The radius of the observable universe and the horizon of the universe
Pagnyc nadarogaemoi Beesiennoii u ropusont BeesienHoii
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AHHOTaIUA

OI[HI/IM U3 OCHOBHBIX PE3YJIbTATOB ACTPOHOMUYCCKHUX Ha6J’IIOI[€HI/II71 SABJIAIOTCA KpaCHOC
CMCHICHUC U SAPKOCTb PA3JIMYHBIX 00bexTOoB BO Bcenennoi. Ilo »tum JaHHBIM OIIPpCACIIAIOT
pacCTodAHUuC 10 Ha6moz[aeMoro 00BEKTa U CKOPOCTb €ro yAaJICHUA. Tem nHe MCHEC, BOIIPOC ocTaércs
HE PEeUIEHHBIM: YTO CJIEyeT IPUHSTH 3a JeHCTBUTENbHYIO "y1aa€HHOCTD TaJaKTUKU'""?

One of the main results of astronomical observations is the redshift and brightness of various
objects in the Universe. These data determine the distance to the observed object and the speed of its
removal. Nevertheless, the question remains unresolved: what should be taken as the actual
"remoteness of the galaxy"?

KuaroueBkle ciioBa

CBEpPXHOBasl, raJJakTUKa, CKOPOCTh CBETA, TOPU3OHT Beenennoi, panuyc Habmogaemoi BeenenHoi,
KpacHoe cMellleHue, IBIkeHne GpoTtoHa, chepa Xadoua, tuarpamma Xa06s1a, mapamerp Xab0ma

Pagnyc nadronaemoii BeesieHHoi v ropu3oHT Beesienno

OaHMM M3 OCHOBHBIX pE3YyJbTaTOB ACTPOHOMMUYECKHUX HAOIIOJCHUM SBISIOTCS KpacHOe
CMEILIEHHE U SPKOCTb pAa3INYHbIX OO0BEKTOB BO Bcenennoil. Ilo »TMM AaHHBIM oOmNpenensoT
paccrosiHue 10 Habro1aeMoro o0beKTa U CKOPOCTh €ro yJalleHus. B oTHOLIEHUH 3THUX HAaONII0AeHUN
B JIUTEpAType YacTO YIOMHUHAETCS 00CTOSITEIbCTBO, KOTOPOE OOBIYHO (GOpMyIupyeTcs Kak "B3IJIs B
npomoe". Eciu HeKoTopas TajlakTHKa, CBEPXHOBAsI HAXOJIUTCS Ha OOJIBIIIOM YJAJICHUH, CBET OT Heé
JBIDKETCST 10 3eMIIM KaKoe-TO JI0CTaTOYHO Ooibiioe Bpems. B MOMEHT moiydeHus HaOuoaTenem
3TOr0 CBETa TajJaKTUKa HaXOAWUTCS YK€ Ha JIpYyroM, OOJIbLIEM yJaleHHH, YeM B MOMEHT BCIBILIKH.
BozHuKaeT 3aKkOHOMEPHBII BOIIPOC: YTO CIIENYET NPUHATH 3a "yIan€HHOCTh TalaKTUKU'""?

OueBnaHbI TpU BapuaHTa. [lepBbIii BapuaHT — yAQIEHHOCTh CBEPXHOBOW B MOMEHT BCIIBIIIKH.
DTy yOan€HHOCTh U CIEAYEeT CUMTATh NEHUCTBUTENIBHOH, Habmooaemol €€ ynan€HHOCThIO, XOTS U
ONPEACIEHHYIO C 3aJIEpKKOM BO BpeMEHHU. BapuaHT BTOpON — yAal€HHOCTh TaJaKTUKK B MOMEHT
IIOJIyYE€HUs1 CBETa Ha 3eMJle, TO €CThb, YAAJIEHHOCTb IIOCIE YBEJINYEHHUS PACCTOSHUSA MEXAY
cBepxHOBOU U 3emiél. HakoHel, TpeTuil BApuaHT, 3TO BUAUMAS, KAHCYWaAsAcs yIATEHHOCTh 10 TOYKH
BCIIBIIIKM B MOMEHT IIOJIY4YEHMsI OT HE€ cBeTa. JDTO BECbMa HMHTEPECHBIN BapHaHT, MOCKOJIBKY OH
YYHUTBIBAET PEANBHYIO CKOPOCTh CBETA, CBA3AHHYIO C HENPEPBIBHBIM PACIIMPEHUEM IPOCTPAHCTBA.
[TycTh B MOMEHT NOJYYEHHUSI CBETA OT CBEPXHOBOM €€ peanbHas (pusnueckas yJal€HHOCTh BO3pOCa,
HarpuMep, B 2 paza 1o CpaBHEHHUIO C UCXOTHOM, B MOMEHT BCHBIIIKH. SIPKOCTb 3TON BCHBIIIKH OYyIET
BUIHA Ha 3emJe Takoil, OyATO CBEepXHOBas HAXOAWUTCS HEMHOro OJIKe, 4YeM 3Ta pealbHas
YIAIEHHOCTb.

Camoii 00JbIION YNANEHHOCTHIO SIBJSIETCS BTOpasi, MOCKOJBKY 3a BpeMsl CBETa B IyTH
IIPOCTPAHCTBO MEXIY 3BE310M M 3eMIIEH BCe BpEMs BO3pacTaylo. TpeThbs yAal€HHOCTh YUUTHIBAET
BpeMs CBETa B NyTU OVKBAIbHO, TIO3TOMY HECKOJBKO YCIIOBHA, XOTS M MPUHUMAETCS, YTO BHIUMAs
SPKOCTb F'aJIaKTUKU B TOUHOCTH COOTBETCTBYET €€ yIalEHHOCTH.
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B monp3y mepBoro BapuaHTa yAaJEHHOCTH CBEPXHOBOH CBHUIECTEIBCTBYET TO, YTO (POTOHBI,
Hecymme HHGOPMAITUIO O Hel, cBoeoOpa3Has Gororpadus, ynaastoTcs OT TATAKTHKU Cpasy ke MocIe
B3pBIBA U CTAHOBSTCS MOJHOCTHIO HE3aBUCUMBIMU OT He€. Ecim, Hampumep, BCIIBIIIKA UMEET CHHUN
I[BET, a MOcJie HeE, yepe3 KaKoe-TO BPeMsl TallaKTHKa CTAHOBHUTCSI KPACHOM HITM BOOOIIE TaCHET, TO Ha
3emiie Oyzaer monmydeHa uMeHHO "cuHsA" portorpadus. IMeHHO 3TOT MOTOK (POTOHOB U OyneT HeCTH
uHpopManKoo 00 YHaIEHHOCTH M CKOPOCTH YAAJICHHS TaJaKTHKH 6 MOMEHM GCNbIWKU. DTO camasi
nocienHsas MH(GOpMauUs O TalaKTUKEe Ha TEKYIIMHA MOMEHT BPEMEHH, YTO OCOOEHHO OTYETIMBO
BUJIHO, €CJIM TAJIAKTUKa HAaXOJWTCS Ha TOPU30OHTE BHIMMOCTH. B 3TOM ciy4yae HHMKakas HOBas
uHpOpMaIKs O TaJlaKTHKE MOCIIe BCIBIILIKK Oosiee He OyeT JOCTyIHA.

BMmecTe ¢ TeM SIpKOCTh BCIIBIIIKK HETOCPEJICTBEHHO HE SIBJSICTCS MOKa3aTeseM YAajlEHHOCTH
TaJJaKTUKA B MOMEHT €€ pPerucTpaunuu. JTO CBS3aHO C TEM, YTO B MpoIllecce IBMKEHUS (POTOHBI
MPOXOMAAT MYTh MeHbU UL, YeM OKOHUYATEIbHAsl IUCTAHIUS MEXIY 3Be310M U 3eMIEil, B MOMEHT HX
peructpanyu. CoOOCTBEHHO TOBOPS, 3TO JOBOJBHO OYEBUIHO, MOCKOJIBKY B IPOLIECCE MX IBHKCHUS
MPOCTPAHCTBO HEMPEPHIBHO BO3PACTACT KaK MEXIY MOTOKOM (OTOHOB WM 3emiéi, TaK W MEXIy
MIOTOKOM M 36e300ti. B pe3ynbraTe W BO3HHMKAET ATO BEChbMa HMHTEPECHOE SIBJICHUE: hakmuuecKkutl
MyTh, MPOWIEHHBIH (DOTOHOM OT MecTa BCIBINKH A0 3eMid, OYyAeT MmeHbute, 4yeM YyIanEHHOCTh
TaJJaKTUKA OT 3eMJIM B MOMEHT €ro perucrpanuu. SIpKOCTh BCIBIIIKKA CBEPXHOBOH OIpeneNnseTcs
JIUCTAaHLIUEH, KOTOPYI (DOTOHBI nmpouiiu peanrbHo. DTa NUCTAHIMS, MYTh SBISIETCA (axkmuuecku
HaO00aemol yIan€HHOCTbIO, TTIOSTOMY HA CaMOM JieNie SIPKOCTh BCHBIIMIKK ¢ 3eMiH OyJeT BHIHA
HECKOJILKO 60./butell, YeM OHa Obl1a Obl B Clydae CTallMOHApHOH BceraeHHOi.

1. ﬂeu.m‘enue no (;blm;lzuealomeﬁc;l mpacce

Paccmotpum 310 siBieHue noapoOHee. [l HATMSIHOCTU U YNPOIIEHUS BBIUMCICHU BMECTO
CBEPXHOBOW M PaCIIUPSIONIETOCS MPOCTPAHCTBA BCeIeHHON paccCMOTPUM aBTOMOOWIIE, TBUKYIITHICS
[0 HENpephIBHO BbITATHBaromielics tpacce (puc.l). IlycTh aBTO ABMXKETCS CO CKOPOCTHIO V, IO
PE3UHOBOM JTOPOKKE, KOTOpask paCTATHBACTCS, YBEIWIMBASICH 3a KaXKIbI (DUKCUPOBAHHBIA WHTEPBAI
BpeMeHU At=1 B e pa3, rne H — HekoTopas mocTtosiHHas. B HayanbHBI MOMEHT BPEMEHU aBTO
HaXOJUTCSI Ha YAAJICHUU Sy OT KOHEYHOM TOYKH, OT (PMHUIIA. Y CIOBHO MPUHUMAEM, UTO JIBHIKCHUE
ABTO M pPaCUIMPEHHE JOPOXKKH IPOUCXOAAT moouepénHo. Haxomumm, 4To 3a mEpPBBIA HMHTEPBAI
BPEMEHU aBTO MEPEMECTUTCS OT HAYAIIBHOM TOUYKU HA PACCTOSIHUE

R =V,AL =V,

y=v v=vy,+rH
> ¢ — v=SyHe"™

© >

r

ABTOMOOMIIB, IBUKYIIUNCS O YATUHSIOLIEHCS Tpacce, MPOHIET MEHBIIIMN My Th, Y€M KOHEYHas JUTHHA
Tpacchl. TOYHO Tak ke ¥ (POTOHBI OT CBEPXHOBOM MPOHIYT A0 3eMIM MEHBIINH ITyTh, YeM KOHEYHOE
pPacCTOSIHHE MEX/Ty 3Be3710M U 3eMIIEi.

Puc.1

IlycTh aBTO ABUXKETCS CO CKOPOCTBIO V, IO PE3MHOBOM JOPOKKE, KOTOpAs PacTSAIMBAaETCH,
YBEJIMUYUBASACH 32 KaX]IbIi (PMKCHPOBAHHBIN MHTEpBal BpeMeHu At =1 B et pa3, rne H — HekoTopas
NOCTOSIHHAs. B HayambHBIE MOMEHT BpEMEHH aBTO HAXOJUTCS Ha YIAJICHUU S OT KOHEYHOW TOUYKH, OT
¢buHuma. YCIOBHO NpPUHMMAaeM, YTO JABW)KEHHE AaBTO M pacCIIUpPEHHE JOPOXKKU IPOUCXOMAST
noouepéano. Haxonum, 4To 3a nepBelii HHTEPBAl BPEMEHH aBTO IEPEMECTUTCS OT HAYAJIbHOU TOYKH
Ha PacCTOSTHUE

R =V,Al =V,
Ilocne aToro orpe3ok Rp, myTh, IpONIAEHHBIA MO TOPOKKE, MCIBITHIBAET YKa3aHHOE PACIIMPEHHUE.
Takum oOpa3oM, 3a cieayrolye JBa MHTEpBala BPEMEHHM YNAIEHHOCTh aBTO OT HadalbHOH TOUKH
YBEIIMYUBAETCA 1O HOBOI'O 3HAYCHUS

_ H
R =vte ™ +Vvt
3a 4eTBEPTHIA W TATHIA MHTEPBAIBI BPEMEHH PACCTOSIHUE 103a0U aBTO BHOBBH BO3pAacTaeT,
TEICPh YKE N0 BCIIMYUHBI

Ry =(v,te"™ +v,t)e"™ +v L,
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Jlanee 3TOT HOBBII popmanvHo MPONAEHHBIA UHTEpBaT R3, 1MHA JOPOXKKH "mo3a1u" 3a CIeIyIONIyI0
napy MHTEpBaJIOB BPEMEHH BO3pocia O CIEAYIOLIEr0 HOBOIO 3HAUE€HUS

_ Ht, Ht, Hi
Ry =(vte™ +v,L)e™ +v,L)e™ +vt,
371ech U B JaJIbHEHIIIEM OTKPBIBAIOIINE CKOOKH B JICBOM YaCTH ypaBHEHUSI MBI HE OyieM 1yO0IMpoBaTh,

9TOOBI HE TIEPErPyKaTh ypaBHEHUE, POCTO TIOMHUM, YTO YUCIIO KpaHHUX JIEBBIX CKOOOK PaBHO YHCITY
MPaBbIX CKOOOK.

Ry = (v,te" +v t)e™ +v.t.)e"® +v.t.)e"® +v. t,

R, = (v,t,e™ +v t)e™ +v t.)e™ +v.t )e™ +v t)eMo v t

R, =(v,t,e"™ +v t)e™ +v t.)e" +v.t.)e +v t)e™ +v t Je ™ 1y t .

Ry = (v,te™ +v. t,)e™ +v t.)e"® +v t.)e™ +v t)e M +v t e v t e rv t .

R, = (v,t,.e™ +v t)e™ +v t.)e™® +v.t.)e™ +v t)e™ +v t e vt )e™ +v t e rv it
Ro=(v,te" +v.t.)e™ +v t.)e" +v.t.)e"® +v t)eo +v t )e™ +v t e +v t et +
vt e 1yt

Jlns ynoOcTBa, HarsIHOCTH OTPAaHWYMMCS Ha 3TOM JTalle JECATHIO ciaraeMbiMU. Tenepp ais emé
OoJIbIIeH HATTISTHOCTH YPaBHEHUS TIOCIIEJOBATEIIEHO PACKPOEM CKOOKH:

R, =(v,te" ™ +v te™ +v t.)e™ +v.t.)e™ +v.t,)e™ +v t Je™ +v t e vt )et +
+v.t e v t

Ittt oy et v te™ +vt,)e™ +v,tg)e™ +v,t et +v,t et +

RlO = (Vat1e
+v t e vt et vt

Ry, = (v, te"lerterterta) y  gHtrterte) Ly g gflett) Ly ¢ e"e v t)eMe +v t )™ +v t . )e™ +

v t e vt et vt

Rlo — (Vatle H ('[2 +,+g +I3+t10) + Vat3eH (t4 +g +'[5+'[10) + Vatse H (ts +g +t10) + Vat7eH (ts +t10) + VatgeHTiO + Vatl 1)e Ht, +

vt e rvt e vt e vt

Rlo — (Vatle H (tz +t, +tg +t8+t10+t12) + Vatse H (t4 +tg+1g +t10+t12) + Vatse H (16 +t3+t10+t12) + Vat7eH (ts +t10+t12) + VatgeH (t10+t12) +

+v t e v t e v t e vt e vt

Rlo — (Vatle H ('[2 +y +tg+g +t10+'[12+'(14) + Vat3€ H ('[4 +tg+1g +tlo+t1z+t14) + VatSeH (te +tg +tlo+t12+t14) + Vat7eH (tg +t10+t12+114) +

v, teftotett) Ly ¢ Pttt Lyt eMhe iyt e 1yt )e™e vt

Rlo — (VatleH (ty+ty +g g+t g+t +t14+t15) + Vat3eH (ty +g g+t +t12+t14+t16) + VatSeH (16 +g+tig+ty; +tl4+t16) + Vat7eH (tg +Hyot+t iy +t16) +
+Vat9eH (t10+t12+t14+t16) + Vatl leH (t12+t14+t16) + Vat13eH (t14+t16) + Vatlsthls + Vat,l 7)th18 + Vatlg

H (ty +t, +tg +tg +t g+t o+t 4+t g+ H (ty +tg +tg+t g+t o+t 4+t 5+t H (tg +tg +ty o+t o+ 4+t g +1
RlOZVatle (ty +t +g +lg +l g+l o+t 4+l g 18)+Vat3e (ty +tg+g+y o+l 4 +g 1a)+vat5e (te +tg +ty g+t o+t 4 +g 1e)+

+Vat7e H (tg+typ+tp+ty 4+ s +g) + Vatge H (to+ti+tia+ti+tig) + Vat1 le H (t2+t4+t6+11g) + Vatl 3e H (ty4+t6+tg) + Vat1 Se H (tyg+tie) +

+Vat1 7e Mo + Vatl 9

Uwmcro crmaraeMbIX, Kak MbI B PaCCUMTHIBAIIN, paBHO 10, HO YMCIIO HHTEPBAJIOB BpeMeHu Oobiie — 19.
[TonsTHO, yTO OOIEe BpeMs ABMKEHHUS | PaBHO CyMME BCEX MHTEpBAIOB Al =1, mOSTOMY MOXXHO
3amucarh T = (2n-1)t. 31ech MBI yIUTHIBAEM, YTO BCE MHTEPBAIBI BPDEMEHH paBHBI. BeIHOCHM 00Nt
MHOJKUTENh 32 CKOOKH, a TMOCJeIHee ciaraeMoe nmpeodpa3dyeM B OJHOTHUIHYIO (HOopMy, J0OaBUB eMy
SKBUBAJICHTHBI MHOYKUTEIIb, PABHBIN €IUHUIIC:
Rlo:Vat(egHt+eBHt+e?Ht+e6Ht+e5Ht+e4Ht+e3Ht+eZHt+elHt+e

Jns  nayded BUIUMOCTH  3aKOHOMEPHOCTHM  MEHSIEM  IIOCIEJOBATENbHOCTh  CJAraéMblXx Ha
MIPOTUBOMOJIOKHYIO:

Rlo:Vat(eOHt+elHt+e2Ht+e3Ht+e4Ht+e5Ht+eGHt+e7Ht+e8Ht+eQHt)

3aKOHOMEPHOCTh OYEBHHA, MOATOMY MOXKEM 3amucaTh ypaBHEHHE B 00IIeM Buie Ui JIt00Oro
KOJIMYECTBA MHTEPBAJIOB BPEMEHH M YUCJIA CIIaraeMBbIX:

3

0Ht)



R :Vat(eOHt+e1Ht+e2Ht+e3Ht+e4Ht+e5Ht+m+e(n—4)Ht+e(n—3)Ht+e(n—2)Ht+e(n—1)Ht)

PaccmoTrpuM  0coOBIil  Ccitydail: aBTO JOCTUTAeT KOHEYHOW TOYkH, (PuHHMIIA. DTO 3HAYMT, UYTO
paccMaTpuBacMoe ypaBHEHHE, CyMMa psifa OyleT paBHa YBEIMYMBIICHCS MO yKa3aHHOMY 3aKOHY
UCXOJHOW JUCTaHIIMM, pacTsruBaromeics Tpacchl. Ilockonbky HauanmpHas ynanéHHOCTh (puHHIIA
ObLTa Sp, TO Yepe3 BpeMs | OHa YBEITUYUTCS 10 3HAYCHHUS:
S— SOeHT _ Soe(Zn—l)Ht
PaccmaTpuBaemoe yciaoBue 3amnuiieM B BUJIE!
Soe(Zn—l)Ht _ Rn :Vat(GOHt+e1Ht+e2Ht+e3Ht+m+e4Ht+e5Ht+e(n—4)Ht+e(n—3)Ht+

+e(n—2)Ht+e(n—l)Ht)
IIepenmiem mmpaBoe paBEHCTBO HEMHOT'O KO 04€C, B OAHY CTPOKY:
p p p p Y CTPOKY
R:Vat(eOHt+elHt+62Ht+e3Ht+m+e(n—2)Ht+e(n—l)Ht)

Jlnia rpaduueckux moctpoeHuit ynobHee HeMHOro uHas ¢opMa 3alucy MpaBOM YacTH ypaBHEHUS, B
BHJIC, HAIIOMUHAIOIIEM HCXOJHOE YPaBHEHHE CO MHOXKECTBOM CKOOOK. JIJisi KpaTKOCTH OCTaBUM

()

CIIpaBa TOJIbKO CJIaracMbIC B CKOOKax:

R _ _
N _QOHt | gIHt | g2HE | g3HE | o(n-2)HE | (n-DHt @)
vt
TeHepB BBIACJINM ITIOCJICAOBATCIBHO MHOXXHUTCIIN B HpaBOﬁ qacTu
1+e1Ht+e2Ht+e3Ht+e4Ht+e5Ht+e6Ht+.“+e(n—2)Ht+e(n—1)Ht
1+(1+th)th+eSHt+e4Ht+e5Ht+eﬁHt+m+e(n—2)Ht+e(n71)Ht
1+(1+th)th+l)th_+_e4Ht+e5Ht+e6Ht+m+e(n—2)Ht+e(n—l)Ht
1+ (L+e™)e ™ +De +1)e + e 4 et 4 4 eI (DM

3ameuaeM 3aKOHOMEPHOCTh U 3aITHCHIBAEM OKOHYATEIIBHO'
1+(L+e™e™ +1)e™ + e +1)e™ +1)e" + e +1)e™...
C MHOXUTENEM V,t 6Hympu CKOOOK ATO ypaBHEHUE UMEET BU/L:
(vte™ +v e +v e v e +v e +vt)e™ . vt
JUis MCKJTIOYEHUST OIMIMOOK, ISl MIPOBEPKH TOYHOCTH YPABHEHHsI BBIMONHIEM OOpaTHOE EHCTBHE,

packpbIBaeM CKOOKH:
1+ ™M +e® + e +1)e +1)e " +1)e M +1)e M +1)e...

1+ (e +e®M e+ e +1)e ™ +De +1)e + e,
1+ +e* ™+ e e 1 D™ + e +1)e " + e ..
1+ ™M+ e e et 1 1)e +1)e +1)et ...
1+ (e e e e pe® 1 e 1) £ e

To e camoe 17151 ypaBHEHUS! C MHOXKHTENEM Vit BHYTPH CKOOOK:
(vie" +vt)e™ +v)e ™ +vt)e +vt)e™ +v)e™ +vt)e. + vt

(vte™ +vte" +vt)e™ +vt)e +vt)e ! +vt)e™ +vt)eM" .. + vt
(vte®™ + vt £ vie™ +vt)e +vt)e™ +vt)eM +vt)e . + vt

(vie*™ vt e +vte +vt)e™t +vt)e™ +vt)e™ L+ vt
(vie™ +vie* ™ v vte rvie™ +vt)e™ Fvt)e™ L+ vt
(vie®™ +vte* Mt +vie™ +vte® £ vie®™ +vie 4 vt)e™ L vt

BunuMm, 4to mocnenoBaTENbHOCTH SIBHO BEAYT K BepHOMY pesyibTary. OmHako 1uisi Oonblieit
YBEPEHHOCTH PACCMOTPHUM, KaK U BBIIIE, BAPUAHT C YUCIIOM ciaraembix N = 10:



1+elHt+e2Ht+e3Ht+e4Ht+e5Ht+e6Ht+e7Ht+68Ht+e9Ht —

2Ht

1+(th+e )+e3Ht+e4Ht+e5Ht+e6Ht+e7Ht+e8Ht+e9Ht —

1+(th+1)th+e3Ht+e4Ht+e5Ht+e6Ht+e7Ht+e8Ht+e9Ht:

1+ (M + 1)t + 1)t 4 eHt 4 g1 1 gfHt | gTH! | g8t 4 gOH!
BHOBB, 3aMeTHB 3aKOHOMEPHOCTH, 3anuchiBaeM 11t N=10:

1+ (™ +1)e +De™ +De™ +1)e" +1)e + De™ +1)e™ +1)e""
[TpoBepsieM psifl, KaK ¥ paHee, pacKpbIBast CKOOKH:
1+ @™ +e e + e + e +1)e +1)e™ +1)e +1)e =
1+ (™ +e®™ +e™ +1)e™ +1)e™ + 1) +1)e +1)e" +1)e™ =
1+ +e +e* +e +1e +1)e +1)e™ +1)e" +1)e" =
1+ (e +e* +e +e2M +e +1)e" +1)e™ +1)e" +1)e" =
1+ (€ +e™M + e + e 1M 1 e 1 e + 1)e + 1) =
1+ +e®M e+t et + e’ e+ 1)e" +1)eM =
l+(e8Ht+e7Ht+e6t +e5Ht+e4Ht+e3Ht+e2Ht+th+1)th:

1+e9Ht +eBHt + e7t +e6Ht + e5Ht +e4Ht + eBHt +eZHt +th
CpaBHUBaeM 3TOT MPSIMO U OOPATHO NMPEOOPA30BAHHBIN PsiJl C HCXOIHBIM PSJIOM CllaraeMbIX (2):

eOHt_'_elHt_|_eZHt_|_e3Ht_'_e4Ht_|_e5Ht_|_e(SHt_|_e7Ht_|_88Ht_|_eQHt

Buaum, uto 3ti psaasl it N = 10 coBmaau, MO3TOMY IEpENKUChIBAEM IPABYIO 4acTh ypaBHEHUs (2) B
0011EeM BUJIE:

1+ (€™M +2)e +1)e ™ +De™ + e +1)e" +1)e™ + De™ +1)e"™
W B nomHoMm BU]IE.

R=vt 1+ (™ +1)e™ +1)e™ +..+1)e" +1)e" +1)e" +1)e™

N—cnazaemvix 6 paseepHyma 6uoe

3/1ech 4HCIo crnaraeMbix (C y4€TOM eIMHMYHOTO claraemMoro) paBHo 10. [[is mpou3BONBHOTO YHca
ciaraemMbIX ypaBHeHHe (1) 3aKOHOMEPHO MOXHO 3aMKcaTh B CIEIYIOIIEM BH/IE:

n-1
SOth(Zn—l) — Vat(zelHtJ
i=0

To e camoe ¢ MHOXUTCIICM, BHECEHHELIM B CK06KI/I:
R=("+vt)e™+vt)e™+. . +v)e™ +v e +v)e™ +vt

N—crazaemvix 6 pa3zeepHymo 6uoe
Mpel paccmaTpuBaiM JBHKEHHE aBTO Ha BBITATMBarouleics nopoxke. OmHAaKo Bce NPUBENEHHBIE
paccyX/1eHUs TOJTHOCThIO COOTBETCTBYIOT U JBUKEHHIO (POTOHA OT HEKOTOPOU CBEPXHOBOM K 3emJie B
pacmmpsromemMcs mpocrpancTse Beenennoi. [103ToMy B UTOTNOBBIX YpPaBHEHUSAX MBI MOKEM IIPOCTO
3aMEHHTBH CKOPOCTh aBTO CKOPOCTBIO CBETA!

R=(e" +ct)e™ +ct)e™ +...+ct)e™ +ct)e™ +ct

N—craeaemvix 6 pa3ssepHymol 6uoe (3)
T=t(2n-1)

nimn
n-1
i=0

VYpaBuenue (3) MOKa3bIBACT OelcmeumenvbHyr0 BETUYUHY YIAIEHHOCTH (POTOHOB OT CBEPXHOBOM,
paBeHCTBO (4) OTpakae€T paBEHCTBO ATOW YNAJIEHHOCTHM W KOHEYHOM yNaNEHHOCTH 3€MJIM OT
CBEpXHOBOWM. OTO YCIOBHE€ MBI 3aJOKWIM B TMOCTAaHOBKE 3agaud. Ho wu3 Hux cueayer u
NPOBO3TJIAIEHHBIN B 3a7aue BBIBOA. BcE nBMKeHHE, W aBTO M (DOTOHOB, MPOUCXOIMIIO B TEUECHHUE
BpEMEHH [, YTO COOTBETCTBYET, B CBOIO O4Y€pE/b, AJUHE MPOUJECHHOIO MYTH C TOYKU 3PEHUS
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JBIDKYILETOCS] 00bEKTa — aBTO MM (POTOHOB. J[eficTBUTENBHO, HA CIIUIOMETPE aBTO 33 3TO BPeMs IPH
3aTaHHON CKOPOCTH OY/IET MOKa3aH BIIOJIHE ONPECIEHHBINA TPONICHHBIA UM TTYTh:
L, =v,T =v,t(2n-1)
COOTBETCTBEHHO, U IO YCIOBHOMY 'cruaoMeTpy" ()OTOHOB MM C TOYKH 3PEHHS HEKOTOPOTO HE
MEHee YCIOBHOT'O BHEIIHETO HAa0II0AaTeNsl B UX CUCTeME OTCUéTa, POTOHBI IPOUAYT IMyTh:
L =cT=ct(2n-1)
3TO0 U ecTh Habawdaemasn yNANEHHOCTh CBEPXHOBOU. M3 3TOTO ypaBHEHUS cieayroT 1Ba BeiBoaa. C
YBEJIMUEHUEM BPEMEHU [IBIXKEHUS OTHOIICHUE Habnooaemol YOANEHHOCTH CBEPXHOBOHW K €&
OeticmeumenvHotll yIal€HHOCTH HA MOMEHT U3MEPEHUS CTPEMUTCS K HYJIIO:
. ct(2n-1) «ct,. 2n-1 ct,. 2n
Iim————=—Ilim———=—Ilim——- =0
s Soth(Zn—l) S, gHt@nD S, 2nHt
HaGmonaemasi ynanéHHOCTh CBEPXHOBOW YHMCIIEHHO paBHAa BPEMEHH OT €€ B3phIBa 1O MOMCEHTa &
Habroaenus (mpu ¢ = 1).

2. Ananu3 nozpewtHocmeil ancopumma

[TpuBenEHHBIN aNrOpuUTM SBJISETCS MOIIArOBBIM, TOYHOCTh BBIYUCICHUIN KOTOPOTO, OUEBUIHO,
3aBMCHUT OT JUCKPETHOCTH ATHX IIaros. YUem MeHbIlIe MHTEPBAJI BPEMEHH IlIara, TeM, BUAUMO, TOUHEE
pe3ynbTaT BbluMciaeHu. Kpome TOro, paccMOTpeHHOE BBIYUCIEHHE IIyTH BO3MOXKHO B JBYX
BapHaHTaX MEpBOTO Ilara, 4YTo, BO3MOXKHO, TAaK)Ke BJIMSAET HA UTOT BBIYUCICHMS, U, (PAKTUUYECKH, HA
€ro TOYHOCTh. PaccMOTpHUM 3TH /1Ba BapuaHTa JUIsl OEHKU UX TOYHOCTH.

[TycTh, KaKk M BbIIIE, CKOPOCTh aBTO PaBHA V,, a 00lIee BpeMs B IIyTH OIpaHMYUM BPEMEHEM
T =2 =2t. Taxxe npuMeM yAJIUHEHHE "PE3MHOBON" TPACCHI MO SKCIIOHEHTE — YBEIMYCHHUE B eHt pa3
33 K&KIYI0 €JUHUILY BDEMEHHU.

BapuanTt 1. Ot HauanpHON AuctaHuuu o 3a Bpems t =1 cuauana npowén cBoil nyts aBro. 1
TOJIBKO 710cCle 3mo2o 3a CIEAYIOUMH HMHTEepBal BpeMeHH t=1 3TOT myTh 3KCIOHEHLHAIBHO
YAJIUHUICS:

R =(r, +vt)e"™ =re™ +vte™

BapuanT 2. 3a mepBblii uHTepBan BpeMeHHM =1 cHayama SKCIIOHEHIMAIBHO YOIUHULACD

UCXo0O0Has NUCTaHLUSA, U TOJBKO 3amem CBOM MyTh MPOILEN aBTO 3a ocTaBIeecs Bpems t = 1:
R, =re™+vt

B nepBom BapuaHTe aBTO mpouIEn 60IbIlIee PACCTOSTHUE:

AR=R -R, =re™"+vte" —re" —vt=vte" —vt=vt(e"" -1)
AR=vt(e""-1)>0

Tenepps paccMOTpUM CIIEAYIOLINE IBa UHTEPBAJIa BpEMEHH, TO €CTh, YBEIMUYUM 0011lee BpeMsl B
nytd a0 T =4. HavyanbHbIM, UCXOJHBIM MYTEM HA 3THX JOMOJHHUTENIBbHBIX MHTEpBAJIaX SBISIOTCS,
COOTBETCTBEHHO, R. 11 RH.

R, =[(r, +vt)e" +vtle™

Ry, = (roth +vt)e" +vt

AR =R ; —Ryy =[(5 + e +otle™ ~[(e"™ + e +cf
ITpeoOpazyem, packpbiBas CKOOKH U COKpaIas:

AR = (r, +vt)e* " +vte" —re* —vte"' -

vt
AR =re?" +vte* +vte™ —r e’ —vte" —vt
AR =vte*™ +vte" —vte" — vt

AR =vte?™ —vt=vt(e*"" - 1)

34ech y)Ke IpOCMaTPUBAETCS 3aKOHOMEPHOCTh. [IpoBepuM em€ oauH 3Tan IBUKEHUS, TPETUN
C 00IMM BpeMEHEM, YBEIHUEHHBIM 10 T = 6. B pomnu y Teneps BoicTynaroT Re; 1 Ryp.

Res ={[(r, +vt)e™ +vi]e™ +vije™
R, ={(r,e™ +vt)e™ +vtle" +vt

BHOBB BBIUHCISIEM pasHuily:



AR =R —R,; ={[(r, +vt)e" +vtle" +vi}e" —{(r,e™ +vt)e" +vi}e™ —vt
AR =[(r, +vt)e" +vt]e*™ +vte" — (r,e™ + vt)e®™ —vte™ —vt

AR =[(r, +vt)e" +vt]e*" — (r,e™ +vt)e’™ —vt

2Ht _

AR = (1, +vt)e*" +vte® —re® —vte? " — vt

AR = (ry +vt)e®™" —r,e*" —vt

3Ht
e —

AR = r, e +vte®™ 1, vt

AR =vte*™ —vt = vt(e*"' -1)
Teneps 3aKOHOMEPHOCTH BHHA BHO. OYEBHJIHO, YTO I OOINEro BPEMEHHU JBIXKEHHUS | = 2nt, To
€CTh, Yepe3 N-map MHTEPBAJIOB BPEMEHU pa3HHIIA OyIeT:

AR =vt(e""'-1) = v (e""-1)
2n

HpI/I YMCHBIICHUU MUINTCIBHOCTU UHTCPBAJIOB, TO €CTh, IIPU YBCIUUYCHUU UX YUCIIA, PA3HULIA
CTPECMUTCA K BEJIMUUHC!

limAR = lim v (e""-1)

n—oo n—x 2N

[lpn ¢ukcHpOBaHHOM 3HAYEHUH BPEMEHH | MPEIENIOM SBISETCS HOJb, TO €CTh, BapHAHTHI
JKBUBAJICHTHBI.

imAR =vT(e"" —1)lim— =0

n—w 21

3amMeTuM, 4TO 3TO MOKHO OOHAPYKUTh U3HaYaIbHO. B ciayuae rp = 0, TO ecTh, €Ciii ABMKCHUE
HAYMHAETCS U3 Havajia KOOPAMHAT, BTOPOW BapHAHT cpa3y e MepexoIuT B MEePBHIil:

R, =0xe™+vt >R, =vte™

R, =(0+vt)e™ =vte™
Crnenyer mpu3HaTh, YTO AITOPUTM BBIUYMCICHUH HECKOJBKO YCIOBHBIN, MPUOIMKEHHBIN,
MTOCKOJIbKY TIOJIPa3yMeBaeT BCE-TAKU noouepéoroe yITMHCHHUE MPOUICHHOTO WHTEpBaJia U IPUPOCTa
I/IHTepBaﬂa 3a C“IéT ABUXKXCHUA aBTO. BMCCTC C TEM, 063. ypaBHeHI/ISI HpI/I 6OJ'II>I_HOM 3HAUYCHHUH 4YuCJia
MHTEPBAJIOB N U IPHU HEKOTOPOM (PUKCUPOBAHHOM 3HAUYEHUU OOLIETO BPEMEHU | ABMXKEHUS JaroT
OI[HHaKOBBIﬁ pe3y.]'IBTaT. HOCHC,[[OB&TCJ'ILHOCTL HpHpOCTOB AUCTAHIIMN HE BJIIMACT HaA pe3y.]'II>TaT, qTo
CJIeIyeT paccMaTpuBaTh KaK KOPPEKTHOCTh aJTOPUTMA BEIUUCICHUN U €r0 MIPUEMIIEMYIO TOUHOCTD.

3. Paouyc nabniodaemoii Beenennoi

B swmreparype 3ayacTyr0 INpPUBOJATCA JIOBOJIBHO CIIOPHBIE ONpENENeHUs paanyca
Habntooaemoti Bceenennoil. Ilpemmaraem Takoil BapuaHT: paaumycoMm HabOmogaemoil Bceenennoit
CJIElyeT CUMTATh PACCTOSTHUE HA MOMEHM HAYANA PACUWUPEHUS NPOCMPAHCMEA, PACCTOSIHUE 0 CaMOU
JambHEeW ralakTUKH, KOTOPYIO MBI B NMPHUHLUIE ModceM HaOMONaTh (WIM HAOIIOAEM) Ce2oO0Hs.
KitoueBble ycnoBusi — Hauano M ce200HA. DTO O3HA4YaeT, 4TO B KaXKIyI0 BIOXY 3TOT paanuyc
pa3NUYHbIN, a CBEpPXAaJbHHUE TATaKTUKU, KOTOPBIE MBI CETO/IHS noKa HaOMI0aTh HE MOXKEM, B Ooiee
MO3/IHEE BpEMsl BCE-TAKM CTAaHYT Ui HAc BHAMMBIMHU. [IpMHOMNMAIBEHOE OTIMYKE HAILIETOo
OIpeJIeNIEHUs] OT TPAJUIMOHHOTO (TOPU30HT YACTHIL), KaK BHJIUM, COCTOMT B TOM, YTO 3TO UCXOOHAs
yAIEHHOCTh 00BEKTa, a HEe Ta, HA KOTOPON OH HAXOAHWTCS B HAaIlM JTHU. 37I€Ch BAXKHBIM SIBIIIETCS TO,
YTO Ha3bIBATh HAOII00AeMOl HBIHEIIHIOW YIaN€HHOCTh 3TOTO CaMOTo yIalEHHOTO0 00bEeKTa HEBEPHO:
KaK OH BBITJISAMT CErOJIHS, HaM HE TOJbKO HEU3BECTHO, HO M B OOIIEM ciydyae HE MOXKET ObITh
OIPEEICHO HUKOT 1a.

st Toro 4TtoOBl BRIUMCIUTH BEIMYMHY paguyca HaOmogaemoit Beenmennolt, copmymnupyem
3ajjadyy B CJEIYIOIEM BHJE: KAaKOW JOJDKHA OBITh YAaJIEHHOCTb CBEPXHOBOW, YTOOBI 3a BpeMs
cyliecTBoBaHusl BcenmeHHo cBer oT He€ moctur 3emid. HallTh HCXOIHYIO ymal€HHOCTh Camou
JambHEH CBEpXHOBOW, KOTOpas Modxcem Obimb 6uOHA B HAIIW JTHH, Mbl CMOXEM, HCIIOIb3Ys
BbIBeZICHHOE ypaBHeHue (4). Jlist 3Toro cHavana BBIYUCIISAEM MYyTh, NPOWICHHBIA CBETOM 3a BpEMsI
CyILIECTBOBAHUS BcCeneHHOHN, 3aTeéM MO 3TOMY BPEMEHHU OIPENEISIEM M HCXOAHYIO YAAIEHHOCTH
CBEPXHOBOM.



Ha cnenyromeii nuarpamMme, B cucTeMe OTCUETa CBEPXHOBOW IMOKa3aHbI TpaQUKH JBUKEHUS,
yaaneHus: 3eMiId OT TajJaKTUKU, CKOPOCTh €€ ynajeHHs U Tpaduku peanrbHo2o NBUXKEHUS (OTOHOB
(kpacHast TMHUS) U uOUMO20 ¢ 3EMIIH CBETa (KpacHas IITPUXOBask JTUHUSA):

R, v
24

['paduku neuxenus. Cunuil — ynanenue 3eMiu OT caMoit 1anékoi HabnrogaeMon
cBepxHOBOIi, R = 8,85 mupa. cB. net, H( = 1/14. JKénTslit — cKOpOCTh yaaneHUs
22 - 3emuum (necsatkpatHas). KpacHslii — ynaneHue OTOHOB BCIIBIILIKH OT
. cBepxHOBOM. LIITpuxoBOi KpacHbIi — HabIIO1aeMast yAaIEHHOCTh
- CBEPXHOBO# 0T 3eMiu. YEpHBIH IITPUX — HALIM THH.
18

- Paguyc nabmronaemoit Beenennoii:

R = 8,85 mupa. cB. ner
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['paduk nBMKEHHS CBeTa OT Hayalla pPACIIUPEHUS MPOCTPAHCTBA, CBETA, HCITYIICHHBIN
CBEPXHOBOM TOKa3aH Ha PHUCYHKEe KpacHoOW nuHHer R_exp. DkcnonennuanwHas dopma rpaduka
JBIKEHUST (DOTOHOB BBI3BaHA TEM, YTO K CKOPOCTH (POTOHA IMOCTOSHHO J100ABISIETCS CKOPOCTb
"HocuTeNs cBeTa" — PaCIIMPSIONIETOCS TPOCTPAHCTBRA.

Kak BuauM, Ha MOMEHT TIOJTy4YEHHS CBETa Ha 3emiie TajakThka Oy/leT HaXOAUThbCS OT He€ Ha
yIaJIeHuu B 24 MIIpJI. CBETOBBIX JieT. HavanbHyr0 yqai€HHOCTh TalaKTHKU OT 3€MIIH, ITPH KOTOPOH B
npolecce pacuIMpeHHs MPOCTPAHCTBA OHA YJAJIUTCS Ha 3TO )K€ PacCTOSHUE, ONpeAeIuM OOpaTHHIM
BBIUMCIIEHUEM 110 YPaBHEHUIO JIBUKEHUs, MOKa3aHHOTO cHUM rpadukom R. Haxomum, 4ro sto 8,85
MJIpJ. CBETOBBIX JieT. ['amakTuka, HaXOJWBIIAsICS B Hadaje pPacIIMpPEHHs] MPOCTPAHCTBA UMEHHO Ha
3TOM YJaJIEHUU OT 3eMJId, YAAJUTCs OT He€ Ha 24 MIIp/. CBETOBBIX JIET, HA TAKOE € PacCTOSHUE, Ha
Kakoe ()OTOHBI BCIBIIIKY YAAIHIUCH OT HEE.

[ToHATHO, YTO ATO caMasi JAJIbHsS TaTaKTHKa HA MOMEHT Hadajla paclIMpeHus MPOCTPAHCTBA,
CBET OT KOTOPOH CMOT JOCTHYb 3eMiH 3a 14 Mipa. eT (BpeMs OTMEUEHO BEpTHKAIBHON IITPUXOBOH
nuauei T14). DTo Tak, MOCKOJIBKY MBI PACCMOTPEIM UMEHHO CaMoe OOJIBIIOE PACCTOSIHUE, KaKoe
CMOT MPOWTH CBET 3a 3T0 BpeMs. [Ipu 3ToM BUHA rajakTHKa OyAeT Tak, Oy/ATO OHa HaXOAUTCS HE Ha
paccrosinuu 8,85 wnum 24, a Ha pacctossHuM 14 mupA. cBeToBbIX JeT (kpaTko — ['cit — I'nra-cBeToBbIX
aer). OO0 TOM CBHIETENBCTBYET TOHKAs KpacHas IITPUXOBas JHHUS RCO — rpaduk xadxcywezocs
JIBMDKCHUSI CBETA, TO €CTh, 0€3 y4éTa KOCMOJIOTHYECKOTO PACIIUPEHHs MPOCTPAHCTBA, COriiacHo (3).
OTO O3Ha4aeT, YTO @pems IBWXKEHHUS CBeTa ompejaessercs He mo Teoperuueckoit (8,85 I'cim) mmm
KoHeuHO# (24 'cn), a o Habarwoaemoti yIan€HHOCTH €r0 HCTOYHUKA, ONIPEACIIIEMON B CBOIO OUepeh
II0 €T0 APKOCMU.

['paduku HA AEarpaMMe CO3/arOT BrieyatTieHue, OyaTo (OTOHBI MPOIUIN 00JIee OUHHbIL TIYTh
R_exp, mockonbKy TpaduK ero IBWKEHHUS, KpacHas JHHMA R_EXp 3aBepiieHa B TOYKE C
yaanéHHOCThIO B 24 MIpPJ. CBETOBBIX JIET, a wTpuxoBas RCO — yuuTbiBaeMmasi, Habrodaemas
yIaIEHHOCTh MCTOYHUKA (POTOHOB — B TOUKe 14 Mipna. cBeTOBbIX JieT. OJHAKO BBIIIE MBI BHIBEIU
ypaBHEHUE ABMXEHHSI (POTOHOB BCIBIIIKK U MPUIILUIH K BBIBOAY, YTO peanbHO ()OTOHBI MPOLLIA BCE-
TaKu MeHbuull yTh (31ech — 14), uem KoHeuHas yaanéHHocTh (24) cBepxHOBO# oT 3emin. Ha camom
Jielie B 3TOM HET MPOTUBOPEUUS, OCKOJIbKY MeHbUiUli TTyTh, KOTOPBIA MbI BBIYUCIUIIU, U €CTh MyTh
Rco, mokazanubli wmpuxosor nuHuer. KpacHas nuHus R_exp sBusercs peanvuvim rpaduxom
IBUKEHHSI (POTOHOB CO C8epXC8emosoli CKOPOCThIO, YKa3bIBAIOIIUM UX YAAJIEHHOCTh BO BPEMEHH OT
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TOUYKU B3pbIBAa CBEPXHOBOH. B Hamm nuM rpaduk 3aBepiiaeTcs B Touke HaOdroaeHus Ha 3emie, B 24
MJIpAI. CBETOBBIX JieT. O1HaKO 3a 3TO ke BpeMs B 14 MipA. €T o coOCTBEHHBIM YacaM (POTOHOB, OHU
NPOLLIH IyTh, U300paXEHHBIA MTPUXOBON JMHUEH RCO — 3T0 (akTHUECKH npotioenusiti HOTOHAMU
nyTe — 14 mupa. cBetoBbIX JieT. MHaue roBops, Ui (OTOHOB BCsl Tpacca Kak Obl JEIUTCS Ha JBeE
YacTH: OJIHA BIIEPEIH, Mepell HUMH, a Apyras — mo3aau Hux. llepByro Tpaccy, Bmepeau (OTOHBI
IPOXOAMUIM YK€ IOcIe TOro, KaKk OHa HCIHbITajla 3KCIOHEHIMaJIbHOE YAJMHEeHHe. Bropas uacTb
Tpacchl, MO3aM HUX PACHIMPSIIACh yXKe IMocie TOro, Kak (GoTtoHsl ynun Buepéa. [lostomy obmas
IuiMHa Tpacchl R_exp okasbiBaercs Oosblue myTH (oToHOB RCO Ha BENMUUHY YIUIMHEHUS 3a BpeMs
JBIDKEHUS TIOCJE TOTO, Kak (POTOHBI CMECTWIHMCH BIepén. ByKBalbHO 3TO O3HA4aeT, 4TO (POTOHBI
yAQIWINCh Ha 24 MIIpJI. CBETOBBIX JIET, MPOMIS MPHU 3TOM IYyTh TOJbKO B 14 MIIpJ. CBETOBBIX JIET.
MOXHO MHTEPIPETUPOBAThH 3TO U TaK, OyATO cepuueckuil GpoOHT CBETa HE MPOCTO PACHIUPSETCS B
IPOCTPaHCTBE, a emE U IepeHOCUTCs BIepén, MepeMeriaercs "B 3aMOpPOKEHHOM BHze" K
HaOJII0JaTeNIo.

24 CBepxHoBas, HAXOJIMBILAACS B Hauane paciupeHus BeenenHoit // :
22 Ha yJaJIeHUH B 9 MIIPJI. CBETOBBIX JIET, B HALIM JIHH HE BHUJHA. —
20 - b
Hamu iau / / Lo
18 —~7 o
MomeHT Ha0Ir01eH s _— ARM Lo
16 — — L
/ 77: -
14 _— - -t
12 — T
10 M AR5~638 / — = ”’ ""T14 : :
s o —Reo | LE
| " —R_ exp|
6 =" Rx1 | ' !
Ry=9 gt Vx10| | |
4 = oo
2 S -
0 /@" T, mapo. sem

Puc.3

[Tepeceuenue cunet nuHuu R, rpaduka ynanenus 3emin oT CBEpPXHOBOM, ¢ KpacHOW R_exp,
rpaduka ynaneHus: OTOHOB OT CBEPXHOBOM, 03HAYAET, YTO 3eMJisi U (DOTOHBI HAXOSATCS HA OJTHOM H
TOM € YAaJeHUH OT CBEPXHOBOM, B ONHOW M TOH K€ TOYKE MPOCTPAHCTBA, TO €CTh, (POTOHBI
JOCTUTIIN Habo1aTennel Ha 3emie.

JKénras nuHuUA V — 3T0 CKOPOCTh 3€MJIM OTHOCUTEIBHO CBEPXHOBOMW: BUJTHO, UTO 3TA CKOPOCTh
yIajJeHusl B HallM JTHU yXe mpeBbicuia 1,7 ckopocteil cBera (rpadguk moka3aH B macmTabde ¢ 10-
KpPaTHBIM YBEITUYEHUEM).

Ecnmu cBepxHOBass HaXOIUTCS B HaYaJIbHBIA MOMEHT BpeMeHHW t = (0 Ha OoJbIIeM yHalleHHH,
yeM 8,85 MIIpJI. CBETOBBIX JIET, HO MEHBIIEM, YeM 20pu30Hm BUIUMOCTH BeenenHoi, To ¢ 3emin oHa
Oyner BuAHa TOJNBKO B Oyaymiem, B Oosiee mo3nHee Bpemsi. Hampumep, cBeT OT TralakTHKW,
HaXO/MBIICHCS Ha YAAJCHUHM OKOJO 9 MIpA. CBETOBBIX JIET, 3eMiu noka He aoctur. Ha pucynke
BUJHO, YTO JIMHUU YIAIEHHOCTH TaJTaKTHKH (CHHSISI) U CBETOBOTO IOTOKAa OT B3PhIBAa CBEPXHOBOU
(kpacHast) IBHO nepecexkymcs, HO He B Halll THU — 14 MJp/. JeT, a mo3/aHee.



%8 R, v

3Be3/1a, HAXOJAMBILLAACS B HAa4aJle PaclIMpEHUs
2,5 BceenenHoit Ha yaaneHuu B | MIp/. CBETOBBIX JieT, Oblia
BH/IHA B MPOLIOM 4 MJIPJ. JICT Ha3a/l KaK CBEPXHOBas.

2,0 ---T14
——-Rco
——R_exp

1’5 Rx1
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[
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Otmerum, uto paccrosaue R_exp mexnay ¢poToHaMu BCHBIIKHA U HabmomareneM Ha 3emiie R
MOCTOSIHHO yMEHbIaeTcs. Ecnu B HauanbHBIH MOMEHT PAcCTOSHUE MEXKIY 3Be370i, (hoToHaMU e
BCIIBIIIKA U 3eMJIE€N ObLJI0 9 MIIpJI. CBETOBBIX JIET, TO uUepe3 5 MIPA. JIET OHO YMEHBIIWIOCH 0
~ 6,8 MIpI. CBETOBBIX JIET, a uepe3 10 mup. 1eT — A0 ~ 4 MIIpJ. CBETOBBIX JIET.

3,0
 Ryv
‘ B Hamm 1M MBI MOKeM Ha0J110/1aTh TOJILKO OCTAaTKH /
25 CBEPXHOBO#, HAXOAMBILECHCA B Ha4ajie paclIHpEHHUs ,}
BcenenHoit Ha yaaneHun B | MAp/. CBETOBBIX JIET. /’:
I
2,0 I
]
I
I
I
1,5 |
I
I
I
I
1,0 1
I
I
I
0,5 :
I
I
0,0

0 1 2 K) 4 5 6 ¥ |
Puc.5

14 15

Ecnu e B MOMEHT BCHBIIIKM CBEpXHOBAas HaXOAWJIACh HA MEHbBIIEM yAalleHUH, yeMm 8,85
MJIpJ. CBETOBBIX JIET, TO €CTh, OJFKE paauyca HabmogaemMoli BeeneHHOM, TO CBET OT He€ yxke ObLI
nmoydeH B mpouuioMm. Hampumep, Ha pucyHke 5 mokaszaHa 3Be3fa, KOTOpas B HAaYaJIbHBIA MOMEHT
Haxo/AW1ach oT 3eMJIM Ha yJaleHuH B 1 Mipl. cBeToBBIX JieT. Habmronarenem Ha 3emiie MOIy4eH CBET
OT BCIIBIIIIKK 3TOW CBEPXHOBOM, MPOM3OIIEAIICH 4 MIIp/. JIeT Ha3ad. Takxe B MPOIIOM ObUT MOJTyYeH
" CBCT OT BCIBIIIKHU, IPUMCPHO 2 MJIpA. JICT Ha3an.

CeroziHs 3Ta rajakTHKa HAXOAUTCS OT 3e€MJIM Ha PAacCTOSIHUM B ~2,7 MIIPJ. CBETOBBIX JIET, a
CBET OT He€¢ HaONIoMaeTcss B BUAC CTapbIX OCTaTKOB OT B3pbIBa. BHIIEH 3TOT CBET OT OCTAaTKOB
CBEpPXHOBOW B HAIlM JHU Ha YAaJeHUU 2,5 MIpPI. CBETOBBIX JIET, XOTfA, KaK YKa3aHO, OCTaTKU
CBEPXHOBOW pealbHO HAXOJATCS Ha YAAJIEHUU B ~2,7 MIIpAI. CBETOBBIX JIET.
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[TpuBenéHHBIC BHIKIAJAKU BEPHBI TOIBKO ISl TATAKTUK, KOTOPBIE HAXOASITCS OJIMKE 20pu3oHma
suoumocmu BceneHHOM, MOCKONBbKY OoJiee ynanéHHbIe TaTaKTUKY HaM HE BUTHBI.

4. I'opuzonm eudumocmu Bcenennoi

3/1ech HaM cielyeT BHECTH YTOYHEHHUE MOHATHIO 2opu3oHma euoumocmu BceleHHo# u ero
COOTHOIIEHUIO C paoduycom Habawooaemol BceneHHou. ['opu3oHTOM BUAMMOCTH BceenenHoit (B
JUTEPAType — TOPU30HT COOBITHIA) CIIEAYET CUMTATh UCXOOHOEe, B HAYAIbHBIH MOMEHT PaCHIMPEHUS
paccTosiHHE A0 CaMOil NanbHEH TalaKTUKH, KOTOPYIO MBI ModceM Habniodams 8 npuHyune, mMycTh
Jaxke W depe3 OeckoHeyHO Oounbiioe Bpems. DPU3NYECKH TOPU3OHTOM BUAMMOCTH BceeneHHoi
SBIIETCS paauyc cdepbl Xabbia, KOTOPHIM ompesensercs mapameTpoM Xa00lia ¥ U3MEHSEeTCs TpU
€ro U3MEHEHUU:

c
Ry =—
H
[TpoucxoauT 3TOT paguyc U3 3aKkoHa Xab01a Ipu CBETOBOW CKOPOCTH YAAJICHUS ralaKTHK:

v=rH=c — R, o

H
371ech BHOBb YTOYHUM, 4YTO HWCTUHHOMW, JEHCTBUTEIHHON YAAIEHHOCTHIO CYHTAEM UCXOOHOE
paccTostHUE 10 TaJaKTUKH, CBEPXHOBOM B .MoOMeHm BCHOBIIKA. M3 BceX paccMOTPEHHBIX
yAQIEHHOCTEH 3Ta — HauMeHbInas. B MOMEHT mony4yeHus HaOirofaTelieM Ha 3emiie CBETa OT ITOU
rajJlakTUKM OHa HAaxOJUTCS YK€ Ha CYIIeCTBEHHO OojblieM yaaneHuu. Hampumep, ramakTHka,
CBEpPXHOBas, HaXOJUWBIIASCA OT 3€MJIM B MOMEHT BCIBIIKKH Ha ynajieHun B R = 13,98 mupa.
CBETOBBIX JIeT, B MOMeHT e HaOmwogeHus ¢ 3emuu npu Ho = 1/14 Oymer HaXxoauThCs YKe Ha

ylaneHuu ~ 13 TPUITHOHOB CBETOBBIX JIET, a YBHJIETh €€ MOYKHO Oy/eT UMb yepe3 96 Mip. Jet:
15000

Bomm3u ropmusonTa Buamnmocti BeenenHoil, BOm3n cdepbl Xad6ma GoToHEL 0T
CBEPXHOBOII I HAIIOJATEeNb HA 3eMJIe B CUCTEME OTCUETA CBEPXHOBOM

13000 -| ABIDKYTCH TPAKTUHIECKN C OQHOI CKOPOCTBI0 — rpady Ky WX ABIDKEHUS (CIHIIT
12000 | [ITPUXOBOIT U KpacHBII) cammuch. CBEepXHOBaA K MOMEHTY HAOIIOLCHIs
yIamIack oT 3eMIH Ha 13 Tp. cBeTOBEIX JET, HO BHIHA OyJeT Kak Ha

11000 | ypanenum Bcero 96 MIPA. CBETOBBIX 1eT (KPaCHEIT IITPUXOBOI IpaduK).

10 000

14000 -

9000 - ITapameTp Xabbma, H, = 1/14

TopusonT punumocti BeeneHnoil 14 Miipi. ¢cBeTOBBIX JIET _ ,/’/
8000 | Pamyc mHabmrogaemoii BeeneHHOIT uepes: = =

14 mapa. cB. nert; 7.0\MJ1p;1. HeT; 96 MiIpi. JeT. 7 /

7000 - /
6000 \ T~ —_

5 000 \ T~ T/

4000 B e—— i
3000 \. e — —~Rcox 100 , Ro=13,98
I 7 R_exp R0=13;9J/
2 000 - -
Ro=8,85, - Rx1 |
1000 =" Vx 10 :
0 =T 0 T, mapo. nem
0 10 20 30 40 50 60 70 80 90 100

Puc.6

N3-3a HemocTaTOUHOW JeTanW3allud Ha PUCYHKE HE BHAHO, u4To Tpaduku R m R_exp
nepecexaucy B TOUKe C KoopauHaTamu 13 Tpi. cBeToBBIX JeT, 96 mupna. jner. Ha camom xene 3to,
JEHCTBUTEILHO, TOUKA TiepeceueHus TpaukoB, B KoTopoii rpaduk R_exp u3 obiaactu HUxKe rpaduka
R mepemén B oOnacte Bbimie Hero. CKOPOCTh yHAJIEHUS TaJaKTHKH OT 3€MJIM B 3TOT MOMEHT
npesbimaer 900 ckopocteld cBeta. MOXHO 10orafgaThCsl, YTO MPU ITUX K€ YCIOBHUSIX, CBEPXHOBAs C
Ro = 13,99 Oyner BooOIIe Ha HEBOOOPA3UMOM YAAJICHUM OT 3€MJIM, XOTS K 3TOMY MOMEHTY YXe H
COJTHEYHasl CUCTEMa MPEKPATUT CBOE CYIIECTBOBAHUE.
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Tpu BepTUKAbHBIE IITPUXOBBIE JMHUM HA PHUCYHKE OTMEYAIOT BpeMs HaOII0IeHUS
cBepXxHOBBIX: Ro = 8,85 nHabmogaema HbiHEe, B 14 Mupa. JeT OT Hayana pacmupeHus BceneHHO;
Ro = 13,9 Oyner, cooTBeTcTBeHHO, HaOmoaaema uepe3 70 mupa. ser; Ry = 13,98 Oyner Habmomaema
yepe3 96 mupa. aet. ['paduku ABUKEHUS HA PUCYHKE COOTBETCTBYIOT 3TOW HAYaIbHOW YAaJIEHHOCTH
cBepxHOBOW. Ecmm ke ramaktuka HaxomutTcs Ha ynainenumn Ro> 14, oHa wuuxoeoa He Oyner
HaOmonaema ¢ 3emun. KpacHas ToHkas mrpuxoBast JIMHHS RCO mokas3bIBaeT, 4To HabarooeHus OyayT
COOTBETCTBOBATH YAaNEHHOCTH CBEPXHOBOW, PABHOW IyTH CBETA 32 BPEMs €ro JABMKCHHS OT 3BE3[IbI
no 3emnu. B ciywae, m300pak€HHOM Ha PHCYHKE, 3TO ~ 96 Mipxa. CBETOBBIX JieT. XOTs 3Be3da
HAXOJUTCSI B 3TOT MOMEHT Ha yJAaJeHUM 13 Tpi. CBETOBBIX JIET, BUAHA OHA yAaNEHHOW Ha 96 mupa.
CBETOBBIX JIET, TO €CTh, B 135 pa3 Ommke.

CBsi3b MeXIYy paouycom Habarooaemori Beenennot u eopuzonmom euoumocmu BceenenHon
3aKJII0YEHA B TOM, YTO 20puU30HM BUIUMOCTH BceeHHoi sBseTcs mpeebHbIM 3HAaUCHUEM paouyca
Habnooaemoti BeeneHHON. DTO XOpoIlo BUAHO Ha Tpaduke 3aBUCUMOCTH paauyca Ry camoii nanbHei
Ha0Jt0/1aeMOM TaJlaKTUKH OT BPEMEHM, 4Yepe3 KOTOpOe CBET OT He€ JOCTUTHET HabmrojaTens Ha

3emie:
15

14
13

R, mupa. ¢B. Jjer

12 ——F e e

Ro=8,85 ! /

\

[Ipu yBenuueHM HAYalIbHOU yIaIEHHOCTHU CBEPX-
HOBOM R, (B MJIpJI. CBETOBBIX JIET) YBEIHUUBAETCS
Bpems e€ HaOmoneHus. CeepxHoBas ¢ R;=8,85
BUHA B Ha1M qHU. CBepxHOBas ¢ R,=12 Oyzner
BHUJIHA yepe3 27,5 MIIpA. JIET OT Havyana pacliupeHus
Bceenennoii. CBepxHOBbIE, IPUOIMKAIOIIHECS K
cepe Xadona R;=14, Oynyr BuaHb! O0see yem
yepes 80 mup. Jer.

—
=

27,5 T, mapj. et

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Puc.7

T=14

S = N W R U N N

[TomuepkHéM, peub UAET MMEHHO O CBEPXHOBOM, KOTOpas MOXKET ObITh Habnmodaema B
MIPUHIIMIIE, CBET OT KOTOPOH 00Os3amenvHo NOCTUTHET HaOmonaTens Ha 3emie. Ha pucynke BuUmHO,
9T0 TpaduK ACHUMITOTHYECKH CTPEMHUTCS K BeluduHe 14 MIpia. CBETOBBIX JI€T, paBHOU paguycy
TOpU30HTa BUAMMOCTH BcenenHoit, Bennunne, 00paTHoi mapamerpy Xabd6ma Ho, ncnons3oBaHHOMY B
Hammx nocTpoeHusx. [lo Mepe yBenuueHus HavanbHOW ynanéHHOCTH Rg mwumenu (3emun) ot
CBEPXHOBOM, BO3pacTaeT BpeMs |, 3a KOTOPOE CBET cMOxcem AOTHATh MHIIIEHb. Hampumep, corimacHo
rpaduky, 3a BpeMsi 14 Map/. et 3eMITt0 TOTOHUT CBET OT CaMOM JabHEW CBEPXHOBOM, HAXOsIIIEHCs
B MOMEHT B3pbIBa HE Jayblie 8,85 MJIpJ. CBETOBBIX JieT. CBET OT CBEPXHOBOW, HAXOIALIEHCS HaA
ynaieHun 12 MIIpA. CBETOBBIX JIET, TAKXKE COTIIACHO 3TOMY TrpaduKy, JOCTUTHET 3eMIIH TOJIBKO uepes
27,5 Mipa. JieT. A BOT CBET OT CBEPXHOBOM, HAXOIUBIICHCS HA YIAICHHH 7 MIIPJ. CBETOBBIX JIET, YXKE
JOCTUT 3eMIIH, TPUMEPHO 4 MIIp/. JIET Ha3a.

JlaHHBII PHCYHOK OTpa)ka€T OTHOCUTEIBbHO Mayiblii MHTEpBal BpemeHu. Ha crnepyromem
PUCYHKE BpeMs HaOIOIEHUSI YBETUYECHO /sl OONbIIeH HATTSAHOCTH aCUMITOTHI:

12



14 ||
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CBepXHOBEIE, HAYANBEHAS YAANEHHOCTh R KOTOPEIX MPHOMMKAETCS K BETHUHHE pajauyca

8 o
cepsl Xadbna Ry, pasHo# 14 Map. cBETOBBIX JeT, OyAyT BHAHLI JIMIIL O0siee YeM
6 yepes 100 Mnpa. neT oT Hayana pacuuperus BeeneHHOM.
4 ,
T, mapo. nem
0
0 1000 2000 3000 4000 5000 6000
Puc.8

Ha pucyHke BUIHO, 4TO MpH JFOOOM, HEOTpaHUYEHHOM pocte T docmuowcumas, nabniodaemast
HavalpHas yIalEHHOCTh Ry MMeeT mpeneln, paBHbINA paanycy chepbl Xa00ia, KOTOPbId HBIHE paBEH
npubimsutenbHo 13,7 mapa. cBeroBwiX JieT. st atoro Bospacra Bceenennoit R~ 8,65 mupg.
CBETOBBIX JIET. OTy BEJIWYUHY U cledyem CUUTaThb CETOJHSALIHUM paJuycoM HaOII01aeMoi
Bcenennoii, a BenuuuHy paamyca cdepbl Xab0ia credyem CUUTaTh TOPU30HTOM BHIUMOCTH
Bcenennor.

Ha pucyHKe M B HalluX pacderax Mbl UCIIOJIb30BAIH NPUOIU3UTEIILHOE 3HAYCHUE MTapaMeTpa
Xab6ma Hp= 1/14, mosToMy B 3TOM Citydae mpeaenbHoe 3HaueHHe Ro~ 8,85 Mipa. cBeToBBIX JieT.
[Tpu mocTpoeHUM ABYX MOCICIHUX AUATPAMM UCIIOJIb30BaHbI JIaHHBIC CIICAYIOIICH Ta0JIUIIb:

Tabmuma. Bpems T oT MOMEHTa BCIBIIIKA O HAOIOICHUS
CBEPXHOBOM, HAXOIMBIIIEHCS Ha ynaneHu Ry ot 3emiu

T|Ro| T |Ro| T Ro T Ro

0 0 [14,4| 9 | 73 13,92 282 13,99500057
1 1 |18 | 10 | 78 13,94 304 13,99500059
2 2 | 22|11 | 84 13,96 347 13,99500060
3 3 |27 | 12 | 96 13,98 372 13,9950005952
5 4 | 37 | 13 |111 13,99 393 13,99500059523
6 5 | 47 [13,5]118 13,992 412 | 13,995000595237
8 6 | 50 [13,6]134 13,994 6 035| 13,9950005952381
10 | 7 | 54 |13,7|238 13,995

119 8 | 60 |13,8]263| 13,9950005

14,018,85| 70 |13,9| 274 13,99500055

Pagnycel ropuzoHTa M BUAMMOW BceneHHOW MOKHO BBIBECTH W M3 JOBOJBHO MPOCTHIX
paccyXaeHuid, Tak cka3aTh, "Ha manbiax". [Tomectum B meHTp chepst Xabbma HMCTOYHUK —
CBEPXHOBYIO, @ Ha HEKOTOPOM yJaJleHuu oT He€ — HaOmonarens, 3emito. B sTom ciydae hoTOHBI
JOTOHSIIOT YIAJSIONIYIOCS 3EMIII0, BMECTO TPAJIUIIMOHHBIX PACCYXIAEHUM, KOTJa UX YHOCUT OT 3eMIIH
pacuupstonieecst mpoctpaHcTBo. OUeBHUIHO, YTO HauyaidbHas CKOPOCTh ()OTOHOB B TOYHOCTH paBHA
CKOPOCTH CBETa, MOCKOJbKY Ha HAYaJIbHOM YYaCTKE UX JBM)KEHHS MPOCTPAHCTBO MPAKTUYECKH HE
paciupsieTcsl, B YaCTHOCTH, BCJIEACTBUE IPABUTALIMOHHON CBA3aHHOCTH.

PaccmorpuM mHTEpBan BpeMeHHU, paBHBIM, Hanpumep, 1 cekyHae. Mbl moHMMaeMm, YTO €CIH
3emsisi HaxoauTcs Janblie cheppl Xabbma, TO CIYCTS 3Ty CEKYHAY YAaJIEHHOCTh 3€MJIH OT
CBEPXHOBOW YBEIHUYUTCS OOIBINE, YeM MYyTh, MPOUIEHHBIH (POTOHAMH. DTO OYEBHJIHO, MOCKOIBKY
CKOpocTh 3emutn 3a npezenamu chepbl Xad0ma 6onbie cBeToBoi. CenoBarenbHO, (OTOHBI SIBHO €€
HE JIOTOHST.

Teneps paccCMOTpUM BTOPYIO CHUTYaIlMIO: 3eMJIsl HAaXOAWUTCA OYEHb OJM3KO OT CBEPXHOBOM,
Harnpumep, Ha yaaineHud B 11 cBeToBbIX cekyH[. 3a mepsble t = 10 cekyHa GoToHBI mpuOIM3ATCA K
3emsie Ha 10 CBETOBBIX CEKYHI, a 3eMJid 3a 3TO BPEMs, HANPOTUB, YAAIUTCA OT CBEPXHOBOU Ha
paccrosare 10e™ cBeroBeIx cexymn. JIerko OGHAPYXWTh, YTO 3Ta BEIMYMHA JIHIIb HEHAMHOTO
npeBbimiaer 10 CBETOBBIX CEKyH]J MYTH (DOTOHOB, MOCKOJBbKY BBHUIY MAJOCTH BpEMEHHU 3HAuUCHHUE
9KCIIOHEHTHI MaJIO OTJIMYAaeTcs OT equHUIBL. Cpasy e jorajapiBaemcs, 4To 3a ciaeayromue 10 cexynn
10 ATOM ’X€ mMpuuuHE (HOTOHBI TOYHO AOTOHAT 3emito. JIeMCTBUTENBHO, MPU MAJIbIX 3HAYCHUSIX
MOKa3aTeJsi, SKCIIOHEHTY MOYKHO 3aMEHHUTDH (DOPMYJIION:

13



e =1l+x npu XxX<<1
Torpa ynan€éHHoCTh 3eMJIU yBEJIMUYMIIACH Ha!

10e™-10=10+Ht-10=Ht<<1
[Tomydaercs, uyro (oHoHB! ynammmmch Ha 10 CBETOBBIX CEKyHI, a 3emiusi — Toibko Ha Ht<< 1.
[TonsiTHO, uTo B cneaytomue 10 cexyHIT POTOHBI SIBHO €€ JOTOHST, MOCKOIBKY 3TY HOBYIO CUTYAIIHIO
MBI MOYKEM PaccMaTpHBaTh KaK HCXOAHYIO, HO TETEph YK€ 3eMiIsi HAXOAUTCS K 3BE3/ie CYIIECTBEHHO
ommKe.

Takum oOpa3om, MBI MMEEM J[Ba 3HAYCHUS HAYAIBHOW YHAJIEHHOCTH: HPU OJHOW M3 HHX
($OoTOHBI JOTOHAT 3eMIII0, IpU Apyroil — HeT. [IoHATHO, YTO MEXIy 3TUM JIBYMs 3HAUYCHHUSIMH €CTb
HEKOTOPOE MPOMEKYTOYHOE, MAKCUMAJIbHOE 3HAYCHUE YAAIEHHOCTH, HA KOTOPOM (OTOHBI BCE emé
cMoryT aorHath 3emimo. O0o3HauuM ero uepes Ry. Torma MokHO 3amucaTh HEPABEHCTBO VIS MIEPBOU
CEeKyH/IbI ABKeHus { = 1.

ct>Re™-R =R (e™-1) mpu x<<1 ct>R (1+Ht-1)

[Ipeobpazyem:
ct>R Ht
Rx<c—t:i: H
Ht H

CornacHo HaYaJbHBIM YCIIOBHSIM, 32 TIEPBYIO CEKYHAY PAcCTOSIHHE MEXKIy 3Be3od W 3emMiéil He
JOJKHO ObUIO yBeMMUMUTHCA. TO €cTh, MpenenbHOe 3HAaYeHHE YAaIEHHOCTH 3eMJIM OT CBEPXHOBOM,
pu KOTOpPOi ()OTOHBI OT €€ B3phIBA CMOTYT JIOTHATH 3E€MIIIO, HE JIOJDKHO TPEBBIIIATH 3HAYCHUS
paaunyca cepnl Xabba.

5. Haonrwoaemuiit 3axon Xaoona

N3BecTHas, Knaccuueckas auarpamma Xa06sa, CBA3bIBAIOIAs CKOPOCTh yJaJIeHUs FaJlakKTUKU
C €€ yNaN€HHOCTBIO, SIBIIAECTCA IPSMOM JIMHUEH, MOCKOJBKY €€ YPaBHEHHEM SIBIIIETCS YPaBHEHHE
npsMoit: V = rHg. OnHako nmapsl 3HadeHuit (V, I'), UCTIOJIb3yeMble Ul TIOCTPOEHUs tuarpaMM Xaboia,
IPU WCIOJB30BAHWM HAIIEro ypaBHeHHs (3), OYEBHIHO, MPHBEIYT K HECKOJBKO WHOMY BHIY
auarpamm. [Ipu “CHoIb30BaHUU ATOTO YPaBHEHUS! KPACHOE CMEILEHHE MM CKOPOCTh HalOI0JaeMoil
TaJIaKTHKH, CBEPXHOBOM, OYEBHIHO, HE MEHSIOTCS, TIOCKOJIbKY HUT/IE B QJITOPUTME MX KOPPEKIUS HE
npou3Boamwiack. Ho n3MeHeHHe BENIWYMHBI JUCTAHIMM, MOHATHO, BEAET M K HU3MEHEHHI0 HX
(YHKIIMOHAJIBHOW CBSA3M, N3MEHEHUIO (POPMBI JHarpaMMbl 3akoHa Xa00ua.

B aT0i#i cBsI3M ciieyeT BBIACIUTH TPU BapHaHTa JHarpaMM 3akoHa Xa00ia: TeopeTHUYeCKHi,
HaONMolaTeNbHBIH U YCJIOBHBIMA, JUIS HayalbHBIX YAaJEHHOCTEH CBEpXHOBBIX. Jlnarpamma
TEOPETUYECKOIo 3aKOoHa V = HI mo yMoJI4aHHIO HE YYUTHIBAeT BPEMs B IyTHU CBETa OT HAOIIOJaeMOi
TaJIaKTHKH, TI03TOMY U3HAYaJIbHO OHA CTPOTO MpsiMOJrHEHHa. HabmomaTenpHbIH 3aKOH HCITONB3YET B
TEOPETUYECKOM 3aKoHe Xabbna Habarooaemvle 3HAUEHUS JAUCTAHLIMN, KOTOPBIE HA CAMOM Jiele, KaKk
MBI OTPEACIIUIIN, MEHBIE TeopeTrnueckuX. [loHsaTHO, yTO Muarpamma Xab6ma (I, V) B 3TOM ciydae
OKaXKETCS Hudce TEOPETUUECKON TarpaMMBbl.

Teopetnueckas auarpamMma 3akoHa XaO0ma, cyAs MO BCeMy, Ha caMOM Jelie SIBISeTCs
HKCTPANOJIAIMEN, MOCKOIbKY CTPOUTCS Ha OCHOBAaHMHM HAYaJbHOTO YyYacTKa, MO HaOMIONEHHUSIM B
onmxHel obmactu BceeneHHON, B KOTOpOHl paszuuya MeXIy TEOPETUYECKOM SPKOCThIO M BUAWMOI
IpakTUYecku He3ameTHa. [lomyuyeHHOe B AITHX M3MEpEHMAX 3HaYeHHe Napamerpa Xab6ma Hg
MOJICTaBJISIETCSl B TeOpeTUUecKuil 3akoH Xab6ma. Ha camoM fiene peanbHOe, TEOPETUUECKOE 3HAUCHHE
napamerpa Xab0ia Ha OONBIIMX YHAIEHHOCTAX JOJDKHO OBITh Oonbuie HKCTPANOISAIMOHHOTO.
VYkazaHHbIC BapUaHTHI TuarpaMM Xa00I1a mpecTaBiIeHbl Ha pucyHke 9.

['opu3oHTanmbHAS OCH IUArpaMM — CKOPOCTh V YAaJeHHsI HEKOTOPOH CBEPXHOBOW B JIOJSAX OT
ckopoctu cBera. CrnemoBarensHo, rpaduku ynanéHHoctert RCOo, R m Ry — dakTudecku sBistorcs
nuarpamMmamu Xa0011a, 3aBUCUMOCTSMH JTUCTAHIIMHA OT CKOPOCTH.

TpanunrioHHast WM TeOpeTHUecKas auarpamMmma Xao0ma n3o0paxkeHa rpaikoM CHHETo IBETa,
U ONHUCHIBACTCA CTAaHIApTHBIM 3akoHOM XabOma: V=HoR. I'padux moxa3piBaeT peanpHyIO
YAUIEHHOCTh CBEPXHOBOM, NMEIOIIEH COOTBETCTBYIOIIYIO CKOPOCTh. I'padk CTpOro JTUHEHHBIH, 4TO
BBI3BAHO HEM3MEHHOCTHIO TapameTpa Xab01a BO BpeMeHH.

OpHako acTpOHOMBI HE MOT'YT HENOCPEICTBEHHO HAOII0AATh YAaIEHHOCTb CBEPXHOBOW, O
KOTOPOH MOXHO CYIHTb 10 e€ spkocTu. Ha camom nene m3-3a 3aJep’KKu CBETa B IYTH U COTJIACHO

14



NPEJCTAaBJICHHBIM BBIIIEC BBIYMCICHUSAM IS yIAIEHHOCTEH CBepXHOBOW coriacHo (3), cBepxHOBas
BHJIHA OoJiee SPKOW, TO €CTh, OHA KaXeTcs Ham Oojee OMM3KOH. DTO M NPUBOAUT K H3THOY
aKTHYECKO# quarpamMmMbl Xa00ma 10 Habrodaemou fuarpaMmsl (KpacHsblid rpaduk RCO).

24

22 | Bapuanter auarpamMM Xa66na: /E
TeopeTnyeckas, v = HyR; _ /

20 -~ pabmonaemas Rco (daktHueckas); o /
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Kénteiii rpaduk MOXXHO Ha3BaTh YCIOBHOW nuarpammoii XaO0liia, COCTaBIEHHOW IS
Ha4yaJIbHBIX, MCXOJHBIX YAANEHHOCTEH HAOJIIOAAEMBIX CBEPXHOBBIX, TO €CTh, IS HAOIH00AeMOll
Bcenennoi.

TakuM oOpa3oM, KaKIOMY 3HAUEHHMIO CKOPOCTH CBEPXHOBOM COOTBETCTBYIOT TPHU 3HAUEHUS
yIan€HHOCTH — TeopeThueckas R, mpomnopuuoHanbHas nmapamerpy Xa0O6sa Ho; Habmromaemas Rco,
YUUTBIBAIOIIAsl 3aJ€PKKYy BO BPEMEHM MOJIY4YeHHs] ()OTOHOB BCIBIIIKA CBEPXHOBOM; M MCXOJHas
ynanéuHocte Rg. Bce BenuumHbl Ha pUCYHKE NpeAcCTaBieHbl B (OTOHHOH cUCTeME OTcCuéTa:
JUCTAHILIMS B MJIPJl. CBETOBBIX JIET, BpEMS — B MIIPJI. JIET, U3 YETO CIIEYET, YTO CKOPOCTh CBETA paBHA
1.

3enéuplii rpaguk TCE — 3TO rpaduKk BpPEMEHH, JaT B3PHIBOB CBEPXHOBBIX OT Hayaia
pacimpenus BeceneHHON, UMEOIMUX B 3TOT MOMEHT HEKOTOPYIO CKOPOCTb V OTHOCHUTENBHO 3EMIIH.
OcHOBHOE Ha3HA4Y€HHE ATOrO MapaMeTpa — ONpEeJelIeHHE 3HAYeHHM Uil TpEX ApPYrux rpadukos.
Hanpumep, cBepxHOBas, ABMXKYIIascid CO CBETOBOW CKOpPOCTbIO, B Hayaje pacUIMpeHHsl Obuia Ha
yIaJeHUH S5 MIIPII. CBETOBBIX JieT OT 3emun (kénthiii rpaduk Rg), B3opBajack MPUMEpPHO uepe3
4 MypA. JeT OT Hayaja pacIIMpeHHus MpoCcTpaHCTBa WM npuMepHo 10 mipz. jer Hazaz (3enéHblit
rpaduk). HaGmronenust nokaspiBatoT €€ yaanéHHocTh Ha 10 MIIpA. CBETOBBIX JieT (KpacHBIA rpadux
RCO0), XOTs Ha caMOM Jelie CBEpXHOBasl CErofiHs HaXOAUTCS Ha yAajdeHUH 14 MIIpI. CBETOBBIX JIET
(cunuii rpaduk).

Kak BumHO Ha pucyHke, camas ObIcTpasi HabrioOoaemas CerojHs cBepxHoBas C Rg = 8,85
CEroJIHs yJajsieTcsi OT 3eMJIM CO CKOPOCTBIO, paBHOM 1,7 ckopocTsMm cBeTa. B3phiB €€ mpou3omeén,
YCJIOBHO, B CaMblil HAYaJIbHBIH MOMEHT paciuipenust Beenennoit, To ects, 14 mapa. ner nazaz, Tce=0.
CeromHs 5Ta camasi nayn€kas CBEpXHOBas HaXOIUTCS Ha PACCTOSHUHM B 24 MIIPJI. CBETOBBIX JIET OT
3emun.

3naueHue TcCe=14 COOTBETCTBYET B3pbIBY CBEPXHOBOW B HallM JHM, KOorja €€ CKOPOCTh
OoTHOCUTENbHO 3emiu Onm3ka K Hymo. Ha3Banue mTpuxoBoi JMHUM Hp MCIONB30BaHO JMIIb JUIS
0003HaYCHMsI TUTIA THAarPaMMbI — 37I€Ch 3TO JUArpaMma ¢ MocTossHHON Xa00ma Hy. E€ monoxenue Ha
PHUCYHKE COOTBETCTBYET BPeMEHHU HaOtoeHus 14 MiIpa. JIET OT Haydana paclIMpeHus MpOCTPaHCTBa,
YTO COOTBETCTBYET CKOPOCTH yIaJICHUS CaMOi OBICTPOU Habt0daemotl CBEpXHOBOM.

XKénras nuuus, nuarpaMMa Ro mpeacraBieHa Kak CIpaBOYHAs — 3TO UCXOAHAS yHanEHHOCTD
CBEPXHOBOM, JIBUXYIIEHCSA C COOTBETCTBYIOIIEH CKOPOCTHIO, €€ YHAIEHHOCTh OT 3€MJIM B MOMEHT
Hayaja pacUIMpeHHs MPOCTPAHCTBA, TO €CTh, 14 mipz. jaer Hazax. DopManbHO JTUHHUS OTpakaeT
pamuyc Habarooaemoti Bcenennoit. JlelicTBUTENbHO, B HAIIM JHWA, N0 JaHHBIM B Touke Hp Ha
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rpadukax, camasi JAIbHSS HaOno0aemas HBIHE CBEPXHOBAas MMEET HAYalbHYI YIAIEHHOCTh Rg ~
8,85 muipz1. cBeTOBBIX JieT (KkENTHIN rpaduk). PeansHo HBIHE OHA ynajeHa OT Hac Ha paccTosHue R ~
24 MIp[. CBETOBBIX JIET (CHHUM Tpaduk), HO BUIHA KaK yaanéHHas Ha RCO ~ 14 mupa. cBETOBBIX JieT
(xpacHblil rpaduk). Takum oOpa3zom, Mbl (PaKTUYECKH MMEEM TPHU Pa3HbIX 3HAUYEHHUS YJAIEHHOCTH,
TPH pa3HBIX 3HaYCHUs paanyca HaOmonaemoi Bceenennoii. IIpaBuibHBIM, OOBEKTUBHBIM PaNnyCcOM
cnenyet cuuTaTth Ry ~ 8,85 mupa. cBeroBbix seT. Ceromnst HaOMOAaTh MBI MOXKEM MOIbKO TATAKTUKH,
HaxoauBIIHecs 14 Mipa. JeT Ha3aa Ha OoJiee O.1u3KoM paccTOSTHUU OT 3emun. Y nanénnocts Rco ~ 14
SBJIIETCSL YCJIIOBHBIM paanycoM HaOmrogaeMoil BeeneHHOMN, 3TO ynan€HHOCTh KaKylllascs, Ha TaKou
IMCTAaHIIMH 3Ty CBEPXHOBYIO HAa CaMOM JeJie Mbl He HabOntooanu Hukoeoa. HakoHel, ynanéHHOCTD
R ~ 24 sBnsercs dakTtuuecku cnpasouroti. ITO peanbHas YJAIEHHOCTh B HAIM JHH ATOM CamMoOM
JalbHel HaOJII01aeMO CBEpXHOBOM, KOTOpasi HBIHE YAANSETCS OT 3eMJIM CO CKOpocThio V = 1,7C.
[TonsTHO, 4UTO CBET OT He€ Hauad JBWXKEHUE K 3emiie, KOrja rajakTuka, Oblia Monoxe Ha 14 mipa.
net u Obu1a oT 3emMiin Ha yaaneHuu 8,85 Mip/1. CBETOBBIX JIET.

Jns HabmioneHud HAM HedocmynHo BCE, YTO MPOU3OLUIO C HEK IMOcie TOro, Kak 3Ta
CBEpXHOBAs yJaJIMIach 3a TOpU3oHT Beenennou, chepy Xab0ia, mo3ToMy OSCCMBICIICHHO HAa3bIBATh
yIanéHHOCTh B 24 MIIpA. CBETOBBIX JIeT HaOmrogaeMoil. boiee Toro, ceroaHs HaM HEJOCTYIHBI IS
HaOJIIOJICHUsT BOOOIIE BCE OOBEKTH, B MPOIIOM HAaXOJIWBINHECS OT 3eMid naajibline 8,85 mip.
CBETOBBIX JIET, TO €CTh, 14 MIIpA. JIeT Ha3a/l.

[IpencraBieHHble AMAarpaMMbl COOTBETCTBYIOT ITOCTOSIHHOM Xa0O0iia, HEHM3MEHHOMY €ro
3HaueHuio Ho, B Hamiem ciyuae paBHomy 1/14, 4Tto, BIpodeM, AOCTATOYHO OJU3KO K COBPEMEHHOMY
ero 3HaueHuto. OJHAKO CYUIECTBYIOT, [0 MEHbUIEH Mepe, emé YeTblpe NPUHLUIHAIBHO
pa3iMyaroIuXcs BapuaHTa napamerpa Xabomna:

— HENPEPBIBHO BO3PACTAIOIINIA;

— HENPEPHIBHO YOBIBAIOIIUI;

— CHayaJla BO3paCTaIOLIHi, 3aTeM yOBIBAIOIIINH;
— CHayvaja yOBIBaIOIIUM, 3aT€M BO3PACTAIOLIUH.

[TonsiTHO, 4TO BCE 3TH PYHKIIUU U3MEHEHUS MapameTpa Xab01a mepecekaroTcs B OJIHOM TOUKe
— B HalllM IHU BCE€ OHM UMeIOT 3HaueHue Hy. Takxke o4eBHIHO, YTO COOTBETCTBYIOIIME UM JAHarpaMmbl
Xab6ma UMEIOT pa3HbIi BUIL.
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