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AHHOTANUA

OpHMM U3 OCHOBHBIX Pe3yJbTaTOB aCTPOHOMUYECKUX HAOIIOIEHUH SBJISIOTCS KPaCHOE CMe-
LIEHHE U IPKOCTh pa3IMuHbIX 00beKTOB BO Beenennoii. [1o 3TuM JaHHBIM ONpenessoT pacCTOsIHUE
710 HabIr01aeMoro 00BbEKTa U CKOPOCTh €ro yaajleHus. TeM He MeHee, BOIIPOC CIIelyeT CUUTAaTh He
PELIEHHBIM: UTO SIBJISIETCS JEHCTBUTENBHOM "yNaN€HHOCTHIO TaJaKTUKU"?

9. Kocmoaoruueckoe KpacHO€ CMECIECHHUE — YTO 3TO TAKO0€

http://samlib.ru/p/putenihin_p w/accele01.shtml

10. Paguyc Ha0/ronaemoii BeesrenHnoi u ropusonT BeesteHHou

OAHMM U3 OCHOBHBIX PE3YJbTAaTOB aCTPOHOMMUECKUX HAOJIIOJCHUI SBIAIOTCA KpacHOE CMe-
LIEHHE U SIPKOCTh Pa3InYHbIX 00beKTOB BO Bceenennoii. [1o 3TuM naHHBIM ONpENeNnsoT pacCTOSHUE
70 HaOII0AaeMoro 0ObEeKTa U CKOPOCTh €ro yaajaeHus. B oTHomeHuu 3Tux HaOMIOA€HUN B JIUTEpaTy-
pe 4acTo YyIOMMHAETCsl 00CTOATENBCTBO, KOTOPOE OOBIUHO (hopMyIupyeTcs Kak "B3risia B mpouuioe".
Ecnu HekoTopas ranakTuka, CBEpXHOBasi HAXOJIUTCS Ha OOJBIIOM YAAJ€HUH, CBET OT HE€ JABIMXKETCS
70 3eMJId KaKoe-TO JI0CTaTOYHO 00Jblloe BpeMsa. B MOMEHT nosydyeHust Habiro1aTesieM 3TOro CBeTa
rajJlakTuKa HaXOJUTCSl YK€ Ha JpYyroM, OOJbIIEM yJaJ€HWH, YEM B MOMEHT BCHBILIKUA. Bo3HukaeT
3aKOHOMEPHBIN BOIPOC: YTO CJENYET NPUHATH 32 "yJanéHHOCTh rajJakTUKu'"?

OueBuaHbl Tpu BapuaHTa. [lepBblil BapuaHT — y1aJ€HHOCTh CBEPXHOBON B MOMEHT BCIIBILIKU.
OTy yHan€HHOCTh U CIEAYEeT CUMUTATh JIEHCTBUTENIBbHOM, Habnodaemou €€ ynan€HHOCTBIO, XOTS U
ONPEAENIEHHYIO C 3aJEPKKOM BO BpEMEHH. BapuaHT BTOPOH — yIaIEHHOCTh TAJIAKTUKU B MOMEHT I0-
Jy4eHHs cBeTa Ha 3eMiie, TO €CTh, YAaJEHHOCTD [10CJI€ YBEMUYECHUS PACCTOSHUSI MEX Iy CBEpXHOBOW U
3emnéil. HakoHen, TpeTuil BapuaHT, 3TO BUIUMAS, KAXCYUjascs yOANEHHOCTh O TOYKH BCIIBIIIKU B
MOMEHT IOJIy4€HHUs OT He€ cBeTa. DTO BEChbMa MHTEPECHBI BapHaHT, MOCKOJIbKY OH YUHUTBHIBAET pe-
QJIbBHYIO0 CKOPOCTb CBETA, CBSI3aHHYIO C HENPEPHIBHBIM pacliMpeHUeM MpocTpaHCcTBa. [1ycTs B MOMEHT
MIOJIyUYEHHUsI CBETa OT CBEPXHOBOW €€ peanbHas (pusmueckas yJal€HHOCTh BO3pOCia, HapUMeEp, B 2
pa3a 1o CpaBHEHHIO C UCXOJHOM, B MOMEHT BCIBIIIKU. SIpKOCTh 3TOM BCHBIIIKK OyJIeT BUHA Ha 3eM-
JIe TaKOM, OyJTO CBEpXHOBAsk HAXOAUTCS HEMHOTO OJMIKE, YEM 3Ta peaibHasl yl1aaEéHHOCTb.

Camoii 0osbLION yHaJIEHHOCTBIO SIBJISIETCS BTOpas, MOCKOJIbKY 3a BpeMsl CBETa B IYTH IIPO-
CTPaHCTBO MEXAY 3Be370i U 3emiiéil Bce BpeMs Bo3pacTano. TpeTbs yaal€HHOCTh YUYUTHIBAET BPEMS
CBETa B MYTHU OYKEAIbHO, TIO3TOMY HECKOJIBKO YCIIOBHA, XOTS U MPUHUMAETCS, YTO BUAUMAS SIPKOCTb
TAJIAKTUKA B TOYHOCTH COOTBETCTBYET €€ YIAJEHHOCTH.

B nonp3y nepBoro BapuaHnrta yajaéHHOCTU CBEPXHOBOM CBHUJIETENBCTBYET TO, YTO (DOTOHBI, HE-
cyuie uHpopMaluoo o Hel, cBoeoOpaszHas Gororpadus, yAausioTcs OT TaJIaKTUKH Cpa3y K€ Mocie
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B3pbIBA U CTAHOBSTCS IMOJIHOCTHIO He3aBUCHMBIMH OT He€. Ecin, HampumMep, BCIBIITKA KMEET CHHUI
I[BET, a IMOCJIe HeE, uepe3 KaKoe-TO BpeMsl TaJlaKTHKa CTAHOBHUTCS KPACHOHM WJIM BOOOIIE TAaCHET, TO Ha
3emue Oyxaer monydeHa umeHHO "cunsis" dortorpadus. UMeHHO 3TOT MOTOK (POTOHOB U OYIET HECTH
nHpopMaHio 00 YHaIEHHOCTH U CKOPOCTH YHAJCHHS TATAKTHKU 68 MOMEHM GCHbIUKU. DTO camas
nocieHss nHGOpPMAIIHs O TaJaKTHKe Ha TEKYIIM MOMEHT BPEMEHH, YTO OCOOCHHO OTUYETIMBO BHII-
HO, €CITM TaJJAKTUKA HAaXOJWUTCS Ha TOPU30HTE BUAUMOCTH. B 3TOM cityuae Hukakast HoBas mH(popMa-
[IUS O TAJIAKTUKE MOCJIe BCIBIIKK 00jiee He OyeT JOCTYITHA.

BMmecTe ¢ TeM SpKOCTh BCHBIIIKK HETIOCPEACTBEHHO HE SIBIISICTCS IMOKa3aTelleM YAaJEHHOCTH
TaJJaKTUKA B MOMEHT €€ PerucTpalui. JTO CBA3aHO C TE€M, YTO B MPOIECCE JBIKEHHS (DOTOHBI IPO-
XOMST ITYTh MeHbUiUll, 9€M OKOHYATEIbHAS TUCTAHINS MKy 3Be3/10M 1 3eMiI€l, B MOMEHT UX Peru-
crpari. CoOCTBEHHO TOBOPSI, 3TO JIOBOJIBHO OYEBUIIHO, TIOCKOJIBKY B MPOIIECCE MX IBHIKCHHS IMPO-
CTPAHCTBO HETIPEPHIBHO BO3PACTALT KaK MEXKIY IIOTOKOM (DOTOHOB M 3eMm1éll, TaK U MEXKY TOTOKOM U
36e300u. B pe3ynbpTare U BOZHUKAET 3TO BEChMa WHTEPECHOE SIBJICHHUE: (haKkmuyecKull myTb, IPOUJICH-
HbIM (DOTOHOM OT MecTa BCHBILIKU /10 3eMIId, OyJeT MeHblie, YeM YNal€HHOCTh rajJakTUKU OT 3eMIn
B MOMEHT €r0 PETUCTpaIfH. SIPKOCTh BCHBIIIKK CBEPXHOBOW OIPEENeTCs AUCTAHIMEH, KOTOPYIO
(GOTOHBI npowiiu peanvHo. ITa NUCTAHIMS, MYTh SBISETCS akmuyecku Habarooaemol yIal€HHO-
CTBIO, TIO3TOMY Ha CaMOM JIeJIe SIPKOCTh BCIBIIIKK C 3eMJIM Oy/AeT BUIHA HECKOJIBKO Ooibliell, YeM
oHa Obuta OBbI B CiTy4ae cTanoHapHOW BceneHHo.

10.1. Jeusrcenue no svimazuearoujeiica mpacce

PaccmoTpuM 310 siBieHue nonpoOHee. [[1si HarIsSITHOCTH U YIIPOILEHUS BBIYMCIEHUI BMECTO
CBEPXHOBOM M PACIIUPSIONIECTOCS MPOCTpAHCTBA BeeneHHoi paccMOTpUM aBTOMOOWUIT, IBYDKYIITHIACS
10 HENpepbIBHO BhITArUBarouieiics tpacce (puc.10.1). ITycTe aBTO ABMXKETCA CO CKOPOCTBHIO V, IO pe-
3MHOBOM JOPOXKE, KOTOpas pPacTATMBAETCs, YBEIUYMBAsCh 3a KaXKIbIH (PUKCUPOBAHHBIM HHTEpBAJ
BpeMeHu At=t B e pa3, rae H — HekoTopass nocrtossHHas. B HadaJbHBI MOMEHT BPEMEHHU aBTO
HaXOJUTCS Ha yAAJEHUH Sop OT KOHEYHON TOYKH, OT (puHHUIIA. YCIOBHO NPUHUMAEM, YTO JBMXKEHHE
aBTO M pacCUIMPEHHUE JOPOKKH IMPOUCXOAAT noodepéano. Haxonnm, 4To 3a mepBblil HHTEPBAII BpeEMe-
HU aBTO IIEPEMECTUTCA OT HAYAJIbHOM TOYKH Ha PACCTOSHHUE

R =v At =vt

=y v=vy,+rH
> ¢ — v=SyHe"

© >

| 4

r

ABTOMOOUIIB, NBXKYIIUNCS MO YIJTUHSIOMIEHCS Tpacce, NPOHIET MEHBIIINN My Th, YeM KOHEYHas JIJTHHA
Tpacchl. TO4HO Tak ke ¥ (POTOHBI OT CBEPXHOBOM MPOUAYT A0 3eMJIM MEHBIIHNH ITyTh, YeM KOHEYHOE
paccTossHUE MEeXAy 3Be300U U 3eMIIEH.

Puc.10.1

IIycTb aBTO IBHIKETCSI CO CKOPOCTBIO V, IO PE3MHOBOM JOPOXKKE, KOTOpask pacTATUBAETCs, yBE-
JMYMBASICh 3@ KaXJbIM (PUKCUPOBAaHHBIM MHTEpBalT BpeMeHU At =t B e pa3, rne H — HexoTopas mo-
CTOsIHHAs. B HauanbHBIM MOMEHT BPEMEHHM aBTO HAXOJIUTCS HA yIAJIEHUU Sy OT KOHEUHOH TOYKH, OT
¢uHuIa. YCIOBHO MPUHUMAEM, YTO JBUKEHHE aBTO U PACHIMPEHUE TOPOXKKHU MPOUCXOJAT MOOUe-
pénno. Haxoaum, 4To 3a NepBBIA MHTEPBAJ BPEMEHHM ABTO IEPEMECTUTCS OT HAYAIbHOM TOYKM HA
paccTosiHue

R =v At =vt
[Tocne aToro otpe3ok Ry, myTh, MPONAEHHBIN MO TOPOKKE, UCIBITHIBAECT YKa3aHHOE pacmiupenue. Ta-

KUM 00pa3oM, 3a CIEAYIOIIUE J1Ba MHTEpBalla BpEMEHH yJaJIEHHOCTh aBTO OT HAa4aJlbHON TOUKU yBe-

JIMYUBACTCA 10 HOBOI'O 3HAYCHUA

Ht,

R,=vte™ +vi

3a 4eTBEPTHIN M MATHIA MHTEPBAIBI BPEMEHH PACCTOSHUE 1n03a0u aBTO BHOBb BO3pacTaeT, Te-
MEPh YKE J0 BETUYNHBI
_ Ht, Ht,
Ri=(vte ™ +vit)e™ +vi
Jlanee 3TOT HOBBIN (hopmanvro PONRACHHBIN HHTEpBaAN R3, nuHa JOpoXKKH "Mo3amu" 3a CIeAYIONIYIO
napy MHTEPBAJIOB BPEMEHH BO3POCIa JIO CISAYIONIETO HOBOTO 3HAYCHUS
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Ht, Ht, Hitg

R,=(vte +v.t)e
37ech U B JalibHENIIIEM OTKPBIBAIOIIME CKOOKH B JIEBOM 4acTU ypaBHEHUS Mbl He OyZeM 1yOiIupoBarth,

4YTOOBI HE IEPErPy’KaTh YpaBHEHUE, IPOCTO MOMHUM, YTO YHCIIO KPalHUX JIEBBIX CKOOOK PaBHO YUCITY
IIpaBbIX CKOOOK.

R, = (vatlem2 +vt)e

+v.t)e +v.t,

Hi, Hig Hig

+vt)e vt et +vt,

R, = (vatleH’Z + vat3)eH"‘ + vats)eH"‘ + vat7)eH’8 + vat9)th1° +v 1,

R, = (vatlem2 +vat3)em“ +vat5)eH’° +vat7)em8 +vat9)em10 +vat“)eH’12 +v,t,

_ Ht, Ht,
RS - (vatl e

+v,t)e +vat5)eH’° +vat7)em8 +vat9)eH’10 +vat“)eH’12 +vat13)eml“ +V,1

Hig

R, = (vatlem2 +vat3)em“ +vat5)eH’° +v,t,)e +vat9)eH’10 +vat“)eH’12 +vat13)eml“ +vat15)em“‘ +v,t,

Ht Ht Ht, H, Ht Ht H, Hig
Ro=W,te™+v t)e™ +vt)e  +vt)e ™ +vit)e " +v t,)e " +v,t,)e ™ +v t)e " +

Ht,
+v,t)e " +v b,

Jliis ynoOcTBa, HarJISIIHOCTH OFPAHUYMMCST Ha 3TOM JTale JAECAThIO claraeMbIMU. Temnepb Ui eme
OoJbIIEH HATTIAAHOCTH YPABHEHUS TOCIIEN0BATEIBHO PACKPOEM CKOOKH:

R,y = t, ™" 4y te™ 1y t)e™ +v t)e™ +v t))e™ +v t,)e ™ +v t.)e ™ +v t e +
+v t)e™ vt

R,y = (v t, ) oy g M) oy p e 1y t)e™ v t)e™ vt )e™ +v t,)e™ +
+v t)e™ v t)e™ +v 8

R,y = (vt oy g oMUttett) oy 1 flets) 1y e 4y t)e™0 +v £, )e™ +v t,)e™ +
+v t)e™ v t)e™ +v t

R, = (vt ittt gy, g pfluttettitho) oy, g pfllatttin) 4y, g oM tstho) 1y, ¢ oMoy ¢ YoM 4

Hi Hi Hi
v t)e M v e +v g, )e vt

R _ H (ty+ty+tg+ig+t) H(ty+tg+tg+t
0 =,te

+t12)+vat3e +t12)+vatSeH(t6+t8+tm+t12)+vat7eH(t8+tm+t12)+vatgeH(tm+t12)+

Htyg

Ht Ht Ht,
+v te " v t)e vt e +v t e + vt

_ H (ty+ty+tg+tg+t g+t +ty) H (ty+tg+tg+to+t,+t,) H (tg+tg+t g+t +t4) H(tg+t)g+ty+t14)
R,=,te +v te +v,tse +v,te +

H(t), Htg

H(to+t+14) +ty) Hty,
+v t.e +Vv.t,e +v t,e " v ts)e

_ H (ty+ty+t g+ g+ H 4+ g) H (ty+tg+tg+t g+t o+ g+ g
R,=Wte +v te

Ht,
+Vv.t,)e " +v ot

H (to+tg+t g+ o+ 4, H (tg+t, o+, 4+,
)+Vatse (6 810 12T 14 16)+vat7e (8 101214 16)+

H (tio+1hy+h4t6 H (544 +06 H(ti4+6

) Hig Hpg
+v e Fvt)e " +v L,

H (ty+tg+Hg+t oo+ 4+

) )
+v, 1 e +v, e

H (ty+ty+tg+g+ g+t o+ g+ g

+Vat96

H(t(,+t8+t10+t12+t14+t16+t18)+

_ +g) +g)
R,=vte Wty e Wty te

H (tg+t 0+ +H4HH6 H (tig+hy+hate H (ti5+14+6 H(ti4+06

H
v 1e " tee v e 4y tse )y 1 e et 4

+v t.e™ vt
Yucno cnaraeMblixX, Kak Mbl U pacCUUThIBANIM, paBHO 10, HO YKCIIO HHTEPBAJIOB BpeMeHU OoJiblie — 19.
[TonsiTHO, yTO OOWIEEe Bpems ABMKEHHSI T paBHO cymMMe BceX MHTEpBaOB At =t, O3TOMY MOKHO
3anucath T = (2n-1)t. 3nech MBI YUUTHIBAEM, YTO BCE MHTEPBaJIbl BPEMEHU PaBHBI. BriHOCHMM 001IuMit

MHOXHUTEJbh 32 CKOOKH, a MOCJEIHEe cllaraeMoe mpeodpa3zyeM B OJHOTHUIIHYIO GopMmy, 100aBUB eMy

SKBUBAJICHTHBI MHOKHUTEIb, PABHBIN €AUHULIC:

Hi Hi Hi Hi Hi 4 Hi Hi 2Hi 1Hi Hi
Ry =v (e +e +e e 1M et 1M 1M e 1"

Jlist mydeil BUAMMOCTH 3aKOHOMEPHOCTH MEHSEM IOCJIEI0BATEILHOCTh CaraéMplX Ha IPOTHUBOIIO-
JIOKHYIO:

Hi 1H 2Hi Hi 4 Hi Hi Hi Hi Hi Hi
R, =v t(e" +e" +e + & 1M 1+ 4" 4T 18 1 7M)

3aKOHOMCpHOCTB OYCBHUHA, ITIO3TOMY MOXKEM 3allMCaTh YPAaBHCHUC B O6HICM BUJAC OJId JIF0OOT0 KOJIH-
YCCTBA MHTCPBAJIOB BPEMCHH U 4YHUCJIa ClIaraCMbIX:

Rn ZVat(GOHt-i-elHt +62Ht +e3Ht+e4Ht+eSHt +m+e(n74)Ht

(n—3)Ht (n—2)Ht

+e +e +e

PaccmoTpuM 0coObIil citydaii: aBTO AOCTUTaeT KOHEYHOUM TOUYKHM, (pUHUIIA. DTO 3HAYUT, UTO paccMar-
puBaeMoe ypaBHEHHE, CyMMa psifja OyAeT paBHA yBEJIMYHUBIICHCS MO yKa3aHHOMY 3aKOHY MCXOJHOMN
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JTUCTAHIIMU, pacTsaruBaroencs Tpaccol. [lockoyibKy HadanbpHas ynaia€HHOCTh ¢uHUINA ObLIa S), TO
yepe3 BpeMs T OHa yBETMYUTCS A0 3HAYCHHUS:
_ HT _ (2n-1)Ht
§S=5§,e" =5§pe

PaccmarpuBaemoe yciioBue 3amuineM B BHIE:

2Ht

Soe(anl)Ht =R —y t(eOHt UHE 4 2HE | 3HE |y AHE  GSHE | - HE | (=3 HE

ety ety ..(10.1)

[Tepenuiem mpaBoe paBEeHCTBO HEMHOTO Kopoqe, B OJIHY CTPOKY:

R= vt(eOH’+e il e

Jliia rpaduueckux MOCTPOCHUN yroOHee HEeMHOTO MHas (opMa 3amMcy MpaBoOil YacTU ypaBHEHHs, B
BUJIE, HATIOMUHAIOILIEM UCXOJHOE YpaBHEHUE CO MHOXKECTBOM CKOOOK. /{711 KpaTKOCTH OCTaBUM cIpa-
Ba TOJIBKO CJIaraéMble€ B CKOOKaX:

R _ _

SV QM L G2y 3 (D =D (10.2)
vt
a

n e(nfl)Ht)

Tenepb BBIACITUM TOCIICI0BATEIIHHO MHOKUTEIIN B TIPABOM YacTH
1+elHt +62Ht +e3Ht +e4Ht +eSHt +66Ht +. . +e
1+ (1+e™e™ +™ + e 1"+ + .. +e
1+(1+e™e™ +)e™ +e*™ + e + e +.. . +e

1+ (1+e™e™ +1)e™ +1)e™ +e™ + e +.. . +e
3aMedyaeM 3aKOHOMEPHOCTh U 3aIIMChIBAEM OKOHYATEIBHO:
1+(1+e™)e™ + e +e™ +1)e™ +1)e™ +1)e™ +1)e'™.

C MHOXHUTEJIEM V,t 6Hympu CKOOOK 3TO ypaBHEHHE UMEET BU/I;

(v te™ +v e +v e +v e +v e +v e +..+v t

JUIss MCKITFOUEHUsT OMIMOOK, JUISl TTPOBEPKHM TOYHOCTH ypaBHEHUS BBIMIOJIHSIEM OOpaTHOE JCHCTBHE,

pacKkpbIBaeM CKOOKHU:

(n=2)Ht (n—=1)Ht

+e

(n—-2)Ht +e

(n-1)Ht

(n-2)Ht |, _(n-1)Ht

+e
(n=2)Ht | (n=Ht

1+(e™ +e +1)e +De” +1)e™ +1)e™ +1)e™ +1)e™.
1+ (" + e + e +1)e +De™ +De™ +1)e™ +1)e™.
1+ (" + e e e +1)e +De™ +De™ +1)e™.
1+ (e +" + e + ™ +e™ + e +1)e™ +1)e™.

1+ +e +e* 1" +e* +e™ +1)e™ +1)e™.

To ke camoe /TSt ypaBHEHHSI C MHOKUTEIIEM V,t BHYTPH CKOOOK:
(vte +vt)e™ +v)e™ +vt)e™ +ve)e™ +vi)e™ +vi)e

(vte*™ +vte™ +vt)e™ +vi)e™ +ve)e™ +vi)e™ +vi)e™ ...+ vt
(vte™ +vte*™ +vte™ +vi)e™ +vi)e™ +vt)e™ +vi)e™ ...+ vt

" vt

(vte™ +vte’™ +vte*™ +vte™ +vi)e +ve)e™ +vi)e™ ...+ vt
vte +vte* +vte™ +vte*™ +vte’ +ve)e™ +vi)e™ ...+ vt
vte® +vte’™ +vte*™ + vt +vte’™ +vte™ +vt)e™ ...+ vt

Bumm, 9TO MOCIIEI0BATENBHOCTH BHO BEIYT K BEPHOMY pe3yibTary. OmHaKo s GoJIbIIel yBepeH-
HOCTH paCCMOTpI/IM, KaK " BBIIIC, BapI/IaHT C T-H/IC.]'[OM CJIaraeMLIX n= 10

L+ 42 431 +e L et et oy M

1+(e™ + 2’L”)+e +et e M 47 4 M M

1+ (™ +1)e™ My ey e e’ 4 8 4

1+ (™ +1)e™ +1)e MM 4 M 4 "M g ¥ 4 M
BHOBB, 3aMeTHB 3aKOHOMEPHOCTH, 3anuchiBaeM s n=10:
1+ (™ +De™ +e™ +1)e™ + e +1e™ +1)e™ +1)e™ +1)e
[TpoBepsiem psizl, KaKk ¥ paHee, paCKpBIBaSI CKOOKHU:
1+ +e™ +1)e™ +1)e™ +De™ +1)e™ +1)e™ +1)e™ +1)e" =
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1+ (@™ +e* + e +1e™ +De™ + e +1)e™ +1)e™ +1)e™ =
1+ (e + e +e® +e +1e™ +De™ +1)e™ +1)e™ +1)e™ =
1+ +e*" +e + " +e +1)e™ +De™ +1)e™ +1)e™ =
1+ (e + ™ e+ + ™ +e™ +1)e +1)e™ +1)e =
1+(e7Ht +e6Ht +e§t +e4Ht +e3Ht +62Ht +th +1)th +1)th —
1+(68Ht +e7Ht +e6t +eSHt +e4Ht +e3Ht +62Ht +th +1)th —

1+e9Ht +eSHt +e7t +66Ht +eSHt +e4Ht +e3Ht +62Ht +th
CpaBHUBaeM 3TOT NPSAMO M 00paTHO NMPeoOpa30BaHHbIN Al C UCXOIHBIM psiioM ciiaraembix (10.2):
eOHt+elHt+62Ht+e3Ht+e4Ht+eSHt+66Ht+e7Ht+eSHt+e9Ht
Buaum, uto i psagsr as n = 10 coBnaim, mo3ToMy MepenucbiBaeM MpaByro yacth ypaBHeHus (10.2)
B 00111eM BU/JE:
1+ (™ +De™ +De™ +De™ +1)e™ +1)e™ +1)e™ +1)e"™ +1)e™

Wnu B noHOM BUIE:

R=v it 1+ (" +1)e" + 1) +..+ D™ + D)™ +1)e™ +1)e™

n—ciaacaemvlx 6 pa3eepHymaom sude

371ech 4Mucio ciaaraeMbix (C y4€ToM eIMHUYHOTO ciaraemoro) pasHo 10. J[ns mpou3BoibHOTO 4ucia
cnaraembix ypaBHeHue (10.1) 3akoHOMEpPHO MOXHO 3aIKCaTh B CICAYIOIMIEM BHU/IE:

n—1
Ht(2n-1 iH
Sye™n ) =y ¢ Ze’ !
i=0
To ke caMoe ¢ MHOJKHTEIEM, BHECEHHBIM B CKOOKU:
_ [ Ht Ht Ht Ht Ht Ht
R=(E"+v )" +v)e" +. . .+v)e" +vi)e" +vi)e” +vt

n—ciazcaemvlx 6 pa3eepHymom sude
Ms1 paccMaTpuBaiv ABMKEHUE aBTO Ha BBITATHBAIONIEHCs Aopokke. OMHAKO BCe MPUBEAEHHBIC pac-
CYXJIEHUS TMOJHOCTbIO COOTBETCTBYIOT M ABM)KEHHMIO ()OTOHA OT HEKOTOPOM CBEPXHOBOU K 3emiie B
pacumpsroneMcs npocrpaicTse BeeneHHOM. [103TOMy B UTOTOBBIX YPAaBHEHMSAX MBI MOXKEM IIPOCTO
3aMEHUTH CKOPOCTh aBTO CKOPOCTBIO CBETA:

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

n—canazaemvlx 6 pa3eepHymom suoe ( 1 0 . 3)
T=1t2n-1)

HIJIN

n-1
SV =t Y™ | (10.4)
i=0
VYpasuenue (10.3) mokassiBaeT Oeticmeumenvhyro BETUINHY YAUIEHHOCTH (POTOHOB OT CBEPXHOBOM,
paBeHcTBo (10.4) oTpakaeT paBEHCTBO ASTOM YyMAIEHHOCTH W KOHEUYHOW YHaN€HHOCTH 3eMJId OT
CBEPXHOBOU. DTO YyCJIOBHE Mbl 3aJ0XKWIM B MIOCTaHOBKE 3a1aud. Ho U3 HUX cieayeT U IpoBO3IJIa-
MIEHHBIA B 3a/a4e BbIBOJ. Bcé nBrrkeHue, n aBTO U ()OTOHOB, IPOMCXOMIO B T€UECHHE BpeMeHH T,
9TO COOTBETCTBYET, B CBOIO OYEpE.lb, [UIMHE MPOHJIEHHOTO MYTH C TOYKH 3PEHUS JIBIKYILErocs 00b-
eKTa — aBTO WK (POTOHOB. JIefiCTBUTEIIEHO, HA CITUIOMETPE aBTO 3a ITO BPEMs IPH 33AaHHOU CKOPO-
cTH OyJleT MoKa3aH BIOJIHE ONpeAeIEHHbIN TPOHACHHBIN UM MyTh:
L, =vT=vt(2n-1)
CoOOTBETCTBEHHO, U MO YCIOBHOMY "cripomMeTpy" (POTOHOB WJIM C TOUKH 3pEHHUS HEKOTOPOIO HE Me-
Hee YCIIOBHOTO BHEIITHETO HAOIOIATENsI B UX CUCTEME OTCUETa, (POTOHBI IPOUITYT MyTh:
L =cT=ct(2n-1)
OTO0 U ecTb Habnrooaemas ynaa€HHOCTb CBEpXHOBOU. M3 3TOr0 ypaBHeHUs cienyroT aBa BbiBoga. C
YBEJIMUEHUEM BPEMEHM JIBUYKEHUSI OTHOILEHUE HabOi00aemou YyHaa€HHOCTH CBEPXHOBOH K e€ Oell-
cmeumenvHou yIalEHHOCTH Ha MOMEHT U3MEPEHUS! CTPEMUTCS K HYJIO:



. ct2n—-1) ct,.. 2n—-1 ct,.. 2n

lim-——ay = ¢ M~y = lim—5 =0

n—o0 Soe 1(2n-1) SO n—» o 1(2n-1) SO n—w gt

HaGmoqaemasi ynan€HHOCTh CBEPXHOBOHM YHCICHHO paBHAa BPEMEHH OT €€ B3pbIBa 0 MOMEHTa e
HaOmoaeHus (pu ¢ = 1).

10.2. Ananu3z nozpewtnocmeii anzopumma

[IpuBeAEHHBIN aNrOpPUTM SIBJISIETCS TOLIArOBBIM, TOYHOCTh BHIYMCIIEHUI KOTOPOTO, OUYE€BU/HO,
3aBUCHUT OT JJUCKPETHOCTHU 3TUX 1IAaroB. Yem MeHbllle HHTEpBaJl BpEMEHHU I11ara, TeM, BUAUMO, TOUHEE
pe3ynbpTaT BelunciaeHuil. Kpome Toro, paccMoTpeHHOE BBIYMCIIEHUE ITYyTH BO3MOKHO B JIBYX BapHaH-
Tax MepBOro I1ara, 4YTo, BO3MOXKHO, TaKXK€ BJIMSAET HA UTOT BBIUUCIICHUS, U, (AKTUUECKH, HA €r0 TOY-
HOCTb. PaccMoTpuM 3TH 1Ba BapraHTa /Ui OLIEHKH UX TOYHOCTH.

[lycTh, KaKk M BbIIIE, CKOPOCTh aBTO paBHA V,, a 00IIee BpeMs B MyTH OIPaHUYUM BPEMEHEM
T =2 =2t. TakKe NPEMEM YUTHHEHHE "Pe3HHOBOI" TPAcChl IO SKCIOHEHTE — YBEIMUCHHE B ¢ pa3
3a KaXKJyl0 €IUHUILY BPEMEHHU.

Bapuant 1. Ot HauanbHOM AUCTAHLUU To 3a BpeMs t = 1 cnauana npomén cBoit myts aBTo. U
TOJIBKO 1OC/Ie 9Mmo2o 3a CIEAYIOIUN UHTEPBaAJl BpEMEHHU t = | 3TOT MyTh SKCIIOHEHIIUAIBHO YAJIUHWI-
csl:

R =(r, +vt)e™ =re™ +vte™

Bapuant 2. 3a nepBblii HHTEpBal BpeMeHU t = 1 cHayana 3KCIIOHEHUUAIbHO YOIUHULACL UC-

X0OHas JUCTAHIYS, U TOJIBKO 3ameMm CBOM IIyTh MPOILIEN aBTO 3a OcTaBIueecs BpeMs t = 1:
R, =re™ +vt

B nepBom BapuaHTe aBTO MPOIIEN OOJIBIIIEE PACCTOSTHHE:

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

AR =vt(e™ -1)>0
Tenepr paccMOTpHUM CIIEAYIOIIME BA HHTEPBAja BPEMEHH, TO €CTh, YBEIHMUUM 00IIIee BpeMs B
nyta 10 T = 4. HaganbHbIM, UCXOTHBIM ITyTEM HA THX JOMOJHUTEIHHBIX HHTEPBAJIaX SBISIOTCS, CO-
OTBETCTBEHHO, R. 1 Ry.
R, =[(r, +vt)e™ +vtle™
Ht Ht
R, =(re” +vt)e™ +vt
AR=R,—R,, =[(r, +ct)e™ +ctle™ —[(r,e"™ +ct)e" +ct]
[IpeoGpa3zyeM, packpbiBasi CKOOKH M COKpaIlasi:

AR = (1, +vt)e*™ +vte™ —re*™

—vte'" —vt

2Ht

2Hi Hi 2Hi Hi
AR =re™™" +vte”™ +vte™ —r e’ —vte™ —vt

AR =vte*™ +vte™ —vte™ —vt
AR =vte*™ —vt =vt(e*" —1)

371ech y)Ke IpOoCMaTpUBAETCsl 3aKOHOMEPHOCTh. [IpoBepum emié oauH 3Tan IBWKEHUS, TPETHIA
¢ o0muM BpeMeHeMm, yBenndeHHbIM 10 T = 6. B ponu 1y Teneps BoicTynaroT Ry, 1 Ryp.

R, ={[(r, +vo)e” +vtle™ +vere™

Ht _

R, ={(r,e™ +vt)e +vtte™ + vt

BHOBB BeIUMCIISIEM pa3HULLY:
AR =R, —R,, ={[(r, +vt)e" +vtle" +vte™ —{(r,e™ +vt)e +vi}e™ —vt
AR =[(r, +vt)e™ +vt]e*™ +vte™ — (r,e™ +vi)e’™ -

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

Ht _

vte vt

AR = (1, +vt)e’" +vte’™ -1, 2
AR = (1, +vt)e’" —r, e —vt
AR =7,&" +vte’™

AR =vte’™ —vt =vt(e’ -1)

vte vt

3H
—rye’ —vt

6



Temneps 3aKOHOMEPHOCTHh BUIHA SIBHO. OQYEBUIHO, YTO Jis OOIIETO BpeMeHM ABWXeHHUs T = 2nt, TO
€CTb, UEpEe3 N-Iap UHTEPBAJIOB BPEMEHHU pa3HHIla OyJeT:

T
AR, =vt(e"" -1)=v—(e"" -1)
2n

HpI/I YMCHBIICHUHU AJIUTCIIBHOCTU MHTCPBAJIOB, TO €CTh, ITPHU YBCIMYCHUN UX YUCJIA, paSHULA
CTPEMUTCA K BEIIMYHUHC!

imAR, = limv——(e"" —1)

n—»o n—»0 2i’l

[Ipu ¢pukcupoBaHHOM 3HAUEHMU BpEMEHHU | MpenenoM sBISETCs HOJIb, TO €CTh, BAPUAHTHI K-
BUBAJICHTHBI:

limAR, =vT (e -1) limi =0

n—»o n—»o 2i’l

3aMeTuM, UYTO 3TO MOKHO OOHAPYXKUTh U3HavYalbHO. B ciydae ro = 0, To ecTb, eciu ABMKEHUE
HAaYMHAETCs U3 Hadajla KOOPAWHAT, BTOPOU BAPHUAHT Cpa3y K€ IEPEXOIUT B IMEPBBIN:

R, =0xe™ +vt >R, =vte"
R =(0+vt)e =vte™
CrietyeT Mpu3HATh, YTO AITOPUTM BBIYHUCICHH HECKOJBKO YCIOBHBIM, MPHOIMKEHHBIHN, MO~
CKOJIbKY IOZIpa3syMeBaeT BCE-TaKM noouepéonoe yIJIUHEHHE IPOMJEeHHOro MHTEepBana M IPUPOCTa
HHTCpBaAja 3a CUET ABHUXKCHUS aBTO. BMmecte ¢ TEM, 06a YpaBHCHUA IIPU 6OHBHIOM 3HAYCHUU 4YuCJia
HHTEPBAIOB N M TMPH HEKOTOPOM (DUKCHPOBAHHOM 3HAYCHUH OOIIEro BpeMeHH T JBMKCHHS TAalOT

OHHHaKOBBII;'I PE3YIbTAT. HOCJ’IG,}IOB&TGJ’ILHOCTL IMPUPOCTOB AUCTAHUIMWH HE BJIMACT HA PE3YJIbTAT, UYTO
CJICOAYCT paCCMaTprUBATh KaK KOPPEKTHOCTD aJITOpUTMa BBIYMCIICHHUI U €TO IpUEMIIEMYIO TOYHOCTD.

10.3. Paouyc naonooaemoit Beenennoi

B nureparype 3agacTyro HmpUBOJATCS JOBOJBHO CIIOPHBIE OIpPENEICHUs paauyca Habaooae-
mou Beenennoit. [Ipeanaraem takoil BapuaHT: paanycom HaOmrogaemoit BeenenHol cneayer cuutaTth
PACCTOSTHUE HA MOMEHM HA4ana pacuiupenus npocmpancmed, pacCTOSTHAE 10 CaMOM JaJbHEN ranak-
THUKH, KOTOPYIO MBI B IIPUHITUIIE MOXcem HAOIIOAATh (WM HaOIromaeM) cecoons. KitoueBbie ycioBus
— HAuano U ce2o0HsA. ITO O3HAYAET, YTO B KAXAYIO 3M10XY 3TOT PaJAUYC pa3IUYHbIN, a CBEpXJaJIbHUE
raJIakTUKH, KOTOPbIE MbI CETOJHS nOKa HAOII0AaTh HE MOKEM, B OoJiee 1mo3/iHee BpeMs BCE-Taku CTa-
HYT JUIg HaC BUAUMBIMU. [IpuHIMNIHaNbHOE OTINYKE HAIIETO ONPEeAETICHHs OT TPAIULMOHHOTO (TOpHU-
30HT YacTHll), KaK BUAUM, COCTOUT B TOM, UTO 3TO UCXOOHAs YNANEHHOCTh 0ObEKTA, a HE Ta, HAa KOTO-
POl OH HaXOAMTCS B HALM JAHU. 3/1€CHh Ba)KHBIM SIBJISIETCS TO, YTO HA3bIBATh HAOII00AEMOl HbIHEII-
HIOI0 YAAJEHHOCTb 3TOT0 CaMOTo yHaJ€éHHOTO 00ObEKTa HEBEPHO: KaK OH BBIIJISIIUT CETOJHS, HAM HE
TOJIBKO HEU3BECTHO, HO U B O0ILIEM CITy4ae HE MOKET ObITh OIPE/IETIeHO HUKOT 1a.

Jlyig Toro 4toObl BHIYMCIUTH BEIMUMHY paauyca HaOmrogaeMoi BceeneHHoil, chopmynupyem
3a/lauy B CIIEAYIOLEM BUJE: KaKOM JOJKHA ObITh YAaJEHHOCTh CBEPXHOBOM, YTOOBI 3a BpeMs Cyllle-
cTtBoBanus Bcenennoit ceet ot Heé moctur 3emun. HailTh McXomHyr0 yaan€HHOCTh caMOM JallbHEH
CBEPXHOBOM, KOTOpast Modcem Obimb 6uOHA B HAIIM JHU, MBI CMOKEM, UCIIOJIb3YS BHIBEJIEHHOE ypaB-
Henue (10.4). [nsg sToro cHavana BHIYMCISEM IyTh, IPOWICHHBIA CBETOM 3a BPEMsI CYLLIECTBOBAHUS
Bcenennoii, 3aTeM 1o 3TOMY BpEMEHU ONpPEeNsieM U UCXOAHYI0 YIAIEHHOCTh CBEPXHOBOM.

Ha cnenyromeil nuarpamMmme, B cucreMe OTCU€Ta CBEPXHOBOM MOKa3aHbl rPaQUKU JBUKEHHUS,
yaaneHus: 3eMJIM OT TaJlakKTUKH, CKOPOCTh €€ yaalleHus U rpaduKu peanbHo20 BUXKEHUS (POTOHOB
(kpacHast TMHUS) U UOUMO20 ¢ 3eMIIM CBETa (KpacHasi IITPUXOBask JTUHUA):



R, v

o’ I'paduxu aeuxenust. CuHUM — ynaneHue 3eMiM OT caMoi 1an€Kkoi HabmonaeMon

cBepxHOBOI1, R = 8,85 mupa. cB. net, Hy = 1/14. XKénTslit — ckOpoCTh yaaneHus
22 -+ 3emuu (necstkpatHast). KpacHblii — ynaneHue OTOHOB BCIBIIIKH OT
cBepxHOBOiL. ILITpuxoBOit KpacHbIi — HabIIONaeMast yAaIEHHOCTh
CBEpXHOBOI OT 3emut. UEPHBIN IITPUX — HAIITU JTHH.

18
16 Panuyc nabmonaemoii Beenennoii:
Ro = 8,85 mapa. cB. net —
14 AT
12 - ==

10— —
/ -~ ——-T14

- ——-Rco

—R_exp
—R
vx1o| |
[
T, mapo..nem

8 9 10 11 12 13 14 1

Puc.10.2

[2]]

I'paduk aBuKeHMs cBeTa OT Hayaja pacIiUpeHUs MPOCTPAHCTBA, CBETA, UCIIYILIEHHBIN CBEpX-
HOBOM MMOKa3aH Ha PUCYHKe KpacHOM JuHHel R _exp. DkcnoHeHuuanbHas popma rpaduka IBUKEHUS
(OTOHOB BbI3BaHa TEM, YTO K CKOPOCTU (DOTOHA MOCTOSIHHO JOOABISETCSI CKOPOCTh "HOCUTENS cBeTa”
— pacUIMPSIOIIErocs MPOCTPAHCTBA.

Kak BuauM, Ha MOMEHT IOJIy4eHUS CBeTa Ha 3emile TajlakThKa OyJleT HaXOAUThCS OT He€ Ha
yaaaeHuu B 24 MIpJ. CBETOBBIX JieT. HauanbHyro ynanéHHOCTh ralakTUKU OT 3eMJIH, TP KOTOPOH B
MIPOLIECCe PACIIUPEHMS] IPOCTPAHCTBA OHA YJAIMUTCA HA 3TO K€ PacCTOSHUE, OINpeeIuM OOpaTHBIM
BBIYUCJICHUEM TI0 YPABHEHUIO JABWKEHUS, TTOKa3aHHOTO cuHUM rpadukom R. Haxomum, uto 3to 8,85
MJIpJ. CBETOBBIX JIeT. ['anakTuka, HaXOJUBIIAsICs B Hayaje pacIIMpPEHUsl MPOCTPAHCTBA MMEHHO Ha
9TOM yJaJIEHUU OT 3eMJIH, YAaIuTCs OT He€ Ha 24 MIIpA. CBETOBBIX JIET, HA TAKOE K€ PAacCTOSHUE, Ha
Kakoe (DOTOHBI BCHBIIIKU yIAIUINCh OT HEE.

[ToHsTHO, YTO 3TO camas JajbHsS rajlakTHKa Ha MOMEHT Hayajla pacUIMpeHUs IPOCTPAHCTBA,
CBET OT KOTOpPOM cMOr JocTUyb 3emiu 3a 14 muipa. neT (Bpemsi OTMEUEHO BEPTUKAJIbHOM MITPUXOBOI
muHueil T14). Oto Tak, MOCKOJBKY MBI PacCCMOTPENIM MMEHHO caMoe OO0JbIIOE PAaCCTOSIHUE, KaKoe
CMOT MPOWTHU CBET 3a 3TO BpeMs. [Ipu 3ToM BuHa ranakTuka Oyner Tak, OyATO OHAa HAXOAMUTCSA HE Ha
paccrosHuu 8,85 wiu 24, a Ha paccrosiHuu 14 mupa. cBeToBhIX JeT (kpaTko — ['cit — ['ura-cBeToBbIX
net). O6 TOM CBHAETENHCTBYET TOHKAs KpacHas IITpUXoBas JuHUA Rco — rpaduk xascywezocs
JBUKEHHUSI CBETa, TO €CTh, 0e3 y4€Ta KOCMOJIOTUYECKOTO DPACLIMPEHHUs MPOCTPAHCTBA, COIJIACHO
(10.3). D10 0O3HaAUaeT, 4TO 8pems NBWKCHHS CBETAa OMpeaeNsieTcs He 1mo Teoperudeckou (8,85 I'c)
Wi KoHeyHoH (24 I'cin), a mo Habniodaemotl ynan€HHOCTU €ro WCTOYHUKA, ONPEAENsieMO B CBOIO
ouepeib 0 €ro APKOCHU.

I'paduku Ha TMarpamMe co3AarOT BrieyatiaeHue, 0yaro GOTOHBI IPOULIH 00Jee ONUHHbII TIYTh
R_exp, mockoiibky rpaduk ero IBUXKEHHs, KpacHas JuHUSA R _exp 3aBepiueHa B TOUKe C ynalEHHO-
CTbIO B 24 MJIpA. CBETOBBIX JIET, a IITpUXoBas Rco — yuurteiBaemas, Habirooaemas yaanéHHOCTb UC-
TOYHHUKA (DOTOHOB — B TOUKe 14 MipJ. cBETOBBIX JieT. OHAKO BbIIIE Mbl BHIBEJIM YPABHEHHE JBUKE-
HUS (POTOHOB BCTIBIIKY M IPUIILUIHA K BBIBOJY, YTO PEAJIbHO (POTOHBI MPOLLIH BCE-TAKU MEHbULUL TTYTh
(3necp — 14), uem KoHeuHasi ynan€HHOCTH (24) cBepxHoBoi oT 3emsin. Ha camom gene B 3ToM HeT
IIPOTUBOPEUNS, IOCKOJIBKY MeHbl Ul TTyTh, KOTOPBIA Mbl BBIYMCIWIIN, U €CTh ITyTh RCO, MOKa3aHHBII
wmpuxoeoti nuauen. Kpacnas nunusa R_exp sBasercst peanvrviv rpadukoM ABHXKEHUST (POTOHOB €O
c6epxc6emoBoll CKOPOCTHIO, YKa3bIBAIOLUIUM UX yIaJEHHOCTh BO BPEMEHU OT TOUKHU B3PbIBAa CBEPXHO-
BoM. B Hamwm nHU rpaduk 3aBepiiaeTcs B TOUKe HaOo/eHus Ha 3emiie, B 24 MJpJ. CBETOBBIX JIET.
Opnako 3a 3To ke Bpems B 14 Miip. JIeT Mo cOOCTBEHHBIM YacaM (JOTOHOB, OHU MPOIILIU MyTh, H300-
paxEHHBIN TPUXOBOU HHUEH Rco — 310 (hakTHuecku npoudernwviti GoTOHAMU TTYTHh — 14 MIpa. CBe-
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TOBBIX JieT. Hadye roBops, i (GOTOHOB Bes Tpacca Kak Obl AETUTCS Ha JIBE YacTH: OJIHA BIIEPEH,
nepesl HUMH, a Apyras — no3aau Hux. [lepByro Tpaccy, Bnepeau GOTOHbI MPOXOAUIIH YK€ MOCTE TOro,
KaK OHa MCHbITaja HKCIIOHEHIMAIbHOE y/UIMHEHHEe. BTopas yacth Tpacchl, 10331 HUX paclIupsiiach
yKe mociie Toro, kak (oronsl ynumm Brnepéa. Iloaromy oOmas mnmmuHa Tpaccel R _exp okasbiBaercs
6ombiie mytu (oTOHOB Rco Ha BenmuMUMHY yAJIMHEHUS 32 BpeMs JBIKEHUS IOCJE TOTro, Kak (DOTOHBI
CMECTHJIUCH BIiepén. bykBanbHO 3TO 03HayaeT, yTo (POTOHBI yAaTuiIuCh Ha 24 MIIpA. CBETOBBIX JIET,
MPOMJS IPU 3TOM IYTh TOJIBKO B 14 MiIpA. CBETOBBIX JieT. MOKHO HMHTEpIPETUPOBATDH 3TO U TaK, Oy1I-
TO cepruyecKkuil GpoOHT CBETa HE MPOCTO PACIIUPSAETCS B IPOCTPAHCTBE, a €LIE U NMEPEHOCUTCS BIIE-
pén, mepemeraercs "B 3aMOPOKEHHOM BUJE" K HAOIIOIATEINIO.

R, v :

24 CBepxHoBasi, HAXOJIUBILIAsICS B HayaJle pacmipenust BeeneHHoit I

22 Ha y/laJIeHuu B 9 MIp/. CBETOBBIX JIET, B HAIIM JHU HE BUJIHA. :

20 :

Hamm nuu !
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Puc.10.3

[lepeceuenue cuneit muauu R, rpaduka ynanenus 3emiin OoT CBEpXHOBOI, ¢ kpacHOU R_exp,
rpaduka ynaneHust GOTOHOB OT CBEPXHOBOM, 03HAYAET, YTO 3eMJs U (POTOHBI HAXOJATCS HA OJHOM U
TOM € yJAJI€HUU OT CBEPXHOBOM, B OJJHOW U TOM ke TOUKE MPOCTPAHCTBA, TO €CTh, (POTOHBI JOCTHUT-
1M HaOmojarenel Ha 3emiie.

Xénras nuHusA v — 3TO CKOPOCTh 3eMJIM OTHOCUTEIHHO CBEPXHOBOM: BUJIHO, YTO 3Ta CKOPOCTh
yaajJeHusl B HAlllM JIHU YyKe npeBbicuia 1,7 ckopocteil cBera (rpaduk mokasaH B macmrtade ¢ 10-
KpPaTHBIM YBEJIIMYEHUEM).

Ecnu cBepxHOBas HaxoAMTCS B HadyaJlbHbIM MOMEHT BpemeHH t= (0 Ha OoibllieM yJalleHuH,
yeM 8,85 MIIpA. CBETOBBIX JIET, HO MEHBILIEM, YeM 2opuzonm Buaumoctu BeenenHoii, To ¢ 3emin oHa
OyzeT BUJHA TOJIbKO B OynyiueM, B Oosiee nmo3nHee BpeMs. Hanpumep, cBET OT raiakTHKU, HaXOIUB-
1ieiicst Ha yJaleHuu OKoJIO 9 MIIpJ. CBETOBBIX JIET, 3eMJIM noka He noctur. Ha pucyHke BUIHO, 4TO
JIMHUY yIaNEHHOCTU TaJaKTUKU (CUHSS) U CBETOBOT'O IMOTOKA OT B3phIBA CBEPXHOBOM (KpacHas) sIBHO
nepecekymcsi, HO He B HalllU IHU — 14 MIpJ. JeT, a no3aHee.



R, v

3Be3/1a, HAXOAMBILANCS B HAYaJle paclIupeHus
2,5 | BeenenHoii Ha yaaneHuu B 1 MIIp/. CBETOBBIX JieT, ObLia
BHJIHA B MPOLIOM 4 MJIPJ. JIET Ha3a/l KaK CBEPXHOBAs.

MoMmeHT HaﬁﬂIOIICHHﬂ
B ITPOLLIOM

Haim jquum |
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OtmeTnm, 4to paccTosiHue R _exp mexay gpoTroHamu BCHBIIKK U Habmogarenem Ha 3emie R
MMOCTOSTHHO yMeHbInaercsa. Ecnu B HayanabHBI MOMEHT PAcCTOSIHUE MEXIY 3Be3l0H, (oToHamu e&
BCOBIKA U 3eMii€id ObUTO 9 MIIpZ. CBETOBBIX JIET, TO Yepe3 S5 MIIPA. JE€T OHO YMEHBIIUJIOCH JI0

~ 6,8 MJIpA. CBETOBBIX JIET, a Yepe3 10 Mip. JieT — 10 ~ 4 MIPA. CBETOBBIX JIET.
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Ecnu ke B MOMEHT BCIIBIIIKKM CBEPXHOBAs HAXOJWJIach Ha MEHBIIEM YyIaJICHHH, 4eM §,85
MJIpJI. CBETOBBIX JIET, TO €CTh, ONMXKE paanyca HaOmogaeMoii BceneHHOM, TO cBET OT He€ yke ObLI
noiydeH B nmpouuioM. Hampumep, Ha pucynke 10.5 mokazana 3Be31a, KOTopasi B Ha4aJIbHBIA MOMEHT
HaxoJuJIach OT 3eMJIM Ha yaajieHuu B 1 MiipA. cBeToBbIX JieT. HabmogaTenem Ha 3emiie Moy4deH CBET
OT BCIBIIIKU 3TOM CBEpPXHOBOM, IPOU30ILIEAIeH 4 MIp. JIeT Ha3al. Takxke B MPOLLUIOM ObLI HOJydeH
Y CBET OT BCIIBIIIKH, TPUMEPHO 2 MIIP. JIET Ha3a/l.

Ceroanst 7Ta TaJlakTUKa HaXOAUTCS OT 3€MJIM Ha PACCTOSIHUM B ~2,7 MIIPA. CBETOBBIX JIET, a
cBeT OT He€ HaOMIOIaeTcs B BHUJIEC CTApbIX OCTAaTKOB OT B3pbIBa. BHUJEH 3TOT CBET OT OCTaTKOB
CBEPXHOBOW B HAIIM JHW Ha YAAJEHUH 2,5 MIPA. CBETOBBIX JIET, XOTSA, KaK YyKa3aHO, OCTaTKU
CBEPXHOBOM peajbHO HAXOATCS Ha yJaJICHUU B ~2,7 MIIPA. CBETOBBIX JIET.
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[IpuBeaéHHbBIE BBIKJIAJKU BEPHBI TOJIBKO JJISl TAJIAKTUK, KOTOPBIE HAXOATCs OIMKE 2opuzonma
suoumocmu BcelleHHOH, TOCKOJIbKY 00Jiee yAan€HHbIe ralaKTUKU HAM HE BUJIHBIL.

10.4. I'opuzonm euoumocmu Bcenennoit

3/1ech HaM cJeayeT BHECTU YTOUHEHUE NOHSTUIO 20pu3oHma euoumocmu BceneHHOU U ero
COOTHONIEHUIO C paouycom Habarwoaemori Beenennoit. ['opuzontom Buaumoctu Beenennoit (B nure-
paType — TOPU30HT COOBITHIA) CIIETYET CUUTATh UCXOOHOe, B HauaJbHBIH MOMEHT PACIIMPEHUS pac-
CTOSIHME JI0 CaMOM JTaJIbHEW rajlakTHUKU, KOTOPYIO Mbl MOJCeM HAOI00ams 8 npuHyune, MycTh Jaxe U
yepe3 0ecKoHeuHO 0oJbIioe Bpems. OU3nUecKl TOPU30HTOM BUIUMOCTH BceneHHoM sSBaseTcs paau-
yc cdepsl Xa001a, KOTOPBIM OnpeAenseTcs mapaMeTpom Xao0sa 1 U3MEHSIETCS TPU €T0 U3MEHECHHH:

c
R, =—
H
[IpoucxoauT 3TOT paaryc U3 3akoHa Xab0:1a Mpu CBETOBOM CKOPOCTH yaleHUsI ralaKTHK:

v=rH=c — R,= <

H
31ech BHOBb YTOYHUM, YTO MCTUHHOM, ICUCTBUTEIBHON YIaNE€HHOCTHIO CUUTAEM UCXOOHOE PACCTOS-
HUE JI0 TaJaKTHUKH, CBEPXHOBOM B MoMenm BCIBILKU. M3 Bcex pacCMOTPEHHBIX yIalIEHHOCTEH 3Ta —
HauMeHblIas. B MOMeHT nosydyeHus HaOdrofaTresneM Ha 3emile CBeTa OT ATOW rajakTHKU OHAa HaXo-
JUTCSI yKe Ha CYIIECTBEHHO OoJiblieM yaaneHuu. Hanpumep, rainakTika, CBEpXHOBasi, HAXOAWBILIAsCS
OoT 3eMJIM B MOMEHT BCIIBIIIKK Ha yaajaeHuu B Ry = 13,98 Mapa. cBETOBBIX JIeT, B MOMEHT €€ Ha0JI0-
nenust ¢ 3emun npu Hyp = 1/14 Gyner HaxoAUThCsl yKe Ha yAaleHUU ~ 13 TPUINIMOHOB CBETOBBIX JIET,

a YBUJIETh €€ MOXHO OyZAeT Jauillb yepe3 96 MIp. JeT:
15 000

Bommsu ropmsonta Buanmocti Beenennoit, BOmisn cdepst Xad61a GpoToHBI OT
CBEPXHOBOII I HAOMIOAATENNE Ha 3€MIIE B CHCTEME OTCUETA CBEPXHOBOII

13000 | ABIKYTCS MPAKTHUECKH C OJHOI CKOPOCTHIO — rpadiku HX ABILKEHIS (CHHIIT
12000 | [TPIXOBOIT 1 KpAacHBIIT) cimich. CBEepXHOBas K MOMEHTY HAOIIOACHIA
yJanuiaack oT 3eMIH Ha 13 Tpil. CBETOBBIX JIET, HO BHAHA OyJeT Kak Ha

11000 | yramennm Beero 96 MIpA. CBETOBBIX €T (KPacHBI IITPUXOBOIT rpaduk).
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W3-3a HepocTaTOYHOW JeTanu3alMy Ha pHUCYHKEe He BUAHO, uyTo rpapuku R um R exp
nepecexkniucy, B TOUYKE ¢ KoopauHatamu 13 Tpi. cBeTOBBIX jeT, 96 mipa. ner. Ha camom nene sto,
NeUCTBUTENBHO, TOUKA NepeceyeHus rpadukoB, B KOTopoil rpaduk R _exp u3 obnactu Hike rpaduka
R mepemén B oGmacte Bbiie Hero. CKOPOCTh yAQJICHHUS] TAIAKTHKA OT 3€MJIM B 3TOT MOMEHT
npessimaer 900 ckopocreit cBera. MOXKHO JI0TafaTthCs, YTO MPHU ATUX XK€ YCIOBUSAX, CBEPXHOBAs C
Ro=13,99 Oyner BooO1IEe HA HEBOOOpPA3UMOM YHaJCHUH OT 3€MJIM, XOTA K 3TOMY MOMEHTY YK€ U
COJTHEYHAs CUCTEMa MTPEKPATHT CBOE CYIIECTBOBAHHE.

Tpu BepTHKaNbHBIC INTPUXOBBIC JIMHAM Ha PHCYHKE OTMEYAIOT BpEeMs HaOIIOICHUS
cBepxHOBBIX: R = 8,85 Habmiomaema HbiHe, B 14 mipa. JeT OoT Hauyaia pacuiupeHus BceneHHoil;
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Ry = 13,9 Gyner, coorBeTcTBEeHHO, Habm0Haema yepe3 70 mapa. jaet; Ry = 13,98 Oyner nabmomaema
yepe3 96 mupa. net. ['paduku IBUKEHHS HA PUCYHKE COOTBETCTBYIOT 3TOW HAYaJIBbHOU yIaIEHHOCTH
cBepxHoBoil. Ecnm jke ramaktuka HaxomuTcs Ha ypaieHun Ry > 14, oHa wuxocoa He Oyner
Habmonaema ¢ 3emau. KpacHast ToHkas mrpuxoBast JIMHUSA Rco nokas3eiBaeT, 4to HabnodeHus OynyT
COOTBETCTBOBATh YAAJIEHHOCTH CBEPXHOBOM, PABHOM ITyTH CBETA 32 BPEMS €r0 JIBHKCHHS OT 3BE3JIbI
no 3emuu. B cioydae, m300pak€HHOM Ha PHUCYHKE, 3TO ~ 96 Mpa. CBETOBBIX JeT. XOTs 3Be3/aa
HaxOJIUTCS B 3TOT MOMEHT Ha yaajeHuu 13 Tpi. CBETOBBIX JIET, BUAHA OHA YHAIEHHOW Ha 96 Mup.
CBETOBBIX JIET, TO €CTh, B 135 pa3 OGmmke.

CBsi3p MeXAY paoduycom Habdwooaemou BceneHHOU U copuzonmom euoumocmu BceneHHoOM
3aKJIFOYEHA B TOM, YTO 20pU30HM BUIUMOCTH BCeIIeHHOU SBIISETCS NPEIeTbHBIM 3HAaYCHUEM paouyca
Habarooaemoti BeceneHHON. DTO XOpOIIO BUAHO Ha Tpaduke 3aBUCUMOCTH paauyca Ry camoit manbHei
HAOJIF0JTaCMOM TAJAKTHKU OT BPEMCHH, 4epe3 KOTOpOe CBET OT He€ JOCTUTHET HaOojmaTels Ha

3emiie:
15

14
13

R, mipa. ¢B. et

Ro=12 '

12 ———F e T

1 /
Ro=8)85 - /

[Tpu yBennyeHnH HaYyalIbHOU YIaIEHHOCTH CBEPX-
HOBOM R, (B MJIpZI. CBETOBBIX JIET) YBEITUYHUBACTCSA
Bpems e€ HaOmoaeHus. CepxHoBas ¢ R=8,85
BUJHA B Hamu JHU. CBepxHoBas ¢ Ry=12 Oyzner
BUJHA yepe3 27,5 MIIpA. JIeT OT Havajla paclIupeHus
Bcenennoii. CBepXHOBBIE, TPUOIMKAIOLTUECS K
chepe Xab6ma Ry=14, Oyayt BuaHsl 6ojee yem
yepes 80 mup. Jer.
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[TomuepkHEM, peub UAET UMEHHO O CBEPXHOBOM, KOTOpas MOXKET OBITh Hab.00aema B TIPUH-
LUIIE, CBET OT KOTOPOH 0bs3amenvHo AOCTUTHET HaOmroaarens Ha 3emie. Ha pucyHke BUIHO, 4TO
rpaduK aCUMITOTUYECKHU CTPEMUTCA K BeJIMYMHE 14 MIIp/l. CBETOBBIX JIET, PABHOM paJyCy rOpHU30HTa
BunuMocTH BceeneHHoil, BennunHe, oOpatHOil mapamerpy Xa66na Hy, Mcrnoap30BaHHOMY B HalllUX
nocTtpoeHusix. Ilo mepe yBennueHus: HauanbHOU ynan€éHHocTH Ry Mumenu (3emin) oT CBEpXHOBOM,
BO3pacTaeT BpeMs T, 3a KOTOpOe CBET cmodicem NOTHATH MUlleHb. Hanmpumep, coriacHo rpaduky, 3a
BpeMsi 14 mupa. et 3eMiTto IOTOHUT CBET OT CaMOM JaJIbHEH CBEPXHOBOMW, HAXOJSAIIECHCS B MOMEHT
B3pbIBa HE Aanblie 8,85 MipH. cBETOBBIX JieT. CBET OT CBEPXHOBOM, HAXOMAILIEHCS Ha yIalleHUu
12 MIIpAA. CBETOBBIX JIET, TAKIKE COTJIACHO 3TOMY rpaduKy, TOCTUTHET 3€MJIA TOJIBKO depe3 27,5 MIIp/.
JeT. A BOT CBET OT CBEPXHOBOM, HAXOJMBIIENCSA HA yIaJ€HUU 7 MIPHA. CBETOBBIX JIET, YXKE TOCTUT
3emuH, MpUMEPHO 4 MIIp/. JIET Ha3a/l.

JIaHHBII PUCYHOK OTPa)kaeT OTHOCHUTEIBHO MaJlblii MHTEpBal BpeMeHW. Ha cienyromem pu-
CYHKE BpeMsl HaOJIt0JIEHUS] YBEITMUEHO i OOJIbIIel HArJIIHOCTH aCUMITOTHI:

L
{ R, mapo. ce. nem
12

10

CBepXHOBBIE, HA4YalIbHAsl YAAIEHHOCTh R() KOTOPBIX MPUOIMKAETCS K BETMUMHE pajnyca
chepnr Xab0ma Ry, paBHOI 14 Mp/. CBETOBBIX JIET, OYAyT BUIHBI JIUIIH OOJIee YeM
yepe3 100 Mapm. meT oT Havajga pacmupeHus BeenmeHHo.
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Ha pucynke BugHO, 4TO npu JII000M, HEOIpaHUYEHHOM pocte T docmuowcumas, Habaooaemas
HavyaibHas ynanéHHOCTh Ry mmeeT mpenaen, paBHbIN pannycy cdepbl Xa00a, KOTOPhI HBIHE paBeH
npubnausuTenbHo 13,7 mupa. cBeToBsIX JeT. g atoro Bo3pacta Beenennoit Ry ~ 8,65 mipa. cseto-
BBIX JIET. DTy BEJIMYUHY U cledyem CUUTaTh CETOIHSIIHUM pajnycoM HaOmonaemoil BeenenHnoi, a
BEJIMYMHY paaunyca cgepbl Xab0na credyem cuuTaTh TOPU30HTOM BUIUMOCTU BeeneHHo.

Ha pucyHke u B Hamux pacueTax Mbl UCIIOJIb30BAJIU MPUOIU3UTENIHOE 3HAUEHUE IMapamMeTpa
Xab6ma Hyo= 1/14, moaTomMy B 3TOM ciiydae mpejaeiibHOe 3HadueHne Ry~ 8,85 mupa. cBETOBBIX JeT.
[Ipu mocTpoeHuu IByX MOCIETHUX AUArPaMM HCIIOIb30BaHbl JAHHbIE CIEAYIOUICH TaOIuIIbI:

Tabnuma. Bpemst T oT MOMeHTa BCIIBIIIKY 0 HAOIIOACHUS
CBEPXHOBOM, HaXOUBIIEHcA Ha yaaneHuu Ry ot 3emiun

T | Ro| T [Ro| T Ro T Ro

0 0 [[144| 9 | 73 13,92 282 13,99500057

1 1 18 | 10 | 78 13,94 304 13,99500059
2 2 (122 11 ] 84 13,96 347 13,99500060

3 3 127 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

11,9 8 [ 60 [13,8]263| 13,9950005

14,0(8,85[ 70 [13,9]274| 13,99500055

Pannycsl ropru3oHTa M BUAMMONW BCeneHHON MOXHO BBIBECTH M M3 JIOBOJIBHO IIPOCTBIX pac-
CYXJEHUH, TaK cKa3zaTb, "Ha nanpuax". [llomectum B neHTp ceprl Xab01a UICTOUHUK — CBEPXHOBYIO,
a Ha HEKOTOpPOM YJAaJieHuu oT He€ — HabmoaaTens, 3emito. B aToM ciiydyae (poTOHBI AOTOHSAIOT yja-
JSIOUIYIOCS 3€MJII0, BMECTO TPaJUMLMOHHBIX PACCYKICHHUM, KOTJIa UX YHOCUT OT 3€MJIM PaCUIUPSIO-
mieecst MpocTpaHcTBO. OYEBUAHO, YTO HayallbHAs CKOPOCTh (DOTOHOB B TOYHOCTU PaBHA CKOPOCTHU
CBETa, [MOCKOJIbKY Ha HAYaJIbHOM YYacCTKE WX JBUKEHUS MPOCTPAHCTBO MPAKTUUYECKH HE pacUIUpsET-
Csl, B YaCTHOCTH, BCJIE/ICTBHE T'PAaBUTALMOHHOMN CBS3aHHOCTH.

PaccmotpruM mHTEpBan BpeMeHM, paBHBIN, Harnpumep, | cekyHae. Mbl mOHMMaeM, 4TO €ciu
3emuia HaxoAUTCA Aaiblie chepbl Xadb0ma, TO COyCTs 3Ty CEKYHIy YAal€HHOCTh 3€MJIM OT CBEPXHO-
BOM yBENMYHUTCS OO0JbIlE, YEM IMyTh, MPOUIEHHBI (POTOHAMH. DTO OYEBUIHO, MTOCKOJIBKY CKOPOCTh
3emnu 3a mipeaenamu cepbr Xab0ma 6ombine cBeTtoBoit. CiiemoBarenbHO, (POTOHBI IBHO €€ HE JOTO-
HSIT.

Tenepp paccMOTpPUM BTOPYIO CUTYalUIO: 3eMJsl HAXOAUTCA OYEHb OJM3KO OT CBEPXHOBOM,
Hampumep, Ha yjnaieHuu B 11 cBeroBbix cexkyHn. 3a mnepsble t = 10 cekyHa (OTOHBI NPUOIU3ATCS K
3emiie Ha 10 cBETOBBIX CEKYH[, a 3eMJid 3a 3TO BpeMsi, HAlpOTUB, YAAIUTCA OT CBEPXHOBOM Ha pac-
crosame 10e™ cBeToBBIX cekyHa. JIerko 0GHAPYKUTE, YTO 3TA BETMUNHA JIHIIH HEHAMHOTO TPEBHIIIA-
eT 10 cBeTOBBIX CEeKyHJ IyTU (POTOHOB, MOCKOJIbKY BBHIY MAJIOCTH BPEMEHHU 3HAUEHUE HKCIIOHEHTHI
MaJlo OTIM4YaeTcs oT exuHulbpl. Cpasy ke joraapiBaeMmcs, yTo 3a ciaeayronire 10 cexyH]1 Mo 3ToH ke
npudrHe (OTOHBI TOYHO JOTOHAT 3eMilto. JleHCTBUTENbHO, MPU MaJIbIX 3HAUEHUSIX MOKa3aTelis, IKC-
MTOHEHTY MOYKHO 3aMEHUTDH (POPMYIION:

e =l+x npu x<<I
Toraa ynanéHHOCTh 3eMJIN yBEIMYUIACh Ha:

10e” -10=10+ Ht—10= Hr <<1

[Tomygaercsi, uTo hoHOHBI ynanuauck Ha 10 cBETOBBIX CEKyH, a 3emiis — Tobko Ha Ht << 1. TonsT-
HO, uTo B cieaytonire 10 cekyH7 (OTOHBI SBHO €€ JOTOHST, MOCKOJbKY 3Ty HOBYIO CUTYAI[UIO0 MbI
MOXKEM paccMaTpUBaTh KaK MCXOJHYIO, HO TEHepb YK€ 3eMJisl HaXOAUTCA K 3BE3/E€ CYIIECTBEHHO
Onmuxe.

Takum 06pa3zom, Mbl IM€EM J1Ba 3HaYCHUS HAYaJbHOW yAan€HHOCTHU: IPU OJJHOU U3 HUX (HOTO-
HBI JIOTOHAT 3eMITI0, pU Jpyroi — HeT. [IOHATHO, YTO MEXly 3TUM JIBYMs 3HAYEHUSIMHU €CTh HEKOTO-
poe MPOMEXYTOYHOE, MAKCUMAJIbHOE 3HAUYCHHUE YAATEHHOCTH, HA KOTOPOM (DOTOHBI BCE €IE CMOTYT
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noruath 3emo. O6o3HauuM ero uepe3 R,. Torga MoxxHO 3amucarbh HEPABEHCTBO JUIsl IEPBOW CEKYH-
IIbI IBYDKEHHUA t = 1:

ct>Re™—R =R (" —1) npux<<l ct>R.(1+Ht-1)

[Ipeobpazyem:
ct>R Ht
R<S-C_pg
" Ht H

CornacHO HadalbHBIM YCIIOBHUSIM, 3a IEPBYIO CEKYHJY pPAcCTOSHHE MEXKIY 3Be3loil U 3eMiéil He
JOJDKHO OBLIO YBENMYHTHCSA. TO €CTh, MpeeNbHOE 3HAUYCHUE YNAIEHHOCTH 3€MIIM OT CBEPXHOBOM,
MIPU KOTOPOU (POTOHBI OT €€ B3pbIBa CMOTYT JIOTHATh 3€MITIO, HE JIOJDKHO MPEBBINIATH 3HAYCHUS PaJIH-
yca cdepnr Xab0ma.

10.5. Habnrooaemotit 3axon Xaoona

W3BecTHast, kiaccuueckas auarpaMma Xao0:1a, CBsI3pIBarolIasi CKOPOCTh YAAJIEHUS ralakTUKU
C €€ yNan€HHOCTBIO, SBIIAECTCS NPSAMOM JIMHHUEW, IOCKOJIBKY €€ YpPaBHEHHEM SIBJISIETCSI YpPABHEHUE
npsimoit: v =rHy. OnHako napel 3Ha4eHui (v, 1), UCIIOJIb3yEMbIE JUIsl TOCTPOEHUs quarpamm Xaooia,
IpU HCIOJIb30BaHUM Hamiero ypaBHeHus (10.3), oueBHIHO, IpUBEAYT K HECKOJIbKO HMHOMY BHIY
nuarpamm. IIpu KMcnosib30BaHUU ATOTO ypaBHEHUS KPaCHOE CMEIIEHHE WM CKOPOCTh HaOIr0AaeMoi
raJIakKTUKH, CBEPXHOBOM, OUEBUJIHO, HE MEHSIIOTCS, IOCKOJIbKY HUTJIE B aJITOPUTME UX KOPPEKLHS HE
npousBoauiack. Ho M3MeHeHHME BEIMYMHBI JUCTAHLMM, MOHSATHO, BENET M K M3MEHEHHIO HX
(GYHKIIMOHATIBHOM CBSI3U, U3MEHEHUIO ()OPMBI TMarpaMMbl 3aKkoHa Xaboia.

B 510l cBsI3M crienyer BBIIEIMTH TPU BapuaHTa JuarpaMM 3akoHa Xa0O0ma: TeOpeTHUeCKUi,
HaOJI0JaTeNIbHBIN 1 YCIIOBHBIH, /Ul HayalbHBIX yJIAIEHHOCTEN CBEPXHOBBIX. JlMarpamma TeopeTuye-
CKOTO 3aKOHa v = Hr 0 yMOJ4aHHIO HE YYUTHIBAET BPEMS B IyTHU CBETA OT HAOII0JaeMOM ralakTHKH,
[I03TOMY M3HAYaJIbHO OHA CTPOTO MpsiMosnHeiHa. HabmonaTenbHbIN 3aKOH UCIIOJIb3YET B TEOPETHYE-
CKOM 3aKkoHe Xab0ma Habnrodaemble 3HAUCHUS AUCTAHIINNA, KOTOPBIE HA CAMOM JIeJie, KaK MbI OIpee-
JUIM, MEHbIe Teoperudeckux. [loHaTHO, uTO muarpamma Xa60ma (r, v) B 3TOM ClIydae OKaKeTCs
HUd#Ce TEOPETUYECKON TUarpaMMBbl.

Teopernueckas quarpamma 3akoHa Xa00ma, CyJis 110 BCEMY, Ha CaMOM JleJie SBJIIETCS IKCTpa-
MOJISIIUEN, TTOCKOJIBKY CTPOUTCS HA OCHOBAHWM HAYaJlbHOTO y4acTKa, [0 HAOIIOACHUSIM B ONMKHEN
obnactu BceneHHOH, B KOTOPOH pazHuya Mexay TEOPETUUYECKON SPKOCThIO U BUAUMOM MPAKTUUYECKU
He3zaMeTHa. [lonyueHHOe B 3THX M3MEpEeHUsIX 3HaueHue napamerpa Xadona Hy noxacrasisercs B Teo-
pernyeckuii 3akoH Xab01a. Ha camom nene peanbHOe, TEOPETHUECKOE 3HAUCHUE MapaMeTpa Xao0ia
Ha 0OJBIINX YAANEHHOCTAX JAOKHO OBITh O0/IbUie FKCTPAIIONSILIMOHHOTO. YKa3aHHbIE BApUAHThI AHa-
rpaMm Xab60:1a npeacrasieHsl Ha pucyHke 10.9.

['opu3oHTanbHAsE OCh AUarpaMm — CKOPOCTh V YJAJI€HUsI HEKOTOPOM CBEPXHOBOW B JOJAX OT
ckopoctu cBera. CienoBarensHo, rpaduku yaanéaaocred Rco, R u Ry — hakTudecku spistores aua-
rpaMMmaMu Xab60:1a, 3aBUCUMOCTAMHU JUCTAHLIUU OT CKOPOCTH.

TpanuuuoHHast uu TeopeTuyeckas aquarpamma Xa00ia nzoopaxeHa rpapukoM CUHETO 1BETa,
U OINHKCBHIBAETCS CTaHIApTHBIM 3aKoHOM XabOOma: v = HoR. I'paguk mokaspiBaeTr peajnbHyio yaal€H-
HOCTb CBEPXHOBOI, UMEIONIEH COOTBETCTBYIOIIYIO CKOPOCTh. ['paduk cTporo JMHENHHBIH, 4TO BbI3BaA-
HO HEM3MEHHOCTHIO TapaMeTpa Xab0ia BO BPEMEHH.

OpHako acTPOHOMBI HE MOTYT HEMOCPEACTBEHHO Ha0JI01aTh YAAJIEHHOCTh CBEPXHOBOM, O KO-
TOPOM MOKHO CyAUTh 10 €€ sipkocTu. Ha camoM nene u3-3a 3aJiep>KK1 CBETa B IyTHU U COTJIACHO IMpes-
CTaBJICHHBIM BBIIIIE BBIYUCICHUSM ISl YIAIEHHOCTEW cBepXHOBOM coriacHo (10.3), cBepxHOBas BUjI-
Ha OoJiee SpKOH, TO €cTh, OHA Ka)KeTcsl HaM Oosiee ONM3KON. DTO U NMPUBOJAUT K U3ruOy (hakTHueckoi
nuarpaMmbl Xa00u1a 10 Habnrodaemou nuarpamMmmsl (KpacHbii rpaduk Reo).
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Puc.10.9

XKéntolit rpaduk MOKHO Ha3BaTh YCIOBHOM nuarpammoi Xa00ia, cCOCTaBIEHHOM AJis HaYallb-
HBIX, UCXO/IHBIX YIAIEHHOCTEH HAOII0JaeMbIX CBEPXHOBBIX, TO €CTh, ISl HaO0oaemol BeeneHHOM.

TakuM 00pa3zoM, KakJIOMy 3HAYEHHMIO CKOPOCTH CBEPXHOBOW COOTBETCTBYIOT TPU 3HAUEHUS
YAUIEHHOCTH — TeopeTudeckas R, mpomoprmonanpHas nmapameTrpy Xab6ma Hy; mabmromaemast Rco,
YUUTBIBAIOLIAs 3a/I€P>KKY BO BPEMEHHU MOIY4eHUs (POTOHOB BCHBILUIKKA CBEPXHOBOMW; M MCXOJHAs yna-
néHHocTh Ro. Bece BennuuHbl Ha pucyHKe IpeicTaBieHbl B (POTOHHOM cucTeMe OTCUETa: TUCTaHIIUS B
MJIPJI. CBETOBBIX JIET, BpEMS — B MJIP/I. JIET, U3 YEro CIIEAYyeT, UTO CKOPOCTh CBETa paBHa 1.

3enénslif rpaduk Tce — 310 rpaduk BpeMeHH, AaT B3pbIBOB CBEPXHOBBIX OT Hayana pacuiupe-
Hus BceneHHoM, MMEIONINX B 3TOT MOMEHT HEKOTOPYIO CKOPOCTb V OTHOCUTENBHO 3eMin. OCHOBHOE
Ha3HA4YCHHE STOTO IMapamMeTpa — OMNpeneieHue 3Ha4eHHi Ui TpEX Apyrux rpadukoB. Hampumep,
CBEpPXHOBAasl, JBUXKYIIA’CS CO CBETOBOW CKOpPOCTbIO, B Hayajleé pacIiUpeHHs Oblia Ha yIaJeHUU
5 MIIpa. cBETOBBIX JeT oT 3emuu (k€nThii Tpaduk Ry), B3opBanace npumepHo uepe3 4 MIpa. JIET OT
Hayajia paclIMpeHus MpOCTpaHcTBa WK npuMmepHo 10 mapa. net Hazan (3enéubrii rpaduk). Habmro-
JIEHUsI TTOKa3bIBAIOT €€ yaanéHHocTh Ha 10 Muip/. cBETOBBIX JieT (KpacHbI rpaduk Rco), xoTs Ha ca-
MOM JIEJIE CBEPXHOBAsI CErOJIHSI HAXOAUTCS Ha yAalieHuu 14 MiipA. CBETOBBIX JIeT (CUHUHN TpaduK).

Kak BugHO Ha puCyHKe, camasi ObicTpasi Habnrooaemas cerofHs cBepxHoBas ¢ Ry = 8,85 cero-
TTHST yAalseTcst OT 3eMJIH CO CKOPOCThIO, paBHOH 1,7 ckopocTsiM cBeTa. B3pwiB €€ nmpounzomién, ycioB-
HO, B CaMbIil HaYaJbHBIII MOMEHT pacmpeHus Beenennoi, To ects, 14 mupa. net Hazaa, Tce=0. Ce-
rOJIHA 3Ta caMasi Jajékas CBEpXHOBas HaXOAUTCS HA PaCCTOSTHUM B 24 MIIpJI. CBETOBBIX JIET OT 3E€MIIU.

3nauenue Tce=14 cOOTBETCTBYET B3PbIBY CBEPXHOBOI B HAIlIM JHHU, KOTJa €€ CKOPOCTh OTHO-
cutenbHO 3emuin Onu3ka K Hyno. Ha3Banue mrpuxoBoit nunun Hy ncnons3oBano nuib j1ist 0003Ha-
YeHMsI THIa AMarpaMMbl — 3/1€Ch 3TO Juarpamma ¢ nocrosiHHo Xa66na Hy. E€ nmonoxenue Ha pucyH-
K€ COOTBETCTBYET BpeMEHU HaOmtofeHus 14 Mipa. JeT oT Hayaja paciiUpeHUs] MPOCTPAHCTBA, YTO
COOTBETCTBYET CKOPOCTH yIAICHHS CaMOM OBICTPOU Hab.1i00aemoti CBEpXHOBOM.

Kénras nuuusa, nuarpamma Ry mpeacraBieHa Kak CIpaBO4YHas — 3TO MCXOJHAs yNaJEHHOCTh
CBEPXHOBOM, JIBIIKYIIEHCS C COOTBETCTBYIOIICH CKOPOCTHIO, €€ ynaji€HHOCTh OT 3€MJIW B MOMEHT
Hayajia pacUIMpeHus MPOCTPAHCTBA, TO €CTh, 14 MiIp/. JieT Ha3ad. PopMalibHO JTMHUS OTpaXKaeT paau-
yc Habarwoaemotni Beenennoit. JleicTBUTENBHO, B HAIIKM JTHU, 1O JaHHBIM B Touke Hy Ha rpadukax,
camasl TanbHAA HaO00aemas HhIHE CBEPXHOBAsS MMEET HAYaIbHYIO ynan€HHOCTh Ry~ 8,85 mupm.
CBETOBBIX JIeT (KENThIM rpaduk). PeanbHO HbIHE OHA yaajgeHa OT HAc Ha paccrosiHue R ~ 24 mupn.
CBETOBBIX JIET (CMHUH IpaduK), HO BUAHA KaK yaajnéHHas Ha Rco ~ 14 miuipA. cBETOBBIX JI€T (KpacHBIH
rpaduk). Takum 06pa3oM, Mbl (HaKTUUECKH UMEEM TPU Pa3HBIX 3HAUYEHUS yNAIEHHOCTH, TPH Pa3HBIX
3HaueHus paauyca HaOmogaemoill Beenennoil. [lpaBuibHbIM, 0ObEKTUBHBIM PAaUyCcOM CIEAYEeT CUH-
Tath Ry ~ 8,85 muipz. cBeToBBIX JieT. CeroiHs HaOMIOAaTh MBI MOYKEM MO/IbKO TATaKTUKH, HAXOIUB-
mecst 14 mupa. et Hazax Ha OoJiee 0.1u3KkoM paccTOSTHUM OT 3eMid. Y ganéHHocth Reco ~ 14 aBnser-
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Csl YCIIOBHBIM paJiycoM HabmromaeMoil BeenenHoi, 3To ynanéHHOCTh KaXyIascs, Ha TaKOW JUCTaH-
UM 3TY CBEPXHOBYIO Ha CAMOM JIeJie MBI He HaOnodanu Hukoeoa. Hakonen, ynanéHHocts R ~ 24 sB-
nsercs (PaKTUYECKU CHpagouHOoU. DTO pealibHasl yHad€HHOCTh B HAIIM JHU 3TOW caMoO#l JajabHEH
Ha0JII0JaeMOil CBEpXHOBOM, KOTOpasi HbIHE yJaiseTcs OT 3eMJu co ckopoctbio v = 1,7c. [lonsTHO,
YTO CBET OT He€ Hauaj JBIKECHHE K 3eMiie, KOT/la rajlakThKa, Obljia MoJioke Ha 14 mupa. jeT u Oblia
oT 3eMJlu Ha yAajeHuu 8,85 MJIp/. CBETOBBIX JIET.

Jliiga HaOnroieHui HaM HedocmynHo BCE, UTO MPOMU3OIILIO C HEIO MOCJE TOro, KaK 3Ta CBEpXHO-
Basl ypayimiiachk 3a Tropu3oHT Bceenennout, chepy Xab6ia, mo3ToMy OECCMBICICHHO HA3bIBATh YHAAJIEH-
HOCTbh B 24 MJIpJI. CBETOBBIX JIET HaOmogaeMoi. bosee Toro, ceroHs HaM HEJIOCTYIHBI sl HAOIIO-
JIeHUs1 BOOOIIEe BCE OOBEKTHI, B MPOIIJIOM HAXOAUBIIUECS OT 3eMJIM JaJIblie 8,85 MIIp/I. CBETOBBIX JIET,
TO €CTh, 14 Mup.. et Ha3a.

[IpencraBieHHble AUarpaMMbl COOTBETCTBYIOT NMOCTOSIHHOM XaO0isia, HEM3MEHHOMY €ro 3Ha-
yenuto Hy, B Hamem cimydae paBHomy 1/14, 4to, BipoueM, 10CTaTOYHO OJIM3KO K COBPEMEHHOMY €ro
3HaueHut0. OJIHAaKO CYIIECTBYIOT, 10 MEHbIIEH Mepe, ell€ YeThIpe MPUHIUIHNAIBHO Pa3InYyaroInXcs
BapHaHTa MmapamMeTpa Xaooma:

— HENPEpPhIBHO BO3PACTAIOIINN;

— HEMPEPHIBHO YOBIBAIOIINIA;

— CHauaja BO3paCTaIOIIUi, 3aTeM YOBIBAIOITU;
— CcHayaja yObIBaroOIIMii, 3aTeM BO3paCTAIOIIHMI.

[TonsiTHO, 4TO BCE ATH (PYHKLIMU U3MEHEHUS MapameTpa Xa00ia nepeceKkaroTcsl B 0JIHON TOUKe
— B HAIllU JJHU BCe OHU UMeIOT 3HaueHue Hy. Takxke oueBUAHO, UTO COOTBETCTBYIOIIME UM JUarpamMMbl
Xab01a UMEIOT pa3HbIN BUJL.

http://samlib.ru/p/putenihin_p w/accele02.shtml

11. UccnenoBanue nepeMeHHbIX apaMeTpoB Xa60.1a

http://samlib.ru/p/putenihin_p w/dc11.shtml

12. O Bo3pacre Bcenennoit
http://samlib.ru/p/putenihin_p_w/dc12.shtm] = iSl2agE

13. O cymiHOCTH YCKOPEHHOro pacuuupeHus Beenennoit

http://samlib.ru/p/putenihin_p_w/dc13.shtml

14. YpaBHeHus1 ABU:KeHHs B pacmmpsitoleiicss Beenennoi

http://samlib.ru/p/putenihin_p w/dc14.shtml

15. Temuasi 3Heprus

http://samlib.ru/p/putenihin_p w/dc15.shtml

16. Temunast matepus

http://samlib.ru/p/putenihin_p_w/dc16dark-m.shtml
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