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AHHOTAIIUA

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.

Cuurt aCTCs, YTO OAHUM U3 I''TABHBIX apryMCHTOB, U3 KOTOPOTO
clienyeT BBIBOJ 00 YCKOPEHHOM pacuiupeHuu BceeneHHoH, siBisercs
IOHMKCHHAA APKOCTh [JaJIbHUX CBCPXHOBBIX. Maremarudeckoe
HCCIICAOBAHUEC OTOTO ABJICHUSA HCOXHUIAHHO TIPHUBCIIO K IMIPAMO
IIPOTHUBOIIOJIO)KHOMY BBIBOJY. Ecmu JAJIBHUEC CBCPXHOBLIC BH/IHBI
Ooiee TYCKJIBIMHU, TO Bcenennas pacmmpiacTCs ¢ 3aMCJICHUCM.

KiroueBnle ciioBa

3akoH  Xab0ma, SApKOCTb, TYCKJas CBEPXHOBas, CKOPOCTh
pacmupenus: Beenennoit, nuarpamma Xa0051a, KpacHOE CMeEIIEHUE,
¢doToH, craninoHapHas Beenennas
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Beenenne

CymectByeT npeamnosioxkenue, 4ro Beenennas pacmupsiercs
B HallIM JIHU C YCKOPEHHEM, a B 0oJjiee NanéKoM MPOIILIOM, HAIIPOTHB,
OHa pacimupsuiack 3ameanieHHo. Kakumu HaOMIOIEHUSMU MOXKHO
noATBepAuTh 3T0? CUUTAeTCs, YTO OJHUM M3 TJIABHBIX apTryMEHTOB,
00OCHOBBIBAIOLINX YCKOPEHHOE pacuiupeHre BceneHHOH, sBhseTcs
MOHIKEHHAsT SIPKOCTh JAIbHUX CBEPXHOBBIX. OIHAKO 3TO MPABHIIO
BBITJISIAUT JOBOJBHO HeoObuHO. B camom nene, ecnu oHu Ooiee
TYCKJIbIE, TO OHU HaXOZSTCS Jaiblile, YTO COOTBETCTBYET CKOPEE UX
Oonee OBICTpOMY YyIAJICHHIO B TPONUIOM. XOTS MPHUBEIEHHOE
MPaBUJIO "TYCKIIBIA-AAIbHUI" B LIEJIOM KOPPEKTHO, IIPaBUIIbHEE BCE-
TakKd TOBOPHUTh, YTO TNPH YCKOPCHHOM pACIIMPEHUU CBEPXHOBBIC
UMEIOT MeHbULyl0 CKOPOCThb, MeHbliee KpPAaCHOE CMEIEeHHEe, YeM
3TOro TpeOyeT CTaHAAPTHBIN 3aKOH Xa00ma. XOTs yJaIuiIuch OHU Ha
MeHbulee PACCTOSHHUE, HAXOIATCS OHHM Ojudice, YeM B PAaBHOMEPHO
pacmupsromericss Beenennoid. [[edCTBUTENBHO, HECIOKHBIN aHAIN3
MOKAa3bIBAET, YTO MPH YCKOPEHHOM paciiupeHuu BceneHHOW U Ha
caMOM Jeie Jr000i OOBEKT OKas3bIBaeTCs Ha Oonee  Oauskom
YIaJICHUH, IPOXOJIUT MeHbUUI TTYTh, HEXKEIH MPU 3aMeJICHHOM HITU
PaBHOMEPHOM paCIIUPEHUH.
JIaBHO 3aMEUE€HO OJJHO HHTEPECHOE M BAXKHOE CBOMCTBO

MaTeMaTUKd — JleJaTh BEPHBIE OIMCAaHUA HAIIEro MHpa,
Mpe/icKa3aHusi, Ha TepBbIX MOpax Kaxymuecs OYKBaJIbHO
BBIJJYMKaMH:

"... moyeMy MareMaTHKa CTOJIb 3(QQEKTUBHA MPU ONMHUCAHUU
HaIIeT0 MHpPa U CTOJIb XOPOIIO OMKCHIBAET €ro HBOJIOIHIO?
... [Touemy »T1 ipaBmIIa Tak Xxopoirno padoratt?" (JInume)

Bpsan nu cnegyer CAMIIKOM YX CHIIBHO 3TOMY YIWBIISATHCS.
Orta MareMaTHKa TaK XOpOIIO paboTaeT MPOCTO MOTOMY, YTO MBI U
BBIBETM €€ W3 TMpAMBIX HAONIOACHWN 3a  OKPY)KaoIIeH
JNeUCTBUTENBHOCTEIO.  O(ddekTuBHO paboTaeT, 3HAYUT, BEPHO
noacMoTpenu. bonee Toro, B Hayke U B (U3HKE, B YaCTHOCTH, YK€
JABHO 3aMeueHa elie OJHa MHTEPECHas 3aKOHOMEPHOCTH:
KaKYIIUECs MOoHaYaly abCTpaKTHBIMA MaTEMaTHUYECKHUE BBIPAKECHHUSI,
yYpaBHEHHUS BIIPYT OKA3bIBAIOTCSI OMMCAHUEM KAaKOTO-HUOYIbh BIIOJTHE
peanbHOTO SIBJICHUS:



"... bu3nKn OOHapy>KUBAIOT, 4TO MaTeMaTHYECKUE
MOCTPOCHHsI, HEOOXOJMMBIE WM Ui OIMCAaHWsS HOBOTO Kjacca
SBIICHHS, YK€ HCCIIEZIOBaHBl MaTEeMaTHKaMU [0 TpPUYMHAM, HE
UMEIOIIMM ~ HHUYEro oOwmero ¢ o0CyXIaeMbIMH  SIBICHUSAMH"
(BusieHKUH).

OpHako Jake MpH TaKoM SBHO IOJIE3HOM IMOAXOJE CIEHYyeT
BCE-TaKl OBITh NPEICTBbHO OCTOPOKHBIM MpHU  (hopMyITHpOBKE
BBIBOJIOB U CJEJICTBMM M3 3TUX MAaTeMaTHYECKHX IOCTPOEHUI.
MoOHO NpUBECTU psiJ IPUMEPOB, KOI'Jla TAKUE BBIKIAJAKH IPUBOJAAT
HE MPOCTO K MPOTHBOPEUHSIM CO 3APABBIM CMBICIOM, HO K JIOBOJIBHO
3aMETHBIM HPOTHBOPEUYMSM C JIOTUKOM, coOjaep’KaT JIOTHYeCKHe
OIHUOKH.

B npennaraemoii paboTe Mbl OKaXeM, 4YTO MaTeMaTHUYECKUe
BBIBOJIBI B (DPM3WKE BO MHOTOM 3aBHUCAT KaK OT WX TOCIEAYIONIECH
TPAKTOBKH, TaK W OT TPEANOJIOKEHUH, OCHOBAaHHMM, MCXOAHBIX
MOJIOKCHUH, HWCIOJB30BAaHHBIX B TMpoOIecce MONYYCHHs OTHX
BBbIBOJIOB. BooO111e TOBOpS, 3TO 0UEBUAHO: €CIIM U3MEHUTh UCXOJ/IHBIE
MIOJIOKCHHS, 3asiBUTh MCTUHHBIMHU JAPYTHE, BBIBOJBI TaKXkKe OyIyT
WHBIMH, @ TO W TMPOTHUBOMOJNOXKHBIMU. Ho Kakme wu3 3THX
B3aMMOMCKIIIOYAIOIUX BBIBOJIOB BEPHBI?

Hac wHTepecyroT llormdeckue TOCTPOCHUS, IOCITYKHBIINE
OCHOBOM /Ui  yTBEpXKJEHHs 00 YCKOPEHHOM  pacIIUpEeHUHU
Bcenennoii, onuparomuecs Ha (pakT MOHMKEHHOHN SIPKOCTH JaJIbHUX
CBEpXHOBBIX. [ToCKONBKY eTanu 3TOM JOrMKH HaM HEU3BECTHBI, MbI
poBeEM COOCTBEHHBIE TTOCTPOCHHUS, MBITASCH IPUUTH K TAKOMY Ke
BBIBOJIY, YTBEPXKICHUIO.

B nanmpHeiimieM MBI HCHOJIB3YEM CIEAYIOUIYIO CHUCTEMY
ob0o3HaueHuid. Bce aucTaHuMm MBI U3MepseM B MWUIHapAax
CBETOBBIX JIET, a BpeMs — B MWUIMapjaax Jjer. B srtom ciyuae
CKOPOCTb CBeTa paBHa enuHuIe. O003HAUCHHUE IIKAIBI CKOPOCTEH V/C
Y O03HAYaeT, YTO 3HAYEHHUS IMpPEJCTaBleHa B JOJSIX OT CKOPOCTHU
cBeTa.

VY nepeMeHHBIX, MapaMeTpoB U IrpaUKOB HUKHHUE MHJCKCHI
COCTOAT U3 OYKB M MX KOMOMHANui: a — yckopenue (accelerate); d —
3amemienue (decelerate); S — ycioBHas CTaMOHApHOCTh, Ha
OTJIETTLHOM Yy4YacTKe; O — HEU3MEHHBIN, OOBIYHBIN, TPaJUIIMOHHBIH.
Hanpumep, ad — o003Ha4aeT ycKOpeHUe — 3aMe/IIeHue U HaoOOopoT.
Bo3MoxHBl U 0Oonee IJIMHHBIE HHJIEKCBHI, MOCKOJIBKY HEKOTOpBIE
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rnapameTpbl Ha BCEM MPOTSKEHUU COCTOSIT U3 HECKOJIBKUX yYACTKOB:
ada — yckopenue, 3ameieHne, yckopenue. Ilociaennuit mHaEKC - O,
10 CYTH, SIBJISIETCA SKBUBAJIECHTOM HYJISI, UCIIOJIb3YEMbIH MPOCTO AJIS
ynobctBa 3anucu. To ects, HO u Hyp — 3TO 0ouH U TOT e mapamerp
Xab0ma B Hameit Bcenennoit. Hekoropsie mapaMeTpbl HMEIOT
oTnenbHble oOo3HaueHWs: R} — rpaduk nBmxeHus (OTOHOB B
cucTeMe OTCUYETa CBEpXHOBOI; RCO — myTh, MpoleHHbIH (HOTOHAMU
nmo ux m3MmepeHusM; RC m VC — rpaduku ABMKEHHUS YCIOBHOTO
UCTOYHUKA (DOTOHOB, MPOMIEHHBIN UM IIYTh U €r0 CKOPOCTb.

bonpmmHCTBO MapaMeTpoB Ha MNPUBOAMMBIX JUArpaMMax
3aBUCSIT OT BpEMEHH, OJJHAKO 3Ty 3aBUCHMOCTb B UX 00O3HAUYEHUSX
JUISL KPaTKOCTH MBI Yallle BCETO OIyCKAEM.

Bce paccmorpenHble BceeneHHble W mapaMmeTrpbl  UX
PACHIMPEHHS SBJISIFOTCS BBIMBIIIUICHHBIMU, YCJIOBHBIMH U HMEIOT K
HacTosuIeH, Hamen Bcenennoit JUIb KaueCTBEHHOE,
JIEMOHCTPALIMOHHOE OTHOWIeHWE. IIpu 3TOM Ha OmHOW IHarpamMme
JUIS  COTOCTaBIIeHUSI OyayT H300pakeHbl MHapaMeTpbl IBUKCHHS
Cpa3y HecKOJIbKUX BceneHHblN, HUKaK He CBSA3aHHBIX JAPYT C IPYTOM.

Ilepemennblie napamerpsl Xa0d06.1a

B ocHOBy Bcex mocTpoeHMH, B KauecTBe 0a3oBOroO,
(GyHIaMEHTAIEHOTO TPHHIMIIA MBI MTOJIOKAM 3aKOH W3MEHEHHsS BO
BpeMeHHu mnapaMerpa XaO6ma. VIMEHHO OH ompejesnsieT CKOpPOCTh
pacmupenus Bcenennoit. CkopocTh €ro M3MEHEHHsI BO BpPEMEHH,
COOCTBEHHO, U SABJISETCS MOKa3aTeIeM, SKBUBATIEHTOM YCKOPEHHOCTH
pacmmpenusi npoctpaHcTBa. [lapamerp XaO06ma HEsIBHO, HO Bceraa
OpUCYTCTBYeT Ha JjauarpamMax Xa00ma, 3aBucumoctd R(V),
YIaIEHHOCTH HEKOTO KOCMOJIOTHYECKOTO O0BEKTa OT CKOPOCTH €Tro
yJajneHus: oT HaOmoaTenst, 3eMiau. Mbl He UCTIONIb3yeM JAHarpaMMbl
Xab6na Buna R(z), B yacTHOCTH, 1O MPUYHMHE UX JIBYCMBICICHHOCTH.
CBsI3b CKOPOCTH M KPaCHOTO CMEIICHUS JIMHEHHA JIUIIb TP MaJTbIX
3HAYEHUSAX CKOPOCTH, OJHAKO B JIUTEpaType OYeHb YacTo
BCTPEYAIOTCS 3aIHCH, OTOXICCTBIISIONINE WX HaKe MPH OOJIBIINX
3HA4YEHUSAX CKOPOCTEH: V = CZ = Z.

3akoH Xab0a U COOTBETCTBYIOIIME €MY TUArpaMMbl MOKHO
NpeACTaBUTh B TPEX BapHaHTax. OTO. a) TEOPETHUYECKUA,
JICUCTBUTENbHBIA 3aKOH, B PEAJIbHOCTH — HKCTPAMNOJISIMOHHBIH,



0) HaOMoTaeMblii U B) YCIOBHBINM, AJIsS HAYAIBHBIX YIATEHHOCTEH
O00BEKTOB. DKCTPANOJSIHUOHHBIN XapakTep TEOPETHYECKOr0 3aKOHA
3aKJII0YaeTcss B TOM, YTO 3Ta JUarpaMMa CTPOHMTCS Ha OCHOBE
HaOmoleHui B Omkaiiiei o0jacTu HPOCTPAaHCTBA, IOCIE YEro
HEOTPaHUYEHHO MPOAJISAETCS.

Onpenenuth 3HaueHUE Mapamerpa Xab0na B MPOLUIOM Ha
OCHOBE meopemuiecko20 3aK0Ha, BUIUMO, HEBO3MOXHO, IIOCKOJIbKY
BCE 3HAYEHWS  MapaMeTpOB Ha  COOTBETCTBYIOIIEH  eMy
(TeopeTrueckoii, JCHCTBUTENBHOM) AMarpaMMe OTHOCATCS K
meKywemy MOMEHTY BpPEMEHH, B KOTOpPHI mapamerp Xabbma Ho
equH Juisi Bcex o0bekToB BO Bceenmennoit. Ilpu mobGom npouiiom
3aKOHE M3MEHEHHWs napamerpa Xabbia TeopeTHdeckas auarpamma
JUIS HAalllMX JHEH Bceraa UMeeT OJUH U TOT K€ BUJ.

Hanpotus, nabaodaemvpiii 3aK0H U Habaodaemas nuarpaMmma
Xabbma, BepoOsTHO, HECYT B cebe HEKOTOpyl HHGOPMAaLUI0 O
BeJIMYMHE napaMerpa Xabbia B pasHble 3Moxu. Bmecre ¢ Tem, no
3TOU Habnt00aemol BENHMUMHE TOYHOE OMPEEICHUE ero MPOILIOTro
3HaYCHWE TMPEJCTABISET JIOCTaTOYHO HEOUYCBHAHYIO  3a/1ady.
PaccmoTpuMm, Hampumep, CIEOyIONe TPH VCI06Hble BapUaHTa
M3MEHEHHUs mapamerpa Xabb6i1a BO BpEMEHH U COOTBETCTBYIOIINE UM

TpH pa3Hvle BeeneHHsle:
0,16

Hd Ilapamempuvr Xab66na Beenennuvix,
pacuupsiowuxcs yckopenno - Ha,
samednenno - Hd u pasnomepro - Ho

0,14
0,12
0,10

008 Ho

0,06
0,04
0,02

0,00
0 2 4 6 8 10 12 14

Puc.11.1. I'paduku u3mMeHeHUs BO BpeMeHH napaMeTpoB Xaooma.

I[TepBeiii u3 HUX, napamerp Hd B cBoei BeenenHolt yobiBaeT
OT TIPOU3BOJIBHO BBIOpAaHHOTO 3HaydeHWsi mopsaka 2Hp 1o
coBpeMeHHoro 3HaueHusa Hp. Cpazy ke oTMeTHMM, 4YTO IpH
PacCMOTpPEHHH 1700020 3aKOHA M3MEHEHHS mapaMmerpa Xab0ia, ero
KOHeyHoe  3Ha4eHHe  0053aTelbHO  JIOJDKHO  OBITh  paBHO
COBPEMEHHOMY 3HAYE€HMIO, IIOCKOJbKY MMEHHO 3TO 3HAUYE€HUE MBI
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HabmonaeM cecoousa B moboit n3 Beenennsix. CrieoBaTensHO, IpU
yMeHvbuleHuy TapameTpa Xabbia BO BPEMEHH, BCE €ro MpOUUIbIe
3HA4YEeHUsI ONPEICNEHHO MOTYT OBITh TOJIBKO 0O0JIbU4e COBPEMEHHOTO.
U, nHaobopoT, Ay Bo3pacTarouiero BoO BpeMeHH napaMerpa Xab0ma
€ro HayaJlbHOE M BCE MPOILIbIE 3HAYCHUS O00SA3aTENbHO IOJDKHBI
OBbITh MEHBIIIE COBPEMEHHOTO.

[Toctponm auarpammel Xab0ma uist pacmupenus Beenennoit
C KaXIpIM M3 O3TUX MapaMeTPOB, HCIONb3Ysl BHIBEJACHHBI B
MpeNbIAyIIUX pa3jienax ajiropuTM ONpeNesieHus yIalEHHOCTH
00BEKTOB C Y4ETOM BPEMEHH B ITYTH CBETa OT HUX JI0 HAOII01aTeNei
Ha 3emie. Jlng HarasgAHOCTH  M300pa3suM  AMAarpaMMbl  C
npuBeAEHHBIMU Ha puc.l1.] mapamerpamu Ha ogHOM pucyHke: RO
JUIS paBHOMEpPHO pacuupsitonieiics Bcenennoit ¢ mapamerpom Ho;
Rd mis Beenennoi, pacmmpsiroimeicst 3aMeyICHHO ¢ yOBIBAIOIIMM
napamerpom Xab66ma Hd; muarpammy Ra nns Bceenennoit ¢
nmapametpoM Ha, Bo3pactraromiuM OT HEKOM IPOU3BOJIBHOM Masou
BEJIMYUHBI 10 COBPEMEHHOTO 3HAYECHUS, U TEOPETUUYECKYIO

nuarpamMmy Xa66ma R(v):
301 R, mapo. ce. 1em
zs Ro, Ra, Rd — naéniodaemvie ouazpammol Xabona ons Beenennvix,

26 -
PACHHUPAIOWUXCA ¢ napamempamu Xabona, coomeemcmeenno,

Ho — cmanoapmnuas, Ha — yckopennas u Hd — 3ameonennas.
Heticmeumenvhas ouazpamma Xabona oas smux mpéx

camas danbHsA C6epXHO6as,
Bcenennvix — R(v).

BUOUMASL Ce200HS

Ho
Ha

0 2 4 6 8 1012 14 V/C

0,0 0,2 0.4 0,6 0.8 1,0 12 ‘ 14 1,6 1.8 2,0 22
Puc.11.2. Habmrogaemsie quarpamMmbl Xa00sma 1y1st BeenmeHHbIX ¢
napamerpamu Ho, Hd u Ha.

Ha pucynke uépnsrii rpa¢uk R(V) — 310 cruBimecs B oauH
rpaguKku TEOPETUYECKOTO 3aKkoHa XaOOma musa Bcenennoit ¢ Ho u
TEOpeTHYecKnX TrpadukoB 3akoHOB Xabbna s Bceenennoit ¢
yosBatoruM, Hd u ¢ Bo3pacraronum, Ha mapamerpamu Xa0606ma.
OTO clusHUE UHIUBUAYAIBHBIX meopemuyeckux rpapukoB Xaodoua,
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COOCTBEHHO TOBOPS, JOCTATOYHO OYEBHJHO, IMOCKOJBKY SBIISETCS
CIEICTBUEM TOIO, YTO B KOHEYHOM TOYKE, B HAIlM JHU BCE
napameTpsl paBHbl Ho, U TuarpaMmbl COOTBETCTBYIOT UMEHHO 3TOMY
MOMEHTY BpEMEHH, Korjia Bo Bcell BceeneHHON 0OBEKTHI yHaustoTcs
Apyr OT JApyra MMEHHO C 3THUM mnapaMmerpoMm XaObma. [lpu sTom
OTMETHUM HEKOTOPYIO VCIOB8HOCMb. Mbl NPUHUMAEM, YTO CKOPOCTH
ucmouynuxa (OTOHOB paBHA CKOPOCTH YJIaJieHHs CBEPXHOBOH Ha
MOMEHT Ha0Jt0/ieHus: (POTOHOB.

Kak BuauM, B3auMHOE MOJIOKEHHE TpapuKOB, IUarpaMmm
Xab0ma coxXpaHMIIOCh, HO TeNepb HH OAMH W3 HUX HE SIBISETCA
NpAMON JIMHUEH, Kak Ha puc.11.1 u kak Ha cTaHJAPTHOM UAarpaMMme.
I[Ipu »TOM 3amewyaem, 4drO0 TrpadUUYecKu TPU  HEKOTOPOU
MIPOU3BOJILHONM CKOPOCTH CBEpXHOBOHM mapameTp Xab0ma Hp mns
KpacHOTo Tpaduka donvue, yeM ais 3enénoro Ha, u mensiue, uem
mis cunero Hd. T'oBops wunaue, rpaduk ¢ Hp Ha pucysnke
pacnosnoxeH Huoice Tpaduka ¢ Ha u Beimre rpaduka Hd:

Ha=—2 < Ho=-2 < Hd=—t
Ra Ro Rd

OTH HEpaBEHCTBA COOTBETCTBYIOT W3HAYAJIBHO MPUHATHIM
HamM# yCJIOBUSIM. OTMEYEHHBIE OOCTOSITENHCTBA, COOTHOIICHUS MBI
OIpeNIeIEHHO MOYKEM TpPAKTOBaTh TakK, OyATO MpH 3amedreHHOM
pacmpenun BceneHHOW OOBEKTHI HaXOIATCS K HaOIIOIATEIo
Onudce 1, COOTBETCTBEHHO, BUJHBI Oonee sipkuMu. Hampotus, mpu
YCKOpeHnoM — paclIupeHnH  BceneHHOW — nanékme  ramakTHKH,
CBEpXHOBBIC BHUIHBI MeHee SPKAMH, 4YeM TP  OOBIYHOM,
paBHOMEpHOM paciuupeHun Bcenennoil, u, Tem Oonee, npu eé
3aMeJUIEHHOM paciuupeHud. VIHade roBops, noHudicenHdas SPKOCTh
JabHUX CBEPXHOBBIX NPH TAKOM IOJXOZE MO3BOJSAET OJHO3HAYHO
UACHTUPUIIMPOBATh,  ONMPEACTHUTh  YCKOpeHHOe  PACHIHPEHHE
Bcenennoit. Ha puc.ll.2 s 1péx pasHeix BceneHHbIX
Mpe/ICTaBIeHbl TOJIBKO AMarpaMMbl Xa0bia, mosToMy uist Oosee
JIeTaTbHOTO aHaJIM3a HaHECEM Ha 3TOT PHUCYHOK JIOTMOJHHUTENIbHBIE
rpaduKd: BpEMEHH BCHBIIKK W  Ha4YadbHOH  YAaJIEHHOCTH
CBEPXHOBBIX. HITpuxoBsie BEPTUKAJIbHbBIE JMHUA
COOTBETCTBYIOLIIETO I[B€TAa IIOMEYAIOT BpPEMsS BCIBILKA CaMOM
JanbHEH, CaMOW  CTapOd  CBEPXHOBOM  JUIl  KaXIAOW W3
paccMaTpuBaeMbIXx BeeneHHbIx — 14 mupa. net Hazan.
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0,0 02 04 0,6 0,8 1,0 1,2 14 1,6 1.8 20 2,2

Ilpu 0omnoii u moii sce ckopocmu yoanenus (Hanpumep, 30eco 3mo
~ 1,4c) ceepxnosas 6 yckopenuou Bcenennoti ¢ napamempom
Xab6na Ha (cunuii epagux) suona ¢ 3emnu na bonvuiem yoanenuu,
bonee myckaotl, wem 6 3ameonerroul ¢ Hd (3enénviil epaghux) uiu
pasnomepHoii ¢ Hy. 9mo nossonsem 00OHO3HA4HO
udenmughuyuposams yckopennoe pacuiuperue Beenennoil.
Puc.11.3. Habmogaemsie auarpammsl Xa0061a, rpaguku BpeMeHu
HayaJIbHBIX yJIAaJIEHHOCTEN CBEPXHOBBIX /1J1s1 BCeneHHbIX C
napamerpamu Ho, Hd u Ha.

Tenepp Ha pUCYHKE MOXHO 3aMETUTh OTMEUEHHYIO BBILIE
HEOOJIBIIYI0O HETOYHOCTb B MHTEPIPETALUU Tapbl IMapaMeTpoB
SPKOCTb-CKOPOCTh  (yZIaJd€HHOCTh), B (OpMYJIHpPOBKE "TycKJjas,
nostomy Oosee nanékas". IlpaBunpHee BCE-Taku rOBOPUTH "spkad,
HO MeJUleHHas", TO ecTh, XOTSl CBEpXHOBas Oojee spkas, HO
JBUKETCS OHA MEJIEHHEE, YEM 3TO CJIelyeT U3 CTaHJapTHOTO 3aKOHA
Xab6ma, ero amarpammbl. M3 3TOro cpasy xe cueayer, 4ro C
MOMEHTa BCIBIINIKM B YCKOPEHHO pacummpsomeiics Bceenennon
CBEPXHOBAs yJaJIWJach HAa MeHblUlee PACCTOSHUE U, COOTBETCTBEHHO,
BUJHA Oosiee SPKOI, UeM Takas )K€ CBEPXHOBas B PaBHOMEPHO WM
3aMEJIEHHO paclupstomenca Bceenennon. lloHwkeHHass SpKOCTb
YCKOPEHHO YHAJSIIOLIEHCS CBEPXHOBOM SIBIISICTCA  KAdiCyujelcs,
[IOCKOJIBKY BbI3BaHa TEM, YTO OHA U3HAYAILHO HAXOIWIACh Ha
Oonvuwem ynaneHuu ot Habmogarens. Manas cKopocTh €€ yaaleHus
U Kaxymieecs OoJblliee pPacCTOSHHUE 10 HAOMIOAATeNss COTJIACHO
CTaHJapTHOMY 3aKoHy Xa00a BbI3BaHa €€ JefCTBUTENILHO MEHbIIEH
CKOPOCTBIO 32 BCIO HCTOPUIO JBMKEHHS. A TOHUXKEHHAsl SPKOCTb
BbI3BaHa €€ uzHauanbHo OOJbIIEMY yIAICHUIO.
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JIeCTBUTENIBHO, CPAaBHUM JIBE CBEPXHOBBIE: B YCKOPEHHON U
paBHOMEpHOU BceneHHBIX, BCIIBIXHYBIINE B OJIMH U TOT K€ MOMEHT
BpemeHu Ta= To=Tip=12 mupa. ner Hazan. Ilo rpapukam Ha
puc.11.3 BuauM, 4TO YCKOpPEHHas CBEPXHOBas B MOMEHT BCITBIIIKH
HaxO0/UJIach Ha ynaneHuu 1z ~ 10,5 Map1. CBETOBBIX JIET, @ B MOMEHT
HaOmoJeHuss — Ha ynaineHun Rijp= 12 Mipa. CBETOBBIX JIET.
CnenoBarenbHo, 3a 12 Mipa. Jer cBepxHOBas 'mpouuia IyTh",
paBHbIi R — o ~ 1,5 mupa. cBetoBbix jeT. COOTBETCTBEHHO,
HaxOJUM [UJII CBEPXHOBOM B PaBHOMEPHO PaCIIUPSIOMICHCS
Bcenennoii: r1,=6, R1,=10,5, otkyna Rip— rip ~ 4,5 mupa. cBeToBBIX
ner. B yckopeHHo pacmmpsitonieiicss BceneHHOH CBepXHOBas
OKazajiacb Ha OOJbIIEM yAAJCeHUHM, MOCKOJIbKY OHA H3HAYAJIBHO
HaxO0JIUJIaCh Janbllie, XOTd U "mpoiuia" MEHbIINUN ITyTh.

1. Habmonaemble nuarpamMmmsl Xa60J1a

HaOnromaembiMu iuarpaMMaMu Mbl Ha3bIBaeM JHMarpaMMbl,
MMOCTPOCHHBIE HA OCHOBE HabO00aemvlx SPKOCTEH W CKOpOCTEH
CBEPXHOBBIX, KOTOPbIE SIBHO 3aBHCAT OT BPEMEHM B IIyTH CBETa OT
HuX. OTMETHM, 9TO Habnodaemvle TapamMeTpbl XaObia, COrIacHO
3THM  JUarpaMMam, OyAyT  OTIMYaTbCcs  OT  HMCXOJHBIX,
OeticmeumenvHylx TapaMeTpoB, H300paxEéHHbIX Ha puc.11.1. Ha
puc.11.3 kaxmod Touke amarpaMM R COOTBETCTBYIOT 3HAYCHHS
CKOPOCTH U BPEMEHH, CIIEZOBATENbHO, Mbl MOXEM I10 TOYKaM 3THX
rpapukoB noctpouth u rpadpuxku  H(t)=v(t)/R(t). Ho wmoxHO
UCIOJIb30BaTh U T€ )K€ TAOJUIbl TaHHBIX, 10 KOTOPBIM MOCTPOEHBI
atu  guarpammbl - R(V). TlpaBuiabHBIM  CITOCOOOM — MOCTPOCHUS
napameTpoB Xab0ia B 3TOM citydae siBisiercss AuddepeHnnanbHbIi,
COTJIACHO YPaBHEHUSIM:

VO _dv dt_ VI V_ne @y
dr(t) dt dr dt v v

Jis  TOCTpOeHHS  BOCTOJNB3yeMCSl JIMHUSIMH ~ TPEHJIOB,
MO3BOJISIOIIUMHU 3aMEHUTD rpaduueckue MOCTPOCHUS
AHAJTITHYECKNM, HA OCHOBE YpaBHEHHH STHX JIMHUH, YTO 3aMETHO
ympoiaer mpouenypy. Ilockoneky y Hac ecth ypaBHeHHs R(V),
ucrosib3yeM mepBoe Beipaxkenue (11.1), waiins nmpousBoanyo R'(V),
focjae  4Yero  MPOU3BOJAMM  IApaMEeTPUUYEecKoe  IOCTPOCHHE
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Habooaembix mapamerpoB H(t), wcmonms3ys V Kak mapameTp u
yuuthiBas, uto H(t)=1/R'(t).
04

Hd llapamempur Xabona, nonyuennvle uz Hadao0aemuix
ouazpamm Xabona ons Beenennvix, pacuupaowmuxca:
yckopenno — Ha
pasnomepro — Hy
3ameonenno - Hd

0 2 4 6 8 10 12 14
Puc.11.4. Habmogaembie mapameTpsl Xad0a B TpEX pa3HbIX
Bceenennsix.

OOpamiaeM BHHUMaHUE: XOTS HCXOJHBbIE 3aKOHBI H3MEHEHU
napameTpoB Xa00yia pa3HOHANpPABJICHHBI (BO3pacTaHue, yObIBaHUE,
puc.11.1), HabmrogaemMbie 3aKOHBI MX W3MEHEHHS Ha puc.11.4 Bce
yovigarowue. POpMaIbHO ATO O03HAYACT 3aMeldleHHOe PaCIIpeHue
Bcenennoii, mpocto ¢ Bo3pacTarouuM mnapaMerpoM Xa0bia Mbl
Habarodaem MeHee OBICTPOE 3aMeIJICHUE PaCIIMPCHHUS.

2. ITapametp Xa60.1a ¢ u3ruéom

[TpoBenéHHbIE BBINIE HUCCIAEAOBaHMS, TakUM 00pa3oM,
COTJIACYIOTCSl C M3BECTHBIM YTBEPXKICHHEM, UTO TPH MOHOMOHHOM
W3MEHEHUU TMapamMeTpoB XaObna MOHMKEHHAas SPKOCTh JallbHUX
CBEpXHOBBIX COOTBETCTBYET OoJjiee MEIJICHHOMY pacCIIUPEHHUIO
Bcenennoii B mpouuioM, To €cTb, €€ YCKOPEHHOMY PACHIMPEHHIO B
Haly JHHU. VHa4ye roBOpS, MOHOMOHHOe YMEHBIIEHHE WIH POCT
napamerpa Xab01a 3a BpeMs cyliecTBoBaHusl BecenenHoil mpuBoaut
K COOTBETCTBYIOLIUM  HAOAMOO0amelbHblM — JTAaHHBIM 00  ero
YMEHBIICHWH WM pocTe. HamomMHHM, dYTO pacCMOTpEHHBIC
MOHOTOHHBIE TTapaMeTpbl Xab0:1a ycrosHuie.

Bwmecte ¢ TeM, mmoka HESICHO, YTO MOKaXKYT HAOIIOCHUS TPU
"nomaHoM" HM3MEHEHHMH TMapamerpa XaO0Oyia: ero 3aMemyieHuH C
MOCTISTYFOIIUM POCTOM U HA000POT.

Jns  Toro uToObl BBISICHUTH, KAaKUMH MOTYT OBITh
HaOmoneHus BceneHHol ¢ TakuM JIOMaHbIM TapameTpoM Xab0:a,
pacuMpsiBIIelcs CHayajla 3aMeIJICHHO, a 3aTeM YCKOPEHHO, BHOBb
CIpOEKTHpPYeM emé OaHy (YHKIUIO W3MEHEHHs BO BPEMEHHU
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COOTBETCTBYIOIIEr0 MapaMerpa Xab0ma uisi HEKOTOpPOH YCIOBHOM
Bcenennori.

TpeOyemsbrii mapamerp Xab0ma B TpOCTEHIEM, YCIOBHOM
BUJIC CKOMOWMHHpYEM W3 JIMHEHHBIX OTPE3KOB, HMCXOJS U3 TPEX
KOHTPOJBHBIX ToueK. [IepBasi — 3T0 HaYallbHOE 3HAYCHHUE TTapaMeTpa
Xa00ua, BTopasi — TOYKa M3MECHEHUS HAIPABJICHUS POCTA U TPEThS —

COBPCMCHHOC 3HAYCHHUC ITapamMeTpa.
14

\_R, mapo. ce. nem; T, mapo. nem
13 HaGmonaemsle nuarpamMmsl Xab6a Juist BeeneHHbIx,
12 pacumpsommxcst papaomepHo ¢ Ho u 3amenenHo-
yckopenHo ¢ Hda. B yckopennoii Beenennoit
JlalbHHE CBEPXHOBBIE BU/IHBI Oosiee

TYCKJIBIMH, OHH JaJIbllie.
N Rda

Ilpouinoe

11

—
=

Hda

[/ill v

N W e TN N ® O

L

=
Cez00us R

SSaa ve
0 0,2 0.4 0,6 0,8 1 1,2 1,4 1,6 1,8
Puc.11.5. luarpammer Xa66ma nns Beenennsix ¢ Hy (mtpux) u Hda.
Ha Bpe3ke mnpuBenéH mnapamerp Xa66ma Hda npns  ycnoBHo#M
Bcenennoli, pacmmupsiomencs —CcHadajla  3aMEJUIEHHO,  3aTeM

YCKOPEHHO.

0

Touky wu371I0Ma yCTaHOBUM B 8 MiIpA. JIeT OT Hayana
paciiMpeHusi, TOCKOJIbKY CYHTAETCS, YTO MMEHHO TOrJla Hayaloch
YCKOpPEHHOE paclllupeHue Haule Beenennoil, mpumepHo 6 Mipa. JieT
Hazaa. OauH W3 BapUaHTOB TAKOTO TapaMmeTrpa Xabbiia ¢ U3I0MOM
MOXET HMMEeTh, HalpuMep, BHJ, MPEICTAaBICHHbI Ha Bpe3Ke Ha
cnenyromeM pucynke. Ha puc.11.5 npuseaensr quarpammsl Xa00ma
— rpaduku aBmwkeHus R(V) CBEpXHOBBIX B JIBYX pa3HbIX BceleHHBIX:
YCJIOBHOM, pacuIupsIoniencs ¢ ykasaHHbIM napaMmerpom Xab6ia Hda
(3aMe[yIeHNE — YCKOPEHHE), U HAIlle C COBPEMEHHBIM IMapaMeTPOM
Ho. IToBTOpHM, 4TO BCE MpPEICTABICHHbIE HA PUCYHKE MapaMeTphl —
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YCIIOBHBIC, TOMOOpaHBI MO CMBICTY U HE SIBISIOTCS PEATbHBIMHU
AaHHBIMA HAOIIOICHUH.

CkopocTtb, 0003HaueHHast Kak Vinpy ~ 1,45¢ — 3TO CKOpOCTH,
P  KOTOPOH SIPKOCTh JajJbHUX CBEPXHOBBIX HW3MEHSETCS C
MOBBIIICHHOW (paHblIe) Ha TOHIXKEHHYIO (MO3KE€ OT Havaia
pacmupenusi). MHBepcust mpousounuia yepe3 1,5 mupa. neT mocie
Havyajla pacmupeHus, 4yto BuaHO 1o rpadukam To, Tda. Touka
ARmax — »93TO TOYKa, KOTJa VCI08HOe PACCTOSIHUE MEXIY
YCKOPEHHOM ¥  PaBHOMEPHO  YIAJSIIONICHCA CBEPXHOBOM  —
MaKCHMaJbHO. 3/1€Ch 3TO ~ 5 MIIpA. JET OT Hauyaja paclIMpeHus,
CKOpOCTb yAajeHus cBepXxHOBO# ~ 0,9c.

043 Habmonaemsie napamerpsl Xab0na s BeeneHnoi, pacmmpsiioneics paBHOMEPHO

0.40 ¢ Hy u ycxopenno ¢ Hda. Ha Bpe3ke — ucxoausie napamerpbl Xao6na. Kak Buaum,
Ha0II0/1aeMble TapaMeTpbl OTIINYAIOTCS OT UCXOIHBIX, TPHYEM OHU MOHOTOHHO
035 MaJaloT, YTO BBINVISIUT KaK 3aMe/UICHHOE paciiipenue BeeneHHoi.

0 2 4 6 8 10 12 14
Puc.11.6. 3aBucuMocT OT BpeMeHH mapaMeTpoB Xao0sa B
YCKOPEHHOW U paBHOMEpHOM Bcenennon

Ha ynanénnoctssx Ommxe 12,5 Mapa. CBETOBBIX — JIET
CBEpPXHOBBIE BHJHBI 0Oojee TYCKIbIMH, OHM panbmie. Ha emgé
Oonbliei ynanéHHOCTH — Ooyiee SAPKUMH. DTOT MOMEHT BPEMEHH,
12,5 mnpa. et Hazam juis HaOmronarens, Ha rpadukax SBISETCS
HUYEM HE [pPUMEYATEIbHOM TOYKOH, XOTd B 3TOT MOMEHT
3aMeJYICHHOE pacUIMpeHrne CMEHWIOCh YCKOpeHHbIM. Ha ynanenuun
9 MIIp/I. CBETOBBIX JIET pa3HUIIA IPKOCTH CBEPXHOBBIX MaKCUMAaJTbHA.

Hcnonp3ysi pacCMOTPEHHBIN BBIIIE AJITOPUTM, ITOCTPOUM IIO
JUHUSAM TPEHJOB HabogaeMble rpadUKyd W3MEHEHHS BO BPEMEHU
napamerpoB Xabbna — puc.11.6. Xora wuznoM, mneperud® Ha
pPAacCMOTpPEHHOM  TlapameTpe  Xa00iia  BBITJIAIAT  HECKOJIBKO
HEECTECTBEHHO, PACCMOTPEHHBI BapHMaHT C €ro IUIABHBIM
W3MEHEHUEM, TeM He MeHee, MPHUBEN K rpadukam, He UMEIOUIUM
MPUHIUIHATIBHBIX OTIMYUH OT pACCMOTPEHHBIX.
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OtmeTuM 3TO em€ pa3 SBHO: PAaCCMOTPEHHBIE MapaMeTpbl
Xabbysa ycIoBHO Habnrooaemvle, TO €CTh, TMOCTPOSHHI Ha OCHOBE
BLIMbLULIEHHBIX HAONMIOACHUNH 0€3 KaKuX-JTH0O0 KOCMOJIOTHYECKUX
KOPPEKTUPOBOK, 0e3 SBHOro ydéra BpPEeMEHM B IyTH CBeTa OT
BCITBIIIIEK CBEPXHOBBIX.

Ha npuBenéHHpix nuarpamMmmax Mbl BHAHUM, YTO B MPOILLIOM
YCKOPEHHO JBUTABIIMECS TAIbHHE CBEPXHOBHIC B HAIW JHHU BHJIHBI
Oornee TycKIbIMU. [IeHCTBUTENBHO, MX CKOPOCTH COOTBETCTBYIOT
Oonbuielt ynanéunoctu. Hampotus, emé 6onee najnékue CBEpXHOBbIE
BUJHBI 0OoOJiee SPKUMHU, Ye€M ITO CJIEIOBAIO OBl M3 CTaHIAPTHOTO
3akoHa XaO6na. OnHako, Ha 4YTO cleayeT OOpaTUTh BHHUMaHUE,
ONMKHUE CBEPXHOBBIE M TaJaKTUKA BHIHBI  MPAKTUYCCKHU
HEpa3IMYUMO OJUHAKOBO SIPKHUMH, HE3aBUCUMO OT HUX CKOPOCTH B
mponuioM. BbeiBox 00 YCKOPEHHOM pacIIMPEHUW CIENaH Ha
COIMOCTABJICHUU [apaMEeTPOB MABMXKEHUS OQIbHUX CBEPXHOBBIX C
napameTpamu Osudicatiuiux K HaM. becCriopHo, 4TO BIUIOTH J0 HAIIUX
nHeil Bcenennas pacmmpsanach yckopeHHo. Ho MoxkHO 1M
YTBEPKIaTh, YTO U HBIHE 3TA TCHACHIIUS COXpaHeHA?

Mpbl yMBIIIJICHHO C(HOPMHPOBATIHM TaKOW 3aKOH W3MEHEHUS
napamerpa Xab0ma puc.11.5, Ha Bpe3ke, yTO ¢ HUM B HAIU JTHU
Bcenennas pacmmpsiercst yckopenno. HeeMoTpst Ha 310, Ha puc.11.6
MBI BUIUM, 4YTO Habmooaemvle mapameTpbl Xab0ma anms oboux
BceneHHBIX — HUCMAAAOIIAE, OTIUYHBIE OT JHAarpaMM Ha BCTaBKE
puc.11.5, dro ¢QopmanbHO cnenoBasio OBl  TPAaKTOBaTh  Kak
3ameodNieHHoe PACIIUPEHHE B 000UX CITydasx.

Ctporo  TOBOpsA,  YTBEpXKIOaTh  yCKOPEHHOCTh  WIU
3aMEJIEHHOCTh paclIupeHus BceleHHol cienyeT Ha OCHOBE
JTaHHBIX UMEHHO T10 Ha4albHOMY YYaCTKy AHarpamm, Mo U3MEHEHHIO
CKOPOCTH pAacIIUpEeHUs B HamM AHW. BMecTe ¢ TeM, Ha OCHOBE
MTOJIYYEHHBIX JIOCTATOYHO JIOTHYHBIX U YOCIUTEIBHBIX PE3yJIbTATOB
MBI OTIpeAIeIEHHO UMEEM MPABO BHOBb MOBTOPHUTH CACTAHHBINA paHee
BBIBOJI:

[ToHmxeHHast SPKOCTh JallbHEH CBEPXHOBOI MO CPABHEHUIO C
€€ SIPKOCThIO B paBHOMEPHO paciupsronierics Beenennoit sipJsiercs
CBUCTENHCTBOM Oosiee ObICTpOro pacmmpeHuss BceneHHOW B
HACTOSIIEe BpeMsl, HAUHHAS CO BPEMEHH TOPsIKa 6 MIIP/I. JIST Ha3al.

Bwmecre ¢ Tem Hab00aemvle 3aKOHBI HI3MEHEHHS TAPAMETPOB
Xab0bma B 00OMX clydasx — HHUCHAJAIONIMe. DTO BBINBIINT Kak,
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Hao0O0pOT, 3aMesieHue pacmupenus Bcenennoit. Kpome toro stu
YCKOpeHHble CBEPXHOBbIE BUIHBI HA CAaMOM Jiesie OoJiee apKumu, 4eM
oHM ObUM OBl BUJHBI BO BCelIeHHOW ¢ HEM3MEHHBIM MapaMeTpoM
Xab0a, oHU K HAOJIIOJATEINIO Oudice.

3. [IpodJieMa cBepXCBETOBOIO IBUKEHUSI

I'paduku BUMIKEHUS CBEPXHOBBIX CO CGHOPMHPOBAHHBIM
BbIIE MapaMeTpoM Xab0ia yckopeHHOW BceneHHONW MOMXKHO
MPEJICTAaBUTh B CICIYIOIIEM BUJIE:

26 R, mapo. ce. nem; 10xv/c ) § Habuodaensie:

24 Ipaguxu ()Veu‘)fceuuﬂ camot ()a,vbueuv Hda = 0,13 >> Ho = 0,07

CBEpPXHOBOIU 6 yCKopeHHOoU Bcenennotl, Rda = 14,0

22 pacuupsiowetics ¢ napamempom Xabona Vda = 1,8¢c

20 Hda (na spesxke). Ipaghux Rco nokasvieaem — R(t)

18 BUOUMYIO YOANEHHOCMb CEEPXHOBOL,

CO2NACHO NPOUOEHHOMY homonamu nymu. 40)
16 Ipagux R —smo peanvnoe dsudicenue -
14  gpomonos. Ckopocmu gpomonos u 3emau — <
12 V(t) omnocumenvno ceepxnosoii i
npesululalom cKopocmy ceemd. S
10 e
et Hda
8 =
6 Ho
4 T, mapo. nem;
2
0 T, mapo. rem

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Puc.11.7. I'paduku 1BUKEHUS CBEPXHOBOI U CBETa OT HEE B
YCKOPEHHO pacuumpstoieics Beenennoit

Ha pucynke R(t) — 370 ynanéHHOCTb 0 BpeMEHHU CBEPXHOBOM
ot 3emnu (M Haobopotr). CKOpoCTh pa3deraHus CBEPXHOBOW H
3emumn — V(t), Ha pucyHKe JUI JIydlled BUJHOCTH OHA yBEIHYCHA B
10 pa3. I'paduxu R m RCO — 310 rpaduku nrwxkeHus OTOHOB OT
CBEPXHOBOM — peasibHas yIanéHHOCTh U HaOmoqaemas. Ha Tabnuuke
B LIEHTpPE T[I0Ka3aHO, YTO OTHOIIEHHE CKOPOCTH yJaJeHUs
ceepxHoBoii Vda=V(t) k e€ wnHaOmromaemolni ynanéuHoctu RCO,
onpejenseMol Mo SPKOCTH, NaET 3HaueHue MapameTpa XaOOma
Hda = 0,13, 4ro moutu B 2 pa3a npebimaer 3HadeHre HO u siBHO He
COOTBETCTBYET ACTPOHOMUYECKUM HaOJIIOICHUSIM.
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Kpome storo 3ameuaem, yto Ha puc.11.2, puc.11.3, puc.11.5
u nmaHHOM, puc.l1.7 HaOmromaemasi CKOPOCTh YIAJICHHS TalaKTHUK
npegvluiaem CKOpocTh cBera. OAHAKO YpaBHEHHUS Uil CBS3U
CKOPOCTH U KPacHOTO CMEIICHUS TaKOH CKOpPOCTU HE JIOMycKawT. B
yéM ke neno? Msel BuUAMM, 4YTO (OTOHBI SBHO JOCTHUIIIU
Habroarens — Tpaekropuu 3emin u (oToHOB, rpaduku R(t) u R
MEPECeKINCh B HAIM JIHU, HO MPH 3TOM UX (PU3NYECKHI HCTOYHHK,
CBepXHOBasi ymansercsi co ckopocteio V(I), mpeBblmaroineit
CKOpPOCTbh CBeTa, ypaBHeHUs s dddekra Jlomnepa HEMPUMEHUMBI.

[Tpobnema BO3HUKIA BCIEICTBHE TOTO, YTO MBI MOJYAIHUBO
MPUHSUIM, OYITO CKOPOCTh UCTOYHHUKA (POTOHOB BCIBILIIKA B MOMEHT
HaOJII0JICHUS paBHA CKOPOCTH YHAICHUS HAOI00AeMOl C8EPXHOBOI 8
9MOm JHce MOMEHM.

Opnaxo CKOPOCTh obnactu IIPOCTPAHCTBA,
COOTBETCTBYIOIIETO yIaI€HHOCTU  peanbHO20 UCTOYHUKA,
COOTBETCTBYIOIIEH €ro Habooaemou SIPKOCTH, OINPEACIEHHO HE
paBHA yHaIEHHOCTU 2anakmuixku. Mbl BBISCHUIIM, YTO TallaKTUKA B
MOMEHT HaOmoJeHus (POTOHOB HAXOMUTCS CYHIECTBEHHO MajIbllle,
4eM IyTb, HpPONJEHHBIA (QoToOHaAMH OT Heé 10 HalmoaarTens.
CnenoBatenbHO, HaM  CIeAyeT  YYUTBIBAaTh HE  CKOPOCTb
YIAISIOMEHCST B 9TOT MOMEHT TalaKTHKH, a CKOPOCTh TOYKH
IIPOCTPAHCTBA, HAXOJsLIecs Ha yNaleHUH, pPABHOM IMYTH,
MPOHIEHHOMY (POTOHAMH.

CornacHo pa3paOOTaHHBIM HaMH YPaBHEHUSM JBU)KEHUS
rpadUKu JBHKEHUS] caMOM NanbHEW Habnrooaemoli CBEPXHOBOU C
napamerpoM Xa66sa Hda umeror Bug puc.11.7.
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26 R, mapo. ce. nem; 10v/c Hda = Ve/Reo= 0.071 = Ho

Rda = Rco = 14

E
24 - Habnooaemvim ucmounukom usnyuenus i
ABNAEMCS He CBEPXHOBAS, A IKBUSANeHMHbIU Vda = Ve = Ic
UCTOYHUK, UMEIOWULL UHYIO CKOPOCHb, YeM
20 | CBEPXHO6AsA U (PAKMUHECKU He COBNA0auull R(?)
¢ nero 8 npocmpancmee. OOHaxo 6 mom
" cnyyae Beenennas, pacuupsowasics

22 1

18

16 . Yckopenno ¢ napamempom Hda (6pesxa) | Ve i
oondcHa dvimsb 6uoHa Kak Beenernas,
4 pacuupsowasncs pasHoMepHoO ¢ i _-
1 | hapamempom H,. : P il
10 - 4
i Ve E
81 = :
i Hda
47 E | Ho i
2 1 i T, mapo. nem
0 E T, mapo. nemi
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
- 'R, mapo. ce. nem; 10v/c  Hda = Ve / Reo= 0,071 =
12 Rda = Rco= 10 i
Vda =Vec=10,71c !
10 - }
Ve :
3 |
2 |
4 $ i 3
2] i
0 | T, mapo. nem |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
s R, mapo. ce. nem; 10v/c  Hda = Ve/Reo = 0,071 =Ho 5|
7 4 + +—|
1 Rda = Rco = 6 ! _i ;
s V@) Vda = Ve = 0,43 ! |
o : . ~d |
) Ve,
2 |
1] L
0l ) ) ) ) 6) ) : ) 7 T, mapo. nem | |
0 1 2 3 4 5 6 7 8 9 100 11 12 13 14
Puc.11.8. I'paduku nBuKeHUS ASHCTBUTEIBHOTO "UCTOYHUKA"
($hOTOHOB.
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YuuTteiBas ykazaHHOE 00CTOSTENLCTBO, HA ATOT PUCYHOK HaM
cnenyeT no0aBuTh emé aBa rpaduka "TUCTAHIIUA-CKOPOCTH'", Kak
nokazano Ha puc.11.8. CormacHo 3tM rpadukam "ucxomHas"
YAUIEHHOCTD "IEHCTBUTEILHOTO" UCTOYHUKA ()OTOHOB MEHBIIIE, YEM
HCXOJ/IHAsl YIAIEHHOCTh HAaOJI0/1aeMOM CBEPXHOBOM, a €ro CKOPOCTh
Jlake OT CaMOW JajbHEW CBEPXHOBOM TEMEph YXKE HE IMPEBBIIIACT
CKOpPOCTH cBeTa. B 3TOM ciyyae MOXXET BO3HHMKHYTbH >KEJaHUE
OTIpEAEIATh CKOPOCTh TAKOTO AEHCTBUTEIHLHOTO UCTOYHHKA (POTOHOB
Kak pa3HOCTb CKopocTeu. JleHcTBUTENbHO, 3eMiid YAQISIETCA OT
CBEpXHOBO# co ckopocthio V(t), a ucrouHuk (OTOHOB — CO
ckopocThio VC. CrenoBaTellbHO, 3eMiIsi OT MCTOYHHUKA ylaisercs
BpoJie ObI ¢ pa3HocTHOM ckopocThio: V(T) — V.

Opnnako, BO-TIEPBBIX, HAOMIOAAEMON BEJIUYUHON SIBISETCS
Tonbko VC, a ckopocth V(t) mis HaOdroIeHHS HEIOCTYIHA, OHA
cBepxcBeToBas. Bo-BTOpBIX, Takoll pa3HOCTHBIN MOJIXOJ cpa3y ke
MPUBOJUT K TPYAHOOOBACHUMOM, faxke aOcypaHoi cutyanuu. [lpu
BBIYKMCIICHUSX Habmooaemolil iapametrp Xab6msa Hda B sTom ciryuae
CTPEMUTENBHO YMeHbliaemcs 10 Mepe MNPUOIMKEHUS TOYKHU
BCIIBIIIKKA CBEpXHOBOM K 3emiie ¢ 0,06 (camasi JanbHssi CBEPXHOBAs)
10 0,0007 (camas OmxHss cBepxHOBast). Kak BuaHo Ha puc.11.8:
V(t)-Ve(t) 18-10

H(0) = :10=0,057
Re(t) 14
H(4) = 10-71 1020029
10
H(8) =@ :10=0,057

Ho sBnsieTcst mu B 9TOM ciydyae OTHOIICHUE HAOAH0OAeMblX
BenmunH VC/RCO peanbHBIM 3Ha4YeHHWEM mapameTrpa Xa0O06ia?
BepHee, MOXKXHO JIM MPUHSATH, YTO MBI HAOIIOaeM SIPKOCTh UMEHHO
0 JICUCTBUTEIBHON ynanéHHoCTH ucTouHuka ¢poronoB Re(t)=Rco u
ero ckopoctu VC? Jla, 1emo o6CTOUT UMEHHO Tax.

MOMEHT 3TOT JOBOJILHO TOHKUH, MOATOMY PaCCMOTPHUM €ro
KaK MOXHO Oojee netanbHO. ClieyeT MPU3HATH, YTO BOIPOC ITOT
JIOBOJIBHO CJIOXHBIN KaK JJIsi BOCIPUATHUS, TaK U JJIs JOKAa3aTeIbHOTO
n3noxenus. [l ero Oonee HarJSAHOTO PACCMOTPEHUS] HaHECEM Ha
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puc.11.8a HECKOIBKO IOIMOJHUTENBHBIX IEKOPATUBHBIX 3JIEMEHTOB!
CXeMaTUYHbIC W300paKeHUs 3eMJIM, CBEPXHOBOH u (OTOHOB,
puc.11.9.

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

I paghuxu osudicenus c6epxno6oil 60 Bcavennou pacuupsaowelcs ¢
20

napamempom Xaoona Hda (8peska). R(t), V(t) — oeticmeumenvHasi,
18 — yOanéHHocms u cCKopocms 3emau om ceepxHoeol, Reo(t),

Ve(t) - euoumas yoanénnocms u ckopocmeo.
16 -~ Rep(1) — epaghux deudicenust pomonos.

12 _/q,/
10 B
Ve
8
6 3
Hda
4 1
Ho ! ;
2
ol B 4; Caep,\mman WApo. nem @)
0 % 5, 3 4 5 ¢ 7% o 10 o1 12 1B

Puc.11.9. O6ocHOBaHKE rpadKOB IBHXKCHHS JICHUCTBUTEIIBHOTO
"ucrounuka" GpoTOHOB.

Ha pucyHke nmoka3aHo, 4TO B Ha4aJIbHBIII MOMEHT BPEMEHH, B
MOMEHT Havasa pacmupenus Beenennoii t = 0 3Be3aa, roToBas cTath
CBEpXHOBOW, W 3eMJII HAaXOIATCS B TOYKax ¢ KoopauHatamu 0 u

~5,6 miipn.  CcBETOBBIX JleT. B 3TOM monokeHuu 3Be3na
n300pakeHa NPUTTYHIEHHBIM CEepblM IIBETOM — OHa emé He
BenbixHysMa. [lockonbky mapamerp Xao6ia Hda B 3TOT MOMeHT He
paBeH HyJr0, 3emisi MMeeT HadalbHYI0 CKOPOCTh OTHOCUTEIIBHO
3Be3/1bl (M, COOTBETCTBEHHO, HAOOOpOT), YK€ MPEBBIIIAIOIIYIO
ckopocTh cBeta: Vo~ 1,1c. Cunsis nunus, rpaduk R(t) mokaseiBaer
TEKYIIYI0 yOal€HHOCTh 3eMJIM OT CBepXHOBOH, a muHusA V(f)
TOPYUYHOTO I[BETA — CKOPOCTh ATOTO YJAJIEHUS B KAKIbIH MOMEHT
BpemeHu. Kak BHIUM, B HAIIK JHU C STHM YCIOBHBIM HapaMeTpOM
Xab6ma Hda paccrosiHue wmexay 3emné€ii m  paccMaTprBaeMOn
CBEpXHOBOM paBHO TMOYTH 22 MIIPJI. CBETOBBIX JIET, a UX
OTHOCHTEJIbHAsA CKOPOCTh IPEBBIIIAET CKOPOCTH cBeTa B 1,5 pasa.

B paccmarpuBaemMoMm mnpumepe uepe3 | mipa. JeT mocne
Havaia pacmupeHus Bcenennoit 3Be3/1a BCIIBIXHYIIA,
[IPEBPATUBIINCE B CBEpPXHOBYKO. Ha pucyHke B 3TOM TOUKe
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MPOCTPAHCTBA 3Be3/la O0O3HAuUeHa TeMepb YK€ KPacHO-KENTHIM
BCIOJIOXOM. KpacHble BOJHHCTbIE KOPOTKHE JHMHHUU CO CTpEJIKAMHU
M300pakaroT B KaXbIi MOMEHT BPEMEHHM IOJIOKEHHE OJHOM U TOU
’Ke TIpynnbl (OTOHOB, MCIYLIEHHBIX CBEpXHOBOHM. ['paduk wux
JBIDKEHUS HM300paxEéH KpacHoW mmHuedl R¢ ynmanéaHoctu ot
CBEpXHOBOM. OTMETUM, YTO peaybHas CKOPOCTh yJalleHUs] (POTOHOB
OT CBEPXHOBOW IPEBBIIIAET CKOPOCTh CBETA, U B MOMEHT NpUXOJa K
3emMJie COCTaBIISIET MOYTH 2,5 CKOPOCTH CBETA. ITO HE MPOTUBOPEUUT
IIOJIOKEHUSIM CIIELUAILHOW TEOPUU OTHOCHUTENIBHOCTH, MOCKOJbBKY,
KaKk 3TO TPaAMLMOHHO TpakTyercs, 'pasOeranue" 3emiau U
CBEPXHOBOW HE SIBJISIETCS IBMXKCHUEM @hu3uueckum, 3TO Kaxylleecs
JBUKEHHE, BBI3BAHHOE PacIIMPEHUEM ITPOCTPAHCTBA MEXK1Y HUMH.

[IpoTuBOpeune 3akitoyaercss B JApyroM. B MoMeHT
nonyyeHus (GOTOHOB Ha 3emiie OHM YAAISIOTCS OT CBOETO
(U3MYECKOr0 HCTOYHHMKA, OT CBEPXHOBOM CO CBEPXCBETOBOMU
ckopocThto V>C=1. M3 stOro cneayer, 4YTO ypaBHEHUS JUIS
spdexra [lomiepa NpUMEHUTh Mbl He MoxkeM. HeB0o3MOKHO
MOJICTaBUTh B YPAaBHEHHME CKOPOCTb, IPEBBILIAIOIIYI0 CKOPOCTb
CBETa, IIOCKOJIBKY 1107 KOpPHEM [MOSBJISETCS OTpULaTeIbHAast
BEJIMYHUHA:

1-v

= |—-1
1+v

He cymectByet, Ha000pOT, TakKe U 3HAYEHUIH KPAaCHOIO CMELICHUs
Z, IpU KOTOPOM MOTJIa ObITh MOJy4YeHa CKOPOCThH V, MPEBBILIAIOIIAS
CKOpOCTh CBETA, OCKOJIbKY MPH JII0OOM Z BEJIMUYMHA APOOM MEHbIIEe
€ IUHUIIBI:
¢ +1)° -1
(z+1)?+1
HNuaue roBOp:A, MBI HE UMECM IIpaBa UCIIOJIb30BATh PCAJIbHYIO
CKOpOCTh yJalleHHs] CBEPXHOBOM OT 3eMJIM B KayecTBE CKOPOCTHU
ucmounuxa n3nydenus B 3pdexre Jomnepa. [loaTomy MBI HE TMeeM
IpaBa HCIOJB30BaThb 3Ty CKOPOCTb M IS ONpEAeieHUs
HaOmoaeMoro mapamerpa Xa00ia Hda, mockonbKy omnpenenuTh
ckopocTh V() Mo KpacHOMY CMEUICHUIO MBI HE MOXXeM (U3UYECKH,
ClIeZI0BaTeNbHO:

Hda = ﬂ
Rco(t)
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OpHako 37ech BCTYHaeT B CHIIY BBISIBJICHHAs paHee
0COOEHHOCTh JIBHDKCHHS ¢$hoTOHOB B pacHIupsIoIEeMCs
npoctpancTBe. [10CKOJIBKY NMPOCTPAHCTBO pacCIIUPSAETCS HE TOJBKO
nepen (OTOHaMH, HO M M033AM HUX, PEAIbHBIH IPONAECHHBIN
¢omonamu MyTh OT CBEPXHOBOW 1O 3eMJIM MEHBIIE, YeM KOHEYHOe
paccrosiHue Mexay nocieaHuMu. Ciie0BaTeNbHO, KPacHbIA rpaduk
npmwkeHus: potoHoB R(t) He sBnsiercs peanbHBIM IpapUKOM HX
JBW)KEHUS, OH HE OTpaxkaeTcsl JeHCTBUTENbHOH, (u3nueckon
HIPOTSHKEHHOCTH, JJIMHBI ITYTH, IPOiIeHHOr0 ()OTOHAMHU.

Kak Mbl ompemenwnu B OpeIblAyIIMX  pasjenax,
JeUCTBUTENbHBIM I'pa)uKOM IYTH SIBJISETCS CBETONOJOOHAS JIMHUS,
rpajpuxk Rco. CrenoBarenbHO, B MOMEHT IIOJy4yeHUS Ha 3emie
(OTOHOB OT CBEPXHOBOM OHHM IMPOLUIM MEHbIIUH myTh. B ciyuae
puc.11.9 on cocraBun nHe 21,5 Mipa., a Tobko 13 MIpa. CBETOBBIX
JIeT, KaK yKa3blBaeT KOHEYHas Touka rpaguka Rco.

C apyroi CTOpPOHBI, 3TO O3HA4YaeT TaKXke, 4To 3a 13 mup.
JeT, BPEMEHHU pACIIMPEHUs IPOCTPAHCTBA C MOMEHTA BCIIBIIIKU
CBEpXHOBOM, B TOUKY BCTpeud "MPpHOBLT" U moirydaTesb (POTOHOB —
3emus. [pyrumu cioBaMu, 10 TOYKM BCTpeud ¢ 3eMiER (POTOHBI
npouu nyTe 13 Mipa. cBeToBbIX JeT. Ho 3To Taxke o3Ha4aer, 4yTo
Gaxmuueckuil, peaivbHblli UICTOYHUK (OTOHOB B MOMEHT H3Iy4YECHHUS
HaxXo/AuJIcs TeNeph YK€ He B TOUKE HAXOXJIEHUS CBEPXHOBOM, a Ha
TaKOM K€ y/IaJIeHUH OT 3eMIIH.

Ecnu TpakToBaTh cUTyanuio OyKBaJbHO, TO C MOMEHTa 3TOMN
peanpHOM  "BCHBIMNKHK", Hayana JABWXKEHUS (OTOHOB, 3emilst
ABUranace 13 MipA. JieT M mpolia OT UCTOYHUKA (POTOHOB 3TOT
caMmblii myTb — 13 MuIpA. CBETOBBIX JIeT. BBHIy HW30TpONMHOCTH
Bcenennoii, Bce 3tu 13 Mapa. CBETOBBIX JIeT 3eMiis JIBUTalach ¢
napametrpoM XaO0ma Hda, TouHO Tak ke, Kak M peanvHulil,
¢axmuueckutl WCTOUYHUK (DOTOHOB YHAISAJCS OT HEE C ITUM Ke
napameTpoM. Pa3BepHyB TeueHHe BpeMEHH B OOpaTHYIO CTOpPOHY,
Mbl MOXKEM [0 KOHEYHOMY 3HAUEHHIO B3aUMHOHN yIan€HHOCTH
ONpeNeNIUTh M HayaJbHYI0 TOYKY [j B TMPOCTPAHCTBE ATOTO
UCTOYHUKAa (PoTOHOB B MoMeHT BpemeHu t=0. HyxHo Bcé-Taku
MOHMMaTh, YTO Ha CaMOM Jiele JTO HeKUH ¢uxkmusHblli, He
(¢bu3nyecKuii MCTOYHUK, OH JIaK€ HE COBIMAJIaeT B MPOCTPAHCTBE C
MECTOIIOJIOXKEHUEM CBEpXHOBOH. Ero mnosBiaeHne M IposBIIEHUE
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CBSI3aHO HE C Qu3uueckum IBUKEHUEM YYaCTHUKOB, a C JBIKCHHEM
BCJICICTBHE PACIIUPEHHS IPOCTPAHCTBA.

HUtor Takoil uHBEpcMHM BpeMEHM MoOKa3aH Ha puc.11.9.
OOpamaeM BHMMaHUE, 4YTO (UKTUBHBIH HCTOYHUK B MOMEHT
Bpemenu t =0 ¢oroHoB He ucmyckan. Kak BUIHO Ha pHCYHKE, Ha
MOMEHT HayaJla pacIlIUPEHUsI IPOCTPAHCTBA HCTOUYHUK HAXOIUTCS HE
B TOUYKE BCHBILIKH I ~ 3,5, a B TOUKe, yIaJéHHON OT CBEPXHOBOW Ha
4 MipA. CBETOBBIX JeT. VIMEHHO OT 3Toi TOYKHM ()OTOHBI M Hayaln
CBOM IyTh K 3emiie AIUTEIbHOCThIO 13 Mip. Jer.

BhIrsiiuT, KOHEYHO, BECbMa CTPaHHO: UCTOYHUK (DOTOHOB HE
COBIIAJIAET CO CBEPXHOBOW B MOMEHT €€ BcHbIIUKA. EBEmé pa3
MOTYEPKHEM ITO BaXKHOE OOCTOATENHCTBO. B MOMEHT Hawanma myTu
OT YKa3aHHOTO HUCTOYHHMKA (OTOH "BUIUT BAAIU" CHUIYIT 3€MIIH.
3emiisi HENPEpBIBHO yAayisercs oT (OTOHA, HO NPU BCTPEUE C HEIO
oJoMeTp (M3MepuTeNpb MyTH) (POTOHA MOKAXKET UMEHHO TUCTAHIMIO
Rco = 13, npolinennyro UM 3a 3Tu ropl. THBepcus BpeMEHU B IyTH
(13 mupa. 5eT) macT HAM HAYalbHYHO YIAIEHHOCTh MCTOYHHMKA OT
3emiid, a HHBEpPCUS BCEr0 BPEMEHM OT Hayalla pacIIUpeHHs
Bcenennoit (14 mipa. J5eT) AacT HaM  yOAIEHHOCTh 3TOTO JKe
(UKTUBHOI'O MCTOYHUKA OT CBEPXHOBOM [j, YTO XOPOLIO BHJHO Ha
puc.11.9. Ho u 3Ta ToYKa, U TOYKA UCIYCKaHUS (POTOHOB JIeXkKaT Ha
OJIHOM U TO¥t ke KpuBO# — Ha RC(t). CnenoBarensHO, mepBas U3 HUX
3a 14 mupa. sier, a BTopas 3a 13 mipa. JeT npuayT B OAHY U Ty K€
KOHEYHYIO TOUKY IIpocTpaHcTBa: Ha puc.11.9 310 13 muipa. cBeTOBBIX
net. Emé pa3, BBITISAUT 3TO, HECOMHEHHO, JIOBOJIHO CTPaHHO: K
MOMEHTY BCTpeut ¢ 3eMii€it ()OTOHBI MPOLIUIH MYTh /10 HEE TaKoH XKe,
Ha KaKoil OHM yIaJIWJINCh OT UCTOYHMKA - CBEPXHOBOM, HO IPU 3TOM
3eMisl oOKa3ajJach OT CBEPXHOBOW Ha CYIIECTBEHHO OOJbIIeM
peasibHOM ynanenuu — 21,5 mupa. cB. ner.

W3 3TOro cTpaHHOro, HO CTPOrO JIOTHYHOTO OOCTOSITENHCTBA
U cIeayeT IJVIaBHbI BbIBOA. IloCKOIBKY Ham M3BECTHAa HaydaibHas
yAan€HHOCTD I HCTOYHUKA OT CBEPXHOBOM, UCTOYHHMKA (PUKTUBHOTO,
HO CTaBIIErO BIOCIEACTBHM, 4epe3 | MIIpA. JIET peallbHbIM, MBI B
M30TPONHON BceneHHoM MOKeM BBIUMCIUTBH TAKXKE M Vi — CKOPOCTh
yJaJIeHUs] UICTOYHHUKA OT ceepxHogou. Ho (OTOHBI, B KOHIIE KOHILIOB,
JOCTUTIIN 3eMJIH, CJIEJIOBATE€IbHO, B 3TOT MOMEHT 3Ta CKOPOCTbH Vi
ABJIAETCA TAKXE U CKOPOCTbIO 3E€MJIM OTHOCHUTEIBHO UCMOYHUKA
(OTOHOB — CBEpXHOBOM, MOCKOJBKY HX JBU)KEHHE OIMCHIBAETCS
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TEMH K€ YpaBHEHHSIMM DPACUIMPEHHs MPOCTPAHCTBA, HO 3a Ooisee
KOPOTKHUH NIEPUOJ.

3nech ciaenyer IpU3HAThCS, YTO MPUBEACHHBIC PACCYXKICHUSI
KaXYyTCsl HaM BCE-TAKU JOBOJBHO CIIOKHBIMH M BBITJISAALIMMHU
HE/JIOCTaTOYHO TIIOJIHBIMH, YyOEIUTENbHBIMU, IOITOMY TPUBEAEM
JIONOJTHUTEIIbHBIE ITOSICHEHUS.

Hamm Beuucnenuss o mnpolaeHHOM (OTOHAMHM  ITYTH
OTHOCATCS K CHCTeME OTCuéra, KOTOPYK0 MOXHO Ha3bIBaTh
(GUKTUBHON cUCTEMOM OTCcuéra ucmounuka. MOXHO cKa3aTh HHaye:
K CHCTeMe OTcuéra ¢uxmueHo2o WCTOYHMKA. B 3TOil cucreme
YUUTBIBAETCSl MyTh, IMPOCTPAHCTBO, YIUIMHAIOLIUECS TOJBKO nepeo
aBKymumMcst poronom. CreoBaTeabHO, B MOMEHT BCTPEYd (OTOHA
¢ 3emuéit 00a OHU HaXOJATCS Ha pealbHOM YJaJIeHUU OT UCTOYHHUKA,
paBHOM TyTH, npotioernomy HOTOHOM, B TaHHOM cirydae — 13 mup.
CBETOBBIX JIET.

Hcxons w3 3TOro, SKBUBAJIEHTHO IIOJIYYaeTcsl, 4YTO 3TO
MMEHHO 3eMJIsl yAaJIWIach OT UCTOYHHUKA B pe3yJibTaTe pacIlupeHus
MPOCTPAHCTBA C COOTBETCTBYIOIIUM TmapamerpoM Xao6ma — H(t).
CrnenoBarenbHO, B MOMEHT TOJydeHHs (GOTOHA Ha 3emiie OHa
IPUOOPETET CKOPOCTh, OTBEYAIOIIYID 3TOMY JABMXKEHHUIO, TO €CTb
CKOpPOCTh TPUEMHHUKA OTHOCHUTEIFHO HWCTOYHHKA, WCTOIB3YyEMYIO B
pacuérax »sddexra J[omnaepa. Ocobo0 oOTMETHM, 4YTO 3TO HE
npupaujenue CKOpOCTH 3eMiH, Npu€MHUKa, a €€ abconomHoe
3Ha4eHHE OTHOCUTEJIbHO MCTOYHHKA. JleHCTBUTENBHO, B MOMEHT
"oTnpaBku" (OTOHA OT MCTOYHMKA UX HayalbHbIE CKOPOCTH PaBHBI,
MIO3TOMY MX MO>XHO IPHUHATH PaBHBIMU HYNIO. B MoMmeHT "BeTpeun"
¢ 3eMnéit obnacms npocmparcmea ¢ (HPOTOHOM, MPUEMHUK HMEET
OTMEUEHHYIO abconomuylo CKOPOCTh OTHOCUTENIBHO €€ MOJI0KEHUS
B MOMEHT M3ITyYECHHS.

Hcxons w3 3TOro, MBI MMEEM BCE OCHOBAHHSI NPOU3BECTH
PETPOCHIEKTUBY BPEMEHHM M HAWTH YCIO6HOe HAYAIBbHOE IOJIOKEHHE
3eMsId OTHOCUTEJIBHO HCTOYHUKA, KaK JK6UBANeHm HadallbHOTO
MOJIOKEHMS JIBIDKYIIEics obmactu ¢ ¢oronom. Jlns ynoOcTsa,
ynoOctBa Tpaduueckoro H300paKeHUS HAXOJWM  IOJIOKEHUE
o0J1acTH B MOMEHT Hayajia pacumpeHus BceneHHoi, To ecTs, He 13,
a 14 mupa. et Hazaz - Ii. DTO JOMYCTUMO, TTIOCKOJIBKY 00€ 3TH TOYKH
HaxoaaTcss Ha ofHOM rpaduke. Temepb MBI MOXKEM HaMTH HU
CKOpOCTh 3eMJIM B MOMEHT HauOombllero e€ yhaleHus oT
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UCTOYHMKA, B Hamy JHU — VC(14), B MOMEHT moiy4eHusi (oToHa.
Emé pa3 ormernm, 4ro Ha camMoM Jeje OT MCTOYHHMKA YHAJISUICS
"onaepoBCKUi NPUEMHUK', a HE 3eMJIs, KOTOpas B KOHIIE IIPOCTO
OKa3aJach B HYXKHOH TOYKeE.

I[I/Ial"paMMbl JJIS1 NeCTBUTEIbHbBIX HCTOYHUKOB

Hcxons u3 3THX NaHHBIX, Habaooaemvle uarpaMmbl Xao0ma
puc.11.3 u puc.11.5 Taxxe npuoOpeTyT MHOW BUI, BHJI, KOTOPBIA
COOTBETCTBYET JIEHCTBUTEIIBHBIM HCTOYHUKAM (OTOHOB — BHUJ
NPSIMOJIMHEHHON TeopeTndyeckoil amarpammbl Xabb6iaa R(V) Ha
puc.11.3.

B orom cnydae momywaercd, 4YTO Jaxe Ha OCHOBE
HaO00aeMblX TAPAMETPOB CBEPXHOBBIX MBI OyJIET MOIy4aTh OJHY U
Ty &€ CBSI3KY CKOPOCTh-SPKOCTh JTI000N CBEpXHOBOH, OAHY U TY K€,
Kak Uil pPaBHOMEPHO pacwupsronieica BceneHHoW, Tak H
pacIupsIONIeiicss YCKOPEHHO WIH 3aMEeJJIEHHO.

Kak BugHO Ha puc.11.8a0B, s CBEpXHOBOI, BCIBIXHYBILEH
14, 10 unu 6 mupA. neT Ha3a Mbl IOJIy4aeM OJHO U TO )K€ 3HAUCHUE
napamerpa Xab0ma:

_v_Veh _1_0714_0428_, .,

Tr Ret) 14 10 6

BykBanbHO 3TO O3HAYAET, YTO NPU TAKOM ITOAXOJAE HUKAKHE
peanbHble  HAOMIOJEHMS HE  MO3BOJSAIOT HaM  ONPEIENUTh
MPEABICTOPUIO PACIIMpPEHUs] BCerneHHOM, Kak OHa pacIIMpsiach B
npouutoM. OfHAKO ATH KE TOXKIECTBA Cpasy K€ NOJHUMAIOT
cepb€3HbI Bompoc. OHM HHUKAK HE MPOSICHSIOT, MOYEMY JajbHUE
CBEpXHOBBIE BHJHBI 0o0Jiee mycKabIMU, YEM OTO CJIEeIyeT W3
CTaHJIaPTHOM JMHEMHON auarpaMMbl XabOia, B TOM 4YHCIIE U U3
MOJIyYEHHBIX 3/1€Chb HOBBIX auarpamm. Ha kaxaoW W3 HUX, IS
COOTBETCTBYIOILIETO 3HAUYEHUs Mapamerpa Xab0ia, TOUYKH KaKJOro
€MHUYHOTO HAOMIOJEHUSI HEU30€XKHO JIOJDKHBI JIOKUTbCA Ha
CTaHJAPTHYIO NMPAMOJIUHEHHYI0 nuarpammy. Hukakoil mOHMKEHHOU
SIPKOCTH TIPX ’TOM BO3HUKHYTH HE MOXKET.

OnHako acTpOHOMHYECKHE HaOIIOJEHUS MOKa3bIBAIOT, YTO
NaJIbHUE CBEPXHOBBIE BCE-Taku MeHee spkue. [ oObsiCHeHHs 3ToI
IIOHMKEHHOM SPKOCTH MOXHO CcJenaTh JOCTaTOYHO Pa3yMHOE
npennosioxkenue. B mpoiecce  IBWXKEHUS TOTOKa  (DOTOHOB
IIPOCTPAHCTBO HCIBITHIBAET MOMUMO 1POOOJbHO2O PACHIUPEHUS
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Takke U nonepeuroe. COBEPIIEHHO OYEBMJIHO, YTO YJUIMHSAETCS HE
TOJNBKO BOJIHA H3JIYYEHUS, HO M PACCTOSTHUE MEXAY COCEIHHMH
BOJIHAMH B ITyYKE CBETA.

Kak wu3BecTHO, YIVIOBOE paclIMpEeHUE CBETOBOIO IOTOKA
MO3BOJISIET  ONpPENENUTh  YHAJIEHHOCTb  MCTOYHMKA  CBETa.
JIelCcTBUTENBLHO, O pEabHOM YIalIEHHOCTH OOBEKTa, CTAaHIAPTHOM
CBEYM MbI CYAUM IO €€ SApKOCTH, KOTOpas B HEIOJBHKHOM
MIPOCTPAHCTBE YMEHBIIAETCS OOpaTHO MPOMOPLUOHAIBHO KBaJpary
paccTostHusl.

B HenoaBWKHOM NPOCTPAHCTBE OTHOLIEHHWE IUIOLIanel
(OTOHHBIX TOTOKOB MPSIMO MPOIMOPLUUOHAIBLHO KBajgpaTraM HUX
ypanénnocreii. Ho B pacmmupsronieMcs NpOCTPAHCTBE — 3Ta
KBaJpaTUyHas MpPONOpPLUHUS HAPYLIAETCA, IOCKOJbKY IUIOMIA/b
CEUEHHUs IOTOKa B IPOLIECCE YAAJICHHUS YBEJIWYUBACTCS 3a CUET
pacuMpeHus IIPOCTPAHCTBA. ApxocTh xKe o0OpaTHO
MIPOIOPLIMOHAJIbHA IUIOMIAIM MOTOKA, O3TOMY B PaCIIUPSIOLIEMCS
MIPOCTPAHCTBE UCTOYHUK BUJIEH TeM 0OoJiee TYCKIIBIM IO CPaBHEHHIO
C KBaJpaTUYHON 3aBUCUMOCTbIO, UYEM JAJIbIIE OH HAXOAUTCH.

Jomyctum, Mbl HaOJIr0gaeM TOJIBKO OJUH (DOTOH, KOTOPBIA
HUKAKOTO TMOMEPEYHOro XaOOMOBCKOTO pacIIUpeHUsi HE HMeeT.
TpaekToputo Takoro ¢GOTOHa MOXKHO TPEACTaBUTh KaK OYEHb
JUIMHHBIA MTy4OK MPUKATBIX APYT K IPYry CTPYyH, Tpoc. VX TonmmHa
OlHA M Ta €, KaKk B HCXOJHOM, TaK MU B KOHEYHOM TOYKax.
Onpenenurs SpPKOCTb HCTOYHUKA IO OAHOMY €AMHCTBEHHOMY
(GboTOHY, WM MO 3TOMY IYy4YKy "(OTOHHBIX CTpPYH', TPOCY MBI HE
CMOXKEM.

Ho eciu Tpoc pacruiectu, eciau HPHUHATh NMYYOK CTPYH-
($oTOHOB pa3z0erarouIMcs B CTOPOHBI, TO B Halll TEJIECKOI MOMayT
TEM MeHblIe (JOTOHOB, CTPYH MJIM HUTEH Tpoca, YeM Jlaiblie OT Hac
ux Hauyano. W 3mech yke BaXHO, MO KAKOMY 3aKOHY 3TH (DOTOHBI
YIAISIOTCS OT OCEBOM JIMHUM, KaK PE3KO pa3jeTaloTCs B CTOPOHBI
cTpyHbl Tpoca. Eciu TpaekTopuu (QOTOHOB M HATSIHYTbIE CTPYHBI
pacxomsTcs, OCTaBasChb INPSAMOJMHEWHBIMHM, HATSHYTBIMH, TO
IUIOTHOCTH MPHUHSTOrO MOTOKA OyneT ojHa, oOpaTHO KBaJpaTU4yHas.
Ho ecnm nmo mepe ynaneHus pacTalKuBaThb UX B Pa3sHbIE CTOPOHBI
MPUHYAUTETBHO U OY€Hb CWJIBHO, TO IUIOTHOCTh HPUHHMAEMOro
MOTOKa Oy/AeT CyLeCTBEHHO HMKe. To ecTb, MOMHMO OOBIYHOTO
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YIJIOBOTO pacIIupeHusi (POTOHHOTO MOTOKa TpedyeTcs YUYUTHIBATh U
€ro MPUHYIUTEITLHOE Xa00JIOBCKOE pacCIIupEeHHE.

MoOXHO 3Ty KapTHHY OINHMCaTb U B BUAEC TPaJAULMOHHOU
pasnyBaroieiics cepbl. B MOMEHT BCHBIIIKK CBEPXHOBOM OT Heé
HAaYMHACT YHAIAThCA (QOTOHHas cdepa M3HAYAILHOTO JIUaMeTpa.
ITycth 310 Oyzmer ycnoBHbIM 1 MeTp. Dta oToHHAs cdepa BOIU3H
CBEPXHOBOM IOJHOCTBIO IOMAAET B HaIll TEJIECKOI C JUaMETPOM
BXOAHOU TpyOsl Toke 1 mMeTp. To ecThb BOIM3HM OT CBEPXHOBOW MBI
YBUAUM BCE 3TH (POTOHBI TMOITHOCTBHIO, MOJYYUB MAaKCHUMAIIbHYIO
SApKOCTh CHUTHaja. EciaM jke TenecKoll HaxoIuTCs Ha YAaJleHUH,
ckakeM 100 MeTpoB OT TOYKHM B3pbIBa, TO (oTOHHas cdepa
YBEJIMUUTCS B IMaMETPE B COOTBETCTBUU C XapaKT€POM paCIIUPEHUS
npoctpanctBa. CrefoBaTreiabHO, BO BXOJHYIO TpyOy HaIIero
TeJeCKoNna MOomanET yXe MEHbIIee KOJMYECTBO (POTOHOB M3 ITOU
cdepsl. U 31ux HpoToHOB OymeT TeM MeHbIe, YeM JaNbllle TeJIECKOI
HAXOJUTCS OT TOYKU BCIBIIIKH U 4eM ObIcTpee cdepa pa3ryBaercs.

Jlerko noragatbcsi, yTo nuameTp (GoTroHHOU cheprl Oyner
YBEJIMUUBATHCA CTPOrO IO 3aKOHY PaCIIMPEHMs] IPOCTPAHCTBA, TO
ecTb Oymer umerh, Hampumep, 3Hauenue R(t) puc.11.9. Ho MbI Ha
JaMarpaMMax IOKas3biBaeM HMMEHHO 3HadeHue R(t), a He mutomagms
MPUHATON YacTU (OTOHHOM cepbl, KOTOpas UMEET 3HAYCHHE r?,
rae I — AuaMeTp BXOJHOW TpyObl Teneckoma. B mpenslmyniux
PaccyXIeHUSIX ITO OOCTOSTEILCTBO MbI HE yunuThIBaJIU. C yuéToM ke
3TOro (akropa BBIBOA O HEBO3MOXXHOCTH HAOJIOAECHUS CKOPOCTU
paciivpeHus WM HaONIOACHUSI YCKOPEHMs], ClIeJaHHbIE BBIIIIE,
BBIIJISIIAT TEMeph YK€ HE TakuM YOeAUTENbHBIMH, HMX CJeIyeT
CEpPBE3HO NIEPECMOTPETh.

JlelicTBUTENBHO, B cay4ae yuéra HOMepeyHoro xabhio0BCKOro
pacIlIMpeHus] TPOCTPAHCTBA, JaK€ NPHU  JUHEUHOM  3aKOHE
pacmupenust Ho = const ganbHue cBepXHOBBIE OyAyT BHAHBI Ooiiee
TYCKJIBIMHM, YTO IPUBEAET K HCKPUBIICHUIO Jake€ NPSIMOIMHEHMHON
quarpaMMbl Xa00i1a, 9To Jake B 9TOM CIIydae MOXKET TPaKTOBATHCSA
KaK KOCMOJIOTMYECKOE YCKOPEHHE.

bonee ToOro, He3aBUCMMO OT XapakTepa pacHIMpeHUs
BcenenHoli: paBHOMEPHOIrO, YCKOPEHHOTO WM 3aMEIJIEHHOTO,
MOJYYEHHbIC B TOCIEAHUX BBIKJIAIKaxX auarpammbl Xaboma R(V)
cpasy e NMpHOOpPEeTaroT BHUJ, OTIUYHBIA OT MPSIMOJIMHEHHOTO, OHU
UCKPUBJISIOTCS KBEPXY.
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Kak creacrtBue, Takoe OTIMYME peabHO HAOMI0IAaeMOi
KPUBOJHHEHWHOW ¢ HM3ruOOM BBepX auarpamMmmbl Xab0ma R(V) or
KJIACCUYECKOU MPAMOIUHEUHOU HE MOXET CUHTAThCS OJTHO3HAYHBIM
CBUJCTEIBCTBOM ycKopeHHo2o paciuupenus Bcenennoit. To, uro
HaOmroaeMast guarpamma Xa0O6ma R(V) wusrmbaercs BBepxX OT
MPSMOJIMHEHHOM  TEOPETUYECKOW  JMarpaMMbl, MOXET  OBITh
CIIEZICTBUEM HONepeyHo2o XaOOJIOBCKOTO pACIIMPEHUS CBETOBOTO
MIOTOKA [0 MEpE €ro yAalleHus: OT UCTOYHUKA.

MOo>KHO MPEeAnoNok UTh, YTO MPH 3aMEJICHHOM PaCHIMPEHUU
MPOCTPAHCTBA 3Ta TEHJICHLIMSA Takke OyneT HaOmoIaTbCcs, HO B
MeHblIel crenenu. To ecth, OykBanbHO, HabIIOJaeMas quarpamma
Xabbnma mius 3ameodnenno pacmmpsionieiics BceemenHoir OyneT
BBITTISIZIETh TaK, OyJTO OHA PACIIUPSETCS YCKOPEHHO.

MHaye roBops, 10 CPaBHEHUIO CO BceneHHoi ¢ napameTpom
Ho Bce cBepxHOBBIE OyIyT BHIHBI ME€Hee SpKUMHU. BeposTHO, mpu
STOM JallbHSS CBEPXHOBAs B YCKOpPEHHOH Bcenennoii OynmeT BuaHA
0ojee TycKJIOH, 4eM B pPaBHOMEPHOW U 3amMemsieHHOW. OJHAaKO MbI
UMEEeM TOJIbKO OJMH pEANbHBIi HAa0Op W3MEpEHHH, CPaBHUTH
KOTOpPBI HE € 4YeM, BCIEICTBUE YEro OcCTa€rcs JUIlb OJIUH
onpeAenéHHbIA BBIBOJA: HE3aBUCUMO OT XapakTepa paclIupeHHs
Bcenennoli nanpHUME CBEpPXHOBBIE BHUJIHBI 0oJiee TYCKIIBIMH, YEM B
IIPOCTPAHCTBE,  OMMCHIBAEMOM  MpPSIMOJIMHEHHON  JguarpamMmoi
Xab06mna. JlroOble HaOMIOAEHUS JOJDKHBI IOKa3aTh YCKOPEHHOE
paciIipeHne, OTKJIOHEHHE auarpamMMbel XaObma R(V) BBepx oT
TEOPETUYECKOU, MPSIMOIUHEHHOM.

BwMmecTte ¢ TeM B 3TOM cilydae OTKPBITBIM OCTAa€TCs emE OJIMH
BOIIPOC. TOYEMY cC8epxOalbHue CBEPXHOBBIE HMEIOT, Ha00OPOT,
TEH/JCHIMIO K YBEIMYEHHUIO SPKOCTH. Bo3MoOXHas mnpuyMHa —
XapakTep pacuMpeHus BceneHHON B 3TOT ceepxdanbHuil TIEPUO
Pe3Ko, UHPIAYUOHHO YCKOPEHHBIH.

YroObl HEMHOTO MPOSCHUTH 3TH CTPAHHOCTH, MOMpoOyeM
OTIPENICNIUTh CTENEHb BIMSHUS Ha JHarpaMMbl  TIOMIEPEYHOTO
Xxa00JI0BCKOT'0 pacIIMPEeHUs] IPOCTPAHCTBA.
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20 R, mapo. ce. nem; 10v/c

Ra(t)
18  Bo Bcenennoii ¢ yckopentvim napamempom Xabona Ha (speska) 3a 14 mapo. rem
npocmpancmeso pacuupunoce ¢ 10 0o 16 mapo. ca. rem, mo ecmo, 6 1,6 pasa.
Omo 3navum, umo camas 0abHsA C6ePXHOBAS OOIICHBL Obimb 6UOHA HoNee
yoanéunou, mo ecmo, o1ednee, a umenro — 6 1,6 paza. To ecmn, camas
0anbHAA CBEPXHOBAS QOINCHA HAXOOUMbCA He 6 moyke R14, euoumoi

16

14 yoanénHHocmu, a vluie, 8 KOHeYHOU mouke epaguxa Ra(t),
. mo ecmv 6 1,6 pasa danviue. R,
~e
r R(®) Reg iz
10 2
% -
8
6 .
™ >
o T, mapo. nem
4 e 2 4 06 8 10012 1
2 V()
Vo
0 T, mapo. nem
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Puc.11.10. Amanutndyecku-rpaduueckoe  MPEACTABICHUE  CBS3U
yOan€HHOCTH W SIPKOCTH  CBETAIIErocs OO0BEKTa B  Pa3HBIX
Bcenennbix

Obparumcs k puc.11.10, Ha KOTOpOM mpeacTaBieH Tpadux
yCKOpeHHOro  pacmupeHus. 3a 14 mmupa. et  ¢parMeHt
npoctpancTBa pacmupuics ¢ 10 no 16 mupa. cB. ner, To ecTh, B 1,6
pa3za. OTO 3HAYUT, YTO caMas JaJbHsS CBEPXHOBAs JOJKHBI OBITh
BUHA Oosee ynanéHHOM, TO ecTh, OyieHee, a UMEHHO — B 1,6 pasa.
To ectb, camass pJanbHAS CBEpPXHOBas Ha PUCYHKE JOJDKHA
HaXOJUThCS HE B KOHEYHOW TOYKe IITpUXOBOro rpaduxa Ris, a
BhIIIIe, B KOHEUHOU ToUKe rpaduka Ra(t), To ects B 1,6 pasa nanbiire.

Hanpotus, 6iinxHss CBEpXHOBAsI 10JKHA TOYHO COBIA/IATh C
KOHEYHOM TOYKOH ITpuxoBoro rpadpuka. Bumumo, kospduument
YMHOKE€HHSI MOKHO BBISIBUTH U3 BBIPAKECHUS .

k="14xR,=Ra(4)
r-O

3neck, ro(t) 1 r14 — ynanéHHOCTh OT CBEPXHOBOW B MOMEHT BCITBIIIKH
t ¥ B MOMEHT HAONIOACHMS BCIBILKA B HAamKM JTHH, a Rig —
Kaxkymasics Ha0mogaeMast yJaln€HHOCTh CBEPXHOBOM, BCIIBIXHYBIIEH
B MoMmeHT t. Ilo cytu, 5TOT KOX(pOUIMEHT U sBJIsAEeTCA
Oeticmeumenvrou  ynanéuaocteio  Ry(t) = Ra(t). TIpoepum 1o
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PUCYHKY YpaBHEHHS Ha OCMBICIIEHHOCTh. Haxomum i pajnbHEw,
Omkaliel U caMoil TallbHEeH CBEPXHOBBIX:

I 16,5
t=2 t)=k=2*xR,=—"-x12=198
R(0)=k="24xR, ==

0

t=13 R a)— xR, = lggxl 1,03

t=0 Rm_— R, = 16514231

[Tomyuaercsi, 4yTOo camasl JalbHsS CBEpXHOBas BHJHA Ha
OoJbIIEM YHAJICHUW, YeM JaKe OHAa HAXOAWTCS Ha CaMOM Jiejie.
PaccmoTpeB cBepxHOBbIE ¢ HauanbHOW yaanéHHocThio 10, HO B
MOMEHT BCHBIIIKH HaxOJAIIMECS Ha Pa3HbIX YyIANEHHOCTSIX OT
3emud, TOJlydaeM Il HMX OpPUEHTUPOBOYHO, '"Ha TIJa30kK"
CIeqylmui  rpaguKk  3HAYEHUW  JICHCTBUTENIBHOM,  peajbHO

Ha0JII0TaeMOM yIan€HHOCTH:
24 R mapo. ce. nem npownoe

I'paduk 3HaYEeHUIT NEHCTBUTEIBHOM, pealbHO HaOII0naeMOH y1anEHHOCTH

20 Ra(t) camoit 1anbHel CBEpXHOBOM, HAXOAMBIIEHCSI B MOMEHT BCIIBIIIKH

Ha Pa3HBIX yAaIEHHOCTAX 0T 3eMiin. CBEPXHOBAsI, BCIIBIXHYBIIIAs

16 8 mupp. ner Haszazn: Ra(8) — naGnionaemast JaibHOCTb,

Rco(8) — myTh, npoiieHHbIi HoTOHAMH.

Ra(t)

Rco(14)
Rco(®) _ — —— -

0 2 4 6 8 10 12 14
T, mapo. nem
0 2 4 6 8 10 12 14

Puc.11.11. I'pacuk peanbHO# ynanéHHOCTH CBEPXHOBOU C yUETOM
BPEMEHH B ITyTH CBETA OT BCIIBIIIKU

ce2o0nn

Yewm panbliie B MPOILIOM MPOMU30ILIA BCHBIIIKA CBEPXHOBOM
(BmpaBo, BpeMsl BCIIBIILIKA OT HAIMX JHEH), TeM oHa OnenHee. DTOT
rpaguk mocTpoeH Ha ocHoBe rpaduxoB puc.11.10. U3
HCIIOJIL30BAaHHOIO JUIs HOCTpoeHI/Iﬁ BBIPAKCHMSL:

Ra(t) = ()cho(t)
MOXXHO OIpPENCINTh W BEIMYUHY KOIPQPUIIMEHTA YMHOXKCHHUS,
koa¢dunrenta MONEPEUHOT 0 xa00JI0BCKOTO pacTsiKeHus
MIPOCTPAHCTBA:

29



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

MakcuManbHO  BO3MOXKHOE — 3HadeHWe  Kod(dduimenra,
SIBJSIFOIIETOCS KOG GUIIMEHTOM yBeIHueHUs yaanéHHocTH K = r14/rp
B 3aBUCUMOCTH OT [p U 14 YAOOHO ONpPENEIUTh IO PUCYHKAM
puc.11.9 u puc.11.10.

3aMevyaeM,  YTO  MAaKCHMaJbHOE  3HAYEHHE  ITOTO
kod(duimeHTa  3aBHCHUT TOJBKO OT mapamerpa  Xa0O0:ma.
Koaddunment m3mensiercst ot 1 (B Hamm JHU) A0 MaKCUMAIbHOTO
3HaueHus (B mponwioMm, 14 mupa. naer Hazanm). g pasHbIX
napamMeTpoB Xa00iia, pacCMOTPEHHBIX B HANIUX BBIYHCICHHSIX,
ko3 purreHTs Kr IMEIOT MaKCUMAaTbHBIC 3HAUCHUS:

H(t) Kr=r14/ro
Hda 2.309
Ho 2,718
Hd 4,480
Ha 1,666

Jlyiss CBEpXHOBBIX, BCIBIXHYBIIMX B 0OJiee MO3THEEC BpeMs,
3TOT KOA((UIIUEHT yMeHbuiaemcs O SIUHUIBI B COOTBETCTBUU C
3aKOHOM  HM3MEHEeHHus mapameTpa Xab6ma. OOHapyXxuBaem
WHTEPECHYIO 3aKOHOMEpHOCTh. CHIbHEE BCETO CBET JAIbHUX
CBEpPXHOBBIX ociabnusercs Bo BceneHHOH, pacuupsronieics
3aMeIJIEHHO, a cllabee BCero — B yCKopsitoieiics BcenenHno.

[Tapametpsr H(t) mnpenacraBiensl y Hac rpaduuecku Hu
AQHAIUTUYCCKU, TI03TOMY MBI MOYKEM BBIYUCIHTH MaKCUMaJIbHBIE
3HadeHus Kg mns Ho, Hd m Ha Ttakke W uWHTErpupoBaHHEeM
cooTBeTcTBYIONMMX pyHkuuii. Hanpumep, ams Hd:

K 3 ej'olﬁd(t)dt _ GJSA(HWWJM _ egHoxM g

R = =62 ~4,48

Oxunaem, 9TO oOHapyKeHHOE COOTHOIIICHHE
KOA(QQHUIUEHTOB TPUBEAET K MHTEPECHBIM clencTBUsAM. s
CIIEIYIOIIMX TIOCTPOCHHMH  HUCHOJB3yeM mapaMmerpbl  XaboOima,
NpEeJCTaBICHHbIE Ha Bpe3Ke K CieayloleMy pucyHKy. Mcmonb3ys
UX, CTPOMM jauarpamMmbl Xa00ia, yuuThiBaromue koddounueHt Kgr
JUTSI TIOTIEPEYHOTO Xa00JIOBCKOTO PACIIMPEHUsI CBETOBOTO MTOTOKA!
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R, mapo. ce. nem
Juazpammur Xabona u coomsemcmesyroujue um 3a6ucumvle om epemeHu

napamempuwl Xabona. Unoekcol: a — yckopenue (accelerate); d — 3ameonenue
55 (decelerate). Kax 6uono no ouazpammam, moavko npu ycKopeHHo-
50 3ameodnennom pacuupenuu Beenennoit Had oanvhue ceepxnogoie uoHbl
45 Oonee mycknvimu, a ceepxoanvhue — Oonee ApKUMU, Yem npu
40 Cmanoapmmuom pacuwupenuu Beenennoii ¢ neusmeHHoim
napamempom Xabona H,.

15 0,05 7
Taapo. iem
12

14

ve
0,0 0,1 0,2 03 04 0,5 0,6 0,7 0,8 0,9 1,0
Puc.11.12. HaGmomaemblie quarpaMMbl Xab0:1a ¢ y4éToM BpEMEHHU B
IIyTH CBETA OT BCIBIIIKH CBEPXHOBOM

B nepByto ouepenp Ha pUCYHKE HAac MHTEpeCyeT Hapamerp
Xabb6na Hda, coOTBEeTCTBYIOIIUI NPHHATON MOJACIH PACUIMPECHUS
Bcenennoit — 3amemieHHo, 3ateM  yckopeHHo. Ilpum  ero
(YHKIIMOHATILHOM HPOEKTUPOBAHUM MBI UCXOAMIN M3 JIOCTATOYHO
pa3yMHOIO MPEATNONIOKEHNS, YTO B HAdaJbHBIH MOMEHT BpEMEHH
3TOT MapaMeTp ObUI paBeH HYIIO, MOCJIE YEero OH Pe3KO YBEIMUYMIICS
JI0 CBOET0 MaKCHUMAaJIbHOTO 3HAY€HHUs, YCIOBHO depe3 1 Mipn. JieT.
Jlanee OH yMeHbIIAJCS 1O MOMEHTa BpeMeHu t = 8 mip/. Jiet, mocie
4Yero Ha4aJl pAacTH BIUIOTh JO HAmMX JHEH. MakcuMalnbHOE U
MUHUMAaJIbHOE 3HaYEHHE NTapaMeTpa — yCIOBHBIE.

OO6nHapyxuBaeM, 4TO, JEHCTBUTENBHO, PE3YyIbTaT OKa3ajcs,
no MeHbliel mepe, cTpaHHbiM. C TakuMm mapamerpom Hda mbl He
CMOTJIM  TOJY4YUTh JOuarpamMmy  Xa005ia, COOTBETCTBYIOIIYIO
yckopeHHOMY pacmupenutro. Ha pumc.11.12  Bugum, dro c
napametrpoM Hda panbHUEe CBepXHOBBIC BHIHBI Oojiee SPKUMH, a
CBepXJalbHUE, HaoOopoT, MeHee spkue. Cam mapamerp Hda
OIIpEAEIEHHO COOTBETCTBYET 3aMeJIJIEHHO - YCKOPEHHO
pacumpsironeiicss BeeneHHol, HO MPOU3BOAHAS OT HErO JuarpaMmma
Xab0ma SBHO JIEMOHCTPUPYET 3aMEIJICHHOE pacIIUpeHue, eciu
WCIIONB30BaTh MOJCNIb "HalbHUM — TYCKIbI". ByKBaJbHO 3TO
03HAYaeT, YTO TaKasi MOJIEIb HE SIBJSETCS MOKA3aTENEM YCKOPEHHOTO
paclIpeHus..
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Ho, Bo3moxHo, apyras ¢opma nmapamerpa Hda nmoareepaut
3Ty Moaenb? OToT mapameTp Xab0na MBI CIPOSKTUPOBATIH
apaMeTPUIECKUM, TO €CTh, €ro (HOPMY MBI MOXKEM JIETKO U3MEHUTD,
MEHSIl €r0 YeThbIpe HACTPOCYHBIX IapameTpa: MUK U ero BpeMs U
MUHUMYM U ero Bpewms. IIpocTeiM moabopoM 3THX mHapaMeTpos,
HayraJ MbITaeMCs MOIYYUTh TaKyl0 €ro 3aBUCUMOCTb OT BPEMEHHU,
4yroObl xapakTep Hda wu3MeHMICS Ha NPOTHUBOINOJOXKHBIM, Ha
YCKOPEHHO - 3aMe/JIeHHbI ~ mapamerp Had, mnpuBomsmmii  k
U3BECTHOM auarpamMme Xa00Ona, Korja JajdbHHE CBEPXHOBbBIE
BBIMJISIIIAT O0Jiee TYCKIIBIMU, a CBepXJIaJibHUE — OoJiee IPKUMHU, YeM C
napamerpom Xab661a Ho.

Takast KOPpEKTUPOBKA MpPOILIA YCIEIIHO W Mbl HOTYYHIH
Tpebyemblii nHBepcHbIi mapamerp Hda. Ctpoum quarpammy Xao6iia
Ha €r0 OCHOBE M OOHAapy)KHBaeM, YTO C TaKOW 3aBHCHMOCTBHIO MBI
MOJIy4aeM M3BECTHOE COOTHOIIEHHE: JallbHUE CBEPXHOBBIC TEIEpPh
BUJHBI O0Jiee TYCKJIBIMH, a CBEpXJaJibHUE, HAIIPOTHUB, CO BPEMEHEM

3aME 0T CKOPOCTh cBoero pazoeranus, puc.11.13.
40 R, mapo. ce. nem
Tonvko npu yckopenno-3ameonennom pacuwupenuu Beenennoti Had danvrue
CBEPXHOBbIE BUOHBL DOIee MYCKIbIMU, d CBEPXOANbHUE — DoNee APKUMU, YeM
30 Npu cmanoapmuom pacuiuperuu Beenennou ¢ HeusmeHHbIM
napamempom Xaoona H,.
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0,10 —+
20 .08+ Ho

10,06
15 joos Ha
10,02 H
10 jooo | T uapo. aem
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.11.13. Toawsko npu YCKOPEHHO-3aME/IJIEHHOM
pacipenun Bcenennoii ¢ mapametpom Had nanbHue CBepXHOBBIE
BUJIHBI 00Jiee TYCKJIBIMU, a CBepXAaJbHUE — 00JIee SIPKUMHU

Had Rad

[Manenne mapamerpa Had npoucXomuT 1O  BBITYKIOH
napaboJie, 9TO MPUBOIUT K €T0 pe3Komy YMEHBIICHUIO B HAITU JTHH.
IIpennonaraeM, uTo Gosiee eCTECTBEHHBIM OBbLIO OBI €ro MajieHue 1o
9KCIIOHEHTe WM runepbone. Ham perymupyemslii  mapamerp
Hda~Had He mo3BOds€T CKOPPEKTHPOBAaTH JTOT  YYaCTOK,
MMOCKOJIBKY OH (DYHKITMOHAIHHO 3a1aH MapaboJIoi.

Jdns  mpoctoThl chopmupyem dtoT mapamerp Had wu3
MPSIMOJTMHEHHBIX OTPE3KOB, BhIOpaB 14 mHTEpBanoB. Takol crocod

32



¢dbopmMHupoBaHUs TapameTpa IMO3BOJSIET MOAOTHATH €ro (Gopmy mon
mo0oi BUJ nuarpaMmbl Xa00sa. B pesynbrare yaanoch MOJYYHUTH
JMarpaMMy, COOTBETCTBYIOIIYIO YTBEPXKICHHIO 00 YCKOPEHHOM
pacipeHun BceneHHON: Tyckible NajdbHUE CBEPXHOBBIE U Ooliee
apkue — cBepxganpHue. OIHAKO U B 3TOT pa3 Mbl 0OOHApYKUBaeM,
YTO caMm mapameTp Xab0jga COOTBETCTBYET NPOTHBOIIOIOKHOMY
xapakrepy pacuupeHus BceneHHoil — 3amenneHHoMmy. Bceenennas
CHauaja paclupsieTcs YCKOPEHHO, 3aTeM 3aMeAJIeHHO. bykBaibHO
3TO O3HA4YaeT, 4YTO B HAIIM JIHU COIJIACHO HAOJIOACHUSIM 3a
TYCKJIBIMH CBEPXHOBBIMH MBI TOJy4aeM 3aMeUICHHOE PACIIMpPEHUE

o
Bcenennoii.
40 R, mapo. ce. 1em
ITapamemper Xabona, 3asucumvie om epemenu (6peska) u coomeemcmsyougue um
ouazpammul Xabona. Tonvko napamemp Xaboaa Had 3ameonennou Beenennoi
30 - npusodum k ouazpamme, Ha KOMOPOU OalbHUEe CEEPXHOGbIE BUOHBI Honee
MYCKBIMU, a ceepxoanbHue — bonee ApKuUMU, YeM npu NOCMOSIHHOU
o

Xabona H. Rad
20 0,15
0,10

35

25

0,05

T, seapo. 1em

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.11.14. Ilpu yckopeHHO-3aMeJIEHHOM paciiupeHun BcenenHnoi
¢ mapameTpoMm Had nanbHuE CBEpXHOBBIC BHIHBI O0OJIee TYCKIIBIMU, a
cBepxJalbHue — Oosiee spkumu. [lapameTp mpeacraBieH B BUJE
JIOMaHOW JINHUH

Jnsg cnpaBKkM M HarjasAHOCTH IPUBOJUM IOJHBIA HabOp

rpadMKOB JIBUKEHUS caMOil JanbHEH CBEpXHOBOW B Takou
BcenenHoi, KOTOpbIil UMEET BUL:
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26 T R, mapo. ce. nem
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|
24 - Ilonnwiii Habop epagduros Osudcenus camoil :
oanvHell c8epxHosoll 60 Beenennoli ¢ :‘
napamempom Had (speska, nomanasn nunus). | / 3
20 - Omo Beenennas, pacuupsewascs chavana £
VCKOPEHHO, 3ameM 3amMe01eHHO. /
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i
\
"
"
1\
A
I
LN ]
—
v A
’
16 - Bcenennas, pacuupsrowascs 7 ;
i
i
:
i
H

-1
e

3AMe0JICHHO.
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& T, mapo. nem:
1 0 2 4 6 8 10 12 14

T, mapo. nem

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Puc.11.15. I'padukn  pBmwKeHHS  camMOd  JalbHEH  BUAMMOU
CBEPXHOBOI1 B 3aMe/IIeHHO# BeenenHoii ¢ mapamerpom Had

OnpenenéHHbIM HEOCTATKOM TaKOI'0 IIOCTPOSHUS TapameTpa
Xab0ma sBIAETCS €ro CTaTUYHOCTh. V3MEHHUTH 4TO-mHOO0 B HEM
HEMpPOCTO — HYXXHO MEHSATh BCE €ro TOYKH, HpUYEM CcoOIroas
Pe3YJIbTUPYIONIYIO IUIABHOCTh JIOMaHOM KpuBoW. Kpome Toro ero
JIOMaHbIi BUJ W OCTPBIH INHK BBI3BIBAIOT HEKOTOPOE HEIOBEPHE,
CMOYKEM JIM MbI IIOJIYUUTh MTOX0XKUN Pe3yJbTaT MPH IPYrHX, NIaJKUX
skcTpemyMax. [loaToMy mpoekTupyem Takoil ke BUJA Iapamerpa,
COCTOSILINH U3 TTIaJIKMX KPUBBIX.

B pesynbraTe MBI MONY4YHSIM MapaMETPUUYECKYIO0 KPHUBYIO C
M3MEHSEMbIMH KOOpJMHAaTaMM MHUKa M KPUBU3HOM pOCTa - criaja.
Kpusas chopmupoBana u3 tpéx ¢pynkunil. HauanpHelil ydacTox —
napabona mnepeMeHHoW crtemeHu N =15..5; cpenHuil ydactok —
nepeBépHyTasl KBaJpaTuyHas mapabona; TpeTuil — runepbosa
MepeMeHHoH crenenu N = 2...12.

[lepeGupast perynupoBouyHble KO3 (ULIUEHTH, (opMUpyeM
TpeOyemblii mapamerp Xabb6na Hda — Brmagka k puc.11.16,
MaKCUMaJbHO COOTBETCTBYIOIIMH MOJENN TYCKJIBIX JalIbHUX
CBEPXHOBBIX, U 00JIee SIPKUX — CBEPXIaIbHHX.
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40 R, mapo. ce. nem

35 Ilapamempor Xabona, 3asucumvie om spemenu (8pe3ka) u ouazpammol
Xabona, coomsemcmeyrowue um. Tonvko napamemp Xabona Had
3ameonennot Beenennoii npueooum Kk ouazpamme, Ha KOmopou
25 QanvHue ceepxHOBbLIE BUOHBL DONIee MYCKAIMU, d
20 ceepxoanvbrue — bonee ApKuMU, Yem npu

nocmosunou Xabona Hy.

0,10 3 Had
0,05
0,00 T, wapo. aem

0 2 4 6 8 10 12 14

ve

0,0 0,1 0,2 03 0,4 0,5 0,6 0,7 0,8 0,9 1,0
Puc.11.16. Ilpu yckopeHHO-3aMeIJIEHHOM paciiupeHun BceneHHoi
¢ mapameTpoM Had nanbHuE cBEpXHOBBIC BHIHBI 00JIee TYCKIIBIMU, a
cBepxJajibHue — Ooisiee spkumu. [lapameTrp mpexacraBieH B BUAE
rJ1aJKoN KpUBOH

Kak Buaum Ha pucyHke, mapamerp Xab6ma Had
COOTBETCTBYET 3ameldneHHo paciupstomierics Bcenennoi, HO
nuarpamma Xa00ia, COrIacHO MOJENU "TYCKJIbINA — JajdbHUI" SBHO

TpaKTyeTC}I KaK YCKOpPEHHO pacliupAromascsa Bcenennas.
26 R, mapo. ce. n1em : !

|
24 [lonnwiil Habop epaghuxos Osudicerus camoll OanvHell
22 cgepxHoB0IL 80 Beenennoil ¢ napamempom Had —
20 VCKOpeHHO-3ameOlneHHas Bcenennas unu 6
18 MpuHamou mepmunonocuu — Beenennas,
PAaAcuupsaowancs 3ameoneHHo.

co 0,10 Had

T
|

|

1

H 0,05

I / T,

H L MApO. nem
| 0,00 e

|

1

|

|

1

0 2 4 6 8 10 12 14

T, mapo. J1em,

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Puc.11.17. I'paduku nBM>KEHHS caMOU TajdbHEH BUIUMOMN

CBEpXHOBOI1 B 3amMe IeHHOI Beenennoit ¢ mapamerpom Had B Buze

rIagKol KpUBOH
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OTO HECOOTBETCTBUE BHOBb FOBOPUT O TOM, YTO IOHMKEHHAs
SIPKOCTh JTaJIbHUX CBEPXHOBBIX HE MOXET CIYKHUTh OCHOBAaHHUEM JIJIsI
3aKJIIOYEHUsT 00 ycKopennom pacliupeHud BceneHHOW. DTOT
PUCYHOK 0€3 KOMMEHTApueB Mbl MPUBOAMM TaKKe JJIs CIHPABKU U
HArJSIIHOCTHU: TIOJIHBIA HA0Op TpaUKOB JABWKEHHS CaMOM JajibHEU
Ha0Ir0JaeMO  CBEpXHOBOM BO BceenenHoit co copMupoBaHHBIM
napametpom Xab6xa Had.

4. CnopHble BbIBOABI 00 YCKOPEHHOM pacilIMpeHun

[Tockonbky mapamerp Xa661a Hd takke uMeeT HaCTpOEUHBIE
BEJIMYMHBI JUIsI TMKA W MHHHMYMa, MbI TPOJEIATN TaKyl XKe
npouenypy mnoadopa u ¢ HuM. Okasaloch, YTO €ro PEryIupOBKOI
Hayraj MOXKHO IIOJIYYHTh BHJ JuarpamMmbl Xa0O0yia, JTOBOJIEHO
ONMM3KO MPUONMKAIOUIMICS K BHIY JAMArpaMMbl YCKOPEHHOTO
pactmupenust Bcenennoit, puc.11.18. OTmerum, 4TO mpaBUIIbHEE

ObL10 OBI MapameTp Xab0ia B 3TOM ciiyyae uMeHoBath Hada.
4R, mapo. ce. nem

35 [loobopom nayeao napamempa Hda yoaroce nonyuume 6uo ouazpammol
Xabona, cxodrcuii ¢ Ouazpammort 0 yCKopeHHoz20 pacwupenus Beenennoil.

30 Crnabvim mecmom amoii Ouazpammvl AGIAEMCS Y4ACMOK ONUACHUX
c6epxHo6bIX. Xoms u c1abo, HO MOMNCHO 3AMEMUMb UX HEKOMOPYIO

25 NOBBIUEHNYIO APKOCNb NO OMHOWEHUIO K CMAHOGDMHOU
ouazpamme Xabona ¢ napamempom Hy.

20

0,10

008 Ho e

0,06 pl— e

0,04 ’
’

002 ¢

000 *

T, mapo. nem
2 4 6 8 10 12 14

v/e
0,0 0,1 02 03 0.4 05 0,6 0,7 0.8 09 10

Puc.11.18. Ilpu  3aMeUIECHHO-YCKOPEHHOM  paCIIUPEHUU
Bcenennoii ¢ mapamerpom Had manpHuE CBEpXHOBBIE BUIHBI Oosiee
TYCKJIBIMH, a CBEpXJlaIbHHE — O0siee SPKUMU

EnvHCTBEHHBIM, HEYBEpEHHO CJIa0bIM  MECTOM  3TOM
AuarpamMmel ABJISACTCA y4aCTOK OJIMOKHUX CBCPXHOBEIX. XOTs U O4YEHD
c11ab0, HO MOXKHO 3aMETUTh UX HEKOTOPYIO N08bIUUEHHYIO IPKOCTh IO
OTHOIIIEHUIO K CTaHAApTHOUW auarpamme Xab0ma. Jlydine Bcero »To
3aMETHO Ha YBEIIMYEHHOM (hparMeHTe IuarpaMMel:
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R, mapo. ce. nem

IToobopom nayaao napamempa Hda yoanoce nonyuums 6uo ouazpamol
Xabbna, cxooicuil ¢ duazpammoil 01 ycKopeHHo20 pacuupenus Beenennoi.
Cnabbim Mecmom amou Ouazpammsl AGIAEMC YHACMOK OIUICHUX .
11 c6epxnosix. Xoms u c1abo, HO MOMCHO 3aMEMUMb UX HEKOMOPYIO
NOBLIUEHHYIO APKOCHb NO OMHOWEHUIO K CIAHOAPMHOU
ouazpamme Xabona ¢ napamempom H,. @pazmenm
ouazpammel yseauyeHr Os ayvuielt 6UOUMocmu
cnabozo mecma.

0,10
7 008 Ho ”‘1”—  Lremczek 4
0,06 e Soe===
7’
0,04 ’/
: :::: i T, mapo. nem
0 2 4 6 8 0 12 14
. Ve
0,20 0,25 0,30 0,35 0,40 0,45 0.50 055 il

Puc.11.19. YBenuueHHslii  (parMeHT  guarpaMMbl IS
3aMeJICHHO-YCKOPEHHOro paciupeHust BceenenHoil ¢ mapamerpom
Hda. BiimxHue cBepXHOBBIC BUIHBI C MTOBBIIICHHOM SPKOCTHIO.

XoTsa ¥ Ha nmpeacic TOYHOCTHU, HO BCC-TAKU 3aMCTHO, 4YTO
OMKHME  CBEPXHOBBIE TP JICHCTBUTEIBHO  YCKOPEHHOM
pacmmpenun BcenenHol BUAHBI OoJiee SIPKUMH, YeM B CTaHIAPTHON
Bcenennoii, paBHOMepHO pacuupsitonieiics ¢ napamerpom Xa0O06mia
Ho. OTmeTum, uTo Ha Auarpamme BceenenHolt ¢ mapamerpoM Xab66ia

Had takoit a¢dexT onpenenéHHo OTCYTCTBYET:
50 R, mapo. ce. nem -

45 Ilapamemp Xab6ra Had, 3a6ucumvlii om épemenu (6peska) u yseauueHuwll

ppazmenm ouazpammel Xabona, coomsememesyiowui emy. Apkocmo 2>
ONUMNCHUX CBEPXHOBBIX YKAAOLIBACMCS 8 MOOENb YCKOPEHHO20 '
15 pacuupenus Beenennoi. He monvko danvrue, HO u onudichue
7 ceepxnosbie 6UOHBL Donee MyCKIbIMU, YeM npu

30 hocmosnnot Xabona HO. Oonaxo napavemp Had
coomeemcmeyem 3ame0NeHHOMY

40

25 pacwupenuio Beenennou. i L4 Had 17~ _
0.08 | Ho e
2,0 0.06 S ‘
0,04 "
15 M 574
0.02 | ,* N i
T s \T, mapo. nem !
l'0 0 2 4 6 8 10 12 14
o5 Ve
0,02 0,07 0,12 0,17 0,22 0,27

Puc.11.20. YBenuueHHslii  ¢parMeHT  auarpaMMbl  JUIs
YCKOPEHHO - 3aMEJIJIECHHOTO paclIupeHusi BceneHHoW ¢ riaagkum
napamerpoM Had. SIpkocTh ONMKHUX CBEPXHOBBIX HE TPEBBIIIACT
KJIACCMYECKHX 3HaueHu it Beenennoit ¢ mapamerpom Ho.
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Kak BuUOHO Ha puUCyHKe, OJIKHHE CBEPXHOBBIE B TaKOH
Bcenennoli Bcerna He sipue, OHM 3aMETHO Jajibllieé CBEPXHOBBIX B
crangaptaoi Beenennoit ¢ Ho.

B 3akmiouenue paccMoTpum emé€ oauH BapuaHT. Kakum
JOJDKeH OBITh mapameTp Xab0ma, 4roObl HaOMOAaeMas auarpamma
BBITJISIZIENIa  KJIACCMYECKH — MPSMOJIMHEHHOW, C  HAaKJIOHOM,
COOTBETCTBYIOIIUM Mapamerpy Xabbma Hp. Kak okazamoce, 3Tomy
YCIIOBUIO OTBEYAeT cmayuoHapras BceneHHas, pacuiipeHue B
KOTOPOH Hayaloch OYKBaabHO BYepa (IUTpuxoBas auHHS HS)
puc.11.21.

Ha pucynke mokasaHo, 4YTO pacCMOTpPEHHas uarpamma
Xabbma '"3amemieHHO - yCKOopeHHOW" BceneHHOW Takke Oyner
MoJIydeHa 1o HabuoieHusM Bo Beenennoii ¢ mapamerpamu Xa60:ma,
MMEIOIIMMH BHJI, MOJOOHBIN IMOKa3aHHBIM Ha Bpe3Kke pucyHka. Ha
BCEM MPOTSHKEHUU CYHIECTBOBaHMSA Takoil BceeneHHol 3HaueHuUs
nmapaMeTpoB ObUTM HE TOJBKO ONM3KH K HYIIO, HO OBUIH J1a)Ke
oTpunatenbHbiMi. To ecTh, Oomnbliee Bpems, mouTu 11 mapa. met
Bcenennas He pacummpsinace, a cxkuMmanachk. M TOJIBKO B IOCienHHE

1,5 mapn. et Havanock eé CTpeMPITeJIBHOG paciipeHue.

14 R, mapo. ce. nem
0,08 -

12 0,06 4 Ho

0,04 4
0,02 4

0,00 +

-0,02

¢ Alse venosuvie Beenennvie ¢ napavempami Xaoona na 6peske YCKOPEHHO pacuiii-
paomes s nocaeoHut muanuapo aem. OOHa U3 HUX UMeen VCI0GHO Hel3MeH-

uwlit napavemp Hs, smo daxmuuecku cmayuonapras Beenennas, ucnvimasuias

4 kpamroepemennwlil - ckavok pacutupenud. Eé ouacpavivia Xadona — wmpuxosas
auHus. Juaepavivia Xaoona Ra emopoil BeenenHoil, enioutHas auHus, nOKazvlGd-

2 em, umo OdIbHIe CEePXHOBbIe O0Nee MYCKIble, d CePXOIbHIle — Oolee SApKlle.
Nousumenvrno, mo mouno marxasn sce kapmuuHa Haonoaemces u 6o BcenenHoil,

o Komopas 6 nauti OHUL pactiupsemcs 3amMeol1eHHO. Ve

0,0 0,1 02 03 04 05 0,6 0,7 08 09 1,0

Puc.11.21. Inarpammer Xa606:1a, HaOmronaembie BO BeeneHHbIX ¢
napametrpamu Ho, Ha u Hs

Cnemyer OTMETHTh, 4YTO TpHUBENEHHAs HAa  PHCYHKE
NpsMOJIMHEHas TuarpaMMa ¢ napamerpoM Xab6ma HS (uHzekc S
0003HaYaeT CTAlMOHAPHOCTHh) BBIMJSIIUT KAaK  KJIACCHYECKas
auarpamma, Tak, Oyaro Beenennast Bce 14 mupa. jet pacumpsiiach ¢
HEU3MEHHBIM napameTpoM Xab6ma Ho. Ho Ha Bpe3ke BHUIIHO, YUTO 3TO
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HE Tak, Jullb 4epe3 13 mupa. jer mocie poxzacHus BceeneHHon
nmapametrp HS wucmbiTan peskuid  ckadok, Bcemieck. [IpocTeim
JIOTUYECKUM aHAJIU30M HE YAAJIOCh BBIIBUTH C ONpPeoeléHHOCMbIO
MPUYUHY TaKOTO0 PpacXoKJIeHHs. JlelCTBUTENbHO, CBET OT Camou
JalbHel HaOI0aeMOl CBEPXHOBOW Mpomén myTh B 14 Mipnd. CB.
JIET, HO JI0 TIOCJIEIHETO MOMEHTa CKOPOCTh UCTOYHUKA, 3BE3/bl ObliIa
HyJneBoil. B MOMeHT perucrpanuu cBeTa, Bcero 3a | Miph. Jier
CKOPOCTbH IOJIyYaTelisd, 3eMJIM BO3POCia MOYTH JO CKOPOCTH CBETA.
Ho Torna Ha 3TOM HHTEpBajie BpEMEHH CBET M OT APYIHX, OJMKHUX
CBEPXHOBBIX JOJDKEH JocTuub 3emnd. Kak mnomywaercs, 4TO
OTHOCHUTEJIBHO JIaJIbHEW CBEPXHOBOM CKOPOCTh YJAJI€HUS 3EeMIIH
BBIIIIE, Ye€M OTHOCUTENbHO OmmkHUX? JlocTaTOYHO pa3yMHBIM
OOBSICHEHHEM SIBIISIETCS, BEpOSITHO, ciexayromee. Ha "HaGop"
HY’)KHOM OTHOCHUTEIBHOM CKOPOCTM KaK pa3 W MOBIHSUI 3TOT

IOCIIe THU M HHTCPBaJl YCKOPCHUA paCLHI/IpeHI/I}I IIPOCTPAHCTBA.
14 R, mapo. ce. nem

0,08

0,04

10 {002

/lee venosnvie Beeaennvie ¢ napavempamiu Xaoona Ha 6peske VEKOPEHHO paciips-

& Somes munus nocieonuil anuvmapo aem. QOwa w3z HUX uMeenm VEI10GHO Hel3MeHHbIl
napaxemp Hs, smo haxmuvecku cmayuonapuaa Beenennaa, ucnoimacuasn kpam-
4 KOGPeMEHHbIil CKAMOK PACULUPEHIIA. Eé¢ duazpavva Naoona — wmpuxoeas aunua Rs.
Auaepayivia Xadona enopoit Beenennoit ¢ Hd, cnnownas . NUHUA, NOKA3BIGACH!, UNIO
danvHile c6epXHOGbIe Golee MYCKIble, d ceepxoaivHile — doiee apkue, Rd. Voueu-
MeAbHO, MO MOUYHO MAKAS Hee KapmiuHa Haoawoaemces i 6o Beenennoil, komopas 6
. _HQUIIL OHI PACULPACNICA YCKOPEHHO. e
0,0 0,1 02 03 0,4 0,5 0.6 0,7 0.8 09 1,0

Puc.11.22. Inarpammer Xa606:1a, HaOmronaembie BO BeeneHHBIX ¢
napamerpamu Ho, Hd 1 Hs

Kaxxnmass u3 CBepXHOBBIX — ONVIKHSAA W Nan€kas — B MOMEHT
CKayka mapaMerpa XaObna ompeAenéHHO HAXOIWINCh HA PA3HbLIX
paccTosHUSAX OT 3emMJId, WHa4Ye OHW HE JOCTUTII Obl €&
oHOBpeMeHHO. [loaToMy ONMKHHME OBUTAIUCH HA NO30HUX DTaIrax
pacmMpeHusi ¥ HaOpaidu, COOTBETCTBEHHO, MEHBIIYIO CKOPOCTb.
Camas panbHsis ke '"3axBaTwia' TMEpUOJ CKayka MOJHOCTBIO H,
clie1oBaTeIbHO, Habpaia 0oJiee BBICOKYIO CKOPOCTb.
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Ho oco0GeHHOCTh 3TOM MOAENH 3aKI04aeTcs U B TOM, UYTO
W3BECTHBIM BUJ AUarpamMMbl "TYCKIJBIM - IpKUM" MPUCYL] TaKXe M
Bcenennoli, pacmpsomuics B HalllU JTHU 3aMe01eHHO:.

BHOBb 3ameTum, 4TO B 3TOM cCilyd4ae mapamerp XaO0mia
crnenoBaio Obl 0003HaumTh Kak Had. Ha pucynkax puc.11.21 wu
puc.11.22 BunHO, 4TO 32 BCE BpeMs cyliecTBoBaHUs BcenenHnoi ona
pacmmpsiiack (PaKTHYECKH C YCKOPEHHBIM mapamerpoM Xab0:ia,
KpOMe€ MOCJIeIHEro nepuoaa, Ha puc.11.22. B nocneanuii Musimmap
JIEeT paclIMpeHus IpOou30Iiia HHBepcus — BeenenHas paciupsiiach ¢
3aMmejieHreM. TeM He MeHee, B 000uX CITydasix JuarpaMMbl Xa00ma
JNEMOHCTPUPYIOT TOHIKEHHYIO SIPKOCTH JajJbHUX CBEPXHOBBIX M
MOBBIIIEHHYIO — CBEPXJAJBHUX. YYaCTOK JAWarpamMMbl Ui JAJIbHUX
CBEPXHOBBIX HAXOAUTCS BhIIIE AUarpamMmbl g BeenenHoil, ycioBHO
pactmpsironieiicss paBHoOMEpHO ¢ napamerpom HS. Yuacrok s emié
0osee qan€KX CBEPXHOBBIX CMEIIEH HUKE STOM JUarpamMmabl.

Hns paccmorpennoro Ha puc.11.22 Bapuanta Bcenennoi
npuBeAEM MOJHBIA HaOOp TpadUKOB JBIKEHUS caMoil aanékoi
HabO00aemotl cBepxHoBoi — puc.11.23.

OOpamaem  BHMMaHHME, UYTO B  COOTBETCTBHH  C
OTpUIIATENIbHBIM 3HAKOM TMapamerpa Xa00bna Takas YCJIOBHas
Bcenennast Ha HadajgbHOM JTale HE pacHIMpsiIach, a CHKUMajach,
rpapuk  R(t). HWuaye roBops, W3HauambHO OHa oObOnagana
OTPHUIATENBHON CKOpOCThIO V(t), KOTOpas B HAllM JHU HM3MEHHJIA
HamnpaBjlIeHUe M JOCTUIJIA CKOpOCcTH cBeTa. CBET OT BCIBIIIKU
CBEpXHOBOW PACHpPOCTPAHSIICS TMPAKTHUYECKH TaK JkKe, Kak B
craunoHapHoil Bcenennoif. Ilo rpagukam Mbl BUANUM, YTO IYTH
¢oTtoHOB — ¢akTtuyeckuil nmyrb RCO um myrh xabbmoBckuihi Rp —
MPAKTUYECKH HE pa3jInyaloTcs, IMO3TOMY BIIMSHHE MONEPEYHOro
Xa00JIOBCKOTO ~ pacUIMpeHHs] CBETOBOIO IOTOKAa CBOJIUTCS K
00BIYHOMY 3aKOHY OOpaTHBIX KBaJpaTOB.

Habmonaemble ymanéuHocts RCO u ckopocth VC Takke
MPAKTHYECKH COBIAIAIOT C TeopeTHUeCKuMHK 3HaueHusMu R(t) u v(t),
COOTBETCTBEHHO. Jlumpb cmycts 8 mupa. JeT  paciiupeHue
BcenenHoli crtano 3aMeTHBIM, a CIycTa 12 MIIpA. JIE€T CKOPOCTh
pacupeHust pe3ko Bo3pocia. B mocneaHuit MusuiMap JeT Haiia
yciioBHasi BceneHHass BHOBb CTajla pacHIMPSATHCS C 3aMeAJICHUEM
BIUIOTh JIO HAIIUX JTHEH.
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N W A 1N X O

2

U, coOoTBETCTBEHHO: CBEpXAabHHIE, HA000POT, Ooee sipKue.

['papiku aBHKCHHS CaMOM Janb-
HCH CBEPXHOBOI B yCrIoBHOH Bce-
JICHHOW. pPacHIMpPEeHUE KOTOPOH
Havyamoch OVKBanbHO Buepa. Bcee
TPAIULMOHHBIE TIPU3HAKU COXpa-
HUINCh. JATbHUM — TYCKIBIM,
cBepxIambHUM — Oonee spkuii. Ha
Bpe3ke — nmapameTtp Xadoma Hd Ta-
koii  Bcenennoi.  PacmmpeHue
MOKHO Ha3BaTb VCKOPCHHBIM. €C-
JM pacCMaTpUBaATh JAIEKOEC ITIPO-
onoe M 3aMCITTCHHBIM, CCIIH pac-
cMaTpuBath Hamy - smoxy.  Jlo
13 mapa. ner Bcenennas pacmm-
psIaCh YCKOPEHHO. HO B HAILM THU
OHA OIPEICIAEHHO 3aMETACTCS.
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Puc.11.23. I'paduku nBM>KEHHS caMOM TajbHENH BUIUMOMN
CBEPXHOBOI1 B 3ame uistolieiics Beenennoii ¢ mapamerpom Hd

7S I EOR VRGNl TGO FSSLNIH SO K ARG -,

12

e
£

Xota BceneHHas BBINIAAMT OTYACTH KakK CTAallMOHApHAs,
nuarpamMmbl Xa06i1a OTUETIMBO NMOKA3bIBAIOT 3aBUCUMOCTh KPACHOTO
CMELIEHMs, CKOPOCTH CBEPXHOBBIX OT HUX YAaNEHHOCTH. [Ipmuém
ocrtajach B cujie Metadopa "garpHUE CBEpXHOBBIE OoJiee TyCKIbIe".

Beixoaur, 4TrO0 B KJIACCMYECKOM, NPSMOJUHENMHOM BHIE
nuarpamma  Xa66ma R(V) =Rs(v) Oymer B Hawel peanvHol
Bcenennoli HaOmromaemMa TOJNBKO B cllydae mapamerpa Xab0mia
Ho(t) = Hs, umeromero ¢opmy natuHckoit OykBbI L, nexarneit "Ha
cnuue". lIMeHHO ¢ TakuM mapameTrpoMm XaObna nuarpamma Oyner
HMMETh Ki1accuueckuit Bup puc.11.24:
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R, mapo. ce. rem p

35 ,7(:’0 yenoeusle Beenewnmsie, pacuuapiaoujiecia ¢ Y A

napamvempamu Xabonra Hs u Hy, npusedénHwim N
30 Ha epeske. /luaepammor Xabona Rs u Ry, nocmpo- PLd
Y - '
eHHble 0N  Kaxcooil BcenewHoll Ha ocHoge R -
0

25 HAOMIOOACMBIX KPACHBIX CMelje il it apkocmeil, L
OMAUHAOMEA 0N Meopemudeckiux  OUaepamM, -
COOMEeMcmeyIoux iy napavempam. Bce- B
aeHnas ¢ napasempom Hs ocrosnyio uacmeo epe- -

MEeHU Cceoeco cyulecnmeosdaHliia cmaoHapia. - i Rs

20

2 4 6 8 10 12 14 V/C
0,0 0,1 0,2 03 0,4 0,5 0,6 0,7 0,8 0,9 1,0

Puc.11.24. Habmrogaembie amarpammbl Xa0bma mis BceeneHHBIX ¢
napamerpamu Ho u HS. [uarpamma RS cootBercTByeT BceeneHHoid,
KOTOpast OOJIBIIYIO0 YacTh BPEMEHH OblIa CTAllHOHAPHON

Ha pucynke npencraBieHsl JBe nuarpaMMbl Xa00ia, a Ha
Bpe3Ke — COOTBETCTBYIOIIME UM TMapameTrpbl Xa60ma. O6e
quarpamMmbl  SIBJISIIOTCS  HAOJMIOJAa€MbIMHU, PpE3YJIbTaThl U3MeEpeHUs
CKOPOCTH M SIPKOCTM KaXXJOW CBEPXHOBOM B CBOed BceneHHoW B
TOYHOCTH JIATYT Ha COOTBETCTBYIOINYIO JIMHHIO. OJHAKO Ha caMOM
Jielie MX peajbHble, JIEUCTBUTENbHBIE YAAJEHHOCTH M CKOPOCTH
ynanenust 0ynyt uHbiMu. OTMeTuM, yTo BceenenHas ¢ mapamerpom
HS OCHOBHyI0O 4YacTb BpPEMEHM CYILIECTBOBAHMS  SBISETCS
craunoHapHoil. I'paduku aBrxeHHUst caMoil JanbHel HabnrogaeMon
CBEpXHOBOU B 3T0M Bcenennoil mokaszansl Ha puc.11.25. I'paduxu
COOTBETCTBYIOT YaCTUYHO CTallMOHApHOMY MapaMeTpy Xab0ma Hs.

Ha pucynke BHAHO NpakTUYECKU IOJHOE COBIMAJIEHUE Map
napametpoB: R(t) u RC (myts pukTuBHOTO HcTOYHMKA (POTOHOB), R
(xab0moBcKkuit myTh (OTOHOB) U RCO (M3MEpEHHBIH, peanbHbIH MyTh
doronos), V(t) u VC (ckopocTh (PUKTUBHOTO HUCTOYHHKA (POTOHOB).
OTO O3HayaeT, uyTO Ha0IIo/laeMble JaHHbIE (BTOpbIE B Iapax)
MIPaKTUYECKH COBIAJAIOT C TEOPETUUECKUMU MTapaMeTpamMu, KOTOpbIe
COOTBETCTBYIOT MOCTOsiHHOW XaO6ma Ho. BykBanmpHO 3TO crienyer
TPaKTOBaTh, YTO KJIACCHUECKHUE AHarpaMMbl Xa00Jsia COOTBETCTBYIOT
napamerpy Hs, a ne mapamerpy Ho. Mmenno Bo Bcenennoit ¢
napameTpoM HS Oymer HabmrogaThCs Kilaccuyeckasi, MpsMOJTUHEHHAS
nuarpamma Xa00i1a ¢ yriaoM HakJIOHA, COOTBETCTBYIOIINM BEIMYMHE
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Ho. XoTs Ha mpenpiayieit auarpamMme BUiHA JeWcTBUTENbHAs L-
oOpasnas ¢popma nmapamerpa Xabo:a.

R, mapo. ce. nem R(@)
Rc
12
Ipachuru  Osuxcerus camoii  danvHell
10 Haomooaemoil ceepxHoeoll 60 BcenenHoil
¢ napavempom Hs. Ocuosenyio uacmo
g GpemeH Beenennaa cmayuonapua i iy
6 NOCACOHUTI MULTUAPO TN CKAUKO0OPA3-
Ho Hauana pacuaipene. Ilapavemp XNao-
S Gna Hs no natmooenusy oyoem eviens-

oenb npi MoM KAK HeUu3MeHHbll 1l pas-
4 uor cospemennomy napavempy Hy 6
Hauter Beenewnnoil.

Puc.11.25. I'padukn  nBroKeHUS caMOi JallbHEH CBEPXHOBOH BO
Bcenennoit ¢ mapamerpom HS. OCHOBHYIO 4acTb BpEMEHHU
Bcenennas cranvonapHa

HamporuB, HaOmtogaemble CKOpOCTH M yAAJIEHHOCTHU
CBEPXHOBBIX BO BceneHHOM ¢ IeHCTBUTENILHBIM MTapameTpoM Xab0ma
Ho momagyT TOYHO Ha M30THYTYIO BBEpX auarpammy Ro pucyHka
puc.11.24. B stoM cinyyae HaOMIOACHUS MOKAaXYT WHOE 3HAUEHUE
napamerpa Xa606ma, SBHO OTJIMYaroLIeecs OT peaabHoro, oT Ho.

BriBoabI

BeiBog 00 yckopeHHOM pacmupeHuun BceneHHoil 1o
MIPU3HAKY HOHUJNICEHHOU SIPKOCTH JAaJbHUX CBEPXHOBBIX OJMNHAKOBO
CIpaBEUIMB KaK IpU YCKOPEHHOM, TaKk W IpH 3aMEAJICHHOM
pealbHOM, dakTHyecKkom paclupeHun Bcenennoi. 0]
JEHCTBUTEIILHON CKOPOCTH pacluupeHus BeelleHHON Henb3s CyAUTh
TOJILKO JIMIIb [0 Pa3HUIE HAOMIOAaeMbIX IMapaMeTpoB XabOia B
JAIEKOM TIPOLUIOM W B HAIIM JHU, 3TO YCKOpPEHHE — 3aMeJICHUE
SBJIAETCS KaXyLUMCSI.

Taxkast s)xe HeolnpeAeIEHHas] KapTUHA HAOIIOAaeTCs U B CIy4ae
nepsuuno cranoHapHoi BceneHHoil ¢ L-o0pa3HbIM mapameTpoM
Xab6na Hs. Taxas ycnoBHas Bcenennas Obula cTanMoOHApHOMN
13 mipa. 7er, mocie 4ero Havajga CTPEMHUTENBHO PAaCHIMPSATHCS 10
COBPEMEHHOTO 3HaueHus mapamerpa Xadbma — Ho. Muave rosops,
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dbopma mapameTpa HS HamomMuHaeT JaTUHCKYIO OYKBY L, jexarnryro
"ma crnuHe". I[lpu 3TOoM mO HAOMIONAEMBIM JAHHBIM, SPKOCTH H
KpacHOMY cMeleHuto Oyzaer ¢GopMupoBaThbCs —TPaJUIMOHHAS,
npsMoNMHeHas jguarpamma Xa06ma. IIpow3BomgHBIE OT 3TOM
auarpaMMbl mapaMmerp Xa0O0ia Oyner HeusMeHHbIM W PaBHBIM
COBPEMEHHOMY 3HA4YCHHUIO IMapaMeTrpa Xabbma Hp B Hamei
Bcenennoii. B neiictButenbHOCTH ke Takas BceneHHas Oosbliee
BpeMsi ObLIa crmayuoHapHoll.

N npu ycKOpeHHOM M TpU 3aMEIJICHHOM pAaCUIUpPEHUU B
TaKOM yCl06HO CTAlMOHApPHOW BceneHHOW oTiMuMe auarpamm OT
"0a3oBoii", ¢ L-oOpasHeiM mapamerpoM HS, sBisFOIIMMCS
SKBHBAJIEHTOM Napamerpa Ho Hamelr BcenenHoil, TouyHO Tak ke
Oyner wHabmomatbest dddekt "maneHsas — Oonee Tyckias" |
"cBepxaanbHss — Oonee sapkas'. IlpaBma, Momenb yckopenHo2o
pacuIMpeHusl MpOCTpPaHCTBAa B Takod Bcenennoit mmeer "medext”,
IycTh U ciaOblil, HO BCE-TaKW IMOHMKAIOUUN €€ JOCTOBEPHOCTb —
3TO MOBBILIECHHAS SIPKOCTh OIUNCHUX CBEPXHOBBIX.

Bo Bcex cinydasx NpHOPUTETHOW MOJEIBIO, BUIUMO, CIEAYET
CUMUTATh MOJIENb 3aMEJIJICHHOTO paciiupeHus BeenenHoil.

27.07 - 10.12.2020
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