPEAU KIIIOB,
cOOKy Kpbulbs. B oTinume OT diilla, OH CJIOXKHO YCTPOEH, TO €CTh O0Jiajaer
OTPOMHBIM KOJIMYECTBOM CTPYKTYPHBIX €IUHUIL, - KECTKO CIIEIHaIU3UPOBAHHBIX
KJIeTOK. KieTkn B3pOcCioro opraHn3mMa HECOBEPIIEHHBI, CYIIECTBOBATh OTIEIBHO HE
MOT'YT, B OTJIMYHUE OT SMLA.

KakuM oOpa3zoM npoucxondar Takue mpeBpaiieHus? ['oBopAT, 4TO OpraHu3M
pacter, HO 3Ta (opmysia OTpaKaeT MOBEPXHOCTHBIM B3TJsAA Ha Bemu. OpraHuzm
pPa3BUBACTCS, HE MMES IJIaBHBIM INPU3HAKOM POCT, a4 CaMbIM IJIaBHBIM IIPU3HAK —
npeoOpa3oBaHue, WJIM HU3MEHEHUE. IlepBoii accoumanuen, Yy 4YEJIOBEKa,
NOHUMAIOLIEr0 Pa3BUTUE KaK POCT(UYTO XapaKTEepHO I YUCTO T€OMETPUYECKOTO
NO/IX0/1a B OCO3HAHUU MHUpPA), U NPOUYUTABLIEIO HA3BAHME MOEU TEOpUH, SIBISIETCS
BUJICHUE HEKOT'O CAYBAIOUIETOCs IIapuKa. XOTs B Ha3BaHUM YKa3bIBAa€TCSA TOJIBKO Ha



XOJI MPOLECCOB, MOPOKIAIIMX NMPUTKEHUE. [Ipy 3TOM reomerpudeckue pasmepsl
MOTYT OCTaBaTbCsl HEM3MEHHBIMM, I JTa)KE YBEINYNUBATHCS.

WNrak, opranu3M MEHSETCA, OH HE 3aXBAaThIBAET HEKHE YacCTU WM3BHE, MO HE
NPUKJIEUBAET K cebe KpbUIbsi, U XBOCT. IIpocTedmmii opranusmM YCIOXHSET CBOIO
BHYTPEHHIOIO CTpYKTypy. CHauana OH JEJIHUTCS Ha JABE KIETKH, 3TO YyXKE HE
IPOCTEUIINN OpraHu3M, OH COCTOMT H3 JABYX CTPYKTYPHBIX €IWHHUL, KOTOpbIE
HEMHOTO OTJIMYAIOTCS IPYr OT JIpYra, 3aTeM YCIIOKHEHUE OpPraHu3Ma IPOMCXOIUT
IIyTEM CIIELMAIN3aLM1 BHOBb U BHOBb JIEJSIIMXCA KJIETOK. Ho 3TO mo-npexHemy, TOT
K€ LIeJIbHBIA OpraHu3M, KakuM OH ObLI B BUJIE OJHON KJIETKH.

@opmyiia pa3BUTU OPraHU3Ma 3BYUYUT HE KaK MEXaHUYECKHU POCT pa3MepoB, a
KAK yCJIO)KHEHHE BHYTPEHHEN CTPYKTYPBI.

N pasButHe XHBOro OpraHusMa, U pa3BuThe BCeneHHOW B LIEJIIOM, WIET TaKUM
ke IyTeM. Mpbl BOCIpMHHMMAaeM COCTOSSHHE TIEpBUYHOM BcemeHHOW, Kak
CBEPXIUIOTHOE, M 3aTE€M, MBI TI0JIy4aeM B3pbIB, PACTAHYBIIHN 3Ty CKATYIO CUCTEMY, -
COTJIACHO TeOoMeTpHuecKoMy B3risigy. CoriacHO 3BONIOIMOHHON (uiocoduu, Hama
BcenenHass mpocTo HM3MEHMJIA CBOE BHYTPEHHEE COCTOSHHE, M MPOAOJIKAET €ro
MEHATh nanbiie. IIpu sToM, pasmepbl nepBuyHOM BceeneHHON, paBHBI pasMepam
HBIHEIIHEW, CJeJI0BaTENbHO, JII00ast CTPYKTypHasl eAMHMIIAa HblHEeIIHENH BceneHHol,
HAaMHOT'O MEHbIIIE IEPBUYHON «KJIETKW», XOTs NEPBUYHAS «KJIETKA» BOCIPUHUMACTCS
HaMH KaK HEKOE CBEpPXMaJloe, U CBEPXIUIOTHOE OOpa30BaHMUE. B ¢unocodun,
IPUCYLIEH TE€OMETPUYECKOMY BOCIPHUATUIO MHpa, B TOM YHCIE U TEOPUU
OTHOCHUTENILHOCTHU, TEOPUH CTPYH, U Ipodee, 3TH (AaKThl BUAATCA MNapaJoKcamH,
KOTOPBIE HE HYKHO IIOHMMATh, JOCTATOYHO HMMEThb HEKHE ypaBHeHHs. [lonsTue
¢u3nyecKoil KapTUHBI MUPA, TaM MOJMEHEHO JETKOCTHIO 00OpaleHHsI C YpaBHEHUSIMH.
W cuuraercs, 4ro Jydlle MOHUMAET TEOPHUIO TOT, KTO 3TH OIEpPalUU IIPOU3BOIUT
HauboJsiee O€3yKOPU3HEHHO.

[IpumeHeHne 3BOIIOIMOHHON (uinoco(puu, J1aeT NOHUMAHUE X0Ja MPOLIECCOB BO
Bcenennoii, HO HEe COCOOHO JaTh OTBET HAa MPOUCXOXKICHHE BcemeHHOo#, caMoro
IIPOCTPAHCTBA BCENIEHHOMN, TO €CTh, OTKY/1a OSIBUJIOCH «SIMI0». XOTS TEOPUS CKATHUS
YK€ ONEPUPYET IBOJTIOLMUEN METPUYECKUX OTHOLIEHNN, HO OTKYZa OHU MOSIBUJINCH?

[Ipenmonoxkum, 4YTO CyLECTBYeT Hekas cucrema. Pdopma CynieCTBOBaHUS
CUCTEMBI, €€ BUJ], COBEPLIEHHO HE Ba)KHbI. DTO MOXET ObITh HEKUN 00BEKT U3 3upa,
WIN KHUTa, Wiu 0a3a JJaHHBIX HAa KOMIIBIOTEPE, MOXKET OBbITh KMBOE CYIIECTBO, WU
OTPaXEHHbI cBeT. MoxeT ObITh YTO YrOAHO, JaXke INPOCTO Ha0Op HEKUX
aOCTpaKTHBIX YHUCEN, WK 00BEKT, GOPMYy KOTOPOTO, U TO, U3 YETO OH COCTOMT, MBI
IPOCTO HE MOXKeM ceOe MpeacTaBuTh. JIBa ycIoBHs HalaraeTcst Ha TAaKOW 0OBEKT, UTO
OH CYILIECTBYET, U UTO OH MEHAETCH.

st ynoOcTBa BOCTPUSITHS 51 BBIOEPY CHUCTEMY, COCTOSIIYIO U3 COOOIIAIOIINUXCS
COCYJIOB, OJIMH M3 KOTOPBIX HAIIOJIHWIH KHJIKOCTbIO. Cocyabl 0003HAUMM «S», U
«T». KugkocTes U3 cocyna «Sy», neperekaer B cocyr «T». BbIcoTy cTon0a KUAKOCTH
OyJeM U3MepATh «S», U «t». FI3MEeHEeHHe COCTOSTHUE ITOW CHCTEMBI, 3TO MEPETEKAHUE
KUJKOCTH U3 OJHOTO COCYJla B IPYTOW, pUCYHOK 15.



Pucynok 15

Torga Mbl UMeEM psiJi OTHOIIEHUHN «S», U «t», M0 MEPE NMEPETEKAHUS KUJIKOCTH.
Brigeaum HECKOJIBKO: -

1) S=10, T=0;
2) S=9, T=lI,
3) S=5, T=5;
4) S=0, T=I10.
Tenepp pacCMOTPUM UX OTHOLICHUS,
TSI MOMEHTA
«l», - S/T= oo;
«2», - S/T=29;
«3», - S/T=1;
«», - S/T=0.

3aMeuaem, 4TO 1O Mepe MepeTeKaHus KUIAKOCTH, oTHomeHus: S/T, MeHsoTCs OT
OECKOHEYHOCTH 10 HOJSA. YKa3zaHHas BEJIMYMHA, 3Ta OJHA M3 TaK Ha3bIBa€MbIX
dopmupyromux BenuyuH Bcenennoit. @opMupyomux, moToMy 4TO, 3Ta BEIUYHHA
(opMHpYET MPOCTPAHCTBO, EI0 T€OMETPUUECKUE pa3MEPBI B TOM YHUCIIE. 3aMedy, U4TO
HU IIPOCTPAHCTBO, B KOTOPOM HAXOJAUTCA JaHHAs CHCTEMa, HU TEMIIbI X0Ja BPEMEHU
HEe Urparot s GopMUPYIONIEH BEIMUUHBI HUKAKON poJin. MOXKHO TeMITbl BpEMEHH, B
KOTOPOM <GKMBET CUCTEMa» MEHSTh, WM Ha HEKOTOPBIE MPOMEXYTKH OCTAHOBUTb,
otHouwieHue S/T, BbIpakaeT NPONOPLMU BEJIMYUH, B IAHHOM CIy4ae OTHOCHUTEJIbHbIE
BBICOTHI 3arloJIHEHUs COCyAOB. Bropas  ¢dopmupyromias BeJIMYKMHA BBIPAKAET
IIPOLICHTHOE 3aIlOJIHEHHUE COCYJ0B, U TAaK K€ HE3aBUCHMa OT BPEMEHHU, B KOTOPOM
HAXOIUTCS JaHHAs CcHCTeMa. JTa BennmumHa S/T’ — M3MEHEHHE TEMIOB XOJa
nponecca. To ecTb, TOT (akT, 4TO MO Mepe MEepPeTeKaHHsl KUAKOCTU U3 OJHOTO



COCyla, MPOLEHTHBbIE OTHOWIEHUA S, U T, MEHsOTCA, - TO CcaMO€ H3MEHEHHUE
npouecca 0T 0ECKOHEYHOCTH 10 HOJISL.

3anlOMHMM CBOMCTBa IMEPEMEHHON CUCTEMbI, B HEW yxe C(HOpPMHUPOBAHBI JBE
BEJIMYMHBI, KOTOpble W OyayT B JalbHEHIIEM OTBETCTBEHHBI 3a MOSBICHUE U
JANbHEHIIYIO SBOMIOLHIO POCTPAHCTBA Halleil BeenenHoit, 3to — S/T, u S/T°,

s Hamero Mupa BaxHbsl C, 1 G, TO ecTh /iBe (OpMUpYIOLIUE BEIUUMHBI. WX
MOXHO MHOHMMAaTh Kak C° - TIpaBUTALMOHHBIA moTeHIman Bcenennoit, G —
HaAIPSDKEHHOCTh TPAaBUTALIMOHHOTO MOJIsI BceeneHHo. OTW BEIWYMHBI TIEPBUYHBI.
Hcxonsd M3 KIIACCHMYECKMX B3IUIANOB, MeXaHWKHM HprOTOHa, m Teopum OWHINTEHHA,
HETMOHATHO, KaK TaKoe MOXET ObITb, CKOPOCTb €CTh, @ IPOCTPAHCTBA €IlIe He
cymectByer. OgHako GopMupylolias cUcTeMa JaeT HaM TaKyl0 BO3MOXKHOCTh. Bechb
Halll MUp, TOJIBKO BOCIIPpUHUMAEMbI HaMH 00pa3, Ilie-TO MPOUCXOISAIIEro Mmpolecca.
[Iponecc — nepBHYHOE IIOHATHE, A pa3Mepbl, KOOPAWMHATHI — NPOU3BOAHOE. B
COBPEMEHHOW MAaTEMaTHUKE IIEPBOM ITPOM3BOJHOM HA3BIBAIOT CKOPOCTb, BTOPOU
yckopeHne. B Teopum ckatus NEpBUYHBI HMMEHHO CKOPOCTh M YCKOPEHHE, a
IIPOU3BOJIHOE OT HHUX, - HAIllEe IPOCTPAHCTBO. DTU MUPOBO33PEHYECKHUE MTOAXOIbI TOKA
HEJOCTYIHBI Il BOCIPHUATHS COBPEMEHHBIX yYEHBIX. lIlepBHYHOCTH IpPOCTpaHCTBa
OYEBMJIHA JUISI CO3HAHUS M HE MO3BOJSET BBISIBUTH, YTO aOCTPAKTHBIM HAOOp udMcen
NEPBOHAYAIBHO TpeOyeT Kakoro ju00 yKe TOTOBOTO MPOCTPAHCTBA, U HE SIBISIETCA
aOCTpaKTHBIM, a €CTh OTOX/IECTBICHUE 3aKOHOB 3TOr0 MPOCTPAHCTBA.

Paccmotpum pucynok 16.

Pucynok 16

COMHLE
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dopMmupyromias cucteMa JaeT HaM  PAaclojOKEHUE YCKOPEHUM, CKOpOCTed U
MacTaboB B JIOKAJbHO BRIOPAHHBIX yUacTKaX yXe C(POPMUPOBAHHOTO IPOCTPAHCTBA.
Ha pucynke 16, moka3aHbl Tpu B3aMMO3aBUCHMbIE BeJIW4YUHBI, C — CKOpPOCTh
ceera, G — rpaBUTANMOHHBIN KO3(pdunuent, R — macmrabubiii (akTop, mporre



roBopsi eauHuIa paccrosHus. ['paduk orobpaxkaer okpectHocTu Hamero CoiHIa.
VYyactok 3amaH  HEOOJbIIMMH  (IYKTyallUssSMU B PaBHOMEPHOM H3MEHEHUU
dbopMUpyIOLIEH CUCTEMBI B CEpPEAMHE MPOLEcca. ITO COOTBETCTBYET HBIHEIIHEMY
cocTosiHuIO Beenennoii. OCHOBHAs Macca COCpEOTOUEHA B LIEHTPE, MMOKa3aHbl 3€MJIS,
Mepkypuii, 1 KOCMUYECKHI anmnapaTr «IIMOHEep». B BbIOpaHHOM HAaNpaBiI€HUU OCHU C
HaHeCEeHHbIMU LMPpamu, tpoucxoaiar usmenHenus C, G, R. OueBuaHo, 4TO MpuU
npubnmxenun Kk Ttaroterouieil macce, C u G, yMeHbIIAIOTCS, a pa3Mephl MeTpa
pactyt. JlaHHas KapTHHAa COOTBETCTBYET M TaJlaKTUKaM, 4eM OJIKe K IEHTPY
TATOTEIOIIEH MAacChl, TEM MEHBIIIE CKOPOCTh CBETA U IPABUTAIMOHHBIA KOIPPUIIUEHT,
U TeM OoJjblle pa3Mephl MPOCTPAHCTBA. DTO MHTEPECHBIM (akT, pasMepbl OpOUTHI
Mepkypusi(k mpumepy), u3MepeHHble Ha Mepkypuu, OOJbIe, 4eM pa3Mephbl ITOH
op6uTsl, n3mMepeHHsle ¢ 3emun. Ilo mMepe ynanenus ot macc, cuiia TsDKECTU OoJIblie,
YeM pacCuMTaHHas MO 3aKOHY OOpaTHBIX KBAJApPaTOB, HE MO MPUYMHE yBEIMUYCHUS
Macc, a MPaKTHYECKHd TOJBKO M3 3a yBEIWYCHHs TPaBUTALIMOHHOTO Ko3(duineHTa,
Ha3bIBAEMOI'0 TPAaBUTALIMOHHON MOCTOSHHOM 3aKk0oHa HproTOHA.

Ho camoe ynuBuTenpHOE NOATBEPKACHUE TEOPUM CHKATHS BBITEKAET W3
paccMmoTpeHust KBaHToBOM Teopun(28, 29, 30, 31). Hanpumep B kaure depmu Jlekuuu
no kBaHToBOM Mexanuke. Vbkerck: PXJ[", 2000(31), Ha ctpanuiie 68, pacckazaHo mpo
INPUHLUN HeomnpeaeneHHOCTH. CyTh BCEH TEOPUM KBAHTOB, B IPOCTOM INPUMEHEHUU
BOJIHOBOM (PYHKIIMH, JUJISl aHAJIU3a BEPOATHOCTU HAXOXKICHUSI BOJIHBI, YaCTULIBI WUITU
HEKOro 00bEKTa B TOM, WJIM HHOM SHEPIeTUYECKOM COCTOSIHUM, WIIM C ONPEIeSIEHHON
PHEpruer, B KakoW MO0 TOYKE MPOCTPAHCTBA, WM BpeMeHU. DyHIIaMEHTaIbHBIH
¢usnyeckuil cMbIci He TpeOyeTcs UCKaTh, cieayst MaXOBCKOMY «IO3UTHUBU3MY» 19
Beka. CoBpeMeHHas HayKa HE€ CIOcOOHa JaThb OTBET Ha TO, MOYEMY KBAHTYETCS
DHEPIUsl, KAaKOBBI IIPUYMHBI JUCKPETHOTO COCTOsAHMA BelecTsBa. [Ipu 3ToM u Tteopus
OTHOCUTENBHOCTH HE JaeT OTBET Ha BOIPOC, IIOYEMY JKE€ BCE-TAKM B sSIME
VCKPHMBJIEHHOTO INPOCTPAHCTBA-BPEMEHU JIEKUT HEUYTO TBEPAOE, OCA3AEMOE, TO, YTO
MBI M HAa3bIBa€M MaTEpHUEll, YTO MOKHO MOTPOraTh U pacCMOTpeTb. A cama 1o cede
3Ta Matepusi, Kakol TO CBO€OOpa3Hblil «OyIbOH» U3 HA0Opa BCEBO3ZMOMXHBIX KBAHTOB,
Y CJIOKHBIX KBAHTOBBIX COCTOSIHUM Pa3JIMYHbIX TUIIOB.

CBs13b TEOPUM UCKPUBIIEHHBIX ITPOCTPAHCTB, TO ECTh TEOPUU OTHOCUTENBHOCTH, U
KBaHTOBOW TEOPUH 3aJ0KE€HA B caMOM (haKTe YMEHBIIECHUSI CKOPOCTH CBETA, €CIIU Obl
CKOpPOCTh CBE€Ta HE yMEHbIIaNach, TO W KBaHTbl HE cymiectBoBain Obl! Camu
ypaBHEHUSI pacrpe/eleHUs] BEPOSITHOCTU TMOTEpsid Obl CMBICH, YTO €IlIe pa3
IOATBEPXKAACT, YTO MaTeMaTHKa TyT ChIlpaja 3yl IIyTKY, HE II03BOJISAS MCKaTh
IIPAaBUJIbHBINA OTBET.

B Teopum cxatus CKOPOCTH CBETa YMEHBIIACTCA C TCYCHUEM BPEMEHH, U
HEOJMHAKOBA B PAa3HbIX TOUYKaX IIpocTpaHcTBa. HO 11 Ka)kaoro MOMeHTa BpeMEHHU, U
U KaXXIOW TOYKU MPOCTPAHCTBA, STO aOCOJIOTHBIA MpPEEN CKOPOCTEH, 3TO camas
OonbIasi CKOPOCTh, KOTOpask TOJIBKO MOKET CYIIECTBOBaTh, pUCYHOK 11. JlroGoi
00BEKT, WJIH MPOLECC, UAYIIUNA C OONbIIEH CKOPOCTHIO HE MPUHAMICKUT Halel
Bcenennoii. PaccmoTpuM moBeneHHE 4acTULBI, NPU HAJIOKEHUHU JONOJHUTEIBHOTO
10JIs1, COOOUIAIOUIETO €l YCKOPEHUe, PUCYHOK 17.



Pucynok 17

CKOFOCTE

HIMEHEHHE CKOPOCTH
KOTOpOS HE
GOHT

v t, \

TOMKA
HimyNeHHA

NUHWA
YMeHbLUEHWA
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t BPEMSA

Ha pucynke noka3aHa 3aBUCMMOCTb BEJIMYMHBI CKOPOCTH CBETA OT BPEMEHU, TaK
Ha3blBacMas JIMHUS YMEHBIIEHUSI CKOPOCTH CBeTa. 1 M3MEHEHUsI CKOPOCTH YaCTHULIbI
1oJ, BO3JCHCTBUEM IIOJISI, HAIpPUMEpP DBJIEKTPOMArHUTHOTO, KOTOPOE HE MOKET
POU30MTH, TaK KakK JIOKAJbHO CKOPOCTh CBeTa Oynaer mpeBbiieHa. W3 pucyHka
BUJIHO, YTO Ha NPOTSHKEHUHU 3 MEPHOJOB BPEMEHHU, HUYETO HE IMPOUCXOJUT, YaCTHULIA
Kak Obl HE pearupyer Ha YCKOpSIOIIee Moje, HO B MOMEHT BpPEeMEHH t;, IPOU3OIILIO
U3Iy4yeHue, a B 0OIleM cilydae J1r000€ H3MEHEHHE HHEPreTUYECKOTO COCTOSIHHS
YaCTULBI, KOTOpas 10 3TOTO MPOCTO «HE 3amedana» yckopsomero mnons. IIpocto
DHEPruu B MOMEHT t;, U t;, OBLIO HEJOCTATOYHO, YTOOBI U3BMEHUTH CBOE COCTOSIHUE C
YCKOpPEHHEM OOJIbIIMM, YEM YCKOPEHHE 3aMEJICHUs CKOPOCTH CBETA. A YyCKOPSTCS
MEJUICHHEE HeJb3sl, TaK KaKk B 3TOM Cllydae CKOPOCTh cBeTa Oyjaer mpebiuieHa.
OYEBMJIHO, YTO BECh HAOOpP KBAaHTOBBIX COCTOSSHUM MPOUCXOAUT U3 YCIOBHS
KPaTHOCTH DJHEPrud IIE€PEeX0/a, DSHEPrusiM COOTBETCTBYIOIIMM MHHUMAJIBHOMY
YCKOPEHUIO CYIIECTBYIOIIEMY B mnpupoge. Ho ecam B TeueHMM BpeMeHH 3t
MPOU30MIET AOMOJHUTEIBHOE CIy4YailHOE BO3AEHCTBHUE PA3IMYHON MPUPOABI, BILUIOThH
JI0 BO3JICUCTBUS U3MEPUTEIBHOIO MHCTPYMEHTA, MIPOJIETUT JIW MUMO HEKas 4acTULa,
BOJIHA, CIIy4yallHOE U3MEHEHHE KaKoro JIMOO0 MoJis, TaK, YTO IHEPrus nepexona OyaeT
IPEBBIIIEHA, TO U3MEHEHHUE COCTOSIHUS MOXKET IMPOU30MTH paHblue Touku 3t. Ho aro
COBEPIICHHO CIIy4aiHbIE MPOIIECChl, M YEM MEHBIIIE SHEPTrUu HaJ0 J00aBUTh, TEM BCE
0O0JIbIIIe TAKUX CITy4YallHBIX BIUSHUNA. IMEHHO 3Ta cTaTucTUYeCKas 3aKOHOMEPHOCTh U
OMHCHIBACTCS BOJMHOBOM (PyHKIMend. O4eBUAHA CBSI3b KBAHTOBOM TECOPUH U TEOPHH
OTHOCUTENBHOCTH. Kpome Toro, marepus, 3TO MEIJICHHEE CKUMAIOIIMECSH Y4YaCTKU
IIPOCTPAHCTBA, U €CIM Ha HEKOTOPOM MPOMEKYTKE 3TOr0 MEIJIEHHO CKMMAIOIIETOCs



IIPOCTPAHCTBA WM3MEHEHUS CKOPOCTH IIPOUCXOIAT C MEHBIIMM YCKOPEHHEM, YEM
pa3peleHHoe, TO B 3TOM MECTe U 00Opa3yeTcs HEKUH «HENmpeoAOIHMBINH Oapbepy,
coOCTBEHHO TBEpAOE BeUIeCTBO. Bce anemeHTapHble 4YacTUIbl, 3TO 00pa3oBaHuS,
KOTOPbIE JIOJKHBI ObUIM Obl U3MEHSTh CKOPOCTh CBOETO C)KaTHs C HEpPa3pelICHHbIM
YCKOPEHHEM, MI0ATOMY OHH U CYIIECTBYIOT B BUIE «TBEPABIX» YacTull. M3yueHne 3Tux
IIPOLIECCOB MOXET IPUBECTH K CO3JAHUI0 HOBBIX DHEPreTHUYECKUX U MPOYHUX
YCTPOWMCTB.

Jlpyrue BO3MOXHOCTH, [JIi TEXHOJOTMYECKOW PEBONIOLMM, CKPBITBHI B
OTpeNeeHUN JBUKEHUS TeJ, KaK MOBOPOTa BEKTOpa BpeMeHH. TpelyeT u3zydeHus
BOIIPOC, - €CThb JIM BO3MOXHOCTb  TEXHHYECKOM pean3allii MaTeMaTU4eCKOU
omepanuyd BEKTOPHOTO IIPOM3BEIACHUA JBYX BEKTOPOB. TEOpEeTHYECKH €CTh
BO3MOYKHOCTh TOTO, YTO CJIOKHO€ JBWXEHHE MacC I0 LUKINYECKUM KPYTOBBIM
TPAEKTOPHSIM, C OOpa30BaHHWEM BHUXPEBBIX (IIYKTyalWil, AaCT YCTOWYMBBII BEKTOP
BPEMEHM, NEPIICHANKYISPHBIN IIJIOCKOCTH, B KOTOPOM IBMXKYTCsSI Maccel. /[Burarens,
BOIUIOTUBILMKA B c€0sl TaKOW MPUHLHII, MOXKET IPOU3BECTH PEBOJIIOLUIO B OCBOCHUU
kocMoca. lloner na JlyHy, Ha anmapare C TakKMM JBUTaTEJIEeM, CTAHET HEHAMHOIO
JIOpPOXKE KPYTrOCBETHOTO MyTellecTBUsi Ha a’podyce. IIpuObUIbHBIM  CTaHET
pa3MellleHhe MHOTMX MpOM3BOACTB B KocMoce. Jla m 1goObiBaTh HEOOXOAMMBIE
MaTtepuainbl A HyK]l LIMBUJIM3AIMU CTAaHET BBITOJHEE HA Apyrux mianerax. Ho ato
BO3MOXHBIE TEpPCIEKTUBBI Jajekoro Oyayuiero. bnwxaiiiieil 3amgadeid siBisieTcs
JI0OKa3aTENbCTBO JJISI COMHEBAIOIIUXCA TOTO, YTO CKOPOCTh CBETA YMEHBIIAETCS C
TEYEHHEM BpEeMEHHU. A eIMHCTBEHHON TEopHueil, KOTopas COBMELIAeT B cede 3TOT
GakT, M TEOpUI0 OTHOCUTEIBHOCTH OUHINTEHHA, SBIAETCA TEOpUS CXKATUs
Bcenennoit. Cxema Takoro mpsiMOrO 3KCIEPUMEHTA JIOBOJBHO IMPOCTa, U HAa MOWM
B3IUIAJ BIIOJIHE JOCTMIKMMA IIPU COBPEMEHHOM DPa3BUTHUU TEXHOJIOTMH, KPOME TOrO,
3TOT 3KCHEPUMEHT HE TPeOyeT OrPOMHBIX BIIOKEHHUH, IO CPAaBHEHUIO C IOUCKaMHU
IPaBUTAIMOHHBIX BOJH M TaK jJajiee. YCTAaHOBKA MpPEACTAaBISET M3 ce0s IIECT W3
IIPOYHOIO0  MaTepuana, pPacCIIONIOKEHHOTO B KaMepe ¢ KOHTPOJIUPYEMBIMHU
napaMeTpaMH TEMIIEPATYpPhl, JABIECHUSA, PACIHOJIOKEHHON BIAIM OT CEUCMHYECKHUX
palioHOB, PUCYHOK 18.

Pucynok 18
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Ha omHOM KOHIIE HCTOYHMK KOTE€PEHTHOTO M3JIy4deHHUs |, Ha MajioM pacCTOSHUAU
JEATENh Tyda 2, Ha OOJIBIIIEM PACCTOSIHUH OTpakaTels 4, U dKpaH 3.

Ha skpane 3, Mbl u3y4aeM HHTEp(EPEHIIMOHHBIC KApTUHBI  TOJYyYCHHBIE OT
NENUTENb 2-U31ydareib 1, 1 Bropas napa, u3iaydarenb 1, oTpaxkareins 4.

Marnsiit npober (nenuTens 2-u3jiydaTeiab 1), Mbl UCIOJIB3YEM JJISl UCKIIIOUCHUS
npeiida 4acToThl M3Iyuyaress, a 0oJbpiiol mpoler (u3nydarenb 1 um oTrpaxarens 4),
HEMOCPEJICTBEHHO /I M3MEPEHUs] pa3HOCTU (a3, B KOTOPOM BOJHA MPUXOAMUT OT
m3nnyuarens | u orpaxarens 4.

CyTp B TOM, YTO TP YMEHBIUIEHUU CKOPOCTH CBETa, Mbl OyJaeM HaOII0IaTh
MOCTOSIHHBIN JIpei uHTEepPEPEHIIMOHHON KapTHUHBI OT OOJIbIIIEH BEJIMYMHBI Mpobera,
Jake ecM Mpu MalioM mpolere apeiida mHTEPPEPEHIIMOHHONW KapTUHBI HE OyJeT.
OTU BEIWMYHMHBI MOXKHO 3aMEPHUTh W BBIUHUCIUTH M3MEHEHHE BEIMYMHBI CKOPOCTHU
cBera. YacTOTHBIC XapaKTEPUCTUKH WIrPAOT M3IydaTes TJIaBHYIO pPOJb, W TYT
HAuMOOJBINIAsl TEXHOJOTHYECKass TPYIHOCTh, HAAO WCIOIb30BaTh PEHTITEHOBCKOE
usnydenne. Ho BIOHE JOCTHIKMMBI BOJHBI JUIMHHOW 10 | MUKOMETpa, 4TO MO3BOJIUT
YCTOWYMBO  TPOBECTH CEPHI0 HAONIONEHUN B TEUCHWU HECKOJIBKUX MECSIIEB.
HenocpenctBenno st peructpanuu 3¢ hekra, mpyu TaKuxX JUIMHAX BOJH, JOCTATOYHO
OJTHOM Henenw, s TOBOPIO O BEIMYMHE YMEHBIICHHS CKOpocTH cBeta 1,5 — 3
CaHTUMETpPA B CEKyH/Y 3a r'O/I.

Bor B 06mux deprax pacckas o TeOpuu cxkatus BceneHHOH, 0 ee mepcreKkTuBax
Y BO3MOXHOCTSIX.
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