Is the universe expanding decelerating?
Bcesiennas pacmupsiercsi 3aMe/11eHHO?
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AHHOTAIUA

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
1s expanding decelerate.

Cunraercs, 9YTO OJJHUM U3 TJIaBHBIX apT'yMEHTOB, U3 KOTOPOTO
CJIelyeT BBIBOJ 00 YCKOPEHHOM paciiupeHuu BceneHHOH, sBhsieTcs
MOHIKEHHAs! SIPKOCTh JNAIBHUX CBEPXHOBBIX. MaremaTuyeckoe Hc-
CIIEZIOBaHUE ITOTO SIBJICHUS HEOXKHJIAHHO MPHUBENO K MPSIMO MPOTH-
BOTIOJIOKHOMY BBIBOJY. Eciu manpHHE CBEpXHOBBIE BUIHBI Oojee
TYCKJIIBIMH, TO BcenenHast pacimpsieTcs ¢ 3aMeIlIeHuEM.

KiroueBnle cjioBa

3akoH Xa00ma, SpKOCTb, TYCKJIas CBEPXHOBAas, CKOPOCTh
pacmupenus: Beenennoit, nuarpamma Xa00ma, KpacHOE CMeEIIEHUE,
¢doToH, cranmoHapHas Beenennast
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CyuiecTByeT npeanoioxkenue, yto Becenennas pacuupsiercs
B HAIlIM JIHU C YCKOPEHHEM, a B 0oJiee TaJIEKOM MPOIIIOM, HAIPOTHUB,
OHa pacHMpsUIach 3aMeaeHHo. Kakumu HaOIIOJEHUSMH MOXKHO
noaTBepauTh 3T0? CUUTAeTCs, YTO OJHUM U3 TJIABHBIX apryMEHTOB,
00OCHOBBIBAIOIIUX YCKOPEHHOE pacimiupeHne BceneHHOM, sBiseTcs
MOHMKEHHAs! SIPKOCTh JAaJbHUX CBEPXHOBBIX. OIHAKO 3TO MPaBUIIO
BBITJIAAUT JTOBOJBHO HEOOLIYHO. B camoM jeiie, ecin OHHM OoJjee
TYCKJIbIE, TO OHHM HaXOJATCS JaJblE, YTO COOTBETCTBYET CKOPEE UX
6osiee OBICTPOMY YIAJICHHIO B IPOILIOM. XOTS NMPUBEAEHHOE TIPABH-
70 "TYCKIbIH-AadbHUN" B LIEJIOM KOPPEKTHO, MpaBUIIbHEE BCE-TaKu
TOBOPUTH, YTO TPHU YCKOPEHHOM PACUIMPEHUH CBEPXHOBBIE MMEIOT
MeHbULYI0 CKOPOCTh, MeHbllee KPaCHOE CMEIIEHHEe, YeM 3TOTo Tpe-
OyeT craHIapTHBIA 3aKOH Xab0ma. XOoTs yIalwiIuch OHU Ha MeHb-
uiee pacCcTOSIHNE, HAXOAATCA OHU Oudice, YEM B PABHOMEPHO pacllu-
psaromerics BecenenHon. JIeHCTBUTENBHO, HECIOKHBIA aHAN3 MOKa-
3BIBACT, YTO NP YCKOPEHHOM pPACIIMpEeHUH BcerneHHON M Ha caMoM
nene o0oi 00BEKT OKa3bIBaeTCs Ha Ooiee O1u3KoM yAaIeHuH, TIpo-
XOJUT MeHbuUll TyTh, HEKEHN MPU 3aMEUIEHHOM WA PaBHOMEPHOM
paciupeHu .

JIaBHO 3aMEUYEHO OJIHO MHTEPECHOE U BaKHOE CBOMCTBO MaTe-
MaTHKH — JIeaTh BEPHbIE OTMMCAHMS HAIIETO MHUpA, MpeJICKa3aHus, Ha
MEPBBIX OPax KaKyluecs OyKBaTbHO BBITyMKAMH:

"... moyeMy MaTeMmaTHKa CTOJIb 3(PPEKTUBHA NPU ONUCAHUU
HaIlero MUpa M CTOJb XOPOIIO OIMCHIBAET €ro 3BOJIIOIHUIO?
... [louemy 3T1 mpaBmIa Tak xoporio padorat?" (Jlunmae)

Bpsig nu ciaenyeT CAOMIIKOM YX CHIBHO 3TOMY YAMBIISATHCS.
Ora MareMaTHKa Tak XOpOUIO paboTaeT MpOCTO MOTOMY, YTO MBI U
BBIBEJIM €€ U3 NPSIMbIX HAOJIOJIEHUH 32 OKPY)Kalolllel AelCTBUTENb-
HOCTBIO0. DPPekTuBHO paboTaeT, 3HAUUT, BEPHO MOJCMOTpenH. bo-
Jiee Toro, B Hayke U B ()M3MKE, B YACTHOCTH, yXe€ JaBHO 3aMeyeHa
elle OJHa MHTEpPECHas 3aKOHOMEPHOCTb: KaKyIIHUecs IOHavaly
aOCTpaKTHBIMH MAaTEMaTHYECKHE BBIPAKEHUS, YPaBHEHUS BIPYT
OKa3bIBAIOTCS OMUCAHHWEM KaKOTO-HUOYIb BIOJHE PEaJbHOTO
SIBIICHMUSL:

"... pu3uKKM OOHAPYKMBAIOT, YTO MAaTEMAaTUYECKHE IOCTPOe-
HUS, HEOOXOAMMBIE UM JUIS OTIMCAHMsI HOBOTO Kilacca SIBJICHHS, yXKe
MCCIIeIOBaHbl MaTeMaTHKaMM 10 TPUYHMHAM, HE MMEIOIIMM HUYEro
ob1iero ¢ 00CcyxaeMbIMU siBJIeHUsIMU" (BUsieHKHH).



OpHako Aake MpU TaKOM SIBHO IOJIE3HOM MOJXOJE CIENyeT
BCE-TaKH OBITh MPEACTHHO OCTOPOKHBIM MPHU (POPMYIUPOBKE BHIBO-
JIOB U CJHEACTBUM M3 ITUX MATEMATHYECKUX MOCTPOCHUN. MOKHO
MIPUBECTH Psii IPUMEPOB, KOTJIa TAaKHE BBIKJIAJKHU IIPUBOJAT HE MPO-
CTO K IIPOTUBOPEUUSM CO 3PaBbIM CMBICIIOM, HO K JJOBOJIbHO 3aMeT-
HBIM IIPOTUBOPEUUSM C JIOTUKOH, COJEPkKAT JJIOTHYECKHE OLIHMOKH.

B npemyiaraemoit paboTe Mbl IOKaXeM, 4TO MaTEMaTHYECKUE
BBIBOJIBI B ()M3MKE BO MHOTOM 3aBUCAT KaK OT MX MOCIEAYIOIei
TPaKTOBKH, TaK U OT IPEINO0JIOKEHNN, OCHOBAaHUH, UCXOJHBIX I10JI0-
KEHHH, HCIIOJIIb30BAaHHBIX B MPOLECCE IMOJYYEHHs] 3THUX BBIBOJIOB.
Boo01ie roBopsi, 37T0 0YEBUIHO: €CIIM U3MEHUTh MCXOIHBIE TIOJIOXKe-
HUS, 3asIBUTh UCTUHHBIMU JPYyTUe, BBIBOJABI TAKXKE OYIyT MHBIMH, a
TO ¥ IPOTUBOMNOJIOKHBIMU. HO Kakue U3 3TUX B3aMMOUCKIIIOYAIOIINX
BBIBOJIOB BEPHBI?

Hac wuHTepecyrloT normyeckue MOCTPOEHUS, IOCIYKUBILINE
OCHOBOHM JIsi yTBEpXAEHUS 00 YCKOpEeHHOM pacuimpeHnn BceneH-
HOM, onupatronmecs: Ha (akT NOHWKEHHON SIPKOCTH JaTbHUX CBEPX-
HOBBIX. [IO0CKOJIBKY A€Taau 3TOM JIOTUKM HaM HEU3BECTHBI, MbI IIPO-
BeJIEM COOCTBEHHBIE OCTPOECHMSI, MBITASICh IPUNUTH K TAKOMY K€ BbI-
BOJTY, YTBEPKJICHUIO.

B nanbHeiiiieM Mbl UCIIOJIB3YEM CIIEAYIONIYIO CHCTEMY 000-
3HaueHuil. Bce aucraHium Mbl U3MeEpsieM B MUJLIMApJaX CBETOBBIX
JeT, a BpeMsl — B MWJLIMapJax JjeT. B aToMm ciydae CKOpoOCTh CBeTa
paBHa enuHuie. OO00O3HAYEHHE MIKAJIBI CKOPOCTEHW V/C M O3HAYaeT,
YTO 3HAYEHUS MPECTABIICHA B 10JISIX OT CKOPOCTH CBETA.

VY mepeMeHHBIX, MapaMeTpoB U Ipa)MKOB HWKHUE WHICKCHI
cocToAT U3 OYKB M MX KOMOMHANUWK: a — yckopeHue (accelerate); d —
3ameienue (decelerate); s — yciaoBHas CTaIlMOHAPHOCTh, HA OTACIb-
HOM y4acTKe; O — HEM3MEHHBIH, OOBIYHBIN, TpaaunoHHbIH. Hampu-
Mmep, ad — o003HaYaeT yCKOpeHue — 3aMeaieHne U HaoOopoT. Bos-
MOXXHBI U 0o0Jiee JUIMHHBIE MHJEKCHI, MIOCKOJIbKY HEKOTOpbIE Mapa-
METpBI Ha BCEM MPOTSHKEHUH COCTOSIT M3 HECKOJIBKMX y4acTKOB: ada
— YCKOpEHUE, 3aMmeyieHue, ycKkopeHue. [locneanuii uHIeKc - o, mo
CyTH, SIBIIIETCS HKBUBAJIEHTOM HYISI, MCIOJIb3YEMBIH IMPOCTO IS
yno6ctBa 3armucu. To ects, Ho 1 Hy — 310 otuH U TOT %€ mapamerp
Xab0ma B Hameil BcenenHoi. Hexoropbie mapameTpbl UMEIOT OT-
nenbHbIe 0003HaueHus: R — rpaduk nBmkeHus GOTOHOB B CUCTEME
oTcyéra CBEpXHOBOW; Rco — myTh, mpoiiaeHHbI GoTOHAMH MO HX



n3MmepenusiM; Rec u Ve — rpaduiku IBIKEHUST YCIIOBHOTO MCTOYHHKA
(OTOHOB, MPOWICHHBII UM TYTh U €r0 CKOPOCTb.

BoNbIIMHCTBO MapaMeTpOB HAa MPUBOJMMBIX AHArpamMMmax 3a-
BHCST OT BPEMEHH, OJHAKO ATY 3aBUCUMOCTh B UX 0003HAYCHUSX JIJIsI
KPAaTKOCTH MbI Yalle BCETO OMYCKAEM.

Bce paccmoTpennbie BeeneHHble U TapaMeTphbl UX paclInpe-
HUS ABJISIFOTCS BBIMBIIUICHHBIMHU, YCJIOBHBIMM U MUMEKOT K HACTOS-
e, Hamed BceeneHHOW Juib KayeCTBEHHOE, JEMOHCTPALMOHHOE
oTHomeHue. [Ipu 3TOM Ha OJHOW AUarpamMMme JUisl COMOCTABJIEHUS
OyayT u300pakeHbl MapaMeTphl JBIKEHUSI cpa3y HECKOJBKUX Bce-
JICHHBII, HUKAK HE CBS3aHHBIX JIPYT C IPYTrOM.

11. UccaenoBanue nepeMeHHbIX NapaMeTpoB Xa00./1a

B ocHOBy Bcex mocTpoeHuii, B kayectBe 0a3oBoro, (ysna-
MEHTAJIBHOTO TPUHIIMIIA MBI TIOJIOKHM 3aKOH M3MEHEHHUS BO BpeMe-
HU napameTpa Xab6sa. FIMEHHO OH omperenseT CKOPOCTh paciinupe-
Hus Bcenennoit. CKopocTh €ro H3MEeHEHHsI BO BpeMEHH, COOCTBEHHO,
U SIBIISIETCA TIOKa3aTeleM, SKBUBAJEHTOM YCKOPEHHOCTH pacCIIHpe-
Hus npoctpaHcTBa. [lapamerp Xab0ma HEsBHO, HO Bcerja MPUCYT-
CTByeT Ha auarpammax Xa00Oima, 3aBucuMocTtu R(Vv), ymanéHHOCTH
HEKOTO KOCMOJIOTHYECKOTO OOBEKTa OT CKOPOCTH €ro YAAICHHUS OT
Habmromatenst, 3eMian. Mbl He HCIIOJIb3yeM TuarpaMMbl Xa00ma Buia
R(z), B yacTHOCTH, TI0 MPUYMHE UX JIBYCMBICIIEHHOCTH. CBSI3b CKOPO-
CTH M KpPacHOTO CMEUICHHUS JIMHEHHA JIMIIb MPU MaJbIX 3HAYCHHIX
CKOpPOCTH, OJIHAKO B JIUTEPATYpEe OUYEHBb YACTO BCTPEUAIOTCS 3aIlHCH,
OTOKJIECTBIISIOMINE MX JaXKe MPHU OOJNBIINX 3HAYEHUSX CKOPOCTEH:
V=CzZ=2Z.

3akoH Xa0bna U COOTBETCTBYIOIIME €MY JUarpaMMbl MOKHO
NPEJCTaBUTh B TPEX BapuaHTax. JTO: a) TECOPETUUECKUH, JECHCTBH-
TEJIbHBII  3aKOH, B  PEAIBHOCTH —  AKCTPANOJISIMOHHBIM,
0) HaOMoaeMblid M B) YCIIOBHBIM, /IS HAYAJIBHBIX YIAIEHHOCTEH
00BEKTOB. DKCTPANOJSIMOHHBINA XapaKkTep TEOPETHYECKOTO 3aKOHA
3aKIIIOYaeTcsl B TOM, 4YTO 3Ta JUarpaMMa CTPOUTCS Ha OCHOBE
HaOroieHnit B Orpkaiiield 06JacTu MpOCTPaHCTBA, MOCIE Yero He-
OTPaHUYEHHO MPOIISETCS.

OnpenenuTh 3HaUYCHHE MapaMeTpa XaObja B MPOILIOM Ha
OCHOBE meopemu4ecko20 3aKoHa, BUJUMO, HEBO3MOXKHO, MOCKOJIbKY



BCE 3HAYEHHUS MapaMeTpOB Ha COOTBETCTBYIOLIEH eMy (TeopeTruye-
CKOH, IEMCTBUTENBHON) TMarpaMMe OTHOCATCS K meKyujemy MOMEH-
Ty BpEMEHH, B KOTOPHIH nmapamerp Xab6ma Hy equn m1st Bcex 00bek-
ToB BO Beenennoit. Ilpu mo6om npouiom 3akoHe U3MEHEHUS Mapa-
MeTpa XaObna TeopeTndeckas quarpamma Juisd HallUX JHEH Bcerja
MMEET OJIMH M TOT K€ BUJL.

Hanpotus, nabarooaemviti 3aK0H U Habaiodaemas quarpamma
Xab0ia, BEpOsITHO, HECYT B cebe HEKOTOPYIO MH(MOPMAIUIO O BEJH-
4yiHe napaMerpa Xab0ma B pasHble snoxu. Bmecre ¢ Tem, mo 3Toi
Habao0aemoli BETUIMHE TOYHOE OINpPECIICHHE €r0 MPOIUIOro 3Ha-
YEeHHE MPEJCTaBISEeT JOCTaTOYHO HEOYEBHIHYIO 3ajady. PaccmoT-
pHUM, HampuMep, CIEAYIOIINe TPH VCI06Hble BapHaHTa W3MEHEHHS
napameTpa Xa001a BO BpeMEHHU M COOTBETCTBYIOIINE UM TPH pasHbie

Bcenennsie:
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Puc.11.1. I'paduku u3mMeHeHUs: BO BpeMEHH napaMeTpoB Xaboia.

IlepBrrit u3 HUX, mapamerp Hd B cBoeil Beenennoii yosiBaeT
OT TPOM3BOJILHO BHIOPAHHOTO 3Ha4YeHMs nopsiaka 2Hy 1o coBpemeH-
Horo 3HaueHus Hy. Cpasy e 0TMeTHM, 4TO MPU PaCCMOTPEHUH JIF0-
0020 3aKOHa U3MEHEHHU MmapaMeTpa Xa00iia, ero KoHeuHoe 3HAUCHUE
00513aTEIbHO JOJDKHO OBITh PaBHO COBPEMEHHOMY 3HAYEHHUIO, T10-
CKOJIBKY IMEHHO 3TO 3HAUE€HHUE MBI HAOJIOaeM ce200Hs B MOO0H U3
Bcenennbix. CrnenoBaTenbHO, TIPH YMeHbleHUuU Tiapamerpa Xaooia
BO BPEMEHH, BCE €T0 MPOILIbIEe 3HAYCHHS OINPENEIIEHHO MOTYT OBITh
TOJBKO Oo.bute coBpeMeHHoro. M, Hao0opoT, At BO3paCTaOIIEro
BO BpeMeHH napaMerpa Xa00iia ero HauajabHOE U BCE MPOILIbIE 3HA-
YeHHUs1 0053aTENLHO JTOJDKHBI OBITH MEHBIIIE COBPEMEHHOTO.

ITocTpoum nuarpammsl Xa06ia 1uist pacuiupenus BeenenHon
C KaXJBbIM U3 THX MapaMeTpOB, UCTOJb3Yysl BHIBEICHHBIN B TPEIbI-



OYIMIUX pasfesiax arOpUTM OIpENEIeHUs YAAIEHHOCTH 0OBEKTOB C
y4€TOM BPEMEHH B IYTH CBETa OT HUX /10 HaOmroAarenae Ha 3emie.
JUig HarjasAHOCTH W300pa3uM JuarpaMMbl C HPUBEIEHHBIMM Ha
puc.11.1 mapamerpamu Ha OJHOM puCyHKe: Ro mis paBHOMEpHO
pacmmpsitorieiics Beenennoii ¢ mapamerpom Hy; Rd miist Beenennoii,
pacIIUpSIONICICS 3aMEUICHHO ¢ YOBIBAIONIUM IMapamMeTpoM XaO0ma
Hd; nuarpammy Ra mist Beenennoii ¢ mapamerpom Ha, Bo3pacraro-
MM OT HEKOW MPOM3BOJIBHON Majold BEJIMYHMHBI JO COBPEMEHHOTO

3HAYEHMS], U TEOPETUUECKYIO uarpammy Xab0ma R(v):
30 TR, mapo. ce. nem ‘ i -
Ro, Ra, Rd — nabnrodaemvle ouazpammul Xabona ons Beenennuix,! |
" pacwupsiowuxcs ¢ napamempanu Xa661a, coomeememeenno,
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Ho — cmanoapmnuas, Ha — yckopennas u Hd — 3ameonennas.
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Puc.11.2. Habmomaemsbie quarpammbl Xa00:1a uist BeeneHHbIX ¢ ma-
pamerpamu Hy, Hd u Ha.

Ha pucynke u€pnsiii rpadux R(v) — 310 crnuBmmecss B 0uH
rpaduKu TEOpPETUYECKOTo 3akoHa XabOma s Beenennoit ¢ Hy u
TEOpETHUYECKUX TpauKOB 3aKOHOB XaObma mist BeeneHHol ¢ yObI-
BaromuM, Hd u ¢ Bospacraromum, Ha mapamerpamu Xa6b6ma. IT0
CIIMSTHUE WHIUBUAYATbHBIX meopemuueckux rpadpukos Xaboma, cob-
CTBEHHO T'OBOPS, JOCTaTOYHO OUYEBHJIHO, MOCKOJIbKY SIBIISIETCS CIIE]I-
CTBHEM TOTO, YTO B KOHEYHOW TOYKE, B HAIIM JHU BCE MapaMeTphl
paBHBl Hy, 1 auarpaMmbl COOTBETCTBYIOT MMEHHO 3TOMY MOMEHTY
BpEMEHH, KOT/Ia BO Bceil BcelneHHOW OOBEKTHl YIAISIOTCS APYT OT
Jpyra UMEHHO € 3THM TapameTpoM XabOma. [Ipu 3ToM oTMeTHM He-
KOTOPYIO VCI08HOCHb: MBI TIPUHUMAEM, YTO CKOPOCTH UCTHOYHUKA
(OTOHOB paBHA CKOPOCTH Y/AJICHUSI CBEPXHOBOM HA MOMEHT Ha0II0-
neHusi JOTOHOB.



Kak BuanM, B3aiMHOE TOJIOXKEHHE TPaUKOB, TUarpaMm Xa-
0012 COXpaHMIIOCH, HO TETIEPb HU OJWH U3 HHUX HE SIBISETCS MPSMON
nuHUel, kak Ha puc.11.1 u kak Ha crapaapTHoi nuarpamme. Ilpu
TOM 3aMe€y4aeM, YTO IpaUuecKd NMpPU HEKOTOPOH MPOU3BOJILHOMN
CKOPOCTH CBEpXHOBOM mapamerp Xab0ma Hy ansa kpacHoro rpaduka
oonvue, yeM i 3enénoro Ha, u menvue, uem mis cunero Hd. Io-
BOps MHave, rpaduk ¢ Hy Ha pucyHke pacmonoxen Huowce rpaduka c
Ha u Boie rpaduxa Hd:

Ha:v“ < Ho= Yo < Hd:v_d
Ra Ro Rd

DT HEpaBEHCTBA COOTBETCTBYIOT M3HAYaJIbHO HPHUHSITHIM
HaMH ycIoBUSIM. OTMEYEHHBIE OOCTOSITEIHCTBA, COOTHOIIECHUS MBI
ONpEIENEHHO MOXEM TpPaKTOBaTh TaK, OyATO MpH 3ameoleHHOM
pacmpenun BceneHHO# 00BEKTHI HAXOMATCS K HAOMIOIATENIO 011~
Jice M, COOTBETCTBEHHO, BUAHBI OoJee sipkumu. Hampotus, npu ycko-
penHom pacmiupeHun BceneHHOW nanékue rajlakKTUKH, CBEPXHOBBIE
BUJIHBI MeHee SIPKUMH, YeM IPU 0OBIYHOM, PABHOMEPHOM pacIIMpe-
Huu Bceenennoit, u, Tem Oosiee, pu €€ 3aMeIJIEHHOM PaCIIMPEHUH.
Wnave roBopsi, nonudicennas SpKOCTb AAJbHUX CBEPXHOBBIX NP Ta-
KOM II0JIXOZI€ TTO3BOJISIET OJHO3HAYHO HIECHTH()UIIUPOBATH, ONpee-
JUTh yckopenHoe pacmmpenne Bceenennoit. Ha puc.11.2 mis Tpéx
pa3HbIX BceneHHbIX mpeacTaBleHbl TOJBKO AuarpaMMbl XaOOua,
M03TOMY Jis 00Jiee IeTaJIbHOTO aHAJIM3a HaHECEM Ha 3TOT PUCYHOK
JOTIOJTHUTEbHBIE T'padUKUA: BPEMEHH BCHBILIKA W HAYaJIbHOU
yIan€HHOCTH CBEpXHOBBIX. LIITpHMXOBbIE BEpTUKAJIbHBIE JIMHUHU CO-
OTBETCTBYIOIIETO I[BETA IOMEYAIOT BPEMSI BCIBILIKM CaMOW JaibHEM,
CcaMOM CTapoil CBEPXHOBOM JUIsl KaXIOW M3 paccMarpuBaeMbIxX Bce-
JIEHHBIX — 14 Mup.. JeT Ha3al.




14 R, mapo. ce. nem
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Ilpu oonoti u moii srce ckopocmu yoanenus (Hanpumep, 30ecb Mo
~ 1,4c) ceepxnosas 6 yckopennoti Becenennoti ¢ napamempom
Xabbna Ha (cunuii epagux) euona c 3emau Ha bonvuem yoanienuu,
bonee myckiotl, yem 6 3amednentoti ¢ Hd (3enénuviii epagux) unu
pasnomepuou ¢ Hy. Omo nossonsem 00HO3HAUHO
uoeHmuuyuposams ycKopeHHoe pacuiupenue Beenennoil.
Puc.11.3. Habmogaemsie quarpammsl Xab06ia, rpa@uku BpeMeHU

HaYaIbHBIX YAAIEHHOCTEH CBEPXHOBBIX /ISl BCeneHHbBIX ¢ mapamerT-
pamu Hp, Hd u Ha.

Tenepp Ha PHUCYHKE MOKHO 3aMETUTh OTMEUEHHYIO BBIIIE
HEOOJBIITYI0 HETOYHOCTh B HMHTEPHPETAIIMU Tapbl MapaMeTpoB sip-
KOCTh-CKOPOCTh (YIaI€HHOCTE), B (popMyIupoBKe "TycKiiasi, O3TO-
My Oonee nanékas". IlpaBuibHee BCE-TaKM TOBOPUTH "ApKasi, HO
MeuieHHas", TO €CTh, XOTsI CBEpXHOBasi OoJjiee spKas, HO JIBHXKETCS
OHa MEJJIEHHEe, YeM 3TO CJEeNyeT U3 CTaHIapTHOro 3aKoHa XabOia,
ero auarpammbsl. M3 3TOoro cpasy e cienyer, 4yTo ¢ MOMEHTa
BCIIBIIIKY B YCKOPEHHO pACIIMUpSIOIEHcs BceneHHoW cBepxXHOBas
yIanuiIach Ha MeHbuiee PacCTOSIHUE M, COOTBETCTBEHHO, BUJHA 00-
Jlee SIPKOM, 4eM Takasi e CBEpXHOBasi B paBHOMEPHO WJIM 3aMEJICH-
HO pacmmpsronercs Beenennoit. [loHnmkeHHas SIpKOCTh YCKOPEHHO
YAQISIOMICHCS CBEPXHOBOW SIBISIETCS KAdHCYujelcst, MOCKOIbKY BbI-
3BaHa TeM, YTO OHA U3HAYAILHO HAXOIWIACh Ha Oobuiem yHaIeHUU
or HabOmomarens. Manasg CKOpOCTb €€ yHaleHHs U Kaxylleecs
OoJblliee paccTOsIHUE J0 HAONIOMATeNsl COTJIACHO CTaHAAPTHOMY 3a-
KOHy Xa00na BbI3BaHa €€ JECWCTBUTEIBLHO MEHBIIEH CKOPOCTBIO 3a
BCIO MCTOPHIO JBIKEHMSI. A TIOHKEHHAs SPKOCTh BbI3BaHa €€ usHa-
yanbHo OONBLIEMY YAAJICHUIO.



JIEHCTBUTEIIBHO, CPAaBHUM JIBE CBEPXHOBBIE: B YCKOPEHHOU U
paBHOMEpPHOI BceneHHbIX, BCIIBIXHYBIIME B OJIMH U TOT K€ MOMEHT
Bpemenn Ta=To=Ti,= 12 mupa. ner nazan. Ilo rpadpukam Ha
puc.11.3 BuaMM, 4TO yCKOpEHHas CBEPXHOBas B MOMEHT BCIBIIIKU
HaXOJWJIach Ha yAaleHuu 112~ 10,5 Mip/. CBETOBBIX JIET, @ B MOMEHT
HaOroeHus — Ha yaaneHuu Rj; = 12 mupna. cBeroBwix jer. Cieno-
BaTeNbHO, 32 12 MiIpA. JeT cBepxHOBas "mponuia nyTe", paBHbI R
— 112 ~ 1,5 mupa. cBetoBbIx jeT. COOTBETCTBEHHO, HAXOJIUM IS
CBEPXHOBOM B paBHOMEpHO pacuuupstomieiics Bcenennoil: 11,=0,
R1»=10,5, otkyna Ry —r12 ~ 4,5 Mapa. cBeToBbIX JieT. B yckopeHHO
pacmmpsitoreiicss BeceneHHOW cBepXHOBasi OKa3zanach Ha OOJIbIIEM
yIaJeHUH, TOCKOJIbKY OHA M3HAYaJIbHO HaXOJAWJach Jallblle, XOTI U
"mpouuia" MEHbIINN YTh.

11.1. Ha6onaemble auarpamMmmsl Xao0.1a

HaGnromaempiMu uarpaMmMaMy Mbl Ha3bIBAaeM JHArPaMMBbl,
MOCTPOCHHBIE HAa OCHOBE HaO00aembix SIPKOCTEH M CKOPOCTEH
CBEPXHOBBIX, KOTOPBIE SBHO 3aBHCAT OT BPEMEHU B IIyTH CBETA OT
Hux. OTMETHM, YTO HabarOaemvle TapaMeTpbl XaObiia, COTrjacHoO
ATUM JAuarpammam, OyayT OTIMYaTbCs OT UCXOIHBIX, Oelcmaumenb-
HbIX TIapaMeTpoB, M300paxkEHHbIX Ha puc.l11.1. Ha puc.11.3 xaxmoit
TOYKE AMarpaMM R COOTBETCTBYIOT 3Hau€HHsI CKOPOCTH U BPEMEHH,
CIJIEZIOBATENILHO, MBI MOXEM TI0 TOYKaM 3THX I'pa)uKOB MOCTPOUTH U
rpaduku H(t)=v(t)/R(t). Ho MOXHO HCIIOIB30BaTh M TE ke TaOIUIIBI
JAHHBIX, TI0 KOTOPBIM MOCTPOEHBI 3TH auarpamMmel R(v). ITpaBuib-
HBIM CIIOCOOOM TIOCTPOEHUS IMapaMeTpoB Xa00ia B 3TOM Cliydae siB-
nsetcs tuddepeHaNbHbIN, COTJIACHO YpaBHEHUSIM:

) _dv dt & 1V _mey
dr(t) dt dr dt v v

JInist TOCTPOEHUSI BOCTIONIb3YEeMCsl JIMHUSIMH TPEHJIOB, TI03BO-
JSIOMKMMHU 3aMEHHUThH T'paduuecKre MOCTPOCHHUS aHATUTHYECKUM, Ha
OCHOBE€ YpaBHEHUU 3TUX JIMHUM, UTO 3aMETHO YIPOULIAET MPOLEIYPY.
[Tockonbky y Hac ecTh ypaBHeHUs: R(V), ucnosb3yem nepBoe BbIpa-
xenue (11.1), naitng npousBoanyto R'(v), mocne yero mpousBoAuM
napaMeTpu4ecKoe MoCTpoeHue Habnooaemuix napamerpoB H(t), uc-
MOJIB3YA v KaK mapameTp u yautsiBas, uro H(t)=1/R'(t).
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Puc.11.4. Habmogaembie mapameTpsl Xab0ia B TPEX pa3HbIX
Bcenennsbix.

OOpamraeM BHUMaHHE: XOTs HMCXOIHBIE 3aKOHBI HW3MEHEHH
napameTpoB Xab0ma pa3HOHAIpaBJeHHBI (BO3pacTaHue, yObIBaHHE,
puc.11.1), HaOmoaemMble 3aKOHBI UX W3MEHEHMs Ha puc.l11.4 Bce
yowvigarowue. GopMabHO 3TO O3HAYACT 3aMeldleHHoe PACUINpEHHe
BcenenHoii, mpocTo C BO3pacTalOUIMM MapaMeTpoM XaObiaa Mbl
Habatooaem MeHee OBICTPOE 3aMeJICHUE PACIIUPEHUS.

11.2. ITapameTp Xa60./1a ¢ u3ruéom

[IpoBenEHHBIC BBINIE MCCIEIOBAHUSA, TAKUM OOpa3oM, coria-
CYIOTCSI C U3BECTHBIM YTBEPKACHUEM, UYTO MPH MOHOMOHHOM M3Me-
HEHUU TIapaMeTpoB XaO0ja MOHWKECHHAS SPKOCTh JAITBHHUX CBEpPX-
HOBBIX COOTBETCTBYET 0OJiee MEJIEHHOMY pacIiupeHuto BeeneHnoi
B TIPOIJIOM, TO €CTh, €€ YCKOPEHHOMY PACIIMPEHHIO B HAIIH JHH.
Wuaue roBopsi, MoHOmonHOe YMEHbIIIEHUE WX POCT ImapaMerpa Xa-
00ma 3a Bpems CyIIeCTBOBaHUS BceleHHOW MPHUBOIUT K COOTBET-
CTBYIOIIUM HaOM00amenvHblM JTAHHBIM 00 €ro YMEHBIICHUU WIIH
pocre. HamoMHUM, YTO pacCMOTpEHHBbIE MOHOTOHHBIE HapaMeTphI
Xabbna ycrosHuvle.

BwMmecte ¢ TeM, TIoka HESICHO, YTO MOKAXYT HAOIIOACHUS TPU
"momaHom" M3MEHEHUM MapaMmerpa Xab0ma: ero 3amMeJIeHUH C To-
CJIEIYIOLIUM POCTOM U HAa00OPOT.

Jlig TOro 4To0Bl BBISICHUTH, KAKUMU MOTYT OBITH HaOJIOJE-
HUs BceneHHOW ¢ TakuM JIOMaHbIM TapameTpoM XabOOuna, pacuiu-
pSBIIEHCS CHaYala 3aMeUIEHHO, a 3aTeM YCKOPEHHO, BHOBB CIIPOEK-
THpYyeM emié oJHYy (QYHKIUIO U3MEHEHHS BO BPEMEHH COOTBETCTBY-
I0IIeTO MapaMeTpa Xa0ba yist HEKOTOPO#l yCIoBHOM BceneHHoM.

TpeOyembrii mapamerp Xab0iia B TpOCTEHIeM, YCIOBHOM
BHJIE CKOMOMHHPYEM U3 JIMHEHHBIX OTPE3KOB, UCXOMS M3 TPEX KOH-
TPOJBHBIX ToYek. IlepBas — 3TO HavalbHOE 3HAYEHHUE IMapaMeTpa



Xab0ua, BTOpas — TOYKa U3MEHEHHUSI HAlIPaBJICHHUSI POCTA U TPEThS —
COBPEMEHHOE 3HAaYEeHHUE TTapaMeTpa.

Touky m3noma ycTaHOBMM B 8 MIIpA. JIET OT Hayaja paciliu-
pPEeHHS, MOCKOJBbKY CUHMTACTCS, YTO MMEHHO TOTJa HavajoCh YCKO-
peHHoe pacuiupeHue Hameill BceneHHoOW, mpuMepHo 6 MupJ. JeT
Ha3aa. OnuH U3 BapHaHTOB TAaKoro mapaMerpa Xab0ia ¢ M3JI0MOM
MOJKET MMETh, HallpUMep, BUJ, MPEJICTaBICHHBII Ha Bpe3Ke Ha cie-
nywomieM pucyHke. Ha pucyHke mpuBeAeHBl quarpaMmbl Xaboma —
rpaduku aBMOKEeHUS R(V) CBEPXHOBBIX B JBYX pa3HbIX BceneHHBIX:
YCIIOBHOM, pacIupstolIeiics ¢ yka3aHHbpIM mmapamerpoM Xab6ma Hda
(3amensieHue — yCKOpPEHHE), U Hallell ¢ COBPEMEHHBIM MapaMeTPOM
Hy. IToBTOpHM, 4TO BCE IPEACTABICHHBIE HA PUCYHKE MapaMeTphbl —
YCIIOBHBIE, TIOJJOOPaHBI TI0 CMBICITY M HE SIBIISTIOTCS PeajbHBIMU JaH-

HBIMU HAOJIIOICHMIA:
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Puc.11.5. quarpammer Xa66ma s Beenennsix ¢ Hy (mTpux) u Hda.
Ha Bpeske mpuBenén napamerp Xa66ma Hda mis ycnosHoi Beenen-
HOM, pacIIupsIIOIIEiCs CHavYaja 3aMeJICHHO, 3aTeM YCKOPEHHO.

Ckopoctb, 00603HaueHHasT KaK Vipy ~ 1,45¢C — 3TO CKOpPOCTH,
IPpU KOTOPOW SIPKOCTh JabHUX CBEPXHOBBIX HM3MEHSETCS C TIOBBI-
LIEHHOH (paHbllle) HAa TOHMKEHHYIO (TI03KE OT Havyajla paclIUpEHus).
WuBepcus npousonuia yepes 1,5 mupa. et nocsie Havajga paciiupe-
HUs, yTo BUAHO 1o rpadukam To, Tda. Touka ARmax — 310 TOUKa,



KOI'/Ia YC108HOE PACCTOSIHUE MEXAY YCKOPEHHOM M paBHOMEPHO yJa-
JSIOUIEICS CBEPXHOBOM — MAaKCUMaJIbHO. 37IECh 3TO ~ 5 MIIPJ. JIET OT
Hayajia paclIMpEeHus, CKOPOCTb ylajieHHs cBepxHOBOM ~ 0,9c.

Ha ypanénnoctax ommke 12,5 Mip/. CBETOBBIX JIET CBEPXHO-
BbIe BUJIHBI OoJiee TYCKJIBIMH, OHH jAanblie. Ha emé Oonpieit yma-
NEHHOCTH — OoJee SIpKUMHU. DTOT MOMEHT BpeMeHH, 12,5 mipa. jer
HazaJ a8 HaOmoaTens, Ha rpaduKax sBIsSeTCs HUYEM He IpUMeya-
TEJIbHOM TOYKOW, XOTS B 3TOT MOMEHT 3aMEJICHHOE PACIIUPECHUE
CMEHWIOCh YCKOpeHHbIM. Ha ynanenun 9 mipj. CBETOBBIX JIET pas-
HUIIA IPKOCTU CBEPXHOBBIX MAKCHMAJIbHA.

Hcnonb3ys pacCMOTPEHHBIN BBIIIE AITOPUTM, ITOCTPOUM I10
JUHUSAM TPEHIOB HaOINltoJaeMble rpaduku M3MEHEHUS BO BPEMEHH
napamerpoB Xa0bma:

045 Hao6monaemsre napamerps! Xab6ma a1t BeeneHHOMN, pacHpsIOeicss paBHOMEPHO

0,40 ¢ Hy u yckoperno ¢ Hda. Ha Bpeske — ucxonusie napamerpsl Xa66ma. Kak Buanm,
HablTroaeMble TapaMeTphl OTIMYAOTCS OT HCXOIHBIX, IPUYEM OHM MOHOTOHHO

035 [a/Ial0T, YTO BRIVIIJUT KaK 3aMeJUIEHHOE pacliipeHue BeeneHHoi.
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Puc.11.6. 3aBucumocTu oT BpeMeHH napameTrpoB Xab0ia B ycko-
PEHHOI ¥ paBHOMEpHOU Bcenennon

XoTs U3J7I0M, Meperud Ha pacCMOTPEHHOM MapaMmeTpe Xadoia
BBIT'JIAAUT HECKOJIBKO HECCTCCTBCHHO, paCCMOTpeHHBIﬁ BapuaHT C
€ro IJIaBHBIM M3MEHEHHMEM, TEM HEe MeHee, MPUBEN K rpadukam, He
HMCIOIUM MPHUHIHUITNATIBHBIX OTJINYHUHU OT PaCCMOTPCHHBIX.

OtmeTnM 3TO emi€ pa3 SBHO: PACCMOTPEHHBIC MapaMeTphl
Xab0a ycroBHO Habarodaembie, TO €CTh, TOCTPOCHBI HA OCHOBE Gbl-
MbluleHHbIX HAOMIONeHNH 0e3 KaKUX-THO00 KOCMOJIOTHYECKUX KOp-
PEKTHPOBOK, 0€3 SIBHOTO y4éTa BPEMEHHU B IYTH CBETA OT BCIBIIIEK
CBEpPXHOBBIX.

Ha HpI/IBCIIéHHI)IX AuarpaMmax Mbl BUIUM, YTO B IPOMIJIOM
YCKOPCHHO ABUTaBHIMCCA NAJIBHUC CBCPXHOBBIC B HAIIKM JHU BUAHLBL
Oonee TYCKIBIMU. JIeHCTBUTENHEHO, MX CKOPOCTH COOTBETCTBYIOT



Oonpreii ynanéaHoctu. Hamportus, emé 6omee nanékue CBEepXHOBBIE
BUJIHBI 00Jiee SIPKUMU, YEM 3TO CIIeI0Baio Obl U3 CTAaHJAPTHOTO 3a-
KoHa Xab6ma. OgHaKo, HAa YTO ciexyeT oOpaTuTh BHUMAaHUE, OJINXK-
HUE CBEPXHOBBIE U TaJaKTUKU BUIHBI MPAKTUYECKH HEPa3IMUYUMO
OJINHAKOBO SIPKUMU, HE3ABUCUMO OT UX CKOPOCTH B IpouuIioM. BeI-
BOJl 00 YCKOPEHHOM pPACUIMPEHUU CIENIaH Ha COMNOCTaBJICHUU Mapa-
METPOB JBUKEHUSI OAIbHUX CBEPXHOBBIX C MapameTpaMH Oudicali-
wux K HaM. beccropHo, 4TO BIUIOTH A0 HAUX JAHEH BcenenHas
pacimupsiack yckopeHHo. Ho MOXHO jM yTBEp)KJaTh, YTO U HBIHE
9Ta TEHJCHIIUS COXpaHeHa?

Mpl yMBIIIIEHHO C(OPMHUPOBAIM TaKOM 3aKOH M3MEHEHUs
napamerpa Xabb6na puc.11.5, Ha Bpe3ke, YTO ¢ HUM B HAIM JIHU
Bcenennast pacumupsiercst yckopenno. HecmoTps Ha 3710, Ha puc.11.6
MBI BUJIUM, YTO HabOaro0aemvle IapameTpbl Xabbisa it oboux Bee-
JEHHBIX — HHUCHAJAIoUIUe, OTJIWYHbIE OT JuarpaMM Ha BCTaBKE
puc.11.5, uto ¢opmanbHO cieoBano Obl TPAKTOBATH KaK 3aMeo/IeH-
HOe paclIupeHre B 000uX ciydasx.

Crporo roBopsi, yIBepXk/JaTh YCKOPEHHOCTb WM 3aMEIJICH-
HOCTb pacluupeHust BeeneHHol cienyeT Ha OCHOBE JaHHBIX UMEHHO
[0 HAYalbHOMY YYacTKy JIUarpamM, 1o U3MEHEHHIO CKOpPOCTH pac-
LUIMPEHUs B HaIIM JHU. BMmecTe ¢ TeM, Ha OCHOBE MOJYYEHHBIX J10-
CTaTOYHO JIOTMYHBIX U YOEIUTENIbHBIX PE3YJIHTATOB Mbl ONPEACIEHHO
MMeeM IIPAaBO BHOBb IIOBTOPUTH CACIAHHBIA paHEE BBIBOJ:

[ToHMXkeHHas IPKOCTh JalIbHEN CBEPXHOBOM IO CPABHEHUIO C
€€ APKOCThIO B PAaBHOMEPHO pacuupstonierics BeenenHoil siBisiercst
CBUJIETEIHCTBOM 00Jiee OBICTPOro pacuiupeHus: BeenenHoit B HacTo-
s1ee BpeMsl, HAUMHAasl CO BPEMEHHU NopsAaKa 6 MIIp/. JIeT Ha3as.

BwMmecre ¢ TeM naba00aembie 3aKOHBI U3MEHEHUS TAPAMETPOB
Xabbnma B 0o0oWX CiydasX — HUCHQJAMONIAE. DTO BBHITJISAUT Kak,
Hao0opoT, 3amenieHue pacimupenus Bceenennoit. Kpome toro stu
YCKOpeHHble CBEPXHOBBIE BUIHBI HA CAMOM Jejie 0oJiee ApKumu, 9eM
OHM ObuIM Obl BUAHBI BO BceleHHON ¢ HEM3MEHHBIM MapaMeTpOM
Xa00s1a, OHM K HAOIIONATEIIO Oiudice.

11.3. [IpoGsiema cBepXCBETOBOIO ABUKEHUS

I'paduky ABMKEHUSI CBEPXHOBBIX CO C(OPMHUPOBAHHBIM BBI-
e napameTpoMm Xaod0ma yckopeHHOW BceneHHOM MOKHO Inpejacra-
BHUTDH B CJICAYIOIIEM BU/JIC:
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Puc.11.7. I'paduku 1BUKEHHUS CBEPXHOBOH U CBETa OT HEe€ B YCKO-
PEHHO pacuupsrouercs BeeneHnoi

S N & & @

Ha pucynke R(t) — 310 ynan€HHOCTh IO BpEMEHH CBEPXHOBOM
oT 3emuin (U HaoOopot). CKOpOCTh pa3OeraHusi CBEPXHOBOU U
3emnn — V(t), Ha pUCYHKE JUIsl JIydllled BUJAHOCTHA OHA yBEJIMYEHA B
10 pa3. I'padukr R u Rco — 310 rpaduku aBwkeHus GOTOHOB OT
CBEPXHOBOM — pealibHasl yIAIEHHOCTh U HaOmoqaemas. Ha Tabnmuke
B IICHTPE MOKa3aHO, YTO OTHOIIEHHWE CKOPOCTH YIAJECHUS CBEPXHO-
Boit Vda=V(t) x e¢ mabmromaemoit ynanéaroctu Rco, onpenensemoit
o SIPKOCTH, AaéT 3Ha4YeHHe mapamerpa Xab6ma Hda = 0,13, yto no-
9Th B 2 pasa NpeBbIIIaeT 3HaueHHe Ho U sIBHO HE COOTBETCTBYET
ACTPOHOMHUYECKUM HaOIIOJICHUSM.

Kpowme 3toro 3ameuaem, uro Ha puc.11.2, puc.11.3, puc.11.5
U gaHHOM, puc.l1.7 HaOmomaemasi CKOPOCTh YAAJCHHUS TallaKTHK
npegvluiaem CKOpocTh cBeTa. OHAKO ypaBHEHUS Uil CBSI3U CKOPO-
CTH M KPaCHOT'O CMEIICHMS TaKOW CKOPOCTH HE JOIYCKarT. B uém
ke neno? Mel BUAUM, 9TO (POTOHBI SIBHO JOCTHIIIM HAONIONATENS —
Tpaekropun 3emin u GoToHOB, rpaduku R(t) m R nepecexnuce B
HAIlM JTHU, HO TPU 3TOM HMX (PU3HUECKUI MCTOYHHMK, CBEPXHOBAs
yAaJIgeTcsi co CKOpOocThio V(t), mpeBbIIIaroNeld CKOPOCTh CBETa,
ypaBHeHus i 3¢ dekra Jlonnepa HenpUMEHUMBI.



[TpoGnema BO3HMKIIA BCIEACTBHE TOTO, YTO MBI MOJYAIHBO
MPUHSIIHA, OYATO CKOPOCTh UCTOYHHKA (DOTOHOB BCIIBIIIKH B MOMEHT
HAOJIOJICHUS pPaBHA CKOPOCTH YAATICHUS HAOI00aemMoll C8epXHOBOI 8
9MOmM Hce MOMEHM.

OnHako CKOPOCTb 00JIACTH MPOCTPAHCTBA, COOTBETCTBYIOIIE-
ro YIAIEHHOCTH peanbHO20 WCTOYHHMKA, COOTBETCTBYIOIIEH €ro
Habnooaemol SIPKOCTH, OTNPENCTIEHHO HE paBHA YNAIEHHOCTH 2da-
nakmuky. Mbl BBISCHWIIM, YTO TaJaKTHKa B MOMEHT HaOJIOACHUS
(OTOHOB HAXOIUTCS CYIIECTBEHHO JANbIIE, YeM IyTb, PO ICHHBIH
¢doronamu ot Heé nmo Habmromatens. CregoBaTeNbHO, HAM CIIEAYET
YUUTBIBATh HE CKOPOCTD YAAISIOMICHCS B 3TOT MOMEHT TalaKTUKH, a
CKOpPOCTh TOUYKHU MPOCTPAHCTBA, HAXOISIIIEICS Ha yAaJICeHUH, PAaBHOM
MyTH, IPOUJICHHOMY (POTOHAMHU.

CornacHo pa3paOOTaHHBIM HaMH YPAaBHEHHSIM JIBIDKCHUS
rpaduKy JIBUXKEHHUS CaMOil JanbHEH Habniodaemoli CBEPXHOBOH ¢
napameTpom Xa66ia Hda umeror Bun puc.11.7. YuutsiBas ykaszaH-
HOE 00CTOSITENbCTBO, HAa ATOT PUCYHOK HAaM CIEyeT A00aBUTH eI

nBa rpaduka " IUCTaHIUSA-CKOPOCTh", KaK MoKa3aHo Ha puc.11.8.
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Puc.11.8. I'paduku nBux’eHUS AEHCTBUTENHHOTO "UCTOYHUKA" (PO-

TOHOB.

CornacHo »tuM rpadukam "ucxoaHas" ynanéHHOCTh '"mei-
CTBHUTEJIBHOT0" HMCTOYHMKA (POTOHOB MEHBIIE, YeM HCXOJHas yja-
NEHHOCTh HAOI01aeMOM CBEPXHOBOM, a €ro CKOPOCTh JIaXe OT ca-
MOH JJalIbHEN CBEPXHOBOM TEMEPh YK€ HE MPEBBIIIAET CKOPOCTU CBE-
Ta. B 3TOM ciyyae MOKET BO3HUKHYTH KEJIaHUE ONPENENATh CKO-
pPOCTh TAKOTO JEHCTBUTENHHOTO MCTOYHUKA (POTOHOB KakK PasHOCTD
ckopocteit. [leficTBuTenbHO, 3eMilsl yaaliseTcsi OT CBEPXHOBOHM CO
CKOpOCThIO V(t), a UCTOYHUK (OTOHOB — cO ckopocThio Vce. Creno-
BaTeNIbHO, 3eMJIsl OT UCTOYHUKA YAAIAETCS Bpoje Obl C Pa3HOCTHOM
ckopocTtbhio: V(t) — Ve.

OpnHako, BO-TIEPBBIX, HAOMIO/Ia€MOW BEITUYUHOM SIBISIETCS
ToJabKkO Ve, a ckopocTh V(t) ansg HaOmoJeHUs HEAOCTyIHa, OHa
CBEpPXCBETOBas. BO-BTOPBIX, TAKOM Pa3HOCTHBIN IOJXOJ Cpasy ke
NPUBOANUT K TPYIHOOOBICHUMOH, Nake abcypaHoi curyauuu. [Ipu
BBEIYHCIICHUSIX Habmooaemvlll TapameTp Xab6ma Hda B aTom cimydae
CTPEMUTENIBHO yMeHbuiaemcsa 10 Mepe NPUOIMKEHUS TOUYKH
BCTIBIIIIKY CBEpXHOBOU Kk 3emiie ¢ 0,06 (camasi maJibHssI CBEPXHOBAs)
1o 0,0007 (camas OmmxHsisa cBepxHoBasi). Kak BuaHo Ha puc.11.8:



V(t)-Ve(r) 18-10

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

H(4)= 10=71 42 0,029
10

H(8) =¥:10 =0,057

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

Ho sBnsiercst u B 3TOM cllydae OTHOIICHHUE HAOIH00aeMblX
BenmuurH Vc¢/Rco peanbHBIM 3Ha4YeHHEeM MapameTpa Xabb6ma? Bep-
Hee, MOKHO JIU MPUHSITH, YTO MBI HAOI0JaeéM SPKOCTh UMEHHO IO
JNEUCTBUTENHHON yHanéHHOCTH ncTouHuKa (hoToHOB Re(t)=Rco u ero
ckopoctu Vc? [la, neno o0CTOUT UMEHHO TaK.

MOMEHT 3TOT TOBOJBHO TOHKHI, MO3TOMY PACCMOTPUM €TrO
Kak MOKHO Oosiee netanpHO. Crenyer mpU3HATH, YTO BOIMPOC STOT
JIOBOJIBHO CJIOKHBIM KaK JUIsl BOCIIPUATHS, TaK U JJIS T0OKA3aTebHOTO
u3noxenus. s ero Oojiee HArJIHOTO PACCMOTPEHHsSI HAHECEM Ha
puc.11.8a HECKOJIBKO JOIOJIHUTENbHBIX JEKOPATUBHBIX 3JEMEHTOB:
CXEMaTHUYHbIE W300pakeHUs 3eMJIM, CBEPXHOBOW H (OTOHOB,
puc.11.9.

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

50  Tpaguru dsudicenus ceepxnosoii 6o BcereHHou pacuupsroueics ¢
napamempom Xa66na Hda (speska). R(1), V(t) — Oeticmeumenvhas

18 - yoanénHocmu u cKopocms 3emau om ceepxnogoii, Reo(t),
Ve(t) - suoumasn yoanénnocms u ckopocme. |

16 ~Reh(r) — epagpux dsudicerus omonos. 7

14

12

¥

T, mapo. Jlem

o W 2 3 4 5 6 1 & 101112131.4

Puc.11.9. O6ocHOBaHue rpaukoB ABMKEHUS AEUCTBUTEIHHOTO "UC-
TOYHHUKA" ()OTOHOB.

Ceepxnoean




Ha pucyHnke nmokasaHo, 4To B HauaJbHbIi MOMEHT BPEMEHHU, B
MOMEHT Havasa paciupenust Beenennoit t = 0 3Be31a, rotToBas cTaTh
CBEpPXHOBOM, M 3emild HaxoAsTcs B TOukax ¢ koopauHatamu 0 u
ro ~ 5,6 MIIpA. CBETOBBIX JET. B 3TOM MOJ0XKEHUH 3BE3/]a N300paxe-
Ha IPUTIYIIEHHBIM CEPBIM IIBETOM — OHA ell€ He BcnbIxHyia. Ilo-
CKOJIbKY Tapamerp Xab0ma Hda B 3TOT MOMEHT He paBeH HYIIO,
3emJil UMEeT HayaJlbHYI0 CKOPOCTh OTHOCHUTEIBHO 3BE3/bI (M, COOT-
BETCTBEHHO, HA00OPOT), YK€ TMPEBBIIIAIONIYI0 CKOPOCTb CBETa:
vo ~ 1,1c. Cunsist nunus, rpaduk R(t) mokaspiBaeT TEKyIIyO yIaJIE€H-
HOCTh 3eMJId OT CBEPXHOBOM, a JuHUs V(t) rOpYMYHOro ILBETa —
CKOPOCTb 3TOr0 yJaJ€HUs B KaXJbli MOMEHT BpeMeHu. Kak Buaum,
B HAIllM JTHU C 3THM YCJIOBHBIM IMapamerpoMm Xab6ma Hda paccros-
HUE MeXay 3eMJIEN U paccMaTpuBaeMoil CBEpXHOBOM paBHO MOYTH
22 MIpJ. CBETOBBIX JIET, & UX OTHOCUTENIbHAsI CKOPOCTH MPEBBIILIAET
CKOpOCTh cBeTa B 1,5 pasza.

B paccmarpuBaemoM mnpumepe uepe3 1 mupa. JeT mocie
Hayajla pacuipeHuss BceneHHON 3Be3da BCIIBIXHYJA, HPEBPAaTHB-
IIMCh B CBEPXHOBYIO. Ha prcyHKe B 3TOI TOYKE MPOCTPAHCTBA 3BE3-
na 0003HAaUeHa TeMeph Y)Ke KPacHO-KENTHIM BCIONIOXOM. KpacHbie
BOJIHMCTBIE KOPOTKHE JIMHUU CO CTPEIKAaMU M300pakatoT B KaXKJIbIi
MOMEHT BPEMEHHU TOJIOKEHHE OJHOW M TOW XK€ Tpynmsl (POTOHOB,
WCIYIIEHHBIX CBEPXHOBOU. ['padmk mx ABIKEHUS M300paxEH Kpac-
Hoii muHKMer R} ynanénnoctu ot cBepxHOBOH. OTMETHM, YTO peab-
Hasi CKOPOCTh yAajeHHs (OTOHOB OT CBEPXHOBOW MPEBBIMIAET CKO-
pOCTh CBETa, U B MOMEHT NpUX0Ja K 3eMJie COCTaBJIAET MOYTH 2,5
CKOPOCTH CBE€Ta. JTO HE MPOTHUBOPEUUT MOJOKEHUSIM CHEIHATIbHOU
TEOPUHU OTHOCUTEIBHOCTH, MOCKOJIBbKY, KaK 3TO TPaJULIMOHHO TpaK-
TyeTcs, "pa3beranue” 3emMii M CBEPXHOBOM HE SIBISIETCS IBHIKCHHEM
@uszuueckum, 3TO Kaxylieecs ABIKEHHE, BEI3BAHHOE PACHIMPEHHEM
IIPOCTPAHCTBA MEXAY HUMH.

IIpotuBopeune 3akiaodaercs B JIpyroM. B MomeHT moiyue-
HUS (DOTOHOB HA 3eMile OHU YJAIISIOTCS OT CBOETO (PH3UIECKOTO MC-
TOYHHUKA, OT CBEPXHOBOU CO CBEPXCBETOBOM CKOPOCTBIO v > ¢ = 1. 13
3TOTO CJenyeT, 4To ypaBHEHMs Uil 3ddexra [lormuiepa npumMeHUTH
Mbl HE MOXeM. HeBO3MOXXHO MOJCTaBUTh B YpPaBHEHHUE CKOPOCTH,
MIPEBBILIAIOUIYI0 CKOPOCTh CBETA, TOCKOJIbKY 101 KOPHEM HOSIBIISET-
Csl OTpHUIIaTEIbHAs BEJINYNHA!



z= I=zv -1
I+v

He cymectByet, Ha000pOT, TakKe U 3HAYEHUIH KPAaCHOTO CMEIICHUS
Z, IPU KOTOPOM MOTJIa OBITH TOJIydeHa CKOPOCTH V, MPEBBIMIAOIAST
CKOPOCTh CBETa, MOCKOJIbKY TIPH JIFOOOM Z BEJIMYMHA APOOU MEHbIIIE

€TMHHUIIBL:
_(z+D)’ -1
(z+1)* +1
WNuave roBopsi, MBI HE UMEEM TIpaBa UCTIOIb30BATh PEATBHYIO
CKOPOCTh yJIaJICHUS] CBEPXHOBOH OT 3eMJIM B KaY€CTBE CKOPOCTH UC-
mounuxa u3nydenus B d3pdekre omuepa. [loaromy MBI HE UMeeM
MpaBa MCIIOJIB30BaTh ATY CKOPOCTh W JJISl OTIpENENIeHUs] Habmoaae-
Moro napamerpa Xab6ma Hda, mockosibKy onpeneuTb CKopocTh W(t)
M0 KPaCHOMY CMEUICHHIO MBI HE MOKeM (PM3UYECKH, CIIEIOBATENHHO:

Hda # RO
Rco(t)

OpHako 37€ch BCTYNAET B CUJIY BBISIBJICHHAs paHee 0COOEH-
HOCTb JIBUXKEHHSI (JOTOHOB B paciupsoniemcsi npocrpasctse. [lo-
CKOJIBKY TIPOCTPAHCTBO PaCIIMpPSIETCS HE TOJNBKO Imepen (pOTOHAMHU,
HO W TM03aJM HUX, PEANbHBI MPOWICHHBIN ¢homounamu TyTh OT
CBEPXHOBOM 70 3eMJIM MEHbILIE, YeM KOHEYHOE PACCTOSIHHE MEXITY
nocnennumu. CrieoBaTeNbHO, KPacHbI rpaduk 1BukeHus (POTOHOB
R(t) He sBsieTcst peanbHBIM rpadUKOM HX ABMKEHHS, OH HE OTpa-
KaeTcsl NeMCTBUTENFHOM, (PU3MUECKON MPOTHKEHHOCTH, JITUHBI ITy-
TH, IPONAEHHOTO (POTOHAMM.

Kak Mpl ompepenunu B NpeabLAYIIMX pas3fenax, ACHCTBU-
TEJNBHBIM Tpa(UKOM MYyTH SBJISIETCS CBETONONOOHAs JTUHUS, Tpaduk
Rco. CrnenoBarenbHO, B MOMEHT NOJy4eHHs] Ha 3emiie (POTOHOB OT
CBEPXHOBOM OHU MPOILIIM MEHbIINN yTh. B ciyuyae puc.11.9 on co-
ctaBu He 21,5 mup., a Toabko 13 MiIpJ. CBETOBBIX JIET, KaK yKa3bl-
BaeT KOHEUHas Touka rpaduka Rco.

C npyroil CTOpPOHBI, 3TO O3HA4YaeT TakXke, 4yTo 3a 13 mMip.
JIeT, BPEMEHM paCIIUPEHHUS] IPOCTPAHCTBA C MOMEHTA BCIBIIIKU
CBEPXHOBOM, B TOUKY BCTpeud "MpuObUT" U moxydaTens (POTOHOB —
3emuia. Jpyrumu cinoBamu, 10 TOYKHM BCTpeud ¢ 3eMi€id (OTOHBI
npouu nyte 13 muipa. cBeToBbIX JeT. Ho 3To Taxke o3Hayaer, 4To
Gaxmuyeckuil, peanrbHvlli UICTOYHUK (POTOHOB B MOMEHT H3JTy4EHUS



HaXOJWJICS TENEepb YK€ HE B TOUKE HAXOXKJEHHUS CBEPXHOBOM, a Ha
TaKOM K€ Y/IaJIeHUH OT 3eMJIH.

Ecnu tpakToBaTh curyanuio OyKBajgbHO, TO C MOMEHTa 3TON
peasibHOH "BCHBIIIKK'", Hadanda JABWXKCHUS (OTOHOB, 3eMIIsl JBUTa-
nack 13 Mipa. JeT U mpouria OT UCTOYHHUKA (POTOHOB ATOT CaMbIi
nyTts — 13 mupa. cBeToBBIX JeT. BBuay uzorponHoctu BceeneHnHoil,
BCe ATH 13 MJIpZ. CBETOBBIX JIET 3eMJIsl JBUrajach C MapameTpoM
Xab6na Hda, TouHO Tak ke, KaK U peanbHblll, haxmuieckull NCTOY-
HUK ()OTOHOB yJAISJICS OT He€ ¢ ITHM >Ke mapameTpoM. PazBepHyB
TE€YEHHE BpEMEHU B OOpaTHYIO CTOPOHY, MBIl MOKEM IO KOHEYHOMY
3HAYEHUIO B3aUMHOW yJa€HHOCTH ONPEAEIUTh U HaYaJIbHYIO TOUKY
7; B TIPOCTPAHCTBE 3TOTO HMCTOYHHKA (POTOHOB B MOMEHT BPEMEHHU
t=0. HyxHo Bcé-Taku nmoHMMaTh, YTO Ha CaMOM JIeJI€ 3TO HEKUU
@uxmuenwili, He PU3NIECKUN MCTOYHUK, OH Ja)Ke HE COBIAIAET B
MPOCTPAHCTBE C MECTOIOJIOKEHUEM CBEPXHOBOM. Ero mossienue u
MPOSIBJICHNE CBA3AHO HE C Qu3uiecKkum JIBUKEHHEM YJYAaCTHUKOB, a C
JBUKEHHEM BCJIEACTBHE PACILIMPEHUSI IPOCTPAHCTBA.

Wror Takoil nHBepcuM BpeMeHHU mnoka3aH Ha puc.11.9. Obpa-
[1aeM BHUMaHWE, YTO (PUKTUBHBIH HCTOYHUK B MOMEHT BpPEMEHHU
t=0 ¢oronoB He ucmyckan. Kak BHAHO Ha pHUCyHKE, HA MOMEHT
Hayajia pacllMpeHHs IPOCTPAHCTBA HCTOUYHUK HAXOAUTCS HE B TOUKE
BCIIBILIIKH 7; ~ 3,5, a B TOUKe, YIAIEHHOW OT CBEPXHOBOM Ha 4 MIIp/I.
CBETOBBIX JIeT. IMEHHO OT 3TOW TOYKM (POTOHBI M HAYAIM CBOW MYTh
K 3emJie JUIUTEeNbHOCTRIO 13 Mip/I. JeT.

BhIrasiiuT, KOHEYHO, BEChbMa CTPAHHO: MCTOYHUK (POTOHOB HE
COBIIAJAET CO CBEPXHOBOW B MOMEHT €€ BCIbIMKU. Emé pa3 mon-
YEpKHEM 3TO BaXKHOE 00CTOSTENHCTBO. B MOMEHT Hauasia myTH OT
YKa3aHHOTO MCTOYHHKA (POTOH "BUAMUT BAAIU" CHIIY3T 3eMIIH. 3eMIIs
HETPEPBIBHO yaaisieTcss OT (OTOHA, HO MPH BCTPEYE C HEIO OJJOMETP
(m3mepuTens myTH) (GOTOHA MOKAKET UMEHHO JucTaHmuio Rco = 13,
MIPOMJEHHYIO UM 3a 3T rojpl. MHBepcus Bpemenu B nytu (13 mipa.
JIET) 1aCT HaM HAayaJlbHYIO YAAJEHHOCTh UCTOYHMKA OT 3€MJIU, a UH-
BEpCHs BCEr0 BpPEMEHM OT Hadajga pacuiupeHus BceeneHHou
(14 Mapn. net) gact HaM yAaIEHHOCTD 3TOTO XK€ (PUKTHBHOTO UCTOY-
HUKa OT CBEPXHOBOM 7;, 4TO Xopomo BUAHO Ha puc.11.9. Ho u arta
TOYKa, W TOYKA HMCIYCKaHUs (POTOHOB Jie)KAaT HA OJHOM M TOH ke
kpuBoii — Ha Rc(t). CnenoBarenbHo, nepBas u3 HUX 3a 14 mupa. Jer,
a BTOpas 3a 13 Mipa. JeT NpuAyT B OJHY U Ty K€ KOHEUHYIO TOUKY



npocTtpanctBa: Ha puc.11.9 sto 13 muipa. cetoBbix Jiet. Emé pas,
BBITJISIIUT 3TO, HECOMHEHHO, JIOBOJIBHO CTPAHHO: K MOMEHTY BCTPEUH
¢ 3emsnéit (HOTOHBI MPOUUIN MYTh J0 HEE TaKOW ke, Ha KaKOW OHH
YITUINCh OT UCTOYHHMKA - CBEPXHOBOM, HO MPH ATOM 3eMJIs OKa3a-
Jach OT CBEPXHOBOM Ha CYIIECTBEHHO OOJIBIIEM PEaTbHOM yHaJeHUU
— 21,5 mapa. cB. Jer.

W3 3T0r0 CTpaHHOIO, HO CTPOrO JOTHYHOTO OOCTOSITENHCTBA
U CcleqyeT TJaBHBIA BBIBOJ. [loCcKONBbKY Ham HM3BECTHA HaydalbHas
YIaIEHHOCTD #; ICTOYHUKA OT CBEPXHOBOW, HCTOYHUKA (PUKTUBHOTO,
HO CTaBIIETO BIOCIEJACTBHH, 4Yepe3 | MIIpH. JIET peaibHbIM, MBI B
M30TPOMHON BCeleHHON MOYXKEM BBIYMCIUTH TaKXKE€ U V; — CKOPOCTh
yIaJIeHUsl HICTOYHUKA OT cepxHosoti. Ho (hOTOHBI, B KOHIIE KOHIIOB,
JOCTUIIIN 3€MJIH, CJIE0BATEIbHO, B 3TOT MOMEHT 3Ta CKOPOCTb V;
SBIISIETCS TAK)KE U CKOPOCTHIO 3eMJIM OTHOCUTENBHO ucmounuxa $ho-
TOHOB — CBEPXHOBOM, IMOCKOJIBKY MX IBM)KEHUE OIHCBHIBACTCS TEMU
K€ YpaBHEHHMSIMH PACUIMPEHHS MIPOCTPAHCTBA, HO 3a 0oJiee KOPOTKUI
MEPUO/I.

3nech cienyer MpU3HATHCS, YTO MPUBEACHHBIE PACCYKICHUS
KaXyTCsl HAM BCE-TaKH JIOBOJBHO CIIOKHBIMU U BBITJIAISAIIUMU HEJl0-
CTaTOYHO TOJIHBIMH, YOSTUTETbHBIMHU, TIOITOMY MPHUBENEM JTOTIOTHU-
TEJbHBIE MOSICHEHUS.

Hamu Beruncienust o mpoiieHHOM ()OTOHAMH ITyTH OTHOCST-
Csl K CHCTEME OTCYETa, KOTOPYIO MOXHO Ha3bIBaTh (DUKTUBHOU CH-
cTeMON oTcuéra ucmounuxa. MOXHO CKa3aThb UHA4ye: K CUCTEME OT-
cuéra ghukmueno2o NCTOUHUKA. B 3TOI cucTeMe yuuThIBaeTCs MyTh,
MPOCTPAHCTBO, YUTMHSIOUINECS TOJIBKO neped NBUKYIIUMCS (POTO-
HoM. CrieoBaTeNbHO, B MOMEHT BCTpeun (hoToHa ¢ 3eMicii 06a oHM
HAXOJATCS Ha PEATbHOM YIAJICHWH OT HMCTOYHHKA, PaBHOM IIyTH,
npotidennomy POTOHOM, B TaHHOM ciiydae — 13 MIIp/I. CBETOBBIX JIET.

Hcxons U3 3TOT0, SKBHUBAJICHTHO IMOJYYaeTCsl, YTO 3TO UMEH-
HO 3eMJIsl yJanuiIach OT UCTOYHHMKA B PE3yNbTaTe paclIupeHus Mpo-
CTPAHCTBa C COOTBETCTBYIOIIUM Mapamerpom Xaoona — H(t). Crneno-
BaTEIIbHO, B MOMEHT MoJTydyeHHus (oToHA Ha 3eMJie OHa MPHOOPETET
CKOpOCTh, OTBEYAIOIIYIO 3TOMY ABIKEHHUIO, TO €CTh CKOPOCThH IPH-
€MHHMKAa OTHOCHUTEJIbHO MCTOYHHKA, MCIIOJIB3YEMYIO B pacuérax (-
¢exra Jomnepa. Oco60 0TMETHM, YTO ITO HE HpupaujeHue CKOPOCTH
3emun, NpuEMHHUKa, a €€ abconomnoe 3HaYeHUE OTHOCHUTEIBHO HC-
TouHHUKa. [leificTBUTENBEHO, B MOMEHT "oTrnpaBku" (HOTOHA OT UCTOU-



HUKa WX HadaJlbHbIE CKOPOCTU PaBHBI, [IOATOMY UX MOKHO NPHUHSATH
paBHbIMM Hyn0. B MomeHT "BcTpeun" c 3emnéil obracme npo-
cmpancmea ¢ HOTOHOM, PUEMHUK UMEET OTMEUEHHYIO abconom-
HY10 CKOPOCTb OTHOCHUTEJILHO €€ MOJIOKEHUSI B MOMEHT U3JTy4YEHHUS.

Hcxons U3 3T0oro, Mbl IMEEM BCE OCHOBAHUS MPOU3BECTH pe-
TPOCIIEKTUBY BPEMEHM M HAMTH yCl106HOe HauyalbHOE IOJIOKEHHE
3eMJIi OTHOCHUTENBHO MCTOYHUKA, KaK 9K6UBANeHmM HAdyalbHOIO I0-
JIOKEHUs JBYOKYyIIelcs obnactu ¢ goronom. [l ymoberBa, ymod-
cTBa TpadMUecKoro M300pakeHHUs] HaXOAUM TOJIOXKEHHE 00JacTu B
MOMEHT Hauaja pacimupenust Becenennoit, To ectb, He 13, a 14 mup.
JIeT Ha3aj - #;. ITO JIOMYCTUMO, IOCKOJIBKY 00€ 3T TOUKH HaXOSATCs
Ha oJHOM rpaduke. Ternepp Mbl MOXKEM HalTH U CKOPOCTb 3€MJIM B
MOMEHT HauOOJbIIEro €€ yJaleHus OT UCTOYHHMKA, B HAIUW JHU —
Vc(14), B momeHT nonydenusi gorona. Emé pa3 ormMeruMm, 4to Ha
camMoM JieJie OT UCTOYHMKA YJaJsics "JOIIIEpOBCKUM NMpuéMHUK", a
He 3eMJIs1, KOTOpast B KOHILIE IPOCTO OKa3ajach B HY)KHOU TOUKE.

Emeé pa3 oTMeTHM: HECOMHEHHO, 3TU PacCYKIEHUS BBITJIAIAT
BECbMa CTPAHHO M CJIOYKHO, HO T€, KTO BEPYIOT B IIMPKOBYIO Maruio
CUHTYJISIpHOTO bosnpmioro B3pbiBa, B KOPIYCKYJISIPHO-BOJIHOBOW y-
QJIM3M U KBAaHTOBYIO CYINEPIO3UIHUIO C HEIOKAJIbHOCTHIO, UMEIOT BCE
OCHOBaHUs 100ABUTh B CBOE MUPOBO33PEHUE U 3Ty €UIE OJIHY KPOTO-
BYIO YEPBOTOUYHHY. YEPTOBOUHUHY...

Huazpammol 0na oelicmeumenvHbvlX UC OYHUKOB

Ucxons u3 3THX NaHHBIX, HabOa0O0aeMble TAarpaMmbl Xaooia
puc.11.3 u puc.11.5 takxke nmpuoOpeTyT MHON BUJ, BUJ, KOTOPBIH
COOTBETCTBYET JNEHCTBUTEIHLHBIM HCTOUYHUKAM (DOTOHOB — BHJ Mpsi-
MOJIMHEHHOU TeopeTndeckol quarpammbl Xad6ma R(v) Ha puc.11.3.

B sTOM citydae mosyuyaercs, 4To Aa)ke Ha OCHOBE Hab.1o0ae-
MbIX TIapaMETPOB CBEPXHOBBIX MBI Oy/A€T IOJIydyaTb OJHY U Ty ke
CBSI3KY CKOPOCTb-SIPKOCTh JIFOOOW CBEPXHOBOM, OJHY M Ty K€, Kak
JUIsL PABHOMEPHO paclIupsromencs BeeneHHoN, Tak U paclIupsiio-
LIEHCsl YCKOPEHHO WM 3aMEJIEHHO.

Kak BugHO Ha puc.11.8a0B, A CBEpXHOBOM, BCIBIXHYBILIEH
14, 10 unu 6 MapJ. JI€T Ha3aa Mbl IOJYy4aeM OJIHO U TO € 3HaUCHHE
napamerpa Xa0bma:
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bykBanpHO 3TO O3HA4aeT, 4TO MPU TAKOM IOAXOJE HUKAKHE
peasibHble HAOJIOJEHMSI HE MO3BOJISIIOT HAM ONPEAEIUTh MPEABICTO-
pur0 pacmupeHuss BceneHHOHM, Kak OHa pacHIMpsiach B IPOILIOM.
OpHaKko 3TH ke TOXKJECTBA Cpa3y ke MOJAHMMAIOT CEpPbE3HBIN BO-
npoc. OHM HHMKaK HE MPOSICHSIOT, MOYEMY JAJIbHHUE CBEPXHOBBHIE
BUJIHBI 0OJI€€ mMYCKIbIMU, YEM ITO CIENYET U3 CTaHJApTHOM JMHEH-
HOM aAuarpaMmMbl Xa007a, B TOM YHCIIE U U3 MOJTYYEHHBIX 3/I€Ch HO-
BBIX auarpamMm. Ha Kak10#l u3 HUX, JUIsl COOTBETCTBYIOIIErO 3HAaue-
HUS mapameTpa Xab0ia, TOUYKHA KaKJOro €IMHHYHOTO HAOIIOACHUS
HEn30€KHO JIOJDKHBI JIO)KUTHCS HA CTAHJAPTHYIO MPSMOJIMHEHHYIO
quarpaMMmy. HUKakol NMOHMKEHHOM SIPKOCTH IIPU 3TOM BO3HHMKHYTH
HE MOXeET.

OpHako acTpOHOMUYECKHE HAOIIOJIEHUS IOKa3bIBAIOT, 4YTO
JaJIbHUE CBEPXHOBBIE BCE-TaKU MeHee spkue. [ oObsacHeHus 3Tol
ITOHMKEHHOM SIPKOCTH MOYKHO CJlIeJaTh AOCTAaTOYHO Pa3yMHOE IIpel-
noJioykeHue. B mporecce IBMKEHUS MOTOKA (POTOHOB MPOCTPAHCTBO
UCHBITBIBAET IOMHUMO 7PO00NbHO20 PACIIUPEHUS TAKKE U nonepeu-
Hoe. COBEPILIEHHO OYEBMJIHO, YTO Y/UIMHSAETCS HE TOJBKO BOJIHA W3-
JIy4EHHUsl, HO W PACCTOSIHUE MEXKIy COCEAHMMH BOJIHAMHM B ITy4Ke
CBETA.

Kaxk u3BecTHO, yrioBoe paclimpeHue CBETOBOIO MOTOKA I103-
BOJISIET ONPEACIIUTH YIAJEHHOCTh UCTOYHUKA CBETA. J[€MCTBUTENBHO,
0 peajbHOM yNan€HHOCTH OOBEKTA, CTAHJAPTHON CBEYM MBI CyIUM
110 €€ SPKOCTH, KOTOpasi B HEMOABM>KHOM IPOCTPAHCTBE YMEHBIIACT-
cs1 0OpaTHO MPOTIOPIMOHAIBHO KBa/IpaTy pacCTOSIHUS.

B HenoJaBM)XHOM TMPOCTPAHCTBE OTHOIIEHHUE IJIomanei ¢o-
TOHHBIX MOTOKOB MPSMO IMPONOPLHUOHAIBHO KBaJpaTaM UX yHOaJ€H-
HocTed. Ho B pacmmpsromeMcs NPOCTPAHCTBE 3Ta KBaJApaTHUYHAs
MIPONOPLMUs HAPYIIAETCs, MOCKOJbKY IUIOLIAJb CEYEHMS IIOTOKA B
IIPOLIECCE YAAJIEHUsS YBEIMYMUBACTCS 3a CUET PACIIMPEHUS POCTPaH-
cTBa. SIpKOCTb ke 00paTHO MPOTIOPIMOHATIBHA TIOIAIN TOTOKA, MO-
ATOMY B PACHIMPSIONIEMCsl IPOCTPAHCTBE MCTOYHHUK BUJECH TeM 00-
Jlee TYCKJIBIM II0 CPaBHEHMIO C KBAJPaTU4YHOW 3aBUCUMOCTBIO, YEM
JAJIbIIIE OH HAXOIUTCH.

JlomycTiM, MBI HAOJIOAaeM TOJBKO OJIUH (OTOH, KOTOPBIi
HUKAKOTO MOTIEPEUHOT0 XabOIOBCKOTrO pacuIupeHust He umeet. Tpa-
EKTOPHIO Takoro (poToHa MOXHO MPEJCTaBUTh KaK OYCHb JUTMHHBIN
MIY4OK MPMKATBIX APYT K APYry CTPYH, Tpoc. VX TonmuHa ogHa u Ta



kK€, KaK B HMCXOJHOW, TaK M B KOHEUHOH Toukax. Omnpenenutsb sp-
KOCTh MCTOYHHKA IO OJIHOMY €IMHCTBEHHOMY (DOTOHY, HJIU TIO 3TO-
My ITy4Ky "(OTOHHBIX CTPYH", TPOCY MBI HE CMOYKEM.

Ho ecnm Tpoc pacrmuectd, eciv HPUHATH IyYOK CTPYH-
($oTOHOB pa30eraruMcsi B CTOPOHBI, TO B HAIl TEJIECKOI MOMaIyT
TE€M MEHbIIe (JOTOHOB, CTPYH WJIM HUTEH Tpoca, YeM Jajiblie OT Hac
ux Havano. W 37ech yke BaKHO, 1O KAaKOMY 3aKOHY 3TH (DOTOHBI
YAAISAIOTCS OT OCEBOM JIMHHHU, KaK PE3KO pasIeTaloTCsl B CTOPOHBI
CTpyHBI Tpoca. Ecnu Tpaekropuu (GOTOHOB M HATSHYTHIE CTPYHBI
pacxoaarcs, OCTaBasiCh MPSIMOJMHEHHBIMU, HATSHYTBIMHU, TO IUIOT-
HOCTb MPHUHSITOrO MOTOKa OyneT oaHa, oOpaTHO KBaapartnyHas. Ho
€CIIM 110 Mepe yJaJIeHUsl pacTaJIKuBaThb UX B Pa3Hble CTOPOHBI MpHU-
HYJUTEIBHO U OYEHb CUJIBHO, TO IUNIOTHOCTh MPUHUMAEMOT0 MOTOKA
OyZeT cymecTBeHHO HIke. To ecTh, TOMUMO OOBIYHOTO YTIIOBOTO
paciiupeHuss (POTOHHOTO MOTOKa TpeOyeTcss YUUThIBaTh U €ro IMpH-
HYIUTENbHOE Xab0JIOBCKOE paclIupeHue.

MOKHO 3Ty KapTUHY ONMCaTh U B BUJIE TPAAULMOHHOMN pa3-
nyBatomieics cgepbl. B MOMEHT BCIIBIIIIKYA CBEPXHOBOM OT HEE HAUU-
HaeT ynamiatbes (GoToHHas cdepa M3HAYaNBHOTO AuaMerpa. IlycTs
310 OyneT ycinoBHbBIN 1 MeTp. Dta dhoToHHAs chepa BOTU3U CBEPXHO-
BOM IOJIHOCTHIO NOMNAAET B HAIll TEJIECKON C JUAaMETPOM BXOJHOM
TpyObI Toke 1 MeTp. To ecTh BOIM3M OT CBEPXHOBOM MBI YBUIAUM BCE
3TH (POTOHBI OJTHOCTHIO, MOJYYHB MAKCUMAIbHYIO SPKOCTh CUTHAJIA.
Ecnu xe Teneckon HaxoAMTCA Ha yJaajlleHuu, ckaxxem 100 meTpoB oT
TOYKH B3pBIBA, TO POTOHHAS cepa YBEIUUUTCS B AUAMETPE B COOT-
BETCTBUU C XapaKTepOM paciiupeHus npocrpancTBa. CienoBarenb-
HO, BO BXOJHYIO TpyOy HalIero TejecKona MOMaJET YK€ MEHbIIee
KOJIM4ecTBO (POTOHOB M3 3TOH cdeprl. M 3TuX PoTOHOB OyAeT Tem
MEHbUIE, YeM JaJblIe TEJIECKON HAXOAMTCA OT TOYKU BCIBILKH U
yeM ObicTpee cdepa pa3ayBaercs.

Jlerko moragartbcsi, uto auamerp (OTOHHOU cepbl OynmeT
YBEJIMYUBATLCSA CTPOrO IO 3aKOHY PaCIIMPEHMs] MPOCTPAHCTBA, TO
ecTh Oyner uMmerh, Hanpumep, 3HaueHue R(t) puc.11.9. Ho mb1 Ha
quarpaMMmax Ioka3blBaeM HMMEHHO 3HadeHue R(t), a He muomanp
NPUHATOW 4YacTh (HOTOHHOHM Cdepbl, KOTOpas MMeeT 3HaueHHUE n’,
I7Ie r — AMaMeTp BXOJHON TpyObl Teneckomna. B mpeapraymmx pac-
CYXJEHUAX 3TO OOCTOSITENBLCTBO MbI HE yuuThIBaIH. C ydéTroM xKe
3TOTO (paKTopa BBIBOJ O HEBO3MOKHOCTH HAOJIOJIEHUS CKOPOCTH



pacipeHusl Wiu HaONIOJCHNUS YCKOPEHUSs, CIIENIaHHBIEC BBIIIE, BbI-
TISIST TEHeph yKe HEe TAaKUM YOeTUTEIbHBIMHU, UX CIIEAYET CePbE3HO
MIEPECMOTPETb.

JIeiCTBUTENBHO, B CiTydae yuéTa MOMepeyHoro XxaboI0BCKOTro
pacupeHusi IpOCTPAHCTBA, AaXKe TPU JUHEUHOM 3aKOHE pacIIupe-
Hust Hp = const nanbHuEe CBEpXHOBBIE OYyAyT BUAHBI OOJiee TYCKIIBI-
MU, YTO NMPHUBEAET K UCKPUBICHHUIO JaXKe MPSIMOJIMHEHHON Iuarpam-
MbI Xa00i1a, 4To 1a)ke B 3TOM CITy4ae MOXKET TPAKTOBAThCS KaK KOC-
MOJIOTHUECKOE YCKOPEHHUE.

Bonee Toro, He3aBUCUMO OT XapakTepa pacmupenus: Beenen-
HO: paBHOMEPHOTO, YCKOPEHHOTO WJIH 3aMeIJICHHOTO, TOJy4eHHbIE
B TIOCJICIHUX BBIKJIAJIKax quarpamMmbl Xadoma R(v) cpasy ke npuoo-
peTaloT BHJ, OTIUYHBIA OT NPSIMOJMHEHHOTO, OHM HCKPUBIISIOTCS
KBEpXY.

Kak cnenctBue, Takoe OTIMYME peabHO HaONII0aeMOM KpH-
BOJIMHEHHOM ¢ M3ruboM BBepx nuarpammbl Xa06ma R(v) ot knaccu-
YEeCKOU npsAMonuHeliHol He MOXKET CUUTAThCSl OJJHO3SHAUHBIM CBHJIE-
TEIbCTBOM YcKopenHozo paciiupenust Beenennoit. To, yto Habmro-
naemast auarpamMma Xao6ma R(v) uszrubaercst BBEpX OT IpSIMOJIMHEN-
HOM TEOPETHUYECKON TarpaMMBbl, MOKET OBITh CIEICTBUEM HONepeuy-
HO20 XaOOJOBCKOTO PACIIMPEHHs CBETOBOIO TOTOKA MO Mepe ero
yIaJeHusi OT UCTOYHUKA.

MOHO MPEATONIOKUTh, YTO TIPU 3aMEJIEHHOM PacIIuPEHUN
MPOCTPAHCTBA 3Ta TEHIACHIMSA TarKke OyneT HaOMoJaTbes, HO B
MeHbInel crenenu. To ecTs, OyKBaJIbHO, HAOMIOAaeMas quarpaMmma
Xabbna st 3amedrenno pacmupsionieiics BceeneHHoW OyaeT BbI-
TIISETh TaK, OyATO OHA PACIIUPSIETCS YCKOPEHHO.

NHaue roBops, 110 CpaBHEHUIO cO BceeneHHOM ¢ mapaMmeTpoM
Hy Bce cBepxHOBBIE OyayT BHIHBI MEHee SpPKUMH. BepositHo, mpu
ATOM JIAJIbHSAS CBEPXHOBAs B YCKOpEHHOU BcenenHol Oyner BuaHa
0oJiee TYCKIIOH, 4eM B paBHOMEPHOW W 3amemieHHOW. OIHAKO MBI
UMEEeM TOJBKO OJWH pealbHBbIi HAaObOp M3MEpEeHHi, CPAaBHUTh KOTO-
pBIi HE ¢ YeM, BCIIEACTBUE Yero OCTa&TCs JIMIIb OJIMH ONPEAeTIEHHBIH
BBIBO/I: HE3aBUCHMO OT XapakTepa paciiipenus BeenenHoil nanpHue
CBEPXHOBBIC BUIHBI 00Jiee TYCKJIBIMH, YEM B MPOCTPAHCTBE, OTIHCHI-
BAaEMOM TMPSIMOJIMHEHHOW nuarpammoit Xa0b6ma. JItoOble Habmrome-
HUS JIOJDKHBI TIOKa3aTh YCKOPEHHOE pacIIMpeHHe, OTKIOHEHHE Tua-
rpaMMbl Xa06sa R(v) BBEpX OT TeOpeTHUECKOH, MPAMOIUHEHHOM.



Bwmecte ¢ TeM B 3TOM ciiydae OTKPBITBIM OCTA€TCA €€ OJIUH
BOTIPOC: TIOYEMY C8epXOabHue CBEPXHOBBIE UMEIOT, HA00OPOT, TeH-
JCHIUIO K YBEJIWYCHUIO IPKOCTH. BO3MOXKHasI MpHUMHA — XapakTep
pacmpeHusi BceneHHON B 3TOT c8epxoanvHuti IEPUONL pe3Ko, UH-
GaayuoHHO YCKOPEHHBIMH.

UToOBl HEMHOTO MPOSICHUTH 3TH CTPAHHOCTH, IMOMPOOyeM
OTIPENICNIUTh CTETEHb BIMSHUS Ha JUarpaMMbl TONEPEYHOTO Xabo-

JIOBCKOI'O paClIupCHUA IMMPOCTPAHCTBA.
20 R, mapo. ce. nem; 10v/c

Ra(t
18  Bo Bceenennoii ¢ yckopennvim napamempom Xabona Ha (spesxa) 3a 14 mnpo. nem )
npocmpancmeo pacuwupunocs ¢ 10 0o 16 mapo. cs. nem, mo ecmo, 6 1,6 pasa.
Dmo 3nayum, ymo camas OaNbHsIsL C8EPXHOBAsL OONNCHBL OblMb 8UOHA Dolee
yoanéunot, mo ecmv, bneduee, a umenno — 6 1,6 paza. To ecmv, camas
0aNbHAs CBEPXHOBASA OONHCHA HAXOOUMbCA He 8 mouke R14, suoumoti
14 yoanéuHocmu, a vluie, 8 KOHeUHOU moyke epaguxa Ra(t),
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Puc.11.10. Aranutndecku-rpadudeckoe MpeACTaBICHNUE CBA3H yaa-
JIEHHOCTHU U SAPKOCTU CBCTAIICTOCA 00BEKTA B Pa3HBIX Bcemennanix

O6parumcs x puc.11.10, Ha KOoTOpOM mpencTaBiieH rpadux
YCKOPEHHOTO pacmmpenus. 3a 14 mapn. et ¢parMeHT MpocTpaH-
ctBa pactupuics ¢ 10 1o 16 mipa. cB. JeT, To ecth, B 1,6 paza. 1o
3HAYMT, YTO camasi JajJbHsIsI CBEPXHOBAs JOJDKHBI OBITH BUIHA OoJee
yIan€HHoM, TO ecTh, OneHee, a UMeHHO — B 1,6 paza. To ectbh, camas
JallbHSAS CBEPXHOBAsl HA PUCYHKE JIOJKHA HAaXOJUTHCS HE B KOHEU-
HOM TOYKe MTPUXOBOTO Tpaduka Rjs, a BbIIE, B KOHEYHOH TOUKE
rpacduka Ra(t), To ects B 1,6 pa3a gamnsbiie.

HanpoTus, OimxHsIsI CBEpXHOBAs I0JDKHA TOYHO COBIIAAATH C
KOHEYHOW TOYKOW MITPHXOBOTro Tpaduka. Bumumo, xospuimeHt
YMHOEHHS MOXXHO BBISIBUTH U3 BHIPAKEHUSI:



v
k="%xR,=Ra(14)
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k=-xR,, =Rd14)
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31ech, 1o(t) ¥ 114 — YIAJIEHHOCTb OT CBEPXHOBOM B MOMEHT BCIIBIIIIKH
t ¥ B MOMEHT HaOJIOIEHHsI BCTIBIIIKY B HAIIM JTHH, a R4 — Kaxkymias-
csi HaOmromaeMasi ylajd€HHOCTh CBEPXHOBOM, BCIIBIXHYBIIEH B MO-
MeHT t. [To cyTH, 3TOT KO3(DDUIMEHT U ABISETCS OeUCmEUMenbHOU
ynanéHHocteio Ri(t) = Ra(t). [IpoBepum 1o pucyHKy ypaBHEHUS Ha

OCMBICJIEHHOCTb. /{7151 TanbHEel CBEpXHOBOMA:
=2 R(O)=k=TExr =19, 12-193%
7 0

Jnst 6mvokaiiiieit CBepXHOBON HAXOTHM:

t=13 Rk(t)=ﬁle4=16—’5x1z1,03
A 16,0
W, nakoHer, 11 caMoii TaabHEH:
7, 16,5
t=0 R (t)=—"xR,=——x14=23]
A 10

[lonyuaercsi, 4To camasl JaJbHSSI CBEpXHOBas BHUJHA Ha
OoJbIIIEM yHAJICHUH, YeM JaXKe OHa HaXOAMUTCS Ha camoM jnene. Pac-
CMOTpPEB CBEPXHOBBIE ¢ HAYAJIbHOU ynan€¢HHOCThIO 10, HO B MOMEHT
BCIIBIIIKM HAaXOJSIINECS Ha Pa3HbIX YAAIEHHOCTAX OT 3€MJIH, MOJIY-
yaeM JUIsl HUX OPUEHTHPOBOYHO, "Ha IJ1a30K" clenyromuid rpadukx
3HAYeHUH JEHCTBUTEIBHON, peaJbHO HAOII0JaeMOi yIal€HHOCTH:

24 R, mapo. ce. nem npownoe

I'paduk 3HaYEeHHH IEWCTBUTENBHOM, peanbHo HabIonaeMoH yIaI6HHOCTH
20 Ra(t) camoii manpHel cBEpXHOBOH, HAXOUBIIIEHCS B MOMEHT BCIIBIIITKH
Ha Pa3sHBIX yIAIEHHOCTAX OT 3eMitit. CBEpXHOBAsI, BCIIBIXHYBIIAsI
16 8 mupx. net Hazan: Ra(8) — Habmromaemast JanbHOCTS,
Rco(8) — myTh, npoiineHHbIH HOTOHAMH.

Ra(y

Rco(14)
—
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! T, mapo. nem
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Puc.11.11. I'paduk peanbHO# ynan€HHOCTH CBEPXHOBOU C yUETOM

BPCMCHHU B ITYTHU CBE€TA OT BCIBLIIIKHN

cez00nn




Uem nansiie B MPOIUIOM IPOU30ILIA BCIBIIMIKA CBEPXHOBOU
(BIpaBo, BpeMsl BCIIBILIKK OT HAIIUX JIHEN), TeM OHa OieaHee. ITOT
rpaduK mocrpoeH Ha ocHoBe rpadukoB puc.11.10. U3 ucnons3zoBan-
HOTO /1715l IOCTPOEHUI BI)Ipa)KeHI/ISII

Ra(t) = ( : —x Rco(t)

MOJKHO OTIPENICNIUTh U BEIWYHHY K0od(duiimenTa yMHOKEHUS, KO-
(duIeHTa MmonepeyHoro xab0JIOBCKOTO PaCTSKEHHUS TPOCTPAHCTBA:

Ra(t) = i )cho(t) kpx Rco(t)

MakcuManabHO BO3MOXKHOE 3HAYeHHE KOX(PQHIIMEHTa, SBIIS-
foerocss KodpQureHToM yBenuueHus: yOaNI€HHOCTH kg = 114/t B
3aBUCHMOCTH OT I U 14 YIOOHO ONpeAeNTuTh 1Mo pucynkam puc.11.9
u puc.11.10.

3aMedaeM, 4YTO MaKCHMaJIbHOE 3HAaYEHUE ATOTO KO PHUIHEH-
Ta 3aBHCHUT TOJBKO OT mapamerpa Xab6ma. Koahdunuent n3menser-
cs oT 1 (B HaWIM JHHW) IO MAKCMMAJIBHOTO 3HAa4YeHUs (B MPOLLIOM,
14 mupa. ner nHazam). s pasHeix mapameTpoB Xab0ia, paccMmoT-
PEHHBIX B HAIIUX BBIYHCICHUAX, KOOPPHUIMEHTH Kr UMEIOT MaKCH-
MaJIbHbIE 3HAYECHUSI:

H(t) Kr=r14/19
Hda 2.309
Ho 2,718
Hd 4,480
Ha 1.666

JInsi CBepXHOBBIX, BCIBIXHYBIIUX B 0OoJjiee IMO3HEE BpeMs,
3TOT KOA((ULUEHT yMeHbuiaemcs 10 €AUHULIBI B COOTBETCTBUU C
3aKOHOM HM3MEHEHHs napameTpa XadOma. OOHapyXUBaeM HMHTEpeC-
HYI0 3aKOHOMEpHOCTh. CHIIbHEE BCEro CBET JAIbHUX CBEPXHOBBIX
ocnabinsercss B0 BceneHHOMU, pacmmpsitoneiicss 3aMeJiecHHO, a clia-
Oee Bcero — B yCKopsrotelicst BeeeHHOM.

[Tapamerpst H(t) mpencraBiiens! y Hac rpaduuecku U aHAIH-
TUYECKH, TI0ITOMY Mbl MOKEM BBIYUCIUTH MAaKCUMAJIbHbIE 3HAUEHUS
kr 15t Ho, Hd m Ha Taxxke u MHTErpupoBaHHEM COOTBETCTBYIOIIMX
¢bynkuuit. Hanmpumep, s Hd:
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OxugaeM, 4To OOHApYKEHHOE COOTHOIIeHHE Kod(duumeH-
TOB MPUBEAET K MHTEPECHBIM CIIEACTBUSAM. [IJIs CIEAYIOMNX TOCTPO-
€HMI1 HCcrosb3yeM NapaMmeTpsl Xa00ia, mpeacTaBIeHHbIE Ha BPE3KE K
CIIEYIONIEMY PUCYHKY. VICTIONB3ysl X, CTPOUM JrarpamMmbl Xa0oima,
yuuThiBatore kodddunuent kg s momepedHoro xabOI0BCKOTO
pacuImpeHusi CBETOBOTO TIOTOKA:

R, mapo. ce. nem

Huazpammur Xabbna u coomeemcmayowue um 3asucumble Om 8pemeHu
napamempwl Xab6na. Hnoexcul: a — yckopenue (accelerate); d — sameonenue,
(decelerate). Kax 8uono no ouazpammam, moibko npu yCKOPEeHHO-
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3ameodnennom pacuiupenuu Beenennoti Had danvhue ceepxnosvle 6u0Hbl
bonee mycKkiviMuy, a ceepxoanvhue — 6onee APKUMU, YeM NPpu
CmMandapmuom pacuupenuy Beenennoi ¢ HeusmMeHHbiM
napamempom Xab6na H,.
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Puc.11.12. HaGmomaemplie muarpaMMbl Xab0ma ¢ yaéToM BpEMEHHU B
MyTH CBETA OT BCIBIIIKH CBEPXHOBOM
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B nepByto ouepenp Ha pUCYHKE HAc MHTEpPECYET MapameTp
Xab0ma Hda, coorBercTByIOmMK MPUHATONH MOJIETH pPACIIUPEHUS
Bcenennoii — 3ameieHHo, 3ateM yckopeHHO. [Ipu ero ¢yHKImo-
HaJIbHOM MPOEKTUPOBAHUU MbI UCXOWIN U3 JJOCTATOUYHO Pa3yMHOTO
MIPENITOJIOKEHNS, YTO B HAYAJIbHBI MOMEHT BPEMEHH 3TOT IapaMeTp
OBbLI paBeH HYJIIO, OCJIE YETO OH PE3KO YBEIUUMIICS 10 CBOETO Mak-
CHUMAaJbHOIO 3HAYEHMs, YCIOBHO uepe3 | miupxa. ner. Jlanee oH
YMEHbIIANICS 10 MOMEHTa BpeMeHHM t= & MIIpA. JIeT, MOCIe 4Yero
HayaJl pacTy BIUIOTh JI0 HAIIUX JHEH. MakcuManbHOE U MUHUMAJIb-
HO€ 3Ha4CHUE M1apaMeTpa — YCIOBHBIE.

OOHapyxuBaeMm, 4TO, JEHCTBUTENHFHO, pE3yJibTaT OKa3aJcs,
no MeHbIIed mepe, crpanHeiM. C TakuMm mapamerpom Hda Mbr He
CMOTJIM TOJYYUTh AMarpamMmy XaO0ia, COOTBETCTBYIOIIYIO YCKO-



penHomy pacmupenuto. Ha puc.11.12 Buaum, 4to ¢ mapameTpom
Hda nanbHue cBepXHOBBIE BUIHBI 0ojiee SIPKUMH, a CBEpXJAIbHUE,
HaoOopoT, MeHee sipkue. Cam mapamerp Hda onpenenénno cooTert-
CTBYET 3aMEJUIEHHO - YCKOPEHHO paciupsomeiicss BeemeHHoil, HO
MPOU3BOJIHASL OT HEro AuarpaMmma Xa00ya sSBHO JEMOHCTPUPYET 3a-
MEJJICHHOE pAaCUIMpEHUe, €ClIM HCIOJb30BaTh MOJENb '"MalbHUN —
TyckibIi". ByKBaJIbHO 3TO O3HAYaeT, YTO Takas MOJIENb HE SIBJISIETCA
[I0Ka3aTeJIeM YCKOPEHHOTO PACIIMPEHUSI.

Ho, Bo3moxHO, npyras ¢opma mapamerpa Hda moarBepaut
3Ty MoJzienb? DToT mapamerp Xab06a Mbl CIPOSKTHPOBAIIM TapaMeT-
PHYECKUM, TO €CTh, €r0 (JOPMY MBI MOXKEM JIETKO U3MEHHUTh, MEHSS
ero 4 HaCTPOEUHBIX MapaMeTpa: MUK U €ro BpeMsi © MUHUMYM H €ro
Bpems. IIpocThiM mOa00pOM ATHX MapaMEeTpOB, HAyraJ IBITAEMCS
MOJIYYUTh TAKYI0 €ro 3aBHCHUMOCTb OT BPEMEHH, YTOOBbI XapakrTep
Hda w3MeHmsics Ha NPOTHBOMNONOXKHBIMA, Ha  YCKOPEHHO -
3aMeieHHbIN napamerp Had, mpuBosmuii kK ©3BECTHOM aAMarpam-
Me Xa00ma, Koraa JqaqbHUe CBEPXHOBBIE BBITIIAIAT 00Jiee TYCKIIBIMH,
a cBepxaajbHHE — OoJiee IPKUMH, YeM ¢ mapameTpom Xaboma Hy.

Takas KOpPpeKTHpPOBKa NpPOIUIA YCIEUIHO M Mbl IMOJYYUIH
TpeOyembIii nHBepcHBI napamerp Hda. Ctpoum quarpammy Xab6ma
Ha €ro OCHOBE M OOHApYy)KMBAeM, UYTO C TAKOW 3aBUCHUMOCTBIO MBI
MIOJIy4a€M M3BECTHOE COOTHOLIEHHE: JallbHUE CBEPXHOBBIE TENEPb
BUJIHBI O0Jiee TYCKIIBIMH, a CBEpXJajbHUE, HAIPOTUB, CO BPEMEHEM

3aMeJUISIIOT CKOPOCTh CBOEro pasoderanusi, puc.11.13.
40 R, mapo. ce. nem
Tonvko npu yckopenHo-3ameonentom pacuupenuu Beenennoti Had danvrue
35 ceepxnosvie 6uonbL Gontee mycKIbIMU, a4 CBEPXOATbHUE — GONee APKUMLL, UeM
30 PU CMAHOApMHOM pacuiuperuu Beenennou ¢ HeusmenHvim
napamempom Xabona H.
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Puc.11.13. Tonpko mpu yCKOPEHHO-3aMEIJIEHHOM pacIIupe-
HuM Bcenennoit ¢ mapamerpom Had nanbHue CBEpXHOBBIE BHIHBI

0oJiee TYCKIIBIMH, a CBepXIajibHIE — 00Jiee SPKUMH



[Tanenune napamerpa Had mpoucxonuT mo BBITYKIIOH mapabo-
JIe, YTO IPUBOJUT K €r0 pe3komy YMEHbIIEHUIO B Hamu qHu. [Ipen-
noJlaraeM, 4to 0oJiee eCTECTBEHHBIM ObLIO OBl €ro IMajieHne 10 KC-
MoHeHTe wiu runepoOosie. Ham perymupyemsrit mapamerp Hda ~ Had
HE MO03BOJISIET CKOPPEKTUPOBATh ATOT YYaCTOK, MOCKOJIbKY OH (DyHK-
UOHAIBHO 33/IaH MapaboJIon.

Jlnst mpocToThl chopmupyeM 3TOT nmapamerp Had u3 mpsimo-
JIMHEUHBIX OTpe3KoB, BhIOpaB 14 muTepBanoB. Takoil cocod ¢op-
MUPOBAHUs MapaMeTpa MO3BOJISIET MOIOTHATH €ro (opMy MO JIF000H
BHUJ JIuarpamMmbl Xa06na. B pesynbrare ynanoch MOJyddTh Jaua-
rpaMMy, COOTBETCTBYIOIIYIO YTBEPKACHUIO 00 YCKOPEHHOM PaCIIu-
peHun BceeneHHoil: Tyckible 1aibHUE CBEPXHOBBIE U 0oJiee spKUe —
cBepxaanpbHue. OHAKO M B 3TOT pa3 Mbl OOHApyKHMBAaeM, 4TO CaM
napamerp Xa00jia COOTBETCTBYET IMPOTHUBOMOJIOKHOMY XapaKTepy
pacuupenuss BceneHHoM — 3aMeieHHOMY. BceneHHas cHadana
paciupsieTcsi yCKOpeHHO, 3aTeéM 3aMEJUIEHHO. byKBalbHO 3TO O3Ha-
YaeT, YTO B HAIIM JTHU COTJIACHO HAOIIOACHUSM 3a TYCKIBIMH CBEpPX-
HOBBIMH MBI MIOJIy4a€M 3aMEJIJIEHHOE pacliupeHne BeeneHHoi.

40 R, mapo. ce. nem

Ilapamempuor Xab6na, 3agucumvle om épemeHu (8pe3Ka) u coomeemcmeyouue um
Juazpammel Xabona. Tonvko napamemp Xab6na Had 3amednennou Beenennoil
30 npusooum Kk ouazpamme, Ha KOmMopo OalbHUe CGePXHOBbIE BUOHbL Oolee
MYCKIbIMU, a c8epXOanbHue — boee APKUMU, YeM NPU NOCMOAHHOU
Xabona H,. Rad
20 [015

Ro
35

25

T, sapo. xem

4 6 8 10 12 14

v/c
0,0 0,1 0,2 03 04 0,5 0,6 0,7 0,8 0,9 1,0

Puc.11.14. Ilpu yckopeHHO-3aMeIJIEHHOM paciiupeHuHu BceneHHoN
¢ mapamerpoM Had nanbHue cBEpXHOBBIE BUIHBI O0JI€€ TYCKIBIMH, &
cBepxJanbHue — Oonee spkumu. [lapameTp mpejacraBieH B BHIE JIO-
MaHOH JIMHUHU

JUig cupaBKU M HAIISLIHOCTH MIPUBOJIUM TOJHBIA Habop rpa-
(UKOB IBMKEHHS CaMO¥ NalbHEH CBEpXHOBOW B Takoi BceneHHOM,
KOTOPBIA UMEET BUJL:
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24 - [Tonnwiti Habop epaduros OgudiCceHUs CAMOU —i
OanvHell c8epxHosoll 60 Beenennoti ¢
napamempom Had (spesxa, nomanas nunus,).
20 +Omo Bcenennas, pacuupaeuiascs cHa4ana
VCKOPEHHO, 3amem 3amMe0NeHHO.
B npunamoii mepmunonozuu — smo /
16 - Bcenennas, pacuupaowasics 7
3AMEONEHHO. !
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Puc.11.15. I'paduku nBmKeHUS caMoOil AajdbHEW BUIAMMOW CBEPXHO-
BOH B 3aMeieHHOM BeenenHoii ¢ mapamerpom Had

OmnpenenéHHbIM HEIOCTATKOM TaKOTI'0 IOCTPOEHHUS MTapaMeTpa
Xabbma sSBISETCS €ro CTAaTHYHOCTh. VI3MEHHUTH UTO-THOO0 B HEM He-
MIPOCTO — HY)KHO MEHSTHh BCE €r0 TOUKH, MPUIEM COOIIOIast pe3yiib-
THPYIOIIYIO IUIABHOCTh JJOMaHOM KpuBOW. KpoMe TOro ero jomaHsblit
BUJl U OCTPBHIN MUK BBI3BIBAIOT HEKOTOPOE HEIOBEPUE, CMOKEM JIH
MBI TIOJYYUTh TIOXOXKHH Pe3yabTaT MpH APYrUX, TIaJIKUX IKCTPEMY-
Max. [Io3TOMy MpPOEKTUPYEM TaKOM k€ BUJ MapaMeTpa, COCTOSIINI
U3 TJIIKUX KPUBBIX.

B pesynabTare MBI MOJIy4MJIM NAapaMETPUUYECKYIO KPUBYIO C
M3MEHSEMBIMU KOOpPJMHATAMHU IMWKa M KPUBU3HOW pOCTa - criaja.
KpuBast chopmupoBana u3 Tpé€x ¢ynkumii. HavanpHbIH ydacTok —
napaboya nepeMeHHou crerneHu n = 1,5...5; cpeaHmii y4yacTok — Ie-
peBEépHyTast KBajJpaTUyHas mapadojia; TpeTuil — rumepbosa mepe-
MEHHOH crernenu n = 2...12.

[lepebupasi perynupoBouHbIe KOA(DGUIHEHTH, (OpMHpYEM
TpeOyembiii mapameTp Xab66ma Hda — Bkmaaka x puc.11.16, makcu-
MaJIbHO COOTBETCTBYIOIIUN MOJENH TYCKIIBIX JAIBHUX CBEPXHOBBIX,
u OoJee IPKUX — CBepXIaTbHUX.
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35 Ilapamempur Xabbna, 3asucumvle om spemenu (8pe3ka) u ouazpammol
Xab6na, coomeemcmayrowue um. Tonvko napamemp Xabona Had
3amednennoti Becenennoii npugodum k ouaspamme, Ha KOMopou
25 QanvHue ceepxHOBbLE GUOHBL DONIee MYCKILIMU, d
20  c8epxoanvhue — bonee APKUMU, Yem npu
nocmosnnou Xabona Hy.

Had

7, wapo. rem
0 2 4 6 8 10 12 14
v/c

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
Puc.11.16. Ilpu yckopeHHO-3aMeIJIEHHOM paciiupeHuHu BceneHHoM
¢ mapamerpoM Had nanbHue cBEpXHOBBIE BUIHBI O0JI€€ TYCKIBIMH, &
cBepxaaibHue — Oonee sipkumu. [lapamerp mpencraBieH B Buie
IJIAIKOW KPUBOU

0,00

Kak Buaum Ha pucyHke, mapamerp Xa066ma Had cootBet-
CTBYET 3ameOneHHO pacuiupsitomieiics BceneHHoil, HO auarpamma
Xab0ima, cormacHO MOJENH "TYCKIbIN — JajdbHUHA" SBHO TPaKTyeTcs
KaK yCKOpeHHO paciupsitorascsi BceneHHas. DT0 HECOOTBETCTBHUE
BHOBb I'OBOPUT O TOM, YTO INMOHMKCHHAA SAPKOCTH JAJIbBHHUX CBCPXHO-
BBIX HE MOXKET CIIY’)KUTh OCHOBAHUEM JIJIsl 3aKJIFOUCHHS 00 yCKOpeH-

HOM pacluMpeHun BceneHHOoM.
26 R, mapo. ce. 1em i l

I
24 [lonnwlii HAbOOP 2paghuxoe 08Ul CEHUSL CAMOU OANbHEl
22 cgepxHOB0IU 60 Beenennoil ¢ napamempom Had —
20 YCKOpeHHO-3amedNeHHas Beenennas unu 6
18 MpuHamoi mepmunonoeuu — Beenennas,
PACUUPAIOWASICSL 3AMEDTEHHO.
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Puc.11.17. I'paduku aBr>KEeHUS caMOii JajbHEW BUAUMOM CBEPXHO-
BOH B 3aMeieHHOM Beenennoii ¢ mapamerpom Had B Bujie Titaakoit
KpHUBOMU

OTOT pUCYHOK 0€3 KOMMEHTApUEB MBI TPUBOJUM TAKKE IS
CIIPAaBKH U HATJISHOCTH: MOJIHBII HA00p TpaduKOB BYKEHHS CaMOit
nanbHel HaOoJaeMoil CBEpXHOBOM Bo BceemeHHo# co chopmupo-
BaHHBIM NapameTpom Xa06ma Had.

11.4. CnopHble BbIBO/IbI 00 YCKOPEHHOM pacIIMpeHHH

[Tockonbky mapamerp Xab6sa Hd Taxke nmeer HacTpoeUHBIC
BEJIMYUHBI IS TMKa 1 MUHUMYMa, MBI TIPO/IENAJIN TaKylO *kKe MpoIie-
nypy noabopa u ¢ HUM. Oka3ajaoch, YTO €ro PeryJupoBKON HAayraj
MOXHO TIOJIYYUTh BUJ AuarpaMMmbl Xa00iia, TOBOJBHO OJIM3KO MPHU-
OMKaIONIMCs K BUAY JHAarpaMMbl YCKOPEHHOTO pacuiupeHust Bee-
neHHoH, puc.11.18. OtmeruM, yTO NpaBUiIbHEE OBLIO OBl MapameTp

Xab0ua B 3TOM cimyyae uMeHoBaTh Hada.

4R, mapo. ce. nem

35 Iloobopom nayeao napamempa Hda yoanocey nonyuums éuo ouazpammol -
Xab6na, cxoocuti ¢ duazpammoil 01ist YCKOPEHHO20 pacuiuperus Beenennotl.

30 Cnabvim mecmom amoii duazpammel AGIAEMCs Y4ACMOK OTUHCHUX
c8epxHO8bIX. Xoms u c1abo, HO MOJICHO 3AMEMUMb UX HEKOMOPYIO 2

25 NOBBIUEHHYIO APKOCHIb RO OMHOUIEHUI0 K CIAHOAPMHOL Z
Juazpamme Xabbna ¢ napamempom Hy. 2~ Ro

20

15

10

5

0
0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

Puc.11.18. Ilpu 3amenneHHO-yCKOpEHHOM paciiupenun Bee-
JIeHHoi ¢ mapamerpom Had nambHue cBepXHOBBIE BUIHBI OoJjee
TYCKJIBIMH, & CBEpXJAaJIbHHE — 00JIee IPKUMHU

EnvHCTBEHHBIM, HEyBEpEHHO Cil1a0bIM MECTOM JTOW Jaua-
IpaMMBl SIBIISIETCS Y9aCTOK ONM)KHUX CBEPXHOBBIX. XOTS U OYEHb
cnabo, HO MOKHO 3aMETHTh MX HEKOTOPYIO 106bIULEHHYIO SIPKOCTb TI0
OTHOIIIEHUIO K CTaHJapTHOM auarpamme XabO0ma. Jlyumie Bcero 3to
3aMEeTHO Ha YBEJIMYEHHOM (hparMeHTe AuarpamMMebl:



R, mnapo. ce. nem
IToobopom nayeao napamempa Hda yoanocs nonyyums 6uo ouazpammsl
13 -~ Xa66na, cxoocuii ¢ duazpammori sl YCKOPEHHO20 PACULUPEHUS Bce?elmou
Cnabvim mecmom 3moil QUazpammbyl AGIAEMCS YHACNOK OTUINCHUX
11 €6epxHO6bix. Xoms u c1abo, HO MOJICHO 3aMEMUMb UX HEKOMOPYIO
NOBbIUEHHYIO APKOCHb NO OMHOUWEHUIO K CINAHOAPMHOU
Oouazpamme Xabona ¢ napamempom H,,. Ppacmenm
9 Ouazpammel ysenuuen 0na ayumeti GUOUMOCHIU
cnabozo mecma.

0,20 0,25 0,30 0,35 0,40 0,45 0,50 0,55 0,60

Puc.11.19. YBenuueHHbli (pparMeHT AMArpaMMbl AJIs 3aMejl-

JICHHO-YCKOPEHHOTO pacmpeHust Bceenennoii ¢ mapamerpom Hda.
brnxHIE CBEpXHOBBIE BU/IHBI C TOBBIILIEHHON SPKOCTHIO.

XoTs M Ha mpejene TOYHOCTH, HO BCE-TAKM 3aMETHO, UTO
OMKHUE CBEPXHOBBIC MPH JCHCTBUTEIFHO YCKOPEHHOM pacIilupe-
Huu BcenenHoil BuaHbI OoJiee SpKUMH, YeM B CTaHIapTHOM BceeneH-
HOM, paBHOMEpHO pacumpsiomieics: ¢ mapamerpom Xaboma Hy. OT-
METHUM, 4TO Ha nuarpamme Bceenennoii ¢ mapamerpom Xa06ia Had

Takoi 3(h(eKT onpenenéHHO OTCYTCTBYET:
50 R, mapo. ce. nem 2

45 Ilapamemp Xab6na Had, 3asucumolii om épemenu (6peska) u yeawueuubzu .

¢pazmenm ouazpammer Xabona, coomeemcmsyowui emy. Apkocmo

ONUINCHUX CBEPXHOBBIX YKIAObIBACHCS 8 MOOETb YCKOPEHHO20

pacwupenus Beenennoil. He monvko oanvrue, HO u O1udxcHUe

CBepXHOBbIe GUOHDBL 6ONee MYCKAbIMU, YeM Npu

30  hocmosnnou Xabona HO. Odnaxo napamemp Had
coomeemcmeyem 3ameoi1eHHOMY
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Puc.11.20. YBenuueHHbI (QparMeHT AMarpaMMbl Ui YCKO-
PEHHO - 3aMEJIEHHOTO paciiupeHusi BceeneHHOM ¢ riaakum mapa-
meTpoMm Had. SIpkocTh OnMKHMX CBEpXHOBBIX HE NMPEBBINIAET Kiac-
CUYECKUX 3HauYeHU# s Beenennoit ¢ napamerpom Hy.



Kak BuHO Ha pucyHke, ONM)KHHE CBEPXHOBBIE B Takoi Bcee-
JIEHHOW BCETrJa HE spdye, OHU 3aMETHO JaJblIe CBEPXHOBBIX B CTaH-
naptHoi Beenennoi ¢ Hy.

B 3akmrouenue paccMoTpuM emé oauH BapuaHT. Kakum noui-
*eH ObITh mapaMerp Xab0ma, 4To0bl HaOMOJaeMas TarpaMMa BbI-
rasjena KiIacCUYECKH — MPSAMOJMHEWHOW, C HAKJIOHOM, COOTBET-
cTByOIIMM napamerpy Xa06sa Hy. Kak okazanoch, 3ToMy yciioBHIO
OTBEUaeT cmayuoHapuas BceneHnHas, paclIMpeHue B KOTOpPOH Haua-
noch OykBaJIbHO Buepa (mrpuxosas quHug Hs) —puc.11.21.

Ha pucynke moka3aHo, 4TO pacCMOTpeHHas Juarpamma Xao-
61a "3aMemNIeHHo - yecKopeHHo#" BeenenHoi Takke OyneT moigydeHa
mo HaOmoJeHWsIM BO BceneHnHo#l ¢ mapamerpammu Xab0ia, UMero-
IIMMU BHJI, NMOJOOHBIN MOKa3aHHBIM Ha Bpe3ke pucyHka. Ha Bcém
MPOTSHKEHUH CYILIECTBOBAHUS Takol BceneHHOM 3HaueHus napamer-
POB OBLTM HE TOJILKO OJHM3KH K HYJII, HO OBUTH JIaXKe OTPHUIATEIIb-
HbIMU. To ecTb, Oombiiee Bpems, moutu 11 mapa. et Beenennas ne
pacmupsuiach, a cxuMmanack. M Tonpko B mocnennue 1,5 mapa. ner

HAYyaJIoCh €€ CTPEMUTEIIBHOEC PACIIUPECHUC.
14— R, mapo. ce. nem
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0,00 Hs T, mapo/nem
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) ~Z
¢ Aee yenosuvie Beenennvie ¢ napavenmpayu Xabona Ha épeske YCKOPEHHO pacuiil-
pAOmMEes Tutb nocaeonuil Muanuapo nem. OOHa U3 HUX UMeen YCI0GHO Hel3MeH-
uelll napamemp Hs, »mo ¢paxmuvecku cmayuonapuas Beenennas, ucnvimasuias
KPamrko8pemMenHblil-CKauok pacutupenud. Eé ouacpaviva Xabona — wmpuxosas
aunusg. Huaepaviva Xaoona Ra emopoii Beenenwnoil, cnnoutnas nunus, nokasviéda-
2 en, umo _OdllbHUe CEePXHOGbIe OO0Nee MYCKIble, d CEePXOalIbHIe — Oonee ApKle.

Vousumenvro, mo mouno maxas xce xapmuna Haomwoaenicsa u 6o Bceenennoil,
o Komopas ¢ nautu OHIL pactiupaemcs 3ameoNeHHo. Ve

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
Puc.11.21. Inarpammel Xa061a, HaOatogaeMble BO BeeneHHBIX ©
napamerpamu Ho, Ha u Hs

Cnenyer OTMETHTb, YTO NIPUBEAEHHAS HAa PUCYHKE MPSMOJIU-
HeifHas quarpaMma ¢ napamerpom Xab6ma Hs (nHaekc s o6o3Havyaer
CTaIlI/IOHapHOCTI)) BBITJTIAAUT KaK KJIIaCCHYECKad AuarpamMma, Tak,
Oyaro Bcenennas Bce 14 mupa. JeT pacmupsiach ¢ HEU3MEHHBIM
napamerpom Xao6ma Hy. Ho Ha Bpe3ke BHIHO, UTO 3TO HE TaK, JIUITH
yepe3 13 muipa. et nocne poxaenust Beenennoit mapamerp Hs wuc-



IIBITANT PE3KUH CKauOK, BCIUIECK. [IpOCTHIM JIOTHYECKUM aHATTU30M HE
YAJIOCh BBISIBUTH C ONpedeéHHOCMbl0 IPUUUHY TaKOrO pacxoxkje-
HUs. JIelCTBUTEIIBHO, CBET OT CaMOi JainbHEeW HaOII0aeMOM CBEepX-
HOBOM Mpoén nyTh B 14 MIIpa. CB. JIET, HO /10 TIOCJIEIHETO MOMEHTA
CKOpPOCTh MCTOYHHKA, 3Be3/bl OblIa HyleBOH. B MoMeHT peructpa-
LU CBETA, BCETO 3a | MIIpA. JIET CKOPOCTh MOJIydaTesisi, 3eMIH BO3-
pociia mouTu 10 cKopocTu cBera. Ho Torja Ha 3TOM MHTEpBalie Bpe-
MEHH CBET M OT JPYruX, ONMKHHUX CBEPXHOBBIX JOJDKEH IOCTHYB
3emuin. Kak mosryyaeTcsi, 4TO OTHOCUTENBHO AaJIbHEH CBEPXHOBOM
CKOPOCTh yJaJdeHUsi 3eMJIM BbIIIE, YEM OTHOCHUTEJIHbHO OIMKHUX?
JlocTaTo4yHO pa3yMHBIM OOBSCHEHHEM SIBISIETCS, BEPOSITHO, CIEIY-
foree. Ha "HaGop" HYXHOW OTHOCHTEIBHON CKOPOCTH KakK pa3 U Mo-
BIIMSUT DTOT TOCIEAHUN HMHTEpBAJ YCKOPEHHsI PACIIMPEHHUs Mpo-
crpancTBa. Kaxxiasi U3 CBEpXHOBBIX — ONWKHSS U Aaj€Kas — B MO-
MEHT CKauka rnapamerpa Xab0ia onpenenéHHO HaXOAWIUCh Ha pas-
HbIX PACCTOSIHUAX OT 3€MJIM, MHA4Y€ OHU HE JIOCTUIJIM Obl €€ OJHO-
BpeMeHHO. [loaTomy OnmkHME ABUTaduCh HAa MO30HUX dTANax pac-
IIUPEHHUST U HaOpaJid, COOTBETCTBEHHO, MEHBIIYIO CKOPOCTh. Camast
JanbHAg Ke "3axBaTuia"' MEpuoJ CKayka MOJHOCTBIO M, CJIEN0Ba-
TeNbHO, Habpasa 00Jiee BRICOKYIO CKOPOCTb.

Ho ocoOGeHHOCTD 3TO# MOAEIH 3aKII0YAeTCS U B TOM, YTO H3-
BECTHBIM BUJ AMArpaMMbl "TYCKJIBIN - SpKui" mpucyiy Takxke u Bcee-

JICHHOI/I paCHII/IpSIIOIIII/II/ICSI B HalllA I[HI/I 3AMeO0NeHHO:"

14 R, mapo. ce. nem
0,08

,JU(’ VC/1OGHble Bcenennvie ¢ ;I(I,U(I.\I(’IHP(LTI{I NXaoona na GPe3Ke VCKOPEeHHO pdacutips-
onca auitb NOCaeOHll ,\II/."L“III(I})O nem. OOHa u3 HUX UMeent YCI06HO Hel3MeHHbIIl
napamenip HS 2Mmo (/)(II\IIIII‘IL’C‘I\H cmanyuoHapHaA BC(’7(’HH(I}? ucnsvimasutad Kpaim-
4 KOBpeMeHHblll CKAYOK pacutupeni. Eé ouacpaviva Xabona — wmpuxosas nunus Rs.

Jlllhp(lll\l(l Xaoona ()Hl()p()ll Bcenennoii ¢ Hd CNJIOULHAA JIUHUA, nOKAazvleaen, 4mo
OanbHIle CBePXHOBbIe Dolee MYCKIble, d ceepxoanvHile — oonee apkue, Rd. YVouesu-
MebHO, Mo NMOYHO MAKAA Hce KaApmiuHa HaoM0oaencs i 6o BC(’."I(’,HHOI‘I, Komopdas 6

}HIH/ OHlL pacutipsAaemcia VCKOpeHHO. Ve

0

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
Puc.11.22. JInarpammel Xa061a, HaOarogaeMble BO BeeneHHBIX €

napamerpamu Hy, Hd u Hs



BHOBB 3ameTHM, 4TO B 3TOM ciiydae mapamerp XabOma cre-
noBajgo Obl 0003HaumTh kak Had. Ha pucynkax pwuc.11.21 u
puc.11.22 BugHO, 4TO 3a BCE BpeMs cyllecTBOBaHUs BceeneHHoN oHa
pacmupsiiack (PaKTUYECKH C YCKOPEHHBIM MapameTpoM XaOOuma,
KpoMe IOCJIEJHETo nepuoa, Ha puc.11.22. B nocnennuit Muinaps
JIeT pacuIMpeHusl MPOU30IIyIa HHBEpcus — Beenennas pacimpsiiach ¢
3aMmeieHneM. TeM He MeHee, B 000UX ClTydasx JuarpaMMbl Xa00ma
JEeMOHCTPUPYIOT TIOHMKEHHYIO SIPKOCTh JaJbHUX CBEPXHOBBIX M TO-
BBIIIEHHYI0 — CBEPXJAJbHUX. YYaCTOK JuMarpamMMmbl Ui JalbHHUX
CBEPXHOBBIX HAXOJUTCS BBIIIE AUArpaMMBbI sl BceneHHoH, ycIo0BHO
pacIupsIoIEencss paBHOMEpHO ¢ napamerpom Hs. Yyactok mis emé
0oJtee TaNEKNX CBEPXHOBBIX CMEIIEH HIDKE 3TOU JHarpaMMBbl.

st paccmotpennoro Ha puc.11.22 Bapuanta Bcenennoi
npuBenEM TOJHBIA Ha0Op rpaduKOB IBWKEHUS caMOU Janékoi
Haba00aemoti CBEpXHOBOM:
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Puc.11.23. I'paduku ABM>KEHUS caMOii JabHEW BUANMOM CBEPXHO-
BOH B 3aMeyisromnelics Beenennoit ¢ mapamerpom Hd

OOpamaeM BHUMaHHE, YTO B COOTBETCTBHHM C OTPHIIATEINb-
HbIM 3HaKOM MapameTpa Xa0bna Takas ycioBHas BceneHHas Ha
HAYaJIbHOM JTalle HE pacHIupsiiach, a CKuMaiach, rpapuk R(t).
WuHaue roBOps, M3HAYAIBHO OHA 00OJanana OTPUIATEIHHON CKOpO-
CTBIO V(t), KOTOpasi B HAIllM IHU W3MEHWJIA HANlPaBJICHUE U JIOCTHUTJIA
ckopocTu cBeTta. CBET OT BCIBIIIKKA CBEPXHOBOW PAaCHpOCTpaHSIICS
MPAKTUYECKH TaK Ke, Kak B cTanmuoHapHOU Bcenennoit. [lo rpadu-
KaM MBI BUJMM, YTO TyTH (OTOHOB — (pakTuyeckuii Rco u xab0610B-
ckuil R — mpaxTHyuecku He pa3INyYaroTCsl, MO3TOMY BIIMSHUE TOTIe-
pedHOrOo XaOO0JIOBCKOTO PaCIIUPEHHS] CBETOBOTO MOTOKA CBOJHTCS K
0OBIYHOMY 3aKOHY OOPaTHBIX KBaJIPATOB.



Habnronaembie ymanénHoctb Rco um ckopocte Ve Takke
MIPaKTUYECKU COBIAJAIOT C TEOPETUUECKUMU 3HaUeHUsIMU R(t) 1 v(t),
COOTBETCTBEHHO.

Jlnms cnyers 8 mulpa. et pacumupeHue BceeneHHo# crano
3aMETHBIM, a CIyCTs 12 MIPJI. JIE€T CKOPOCTh PACIIUPEHUST PE3KO BO3-
pocna. B mocnenHuil mMwsummMapn JIET Hamla ycioBHas BcenenHas
BHOBB CTaJIa PACHIMPATHCA C 3aMEUIEHUEM BILIOTH JI0 HAIIMX JTHEH.

XoTst BceneHHnas BBITTISAUT OTYACTH KaK CTallMOHAPHAs, JiHa-
rpaMMbl Xab0ja OTYETIIMBO MOKA3bIBAIOT 3aBHCUMOCTb KpPacHOTO
CMEIIEHHsI, CKOPOCTH CBEPXHOBBIX OT HMX yaan€HHOCTU. [Ipuuém
ocranachk B cujie MeTadopa "naibHue CBEpXHOBBIE 0oJiee TYCKIIbIE'".
U, cOOTBETCTBEHHO: CBEpXaIbHUE, HA000POT, OoJee sipKue.

BbIXouT, 94TO B KJIIACCHYECKOM, MPSIMOJIMHEHHOM BHJIE JUa-
rpamma Xab6ma R(v) = Rs(v) Oyner B mawe peanvrou BceneHHON
HaOroJTaeMa TOJILKO B citydae mapamerpa Xab6ma Ho(t) = Hs, nume-
forero opmy JIaTHHCKOU OykBbI L, nekarieii "Ha criune". IMeHHO
C TakuM mnapameTrpoM XabOOia auarpamma OyJIeT WMETh KilacCHye-
ckuil Bup puc.11.24:
0 R, mapo. ce. nem

35 - Jlee ycnoenvle Bcenenmvle, pacuiparoujiecs ¢ z
napavempavu Xaoona Hs u Hy, npuseoénunvimi ’
30 - Ha epeske. Jluaepammor Xabona Rs u Ry, nocmpo- P
eHHble ONa  Kaxcooll Bcenennoii Ha ocHose .
25 HAOMIOOGeMbIX KPACHLIX CMeljeHuil i apkocmetl, Ro .
OMIUHAIOMEcA  Om  Meopemuieckux ouaepamm, i
COOMEEeMCmMeYIouIxX >mumM napavempam. Bce- -
neHHas ¢ napavempom Hs ocroswnyio uacme epe- -

MEHU ce0€eco CyUiecmeo6anii cmayoHapta. - - Rs
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Puc.11.24. Habmogaemble auarpamMmbl XaO0ma jinst BeeneHHBIX ¢
nmapametpamu Ho u Hs. [Ilnarpamma Rs cootBeTcTByeT BcenenHoi,
KOTOpast OOJIBIITYIO YacTh BpeMEHH Oblila CTallHOHAPHON

0

Ha pucynke mpejacraBieHsl 1Be auarpaMMbl Xa0b6ma, a Ha
Bpe3Ke — COOTBETCTBYIOIIUE MM MapameTpbl Xab6ma. O0e nuarpam-
MBI SBIISIFOTCSI HAONIOAEMBIMH, PE3YIABTATHI U3MepeHUs CKOPOCTH U
SPKOCTH Ka)JI0i CBEpXHOBOM B CBOEH BCeleHHOM B TOYHOCTH JIATYT



Ha COOTBETCTBYIOLIYIO JIMHUIO. OJHAKO HAa CaMOM JIeJ€ MX peaib-
HbIE, JIEUCTBUTENbHBIC YIAJIEHHOCTU W CKOPOCTH YIAJeHHsS OyayT
uabiMu. Otmetrum, uto Bceenennas ¢ mapamerpom Hs oCHOBHYIO
4acTh BPEMEHH CYILIECTBOBAHUSA SIBIISIETCS CTalMoHapHOU. ['paduku
JBIDKEHUSI caMoil JlanbHed HaboaeMoi cBepXHOBOM B 3Toil Bcee-
JICHHOH moka3ansl Ha puc.11.25. I'padukn cOOTBETCTBYIOT YaCTHYHO
CTalMmoHapHOMY napameTpy Xao6ma Hs.

R, mapo. ce. nem R@® | ;
14 1 —
Rc R
12 4 Rceo
Ipacpuru  Oeuxcenus camoti  Oanvhel
10 - Habnooaemoil ceepxHosoil 60 BcenenHoil |

¢ napavempom Hs. OcHoeHyro uacme
g 6pemet BeeneHnan cmauonapta miuds
6 NOCIeO Tl MUTLTUAPO €N CKAUK00OPA3-
Ho Hauana pacuuiperue. Ilapamemp Xao-
ona Hs no Habniooeruam oyoem 6wvieii-
oeniv npi IMOM KAK HeU3MEeHHbIll U pag-
4 ueui  coepemennomy napavempy H, 6

Hauteti Bceneuroil.

Puc.11.25. I'paduku 1BMKEeHUsT caMoOil JajbHE cBEpXHOBOM Bo Bce-
neHHoW ¢ mapamerpoM Hs. OcHoBHyro yacTh BpeMeHu BcenenHnas
CTallMOHApHA

Ha pucyHke BHIHO NpaKkTHYECKH TIOJHOE COBIAJCHUE Tap
napameTpoB: R(t) u Re (myTh ¢pukTHBHOTO HCTOUYHMKA (OTOHOB), R
(xab6m0BCKUi yTh POTOHOB) U RCo (M3MEpEHHBIN, peabHBIN MyTh
¢doronHoB), V(t) m Vc (ckopocTh (PUKTUBHOTO MCTOYHUKA (POTOHOB).
OT0 03HayYaeT, YTo HaOIOJaeMble JaHHbIE (BTOPbIE B Mapax) Ipax-
TUYECKU COBITAJAIOT C TEOPETHUYECKUMH MapaMeTpamMH, KOTOPBIE CO-
OTBETCTBYIOT mocTOsiHHOW Xa006na Hy. BbykBansHO 53TO cremyer
TPaKTOBaTh, YTO KJIACCHUECKHE JAUArpaMMbl Xa00ja COOTBETCTBYIOT
napamerpy Hs, a He napamerpy Hy. iMenno Bo Bcenennoii ¢ napa-
Metpom Hs Oynmer HaOmromaTbhcs KiaccHueckasi, NpSIMOJIMHEHHas
nuarpaMma Xa06s1a ¢ yrjoM HakJIOHA, COOTBETCTBYIOIIUM BEITMYMHE
Hy. Xota Ha mpenpiayniell auarpamMme BHJIHA JeWcTBUTENbHas L-
obpasnas hopma napamerpa Xaboma.

HanpoTus, HabmronaemMple CKOPOCTH M yIAIEHHOCTH CBEPX-
HOBBIX BO Bcenennoit ¢ neiictButensHbIM napamerpoM Xa66ma Hy



[OagyT TOYHO HAa M30THYTYKO BBEpX JuarpaMmy Ro pucynka
puc.11.24. B stom ciiyyae HaONIOAEHUS MOKAXYT HMHOE 3HAYCHHE
napamerpa Xa00ia, IBHO OTJIMYaronieecs OT peajabHoro, ot Hy.

BrIBOBI

BriBog 00 yckopeHHOM pacimmpeHun BeenenHolt no npusHa-
KY MOHUJCEeHHOU SIPKOCTU JNAIbHUX CBEPXHOBBIX OJMHAKOBO CIIpa-
BE/UIMB KaK MpPU YCKOPEHHOM, TaK U IPU 3aMEUVIEHHOM pEabHOM,
¢baxTrueckoM pacmmpenund Beenennoil. O 1eHCTBUTENBHOM CKOPO-
CTH pacluupeHusi BcerneHHON Henb3sl CyauTh TOJIBKO JIMLIb 110 pas3-
HUIE HAOIIOaeMbIX TTapaMeTpoB Xab0sia B JaIEKOM MPOILIOM U B
HAIIM JTHHU, 3TO YCKOPEHUE — 3aMEJICHHUE SBJIAETCS KaXyITUMCS.

Taxkas >xe Heomnpeen€HHas KapTUHA HAOJII01aeTCs U B CiIydae
nepguuno cranroHapHoi Bcenennoit ¢ L-o0pa3HbIM mapameTpoM
Xab0ma Hs. Takas ycrmoBHast BcenenHast Obuia cTanmMoHapHON
13 miapa. neT, mocie 4ero Havajga CTPEMUTENBHO PACLIUPSTHCS 10
COBPEMEHHOTI0 3HaueHus napamerpa Xabomna — Hy. WHade rosops,
dopma mapamerpa Hs HamomuHaeT JTaTHHCKYIO OYKBY L, jexarryro
"Ha cniuue". [Ipu 3TOM 10 HaOMIOAAEMBIM JTAHHBIM, SIPKOCTH U Kpac-
HOMY CMEIIEHHIO OyAeT (OpMHPOBATHCS TPATUIMOHHAS, TPSMOIH-
HelHas nuarpamMma Xa0b6ma. [Ipou3BoAHBIN OT 3TOW AMArpaMMsl Ia-
pameTp Xabbna OyHeT HeusmeHHbiM W PABHBIM COBPEMEHHOMY 3Ha-
yeHuto nmapamerpa Xab6ma Hy B Hamieit Becenennoit. B nelictButensb-
HOCTH ke Takasi Bcenennas Oosbiiiee BpeMst ObLia cmayuoHapHol.

W npu yCKOpEHHOM U NP 3aMEJIEHHOM pacIIMpEeHUH B Ta-
KOU ycio6Ho CTallMOHApHOW BceeneHHo# oTimuue muarpamm ot "Oa-
30Bo#", ¢ L-o0pa3HpiM mapamerpoM Hs, SBISIOIIUMCS SKBHBAJICH-
ToMm mapamerpa Hy nameii Becenennoil, Touno tak ke Oyner HaOro-
nateesi d¢dext "nanpHAg — Oonee Tyckimas" W "CBEpXIANbHSSA —
6onee spkas". IlpaBma, MoIenb yckopeHHO20 PACHIUPEHUS TPO-
cTpaHcTBa B Takoi Beenennoit umeet "nedext", mycts U crnadblii, HO
BCE-TAKU IOHMKAIOIMNA €€ TOCTOBEPHOCTh — 3TO MOBBIIICHHAS SAp-
KOCTb OIUMCHUX CBEPXHOBBIX.

Bo Bcex ciyyasx NpUOPUTETHOW MOJEIBIO, BUIUMO, CIENAYET
CUMTATh MOJIEJIb 3aMEIJIEHHOTO pacliupeHus BeeneHHon.

12. O Bo3pacre Bceenennoii



IIpuHATO CUMTaTh, YTO, COTJIACHO PETPOCIIEKTHUBHOMY aHalU-
3y pacimupeHus BeeneHHol, Bce rajJakTUKU CIIMBAIOTCSA B OJIHY TOY-
Ky B HadaJbHBIH MOMEHT BpeMeHH. OIHaKO 3TO HE COBCEM BEPHO.
Ecan paccmortpers pacmmpeHne BceelleHHON B peTpOCIEKTHBE, CO-
IJIACHO U3BECTHOMY SKCIIOHEHIIMAIbHOMY YPaBHEHUIO, TO B Hadallb-
HBI MOMEHT BpeMeHH t = () ranakTuku (00JacTh, B KOTOPOM 3Ta ra-
JIAKTUKA OKa3aJlach BIIOCJIEICTBUM) HE OKAXKYTCS B HEKOTOPOU 00-
weti HyneBou Touke. Kaxksias rajlakTka OKaxeTcsi B 3TOT MOMEHT B
HEKOTOPOH c60eti COOCTBEHHON HAYAILHOU TOUKE To:

r=r, /10

= }/‘0

DTO HECOOTBETCTBHUE JIOJDKHA ObLIa YCTPAaHUTH TUIIOTE3a 00
uHusmuu. CornacHo eif, cpa3y nocne boisbimoro B3priBa Beenen-
Has PacUIMPUIIACh JO HEKOTOPOTO HAYAIBLHOTO 00BEMA, MMEIOIIETO
10 Pa3HBIM MHEHUSM pa3Mephbl OT 3€PHBIIIKA 70 aneIbChuHa, TO €CTh,
BCE TOYKU IPOCTPAHCTBA TEM CaMbIM 3aHSAJIU CBOE "MCXOIHOE I0JI0-
KeHne" ¢ COOCTBEHHBIMU HadaIbHBIMH 3HaYCHUSIMHU Ty. B gacTHOCTH,
0 OJIHOM u3 runoTe3 nocie B3priBa Beenennas pacmmpunace B 10 B
crenenn 10" pa3, 9YT0 HUYEro He TOBOPHUT SBHO 00 €€ HauanbHom
ouamempe 1OCIe UHQISIIH.

Mo’HO OOHAPYKHUTh, YTO OJHUM M3 CIEICTBUI WHQIIAINOH-
HOW THIOTE3bl SABJISIETCS HAJMYMe KOHKPETHOU ¢husuueckou, seuye-
CMBeHHOU 2panuybl pacuupsioneiics BceneHHOW, YTO BBITISIUT
BECHMA U BECbMa CHOPHO. J[€MCTBUTEIIBHO, U 3EPHBILIKO U aIlleIbCUH
OMPENEIIEHHO UMEIOT BHEITHIOKO TPAHULLY.

Bmecre ¢ TeM, paccmaTpuBaeMble HaMHM JuarpamMMmbl HaTall-
KHMBAIOT Ha MBICIIb, YTO ATH JUarpammbl, FpaQKu MOXKHO IPOJINTh
BJIEBO OT HYJIEBOW TOYKH, B OTpULIATENIbHbIE 3HaUeHUs BpeMeHU. OT-
pULIaTENbHOE BpeMs, KOHEYHO, YCIOBHOCTb, CBSI3aHHAS C MPUHYIU-
TEJIbHBIM 3aJJaHUEM HYJIEBOW TOUKH, SIBJISIOIIENCS TaKOM K€ YCIOB-
HOCTBIO. byKBajmpHO 3TO O3Haudaer, 4to 10 bonsmoro B3peiBa Bce
TOYKH OeckoHeuHo20 TIPOCTpaHCTBa BeeneHHol yorce cywecmeosanu.
dopmainbHO, Borpoc "4to ObLI0 0 Oombiioro B3peiBa?" mpesparia-
eTcsl B pUTOpUYEcKUid. Bce ramakTuku u 3BE3JBI, BEpHEE 00JACTH
MPOCTPAHCTBA, T/I€ OHM BO3HUKHYT B OyAylleM, B OOIIyIO peTpo-
CHEKTUBHYIO TOYKY "COJIBIOTCS" JHIIb B OECKOHEYHO YAAJIEHHOM
nporioM. Ho OeckoHeuHOe MpOmuIoe — 3TO MaremMaThyeckas ab-
CTpaKIMs, U3 KOTOPOH Cpa3y K€ BBITEKAET OTCYTCTBUE T'PAHMLIBI 1)-
Ccmo2o TPOCTPaHCTBA, HA KOTOPOE MPHU 3TOM HE TpeOyeTrcs Hajlararb



HUKAaKUX yCIOBUM 3aMKHYTOCTH, MHOTOMEPHOCTH.

CornacHo TakOMy IOJAX0Jly M3HAYaJIbHO PacIIUPsSIIOCh BEYHO
CYIIECTBYIOIIEE MaTepUalibHOE MPOCTPAHCTBO nycmoti Beenennoi, a
(dbopmMupoBaHHE BEIIECTBEHHBIX 0OBEKTOB — 3BE3]I, TAJTAKTHK, TYMaH-
HOCTEH — HA4aJIOCh B HEKOTOPBIM MOMEHT BPEMEHM, NPHUHATHIA 3a
HYJIEBOW, HayaJabHbIM. J[a)Ke €ClIh CYUTaTh, YTO MPOULIOE MPOCTHUPA-
eTcsi B 0ECKOHEYHOCTh, TO B HEKOTOPBIM OYEHb OTJANIEHHBIII MOMEHT
BpEMEHMU t ~ o0 BCe TOUKHU IMPOCTpaHCcTBa "mycToi" BeeneHHol Takxke
HaXOJATCs KaXxaast Ha CBOEM COOCTBEHHOM MECTE, HUUTOKHO MaJloM
yIaJIE€HUHU OT HEKOTOPOI'O YCIOBHOTO HAOJIIOIATENs.

B camoM o0meM Buae ypaBHEHHME [BMXKEHUS HEKOTOPOTO
00BeKTa B TAKOW pacHIupsronieiicss BceleHHON MOXHO TPeICTaBUTh

B CJICAYrOIIEM BHU/JIC:

r=re™ t=-0.0..0

Jlo momeHTa Bpemenu t = 0 BeeneHHast moCTENEeHHO 3aI0JIHS-
€TCsl EPBUYHBIM JOCTATOYHO XOJIOAHBIM "OYyJIbOHOM" M3 KBapKOB
W/WIN KaKUX-THO0 APYrux MEpBUYHBIX cyOcTaHmuid. [IpocTpaHcTBO
TakoM BceneHHOW pacmmpsieTcs 3a CUET gewecmeonuzayuy mare-
pUH, HENpPEpbHIBHOIO BO3HHWKHOBEHHUS BCE HOBBIX M HOBBIX Bellle-
CTBEHHBIX "aTOMOB" TpOCTpaHCTBa, "aTOMOB" (PU3HUECKOTO BaKyy-
Ma. JIuip coycTs JJIMTENbHOE BpEMS BAKYYM CTaHOBUTCS HACTOJIBKO
IUIOTHBIM, YTO (hOpMUpYyeTCs U3BECTHAsA HbIHE "Topsiyasd’ BceeneHHas.
KoHeuHo, BHOJHE TOMycTHMMa M OJIHOMOMEHTHAs, B3pbIBHasl Bellle-
CTBOJIM3alldsl MaTepuu. B nanpHeleM Bce NMPOLECCH! B OBEIECTB-
néHHOW obOsacth Martepuum MOTYT OBITH ONHMCAaHBl TPaJULIMOHHON
Mojienbio bonbimoro Bi3peiBa, HO 6e3 uHbsuuu. Ha crnepyromem
PHUCYHKE TpeNncTaBlieH TrpaduK IBUKEHUS HEKOTOPOW TOYKH TPO-
CTPaHCTBa, KOTOpas B HyJIEBO MOMEHT BPEMEHHU OYyJIET UMETh KOOP-
JOUHATY T, 1 B KOTOPOH B 3TOT MOMEHT BO3HMKHET HEKUH OOBEKT.
W3nom rpaduka B HyJ€BOM TOUYKE CBSI3aH C TEM, YTO JIEBasi CTOPOHA
pPUCYHKa UMeeT OOpaTHYIO CTENEHHYIO IIKalTy BpPEMEHH, HEKOe II0-
no6ue norapuMUYECKOl MKajbl, a MpaBas — 0OBIYHYIO, THHEHHYIO.
Ha camom nene mpu paBHOMEpPHOW MIKajie BpeMEHM TpaduK Tpes-
CTaBJsieT cOOOM TMJIaBHYIO KPUBYIO.



Bcenennas noxa 6es sewecmea 14 1 1 Mapo. ce. nem Bcenennas c seugecmeom
Ho momenma epemenu t = 0 Bcenennas nocmenewno 3anoiusenicsa NnepeudHblM
oocmamoyno xonoouvim "ovivonom” 1z Keapkoe /i Kakux-no6o Opyeux nep-
suunblx cyocmanyuil. Ipocmpancmeo maroil Beenennoil pacuiupsemes sa cuém
GeuecmEONU3AYU MAMepull, HenpepblGHO20 GOZHUKHOGCHUS GCE HOGBIX 1 HOGBIX
seujecmeennvix  "amomos” npocmpancmea, "amomos” dusuueckoco saxyyma.
Jhus cnyems onumenvroe 6peMsa 6aKyyM CHIAHOGUMCS HACHONLKO NIIONMHbIM, 4110
popmupyemesn uzeecmuan weine "2opsauasn’ Beenennas.

5 Hawu onu
Hauano pacwupenus N

geujecmeennoii Beenennoii

t, Mapo. nem
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Puc.12.01. Paciinpenue BeeneHHoM U3 6ECKOHEUHOTO MPOIIIOrO

JlaHHas rUnoTe3a He HYXAAeTCd B MUCTHUYECKOM akte TBo-
peHUs, BOSHUKHOBEHUS 4ero-to u3 Huuero u mocnenyromei na)Is-
uu. JlaHHas Mozels pemaeT emeé oaHy npoodiemy. CoraacHO 0JHOHN
U3 TUIOTE3, 3a M3BECTHOE BpeMsl cyuiecTBoBaHMs BceneHHoil 06e3
TEMHOW MaTepuu B HEW HE MOTJIM BO3HUKHYTh HUKAKUE MaTepuaib-
HbIE€ 00BEKTHI: Ta3bl, 3BE3/bI, BEIIECTBO. B npeacTaBieHHON Moaenu
JUTSE BOSHHKHOBEHHUS BEIIECTBA BPEMEHHU 00Jiee YeM JIOCTATOYHO.

27.07 -10.12.2020
Anpec cTaTbU B UHTEPHETE:
http://samlib.ru/p/putenihin_p w/dc11.shtml




