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Beencuue

Yenosexk ¢ JOMCTOPHYECKHX BpeMEH H 0 HAIIHX OHEH Obérca
Hax 3araagkoi OeiTHa. K10 0H? YTO mpepcTasisier coboit okpyxaio-
it ero Mup? CkBo3b omMOKH M 3a0JTyXIeHHs, MHOra OLYTIbIO,
HHoraa Onaropiaps 03apeHHIO MPoOHpaeTcs OH K HCTHHE.

CoBpeMeHHass kapTuHa BceneHHOM B HM300pakeHHMM acCTPOHO-
MHM UM @U3HKH BecbMa mnporuBopeunBa. C OfHON CTOPOHBI, 310
ymupaomuii  Mup. OH oOpazoBajica B pe3ysibTaTe TaKk HasbiBae-
moro “bonbmoro B3peiBa nepeoaroma® [9]. Iloa BospmeiicTBHEM
3TOro B3pLiBa CHOPMHPOBAIACH MATEpHs, BOHMKIH TaJlaKTHKH,
3BE31bl U Apyrue KoCMHYECKHe 00bekThl. ["alakTHKH pasneraioTes
C OrpOMHLIMH CKOPOCTAMH OT O3MHLEHTpPa B3pbIBa, M IYCTOThI
MEXIY HUHMH CTaHOBATCA BCE OoJiee rPOMaHBIMHL

3BE3Abl, MHHYS Pal NPOMEXYTOYHBIX NpPEeBPAICHNH, AOJIXKHbI
CO BpeMEHEM OCTbITb M MPEBPATHTLCA B HEBUANMBIE, 6E3XKHU3HEH-
Hble MacCbl. DHTPOMHS pacTeT, U MEJICHHO HACTYTNaeT TEIUIOBas
cmepTth BeeneHHol.

C npyroii CTOpPOHBI, aCTPOHOMHYECKHE HAONMIOACHHS HaKarUiH-
BalOT BCE Oonblue GakToB, He BNMCHIBAIOLIUXCA B 3Ty cXeMy. B pa-
6otax akagemuka B.A. AMbOapuyMmsHa ¥ psaaa APYrux y4deHbIX IO-
Ka3bIBaeTcs, 4To BO BceneHHoit no cux nop, 1o ectb cnycts 12 - 15
MJIpA  JieT nocne “bonkworo B3peIBa”, MPOAOJIKAIOT PONATHCS
3BE31bl U LieJible 3Be3iHble accounaiui. OHn obnanaroT OrpoMHbI-
MH MaccaMHM, TeMmIlepaTypamu H .3 zacawm 3HepruM. Jlosciony BO
Bcenennoit HabmogaroTcst ABJIEHHA MCTe4eHM, BLIOPOCOB, B3pbl-
BOB M U3BEP>KEHHI BeLLECTBA.

SAnpa ranakTHK TPOSBAAIOT BBICOKYI0 AKTHBHOCTb, COIMPOBO-
JKAAIOWYIOCS PacTEKaHHeM rasa, HAOYLIUM OT LIEHTPa CO CKOPOCTH-
MH B JIECATKH M JaXe ThICAYM KHJIOMETPOB B CEKyHJY. Pacre-
KaeTcs HEeUTpalbHBINi U MOHM3UPOBAHHEIH ra3. OTkyaa OH romno-
HaeTca? IloyeMy mpH TakuMX OFPOMHBLIX CKOPOCTAX OH HE BBITEK
oTTyAa AaBHO? 3a cueT KakHX MAacC 3Ta aKTHBHOCTb IPOABJAETCA?
ACTPOHOMHH 3TO HEU3BECTHO.

Haxxe Ha 3emJjie B TedyeHHe 3,5 miph JIeT He 3aTyXaeT akTHBHasA
BYJIKAHHUECKas AEATENLHOCTL. B Halle Bpems konuuecTBO 3emie-
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TpsceHuit cunoit 6onee cemn GamnoB mo mkane Puxrepa yaBau-
BAaETCA Kaxable naTek jeT. B pabore [5] yrBepxnaercs, uto 3a roc-
negHue 1,5 - 2 mapna net paauyc 3emid 3aMeTHO BbIPOC M OHOBpeE-
MEHHO . YBEJIHYWJIOCh YCKOpEHHE CHJIbl TIXEeCTH Ha eé
noBepXHOCTH. FICTOYHHK pocTa Macchl 3eMJIM HeH3BeCTeH, TaK Kak
Macca mnajalolHXx Ha 3eMJIl0 METEOPHTOB IJIi ITOr0 HHYTOKHO
Mmana. ,

H3 ckasaHHoro cnemyer, uto BO BceneHHOH HeENpephIBHO
NMPOUCXOANT BOBHHUKHOBEHHE MAaTEPHH, HO HEM3BECTHO, OTKYAA OHa
Oepérca. PactpaurBaeTcs OrpoMHOE KOJIMYECTBO 3HEPrHH, HO He
3aMeTHO, 4TOObl e& CTal0 MeHbIle, U HEe SCHO, OTKyhAa OHa
BOCITOJIHAETCA. DTO HABOAHT HAa MLICJL O TOM, YTO B 4eJioBe4ec-
KOM 3HaHHH O NMPHPOAE OTCYTCBYET KaKOe-TO BaXKHOe H HeoOxoam-
MOE€ 3BEHO.

JanHasa xHura npeacrtasiaseT co0oi MOMbITKY OTBETHTh HAa TH H
OpPYrde BOMpPOCHl MHMPO3LAHHUA, OCHOBLIBAACh HAa BO3POAKAECHHH
npeacraejieHns o BceneHHoit, 3anonHeHOM 3QHUPHBIM Tra3oM.
O¢upHbI ra3 paccMaTpUBaeTCia Kak nepBoocHoBa Martepud. OH
ABJIAETCA MCTOYHHKOM pPOCTa MacChl 3eMJIM M BbLIOPOCOB OrpoMm-
HbIX MAaCC MAaTEepHH H3 Alep TalaKTHK, KOPITYyCKYJIAPHOIro H3Jyde-
HHA BCcex 38€3a BceenleHHOM, a Tak)ke HCTOYHHKOM pacTpauyHBaeMOM
NpH KOCMHYECKHX B3PbIBAX SHEPTrHH.

Ty ponyleHus NpeanoiaraloT, 4yto BCe MarepyalibHbie Tesa
BceneHHol HenpepbiBHO NOrjaowalT 3QUPHBIA ra3 M 4YTO 3TOT
NPoLECcC ABJSETCS YCNOBHEM cyulecTBOBaHus Ten. Ilpu ero Ha-
pYLWLEHWH Teja paspyllatoTCs, NMOJHOCTLIO WIH 4YaCTHYHO BHOBbDb
npespaiuasch B 3QupHblii ras. ITp1 3ToM NpoMCXOAUT BEYHBIH KpPY-
rOBOPOT MATEPHH K 3HEPrHH.

H3BecTHO, 4TO MpeacTaBiaeHHE 0 TOM, 4To BceneHHas 3anosiHe-
Ha 3(MpHbIM ra3om, NoayuHo ¢BOE Haual0 OT ApPEeBHErpeuecKoro
¢unocoda ApucroTens U ¢ Tex NMop rocrnoAcTBOBAIO B HayKe IO
1915 rona [2]. OHo nuwaer BceneHHylo NOHATHS MTYCTOTHI, JIETKO
Y>)KMBAeTCsl C MOBCEAHEBHLIM OMBITOM YeJIOBEYECTBA, JKHUBYLIErO B
BO3AYLLHOM aTMocdepe 3eMiin B OKPY)KEHHH OrPOMHBIX MOPCKHX H
okeaHckMX BOAOEMOB. B 3Th npencraBneHHs IMOJHOCTbIO BIHCbI-
BaeTCs BONIHOBas Teopus ceeTa [lolireHca.

CywHocte 3¢gupa He Oblna sicHa YuéHbiM € CaMOro Hauvana.
IloaToMy ¢ AaBHHX MOp ObLI MOAHAT BOMPOC O TOM, YBJIEKAET JIH
3emns B CBOEM ABHXKEHHMH MO opOuTE cOonpHKacaloIWHCA ¢ HeH
3¢pup nau Het. JocTaTrouHO MPOTHBOPEUHBLIE OTBETHI HA 3TOT BOII-
pocC ObINK riofyyeHbl B acTPOHOMHHU W du3uke. Tak, U3 sBIEHHS
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3Bé3aHOIN abeppaumu, oTKpbiTOro bpamieem, cnemosano, uto 3¢Hp
He yBJyiekaerca 3emnéii. [lefictBuTensHO, eciy Habmoaars mobyro
3Be3y B 3pHTENbHYIO TpyOy, TO u3o0paxeHue 3Be3abl HEe MoJy-
YHTCH [0 HANpaBJIeHHIO JUHHH 3peHHs. [IpHuHHa B -cleayomeM :
3a TO BpEMs, YTO CBETOBbIE JIy4H MPOHHUKIH B TpyOy u nmpoberaior
ro eé nnuHe, Tpyba nepememaerca Bmecre ¢ 3emuéit. Hanportus,
CBETOBbIE JIydH B TpyOe He MPUHUMAIOT Y4aCTHA B 3TOM JBHIKEHHH,
M 310 OO0ycsOB/IMBaeT HeOONbLIIOE OTKJIOHEHHE H300pakeHHs,
HasbiBaemoe abeppauueit. U3 nabmoneHuit cnegosano, uto 3¢up
He yBiekaeTcs 3emiéii U, ClIeN0BaTENLHO, HEMOABHIKEH.

Y1o0bl O6HAPYXHUTL ABHXKEHHE 3eMJIH OTHOCHUTENLHO HEMNOX-
BIOKHOrO 3(Hpa, pasHbIMM HCCIEHOBATE/SIMH OBUTH BLITIOJIMEHBI
onTUYeckre OnbIThl. CaMLIM H3BECTHBLIM M3 HHUX ObUT ombeIT Maii-
kenscoHa (1881 r.). PesynbTaTsl 3TUX OMBLITOB MPHBOAWIH YUEHBIX
K BbIBOAY, UTO 3(Hp NOJHOCTLIO yBJlekaeTca 3emnéii. Emeé paHbine,
a imeHHO B 1871 r, ObL1 BbINOSHEH 3HaAMeHHWTLIA onbiT ®H30, K3
KOTOPOI0 CAEeA0BAJIO, YTO TeKyllas BOAA, BAOJbL KOTOPOH nyckajncs
JTy4 CBETa, YaCTH4YHO yBJiekaeT 3¢up.

B pesynbraTte Hayka koHua XIX Beka okasanacbh B TyNnUKe, KOTO-
pbiii MpHBOAWS (DM3HKOB B H3yMJIeHHe U oT4yasiHHe. Brixox us mo-
noxeHus Obln npeasioxkeH B 1915 romy B TeOpHH OTHOCUTENLHOCTH
A. DHHWTEHHOM. JTa TEOpHA MPUMHMPHITA OMHCAHHBIE OMBITHI. Ogn-
HHM M3 OCHOBHBIX MOCTYJNA4TOB 3TOH TEOPHH SsBJsAETCA npmluym
MOCTOAHCTBA CKOPOCTH CBETA B IMMyCTOTE BHE 3aBHCHMOCTH OT YCJIO-
BHII e€ u3MepeHus. PasBuTHe 3TOro nocrtyJjiata npUBeNO OiH-
[TelHa K ApyromMy nocTtyJjaTy, OCHOBAHHOMY TOJIbKO Ha e€ro HH-
TYHUMH. DWUHIITEHH YTBepxKaa, 4TO 3aKOHBI BCeX (PU3HYECKHX SIB-
NeHWH MOXHO BbIpa3UTb B Takoil ¢opme, 4TOOLI .OHH ObUIH
cripaBed/IMBbl IJii BCEX CHCTEM, KakoBO Obl HH OBIJIO MX OTHOCH-
TeJlbHOe ABvxkeHHe. OnHAKO CleACTBHEM 3TOrO SABHJIOCH HETOC-
THXKMMO CTPAHHOE NpeACTaBjIeHHe O BpeMEHH U NMPOCTPAHCTBE.

B pesynbtate 3(pupHblii ra3 Obln UCKIIOUEH M3 PacCMOTPEHHUS B
KaueCcTBe MepBOOCHOBLI MATEPHH U MHOTHX AEMCTBYIOWIKX BO Bee-
JIEHHOi1 PH3HYECKHX 3aKOHOB.

B npepnaraemoii unTaTeno teopuH 3(dHpa HaiaeHa pasragka
onbita MaiikenbCOHa, NaHO TeopeTHdeckoe OOOCHOBaHHE 3aKOHA
BCEMHPHOrO TArOTEHHS, MPEANOKEHBl pelIeHUs 3HAYHUTENILHOro
YKc/ia OCHOBOMNONAraromux npobdsem ¢(u3MKH M aCTPOHOMMH, HE
MMEBLUHX OTBETOB. B wacTHOCTH, M3 TeOpHH 3¢Hpa €CTECTBEHHO
BbITEKAaeT PAaBEHCTBO HWHepTHOH W BecoBoit Macc. Teopus adupa
no3Bojinja natb oObAcHeHHe 3akoHa Xabbna, He CBsA3aHHOE C
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npeacrabjieHHAMH 0 “bonbwom B3pbiBe nepsoatoma’. IlomyueHsl
3aKOH YBeJIHUEHHA MAcC TeJl W3-3a norjaoleHus s¢upa u opmyna
NS OfpenesieHHs 3anacaemor npH -3ToM 3HepruH. OO60CHOBbLI-
BbIETCA OrpoMHas 3HEPrus B3pbIBOB CBEPXHOBLIX 3BE3Q H paaHo-
rafiaKTHK.

HaHo oObscHeHue BekOBOro yckopeHus JIyHbl, HepaBHOMeEp-
HOrO BpaLlleHHs NOJISIPHBIX H dKBaTOpHaNbLHbIX obnacreit ConHua u
IOnurepa. ITokazaHo, uTO CHjia MPUTKEHHA He SABIAETCS EOUH-
CTBEHHOH CHJIOW JANbHOOEHCTBHA koCcMUYeCKHX Tea. Kpome Heé
Ha Tejla OKa3blBAIOT CHJIOBOE BO3eicTBHE 3(HpHBIE BHXPH, CY-
IIECTBYIOLIHE OKOJIO raNakKTHK, 3BE3M, TUIAHETHBIX U CITyTHHKOBbIX
CHUCTEM, OTJIHYAIOLIUXCA B OOJILIIHHCTBE C/Ty4aeB OAMHAKOBBLIM Ha-
NpaBjieHHeM BpalleHHs LEHTPAILHONO MAacCHBHOrO TeJjla, Harpas-
NIEHHEM KPYroBOTrO IBH)KEHMsl €ro CITyTHHKOB M MX COOCTBEHHBIX
ppawieHuii. IlokasaHo, 4To 3dUpHLIE BUXPH ABJIAIOTCA HeoOXOmM-
MbIM 3BEHOM B Kpyrosopote marepuH BceeneHHOM.

Adup saBaserca nepsoocHoOBo Marepun. OH HeBumuM. Ero
HeJb3s HabpaTk B KaKylo - MO0 Nocyay s MpoBeAeHHA XHMHYEC-
KOrO aHaNH3a W U3MepeHus ero (usnueckux napamerpos. Tem He
MEHEEe OH pealbHO CYWEecTByeT, H 00 3TOM MOXHO CyAUTb IO
BHELIHHUM NPOSBJEHHAM, NOpoH BecbMa CHILHBIM. KO MHOrHM M3
HUX YeJIOBE4YeCTBO IMPHBLIKJIO M MEPECTANO UM yAUBATLCA. FIMeH-
HO 00 3TOM noiaér peur B AaHHOW kHUre. Manaraemas Teopus He
NPOTHBOPEUHT (PyHAAMEHTANbHBLIM 3aKOHaM (PH3UKH H MEXaHHKH.
OHa ocHOBaHA HA MaTeMaTHYECKOM arinapare, Mo3BOJAIOLIEM KO-
JIHYECTBEHHO MPOBEPHTL BCE ¢ pe3ysbTaTasbl.

Cuuraercs, uto 3Mp MHPOBOro NpPOCTPaHCTBAa objazaer Mmac-
COM, HHEepLHeH, KOJIMYEeCTBOM ABHXKEHHUS H APYrMMH CBOMCTBaMH
razoofpasHbix v xkuakux cpea. Ilotok adupa nepegaer cBOE KOJIK-
YeCTBO ABH)KEHMs MaT€pHANIbHbIM TeJlaM H OKa3bIBaeT Ha HUX CH-
noeoe BosaericTBHe. I¢Hp, HAXOAAHICA BHYTPH TeJl, B OTPLIBE OT
. 3(Hpa MHPOBOrO MPOCTPAHCTBA MPOABJSET CBONCTBA MHEPLHH M
KOJIMYECTBA [ABHXEHHA 4epe3 Maccy TeJi, MNPONOPLHOHAIBHYIO
macce 3¢Hpa, exxeceKyHAHO NorjoLuaeMoro TeJIoM.

Macca tesn no3Tomy He gBsiseTcs Mepoil KOJIMYECTBA MOrIOLLEH-
HOro paHee 3(pupa, a npeacrasnser codboit Mepy B3aHMOAESHCTBHA
3¢Hupa BHYTpH Ten ¢ 3YHpPOM MHPOBOrO MPOCTPAHCTBA.

JTO noJIOXKeHHe MepeKSIMKAETCS C BbICKa3bIBAHHEM aBCTPHIii-
ckoro ¢usuka IpHcTa Maxa 0 TOM, YTO HHEPLIHS; TO eCTh HexXedna-
HHE MACChl IIBMraTbCS B OTBET HA MAEHCTBHE CHITBI, MOKHO OOBsC-
HUTb COBMECTHBIM MPHTAXKEHHEM BCero eeulecTsa BeenenHoi, H 0O
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TOM, YTQ Macca 1 Marepus 00beKTa He eCTb HEYTO TOJILKO MY Tpu-
cyllee, a 3aBUCHT OT OKpyxatoweii BéeneHnoii [9].

K 3¢upy npumeHHMbl mpeactaBieHHs KHHETHYECKOM TEOpHM
ra3oB. Ero reueHHss MOryt ObITb ONMMCaHbl YPaBHEHMsMH Ia30BOH
auHamuku [10]. IToxazano, uTto cBer OOycrnOBIEH pacnpocTpa-
HEeHHEM yAApHLIX CBETOBLIX BOJIH B 3¢Hpe. OHM BO3HUKAIOT Mepex
3JIeKTPOHAMM, ABHXKYLUHMHCA B 3(QHpe C OKOJOCBETOBHIMH M
CBEpPXCBETOBLIMM .CKOpOCTAMH. JIlyun cBeTa mpeacTaBisaioT coboit
CEMeCTBO MPAMbIX, HOPMAIbHBIX K ()POHTY CBETOBBIX YIOAPHBIX
BosIH. UMeHHO yzapHbie BOJIHBI COOTBETCTBYIOT IPEACTABJIEHUAM O
KOPMyCKYJIApHO-BOJTHOBOM ayain3me cBeta. OHu obGnapaloT 3ana-
COM 3HEpruv U KOJIMYECTBOM ABHIKEHHS H MOTYT IepeaaBaTh HX
ripernsATcTBUI0. BMecTe ¢ TeM ynmapHble BOJHBI OTPaKAXTCA OT IO-
BepXHocTeH, noasep)keHsl HHTepdepeHumH U qudpakuyn. OHH He
MMEIOT MacChl MOKOA, TaK KaK He CYLIECTBYIOT BHE ABHOKEHH.

B 3aknioueHne 3aMeTHM, YTO KHHra HamHMcaHa JOCTATOYHO
nonyJspHoO, 4ToObl HE TOJILKO CNELMAIUCThI, HO H HEMCKYLUEHHDbIH
B MaTeMaTHKe JIloO03HaTeNbHbIM YMTATENL MOI C HHTEPECOM O3Ha-
KOMMTbLCA C 3aTPOHYTHIMM B HeH npobneMamu MuposaaHus. Bos-
MOXCHO, 3KCTPACEHChl HANAYT B KHUIe MHTEPECHbIe MOMEHTHI 1A
000CHOBaHHA CBOMX HEOOLIYHBIX TAJAHTOB IO BOCIPHATHIO H TIe-
pemaye 3Hepruu kocMmoca. ManoxeHHbIit meToa obelaeT peiieHue
eLlé MHOI'MX HOBBIX M YAHBUTENHBIX MpobseM.
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1. TEYEHHE 3®HPA OKOJIO
IHAPOOBPA3ZHOI'O TEJIA

MHorue Tena BceneHHOM, TakHe, KaK 3BE3bI, MJIaHEThl M Aaxke
aTOMBbI, U3 KOTOPLIX COCTOAT B KOHEYHOM CuYeTe BCe ApPyrue Teia,
umeloT cdepuueckyro ¢opmy. I[losTomy paccMoTpum obTexkaHue
MATEPHAJIBHOrO Iapa, HaxXoAdleroci B CroKoiHoM 3dmupe.
CnocoGHOCTE Ten nornowark 3QUpHLIA ra3 oxapakTepu3yeM BeJlH-
YMHOM yAEeNbHOro pacxoaa Macchl 3HpHOro rasa uepes HosBepx-
HOCTb L1apa B eIUHULYY BPEMEHH :

dm

q _ ]
dt ’
rae dm,- 3nemMeHTapHas Macca 3¢gHpa, MOCTyNnawas BHyTph 11apa
3a 3JieMeHTapHoe Bpems dt.

B cuny Hepa3pbIBHOCTH TeYeHUs BHE L1apa H CHMMETPHH OTHO-
CHTENIbHO ero LEHTPa MOXHO 3arKcaTh, YTo CKOpocTH ( B cdepu-

yeckoi cucteme koopauHat ) Vo =V, = 0 U uTO ynenbHbIH Mac-
COBBIH pacxoj uepe3 cq)epuqecrcyto NOBEPXHOCTh paauyca r Oyaer

= . 4nr’ P>Vr,

IA€ P, - TIOTHOCTH 3(HpHOro rasa. B naHHoO! rnaBse IUIOTHOCTE P,
CUHMTAETCA BEJIMYMHON MOCTOAHHOH, TaK KaK pagvaibHasgs CKOPOCTH
TeHEeHHs V, MaJia 110 CPABHEHHIO CO CKOPOCTBIO PacIIpOCTPAHEHMS
c1a0bIx Bozmymenuu OMM3KMX K CKOPOCTH CBETa B IyCTOTE
C = 3, 10" cm/c. I3 nocnenHero BLIpaKeHHs: HMEEM:

V, =-q/4np,r’, (1y

3HaKk MHHYC NOKa3bIBaeT, YTO CKOPOCTb V; HarpasjieHa K LEHTPY
cpepurueckoro tesa. ITo TeueHHE HMEET NOTEHLIHA CKOPOCTei

¢=q/4np,r
Odup nuueH BaskocTH. Ilpu mManeix CKOpOCTAX ero CKUmae-

MOCTbIO MOXKHO npeHebpeusb. [loaTtomy TeueHus 3¢upa MOryT ObIThH
onvcaHbl ypaBHeHHeM Jlannaca :

Polox® + Poloy’ + DPelo? =0. (2)

DT0 JMHeHOe OTHOCHTENLHO MOTEHLMANa CKOpOCTEH OFHO-
poaHoe aupdepeHUHanbHOe YPaBHEHHE B YaCTHBIX MPOH3BOMAHBIX
AOITyCKaeT IpHMeHEeHHe MEeTOJa HAOXKEHHA TMOTEeHLHAIbHbIX
MOTOKOB, COrJIaCHO KOTOpOMY cyMMa mo0oro uucia 4YacTHBIX
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pPELIEHHIT 'Tak)XKe SABJAETCS PpelIeHHEM 3TOr0  ypaBHEHHSI.
[TocnenHee oO3Hayaer, 4YTO MNpH HAMYMKH JIOOOro 4Mcia
MaTepHAILHBIX TENT CKOPOCTb 3(Hpa B J1IOGOH TOUKE MPOCTPAHCTBA
Mo)keT ObITb MoOJlydeHa kak anrebpandeckas CymMma CKOpPOCTEH,
BbI3bIBAEMBIX KaKIBIM M3 3THX Tes B oTAeabHOCTH. C ydeToM
3TOro 3anMiiéM MOTEHLHal CKOPOCTEeH CJIOKHOIO TE4EHHsA OKOJIO
nevxyuierocs cepuueckoro rena (puc. 1).

Hauyano koopouHar pac-
MONOXHM B LIEHTpPE Tea.

> Bpoanmu ot Hayana KOOpOHUHAT
MU I—> © MOTOK 3(pHpa Ha-
— > -V, npasum Baoss ocd OX. OH
v " umee'r IOCTOSIHHYIO CKOpPOCTBb
' Vi = V'. Teno neuxercs co
P CKOpOCTbIO V,, HABCTpEUY MO-
. V. ToKky 3¢upa. OpHako ero
, MO>XHO HarpaBuUTb B MMPOTHBO-
T-v, rm MOJIOXKHYK)  CTOpOHy. s
3TOro HOCTATOMHO MepeA Vo

W3MEHHTE 3HAK Ha MHHYC. Ckopoctu V' uV, M3MEPAIOTCA OTHOCH-
TEJILHO MOoJis CIOKOMHOro 3¢upa :

= q/4np,r + £V.Io c0s0/2r2 + V*rcos6 (1-i~e:r(,3/2r3 ). (3)

B BbipaxxeHuu (3) nepBblii WieH yuHTbIBAaeT CIOCOOHOCTbL Tea
norsowarts 3(QupHbIA ras. BrTopoii uneH OMMCHIBAET TEUYEHHE
3(Hpa OKOJIO ABHAKYLIErocs CO CKOPOCTbIO V,, B CNOKOIHOM 3¢H-
pe cepuueckoro tena. KoaddpuumueHT € yuutsiBaer ToT (aKT, 4TO |
B0 BceneHHOM BCTpedaloTCs Tena pasiWuHOM TJIOTHOCTH. Yepe3
HEKOTOpbIE U3 HHMX, TAKHME, KK PO aToMa BOJOPOAA M Y - KBaHT,
3(Up He MOXET MPoTekaTb HACKBO3b W BbIHYXAEH 00TeKaThb HX
cHapy»H. BHyTppr noctynaer Ttonbko TOT 3¢Hp, KOTOpbIH MOrnao-
laercs TenaMmu, npeodpasysace B marepHio. s Hux € = 1. Jlpyrue
Tejla, TaKWe, KaK paspexeHHbie rasbl, IJlaHeTbl, OOJIbIUIHHCTBO
3B&37], HAMIPOTHB, HMEKT OTHOCHTENILHO HEOOJBIIYIO TJIOTHOCThL H
cBOOOAHO MporyckaloT uepe3 cebs 3gup, HE yBJeKas. ero 3a
coboi. Ina Hux € = 0. Tpemu YIEH OMbICLIBAET MPAMOJIHHEHHBIH
NOTOK 3(Hpa, HMEIOMHK CKOPOCTh V' Ha GeckoHeuHOM yaaJieHUH
OT Tena.

. I'lpoekurn CKkOpPOCTH MNOTEHUHANBLHOrO TEYEHHsT Ha KOOPAM-
HAaTHbIE OCH BBLIPAXAIOTCA Yepe3 MOTEHUHal B BUAE 4YaCTHLIX

11



NMPOU3BOAHBIX MO0 COOTBETCTBYIOIIMM HanpasneHusMm. B cdhepruec-
KHX KOOpAUHATAX :

Vr = 0 /01 = -q/ATpor” - €V, cosB/r +V cosB (1- er, /), (4)
Vo =0¢ /100 = -V, sind/2r" - V'sin® (1 +r,’/2r ). (5)

Cxopoctd V; ¥ Ve TNONOKHTENbHBI, €CIM OHH HANPABIEHb
COOTBETCTBEHHO B CTOPOHY YBEJIHYEHHUS PagHAIbHOM KOOPAHHATHI
u yrna 6. M3 atux ¢opmyn BUAHO, YTO BHEWIHEE MPAHMYHOE YC-
nosue Vx =V BbInonHseTcs npu r — 00, CkopocTs TeueHns 3dupa
Ha TIOBEPXHOCTH CEpBI NPH I = [, CHIILHO 3aBHUCHT OT K03(du-
LHHEeHTA NPOHULIAEMOCTH €, CKOpOCTEH V, H V". Bonee noa-
poOHbIM aHanMU3 MoNsi CKOPOCTel NpuBeeH B paszesie 4 B CBA3M C
He0OX0AMMOCTBIO OCMbIC/IEHHS onbiTa PHU30 U YCJIOBUSAMH JKH3HHU
Ha 3emJe.

2. PA3JINYUA B IIOHATHAX MACC
MATEPUAJIBHBIX TEJ H ®HPA.
POCT MACCHI TEJ BCIIEACTBHE

IIPHTOKA 3®HPHOI'O TA3A

Cdopmynnposas Bhile 32KOH HENPEPLIBHOTO MOromeH s 3¢u-
pa - MaTepHaNbHbIMH TeJlaMM Kak crnocofa HX CylLleCTBOBaHM,
HeobxoauMo pas3obpaTbCsi B OCHOBHBIX, BBITEKAIOIMX H3 3TOro
3aKOHa cneAcTBUsAX. B nepBylo ouepenb 3TO OTHOCHTCA K CaMHM
MOHATHAM MAacChl MaTepHanbHbIX Tesa BceeneHHoM v Maccbl 3GiHp-
HOrO rasa, a Tak)ke K COOTHOLIEHHIO MEXAY MacCaMM TeJl U MacCoM
NOrJIOLIAEMOro 3TUMH TejlaMH 3()HPHOro rasa.

OueBHgHO, YTO YyAeJBHBLIM MaccOBOH pacxod 3¢HpHOro rasa
o0yCJIOBJIEeH BEJIMYMHOM MAacChl MOrJIOLIAIOMIEr0 MaTepHalIbLHOIO
TeJIa U, CJIEAOBATEJILHO, NMPSAMQ MPONOPLUOHANIEH 3TOH Macce :

q=dmy/dt= am. (6)

Bri60op ko3¢ PuLMeHTa yaenLHOro pacxoaa oo MpPeACTaBJsSET He
TOJIBKO TeXHHYECKHH, HO U MHPOBO33peHuYeckHii HHTepec. Cpenn
PacCMOTPEHHBIX BapHAHTOB €ro 3HaueHHUH TOJIbKO 3Ha4YeHHe o =

= 1 ¢' nosBonmwiO CBS3aTh BOEAMHO BCE PACCMATPHBAaEMbie B
NoCNneaylomwux pasgenax npobnemsl. Ilpu Takom 3HavyeHHMH KO3¢-

¢HLMeHTa o Macca Tesia ABJIAETCA Mepoil ero MHepuWH U CoXpa-
HAET 3a co0oit Bce nMpucylMe eii u3BecTHble CBOMcTBA. OqHaKo oHa
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He SABJISIETCA MEPOH HAKOIUIEHHOro TeJIaMH 3a BpPeMs X CyILeCTBO-
BaHus 3¢upa. Macca npeacrasnsier coboii MHIIBL KOJIHYECTBEHHYIO
Mepy B3aUMOEHCTBHA COOpaHHOro U 0cobbiM 0Opa3oM OpraHH30-
BAHHOI'O BHYTPH TeJla B MaTepHIo 3¢pHpa ¢ nojieM MUpOBOro 3¢Hpa.

B nanpHeiieM He cienyeT OTOXAECTBIIAThL MeXAy coboit noHsa-
THA Macc Ten ¥ a¢upHoro rasa. Macca adupa obnanaer nHepumeii,
KOJIHYECTBOM ABHXKEHMs1 BO B3aHMOAEICTBHH CO BCEM TOJIEM MH-
poBoro 3¢upa. DdHp, MOrnowWEHHBIH TeNaMH, YBEIMYUBAET HX
MAacCCy, NMPOosABJIAA B AaJibHEHIlIeM CBOMCTBA HMHEPLMH U KOJIMYECTBA
ABHXKEHHMS 4epe3 MacCy 3THX Tell. Macca Ten, kak Mbl BHUAEIH,
nponopLHoHaibHa Macce 3¢upa, execeKyHIAHO MOrjoLaeMon Te-
JIaMH, H, CJIEAOBATENILHO, NMpoABsAeT ceds Tak xke, Kak CBOOOAHbIH
a¢up, uepe3 B3aumopeiicTBHe C nojieM MHpoBoro 3¢gupa. OaHaxo
3TO B3auMopeicTBHEe Yy Ten Oonee cloxkHOE, YeM y c¢BOOOAHOro

adupa.

He packpeiBas 3gech MexaHH3M mnpeobpa3oBaHMsA MNOCTYNalo-
IEr0 BHYTPb MACCHBHBIX TeJl 3QHPHOro rasza B MacCy CaMHuXx Tel,
MPEAroJIoAKUM, YTO CKOPOCTb MOCTyruieHHs 3¢upa BHyTph 1060ro
TeJa, HEe3aBUCHUMO OT ero XHMHYECKOro cOocTaBa W (PH3HUECKOro
COCTOSAHHA, NPAMO MPONOPUHOHANIbHA CKOPOCTH 00pa3oBaHHsA HO-
'BOH MaccChl TeNa :

dm,/dt = kdm/dt, | (7
rae k -koadpduuneHT ckopoctr 06pa3zoBaHHs MacChl.

IlpouHTerprpoBaB 3T0 ypaBHeHHe, MOJYYHM 3aKOH H3MEHEHMSA
MacChbl TeJ1a OT BPEMEHH .

vk

m=m, e . (8)

BenuunHa m, ABnseTCS MacCOH Tesna B MOMEHT BpeMeHu t = 0, TO
€CTh Ha Ha4yaJlo OTCUYETa BpPEMEHH.

C yuerom Bripaxenuii (1) u (6) paauanpHas ckopoctb 3¢Hpa no
HarpasJieHHIO K LIEHTPY ceprHueckoro MaCCUBHOTO Teja 3anuileT-
Csl B BHIE :

Vi =-am/4np,r 2 (9)
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3. CWIOBOE BO3AEHCTBHE IIOTOKA 3®UPA
HA MATEPHAJBHOE TEJIO.
3JAKOH BCEMHPHOI'O TATIOTEHHA

rd

Bce Ttena BceneHHol nBHXyTCS He B IMycTOTe, a B 3dupe.
IloueMy e uesioBEYeCTBO, YYacTBYIOLlEe B 3TOM ABHXKEHHH, HE
4yBCTBYeT M He 3aMeuyaer 3toro ? Jleno 3mech He TONMBKO B
npuBbiuke. Beab owymaer ke o060 4eyloBEK CHIIOBOE
BO3JeHCTBHE BeTpa WIH Hanopa Boabl. OxasbiBaeTcs, 4TO rJIaBHOH
NMPUYHHOH BO3HHMKHOBEHUS CWJIbI COMPOTHBJIEHHA TEJ B MOTOKAaX
BO3dyXa WJIH BOObI ABJIAETCA BA3KOCTb 3THX cped. Mano kro, 3a
HCIJIIOYEHHEM CMELMaHCTOB, 3HaeT o napajokce JI'Anambepa -
Oiinepa. CornacHO 3TOMYy MapamgoKCy - Tena, ABHKYLIMECS  C
MOCTOSSHHOW CKOPOCTBIO B ra3oo0pa3HOM WM KUAKOM cpene
mo0OOH TMJOTHOCTH, HO JIMIWIEHHOW BA3KOCTH, HE MCMBITHIBAIOT
COMNpOTHBJIEHHs CBOeMYy JBHXKeHHI0. MaremaThyeckoe aoxasa-
TeJiLcTBO napanokca ' Anambepa - Jitsiepa BnepBbie ObLJIO AAHO B
1745 roay. Ceiiuac ero MOXHO HaHTH BO MHOrMX yueOHHUKAX NoO
apoanHamiike, Haripumep B [18].

DdUp NHUIEH BA3KOCTH, OAHAKO W3-3a CBOMCTBA MaTepHalib-
HbIX TeJl NOrJIoWaTh 3()UPHBIN ras ux B3auMoAeHcTBHE € 3QHPOM,
MMess MHOro oO0IIero, HECKOJIbKO OTJIHYaeTCad OT TMNapaaokca
I'Anambepa - OJinepa., NOKAa3aHHOro AJisi HEMPOHHLIAEMBbIX TEJL.
IIonpoGyeM pasobpartbcs B 3TOM Bonpoce. [lis 3T0ro npocyMmu-
'pyeM Hallli 3HaHHs O CHNax , AHCBYIOIHX Ha TeJa.

Bo - nepBbIX, H3BECTHO, YTO TEJIO, ABHXKYLLEECS PAaBHOMEPHO H
NPSAMOJIMHEHHO, HE HCHbITBIBAET CHJIOBOrO MNMPOTHBOAEHCTBHA
CBOEeMY ABHXEHHIO. BO - BTOpBIX, cHna, npyunoxeHHas K Teiy, 3a-
CTaBNsAET €ro ABUrarbCsi YCKOPEHHO WJIM 3aMeAJIEHHO IO OTHO-
WEHHIO K HarnpaBJIEHHUIO ‘€ro paBHOMEpHOro asvkeHud. Ilpu atom
BO3HMKAET CHJIa WHEpPLHM, HarpaBjieHHas B CTOPOHY, MPOTHBO-
NMOJNIOXKHYIO yckopeHWio. M, HakoHew, Ha Tena AeNCTBYIOT CHJIbI
B3aHMHOIO MPHUTAXKEHHS WK CHJIbl TAXKECTH.

‘TlokaxkxeMm, uTo (pH3HUeCKON NPHYHHOH BO3ZHUKHOBEHHS CHII,
NEUCTBYIOIHMX Ha MaTepHaJibHBIE Tejla BO BCEX ITHX CITydasx, fAB-
JIAETCA KX B3aUMOAEHCTBHE C OkpyxatrownMm 3¢upom. UToObl
BCKPBITh 3TOT CJIOXKHBIM M TNMPOTHBOPEUYMBLIH MEXaHH3M, HeaDbxo-
AHUMO pa3o0paTbCs B KapTHHE TEYEHHs OKOJIO ABHIKYLIUXCS W He-
MOABHXKHBIX TEJI, XOTA O HEMNOABHXKHOCTH MAaTePHALHbIX TE1 MOXK-
HO MOBOPHMTb NHIIb B AKaAEMIIUECKOM CMbICNE, UMEsi B BUAY METO-
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OHMEeCKHE NpPEeUMYyIecTBa TaKOoH CXemMaTu3aluHd NpH MaTeMa-
THYECKOM peLieHHH 3aaa4. Jesjo B TOM, 4TO Y COBpEMEHHOI HayKH
OTCYTCTBYET BO3MOXHOCTH ONpEAeSHTh CKOPOCTH abCosIlOTHOro
asuxkeHus ten Beenennon. Kpome Toro, MexaHnka UMEET BaXKHYIO
0co0eHHOCTb, CQOPMYNHPOBAHHYIO KaK ITPHHLIMIT OTHOCHTEJIb-
HocTH lanuies. DTOT NpUHLMM 3BYYHT CleaylOuluM o00OpasoMm:
eClii CHCTeMe OTCYeTa, Haxomsilleics B TNOKOe, NMPHAATh PaBHO-
MepHOe MpsIMOJIMHEHHOe ABHXKEHHE, TO B Hell He OOJKHbI H3Me-
HUTBLCSA CHJIbI, CKOPOCTH, yckopeHHs W T.4. C yueToM CKa3aHHOro
PaccCMOTPHM TPH XapaKTEPHBIX clTy4yas TeueHHs 3¢upa. B kauectse
u3yyaemoro obbekTa marepHanbHOro mupa Beibepem atom. Cum-
TaeM ero ¢opmy cdepuueckoii. JIioboe Apyroe Teno COCTOMT B KO-
HEeYHOM cuére U3 aTtomoB. IToaToMy He3aBHCHMMO OT dopMsl Tena
pe3ybTaT CWJIOBOTO B3auUMOAeHCTBHS OyoeT nMpeacTaBiiaTh COOO
CYMMY CHJI, OEHCTBYIOLIMX Ha Bce aromMel 3Toro tena. Cuuraem
MJIOTHOCTb BELLECTBA sApa aTroMa HACToNIbko OoybLIOH, 4To 2¢Hp
HE MOJXKET MPOTEeKaTb CKBO3b HEr0 W BbIHYXKAEH oOTekarb sApO CHa-
pyxu. BHyTph nonanaer tonbko 3¢up, nornomaemMslii aToMoM M
NPUBOAALLMH K yBeJHYeHHI0 ero Macchl. K CBEAEHHIO, [LIOTHOCTD
SZlpa aToMa BOLOPOAA MPUMEPHO PaBHa 3,2 . 10’ r/cm a IUIoT-
HOCTb Y - kBaHTa gocruraetr 10 r/cm3 [17] Hns cpaaueuua
HarOMHHM , 4TO IUIOTHOCTk BOAbI paBHa 1 r/CM

1. CHavana paccMoTpuM Ciyyait paBHOMEPHOTO NMpAMOJIHHEN-
HOrO ABH)KEHHsI 4TOMA CO CKOpPOCThIO V., Hepe3 notok 3¢mpa. Ilo-
TOK ABHXETCS HaBCTpeuy atomy (puc.l) co CKOPQCTBIO V. Cko-
pocth Vo, H V' M3MepAIoTCs OTHOCHTENLHO MONS CTIOKOHHOro 3¢u-
pa. OTO TeYeHHEe OMNMHCLIBAETCH MATEMATHHECKHMI BbIPAXKESHHUSIMHU °
(3) - (5) npu 3HayeHnn koadduurenta npoHuuaemocty € = 1. C
MOMOLUBIO BeIpakeHuii (4) u (5) sanmmem ckopoctd Vy u Ve Ha
NOBEPXHOCTH AApa aTOMAa NPH T =T, , I'IEe [, - PaAUYC SApa aToMa;

*®
Vro= - q/4np,r’s - Ve COSO
(10)
* * .
Cuna, pelicTByoLlas Ha aToM, CKJIaAbIBAETCA M3 CHJI JABJICHUS
X, Ha ero rnOBEpXHOCTL CO CTOPOHBI OKpyXalolero 3¢upa U CHl -
uuepuun Xy, KOTOpble BOZHMKAIOT H3-3a TOI0, 4YTO BHYTpPb 00OBEMa
aroma, Kak v B aApyrue tena BcenenHoi, nocrynaer 3¢up. B pe-

3yJIbTaTe 3TOr0 U3MEHSETCA KOJIMUYECTBO ABHXKEHHs MOrjiouiaeMomn
Macchl 3()Hpa v BO3HHUKAeT UMIyabc cuibl . MTak,
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F=X, +X, . (11)

Cuna gaBsieHHs 3anMCbIBaeTCA B BHAE ABOMHOrO HHTErpajia Ino
MOBEPXHOCTH AAPa aTOMA

‘ Xp=- _”p cosO dS,=1/3 qV,

So

JaBneHue P 3anucbiBaeTCs ¢ NOMOLBIO ypaBHeHus: bepHyum s
Hec)KHumMaemoi xuakoctH [18] :

p=po - P> (V> + V.2)2,

FTAC Po - AAaBJACHHUEC TOPMOKEHHSA, TO ecThb AaBJICHUE B CHOKOHHOM

a¢upe; So- nowans NOBEPXHOCTH Aapa atoma; dS, = r, ’sin6do dy
- 3JIEMEHT 3TOH NMOBEPXHOCTH.

Cuna uHepUMH 3anHCLIBAETCS B BHIE |

Xo= -ps[[ Ve Ve dSe = qV'-qVa/3.
So

CymMmapHas cuia, neHCTBYyIOLLAs HA aTOM B HarpaBJIEHUH TO-
Toka 3¢Hpa, B COOTETCTBUH ¢ hopMmyHoi (11) Oyner :

F=qV" (12)
C yuerom BeipaxeHus (6) 3ta (Qopmyna nepenucoiBaeTcs B
BHUAC.

F=amV' (13)

H3 nonyuyeHHoll ¢opMyJibl crneayeT HECKONbKO 4pe3BbIYaiHO
HHTEPECHBLIX BbIBOJIOB. Bo-nepBbix, O4eBUAHO, YTO NMPH paBHOMEp-
HOM NpPAMOJIMHEHOM NBHXKEHHHM aroma uepe3 Mojie HEroABHXK-
Horo 3¢upa, Koraa V" =0, atom He OyneT UCnbITbIBaTh CHJIOBOTO
COMPOTHUB/IEHHS CBOEMY ABHXKEHHUIO CO CTOpPOHbI 3¢upa. Bo-BTO-
pbiX, HAXOAACHb B MOTOKE 3¢Hpa, aTOM HCMLITHIBAET CHJIOBOE BO3-
AeiiCTBUE, paBHOE NMPOH3BeAcHHI0 k03¢ dHLIHEHTA YAEILHOrO pac-
XoAa o, MacCel Tea m W abcomoTHO# ckopocTH moToka 3¢upa
V'. Cuna HanpasjieHa B CTOPOHY ABWxXeHUs 3dupa. B-TpeTbux,
4yT0 OCOGEHHO BAXHO, 3TAa CHJIa HE 3aBUCHUT OT BEJIHYHHBI U Ha-
MPABNEHHS - CKOPOCTH COOCTBEHHOI'0O pPAaBHOMEPHOrO NPAMOIH-
HeHHOro ABv)KeHHs atoma. BceneacTsue Toro, uro yoboe mare-
pHanbHOE TEeJNO COCTOMT B KOHEYHOM CuUeTeé M3 aTOMOB, OHO -
HEe3aBUCHMO OT (hOpMbI TaK)ke MNOAUHHAETCS STOMY 3aKOHY.
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JTO oYeHb BaXKHO 3HATb, TaK Kak BO BcejleHHOM MMeeTe¢ss MHO-
)KECTBO MATepHAIbHBIX TeJl, KaXA0e U3 KOTOpbIX noraowaer 3pup
M co31aéT BOKPYr cebsi noJsie ABHXKYMIErocs C PasHbIMH CKOpOC-
TaMmu 3¢upa. Ilpu 3TOM Henszbe:KHO HEKOTOpbIE Tella 0Ka3bIBAIOTCS
B MOTOKax 3¢upa, BLI3BAHHBIX APYrMMH TeslaMu. B pesysibTate, kak
ObLIO MOKA3aHO, HA HUX AEHCTBYET CHUJIA, OnpefensieMas 3aKOHOM

(13).

2. TIpencraenser OonbwION HHTEpEC U HYXKOAETCA B U3YUECHUM
CUJIOBOE BaumoaeiicTere 3¢grpa ¢ MaTrepHaAIbHBIMH TEIaMH NPU HX
YCKOPEHHOM HJIH 3aMefJIeHHOM ABHxKeHHH. YToObl pazoOparbcs B
3TOM, CNIEAYET MOMHHTb, YTO NMPH PAaBHOMEPHOM IPAMOJIMHEITHOM
ABHXKEHUH MaTepHaJIbHOro Tesa (atoMa) CHI0BOE B3aUMOAEHCTBHE
Tena U 3¢Hpa NMPOHCXOAUT TakK, Kak ecjd Obl Teno ObLTo Hemoa-
BHXKHBIM. DTO YPaBHMBAET Mexay CoO0i B CMbIC/IE HalpaBiieHHS
CKOPOCTH 3aMelJIeHHOe M YCKOpeHHOe ABHxeHue. Ecnu teno non
BO3AEHCTBHEM BHEIUHelH CcHABl mpuobOperaeT yckopehune dV/dt
(ymoboro 3Haka ), To Macca 3¢upa, MOCTynawIero BHyTps Tejia B
eAMHHULY BpeMeHH q/a, MpHoOpeTaeT OTHOCHTENBLHO TENia TAKOE XKe
Mo BeJIMYHHE, HO MPOTHBOMNOJIOKHOE MO HaIpaBJieHHo (3Haky) yc-
kopeHue -dV/dt. B pesynbrare nornouaemelii TeqoM 3¢pUp CO3RAET
CWJly MHEpLHH, OeHCTBYIOLLYK HA TENO B HanpaBJieHHH, MPOTHBO-
MOJIOXKHOM YCKOPEHHIO :

= -(g/a)dV/dt = - m dV/dt.

H3 sToro cnemyer, 4to njis npeomosieHUs CWJIbl MHEPLHH B
MOMEHT pPasroHa Tejia K HEMy HY)KHO NMPHJIOXKUTb CHITY, PaBHYIO MO
MOAYJIIO CHJIE WHEPLMH H, CJENO0BaTEeNIbHO, MPOMNOPLUHOHANIbHYIO
MPOH3BEAEHHUIO €0 MacChl Ha YCKOpEHHeE :

F= mdV/dt. (14)

3. Hanee oOpatumcs K 3aKkOHy BcemMHpHoro taroreHus Hblo-
ToHa. M HuioTtoH He manm TeoperHueckoro 0O0OCHOBaHHA rpaBH-
TauHuH, He Hawey (PU3nieckor NPUUHHLI eé BO3HHKHOBEHHS W He
BCKpBL1 MeXaHu3M e€ aeictui. B csoux “Hauanax™ on orpanu-
YMJICA CJIOBaMH : - ‘THMNOTE3 He u3mbla’. QaHako Takue romnbiT-
K4 HEOAHOKPATHO MpEANPUHHMANIMCh HA MPOTAXKEHUH CTOJIETHM
MHOrMMH yueHbIMU [2]. U3BecTHO Gonee 25 paboT, B ocHOBe KOTO-
PBIX JIeXaT NpeacTae/ieHHs 06 3¢upe. ['naBHble HOen 3THX pabot
cBOAATCA K TpEM OCHOBHbIM. Ilepmas PacCMaTpPUBAET TATOTEHHE
KaK pesyJibTAT pacnpocTpaHeHHs MyjbCalHii aTOMOB uepe3 3¢mup.
BTopas - kak nposiBiieHHe CHJT MEXAY “WCTOYHUKAMM® M “CTOKa-
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My’ 3¢upa. Tperss - kak cnencrBue 6oMOapaAMPOBKH MaTepHab-
HbIX TeN yacTuuamu 3¢Hpa. Bce 31 paboThl He JIMIIEHBI BHYTPEH-
HUX NPOTUBOpPEUHH, YTO H 00YCIOBHIIO WX HENPHUATHE.

IIpobnema oueHb cnoiHa. Jlake moHHMMaHMe TepMHHaA ‘CuHia
BCEMHPHOIO TAMOTEHHA He sABJseTca opgHo3HauHbiM. J[o 1915 rona
3TOT BOMNPOC H3NArajics AocrarouHo akkypaTHo. IloauépkuBanocs,
4TO BCE YaCTH CYLIECTBYIOLLEH B MHpe MaTepHH, HaCKOJIbKO OHH
AOCTYTIHbI HalleMy HaOJIIOAEeHHIO, NMPOABJIAIOT 0COO0ro posa Kaxy-
meecs B3auMoAeicTBHe. DTO B3aMMOAEHCTBHE 3aKIIOYAETCS B TOM,
YTO B MACChl M; U My NMPOU3BOJbHOH (JOPMBI H OTCTOSILIHE APYT
OT Apyra Ha PacCTOSHHU I, HAMHOrO MpeBLIAIMmEM UX COOCTBEH-
'Hbl€ pasMepbl, BbLI3bIBAIOT NMpOsiBJeHHE 0COo00H CHiIbl, AEHCTBYIO-
e Ha 3T Macchl. IIpyuueM 3TH cunbl creMsTcs COMU3UTL UX MEX-

oy cobof.

C uncTO BHEWIHEH CTOPOHBI SIBJICHHE MPEACTABAETCA TaKUM,
Kak ecjii Obl M3 KaXKOOi MacChl MCXOAWNA CWJIA, NEHCTBYIOIIAasA HA
apyryio maccy. Cnexyer, oAHaKo, MOMHMTb, YTO CJIOBaMH “‘Tesa
MPUTArUBAIOTCA TOJIBKO BKpaTLie U yaA0OHO OIHCBIBAEeTCS 3TO SiB-
JIeHHe. DTO Hesb3sd MOHKMMAaTh B OykBasibHOM cMBIcie, OyaTo macca
M) aKTHBHO M HETNOCPEACTBEHHO TAHET MacCy Mgy k cebe ¢ cunoii F.
B nefACTBUTENLHOCTH MBI TOJIBKO MOXEM CKa3aTb, YTO NMPHCYTCT-
BHE MAacCbhl M; Ha PacCTOAHHU I OOYCJOBJIMBAeT BO3ZHHMKHOBEHHE
cuisl F, peficteytomeii Ha maccy my. Ha puc. 2 npuseaena doro-
rpadust 3emsn co cropousl JlyHsl, WuTIOCTpHpYyIOLIas HeHCTBHE
’CHJ1 MPUTSDKEHHA.
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Bonpoc o Tom, kakHe Macchl BXOOAT B 3akoH HeIOTOHA, HUKEM He
NOAHUMAJICA, TaK KaK CUMTAJIOCh, YTO 3TO Te JKE& CaMble MACChbl, O
KOTOPbIX FOBOPHJIOCH BO BTOpoM 3akoHe HuloToHa. OpHako He no-
Ka3aHO, YTO HHEPTHas U BECOMAasi MacChl ABJIAIOTCA OOQHOM M TOH XKe
BenHuHHOM. MIX mMponopLMOHaNbHOCTD VIS PA3IMUHBIX TN JIMIIb
KOCBEHHO I0KA3bIBA€TCS HA OCHOBAHMH TOro ¢axra, 4To Ha 3eMHOM
NMOBEPXHOCTH B OMHOM M TOM K€ MECTe BCE Tejia NafaloT ¢ OAHUHa-
KOBLIM YCKOPEHHEM.

I'panano3Hoe pa3BuTHe HEOECHOM MeXaHHKH, LEJIMKOM OCHO-
BaHHOI Ha 3aKOHe BCeMHUpHOro TaroreHus HbloTOHA, 3aCTaBUIIO CO
BpeMeHEM YuYEHBIX 3a0bITh O YHCTO OMMCATELHOM XapaKTepe 3aKo-
Ha HeloToHa M yBHIEeTh B HEM aKkTUBHOE AanbHOAeHCcTBHe [16].

Hnes nancHopercTBus ewé 6onee okperuta B koHue X VIII cro-
JIeTHs, KOraa OKa3aJloCb, YTO MAarHUTHBIE U 3JIEKTPHYECKHE B3aH-
MOJAECTBHS MOryT ObITb CBEOEHbl K 3aKOHaM, aHaNOrM4YHbIM 3a-
koHy HbiotonHa. OnHako ewé B nepsoii nonosuHe XIX cronerus
dapaneit, Benuyaitiumii sxcriepumeHTaTop v pusuk-dpuiocod, nep-
BbIM YKa3aJl Ha HecoOOpasHOCTL AOMYyLIEHHS AAbHOAEHCTBUA, TaK
KAaK CUMTaJl, YTO TEJIO He MOXKET BO30Y»KAaTh CHIIy TaM, IZIe OHO He
HaxoaHTcd.. OH crieuanbHO 0OpaTHIICS K MArHUTHBIM M 3JIEKTPH-
YECKHM fBJIECHHSAM H YKa3all, 4YTO B 3THX ABJICHMAX TJIaBHYIO POJIb
HrpaeT NPoMeXCyTOYHasi CPeAa, 3aroJIHAIOMAs MPOCTPAHCTBO MEX-
oy tenamu. ITozxe onbiTel I'epua aokaszanu cripaBemyIMBOCTb OC-
HOBHbIX B3rnanos Papanmes Ha posb NMPOMEXYyTOUHOM cpedbl B
YNOMAHYTHIX ABAEeHUAX. OQHAKO HMKOMY A0 CHX NOp HE YAaloch
co3aath Oe3ynpeyHyi0 MaTeMaTH4ecKyl0 MOAENb TakoH cpeabl s
00BACHEHHS CHJIbl BCEMHUPHOTO TATOTEHMS.

Bornpoc 0 BCeMHpHOM TSArOTEHHHM MPHHSAJ APYTOil XapakTep,
koraa JuHwTedH B 1915 roay cospman oOuylo TEOpHIO OTHOCH-
TENLHOCTH H, MO CYTH, 3aMEHHJ1 MOHATHE CHJIbI MPUTAXKEHUS TMOHS-
THEM KPHUBU3HbI MPOCTPAHCTBA - BPEMEHH OKOJIO MACCHBHBIX TeJI.
Pewienne, koropoe gan DiHHIITENH, HeNlb3s HAa3BaThb ACHBIM C PH3H-
yeckoii ctopoHbl. Ckopee, 310 ¢opManbHOe pelieHHe, BbITEKal0-
l{ee U3 MaTeMaTHYECKOH TEOpHH, B KOTOpOi (pH3HYecKHe mpexnro-
CbUIKHM H OCHOBBI MOT'YT ObITh YKa3aHbl C OOBIIMM TPYHOM.

B nanHoii pabore npexanaraercs HoBoe pelleHHe MPOOJieMBI
rpaBUTAaLHH HA OCHOBAHHM I(PUPOAHHAMHUECKON MOAEIH M OIfH-
caHHoro paHee 3akoHa (12). Urobbl mousaTe MexaHW3M.aeHcTBHA
rPaBUTALHM, MBICJIEHHO MOMECTHM B NOJie TeYEHHS OKOJIO MAaCCHB-
HOIO Tena C yaeabHbIM MacCoBbIM pacxonoM 3dupa q; Apyroe Teno |
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MEHbLIHX pa3MepoB CO CBOHM YyAeNIbHBIM pacxoaom (2 . Ilpenno-
nlaraeM, 4T0 PacCTOSHHE MEXOy LeHTpaMu Ten (IapoB) HAMHOTO
Oonbuie paguyca manoro tena. CnenoBatesibHO, MOXKHO CHHMTATh,
4TO HA MaJioe TeJO HaberaeT paBHOMEPHLIM NMOTOK C MOCTOAHHOMH
CKOPOCTbIO, HANMPAaBJIEHHOM K LIeHTPY O0NnbIIoro Tea :

V:l = q1/4np3rz.

B s10it dopmyne 3Hak “MHHYC” OmylleH, Tak KaK HampaBjieHHe Te-
yeHus K LeHTpy Oosbmoro Tena orosopeHo cioBamH. CornacHo
¢opmyne (12) npuq=qu V= =V, | Ha MaJIOE TeJIO B HANPABJICHHH
6onbwioro 6yner neficTBoBaTh CHJIA :

2
F= (q q2)/(4mp.r”) .
3aMEeHHM yneNbHBIE PACXOAbI () M (2 € NOMOLLLIO Gopmybi (6) Ha
MacChbl MAJIOr0 M GOJILLLIOrO TEJ

F = a’(m; my)/(4np,rd). (15)

AHaNoru4yHble paccyAeHUA MOXHO MPOBECTH B OTHOLUEHHMH
CHJIOBOr0 BO3AEHCTBHS MaJIOro tejia Ha Oosbiioe, Tak Kak B MOTeH-
LHAJBHOM MOTOKE, ONMMChIBaéMOM ypaBHeHHeM Jlaruiaca, npume-
HHM MPHHLMI HAJI0XKEHUS NMOTOKOB. Takum o0pas3oM, BHIpAXKEHHE
(15) ompegensier cwiy, ¢ KOTOpPOii KakKaoe H3 pacCMaTpHBaeMbIX
TEJ Yepe3 NMPOMEXYTOYHYIO cpeny 3pHpHOro rasa Bo3aeiCTBYET Ha
npyroe. BeiBoa cnpasepgnuB mis jwoboro uucia MaTepHAILHBIX
ten. Kak yxe oTMeyalioch, 3TH CHJILI HE 3aBUCSAT OT CKOPOCTEi paB-
-HOMEPHOro ABHXKeHHs 3THX Tej. ConocraBiss MOMy4YeHHyI0 ¢op-
MYJly C 3aKOHOM BCEMHPHOro TaroreHs HeloToHa

F=f(m my)/r,
B KOTOPOM TOCTOSIHHas TArotenus £ = 6.7 « 107 CM3/(r-cz), HMeeM
dopmyny CBA3H
= a’/(4np,).
OTcrona MOXKeM ONpPEAENNTE IJIOTHOCTL 3PHUPHOro rasa |
Py = o’/ 4nf=1.19.10° r/em’

IInoTHOCTE 3¢PUPHOro rasa okasanack o4eHb OOJILIIOM, YTO NPO-
THBOPEYUT YCTAHOBHBLIEMYCsl npeacraBieHHI0O 00 3¢Hpe Kak o
4éM-TO HEBECOMOM U bectenecHom, [loxanyi, HMEHHO 3a€eCh Haxo-
auTes Hanbosiee TpyaHO MOHKMaeMas 4acTb TeopuH 3¢upa. B cBs-
31 C 3TUM. ClieAyeT NMOMHHUTB, YTO IUIOTHOCTh 3(pHpa HeJib3s OTOXK-
LNECTBNATH C TUIOTHOCTHLIO TeJI, TaK Kak caM MUPOBOit 3¢Hp B 0Ob1u-
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HOM COCTOSHHH He o00siamaeT CBOMCTBOM Tesi noraowath 3¢up.
Henbas otoxaectenaTs Gonblylo rmioTHoCTL 3¢dHpa ¢ cyObekTHB-
HbIM, NOACO3HATEJIbHBIM NPEACTABJIECHHEM O 3aTPYAHEHHOM IpO-
ABHXKEHHH TeJ 4Yepes3 IUIoTHYI0 cpeay. PaHee yxe Obno nokasaHo,
YTO NpH ABHXKEHHH TeJ1 C NOCTOAHHOM CKOPOCTbIO Yepe3 3¢up OHU
He HCMBITBIBAIOT CONPOTHBJIEHHS CBOEMY IBHKEHHI0. Dup Henb3s
HaOpaTb MY YAAIMTbL M3 Kakoi-nH60 émkoctH. OH 3anonHseT BCE
NPOCTPAHCTBO U JIErKO NMPOHH3bIBaET MaTepHalbHbIE TENA.

YuuTthiBag, 4T0 HMEHHO 3PUpP CO3MAET CHUITY MHEPLIUH TPH yC-
KOPEHHOM JBH)KEHHH TeJ U CHITY TAXeCTH ( MPUTAKEHUS ), MOXKHO
NMOHATH, YTO OH HE MOXKeT ObITh NMO3THYECKH OecTesleCHBIM, a n0JI-
’KeH UMeTb GOJIBLIYIO MNIOTHOCTh U HHEPLIMOHHOCTb.

BosBpauiasich K BONpOCy O TOM, OLIYILAET JIM KaXKAbIH 4esIOBEK
CHJIOBOE BO3ZeiCTBHE 3(p1pa, OTBETHM, YTO KaXKAbIH YEOoBeK Ouly-
lfaer Ha cebe 3TO BO34eHCTBME B BHAE AaBAlLEH CHJIbl TAXKECTH, B
BUJIE CWJIbI MHEPLIMH B MOMEHTBI pa3roHa WM TOpMoOxkeHus. Bce
HallKM NPHMBLIYKH, YCTPOMCTBA M MeXaHU3Mbl (PYHKLHOHHPYIOT C
yuétoMm 3TOro BosaercrTeusa. IlopoH, kak Mbl 3HaeM, HEHOOLIEHKA
3TOr0 MPUBOAMT K TPArH4eCKHUM MOCAeACTBHsAM. TOJbKO ABHrasch
NPAMOJMHEHHO C NOCTOAHHOH CKOPOCTbIO, YeJI0BEK MOXET Ha Bpe-
M3 3a0bITH O CylLeCTBOBaHHUM 3(upa.

Ha ocHOBaHHHM HaMAEHHbIX 3HAYEHHIH O, H P, B COOTBETCTBHH C
dbopmynoii (9) noacunTaeM panHalibHble CKOPOCTH 3¢upa Ha mno-
BEpXHOCTH psazaa ten BceneHHoii. PesynbTaTthl pacueToB cBenéM B
tabn.1. U3 Tabnmipl BHAHO,4YTO paguanbHbie CKOpPOCTH 3¢dHpa Ha
NOBEPXHOCTH BCEX PACCMOTPEHHbLIX TeJ OCTAIOTCS MEHbLIE CKOPOC-
TH CBETa B MYCTOTE.
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Tabnuua 1

HaumenoBanue Macca, Pamnyc, Ckopocts | CKOpoCTb
o0bLeKTa r CM a¢upa, a(upa,
KM/c m/c
3sesqa Boneh 457-
Genblit Kap/uk LOle 10¥ | 07108 136800 | 0.76 ¢ 10°
3pe3na Ban-MaaHeHa-
Gelibiil Kapauk 0280 10% | 490 ¢ 108 7800 0,78 o 10’
3se3pa ¢nyTHuk Cupuyca
- GeJILIil KapauK . 170 e 0,20 ¢ 10" 293 0,29 e 10¢

CosnHle-38e34a

20 ¢10% | 640 ¢ 10" 0.273 027¢ 10°

? 3eMiud-IvlaHeTa |

6.0 10% | 640¢10% | 0.00981 9.81
073010% | 1.7310% | 0.00163 1.63 |

' JIyHa-cmyTHHMK 3eMIH

} slapo aroMa Bojopojaa
N 1.66010%* | 05 ¢ 10" | 043010 | 043 ¢ ]0°

OnHAKO HAa MOBEPXHOCTH CaMOIl MAJIEHbKOM M3 M3BECTHBIX 3BE3[
tina “6enoro kapauka’ Bonbd 457 ckopocTe Okxazanach 4yTh
MeHbLUe MoJIoBHHBI ckopocTH cBeTa. Ha nosepxHocTH 3emnn pa-
OHalibHas ckopocth 3¢urpa HeBenvka. OHa okazanacek paBHOH 9,81
m/C, COBRAAAKOLLE YUCIEHHO ¢ YCKOPEHHEM CHJIbI TAXKECTH.

4. OBTEKAHHUE INOBEPXHOCTH
JEMJIH 2OHUPOM. OIIBIT ®H30

CdopmynupoBaHHble paHee 3aKOHbI CHJIOBOTO B3aHMOAEHCT-
BHs MaTEpHAIbHBLIX TeJl ¢ TeueHHeMm 3¢Hpa 3acTaBNAIOT Mepeo-
CMbICIIWTb YCJIOBHS CYLUECTBOBAHHS MATEPHAIBHBIX TeNl WU MKHBBIX
CYLLeCTB HA MOBEPXHOCTH 3eMJIH B MOTOkax 3¢Hpa, OMbIBAIOLIHX
3emmo. [Ipu 3TOM BO3HMKAET OnaceHHe, YTO Mbl CaMH 3arHajiu ce-
Ost B JIOBYILKY, H3 KOTOPOH HEBO3MOXHO BblOpaThcs. [leno B Tom,
4YTO OueHb Hebonbllas paaranbHas ckopocTs 3dHpa V = 9.81 m/c,
HMeIOLLasi MECTO HA MOBEPXHOCTH 3eMIIH, SIBJISETCS COTJIaCHO 3aKO-
Hy (13) npuunHoil aeficTBUsA cunbl TaxKecTH. BMecTe ¢ TeM B H3-
BeCTHOM omnbiTe D130 66110 MOKA3aHO, YTO TEKYIIas BOAA YaCTHY-
HO YyBJIeKaeT 3a coboit 3¢up B OTHOLIEHHH, paBHOM K03pPHLHEHTY
YBJIEYEHHS ' - -

E=AV,/V, =1-1/n" = 04347, , (16)
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rae Vo - CKOPOCTb TeKywel Boawl, AV, - ckopocTb 3¢Hpa, yBie-
KaemMoro BOAOH, N - MOKA3aTeNb MpeioMieHHs CBETa B Boje ( n =
1.33 ). OuesuaHo, uto ecau BOAA yeJiekaet 3a coboit a¢up, TO M
Apyrre marepHaibHbIE TeS1a AOJKHEI yBekarh 3a coboit adup. Ha
MnepBbli B3rAsA, 3TO OTHOCHTCS Takke M K camoii 3emie, KoTopas,
KaK H3BECTHO, IBHXKETCA MO cBOoeH opbute Bokpyr CosHLIAa CO CKO-
pocTbio Vo = 30 km/c. Jlaske nmonosuHa 3Toi CKOPOCTH B COOTBET-
ctBuM ¢ (16) B 1500 pa3 npeBblwiaet paguanbHyIo ckopocTh Vo =
= 9.81 m/c. I 310 He Bce. Jleno B ToM, uto 3eMiis JBHKETCA emIé
BMecTe ¢ CoNHUEM BOKPYT LUEHTpa BpameHus MaeqHOro MyTH co
CKOPOCTBIO 'V, = 220 kM/c. TToaToMy Ha ocHOBaHMM BbIpAKEHHIt
(13) u (16) MoxHO OxHAaTh, 4TO Ha J0GOH NPEAMET WIH KHBOE
CyleCTBO, HaxoAsileecs Ha MOBEPXHOCTH 3eMJIH, AOXHA Obina Gbl
AeiictBoBaTh cuna, B 11000 pas npesocxomsiiias cuily TAXKECTH.
OnHako atoro He npoucxoaut. Ho nouemy ? 3TH COMHEHHA BHOBb
OTOpachIBAIOT, HAC K BOMNPOCY , CTOABIIEMY Hepef Haykoi 100 ner
Ha3al: a CYWEeCTByeT Jik 3¢up B aelicreutensHoctu ? He sBnsercs
JIK OH I10A0M BOoOpaxkeHus ?

Heckonbko obneruaer 3anauy to o6cTosTeNbCTBO, Y4TO cOOCT-
BEHHO€ paBHOMEPHOE M TNpPAMOJIMHEMHOE MABUXKEHUe MaTe-
PHAIbHBIX Tel Yepe3 3(QUP He MPUBOAMT K CHIOBOMY MPOTHBO-
AEHCTBHIO OBHKEHHI0. U3 3TOrO Ccriemyer BBIBOJ, YTO Mbl JOJIKHBI
H3Y4HTb A0CONMIOTHBIE CKOPOCTH YacTuL, 3¢Hpa OTHOCHTENBHO NOs
HETOABMXXHOrO 3()Hpa B TOUKAX MPOCTPAHCTBA, COBMANAIOMHX B
000 MOMEHT BPEMEHH € TOUKAMH MOBEPXHOCTH 0GTEKAEMBIX TEN
M, KOHeuHOo xe, 3emid. Maremaruueckoe BbIpakEHHE 3TOrO
TeueHus farT Gopmynsl (3) - (5). Yto6w! He 3arpomMoKaaTh AaTb-
Helllge H30XKEeHHEe, NPUMEM abCOMOTHYIO CKOPOCTb MOTOKA ¢H-
pa V paBHOH HyNO, TO €CTb pPacCMOTpPHUM 3Ty 3ajady s Cho-
KOHHOro 3¢upa. B pesysnbTate nosyunm BoipaxceHUs

¢ =q/Anpsr +eV, ro> cosd /2r%, (17)
V. =-q/4np,r® - eV, 1, cosd /r° (18)
Vo =-8Vur, sind/2r . | (19)

3Bé3nouka B ypasHeHHsix (17) - (19) osnauaer, urto V, H Ve - a6-
COJIIOTHbIE CKOPOCTH OTHOCHTENLHO [OJA CMOKOiHOro 3¢upa.
AHaM3upys BbIpaxeHHs 1 ckopocteii (18) u (19), BHUIHMM, 4TO
npu r —> o, T.e. M0 Mepe YaJieHus oT Tea, ckopoctH V; H Vy
OueHb OBICTPO YMEHbLIAIOTCS, CTPeMsiCh K Hynio (cm.puc. 1).
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. Ha nosepxHoctv HenpoHHuaembiX Ten ¢ KoadgdHuueHrom g=1
npu [ = I, paiMalbHas CKOPOCTb V, cKi1aabiBaeTca M3 aﬁcomoT;
HbIX PaAHAIbHbIX CKOPOCTEH TOUYEK TeNa U paaHalbHbIX CKOPOCTEH,
BbI3BAHHLIX CMOCOOHOCTLIO TeJj1a rioryiomwars 3¢upHbIii ra3. BHyTpb
Tesla NMonagaer TONLKO TOT 3(HUp, KOTOPBIM NOrJOLAETCA TeJIOM.
OcranbHoil 3¢mp BbiHy)neH obTekaTh Tesno cHapyxu. OkpyxHas
ckopocTs Ve  HarpaBlieHa Mo KacaTeNbHOH K MOBEPXHOCTH Tena.
OHa 13MeHseTCA 1Mo CHHYCOMAABHOMY 3aKOHY OT HYJIA B TOYKax 1
H 3 00 NMoJIOBHHBI CKOPOCTH V,, B TOUKAX 2 U 4.

Hns abconoTHO npoHHUaeMbiXx Ten ¢ KoddduureHTom € = 0
TeJ0 cBOOOQHO MpOHM3bIBaEeTCa 3()HPOM, HEe BOBJIEKAs €ro B CBOE
ABHIKEHHE. ~

Kakoii koa3dpduumnert € nonxen 6bith y 3emau ? Cyasa no or-
CYTCTBHIO B HalleH >KH3HH OPYrHX KOCMHYECKHX CHJI, KpOME CHJI
TSXKECTH, ITOT KOIPPHLHMEHT paBeH HyJIIO H, ClIeNOBaTeNIbHO, 3eM-
na cBoOOAHO MpPOHH3bIBAETCA 3PHUPOM. ITO NEerko NMOHATL MpHUMe-
HHUTENbHO K 3eMHOH arMmocdepe, NOCKONbKY CpeaHee pacCTOsIHUE
Mexay OnmkailiuMu MonekysiaMd Bo3ayxa paBHo 100000 none-
PEYHHKOB CaMMX MOJieKyJl. TpyaHee CMUPHUTBLCA C 3THM B OTHOLLE-
HHUM Oonee MUIOTHBIX Tes. PaccTosHue Mexkay MOJIEKyJaMH BOAbI
HaMHOro MeHblle, 4yem y Bosayxa. CpeaHss NIQTHOCTh 3eMIH eLué
Oonblue, uem y BoaAbl, U AocTuraer 35.467 r/em’. D10 Gonbluas, Be-
JIMYHHA B MNOBCEAHEBHOM »KH3HH, HO HeBOOOpa3zuMO Masas o cpas-
HEHHIO C MJIOTHOCTBIO sAPA aTOMA BOAOPOAA WM Y - KBAHTA, AN
koTtopbix € = 1. TloatoMy 3emns B LenOM OKa3bIBAETCA MPOHH-
uaemont ana adupa. TpyaHo npencraButh cebe 3emii0 NpoHHU-
LlaeMoil, CJIOBHO CMTO MJIM pewero. Tem He MeHee, 3TO HE HOBOE
NPeACTaBAEHHE, TAK KaK M3BECTHA JJIEMEHTapHas 4acTHLa “HeH-
TPUHO™, KOTOPAs JIerko NPOHU3bIBAET 3eMJ/110 HACKBO3b, HE CTpeuas
NPy 3TOM HUKAKOro conpotusneHus [8,13].

Takum ob6pa3zom, MOXKHO yTBepa#JAaTh, 4TO 3eMJIA B CBOEM ABH-
)KEHHUH MPAKTHUYECKH HE YBEKaeT 3a co60M 3¢Hp. ITO NOJIHOCTHIO
COOTBETCBYET #ABJIEHHIO 3Be3gHOH abeppauud. Taxoe npeacra-
BJ€HHE O ABMIXKEHHH 3eMM HeoO0XOAHMO Y4eCTb B JaNibHeilllieM
npu aHanuse onbita Malikenscona. U3 NPOBENICHHOr0 aHANN3a Clie-
AyeT, 4TO M3-32 OTCYTCTBHA abCOMIOTHLIX CkopocTei 3¢upa, Bbi3-
BAHHBIX AB/KEHHEM 3eMJIH, Ha €€ NOBEPXHOCTH He OymeT cui, or-
peaenseMbix Gopmynoi (13) KOTOpble MOrJIM Obl pasfnaBHTb WIIH
CMECTH BCE KHBOE H HEXKIMBOE C €€ MOBEPXHOCTH. .
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Hanee pa3bepem onbiT ®H30. OcOOeHHOCTH ITOrO IKCIIEPUMEH-
Ta 3aKJII04YAETCA B TOM, HYTO CBET PacClpOCTPAHAETCA HE CHAPYXKH, a
BHYTPU MOTOKA BOALI, B HEMOCPEACTBEHHOH OJNH30CTH K- siApaMm
ATOMOB BOJAOPOZA H KHMCJIOPOAA, COCTaBJAIOMIMX MOJIEKYJTY BOZBI.
Ha 370 ykassiBaeT pakT yMeHbLIEHHI CKOPOCTH pacrpoCTpaHEHHs
cBeTa B crniokoitHoit Bome Ao V = 225 000 xm/c Bmecto C =

= 300 000 km/c mpH pacnpoCTpaHEHHH CBETA B CTIOKOHHOM 3dupe,
BAATH OT MaTePHAITLHBIX TeJl, HJIU, Kak TOBOPSAT, B ITyCTOTE.

Takum obpasom, npu aHanuse npoucxopsulero B onbite Ou3o
cneayer B ypaBHeHHsaXx (17) - (19) B kauectBe k03dduLHeHTa €
OpaTth ero 3HaueHHe, paBHOe eqHHHLE. B 3TOM cityyae B TOukax 2 u
4 (cM. puc. 1) Ha MOBEPXHOCTH AAEP ATOMOB, COCTABJIAIOLIMUX MOJIE-
KYJIbI BOABL, MPU I =1, 1 O =+ 90 paguanbHbie CKOPOCTH V, =0.
B TouKke 2 okpyxHas ckopocTb Vo = -1/2V,. MHHYC 03Ha4aeT, 410
CKOpPOCTb HallpaBJjieHa B CTOPOHY, MPOTUBOINOJIOKHYIO YBEJIHYEHHIO
yrna 6. ITonoxurenbHble yrisl 6 corslacHo puc.l HanpasieHs! npo-
THB 4acoBOil cTpenku. B Touke 4 ckopocts Vo = 1/2V,, . Baxso
OTMETHTb, YTO 3TH CKOPOCTH SBJAIOTCA aOCOMIOTHBIMM CKOpO-
ctaMu TeueHHUs 3¢upa. OHM HanpaBiieHbl B CTOPOHY MOJIOXKH-
TeabHOM ocH OX, TO ecTb B CTOPOHY, NMPOTHBOMNOJIOKHYIO ABHIKE-
HHI0 caMoro Ttesa ( aroma BOAHI )

B onbiTe @130 syu cBeTa, NpOITycKaeMblii 4epe3 TeKyLIylo BO-
Aoy, HAPOXOAUT B HENOCPeACTBEHHOM ONM30CTH OT MOBEPXHOCTH
AfEp aTOMOB, COCTABJIAIOWMX MOJIEKYJIbl BOAbL. Y4YHMTBHIBas 3TO,
npumeM B opmyie (19) ro/r = 0.954 u 0 = £ 90, rae r, - paanyc
aOpa aToma, I - pacCTosHHEe OT LeHTpa aTomMa A0 JIMHMH pac-
MPOCTPaHeHHs JTy4a cBeTa, HanpaseHHOro ok ocn OX. B 3ToM
cily4ae CKOpOCTb 3¢upa V Ha JIMHHUH pacrnpoCTPpaHeHHus Jiy4da cBe-
Ta 3aIHLIEeTCA Kak:

V. = -0.4347V,,

CnepoBarensvHo, Ko3duumeHT yBaeyeHus 3¢pupa npuMeT 3Haue-
HWe, COBMaaaloLlee rno MoayJio ¢ Ko3pPHULUHEHTOM, NOJyYEHHBIM B
onbiTe Pu30:

E=AV/V =|V, | /V, =0.4347.

HHTepecHBIM M napanoKCaibHbIM OOCTOATENLCTBOM SIBJISETCA
HarpasJjieHHe Te4yeHus 3¢upa. Ha nuHuM cBeTOBOroO Jiyya OHO Ha-
NpaBJjieHO He BCjed 3a IABHXKYLHMMCS MOJIEKYJIaMH BOAbI, a B
NMPOTUBOMNOJIOXKHOM HarpaBjieHUH. DTO O3HA4YaeT, YTO B TeKyliek
BoAe obrekaHue 3¢MPOM MOJEKYJT BOAbI IPHUBOAUT K 00pa3oBaHHIO
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MECTHOrO TeueHHus 3¢Hpa Ha JIMHHUM Jiyda CBeTa B 0OpaTHOM Ha-
npaBjieHHH. JTOr0 HE MOIJIM 3HATh YYéHbIe - COBpeMeHHHKH Dn30.
ITosTomy, coobpasysach ¢ OBITOBLIMU MPEACTABIEHHAMH O TeUeHHH
BOAbI, OHW MPEATOJIOKHUIH, YTO YacCTHLHI 3¢Hpa MOAOOHO COpHH-
KaM YBJIEKAIOTCA BCJE 32 YaCTHLAMH TeKylleN BOAbl. DTO He COOT-
BETCTBYET AEHCTBHTENLHOCTH, HO, KaK Mbl YBHUAMM AajiblIe, MPH-
BOAMT K TOMY K€ MpaBWJILHOMy pesynbTaty. UToOwmt yOeantncs B
3TOM, NPHAETCS BOCCTAHOBHMTH cxemy OMnbITa (Duso ( puc. 3 ).
HO3aHMCTByeM eé us[l1]. : |

Oneir ®u30 npoBoaWIICH

B, _|l|B°m_‘i°2, D | mo cnenyromeii cxeme. Cse-
B S— E—— TOBOH JIy4 S najgaa Ha noJsry-

/L L nocepeOpEHHYI0  TUIACTHHKY
A, pasgeasiomyo ero Ha IBa

Y L, nyuya: AB n AC. 3epkana B,C
@_;\/ > —— | H D, MOCTaBJIEHHbIE NOA Yr-
AR — / C | nom 45 K NanAOWIMM HA HHX

S lmmﬂ Vo Puc.3| jiyyaMm, nosopauuBaiM MX Ha

yrabl 90 . Benencteue atoro
pasfienéHHbIe B TOUKe A KOrepeHTHBIE JTy4H CBETa obxogunu yc-
“TaHOBKY. OAMH IO 4acOBOM, APYrO# - MPOTHB. YNaB CHOBa Ha Io-
JIyTIpO3payHoOe 3epKajo A OHH COEAUHSAIHCb BMECTE, YTO I103-
BOJIsIO HaOmoaaTh KapTuHY MHTepdepeHurd. Ha myTu nyueii pac-
nonaraiuce Tpyost Ly u L,, HanonHeHHble TeKyleld €O CKOPOCTBIO
-V BOJIOH B Hanpap/ieHHH, yKa3aHHOM Ha pUCyHke. OIMH JTyd, rpo-
X0 CKBO3b TPYOBI, &N BCE BpeMs MO Te4YeHHIO, a ,upyron -
npotuB. ®u30 nonarai, 4to 3¢Up, HAXOAALIKIHCA B BOJE, 3TOH BO-
OOW yBhnekasica, U oba jsryya, Mpolas YCTaHOBKY M COEOMHSSACH B
Touke 0, OyayT MMeTh HEKOTOpPYKO pasHOCTh (a3, 00yCnoOBAEHHYIO
pa3HbIM BpeMEHeM, KOTOpOe JiyuaM MOHAAoOHIOCh HA MNpPOX0K-
I€HWe BCero nytv. JTa pa3HOCTb (pa3 onpenenuT XapakTep UHTEp-
¢depenunn B 0. PazHocTb BpeMéEH MPOXOKAEHHS JIy4aMH YCTAHOBKH
CO3AAéTCsi XOAOM Jiyyed Jvlib B ,uBmeLueuca BOAE, TaK KaK B
OCTaJIbHOM HUX MYTH OAHHAKOBBI.

O603HauYHM CKOPOCTb CBETA B MOKOsLLercA Boae uepe3 Ve

( Ve =225 000 km/c). Toraa ckopocTb cBeTa B TeKyllel BoAe OTHO-
CUTEJIbHO YCTAHOBKHM i JIyua, PacrpOCTPaHAIOLLErocs IMpPOTHB
TeédeHus1, paBHa V¢ - £V, a A Jiyua, pacnpocTpaHAIoLerocs 1o
TeUeHU10, paBHa V¢ + &V, . OTcioma Haxoaum, YTO pasHOCTb Bpe-
MEH At , B TeueHHe KOTopbIX 00a Jiyua 06X0aaT ycTaHOBKY, Oyner:

26



At=t, -t =21/(Vc -EVe)-21/(Ve +EVy, ) =
=41EV, /(Vc? - E2V.) =4 1EVL/VE

3nech BeMuMHOIM £V, npexnebperaloT, Tak Kak OHa MHQOro MeHb-
we, yeM V& | - annHa kaxmoi us 1py6 L, H L, HanosHeHHbIX
Booi. PasHocTe da3 mexay obormu ydamu Oyzet paBHa 27VAL,
rae v - yactora ceeta. OU3HMkH €O3AaNH YCTAHOBKH H MPHOOPSI, C
MOMOILbIO KOTOPLIX MOTyT, U3y4as KapTHHY HHTepdepeHLHH, npo-
BOJAHTbL H3MeEpPEHHs C OOJIbILIOK TOUYHOCTBIO.

BepHéMcsa Kk HalleMy MccCienoBaHHIO. Bbuio mokasaHo, 4To Ha
JIMHUHM PAacNpOCTPaHEHUs JIyuya CBeTa MECTHOE TeueHHe 3¢dHpa
HMeeT CKOpOCTb £V, M HAMpPaBJieHO B NPOTHBOMNOJIOXKHYK) CTOPOHY
IO OTHOLIEHMIO K TeYeHHIO BOAbl. II03TOMY B BRIpaXkeHHsX, Onpe-
AEJAI0WHX CKOPOCTh CBETAa B TeKyuled Bojie OTHOCHTEJILHO YC-
TAHOBKH, HYXXHO [OMEHATH 3HaKH Mnepen BenH4uHOM &V, Ha npo-
THBOIMOJNOXHBIE. B COOTBETCTBHM C 3THM CKOPOCTb CBETA OTHO-
CHTENbLHO YCTAHOBKHM IS Jiyya CBETA, PAaclpOCTPAHAIOILErocs B
Tpybax L; u L, nporus teueHus soabi, Oyner Ve + €V, a ana
Jyya CBETa, PacrnpoCTpaHAKLIErocs MO TEYEHHIO BOAbI, 3Ta CKO-
pocth paBHa V¢ - §V.. Ilpu atom Bpems t; = 21 (Ve + €V ),
3aTpaunBaeMoOe JIy4OM CBETa Ha MpOXOxaeHHe NMyTH 2| nmpoTuB
TeUE€HHss BOAbI, OKa3bIBAETCA MeHbllle BpeMeHW ABHXKEHHA M0 Te-
yeHnio: ty = 21 /[(Vc - €V, ) . OnHako pasHOCTb BpeMéEH, 38 KO-
TOpyro 00a Jiyda 00X0AAT YCTAaHOBKY H KOTOpas Tenepb ornpene-
NISeTCS Kak:

At=ty-t;=21/(Vc -EVa) -2l /(Vc +EVy) =4l1EV,/ V(o
HE MEHSETCS M0 CPaBHEHHIO € TeM, YTO Nnosyuus Duso.

B 3axnouyeHue naHHOro pasgena OTMETHM, YTO Y HEKOTOPBIX
Kuakocten Ko3PPHUMEHT npenoMJieHHs CBeTa CYIIECTBEHHO
Oosbiue, yuem y Boabl. Hanpumep, y 6eHszona oH paBen 1,501.

Bcnencreue atoro ko3(pduuueHT yBnaeueHus 3pupa ABHXYLLIHMH-
csa Mojexkynamu OeH3oa

£=AV./Vo=1-1/n* =0,556.

Ilo cymecTBylOWMM BO33PEHUSM ABIKYIUMECS MOJIEKy bl GeH30Ma
JOJKHB! Obutn Obl yBNEKaTh 3a cOO0M 3HUp CO CKOPOCTBIO AVx |
= 0,556 V..

B 10 e Bpems npu aBikeHHH chepbl B CIIOWHON cpene ca-
Mble BonbliKMe cKkopocTH B Toukax 2 U 4 (puc. 1) He MoryT rpeBbi-
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'
cuTb 3HaueHue Vx = 0,5 V, . CHoBa 3aragxa. OgHako oHa MMeeT
pasragky. HsectHo [10,18], uto mpu oOrekaHMH UMIMHAPA
abCcoNIOTHBIE CKOPOCTH B AHAJIOMHYHBIX TOYKaX B [Ba pa3sa OosbllIe,

ueM y cepbl M HOCTUrAIOT 3HaueHns Vy = V.

Ecnn monekynwl GeH3ona M Opyrux >MAKOCTeW C OONbILMMH
k03 PULHEHTaMH TIpeNIOMJIEHHS CBETA OTJIM4AIOTCA OT chepHuec-
Koit opMbI H MPUOTHKAIOTCA K LIMJIHHAPHYECKOH, TO 3TO 00bsiC-
HseT, nouyeMy HX ko3dbduuveHTsl yBreueHus 3¢dupa npubIH-
KAIOTCA K eAMHHLIE, HO HE MOTYT €€ MPEBbICUTD.

5. KOOOOHIHNEHT CKOPOCTH OBPA3ZOBAHMA
MACCBHI. O BEKOBOM YCKOPEHHUH JIYHBI

Yrobbl onpenenuts ko3 PpuureHT CkopocTH 00pa3oBaHHs Mac-
cbl k, oOpaTuMca k aBieHHI0 BekoBoro yckopeHus JlyHel. M3Becr-
HO, YTO-Cpeau MHO)kecTBa HeOeCHbIX ABHXKEHHM, KOTOpbIE MOJIHO-
CTLIO COOTBETCTBYIOT (popMysiam HeDeCHOil MEeXaHHKH, UMeeTcs
HECKOJIbKO CJTy4aeB HEeCOBMaAeHUs Mexay HabnmonaeMbIMH M BbI-
YUCJIEHHBIMH ABH)XXeHHSIMU cBeTH1. OIHNM K3 TakHX HeOObsICHEH-
HbIX HAyKOM SIBJIEHUH sIBISIETCS TaK Ha3bIBAEMOE BEKOBOE yCKope-
Hue JIynbl. CpaBHeHHe ApeBHUX HAOMOOeHUH Had 3aTMEHHAMH C
HOBBIMH MOKAa3aji0, 4TO B Hacrtosuiee Bpemsa JlyHa aBukeTcs He-
MHOro OBICTpee, yem mpexcae. JTO yckopeHHe HeBesuko. 3a 100
net JlyHa yxonauT Bnepén NMPOTHB BBIYHCJIEHHOIO MOJIOKEHHS Ha
10" wnu npumepHo Ha paccrosiHHe 18,6 kM. Tonbko yacTb 3TOrO
YCKOpeHHs, NpHOIM3nTenbHO 6/, 00biACHAETCA TeopHel TArOTeHMH,
a octTanbHasa gonsa 4"’ BbI3bIBa€TCA HEU3BECTHOM NMPUUYHUHOM |

AS100 = 7,45 kM = 0,745 « 10° cm.

IIpyunna, 3acraBnsgiomas JlyHy peajibHO yCKOpATb CBOE ABHKE-
Hue no opbute Bokpyr 3emnH, Oyner nokasaHa B pasgene 11. Iloka

ke, mosjaras npubmikéHHO, 910 opbuta JIyHEI HMeeT KpPyrOBYIO
¢opMy, 3aNnHCBLIBAEM PaBEHCTBO AEHCTBYIOLWIMX HA HEé CHJI TAroTe-
HHs K LIEHTPOOEKHOM CHlbI

mUrops = fm M/r%os,

rae m u M - cOOTBETCTBEHHO Macchl JIyHbl M 3EMITH; Tops = PAAHYC
opoutsl JlyHbl npu eé. aBuxkeHHWH BOKpYyr 3emiu;, f - mocrosHHas
TATOTEHHS.

28



Paspeiunm 3T0 paBEHCTBO OTHOCHUTENIbHO OKPY>XHOH CKOpPOCTH
(op6uraneHoi) JlyHbl, npenctasus B HEM Maccy 3emad ¢ no-
MOIIbIO BbipaxeHH (8) kak pyHKLHIO BPEMEHH :

!/ﬂ% ez" ~ / o ——t
rop6 (20)

rae M, - macca 3emiii Ha MOMEHT Havajia oTc4éra BpeMeHu t = 0.
W3 3TOi 3aBUCUMOCTH CJIelyeT, YTO C TEYEHHEM BPEMEHHU CKOPOCTb
U nomxHa Bospacratb, utoObl JIyHa yaepxuBanach Ha CBOeH Op-
Oure.

C yuetom (20) npupamenue nytH JIyHbl npu €€ ABHXKEHHH MO
opOuTe, BbI3BAHHOE POCTOM CKOPOCTH, 3anMILEM B BUIE !

AS=la fMotz.
4 k\ r

ida

Jin Mo = 5,98 «10°" T, rops = 3,844 010" cm, t = 100 sier =
3,15 «10° ¢, nonmyuaem

AS100 =2,52 10" « a/k cm™; 21)
AP = ASjo0/taps = 0,655 10" « a/k pan,

W3-3a 61130CcTH JIyHbl k 3emie B e€ ABHMKEHUH 3aMETHbI TaKHe
OTKJIOHEHHS, KOTOPbIE YCKO/b3al0T NMpH HaboaeHHuax 3a Oonee na-
NEKMMH CBeTHMNIaMHM. YUMUTHIBAA HAAEXXHOCTb OAHHLIX MO OBHXKE-
Huto JlyHbl, ncnonb3yem cooTHoweHue (21) ana onpeneneHus oT-

HoweHud o/k n ko3 dpruneHTa ckopocTH obpasoBaHua Macchl k :
ok =297.10 ¥ 1/, (22)
k=336.10".

Ilpn nomyueHHbix 3HaueHusax BenuunH o/k u k Mmaccel Ten
BcenenHon pomkHbl OyayT BO3pacTaTb CO BpEeMEHEM Tak, Kak
NOKa3aHo B Tadn. 2,
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Tabmuua 2

~ I__—— —
FBperl,

mapg ner (0.5 (1.0 Jj2.0 |3.0 (3.5 |5.0 |10 15 |
"m/mo=e»f*“k 1.048(1.10 [1.202]1.33 |1.38 |1.61 (2.59 |4.17 |

Bospacranue Macc 3emnu W apyrux ten BceneHHolt AOSOKHO
MHTEpPECOBaTh reosioroB U acTpopusukoB, OHH AUCKYTHPYIOT O
paclupsollencs 3emie, 0 BO3PaCTaHHH CHJIbI TSXKECTH Ha €€ Io-
BEPXHOCTH, MbITAKOTCS MPOrHO3UPOBATh 3EMJIETPACEHHS, a TAKXKE
MILYT OTBET Ha BOMPOC, OTKyna Oepércs macca, obecrieurBaromas
BbIOPOC OrPOMHBIX KOJIMYECTB MaTepuHd B BUAE LEJbIX 3BE3HLIX
CKOIJIEHHH M3 B3pPbIBAIOLIUXCA ANEP FaJIaAKTHK. JTa TEOPHSA MOXKET
MOMOYb HAMTH KOJIMYECTBEHHbIE OTBETHI HA 3TU U APYrHe BOIMPOCHL
IlonyTHO 3aMeTHM, YTO MOJydeHHOEe 3HaueHHe ko3¢duumMeHTa
cKkopocTH 00pasoBaHHs Macchl k MoO3BONSIET B3MIAHYTb APYTHUMH
TJ1a3aMH Ha MIOTHOCTL 3(Qupa. Jleno B TOM, YTO NMpHBBIYHOE AJs
yeJIOBeKa MOHATHE MJIOTHOCTH MOAPA3yMEBAET OTHOLUIEHHE MACChI
BewecTBa k 00béMy, 3akiiouarowemy B cebe 310 Beuwectso. B To
ke Bpems u3 (7) cnepyet, uTo KO3()(PpuLHEHT K MOXHO TPAKTOBATb
KaKk HeKOTOpbIM nepeBoaHoN ko3¢ duuneHT Macchl 3¢Hpa B Maccy
teJl. TO ecTb ero MOXKHO pacCMaTpHUBaTb KAK OTHOLIEHWE MacChbl
3(upa Kk mMacce BewecTBa, HA CO3AaHHE KOTOPOH Moluén BeChb Mo-
FIOLEHHbIT 3dup.

ITosToMy, onpenesnsis MIOTHOCTbL 3¢Upa B NPUBLIUHLIX KAaTero-
pHX TJIOTHOCTH BELIECTBA, MOXKHO CUHTATh, YTO IUIOTHOCThL 3¢Hpa
npeacrasaseT Co00i BENUYHHY

P> =psk=354.10" rlem’.

6. KPACHOE CMEILEHHE B CIHEKTPAX
JNAJIEKHX TAJARTHK

Hanbonee Bonnyroweii npobnemoit coBpeMeHHOH (PU3HKHU K ac-
TPOHOMHH, Oe3 BCAKOrO COMHEHMSs, ABJIAETCA 3arajlka KpacHOro
CMELLEHHs B CMeKTpax OIEKUX ranaKTHK. CyTb siBIeHHA CBOOMTCA
K TOMY, 4YTO JIMHHH CIMEKTPOB MOYTH BCEX TaIaKTUK CMELEHBI K
KPaCHOMY KOHUY I1O0 CPaBHCHHK € AHAJIOrHYHbBIMHK CIICKTpaMH B
OObIUHBIX 3eMHbIX YCJIOBHSIX, YTO O0YCJIOBJIEHO YBEJIMUEHHEM JUIHH
CBETOBbIX BOJIH. '

30



Yem panblue OoT HAC HaAXoOOAWUTCA rajakThka, TeM OoJibllie cMme-
LLIEHbI JIMHKH €€ crieKkTpa K kpacHoMy koH1ly. B 1930 rogy 3.Xa66n
BbIBEJ M3 HaOMIOAEHHI COOTHOLIEHHE U1 FaJJaKTHK MEXIy BeJu-
YHHOHW KPaCHOro CMELLEeHHUs U PaCCTOSHUEM

AMA=HL, (23)

rae H - nocrosHHaa xpacHoro cmelneHus. Kak ykasaHo B [13], nep-
BOHauanbHO Xabbn onpenenun eé 3Hauenue kak 500 km/(c Mnk)
(kIOMeTPOB B CeKyHAY Ha Meranapcek), 4T0 COOTBETCTBYET BeJIH-
YHHE

H=5,62.10% 1/cm,
rae L BeipaxkaeTcs B CaHTHMeETpaXx.

B coorserctBuM ¢ npuHuMnom Jlonmnaepa KpacHOe CMELIEHHE
OOBACHAIOT KaK pe3yJibTaT JIyYeBOro ABHWMKEHHS rajakTHK MO Ha-
NpaBJeHHIO OT HaboaarTesis, BOSHUKILLErQ B pe3yJbTaTe TaK Ha3bl-
BaeMmoro “bonbimoro B3puiBa nepBoaTomMa’, TO €CTh CBEPXTAKEIOM
TMITIOTETHYECKON 3JieMeHTapHON YacTulbl. CorinacHo 3TOM Teopuu
OCKOJIKH B30pBaBILIErocs ‘rieppoaroMa’, MMeEIOIIMe caMble 00Jib-
LiKMe CKOPOCTH, YJIETEIH OT 3riMLeHTpa “boJibiioro B3peiBa” Aalib-
ie ApPYruX, pasjeTaloliMXcs ¢ MEHbLUMMH CKOPOCTAMH. 3eMi,
ConHue v Becs MileuHblit yTh JIETAT I1e-TO B CEPEAHHE.

OpnHako Bckope ctanu OOHapyXMBaThCs rajlakTHKH, Yb& Kpac-
HO€ CMeLleHHE B CMEeKTpax Hayano COOTBETCTBOBATbL CBEPXCBETO-
BbIM ckopocTaM. IToaromy nocrosHHyro Xab6na CTanM KOpPpeKTH-
poBaTb B CTOPOHY yMeHbiileHus. B kHure [13] rosopurcs, uro B
HacToswee Bpemsa Haubosnee BeposTHOe 3HauyeHHe BenuuuHbl H
HAXoOWUTCH B AMAra3oHe -

H= (1,125 +0,805).10% 1/cm. (24)

B kHure [14] B kauecTBe nocroaHHOi Xab0na Ha3biBaeTCs yxke
BeJinuuHa 65 km/c/Mnk wnu

H=073.10% 1/cm,

Ecnu B panbHelleM ¢ pocToM BO3MOXHOCTeH Habmoparenb-
HOMH acTpOHOMHH OyneT HalimeH emé kakoi-nHOO oueHb yAaNéH-
HbId OOBEKT, JIETAIIUNA CO CBEPXCBETOBOH CKOPOCTLIO U TEM Hapy-
IIAIOWHWH OCHOBHOM MOCTYJaT o0wed TeOpHH OTHOCHTEJIbHOCTH,
NnpuaéTcs eié pa3 CKOPPEKTHPOBATL BEJIHUUYMHY MOCTOsiHHONM Xab-
6na. Tonbko u BCEro.

O6bscHum npobieMy KpacHOro CMellieHHs ¢ MO3ULUN TEeOpHH
adupa. Mel y:ke YIIOMHHAIH O MOHATHH TAXKESIOH CBETOBOMH BOJIHBI,
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obnaparoier Maccoii oToHa W BCNeACTBHE 3TOro obnasarollei
obmwum ceoiicteoM Ten BeenenHoit nornomare 3¢up. Yeenuuenue
MacChbl KBaHTa CBETa JOJKHO MPHBOAHTH K YBEJIMYEHHIO O00BEMA,
3aHATOrO TSKEOM CBETOBOH BOJIHOH, TO €CTh K YBEJIMYEHHIO €€
INMuHbl. B cooTrBeTcTBHME C€ 3THM MOXHO 3alucarh, YTO
npypalleHHe ANVHbI TsxKEAON CBETOBOM BOJHbLI OTHOCHTCA K JJIHHE
BOJIHBI KaK MpupaleHre eé MacChl K Macce

AL/A=(m-me)/m,=m/mg-1= e**-1 ~at/k
WM, yuuTeiBad, uto t = L/C; nmoyuaem

AML./A = aL/(kC). (25)
ConocTtaenas ¢opmyisi (23) u (25), Haxoaum
H=a/(kC) 1/cm. (26)
IToncuuraem sBenvuuHy H no ¢gopmyne (26) ¢ yuérom (22) :
H= 0.99.10% 1/cm. (27)

Kak Buaum, 3Hauenue H no dopmyne (27) okazanockr B auana-
30He Haubonee BEpPOATHLIX 3HAYeHHH, MOJMy4YeHHbIX M3 Habmoae-
HHWiIi COBpEMEHHOH aCTPOHOMHEH, YKa3aHHbIX B (24).

OTMeTHM Takxe, YTO MOJyYeHHOE 00bsICHEHHE NPHPOIbI H Be-
JINYUHBI KPACHOrO CMELIEeHHMs B CIMEeKTpax AANIEKUX TajlakTUK HAe-
JIaeT HEHYKHBIM 00baCcHeHUe 3Toro eHomeHa 3¢ dextom Jonnne-
pa u “bonbloro B3peiBa nepsoatroMa’. B3pbIBbI MaCCHBHBIX 3BE3]
1 BRIOPOCH! MacChl U3 06/1aCTeH B3PLIBOB IIHMPOKO HAOMIORAIOTCS BO
BceneHHOI u aBasOTCA HEOOXOAMMBIMM SIBJIEHUSIMH B KPyroBOpoO-
Te Marepuu Bo BceneHHoi. OHu npoucxoasT He eqHUHOBPEMEHHO,
a MO Mepe HAKOIJIEHHsS Ype3MEpPHBIX MacC 3a CYET HEMpEepbIBHO
npoucxoasiero noryouieHus a¢upa. Ilo-BuagumMomy, OHH 4acTH4-
HO COMPOBOXKOAKOTCS B3PbIBHbIM Mpeodpa3oBaHHEM MaTepUH B
a(pHpHBIi ra3 ¢ BbICBOOOXKAEHHEM OrPOMHOI 3HEPrHH MPaBUTALMH.

Cnemyer ormeTuTh, YTO 3akoH Xab6na s oueHp OGONBLINHX
PACCTOSHHUM M, CIIenOBAaTENIbHO, BpEMEHH ABHXKEHHS] CBETOBOH BOJI-
HbI MpaBUJIbHEE 3alMChiBaTh, He nMpuberas K pasjokKeHHIO B PAL

al/k
BeJIMUMHBI €, TO eCThb B BUJIE
vk
A= 1= 11
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7. HAKOIUVIEHHE HEPTHH 3BE3JJAMH B
IMPOLIECCE NMOIIOI(EHAA 3®HPA

Henérkum Obu1 mmyTs acTpOPHU3MKOB K OTKPLITHIO MCTOYHHUKOB
3B&30HOM 3Hepru. QT pelneHHs 3Toi NMpoONeMbl 3aBHCENT OTBET O
CpPOKax »H3HU M 3Tanax pa3euTHsa 3B€3a. B 6oppbe MHEHHIT M KOH-
uenuudii B koHue 40-x rogoB XX cronerus Obula pokasaHa
BEPOSATHOCTb NMPOTEKAHUS B HeApaxX 3B&3 TEPMOALNECPHBIX PEaKLHH,
KOTOpble ObUIM B COCTOSIHUM TMOAAEPKHUBATH OrPOMHBIE TEMIlepa-
TYPbI 3BE3[1 B TEUEHHE MHJIJIUAPAOB JIET.

Kasanoce, Bopoc ucuepnadH. OfHako ¥ cerogHs B 3Toil Mpo-
Oneme éctb HepewéHHbie Borpockl. CyliecTBylomue TEOPUH He
MOryT OOBACHHMTD HCTOYHMKM OFPOMHOM 3HEpPrHH, BbIIENIEMOH
NpH B3pLIBAX CBEPXHOBLIX 3BE3M K B3pPLIBOB, HabOAaeMbIX B pa-
nnoranaktukax. Jaxke Hawe ConHue 3anaér aaech 3aragku. Tak, B
[13] oTmeuaercs, uto “mo cux nop He ymanoch noayuuts ot Con-
HLA MOTOK HEHTPHUHO, KOTOpble AOJIKHBI MOKUOATH €ro B Xone
TepPMOsIAEPHLIX peakuud. B uém TyT Zeno: B Heaocrarkax anmnapa-
TYPbl U METOAHKH MJIM B OMMOOYHOCTH HALLMX NPEACTABJIEHHH 00
MCTOMHMKAX conHevyHoM 3Heprumn? Heyxenu nocnegrHee? Ho Torna
ytO we nopgaepxukuBaeT aHepruio ConHua? CHoBa Mbl MPUULIA- K
TOMY C Yero Havaau’ .

IlocMoTpHM, KakKHe OTBEThI HA 3TH U HEKOTOpLIE ApyTrHe BOIPO-
cel gaér Teopus 3¢dupa. Insa 3TOro paccCMOTpHM TENO, UMEIOINEE
¢popmy wWwapa ¢ paauycom r, H Maccoi m, , paBHOMEPHO pacrpe-
AENEHHOH 1Mo BHyTpeHHeMy o0bémy. D¢HpHBIii ra3, norjaowaemMsii
3TOI MacCoil, NepeceKaeT noBepXHoCTb cepbl CO CKOPOCTLIO, Of-
peaensemoi Gopmyoit, KOTOPYIO MOXKHO NMOTyUHTh M3 (9) :

Vio = amy/4Tpsro” .

ChnepoBaTesibHO, BHYTPL 00BEMA, 3aHMMAEMOro TeJIOM, exxece-
KyHOHO BHOCHTCS 3Heprus, paBHas KHHETHYECKOM 3Hepruu Bcei
nocTynaouerd maccot 3(pUPHOro rasa

Nuon = qQV3/2 =’ m’/321°p%r," (28)

rae Nyorn - MOLWHOCTb, BHOCHMas BMecTe ¢ 3(UPHBLIM ra3oMm B JIIO-
6oe Teno. Drta 3Heprus NOrioWAaeTcs Kaxaol vacTHueil Maccel
Tena. YacTe 3TOH 3Heprud 3atpaurBaeTcs Ha oOpasoBaHHe HOBOMH
MacCChbl, TaK KaK M3BECTHO, YTO 3HEPIHUs H MAcCa TeJl TOKAESCTBEHHEI
W B3aMMOCBS3aHbl APYr ¢ ApyroM ¢Gopmynoii
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E =mC2

CnengoBatenbHO, Ha co3aaHye HOBOH Macchl Tenn Am 3a Bpems t
AOJI3KHA 3aTPAYHBATLCH MOLLHOCTE

Neosa = E/t = AmC?#t . (29)

ITpupocT mMaccel 3a Bpems t MOXKHO ONpeAcsiuTh W3 BeipaxeHus (8)
KaK

Am =m - m, = my( m/m, - 1) & meat/k . (30)

INoncraeus (30) B (29), nosyuyuM MOILHOCTb, 3aTPadyHBAEMYIO
Ha co3aHKe HOBOHM MaccChbl Tel :

Neosa = moatC/k . (31)

Kpome 3tOro, 3pészapl M3Ny4alOT 3HEPruUi0 B MHPOBOE MPO-
CTPAHCTBO B BHAE CBETOBOrO, paauo- H PEHTr€HOBCKOro M3JTyye-
Hus. [InaHeTrbl, NMO-BMAMMOMY, pa30orpeBalOTCs CO BpEMEHEM, TaK
KaK MHOTHE U3 HUX, B TOM 4HKcie U 3eMJist, UMelOT pacrijiaBjIieHHbIEe
aapa, a JOnuTep, kak U3BECTHO, M3Jy4aeT TerJia B ABa pas3a 00Jib-
we, yueMm nomy4aet ot ConHua.

NHTEepecHO OTMETHTBL, YTO CBETUMOCTb 3BE3J], TO €CTb MOLI-
HOCTb, H3/ly4aeMasi B MHPOBO€E MPOCTPAHCTBO, 3aBUCHT OT MAcCChl U
paguyca 3Bé3d. B acTpOHOMHM M3BECTHBI U LIUPOKO HCMOJB3YOTCSA
AUarpaMmel ‘‘mMacca - CBETUMOCTE U “pagHyc - cBeTuMocTh . B [3]
OTMEUYAETCS, YTO CBETMMOCTb OOJILIINX 3BE3[, Ybs MAcCa B TPH H
Gonee pas mpeBbilIaeT CONIHEUHYIO, MPOMOpPLIMOHANLHA KyOy mac-
Cbl. YuHTbIBas, 4TO corjiacHo ¢opmyse (28) norjouiaemas Mouy-
HOCTb TaKXKe MPONOPLHUOHANIbLHA KyOy MacChl, MOXHO OXHAATb, YTO
CBETUMOCTb 3B&3 MPOMOPLHOHAILHA MOMIHOCTH MOIJIOLIEHHS.
[ToaTOMy, BOMpexkH MHEHHKO acTpOHOMOB U actpodusukos [3] ©
TOM, YTO sSiAEPHOE ropiotee 3THX 3BE31 MOXKET ObITb M3Pacxoa0oBa-
HO 3a HECKOJIbKO MHJIJIHOHOB “JIET, OHO, CKOpee BCEero, ABJIseTcs
JIMW b MPOMEXKKYTOUYHBIM 3BEHOM B nepeaaye v npeodbpasosaHuM no-
TNIOLWEHHOM DHEPrHH B JHEPrui0 M3JlydeHHs WM BO30OHOB/AETCA B
NMPOoLECCE YBENHYEHHs MacChl 3BE3N,

Hanee 3ameTHM, 4TO 3(QUpHBII ra3 BHYTpH Tesl AOJKEH ABU-
ratbCsa ¢ OOJILIIMMH CKOpPOCTAMU. BcenencTBue 3TOrO BHYyTpH Tei
COXpaHseTCs MOHWXKEHHOE JIaBJieHHe U IelCTBYeT MeXaHH3M 3¥KeK-
TUPOBaHUA ¥ rnorjoweHus 3¢upa. [loaToMy ToNbKO 9acTb KuHe-
THYeCKOI 3Hepruu 3¢iHpa, MorjoLaeMoro TeJlaMm, MOXKeT nepexo-
IUTL B YKa3aHHble BHALI S3Heprud. OcTtanbHas 3Heprus 3anacaercs
BHYTPH T€N M €8 MOXHO Ha3BaTb rpaBUTALMOHHON sHepruen. OHa
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BbICBOOOKAAETCA M3 3BE3M NMpPH B3PLIBAX, KOTOpPbIE ACTPOHOMbI Ha-
OM0aaloT B BHAE B3PbLIBOB B rallaKTHKax L%3,14], MPH KOTOPbIX
BbIJIEJIIETCA OrpOMHas 3Heprus nopsaka 107 3pr, 3KkBMBaJIeHTHas
OAHOBPEMEHHOH saepHOH Benbilike 10 MHUJUIMOHOB CBEpXHOBBIX
38637 (B3pbiB B rajakthke M82 c¢ BbIOpowEeHHBLIMH U3 HEé raso-
BoIMU CTpysiMH ( puc. 4)). DHeprus B3pbIBOB, MPOMCXOAALLHX B
pa,anora.naxmxax oueHuBaeTca B 1064 3pr |

Otkyna Oepétcs 3Ta 4ygoOBHLLHAA 3HEPrus, aCTPOHOMMUA 00bsC-
HMTb HE MOXET, TaK KaK AAEPHbIH MCTOYHHK 3HEPruv s dTOro
COBEPILEHHO HEOCTATOUEH. Ilepexon B renmii BemecTBa LIEJIOM ra-
JIAKTHKH, COCTOSLIEH MONHOCTLIO U3 BOAOPOAR, Aan Gbl TONBKO 10
apr. Ho Takoil nepexom He MOxeT ObITb €IUHOBPEMEHHBIM, OH
OCYLLECTBJISIETCA B TeueHHe MHJUTHAPMOB JIET, Ad H FaAIaKTHK TaKHX
HeT B NpUpoJe.

Y1006l rnybike pasobpaTbCs B 3TUX Mpobisiemax, OLEHHM, B
uHdpax MOLIHOCTH MOrJIOLEHHS, CO34aHHsA HOBOM MAacChbl H H3J1y-
yeHusa Connua v apyrux 3sésza. CornacHo (28) MomHoCTL morJjo-
weHus Connua oyneT

Nior = 0°m, /3272, 10" = 7,47 «10* apric.
B Buae cseta usnyuyaercs MowHoOCTh [13]
N“m = 3,8 01033 3pF/C.

B cooTtsetcTBuH ¢ dopmyoii (31) Ha cozmaHne HOBOI MacChI BHYT-
pu ConHua Am 3a eauHHLy BpeMEHH MAO/KHA 3aTPAaYMBaTbCSA
MOLLLHOCTb

Neosn = moat C/k =535 « 10°® aprvc.
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W3 conocrasyieHHs 3THX LM@Pp BUAHO, YTO rpaBUTALIMOHHAsT J3HeEp-
rus 3arnacaerca BHyTpy CoJIHLIA, TaK Kak

Niorn >> Ny + Nco:m

Ecan npuHats, uto CosiHLE CylIeCTBYeT B CBOEM CeropHsi-
HeM cocTostHMM okono 15 mupp sier (4,71 10" ¢), To 3a 310 Bpems
BHYTPH HEro CKOMWIach Obl rPaBUTALIMOHHASA SHEPTUs

Enoin = Nuora s 4,71 410" =35 .10%° 3pr.

JTO 3HaYE€HHEe COM3MEPHMO C SHEpruer B3phIBa B rajiaktuke M82,
O KOTOpOH ymomHHanoch panee. 3eésnsi Ban-Maanena u Bonbd
457 (6enble KapJIMKK) TOJILKO 3a 1 MipA JieT HAakonuM Obl BHYTpH
cebsl 3Heprulo COOTBETCTBEHHO

Enorn = 5,37« 10 spr,
Enorn = 5,90 « 10% 3pr.

OTOH 3HEpruy BMOJIHE AOCTATOYHO, 4TOObl OOBACHHTL IHEPrHIO
B3DLIBOB, MPOUCXOAAIIMX B PafHOrajakTHKax W APYTHX 3arapou-
HeIX oObexTax BceneHHOA.

CymecrByer emé ogHa npobnema 3HepreTHKH 3Bé3n, TpeOylo-
mas ceoero ocMmeicneHusi. CyTb B TOM, YTO C pOCTOM MAacGC 3BE3[ HX
cBeTHMOCTb Bo3pacTtaeT. IIpumenunTtenbHO k CONHLYY 3TO O3HAYaeT,
YTO 3HAUMTEJIbHbIH POCT CBETHMQCTH, CO34aBaeMblif POCTOM Mac-
Chl, AokeH Obla Obl, Kak yTBepikaaercs B [4], cxxeus Ha 3emie BCé
xknBoe. U xora Ha 3emne HabniomaeTcs noOTeIUieHWe, BCE ke
MOX>KHO CUMTaTb, YTO 3a ITOCNECAHHH MWUIHAPHA JIET PaNHKANLHBIX
H3MEHEHHI KiuMaTa 3eMsiH -He MPOH3OILLIO. CaejosatensHo, He
H3MEHHJIOCH KOJIHYECTBO TEIUIOBOM IHEPrHH, rnojiyyaemoit 3emnéii
ot CoJiHLia.

Hawue cetuno ¢ 3emuu BuIMIAOWT Kak IJlagkHil OCHEHHbIM
avck. OpHako Bes noeepxHocTh ConHua Bo3OyxaeHa, kunur, Oyp-
JIAT M H3Bepraercs B BHAE\ paCKanéHHbIX npoTyOepaHues. J{ns
WUIIOCTPpaUMKH Ha puc. 5. npusBegeHa dororpadus [7] uwactu
COJIHEMHOlN TOBEPXHOCTH B °JiydaX BOAOpPOAAa. DHEpPrus, OCBO-
6oausliasca BHyTpy ConHLA, AENAET ero Ype3MepHO ropsiunM.
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Temnepatypa noBepxHoctu gocturaer 6000 K. OrpoMHeiii noTok
Teruia BbiOpaceiBaercs n3 Heap CosiHLA HapyXKy, OTKya OH M3JH-
BaeTCs B OKpYyKalollee MPOCTPAHCTBO B BUAE pafHaLiHM.

HanomMHuM, YTO CBETHMOCTbIO Ha3bIBaeTCA KOJIMYECTBO CBe-
TOBOH 3HEPryu, Ulnydaemoe 38e30i B eAMHHLY BpemeHUd. B pabo-
Te [3] yTBepx#aaeTCs, YTO CBETHMOCTb 3BE3] C MAaCCaMH, B HECKOJIb-
KO' pa3 MpeBbILUAIOMIMMH COJIHEUHYIO0, MNPONOPLMOHANbLHA KyOy
macc. JaepHoe roprouee Taknx 3B€34 MOXET ObITh M3PACXOI0BAHO
B HECKOJILKO JECATKOB MWILITHOHOB net. Jna 38é3n ¢ maccoit Con-
HUa 3TOT nepvon 3arsruBaercsa Ao 13 - 15 mapa ner. 3Bé3ani C
MaccaMy BJIBOe MeHblle COJIHEYHOHM OCTAIOTCA B Ha4vajlbHOM COC-
TossHUM noutu 100 mnpna ner.

M3 aTOro MoXHO 3aKmouKTh, 410 CBETUMOCTD 3B€3a THNa Con-
HLa yBenuuMBaetcs cnabe, ueM ¥ 38€3p ¢ GonbifinmMu maccamu. On-
Hako AaNbHeHIIHe PaccykaeHHs, 32 HEeMMEHHEM y Hac Oonee Tou-
HbIX OAHHBIX, MPOBENEM, MCXOAA U3 KyOHuUeCKOro 3akoHa pocTa
ceetumocth ConHua. B kauyecTBe HHTepBana BpeMeHH BO3bMEM
NocAeaHHH MHJIIHAPA NET.

[Ipu ananuse pocra ceetuMoctd ConHua clegyeTr yuyecTb He
TOJILKO YBeJIHYE€HHE ero Macchl B COOTBETCTBHM ¢ (opmylioii (8),
HO W OBHOBpPEMeHHOE BO3pacTaHHe BCJIENCTBHE 3TOro ero obnéma.
Ilonaras, uto cpeaHsast MOTHOCTE CosHiLAa OCTaéTCsi HEU3MEHHOMH, C
NMOMOLIBIO ypaBHeHHs (8) MOXKHO HAlTH BbIpaXKeHHe Il U3MEHe-
Hus pagvyca ConHua OT BpeMEeHH B 3aBHCHMOCTH OT MU3MEHEHUs
MacChl.
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rae r, - paauyc ConHua nput=0.

MolHocTb cBeToBoro uanyueHus CoJjiHLA cOorjiacHoO auarpam-
Me “‘paaiyc - CBETUMOCTb 00paTHO NponopLMoHalbHA YeTBEPTOM
crenenu u3 ero paauvyca. [Toatomy ¢ yuérom aAByx ykasaHHbIX (pak-,
TOpoB cBeTUMOCTb ConHua BO3pacTaeT 3Ha4YMTeNbHO ciiabee, ueM
npeamnonaraercs B pabore [4], a MMEHHO B OTHOLLIEHHH

E/E, = (m/m,)’/(r/r)} = ®” Mt

CornacHo ta6i. 2 macca CosiHLIa B TeueHHE MOCJIEAHEr0 MHJLIHAp-
aa Jet Bo3pocya B 1,098 paza. 3a 310 BpemMs ero paguyc BLIPOC B
1,0317 pasa. CneposarensHo, cseTiMOcTs ConHLa 3a OAHH MMII-
nanapa netr yBeauuunach B 1,1687 pasza. MU3BecTHO, uTO 3Heprus nus-
JyueHHs, norJiowaeMas yganéHHeimu oT CosHLa oOnekTaMH, B
ToM unciae 3emnéi, yboiBaeT 06paTHO MPOMOPLIMOHAILHO KBaAPaTy
paccrosnns [9]. [Nockonbky nonsyuaemoe 3emnéit ot ConHua Koju-
YECTBO JHEPri{ B TEUEHHE PACCMATPUBAEMOro OTpe3Ka BpeMeHH
HEe MEHAJIOCh, MOXHO YTBEpIKAaTb, YTO OAHOBPEMEHHO C POCTOM
mMacchbl U cBeTMMOCTH COJIHUA YBEJMYHBAIOCE PACCTOAHHE MEXOY
ConHuem u 3eMnéid. 10 yBejlM4Y€HHEe PACCTOSAHHA JIMILL HA
nepBbiil B3MIAL KAXETCH KOLYHCTBEHHBIM H MOAPLIBAIOIIMM HALIH
NnpeAcTaBjeHus O He3blONeHHOM NOpsAKe Belled B MPHpOAE, O
HeHU3MeHHO menjieHHOM yBsagaHuHd ConHeuHoil cuctembi. U3 acTpo-
HOMHYECKUX HAOMIOAECHHI H3BECTHO, Hampumep, uto JlyHa kax-
nbie 100 ner yganserca Ha 1,5 merpa ot 3emnu. Ilouemy xke 3T0 He
MOKET NPOHUCXOANUTL ¢ 3eMJiéil U ApyruMHU njaHeTamu?

[loacurtaem, kakuM 0ODKEH ObiTb MPHUPOCT PACCTOSAHHSA MEXK-
ny 3emnén 1 ConHueM, uToObl KOMNEHCHUPOBATL POCT CBETHMOCTHM
ConHuya. O4eBHOHO, YTO OTHOLUEHHE PAIHyCOB 3eMHOH OpOHTHI B
KOHLE Ty M HAUAIE T, op5 PACCMATPHBAEMOTO HHTEPBAa BPEMEHH
IOJI’KHO ObITh CJASAYIOLIHM :

E

r0p6/r0 ops — -E_' = 1,08 (32)

o

B nacrosiiee Bpemst paguyc opOutei 3eMiH rops = 1,495 » 10° om.
C ylleTOM (32) panuyc opOMTBHI MHILIMApA JIET Ha3ax ObUl Io ops =
1,380 .10" cm. [IpupocT paccTosaHns 3a 310 Bpemst A rops = 0,115
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10" cm. Cpennmii NPUPOCT paaHyca OpOMTHI 3eMJIH 33 CTO JIET
COCTaBJsET

Arps=1,15410"cm = 1,15 xm.

OTHocHTenbHble mpUpocThl paauycos opbut 3a 100 ner cocrae-
JISIOT |

ons JIlyHel Alops/Toops = 3,91 « 107,
g 3eminu Arops/Toops = 7,70 o 107,

Kak Buaum, oTHOCHTENIbHBIH NPHPOCT paccTosHusa Mexay Con-
HueM H 3emnéii, HeobxoauMBbIii, YTOOBI KOMINIEHCHPOBATL POCT CBE-
tuMocTH ConHua, Tonbko B 1,97 pasa npeBbiciil HabmoaaeMblid
AHANIOrHYHBLIA OTHOCHTEJIBHBINA MPHPOCT PAaCCTOAHHA MeXOy 3eM-
nén u JlyHoit. OgHako Mbl, BEPOATHO, 3aBLICHJIM MPHUPOCT CBETH-
mocth ConHua. Ilo3TOoMy peanbHbId MPHPOCT pagdyca OpPOHUTHI
3emMar MOXKeT OLITh MEHBLIE,

YT0 e HapylaeT paBHOBECHE MEXOY LIEHTPOOEKHOH CHIION U
CHUJIOH TsXKeCTH ykasaHHbIM 0Opa3zoM? Benb vMEHHO 3TH CHJIbI Of-
penensitoT Gopmbl OPOUT IUIAHET U CIYTHHUKOB. JTO pacCcorjacoBa-
HHE HE BEJIMKO W TMpPOMBJIAETCA TOJILKO MPH OYeHb MJIHTEIbHOM
Bo3aeicTBuU cnabbix cuin. OnpepenyM BeMYHMHY H MEXaHU3M
M3MEHEHUS 3THX CHJI B TMOCJSAYIOWMX pas3faenax OJaHHOH paboTbl.
J10 TeM Oonee HeobxoaHMO, 4TO caM ()aKkT MPAKTHYECKOrO COB-
NafCHUA OTHOCUTENbHLIX NPHPOCTOB PamuycoB OpPOHT Takux
pa3HBIX KOCMHYECKHMX OOLEKTOB, KaKOBBIMH SIBISIOTCA 3emiisit U
JlyHa, He cayyaeH.

8. UYEPHBIE ABLIPEI U KOPOTKO-
IIEPHOJUYECKHE IYJLCAPEI

YEpHbIMH AbIpaMHd Ha3BaHbl 3BE3bI, KOTOpbIE MPEATNOIONKH-
TeJIbHO MMEIOT HACTOJILKO DOJbLIME MACChi U Majibie pa3sMepel, YTO
CBET HE MOXET MPeOAoJIETh CHIIy TSKECTH H TOKHHYTb 3Be3ly.
HzeectHo [14], uTo nns yxona oAHOrO KOMMOHEHTA W3 ABOHHOM
CMCTEMBI MAacC €ro CKOpOCTb HOJIXKHA JOCTHraTb HEKOTOPOro Kpu-
THYECKOro 3HA4Y€HHs, Ha3bIBaeMOro BTOPOH KOCMHUYECKOH CKO-
pOCTbIO. DTa CKOPOCTL onpenesieTcs GopmyJoil
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Ecau cunTath, YTO CBETOBasi BOJIHA OOJlamaeT Maccoi KBAaHTA .
CBET4, U BMECTO CKOPOCTH V B 3TOM BbIpaXXE€HHHM MOLACTABUTL CKO-
pocts ceeta C =3 « 10" M/c, pewnts ero oTHOCHTeNbHO pamuyca
3Be3lsl Iy, TO MOJYYUM 3HAYEHHE I'PAaBHTALHMOHHOrO paavyca 3Be3-
IbI C MACCOH M, :

= 2fmy/C?. (33)

Ecnu paauyc 3Be3abl MeHbIUE 3TOrO 3HAYEHHS, TO Tsxkénas
CBETOBAA BOJIHA WJIK KBAHT CBETA HE MOXET €€ MOKHMHYTh W 3Be31a
JOJI’KHA MOracHyTh AJIs OCTAJILHOr0 MHpa. YBHAETh YEPHYIO AbIPY
HeB03MO>kHO. IToaTomy nonbiTku eé ( ux ) OOHAPY>KHTH CBOAATCA K
NMOMCKY BTOPHYHBIX SIBJIEHHMIA U3 001aCTH HEOOLIYHO CHJIbHBLIX rpa-
BUTALMOHHbIX B3aHUMOAEHCTBMH B LeHTpax rajaktuk. Hmeercs
TaKxke TeopHs XOKHHI'a, O KOTOpOo# ynoMmuHaercs B [12], cornacHo
KOTOPOii U3-3a “‘McnapeHust YEPHbLIX AbIP MPOMCXOAHT MOJIHOE COB-
najieHue H3ay4dyeHust 4EPHOH AbIPpbl C U3TyuyeHHEM OOBLIYHOIO Ha-
rpeToro Tena.

B teopun 3dupa umeercs ewé ofiHO YCNOBHE, KOTOPOE Orpa-
HHYUBAET pasMep paauyca 4épHoil AbIpul. J[eno B TOM, UTO TsxkE-
J1ast CBETOBAs BOJIHA 001a1aeT HE TOJILKO KOPMYCKYJISPHBIMK CBOI1-
CTBaMH W, CJIEROBATEJILHO, MOABEPIKEHA ACHCTBHUIO CHJIbl TAXKECTH,
HO Taikoke 00J1anaeT BOJIHOBLIMM CBOMCTBAMHU H, CJIEROBAaTENBLHO,
pacnpocTpaHsiercs kak BosiHa. [Io3ToMy MOXKHO OXXKMOATh , YUTO OHA
CHOCHUTCS MOTOKOM 3¢Hpa MO HAMpaBJEHUIO K LEHTPY 3Be3bl CO
ckopocTbio V,, onpenensiemort dopmyoi (9). OuesuaHo, uTo yC- |
JIOBHEM HEBO3MOXKHOCTH JiJIs1 BOJIHbI CBETA MOKHHYTb YEPHYIO AbIPY
Oyzner :

Vi 2 C. (34)
C yuérom (9) ycnosue (34) npumeT BHL

m o
< <
4Cp 1

(35)

F'o min
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Ipua=11/cup,=1,19.10° r/cm® MuHMManbHBI pamuyc 38e3-
abl ¢ maccoit ConHua, Mpy KOTOPOM 3BE3Z1a MCYE3aeT U3 MoJis 3pe-
Hus, Oyzer

Tomin = 670 KM.

3HaueHHe MUHUMAIbHOTO PAafUyCa Io min JVIA 3BE3 C Maccoii
CoJsiHLIa COOTBETCTBYET MOPAAKY BEJIHUHH PagUyCOB peabHO Ha-
omonmaemMbix 3Bé3n THna Oesibix kapnukoB. Camblii ManieHbKHH K3
U3BECTHLIX OejbIX KapyIMKoB - 3ee3na Bonbg 457 Ll3] MMEEeT MacCy
m,=1,01. 10 ru paguyc r, = 700 km = 0,7 « 10” cm. MuHumans-
HbIH paauyc I 3Tol Macchl coryiacHo opmyite (35) Oyner ro min =
=477 km = 0,477 « 10° cm, Benblit kapnuk - 38e30a BaH-Maadena
HMeeT maccy m, = 0,28 102 ru pamuyc I, = 4900 km= 4,9 . 10°
CM. MHHHMa_fleblﬁ panuyc i Macchl 3TOH 3BE3MbI Io imin = 233 KM
= 2,53 « 10" cm. TaknuM obpa3om MOXKHO YTBEpKHAThb, YTO Oenble
KapJIMKH HaXOAATCsl HEAAJIEKO OT MOpora BUAHMOCTH 3BE3.

I'pasruTaloHHbId paavyc 4€pHBIX Ablp, onpenaenéHHbIi Qop-
myJioi (33), HekoTopble PHU3MKH U ACTPOHOMBI, SBJISIOIIUECH CTO-
POHHHKaMH{ OOUe TEOpHH OTHOCHTENIbHOCTH, OXOTHO paccMma-
TPUBAIOT B KOHTEKCTE C MEepeMEeHHbLIMH 3BE3JaMH - MyJIbCapamMHu.
BOJILLIMHCTBO MYJIbCAPOB H3TyHarOT PaJHOBOJIHbBI H PEHTI€HOBCKOE
U3JlyYeHHe C OueHb KOPOTKHM nepuogoM T = 1 C, HO U3BECTHDI
TaK)Ke camble KOpoTKorepHoauueckue mynbcapsl [14] : PSR0835-
45 ¢ neprogom 0,089 ¢ u PSR0531+21 ¢ HanMmeHbLIHMM nepuogom
0,033 c.

Koe-KTO CKJIIOHEH CuMTaTh, 4TO MyJIbCapaMH SBJSAKOTCA . HEMl-
TPOHHBIE 3BE3abl ¢ paguycoMm okosio 10 km. @opmysa (33) paer
rpaBUTaLMOHHbIN paanuyc mia 3Be3anl ¢ Mmaccoit ConHua r, = 2,98
kM. YTBepxaaercs, uto jobas apyras 3se3na Obuna Obl pazopBaHa
LEHTPOOESXKHBIMH CHJIAaMH H3-33 OBICTPOro BpAllEHMsi 3TUX 3BE3N.
Ilepuon BpalieHus paeeH nepuody MmyJibcauui. 1o coobpaxeHue
NMOCNAY>KHMJIO CaMbIM CWJILHBIM aprymMeHTOM B TI0J1b3y TOrO, 4TO
NyNbcapbl - 3TO HEMTPOHHbIE 3BE3abl U , COOCTBEHHO rOBOpS, No-
Ka3aTeJlbCTBOM CaMOro CylIeCTBOBAHMsl HEHTPOHHBIX 3BE3N, OTH
rurnoTeTHYecKHe 3Bé3abl HMKoraa eweé He Habmopanvcs. He Orino
NPOU3BEAEHO TAaKXKe HENOCPEACTBEHHBIX H3MEPEHUM pPaiHyCOB
HEHTPOHHbIX 3B€37 [14].

ITonpobyem coctaBuTh CBOE COOCTBEHHOE NPEACTABJIEHHE O
TOM, HE MOTYT JIH HEKOTOpble U3 pealbHO CYLUECTBYIOLIHMX MU Ha-
Omoaaembix OesibIX KapJMKOB BbICTYNATh B POJIM MyJbCapoB. J{ns
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OLCHKH MOJTyuuM YCJIOBHE B BHIE OTHOIIIEHHSI CHJIBI TSJKECTH Ha
NIOBEPXHOCTH BpalLaloLLeHcs 3Be3bl K LIeHTpoOeKHOH Cuile, KOTo-
poe , 4ToObl 3Be3a He pa3opBaach, AOIKHO OBITH Gombie MK
pPaBHO eaHHHLIE :

F ro/Fus = fmT%4n’ > 1, (36)

rae T - nepuon BpalieHHs 3Be3bi; M - Macca 3Be3Abl; I, - pagHycC
3BE3/bl.

PaecMoTpuM camblii pacnpocTpaH€HHBIH NEepUoA BpaileHHs
kopotkonepuonrueckux mysscapos [13] T =1 c¢. Ecau 6w1 ¢ Ta-
KMM TIepUOAOM Bpallanach WM H3jydana paguoOBOJIHBI 3Be3aa
Geneiit  xapnnk Boned457 ( mapametpsl cM. B Tabn. 3 ), To cuia
TAXKECTH Ha €€ MOBEepPXHOCTH NOYTH B MNATH pa3 npesbilliana Obl
LIeHTPOOEXKHYI0O CHIIYy. JTOT NpHUMEP TMOKa3bIBAET, YTO 4YacTh
Oenbix KapJUKOB C napaMmeTpaMH, 6imn3kumu k 3Be3ne Bonbd 457,
BrIOJIHE MOryT OBbITh KOPOTKOMEPHOAMYECKHUMH MYJIbCAPaAMH.
Haubonee pacnpocTpaHEHHBIIT B NpUpOAE NEPUOT IMyJbCALMH H,
ClIeAoBaTeNIbHO, nepyon BpaweHus T = 1 ¢ HE MOxeT npuBeCcTH
MX K paspylmeHuIo LeHTpobexxHbIMH cunaMu. Ilpu 3ToM cnenyer
0co00 TMOAYEPKHYTb, YTO 3TO PEANbHO CYLIECTBYIOIHE H
HabniofaeMble, a He NPHIAYMAHHBIE 3BE3/BL.

IloncraBuB B dopmyny (36) BMecTo paavyca 3Be3Abl I, 3HaUe-
HHE To min U3 GOpMYyJIbI (35), MONyYHM OTHOLIEHHE CHJIBI TSXKECTH K
LeHTPOoOEKHOM CHJle Ha MOBEPXHOCTH BPAlAIOLWIESHCs 3BEe3dbl, Ha-
XOAsALIeHCa Ha Nopore BHAUMOCTH:

T |Ca’ T?
Fran/Fus = — =0,5.10°—=2>1. (37)

4 fm ’ Jm

Maccel GesnbIX KapJMKOB_ 3aK/IOHEHbI B mpexenax m = 0,2 +
1.2) M., rae M. = 2 « 10* r - macca ConHua. DTH npegmenst
onpeneneHsl yuéHbiMu JLI. Jlanmay, C. YaHmpacekapom u3
YCJIOBUSl YCTOMYMBOCTH XOJIOAHOrO BhIpOkaeHHoro rasa [13]. dns
HauboJjiee mMMPOKO Habmomaemoro Bo BcenenHoit nepuoma
BpallleHHs1  KOPOTKONepHoaAHuYecKkux mnysnecapos T = 1 ¢ pac-
CMaTpHUBaeMblii AUariasoH Macc OenbIX KapJMKOB YAOBJIETBOPSET
ycnoBrio (37). Jna 3eesgnl ¢ maccoii ConHua oH pasen 11,75.
CnemoBaTesibHO, 3TH 3BE3Abl He MOryT OBbITb pa3sopBaHbI
LIEHTPOOEIKHHIMU CHJIAMM.
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Hnsa nynbcapos PSR0845-45 ¢ nepuomom T = 0,089 ¢ u
PSRO0531+21 ¢ nepronom T = 0,033 ¢ BeinonHeHue kpurepus (37)
TpebyeT OUeHb MAJIbIX MAcC, MEHbLIMX JJaXke, YeM MacChl KPacHBIX
kapaukos [13]:

m=(0,2 ... 0,08 ) M..

- IToaTomy crenyet HaliTH apyrve o0bsicHeHHs: HabmoaeMeIX sBJie-

Huii. B pabote [3] BbiCKka3biBaeTCs NpeAnoiOAKEHHE, YTO y TaKHX

MyJbCAPOB MOXKET ObITh HECKOJIBKO M3JTY4alOLHX PaAHOBOJIHBI IO-

paunux naTeH BOMM3M nomocoB. Ilpu HaKNOHe OCHM BpalleHHA K
akeatopy (puc. 6) 3a Bpems

oaHoro obopoTa U3TyueHHe ABYX
© 1y ropsauux nsAtTeH Oyaer BUOHO C

' % 3eMan  OBaXabl, 4YeTbIpEX -
yeThlpe paszsa MU T4 31O
PAaBHOCHJILHO YBEJIHYEHUIO T[1e-
pyoda BpalUEHHsT COOTBETCBEH-
| HO B JBa, YeThIpe pa3a H TaK
/ ' nanee. Ilomumo 3TOro mnpensr-
CTBOBAaTb pa3phiBy 3BE34 LIEH-
Puc. 6 | rno6exubiMu cHnamu MOryT M

Ipyrue NpHYHHBL. C HaweH TOuYkH 3peHHs, HANPUMEpP, BHELUHHE
ciou rasoBoi o0osouky 3BE31 MOTYT BpalllaThCs ¢ MEHbIUEH CKO-
POCTBIO, YEM IUIOTHOE AAPO, BHYTPH KOTOPOro NPOTEKAIOT szep-
Hbleé peakLuyd U M3 KOTOPOro MCXOOQMT H3inyuyeHue. HM3BecTHO, uTo
sapo ConHua [6] npocTHpaeTcs OT LEHTPa 4O PACCTOAHUS NpUMeEp-
Ho 1/3 BHewiHero paamyca.

Ecnun dpopmyny (36) paspelints OTHOCHTENILHO PaziHyca Io, CUH-
Tasi ero paBHbLIM paauyCy sapa 3Be3Nbl M nmojaras, YT0 OCHOBHad
Macca m, 3Be3bl COCPEenoToueHa HMEHHO B sape, TO MNOJyYHUM eLue
ONUH KPHUTEPHH :

2
; mofI'
Toagpa < >
4

Anpo 3Be3abl, pa3Mepbl KOTOPOro YAOBJETBOPAIOT 3TOMY KpH-
TEPUIO, HE MOXKeT ObITb pa30pBaHO LIEHTPOOEXXHbIMH cHitaMHu. IIpo-
BEPUM ITOT KPHUTEPHid M NapameTpoB 3Be3.bI - 6enoro KapuKa
Bonbd 457 ¢ maccoit m,= 1,01 « 10 r u paanycom r, = 0,7 «10°
cMm. Ilonaraem, uTtOo aApO TakOH 3BE3dbI BPALLAECTCA C CaMbIM
KOpPOTKHUM M3 H3BeCTHbIX nepuonos T = 0,033 c. Torna
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o aapa = 0,123 «10° cm. (38)

Kax BumHO, paauyc MJOTHOro sapa.3TOH 3Be3dbl COCTaBHJI
npumepHo 1/5 papuyca. Kpome Toro, pavee Hamu ObLT BbLIUMCIIEH
MWHHMAJIBHBIN PaJIyC 3BE31bl C MACCOM 3Be3/Ibl BOJIb(P 457, nHaxo-
JALIecs Ha Mopore BUAMMOCTH. Iy min = 0,477 «10° cm. Agpo,
onpenensemoe 3HaueHHeM (38), cocraenser naxe MeHele 1/3 eé
BHEILIHEro paauyca. 9To COOTHOLIEHHE MEeXIy BHELIHHUMH pa3Me-
paMHM 3BE30 M MX sApaMH TUITMYHO IJIA BCceX 3BE3n BceneHHoli,
Biuttoyass ConHue [6], 4TO roBOPUT B MOJIb3y BLICKA3aHHOro npen-
nonoxeHuss. MoxxHO 0xxugarb no3aTomy, 4ro mynscap PSR0531+21
npeacrasiseT coboit ObicTpoBpalnalomylocs 3Be3ny Turna Oesoro
KapJiMKa, HaxoAAIlylocs Ha Mopore BHMAMMOCTH M TOpOre cra-
OMJILHOrO CyLECTBOBAHHS.

9. JOMPHBIN BHXPh C BPAIAIOIMMCA
HEHTPAJBHEIM MACCHBHBIM TEJOM

~ ActpoHoMHueckve HabIOAeHHUs TMOKa3bIBAIOT FOopaXxawoulee
enqMHoobOpa3ue WHPoKo pacrpocTpaHéHHbIX Bo BceneHHol Bpaina-
TeJIbHbIX JBHXXEHHH. 3BE3[bI B rajlakTHKaX BpallalOTCd B OLHOM'
HanpaBaeHuu. B Hanpasnenun BpauieHus MiedyHoro nytu Bpa-
maercs BoKpyr csoeit ocd ConHue. IlnaHeTbl conHeuHoit cucTeMsl
qberatot Bokpyr CosiHUA B OAHOM HanpasJIeHUH, COBMAAIOLLEM C
HanpasjeHHeMm BpaweHus camoro ComHua. bonee Toro, ux cob-
CTBEHHOE BpalleHHEe BOKPYI CBOMX OCeH, 3a pedKHUM HCKJIIoue-
HHeM, COBIMAAAET ¢ UX HarmpasjeHHeM aBrxeHus Bokpyr CoyiHua U
ero cobcrBeHHbIM BpameHrveM. CryTHHUKH MiaHeT Taioke B OOJb-
IIMHCTBE BPALLAIOTCA B CTOPOHY BpalleHMs camMuX [UIaHeT. ITO
earMHooOpa3ne BpallaTeNbHBIX ABMXEHUH IUIOXO COYEeTaeTcs C
npeacTaBjeHUAMH O “bosiblioM B3pbiBe MNepBoaToMa’, SKOObI
noponusiiemM BceeneHHyro. B3peiB o cBoer npupoae aosxkeH Obua
NOPOAHTL XA0C, a He HabMOaAaeMyK) 3aKOHOMEPHOCTb.

Bcé 3TO HaBOAHUT HA MbIC/b, YTO CyIIECTBYeT OOLHH NMPHUBOA-
HOHM MeXaHH3M, AEHCTBYHLUHHA BO BCEX NEPEUHCIIEHHBIX CITy4asix.
TakuM MexaHHM3MOM MOTYT CIY>KHTb 3(DUpHBIE BUXPH, KOTOpbIE,
MO-BUAHMOMY, LIMPOKO pacnpocTpaHeHsl B kocMoce. bes ux yuéra
HEBO3MOXXHO O0BACHUTH ILIMPOKOE PACMPOCTPAHEHHE H eIMHO00-
pasue BpalaTeNbHbIX ABH)KeHHIT BO BeenenHoii, a Takxke pag apy-
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rMx, CBA3aHHbIX ¢ 3TUM npobneM. Hayka, Hanmpumep, o0 CHX mop
He cMmoria OOBACHUTL Hecopa3sMepHO OOnbIIOM  MOMEHT
KOJMYECTBA  JABMXKEHMS  IUIAHET COJIHEYHOM CHCTEMBI M
0COOEHHOCTH CTPOEHHsl CIIMPANTbHBIX IaaKTHK. |

Buxpu wmupoko pacnpo-
CTpaHeHbl B mnpupone 3eMiM.
Mbl 3HaeM armocdepHblie
BHUXPH, BOAOBOPOTHI ( pHc. 7).
HM3BecTHO, YTO CIMB BOABI U3
mo0boii éMKOCTH uepe3 OTBep-
CTHE COMpoBoxKAaeTcs pOpaso-
BaHHWeM B Boge BUXps (BHX-
pEBOIi BOPOHKH), KOTOpPbIH
BOBJIEKAET B CBOE BpallleHue
OKPY’KAIOLLYIO Maccy BOABI H
HaxoAsllMecs B HEeM IJaBaio-
e ﬂpeJJ,MCTbl B kauecTBe Takoii BOPOHKH A civBa 3¢Hpa B
KOCMOCE BBICTYNAIOT MaTepHalibHblE TeJa, HEMPEPHIBHO MOrjoLa-
rowre 3¢pup. PaguansHoe TeuyeHHe K CTOKY-Tey SIBJISETCS Heyc-
TOMYHUBBLIM H CBOPAYMUBAETCA B YCTOMUYHBBIH BUXPECTOK.

B aspoanHamMuke LWIHMPOKO MCMOJIb3yeTCs BUXPEBOE MOAENHPO-
BaHHWE MHOT'HUX O4Y€Hb CJIOXKHbLIX pea/lbHbIX BUXPEBbIX T€YEHHH BO3-
AyXa, BO3HUKAKLIHUX OKOJIO CAMOJIETOB M pakeT B nosére. TeopetH-
YeCKHM BHXPH MOTYT CYyILLECTBOBaTb B BHAE OECKOHEUYHBIX BHXPEH,
TaK KaK COrJIaCHO CJEACTBHIO M3 TeopeMbl I'eqbMrojyiblia OHU He
MOryT OKaHYMBaThCA OCTpHUEM [18]; BUXpH MOryT OKaHUMBATbLCS Ha
rpaHulie pa3MHYHbIX Cpell;, H3BECTHHI BUXpEBbIE KOJbLIA.

OnuiiemM TeuyeHHE OKOJIO 3(PUPHOr0 BHUXPS C LIEHTPAJIbHbLIM
MAaCCHBHbIM TEJIOM MMOTEHLMANIOM CKOPOCTEH BUXPECTOKA !

@ =am/4np,r +® T 2wV, (39)

rae m - Macca Teja; ®*p - yriioBas CKOPOCTb BpallleHHs spa BUX- .
psi C paiMyCoM I, Y U O - yrnoBble koopauHaThl ( puc. 8 ); r - pa-
AuanbHas koopauHara. Hauano cepuuecknx xoopanHar cosnana-
eT ¢ ueHTom 0 cdepuueckoro Tena. Ipup BHYTpH BHXps Bpallaer-
Csl M0 3aKOHY BpauleHus TBépaoro tena [18]

U =wprsind. (40)
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B naHHO# 3apaye nocTynaTeybHOe ABH-
)KEHUe Tena U BUXpsA OTCyTCTByeT. Meton
HaJI0XKEHMs MOTEHL(HAJIbHBIX NMOTOKOB IMO3-
BoyisieT Ao0aBuTh ero mnosxe. BausHue
C2KHUMAaeMoCTH 3()HPHOro rasa OTCyTCTBYET
M3-3a HEOOJILLIOH CKOPOCTH BpaIIEHHUA U
pagjMaIbHOro TeueHuss. TeueHue BHE
BUXPS ABJASETCA NOTEHUHaNbHbIM. C mo-
MOLLBIO NOTeHUHana ckopocrel (3 9) MOX-
HO 3aMucaTh NMPOEKLHH CKOPOCTeH 3dmpa
BHE BUXPA :

y A

Puc. 8
V' = 0p/dr = - am/dnp,r?, (41)
Vo= (/1) 0p/d® =0, (42)

V', = (1/rsin@) dp/dy = o pr Zop/(rsin®).  (43)

Pewenue (39), (41) - (43) ynoBnereopsieT ypaBHeHuio Jlannaca u
rpaHUYHLIM YCIOBHAM Ha OECKOHEMHOCTH. YTjoBas CKOpOCTb Bpa-
LUEHHS ® W PafuycC I, LEHTPAILHOrO Tena He COBMANAIOT C YrJio-
BOH CKOPOCTBK) BpAlLEHHUS Wp W pPaglycoM ron aapa 3¢pUpHOro
BUXPA.

Kak 6b1n0 nokaszaHo B pasaene 3, teueHve 3¢ypa oka3blBaeT Ha
TEJI0O CUNOBOE BO3[EHCTBHE BHE 3aBHCHUMOCTH OT COOCTBEHHOrO
asHokeHus tena. [loaToMy BpamatenbHoe OBHKeHHE 3QHpa BHYT-
pH sapa BUXps Oyner yBelHUHMBATh CO BPEMEHEM YIJIOBYIO CKO-
poCTh ® LeHTpanbHOrQ Tena. Teuenue 3¢upa BHe AApa BUXPS C OK-
PY>KHOM CKOpOCTblO \'A y corniacHo (popmyne (13) Taxke okasbiBaeT
CHJIOBOE BO3MENCTBHE HA CMYTHHKH LEHTPANBHOrO TeNa, yBeslH-
YHBasi MX OKPY KHbi€ CKOPOCTH. DTO A0 CHX MOP HE YUHUTbIBAIOCH
HAYKOH H CTaBWJIO ACTPOHOMHIO B TYMHK B MOMbITKAX OOBLACHHUTD
HEKOTOPbLIE CBA3AHHbIE C 3THM SIBAEHHS.

PaccmoTpuM noapobHee cunoBoe BO3nenHcTBHE 3)HPHOrO BHX-
ps Ha ueHtpanbHoe Teno. Ob6patumcsa mias 3toro k auddepeH-
LHMaIbHOMY YPABHEHHIO BPALIATENbHOrO ABHXKEHHs TBEPAOrO TENa
BOKPYT OCH :

Jodw/dt = M.
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B stoM ypaBueHHH J, - MOMEHT HHEPLIMH Cepuueckoro Tena;
® - YrI0Bas CKOPOCTh BPALICHHA Tend; t - Bpems; M - MOMeHT OT
cuisl F, peficTBylollel Ha Telo co CTOPOHLI ABHXKYLLerocs 3¢upa.
IlponHTerpupyem 310 ypaBHEeHHEe U HaleM 3aBUCHMOCTD YIJIOBOH
CKOPOCTH OT BPEMEHH:

® = (M/J)t + a,. (44)
MoMeHT HHepLHK1 OAHOPOAHOTO Wwapa u3secTeH [19] :
J,=(3/5) mr,” . (45)

3nech m - Macca LIEHTPAJILHOrO TeNla, HMEKLLEro paauyc r,: anee
3amnMiiemM MOMEHT OT CHJ1 CO CTOPOHBI Bpawlarouierocs 3¢gupa, npu-
NOXEHHbIA K cpepHUecKoMy TeJTy :

M = [[[ rsin6dF = = ow'sr’m, (46)
W )

rae W - 06bém wapa; dF - anemMeHTapHas cusa, NpUIOKEHHAs K
anemeHTapHoOi Mmacce tena dm. Cuna onpenenae'rca B COOTBETCT-
Buu ¢ opmyoii (13) ans ckopoctu V'=U" (cm. popmyay (40)).

IloacraBum B ypaBHeHHe (44) BbipakeHus Jo, ¥ M u3 (45) u
(46). B pesynbTaTte nosyunm

0=23a0pt + o (47

[lonyuenHnas ¢opmyna onpenensieT 3aKOH YBE/HYEHHS YrJIOBOH
CKOPOCTH BpalleHHs MaCCHBHOI'O TENA, HAXOZALLErocs BHYTPH
3(pHipHOro BUXps, OT BPEMEHH.

_®opmyna (47) moeT ObITh HCNONBL30BAHA JUIA peLieHus obpar-
HOM 3a/1a4M, TO €CTb JUlsl OMPEAENEHHs yrnoaou CKOPOCTH Bpallle-
HHA aapa 3(PHUPHOro BUXpA ® g MO M3BECTHOM YrJIOBOH CKOPOCTH
LIEHTPaJIbHOr0 MaCCHBHOIO TeNa :

. 0—@,
R~ 3/2 . (48)
ta
Cno’kHOCTb YKa3aHHOI 3a1a4yd COCTOMT B TOM, YTO, HECMOTPH

HAa KaXKYLLYIOCS NPOCTOTY 3TOM (opMyJibl, MpU €€ peanu3aLuu
HeoOXOaMMO 3HAThb YIJIOBYIO CKOPOCTb BPAlUEHMs LEHTPaJIbHOIo
Tena 6e3 NOCTOPOHHUX BAHUSIHHH HA eé BeJIMYMHY CO CTOPOHbBI ApPY-
FMX KOCMHYECKHX TN WAHW APYrHX COOBITHH B XHU3HH 3TOro TeNa,
KOTOPbl€ MOrJIH U3MEHHTDb 3Ty CKOpOCTb. Kpome TOro, Hy»HO 3HaTb
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BpeMsi, B TE4EHHE KOTOPOr0 TMNPOMCXOOHJIO PACKPYYMBAHHE, U
HaYaJIbHYK YIJIOBYIO CKOPOCTD ®.

[TprumeHum dopmyiy (48) k pacuéTy yrioBeix ckopocteit 3¢up-
Heix Bhxper CoJjiHUA W IJ1aHeT CoJIHeYHOM cucTeMbl. s cospe-
MEHHOrO 3Ha4eHHs yrnoeon ckopocty BpamieHus ConHua ® = 2,9 «
.10  pan/c u Bpemenu cymectsosanus ConHua Kak 38e3abt t = 15
MJIPA JIET TIPH ®, = 0 yrjioBas CKOPOCTb BpPAIEHHs COJIHEYHOIO
3¢HpHOro Buxps Oyner

® B1=0,925 « 10 % pag/c.
[ToMHMO 3TOrO OMpenesnM elé OAHO 3HAYEHHE ® B2 COMHEYHOrO
BUXps, MCXOAA H3 BpPEMEHH CYLUECTBOBAHHUA COJIHEUHOM mua-
HeTHOH cuctemsbl t = 3,5 mapa ner. IIpu 3ToM nonaraem, 4To B MO-
MEHT 00pa3oBaHHs TMJAHET MOMEHT KOJIH4YeCTBa ABHAKEeHHs Obll
repenaH njaaHeram, a spauieHve camoro ConHua Obl10 npakTHyec-

KH OCTAHOBJICHO: .
_ wpr=396 «10% paj/c.
Pe3ynbTathl pac4éTOB YIJIOBBIX CKOPOCTEH 3(PUPHBIX BUXpEH OKOJIO
TUIAHET COJIHEYHOH CHMCTEMBbI AJist BpeMeHu t = 3,5 MJIpA JieT NMpuBe-
aeHsl B Tabn. 3. B 3T10i1 Tabnuue B nepBom cTONOLIE MpHBENEHBI
Ha3BaHUA IUIAaHET, & B MOCNEQYIOWHX CToNOLAax AaHbl 3HAYEHUS
Macc, paanyCoB, YrJIOBbIX CKOpocTel ruiaHeT. B ceabmom cronbue
MPUBEAEHDI YIJIOBbIE CKOPOCTH 3(PUPHBIX BHXPEH.

Tabnnua 3
Yrnosas | Pamuyc | Okpyxnasi| Yrnosas
Inanernt|  Macca, Papuyc, | cxopocth | opOMTBI, | CKOPOCTh, | CKOPOCTH
r cM IUIALICTDI, cM cm/c BUXPA,
paj/c paji/c
emast | 5.98¢10 %" | 6.37010° | 7.28¢10 | 1.49¢10 | 2.98¢10° [9.93¢10 **
Mapc |6.57010°[ 3.39¢10° | 5.98010 [ 2.28¢10 ° | 2.41010° [9.68¢10
I0murep [ 1.89¢10 7 [ 6.99¢10% [ 1.76010 7 [ 7.88¢10 [ 1.31010° [2.40010 7
Caryp [5.68010 7] 5.75¢10% [ 1.71010 "] 1.42¢10 ™[ 0.97¢10° [2.33010 @
Yparn [ 8.78¢10 ®| 2.55¢10% [ 1.63¢10 7 [2.87¢10 ™| 0.68¢10° [2.23010 7
Herrryit [ 1.03e10 7 [ 2.50010% | 1.10010 ™| 4.60010 ™ | 0.54¢10° [1.50010 7

C TeueHHem BpEeMEHH yraoBas CKOpOCTb BpallleHUs 3eMJId BO3pac-
taeT. B cooreercTBuu ¢ popmynoii (47) kaxaeie 100 sieT oHa yBe-
JAHMYHBACTCA HA BEJIMUYHHY \

Aw =@ - 0y = 200 1 tigo/3 = 2,08 «10 " pap/c.
CpenHee npHpaiieHKe yriaoBoii CKOPOCTH 32 3TOT NEPHOA
Awg = Aw/2=1,04.10 12 pan/c.
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Jlns 3eMiu coBpeMeHHasi yriioBas CKOPOCTh @, = 7,28 «10
pan/c.

B pesynbrare packpyunBaHHs 3eMHBIE CyTKH B cpeaHeM 3a 100
JIeT YKOPauYMBAIOTCA HA BpeMs

ATi00 = 21/0, - 27/(@o + Awey) = 1,235 410~ ¢.

JTO O4YeHb MajieHbKas BEJIW4YMHA, HO OHA B 1,23 pa3a mpeBbI-
LIAET BEJIMYHHY TOPMOXKEHHS 3eMJTH NMPHUJIMBHbLIMH CHjiaMH oT Jly-
Hbl, COCTABJIAOLMMH corniacko [21] 10 2 ¢ B 100 ner mam 10 “c
B roa. OaHako 3Ta BeJIMUMHA HECOM3MEpPHMA MaJla N0 CPABHEHHIO C
eXXeroiHbIMH KkonebaHHAMH CKOPOCTH BpallleHHs 3eMJIH BOKpYyr
cBoeii ocu. BrisscHeHo [21], uTo B xoHue XIX Beka 3emis criewinia
bonee yuem Ha 1 ¢ B rox. Ilocne 1900 roma, oHa oTcTaBana MeHee
yeMm Ha 1 ¢ B rog. Haunnas ¢ 1920 roga oHa crana cHoBa CrelHtTh.

Kak oTHOcuTbCa K momydeHHoMy pesynbTaty? OH, 6e3 comHe-
HHUA, JaET MUY IS pa3MBILIJIEHHH, HO ero He CTOUT adCoMOTH3H-
poeath. Hannuo OOHHAKOBLIM NOPAAOK 3HAYEHHH TPUIHMBHOIO
TopmodkeHus: 3emnu JIyHOii W eé packpyuuBaHHst 3(PHPHBIM
Buxpem. PacxoxageHue B 1,235 pasa He [0JXKHO KasaTbCi
OONBLIMM, €CJM Y4eCTb, YTO pPac4éT pacKpyuYuBaHHUs 3eMJIH
NPOBOAMJICS CO MHOTMMH HEHU3BECTHbIMH, KOTOPbI€ MOIYT BJIHATH
Ha 3TOT npouecc. Mbl He 3Haem, Harpumep, KOraa H Kak 3ems H
Jlyna oOpasoBand TECHyK Mapy H, CNefOBaTe/lbHO, HE 3HaeM,
NpaBWJibHO JIH MbI BblOpaiv Bpems 3,5 mapn netr B dopmyne (48).
He 3HaeM, MOXHO iy cyMMapHbiii 3dekT OT TOPMOXKEHHs H
pacKkpy4uBaHHs IOJy4YaTh NOpocThiM cymmupoBaHuem. Hakoneu,
Mbl He 3HaeM, 4YeM BbI3BaHbl €XKerogHele KoaedaHHs B CKOPOCTH
BpalmieHuss 3eMnd M KaK OHHM OTpPaXKalOTCsd Ha MNPUIMBHOM
TOPMOXKEHHH U PaCKpPYUYHBAHHH 3EMJIH BUXPEM.

Yike nocie Toro Kak 3ToT pacuér Obul BBIMOJIHEH, MOSBWJIOCDH
HHTEPECHOE Hay4yHoe coollieHHe. ABCTpaIHiCKHE Y4€HbIE M3yUH-
NIH OpeBHEHLIHE OTNIOXKEHH HA MecTax OeperoBOi NHMHHH, CyLUe-
crBoBasLied Tam 900 miH net Hasaa. OHM NpULIAHA K BBIBOLY, YTO
CKOpPOCTb BpauleHHs 3emnu 3amennsercs. [1o ux muenuio, 900 maH
JIeT Ha3al 3eMHble CyTKH cocTaBasnu Bcero 18 4. B To ke Bpems
OHM C YAHBJIEHHEM OTMEYAIOT, 4TO OMOpHUTM YesioBeka, chopMHpoO-
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BaBLUMICA B Te na.nexue BpEeMC€HAa H COXpaHPIBIHPlHCSI ,IIO ‘HalllUX
nHeit, cocrapysier 30 u. ITouemy?

Ecnn Bce-taku 3emiisi pasrOHSETCA B CBOEM BpAIEHHH, a HE
TOPMO3UTCA U 3eMHble CYyTKH He YBEJIMUHBAIOTCA, a COKPAIalTCs,
TO pacuér no gopmyne (47) NpUBOOAUT HUMEHHO K ToMy, 4TOo 900
MJIH JIET Ha3aQ 3eMHble CyTKH ObumM paBHbl 30 4 U COOTBETCTBO-
BaIM OHopuTMy uenoBexa. Htepecto? Ho rae uctuna?!

10. ®OPMA PEAJIBHOI'O 2®HPHOI'O BHUXPHA

PaccmoTpuMm Bompoc o TOM, Kakylo (opMy JHOOJIKEH HMETDb
peasibHbIA BUXPb OKOJO MacCHBHOro rteja. Kak mnoka3aHo Bbilue,
MPH BUXPEBOM MOJEJIMPOBAHUH SABJICHWH, MPOUCXOAAIIHX B KOCMO-
ce, NOCTAaTOYHO NMPEeAroNoXKHTh, YTO 3TOT BUXPL UMEET INMOCTOSH-
HOe CedyeHHe U MPOCTHpaeTcs B 6eCkOHEYHOCTh N0 06e CTOPOHBI OT
LHeHTpaibHOro Tejia. OaHaKo TPYAHO IMPEACTaBHUTHL Cebe HaM4ue

BO BceneHHOH OrpoMHOro umciua

\t Takux OeckoHeuHbIX BHXpei.Ckopee
Bcero, ceueHue 3¢upHOro .BHUXpH

Po YBEJIMYMBACTCA MO Mepe yOaleHUs

@D OT LEHTPATBHOTO TeNna, NpeacTa-
Bisolero coboit crok ( puc. 9).

o Takyio ¢opmy HMeEIOT, Hanpumep,

BUXPEBLIE BOPOHKH MPH CIIMBE BOMbI

o //_ M3 éMKOCTH 4epe3 orBepcrue. Ilpu
~Piic. q 3TOM JI0JDKHA BBITMIOJIHATLCS TEOPEMA

I"'enpmronbua o ToM, YTO Hanpsxke-
HHE BHXPEBOro wHypa I ocraércs HeM3MeHHBIM M0 ero AJIhHe, TO
eCcThb

I= 2_”(0 - dS = const.
S

31eck ® - yrjioBasi CKOpOCTh BpallleHHsi BUXPS; S - NMONepevyHoe
cedyeHue Buxps. Il ppyMeHUTENLHO K ad)npuomy BHUXPIO, UMEIOLLIEMY
mjiowanab nonepeqﬂoro ceyeHus S = Tr 02 H BpawjarolemMycs ¢
MOCTOAHHOM YIJIOBOM CKOPOCTBLIO O = ® B, 3Ta TEOpEMa BBIPOAHUTCA

B PaBEHCTBO

* » 2
W pBIes = const.
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DTO paBEHCTBO O3HAYAET, MO CYTH JeN1a, MOCTOSHCTBO MOMEHTA
KOJIHYECTBA ABHXKEHHS MO JJTHHE BUXPSI.

BennuuHa @ g I o8 BXOAUT B  BhipaxkeHue (39) mnst roTeH-
L(MaJ1a CKOpocCTeid, OMKMCHIBAIOLIEro BHENHee TedeHHe 3dupa o0KkoJo
Buxps. TIockonbKy OHA MOCTOSHHA MO JUIMHE BUXPS, BhIPRXKEHHS
(39), (41) + (43) He OymyT M3MEHATECA MPU M3MEHEHHM paaHyca
I o3, €CJIH OMHOBPEMEHHO M3MEHAETCA YrjioBasd CKOPOCTb Bpallie-
HHs Aapa 3QHPHOro BUXpS B COOTBETCTBHH € (GOPMYJIOH

‘ . * 2
w g = const/r 5"

Korna paguyc cedeHHs BUXps [ oB CTaHOBHMTCsl OECKOHEYHO

OOJIBIIMM, YTJIOBAas CKOPOCTb BpaLlEHMs ® p CTAHOBHTCS PABHOM

HYJTIO. Hoammy peasibHble 3()HPHbIE BUXPH OKOJIO MACCHBHBIX TeJl
MMeloT hakTHYECKH OrPaHUYEHHYIO NPOTAKEHHOCTh.

Yka3aHveM Ha yMeHblIeHHe YIJIOBOH CKOPOCTH BpalleHHs
BAOJIb OCH BHXpPSA MO Mepe YOAIEHHA OT 3KBATOPHAIIBHOH IIOC-
KOCTH LIEHTPaJbHOr0 Tejla CIyXaT HaOmojeHus 3a BpalleHHeM
Connua. Sensacey rasoobpasHbiM mapom, ConHle Bpaiaercs He
tak, Kak TBépaoe Teno. HabmoneHns 3a cojHeYHbIMM MIATHAMH H
criekTpanbHbid aHanmu3 [15] nokasanu, uro GbicTpee Bcero obpa-
LAIOTCs HKBATOPHANbHBIE TOYKH, COBEPIIAIOLIHE MOJIHBIN 000pOT
'3a 25 pHeil. Yem pambuie ot 3kBatopa, TeM Gonblue Bpems obpa-
menus. Ilon Luupomu 40° oHO Y€ COCTaBJSIET CBhIlie 27 HHENA.
IMon wuporoit 80° Bpems oOpaweHus noxoauT 0o 34 nueii. Bpa-
meHue IOnurepa Bokpyr ocu [15] umeer Ty ke ocobeHHocTb. ITo-
MyTHO OTMETHM, YTO MPHYMHA 3AraJo4HOro ‘“3KBaTOPHANBLHOrO
ycKOpeHH s OCTaéTcs 3araf04HOH IJi1 HAyKH M He paspelleHa no
CErOAHSIIHHUH OeHb.

11. PAIAYCBl KOCMHYECKHX J®HPHBIX
BUXPEH. BIUAHUE YOHUPHLIX BHXPEN HA
PAIHUYCBHI TUIAHETHBIX OPBUT

BaxkHbIM BOMPOCOM, HE UMEIOLLHM MOKA OTBETA, ABJISIETCS BOM-
poc o paauyce sapa Buxps. Ilpome Bcero 6suto 6bI mpeamnoJio-
’KMTb, YTO OH PaBeH PaAMyCy LEHTPAJIbHOrO Tejla, Kak B CiIyyae
oOpa3oBaHusi BUXPsl 32 CUET CHJI TPEHUS O NMOBEPXHOCTb BpaLlalO-
mwerocs tena. OaHako npupoaa 3PHpHOro BUXps He CBsizaHa C Tpe-
Huem. OHa 00ycnoBjeHa TeM, YTO HAeaIbHOE PaIHAIbHOE TeueHHE
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OKOJIO CTOKA SIBJISETCS HEYCTOMYHMBLIM M BCJICACTBHE 3TOTr0 CBOpa-
YHBaeTcsd B BUXPb. [edyeHHE BHYTPH M CHAPYXH BHXPS SBJIAETCA
YCTOMYHBbLIM K BHEWHNM BO3MyLleHUsAM. ITo3TOMy Henb3s BO Bcex
Ciydasx TpeOOBaThb paBeHCTBA PAAMYCOB TeJia H BUXPS, XOTA 3TOro
pPaBE€HCTBA HeJIb3s TaKXKe HCKITIOYHTD.

Yn006HBIMH ROCMHYECKUMH O0bEKTaMHM, MO3BOJIAIOIIMMHU OMpe-
OENUTh paguyc 3¢HUPHOro BUXPS HENOCPEACTBEHHO U3 Habsmone-
HHH, ABJIAIOTCA CMTHPAIbHBIE TAJAKTHKH, B KOTOPLIX 3BE3/bI KaK ObI
BH3YAJIM3UPYIOT rpaHuly 3¢upHOro rainakruueckoro suxpsa. Ha-
OJIIoAeHHS MOKAa3bIBAIOT, YTO 3BE3MLI B AZIp€ CIHPAIbHOI rajlakTH-
KH 00paiaroTcs BOKpYyr o0luero LEHTpa no 3aKOHy TBEPAOro Teja
M TOJIbKO 3BE31bI B CITHPAIBHBIX PYKaBaX UMEIOT CKOPOCTH, YObI-
BAIOLLUE MO Mepe yAaJlleHHs OT sapa. Takas ke KapTHHA pacrnpesne-
JIEHUA CKOPOCTEH, Kak H3BECTHO, XapaKTepPHa i TEYEHHH BHYTPH
U BHe BUXpA. JTO HaOmopeHHe, KpOMe TOro, MOATBEPXKIAET CHE-
JIAHHOE paHee yTBepXkIeHHE O TOM, YTO pafuyC 3¢HpHOro BHXpA
MOXET He COBMAAATh C pagHyCOM CIUIOLIHOIO LIEHTPAJILHOrO Tena,
MOCKOJIbKY 3BE3/bl B sifip€ rajlakTUKHU yAajieHbl Apyr OT Apyra Ha
Gonbluve paccTOSHHUA W He MpeacTaBasloT coboil eguHOro Tena.
PHcyHOK criHpaNibHBIX rajlakTHK FOBOPHT TAKXKE O TOM, YTO BHUXPb
aKTUBHO (JOPMHpYET CKOPOCTH ABHXKEHHS 3BE3M M HX MOJIOXKEHHS
OTHOCHTEJIbHO LIEHTPA FaJIaKTHUKH, ~

K coxaneHvio, Het npsambIX HabmomeHMH OOBEKTOB COJIHEY-
JHOM cHCTeMBI, U3 KOTOPbIX MOKHO ObUIO ObI ONpenes T paguyChl
a¢upHbIX Buxpeit camoro CosiHLa M niaHeT. DTO 3aCTaBjseT MC-
KaTb ABACHHA, KOTOpbIE XOTA Obl KOCBEHHO ITO3BOJIHIIH OMPEHEIUTD
9TH paanycbl. OOpaTuMcs g 3TOro K 3aKOHaAM ABHIKEHHS IJ1aHET.

H3BecTHO, 4TO ABHIKEHHE IUIAHET MO 3JJTHNTHYECKHM OpOHUTaM
noguuHsetrca 3akoHaM Keruepa. I1ockonbky asununtriyeckue opobu-
Thbl TUIQHET CONTHEYHOH CHCTeMbl OJIM3KH K KPYTOBBIM, TO 3TO O3Ha-
yaeT, uTo B JII0OOH TOuke OpOUTHI AOKHO BBINOJHATHCS PABEHCT-
BO LIEHTPOOEKHOI CHJIBI M CHJTBI MPUTSHKEHUs1 OT LIEHTPAILHOTO Te-
Jla, AEHCTBYIOLHX Ha [UIAHeTy:

Fu.G = F e, (49)

L}

rac -
Fus = MqU/Tops, F e = fimam/r’ops. (50)

ITocne nogcranoBkH (50) B (49) 1 He0OXOAMMBIX COKpaLleHHH
uMeeM .

3

U2= f]"l‘l/l'ope : (51)
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B (50) u (51) BenuuuHbl m; 1 m npeacTaBnsoT cobol Macchl
MJIaHeT U LUeHTpanbHOH 3Be3abl; U - OKpyxHast opOUTaibHas CKO-
pPOCTb TMUIAHETHI; Tops - CPEOHHMHM panuyc opOuTel. B HaualbHBLIN
moMeHT BpeMeHH t = 0, korma U = U,, m = My U Iop6 = To op6, YC-
nosue (51) mpuHHMaeT BUL

Us? = fine/fo ops - (52)
Kak ObU10 nokasaHo B pasgene 2, ¢ TeueHHEM BpEMEHH MAacChl
TEeJ1 BO3PACTAIOT COrJIacHO 3akoHY (8), yBeIHUHBas CHITY MPHTKe-
HHA TUTAHEThI K LieHTpanbHoMy Temy. C Opyroi CTOpOHBI, NOA BO3-
nerdcTBueM 3(HUPHOrO BUXPSA LIEHTPAILHOTO Tejia BO3PAacTaeT OK-
pyXHas CKOPOCTh TUIAHETHI MPH ABHXKEHWH 1O opOuTte, yBeIU4H-
Bas LIGHTPOOEXHYIO CHJIy H TeM CaMbIM MpENATCTBYS NEHCTBHIO
CHJI IPUTSAIKEHU S,

PaccMoTpyM 3TH mpouecchl Ajisi ABHKEHUs TJIaHeTbl 3a npepne-
namu sapa apupHOro Buxps. B reueHue Manoro no KOCMHUYECKUM
MEpKaM OTpe3Ka BpeMEeHH H3MEeHEeHHEM CPeaHero pagudyca OpOUThI
npeHebpeskéM U OyneM CHHUTATh, YTO Iops = To ops. COrmacHo ¢op-
mynam (13), (14) u (43) cuna, ¢ koTopoH 3HUPHBIH BHUXPb HEHCT-
ByeT HA CIyTHHK WM TUIZHETY B HanpaB/ieHHH OKpPYXXHOM
ckopocTH 3¢Hpa no KacaresibHON K opOuTe, OyaeT

F = mdU/dt = om0 BT os° [Tops. (53)

Ypasuenue (53) npouHTErpHpyeM, B pe3yJibTare MOJY4HM Bbl-
pa)keHHEe A1 CKOPOCTH IUIaHEeThl HJIM CITyTHUKA Ha opOuTe

U= U, + 0 Br o8 t/Tops. (54)

Ioncrasum B ycnoBue (49) Maccy ueHTpaibHOro tena us3 (8) u
ckopocte u3 (54). Ilocne HeobxoaumeiXx npeobpa3oBaHUi Moy-
YUM

¥, * =t
1 ' r.lo.a fm ek
| Uj(l'i" oB B )2 — ) . (55)
- oropb ropb

[Tonaras reps = Io ops 1 UMes B BHAY cooTHomeHHe (52), paspe-
IIMM BbIpaskeHHe (55) OTHOCHTENBHO pagnyca BUXPA |

» (a / k)\/fmoroyb

L
2a°wB

(56)
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dopmyia (56) no3sossieT onpenenruTe pasuyc 3(pUpHOTro BUXpPS
0K0J10 J11060ro MaCCHBHOIO Tea, €CJIM U3BECTEH PAAUYC PaBHOBEC-
HOH OpOHTBI, HA KOTOPOH COXpPAHSETCA HEM3MEHHbIM BO BPEMEHH
paBeHCTBO LIEHTPOOEKHON CHIIBI U CHJIbI MIPHUTSXKEHHUS, AEeHCTBYIO-
IMX HAa HaxXomsLlylOcsi HA Hed mjaHety. B xauecTBe paBHOBECHOH
OpOHTbI JIOTHYHO B3ATb OpOUTY, NMPOXOIALIYIO IO HAPYKHOM rpa-
HHULE 3(UPHOro BUXPs, TaK KaK OHA MEHsAeT 3aKOH TeYeHHUs 3¢upa
BHE M BHYTPH $Apa BUXpA. B 3TOM ciyuae r, = Fop6.pas H 13 QOP-
myabl (56) cienyer, 4To

2

. o/k
r =r = 3|fm —| . (57)

oB op6. pas o 2a C®

CornacHo 310 opmyie paauycel 2¢HpHBIX Buxper ConHLa U
3emnu OyayT

Fpe = 0,574-1012 CM, (58)
[ op3en = 0,956410° cm. (59)

Hpu noacuére ucnonbsoaa.nucs cienyoure 3Haqenml My3ey = Oeo
.10° rcoggm—993-10 pan/c, moc—2-10 ra)Bc—396.
. 10 pa,u/c

Hanee paspewuMm ypaBHeHHE (55) OTHOCHTENBHO paauyca op-
OuTsl, 3ameHuB B HéEM U, ¢ noMouwbio (52) 1 oTOpOCHB Masbie Be-
nu4yuHbl B pesynbTate nojlyuuM COOTHOLLEHHE

l‘opb —t

oB
=ek - t, (60)
l"Oopb 'fﬁn ro opb

Hnst He6OoABLIHUX MO KOCMHUYECKUM MaciiTabaM OTpe3KOB BpEMEHH
C MOMOLLbIO 3TOH POPMYJIbl MOXKHO 3anUcaThb MPHpaAlLEHHE paaHy-
ca opOHTHI, pa3sioKHUB e B cTenenHoii psAO U yOepKaB B HEM JiH-
HelHble MO t WieHbl:

Aropb - l-00pt5( k an]

[Ipumenum popmynsl (54) u (61) nns onpeneneﬂua U3MEeHEeHHH
NnapaMeTpOB ABHIKEHHUS ﬂyHbl no opbyure BOKpYr 3emiu s OTpes-
Ka BpPeMeHH tjpo = 3, 15 .10’ ,C. B pacuérax MCIIONIB3YEM 3HAYEHHS

Top6 Jlyum = 3. 844 ° lO CM, l' oB3 3em O 965 . 10 CM, ® B3em — 9 93.
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.10% pag/c. B pesynbrate nomyuaem NpHpallieHne  panuyca
op6wru Arops = 3 M, cpeaHee npupauieHHe OKPYXKHOM CKOpPOCTH
AUg = AU/2 = 3,8 210° cm/c M cBs3aHHOE C HTHM YCKOpPEHHOE
msmxeune o op6u're Ha paccToaHHH AS = AUt 100 = 1,2 kM. ITH
uudpbl OJM3KM K M3BECTHBIM 3HAYEHHSIM BEKOBOrO YCKOpEeHMs
JIyubl ASjo0 = 7,45 KM M nipvpalleHus cpeaHero paauyca opOMThI
Argps =" 1,5 M, onpenenéHHbiM H3 HabMoOAEHHH 3a ABUXKEHHEM
JIyHsL. Pacxoxc.ueum BHIHMO, CBA3aHbI ¢ TeM, 4T0 ¢opmyna (57)
nana npubankéHHOe 3HAYEHHE pagHyca 3dmpnoro BUXPsS 3eMJIH.
Paguyc peanbHoro BUXpS  HECKOJIEKO oonpme. JlocTaToO4HO
MOJIOXKHTb T o = 2,4 .10° cM BMecTO T oB = 0,965 «10” cMm," yTOOLI
MoTy4uTh 3HaueHue AS = 7,45 kM, NOJIHOCTBIO COBMAajAaOLIee C Ha-
6monaemeiM. IIpH 3TOM nomydaercs Manas BeJIMYMHA Al = 6,5
cM. TTocneaHee o3Hadaer, yto HabmoaaeMoe MPUPAUIEHUE Algps =

1,5 M B OCHOBHOM MNpaBWIbHO OOBSACHEHO MNPHIIMBHBIM BO3-
peicreueM 3emnu Ha nBvxeHue JIyHbI M UMb B MaJioii CTeneHU
OHO 3aBHCHUT OT 3PHUPHOro BUXPA 3eMin.

Hanee obpatumcs k opﬁm*e 3eM.1m BOprI‘ Connua. 3a 3,5
MJIDJL JIeT IPH ® B¢ = 395 102 pa.u/c [ o C 0,574 10" CM,
Tops 3em — 1,465 o 10" cm IIpHUpaleHHE. op6uTaJleou CKOpOCTH
3emuin coctaBut BejiHuMHy AUz, = 1,436 km/c. CoBpemeHHas
ckopoctb 3emnu U, = 29,8 km/c. 3a onH MWLUIHApA JIET COrJIaCHO
(60) pamuyc opbuTtsl 3eMiu BO3pOC B OTHOLIEHHH

Fop6/Toops = 1,08. (62)

YBenauueHue pagHyca opOuTsl 3emiH, o0yc/ioBjIeHHOE 3¢Hp-
HbIM BUXpeM COJHLIA, KaK CleayeT U3 (32) MOJIHOCTBLIO KOMITEHCH-
pYeT BO3pacTaiolylo co BpeMeHeM cBetuMocTb ConHLA H, cieno-
BaTeJILHO, MOJTy4aeMylo oT Hero 3emnéii TeruoBylo 3Hepruio. Ioc-
JIEAHEEe, KaK Mbl NMOMHHM, OOYE/IOBJIEHO pPOCTOM €ro Macchl B
COOTBETCTBHH C 3aKOHOM (8) HHTepecHO OTMETHTBb, YTO pe3yJib-
TaThI (32) U (62) nosydyeHbl He3aBHCHMO ApyT OT Jpyra. ITO
JUIIHWHA pa3 MOATBEPXKAAET MPaBUJILHOCTb HaHIEHHBIX O0O0bBsC-
HEHHUH sBJIEHHs YBEJIM4YEHHS MAacC M 3HEpruu 3Bé3[, a TaKXKe Cy-
11€CTBOBaHHs 3(PUPHBIX BUXPEH.
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12. O CTPOEHHU CIIMPAJIBHBIX I'AJIAKTHK

CTtpoeHue CIUpPaJIbHBLIX TalaKTUK HMEeT OBEe OTJIHYHMTEJILHBIX
ocobenHocTH [13,14]. [lepBas u3 HUX B TOM, YTO PO Jit0OOH cru-
PAbHOH raJIaKTUKH, COCTOSLIEH M3 MUJUIMAPAOB 3BE3], BpallaeTCs
KaKk enMHoe TBEpAoe Teno. Bropas 0coOeHHOCTL 3aKJII04aeTcs B
TOM, UTO BHE siipa yrJIOBble MepeMelleHHs 3BE3, HaXOAAIUXCS B
CIIMpaJibHBIX PyKaBaX, BOKPYr LIEHTpa ralakTHKH HaYHHAKOT yObl-
BaTb MO Mepe yAaieHus OT LeHTpa. HaGmopmeHuss nOKasbIBaloOT
[14], yTO cnupanbHble rajakTHKKM BpPaIaAOTCI KOHLIAMU BeETBEi
Hazaa, DTOro He CMOrjM OOBLACHHUTHL CYIIECTBYIOLIHE THITOTE3BI
obpasoBanus crvpanbHbIX ranaktik ( Jokuec, JuuGnan), HO
ecTeCTBEHHO 00bscHseT Teopus 3¢dupa ( puc. 10, cnupanbHas
ranaktika MS] [6] ).

SRR TR Ot S ol s S

T

k . ,'-', L
L

YTtoObt ybenuTbCs B 3TOM, paCCMOTPMM CHJIBI, JeHCTBYIOLIHE
Ha 3Be3/ly C Maccoil my . 3Be3aa HaAXOAUTCS B MOJIE TEUEHUs raiak-
THYECKOro BHXpPA C LEHTpanbHOH 3Be3nor. Ha Heé noMHUMO CHIIbI

TAKECTH OT LIEHTPAJIbHOM 3Be3Ibl NEMCTBYET TaKxe OKpY>KHas CH-
Ja, BbI3bIBAEMas BUXpEM U ornpefessiemas BbipaxkeHueM (13):

o

Fy=am,V .

ITon Bo3neHcTBHEM 3TOI CHbI 3BE30a NMPHOOPETAET OKPYKHOE yC-
KOPEHHE U NMPUPaALLEHHE OKPY>KHOH CKOPOCTH:

a, = dU/dt =F/m, = aV",, | (63)
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AU=aV',t. (64)
IIpupamenre nyty 3a Bpemsa t BOOJb OpOUTHI H npupaméuue yria
(puc. 11) 6yayr

AS=at’2=V", /2, (65)

AP = AS/res = (at V",, tz)/2rop5 : (66)

Kak BugHo 13 dpopmyn (63) - (66), yckopeHre 3BE3A, NpHpaleHHe
CKOPOCTH MX IBHXXEHHA MO opbuTe BOKDPYT LIEHTPAJILHOM 3Be3abl,
MPOMAEHHLIN BOOJIb OpOUTHI TyTb U YrJIOBOE MEPEMeIeH e MpsAMO
IIPONOPLIMOHAILHBI OKPYXKHOM ckopocTH 3dupa V . I'pannua sapa
rlakTHKH, XOPOLIO pasjiuuHMas Ha (bomrpadmnx, OXHOBPEMEHHO
SIBJIAETCS FpaHuLei ranaktiueckoro Buxpsa. I103ToMy MOXHO 3aru-
caThb

Lo anpa = I oB.

OxpyxHasi ckopocTh 3¢upa B sape BUXps onpenensercs ¢op-
myJsioi (40), a BHe agpa - dopmynoii (43). B coorBeTcTBHH € 3TUMH
¢opmynamMu Ha puc. 11 nocrpoeHa 3mOpa OKpPYXKHBIX CKOPOCTEH
3¢Hpa BHYTPH H CHAPY)KH 3QHPHOro riakTHYECKOro BUXpsi.

H3 puc. 11 BuaHo, 4T0 BHYTPHU sapa
3(Hp BpamaeTcs rno 3aKkOHy TBEPAOrO
Tena. B coorBerctBHH ¢ QopMynamu
(65) u (66) aTo 06ycnoBnuBaeT HabmoO-
AaeMoe OBMXKEHUE 3BE3l BHYTpH sapa
rajlakTUKH MO 3aKOHY TBEPAOro Tena.
Bue sngpa 3¢MpHOro rajakTH4ecKoro
BUXpS OKpYy»Has ckopocth 3¢upa
yMeHbLIaeTcsd OOpaTHO MpOnopLHO-
Puc. 11| HambHO paguycy ( pacCTOSAHHIO A0 BUX-

ps). TO HOMKHO MPHUBOIMTE K OTCTABAHHMIO 3BE3JL, HAXOASAIIMXCSA B
KOHUAaX cniupaibHbIX BeTBeil [anaktku. C TeueHHeM BpeMeHH M3-
MEHAIOTCS paguyChi OpOMT 3BE3R B CNHPANBHBIX pyKasBax, INoOA-
cTpauBasich roj 3akoHbl Keruiepa.

He nperengys Ha nonHoe OObACHEHHE CTPYKTYPbl U MPOMC- -
XOXKIEHUs CMMPAIbHLIX TalakTHK, TEM He MeHee Ha NMpHMepe Ha-
mei ['anaktuky ( MiedHoro myTH ) OTMETUM HEKOTOpbIE UHTEpeC-
Hbl€ KOJIHYECTBEHHbIE COBMAAEHHUs TpPHUpAIICHUH CKOpPOCTeH ABH-
AKeHHs 3BE3 MO CBOMM OpOMTaM, MOJlydeHHBIX pacuéToM no ¢op-
MyJlaM AaHHOWM paboThl, U H3 aCTPOHOMMUYECKUX HabmoaeHuit. DTH
COBMNAEeHHs NOKA3bIBAIOT, UTO rajlakTHueckue 3QUpHbIE BUXPH aK-
THUBHO (JOPMHPYIOT CTPYKTYPY CNUPAILHBIX FUTAKTHK.
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Mneunriii myTb, KaKk H3BECTHO, siBNsieTCA criupanbHoi- Tanak-
tukoi. Hawe ConHue npeacrasniser coboid ofHy M3 MUJIIHAPAOB
38é31, cocrasngrommx I'anaktuxy. Tak xe, kak U Apyryde 3BE3fbl,
ono OBHXKETCS BOKPYr LieHTpa I'anakTHKu ¢ OKpyXHOH CKOPOCTBIO

= (220 225) kM/c Ha paCCTOAHUH OT LEHTPA Iopgc = 10 kT =3 »
-10 cM. Macca I'anakTuku onpenensaeTcs u3 yCJOBHS PaBEeHCTBA
ueHTpobexHoi cuinbl ConHLA M CHITbI IPUTAXKEHHS, CO3aaBaeMom
maccoii I'anakTHky My, 3aKmOYéHHOH B Mpeaesiax paauyca op-
6utel ConHua:

Mean = U Teopa/f =20 10% ¢

. B knure [3] oTMeuaercs, uTo neprHoabl BpamieHHUs Bcex Habo-
JNAaeMBbIX rajakTHK 3aKJII04YeHbl B CPABHUTENILHO Y3KHX Mpeaenax ot
30 no 100 man sieT. DTOMY COOTBETCTBYET CJIEAYIOLIHM AHAMAa30H
HM3MEHEHHSs YrJIOBbIX CKOPOCTEH BpallEHHs saep ralakTHK

. Oup=1(6,65+2).10" pag/c. (67)
CornacHO [3] paauvyc snpa Haweit I'anakTHKH ey =3 ki1 = 9 .10%

cM. B kauecTBe yrjioBoM ckopocTH BpauieHHs sapa I anakTHku

MPHMEM CpEJIHEee 3HAUCHHE M3 JHara3oHa (67), a UMEHHO ®gp =
2,8 « 107 pan/c.

IToacuntaem no ¢opmyJie (48) npu w, = 0 yrinoByw CKOpOCThb
BpaweHus aapa 3¢upHOro ranaktuueckoro Buxps MiedHoro nytu
IJ11 BpEMEHH BospaCTa [Manaktuku t) = 15 mupn ner:

® Bran = (3/2) Oup/aty =0,892 10 pan/c.

C TeueHneM 3TOro BpeMeHH B cOOTBETCTBHU C popmyJioii (54) npo-
M30LLIO YBEJIHYEHHE orcpyncuoﬁ crcopocm ConHua Ha BeJIMYHHY

AU = aw Bml’ oB t/l'cops 113 KM/C

COCTaBJAIOUIYI0O MNPHUMEPHO TMOJIOBUHY COBPEMEHHOH CKOpPOCTH
Connua. Ecnn yBenuunTb Mgy B 2 pasa, YTO HE MPOTUBOPEYHT YC-
nosH1io (67), To okaxercs, 4to ckopocth ConHLa MOJIHOCTHI0 00yC-
NIOBJIEHA TaJlaKTHYECKHM BHXpeM. 3a 3TO XKe BpeMsi B COOTBETCT-
BUM ¢ ¢opmynoii (60) panuyc opbutsl ConHiia Bo3poc He3HAUH-
TEJBHO:

ropﬁ/ro 0p6 = 1,025.

IIpu pacuére OkpyKHBIX CKOPOCTEH U paaHycOB OpOHUT 3BE3L,
HaxoAAlUXCsA BHYTpH saapa I'anaktuku, cnenyer yuuTblBaTh U3Me-
HeHHe CyMMapHOH MaccChl 3BE3]1, Haxomswuxcsa B sape. M3-3a or-
CYTCTBHS 3TUX JAAHHbIX TaKkHe Pacy€Thl HE MPOBONHIIHC.
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13. THIIOTE3A OB 9BOJIIOIIUU COJIHLA U
OBPA30BAHHUU COJIHEYHOM
IJIAHETHOIT CUCTEMABI

Bce cymectByiomne runoressl 006 3BonouHU 3831 H 0Opaso-
BaHUH TUIAHETHBIX CHCTEM, €CTEeCTBEHHO, He MOIJIH Y4YMTBHIBAThH
ABYX, a, BO3MOXHO, Tpéx obctosrenbctB. [lepBoe U3 HUX - 3TO poOCT
MaccChbl COrJIaCHO 3akoHy, copmyarpoaHHoMy B (8). BTopoe coc-
TOMT B H&JIMYHMHU OKOJIO BCEX MACCHMBHBIX KOCMHYECKHX TeJ 3¢up-
HBIX BUXPEH W CBA3aHHOT'O C 3THM YBEJIMYEHHUS CO BpEMEHEM KX Yr-
NoBbIX ckopocTer. TpeTbe cBA3aHO ¢ ycioBueM (34), koTopoe mno-
BUAMMOMY, O3HA4a€T HEe TONbKO YXOH M3 IO 3pEHHS 4YesIOBeKa
3se3nbl TMna “uépHOH abipel. Ckopee BCero, nmpU 3TOM Hapy-
IIAeTCd CaMo YCJIOBHE CYILIECTBOBAHHS MaTepHH, TO eCThb BO3-
MOXKHOCTb NMOMJIOIEHHS MaTepueit 3pHpPHOro rasa.

Ecnn ckopocTs a¢upa He MOXET MPEBLICHTbL CKOPOCTH pac-
MpOCTPaHEHH s cnaﬁmx BO3MYLUEHHMIA, BAM3KMX K CKOPOCTH CBETa B
myctote C =3 « 10" cm/c, To npu pamuycax Ten MeHbLIHX, 4eM
onpeneneHo yciaoBueM (35) HapyluaeTcs ypaBHeHHEe TMOCTOSHCTBA
pacxoaa 3¢gupHoro rasa (1), gero 66iTb He MOXeT. Pe3ynbTaTom Ha-
pYLIEHHS 3TOr0 YCJIOBHS AOJDKHO SBHTLCS UCYE3HOBEHHE CHIIbI TH-
)KECTH B 3Be3fle MPH COXPaHEHHH JPYrHX MEXaHH3MOB, yAEpKH-
BaIOIWIMX 3Be3dy B PABHOBECHH, TakHX, KakK OaBjIeHHME Harperoro
C>KaTOro rasa, CBeTOBOe HNaBJIEHUEe U HallM4le LIEHTPOOEKHBIX CHIL.
Cnencreuem 3toro moxer ObiTh MO0 cOpoc BHemHer 060J104KH
3Be3/Ibl M e€ pacluupeHue, TH60 LeHTpabHbIH B3pbIB [13].

PaccmoTpeHHOoe B npenpimylidx pasgenax B3auMOIeHCTBHE
3B€3Abl, HAXOALLENCA BHYTPH 3(UPHOr0 BHUXPS,C CAMUM BHUXpPEM
Hen30e>KHO MPUBOAMT K pacKpPyUYHBaHHIO 3Be3bl. ITO, B CBOIO O4e-
peab, AOKHO C TeUeHHEM BpeMeHM NMPHBOAUTL K HapylLeHHIO paB-
HOBeCHs 3Be3[bl H H3BEPIKEHHUIO BeleCTBA M3-3a YBEJMYMBILENCS
LeHTpoOexHOH cuibl. F3BeprHyToe BewecTBo OyaeT ABUratbCa B
OJHOM HarpaeJieHUH C HanpaBjieHHUEeM BpalleHUs 3Be3Ibl, AOMOJ-
HUTENbHO BOBJIEKaeMoe B 3TO JBHXeHHE 3(HPHBIM BHXpEM
LIeHTPaJIbHOrO Tena.

Buxpb pasroHser ruiaHeTbl rnpyu UX ABHXKEHHM fi0 opbuTam. B
pe3yJibTaTe 3TOr0 yBeJHUMBAIOTCS MX MOMEHTHI KOJIMYeCTBAa ABH-
JKEHHs OTHOCHUTEJIbHO LEHTPa CONHeuyHOH cucreMbl. HanmomHum,
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4YTO MOMEHT KOJIMYeCTBa JABHIXKEHHS TUIAHETHI, ABHXKYLIEHCH IO
KpyroBon opOuTte, ecTb NpOM3BeAeHHE MACCHI, PACCTOSIHHUS OT
LeHTpa M opbutannHOW ckopoct. Ilpu BLIOpOCEe BewmecTBa H3
LUEHTPAJILHOrO Tejla OHO CaMO0 TepsieT MOMEHT KOJIMY4EeCTBa
OABUXKEHHUS M YMEHbLLUAET CBOKO YIJIOBYK) CKOPOCTb BpalLEHHS.

IlonyTHO HanoMHHuM, 4TO MPOOJSEMy OrpOMHBIX MOMEHTOB KO-
JIMYECTBA ABHKEHHsT OONbLLUIMHCTBA IUIAHET COMHEYHOH CHCTEMBI He
cmorsia 00bACHUTb HH OfiHAa U3 u3BeCcTHBIX rumnore3 ( Kanra - Jla-

ruiaca, JknuHca v apyrue).

CornacHo H3yiaraemMor runorese npuMepHo 15 mnpp jiet Hasan
Ha mecte CoNHLIAa CylIecTBOBajla 3Be3Aa ¢ MAcCOM Mgy, B3aHMO-
CBSI3b KOTOPOHM ¢ coBpeMeHHoU maccor ConmHua m. onpenensercs
dopmynoii (8).
My, = mJ/e™* = 04810,
Cnycra npumepHo 11,5 minpm ner, To ecTb kK MOMeHTy 0Opaso-

BaHHs COJIHEYHOM CHUCTEeMBbl, Macca 3Be3Abl COrJIacHO 3ToM (opMy-
Jie JOCTHIJIa 3HAuYeHMs

moc = mooeat/k = 1,45 ® 1033 |

Yr1obbl onpeaenyTh paauycC 3TOi 3BE3Zbl B pacCMaTpHBAaeMbIH
MOMEHT BpPeMeHH, YuTéM, 4TO B TeueHue 11,5 mnpa ner 3¢dupHbIi
BUXpPb 3TOM 3Be3dbl pacKpy4uBajl €€ A0 3HauYeHHUs YrJOBOH CKO-

POCTH Moc BILIOTHh A0 HACTYTUIEHHX paBeHCTBA LIEHTPOOEKHOH CH-
JIbl U CUJIbI TAXKECTH Ha €€ MOBEPXHOCTH

Fu.ﬁ = Fm.

M3 3Toro paseHcTBa noay4aeM, 4T0 OKpYykHasi CKOpPOCTb TO4YEK Mo-
BEPXHOCTH 3Be3Abl AOMkKHA ObLia ObITh B TO Bpems

(68)

C apyroii CTOpPOHEI, OKPYKHas CKOPOCTh
Us = 0o FooC - (69)

IlpupasHsieMm npaBble yacTd ypaBHenui (68) u (69). IlonyueHHslit
pEe3yJbTAT paspelliiM OTHOCHTEIbHO YIJIOBOH CKOPOCTH:

(70)




MoMeHT koJiHuecTBa ABHXKEHHSI OOHOPOAHOrO Lapa OTHOCH-
TEJIbHO €0 LIEHTPa OMNpeaeaeTcst BblpaXKeHHeM

M, = (2/5) or,’ m,, (71)

rae o - yrjioBas CKOpOCTb BpalleHHs apa; I, - pagdyc mapa; m, -
macca wapa. IToacrasum B (71) yrnoByio ckopocts M3 (70) M na-
paMeTpbl MPOTOCOJHLA Mo H Fooc. B pe3ysbTaTe NnojiydiM MOMEHT
KOJIMYECTBA ABHUXKEHHs MPOTOCOJIHLIA BO BpPeMsi HENMOCPEACTBEHHO
npeauecTyolee cOpocy yacTH BellleCTBa, TO €CThb OTEJIEHHIO .
TUTAHETOW CUCTEMBI OT LIEHTPAJIbHOH 3Be3/bl:

2 3 .

=< Jim.r . (72)

YuuTbiBasi, 4TO NMPH OTAEJIEHHH [UIaHET OT 3Be3Abl OHH YHOCSAT
¢ coboH nouTH BeCb MOMEHT KOJIMYeCTBa ABH)KEHHs 3Be3ldbl, a ca-
Ma 3Be3Ja MPaKTHYeCKH Mpekpallaer cBoé BpalleHHe, NOACYHUTAEM
CYMMY MOMEHTOB KOJIHUeCTBa ABH)KeHHs ruiaHeT. J{ns atoro mocra-
TOYHO MOACYHUTATb MOMEHTbI KOJIMYECTBA ABHKEHHs TOJIbKO Oob-
IIMX TUJIAHET, nojaras Ux opOuTHI TaKUMH JKe, KaK B HacTosllee
BpeMs. IIpyn 3TOM Macchl MJIaHET M, p; YMEHLIIHMM B COOTBETCTBHH
¢ popmyroii (8), B3sIB MX TAaKUMH, KAKUMH OHH ObLIM 3,5 Mipp et
Hazan (tabn. 4). Ckopocty maHer 3,5 mipa netr Hasaa, onpene-
nsemble no ¢opmyne ,

2 fm o
oC C  oC 3
e

M =—r02m
5 ©°° r

TaK)kKe npyBeneHsl B Tabnuue 4.

Tabnuua 4

INapamerput | IOnurep CatypH [LryToH
Mom I | 1,38 ¢ 10°°| 4,10 ¢ 107 | 6,36 © 107,45 ¢ 10% 3,47 107
Toops»CM | 7,800 10| 142 010" 2,870 10| 4,60 10| 591 ¢ 10"
Usmmem/c | 1,11 010° | 0,82¢10° | 0,58 10° | 0,46 ¢ 10° | 0,40 o 10°

‘Mm., rem/c [ 1,19 ¢ 10%° (0,48 ¢ 10™]0,11 « 10° (0,16 « 10% 0,008 ¢ 10*
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MOMEHTbI KOJIMYEeCTBA ABHIKEHMS TJIaHeT MOACUYHTHIBAIOTCS MO
dopmyie
Mo an — Mo nnUo rinf o op6.

Takum 06pa3om, B MOMeHT oTaesieHHs oT CoJHLA MjlaHeTbl YHECH
c coboifi MOMEHT KOJMYECTBA ABH)KEHHSA OTHOCHTENIbHO LIEHTpa
COJIHEYHOM CHCTEMBI YyTh OOJIbLIE, YEM

2 Mo = 1,94 «10°° rem?/c. (73)

IIpupaBHsieM npaeble 4acTh BbipaxceHui (72) u (73). Pesynabrar
paspeliM OTHOCHTENIbHO Paauyca MpOTOCOJHLA:

25(zM,,, )
r

oC = 4fm],

B urtore npoToconiHLEe B MOMEHT, HEMOCPEACTBEHHO MPEAIIECTBO-
BaBLIMH OTAENEHUIO T[LIAHETHOro BELIECTBA, HMMEJIo npHoJIH-
SMTENEHO, CIIEAYIOIHE NapaMETPLL: Moc = 1,45 . 10% I, fooC =
0,118 10" cM, wo,c = 0,243 pag/c, T.c =25,9 c.

ITonyyeHHble mapameTpbl O4eHb MOXO0XH Ha MapaMeTpsl 3BE3N
THNa OesbIX KapJIHUKOB, Harpumep, ciytHrka Cupuyca:

m,=177.10"r, r,=0,197.10" cm.

B Hacrosllee BpemMs B aCTPOHOMHH YTBEpAWJIOCH MHEHHE, YTO
Oenbie kapaHkH oOpa3ylOTCA MOC/e BCHBILKHA 3BE3A B pe3ysibTaTe
BbIFOPaHUs aTOMHOro TomnjuBa ( BOAOpoaa, reaus ) M, ClenoBa-
TEJIbHO, OHHM 3aMbIKAIOT 3BOMOLMIO 3BE3n. OpHako paccMarpu-
BaéMblii 3[eCb MEXaHKW3M PacKpy4yuMBaHHWs 3Be3dbl 3PHPHLIM BHUX-
peM MPUBOAHT K HApYLIEHHIO PAaBHOBECHs MEXOY OaBjieHHEM Ha-
IpeToro ra3a U CWIOH TAXKEeCTH BHYTpH Oesioro kapjiMka H3-3a BO3-
pociier ueHTpobexHoH cuibl. CornacHo Teopun Munna [13] npu
HApyLIEHHH YCTOMYMBOCTH MpPEXHEro CTPOEHHs 3Be3Nbl OHA CKau-
KOM mNpHoOpeTaeT coBepiieHHO HoBOe ctpoeHue. Ilpu aTom MunH
yKasblBaJl, 4TO I10Cj€ BCIbILWKHA CBEPXHOBOW MPH CNaJaHWH 3Be3-
Abl, NIpH e€ KoJuiance, U3-3a yBeJIMUeHHs CKOPOCTH €€ BpallleHHs
3Be3/1a MOXKET Pa3feNiIMThCsA Ha [IBe 4acTH, 00pa30BaB TECHYIO JABOIi-

HYIO 3Be3]y.

B HekoTopbIX ciyuasix nmocjie pasaBoeHHs OAMH WIH faxe oba
KOMIIOHEHTa MOryT CHOBa B30pPBaTbCs, MPEBPATHUBIIUCH B Mapy
3BE31 HOopMasibHOH moTHocTH [13]. MmeHHO 3TO, mo-BHAMMOMY,
MPOK301LJI0 B MOMEHT oOpa3oBaHusa CoNHLA, Tak KaKk B JIMTEPATYpE

= 0,118 «10" cm.
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HHOTAa MOXKHO BCTPETHUTb OOCY)XAEHHE BOMpPOCa O TOM, HEe sfb-
nserca au FOnurep ManeHbkoi 3Be3noi, a He ruaHeroi. HMHre-
PECHO TalOke OTMETHTB, YTO aCTPOHOM I'3He cuMTan BCe HOBBIE
3BE3bl A0 BCMBIIKA OENbIMH KapJMKaMM, MPUMHCbIBAsA UM HeycC-
TOWYHBOCTb BBUAY OOJBLIOH IIOTHOCTH.

Henapom BCObILIKK CBEPXHOBLIX 3BE3[ He SBJIAIOTCS eIHHO00-
pa3HbiMH. PasnuualoT cBepxHoBble, OObIYHbIE HOBLIE, MTOBTOPHbIE
HOBBIE, MPOCTO BCrbixMBalomue 38E31bI. IIpH Takux BerbiKaXx,
No-BHAMMOMY, 00pa3yloTCsl HE TOJIBKO 3BE3[bI, HO M M3 OCTAaTKOB
BbIOpOLIEHHOH MaTepHH 06pa3yroTCs TaKKe Y IJIaHEeTh.

Ilocne BcnblikH, cOpoca MacChi U NOTEPH KOJHYECTBA ABUKE-
HHUs HOBas 3Be3na copmupoBanack He Kak Oenbli KapJjHk, a B BH-
ne coBpemeHHoro CosiHLA, TO €CTh 3Be3Abl MEeHbLUEH MIOTHOCTH H
Gosbwiero paguyca. 3a 3,5 mappg Jiet, nNpoweamnX ¢ 3TOr0 MOMeH-
Ta, Macca Co.rmua cornacHO (8) BbIpoCia IO COBPEMEHHOIO 3Ha-
HEHHS mc = 2 .10% I, a4 paguyc OCTAHOBMJICS HA BEJIMYHMHE Ic = 7o
10" cm. 3a 310 Bpems >dHpHLIH BUXPb, KOTOPLIH MPH BCIIBILKE
3BE34bI U CaM MpETepriesl U3MEHEHHE, Packpy THII ConHue 1o yrno-
'BOH CKOPOCTH W¢ = 2,9 « 10 pan/c.

Ecnu 6b1 3Be3ga ¢ napamerpamu coBpemeHHoro CosHua cxka-
Jlach A0 pa3sMEpPoB MPOTOCOJIHLA, TO €€ yrjioBasi CKOPOCTh CTasa Obl

WooC = OC (roczlroocz) =0,0102 pag/c.

IlpuHsB 3TO 3HaueHHe B KauecTBe W, B opmyne (48), nogcururaem
YIJIOBYK) CKOPOCTb 3¢upHOro Buxps no scnbiiku( t = 11,5 mnpn
ner ):

],S(a) — @ )
©'p = T =1,005.10™" pan/c.
2a - t
Ilpu onpennenun paauycoB saep 3pHpHbIX BUXpeH A0 M Moche
paspylueHHus: NPOTOCONHLA CUMTAEM, UTO MOMEHT KOJIMYEeCTBA ABH-
XKEHUS BUXPS, MPUXOAALWIMIICA HA €IUHHLY IUTMHBI, NMPH B3pHIBE
MPOTOCOJHUA He u3MeHu/cs. OnqHako B CBA3H C U3MEHEHHEM pa-
OWyca W YrJIOBOH CKOPOCTH 3Be3lbl, @ TaK)Ke YIJIOBOH CKOPOCTH
3()HpHOro BUXPS, €ro ronepevHble pasMepbl AOMKHbI H3MEHHUTLCS

L L

r )

B B
— = 4|—/— = =0,0793.
roB woB
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Taxum o6pasoM, coBpeMeHHbIi 3(pUpHBIH BHXpb okoJio ConHua
uMeeT paauyc sapa B 12,6 pasa 6osbuie 3UpHOro BUXpsA Mpo-
TOCOJIHLA.

14, JHEPTETHKA KOCMOCA. T'HIIOTE3A O
BHYTPEHHEM YCTOMCTBE DJJEMEHTAPHEIX
YACTUIL MATEPUH

PaHee oTMeuanoch, UTO AAPA rajlakTHK, 3BE3AbI, IJIAHETHl M
ApyrHe KOCMHYECKHE TeJla HENMpPEPbIBHO MOJYy4al0T U3 KOCMOCA Or-
POMHbIE KOJMYECTBA 3HEPrul. ITO MOATBEPKAAETCS ACTPOHOMM-
yeckuMH HabmoaeHnamu. Otkyna ke 6epércsa 3Ta sHeprus ?

OTBeT Ha 3TOT BOMPOC MOXET AaThb KHHETHUYECKAs TeOpHs rasoB
[11]. CornacHo 31Ol TEOpHMU HOEaNbHBIA ra3, KAKOBbIM SIBJIAETCS
3¢up, obnangaeT BHyTPeHHEI 3HEpPruen, noa KOTOporH AOHHWMAeTCs
3HEpPryus XaoTHUYECKOro ABHXKEHMS BCeX ero aToMOB. AToMbl 3¢Hpa
OecrnopsAno4YHO ABMKYTCS, CBOOOAHO mpoberas MmyTb Mexay ABYyMS
MoCJIeI0BATENIbHLIMH CTOJIKHOBEHUAMH Apyr ¢ apyrom. Coynape-
HUsl aTOMOB 3¢upa npoucxoaiat 6e3 noTepb 3HEPruH Mo 3aKOHaM
COyAapeHHs ynpyrux apos.

MaremaTiueckas pa3paboTka KHHETHYECKOH TEOpHH TIa3oB
BIIEpPBLIE MpeIoxKEeHa nerepOyprckuM akaaemMukoM bepHynnu B
1738 roay. Ilo3z:xe 3Ta Teopus paspabarbiBanacb JIOMOHOCOBBIM,
Knay3unycom, bonbumaHoM, MakceBennom u paagom apyrux y4éHbiX.
CorflacCHO KHHETHYECKOH TEOPHM [ra30B BHYTPEHHSAs JSHEpPrus
edHHMLBI MacChl OOBIYHOrO ra3a 3anucbiBaercsa ¢opmyJion [11]

U,= C,T = ia’/2, (74) -

rae Cy - ynenbHas TeMJIoEMKOCTE rasa fpH nocTosHHOM o0béme; T
- TEMMepaTypa; I - 4YMC/IO cTeneHer cBoOOabl MOJIEKYbi ra3a; a -
CKOPOCTb 3BYKa B paCCMAaTpHBaeMOM rase; rnokasaTejib H303HTPOMNbI

k=(1+2).
Hns 3¢upHoro rasa dpopmyna (74) nepenuceiBaeTcs B BHAE:
U,, =iC.*/2x = 0,9 C,°, (75)

rae C, - CKOPOCTb pacnpocTpaHeHHs caabbix BO3MYLIeHHH B 3¢Hp-
HOM ra3ze. BmecTo Monekynbi 3gupHoro raza 6epércs atom 3¢dupa
YHCJIOM CTeneHern cBoboabl | = 3 Kak y MarepHaibHOM ToukH. I1pu

stom Kk = 5/3. CornacHo ¢opmyne (75) BHyTpeHHss 3Heprus,
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CoOepIKalasics B KaKJIOM KyOU4YECKOM MeTpe CIOKOMHOro 3¢upa,
paBHa OueHb OOJIbLIOH BEJIMYHHE:

E]:.; = 0,9 Cz;.opaVl = 8,7 01032 3pr.

3HayeHHe CKOPOCTH pacrnpocTpaHeHUs CnabbIX BO3MYILLUEHHH B
cniokoriHoM 3¢upe C,, = 285 000 km/c nonyuyeHa B pasaene 15.

JKcTpaceHcaM OymeT MHTEPECHO Y3HaTh, YTO SHEPreTHKa KOC-
MOCa AEHCTBUTENBHO orpoMHA. OHaKo 3Ta 3HEPrus HEermocpencT-
BEHHO HEOL[yTHMMa Ui HallUX OpPraHoOB YyBCTB. 1eM He MEHee
HMEHHO OHA PAacXOAYeTCs Ha OpraHH3alMIio paaHanbHBIX TEYeHHUH
3¢upa x MatepuanbHbiM Tesiam Bcenennoi. IToaTomy Mbi, 00ObBIY-
HbIe JIIOAX, UMEeM JEJI0 TONMbKO C.OrpaHH30BaHHBIM TEYEHHEM d(PH-
pa K LeHTpY 3eMJIH M OLIYLIAaeM ero Kak CHITY TAXKECTH.

BHyTpeHHss aHeprus eMHMLbI MacChl rasa U, cBi3aHa co CKO-
pOCTbIO TeueHHUf V  M3BECTHBIM B ra3’ofMHaMHKe YPaBHEHHEM
HEPruH I U303HTPOIMHUYECKHX Teqeﬂml KOTOPYIO 3anumieM s
TeueHus 3¢upa;

kU, +V22= Vz,mx/Z = const. (76)

W3 3T10ro ypaBHeHHsi BUOHO, YTO C POCTOM CKOPOCTH TEYEHHsA
3()vpa BHYTPEHHSASA DHEPrHsA YMEHBIIAETCA, Mepexons B KHHETH-
YECKYI0 3HEPrui0 YMOpsAAO4YEHHOro Te4eHHs M HaobopoT. 3aech
Vmax = MAKCUMAIBHO BO3MOXKHAasi CKOPOCTb MCTEUEHMA rasa B Iyc-
ToTty. [Toacrasum B ypasHeHue (76) smecto U,, BeipaxkeHue (75). B
pe3ysibTaTe MOJYyYHM YpaBHEHHE, ONpenessaiolee 3aBUCHUMOCTD
CKOPOCTH pacrpocTpaHeHus ciabbix Bo3MyuleHHid C; OT CKOpPOCTH
TEUEHMUS 3(1)upa:

= (K - 1)/ 2[ vzmax = V*z ] (77)

Bennupny Vg onpenenuM M3 YCJIOBHSA, YTO B CIOKOHHOM 3¢upe
Ipu V=0 CKOPOCTh C. paBHa CKOPOCTH pacrnpoOCTpaHEHHs CIabbIX
BO3MYLUEHHH B criokoiiHoM a¢upe, C,o =285 000 xm/c:

max — Ji-Cao = 493 000 km/c.

C yuérom 3TOoro 3HaueHus nepernuiueM ypasHeHue (77) k BUxy
1 V™
i C*

ao

L
N3 Qopmynsi (77) cnepyeT, uto npyu V' = Vyux MeCTHasA CKOPOCTb
pacripoctpaHeHHs cyabbix Bo3myweHuid C, = 0. 910 03Hayaer, 4To
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B notoke 3¢upa, ABHKYIIEMCS C MAKCHMAJILHO BO3MOXHOMH TKOpO-
CTbIO Vpux , MPEKPAIAETCA Xa0THYECKOE ABHIKEHHE aTOMOB a¢upa.
Bcnencteue 3Toro npekpainaerca nepeagya caabbIx BO3MYIIEHHIA.
IIpu poctmxennu norokom ckopoctd V. = C ( ckopocTH cBeTa B
MyCTOTE WM CIIOKOHHOM 3(Hpe ) CKOPOCTh PaCMpOCTPAHEHHs Clia-
ObIX BO3MYILIEHMIT OCTaéTCA elé AOBOJLHO OOJBIION BEJIHYHHOM:

C.=0,812C,, =232 000 km/c.

B ypaBHeHuun (77) npupaBHsiemM MECTHYIO CKOpOCTb pacrpo-
CTpaHeHHs cnabbIX BO3MYLIEHHH B 3(Hpe K MECTHOH CKOPOCTH
TeueHus. Hasosém 3Ty BenmuuuHy xpuTHueckoi ckxopocteio Cyp H
paspeliiM OTHOCHTEJIBHO Heé MOJIy4YeHHOE YPaBHEHHE:

Cyp = 0,866 C,o = 247 000 Km/c.

Hanee npusne4éM Kk aHanM3y TeueHUH 3¢upa ewé ase ¢opmy-
JIbl Ta30AMHAMHKH:

p V"‘2 x-1
-]';— =|1- V2 ’ (78)
0 max
L
V"'2 x—1
;‘O- =l1-] (79)
0 max

30ech p ¥ P - COOTBETCTBEHHO MECTHbIE 3HAYEHWs AABJIEHHS M
IUIOTHOCTH B CTpye 3Hpa; Po U Po - AABIEHHE H TUIOTHOCTL B CIIO-
koiiHoM 3¢upe. Poct abcomoTHoit ckopocTn npu V < C, corjiacHoO
3aKOHaM ra30AWHAMHKH MPOMCXOAMT B CY)KHBAIOLIEHCs CTpye U
MPUBOAMUT K YMEHBIICHHIO AaByieHus U IoTHocTH. Ecrm V- = C,,
T0 13 dopmyan (78) u (79) nonyuaem

Pip = 0,487 po,  Prp= 0,65 po.
Ecn. V' = C, To u3 Tex xe GopMyJ1 HMeeM
pc= 0’343 pO’ pc= 0),_527 Po.

YMeHbmeHHEe AaBjieHHs B CTPye AOJIKHO BbI3BaTh 3KEKLHIO
3¢upa U3 okpyskarowero nmpocrpalcresa. Ecnu anemedrapHbie yac-
THLbl COAEpKaT BHYTPH Ce0s KOMOMHALIMIO 3aMKHYTbIX KOJibLieBbIX
TEUEHHI CO CKOPOCTAMH, OJIM3KHUMH K CKOPOCTSM PAaCIpOCTpPaHE-
HHA C1abbIX BO3MYLIEHHH, TO 3TO MOXET OOBbACHUTb MEXaHH3M IO-
rjouweHus 3¢gupa MarepHalbHbIMU Tesnamu. Ecnu ke ckopoctu B
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3THX CTPyAX AOCTHIralOT MAaKCHMAIBHOro 3HAYEHHS! Vpax , TO OaB-
JIeHHE H IUIOTHOCTh B HUX CTAHOBATCS PAaBHBIMH HYJIIO. DTH CTPyH
OyayT 3’KEKTHPOBaTh B cebsl NPaKkTHUECKH HEOrPaHHYEHHbIE KOJIH-
YECTBA aTOMOB 3pHpa, HMeWHX Makie COGCTBEHHBIE pa3MEpHL.
IIpy OTCYTCTBHH TPEHHS TaKHE CTPYH MOTYT CYLIECTBOBATH BHYTPH
3NeMEHTapPHBIX YacTHL oueHb gouro. Cyas no Bospacty 3Bé34 U ra-
JIAaKTNK, 3TOT CPOK PACTArHBaeTCA Ha AeCATKH MHJLUTHAPAOB JIeT.

1S. YJIAPHLIE BOJIHEI B D®WPE.
O NIPHPOJAE CBETA

B 1934 romy II.A.YepenkoB Brneperie Halmogan cBeueHHe
4pPE3BbIYaHHO OBICTPBIX 3JIEKTPOHOB, BHI3BAHHBIX Y-Iy4aMH PaiHo-
aKTHBHBIX 3JIEMEHTOB MPH UX NPOX0XKIAEHHH Yepe3 KUAKOCTb. ITO
HaOoieHHe paspyIInn0 npeacrasiieHue GU3MKOB O TOM, UTO H3-
Jly4aeT CBET JIMWb 3JIEKTPOH, ABHXKYLUMICA yckopeHHO. Crano sc-
HO, 4TO 3TOT BbLIBOL CripaBeaJiuB, MoKa CKOPOCTh ABHIXYLIErocCs
371eKTPOHa V MeHblue ¢a3oBoii ckopocTH cBeta. Pa3oBas CKOPOCThb
cBeTa B Npo3pauHoM BewlectBe paBHa C/n. 3aeck n - koapHLHeHT
npeJsioMJIEHHs AaHHOro BewecTBa. Jig OONBIIMHCTBA NMPO3PAYHBIX |
MaTepuanoB OH Oonbuie eauHuubl. [T03TOMY CKOPOCTH 3JIEKTPOHA

MOJXKeT MpeBbICUTb (asoByio ckopocts ceera C/ n M craTh “cBEpX-
CBETOBOH .

OCOOGEHHOCTBIO 3TOrO0 CBEYEHHMsA SABJAETCA TO, YTO OHO pac-

npencne€Ho B rpeaciiax KoHyca ¢ yrjiiom nosypacreopa v, onpeanc-
JIA€MbIM COOTHOLUCHHEM

cosv = (C/n)/V = C/nV. (30)

B [11] ormeuaeTcs, uto cBeueHue HAGMONAETCA JIMILIL B TOM Ha-
NpaBjieHHH, B KOTOPOM 3J1eKTPOH ABHxceTcs. B oOpaTtHoMm Hanpas-
JIeHHH CBET He u3yvaercs. [Ipu aHanu3ze 3Toro sBjiieHHs1 OCHOBHOE
BHUMaHHe (PU3MKOB, Mo-BMAMMOMY, ObLLIO NPUKOBAHO K (akTy
“CBEPXCBETOBOrQ” ABHKEHUS 3JieKTPoHa. M 3TO NOHATHO, MOCKOIb-
Ky TNOsBJIEHHE “CBEPXCBETOBOH~ CKOPOCTH 3a1€Bajl0 OCHOBHOI
NnocTy1aT TCOPHH OTHOCHUTEJILHOCTH O TOM, YTO CKOPOCTL CBETA SB-
JIIETCA MPEAENnbHOH CKOPOCTHIO B MPHPOAE. YCIOKOMJIO BCEX TO,

4yTo ObLna mpesbllieHa (a3oBas CKOPOCTh CBETa, a HE CKOPOCTh
CBETa B MyCTOTE.

ITpu 3TOM OCTaNcs B TeHW ApYrok yAUBHTENbHLIH (akT, CBs-
3aHHbIM C TEM, YTO CBeUeHHe HaOMI0AAETCA TONbLKO B MPENEaax Ko-
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Hyca ¢ yrjioM V. Ou3H4ecKyl0 NMpHYMHY 3TOro0 MOXKHO HailTH B
Teopuu aupa. JlelicTBUTENBHO, KaK M B I000H ra3zoobpasHoi cpe-
. coon| e, ABHXKeHHe Ten B adupe
CO CBEPX3BYKOBOH CKOpOC-
$5283 ThIO OJDKHO NPHMBOAUTHL K
P82 MOSABNICHUIO TMepe HHMH
7% | CKaUKOB  YIUIOTHEHHMS HWJIM
yaapHbix BoiH. Ilox ckopoc-
TbKO 3ByKa OOBIMHO TOHH-
{|MAIOT CKOPOCTBb pacnpocTpa-
;| HEHUs C1abbIX BO3MYLUEHMIA.
i|IIpumeHuTenbHO Kk 3dupy
CJIOBOCOYETaHHE “CKOpPOCTb
S| 3BYKA” TEPAET CMBICJ, HO CO-
=N | XpaHsAeT CBOE 3HaueHue Tep-
QO | MUH “CKOPOCTh pacrpocTpa-
]| HEHMS cnabplx  BO3Mylle-
o Hui. Ob6o3HauuM eé yepes
e | C.. Ha puc. 12 npuseneHa
ctede| TeHeBass ¢otorpadus wapa
MpU ero ABHIKeHWH B BO3MY-
Xe CO CKOPOCTbIO, NpEBbI-
maKeHd CkopocTs 3ByKa B 1,53 pasa [20].

Ha ¢otorpadun xopomo BHOHa oTollenmias KPHBOJHHEHHas
_yIapHas BOJIHA. YTOJ HaKJIOHA MOBEPXHOCTH yAAPHOH BOJIHBI K Ha;
| MpaBIEHHIO MOJIETA AOCTATOYHO GbICTPO yMeHbLIAeTCs OT B =

MepeA WapoM N0 HEKOTOPOro Majl0 MEHSIOLIErocs 3Ha4eHHs B
B". UsBecTHO, 4TO B npenesne Ha OveHb GOJMBILOM PACCTOSAHHU OT
apa yaapHas BOJIHA ociabeBaeT, BbIPOXKAASACH B JIMHHIO BO3MY-
LEHHS, & YroJl HAKJIOHA yAapHOH BOJIHbI CTPEMHMTCS NPH 3TOM K yr-
JIy BO3MYLLUEHHMs M, onpeuenﬂemomy yepe3 yncio Maxa U3 COOTHO-
LIEeHHUs

sin p=1/M. (81)
IIpuMeHHUTENBHO K 3(HPY Yron BO3MYILEHH s

sin u=1M=(C,/n)/V , (82)
rne Cu/n - ¢a3oBas CKOPOCTbL pacnpocTpaHeHus  cyabbix

BO3MYILEHHH, V - CKOPOCTb JJIEKTPOHA.

CornacHo BOJIHOBOH TeopuH I'loiireHca Jiyud CBETa SIBJISIIOTCH
CEMEICTBOM IMPAMbBIX, HOPMAIbHBIX K BOJIHOBOMY (poHTY. Takum
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BOJIHOBbIM (POHTOM B paccMaTpUBaEMOM Cliyuae ‘‘CBepXCBETO-
BOro~ ABH)KEHHSA 3JIEKTPOHA SBJISAETCS YOApHas BOJIHA, OrpaHHYH-
Batollaa 00acTh BO3MYLLUEHHH, BbI3bIBAEMBIX 3JIEKTPOHOM, OT CIO-
xoiiHoro 3¢upa. CnenoBaTenbHO, yroj MOJIypacTBOPA KOHYcCa V,
BHYTpH KOTOpPOro pacrpenesneHo cBeueHHe UepeHKoBa, NMpencraB-
JiseT CoOOH yros MeXAy HarnpabBj€HHEM ABH)KEHHS 3JIEKTPOHA M
HAIPBJIEHHAMH JIBYX CEMEIHCTB MPAMbBIX, HOPMANbHBIX K BEPXHEMY
M HH)KHeMy ¢poHTaM yaapHoii BonaHsl OA 1 OB ( puc. 13).

AHanu3upys cBeueHHe UepeHkoBa,
A MOXXHO OTMETHTb, 4YTO MNpPH MaJIbIX pa3Me-
pax 3/JeKTPOHA U OrpOMHOI CKOPOCTH ero
A | BBHXKEHMS ObL10 HEBO3MOXHO PasrilsajieTs
CTPYKTYpy TIOJIOBHOW YOApHOH BOJHbI B
HENOCpPeACTBEHHON OJIM30CTH OT moBepXx-
HOCTH Jerawero dektpoHa. Ilostomy B
onbiTe 3aduKcHpoOBaHA TOJNILKO OCOOEH-
HOCTb, CBSI3aHHAsA CO CIEKTPOM OOTexaHHs
AOCTATOYHO JaNeKo 3a JJIEKTPOHOM, rhe
YroJi HaKJIOHa YAapHOH BOJIHBI 3 OIM30K K
yriy Bo3MyLleHuit p. Hcxoms M3 3Toro,
MOXXHO OIPENENIUTb CBA3b MEXMIY YrjlamMH
VH 3 B Caenyrouem BHIE :
B =90 -v (83)
Kak orMeueHo B [11] , cooTHoweHHe (80) xopowo noareep- -
kpaercsa Ha npaktuke. CnenosatenbHO, cooTHoweHue (83) Takike
Oyner naBaTh peanbHble 3HAUEHHS I BXOAAIIMX B HEro BEJIMUHH,
XapaKTepHU3yIoKX 3QupHbIH ra3. Tak, HanpuMmep, A 31EKTPOHA,
nsrokyuierocst B Gensone v =385 ( n =1,501 ). Bro mossosser
oNnpenennuTb OYE€Hb BAXKHYIO XapakTepUCTHMKY 3¢Hpa - CKOPOCTb
pacrnpoCcTpaHeHHs B HeM Cjiabbix BO3MylleHui. JleHcTBuTENBHO,
nojioxus WU = B, Haiiném u3 (83) yron Bosmymenus p = 51,5 ;
yucno Maxa ABHXKyLerocs 3JiekTpoHa corsiacHo (82) 6ymer M =
1,28; ero ckopocTs U3 (80) 6yner V = C/(n cosv) =2.52 +10'° cm/c.
OkoHuaresbHO K3 ¢opmynbl (82) nosyuaem CKOPOCTbH pacIipo-
cTpaHeHHs cnabbIX BO3MylUEHHH B 3HPHOM rase npH ABUKEHHH
3nekTpoHa ¢ uucioM M = 128 kaxk C,=n VM = 2,94 . 10"
cMm/c. '
PeanbHbI yron BO3MyleHHS MOXET OKa3aTbCsl Ha HECKOJIbKO
rpaaycoB MeHblIe, uem onpenensercs otHoweHueM (83). Ha puc.
14 npusenéH rpaduk OTHOWIEHHS YIJIOB KU/ B 3aBUCHMOCTH OT

Iaupasacune
Ayucil csera

Ympuas
CBETOBNSA BOIIK

(A
e

NICKTPOL

Puc. 13
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W

yucen Maxa, MOJyyeHHBIt HaMH
] | 06paboTKoit doTorpaduii co
criekTpamMu oOTexkaHus cdep cBepx-
3BYKOBbLIM BO3AYLUHbIM MOTOKOM. K3
rpaduka cnenyer, uto npu M = 1,28
0.8 yroj MU clieqyer yYMEHBIIWUTbh IpU-
MepHO Ha 3° M MOJIOXKHUTb PaBHBIM

0.7 Pud. 14 4815°.B 3ToM cayuae C, = 2,85 »

1. 12 14 lem 10" cm/c. OxonuarensHo mpumenm,

YTO BEJIMUMHA CKOPOCTH pacnpo-

CTpaHeHUs cyiadblX BO3MYLIEHHWH B CMOKOMHOM 3¢upe BAAIH OT

MaTepHANTbLHbIX TeJl HAXOAUTCA B AvanasoHe 3HaueHHd C, = 2,85 «
10" + 2,94 « 10" cm/c.

U3 Teopuu ckaukoB yroTHeHus [18] BbiTekaeT emé onHa Bax-
Hass 0CoOeHHOCTb. OHAa COCTOMT B TOM, YTO yAAPHBIE BOJIHBI MOTYT
BO3HHUKATbL OKOJIO TeJl, ABHXKYLUIHMXCA CO CKOPOCTAMH, MEHbLIWMH
CKOPOCTH pacrpocTpaHeHHst c¢nabbIX BO3MYLIEHHH B CIIOKOMHOM Cpe-

ne. Ilpyu 3ToM peanusyercss He roJioBHas yaapHas BOJIHA nepen Jie-
TALLMM 3JIEKTPOHOM, a TaK HasbiBaeMble JIAMONO0OOpasHble CKauKH
YIUIOTHEHHSA. DTH CKa4YKH YIJIOTHEHHS 3aMbIKalOT 00acTH MecT-
HbIX CBEPX3BYKOBbLIX TeueHHI, BO3HUKAIOWMX BOJSH3KM MaKCUMAJIb-
HOrO TMOMNepevyHoro Mo OTHOWEHHIO K HarpaBJIEeHUID IBHXKEHHs
ceueHus. Ha puc. 15 nokasaHa teHesas ¢otorpadus mapa B CBO-
6oaHom nosiéte npu unciae Maxa M = 0,86. Ha ¢oTorpadun xopo-
IO BHAHbI NAMOQ000pasHble CKauyKH YMJOTHEeHHs. B ycnoBusax
OTCYTCTBHS BsA3KOCTH 3(upa n1amMba006pa3Hble CKauKy MPUHHUMAIOT

dopMy npsMbLIX CKa4yKoOB Vii-
JotHeHusa. Yucno Maxa, npu
KOTOPOM rae-inbo Ha rnoBepx-
HOCTH Tela BMepBble TMOSB-
NIA€TC MECTHasi CKOpPOCTb Te-
YEHHS, paBHas MECTHOHM CKO-
POCTH 3BYKa, B rasofxHaMHKe
Ha3bIBAlOT KPUTHYECKHM YMC-
nom Maxa u 0003Ha4aT uepes
M,,. Adna cheprueckux ten My,
= 0,7+ 0,9. I[IpuMeHHUTENBHO K
3()UPHOMY rasy 3TO O3HAYaeT,
yto JaaM6a000pasHbie CKavKu
YIJIOTHEHHs BOIM3H MoBepX-

0.9
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HOCTM JIETALLEr0 3EeKTPOHA AOJKHbI NMOABHTBCA N0 NOCTHXKEHHA

CKOPOCTH CBETA B ITyCTOTE.
HMeHHO 3THM 0OBbACHAETCS H3ydeHne JJICKTPOHA, MMEIoIee

MecTo B 6eratpoHax [11]. B 3Tux ycraHoBkaX 3JIEKTPOH, ABUrasicCh
NoA BIHAHWEM BHXPEBOrO JIEKTpHueckoro Mo no OKpy»HOCTH,
NOCTHraer Becbma 60MblIMX cKkopocTeii, OM3KHX K CKOPOCTH CBETA
B MYyCTOTE. DTO ABHXKEHHE COMpoBOxaacTcd CBEUCHHEM. Heckonb-
KO MNO3Ke aHAIOrM4HOe M3nyuyeHHe HabmoAaloCk B CHHXPOTPOHE,
H3JTyqalomem 3JekTpoHbl. Opbura myuka JCKTPOHOB HMeEjla AHa-
metp 29,3 cm. HManyuenue Gbuto, puaHO IN1a30M Kak MaJIEHBKOC
ApKOe MATHLILKO Oesnoro uBera, ecimu CMOTPETh B BaKyyMHYIO
TPYOKY B MI0CKOCTH OpOUTbI HaBCTpedy nprOIHIKAIOLLEMYCSl: DTIEK-
TPOHY.

Cnemyer y4ecTb, YTO OKOJIOCBETOBO 6bU1a opbuTaIbHAA CKO-
pocTb 3nexkTpoHa. Bymyun menbie ckopocTH CBETA B ITyCTOTE, 3Ta
CKOPOCTb GbiSa OXHOBPEMEHHO AOCTATOUHO BOJIBLIOH, YTOOL! B 110-
TOKE OKOJIO 3/IEKTPOHA MOSBIIMCL MecTHbIE 00JIaCTH CBEPX3BYKO-
BbIX TeyeHui. CnenoBaTenbHO, OKOJIO JETALLET0 Hepes 3(Hp ss1ek-
TPOHA BO3HUKJIM yAapHble CBeTOBbIE BOJHB! THITA nsmb1000pa3HbIX
cKaukoB ynnaoTHeHus. IToatoMy ynapHbie CBETOBBIC BOJIHBI MOTJIH
nonazaars B rna3 Habmonarens U Bbi3biBaTh 3¢ dexT ceeueHHs.

OueHb BaXXHO NMOAYEPKHYTb, YTO B ONMbITC Yepenkosa H omneiTe,
MpPOBEAEHHOM B CHHXPOTPOHE, CBeyeHue ObiI0 BUIHO CO CTOPOHDI
NpUOAHKAIOIErocst 3JIEKTpOHa., a B 00paTHOM HArpasJICHHH OT-
CYTCTBOBJIO. DTO YKa3bIBaeT HA TO, 4TO CBET oOycrnoeneH yqapHsl-
MH BOJHAMH, NOPOXKIAEHHBLIMU 3JEKTpOHAMH, a HE pacnpocTpa-
HeHHeM cnabbix BO3MYyLIEHHI B 3¢upHOM rast, KaK CHHTAT TNoit-
FeHC M MPOTHUB YEro B KOHEYHOM cuére BO3paxkayl B NANbHCHLIEM
OiiHwTeH. B nporuBHOM cinyyae B OnbiTE YepenkoBa, B Oera-
TPOHAX H CHHXPOTPOHAX CBe4YeHue AO0MKHO ObL10 Obl HAOMIOOATH-
CsA BCNeq, JIETALLEMY JJIEKTPOHY, Tak kak HUITO HE MELIacL TaKoOMY
pPacHpPOCTPaHEHHIO CNabbix Bo3MylLeHHi B Ta30BbIX CpellaxX. Onna-
ko B [11] ogHo3HauHO cka3aHo, YTO cBeYE€HHE B OIIBITE YepeHkoBa
HabMIOAANOCh JHILL B HanpaBaeHUH ABHKEHHs JJIEKTPOHA W HE
H3Jlyqanock B 0OpaTHOM HarnpasjieHuH, a B CHHXPOTPOHE CBEHCHHE
6bLIO BHAHO, ECIM CMOTPETh Ha BakyyMHYIO TPYOKy B nOCKOCTH
op6uTnl HaBcTpeuy npubnuzkatomemycs N1EKTPOHY.

HO-BH}IHMOM}I’ CBeT BOC“pHHHMaeTC’[ yejoBeueCKuM rjia3soM
yepe3 nepenan AaBieHus, obpasyiomuiicl B d¢Hpe npn nepexone
yepes CBETOBYIO YAAPHYIO BOJIHY B HarpaB/IeHHH HOpMaIH K €c I10-
BepxHOCTH. To4HO Takxe yenoseyeckoe YXO BOCIIpHHHMAET Mepe-
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nan naBneHHs, Habniojaemsiii Ha yaapHON BOJIHE, pacripocTpa-
HAlOWelHCs B BO3AyXe OT 3MHMLUEHTPA B3pPLIBA WM MNepe JIETALLUM
CO CBEpPX3BYKQBOI CKOPOCTbIO caMonéToM. Tak, “Tyroii Ha yxo~ ue-.
JIOBEK CJIBILIMT I'POM H 3BYK B3DbIBa, HO HE CNIBILIHUT THXYI0 CUM(O-
HHUYECKYI0 MY3bIKYy WJIM Pa3srOBOPHYIO peyb. Y 4esIoOBE4ecKOro ria-
3a CYLLECTBYET CBOH MOPOr UYyBCTBUTENLHOCTH, HUXKE KOTOPOro
CBET HEe BOCIPHHUMAETCH.

IlonBoast UTOrH CKa3aHHOMY, OTMETHUM Haubosee BaXKHbIE U HH-
TepECHbIE BbIBOJBL:

l.

Ilpn pBHOKEHHM 3JIEKTPOHA CO “‘CBEPXCBETOBOH~ CKO-
pOCTBIO mnepen HUM 00pasyeTcs KpUBOJIMHEHHas OTOLUed-
[Ias yaapHas CBETOBAs BOJIHA.

CBeT He CBf3aH C pacrnpocTpaHeHHeM ciabbiX BO3MY-
uieHui B 3¢upe, a 00ycnossieH yaapHbIMM CBETOBLIMH BOJI-
HaMH.

Jlyun cBera npenctaBiasioT coboi CEMerCTBO. MPAMBIX,
HOPMaJIbHBIX K (PPOHTY yHAPHOH CBETOBOI BOJIHBL.

ITOT POHT HA 3HAYMTENILHOM YAQIEHHH OT JIETALLErO CO
“CBEPXCBETOBOM CKOPOCTBLIO 3JieKTpoHA Onm3ok no ¢gopme
K KOHHMYECKOM TMOBEPXHOCTH C YIJIOM TOJypacTBoOpa,
OJIU3KHM K yrJly BO3MYLLUEHHA.

CeeToBble ynapHbie BOJIHbI JIAMOmo006pasHoi ¢opmMbl Mo-
ryT BO3HHUKAThb OKOJIO 3JIEKTPOHOB, JIETAIIMX C OKOJIOCBe-
TOBOM CKOPOCTbIO € yHcaom Maxa M > M,

CeeT BOCMIPHHHMAETCA YeNIOBEUECKHM IJIa30M Hepe3 me-
penan OaBJieHWs, MpoucxodsawHH B 3dupe npu nepexone
yepes CBETOBYIO YAAPHYIO BOJIHY B HANPaBJIeHHH HOPMAJIH K
€€ NOBEPXHOCTH.

 Jlns onucaHHs 3aKOHOB PacnpoCTpaHeHHs CBETa MoJi-
HOCTbIO MPHMEHHMA BOJIHOBas Teopus I'lolreHca ¢ oaHUM
YTOYHEHHEM: B Ka4eCTBE BOJIHOBOIO ()pOHTA JOJIKEH BBICTY-
natb (JPOHT yAAPHBIX CBETOBLIX BOJIH.

72



16. O MOJISAPH3AIIAMA CBETA

Ilpexxne yem pa3buparbcs B ABIGHHH TNOJNSAPH3ALIHH, BCTIOMHHM,
4yTO MbI 3HaeM O cBere. COrjlaCHO COBpeMEHHbIM NpPEeACTABJICHUAM
cBeT o0nanaer CBOMCTBAMH BOJIHBI M 4HacTHubl. CBeT pacnpocTpa-
HAETCA KaK BOJIHA, @ U3y4YaeTcs W norjouaercsa kak yactuua. do-
TOH CBETA, BCTpeYas YacTULy WIH TeJI0, MOXKET OTAaTh UM CBOIO
3HEPryvio, KOJHYECTBO ABHIKEHHS U NMPEKPATHTh CBOE CYILECTBOBA-
HUe. MmeHHO TakuM 00pasomM NpPOMCXOAMT TMOTJIOLLEHHE CBETA.
DOTOH cBeTa He uMeeT Macchl nokos. Hapagy ¢ atum npu pacuére
3¢ deKkToB, CBA3AHHBIX C PACMPOCTPAaHEHHEM CBETA, MHOTAA YMNO-
TpebnseTcsa TepMHH “TsHkénas CBeTOBas BOJIHA , O3HAYAIOLLHI, YTO
cBeTOBas BOJIHA obnanaer maccoi (pOTOHA CO BCEMHM MPHUCYUIUMH
Macce Tejla CBOMCTBaMM.

IlepeuncneHHble CBOMCTBA AOCTATOYHO XOPOLIO Y>KHBAKOTCA C
npeacTaBineHuIMH 00 3¢Hpe, TO eCTh 0 CBETONPOBOASAILEH cpene,
3aMnOJIHAIOLLEH BCE MexX3BE3AHOE npocTpaHCTBO. OAHAKO MMEIOTCA
TAK)XKe CEpbE3HbIE BO3pAXKEHHSA MPOTUB 3(Hpa, CBA3aHHLIE CO
ceoiictBaMu cBeta. OoHO U3 HUX, BBIABUHYTOE DHHILITEHHOM, YT-
BepI)KAAET, 4TO B ra3oo0pas3HoOil cpelle HE MOryT CyLIECTBOBATHL IO~
nepeuHble BOJIHbL, I10 MHeHHIO DHILUTElHA, CBET, CyAs MO ABJIEHHUIO
NONApU3aLMH, UMEET monepeyHbie konebaHHs, MPUCYLLHE TOJIbKO
TBEPALIM YNPYTrUM HJIH CTYAEHHUCTBLIM Cpenam.

Hrak, pacnpocTtpaHeHHe cBeTa BO MHOrOM HarOMHUHaeT pac-
NPOCTPaHEHHe 3BYKa MnW cnabbix BO3MYLUEHUH B ra3oBod cpepe,
4YTO XOpOLIO COYETAeTCs C npeacrasyieHUsiIMHM 00 3¢upe. Tem He
MeHee CBETOBas BOJIHA He MOXET ObiTb BOJHOM Cjabbix BO3MY-
IIeHHH B CHJIy BO3PaXXEHHi JHHIITEHHA O NMONEePpeYyHOCTH CBETO-
BbIX BOJIH U MOTOMY, YTO C1abble BO3MYILUEHHsI UMEIOT MOCTOSHHYIO
CKOPOCTb pacrnpoCTpaHeHHs B CMIOKOMHOM ra3oBoH cpene, He 3aBH-
CAWYK OT CKOpocTH McTouHHKA. IlocneaHee obcTosTeNnLCTBO Me-
waer natbh ybeaurtenbHoe o0bsicHeHWe ombiTa MalikenbCoHa, He
CBSI3aHHOE C MpPEeACTaBJIEHHSIMH TEOPUH OTHOCHTEJIbHOCTH H OTKa-
-30M OT 3(upa.

HecMOTps Ha MpPOTHBOPEYHBOCTb IPaHHYHbLIX YCNOBHH, MOA-
CKa3Ky K BbIXOAY M3 3aTPYAHUTENILHOrO MOJIOXKEHUs, KaK Mbl BHJIe-
Ny B npeablaylueM pasaene, naét rasoguHamuka. B Hell xopouro
M3yueHb! yAapHble BONHbI ( CKauKW YMJOTHEHHsA ). ITH 00pa3o-
BaHMs BO3HMKAIOT B ra3ax NMpu B3pbIBax WK nepes ABUXKYLLIHMHCA
CO CBEPX3BYKOBLIMH CKOPOCTAMH TeNaMM. 3a yAapHbIMH BOJIHAMM
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pEe3Ko NOBLILAETCA AABNEHHWE U IUIOTHOCTL rasa. Iloasnsercs-00sib-
1110€ BOJIHOBOE COTMPOTUBJIEHHE, CTPEMSLLEECS 3aTOPMO3HUTDL ABHIKY-
meecs Teno. YHapHble BOJIHBI MOCJE€ OCTAHOBKM TMOPOAUBLIMX HX
TeJI. NPOAO/IKAIOT PACnpOCTPAHATLCA B ra3oBOM cpeme Co CBepX-
3BYKOBOH CKOPOCTbIO, paBHOH cxopoctu Tena. Ilo mepe ynanenus
OT MecTa oOpasoBaHusl OHH ocytabeBaloT NpUbIM3HTENILHO 0OpPaTHO
NPONOPLUHOHANILHO KBazpaty pacctosHus. OOHOBpEMEHHO CKO-
POCTb JBUKEHHA YAAPHOM BOJIHbI OTHOCHTEJIbHO ra3a YMEHbLIaeT-
€, CTPEMACH K CKOPOCTH 3BYKa.

[Ipu B3peiBax oOpasyiorca cdepuyeckHe yAapHble BOJIHBL
ITepen nBMXKYLIHMMHCS CO CBEPX3BYKOBOI CKOPOCTBIO TEaMH BO3-
HUKAIOT yAapHble BOJIHBI, BO MHOIOM mnosTopsioiue ¢opmy HX
roJIOBHBIX yYacTei. YaapHas BojiHA ofnagaeT KHHETHYECKOH 3Hep-
rueil H KOJMMUYEeCTBOM ABUWXeHHA. BecTpeuas npenstcTeue, yaapHas
BOJIHA MepedaéT eMy CBOK JHEpPrui0 M KOJIMYECTBO HABHXKEHHUS W
MpeKpalaeT cylecTBoBaHue. B 3ToM cMbIC/ie BIOJIHE MOXXHO Tro-
BOPHUTb O TOM, YTO YAapHbI€ BOJIHbI O0NIanalOT MaCCOH ABHIXKEHHS.
IToCKOJIbKY OHM CYLECTBYIOT TOJILKO BO BpeMs ABHXKEHHA, TO yaap-
Hble BOJIHBI He MMEKT Macchl nokosd. OHu obsagaloT BOJIHOBLIMH
CBOHCTBAMH, TO €CTb MOT'YT OTPaXaTbCsl OT NPEensATCTBUHA, UM MPH-
cywd HHTepdepeHuns W audpakums. MHbiMH cnoBaMH, HMEHHO
OJs. yOApHBIX BOJIH XapaKTepeH KOpMyCKYJISpHO-BOJIHOBOM &Iya-
NKM3M, COOTBETCTBYIOLLMH NpeacraBjieHUsM PHU3HKOB O CBETE.

Ha puc. 16 qna HarnagHocTH npuBeaeHa teHesas dororpadus
lapa, ABMXKyLlerocs Haja nepgopHpoBaHHOH nnacTtHHkod. Hucno
Maxa pasuo 3 [20]. Ha ¢ororpaduu xopoilo BUIHbI FOJIOBHAs H
KOHLIEBAs YAapHBIE BOJIHLL. BuaHbl Takke oTpak€HHbIE OT IUIac-
THHBI YOApHbIE BOJIHBI. Y IJibl NAAEHHS U OTPAXKEHMS YAAPHBIX BOJIH
paBHbi mexay coboit. Ilap auamerpom 9/16 mroiima Obinm BbiC-
TPeeH MapauiesbHO NOBEPXHOCTH MJIACTHHKH C PAOOM OTBEPCTHMA
Jasmepom 1/16 profima, npoceepieHHbIX Yepe3 1/4 mioiiMa ogHO OT
apyroro. JlaBneHue 3a ronoBHOI yHapHOM BOJIHOH CO30aéT mop
MJaCTHHKOM KJIaCCHMYEeCKyl0 AuarpaMMmy KoHyca Maxa kak Oru-
Oaloieil NMOBEPXHOCTH pacCLIHUPsAIOWIHXCA CPepHYECKHX aKyCTH-
YeCKMX BOJIH. YTOJ HAaKNOHA 3TOi TMOBEPXHOCTH SBNSETCA YIJIOM
koHyca Maxa u onpenensierca ¢gopmynoi (81). Kax BugHo Ha ¢o-
Torpadiu, yroj BO3MyILIEHHA [ HECKOJIbKO MEHbLUE yrjia HaKkJloHa
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roJIOBHOH YOapHOW BOJIHBI ]3* [IoaTOMy HMCNONB30BAHHOE HAMH
paHee cooTHouweHHe (83) HOCHT NpHOIM3UTENBHBIH XapakTep. OHO
TeM TOYHee, 4eM Aanblle OT Wapa ( B eAMHHLAX AHaMeTpa Wapa )
M3MEPAETCs Yrojl HaKIOHA YAAPHOH BOJIHBI.

CoBepLieHHO SCHO, YTO MPUMEHHUTENLHO K 3QHpY H pacnpo-
CTPAHEHHUIO CBETA CleayeT roBOpHTb 00 yaapHbIX BONHAX, BO3HH-
KAOWMX Mepel 3JIeKTPOHAMH, ABHXKYLIHMHCS BHYTPH aTOMOB H
MOJIEKYJ1 PacKaJéHHBLIX TeN B MOMEHTBhI, KOrAa OHM MNPH NOABe-
AE€HUM SHEPrud HauMHAKOT pasroHaTbes. CoBepiuas ¢ yCKOpeHHEM
koJieOaHHs, OHM NMPEBLIILAIOT CKOPOCTb PaCNPOCTPAHEHHU C1abbix
Bo3MmylueHHH C,. UMeHHO B 3TH MOMEHTHI H3y4daeTcs OTOH cBeTa
WJIK yaapHas ceetoBas BosHa. [losBasioueecs npyu 3ToM BOJIHOBOE
COMPOTHBNEHHE TOPMO3HT 3JIEKTPOH OO0 CKOPOCTH, MEHbLUIEH CKO-
POCTH pacrnpocTpaHeHus ciabbix Bo3MylueHHI. B pesynbrare us-
IlyyeHHe CBETOBOM BOJIHbI MpeKpallaeTcs W OHa HAYMHAeT CaMo-
CTOATENIbHYIO XH3Hb CO CKOPOCTbIO MOPOAMBLUErO €€ 3JIEKTPOHA.
Hanyuas, anexktpoH tepser 3Hepruvio. IlooToMy amruiMtyaa kone-
GaHHiT 3nEeKTPOHA 3aTYXAeT, €CJIM TOJILKO K HEMY HE NOABOAMTCH
HEenpepbIBHO IHEPrHs OT KaKOro-1M0o BHELHEr0 HCTOUYHHKA.

CobcTBEHHAs CKOPOCTb JEKTPOHA B MOMEHT 00pa3oBaHHA TH-
KEJIOM CBETOBOM yJAapHOM BOJIHbI MM (pOTOHA sABASETCA TOM CKO-
POCTBIO, KOTOPYIO MPHHATO Ha3biBaTb CKOPOCTbIO CBETA B MYCTOTE
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(C =3.10" cm/c. ). Ecniu K TOMY e 3JIeKTpOH BMECTe C-4TOMOM
MCTOYHHKA CBETa ABHXETCSA CO CKOPOCTbIO V OTHOCUTEBHO Cno-
KOMHOro 3¢prpa, TO CKOPOCTb U3NY4YEHHOIM CBETOBOI YHapHOM BOJ-
Hbl OyieT BEKTOPHOI CyMMOH 3THUX CKOpPOCTei U MOeT ObiThb 3aru-
caHa dopmynoit

C'=CzxV.

Ilpu oTpakeHHMH CBETOBBIX YAApPHbLIX BOJIH OT HEKOTOPOH [1O-
BEPXHOCTH MPOUCXOOUT BO3OYXKAEHHE INMEKTPOHOB, BXOAALUHMX B
COCTaB aTOMOB MaTepUaia OTpaXkalolleild NMoBepXHOCTH M3-3a nepe-
Jauu €€ YacTHLaM 3HepruM H KOMUYEeCTBa JIBHXKEHHA Manaroue
YAApHOH CBETOBOI BOJIHbI. Beneacreue 3TOro BO3HWUKAKOT HOBBIE
koniebaHHs, ABAAIOLIUECS NMPUUYHHON BO3HUKHOBEHHs OTPaXKEHHBIX
YAAPHbLIX CBETOBBIX BOJIH.

[IpencraBnenue o poroHe cBera kak 06 yaapHoii cBeTOBOH BOJI-
He B 3dupe no3Bonser 00BACHUTL NMPHpOAY MNOJISIPU3ALMM CBETA.
HanoMHuM, 4TO NONApH30BaHHBIM CBETOM Ha3bIBAIOT CBET, B KOTO-
' pOM CYLLECTBYET 3aBUCUMOCTb HHTEHCHBHQCTH OTPAKEHHBIX JTy4eH
OT OPHEHTALHH MIOCKOCTH nageHus. CBOHCTBO nosspusaluH ¢ 1o-
Aauyd JDHHUITEHHA CBA3bIBAETCA C MpeacTaBjieHHEM O Mornepe4yHoC-
TH CBETOBbIX BOJIH.

Ceer, ‘Hcnyckaemblii G0NLUIMHCTBOM HMCTOYHMKOB CBeETa, ‘Ha-
npuMep, packanéHHbIMH TBEPAbLIMH TENAMH, He OOHapy>KUBAET Ta-
KHX CBOHCTB, KOTOpbie BbIABHJIM Obl MmonepeyHbiii XapakTep €ro
xosiebanuii. X ynaércs oOHapy)XMTb JIMLIB MOC/E TOro, Kak CBET
HCMBITAET OTPA)KEHHE OT MNJIOCKOH MpaHuMLb! MPO3pavyHOH Cpebi.

DTO JIerko MOHATb, TaK Kak 60JIbLUMHCTBO HCTOYHHKOB CBETA B
pe3ynbTaTe KojebGaHHH 3JIeKTPOHOB B aroMax MCIYCKalOT chepu-
yeckHe yJAapHble CBETOBbI€ BOJIHBL JIMWb mocne oTpaxceHHSA OT
MJIOCKOM MOBEPXHOCTU 00paszyloTCA yaapHbleé BOJIHbI, HMEIOILIHE
miockyio popmy. PaHee yxxe orMeuanoch, 4To st yIapHbIX BOJIH B
ra3oBbIX CpEeAax xapakTepHa 3aBUCHMOCTb (JOPMbI BOJIH OT (pOpMBI
nopoausiyux Ux Tea. Okoso Ten ¢ NIOCKoH NOBEPXHOCTHIO OObIY-
HO BO3HHMKAIOT MJIOCKHE yAapHbIE BOJIHBI.

AcHo, uTO NNOCKas yagapHas CBeTOBasi BOJIHA, OTPa)KEHHas OT
OAHOH TJIOCKOM TMOBEPXHOCTH, XOpOLUO OTpa)kaeTcsi OT ApYyrou
MJIOCKOH MOBEPXHOCTH, €CJIM MJIOCKOCTH NaaeHHs U OTPa’keHUs Ma-
pajnenbHbl apyr apyry. IMeHHO B 3TOM ciy4ae HHTEHCHBHOCTD
Jy4ya CBETa UMEeT MaKkCHMaJIbHOe 3HaYeHue. MUHHUManbHAas HHTEH-
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CHBHOCThL OyaeT Habmonarbcs, KOrga MJIOCKOCTH NafeHHUs v oTpa-
’KEHHs B3aHMHO MePreHAUKYIAPHB].

HmenHo BcneacTsHe oOpasoBaHMs MIIOCKHX YAApHBIX CBETO-
BbIX BOJIH MOCJE TMEePBOro OTpa’keHWs OT,IUIOCKOH MOBEPXHOCTH
CBET HAYMHAET OOHAPYKMBAThH 3aBHCUMOCTb MHTEHCHBHOCTH OTpa-
)KEHHBIX JTyueil OT OpMEHTALMH TUIOCKOCTH nageHus. W neno 3pecob
OTHIOAb HE B MMOMePeyHOCTH KonebaHHit cBeToBbIX BOJIH. CBeET, 06-
nagalolUMi TaKHM CBOMCTBOM, KaK H3BE€CTHO, HOCHUT Ha3BaHHeE MNO-
NAPU30BaHHOIO CBETA.

17. CKOPOCTbDH CBETA .

-~

JIo cMX mop Mbl HE pPacCMaTPHUBANIM CYLLECTBEHHOE BO3paxe-
HWe npaTHB 3QHpa, CBA3AHHOE C ONTHYECKHM OnbiTOM Maiikenn-
coHa. [Ina ero noHumaHusa U oObACHEHHs € NoO3UUMI 3dupa cre-
nyet ewé riybike pasobparbesa B (pusHueckoii Npupoae CBeTa, Ko-
TOpasi BeCbMa NMPOTHBOpeuYnBa. B cBA3M ¢ 3THM pacCMOTpPHM, ka3a-
nock, 6bl, beccnopHoe Ha CErogHALWHKI AeHb YyTBEpXKIEHHE O MNoc-
TOSHCTBE CKOpOCTH cBeta. Jlna 3Toro obparHMcs K HCTOPHUH ac-
TPOHOMHYECKHX WU (pHU3HUECKHX CrnOCOOOB OmnpenesieHHss CKOPOCTH
CBeTa.

BcnoMHHM, 4TO NEPBYIO MOMNBLITKY ONpPENESHTb CKOPOCTh CBETA
npeanpuHan B 1607 roagy I'anuneh [11]. EnnHcTBeHHBIM pe3yib-
TaTOM 3TOH MOMNBITKK ObLIO BBIACHEHHE TOro, YTO CKOPOCTbh CBETa
oueHb Benuka. Bnocneacreuu Obin paspaboTaH U ocyllecTBAEH Pl
bonee TouHbix MerogoB. B 1676 rony Obin npensiokeH acTpo-
HomH4ecknHd meton Pémepa, ocHoBaHHBIH Ha HabmoaeHUAX 3a
OTKJIOHEHHAMH B 3aTMEHHH cnyTHHKOB Onutepa. 3TOT MeToa Aa
3aHHKEeHHY0 ckopocTh cBeta 215000 km/c. B ‘Hauane XVIII Beka
Obin paspaboraH meron 3BéagHor abeppauud. OH nNo3Boaua onpe-
nenntb ckopocTb cBeta kak C = 303000 km/c. IlorpewHocTs cocTa-
BHJ1a okosio 3000km/c. B 1849 rony ®du3o ocyuiectBun merton 3y6-
4ATOrO KOJIECA, KOTOPOE MpPH BPALIEHHH TO MNPOMYCKANO MEXIy
3yOLiaMH CBETOBOM IMYYOK, TO MepexpbiBaio ero 3ybuamu. MoxHO
Obu10 Tak nmozodpars 4MCIO 3yOLIOB, CKOPOCTL BpAlLlEHHA KOJIECa,
pPacCTOosiHHE MEXAY HCTOUHHKOM CBETA H OTPaXKAIOLLIMM 3epKaJioM,
4yTOObI CBET HA 3KpaHe He ucuesan. PacuwindposbiBas 3TH rokasa-

Hus, Pur3o nonyuun ckopocts cBera C = 299870 + 50 km/c. B
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falbHeHIleM 3TOT MOAXOA K PelleHHIo 3azauu Gbin ycoBeplueH-
cTBOBaH Pyko B METO/Ie BPaILAIOLIEerocs 3epkajia H MaitkenLCoOHOM
B MeToAe Bpawarouerica npusmbl. ITockonbky Bce Meroanl H3Me-
s CKOPOCTb CBETA B BO3MyXe, TO Pe3y/IbTaTbl ObUIH MOIpPABJIEHbI
M0 M3BECTHOMY KO3((ULMEHTY MPENOMJIEHHS BO3LyXa. DTO MO3-
BOJIMJIO OMNpenesinTb CKOPOCTb CBETA B MYCTOTE C OYEHb BbICOKOM
TOYHOCTbBIO (C = 299776 t 4 km/c). Ilpu Gonee rpyGbix oueHkax ¢
noc*raTquou TOYHOCTbIO MOXKHO nonarate C = 300000km/c = 3 «
10" cm/e.

Ha ocHOBaHHMM 3THX 3KCMEPHUMEHTOB B CO3HAHHMHU (PU3MKOB M
aCTpOHOMOB MPOYHO YKPENUaCh MbIC/Ib O TOM, YTO CKOPOCTb CBETA
ABJIAETCA NOCTOSIHHOW BETMYMMHOM, KOTOpasi, K TOMY 2Ke, He 3aBHCHUT
OT COOCTBEHHOH CKOPOCTH WCTOMHHMKA M3JIyueHHs. DTa YyBepeH-
HOCTb NMOAKPEIJIAIACh TeM, YTO JAaHHad 0COOEHHOCTh XapakKTepHa
TaKKe JJIs paCnpoCTpaHEHHs 3ByKa B BO3/lyXe H APYTHX M3BECTHbIX
razax H »xugkocTsax. ITo3ToMy kasasoch BIIOJIHE €CTECTBEHHBIM,
4yTo B 3()MPHOM rase pacnpocTpaHeHHEe CBeTa MPOMCXOOUT aHa-
JIOrMUHO pacnpocTpaHeH IO 3Byka B Bosayxe. IlosgHee, korpa
QiHILTEHH MPeasIOXKKU 0TKa3aTbCs OT 3(pHpa, OH COXpAHHJI 3a CBe-
TOM 3TH 0COOEHHOCTH. B COOTBETCTBHH C BO33pEHUSAMH TEOPHH OT-
HOCHUTENILHOCTH CBET CTall pacnpocrpauﬂ'rbca B IyCTOTE C MOC-
TOAHHOW CkopocThio C =3 « 107 cm/c. Ero ckopocts cuurtaliach
HE3aBHCUMOM OT CKOPOCTH HMCTOYHMKA U3MYUYEHHS U TMpeaesibHOH
IJIA CBETa U MaTEPUAIbHBIX Tell.

Ho rax nu 310 Ha camom paene? Ilonpobyem CHOBa B3rJISIHYTb
CBE)XHM B3IISIOM Ha pe3yabTaThl METOAOB OMpe/esieHHs1 CKOpOC-
TH CBeTa. 3aMedaeM, YTO aCTPOHOMHYECKME MEeTOoAbl AaloT O0Jb-
wyto norpewHocTs ( AC > 3000 xM/c )., DTo Ha nBa mopsaka
bosblue OpOHTANBbHOI CKOPOCTH 3eMnu MpH eé ABHXKEHUH BOKPYT
Connua. O6uieit 0cOOEHHOCTBIO BLICOKOTOYHBIX (PM3HUYECKHX IKC-
NEPUMEHTOB SBJIIETCA TO, YTO B HHUX H3MeEpsJiacb CpeaHssi CKO-
pOCTb CBETa MPH MPOX0XKAEHHH Ny4oM (PHUKCHPOBAHHOIO PaccCTOs-
HUs 00s3aresibHO B MPsIMOM H OOpaTHOM HamnpaBJieHHAX. JTO 03-.
HAYaeT, 4YTO, €CJIW, CKaXkeM, B MPsAMOM HanpasjieHHH CKOPOCTb CBe-
Ta Obu1a Oonbuie, yem C Ha HEKOTOPYIO BeiMuKHY V, a B 00paTHOM
HANpaB/eHMH Ha Ty XKe BEJMYHHY MEHbIle, TO CPENHss CKOPOCTh
OKkasblBaNack PaBHOH CKOPOCTH C. Cxopocrrb V uncuesna u3 nojs
3peHus MCCIIENOBATENEN U HEe MOorJla ObITh 3aQUKCHPOBaHA IPH. Ta-
KOH METOAMKE 3KCNEPpUMEHTA, kak Obl HH yMeHbLIANIOCh PacCTOs-
HHEe MeXXOy HCTOYHHKOM M NMPHUEMHHUKOM CBETA.
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IIo3TOMy MOXHO yTBepkKAaTh, YTO 3TH IKCNEPHMEHThI, He-
CMOTpPA Ha WX pazHOoOOpasHe M BbICOKYIO TOYHOCTb HEKOTOPBLIX M3
HHX, He OTBEpPratoT BO3MOXKHOCTH PacCnpOCTPaHEHHs CBETa OTHOCH-
TEeJIbHO CMNOKOMHOro 3dupa MM MaTepHalbLHBIX TeT CO CKOPOC- .
TAMH, OTJIMMHBIMY OT CKOPOCTH cBeTa B mycrore. Ilo-Buaumomy, B
MCTOPUH HAYKH HE U3BECTHBI 3KCMEPHMEHTDI, 32 UCKITIOYEHHEM AB-
nenuns lonnnepa, npoBeAeHHbIE CELUANIbHO A8 U3YUYEHHA 3aKo-
HOB M3JlyMeHHS M OTPaXEHHsS CBETA JBHXYLIMMHCA HCTOYHMKOM
CBETa U 0Tpa>xa10meu NOBEPXHOCTHIO. B HM3BeCTHOM CMBICE 3TO
“6entoe MATHO” B UCTOPHH (PHU3HKH, :

B cBs3u ¢ 3TMM, a TakXe C MPEACTAaBJIEHHIMH O TOM, YTO CBET
00yCcNOBNEH yAapHLIMH CBETOBLIMH BOJIHAMH B 3(Hpe, MOXKHO MOo-
npoboBaTh yTOYHHTE GOPMYJHPOBKH 3aKOHOB M3JTyY€HHsS U OTpa-
)KE€HHs CBETa, He BXOAA MPH 3TOM B MPOTHBOPEYHE C N3BECTHbIMHU
cnocobamu onpeaeneHrs CKOpOCTU CBETA.

3akoH H3nyueHus cBera. llpu aBMKEHHH UCTOYHHUKA HM3JTyue-
HHUA CBETa OTHOCHTEJIbHO 3(Hpa CO CKOPOCTbIO V CKOPOCTb M Ha-
NnpaeJjieHHE ABHXKEHHUS YOAPHOM CBETOBOM BOJIHbI OTHOCHTEJILHO

3¢upa C’' onpenenserca BekTopHOH cymmoin ckopocteit C U V
C'=C+V. (84)

3necb C - CKOPOCTb pacnpoCTpaHEHHs CBETa B CIIOKOHHOM 3¢upe
OTHOCUTEJIbHO HEMNMOABHWIKHOIMO MCTOYHHUKA H3nydeHHs. OHa paBHa
ckopoctH cBera B myctore. U3 ¢opMyssl cnemyeT, 4To CKOPOCTB
cBeTa B 3(pHpe OTHOCHTENLHO CaMOro MCTOYHHMKA HU3JTy4eHHs WJIH
Habnronarens, ABHXKYLLErocss OTHOCHTENILHO 3dupa ¢ TOH ke CKo-
poctbio V, Oynet pasHa C.

3akoH OTpakeHHUs cBeTa. 3aKOH OTPa)KeHHsA CBETa JOJKEH y4H-
TbIBaTb CKOPOCTb ABHXKEHHS OTPAXKAIOLLEeH MOBEPXHOCTH OTHOCH-
TEJIbHO MCTOYHMKA H3jyueHHs. CKOpOCTh Magalollero jyya CBeTa
OTHOCHUTEJIbHO OTPAaXKalollleil NMOBEpXHOCTH OyneT B 3TOM Ciydae
BbIpaXkaTbCst popMynoii

-— - =g -

C,=CFU=C+VTFU. (85)

3nece Vu U - COOTBETCTBEHHO CKOPOCTH MCTOYHHKA CBETA W OT-
paxkaioulei MOBEPXHOCTH OTHOCHTENLHO 3¢Hpa. OTHOCHTENBHAs
ckopocTs naneHus C; paBHA OTHOCHTENBLHONH CKOPOCTH OTPaXKEHHS

ceeta C;. Yron nageHuns paseH yray orpaxeHus. Ckopoctb OTpa-
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)KEHHOro Jiyua ceBeTta OTHocHTeNbHO 3dupa C, Kak U B Tiydae
U3Ty4eHHs, ONpeaenseTcss BEKTOPHOH CyMMOii:

-

C"=C'zU. (86)

U3 (85) suaHo, uro npu paseHcTBe ckopocteii V u U ckopocTs
CBeTa OTHOCHUTEJIbHO HCTOYHHMKA H OTpakalolled NOBEPXHOCTH
paBHa CKOPOCTH CBETa B MyCTOTE.

B HacTosuiee Bpems, no-BHAUMOMY, IJIaBHBLIM 3aIrpPETOM IS
TaKOro B3rJisAa Ha CKOPOCTH CBETA ABJIAETCA HE 3KCMNEPHUMEHT H He
aCTPOHOMHuUeckHe HabnoaeHUa, a COOTBETCTBYIOLWIWHM TMOCTyJaT
TEOpUH OTHoCHTesIbHOCTH. Ilo3TOMYy ewié pa3 OTMeTHM TIJiaBHOE,
HeTt 06bexTHBHBIX 3anpeToB, OCHOBAHHBIX HA IKCMEPHUMEHTAIbHbIX
AAaHHbIX HJKM HabMoAeHHsaX Ha TO, 4TOObI CKOPOCTb pacnpocTpa-
HEHHs CBeTa OTHOCHTENbLHO 3(Mpa MKW MaTepHaIbHBIX TeJl MOrJja
ObITh O0NbLIE HIIM MEHbBLUIE, YEM CKOPOCTb PACMpOCTPaHEHHS CBETa
B nycrore. HanomHuM, utro TepMuH “rrycrora” B AaHHOH TeOpHH
3KBUBAIEHTEH NOHATHIO “CIIOKOMHBIN 3dup”.

K yeMy e npuBeaér Hac OTKa3 OT AOrMara NOCTOSTHHOM CKO-
POCTH CBETA B MyCTOTE, HE3ABUCUMOM OT CKOPOCTH HCTOYHUKA WM
Habmoaarens ? Kax B 3tom cinydae OyayT BuIMIAAETh ONTHYECKHE
onbiThl MaiikenbcoHa u Jlonmiepa ? PaccMOTpUM 3TH BONPOCHI B
nocJeqyoLHX pa3agenax. ’ ‘

18. PA3rAJIKA OIILITA MAWMKEJLCOHA

OnwiT MalikenbCoHa Obl1 BbIMONHEH C LeNbi0 OOHApyXEHMs
ABWXKEHHsA 3eMJIM OTHOCUTENbHO 3¢dupa MHPOBOTO MPOCTPAHCTBA.
H3sectHo, uTo 3emna asukercs no cBoed OopOHTE CO CKOPOCTBIO
oxono 30 km/c, ydacTByer B 0oOeM ABMKEHHH COJHEYHON CHC-
TEMBI OTHOCHTEJILHO LIEHTPA FaIaKTHKH CO CKOPOCTBIO 220kM/c U B
ABH)KEHHH CaMOM ranaKkTHKH.

OCHOBHAas1 MbICJIb 3TOr0 UCCJIEAOBAHHA 3AKIOYAIaCh B NPearo-
NO’>KEHHH, YTO MPH CYLIECTBOBAHHH HEMOABHXKHOIrO 3upa aABrKe-
HHe 3eMJIH A0KHO MPUBOAKTD K MOSBAEHHIO 3AMETHOHN Pa3HULLbI B
YHMCJIEHHBIX 3HAYEHHUAX HEKOTOPBIX ONTHYECKHX BEJIHYMH MpPH pac-
NpOCTpaHEHUH JlIyuya CBETa BAOAbL H MOnepek HarpasieHHUs XBHXKE-
Husa 3eman. FnasHyio posib B onbiTe Urpan uHTepdepomerp. ITOT
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uHTepEPOMETp H METOOMKA IKCNEPHMEHTA OMMCaHbl BO MHOTMX
kHurax [11,16]. OtmernMm, yto MaiikenbCOH H TNOCJAEOYIOLIHE
uccrnenosareau He oOHapy WM OXuaaeMor pasHuubl. Ha ocHo-
BaHHH 3TOro ObLI CAeNaH BbIBOJ O TOM, 4TO Jinbo 3¢Hpa HeT BOOO-
e, 1Mbo oH yBnekaercs 3emnéid. OgHako 3TO nocsaegHee npearo-
NOKEHHE NMPOTUBOPEYMT pe3yJibTaTaM sBJIEHHUsS 3BE3HON abeppa-
uru [15] mn onbity ®Puso [16].

B. naHHoN pabore xnaccuueckuit oneit MalikenscoHa o6msc-
HSIETCS C MOMOLUBIO TOJYYEHHbIX B MpeablaAyLieM pasiesie 3aKOHOB
M3nyueHuss U otpaxeHus cseta ( cm. dopmynsl (84) + (86) ) or
ABHOKYLUUXCA OTHOCHMTENbHO 3¢Hpa MCTOYHHMKA CBETAa M OTpa-
xarouleii noeepxHocTH. Kak Obu10 nokasaHo B pasaene 4, 3emns B
CBOEM ABHI)KEHHH NPAKTHYECKH He yBJiekaeT a¢up 3a coboii. B cuc-
TéMe KOOPAHHAT, CBA3aHHOM C MoJieM CrOKOMHOro 3¢Hpa, BO3HH-
KaeT TeueHHe 3¢pupa K LEHTPY 3emid C O4YeHb CKPOMHOMH CKO-
pocTbi0. OHO He MOXET NPHUBECTH K 3aMETHOMY BJIMSIHUIO C)KMMae-
MOCTH 3(Hpa Ha 3aKOHbI paCNpOCTPaHEHHs CBETa.

I'naBHyi0 pons B OmbITE HUrpaer
uHtepdepomerp MaiikenbcoHa. Ero
cxeMa rokazaHa Ha puc. 17 B ynpo-
R, wieHHoMm Buae. Jlyu, umaywuii OoT HC-
TOYHHUKA S,, OTYACTH OTPAXKAETCA B

A | Touke O OT CTEKJIIAHHOM, CJIErKa I10-

R, /5"% % | cepeOpéHHOI NMIacTUHKKM A; OH OTpa-

: \ Kaercsa ot 3epkana Ry , M 4acTh €ro,

npolas uepe3 A, Mnornagaet B 3pH-

TenbHylo TpyOy, Haxopsauryrocs B F.

Y Hpyras yactb Jiyua S, NpoxoauT 4epes

A, otpaxaercsa ot 3epkana R;, BHOBb

Puc. 17 | oTtyacTtu oTpaxaercs B 0 ¥ Takxe nona-
naer B TpyOy F.

Habmopartens Buaut B F nHTepdepeHLIHOHHDbIE OJIOChI, 3aBU-
CsllMe OT pasHOCTH BpemeH npoxoxaeHusa myted OR;0 u OR,0
AByx ayuei. B onpenenéHHom mecte hoKaibHOM MIOCKOCTH TPYObl
F pomxHa nosBUTbCA 0AHA U3 HHTep(EPEeHLHMOHHBIX MOJIOC, COOT-
BETCBYIOLLAs Pa3sHOCTH xoaa AByX nyueid. CoBepLUeHHO 5ACHO, YTO
ecnu npubop HEeNnoABH)KEH OTHOCHTENLHO 3()Hpa, TO BpeMs, 3aTpa-
YMBAEMOE JlyuaMH CBETAa Ha ABH)KEHHE, OQMHAKOBO, TaK KaK Kax-
AbIH U3 HHUX nipoxoauT nyTb 21 co ckopocTbio C. DTO BpeMst paBHO
t =21/C.
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PaccMoTpuM Ternepb, Kakoe BIHAHHE Ha KapTHHY HHTepdepeH-
LIMOHHOIO0 SBJIGHHS JO/DKHO HMMETb ABH)KEHHE Bcero mnpubopa
BMecTe ¢ 3eMJiéit B HermogsrxkHOM 3¢upe. Ilpeanonoxum, 410 310
ABHUKEHHE MPOUCXOAUT NnapajuiesibHO OAHOMY U3 HamnpasyieHui OR;
wnu OR; co ckopocTeioV oTHOcHTENBHO 3¢upa. Paccrosuus OR; u
OR, pasHbl |. PaccmMoTpuM, Kakue IyTH IPOXOAAT Jyud B
HernoaBHKHOM 3¢upe. UCTOUHHMK CBeTa Mbl ITPH 3TOM MOXKeM cebe
NpeACTaBUTb Haxoasmumcs B Touke 0.

IlonoxuM, 4TO MCTOYHHK M 3epKajio ABHXYTCS [0 Hampas-
JIGHHIO TPSAMOH, ‘MX COSAHHAIOLIEH, CO CKOPOCTBIO V OTHOCHTEJIb-
Ho 3¢upa. CornacHo ¢opmyne (84) npu Beixome U3 A CKOPOCTb JIy-
Ya CBETa OTHOCUTENBHO 3Hpa C YYETOM AOMOJIHMTENBHOM CKO-.
poctn V 6ymer C' = C + V. CkopocTh OTHOCHTENBLHO MpHOOpa,
KOTOpbIH CaM ABHXKETCA B TOM K€ HanpaBjieHUH CO CKOPOCTbIO V

C,=C' - V=C. Ilo3romy BpeMs npoxoxxaeHus mytd l or 0 po R; :
t,=VC=1l/C.

K 3epkaty CBET MOAXOOMT C OTHOCUTENLHOM ckopocThio Cf =
C' - V = C. CornacHo ¢opmyne (86) orpakéHHBIH JIyd Ha4HHaeT
ABHratbcsi B OOpaTHOM HarpaeieHUH cO ckopocTeio C’ OTHO-
curensHo 3apupa. C' = C/ - V= C - V. CkopocTb OTpaKEHHOIO
Jy4a CBETa OTHOCHTEJILHO NMpPHOOpa, KOTOPLIH ABHUXETCS TErephb
HaBcTpeuy co ckopoctsio V, Oynmer C/' = C' + V = C. Bpems
npoxoxaeHus mytH l or R 1o 0 :

t," =l/C/" =1/C.

CymmapHOe Bpems IpOXOXKAEHHUS JIy4OM CBeTa paccTosiHus 2l or
0 no R; 1 oOpaTHOM HanpapBJIeHHUM '

ti =t +t" =21/C.

<V | Asrxenne npubopa OTHOCHTENBHO 3¢Hpa
HEe H3MEHJAeT BpPEMEHHM IMPOXOXKIAECHHUA
JIy4OM IyTH B HaripaBJIEHMH CKOPOCTH V.
Ilepeiiném Kk ciyqaro, Korga HCTOYHHK
cBeTa A M 3epkano R, aBuxyTcs nepneH-
OUKYJIAPHO K HAarpaBJIEHHIO pacnpocTpa-
Henus nyya ceeta OR;. ITogpo6Hslit ¢par-
MEHT JIBH)KEHMS JTyua CEETa B 3TOM ClTy4ae
| u3o00paxéH Ha puc. 18. CornacHo ¢opmy-
Puc. 18| n1e (84) ckopocTp H3INMy4EHHOro Jy4da

L

¢BeTa B HanpasneHHH AB ¢ yuérom
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HanpaBJIeHHS U BEJIMYUHbI CKOPOCTH V OBH)KEHHUS HCTOYHHKA CBe-
Ta Oyner

2

\Y/
=\/C2 + V? =C‘/I+Ez-.

Ilockonbky npubop aBuketrcs B HanpaejeHHH RoR; co cko-
pocThiO V, TO OTHOCHTEILHAA CKOPOCTh MAafaOmIEro Jiyda CBeTa B
3TOM HaIpaBJICHHH paBHA HYJIIO, a B HAIPaBJIEHHH, INEpPIIEHAUKY-
JIAPHOM JABHXKEHMIO NMpUOOpa, CKOPOCTh NaAAIOLIErO Jlyua paBHa C.
OTpax€HHbIH JTyd CBeTa MIMEET YroJl OTPa)KeHHs, PaBHLIM YTy na-
JIeHHs, U CKOPOCThb, PaBHYI MO MOAYJIO corjiacHO ¢opmyine (86)
CKOPOCTH Maaarouiero Jy4a

2
=VC? +V? =C‘/1+—IC/‘—

Tak Kak ckopocts U = V. Ilytb, kOTOpBII npoxoauT JIyd CBETA B
3¢upe Tyaa u obparHo, Oyaer

S=2I"+p*. ' (87)

B nHanpaenenun nnHun BO Jiyu cBera pacnpoCTpaHseTcs cO

ckopocTbio C, a B HanpassieHHH AA' co ckopocteio V. IloaTomy
MOXKHO COCTABHTh MPOIOPLIHIO

p/l =V/C,

orkyaa p =IV/C. Iloacrasum 310 3HaueHue B opmyny (87). Torna
NyThb S 3anMULIETCA B BHAE

2 2
S = z\/F 12L _211/1+—V—
| C? C?

Bpems, 3atpauuBaemMoe JiydOM CBETa Ha MPOXOXAEHHE 3TOro
ITyTH, OMNPENESIUTCS KaK

S 21\/1+V2/C2 21
e o c\1wviict C
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ConocTaenss MOMyYeHHBIH PE3YJILTAT C BpeMeHeM t), OOHApYxH-
BaeM, 4uTo t; = tp.

Hrak, BciencTere ABHXKEHHs BCEH CHCTEMbl BpEMEHA MPOXO0K-
AEHHs CBETa OT HCTOYHMKA 10 3epKkana U 00paTHO, B ABYX B3aUMHO
NEPreHANKYJISAPHbIX HarpaBjJeHHAX OKa3bIBAIOTCA OAWHAKOBbIMH
H, OoJiee TOro, paBHbIMM BpEMEHH MPOXO0XKAEHHUA 3THX PACCTOSAHHH
nyuyami CBETa B cJiyuae, Koraa npHoop HENnoABH)KEH OTHOCHTENIbHO
3¢upa. EcrectBeHHO Mo3TOMY, 4TO OMBIT MakkenbcoHa He Hail
cMelleHUs HHTepdepeHLIMOHHBIX MONIOC U HE BRIABWI 0KHAAEMOro
BJIMSiHHS ABH)KeHHs 3eMJIM B HENOABHMKHOM 3¢dupe Ha onTHuyeckHe
XapakTepucTHkH Jiyuya cBeta. Kakoit Obl 60nbwoilt HU ObL1a CKO-
POCTb 3eMJIH OTHOCHTENILHO 3¢upa, onbiT MaiikeJIbCOHA HE MOXKET
3TOrO BbISABHTb.

YunutbiBas GOnblIOE YMCNIO OMMCAHHBIX paHee CBHUAETEJILCTB
HaJIMuKUA Mex3BE3aHOro 3¢upa 1 ero orpoMHoi posiu B (JOpMHPO-
BaHMH WHEPLIMOHHBIX CHJ1 U CHJ1 TIPUTAKEHHS, B SHEPreTHYECKHX
npoueccax, npoucxonsauwmnx Bo BceneHHoi, ¢opmypoBaHuM mnna-
HETHBIX CHCTEM, 3BE3M,FAIaKTUK H APYrHX KOCMH4YEeCKHMX O0bek-
TOB, NpaBubHee Obno Obl paccMaTpHBaTL ONbIT MalikenbcoHa Kak
3KCNEPHMEHTAJILHOE A0Ka3aTe/ibCTBO €¢(POpMYyJIMPOBAHHLIX B J1aH-
"HOI paboTe 3aKOHOB HM3NyueHUS U OFpa)keHHs cBeta. bomee Toro,
ecsin Obl Takoi1 ONbIT He ObLT NPOBEAEH, ero CAeAoBaio H300pecTH
AN NPOBEPKH U MOATBEPXKAEHHS ITHX 3aKOHOB.

19. ABJEHME JOINIJEPA B D®HUPE

Aenenue onrnepa wHPOKO HCMONb3YEeTCs B aCTPOHOMHH IS
OMpeAeyCHHs JIyueBblX CKOPOCTEH 3BE3d U TyYMAHHOCTEH MO OTHO-
IEeHHIO K 3emiie, U1 OnpelejieH1s YrJOBbIX CKOPOCTelH BpalleHHs
3THX OOBEKTOB M B pslie APYrHX CIy4yaeB HAyKM MU TEXHHKH. JTO
sIBJIEHHE OMMHCBHIBAET CBA3b MexAy KonebaHHsIMH, UCITYCKAaeMbIMH
HCTOYHHKOM, H KOJIeOAHHAMH, BOCMPHHHMaeMbIMH KakMM - JIMOO
PErHCTPHPYIOLWMM NPHOOPOM, €CIH MCTOYHHUK KU NTPHUOOp ABHIKYTCA
APYr OTHOCHTEJIbHO Apyra. .

B [11] ormeuaercs : *“ uToObl KONebaHus MOFJIK OT UCTOYHHUKA
pacrpoCTpaHATLCA A0 nMpubopa B BHAE BOJH, NPUOOp U MCTOYHHK
AOOKHBI ObITb MOrpy>KeHbl B CIUIOLIHYIO YMNPYIyI cpemy . JTH
npeacTaBngHHs BIIOJHE BMHUCBIBAIOTCA B KapTHHY pacrpo-
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CTpaHEHHMA CBETOBLIX yaapHbIX BoJIH B 3¢upe. Ilpnu 3TOM Cnenmyer
YyuecTb, YTO CKOPOCTH pacnpOCTpPaHEHHs YOAPHBIX CBETOBBIX BOJIH
3aBHCAT OT CKOPOCTH MCTOYHMKA H3IyuYeHHS M ONHMCbIBAIOTCA
3AKOHOM M3JTy4eHHs CBETOBBIX YJIapHLIX BONH B 3¢upe (84).

Kak B [11] , ycnoBumcsa ckopocte U HCTOYHHKA OTHOCHTENIBHO
3¢dupa cUUTATb NOJIOKHTENBHOH, €CIM UCTOMHHK NpHOIMKaeTcs K
npubopy. Ecin vctounuk ynansercs ot npubopa, ero ckopocTs Oy-
AEM CUHUTAaTb OTPHLIATENBHOH. AHAJNIONMYHOE yCIOBHE BBEAEM LIS
3HAKa CKOPOCTH NMpHOOpa OTHOCUTENBHO Cpeabl: NPH npuﬁnmxe-
HHH €ro K WCTO4YHHKY CYHTAaeM CKOPOCTH I]OJ'IO)KMTeJleOM npu
yAaneHUH OT UCTOUYHHKA - OTPULATENIbHOM. :

Ilyctb perucTpupyiowinid npubop M UCTOUHHK MEpEMeLlaloTCs
OOHOBPEMEHHO OTHOCHTENBHO 3(Hpa, B KOTOPOM pacrnpocrpa-
HAIOTCA yAapHbIE CBETOBbLIE BOJIHBI. -,

HMCTOYHHUK M3yuyeHHs ABHXKETCS 10 HaNpaBJIEHHID K peruc-
TpHpyoLlemy npubopy co ckopocteio U > 0 oTHOCHTENLHO 3dHpa.
Peructpupyromwnii npubop MOXeT ABHUraThCsi B TOM XK€ Harpas-
JIEHUH OTHOCHTEJILHO 3¢prpa cO CKOpocThio V < 0 WM HaBCTpeuy
MCTOYHHKY €O CkopoCTbio V > 0. B cooTBercTBHM € 3THM H C
yuétoM 3akoHa (84) oTHOCHTeNbHAas CKOPOCTb yAApHOH CBETOBOH
BOJIHbI OTHOCHTENBLHO NpHOOpa, ABHXKYLIErocs HaBcTpedy, Oyner
C + U + V. Hucno BonH, npoiueainx 3a eAMHULY BpeMEHH MHMO
npubopa,

v
,_C+U+V__l_(+U+V)_1+E_
VT TtlTcTe)T U

C

Ecnu npubop ynansercs, TO OTHOCHMTENbHas CKOPOCTb YAAp-
HoM ceeToBOIl BOJIHBI OyaeTr C + U - V. Uucno BoJH, npolieawnx
3a e[llHHUy BpeMeHH MUMO npubopa, B 3TOM cCiyyae Oynaer

v
C+U-V 1(1+U v) e
Y = = - _——_—— =
A TV 'c ¢/ U’
C

Takum ob6pa3om, V' 3aBHMCHUT MO-pa3HOMYy OT CKOPOCTH npHOOpa
V u ckopoctd ucroudnka U otHocutensHo 3dupa. ITonyuyeHHsie
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3nech (HOpMYJIbl COBITAAAIOT C (bopmynamu paboThI [1 1] ans -BonH,
PacrpoCTPaHsIOWHMXCA B YNIPYroi Cpene ¢ MOCTOAHHOH CKOPOCTEIO,
He 3aBHCsLIeH OT COOCTBEHHOM CKOPOCTM MCTOYHHMKA H3JTy4YeHHS.
CnepoBarenbHO, MX MpPaKTHYECKOE HCMNOJb30BaHHe He Oyner
OTJIMYATbLCA OT OOBIYHOH MPAKTUKH.

20. TPABUTAHHUOHHOE KPACHOE CMEIIEHHE B
CIIEKTPAX 3BE3]

B cnektpax 3Bé3n Habmomaercs Tak HasbIBaeMOE IpaBHTa-
LIHOHHO~ KpacHoe cmewleHHe. J{ns omnpeneneHHs ero BeJIMUHMHBI
OHNHLITENH NpeToKUA clieayroiylo dopmyiy :

AA fm

A rC*’

IloaTBep:kaeHne 3Tor QopMysbl HabNMOOEHHUAMH COJIHEYHOIO
CNEeKTpa U ry1aBHbIM 00pa3om criekTpa crmyTHHka CupHyca, HMelo-
mero OONbLWYK MacCy H Mallblie pa3Mepsbl, ABJSETCA OOHUM M3 4e-
ThIPEX 3KCMEPHMEHTANbLHBIX NO0KA3aTeJbCTB CITPAaBEAJIMBOCTH TEO-
pyH OTHOCUTENBHOCTH. ITokaxkem, 4TO 3Ty HOpMYJTY MOXKHO MOJTY-
4YUTb, NMOJbL3yACb MOHATHEM TXKENOW CBETOBOM BOJIHBI, TO €CThb
BOJIHBI CBETA, NMOABEPKEHHOH cuiie npuTskeHus. IlokaxeM Taxke,
YTO NMPHYHHOH 3TOro 3 ¢exra ABNAIOTCA XOPOIIO H3yUEHHbIE NMPH-
JINBHbIE CWJIbI, BbI3bIBAIOLHE MPHJIMBLI U OTJIMBbI BOAbl 3€MHBIX
OKEaHOB.

Ilpeanonaraem, 4to TsXénas cperoBas BOJHA OOnamaeT Mac-
COH, paBHOMEPHO pacrnpeaeneHHoit no eé nnuHe. Ha kaxmayio Touky
BOJIHbI BCJIEACTBHE 3TOr0 AECHMCTBYET YCKOPSHHE CHJIbl TAXKECTH

(puc. 19):

j=fm/r?,
co3paBasi NPUJIMBHBIE CUJIbI, CTPEMS-
\(l\/ rﬁl Cy [IIHECs paCTIHYTb BOJIHY.
(e I) 3mecb m - macca 3Be3fbl; T -
Qi pagHalibHOE pacCTOsHHE OT LIEHTpa
L Puc. 19| Macchi m 1o paccMaTpHBaeMoi Tou-
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KH TsKENoit cBeToBO# BONMHBL. CKOpOCTh TOUEK Taxcenon CBETOBOM
BOJHbI Ge3 yuéta cun Tskectu C = 3 o 10" cm/c. C yuérom
AeHCTBHUS YCKOPEHHMSI OT CHJI TSXKECTH 3Be3dAbl CKOPOCTh MOXET
ObITh 3arMcaHa B BUE

V=C+[dt, (88)

rae
r=r,+Ct, dt=dr/C. (89)

IToncraBum (89) B (88) M BeIMONHMM uHTerpHpoBane. KoH-
CTaHTa HHTErpUPOBAHHS paBHa HyJO. [ToaToMy

V = C - fm/(Cr).

Ilog BAMsAHKMEM YCKOpEHMS THXKECTH Ha TAXKENYIO CBETOBYIO
BOJIHY HOEHCTBYIOT TMPWIMBHBIE CHJIbI, CTpeMslHecs pacTIHyTb
BOJIHYy. Ckopocth, ¢ kotopoit nepemHuii ¢poHT Oyaer yxoauTb
BIIEpEN OT 3aAHEro,

AV=V,;-V,=[C-fm/(Cr)]-[C-fm/C(r-A) ] =
= Mm/Cr’.

3aechb A - IjIMHA BOJIHBI B HAYaJIbHbIH MOMEHT BPEMEHH B CIIO-
koiiHoM 3¢upe. IlpupaimeHde WIKMHBI BOJIHBI 33 BpPeMs IMPOXOXK-
OEHHS OT UCTOYHHKA CBETa K HaOJMIOAATENIO MOXKHO 3aMKCaTh KaK

‘ _ fm) ¢ dt  fm) ]
A\ = !A j ("o - LJ. (90)

YuureiBas, uro L >> 1, , nomyyaem ¢popmyity
AMA = fm/(Cr,) .

Jta d)opmy,ua MOJIHOCTBIO COBMAAaeT C COOTBETCTBYKOMIEH ¢op-
MyJIoH ODHHIUTEiHA M MO3TOMY HE HYXKHAETCA B KOMMEHTapHIIX,
xoTs Gosnee cTporuii eé sua umeet Gpopmyaa (90).
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21. ABMXEHHUE TSXEJONH CBETOBOM BOJIHAI
MHMO MACCHBHOI'O TEJIA

B Teopun OTHOCHTENBLHOCTH mipemjiokeHa dopMyna mis pac-
yéra yriaa OTKJIOHEHHs Jiyuya CBeTa, MPOXOLAIIEro OT 3Be3Abl K
HabnoaaTesl0 MUMO Teja ¢ Maccoi M:

v = 4fM/(hC?),

roe h - paccrosHHe MeXXOy LIEHTPOM MAaCCHBHOIO Tejla W JIy4yOM
ceera. [IpoBeputs 3Ty ¢opmyny mMoxHO Toabko ans ConHua.
IToaTomy eé oObIYHO 3anmHCLIBAIOT A1 Maccel H paauyca CosHLa.
Ecnu nyu ceera nmpoxoauT HenocpeACTBEHHO BAOJbL MOBEPXHOCTH
ConHua, TO OTKJIOHEHHE JTyya MAaKCHMAaJIbHO:

y=175".
Hns apyrux paccrosumii h/r,
¢ = Yo/(h/r))= 1,75 "/(h/r,) .

H3secTHO, uTo 30/MbAHEP AAN pelleHHe 3aAa4ld 00 OTKIOHEHHH
CBEeTa MpH MNPOXOKASHHH MHUMO MACCHBHOrO TeJla, MUCXOAS W3 3a-
koHa Hb1oTOHA, MPE/CTABHE, YTO BOJIHA CBETA oﬁna,uae'r MacCoM, U
TeM CaMbIM BBEJ MOHATHE “TsHKENOM cBeToBOH BOonHbI . OH nony-
YWJ1 PE3yJIbTAT, COCTABJASAIOLIMH MONOBUHY ,, TMPEACKa3aHHOIrO
OHHILITENHOM:

w1 = 2fM/(hC?)
Wor = 0,5 yo=0,875".

OpnHako UCKpHMBJIEHHE JTyua CBE-
Ta IMPOUCXOAHUT HE TOJBKO IOA BO3-
OEMCTBHEM TIpaBUTALMOHHBIX CHJI,
HO onpepensercs emweé U TeM, 4YTO
CBETOBasl BOJIHA CHOCHUTCS IOTOKOM
3dupa co CKkOpocThIO V; K LIEHTPY
Puc. 20 | 3Be3nbl. B coorBercTBHU C puc. 20

Ha JiI000M yuactke Jiyua 3a Bpemsi dt ceeToBas BOJIHA INMPOXOAHUT
nyts dx = Cdt u cmewaercs Bmecte ¢ 3¢HpOM B neprneHOHKY-
NSAPHOM HaripaBjieHMH Ha paccrosHue dy = Vsinydt. IIpu 3tom
NMPOHCXOAWT OTKJIOHEHHE JTyua CBETa Ha 3JIEeMEHTapHbIH yroJ
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dy’; = (dy/dx)adt = oVsiny dt/C =o’Msinydt/(4np,r*C) =
= fMsinydt/(r* C).
" U3 puc. 20 cnegyoT O4€BHAHBIE COOTHOLIEHHS
r=h/siny u dt=-hdy/(Csin%).

*
IlogcTaBMM MX B BbipaxkeHHe IJig d\ | U IPOMHTErPHPYEM: ETO
B npenenax ot y1 = 7t 0o Y2 = 0. IlosyunM yron oTkyioHeHHs Jiy4ya
cBeTa, 00YCJOBJEHHBbIH pagHalbHBIM TeYeHHeM 3(QHpa K LIEHTDY
3BE3/bl

»

Vi

2 M
hC? hC*

B pesynbTaTre cyMMapHbIH yros noBopoTa, oOycJIOBJIEHHbBIH OT-
KJIOHEHHEM TPAEKTOPHMU LIEHTpa TAXKEJIOH CBETOBOH BOJIHBI TOA

BO3AEHCTBHEM TIPAaBUTALHOHHBIX CWJI H PagHANbLHOrO TEYEeHMs
3¢Hpa K LEHTPY 3Be3abl, Oyner

W=y, +y, = 4M/(hC?). (93)

Ismy dy =

Ina ConHua
W, = 1,75"/(h/r,) . (94)

IMTonyuennsie ¢opmyns (93) u (94) cosnamator ¢ opMynamu
(91) 1 (92) TeoprK OTHOCUTENLHOCTH OHHINTEHHA H, CIEA0BATEb-
HO, HE HYXJAlIOTCA B OOMNOJHUTENLHOH 3KCMEPHMEHTAILHOH Mpo-
BEPKE U MOATBEPIKACHHM.

22. MACCHl INIOKOA U IABHMXEHHA
CBsA3b MEXIY MACCOM U SHEPTHEM

B mexannke HploTOHa Macca cuuTaeTcs BEIHYHHOM IOC-
TOsSIHHOHM. BnocneacTeun 310 Oka3anoch HECOBMECTHMbIM ¢ Tpebo-
BaHHMEM HHBApPUAHTHOCTH YPAaBHEHHH MO OTHOIIEHHIO K mpeobpa-
soBaHMsAM JlopeHL]a, MCMONbL30BaHHBIM B TEOPHM OTHOCHUTEJIbH-
ocTtH. [loaToMy DHHIITENH NPEAIIONOXKII, YTO MAcCa Tejia 3aBUCHT
OT CKOPOCTH TeJla OTHOCHTEJILHO TOH CHCTEMBI OTCY€TA, B KOTOPOM
NPOMU3BOAMTCA U3MepeHHe MacChl. B pesynbrate oxasanoch, 4To B
IBYX ABHXKYLUMXCS CO CKOPOCTbIO V OIHA OTHOCHTEJIbHO APYroi
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CUCTEMaXxX OTCYETA I CO3AaHHsa OAMHAKOBLIX ycKopeHuit dV/dt Te-
Jla HY>KHO MPHKJIaabIBaTh pa3Hble Clibl. OTCloga Macca m, H3Me-
psieMast B CHCTEME, OTHOCHUTEJIbHO KOTOPOH OHAa ABUXKETCA, OoJblue
MacCbl M, B CHCTEME, B KOTOPOii OHa NMOKOUTCA. CBs3b Mexay
3THMH Maccamu omnpenensercs Gopmyroi

m = =3 (95)

Yem Oosbiie €KOpOCTL ABHIKEHHs Tejla, TeM Oonbliie ero Macca.
Ilpu crpemnennu ckopoctH V K CKOPOCTH CBETa B MyCTOTE Macca
CTaHOBHUTCs GeckoHeuHO Oosbioi. IToCKONBKY CHIIBI KOHEYHBI, TO
CKOPOCTb CBETA B IMyCTOTE OKa3bIBAETCsA NpelnebHON BEeJIHYHHOM,
KOTOPYIO HENb3s JO0CTHYb U TeM Oosiee nmpeB3oiTH. Maccy m, onpe-
nensemyto popmynoki (95), B TEOpHH OTHOCHTENILHOCTH Ha3bIBAIOT
noriepe4yHoit Maccoii. Umeerca ewé npononsHas Macca

mO
m = : (96)
V2
2 (1 - —)3
C2
MCIOJIb3yemast, KOraa Cujia AeHCTBYET B HAINpaBJI€HHH ABHXKEHHA.
B 3TOoM pa3pneneHnn macc Ha TMPOMOJIbLHYIO H TMOMEPEYHYKO €CTh
4TO-TO CTpaHHoe. IloyeMy npogonLHas Macca He BXOAUT B . TEOPEMY
HMMITYJILCOB, TPHUMEHAEMYIO IS UCCIENOBAHHSA YCKOPEHHBIX MMOCTY-
narejibHbIX ABHXKEHWH Tej, a BXOAMT nonepeuyHas macca ? Benp
3Ta MAcCa HCMOJb3yeTCs B ABHIKEHHAX C OTIVIOHEHHAMM OT NPsMO-
JIMHEHHOro IBHXKEHUs. TeopeMa MMMYJILCOB TEOPHH OTHOCHTEIb-
HOCTH B CBETE CKa3aHHOrO UMEEeT BUJ

4 \
d m . .
—_— 2 V| = F. (97)
dt J V 2
V!~ ¢

M3 npuseneHHbIX ¢opmyn crnemyer, 4To 3aMETHbIE pas3nuiHsg B Be-
JIMYUHAX M KU M, MPOABAAKTCA TOJBKO NMPH O4EHb OONbIIMX CKO-
poctax V, npubnuxarommuxcs K CKOPOCTH CBeTa B ITyCTOTe. DTUMH

90



dbopmysiaMH MOJNB3YIOTCA NPHU U3YYEHHH ABHIKEHUA 3JIEKTPOHOB,
MCMYCKAEMbIX PaAMOAKTHBHLIMH 3JIEMEHTAaMH, a TaKXKe IPH pasro-
He U OTIJIOHEHHAX ITyuKOB IEKTPOHOB B OETATPOHAX, CHHXPOTPO-
Hax U Apyrux npubopax.

XOTa onbITHasA NpoBepKa ABHXKEHHA 3JIEKTPOHOB B IONEped-
HOM 3JIEKTPHUYECKOM MoJjie noaTeepania gopmyny (97), ona He Mo-
KeT ObITe Npu3HaHa BceoObemmollel. Henn3s HE 3aMeTHTDb, 4TO B
AEHCTBUTENILHOCTH HUKTO He WU3MEPST MacCy ABHIKEHHUS 3JIEKTPOHA
MpH OKOJIOCBETOBLIX ckopocTsaX. Hemapom OiHmTeiHiHA Myd4uia
MBIC)Ib, MOXHO JI MEePEeHOCHTb MPEACTABJIEHUS O Maccax IOKOA H
ABUXKEHHs C MHEPLIMOHHOI1 Ha BecoBylK Maccy. Ilpamast npoBepka
Bps/ JIM OCYLIECTBUMA H3-3a TEXHHYEeCKHX TpyaHocteil. IToka ke
KOHCTaTHPYEM, YTO IKCINEPHMEHTAILHO H3MEPHIH HE Maccy, a CH-
ay, noTpeOHYIO AN pasroHa WM OTKJIIOHEHHS JBWXKYLLErocs
3JIeKTPOHA B cHCTeme, cBa3aHHOH ¢ 3emnéil. EnuHcTBeHHO Oec-
CIMOPHBLIM 103TOMY fABJigeTCs HabJiioaaeMoe yBeJIM4eHHe 3TOH CHIIbI
NpH CKOPOCTAX, OIM3KMX K CKOPOCTH CBeETA.

OueHHnBasg 3TOT BbIBOA, BCIIOMHHM, YTO B YeJIOBEYECKOM Mpak-
THKE M3BECTHO MHOrO C/Ty4aeB, KOra np 3BOJIIOLIMOHHOM H3Me-
HEHHH PEXHMOB pabOTEI TOM WJIM WHOH YGTaHOBKH WJIM NpOTEKa-
HHsl TOFO MJIM MHOrO ABJIEHHSA MOABJSIOTCA JAONOJIHUTENbHbIE (ak-
TOPbI, U3MEHSAIOLIHE KOJTMYECTBEHHbIE NIOKA3ATENN 3THX YCTAHOBOK
vy sieneHui. IIpuuém 3tu ¢pakTopel He Bceraa BuaHbl. X HyxHO
yMeTs OOHapyxuTb. B TeopHH OTHOCHMTENBLHOCTH NpPEexyCMOTPH-
TEJILHO HAJIOXKEHbI 3arpersl HA BhIABJIEHHE TAKHX AOMOJIHHTEJb-
HbIX ()aKTOpPOB. DTO AOCTMraeTrcsi BBEASHHEM TMOCTyJiaTa O IOC-
TOSHCTBE CKOPOCTH CBETa B MyCTOTe H OTKa3e oT 3¢dupa.

[loaTomy onpoBeprHyTh WJIHM HU3MEHHTb UTO-JIMOO B 3TOM TeO-
pHUH C MO3uLMiA camOi TeopuH HeBO3MOKHO. JKEcTkui MmaTema-
TUYECKHH annapatr BCeraa nNpUBenéT K TeM /K€ U3BECTHBIM BBIBO-
nam. Teopus 3¢gupa cBoboaHa oT 3THX OkOB. B eé ocHoBe JexuT
¢u3mka rasos. OHa HeruioX0 HM3yuyeHa. MaremaTHka HrpaeT BCHO-
MorartejibHy10, 00C/TyKMBarOWyK pPOJib U HE CTECHAET, MCCJIefOBa-
HHUA,

Ecnu Baymarbcs B Jlordky OHHIUTEHHA, JIEFKO MOXHO mpen-
CTaBHUTb, KaK (J)M3MK-TEOPETUK B CBOMX MBIC/AX COMOCTAaB/IAET OT-
HOCHUTEJIbHbIE ABHXKEHHS Pa3jiIMuHbIX TeJ, CKOJILKO Obl UX HU OBLIO
M Kak Obl ganeko Apyr OT Apyra OHM HH Haxoaunucb. OQaHako
TPYAHO NOHATb, KaK NpHpoAa ONpeAeseT U OTCAEKUBAET, YTO OT-
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HOCHTEJIbHO Yero ABMXKETCS M B KaKOi CHCTeMe B JaHHbIf MOMEHT
BpEMEHH TPOM3BOLATCA BbIYMCIIEHHUA Macc. PeanbHee MOHMCKATh
NPHUMHY YBEIWYEHUS CHJIbLI HENOCPENCTBEHHO BOKDPYI ABHIKYIIE-
rocs tena. M Takas npyuiMHa HMeeTcH.

Bug ¢opmyin (95) + (97) HaBoAUT HA MBIC/IB, YTO BJIMSHHE CKO-
poct V Ha CHily, KOTOPYIO HYXHO TNPWIOXKHTb K JIETALIEMY JJIEK-
TPOHY, YTOOBIPa30rHaTh €ro WK U3MEHUTb TPAeKTOPHIO, 00YyCJIOB-
JIEHO He. OTHOCHMTENILHOCTBIO ABHIKEHHUS CHCTEM, B KOTOPBIX MPOU3-
BOASATCSA U3MEPEHHS, a BJIMSIHHEM C)KMMaeMOCTH 3(pUpHOro rasa.

OJIeKTPOH W ApyrHe 3JIEMEHTapHble YaCTHILIbI ABJIAIOTCA OYeHb
IUIOTHBIMH TejiaMu BceneHHo#, anst KoTopeiX KO3 @ULMEHT Mnpo-
HHUaeMocTH € = 1. IlosTomy a¢up obrekaeT 3TH Tesa Tak Xke, KaK
Bo3ayX obrekaeT QyTOONLHBIM MAY, MJIM METEOPMT, INMOMaNAIOLIHIMI
13 kocmoca B atMocdepy 3emnn. CnenoBaTenbHO, TeueHHs 3¢Hpa
OKOJIO JIETALLEro 3JIeKTPOHA MOryT ObITh ONHMCaHbl ypaBHeHHEM Jla-
riaca Uil HEC)KHMAaeMoil JKHIOKOCTH, eclii CKOpocTh V<< C,,.
3nech C,o - CKOpPOCTbL pacnpocTpaHeHHs cnabbix Bo3MymieHHH. B
paszene 15 noxasaHo, 4to B criokoiiHom 3¢upe C,, = 285000 km/c

62(p/6x2f + &Pploy’ + & (p/6z2 =0. (98)

PaccmatpuBaercas oOpaiiéHHoe aBHXKeHHE. IJTO OOLIYHBIA B
a’poaHHamuke rnpuéM. B Takoil moCTaHOBKE He 3JIEKTPOH ABHXKET-
CA CO ckopocThbio V uepe3 CrokoitHbii 3¢up, a, HaobGopor, Ha
lTeIIOD.Bld)KHbIﬁ 3JIEKTPOH CO CKOpPOCTbiO V HaberaeT noTok a¢upa.

Y H3BecTHO, 4TO CKMMaeMOCTb rasa nposiBasercd rnpu Gonbmmnx

CKOPOCTAX M BbIpAXaeTCsd B TOM, YTO AEMCTBHE OT J1I0OOro UCTou-
HMKa BO3MYLUEHMH Ha YAAJIEHHYIO TOYKY 3anasfibiBaeT IO Cpas-
HEHHIO C aHANIOrMYHbIM JeHCTBHEM B HEC:KMMAEMOM cpefie, rae OHO
MpOsABNAECTCA M nepenaércs MrHoBeHHO. besBuxpeBbie Te4eHHs
CXXHMaeMoro rasa, KakoBbiM sBJsAeTcS 3(UpP TIpH CKOPOCTAX
TeueHHus, npubmmkarowmxcsa Kk ckopoctd C,, M, ClenoBaTesibHO, K
CKOPOCTH CBETa B MYCTOTE, B JIHHEHHOH NOCTAHOBKE OMMCLIBAETCA
ypaBHeHHeM [18]

(1 -MA)Pp/ox® + D@loy* + Pploz*=0.  (99)

B 3TOM ypaBHeHun 4yncno M npeacrasnser coboil OTHOLIEHHE CKO-
POCTH TeYeHHsI K CKOPOCTH PacrpoCTpaHeHHs cjabbix BO3MylLe-
HHUi B rasoBoii cpene. IIprMeHuTensHO k apupHOMY rasy Boainu ot
MaTepHalIbHbIX Tell |
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M=V/C,,.

3mech Cao - CKOpPOCTb PacrpOCTpaHeHus cnabbiXx BO3MyIIEHMH B
criokoiHOM 3¢upe. ITpeobpazoBaHreM KOOpAUHAT BHAA

x=(\/l—M2)xH;y=yH;z=zH. (100)

ypaBHeHue (99) mna mpoussoabHOro umciaa M < 1 cBogurca k
ypaBHeHH10 (98) ans uucna M = 0. IloteHuuan cKopocTeii (¢ B TOM
Y ApYroM Cily4dae OAUH U ToT ke. CKopocTh ABHxkKeHHs Teja ( 3JIeK-
TpOHa ) HanpasieHa Baosk ocu OX. ®opmysnsl (100) moxassipalor,
YTO MPH MEPEXOAE OT HECKMMAEMOIL KHMIOKOCTH K CKUMaEMoii cpe-
A€ pa3sMepbl, MorepevHble K HAnpaBJIeHHIO OBH)KEHHS TeJla HIH
a¢upa, He U3MeHAIOTCA. Pa3Meprl, cOBNaaloipe ¢ HampaBJIeHHEM
asuxeHus BOojsib OcH OX, COKpamarTCs 10 CPAaBHEHHUIO C aHAJIO-
rH4HbIMH pasmepamu Baosib ocu OX, B HecxxuMmaeMOH cpene B
COOTBeTCTBHH ¢ Popmynoii, coBnanaroueit ¢ popmynoii JlopeHua -

DuTLKEpANBLAA,
h%ﬁ—Mﬂh

IIpu 3TOM Her HeobOxO0AMMOCTH OyKBaJIbHO MOHMMATb 3TO CO-
KpalieHHe Kak ¢pu3rMueckoe u3aMeHeHHe pa3MepoB Tejl. PeasbHO H3-
MEHSIOTCA CBOMCTBAa TedeHHs 3(HUPHOro rasa OKOJIO Tejla M3-3a
NpOsIBJIEHUS C)KHMaeMocTH, a ¢opmynsr nepexoma (100) snmp
¢opManbHO MaTeMaTHYeCKHM TPaKTYIOT 3TO ABJIeHHE Kak
M3MEHEHHe UIMHbI TeJl B HanpaBjieHHH MX ABHXeHHsA. B a’po-
AMHAaMHKe TakuM 00pa3oM yCHemHO NnepecYrThIBAIOTCS a3pOaHHA-
MHYECKHE XapaKTEPUCTHUKH KPbUILEB B HECXKUMAeMOM IOTOKEe MpH
M = 0 Kk COOTBETCBYIOUIMM HMX XapaKTepHUCTUKaM B CKMMAEMOM
NnoToKe npu Jooebix uncaax M < 1.

CooTBeTcTBYIOIIHE N3MEHEHHS MPOUCXOOAT HE TOJIKO C JIHHEi-
HbIMHW pa3MepaMH, HO MU MECTHbIMH CKOPOCTAMM TE4YeHMS. I[eii—
CTBUTENILHO, MpoavddepeHUMpyeM MOTEHLMAN CKOpOCTed o
koopauHatam X,¥Y,Z B CXUMaeMOM TIOTOKE #H, Iepexols K
KOOpAHHATaM XH,Y.,,Z B HEC)KHMaeMOM ITOTOKE, 6yneM HMETh

ap 1 adp adp o &
ER A
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YuuTtbiBas, 4TO nepebie MPOH3BOAHBIE OT MOTEHLHAIA CKOpPOC-
TeH Kak I HECKMMAeMOH, TaK U Ul CKMMAEeMOH ¢pefibl. paBHbI
COOTBETCBYIOLLHM MNPOEKUHMAM CKOPOCTH BO3MYILEHHOrO TEYEHHs
Ha KoopauHaTHble ocH, 3aMeHuM (101) Ha cooTBeTcTBYyIOUIHE pa-
BEHCTBA '

V' = Vi
1= M2

OTH PaBEHCTBA AAIOT CBA3b MEXIY CKOPOCTAMH BO3MYILLEHHOIO Te-
YyeHHs OKOJIO 0OTeKaeMoro Tesia, HaNMpPUMeEP INEKTPOHA, B CKHUMae-
MOM H HEC)KMMaeMOM IMOTOKax BO BCEX COOTBETCTBYIOLIHMX TOYKAaX,
cB3aHHBIX ypaBHeHHsMH (100).

V=V, V=V (102)

yH?

CKOpPOCTH BO3MYLEHHOrO TeueHns V' u V', MpeacTaBasioT co-
001 abcomoTHbIE CKOPOCTH TeueHWs 3(HUpa OTHOCHTENILHO NOJA
cnokoiiHoro 3¢upa B cucTeMe KOOPAMHAT, CBA3aHHOM C TeJIOM
(371eKTPOHOM) W ABHXKYILIEHCH BMECTE C HHM CO CKOPOCThIO V.

B cBa3u ¢ 3TuM oTMeTtuM, uTo ypaBHeHus (100) + (102) pac-
KPBIBAIOT CYLIHOCTb peajibHbIX (PH3HUECKHX sBJIEHHWH, MPOUCXOOs-
MX B COKMMaeMOM 3(UPHOM rase OKOJIO ABHIKYLIEroCs 3JIEKTPOHA
( rena ). Ilpu 3Tom camo McclienoBaHHe NOATAIKHUBAET K HE0OX0aH-
MOCTH pa300paTbCs B CUCTEMAX KOOPAWHAT M MX OTHOCHTEJIBHBIX
ABHKEHHUAX. DTO OYeHb HAlOMHHAET nomgxodnl obuiei TeopHH OT-
HOCHTENBLHOCTH. B Hell Takke paccMaTpuBalOTCS ABE CHCTEMBI,
ABHIKYLLMECA OJJHA OTHOCHTENBHO APYroM ¢ HEKOTOPOM CKOPOCTBIO
V. B 3aBHCHMOCTH OT TOro, B Kako¥ CHCTEME H3MEpAIOTCA CKO-
POCTH W APYrHe HHTEPECYIOUIUE BEJIHUYHHBI, B UX BbIPaXKEHHUAX I10-
aBnsiercs ‘monpaska 1/ (1- M® )"?. Tonbko B TeopuH OTHOCH-
TEJIbHOCTH OHA UCKJIIOYHMTENIBHO OMNpeaesyisieTcss CAaMHMM OTHOCHTEb-
HbIM ABI)KEHHEM, a B TeOpHH 3¢Mpa 3Ta rnonpaBka HanojlHeHa ¢u-
3UYECKHM CMBICJIOM, TaK KaK YYMTbIBAE€T BIMSIHHE CXXUMAEMOCTH
3¢upa. B razoBoit guHamMKke OHA M3BeCcTHA Kak nonpaska IlpaHar-
JIs Ha cxxMMaemocTs Bo3ayxa. CxopocTh pacnpocTpaHeHHs ciadbix
BO3MYLLIeHHH B 3)HMpPHOM H JII0O0OM pyroM rase He 3aBHCHT OT CO0-
CTBEHHOH CKOpPOCTH UCTOYHHKA BO3MyLUeHHUS. IME@HHO 3TO CBOMCT-
BO B TEOPHH OTHOCHTENBHOCTH 0€3 10Ka3aTeNbCTB MepeHOCHTCA Ha
CKOPOCTb CBETA M BBOAMTCS KaK HenmpepekaeMblii IMOCTyJar.

N3 cooTHoweHui (102) BUAHO, YTO BO BCEX TOUKAX C)KHMMae-
MOro notoka npu M > 0 abcontoTHele CKOPOCTH 3¢Hpa B Hanpas-
neHnuni ocu OX ( HanpasneHue aBvkeHus tena ) B 1/(1- M)
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pa3 Oonbwie CKOPOCTEH B COOTBETCTBYIOLIMX TOYKAaX HeC)KHMae-
mMoro notoka npu M = 0. Takue xe u3meHeHHs OyayT MPOHCXOOUTH
B I10JI€ HEC)KHMMAEeMOro roToKa OKOJIO Teja, €ClIM BMECTO YuéTd
BJIMSAHHSL COKMMAEMOCTH, YHCTO GOPMAJILHO, YBEJIMYUTb CKOPOCTD
HaGeratomero notoka B 1/ (1- M? )" pas, 10 ects cumTath cko-
pocTb HaberaioLero noToka

V=
V1 - M?

B npsaMoM ABHXXEHHH, KO TeNO ( 3JIEKTPOH ) ABUXKETCS uepes
CNOKOiHbIM 3¢up, ckopocTh V U V,, OyoyT CKOpOCTAMH 3TOrO Tena
B COKMMAeMOM M HEC)KHMaemMoM rnortokax. B 3Ttom cnyuae Teopema
MMITYJIbCOB 3aMULIETCS B BHIE

—

d; -\ d v, ]
I(mOV)-:— =) <F (103)

3nech, kak 1 B mMexaHuke HbioToHa, macca Tesna m, aBnsercs
BEJIMYMHOM MOCTOAHHOM, & CKOPOCTb, YCKOPEHHE H, Kak CJIeICTBUE,
cuna F 3aBUCAT OT MOMNPaBKM Ha BIMAHHE CKUMAEMOCTH 3dmpa

1/ (1- M%)?

Hanee nocienyem 3a JIOrMHKOH TEOPUH OTHOCHMTEJILHOCTH U NPH-
MEM, YTO IMPH JIIOObIX CKOPOCTAX ABHIKEHHS TeJia, HarpUMep JJIeK-
TPOHA, YTOOBI NPHUAATL eMY OAHHAKOBbIE yckopeHHs dV/dt u dV,/dt
B C)KHMAeMOM M HEC)KHMAeMOM IMOTOKaX, HYKHO MPHJIOKHTL K He-
MY PasHbIE CHIILI. B Takoit nocraHoBke B ypaBHeHut (103) nonpas-
ka 1/(1- M? )" dopmanbHO nepemelaeTcs co CKOPOCTH HA MACCY
Tena. B pesynbTare 3Ta Macca nepectaét ObiThb NMOCTOAHHON BeJH-
YHMHOM U HaYHMHAET 3aBMCETb OT CKOPOCTH ABHIKEHHUA TeJia OTHOCH-
TeNbHO criokoiiHoro a¢upa. HaobopoT, ckopocTH u yCKOpeHHus B
C)KMMAaeMOM M HECXKHMaeMOM MOTOkax 3¢upa NMPHPABHHBAIOTCA
Mex Ty coboii:

V=V,, dV/dt=dV,/dt.

bonee toro, yurém, 4TO CKOPOCTb pPacrnpoCTpaHeHUs CadbIxX
BO3MyLleHHWi OJIM3Ka K CKOPOCTH cBeTa B mycTtote U npumem C, =
C. B pesynstate macca npuoOpeTaeT CMbIC] MAacChl ABHXKEHHs M
NpH CKOpOCTH V H Macchl MOKOS M, NPU HYJEBOH CKOPOCTH.
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Mexay HUMH, kak cneayet u3 (103), popmansHO yCTaHABIHIBAETCA
CBA3b

m = _— (104)

3neck V - CKOPOCTb Tejla OTHOCHTEJILHO crokoiHoro agupa. Ilpu
TaKOM MOHMMAaHHHU Macchl Teopema umnyJibcoB (103) npuobperaet
BHJ, KaK B TEOPHH OTHOCHTENLHOCTH [11]:

4 \
d T T|=F (105)
dt V2 -

V' " ¢

C TOukM 3peHHs NPAKTHYECKOrO0 MCIONb30BaHHA ¢opmysa
(105) Huuem He oTnMyaercs ot ¢opmyssi (97) Teopun OTHOCHTEJb-
HocTH OWHwTeHa. OpHako u3meHsercs d¢unocodckas 3HaA4YH-
MOCTb 3TOi (hOpMyJibl, TaK Kak B a3pOAHUHAMHKE U3BECTHO, YTO HC-
NONb30BAHHAA MPH €€ NoJyueHHUM JIMHeiHas Teopus He naéT npa-
BWIBHOrO pe3ysbtara npd M = 1. Jlng 3Toro B a3poavHAMHKE HC-
MOJIL3yeTcA Apyras Teopus, paspaboTaHHas IJis TPaHC3BYKOBLIX
TeYeHHi. JTa TeopHs, XOTA U AAET MAaCKMMAaJIbHbIe 3HAYEeHHUs JJid
CHJ1, IEHCTBYIOLLMX Ha TeJa B rasoBbiX noTokax npu M = 1, Ho cu-
Jibl NP 3TOM OCTalOTCH KOHEYHbIMM BeNMYMHAMM. Takas xe
TEOPHUA JO/DKHA TNPHMEHATbCA JUJI1  aHaJIM3a TPAHCCBETOBLIX
TeueHui spupa. |

ITosToMy Ha ocHoBanuu ¢opmyn (97) u (105) He cnenyer ne-
natb ¢uIocod)CKHii BbIBOA O HEBO3MOXXHOCTH TMPEBBLILIEHHUS CKO-
POCTH CBETA B NYCTOTE MaTePHAbHBLIMU TeJIaMH. Y MECTHO B CBSA3H
C 3THM HAlOMHHTb, YTO B NOC/IEAHEE BpeMs NOABUICA psf mnyO-
JIMKaLMii 00 aCTpOHOMHYECKHX HAOJIOAEHHUAX CBEPXCBETOBBLIX CKO-
pocTeit HEKOTOPbIX KOCMHUYEeCKHMX 00bekToB. OgHAKO ceiuac Mo3u-
LIMH TEOPHH OTHOCHUTEJILHOCTH €lll€ HACTOJIbKO CHJIbHBI, YTO K 3THM
coobilieHHsaM oTHOCATCsA ¢ HepoeepueM. HecMoTpsa Ha dakTsbl, ¢TO-
POHHHKH 3TOH TEOPHUM MbITAOTCA HANTH OOBACHEHHS, BbIBOAALLHE
M3 MO KPUTHUKH OCHOBHOH IOCTYJIAT TEOPHH OTHOCHTEJILHOCTH O
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TOM, YTO B MPHpOIE HE CyIIecTByeT CKopocTei 6osbine cBeTa B
ITyCTOTe.

Cosepmeuno AICHO, 4TO MNpH BbiBOJEe POPMYJIBI (105) TIONpaBKa
1/(1- M*)"? nuws (])Opma.nbno nepeHeceHa ¢ YCKOpEeHHs Ha Maccy.
IloaTOoMy O 3aBUCHMOCTH MAacChl OT CKOPOCTH MOXHO MOBOPHUTH J0-
CTATOYHO YCJIOBHO M JHlib MPHMEHHMTENLHO K MNMOHATHIO HHEp-
LMOHHOI Maccel. He cienyeT 3TOT BoIBOA pacnpoCTpaHATh Ha BECO-
MYIO MaccCy, BXOASAILYIO B 3aKOH BCEMHPHOI'O TAFOTEHHA.

CnenyeT OCTaHOBHTBLCA €llé Ha OJAHOM MOMEHTE, CBA3AHHOM C
pa3roHoM 3j1ekTpoHa. B paspene 15 yxe otmeuanock, 4To npu rnpe-
BbIIIEHHH BO BpeMs pasroHa 4ucna M,, B notoke 3¢dupa okono
3JIEKTPOHA BO3HHUKAIOT AMOa000pa3Hble CKauKH YIUIOTHEHHS . DTO
sIBJIEHHE COMPOBOXKIAETCA TMOSABJIEHHEM BOJIHOBOrO CONPOTHBJIE-
HHA, Ha MPEONOJIEHHEe KOTOpPOro HY>KHAa JOMOJIHUTENIbHA CHJIA.
BrionHe NOHATHO, 4TO BOJIHOBOE COMPOTHBJIEHHE, MPENATCTBYS
pasroHy 3JIEKTPOHOB B TMOCTYMaTelbHOM HarpaBJIeHHH, He OKa-
3bIBAET BAHsHHUA HA UCKPUBJIEHHE MX TpaekTopui. Buaumo ¢ atum
CBSI3aHO pasfeJieHHe B TEOPHH OTHOCHUTEALHOCTH MAacC Ha Ipo-
OONBHYIO U nonepeuHyro. FlameHnBs creneHs B 3HameHaresie ¢op-
Mmynsl (95) u npespatus eé B dopmyny (96), yaanocs npubnu-
KEHHO Y4YecTb HOIMOJIHUTENIbYIO CHJIy BOJIHOBOrO COMNPOTHBJICHMS,
KOTOpas MOSBJAETCS WMEHHO MPU MPUONHIKEHHH CKOPOCTH 3JIEK-
TPOHA K CKOPOCTH CBETA M MO3TOMY MNCHUXOJIOTMYECKH CBA3BLIBACTCA
C YCKOPEHHEM 3JIEKTPOHa.

HzsecTHO, 4TO npencraBieHHe O Maccax MOKOA U JOBHKEHHSA
MO3BOJIMJI0O B TEOPHH OTHOCHTEJIbHOCTH MOJMY4YUTh (opMyny, CBs-
3bIBAlOLLYIO MACCy C 3HEpPruem

E=mC> (106)

ITockonsky dopmynsl (103) + (105) naeHTHuHBI dopmynaMm (95) u
(97) Teoprn OTHOCHTENBHOCTH, TO BbIBOA popMyJisl (106) B paBHO#H
MEpPE OTHOCHTCS K W3JiaraeMoi TeopHH 3(¢upa. DTOT BLIBOA MOKHO
Haiitu B [8,11,16 u ap. ]. [ToaToMy MBI HEe cTaHEM BOCMPOM3BOAMTD
ero B 3Toi pabore. OTMeTHM NHILUBL HM3BECTHBIE BbIBOAbLlI M3 3TOH
dopMysibl: U3MeHEHHEe MacChl BEAET K 3KBUBAJIEHTHOMY H3MEHe-
HHMIO 3HEPruH H, HA0OOPOT, SHEPrus U Macca 3KBHMBAJIEHTHbI APYT
IOpyry; BCAkas MOKOAILAsACS Macca M, TOXAECTBEHHA C KOJIOCCAJIb-
HbIM 3aracoM 3HEpPryu

E, = m(,Cz.
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JTa 3HEpPrus roYTH BCsA OCTAETCS B MATEPUATLHOM TeJie APH TEM-
neparype abconoTHOro Hyasa. Ity 3Heprvio IlnaHk H33Bai CKpEI-
TOit 3Heprue. Korga nokosinasca Macca rpuobperaeT CKopocThV,
TO €€ 3arnac 3Hepruuv

m C? 1

E = mC? = —= =mC>+—m V+...
vi-vi/cr 207
U3 31oii hopMyBl BHAHO, 4TO BennuMHa (M,V>)/2, 0GBIMHO Ha3bi-
BacMasa KHHETHUYCKOH 3Hepryueil ABUXKYIIErocs Teja, COCTaBJIAET
JIMIb HUYTOXKHOE MPHUPALUEHHE SHEPTHH, COOTBETCTBYIOIIEE CKO-
poctu V. IlonyTHO HanoMHKM, 4YTO B paszeiie 5 6sL1a OTKpLITA rpa-
BUTALIMOHHAs 3HEPrus, 3aKil04€HHAas B MaTepHAIbHBIX Tejax. JTa
3HEPrus, B CBOIO 0Yepenb, BO MHOrO pa3 Gonblie 3Hepruu, onpeae-
naemoit popmynoii (106).

\

JaknaoueHue

IIpusenéHHbie B paboTe MccnenoBaHHs HE HCUEPILIBAIOT BCEX
BO3MOJKHOCTe Teopuu 3¢upa. Umeerca Gonbuioe uucio npobnem
$bu3HKH, aCTPOHOMHH, MUKPOMMPA, KOTOPbIE MOTYT MOJYYHTb pe-
LWEHHUE C NOMOLLbIO 3TOi Teopur. OHa paclivpseT nNpeacTaBieHHE
Hayku 00 yCTpOHCTBe KOCMOCA, BKJIAAbIBAET B PYKH YUEHBIX HOBbLIM
MHCTPYMEHT, YBEJHYHBACT CTENEeHb CBOOOAL! HAyyHBIX HMCCHENO-
BaHMH.

Llenvto paboTbl He sABNAETCA KPHTHKA TEOPHUHM OTHOCHUTEJIb-
HOCTH, ChirpaBuier OOJILIIYIO POJIb B MCTOPUM Hayku. bonee Toro,
aBTOp HEe CYMTAET IJIaBHbIM B padboTe TO, UYTO C MO3HULMH TEOPHH
aupa yaaiock 00bsICHUTL MOYTH Bce onTHYeckde 3¢ dekThl, Je-
Kamue B QpyHaamente teopuu A.JiHmTeilHa M npusequue 100
ner Hasan ¢usuky k kpusucy. CoOCTBEHHO roBopsi, HeoOBsAC-
HEHHBIM OCTAJIOCh TOJIbKO CMelleHHe nepurenns Mepkypus Ha 43"
B cTojieTHe. B0O3MOXKHO, 3TO U He TpedyeTrcsa, Tak Kak H3BECTHA
paspaboraHHas ewé B 1906 romy [2] HemeuUxHM acTpOHOMOM
3eenurepom xopomo 06ocHOBaHHaA runore3a. OHa oObACHsAET 3TO
CMelleHHEe IPAaBUTALMOHHBIM BjIHAHWEM OOJBLION MacChl MEJIKHUX
YaCTHL, 3aNQJHAIOMIMX OKOJIOCOJIHEYHOE MPOCTPAHCTBO BIUIOTL A0
opbutnl 3emnn. Hannune Takoro BellecTBa MOATBEPKOAAETCA Ha-
OnrozaeMbIM  30QMAKANLHBEIM CBETOM, TMNPEACTABNAIOMIMM CO0OM
paccessHHOE OTpa)keHHe COJIHEYHOrO CBETA OT 3THX YACTHLI
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bonee BaxxHO TO, 4TO Teopua 3¢upa PpHU3KUHA M HE 3aXKaTa B
)KECTKYIO CKODJIyNy MaTeMaTH4YeCKHMX ypaBHEHWH, KOTOpbIe KakK B
TEOPHH OTHOCHTENBHOCTH, HAYMHAIOT CAMOZABJIETh HaX (PU3HKOM
peabHbIX MPUPOAHBIX #ABJIEHHWH M 3OpaBbIM CMBICIOM. Teopus
a¢upa cBoOOIHA OT 3THX HEAOCTATKOB M OTKPLIBAET WIMPOKHIT MPO-
CTOP JJ11 HOBBIX OTKPBITHI H CBEPLIEHHIA.
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