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«Kaxk mHozo mol 3Haem u Kak maio noHumaem

A. DUHIITENH
BBEJAEHHE:

AKTYyaJIbHOCTb PadoThl: aKTyaJIbHOCTh JAHHOW TEMBI MOXKET OBITh OTpa)K€Ha B
OMKCAaHUU BAXKHOCTU U3YYCHHS 3aKOHOB (DU3UKH, BEb TEOPUS OTHOCHUTEIHLHOCTH
IPEICKa3bIBAET MHOTO YAUBUTEIbHBIX ABJICHHUN. Takue Kak: 3aMe/IJIEHUE BPEMEHU,
COKpallIEHHE pa3MepOB, yBEJINYEHHE Macchl (MMITysibca). OHa OOBACHSAET MPUPOLY
IIPOCTPAHCTBA-BPEMEHHU, YEPHBIX IbIp, TPABUTALMOHHBIX BOJIH, SHEPrUU MOKOS,
JIBUKEHHE KOCMHUYECKHMX TeJl M HUX B3aUMOJICHCTBHUSA; a Takke oOecredyuBaer
paboty GPS u I'JIOHACC. B nanHoe Bpems BeIETCS MHOKECTBO MUCCIICIOBAHUNA O
IPUPOJE 3araJloyHoM TEMHOM MaTepud M TEMHOM DJHEPIHUH, TJIABHBIX
COCTABJISIFOIIMX Halleld BceneHHOW, 1 MMEIIUX HENOCPEACTBEHHOE OTHOILIEHUE K

TCOPHUH OTHOCHUTCIIbBHOCTH.

JlaHHasi TeMa MOXXET OTKpPBITh HOBBIA MyTh B HAay4YHOU (haHTACTUKE, BEIb OHA
HanpsIMyl0 CBSI3aHAa C TEOPHUEW IPOCTPAHCTBA U BpPEMEHHU. A Takke HAEEH O

AHTUTPABUTALIMOHHBIX JBUTATEIISX.
Ieab: U3y4nuTh, KaK BBHITJISIAUT TPaBUTALIMS.
3agaum:

1. PackpbITh IOHSATHE TPABUTAIIUS.

2. Tlpoananu3upoBaTh COBPEMEHHYIO TEOPHIO OTHOCUTEIBLHOCTH.

3. BBISIBUTH OTIWYMS MEXKTY CIOKUBITUMCS 00pa30M CHUIIBI TATOTEHUS U
HACTOSIIINM MPUTSHKEHUEM TEJ IPYT K JIPYTYy.

4. CoOpaTp HaTISAIHYIO MOJCITb TPAaBUTAIUH.

5. OcCyllecTBUTH OMBITHI C MOJIEJIbIO TPABUTALIAH.

6. Coznath BueOGUIBM C IEMOHCTPAIIUEH OTBITOB.



OcHOBHAA YaCTh:

Bcem wu3BecTHa wuctopus 0 TOM, Kak HpIOTOH mpuayMan TEOpHUIO
TpaBUTAllMU, KOTJa OH CHJAEN TMOJ IEPeBOM, U Ha HEro ymnaio siomoko. Msl Bce
NOHMMAEM, YTO MHP TaKOM, KaKOW OH €CTh UMEHHO OJsiarojapsi cuje rpaBUTALINY,
13-32 KOTOPOW IPEIMETHI JIEkKAT HAa MeCTe, a He JieTaloT. OHM MajaroT BHU3, €CIIU
HET omophl. Takoe MPUBBIYHOE TMOJIOKEHUE BEIIe HaM OOBSCHSIET BO3JCHCTBHE
CWJIBI IPUTSKEHUA. boree Tsok€nple Tena NMPUTATMBAOT MEHbIINE, HAIPUMEp, Kak
Hame CoyHue npuTAruBaeT miaHersl. Ho kak nMeHHo pabortaer rpaBurtanus? Kak
3emurst puTAruBaeT JIyHy 3a COTHH ThICSY KHJIOMETPOB IIyCTOI'O IPOCTPAHCTBA?
Onu BenyT cebs Tak, OyITO COeMHEHbl HEBUIUMBIM KaHaTOM. Ho Bce 3HatOT, 4To

sT0 He TaK. U 3axkoHbl HEI0OTOHA 3TOr0 HE OOBSCHSIIN.

OWHIITEH OOHApYXWJI, YTO HUKAKUMHU 3aIlaTaMd HE 3ajaTaTh JbIPbl B
HBIOTOHOBCKOW TpaBuTali. EMy HeoO0XoauMo ObuIOo M300pecT €€ MEeXaHH3M.
EMy Hazmo ObL10 TIOHATH €€. DUHINTEHH OWICS HaJl 3ToM mpobiieMoii 6ojiee necsaTu
JIET ¥ B UTOTE MPUIIE] K CEHCAIUOHHOMY BBIBOJIY — CEKPET I'pPaBUTALUU JICKUT B
caMOM MpUPOJE MPOCTPAHCTBEHHO-BPEMEHHOI0 KOHTHHYyMa. OH okazalyics eme
Oonee TMOKMM, yeM OWHINTEHH cuuTan paHee. OH MOXKET pPacTATUBATHCS Kak
HacTofAIllass TKaHb., OJTO ObUIO JEWCTBUTEIBLHO PAJUKAJIbHBIM Pa3pbIBOM C

npeaACTaBJICHUAMU HrroTona.

HDOCTaH AHaJIOTH MCKPHUBJICHHUS ITPOCTPAHCTBA-BPCMCHH.

(ITpunoxenne 1: Puc.l). [IpeacraBpre, 4TO 3TOT CTOJ - 3TO MPOCTPAHCTBEHHO-
BPEMEHHOW KOHTHHYYM, a 3TOT IIap — 3TO OOBEKT B MpocTpaHcTBe. Ecim Ob
IPOCTPAHCTBEHHO-BPEMEHHOW KOHTHHYYM OBUI TIPOCTBIM U IUIOCKHM, Kak

IOBCPXHOCTH 3TOTO CTOJIA, 00BEKTHI JABUT'aJIMCh OBI 1O IPAMBIM JIMHUAM.

Ho 4T0 ecnmu mpocTpaHCTBO, KaK TKaHb, MOKET PACTATHBATHCS M CKHUMATHCSA? DTO
MOJKET MTOKa3aThCsl HEMHOTO CTPAaHHBIM, HO TIOCMOTPHTE, YTO TPOU3OUIET, €CIN S
MOJIOKY YTO-TO TSDKEIOE Ha OTYy paCTATHUBAIOIIYIOCS TKaHb TPOCTPAHCTBA
Bpemenu. (I[Ipunokenne 1: Puc.2). Ecau s cHoBa momnpoOyio... (Ilpunoxkenue 2:

Puc.1l) Illap nBuxercs 1Mo BMSATHHE MO TKaHU, KOTOPYIO OCTaBWII OoJiee TKENbIA



0o0bekT. Kak Mbl BUAMM, IIApUK TEpAET SHEPTUI0, 4yero He ObuUIo ObI B ciyyae
COJJHEYHOM CHCTEMBI, XOTS U B HEH HaOMIOJaeTcs HEKOTOpPOe OTKIOHEHUE
OTHOCUTENIbHO IUIaHEThl JApyrux Teia. Ho 3aech mapuk TepseT SHEPTUI0 TI0
cnupaiu. Eciny Mbl He CHIIBHO ITyCTUM IIAPUK, OH OYyJIET ABUTaThCS SIUTUIITUYECKH,

Kakoe-To Bpems.[1]

Tak OWHINTEMH TOHSJ, KaK Ha caMoM Jelie paldoTaeT TrpaBUTalUs. ITO
nedopMarusi IpOCTPAHCTBEHHO-BPEMEHHOTO KOHTHHYYMa, BBI3BaHHAsI 0ObEKTaMU
BHYTpH Hero. JIpyrumu cjoBamMH TpaBHUTAIMs — 3TO M €CTh (opma caMoro
pocTpaHCcTBa BpeMeHU. JIyHa nepuTcs Ha OpOUTE HE TOTOMY, YTO €€ TSHYT K
3emiie Kakue-TO HEBEJIOMBIE CHJIbI, @ CKOpPEE MOTOMY, YTO OHA KaTUTCS M0 U3rHly
POCTPAHCTBA BpPEMEHH, KOTOphle co3maér 3emua. Terma camm mo cebe He

OLLYIIAIOT CUIIy TPABUTALIMH, OHU MPOCTO CIAEAYIOT €ECTECTBEHHOMY UCKPHBIICHHIO.

Hrak, s moMeniaro Te10, 1 OHO UCKPUBIISIET TPOCTPAHCTBO-BpeMs. Ecin s nomenry
emé OHO TEIO, TO OHO TOXE HCKPUBUT MPOCTpPaHCTBO-Bpems. Oba mpemmera

OIIYIIIAIOT 3TO, M UX MPUTATHBAET APYT K aApyry. ([Ipunoxenue 2: Puc.2). [2]

Teneppr BO3BMEM €ILIE HECKOJBKO LIAPUKOB. Bce IUIaHEeThl ABHXKYTCS BOKPYD
CoJiHIIa OAMHAKOBO, B OJJHOM HANPAaBJICHUH, MPUYEM HE BBIIIEC U HE HIKE YEM
€CTh, TToYeMy 9TO Tak? OTBET B TOM, YTO paHbIle TaKk He ObLI0. PaHbie oHM
JBUTAIMCH MO-PA3HOMY, HO OBLJIO OJHO MPEUMMYLIECTBEHHOE HANpPAaBICHUE U Tea,
KOTOpBIC JBUTAIIUCH IO 3TOMY HAMNPABICHUIO, B UTOTE MPOJOKAINA MO HEMY
JIBUraThes. Tena, ABUraroIIKUecs MO MPOTUBOMOJIOKHOMY HAINPABICHUIO, UCUYE3IIH,
TaK 4YTO B KOHEUHOM UTOTE, BCE JIBUTAIOTCS OJIMHAKOBO. UTak, s Opocaro 1mapuku B
pa3HbIE CTOPOHBI, U B KOHEUHOM PE3YJbTATE BCE ABUKYTCS IO CIIMPAIU B OJHOM

Hanpasienuu. ([Ipunoxenne 3: Puc.l).

Tak ke MBI MOKEM B3STh JBa IapHKa pa3HbIX [10 pa3MepaM U Macce, HeKyro JIyHy
u 3emiit0. 3alyCTUB UX, HAaOMOAaeM, Kak MaJeHbKUW IIapUK BPAIAETCS BOKPYT
OOJBIIOr0 U BMECTE C HUM OJIHOBPEMEHHO BpAILlA€TCS BOKPYT emié OO0JbIIero

tena, Hekoro Connna. (Ipunoxenne 3: Puc.3).



bonee cioxubIi mpolecc - 3TO MOKa3aTh, KaKk KOCMUYECKH Kopabib oOjeraer

Jlyny u 3emutto TpackTopueit «BocbMEpkay. (ITpunoxenue 4: Puc.1).

Yro KacaeTcs 3arafod4HOd TEMHOW d>Hepruu'

, Il €€ TOKa3a HYXXHO BHECTU B
KOHCTpyKIuto Hekue wu3MeHenus. (IIpumoxkenne 4: Puc.2). Temepp Tena

OTTAJIKUBAIOTC:I.

JloGaBum emé Oosbllie MapoB pa3HbIX Pa3MEPOB U MACChI U MOJYYUM HaTJISIHYIO

Mojieb conHeunon cuctemsl. ([Ipunoxkenue 5: Puc.l). [3]

Teopml OHHIITEiHA HE Ja€T OTBET Ha TO, IMIOYCMY MACCHBHLIC TCJIa
HCKPUBJIAIOT IIPOCTPAHCTBO. A Tak xe noucMy TC€JjIa ABWKYTCA HWMCHHO 11O

re0e3NICCKIM JINHUIM?

. Bcé€ 310 sBISIETCS UL MOPEAIOI0KEHUEM, W Kak
TOBOPUTCA B CAMOW TE€OPHUM BCE ATO CBOMCTBA CaMOTO IPOCTPAHCTBA, B KOTOPOM
MBI JKUBEM.

[Ipomry 3aMeTnTh, 9TO MBI paccMarprBaeM OOIIYIO0 TEOPUIO OTHOCUTEIHPHOCTH
(OTO), ne Briroyas CrienpalibHy0 Teoputo oTHocuTenbHOCTH (CTO)

rDaBI/ITaI_[I/IH HUCKPHUBJIACT CBCT.

CBeT He UMeeT Macchl, TO3TOMY B Teopun HbloTOHA OH BOOOILE HE JOJIKEH
3aBUCETh OT rpaBuTanuy. OJHAKO, COIVIACHO TEOpPUHM OWHIITEHHA, OTCYTCTBUE
Macchl COBEpLIEHHO He BaxkHO. (CBeT BCE paBHO OyJeT clenoBaTh 4Yepe3
VCKPUBJICHHOE IIPOCTPAHCTBO-BPEMs IO TOMY K€ IIyTH, YTO M BCE OCTAJIbHBIC
npeameTsl. JlaBaiiTe mTpoBeAEM MBICICHHBIH OKCIIEPUMEHT, YTOOBI YBHUJICTH
HACKOJIBKO 3TO cTpaHHO. Mtak, Bel cTouTe Ha 3emiie. B oHOU pyke y Bac Msd4, B
npyroit — nmazep. HampaBbTe n1a3zep ropu3oHTAIBHO, OPOCHTE MY U CTPEISIUTE U3
nazepa. Uro ynanér nepBbiM? OHHM ymaayT OJHOBPEMEHHO, MOTOMY 4TO 00a
MPOMAYT YEPE3 OTHO U TO K€ UCKPUBIEHHOE MTPOCTPAHCTBO.

Cser B I'paBUTAOMOHHOM IIOJIC IIAAACT C TOM XKe CKOpPOCTBIO, YTO BCE OCTAJIBbHOE.

1 TémHan aHeprua — TN HakoMNEHHOM 3HEPrnK, NPUCYLLLEH TKaHW NPOCTPAHCTBa-BPeMeHM, 3aCTaBNAoLLEN
YCKOPATb paclinpeHne BceneHHo.

2 Teoae3nyeckme NIMHUK — KpUBbIe ONpeaenéHHOro T1na, 0606LWeHne NOHATUA «NPAMAA» AR UCKPUBAEHHbIX
NPOCTPAHCTB.



IlonymanrTe, 4TO0 NPOU3OMAET, €CIM Bbl BBICTEIIMTE W3 Jla3epa IPsAMO B
3emito? 1o unee, oH TOJKEH YCKOPHUTBCS, KaK W B ClIy4ae, eciid O Bbl CHJIEIH B
IIOE3/1€ U CBETUJIM JIA3€POM I10 XOAY €ro IBWKEHHUs. Torna cBeT T0JKEH IBUraThCs
co ckopocteio C + ckopocTs moesna. To ecth OH OyaeT ABUTAThCS ObICTpeEe
ckopoctu cBera. Ho mpobiema B ToM, uto emé B 19 Beke ObUIO MMOJIyYEHO
MHOXECTBO DKCIEPUMEHTAJIBHBIX OKA3aTEIbCTB TOIO, YTO CKOPOCTH CBETA 3TO
KOHCTaHTa. TO €CTb CKOpPOCTb CBE€Ta HE MEHSETCSd W HEBAXHO, B KaKOU
VMHEPLUAIBHON CHCTEME OTCUETA BB HAX0AUTeCh. Mi3mMeHnsercs apyras BeJIu4uHa, U

9Ta BCIIMYHMHA — CaMO BpCM:I.

I'paBuTanus 3aMeISIET BpEMSL.

4 okTs0psa 1971 roga Ha 60pT perica aBuakomnanuu PAN AM o mapuipyty
Bamnrron — Jlonnon cenu aBoe myxxkuuH — Jlk. Xadene u Puuapn Kurunr. Onu
JBaXKIbI 00JIETENIM BOKPYT CBETa, CHAyala Ha BOCTOK, 3aT€M Ha 3amaj], C YeTbIpbMs
KOMILUIEKTaMH 1I€3UEBBIX AaTOMHBIX YacOB, IMOCIIE€ YEr0 CPABHUIIM MOKA3aHUsl 4acoB
Ha OOpTy C MOKa3aHUSIMH YacoB, OCTABILIMMHUCS Ha 3emiie, B BoeHHO-Mopckoi
ooceparopun CIIIA. (ITpunokenne 5. Puc.2). Kak wm oxumanoch, OHHU
NOKAa3bIBAJIM HE OJMHAKOBOE BPEMS, M INIABHOE, PA3HOCTH IOJHOCTBIO COBHAJA C
MPEeACKa3aHUsIMU TEOPUU. DTOT SKCHEPUMEHT JTOKa3bIBAET, YTO BPEMsl M IMpaBaa

MOJKET 3aMeUIAThCs. [4]

OnHa U3 IPUYUH - CKOPOCTh. [Ipu yBeIWUEeHUU CKOPOCTH 3aMEIISIETCS BpEMSI.

Henousatao? Ceituac 00BICHIO.

CornacHo TEOpUH OTHOCHUTEIHHOCTH TIPH YBEIUYEHUU CKOPOCTh PACTET Macca.
Ha maibIX CKOpoCTSX ATO HE 3aMETHO, HO IIPH MPUOJIMKEHUH K CKOPOCTH CBETa
oHa yBenuuuBaeTcsi 10 OeckoHeuHocTu. (IIpunoxenue 6: I'paduk 1). (Oro,
KCTaTH, TJIaBHas MPUYKHA, TOYEMY HEBO3MOKHO JIETaTh CO CKOPOCTHIO CBETa, BE/b
JUTSL TOTO TOHAM00UTCS dHepruu Oonblne, yeM BO Bcei Bcenennoit). JlaHHbIN

3aKOH MOYKHO 3amucath (HopMyioi:



E = mc?

FI[C E- SHEpruA, M - Macca, C - CKOpOCTh CBCTa.

Ho yBenumuenwe w™accbl OOBSICHSET HE BCE, HampuMmep, modeMmy (OTOH,
Oe3maccoBasi YaCcTUIIa, HE IBUKETCS ObICTpee CKOPOCTH cBeTa? OKa3bIBaeTcCs, AEJ0
B JpPYroM, a HMEHHO B YCTPOHCTBE CaMOro MPOCTPAaHCTBA W BPEMEHHU.
OTTanKuBaTHCS HY’KHO OT TOTO, YTO MBI )KUBEM B YeThIpEXxMepHOM Mupe. [ToMumo
TPEX MPOCTPAHCTBEHHBIX U3MEPEHUN: JJIMHBI, IIIUPUHBI U BBICOTHI, €CTh €IIE OJTHO
— BpemMeHHoe. I Tak Kak Mbl B YETHIPEXMEPHOM IPOCTPAHCTBE, TO U CKOPOCTH
TOXE JOJDKHA ObITh ueThipéxmepHoil. E€ Ha3Banu 4 cxopocms. OHa MOKa3bIBACT,
HACKOJBKO OBICTPO TEJI0 JIBHXKETCS B NPOCTpaHCTBe-BpeMeHU. /[l Hauvana
MOKAXKEM, KaK JIBUKETCS TEJO B 2-MEPHOM MpocTpaHcTBeE. /laBaiiTe BO3BMEM OJIHY
IIPOCTPAHCTBEHHYIO KOOpAMHATY (X) U ogHy BpeMeHHyto (1). JlomycTum, Kakoi-To
OOBEKT JBMKETCS B MPOCTPAHCTBE, BIOJb OCHM X. MBI MOkeM 0003HayaTh €ro
MOJIOKEHUE B KAXKIbII MOMEHT BPEMEHM, U 3TO OyAeT 0O0pa3oBbIBATh MHPOBYIO
JUHHIO, 3aMEThTE, 3TO HE TpaeKTopusi 00bekTa B mpoctpaHcTse. ([Ipunoxenue 6:
I'padux 2). Jns 4 ckopocTu Mbl HauepTuM apyroi rpaduk. [To ropuzoHTambHOM
ocu OyIeT CKOpOoCTb B TMPOCTPAHCTBE, a IO BepTUKaau — BpeMms. JIBe
COCTAaBJISIFOIINE 00pa3yroT BeKTOp 4-ckopocth. (IIpunoxenne 7: I'paduk 1). Ecnu
BBl CHJUTE POBHO, HUYETO HE JIETAETE, TO NEPEMEIIAECTECH TOJIBKO BO BPEMEHHU, CO
CKOpOCTBIO 1 cekyHaa B cekyHay. Torga 4-CKOpoCTh BEpTUKaNIbHAsl MpsMas, HO
€CJIM BbI HAUHETE JBUTATHCS, BEKTOp 4-ckopocTu Oyner HakioHEH. [Ipuuém, 4-
CKOPOCTh BCErJa OCTa€TCsi TOCTOSIHHOM, paBHOM cKopocTH cBera. OOpaTute
BHUMAaHHE, YTO MPHU YBEIMYECHUU CKOPOCTH BpeMs 3amesisiercs. Yem ObicTpee Bbl

ABUIKCTCCH B IIPOCTPAHCTBE, TEM MCIAJICHHEC BEI JIBUKCTCCh BO BPCMCHH.

Bropas mpuunna — rpaButanus. Uem oHa Oosibine, TeM OOJIblIE 3aMeassieTcs
Bpems (KcraTu, mo 3Toi nmpryuMHE HAIIM HOTM HAa OJHY MWUIMOHHYIO JOJIIO
CEeKyHJbl MOJIOKE T'OJIOBBI). ['paBUTALIMSI — 3TO HE CUJIa MPUTSHKEHUS, U HE CUJia
BOBCE. A TO, YTO MBI OLIYIIa€M COOCTBEHHBIN BEC, TSHKECTh APYTUX MPEIMETOB, B
KakOM-TO CMbICiie WLI03us. Jla 3TO ecTh, HO rpaBuTanus TyT He npudyéM. Ha

caMOM J€JI€ MbI BOO6H1€ eé HHUKOraa HC OIylIaceM, a TO, YTO Mbl HYBCTBYCM, 6Cp51



B PYKH KHUTY, 3TO 3JEKTPOMArHUTHOE OTTAJKMBAHHE MOJIEKYJ] Ballleld pyKH OT
Mosiekysl kHurh. Cpa3y CKaxy, 4TO BO BCEX JKCIEPUMEHTaX MO 3aMEJICHUIO
BPEMEHHU HE HCKakaeTcsl paboTa MexaHu3Ma 4acoB. VIckaxaeTcsi TeueHrue BpeMeH!
Ha caMOM (yHIAaMEHTaJIbHOM YPOBHE, YTO CKa3bIBAaeTCSd Ha JIOOBIX dYacax:

ATOMHBIX, ITECOYHBIX, MEXaHUYECKHUX, OMOJIOTMUYECKIX, BOOOIIE JTIOOBIX.

Kak yxe ObLIO CKazaHO Halll MHUP — YEThIpEXMEpHBIM. MBI, TpEXMepHbIE

CYyILIECTBA, HE MOYKEM BHJIETh BCE YETHIPE U3MEPEHUS OJMHAKOBO. TpU U3 HUX —
MPOCTPAHCTBEHHBIC, OJIHO — BpeMeHHoe. [l ymporieHus OyJeM MOiIb30BaThCs
TOJIBKO OJHOM IIPOCTPAHCTBEHHOM H OJHOM BPEMEHHOW KOOPIAWHATOW.
(ITpunoxxenne 6: I'paduk 2) [ns mpumepa Bo3bMEM sI0JI0KO, KOTOPOE SKOOBI
ynajgo Ha ronoBy HpioroHy. Iloka s0710KO BUCHT €ro MUpoBas JHUHUA — 3TO
npocto mnpsimas. Ho korga s0m0k0 mamaer, HAYMHAIOT PA3TOHATHCS CHIIBI

IPUTSHDKEHUS. 1 MUPOBasi IMHUA cTaHOBUTCA napadonoi. (Ilpunoxenue 7: ['padux

2)

Hame YETBIPEXMEPHOE IPOCTPAHCTBO-BPEMSI HE IPSIMOE. B camom mnHauaze

OblTO0 paccka3zaHo mpo OOIIyI0 TECOPHUIO OTHOCHUTEIBHOCTH ODWHINTEHHA, M Jaxe
MPUBEIEH MIPUMEP HMCKPUBIICHHS MPOCTpaHCTBa-BpemeHU. Ho Bca 3Ta aHanorus
CO3MAa€T JUIIb BUAMMOCTH TOTO, YTO BBl 4TO-TO MOHsIM. Ha camom nene Bcé
HAMHOI'O CJIOXKHee W uHTepecHer. KpuBu3HA MOBEPXHOCTM 3aMaéTCsi HE €€
MOJIOKEHHEM B mpocTpaHcTBe. OHa 3a1a€Tcs TEOMETPUYECKUMHU CBOMCTBAMM.
Ecau MBI HauepTUM KBaJpaT Ha TIOCKOCTH, TO BCE €r0 CTOPOHBI OyAyT paBHBI, a
Bce yruibl OynyT 1o 90°. Ho nmaxke eciu Mbl CBepHEM €ro B MIIMHIP, OTH CBOHCTBA
He U3MeHATCs. Bee cTOpoHbI OyIyT MO-NPEKHEMY PaBHBI, U YIJIbI BCE Takke OyAyT
90°. (Ilpunoxxenne 8: Pucynok 1) ['eomeTpuueckne CBOMCTBA HE U3MEHSTCS, BCS
MaTtemaTuka OyJeT paboTaTh TaK»e, 3HAUUT, 3TO HE UCKPUBJIEHHAS MOBEPXHOCTb.
HckpuBieHrne NpoucxoauT TOTrAa, KOrJa Mbl HAUMHAEM HEPABHOMEPHO CKHUMAaTh
WIN pacTaruBaTh moBepxHocTh. Hampumep, BoT Tak. (IIpunoxenue 8: Pucynox 2)
Temnepp 3T0 HE KBaJpaT, TENEpPb 3TO Tpaneuus. YTIIbl HE MPSMbIE U CTOPOHBI HE

PaBHBI. DTO U eCTh HACTOAIIasA KPpUBHU3HA B MATCMATHUKCE. KpI/IBI/IBHa IMPOCTPAHCTBA
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BPCMCHHN MOKCT IIPUBOAUTH K YAUBUTCIIbHBIM BCIIIaM, HAIIPUMCEP, CYIIECCTBOBAHUIO

YEPHBIX JIBIP WM YACTHIL, KOTOPBIE JBUKYTCSI OOPATHO BO BPEMEHHU.

Ha ocHOBe Bcex 3THUX JTaHHBIX Mbl MOXEM CJHI€JIaTh BBIBOJ, UTO HUCKPUBICHHOE
MPOCTPAHCTBO BpPEMS WM TpaBUTAlUs BBITIAAUT nipuMepHo Tak (IIpunoxxenue 9:

Pucynok 1)

Uto kacaeTcsi yCKOpEHHMs, MPEICTaBbTe TO camoe najaaromiee si0noko. Korma
s0JI0KO TIaaeT, OHO JISTUT W3 30HBI OoJiee CIab0TO WCKPHUBJICHHUS B 30HY OoJjice
CUJIBHOTO. A TOYHEE OHO TajaeT B 00JIaCTh 3amejyieHHOTO BpemeHu. Camo
s0JI0K0, KaKk U Bce OOBEKTHI BO BceneHHo#, mo Teopum DUHINTEWHA, ABHKETCS
INPSIMOJIMHEMHO C MOCTOSIHHOW CKOPOCTBIO (€CIIM Ha HEro He JIEUCTBYIOT 3aKOHBI
TpeHus U Jip.) 0e3 yckopeHus. [Ipore roBops, mo MHEpUUHU, 3TO, KCTATU, IPUMEP
reofesndyeckux nuHui. Ho ayns Hac, HEe BUIOSIIMX BPEMEHHOE H3MEPEHHE KakK
MPOCTPAHCTBO, S0JOKO OTPHIBACTCA M SKOObI KAKOW-TO CHJIOW MPUTITHBACTCS K
IJIAHETE, JIETA U pa3roHssAch. Tak, 4To 3HalTE, Ta MIWIIKA, KOTOPYIO BbI MOJTYYUIIU,
KOIJla ynajau CO CTyJa, B HEM BUHOBAaTa HE TpaBHUTAlMs], & CKOPEE IMOJ, KOTOPBIU

OCTaHOBWJI Balll€ CCTCCTBCHHOC ABMIKCHHEC B ITPOCTPAHCTBC-BPCMCHU.
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3arkJI0YeHue:

C 3TUMH OTKpBITUSAMU OWHIITEHA TPOCTPAHCTBO CTAJ0 HE MPOCTO PEAJbHBIM,
OHO CTaJl0 THOKKMM. BHe3amHo y mpocTpaHCTBa MOSBWIMCH CBOMCTBA, MOSBUIACH
KpUBH3HA. BHE3amHO MpOCTPaHCTBO MPUOOPENO TMOKYI0 T€OMETPHUIO, MOYTH KAK
pe3uHOBasl IJIACTUHA. JTO OTKPHUIO HaM HOBBIM CHOCOO pa3MBIINUICHUS O
pealbHOCTH, KOTOPOM OIKCHIBAET BCHO BceneHHyro. OHHINTEWH — CTal
«OuHImTENHOM» Onaromapss 3ToMy HaOmoneHuto. Tam rrne HprooToH Buaen
IIPOCTPAHCTBO MOCHJIBHBIM, DUHIITENH BUAEH €ro AMHaAaMU4HbBIM. OHO CIUIETEHO

BOCIAMHO CO BPCMCHCM U NUKTYCT 3aKOHBI ABHIKCHUA 0O0BEKTOB.

MBI packpplUld  TMOHSATHE  TpaBUTAlUs,  NPOAHAIM3UPOBAIU  TEOPHIO
OTHOCUTEJIBHOCTH M TIOCTPOWIM MOJENb, Onarogaps KOTOPOH OOBACHUIH

npocrenmme (Uu3nIecKue mpouecchl.

PesynbTaToM 3TOro sTama cTajo co3daHue Bujpeodmwibma C AEeMOHCTpaluen
OMNBITOB HAa MOJEIM TpaBUTAIMU. DTy TEMY MOKHO €nl€ JI0JTO MPOJIOJKaTh,
3aTparvBasi Apyrue MJeu, TaKue KaKk IpaBUTALMOHHBIE BOJHEIL. S cama emé He 110
KOHIIa pa3o0pajiach BO BCEX OTUX TEOPHUAX, TaK YTO Yy3HaBaTh HOBOE U

pPacCKa3bIBaTh €ILIE ECTh O YEM.

JlanHyto paboTy MOKHO MCIIOJIB30BaTh HA YpOKaxX (PU3MKU U aCTPOHOMUH, a TAKKE

Ha BHCKJIACCHBIX MCPOIIPUATHUAX.
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Cnmcok UCnoJIb3yeMoii TUTepaATYPhbl M HHTEPHET-PECYPCOB:

1. Huxonos A. Il.. Actponomus Ha nanbiax. [{ns geteit u poaureneu,
KOTOpBIE XOTAT 00bsAcHATH neTsiMm / Pen. E. KpaBuenko. — M.: U3natenscTBO
ACT, 2017.

2. AMEpUKaHCKUN y4YHUTellb, BU3yalu3allus TpaBUTALINN/
https://www.youtu.be/EIEOGoBA4FA

3. Space-time Simulator/ https://youtu.be/2J0f1ub9USO/

4. Buxunenus, sxcriepuMeHT Xadene-Kutunra/

https://yandex.ru/turbo/ru.wikipedia.org/s/wiki/%D0%AD%D0%BA%D1%81
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2_%D0%A5%D0%B0%D1%84%D0%B5%D0%BB%D0%BS5_%E2%80%94

%D0%9A%D0%B8%D1%82%D0%B8%D0%BD%D0%B3%D0%B0
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IIpunosxenne 1.

Pucynok 1. IIpsmonnHeliHOe IBUKEHHUE TENa.

[

Pucynok 2. VickpuBiéHHOE MPOCTPAHCTBO-BPEMSI.
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Pucynok 1. J[Bmwxenue tena mo opoure.

Pucynoxk 2. [IputspkeHue Tei.

IIpunosxenne 2.
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IIpunoxenne 3.

Pucynok 1. Bce 00bekThl B COTHEUHOM cHCTEME IBIKYTCS B OJJTHOM HaIpaBIICHUU.

Pucynok 2. Mogens 3emuu, JIyaet u ConHia.
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IIpunosxenne 4.

Pucynok 1. TpaekTopus KOCMHYECKOTO KOPadiIsi «BOCHBMEPKa.

— -

Pucynok 2. Témuas sneprus. OTTanknBaHue Tell.
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IIpunoxenne S.

Pucynok 1. Mozaens ConHeuHOM CUCTEMBI.

Pucynok 2. JIx. Xadene u Puuapg Kutuar Bo Bpemsi SKCriepruMeHTa.

; —

:




Ipunioxenne 6.

I'paduxk 1. 3aBUCIMOCTH MacChl OT CKOPOCTH.
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I'paduk 2. MupoBas n1uHus Tena.

ABUXKeHUe B NPOCTPAHCTBE-BPEeMEHMU

35 x
3
2,5
(8]
&2
x
s
815
[ G- MUnpoBaa INHUA
1
0,5
0 >




19

IIpunoxenne 7.

I'padux 1. 4-ckopocTb. DPdexT 3ameasieHust BpeMEHH.

-[A

" -
JaMeaneHue

BpeMeHMU

'}
- -
Ckopoctb: 283634 kM/c

I'padux 1. MupoBas JIuHUS ynaBuero s01oka.

,t‘x

MUPOBas NMUHUSA

— T




Ipunaoxenne 8.

Pucynok 1. He nckpuBn€nHoe npocTpaHCcTBO.

Pucynok 2. MckpuBi€HHOE IPOCTPAHCTBO.

=
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IIpunoxenne 9.

Pucynok 2. [lonnast Bu3yanu3auus rpaBUTanus BO BCEX U3MEPEHMSIX.




