JBUrarenb KocMo0J1€Ta HA d(pPexTe rPaBUTALMOHHOIO CAMOYCKOPEHUA

AHHOTALUA

Cuuraercsi, 4TO JJIsi pa3roHa KOCMUYECKOr0 KOpaosisi 10 OOJbIINX, BIUIOTH 10
CyOCBETOBBIX CKOPOCTEH HEOOXOAMMBI 3HAUMTEIbHBIC 3amackl TorwmBa. OmHAKO
OTPaHUYICHHOCTDL CKOPOCTHU PACHIPOCTPAHCHUA I'PpaBUTALIUK ITPUBOANUT K BO3SHUKHOBCHHUIO
PCIAITUBUCTCKOT'O 3(1)(1)61(’1‘& I'PaBUTAIUOHHOTO CaMOYCKOPCHHA, KOTI'Jd HpOTSI)KCHHBIﬁ
00BEKT YBCIMYNUBACT CKOPOCTH CBOCTO IBHIKCHUA oe3 IMPUIIOKCHUA K HCMY BHEIIIHEN
CUJIbI, TaK Ha3bIBA€MOC, 66301’[0pHOC JABUKCHUC. u HAIIpOTHUB, TI'PAaBUTAIMOHHOC
YCKOPCHHUC CTAHOBHUTCSA HCBO3MOJKHBIM, CCJIM CKOPOCTH PACIPOCTPAHCHHUA I'PABUTALIUN
OeCKOHEYHa.

Spacecraft engine on the effect of gravitational self-acceleration

It is believed that significant reserves of fuel are required to accelerate a
spacecraft to high speeds, up to subluminal speeds. However, the limited speed of
propagation of gravity leads to the emergence of the relativistic effect of gravitational
self-acceleration, when an extended object increases the speed of its motion without the
application of an external force to it, the so-called unsupported motion. Conversely,
gravitational some acceleration becomes impossible if the speed of propagation of
gravity is infinite.
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HUcuesnoBenne CoiHna

OrpaHn4eHHOCTh CKOPOCTH pacupocTpaHeHus I'PaBUTALIMOHHOTO
B3aMMOJIEHCTBHS Kak cieacTBue BToporo nocrynara CTO noimkHO nMpuBecTH K BeCbMa
JHOOOMBITHOMY SIBIEHUIO — CAMOYCKOPEHUIO JABIDKYIIUXCS Tel. be3 kakux-mubo 3aTpar
SHEPIUH WIM MPWIOKEHUS BHEUIHUX CWJI, B TOM YHCIIE PEAKTUBHBIX, TEJIO JIOJKHO
YBEJIMYUBATH CBOIO CKOPOCTb.

Kak Bapuant, 310T 3(]dexkr Moxer ObITh, HalpuUMEep, OJHONH M3 MNPUYHUH
aHoOMaJIbHOTO yckopeHus [luonepoB. Ha MOMEHT MOSBIEHHS 3TOM HIEUM HUKAKUX
pacyeToB HE MPOBOAMIOCH, U KAKUM OKAXKETCA pe3yJbTaT ATHUX PACUYETOB, HESICHO.
[TosTOMy, HauMHAasi BBIYMCIEHUS, S HE 3HAI0, YBUJUT JIM 3Ta CTAaThs CBET WM TaK U



OCTaHETCAd B HEyJAuHbIX 4YepHOBUKax. J[laBaiiTe, mpoBeAEM ATU BBIYUCICHUS H
IIOCMOTPUM, YTO IIPHU ITOM MOJTYUUTCH.

Hauném uznmaneka. llepBoe, ¢ 4ero, BUAMMO, CIEAyeT HayaTb aHAINA3, — ITO
M3BECTHBIM (PparMEeHT HAyYHO-TIOMYJISIPHOTO (GHIbMa O TEOPUH OTHOCHTEIHHOCTH
Oiiamrelina. B duimeMe st 1eMOHCTpaIi BTOPOTO TOCTyIaTa TEOPUH TPUBOTUIICS
Takol KpacouHblid 3mu304. Yro mnpowmsoinér, eciun ConaHue BAPYr HCYE3HET?
YTBepxkaaercs, 4yTo 3eMisl «IOYYBCTBYET» Hcue3HOBeHHE (COJIHIIa HE MTHOBEHHO, a
TOJIBKO 4epe3 8 MUHYT, W JIMIIb MOCJE 3TOr0 MPEKPATUT BPAIIATEIBHOE IBHKECHHUE U
OyneT MBUTaThCsA MO MPAMOW. JTO CBA3AHO C TE€M, UYTO I'PABUTAIIMOHHOW BO3JCHCTBUE
pacnpocTpaHsieTcsi B IPOCTPAHCTBE KakK U (POTOHBI — CO CKOPOCThIO cBeTa. [loaTtoMy npu
ucuesHoBeHun CoJlHIIAa, 3TO TPABUTALMOHHOE BO3JICUCTBUE TAKKE€ HE MCUE3HET
MTHOBEHHO, a OyJeT yJalsThCs OT TO4kd, riae Obuio CoiHile, B O€CKOHEYHOCTh CO
CKOPOCTBIO CBETa, MOOYEPENHO «OCBOOOXkIAas» OT CBOErO BIMSHUSA BCE IUIAHETHI
COJIHEYHOU CHCTEMBI.

Uto mpu 3TOM, COOCTBEHHO TOBOpPS, JIBHXKETCS B MPOCTPAHCTBE, «OTKIHOYAS))
npuTsokeHue 1aHetr? O4YeBUIHO, ATO CBOEOOpa3HbId «(POHT» TPaBUTALUOHHOIO
noreHnnana. Hanporus, ecnu 3arem ConHIE BHOBb MTHOBEHHO OKAKETCSI, BOSHUKHET
Ha CBOEM IMPEXKHEM MECTe, TO TaKke BO3HUKHET HOBBIM (POHT TIpaBUTAILIMOHHOTO
MOTEHIIMAJIa, KOTOPBhIM BHOBb TMpoOexkutr oT ConHna Ha OECKOHEYHOCTb, BHOBB
«3axBaTbIBas» CBOMM BO3ICHCTBHEM IUIAHETHI OJHY 3a Jpyroh. To ecTb, B 3TOM
TUNIOTETUYECKOM TpPUMEpPE B TMPOCTPAHCTBE «IPOOEKUT» CBOCOOpaA3HBIN MPOBAI
IPaBUTAIIMOHHOTO TMOTeHIMana. Ha pucyHke 3TO MOXKHO H300pa3UTh CIIEIYIOIIUM
00pa3oM B BHJIC aHUMAIIHHU:

Ckavox TPABHTAIIHOHHOI O MOTeHIIHAIA OT Coanua

MIPH €Tr0 HCYE3HOBEHHH H ITOCITEAYIOIIEM BOSHIIKHOBEHHIT
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Puc.l PacnpocTpaneHue mpoBajia rpaBUTAIMOHHOTO MOTEHIIMANIA PU UCYE3HOBEHUHU U
nosiBjieHnu COJTHIIA BHOBb.

Ha pucynke BenuumHa TpaBUTALMOHHOTO TMOTEHIMANa H300paxkeHa B
OTHOCHUTEJILHOM 3HaUY€HUU — TO €CTh B JIOJIIX OT MAaKCHUMaJbHOIO CBOEro 3HA4YCHHs Ha
noBepxHoctu Connua. [loHATHO, YTO OH JNUHEIHO Bo3pacTaeT oT ueHTpa ComHIla, rae
a1000€ Teno HaxXOoAMJIOCh Obl B COCTOSHUM HEBECOMOCTH, 3aT€M JI0 MaKCHUMAaJIbHOTO
sHaueHus B 100% Ha ero moBEepXHOCTH U JaJiee CIajas Mo 3aKOHy OOpaTHBIX KBaJAPaTOB
710 HyJsI Ha OeCKOHEUHOCTHU. [y yIydIeHns BU3yalu3allii MacIiTadbl Ha pUCYHKE HE
coOmofieHbl. TOHKOM JNHHHMEN NOTeHIMana H300pakeH ero KoHTyp. Takxke s



IIPOCTOTHI HAa HAIIEM PUCYHKE HPUHATO, YTO BCcs Macca CoJHIA COCPEIOTOYEHA B €r0
LIEHTpE.

JIBUTraThcs B MPOCTPaHCTBE TpadvK MOTEHIIMANA, OYEBUIHO, OYJET HE LETHKOM,
kak eauHoe wenoe. Ilocme wucuesnoBenns CosiHIA MOTEHUMAN B KAKIOM TOYKE
MPOCTPAHCTBA OyJET MrHOBEHHO CIagaTh J0 HylIs, M 3TOT CcHajd, «ThUD)
IPaBUTALMOHHOTO MOTEHIIMAaa OyAET CO CKOPOCTHIO CBETA JIBUTAThCS MO HAMPABICHUIO
or Conuua. ToyHo Tak >ke, U MpU MTHOBEHHOM BO3HHMKHOBeHUH CoyHIIA «HPOHT»
IPAaBUTAIIMOHHOTO TMOTEHIMANa B KaXJOM TO4Yke OyJeT MIHOBEHHO BO3pacTaTh 10
YPOBHS, COOTBETCTBYIOWIETO YyhanéHHocTh OT ConHIa, M [ABUTaThCi OT HETO CO
CKOPOCTBIO CBETA.

Cpa3y ke BO3HUKAeT HOBBIM BONPOC, a Kak OyJIeT HU3MEHATbCS ITOT
IrpaBUTALIMOHHBIA NOTEHIMAN, €CU COJHIIE MPOCTO HAYHET YAAIATHCS OT MECTA CBOETO
MepBOHaYalbHOTO TMojoxeHusi? Wmu, HaoOopot, CosHile NPUAET B ATy TOYKY C
HEKOTOPOM CKOPOCThIO W3 OeCKOHEeYHOCTH? MOXKHO Jorajarbcsi, 4YTO B CilIyyae
nBrkeHus: CoJIHIIa CO CKOPOCTBHIO CBETa MbI MOJIYYUM TOYHO Takou ke dPPeKT, Kak u
IIpU €r0 MTHOBEHHOM HCUE3HOBEHUHU-TOABICHUH. A 4TO OyAeT B Cly4yae KOHEYHOMU
ckopocTH aBrxeHus: ComHia?

PaccmoTpuMm mocnenoBaTenbHble, «CKaukooOpa3Hble» MojoxkeHus CosiHIa B
IpoLecce ATOro ABWKEHMS. llycTh nABMIKEHHME HAYAIOCh W3 KPAWHETO IIPaBOro
nojio’)keHus: Ha pucyHke 2. CoJHIE CKadyKoOOpa3HO MEpEeMECTUIIOCh BIIEBO Ha
HEKOTOpPOE pacCTosHUE. B 3TOM M BO BCEX CiydasX «IIPOMEKYTOYHBIX OCTAHOBOK)»
ConHlla ero rpaBUTAllMOHHBIN NOTEHIIMAN JAODKEH OBbITh paclpenenéH B MPOCTPAHCTBE,
KaK TOKa3aHO Ha pUCYHKE udepHOU ymuHuer. KpacHas nauHUS H300pakaeT mpexHee
3Ha4YE€HHE TpaBUTaUUMOHHOro mois ConHia, KOorja OHO HAaxOJIWJIOCh B TOW TOYKE.
O4eBUHO, YTO MTHOBEHHBIN «OTCKOK» COJIHIIA NPHUBEAET K TOMY, YTO Y «KPACHOTO»
IPaBUTALIMOHHOTO TOTEHIMANa IMPONaJacT €ro MCTOYHUK, U OH Cpa3y K€ HAYMHAET
cragath 10 Hyisa. Ho mbl mpunsin, uyto Bropoi nocrynar CTO crnpaBemnB Takxke n
JUIsl TpaBUTALMU, CKOPOCTb PACIPOCTPAHEHHUS] KOTOPOW HE MOMKET ObITh OOJIbLIE
ckopocTH cBeta. [103TOMy Kpaii 30HbI, B KOTOPOU IPAaBUTAIIMOHHBIN OTEHIMAJ CIIAIAET
110 HyJIsl, Oy/IeT IBUraThCs B OECKOHEYHOCTh CO CKOPOCThIO CBETA.

C npyroii croponsbl, COJHIE BE/lb HE UCUE3JI0 COBCEM, a MPOCTO MEPEMECTHUIIOCK.
[ToaTOMY TpaBUTALIMOHHBIA MOTEHIIMAT OT HEro TaKKe CO CKOPOCThbIO CBeTa Oyner
PacIpOCTPaHATHCS BCIIE 32 HCUE3AOIINM IIOTEHIMAJIOM IIPEABIAYILETO MOoI0KeHUA. 13
ATOTO MPSIMO CJEYET, YTO B KaXJA0M TOUKE MPOCTPAaHCTBA NOTEHIMAN He OYyJeT crajgaTh
10 Hynss — OH OyAer cmajzaTh 1O 3HAYEHHMsS MOTEHIMaNa, BBI3BAHHOIO HOBBIM
nosioxkenuemM ConoHIa.

Ha pucynke ConHile n300pakeHO B BHJIC MAJICHBKOW KPACHOM TOYKH, B KOTOPOI
cocpenotoueHa Bcs ero macca. C KaXIpIM HOBBIM «ckadykom» CoJlHIA BIIEBO,
«OCTaBJIEHHBI» UM IPABUTALIMOHHBIA MOTEHIMAN Cpa3y K€ HAUNHAET CIagaTh 10 HYJI,
U (QpOHT 3TOro majeHHsi ABUKETCS BIPABO CO CKOPOCThbIO cBeTa. Kaxablii HOBBIN
«rpavK» TPAaBUTALMOHHOIO TNOTEHIMala OyJIeT MHOJAMEHATh COOOW MpeAbIyIInid,
c(hopMHUPOBAaHHBIN NPeabLAYIIUM ToJI0keHrueM ColHIa.



| I'paBuTHpyrOmEe TeI0 cKaIKaMH IepeMelaeTcs BIEBO.

‘\‘ 'OTIymeHHEIH' TPAaBUTAIMOHHEIH IOTEHITHAN B TIPesKHEH Touke
| mamaet o Hyns (kpacHsle nueun). YepHas KpPHBas - IPaBHTa-
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Puc.2 N3MeHeHHE TpaBUTAIMOHHOTO IMOTEHIHMATA IMPU CKAYKOOOPa3HOM JBIKCHUH
ComaHna

MoXHO 10rajaThCs, YTO KaXKJ0€ U3MEHEHUE MOTEHIIUAIa OyIeT MPOUCXOAUTh B
3aBUCHUMOCTH KaK OT CKOPOCTH paclpOCTpaHEHUs MOTEHIIMAJIa — CKOPOCTH CBETA, TaK U
OT CKOpOCTH, ¢ kKakoli CoJHIle yAansieTcs OT UCXOAHOTO MOJI0KeHUs. To ecTh, 0 HOBOM
nonoxxenun CoJiHIIa B KaXJA0W TOYKE MPOCTPAHCTBA OYJIET U3BECTHO HE Cpasy, a uepes
BpeMsi, He00X0UMOe, YTOObI ATO M3MEHEHHE JOCTUTIIO 3TOW Touku. [lomyuaeTcs, 4To
U3MEHEHHE MOTEHIINANA, €T0 «JIBIKEHHUE» OYJIeT MPOUCXOIUTh CO CKOPOCTHIO YIaICHUS
ConHua, HO IPU 3TOM C HEKOTOPOM 3aJEP>KKOM, CBSI3aHHOM C OrPaHUYEHHON CKOPOCTHIO
€ro pacrpoCTpaHEHUs — CKOPOCTBIO CBETA.

Ha pucynke, kak BHUIUM, BCJEJICTBHE 3TOr0 BO3HHUK TaKOW MHIO0Opa3HBIN
KOHTYp TMoTeHiuana. Eciu crnenaTh CKaukd OECKOHEYHO MAaJIbIMHU, 4YTO MIMPHUHA
«3yObeB» TMUJIbI YMEHBIIUTCS JI0 HYJIS, © KOHTYp €€ CTaHeT IUIaBHOW KpuBOH. XOpOIIo
3aMETHO, YTO 3TOT KOHTYpP B IIPOCTPAHCTBE OKA3bIBAETCSI CMEIIEHHBIM MO OTHOLIEHHUIO K
rpaduKy TpaBUTAIMOHHOIO MOTEHIMana. B peanmbHOCTH 3TO OyAeT BBHIMVISIACTh Tak,
Oynro rpaBUTAlMOHHBIN ToTeHIMan CojHIa KaKk Obl «BBITSHYT» B MPOCTPAHCTBE, OH
SIBHO «OTCTAET» OT CBOEro uctounuka — ConHa:

Tlpn ABMKEHNH Tena
CI'0 I'paBUT ALOHHBIH
noTeHnmant "orcraér’

Puc.3 Ilpu mnmaBHOoM jBwkKeHHMHM CojHIIA €ro TpaBUTAIMOHHBIM  IOTEHITMAN
«BBITSATHUBAETCS B MIPOCTPAHCTBE, OTCTAET OT CBOETO UCTOYHMKA.

BOmu3u ot ypamsromerocs CosiHIA NOTEHIMAl CHHMYKAETCSl IMPAKTUYECKU
MT'HOBEHHO, MOCKOJIBKY CTOJIb KOPOTKOE paccTOsiHHE (POHT MPOXOAUT OYEHb OBICTPO.
Yem panbiie Touka ot CosHIA, TeM MO31HEEe B He€ NMpUAET (PPOHT M3MEHUBLIETOCS
noreHuuaina. Kpome Toro Ha MoMeHT ero npuxoa CoJHIIE YK€ IEPEMECTUTCS B HOBYIO
TOYKY, YTO WM BBIMVISIAUT KaK «BBITATMBAHUE» IMOTECHIMaNAa. YeM TOoYyka Janblle, TEM
CUJIbHEE B HEW IOTEHLHMAI OTCTAET OT YPOBHS, COOTBETCTBYIOIIETO HENOJIBHKHOMY
ConHily: MO TOPU3OHTAJIM TOYKH PAaBHOIO MOTEHLHMANa OTCTOAT Ha BCE OoJblIEM



PaCCTOAHNH IIPU YIAJICHUHA OT HCTO. DTO OTCTaBaHUE TAKKE BO3pacCTacCT C YBCIIMYCHUCM
CKOPOCTH ABMIKCHUA I'PABUTUPYIOLICTO TCJIA, KAaK ITOKA3aHO Ha NPCAbIAYIICM PHUCYHKC,
HaIrItIOMHHAaromeM I[GTCKI/Iﬁ camMokar 0e3 3aJHCTO0 KOJIECA. Ha wnavansHOM »5Tame
JABHKCHUA CKOpPOCTb BCINKA U OTCTaBaHUC rpaBUTAIMOHHOI'O  IIOTCHIHAJIA
ABMIKYHICTOCA TCJIa OT IMOTCHIMAJIA IMOKOAIICTOCS TAaKKE BCIIMKO. ITo MCPC CHUIKCHUS
CKOPOCTHN ABHIKCHUA TCJId OTCTaABAHHUC YMCHBIIACTCA U CTAHOBUTCS PABHBIM HYJIIO IIpU
OCTaHOBKC TCJIA.

be3onopHoe nBUKEHHE

Takoe «BBITATMBaHKME)» MTOTEHIMANA, 3aBUCALIETO OT CKOpocTH ynaneHus CoaHua,
HAaBOJAWUT HA HMHTEPECHYIO MBICIb. A YTO, €CIIM «IIOJydaTeldb MOTEHIHUANa», CKaXeM,
M3MEPUTEIBbHBIN MPUOOp HE TIOKOUTCS, a TOXKEe ABMKETCS co ckopocThto Conniua? Ilpu
HenoABMWKHBIX CoiHIle 1 pubope BCE SICHO: OTEHLMAI BCErAa OJUH U TOT e. Ho npu
nerkeHUU COJIHIIA TOTEHIMANl HE IPOCTO JIBHXKETCS 34 HAM, @ HEMHOT'O OTCTAaET, YTO
MPUBOJUT K €ro CBOEOOpPAa3HOMY «BBITATHUBAHUIO», «PACTSHKEHHUIO», 3aIa3/iblBAHMIO.
Ecnu u3mepurensHblil npuOOp HaXOAUTCA Ha (PUKCUPOBAHHOM paccTosiHuu oT CouHLa,
JIBUTasACh C TOYHO TAKOM KE CKOPOCTBIO, UTO U OHO, TO OH, TEM HE MEHEe, TOJIKEH
3auKCHpOBaTh H3MeHeHue mnoTeHiuana. [Ipuyém oueBuaHO, 4TO mNpUbOp Oyner
(uKCHpOBATh YBEIIMYEHHUE ITOTO MOTEHIIUATIA.

[TockosibKy CKOPOCTh OOBEKTOB OJIHA U Ta K€, UM MOKHO Ha3HAYUTh OJIHY U TY
KE CHCTEMY OTCUETa M JaK€ CBA3aTh MX HEKUM YCJIOBHBIM cTepxkHeM. [lockoibky
CTepHeM coeMHUThCS ¢ COJIHIEM HENb3s, paccCMOTpUM Jpyroit oobekt. IlycTs nBa
TOYEYHBIX TEJIA PABHOM MAacChl M COEIWHEHBI TBEPJBIM HEBECOMBIM CTEPKHEM JUTMHOU
r. Ecnm sta cucreMa HW3HAa4albHO HAXOAUTCS B NPSIMOJUHEHHOM pPaBHOMEPHOM
JIBWKEHUU BJOJb CBOEH OCH, TO, Kak Mbl OOHapyxwiu B npumepe ¢ ConHieMm, Ha
3a/IHIOI0 Maccy OyJeT IelcTBOBaTh JOMOJHUTEIbHAS CHJIAa TMPUTSHKEHHUS] OT TOJIOBHOM
TOYKHU MO CPABHEHHIO C COCTOSIHUEM MOKOS. A 3TO HEMOCPEICTBEHHO O3HAYAET, YTO ATa
cuia He OyZeT YpaBHOBEILIEHA CUJION YIIPYTOro CKaTus CTEPKHS U MPUBEAET 3Ty Maccy
B YCKOPEHHOE JIBH)KCHUE.

Ho, MOXHO BO3pa3uTh, Takas ke CHJIa, BEPOSITHO, AEHUCTBYET M Ha T'OJIOBHYIO
Maccy, Topmo3sa cucremy? Her! Jlns ronoBHON Macchl AeHCTBYET 3P(HEKT B TOUHOCTH
IIPOTUBOMOJIOKHBIW. ['paBUTALIMOHHBIA IMOTEHUMAI BEIOMOW MacChl OTCTaET OT
BEIYILEH, MO3TOMY BEIyllas Macca OKa3bIBAC€TCS IIOJ BO3JACHCTBUEM YMEHBIICHHOM
CWJIBI OT MPUTsDKEHUs Bemomoid. [ToaTomy oHa Tak ke He OyAeT ypaBHOBEIICHA CHIION
CKaTHA CTEPKHS, U CTEP>KEHb OyJIeT TOJIKATh 3Ty Maccy BOEPE.



HpH JABIZKCHIN CBA3aHHBIX TECII
OTCTAIOLIIIL l'“paBIITaLHIOHHI:IfI MMoTeHIIal
IEPBOro TEIA CcO30a€T OOIIOTHUTEIIEHYIO
TOJKaIIYHO CILTY BTOPOI'O T€JIa

Thyresmoon: TIB.

Puc.4. Maccel Ha KOHLAxX JABMXKYLIErOCS CTPEXHS MCHBITHIBAIOT HEYPaBHOBELIEHHYIO
CHUJLY, IPEBBIIAIONTYIO CUITYy UX FPAaBUTALIMOHHOTO NPUTSIKEHNS B COCTOSIHUM TTOKOSI.

BpIxoauT, 4TO CTEpkKEHBb MOJ BO3ACHCTBUEM 3THUX HEOXHUIAHHBIX CHUJI HAYHET
yckopAThes. [Ipuuém, U3 COCTOSTHUS TTOKOSI CTEPKEHb CaM B JBUKCHUE HE TIPUMAET, EMY
HE0OXO0IMMO JaTh HEKOTOPYIO HayaJbHYIO CKOPOCTh BAOJIb €T0 OCH.

KoneuHo, MOXXHO BO3pa3uTh: AOMOJHUTEIbHAS CHUJIa MPUTSKEHUS TMPOCTO
COXXMET CTEP)KEHb, U OH cTaHeT Kopoue. Ho aTtoro He moxer mpou3zoitu. Jepopmarius
OTCTAIOIIET0 KOHIIAa CTEPIKHS MOCTENEHHO (He ObICTpee CKOPOCTH CBETA) MepeaacTcs Ha
ero MepeaHui Kpai, KOHEI CTePKHS OyAET CTPEMUTHCS IEPEMECTUTHCS BIIEPET. DTOMY
OyJlleT MpensaTCTBOBATh BeAylllasi Macca. 3a cu€t yero? Cuia IpUTSKEHUS 3TOH MacChl
OT OTCTArOUIEr0 TEJa BCErJa MEHBIIE TOM, YTO COOTBETCTBYET MCXOIHOM, «HECKATON»
JUTMHE CTEPXKHSI, TOCKOJIbKY JIJII BEIYLIEH MAacChl pACCTOSIHUE O BEAOMOM «KAKETC»
oosiee mmHHBIM. [loaTOMY B Bemyliel, MepeIHer Mo JBHXEHUIO MacChl HE MOSBUTCS
JOTIOJIHUTEJIBHOM CHJIbI, YTOOBI KOMIIEHCHPOBATHh BO3POCIIYIO CHJIY JaBJICHUS OT
CBSI3YIOIIETO CTEPKHSI.

JlaBaliTe OLIEHUM BEJIMYMHY 3TUX CUJI U BOZHUKIIETO OT UX JIEUCTBUSL YCKOPEHUS.

B cocTosiHMM 1TOKOsI MacChl MPUTATUBAKOTCS C CHJIOW COTJIACHO 3aKOHY HbproToHa:
2

m
F:GF
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IS
F — CHhJia HpI/ITH)KCHI/IH TOYCYHBIX MACC,
m — MACChI Ha KOHIIax CTep)KHSI;

r — HJJIMHA CTep)KHH;

G — FpaBI/ITaL[I/IOHHaH ITIOCTOSAHHAJ.

IIyTh cTepKeHb ABUKETCSI CO CKOPOCTHIO V BJOJb CBOEH OCH. 3a HEKOTOPbBIN
MOMEHT BPEMEHH BEYIIIasi Macca MEPEMECTUTCS U3 TOUKH a B TOUKY &', a Beaomasi — u3
Ttouku b B Touky b'. M3 Touku @' rpaBUTAIMOHHBIN MOTEHIIMAT BEAYIIEeH MacChl Haval
co3/laBaTh OOHOBJICHHBIC 3HAYCHHUS TIOJII B HANpPaBICHUW BEIOMOH MacChl CO
CKOpOCThIO cBeTa — ¢. Jlo Toro MomeHTta, Korga ¢GpoHT mpuOyaeT B Touky b', Tam
«JIEUCTBYET» MpEeKHEee, OOTbIee 3HAUCHUE MTOTEHIIAANA.
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Puc.5. Macca B KOHIIE JBIIKYIIIETOCS CTPEKHS UCIIBITHIBAIOT CHITY, KaK €CJIA OBl IJTMHA
CTEpKHs ObLIIa MEHBIIIE UCXOTHOM

Benomas Macca ABUKETCS HABCTpeuy 3TOMY (PPOHTY CO CKOPOCTBIO V, HAXOJsCh
B MOJI€ C MOCJIEIHUM 3HAYEHUEM IMOTeHHHana. [IoCKOIbKYy Ha Hayajao JIBUKEHUS
paccTosiHUE MEXIy MaccaMu ObUIO paBHO I, GPOHT OT BeAylIell MacChl BCTPETUTCS C
BEJIOMOW Maccoi B TOYKE, OTMEUECHHON KpacHOM 4epTou, yepe3 Bpemsi t =r/ (C + V). 3a
ATO BpeMs BeJoMas Macca NPHUOIU3UTCS K TOUYKE, U3 KOTOPOM HA4yajgoCh JBUKEHUE
(poHTa HOBOrO 3HAYCHMs IMOTEHIMaNa, Ha paccTosuue b—b' =rl=vt=rv/(c+v).
CrnenoBarenibHO, BEIOMAasi Macca OKa)eTCs B TOUKE C MOTEHIIUAIOM, COOTBETCTBYIOIIUM
3TOMY U3MEHEHHOMY PACCTOSTHUIO

v v
r,=r—r,= ——:rx(l——}

B nanpHelimux pacuerax OyZeM CKOPOCTb JBHKEHUS CTEPHKHS U3MEPSTH B JOJISAX
OT CKOpOCTH cBeTa V = KC, Ha3BaB I HATJBSITHOCTH 3Ty Oe3pa3MepHYIO BeTHUnHy K Toit
e OyKBOH V, 4YTO U pa3MEPHYIO CKOPOCTb CTEPIKHS:

kc k 1+k -k r r
r,=rx|1- =rx|1-—— |=rx = =
c+kec 1+k 1+k 1+k 1+v

WUrak, MBI BUAUM, 4YTO IpU JABWIKEHHHM CTEPXKHS MAacChl M Ha €ro KOHUAX
MIPUTATUBAIOTCS C CUJIOM, KOTOPAsi COOTBETCTBYET YMEHBIIIEHHON JJIMHE CTEPXKHA. JTa
CUJIa IPUTSKEHUSI paBHA!

2
F =G x(1+V)?
r

I[OHOJIHI/ITGJ'IBHEUI Cujla, HC YPABHOBCIICHHAA CKATBIM CBA3YIOIIIHUM CTCPIKHCM,

TakKuM 00pa3oM, paBHa:

2 m2 2 2

m m m
AF=F-F=G—x(1+V) —-G—=G—(1+2v+Vv? 1) = Gv(1+V)—
2 2 2 2
r r r r
Cuna 9Ta, CclIeaoBaTeNIbHO, MPUBOAUT K YCKOPEHHOMY JIBIDKEHUIO BEIOMOMU
MaccChl C YCKOPEHHEM:
AF m m
a=—=6G5Vv(1+Vv)~CGv—
m r r
Kazanochr Obl, HAM TIpH BBIYMCIICHUH YCKOPEHUS CIICOBAIO B3STh YJABOCHHYIO
Maccy, MOCKOJIbKY 9TO M €CTh Macca BCcero cTepHs. Ho oueBnIHO, UTO TOUHO TaKas e
cujia JICMCTBYEeT M Ha BEIYIIYyI0 Maccy, MPUBOAS €€ B TOYHO TAKOE K€ YCKOPEHHOE
JIBKEHUE, YTO, B KOHEYHOM UTOTE, TPUBEAET K MOJIYICHHOMY BBIPKECHHUIO.
Ntak, MbI OOHAPYKUJIN IOBOJIBHO CTPaHHBINA A((PEKT: K CTEPKHIO HE MPUKIIAILIBACTCS



HUKAaKHX BHEIIHUX CUJI, a OH JBWXeTcs yckopeHHo! Ilpuuém sddekt, umerommii
CTpOroe MaTeMaTuyeckoe OOOCHOBaHHE. Takoe JBMKEHHE SBHO BBIMJISIIAT Kak
0€30MopHOE WK, KaK €ro HHOTAa Ha3bIBAIOT, 3(PUPOOIIOPHOE.

IHapagokc? Her!

OpnHako, cTporue npaBuiia TEOPUH OTHOCUTEIBHOCTH TPEOYIOT B 0053aT€IbHOM
NOPSIAKE TPOBEPUTH BBIKIAAKA M C TOUKHU 3PEHUS APYro cucremsl orcuera. M 31ech
HAC, KAK MOXET MOKa3aThCs, BCTPEYAET HEMPUITHAS HEOKUIAHHOCTD. JIeHCTBUTENBHO,
C TOYKHM 3PEHHSI CHCTEMbl OTCYETa CTEpXKHs, KOTOpas Bpojae Obl JOHKHA CUUTATHCS
WHEPUUAIIBHOW, PACCTOSHUE MEXKAY MaccaMd HEU3MEHHO, HHUYTO HE MEIIAeT
rPaBUTALIMIOHHOMY  NOTEHUMANy,  ONHAXIbl  PACIpPOCTPAHUBIIUCH,  OCTaThCS
HEU3MEHHBIM HaBcerga. 1o ectp, ¢ Touku 3peHus MCO cTepkHs ncye3aeT npuarHa JJis
YCKOPEHHOro  JABWXEHWs. Hanuno  sBHbIE  NPU3HAKKM — Mapajiokca:  TEOpHs
OTHOCHUTEJILHOCTH JIJIsl IBYX Pa3HbIX CHCTEM OTCUeTa JAET JBa B3aUMOMCKIIOYAOIINX
npeackaszanus. B maGopaTopHO#, HEMOABUKHOW CHCTEME OTCYETa MbI BBIYMCIIHIIM
YCKOpPEHHE, C KOTOPBIM, KOOI, TOJIKEH JIBUTaThCA CTEPKEHb C MACCaMH Ha KOHIIE, a B
CHUCTEME OTCUeTa CTEP>KHS Mbl HE OOHApPYXXWJIM HUKAKUX CWUJI, CIIOCOOHBIX MPUBECTH
CTEpKEHb B YCKOPEHHOE JIBIKCHUE.

OnHako, 3TO KaKyluics napaaokc. Takux B3aMMOUCKIIOUAIOMINX MPEICKa3aHU
crieruaibHas TeOpUsi OTHOCUTEIBLHOCTH HE JieNlaeT. XOTs Obl MOTOMY, YTO OHA JieJiaeT
TOJIBKO OJHO MPEACKa3aHUe: C TOUKU 3PEHUSI HEMOABUKHOM, 36MHOM CUCTEMBI OTCUETA.
B at0it UCO mb1 u nonyumwnu 3¢GdEKT yCKOPEHHOTO ABUKEHUS 0€3 MPHIIOKCHUS
BHEIIIHEN CHUJIBI.

A kak xe B cucrteme orcuera crepxkHs? [louemy Mbl JgumaeM CHeHHAIbHYIO
TEOPUI0 OTHOCUTEJILHOCTU MpaBa cieiaTh HE MOJAXOJsIIee JJisi Hac MpejcKa3zaHue?
Jleno B TOM, 4YTO Ha cCaMOM Jej€ CHUCTEeMa OTCYeTa CTEPXKHS HE SIBISETCS
nHepunanbHoi. Hecnpocta s €€ Bcerma HasbiBall CUCTEMOW OTcYeTa, 0€3 yKa3aHUs
«uHeplmanbHasy. JlelcTBUTeNbHO, HAOMI0AaTeNbh, HAXOSIINICA HA CTEPIKHE JIETKO
OOHApYX HUT, YTO TaM JACHCTBYIOT HKBUBAJICHTHBIC CHJIBI TpaBuUTanuu. [lomMmumo cui
rpaBUTAIMM, CO3/]aBa€MbIX MacCaMHM Ha KOHIAX CTepxkHsA. Bce cBOOOAHO BHUCSIIHE
npeaMeTsl  OyAyT TIOCTENEHHO TiepeMemarbess K Begomor Macce. Ecnum  ux
NPUHYIUTEIHHO MEPEMECTUTD K BEAYIICH, TO OHU BCE paBHO MEPEMECTATCSI 0OpaTHO — K
BeoMOi. Eciiy B3sTh MPYXKUHHBIN TUHAMOMETP, TO OH 0053aTeIbHO BHITSIHETCS BIOJb
CTEp>KHS M OyJIeT MOKa3bIBaTh HEKOTOPYIO CHITY. 371eCh Mbl OCTaBiisieM 0e3 BHHUMAaHUS
TOT (paKT, YTO JOTOTHUTEIIbHAS CHJIA CYIIECTBEHHO MEHBIIIE CHJI MPUTSKEHUS MacC.

Hy, Tak u uyto ¢ Toro? MhbI 37ech MMEEM HEKOTOpOe IMOoJ00ue mapajioKca
Oomm3HenoB. Jla, ¢ TOYKM 3peHUs CIEeNUATBLHON TEOPUU OTHOCUTEIBHOCTH B CHUCTEME
OoTCYeTa CTEP>KHS HET HMKAaKUX CHJI, MPUBOAAIIMX €r0 B YCKOpeHHoe aBvxkeHue. Ho
€CTh 3arajJiouyHasl cuja, He umeromias BuauMoro ucrounuka. iasgs CTO Her HuKakou
pa3HUIBI — €CTh MCTOYHMK, HET MCTOYHHKA — OHA 00s3aHa K CBOEMY MPEICKA3aHUIO
n00aBUTH 3Ty rpaBUTalMOHHYIO0 monpaBky. CTO He MMeeT mpaBa YTBEpXKIaTh U HE
YTBEPKIAET, YTO YCKOPEHHOTO [IB)KEHHUS HET. YCKOPEHHOE JIBUKEHUE HE



aHAJIM3UPYETCs 3/1€Ch 110 IpaBUiaM, 3aKOHAM CIEUUATIbHOM TEOPHH OTHOCHTEIBHOCTH,
HO 3TO HE O3HAYAET, YTO JPYrUe 3aKOHBI HE IEUCTBYIOT.

Tem He MeHee, 3TO, Kak roBoputcs, He e€, CTO, npobaembl. OHa caenana cCBOU
HEMPOTHUBOPEUYMBBIE MPEACKAa3aHUs, a MMOYEMY OJIHO M3 HUX HE BBINOJHAETCA — HE €€
npo0sema, UIUMTEe BUHOBHUKA. M KTO K€ 3TOT 3araJlouHblii HCTOYHHUK ycKopeHus? Kak
HU CTPaHHO, OH BCE-TaKM B HEAPAX CIELHAIBHOM TEOPUM OTHOCHUTENbHOCTH! ITO
BTOpOIl mocTynaT (mpuHLMI) Teopuu. IIpsMBIM ClIeACTBHEM U3 3TOTO MPHUHIMIIA
ABJIIETCSL TPENETBbHOCTh CKOPOCTH JHOOOTO0 CHUTHala, B TOM 4YHCIE€ U CKOPOCTH
pacnpocTpaHeHHUs! PpOHTA TPABUTALIUOHHOIO MOJIS.

Hukakoro 0e30mopHoro mwiy 3(pupoonopHOro ABMXKEHUS B JAHHOM CIIy4ae HET.
Ectb ynuBuTenbHbll 3QPEKT BOZHUKHOBEHUS Pa3HMIIBI CHJI U3-3a TOTO, YTO TSAHYIIAs
CHJa HE YCIEBAeT YMEHBIIWTHCS IPU YAAICHHWM NPUTIATHBAIOLIETO  TeEla.
[IpuTsaruBaromiee TenO ynaauwiaoCh, M CUJIa HPUTSDKEHHS, Ka3aloch Obl, JOJDKHA
yMeHbIIUThCA. HO 3 (HeKT CHUKEHUS CUIIbI IPUTSKEHUS IPUXOIUT K BEAOMOMY TEILy C
OMO3/JIaHHEM M OHO HE 3HAET, YTO MCTOYHHUK CUJIbl YAAIHUIICSA, MO3TOMY «4YYyBCTBYET»
YBEIUYMBIIYIOCS CUITY NPUTSHKEHHS, KaK €CJIM Obl OHO M HA CaMOM JIeJie TPUOIU3HIOCH
K HETOJBUKHOMY MPUTATUBAIOIIEMY TEIY.

Anomasus Ilnonepos

[TonpoOyemM HpUMEHUTH MOJTYYEHHBIE PE3yJbTaThl K M3BECTHOMY MapajioKCy —
aHOMAaJIMM YCKOPEHHOIro NBWXeHUs 30HA0B «lImonep». Hampsimyio 3TO HEBO3MOXKHO,
MOCKOJIbKY 30HJIbl HE YCKOpAIOTCA, a 3amenysitorcs. Ho paBaiite paccMOTpuM Bce
BO3MOYHBIE JIOBOJIBI C MAaKCHUMAaJbHOW MPEAB3SITOCTbIO, NMPUHUMAs UX B QopMe U
00BEMax, KOTOPHIE MOTYT CITYKUTh 000CHOBaHHWEM aHOMAJIHH.

N3BecTHO, YTO COJIHEYHAss CHUCTEM BCSI IEJIMKOM JBUXKETCS CO CKOPOCTHIO
nopsinka 200-300 km/cek. Mcronkyem 3TO SIBIIEHHE «B IMOJIb3Y» TPABUTALIMOHHOIO
yckopenus. He risigs Ha ¢akThl mpuMeM, 4To Bes cuctema «lajmakThka — 30HABDY
JBIKETCS B OOpaTHOM HampaBJIEHUM IO CPABHEHUIO C HAlpaBiICHUEM JBUKCHUS
30H/IOB OTHOCUTEJBHO TAJIAKTUKU. B 3TOM cllydae pealibHOE HampaBJICHUE JBUKEHUS
30HJIOB OTHOCHUTEIBHO MPOCTPAHCTBA OKA3bIBACTCS MPOTUBOIOIOXKHBIM, U 3PHEKT
IPaBUTAIIMOHHOTO YCKOpE€HHE OyAeT JEeUCTBOBAaTh B IMPAaBWIHLHOM HalpaBICHUU —
IPOTHUB JIBW>KEHUSI 30H]I0B OTHOCUTEIFHO TaJTaKTUKH, TO €CTh OYJET X TOPMO3UTh.

OueHnM BO3MOXHO€ 3HAUYEHHE YCKOPEHUS NpH ITUX Napamerpax. 3agaguM
3aBEIOMO 3aBBIIICHHBIE HaydalibHble YyclOBUS. bynem paccMarpuBaTh 30HI Kak
CTEpKEHb JJIMHON B MOJOBHHY MaKCHMAJbHOW JIMHBI 30H/A, paBHOU 2,9 MmeTpa, Ha
KOHIIaX KOTOPOTO 3aKPEIUICHbl TOYEUYHBIE MACChl, PaBHBIE TOJIOBUHE OOIIEH MaccChl
3oH71a M = 129,3 kxr. B Tabnuiie npuBeeHb 3HAYCHUS HYXKHBIX JIsl pACYETOB BEIHYNH:

Tabnuua



CxopocTh cBeTa, ¢ 299°792°458 m/c

Macca "IInonep-10", m 2585 kr

Jlmna "IInonep-10", r 29m
I'papuTanuonHasA moctosHHaL, G | 6,67x1071 p3c2kr™!
CxopocTh ramakTukn, I'g 200 KM/cek
CkopocTb 30HIa, v 11.391 gm/cek
AHoMaIbHOE YCKOpeHHUe 30HJa 8,74 » 10710 /2

[IpuHSATEIE HAaMH  3HAYEHUS  TIO3BOJSIOT  BBIUMCIWTh  T'PABUTANMOHHOE
CaMOYCKOPEHHE 30H/a:

a:GVm:GxXxm—/z:6’67xlo—llx 1?8699 X129’25
209792458 145

r? c (r/2y

KaK BUIUM, JAaXKC HpH YKa3aHHI)IX HCXOJHBIX JAaHHBIX, 3aBbIINICHHBIX B HOHB?)Y

FpaBHTaHHOHHOFO 3(1)(DGKT3, BCJIMUNHA BO3HHUKAKOIICTO TOpMOB;IHleFO YCKOpeHI/IH

MCHBIIC, YEM 0,3% oT Ha6J]IO,Z[aeMOFO dHOMAJIBHOT'O YCKOPCHI/IH. CHCHOB&TCHBHO,

O6Hapy>I<eHHLIﬁ 3(1)(1)61(’[ FpaBHTaHHOHHOFO YCKOpeHHﬂ HC MOKECT CHY)KHTB
000CHOBaHHEM aHOMAJILHOTO YCKOPEHHS 30HIO0B.

—26x10712

I'paBuTAlIMOHHBIN IBUTraTEIb KOCMOJIETA

OObsicHuT,  aHoManuio  30HAOB  «lIuoHep»  oOHapyXeHHBIA  3PPEKT
I'PaBUTAIMOHHOTO CaMOYCKOPEHUsI, KaK OKa3aJloCh, HE mo3BosgeTr. OaHaKo, TOT (akT,
4TO JJs YCKOpPEHHs Tel He TpeOyeTrcs BHEUIHMX CHJI, I03BOJISIET IONBITAThCS
UCIIOJIB30BaTh €ro Il KOCMHUYECKHMX IepeneToB. Pa3zymeercs, yCKOPSIIOUIME CHIIBI
Ype3BbIYAHO Majbl, HO KOCMHYECKHE PACCTOSIHUS BEJIHMKM HACTOJBKO, YTO
JUIATENbHOCTh NEPENeTOB OyJeT COCTaBisATh MHorue rozasl. IlosTomy 3a miaurenbHOE
BpPEMsI CKOPOCTb MOKET YBEJIMUYUTHCS 10 TAKMX 3HAUEHUU, KOTOPbIE, BOBMOXKHO, OyayT
HEJIOCTHXKUMBI 1711 TPAAULIMOHHBIX SHEPTONOTPEOISIONUX JBUTaTEIe KOCMOJIETOB.

OneHnM BO3MOXKHOCTh JOCTHXKEHHSI CKOPOCTEM, IPUEMIIEMBIX JIJII KOCMUYECKUX
nepeneToB 3a mnpuemiemMoe BpeMms. IlycTh KocMoONET mpenctaBiisieT cCOOOW JIeTKHid
crepxkeHb nuHOM 1 000 MeTpoB, HA KOHIAX KOTOPOTO 3aKPEIUICHBI OTCEKH, MacCOou
1 000 TonH kaxpIii. C MOMONIBIO OOBIYHBIX JIBUTAaTENEH U rPaBUTALMOHHBIX MAHEBPOB
pa3roHuM ATOT KOCMOJET 10 ckopoctu 10 000 M/cex. Bo3HukIee npu 3TOM HadaabHOE
IrPaBUTALIMOHHOE CAMOYCKOPEHHE COCTABUT:

a=Gv T =Gx VM _g67x101x 0000, 1000000
r cr 299792458 1000

OTO yCKOpPEHHME BBI3bIBAET YBEIMYEHHE CKOPOCTH KOCMOJIETA. [l MpOCTOTHI
MPOU3BENEM aHAIIU3 3TOM CKOPOCTH cienytonuM o0pa3om. IlycTe HauanbHass CKOPOCTh
KOCMOJIETA YBEJIMYMBAETCS KaXKIyI0 CEKYHy HA HEKOTOPYIO BEJIMYHHY U COCTABIISIET:

=22x10" %/ cex’

vy =Vy +at=y, +Gvom2t =V + Vokt = V(1 +kt) = vy (1+Kk)
r

31ech Mbl 3aMEHHJIM KOHCTAHTON K HeM3MeHHBIE TapaMeTpbl KOCMOJIETA, a BpeMs



OTOPOCHIIN, TTIOCKOJIBKY BBIUUCIISIEM H3MEHEHHUS CKOPOCTH KXY ceKyHay. Ha mepBoit
CEKyHJE BO3PACTaHHE CKOPOCTM MPOUCXOAUIO OT HA4YaJbHOTO 3HA4YeHUs Vo U
COOTBETCTBYIOIIETO ATOM CKOPOCTH YCKOpeHHs. Bo BTOpyr CeKyHIOy CKOPOCTh
BO3PacCTaET OT HOBOI'O 3HAYECHUS CKOPOCTH V!
2
V2 :Vl +V1k :V1(1+ k):V0(1+ k)
COOTBETCTBEHHO, TPETHE 3HAUEHUE CKOPOCTU COCTABHUT:
3
V3 :V2 +V2k :V2(1+ k):V0(1+ k)
Takum 00pazom, Kaxkoe mocieayroIiee N-Hoe 3HaYeHUEe CKOPOCTH OyAeT paBHO:
n
Vp =Vp g +V, K =V, (1+K)=v(1+k)
B ypaBHenun BemmumHa K<<1, T03TOMY MOXHO 3aMEHUTh 3TO BBIPAKCHHEC
NpUOIMKEHHON (HOPMYIION:
n
V, =Vl +Kk)" =vy(L+kn)
Haiiném oTHOlIEHHE KOHEYHOM M HayadbHOM CKOpPOCTEH, 4TOOBI YBUAETh, HACKOJILKO
BO3pOCia CKOPOCTh:
\Y
N =1+kn
Vo
BuauMm, 9To 171 yABOSHUS CKOPOCTH KOCMOJIETAa HEOOXOAMMO BpEMsI, YHUCIECHHO
pasioe N=1/k. W 3mecb MBI BHUAMM, YTO MAaJOCTh BEIUYHMHBI K TpeOyeT oucHb

JINTCIIBHOI'O BPCMCHHM Ha PA3rOH. HaHpHMep, ML IIPHUHATBIX BBIIIC 3HAYCHUM
IMapaMCTpOB KOCMOJICTA BCIIMYMHA k paBHaA:

m 111000000
k=G— =667x10"x————
r 10007
CrnenoBarenbHO, JI1 YJIBOCHHS CKOPOCTH KOCMOJIETA HEOOXOIWM TMOUYTU MUJUIHAP]
CEKYHJI UJIN:

—6,67x1071?

11
n :1:6,67><10llcel< ___0b7x10 ~ 21150z em
k 3600x 24 x 365
N 510 TONMBKO AJIS yABOCHUSI HAYaIbHOM CKOpOCTHU. st TOTO 4TOOBI CKOPOCTH
Bo3pocia B 307000 pa3 u npuOImM3miIach K CKOPOCTH CBETa, HEOOXOIMMO BPEMSI IIOUYTH B
musuapy jiet. [lonmpobyeM M3MEHUTH MapameTpbl KOCMOJETA, YTOOBI COKPATUTh JTO
Bpems. Ilyctb KOCMOJET wuMeeT BHUI JABYX «OyOJMKOB» OOJBIIOTO JIHAMETPA,
COCAMHEHHBIX JIETKUMU TepeMblukamMu JiauHoM 100 meTpoB. Maccy Kaxkaoro wus
O0y6nukoB npumem paBHoM 1007000 TOHH, 4TO MpUMEPHO B JIBa pa3a OOJbIIE MAacChl

OKeaHCKoro jaiiHepa « Tutanuk». B 3ToM ciydae BelMunHaA KOHCTaHTHI K OyzeT paBHa:

m ;100000000 _
k=G— =667x10"x—————=667x10"
r 100
COOTBCTCTBeHHO, BpEM: Ha YABOCHHUC CKOPOCTHU COCTABUT:
1 6,67 x10’
Nn=>=6,67x10"cex = —
k 3600x24x365
3TO 3aMCTHO J'ny-IIHI/Iﬁ IIOKa3aTcCJIb. I[J'I}I AJOCTHIKCHHUA TI'PaBUTALIMOHHBIM
CaMOYCKOPAOIMIUMCA  «ABUTATCIICM» CKOPOCTH, 6HH3K0ﬁ K CKOpOCTH CB€Ta, B

~ 2200a




paccMOTPEeHHOM ciydae MoHamooutcss okono 607000 mer. VYBemuueHue Macchl
kocmosiéra B 1°000 pa3, 70 100°000°000 ToHH Ha Kakabli «0yoauk» (mpumepro 2 000
«TuraHukoB»), COKpaTUT 3TOT Cpok 10 60 jmer. KocMoJIET JOKEH NBUTaThCs BAOJb
HEHTPaJbHOU OcHu «OyOJIMKOB», KOTOpPBIE B TPOIECCE IBMKEHHUS MOTYT BpalaThCs,
9TOOBI CO3/1aBaTh dPPEKT UCKYCCTBEHHOM CUJIBI TSDKECTH B OTcekax. @opma OyOnmMKkoB
YMEHBIIIAeT TOPLEBYIO MOBEPXHOCTh KOCMOJIETA U YMEHBILIAET OMTACHOCTh MOBPEXKICHUS
BCTPEUHBIMU KOocMHUYeCKUMHU Tenamu. Kpome Toro, mepeanuil OyOaMK MOXKET MUMETh
YTOJILEHHYIO IOBEPXHOCTb.

[ToHATHO, YTO MOCTPOUTH TAKOH KOCMOJIET B KOCMOCE, a 3aTE€M pa30oTrHaTh €ro A0
nocTatouHo 6oibIioii ckopoctd B 107000 m/cek — 3aqaua TEXHUUIECKH BECEMA TPYIHAS.
Ho B mpunnune paspemmmas. B yacTHOCTH, B KauecTBE CBA3aHHBIX JAPYr C APYroM
«OyOIMKOBY» MOKHO MCHOJIb30BaTh NOMMaHHbIE B KOCMOCE aCTEPOUIBI.

OdeBuaHO, WIEs MMEET XOTA M PEATHCTUYHBIA, HO TPU ITOM COBEPIICHHO
(haHTaCTUUYECKUI BUJ, U MPEJCTABISIET, CKOPEE, TEOPETUUECKUI nHTEpec. BmecTe ¢ Tem
Ha (OHE MHOTOMUPOBOW HHTEPIPETAUU KBAaHTOBOM MEXaHUKH OBEperTa WU
MynbTUBepca JIunae 3Ta ues He Takas YK U HeOCYIIeCTBIMAs.
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