Is the universe expanding decelerating?
Bcesiennas pacmmpsiercs 3aMeaJIeHHO?
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AHHOTALIUA

It is believed that one of the main arguments from which the
conclusion about the accelerated expansion of the Universe follows
is the reduced brightness of distant supernovae. A mathematical
study of this phenomenon unexpectedly led to the exact opposite
conclusion. If distant supernovae are seen dimmer, then the universe
is expanding decelerate.

CuuTaercs, YTO OJIHUM U3 TJIABHBIX apT'YMEHTOB, U3 KOTOPOTO
clenyeT BbIBOJ 00 YCKOPEHHOM pacuiupeHuu BceeneHHOH, siBiseTcs
MOHIKEHHAs! SIPKOCTh JTAbHUX CBEPXHOBBIX. MareMaTudeckoe Huc-
CJICIOBAHKE ITOTO SIBJICHUS HEOXXHJIAHHO MPHBEIIO K MPSIMO MPOTH-
BOMOJIO)KHOMY BBIBOJY. Ecnu nanpbHUE CBEPXHOBBIE BHJIHBI Ooliee
TYCKIIBIMH, TO BceneHnast pacmmpsieTcs ¢ 3aMeIJICHHEM.

KuaroueBkle ciioBa
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(dhoton, cranimonapHasi Becenennas
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CymecTByeT mpeamnoiokenne, ytTo Beenennas pacimpsiercst
B HallIM JIHU C YCKOPEHHEM, a B OoJjiee 1ainéKoM MPOILIOoM, HAPOTHB,
OHa pacHMpsUlach 3ameneHHo. Kakumu HaOMIOACHUSMH MOXKHO
noaATBepAuTh 3T0? CuuTaercs, 4YTo OJHUM M3 TJIABHBIX apryMEHTOB,
00OCHOBBIBAIOIINX YCKOPEHHOE paciiupeHre BceneHHoM, sBIseTcs
MOHIKEHHAs! SIPKOCTh JAlIbHUX CBEPXHOBBIX. OAHAKO 3TO MPaBHIIO
BBITJISIIUT JTOBOJIBHO HEoOBbIYHO. B camom nene, ecnu oHH Oosee
TYCKJIbI€, TO OHU HaXOZSTCS Jayblile, YTO COOTBETCTBYET CKOPEE UX
0osee OBICTPOMY YIAJICHUIO B MIPOILIOM. XOTS MPUBEAEHHOE MTPaBHU-
J10 "TYCKJIBIA-abHUI" B 11€JIOM KOPPEKTHO, MpaBUJIbHEE BCE-TaKU
TOBOPUTH, YTO MPU YCKOPEHHOM DPACIIUPEHUU CBEPXHOBBIE HUMEIOT
MeHbULYI0 CKOPOCTh, MeHblilee KPAaCHOE CMEIIeHHEe, YeM 3TOT0 Tpe-
OyeT craHIapTHBIM 3aKoH Xa00ma. XOTs yAaauiIuCh OHH Ha MeHb-
ulee PacCTOSTHUE, HAXOAATCSA OHU O.1Udice, YEM B PAaBHOMEPHO PaCIIu-
psromeiicss BeeneHHON. J[eMCTBUTENBHO, HECIOKHBIN aHAIN3 ITOKA-
3bIBAET, YTO MPHU YCKOPEHHOM paciiupeHn BceneHHoM u Ha caMoMm
nee Jiro0or 0OBEKT OKa3bIBACTCs Ha OoJiee Oau3KoM YIAICHUH, TIPO-
XOJUT MeHbWUli yTh, HEXKEIU IPU 3aMeIJICHHOM MJIH PaBHOMEPHOM
pacIIipeHHH.

JlaBHO 3aMEUE€HO OJHO MHTEPECHOE U BaXXHOE CBOMCTBO MaTe-
MaTHUKH — JIe]aTh BEpHbIE OMMCAHMSI HALLIETO MUPA, IPECKa3aHusl, Ha
MEPBBIX MOpaxX KaKyIuecss OYKBaTbHO BBIAYMKAMHU:

"...IoYeMy MaTeMmaTHKa CTOJib 3(PPEKTUBHA NMPH OMHCAHUU
HaIleT0 MHpPa W CTOJIb XOPOIIO OMKCHIBAET €ro HBOJIOIHIO?
... [Touemy 3T mpaBmiia Tak xopoio padorarot?" (Jlunmae)

Bpsan nu cinegyer CAMIIKOM YX CHIBHO 3TOMY YAMBISITBHCS.
Ora MareMaTHKa Tak XOpOIIO paboTaeT MpOCTO MOTOMY, YTO MbI U
BBIBENM €€ M3 MPSIMBIX HAONIOIEHUN 3a OKpY)Karolel AeiCTBUTENb-
HOCTBIO. DPPeKTuBHO padoTaeT, 3HAUUT, BEPHO MojaAcMOTpenu. bo-
Jiee TOro, B Hayke W B (DM3HKE, B YACTHOCTH, YK€ JIaBHO 3aMeueHa
elle OJHAa MHTEpPEecHas: 3aKOHOMEPHOCTb: KaXKyllHecs IOHavay
a0CTpaKkTHBIMM MAaTEMATHUYECKHUE BBIPAKCHHS, YpPAaBHEHUS BIPYT
OKa3bIBAlOTCS ONMHCAaHUWEM KaKOro-HUOYJb BIIOJIHE PEaJbHOTO
SIBIICHUS:

"... usuku oOHapYKMBAIOT, YTO MaTEeMaTHYECKHE MOCTpoe-
HUs, HEOOXOAMMBIE UM JIJIsl OMMCAHUSI HOBOTO KJlacca SIBIICHUS, YKe
WCCIe0BaHbl MaTeMAaTHUKAaMHU IO MPUYWHAM, HE WMEIOIIMM HHYETO
obmiero ¢ obcyxnaembiMu siBieHussMu" (Bunenkun).



OpnHako Aake MpU TaKOM SIBHO IIOJIE3HOM IOAXOJE CIEAYET
BCE-TaKu OBITH MpPENEIbHO OCTOPOXKHBIM MPH (POPMYIUPOBKE BBHIBO-
JIOB U CJIEACTBUM M3 3TUX MAaTEMaTUYECKUX IOCTPOCHUH. MOXKHO
MIPUBECTU Psii IPUMEPOB, KOTJa TAKUE BBIKJIAJKU MPUBOJAT HE MPO-
CTO K IPOTUBOPEYMSM CO 3IPaBbIM CMBICIIOM, HO K JIOBOJIBHO 3aMET-
HBIM IIPOTUBOPEUUSM C JIOTUKOU, COJIEPKAT JIOTUYECKUE OLTUOKH.

B npennaraemoii paboTe MbI IOKa)KEM, YTO MaTeMaTHYECKUE
BBIBOJIBI B ()M3MKE BO MHOIOM 3aBHUCST KaK OT UX MOCIEAYIoLIEH
TPAKTOBKH, TaK U OT IPEIOJI0KEHUIN, OCHOBAaHUM, HCXOJHBIX 110JI0-
YKEHUH, HCIIOJIb30BAHHBIX B IPOIECCE IMOJYYEHHUS 3TUX BBIBOJOB.
Boo01e roBops, 3T0 0OYEBUIHO: €CIIM U3MEHUTh UCXOIHbIE TOJIOXKe-
HUS, 3assBUTh UCTHHHBIMHU JPYTue, BBHIBOJABI TaKXke OYAyT WHBIMH, a
TO ¥ IPOTUBOMNOIOKHBIMU. HO Kakue U3 3TUX B3aMMOUCKIIIOYAOIINX
BBIBOJIOB BEPHBI?

Hac wmHTEpecyroT JOrM4yecKkue IOCTPOEHHUs, IOCITYKUBIINE
OCHOBOI 1715l yTBEp:KJEHUS 00 YCKOPEHHOM paciiupenun Bcenen-
HOM, onuparoiecs: Ha (GakT NOHWKEHHON SPKOCTU JaJIbHUX CBEPX-
HOBbIX. [IOCKOIBKY €Tanu 3TOM JOTMKU HAaM HEU3BECTHBI, MbI IIPO-
BeJIEM COOCTBEHHBIE ITOCTPOECHMSI, BITASICh IPUUTU K TAKOMY K€ BBbI-
BOJY, YTBEPKICHHUIO.

B nanbHeiineM Mbl UCIIONB3YyeM CIEAYIONIYI0 CUCTEMY 000-
3HaueHui. Bee nucTaHMM MBI U3MEpsiEM B MWIIMApJax CBETOBBIX
JIeT, a BpeMs — B MIJIIMApAax JeT. B 3ToM ciaydae CKOpoCTh cBeTa
paBHa enuHuie. OO603HAaUEHUE MIKAbl CKOPOCTEH V/C M O3HAYaerT,
YTO 3HAYECHMS IIPEJICTABIICHA B JIOJISIX OT CKOPOCTHU CBETA.

VY nepeMeHHbIX, MapaMeTpoB U IrpaUKOB HUKHHUE MHIEKCHI
COCTOAT U3 OYKB M UX KOMOHWHAIuii: a — yckopeHue (accelerate); d —
3amennenue (decelerate); s — yciioBHasi CTAlMOHAPHOCTb, HA OT/ENb-
HOM y4YacTKe; O — HEM3MEHHBIN, OOBIYHBIN, TPaAUITMOHHBIA. Harmpu-
Mmep, ad — o003HaYaeT yCKOpeHue —3ameieHne U HaoOopoT. Bos-
MOXKHBI M 0OoJjiee JUIMHHbIE MHJEKCHI, TTOCKOJIbKY HEKOTOpblE Mapa-
METpBI Ha BCEM MPOTSHKEHUHM COCTOSIT M3 HECKOJBKUX Y4acTKoB: ada
— YCKOpEHHE, 3aMeyieHue, yckopenue. [locneanuii mHaekc - o, 1o
CYTH, SIBIIIETCSI SKBMBAJIEHTOM HYJsI, MCIOJIb3yEMBIH IMPOCTO MAJIs
ynobcrBa 3anucu. To ects, Ho u Hy — 3T0 0ouH U TOT e mapamerp
Xab6na B Hamedr Bcenennoil. HexoTopple mapameTpsl UMEIOT OT-
nenbHble 00o3HaueHus: R — rpaduk nBukeHus GoTOHOB B cucTEME
orcuéra CBEpXHOBOW; Rco — myTh, MpoWaeHHbIH (poTOHAMH MO HX



u3mepenusiM; Rec u Ve — rpaduku IBMKEHUST YCIIOBHOTO MCTOYHHKA
(hOTOHOB, MMPOMACHHBIA UM ITYTh U €T0 CKOPOCTh.

BoabmmHCTBO MapaMeTpoB Ha MPUBOAUMBIX JAUarpaMmax 3a-
BHCST OT BPEMEHH, OJHAKO 3Ty 3aBUCUMOCTH B UX 0003HAYEHUSAX JJIS
KPaTKOCTH MbI Yallle BCETO OITYCKAaeM.

Bce paccmoTpennblie BeeneHHble 1 mapaMeTphl UX paciiupe-
HUS SIBJISIFOTCSL BBIMBIIUICHHBIMU, YCIOBHBIMM M HMMEIOT K HACTOSI-
e, Hamed BceneHHOW ML Ka4yeCTBEHHOE, JEMOHCTPALIMOHHOE
otHoieHue. [lpu 3ToM Ha OAHOM AMarpaMme Jisi COMOCTaBJICHUS
OynyT M300pakeHbl TapaMeTphbl IBMKEHUS Cpa3y HECKoJbkux Bce-
JIEHHBIN, HUKAK HE CBSI3aHHBIX JIPYT C APYTOM.

11. UccaenoBanue nepeMeHHbIX apaMeTpoB Xa00.J1a

B ocHOBy Bcex moctpoeHuii, B kauectBe 0a3oBoro, (ynma-
MEHTAJILHOTO MPUHIIUIIA MBI MOJIOKHM 3aKOH U3MEHEHHS BO BpeMe-
HU napamerpa Xab6isa. IMeHHO OH onpezesnsieT CKOPOCTh paclIupe-
Hus Beenennoit. CKOpocTh €ro H3MEHEHUs! BO BpeMeHHU, COOCTBEHHO,
U SIBIISIETCS TIOKAa3aTelieM, SKBUBAJICHTOM YCKOPEHHOCTH paciiupe-
Hus npocTpaHcTBa. [lapamerp Xab0na HesBHO, HO Bcerja MPUCYT-
CTBYeT Ha Auarpammax XaO06ma, 3aBucumoctu R(Vv), ynanéHHocTu
HEKOT0 KOCMOJIOTHYECKOT0 00BEKTa OT CKOPOCTH €ro yHaJeHHs OT
HaOmroaaTess, 3eMiu. Mbl He UCTIONIB3YeM JAuarpaMMbl Xa00i1a Buaa
R(z), B vacTHOCTH, IO IPUYHMHE UX JABYCMBICIEHHOCTH. CBSI3b CKOPO-
CTH M KpPacHOTO CMEIICHHS JIMHEWHA JIUIIh MPU MaJbIX 3HAUYCHUSIX
CKOPOCTH, OJIHAKO B JINTEPATypE OUYEHb YACTO BCTPEUAIOTCS 3aIMCH,
OTOXECTBIISIONINE WX JaKe MPHU OOJBIINX 3HAYCHUSX CKOPOCTEH:
V=_CZ=Z.

3akoH Xab0ma U COOTBETCTBYIOIINE €My TUArpaMMbl MOKHO
MPEJICTaBUTh B TPEX BapHaHTax. JTO: a) TEOPETUUYECKUH, NEeHCTBU-
TEeNIbHBI  3aKOH, B  PEATbHOCTH —  AKCTPANOJISIIUOHHBIMI,
0) HaOmolaeMblii ¥ B) YCIIOBHBINM, AN HAYAIBHBIX YIATEHHOCTEH
00BEKTOB. DKCTPAIOJISIIUMOHHBIA XapaKTep TEOPETHUUECKOrO 3aKOHA
3aKJII0YAeTCss B TOM, 4YTO 3Ta JUarpaMma CTPOMTCSI Ha OCHOBE
HabOmoieHni B Ommkaiiiiei o0gacTu MPOCTPAHCTBA, MOCIE YEro He-
OTPaHUYEHHO MPOJIAETCA.

Onpenenuth 3HAYCHHE MapaMeTrpa Xab0iia B MPOIUIOM Ha
OCHOBE meopemuiecko20 3aK0Ha, BUJUMO, HEBO3MOXHO, IIOCKOJIbKY



BCE 3HAUEHHUS MapaMeTpPOB HAa COOTBETCTBYIOLIECH eMy (TeopeTruye-
CKOM, IEUCTBUTEIIPHOW) IUarpaMMe OTHOCSTCS K meKyuemy MOMEH-
Ty BPEMEHH, B KOTOPBIi mapamerp Xab0ma Hy equn s Bcex o0bek-
ToB Bo Bceenennoii. [Ipu mobom npownom 3akoHe M3MEHEHHS Tapa-
MeTpa Xab0sia TeopeTnyeckast [uarpaMma JUisl HalluX THEe Bcerjaa
MMEET O/INH M TOT XK€ BUI.

Hanpotus, nabnodaemveiii 3aK0H U Habaiooaemas nuarpaMmma
Xab0ia, BEpOsTHO, HECYT B ce0e HEKOTOPYIO MH(MOPMAIHIO O BEIHU-
yuHe napaMeTrpa Xab0na B pasHble 3M0XH. Bmecre ¢ Tem, Mo 3Toi
Haba00aemMoll BENMYUHE TOYHOE OIPEEIICHNE €ro MpOIIIoro 3Ha-
YEeHHE MPEJCTABISAET JOCTAaTOYHO HEOUEBUAHYIO 3amady. PaccMoT-
pHUM, HampuMep, CICAYIOUIHE TPU YCI06Hble BapHaHTa H3MEHEHHS
napamerpa Xab6ia BO BpeMEHHU ¥ COOTBETCTBYIOIINE UM TPH pA3Hble

Bcenennsle:
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Iapamvempur Xabora Beenennwix,
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Puc.11.1. I'paduku u3mMeHeHUs: BO BpeMEHHU NapaMeTpoB Xaboiia.

[lepssiit u3 HUX, napamerp Hd B cBoeil Beenennoil yosiBaer
OT MPOU3BOJIBHO BBIOpAHHOTO 3HaueHUs nopsiaka 2Hy 10 coBpemen-
Horo 3HaueHus: Hy. Cpasy jxe oTMeTuM, 4TO MpU pacCMOTPEHUH JI70-
0020 3aKOHA U3MEHEHU MapameTpa Xa00ia, ero KoHeunoe 3HAYCHHUE
00s3aTeIbHO JIOJDKHO OBITh PAaBHO COBPEMEHHOMY 3HA4Y€HHIO, TIO-
CKOJIbKY MIMEHHO 3TO 3HAaU€HUE Mbl HAOJIOAaeM ce2co0us B OO0 n3
Bceenennpsix. CrenoBarenbHo, IPU yMeHbleHuy TapaMmerpa Xab0ma
BO BPEMEHH, BCE €ro MPOILIbIEe 3HAYCHHS ONpPe/IeIEHHO MOTYT OBITh
TONBKO Oosbuie COBpeMeHHOTo. M, Hao0opoT, AT BO3PACTAIOIIETO
BO BpeMeHH MapameTpa Xa0bia ero HauaJbHOE M BCE MPOLLIbIEe 3Ha-
YeHHsI 00513aTENbHO JOJKHBI OBITh MEHBIIIE COBPEMEHHOTO.

[Toctponm auarpammbl Xab0ma i paciupenus BeenenHoit
C KaXABIM U3 3THUX IapaMETPOB, UCIOJIb3YSl BBIBEIACHHBIN B IPEIbI-



OyIIUX paslielax aarOpUTM OMpelNeieHUs YIAIEHHOCTH OOBEKTOB C
y4€TOM BpEMEHHU B IYTH CBETa OT HUX J0 Habmiomareneil Ha 3emie.
Jlns HarIsiAHOCTH M300pa3uM  JuarpaMmbl C MPUBEIEHHBIMU Ha
puc.11.1 mapamerpamMmu Ha OJHOM pHCYHKe: RO 11 paBHOMEpPHO
pacmmpsitonieiicst Becenennoit ¢ mapamerpom Hy; Rd ans Beenennot,
paciupsIoneiicss 3aMeUyIEHHO ¢ YObIBAaIOIIMM MapameTpoM Xabbia
Hd; numarpammy Ra nns Beenennoii ¢ mapamerpom Ha, Bo3pacraro-
IIMM OT HEKOI MPOW3BOJBHOM Mayol BENTWYHHBI O COBPEMEHHOTO
3HAYEHHUs1, U TECOPETUYECKYIO nuarpammy Xaoo6ma R(v):

30 R, mapo. ce. 1em
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Ro, Ra, Rd — nabmodaemvie ouazpavvor Xab6na o1a Beerennviy,
pacwupsiowuxca ¢ napamempamu Xabona, coomeememeenno,
Ho — emanoapmnas, Ha — yckopennas u Hd — 3ameonennas.
Hettcmeumenvnas ouazpamma Xaboaa 0as smux mpéx

camast OarbHsIs ('Be/ll"l()"(l}l,
Bceenennvix — R(v).
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Puc.11.2. Habmogaemsle auarpammbl Xa06u1a 11 BeeneHHbIX ¢ ma-
pamerpamu Hy, Hd u Ha.

Ha pucynke uépnbiii rpa¢puk R(v) — 310 cnuBecs B 0JMH
rpaduKu TEOpeTHYecKoro 3akoHa XabOma s Beenennoit ¢ Hy u
TeOpeTHUeCcKuX rpadukoB 3akoHOB Xab0mna misi BeenenHoii ¢ yObI-
BatouuM, Hd u ¢ Bospacratomum, Ha mapamerpamu Xa06ma. 210
CIIMSIHME UHUBUYAIbHBIX meopemuyeckux rpapukoB Xadboma, coo-
CTBEHHO T'OBOPsI, JOCTaTOUYHO OYEBMJIHO, IOCKOJIBKY SIBISIETCS CIEN-
CTBHUEM TOT0, YTO B KOHEUHOM TOYKE, B HAIlM JIHU BCE MapaMeTphbl
paBHbBl Hp, 1 nquarpamMmbl COOTBETCTBYIOT UMEHHO 3TOMY MOMEHTY
BpEMEHHU, KOr/Ja BO Bcell BcenmeHHOW 0OBEKTHI yHaistoTcs IpYyr OT
Jpyra UMEHHO ¢ 3THM mapamerpoM Xabbma. [Ipu aToM oTMeTHM He-
KOTOPYIO YCI08HOCHIb: MBI TIPUHHUMAEM, YTO CKOPOCTb UCHMOYHUKA
(OTOHOB paBHA CKOPOCTH Y/AaJE€HUsI CBEPXHOBOM HAa MOMEHT Ha0III0-
neHust HOTOHOB.



Kak BunuM, B3auMHOE TIOJIOKEHUE TPadUKOB, Tuarpamm Xa-
607a COXpaHWJIOCh, HO TEMEeph HU OJMH U3 HUX HE SABIISETCSA MPSAMOI
nuHUel, kak Ha puc.11.] u kak Ha craHgaptHOM nuarpamme. Ilpu
TOM 3ameudaeM, 4TO Trpaduyueckd MpU HEKOTOPOW MPOU3BOJILHOM
CKOPOCTH CBEPXHOBOI mapamerp Xab06sa Hy mis kpacHoro rpaduka
bonvue, yeM i 3enénoro Ha, u menvue, uem ans cudero Hd. I'o-
BOpst MHaue, rpaduk ¢ Hy Ha pucyHKe pacnoioskeH Huoice Tpaduka ¢
Ha u BbImie rpaduka Hd:

Hazva < Ho= Yo < Hd:v_d
Ra Ro Rd

OTH HEpPaBEHCTBA COOTBETCTBYIOT HM3HAYAIBHO MPHUHATHIM
HaMu ycnoBUsAM. OTMedeHHBbIE 00CTOSTEIHCTBA, COOTHOIICHUSI MBI
onpeAenéHHO MOXEM TpPaKTOBaTh TakK, OyATO TMpHU 3amMedleHHOM
pacmpennu BeeneHHOM 00BEKThI HAXOMATCS K HAOMIONATEINIO O/1u-
Jice W, COOTBETCTBEHHO, BUIHKI Oonee spkuMu. HampoTtus, mipu ycxo-
pennom pacuiupeHun BceneHHON Janékue TalaKTUKU, CBEPXHOBBIE
BUJIHBI MeHee SPKUMH, YeM MPH OOBIYHOM, PABHOMEPHOM paCIIHpe-
Huu Bcenennoit, u, Tem OoJee, pu €€ 3aMEeIJICHHOM pPaCUIUPEHHH.
Wnave roBopsi, noHudcenHas \pPKOCTh TadbHUX CBEPXHOBBIX MPHU Ta-
KOM TOJXO/€ MO3BOJIIET OAHO3HAYHO WACHTU(DUIIMPOBATH, OMpeie-
JUTh yckopenHoe pactmpenne Bceenennoit. Ha puc.11.2 qms Tpéx
pa3HbIX BceneHHBIX TpeaCTaBleHbl TONBKO auarpaMMbl XabOma,
MO3TOMY I 0oJiee JIeTalbHOI0 aHAJIM3a HaHECEM Ha 3TOT PUCYHOK
JIOTIONIHUTENIbHBIE TpadUKH: BPEMEHU BCIBIIKH M HayalbHOU
yIan€HHOCTH CBEPXHOBBIX. LIITpMXOBBIC BEpTUKAIBHBIC JIWHUU CO-
OTBETCTBYIOIIETO I[BETA TTOMEYAIOT BPeMsI BCIBILIKUA CaMO 1ajabHEl,
CaMO# CTapol CBEPXHOBOM JUISl KaXKJIOM M3 paccMarpuBaeMbIx Bce-
JIeHHbIX — 14 Mip. et Ha3a.
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Ipu oonoit u moii snce ckopocmu yoanenus (nanpumep, 30eCb 3mo
~ 1,4¢) ceepxnosas 6 yckopennoii Beenennoi ¢ napamempom
Xabona Ha (cunuit epagux) euona ¢ 3emau na 6oavbuiem yoaneHuu,
bonee myckaoi, yem 8 sameonennoi ¢ Hd (3enénuiit epaghux) wiu
pasromepnoi ¢ Hy. Smo nozeonsiem 00Ho3HauHo
udenmuuyuposams yckopennoe pacuupenue Beenennoil.

Puc.11.3. Habmogaemsie aquarpammsl Xa001a, rpaguku BpeMeHu
HavyaJbHBIX YAaJIEHHOCTEW CBEPXHOBBIX JUIs BCeleHHBIX ¢ mapamer-
pamu Hy, Hd u Ha.

Tenepp Ha pPUCYHKE MOXHO 3aMETUTh OTMEUEHHYIO BBIIIE
HEOOJIBIIYI0 HETOYHOCTh B WHTEPIPETALMM Mapbl MapaMeTpoB sip-
KOCTb-CKOPOCTh (yIan€HHOCTh), B (pOopMyIUpOBKE "TycCKiiasi, MOITO-
My Oonee nanékas". IlpaBuibHee BCE-TakM TOBOPUTH "spKasi, HO
MeJyIeHHas", TO €CTh, XOTsI CBEpXHOBasi OoJyiee sipKasi, HO JBUKETCS
OHa MEJUIEHHEe, YeM 3TO CleJyeT U3 CTaHJapTHOro 3akoHa XabOina,
ero auarpamMmbl. M3 a3TOoro cpasy ke cienyeTr, 4To C MOMEHTa
BCIIBIIIKM B YCKOPEHHO paclIMpstouieiicss BceneHHON cBepxHOBas
yAanuiIach Ha MeHbuiee PACCTOSIHUE M, COOTBETCTBEHHO, BUJHA 00-
Jlee SIPKOM, UeM Takas K€ CBEPXHOBAsi B PaBHOMEPHO WJIU 3aMe]JICH-
HO pacmupsrouerics Beenennoit. [lIoHmkeHHast SIpKOCTh YCKOPEHHO
YIAISIOUIENCsl CBEPXHOBOM SIBISIETCS KadCyujelicsi, MOCKOJIbKY BBbI-
3BaHa T€M, YTO OHA U3HAYAILHO HAXOJIWIACh Ha Oo/buiem YAaeHUU
oT Habmojarens. Manas CKOpOCTh €€ yHaleHUs U Kaxylleecs
OoJblliee paccTOsTHUE 10 HaOI0gaTeNs COrjacHO CTaHAapTHOMY 3a-
KOHY Xa00mna BbI3BaHA €€ JEHCTBUTEIBHO MEHBIIEH CKOPOCTBIO 3a
BCIO UCTOPHIO JBMKEHMSI. A TIOHWKEHHAs SPKOCTh BbI3BaHa €€ u3Ha-
4anbHO OONBIIEMY YAAJICHHUIO.



JIeCTBUTENIBHO, CPABHUM JIBE CBEPXHOBBIE: B YCKOPEHHOU U
paBHOMEpHOI BceneHHbIX, BCIBIXHYBIIME B OJIUH U TOT K€ MOMEHT
Bpemenu Ta=To=Ti,= 12 mupa. ner nHazan. Ilo rpadpukam Ha
puc.11.3 BuaMM, 4YTO YCKOpPEHHasi CBEPXHOBas B MOMEHT BCIBIIIKH
HaxO0/UJIaCh Ha yJiajaeHuu ry; ~ 10,5 Map/1. CBETOBBIX JIET, @ B MOMEHT
HaOmroaeHus — Ha ynaineHuu Rj; = 12 mupa. ceetoBwix jet. Crneno-
BaTENbHO, 32 12 MIpJ. JIeT cBepXHOBas "mponuia nyTs", paBHbI R
— 112 ~ 1,5 Mapa. cBetoBbix JieT. COOTBETCTBEHHO, HAXOAUM ISt
CBEPXHOBOM B pPaBHOMEpHO pacluupstounieiicas Bcenennoil: 11,=0,
R»=10,5, orkyna Ry —112 ~ 4,5 MJIpal. CBETOBBIX JieT. B yckopeHHO
pacmmpsitomieiicss BeceneHHOW CBepXHOBasi OKa3aiach Ha OOJbIIEM
yIAJIEHUH, TTOCKOJIbKY OHA M3HAa4YaJlbHO HAaXOJWJIach JAJbLIE, XOTSI U
"mpouuia" MEHbIIUHN MYTh.

11.1. Habmaronaemble nuarpammbl Xa00.1a

HabmogaemMpiMu auarpaMMaMyd Mbl Ha3bIBAEM JHArPaMMBL,
IIOCTPOCHHbIE HAa OCHOBE HaOMI00aeMvlx SIPKOCTEH U CKOpOCTEH
CBEPXHOBBIX, KOTOPBIE SIBHO 3aBHCAT OT BPEMEHH B ITyTH CBETa OT
Hux. OTMETHM, 4TO Habnodaemvle MapaMeTpbl Xab0a, COrjaacHoO
3TUM Juarpammam, OyayT OTIMYaTbCA OT UCXOIHBIX, Oelcmeumens-
HbIX TIApaMeTpOB, N300pakE€HHBIX Ha puc.11.1. Ha puc.11.3 xaxpoi
TOUYKE AMarpaMM R COOTBETCTBYIOT 3HaU€HUS CKOPOCTH W BPEMEHH,
CJIeZIOBAaTENbHO, MBI MOXEM IO TOYKaM 3TUX I'pa(UKOB MOCTPOUTH U
rpaduku H(t)=v(t)/R(t). Ho MOXXHO HCTIOJIB30BaTh M T€ ke TaOIUIIBI
JAHHBIX, [0 KOTOPBIM MOCTPOEHB! 3TU JuarpamMMmbl R(v). IlpaBuib-
HBIM CIIOCOOOM TIOCTPOEHUS TapamMeTpoB Xabbiia B 3TOM cliydae siB-
nsiercs AuddepeHnnanbHbli, COrIacHO YpaBHEHUSIM:

MO _dv odt v 1V pey
dr(t) dt dr dt v v

Jl5is TOCTPOEHUST BOCTIONB3YEMCSI JINHUSIMH TPEHJIOB, TTO3BO-
JSIOMIMMU 3aMEHHUThH IpaduuecKkrue MOCTPOCHHS aHAIUTHYECKUM, Ha
OCHOBE YPaBHEHMI ATUX JINHUM, YTO 3aMETHO YIIPOILAET MPOLEAYPY.
ITockonbky y Hac ecTb ypaBHeHHs R(V), Hcmonb3yeM nepBoe BbIpa-
xenue (11.1), naiing npousBoanyro R'(v), mocie yero mpousBoaum
napaMeTpuuecKoe MocTpoeHue Habnodaemvix napamerpos H(t), uc-
MOJIb3Ys v KaK napameTrp u yuurtbiBas, uto H(t)=1/R'(t).
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Puc.11.4. Habmonaembie mapameTpsl Xad0i1a B TpEX pasHbIX
Bcenennbix.

OOpamjaeM BHHUMaHHE: XOTS HCXOJHbIE 3aKOHBI H3MEHEHU
napamerpoB Xa00isia pa3HOHANPABJICHHBI (BO3pacTaHue, YObIBaHUE,
puc.11.1), HabmrogaemMbie 3aKOHBI UX W3MEHEHHs Ha puc.11.4 Bce
yovigarowue. POpMaIbHO ATO O03HAYACT 3aMedleHHOe PACIIUpeHHe
Bcenennoii, mpocto ¢ Bo3pacTaromM mnapaMerpoM Xa0bia MbI
Habnooaem MEHee OBICTPOE 3aMeJICHUE PACIITHPEHUS.

11.2. Ilapametp Xa60J1a ¢ U3rudom

[TpoBenénHble BbIIIE UCCIIEI0BAaHUSA, TAKUM 00pa3oM, coriia-
CYIOTCSI C U3BECTHBIM YTBEPKACHUEM, YTO NPH MOHOMOHHOM U3ME-
HEHUU MapaMeTpoB Xab0ja MOHWKEHHas SPKOCTb JAlIbHHUX CBEpPX-
HOBBIX COOTBETCTBYET 0ojiee MeUIEHHOMY pacliMpeHuio BeenenHoi
B IIPOLUIOM, TO €CTh, €€ YCKOPEHHOMY PacCIIMPEHHIO B HAIIN JTHU.
WHaue roBops, MoHomonHoe yMEHbIIEHUE WIM POCT Mapamerpa Xa-
00ya 3a Bpems cyliecTBOBaHUsI BceleHHOW TPUBOAUT K COOTBET-
CTBYIOIIMM HaO100amenvubiM JaHHBIM 00 €ro yMEHbIICHUM WIN
pocre. HamoMHUM, 4TO paccMOTpPEHHbIE MOHOTOHHBIE MapaMeTpbl
Xabbuna ycnognvie.

Bwmecre ¢ TeM, moka HESICHO, YTO MOKaXyT HAOIIOJIEHUS TpU
"momaHoM" M3MEHEHUH MapameTpa Xab0ria: ero 3aMeayIieHUH C TO-
CJIETYIOIIAM POCTOM U Ha00OOPOT.

Jlist Toro 4toObl BBISICHUTH, KAKMMU MOTYT OBbITH HaOiroze-
Hus BceneHnHoil ¢ TakuMm JomMaHbIM mapameTpoM XaO0ia, paciiu-
pABLIEHCS CHaYaja 3aMeJJIEHHO, a 3aTEM YCKOPEHHO, BHOBb CIIPOEK-
THpYyeM el ofHy (YHKIMIO U3MEHEHHS] BO BPEMEHH COOTBETCTBY-
foliero napamerpa Xab6ma st HeKOTOpoil ycioBHOH BeenenHoil.

TpeOyembrii mapamerp Xab06ia B TpoCTEHIIeM, YCIOBHOM
BUJIE CKOMOMHUPYEM W3 JTUHEWHBIX OTPE3KOB, UCXOMS U3 TPEX KOH-
TpONbHBIX TOoYek. IlepBasg — 3TO HauyalbHOE 3HAYEHHUE IMapaMeTpa



Xab0:a, BTOpasi — TOUKa U3MEHEHUsI HAIIPABJICHUS POCTA U TPEThS —
COBPEMEHHOE 3HAa4YEHUE MapaMeTpa.

Touky u3n0Ma yCTaHOBMM B 8 MIIpJ. JIET OT Hayaja pacllu-
PEHHUs, MOCKOJIbKY CUMTAETCs, YTO MMEHHO TOIJa HayajloCh YCKO-
peHHoe pacuMpeHue Hameill BceeneHHol, mpumepHo 6 mupi. JeT
Ha3aa. OnuH M3 BapuaHTOB Takoro napaMerpa Xabbia ¢ U310MOM
MOKET UMETh, HalpUMEp, BUJI, IPEJICTABICHHBIN Ha BPE3KE Ha Clle-
ayrouieM pucyHke. Ha pucyHke mpuBeleHbl nuarpaMMbl Xa00isa —
rpaduku IBUKEHUS R(V) CBEpXHOBBIX B JIBYX pasHbIX BceneHHBIX:
YCIIOBHOM, pacHIUpsIFOIIEHCS ¢ YKa3aHHBIM napameTpoM Xab6ma Hda
(3amensieHue — yCKOpPEHME), U Hallel ¢ COBPEMEHHBIM [1apaMETPOM
Hy. [loBTOpHM, UTO BCE MpeACTaBIECHHbIE HA PUCYHKE MapaMeTphbl —
YCIJIOBHBIE, IOJJOOpaHbI 0 CMBICIIY U HE SIBJISIIOTCS pealbHbIMU JIaH-
HBIMU HaOJIIOICHUIH:

\_R, mapo. ce. nem; T, mapo. rem
13 HaGmonaemsie auarpammel Xab6ua fuis BeeneHHbIX,
12 pacumpsioumxcs pasHomepto ¢ Ho u 3ameuieHHo-
yckoperHo ¢ Hda. B yckopentoit Beenennoii
JlabHUE CBEPXHOBBIE BH/IHBI Oonee

10 TYCKJIBIMH, OHH JlajIbIlE,
\\ Rda

Ipownoe
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Puc.11.5. Ilnarpammbr Xa66s1a nist Beenennsix ¢ Hy (mrpux) n Hda.
Ha Bpeske npusenén napamerp Xa66xa Hda s ycnosHoit Beenen-
HOH, pacIIMpsIONIENCcs CHavana 3aMeUIEHHO, 3aTeM YCKOPEHHO.

CxopocTb, 0003HaYeHHast Kak Vi, ~ 1,45¢ — 3TO CKOpOCTH,
MPU KOTOPOU SIPKOCTh JAIbHUX CBEPXHOBBIX HM3MEHSIETCS C TIOBBI-
LIEHHOH (paHbllle) Ha MOHMKEHHYIO (T03Ke OT Havajia paclIupeHus).
NuBepcus npousonuta yepes 1,5 Mipa. JieT mocje Havala paciiupe-
Hus, 4yTo BUAHO 110 Tpadukam To, Tda. Touka ARmax — 310 ToUKa,



KOI'JIa YC106HOe PACCTOSHUE MEXAY YCKOPEHHOW M paBHOMEPHO y1a-
JIAIOMIEHCS] CBEPXHOBOM — MaKCUMAJIBHO. 3/1€Ch 3TO ~ 5 MIIPJ. JIET OT
Hayajia pacUIMpeHus, CKOPOCTh yaajJeHHus cBepxHOBOM ~ 0,9c.

Ha ynan€anoctsx ommke 12,5 MiIpa. CBETOBBIX JIET CBEPXHO-
BbI€ BHJIHBI 0oJiee TYCKJIBIMH, OHHM jaajibine. Ha emé Gonpuieit yna-
JNEHHOCTH — Oojiee APKUMU. DTOT MOMEHT BpeMeHH, 12,5 mipa. JeT
Ha3aJ JUIst HaOoaaTess, Ha TpauKax sSBJseTCsS HUYeM He puMeya-
TEIbHOW TOYKOM, XOTSI B 3TOT MOMEHT 3aMeIJICHHOE pacIIMpeHUe
CMEHWIOCh YCKOpeHHbIM. Ha ynanenuun 9 Mipa. cBETOBBIX JIET pa3-
HUIIA IPKOCTU CBEPXHOBBIX MaKCUMAJIbHA.

Hcnonb3yst pacCMOTPEHHBIN BBILIE AITOPUTM, ITIOCTPOUM I10
JUHUSAM TPEHJOB HabOoJaeMble rpaUKu W3MEHEHHUs BO BPEMEHU
napameTpoB Xab0ma:

045 HaGmonaembie napamerpsl Xab0ma s Beenennoii, pacmmpsiionieiicss paBHOMEpPHO

0.40 ¢ Hy u yckopenno ¢ Hda. Ha Bpeske — ucxoansie napamerpbl Xabona. Kak Buanum,
Halo1aeMble mapamMeTphl OTIHYAIOTCS OT HCXOAHBIX, MPUUEM OHH MOHOTOHHO

035 IA/Ial0T, YTO BBIIIAANT KaK 3aMe/UIeHHOe paciunpenne BeenenHoii.

0,30

Hda
0,25
0,20 Ho

0,15

0,10
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Puc.11.6. 3aBucumocTH OT BpeMeHH apaMeTpoB Xab0a B ycKo-
pPEHHOI U paBHOMEpHOM Beenennon

XOTs U3JI0M, TIepernud Ha pacCMOTPEHHOM IMapaMeTpe Xa0oia
BBITJISITAT HECKOJIBKO HEECTECTBEHHO, PACCMOTPEHHBIN BapUaHT ¢
€ro TIaBHBIM W3MEHCHHEM, TeM HE MeHee, NpUBEI K rpadukam, He
HUMEIOIIUM TPUHIMITHATBHBIX OTIMYMNA OT PACCMOTPEHHBIX.

OTtmetruM 3TO emé pa3 SBHO: PaACCMOTPEHHBIE MapameTphl
Xabbna ycloBHO Habo0aemvle, TO €CTh, IOCTPOCHBI HA OCHOBE 8bl-
MblUlIeHHbIX HAOMIOACHUN 0€3 KaKMX-TH0O0 KOCMOJOTHYECKUX KOp-
PEKTHPOBOK, 0€3 SIBHOTO y4éTa BPEMEHHU B IYTH CBETa OT BCIIBIIICK
CBEPXHOBBIX.

Ha npuBen€HHBIX auarpaMmax Mbl BHIUM, YTO B MPOILIOM
YCKOPEHHO JIBUTABIIUECS JAJbHUE CBEPXHOBBIC B HAIIW JHU BHUIHBI
Oosee TYCKJIbIMHU. JI€HCTBUTENBHO, WX CKOPOCTH COOTBETCTBYIOT



Oonpiiel ymanéaHoctu. Hampotus, emé 6omnee nanékue CBEpXHOBBIC
BUJHBI OoJiee SIPKMMH, YEM 3TO CJIEA0BaJO Obl U3 CTaHJAPTHOTO 3a-
KoHa Xab06ma. OgHako, HAa 4TO CileayeT oOpaTUTh BHUMAHUE, OJIMXK-
HUE CBEPXHOBBIC U TAJAKTUKU BUAHBI MPAKTUYECKU HEPAZTUUUMO
OJIMHAKOBO SIPKUMH, HE3aBUCUMO OT UX CKOPOCTH B MpPOLLIOM. BEI-
BOJl 00 YCKOPEHHOM PACUIMPEHUU CIeNIaH Ha COMOCTaBJICHHUM Mapa-
METPOB JBUKCHHS OQIbHUX CBEPXHOBBIX C IMapameTpamMu Ouicaii-
wux K HaM. beccrnopHo, uTO BIJIOTH A0 Hamux gHedl Bcenennas
pacmmpsuiach yckopeHHo. Ho MOXHO 7 yTBEep>KJIaTh, YTO M HBIHE
3Ta TeHJEHIIMS coXpaHeHa?

Mpbl yMBIIIJICHHO C(OPMHPOBATIM TaKOW 3aKOH H3MEHEHHUs
napamerpa Xab0ma puc.11.5, Ha Bpe3ke, 4TO C HUM B HAIU JTHU
Bcenennas pacmmpsiercst yckopenno. Hecmotps Ha 310, Ha puc.11.6
MBI BUIUM, YTO HabaroO0aemvle TapaMeTpbl Xadoma mist oboux Bcee-
JIEHHBIX — HHUCIAJAIONINE, OTIWYHBIE OT JUarpaMM Ha BCTaBKE
puc.11.5, yto popManbHO cle0BaNO ObI TPAKTOBATH KaK 3aMedIeH-
Hoe pacUIMpEeHre B 000UX CITydasx.

Ctporo roBopsi, yTBEp»KIaThb YCKOPEHHOCTh WU 3aMEJUICH-
HOCTb paclivpeHusi BceneHHoM cineayeT Ha OCHOBE JIaHHBIX UMEHHO
M0 HAYalbHOMY YYacTKy AMAarpaMM, MO U3MEHEHUIO CKOPOCTH pac-
IIUPEHHUsT B HAIIM JHU. BMmecTe ¢ TeM, Ha OCHOBE MOJYYEHHBIX J10-
CTaTOYHO JIOTUYHBIX U YOSIUTEIbHBIX PE3yIbTaTOB MbI ONPEACTIEHHO
MMEEeM MPaBO BHOBb MOBTOPUTH C/CIIAHHBIN PaHEE BHIBOI:

[ToHmxeHHast SPKOCTh JallbHEH CBEPXHOBOI MO CPAaBHEHUIO C
€€ SPKOCThIO B PAaBHOMEPHO paciuupsrouiercs Beenennoi siBjsieTcs
CBUJECTETHCTBOM Oo0Jiee OBICTPOro paciirpeHus Beenennoil B HacTo-
siiiee BpeMs, HaYuHasi CO BPEMEHH Topsika 6 MIIpI. JeT Ha3al.

BwMmecre ¢ TeM nHabt00aemble 3aKOHBI U3MEHEHUS TTapaMEeTPOB
Xab0ma B 00oOMX clydasx — HHUCHAJAIONIMe. DTO BBINBINT Kak,
Hao0OpOT, 3aMesieHne pacimupenus Bcenennoit. Kpome toro stu
YCKOpeHHble CBEPXHOBbIE BUHBI HA CaMOM Jiesie OoJiee ApKumu, 4eM
oHM ObuM OBl BUAHBI BO BceneHHOW ¢ HEM3MEHHBIM IMapamMeTpoM
Xab0a, oHU K HAOJIFOIATEIIO O1udice.

11.3. IIpoG.iema cBepXCBETOBOIO IBUKECHUS

['paduku ABMXKEHUS CBEPXHOBBIX CO C(HOPMHPOBAHHBIM BBI-
e nmapamerpom Xab0ma yckopeHHON BceeneHHOM MOXHO mpencTa-
BHTH B CJICIYIOIIEM BHJIE:



26 R, mapo. ce. nem; 10xv/c ) ) i
24 I'pagpuxu osudicenus camot oanvrel Hda = 0,13 >> Ho = 0,07
C8epXHOBOIL 6 YcKopenHou Beenennoll, Rda = 14,0
22 pacuupsiiowetics ¢ napamempom Xaboara Vda = 1,8¢
20 Hda (na epeske). I'paghux Rco nokaswieaem — R(t)
18 BUOUMYIO YOATEHHOCMb CGEPXHOBO,
CO2NACHO NPOUOEHHOMY (homonamu nymu.
16 /pagux R — smo pearvnoe dsunicenue
14 omonos. Ckopocmu ghomeonos u 3emau —
12 V(t) omnocumenvno ceepxnosoii
. npesuluam cKopocms ceéemd.
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Puc.11.7. I'paduku 1BUKEHUSI CBEPXHOBOM U CBETA OT HEE B YCKO-
peHHO pacuupstonieics Beenennoit

6
4
2
0

Ha pucynke R(t) — 3T0 ynanéHHOCTh IO BpEMEHH CBEPXHOBOM
ot 3emnu (Waum Haobopot). CKOpOCTh pa3deraHusi CBEPXHOBOU H
3emin — V(t), Ha pUCYHKE JAJs Jy4lllel BUJHOCTH OHA yBEJIMYEHa B
10 pa3. I'paduxu R u Rco — 3To rpaduku nrxenus GOTOHOB OT
CBEpXHOBOM — peasibHas yJal€HHOCTh M HaOmoqaeMas. Ha tabnuuke
B IIEHTpE MOKa3aHO, YTO OTHOILIEHUE CKOPOCTH yIaJCHHUsSI CBEPXHO-
Boit Vda=V(t) x e€ Habnromaemoii ynanéanoctu Rco, onpenensemoit
1o sIpKOCTH, Aa€T 3HaUeHHe mapameTrpa Xabosa Hda = 0,13, urto mo-
YTH B 2 pas3a mpeBblIaeT 3HauyeHue Ho m SBHO HE COOTBETCTBYET
ACTPOHOMHUYECKUM HAOIIOICHUSIM.

Kpome storo 3ameuaem, uto Ha puc.11.2, puc.11.3, puc.11.5
u JaHHOM, puc.l1.7 HaOmionaemasi CKOpPOCTh YAal€HUS TallakKTUK
npesviuiaenm CKOpocTh cBeTa. OIHAKO ypaBHEHHUs JUIS CBSI3U CKOPO-
CTH M KPAaCHOTO CMEIIEHMS TaKOW CKOPOCTH HE JOMYCKaroT. B uém
xe neno? Mbl BUIUM, 4TO (DOTOHBI SIBHO JTOCTUTIIM HAOJIOATENs —
TpaekTopuu 3emiu u (otoHoB, rpadpuku R(t) u R} nepecexnucy B
Hallli JIHU, HO TpPU 3TOM MX (U3NYECKUH HMCTOYHHMK, CBEPXHOBas
yAQISIeTCsl CO CKOpOCThiO V(t), mpeBbImaronieid CKOPOCTh CBETa,
ypaBHeHus 115 dpdexTa Jlomiepa HEMPUMEHUMBI.



[Ipobnema BO3HUKIIA BCIEACTBUE TOTO, YTO MBI MOJYAIHUBO
MPUHSIIN, OyITO CKOPOCTh UCTOYHHUKA (POTOHOB BCIBIIIKA B MOMEHT
HaAOII0JICHUS] paBHA CKOPOCTH YAAJICHUSI HAOII00AeMOll C8EPXHOBOI 8
9MOm JHce MOMEHM.

OpHako CKOpOCTh 00JIACTH MPOCTPAHCTBA, COOTBETCTBYIOIIIE-
ro YAaJEHHOCTH peanbHO20 WCTOYHUKA, COOTBETCTBYIOIIECH €ro
Habnooaemol SIPKOCTH, ONMPEISIEHHO HE paBHA YHAIEHHOCTH 2d-
nakmuky. Mpl BBISICHWIH, YTO TaJaKTHKAa B MOMEHT HAOIIOACHUS
(OTOHOB HAXOIUTCS CYIIECTBEHHO Jajbllle, YeM IyTh, MPOHACHHBIN
¢doronamu ot He€ o Habmomatensa. CienoBaTeNbHO, HAM CIETYET
YUUTBIBaTh HE CKOPOCTh YAAJSIOLIEICS B 3TOT MOMEHT T'aJJaKTUKH, a
CKOPOCTh TOYKH MPOCTPAHCTBA, HAXOAIICHCS HA YAAJIICHUH, PABHOM
MyTH, IPOHJACHHOMY (POTOHAMHU.

CornacHo pa3pabOTaHHBIM HaMH YypPaBHEHUSIM JIBHKEHUS
rpaduKy JIBUKEHUS CaMOM HallbHEW Habnio0aemoli CBEPXHOBOH ¢
napamerpom Xab6ma Hda umeror Bun puc.11.7. YuurteiBas yka3aH-
HOE O0CTOATENBCTBO, HA ATOT PUCYHOK HAM CJeIyeT H0OaBHUThH emié
nBa rpaduka " IUCTaHIUA-CKOPOCTh', Kak moka3zaHo Ha puc.11.8.

26 < 10v/e T T
R, mapo. ce. nem; 10v/c ' Hda = Ve/Reo= 0,071 = Ho

24 Habmooaemvim ucmoynukom usnyuenus i Rda = Rco = 14
ABIACMCA He C8EePXHOBAs, A IKeusanrenmubvitl Vda = Ve = I¢
UCTMOYHUK, UMEIOWULL UHVIO CKOPOCMb, YeM

20 CBEPXHOGAs U (hakmuuecKu He co8naoaoujuil R(1)
¢ nero 6 npocmparncmese. QOHAKo 6 Hmom
cayuae Beenennas, pacuuupaiowasca
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R, mapo. ce. nem; 10v/c  Hda = Vc / Reo= 0,071 = Ho

12 Rda = Rco= 10 i
Vda =Ve=0,71¢c '
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R, mapo. ce. nem; 10v/c  Hda = Ve/Reo = 0,071 = Ho
Rda = Rco= 6 :
V(1) Vda = Ve = 0,43 ;
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Puc.11.8. I'paduku n1BMKEHUS ACHCTBUTEIBHOTO "HCTOYHUKA" (O-
TOHOB.

CornacHo »TuM rpadukam "ucxoaHas" yqal€HHOCTb 'new-
CTBUTENBHOTO" UCTOYHHKA (DOTOHOB MEHBINE, YeM HCXOJHas yia-
NEHHOCTH HaOJI0/1aeMON CBEPXHOBOM, a €r0 CKOPOCTh JaXKe OT ca-
MOl 1anbHEl CBEpXHOBOMW TEMEph yXKe HE MPEBHIIIAeT CKOPOCTH CBE-
Ta. B 2TOM cnydae MOXKeT BO3HUKHYTH JKEJIAHHE OINPEICNSTh CKO-
pPOCTh TaKOro JEHCTBUTENHHOTO MCTOYHHKA (DOTOHOB KaK PasHOCTh
ckopocteit. [leficTBUTENBHO, 3eMils yAalseTcs OT CBEPXHOBOM CO
cKkopocThio V(t), a UCTOYHHUK (OTOHOB — €O ckopocThio Vc. Creno-
BaTeNIbHO, 3eMJISI OT UCTOYHUKA YHAsIETCsl Bpoje Obl ¢ Pa3HOCTHOM
ckopocThio: V(t) — Vc.

OnHako, BO-TIEPBBIX, HAOMIOaeMOW BEITUYUHOM SIBISIETCS
TONBKO Ve, a ckopocTh V(t) anst HaONMOJeHUs HEIOCTYIHA, OHA
CBEpPXCBETOBas. BO-BTOpBIX, TAKOM Pa3HOCTHBIN IMOAXOJ Cpa3zy ke
MPUBOJIUT K TPYAHOOOBICHUMOM, fnaxke abcypaHoii cutyanuu. [lpu
BBIYUCIICHHUSIX HabOo0aembili lapameTp Xaodoma Hda B aTom ciydae
CTPEMUTENBHO yMeHbuiaemcsa TO Mepe TPUONIKEHUS TOYKH
BCIIBIIITKA CBEpXHOBOH K 3emiie ¢ 0,06 (camasi JanpHssE CBEPXHOBAs)
1o 0,0007 (camas 6mmxHss cBepxHOoBasi). Kak BumHo Ha puc.11.8:



V(0)—Ve(r) _18-10

H(0)= :10=0,057
Re(r) 14

H(4)= 10=7 502 0,020
10

H(®) = L:"g’ :10=0,057

H(13)= w :10=0,0025

Ho sBnsiercs nu B 3TOM ciy4yae OTHOIIEHUE HAON00Aemblx
BennurH Vc/Rco peanbHBIM 3Ha4YeHWeM mapameTrpa Xabb6ma? Bep-
Hee, MOXKHO JI MPHUHATH, YTO MbI HaOIl0/1aeM SIPKOCTh UMEHHO I10
NEHUCTBUTENHHON yaan€éHHocTH nctounuka otoHoB Re(t)=Rco u ero
ckopoctu Vc? Jla, neno o6CTOUT MMEHHO Tak.

MOMEHT 3TOT JIOBOJBHO TOHKHM, MO3TOMY PAaCCMOTPUM €ro
Kak MOXHO Oojee netanbHO. ClieyeT MpPU3HATH, YTO BOIPOC ITOT
JIOBOJILHO CJIOKHBIN KakK JJIsl BOCHPHUSATHS, TaK U IS I0KA3aTeIbHOTO
uznoxkenus. [y ero GoJee HArJISAHOTO PACCMOTPEHUS HaHECEM Ha
puc.11.8a HECKOJIBKO AONOJHUTENIbHBIX J€KOPATUBHBIX 3JIEMEHTOB:
cXeMaTH4yHble U300pakeHus 3eMJId, CBEPXHOBOM U (OTOHOB,
puc.11.9.

22 R, mapo. ce. nem; 10v/c

I'paghuru dsusicenus ceepxnoeoil 6o Beenennoll, pacuupsiiowjeiics ¢
20 = 7

napavempom Xabona Hda (epeska). R(1), V(1) — deiicmsumenvhas
18  yoarénHocmo u ckopocms 3emau om ceepxnoeol, Reo(t),

Ve(t) - suoumas yoanénnocms u ckopocno.
16 Rep(1) — epaghux dsudicenus pomonos.
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Puc.11.9. O6ocHOBaHuE rpa)KOB ABMIKEHHSI JEHCTBUTENBLHOTO "HC-
TOYHHUKA" ()OTOHOB.



Ha pucyHnke nokaszaHo, 4To B Ha4aJIbHbIi MOMEHT BPEMEHHU, B
MOMEHT HavaJia paciupenust Beenennoil t = 0 3Be31a, rotoBas cTaTh
CBEPXHOBOM, M 3eMJI1 HaXOAATCs B TOYKax ¢ koopauHartamu 0 u
1o ~ 5,6 MIIp/I. CBETOBBIX JIET. B 3TOM mosioskeHuH 3Be3/1a u300paxe-
Ha NPUIYIIEHHBIM CEPHIM LBETOM — OHa eul€ He BenbIxHyna. [lo-
CKOJIbKY Tapamerp Xab60ma Hda B 3TOT MOMEHT He paBeH HYIIIO,
3eMJyIsl UMeeT HadyajbHYI0 CKOPOCTh OTHOCUTEIBHO 3BE3/Ibl (M, COOT-
BETCTBEHHO, HA000OpPOT), YK€ TMPEBBIMIAIONIYI0 CKOPOCTh CBETa!
vo ~ 1,1c. Cunsis munus, rpaduk R(t) mokaspiBaeT TEKymyro yaaiéH-
HOCTh 3€MJIM OT CBEpPXHOBOM, a juHUs V(t) rOpYMYHOro IBETa —
CKOPOCTb 3TOr'0 yJaJCHMs B KaKIbI MOMEHT BpeMeHU. Kak Buaum,
B HAIIM JTHU C THM YCJIOBHBIM mNapamerpoMm Xab6ma Hda paccros-
HUEe MeXAy 3eMJIEH M paccMaTpuBacMON CBEPXHOBOM PaBHO IIOYTH
22 MIIpJ. CBETOBBIX JIET, @ UX OTHOCUTEJIbHASI CKOPOCTH MPEBBILLIACT
CKOpOCTb cBeTa B 1,5 pasa.

B paccmarpuBaemoM mnpumepe uepe3 1 mupa. JieT mocie
Hayaja pacuiMpeHuss BceneHHON 3Be3fa BCIBIXHYJNA, IPEBPATHB-
LIUCh B CBEPXHOBYIO. Ha pucCyHKe B 3TOM TOYKE MPOCTPAHCTBA 3BE3-
na o0o3HaueHa Temepb yKe KpacHO-KENTHIM BcrosioxoM. KpacHele
BOJIHUCTBIE KOPOTKHE JIMHUU CO CTPEIKaMU U300pakaroT B Kax bl
MOMEHT BPEMEHH IOJIOKEHHE OJHOW M TOW ke Tpymnmbl (POTOHOB,
UCIYLIEHHBIX CBEPXHOBOW. ['paduk nx nBHKeHUs M300paxeEH Kpac-
Holi muHuel R ynanénnoctu ot cBepxHoBOM. OTMETHM, YTO peajb-
Hasi CKOPOCTh yJaneHusi (POTOHOB OT CBEPXHOBOH IMPEBBIIIAET CKO-
pOCTh CBETa, U B MOMEHT NPUX0Ja K 3eMJIe COCTaBJISAET NMOUYTH 2,5
CKOPOCTH CBE€Ta. JTO HE MPOTHUBOPEUUT IOJOKEHUSIM CHELMATIbHON
TEOPUU OTHOCUTEIBHOCTH, ITOCKOJIBKY, KaK 3TO TPAJIULUOHHO TPaK-
TyeTcs, "pa3beranue” 3eMiM U CBEPXHOBOU HE SIBIISIETCS JIBHXKCHHEM
Quzuyeckum, 3TO Kaxylleecs JABWKEHHE, BBI3BAHHOE PACHIMPEHHEM
MIPOCTPAHCTBA MEXTY HUMH.

ITpotuBopeune 3akirodaercs B ApyroM. B MoMeHT moiyue-
HUs (POTOHOB Ha 3emJie OHU YAAJSIOTCA OT CBOEro (PM3MYECKOTo HC-
TOYHHUKA, OT CBEPXHOBOM CO CBEPXCBETOBOM CKOpPOCThIO v > ¢ = 1. 13
3TOro CjenyeT, 4To ypaBHeHus ans >¢dekra Jlomiepa npuMeHUTh
Mbl HE MOXKeM. HeBO3MOYKHO NOJCTaBUTh B ypaBHEHHUE CKOPOCTH,
MPEBBILIAIOIIYI0 CKOPOCTh CBETA, MOCKOJBKY 0/ KOPHEM TOSIBIISET-
Csl OTpUIIATEIbHAs BEIMUNHA!



z= I=v -1
I+v
He cymectByeT, Ha000pOT, Tak)Ke U 3HAYCHUH KPACHOTO CMEIICHUS
Z, IpA KOTOPOM MOTJIa OBITh MOJIyd€HA CKOPOCTH V, MPEBBIMIAIOIIASL
CKOpOCTh CBETA, TIOCKOJIbKY IPH JIFOOOM Z BEITHMYMHA APOOU MEHBIIIE
CANHUIIBI:
(z+1)" =1
v=-r—t—<
(z+1)" +1
HNnaue roBops, Mbl HC UMECM IIpaBa HUCIIOJIL30BATh PCAJIbHYIO
CKOPOCTh yJIaJICHUsI CBEPXHOBOM OT 3eMJIM B KaYECTBE CKOPOCTH UC-
mounuxa n3nydenust B 3¢dexre [Jomnepa. [Tostomy mMbl HE MMeeM
IpaBa MCIOJB30BaTh 3Ty CKOPOCTh W JUIsl ONPENEICHUs] HAOI0ac-
Moro napamerpa Xab6ima Hda, mockoibKy onpeneiuTb CKopocTh w(t)
0 KPAaCHOMY CMEIICHHIO MbI HE MOXKEeM (DPU3UYECKH, CIICIOBATEIILHO:

Hda +# RON
Reot)

OpHako 37ech BCTyNAaeT B CUJIY BBISIBICHHAs paHee OCOOEH-
HOCTh JIBIKEHHS (DOTOHOB B pacmmpsiromemcsi npoctpancTse. [lo-
CKOJIbKY IPOCTPAHCTBO PaCIIUPSETCs HE TOJNbKO mepen (OTOHAMH,
HO U TO03aJM HHX, pealbHbId NPOUIEHHBIH ¢homonamu TyTb OT
CBEPXHOBOM 10 3eMJIM MEHbILE, YEM KOHEYHOE PACCTOSHHUE MEKIY
nocneaHumu. CrenoBaTenbHo, KpacHbIi rpaduk ABUKEHUS (POTOHOB
R(t) He sBIsIeTCS peanbHBIM rpaUKOM HUX JBMXKEHUS, OH HE OTpa-
kKaeTcs AeMCTBUTEIbHOM, (PU3NYECKON MPOTSKEHHOCTH, AJIMHBI ITy-
TH, IPOHAECHHOTO (POTOHAMHU.

Kak ™Mbl ompenenwiu B NpenblAyIIUX paszzenax, JAeHcTBH-
TeNbHBIM IpaUKOM MYTH SBJISETCS CBETONOJ00HAs JIMHUS, rpaduk
Rco. CrnenoBarenbHo, B MOMEHT HOJy4eHHUs Ha 3emiie (OTOHOB OT
CBEPXHOBOW OHH NPOLUIM MEHBIINI ITyTh. B ciydae puc.11.9 on co-
ctaBwiI He 21,5 mupa., a ToabKo 13 MIIpJ. CBETOBBIX JIET, KaK YKa3bl-
BaeT KOHEeYHas Touka rpaguka Rco.

C npyroil CTOpOHBI, 3TO O3HA4yaeT TakXke, 4To 3a 13 mip.
JIET, BPEMEHHU pAaCIIMPEHMs] IPOCTPAHCTBA C MOMEHTA BCIIBIIIKH
CBEPXHOBOM, B TOYKY BCTpeuH "MpHObUI" U mosydaTesnb (OTOHOB —
3emis. JlpyruMu cioBaMu, J0 TOYKHM BCTpeud ¢ 3emiéil (HOoTOHBI
NpONUIA MyTh 13 MipA. cBETOBBIX JieT. HO 3TO Takke o3Hayaer, 4To
gaxkmuueckuil, peaibHblli AICTOYHUK (POTOHOB B MOMEHT U3ITY4EHUS



HaxXOJWiIcs TENephb YK€ HE B TOUKE HAXOXKJIEHHUS CBEPXHOBOM, a Ha
TaKOM K€ yIaJICHUH OT 3EMIIH.

Ecnu TpakToBaTh cHTyanuio OyKBaJbHO, TO C MOMEHTA ATOMH
peanbHOM "BCHBIMIKK'", Havaja JIBWKCHHS (DOTOHOB, 3eMIIsl JBUTA-
nmack 13 Mapa. JIeT W mpoluia OT UCTOYHHKA (POTOHOB ATOT CaMbId
nyte — 13 Mapa. cBeToBbIX JieT. BBuay uzorponHoctu BcenenHoi,
BCe ATU 13 MIIpl. CBETOBBIX JIET 3eMJIsl JIBUTaJach C IMapaMeTpoM
Xab6sa Hda, TouHO Tak e, Kak U peaivHblil, (hakmuuecKkuti iCTOY-
HUK (DOTOHOB yHaisicsi OT HeE ¢ ITUM ke mapameTrpoM. PazBepHyB
TE€4YEHUE BPEMEHU B OOPATHYIO CTOPOHY, Mbl MOKEM 10 KOHEYHOMY
3HAQYECHMIO B3aUMHOW YJAJIEHHOCTH ONPEACIUTh U HAYAJIBHYIO TOUKY
7; B IIPOCTPAHCTBE 3TOI'0 UCTOYHHMKA (DOTOHOB B MOMEHT BPEMEHHU
t=0. HyxxHo BcE-Taku MOHUMATh, YTO HA CAMOM JIeJieé 3TO HEKUMU
Qukmuenwill, He (U3NUECKUI MCTOYHMK, OH JIa)Ke HE COBIAJACT B
MPOCTPAHCTBE C MECTOIOJI0KEHUEM CBEPXHOBOU. Ero mnosiBinenue u
IIPOSIBJICHUE CBSA3AHO HE C Quzuueckum JIBUKEHUEM YYaCTHHUKOB, a C
JBUKEHHEM BCJIE/ICTBUE PACILIMPEHUS IPOCTPAHCTBA.

Wtor Takoii nHBepcHH BpeMeHH Moka3aH Ha puc.11.9. O6pa-
1jaeM BHHMMAHME, 4TO (PUKTUBHBIH HCTOYHHK B MOMEHT BpPEMEHH
t=0 ¢oTonoB He ucnyckan. Kak BUAHO Ha PUCYHKE, HA MOMEHT
Hayajia pacllipeHHs MPOCTPAHCTBA HCTOYHUK HAXOJIUTCS HE B TOUKE
BCIIBIILIKH 7; ~ 3,5, a B TOUKE, yIal€HHON OT CBEPXHOBOM Ha 4 MIIPI.
CBETOBBIX JIeT. IMEHHO OT 3TOM TOYKM (POTOHBI M HAYaJIu CBOM MyTh
K 3emMJie JJIUTEeIbHOCThIO 13 Mip. ner.

BoIrnsaauT, KoHEYHO, BECbMa CTPAaHHO: HCTOYHUK (DOTOHOB HE
COBIIAZACT CO CBEPXHOBOM B MOMEHT €€ BemblKU. EmE pas nog-
YepKHEM 3TO Ba)KHOE 0OCTOSATENHCTBO. B MOMEHT Hauana myTu OT
yKa3aHHOT'0 MCTOYHMKA (OTOH "BUAMT BIANU" CHITYIT 3eMIIH. 3emiis
HEMpPEephIBHO yAalgeTcss OT (OTOHA, HO MPU BCTPEUE C HEIO OJIOMETP
(u3mepuTens myTH) (OTOHA MOKAXKET UMEHHO JucTaHIuio Rco = 13,
MPONJICHHYIO UM 3a 3TU rojibl. MIHBepcus BpeMenu B mytu (13 mip.
JIET) 1acCT HaM HAayaJIbHYIO YAAJIEHHOCTh UCTOYHHMKA OT 3€MJIU, A UH-
BEpCUs BCErO BpPEMEHM OT Haudaja pacumpeHus BceneHHo#
(14 mpa. ner) gact HaM yAAJIEHHOCTb 3TOTO e (PUKTUBHOTO HUCTOY-
HHKa OT CBEPXHOBOM 7;, 4TO XOpomo BUAHO Ha puc.11.9. Ho u sta
TOYKA, ¥ TOYKA MCIYCKaHUs (POTOHOB JIeKAaT Ha OAHOM M TOHl ke
kpuBoil — Ha Re(t). CnenoBarenbHo, nepBast U3 HUX 3a 14 mupg. JierT,
a BTOpas 3a 13 Map. JeT NpuAyT B OAHY U Ty K€ KOHEUHYIO TOUKY



npoctpancTBa: Ha puc.11.9 aro 13 mapa. ceeroBeix jner. Emgé pas,
BBITJISIIUT 3TO, HECOMHEHHO, TOBOJIBHO CTPAaHHO: K MOMEHTY BCTPEUYHU
¢ 3emnéii (HOTOHBI MpOUUTH MYTh A0 HEe€ TaKOW ke, Ha KaKOM OHU
YIAIWIACh OT UCTOYHUKA - CBEPXHOBOM, HO IIPH ATOM 3€MJIs OKa3a-
J1ach OT CBEPXHOBOM Ha CYIIECTBEHHO OOJIBIIEM PEaIbHOM yJallCHUH
— 21,5 miipa. cB. jier.

W3 3TOr0 CTpaHHOTO, HO CTPOTO JIOTMYHOTO OOCTOSATEIILCTBA
U cIenyeT IVIaBHBIM BbIBOA. [IOCKONBKY Ham M3BECTHA HadaiabHas
YIQIEHHOCTH 7; ICTOUYHUKA OT CBEPXHOBOM, UCTOYHUKA (PUKTUBHOTO,
HO CTaBIIEr0 BIOCIEACTBUM, 4€pe3 | MipA. JIET pealbHbIM, MBI B
HU30TPOINHON BCENeHHON MOXKEM BBIYUCIUTH TAKKE U V; — CKOPOCTh
yJaJIeHUs] UICTOYHHUKA OT ceepxHogou. Ho (pOTOHBI, B KOHIIE KOHLOB,
JOCTUTIIN 3€MJIH, CIIEJIOBATEIbHO, B 3TOT MOMEHT 3Ta CKOPOCTb V;
SBJISICTCA TaK)K€ U CKOPOCTHIO 3eMJIM OTHOCUTENIBHO ucmounuxa §ho-
TOHOB — CBEPXHOBOM, MOCKOJIbKY MX JIBUKEHUE OIMCHIBAETCS TEMU
K€ YpaBHEHHMSIMU PACUIMPEHMs IPOCTPAHCTBA, HO 3a Oosiee KOPOTKUM
epUOJ.

3zech cieyeT MPU3HAThCS, YTO NPUBEAEHHBIE PACCYKIACHUS
Ka)KyTcs HaM BCE-TAaKU JIOBOJIBHO CJIOKHBIMH U BBITJISIIAIIMMU HEAO-
CTaTOYHO IMOJIHBIMHU, YO€IUTEIbHBIMU, IOITOMY MPUBEIEM JTONOTHH-
TEJIbHbIE TTOSICHEHHUS.

Hamu Bbruucnenust o npoiieHHOM ()OTOHAMU MYyTH OTHOCST-
csl K cucTeMe OTCU€Ta, KOTOPYK0 MOXHO Ha3bIBaThb (PMKTUBHOM CH-
CTEMOM oTcuéTa ucmounuka. MOXHO Cka3aTb UHAYE: K CUCTEME OT-
cuéra ¢pukmueHo2o0 UCTOUHUKA. B 3TOH cucTteme yduThIBaeTCs MyTh,
IIPOCTPAHCTBO, YAJIHHSIOIIMECS TOJIBKO neped NBUKYIIMMCS (OTO-
HoM. CrenoBaTeslbHO, B MOMEHT BCcTpeun oToHa ¢ 3emiéil oba oHU
HaxXOJATCS Ha PEAJbHOM YHAJIEHWU OT MCTOYHMKA, PAaBHOM IIyTH,
npotioennomy GOTOHOM, B JAHHOM ciiydae — 13 MJIp/I. CBETOBBIX JIET.

Hcxoas U3 310ro, SKBUBAJIEHTHO MOJIyYaEeTCsl, YTO 3TO UMEH-
HO 3emiid yJanuiach OT UCTOYHHMKA B pe3yJbTaTe pacllupeHus Mmpo-
CTPaHCTBA C COOTBETCTBYIOIUM NapameTpoM Xab0ma — H(t). Cneno-
BaTeIbHO, B MOMEHT IOJIyuyeHus: (oTOHa Ha 3eMyie OHa MPHOOPETET
CKOpPOCTb, OTBEYAIOLIYI0 3TOMY JABM)KEHHIO, TO €CTh CKOPOCTbH IpPHU-
€MHHKa OTHOCHUTEJIbHO MCTOYHUKA, MCIONb3YyEMYI0 B pacuérax 3¢-
¢exra Jlomnepa. Oco60 0TMETHM, YTO ITO HE npupaujeHue CKOPoCTU
3emin, NpuE€MHUKa, a €€ abconromHuoe 3Ha4eHHEe OTHOCUTEIBHO HC-
TOYHHKA. JleWCTBUTENHHO, B MOMEHT "OTIpaBKH" (OTOHA OT UCTOU-



HUKa X HayaJbHbIE CKOPOCTH PaBHbI, TO3TOMY MX MOXHO NMPUHATH
paBHBIMH HyJ0. B MomeHT "BcTpeun" ¢ 3emuéit obnacme npo-
cmpancmea ¢ (HOTOHOM, MPUEMHUK UMEET OTMEUEHHYIO abConom-
HYI0 CKOPOCTh OTHOCHUTEJIBHO €€ MOJI0KEHHUSI B MOMEHT U3JTyYEHHUS.

Hcxoas U3 3T0oro, Mbl IMEEM BCE OCHOBAHHUS IIPOU3BECTHU pe-
TPOCHEKTUBY BPEMEHM W HAWTHU )CI06HOE HAYAIBHOE IOJIOKEHUE
3eMJId OTHOCUTENIBHO MCTOYHUKA, KaK 2K8UBAIEeHm HAdyalbHOIO I10-
JIO)KEHHS JBWXKYIIecss obnactu ¢ ¢orornoM. st ynoGcrBa, yno0-
CTBa TpauuecKoro M300pa’keHHs] HAXOAUM TOJO0XKEHHE 00JacTu B
MOMEHT Hauaja pacimupenus Beenennol, To ects, He 13, a 14 mupg.
JeT Ha3ax - #;. DTO JOMYCTHMO, TOCKOJIBKY 00€ 3TH TOUKH HAXOIATCS
Ha ogHOM rpaduke. Terneps Mbl MOKEM HANTH U CKOPOCTH 3eMJIH B
MOMEHT HauOoJiblIero e€ ynajeHus OT UCTOYHMKA, B HAIIU JTHU —
Vc(14), B MomenT nonyuenus (otona. Emé pa3 ormeTum, yto Ha
caMOM JieJie OT MCTOYHMKA yIaJsics "AOIIepOBCKUM MPUEMHHK", a
He 3emisl, KOTOpasi B KOHIIE MPOCTO 0Ka3aJ1ach B HYKHOM TOUKE.

Emé pa3 oTMeTM: HECOMHEHHO, 3TU PAcCyKIE€HUS BBIIJIAJAT
BECbMAa CTPAHHO M CIIOHO, HO T€, KTO BEPYIOT B LIUPKOBYIO Maruto
CUHTyJIsIpHOrO bosbmioro B3psiBa, B KOPIYCKYJISIPHO-BOJIHOBOU 1Ty-
aJM3M M KBAaHTOBYIO CYTIEPIIO3UIINIO C HEJTOKAIbHOCTHIO, UMEIOT BCE
OCHOBaHUs 100aBUTh B CBOE MUPOBO33PEHUE U ATY €I OJIHY KPOTO-
BYIO YEPBOTOUHMHY. YEPTOBOUUHY...

Huazpammot 013 delicmeumenbHbviX UCHOYHUKOB

Hcxons u3 3TUX JaHHBIX, HaO00aeMble AUarpaMMbl Xab0ma
puc.11.3 u puc.11.5 Taxxke nmpuoOpeTryT MHON BHUJ, BUJI, KOTOPBIH
COOTBETCTBYET JI€MCTBUTENbHBIM MCTOUYHUKAM (DOTOHOB — BHJ Mpsi-
MOJIMHEHHOM TeopeTrudeckoit nuarpammbl Xa60m1a R(v) na puc.11.3.

B sToM citydae momydaeTcs, 4To JAa)ke Ha OCHOBE Habarodde-
MbIX TIApAMETPOB CBEPXHOBBIX MBI OyIET IMOJydaTh OAHY M Ty XKe
CBSI3KY CKOPOCTh-SIPKOCTb JII000H CBEPXHOBOHM, OJHY U TY K€, Kak
JUISl paBHOMEPHO pacuupsonieics BceneHHol, Tak U pacumpsro-
HIeHCsl YCKOPEHHO WIIN 3aMeJIJIEHHO.

Kak Buano Ha puc.11.8a0B, /1 cBepXHOBOM, BCIBIXHYBIIEH
14, 10 nam 6 MapA. JIeT Ha3al Mbl IOJIy4YaeM OJHO M TO K€ 3HAaYCHHE
napamerpa Xa0bma:

_Y_ Ve(t) __zm_%_omm

r Re(r) 14 10 6



BykBasibHO 3TO O3HAYaeT, YTO NPU TAKOM MOJXOJAE HUKAKHUE
peanbHble HAOIIOAECHUS HE MO3BOJISIOT HAM ONPEAEIUTh HPEAbICTO-
pur0 pacmupeHuss BceneHHOHM, Kak OHa pacIIMpsiIach B IMPOILIOM.
OpHako 3TH XK€ TOXKIECTBA Cpasy K€ NOAHMMAIOT CEPbE3HBIA BO-
npoc. OHM HMKAaK HE MPOSICHSIOT, MOYEMY JAJIbHUE CBEPXHOBBHIE
BUJHBI 00JIe€ myCKAbIMU, YEM 3TO CIEAYyeT U3 CTaHIAPTHOM JIMHEH-
HOM nuarpammbl Xa007a, B TOM YMCIIEe U U3 MOJNyYEHHBIX 371€Ch HO-
BbIX quarpamm. Ha kaknoW m3 HuX, UIsl COOTBETCTBYIOLIETO 3HAYe-
HUs mapameTpa Xa00iia, TOYKU KaKIOT0 €AMHHUYHOTO HAOIIOICHUS
HEU30€KHO JIOJDKHBI JIOKUTHCS Ha CTaHIAPTHYIO MPSIMOJIMHEHHYIO
quarpaMMmy. HUKakol IMOHMKEHHOM SPKOCTU NP 3TOM BO3HHUKHYTh
HE MOJXKET.

OpnHako acTpPOHOMHYECKHE HAOIIOJCHUS IMOKa3bIBAIOT, YTO
JlaJIbHUE CBEPXHOBBIE BCE-TaKu MeHee sipkue. [ oObsicHeHus 3Toi
MIOHM>KEHHOM SPKOCTH MOXHO C/€JaTh JJOCTATOYHO Pa3yMHOE IpeJ-
noJjiokeHue. B mporuecce ABMKEHUs TOTOKA (POTOHOB NMPOCTPAHCTBO
UCHBITBIBAET IOMUMO 1POOO0IbHO20 PACILIUPEHUS TAKXKE U nonepeu-
Hoe. COBEPIIEHHO OYEBUJIHO, YTO YJUIMHSETCA HE TOJIBKO BOJHA W3-
Jy4yeHUs, HO U PACCTOSHUE MEXKIY COCEJHUMH BOJHAMU B ITyUKe
CBeETa.

Kak u3BecTHO, yriioBoe pacmypeHre CBETOBOrO MOTOKA M03-
BOJISIET ONPEIEIINTD yIaI€HHOCTh UCTOYHHUKA CBETA. [IefICTBUTENBHO,
0 peasbHOM yNanéHHOCTH OOBEKTa, CTAHJIAPTHON CBEYU MBI CYyAUM
0 €€ SIPKOCTHU, KOTOpasi B HEMOABM)KHOM IIPOCTPAHCTBE YMEHBIIIAET-
cs1 0OpaTHO MPOMOPIIMOHATBHO KBaIPaTy PACCTOSTHUS.

B HenoaBM)XHOM MPOCTPAaHCTBE OTHOIIEHHE IUiomaneil ¢o-
TOHHBIX MOTOKOB MPSMO MPOIMOPLUOHAIBHO KBajpaTaM UX yIal€H-
Hocted. Ho B pacmmpsitonieMcs MpOCTpaHCTBE 3Ta KBaApaTU4YHAas
MIPOIOPLIMS HapyIIaeTcs, MOCKOJbKY IUIOMIA[b CEYEHHs IMOTOKa B
MIPOLIECCE YAAJIEHUS YBEIMUNBAETCS 3a CYET PACIIUPEHUS IPOCTPaH-
cTBa. SIpKocTh ke 00paTHO MPOMOPLHOHANIbHA IIJIOL[A/IA TOTOKA, M0~
3TOMY B PACHIMPSIOIIEMCS] IPOCTPAHCTBE MCTOYHHUK BUIECH TeM 00-
Jiee TYCKJIBIM 10 CPaBHEHMIO C KBaJIpaTUYHOW 3aBUCHMOCTHIO, YeEM
JaJIbIIIE OH HAXOAMUTCA.

Jomnyctum, Mbl HaOdIOAaeM TOJIBKO OAMH (OTOH, KOTOPBIH
HUKAKOTO IONEepPeyHOoro XxabbI0BCKOro pacimupeHus He umeer. Tpa-
eKTOpPHIO Takoro ()oToHa MOKHO NPEICTaBUTh KaK OUYEHb JTMHHBIN
IIy4OK MPMKATBIX IPYT K APYTY CTpYH, Tpoc. MX TonmuHa onHa u Ta



e, KaK B UCXOJHOW, TaK M B KOHEYHOH Toukax. Ompenenurts sp-
KOCTh UCTOYHMKA MO OJHOMY €JMHCTBEHHOMY (DOTOHY, WJIHU I10 3TO-
My Iy4dKy "(OTOHHBIX CTPYH", TPOCY MBI HE CMOMKEM.

Ho ecau Tpoc pacruiecTd, eciau HNpUHATh IYYOK CTpPYH-
($hoTOHOB pazberaroMMcsi B CTOPOHBI, TO B HAIl TEJIECKOI MOMaIyT
TeM MeHbIle (POTOHOB, CTPYH MM HUTEH Tpoca, YeM Jajblle OT Hac
ux Havano. M 3xech yke BaKHO, MO KaKOMY 3aKOHY 3TH (POTOHBI
YIQIAIOTCA OT OCEBOH JIMHUM, KaK PE3KO Pa3JIeTalOTCsl B CTOPOHbI
CTpyHBI Tpoca. Eciau TpaekTopuu (POTOHOB M HATAHYTHIE CTPYHBI
pacxolsaTCsl, OCTaBasACh IMPSIMOJIMHEHHBIMHU, HATSHYTBIMH, TO IUIOT-
HOCTh NPHUHATOTO MOTOKa OyAeT oaHa, oOpaTHO KBaapaTuyHas. Ho
€ClIM 10 Mepe YAaJeHUs pacTaJIKUBaThb UX B pa3Hble CTOPOHBI MPH-
HYJIUTENbHO U OYEHb CHUJIBHO, TO IUIOTHOCTh IPUHUMAEMOT0 MOTOKA
OyzeT CyllecTBEHHO HMKe. To ecTh, MOMUMO OOBIYHOTO YIJIOBOTO
pacmpenusi (OTOHHOTO MOTOKa TPeOyeTcsl YUYUTHIBaTh U €ro TpH-
HYJIUTEIbHOE XaO0I0BCKOE pacIMpEHHE.

MoOXHO 3Ty KapTHHY ONUCaTh U B BUJE TPAJAULIMOHHON pas-
nyBatolieics chepbl. B MOMEHT BCIIBIIIKK CBEPXHOBOM OT HE€ HauM-
HaeT ygauiarbes GoroHHas cdepa u3HavanbHOro auamerpa. Ilyctsb
3TO OyzeT yciaoBHBINH 1 MeTp. D1a poToHHAsA chepa BOIM3HU CBEPXHO-
BOM MOJIHOCTHIO MOMAJET B HAIl TEJIECKON C JMaMETPOM BXOJHOMN
TpyObI To’ke 1 MeTp. To ecTh BOJIM3M OT CBEPXHOBOM MbI YBUAUM BCE
3TH (OTOHBI MOJHOCTHIO, MOIYYUB MAKCUMAIIbHYIO IPKOCTh CUTHAJIA.
Ecnu e Teneckon HaXOAMUTCS Ha yjaaneHuu, ckaxxeM 100 meTpoB oT
TOYKH B3pbIBa, TO (POTOHHAS cpepa YBEIUUUTCS B JUAMETPE B COOT-
BETCTBHM C XapaKTepPOM pacuIMpeHHst npocTpaHcTBa. CienoBarenb-
HO, BO BXOJIHYIO TpyOy Halllero TeJecKona MOMaJET YK€ MEHbIIee
KOJIM4ecTBO (POTOHOB M3 3TOM cdeprl. U 3Tux GoTOHOB Oyner Tem
MEHbIIIEe, YeM Jalibllie TEeJNEeCKON HAXOIUTCS OT TOYKU BCIBIIIKU U
gem ObicTpee cepa pa3myBaeTcs.

Jlerko noragarbcsi, yTo nuameTp (QoToHHOU cheprl Oyner
YBEIUYMBATHCSI CTPOTO MO 3aKOHY PACIIMPEHHUs MPOCTPAHCTBA, TO
ecTb OyneT UMeTb, Hanpumep, 3HaueHue R(t) puc.11.9. Ho MbI Ha
JMarpaMmax MokKa3blBaeéM HMMEHHO 3HaueHue R(t), a He momanp
NPUHATON 9acTH (HOTOHHOM chepbl, KOTOpas MMEET 3HAYCHHE Tr°,
rze r — JuaMeTp BXOJHOH TpyObl Teneckomna. B mpensiaymmx pac-
CYXACHHUSIX 3TO OOCTOSITEIBCTBO MbI HE yuuThIBau. C y4€Tom xe
3TOro (akropa BBIBOA O HEBO3MOXXHOCTH HAOMIOACHUS CKOPOCTH



pacuIpeHusi UM HaOJIOJCHUsS YCKOPEHUs, CHIEJaHHBIEC BBIIIE, BbI-
IIAAAT TENephb yXKe He TaKUM yOeIUTEeNbHBIMHU, UX CIEAYET CEpbE3HO
MIEPECMOTPETb.

JlelicTBUTENBHO, B cIy4ae yu4éra HONepeyHoro xabhi0BCKOro
pacupeHusi IpOCTPAHCTBA, AAXKE NP JUHeUHOM 3aKOHE pacliupe-
Hus Hp = const nanbHuMe cBepXHOBbIE OyAyT BUIHBI 0Ojee TYCKJIbI-
MH, 4TO IPUBEAET K UCKPUBIICHUIO JaXe MPSIMOJIUHEHHON IHUarpam-
Mbl Xa00a, 4TO JlaXke B 3TOM CIIy4yae MOXET TPaKTOBATHCS KAaK KOC-
MOJIOTHUECKOE YCKOPEHHE.

Bosnee Toro, He3aBUCHMO OT XapakTepa paciuupeHust Beenen-
HOW: PaBHOMEPHOT'0, YCKOPEHHOTO WJIM 3aMEIJICHHOTO, TIOJTY4YEeHHBIE
B MOCJEIHUX BBIKJIaJKax nuarpammbl Xab0ma R(v) cpasy ke npuo0-
peTalT BHUJ, OTJIUYHBIA OT MPSMOJIMHEHHOTO, OHH HCKPUBIISIOTCS
KBEpXY.

Kak cnenctBue, Takoe oTiIMune peajibHO HAOJII01aeMON Kpu-
BOJIMHEHHOM ¢ M3rmboM BBepX auarpammbl Xab61a R(v) ot kiaccu-
YECKON NpAMONIUHEUHOU HE MOKET CUUTAThCA OJHO3HAYHBIM CBHJIE-
TEIBCTBOM ycKopeHHozo paciiupenus Bceenennoi. To, yto Habmio-
naemasi tuarpamma Xa06ma R(v) uszrubaercst BBEpx OT MPSAMOJIHUHEH-
HOW TEOpeTHUYECKON TrarpaMMbl, MOKET OBbITh CIEICTBUEM nonepeu-
Ho2o XaOOJIOBCKOTO pAacCIIMPEHHsI CBETOBOTO TOTOKA IO Mepe €ero
yJaJIeHus! OT UICTOUHUKA.

MOHO TIPEAIIONIOKUTh, YTO TIPU 3aMEUIEHHOM PacIIUPEHUN
IIPOCTPAHCTBA 3Ta TEHJICHLHMSA Takxke OyneT HalmoIaTbCcs, HO B
MeHblIe creneHu. To ectb, OykBaabHO, HabMOgaeMas quarpamma
Xabbmna mna samednenno pacmmpsitomeiics Beenennoil Oyner BbI-
TIISACT TaK, OyJATO OHA PACIIUPSIETCS YCKOPEHHO.

WNuaue roBopsi, Mo cpaBHEHUIO co BceneHHol ¢ mapameTpom
Hoy Bce cBepxHOBBIE OyIyT BHIHBI MeHee SPKUMH. BeposTHo, mpu
9TOM JallbHASl CBEPXHOBAs B YCKOpeHHOH Bcenennoii Oyner BuaHa
OoJiee TYCKJIOW, YeM B PaBHOMEPHOW U 3amemieHHOW. OJHaKO MBI
MMEeM TOJIBKO OJMH pealbHbIi HaOOp M3MEpEeHHi, CPaBHUTh KOTO-
PBI HE C YeM, BCIISICTBUE YeTO OCTAETCS JIUIIb OJTUH ONPeACTIEHHBIN
BBIBOJI: HE3aBHCHMO OT XapakTepa pacivpenus BeeneHHoil nanbHue
CBEPXHOBBIC BUJIHBI 00JI€€ TYCKJIBIMH, YeM B MPOCTPAHCTBE, OIHCHI-
BAa€MOM IMPSIMOJMHENHHON auarpamMmoii Xa66ma. JlroOble Habmone-
HUS JIOJDKHBI TIOKa3aTh YCKOPEHHOE pacIIMpeHne, OTKIOHEHHE THa-
rpammbl Xa06ma R(v) BBepx OT TeopeTHUeCKOn, MPSIMOTMHEHHOM.



BwMecrte ¢ TeMm B 3TOM cilydae OTKPBITBIM OCTAETCA €LE OJMH
BOIIPOC: TOYEMY C8epXOaibHUe CBEPXHOBBIE UMEIOT, HA00OPOT, TEH-
JICHLIMIO K YBEIIMYECHUIO SIPKOCTH. BO3MOXKHasg mpuUuMHa — XapakTep
pacmupenusi BeelleHHONW B ATOT ceepXxoaibHuli TIEPUOM, pe3Ko, UH-
GrsAYyUoHHO YCKOPCHHBIH.

UTtoObl HEMHOTO NPOSCHHUTH 3TH CTPAHHOCTH, IOMPOOyeM
OTIPEACIUTh CTENICHb BJIMSHHS HA JHUAarpaMMBbl TOMEPEYHOTo Xab0-

JIOBCKOI'O paCllupCHUA IIPOCTpaHCTBA.
20 R, mapo. ce. nem; 10v/c

Ra(1)
18 Bo Beenennoii ¢ yckopennvim napavempom Xabona Ha (speska) sa 14 mapo. rem
npocmpancmeso pacuupurocs ¢ 10 do 16 mapo. ce. 1em, mo ecms, 8 1,6 pasa.
Dmo 3navum, umo camas 0arbHsA CBEPXHO6As: OINHCHBL Oblmb 6UOHA Dotee
yoaiénnou, mo ecmn, 6aeonee, a umenno — 6 1,6 pasza. To ecms, camasn
QANbHAA CBEPYHOBAA DOIHCHA HAXOOUMbCA He 6 mouke R14, eudumot
yoaréunocmu, a éviute, 8 kKoneunou mouxe epaguxa Ra(t),
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Puc.11.10. Ananutnuecku-rpaduueckoe MmpeacTaBieHUe CBA3M yja-
JEHHOCTHU U SIPKOCTHU CBETSIIErocst 00beKTa B pa3HbIX BeeneHHbIx

Obparumcs k puc.11.10, Ha KOTOpOM mpejacTaBieH Tpapuk
YCKOPEHHOro paciiupeHus. 3a 14 mapa. jet ¢parMeHT MpocTpaH-
ctBa pacmupuics ¢ 10 no 16 mupa. cB. ner, To ects, B 1,6 paza. I1o
3HAYUT, YTO caMasi JaJlbHssl CBEPXHOBAs JOJKHBI ObITh BUIHA OoJiee
yIaJIEHHOM, TO ecTh, OJenHee, a UMeHHO — B 1,6 pa3a. To ectb, camas
JAJIbHSSI CBEPXHOBAsI HA PUCYHKE JIOJKHA HAXOJUTHCS HE B KOHEU-
HOW TOYKE ITPUXOBOro rpaduka R4, a BbIIe, B KOHEYHOH TOUKE
rpaduka Ra(t), To ecth B 1,6 pa3a gansiie.

Hanpotus, OnuxkHsIsl CBEpXHOBAs JOJKHA TOYHO COBIAIATh C
KOHEYHOM TOYKOH IITpuxoBoro rpadpuka. Bumumo, kospduunent
YMHOEHHSI MOXKHO BBISIBUTBH U3 BBIPAKCHUS:



k=114xR = Ra(14)
Ty

F="5 xR, =Ra14)
I

u

3naech, 1o(t) 1 114 — YIaIEHHOCTh OT CBEPXHOBOM B MOMEHT BCIIBILIKH
t 1 B MOMEHT HaOJI0IeHHs BCIBIIIKY B HAIlIK JTHU, a R4 — Kaxymas-
cs HaOnrogaeMas ynaji€HHOCTh CBEPXHOBOMW, BCIBIXHYBLIEH B MO-
MeHT t. [To cyTH, 3TOT KO3hOUIHEHT U SBISICTCS OeticmeumebHoul
yrnanéHHocteio Ry(t) = Ra(t). IlpoBepum no pucyHky ypaBHEHHUS Ha
OCMBICIIEHHOCTb. J{J1s1 JaibHENl CBEPXHOBOM:

=2 R()=k=TaxR =1%12-1938
A 0
Jlns 6nmvkaiieit CBepXHOBOW HAXOJ/IUM:
t=13 Rk(t):@xRM:@xlzl,(B
7 16,0
W, nakoHen, 111 caMOM JajJbHEH:
=0 R()=T2xR,=1%14-23]
A 10

[Tommyuaercsi, 4TO camas JaJlbHsISl CBEPXHOBas BHMJHA Ha
00JIbIIEM YJAJIEHUH, YEM JJa)kKe OHAa HaXOJIUTCS Ha caMoM Jene. Pac-
CMOTPEB CBEPXHOBBIE C HAYAJIBLHOW yNan€HHOCThIO 10, HO B MOMEHT
BCIIBIIIIKY HAXOJSAUINECS Ha Pa3HBIX YAAIEHHOCTIX OT 3€MJIH, MONY-
YyaeM JJI HUX OPUEHTHPOBOYHO, "Ha TJa30K" CIEAYIOUMH rpaduk

3HAYECHHM IeWCTBUTEIILHON, peaIbHO HAOII0AaeMON YAIEHHOCTH
24 Romapo. ce. nem npowtoe

I'paduk 3Hauenuii felcTBUTENLHOI, peanbHO HabMIOIaeMOi Y1anéHHOCTH
20 Ra(t) camoii 1anbHeH CBEpXHOBOH, HAXOJAMBIIEHCS B MOMEHT BCIIBIIIKH
Ha pa3HbIX yAanéHHocTaX oT 3emau. CBepXHOBas, BCIBIXHYBILIAs
16 8 mupa. ner naszazn: Ra(8) — naGmionaemas 1anbHOCTD,
Rco(8) — myTs, npoiinenHslii GpoToHamHu.
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Rco(14)
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Puc.11.11. I'padpuk peanbHO#N yaan€HHOCTH CBEPXHOBOM € YUETOM

BPEMCHHU B ITYTHU CBE€TA OT BCIBIIIKH



Yem panbliie B MPOLLIOM MPOU30ILIA BCIBIIIKA CBEPXHOBOU
(BmpaBO, BpeMsl BCHBIIIKK OT HAIIMX JHEH), TeM OHa OneaHee. ITOT
rpaduk nocTpoeH Ha ocHoBe rpadukos puc.11.10. M3 ucnons3zoBan-
HOTO Il HOCTPOCHUH BBIpa)I(CHI/I}Ii

Ra(t) = (t) —=xRco(t)

MO>KHO OIPEIENIUTh U BEIMYUHY KOd(PPHUIIMEHTa YMHOKEHHS, KO-
¢dunreHTa nonepeyHoro xab0JI0BCKOT0 PAaCTSHKEHUS IPOCTPAHCTBA:

Ra(t) = ( ) L x Reo(t) =k, x Reo(t)

MaxkcumanbHO BO3MOXKHOE 3HaueHHE KOd(P(UIMEHTA, SBIS-
fomerocs: Ko3pQUIMEeHTOM yBeIHueHUs: yOal€HHOCTH Kr =r14/tp B
3aBUCHMOCTH OT I H T4 YIOOHO ONpPeNeNuTh 10 pucyHkam puc.11.9
u puc.11.10.

3aMedaeM, 4TO MaKCHUMaJIbHOE 3HAUEHHE 3TOT0 KOAPPUIHEH-
Ta 3aBHCHT TOJIbKO OT mapamerpa Xab0ma. Koadunuent namenser-
cs or 1 (B HAmIM JHU) O MAKCUMAJIbHOTO 3HA4Y€HUs (B IPOILIOM,
14 muipa. net Hazaxm). [dns pasHbix mapamerpoB Xa0bia, paccMoT-
PEHHBIX B HAIIMX BBIYHUCICHUSIX, KO umueHTsr kg UMEIOT MakcH-
MasbHbIE 3HAYCHHUS:

H(t) kR=r|4/r0
Hda 2,309
Ho 2,718
Hd 4,480
Ha 1.666

Jls cBEpXHOBBIX, BCHBIXHYBIIMX B 0Oojee IMO3JHEE Bpems,
3TOT KO3()ULIMEHT ymenbuiaemcs O €IUHHLBI B COOTBETCTBHU C
3aKOHOM HM3MEHEHHUs mapamerpa Xao6sa. OOHapyXuBaeM HHTEpEC-
HYI0 3aKOHOMEPHOCTb. CHIIbHEE BCEro CBET JAJbHUX CBEPXHOBBIX
ocnabmsieTcsi Bo BcenenHoit, pacmmpsiromieiicss 3aMeIJIeHHO, a clia-
Oee Bcero — B yCKopsroleiics BeeneHHOM.

[Tapametpst H(t) mpencraBineHs! y Hac rpaguuecky U aHaIH-
THUYECKH, TO3TOMY MBI MOXKEM BBIYMCIMTH MaKCHUMaJbHbIC 3HAYCHUS
kr st Ho, Hd u Ha taxke u uHTErpupOoBaHHEM COOTBETCTBYIOIINUX
¢bynkuunit. Hanmpumep, ams Hd:



14 Hpic-H
[haoar [ #ot2e e gy 2
kpow=€" =e =e? =e? ~4,48

OxujaeM, 4To OOHAPYKEHHOE COOTHOLICHHE KOA(PPHUIMEH-
TOB IIPUBEAET K UHTEPECHBIM CIEACTBUAM. {1151 Clie yromux nocTpo-
SHMI UCTIOJIb3yeM MmapaMeTpsl Xa00ia, npecTaBlIeHHbIEe Ha BPE3Ke K
CIIEYIOIIEMY PUCYHKY. Mcronb3ys ux, cTpouM auarpammbl Xa06i1a,

yuuThIBatomue kodpumuent kr s momnepedHoro xabO0JI0BCKOTO

paciiupCHUA CBETOBOI'O IOTOKA:
65 R, mapo. ce. 1em

© Juazpammer Xabona u coomeememeyowue um 3asucumvle om epemeil

napamempuwl Xabona. Unoexcwl: a — yckopenue (accelerate); d — 3ameonenue

(decelerate). Kak 6uono no ouazpammam, monvko npu yCKOpeHHo-

50 3amednennom pacuupenuu Beerennou Had danvnue ceepxnogoie 6uoHbl

45 Oonee myckavimu, a ceepxoanbhue — Honee ApKuMu, 4em npu

40 Cmanoapmuom pacuupenuu Beerennoil ¢ neusmennsim

napamempom Xabona Hy.
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Puc.11.12. HaGmtonaemble auarpaMMbl Xa06i1a ¢ y4ETOM BpEMEHHU B
IyTH CBETA OT BCIBIIIKH CBEPXHOBOM

B mepByto ouepenp Ha pUCYHKE HAc MHTEpeCyeT Hmapamerp
Xab6na Hda, coorBercTByrOmUi NPUHATON MOJAEIU PaCIIUPEHUS
Bcenennoii — 3amesuieHHo, 3ateM yckopeHHo. [Ipu ero ¢yHkuuno-
HAJIBHOM TIPOEKTUPOBAHUH MBI HCXOIMIN U3 IOCTATOYHO Pa3yMHOTO
MPENOI0KEHHUS, YTO B HAYaJIbHBIE MOMEHT BPEMEHH 3TOT MapameTp
OBLT paBeH HYIIO, ITOCTIE Yer0 OH PE3KO YBEITHMUYMIICS 10 CBOETO Mak-
CUMaJIbHOTO 3HAa4yeHMs, YCIOBHO uepe3 1| mupa. ner. [lanee on
YMEHBINIAJICS A0 MOMEHTa BpeMeHH t= 8 MIpA. JeT, HOocCiie Yero
Hayajl pacTH BIUIOTh JI0 HAMIMX JHEH. MakcuMaabHOE U MUHUMAlb-
HOE 3Ha4YCHNE MapaMeTpa — yCIOBHBIE.

OOHapyXuBaeM, 4TO, JEHCTBUTENBHO, PE3yJabTaT OKa3aJics,
o MeHblled Mmepe, crpaHHbIM. C TakuM napamerpom Hda mbr He
CMOIJIM TOJY4YHUTh JauarpamMmmy Xa00ia, COOTBETCTBYIOIIYIO YCKO-



peHHoMy pacmmpenuto. Ha puc.11.12 Buaum, 4ro ¢ mapameTrpom
Hda nanbHue cBepxHOBBIE BUAHBI Oojiee SIPKMMH, a CBEPXAAJIbHHE,
HaobopoT, MeHee sipkue. Cam mapamerp Hda onpenenénno coorser-
CTBYET 3aMEIJICHHO - YCKOPEHHO pacumpstonieiics BeenenHoil, HO
MIPOU3BO/IHAS OT HEro Auarpamma Xab0ia SBHO IEMOHCTPUPYET 3a-
ME/JICHHOE pacLIUpEHHUe, €CIU MCII0Jb30BaTh MOJAEIb '"NalbHUN —
TyckIbIid". ByKBaJIbHO 3TO O3HAYaeT, YTO TaKast MOJIEIb HE SBIISCTCS
[I0Ka3aTeaeM YCKOPEHHOTO PACIIMPEHMSL.

Ho, Bo3moxHO, npyras ¢opma mapamerpa Hda moarBepaut
3Ty MoJiesib? DTOT napamerp Xab6ia Mbl CIIPOEKTUPOBAIIN ITapaMeT-
PHYECKUM, TO €CTh, €ro (JOPMY MBI MOKEM JIETKO U3MEHHUTb, MECHSA
ero 4 HaCTPOEUHBIX MapaMeTpa: MUK U €ro BpeMs U MUHUMYM M €ro
Bpems. [IpocTeiM TOA00POM ATHX MapaMeTpoB, HAyraJ MBITAEMCS
MOJYYUTh TAaKyl €ro 3aBUCUMOCTb OT BPEMEHH, YTOObI XapakTep
Hda w3meHmics Ha  TPOTUBOMOJIOXKHBIA, HA  YCKOPEHHO -
3aMeIeHHbIN nmapamerp Had, mpuBoasiiuil kK u3BeCTHOHN nuarpam-
Me Xa0bma, Kor/ia JaabHIe CBEPXHOBBIE BRITIISIAT 00JIee TYCKIIBIMH,
a cBepxJaibHue — 0oJiee ApKUMHU, 4eM ¢ napamerpom Xab6ma Hy.

Takast KOPpEKTUPOBKA MPOILIA YCIEUITHO M MBI TOXYYHIIH
TpeOyeMblii nHBepcHBIN napamerp Hda. Ctpoum auarpammy Xab66:ma
Ha €ro OCHOBE M OOHapy)XHBaeM, YTO C TAaKOW 3aBUCHUMOCTBHIO MBI
MOJTy4yaeM M3BECTHOE COOTHOILIEHHUE: JaJbHHE CBEPXHOBBIE TEIEph
BUJHBI OoJiee TYCKJIBIMH, a CBEpXJaJlbHUE, HAIIPOTHUB, CO BPEMEHEM

3aMeJISIOT CKOPOCTh CBOEro pa3bderanus, puc.11.13.
40 R, mapo. ce. 1em
Tonvko npu '\’C’K()pe’lll()—3a.‘le().'lellll(),’ll pacuwiupenuu Bceenennoit Had danvnue
CBEPXHOBbIC BUOHBL DoNee mycKkibimu, d CK(.’[).\'()(L'IhHH(’ — bonee ApKUMU, yem
30 Npu cmanoapmuom pacuupenuu Beenennoli ¢ HeusmeHHvim
napamempom Xabona Hy.
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Puc.11.13. Tonpko nmpu yCKOPEHHO-3aMEJIEHHOM pacuiupe-
Hun Bceenennoii ¢ mapamerpoMm Had nanpHUE CBEPXHOBBIE BUIHBI
0oJjiee TyCKJIBIMH, a CBEpXAajbHUE — O0JIee SpKUMU



[Tanenue mapamerpa Had mpoucxonuT mo BBITYKJION mapado-
Jie, 9TO MPHUBOAMT K €T0 pe3KoMy YMEHbIICHHUIO B Hamu nHU. [Ipen-
rojlaraeM, 4tro 0oJjiee eCTeCTBEHHBIM ObLTO OBl €ro MaJeHue 1Mo 3KC-
MoHeHTe uiu runepoosie. Hamr perymupyemsriii mapamerp Hda ~ Had
HE MO3BOJISIET CKOPPEKTUPOBATH ATOT YUACTOK, MMOCKOJIBKY OH (DyHK-
IIUOHAJIBHO 3aJ1aH 1apaboJIon.

Jus mpocToThl chopmupyem stoT napamerp Had u3 mpsmo-
JIMHEWHBIX OTpe3KOoB, BeIOpaB 14 mHTepBanoB. Takoit crocod ¢op-
MHUPOBaHHS MapaMeTpa MO3BOJSAET MOJOTHATH €ro (opMy T[T JIF0O0H
BUJ nuarpamMmbl Xa006ma. B pesynbrare ymanoch HOJMYYHTH JHa-
rpamMMy, COOTBETCTBYIOILIYIO YTBEPKICHHUIO 00 YCKOPEHHOM PACIIH-
peHnu BcelleHHOM: TyCKIIbIe JallbHUE CBEPXHOBBIC U OoJiee SIpKUE —
cBepxfaibHue. OHAKO M B 3TOT pa3 Mbl OOHApYyKUBAEM, YTO Cam
napamerp Xa00Jia COOTBETCTBYET HMPOTHBOIIOJIOXKHOMY XapakTepy
pacmupenusi BcenenHoir — 3amMenneHHOMY. BceneHHas cHavana
pacumpsieTcsl YCKOPEHHO, 3aTeM 3aMeJICHHO. BbyKBallbHO 3TO O3Ha-
9aeT, 4TO B HAIIM JTHU COTJIACHO HAOIIOJCHUSM 33 TYCKJIBIMH CBEPX-

HOBBIMH MBI IIOJTYy4aCM 3aMCIJICHHOC PACHIUPCHUC Bcenennoii.
40 R, mapo. ce. 1em

ITapamempwr Xabona, 3asucumvie om 6pemeHu (6pe3xa) u coomeemcmeyiougue um

ouazpanmot Xavoaa. Torvko napamemp Xabora Had 3ameonennott Beerennot

30 npueodum K ouazpamme, Ha KOMopol OAIbHUE CEEPXHOBbIE GUOHbL Dolee

MYCKABIMU, A CBEPXOanbHIUe — DO1ee APKUMU, YeM NPU NOCMOSHHOU

Xabona Hy. Rad
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Puc.11.14. Ilpu yckopeHHO-3aMeIJIEHHOM paciiupeHun Bcenennoi
¢ mapamerpoM Had nanbHue cBEpXHOBbIE BUHBI 00JI€€ TYCKIIBIMH, a
cBepxJaibHue — Oonee spkumu. [lapamerp npeacrasieH B BUJE JIO-
MaHOH JIMHUHU

JUis cipaBKY M HArJIsAHOCTU TPUBOJUM IOJIHBIA Habop rpa-
(UKOB IBMKEHHSI caMOll ajbHEll CBepXHOBOM B Takoil BcenenHnoit,
KOTOPBIN UMEET BU:
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24 oanwiit nabop epaguros Osudsicenus camol E
danbHell ceepxHosoll 60 Beerennoil ¢ l‘ﬂ
napamempom Had (speska, nomanas aunus). | |

20  Omo Bcenennas, pacuupaeuanca cnavaia ," i
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VCKOPEHHO, 3amem 3aMe01CHHO. ’
B npunsimoit mepmunonoauu — smo I,’
16  Bcenennas, pacuupsowasncs 3
3AMEO0NCHHO.
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Puc.11.15. I'padvkn nBMKEHUsT caMoii JaibHEH BHIUMOW CBEPXHO-
BOH B 3ameyieHHON Beenennoi ¢ mapamerpom Had

OnpenenéHHbIM HENOCTATKOM TaKOIo IOCTPOCHHUS ITapameTpa
Xab0ua sBISETCSA €ro CTaTUYHOCTh. VI3MEeHUTh 4T0-1n00 B HEM He-
IIPOCTO — HY)KHO MEHSTh BCE €ro TOUKH, MPUUEM COOIIOast Pe3ylb-
THPYIOLIYIO IIJIABHOCTB JIOMAHOM KpHBOMl. Kpome Toro ero jsomaHslii
BHUJ M OCTPBI IHK BBI3BIBAIOT HEKOTOPOE HENOBEPHE, CMOXKEM JIU
MBI [TOJIYYUTh OXOXKHUN PE3yJbTaT MPHU JAPYTUX, TTAAKUX dKCTPEMY-
Max. [ToaToMy mpoekTupyem Takoil ke BHJ IapaMeTpa, COCTOALIUN
U3 INIaJIKUX KPUBBIX.

B pesynpTaTe MBI NOJYYMIM NapaMETPUYECKYIO KPUBYIO C
U3MEHSIEMbIMU KOOpAMHATaMU IHKa U KPUBU3HOHM pocTa - craja.
KpuBas copmupoBana u3 Tpé€x QyHkuuil. HauanbHblil ydacTok —
napalosia mepeMeHHol crenenu n = 1,5...5; cpenqHuil yyacTok — me-
peBépHyTas KBajJpaTHyHas napaboia; TpeTuil — rumepOona mepe-
MEHHOH cTeneHn n = 2...12.

[lepebupas perynupoBouHble KOI(G(GUIHMEHTHI, (OpMHpPYEM
Tpebyemblii mapametrp Xab6ma Hda — Bknaaka k puc.11.16, makcu-
MaJIbHO COOTBETCTBYIOIMA MOJEIHN TYCKJBIX JAaJbHUX CBEPXHOBBIX,
u 6osee ApKUX — CBEPXJAIbHUX.



40 R, mapo. ce. nem

35 apamempur Xabona, 3aeucumvie om epemenu (6peska) u Ouazpammol
Xa6ona, coomsememeyiowue um. Torvko napamemp Xabona Had
zameonennol Beenennoit npueooum k ouazpamme, Ha KOMopou
25 QanbHue c6epxrHoBble BUOHBL DONCe MYCKAbIMU, d
20  ceepxoansHue — Honee APKUMU, 4em npu
nocmosunou Xavona Hy.

Had
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Puc.11.16. Ilpu yckopeHHO-3aMeIJIEHHOM pacluupeHun BcenenHoi
¢ napamerpoM Had nanbHue cBepXHOBbIE BUJHBI 00jI€€ TYCKIIBIMH, a
cBepxnanbHue — Oonee spkumu. Ilapamerp mpencraBieH B BHIE
rJ1aJKoM KpUBOM

Kak Buaum Ha pucynke, napamerp Xa66ma Had cootBer-
CTBYET 3amedsienHo pacuupsitoeiics BceneHHoil, HO auarpamma
Xabbma, cormacHO MoJenu "TYCKIbIN — JalbHUN" SBHO TPaKTYyeTCs
KaK yckopenHo pacmmpsitoniasicss BceneHHas. DTO HECOOTBETCTBHE
BHOBb TOBOPUT O TOM, YTO MOHM)KEHHAsl SPKOCTh AATbHUX CBEPXHO-
BBIX HE MOXET CIY)KUTh OCHOBAHHMEM JIJIsl 3aKJIIOUEHUSI 00 yCKOpeH-

HOM pacuIpeHnn BeeneHHOM.
26 R, mapo. ce. 1em i !
24

I
Tonnviit Habop epaghukos Osudicerus camoil darvHell
22 ceepxHosoll 60 Beenennoii ¢ napamempom Had —
20 YCKOpeHHo-3amednenHas Beenennas unu 6
18 hpunamoii mepmunonoeuu — Beenennas,
pacuupsaowaics 3ameon1eHHo.




Puc.11.17. I'papuxu qBmxeHus: caMoii AajabHel BUAMMOM CBEPXHO-
BOH B 3ameyieHHON Beenennoit ¢ mapamerpom Had B Bue rimaakoi
KpHUBOU

DTOT PUCYHOK 0€3 KOMMEHTApUEB Mbl MPUBOJUM TAKXKE JIJIsI
CIPaBKH M HATJISIAHOCTH: MOJHBINA HAOOp rpaduKoB IBUXKEHUS caMOn
nalbHeW HaOIlo1aeMoil CBEpXHOBON BO BceneHHOM co chopmMupo-
BaHHBIM IMapameTpoM Xab06a Had.

11.4. CnopHble BbIBOJbI 00 YCKOPEHHOM paclIMpPEeHUH

[Tockonpky mapamerp Xa66ma Hd Takke nmeer HacTpoeUHbIC
BEJIMYMHBI IS TMKa 1 MUHIMYMa, MBI TIPOJIEJIaIH TaKylo e TpoIie-
nypy noabopa u ¢ HuUM. OKazalloch, UTO €ro PeryaupoOBKON Hayraf
MOJKHO TIOJyYUTh BHJ JHarpaMmbl Xa00:a, JOBOJBHO OJIHM3KO MpH-
ONMMKAIOMIMIICS K BULy TUAarpaMMbl YCKOPEHHOTO paciipeHus: Bee-
neHHo#, puc.11.18. OTmerumM, 4TO npaBuiIbHEE ObUIO OBl MapameTp

Xab06ma B 3TOM ciyuae umeHoBath Hada.
0 R, mapo. ce. nem

35 [lodbopom nayeao napamempa Hda yoaroce nonyuums 6uo ouazpammol
Xabona, cxoxcuit ¢ Quazpammon 0as YCKopeHHoz2o pacuiupenus Beerennoit.

30 Crabvim mecmom 2moit Quazpammol AGIAEMCs YHACMOK OTUNCHUX
c6epxHo6bIX. Xomst u c1abo, HO MONCHO 3AMEMUMb UX HEKOMOPYIO

235 MOBBIUEHHYIO APKOCHb NO OMHOWEHUIO K CIAHOAPMHON
Quazcpanme Xavona ¢ napamempom Hy.
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Puc.11.18. Ilpu 3amenineHHO-yCKOpEHHOM pacuiupenun Bce-

neHHoW ¢ mapamerpom Had nanbHuMe CBEpXHOBBIE BHJIHBI Ooliee
TYCKJIBIMH, a CBEpXJaIbHUE — 00Jiee IPKUMH

EnvHCTBEHHBIM, HEyBEpEHHO Cl1a0bIM MECTOM JTOW Jua-
rpaMMBbl SIBJIISIETCS YYacTOK OJIMKHUX CBEPXHOBBIX. XOTS U OYEHb
c;1a00, HO MOXKHO 3aMETUTh UX HEKOTOPYIO HOGbILUEHHYIO IPKOCTh T10
OTHOIICHMIO K CTaHJApTHOM auarpamme XaboOma. Jlyuire Bcero sto
3aMETHO Ha YBEJIIMYEHHOM (hparMeHTe uarpaMMbl:



R, mapo. ce. 1em
IToobopom nayeao napavempa Hda yoarocs noayuums 6uo ouazpamanl
13 Xab66aa, cxoxcuti ¢ duazpammolt 05 yekopennoz2o pacuupenus Beerennoil.
Crabbim mecmom 3moit OUAPAMMbL ABAACMCA YHACMOK OAUNCHUX
11 €6epxnosbix. Xoms u c1abo, HO MOJICHO 3aMEMUMb UX HEKOMOPYIO
NOBBIUEHHYIO APKOCMb NO OMHOWEHUIO K CIAHOAPMHOL
Ouacpamme Xaboaa ¢ napavempom H,. Ppacmenm
9 Quazpammul yeeiuen 01 ayuwert GUOUMOCMU
craboeo mecma.
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Puc.11.19. YBenuueHHbIH (parMeHT AUarpamMMbl JJIs 3aMeji-
JICHHO-YCKOpPEHHOTo pacupenust Bcenennoit ¢ mapamerpom Hda.
bnnxHIE cBEpXHOBBIE BUIHBI C TOBBIILIEHHON SPKOCTHIO.

XoTs U Ha mpezaene TOYHOCTH, HO BCE-TaKM 3aMETHO, YTO
OJIVDKHUE CBEPXHOBBIE NPU JIEMCTBUTENBHO YCKOPEHHOM pacllupe-
Huu Bceenennoil BuaHbl Oojiee SpKUMHU, YeM B CTaHIapTHON BceneH-
HOM, PaBHOMEPHO paclmpstomieiics ¢ napamerpom Xaboaa Hy. Ot-
METHUM, YTO Ha auarpamme Bcenennoit ¢ mapamerpom XaO6sia Had

Takoi 3¢ (et onpenesEHHO OTCYTCTBYET:
50 R, mapo. ce. nem -

45 Iapavemp Xab61a Had, sasucumviii om 6pevenu (6peska) u yeeauuennwlii

paemenm ouazpammul Xabora, coomeememeyiowuil emy. Apkocme

ONUINCHUX CBEPXHOBBIX YKIAOBIBACMCA 6 MOOENb YCKOPEHHO20

pacwupenus Beenennou. He monvko danbhue, Ho u Oaudxcnue

CBEPXHOBbLIC BUOHBL HOTCe MYCKALIMU, YeM npu

30 hocmoannoi Xabona HO. Oonaxo napavemp Had
coomeememeyem 3ameo1eHHOMY
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Puc.11.20. YBenuueHHbI QparMeHT AuAarpaMMbl ISl YCKO-
PEHHO - 3aMEJUIEHHOI0 paclIupeHuss BceneHHOW C TiaakuMm mnapa-
MetrpoMm Had. SIpkocTh OMMKHUX CBEPXHOBBIX HE MPEBBINMIACT Kilac-
CHUYECKUX 3HaueHul 1y Beenennont ¢ napamerpom Hy.



Kak BuaHO Ha pucyHke, ONMKHHE CBEpXHOBBIE B Takoil Bee-
JICHHOH Bcerja He sp4ye, OHM 3aMETHO Jajbllle CBEPXHOBBIX B CTaH-
naptHo Beenennoit ¢ Hy.

B 3akmouenue paccmorpuM emé oauH BapuanT. Kakum nosi-
XKeH ObITh mapameTp Xa00isa, 9ToObl HaOIto1aeMasi JuarpaMma BbI-
riusaena KiIacCU4eCKM — IPSIMOJIMHEHHOM, C HAKJIOHOM, COOTBET-
cTByIOIIMM Tapamerpy Xab6ma Hy. Kak oxa3zanoch, 3ToMy yCI0BHIO
OTBEYAET cmayuonapuas Bceenennas, paciupeHue B KOTOpoil Hada-
Joch OykBanbHO Buepa (mrpuxosas iuHug Hs) — puc.11.21.

Ha pucyHke nmoka3aHo, 4TO pacCMOTpEHHas Auarpamma Xao-
61a "3aMemsIeHHO - yCKOpeHHOH" BeenenHol Takxke OyeT moixydeHa
no HaOmoneHussM Bo Bcenennoil ¢ nmapamerpamu Xa06ia, nmero-
IIMMH BUJ, MOJ0OHBINA MOKa3aHHBIM Ha Bpe3ke pucyHka. Ha Bcém
IPOTSDKEHUM CYLIECTBOBaHMs Takol BceneHHON 3HaueHus mapamer-
POB OBLIM HE TOJIEKO OJIM3KH K HYIIO, HO OBUIM JTa)Ke OTPHUIATEIIb-
HeIMU. To ecTh, 6onblee Bpems, noutu 11 mupn. et Beenennas e
pacmmpsiiach, a cxumanack. M tonpko B mocnennue 1,5 mipa. net

Ha4yaJioch eé CTPCMUTCIIbHOC paCIIUPCHHUC.
14 R, mapo. ce. 1em
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¢ ~lee verosnvie Beenennvie ¢ napavempant Xaoona na 6peske VCKOPeHHO pacuiii-
PAMC AUt ROCACOHUT Muaauapo aem. QOHa 13 HUX UMeem VET0GHO HelU3MeH-
ublll napavemp Hs, smo axmuvecku cmaynonapras Beenennas, ucnsimasuias
4 Kpamrospexenuvlil CRayox pacuiupenusn. Eé ouacpaviva Xa6ona — wmpxoscas
aunuA. Juacpayivia Nadonra Ra emopoit Beenennoil, eniomnas aunis, nokazvled-
2 em, umo OdlbHlle CEEPXHOGbIC 001ee MVCKIbIe, d CEepXOaibtile — 0olee APKIe.
Noueumenvno, mo mouno maraa yee kKapmuHa Haoawoaemes u 6o Beenenwoil,
o AOMOPAA 6 Hautll OHU PAcuiupACMCA 3aMe0NeHHO. we
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Puc.11.21. lnarpammer Xa66:1a, HaOmo1aeMble BO BeeneHHBIX ¢
napamerpamu Hy, Ha u Hs

Crnenyer OTMETUTB, YTO NMPUBEAEHHAS HA PUCYHKE MPSAMOIIH-
HelHas auarpamma c napamerpom Xab66aa Hs (nnaekc s o6o3HauaeT
CTallMOHAPHOCTH) BBIMVIAUT KaK KJaccH4eckas JauarpamMma, Tak,
Ooyaro Bcenennas Bce 14 miupa. JeT pacmmpsiiach ¢ HEU3MEHHBIM
napamerpom Xa601a Hy. Ho Ha Bpe3ke BUIHO, UTO 3TO HE TaK, JHUIIb
yepe3 13 mupa. ner nocie poxaeHus Bcenennoi mapamerp Hs uc-



IIBITAJl PE3KUI CKAaYOK, BCIUIECK. [IpoCThIM JIOTHYECKUM aHAIM30M HE
YAJIOCh BBIABUTH C 0npedeiéHHOCMbIo TIPUUUHY TaKOTO PacXoxje-
HUsl. JIeHCTBUTENBHO, CBET OT CaMOU JlanbHEW HAOII01aeMOM CBEpX-
HOBOU IPOIIEN NyTh B 14 MIIpA. CB. JIET, HO /10 MOCJIEIHETO MOMEHTA
CKOPOCTb MCTOYHHUKA, 3B€3/bl ObLIa HYJIEBOW. B MOMEHT perucrpa-
LIUU CBETA, BCEro 3a 1 MIIpA. JET CKOPOCTh NOJIydaresis, 3€MJIH BO3-
pocia 1moutu 10 ckopoctu cBera. Ho Torna Ha 3ToM MHTEpBajie Bpe-
MEHHU CBET M OT JPYruX, OMMKHUX CBEPXHOBBIX JOJDKEH JOCTUYb
3emsn. Kak mosryyaercsi, 4TO0 OTHOCUTENBHO JaJIbHEH CBEPXHOBOM
CKOPOCTh yJaJeHUs 3eMJIM BBILIE, YeM OTHOCHUTEIbHO ONMKHUX?
JIOCTaTouHO pa3yMHBIM OOBSCHEHHEM SIBISIETCS, BEPOSITHO, CIENy-
roiee. Ha "HaGop" HYKHOM OTHOCUTEIBHOW CKOPOCTH Kak pa3 U Mo-
BJIUSUI 3TOT MOCJEIHUN HMHTEPBaJ YCKOPEHMsI PACHIMpPEHUs Ipo-
cTpancTBa. Kaxkgas u3 CBEpXHOBBIX — ONMXKHSSA U Janékas — B MO-
MEHT CKayka rnapamerpa Xa00ia onpenesiéHHO HaXOAWIINCh Ha pas3-
HbIX PACCTOSHUAX OT 3€MJIM, MHAY€ OHU HE JIOCTUIJIH ObI €€ OIHO-
BpeMeHHO. [losToMy OnmKHHE IBUTAIMCh HA MO30HUX dTalax pac-
IIMpPEHUs: U HaOpaiu, COOTBETCTBEHHO, MEHBIIIYI0 cKOpocTh. Camas
JManbHssA ke "3axBarwia' MEepUoJ CKauka IMOJHOCTBhIO M, CJEAO0Ba-
TeIbHO, Habpana 6oJee BHICOKYIO CKOPOCTb.

Ho ocoGennocTs 3TOI MOJENH 3aKII0YAaETCs U B TOM, UTO M3-
BECTHBINM BUJ AMarpamMmsl "TYCKIIBIN - SpKkuil" mpucyll Takxke U Bee-

JICHHOH, PaCHIMPSIOIIMICS B HALIM JTHU 3AME0NEHHO:
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_lee venoenwie Beenennvie ¢ napasempariu Na6oaa na 6peske YEKOPeHHO pacuiipsi-
omes s nocaeoHuil Muanapo aem. Qoua uz HUX uUMeen VCI06HO Hel3MeHHbII
napayemp Hs, smo axmumecku cmanyuonapnas Beeaennas, ucnvimasutas kpam-
4 RospeMeHHblll ckauok pacutupenus. Eé onacpayvia Naoona — mmpuxoseas aunus Rs.
Anaepayivia Xaooaa emopoir Beeaennoit ¢ Hd, cnaownas aunusg, nokassiéaem, umo

OATbHNE CEEPYHOBBIC 00ICe MVCKIbIC, A Ceepxoaibhue — oonee apkue, Rd. Nouecu-

METbHO, MO MOUYHO MAKAS Hee KapmiuHa Haotooaemes u 6o Beerennoi, komopas ¢
}lluu OHU pactiupiaemcs VCKOPEeHHo. v
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Puc.11.22. Jlnarpammel Xa60:1a, HaOmoiaembie BO BeeneHHbIX ¢
napamerpamu Hy, Hd u Hs



BHOBB 3ameTnM, 4TO B 3TOM cilyyae mapamerp XaObna cie-
noBanio Obl oOo3Haunth kak Had. Ha pucynkax pwuc.11.21 u
puc.11.22 BugHO, 4TO 32 BCE BpeMs CyllecTBOBaHUs BeeneHHol oHa
pacmupsiiack (akTUYeCKH € YCKOPEHHBIM mapamerpoM XaOoOuia,
KpOMe IOCJIeAHEro nepuoja, Ha puc.11.22. B nocnennuii Mmuimap
JIET paclIMpeHus IPOU30Iiia HHBepcus — BeenenHas paciupsiiach ¢
3aMmejieHreM. TeM He MeHee, B 000uX CIIyJasix JuarpaMMbl Xa00ma
JNEMOHCTPUPYIOT MOHMKEHHYIO SIPKOCTh JTATbHUX CBEPXHOBBIX U I10-
BBIIICHHYI0 — CBEpPXJAIbHUX. YYAacTOK AMarpamMMmbl Ui JalbHUX
CBEPXHOBBIX HAXOAUTCS BbIIIE AUarpaMmbl i1 BeeneHHOMH, ycIoBHO
pacupsromencss paBHOMEPHO ¢ rmapameTpoM Hs. Yuactok mis emé
0osee qanéKuX CBEPXHOBBIX CMEIEH HUXKE STOM JrUarpamMmal.

Hdnst paccmorpennoro Ha puc.11.22 Bapuanta Bcenennoi
npuBeAEM MOJHBIA HaOOp TpadUKOB JBIKEHUS caMoil Janékoi
Hab00aemo CBEpXHOBOM:
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Puc.11.23. I'paduku ABM>KEHUS caMOM JanbHEW BUIMMOM CBEpXHO-
BOI1 B 3amensitonielicss Beenennoit ¢ mapamerpom Hd

OO0partaeM BHUMaHHE, YTO B COOTBETCTBMU C OTPHIIATEINb-
HbIM 3HaKOM Mapamerpa XaObna Takas ycioBHas BceneHHas Ha
HayaJbHOM JTalle HE pacliupsiach, a CKUMayiack, rpapuk R(t).
Wnave roBops, W3HAYalIbHO OHA 00Jajajna OTPULATENILHON CKOPO-
CThIO V(t), KOTOpask B HAIllM JHU W3MEHUJIA HAIPaBIEHUE U JIOCTUIJIA
ckopocT cBeTa. CBET OT BCIBIIIKA CBEPXHOBOM PaCIPOCTPAHSIICA
MPAaKTUYECKH TaK JKe, Kak B cranuoHapHoi Bcenennoii. [lo rpadu-
KaM Mbl BUAUM, 4TO NMyTH (POTOHOB — akTuyeckuii Rco u xab610B-
ckuil Rp — nmpakTuuecku He pa3nIuyaroTCcs, MOATOMY BIIMSHUE IOTIe-
pedHoro xab0J0BCKOTO PACHIMPEHHs] CBETOBOTO MOTOKA CBOJIUTCS K
O0OBIYHOMY 3aKOHY OOpaTHBIX KBaJIPaTOB.



Habmogaemble ymanéuHocts Rco um ckopocth Ve Takke
MPaKTUYECKH COBMAJAIOT C TEOPETUUECKUMU 3HaueHUsIMH R(t) 1 v(t),
COOTBETCTBEHHO.

Jlume cnyerst 8 muipa. et pacmupeHue BceeneHHol crano
3aMETHBIM, a CYCTs 12 MIpJI. €T CKOPOCTh PACUIUPEHUSI PE3KO BO3-
pocna. B mocnennuit MuyuMapi JieT Hamia ycioBHas Bceenennas
BHOBB CTaJIa PAaCIIUPSTHCA C 3aMEUICHUEM BILIOTH J0 HAILIUX JHEH.

Xots Beenennast BBIMISIAUT OTYACTH KaK CTallMOHApHAs, AMa-
rpamMmbl Xab0ma OTYETIMBO MOKA3bIBAIOT 3aBHCUMOCTH KpPAaCHOTO
CMEILIEHHUs, CKOPOCTU CBEPXHOBBIX OT UX yaanéHHocTu. [Ipuuém
ocTasiach B cujie MeTadopa "nanbHue CBEpXHOBBIC OoJiee TycKible".
WU, cooTBeTCTBEHHO: CBepXJalibHKE, HA000pOT, Oosiee IpKue.

BbIX0oauT, 94TO B KIIACCHYECKOM, MPSIMOJIMHEHHOM BHUE JHa-
rpamma Xab6na R(v) = Rs(v) Oyner B nawetl peanvrot Beenennou
HaOJIr01aeMa TOJILKO B cliydae mapamerpa Xa66ia Ho(t) = Hs, nme-
foriero (opmy JTaTUHCKON OykBbI L, nexarieii "Ha crnimue". IMeHHO
C TakuM mapaMeTpoM XaObna auarpamma OyneT MMETh KIacchue-
ckuii Buj puc.11.24:

r R, mapo. ce. nem

35 [lee vcirosmnsie Bceenewnwvie, pacuumpaioufpieci ¢ ‘
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Puc.11.24. Habmronaempie muarpammbl Xab0ma st BeeneHHBIX ¢
napamerpamu Ho u Hs. /Iuarpamma Rs coorBercTtByer Beenennon,
KOTOpasi 00JIbIIIYIO YaCTh BPEMEHU Obljia CTallMOHAPHOM

Ha pucynke mpencraBieHbl ABe auarpammbl Xa0O0ma, a Ha
BpE3KEe — COOTBETCTBYIOIIME UM HapameTpsl Xa06sa. Ob0e nuarpam-
MBI SABJISIIOTCSI HAOMIOAEMBIMU, PE3YJIbTAThI U3MeEpeHUs CKOPOCTH U
SPKOCTH Ka)KJI0¥ CBEPXHOBOU B CBOEU BCeIeHHOM B TOUHOCTH JIATYT



Ha COOTBETCTBYIOUIYIO JUHUIO. OJIHAKO HA CaMOM JIejle MX peaib-
Hble, JEeUCTBUTENbHBIC YAANEHHOCTH M CKOPOCTH yAajJeHUs OynyT
uabiMu. OtMmetrum, uto Bcenennas ¢ mapamerpom Hs ocHOBHYIO
4acTh BPEMEHU CYLIECCTBOBAHMSI SIBIISIETCS CTalMoHapHOW. ['paduxu
JBIKEHUS caMOM JanbHed HaOo/1aeMoil cBepXHOBOM B 3T0il Bcee-
JIEHHOM ToKa3aHbl Ha puc.11.25. ['paduku COOTBETCTBYIOT YaCTUUHO
CTallMOHAPHOMY Mapamerpy Xaoona Hs.
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Puc.11.25. I'paduku aBmKEHUST caMoi JajbHEH CBEepXHOBOM BO Bee-
neHHoW ¢ mapamerpoM Hs. OcHOBHyro yacTh BpemeHu BcenenHnas
CTalMoOHapHa

Ha pucyHke BHIHO NMpaKTHYECKU IOJHOE COBIMAJCHUE Map
napamerpos: R(t) u Re (myTs puxTuBHOrO HicTouHnka GoToHOB), R
(xab0noBckuit myTh (OoTOHOB) U Rco (M3MepeHHBIH, peanbHbIi MyTh
¢otoHOB), V(t) 1 Ve (ckopocTh (UKTHBHOTO MCTOYHHMKA (DOTOHOB).
OTO 03HaYaeT, YTO HAOJI0JaeMble JTaHHbBIE (BTOpbIE B Mapax) Mpak-
TUYECKH COBIAJAIOT C TEOPETHUECKIMH MapaMeTpamMH, KOTOpbIE CO-
OTBETCTBYIOT MOCTOSHHOW XaOb6ma Hy. BykBampHO 3TO cnemyet
TPaKTOBaTh, YTO KJIIACCHUECKHUE JAHarpaMMbl Xa00Jsia COOTBETCTBYIOT
napamerpy Hs, a e nmapamerpy Hy. Imenno Bo Beenennoit ¢ mapa-
Merpom Hs Oymer HabOmromatbest KiaccHyeckas, MPsSMOJIMHEHHAs
auarpamma Xa00i1a ¢ yriaoM HakjIoOHA, COOTBETCTBYIOIIMM BEJIMYMHE
Hy. XoTa Ha mpempiaymieid quarpamMMe BHAHA JeUCTBUTENbHas L-
obpasHas ¢popma napamerpa Xaooia.

Hamportus, HaOmromaemMple CKOPOCTH W yOAIEHHOCTH CBEPX-
HOBBIX BO BceneHHOH ¢ aelcTBUTENbHBIM mapaMeTpoMm Xabb6ia Hj



monagyr TOYHO HAa M3O0THYTYK) BBEpX nauarpamMmy Ry pucyHka
puc.11.24. B sTtom cnydae HaONIOACHUS TIOKXYT WHOE 3HAYCHHUE
napamerpa Xab0ma, SBHO OTJIMYAIOIIEECs OT pealbHOro, oT Hy.

BriBoabl

BriBo 00 yckopeHHOM paciupeHun BeeneHHol no npusHa-
KY NMOHUJCeHHOU SIPKOCTH JAJIBHHUX CBEPXHOBBIX OJUHAKOBO CIIPa-
BE/UIMB KaK MpPU YCKOPEHHOM, TaK U IPU 3aMEUICHHOM pPEalbHOM,
(dhakTuvyeckom pacmmpennn Beenennoi. O AeHCTBUTEIBLHON CKOPO-
CTH pacluupeHusi BeceneHHON Henb3sl CyquTh TOJIBKO JIMIIb 110 pas3-
HUIle Ha0JIt0JaeMbIX MapaMeTpoB Xa0b6ia B AaIEKOM MPOLUIOM U B
HaIlIM THU, 3TO YCKOPEHHUE — 3aMEJIJICHUE SIBJIETCS KaXKyLIUMCSI.

Takast »xe HeonpeaenEHHas KapTUHA HAOJII01aeTCsl U B Cilydae
nepsuuno cranuoHapHoi Bcenennoit ¢ L-o0pasHeiM mapameTpom
Xab6na Hs. Takas ycnoBHas BcenenHas Obula cTanMOHApHOUN
13 mupa. neT, mocie 4yero Havajga CTPEMUTENIBHO PACLIUPSTHCS 10
COBPEMEHHOro 3HadeHus napamerpa Xabbia — Hy. Muauye rosops,
¢dopma napamerpa Hs HamomuHaer natuHCKyro OykBy L, nexariyro
"na crimue". [Ipu 3TOM MO HAOGIIOAAEMBIM JaHHBIM, SIPKOCTH U Kpac-
HOMY CMEIIeHHIO OyaeT (pOopMHpOBATHCS TPATULMOHHAS, MPSMOIH-
HelHas nuarpamma Xa66ua. [Ipon3BoAHbIN OT 3TON AMArpaMMsbl Ia-
pamerp Xabbsia OyAeT HeuzmeHHbIM W PABHBIM COBPEMEHHOMY 3Ha-
4yeHuto napamerpa Xab6ma Hy B Hamteii Beenennoii. B neiictButens-
HOCTH e Takasi Bcenennas 6oJbiiee Bpemst Obuia crmayuoHapHoll.

W 1pu yCKOPEHHOM U IIPH 3aMEJIEHHOM pPacUIMPEHUU B Ta-
KO ycnosHo ctaniMoHapHoi BceenenHoil ominuue nuarpamm ot "Oa-
30Boi", ¢ L-oOpa3HbiM mapamerpoM Hs, sBistomumcst SKBUBaJICH-
ToM napamerpa Hy Hameit Beenennoil, TouHo Tak ke OyaeT Habito-
natbess d¢¢ext "nanbHAg — Oonee Tyckinags" W "CBEpXIaJIbHSSA —
oomee sipkas". IlpaBma, Momenb yckopenHo2o PACHIMPEHUS TPO-
CTpaHCTBa B Takoil Bceenennoit nmeer "nedekt", mycts u cnadblii, HO
BCE-TaKM TMOHIKAIOMIUN €€ JTOCTOBEPHOCTh — 3TO IMOBBIIICHHAS SIp-
KOCTb OIUMCHUX CBEPXHOBBIX.

Bo Bcex ciyyasix NpUOPUTETHON MOJEIBI0, BUAUMO, CIEIYET
CUMTATh MOJIENb 3aMEIJIEHHOTO paciiupenust BeceneHHoM.

12. O Bo3pacre BeesieHHOM



[TpuHATO CUUTATB, YTO, COTIIACHO PETPOCIIEKTUBHOMY aHAJIH-
3y pacimmpeHusi BeenenHoil, Bce raJakTUKU CIMBAIOTCS B OJIHY TOY-
Ky B HadaJbHbIII MOMEHT BpeMeHU. OJIHaKO 3TO HE COBCEM BEPHO.
Ecnu pacemotpers pacuimpenue BceneHHON B peTpOCHEKTHBE, CO-
[JIACHO U3BECTHOMY 3KCIIOHEHIMAJIbHOMY YPAaBHEHHUIO, TO B Hayallb-
HBII MOMEHT BpeMeHH t = 0 ranakTuku (00J1acTh, B KOTOPOIl 3Ta ra-
JIAKTUKA OKa3aJlaCh BIIOCIEACTBHH) HE OKAXKYTCS B HEKOTOPOU 00-
weti HyneBol touke. Kaxxnas ranakTuka OKaKeTcsi B 3TOT MOMEHT B
HEKOTOPOi1 c6oetl cOOCTBEHHON HAYAIbHOU TOUKE Ty:

r=re" =r

DTO HECOOTBETCTBUE JIOJDKHA ObLIa YCTPAaHUTH TUIIOTE3a 00
uHsmuu. CormacHo ei, cpasdy nocie bombsmoro B3peiBa Beenen-
Hasl pacHIMpUiIach IO HEKOTOPOro HadajdbHOro 00BbEMa, MMEIOIIETO
10 pa3HBIM MHEHHSIM pa3Mepbl OT 3EPHBIIIKA IO arelbCUHA, TO €CTh,
BCE TOYKHU MPOCTPAHCTBA TEM CaMbIM 3aHSUIH CBOE "HCXOAHOE IMOJIO-
eHne" ¢ COOCTBEeHHBIMU HauaIbHBIMH 3HAYCHHUSAMHU To. B yacTHOCTH,
10 OAHOM U3 runote3 nocie B3priBa Beenennas pacmmpuiacs B 10 B
crenern 10'% pas, 4TO HUUYEro He OBOPUT SBHO 00 €8 HAUANLHOM
ouamempe nociie UHQIAIHIH.

MOoKHO OOHAPYXHTh, YTO OJHUM U3 CIIEJACTBUN MHOISAIIMOH-
HOW TMIIOTE3bl SBJISETCS HAJTUuue KOHKPETHOH usuueckol, eeuye-
CMEEeHHOU 2paHuybl PacCIIUpAroIEencss BceneHHOM, 4YTO BBITJISIUT
BEChbMa M BECbMa CIOPHO. JleficTBUTENBbHO, U 3EPHBILIKO U aneIbCUH
OITPENIEIIEHHO UMEOT BHEITHIOK TPAHUILY.

BwMmecte ¢ Tem, paccMaTprBaeMble HAMHU JMarpamMMbl HaTall-
KHBAIOT HAa MBICIIb, YTO 3TU JUATPAMMBI, TPAQUKH MOKHO TIPOJJIUTH
BJIEBO OT HYJIEBOM TOYKH, B OTpULIATENIbHbIE 3HAUeHUsI BpeMeHu. OT-
pULaTeIbHOE BpEMs, KOHEUYHO, YCIOBHOCTh, CBSI3aHHAsl C MPUHYIU-
TEJIbHBIM 33JJaHHEM HYJIEBOM TOUKH, SBISIOIICHCS TaKOW e YCIIOB-
HOCThbIO. ByKBaJIbHO 3TO O3Hayaer, 4yTo A0 bosemoro B3psiBa Bce
TOUYKHU OeckoHeuHo2o TIPOCTpaHCcTBa Beenennoil yowce cywecmeosanu.
dopmanbsHO, Borpoc "uto Obu10 10 60abIoro B3peiBa?" mpesparia-
ercsa B puTopuyeckuil. Bce ramakTuku u 3BE3bI, BepHEee 001acTH
MPOCTPAHCTBA, TJI€ OHU BO3HUKHYT B OyaymieM, B OOIIyIO PETpo-
CMEKTUBHYIO TOYKY "CONbIOTCA" NUIIb B OSCKOHEYHO YHANEHHOM
npouuioM. Ho GeckoHeuHoe mpoluioe — 3TO MareMmarhyeckas al-
CTpakKIus, U3 KOTOPOM Cpa3y e BBITEKAEeT OTCYTCTBHE I'PAHMIIbI 1)-
Ccmo2o TIPOCTPAHCTBA, HA KOTOPOE MPHU I3TOM He TpeOyeTcs HanaraTh



HUKAKHX YCJIOBUI 3aMKHYTOCTH, MHOTOMEPHOCTH.

CornacHo TakoMy NOAXOAY U3HAYalIbHO PACIIUPSIIOCH BEYHO
CYILECTBYIOIIEE MaTEpHUAIbHOE MPOCTPAHCTBO nycmot BeenenHoit, a
(bopMUpOBaHNE BEIIECTBEHHBIX 00BEKTOB — 3BE3/, TAJIaKTHK, TYMaH-
HOCTEH — HAYaJlOChb B HEKOTOPBIM MOMEHT BPEMEHM, IPUHATHIA 3a
HYJIEBOM, HaYaJIbHBIN. J[ake ecii cuuTaTh, YTO MPOLLIOE MIPOCTUPA-
eTcsi B 0ECKOHEYHOCTh, TO B HEKOTOPBIM OU€Hb OTHAIEHHBIH MOMEHT
BPEMEHHU t ~ 00 BCE TOUKH MPOCTpaHCcTBa "mycToil" BeeeHHoM Takxke
HAXOJATCS KaX/1asi Ha CBOEM COOCTBEHHOM MeECTE€, HUYTOKHO MaJIOM
yllaJeHUH OT HEKOTOPOTO YCIOBHOIO HAOJIIO1aTeNs.

B camom o0mem Buje ypaBHEHHE JBHKEHHUS HEKOTOPOTO
0o0BEKTa B TaKOM pacimpstonieiicss BeenenHoil MOXKHO MpeacTaBUTh

B CJICAYIOLICM BU/IC:

H,
r=re " t=—0..0..0

Jlo momenTa BpeMeHu t = 0 BeeneHHas IOCTENEHHO 3al0Hs-
€TCsl NEPBUYHBIM JOCTATOYHO XOJIOAHBIM "OYylIbOHOM" M3 KBapKOB
W/WIIN KaKUX-JIMOO Jpyrux NnepBUUYHBIX cyOcraHiuid. [IpocTpaHcTBO
Takoi BceneHHON pacmmpsieTcss 3a CU€T gewecmeonuzayuy mare-
pUH, HENPEPHIBHOTO BO3HUKHOBEHUS BCE HOBBIX M HOBBIX BEllle-
CTBEHHBIX "aTOMOB" MpOCTpaHCTBa, "aTOMOB" (PU3UYECKOTO BaKYY-
Ma. JInme crycTs JUIMTEIbHOE BPEMS BaKyyM CTAHOBUTCSI HACTOJIBKO
IUIOTHBIM, YTO (hopMHpyeTcs u3BecTHast HblHE "Topsivast” Bcenennas.
KoneyHo, BnojgHe nomycTuMa M OJHOMOMEHTHAs, B3pbIBHAs BEIllE-
CTBOJIM3alldsl MaTepuu. B nampHeleM Bce MPOLECCH B OBEIECTB-
NEHHOM obslacTh Matepuu MOTYT OBITh ONHUCAHbI TPAJAULMOHHON
Mozenbio bonbmioro B3peiBa, HO 6e3 mHbasuuu. Ha ciepyromiem
PUCYHKE TpE/ACTaBlIeH TpauK JIBUXKEHHUS HEKOTOPOM TOUYKU MpO-
CTpaHCTBa, KOTOpasi B HYJIEBO MOMEHT BPEMEHHU OyJIeT UMETh KOOp-
JMHATY To, U B KOTOPOH B 3TOT MOMEHT BO3HHKHET HEKHH OOBEKT.
W3nom rpaduka B HyleBOM TOYKE CBSI3aH C TEM, YTO JieBasi CTOPOHA
pPUCYHKa UMeeT OOpaTHYIO CTENEHHYIO IIKaly BPEMEHH, HEKOe IOo-
nobue jgorapuMUYECcKO MIKabl, a IpaBas — OOBIUHYIO, JIUHEWHYIO.
Ha camom gene mpu paBHOMEpPHOW IIKajie BpeMEHHM IpaduK mpei-
CTaBJIIET COOOM MIaBHYIO KPUBYIO.



Bcenennas noxa 6es senecmea 1 J r, Mapo. ce. 1em Bcenennas ¢ sewgecmeom
o momenma epemenu t =0 Beerennasd nocmeneHno 3anoausgenica nepeuyHuiM
doCmamouHo XonooHeiM "oviboHoM" 13 KGApKOG /1Al KAKUX-TUG0 Opyeux nep-
guunelx cyoemanyuil. Ilpocmpancmeo maxoit Beenennoil pacuiupsaemes 3a cuém
GeujecmEoIUsaA U MAMEPUL, HENPEPLIGHOO GO3HUKHOGEHIIS 6CE HOGBIX Ul HOGbIX
geugecmeennvix "amomos" npocmpancmea, "amomos" dusuueckoco earyyya.
Juute cnyemsa onumensHoe 6penis 6aKVyM CAHOGUMCA HACHIOTBLKO NIONHBIM, YN0
Gdopmupyvemesa uzeecmuas uoire "eopsauag’ Beenennas.

H 0
() awiu Onu
Hauano pacuupenus N

sewjecmeennol Beenennoi

/ t, Mapo. 1em | |

-107 10" -10° -10° -10' -10° 0 2 4 6 8 0 12 14
Puc.12.01. Paciunpenue BeenenHoii n3 6€CKOHEUHOTO MPOILLIIOTO

JlaHHas TMNOTE3a HE HYXKIAETCSI B MUCTUYECKOM akte TBO-
peHus, BOBHUKHOBEHUS uero-to u3 Huuero u nocnenyromeit nuuds-
uuu. [lannas momens pemaer e oany rnpodiemy. CoriaacHo OHOM
W3 THUIOTE3, 32 U3BECTHOE BpeMs CyllecTBoBaHMs BceneHHoii 6e3
TEMHOW MaTepuu B HEW HE MOTJM BO3HUKHYTh HUKAKHE MaTepUalb-
Hble 00BEKTHI: ra3bl, 3BE3/1bI, BEIIECTBO. B mpecTaBieHHO Moaenu
JUIs BOSHUKHOBEHHS BELIECTBA BpEMEHU 00Jiee YeEM JIOCTaTOUHO.
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